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INIPEAUCJIOBUE

XuUMHYeCcKas TepMOAMHAMMKA ABIACTCS OAHHM W3 BaAHEHILINX pa3acios Qu-
nucckol xumun. Ha gyHaasicranuibie npuiunmib TCPMOAHIAMHKY ONHPaIoT-
€A MPAKTHHCCKH BCC TCOPCTHUECCKHC TIPCACTABIEHHA PABHOBCCHOIO COCTONHHS
uccrnenyemMulXx 00beKkToB. [103TOMY MTyOOKOC MOIHMAIIHC OCHOR XUMHYCCKOH
TCPMOAHHAMHKH ABIACTCSA OCHOBHLIM YCTOBHEM YCTICILHOIO OCBOCHHS JIOOBLIX
PA3ACITOB TCOPETHUCCKON NUMHH (0OLLEIT. HEOPraHHUYCCKO, OpranutecKoi, ana-
JIUTHYCCKOH, KONJIOUAHOMH 1 T. A.).

TepMONHHAMHUUCCKHC 3aKOHbI OAMHAKOBO CTIPABELTHBbI KaK 1% MakpOCKoO-
HHUCCKHX, TAK W AT MMKPOCKOIIHUCCKHX 00BCKTOR MaTCPHAILHOTO Mupa. Ma-
KPOCKOMHUCCKHC OOBCKTLI 0OLIUHO HCCICAYIOTCA € TOMOILLIO MCTOAA TICPBhIX
TIPHUHLIUITOB, T. €. TIPHIILMITOB KJIacCHYCCKOH (MaKpOCKONHICCKON) TCPMOAHAA-
MHKH, B TO BPEMSA KaK MHKPOCKOTIHUYECKHE — C MOMOLULIO MCTO/a MOACILHLIX
FHIOTES (MCTOLOB CTATHCTHUCCKON (pH3nKK). TepysoaHaMuyeckril MeTon onu-
pacTes HCKIFOUHTCILHO T1a OTILIT, OITOMY Cro pe3yiLTarTbl OTIHYAKTCS H0CTO-
BCPHOCTbBIO, OHH HC 3ABHCAT OT HALUMNX MPEICTABICHHH O BHYTPEHHCM (MHKPO-
CKOITHUCCKOM) MCXaHHM3MC H3YHaeMbLIX ABICHHE. CYIOCTL MCTOAA MOACTbIIBIX
TUMOTC3 COCTONT B TOM, YTO BbIABHIUCTCA NPCANQ.IOACHHC O CYILICCTBOBAHUN
HCKOCTO BHY TPCHHCTO MCNXAHIIMA H HA ATOH 043¢ yCTaHARIHBAIOTCA OCHORBNbIE
HCPThI PACCMATPHBACMOIO ABICHHA, T. C. CBA3b MCALY (DHIHUCCKHMK 3aKOHAMY
MHKpO- 1 makpomupa. Ecni panee (BiuoTh 10 cepeduntbl XX croficTus) oda
MCTOAA CYLIECTBOBANH HC3ABHUCHMO OQMH OT APYILOro, TO TeNEpb OHM OpraHu-
UCCKH CAUBANOTCS MCKAY COOOH. B3aHMII0 AOMONHAN 1 odorallas Apyr apyra.
11o3T0MY COBMCCTIOE MINOKCHHC «IG1ACCHUECKOI H CTATHCTHUCCKOH TCPMOIH-
HAMHK» JY'LE RCCTO OTBCUACT OOLIEMY YPOBHIO Pa3BHUTHA (PU3MKH U XHUMHH.
MmenHo 5107 17¢3HC aBndeTcs 0CHOROH CTPATCrHUCCKOI KaHBbI H3MOKCHHA Ma-
TepHana KHHrH. ONHAKO STOT CHMOMO3 MOTpedOBANl HCKOTOPOTO YCAOKHCHHA
MaTCMaTHYECKOTO annapara, X0Ts aBTop CTapalncs 10 BOIMOKHOCTH BCCL MaTe-
pHaa GpopmaiiHioBaTh B HAHOOICE NPOCTOH H A0CTYMHOH L1118 MOHHMaHns Gpopmc,
onpagrabiras ciora Kanta: « B moGoM MacTHOM yUCHHH O MPHPOC MOMKHO HAlITH
HaYKH B COOCTBEHHOM CMbICNIE CTOIILKO, CKOABKO B HCH MaTeMaTHKMy.

OpHOM 13 3a1a4, CTOSABLIMX OCPEC ABTOPOM, ObLI0 HE TOALKO KeIaHUE O3Ha-
KOMHTb CTYACIITA C OCHORAMM XHMHUECKOH CTATHCTHYCCKOH TCPMOAMHAMHKH,
HO M JaTb NOYYBCTBOBATH KPACOTY TEPMOAHHAMHYCCKHUX YPABHCHHH H npeano-
AHTb CAHHBIT MATCMATHYCCKAN NMOAXOL K BbIBOLY TEX HIH MHLIX COOTHOLLE-
HHI.

CTpyKTypa KHUIY TAKOBA; CHAYAA HA71aratoTCs OCHOBHbIE MON0KE HH5 Knac-
CHUCCKOH  ((heHOMEHOIOTHYCCKOH) TEPMOAMHAMHKH, 3aTCM  TCPMOILHHAMH-
4eCKHE (PYHKLUHH HAMOMUAIOTCS MOACKYINAPHLIM COACPKEHHEM C NOMOLUBIO
3aKOHOB CTATHCTHYCCKON (hH3MKH 1 HCNOMBL30BAHHCM CICKTPANbHbIX JaHHbIX



8 Ipeouciocue

H NOCICAOBATENbLHO PA3BUBAIOTCA B PAZIHUHBIX NPHIOKCHUAX A5 MPOCTLIX
W CIOKHbIX CHCTeM. KHHTa cOCTOMT M3 15 ras, B kaXKa0i M3 KOTOPLIX (3a He-
KIHOUEHHEM TICPBbIX OCHOBHbBIX IN1AB) NMPEATaraloTCa HOBbIC 1I0JIX0,1bl HAH Hoice
COBPCMCHHLIC BO33IPCHHA.

JanHas KHHra, npeacTaastoinas codboi Neppy o 4acTh 001IETO Kypca (Gu3i-
YCCKOH XHMHH, MOJKCT OLITh UCMIONL30BAlIA KAK AN Y TAYOACHIIOTO H3ydeHus (u-
3IMUCCKOI XHMHH PABHOBECHOTO COCTOAHHA, TAK M B KAUCCTBC JOTONHHTCIBHOTO
NnocoOHA MNT H3YUAIOULMX ApYTHE CMEKIILIC 0dnacT 3Hauug. OHa aapecosana
MIPEHMYLLCCTBCHIO CTYACHTAM H acnHpaHTanM (HIHKO-XHMHUUYECKHX ClICUHAb-
HOCTCH, 3HAROMBIX € OCHOBAMM CTATHCTUKH, CTPOCHHA MOJCKY1bl, KBAHTOBOF
MEXAUHKY M BIAACIONHX HAUAILILIME TPHEMAMH MATCMATHUYCCKOTO AHaliH3a.
TTo-BHAMMOMY. KHHIA CMOXKET ObITh NOJIEIHOH TAKAKC HAYyUYHbIM PAOOTHHRAM M
TperoaanaTessaM, Y1 HHTEPCCLI CRA3aHbI ¢ MPOOACMaMH TCPMOIMHAMHKH.

ABTOP HE CHHMACT € C¢OA OTBCTCTBCHHOCTH 3@ HCKOTOPLIC HETOUHOCTH HITH
HCHPARMIABHOCTH, JTONY LUCHILIC B KHHTE H YCKOJBL3HYBLUHC OT BHUMANHSA TIPH pe-
AakTuposaH . OH OyaeT upe3BbluaiiHo 01aroIapeH 3a Bee 3aMeuaHms, KOTopble
BO3HMKHYT Y UHTATCIIA.



Ul ABA ']
OCHOBHBIE ITOHATHUA TEPMOANHAMUWKH

«Knaccnueckius repMOHIMHKA
YO CInCTBeHIS o0 hunyc-
ckast Teopust. Mos VOCHCICH. HTO B
PAMKAX  ITPUMCHCHHE CBOMX OClioB-
HBIX HTONORCHHI Ol HHROLNE He OV-
JICT QHPOBCPIHYTA...»

(A. Dtamedn. 1949 1)

TepmoaHnaMuka B CBOCH OCHOBE -~ HayKa O 1IPEBPALUCHUAX TEMUIOTb( B pa-
boTy 1 o0parHo. Ha3raua oT rPeucCKOro C0Ra «TCPME» (TCTII0TA) M« THHAMHCY
(cuna, padoTa). OCTAHOBHMCHA KOPOTKO Ha OCHOBHbIX MOHATHANX TCPMOTHHAMHKH.

TepyMOOUHAMUH€CKOE COCIIOAHUC CUCNICAB — YTO COBORY LIHOCTDL €€ CBOHCTB.
H3MCHIIIOCH COCTOSHMC CHETCMBI — H3IMCHHIOCL 3HAUCHIIC CC CROHCTR. H3are-
HCHME KAKOro-1100 CBOICTRA CHCTCMbI HC 3aBUCHT OT MYTH MEPEX0a CUCTEMDbI
U3 HAYanLIIOro COCTOSHHA B KolteuHoe. M3MeHeie cocToging CHCTCMbL Hasbl-
BACTCSH APOECCOM.

Bece cpoiicTa cHeTeMbl (BelleCTBa) NOApa3AestOTCs Ha J1Ba Knacca: HHTCH-
CHBHBIE H DKCTCHCHBHbIE. HHMCHCUGHHNY CGOUCINGAMU HABBIBAKTCA CROMCTRA.
HC 3aBHCALLMC OT KOJMYCCTBA BCLUCCTS8A B CHCTCMC (TCMTICparypa, JaBICHHC
M Op.). rcntencusnei i Ha3LIBAIOTCA CROFCTBA, 3ABUCALLHC OT KOMHUECTRA BC-
LL(CCTRA B CHCTEME (00beM, BCC, [LTHHA W T. 1. ).

PasiimyHe MC#LY IKCTCHCHBHBIMM H HHTCHCHBHBIMH CBOMCTBAMH MOKHO
BLIPAZUTL TAK: IKCTCHCHBHLIC RCIMUMHLI CACAYIOT 3aKOHY aAAHTURHOCTH, UH-
TEHCHBHBIC — CMY He HOAYMHAIOTCS. H3Mepenne 3KCTCHCHBHON BEIHYMHBI -
ITO CPaBlCHHE ¢C ¢ ApYToii, onnopoanoii ¢ neil sennunnoil (THHA ¢ ANHNOH,
00beM ¢ 00beMoM H T, 1. ). M3MepeHHC HHTEHCHBHON BEAWUHHBI MOKET OblThb
OCHOBAHO TOJNIbKO HA TOM, YTO, MO BLIPAKCHHIO [erena, «MecT CBOO onpeae-
JCHHOCTL B HCKOTOPOM APYTOM». MMCPEHHC HHTCHCHBHON BENHUHHBL COCTO-
HT B MCMOJL30OBAHHKN OOBCKTHBION CBAZH MCKAY WIMCHCINCM SKCTCHCHBIIBIX
M MHTEHCHBHBIX BC.IHYWH. Hanpumep, nns 1n3MepeHa TCMIICPATY Pl Mbl yTI0-
TPCONACM TEPMOMETP, KOTOPbIH HMHTCHCHBHYHK) BCIIHUHHY — TeMMeparypy —
(PHKCHPYCT MYTEM M3MEHEHHS 00BEMA PTYTH (IKCTEHCHRHOMN BETHYHHLI).

Ka&10H dKCTCHCHBHON NEPCMEHHOH Y cOOTBCTCTBYCT HABOp MepeMeH-
HLIX ;. ompeaensemuix kak ¥, = dY/dn; (rne u; UHCAO MONCH 7-T0
KOMMOHeNnTd). Takye WHTEHCUBHLIC MEPCMCHHLIC HA3LIBAIOTCS MAPLUHAIbLHbL-
MH MOJIbHbIMH BCIHUYHHAMH, CBSI3@HHbLIMH € 3KCTCHCHBHBIMH NMEPEMCHHBLIMK 1.
B wirrerpansuoii dopsme. cornaciio reopeme diinepa, 1 = 3 niy;.

HMuTeHcHBHBLIE CBOHCTBA TEPMOAHHAMHIECKOH CHCTEMbI HA3BIBAKITCA Mep-
MOOUHAMUNMCCKRUMI RAPAMEHPar cocmosinust cueTembl. Handoaee yaooHsIMH
NapaMeTpaMi COCTOAHHA CHCTCMDI SBIAIOTCA TEMICPATYPa, AaBICIHHC, MIOT-
HOCTb (yacabHbi ofbem) Tesa. B Tom cayyae, KOTIa Ha YWCTOC BCILCCTRO




[0 I 1. OcnoGuoie nonamua meproouHausi

HC OKa3bIBACTCA KAKWX-1HOO BHEIIHHX BO3ACHCTBHI, COCTOAHHE 3TOTO TEAa MO-
ACT ObITb O;THOZHAUHO OMNPEACICHO, €CITH H3BECTHLI 1RA MHTCHCHBHLIX HC3ABH-
cHMbIX mapamerpa. JIlodoi Apyroil napamerp apascTcs QyHKUWEH ABYX 3a4aH-
HLIX 11apaMCcTpPOB.

Takim 00pazom, 1H00bIC TPH NApamMeTpa cocTonHMA (HanpHyep, Aarienne P,
yaenbhblii 00bem Vou Temneparypa T') HHCTORO BCLICCTBA OAHO3ZHAYIO CBA3a-
HLl Mexay co00ii. YpaBHCHHS, CBA3LIBAIOILHE MEA:Y COOOH 3TH mapameTpbl,
HA3LIBAIOTCS YPUGHCHUSMU COCMOstius. YpaRHeHHE COCTOSHHSA HACANbLIOTO ra-
3a PV = nRT (roe n -— uucno monei rasza, T adconoIHan TeMrepa-
Typa, YHHBCpPCATbHaA ra3osas nocroaHHas = kg Ny = 8 31 Iw/(moab - K).
B cBoio oucpens Ay = 1,38 - 1072 JOw/K noctostnan boaslmana,
a Ny = 6,02 - 102 monb™! — unci0 Aporagpo) B 061IEM CAYHAC MOKHO
BbipazuTh xak f(P, T, V) = 0.

TepMoaHHAMHUYECKAS CHCTEMA MOKCT COBCPLUATL PATHYHbLIC BHabl padoT:
padoTy paclnpetins NPOTHE CHA BHELUHETO AaBIEHHA. PAad0Ty VBEIHUCHHS T110-
BCPXHOCTH MPOTHB CHJI MOBEPXHOCTHOTO HATAACHHS, PAdOTY MepecMeLleHHs Te1a
B MOAC TATOTCHHSA ¥ T. 1.

Hecmorps Ha paznuune Gu3nucckoi CYyILHOCTH Kawaoii n3 HTHX padoT 00-
UM 0TS HUX SBIISETCA TO, YTO COOTHOLLCHHSA ANA TT0ACYETa BENUIHALI PadoTLl
W OyayT CTPYKTYPHO OAHHAKOBLI H HMCTh BH

dW = Xdy, (1.1)

rne .\" - BHCUINAS cuna. ACHCTBYI0WAN HA CHCTEMY; ¥ mapameT] COCTOs ST
CHCTCMbI, COTPKCHHbIN ¢ .Y,

B TepmoanHaMHKC MPUHSTO HA3LIBATL BCIHUHHY X 00OBINCHHON CHIOM,
aY - 00oduecHHOI KoopaHHaToil. Lenu cucTema coBepiuacT padoTy. CBAaH-

HyIO C yBCJ‘II-llISHHC.\I ()6bCM€1 CHCTCMbI I*r, HpOIHR CHJ1T BHCLUHCIO JQaBJICHNA P
A
(padota paclinpeHus), To
- dW = PdV. (L.2)

CHcTeMa, B KOTOPOH €1HHCTRCHHBIM BHAOM padoThl ArnsicTcs padoTa pac-
LUMPCHHA, HA3bIRAETCS mpocmoil. ECin &c cHeTema. 1H0MHIMO padorbi paclumpe-
HHS, COBEPLIACT H APYTHE BH/bI PadOT, OHa Ha3blBACTCA CAVKHOH. YCAOBHMCH
0003HAYATI, PAdOTY CIOKHON CHCTCMbI R BIHAC CYMMDI

AW = PdV + dW', (1.3)

rae W' — Bee octaniLbibic RHbI padoT, KposMe padoTul paciuHpeHHs.
C yuetom obosnauenmii (1.1): dW' = X'dY".

1.1. Tlepsbiii 3akoH TepmoanHamMuky. Padora, Teniora u
BHYTPEHHS YHCPIrus

Beskan pﬂ6OTﬂ CBA3daHa ¢ NPCoAOICHHEM CONPOTUBICHUS — BCC TC.14, JaB-
JCHHC Traza, TpCHHC 01HOI'0 TCaa O ApYIocC. YNpyrocrTb NPYyAHHbLL H T. /1. Co-
MPOTHBACIHC APCOI0ACRACTCA MNPK ABHKRCHHW! TPY3 NOAHUMACTCS. TOpICIL
B UMJIHHAPC NCPCMCLIACTCA, TCAO CKOALIUT 110 TUTOCKOCTH (l'lO ApYromy TC.TI}’)
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U T. . bes npeogonennn cONpOTHRICHHS NPH ABHXKEHHH HeT paboThl. Takum 00-
pason, patoma — 370 nepeaada ynopsaA0ueHHOTO ABHKEHHS OT OAHOHN CHCTEMbI
K Apyroi. Toabko B MOMEHT Mepeiayn YNOpsSA0UEHHOE ABHIKEHHE ABIIAEICS pa-
6oToii. B nepenaie ynopsaaoueHHOTO JRHKCHHS YUACTBYET HE MEHEe /IBYX TeH
(cucrem). OHK 0Opa3ytoT 06a korUa nepeaatn. Tak, nou aefcTsrem 1pysa Ha
MOPIIEHE MPOHCXOAHT CKATHE ra3za. Mbl FOBOPHUM O Mepeiate ABHKEHHS OT rpy-
3a K nopuHio. Pabora B 00LEM C.ry'lae He ABAACTCA CBOICTBOM CHCTEMbI, H €2
KOSTHUECTBO He OTIPEeSIACTCH HAYANhHLIM H KOHCUHBIM COCTOAMHISMHM CHCTEMBI,
T. €. paboThl B CHCTEME HE CO/CPKHTCA. B cHCTeME COACPIRHTCA ABHIKEHHE.

Tennora, TaK iK€ KaK 1 padoTa, He ABIAETCA CBOHCTBOM CHCTEMbI, O HEI MOXK-
HO rOBOPHTh TOJILKO B CRA3H € MPOLICCCOM W BO Bpemst npouecca. Tenroma- 370
ABHKeHKe B nepeaave. [epenaya ABHKEHRs OT OQZHOH CHCTEMb! K APYI'OH B 310M
cITyvae oOyCIORNEHA TEM, NTO TeMNepaTypa NEeprOi CHCTEMbI BLILIE TeMTcpa-
1yYpbl BIOpoi. Mbl rOBOPHM: ABHKEHHE B (DOPME TEILTIOThI HEPELLIO OT OIHOI0
Tema K fpyromy. MakcBesil, 1no-BHANMOMY, TEPBbLI OXapakTepHs3oBai padoTy
KaK ynopsaaoueHHoe ABHKEHHE, a TEMNOTY — Kak 1epelady 0ecnops104Horo
JABMKEHHS.

OnHAKO 10 ONpeleieHne ABIfeTC YCIOBHbIM. Mew iy TensioTofi 1 pado-
TOM, KaK Obl10 YCTaHOBNEHO [lkoynem, CYIECTBYCT CTPOras IKBHBANCHTHOCTL
(MPHHUHT YKBHBAIEHTHOCTH), MO KOTOPOIi OTHOLIEHHE NPOH3BEACHHOI CHCTE-
MOii paboTel 117 1 CyMMAPHOIO KOIMUECTBA TETOTHE B KPYOSQM Apotjecce (Q

Bblpmi\‘ﬂeTCﬂ B BHJC &
W//Qr:pyr = (1.4)

rae [ — MeXaHHUSCKHH 3KBHBATICHT TEIa.

N3 (1.4) caenyer, uto | xanopus = 4,18 Jlx. Eciu tennora u pabora
H3MEPSOTCS B OJIHHX M TeX Ke ¢AHHHIEax, 10 W/ @y = L, v Torna ans kpy-
roBOI'O Mpouecca BeHNHa pazHocTu (Q — TV = 0. Jas nexpyeosoco npoyeced
BEJAHUMHA Pa3HOCTH ( — 117 3aBHCHT TONBKO OT HAYAILHOTO W KOHEUHOTO CO-
CTOAHH{T CHCTEMbI H HE SABHCUT OT MyTH NEPEX01a CHCTEMBI, T. €. OTIPE/IENAeTCH
BHY IPEHHUM cocToaHneM (LipHpouoil) cucremst. TprBelem popmanbHoe ypas-
HEHHE CBA3H TEMIOTH! H PadOThl MPH MEPEXOJIE CHCTEMbI M3 OJHOIO COCTOSHHS
B APYI'OC B OOLLEM ClIyYae.

O003HAUNM UCPE3 X|. Y1, ... BEIHUHHbL, ONPECAAIOUIHE HAualLHOE CO-
CTOSIHHE CHCTEMbI, &4 YEpes Ta, Y2, .. . ge KoHeuloe cocrosHue. Torua ais
moboro nponecca MOAKHO 3anucaTh, 4TO

(-J—T/V:f(.’l,'hyl,...7.’,1,'-27y-27...). (]5)

B kpyroBow npornecce .y = ao. ) = Yo, a BeanunHa () — 1V = 0, caeno-

BATCNBHO, U
fla, yi, oo s, gy, o..) =00 (1.6)
[Mociiennee yciloBre BCeIa BBIO.THICTCA. e OYIKIMA f paBHa pa3HOCTH
JBYX 3HAUCHHH HEKOTOPOH npyroit (y ki L. OaHO 3HaucHHE ITOR by HKIHK
U HOMKHO 3aBUCETH TOABKO OT HAYalbHLIX 3HAUCHMIT £y, ¥, ..., @ JpyToe -
OT KOHEUHbIX 3HAUEHHHA &, Y2, ..., T €.

f(;l?h Yie ooy Ty You ) == L‘rg - UYL = AU. (17)
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C.1c10BATCILHO
Q—-—W=U,—-U; = AU. (L.8)

Ecnu koHeyHOE COCTOAHIE CHCTCMBI OECKOHEUHO MaJI0 OTIIMUAETCA OT Ha-

4a.16HO1'0, 10 BMeCTO (1.8) 3anmnwen
8¢ = dU + oW (1.9

B arom vpasrennn U, Hassannas Knaysuycom ervmpenneti anepeucii, Bbl-
CTYNACT KAK MCPA MATCPHANLHOTO JIBHIKCHHS BO BCEX CTO TPCBPAILCHUAX U3
OLHOH opMbl B APYIYVI0. B ripenciax TepMOLMHAMHKH BHYTPEHHIS IHEPTH
BBICTYTACT Kak o0Imas Mcpa padoThl H TEIL10Tel. BHyTpeHHeH dneprucii Mbl Ha-
3bIBACM HEPIHIO, 3AKIOUEHHYH0 B cHcteme. TTpH 3ToM 00bIMHO HE YUHTLIBACTCS
KHHETHUECKAS DHEPTHA CHCTEMbL B LEJIOM H MOTCHIMAILHAS SHEPTHS CHCTEMBI
BO BHEWHEM nosie. TIpu MHKPOCKONHYCCKOM PACCMOTPEHHH 3TO 03Ha4aeT, YTo
BHY TPEHHSISI FHCPI'HsL PABHA CYMME KHHETHUCCKOH IHEPIHH OTACILHBIN MOJIE-
KYJT H 2HEPTHH B3aHMOACHCTEHA MEKLY HHMH. JIPYTHMY CI0BaMH, BHY TPCHHAS
IHEPTHS CUCTEMBI ARAACTCS (DYHKIEH .IHITL BHYTPEHHHX NapaMeTpOB COCTOs-
HHS (TEMTIEPATY PhL, MACCHI OTACNBHLIX 2IEMEHTOR CHCTEMbBI H T. /L. ) H SBJISICTCSI
AKCTEHCHBHON sesimtnnoil (7 = ST U;, rae U; — BHYTpetHas dHeprust i-if
00:1aCTH CHCTEMDI).

VYpagHeHust (1.8) 1 (1.9) upeacragilaiior OO0 MATENATHUECKOE BbIPAAKE HHE
MIEPBOTo 3aKOHA TEPMOAHHAMNKH, KOTOPLIH MOKIHO MpouHTaTh TaK: « Tenro,
nodgeoennoe K cucmee. mpamuest hd cocepnenie /)(16(17)1171 U UMCHCHUE
()’II_}‘)T?PL’/IIIUI‘I 2HEPIUU CUHCTHEAUDD) .

[TepBbid 3aKOH TEPMOUWHAMHKH BbIPAKACT 3AKOH COXPAHCHUS M NpeBpalLe-
HUst YHepruu, a ypasrenis (1.8) 1 (1.9) n03BOMAIOT BEIYMCAATL TONLKO NpUpa-
IECHUE IHEPTHH., DTO NPOHCXOIMT B PE3Y/TbTaTe TOTO, HTO BEJHUMHK () n W
CBSI3AHBL HE € COCTOSTHHEM CHCTEMbI, a 00s3aTelIbHO ¢ npoueccoat. Tloyromy
Be.lHuMHa (@ — 117 onpedcssieT TpHPAlleHHE JHEPTHH CHCTEMbL, HO HHKAK Hie
IHANCHHE €¢ IHEPIHH B JAHHOM COCTOSHUM.

B ypashennn (1.9) nepen cimBoaami Ternorhl () v padothl 11 crouT 3HaK 4§,
OTOOPaAKAIOILMH HEKME KOHEHHBIC LIPHPALUEHHS STHX BEIHUHH, @ [IEPEL CHMBO-
nom U —— BHYTpeHHEH IHeprid — 3HaK d, CBHACTEABCTBY FOLLMH O TOM, YTO BHY-
TPEHHsIS YHEPTHA ABRSACTCH PYHKIHSH COCTOAHUA, KOTOPAS HE 3ABUCHT OT 1Y TH
nporecca. B cBA3H € ATHM B TEPMOJIHHAMHKC TIPHHATO pa3/IeaiTL BCEC TEPMO-
JMHaAMHUYECKHE (PYHKLUHMH HAa ABE KATETOPHH — (IViKyll COCHOINUS W (DY HKy UL
npoyeced, COBEPLUEHHO OUEBHUHO, 4TO (PYHKUMH COCTOSAHHUS — 3TO (DYHKUHH,
I PEPEHLHAN KOTOPLIX ABASETCH MOAHBIM AHPDEPEHUMANOM, & QYHKILHH 11IPO-
uecca — 310 QyHKuMM, JH(QepeHLHan KOTOpPbIX He ABAsSETCA NoJIHbIM Lud(e-
PECHUHATOM.

[TOHATHO, Y10 UPE3BbINIAIHO BAIKHO BLIACHH I's TPH3HAK, 0 KOTOPOMY MOKHO
ONPC/ICITHTL. SIRAAETCS 1 AaHHas Py HKTIUS Dy HKUHEH COCTOAHMA HAM Py HKLMe
npouecca. Takoll npusHak Obll npeanoken inepom.

Ho npesiie BCero ykameM, UTo MHOTHE TEPMOAMHAMUUYECKHE YPABHEHUS
CTPYKTYPHO CXOKH MeR LY c000i. OHU uMeroT 00LHi Bua

Z = /1]_(.’1517 s | .’1,’,,_) ([{1'1 +* - v 4‘1”/<;L';, A .17,,_) ([Jf,,. (llO)
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Croswas 8 npasoii wactu (1.10) cymma

HashiBaeTcsa AudrpepeHunannibim Bbipaxkennem Mopadda win naddoroii
dopmoii.

l'akuar 0Opa3oM. YPaBHEHHE MEPBOTO saKoHa TepamorHaMuky (1.9) ans npo-
CTBIX cHcTeM tpeidctasiter coboil udaddory GopMy ABYX MepeMEHHBIX; A
CUCTEM, COBEPLLAIOLLHN MOMHMO PA0OThI PACLUMPEHHS. €LUIE OAHH BHA PAOOTHI -
ndadQosy QOPMY TPEX HEPEMEHTILIX H T. 1.

Jias cucteMbl, onuchiBacMoif QyHxuueil fApyx nepemerHuix (1.10), moxuHo
JAnUCaTb COOTHOLLETIHE

dZ = M (. y)de + N(z, y) dy. (.10

Ecan naddosa popma (1.11) spaserces noansiy auddeperumaion, 1o

M= (%) . N= (‘9_‘) : (1.12)
or v 9y /.

B cooTBeTCTBIH € Teopemoil bephyiin — diiepa aia dyHkunu Z (x, y) 3Ha-
HCHHE €€ BTOPO CMCLIAHHOH NPOH3BOHON He 3aBHCHT 0T nopsaa A epen-

uHposanus. Torxa
oM ON
(") :(‘? ) . (1.13)
9y /. ox y

Orciona BUAHO, 4TO ecnu Juid An(deperHnnansioro cootHowenns (1.11)
sblio.Hsieres yeaosue (1.13), 1o anddeperunan dZ asisercs noaubim g de-
PEHIMANOM H, CIICAOBATCIbHO, PYHKUHA Z sBaseTcs QyHKUUCH coCTOAHNA,

oM ON
Ecnu ke ycaoswe (1.13) He BLITOIHACTCS. 1. €. (—) # (—) , TO
& Y

Oy [Z5%
ngaddosa dopma B npasoii yactu (1.11) He sBnseTes NORHLIM AH(PepeHLna-
JIOM W, CIIe/loBaTeNbHO, (PYHKIMS Z aBasercs dyHKiHel npoiecca.

PaccymoTpry ypaBHEHHE 1IEPBOI0 3aKOHA TEPMOAHHAMHKKW ISt TPOCTOH CH-

CTEeMDI, 3anucan €ro B BUAE -
dQ) = dU + PdV. (1.14)

H3 91010 COOTHOWEHUS CICAYET, HT0 BENHYUHA (Q NpEACTaBIeHa B BHAE
byskunit U v V. B obosnaueHuax ypasueHust (1.11)3nece M = 1,2 = U,
N="Puny=V.0rcona

(0‘”) =0, a (”N) :(f) £ 0. (1.15)
@y / i PR Al )y

[lockonbKy 3TH ABE MPOH3BOAHBIE OTAKHAIOTCA APYT oT Apyra, anddepen-
unai dQ He sasercsa noiubiv s depeHunaion, 1.e. ( apnsercs GpyHKuHeH
npotecca.

AHaNorMyHbIM 0Gpa3zom nokaxeMm, 4to Auddepernnan padornt H e asns-
ercs nosiHbIM M deperunaion. J1as npoctolf cncremel pabora, coBepluaesas
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CHCTEMOH. ecTb padoTa pacluHpeHns rasa, asisowancs GyHKUHeH 1Byx nepe-
sMenHbix P V. Jlnddepeniman 3ol by HK1u1H B 00LIEM BHIE MOXHO 3arHcaTh Kak

dW = MdP + NdV. (1.16)

aAl ON
2 =, =; 1.17
(éw )x (/ht)y ( )

llockounbicy NpoH3BOAHKIC pasfiniHbl, AnddepeHiman T} ve asaseTcs noa-
HbiM auddepenunaionm, a pabora pacinpenns W saBHeHT o1 nyTy npouecca.

B T0 sx¢ Bpemsa dW = PdV, v torna B o6o3navenusx (1.1 1) M =1,z = P
N=Puy=V

1.2. Ilpoueccnl B 11/1€a/ALIBIX Ia3aX

Hsobapuueckuii npouece — 370 nporecc. NPOHCXOAAIIHN NPH NOCTOSH-
Hom nasnenun P = consl. Temneparypa B cocroanuax ¢ P Vi u PV, onpe-
JEINSIeTCA YPABHEHHEN COCTOSHHS W paBHa cooTeetcTieHHo 17 = PiVi/R

uTl, = P,V,/R. llpu »tom npouecce

P Hsorepsa C YBCIIHUYCHHEM oObena K cuereme Heod-

v ARG XOJIHMO TMOABOMHTL TENNOTY A TOro,

N fHsoxopa Y10Obl 00€CHEUHTb OCTOSHCTBO [aB-

Jgenus. B oduem sune paGora naHHO-
Hsodapa' a b

_______ il 1'0 Ipouecca onpeacHaeTEs HHTErPa10M

W= |BaV = B(Vy - W) (118

e o

N B koopaunnarax P17 pabGora Ir0-
N o ro npollecca H300pakaeTcs Miolaiho
>< . no npAMoi ab, 1 BePTHKAISAMHU, 11PO-

S

XOMALLMMH YEPEe3 HAYAIBHY O (TO'IKA )

/: H xko"evHyto (rouka b) adcumcent. Ha
A pHe. 1.1 — 3TO Na0Iab NPAMOYTOTh-
s v nuka ViabVs.

M3oxopuuecknii  mpouecc. 210
HPOLIECC, OCyLleCTBIsIeMbli 1P 110C-
TostHHOM o0beme V' = const. Pado-
Ta B TOM npoLecce pasHa Hy/o (iHa
puc, 1.1 2To npamas e, nepnenamkyiaapuas oc V). Padora »Toro nporecca

Puc. 1.1, Padora maca:uitoro 1aza s pas-
JHUHBIN [Ipofleceax

W= | Pdv = 0. (1.19)

——
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UsoTepmiryeckuii npouecc. DTOT NPOLECC OCYLUECTBIACTCS MPH NMOCTOSAH-
Hoii Temneparype I° = const. Padora parHa

d

2
W = JPdV = [l VV - RTln Le (1.20)
L

e

3nech HCMOMNBL30BAHO YPABHEHHE COCTOSTHUA HARANBLHOrO ra3a. B 3tom npo-
LECCe BHYTPEHHAR IHEPIHA HULANLHOIO ra3a He uiMensierca. [Toyromy us nep-
BOIO HaaJla TEPMOMHAMHKH ClieayeT, 4To 0() = dW . Dro o3nauaeT, 4To B U30-
TEPMHUECKONM MPOLECCE BCE KOJHMYECTBO TEIAO0TbI, MOABOAHMOE H3BHE. HAET Ha
copepuieHue padoTel (Ha puc. |. | — 310 nowanes noa kpusoii ad).

Aanadariueckuii npouece. B y10M npouecce oreyTerByeT Ten1000MeH
¢ oKpykatolitedt cpedoi, e, 4Q) = 0. [Toyromy nepsblil 3aK0H TEPMOAHHAMHKH

CJ'[CII}’CT 3anmHcaThL B BHAE
CydT + PdV = 0. (1.21)

M3eecrno, yro P = PT/\ Torua

]“ Cy VvV
9TO YPaBHCHHE 1OCIC HHTEI pHp()B(\IIHﬂ H l'lO'I'CHLalOBﬂHH}I HMCECCT BUA
v
TVE/Cv = const. (1.23)

Wenomb3ys ypasuenne Maiiepa Cp — Cy = Ru Cp/Cy = 7y, OkOHuaATE b=

HO ByleM HMeTh —
TV™™" = const. (1.24)

Pabora aguadaruueckoro npouecca Ha puc. 1.1 upeacrasieHa 1:10Manbio
NoJl KPHBO# we.

Ananns puc. 1.1 nokassiBaeL, Y10 HaHOObLUAA PadOTa Peald3yeTcs B U30-
Oapiieckon mpouecce. M3 BeuduHbl padoThl B @/1Ha0aTHYECKOM MPOoLEecce Or-
peUEIneTCa H3MEHCHHE BHYTPEHHEN SHEPIHH CHCTEMbI, 1HOCKOIILKY B JaHHOM
TIPOTECCE OTCYTCTBYCT TCMI0OOMEH ¢ OKPYKarollekH cpeioil. Jta pabora oaHO-
3HAUHO ONpeASIeTCs HaUalbHbIM H KOHEUHbIM COCTOAHHAMH CHCTEMbIL, TIO3TO-
MY BHYTPEHHsISL FHEPTHS 1 GBISCTCS (DYHKIHEH COCTONHuS,

OUEBHAHO, Y10 BHYTPEIHSS YHEPIUA 3aBUCHT OT TOI0, KaK 1OBbILIACTCA
TEMUEPATYPa 11a3a ( B NPOCTHIN CHCTEMAX) LIPH NoCcTosAHCTBE 0o0bena. Ha npak-
THKE 3HAUHTETLHO YAIe HCTTONL3YIOT MOCTOAHCTBO JIABACHHA, B 3THX YCIOBHAX
Y100110 MPHMEHHTB HOBYIO (BYHKUHIO, KOTOPYIO NO 1perioken Kanepnunra
OHHeca Ha3Ba I YIAT6NAUCTH TIO CO3BYUHIO ¢ epUCH.

JHTAJILITHA
BBC}JCHHC O (l))’HI\'LU/IH OC)’UlCC'I\BHM, HCTIOJb30BAB. TAK HASLIBACMOE, npe-

obpazosanue Jlewaunpa (npeodpa:osanue npuxoctiocenuer). C TOMOUIBIO 3TOrO
npeodpa3oBaHHA MEHSKOTCA POJAMU JABHCHMBIE H HE3ABHCHMbIE TIEPEMETTHBIE.
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Pacemorpum npon3soiibHy 0 YHKUHIO ABYX 1epeMeHHbIX £ (. i), OueBHuHO,
YTO NOAHLIH I heperLnai HTOH QyHKLHN 3arHWeTcs B BHAS

dFy = Xdae + Y dy, (1.25)

X8 X = (0F,/9z), w Y = (OF)/y)s. (1.26)
Beenenm tenepn Pynkuuro Fy = Fi — X, QueBuiHo, 41O

dFs =dF, — Xde — xdX = —uwdX + Ydy. (1.27)

Taxum 06paszom, B pe3ysibTaTe 3TOT0 NPEOOPA3OBAH IS OCY I1IECTBNCH NEPEXON
OT HE3ABHCHMBIX HEPEMEHHBIX 1. ¢ K 3aBucHMbIM nepemerHsim X, Y. MHbiMu
CITOBAMM, YTOOBI MOMEHTH POJIAMH 3ABHCHMYEK) H HE3ABHCHMYHO [IEPEMEHHbBIE,
HEOOXOAMMO HUCTI0Ib30BATD CIIEUYIOLLEE COOTHOLLEHHE!

Nda = d(Nu) — wdX. (1.28)

Kak Oyuer nokaszaso B JajibHeHLLEM, IPHMEHEHHE LIPEOOpa3oBaHHs JIexKaH-
Apa k Gyusium U7 no3sBomuT noayunTh Paa BaKHEHILIIX TePMOTHHAMHUCCKHX
GOyHKLMA.

Ipumennm npeodpasosanne Jlewanapa ans ypasuenus (1.9), 3anucas ero
oTHocHTEIbHO L.

AU + d(PV) = 0Q — PdV + VdP + PdV = 0@ + VdP. (1.29)
O0603HaUHM
dU + d(PV) =d(U + PV) = dH. (1.30)

OyHknmst FI = 17+ PV naswisaeres sumaivnueit.
Tenept 11€PBbIH 3aKOH TEPMOAHHAMHKH MOKHO 3a1LUCATb B BUAE

0 =dH - VdP. (1.31)
CootHoutenue (1.31) coBeplIeHHO aHIOTHIHO cooTHowweHo (1.9) s
HeasbHOIO 1a3a, T. €. PU3MYECKUI CMbICT BHOBbL BBE/ACHHOH (Y HKLIMH HE OTIIH-
yaeTcst 0T PHINYECKOIO CMBICIIA BHYTPEHHEH dHEpIny. OQHAKO Teneps TenoTa

M3MEPSCTCA NpH NMOCTOSHHOM faBacHun (I = const), T. €.
0Qp = dH. (1.32)
TouHO TaKKe MOKHO BbIPA3HTh W TCMNOTY TPH NOCTOSTHHOM oOneme (V' =

= const) i

0Qv =dU. (1.33
M3 ypasuenus (1.30) Cireayet, UTo NpH NOCTOAHCTBE TEMIIEPATY Pbl B CHCTEME
QRQp=0Qv+PV umm Qp=0Qv +AnRT. (1.34)

[ockoabky (@ 1 Qy - XapaKTepHCTHRH NPOLECEa. 10 /LIS WACAILHOIO ra-
3@ NPpH NOCTOAHCTBE TeMnepaTtypsl cooTHowenune (1.34) MomkeT peanu3oBarbes
TOJIBKO (1ML LPH H3MEHETHH Yncia MoJieH 1aza An. Taknm oGpasom, IHTaAbINS
OTIHYACTCH O BHY TPEHHEI FHEPIHH TOILKO HA BEJAHUHHY PadOTbl OCYLLECTRBIN-
touteiics B cucreme (HIH OCYINECTBAAEMOH CHCTEMOI) BCC/ICTBHE H3MEHEHNS
obbena nochieHek.
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1.4. Tenaosble ydpdexTnl

Ecnu TOoT 1nu MHO# npouecc 1poTeKaeT TePMOIHHAMHYECKH HeobpaTHmo,
a NnoayyuacMhbie NPOAYKTLI HMEIOT Ty We TeMTICPaTypy, YTO H HCXOAHKIE BElle-
CTBa, TO TETTOTY, BbIACIAEMYHO HITH HOTIIOLUAEMYHO B TOM [IPOLECCE, HA3bIBAIOT
merntosuv sdhhexmon. Kak BuntHo w3 (1.32) unu (1.33), npu NOCTOSHCTBE AaB-
Aderns P i o0venma Voretuora prodperaeT cMbici QYHKUMH COCTOAHKSA, a
MOITOMY HE 3aRHCHT OT My TH npoiecca. HesaricyocTs Teniaororo spdekta ot
My TH €ro HPOTEKaHHa Obla yeraHoBileHa IRenepumverraisio leccom B 1836
W HOCHT llazsaHue 3akona lecca. OH 3BYUNT TaK: « Temiosoll yihdhenm npoycecea
HE 3a6UCUIT OB APOMEICYIONIBIY CIAOUIL, 4 ONPCOCTICINC TUD HUNAABHBIM
U KONCHHBIN COCINOANUSMU CUCTIEMbBL).

M3 saxkona 'ecca MOXKHO BLIBECTH LeNbIA P caeAcTBHIA, BaxHelwmsmu us3
HHX ABISIOTCH:

Terocon xhdherm peakyuu pacen aieeopauieckoil cyMye meniom oopa-
SOBGHLSL PEACenoG U3 APOCIIBIN GEreces, T.e. CYMME TeNnAoT odpa3oBaHus
NPOJLYKTOB PEAKIHH 33 BhIUCTOM CYMMBl TRIIIOT 00pa30BaHis MCXOJIHLIX Be-
mects:

AH = Z(AJ{UGP)“PUJ = Z(AHoép)ucx- (135)

Teroson yhgherm pearipuu pagen ai1eeopauyecrOl Cyxme Mentom coopans
Peacennos 00 OOUHAKOGHIX MPOAYKIIGE, T. €. CYMME TETUIOT CrOpaHHa HCXOAHbIX
BEIIECTB 3a BLIYETOM CYMMbI TEMIOT CrOpalmsa NpoaYKTOB peaKilHm:

AH = Z(AHcrop)ncx - Z(AHcrop)npo,J- (] 36)

B yparenunax (1.35) w (1.36) yuuTsiBaricst crexmomerpuiecke koaddhu-
LHEHTB! H YUTEHO. 'UTO TEM:10BbIE YPQPERTH OTHOCATCS K OAMHAKOBLIM arperar-
HBIM COCTOSIHHAM NMPOCTHIX BEIIECTR (€C/H PECATEHTHI HMEIOT pa3HbIC arperaTHhle
COCTOAHMUSL, HEOOXOAHMO PEAKLIMIO IPOBECTH AJIsL OAHOTO H TOTO K¢ (PA30BOToO
COCTOSIHHA K YUECTh TCMNOTh PATOBLIX NPEBPALLEHHIT).

Ha ocHosaHHi 3aKkona [ecca MOKHO paccunTbiBaTs TellioBbie YPPeKibl pe-
aKUKH, HEAOCTYIHbIX HENOCPEACTBEHIOMY H3MEPEHHIO KK CBA3AHBIN € OlIpe-
ACICHHBIMH TPYIHOCTSMH. JIAs 3THX PACUCTOB HEOOXOAHMMO, UTOObI BCE TETIIO-
Bble HPPERTbI ObLIH OTHECEHDI K OAHHAKOBbIM YCA0BHAM. OObIMHO HCOOAB3YIOT
3HAUEHHS TeNNoBKIX HpPeKkTor npu aasnenun P = | arm = 1.01325: 107 lla
H remiiepatype 298 K. DTH 3HaueHus TennoBbiX 3PEKTOB HA3LIBAKTCS CTaH-
naprHbiMi i 0603HaualoTes A o — A0 Tennor odpazosanus u A Hlyg
JUISL TENJIOT CropaHist. SHAUCHUS CTAH/IAPTHBIX TENAOT 00pa3zoBaHUs H Cropanus
CBEJIEHb! B TAOIMUL H IIPUBOAATCA BO BCEX TEPMOXHUMHUYCCKHX CNPABOYHHKAX.

1.5. Tem1oeMKOCTL

TennoemkocTs C' cHCTEMbl PABHA KOTHUECTRY TETIOTH A(J, KOTOPOE HEOD-
XOAHMO NOBECTH K CHETEME, YTOOb! MOBBICHTH e Temnepatypy na AT = 1K
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PH 3a1@HHBIX YCJIOBHSIX.
[ToCKOMbKY TENIOEMKOCTb 3aBHCHT OT TEMTIEPATYPbI, TO CIIEAYET NePeHTH K
npeieny A
@@= Hup—= (1.37)
T 0 \T°
Ho A() onpeseisetcst HE TONLKO COCTOAHHEN CHCTEMbI, HO B XapaxicpoM
nyTH. 1109TOMY TENAOCMKOCThL TAKKE OJIKHA OMPEIENATLCS YKA3aHHEM MY TH,
10 KOTOPOMY CHCTEMA 10AYHAeT BECKOHEUHO MalI0¢ KONHUECTBO TerioTsl. Fe-
M. HANPUMED, LIOWIEPKHBATL 00bEM CHCTeMbE NOCTOsiHHLIM dV = 0, To 13
MEPBOTO 3aKoHa TePMOTHHAMUKH d() = U7 + PdV” mu1 nonyunsm, uto 66 = dU7

W TETNIOEMKOCTb Gy,'_lel' paBHa
; A o -
T—=0\ Al V=cunst or )y

[TonoOHBIM ke Oﬁpﬂ":OM NOJIYHUHWM BbIPAKCHHE [IIA TCTIOEMKOCTH NpPH Mo~

CTOSAHHOM [TABJICHHH:
# AQ arr
T'—=0\ Al P=const a1 P

B npouzroambiX, BXOASIINX B ypaBHeHHs (1.38) w (1.39), U w V' paccmarpu-
patoTes Kak QyHKUKMH 2 n T [1pn HTOM BHYTPEHHSIS DHEP I, ABAAACH QYHKLUMEH
COCTOSIHMA, eCTh (yHKLHA Tpex nepeventblx P, T w V. Ho Tonbko aBe U3 HUX
ABIAIOTCA HC3ABUCHMMbIMU NIEPEMEHHBIMK, NOCKOIbKY OHM CBS3aHbl YpaBHEHH-
em cocrostusa f(P, T, V) = 0. TloaTOMy Mbl MOKEM BLIOPATL MPOH3BONLHO
U=U0L.T)wul =U\V.T).

Tennoemkoctd C'p 1 Cy- HA3LIBAKTCSA COOTBETCTBEHHO U30DAPHOU W U3OXOP-
107 W ARAAIOTCA QY HKIHAMM COCTOAHHSA, MOCKONLKY ONPEACAAIOTCS NMPOH3BOI-
HbiMH Gy HKUME coctosttust U n T no remneparype. M3 kuHeTHeckol Teopru
ra30B CCLYET, YTO €CJIN UacTHLd HACAIBHOIO Fa3a MPOCTas. TO OHA HMECT JIWLLb

= 3
TP CTENEHW CBOOO, bl IMOCTY NATCALHOIO JABHKCHNA, Ee PHCPrHst paBpHA — ]vBT
2

Ecnu yacTHua cnoxHas, To oHa obnagaeT OOMbLLIHM UHCIOM CTENEHe ! ¢BOoOOAbI
W, CJIC/IOBATCNILHO, 0OJbLIETH YHCPricH. Hanpusep. eciim IBC TOUCUHbIE UAC THLLL!
IKECTKO CBA3AIIBI MCKAY COOOH HAIOLOOHE TBEPAOIT IAlITEAH. TO TaKasl HacTh-
@ HMeeT NATL CTCNCHSH cBOOOBI: TPH MOCTYNATCILHLIX H 1BC BpalnarTesib-
HbIX (BpalLECHHE BOKPYI OCH. NPOXOAALLEEH 1E€Pe3 UEHTPbI TOEYHBIN HACTHLL, N0

Bl
OUPCUC.ICHHIO Ht‘BO'_SJ\'lO)KHO). B vrom CIIyHae 2Heprus Hacriubl paBHa — kp,T
2

Ecun Hapsaly € 9THM CBA3b MCIKLY TOUCUHBIMH TACTHUAMH HC KECTKAA, TO BO3-
MOXKHO KOACOATeNLHOE ABHKESIINC BAOIL OCH, COSAHHSAIONIEH YacTHIbI. K IHEP-

5, - ~ 0
run = kg1’ fodasnseTcs eme konebaresLHas cteneHn crodoLL. Toraa no pop-
2
mynan (1.38) u (1.39) noayvaem
Cv =3/2R, Cp =>5/2R  — U1 0,HOATOMHBIX 1'A308;
Cy

5/201, Cp =T7/2R — 1ia AByXaTOMHBLIX r230B U T. /L.
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VI3 5THX COOTHOLLR MM CAeAYeT HE3aBUCHMOCTD TEMNOEMKOCTH OT TeMNEepa-
Typbl. OAAHAKO IKCTIEPHMEHTBI MOJIHOCThIO ONIPOBEPTAKYT TAKOH BbIBOA.

PaccymoTpHa fuis 11pHMepa TENN0EMKOCTb MONIEKY:1SPHOTO Bogopoaa. Mone-
KyJia BO10PO/1A 11BY XaTOMHAsL; AOCTATOUHO PA3PEIKEHHBIIT BOTOPOHLIH I'as oueHb
O:130K K HuealbHOMY. JLISU ABY XaTOMHOI'0 Ta3a TerI0eMKOC T 10:IKHA ObITh paB-

= B {

Ha JJHOO — R, anbo — R, HO OT TEMHEPATYPBI TEMIOCMKOCTb 3aBHCETh HE AONK-
2 2

Ha, B ACHCTBHTEILHOCTH TEMI0EMKOCTD BOAOPOAA 3aBHCHT OT TeMIMeparypbi.

N o 3
Mpu Hu3KOH Temneparype (8 obiacti 10 50 K) ero remnoemrocts pasra — R,
2
= ] -
MpH KOMHATHOH — = %, a NpH OYCHL BLICOKOH TemMneparype TemnnoemMkocTh
2

JOJKHA Oblla CTaTh PapHoil Z I, ecnir Ob1 MOMEKYIA BOMIOPO/A HE IHCCOIHPO-
BA.1a HA aTOMBbl. g

Takua 0OpazoM, MOSCKYIA BOIOPOAA MPH HH3KHX TeMMEpaTypax BecT ceds
KaK ToteqHas yacrHua, 1IPH HOPMANLHOH TeMIlepaType — Kak lanTe:b, 001a1a-
JOLLAs BpaluaTenhHoi aHeprueti, a npH OYeHh BLICOKOH TeMneparype K Bpalia-
TE:IbHOMY ABHIKEHHIO TOOABIAIOTCS KOJICOAHMS alOMOB, BXOUALUHX B MOJIEKYIIY.
[Tepexon OT OQHOrO peikHMa UBMIKEHHA K JPYIOMY TPOHCXO/IMT HE CKAuKOM,
a J0CTATOYHO MAABHO. OUEBHHO, UTO BO3MOKHOCTD MEPEX0UA K PAZHBIN BHAM
SIBHIKCHHS PEATH3YCTCA HE CPa3y BCCMH MOJIEKY/IaM, a JHUIL HX HacThlo. Knac-
CHYECKan TEOPHSA HE MOKET OOBACHHUTDL 3aBHMCHMOCTh TEMAOEMKOCTH OT TeMIle-
parypbl. KOJIHYCCTBCHHYIO 3aBUCHMOCTb TCTIOCMKOCTH OT TEMMOEPATyphl MOKHO
nartb JHlls Ha OCHOBC PeIEHHA ypamlomu‘i JIBHIKEHHSA KBAHTOBOH MEXAHMKH,

IToCKOIILKY L0 CHX IOP HET NOJAHOH TEOPHH KOHIETICHPOBAHHOTO COCTOANIHNA,
TO MPUHATO 3aBHCHMOCTH TEMIOEMKOCTH OT TEMMEPATYPhl BhIpaxkaTb B BUAE
IMITHPHUCCKHX YPABHEHHH, HMEIOWHX BHA CTENEHHBLIX PILOB

Crp=a+lT+el™®+..., (1.40)

rae . b. ¢, ... —- XapaxkrepHble M JIAHHOI'O BELLECTBA IMIHPHUECKHE HO-
CTOAHHbLIS (IIHCﬂO YIEHOR Psjaa 3aBHCHT OT TpCGyCMOﬁ TOUHOCTH W BECJTHYMHHbI
TEMIEPATYPHOIO HHTEPBAlIA).

B nocnenHee BpeMs MONYUHIN PACMPOCTPAHEHHE Y PABHEHHS APYTOTo THA,
B UACTHOCTH, k

Cp:(l‘—l—bT—l—Icm-—l—..l, (1.41)

KOTOpOQ JYYLIE€ OMUCBIBACT TCMITEPATY PHYIO 3aBHCHMOCTL TCTINTIOEMKOCTH Ajid
HeopraHHYeckHX BewecTs. Ypasrenne (1.40) vawe McnonbayroT o opraHude-
CKUX MPOLYKTOB.

Jlas kaxuporo sewecta M ero ¢azosoro cocrogHus KodPQUImeH b
a, b.eo. ., @ TAKKE TeMMepaTypHbli MHTEpRal NPUMEHUMOCTH HTHX YpaBHC-
Huii ceeaeHsbl B Tabinubl. Kak npasuio, ypasuenns (1.40) u (1.41) cnpaseutusbl
B HHTEPRAIE TEMMCPATY] OT KOMHATHOM H BhIILIE.

TennoemkocTh TBepAbIX BewiecT” BOAM3M 0 K omuchiBaeTcs ypaBHeHM-

em Jledas )
C =+T + a7, (1.42)
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e ~, (¢ — NOCTOAHHbIE, XapaKkTepHbIE A1 JAHHOTO MarepHaia.

B koopamnarax C/7 ot 1 skenepuMeHTanbHbIC TOUKI PacronaralTes B0
NPAMOIL. HAKIIOH KOTOPOIF PaBEH (v, @ TOUKA 1ICPECEUEHHS LIPAMOI} C OCbIO OpAMHAT
orsevacT Besuuute ¥ (puc. 1.2). 3uauenua e 1~ 00LIYHO CBOAST B TabIHIIbI.

Takum oOpazom, popmyibl (1.41) 1 (1.42) natoT BO3MOKHOCTD OlHCATH TEM-
JOEMKOCTL B MHTEpBane or uyis KenuBuHa 10 M000i temnepatyphl T, ecau
B 9TOM HHTEPBAIC H3BECTHbI MLMPpHIeCKe KodbduumeHTsl ¢, b, ¢, ¢!, «, 7.

3,00
= C/T=2,08+2,57 1"
= hN
\f, 2=
2,0 | | |
0 0.1 0.2 el e

o <]
Puc. 1.2. 3asucnvocts C/T or T a5 kai

1.6. 3aBHCHMOCTE TeN10B0ro 3¢dexra oT TEMIEPATY PbI
partyp

llockonbky no sakony [ecca Tennosoii (pPpekT nporecca (peakiuu) onpe-
JESETCS HAYAABHBIM H KOHEUYHbIN COCTOSHUAMH CHCTEMbBL, OMEBHAHO, UTO Ll
KuK2(0T0 M3 YUACTHWKOB peakumn (KaKk WCXOUHBIX BEUIECTB, TAK U MPOIYKTOB
peaxuHH) OvayT cupaenanssl BoipaxeHus (1.38) u (1.39). Toraa ypasHenue
3aBHCHUMOCTH TEMIOBOTO 3(p(exTa peaxkii o1 TeMOEepaTyphl MOKHO 3anucaTsb
B BUIE

OAFT O
=A = C ’\u o) C Hex — s 1.43
< 0T>p (z)T>p Z( v i Z( P) ACp,  (1.43)

rue ACp — Pa3HOCTb MOJILHbIX H300APHBIX TEIJI0EMKOCTEH peareHToB, B3s1as
€ YURTOM CTEXHOMETPUUECKHX KO PpuIInenToR.

VpasueHue (1.43) nasbisator ypasuennem Kupxrogpda (1838 1): ono Bbipa-
KaeT 3aBHCHMOCTL TEMIOBOTO APHEKRTa XHAMUUCCKOH Peakii OT TeMNepaTy Phi
B undepeHnabHOi Gopme. D10 ypaBHEHHE CTPOTO CLIPABELTHBO JHILbL TIPH
YCNOBHH, 4TO AABAEHHE HAJ KaxkilhlM KOMIIOHEHTOM [PH HCKOMOH TemnepaType
Oy1eT TakuM e, Kak W NPH HAualbHOH TeMTIepaType.

W3 (1.43) corenyer, 4ro UyBCTBHTEMBHOCTL N /T K H3MEHEHUIO TeMTICPATY Pbl
onpenensercs adcoMoTHEIM 3HaueHHeM AC p, a 3HaK TeMnepaTypHOro koddGdu-
unenta onpenensieres sHakoM AC p. Ipu AC ) > 0 tennosoii apdert peainm
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pacrer ¢ nosbliueHHesr Tesneparypbl: npu ACy. < ) — vMeHblwaerea 1 npu
AC p =0 He 3apnenT oT Temnepatypbl (puc. 1.3).

Cv;

{

C,

~Cp) W
‘)

5

Al Ad

Puc. 1.3. 308HCHMOCTL TEHIOCMKOUTH HEXOUILIN B ROHEHIBIN HPO, LY KTOB H TCHII0BOTO
APPerTa PCARTIHI O TCMICPATY Pl

M3 (1.40) n (1.41) cneayer, wro s XUMHUECKOH PeakLMu
ACP = Aa + AVT + AcT? + A JT? + ... (1.44)

Toncrasnas (1.44) B (1.43) u pazaensa nepemeHHble. B o0LIEM BHIE
MOy YUM

Tsvp T
AHgz, = AHy, + J ACpdT + AH,, + J ACdT. (1.45)
T] Tnp

[Ipeanosaracrcs, UTo B paccMarprsacyson nurepaase temnepatyp Ty + Ty
B CHCTEME MPOKCXOAHT (hazoBoe MpeBpalleHKe (aBneHue, napoobpa3oraHue
Hin cyoninanms), Temiorol Ydhdekt kotoporo AH .

WuTerpuposanne ypasHeHus Kupxroda sMoKHO NMpOBOANTH TOMLKO B TOM
cayuae, ecii u3BecTHa BenunbHa A Hr, n koHkperias 3asicumocts ACH(T)
JUTSL BCEX YUYACTHHKOB PeakLmMH.

Hanmine 1aHHbIX 0 CTaHAAPTHBLIX Te10BLIX ydderTax ofpazosanHns nin
cropaiiys pa3liHuHLIX BELIECTR 3HAUMTCTBRHO yrpowaer pacueTsl. lak,
NONL3YSICh BETHUHHAMY AH(,’ 2yy M3 COOTBETCTBYIOLLHUX CNPABOUHBIX TabIHL
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n ypasHeHusyn C'p(T) 9 KOKIOr0 W3 yHACTHHKOB PEAKLHK, B3SB ONpee-
JeHHBHT naTerpadl or (1.45), noayuaem

AHp = AHS, + Aa(T — 298) + %(T‘Z — 208%) +

AC 8 . ; 1 1 .
ATt 208%) - AL (_ - —) . (146)
3 T 298
JIs ra3oB B CPABHUTENBHO Y3KOM TEMITEpPaTypPHOM MHTEPBAJIE, a 1S THEp-
AbIN HARNIKHN BELICCTB B A0CTATOHYHO LUHPUKUM. AMORHO CHHTATD A(V"P = COnSl,
YyTO 3aCT l‘lp'{lBO MNOAbL30BATLCA JHHCHAHLIM }’p{lBl'chHC.\vl

AHyp = AH + Na(T — 298). (1.47)

Ecan snauenne AHY,, ouenn Benmko (NOpsika TECSTKOR W COTEll ThICAU
KaJgopui), 10 B puae ciyuaes MowHo npuHite AC'p = 0, 1.¢. cun1dTh, 4TO
AHy = AHYe. Yauie Beero HToT Ciyuail peanisyeTes pH Cropanti MHOTHY
OpralMiECKHX BEILECTR. NOYTOMY I€III0TY CIOPAHHA MOKHO CHHTaTL hakinye-
CKW HE 3aBHCSIICH OT TEMMEPaTy phbl.



I'ITABA 2

BTOPOH 3AKOH TEPMOJVMHAMMWKM.
SHTPOIHUA

CornacHoO NeprROMY 3AKOHY TEPMOJIHHAMHKH JFOOBIC MPOIECCI, B KOTOPbIX
HE CODIHOAAETCA COXPAHECIIHE FHEPTHH. HEOCY IIIECTBHMbL. ONHAKO MOKHO Npe-
CTaBHTb POLECCHI. KOTOPBIE COITIACYHOICA € LIEPBLIM 3AKOHOM TEPMOZIHHAMH-
KM, HO RCE JKC HEBO3MOMKHbBI, HanpumMep, padoTa XONOAW.IbHHKa Oe3 MoABona
Meprn. OObACIIEHHE HEOCY LIECTBUMOCTH TAKOLO POAA 1IPOUECCOB 00i1e1vaeT-
Cl. €C/IM BOCMOB30RATLCA BTOPHIM 3aKOHOM TEPMOIMHAMKKH, KOTOPLIF OvaeT
c(hopMynupoBaH B H10H isase.

2.1. O6paTumbie H HeoOpaTHMBIE TIPOLECCHI

B repyoanHasuke npouecebl (1. €. H3MEHEHHS TEPMOAHHAMHYECKOIO COCTO-
SHUA CHCTCMbI MIPH MEPex0ae W3 04HOM0 PABHORCCHOTO COCTOAHMA K APYTOMY)
MPUHATO ACIHTH HA ABE KATCTOPHH: 0Opamusbie W neodpamussie. TIpumepom
HCOOPATHMBIX MPOLECCOB ABNACTCA RLIPABHWBAHUE PA3HOCTEH Temnepatypul,
1aBIEHHA. KOHLEHTPALKMH ¥ T./1.. TO €CTh MEPEX0A CHCTeMbl B COCTOAHUE Tep-
MOAMHAMHYECKOI'0 pasHoBecHA. Takue NPOLECCHl HENMb3d NPOBECTH B OOpaT-
HOM HAlPABACHNH, HE BbLI3RIBAS NPH 3TOM M3MEIICHHSA COCTOANMIT ORPYIKAIO-
LHX Te.1. MOKHO NpeacraBuiL cede npeAeibHbii clyial npolecca, KoTopsii
COBEpPLIACTCA TAK. UTO KdKA0C MPOMEKYTOUHOE COCTOSHHE OCCKOHCUHO Mo
OTKJIOHACTCA OT COCTOAHNA paBHOBECHA. B npeaesie MOxKHO NOLOHTH K odpaTu-
MOMY TIPOLECCY, MOCKONILKY 1Ha KAKIAOM HTANC €10 MOKHO Oh1I0 Obl NIPORECTH B
MPOTHBOTONVK HOM HALPABAEHHIL, OCY ILECTBIN OECKOHEYHO MA:IbIE H3IMEHEHHA
BHEUIHHX YCIOBHI H HE BhI3bIBAA HUKAKUX APYTHX d(dekTos. [lpeacrapicHie
00 o0parHMON npoLecce ABIETCA HACAM3HPOBAHHBIM. HO O'EHb BAAKHbBIM 1151
AOHHMATTHA TCPMOAHMHAMHKH,

Camonpon3soIbHble (CMOHTAHHLIE) MPOLECCHLI. KOTOPBIE Abl HabnoaaeM B
MAKPOCKOMHYCCROM vacinrade, HPOTCRAIOT TOJNBLKO R OAHOM HANPABIACHHH. a
UMEHHO. B CTOPOHY PABHOBECHS, H OHH ABISIOTCS iconpamunibiyit. (JAHAKO OT-
CTYTUIEHHEM OT 3TOTO ABNAETCA MEXAHHUECKOE JIBHKeHAE. ECAH NPeNooKHTb,
YTO CHIIbl TPEHUHA OTCYTCIBYIOT. TO ABHKEHHE ONPEAEICHHON IHHAMHUECKOI
CHCTEMbl MOXKHO H3MEHHThL Ha 00PaTHOE, He BhITbIBAA IPYTHX HPPeKToR. nove-
HSIB HAnpasierne BCeX CKOPOCTEH Ha NpOTUBOMONOKHOE. I1pH Takoit orosopke
MEXAHHUECKOE JIBHKEHHE MOKHO CHHTATL HPOTOTHIONM 00PaTHAMOIO Lpouecea.
[paBaa, 00OpPaTHMOCTh MEXAHHUCCKOTO NIBHACHHS HE COBCEM COBMAJACT € TeM
MPENENbHLIM ClytaeM, KOTopbiil paccMarpiBaeTcst B 1¢PMOIHHAMHUKE TIPH Npo-
BEJCHUH MPOLIECCA HCPEs BCC NPOMEKYTOHHbIE CTAAHH, BECKOIICUHO ONUIKHC K
PABHOBECHIO.

Hmes 910 B Bidy, 00paTHMbLIE TEPMOARIIAMHUCCKHH MPOLECE YaCcTO 1a3bLIBa-
OT RGCUCTRAINUY CCKLN . C}l@ﬂye'l‘. OZIHAKO. ITOMHHWTb, HTO B TO BPCMSi, KAK BCAKOC
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MEXAHHYECKOE NBHKEHHE MOXKET COBEPLUATBCA B OOPATHOM HanpaBieHUH, ca-
MOTIPOM3IBOILHLIE MPOLIECCHI HE 00NAAAIT TAKHUM CBOHCTROM.

[HeoOparunbie sRieHHs B KaKoM-THOO MpoUecce BCerua NPHBOAAT K pacces-
HHLO SHEPIHE. DOGPERTHBHOCTH NPOLECCA MOHHKAETCH, HALPHMED, BCASACTBHE
TPEHus, NoA A€HCTRHEM KOTOPOro KHHETHUYECKAd ICPrud. CBA3aHIIAg C MaKpO-
CKOIIMUECKHM ABHKEHHEM. NPEBPALLACTCA B TENA0. ITOT NEPEXO VIIOPAI0UECH-
HBIX MaKpOCKOTWYECKUX JABHIKCHHI B XAOTHYECKOE MONEKYAAPHOE JIBHIKEHHE
Ha3bIBAKOT OUCCUTUNUCH DHEPUL.

2.2. Bropoii 3aK0oH TepMOIHHAMHKH

B TO BpeMa. Kak MEXAHHUECKYIO DIEPTHIO MOKHO NOAHOCTHI TIPERPATHTL
B TEIL0. 0Opariibli 11PoUece He MOKET NPOHCXOANTb Be3 orpaHHueHnil. DT
OrPAHINMEHNA COCTABNAIOT CyTh BTOPOTO 3aKOHA TepmojnHaMukh, CylecTry-
€1 MHOI'0 DKBHBANCHTHBIX (OPMYINPOBOK BTOPOIO 3AKOHA TEPMOAMHAMHKH,
HaTpHMED:

a) MmenIo He NoNCen CaNOnPOU3EOTHIO NEPEXOOUNin OM Menee iucpenoo
meia k boree nacpemovy meqy (Gopmyanposka Knaysuyca);

0) tesosMoNCHo ROCMPOUNL NEPUOOUYECKU OCUCINEVIOUIVIO MAULUHY, COUl-
CIMGEHITBIAL PE3VALMAMOM OCUCMEUS KOMOPOU b0 bl COGEPUICHTIC MEXUHU-
YCCKOU PAOOIGI 30 CHENT OXAAACOCU U NCRI106020 pesepaydapa (GopMyapoBKa
KenbBna ).

Ecan Obl yTREpHKACHHSA «a» H «O» HE BLIMONHANIHChH, TO MOKHO ObLI0O ObI
nofyyaTh TEMAO OT pe3epByapa ¢ LHOCTOAHHOI TemnepaTypoit H npespatlars
ero B padoTy MpH NOMOLUW IIHKJIMUECKOTO Mpoliecca. ITO He Hapyllano ool
NepBbIA 3aKOH TEPMOAHHAMHKH, KOTOPbIH TPeOYeT J1H b, YTOObI Al KAXKUOI'0
LHMKNA BBIMONHANOCE CooTHOWEHHe () = W. C mpaKTHUeCKOH TOUKH 3peHus
Takas MalluHa cliocodHa Obliia Obl coBepluarh padory, He HOTpedaas dHep-
run. [Togo0Hyto HEOCYLIECTBHMYIO MALUUHY HA3BIBAKT GeuiblLY OGU UMETCM
Griiopoeo poda. YTBEPKACHHE O HEBOZMOXKHOCTH MOCTPOMKH BEUHOLO AgHra-
TENS BTOPOro poja rakxke spasiercs oOuieil (PopMyaAHPOBKOIi BTOPOro 3aKoHa
TEPMO;TMHAMHKH.

3acnyia B PACKpbITHH OIPaHHUCHHH 1IEPEXOLA TeIUIOTE B PadOTy lpHHAA-
Aeant Kapro (1824 r.). OcHorHas wies KapHo cocToana B TOM, YTO Teniosas
MalIHHa NPOH3BOAHT paboTy HC 3a CUET Norionicnug Tenna, a daarojaps ne-
peaade Teria OT IOPAYEro Tefd K XOI0XHOMY. FIMEHHO 1O)YTOMY 11€BO3MOKHO
HCMONK30RATh TCNA0, HE MMEd XO.10;THOTO TCa.

(DOpPMYIHPOBKH BTOPOTO 3aKONHA TEPMOAMHAMHKH, NPHBEAEHHKIE BLIIIE, —
Y10 AKCHOMBI, BbIBEACHHbIE W3 onblra. [Toka Bropoii 3akoH cienyer curars
B TAKOH kK€ CTENEHU IMMUPHUUECKUM. KaK M MEPBbIH 3aKOH TCPMOAUHAMUKH. Tem
HE MEHEe, €10 CMBICS HE C10b HEMOCPEAC TBEHHO OUEBUAEH, KAK CMbIC 1IEPBO1IO
JAKOHA,

[Mpekae Beero. anum MaTeMaTHULCKOE OMPENEICHHE TICKOTOPOH by HKUMH
COCTOAHHA. KoTopas Knayiuyconm Obina naisaHa »uinponieil.
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Passeans obe YacTH PaBeHCTBA, BLIPAKRAIOLIETO NMEPBbI 3aK0H TEPMOLHHA-
MHKH U1 TIPOCTOI cHeTeMbl, Ha T, noayaum
4 1 E
o T B @.1)
T yrr Tl
Noacrasnss & (2.1) P/T = R/V u, yunteigas, uto dV/V = dlnV
ndT /T = dInT, nonyqaem:

5¢ - -
9 — d(Cy InT + RIn V). 2.2)
T
[Tpasas nacth (2.2) npeacranasier codoll noanwii auddeperunan. Cneaona-
TeNhHO, Iesast uacTh pasenctra d(Q) /T tarwe nonneiii anddepeniwan. Oyk-
uus cocrontus. andepenunan koropoii ssnaerces 8 /T, vazpiBactes (no Kaay-
3UyCy) swmponuet W 0603HauacTes S. Tarkim o0paszom,

T — 57_‘9 2.3)

OTMETHM, 4TO CTIPABEAJIMBOCTL BhIpaKC U (2.3) nokasaHa TosLKO 1IA odpa-
THMBIX [IPOLECCOB HACATLHOTO rasa. B cnyuae HepaBHOBECHBLIX, HEOOPATHMbBIX
MPOLCCCOR Takoe npencrarienne s d.S wepes Q) n T’ mecnparexingo. C no-
MOILLHO 3TOH (POPAMYIILI MOKHO BbINHCINTH H3MEHCHHE IHTPONHH TPH NEPEXOae
U3 OJHOIO COCTONHMS B APYroe. HO HENb3 CKa3arb. MEMY paBHA DHIPOMHA B
KAKIIOM H3 COCTOSHHI.

MaremarHieckas 3aiiHch BTOPOro 3akoHa TEPMOAHHAMHKH B Biiae (2.3) cBu-
ACTEABCTRYET O TOM, UTO (PVHKLNA S SRAACTCA NOAHBIM Au(dEPeLHAIOM TOMNb-
KO B TOM CilyUae. eciti MHOKHTe b 1/ T SBISICTCS HHTErPUPY KO LM MHOKHTENICM
ans ndadpdoroii popmur Q.

C yuerom sroro odcrosreascrsa Kapareogopu B 1909 1. upeanoxun ¢op-
MYJIHPOBKY BTOPOTO 3aKOHA TEPMOAHHAMHUKH. @ bTEPHATHBHY IO TPaLHLIHOHHOI
(Knay3HyCOBCKOH) (JOPMYTHPOBKE. CYLIHOCTE KOTOPOH COCTOMT B Y IBEPIKACHHH
CYUICCTROBANMA HOTETPHPYIOUIETO MHOKRuTeNs ansa npaddosoii popmbr 5().
[MpenmyutectBo npewtokenHol Kapareonopn GOpMyNHPOBKH COCTOMT B TOM,
UTO C €€ TMOMOLILK) MOXHO NMPOBECTH MOCAENI0BATCILHOE MATEMATHYECKOE M3-
JIOMCHHC TCPMOIAHHAMUKH. HC npn()eraﬂ K TAKHM AONOJNHTENLIBLIM TIOHATHAM.,
Kak HieatbHblil 1as Hnp wikn KapHo. C IpyroH cTopoHbl, H3NOKEHHE OCHOB
TEPMOJHHAMUMKH CTAHOBUTCSA BeCbMa adCTParTHLIM. B cazn ¢ 3Tum yHKUUS
IUTPOLHK ORYTAHA HEKOTOPOH ABIMKOH aOCTPaKTHOCTH, B pe3yibrale Yelo y
UHTATCTA HCHE3ACT OULY UICHHE PEAJIbHOCTH B MCNOJL30BAHWH 3TOTO NOHATHA.

3nech Oyuer rpellilokeH MHOW MyTh AN MHTEplIpeTaluy 3TOH QyHKIUK H,
COOTRETCTREHHO, RTOPOTOV 3aK0MA TEPMOAHHAMUKH.

JIioboe TepMOAHHAMHUECKOE COCTOAHME CHCTEMbL XapakTepusyeres 00Jb-
LM UHCIIOM HMHAMHUCCKHX COCTOAHMI yacThil (MOneKyn, aToMOB W ap.), CO-
CTaBASIOWHX AAHHYIO cucTenty. JUs onucanusi AHHAMHYECKOTO COCTONHMS [laH-
HOH CHCTEMbI HEOOXOAMMO 3HATh ROJIIOIREHHE W ABHKCHHE BCEX HACTHL, KOTOPbIE
0o6pazyIoT cHeTeMy. B TO ke BpeMs TePMOAHHAMHUECKOE COCTOS NG OlIpeaens-
€TCs 3adaHHEM JTHLLb HEOObLIOTO YHCIA HapaMeTpos, Taknux, kak T, . V7 wn np.
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OTcroaa CIEIAYET. HTO OAHOMY TEPMOIAHNHAMHYECKOMY COCTOSIHHUH) COOTBETCTBYET
00JILUIOE UMCI0 JIMHAMHUECKHX COCTOAHUA, B cTarncTHYeCKOH MeXaHUKe NnpH-
HATO XaparKTepri3oBaib RaKa0€ TEPMOAHHAMNYIECKOE COCTOAHHE UHCIOM I —
YHCIJIOM COOTBCTCTBYIOHIHX AHMHAMUCCRHX COCTOSAMHIA, OCYHICCTBIAAIOWHX JaH-
HOE TEPMOAHHAMHHYECROC COCTOSIHIE. BeauunHa 7 o6blYHO HasbIBACTCA cef0o-
AMNOCHbIO ﬂl(’/?.ll()()l!/l(l_llll’[(’(,‘.‘\'()(’() COCOoAA 1 OrrpeﬂeﬂﬂeTCﬂ KaK

N
r=——" 2.4
l\’[!L\Q!...J\"i! ( )
rae N — obwiee uncao uacruu i cuereme, a Ny, No, ..., N; — uncia vacuu,

COCTABJIAIOLULIMX COAEP/KAHHE Kk 0H H3 MOACHCTEM.

JIna npusepa Bo3bMen ALLMK, PA3IENCHHbIH NEPEIOPOAKOH C OTBEPCTHEM Ha
[1BE NOAOBHHKH. TTOMECTHM B AILIMK 4 HEPATIHUHMBIX LUAPA H HAYHEM BCTPAXH-
Bar,. BeposTHOCTL pacnpeneneHns wapos B 00CHX MOJOBHHKAX sULHKA MOKET
ObITb ANPHOPIIO 3alHCAlA TAK:

1% nososiea SHKS 4 3 2
2% 110J10BHHA ALIMKA 0 1 2
TepyojHHaHIeCKad neEPOsSTHOCTL. [ 1 4 6

AcHO. YTo Haubdosiee BEPOSTHOE pacrpeaeieHHe — 10 PABHOMEPHOE. PaB-
HOBECHOE pacripejeiienne 2 ¢ 2. Toacuntacm 110 (2.4) TEPMOLHHAMHUCCKYIO

' . 4!
BCPOATHOCT /KK A0TO M3 HTUX pacnipeneicini. Jlis nepsoro /7 = —— =1
401
1 4!
(HOCKOHBK}’ = 1)’ 11 BTOPOIO ]—'2 = o =4u IUIA TPETHE10 1—';; = _‘)' =6
3t 2121

Taxny 00pa3oM, BENHYHWHA TEPMOAHHAMHUYECKOH BEPOSITHOCTH [ yKa3bIBACT Ha
CTPEMIIEHHE CHCTEMDI K HanO0s1ee PAaBHOBEPOSITHOMY — PABHOBECHOMY paclipe-
aenenHio. M3 pacuerta BHAHO, UTO KOrA CHCTEMa HMEET Handolee YCTOHUMROE
(paBHOBECHOE) cOCTOsHME, [ — HanbonbUas BENMYMHA. 3HAUWT, TEPMOAMHA-
MHUCCKAA RECPOATHOCTL [ MOXKET CAYKHTH MEPOH HANPARNEUNOCTH ABHKEHUS
CHCTEMBI K PABHOBECHOMY COCTOAHIIO. UeM B.1HHE CHCTEMA K PABHOBECHID, TEM
Oonblue BennuunHa .

[TpuHKHMas BO BHUMAIIHC ONPEACIICHHYI NApaIcih MeKAY TCHACHUIMEH K
MEepPexo1y B COCTONHHE ¢ OOTbILECH BCPOATHOCTLH H BO3PACTAHHEM IHTPONKH ( B
PABIOBECHHU BHTPONHA LaudoabLWadA), bonLumal npeanonoxua cyWecTBOBAHUE
(yHKUMOHATLHOI 3aBHcHMocTH Mexxay Sl S = S(IN).

Moo ckaszath, 4To 3Ta Py HKLNSA 101K 1A ObITL MOHOTOHTO BO3PACTAIONIET.
Ee BuA MOXKIO [OJHOCTLIO OHPeaeTHT,. Tak, €Citi paceMoTpeTs aBe cHeTemsl A
1 B B COCTOSHHUH PABHOBECHS, TO, OUEBHIAHO. UTO DHTPOMHS CHCTCMbI BRIPAUTCS
CYMMOT

S=84+Sp. 2.5)
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TepmoaHHaMHueCKasl BEPOSTHOCTb OCYLLECTBACHHS PE3YJILTHPYIOLLETO CO-
CTOSHHSA PARHA TIPOU3BEIEHHIO (MYIBTHILIMKATHBHOCTB) TEPMOAUHAMHUECKNX
BEPOATHOCTEH 11151 OTAEALHBIX HacTel

I'=TIAlp. (2.6)
B COOTBETCTBHH C OTHM
S(F\F/;):S(FA)-FS(F[;). 2.7)

3710 W3BECTHOE (DY HKLIMOHANILHO® YPABHEHME; EMY YAOBIETBOPSET JOrapH-
Muueckas QyHiuHA. Takun 00pa3oM Mbl OPHXOAHM K H3RECTHOH (opmyne

S=kyn/l, 2.8)

KOTOpast BbicedeHa Ha namsTHuke boasumany 8 Bene. TTocTosHHbIA MHOKHTEb
kg MO¥HO OTPCACTHTL, MPAMEHHUB 3TY (GOPMYITY K KaKOMY-HHOYIOb MPOCTOMY
npoueccy (HanpuMep. H30TepaMHuecKoMy). MHOKUTEIL k' OKA3a1CsH paBHbIM
YHHBEPCAILIOH ra30B0H NOCTOANNON, OTHECCHHOH K OAHOH MONEKyIe,

R 8,314

k‘,B = —= —
Na  6,02-1023

=1,38- 1072 JIx/K.

D1a BEAHUHHA HA3bIBACTCS nocHmosnnon boieiyiana.

TMonpodyem Teneph BhIPAKCHHUE AJIS IHTPOMNHN, MOTYUEHHOE HAa OCHOBE CTa-
THCTHYCCKOM MEXAHUKI. CBA3ATL ¢ MHPOM TEMA0BLIX BeAuyuH. H3secrHo. uro
€CJIN B CHCTEME, pasaeneHHoi Ha ABe uacTH, ¢ o0bemamy Vi 1 V5 naxoanTes on-
Ha Y4acTHUQ, TO OTHOLIEHHE BEPOSITHOCTH HAXOKIACHHA JaHHOH HacTHUbI B 3THX
odvemax ecrw [/ = V7 /Vh. Ecau we raknx 9acruu B cacreMe Na (4HCio

Asoragpo), To
Ny
n_ (Vi
I 1h ’

[ponorapudmupyes 2T0 COOTHOLLIEHHE, YMHOKHB 006€ €ro 1acTH Ha NocTo-
AHNY10 honkumana:

k’[; 1111"1 = ]u'l; In F_) = S] = SQ = = }\'”A\',\ In ﬁ (29)
15

B 70 ¢ Bpems paboTa pacluupeHHs HAeanbHOro rasa o1 oobema Vo k 00b-

v > \/'1
emy V1 B msorepmudecknx yeaosusix (enm.1.20) papa: W = Q = RTIn —.
Va
] . Vi
[Toncrasus B 910 ypasHeHHE BMECTO BEJTHHMHBI I — ero 3uaucHue 13 (2.9),

Vo
noJayHHMm

AS:%%:% (2.10)

VYpagHenue (2.10) ssaserca nurerpaibHoii popmoli BeipakeHus (2.3).
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I3 kBanTOBOM Cilyuae (opmyaa bosnbinvana (2.8) npHBOANT K BBIBOAY. YTO
S—=0 npn T — 0. 2.11)

[TpuunHa 3TOrO 3aKIodactcs B Tom, uto npu I' — 0 cucreMa crpemures
K CROEMY HAHHISLICMY KRALITOROMY COCTOSIHHIO, COOTBCTCTRYIOLLEMY adconioT-
HOMY HY.I0. . €1€10BaTe1bHO. [ — 1. D70 BNOIHE coracyercs ¢ HHTeplpera-
uHe it INTPONMH KAK MEPhI OTCYTCTRIA HH(OPMALMH OTHOCHTETLHO MEXaHHYe-
CKOTO COCTOAHHA CHCTEMbI.

B cocrosiHin paBHOBECHS IHTPOITHSL I0CTHIAET CBOEIO MAKCHMAJIBHOTO 3HAa-
UYEHHA, [TOCKONhKY PABHOBECHE €CTb NadoNee BCPOATHOE COCTOAHHE W, CIEA0-
BATE/IbHO, ABIISICTCH MAKPOCOCTOSAHHEM, OCY LIECTBIIAEMbIM MOCPECTBOM MAKCH-
ManbliOro YHcaa MHKpOCOCTOA NN, OUERHAIO. UTO CHCTEMA, MPELOCTABNCITIASA
CaMOH cede. ABIIKETCA M0 HAMNPABIEHHIO K PABHOBECHIO, 1. €. DHTPOINSA TaKOH
CUCTEMBI JIOJKHA BO3PACTATS.

B cBsisu ¢ yrum. pacnpocrpanss ypasHenust (2.3) w (2.10) Ha T00bIe 11po-
LECChI, CICAYET 3aM1caTh BTOPOH 3aKOH TEPMOIHHAMKUKH B BHIE

50

as > =, (2.12)

FAE 3HAK PABEHCTBA OTHOCHTCH K OOPaTHMbLIM POUECCaM, a 3HAK HEpaBeHCTBa
K neobpatumbiM. JIpyruMn caoBaMu, B COCTOAHNN PABNOBCCHS IS H30AMPO-
BAHHOH CHCTEMB S = Spyax- (U300UPOGAINTON CUCHICNON HTI6I6AeNICs TIAKAS
CHCHCMU, KOMOPUS 11e OOMCHUSACINCS ¢ GUCHIICH CPeOOl 1L INCAAOM, 1l pado-
motr). B 0dbIX Apy rHX HEPABHOBECHBIX COCTOSHUMIX S < Sinax. TTOCKOILKY

A48 w3osposarHoil cuerembt AU = 0. dV = 0w 117 = 0, To w3 (2.12)
CHEIYCT, UTO /U1 H30;IHPOBAHHOMA CUCTEMbI
ds = 0. (2.13)

DTO YCIIOBHE ONPEUEAACT IBOMOIHK H30JIHPOBaHHOM cHCTEMBL. 3HAK > €O-
OTBETCTBYCT HEPABHOBECHOMY COCTOSHWIO CUCTEMBl, KOIJa €LIE CHCTeMa Ha-
XOJIMTCA «B MYTH» K PAaBHORECHIO. @ 3HAK PABEHCTBA YIKE JOCTHTIYTOMY
cucremofl pasHosecHio. Takua 00pa3oM, B COCTOAHHN PABHOBECHA 1A H301H-

OBAHHOH CUCTEMBI
P ds = 0. (2.14)

CooTHowieHHe (2.14) ABNgETCA KPUTEPHEM PABHOBECHA H3OJIHPOBAHHOMN
CUCTEMBL.

2.3. Yc10BHSH PABHOBCCHHA H XAPDAKTEPHCTHYECKHC (PYHKIHH

Lean cueienia He H30MMPOBaHA OT BIHELIHETO MHPa B MOWKET KaKuM-T160
00pa30M € HUM R3aHMOCHCTBOBATL, TO YCAOBHSI PARHOBECUA OYyAyT WMHBIMHU,
OTNHUHBIMK OT (2.14).

W3 cootHoweHuii (1.9) n (2.12) cieayeT. 4Tto o0LEAHHEHHOC YPABHEHHE
OEPBOIO M BIOPOIV 3aKOHOB TEPMOAMHAMUKM JAS MOPOCTOI CHCTCMbI MOKHO
3anudcarb 8 sHAE

TdS > dU + PdV. (2.15)
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Jlna ca10kHOMH cHCTeMbl

TdS > dU + PdV + 6W'. (2.16)
Koraa B mpocTofi cHeTeMe OCy IIECTRISIOTCA OOPATHMBIE TIPOIECCHI,
TdS = dU + PdV. 2.17)
Eciin B C03KNOH CHCTEME peanu3yoTea o0paTHMbie MPOLICCLL, TO
TdS =dU + dV + sW'. (2.18)

Jas cucresm. €1HHCTBEHHbIM BHAOM padoThl KOTOPBIX sIBSICTCa padoTa pac-
IHUPEHHA (NPOCThIE CHCTEMBI). Haubonee HHTEPECHLl YETLIPE BHAA YCIORHI
B3aHMOICHCTBHA CHCTEMbI C OKPYKAOLEH cpeaoit:

1). V = const, S = const; 2). P =const. S = const;
3.V

Kpirrepin paBHOBECHS 115l KAKA010 W3 YTHX HEThIPEX cliydaes B3anmoeti-
CTRUS CHCTEMBI C OKPYKAIOIICH cpefoll onpeaensoTes cNeayomuM 00pa3oM.

1. Yeaosns Bzansoaeiicrsus: V= const, S = const. O8beAHHeHHOE ypas-
JIEHHE NICPBOTO H BTOPOTO 3@KOMOB TCPMOAHIIAMHKH 1 NPOCThIX cherem (2.15)
3aruLes 8 Buae

Il

const. T = const: 4). P = const. T = const.

dU < TdS — PdV. (2.19)

K3 5T0TO COOTHOLIEHHS BHHO. HTO 3BONIOLHA CHCTEAbI, ¥ KOTOPOH H3ne-

Henus oObema i HuTpomn pasHul Hymo (dV = 0. dS = 0), onpeaensercs
YCNOBHEM ;

AU < 0. (2.20)

B cocrosiHiti paBHOBECHS
rOMHIN PABHOBEE dU = 0. 221

Taknv odpa3zomM. ¢ NPUOTHKCHHEM K COCTOAHMIO PABHOBCCHSA BHYTPEHHASA
EPrust POCTOIH CHCTEMbE YOBIBACT H IOCTHIACT MHITHAIYMA B COCTOSAHHH PAB-
HOBCCHA. JIpyruMKn crioBaviM. BHYTPCHHAS YHEPTHSA, TaK /Ke Kak H IYHTPOMHS,
OTIPEETIAET HAMPABICHUE Mpouccca.

2. Yenosue sianmoneiictus: I7 = const. S = const. [lpuvenss K Bein-
uuHe PdVl npeobGpa3osaHue JlewaHpa

PdV =d(PV) - VdP. (2.22)

M YUMTBIBASL OMPEACICHIE IHTaIbNUN 2031 npoctslx cuetem (H = U + PV),
npeobpazyem (2.15) k BUAYy

dH < TdS +VdP. (2.23)

Otcrona BMAHO. UTO NI0O0H NPoUEce B pacCMarpuBacMoil cHETEME, ¥ KOTO-
poit dP = 0 udS = (), nporckaeT rakiv o0Pa3oM, UTO BhIMOJIHACTCA YCIOBHE

dH < 0. (2.24)
B COCTOAHNN PﬂBHOBCCHﬂ

dH = 0. (2.25)
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Takum 06pazom ¢ NPHOTIKCHHEM K COCTOSHHIO PABHOBECHS SHTANLNMS T2~
KO CHCTEMbI YOBIRAET, TOCTHTAA MHHHMYMA B COCTOSHHI PABHOBECHS,

3. VYenosus s3aumoueHersua: V' = const u T = consl. [TpuMeHss K Beau-
yunie TdS npeodpasopanie Jlewarapa

TdS =d(TS)— SdT, (2.26)
npeodpazyeM (2.15) cnenyonmM o0pas3om:
d(U =TS) < =5dT — PdV. (2.27)
Bgeas odo3HaueHue
1"'=U-TS5, (2.28)
3anuwem (2.27) B Bune
dF < =SdT — PdV. (2.29)

Tepmoannamureckas GyHKUHA F HABIBACTCS (IVikircett [ erncoibia, Wi
USOXOPHO=30mep ueckus nomenijudion. Tockoiibky vy1a QyHruns odpasosa-
Ha 13 hyHxuuii cocroanus U u S, oHa Takike spageres hynkiyieli coctoauns.

W3 (2.29) careayer uTo HBOSIOUHI PACCMATPHBAEMOH CHCTEMBI, Y KOTOPOI
dl' = 0udV =0, onpenensiercs ycaoRHeM

dF < 0. (2.30)
C.ﬂCZIOBﬂTe.ﬂhHO. B COCTOAHHH paBHOBE‘CHﬂ
dr = 0. (2.31)

Taxim 00pa3oM ¢ HPHONHAREHHEM CHCTEMBI K COCTOAHHIO PABHOBECHS H30-
XOPHO-H30TCPMHUCCKHA MOTCHLIHAN YOBIRACT, AOCTHIAg MHIIIMYMA B COCTORHHH
PAOBHOBECHS,

4. Yenorus Bzanmoacitctua: P = const u T' = const. C yueTom ypaBHEHUH
(2.22) m (2.26) Qropmyny (2.15) MOXHO 3anHcalh B CAEIYHOLLEN BHAE!

AU + PV =TS5) < =SdT +VdP. (2.32)
H, obozHaas
G=U+PV-TS=H-TS. (2.33)
BbIpa3uM (2.32) B BHIE
dG < =SdT + VD (2.34)

Tepmonnuamiieckas Gyvakims G nasuigaercs dvixyuen Fuddca wan wso-
OUPHO-U3OMEPNUNCCRUN ROMCHYUA10M. DTa (PYHKUHA, TAKKE KaK U (yHKUHMA

lesmmatronbua, odpazosana n3 Gy KM coctosimug H n S, noyromy seaseTcs
GbyHKUKER cocTosHuA,

M3 (2.34) BUAHO, YTO B CHCTEME C MOCTOAHHLIMH TCMIICPATYPOH H TABAEHUEM
SO0 npouece npoTekacT TakiM 00PA3OM. UTO BbIIOJIHACTCS YCI0BHE

G < 0. (2.35)
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CJ]C,JOBHTC.IL)HO, B COCTOAHHH paBHOBCCHﬂ
dG = 0. (2.36)

Taxkum odpaszom, ¢ npHOIIMIKEHHEM K COCTOAHHIO PABHOBECHA W300apHO-
M30TEPMHUHECKHH NOTEHHAN CUCTEMBL, ¥ KOTOPOH NOCTOSIHHBI TeMmepartypa #
JABJICHHE, yObIBACT. A0CTHIAS MHHHMYMA B COCTOAHHH PABHOBECHS.

B Tex cnyuasx, Kora cHeTeMa MoMHMO padoThl pACHINPEHHS NPOUIBOANT H
APYTHE BUAbI padoT (CNOXKHAS CUCTEMA), KPUTEPHH PAaBHOBECHS OY1y 1 HECKOJb-
KO UHBIMH. 15 Takofi CHCTEMBI M3 00BbEAHIIEHHOTO NEPROTO H BTOPOTO 3aKOHOR
TEPMOAHHAMUKN, 3anHcatHoro B suae (2.16) TdS = di + PdV + dW'. aan
PACCMOTPEHHBIX BbIILE YETLIPEX CY4aeB B3aWMOACHCTBHUSA CHCTEMBI C OKPYHa-
HOLIEH CPeAoH MOTYUHM CICAYIOWUHE PE3YLTATL.

1) [ln yenosuit Bsanmoueiicraua V- = const, S = const

AU + 81V €0 (2.37)
¥ B COCTOSTHUM PaBHOBECHS padora parsHa yOblin BHYTPEHHEH IHepTrun
av = —6Ww". (2.38)
2) Jlis yenoBuii BsanMogaekicraus 7 = const, S = const
dH + 817" <0 (2.39)
M B COCTOAHHH paBHOBeCHS padora paBHa yYObLIH DHTAILITHM
dH = —6W". (2.40)
3) ias ycaosui B3auMoneicreus Vo = const, T' = const
dF + 81V <0 (2.41)

M B COCTOAHHH PABHOBECHA pa6o'|'a paBHa y6bIJlH H30XOPHO-H30TCPMHUECKOrO
OoTEeHUHATA

Ar = —6W". (2.42)
4) Ina ycnoruii B3anvoneticteug /7 = const. T° = const
dG +6W' <0 (2.43)

H B COCTOSIHHH PARHORECHA PadoTa OCYLIECTRAACTCA 3a CHeT yObLiH 11300apHo-
H30TCPMHUECKOrO NOTeHUHaa

dG = —sW'. (2.44)

Oyurnn U, H, F, (7 Ha3blBAIOTCS XUPURIMCPUCTIUNCCRUMU.

Wz yvpasuennii (2.38), (2.40). (2.42) u (2.44) c.ieayer. wro pabora, Koropast
MOXKeT ObITb COREpLIEHA CNOWIOH CHCTEMON TPU AAHHBIX YCNOBHAX B3aWMO-
AcHCTBMA ¢ oKpywaroleH cpe/odi (3a BelleToM Padoibl PACLIMPEHUN), paBHa
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yObIJIH COOTBETCTBYIO KX XapakrepHeTHUeCKHX PyHKUni. [TockonbKy B cocTo-
AHUHY paBHOBECHS padoTa, COREpLUCHHAA CUCTEMON. MaKCHMAIhHA TpH OTIpe-
JENEHHBIX BHELIHMX YCI0BUAX (cM. ypasHeHus (2.38), (2.40), (2.42) u (2.44)),
1o yToli mpuyHie xapaktepucruaeckie pynxkunu (L H. I G nazsiaior mep-
MOOUNAMUYCCKUMU ROmSHfuaadsu.

Takum 00pa3omM. XapakTepHCTHYECKHE (DYHKLUIHYH B TEPMOAHTIAMHUKE UIPAIOT
POJb, AHANOTH'HYIO POJIH NOTEHUHANLHON YHEPruH B MeXaHuke. B neficrsu-
TENLHOCTH BCE OHM MPEACTARAAIOT YaCTHhIC RHbI CROOOAHOH DHEPruH, T.€.
DMEPIUH, CrIOCOOHOM COBEPILATEL MOAE3 Y padoTy. OQHaKO 110 TPAAHLWH TO
HA3BAHHE OCTABICHO 32 H30XOPHO-H30TEPMHUECKUM MoTeHUHanoM £, TouHo 1ak
ae Hioraa Gykuio [idoca (nrodapro-u3oTepMHUecK il noTelan) Ha3kRa-
KT CBODOUHOH IHTANbNHER.

O0cyanM Ternepb HECKONLKO COOOP@KCHHI OTHOCHTENBHO MAKCHMATBHON
padoThl, BLIOpaB A8 WINKCTpaLuH cityuaii (2.34), 3anucas ¢1o B BHie

(AU)S,V = —Whax-

Bo3HuKaeT BOMpOC: Kak BOOOIUE MOKHO NONY'UKHTh KaKyH-1100 padoTy ot
a/(MadaTHUCCKH 3AMKHY TOH CUCTEMbI NPH NOCTOSANHOM 00beMe? DTO HEOOXO/ -
MO TIOHHUMATh CIeAYIOWHM 00pasoM. HatallbHoe coCTosHHE CHCTEMb] HEOOs3a-
TENILHO JIOJPKHO OBITh pasnosecHbiM. CACTEMa MOKET 001aTaTh ONPEeTeHHOH
SHTPOMHEH, AAHTHBHbIM 00PA3OM CKIAABIBAKOLIECHCA U3 DHTPOMHH OTALNbHbBIX
ee uacreil. DTH padinuHble YaCTH MOTY T OTIIMUATBCS OilHA OT UPYI'OH cocTasom,
JarIeHHEM, TeMITeparypoii M T. . DTH HEOAHOPOAHOCTH MOXKHO 3a(DHKCHPORATD,
HANPHMEP, € MOMOLWbIO MEMOPAH WK TEMLION30AHPYOLIHX CTeHOK. [Tojyuae-
Mas padoTa MOKET OCYLIECTRAATLCA MyTeM oc1adaeHis AeHCTRHA dTHX CTCHOK
MM MeMOpal Tak. UToObl DHTPONHA CHCTEMbl OCTaBajlach NOCTOAHHOH, T e.
M3MEHANACk o0paTHMBIM 00pa3oM. B 3ToM cimyuae cucTeMa MOKET COREPHIATH
MAKCUMAIIBHY IO padoTy.

XapakTepHCTHUECCRHE (PYHRUHN 00a1a0T CACAYIOWHM BaXHbIM CBOHCT-
BOM: €CJIM M3BECTHA XapaKTepHUCTHIECCKAn PyHKLHA, BbIpaXKeHHas Yepe3 CBOH
[ KaKA0H XapakTepHCTHUECROR (PYHIKLHH NIEPCMEHHBIE, TO H3 HEE MOAHO Bbl-
YUCTUT JHO0YHO TEPMOAHHAMHUECKY O BeAH I HHY. M3 00BbEeTHHEHHOrO NepBOro
W BTOPOIO 3aKOHOR TEPMOJHHAMHKH, 3aMIHCAHHOIO B BUAE

AU = TdS — PdV. (2.45)

cneayer (Ha OCHOBE CBOHCTB NonHoro audepeHunana), uro

(5), =7 (), =-n (2.46)

Takum odpazoM, ecan QyHruma {7 BRIpOKEHA Yepes CBOM nepeMenHsle V
1 S, TO YacTHbiE NPOM3BUUHBIC MO OUHOI I3 NEPEMEHHAIX TIPH 1ICHIMCHHOCTH
ApYTOH MOIBOJSOT OTIpeaeiinTh 3HaueHns P u T 1as npocToit cucremsl. Jpy-
IHMH CAOBAME, H3MEHEHHE BHY TPEHHEH DHEPrHM BCIICACTBHE WIMCHEHHUS DH-
TPOMHH NPH NMOCTOANICTRE 00bEMA PHIMUECKH BbI3BAHO COOOLIEHIEM TEMIOTLI
Hil 00PATHMOM H H30XOPHYECKOM mpouecce. M3MeHenHe BHYTpeHHe!H YHEpruu
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CHCTEMbI BCJIEACTBHE HIMCHEHHS 00bEMA NPH NOCTOAHCTBE YHTPONHH Ha oOpa-
THMOM a/1MadaTHULCKOM MPOLECCE (PUIHIECKH BBIZBAHO COBEPLLICHHEM padoThl.
Takum 00pa3oM. ONpeaeieHbl BCE TEPMHUECKHE W MEXaHHUECKHE CBOHCTBA C1-
cTeMbl. MMenno nodtomy aauHas (yHKIMA ARIACTCS XAPAKTCPHCTHUECKOH.

TouHo Tak ske MOryT OblTh OMpeaeeHbl CBOMCTBA CHCTEMbl € NOMOLLbLIO
OpYTUX XapakrepHcTiHdecknx dynwii. M3 ypapHenus

AH = TdS + VdP (2.47)

OH Ol
AN _ g _) =12 2.48
<z)s) P ' <E)P s ( )

3anucan RuIpaxkelHe aas GyHKE [ensymronsia B Buae nonnoro andge-
peHLUHaia (413 NpocToli CHCTeMbl) B BHAC

CIICAYCT, UTO

dF = —SdT — PdV, (2.49)
nodrytacm
oL o =
= - _ g _) =_P 2.50
<UT)V v <av T ( )

Harowe, ucnonssys soipakene (hy Hrim 'nddca, 2anicanHoi B BUE Nox-
HOI'O unddeperunaa

dG = —SdT + VaP, (2.51)
HMECM
G 3 ad =
=—5, /{=2)_=". 2.52
(0’[')1> ’ i)P)T : )

CnesoBaTeNbHO, €CiH 1a HIH HHas XapaKTEPUC IHHecKast (Y HKLHS Bl paiKeHa
4epe3 CROM NEPEMEITIBIE, TO AHPPEPEHLHPORAHHE €C N0 OIHOH W3 NEPeMEITIbIX
TIPH YCAOBMH HEH3MEITHOCTH APYyToi Mo3BoNseT ONPeAeNHTL BCE OCTalblible
napamMeTpsl M APYTHE TEPMOJHHAMHIECKHE NOTEHIHANLL.

3/eCh MOKHO 3aMETHTb, MTO OJAHA M3 MEPEMEHHBIX B KA/KIOH W3 UETbIPEX
TIap HE3ARHCHMBIX NEPeMEHHbIX MPHIANICAUT rpynne Tennorbix Reauuys (7" 1
S), a apyras - pynne mMexatndeckux BestnurH (P u 1),

Taxyum 00pa3oM Kai¢I0H XapakTepHCTHUECRON By HKLMK COOTBETCTBYET CBOS
napa napaMerTpoB. IT0 MOKHO NPEACTABHTL B BHAE CACAYIOILEH TadaHLbI:

Xapariepretauceras (y HKst U H 73 G

MeXaHnuCCKUC FrpaMeTphl V P 1% P

TerLionnie napasMerphi S S T il
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Bzanvocssazb dyskouil [, H, I7 n (7 Mexiy codOi BblpaxaroT B BHAE MHe-
MOHHWYECKOH CXEMBI:

H

s | F PV
rs G

2.4. Ypasnenusi 'mooca—leanmroabna

3amensist B8 ypagHeHHsax (2.28) 1 (2.32) sHateHUs DHTPONHM .S COOTBETC TBEH-
HO vepes (2.50) 1 (2.52) 1 3anucar (2.28) 1 (2.32) oTHOCHTENLHO BHY TPeHIICH
sHeprud U v aHTa i H ¢ yueToM Toro, 4To padoTa MOKET ObTh [POHIBEACHA
CHCTEMOI B HIOXOPHBIX H H300apHLIX YCIORHAX, NONYyUaeM

= =T (2_7)‘ , (2.53)
H:G—T(ii)}). (2.54)

VpasHeHHs (2.53) u (2.54) HazsizaloTcs ypapHeHHsiMH ['66ca —lenkm-
ro/ibUa. DTH YPaBHEHHS HIPAIOT BAKIYIO POJIb B XHMHUYECCKOH TEPMOHITAMHKE.
B msoxopuo-n3oTepmuueciux yerornax (3 (2.42) cneavet, uto AF = =W’
(370 MOXET ObITb 000N BH PAdOTBI. KpOME padOThL paCLINPEHHUA), T. €. MOJIe3-
Hasn padora papna yosutk (pyHKIHY [eanmronsua) hopayna (2.53) nprodperaet

CNEAYIOLUHEA BHIT GWY.
—AW =W =T <#> : (2.55)
ar v

AHaJOTUUTILIM 00Opa30M AJISt TEPMOAMHAMHUYECKOTO MPOLECCa. MPOTEeKaroLLe-
rO B CJAMKHOH CHCTEME, HAXOASLUEeHTA B H300apHO-H3OTEPMHUIECKHX YCIOBHUSX,
MOXKHO 3amucath ta ocHoBe (2.44) 1 (2.52) caeaytoliee RbIPAXKCHHE:

ar
B cayuaae. ¢ciu mpougce, NpoTeKalowWHii B CUCTEME, COTIPOROIKAACTCH XHMH-
UECKMMHU TmpespalueHusmy, BeanunHa 11 npencrasnser coboi padory, cosep-
HIAI0ILYIOCS B TIPOLECCE XHMHYECKOH pearuity. TTocronnky Tennoroi d(pdext
xuMmudeckoli peasunn Qy = Us — U7 = AU, a remiosoil »ddekr Qp =
= H, — H, = AH, 10 yparueHus ['mb6ca — ['enemronsua reneps MOTyT ObITh
npeIcTaBieHs! B BUIE

oW,
~AH=Wpp-T <J> . (2.56)
r

. OWY
Qv =Wi, T (%) : (2.57)
a1 v

4 - MWV p o
—Qp=Wp, —T (—/]TT)P (2.58)
e,
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YpaBHenisn ['mddca—'ensMronbua B 5T0H GopMe HaxoudT LWHPOKOE NpH-
MEHEHHE B XUMUUECROH TepmoanHaMHKe. OHK, B YACTHOCTH, MO3ROIAHOT OTIpe-
BEAATD TAKYI0 BAKHYH XAPAKIepHCTHKY XHMHUECKOH peaklny, KaK TEI10BO
SPPeKRT, He nMyTeM TEPMOXHMHYCCKHX HIMEPEHMIY, a KOCREHHLIM 00paszoM -
usMepsis pabory 11 3 npouecce XUMHUSCKON PEAKIHH H BhITHCIAS BEIUUHHY
aw’

MHUYCCKHX XapaKTEPHCTHK O()p’d'l‘ll;\iblx TFaJIbBAHAYUCCKHX DJICMEHTOB.

OTH ypaBHEHHA 0COBEHHO UACTO NPHMEHAFOTCS NPH PacieTe TEPMOIHHA-

2.5. Xumu4eckHii NoTeHHA H OCHORHOE Yparnenue ['uéoca

[Tepeiiaem renepb K CHCTEMAM, B KOTOPBIN MOKET MEHATLCA COCTAB WIH
BO3MOKEH OOMEH BELIECTROM ¢ OKpyumaloweit cpenodl. [leprouiit cnyuail nvmeer
MECTO. KOIAa B CHCTEME NPOTEKAOT XHMHUECKHE peaklmi. Bropoit — dTo city-
yai paBHOBECHS [IBYX I 00lIL1IEI0 MHCAa (has Kakoro-nudo seiectsa. o cHx
110P MbI TIPHHHMANK, UTO /L1 PABHOBECHA 1HEOOXOAHMO BbITIOIHEHHE CEAYHO-
LIHX YCI0BHI B M1000I1 TOUKE CHCTEMBI:

T = const, P = const.

DTH YCIORHA SIRAAOTCS HEOOXOAHMbBIMH, 110 HEAOCTATOUHRIMH, €CITH B CH-
CTeMEe MEHAETCSA KOJUUYECTBO BELLECTBA WIH COOTHOLCHHE KOMMOHEHTOB.

PaccMOTpHM cHatala OHOKOMIOHEHTHYO CHCTEMY. 18 3TOr0 ciyuas Mok-
HO MPHMEIIHTH YIKe PasBUTYIO TeopHIO. ITOCRONLKY AaRneHHe H TeMneparypa 8
CHUCTEME SABJIAIOTCA HHTEHCHBHBLIMH NApAMETPaMHu, B 10 BPEMs KaK TEPMOAHHA-
MHUYECKHIT moTetiumai (nanpumep. GyHkuns [ub6ca) ABAACTCA IKCTCHCHBHOM
BEJIHYHHOH, TO MOAKHO, OUEBHAHO, 3aMHUCaTh CIo B BHAE

G = Nu(T, P), (2.59)

e N — 4HCIOo MOJIERY:1 0IHOKOMIOHEHTHOM cucTemst; (T, P) — HekoTopas
MHTEHCHBHAS BENM'IHHA, 3ABHCALLAS OT TEMICPATYPbl H AABNEHHUA.

D10 BbIpaXEHHE B IBHOM BHAE OTpawaeT 101 (Gakt, 4ro seanurHa G npo-
TOpLUHOHANbHA KOAHHECTRY BELIECTRA B CHCTEME (DKCTEHCHBHOE CROHCTRO).

B cuctemax ¢ nepeMeHiibiM COCTaBOM UHCHO MONEKYd [V He ABnseTcs no-
CTOAHHbIM, a NPEACTABIACT COOOH HOBYIO TEPMOAHHAMHUECKYIO NEPEMEHHYIO.
MNoanniii aAnddepentman M306apHO-U30TEPMUUECKOrO NMoTeHUHana ( Teneps
uMcTO (popManbHO HEOOXOAUMO 3aMUCaTh B BU1E

oG

6 = =&dF b VP + (
ON

) dN. (2.60)
/2T

Ipeacrarnn (2.59) B BHAE nonnoro addepenurana

dG = Ndp + pdN. (2.61)
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Cpasuubas (2.60) u (2.61). no.iyuaem

0(:‘)

= , 2.62
= (% ' (2.62)
Ndjp = —SdT + VdP. (2.63)

B romoreHHOIi HacTH OAHOKOMNOHEHTHOI CHCTEMDI jt TIpeACTaBAAET COBOH
TePMOTHHAMHUCCKHET noTeHunal I'nddca, NpHXOSWLHHCA HA oflILy uacTiy,

(2.64)

Oyukuna jo(T. Pyuaseiacren xuvuucexuny nomenyuaion. Oua ABASCTCS
XAPAKTEPUCTHUECROH MIITCHCHBHOM RETHUHNOM (0000LLCITHOI CHITOi). onpenc-
AS0LLEH PABHOBECHOE COCTOSIHHE OE30THOCHTCIBHO K TOMY, KaKHE O paHHYEH U
HAaraloTCA BHELWWHHMI YCIOBHAMH Ha APy rHe napaMeTphi cocTosanus. Caegosa-
TEJLIO. PABEHCTRO XMMHUCCKOMO NOTCHLMAIA 1ICKOTOPOrO KOMIOHEHTa BIY TPU
W BHE CHCTEMbI HCKIITOHACT BOIMOAKHOCTh MAKPOCKOMHYECKOIO MEPEX0aa YIoro
KOMMOHEHTA YCPE3 FPaHHILY CHCTEMBI.

IpumeHsas nipeodpazosanne Jlexanapa W nepeiian or nepeMeHHbix 2. T K
nepemennniym V, 7', e, sanucas dF' = dG — d(PV), nonyunwv

()(.') <<‘)/")
= == . 2.65
a <<’)N D, ON/I V1T ( )
AHANorutno mojyunmM H ApyrHe COOTHOLIEHHS
U 28 oo f OS
= () = Go)e =1 G, @0
ON/ S v IN/ s P ION/ UV

B (2.63) 1 (2.66) Mbl TPHULTH K HECKOJTBKO HEOIKHAANHOMY BBIBOY O TOM. UTO
JUIS CUCTEM, B KOTOPBIX MOCTOSIHHLL V u S, P n S, V ul, PuT, nponssonnas
OT COOTRETCTRYIOLICH XAapaKTEePHCTHIECKOH (DY HKIIMK NO ROJTHYCCTRY REILECTRA
(*UCAY HACTHIL) B CHETEME paBHa [i.

Taknm 00pa3om, BeMUYMHA jr 001A/IAET 3aMEUATCAbHBLIM CBOHCTBOM: OHA
NO3BONIAET PACCUUTATL HIMCHCHHUE XaPaKTEPHCTHYCCKOH (PYHKLMK MOO0H CH-
CTEMbl TP MIMEHEHHH KOJIMUECTBA BewecTsa B cuereme. MMeHHo noyromy »ra
BCJIMUHIIA W NTOAYUHIA HA3ZBAHHUC XUMUYCCKOCO HOMenudid. OT™MeTHUM 31€CH
EUIE O1HO BAKHOE OOCTOATENLCTBO. DHTPOMHA HE SBAACTCH TEPMOMLHHAMHYE-
CKHM NMOTeHIHAN0M. HO U S1758 YHTPONMH CHCTeMbI ¢e TIPoH3Ro;IHas mo N cBsisa-
HA ¢ XHMHUCCKHM NOoTeHUHanoM (cM. (2.66)). TTOHATHO, YTO DTO COOTHOLICHHE
OTHOCHTCS K H30AHpORaH1oi npoctoii cuereme ({7 = const, 17 = const).

Tenepb paccMOTPHM PaBHOBECHE B MHOI'OKOMIOHEHTHOI CHCTEME. KOIHa
XUMHUCCKHE PeaKiiHi MeK1y KOMIOTICHTAMH HCKTIOUCTIL, @ BCE NPeBpaLLe HUS
CBOIATCS K NEPEMELLCHHIO KOMITOHEHTOB U3 0IHOH “acty cHCTEMbl B APYTYIO.
TToYToMY YCJI0BHS XHMHUECKOTO PABHOBECHS OTHOCSATCS TOJILKO K pacnpeileile-
HUIO KOMTTOHEHTOB NO OTACThHAIM UACTAM CHCTEMBI, Pasnenim Maicnenno cH-
CTEMY HA HACTH, O00FHATHB UX BEPXHHMH HHaekcamu . 7, “ w1 1 Pacemorpum
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BCE BO3SMOXKHbBIC (BHPTYAIBHbLIE) HIMEHEHHS ITHX HACTEH C COOTBETCTBYHOLLUMH
OrpaHHuYeHUAMH (NPH NOCTOAHCTRE OOIUECH IHTPONHKH, 0ObEMA CHCTEMbI U 00-
11ero YHcaa Moagit).

Tax Kar. no NpeanoaokenHio, COOCTREIIIO XUMHUECKHE PEARKIHH HCKITIO-
UeHbl, TO UHCTa MOJICH KakL0r0 W3 KOMIMOHEHTOB OCTAIOTCA MOCTOANHBIMH.
B >Tom chytrae

dS =dS'+dS" +dS" +--- =0,
dV =dV! +dV" +dV ... =0,
ANy = AN 5 AN] AN o =
1 7! ATH i (267)
dNy = dNj + dN) +dN§" +--- =0,
ANy = dN! +dN! +dN!" + .- = 0.

[Tpu pasrorecHn (A7) s n, = 0. B 31oM coryviae .19 BCeH CUCTEMbI H3Me-
HEHHE BHYTPEINICH IHEPIHH MOKHO 3anucarh TaK:

dU =T'dS' — P'dV' + p' ([ dN'y + p'sdN's + -+ p' dN' + T"dS" —
| Plld"/'ll +/_/,l,-ld]\’7lll +/Jr”2d]\’7”2 + =] +1Ur”(\d]\'7”(1 +TIIIdSIII . P,”d"/l” +
+ N”lldN”,J i p///sz///2 3= =g Hl”udlvmu — D (2.68)
VYpasHenue (2.68) 101KHO BbIIOJAHATHCA IPU OJHOBPEMEHHOM COOIIOAEHUH

OrpatHUHTCILIBIX ypaBlICHllﬁ CBA3H, NPHBCACHIBIX BLINC, HO 3TO BO3MOKHO
JHWb B CAHHCTBEHHOM Chytae, Koria

Tl:T//:TIH:___:T
P/:PI/:PI/I:___:])
/‘Lll e /Lul — /l'ml ==
le — ,U'”;) — //,/”-_) = =g
plo=p'y=p"y ==

[TepBbie ABa ypaBHEHHS NPEACTABIAIOT COOOM YiKE H3BCCTHBIC YCIIOBHS T€p-
MHNECKOTO M MEXTAHHUECKOrO PaBHOBeCHA. HHKHHE ypaBHEHHA XapaKiepH3yoT
YCJIOBHSA PABHOBECHOTO PACTIPEACTEHHSA KAJK10T0 KOMITOHCHTA 1o BCEH chereme.
Taxnuy 06pazoM Mbl BHAUM, YTO 1PH PABHOBECHOM PACIPE;LEIEHUN KOMITOHEHTA
TIO BCEM UACTSM 3AKPHITOH CHCTEMbI €10 XMMUYCCKHH NOTEHIMAT HMEET TIo-
CTOSIHHOE 3HAUCHUE BO BCEX HacCTAX cucTeMbl. Tenepb nonHblil HAGOP yC:10BHUIT
paBHOBECHS HMECT BHA,

T =const, [P =const, 1 = const. (2.69)
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Vo818 (2.69) 10.0KHbB! BLITIOJIHATLES B JAKO00H TOYKE CHCTEMbI. OHK CTpa-
BE/UIMBbI HE3ARHCHMO OT TOI'0, ABJIAETCA JIH CHCTEMA TOMOTEHHOH HIKH I'eTepo-
T€HHOMH, 3aKpbITOH KM OTKPLITOH. [TpuBeieHHbLH 31eCh BbIBO/L YC!IOBHH paBHo-
BCCUSA NPHLIAICKHT [HOOCY. OCHOBHOIT 3acNyroii KOTOPOro B AaiIOM Pe3yanTa-
Te ABageTes 10, 1To [MOOC NpeacTaByl 3aKpbITYIO CHCTEMY Kak COBOKYTHOCTb
OTKPBITHIX CHCTEM. 3TO IKBRHRBANCHTHO YTREPKCHHIO O TOM, UTO pacnpenene-
HME KOMTMOHEHTOB B OT,€JIbHBIX OTKPbITbIX CHCTEMAX IIOJKHO CYMMAPHO ya0-
BJAETROPATH CTEXHOMETPHUUCCKOMY YPaRIEHHIO NIEPEX0/IA KOMIIOHENTA H3 O/IHHX
OTRPBITHIX CHCTEM B JPYIHE OTRPBITHIC CHCTEMDL.

Janusoe yTBepikieHHEe MOKHO MOACHHTE Ha A0CTYNHOM npuMepe. [Tpumem
LU MPOCTOTLL, YTO 3AKPLITAS CHCTEMAa COCTOMT M3 JIBYX OTKPhITLIX CHCTEM |
1 2. TlyCrb Kakoe-TO KOJIHUECTBO MOSICH KOMMOHEHTa / VILIO W3 CHCIeMbl 1.
Torna TOUHO TAKOC KE KOJIHUCCTBO ITOTO KOMIOHCHTA MOSBUTCS B CUCTEME 2,
4TO DKBHBAIEHTHO YPABHEHHIO

dN; = dN'; + dN"; = 0. (2.70)

ROTOPOE CBHACTEIBCTRYET O TOM. UTO ARE OTKPhITHIC CHCTEMbI B COBOKY TIIOCTH
NPEACTABAAOT OQHY 3aKPbITYIO CHCTEMY.

3aMeHHM B YpaBHEHHUH (2.09) CHMBOJ KOMNOHEHTA HA CHMBOM XHMHUCCKO-
IO NMOTEHUHA.IA DTOI0 A€ KOMIOHCHTA, HANOMLSILIEIOCA B PABHOBECHOM COCTON-
1K MEXIY ARYMS HacTAMH cHeTeMnl | 1 2. TTonyuusm cnenyouee RhpaKeHHe:

="y (271)

VYpaBHeHue (2.7]) BbipaikaeT paBHOBECHOE PACTIPEAUCIICHHE KOMIIOHEHTA 4
MEKAY ABYMs 4acTaMM cucTembl 1 B 2. Takum 00pa3oM, MOKHO KOHCTaTHPO-
BATh, UTO XUMUYCCKUL ROMCHYUAT QA0 KOMAONCIAIA GO GCex (Dasax 00un -
KOG, FIMEHHO TOYTOMY NPH OMHCAHHK MHOIOKOMMOHEHTHbLIX H MHOI0(]A30BbIX
CHCTEM ¥J100HEe BCero ONepHPOBATH XHMHUCCKIMH MOTEHLHATAMU.

C noMolbko ypaBHEHHS (2.66) 1S XUMHUECKOIO NOTEHLMaNa, BblpakeHHO-
O Yepes YHTPOMHIO. 3aNHIIEM BLIPAXKEHUE NOJHOTO AHP(CPCHLUMANA dITPONHK
NPOCTOH CHCTEMbl IS CoLyUast, KOITI KOMHUECTBO BELIECTRY B CHCTEME H3Me-
HSIeTCA (T. €. MOSBAACTCH €lIE OHa NCPEMEHHANA, XapPaKTePHUIYIOLIAS COCTOHNE
CHCTEMbI — KOJIHUECTBO BewecTsa N ):

s = (ﬁ) dU+(ﬁ) dv+(£) dN. 2.72)
00 . i oV )y N Bl Ly y

Yaurnigas (2.46), (2.47) 1 (2.66), nomyunM BLIpaxkeHHe Julst nomHoro [ud-
thepenumnaia SHTPONHH MPOCTOi CHCTEMBI

28 = L L4y 2 gy (2.73)
T T i
HIH

TdS = dU + PdV — pdN. (2.74)
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J11a CHOAHOIN cHCTCMBI
TdS = dU + PdV + 6W' — udN. (2.75)

Coornonenns (2.74) 1 (2.75) npeacTapasior (COOTRETCTRENHO 1151 TPOCTOI
M CJIOAHOM CHCTeM) 00beAHHEHHOE YPABHCHHE MTEPBOIO H BTOPO10 3JaKOHOE Tep-
MOJIHITAMHKH JIT8 CHCTEM C MTEPEMEHHBIM KOMNHUYECTBOM BEILCCTRA. ITH ypaRiie-
HHUST HA3LIBAIOT Y HAAMEHTAILHBIMH YpaBHeHHsiMi [nH6ca.

C yuerom (2.65) u (2.66) noausle AnPpPepeHupaibl XapaKrepHCTHUECKHX
(bYHKUMH, BbIPaKEHHBIX MOCPEACTROM CBOUX MEPEMEHHBIX 118 MPOCTOH CUCTE-
Mbl, OYAY'T BbIIALETD TAK:

dU = TdS — PdV + pdN, (2.76)
dH =1dS + VdP + pdN, (2.77)
dF = —SdI’ — PdV + pdN, (2.78)
dG = —SdT + VdP + jdN. (2.79)

VYpapHenus (2.76)—(2.79) uMelor oueHb NPOCTYO PHIMIECKYIO HHIEpTpe-
Tanuio. [IpHPOCT IHEPTHH CHCTEMbI MPEICTARISCT COO0IT CYMMY IHEPTHH B BU-
ae Tennorbl 1dS waw SdT7, snepriud B BRAe Mexamteckoli padornt Vd/? naw
PdV v BHOCHMOI ¢ BELLECTBOM YHEPIHH f1d. N HilH, €CIIH CHCTEMA TPEACTABACHA
HECKONTbKHMH KOMTOHEHTAMM, TO 2 /1;dN;.

3anuwmem (2.74) a1 MHOTOKOMIIOHEHTHOH CHCTEMBL:

TdS = dl + PdV =" pdN,. (2.80)

Hcnonwsiys npeobpasosanie Jlewanupa s T'dS = d(1°'S)—Sd1'n ’dV =
=d(PV)Y=VdP. arawke tor dakt.uto G = 5 Ny wuro dG = 5 pd Ny +
+ > Nidp,, npeobpasyem ypasenue (2.80) K ciciayroweMy By, NepeHecs
BCC UEHbI B MPABYIO UACTL I CIPYNNHPORAR Anddepeiusannl mpoH3BeacHH
PV u TS ¢ suyrpenneii dneprueit U

—d(U + PV = ST) + SdT —VdP —dG + Y _ Nydp; = 0. (2.81)

[ockonnky no onpeaeaenuto (eM. (2.33) G = U+ PV —T'S, 70 OKoHUATeNbHO
nosytaem

SdT = VdpP + Z Nidp; = 0. (2.82)

IT0 BaAXKHOE TEPMOAMHAMMHUECKOE COOTHOLIEHHE, THHPOKO HCNOAb3yeMOe
B XHMH'ICCKOH TepMOAMHAMMKE, HOCHT Ha3aHHe ypaBHenusi Fnodeca— Tiore-
Ma. D10 yPaBHEMHE ABAACTCH HOBLIM XAPAKTEPHCIHIECKHM YPABHEHHEM, NO-
CKOJIbKY €TO HE3ABHCHMBIMH NEPEMEHHLIMH SRASIOTCS HIITCHCHBIILIE BETHYH-
Hbl  TEMIEPATypa, JaBICHHE M XHMHUCCKHE NOTEHUNA bl KOMNOHEHTOB. OHO
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CAYARHUT OTTIPABHLIM NMYHKTOM TEPMOIHHAMHKY PABHOBECHS B MHOrodasHoii.
MHOI'OKOMMOTIEHTHOH cHCTEeME, H €10 OCOOCHHO HAaCTO MCHOML3YIOT B TEOPHH
PacTBOPOB.

2.6. BriuuciaeHue >UTPONHH H XaApAKTePHCTHYCCKHX
QyHKNHI H1eaIbHOro rasa

YparHeHUst BTOPOTo Hauata TepMoavraMukn (2.12) u (2.13) zamircanst nns
H30JINPOBAHHBIX, 3AKPLITLIX cHCTeM. Jns TOro, 4todbl pacrnpocTpaHHUTbL DTH
YPABHEHUS 1Ha JHOObIE CHCTEMbI, 1IEOOXOAHMO HIONHPORATL paccvMaTpHRBASMYIO
CHCTEMY. 1) €. BICIHOUHTL B HEC TCILIOBOH MCTOMHHK. B y1oM ciyuae »Hrponus
OYACT CKITA/ILIBATACA M3 WIMEHCHHS DHTPOTHH «paboueliy vacTH cucTemMbi (B
KOTOPOIT NPOHCXOANT TOT HilH HHOH NPOLIECC) H HIMEHEHHS DHTPOTMUH TETI0BO-
TO MCTOUHHKA., TaKHM 0Opa30M. Mbl KAK Obl 3aMbIKAEM HCCACAYEMYH CHCTEMY
M TETTOBOH MCTOYHHMK Ha OOLLYHO H30JIUPOBAHHYIO CHCTEMY, ANl KOTOPOH YiKe
CTAHOBHTCH CNPABE, LIHBLIM YPABHEHHUE BTOPOI'O HAYANA TEPMOAHHAMHKY B BHAE
(2.12).

B cBA3M C ITHM CIEAYET PAMIHUATD PACHCTbl AN ONPEUCHEHHS FHAUECHHUIT
HIMEHICHHS SHTPONHH AS B KAKOM-THOO0 NPOIECCE U pactieThl T ONpeacTeHIs
OCYLIECCTBHMOCTH Mpolecca. B neproM cayuae peub HACT 0 Haxow 1eHHH AS
TOJTbKO HEKOTOPOH COCTARHOH TaCTH CHCTEMBI. @ BO RTOPOM Cliyyae  BCEria
0 AS H30;IMPOBAHHOI cHCTEMbI (KOTOPAs NIHLIL NPH OTCY ICTBAH TENNO00MEHA
apascTes padoueh cucremoi). NMoCKoALKY B BhIpAKEHHH NS YHTPOMHH (HTY-
PHPYET 3HAK HEPABCHCTBA, OUEBHAHO, TO HEBO3MOXHO BBIUHC/UHTL 3HAYEHHE
AS B neodparumom npouecce. OHAKO DTO 3aTpyICHHE ICrRO 000HTH: 4TO-
Obl pellnTs 33 4auy pacuera AS. 10CTaToOUHO NPeACTABHTL H3yHaeMblii npouece
MPOTEKAOLIUM OOPATHMO, T. ¢, MBICIEHHO 3AaMCHH b LAKHUM CO'lETaHHeM 00pa-
THMBIX NPOLECCCOR. B PE3Y.IHTATE KOTOPBIX CHCTEMA NMPUNITA Ok B TO JKe caMoe
KOHEUHOE COCTOSHHE. 110 W NPH (aKTHUECKOM e¢ H3IMEHEHHH. JleiicTBUTEeNIbHO,
Taroit npHem NO3BOMIACT BbLIUHCIAHTEL 3l1atIeiins AQ, HCNONH3YSA 3HAR PABCHCTBA
B (2.12), nockonbKy JHTpOMiA €cTh (byHKUMA COCTOAHHA H, CNEA0BATEIbHO,
He 3aRHCHT OT Ny TH MEPEXOAA M3 11aUafLHOMO B KOHEUIIOE COCTOsHHE.

PaceMoTpiM H3MEHEHHE YHTPONKH, KOIIa NPOLECE MPOHCXOANT NPH NOCTO-
SHCTBE NaBieHus [7 = const. B 3tom ciryyae u3 (2.12) clieayet, uto

ds = ‘5(19_” = (‘{’lf”. (2.83)

Hnrerpupys 8 npeaenax o1 1 #10 Ts, noiyuaem

1a
CdT
—§p, = | &AL,

S

: (2.84)

1y

Jins B3ATHA 3TOTO MHTErpasa HeoOXOAHMO 3HaTh YPABHCHHE 3aBUCHMOCTH
Cp ot TeMneparypbl Bo BeeM wHIepsane temneparyp or T no To. B cayuae
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C'p = const, KaK 7TO HMEET MECTO B CIyHae HACaNbHOro rasa, ypaseHue (2.84)
yTIPOLIAETCS:

AS=Cpln2, (2.85)

i

Ecnu nmpouecc npoucxoanT npu ¥ = const i C'y- = const, To

T
AS = Cw == (2.86)
T
B usorepatiieckux yenosusix (T = const) dU7 = 0. vorna u3 oObeamnen-
HOTO MEPBOTO W BTOPOTO 3aKOHOB TEPMOAWHAMUKU UMEEeM
TdS = PdV. (2.87)
[Tocie nurerpuposanus 8 npeaciax Vi, Vs
- Vi P
28 = Rlg~ = Rt (2.88)
¥ I

(3acch nenonwiosan 3akoH boins —Mapuorra (V] = 1%15)).

Ecnu He3aBUCHMbIMY TEpPEMEHHBIMU ABAAIOTCA AasieHue P W remnepary-
pa T, H3MEHEHHE DHTPOTTUH B TAKOM MPOLECCE YAOOHEE OCYINECCTBHTL CHavaa
NP HOCTOSIHHOM nar:ieHHH P = consl (nMpy 21oM TemnepaTypa MeHsercst ot 7
g0 T5), a 3ateM Npu noctrosrHoi TeMneparype 77 = const (pH YTOM faB.ie-
HUE MEHSETCs T /7 10 Fo). I3MEHEHHE DHTPOLMH TIO STHM ABYM TNPOLECCaM
orpakaeTcs Gpopmynofi

L ) P
AS=Cplu 2 4+ R 2. (2.89)
T o)
[1py HE3aBUCHMBIX NIEPEMEHHBIX  JABNEHMM 1 OGhCME, 110/C 1B B Y PaB-
IR . AT
newue (2.89) snaucnus Temneparyp Tty = —— u Th = =2 a Takxke yuu-
R
C
eiBag. uto C'p — Cy = B n =L = 5 no:ziyuaem
v
AT
AS=Cyln e () (2.90)
Py A\ W

Takusm 00pa3oM, Mbl PACcCMOTPEIH HEKOTOPbIE YpaBHEHHA, TO3BONSIOLINE
BbIYMCINTD IHTPOIIMIO MM HIMEHEHHE SHTPOTIMH MO H3BCCTHLIM N3IMEHEHNUIM
MAPAMCTPOB CHCTCMbI H MO H3BCCTHRIM 3HAUCHUIM TEMIOCMKOCTCH,

YnomsiHeM eille 00 OHOM ClyUac paciera HIMEHCHHS SHTPOTIHH B IpoLECCe
CMEWEHHS JIBYX Faz0B, MMEIOLUMX pasHbie oOLevibl Vi v Vs (T e. uncna vo.eii v; )
Horemrepatypbl 73 W Ty . JI7si yroro cityuas HE00X0 MO ONPEISINTh TemIepa-
TYPY CMECH NOCIIE CMCILIEHHS TA30B. ITO MOAKHO BRIYHCIIHTL HA OCHOBE NEPBOTO
30KOHA TEPMOAMHAMHKH (OaIAHC TETLIOTHL), IO KOTOPOMY

V,lc,lv (9 - Tl) = l/gc-g\, (Tg — 9) (291)
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Beiuwcnus temneparypy cmecn 8, uenoabiyem Gopmyny (2.89) B Bune
AS =u» (), In i +15Cs, In Lz £ Bln Vit Ve + Rln it e (2.92)
T 4 Vi T

3aech YMECTHO YNOMSIHY Th €LUE 00 OJHOM CITyHae pacueTa IHTPOTHH che-
LWEHHS ABYX OMHHAKOBBIX 1'A30B (1PH OLHHAKOBOH TEMIIEpaType H aBICHHH.
O0bIuHoe paceMoTperue (CM. Gopayay (2.92)) NpHBOAHT K 3HAUCHHIO ITPO-
1MW, KOTOPOE HEAOMYyCTHMO A CMECH JIBYX Ta30B O/IMHHAKOBOH NpPUPOALI U
paBHbix 00beMOB. a uMeHHO AS = 2R 1n 2, xors NOrHiHO OblI0 Obl CKalaTh,
YTO A5 AAHHOTO CIAyUuas H3MEHEHHE YHTPOMHK JIOMAHO PABHATLCA HYJHO -
B 3TOM COCTOMT TaK MasbiBaeMblil napudore Tuddca. Cam ['udde He emor pas-
PEUIHTBL HTOT NAPAAOKC H OTPAHHYHICS 3aMEHAHHEN, YTO B CIYUAE CMEIUCHHS
QHTPONHA BedeT celsl Haue, YeM IHEPris. SICHO. YITO TaKkas 1031LHs TTOKOPHO-
CTH HEJOMyCTUMA B HAYKE, HO BCE HOMBITKH 0DOIITH CO3IABLUYIOCH TPYAHOCTH,
NO-BHAMMOMY, HE TIPHBEH K UENH.

HM3oTtepmuueckie noTeHUHaNbl HACANBHBIX Fa30B, Kak (yHKIHH 00heMa M
AQBIEHHA 1PH HOCTOAHCTBE Temneparypbl (77 = const) JIEIKo 1HONYUYHTb 1y TeM
HHTErpHpoBalKs NHoTHbIX An(depeHunanos F(2.49) n G (2.51). B pesyabrare
HHTETPHPORAHHS HMCEM

F=FT)-RTInV n G=G(T)+RTInP. (2.93)

PacueTsl BeTMYHHBI XMMUYECKOTO TOTEHLHANA TPOU3BOIAT, HCTIONb3YS 0TI
peUCIEHHE XHMIYECKoro noTeHunasa (cy. (2.65) n (2.66)). [ockoubry ji; =

G o & .

= ( i (II_'I?I MHOIOKOMIIOHEHTHOHK CHCTEMbI, COCTOSWIEN M3 2-1'0 KO-
ON S pop N

2t

JIMYECTBA COCTABNSIOLUINX JAHHYIO cHeTemy BewecTs). a dG = SdT + VdP, o

du; = — ( tf,) dT + ((j—\\,) dP = —s;dT" + v,dP, (2.94)
i P S

T,

A

TA€ §;, Uj — Y/EJibHblE (MOJIbHbIE) BEIUUMHbBI 3HTPONUH U 00LEMa (-TO KOMIO-
HEHTA.
B coorBetctBrH ¢ (2.94) nvmeem
P

T
1i(T, P) = 1°(Ty, Po) — J si(T, P)dT + J pdP, (2.95)
Ta Py

(Buech o Ty W I3 NoupasyMeBaloTCsd TeMIepaTypa W AdBIEHHE B CHCITEME
B HAYQATbHOM COCTOSTHHH).

["pad 11K 3aBHCHMOCTH XUMHUYECCKOTO NOTCHIHAIA OT TEMTIEPATY Phl M 00LICTO
AABIACHHS B CHCTEME TIpHReieH Ha pue. 2.1 ais aeyxdazsoii (GKuikocts —1as)
paBHOBECHOH cHcTembl. [ToCKonbKy HHTponHs U 00LeM ra3a fofbliie, YeM IH-

~ 1¥)
TPOITHA H O0LEM KHAKOLO COCTOAHMA, TO HaK/IOH 3aBHCHMOCTH (%
oT !
PN
E

71
L2151 raza dosibue. vemM A1 AKHAKOCTH.
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P=const T=const

/i iz

a o

Puc. 2.1, 3aBucuyMoCTh, XHMHUCCKOTO HOTCHITHL I O1 (¢) TCMICPATYPBE H (O) MaB.Ierms
A ABYXDAZHOIO COCTOAIHA AMKOCT A3 OHOKOMIONEHTHON cHCTeMnl

HPH NOCTOSIHCTBE TEMTIEPATYPbl BEJHUIHHA XHMHUCCKOTO noreHuWana ajs
HACAJILHOTO COCTOSIHUSA (ﬂpk”\l(}HHMO YpAaBHCHUC COCTOAHUA HACANLHOTO Trasa

B v i
v; = ——;) OyaeT onpenenathest U3 (2.95) B Buae
ya

wi(T. Py = p(T. p?) + RTIn 22 = 1T p?) + RT Ina;, (2.96)
pl

rae pi, pP — MApUHAILHBIC AABAEHHS -0 KOMITOHEHTA COOTBETCTBEHHO B KO-
HEYHOM M HAYallbHOM COCTOSHMAX; a; AKTHBHOCTH JAHIION0 KOMITOHEH A
(em. pazn. 2.7).

Caeayer 0cobo 1OTMEPKHYTh PAZHHLY MEXAY YACTHBIMH MPOH3BOAHBIMH
OT XapaKTePUCTHUECKON (DYHKLMH N0 HHCTY MOCH KOMNOHEHTA TIPH HEH3MCH-
HbIX XapaKTEPHCTHUECKMX 1IEPEMEHHBIX M NPH HEU3IMEHHbIN HHTEHCHBHBIX l1a-
paneTpax. Hanpumep, B crmyyae BIYTPEHHEH DHEPIHH HEOOXOAHMO pasziiNygaTh

(av) (ay> e ,
TTPOU3BOAHLIE | —— H| — . llepBasi 13 >TUX NpoH3BoA-
ON, / SN 45 ON; BT, SN,

HBIX B COOTBETCTBHU € YPABHECHHEM (2.66) — 10 XHMHUCCKHHA NOTE€HIHMAN £-TO
ROMTIOHCHTA [fi;. BTOpAs NapuHagThHO MOMLHaAs! Bllv\’TpCHH}lﬂ ')HCPI‘HH KOMTTO-
HeHTa 7. DU3HUECKHET CMbICI YTOTO PASIHIHS YA0GHO PACCMOTPETH Ha NPHMEPE
OJIHOKOMITOHEHTHOIO YHCTOTO BellleCTBa. B yrom cnyuae

U

o - 2.97
(UN)VS 7 (2.97)
ou

it =u. 2.98
(22) = @)

VpasHenue (2.98) onpedensier BeNHYHMHY MOMBHOW BHYTPCHHEH dHeprun
NIPY OCTOSIHHBLIX HHTEHCHBHBIX nlapamcrpax T u 17, YpasHenue (2.97) rpedyer
CNEUNAILHOTO PashACHEHHA.

llycTh TepMOAMHAMMYECKAS CUCTCMA HAXOIMTCS Npu mapamerpax T un P
W umeet N Mofeii JaHHoro Belecrsa, o0beM V, 3HTponuio S U BHYTPEHHIO
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oHepruto. JTodasum k dT1oit cucreme dN Mosei vToro e BelwecTsa, HaxOAs-
LUETOCS MPH TEX KC JABICHHM, TeMreparype v umetoliny oosem dV = vdN,
BHYTpeHHIoW d>Hepruto dU = udN u antponuto dS = sdN. B pesynbrare
Takoro AoGaBACHUA BILYTPCHHAN DHEPTHA YBEAHuMTCH Ha Beanuuny dU. Opn-
HOBPEMEHHO H3MEHATCS H 00bEM M DHTPOIIHA CHCTEMBI. KOTOPbIE 11PHOOPETYT
3HaueHust V + dV u S+ dS , HO 3TO NPOTUBOPEUHT YCNOBUAM AHD(EPEHLTIPO-
BaHus (2.97). [Ins Toro, 4todbl BeINONHHTL YchoBHA (2.97), HeoOxoanmo nocne
aobasnenus N Moneil Be1eCcTBa BEPHYTh 00BCM H DHTPOTHIO K NPEKHHM 3Ha-
yeHusM. Msmenenne o0beMa M YHTPOTIHH CHCTEMbI [PH HEH3MEHHOM KOJIMHECTBE
BELLCCTBA TPEOYET 3a1PaTbl padOThI M TEIUIOThI, YTO B CBOK ONEPEb BLIZOBET A0-
MOJIHITENBHOE WIMEHCHHE B TpeHHeH sneprin cuctemnr AU = TdS — PdV.
[Moacrasus clona sHatueHus (LS u dl ¢ o0parHbIMH 3HAKAM K, MOJLY 1M
AU’ = —=TsdN + PvdN.

JUist TOTO, YTOBKI MOTYUHTI CYMMAPHOE H3MCHCHHE BHYTPEHHEl 3HEPrHH
cucrembl AU, ynosrersopsitoutee ycioBuam (2.97), cnoxknm dU w dU":

AU = dU + dU' = udN — TsdN + PvdN = udN, (2.99)

rie p=u—Ts+ Pu.

VYpaBHeHue (2.99) ToRaecTBEHHO YpaBHEHMIO (2.97) n packpbiBaeT €10 PH3n-
yecKkuit cMbIcT. OH COCTONT B TOM, HTO TNPH A00ABICHHH K CHCTEME HEKOTOPOTO
KOJTHYECTBA BEUIECTBA C COXPAHEHEM B HEM3MEHHOM COCTOAHUHU €10 XapaKkTepH-
CTHUECKHX 1IEPEMEHHDBIX. BCE XAPAKTEPHCTHUECKHE DYHKUMH (38 HCKIIOUCHHEM
(pyHK1H [100¢a, MOCKOIBKY 118 HEE NapaKTePHCTHUECKHE H MHTEHCHBHbIC Ma-
PAMETPBL CYTh OAHO M TO KE) H3MEHSIOTCS HE TOALKO 3a C'ET COOCTBEHHO H3MEHe-
HHSI KOJTHUECTBRA BEILECTBA. HO U 3@ CHET TOT0, YTO NOAAEPKAHHE HEH3MEHHbIMH
XapaKTEPHCTHUECKUX NapamMeTpoB TpedyeT SOMOIHHTENBHBIX YHEPIETHIRCKHX
BO3ACHCTBHH Ha cHCTeMYy.

2.7. Ypasuennsa Makcpenia

Upe3BblYalHO BakKHbIM HHCTPYMEHTOM TEPMOUMHAMHKH SIBISIOTCS YPaB-
HCHHS, BREpBbIe CHOPMY.IMPOBaHHbIE MAKCBEIOM. ITH YPABHEHHS LIUPOKO
OYyIyT ACTNOJIB30BAHLI B lanbHeHiueM.

Hanomuint uto cenu auddepenitnan  kakoii-nubo dydkunu dz =
= M(x, y)dz + N{z, y)dy (1.11) asnserca nonubiM auddepeHunanom, 1o
A4 OTOH (YyHKUMM crnipaBeasinBo cooTHoLLeHHe (1.13), T. €.

oM\ _ [on
iy ), oN ),

CpasHeHne ypasHeHust A1 BHYTPEHHEH HEPTHH (Kak Napak e pHe IiecKoi
dyHkurn) (2.45)dU =TdS — PdV ¢ (1.11) noka3biBagr. 1o B y1oM cooTHO-
wennn V=T, N = —FP, 2= Suy = 1. C yuctom 7T0oro 0d6cToa1e.1,CTBa

nongyvyaem " »
<' ) =<‘_> . (2.100)
v /) g s )y
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Conocrasnsia ypasHeHue (2.47) dH = TdS + VdP ¢ (1.11), BHanm, uro
M=T,N=V,z=5S5uy=P. Orcrona ciieayer, uto

<8T> :(”l) . (2.101)
P ) s A

W3 cpasuenns dF = SdT — PdV ¢ (1.11)cnenyer,uto M = =P, N = =5,
r=Vuy=7T.B pelynnrare

ar a8
= . 2.102
(z)*/)v (;)v>7 ( )

U, narotew, cpaprusas (2.51)dG = —SdT + VdP ¢ (1.11), Haxoaum, 4to
M=V ,N=-5u+=PFPuy=T.Bomomcnyuae

av) _ [as
<E>P = (313)'/" i

Bee oTh cooTHOMEHHS MOTYT ObITh 3anHCAHLl H B «MEPEBEPHYTOM» BH/IE.

EC.11 TepMOAHHAMHYECKASA CUCTEMA MOAMKMO PA0OTEI PACLIIMPCHHS COBEPITA-
eT 1 IpyTHE BHALI padoT (CNOKHAS CHCTEMa), TO yparHeHHa Makcsenna opmy-
JPYHOTCSl TOUHO TaK JKE. KAK W A7 IPOCTBIX CHCTEM, C TOM JIHLWb pasHHUUEH. 1To
Ha YacTHbIE MPOH3BVIAHbIE, purypupyromue B (2.100)--(2.103) naknaakBalor-
Csl JONONHKTENLHBIE YCIoBHA. Hampuamep. Ans CHCTEMbI, B KOTOPOH BOIMOAKHO
TPOTERANHE XUMHUECKHN peakuuid, oObeanHeHHRIN nepBblii 1 BTOPOH 3aKoH
TePMOAHHAMHKH 3annwweres B suae (2.80)

dU =TdS — PdV + ) p;dN;.

C MOMOLLbKO METOAA. H3MOACHHOTO BblLIE, npH _\Y,' = ¢onsl. HAXOUMM

<3T> = (E) . (2.104)
NJs N, 5 ) v N,

AHaNOTUUHBLINM 00PA30M MOAHO MONYYHUTL COOTHOIIEHUS MakxcBe1na u ans
APYIHX XapakTePHC THYECKHX (DY HKUMH.

2.8. JleryyecTh. AKTHBHOCTD

[paKkruieckoe HCMNOSIb30BAHHE TEPMOUHHAMHUECKHX YPABHEHHIT COCTOSIHMSA
CBA3AHO ¢ OONBLLWIMMK TPYIHOCTSIME B BblYHCIcHHsIX. Hampumep, usMeHeHue
3HeprHy [TMOOCca NpH H30TEPMHUECKOM MPOLLCCE B COOTBETCTBHH ¢ YPABHEHU-
15

em (2.93) noukHo ObITh pagHO f 17dP. Ho uns OTbICKAHHS ITOTO HHTCIPa-
I’

J1a HeoOXOIMMO NMOICTABHTL B NOAbIHTETPANbHOEC BBIPAAKCHHE 2aBHCUMOCTL V
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ot P. Jlns uaeanbHOIo rasa 3ajaua pewaegres 10BOJIbHO MPOCTO B COOTBETCTBHH
¢ ypaBHeHueM Menaeneesa — Knanefipona. Jlnst 9Toro cayuas uavieem

AGHUziﬂTn%u (2.105)
1

CoBepueHHO HHate 00CTOHT 810 € PEAsIBHBIM [A30M. 1LIIsl KOTOPOTO Yy paBHe-
HIE COCTOAHMS TOPA3A0 CNOKHEE, M N0A 3HaKOM nHTerpana [ Vd P Gyaer croats
3HAYUTENLHO Ooee cnoKRHasT QyHKLHA.

OAHAKO IS TEPMOLHHAMHEHN 1OJIE3HEE HOANEPKHY T HE PasiHuue B ypas-
HEHHSAX COCTOSHMA, a OOIIHOCTh 3a7al. PEIIacMbIX YPaBHEHHAMH THNa (2.93).
Hanbosnee xopoluuii cnocod noaepkHyTh ITY 0OLIHOCTD COCTOUT B TOM, YTOObI
NPUIATH HTHM YPaBHCHHAM TaKytO MaTeMaTHIeckyr GopMy (C ApyruM, KOHeY-
HO. COMEPKAHHEM), Kakylo HMeeT ypasHeHne (2.105).

Jlbrone (1901 1) npiHsa 3a odpasel MOAKYNAINE NPOCTOE YPABHEHHE
(2.104) ans pyHgurr FudOCa (MK TO e camoe ANt XHMHUCCKOTO MOTCHUKAA)
NACANLHOIO asa H NpellokKiul BBECTH HEROTOPYIO (ynkumnio f(F), nassan-
HY1O gemyvecmsio (No-aHmmiick fugacity). Jletyuecrs (Wi, kak ee HHOTAA
HA3BIBAIOT, (yenmuanocing), MOKHO ONPEACNHTh Kak AaBICHHE, KOTOPOE A0MK-
HA MPOM3BOAHTL JAHHAS CHCTEMA. HTOObl OKA3LIBATL TAKOE Ke NeHCIBHE. Kak
W WIAEQIIbHASI CHCTEMA. DTO KaK Obl HClIpaBiieHHoe dassieHHe. JleTynecTs xapak-
TePHU3YeT OTKAOHEHHE peanhHOro rasa OT HaeaikHOro coctosiHua. C npuonu-
JKEHHEM PEasIbHOIO raza K HACAJILHOMY COCTOSAHHIO JIeTyuecTs [ No BeaHiInHe
npuoaNKaeTea K AaBAeHnio /2, Tak, UTO NP BCEX AABICHHAN 00¢ BCAHYMHBI
CTAHOBSITCS PABHLIMMU, T. €.

fitwr £ =1, (2.106)
P—0 p

M3 (2.106) BUAHO. UTO NETYHECTD H AABJICHHE HMEIOT OJHHAKOBbIE €AHHHLbI
u3MepeHus. OTHOILEHHE JETYYECTH K JABICHHIO HA3BIBAIOT KOYDDuuetmon
Jemyuecmu y:

7:%. (2.107)

KosthduumeHTsl aeTyuecTH Kak (OYHKUITH JABACHHS W TeMMepaTypbl Ans
AHOTHX BELIIECTB NMPUBOASATCS B (PH3IMKO-XMMHUECKHX CTIPaBOUHUKAX. JleTyuecTs
Obuia BBEAEHA B TEPMOAMHAMMUECKYIO TIPAKTHKY B NEPBYIO otepeib Als Bbl-
YUCACHHSA XUMHUUYECKHN TIOTCHUHATOB ra30B. HO npumeHeHue neTy4yecTH ITUM
He orpaHHuuBaeTcs. JIeTyuecTblo MOKHO NOIb30BATLCA M TOIUA. KOIUa HHCTOE
BEIICCTBO HAXOANTCA B KHAKOIT 1K TBepaoii daze. BenecTBo B COCTOSIHUN Ha-
ChILLUEHHOIO Tapa HAXOAHTCs B PABHOBECHH C ITHM BELLECTBOM B /KHIAKOH WM
TBepaoH dasc. Torna npu paBHOBECHH NETYHECTh BEINECTBA B ra3oBol (hopme
PaBHA NETYHECTH BEILECTBA B AKHAKOH Wik TBepnoii pase. Takum odpasom, cran-
JAPTHAIC YACTH XHMHUCCKOTO TTOTEHLMATA BEHICCTRA, HAXOAAULIErOCsH B PA3HBIX
Da3OBLIX COCTOSIHHAN, MOIYT ObITb OTCHHTAHBL 0N GOHOCO U OO JCC CNAH=
OAPNINOCO COCIORIUA.

Iaps;y ¢ neTyuecThiO AN aHANW3a NMOBCACHHS PACTBOPOB H 0COOEHHO AN
aHanK3a (Pa30BBIN PABHOBECHIT B PACTBOPAX MCTIONB3YETCS €1UE 01HA BETHUHHA.
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Ha3bIBacMasl akmuecrnocinibio KOMIIOHEHTA pacTBoOpa. Le onpeacjicHue OJIM3KO K
ONMpEeACNICHHIO JICTYHECTH, H aHAJTUTHUYECKH OHa (l)()pM)"II HPYETCH TaK:

): /’Li(PaT7 31]7932a~~-)_MfT’ (2108)

Ina; (P, T, 1, xa, ... =

I1e @; — AKTHBHOCTB 7-TO KOMTOHEHTA: £t§7 — XUMHUECKHI1 MOTEHLIHAT 3TOTO
KOMMOHEHTA B COCTOSIHHH, MPHHHMAEMOM 3a CTAHAAPTHOE.

BoiGop cTaHAapPTHOTO COCTOAHNS AUKTYETCSt COOOpakeHUsIMH yaoocTea. Jlms
KOH/IEHCUPOBAHHOI1 CHCTEMbI KaK [PAaBHIIO BbIOHPAIOT B KAUECTBE CTAHIAPTHOTO
COCTOSIHHUSI COCTOSIHHE HHCTOTO BEWLECTBA (B JKUAKOH Hiln TBEpAOH (a3e). Haxo-
ASLIETOCS NOA AaBIEHHEM B 04Ny atMoc(epy (He Mo/ AaBIeHHEM HAChILIIEHHOTO
napa 3Toro BelecTBal!) U mpu aqaHHoi temneparype T.

HeonnHakoBbie HAHMEHOBAHHSA (JIETYUECTb, AKTHBHOCTD) JIHIIB HAMOMITHA-
0T O pa3iniyii CTAHAAPTHLIX COCTOSIHUHA. TIpH BbIYUCAECHHH NETYUECTH CTaH-
JAPTHBIM SIBIISIETCSA COCTOSIHUE MACaTH3HPOBAHHOTO ras3a MpH NaBIE€HUH B OAHY
arMocdepy. B TO BpeMS Kak NPH BbIYHCACHHH AKTHBHOCTH TAKOBbIM SIBIISETCA CO-
CTOSTHHE YHUCTON KHAKOCTH (YHCTOTO KpHCTaiaa) npH o0leM JaBieHHH B OIHY
atMmocepy.



'TABA 3
TPETHW 3AKOH TEPMOJUWHAMUWKN

K koHuy XIX Bexa BONPOCHI PacHeTOB XHMHUECKOTO PABHOBECHA CrallH
NpHOOPETATh BaKHOE NPAKTHUCCKOE 3HaUeHHe, JIOCTATOUHO HAMIOMHUTH TOABKO
0 11podaEME CBA3AHHOIO a30Ta, KUTOPAsl BOZHHIGIA B CBA3H C HHTEIPUPOBAHUEM
YPABHECHHsE 3aBUCHMOCTH KOHCTAHTHLI XHMHUCCKOTO PABHOBCCHA OT TEMMEpPaTy-
pbl. JIe0 B TOM. UTO JHAUEHHE KOHCTAHThl PABHOBECHA HEBO3MOKHO BblHC-
JUTh TOMBKO HA OCHOBAHWI TEPMMHUCCKHUX AaHHKIX. [TpUXOAUTCS OCY UICCTBAATH
PABHOBECHE TIPH OAHOH TEMTEPATYPE. HCCICA0BATD €T0, BLIHCAATL 3HAUEHHE
KOHCTaHTBl PABHOBECHA A5 YIOH Temrneparypbl H HAXOAWTh /lajee 3HaueHHE
KOHCTAHTbl HHTCTPHPOBAHUA. JPYrHAMH CHOBAMM, 1751 BLIUUCICHHS KOHCTAHTh
PAaBHOBECHSA HALO NPEABAPHTENIBHO OCYLLECTBH L CaMo pasHoBecHe. TONIbKO No-
crie Takol Npoueayphl MOKHO ONPEACAHTL KOHCTAHTY PaBHOBCCHS NPH MOOOH
ApYTOi TemnepaType.

Jle TUartense noctaBuil 3aziauy OnpeieneHust KOHCTaHTRI paBHoBecHs Oe3
NPOBEEHHMS NpeABAPHIENBHOLO dKeneprMeHTa. ONHAKO PEWHTh TAKYIO 3a1a-
Yy B paMKax TepBOrO H BTOPOTO 3aKOHOB TEPMOAMHAMHKH HEBO3MOKHO. Fcau
3Ta 3a4aua BooOILE peliaeva. To AOJKEH CYLIECTBOBATL METO OlIPEUeNeHHs
IHTPOMUHM Be3 OCYILECTBACHHS PABHOBECHS.

Tomcen B 1852 1. 1 bepreso B 1869 11 ciaemaiu nonsirky pPelivTe 110CTAB-
JeHHY0 Tpoditemy. Q00NN HecaeaoBaTe el HHTCPECoBal KPHTEPHHT, KOTOPOMY
AOMKHRI IOAUHHSATBCA CAMOTIPOH3BONIBHO MPOTEKAIONIHE XHMUYCCKHE PCAKIIHH.
Io Tomceny u bepre:io Ha s3bike COBPEMENHON TEPMOAHHAMMKHN TAKHM KPHTE-
PHEM ABJISCTCH H3MEHEHHE DHTATLIUH TIPH Peakiiy, KOTOPOE NPH NOCTOAHHbIX
JaBACHUH W TEMIEPATYPE JOMKHO ObITb OTPULATENbHBIM, T. €.

(AH)p g < 0. (3.1)

OnHaKko 710 HEPABEHCTBO MOMKET OblIb IKBHBAJCHTHBIM HEPABEHCTRY
(AG)p 7 < 0 TonLKO B TOM Cllyuae, ecin U3MEHEHWE DHTPOIIKUK NPH PEaKLUU
paBHO Hymto. Ho nockosibky AS B 0611eM cayuae He paBHO 11YI1t0, TO HepaBeH-
creo (3. 1) He MoweT ObITb CrpaBeAnHBbIM BO BeexX cnytanx. OAHAKO NPH HA3KUX
TeMnepartypax, NPUOIHAAIOIIMXCA K 40COMOTHOMY HYmO, pHHIniT bepreno
TomceHa NONHOCTBIO CNpaBeins.

Bhinonuerue »Toro NpHHIKRa NpH HU3KHX TemMnepatypax Haseno Hephcra
Ha MbICib 0 TOM. 4T0 AG 1 A F He T0J1bKO paBHBI IpYT APYIY IIPH a6COMOTHOM
Hyzte, Ho u 3agucumocTi AG(T) uw ATT(T) umeror obinyio KacarenbHyo npu
ITO{1 TeMreparype.

[TpoanddepeHimpyem ypasHenne AG = AH — T AS no temnepatype npu
LIOCTOSHHOM AaBIEHHUH:

<(');\.(,'> :<i)/.\11> L‘—T(a"\ﬁ)- (3.2)
|y or / p e
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Ho
JAS . N
(("v> _A(I’ (3_,)
24 P
Toraa
OAG OA
( ) = (‘ ,H> — AS = ACp. (3.4)
ar-) e ar) p
[lo npennmonoacHuio Heprcra (0HO HE cnenyeT H3 000UX 3aKOHOB TEPAIO-
JUHAMUKH):
. AG . OANH
lim 9 = lin | & , (3.5)
T\ dr ), o0\ or ) p
lim AS =0, 3.6)
T'—0

TMOCKOMBKY M KBAHTORAS TCOPHS. M IKCTICPHMEHTANLHLIC AaHHbLIC CBHACTENb-
CTBYIOT O TOM. 410 BeHuHHa C'pr NPEBPALIACTCS B HYIIL 1IPH aDCOAI0THOM HYJE.

VpasHenus (3.5) v (3.6) 4BISIOTCA MaTEMATHICCROT JaMHCLIO TPeThero 3a-
KOHA TepMOAHHAMHKH. Yac1o (3.6) ca3biBa01 ¢ nocrygarom [1naHka, no ko-
TOPOMY «OHMPORGE NPAGUABIO ()(7[)(I'}()()’(IIIII()(’() Kpucnidaad npu adeonontnom
1Y@ PAGHU HYTI0%, T. €. So = 0.

TpynHOCTH UCIIOAB3OBAHHS YTOTO 3AKOHA COCTOMT TNABHLIM 00OPA3OM B TOM,
UTO KOHACHCHPOBAHHAS (hasza N0MKHA ObITHL UHCTOR H CTPOTO PABHOBCCHOH. T. €.
B COCTOSIHHKM € MHHHMANLHOT dHeprueil. Licy nposounio kakoe-11d0o Hapy-
wieHue (hazbl, HANPHAMEP HAPYIICHHE HICanbHOCTH PEIUeTKH HAN BHEAPCHHE
NOCTOPOHHHX ATOMOB B KPHCTAIUTHMCCKY IO PELUETKY. 10 CHCTEMa NMepeiueT B co-
CTOSIHHE HEMOAHOTO PABHOBECHS, W ¢€ IHTPOTHs jlawe npu T — 0 dyaeT 0vilb-
e HyfiA. DTO Tak HazplBaeMast ocuicimoitiaa yiuponua. OCTaTouHasg JHTPONUS
B CMCUIAHHBLIX l\'[')HCTLUT_TIa,\'A COCTOSIIHX M3 JABYX H30TOTIORB KAKOTO-NTHOO EMEH-
13, BOTHHKACT TIOTOMY, HTO @TOMb] 3aHHMAIOT Y3/Tbl KPUCTANNHHCCKOR peILeTKH
60nee XaOTHUHO, a HE TaK, UTOOb! A0CTHIANOCH COCTOSTHHE ¢ MUHUMANIbHOM dHEp-
rieil. Tak, npu cooTHOINEHHN 130TONOR 1 : 1 0cTaTOUHAA YHTPONHA CMENIAHHBIX
KPHCTaNN0B cocrasiter npumepHo 3.8 x/mMonb.

Takum o0pa3oM, DTH (hasbl HC HAXOAATCHA B COCTOAHMH BHY TPEHHErO Tep-
MOLUHHAMHUCCKOIO PABHOBCCHA, HX COCTOSTHHE HE OMPELCIICHO MOJIHOCTBIO TeM-
neparTypol, NaBICHHEM, HHCIOM W NPHPOAOTT KOMTOHEHTOB., CHCTeMa B DTHX
COCTOAHMAX MOMKCT NIPHHHMATE OCCKOHCHHO OOMBLIOC UMCNO KOH(UIypaLuii,
a, IHAUNT, JHTPOTIHA BCEX TAKHX KOHPUIYPAUHE HC MOKET OLITL OAHOH W TOH
xe. [Torromy nonoGHsIe CHCTEMbl HE MOTYT H3YUaThCsl TEPMOAHHAMHUESCKHMH
MeTogamu. |lonodHbie cyellantbie KPUCTAIILE He NPEACTAmISIOT COOOI Hapy-
ICHUA TPETLETO 1AKOHA TePMOAHHAMHKH. NPOCTO K TAKUM CUCTEMaM Hellbisl
NPHMEHS T TEPMOIHHAMHKY PABHOBECHOIO COCTOSHHSI,

VpaBHeHHE (3.2) MOKHO HCNOAL30BATL HE TOABLKO ANA XUMHUECKHX Peak-
UMH, HO W ISl APYTHX MPOLECCCOB. B MACTHOCTH. HIMCHEHHS DHTPOMMH NpH
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H30TEPMHUYECKOM CARATHH UK PACIHPCHHH q.)a’]bl AONKHO CTPEMHTBCS K HYNH,
CNICA0BATCIIBHO,

: a8
lim | =] =0. 3.7
T=0\ 8P /.
OTcroa. UCTIONL3YS COOTHOWEHNST MaKcBeIa, HaXoauM, YTo
; P
Jim | 2 = 0. (3.8)
Tou\ 8l )y,

Takum o0pazoM, TeMnepary pHblil KoXDOUUHMEHT aBNeHUA NPH TEMNEPaTy-
pax, NPHOMHIKAFOILHXCS K HYFO. TAKKE CTPEMHTCS K HYJHO.

locTtynar [lnanka MCNONB3YIOT AN BLIYMCICHHS aOCOMIOTHBIX 3HA4CHHH
DHTPONHH (AGCOMOTHLIX IHTPONHHA). JIA9 BBIMHCICHHSI ADCOTKITHOR DHTPOTIHH
HEOOX0MMMO 3HAHHE TEIUIOEMKOCTH, ONpeaesIeHHOH 10 BO3IMOXKHO Bonee HH3KUX
temneparyp. Tak kak TennoemkocTi npH 0 K He W3BECTHBI HH /LTS OAHOIO W3
BELUECTB. TO YI'H BENHUHHBI HAXOAS T HKCTpanoiaumuei ypasHenns [Jedas ¢ no-
MOLLUBH DMIHPHUCCKHX NPHEMOB.

Ec/iv 3HauUeHHs TenJ10eMKOCTH BELUECTB: B PasiivtHBIX (a30B6IX MoaHpHIKa-
unsix onpeneiensl Brots 10 0 K, To s BLIYUHCICHHS aDCOMOTHO DHTPONHH
BOCNONL3YEMCS YRS U3BECTHOH hopMmyno#, 3anucas ee B BUAC

1
B — J%dT (3.9)
0

‘lorga, yuutsiasi Bce nmoauMopdHbie ¥ (a3oBbic NPEBPAILIEHUS BMIOTL A0
HeodxoAnMoil Temneparypbl 1. sallHeM BbIpaKeHHe 1Uish pacueTa adcontoTHOH
DHTPOTIHH!

- e
ok, AHo s c8 S,
S,:J—PdT—i— L J By DOy
i/ T 5B A Tl
0 ‘ T«:ﬁd
Togy T
(.,',; = | (vl‘)l’-
4 J S5 g 4 Sliem J 247, (3.10)
T T}\H" T
IIIT ’I‘.)\xln

IMepBeiil uneH 21010 ypasHEHHA PABEH DHTPOMUKY KPUCTAIHIECKOTO Bellle-
CTBA NPH TEMAEPATY PE €TI0 NEPEXORA U3 OAHOH KPHCTANAMICCKOI MOLMPHKAITHH
B APYTYIO: BIOPOH WIEH COOTBETCTBYET M3MEHEHHIO IHTPOMNHK NMPH (pazoBOM 11pe-
BPAULEHHY; TPETHIT - MPUPALLCHHIO YHTPOMUK NPU HarpeBaHHW BeLECTBA OT
Temneparypbl nepexona Ty, 3 10 TeMieparypsl naasijiceHuus vt a. Ecin sewe-
CTBO MMEET BCEIO JIHIIbL OMHY KPHCTAUIMUECKYIO MOAHMHRKALMIO. TO NEpBhie
TPH WIEHA YPaBHCHHS 3AMCHSHOTCS UHTETPANOM, COOTBETCTBY OLMM DHTPOMUU
TBEPAOrO BELLECTBA NPH reMneparype nnasienns. [TockonbKy st 00AbILHMCTBA
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BELLECTB 3HAUCHUS TEMNJIOEMKOCTH H3BECTHDI NpH TeMneparypax Boiwe 5 — 10 K,
TO 3HAYEHHUE TTEPBOTO HHTETPATa PacCunTLIBAOT THOO rpadHueckoi kcTpano-
JsiuMe, 1100 ¢ MOMOLLBIO CMELIHATIBHO pa3padOTaHHbIX METOLOB.
O0wmux mareMaTHYyeCKuX cooTHomennii exny Cp u T ne HaliacHo, 1 uH-
. C g
Terpansl, RXoAgIIHe B ypasHenue (3.10) onpeaensior no rpadukav — - = f(T)
o

win Cp = f(InT) (pue. 3.1).

~CplT
0,200F 7
0,150F
0’100: 1}},.9 . 1«;.4 »
B CpiT)dT Cp/T ydT
C IS.(S AR 161.(9 # Cp/T=po(T)
0,050 :
C J(GrTydr %
o 169.4 o1
1 1 1 1 1 1 1 1 1 1 1 1
0 50 10 150 200 250 7

Puc. 3.1. I'padutueckuii MCTOI pacteTa MITPONUH

Pacuer 3HTPOIMH 3HAUMTENLHO YApOLLAetes Olaroaaps HaauuHio radimil
3HauEHNIT Sl HAHACHHLIN HIIH 113 TEPMON HMHUCCKHX BEHUHH, 11 HA OCHORE
CTAaTUCTHHECKMX METOAOR, @ TAKIKE C NNOMOLILBIO IPUOMHIKEHHBIX METOA0B pacte-
Ta W PazIntHbIX KOCREHHBIN METOAOR. CROAKH CTAHAAPTHRIX BENHUHH YHTPONUAM
PAMHUHBIN BELLECTB IPHBOLSITCA B MI00bIX CIIPABOUHHKAN 110 TEPMOILHHAMHKE.



'JIABA 4

PA30OBOE PABHOBECHE
OAHOKOMITIOHEHTHbBIX CUCTEM.
XUMHUYECKOE PABHOBECHE

B nactosiueii rnare He 0y1€T BREAEHO HHKAKHIX HOBBIX MPHHLHIOR. 3A€CL Mbl
Oyaem UMETh €10 JINNIL C Hanbosee BAKHBIMIH NPHMEHEHUAMH TEPMOAHHAMHKH
B (PUIMUECKOH XHMHH, @ HMEMHO C H3YUEHHEM X HMHUYECKOTO PABHOBECHS MEWKAY
pasaHuHBLIMH (PAa3aMH OLHOKOMIIOHEHTHOIT CHCTEMBbL.

4.1. ®asoBoe paBHOBeCHE

Cucrtema, COCTOAIIAT W3 HECKONBKHX (a3, Ra3bIBACTCS ~CMepOReHHOU.
@usoll HA3BIBAKOT COBOKYIIHOCTh IOMOIE€HHbBIX YaCTeH CHCTEMbI. OAMHAKOBBIN
NO COCTaRY. XHMHUESCKHM H (PUIHUCCKHM CBOHCTRAM M OTACACHHON OT APYruX
yacreli cueTeMbl NOBEPXHOCTbIO pasaena. Kuakue 1 reep;ibie a3bl HazhiBAIOTCS
rondencuposannniyvy dazavy. PagHorecHe B CHCTEME, COCTOALIEH 13 HECKOIb-
KHX (a3, HA3BIBACTCS 2Cimepocetitbiy WIN (hu306eIM PAGHOGECUCH .

B 1875 r. Tub6c B croCi 3HAMEHNUTOIT cTaThe «O paRHORCCHH reTEPOTEHHBIX
BELLECTBY. HCXONS M3 1IEPBOTO W BTOPOI'0 3aKOHOB TEPMOAHHAMMHKH, 1aeT Hau-
Oonee 001y POPMYTHPOBKY YCNOBHIT PABHOBECHS JUNA FETEPOr€HHAIX CHCTEM.
OnHO w3 HaHDONEE KPACUBBIX CJIEACTBHIT YCAOBHIT PABHORECHS B (POPMYITHPOBKE
['nddca — 9710 npasito das.

4.2. IIpaBuio ¢pas ['nodoca

Teopema. Yucio cmencneli c6odo0bl [ PUsSHOGECHOCO COCMOAIIS Cucme-
MBEL COCTTOSIICEL U3 «C» PAZTUYHBIX KOMIOUCITIOE 6 PASHOIX hasax 1, 0acuics
soipadicenen

f=c—r+2 “4.1)

[Ton unicniom cTelieHerd cBOOOAbI NOAPA3Y MEBACTCA YHCIO BHY TPEHHHX Tepe-
MEHHBIX, KOTOPbIE MOL'YT NDOH3BOJBHO MEHSTHCS 1IPH 3a;laHHbIX YCIIOBHSIX paB-
HOBECHS.

Joxka3zaTenbcTBO. BHyTpeHHHE YCIIOBHS pagliosects Ans daHHOR da-
3hl. COCTOALIET 13 ¢ KOMNOHEHTOR. ONPEAEIRIOTCS KOHLIEHTPAIUAMH KOMMOHEH-
TOB. D10 O3HAYACT, UTO KMEeTes (¢ — 1) BHYTPCHHHX LIEPEMEHHbIX, OIIChIBA-
owHx coctas (passt. Kpove yTHx MEPEMEHHLIN, HMEIOTCA €lLe NepeMenble r
n T, onnnaxosiie st eex a3, Takim odpazom, ;s /(])aa HUCIO mpe\lennbl\
cocraput (¢ — 1)r + 2. Xnvuueckne noterunans pf (k= 1, 2, L, 1=
= 1,2, ..., ¢), KK HHTCHCHBHbIE BEIIUUYHHBL OTPEAEISIOTCA TONBKO YTHMK
BHY TPECHHUMH 1HEPEMECHHbIMH. TTOCKONBKY YCTOBHS PABHORECHS, ONPEACTIEMble
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PABEHCTBOM XMMHUYECKHMX MOTEHUHAIOB JIOOOTO KOMMOHEHTA B pasHbIx (hazax,
cocTonT W3 {1 — L)¢ ypaBHeHWH, TO YHCTO CROBGOAHLIX MapaMeTpPoOB, KOTOPhIE
MOTYT MEHSTLCS B PABHOBCCHOM COCTOSIHUM, OyAeT pasHO

f=(=1pr+2-(0(r—-Dec=c—r+2. 4.2)

YpasHeHnue (4.2) HocHT HasBaHue npaBHiia a3 I'udoea.

PaccmoTpim parHoBecHe Meu Ly ABY M (hazami OAHOKOMNOHEHTHOM cUCTe-
Mbl, COCTORLIEH, CKAMKEM, U3 IKHAKOCTH H €€ HACBILIEHHOTO Mapa (HachILWEHHbIM
NAPOM HA3LIRACTCA TAP, HAXOAALUHICS R PARHOBECHH € JKHIKOCTHLIO), B cayuae
paBHOBECHS B NIOOOH TOUKE CHCTEMBI AOJIKHO COOMIOAATLCS MOCTOSHCTBO XH-
MHUECKOI'O LIOTeHUHaIa (cM. ypaBHeHHe (2.71)), 1. €. XHMHUECKHH OTeHUHall f4
JOIKEH ObITh OIIHAKOBBIM UTA Napa M AAS KHIKOCTH:

Nn — N)K' 4.3)

CooThowenue (4.3) npeactasnset cobol ycnostie (pasoBOrO PaBHOBECHS.
B npocrpancise nepemeHHslX P, T 1 jr SIMHWS 1IEPECEUCHHS 1I0BEPXHOCTER
Jt = fii M [ = jip MPEACTABISAET JHHHIO cOCYWeCTROBaHHS ARyX (a3, [pn
nepexone uepes Ty JHHHIO NPOHCXOAHT (hasosoe npeapanyenue. Beeraa pea-
nusyeTes (pasa ¢ MEHBLUMM 3HAYEHHEM XHMHUCCKOrO MOTCHIHANA, MOCKOMLKY
oHa Gonee ycroluusa. ITopsipox gaszo-
BOI'O 1IEPEXO/1A OIIPEACIIARTCS 110PAIKOM
KOHTAKTa MEKIY MOBCPXHOCTAMH jI =
=y WM = jio. Ha pue. 4.1 npencras-
ned GazoBLlil NEPexoll nepeosa pood.

(Ksacenpurkauua  aszosblx  1iepe-
XOMI08  BMAEPBblE Ohblla  NpE/UTOKEHA
Ipengecrom. Lro naes o nopsiaxe gaszo-
BOTO MEPEXONA OCHOBLIBAETCS A Pa3io-
JKCHHI BEIHUHHbBI U3MEHEHHMS XMMHUe-
croro noteunana Ay(T+dT, P+dP)
B psil Tefjiopa 1o crenensm d’1° v dP.
Ecnu yneHs! nepBoro nopsika oTiIUY-
HLL OT HYJIA. TO HTO XAPAKTEPH3YET 11e- e
pexon nepporo pona. Ecin ke UNeHbl  qyyx has i naockoctn P—T
NepBoro nopsaxka odopauialoTes 8 HyNL
BA0iIb KPUBOIl paBHOBeCHA, a wienbl Puc. 4.1, @azonnii nepexoit nepnoro
BTOPOTO MNOpAAKa OTAHYMK OT Hyls. pola
TO TOBOPSIT O 1IEPEXOAE GHIAPGCH POAA).

IMockonbky XHMHUIECKHIT MOTEHLMAN MPEACTARIAET cODOiT HEKOTOPY 1O Py HK-
umto nasiieHnsa I” W tesiiepatypbl 1, 1o 13 paBencTBa XHMHUECKHX MOTEHILHANIOB
BELIECTRA B pa3HbIX (hazax creayer. uTo KaxAoi TeMmneparype COOTBETCTBYET
OTIPEIEIEHHOE AABICHHE HACLILICHHOIO iapa. 3aBHCHMOCTb JIABJICHHS HACbl-
WEHHOI'O 11apa o1 Temaeparypbl (B koopanHarax P—T) no/iHa npeacraris s
coboit muHmo nepecevenus nosepxuoctedt p" (P, T) v (P, T), oxanunsaio-
LIEHCH KpHTHUECKOT TouKoi (puc. 4.2).




54 L A Xwvwueckoe paciogecue dhaz 00HOROMAONCHINIBLY CUCIIEM

Takum obpazom, 4100bl gaHHas ABYX(azHas CHCTEMa HaxOmlack B CO-
CTOSIHHI PABHOBECHS NPH M3MCHEHHWH KaKOro-nudo o Horo w3 napamerpon (P
Wan 1), HEOOX0AHMO U3MEHHTb ONHOBPE-
mcHHo W apyroil napametp (I unu ).

U1o0bl MOAYUHTb ¢BA3bL MeKay [P un T,
PACCMOTPHM ABA OTH3KHX PAaBHOBECHBLIX
74 T cocrostnust (1, Py u (T + dT. I + dP).

JIns HUX HMEEM, COOTBETCTREHHO,

[)

195 aTm

Map pt A dp =+ dp (4.4)

--------- 4,379 My pr.c.

«
L

Taxum 0dpa3oM, AN TOTO, UTOOLI CH-
T CTeMa HAXOZHIAch B PABHOBECHH, HEOD-
XOAHMO MOTPEOOBATH, UTOOKL H

Puc. 4.2, JTnarpasMa COCTOSIHHS BOALI

d %= ‘duX (4.5)
[MoncTarnss B (4.5) BhIpaKCHNA XUMHUCCKOTO MOoTeHIIHana (2.94), nomyunm
—s"dT + AP = =s"dT + "dP. (4.6)

Cobupas B J1eByI0 4acTb HOIHbIE H(heperitHallbl JaBieHna 1 reMrepary-
Pbi, MONYYUM OKOINMATELHO CHAEIYIOEE YPaRHeHHE!

P g — g% Asg
4F_¥—v _aF 4.7
nl PR AU

2710 ypasHenne Knaneiipona— Kitayinyea. O1o sSiagercs TOUHBIM U MpU-
MEHHMO K Z11000MY (DazoBOMY llepexony. 1. €. He TONbKO K 11epeXOLy HKHIKOCTh —
Aap. HO H. HANPHMEP. K NePeX01y TREPAOE TENIO IKHAKOCThL. TBEPAOE TEI0  Nap.
Bo:iee 1oro, 10 YpaBHEHHE NPUMEHHMO TAKKE B TEX CAYUAAX, KOl B TEPMOIH-
HaMH'IECKOH CHCTeME peami3yeTcs (pazoBbii MEPEXo, COBEPIANIIHA He paboTy
PacLIMpeHHs. a PadoTy KaKoIo-JIHOO APYIOI0 BUIA. 1. €. B CHCTEME. B KOTOPOIl
ODOOLLEHHBIMH 11apaMETPAMH ABISIOTCS HE 00beM W dasieHue. Haupumep, s
TEPMOJIMHAMHHECKOH CHCTEMbI «MATHETHK B MATHHTHOM NORE» 0000 WEHHBIMU
HAPAMETPAMH ABNSIOTCA HAPSKEHHOC T MArHWTHOTO 10151 B HAMalrHHUEHHOC T
BCLUECTRA.

(Bamerum, uro ypapHenue Knaneidpona — Kiay3myca MOXHO MONYYHTb YU~
cTO (hopMankHO, HEMOAL3YS COOTHONIEHHS Makcre:ina (cm. ypasheHue (2.101)).

Y1o0bl BLIPA3HTL 1HPABYHD HacTb (4.7) uepes HIMEpAeMble BESIHUNHbL, Ha-
MOMHHUM, 4TO MpoLece (PAa3OROTO MEPENoad OCy LUECTRAACTCA NPH MOCTOAHHBIX

a0

<. orae ¢ —
KOJIHUSCTBO Tell1a 1P HEPeXO0/e U3 OAHOI a3kl B APYIYIO. @ 310 HE 410 HHOE.
KaK TCRNOTA HCNApeHyn (B8 1aHHOM CAYUAE HAM B 00LIEM — TermoTa (pa3oBoro
nepexoja), T. €.

JABACHHH W TEMIIEParype, a noToMy B OTOM ypagHeHUH As =

0Q = A" — W = AL". (4.8)
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Mbil no.iyuacm., Takum 06[)?1'30;\‘1. COOTHOLUCHHE 1718 NpOUCCCOB UCIIAPCHHA!

ey (4.9)

dl TAv

ne T. PP — napaMeTpbl paBHOBECHOTO (pa3oBoro npespalienHs: Ah" — mofn-

Has Tenuiora GazoBoro npespatleHus 1 Av — MOAbHOE H3MEHEHHe 00bema npu
JAHHOM MPERPaLLIEHHH.

[TpH 1pakTHYECKOM NPUMEHEHHH ypasuenus (4.9) uacTo noib3ylores cie-
JYYOLIMMH NPHOTMKEHHAMM: AT MPOLECCOR HCTIAPEHHS H BO3TOHKH ONAraior,
uto v 33 v uam o™, cuuraeren , uto ¢ & BT/, 1.e. noauHuaeTCS 3aKoHam
uaeanLHoro raza 1 AR™ = const (3aecwL 1 Aanee peus moiier o npouecce nena-

dpP AhT Ah"

PEUHS HITA BO3TOHKH). B 9THX npudauaeHuax 7 = = = = ., paznenns
; It T
TIEPEMEHHbIE, HMEeM ‘ ‘ '
dr Ah" Pl PP Ah"
£ L4l e 0 = . (4.10)
P RI? A(L/T) R

Kak suano w3z (4.10), 3asucumocts In P or 1/T npeacrapneHa npamoit
¢ TAMICHCOM yINa HakjoHa pasubim AR"/ R (puc. 4.3) B 1IKMPOKOM HHTEP-
BaJie TeMnepatyp. YpasHenue (4.10) mo3posiseT OUCHHTb NOPSAI0K BEJIHUHH]

A
g7 -
‘
¥
-1 e
i Tlp t ]n LK. TI\']'L T
Pue. 4.3, 3asucusmoctn lg Por1/T nas Puc. 4.4. 3aBrcuMocts TCII0TLI HAPO-
MPOTICCCOB BOBIOHKH M HCITAPCIIA OOPABOBAHKS OT TCMIICPATY PRI

JABJICHHS [1apa [PpaKTUuecky 11pu J1rodoi temiiepatype. Hurerpuposanue (4.10)
B Lpeaenax ot gapiieHus P 10 [ ¥ COOTBETCTBYIOUIIM YrUM dasiieHHam T
u T, naet ypaBHenue KnanciipoHa — Kaaysnyca 8 HHTErpainHoii popme:

111”‘-’:“’3(l - 1). (@.11)

Iy I T 1y

OnHaKO OTMETHM, UTO KAKYIECCH NOCTOAHCTRO A/ ABIAETCA CEACTRIEM
TOLO, HTO yMEHbLIEeHHe AN ¢ pOCTOM TEMMEPATY Pbl IIPHMEPHO KOMIICHCHPYETCS!
npeHedpexeHnem o0LeMOM KHAKOH (asbl.

TemneparypHas 3aBHCMMOCTh TEMIOTLI MAPOOOPa30BaHHS KHAKOCTH CXEMa-
THUHO NpEICTAaBICHA HA pUC. 4.4, H3 KOTOPOI'O BHAHO, UTO 110 MEPE MPHONHKCHHUS
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K KPHTHUECKOMY COCTOSTHUIO cHeTeMbl yeioBua Al = const 1 Av &2 ¢ He Bbl-
nonustores. [loyroMy npumeHHMOCTb ypasHeHns Knaneiipona— Knaysiyca
B WHTErpaasHoii popme (4.10) orpaniiueHa odIactbi0 HEBBICOKHX TEMIIEPATYP.

Ha mepsblii BIMIAA KaKeTCA. UTO 3aBHCHMOCTh TEMAOTHI UCMIAPCHHS MOXK-
HO HaifTH. ucnoabsys ypasnenie Knpxrodupa (1.45). Oanako oHo s pacema-
TPHBACMOH 3aBHCHMOCTH, CTPOrO rOBOPS, HEITPHIOAHO, MOCKONLKY (PHIHIECKHE
MIPEBPALLEHHS B OTAHUME OT XHMHUYECKHX PEaKHH HE MOIY T NMPOHCXOAHTD 11PH
Pa3HbIX TCMIICPATYPAX H HEW3IMEHHOM JIABJIEHHH. HTO 1 OTPAKEHO B Y PABHEHHH
Kupxrogda.

Pacuer fapiie HUA HACKILEHHOTO Hapa !5 TpoLecca MaBjIeHHA (3aTBepilesa-
HHST) BO3MO3KEH TONLKO ¢ UCMOAL30BaHHeM AHDdepeninannHoH GopMnl yparHe-
Hus Kaaneiipona — Kaaysuyca (4.9). B kotopom remiiota napoodpasoanus A"
JIOJKHA ObITh 3aMEHEeHa MONTbHOM TermnoTol nnarnews (iarsepaesanus) Ah™,
alAo=v"T)—v*T).

[Mockonbky TeMmmeparypiibie 3aBHCHMOCTH MOJbHbIX O0bEeMOB TREPAOH H
KHAKOM a3 B 0OLLeM Cyuae HEH3BECTHBLI (HIIH CIOMKHbI, TaK € KAK K Tem-
neparypHas 3aBHCHMOCTH TCMAOTHI NIABICHHS), TO MPOBECTH HHTETPHPOBAHHE
vpasHeHHs (4.9) He yiraeres. B ¢BA3H € HTHM HACTO HCNOML3Y K0T NPHOAHKEHHOE
ypaBHeHHe

AP AV R

AT — o™(T) —v™(T) (4.12)

Ecnu s PABHOBCCHH HAXOAATCH HC ABE. a TPH q)a'EhI OAHOTO H TOTO IKC BCLLC-
CIBA. TO Mbl 11OJYHACM CICUYHOUIEE YCIIOBHE!

P

(3neck BepxHHE MHACKCH 1, 2, 3 03HauarOT pasHbie (asbl JAHHOTO Belle-
c1Ba). TTOCKONbLKY XHMHHUECKHI 1OTeHLMal B Kakaoii u3 (paz onpeneisercs
TOJILKO IBYMSI HE3aBHCHMbIMM nepeMeHnbivu [ u T, pelierdue (paBHOBecHe)
3TOrO YPABHEHHS MOKET CYLIECTBOBATD JIHLIL B HEKOTOPOH H30JMpOBAHHOMN TOU-
ke I, P — mpodinotr moyre, FI3BECTHBLIM NPHMEPOM SIBISCTCA TpoliHas TouKa
Bodbl 11py 7 = 4.58 mm pr. ¢cr. u T = 0,01°C. B koTopoii cOCYUIECTBYIOT
TBEPAAs. KHAKasA H 1apoodpaiHas asbl.

Hpoanamupyem nakion 3asucusocteit P/d T rOan3u TpoitHoil Touky,
paccmarpusas ypasHeHHe Knaneiipona — Kaaysmyca.

I. Henapenue. B oytoam nponecce AL > 0, ¢" 3 o™ e, Av > 0.
T = 0.cnewopareabro  [*/dL > . 1. ¢. 1aBIenue HACKILICHHOIO NAPA ¢ POCTOM
TeMIepPaTypbl Ha OCHOBAHNH (4.9) Oy 1eT yBEIHUHBATHCS.

2. Boszeouwa ( cyonunayust). Ans 3roro npoticcca AR > 0, 0" > v™ Te.
Av > 0uT > 0. TennoTy BOIrOHKH MOKHO NPEACTABHTL B BHAC BYX MOCTe-
JOBATEINLHBINX IPOLECCOB — ILIABIEHUS TBEPAOH (paski W HCTIAPEHUST AKUAKOH.
Torma AR™™ = AR™ + ARM™ TlockonbKy W MPOLECC HCNAPEHIS, 1 MPOLECE

nagieHns 1pedy T 10/1801a TeNaa, 1. €. HOJIOKHTENbHbE, T A = AL,
a, snann (dP/dT)™" > (dP/dT)™". 3aBHCUMOCTb J1aBICHHA HACHILEHHO-
ro napa OT TeMMEPaTypLl B MPOLECCe BOIrOHKH HMEEeT OONLITHH HAKIOH, UeM
TAKOBAs 1Ll MpoLecca Ucrnaperus.
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3. [Tnasaenue (zamesepocsanue). JIng npouecca naasieHUs valle BCero pac-
CMATPHBAKT 3aBHCHMOCTb

AL (R =)
AP Ahma

B »yrom nporecce AR™ > 0, T>0, Ho v™ — v™ > ( He /s BCeX BCINCCTB,
JL:15 adCONOTHOIO GOMBLUHHCTRA BELIECTB 7TO HEPABCHC IBO BEPHO. HO [1/151 BOMbI.
TAINHA. BHCMYTa H HEKOTOPLIX COPTOR uyTyHa Av otpuuarensha. [Tostomy s
Ha%BAHHLIX BEIIECTB HAKIOH 3asncumMoctd AT /AP orpuuarenshbiil. Jus seex
OCTallbHbIX BEILIECTB OH HHONOKHTENCH.

JLis psiaa npakTHUCCKHX TIPHIOKEH M OOMThINOH MHTEpeC NPEACTARAALT aHa-
JIM3 CYYaeH, KOITIA Ha KXyt W3 COCYIUCCTRYOIINX a3 ACHCTBYIOT pa3Hble
aasaerist. OAHAM H3 PHMEPOB NOAOOHOH CHTYALMHH ARISETCH (PA3OBOC PARHO-
BECHE MCKPHBICHHOI 1HOBEPXHOCTH pasieia ha3. OcodeHHOC b pacemMaTpHBae-
MOTO CAyYas COCTOHT B TOM, uTO ypasHeHue Kaanciipona—KnaysHyca a0muHO
CBA3BIBAIL MELy coO0i nponssounbie APy /dT 1w dl/dT. vae Py v Py —
paTHUYHbIC ARNEHHS B COCY LIECTRYIOWHX (hazax.

[Monuble aupdepeHuransl XMMHYECKOrO MOTEHIHANA JAHHOTO BELICCTRA
B 00eHX (pazax 3anuuiem B BUIE

A A
dyy = dT = 1P, 4.13
I <07'>p +<a 1>.T( b (%13
iy = (*’f’?) dr + (22 ap,. (4.14)
e I f)['-_) T

TMoaennr oba y1u yparuenus Ha d1 w yuwrnigas, uvo dp /d” = ¢ dp/dT =
= —s 11 o0e¢ (pasbl HAXOAATCS B PABHOBECHM. T. €. djt; = dj1p, MONYYUM crexy-
foLee ypasHeHHe
Uy — — 111/— =851 — S» = . (415)

Ec.u temneparypa (a3 noLIep:KHBacTcs 10CI0SHHOM. a J1aBeHHE Ha OjIHY
13 (paz BolpacraeT. TO ypaBHeHHe (4.15) MOXET ObiTh NPEJCTABICHO B BHIE
P - AREL

U —H = = 4]6
dPy T dpPy ( )

APy drs dpr ,
MOCKOMbRY OMEBHMAHO. UTO =|— —— |. Ilpn nocTosHcTBe TeMnepa-

dr dP dr
Typhl (T = 0) 13 (4.16) cneayer. uro
("””—’) = bt (4.17)
gy T

D710 BaXKHOE COOTHOUIEHHE Ha3bIBakT ypasHennem TofinTunra. OHo no-
Ka3biBACT, O [IPH BOIPACTAHHH JABICHHA B OuHOM W3 das. Haxousweiica B
PABHORCCHH ¢ APYTOI (pa3oi, 1aracHHE B NEPBOIT (hasze YRENHUHBACTCS HACTONb-
KO, HACKOJBKO €€ yjleJIbHbIH (MONbHbIH) 00beM MeHbIle 00beMa nepBoil (assl.
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4.3. XumMu4eckoe paBHOBecHe

B koune XVIIT B. Ob0 BBIACHEHO, UTO DOMhIIAg YacTh NHMHUYECKHX peak-
M CONPOBOXKAACTCS NOMMOLIEHHEM HIH BLIACIEHHEM Tenna. bbiii OTKpbIThHI
3aKOHbI TEPMOXHUMHH H XHMHYECKOTO cpoicTBa. B 1864 — 1867 11. HOpBeKCKHE
yuenbie [ymLadepr 1 Baare npuigsan, 4To B XHMIH, Kak H B MEXaHHKe, Handolee
€CTECTBEHHBIM MCTOAOM OYAET ONPEACICHHUE CHI B HX PARHOBECHOM COCTOS HHH.
B COOTBETCTBHN € YTHM, UCCIISAYS HEIOHBIE MPeBpaticHus shia A + 8 = A"+
+ 3, OHH MOCUMTATTH, YTO CHITBI, JEHCTRYIOLIHE MCATY HCXOAHBIMH BELICCTRA-
MH. BbI3bIBAIOLLME ODPA3ZOBAHME KOHCHHBIX 1IPOLYKTOB. BbIPKAKIICS NMPOU3Be-
nentien K'p'q' (rne p' v ¢ — «aeHcTBYOWME MACCHI) HCXOAHBIX BELIECTR, a
kor(pduunent nponopuronansHoct K’ npeacrasisier codoil «xkodbduument
CpOACTBa» ). AHATOTHYHO BLIPAKACTCS CHAA W AJIS DOPATHOH PeaKIi; NPH pan-
HOBeCHH ciibl pashbl K pg = K'p'q'. Tax Obia 01KpbIT 3aK0H geficTBHS MAacCe
(neficTBYI01IMX MACC),

Heckonbko noxe 100, a 3arem [elibMIonsu NPULLITH K NPHHSITOMY B Ha-
CTOSILLLEE RPEMS BLIBOLY O TOM. HTO HAMpaBJIEHHE PEAKLHH (XUMHUYSCKOE CpOa-
CTBO) onpeaenseres codoAHON yHepriei AG wan AL, ITo 12710 BOIMOKHOCTE
NPUMEHHTE POPMAJIbHBIIT anapar TepMOIHMHAMKUKH LIS pacueta paBHOBECHbIX
NIPERPALICHHIT M BIHAHUS PATHUNBIX NAPAMCTPOB HA BHINOA KOHMEUHOTO 11PO-
AYKTa XHMHUECKOIT peaKLHu.

PHCCMOTPHM pcaKkuHro
aA+hB=¢cC+dD (A)

(3mecw a, b, ¢, d - cTexiroMeTpHiEcKHE ROIPPHUECH Bl PEAKLIMHN).

[Tpu nocrosiHHbIX Temneparype T 1 BHelHeM daBieHHn P usMeHeHne (ynk-
uun Fuddca (em. popyyay (2.79)) ans aaHHoro npouecca (B HHTErpaihHON
dhopme) MOKITO 3anHcalb Kak

AG = cuc + dpy — apry — g, 4.18)

)70 ypaBHEHHE CNpaBedqHBO IS /0001 CHCTEMbI: KAK FOMOTEHHOM, Tak
U reTepoleHHoM. Ioacrasus B (4.1 8) BblpameHHE 118 XUMHUECKOIO 1HOTEHLHAIA
KQZA0r0 W3 KOMIOHEHTOB peakLii (M. ypaBuetue (2.96))
0 0 12 0 0
(oL, P) = i{(T, p;) + RT In ,Té’ — 13T, p) + BT Ina;,
1
MOYKEM TelEpb 3aITCaTh BbIPaXKeHHe PYHKUMK TubOca g daHnoil peakunu
B BHJIE
- 0 0
AG =¢(pe + RTlnac) + d{jwy + RT Inap) —
— a(//,(;\ + RTInap) — b(//,?; + BT hay). (4.19)
BLIZETHM CTARAAPTHLIC YACTH XUMHUCCKOTO noTenumana 17 B kauecThe oT-
OENLHOTO CAaracMoro, MoACHE 00¢ YacTH ypasHeHns Ha R
(‘./1.8 + d//?) — u//g — by n‘(iu’L[) AG

B —
+ it = . 4.20
RT atal,  RT ( )
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B nepsou craraemom ypasHeHus (4.20) uncaure:s npeiacrasinetr coboi ge-
JHYMHY CTAHAAPTHO#H uacTh cBOGOAHOH sHeprin [66ca AGY(T. ), noyromy
nepeliviemM ypasredue (4.20) B Buie

(L"—,ud AG — AGO
fm 222 — == e 421

a b oy
a’aly i

Ho npu pasrosecun AG = (). Tenepb MOKHO Hanucars, 410

A0 e d s -
exp (_ < ) - (ﬂ> e “ (’1 ¥ ‘PCTHH,[)- (422)
pand

RT a4aly
1€ Dorany— LABJICHHE B CHCTEME, BHIOPAHHOE B KAUECTBE CTAHIAPTHOTO; B Jalb-
HEHLIEM HHKHHE MHIAEKCH «CTAHL) H «PABH» OlIYCKAeM.

Beanuuna A, xapaktepH3youas yCToHUHBOE PABHOBECHE CHCTEMbI. BO3-
HUKAQIOWEE B pesyIblare O0parHMOi XHUMHYCCKON peakunn (A), sBisercd
MePMOOUNAMUYECKOU KOHCManmoll pacnocecsd. Tak Kak akTHBHOCTH KOMIIO-
HEHTOR — OTRACUEHHbIE YHCIA. TO M KOHCTaHTa paBHOBECHS Oe3pa3zMepHast Re-
JuudHa. YpaeHerue (4.22) Takike HasblBaKT 3JAKOHOM JeficTBHS mace.

B obuiem cayuae, T.¢. xorma AG # 0 seipawerne (4.21) 3anuiiem kak

& il
AG = —RTIn K, + RT In 2°0. (4.23)

=
Gyl

3Hech 110/I THAKOM [10rapH(ma BO BTOPOM CJaracMoM CTOHT OTHOLUCHHE
MPOM3REACHHS AKTHRHOCTEIH KOMIIOHEHTOR PEAKLIHI, COOTRETCTRY IOUIMX 11000~
MY MOMEHUMY PCARIHU. B YACTHOCTH H HCXOIHOMY COCTOSTHHIO CHCTEMBI. DTO CO-
OTHOWIEHHE HOCHUT HATBAHUE 3P2AGHCILS L30MCPMBI XUMUYCCROU pearifuir Banm-
Todheha v ypasienus xumuyeckoco cpoocemaa. JeRCTBUTEIBHO. €CllH BIOpoe
CNAraeMoe YparHeHUst 1o adCOMOTHON BENHUHHE MEHLUIE MEPBOTO, TO AG <
< 0, 4T0 03HAYAET IBOMIOLIMIO CHCTEMbI P JAAHHON TEMIIepaType ¥ daBneHHH
B CTOPOHY parHOBECHS (cM. (2.35)). T.¢. peakuns (A) nNpoTeKaeT caMonpoms-
BOJIBHO B CTOPOHY OOpA30BAHHA KOHEUHBLIN NpoayKros. B cayuae paseHcrsa
000HX cnaraeMbIX CHCTEMa HAXOAMTCS B paBHOBECHN. TTpH BCIKOM A0CTAaTOUHO
MaJloM BO3NEHCTRHH (HAnpUMeEp. H3MEHEHHH BHEIIHErO JarjeHHS i 100aB-
JEHHH MHEPTHOTO BELLECTBA, HE BCTYIAIOLIEIO B PEAKLIMIO, HO H3MEHAIOLIEI'O
COOTHOIICHHE MEKIY PCarupy1olHMH KOMIOHEHTAMH H 1p.) CHCTEMa caMa BO3-
BPALLAETCA B COCTOSIHHE PABHOBECHS 110CIC IIPEKPALICHHS BO31€HCTBUS Ha Hee.

Vparuenue (4.23) SRISETCS OAHHM H3 HANDONEE BAKHBLIX B XHMHUECKOR Tep-
MofHHaMuKe. M3 HEro BUAHO, UTO XMMHUUECKOEC CPOLCTBO HIMEHSIETCS B 3aBUCH-
MOCTH OT MCXOAHLIN KOHIICHTPAUHH (AKTHRHOCTEH) KOMMTOHEHTOR, TeMNepaTypbl
u aasnennsn. Ho ecin AG = AG(T, P, Ny, Np, N¢...), TO 110CKO:IbKY Bbl-
0Op CTAHIAPTHOTO COCTOSHIA YoKe (PHKCHPYCT BEMTHYUHY AABNEHWS, BbIOPAHHOTO
B KQUeCTBE CTaHdAPTHOI'O, @ TAKKE QrPEIATHOC COCTONHUE PEAICHTOB, TO BEM-
wina AGY saBHCHT TONBKO 01 TeMneparypbl. HHawe roBops. j1is paccmarprsa-
eMOIf TeMnepaTy pil HO0LIM 3Hauetnsiv AG OTBEUACT AHHCTBEHHOC 3HAUCHIE
AGP. W3 yroro ciiefiyer, uro MHCI0BOE SHAUCHHE KOHCTaH bl paBHOBecHs IV,
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AU JAHHOHN peakunn MpH 3ajaHHOIl TeMnepaType 3aBHCHT TONbKO OT BLIOO-
pa CTaHAapTHOro COCTOSHMUS. (B KauecTBe CTAHAAPTHOTO COCTOSHHS BLIOHPAKOT
AABJIEHHE, PABHOE €HHHLE; HO OT TOI0, PABHA JIM 3T €AMHHULA AABIIEHUS, Ha-
apuMep. OAHOH aTMochepe HiIH OAHOMY MHITHMETPY PTYTHOrO CTON0A, 3aBUCHT
sHauenne sennuntbl AGO, a cienoBatelbio, U UHCIENHOE 3HAEHHE KOHCTal-
Thl paBHORecHs K, ). JIoGapHM. 4T0O CTARAAPTHOE COCTOSIHHE BOBCE HE AOMKHO
ObITH 00A3ATENILHO OJHHAKOBBIM AJIsl BCEX Y4aCTHHKOB PEAKLHU.

Jnsa 1oro. 4ToBLl HMETh RO3MOXKHOCTh CPABHHBATL XHMHUECKOE CPOACTRO
Pa3IHUHBIX BEILECTB. KOHKPETHIUPYEM NOHSITHE CTAHLAPTHOIO XHUMHUELCKOIO
cpodcTsa. B npocThIX cHCTEMAX 1101 CTAHAAPTHLIM COCTORHHEM IPHHHMANOCh
COCTOSTHHE. XapaKkTepH3yesoe TeMnepatypoii cuctemnl 298 K 1 qarnenmes | arv.
(1.01325 - 10” Ta). Teneps HEOONOIHMO NOOABHTH AOLOIHUTE I bHBIE YCIOBHS
cranaapthiaiin. M3 (4.23) cneayer. uto AG(T) = —RT In K, Tonbko npu
YCIOBHH. YTO BIOPOIT WIEH YTOIO Y PABHEHHS PABEH HYJIO. ITO BOIMOIKHO TOJILKO
B TOM CJIyuae, KOraa YUCIHTEeNh H 3HAMEHaTe b MO/ 3HAKOM IoTapH()Ma BTOPOTO
CNIATAEMOTr0 paBHbI APYT APYTY. DTO YCIOBHE HEOOXOIHMO, HO HEJOCTATOYHO.
Heodxomumo noTpedorath cille AONOJHHTETLHOC YCIORHE, @ HMCHHO: aKTHB-
HOCTH Ka’K10I'0 H3 KOMIIOHCHTOB PEAKLHH A0JKHBI ObITb PABHLIMH €AHHULE.
Taxum 0Opa3oM. B YCTOBHAX H3MEHECHHA COCTABA CHCTEMbI CIAHAAPMIBIM CO-
crmosnues reneps Oyuem Hasbisars T = 208 K. [P = | arm. v anmusnocms kaxic-
D0CO KOMAOHCHING XUMUYCCROL pearyuu. pastioli edunuye. FIsMeHeHHe YHepIuH
I'udbdca B H3THX YCAOBMAX OYACM HAZBIRATL CHIANOUPINHBIM XUMUYCCKUN CPOO-
cireoy 1 0003HaYaATb KaK

AGYT) = —RT K, (4.24)
Mockobky AGY(T) = AH? — TAS?, 10 (4.24) MOKHO 3a11McaTh B BHIE

AHO

RnK,=-—-—"—"
7

+AS°, (4.25)
TO3ROASIOUIEM OUCHHTH POJAb TENJOThl PEAKLMH H YHTPONUITHOTO UICHa Ha Co-
CTOSIHHE PABHOBECHS B cHCTeMe. [IpH HH3KHX TeMMepaTypax npepaniHpyrollas
pOIib MPHHAANEKHT TemToBoMy dpdexTy peaxunii (cob:rrogaercs npuHuMn bep-
Teno - ToMmcena). NpH BhICOKHX — YHTPOMUHHOMY.

B 100bIX TEPMOAHHAMHYECKUN TAONHUAX NpHBOASTCS Hapamy ¢ AIID.,
Sx 1arke 1 3navenns AGY.. ITO No3BONSET paccuuTaTL BENHUHHY CTaH-
AAPTHOTO XHMHYECKOI'O CPOLCTBA JIO00H XMMHUECKOH peakumui Ha OCHOBE Tep-
MHUCCKHX JAHHbBIX. HE OCYLICCTRAAA PARHOBECHE, PEaKTM CHHTE3a MHOTHYX Be-
IECTB MPH CTAHIAPTHLIN YCIOBUAX ABJSIOTCS THIIOTETHYECKUMH. DTO, OJHAKO,
HE MOMKET CiIY/KHTh MPENATCTRHEM K PACUETY XHMHUECKOTO CPOACTRA, MOCKONLKY
hyHkuus [166ca He 3aBHCHT OT 11y TH NEPEXO.IA.

M3smenenne dynkumn 'mbdbca n0doil XHMUYECKOH PeakUili 3aBUCHT OT
3alIHCH CTeXHOMETPHUECKOI'0 YPABHEHUsl H10H peakunn. B crexnomerpuue-
CKOM YPABHEHHH CYLUECTBEHHO TO/ILKO COOTHOLICHHE MEKLY KoypHumHena-
MH YPaBHEIHA. HO HE HX a0COMOTHBIE 3naueHHs. [1oIToMy cTexHomeTpHiueckoe
YPABHCHHE MOWKHO YMHOKHTbL Ha M000I MHOKHTENb. Ha Y101 %e MHOKUTENb
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yMHOKHTCA M QyHkus Thdbca AG? B ypasuennn (4.22), HO NOCKO.ILKY ne-
Bast 4acCTh ITOTO YPARHCHHS COACPAKHT FIKCTIOHEHTY, TO 3TO O3HAUACT BO3BCACHHE
KOHCTaHTbl PABHOBECHS B CTCIIEHb, PABHYIO YTOMY MHOKHTEMO. Hanpuvep, ans
peaKLMK CHHTE3A aMMiTaKa

1IN, + 2Hy = NH..
2 2

VMHOKHMM CTEXHOMETPHUECKOE YPARHEHHE (3aTICaHNOe jUIS OHOTO MONA
KOHEYHOTO NMpoaykTa) Ha 2. Toraa CTeXHOMETPHHECCKOE YpaBleHHe 3ToH peakLHH
3ANUILETCA B BH1€

Ny + 3H., = 2NH,.

Jlia nepsoro cayyas
0 0 379,90
Ty PUNp. - V218, 3/2u
UNHg Oxp( NH3 /213, /20, Ff(],.

2 32 o
(1_1\/2 aH/2 iy

Jist RTOpoOTO Cayuas

2 0,0 a 0,0
N 200, N, — 3 . 19
N X ( N N s — (A(E)—-

ol e
ax ., gy, R1

Taxun 00pa3om, LPeK;1e Yem HIPHCTYIINTD K BBIUHCICHHIO KOHCTAHThl pas-
HOBECHSI, 1ICOOXOAUMO HAMUCATH CTEX HOMETPHUECKOR YPaBIICHHE PEaKTIHH U BBI-
OpaTh CTAHLAP1ILIE COCTOSHMS AN BCEX YUACTHHKOB PEAKLMH.

Jinsi ra3a akTHBHOCThL parna (yruTUBHOCTH. T.¢. f; = «;. TOITOMY ans
peakunit B paspexennion rase K, = Iy, T.e. B KOHNCTAHTY PABHOBECHH BXO-
JUT (pYTHTHBHOCTb KOMIOHEHTOB PABHOBECHOH Ta30B0i cvec. Fenn 1apnenue
B CHCTeMe Heeduko, To f; = p; n K, = Ky = Ko 1.e. KOHCTaH1a PaBHo-
BECHS BLIPAKACTCH UEPES PUBHOBECHLIC LIAPUHAIbIIBIC J1ABACHHS KOMIIOIICHTOB
ra30Boil peakumn. das peakunu (A) (c. 58) ona 3anuuleTcs B BUAe

Kp = b (4.26)
PP

Koncranty parioBecHs MOKNO TPEACTABHTL TAKKE HEpe3 PaBHORECHLIS
KOHLEHTPALUK, NOCKONLKY 110 3aKk0Hy [lalibToHa IUlsl MaeanbHOM ra3oBoii cymecH
NapUHaILHOE JIABACHHE NIOGOTO KOMIOHEHTA MOKHO NPEIACTARHTh KdK p; =
= (n;/V)RT = ¢;RT. Toacrasnss B (4.26) napLuaiibHbIe JABISHHA KOMIIO-
HEHTOB 1a30Boif peaxunn (A), NOIY WM BRIPAKCHHE A8 KOHCTAlITLI PABHOBE-

CHsl, BBIPAKEHHOM UePe3 KOHLEHTPaLHH:

el A
Kc = L9 (RT)A" = K (RT)A" (4.27)
C/\(:lt)i

tie An =Y niO =5 i — psmeHenne uHeaa Moiei ra3000pa3HbIN BEILECTS.
U3 (4.27) cremyer, uto cootHoureHue Mexay Kp n K¢ onpenensiores se-
AHYHHOA K 3HakoM A7t YpaBHEHHS, ONPE/EIAIOUINE KOHCTAIITbI PABHOBECHS,
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BbIPAKEHHbIC YEPE3 NAPUHAIbHbIE NABICHHA H KOHUEHTPALMK, aDCONIOTHO TOY-
HLI TONLKO MpA [7 — 0, MockonbKy 3akoH JTankTOHa, MOTMKEHHBIH B OCHOBY
TUX YPABHEHMH, COPABEANUB NUlib npu ycjosun P — 0. Pazymeercs. 4o
KOHCTaNThl A p U K¢r HE ABTAIOTCA HCTHHHLIMHA KOHCTAITAMH PABIOBCCHS. CC-
au fs # pi. Boros eayuae koucranya IC) 3aBHCHT HE TONBKO OT TEMIICPATY Pbl.
HO W OT JABJEHHS H OT COOTHOLICHHA MEXTY KOMOOHelTamu, TaK, jna peak-
UMM CUHTE3a aMMHaKka npu Temiiepatype 4577 C 'p yBEenHUYUBACTCS IPHMEPHO

Ha 35% nipu Ro3pacTanni Aarnendsa ot I a0 300 arv.

4.4. Bauanue temneparypbl Ha KOHCTAHTY XHMHYECKOI0
paBHoOBeCHS

ITpoaupepeHUMpYEM MO TEMIIEPATY PE BbIPAAKEHHE /TA CTAHIAPTHOIO XH-
MUYECKOTo cposcTsa (4.24):

. |(] P &
(."“'-) = - RinH, = BT (f”“ "") : (4.28)
or / p ol P

OAGO AGO A9
= - W3 yPaBHEHHUSA
P

il T
I'uboca —lesnbmrodibia (2.54)  yunrbisas (4.24), nonyunM ypasHeHHe, Ha3blBa-
evoe ypasHenuem n3odapsl Bau1-Todda:

[ToacTasiias B 3TO BblpaXeElHe (

din ke _ AT ] (4.29)
dT nr?

[MockonsKy I, 3aRHCHT TOJILKO OT TEMITEPATYPbI, TO MOXHO 0CBOOOIMTHCS
01 UACTHBIX LIPON3BOIHBIX. a 3aveHa NH" na A A puosHe onpasiana. 1ax Kax
TEMTOROH HPPEKT XMMHUCCKOH PeaklMK CNado 3aBHCHT OT AaBienus,

13 (4.29) BHAHO, YTO KOHCTAHTA PABHOBECHS YBEIHUHBAETCS C POCTOM TEM-
nepartyphbl B npolieccax, COMPOBOXAIOLUHNCS TTOTROWEHHeM TerioThl (N >
> 0). Ecan AIf < (. vo X, YBeIHUHBACTCS 1IPH HOHINKEHHH TEMIICPATYPbI.
Takam 0O6pazoM Mbl TEPMOJMHAMNUCCKH NMOKA3aAH CIPAREANMBOCTD MPHHLIMTTA
Jle Waresbe: 1pH HArpeBalHy Peakilis CMELLACTCS B CTOPONY, HAYLLYIO € 110-
CNOLIEHNEN TECIIOTHI, TAK KaK ITO NPENSTCTBYST NORLINICHHIO TEMMEPaTy phl
B CHCTEME.

Ecnu nonyctutsb B neproM npudniskeniun, uto NH = const, TO HHTETpUpYS
s nipeaenax or I o Ty noayunm

Ky, AN 1 1 A
I [=22 =i = = =) . (4.30)
Ko, RONTN . T%
B xoopamnarax In &, — 1 /T rpaduk »10i 3aBHCHMOCTH IIPEACTABANET 1IPsi-

MYIO C TARHPCHCOM YTl Hak:aona paBHbIM — N /1. Takum 00pason, ecan nige-
CTEH TENAOBOH YPPEKT H KOHCTAHTA paBHOBECHS NIPH KakoH-1HG0 Tenneparype,



4.5, Tonocenneie pearkyiu 6 »eudxoll gase 63

TO € MOMOLLBHO (4.30) MOKHO HAWTH 3HAYEHHE KOHCTAHTBI PABHOBECHS TIPH JTHO-
60i1 apyroii TemrepaType, a TAKKE ONPeACNHTb CPEIHEee 3HAYCHHE TENIOBOTO
s¢dexTa peaklivi B JAHHOM TEMIEPATyPHOM HHTEpBAe.

B cayuae TOUHBIX PACiETOB H UIA DOMLIIAX TEMICPATY PIibIX HHTCPBAJIOB
HEOOXOIMMO YUHTLIBATD 3aBHCHMOCTb T€MIOBOTO pheria peakunn o1 1em-
nepatypbl. ITO MOKIHO OCYLICCTBHTL, MCIONB30BAB yPaBICHE 3aBHCHMOCTH
TennoBoro ygdexra o1 Temilepatypbl no ypasHeHHo Kupxrodda (1.45)

AHp = AHg + Adal' + ...,
rie AH, KOHCTAHTa HHTECIPHPOBAHMA ypasHeHus Kupxroda; oHa MokeT

ObITb ompe/iencia ¥ npu adcoMoTHOM Hyfe, w npy 298 K. Torga koHcTaHTa
pasHosecus 1pH 0001 Temneparype T Oyuer 3anncana kak

InK, =- Ll 4 X J ﬂ JAC’pd’l’ -+ const =
KT k72
. () Pt
— Ol A oy S SR aner - (A1)
RT R 2R, 6R

JIns BBIYHCTIEHMSI KOHCTAHTLI PABHOBECHS IPH I000H Temnepatype B o0ueM
Cilyuae HeOOXOAHMO 3HATD!

1) 3aBUCUMOCTb TennoemMkocTh C'p» BCeX YUaCTHHKOB peakuru OT TeMnepa-
TYpbI:

2) onno snaveie AH;

3) peauuniy K, unn AGY xoTa 66l ipu 0aHO# TemniepaType.

Pacno:aras sHaueHuamn I, i AG” npu asyx remneparypax, MOAHO
Hai e 00e KOHCTauThl HHTEIpHpOBaHus: const 1 N Hy.

Jns TOUHOrO PacueTa KOHCTAHTLI PABHOBECHS (MM TO e camoe  A7s
pacuera Ay ) MOKHO BOCOONb30BATHCS METOAOM NPELIOKEHHbIM TeMEHIIbIM
v Wsapumanom. 3annumes ypasuenne AG (L) = AH(L) — T'AS(1") B Bune

AGH = AR} —TASY e —T (M, Au + MiAb + MsAc+...). (432)

B atom ypasnennw GyHkuny temnepatypst My, 1o W T L BRIUHCACHB 3a-
paHee, BHECEHD! B CMPABOUHBIE JAHHbBIC H BLIPAKECHb] KaK
T 298" 2987
n(n+1) (n+1)T n

M, = (4.33)

4.5. ToMorennbie peakuH B KHAKOMH (Pase

['omoreHHbIe pPeaxurH B AKHAKOH (1,)[1?6 OIHCLIBAIOTCH B OCHOBHOM TEMIL XK€
METOAAMH. H'TO H TOMOI'CHHbIC PCAKLIHH B razoBoii (1)1136. 31ech Takxe OpHXOILIT
K 3aKOony JACHCTBHS MACC H K YPABHCIHHAM 3aBHCHMOCTH KOHCTAHT PaBHOBCCHHA
OT TEMNEPATYPbl U TABJICHHA. HOTFOM)’ MOKHO OTpalHnyITbCe dolice KpaTrKum
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paccmoTpennen. CyLeCTBEHHOE OTITHYHE OT peakLMii B ra3oBol {hase coCcTonT
B BBIOOPE NMEPEMEHHBIX KOHUICHTPALHK H CTAHAAPTHOTO cocToanus. s Teope-
THUECKOTO PaccMOTpeHHs Haubosee Lesecoodpasio BbIOpalb MOJIbHbIE AOJIH.
(B sxcnepuMenTannioll TEPMOMHANHKE B KaleCTBE NEPEMENTILIX KOHUEHTpa-
LHH AaCTO HCHONL3YIOT tHeso mocteli na 1000 1 pacrsopureis (yourstinnocis)
M UUCIIO MOJIeH Ha AMTP pacTBOpa (voudpitocins). 11OCACAHAA BEAHYMHA UMEET
TOT HEAOCTATOK, Y10 OHA 3ABHCUT OT TEMIEPATYPbI).
]:[J'lﬂ XHMHUYECKOTO NMOTCHITLHATA 1-TO KOMTONEHTA 3anuIlen

uil, Py = pQ(T, P + RT In (viry), (4.34)

riue seanunHa v (1, P, x1, ..., Tn—1) — Kosppuyuenm axmusuocmu. O8b14-
HO TMPHMEHSIOT [Ba CrToco0a HOPMHPOBKH CTAHJIAPTHOTO COCTOAHMA.
1. B kauectse craniapTrioro CoCTos HHS BbIOHPAKY T COCTOAHHE YHCTOTO KOM-
MIOHEHTA cOpTa ¢
0/ — .

2. B xayecTre CTAHAAPTHOIO COCTOA IS BLIOHPAIOT COCTOAINE MHCTOTO pac-
TBOpHTENa (HAeKe 1)

Oy - 7S s

p (L, Py = mo(1, P). (4.30)

Cnocod | umeeT NpeHMyneCTRO NOIHOH CHMMETPHI 110 OTHOIIEHHIO K KOM-
noneHtam. Hopmuporka 2 TeCHO npHMbIKAeT K Teopuu razon. Ee cneayer me-
NOJIb30BATb. €CJIH XOTHT COXPAHHTL GOPMYIIMPOBKY 3aKOHa JeficTBUA Mace. aHa-
JIOTHYHYIO TEOPUH HAEANTbHBIX I'a30B.

PaccmorperHblil 3uech BBIOOP CTaHLAPTHLIX COCTOAHMIT ANsl XHMHUECKHX
TOTEHUNANOB HMCET obllUee 3HAUCHUE ANIA TCPMOJHMHAMMKH AIAKUX cveceid.
Kak fierxo ycTaHOBHTE, OH fIEXKMT TaKKE B OCHOBE OUPECUCNCHMA CBOOOAHOI
aHepryan pasdasaeHu. s TBEPAbIX CMEINAINILIX (a3 HCNONL3YIOT B OCHORHOM
Takoii ke Gopmaiinsm. ONHAKO B YTOM CilyHae HPHMEHSAKT BCeIla HOPMIHPOBKY 1,
TAK UTO JUIs HHCTOrO TBEPAOTO Tesia Beerda u; =1 ny; = 1.

4.6. I'ereporennnie npoueccnl

3akoll ICIICTRUS Mace. NPHMRCICHIbI patiee, Npe/INONaran, uTo BCC KOMo-
HEHTBl PEdKLMH HAXOWTCH B 1A3000pa3sHOM COCTOSHMH. Eciii ke B peakumi
YUACTBY 10T KHAKHE WIIH TBEPUBIE BCIUECTBA, HE 00pa3yIOLLMEe PACTRBOPOB JAPYT
C OPYroM, TO MpPH AAHHOM TeMIlepaType HapuHalibHbe JaBJIeHHs KOHEHCHPO-
BAHHBLIX YUACTHHKOR PCAKLHE SIBIAIOTCS BEIHYHHAME 1HOCTOSHHBIMI. [ToYyromy
ITH NMOCTOAHHLIC BEJIHUHMIILI MOKIO RIECTH B KOHCTAlITY PABHOBCCHS, KOTO-
past B IAHHOM Cilyuae Oy;1eT OTPEIEHSTLCH TONBKO NAPUHANLHBIMH JAABICHUAMU
ra3000Pa3HbIX YUACTHHKOB peakivin, Hanpumep. Ans peakuin JHccoUHalinm
KapOoHa1a KalLLKH. HPOTCKAILENO 110 YPABHEHHIO

CaO(18) + CO-»(ra3) = CaCO3(18), (4.37)
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KOHCTAaHTa PAaBHOBCCHA, BbIPMXKEHHAsSL HEPE3 HAPUHAJILHBLIE JaBNCHH, 3atlnUIeT-
CH TaK:

K =2k6¥%s. (4.38)

7Ca0P €O,

Ho rak kax CaCOy 1 CaO HaXous11Cs1 B KOHIEHCHPOBAHHOM COCTOAHHIH, TO HX
NapLHATLHBIC JIABACHHA NOCTOAHHBI i HX MOKHO BHECTH B KOHCTAHTY PaBHO-
BECHSI, KOTOpasl MPHOOpETET HHOE YUCIOBOE 3HAYEHHUE, a NpH PUKCHPOBAHHON
TeMmnepaType 0yeT ocTaraThea nocToAnHoH, Torna

Kp=KpL8O =) . (4.39)

{1 Cal 0y
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AJIEMEHTBLI CTATUCTUUYECKOM
TEPMOAUHAMUKHU U MOJIEKYJISIPHBIE
JABUKEHUS

B npeabiaywdX pazjiefiax Mbl paccMaTpHBalid CUCTEMBI, HE WHTEPECYACH
HX BHYTpeHHell CrpyKTYpOH, 1 HCIO0/IB30BAIH MOHATHA H (PH3MYECKHE BEAHH-
HBI, OTHOCAIIMECS K CHCTCMe R LienoM. Hanpuyep. MOAeNb HiCanbHOro rasa
NOJIHOCTHIO XAPAKTEPH3YETCS B COCTOSHUN PABHOBECHSA TAKHMH NapaMeTpami,
Kak JamicHHE, TeMneparypa, o0beM, CRA3ZHM MEALY THMH BCAHUHHAMMH 1 HX
H3MEHEHUAMH Oa3UPYHOTCA HA HEKOTOPLIX OOILMX [I0JIOAKECHHAX, HAIIPHMEP HA
3aKOHE COXPAHelHs IHEPTHH, Takoi MeTOA MCCNESAOBAHHS NOBEICHUS CUCTEMbI
HA3BIBACTCH TEPMOIHHAMHIECKHM M 1103BOISET H3yUualh sBiedHe 0e3 IHaHus
€TO BIYTPEHHETO MeXall3Ma, YCTallORHTL Xe CYThb ABCIHHSA, NOHATh CBAh NO-
BC/IEHHA CHCTEMbI B LIENOM C TNOBEAENUEM H CBOHCTBAMU OTAENbHBIX YACTHL U
NOJCHCTEM OH HE MOXET.

Jas 3(pPexTHBHOTO pelleHns TOH HaK MHOH HAyuHOI 3a1a4n wenaTeLHO
ObW10 OBl paccMOTPEIIHE AHHAMHUECKHX CROHCTR OTIENhHAIX HACTHLL CHCTEMbI
€ YYETOM HX XapaKTEePHBIX OCODEHHOCTEH. 1OCKOIBKY 110JI0KCHHE H CKOPOCTD
BCEX TACTHL B 000 MOMEHT BPeMEHH JaI0T NONINY IO H JIeTATbHYIO HH(pOpPMa-
LHIO O CHCTeME BCeX uactul. OHaKo >1a HHPOPMaLHA 1PEBOCXOANT BO3MOK-
HOCTH JNOObIX TEXHHUECKHX CPEJICTR, 1€ TOBOPA Y/KE O HEOCYILECTBUMOCTH ¢e
obpaboTku. B camom sene. B | cv? posiayxa comepwarca 2.7 - [0 monekyn.
ITO O3HAYALT, YTO JAKE [UIA 3ANHCH NOJIOAEHHE N CKOPOCTEH BCEX MOJEKYN
norpedosanock dul 6 x 2, 7+ 10™ uncen. Eciu On1 1EKOTOPOE YCTPOHCTBO (K-
CHPOBANO MX CO CKOPOCTLIO | MIMH. B ceKYHIY. TO rotpeboBaoct Obl Mt HUX
sanmen 6+ 2.7 - 10" ¢ & 6 san, get. Ho B Tevenne | ¢ kawaas Monekysa He-
NBITBIBAST 1TPUMEPHO 10Y cToNKHOBEHMIT, 1 ecil x0T Obl y 0AHOH MONEKYIIbI
W3MEHHTB Hampasneline CKOPOCTH, Toepes 17 - 1077 ¢ uInMeHUTCs HanpasneHue
CROpOCTEH ¥ 21 IAPYI'HX MONEKYN, UTO B CBOK) OUEPEIb LIPHBEIET K HIMEHEHHIO
CKOPOCTEIT M NOAOKEHHIT BCCX MOTEKY. ITOT MPHMEP MOKA3KIBACT, UTO Takas Ppop-
Ma HHGOPMaLMK HELIPHIOLHA 11 OlLIHCAHMA 1LOBCACHHUS BCEH CHCTEMbL B LIGJIOM.

Takum 00pa3on, /LS H3YUCHHA CHCTEMbl MHOTHX YaCTHL MH(OPVALIKS A0JK-
Ha HMETb 00OOLIEHHBIA Xapaklep W OTHOCHTBCS HE K OTASHbHOM vacTHle, a
K COBOKYNHOCTH 00AbNIOTO wicaa uacThil. Horas (opya nHpopmatiim Tpe-
OyeT W MHOrO MyTM (MEeTOJa) PacCMOTPCHMA. DTOT METOJ Ha3bIBACICA Cila-
mMuCeckiy. 3aKoHLE TIOREICHHA COBOKY MIOCTH DOMBIIOr0 YHCAA HYACTHIL,
HCCIIEAYEMBIE CTATHCTHUECKHMH METOJIAMH. Ha3blBAKYTCA CTATHCTHUECKHMH
3aKOHOMEPHOCTAMH, pa3padaTuiRaeMbIMH B Kypcax CTaTHCTHUECKOH (DH3HMKH,
CTarHCTHUECCKON MeXaHHKH. CTarHCTHIECKYD QHIHKY, HM3YUAOLWYIO (U3HKY
TennoBbIxX sisieluit (thermal physics). wacto Ha3zLIBAIOT CraTHCIHUECKOIT TEp-
MOAHHAMMKOH, XOTA B TCPMHIL TEPMOAHHAMHKE, KAK YiKe OLUTO NOKA3dII0 BbILIE,
BJIOAEH COBCEM jIPYTOH CMBICIL.
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5.1. BeposiTHOCThL H YHTPOINHS

B Hayke u npakTHKe, KOTda HeCneIyeTes DObIIoe pazHooOpa3Ke cryuaiiHbix
COORITHIL. 00wWKiT pe3ynLTar Beeraa QOPMYITHPYETCA B OJIHOM H TOM &€ RHAC:
NPOH3OLIIO TO HITH HHOE COBbITHE Wil He 1porsowwio. [MpeackazaHue AThx cily-
YaifHbIX COOBITHIT OCYLUECTBIAETCA C MOMOLUBLEKO HAXOXKIEHHS KOTHUCCTREHHOMH
XapaKTepHCTHKH — BEPOATHOCTH.

BepoaTHOCTL [HO0OTO  MAKPOCOCTOSIHHA  OCYLICCTBIACTCA MOCPEICTROM
B0NTbLIOrO YKCHIa MUKPOCOCTOAHHA. ECiM H3BECTHBI MPU3HAKH, KOTOPLIMH Xa-
PAKTEPH3YSTCA AaHHOE MAKPOCOCTOAHHE. TO MOXHO, B [IPHHUMIIE. NEPEUHCIHTL
BCE MMKPOCOCTOSIHUA W NOJCUNTATh HX 4HCno. Yrueno MukpococToannii I Ha-
3BIBACTCS IHCPUOOUITAMUNCCROT GEPOANTHOCHTBIO JAHHOTO MaKpOCOCTOAHUA. DTO
UHCAO B MATEMATHUYECKOM CMBICIE HE €CTL BEPOATHOCTh (MOCKOMLKY MaTeMaTH-
HeCKas BEPOSTHOCTL BCETIA MEHBLIE €THHHUbI, & [ 0ueiib 00JIbLIOE YHCIIO), HO
C €ro MOMOLLLK MOATIO HAHTH BEPOSITHOCThL COOTRETCTRYIOLLETO MUKPOCOCTOS-
HHA CHCTEMDI (B CBSI3W € DTUM OHO W MOJNYUWIO Ha3BaHHE BEPOATHOCTH).

Ecnu mbicnento pazdouts modoil o0bey. nanpumep Weabloro rasa. Ha ¢
AYECK, B KakUO0H M3 KOTOPBIN Haxoautes pasioe uucno Ny, No, ... N; ua-
CTHL, TO TEPMOAMHAMMUECKAA BEPOSTHOCTb YMUCIA MHKPOCOCTOSSHHI CUCTEMBI
OnpeAeIINETCsH

N

e (5.1)
NUINo!. N
roe N — oluee uncao yacTuil B cHereme, Ny Ny, ... . N — uHCi10 vacTuig
B Kaa 10 suelke 1, 2, ... , i ’Toro oobema.

OmHUM 13 rIABHLIX CBOHCTB TEPMOJIHHAMHYUCCKOH BEPOATHOCTH ARNACTCA
TO, YTO 1IPH CTPEMIUCHHH CHCTEMbI K PABHOBECHIO TEPMOIHHAMHUECKAsH BEPOsIT-
HOCTb YBEJHMHBACTCS, UTO M NOCHYKHIO OCHOBAHNEM BOJILLUMAHY CBA3AThL ce
C IHTPONKET] CHCTEMbI B LIJIOM. JIpy1oe BaKHOE CBOHCTBO BEPOATHOCTH — €¢
MYJIBTUTIIHKATHRHOCT L, T. ¢. BCPOATHOCTL BCEIT CHCTEMbBI MIPEACTARASETCS NPO-
u3BeIeHeM BepositHoctel ee noacuctem (7= 17y ... ). Tlockonbky I 00bItHO
oueHb BRJIUKA, YA100Hee padoTaTh ¢ MEHBILIIIMI YACTAMH, MO3TOMY BBOIUTCs HO-
Bast (pyHKLMUA S, onpese/siemasl Kak HavpaabHblil norapu(y repMoaHHasHye-
CKOIT BEPOATHOCTH, ¥YMIIOKEHHBIH 112 HEKOTOPbIH NPOH3ROILHBLIH KO3BdHLmHenT
NPONOPLUHOHAILHOCTH £ (CMbICIT 3TOT0 K03 driHEHTa OY/ICT DPUBENEH HIKE):

S=knl (5.2)

ITta QyHking, kak ObUIO NoKa3zaHo paree (CM.(2.8)). Ha3bIBACTCSA YHTPOTMIH-
eil. DTo ompeaciieHHe MOPaKAET cBoeii NpOCTOTOR: IHTPOLIHS CCTh JIOTapH(M
YHCAA IOMNYCTHMBIX COCTOAHME CHETEMDBI. JIONYCTHMBIM COCTOAHHEM CUHTAETCA
TAKOE COCTOSHHE. DHEPIMA KOTOPOI'O ACHHT B NPEACIAX BOIMOKHOIO HIMEHE-
HHS SHEPTHUH CHCTEMBI, @ 9HCITO YACTHLL B AAITHOM COCTOAHHH JIOMKHO PaBIATLCS
UHCIY HACTHIL XapPaKTepH3yloeMy cHeresy. [Hanpuvep. coctoarus, npu koTo-
pbIX SiOs MMeetr KPHCTAUTHYUECKYI0 (JOPMY. HEAOMYCTHMB! MPH HH3KHX TeMIe-
paTypax, ecid Blavaiae ol MMed CTeKA000pasiylo (hopMy; Takoe BEIECTBO HE
NIPEBPATHICS [IPH HHIKHN TEMMEPATYPAX B KBAPLL B 1€USHHE BCCH HALUCH Y H3HM.
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Takum 00pa3zoM. JAOMYCTHMbBIMH COCTOSHHAMH MOXKHO CUMTATh TAKHE COCTOSIHNA,
€CJ1H OHH HE HCKITIQUAIOTCA HU CAMUM OTIPEICSIEHHEM CUCTEMbL, HH BbIOPAHHBIM
BPEMEHHbIM MacLiTabom.

M3 (5.2) caeayeT, uTo UeM OOMLLIC HHMCAO AONYCTHMLIX COCTOSIHIT B ali-
HOH cHetTeme. Tem Oofiblie ee IHTpornHd. Handoubllee MHCAO A0HYCTHMBIX CO-
CTOSIHNH MOICHO HAOMOAATb TOJLKO B CUCTEMAX, HAXOMSILMXCS B PABHOBCCHL;
JHAUKT, B PABHOBECHHM IHTPONHA MakcHManbHa, opmyna (5.2) umeeT QyHaa-
MENTANRIOE 3NAUSHHE, NMOCKONLKY NO3BONACT OMNPEACTHUTL TPONUIO M3 Adli-
HbIX O MHUKPOCKOITHUECKHX COCTOSIHHSAX cucTembl. Eciin cuctema m3onuposaHa
M HaXOAHTCH B PABHOBECHH, TO OCHOBHBIC CTATHCTHYECKHE MOCTYIATbI 1103BO-
JSNOT BLIYHCIWTE BEPOATHOCTL COCTOANIMSA CHCTEMBI C NOMOLLLIO COOTHOLIEHUS
(5.1) n pewinThb 3aa4y PEANH3ALMH PABIHYHBIX CHTYALHH. B uactnocru, MoKHO
BBIYMCJIHTB CTATUCTHYCCKHE (DIYKTYallUA, BOZHUKAOUME B JIFOOOM PABHOBCC-
HOM cOCTOAHHH. TTocKoJIbKY 7~ eCTb (OYHKLHA COCTOSIHUSL, TO H IHTPOLINA CTh
(PYHKLMS COCTOSHMS.

Ternepsb noxaskem cabic KOYPPHUHEHTA b, BBEAEHHOTO HAMH NPOU3BOJILHO.
Ilpu paciimpeliny waeaiLHoro rasa npu noctosannoii remneparype (1° = const)
oT 00bema /1 10 o0bera ¢ (1€ 71 — YHEAO MHKPOOOLEMOB (HeeK), Ha KO-
TOPbIE PAa3OUT JAHHBIH 0GBEM 1:) M3MCIEHHE IHTPOIIHH MOAKNO 3amicarh B BHIS
(cwm. (2.88))

AS=Rlnv—Rlnl=Rlnn. (5.3)
n

OMHOBPEMEHHO W3 OMPEAENCHHS TEPMOAHIAMHUECCKOH BEPOATHOCTH
AS=kInls —kInln =kinly, (5.4)

(ECJH NPHHATL, UTO CHaualla BECh a3 HAXOUMTCA B 0ObeMe /1. T.€. B ONHOH
aueiike. ni1a kotopoit /7 = 1 w Inl = 0). [lpeacTaBum, uTO BCe AUCHKH
ONIMHAKOBbI MO CBOEMY OObLEMY, TOrTA

N! Nt

= . (5.5)
NiINa! N [N/

70, oueBHI0, ByAeT paBHOMEPHOE (paBHOBECHOE) pacnpeneneHue. Torna
AS=kInly = kInlmux = kla N — knln [(N/n)!]. (5.6)

Yr1o0bl 0cBOOOANTLCA OT (PAKTOPHAIOB, HCIIONb3yeM npHAnuxeHie CTup-
nytira

InN!'=NIhN — N, (5.7
l\'OTOl)O(’) ACIKO AOKA3bIBACTCS, HEXOAA H3 PABCHCTBA

N
InN!'=Inl+n2+...+lnN = In NAN, (5.8)
N=1
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(rne AN = 1; nockosibky npu dosblwnx N BenndHHy AN MOKHO CHHTATh
MAITOH. TO CYMMUPOBaHNE 3aMeHseTes nHrerpuposanies In N & [In NdN =
= NIn N — N, B pesynbrare nonyyaem popmyny (5.7))

Tenepr noaokum, uto N = Na(Na — uncio Aporaapo). Toraa (5.6)
3ALHLWETCS B BHAC

AS =kNpIn Ny — K \\—/n;\ln——i-/snj\\ =

n n n

= kN, (hl N — T ﬁ) — ENaslnn. (5.9)
n

Conocrasnssi ¢ (3.3) Buanm, 1o ANy = Rk = ky = B/Ny = 1,38 x
% 1072 JlaeK (nocroannas Bonbumvana).
Paccmorpun paciipesieneHue 4acTul, COCTaBNSIOINX JAaHHYIO CUCTEMY, MO
anepruas (pacnpeneneHue boasumana). [Myctn
N1 wactiu odnasalor nepruei £,

Ny vactuu 0dnanaloT eprueil oo,

N vacruu odulanaror aHeprueii ¢;.
Jta W30HpOBAHHON CHCTCMbE
N=N+Ny+...+N=)Y N =const. (5.10)
[TonHasi PHCPrHA CHCTCMBbI
U=Nig  +Nogo+ ...+ lt_l—Z\ =; = const. (5.11)

PapiorecHio B cHeTeMe OTBEUACT MAKCHMYM [~ W S (nmockonbky S =
=kiInl), T e.
ds = E dS; = 0. (5.12)

Hcnonbsysd (5.2), upudauaenne Crupindra 1 (5.10), sauninem

S = kn Inl= ]\']R In ]\'Y,\! — k’,“ Z In \,’ = A'H]\'YA In ;’V/\ — k’B Z ]\r,' In ]\2‘./
(5.13)

KOTOpOE, BAPLUPYS 110 (LN, | MPHBEACT K BLIPAKEHUIO!
dS = —kp E (In N; + 1)dN; = 0. (5.14)
[Tpenedperas eunuieii va gouc I N, | OXOHUATEALHO MONYUUM, HTO

—db—Zln\d\,_O (5.15)
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[TocKkoNbKY B CHCTEME HMEETCs XOTs Obl JIBE MEPEMEHHBIE, KOTOPLIC HE 5IB-
JIAKTCA HE3ABHCHUMbBIMH TNEPEMEHHBIMH ( U3 NOJTHOTO UHCIa ;\71,1 YAaCTHLL OOHA
SIBJIETCS 3aBUCSLIEH OT OCTAlIbHbIX, TOUHO TAK K€, KAK M €€ IHEPrHs €), N03ITO-
MY LTS ONPEAENEHIS PACCMOTPEHHS YHCTA HaCTHIL MO YHEPTHAM BOCNOALIYEMCH
MuoITensMH Jlarpapia, yMHOKNE COOTBETCTBeHHO » . #,dN; na 3, a Y dN;
Ha A 1 npocyvmipyem c (5.15):

> (I N; + A+ 32;)dN; = 0, (5.16)

rac 3 1 A — NMPOM3BOMbHbIE MHOXHTEINH, /15 OTbICKAH K KOTOPbIX HEOOXOAHMO
BOCMOJIb30BATLCA CHCTEMOI ypasHeHHH

InN, + A+ 8z =0,
In No + XA+ 320 =0,

InN; + A+ 32, = 0.

[Tpu cyMMUPOBAIH STHX YPaBICHUI OCTalYTCA JIHLIL CIATAEMbIC, COAED-
Aallie He3aBHCHMbIE nepeneHHbie N; 1 g, T. €.

InN; + A+ Bg; = 0. (5.17)
Wnn, nocne notenudpoRaHus,
My ="a— % "L (5.18)

Hockoabky Ny = > N, uU =3 Nigi. 10

= 4 - N,
Ny=e>) o7 5 e = _—L_. (5.19)
pr‘i:",
M oxomtarenHO onyuaeM 3akon pacnpeaejenns bo.ibumana:
N, _ 3 Na _3e,
Ny= 8 emde = Dhe=fs (5.20)
Stemo Q

OIHChIBAMO LKA PACHpPeseIe HHE LPOCTPAHCTBEHHON KOHUCH T PALHH HACTHL B 3a-
BHCHMOCTH OT HX MOTCHUNANLHON IHSPTHMU. ‘

B 3akoHe pacnpeieneans bonsumana (5.20) COMHOKMTENL ¢ % HasbIBAET-
ca harniopoy Boaoymana, a see pacnpeenchne (5.20) 1'wdbe nazpan rkanoni-
weeruv pacnpedetenuest. Cymva 60buManoBeKknX GakTopos () = e~ 7
npocTo (), pacnpocTpalieiHas Ha BCE COCTOSIIMS HACTHLbI (MOCTYNATENLIE,
BpaLL e 1bHOE, KOJIEOATEIIbII0€ COCTOAHUA, LICKTPOHNBIC NEPEXOab] M T. 1. ) Ha-
3LIBACTCA CIRAHRUCIUYCCRON (jf\l.ll()[l i (’)".\I.H()ZAI 1o cocimosinusy. Tlo CBOCMY
CMLIC.1y Olld NPEACTABASET COOO0H 1IEKOTOPYI) HOPMHPOBOUYHYIO TIOCTOSAHHYIO
L18 JIaHHO CUCTEMbL.
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Cpe.1Hss BEeIMMMHA BHY TPEHHEH IHEPIiM CHCTEMbI. BbIPAKEHHAS Yepes cTa-

THCTHYECKYHO CYMMY
T = Ny — 3
U= Nisj = —= Bt 1 521
2% R (521)

Jng BLIUHCICHNS SHTpoIHK roacTaBuM B opmyny (5.13) pacnpeneicHue
Bonbumana (5.20). B pesynbrare 8yneM umers

S = kalVi 1oV, — ki Z N;InN; =

= kpNaln Ny — kg Z %(%_’@51 In (L’v’\-e_"%l) =

(@]

¢

= ; e T h J—Heq e = =y iy & i—
= kuNaln Ny = ko Se (mm Mo BZ)

= kg NalnQ+ ksl —Rlu()—i——. (5:22)

Bneey = Ny Y &3 = % Npay.

Ecim B3are mpoussoauyto or (5.22) no d3. 1o noilyuum cleayrolee Bhbi-
paxeiine. MO3BONIAOLLEE OMPEACUTE 3HAYCHHE 1TEOTPEACTCHHOTO MHOKHTENA
Narpawuca 3:

db k Na d i dl
it L K, W f(— = kg3 —
a8 Q dB s a3 (5.23)
wan  dS = kgddU,
dq) 4 3 1C) RU
TAK KAK — = — > g;€ 357’,aU——— g7 (—':—Q—,
Q d8 Ny

TTocko:IbKY NO BTOPOMY 3aKOHY TEPMOJTHHAMHKKM B H30TEPMIIECKHN YCII0-
Busx dS = dL/I TO, COfIOCTaBNSAA 3TO BbIpaxeHue ¢ (5.23), moydaeM, yTo
8 =1/kpT.

Tenepb MOXKHO 3aNUCATH MOJIYIEHHbIE PAHEE BbIPAKEHUS HEPE3 HIMEPACMbIE
mapameTphl:

CYMMa 10 COC TOAHUAM

Q=) e =/tT, (5.24)
pacnipeneaenune boabnvana
N, = ?7" LT (5.25)
BHY IPEHHSAS YHCPTUSA
U— i\r\ Ze e/ kT (5.26)

OTMETHM. UTO BHIPAKEHU (5.24)7(5.26) HE ABASIOTCA OKOHUATCTbHBIMH.
Jle710 B TOM, YTO CHCTEMa MOMKET COCTOATL H3 OECKOHEHHO O0JbLWIOro HHC.1a
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HACTHILL, KaiK10€ CTaUMOHAPHOE COCTOSHHE KOTOPBIX O0IA1AET ONpeacIeHHOI
oneprueil. OJIHAKO MOXKET OKa3aThCA TaK. YTO OAMHAKOBYIO WM MOUTH OAH-
HAKOBYIO DHEPI'HIO HMEKYI HECKO:IBKO COCTOsHUIA. B 3ToM cily'uae rosopsar o
autpodicdenuy (MI0T/a Ha3hIRAIOT: «KPATHOCTL BhlPOAIEHHA» ) DHCPreTHUECKO-
10 YPOBHA AAHHOIO COCTOsIHMS (g). Hamphmep, ecan nacriila uMeer Cnie s,
TO MPOCKIHA CMHIIA HA HEKOTOPOC HAMPABICIHC B MPOCTPAIICTBE MOKET HMETh
25 -+ 1 pasHbIX 3HaueHu#t (—s, —s + 1, ..., s — 1, ) — B eannmuax h/2r.
Botom enyuac g = 25 + 1.

C y4erom BLIPOKICHHOCTH pacnpeaencHue boabiumaHa OyaeT UMerb BUJ

- iV_/\ s T
Ny = ——gje7itnd 5.27
0 & (5.27)
a cymma Mo COCTOSAHUAM
Q=) ge /e, (5.28)

5.2. CyMma 1o cocTossHHAM H TepMojiHHaMudecikHe GyHKuHu

Hcropuueckt 3aKOHbI TEPMOAHHAMHKKN ObliH BBEIACHbI KaK YHCTO MAakpo-
CKOTTMUECCKHE TTOCTYNaThl 3A/0NI0 10 TOABTEHHA ATOMHON TCOPHH BEIUECTBA.
TTOJIHOCTBLIO MAKPOCKOMHIECKOE PACCMOTPEHHE I THX 34KOHOB NPHBOMT K O0.1b-
LIOMY UHCIY CNEACTBHI. COCTARNAKIUMX CYTh KJIaCCHUCCKOH TEPMOAHHAMHKH.
OJIHAKO TCTIEPh, HE MEHAR OOLHOCTH MAKPOCKOIHIECKOIO COAEPARAHHA TEPMO-
JIMHAMMKH, €€ MOMKHO CYILECTBEHHO PACLIHPHTL. BIJIHOUHB B HEC CTATHCTHYE-
CKHE COOTHOLIEIHA, PasyMeeTCs. UTO CTENEHbL HALLETO MOHHMAHHA 1 BO3MOIKIIO-
CTH NPEACKA3AHHH MOBEACHUSA TEX UITH MHBIX CHCTEM CYLIECTBEHHO BO3PACTYT,
€CIM Mbl COCAHIHM CTATHCTHUECKHH MOAXO1 ¢ 3HAHHEM MHKPOCKOTIHUECCKIX
CBOHCTB droMO8 W Moleky:l. Takol MoAXoa coCTasaser Cy b CTATHCTHYECKOH
TepMOAHHAMHKH.

OCHOBHbBIE CTATHCTHUECKHE COOTHOLIEHHS HEOOXOAHMO CBH3ATH € ICPMOIH-
HaMHUECKHMK (DY HKIHAMH LTS TOTO, MTOOL! HANOAHHTE HX MHKPOCKOTIHUECKUM
colepIKaHeM.

[TodacraBum 3HANEHHE DHTPONUU U3 Gopmynbl (5.22), NPeABAPHTEILHO Bbl-
pasus 4 = 1/k3T. B Bolpwkenne ams Pynkinun Fensmroasna FF = U = T'S
(cm. popmy:ty (2.28)). B pesyiibrare 101y 4um

F:U—T(Ran—k%) = _RTQ, (5.29)

(3aecn yureno, uto kp Ny = ). Jluddepenumpys (5.29) no T, momy4uum cle-
IYFOLUMI pe3ybTaT:

("") :—R]n(.j—]?’/“(an—) . (5.30)
aT/ v ar 1%
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O6vennnas (5.29) ¢ (5.30), moiayunm popmyay CBi3H BHY TPEHHEN IHCPruu
U IHTASILITHH CHCTEMbL C CYMMOH 11O COCTOSHHAM

U=F+TS=RT (%Q) , (5.31)
[e44 V

H=U+ PV =RT? (QIHQ)\/ +RT((7[HQ)TV _

BY. oV
— RT? ((9]11@) +RT((?1HQ) . (532)
o RVARY dlnVv /71
MOCKObKY
- ("’F) —P=RT (@“Q) . (5.33)
ov/T ov /T

DyHkuus [MG0ca, BRIpakeas uepes CTaTHCTHUSCKYIO CyMMY (CTaTcyMmy)
OyneT UMeTL BUA,

G=F{DPV= —RTannLRT((’ll"Q) . (5.34)
amv/r
YP'ABHCHH@ A1 TCIDIOCMKOCT H 3arfme1csa rak.
Cr = (0(/') RT(dan) L RT? ((‘)2111()) (5.35)
! RTIAY or /v o2 Iy '
( 5 2
C’pZ(ﬂ) —CV+R—7RT<‘””0) +[)’T-<) | Q) R
o1/ p ar v 12 v
(5.36)

M, HaKOHe L, [OICTAB s BhIPAKECHHE A8 BHY TPEHHEN dDHeprHK 13 opMyTsl
(5.31) B BRIpakecHHE 115 IHTpONKK (5.22), NOAYYHM COOTHOLUEHHE CTATCYMMb
C JHTPOMHEH CHCTEMBI:

5= ]?111()+1?T(m)nl(‘2) . (5.37)
¢ V

JUst pacuera CrarHCTHYCCKON cyMMbl () TpedyeTes 3HaTh HHEpreTHHecKkui
CTMIEKTP MOACKY.1bI (T. €. YPOBHH IHEPTHH £;) ¥ CTENCHDb BhIPOKICHHA ;. Brige-
JIMB HE3ABUCHMbIE COCTABISIOIUME IHEPTHH MONIEKY b, MOKEM CTATHCTUYECKYIO
CYMMY Pa3OHTh Ha MPOM3BECAEHHNE CTATHCTHUCCKIX CYMM, CBA3AINIBIX C PA3IHU-
HbIMH BHAAMH JBHKEeHHS. CTPOro MOMHO NPOBECTH pazie/IeHie

€ = €0+ Enoer T Sunyp: (538)

e &g — HyJeRasd DHEPTHA (')nepruﬂ MOJICKYNILL B HAHMHHW3LLIENM DHEPTETHYC-
CKOM COC I'O}IHHH); Egoer — DHEPTUA NOCTYNATEILHOIO ABHKEHHA UCHTPA MACC]
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Canyip = Sepawt T Swoa F 0 — IHEPTHA BHYTPEHHHX BUIOB ABIGKEHHS. BKIIOUA-
1olas B ceds BpallaTeIbHYIO YHEPTHIO MOJCKYL KK UEI0r0, KonedaTenbHYIO
YHEPTHIO ATOMOB, COCTABIIAIOLINX JAHHYIO MOJIEKYTY, H DHEPTHIO WIEKTPOHHbIX
TIEPEXO/TOR.

3dMETHM, HTO €CIIH DHEPTHH NOCTYNATEIBHOIO ABMKEHHA Zpoer M Spuyrp
CTPOTO HE3ARHCHMbI, TO DNCKTPOHHBIE, KOJCOATENbIIbIC H BpallaTe biibi¢ BRIALb!
MOTYT pACCMATPHBATLCA KAK HE3ABHCHMbIC TONBLKO MPHOJHACHHO.

YuureiBas Beipivkeiie (5.38), CTATHCTHUCCKYIO CYMMY MONCKYJ/Ibl NPEICcTa-
BUM B BUIIE

(2 - ((' -.“/L:HT) (21|nc1an[);llll(Jr(«\_l(J)ﬂ' (539)

Takus 00pazoM. 1% BhINHCICHHA TEPMOAHHAMHYECKHX (BYHKUHI HeodXo-
JIMMO 3HATh CTATHCTUUYECKYIO CYMMY KaXAOr0 U3 BHAOB JIBHIKEHMsL € YHETOM
KPATHOCTH BLIPOAICIIHA.

5.3. Mouaeky.11pHble ABHKEHHS

Moaekyjia MPECTABIACT COO0H JAMHANHYUHYIO CHCTEMY. COCTOSLLYIO H3 ATO-
MOB, KOTOPbIE COEAMHEHbI B OHO LEJIOE CHIIaMM, OOYCIOBICHHBIMH AICKTPOH-
HBIM B3aHMOJICHCTRHEN KRAIITOBOTO XapakTepa, B oTnnuue oT atoma B MOJEKY-
JIe UMEETCS TPH BHIA JIBHIKCHHH: WICKTPOHHOE (ABHXECHHE HIEKTPOHORB BOKPY T
SIIIEP aTOMOB), koaedaTe/ibHOE (ABHAKCHHUE SAEP OKOJIO UX MONOKEHHA PABIIOBE-
CHSI) 1 BpalUdTe.IbHOE (BpalleHUe MOJIEKYSIbl KaK LieJoro B npocrpauncrse). Kak
yile ObIIIO OTMEUEHO, B A0CTATOTHO CTPOTOM NPHOTHIKEHHH JHEPIHSI MOIEKY b
NPEACTaBISET COOOH CYMMY BCEX YKU3uHHbIX ABHIKEIIHHA. [[pH DTOM BaxHO OT-
METHTB, YTO SHEPIHK ITHX BHIOB ABLKCHUS HMEKYT Pa3HLLIi MOPSLIOK BETHYHH,
a UMCHHO:

Ena P Spoa 2 Supant - (540)

ComIacHO KBAITORBIM MPEACTABICITHAM MOMEKYTA MOIKET HAXOJHTHCA NHILbL
B ONPEAENEHHBIX JHEPTeTHYECKHX COCTOFHHUAX. C XOPOLLIEH cTeneHbo NpudIu-
HKCHHA MOKHO KRAMTORATH CNIEPBA WICKTPOIIHYIO JHCPTHIO, 3aTEM [IPH 3a4aHHO
3NEKTPOHHON DHEPI'HK DHEPTHIO KOAeOATEILHOTO COCTOSHHA W, HAKOHEU, Bpa-
WATENbHYO JHEPTHIO TIPH 3AIAHHBIX Sy, Sy B (Poparyie (5.40) kaxablil uieH
NIPHHUMACT OMNPEACIIEHHbIE SHAUCHHS, MOITOMY TMOJIHAS YHEPIHSl MOIEKYIIbl TaK-
JKE HMEET COBEPLICHHO ONPEACTEHHLIC 3HAUCHHA, COOTRETCTBYIOLLHE Pa3iiy-
HbIM /€KTPOHHO-KOIe0aTENbHO-BPALLATENbHbIM COCTOSIHMSM. B pesynbrare Mbl
NOJYUAEM COBOKYITHOC T Ad1EKO PACNOIOKEHHLIX HIEKTPOHHLIX YPOBHE (pas-
JHUHBIE SHAUCHHA £, ), Do GIH3KO PACTIOIOKEHHBIX KOjleOUTe bHBIX YPOBHEI
(pasiiMuHble 3HAYEHUS Ey,y), MPHMBLIKAIOLIHX K KaiKAOMY MIEKTPOHHOMY YpPOB-
HIO, W eine 0ojlee QIHBKO PAcTIONOKEIIILIN BPALLATELHLIX YPORHEI (pazinunnie
SHAUCHHI £y )« TTPUMbBIKAIOLLMX K KAKIA0MY KO:1€GaTeIIbHOMY YPOBHIO.

Takun 00pa3oM. OCHOBIILIM MPHW3HAKOM, MO3BOMAIONMM OTIHUATL OIHO
KBAHTOBOE COCTOAHHE MOIEKY.bl OT APYTOro, ABJAETCA €10 YHepreTHYeCcKas
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XapakrepHCTHKa, orpeseasemas Kak CrpyKTYPHbIMH 0COOEHHOCTHMM HACTHLbI,
TaK W MEKUACTHYHBIMH B3aHMOACHCTBHAMK, OCTABAAS B CTOPOHE CTPYKTYPHbIC
0COOEHHOCTH 1actill, 00PATHM BHUMAHKHE HA NPUUKUHY BO3HHKHOBECHMS MEKUa-
CTHYHbIX B3AHMOCHCTBHH.

[pn cpaBHHTEIBHO HEOOMLILHX PACCTOAHMAX MEH1Y HacTHUaMH (aroma-
MH, MOJNIEKVJIaMH) JCHCTRYIOT CHIbI MPUTSHKCHHA W OTTATKHBAHNA, Ha3hiBae-
Mble cruiavi Ban-dep-Baarpca. DTH CUAbl BOBHHKAKYT BCACACTBHE TOTO, 4YTO
JIKC B HEHTpaNbHOM aToME BCAECTRHE JBMIKEHHA DIEKTPOHOB LIENTP HX 00-
LUETO OTPHLUATEILHOIO 3dPAAA HE COBIMTAAALT ¢ LEHTPOM HOIOKHTEILHOI0 3apaa
agpa. B pesyasrarte 2TOro BOIHHKAIOT CMEUIEHHA 3THX 3apsI0B OTHOCHTENLHO
JIPYT pyra W uacTHila. BHauale HelrTpaihiag B DICKTPHUCCKOM OTHOLLCIIMH,
npespamaeTes Ha HEKOTOPoe BpeMs B AHNOIL (1111016 — COBOKYIHOCT L PA3HO-
HMEHHRIX. HO O/UTHAKORKIX MO aDCOMOTHOH BEMUHHE 3aPA,10R. PAaCTONIOXKEHHBIX
Hd HEKOTOPOM PacCTOAHHW APYT OT Apyra). YT0T MIHOBEHHLIH JHN:Ib co3ia-
€T BOKpYT celd dnekTpoMarduTHoe nodie. Biaumonaelicteue nonell AByxX (MM
00J1e€) COCCAHMN ANNMOIICH NPHBOAWT K MPUTHKEHUIO WIH OTTANKUBAHMIO B 3a-
BHCHMOCTH OT B3AHMHOTO pacriofo:xke s 3rux unosieii. CHiitbl, OTRETCTREHHbIC
34 TAKNE ABHXKCHHSA, HA3ZDLIBAKYICH ()[)II(.’IIIH(II{II()IIII()—()lII'I().IhIIhI.\III.

TTOCKONBKY SNMEKTPOHBLI BPALIAKOTCA BOKPYT AAPA HENPEPbIBHO, TO MOXET
BO3HHKMYI'b TAKag CHTYaUMa, Kolla LEHTP THKECTH pPasMa3aHHOro no ciepe
aTOMa AIEKTPHUECKOTO 3apsi;1a 2. IEKTPOHOB COBNAACT € LEHTPOM MTO.TOKHTE Th-
HOI'0 3apana arova. B 3Tom chyuae aToM CTAHOBHTCS NOJIHOCTBIO Hellpa:ibHbIM,
HO HAXOIALUHACA B JaHHLIH MOMEHT BPEMEHH COCEAHHIH aTOM CBOHM DIICKTPHIE-
CKHM TNI0OEM JMII0AS MOKET BhIIBATH CMEIIEHHE Y1CKTPOHHABIX 00.1aKOB MEPBOI0
HEHTPa.ILHOTO B YTOT MOMEHT aTOMa — MPOM30HAET CMCLUEHHE 3apsIoB (Noas-
pH3AILA) TEPROTO aToMa, Y HEro NOABMTCHA HABE/AEHHbBIH AHNOALHRIH MOMCHT.
TTpH >roM TIONIAPH30BAHHBIE HACTHLLI 00 1ANALOT 3apsiaaMKi PO THBOMOIOAHBIX
3HAKOB. Takue YaCTHilkl TPHTATHBAIOT JIPYI APYTa. "ITH CHABI HA3BIRAIOTCH Q-
uepcuonpiat. (Takoe Ha3BauHe 00y CIOBIHBACTCS TEM, T0 MOJIAPHIYEMOCTLIO
MOACKYJT 00bACIHASTCA TAKKE [IHCTEPCHS CBETA, T. C. H3MCIEHHE CKOPOCTH CRETA
W NOKA3ATENA NPENOMIAECHHUS CPEIbl B 3aBHCHMOCTH O1 YACTOTHI).

Ha manhsIx pacCTOAHNAX MEKY MOJICKY.1aMH I€ACTBYIOT CHIIbl OTTaJIKHMBA-
HHUA, UTO ABIAETCA OTPAKEHHEM TOTO (paKkTa, Y110 MOJIEKY.1a 3aHUMAET Ofpene-
JEIHYH 00JIACTb MPOCTPAHCTBA M MPENATCTRYET APY MMM MOJIEKYIAM NPOHHKATh
B OTY 007aCTb. DTH CHJbI MPOSBAAIOTCA B OYEHb MalbiX 0OnacTax mopsiika
Pa3sMEpPOB MOMEKY.IbI. XAPaKTep HIMEHEHHS! NOTEHLUHANLHOH JHEPIUHY B3dHMO-
JICHCTRHA MEIKLY MOJEKYNAMH NMPEACTARIAECTCA B BHAE HEPABHOOCHOI nepe-
BEPHYTOH NMapadoilbl. MHHUMYMY TOH 3aBMCUMOCTH OTBEUAET PaBHOBECHOE
MOJOAEIHE ABYX B3AHMOACHCTRYIOLMN YACTHIL, HAXOAALLNXCA HA HEKOTOPOM
PACCTOAHUM 7, COOTBETCTBYIOLUEM TOMY paBHOBecH0. Kakoi-11b0 yHuBep-
cannHol (Gopmyiet U(r), MPHIomHoll A8 onucanis BCeX MONEKYyN, He Cyiie-
crayer. Oobruno Qyrkuns U () annpokcumupyercs Gopmy:1oi siua

U(r) = 4sol(a/r)"? = (o /r)°] 41

N HazblBacTCa Aomenyuaion Jennapoa—ocornca. OH WMPOKO HCNOIL3YETCS
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B IeOpHH xuakoc el 1 razos. MoreHunan JleHHapna — JDKOHEA AB1seTCA ABYX-
YACTHYHBIM, T. €. MPEANOAracTcsa, UTO CHIbl BRaMMOACHACTBHA MEXKY ABYyMS
YACTHLAMH HE MEHAIOTCH B NPHCY TCTBHIH IPCTHCH YACTHEbI.

Cunbl Ban-aep-Baannca Mekay MosekynamMi NPHBOAAT K NOARICHHID HX
NOCTYNATEIBHLIX H BPAILATEAbHBIN ABMKEHHI, ITH 7Ke CHABI MEKTY aTOMAaMHU
AQIOH MOJCKYABI BO3OYIKAAKOT KOJACOATCABLHBIC [ARHIKCHHUS CBA3AINIILIX B MOJe-
Ky:l¢ aTOMOB.

5.4. TloctiynareibHoe /IBH/KEHIIE

JIA% NepHOINYECKOTO MOCTYIATENLHOTO ABMKCHHSA (THNA OPOYHOBCKOrO)
MOXHO BOCNOBL3IOBATHCA KBAHTOBO-MEXIAHHUECKHUMHU anﬂCTaBHEHMﬂMM U 3aMH-
careh ns O,TIHOI\ICPHOFO l‘IOCTyl'IE\Tt‘ﬂhHOrO NBIKECIIHUC yPaBHC”HC UJpc,’lHllrepu
B BUIE

h2 3%,

8n2m Az

+ E,th, = 0. (5.42)

Ero peurenuen oyner
1w, = Csin (Az + B), (5.43)

Ny

roe A = (n, = 1.2, ..., n—uenvle uncia: /, — nyrib, npoderaemblit

"
HacTHIEH BI0Ab OCH & 1 B = 0),
Torna

. - e
b, = Csin —z. (5.44)
&x
TMoactas:sa (3.44) B (3.42). nailiem BEIHUHHY YHECPIHH OJHOMEPHOTO M10-
CTYMATEIbHOTO IBHXKEHUA:
h? 9

n’. (5.45)

E, =

;=
812m

CyMMH MO COCTOAHHANM OAHOMEPHOTO 1OCTY NATCIILHOTO ABHKCHNA B1O0JbL
OCH T 6YD,CT HUMETB BH/1

A
. h2ul !
Q= exp|———"2— ). (5.46)
= S8lZ ke 't

(KparHOCTh BbIPOXCACHUS MOCTY MATEILHOI0 ABHKEHHST ™" = 1).
[TockonbKy moKaszaTenk HKCMONECHTHI M, CYMMUPOBAHHE MOKHO 3aMEHHTI
Y 3 I
UHTE I PHPOBAHUEM

Sy

252 T £ |
"t b Jexp (—LI/) dn, = Joxp(—pznﬁ)dn_,. (3.47)
0 0

e p? = K2 /82 mkpT.



5.5. Daermponinie nepexadne il

Hurerpazn npasoil vactu (5.47) pasen

v 1 /) M2
footcritn = 1(2)"”
0

Tenepb CymMMa No COCTOAHHAM NOCTYMNATCILHOTO OAHOMEPHOTO ABHMKCHUA
MpHMET OKOHUATSILHBIA BHA

ST S
T =l L (5.48)
‘ h?
Bcee asuikeHUs B10AL oceii . i, 2 HE3ABHCHMBI, TIOYTOMY
. 1% B2
2atnkopd /
Q™ =@, = (Z2R) "y, (5.49)
i b2
e v = [/, [. — odnem, 3aHnMaeMnlii 0IHOH MOJIEKYNOi TPU TPEeXMepHOM 1BU-
wennn. Jlig o4roro Moia HAeailbhoro raza Vo = viN,. Torma (5.49) nepeiiner 8
3/2
nour 2 Mk HT‘ / -
Q = | — V. (5.50)
/7,2/\’l\)/"
Q@™ =15InM+ 15T +InV +1nB. (5.51)
Bk 3/2
3neck In B = ( = '%) e = 17,3 (B cucteme eqnnnu CH, ocnoBanye
I? \\' x

HaTYpalbHbIX J10rapHdMOB ¢ BBeAeHO B hopmyily A [t B npH yrete BOIMOXKHO-
CTH NEPEXO0a MONCKYIbI H3 00N AuCHKH (a30BOT0 MPOCTPAICTRA B APYIYIO).

[TockosILKY W3 ypaBHEHHS COCTOA KA HACANBHOTO 1a3a ceayer, uto ln V' =
=T + 1R —1nl. 10 ypasuerue (3.51) MOXKHO nepernucarh TaK:

mQ™" =1,5InM +2,5InT+InR—InP +InB. (5.52)
Kax BuHo u3 popvyinst (5.52), Ans neansHOro WK U pa3pexReHHOoro pe-
A1LHOTO 1'd3d CYMMa N0 COCTOAHHAM MOCTY NATEALHOIO ABHKEHHA ONpedeisercs

NpUPOAOH raza (B BUAE €0 MOJCKYAAPHOH MacChl) H BHELIHNMI napaMeTpamMu
P n T n, Takum o0pa3zom, NOATAETCA IKCNEPHMEHTAIBHON 1IPOBEPKE.

5.5. DnekTponHbIe nepexo/ibl
9Hepn-u0 DJCKTPOIOB B MOJICKYJIC MOKHO NPCACTABHTL B BHIEC pPana
=gy tert+ert+..., (5.53)

TAE €0, €1, €2, ... — JHEPTHH HCKTPOHOR B OCHOBHOM, MEPBOM BO30YXKIEH-
HOM, BTOPOM BO3OYKACHHOM W T. 1. COCTOAHHAX.
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CyMMa Mo BCCM COCTOAHUAM AIEKTPOHHDLIX l‘leeXOJOB
= T =ic ¥, calk
()’ = gye co /K + ¢ =1 /k ”rJrg-_:e ‘~/I‘BT+... (5.54)

IIe go. €1, g2, ... — KPATHOCTH BBIPOKNACHHUSI KAGKNOI0 W3 MEPEX010B.

3anuuwem (5.54) A8 ONHOrO MOJIA, YMHOXKHB COOTBETCTBEHHO HHCIUTED
¥ 3HAMCHATENL B MEPROM CaracMom wa uncio Asoraapo Na, T.e. 29 /kpT =
= eoNa/kagNaT = Uy /RT'. Torna (5.54) sanuuiercs B suae

()" = gpe Yo/ BT | g g=o1/keT o g p=ea/keT 4 (5.55)

TTockoibKY YHEPris MepBoro BO3OYAILHHOIO COCTOAHMS MPEBLILIAET JHEp-
MO OCHOBHOTO COCTOsHHA Ha 4—3 5B u Hamuoro Oonwwe kpT, nodtomy
gre VT % 0: cienoBareiibHO, MOAKHO OrpaHMUHTLCA B (5.55) TONbKO Nep-
BBIM WICHOM PAa W 3aMHCaTh

g _u 72
Q" =gue "WET 4 InQ"=Inge— =2. (5.56)
T

R

OObIYHO MOCTYMATEAbHYIO H MIEKTPOHHYIO CYMMbI IO COCTOAHUAM 00h-
CAHHAIOT, Hd3biBad €¢ ).'[(!I\'I)I[)()I-IH()-H()L'HI}’I7(1HIL‘.'[(7H()17 L')’.\I.ll()lvl O COCIROAN UM

111(2)” =In@ L CJ”UC' _

=15InM+25nT+InR-—InP+InB+Ingg— ;—?f (5.57)

B orom cayuae

O ln Q™ LE e |
(L) SN A (5.58)
AT v e 27T

Tor71a BHYTPEHHASA YHEPIHS HOCTYTIATE IbHOTO ABWKEeHUS Ha poHe [} paBHa
U =0 = —RIF. (5.39)
2

OueBMAHO, uTo L'y eCTh TOT HyNepo YPOREHb, OT KOTOPOTO NPOH3IBOIMTCH
OTCHET BEIIMYUHBI BHY TPeHHEH sHeprin. Clold 5Ke MOKHO BKIKOUUTDL SHEPTHIO,
KoTopas B (5.38) HazBaHa HYJACBOH IHEPrUCH, MOCKOALKY OHA MpeacTapafeT
€000{1 YHCPIHIO SAEPHBIX MPEBPALLEHHH, ABIIIOLEHCH TP 0ObINHBIX TEeMIIEPa-
Typax BEJHUKHHOI MOCTOANIOIN.

BeipaskeHue ans 3HTaAbNUM NMOCTYNATENbHOTO JBUKEHHUS, COIIACHO onpe-
JENCHHIO dHTanbnuu naeansiororaza H = U+ PV = U + RT

F—_ Fpt — §RT. (5.60)
H‘}O)\’O[)H‘dﬂ H H’SOC)apHaﬂ TEMIAOCMKOCTH COOTBCTCTBCHHO paBHLI
J au 3 &, i H 5
ar’/ v 2 ar/ p 2

TTpuBeneHHbie 3Heprun [eiabmroibua v [MOGca pasHLL, COOTBETCTBEHHO,
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P20 R(-1,5InM —2,5ImT +InP—InR—InB —lng), (562)

C"JII o ]l' l,']ll —— []3
= 0 — = 04 R=

=R(-1,5InM —2,5InT+InP—-InR—-InB+1—Ingy). (5.63)

I/l, HAROHEL, YPABHEHHC J1IA DHTPOMHH NOCTYNATCJIbHOTO JIBHXKEHHS 6}’,”[6']“
HUMETb BH

ST =R(L,5InM +2,5InT —InP+InR+InB+2,5+1Ingy). (5.64)

5.6. OcnoBibIe MO/J0KENHS MOJIEKY/ISIPHOH CIEKTPOCKONMHH

Bpainatensnoe n koaedatenbHoe IBHKEHHE MOJNEKYN H3yUaeTcs. Kak rmpa-
BHJI0, METOAAMH CIMEKTPOCKOTIMI, B OCHOBE KOTOPOH JIEKWUT paccMOTpeHHE 3a-
KOHOMEPHOCTEH B3aUMOIEHCTBHA WIEKTPOMArHHTHOH paiualum ¢ BelEeCTBOM,
COMPOBOKAAIOLLErOCH MPOLECCAMU MONIOWEHHS, HITYUEHHST H paccesHHs CBe-
Ta. CoBpeMeHHas CreKTPOCKONKs 0a3upyeTcs LHEIMKOM Ha KBAHTOBOH TEOpHH,
B OCHOBE KOTOPOM, B CBOK) OUEePE/lb, JIeKAT (pyHAaMEHTabHbIE KBAHTOBbIC 3a-
KOHbI, ONPEALIAOLWHE CBOWCTBA aTOMOB U MOJIEKYJIL.

B cooreTcTBUM ¢ nepBbIM noeTy.1atoM bopa, jiodas aromHas WM MOJIEKY-
JIIpHas CUCTEMA ABIAETCA YCTOHYMBOI JIMLLB B OMIPEACACHHBIX CTALMOHAPHBIX
COCTOAHHAX, KOTOPhIM OTBEUACT JIMCKPETHAA MOC/IEA0BATEIBHOCTb IHEPTHU £
cuctembl. JIto6oe HIMEHEHHE YTOH IHEPIHH CBAZAHO € MEPEXOIOM CHUCTEMBI H3
OJIHOTO CTALHOHAPHOTO COCTOAHHSA B APYTOE H COMPOROKAACTCS JINOO MOJIyUeHH-
€M JHepruu, Mdo ornaueii ITON CUCTEMOM YIHEPTUU. DTH NEPEX0bl MOTyT ObITh
NBOSIKOTO pojia: 1) nepexoasl paanaimoHHbie (MOJEKYIa MOMIONAET, H3TyUaeT
WM PacCeHBAET JIEKTPOMAIHUTHYH padualliio; 2) MEepexo/bl HEpaaHaLHOH-
Hble (06€3b13MyuarTesibHbIe), MPH KOTOPBIX MPOUCXOAUT OOMEH dHEPrueil nanuoii
CUCTEMBI C KaKOH-THOO Apyroii.

B criekTpoCKONUK NMPEeUMY IECTBEHHO PACCMATPHBAKOTCS MEPEXO/1bI MEPBOTO
THNA; OHUA MOAYUHAIOTCA BTOPOMY nocTy.1aTy bopa: anekrpomMarHutTHoe u3iy-
yeHHe, CBA3AIIOE C NEPEXO0M H3 OHOr0 CTALHOHAPHOTO COCTOAHWUA B JIPY-
roe, ABAAETCA MOHOXPOMATHUECKHM, HACTOTA KOTOPOIO I ONPEEsAeTCs COOTHO-
LIIEHHEM

vy = 21 (5.65)
h
rae h — nocrosunas IMnauka; =;, £ — dHEPIUK YPOBHEl nepexoa.

Takum odpazom, ycnoBue uactor bopa (5.65) mo3sosiseT HaliTH OCHOBHYHO
XApPAKTEPUCTHKY KBAHTOBOTO MEPEX0a — MOJOKEHUE CHEKTPAlIbHOMH JIMHUK
WITH NMOJAOCKI B [LKa1e JHEPIHH NEPEXO/OR.

CoBOKYMHOCTb MEPEXOI0B ¢ HHKHMX YPOBHEH dHEpruu Ha BepxHue (T1o-
TJIOLIEHHE) W C REPXHIX 1A HIKHKHE (M3ITYUenne) NpHBOIHT K NOSRICHUIO CO-
OTBETCTBYIOLUHX CMEKTPOB MOMIOWEHHA HAW W3yueHua. Cnekrpsl MOJEKyd,
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CBA3AHHbIE C NEPEXOAOM BAICHTHBIX 2MEKTPOHOB, KOAEOAHMSIMU saep W Bpa-
LIEHHEM MONEKY1bl KAK LIEA0r0. PACNOAraroTcs., Kak NpaBuiio, B ONTHUECKOI
00:1aCTH HACTOT, KOTOPas Nopa3ae/IfeTcs Ha TPY YaCTH: HHPPAKPACHYO, BUAU-
MYIO H ynhTpadHoneToRy10. B COOTBETCTRHM € 3TUM NPUHATO H CNEKTPOCKOMHIO
ACHTb HA HHPPAKPACHY KO, BHAHMYIO, YABTPAPHONETOBYIO, PEHITEHOBCKYIO H Y-
CTMIEKTPOCKOTIHIO.

Ecnu kBaHTOBbIC MEpexoabl JAekKar B8 0OIACTH HEBLICOKHX YacToT, TO a00a-
BAACTCA €lie M PAHOHACTOTHAS CNCKTPOCKONHUsA, Takke NoApa3IenstoT Cnek-
TPOCKOIHIO H MO THITY /IBUAKECHHA B MONEKY.E: BPALLATE/IbHYI0, KOJIEOATENbHY O
H RICKTPOHHYIO. BpawareiibHbie NMON0Ckl pacnoiararcs B fajibHed uHdpa-
KPacHOH 001acTH, KonebaTesbilbie — B HIlPPaKpPacHO. a DICKTPOHILIE — B BH-
AUMOR 00s1aCTH CreKTpa.

[Tpu rpaduyeckom M300paKeHHH ONTHUCCKHX CMEKTPOB MO ock abciiee
OTKIIAALIBAKOT JIHO0 HACTOTY ¥/, JIMO0 NIIMHY BOJIHBI cBe1a A, OH CBSI3AHbI MEWKAY
COOOH COOTHOWIEHHEM X

A

BOJHOBOEC MHCIO (w = 1/A)) m3mepsieaoe B obpat-

=i (5.66)

5

I71€ ¢ — CKOPOCTh CRETA, W
HBIX canTHMerpax (cw™').

Pesyabrarsl HCCIEA0BAHUS WHTEHCUBHOCTH M3J1YUEHUs Wil MOTMIOLICHHS
CBETA OTKJIA/ILIBAIOT HA OCH OPAHIAT B BHAE OTHOCHTEILHBIX HHTEHCHBIOCTEH
MOTIOWEHUS HITH M3y HEHUsI. TIpH 9TOM B OCHOBY pacueTa MHTEHCUBHOCTH CBe-
Ta NONOKEH OCHOBIIOH 3aKOH CIIEKTPOCKOTHH 3akoH Jlambepra— byrepa—
Bepa. ComlacHo ToMy 3aKOHY, HHTEHCHBHOCTb MOHOXPOMATH!IECKOTO CBETOBO-
TO NOTOKA, NPOLIEILIETro Yepe3 NAOCKHH odpaiell, CRAIAHA ¢ MHTEHCHBHOCTHLIO
0amatoLETo MOTOKA CASAYOWHUM COOTHOLIEHHEM:

J = Jyexp(—ecl) (5.67)

e £. ¢. I — COOTBETCTBEHHO KOOM HUHEHT DKCTHHKLUHH (MOIZIOWEHHS), KOH-
HCHTPALHA NOTIOMAIIICTO HINYUSHIE BENICCTRA H TONIHMHA ¢TI0,
BeauuunHel

T = (i) 1004 w D =In <i> = el (5.68)
Jo T

HOCH T HABBAHHA COOTBETCTBCHHO KOVWDPUYUCHMU HPOIVCRUNIS W OBIIMCCROT

naomuoctii. IMEHI0 Y1 BENHUHHBT U OTKIbIBAKOT MO OCH OPAMHAT B KAUCCTBE

MEpPbI MOITIOWAIOUIEH CTTOCOTHOCTH TIPH 3AMHCH CNEKTPOB MOIIOWEHHA.

U3 BHILICCKA3AHHOTO MOKHO ObITO Okl 3aKIIOUHTL, YTO MEPEXOAbl MOTYT
NPOUEXOAHTL MEKY IIOBLIMH YPOBHAMH 3Heprin. Ha camom Ac.ie 310 He Tak.
Toyo Tak ke, KaK aToM MOKET NEPEXO;IHTh W3 COCTOAHUA S B COCTOAHWE P,
anz P8 D, Ho He npsimo W3 S B D, cyuiecsyorT OrpaHHUEHHs! LIS H3MEHEHHA
COCTOSHHS MOJICKYJL. DTH OTPARHHUCHHS HABBIBAKOTCH /pusiiau ombopd.

CywiecTsyeT ABa BWAA OPasuil 0TOOpa. YCIIoBHSI, ONPEneasiomne niMeHe-
HUSL O11CIbHBIX KBAH TOBLIX HHCEN. HABLIBAKOTCS CuCiitul i NPAGHAAN T OHdopd,
OHU HCTIONB3YIOTCS NPH PACCMOTPECHHHM PA3AHUHBIX THIOR CNCKTPoR. UMeioTes
TAKKE OO UC IPUGILIA OIMEOPA, ¢ TOMOLILIO KOTOPhIX MOKHO ONPEIEINTh, 13CT
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AW MOnEKyIa KoJeOareNbHLIH nitn Bpawarelibbtii ciiekrp. O8ux npasua 0réo-
Pa. OTHOCALLMXCA K BHAHMON HAN YILTPpa(roaeTOBOH 00MacTH, HE CYILIeCTBYET,
N03TOMY BCE MOJIEKY)Ibl HMEIOT 2.1€KTPOHHbIE CLIEKTPbI.

KauectseHho ¢ npasusiami 0TOOPA MO3HAKOMHMCS HA NPHMCPE KONCOaHMs
monekysl HCT u Cly. B pesynbrare ¢MELLEHHS TIOJI0KEHHS LIEHTPOB IKeCTH
HEOHHAKOBRIN aTOMOB B Monekyne HCI npoucxonnt pesyantupytouice koneda-
TENMLHOE CMEWEHHE 3apaa. Moneky:ia Beler cedn Kak H30IHpoBanHsIii BHOpH-
PYIOLLMI 3apsa1 H MOAET B3aHMOAEHCTBOBATE C KONEOMOILEICS YMNEKTPHUECKOH
KOMMOHEHTO M000ro nagarouero nimyyeHus. Konedaiime paspenteino v akTne-
HO B HH(pakpacHoii odnacTH cliektpa. B romosiaeproil mosiexyne Cly, Haod0poT.
BCJE/ICTBHE CHMMETPHH OO0E CMEUISHHE 0,1HOH NONOBHHbLI MONCKYJIhl OalaH-
CHPYECTCA PABHLIM N0 BEAHYHHE, HO [IPOTHBOMOIOKHBIM 110 3HAKY, W3MEHEHUEM
B ApyToH monoBuHe. [10)TOMY PEIyATHPYIOUIETO CMCILUCHHA 3apana 3AeCh He
NPOHCXO/IHT. & 3HAYMT. HE BOZHUKACT W B3aUMONEHCTBHA € NAIAIOWNM WyUe-
Huewm. KonedaHne sanpeujerno v HE axTHBHO B HH(PAKPACHOH 00J1aCTH CriekTpa.

B neificTBUTENBLHOCTH, BCAEACTBUE KOHEYHOCTH CKOPOCTH CBETA W, CJlE10Ba-
TENLHO, KOHETHOTO BPCMCHH R3AHMOIEHCTBHSA BEILIECTRA € MY YCHHEM, HH OHH
NEPEXOsL HE ABASETCA aDCOMOTHO 3anpeliedHbiM. O1HaK0 HHTEHCHBHOCTH pas-
PEHICHHBIX NEPEXO0B NPHOIN3HTENRHO B 10% pa3s NpeBOCXOANT HHTCHCHBHOCTH
3AMNPEHIEHHbIX NEPEXO/0B.

ITH COOOPAKEHHS TAKAKE HPHUMEHHMbBI K MHOTOATOMHBIM MOJEKYJIAM € 101
JTULb Pa3sHHULEH, YTO B AaHHOM Clly4ae 11e00X0/AHMO PACCMaTPHBATL HE OAHO
KolleDaHHeE, d HeCKOIIbKO., KK AyH0 4acToTy KosledaHHs MOAHO aCCOLMHPOBATL €
PATHYHBIMK ABHKEHHAMN Sep. JIAS TOro. 4To0b! KonedaHue OhlTO aKTHRHLIM
B MHppaKpacHoii 0dnacTH, ABMKCHHE AAEp A0NKHO NPUBOJHTL K H3MEHEHHIO
JIMNOJILHOTO MOMEHTA MONEKYJNbl. Takum o0pazon. Tenceph MOKHO CPOPMYITH-
poBarbL 0OLIEe HPABHIO OTOOpA: A1 1IPOABIEHHS HACTOTbl B HH(PPAKPACHOH
00/1aCTH NOIHKHO BBITIONHATHCS YCIOBHE

W0, (5.69)
dg
30€Ch 4 JUIMONbHBIA MOMEHT MOMEKY/LE; ¢ O;IHA HITH HECKOMBKO KOOP/IH-
HAT. BAOMb KOTOPbIX PEWIMIYETCS ABHKEHHE SIED.

AHaJTOTMYHO MOAKHO MOKa3dTh, UTO MOJIEKYNA OYACT MMETh BpaulaTelbhHbii
CHEKTP B JaNCKOH MHAPAKPacHoi WM MAKPOBOJIHOBON 0daacti, ecan e¢ au-
NOMBHBIHT MOMEHT MCHACTCA OTHOCHTENLHO HANPABACHHA NAJAIONIETO H3Ty4e-
HMSt LIPH BPALLEHHH MOACKYABI KAK 1IeN0r0. JIas YToro Monekyia 10JkHa odna-
JlaTh MOCTOAHHbIM JHMONbLIILIM MOMeHTOM. TTodToMy o0wee lipasu1o oTdopa
JUTS TIOABJIEHHSI YHCTO BPALLATEIBHOTO CNEKTPA 3aNHChIBAETCS B BHAC

i # 0. (5.70)

B KOMOHHAUMOHHOM paccesHHH 00NIee Npasuio otdopa fis KosiedaTenh-

HOTO CMNEKTPA TAACHT, H4TO ABIKEHHE A/EP JOMKHO NPHBOAMTD K U3MEHEHMIO
NOJISAPHIYEMOCTH (CMOCOOHOCTH K CMELLEHHIO 3aPSIitd) MONIEKY I

dox

0. 3.71
- (57)
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(rae & — noaspuzvemMocTb Monekybt). ITockoibky B roMosiaepHoil Monekyne
MpH KoAeOAHHH BIIONb JTHHHH CBA3H BCCIAA MPOMUCXOJIHT H3MEHCHHE MOAAPHIY-
€MOCTH, TO B CIIEKTPAX KOMOMHALMOHHOTO PACCESHUS HTH MOEKYJIbl AKTHBHbI.

5.7. BpamareanHoe JBHKEHHE

Ilepexoas K BbIYHCIEHHIO TEPMOAMHAMHYECKHX BENHYHH [BY XATOMHOIO I'a-

32 (JUTA OTHOATOMHBIX BENIECTR. K&K H3BECTHO, YHEPrHS BPALLATCILHOTO JIBH-
AKCHHMA BOKPYI COOCTBEHHOH OCH paBHa@ HYJ0), NPEKAE BCErO PacCMOTPHM
BBLIPAKEHHUE ISl BHYTPEHHEH IHEPTrUH.

| 0 / Ochom—loi‘l MO/ICITHIO, € TIOMOLILBIO KOTO-

. e pOIi MOAKHO PACCHITATD BEJIHYHHY YHEP-

\D / TMH BPALATEALHOTO ABHXKEHHS, SBISET-

A €A MOETTh KeCTKOro poTaTopa (puc. 5.1),

-t NpeACTABIOWEro codoi ABe MAcehl 11y
W 111y, HAXOIALLIXCA HA HYHKCHPOBAHHOM
‘ paccTosHity 1y apyr or apyra. Takas
CHCTEMA HA3BLIRAETCH MCCCIIKUN  PORIU-

m m;

’

| o mopoy. Ecny Takas cucrema ppaiaeTcs
! BOKPYT OCH, NMPOXOJstIcii vepes UeHTp
| TKect () NepneHanKyIspHOi K ocH,
/' a | COEIMHSIOLLEH S/1pa, TO BblPAXEHHUE OIS
|

o MOMCHTA HHEPLHH HMECT BHA

2 2
I=m(rg—2)* +mee, (5.72)
duee N , SeOCT Np— »
Puc. 5.1. Moaear Kecrkoro poraropa [IE & — PACCTONHUE OT aT0Ma 2 110 LeH-
Tpa TAKECTH MOICKYII.
Ecnu zanucarh BhID@KCHHE A1 MOMEHTOR OTHOCHTEILHO LEHTPA THAKeC-
T4 O, TO MOXKHO BBINMCIHTB paccTosHHe .. B camom dee,
T
miFs— =Tkt B ae=—20
ey +ome

CnenorarenbHo, U3 (5.72) ¢ HcnoNbL30BAHHEM MPEAbIAYHIHX COOTHOUICHHH

= TILL T T e
= (— ) rg = Urg. (5.73)
ey + e
17 112 = E
3£[€Cb il v = HA3bIBACTCH Ii/)ll(x’(’()(‘llll()ll Maceol MOJICKYIbI. 3TO
my 4 mo

O3HAu4eT, 4TO MOJNCKYIY. BPAWAIOUIYIOCA BOKPYT CBOEro UEHTPA TAKECTH,
MOJKHO PACCMATPHBATL KAK OJTHY YACTHLY € MACCOW [, OUMCHIBAKOULYIO KPYT
paanyca rg. JIBHAECHHE uacTHUbl 110 KpYry — 3afada. XOpoluo W3BECTHAs B
KBAHTOBOH MEXAHHKE, W 115 HEEe MOKHO HANTH TOYHOE pELUEHHE YPABHEHUS
I peanurepa. IHeprus BpaliareNbHOro JABHKCHUS MOXKET NMPHHHMATL, KK M
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BClOY B KBAHTOBOH MENAHHKE. TONbKO HEKOTOPbIE AHCKPETHLIC 3HAYCHHA] DTH
3HAUEHHA NEPEatOTCA BbIPAXKCHHCM

Eapun = w = Bhj(j + 1), (5.74)
8-
rane
h
s o I 5.75
872 ] ( )

Bennuuna B HazbIBAC 1CA apctuy e 1bHON ROCHOSUINIOL, ] — BPUU}AINETBHOE
Keaumocoe yucto (OHO BBCICHO AOMOIHHTENLHO K YeThIPeM KBAHTOBLIM YHC-
nam e fon Mo 1 XapakTepUCTHRH BPALIIATETbHOO BIKEHHS MONEKYIIbL Kak
1ienToro). BpalatensHoe KBAaHTOBOE YHCTO MOKET MPHHHMAThL MOOBIC TIeTo4He-
JEHHbIe 3HaueHHs, BKInoualowme Hylb. [pu j = 0, 2,0, = 0 1 Bpawarensuasn
IHEPTHA OTCYTCTBYET,

YactHoe npaBuio ordopa A5 4HCTO BPALIATENbHOTO CMEKTPA NMEET BHI
Aj = £1;2T0 03HAYACT, 4TO MOIEKYIIA H3 THOOOr0 UCXOAHOTO COCTOS HHS MOKET
MEPEXOHTb JIHLI L HA COCE IHHIT YPOBEHb.

Pa3HOCTB DHEPIHM 1BYX 1IOCIIEI0BATENbHBIX YPOBHEH pasHa

Ae =g —&" = BR[j'(j' + 1) - j"(" + D). (5.76)

31ech /' OTHOCHTCA K BEPXHEMY BPANLATEILHOMY COCTOANMIO, & j — K Hirs-
emy.
llockoubky uacTHoe npasHao otdopa Tpedyer, utodn j' — j' =1, 710

As = Bh2j'. (5.77)

B cooTBeTCTBHH CO BTOPbIM [HOCTYIATOM B()p'd, YaCTOTHbI HHTEPBAJ1 TAKOT0
TICPEXOAA BLIPAZHUTCA TAK:

A — % — HB (5.78)

W3 Qopyyn (5.77) v (5.78) BUAHO, UTO XOTS PACCTOSAHME MCHKIY YPOBHA-
MU JHEPTHH PACTET MO MEPE YBENHUEHHS BPALIATENILHOTO KBAHTOBOIO UHCI j.
CHCKTP OYAET COCTOATb W3 PAdd MOJOC. PABHOOTCTOSIMX Apyr O apyra. Ha
PHC. 5.2 MOKJI3AHA CXCM PACTIONOKCHHS YHCPrETHUECKHX YPOBHEH #HECTKOTO
poraTopa B MH(ppaKpacHOM CIEKTpE.

[MpH pneTanbHOM HCCNEAOBAHHH JIHHUIT HHCTO BPAIW@TENBHOTO CNEKTPa oKa-
3BIBAETCA. UTO HHTEPBAILI MEMCY JHMHHAMH YMCHLLIAIOTCA ¢ pocToM f. Takoe
110BeIEHHE MOMKHO OOBACHHTb TEM, YTO Ha DOJIEE BbICOKUX POTALIMOHHbIX Y POB-
HAX MOJEKY.TA BPAILACTCS ObICTPEE W TCM. UTO PACCTOSIHHE MEKILY aToMaMu
3a CUeT LEHTPOOCAKHON cunbl yrenniupaetTca. [1pn HToMm RO3pacTaeT MOMEHT
HHEPLHH H YMCHBLIAXOTCS YACTOTHBIE HHTEPBaNbL. [N TOro, 410dh! NPAaBUNIBHO
OMKCaTh TAKOTO POla Y POBHH, MOXHO BBECTH NONPABOUHBLIF HIICH, W TOMAA

Eapas = Bhj(j +1) = Dh[j(j + 1)]. (5.79)
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Puc. 5.2, Hucro npaimatciblibiid CHCKTP ARY XUTOMHOH 1'CTCPOSICPHON MOTCKY IhI

KoncTanTa L Ha3hiBACTCS ROCIROANNON YCHMPOOLACHOS0 UCKANCCHUS W COCTa-
BAseT npHmepro 1071 B.

DopMyabl. NPURE/ICHHbBIE 1M IRY X&TOMHOH MOMEKYJIbl. MPHMEHUNLI TAKKE
W K MHOTOQTOMHbBIM MOJIEKYTaM. KOTOPBIE TAK HIIH HHA!Ue MOLYT OblTh CBE/IECHb
K HECKOMBKMM THNAM pOTATOPOB. JTO  NMHSHHBIE MOMEKYbI, CPEpPHICCKIE
H CHMMETPHYHbIE H ACHMMETPHUHBIE BOMUKH, IIOCKHE MOAEKYIIbL H T. 1. [ naBHOe
IUIS HHX —— PacCUUTaTh MOMEHT HHEPLHH. KOTOPhIH, KK MPaBHIO. NONYURIOT W3
paccMOPEHAS TEOMETPHYECKOH MOLENH.

5.8. TepvoanHaMuuyeckue PyHKIHH BPAWATCILHOIO
ABHZKCHHH

Temeph MBI € MOJHBIM MPAROM MOKEM 3AMHCATH «BPANIATENRHYIO» CYMMY
M0 COCTOAHHMAM € YHETOM DHEPTHH BPALLATE/NbHOTO ABHKEHH: (5.74) W kpaTHO-
CTH BLIPOAICHHS ¢ = 27 4+ 1 no HanpasieuHio MOMEHTA HHEPUMU [ B BHAC
CACIYIOLLETO BbIPAAKEHHUS:

(28]7?1”[ — Z (2/ + 1) oxp l: —h*j(j+1)

, 5.80a
j:O 87.‘2,,[€]1T ( )
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KOTOPOE, BBHAY MAIOCTH JHEPIeTHUECKHX HHTEPBANOB, MOKHO 3AMEHUHTD ITHTE-
rpanom

25(4 4L

QIEL = J (25 + L)exp {—t:_]_,(j} ;)} dj. (5.806)
8a-1lhkpg

0

B cymme (5.80) OCHOBHYIO poflb HIPaOT 4JieHbl ¢ OOJbLIMMU 3HAYEHHS-
MU BPRIIATEILHOTO KBAHTOROTO HHCAA /. B HTHX cayuasx BpallleHHe MONEKYIbl
KBA3HKIACCHYHO. [ToyroMy crarHeTHeckylo cymmy Q"™ sameHnnu coorseT-
CTRYFOUWMM KJACCHMUYECKMM WHTErpasioM, KOTOPBIH, OJHAKO, HEOOXO/ MO npe-

~ h? To ofs
obpaszorarh, O6o3HayMM yepes 1, = ———uepe3 » = —j(j + 1). Torma
8atkpl g
Py .
dr = Z=£(2j + 1)dj. Takasi NOACTAHORKA NPHBOIMT K OKOHUATENILHOMY OUEHb
NPOCTOMY BhIPAAKEHHIO!

HTZ k B’]'

() npar —
- h?

(5.81)

JINst CUMMETPHYHBIX ABYX- M MHOIOarOMHbIX moneky:1 B Qopmyny (5.81)
HEOOXOAMMO BBECTH YHCNO ¢ HHCAO HEPAZIHUHMbBIX COCTOANHH NpPH NMOBO-
pOTE MOJCKYNbI BOKPYT OCH cHMMETPHK Ha 360 ° (Y4Heo o HA3BIBAIOT vicitom
cusvempuy). Hanpumep, monexyna Clo npu nosopote Ha 360 ° 3aHuMaeT nBa
O/1MHAKOBbIX NONOKEHHMs. [ HEe HHCIIO CHMMETPHH 0 = 2: MpaBuibHasn TeTpa-
aapnueckag Monexyia CCly uveer ¢ = 12, 110CKONBKY 11PH BPALLEHHH BOKPYT
Kaw10i 13 4 ocell MoMeKy:s1a MOKET HMETE 110 3 COBIALAIOLINN TMONOKEHNS,
Hrax, ¢ yuetoM uncia cuMmeTpun (5.8 1) nepenuwercs cieayiomms oopazom:

()it _ 8/_‘2/"HT] (5 87)
‘ al®
[[Jl?l MHOI'OATOMHbBIX MOJICKYJ
e (AwtRT A2
3 I ! 1/2
annu —= W —H) ([7 II/ [/) / i (583)
a h? 1
3necs ];z'-, ]!/. [. — COOTBeTCTRCHHO MOMEHThI HHEPLIHH NO OCAM .&. . Z.

‘Tenepn BHY TPEHHAS YHEPTHA BPRAKILHXCA AHHEHHLIX MOMCKY.T 3anHLIETCs
YpaBHEHHEM

= RT.
(5.84)

[ e _ RTZ ((r) InQ upmu) _ RT? (0(2 npzml) - BT 3adi]
¥ v

Q) orT Q ah?

gl

JInst HeMHEHHBIX MOJIEKYJT

Dk = B, (5.85)

)
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ﬂﬂﬂ HACUWTBLHOMO Ta3a YHIalbria JHHEHHbIX MONEKY/T paBHa
HB}):ML — Lrn]);llu — RT, (586)
a aas l'IC.JlHI'ICﬁHbl,\, COOTBCTCIBCHHO
. 3 -
I = 2R, (5.87)
2
Paselctro BH}/TPC‘-IIHCH DHEPIWKU U SHTANBIKWK BRAULATCARHOTO JABHAKCHUA

HICAILHOTO Taza 00bLACHAETCS I'CM, UTO CymMma I10 COCTOAHKSAM BPALLATC]IbHOTO

~ dln v
JABHIKEHHST HE 3aBHCHT OT H3MCHEHHA OObEMa CHCTEMbL. T. €. 17 = 07
dnV T

N s (Oluc sy (D10 QU
anockonsky H = U+ PV = RT? (d 1 2) +RT? (L) ,TO OTCHONA
JT /v alnv” T

W BblrexatoT paseHeTBa (5.86) u (5.87).
DHTPONUSA BPaIlATENBLHOrO ABMKCHHS, KaK ciedyeT K3 Rhipakenus (5.37),
JUIST IMHEHHBIX MOACKYJ! paBHa

SUP = R Q%™ 4 RT (M) _
ar %

=R(lnT +1nl —Ino +105,3) Jlx/monn-K. (5.88)

JIns HEJIHHEHHbBIX MHOTOATOMHbIX MOJIEKYJT

g — (g InT + %In (I.I,1.) —Ino + 158, 9) Tikaons K, (5.89)

rre 105,5 = In (8a2ky/h%) + L 3111(8773/.'3/]7/2) +3/2=15-105,5 =

= 158.9 JIK/Mob.
Jins dHeprin I'nddca v NenbMrocibua veem

G — e — g, (5.90)

TennoeMKOCTb CHCTEMbL MOJIEKYT, COBEPLIAIOLINX BPALATCILHOE 1BHAKE-
HIIE TIPH BBICOKHX TEMIEPATYpPax. MOKIIO PaccMaTpHBaTh KaK TEMIOEMKOCTI,
OOYCNIOBNEHHYIO ABWKCTHIMEM KUACCHUCCKON HacTHibl, Jast muHelHON 1 tenn-
HEHHOH MOJEKY:1, COOTBETCTBCHHO,

R. (5.91)

[1p¥ ROCTATOMHO HH3KHX Temueparypax, xoraa U ~ (), BpawareasHoe
ABHKCHHE HE BHOCHT CBOECTO BKJIAAA B OOLLY [0 TEIIOe MKOC L, (OTHAKO 1PH 11PO-
MEAYTOUIILIX TEMTICPATYPaX BKIA/L BPAIIATENBHOTO ABHACHHA MensietTcs ot 0
1o I? i 3/2 1! (332BHCHMOCTH OT THITA MOJEKYJIbI).



5.9. Koacoameavnoe deuicenie 87

H.‘]ﬂ pactera renyioeMKoCTH B YTHX YCHOBHSAX CYMMY 110 COCTOSTHHAM Bpa-
EATCJILHOIO JABHKCHHA MOKHO Pa3JiOKHTL B ACHMITTOTHYCCKUI pAaa, HMEH)-

Wi BUA ) .
Q™ = | 4 3BT g 5o (5.92)

rne B — spawarebHas 1oCTosHHasL.

ViKe W3 ITOTO BIPAKEHHS BHAHO. 410 Korna AnT < B. rennoemrocts Cy
PARHA HYAI0, W MO Mepe YBeAHueHus oTHowenus AnT /B yseauuupaercs, u
torna, koraa k7 Gyner vamHoro Gonblue B, Tennoemkocts C'y NpUMET 3Haue-
Hus I3 owam 3/2 1R,

5.9. Ko.1e0aTe.IbHOC ABHKCHHE

ATOMbI, CBA3AHHBLIE B MOIICKYIY HIHM HAXOAALIMECH B Y371daX KpHCLanau-
qeCKOH pelleTkH, 3a cyeT cui Bau-aep-Baaibca COBeplIaOT KoAeOaTeNbHbIC
NBW/KEHHA OKONO CBOMX 1OAOKEHU{T pasHoBecHs. [Tpu paceMorpeniu koneda-
TESTLHOTO JIBHAEHHUA O0bIYHO HCMOJBL3YETCA NOHATHE O KPHBLIX NOTCHUHANLHON!
sveprun U(r), ponb KOTOPOH HCMONHAET [IONHAS IHEPTHS CHCIEMbL JNEKTPO-
HOB KONICONIOUMXCS AACP (T. €. KHHETHUECKAsd H MOTeHUHTBHAS DHCPTHK). DTO
OODLSICHACTCA TEM, HTO [IPH CMELIEHHI AEP dTOMOB H3 HOJOAKEHHS PABHOBECHS
CH.Thl XHMHUCCROIT CBSI3H, ODYCAORNEHHKIE JIBUAKCHHCM DCKTPOHOB, CTPEMATCS
BEPHYTH f7pa B MCXO;HOE CocTonnle. Bo3Bpawalomas xe cuila 0dycosieHa
MONTHOH YHEpruei HNCKTPOHOB.

Boiipoc 06 adanutHueckom BHIE KpusblX (1) Aake AN ABYXATOMHbIX MO-
JleKYIl JOCTATOUHO CHOKEH, HO LOCKONIBKY KaK1as CHCTEMA B PABHOBECHH o0na-
JACT MUHUMYMOM DHEPIHH, TO COBCPIUEHHO OUERHAHO, HUTO N KonedarenbHas
OHEprud [0.1KHA UMETb MUHUMYM B COCTOAAHMM PABHOBECHS MPH HEKOTOPOM
7 = r.. [lodToMY He3aBHCUMO OT Bhna (yHkunu U(T) ee MOXIHO pasionuTs
B PA1 B OKPECTHOCTAX 1, 1O NapaMeTpy ¢ = 7 — 7. IIpH 910M TIONYHM

e — [ (p ()_l . l QU . )2
Ulr)=U(r.) + ((')r/),,:,.L (r Ie)+2 <(')I'2>r=r( (r—re)” +...
(5.93)

B rouke Munumyma (OU/01),=,, = 0 n, nojacrapnsis 370 papeHcTBO B (5.93)
AN Chyuas ManslX xoneGadni, T.e. Manbix 3Haueduit ¢ = (r — r.), NoAy4uM
CACAYIOLLICE BhIPAKEHHE:

2
V) = Ulr) = Utr —r.) = Ulg) = k=20 (5.94)
I
rne k = (c)"b/drl)T:T(.

M3 (5.94) cnemyet. 410 NPH MaNbIX CMELIEHHSX A2 OTHOCHTENLHO NON0HAEe-
HHA PABHOBECHS 3aBHCHMOCTh U (1) € A0CTATOMHO XOPOLIeii TOUHOCTBLIO MOYKET
ObITh 3aMCHEHA YPABHEHHEM CHMMETPHIHON napadonsi. HupiMi cnosamu, ma-
Nble KONeOaHUSA ABYXAaTOMHbBIX MOJIEKYN MOTYT PACCNATPHBATLCS KK KOJeOaHust
2UPMONINCCROPO OCUTSIMOPA.
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C knaccH4ecKOH TOUKK 3pEHHS YPABHEHHE JBWKECHHS ABYX Macc 1y W Mo
(prc. 5.3). CRA3AHHBIX YAPYIOH CHAOI
AU (r—r
=200 - g oy (5.95)
ar

NMPUBOANT K CACAYOLWCMY YPABHCHHIO ABHIKCHHSL!

()2(" “ 7'1] = _k (L = L) (r — ",'L,) = —kp(] — "I'L.), (596)
L LI e
rae g — TpUBEACHHAs Macca Mo-
JEKYNbl. YK€  YTIOMHUHABLIASCSH —paHee
(em. pazn. 5.7).

M3 (5.96) nerko nogyuuTh BIpakeHUE
JUISE HacTOTbl KOJeGaTebHOTO ABHIKEHHS

ey >

iy

2m

Puc. 5.3, Moaceas koieoure.isHOro

JIBHEKCHRA ,ln).\‘.lm.\HIOH MOJICKY/1b] (Dm‘yp”pyfo“[aq B YPaBHCHHAX
(5.96)—(5.97) BenwunHa K wazbiBaercs

CUIOE0U ROCMOANIION TAHHOH J1BYXaTOMHOH MOJIEKYbl M XapaKTepH3yeT Mpou-

HOCTb XHMUUCCKOH cBsA3K aromoe. B radn. 5.1 npnseiensl B kauecrse 1pH-

MeEpa 3HAYEHHS BENUUHHBL CHNOBOH [IOCTOAHHON ANl HEKOTOPhIX CBASCH

Tabnuuas.1

Cssh O-H|C-C|C=C|C=C

kL0 x| 7,0 | 5,0 | 9,0 | 15,7

CornacHo KIACCHYECKOH TeOpHH. KOJICOATENbHASI YHEPTHA MONCKYIbl MO-
HKET MPHHUMATDL MH00ble 3HaUeHHSA, KBAHTOBAS TeopHS MO3ROIACT TOUHO PEILHTD
ypasrenue I pennurepa aisi rapMOHAYECKOTO OCUMIUTITOPA, NCITONb3YSL YpaB-
HEeHHE NMOTeHUHaLHOH dHeprun B (opme (5.93). DHeprus rapMoHUUYECKOTO 0C-
LMASSITOPA KBAHTOBAHA W OlIpeaenaeTcs HpocToi popmynoH

: 1
ANEEE =, (/,‘ + 5) hvg, (5.98)

e v — konedareiibHOE KBaHTOBOEC uHcs10, paguoe (), 1, 2, 3, ..., dusmyeckuil
CMbICIT KOTOPOrO OTBEUAST aMIIUTYIC KosicOaHiil aToMoB B Monekyse (v = 0
COOTBRTCTRBYET MHHHUMAJLHON aMniInTye).

Beipakennio (5.98) oTBeyaeT cucTeMa pABHOOTCTOALUMX YPOBHEH dHEPIUK
(pHc. 5.4), paccrosHKe MeK1y KOTOpbIMH coctasnset fivg. Mpne =0 =5 =

it
= - hyy.
2

JTa MoNOBUHA KBAHTA KOAe¢OaTe 1L HOM IHEPT UM U IBASACTCA 11):1CGON DIEPIUCl
KOACOUmMbrioco dstixcenus. OHA NPHCYTCTBYET Jame 1IpH a0CONHOTHOM HyJie.
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) U@,
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»y v VY Vg V4 v

a 7]

Puc. 5.4. TTOTCHNHAILHLIC KPHRLIC. YPORIH MICPIHH H CXCMATHUCCKHE CICKTPLI FAPMO-
HUYECKOTO (a) ¥ AHTAPMOHHUYCCKOrO (H) OCLUM.ISTOPOB

CocTosiHME CHCTEMbI HAa CaMOM HIDKHEM KOTCOATEILHOM yPOBIE HMEeT 00Th-
LIOE THAUEHHE, 0COOEHHO JUIS (POTOXHMHUECKHX PEAKLMHA OPraHUyeCKHX COeau-
HeHMR. TaK Kak OONLIIHHCTBO (HOTOXHMHUECKHX PeaKUHH HAUMHACTCS MMEHHO
C DTOr0 TEPMHUECKH PABHOBECHOTO KONEGATENLHOTO COCTOSHMS.

Ja8 rapMOHHHECKOTO OCLHIIAATOPA 1IPABHUIO OTOOPa 3AIINCbIBACTCA B BUIE
Av = £1,T. ¢ COCKTP rapMOHHUECKOTO OCLHIANATOPA COCTONT M3 OANHOH JTHHHH
WM MIONIOCHI Hd MacTOTe COOCTBEHHbIX KOoneOaHuil vg.

[TpH 3HAUUTEALHLIN aMTHTYAAX KOAEOAHHI ARYXATOMHYIO MONCKYY Yke
HEJIb35 AINPOKCHMHPOBATHL FAPMOHHUECKHM OCLHILISITOPOM, 110CKOAbKY LIOTEH-
LUHAJIbHAS DHEPrHA PEeaNbHOI MONEKRYIhbI OYACT BO3PACTAThL C YBEIHIUSHHEM MEK-
AEPHOTO PacCTOAHMS DONEE MEANEHHO, YEM ITO CleayeT W3 ypaBHeHHa (5.98).
DTO BLIZBAHO TEM. UTO Ha OOJbLUIMX PACCTOAHHAX CHIA CRIZH MCHLY aTOMAMy
B MOJIEKY/E 0C1a0eBacT W B KOHLIE KOHIIOB HCHE3AET, CBA3L PBETCA H HOTEHLIM-
anbHas 3HEPTHS JOCTHrAeT MPEAeNhLHOTO 3HAYEHHA. DTa IHEPTHSA COOTBETCTBYCT
IHEPTHH JHCCOlHalin Moiekyasl. Ha puc. 5.4 oHa npeicrasnena acumnro-
TOH MoTeHURANbHOH KpHBOH. Koraa dHeprus cHCTeMbl 1OUTH PaABHA dHEPruK
ACHMATOTHI, S7APa Ha OONLIIHX PACCTOAHHAX JPYT OT APYra HMEIOT HYNEBbIE
ckopocti. C apyroi CTopoHsl. NpH COIHKEHHH AAEP HOTEHIHAJIBHAS YHEPrHa
CHCTEMBI BO3pACTAET ObICTPEE. YEM DTO jAaeT ypasHcHHe (5.98). uTo BhIBAHO
BHE3AIHbIM ObICTPbIM YBEJIHICHUEM KYJOHOBCKOTO OTTAJKNBAHNS C YMEHbLIE-
HHEM MEXKBAACPHOTO PACCTOSHHS.

[Todromy peanbhylo MONEKYAY JYHYILIE BCEro annpoKCHMHPOBATh ancdp-
MOUWHCCKUN OCYWTIAMOPOY, NOTEHUHANbHAs KPHBas KOTOPOro W3odpaxeHa
Ha pHe. 5.4.0. B X yelloBHAX HeoOXOHMO HCloNb30BaTs donee oduiui
B dyuxunn U(r), T.e. pacemarpusars GONbLIEE UHCIO UAEHOB PA3IOKEHHS
(5.94). looToMy ananumiueckoe pewenne ypasnens L peannirepa snauntens-
HO yCJO/KHSIETCS,
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B cBa3n ¢ >rum ObINO NpenioikeHo OOJbILOE KOINHUECTBO IMIMPHUECKHX
byHkumit L(r). nanbonee H3BECTHON W3 KOTOPhIX sBaseTcs GyHkuns Mopse

U(r —re) = D[1 — e 2(r—7e)]2, (5.99)

Te ¢ — MOCTOSIHHAS. XapakTepHsylowwas (GopMy Kpueoii: L) — aHeprus aucco-
NyaLnKi MONEKYIbI.

Ecii aMruinTyia konedarenbHOI0 ABHIKCHHA BO3pacraer. 1.e. rr — ¢, T0
U(r—r.) = D. BTo BpeMs Kak KCNOHEHTY MOKHO PasIORHThL B P N0 napa-
METpY ( — ') M. OrPaHHUHBASCDH JIBYMS YJIEHAMHM PABNOKEHHS, 3anucars (5.99)
B BHIE

Ulr —re) = Da®(r —re)?. (5.100)

Ipu mansix konedaHusX GyHKUUS Mop3e NepeXoanT B ypaBHEHHE Mapabonbl
v Haubonee O6mmzka k peansHocTH. Comocrarnasgsa (5.100) ¢ (5.94). nomyunm

BbIPAKCHHE
B =12Dg% (5.101)

T. €. CHJIOBaA 1IOCTOAHHAS k [PONOPLHOHAILHA SHEPTHH aHccoumrauny D yorne-
KYJbI.

IMoreHunanbHOl KpHBOH (5.99) COOTBETCTBYHOT KBAMTOBAHHBIC 3HAUSHMS
NOJTHOM KoNedaTeNbHOH DHEPTHH aHrAPMOHHUECKOTO OCLUITATOpA:

5.5 2 2
o _ (v + 1_)) Rio — vy (g + l) = (1: + 15) hvo — xhvg (v + %) .

4D 2
(5.102)

4 hirg ! .

3necn . = i KOMPPHIHEHT aHTAPMOHHUHOCTH.

W3 (5.102) nerko BHAETb, YTO YPOBHK DHEPIHH YA HE PACTIONAraloTes Ha
PABHBIX PACCTOSHUAX APYT OT ApyTa, KaK Y rapMOHUUYECKOTO OCLMINATOpa, a
00PazyHOT CHCTEMY HEPABHOOTCTOALLHX YPOBHEH. CONMMKAIOLLINCA 110 MEPE YBE-
JIMUEHKS KoNeOaTeNbHOTO KBAHTOBOTO YHCIA ©© M, HAKOHELL, CITHBAIOTCS MPH 10~
cTikeHun £ = D. TlpaBuio 0160pa IS aHrapMOHHYECKOTO OCLIMLISTOpA
YAC HEC HMECT ()Fp'dl'll.l‘lCHHI“L NAPAaKTCPHBLIX a8 FAPMOHIMCCKOTO OCLINIAATOPA,
H TIEPEXO0/Abl MOTYT PEatH30BbIBATLCS Ha JNODOIT YPOBEHB, T. €.

Av==+1,23, ... (5.103)

l11ockonbKy YaCTOThE NEPEXOLOB ONpeLestoTes 00eH popMyoi (5.65), To,
NOACTABAAM B HEE PAIHOCTH IHEPIUH KOMOHHHPYIOWHX YPOBHEl, N0J1yHHM

v =vy(l — 22) cootsercinyer nepexonyc v =0—- v =1

(OCHOBHOI TOH):

1 = 2vo(l — 3&) coorsercrsyer nepexoay ¢ v =0—o v =2 5104
(MepBbIi 00CPTOH); (5.104)
vy = 3v(1 — 42) coorsercTryer nepexoay ¢ v =0—- v =13
(BTOpO# 00CpTOH).
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OO0wWHii BHA CNEKTPA AHIAPMOHHIECKOTO OCLHILIATOPA BbITIIAHT Kak Habop
COMIKAMOLLUXCA NOJTOC, PE3IKO YMEHbLIAFOLWLMXCA N0 HHTCHCHBHOCTH H T1MEPEXO-
JALKAX B KOHTUHYYM (CIUTOLLHOC NOL3IOUICHHE).

Takum 00paszoM, KoacdaTeNbHbIH CNEKTP PeanbHOR MOSEKYIhbl COCTOUT U3
LEJI0r0 pana 10.10¢. PacWH(poBKa KOTOPLIX HORBOISET MOJYUHTh Oorarblii
UHpopMaALMOHHKIFT MaTepHA O (PH3HKO-XHMITUECKHX TIapaMeTpax MOJNEKybI.

5.10. KonebdareapHO-BpamaTe.IbHOE TBHKEHHE MOTEKY.T

Ec.ii npoaHaiu3iposarb Koi¢oare. ibHbiii CHEK TP 123000pazHON rereposiep-
HOH MOJIEKYITbI, TO OKa3bhIBACTCA, HITO NPH BLICOKOM PAPECILICHHH KAKAA% JTHHHS
CMEKTpa COCTONUT K3 GOJILLIOrO Yucaa ONH3KOPACTIO IOKEHHBIX KOMIIOHEHT. T1o
ITON MPHYUHE MOSEKYIAPHBIE CITCKTPL! HACTO HAZLIBAIOT MOOCATHIMH CIEKTPA-
MM, B O1ITHYHE OT ATOMHBIX, KOTOPbIE Ha3blBato 1 TMHeH arsIMK. Takas CTpy KTy pa
CrEKTPOR 0OYCIORAEHA BO30YIKIEHHEM BPALLATEI LHOTO ARHKCTIHS BO BPEMS KO-
JiedaresibHOIo nepexoda. CTHMYJIHPOBaHHE BPALLATE.IbHOTO 1IEPEX0.1a BO BPEMA
KOu1e0are.1bHOr0 MOXHO TOSCHHTh CICAYIOWHM 00pa3oM:

1) KONMYECTBO HIESPTHH, NOLNOWACMOE NPH KOJCOATENLHOM NEPEXOIe, Tak
BemKo (2% &= 10° — 1():‘5""“'”), YTO OHA MOKET ObITb MCMOJL30BAHA M AJNS
BO36y)KI[CHHH BpalllaTCJ’ll)llOI'O JABHKCHHNA]

2) BpaLleHIe 1e/1a YCKOPACTCS, KOLA MOMEH T MHEPLUMH YMCHbLIACTCS, H Ha-
000poT. DTOT 3P PEKT ABIACTCS CNEACTBHEM COXPAHCHHA MOMECHTA KONHYECTBA
asueHua J = JTw (i3menss T ¢ W3MeHEHHEM PABHOBECHOTO PACCTOAHHSA MEK LY
aToMaMit B MOJTEKYJIE ', HEOOXOAHMO H3MEHUTH YITOBYIO CKOPOCTh &). lakmnm
oOpasoy, Bceraa, koraa kojedaTenbHOE ABMIKEHHE MPUBOAUT K H3MEHEHHIO MO-
MCHTA HHCPI_IHH, MEHACTCH H Bp'dLllaT(‘)ﬂ bI1OC /IBHUKCHHC.

MOKHO HOKa3a1b, 410 B OOLIEM CAYUAC HOMOKEHHE IHEPICTHISCKUN YPOB-
HEeM ABYXATOMHON MOACKYbl, COBCPLIAIOLICH ONHOBPEMEHHO KO.1€0a1€. IbHOC U
BPALIATCILHOE ABHKCHIA (115 NPOCTOTHI OFPAlHUMMCSA FAPMOITHHECKUM OCLH.I-
JBITOPOM) OITPEAC.IACTCS BbIPAKEHHEM

K DBpP __ I AR 1 h:‘) TN _
€ ="+ = (1)—1—5)/11/04-—”,7(,]4-1)—

- (/u n é) hvg + Bhj (7 +1). (5.105)

=
QR

B pesy.brare kosiedareabHbIx nepexodosc v = 0 = v = 1, Hando.iee vacto
PEATH3YIOLLMXCS HA NPAKTHKE, MOSABIAETCA BO3MOAKHOCT BPALLATELHAIX NEpe-
X008 ITOCKOMbKY 110 NPaBHITY 0TOOpa UHC 10 KonedarebHblil nepexoa (Aj = 0)
ABAAETCSH 3ANPELUEHHBIM, TO BOIMOKIILI BPALLATEALHbIC MEPEXO0/bl, CONPOROK AA-
owHecs oo yeennuenney (Aj = +1), nubo ymenbwenuem (Aj = —1) spa-
ILATEMLHOTO KBAHTOROIO HCAA Ha eauHuLLy. [lepexonnt, wvia kotopeix Aj = +1,
00pasyIOL, 1AK HasblBacMyio [2-BeTBb KONEeOATEIbHO-BPALWATENBHOIO CRIEKTPA,
a rnepexoibl, 419 koropeix A7 = =1, odpasytor F-seisb (puc. 5.5)

Konebarus MHOroaromMiibix MOJIEKYS MOKHO PAcCMaTpHBaTh, Kak Koneda-
HHA 1adopa TOYEK, B KOTOPbIX COCPEIOTOUEHA MACCA dTOMOB, COCAHHEHHbIX
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Mex Ly co00i npyxHHKaMu. Leny packadars Takyr cHCTeMy, oHa OyIeT coBep-
AT CJIOKHOE KONEOaTEIbHOE ABHKEHHE, TAK HA3LIBAEMOEC, deuxcenue Tucca-
Jcy. OHAKO JAKE Y10 CLOAKHOE ABHKEHHE MOKHO PAZIOKH TS HA CPABHUTENBHO
HEDOMLIIOE YHCITO HopMaIoiniy Koreoanil. IKaxnoe nopmMannioe Komedanue

R-Beviso Q-Bemen P-Bemen

A

BO'}PﬂCTﬂHHC BQIHOBOIO YHC.1a

YBCIHUCHHC HdAC1 01 bl

A 4

Yieaduenue HHHIILL BOSIHBL

Pue. 3.5 KoaeGareanno-ppatlare:ibias 11040C) HPH BLICOKOM PA3PCILICHIH

OTTHCHIBAETCA HAOOPOM HOPMAIILIINX KOOPAHIAT, MO KOTOPhIM CYAAT, KAK HMEH10
aTOMbl COBEPLLIAIDT CBOK KoledaHKs. YHCI0 BOSMOMKHBIX HOPMAbHBIX Ko.l€da-
HUil onpeaensieTes ¢ MOMOLIbIO MPOCTOrO paccMOTPEHUS.

Kamaplil 13 N atomoB HEJHHEHHOH MHOroaroMHOR Mofexylbl odnagaet
TPEMA CTEMEHAMH CBOOOLR!, COOTBETCTBYIOLIMMH ABHACHNIO B TPEXMEPHOIT ci-
creme koopauHart, Takuy obpa3om, Bes Monekya umeet 3.\ creneHeli cBoGobI.
Oanako TpH U3 HUX OTBEUAIOT 3d NEPEMEIUCHHE MOJIRKYbl B MPOCTPAHCTRE KaK
LEJIOTO 110 TPEM 0CAM KOOPAHHAT W €18 TPH — BPALLEHHIO MONTEKY.1bl KAK Lie-
JIOTO BOKPYT Tpex ocefi. 1o ocTasaseT monekyne (3N — 6) creneHeii cBodonb!
KOJEOATEAbHOI0 JABMKCITUA. Y MHHEIHOH MONTEKYIIbI NOARASETCS OAHA JONOMHH-
TeNbHasg CleleHb cBod0abl 3a Cler aeopmalii 110 THHHK C8s31 (dehopyiatfic-
OUHOC KOJeOunie), TaK UTO A HEE YHCTO KOAedaTeAblbIX ¢TeNneHeH ¢B000Ib!
pasHo (3.V — 5.) Ko.leDaHue 10 .IMHHK CBA'3H HASbIBACTCH GalictinliibiM.

V Moaekyabl, cocToseH 3 5 atomos, nanpusep CH,y, nomkno orITs (3 X
X 5) —6 = 9 THIOB HOPMaJbHbLIX KONeGaHH H, C1e108A1CIbHO, 9 HACTOT Ko.1e-
Hanus. Ha camom e acne oka3hipaeTes, uTo ¥ Monekynbl CH, nMeeTtcs Tonbko
4 Pa3THUHBIX OCHOBHBIX 'ACTOT. 1O [IPOUCXOAHT NOTOMY, UT0 H3 9 Xapakrep-
HbIX JUIST 3TOH MONEKY/Thl HACTOT HEKOTOPhIE CORITAAAROT BCICACTBHE CHMMETPHH
Monekyibl. B cayae, koria Ose iAW TPH YaCTOTbl HMEROT OOHY U Ty M€ BEilu-
UHHY. KO:1€0aHHE HA3BIBAIOT dGaicdnl WIW mpuxcos: coipoxcaeiioi. Y CHy
€CTb ABA TPHALI BhIPOKACHIILIX KONCOAIHA: OO -+ JIBAKAbLI BhIPOIKIEH-
HOE W 0,1H0 — HEBLIPOXKICHHOE KonedaHKe. Moneky:ia, odianatolas npocTof
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IIOBOPOTHOH OCBKY TPETLETO Wil DoNee BHICOKOTO MOPAAKA, 00s3aTENBLHO MMEST
BBIPOA/ICHHBIC KONCOAHUA.

UKcna crelieHH BbIPOKIASHHS, a TAKKE aKTHBHOCTH B CHIEKTPAX HOPMANbHbBIX
KosteOaHUil MHOTOATOMHMBIX MOJICKMT C PA3NOOOPA3ZHRIMK THMAMH CHMMETPHH
XOPOILO HCCIETOBAHb! H CBEAEHBI B TAOAHLLI, H3 KOTOpLIX 110 hopmyae Mone-
KYAbl MO0 ONPEACAHTh AKTHBHOCTh B HIIPaKPACHOM CNEKTPe, THM TOUECYHOIT
rpyMfibl, CTENCHH BbIPOKAEHUS U OP.

S5.11. TepmoanHamMu4cckHe (PYHKUHH K01€0aTC/ILHOTO
ABHAKCHHAS

[[.]'[ﬂ NpoCTOThHI [')Z]CC.VIOTpH\I KoncoarensHoe ABHKCHWE KaK TApMOHHYCCKOE.
CyMMa (10 COCTORHUAM KOIeDATeIbHOTO ABHKEHUA OyLeT BbIMMSALTD C.1eay0-
LM 00pa3oMm:

1
( ROu — ~ hI/O (U = §>
) — = Z giexp | ———|. (5.106)

= k BT

vy
2k gl
CTBA MONCKYJ &, = 1, 3anuiuem (5.106) B Buae

0" = exp [ — hrg 1+axp | — hvg fexp(— 2hv g i
2I"BT /\‘137‘ /i'“T

BoiHecem exp <— 3a 3HAK CyMMbl H, YUHTbIBasA, '[10 113 O0AbLUHH-

(5.107)
hivo e
[ockonbry —— = -, TO, YMHOXKHB YHCAHTENb H 3HAMEHATENb TOMO
2k 2k gl
BbIPAXKEHHA HA UUCA0 ABOraapo Na. 10.1yHHM
hu SNy U .
0 — 0 7A 20 (3.108)
2UuyT  UkgTNs  RT
e ‘{_:xO.IAFA
roe U§Ht = 22—,
2
CyMMy B KB IpaTHBIX ckoOkax (5.107), kotopas npenacrasnseTt codoii reo-
MCTPHUICCKYO mporpecehio 1+ 2 + 22 + ... + +2" = (1 — 2)~! (3neen

x = oxp(=hw,/kRT)), sanuinem Teneph B BUNE

-1
|:1 — exXp <_:‘w;>:| =(1- (%_()/T)_l.
wl

/7,1/()

3necs A = —— XAPURMCPUCHIUNCCRUS MEMACPUNIVPA KO1E0aTE.IbHOTO
by ’
ABHXKCHHA C HacToTon Vo.
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Iponorapudpmuposas (5.107) ¢ yuerom npenabinywux npeodpa3oBaHHii,
OKOHYATE/ILHO MOy YHM (pOopMY:Ty

i QP = —(;{Lh; — (] 0Ty, (5.109)

Mocne andpdpepeHunporanus (5.109) no dT Oyaem umern

k) l [ RO I/r' KO 1 0 -
(%) — e E . S e (5.110)
a7y RT? O TVeT—

By TpeHHas SHeprua KoyedarenbHOMO ABAACHHA TAPMOHHYECKOTO OCUMN-
aaTopa cornacHo (5.3 1) Oyaet umeTh BHI

[ — pr? (%) gy p%} (5.111)
Vv " =

HOCKO.ﬂbK}’ SIS KONedaTEeNbHOO ABHIKEHUS

((')an)KO-') ={
Vv /7T

e P[[l;‘«\,l = 0 . (51 12)

1T

TO

Korna #/T <« 1, swamenarens B (5.111) u (5.112) obpawaeres B 8/7 u
U — U™ = BT, rak we kak u A ™ — Hy™' = RT.

Moacraeiias B (5.29) 1 (5.34) snauenns In Q™" u3 (5.109) u yuutnsigas, 470
(3111( i

oV /
rofbUa ¥ NpHBEACHHOH YHeprin [1Hddca KonedaleNbHOTO ABHAEHMA I'APMOHH-
YeCKOro 0CLHIATOpa

) = 0, nonyyae™m BbIPaKEeHHs Ul NpHBEACHION Hepruu [enpM-
.

RO 7RO *ROLL Ko
Frol _ 8 ] H

= = = = Ria{l = e>%7), (5.113)

LAa SHTPONHU NoAy UM CNEAYIONICE COOTHONICHHC!

JAas TennoeMKOCTH TapMOHHUECKOTO OCUMWINATOPA NOAYUWUM YPaRHEHHE
DiHITeANna. n03BOISOWEE BEIYHCANTE BKAAL KOJICOATEIILHOTO ABHKCHHSA B 00-
LY TCIUTOEMKOCTE Hj1€ahHOTO rasa

<9>2 9/T

: LR : KO L B4 c

Py == (”I ) = ("” ) =R/ (5.115)
Vv y= ((‘H/T _ 1)2

oT oT
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MHOTEaTOMHYI0 MONEKY.1y paccMarpHBaOT Kalk COBOKYMHOCTb FrapMOHHYe-
CKHX OCLIMSTOPOB € XaPAKTEPHCTHUECKUMHK Temneparypamu 6, f,, . ... Tlo-
3TOMY CyMMa 110 BCEM COCTOAHHMAM KONedareilbHOro ABHIKEHHS MHOTOaTOMHOM
MOJEKYI1bI OTIPEACIIACTCA YPABHEHHEM

UV RT

QK(M s ZQI\:(U == Z e o
: 4 =

CyMMHPOBAIHE NPOHZBOAHTCS 110 BCEM KONEGATEAbHLIM CTENEHsIM CBOOOIbI
MOJTEKYJThE,

i (5.116)

5.12. KoncranTa paBHOBCCHSI XHMHUCCKHX PCaKLHii

PaccMOTpHM MHITOTCTHUECKYIO PEAKLIHIO, MPOTEKAIILY IO MEAK LY Fa3zaMHi npu
CTaHIapTHOM JaieHuu komnoHewtos 7 = (0.103 Mlla n remieparype 7.
Hrist 5TOl peakiny BenyHHa CTAHAAPTHOO XHMHIECKOTO CPOACTRA OTpeaeNs-
eres 1o popmyaie (4.23)

-0 7 -
AGY = -RTInKA,.
OB60311aUHB BHYTPEIHIOW YHEPIHIO H IHTAMLIMHIO ITOTO COCTOsHIS depe3

U§ w HY, npiGaBimM 1 BbINTEM 13 3HAUCHUIT CTAHIAPTHOMO XHMHYECKOTO CPOJ-
ctra Bemmunny AH{ = Ty HY — Sy HI, a satem pazaentiv nofyueHHoe

Hoy
TOKACCTBO Ha aGCOMOTHYt0 TeMnepatypy 7. B pesyiibTare Gynem UMeTh
AGY R s AH
:A( 0)+ s | (5.117)
T T T

Toraa BulpaakeHHe L1 KOHCTAH bl PABHOBECHS XUMHHECKOH peakunn Syaer
3alKCaHo Tax:

A0 0 440 0
Ik, — — 2 :_lA( l“)+AMR (5.118)
nr R T T

[IpuBeacHHan crapapThas sneprust ['nddea nis AaHHOI pcakuin pagHa
CyMME TNPHBEIEHHBIX ClaHAapPTHBIX IHeprui ['M60ca nocTynarenbHOro (BMecTe
C IEKTPOHHLIMY NEPEXOIaMHK), BPALLATeLHOIO 1 KONeOaTeNbHOTO ABWACHHA
MOJIEKYST BCEX YUACTHHKOB PCAKUHH W BhIUNHCASETCS 10 ypasHeHusm (5.63),

(5.89)n (5.113), T.e.

( o - Hg) — "(J)Jl — H((J)J + C;Spil'-l-l + GSU.) - H((j)mt\.; —
T T T T

— _L), ln C):’ﬂc)l}pﬂm(gl{()ﬂ' (5] 19)
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M3MeHeHHE YHTAIBIHY pacc.\m‘l'plmacmoffi peaKuHH MOKCT OblTb BbIYHC.ICHO
YUTH 13 OMbITHRIX JAdHHbIX KOHCTAHTHI PABHOBCCHA ]\—“ H T10 H3BCCTHLIM 3HAYeHH-
() 4
AM ('17/-[“ A58 BCEX Y'MACTHHROB pEAKUHH 1IPH NAHHOM reMhieparype, il 110
HW3MCHCHHIO DHTAJRITHH A]’]S PCAKIIHH MK TEMOEpATYpe T ¢ ncnonw3oBanueM
COOTHOLUEHHSA

AH) = HY) — A(HY — HY), (5.120)

rae AHY onpene: s 110 CraHaapIHbIM 1€110TaM 00pa3oBaHHA Ik CTOPAHMS
peareHToR.

TOUYHOCTH PACUETOB KOHCTAHT PABHOBECHS C MOMOLIBK CTATHCTHYCCKOMN TEp-
MOLMHAMKKH RLIILIC, UEM 11PH OOBINHBLIX BRINHCICHHAX MCTOAAMH KIACCHUCCKOH
TEePMOAMHAMMKH. D10 OOBACHISTES TEM, ' 10 HPHBEACHHbIEC YHeprin ['nddca Bbl-
UHCIIOTCS M3 CMEKTPANbHBIX HIMEPEIHiL. MPOROAWMBIX ¢ BLICOKOH TOUHOCTHIO.



I'JIABA 6
PACTBOPBI

Pacmeop — 510 1epMOIHHAMHYECKH YCTOHUMBAs TOMOrEHHas cuclema
TIEPEMEIHOTO COCTABA, COCTOSLLAA HE MEHEE, UEM M3 UBYX KOMMOHEHTOB. ATpe-
FaTHOE COCTOAHNE CHCTEMBI MOMKET ObITh ra3000pa3HbIM, XKUAKUM MK TBEPAbIM.
PacTBophi Handoiee 00Kt n HANdO e CNOKHBIH NPUMEP TEPMOAHHAMM-
yecKHX cHeTeM. C TEPMOIIHHAMHUECKOM TOUKH 3PeHHa BCE COCTABNAIOLLNE pac-
TBOpPaA PABHONCHHBI. JleeHfe X 11a pacTROPHTENL W PACTROPEHITOE BEIECTRO
ABASCTCS YCIOBHBIM. QOBINHO pucmeopumeiey Ha3bIBAIOT 1peodiaiaiomwmi
B KOJTHYECTBEHHOM COOTHOLIEHHH KOMIIOHEH I, 100aBlieHHe KOTOPOTO He Beder
k obpazoBaiinto reteporeHiol cicteMsl. Ecu onHH W3 KOMIIOHEHTOB TIPH JAaH-
HbIX YCIOBHAX HAXOAWTCH B KHAKOM arperarHoM COCTOSHIM, a IPYTHE B TBEPAOM
HAKW ra3000pa3HOM, TO PACTBOPHTEICM MPHHATO CHUTATh WHAKOCTH 1ake B TOM
cnyuae, eClM OCTalbHbIE BEIIECTBA HPHCYTCTBYIOT B BonbLiem koanuecTse. [0-
BOP#A O KOMIMOHEHTE pacTBOpa HEOOXOAHMO NOMHHTb, YTO 3TO MOHATHE BEChMA
YCIIOBHO, H B 3aBHCHMOCTH OT YCIOBHIl 01 KOMIIOHEHTOM pacTsopa cieayer
MOHWMATBL TO WIIH HHOE MOJEKYNAPHOC odpasoBatue. OCOOEHHO CJ0WKHO AaTh
OTIPEIE/ICHME KOMIIOHEHTA B TBEPABIX PACTBOPAX, KOTAA HEPEAKO 0Opasylo1cs
HECTEXHOMCTPHUECKIE MOCKYAAPHhIE CTPYRTY Phi.

OObIUHO CUMTANOCH, MTO B PACTBOPAX BCE KOMIIOHEHTbI HAXOAATCA B BU-
J€ OTAENIbHbIX aTOMOB. MOJNEKYJ, HOHOB HAH B BHAE IPYNI H3 CPABHHIENLHO
HeOOMBLIOTO UKCIA HTHX UACTHIL, TAK YTO B KAXKAOM eMenTapioM odbeme
HAOMKOIAETCH MHKPOCKOITMUECKAs OOHOPOAHOCTS. B nociieHne roabl, 0AHAKO,
Ucee10BaHO 60NLLIOE THCTO PACTBOPOB, KOTOPbIE MOXHO ObIN0O Obl HA3BATE MU-
KPOTeTePOreHHbIMH. B TakHX pacTBOpPaX MAKPOCKOITHUECKH OHOPOAIAd B Le-
oM Qasza 001anaeT MHKPOCKOMHUECKH HEOHOPOIILIMI [POCTPANCTREHHBIMH
CTPYKTYpPaMH L0CTATO4HO DOJbLION MPOTHKEHHOCTH (OT HECKOABKHX AHICTPEM
JI0 MHKPOMETPORB). ITH HEOAHOPOAHOCTH NMPHBOAAT K aHH3OTPOMHH psja PH3H-
YECKHX CBOHCTB pacTBopa (110KA3ATENb 1IPEIOMIEHHS, AUNIEKTPHYECKAs H Mar-
HUTHaA MPOHHLAEMOCTH, BAIKOCTb M T. 4. ). Takie MHUKPOIEOAHOPOAIbIE pac-
TBOPb! HA3bIBAIOT AKHAKHMH KPHCTALIaMN.

TTOHHMAs! YCIOBHOCTB NOHATHA «PACTBOPY, « KOMIIOHEHT PACTBOPaAR, Mbl 1€M
HE MEHEE 171 Y100CTBa OYACM 1a1eC INHPOKO UMH MOJB30BATHCS.

OBWENPHHATLIMH ABIAKYICH CIEAYIOLHE CNOCOObl BBIPAKEHHS KO.IHIECT-
BEHHOMO COCTaBa pacTBopa.

Mo:toniere Qv MonbHOI J0M1e11 HA3bIBAETCA OTHOLLEHHE HNCla MOEH naH-
HOTO BEINECTRA I1;, OTHECCHHOC K odweMy 4uchy sMoneii, (odo3nauaercs V)
T.e. Ny =0/ Y 1, MOSThHBIC 1011 KOMIOHENTOB CBABAHB MEK Y COGOH ypas-
HEeHUAMH

NMAN AN+ N, =1 —dN; =dN  +dNy + ...+ dN_.

6.1)

LN TepMOAHHAMHIECKOTO ONHCAHHA CBOHCTE PACTBOPOB 3101 C11OCOD ABNA-
€TCA HaHbOoee YAOOHLIM H LEICCO0OPAZHBIM, ITOCKONLKY YPARHEHHE AT XUMH-
YECKOTO NOTEHIAIA COMEPAHT HMEHIIO MOILHYHO 10K JAHHOr0 KOMIIOHEHTA.
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B paciBope, cocrosiem 3 n KOMINOHEHTOB, TOIbKO 7. — 1 sIBASIIOTCS HE3aBHCH-
MBIMH. B 1acTHOCTH, B 1BYXKOMIIOHEHTHOM (OHHAPHOM) PACTBOPC HE3ABHCHMOH
SIBNSACTCS TObLKO 0:HA KOHUCHTPALUs.

MO.'YbHO-Oé’bU.\IH(I)’{ A'()III{L’/IIH[’)(?I(I(/'[ (\I().'Iﬂp//ﬂﬂ I\'OIII((,’IIIH]JL?[([I/‘I — MOb-
HOCTD) BbIPAKACT HHCIO MONEA AAHHOTO KOMIIOHEH A B eAMHHIlE 00beva pacT-
BOpa (caecH); 00031aaeTCs 00 HO CHMRBOIIOM «

e =ni/V. 6.2)

Mozstabiast Konygenmpayist (Mo 1610CHS) — TO KOHICHT ALK, BhIpakeH-
Hast dUCIOM MONEH pacBOPEHHOTO BEIWECTBA, npHxoasixea Ha 1000 rpamwy
pacTROpHTENS (OOOZHAUACTCSH CHMBOIOM «111)))

m; = n;/1000. 6.3)

Hcrone3oranue 00beMHOI KOHIIEHTPaLHK YacTo ObiRAaCT HEYNOOHBIM BCIIEN-
CTBHE TOTO, UTO OHA 3ABHCHI OT TEMUEPATYPBI: €€ UAlLEe BCETO yNorpedsitor
B H30XOPHO-HIOTEPMHIECKHX Tponeccax. Tak Kak MO:BUIBHOCTL W MOJIbHbIC
IOJTA MOKHO MCTIONB30BAThL MPH pacueTax B JMOOBIX MPOTECCaX, TO B TEPMOIU-
HAMHKE Takoi CoCco0 BbIPAKECHHS KOHUEH IPALMH HPEMOH THIE.1EH.

[Mpeae uem nojAoHTH K TePMOAMHAMHHIECKOMY PACCMOTPEHHH PACTBOPOB,
00CyIHM BONPOC O NPUHUMIMANBHON BO3MOKIOCTH 00pa30BaHus, HapUMep,
Ouaproro pacTopa. PaccMOTPHM [1BE KH/IKOCTH NIPYW TaKOii TeMIICpaType, Ko-
rna sHrponuiinbiv dhdexrom MoikHo npenedpeus, Toraa, Hmes B BHAY, Y10
MOTIas 31EPTHA CHCTEMb] LOJPKHA ObITH IPONOPIOIANBIIA O0ILEMY HHCAY MO-
JEKYJL, TONYUYHM BLIPAKCHHE 15 IHEPIHH CHCTEMDI € 1y MONCKY.1 NEPBOI .-
KOCTH 17}y RTOPOM B MOJHOCTHIO NEPEMELLAHHOM COCTOAMH (T. €. B PacTROpe)

Es =—[1/2(m + 7!3)}([:‘1111.‘?) + (-'3311-':: + Uongns). (6.4)

H BRIPAKCHHC 518 JHEPIHH JT0I0 3RC UHUCITA MOJICKYJT B COCTOAHUH, KOT(a OHH
pa3nesi€Hbl
L‘;L = —1/21/(“1'1 - J/Q( ,23”12. (65)

3nect Uy, Usy. Uy — BEAMUHHBL, MPONOPIHOHANLHBIC IHEPTHKH B3dHMO-
nelictBus Monekyn (1 —1), (2—2) n (1 —2) coorBeTCTBEHHO. Pa3HOCTHL HHEPTHIT
AHAKOCTH B COCTOAHHH NMOJHOTO NepeMellpatus (pacTBopa) H B pa3ie/icHHOM
COCTOSIHIN paBHA

EL — E}; = —-1/2[”]”2/(”] = ’fl;_:)]/((jl] -+ L’Ygg i— 2[Y1g) (66)

Takum 00pazom, KHAKOCTH HE CMELIMBAOTCS, €CI1H IHEPTHH UX B3aUMOACH-
CTBHA YIAOBICTBOPAKOT HEPABEHC TBY

Uir + Usy = 20U > 0. (6.7)

N3 dopmyiibl (6.7) cremyeT, 410 IPOUrPsILL B FHEPrHH ABYX KHAKOCTEH 1PU
CMELINBAHHI ONPEACIACTCS TPEMS IUEPreTHUSCKHMH napaveTpavu —Uqy, Uz
nUj, , B KAUECTBE KOTOPBIX PACCMATPHBALOT PA3IHYHBIC BEIHIHHbI, CBA3ZAHHBIE,
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HalpUMeED, C HOBEPXHOCTHBIM HATHAKCHHEM, KOMD(PHLHEHTAMH TEMNOBOTO pac-
WHPEHUSA WM H30TEPMHYECKON CKNMACMOCTHIO U T. A. [TOoCKOABbKY OCHOBHBIM
BOMPOCOM TEPMOIHHAMHUYECKOH T€OPHH PACTBOPOB ABMSETCA YCTAHOBIEHHE 3a-
BUCHMOCTH PABHOBECHLIX CBOHCTB PACTBOPOB 0T COCTABA W CBOKCTB €I'o KOMIIO-
HEHTOB, 10, KaK cacayer u3 (6.6) 1 (6.7), »1a TeopHa 8 oduleii dopme 3aBHCHT OT
MPUPOLLI MONEKYIAPILIN B3aUMOACHCTRHIIT MEKy KOMMOHEHTAMH PacTROPOR.

6.1. IlapunaabHbIe MOJASIPHBIC BCIHYHHBI

J1st YCTAHOBACHMS 3aBHCHMOCTH PABHOBECHBIX CBOJICTB PacrsopoB oOT €o-
CTaRa ¥ CBOHCTR KOMIMOHEHTOR €T0 COCTABMAIOWMX MOALIYOTCH RUPYUGTbHBLMU
MOASPHBLMU GE LU UM, ROTOPBIE 110 CBOEMY CMbICAY OTIHHAKITCH 01 TEX WAK
VHBIX TAPLHAALHLIX BEAHUWH (HATTPHMED, OT NapIMaibuoro Jasaeinsg niv oob-
ema). JleJo B TOM, U0 BCAKOE SKCTEHCHBHOE CBOMCTBO 3aBHCIT OT cocTasa cH-
CTEMbI H H3MENACTCH MPOMOPLHOHATLHO KOAUIECTRY BEILECTBA B CHCTEME [1PH
HEU3MEHHOCTH €€ COCTOAHHSA (1. €. HEM3MEHHOCTH HHTEHCHBHBIX 11apAMETPOB).

PacemoTpuM B KauecTse npHMepa BHYTPEHHIOK IHEPTHIO MHCTOTO BELLE-
cTRa. HeusmenHocTh ero COCTOSHUS 3ai1aeTCs MOCTOSHCTBOM ABYX MHTEHCHB-

HbIX BENHYHH — [aBineHus 2 u remmepatypbl 7 H N0 CMBICTY MpeAcTaBaseT
€000 YAEILHYI0 BHYTPEHHIOK) SHEPTHIO
av
(—) =7 (6.8)
on/ pT

OnHako COCTOAHHE pacTBOpa. NOMHMO OObIYHBIX HHTEHCHBHbIX napameT-
PoB, ONPEACIHCTEa Ce H €ro COCTABOM, H, TOBOPA O HUPOHOPLHOHANBHOCTH
IKCTECHCHBHBIX CBOHCTR KOMTHYECTBY BCILECTBA B CHCTCME, CACAYET NpPClyCMo-
TPETh OMHAKOBOCTL COCTABa BO BCEX €€ HaCTAX. )_lﬂﬂ npeablayLero npuMmepa
ITO CICAYET 3aricaTb Tak:

U
<(_> = (6.9)
M) p Ty ng, ... .n

2.

).l.]']ﬂ pacresopos 00JILILIOE 3HAUCHHE HMECT M3MEHEHHE KaKoH-i1HOO PKCTeH-
CUBHOI BEJIMUWHbI MpHA U3MEHEHHH KOJIMHMECTBA MUIL OAHOTO KAKOF0-1H00 KOM-
MOHCHTA HPH YCIOBHH, TO KOJHUCCTBA BCCX APYTHX KOMIIOHCHTOB 11 . @ TAKKE
JIABJICHHUE H TEMNEPATYPd, OCTAKITCA HCH3MCHHBIMH, H‘dl‘l])H.\‘lep, €CJIM B Ravue-
CTBE DKCTEHCHBHOI BEAMHHbI PaccMOTpPCTh o0peM CHCTCMbI, TO €0 H3MCHCHHEC
OpH H3MCHEHHH KOJIMUCCTBA KaKOTO-iIH00 KOMMOHEHTa CHCAYCT 3dNMUCAaATh TaK:

(‘)V) =7 (6.10)
an; B, T4,

Odo311a4ar0TCA NAPIHANLIBIE MOJIbHBIE BETHUHHbBI TEMH %K€ CHMBOIAMM, 4TO
W MOJTBHbIE, HO CHAOKAOTCS CBEPXY UepToit (IPSAMON HILH BOJHUCTOI).

OnHaKo H3MCHEHHE KOMHUCCTRA OAHOTO H3 KOMIIOHEHTOB pacTROpa 0ds3aresib-
HO NMPHBEAET K HIMEHENHI ero CocTaBa, B TO RpeMs Kak W3 yparlienus (6.10)
CNENYET HEHIMEHHOC L KOJIMYECTBA BCEX KOMTIOHEHTOB, 32 HCKITKOUCHHEM 1-TO.
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TTOCTOSHCTBO KONHMUECTBEHHOTO COCTABA MOKHO OCYLIECTBHTH [IBYMS C10CO-
Oamu: 1) npHOaBuTh | MO KOMMNOHEHTA K OECKOHEUHO JOJIBIIOMY KOJIHUECTBY
pacTBOpa NAaHHOTO COCTaBa; 2) IIPHOABUTL K KOHEUHOMY KOJHYECTBY PacTBO-
pa OECKOHEUMHO MAN0E KOJNHUYECTBO KOMIIOHEHTA W NEPECHUTaTh MOJYUCHHOE
n3MeHeHHe CBOHCTB Ha | moss npudasiecHHoro Belecrsa. HafnenHoe taknv
00pa3oM W3IMEHENHE CBOICTRA (00s3aTENLII0 NP YCJAOBHK NocTosCcTBa 1 1 1)
Ha3bIBACTCH  naApyudIbHOU MOA6HOU (Moasapron) seauvnnon (JTstouc, 1907 r).
OHO 0TOOpakaeT BKNAN AaHHOTO KOMMONEHTa B 00LLee cBOiicTBO cucTemhl. Bee
TEPMOIHMHAMIMECKIE YPABHCHHS, ClIPABCANUBBIE ATA YMCTBHIX BELICCTB, TAKKEe
CnpaBesIMBbl H Lild [IAPLUHAIbHBIX MOJBbHBIX CBOMCTB. TOALKO BMECTO MOJIbHBIX
(MOSTAPHBLIX) BeAHU U QUTYPHPYIOT NAPLHAThHBIE MOTbHLIE BETUHHIILI,

Heo6xonumo 00parHTs BHHMAHHE Ha CieayioHie COOOpameHHs:

I TTapiuanbHbie MONLHBLIE BEMHYUHbBI HENTh3A OTOAACCTRISATE C XUMWYECKH-
MK noreHuHanamu. TodbKo ImapuuaiibHas MofibHas dHeprus [Mddca asnsercs
XUMHUECKHM NOTEHLHATIOM.

2. Tlocko:IbKy mapuHaiibHble MOJIbHBIE BENHUHHBI OTPAKAIOT HIMEHCHUS
CBOHCTB, TO MX HENL3A YNOAOOAATH COOTBETCTRYIOWIHM MOMbHLIM BENHYHHAM
(napuHasbHBIC MOIBHBIC BCIHUHHBI MOTYT IPHHHMATb 3HAUEHHS, KOTOPbIC HEMbI-
CITUMAL AJT MOJTRHBIX BEJTHUHH, HIANPHMCP, NapUHaibHbIN MOJhHLIA 00beM MO-
JKET NPUHUIMATb OTPHLEATEIbHBIE 3HANEHHS, TOTILA KAK MOJTbHBIH 00bEeM HE MOIKET
OblTb OTPHLATENBHOH BETHUUHON).

Takum 00pa3oM MOKHO CUMTATh, UTO, HANPUMED, MapUHATbHbIA MONbHBIH
0ODbEM 7-TO KOMIIOHEHTA €CTh « KAy LUHiics» 00beM, KOTOpblH AaHHbIH KOMILO-
HCHT 3aHUMACT B PACTROPE NpH NOCTOSTHHLIX T 1 P, 1 uT0 9TOT 00heM B 001IIEM
€y uae olMIAeTes O HCTHHHOTO 00bEMa ITOr0 KOMMOHEHTA B YUCTOM BUAE NIPU
TEX K€ YCNORHAX, Paznitue MexIy U U © MOKET NPAKTHUECKH OTCYTCTBOBATE,
KaK. HallpUMep. B Fa30BhIX PacTBOpax IPH HEBBICOKHX AABJIGHHAX, HO MOXET
ObITb H OUEHb OOIILLIMM, HAPUMED, A7 PACTROPOR I'd30E B SKMAKOCTH.

[MapunalibHble MOJIbHBIC BENHYHMHBI MOTYT OblTb 00pPa30BaHbl € MOMOLLBIO
ypasueHuii tuna (6.10) o1 mod0#H HKCTCHCHBHOI BETHYHUIIBI ¢ HCNOAL30BAITHEM
TOI 7Ke CHCTeMbl OO03HAUCHHIT.

Bozspaurasch crHosa k ypasHeHo (6.10), MOKHO OTMETHTE, HTO OHO cnpa-
BETHBO HE TOJThKO AJTA 7-T0, HO M A7 JTIOO0T0 APYTroro KoMnoHenTa. OUeBHIHO,
4TO B OOLIEM Cilyuae, KOra MOrYT H3MEHATLCH KOMHUeCTBa Moslell BCeX BelIeCTB
CUCTEMBI, U3MEHEHHE 00heMa OyAeT paBHO

dV = Tidn;. 6.11)

Ecitn 97O ypasHEeHHE 1ponHTerpHpoBats Npu noctosHerse 77 1 7 1 no-
CTOSIHHOM COCTaBE, T. ¢. J00aRAN (I, TAK HTOOKI COCTAB CHCTEMbl OCTABANCS
HEH3MEHHbIM (CM. CIIOCOObI, KOTOPbIMI YTO MOAHO OCYLIECTBH b, LIPHBENEHHbIE

BbIIE), TO NOJYHUM p
V = ¥iin,. (6.12)

(Unrerpuposanne (6.1 1) MOKHO NIPOBECTH, HCITONB3YsL Teopemy Diiepa 00
OAHOPOAHKIX Gy HKRITHAX, HITH TONKKO B TOM cliydae, korna dny : dny @ ...dn; =
=n5 : Ny @ ...M;). YpaBHenue (6.12) OTHOCHTCA K JOOON HKCTEHCHBHON



6. 1. Tapyuaioimie voaapie eeansim 101

BCIMYHHE H NOKA3LIBACT, 4TO BCAKAS IKCTCHCHBHAN BEIHMHHA ABNACTCS BeJH-

UHHOH QUIMTHBHOW M NPENCTaBIAET OO0 PEy.1bTAT CIIOKCHIHS NapUHAIbHBIX

MOJIbHBIX BEAMUYMH, YMHOXKEHHBIX HA HHC/IA MOJIEH 3THX KOMMOHEHTOB.
Mposmdpeperumpyem ypasienne (6.12):

dV =" Tdng + Y ndv;. (6.13)

TTpu conocrasnenin (6.13) n (6.1 1) noayuaem 0110 13 BaskHeHWMX YpasHe-
HHH TeOPHH PAcTBOPOR (K BOOOINE TePMOAHHAMHKK (cM. Takke (2.82)). ypas-
nenne F'nodea—Tliorema;

Z 1At = 0. (6.14)

Ecan nogeanth Bee uiaeHbl B (6.14) Ha cymMMy MO.ae#H Zul B CHCTEME,
T0 ypasheuie ['nddca- - [lioreMa noayunT ciieayowui Bu,1

Zmﬂmi =0. (6.15)

3nech 2, =ny/Y . n;  MOJILHAS 1005 [-10 KOMNOHEHTA.

10 YpaBHEHHE TAKKE MOKET ObITh OTHECEHO K PACHETY JHO0bIX IKCTEHCHB-
HbIX CBOHCTB cHCTEMBI. OHO MOKA3LIBACT, YTO NPH NOCTOSHHLIX T 1 I” v npous-
BOJIBHOM H3MEHCHHH COCTABA PACTBOPA NAPLHATBHbBIC BEIHHHBI HE SBIIAIOTCH
MOMHOCTHIO HE3ABUCHMBIMH.

Jlia GuHapHoro pacisopa ypasHente (6.15) upumer sua

(1 — 2)ds\ + xdTy = 0. (6.16)

K13 57010 ypaBHEHMS BbITEKaeT FpayHUeCKIE METO OHIPCIACIICHUS NAPUHA b=
HBIX MOJILHBIX BEIMUHH OMHAPHBIX PACTROPOR, NMOJYHHBLIHI HA3RAHNE Memoda
OIJIC3KO3,

PaccyoTpiny GHIAPHKI pacTBOP. 0003HATHB KaKkoe-AM00 ero IKCTEHCHBHOE
CBOHCTBO CHMBOJIOM Z. O01ee CBORCTBO £ 0AHOI'0 MO.IsI YTOTO pacTBopa 3anH-
LUEeM B BMAE CYMMbI 3KCTEHCHBHbBIX CBOIICTB KX /IOTO KOMNOHEHTa

= .I'Zl = (1 — ,1,’)7-_). (617)
YpasHenue [ndoca — [lforema mis 31o1o xe ceoicTBa
rdZ, + (1 —2)dZ; = 0. (6.18)

[poauddepenuponar (6.17) no = u yutd (6.18). noayuum caeiayoune
BLIPKEHUSL JUIS MAPLHAILILIX MOJISPHBIX BEIHUHII KOMIIOHEHTOB GHHAPION
cMecH:
a7

-Zl A

A B=250 -2, (6.19)
i Ox

HerpynHo nokasarb. 4to Ha auarpamme Z — . (puc. 6.1) kacareibHas K
3ABMCUMOCTH Z = Z (i) OTCEKAEeT Ha JIEBOH OCH OPHHAT OTPE30K. paBHbIi nap-
UHalbHOH MOAAPHOH BETHYHHE Zin PACTBOPE KOHUEHTPAIMH 2, 4 Ha NpaBoii —
OTPE30K. paBliblii Z; B PACTBOPE TOH Xe KOHLEHTPALMHY.
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PazHOCTL MEXKAY NAapuUHaIbHON MONBHON BEAHYHHON KOMNOHEHTA Z B pac-
TROPE H MOAAPHOH BEIMHON £ qUCTOr0 KOMNOHEHTA HAZBIBACTCA OMHOCH-
MEILHOU RAPYUTTLIOU MOILHON BEANYUNOU

AR =—= -39 (6.20)

Mo prantecKoMy CMbICITY OTHOCHTE/IbHAA LIAPLIHAIIbHAS MOJILHAS BEIHYHHA
APeACTARIACT COO0I W3MEHEHHE MOAAPHON BETHUHHLI NIPH PACTROPEHHH OIHOTO
MOZIs KOMIIOHEHTA B PACTBOPE NalHOH KOH-
Z P T=const i ueHTpar. B cBasn ¢ otum AZ naibia-
0T IPOCTO NapU1aibHOIl MOJILHOMH BeJTNY K-
HOH pacTBOPEHHS KOMNOHEHTA (HanpHMep,
AH — napuHanbHas MOTSpHAs TenioTa
PACTBOPEHMA).
OrMeTUM. UTO NpH pacTBopeH 1 Mo-
N8 BEINECTRA B OCCKOHEUHO 0O0.1bLIOM
KO:IMHeCTBe pacrsopa Teniosoil »pdewr
HHOTAQ  HA3hIBAIOT  Quihdhepenyucininol
X TenNoToH pacTBOPEHHSA B OTIIMYME O uitme-
=g i3 X epasiol TENIOTh, KOTOPas NpeCTapaseT
v €000i1 1ernoBoil (pdeKT NpU PACcTBOPEHHH
Puc. 6.1. Tpaduncciuit serot onpe- 1 MOJIS BELIECTRA B TAKOM KOJIIHUECTRE pac-
ACIACHHL l'lille_Hll.ll-Hbl,\ MOJABHBIX BC- TBOPHTENS, KOTOpOe TPC6}’CTCH AJd €osaa-
MU S LA HUsl JaHHO# KoHueHTpaund. Jas ornocu-
TEeJIbHBIX MaPUHAIbHBIX MOSIbHBIX BEJIHUHH
ClIPABE/UTMBbI BCE YPABHEHMs. BbIBENCHIbIE AA HHCTLIX BEWECTB, €CJIH 3aMe-
HUTb B HUX MOJLHbIC BETHUHHB NAPIHATLHBIMH MOThHBIMH BEJTHUHHAMU.
CBeaeHHs 0 3aBHCUMOCTH [APUHAIbIBIX MOIIbHBIX BEIIHUHH OT KOHUEHTpa-
UHK NPEACTABAAOT MEPROCTENEHHbIF HHTEPEeC ANA TEPMOAHHAMHKH PACTBOPOR.
Haumelbluee KoiIHUECTBO IKCHEPHMEH TAILHBIN JTaHHbIX TPEOYECs A5 TEPMO-
AMHAMHUCCKOH XapaKTepHCTHKH OMHAPHBIX PacTBOPOR. Ho gake AIs DTHX CH-
CTEM 3ABHCHMOCT Z OT KOHLEHTPALHH 1IPHOGPETaeT OGLIHOCTE TOILKO B CITY-
qae WISATHHbIX WM OCCKOHEWHO pa3daBliCHHbIX PacTROPOR. MaTemariiueckHi
aHanui ypasHenua [nddca — Qiorema nokasbiBaet, 410 Cywecrsyer HedO IbWoe
YHCITO BHAOB 3aBHCUMOCTH MapIHaibHbIX MOJbHAIX BEJHUHH OT KOHLEHTPAIHH.
[Tpotue BCero »ru 3aBHCHMOCTH OOHAPYKHBAKITCA B TaK HA3bIBACMbIX HIeallb-
HbIX pacTROpax.

6.2. UpeabHbIe pacTBOPbI

C TepMOAMHAMHIECKOH TOUKHM 3PEHHA PACTBOP ABIACTCH UACUIbIbIM. CCIIN
COOMIOAIOTCA CELY IOLLHE YCNIOBHA.

1. FI3MeHeHne napUHaibHOro MOALHOTO 00beMa Mpi 00pazoBali pacIBopa
HEe 3ABHCHT OT COCTARA PACTROPA:

ATy =T -0 =0, (621)
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re T; — NApUHalibHLIA MOIbHBL 00bEM i-FO KOMIOHEHTd; 1) — 00beM «Uit-
CTOTO» KOMMOHEHTA.
2. [NapunaibHas MOIBHAA BHY TPEHHAN YHEPTHUS 1-r0 KOMNOHEHTA HE 3aBHCUT
OT KOHUEHTPaLMK NpH (pHKCHpOBaHHbIX T 1 P
ATAT, P2y} =T —ul = 0. (6.22)

7

3. TapuuasibHas MOAbHAS YHTPOMIUA 7-1'0 KOMIOHENTA BO3PACTACT HA TAKY10
e BENIHUHILY, KaK H NpH o0pa3oBaHi HACaNbHOW ra3oBoi cMecH:

AT, P,w) =%(T. P, m;) — (T, P) = —Rlnz;, (6.23)

snech 5;(T. P, ;) — napusaibHasg MOIbHAS JYHTPOIHS 7-FTO KOMIIOHEHTa.
sH(T, P) — MOnbHas YHTPOIIHA YHCTOTO KOMITOHEHTA.

PacTBopbl. lsl KOTOPBIX HE BbIIOIHACTCS XOTH Obl OHO H3 YTHX YCIOBHIA,
Ha3bIBAKOTCA HCUDCIBIUBIMU,

J1s nieailbHOTO pacTBoOpa YI'M COOTHOLWEHHS CLIPABEUTHMBBI LIPH BCEX KOH-
LEHTpALHSIX. 3amHLIeM H3MEHEHHS XHMHUECKOTO NOTeHUMANA JAAHHOTO YHCTO-
ro KOMMOHEHTa (COCTOSHME KOTOPOI'O NMPHMEM B KAaueCTBE CTAHAAPTHOTO) NpH
00pa30BaHiK PacTBOPA. YUHTBIBAN BbiLIENPHUREACHHbLIE YCIOBHA (6.21) (6.23)
¥ ypasHeuue (2.33):

T By a5 =gl T, P+ A=
= p2(T, P) + PAw; — TA%; = 4(T, P)+ BT Inz;. (6.24)

Takuy 0GpasoM, 3aBHCUMOCTL XHMINECKOTO HOTEHUHAA OT cocTaBa uae-
albHOTO PACTROPA HMEET TOT Ke B, UTO H I8 HACATLHOTO rasa.

[TpHBeldeM HEKOTOPBIC BbIPAKEHHA LIS TEPMOAHHAMHYECKHX Napakrepy-
CTUK OJIHOTO MOJIS PacTBOpA /UISl HCANLHOTO OMHAPHOTO PacTBOpA. C YUETOM
(6.21)—(6.24) 1 U3BCCTHBHIX TEPMOAMHAMHUCCKUX COOTHOLICHHH:

("L) = g o (L) =3
or P, oP 1,0,

MOIbHLIH 00beM pacTROpa pareH
V. = T 7 — o 0 e 0 6.25
m = X1V + 2Ty = )+ auiy. (6.25)
DHrabMus 00pazoBanis 1 MOas pacTBopa pagHa
H,, = x1hy +x3hs = 20 + n:-zhg. (6.26)
DHTponHs 00pa3oBaHms 1 MOJIa pacTBopa parHa
= - 0
S = 115 + 105, = :zrl.s'? + sy — Ry Inay + s Ine). (6.27)
DHeprus ['ndoca npir odpasoBanii | Mo pacrsopa paBHa

G =zt +2optn = .::,/1? +aupy + RT (2 Inz +22lna). (6.28)
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Nl();lﬂpl'iﬂﬂ H'S()G'clpH'dil TEMAOEMKOCTh HACAILHOMO pacTBOpPa paBHA

. , 0 F. 9
= ((’H> —r (h) . (””-) =1 CY + 1,08, (629)
olr/ p oL/ p ar e

[lp CTATHCTHIECKOM PACCMOTPEHHH ITH COOTHOWEHHSN NONYUAIOTCS TPU
YCSIOBHH, KOTAA CHAbI B3AHMOICHCTBHS MEKAY MOMEKYIAMIT H HX pasMepbl 1Ipak-
TITCCKH OAMHAKOBL. Koraa 9To ycioBHE HapyWwaeTes, TO PAcTBOP Ha3bLIBALOT
pecyispip,. PASHOCTL TepMOAMHAMHHECKUN (DYHKUHIT 1 napaMeTpoB MeKay

HACATbHBIM M PETYAAPHbIM  PACTRO-
Ahyia, T/ vonn paMH  LPHBOAMT K HOABICHHIO TaK
175 HA3BIBACNBIN  U3061MOUHBIX  HOTHEIYLIA-
206 CMCUICHIA.

Ha puc. 6.2 nokazan npumep 3aBH-
CUMOCTH M30bITOUHOIT HHeprun Hddea

150

- OT KOHLEHTPALHH PETYNAPHOrO PacTRO-
100 pa. 10 TAK HA3BIBAEMbIE OCCKONCUHO

75 PASOUGHCHUHBIC PUACTIGOPSL.
OCHOBHBIM TIPH3HAKOM  TAKOTO PO-
50 /14 PACTBOPOB ABIICTCA CHUEIYIOLICE CO-
25| OTHOLUEHHE [UIA Mo00it napuuankHoi
MONILHOH BEJIMHUHBI 7, PacTBOPHIENS

0

CCly CeHy, x ‘]]n})al = \rf"fl)' (630)

Puc. 6.2, Flsoorroutias nieprus 1'udoca
SUTSE PACTBOPR LIMICTONCKCAITD B 4CTRIPCX-
XIOPHCTOM Y IICPOiIC

B 10 ke BpeMsi, pasyMeeTcs, o
148 0
lim @, # wy. (6.31)
=0

3T0 ycaoBHE NPUBOAMT K ONPEAENEHHBLIM TPYUHOCTAM B HHTEPUpETALMU
JKCNCPHMCHTANBLHBIX PC'})’J’II{I‘HTOB METOMAMH TCPMO,THHAMHKH.

6.3. PaBHoBccHE XKHAKOCTL — AP Pa30aBJIEHHBIX PACTBOPOB

3akon Payasd. Panee, B ¢Bsi3n ¢ ypasHeHuem Kiianeiipona — Kiayinyca. mbl
paccMOTPEH 3aBUCHMOCTD JABJACHHS Napa HHCTOrO BEILCCTBA OT TEMMEPATYPbl.
JonycruM, q10 pacTBOpHIE:b HAXOMHTCH B PABHOBECHH CO CBOHM [1APOM HIPH
HEKOTOPOH Temneparype 1'. Ecnw mbl Teneps pacTROpHM B &M KOH (da3e pac-
TBOPUTENSA KaKoe-HHOY b BCLIECTBO, TO ISl COXPAHEHHS PABHOBECHS JABIEHHE
napa 10JAHO W3MCHHThCS. ECni neprorHatianbHOE AaBAEHHE Napa pacTBOPHTENS
Ouiz1o I?, 1o noc.1e aodaiieHHs pacTopseMoro selnectsa craiio > + AP Tpu
a1oM AP HMeeT OTPHLATEIbHbIH 3HAK B CHIY XOTS Obl TOrO, 4TO KOHUYECTBO
MOSIEKYIl PACTBOPHTENH B PACIBOPE YMEHLLWACTCH, a. CICA0BATE.IbHO. YMEHb-
Wwaeres ¥ TasIeHHE rmapa pacTROPIIEIS HA1 PACTBOPOM. 1. €. B NapoByIo (asy
BBLIXOLAT MEHBLLECEC HHCAQ HACTHIL PACTBOPHTEIA, YEM B HHCTOM PACTROPHTENE.
B HOBOM COCTOSHHI PABHOBECHST XHMWUCCKHI NOTEHLMAT PACTBOPUTETS /1 TAK
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e, KAK d B HHCTOM COCTOSHUMH, OQHHAKOB KAK B MHAKOI, TaK 1 B razo0dpa3Hoi
tdasax, T. €.

(%)

s _ 8
My = My (0.32)
Eciiv cunrars, 4o KOHUCHTPALHA PACTBOPEHHOTO BEUIECTBA Mald, TO OUe-
BHAHO. UTO H H3MCHCHHC ABJICHHA mapa AP PACTROPHTENA Hal PACTBOPOM
6yﬂeT MaJjlbIM. H03TOMy MOXXHO Hanucatb pas10kKCHHE

i (P+AP. T.xy,...) = (P.T)+ RTInaf +v{AP +...  (6.33)

[MoacTag:iss yro BoipakeHie B (6.32) v yunrsisag, utonpux = 1 Auy = 0,
NoJIy HM
R £
AP=—_In-L. (6.34)
oy ":l. €y
Lcan anee npesnodoAknTs, YHTO nap Beaet ceds Kak daealbHblii 1as. 1.e.
cnpaseannso ¢ = RT/P, 1 napinaibibeivM MOThHAIM 06bCMOM B KOHAEHCH-
poranHoll (aze MOKHO npeHedpedb (vf < 1)), a TaKKe NPEANONOKHTb, YTO
PACTBOPEHHOE BELECTBO ABIACTCS HEJNETYUUM. TO. pasilaras JorapHpm B Gop-
myre (6.34) B psaa Teiinopa

Inzi =(l—-aj)=—-25+.... (6.35)

NMOJYH WM BbIPARCHITE 1TT OTHOCHTEIBHOTO MOHHXKCHHA AABJICHHA TTapa pacTBO-
PH1EIA Had PACTBOPOM:
AP
T . (6.36)

Popmy:la (6.36) vperioxena Payiem (1888 1) u HocHT HazBaHHe 3AKOH
Payas. On npesicrasiset codoil NepBy o NpoCcTy10 NPOREPKY 00IacTH MpUOIH-
XKEHHIL. IeKALMN B OCHOBE TEOPHH PazdasietitbiX PacTBOPOR.

OusHueckuil embien saxona Payns cocTONT B TOM, UTO PACTROPAS Kakoe-
JTUOO BEUIECTBO B JAHIOM PACTBOPHTEIE, Mbl HOHHKAEM €T0 KOHUEHTPALLHIO B
CHHHUE 00bEMA, U TEM CAMBIM MOHHKAEM /IABRNICHHE Napa pacTROPHTENs Hal
pacTBoOpoM. B pesyabTaTe HEro PABHOBECHE MY KHAKOCTLIO H NApOM 101K~
HO YCTAHABIHBATBLCH MPH MEHbLIET KOHIICHTPAUMH Napa. T.€. NP MEHbLIEM
JABICHUH 1Iapa pacTBOpUTEls,

Jlis GuHapHOH cMech 3aKkoH Payiin 00bIYHO 3allMCbIBAIOT B BUAE

2 — o w B =Py =Pl - o) (6.37)
P

3aech &y, 9. P P — COOTRETCTRENNO MOTLHBIC A0IH PACTROPHTEIS,
PACTBOPEHHOTO BELLECTBA. JABJIEHHE Napa PaCTBOPHTEISI HAML PACTBOPOM U Hajl
HHCTBIM PACTBOPHTENCM.

3akoH Payiist nocyteH B 1peatojloKeHHH HOCTOAHCTBA TeMuepaTypsl 0 00-
Wero AasaeHus, r.e. I = Y p; = const, W10 03HAUACT, UTO BCE KOMIOHEHTbI
B YMCTOM BHAE (B CTy4ae MHOTOKOMMOHEHTHOTO PACTROPA) JOMIKHBI HMETH OAH-
HAKOBbHIE NapUHAIILHBIE JABISHHS, YT 111 PEAlbHbIX PACTBOPOB HEBBITIOJIHUMO.
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OnHako ecin odLIee AABICHHE HEBEIUKO, @ MapLHailbHbIE JIABICHHUS KOMIIOHEH-
TOB MOTYT OTIAHUATLCH JAPYr OT jpyra. To 3akoH Payns cripaBe/UinB U B HTOM
cllyydae. 10 B CBOIO OUEpElb O3HAYACT HEPABEHCTBO KOHLEHTPALUH TOTO WIH
HHOTO BENIECTRA B K HAKOH H razoodpasHoii dasax.

Hakiaem niist yroro caylas cocras 11apa ¥ paBHOBECHOH ¢ HUM XHAKOCTH.
[lycTs a1g GHHAPHOrO HIACANLHOTO PAcTROpa nap NpEACTaBiseT CMECh Hie-
anbHbIX 'A308 NEPBOTO W BTOPOTO KoMnoHenTor. [To 3akony Payis ypasHenue
3aBHCHMOCTH OGLIETO JABIEHHA Napa PACTROPA OT COCTARA A MAKOCTH BbIPA3ZHM
B BHIE

P=p) —x5(p) —pY)- (6.38)

Comacho 3akony Jaiiurona, MobHas J0J18 2-ro KOMINOHeHTa B rasoBof (asze
73 = p§/P. Jing 6rnapHoil cucTeMbl MOXKHO 3aMHCATh, UTO

¢ & 50 5
- /I.‘2 - '1‘2[)2 _ 17?2 Q
& ~ D0 e~ Ry —" (6.39)
Py = w3p) py) Pyibs -‘3(1'1/172
Eciu
W=l o =l
0
p—é <1 T© Zo >3,
b3
0
p—(l) > 1 T TR Tes
Py

Takum o0pasom, fake Ui HAEAIbHOIO OHHAPHOTO pacTBopa rasosas (asa

oborataeTcs 00J1ee NErko NeTyH UM KOM-

P T = const HouentoM (puc. 6.3). st onucanus pe-

aJbHBIX PACTBOPOB HCTIONL3YIOT HE AaR-

JIeHHe, a JeTydecTb. B r71oM ciayuae
o 3akor Payns Oyner BbIMANETHL Tak:

P
[)—,"P\*

A=y (6.40)

3akon lenpn. B 1802 r [enpn,
H3YYasi PACTBOPHUMOCTb Ta30B B OKMI-
KOCTAX. OOHAPYIKHA, UTO KOJIHUYECTRO
NONIOIUEHHOTO raza YBEIWYHBACTCSl B
NPAMOTT MPONOPIHOHANBHOCTH € AaRjie-
HHeM la3a Haa pacrtBopoM. HaibHefi-
IWHe DKCMEPHMEHTH! NOATBEPAUIH 3TO
1 X> 2 HadumropeHue. llokakem 910 ¢ MOMO-
WO 1eX ke UPHOIDKEHHH, KoTopble
ObLIU CHENIaHbl NMPH OOOCHOBAHHH 3aKO-
Ha Payns.

»0
Py

Puc. 6.3. TTapumaabHoe w odiuee anie-
UHe mapy SHUAPHOTO paciBopa
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Ipoandepenunpyen 3akon Payiia (6.37). B pesyasrare dyaeMm Hvers
dpy = —pSila,. (6.41)
W3 ypasHerus T'uddca - Jrorema. 3anucaniioro B Buae
r1dlnpy + xodinp, =0, (6.42)
U (6.41) 10ayuHm BblpaikeHHE
dlnpy = (dy [xs)dln ay, (6.43)
KOTOpOE NOC:Ie HHTEIPHpOoBaliug odpaluaeTcs B ypasHeHue
o = K, (6.44)
HasbiBaeMoe 3akoHom Fenpn. (3necs ' — xowcmanma lenpu, 00bIMHO npw-

BOAHMAsA BO BCEX CTIPABOUHMKAN M0 TEPMOAMHAMHYECKHM CBOIICTBAM BEIIECTB).
Koncranra Tenpy He siisercs CROHCTBOM TOIIb-

KO PacTBOPEHHOTO BEINECTBA MM PACTBOPHTE- | - r

ast. OHa ABSETCA CBOMICTBOM AAHHOTO pacrsopa |~ Ty

W fiwn (penaiaTeed. FCRepAMSAILRES JL ([ - ;

OCHOBE HCCIIE0BaHUA JIETYHECTH XOTs Obl TP

QHOH KOHLEHTpalMA. o Pl L
CMmbica ypaBHEHHA TCHPH MOWeT ObITb JIET-

Ko nousT u3 rpaduxa (puc. 6.4). 3nech AUy
[ 1 2 W300pakaloT JeTyuecTH 00OHX KOMNOHEH-
TOB B 3aBHCHMOCTH OT HX KOHUEHTpaLuu B pe-

aabHOM pacteope. Jlnuun 3. 4 COOTBETCTRYIOT
CIy4ar WACanbHOLO pactBopa, NOAHUAHAKUIETO-

cs 3aKkoHy Payyig npu Bcex KoHueHTpaunsx. B co- |~ Ji(x)
OTBETCTBUM C YpaBHeHHeM (6.44). naBneHue napa e X

PACTBOPEHHOTO BCUIECCTRA B Pa30aBACHHOM peanb-

HOM PAacTBOPE NMPH MAILIX i AOJKHO onpenensts-  Pue. 6.4, Jletyuecrs komno-
Al KACATCARHOH K KPHBOIT 2 peanhbHOro pacTrRopa  HCIon OHHapioro. pacinopa
¢ TaHTeHCOM NaKiloHa pasHbIM . Orclomta Mok-

HO 3aKAIOUHTL, O ONPENNIEHHE CBORCTB peallbliblX, HO CHIBHO pa3daBileHHbIX
PACTBOPOR. MOKCT ObITh MOMYHCHO AOBOABHO MPOCTO. H B PA/1C CAYUACR NpHME-
HEHHE COOTHOWEHHH 1.1 pa3daBieHHbIX PACTBOPOB MOKET OKA3ATLCA BIOMIIE
YAOBNETBOPHTENLHAIM NPUGIHKCHHEM,

6.4. PacTBOpPHMOCTB I'a30B H TBCPABIX BCIICCTB B *KHIAKOCTHX
3anaua o PACTBOPHMOCTH B NPHHUHITIC SIBASKCTCA sajlavei o Ll_)ﬂ'iOBOM PaBHO-

BeCHH. OHAKO NpH BHAMATENALHOM PACCMOTPEHHUH 5TOTO BONPOCA NMOABIAKOTCA
NOCTATOMHO DOJIbLLIHE CJIOIKHOCTH, CBA3AHHLIC C TEM, UTO B Haua. IbHbIH MOMEHT
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PacTBOPEHUS TOTO WIIH HHOMO BELIECTBA DTOT HPOLECC NPOUCXOAHT B YHCTOM
PACTROPHTENE, HO YyKE NPH JIOCTATOMHO ManbIX KOHUEHTPALMAX PACTBOPEHHE
BellecTsa NPOUCXOAUT B pacrsope. B ¢BA3K ¢ 3TUM AaBIEHHE Napa. HAIPUMED,
PACTROPHTEIIA HAL PACTROPOM H3MEHIOWCHCS KOHUEHTPaUKKU 0y.1CT BCAHYH-
HOH nepemenHoit. Cilea0BaTenbllo, PABHOBECHOE COCTOANHHE ABYX KOMITOHEHTOB
OyACT OCYHIECTRAATLCS NPH PASHBIX AARICHHAX Napa Hal pacTropoM. Lein ke
PACTBOPAEMOE BELLECTBO CAMO JIETYUE. TO CHTYaLUsl elue Goslee yCIIoKHASTCS!.

(IHAKO NPHHUMaA NPHOTHAKEHIT OCCKOHEUHO pa30aBNeHHOro pacTROPA, RCC
AKE VAAETCH NOTYUUTh TCPMO,IHHAMHUECKHE COOTHOLUEHHS, CBA3bLIBAIOLIHE pac-
TBOPHMOCTb BELIECTB € MapaMeTpavi CHCTEMb.

Pacmeopusiocmo 2azo6 6 ncudkocmax, YCIORUAMN PABHORECHS B CHCTEME,
Haps1y € paBelicTBOM TEMIICPATYPLI M AaBiIeIBH B 00eHX (asax. siui1saercs paBeH-
CTBO XHUMHYECKUX NOTCHUHAMOB KAKOTO H3 KOMNOHEHTOR PacTBOPa B Kaw10H
U3 (pas, T. e.

wi (T, P, 2%y = (/(T, P, a¥), (6.45a)
(T, P, x°)y = pi(T. P, a%). (6.450)

Mpu sagauueix T v P 9TH ypaBRenus B NPHHIMIC PCLIAIOT 3a4auy  OHH
B HESIBHOM BHAE comepkar HCKOMYIO 3asucuMocts ¥ (T, P). Omiako B ABHOM
BH/C PELUCHHE OCNOKHSACTCS BRCIEACTRHE TOTO, HMTO TPCOYIOTCH IKCMCPHMEH-
TAlIbHBIE HAHHbBIC. OTHOCHLLHECH K HCCIEIYEMOMY pacrsopy. YuurbiBas, 4TO
B OONBUIMHCTBE CJYHACB PACTBOPHMOCTD ra30B B KHIKOCTAN A0CTATOUHO Mana,
TO B NEPBOM HPHOIMIKEHHH MOKHO CHHTATD PACTBOPLI Ta308 B AHAKOCTX O¢C-
KOHEUHO pa3daniCHHLIMH M NPUMEHATL 3akoH [enpu. loraa nius onpeacneHus
PACTBOPHMOCTH Ta3a B KHAKOCTH, HCIMUIL3YA ypaRHEHHE (6.44), monyynv

_ (1, Py

6.46
K1, P) (646

wWn

EctecTrenHo. uTo thopmyna (6.46) cTporo cnpareinga ToJILKO [U1g OecKo-
HeY o pasdaBieliHbIX pacTBopos. HeoOXoanmo raKkke NOMHHTb, YTO KOHCTAllTa
Tenpu N(T, P) cylwecTBEHHO 3aBHCHT OT MARJCHHS. M MPEHCOPERCHITE ITOMN
3ABHCUMOCTBIO IPHBOINT K 3HAUMTENLHbIM OTKIOHEHHSIM BbIUHCIICHHbIX 3HaYe-
HHI OT DRCMIEPHMEHTAIBHO MOJNYUEHHBLIX, YUTA ITY 3aRUCHMOCTh, MOXHO NOAY-
UHTb COBMAAIOLIME C DKCMEPUMEHTOM BETHUMHBI PACTBOPHMOCTH rasa.

PaceMoTpuM Tenepb 3aRHCHMOCTh PACTEOPHMOCTH ra3a B JKHAKOCTH OT TeM-
Neparypbl B YCAOBHAX MOTHOIO Hacbilwenia, Yeiaosue (6.45) coxpaHaercs npy
BCEX TeMIEpaTypax. 3anuwem HoAHbii AHPpQepeHiInaT XuMU4ecKoro MoTeH L -
afla R SKMAKOH M razoodpazHoii dazax. coxpaHas NoCTOSHHbIM 00UIee TaRfe-

Hue I’ B Buae
(3"‘3) dT + ("” ) dr = ('9,“ ) dT. (6.47)
Bl B ar )y & ip

(Cumntaem, 4TO KMAKOCTb. B KOTOPOIH PacTBOPAETCS rai, HENETyHa; MOd3TOMY
razosas ()aia COCTOUT TOALKO M3 AAHHOIO BCLIECTBA. MOMEUYEHHOTO HUKHHUM
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MHAEKCOM «2»). Pazneaum 00e wacty ypaBHeHus (6.47) Ha dT w yurem, uro

et i | L
8atY o o a [ 2MY = e
oT P o1 P v

-85 + (%) (L) ==gt. (6.48)
O T P ol ) il 5

B npudnixeHHsX 0eCKOHRUHO Pa3daBieHHOIO PACTBOPA MOKHO CUHTATD,
uto dpey = BT dlu el ynutbigan 2710, sanuwem (6.48) OTHOCHTENBHO

( 8I ) - l. | :
ar FPoac .
1]

[TocKoNLKY Mepexo BEeUlecTBa M3 ra3oBoi (hasbl B pacTsop ecTh (pa3oBhIi

[V

(6.49)

o

Y G 7
nepexo. To 8, — 5, = b (e (2 nudx
2 -

JCPCHUHAJILHAA TCNJIOTA (I)’(‘I'SOBO ro

nepexoa (PacTROPEHHS ) rasza B HACKILLEHHbITT pacTBOP.

Vuurbias, uro dr = wdlna u s pazdasleHHBIX PACTBOPOB CripaBe-
Jlnaj
auBo | —2 = 1, noiyuaemM 3aBHCUMOCTL PacTBOPHMOCTH Taza OT
Az /) pi
TEMMEPaTypbl:
dlnz Q
( 9 ) =i L (6.50)
91 I, nac ri-

PazaeiiuB llepeMeHHbIe W MPOHHTErpHPOBAB B WHIEPBAle TeMUEPATyp
T, — Ty, nomyussM OKOHUATENLHOE YPARHEHHE

n— =

o QI =1
: ;" = Q(h"}"l' 2. 2l
T A

Pacmeopumocmn maepontx gewjecms. |BEp/be BEUIECTBA TAK KE. KaK H
rasbl He MOIYT OECHPEIeIbHO PacTBOPATHCH B ®KHAKOCTAX. TIPH A0CTHAKECHHH
ONpeaeIEHHON KOHUECHTPALHH PACTBOPEHHE 1TPEKPALLACTCS. YCTaHABINBACTCS
PaBHOBECHE MEAK Y TBEP;OH H KHAKOH pazamu. PacTsop, HaXoaalLmHiics B paBHO-
BECHH C TBEPAbIM BELUECTBOM. HA3LIBACTCH nacsiiyenioin. TTIOCKOILKY yCiI08He
PABHOBCCHA BLIPAMKACTCS B PABCHCTREC XHMHYCCKHX MOTCHIHAIIOR PACTBOPEHHO-
ro KOMIOHEHTa B pacTBOpe U B TBePAOH dase, To

puge(T'. P. 3) = pm (T, P). (6.52)

”CHOJ’lb3yﬂ TOT KE MCTOA, € MOMOIUBHO KOTOPOro Mbl PACCMOTPCIH paHee
PacrBOpHMOCTb I'a308, MOJAYHHM YPABHEHHC PACTBOPHMOCTH TBEPABLIX BEILECTB
B 3aBHCHMOCTH OT TEMIEPATY PbI

dlnxs

Olnx - Q,
( PYA ) e R o ’ (6.53)
P, nace 12
2.7
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rae (2, — anddepeHuaibHas Tena0Ta pacTBOPEH!s TBEPAOTO BELLECTBA B JaH-
HOM JKHFIKOCTH.
LN waganbROro pacTeopa yparHenune (6.53) ynpouaercs

<_‘5’ . ) = (6.54)
ar I’ nac . g

D10 ypaBHeHue 01110 dMnupHyeckH nonyuero Wpenepom 8 1890 . 1 HoeuT
€ro Hms. PacTropeHye TREPAOro Teaa MOKHO NPEeACTABHTL KaK JBA NOCAC 0RA-
TEIbHO MPOTERAILIMX npouecca: 1) miasieHHe TBEPAOro BewecTsa i 2) cve-
WeHHe ABYX KUAkocTel. B ciyuae i1ealnbHeIX pacTBOPOR TEMIOT CMELEHHs

paBHa HY!0, 1 Torma Bedmunna (y = Ay, = Auy, W HE 3aBHCHT OT BbIOOpA
pacTBopiTens. CaenoBarenbHo, (6.54) MOXKHO 3anncars B BHAE
Olux A2
< ) = —”2' (6.55)
a1 P, nuc Fi

CyuTas. uTo TENJOTa NAARNCHHS HE 3aBMCHT OT TEMMEPATYPbl. ypaBHEHHE
(6.55) MOHO npouHTEerPUpoBars. B pesynsrare o110 npumer GopMy yYpaBHeHUs
Kraneiipona— Kaay3nyca. 1. e. 3aRHCHMOCTh JJ0rapH{Ma pacTBOPHUMOCTH TBEP-
J0T0 Tela o1 0dparnoli reMieparypbl €CTb LIpsMas JIMHWS. TAHreHC HAKIOHa
KOTOPOI B DTHX KOOP/AHHATAX OMPEIENRETCA TENNOTON LTdRIEHHA pacTBOpse-
MOI'0 BeLIECTRa,

B ypasnenus (6.54) v (6.55) He BXOAST BEAHUHHBI, XapaKTEPH3YIOLLHE pac-
TBOPHTElb, H3 HEI'0 CIAYET, UTO H/1€QilbHAS PACTBOPHUMOCTb BELLIECTBA HE 3aBu-
CHT OT MIPHPO/IbI PACTROPHTETSL.

3asucumnocms pACHICOPUMOCTN HIGEPOLIX GCU(CCING 0N 0G6. 1eHUA, 0bI1-
HbIE TIPECTARACHHS O MAJIOM BAHSHUU JABICHHA HA PaCcTBOPHMOCTE TREP/bIX
BELLECTB ClipaBeliliBbl ML B 00NacTy Manblx AaBleHUi. B HacTosee Bpems
AHANa3oH 1aBAEHUH PaCLIHPHIICS 10 HECKOMBLKHX ThICA aTMOChep, # OKa3anoch,
YTO NpeHedperaTs BAUAHHEM JaBIeHUs CTA10 YiKEe HEBOIMOKHO. EcTecTBeHo,
4TO OCHOBULIE 3AKOHOMEPHOCTH HEOOXOAHMO PACCMOTPETL HA NPOCTeHWNUX CH-
CTEMAX DECKOHEYHO PA30AB.ICHHOTO Wil HACANBHODO PaciBOpPOB.

[TpHMEHHM Ty XK€ CXEMY BhIRO/14 3aRHCHMOCTH PACTROPHMOCTH OT IaRIEHNA,
KOTOpad OblId IPUMENEHA AN TeMIIepdTypHOi 3aBucHvMocTH. Tpoanddepern-
pyem (6.52) Ans HACKILIEHHOTO PACTBOPA MO J1ABJICHHIO!

A2 ac + 12 e (9_1‘ — 8Lg (6 5())
ar )y, be ) op NP )y opP )

Ao _ O .

YUUTBIBAS, UTO <—’ e = Ty v | 22 =8,  napumanbHbli

) — 2
OF )y, oy

MOJNBHbIH 00bCM PACTROPEHHOTO BEIIECTRA B ZIAHHOM PACTROPE 11 MO TbHbLEE 00b-
€M HTOTO 3Ke BewecTBa B TBepIoil (aze. [1oacTaBHB 3TH COOTHOLIEHHS B (6.50)
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M CHENAB Te KE camble MpeodpazoBaHHs. 410 H npH BbiBoae (opmyn (6.53)
¥ (6.54), nonyunm okoHuarensHo ypaBHenne INnanka — san-Jlaapa:

<oln :‘3> _ AT 6.57)
or T nae Rr

Pa3HOCTh ATy = Tayge — U3, €CTh NIPHPOCT OOBEMA NPH PACTBOPEHIH MO
TBEP.OTO BELIECTBA B €10 HACHIILEHHOM PacTBope.

6.5. Temmneparypa KUIleHHs W 3aMep3aHUs pa3daBJIeHHBIX
pacTBOpOB

doysiockonusn. Kunexue 3TO TPOLECC HHTEHCHBHOTO Tapoodpa3ona-
HHS, XapakTepH3yOLHHCH HEMPEPbIBHLIM BO3ZHHKHOBEHHEM H POCTOM BHYTPH
AWIKOCTH My3bIpbKOBR Mapa. OCHORHBIMM OCOOEHHOCTAMH HTOro THna haso-
BbIX HPEBPALLEHHIT ABISIETCH Pe3Kas 3aBUCUMOCTb TEMNEPATYPbl KHIIEHHT OT
BHELUIICTO JIARICHHS H HANHUMS Pa3MHUHbLIX PACTBOPEHIILIX BELLECTD H PA3IM-
yHe B cocraBax skMAKOH KW napoodpaznofi a3, OcHoBHOH XapaKTepHCTHKOMN
npouecca KHMEeHWS ABAACTCS €ro TeMNEpaTypa KHmnelms,

Temnepamyporr kunenus pacTBOPa Ha3bIBAETCH TeMNEPaTypa, 1IPH KOTOPOH
AHAKHE pacTBOP € AaHHOI KOHUEHTPALMENH PacTBOPEHHOIO BELLECTBA 1IPH paB-
110BeCHH 00pa3yeT nap, AaBAelie KOTOPOro paBIlo BHEILIIEMY AaRISHHK. 34ech
Mbl PACCMOTPHM KHIIEHHE AHIKHX PaCTBO-
POB HENETYUIX BEIECTB, BAHANHE KOTO- p
PBIX MPOABIISIECTCA B 1IEPBYHO OtEpellb B W3-
MEHCHHH TeMMEPaTyphl KHMEHKUSL.

TIpAMbIM CIIEACTBHEM HOHH/KEHHS 1aB-
JIETIHS HACKILIEIIHOTO Napa pacTBOPUTENs
Haja pacTsopom (3akoHa Payisl) sBaseTcs
TO, UTO TemmepaTypa KHMCHHS pacTRopa
JIOJIACHA ObITh BbILIE, MEeM /11 HHCTOIO pac-
TBOpMTENs. Ha puc. 6.5 uzobpaskeHst 3a-
BHCHMOCTH [dBACHHA ACKIILEHIIOTO nd-
pa pacrsopurens (/) W pacTBopos pasHoH
KOHUCHTPALMHN HeneTyHero pelnecTsa (2
1 3). M3 pucyHKa BHUHO, YTO TeMIleparypa - -
KHIENWA pacTBopa 2, OTBEUAIOLLan TouKe To A
nepeceucHus uzodapsl Fy (BHeulHee aas-
JICHHE). BCETaa RBILIC TeMNCpaTyphl Kume- =~ " T b i e i

=3 f pa PACTHOPHTC.I4 HAL PACTHOPHICICM
Hus [, YHCTOrO pacTBOPHTENS. PEBH()CTB (KpMBAS 1) W WAL PACTBOAMH (KPH-
AT = T — Tp, OUEBUIHO, TeM OOJIbILIE, 0w 5y 3
uem Ouiblle MOJIbHAs J0JsI PACTBOPEHHO-
ro Heferyvero BewecIsa. TepMoanHaMHKy (a3oBbIX 11EPEXOUOB 1IpH KUITe-
HUW W 3aMEepP3aHHK 1arasaiee BCero MoiHO NMpeacTaRUTh, H300pakan rpadu-
UECKH 3aBHCHMOCTb X HMHUCCKOI'0 NOTEHIMAIA PACTBOPHTENS OT TEMIIEPATyPhl ¥

Puc. 6.5. Jlasiciue Hachluetioro ima-
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KOHUEHTPALHH PACTROPEHHOTO BELIECTRA MPH NOCTOSIHHOM JaBleHun 7 = const
(ykaszaHue Ha NOCTOAHCTRO IABNE HMS OUEHEL RAAHO MOTOMY, UTO TEMIICPATY PHBbIT
UHTEPBAJl MEKAY TOUKAMH MIaBiieHHs (3aMep3anis) U KUMEHHA Onpeaensercs
00S3ATENLHO MPH OJIHOM H TOM &€ BHELIHEM ganieHun Fp).

3aBHCHMOCTh XHMMHUECKOTO HIOTCHLHANA OT TeMIIEPaTyPhl A5l HHCTOIO Be-
IIECTRA (B NAHHOM MPUMEPE - PACTROPHTEAN), O¥IAVUH NpeicTaBIeHa rpadue-
CKH, HMCET TPH KPHBbIE. COOTBETCTBYIOLLHE TBEPLAOMY, KHIAKOMY W lI'a3000pas-
HOMY COCTOANHMANM (pHC. 6.6).

[Tockomnbky (3—/;) = —5§,as™ < & < S™ To yrasl nakaona kaca-
r’p

TeNbHBIX K 3aBHCHMOCTH it = p(T) OyayT yBeNHUHBATLCA 110 MEPE NOBbILIETIHS
TEMTMEPATY Pl (3HTPOTIHSA 3aBHCHT OT TEM-
fepaTypsl), a B TOYKax (Ga3zoBoro repexo-
72 NPETEPrEeRaATh H3JIOMbl, TAK Kak 1pu
ITOM IHTPOMUSA MEHSICTCH CKAUKOM.

Touka A xapaxrepmyerca (a3oBbiM
Mepexo: oM nAaRieHKHeM pacTBOPH-
TeAA; et coorBercrByeT Temieparypa
rnasiienns Ty, Touka B coorsercTayer
AIPOLECCY HCHAPEHHS C TeMIeparypoii
kunerns T

L - XUMHUECKHIl MOTEeHUHAN PacTBOPH-
n Taa TeanTwnn T rens npn obpasopakui pacTROpa, B COOT-
I p p pa,

BETCTBHH C TEOPHEH HACAILHBIX PACTBO-
poB, noHuwxaeTcs na seanunny RT Ina)
(cormacho (6.24) noa 3nakom norapudma
JOIIAHA CTOATL aKTHBHOCTL pacTBOpHTE-
as @y = pi/por). Onnako no 3axony Payns (6.37) mns pasdaBreHHbIX pac-
TBOPOB MOKHO BMECTO aKTHBHOCTH 3alucars v; = py/poi. 1103TOMY KpHBas
pPTPY = (1) ang pacTROpa NONAET HHIKE COOTBETCTBYHOIIEH 3aBHCHMOCTH AN
YUCTOIO PACTBOPHTIENS. TO4KH 1epeceueHHs ITOH KPHBOH € 3aBHCHMOCTIAMH
@ = p(T) nna tepnoii v razoobpasznol das uncroro pacreoputens C' u D
YKa3bIBAKOT COOTBCTCTBEHHO HA TEMICPATYPhl KPHCTANIW3ALUNKY T, ¥ KHne-
1M T pactsopa. M3 rpadika BHARO, UTO TeMmnepatypa nnasiacius (Kpu-
CTAJAV3ALHH) MOHHAKACTCA MPH 100aBICHHH PACTBOPEHHOTO BEUICCTRA, @ TEM-
nepatypa KHneHusi nomsiwaercsa. llpy HToM no  adCcomoTHOH BenHumie
ATy, > ATy, M AIeKBaTHBI IKCTIEPHMENTATLHBIM JAINTIBIM ST PEATbHBIX
pacTBOpOB.

anuwen ypaBHenne Knaneiipona—Knay3suyca ass nporiecca menapeHms
B HHTErPLILHOI Popume. nenonbsya (4.10):

7

c
T

Pue. 6.6, 3aBHCHMOCTEL XHMHUCCKOIO
HOTEHIMAAZ PACTBOPHTCIS OT TeMile-
PATY P

A/ adn l l A, H\.'HA'I'
Pt A (L LY ARAT (6.58)
Py Ik 0o 7y
Baeew pi. pr. 10T w0 ALY — coOTBETCTBENHO, AABJCHHE HACKILLEHHO-

ro napa, TeMMeparypa KHNEHHs PaCTBOPHTENS M PACTBOPA H MONbIAA TENJOTd
HCNAPEHHA HUCTOIO paciBOPUTEIA.
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Tpumensts 3akod Payaa 8 suae: ap = (1 — aw) = [)1//_)?. passiaras
In(1 —wy) = —ay — /2 — ..., OTPAHHUYHUBLLKCH TICPRLIM HIICHOM pa3fio-
Kenns u nonaras, 4to npu Mansix AT npoussenenne 10T = (17)%, nonyunm
creAyIoIee ypaBHene:

A/’,HCI]A[j
— s (6.59)
R(17)
MossHas 10218 PacTBOPEHHOIO BELIECTBA 110 HPHUHIE €€ Maoil BEINHHHbI
R, o ~~ N2 ny My 2
MOZKET OblTb MPENCTABIEHA KaK Ty = —— e ,imew; u My —
n| T N ] Wy

COOTBETCTBEHHO HABECKA PACTBOPUTENS U €0 MOJIEKYISIPHAA Macca.

Ecnu nasecka pactgoputens pasHa wy = 1000 r, 1y /1000 = 1y (Monsiib-
HoCTh) M ALY /A = A) (YACbHAS TENIOTA HCHIIAPEHHSI PACTBOPHTEISN), 10
OKOHYATEJLHO TOJYUHM (POPMYAY LTS OTIpCACAEHHA NOBLILUCHUA TEMNOCPATy Pbl
KHIEHHS pacTBOPA B 3ABHCHMOCTH OT MOJIS.IbHON KOHUEHTPALMH PACTBOPEHHO-
ro BeleCTRa:

RlTl

ATKH“ =  ———= —Hig = E'I)I-_g. (660)
A11000

RO, .F

1 kisn

A1 1000

swrotl (ang soapl X = 0,52°C, nna OeHzona F2 = 2,27°C); ona asadgerca
NOCTOAHHOH [T JTAHHOTO PACTROPHTENS W HE 3ARUCHT OT BHAA PACTBOPEHHOTO
BeLecTBa. POPMAILHO FTO BEIHUHHA, PaBIIds HOBLILWECHHKO TEMIICPATY Pbl KUIIE-
HMA PACTBOPA OAHOTO MOAA RewecTsa B 1000 r pacTROPHTENS H 4acTO Ha3bIBACT-
Csl MOMNERYSIAPHBIM 1I0BBILUEHHEM TEMNEPATYPbI KHOeHHA. B aAeHCTBHTCIBHOCTH
Ke yparneHue (6.60) nepectaeT ObITh NPARHABHEIM NPH BEICOKUX KON LEHTPallH-
AX PACTROPEHHBIX BEIIECTB, MOCKONBKY B OCHOBY 3TOT0 YPARHCHUA MONOAKCHBI
ApHOIHACHHA PA3OABIEHHBIX PACTBOPOB, @ TAKMKE B CBA3ZH C MATEMATHIECKHMH
YTIPOLICHUAMH, CICTAHHBIMH MPH €T0 BbIROLE.

VpasterHe (6.60) yclIeWHO IIPUMEHASTCS A ONPEACIICHHA MOJIERY IS PHOM
MacChl PACTBOPEIHOTO BEUIECTRA B PA30aBACHHBIX PACTBOPAN, NOCKONLKY MOMb-
HY10 00 PACTBOPEHHOTO BELLECTBA MO HO BLIPA3HTH CPE3 €r0 HABECKH H Ha-
BeckH pacTropuTens. Torda HckoMast MoNekynapHas mMacca My pacTBOPEHHOTO
BELLECTBA OYIET paBHa

Besimuuna £ = HOCHT HA3BAHHE IOVLIUOCKONUYCCKON NOCHIO-

Al SOl e
AC[‘_’ = R(ll.\nn) M, “'_ (661)
/\;]‘CHA.I‘.\““ W

DTOT METOM, HCNOIB3YIOWHA ypasHerne (6.61) wia onpenelieHns Mosexy-
JIAPHOH MACCHl PACTBOPEHHOIO HEJICTY IO BELICCTBA, HOCHT HA3BaUHEe DOVLIUO-
cKomu.

ToBops 0 npedesiax NpuUMeHUMOCTH yparHennit (6.60) u (6.61). caeayer
OTMETHTh, HTO ¥ MHOTHX PACTROPOB fABYN KHAKOCTEH Nnap pacTBOPHUTENA YacTo
MOKHO 110oAarath ¢BOOOIHBIM OT PACTBOPEHHOTO BELLECTRA, CCAH TeMMepaTypa
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KHNEHHA PACTBOPHTEINA HIKE TEMIIEPATYPbl KHIIEHHS PACTBOPEHHOIO BELLECTBA
Gonee, vem na 100-200°C.

Kpuocronua. TTpoueccsl kpHCTAILIM3aWHH PACTBOPUTENS U3 pacTBOPOB B 00-
LIMX HEPTAN AOCTATOUHO XOPOLLO H3BECTHbI. [T03TOMY 31CCh Hd HUX Mbl OCTAHABR-
auBarbes He dyaeM. TTokameM Jnilb, KaK pellaeTes Handollee BaKHas B 11PaKkTH-
YECKOM OTHOLICHHUH 3daaua HaxoukAeIHs 3aBHCHMOCTH MEiAY KOHUCHTPaLHEH
pacTBOPE HHOIO BEILECTBA W TeMNEparypoii 3arsepieBaHus (KpHCTAUTH3ALMHY)
pacTRopa. CBA3b MEACAY XUMHYECKUMH MOTCHIHANAMM PaCTROPHTCNS B fBYX
COMpPAKEIHbIX (ha3ax — #HAKOH W TREPLOH  oTpeiensieTcst 00LLUMMU YCIOBH-
SIMH paBHOBECHS, T. €.

pi (L, P, x) = pi* (T, P). (6.62)

Oco0eHHOCTh YparHeHHs (6.62) COCTONT B TOM, YTO MOJThIlas A NEPBOTO
KOMITOHEHTA (pacTeopH1ens) B TBepaoil gaze pasna eannunue. Yacro a1y dasy
Ha3bIBaOT (ha3oil MOCTOAHHOTO cocTara. Mcnonbiys ypasHenne Ulpeaepa (6.54)
uin (6.55) 1 Takyto ke Npouelypy, KOTOPYIO Mbl NPHMENISIAH TS ONpeaeTeHHs
HOBbILLEHKS TEMIIEPATYPbl KHIIEHHA pa30aBIE€HHbIX PACTBOPOB, 1OJNYUNM Cile-
Adyroulee ypasHeHHe:

— R(TP )? :
N e = M‘mg = K'mao. (6.63)
1000
: R(TPm)” _ 3 i
3nech — 2 = ' wpuockonuveckas nocmosinast, p = AP My
21000

yIeNhHas TETII0Ta MAaRNCHHS PACTBOPNTEAS ¢ MOJMeKYAspHoil Maccoit M.

Beantuna KpHOCKONHIECKON HOCTOSHHOM He 3aBHCHT 0T BHJA PacTBOPER-
[0TO BEINSCTBA, a ARMACTCA (PYHKUHEH IPHPOALI AAIIOTO pacTBOPHTENS (1T
BO/lbl KPHOCKOIIHYECKas NOCTOAHHas paBHa 1,85 °C, aust Genzoata — 5,5°C).

VparHenue (6.63) uacto HUCNodb3yeTesl MOJ00HO TOMY, KaK 3TO NENaeTCs
B 20YJINHOCKOIIHH A4 ONPEIENCHHA OTHOCHTEIbHON MONERVISIPHOH Maccebl pac-
TBOPEHHOTO BellecTBa. MeTOMHKA ONPENeNneHus MONIRKYIAPHON MaCChl PACTRO-
PEHHOIO BEILIECTBA (10 [IOHHKEHHIO TEMIIEPATY PbI 3aTBEPACBAHHA Pa30aBJICHHBIX
PacTBOPOB HOCHT 1IA3BAHHE KPHOCKORUL.

BripakeHue ans onpeienciug oTHOCHTENLHOI MONCKYJIIPHOH Macchl Mo
cpasy noflyHaercs w3 ypasHeHUa (6.63)

0 2 A .
M, = RTY "M ws (6.64)
ARYVIAT G w)

Ha ocHoRre yparHeHHA (6.63) NMOHINKCHHE TEMIICPATY Ph 3aTBCPACBAHHS MO-
AKET € YCIEXOM OblTb HCHONB30BAHO 151 ONPEAENEHHA aKTHBHOCTH KOMIIOHEH Ta.

Bhile ObliM paccMOTPEHKI CBOHCTBA paszdaBlieHHbIX PACTBOPOB, KOTOPbIE
HE 3aBHCAT OT 1IPHPOIbl PACTBUPEHHOIO BellecTBa. PacrBopeHHoe BEWEeCTBO
B JTHX YPABHEHUSIX BbICTYIAJ0 TONBKO B BHaAE 'HCiA MOMeKy.l. Takue cBOMi-
CTBA, KOTOPbIE 3ABUCAT TONLKO OT [IPHPOAbI PACTBOPUTEN S, HA3BIBAOTCA KOJ-
JUATaTHBHbIMHA.
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Jlerko nokasarth, 4TO B CIY4Ae C1adbIX PAcTBOPOB. KOIMA HCIO0 MOJIEKYI
PACTROPEHHOTO BELUECTBA 2y CTPEMUTCS K HYIIHO, B Y PABHEHHE /U1 XHMHUECKO-
ro NnoTeHLHama pacTBOPUTENS He BXOOMT IHeprus B3anmounehctaus Uy w Uny
B hopmyie (6.4). B camonm dene, MOCKOALKY IHTPOTIHS pacTBopa parHa

S=kplnl=kpln it m) Fg(NInN —nglnng —nelun), (6.65)

nylng!

(rme N = ny + 7). 10. Beipasue Hepruo Teasmroinsla Gopmynamu (6.4)
1 (6.65) 1 B3R OT MOAYNEHHOTO BhIPAKEHHSI MPOH3BOAHYIO MO YHCTY MOJCKYJ
pacTBOpUTEs 1y, HaHUeM 3HAUEHHE XUMHMECKOrO NOTEHUNANA PacTBOPHITENs
B IAHHOM pacTROpe:

L T “ i 2, i
= E((llnf + (/227’7,; + L’lgnlng) =
= %(Uum —Uisns) — kuT(uN —lnny). (6.66)

s

Tpu 1o < 1y Tperbe caaraemoe B (6.66) MOKHO 3aMCHHTL HA

InN—Inng =—-In2 = —lnag = =l = me)) eeria By ==
N ™y

Toraa XuMHUECKHIT MOTEHIHAN PacTROPUTENd B pa3daBJICHHOM pacTBOpe
OyieT UMETh B/
- ny
M1 = ——U]] —]i'BTIIl-—7 (667)
2 n
T. €. 3ABHCETh TOJILKO OT 'IUCAA 1ACTHL PACTBOPEHHOIO BElIICCTRA.

Taxum 00pa3zoM, U3IMEHEHHE XUMHHUECROIO LIOTEHLIMAIA PACTBOPHTEIA B Pa3-
OABACHHOM PACTBOPE CBSA3ANO JHIbL C HHTPOMUIHLIM dPPEKTOM W ARAACTCS
YHUBEPCANBHLIM, UTO H MPHBOANT K HOABAECHHIO PALA 3AKOHOB pa30aBieHMbIX
pacTBOPOB, T.€. KOJUIHFATHBHBLIX CBOHCTB (KPHOCKONHMS, 30YJJIHOCKOMHA, OC-
MOC H Ip.).

6.6. MemOpannoe pagHoBecHe. Ocmoc

PaBHORCCHOE COCTOAHHE R PACTROPAN OCYHICCTRAACTCA NPH 00A3ATETLHOM
PaBEHCTBEC TEMIIEPATYPbl M OABIEHHSI BO BCEX HACTAX BCEX COCYLUCCTBYHOLLMX
a3, COCTABIAOLIMX NAHHY K CHCTEMY, A TAK/KC NOCTOANCTRA COCTARA RO BCEX
YUacTKax naHHoil hasbl.

ITpu HAAHUHK PAZHOCTH XUMUUECKHX NOTCHIHANOR MY YUACTKAMM 01
HOH (pa3bl WIH MEKLY Pa3libIMH (DA3AMH KOMITOHEH bl CHCTEMBI I ((Y HUNpYOT
B HANPAB.ICHHK HNAACHHA CBOHX XHMHUCCKHX HOTEHLHAIOR A0 TeX 110P, MoKa
3Ta pa3HOCTb HE OyneT JIMKBWAMPORAHA, T.€. NOKA HE YCTAHOBHTCH PABHOBE-
cue. Takum 00paioM, HEOOXOMMbIM YCIOBHEM OIS AOCTHKEHUS NOA0OHOTO
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PaBHOBECHA ABJIACTCS BO3IMOKHOCTb CBOOOAHOIO H DECNPENATCTBEHHOIO fnepe-
X0/1a BCEX KOMIMOHEHTOB CHCTeMbI U3 OfIHONH a3kl B APYTYHO, U3 OJIHOTO YHACTKa
B IpYTO#.

Ecan we oTaeibible MacTH CHCTEMBI PA3ICHEHbI LICPEIOPOARAMH, KOTOPbIE
HETPOHIIACMbI UTS HEKOTOPhIX KOMMOHEII-
TOB, TO COCYLWECTBYOWHe (azbl MoryT
HAXOAMTHCA TIPH PasHbIX AABNENHAX, & pa-
BEHCTRO XHMHYECKUX MOTEHLUHAIOR yCTa-
HOBHTCH TOJNBKO LISl TeX KOMIIOHEHTOR,
—_~| KOTOphle MOTyT OCCrpenaTCTBeHHO Mepe-
h = =S XOMMThL UEPE3 Heperoponry (memoOpany).
. Tak, ecan U-o0pa3zublii cocya nepekpuIT

= = — —| wmemOpanoii M (puc. 6.7), no omHy cro-
- 45 - ¢, o pony KOTOPO# HAXOLMTCA, HanpHMEp, BOJL-
= _ — —| Hbiii pacTBOp Kakoro-ando Bewecsa, a 1o
== - 7 _| npyryr  4HCTHlit pacTBOpHTENb (BOAA),
=r= = TO BOAA OyIeT NEpPEXoIHTb B Ty HaCTb CO-
— -7 _ 7 _| cyla, B KOTOPOH 1HAXOOHTCA pacTBOp, eCiu
W MeMOpaHa NpoHHIeMa A MOJIEKYJT BO-
—— abi. Takoii nepexoit uepes Memopary Ha-
Puce. 6.7 Auehika ,uig HCCIC loBana  3bIBACTCA ocyocou, a CHia (npl«ixoglﬂlll‘dﬂ-
OCMOTHUCCKOTO TAB.ICHHS Csl HA €AMHULY IUTOLAAN H 3aCTaBIsOLAs
PacTROPHTENL NCPEXONTL iepe3 Nepero-
POAKY B PACTBOP) HABLIBACTCA 0CMOmUUecKuy Querenitent. Beieacrsne ocmoca
YPORBEIh PUCTROPA MOBLICHTCS, CO3AARAA AOMOJHUTEILHOE AdRICHHE, NPEnsT-
CTBYIOLLIEE OCMOCY.

ITpy HeroTOPOI BbIcOTE CTONOA pacTBOpa /i 1ONONIHHTENLHOE IABICHHE A0~
CTHTACT TAKOH BCJIUUWHBL, MPH KOTOPOH 0CMOC MPEKPALLIAETCA, T. €. YCTAHABIIH-
BAETCSl PABHOBECHE MEXLY PACTBOPOM H YMCTLIM PACTBOPHIEIEM. YBeIHIHBAs
W3RME AARICHHE HAd PACTROPOM, MOKHO 3aCTaBHTI PACTBOPHTEThL M3 pacTBopa
1EPEXOINTh B HHONOBHHY COCYAA C UHCThIM pacTBOpHTesieM. TTpH YTOM KOHIIEH-
Tpaums pacTBopa OyneT RO3IPACTATH A0 TEX MOP, NOKA He AOCTUTHET 2HaveHns,
COOTBETCIBYIOILECIO YBENHICHHOMY JABICHHIO, H YCTAHOBHTCA HOBOE PaBHOBE-
CHE MEKIY PACTBOPHTEIIEM H PACTROPOM.

PeanbHO HIMepseMON BEAHUMHOM JARICHMS SIBJISETCS THAPOCTATHUECKOE
nasicHue . TTodTOMY OCMOTHYECKOC AABICHHE MOMKHO ONPEUSINTL KaK J10-
NOMHWTENBIOE AdBACTIHE, KOTOPOE HEOOXOIHMO MIPHIOKHTh K PACTBOPY, HTOOLI
NpeaA0TBPATHTL NOCTYTIICHHE B HEI'O PACTBOPHTENS! HEPes 1EPErOPOAKY.

PaccMoTpHM MEMOPAHHOE PABHOBECHE € 11O3HLIMK TEPMOAHHAMHKH pa3bas-
JICHIBIX PACTROPOR. PacTROpUTEL H PacTROP, pa3zacjeHHble NMEPEropo Ko,
NpeaAcTdRIsAOT coOLI ABe (asbl, OAMH W3 KOMLIOHEHTOB KOTOpOil codOAHO
MepexoAnT 13 0AHOH a3l B Ipyry:0. 3HauuT, B 00¢HX (hasax OH AOTAKCI HMETD
OIMHAKOBbI XHMHIECKHH lHOTeHIMaA L. B uncrom pacrsopureile ero XumMmtecknil
OOTCHUMAL 3ABHCHT TOTBKO 0T BHEWHHX napaverpos T w 7, B pacrBope #e €10
ZHAUCIIMC MCIISICTCS € U3IMEHEHHEM KOHICHTPAIMU H TABIEHUA, KOTOPOE CKITAAbI-
BAETCS M3 NNEPBOHAYAITLHOIO JABJICHHSA W LOMNOIHUTENBHOIO THIPOCTATHIECKOTO
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AABJIEHHS, paABHOIO OCMOTHUECKROMY. nOCl\'O,'ley CHCTEMA HaxonHrea B paBHO-
BECHH (110 paCTBOpHTCJ’IIO), TO HIMEHCHHE XHMHWUCCKROTO NOTCHUHMTa paCTROPH-
TE.1 paBHO HYIIHO. 3aruieM 1o B BHAE 110J1HOTO ,:m(])(])cpel-luuana XHMH'IECKOFO
MOTCHUHAIA PACTBOPHTCANA

i iy
1,,:(“) /;-+(“) P = 0. 6.68
i ox T,P(l oP T,.’l7( ( )

Hci 10J1b3Y A W3BECTHBLIC COOTHOLLEHWUA

(thu) :RT(ﬁlnm) : (Bm) =Ty
8z /T, P dz T P /T,

MOMAYHHM YPaBHEHHC

RT (200) e+ TdP =0, 659
i

o

Petnas yparnerne (6.69) 0OTHOCHTENBLHO I, CunTas. YTo NapuHaIbHbIH MOJTh-
11l OOLEM PACTBOPHTENS HE MEHSETCA. HHTEIPHPYEM YTO YPABHEHHE OT COCTO-
KA YnCToro pacreoputena z; = 1(a; = 1)u P, = ) 10 KOHIEHTpaLWH «1%
W nassienns P = Py + .

B pesynbTate HmeeM

T = A lna. (6.70)

K2l

D10 TOUHOE TEPMOAHHAMHYECKOE YPARHE HHE OCMOTHIECKOTO AABACHNS T —
OMPEASAACMOro KaK JOMONHUTENEHOE AaBIEHHE, KOTOPOE HEOOXOANMO NpHIO-
KHTh K PACTROPY, UTOOL! MPEAOTRPATHTE MOCTYIICHHE PACTROPHTES B pacTROP
nepes MeMopaty.

[loncrasus 8 (6.70) BMecTo a1 = Py /Po1 v yunrthiBas 3akoH Payns, a Takxke
pasiowenne In (1 — ) & —ry. 0 TAK KAKTIN = €] W Gy = Na /1, 1101YUHM
ypaBHEHHE

M = B0 — BT, (6.71)

T U] ny

HasblBacmoe ypasHennem Baur-Todga.

VYpannenue Baut-Todga cnpase1nrpro TOALKO 1A OYcHb Pa3OaRICHHAIX
pactsopos. [TosbilucHHe KOHUEHTPALWYE PACIBOPEIHOIO BELLECTBA BEAET K OT-
KITOHEIIHIO OT ITOr0 ypaRHEHWS, ¥ B TaKoMm ciyuae ypaslieHue Baut-Todda
J0.17KHO OblTb 2aMEHEHO §0.18€ TOHHBIM TEPMOAHHAMWICCKHM YpasHeHHeM (6.70).

BesinunHa 0CMOTHYECKOTO TABNEHHs PEANbHOrO pacTBOpi dosbLe 3lave-
HUA T uaeaibHoro pacrsopa. OrHOLEHHE MEWY YIHME BEJIHUHHAMH PacTeT
C yBeIIMIECHHEM KOHLEHTPALMKY pacTropa. OTKAOHENHE Peaiibioio pacTBopa OT
WACUNLHOTO T/ Wy, = g HA3LIBAKOT ocyomuueckuy Koxpguiuenmonr. Ecay zee-
CTH ¢ B YPaBHEHME LIS HICANLHOTO PaciBOpa, 170 PACCHHTAHHAA NO TAKOMY
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YPaBHEHHIO BEAHUHHA OCMOTHUECKOIO MaBIeHHA T OyNeT OTBEUATb peallbHOMY
pacTRropy

A 1 s (6.72)

==
)

CpaBHuBas 310 ypasHenue ¢ (6.70), MOKHO YCTAaHOBHTH CRS3b MEAKLY OC-
MOTHUCCKHM KOYPhHUHEHTOM H KOYDOHUHEHTOM aKTHRHOCTH PACTROPHTENS B
pacTRope, T. €.

RT i il
r=-g—Ilny; = ——lna = ——lu(x,m). (6.73)
vl vl v

OTKyZa COOTHOLLEHHE MEIKAY OCMOTHUYECKHM KOdDduLmeHTONM M KO pdH-

LIMEHTOM aKTUBHOCTH MOJy4aeT BHA

Wy = (g—1)ln g (6.74)

Mbl BUOMM, 4TO OCMOTHYECKHIT KOIDDHLMEHT H KOIPDUUMEHT aKTHBHOCTH
ABNAIOTCA PAMMHUIILIMH, HO CBA3AMHBIMH MEKAY COOO0H MEpaMu OTKIOHEHHS
PedaAbHOIO PACTEOPA 01 HACATHHOI0. OIXIHIHE ITO COCTOUT B TOM, 1ITO TEIIEPb Mbl
U3MEHWJIM HE APTYMEHT 79 WM '] Ha (1, KK PAHBILE, & H3IMCHHAH BHI (DY HKLM K.
Hanpusep, xuMuueckuii noTeHUMaN B YTOM cilydae JMOJAEH 3anHCcarbea KaKk

= gRT Inm, . (6.73)

OcMoTHIECKHH KOXDOULUMEHT YAOOEH TEM, HTO, BBEIA €ro Kak MHOKHTENb
JU1SL HEKOTOPBIX CBOHCTB HACATKIIOrO PACTROPA, TEM CAMBIM YUHThIBACM OTKIIO-
HEHHE CBONCTB peanbloro pacteopa or HieailbHoro. Kpome Toro, nHaxkounes
O0TbIIOH IKCMIEPUMENTATLIRI MATEPHAN MO RCTHUHHAM OCMOTHUECKOTO KO-
(OUUNCHTA PA3HBIX PACTBOPHTEICH, H HPEHEDpPErarb YTHMH AaHHbIMH BPAL K
pazyMHo.

6.7. Moueky./isipHasi TeOPHUsI PACTBOPOB

OcHOBHOI 3anaueii MOJUIEKYNAPHOIT TeOPUH PaCTBOPOB ABASAETCS pacyeT Tep-
MOAMHAMHUECKHX (DY HKUHH M YPABHEHHH COCTOAHHA Hd OCHOBE AAHHbIX O CROFH-
CIBAX BELUECTB, COCTABISIOWIMNX pacrsop. MareMarHeckn 3alata CBOAHTCA K
pacyeTy CTATUCTHYECKOTO MATETpana B Cllyuae Knacceckoli crarneruku Mak-
csesna — boubUMaHa 1M CYyMMbI IO COCTOAHHAM B C.1y1a€ KBAHTOBOH C1aTHCTH-
KH:

Jexp(—e/k gl )ds = Z ¢ /T (6.76)

HMecite 10Balne paccesius PEHTICHOBCKHUX JIy el NMpHBENo K 0OHapYKEHHIO
Y MHAROCTCH CCA0R KPHCTATLIHICCKOH CTPYKTYPBI BOJIH3H HEKOTOPOTO 3apa-
Hee BLIOPAHHOTO LEHTPAILHOO ATOMa WM MOJERY.1bl. TToYromy 11 onncamust
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CTPYKTYPb! AKHIAKOFO COCTOAHHA ECTECTBEHHO HCI0:1b30BATH (PYHKLIHIO pacnpe-
JICTICHUA, KOTOPYD MOAHO ONPEILIHTh ciaeayioliium oopaszom. Tlycth Hadnto-
Harels Kak Obl HAXOAMICA B UCHTPE KAKOH-:1MOO MOJIERy/bl BHYTPH 00bema
AHIROCTH. Ha paccTosHiN QMO0 MOJCKYAAPHOTO AHAMETPA OH YBHIAWT NpH-
mepro 9- 10 «coceuel» (B TBEpLOM Te.le € IDIOTHOH YIIAKOBKOH TakHX co-
cemeit ~ 12). [lepsas cpepa MONICKYl OKpY:KeHd BTOPOI Jofee 11eCOBEPILIEH-
Hoil cepoil, a Ta B CBOIO OUepens cilenyrowe, eue Golee HECOBEPLICHHOM.
Ha 80fbLIIoM paccTOsIHUM OT BRIOPAHHOW MOJIEKYNLI MIOTHOCTL NEPEXOAHT
B cpeiitor0 00BEMHYIO TUIOTHOCTH. CAE10BATEABIIO, H3MEHCHHS MAOTHOCTH
MOTYT ObITb OlIMCAHbl HEKOTOpPOR yHKumkell g(r), HazbIBaeMON pududionoi
Gyvuryuedl pacnpedeienya. KOTOPas. B NpUHUNNE, ABILCTCA KITHOUOM K Npodie-
Me AKNAKOIO COCTOsIHMSL. e Tariae Ha3bIBalOT KOPPEASLUHOHHON (yHKkuveli. DTa
(YHKLMS UrpaeT BaxkHYyH poib B CHITY CIIEIYIOLUHX MPHYHH.
1. Ona moxer ObITh HEIIOCPEIACTBEHHO H3MEPEHA € HIOMOLIbI). HAnpuMep,
PACCEAHNA PEHTTEHOBCKHX JIYUEH HIM HEHTPOHOB.
2. Ecamua g(7) M BUI MEAUACTHUHOTO IOTEHLHAIA (1) H3BECTHBI, TO TeM
CaMbIM ONPEUCIICHBI BCE PABHOBECHKIE CBOHCTRA CHCTEAMKL.
3. @yukupn g(r) u 2(r) CBA3aIbLI MHTCIPANTBHBIMK YPUBHEHHAMH, KOTOpPbIE
MOTYT ObITh PEIUEHBI B OMPEACTEHHBIX NPHOMHKCHUSIX.
Ecan npe;cTaBiTh, 4TO HEKOTOPas YacTHLA CHCTEMK! (PHKCHPOBAHA, TO B HHTEP-
Balie 01 7 30 1 4 r (1.€. B cPepruecKoM CIloe (/1) BEPOSITHOCTL OOHAPYKEHHA
4acTULbl OyAeT paBHa il ik
= _TTa (6.77)

v v

duw(r)

MPH OTCYTCTBUU KOPPEILIMK B PACNONONKEHH I YacTHLl (T. €. pacnpenenciiie ya-
CTHLL ILOHOCTBIO XaoTHYHO). Koppeasauuu B paclipelesieHHH HacTHL 110 00bemy
COCTOSAIT B TOM, UTO BEPOATIOCTL HEKOTOPOTO MOJOMKCIIHSA YACTHLLI 3aBHCHT OT
PACTIOA0/KE HUSL APY X 1ACTUL. B KpHCTaNiIe nonomeHue Hacryu noury nojiHo-
CTHIO YyTIOPAAOUEHO. [103TOMY RePOATHOCTh HAXOAICHHS ABYX UACTHUIl Ha pac-
CTOSIHHW 7 JIPYF OT Apyra yxe He onpenessercs (popmynoi (6.77), a 3aBHcur
OT HX B3aHMIIONO PACTIONIOAEHUs, T.€. onpeaeisiercs (pyHKUuMel pacipeieie-
Hust g(r). Torna (6.77) ¢ yueron g(r) 3annwercs B IS

2
dw(r) = g(r)m (6.78)
v
Ecny Koppensaums nogaHocTbo orcyrersyet, To g(r) = 1. Jlas kpucran-
0B g(r) XapakTepH3yeTCs HalHUHEM OTACIBHBIN MHKOB, MEAILY KOTOPLIMH
g(r) = 0. Ons snaxocta g(r) n3o0paxaetes B BUAES [1aBHOH KPHBOH € Hainyu-
eM IKCTPeMaNLHBIN 3HaueHHH g(r) Ha HedOoNBUWMX paccToAHuaX 7. CunTaceTes,
WTO HEPBbIH LHK XapaKTepH3YeT pajHy ¢ HEPBOH KOOPHHHAUKOHIOH chepsl, BTO-
poii NUK — RTOPOH M T. . YHCIo vacTuy B NepBoil KOOpAHNALHOHIOH cepe
HA3bIBAOT KOOPOUQUONHEIM ycnod. ECAV W3BecTHa panaupanbHas (QyHKUHs
pacnpenesieHns g(r), TO KOOPAHHALHOHHOE YHCITO MOKHO PACCHHTATD.
ITycrb N — cpelHee uneo HacTHU B €aHHHLe 00beMa v, Tolua

dN(r) = (N — 1)dw(r) = (N — 1)4mr?dr, (6.79)
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(3ieck N — 1 cBHRETENLCTBYET O TOM. 'I10 PAaCCMaTPHBAOTCH BCE UACTHILbI
KpoMe LeHTpanbHOoi). Torna B chepHueckoM citoe TONINHHOIN dr HHeao HacTHuU
COCTaBMUT

n= J(N — 1)dw(r) = 4n(N/v) Jg(v')r{“’dr. (6.80)

Mockonbry Koppesaunoas Gy HKLMs g(7) 3aBHCHT OT TeMIICPATY PbI, TO U 1L
TAKAE 3ABHCHT OT TCMMePary phl. TTONHACHUE TEMTIEPATY Phl BE/CT K TTOSABJIEHHIO
Ha KPHBOH ¢{(1) PE3KMN MAKCHMYMOB, CBHACTE.ILCTBYS 00 YBEIHYEHHH CleIe-
HI OynAcHedi ymopsaoueHHocTH, Handonbias yrnopsaiaotueHHOCTb B KHAKOCTSX
HadMogaeTCs Npy reMueparypax, OJIM3KHX K TeMIleparype KpHCTaililH3aluuH.
OnmHAKO YTV BOBCE HE O3HAYAET, HTO B AKHIKOM COCTOANHM YOPSA0UEHHOCTh
NOBTOPSET TAKOBYIO B KpHCTale. B Kpucramie pacerosHie MEA 1y COCeasMu
CTPOTO ACTCPMHUARPORAIIO (3a1aH0), B TO BPEMs KaK B A4 IKOCTH OHO ABISETCS
HEKOTOPOii YCPEAHCHHOI RETHUHHOH.
TeM He MeHee, Haguuie ONHKHEH YNOPAAOUEHHOCTH NOCTYKHIO OCHOBOI
JiI8 NOCTPOCHHS TEOPHH AKMAROIO COCTOsHMs. JKNAKOCTB Tenepb paceMarphsa-
FOT KaK UCKAKEHHbIH KPHUCTANT; TAKYH MOLENb Ha3bIBAIOT KEAIUKPUCIHALTUTC-
ckol Modeipio (peLlleTotHas Moiens). Mctonbosanne Takux Moaeiedl CHbHo
YNPOULIRT 34104y CTATHCTHYECKOTO PactieTa TePMOANHAMHICCKHX By HKIIHI, HO
3TH PacteTbl CKOPEE ABNAKOTCH MPUONHAKEHHBIMHI, TOCKOIbKY CH.ILHO NpeyBeli-
UHBAKOT CTENMCHL YTTOPAIOUEHHOCTH Bk HAKOCTAX. B pesyantare )Toro YHTponua,
PACCHHTAHHASL 110 PELUCTOMHbBIM MOZEIAM, CHIIBHO 3aHHACHA, B TO BPEMS Kak
APYTHE DHEPTETHHECKHE XAPAKTEPUCTAKN MOTYT OBITh PACCUUTAHbI IO CTATOUHO
TOUHO.
Pewertounan Mofedb ABI4eTCA HAUNPOCTCALIEH MOLCILIO, TAK KaK B HCH
CUMTAETCS, UTO HANWUUYME CHUJ OTTANKUBAHHMA COCEAHHX MOUERYJ ABNSETCSA
OMPCACHAMOLLIHM B MEAUACTHUHBIX B3aHMOACHCTRHIN, NOCKOJILKY KaX Aasd MO-
JIEKyJla HAXOAUTCS JINWb B MaJlof obiacTy knukoi (pasbl, nprHapiexamei
TOJIBKO €H.
Ecnu gopaya noTerinana B3auMoneHcTBUS M3BECTHA, TO YGipeKTHBHOE Nojle,
ASHCTBYIOWEE HA MOIEKYIY B JAaHHON AUCHKE, MOAKHO BbIUHCIHTL, TIPOBOUA
YCPEIHEHHE MO BCEM BO3MONKHBIM MONOKEHHAM ee OnmKainx coceaeii.
[epeuncaM OCHOBHbIE AOUY LLEHNA PELUETOUHOH MOICTH,
1. Tlpeanonaraercs, 1o ABHKEHHE MOJIEKYJIbl CBOAWTCH TOJbKO K Kolleda-
HUAM BOKPYT HEKOTOPOTO PABHOBECHOTO nonoxenus. Eciau 310 6e3ycyioB-
HO BEPHO I8 KPHCTAIAHYECKOIO COCTOAHMA, TO LI AKHAKOCTH HBIS-
eTCA BEChMA TIPHOMHACHHLIM (MTHOPUPYIOTCA ABACHHS caMoaHdpy3um).
Onnako xapaktep ONUAKHEro MOPSiAKa B KUAKOCTH NPUONH3NTE/ILHO COB-
ManaeT ¢ TAKOBLIM B TBEPIOM TEJig, 1MOITOMY B 0ONACTH AANCKOH OT KpH-
THUECKOH (171€ ObICTPO BOIPACTAIOT (MIYKTYALHH MIOTHOCTH) PELLETO I HAS
MOIENb CTAHOBUTCS 1IENPHEMIIEMOIT.

2. Pewerka paccMarpHBaercs Kak KeCTKas, €¢ TEPMHIECKOE PACLUUPEHHe
He Y'NThIBAeTCs.

3. Kascaoit Monekyne B pelleTke COOTBCTCTRBYCT CBOC MOJOKENHE PaBIOBC-

cna.
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4. BHYTpPEHHHE CYMMbl 110 COCTOAHHAM (ABHXECHHA. CBAZAHHBIE C BPALLECHH-
eM, kofieGaHHeM aTOMOB B MOJIEKYJ1€ M AP.) HE 3aBHCAT OT 00heMa.

Bridepem A Kaunoil auefiki CBOIO CHCTEMY KOOPAHHAT ¢ HayanoM B LCH-
Tpe auedkn. Tloaoxenune MacTHUbl B /-ii sueHKE ONpelenM paanyCoM-BEKTO-
poM T;. 3Hauerna r; = () COOTBETCTBYIOT HAXONKIEHHHK YacTULbl B UEHTPE
sueiikn. TToTeHUHanbHy 0 IHEPIHIO tacTHubl 0603HAIHM cuMBonom x. Ecnu
BCE AUERKH OHHAKOBLI, TO W BHA (JYHKLMH \(r) ONHHAKOB JULIA BCEX AUYCEK.
[ToreHunanbHas Heprusi 1acTHubl 8 ueHrpe sueiikd y(0). TTonuyto sHeprio
B3aHMOAEHCTBHA BCEX HACTHIL, HAXOAALIMXCA B LICHTPAX AUECK, CeAyeT CUNTaTh
paBHoil 0, 5.V y(0) (4robbl He YUHTHIBATH KAXKAYIO MONEKYAY IBAKALI, OAHH
pa3 Kak UEHTPANbHYH), OIPYroil pa3d Kak COCCAHION, T. €. HE CHHTATh K&iK1y o
napy MONEKYN AB&XIbI). 3aNULIEM BbIPAXKEHWE ANA NOTEHUHANbHON JHEPTUU
YACTHUBI B MFOO0M 3dAaHHOM [IOJIOKEHHH T, OTCUHTBIBAEMYIO OT JHEPrHM
YACTHLLLI B LEHTPE, B BHAE

¥(r:) = x(r:) — x(0), (6.81)

a BbIPAAEHHE 118 YHEPIHH MEKMOIEKYISAPHBIX B3AHMOUEHCTBHI NPH 301aHIHOH
KOH(pUrypaLi 3anHiueM B BUIE

Ulrr, ..., 1) = 0,3Nx(0) + ) (). (6.82)

[lpesae uem NEpeHTH K pacueTy CTAaTHCTHUCCKOH CyMMbI TaKOI CHCTEMDbI,
HEOOX0ANMO BBECTH NOMATHA, CBAZAHHBIC ¢ B3aUMOUEHCTBHEM YacTHLL paceya-
TpUBAEMOH CHCTEMBI, IEHCTRUTENLHO, €CTH YACTHUDLI B3aHMONEICTRY FOT MENTY
C000I1, T0 10 B3ANMOIEICTBHE HOMIKHO ObITh YUTEHO NpK pacleTe TepMOaHHa-
MHUECKHX MOTEHUHATOR. DHEPTHA BIAHMOACHCTBIA MEHARTCA B 3aBHCHMOCTH OT
NOAOKEHHS HaCTHL (KOHQHIYPaLHH CHCTEMBI), T. €. OHA HE ABIACTCA CTATHCTH-
HECKH HE3ABUCHMON BEANUHHON W 1OMKHA 3aBHCETh OT BHELHHMX NapamMeTpos.
OnHako NOCKOIbKY B3AUMOACHCTBHE MEXCIY YacTHUAMH YOLIBACT NPONOPLIHO-
HANLHO & 1~ % (1" — paccTosHie MEXKIY YacTHUAMN), TO € OKPYIKAIOLLEH Cpestoit
Oy.1y T B3aHMOLEHCTROBATH NPAKTHHECKH TONBLKO YACTHLbI, 11AXONHIIHECA 11a T10-
BEPXHOCTH paziella (1.e. Hd 1IOBEPXHOCTH PacCMaTPHBAEMOM chcteMbt). Jra
IHEPrHA MO CPABHEHHIO ¢ 0OHEMOM OUEHb MAJTA, €C BKAAA B OOLLYIO YHEPTHIO
B3aHMOUCHCTBHI C OKPY/KAKOLLMM NPOCTPAHCTBOM TAKAE HOCTATOUHO Mafl. i HM
MOXKHO NpeHedpedn. Takus odpa3oM MOKHO CHHTATD, UTO IHEPIUA JTAHHOH Ma-
KPOCKOMUYECKON CHCTEMBL MONHOCTLIO ONPEALSNACTCA 38 UaHHEM MMITYJILCOB U
KOOPAMHAT UACTHLL, COCTARIAROIINX NaHHYHO cucTemy. B »ToM caiyuae Bce Tep-
MOIMHAMMUECKHE (DYHKUHM MOXKHO BbIPA3HTE UEPE3 CTATHCTHUECKYHO CYMMY,
NPEOOPA30BAB €€ C YHETOM MEKXUACTHUHBIX B3aHMMO/1eiilCTBUIA.

Bbipasuy cratneTHueckyio cymmy (Q (Henosib3osas i 9Toro Hamdosce
NPOCTYIO CBA3bL CTATHCTHYECKOM CyMMbI ¢ (ynkunel Fensmronbua £ = —
—RT In (9) yepes wxrerpan

O = exp(—F/RT) = J ..Jexp (-%) dpdy, (6.83)

B
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rue I (p. q) — dyrxunn TaMuiabsrona, 3aBHCAWAsS TONBKO O KOOPIHHAT W
MAIYSILCOB YdACTHUbI, T. €, TMOJHAA HEPTHs HACTHULI, 0ObIYHO 3aruChiBacMas
B opme

,

2 i 2
po by Ty
= E L fe TR 4 Uy, ..., TN, (6.84)
’ 2m
=1
(rae p, . py,. P, — COCTaBASIONIHE UMIMMYJIbCA 7-if HACTHIWI, T; — panyc-
BEKTOp £-i YacTrubl M U — MOTEHUHATTBHAS YHEPTHST B3AHMOICHCTBHS MEWy
YacTULIAMH).
B dopmyny (6.83) neobxomuvo BeectH nonpasky 1/N! o yuwresa-
FOLLYHO HEPA3HAHMOCTh JacTit v vaokurens 1/hMY (rne WY = A& =

= (ApAg)TY — (asosbiii oGney auciiki ¢ ennunHoi pebep ApAg = h
(npvHUMN HeoupeuenennocT Tefizendepra), a V i [ — coOTBeICIBEHHO YMC-
JI0 HACTHLL B A4eiike H Yicao cTenereii ceodonl Kaxaol yactiusl). Toraa (6.83)
3AMHLIETCS B BHIE

Q = (NN~ J...Jt\:{p (—LF‘”) dpdy. (6.85)

kg’

ToacTasun (6.84) B (0.85), monyunm

(A
v dpe dpydpediry o dry . (6.86)

Z = (NWYy ! J . Jexp (—”i(”‘ q)> ap, dpy, dp., ...

I10CKONbKY YaCTHObI MOTYT UMETb BHYTPEHHME CTENeHH CBOOOIbI, TO HUX
BHYIPEHHEE COCTOSIHHE MOXHO CHHIATh HE3ABMCAILMM OT KOH(PHIYPALMH CH-
CTEeMbl, U PAacCMATPHBATbL MX TaK K€, K4K W B Cllydae WicanbHoro rasza (T.e.
BbIACTIUTL CTATUCTUUYECKYKO CYMMY BPALLATENbHBIX, KOJ€OATeIbHbIX ABHAEHUH
A IEKTPOHHBIX MEPEXOA0BR H3 CTATUCTHUECKOTO HHTerpana). Torza (6.86) 3anu-
weres B BHIC

Smmk (/2N () ;
7 = (“ 1 “T) Qs J . .J(\xp (~ [—) iy ooodry, (6.87)
h? N kgT

riac (p)um i = (an(gm;x(}m o-

I4H']‘\. p’cl.Jl
23 == J P J(H\p - (/7' - (]']1 ; ( 88)
KOH |) 5 1 LEN 0.

KOTOPLLH Oepercs Mo BceM KOH(HTYpaLHsM CHCTEMbL, HOCHT Ha3BAHUE KOHEU-
PYPAyHOIIIOCO MINCoPAna.
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TCﬂCpb CTaTHCTHYUECKHUH HHTCTpall MOXKHO 3anHcarb B YKOPQUEHHOM BHIC

e QMII}"IP

Z = N NI Zkon(}n (6.89)

/2

..

meA=| —*¥ , @ Ly onipesensercs Gopmysoi (6.88). Ins nueain-
2rmkgl

HOTO ra3d IHEPrA B3anMOAeHCTBHS U paBHA HYIIHO, NOITOMY
- & e d VA
Zgoniy = J...J(\xp(())dh odry =, (6.90)

rae v — o0beM suefikd. Toraa craTueTHYECKHI MHTETPal naeanbHOro raza dyner
BBIITAIETH CAEAYIONIHM 00pa3o:

- 0. N
Zyy = SN, (6.91)
ASN A

TNoncTasnss (6.91) B (6.89), noayuum, 4to
Z= (Zn.lzknnr[))/UN- (692)

Tlockonbky MOTEHUHANLHAA YHEPTHA MCIKMOMEKYIIPHBIX B3aUMOIeiicTRIE,
saricarHas B (popme ypasrenus (6.82), npencrasiaser codoll cymMMy cnarae-
MbIX, OTTCHIBAKOULMX IHEPTHIO KOKA0H TYaCTHLbI, 3aKPEniIeHHOol B COOCTREHHOMR
sUeiiKe W 3aBHCALLCH TOJbKO OT €¢ COOCTBEHHBIX KOOPAMHAT, TO pacleT cTa-
THCTHYECKOTO HHTErpaia 118 CHCTEMbl TAKHX 3aKPEMJICHHbIX YaCTHL CROINTCS
K pacdeTy WHTErpajoB M0 BCEM pasjiHuHMbIM A4eHKam. 1103TOMY MHOKHTENb
1/N, cBA3aHHBIN ¢ HEPaZMHUYHMOCTBIO HACTHIL B HICANLHOM Ta3e, TeNepb BBO-
AT He Hazo. B ytom ciyvae

),-,,‘, ) A oo o TN
B = —(“j 1 J...J(—‘X]) L TSN ) dri, ..., dry. (6.93)
ABN kgl
v L
Iloactannss (6.93) B (6.89) , Halinem BbIpaiKCHHE AN KOHPUIYPALIMOHHOTO
HHICrpasla

Zwnw J = J“‘l’ {_M} gy, ..., dra, (6.94)
N! I [;T
w v
i, noacTaiss g (6.94) smecto U (rq, ..., ) €ro Beipaxkeline w3 (6.82), nveem
7 coud N @ (r
2 = exp <——‘ X(O)) J [exp (—72 E L(“)) dry, ..., dry =
Nt 2kgT . kgT

N
_ _ Ny(0) B IGIVRTR
= exp ( 2A-BT> (J exp ( = ) (ln) . (6.95)
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(B (6.95) yureHo. 4TO (hy HKLIMOHANbHAA 3aBHCHMOCTh 1(7;) 4018 BCEX HacTHLL
OIHHAKOBA.)

Onpenenyy cBOOOIHbLI 00beM 'y 105 HaCTHLB! B BUAE COOTHOLUEHHKA, Ha-
3bIRACMOTO KOHDUCYPUYHONHBLN HHINepuiom, N0 sYeHKaM:

Y= Jexp <—1<—7)) dr. (6.96)

k BT

Torxa B OTCYTCTBMH BHELIHero noas (r.e. koraa ¢(r;) = 0), vp = V/N
npescTaBaseT codofi odbeM, NpUXoAAILUIicS HA OAHY MONCKYY:

ZNOHU = I\Y (0)
. X
= —oxp |- Vs 6.97
N! ( I [ 2k HT :| f ( )

C VUCTOM BLIPDAXKCHHA 1A A CTATHCTHYECKHIA HHTETrpaj 3anuiucTea B BUIC

3 2rmky T\ /DN N Nx(0) N
s (BB Gl | S0 | 6.98
2 Yz B === vy (6.98)

Hﬂﬂ ¢BOOOAHONM DHEPTHN [enbMmroabua NOJY"UHM BbIPDAWKCHHE

2rmbkgT

3/2
) (JHII_\IP - /\'TI;T]\‘T In vf.
(6.99)

F= _RTWZ= \3\2(0) — kpTln (

h

Takum 00pa3zos, eciu npeanojarath, UTO MEKMOACKYIAPHLIC ABHKCHMHA
B ACILAKOCTH HE CKA3BIBAIOTCH HA BHY TDEHHHN BHAAN ABHKEHHA. 1O MOAKHO (J iy
PACCUMTATH KAK CYMMY MO COCTOAHHAM HIACANLHOrO rasa, a CROHCTBA AKHAKOCTH,
00YCAOBACHHBIE MEKMONEKYIAPHLIMI B3AHMOIEHCTBHAMM, OYiLY'T NPOABAATHCS
TOJbKO Uepe3 Benuunnbl X (0) vy,

Ouenum BenmuukHbl x(0) K 17 Ha OCHOBE caeayIOLWHX MTpHONIKeHui, TTpea-
CTABMM, UTO MOJIEKYJIbI — TBEPIbIE NIAPBI, CHALI MPHTHKEHHA MEAUTY KOTOPLIMH
OTCYTCTBYIOT. Bee MOAEKYIbI, KpoME 0AHOMN, 3aKpenuM B y3iax npocToi KyOu-
yecKoH peweTku. PaceyoTpus «DayxaadHe» He3akpeniaeHHoR MONeKynbl Mo
AHHHAH CBA3H MEXAY AByMA (PMKCHPOBAHHbIMU MONeKynamu. PaccrosHue. Ha
KOTOPOE MOXKET CMELLATLEA MOJIEKY A

Iy = 2rg — 20 = 2(v"/* — 0), (6.100)
e g AHAMETP MOJICKY.bL, 19 = g iE PACCTORMHE MEW1Y LEHTPAMH AYECK
Nno OCH .

AHaNOTHUHbLIE COOTHONICHHUA MOXHO HAMKCATD 19 occh oz Torna

vy = 8(v'/® — g)*. (6.101)
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27 Ny
Ecnn BBeCTH KOHCTANTY b = 2rNor)
3

, Kotopast GHUrypupyeT B ypaBHeHHH

Ban-aep-Baansca 1ng peasibnoro rasa, To

. 1/3 5 ) /373
T Y . 102
s=sl(2) - (2) (L) (6.102)

DHEPrHIO PEUIETKH MOKHO TIPHPABHATL K H3IMCHCHHIO BHYTPCHHE H1eprun
BELLECTBA B NPOLECCE HCMAPEHHS € OOPATHLIM 3HAKOM, T. €.

a(T)

%NO,\(U) Ay = (6.103)
[Mockabky
() =p=-T0 (RO g (ZR) L (sl04)
v/ PN 2 v T, N Jv TN

TO MOACTABHE B HTO BbipakeHue 3uadeHns x(0) u vy n3 (6.102) u (6.103),
NOJiyUHM YPABHEHHE COCTOSIHHS D pHHra:

(P v ”‘(7')) (v — 0,780 /%1% = RT, (6.105)

2

KOTOPOE BCChMA OH3KO K YPABHCHHIO COCTOSIHWUA PCAILHOTO ra3da B‘L\H-LIC})-
Baanbca. Takua 00paiom pelieror Has MO b NPABHIbHO OTTHCBIBAL T CBOHC I BA
AHIAKOIO COCTOSTHUA,

Peremoynan stodets pucmeopa. Ipe:ctapienus, pa3BHTLIE 18 PeIeTou-
HBIX TEOPHIF YHCTBIX AHAKOCTEN, MOKHO MepeHecTH W Ha pacTBopbl. OUHAKO
B C/lydae pacTBOpPA OKPYIKEHHE HACTHLbL, PACCMATPHBAEMON B KaueCTBe LeH-
TPaAbLHOIT. MOKET ObITb PasiIHbIM MO COCTaBy. B CBA3N C ITHM MOIKET CYILE-
CTROBATDL LENBIH HAOOP BOIMONKHLIX 3HAUCHHI CEOOOIHOrO 00beMa L1 YacTHIL
JBAMHOTO copra, onpeaeisemMoro hopmyno# (6.77).

Ecny npeanonokuTs, YT0 (TaK K, KAK M AN YHCTHIN HKHIKOCTEN) cTaTh-
CTHUHECKHE CYMMbI N0 BHYTPCHHUM CTCNICHAM CBO()O,-JbI HE 38BHCAT OT KOH(T)I/H"y-
paLHK CHUCTEMBL. TO U1 OHHAPHOTO PACTBOPA CTATHCTHUYECKYIO CYMMY MOACHO
3anucarb B BUIE

N3

g A Ny U,
=" gt Z (A-[:Il 'Ufzc) ({I:71 vf!> exp <_k,;T> - (6.106)

30ECh Uy, , Uy, — cBOOOAHKIE 00bembl k-Hi 1 [-ii copros | u 2, U; — 3Heprus
B3QHMONCHCTRHSA YaCTHLL 719 4-H KOH(MUTYpAUHK, KOFIa BCE YACTHLbI HAXOMATCH
B y371aX pelueTKH.
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[Monaras, uTo BeAHUMHbI CBOOOJHBIX OOLEMOB HE 3aBHCAT OT XapaKkrepa
OKpYKeHHd, cTaTHCTHUEeCKas cymma (6.106) npuHnmaeT BHA

Q=QMQy* v w2 exp (— IcULT> : (6.107)

B

JIns HHCTOro KOMMOHEHTA COPTA (¥ CTATHCTHIECKAsi CYMMa BhlpaxkaeTcs (hop-
MYJOH

(22 = QEO‘ l,val 'U;F: exp <— kaI’> . (6.108)
B

[Tytem koMOMHHpoBaHHs ypaBHeHuii (6.108) 1 (6.107), onpenenum ¢yHk-
LIHIO CMELIIEHHS LT pacTBopa

Q 0
AF =(F - F° ememn = —RT In = exp (— !
( ) E ! kaT

Q1Q>

) Y
(6.109)

N3 (6.109) B1aHO, uTo 118 pacueta yHKUHK CMEUIEHHS TpedyeTes TOMbKO
pacuer Koudurypaumn cucremsl, T.e. y_ exp (—UP /kgT).



'TABA 7
PACTBOPBI JEKTPOJIUTOB

7.1. UcTtopuueckoe BBeleHHE

UneTble KHAKOCTH, 3a HCKIIOUEHHEM MCTAUTHYECKUX PACcTIaroB. NpeacTa-
BJISIOT CODO0I OUEHB 1WIOXHE NPOBOAHHKH. XOPOLWHMH 1POBOAHHKAMH OHH CTa-
HOBATCSA AHUIb NPH PACTBOPEHHH B HUX OMpeacACcHAbIX BeluecTs. Tak, Hanpusep,
MPOBOIUMOCTH HHCTON Boabl Npy 257 C pasna npuvepro 4 - 107 Om~'-m—t,
Lcin ke pacteopuTh B Boae KCI B xonnuecTtre 0,01 M0sb, TO NPORBOAHMOCTH
Takoro pactsopa Bo3pacteT 70 0, 14 OM~™'- M~} T.e. npumepHo B 30000 pas.
[TonoOnuiii appext HadAOIACTCA MPH PACTBOPEHHH KHCIIOT, OCHOBaHUI B BOIE
M B APYIHX pacrsopirrensx. Takue pacTBOpbl HAZBIBAKTCH PUCIIGOPUMU 2ICK-
mporumos. He packpbiBas HH3MUCCKOTO COIEPHAHHS ITOTO TePMIHA. OyaeM
CUHTATb, HTO ITO HEMETAIUTHYECKas KHIAKAA CMECh, KOTOPas CrocoOHa NepeHo-
CHTb VIEKTPHYECKHH 3apaa.

[MTepsbie npeacraBieHHs O NEPEHOCE WIEKTPHICCKOTO 3apsua B pacrsopax
ObuTH BbIcKkaszaHel B TpyAax I porryca s 18035 . OcHoBHoi Haeeli npeacTarieHuii
I'porryca Ob11 ScTadheTHbIH MepeHoC 3apsa OT OAHOT MONEKYJIbl BOALI K APYTOH.
DT0 OCYLECTBISAIOCH, MO €70 MHEHHIO, CISIYIOUMM 00pa3oM. Mosiekylla BObI
00J1a4a€eT BY MS PA3HOUMEHHBIMH H PA3HECCHHLIMH B MPOCTPAHCTRE 3apAIamMHu.
[TpH KOHTaKTE € METALANYECKHM INEKTPOAOM, HANIPHMED, 3aPAKEHHBIM OTPH-
LATCTLHO, NMONOKHTEIBHBLIH «aTOM» OTUICTNACTCA OT MOJICKYJIbl BOJAbL. B TO iKe
BpEMsi OCTaBILHACA OTPHLATENbHBIH «aTOMY) 00BLETIHHACTCA C MONOKHTENbHBIM
ATOMOM COCE/IHEH MONEKYIIbI, PAcIlenss ¢ H MEPCOPHEHTHPY S B MPOCTPAHCTRE.
C NOMOLLIBIO TAKOI'0 PAtIOKEHHS H COCAMHEHHA MOJIEKYH NPONCXOAUT Mepeaata
3apAaa 1 LIEKTPOIN3 BOALI.

[Mpeuacrasaenns porryca NOArOTOBHIMN MOUBY WIS CO3AAHHS HOHHBIX 1€0-
Py WIEKTPONPOBOAHOCTH, cHavana B Tpyldax Dapages (1833 ), a zatem Kna-
y3dyca, nokaszasuiero 8 1857 r., uto BbinonHeHHe 3axkoHa Oma ans pacTBOpOB
HIICKTPOSTHTOB AAXKe MPH CAMbIX HH3KHX HATPAKEHUAN HA W3IMEPHTEILHBIX HICK-
TPOAAX CBHAETEALCIBYET O MOCTONHHO CYLUECTBYIOWNX NEPeHOCUMKAX 3apsiIa
B pacTBOpE MEKTPoaHTA. ECa Obl ITH 3apAKEHHbIC YACTHLIbI HOABNSNIUACH B pe-
3YABTATC IEKTPONN3A, TO J0AKEH ObI1 Obl CYIIIECTBORATL KAKOH-TO mopor Ha-
NPAKEHHS, HHIKE KOTOPOrO TAKHX 4aCTHU B PACTBOPE HE CYLLECTBOBAIO Obl.
Omnnako 310oT aprymeHT Kiay3uyca ¢ TakHa e YCIexoM MOKET ObITh OTHCCEH
M K Mepeiatie 3apsiia 3a clel 3NEeKTPOHHON NPOBOIHMOCTH.

3aren Bant-Todd 4ucTo heHoMEHOTOTHYECKHM Ny TEeM MOMbITaNCs pacipo-
CTPAHHTH TCOPHIO HACANBHBIX PACTBOPOB HA PACTBOPbI YMACKTPOIHTOB. {151 9TOro
OH BREJI B yPABHEHHE OCMOTHUECKOTO JarjAeHUs HEkni koad{prunenT i (ocmo-
Tiieckuit kodypduuent Bant-T'odda), (hr3uecknii cMbICa KOTOPOro BHauaje
OCTABRACS HEACHDIM.

B 1887 r. B nepBOM HOMEPE TOJILKO UTO BOIHUKLICTO XYypPHana (hHIHICCKOM
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XHMHH TIOABHIINCH ABe cTarbi — (usnka TTaHka n xuMmurka Appednyca. Taank
TIPHUIEN K 3AKITFOYEHHIO, UTO [Jisl COTNAcHs MOJYUEHHOH MM (POPMYJIbl NOHM-
REHUS TeMMEPATYPbl 3aMEP3aHHA PACTBOPA € ONbITOM HeobX0auMo B (opMyny
BBECTH KOYPPHUHEHT, IKBHBaNCHTHbIH kod(pduunenTy Banr-Todda. Appenu-
YC [IPEANOAGKHIL, MTO NPH PACTBOPEHHH BELIECTE B PACTBOPHTENE NPOHCXOINT
MX YaCTHUHOE Pa3NoKeHHe (AMCCOLMALNA), PE3YILTATOM KOTOPOIo ARSKOTCS
HOHBI — 3apsKCHHbIe YacTHUbl. OH BBEN MOHATHE CTENEHH JHCCOLHALIAH, SB-
Asonieiics Mepoii aHccouHaunn, Ty Mepy OH na3Bad «KOYDGHUMEHTOM ak-
THBHOCTHY) (4 W ONPEAEITHI €C KaK «OTHOILICHHE UHCIIA HOHOR, ACHCTBHTEILHO
CYIIECTBYROLIHX B PACTBOPE JNMEKTPONUTA, K YHCTY MOHOB, KOTOPOE MOIY HHIOCH
Obl MIPH NOJHOM PacnaZeHHH NIEKTPOTHTA HA MPOCTLIC HIEKTPOCTATHUCCKHE
MOJICKYITbI» . APPEHHYC COMOCTABHIT 3HAUCHHS (¥, TTONYUCHHbIC H3 OCMOTH!IECKO-
rO ABNCHHA 1 M3 HAEKTPOMPOBOAHOCTH 11 TIOKa3as, YTO OHH coBrazaloT (s
HEKOTOPBIX IEKTPONHTOB).

ITH NPEANOTOKEHHS CUHTAKTCA OCHOBOH COBPEMEHHOH TEOPHH WIEKTPOITH-
THUYECKOH IHCCOLMALIMK. KOTOpas ONpeaenseTcs COOCTBEHHO ABYMS NONOKEHH-
amu: 1) THNOTE30H YMIEKTPOAHTHUECKON auccounaun AppeHuyca i 2) CBa3bio
CrereHH AMCCOLMALIMM ¢ KOHLIRHTPALMER YMIeKTPOITHTA B PACTBOPE MEpe3 3akoH
JeiicTrug Mace (3aKoH pa3eeaeHus OcTBanpaa):

02(1

K=

l—a‘

Cpa3sy nociie BbIX0a B CBET TEOPHA APPEHHYCa BbI3BAA Psiil BOIPAKEHHIT.
CaMbIM ApbiM NpoTHBHIKOM c¢ Obln [ . MeHnaeaeeB. OH nHean: « Mie KaKeT-
CS. UTO B HCTOPHH HAY KK THIIOTE3a MMEKTPOSIHTHUECKOH ANCCOUHALHH 3aiHMET CO
BPEMEHEM TAKOE JKE MECTO, KOTOPOE NPHUHAWIEKHT JABHO YKe TeopHH (aoru-
cToHay. B coeii padote «OcHoBbI XUMKUY MeHaeAees 0ueHb NOAPOOHO, ONHpa-
ACh HA IKCTIEPHMEHTANIbHBIE (PAKTLI, (POPMYIHPYET CBOE HECOMIACHE C TEOPHEN
Appennyca. Hanpumep, MHOMHE peakunH, KOTOPbLIE, C TOUKH 3PEHHS APPEHH-
yca, NPOUCXOAAT MEWTY HOHAMH, B JEACTBHTENLHOCTH PEANH3YIOTCA MEXKIY
HEHTpaibHBIMH MOJEKYAaMH, B 4acTHOCTH. XJIOPHCTLIE COSTH MOTYT 00pA30BbI-
BATBCS H3 PACTBOPOB, B KOTOPBIX COJISHAS KMCIIOTa JHCCOLMHPOBAHA. H H3 TaKHX
pacTBOpPOB, B KOTOPbIX OHa HE AHCCOLHHPOBaHa, Hanpumep B 0¢H30n¢. MHOrMe
ANEKTPOSUTBL MOTNOIIAIOT CRCT NPSAMO MPONOPLHOHATBHO HX 001eli KoHUEeH-
TPaLMH, XOTA M0 TeOpHH AppeHHyca Takoid NpONnoOpLHOHANbHOCTH OblTb HE
MOXeT. MeHaeneer COMHEBANCA, NSHCTBHTENBHO 1H B PACTROPE MOTYT BO3-
HWKATb CHIbL, KOTOPbIE BbI3bIBAKOT PA3AOKEHNE TAKHX TIPOHUHbIX COEIMHEHH,
kak NaCl, KCI u ap.

ITonoOHble COMHEHHA BO3HUKaANU U Y bekerosa. [To nosoxy Teopui AppeHu-
yC€a OH ricas: «5 yINeEFsoCh, 4TO TaK Jerko, paan yao0CTBa 00bACHEH s, Obla
NPUHATA THI0TE3a CAMOPABIOKEHHA TAKHUX [TPHTOM NPOUHBIX COSAMHEHHNT, Ka-
KOBbI FaJIOMAHBIE COMM LIETOUEH ... [PH 3TOM HE YKa3blBACTCA HA UCTOUHHK
IHEPTHH, MOTPEOHOH 1% PA3IOKEHUD.

OTpHUATENbHO OTHOCHACH K TeOpHH APpeHHyCca W APYTOH BHAHE WK pyc-
ckuil Qu3nko-xumnk KoHoranos. OH mpuIIen k BhIBOLY, HTO He JHCCOLHALNA, a,
HaoOOPOT AcCCOLHALHA ABNACTCH MPHUIYHHOIN BO3HHKHOBEHHA HTCKTPONPOBOLHOCTH.
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CIicoK apryMeHTOB. NPHHSTBIN APPEHHYCOM, HE BLIACPHHMBABLIMX N0A00-
HOTO po;la KPHTHKH, MOKeT ObITb 3HAUHTENbHO NMPOI0AAKEH. Hanpumep. B Heko-
TOPbIX PacTBOpax MOMEKYJbl PACTBOPEHHOTO BEUIECTBA HE DMCCOLUMMPYIOT Ha
AHMOHbI H KaTHOHbLI, & HOHW3HPYIOTCA, T.€. PACNAJAIOTCA HA KATHOH W «CBO-
00:1HbI{1» 22eKTPOH. TTPHMEPOM MOTYT CAYKHTL PACIBOPHI PA3IHUHBIX METan-
JIOB (UlCﬂO’-IHbI.\., HIENOMHOBCMCNbHBLIN H pt‘,lKO'%CMCJIbeI,\') B JKHIKOM aMMHAKE
M HEKOTOPbIX APYIHX pacTsopuieasx. [TpH »ToM 2MEeKTponpoBOIHOCTb TAKHX
PacTBOPOR YBEIHUHBACTCS FIOUTH YKCMOHEHUMAIBHO € POCTOM KOHUEHTPALMH
pacTBOPACMOTO 3JIEMEHTA, H 00BLACHACTCA TOT (DaKT YBENHYEHHEM CTCAEHH HO-
HH3AUHH METaNNd ¢ NOBBIUEHHEM €ro NJIOTHOCTH B PACTBOPE.

TIpUMHPHTE 3TH NPOTUBOMONOKHbLIE BIMIAALI A0 CHX MOp He yaanock. On-
HAKO Obl1 HAHACH KOMIIPOMHCC, NO KOTOPOMY PaciBOPbl WIEK IPOMHTOB CTanm
HCAHTL HA CHILHOIC DTCKMPOITUAIG (KOTOPBIC THCCOUHHPYIOT HALJI0) W ¢ia-
Hble — OUCCOLMHPYIOIIIHE CO CTENEHbID nuccounaunu a.. Cnabble SneKTPoNu-
Thl B HEKOTOPLIX CBOHX HEPTAX CIICAYIOT KOHUENLHH APPEHHYCA, CHIBHBIC -
HE TOUMHHAKOTCS BOBCE TEOPHH THCCOUMaliy Appennyca. 31¢Ch Mbl pacCeMo-
TPHUM HEKOTOPbBIE ODIIME CBOHCTBA PACTBOPOB WICKTPONUTOB.

7.2. TepmMoiMHAMHKA CONLBATALHH

06 wacconquanuiy 1 «coabeamanuuy». CrpoeHHe JKHAKOCTER H IKHIAKHX
PacTBOPOB HEPEIKO TPAKTYIOT MPH MOMOMIM TTOHATHA accoynayus. TlpeacTan-
AeHue 00 accouraUHH He OTTHYACTCA TIONMHOH ONPEAENCHHOCTBIO, TaK Kak pas-
JIMYHBIC ARTOPbI HEPEIKO BKIATLIBAIOT B TEPMHH «accounausy pasHbli ¢MbIC.

MHoraa noy accounauHeid MOHUMAETCA TEHACHLUMA MONEKY] HHCTOH JKHIUKO-
CTH WK PACTBOPA K YIOPALOIEHHOMY PACNONOACHHI. B 3ToM cityqae nonstue
06 accourauri rno ¢BoeMy COICPHaHHIO COBNAAACT ¢ NOHATHAMN O QIIHAKHEM
TIOpAIKRE H (_l)J'IIOKT_\/’d]UIHX, OTAHYAACH OT 3THX NMOHATHI MEHLINCH onpeieacH-
HOCThIO.

OnmHako uaile B TEPMHH «accoUMAUHm» BKNAILIBACTCS HECKOALKO HHOM
cmblca. Tlog accouraiei NOHHMaeTCA B3RUMOACHC TBHE MEAULY PA3HOPOAHBIMH
HIIH OJIHOPOIHBIMK MOIEKYRAMH. MIPHBOIALLEE K OOPA30BAHHIO MOJEKYIAPHBIX
coemrHermid. TIpH HToM TEPMUH «aCCOUHALMA» COXPAHACTCA 1718 0003HaUCHNS
B3aHMOUAEHCTBHA MEXIY OAHOPOAHBIMU MOJIEKY.1amH. [33aumoneiicTBue MexK Ly
PA3HOPOIAHBLIMH MOJEKYTAMH OMHCBLIBAETCA € MOMOILULIO TCPMHHA COTOGUIM AU,

[NpeacraBiesHe O COAbBATALMH BO3HHMKIO HA OCHOBE TCOPHR PACTBOPOB
Menneaeera. CTpoenne pacTROpoB Mensesiees NpeacTaBaan cede CeLy oM
obpazom. «B oaHOopoaHO# uakocTH, HanpuMep Boge. H.O. nacrnusl e Haxo-
JATCS B HEKOTOPOM, XOTS MOARHAHOM, HO MPOYHOM paBHOBECHH. T1py pacTBo-
peHHH B HEH Tena A ero MacTilbl 00PA3yIOT ¢ HECKOAbKUMH HacTHLAMM BOAbL
cuerembl A, HoO cTONb HEMpOUHBIE, 4TO OlIM B CPEie YAcTHLL BOAbI pasnara-
JOTCA 1 BHOBbL BO3BHHMKAIOT, TAK UTO A MEPEXOAMT O OAHHX MACC YacTHIL BObI
K APYPHM UACTHUAM BOJbI, ObIBIUHX B 3TOT MOMEHT B COTAACHOM ABHIKEHHH
¢ A B Buae cuereMbl A, H)O, B cileaytolinii MOMEHT, ObITh MOKET, YXKe yc-
neer otaeaMTLCH. JloOaBKa BOAbI MAM HACTHIL A MOMKET HAH TOIbKO WIMEHATE
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KOJIMYECTBO CBOOOHbIX H BXOAALIHN B CHCTEMbI A, H2 O yacTHu uny MoxkeT BBO-
AUTL 33 CO00i1 YCA0BUS 15 BOIMOKHOCTH CAOMKEHHS HOBbIX cHeTeM A, Ho O,
rae m donplue nAu MeHbLe 1. OTHOCHUTENBHOE KONHUECTBO, TPOUYHOCThL U COCTAB
ATHX CHCTEM MJIH ONPEIECHHBIX COCAHHEHHTT TONAKHL M3MEHATLCA OT OMHHX
PACTBOPOB K APYTHM».

CneporatesibHo, MeHIeAees CUNTA ROAHbIE PACTEOPHI COBOKYMTHOCTBIO Psi-
Ja HeYCTOHYMBLIN. MPEBPALLAIOLLMXCA APYT B IPYTra XUMIIECKHX COCAHHEHHH
HIIH PUIAPATOR. BriocneacTBHH TEPMUH «rHApaT» ObUT 3ameHeH 6once ol1muMm
TEPMHHOM CO1b6am, TIPHMEHHMbIM HE TOILKO K BOUHBLIM, HO H K HEBOIHbLIM
pacTBopa.

[ MagHBIMH YKCNIEPHMEHTANLHBIMH OCHOBAHHAMH TeOpHHA MeH1¢neesa Obliiu
CReYIoLIHE.

|. Hanuuue ckaukoB WM H3NOMOB Ha KPHUBLIX 3dBHCHMOCTH IPOH3IBOAHbIX
ds/dp or xonuenrpawi (B 0bo3HadeHHAX MeHaeqeera s — YACTBHbIH
BEC, ) — KOMUEHTPULIMSI B BECOBbIX TIPOLEHTAX).

2. Bo MHOrHX ciyyasx pacTBOPUTE/b 1 PACTBOPCHHOE BELUCCTRO KpHCTAN-
NA3YIOTCS! B BHi1€ XHMHUECKHX COEAHHEHHH.

3. Hexotopsble kpucTannoruaparsl, Hanpusep Ho SO, - 11,0, CuCly - 61,0,
MPH HaIPEBAHHK TL1aBSTCH 0€3 pazilomeHHs W 00pa3yloT THIIMUHbIE pac-
TBOpbI. HeT ocHoBanuit mpeanonaraTh. 4To 2TH COETHHEHHA HE CYIIECTBY-
10T 1 B AKHIAKOM COCTOSIHHH,

Meuilenees NOINEPKUBAN, 'ITO NPEIACTABNEHHE O PACTBOPAX KAK O COBO-
KYTTHOCTH HEYCTOHUHBLIX XHMHUECKUX COCTMHEHHE MO3BOIACT CBECTH NOHITHE
0 PACTBOPAX K MOHATHIO 00 ONPEACTEHHBIX COETHHEHHIX.

Coapeampi. COBpeMEHHLIC NPEICTARTICHHS O CTPOCHHH PACTBOPOB RNOIHE
JIOTY CKAFOT CYIECTBORAHHE B PACTROPAX OTHOCHTE/ILHO YCTOHUHBBLIX MONEKY-
JAAPHbIX FPYTIN THNA I'HAPATOB U1K CONTbBATOB.

[To-BUAHMOMY, B PACTROPAX CEPHOI KHCIIOTbI, XJAOPHCTOrO KaJbLHs I MHO-
THX APYIHX coneil B Boue, B pacTBopax UHAHUCTOR 1 OPOMUCTON PTyTH, B IUPH-
OUHE HT. . OTHETIIMBO MPOABIACTCA CTPEMITEHHE K 00PA3OBAHHIO MONEKYNSAPHbIX
rpynn: HoSOy- H20. HaSOy - 2H,0, HaSO, - 4H,O v 1o

Heodx011M0 HMETb B BHAY TAK/KE BO3MOAHOCTb CYLIECTRORAHHS H3IOMED-
HbIX CONbBATHLIX KOMIIIEKCOB, OAMHAKOBBLIX MO COCTABY M YHCIY MOJEKYJ,
HO PASIHUHBIX MO CBOEMY CTpoeH Kk, Hanpimep, tpiauTpodenson Callz(NO3 )3
obpasyer ¢ HadrunamuHom CioH7NH,; aBa Buaa komnnekcos:

CaH3(NOy) ... CigHsNHy 1 CgHy(NOy), ... NH2CigH7.

B rnepBom cilydae conbBaTalkg MPOUCXOAMUT 3a cuer Toro, wro rpynna NOx,
obnanaionas 0AbIIHM THMOALHLIM MOMEHTOM, HHLYLIHPYET B APOMATHHECKOM
KObLE TUMONb. B0 BTOPOM crytiae ¢BA3b 00pa3yeTes 3a CUET NPHISIKEHHsI ApYT
K apyry nunosneii B rpynnax NOs 1 NHy (aunonsHoe s3aumoacHcraue).

B npouecce TennoOBOrO ABHKEHHS TEHLACHUMS K YIOPSAI0UEHHOMY pacnpe-
JENEHHIO TIPHBOAWT K TOMY. 'UTO MOAEKYAAPHbIE TPYNTbLI THMHA MEpeHCACH-
HBIX BbIIE MMAPATOR HIM COIBRATOR MOARSIAIOTCA YAllle M JKHBYT HOTbLUE, HEM
KaKHe-1o0 jipyrue 1pynnsl. OHn HanGunee BeposiTHbl M Hanbosee yCTOYNBBL.
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Ho Bmecrte ¢ 1eM HeT OCHOBaHMH CHUTATL PACTBOP COCTOALLHM TOJIBKO M3 TAKHX
THAPATHLIX HIW COJbBATHBIX TPy, BoiMouctsl 11 MHOrHE ApyrHe KOMOHMHa-
uuH. Penrrenorpauueckie UCCNENOBaHMS PacTBOPOB ClY/KaT YO&IHTC/IbHBIM
MOATBEPKACHHEM 3TOH TOUKH 3PEHHA.

Bo MHOTHX pacTBopax 3aBeloMo He 00pa3ytoTea OTHOCHTEILHO YCTOHUH-
BbI€ CONbBATBL. TaKOBbI, HANPHMEP, PACTBOPbLI OEH30JA B TO1YOIIE, METHIOBOIO
CNMpTa B 3TUN0BOM K Ap. B 3TuX pacTRopax hopMHpORaHife ONKHETO TTOPSA/IKa
H PABHOBECHE HE COLPOBOAIAIITCA 00PA30BAHUEM O1IPEULICHIIBIX CPABHHTEI b-
HO OOJITOAKHBY LLIHX MOJICKYJTAPHBLIX TPy,

Takum obpazom, Teopia MeHieneera H NPe/ICTaR]IEHHE O «CONbBATAXY AB-
ASOTCA HCTOPHUECKUMH MPEALIECTBEHHHKAMH COBPEMEHHDIX B3NTALOB Ha CTPO-
eHue pactBopoB. [loHaTHe O conbBaTax W Tenepb cNOCOOCTBYCT YACHEHHIO
CTPYKTYPbl MHOIHX PACTROPOB H TOIBOIAET MOHATh. KAK OCYITIECTRIIAETCA HETIPE-
PbIBHBIA 1IEPEXOA OT PACTBOPOB K OMPEACAEHHBIM XHMAYECKHM COCLNHEHHAM.
O:HaKO B CBETC COBPEMEHHbBIX HCCNE/0BAHHH HET OCHOBAHNKH OTBOAUThL COMb-
Baram HWIX THAPATaM poib OCHOBHOTO W €/IMHCTBEHHOIO MIEMEHTA CTPYKTYpbl
PACTBOpPOB.

Acconquayua. O0bIMNIOE NPEACTARCHHE 00 aCCOUHAaUMH CROAMTCSA K npeit-
CTABIEHHIO O B3aHMOREHCTBHM OJAHOPOIAHBIX MO.ICKY:l. NPHBOUSILIEM K 00pa-
F0BAHHIO YCTOHUHBLIX KOMIUICKCOR, HJIM «accounaToBy. SBneHHe accouraunn
HEAOCTATONHO M3YUYCHO, XOTA KAUECTREHHOE, YHCTO IMIMTHPHYECKOE Pa3iiHyne
MECLY TaK HA3bIBACMbIMH «HOPMAIILHBIMHY HIIH HEACCOLHHPOBAHHBIMH U acCo-
UHHPOBAHHBLIMH KHAKOCTAMH NMPOBOAMTCA YIKC A1ABHO, ACCOLlH'dLlHIO U3IMEPSAIOT
NpH NOMOLUH HOKa3aTens accounauuny. s onpeaeiieHHs HoKa3aeas accouHa-
[HH HHCAO OFIHHOUHLIX MOJIEKYA JAENAT Ha YHCNO PeanhHo CYLIECTRYIOLHUX MO-
NeKynApHbIX rpynn. Hanpumep, ecnu bl B BOE BCE MOJIEKYNbI 00hE TUHANUCH
TIOTTAPHO, TO NMOKA3aTeJTh aCCOIHALIM BO/lbI Oblil Obl PAREH ABYM; €CNH MOJORHHA
MOJIEKYJ BO/IbI COEIMHHUAACH Obl 11011APHO, A APY1'as N0OJOBHHA 00bEIHHILIACh Obl
B TPOHKH. TO 110Ka3aress accouraunu osln Obl paBeH 2,4 v T. 1.

B SonnwHHCTBE cayuaes moKa3aTeNh acCOUHALHN BhIYHCIACTCA Ha OCHOBE
OTKIOHEHHH CBORACTB MCCIELYEMON KHIROCTH OT TEX €€ CBOHCTR, KOTOPhIE OHA
NPEANONOKUTENLHO HMENA Obl, €Cau Obla Obl «HOPMaNbLHOMY, HEUCCOLMHPO-
BAHHO.

Jlonroe BpeMa CHHTANOCL, YTO BO1d NPECTARIACT CO00H CMCCh B OCHOBHOM
IPEX COPTOB MOJEKYN: OAUHOUYHBIX Mo:leryil HaO, uBoitHbix (HoO)s 1 TpoiinbIx
(H20);. OaHAKO peHTIEHOCTPYKTY PHbIC HCCACI0BAHMA HC TIOATREPATAIOT ITHX
HPEANONOKEHHHA.

[To coBpeMeHHBIM 1IPEICTABICHHAM B ACCOLHHPOBAHHBIN JKHIAKOCIAX CHibl,
NEHCTBYIONHE MCACTY MONEKYJIAMH, UMETOT ONPEENIEHHOE HATPABICHHE B NPO-
CTPAHCTBE M JIOKAIM30BAHbl B OTHEJbHBIX HACTAX MOJERY.1bl. [CiIH yacTHb!
JKHAKOCTH He 001a/IdiOT TAKHMH HANPaBACHHBIMH H JOKAIN30BAHHBIMIT CHARMH
B3aUMONEiCTBHA APYL C APYTOM, TO XKHIKOCTh BEET CedA KaK « HOpMallbHda»,
T. €. ARNACTCA HEACCOIHHPOBAHHOI.

[TpHMepom accoUHHPOBAHHLIX KHAKOCTER MOIYT CiyAKHIb BOLA, CIHPTHI.
OPraHWYECKHUE KHCAOTbl ¥ APYTHE KHAKOCTH, MONEKYAbl KOTOPbIX 00AalaloT
CNOCOOHOCTHIO OOPA3OBLIBATL APYL € APYLOM BOAOPO:HbIC ¢Bs3H. [Ipumepom
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HEACCOLHHPOBAHHBIX JKHAKOCTEH CiyiKaT HSTLIPEXXIIOPHCTBIH Yrepoa U apy-
THE KHAAKOCTH, MOJEKYIAPHOE NOJIe KOTOPBIX He 00MaaeT Pe3K0o BblpakeHHON
AHH30TPOIIMER.

Tun accounaumy 3aBHCHT 0T uHca dPPeKTHRHBIX CBA3EH, KOTOpbhle MO-
ryT OblTh 00pa3oBaHbl OIHOW Mosekynoii. Ecmi uncio cBa3ell paBHoO eTHHIUE,
TO aCCOLMALIMA CROAUTCS K OOPAIOBAHHIO OUMONEKYNIAPHBIX KoMiekcoB. Ecnn
UMCIlo cea3eli paBHo aByM (Bos@, CNHPTLL, GTOPHCTLIH BO10POA), TO UCCOLMH-
PORAHHKIC KOMTIIIEKCHI MOTYT OOPA3OBKIRATLCS B BHIC 3aMKHYThIX KONCI[ MU
B BHIE OTKPBITHIX LeHe. DToT C.ayUuail aCCOUHALMM, 1HO-BHAHMOMY, HMEET Me-
CTO Y MYPaBbHHO{l. YKCYCHONH 1 HEROTOPLIX JIPY FHMX OPraHuecKHX KHCIOT, Tak,
HAOPHMEP. NO JTaHHLIM JICKTPOHOrpapHIecKOro UCCAETORAHMA JTHMEP Mypa-
BLHHOI KHCAOTBI HMEET CASLYIOLLYH) CTPYKIYPY:

<« 20607A >

O -H.--0_ .
; NO129 A
Hf(.,\\ lzscg\\C—H
[8) ./
“H O 7

Teoperyueckn ABNEHUA accoUMaLMK HOHOB HAMOO:IEE 1IPOCTO 0OOCHOBAL
CemeHueHko. OH OOBbACHMT ABNEHHE ACCOIMALLHN KYJOHOBCKHM R3HMO1CH-
CTBHEM MeuC1y HOHaMi. LCi 2ieRTpoCcTarnieckoe BIaHMOAEHCIBHE MEK 1Y
MOHAMH TIPEBLILIAET KHHETHIECKYIO DHEPIHI0, TO HOHBI Y7KC He CrIOCOORBI K ca-
MOCTOSITE.IbHOMY JABHACHHIO. OHUM 00pa3y T YACTHLIbI, COCTONLUNE H3 1BYX HiIH
Gonec HOHOB I BETYT cedf Kak OTAENbHhIE CAMOCTOATCNIBHAIC KOHIIOMEPATHI.
CeMEHUYEHKO NPH 3TOM HCXOUWI M3 cpeidHel KHHCTHUECKOH JHEPTHH HOHOB,
pasroil 3/2 RT B pacuete Ha r/MOH. BeAHiuna mJIekTPOCTaTHUCCKOTO B3AHMO-
AeficTris Mo 3axoily Kymoua onpenensercs Rhipamenues 7 /21, Fcan sta
BCJIMUMHA 00JIbLIE KMHETHYECKON 3HEPIMH HOHOB, TO IIPOUCXOIMT 00pa3oBalile
HOHHBIX MAP MM, KaK FOBOPAT TENEPL. «KBAZHMOJCKY». [PaHHIHKIM YCIOBH-
€M BO3HHKHOBEHIS aCCOUMALHH ABIACTCH PABEHCTBO KHHETHUECKOI DHEPIHU
W SHEPTHH MNIEKTPOCTATHUECKOTO B3AHMOACHCTBHA:

9o

>

ST = (7.1)
2

T

s TAHHOTO PACTBOPHTENS TIPH MOCTOAHHOH TemMuepaType rpanuia Oymer

2

OMPC/ICTATHCH BCIHYHHOT pacCToOAHUA 7. Ecan r penuko, TO BeaM4YWHA
MEHbINE KHHETHUECCKOI IHCPruK, a eCciiv 7~ Mano, Tora mpoHCXOHT B'S‘Jl/ll\v/l?;)-
NEeUCTBHE MEIKILY HOHAMH. OueBH/0, THIABHBIM 00C LOMTEJIBCTBOM, OT KOTOPOT'O
3ABHCHT ACCOUHAUHS, ABAACTCA PACCTOAHHUE MCIKTY HOHAMH, KOTOPOC OnpeE1e-
JACTCa KOHUCH ! paLlHCH pacsopa. COBCpLLleHHO CCICCIBEHHO. UTO YIeM KOHLUCH-
TPHPOBAHUEC PACTBOP, TEM oonslle BEPOATHOCTD acCcouHauin HOHOB. Touno
TdK Ke UEM HIAKE JTHATCRTPHUCCKAA IPOHIUAEMOCTh, TEM Oonblle BEJTHUMHA
KRY.10HOBCKOI'O BIAHMOUCHCTBHA H 1CM npu MCHbILICTH KOHUCHTPAUHW TTPOHCXOIHUT
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accOLMALMsl HOHOB. DTH KAYECTBEHHbIC PACCYKACHHUS HAXOUATCA B NOMHOM CO-
FTACHH € OTIBITHLIMH AaHHBIMH,
W3 pagencisa (7.1) pacciuibiBagres paccrosHme Mex1y HoHamu, Qbbem V,
B KOTOPOM NPOHCXOHT 00Opa3oBanHe Mosiekyl no CeMeIUeHKO, 3TO 00bEM «MO-
mpsauduy. Beakuil HoH, nonajas B y101T 00bem, Oy/leT 00pasoBbIBATL KBAZUMO-
Aexyay. Besinunna odaacTn MOAW3ALHH MOCTOSHHA TS HOHOR, HMEFOLIHX OJIH-
HAKOBble CKOPOCTH. BevunHa 00nacTi MOAH3aLUH 3aBUCHT TNABHLIM 00pa3om
OT AHAIEKTPHUECKOH MPOHHIIAEMOCTH pacTROpHTENA. [TOITOMY MOKHO CHUTATh,
UTO BEPOATHOCTb NONALAHHA HOHA B ONHY M3 00nacTeii MOMU3ALMH NPOTIOPLU-
OHaNTbHA UHC.IY CBOOOIHbBIX HOHOB MPOTHBOIIONVKHOIO 3HAKA, YMHOKECHHBIX HA
00BEM MOJIH3aIBIH. BepoaTHOCTh TOTO, 4TO HOH HE MOMAAET HU B O/UHY 13 00na-
cTell MOJIM3ALMH K OCTAHETCA CBOOOIHBIM, IIPOIOPLIMONARbHA 00BEMY PACTBOPA
v 6e3 obnacTh Monusaiyy. ITonaras wircs1o cBOOOIHBIX HOHOB 7i W CBA3AHHBIX
B KBA3UMOJIEKY bl N — 11 IPOIOPLUHOHAIBHBIMH THM BElH4YHHaM. CeMEHUENKO
NPUXO/AHT K BLIPAKCHHUIO:
N = V —nv = L (7.2)

(N —n) ne mo’

Tak kak V' 3 no.
U3 371X COOTHOWEHHH MOKHO 1EPEiiTH K OIIPEIEIICHHKD KOHCTAH Tl 4cco-
UMaUnm.
Bbipazus 0ObIMHYK KOHCTaHTY AHCCOUMALMM Yepe3 4HCI0 CBODOUHLIX
U CBA3AHHBLIX HOHOB:

a? n?

K = — .
1-a)V (N —n)V

n ~
B »ToMm BLIPAKCHHN OTHOMICHHE ——— 3aMCHMM Yepe3 OTHOHICHHE O0bL-

N —n)
v . n VvV 1
eMoB —. Joma N = —— = =
nuv V nv v
Tax Kak BEIMYHHA ¢© M3BECTHA, TO Mbl MOKEM OMPEACIHTL, UEMY paBHa
koHcTanTa I, ,
" 27 [ gkpT \’
= S (7.4)
32% \ ep29e®

KoHeuHo, 70T pacueT oUueHb NpHOMMIKEHHbIH, HO OH YKa3blBAaeT Ha TO, YTO
TIPpH OOJIBILHX KOHLEHTPALMIN, CIEA0BATESBHO, HPH MAJILIX PACCTOS HHSX MEALY
HOHAMH, MOWHO OAH1aTh Dofice ray0oKoro B3aUMOAEHCTBHA, UeM RIAUMO/ICH-
CTBHUE, YUHTbIBAcMOe B Teopuu [dedas.

[TomyueHHbIe TAKHM Iy TEM KOHCTAHTB! ABAAKOTCA BEChMA NPHONIHACHHLIMH,
U HX TPY/THO CONOCTABHTL € IKCHIEPHMEHTAIIBHBIMH TAHHBIMH.

Bonee nonHoe M TOUHOE paccMOTPeHHE ABJICHHA ACCOUMALMH HOHOB ObLITO
cresano boeppyMos, KOTopblii HCXOAMI W3 TeX #e N0JoKeHHT, w0 1 CemeH-
HEHKO, HO TIPHHAIL BO BHIMAHHWE PACHIPEae.IeHHE HOHOB 1O UX YHEPIHAM, HCXOMUA
U3 ypasHeHus bosibmaHa, i Giaroaaps dTosMy NpHiLen K 00nee TOUHbIM Pe3yib-
taram. OIHRKO W HTa TCOPHSI AQiIEKA OT COBEPILEHCTRA.
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Tepyoounayuxa corveamayuu. CA0KHOCTb COILBATALMOHHBIX NPOLEC-
COB BOOOIIE H ABJICHHS HOHHOH COMbBATALMI B YACTHOCTH JOCTATOUHO ACHA W3
HPeUby IWHX pa3aeioB 510l imasbl. OAHAKO TONBKO TEPMOAHHAMHUECKAs Xa-
PAKTEPHCTHKA PACTROPOB HMIEKTPOIHTOB Hid OCHOBE HW/JICKHO YCTAHOBICHHBIX
HRCHEPHMEHTAIBHBIX JTAHHBIX H OMHPAIOILUXCs HA QY HIAMEHTAIbHbIC TEPMO-
AMHAMHUECKHE 3aKOHb! AT OOBEKTHRHYIO KapTHIY 0COOCHHOCTE il NORCACHHS
SICKTPOMHTHBIX CHCTEM, HE3ABMCHMO OT1 OO0Ee HIH MCHEE MNpaB/o110I00HbIX
rHnoTes n mojeneii. TONLKO ONHPASCH 113 TREPYH TEPMOIMHAMHYECKY K OCHO-
BY MOXKHO OAHO3HAUHO PACKPbLITH PAA 3aKOHOMEPHOCTEH B 3TOI 00nacTu, non-
Haf KOJIMYECTBEHHAA pacwidpoBKa KOTOPbIX OTBEYA A Obl CO31aHMI0 00Weil
TEOpPHH PacTBOPOR. BeAkas nonbiTka OTXOAd OT ¢Oephl BO3MOKHOCTEH Kiac-
CHUECKOI TEPMOIMHAMUKH CBSI3dHA ¢ HEOOXOUMMOCTBLIO BBEACHHs QOnee Hilu
MeHee CyObCKTHBHBIX MOJEBHBIX MPECTABIEHHEH, MPOH3BOILHBIX A0y EHMI
H YHPOLLEHHH.

OGBIYHO MOA TEPMHHOM (TEPMOAMHAMHKA COMLBATAIMM» TTOHHMAIOT HOH-
HytO conbBatauHto. OUHAKO YIOT TEPMHUH OTHOCHTCA TOIbKO K DiHIKHEMY B3a-
UMOCHCTBHIO MEAKLY HOHAMH PACTBOPEHHOTO BEIUCCTRA H OKPYKAKOLUIHMH MO-
JeRyllaMH pactBoprTens. IPPerTsl CONAbBATALIMN BO3HHKAOT H B TEX Cilyua-
AX, KOrJIa XapakTep MOAOOHON0 B3aMMOAEIiCTBHA OTAHUACTCA NO NMPUPOIE OT
OO0BIHOIO BIAMMONEHCTBHA MEIKILY MONEKYNIAMH camoro pacrsopHrens. B Tex
Cyuasax, KOria MoJeKyfTbl PACTROPEHHOMNO RCUIECTRA H PACTROPHTEIE HE3HAUM-
TEbHO OBIHYAIOTCH PAZMEPAMH, BEIHYHHON AHIOABHOIO MOMEHTA HIIH 110i15-
PH3YEMOCTH, PATHYHE BO BIAHMOACHCTBHAX O0LIUHO HERENMKO, ORHAKO ecIn
MOJICKYIbl CIIOCOOHBI 0OPA30BLIBATL BOAOPOAHBIE CBA3H, TO POilb COJNbBATALIH-
OHHbIX YPPeKTOB MOKET CYLIECTBEHIO YBEAUYHTBLCSA, KAK, HAMPHUMEP, B C.1y4ae
pacTBOPEHHS caxapa B BOAE.

ConbBararoHHbIe 3P PEKTH 00LIUHO HMERIOT CYIIECTREHHOE 3HAYEHHE TIPH
PACTBOPEHHUH IEKTPOIHTOB B HOJSPHBIX JKHAKOCTAX. BO MHOTHX cllyuasx >Th
3tbbexThl HACTONBKO APKO HPOABNAIOTCS. YTO HEKOTOPAsS YACTh MOJCKYI pac-
TROPHTENS MOJNHOCTLIO CBAZLIBACTCH H B JabHEiIeM BeJIET ceds Kak elHoe
LESI0E ¢ HOHOM H.IH MOJEKY:I0H pactBOPEeHHOIO BeLlecTa. OnpeaeneHHas cre-
TI€Hb CONTbBATALLMH HMECT MECTO BO RCEX, OCOOCHHO MONAPHKIX PACTROPHTENAX.
OAHaRO MOKHO YKa3alb HEMHOTO pacTBOpHIeiel, CBOHCTBA KOTOPLIX H3y'Te-
Hhl TaK K¢ TLLATENLHO, KdK CROIICTRA BO/bI. [ToYTOMY CHavana 0CTaHOBHMCA
Ha lpoueccax IHApaTaliH.

PacTrOpeHHe N0dOro BelecTsa B RO/AE (HAH B KAKOM-JTHOO APYTOM PacTBO-
pHTEIE) HPHBOUHT K BOIMYLIEHHK HIEKTPOHHOIO COCTOIHHA MOIIEKY.I (aTOMORB)
pacTBopurens. [Tpu norpyacHHE AI000H «UyIKEPOAHOH» YacTHILI B PaCTROPH-
TENb IPOHCXOMT NOAAPHIALMS MOJIEKY.l PACTBOPHTEINA — HABE/ICHHE AHII0i1b-
HOTO MOMEHTA H M3MEHEHHE OPHEHTAILHN TIOCHEIHHUX 1O CPARHEHHIO C HCXOIHBIM
COCTOsIHHEM (YHCThIH pacTBOpUTEND). PA3HOCTL IHEPIMH HCXOLHOI'O M KOHEYHO-
ro COCTOSIHWIT PacTBOPUTENS MPEACTABAAET COOOH Tak Ha3bIBAEMYHO IHEPTUHO
peopeaiuzayuu. YUHTbIBAA. UTO pacTBOPAEMAas YACTHLA TAKIKe [OJIpHIYETCs B
fone MOJEeKY:l pactBopHrens, o0wwuit e MOKHO HA3BATh CObsUmALLON-
Hbwv ahhexman (B ciryvdae BOJbI cuopamayuen). o csoeil npupoge npo-
ueccenl 'Hapataliiy 00bIMHO TOAPA3ACAT HA CudpOhodHbIe H fuopopurbhble.
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[MepBble XapaKrepH3yIOTCs TEM, UTO MOJIEKYJbl paCTBOPEHHOI'O BELUECTBA CBO-
MMH PHAPOPOOHBIMH TPYNTaMH Kak Obl YCHAMBAIOT CRAZE MEXKAY MONCKYNAMH
pPacTBOpUTENs, MPOUCXOAMT YIPOYHEHHE BOJOPOIHbLIX CBH3EH MOIEKY:l BOIbI
M CTPYKTYPHOE YHopsaoucHHe pacTropHTens. Kak cnejacTrie 3Toro npH cve-
WIHBAHHH KOMTIOHEHTOB pactBopa Habno1aetes yMeHblueHne odbema H Bbijle-
JIEHHE TeMna npH 00pa30BaHii PAcTBOPd. | HAPOPHALHLIF NPOICCE FHAPATALHH
HadNOAAETCS Y BELLECTB € JI0CTATOUHO BLICOKHM XHMHUYECKHM CPOJICTBOM K BO-
Je. OH XapakTepeH CHABHLIM EKTPHUYECKHM NOJAEM PACTBOPEHHOH MOSICKYIhI
(MOHa), KOTOPOE 3aTPYAHAET THOPAUHOHHbLIC ABHIKCHUA MONEKYN BOJAbI, KaK Obl
CBSI3bIBAsI HEKOTOPOE X KOMHYECTBO, OOPa3ys COJIbBATHbIH KOMIIEKC.

B3aumMoAcHCcTBHC PACTROPHTESN S C PACTBOPICMbIM BELIECTBOM COTIPOBOK /-
eTCs MIMEHEHHEM IHTANbIMHM

AH = H - (’I'L1 H]_ =+ ’I'LgHg), (75)

rae H - noaunas SHTanbNHs 00pa30BABLIETOCA pacTROpa: f; i Hy — IHTAARNHK
OAHOIO MOSIH PACTBOPHTCIA H PACTBOPIEMOI'0 BELICCTBA B YHCTOM COCTOAHUH K 711
U 1y — 4YWCIia MOSIeH PaCTBOPHUTENS M PACTROPEHHOIO BELLICCTRA B PACTBOPE.

[Tosnoe H3MEHSHNE IHTANBIIMN [IPH PACTBOPEHHM 112 MOLICH BTOPOIO KOMMO-
HEHTA BN MOAAX PACTROPHTENS HAZBIRACTCA UHMCoPUIbIOI MCHTON oI PACTRO-
penns 1 obozHauaeTcs Hanie scero AH,;, . MHterpanbHas Tenaora pacrsopeHus
3ABUCHT OT KOHUCHTPALHHK, NMOITOMY. KaK MPaBHIO. B CNIPaROUHOI NUTEpaTy-
PEe NPHBOST TAK HA3BIBACMYKO HCPGVIO UIIMC PUTBIYIO MCHAOMY PACTBOPEHHA.
OTIPEAEAACMY IO KAK TEIIOTa PACTBOPEHNSA /1o MONCH pacTBOPAEMOro BelUECTBa
B OCCKOHEHOM KOJIMIECTBE PACTBOPUTENA.

TenaoThl pacTROPEHHSA CITYKaT OCHOBAHMEM [UTH KaueCTREHHBIN XAPAKTCpH-
CTHK B3AMMOILEHCTBHI B pdCTBOPE MPU M3MEHCHHM €r0 KOHUCHTPALMH. d TaK-
HKE TIO3ROJIAIOT MPOBECTH KNACCH(PUKATIHIO BELIECTR, O/MHAKOBO RIHAKOHIMX Ha
CROliCTRA pacTROpd. 37eCh W fanee Mbl OyaeM TFOBOPHTL O PACTBOPAX iek-
rpoiuToB. Bee uzsectHble wiorepMsl A, = f{is) MOUy1 OblTh OTHECCHBI
K OZLHOMY M3 TPEX THIMOB. NPEACTaBAEHHBIX Ha pHC. 7.1, T. €. HEMPEpbIBHO yObl-
BAIOLLHX € POCTOM KOHLUEHTPALUMN LIEKTPOIHTA, HENPEPbIBHO BO3PACTAIOLLIHX
H TTPOXOTAIIUX HYEPE3 IKCTPEMYM.

OTMeTuM, 4TO B 00MACTH MamsiX KOoHueHTpaunil (1 <€ 0. LM) wia Beex
CITydacR HAOMOAeTCS WACHTHUHKIH O 3aRMCHMOCTH TEMIOThl PacTROPEHUA
OT KOHUEHTPAUUHA — [HPHUMEPHO OJHHAKOBLIA YHIOTSPMHUUECKHI Biuta Y er-
Ta PACTBOPEHMSA, BhIIBAHMHBIN PaipyIICHHEM NEPBUUHOM CTPYKTYPbl BOALI MPH
BHE/APCHHH PACTBOPAEMOIO BELLECTBA.

WHTepecHo OTMETHTh, UTO R 3TOIT 00MACTH OTHCCCHHLIH K ¢/IMHRIE KOH-
LEHTpaLiM yCIOBHbIA 3H103((EKT 3HEPreTHUECKOH Aeruaparauiy npakin-
YECKH 11¢ 3aRMCHT OT MPHPONhl PACTROPECHHOTO BEINECTRA M COCTARMSCT
10 + 11 kkan/moab. Ho cnenarb w3 31oro hakra KakHe-1HOO BbIBOJLI 110Ka
HE NIPEICTABRJIALTCS BOIMOAHBIM.

OnHaKko HanU4HE TAKOIO POAA 3aBHCHMOCTH MOKET CilyKUTb CTHMYJIOM
AAs QAdbHEHIIHX necaedosaHuil. Tak, HANPHMEP, CYILECTBYHOT KOppeils-
TIUH MEKTY DHTANbMHITHLIM HDQEKTOM pacTROPEHHA W OOPATHBIM 3HAYCHH-
€M AHDNEKTPUUECKON IPOHHLAEMOCTH, PAa3MEPOM MOACKY.1bI, HOJASIPHIYEMOCTH,
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npn 24°C

KOYPPHIHEHTOM CKHMAEMOCTH, JIOHOPHBIM YHCToM (loHopHoe uneio DNy —
110Ny KOTHUECTBEHHAA XapakTepHCTHKA B3aNMOUCHCTBHS PacTBOPEHHOrO BElle-
cTRa ¢ pacTropuTeneM. [landonee uacTo ynoTpedAsOT AN ITOH 11eJIH ReAHUHITY

—AHstoy = DNt ).
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Puc. 7.2, Koutemw paltoHIas  3anmucu-
MOCTE OTHOCHTC IHHOM HAPIHHAILIOH MO~
JAPUOF 1T p(mml 8oL (298 [O) 18 BOMIILIX
pacrgopax: 1. UNMDT. 2. TBA. 3. TTO.
4. 2P, 5. ,,J,M(D. 6. IMCO. 7. D

DMIUPHUECKHE 3aBHCUMOCTH TaKO-
T0 poada 00bIMHO 00padaThiRAIOTCSA MPO-
CTLIMH YPABHEHHAMH JHHEAHOIO THIIA,
B KOTOPbIX OZHO U3 CNaraeMbiX Xapakie-
pH3YET PECTBOPHTE.Ib, @ BTOPOE — pac-
TROPEHHOE REIICCTRO Yepes ero Gbu3nko-
XHUMHUUECKHE CBOHCIBA.

Bo3aekcTRHE pacTROPAEMOTO BELNE-
CTBA HA COCTOANKE PACTBOPHTEINS MOKET
ObITh HamISAHLIN OOpa3OM OXxapakTe-
PH3OBAHO  KOMLEHTPALUHOHHOH  3ash-
CHMOCTLIO OTHOCHTELHONH napuHa,-
HOI1 MONAPHOH SHTPONMHH PACTBOPHTENS
glp — 55— ?lo (pue. 7.2). Cunraercst,
UTO HAJIHUHE MAKCHMYAIA HA KOHLIEHTPA-
LIMOMHBIN 3aBHCHUMOCTAX 11APLHAIILHON
IHIPOIIHH ABIICTCA YRA3aHHEM Ha CTa-
OMANZAUMIO CTPYKTY Pl BOAbI B CHCTEME.

AH‘dJIH'}Hp)’SI ARCTIEPHMEHTANLHbLIC JAHHBIE TTO YHTAMBIIHKW W 3HTPONHHU
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PACTBOPEHHA, MOKHO, OUCBHAHO, YTBEPIKIATh, UTO XAPAKTEPHCTHKH MEKMO-
NEKYASIPHLIN B3aHMOACHCTBHIT HAXOAATCH B BEJAUYHHAX YHTANLIHU W IHTPO-
nuyu pacTeopeHis. ONHako 31U (GYyHKUHH [0 BHELIHEMY BHIY JOBOJbLHO O-
HOOOPA3HLI, YTO HC NO3BOAACT O00MTHCH 0e3 HX AanbHel e KoNHUeCTREHHOI
00PAbOTKH. KOTOPAA HEMUHYEMO 11PUBEIET K MOAECILIBIM HIPeAcTaBaeHHaM. [Ipy
ITOM HEH30CKIIO BOZHHKACT OObIUHAS CXEMa: « TPHHATHE padoyeii runoTesb -
0OBSCHEHUE HA €€ OCHOBE IKCMNEPHMEHTANLHBIX DAKTOB — NMPUHHATHE I'HILOTE3bI
34 UCTHIY — HAAENCHHUE THIOTE3bl HHOTKY/@ HE CNEAYIOUIHMH JONONHHTE b=
HbIMH CBOHCTBAMM, HYKHbIMU 118 00bACHeHHA Apyroro dakTa». OObIYHbIA pe-
3YIIBTAT CXEMbl — HAKOTUIEHHE 1POTHBOPEUHIT H NIpECKazaiie 0/KHI1AeMOro ¢
TOUHOCThIO «/10 HAODOPOTY.

M3 Bcex TepmoanHaMinieckiX GyHKuMi MonapHbIil o0bem ARAACTCSH HAMOO-
JIee 0Cs3aeMbIM W 3PUMbIM NapaMerpoM. IMEHHO 3THM 00bsCHACTCS KENAHHE
MHTEPTIPETUPOBATEL €r0 H3 HHCTO FEOMETPHHECKHX cooOpakeHHii. Ho npu sTom
3a0bIBACTCA, UTO [EOMETPHYECKAR 1IPOCTOTA ABIACTCH KAKYLLICHCH, W 41O Hap-
LHaTbHbIH MONbHLIT 0Gbem Vo = /O srnsieTcs 1o cBOH CyTH 00bEeMHbIM
ko3 druneHTOoM paciuupenns. [Toyromy npesiaraemble MOACIHH 10JIKHbI 0dec-
neynRaTh TUKKE 0 MeTo1 pacieta unterpana ot | V5 (?)d P, a Takike npasunb-
HOE 3HaUuCHHE 1POH3BOAHOH 110 1. Kak 1pasuio, B I'€OMETPHYSCKHX MOIEIIAX
ITO He TperycMarpHBacTea. B kauecTRe UHCACHHOTO MpHMEpa MOXKHO TNpHRE-
CTH pacueTsbl NAPLHATbHO MOJSPHOH BEJNIMUHMHBI BOJbI B UETLIPEXXTOPUCTOM

3]

yimepoze. [Tpu deckonedHom paszdas.ieHHH ?[0 = 31.6 cm*/mons npn 298 K.
CaepoBate/ibHO. COKPALLICHHE 00beMa NPH MEPEHOCE BOMb! U3 ITOTO PacTBOPa B
upCTyIo BONY cocTaraseT 13, 6 cm®/Mons. OTRETOR Ha BONPOCHI, NOYEMY 1—’10 TaK
BEJIHK H Ky/1a AeBaroTCs 13,6 cM?/MOITb M3 FEOMETPHYECKHX COODPaKEHUH NoJTy-
YHTh HEADL3A, TOCKOALKY B HHCTOM BOAE MMEIOT MECTO NMYCTOThI, @ B OECKOHEUHO
pasdapjieHHOM pactBope HX HeT. Kasanocb Obl, BCe TOKHO OblTh HAOOOPOT.
[TpeonoIene Takoro napanokca HaXoAT BO BREACHUH B pacueTsl Ko3(pdhuuu-
€HTA YIIAKOBKH MO.IEKY/, MAKCUMa/bHAsA BE.IHYHHA KOTOPOI'O /L8 NROTHOY -
KOBaHHOI1 reKcaroHaibHoH cTpyKTYpbl pasHa 0.74. Y Boasl & pacteope CCly
k03(purmeHT yrmaxoskH cocrasnsact 0,366, UTO 1 NPHBOAMT K NMPEOIONECHHUIO
HE10YMEHHBIX BOIIPOCOB.

Tpy:IHOY10BUMbIE TORKOCTH CTPYKTY Pbl 7KHAKOH BO/IbI HALIAIHO HPOSIBASKT
ccOd B OUCHB MPOCTOM dKCTiepHMeHTe, TIpH HOPMAILHOM JaBICHHH MSIOTHOCTh
BOJIbI B 3aBUCHMOCTM OT TEMIEPATYPbl HMeeT Makchvyy npu TV = 277, 13K,
Io1o1Hoe 3aMelleHne BOIOPOAA MPHBOAHT K NMOBBILUCHMIO YHEPIMA BOMO-
POTHRLINX CRS3CH M O/THORPEMEHHO MICMHNCPUNYDbl MARCUMAABION AOMIOCHIY
(TMIT), no 284,39K y Tsukeq0ii m 276,55 K vy ¢Bepxrske. 10l BOABI, YTO 00b-
ACHAETCA UX 0onee NpouHoil cTpykTypoiil. O1crona 1e1aeTcs BLIBOI. UTO HIMe-
HEHHE TeMIIEPATY Pbl MAKCHMATLHON TUIOTHOCTH 1101 BIHSHHEM PacTBOPEHHOIO
BCILECTBA MOKCT XaPAKTEPHIORATb HX BIMAHUE HA CTPYKTYpPY BOJbI. [ToHMxKe-
HHE TeMIEPATYPbl MBKCHMAIILHOA MIIOTHOCTH 1IPH BBEICHHN Lo MOSIbHOI J10.14
MMCKTPOTHTA MPOHCXOAHT MO IMITHPHUCCKOMY TipaBiy denpertua

AT =T - T = K. (7.6)
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(3uech Vi — koappuumnenT Jdenperua, ycTaHaBIHBACMbIH O1IbITHLIM 1Ty TEM 115
Kaui10ro INEKTPONHTA).

3Ta 3aBUCUMOCTb BbILOMHACTCH If BCEX NIEKTPOIHTOB 0€3 MUCKNIOYEHHUS.
OHAKO NPHMEUYATEIILHO, YTO OAHO3aPA/HbIC, HO THAPOHOOHLIE INCKTPOIHUTSI
CHIKAKOT TeMIIEPaTY PY MAKCUMAUILHON MIOTHOCTI CHITbHEE, T1EM MPOCTHIE INEK-
tponuthl. Tak, as KCl Ky = 0,644, a s (C4Hg )4 PCl Ky = 0,933,

B 1951 1. Muwenko n Cyxorun BBE.IH HOHATHE HEKOTOPOH XapakTepHOMH
KOHIEHTPAIMH. HA3BAHHOH MK rpaHuiiel nonHoil ruapataiwmm (ITID). Tpy Ta-
KO KOHUEHTPALMH KOOPAHHALHOHHOR UHCIIO HOHHOH THAPATALMH NS CHIIBHbIX
DNEKTPOSHTOB OCTAETCI 1HOCTOAHHBIM 10 TEX 110P, MOKA BOjIbI B PACTBOPE 10CTa-
TOUHO, H RCA HaNHYHAA ROMA RKAIOUCHA B rHapaThy o cdepy. CTPyKTYpHO Takoii
PacTBOp MONKHO YNOAOOHTH CHCTEME, COCTABICHHON TOJILKO U3 OLHOCIOHHO
FHIPATHPOBAHHBLIX HOHOB, HEMOCPEACTBCHHO COMPHKACAFOIIHXCS CBOWMHI MMA-
PATHLIMY 00010 KAMH. DHEPIeTHUECKHIT YPPERT. CBA3aHHBLE ¢ 3aTpaToii pado-
Tbl Ha MEPEXOL MOJICKYILI BOALI M3 00beMa B MHpaTHY10 0donouky Ho— Hrr
MOXKHO PACCYUTATb, MCIIONbL3YS HEKOTOPbIE AOMYLLIEHHSE O CPEAHEM Pa/IHYCE pac-
TROPCHHOM HACTHLLI W IHIEKTPHUCCKOH NPOHHLASMOCTH THAPATHOIN Cdepht.
DHEPIHN ACTHAPATALHH B BOJIHLIX PACTBOPAX, OTBEUARMIAX I'PAHHLC 110:1HOH
THpataii, npHueeieHL B Tadn. 7.1.

B Tadnuile npHReEHbl 3HAUCHHS HHTETPATbHLIX TeTUIOT PACTBOPEHHS HEKO-
TOPBIX cO:leil B BOAHBIX pacrBopax Ha I'paHuue NnoiaHoi ruaparaund AHrnr v
MEPBLIX KHTCTPATIbHBIX TETNOT pacTROPeHMA A M. @ TaKke HX pa3HOCTH, KOTO-
pbie, B HIPHHUHIIE, HPEACTABAAIOT COO0{T FHEPIHIO B3AMOUCHCTBHSI JaHHOI conH

Tadaunua7.l

Drckipoat | AH . kkadadisonn | AHg. kracisionn, (£XI1|H| — AHy. kka1/MO:b

LiCl -7.8 -8.8 1,0

1.iBr —10,8 —-11,72 1,0
NaCl 0.8 1,2 ~0,4
NaBr —0,7 0,2 -0,9

Nal —-2.4 —-1.8 -0,6

KI¥ —3. 9 4,2 0,3

KCl1 3.6 4,3 -0,7

KRBr 4,2 4,9 -0,7

Kl 4,1 3,0 —0,9

C BONOH B C/1yHae MojHOTO HacblUEHHs. JIpyruMH ClI0BaMH — TO IKBHBAICHT
padoOTL! OPHEHTALIMH MONCKYJ PACTBOPHTEA BOKPY I MOJIEKYJ PACTBOPEHHOT CO-
. Kak BHAHO w3 radanusl, y1a padord He npesbiwael ~ | kxkaa/yMoubs. Hexons
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13 OOBIUYHBIX MpeACTaBIeHH 2IeKTPOCTATHKH MOKHO OLUEHHTH padoTy OpHeH-
Taunu (W = pE) nunodst Bobl BO BHOLIHEM TTOJIC. CO3AaBACMOM €JIHHHUHBIM
3apaiom . HanpskennocThio E = ¢/R? & 2.5 en?/?. 3nech n HHCIO
MOJIEKYJ COJTH B €IHHHLUE 00bema). Ecnu ANN0bHbIH MOMEHT MOJIEKYIIbl BOIb
MPUHATH paBHbIM ¢ = 1,8 JI (T. €. cunTars, Y10 MONEKYSA MONHOCTHIO OPHEH-
THPOBAHA BO.1b RIEKTPHUECKOIO 110:15 L), TO padoTa OPHEHTALHH O1HOTO MO.1s!
BOMLI B AAHHOM LIoJle 0yaeT pagHa 7 & 2 KKal/MO0iib. T. €. UHCAEHHO NpakTHUe-
CKHK parHa TeroTe CONhBATALIMH, paccunTaHHoH no pasHoctn Ho — Hyqyp.

OCHOBHBIE TEHAEHLHH B COBPEMEHHOM TEPMOIHHAMHHECKOM IKCIIEPHUMEHTE
JIHKTYIOTCA CTPEMIICHHEM YCTAHORHTh CBA3b KOHLEHTPALIHOHHOI 3aBHCHMOCTH
TepMOIHHAMUUECKUX QYHKUMH C 0COOEHHOCTAMM MEKMOJICKYIIAPHBIX B3aHMO-
JCHCTBHI ¥ 1aTh KONMHYCCTBEHHbBIC XAPAKTEPHCTHRH nocheANHX. Mlenonbiyembie
AU ITHX UEsIeH TEOPETHUECKHE NOCTPOEHHS TPEGYIOT BLICOKOTOUHBIX H3Me-
PEHHI B 0OMACTH OYEHb MATLIX KOHLIEHTPALHH PacTBOPEHHKIX BCIHICCTB. YTO
M OMpeiesIfneT TEXHHYECKOE HaMpaBaeHHe IKerepumeHTa. OHaKO HECMOTPS Ha
YCHUSA SKCMEPHMEHTATOPOB K JOCTHXKCHHS TIPHOOPOCTPOUTENICH. HE BCe Re-
JUUHAHB YIAETCH HAHTH € HPHEMIEMOH TOHMHOCTLIY. ECiK e aHan3HpoBars
JAHHBIE, 110JYHUEHHBIC B PA3HBIX JIA00PATOPHSIX, TO PE3yNbTaThl IIPUXOIHTLCH
eute donee oKpyATL. Kpome Toro. mpy ycTaHORACHMH KOPpensilnii Ha yporie
TEOMETPHUECKHX TAPAMETPOB HEOOXOUNMA KpalfiHAs cTelleHb OCTOPOKHOCTH.
MOCKOJIBKY TOBCPXHOCTH MOJEKYJIb TPOTOPLHOHAILHA KB, PATY NHHCHHOTO
pazMepa MOJeKyJbl. @ HOAAPH3YEMOCTb, 00bEM. HHUCIO QIWIKAHLIMX coceaet
NPONOPUMOHATIbHBI TPETLEH CTENEHH ITOTO Pa3MEpa, NPHUEM Kak/Iblil M3 ITHX
aKkTOPOB MOKET HMETb CAMOCTOSTENbHOE 3HAaUeHHUE. B CBA3M € 21HM HCIIOIb30-
BAHHE HEOONBLLUHX MACCHBOR DRCMEPHMEHTAILHBIX JIAHHLIX JIJIA OLCHKKH TEX WIH
HHBIX CBOHCTB CONbRATALHOHHBLIX YPPCKTOB MOKCT IETKO NPHBECTH K apTeharTam.

Ecnu noHumarts conbBaTALMIO KAK CYMMY BCEX MPOIIECCOB, BOZHUKANOIINX
NIPH MOAB.ICHHH B PACTBOPHTE.IE HACTHLL PACTBOPAEMOI'O BELLECTBA, TO 1IPH dec-
KOHEUHOM pazBesieHnH (112 = ) B ciyvae 0Bpa3oBaHis pacTBOPA KPHCTANIHYE-
CKOTO IEKTPOIUTa (POpMANBEHO OE3yCNOBHO NPABHIBHO CNEAYIOUICEe TEPMOIH-
HAMHYECKOE COOTHOLLCHHE:

AHp = AHpey + AHZ, TH

me AHg nepras MHTErpankHas Temnota pacrsopenus; AH ., H3Me-
HEHHWE SHTANBITMK LIPK B3AHMHOM VAAJIEHHH HOHOB OT PACCTOAHHIA B pelleTke
110 GECKOHCUHOCTH (PHeprs peweTkun); AHT  cymmapHas xumnyeckas Tern-
JI0Ta COubBATALMK (IMAPATaLHN) NOINOKHTEILHLIN H OTPHLATEIbHLIX HOHOB.
A Hypeyr — 00nbINAR IHI0TEPMHUECKAS, @ AH; — On3Kas K Heit no adcomoT-
HOMY 3Ha4EHMIO 3K30TEPMItecKas BeJHYHHA.

B nTore nepBhie TENNOTH PACTROPEHHST HMEIOT /IS OOJILINHHCTRA MICKTPO-
JIMTOB CPABHHTEILHO HEGO/IbUIHE 3HAUEHHSL, JISKALLHE B 1IPELEIAX IPUMEPHO OT
—40 go 4 + 15 Kkan/mMons..

[Tpomonias paccMarpuBalh CONbBATALMIO KAK CYMMAPHOE ABJICHHE, MOKHO
pacripocTpanurh ypasHente (7.7) u na obiacts A0ObIX KOHUeHTpauui. s
BOANBIX PACTBOPOB CHIILHLIX MIEKTPOJHTOB TAKOH MOAXOA MO3BOMSCT XOTA OLI
HOJY KOJIMHUECTBEHHO BBIABHThL HEKOTOPLIE BAKHbLIC 3AKOHOMEPHOCTH.
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B ypasHenun (7.7) waen AHT ornocurca k aiekrponuty B uesom. [pu
BOOOPaKAEMOM MPOLIECCE PACTBOPEHUA KPHCTAA COOIIONAETCA YCNOBHE IEK-
TpoHe#iTpanbiocTH. KapTuHa cyIecTBEHHO OCII0/KHAETCS, €CNTU Mbl CTABUM Te-
pest coQoii 3a1a4y TepPMOAHHAMHYECKH OXAPAaKTCPH3ORATL NEPEXO/L OTACTLHOro
MOHA M3 KPHCTALIA HITH M3 Ta30BOH Qasbl B paCTBOPHTE. b, YCAOBHE JIEKTPOHEN-
TPANLUOCTH ABAAETCA NPENATCTBHEM HA [Ty TH BCEX H3BECTHBIX IRCNEPHMEHTAT b-
HbIN 1IOTILITOR OUEHH T HHAHBHAYAILHLIC H3IMEHEHHA IHEPIHH HAN DHTaIbNHK
npH CONLBATAIMH KATHOMA H aHHOHA,

Kpone Toro, np repMOARHAMHUUECKOM PACCMOTPEHHH IIpoLECca liepexo.la
MOHOB OJJHOTO 3HAKA K3 Ia30B0I B KHAKYIO a3y NPHXOAMTCA CUHTATHCS ¢ ABJE-
HHSIMH, KOTOPBIE TIPH PACTBOPEHNUH MNIEKTPONHTA YUMUHUPYIOTCS B pe3ynblare
B3aHMHOH KOMMEHCALIMH PARHLIX MO BENHUYHHE, HO MPOTHROMONOIKHBLIN MO 3HAKY
3¢ PEKTOB, CBA3AHHBIX C KATHOHAMM W aHHOHaMH. [To1poOHbII aHanu3 3Toro Bo-
mpoca BrepRbie OhlT caenan Jlanre v Muuterko 8 1930 r. Mul 31ech npuseaem
TOIIbKO OOLUHE COOOPAKCHHA 110 YTOH 11polileme.

Yuen raexmpuueckux ceofcme nogepxuocmu pazoeia (pas. Jlanre u Mu-
LUEHKO BHEPBBIC 110UPOOHO PACCMOTPENH BOMPOC O BiAMSHHH IEKTPHUECKHX
CROMCTB KH/IKOH (Pa3hbl 11 ¢e MOBEPXHOCTHOrO MOTEHIIHATA \ Ha H3MCHEHHS YHEP-
THU W 3HTANLIMK NPH PEAiIbHOM NEPEX0Ne HHAWBH/YATLHOTO HOHA H3 ra30BOM
B KH/IKYIO (pazy.

AKunxyro pasy utg 0011ero ¢ayuas pacTROPEHHA HOMA ECTECTREITHO MPHHATH
SMEKTPOHEHTPAIILHOA C MOTEHUHANIOM H30bITOUHOTO 3apsiia ¢ = 0. [lpu 3Tom
peanonaraetcs, YTo B 1ol ¢ase uucma H30TPONHO paciipedsseHtbIX 110510~
JKUTCIILHBIX H OTPHLATENLHLIX 3aPAI0B PpasHbl APy Apyry. Ecam B GeckoHeuno
OoubLLOI oObeM Tdakoll (isbi BBOTCH 1 MOIL dAeKTpoidTa (MIM B KOHEY-
Hblii 0ObCM BHE/PACTCA OCCKOHCUHO Manoe KOMHYECTRO), TO HE MPOHUCXOANT
3aMETHOTO H3MEHEHUA EKTPOHEHTPAIILHOCTH cpeibl. U0 Kacaeres NeicTBHs
«CHITbI H300PAKEHHAY, BOSHUKAIONICH NPH NPHONTMKEHHH 3aPAKEHHOTO HOHA
K HOBEPXHOCTH Qa3bl, TO TOT SHEpreTHaecKkitii 2PherT BXOAMT B cyMMapHbIii
OaJIane CONbRATALINN HOHA H MOKET 3[1eCh HE PACCMaTPHRATHCS.

CnoxkHee 0OCTOMT ACAO € NMOBEPXHOCTHbIM MOTEHLUHANOM KHAKON (asn
X (3T0 Hem30eKHO, TaK Kak UCHbiil pan QH3HYCCKUX W NHMHUCCKUX 3KCIle-
PHMEHTANbHBIX (PAKIOB YOSKIAAOT B TOM, YTO ITOBEPXHOCTHbIH ¢cnoii #H.1Ko-
CTEH UMCET CTPOCHHE, OTAHUAKUIEECA OT CTPYKTY Pbl BHY TPEHHHX o0nacTeii). C
YTHM CBS3aHLI, pasyMeeTest, H CILELHMHIIECKHE JIEKTPHUECKHE CBOHCTBA 3TO-
ro ¢j1os. B cnyvae 4uCTLIX pacTBOpHTENCH NOTEHLHAT X MOKET BbI3LIBATLCA,
HANPHMEP, OlPEle:ieHHOH OpHENTALHEH ANIOILHBIX MOAEKYN Ha LHOBEPXHO-
CTH JKHAKOCTH.

34¢Ch MOIYT BOSHHKHYTb JIBA HPHHLHITHAIBHO BOIMOMKHbIX Ci1yas.

I. v = 0uyx = 0. Borux ycaosuax kapTuua Handosnee npocta. [lpu
iepegoie (00paTHMOM W H30TEPMHUYECKOM) HOHA BHAA £ W3 COCTOAHHS Mle-
@1bHOrO ra3a B paCTROPHTEN b XUMHUECKHIT NOTCHLHAN HOHA U3MEHSIETCS Ha
BEHHUHHY

Api = b — pf. (7.8)
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COOTBETCTBEHHO H3MEHEHMHSA IHTANBIHH H H‘}O()HPHOI'O MNOTECHUHANA, OTHE-
CEeHHRBIE K 1 MOJItO, paBHbI

AH} = HP — HF, (7.9)
S = G < &2, (7.10)

Benanaunnt AT w AGS momy qHITA HA3BAINTE XUNUHCCKUX IERIOME A YHCp-
eun coteaamayui. Pazymeerca, B HUX BXOAWT H CPCAHHH YMNEKTPHYCCKAN NOTEH-
LUHaN BHY TPEHHEN (pa3hl pacTBOPa, 0OYCIIOBIEHHbIH TOHKHM CTPOEHHEM YACTHLL
H B3aHMOAECICTBMEM 3aPS10B COCCHOHNUX TOHOB, BRIHOYAA IT NOTCHUHAILHYO
SHepruo 8 HOHHON armocdepe debdas.

EcTecTreno, 4ro NpH HAXOACICHHIE CyMMapHofl TEemioThl coMbRATALMI
AHZ 1o ypagrenmo (7.7) U3 TePMOXHMHYECKNX JAHHBIX Mbl NOAYHAEM HMEHHO
XUMHYECKHE TCTOTHT CONbBATALMH, TaK KaK YCIOBHE HIEKTPOHEHTPANLHOCTH
00€eCIIEUEHO BXOKIACHHEM PABHBIX KONHYECTB PASHOZAPAAHBIX HOHOB. W [IOTEH-
LHASILE 2* 1 Y 11€ HFPAKOT POITH.

IL ¢ # 0; x # 0. C 3TUM BapHAHTOM Mbl PEAJIbHO CTANKHBAEMCH TpH
onpeae/IeHHN YIEPTHil COMLRATALHH METOAOM HIEKTPOABHIKY LUIMX CHIT,

B oduwem Buie 1as CpeaHero WEKTPHIECKOro noTeHuHana (asn! (CHMBoa
) HEOOX0AMMO yuecTh 00a NoTeHUMaNa ¢ 1 Y Kak CyMMmy B BHAE @ = ! + Y,
W 3aMUCATh MEKTPOX UMHUECKHIT NOTCHIMAN YaCTHLbI B XHAKOI (ase kak

= pb + 5 FoP, (7.11)

rae ; — BasenTnocTh Houa: F— uucio Mapaied. Toraa »ekTpoX UMHUecKas
TEMIOT CObBATALMM NP @ = X # 0

AQ! = HP — Hf + 5F\" — 4iF (‘)‘/'f) . (7.12)
dl' /e

(30€CHL YUTCHO. YTO 3apsiil YACTHLL HE MEHSETCS),
l—]O:YI'().\ly./ CCAH 6|>| Cy]_uCC'TBOBaﬂ'd nPHHLlHIH'I'cU[I)HElﬂ BO3MOKHOCThH Oﬂpeﬂe—
JICHHA l'lOBerHOCTHOI—O CKQUKa NOTCHUHaNa WM BOJIbTA-noTEHUMaAa Ha Fpa—
HHLUE vacTiua p'dCTBOPCHHOrO REUICCTRa )JICI\VT'POH., TO Onpeﬂeﬂelll'le XHMIE-
YECRHX H peadlbl‘lb[,\ ')HCPI'HH COJILBATALIHM HE COCTABIAN0 6hl OCO6OFO pr,ﬂil.
Bl‘lepBblC nO,‘]O(’)Hl)]e HgMCpCHHﬂ OCyL[leCTBﬂCHbI .ﬂf\Hre H MHU.[CH KO 1714 BOA-
HbIX cueTes. Ha ociiore naudosee BEPOSTHHIX 3HAUEHHIT TEMIOT FHAPATALHH
pﬂ:l'd HOHOB. HCOOJIb3YA ﬂl‘l'l'ep'dTythle HMdHHbIC 1O ')H'l'pOHHﬂ.\‘l HOHOB B rase
H B paCTBOpC, OHH BBIYHUCTATIU XHAMHAUYCCRHUC ')HeerH l"l"lﬂpaT'dLll'IH IICKOTOPHX

HOHOB ¥, ONHPAsICh HA YIH PE3YilbTaThl, I0jyUHI 3HayeHne x = —0.3+£0.1 B
a4 Boabl npH 25°C. JIAa AHAKOre aueToHHTPHAA 3HAYCHHE MOBEPXHOCTHO-
ro ckaura noresumana x = —0.1 £ 0.06 B. B ganbseiiliem Oyaer riokasaHo,

UTO NPH HCTIONBIOBAHHU DKCTIEPHMEHTANBHBIX BEJHUKHH TIOREPXHOCTHOIO Ha-
TSOKEHH S TPAHHLBI JKHAKOCTh — BO3Y X 3HAHEHHA MOBEPXHOCTHBIN MOTEHIINAI0B
BOZLbl M @LECTOHUTPHIIA COCTARIAOT ~ + 0, 31 ~ + 0, 2 cooTBeTCTRENNO (313K +
O3HAYALT, HTO JKHAKOCTb 3aPsyKeHa NONOKHTE.IbHO MO OTHOLWICHHIO K BaKyyMY,
H TIPOTHBOPE U € MPHBEACHHBIMK BbILIE JAHHLIMKE 1A BOIbl H ALETOHHTPH-
JId HET, TaK Kak B MEPROM C.1yYae OTCUCT OCYLIECTRASUICA W3 MIyOHIIbl 0Obema
JKHIKOCTH B CTOPOHY BaKyyMma).
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B cBa3n ¢ TPYAHOCTAME DICKTPOX MMUUCCKHX H3MEPECHUH, a TakKe 00Hnnem
JOTIYLUCHHH TTPH BBIUHCACHHAX MOXKHO FapaHTHPOBATH TONLKO MOPALOK H 3HAK
3THX BeJMIHH, ONHAKO B CJly'1a¢ BOALI, [10-BHAHMOMY, MOYKHO C YBEPEHHOCTHIO
FOBOPHTL 00 OpHElTaLH AHNOABIBIX MOJIEKYJI BOABL B MOBEPXHOCTIIOM CJlO€
[IPOTOHAMH BHY Db IKHAKOH (pazkl, @ Takike ¢aeNaTh BbIBOI, YTO YHEPTETHICCKHI
daphep Ha MOBEPXHOCTH pasjiesia BOAA- a3 MOXKeT AOCTHIAThL BEJIWYHHBL 0O
6 + 7 kKan/Mosb, CIOCOOCTBYA BXOKIACHHKO HOHOB OIHOTO 3HAKA H NPEenATCTRYS
HX aNTHNOIAM,

O cyynax u paznocmax meiiom coabgamayuu. Kak cnenyer u3 npeabiay-
LLIETO, TCPMOIMHAMK IECKAs KapTHHA SHAUHTE]bHO YNPOLLACTCA. €C/IH B pacTBO-
pUTEIb BROAATCA 20 OCCKONEUHOTO pa3geaeiius (11 = () 2IeKTPONHTHI, T. €. o1l
HOBPEMEHHO BHEIPAKTCA KATHOHBL M AHHOHb! B COOTHOLIEHH M, FaPaHTHPYIOLLEM
AMEKTPOHCHTPAILHOCTL CHCTEMBI. Bee BAMAHUA MOTEHUHAIOB NMPH YTOM ycTpa-
usiotea. Cymmbl A7 1 AGT 00beRTHBHO OTPAKAIOT CYMMaPHbIE HIMEHEHMUS,
CBA3ALIIBIE C LIHPOKO MOIHMACMbIM MPOIECCCOM COLBATALMH. AHATOTHUIILIM
00pa3zoM PaIHOCTH, HallpHMep, AH;\“A = A/li\d’ ABAAKOTCA KOJIH'ICCTBEHHbBIM
OTPAKEHHEM DHEPIETHICCKOH CTOPOIILT BOOGPAKAEMOr0 NMPoLEcca, B KOTOPOM
M3BIMAETCA 1IPH OECKOHEUHOM pa3Bederuu u3 pactsopa | r-won nonos Na™t
W 0/1HOBpeMeHHO BreapaeTes 1 r-Hoi nonos K.

YuursiBas, 4TO NPH OANOBPEMEHHOM NEPEX0Ie KATHOHOB It AHHOHOB RCE A0-
©aBO'THbIE MIEKTPHUCCKHE BAHAHMA B3aHMMHO KOMIEHCHPYIOTCS M HA rpaHHuax
KPHCTANE a3 M KPHCTAIUL — PACTBOP, Mbl BO3IBPALAEMCS K CTPOroOMy Tep-
MOIHHAMHIECKOMY YPaBHEHHIO (7.7), colepkatieMy TONbKO IHEPTHIO pelueT-
KM, CYMMapHYH XHMHUECKYIO TEMOTY COMBLRATAUHH H NEPRYIO MHTErPalbHYHO
TENAOTY pacTBOpeHHn. «IToABONHBIE KAMHHY 31€CL OFPAHHYMBAIOTCA TOIhKO
TNIOFPEILTHOCTAMH IKCIEPUMENTATBHBIX JIAHHbBIX U1 TEMUIOT PACTBOPEHHS H YHEP-
ruy pewerkn. TTepsbie TEINIOTBL PACTBOPEHUS 1IPH COBPEMCHHON TeXHHKEe Tep-
MOXHMHUYCCKHX H3MEPEIIHIT B ClyHac BOAIBIX PACTBOPOB H3BECTHbBI € TOHHOCTHIO
10 £0.1%, nfs HeBOAHBIX CHCTEM — ¢ ToMHOCTHIO oT 0, 5% no 1,0%. Ilpas-
A, IKCTPAMOALMA H3MEPEHULIX 3HaucHKil TemioBbix dpderto npu m — 0
B PALE CTY4aeR BOIMOKHA ¢ OOMLLION LOCTOBEPHOCTBIO Olaroaaps NpeuH3Holl-
HbIM H3MEPEHUAM TENJIOThI PA3IBEACHHA B KAIOPHMETPAX € YBCTBHTEBHOCTBIO
okosio 10 ®°C. B cnyuae pacTBOPOB B CIMPTAN. aLETONE, YTHICHITUKONE,
(dopmamuie H APYrux noka TakHX AAHHBLIX HET, M IKcTpanoasuust K m — 0
MeHee naaexkna. Kpome TOro. name HC3HAUUTENbIILIE NPHMECH BOAbL K DTHM
OPraHHYECKHUM IKHAKOCTIM MOTYT CYLLECTBEHHO HCKAMKATL XOI H3TEPM B 30HE
OONbLITHX PA3DABICHMII.

ONHAKO BCE HETOUHOCTH B 3HAUEHHAX N 1/g TOHYT B BO3MOUMHBIX 110MPELIHO-
CTAX DUCPrHil KPUCTALIMYESCKHX PCLLETOK. Tak Kak sHauenus N/ ., B necath
1 Bosiee pas npesbluator Be.myHL A Hg.

HakonmuBLIHECS 1 MOCIIEIHHE IO YKCNEPHMEHTAbHbIE PE3yIbTaThl (0C0-
OCHHO AJIs1 BOAHLIX pacTBOPOB) MO3BOHIIH BbICKA3aTh NPEANONOKCHHE O TOM,
4TO Pa3HOCTH MEPBLIX TEMLIOT PACTBOPEHHA PASAHIHBIX Map couell ¢ onHHa-
KOBBIMH KATHOHAMH HIlH @HHOHAMH NPHMEPHO OAHHAKOBbLL B PAIHYHBIX pac-
TBOpHIEAAX. Ha ocHOBaHHH Y1010 MUILEHKO OblIO MOCTYIHPOBAHO NPABUIO
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MOCTOAHCTBA OTHOLUEHHS DHTANbITHI CodlbBaTaul KATHOHOB H aHHOHOB B pas-
JIMUHBIX PACTBOPUTCIIAX
AHF

= const. 7.13
AT . ( )

TO NPasUNO WHPOKO HCMOAb30BAHO MHOTHMH HCCIEAOBATE IAMH AN pa3e-
JICHHS TEMJIOT COMbRATALMH MEIKLY HOHAMM HE TOhKO R BOJHBIX, HO I B HCRO-
HbIX pactBopH1eaax. M3 Hero caeayer, 4To B 511000M PACTBOPHTENE. HAlTPHMED,
AHSCSJr = A/l uto sBAsercs Gasoli ANs BHIUMCIENHS IHTANLIIH COMLBATA-
LMK OTAEAbHbIX HOHOB B pasziutiHblx pacrsopurensx. Cieayel, OAHARO, HANo-
MIIHTh, 4TO RCE CKAZAHIIOE OTHOCHTCS K OECKOHEUHO Pa3daBiACHHOMY PACTROPY
M OCHOBAIIO HA OMBLITILIX AAIILIX, OTHOCALUIXCA K NPOCTEHILINM MIEKTPONUTAM
CO CTPYKTYPOH HHEPTHBIX Id30B U OTPAHUUEHHOTO Kpyra pactBopHIe/ieH.

JLia pacdera TennoT colibBaTALMY HHAHBHAYANBHBIX HOHOB ObLIO NPEINO-
AECHO MHOTO METOA0B. HEKOTOPHKIE M3 HUX NPUBOLATCA HITKE.

Memoo Beprana n Puyiiepa. TIOCKO.IbKY 3HEPTrUs CONMbBATALMN HEOOMBUINX
MOHOR, KaK CJICAYET H3 JTOMHKH. ONPEACIIACTCS TMARIbIM O0PAZOM KYJTOHOBCKHMH
CHIAMH H MOYKET ObITb NPHHATA 0OPATHO NPONOPLHOHANLHON HOHHOMY paiH-
ycy, Torna and taxoi conu kak KF (r,“\-L & rp B KpUCTaUIE), HHOUBHIYATLHRIC
TENJIOThI THAPATALMKH HOHOB MOTYT ObITb HAHAEHbl JEACHUEM [10TI0J1aM 3Haue-
HHIT TennoTsl ruapatauy coan. Ans K™ u F~ o1oT MeTon naet 93,5 Kkan/Mob.
YuuTblBasg NONPABKH, CBA3AHHbIE C HECUMMETPUHHBIM MPOCTPAHC TBEHHBIM pac-
MOIOKEHHEM BOIbl BOKPYT HONOB. ObINTH BHECEHB! NMONPARKH, H3MEHHBLLIKE TErT-
AOTY ruaparaiiu 20 Beanuunb —94,0 nas Kt u —97.0 ans F~. Ha ocHose
ITUX JAHHBIX MOXKHO OMPEAUESHTD YH1AIbIIAM I'MAPATALMM IPY THX HOHOB.

Memoo Jlamuviepa. OcHOBAH HA NPHUMEHEHHK ypaBHEHNs DopHa k 3kcne-
PHMEHTANbHBIM JIALIIBIM CBOOOANLIX IHEPrHii ruaparanun coaeii. [1pu dTom
npe:utonaraercs, Y41o YPGOEKTHBHbIE PAIHYChl HOHOB COOTBETCTBY T Palnycam
MOJIOCTEH, 00pasyIOILHXCA B AMMICKTPHIECKOH Cpejle NPH BBEJACHHH B HEE HO-
HOB. YUHTBbIBasA. UT0 1101 BAHSHHEM dHHOHOB BOJOPOAHBIE ATOMbI BOIbI OPHEH-
THPYIOTCS B CTOPOILY dHHOHOB, MPHITUMACTCS, UTO 3PPEKTHBIIRIC PALHYCEI YTHX
HOHOB MANO OTJIHYAKOTCA OT UX painyCcoB B KpHeTasuax. B cayuae nojokHTE b-
HbIX HOHOB BOIOPOIHBIE ATOMbI BOJbl OPHEHTHPYHOTCA B MPOTHBOMOIOKHYIO
cTopony. baarogaps H1oMy YPPEKTHBHLI pagnyc KaTHOHA MOKET OKa3aThesl SHa-
YYTENLHO DOJIbLUE, YEM Y AHHOHA C TAKHM K€ KPHCTANNOrPa(GHIECKUM pamgdycoM.

Paznoctn ¢800OAHKIX YHEPIrHH rHApaTaLHK 1l TaKHX 11ap HOHOB Kak 1~
MBr, 17 uClm 17w P, aTakke ana CsT u Rbt | Cst ow KT w Cst
v Nat |, Cs* i Lit MOryT ObiTb BLIMHCIEHbl M3 CBODOAHBIX IHEPruil ruapa-
TaLMK COCH, UMEIOLIMX COOTBETCTBEHHO OOLIMH KavHOH MK OOLNA aHHOH.
3aBHEUMOCTD YTHX pazHocTeli oT 1/r; (rae r; — kpHeTaliiorpaduyeckuii paui-
yC MOHa) n300paXkaetcst rpaiicCku IPIMOoil JHHHEH B Clly'1ae aHHOHOB H KpH-
BOH — B C.1yudc KaTHONIOB, DMIIHPHUICCKUM Ny TeM OLIIo naineno, uro nandonee
YAOBAIETHBOPHTENbHOE COITIACHE ¢ ypaBHeHHEM bopHa nonyvaercs B rom ciyuae
(TIpH HCNIOAB30RAHMIT MAKPOCKOMHUECKON AHINCKTPHUECKOH NocToAHHOI), ec-
ST KPUCTAN10TPAPHUCCKHE PallHyChl dHHOHOB H KATHOHOB yBEIMYHBATL COOT-

o

BeTcrBeHHO Ha 0,1 1 0,85 A. Tlpn 2Tom ycrnoBry rpauucckie 3aBHCHMOCTH
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0(AG ;) or 1/r; Kak LiA KATHOHOB, TAK H A8 AHHOHOB BhIPAKAIOTCA Mapai-
JenbHBIMH TPAMBIMH. CyMMapHaA CBOOOIHAA YHEPrUa rHapaTaikiy HOAUCTOro
Le3Ha Obuia 3areM Pa3dHTa Ha 1BE COCTABISIOUINE, COOTBETCTBYOLIME OTE ] h-
HbIM HOLAM Tak, uro na rpaduke zasncumoctit d(AG ;) ot 1/r;, crobonnbie
DHEPIMM FHWIPATALLMH BCEX HOHOB LUEJNOUHBIX METANOB M FAJIOHAHBIN HOHOB
pacnosiaratoTca Ha 0AHOH JIHHUH.

AHQIOTHUHBIH MeTOA Oblil HCNOJIBL3OBAH ANA HAXONKIAEHHA HHAMBHAYANb-
HbIX DHTPOMHI HOHOR, MPHHEM COOTBETCTRYFOLLHE BREIHUHHLI TS COMel OblK
Pa3OHTBI TAKHMM 0OpA3OM, UTO Ha rpadHKe, BLIPIKAIOILEM 3ABHCHMOCTh HILAHBH-
AYATIbHBIX 3HAUEHHH DSt OTACAbHEIX HOHOB OT 1/, [IOAYYAeTCs OiHa MpsimMas
aunHs, TTyTeM codeTanua ITHX 3HAUCHHA DHTPOMHH ¢ REAUUHITAMH HIIAHBULY -
aNbHBIX CBOOOAHBIX IHEPTHH I'HAPATALIMK ObINIK NOMYUEHbI TEMIOThI I'NAPATALIHH
WHIMBHAYATBHAIX HOHOB. DTH pEe3yJbTaThl 3aMETHO PACXOJIATCS C pacyeTamMH
BepHana n ®ay:iepa. B 1acTHOCTH, COM1ACHO AAHHBIM DTHX aBTOPOB, BEHYHHA
AH¢+ — AHy— pasna 3 Kkai/r-HOH, B TO BPEMA Kak no Jlarusmepy v apyrum
OHa cocTaBusieT 47 KKajl/r-MoH.

Memod Depaest. ITOT METOJL B OCHOBHOM CXOACH ¢ MeTtoaom JlaTtusmepa u
OPYTHX € TeM, OAHAKO, OTAHYHEM, UTO PAZHOCTH TeIAOT PHApaTauHH A H mek-
oy LiF ¢ oqHOM CTOPOHKI M KaXKAOH U3 COJIEH JTUTUA C OCTabHBIMU ragouaamMu
(LiCl, LiBr, Lil) — ¢ apyroii, a Takaxe mexny LiF u kaxnoi w3 coneit ¢ropa
¢ wenovHbiMu MeTasami (NaF, KF, RbF u CsF) n3obpaxatorca rpadpuiecky,
KaKk (ynkuns ot 1/r;, 1 NOAYUEHHBIE TMHAK YKCTPAMOTHPYIOTCS /10 3HAYESHUS
1/r; = 0, nae >HEPrus CHAPATALHH HE 3ABHCIT OT WICKTPOCTATHUECKHN CHII
ra IKCTPAnoNALHA OIHAUACT, ITO

AH; = ’i (7.14)
1

Toayuennbie rpadHueckue 3aBHCHMOCTH JIMHET b TOALKO LIS AHMOHOB H
A5 TPEX Dodiee KPYNMHBIX KaTHOHOB. Jna MaiibIx HOHOB COOTHOWEHHE (7.14) 18-
HO HENPHMEHIMO. Beanunn, oteekaemnie Haocu NH; npu 1/r; = 0, nng anu-
oHOB (—120 kran) 1 kKarnoHoB (— 118 KKail) MPUHHMAIOTCS PABHbIMK TEMIOTAM
FHAPATAIHI MHAHBHYaNbHBIX HOHOB F™ W Lit, M3 3THX JBYX BEAHYHUN MOTYT
ObITh HAHAEHBI 3HAUCHHA TEIUIOT THAPETALMY 1.1 BCEX APYTHX HOHOB. Q1HAKO
Mepreii 0e3 AanbleinMX NOFCHEINI Moak3yeTCs 3naueHusamMu — 132 kxan ans
F~ u —120 kkan s Lit.

Memod Hyxwaitiosa OTHOCHTCS K pazaeNeHHio W3004pHLIN NOTEHUHAIOB
(xumuyeckux suepriil) AG, conbeatalluy. B ocHOBe ero femKarT A0Mmy LIEHHST
senyuHa AG ; TMHEHHO 3aBHCHT OT BENMYHMHBI 0OpaTHOM paanycy HOHa, C HeKo-
Topoil nonpaskod 1/(r; £ 3); npu I/r — 0 AG, — 0. Ucxoas w3 »1oro.
N300apHBIA NOTEHLMAN CosibBaTalMK, HanpuMep 11T, Moker OblTh OnpeneseH
cremy oM odpazoM. CTposT rpaduK 3aBHCHMOCTH CyMMapHbIX Besrumi AG
I015 [aN0ICHOBOAOPOAHBIX KHeaot ot 1/(r; £ 7). a 3arem nponssoasT dKCrpa-
nonsmo Ha geanauny 1/(r; £ 3) = 0.

CpaBHHBaA pealibHbie M300apHBIC MOTEHLMANbl COOTBETCTBYIOMX KMCIOT
W coNeit C OMHUM U TeM e aHUOHOM, MOKHO BbIMHCIHTL PA3HOCTb AGfI+ =

e .
—AGY”  Orkaanpisas >ry pazHocTh kak hyHxumio ot 1/(r;+/3), nomyyaem npu
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aKkcrpanonsiund Ha 1/(r; £ 4) = 0 ennyuny A(?[’+. Cosnazenne rpaditkos
TIPH IKCTPANIOJALIMH CIY)KHT KPHTEPHCM TPABHIILHOCTH pacueTa.

Ipodnema onpedcicHIs HIIMBAAYaibHbLIX TETUIOT H CBOOO/IILIX EPTHi
FHAPATALMK N0 CBOEMY XaPAKICPY aHdIOTHUHA [TPOdIEME HAXOAKACHHA KOO()-
GUILHCHTOR AKTHBHOCTH OT/CIILIX HOHOB. Takoe onpeaeaeHue 1€ MOKCT ObITh

i
A GU\Llhn

Ao Me r
—\ C’L'(Llhli ! A GCOHI)I!

AGeoms + 112 (AGE -GN
AGS

H .
AGeorn— AGeoon

V(r+3)
Puc. 7.3, CxeMa onpe1eIcHs SHCPIHH COILBATAIIN HOHA ROAOPO@ N0 Mssaiiiony

OCYLIECTBNEHO TEPMOAMHAMHYECKHM MYTEM, BCICACTBHE HEr0 KAXKAas «IKCne-
PHMEHTAITLHAS) BEIMUUHA 3ABHCHT OT JIONYTHEIHH, NPUHATHX NPH ERCHIH
DRCNEPHMEHTAIbHBIX 3HAYEHHI LI CO.IEH Ha YdaCTH, OTHOCAILHECA K OTA€1b-
HbIM HOHaM.

Hu oftH 13 paccMOTPENHBIX BLIUIE METOAOR HE ARISCTCA O€3Y KOPHIHEHHKIM.
Meroa beprana w haynepa ocHosan Ha pactiere dHepran riapatauni KT u F
KOTOPbIIT HE MOMKCT CYHTATLCA BMOJHE TOYHbIM, JIaTHMED M APYIHX HCTIONK30-
R TIO,1YHENIIOE HMH 3HAUEIHE CBOOOIHOH DHEPTHU ruapatraltMi Hoa Na ™~
118 BBI'THCISHHSA «a0CONOTHOMO DOTEHUHAIIA» KaiI0MEJIBHOIO DAEKTPOIA 110 OT-
HOILIEHHIO K TIOTEHLHAJY PTYTHOI'O DIEKTPOAA B TOUKE NIEKTPOKAMHINSAPHOrO
MarcHMyMa. [TojlyuCHHAA 1P YT0M BEuHIHHA OKa3aiach paBHoii +0.495 B.
B TO BPEMA Kak IKCNepHMeHTasbHoe 3HaucHie +0.-13 B, Onnako 1ot darr
HE MOJKET CITYKHTh IORA3ATENLCTBOM NPaBHABLHOCTH HCTIONbL30BAHHOIO METOAA
PACUETa. MOCKONBKY COTAACHO NPEANONOKREHHIO JIaTHMEPa 1 APY FIX, 2IEKTPOIY,
HAXOAAWEMYCH B TOYKE IEKTPOKAMNMUIAPHOIO MAKCHMYMA. HEMBL3A HPHMHCbI-
BATH 1YJIEROH NMOTCHUMAS MO OTHOILEHHIO K PACTBOPY. OCTALTCA TAKKE HEACHbIM,
noyemy dH(PeKTHBHbIE PAIHYChl MOJIEKY/] BOIb, BXOAALMX B COCTAB TMApAT-
HbIX O0OJIOUEK KaTHOHA H AHMOHA. JO.1MKHbE CHIILHO OTIHIATBCH APYT OT Apyla.
ITpH HCNOIL30BAHUH YPABHEHHS BOpHA HE YUHTBLIBACTCA, UTO 0110 CNPARELIH-
BO TOJIbKO A1l CNJIOLHOrO AMdAEKTpHKa. Hakonel, HEOOXOAMMO NPHHHMATD
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BO BHHMAHME, UTO DHEPIHS THApATALMH ONPEIENSNETCA THABHbIM 00pa3oM B3a-
UMOIEHCTRHEM HOHA € MEPBbIM THAPATHBIM CHOEM M UTO MOITOMY REJIHUHHA
A, 3asueut o1 7%, a He ot r !, kak npeanonarator JlaTHMED M APYTHE.

Meroa Mepsea OCHOBAH Ha MATEMATHUCCKOH 3AKOHOMEPHOCTH TAKOTO Ke
THMA, TO M ypasHeHHe Jlarumepa. u, C1eloBaTe1bHO. JOMKEH MPHBOANTL K
cxonlbiM 3naveHnas N Hg. EcTecTBeHI0, UTO T€ KPHTHUCCRUE 3aMEURHHS, KO-
TOpble OblIH CACNAHb! B aapec MeTolda Jlarumepa, ocTalores TakKe CripaBeii-
BLIMH 110 OTHOHICHHIO K JaHHOMY MeToay. [He HaxoaHT 0OBACHECHHSA W TOT (haKT,
U0 NojtydeHHble Gepseem sHauerus N wia Lit n F- omwiaiores or coor-
BETCTBYIOILIX BENTIH, NOYUEHHBIX dKCTpanonsuHei 3arncumocteil S{ A ,)
orl/rixl/r; =0.

[1ONLITKK TEOPETHUECKOTO PACHETd HOHHBIX COCTARISIOIINN NapaMeTPOR
conbaaTauuy Obliin npeanpuHsThl boprom ewe B 1920 r. OH nexoaunn 13 mMoae-
JIM «3apsKelllibli HIapUK B KOHTHHYYME». ITOT IIApUK CO3MAeT INEKTPHUECKOE
node. TToreHuHan dJIGKTPHYECKOro NONs Ha PACCTOSHHH I* OT HEro paseH e/r,
rae ¢ — 3apsai MEeKTpoHa. i WapoBOro Clios ¢ paarycoM 7 W TONLLMHOMK dr,
MMEIOLEro 0FbeM dv = 4mr dr, noanas IHEPIua 1019 pasHa

E = —¢*/2ry, 7.15)

rie r; — paamyc waphka (Houa).

B cpene ¢ andaeKTpHIECKOii NPOHHLAEMOCTHIO £ IHEPTHst HOHA YMEHbLIHTCA
Ha JTY BeJRHY. [IpH nepexoie r-Mojib HONOB H3 BAKYyMa B Cpeay € AMdeK-
TPHYECKOH HPOHHUASMOCTHIO & BbLACUACTCS YHEPrHsl, PABHAN PA3HOCTH

—AGszi‘if<1—1>. (7.16)

27,

oy

DKCNEPHMEHTANLIbIC BETHUHHBI CRBOOOMHBIX YHEPTHIT COMLRATALMH (rHapa-
TalukH) HEOAHOKPATHO CPABHHBAIIICH C PE3YJILTaTAMK PacteTa no YoMy ypas-
HEHHEIO, TIPHUEM BbIABHUIIHCH 3HAUHTEILHBIE pacxoxaeHHs, M3 atoro ¢axra Obl-
2l CAENAHbL BbIBOAbL. HPHBELLLINE, ¢ OMHOH CTOPOHLI, K Pa3sBUTMIO MOAXONA K
CONLBATAIMH, NPEANOKENIIOro boploM, ¢ Npyroit — K NOHCKaM HHbIX TEOpe-~
THUECKKX MPeaAnochutok, M Ha toM, M Ha apyroM NyTH BHICH NPOrpecc: Bo
BCAKOM CilyUde, HCTOJIb30BaHHe YPaBHEIIMA bopia B €10 W3llauanbuoii gopme,
eule BCTpEIatLieecs H ceilac. o3HaqacT camoe rpydoe 101y e HHe.
PaccMmoTpHM 112 NECKONBKHX MPHMEPAX COBPEMEHHOE COCTOAHHE PAcyETOR
¢ HCTIO:Ib30BaHNeM Moaesiit bopha.
YcoBepIIEHCTBOBAHMS PACHETOB NO BOPHY MO/KHO CBECTH B OCHOBHOM K
ClIe Iy roLeMy.
1. [Mpennaraercsa cuurark r B ypaBlcHHH (7.16) rHNOTETHUECKHM «palli-
YCOM HOHA B pacTBOpe». PaccunrbiBas 0OPATHBIM NYTEM DTH PasHyChl
M3 U3BECTHLIX TEMNOT COMbBATALY, HANCATMCH PHAATL UM HEKOTOPLIH
Guanyeckitii embici. OAHAKO Y1H HONBITKH HE YBEHYANIMCH YCTIEXOM.

2. Bsomsrres aonoinurensHsle tuleHs B ypasHenue (7.16). Hanpumep, 1o
mogen Jlatisepa 3o 100aROUIIbI UlCH 478 HOHOR $-)J1CMEITOR, PaB-
HbLil DHEPIHH PACTBOPEHHS COOTBETCTBYHOLIETO HHEPTHOTO asa.
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3. Ilpeanoaaraercs, 110 BoAa BOAW3H HOHA CIUIBHO CiKara Moa AcHCTBH-
€M WIEKTPOCTATHHECKOTO Nosid HOHA. M3 gaHubIxX bpHkmena H3BECTHO,
YTO MAKPOCKOMHUYECKAn AHMIEKTPHICCKAs NPOHHUAEMOCTb BOAbI NaJaeT
C MOBBILIEHHEM JaBlieHHA, B yparnenune bopha cTand BBOANTL AHIJICK-
IPHYECKYHO MPOHKHLEAEMOCT b, O1BEUAIOILYIO CKATOI BOJE.

Haunyuline coBnageHns ¢ JKCNEPHMCHTOM 2aeT TOJIbKO KOMOHHALMs Hec-
KOJLKHX J10My WeHuH. OnHa U3 NOCNEAHNHX YAAUHLIX NOTILITOK B DTOM Hanpag-
aenun npupamnexit Crokey.

Beaea sa Jlarimepom CTOKC AEMHT CYMMapHYHO 3HEPTHIO TH/PATALIMK 3J€K-
FPOSHTOR 1 [IRE uacTH — snekTpocTaThueckyio AGY 1 HedeKkTpocTaTHYe-
ckyto AG (OnekTpocTarHiecKkas COCTapaAAOLIAs PABHA PATHOCTH HIEKTPOCTA-
THUECKHX COCTABMAOLLIMX X HMUNECKOI'0 NOTEHUEAa HOHOB B PACTBOPE 1 B r'ase)
H BBOAWY YCPEIHEHHYO BEIWUHHY AUSNEKTPHUYECKOH NMPOHHUAEMOCTH Cpellbl B
oskajitiem K Houy caoe.

=]
C.10# BOIBI BOIIN3H OAHOZAPAAHBIX KATHOHOB HMEET, TOULMHY 2.8 A, BOMU-
=]

3H IBYX- H Tpex3apsiiHeix 5.6 A. JIna onHozapsaHbIX aHHOHOB TONLLHHA €109
npuHara CToxkcom 0€3 HOCTaTOYHbIX OCHOBAHHI paBHOH Mynlo. [lanee CToke
NPeaAnoaoKIL, YTO PAAHYC HOHA B HIEANIbHOM HOHHOM I'd3€ M B PacIBOpE pas-
nrueH. FEenn B pacTROpe B KauecTBe MOHHOTO paguyca MOMKHO MIPHHAThH €ro
KpucTan1orpapuyecknii paauyc (HOH B PactBOpe 1OABEPIKEH AEHCTBUIO CHUM
e MEHLIIHX, YeM B KPHCTAMNE, B NMPOTHBHOM CIYyuae TENNOThl PaCTROPEHHA
HOHHBIX KPUCTANN0B ObiAH Obl 3HATHTENILHO OOAbILE HadAKAAEMBIX), TO B ra-
3€ pasMepnl paauyCcoB HOHOB LOMKHBLI ObIThL Gosiblue KpHCTannorpapuueckux.
Onu, no mbiciin CTOKCA, CKOPEE BCEMO CPABHHMDBE [10 BEJIMYUHE C PALHYCAMH
ATOMOB COOTBETCTRYIONIMX OJIArOPOAHLIX Fa30B. DTH paanyckl CToke Hazpan
«BAHAEPBAAIBCOBBIMMY (1, ). PaccumraHHble MM 3HA4CHUS I, HEKOTOPbIX HOHOB

yKasaHsl B Tabn. 7.2. ]
Tadavwua7?2

B

Hou Nat |G Rbt ol &= Br~ 1~

' 1352 1,671 1.801 1,997 g 25e 2,298 2,548
| 1 1 1 =

B okonuaten,HoM Buae YparHeHnne bopha ¢ nonpaskamit CToKca mpeacTa-
BISIET COOOM MHOTOUIIEH, CoEp/aULH HECKOIBKO 1IPOHIBOJIBHBIX, HE NOMLILAL0-
WMXCA IKCMIEPUMEHTANTBHOI NPOBepKe BENHUMH, TAKHUX KAK YHCIIO CIIOLB PACTBO-
pHTeis BOKPYr HoHa, Y(PMEKTHBHAS AHDIEKTPHUECKAs HPOHHLAEMOCTb, 001
TOJIIHHA CONIbBATHOMO /0. TTOHATHO, KOHEUHO, 4TO NPH COOTBETCTRYIONIEM
noabope YIUX NapaMeTPOB MOXKHO TMOAYUMTb AIE€KBATHbLIE 3HAYCHHSL DHEPrUn
coftbraTauHH. JansHednue nonsITKH ynyyuiicHus TeopHn bopha Takke He Nu-
UICHbB! KPHTHKH. MOYTOMY 31€Ch O HUX He yrToMuHaeres. UTo0bl coctasutb 0oliee
NoJINOE MPEACTARICHHE O COBPEMCHHOM COCTOAHMU MPOdIeMbl COMtbRATALHH,
[10J1€3HO NPHBECTH 31ECh HEKOTOPbIE W3 COBPEMEHHbIX METOILOB HCCAEA0BAHMSI
CTPOEHHSI PACTBOPOB MCKTPOIHTOB.

Memoost AMP ¢ ucciredosanuu aeaenmuiy coaveamanuu. Metoa AMP
UYBCTBHTENEH K Ma.eHLlIeMy H3MEHEHHIO COCTOAHUS “LIEKTPOHHBIX 000.10UeK
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aTOMOB, BXOASILUKX B MOMCKYAbl. METON PEIHCTPHPYET JAKE ciladble MekMoJle-
KVISIpHBIC B3aHMOACHCTBHA, MOITOMY B rocaeaHHe 1ol SIMP Bounes B wicno
CaMblX NONYAAPHbIX NPUEMOB DRCMEPHMEH TAIIBHOTO H3YUEHUS ABIECHUA CONbBa-
TAIMK B PACTROPAX JIEKTPONHTOBR H CTPYKTYPhl PACTBOPOB.

HenocpencreenHo B sxenepuvente SMP Hamepsatorea xuMuieckuii caBur
B CMEKTPax MArHHTHOTO pe3oHalica siep, BPEMEHa peiakcalliil H CRA3aHHbIE
€ HHMH BESTHUHHBI.

Xumugeckun cosucom § HA3BLIBAETCA MIMEIICHHUE PE30HAHCHOI HACTOTHL NPH
napavMarHHTIIOM SUEPHOM NOTNOLWEHHN PAAHOBOIIH BEUIECTBOM, CBA3AHHOE € U3-
MEHEHHEM XHMHUECKOI'O CTPOEHHA rochie/iHero. Ecnu B Hecieayemom BeLUECTse
HMEIOTCS aTOMbl, AAPA KOTOPhIX 0OAAJAIOT OTIHUHKIM OT YA MarHHTHRIM MO-
MEHTOM, TO HPH HAIOKEHHH BHECLIHEIO MOCTOSHHOTO MAIHHUTHOIO MO8 MATHHT-
HbIH MOMEHT PACILENMNAETCA HA HECKOJIBKO YPORHEH, MEPEXO/1bl MEK XY KOTOPbI-
MU ONPEREHAOTCA PEIOHAHCHO yacToToH v :

~1<'
b= ——yp (7.17)
27
rae v vactoTa konedainii, ¢ 'L F —— nanpsikenve BUELINErO MarluTIOrO
nosns, 7 THPOMATHHTHOE OTHOLLIEHHE PEIOHHPYIOLMX Saep.
XUMHAYECKHIT CABUM ABAAETCA OTHOCHTENLIIOH BETUWYHHOMN:
5= (v — v) al (% =) (7 18)
Uy b

rAg Uy M Fy — Pe3OHAHCHBIE JHAMEHHS MACTOThI K MATHHTHOIO NOAS YTAOHHbIN
saep np PHKCHPOBAHHOM 3HAUEHHH MarHHTHOTO MOJIS MITH YaCTOTHI.

SApO HKPAHHPYETCs OT BHELHENO MAFHHUTHOTO MOJIA OKPYKAIOLLEH €r0 dIIek-
TPoIHOH 00010uKOH. [TOITOMY MPH H3IMEHEIHH COCTOAHUA DIEKTPOHHOH 000-
JIOUKYM MeHseTes BeAHYHHA d(PPCKTHBHOIO MACHHTHOIO NO:sl, AeHCTBYOLLETO
Ha JaHHOE AAPO.

Paciuennenue aMHMA B CnexTpax BbICOKOIO Pa3pelLeH s ALep, HAXOAALLHX-
Csl B HCCJHEAYEMOM BELUECTBE B XHMHUECKH HEDKBUBAJIEHTHLIX MOIOKEHHUAX,
CBHETEILCTBYET 00 HIMEHEHHH CTENEHH JKPAHUPOBAHUA ITHX SACP NIEKTPO-
Hamu. B nactosiuee Rpems 11EROIMOKHO OMPENEIHTL adCOIOTHY O BEIHUHHY
KOHCTalIThl YKPAHHMPOBAHHA. BCACUCTBHE YTOIO NOJALIYIOTCH OTHOCHTENBHLIMH
BC.IHUHHAMH XMMHYCCKHUN CABHIOB W ONPEACIIAIOT TOAbKO OTHOCHTENBHOE [10-
TOKCHHE CHEKTPAILHbIX ANHHMIT N0 KAKOMY-1HOO HTaloioMy BemecTnry. Jns
BOMIHBIX PACTBOPOB AIEKTPORHTOB DTAIOHOM HACTO CAYIKHT PACTBOP CYib(paTa
MCIH.

JIns HHTEPrIpETail XHMHUYECKOTO CABHIa PacTBOPHTES B pacTBopax na-
PAMATHHUTHBIX HOHOB MOJB3YIOTCA MOY KOAHUECTREHHBIN BhIpaxcHuem biom-
oeprena

5 = c(O?] (7.19)
n
rae [4(0)?] — BeposTHOCTL NPeBbIBAHMS HECTIAPEHHBIX YIEKTPOHOB HOHA OKOJIO
TIPOTOHA PACTBOPHTENA, ¢ — KOHUEHTPALIMA MOJIEKYJI PACTBOPHTEIA, 8 KOHCTaH-
Ta 12 BKAI0YAET B €e0sl KOOPAHHALHOHHOE HHCI0 HOHA.
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B nepBbIx padorax no cHCTeMarHYeCKoOMY HCCIEA0BAHHIO PACTBOPOB AHa-
MarHUTHBIX IEKTPOIUTOB (KUCIOT) paccMaTpHBasIcs OONMEH NPOTOHAMH MEKITY
BCEMH BO3MOIKHbIMH HoNokenusmu HT . Crnek1p NpoOTOHHOTO pesoHaHca BCeX
KHCJOT COCTOHT H3 OMIOH NMIIHH, NONOKEHHE KOTOPOIl 3aBHCHT OT KOHUCH-
TPauUHH. 14 HCCACN0BaHHS LIOKasaH, 110 B pacrsopax HCIl, HNO; u HCIO,
MPH BHICOKIX KOHUCHTPALIHAN HMeeTCs OO0dLITIOE YHCIIO HEAHCCONHIPOBAHHBIX
moneky:. Ilpy cHeTeMaTHIeCKOM HCCICHOBAHMI DTHX paciBOPOB OblH 1onye-
Hbl PE3VALTATHI, Ha OCHOBAHHH KOTOPBIX MOAKHO CYHTATh YCTAHORSCHHbBIM, YTO
PE3VIBTUPYIOLEMA XUMUUECKHH CORMT PACTBOPOR 3aBNCHT OT KOBLEHTPaLMK
JIMHETHO, BNJIOTH 10 KOHUEH TPALHH, OJIH3KHX K rpaHHUE NONHON ConbBaTaluy,
M ONMHCLIBACTCS YPABHCHHEM

d=m(ntét +n"67) (7.20)

e 11— MONANLHOCTL PACTBOPA, 1t 1 1™ — umci0 Mo.1eil KATHOHOB H AHNOHOB
B pAcTBOPE, NMpUXoAALLEecs Ha 1 MOJTb IMCCOLTMAPOBAHHOTO SNIEKTPONUTA.

ITH 3aBHCHMOCTI B 00LLEM ObliH NOATBEPICICHB] TOCAEAYOLIHMK HCCAEA0-
BaHnAMU. OIH CRUACTENLCTRYIOT 00 AL AUTHBHOCTH BITHAIIMS HOHOB Ha CYMMap-
HbiH CABKI & BIUOTH A0 KOHUEHTPALUKIT, 6IM3KHX K TPAHMLE MOAHOH COJbBATA-
wiH. BnocneacTrig Onina npeiiokeHa yeornas WKaia XHMHUCCKHX C/BHTOB
MOHOB HA OCHOBE MPOH3BOALHO YCTAHOBICHHOH BETHUHHBI XHMHIECKOTO CABHTA
npoToHa BoAbl B mpucyTcTBHH | r-noH CCl, . 1 lomyueHbl BOMHE pazyMiibie paibl
B HHS HOHOB Ha NHMHYUECKHI CIBHI NPOTOHOR BObl B PACTBOPAX MIEKTPO.1HTOB:

]

Lt »nNa® 2K BeTaMg"™ > Ca > Bd"';

F” >Cl" >NO; »>Br >1" >CClO,.

BbII0 Takke MoKa3aHo, YTO OCHOBHOE RIHAHMME HOHA NPHXOAHTCA HA NEPBbIif
CJIOH CONBbBATHPOBAHHBIX MOAEKYIl BO/Ib!

CBA3aR XHMHUYECKHH CARHI ¢ ruapataumeil, MOKHO yuecTh Bce HpdekTnl
B3aUMOIACHCTBHS HOHOB € BOLOH ¢ NNOMOLUBIO YETHIPEX OCHOBHBLIX MPOLECCOB.
Mexons 13 9Toro MOKHO Pasae/uTh CyMMapHblH XHMHUECKHH CABHUT HA YeThIpe
COCTABNAIOLLNX, Y'IHTbIBAKOLLHX PA3PbIB BOAOPOAHBIX CBA3CH B BOAE, 0:IAPH3A-
LUHIO Cpeabl. B3dHMOACHCTBUE MOH — KHMC10POL MOSIEKY.1 BOAbI B NMEPBOIi rii-
PATHOH O0O0JIOUKE H HEIEKTPOCTATHUYECKOE RIAUMOACHCTRHE KMCIOPOIA BOAbI
¢ noHoM NH ", XHMHUECKHIT CABHI' KOTOPOTO Obll NPHHAT PABHBIM HYJIO, T. K.
MO MHENUIO LIEKUTOPBIN YYEHbIX O HE HAPYLIACT CTPYKTYPY BOAbL.

Boubwiofl HHGOPMALMOHHLIA MaTCpHAl JAl0T 13K Ha3blBACMbIE PCiUKCUl-
OIHBIC MeMoosl. PEAaKCallOHHBIMH B OTHOIUCHIH CHCTEMbI SIEPHBIX CTTHHOR
ABJIFHOTCA NPOUECCHI, PHBOAALILHE CUCTEMY B CTALMOHAPHOE COCTOSIHHE, H3 KO-
TOPOrO OHa OblJla RhIBEACHA KaKHM-JIHOO BHEIIHWM Ro3AcHCTRHEM. CKOPOCTB
PEIARCALUHH 3aBHCHT OT PHIMKO-XHMHYECKHUX CBOHCTB BEILECTBA W €r0 COCTOA-
HUSA. «CUCTEMOM CITMHOBY HA3LIBACTCA AaHCAMOMb AIEPHBLIX MOMEHTORB, COCTaB-
JICHHBIH M3 siAep OTACIBHBIX &TOMOB, PACNPEAEIEHHBIX MO JHEPrETHIECKUM
YPOBHAM B cOIAcHK € OOJBIIMAHOBCKHM paclpeae:ieHem. Bewec1so, conep-
Aalee ITH SIAPA H CNHIIbL, HA3BIBETCA «PEIICTROHY . Mexay «CHeTemoii eny-
HOB» M «PELUETRO» CYLWECTBYET TEPMOIHHAMHUecKkoe pasHOBecHe. CKOPOCTD
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0OMEHa IHCPrHCH Memay HUMK XapakTepusylor NocTogHHOH 7). HasbisacMoi
apeMeney cruni-pertemounolt petakcayuy. Kpone Hee yCTraHoBIIeHa TaKKe 110-
crosiHHas T4, Xapakreph3yowas HHTeHCHBHOCTh PENAKCAUNOHHBIX NMPOLECCOB
H HA3LIBACNAA epeMeneM (JHIII/-(,’IHIII()()‘()ﬁpL‘.I(lKL‘(IZ{IIII, 3'1'& NOCTOAIMHAA CRA3AHA,
Rak 1 7. ¢ IWHpUHOI clieKTpailbHO THHMKY AMP 1 mouket OblTh BhiYMCIEHA Ha
ce OCHOoBE.

Hapany ¢ XMMHUCCKUMH CIBHIAMK ONpEIEeHHE BPEMEH CIHH-CIIHHOBOM
W CNIMH-PEINETOUHON penakcallii U CBAIAHHOTO ¢ penakcallied OTHOCHTCIIb-
HO YUIMPEHHs JiHKWil B cnekrpax SIMP wauanw npumensrs s uecienosa-
HUS CTPYKTYPbl pacTBOPOB CPABHHTENBHO HE1aBHO. HCONHO3HAYHOCTL BLIBOIOB,
TPYAHOCTB HITEPNPETALHH RC/IHHUHIL, HAOTIOAACMBIX HCTOCPEACTREHIIO B OTTHITE,
M OTCYTCTBHE NOKd COBMNULIAIOMIHN KONHUECTBEHHLIX PACUETOB MOKHO [T0YTOMY
CUMTATh «OONE3NAMH POCTAY ITOrO METOAA. OC3VCIORNO, NCPCNEKTUBHOTO TS
TEOpHH PacTBOPOB. T€M HE MEHEE, HECMOTPA Hd HEOAHOIHAYHYIO MHTEepNpeTa-
LIMIO JAaHHBIX YKA3aHHbIE BRIITIE DKCTICPHMEHTANBHBIC METOIbl OMEHL UYBCTBU-
TebHbl K J00aBKaM PACTBOPEHHbIN BELIECTB B TOM WM MHOM PacTBOPHTEE.
Ha puc. 7.4 w 7.5 npuBelelibl 3aBHCHMOCTH XHMHUECKOTO CABHIA H OTHOCHTC I1b-
HOTO Y IIHMPEHNs JAHHHIT ciekTpoB SIMP a8 HEKOTOPLIX pacTBOPOB.

DTH METOAbI 0CO0C HHO YNOOHbBI 151 HCC.I€J0BAHHS PACTBOPOB, COUEPIKALLIKX

Acw,/Acu.

224

216

212
)
208 L a; | 9 1 1,5 1 1 1 1 1 1 1
0 5 10 15 20 25 0 10 20 30 40 50 60 70
C-10%, mons/a Cojepwanne D,0. nec. %
Puc. 7.4, 3aBHCUNMOCTD BE HUHHDE XHMU- Puc. 7.5, 3aBHCHUMOCTL OTHOCHTE!Ib-
YECKVT 0 CIMEa s Hota Bua N or kol HOIO yIHperst auuni ciexrpa SIMP
HCHTPALHE PAZTHYHBIX COJACH Cro B HUT- (Acry 7 Aci, ) o cosepkanua D20 B
podenzoae npu 33.97 C. J — BugNCl: cvettanioy pacraopureste Ca H; OD —
2 - BuaNBr: 3 — BugNIL: 4 Do i1g pacTBOPOR  ITAPAMATHUTHBIX
BuaNClO4; § BusNPic coteit. [ CuCly (0.1 moaw/it); 2 —

CuClz (0,05 moan/1); 3-— Cu(NOs3)2 X
x 310 (0.05 vo.n./1)
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NapamMarHWTHBIE HOHbI, OLHAKO 1IOABAAIOTCA PadoOThl U 1O pacTROpaM aHamar-
HHTHbIX HOHOB.

[TyTem uccaenosanns pesakcallid B pacTBOPax, Tak ke Kak M APYTrHMH Me-
TOAAMH. MhITAIHCh BLIACHHTHL RAMAHHE HOHOR Hd CTPYKTYPY BObI, COCTOSHHE
MOJIEKY. BOUbI B IHUPATHON 00010UKe HOHOB, KOOPAHHALHOHHBLIE HHCIA CO.lb-
BaTallWK W CKOpOCTL OOMEHa MOJIEKyNnaMH PacTEOPHTEIA MEXlYy CONLBATHOH
obonoukoii MoHOB M OkpyKatowei BoyoH. Haubonbline ycnexu AOCTUTHY TbI
B OICHKE MOABHKHOCTH MOJIEKY.] BOIbl B THAPATHbLIX 000N0UKax.

YeTaHOBIIEHO, UTO TWApaTHas 00ONOUYKA OMEHbL IHEPTIIHO OOMEHARAETCS
MOJIEKYJTaMH BOIbI ¢ OCTa/IbHOH Maccoil pacrsopa. Hexoropsle HOHbI MOWKHO
OTHECTH K unely paspyaioimx vactii, (Rb™. Cs™, Br=, NO;, I7), a apyrue
(F7, C17, Lit, Na", K" ) — cTrabuisHpyrownx CrpyKkTYpy pactsopa («oTpu-
L@TeNnbHAM» H «MONOAHTEIbHAAY rHApaTalms no Camoiiiony).

B Hactosiuee BpeMs Handouiee HaaeKHOH XapaKIepHCHiofi CTENEHH 'Hapa-
TAUMH (COTBRATALMH) MPHHATO CUHTATE KObpurjuenm cayvoduhdvzuu pacmeso-
punies, OnpeneseMblif MeTonoM «cnuH-3xo». Koagduunentsr camonuddysiu
BOJILI B PACTROPAX PA3HUHLIX coJjIeii npHBeieHnl B Tadd. 7.3

Tabnuua73

Conb KCI KF | KBr KI LiCl | NaCl | RbCl | H2O

D-10%. em*/c | 099 | 1,18 | 121 | 1.22 | 1,01 | 1.02 | 1,18 | 1,18

M3 Tabawubl Buunho, uyto KC| npakTHueckH He npenaTcTryeT camodnpoy-
3HH BOJbI B PACTBOPE. B 10 BPEMs KaK COJIN, comepikaime Honsl F~, LIT, Nat,
yMeHbmaroT ee. Taxkim oGpasom, woHer F -, Lit, Na’ cBA3bIBAIOT MONEKYbI
BOZbL, @ HOHsl Br~, [7, Cs™ pazpbIxisior crpyk1ypy Boasl. M aeiictaireasHo,
F~-anmon oGnadaet cnocodIoCThio K 00PA3ORAHHIO BOIOPOLUHBIX CRA3EH H. cie-
JOBATEJIbHO, KAK Obl BXOAHT B CTPYKTYPY BOMbI, YKpeniiaa ee kapkac. Monbl LiT
1 Na™, HMea Maible PAmyChl, 3a CUET KYJOHOBCKHX CHIT AOMXKHbI BORJIEKATD
B c(hepy CROETO B3AHMOICHCTRHA MONEKYILI BTOPOTO CI0A. CBA3LIRAS CTPYKTYPY
BOUbI M YKperuisisi ee.

HecyoTps Ha kasasioch Obl yOAHTEIbHLIC MPHBEAEHHBIC BhIILIE AAHHbIC 110
caMoy 3 BOAbI B PaCTBOPAX L1EKTPOTHTOR. BPAZL TH MOKHO OA1103HARHO
FOBOPHTh O PA3PLIXIAIONIEH HTH CRA3BLIRAIOWWIECH CNOCOOHOCTH HMEHHO IAHHOTO
HOHa, a He Bcell conn. B HToM cMbIcie OUEHb XapakTepHbl IKCIEPUMEHTBI MO
HCCIEOBAHHIO JHA- 1 NapaMarHeTH3IMa OTAETbHBIX COeH B KPHCTAUIHYCCKOM
COCTOSTHHH W B PACTBOPE. 3aMETHM. 1O AHAMAIHETHIM sABISEICS HEOTbEMIIE-
MbBIM CBOIHCTBOM TIOOKIX 4TOMOR (@, CTaNO ObiTb, ¥ MONEKy.1) H OCHOBAH Ha
Teopeme Jlapmopa. Teopema JlapMopa yTBepiuact, 110 B IPHCYTCITBHH Mar-
HITHOTO NOstst H yriioBble CKOPOCTH BCEX MICKIPOHOB NIMEHSIOTCA HA OHY K
Ty we Beanunny. MibiMu cioBaMi. BCA COBOKY MHOCTh TEKTPOHOR NPENecCcHpy-
€1 KaK LIEJ10¢ ROKPY L HanpasieHus 1015 /1 ¢ nocToaHHOM Yi10BOi CKOPOCTLID
w = —cll/2ine, B nIpUCy TCTBHE NOAS ATOM NPHOBPETAET MATHHTHbIF MOMEHT

I“)[[ N T
pu=-—=3 pi. (7.21)
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MarHuTHas BOCTIPHHMYNBOCTL OLHOIo MO8 atToMOB 6{\’,&6'1‘ paBHa

Mg o
Xa=—=223"g2, (7.22)

9

4me-

(uepra Hag cyMMOIl O3HAUAET, 110 OEPETCs CPEUHES 110 BPEMEHH BCEX BO3IMOXK-
HbIX OPHEHTALMHI aToMa B €70 HOPMasIbHOM COCTOSHUM).

1o JlanxeRreny BCC YIEKTPOHHBIE OPOHTLI aTOMOB LOMAKHBI CBOOOIHO npe-
UEeCCHPOBATL AaXkKe TOIMd, KOLIa YTH aToMbl CBS3aHbl B MOJEKYIIbl. 10 MOJI0Ke-
HUE JIEMIO B OCHORY MCCIENOBAHUA CTPYKTYPbI BEIIECTRA METOAOM U3IMEPEHHA

MarHuTHOH BOCTIDHHMYHBOCTH.
LiE NaF KF Oxazanoch, 4To BK:Tail JIaAKeBeHOBCKO-
0 RbF I'0 MATHHTHOTO MOMEHTA (\ ) OAHOTO H TO-
10 e LUEJOMHOTO METajllla. HaXOASLWerocs
B KPHCTAITHUECKOM COCTOAHHM, HE JAKOHO-
MEPHO MEHAETCS MPH 3aMeHe aHHOoHa.

OueHb nokazarefbHa B YTOM TUlaHe
(CsCl  puparpamma (puc. 7.6), mofy4deHHas Mero-
nom Baiina, u3 koTopoH HarisiHo cnepy-
€T OTKJIOHEHHE OT AAAHMTHRHOCTH CBOHCTR
(B naHHOM cliy4yae — MarHHTHbLIX Xapakre-
PHCTHE) HOHOB, COCTaRISIOUIHX LUEIOUHO-
I 10OHAHBIE COTH.

Taknm o0pazoM. MOKHO CHHTATB. '[TO
Nnoka €lue HE CO3JaHO 3aKOHYEHHOMH Teo-
PHUH ABIEHHE COJIBBATALMM, 4. CIEA0BATE T h-
HO, M TEOPHH PacTBOpoB BieKTponTos. [o-
3TOMY BCIO COBOKYTIHOCTh B3aHMOACHCTBUIH
MEKAY PACTBOPEHHBIM BELECTBOM M pac-
TBOPHTENEM, BO3ZHHKAIOUUX B pacTBOpax
WEKTPONHTOB, ONMUCBIBALOT, TIPHMEHAA YKE M3BECTHbIA HAM METOA AKTHBHO-
creii. lenepn BCE BHABI B3AMMOAEHCTBHI MEXKAY PACTROPEHHAIM BELIECTBOM
U pacrsopHreileM 3P(eKTHBHBIM 00PA30M YU TEHBI C HOMOLLLIO KOY(PhHHUNEHTA
AKTHBHOCTH 2IeKTpoiinTa. Takuy o0pa3oM, BCS cnel(Hika COCTOSHHA pacTBO-
POB NIEKTPOTNIOB 3AKTOHCHA B BEIHHIHE KOYPPHUHESHTA AKIHBHOCTH.

Puc. 7.6, Martimibic BOCRpHiM-
YUHBOCTH 1ILEJOUHOIALION THLIN COLICi

7.3. MeToa akTHBHOCTEH

AKTHBHOCTL 1 KOYDMORUNEHT aKTHRHOCTH ABIISUOTCH PEAThlbLIMH (PH3HUE-
CKIMIL BEAMUHHAMN, H OYly N ONPEAEIEHbI PAITHUHBLIMH METOTAMH, 1T XOPO-
[0 COBTIALAIOLLIME JIPYT € APYTOM pe3ynsrarsl. B Tadn. 7.4 mokazaHo cpaeHeH e
MOJYNERUBIX PATHBIMU METOAMH KOYPPriuterTos aktisHocn KCI B BoaHbIX
PacTBOpAx. € ~ p, YAT, YE — COOTBETCIBEHHO. KOYDOHUHEH B! AKTHBHOCTH,
BbIUHCIEHHBIC M3 AAHHBIX MO YNPYTOCTH Napa pacTBOPd, H3 KPHOCKOMHH U 13
H3MEPCHUS YIEKTPOABHIKYLUEH CHITbI 1AJIbBAHHIECKOTO HICMEHTA.
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Tadavuya74

€. MONL/T 0.001 0,005 0.01 0.05 0,1 0,5 1,0
yP 0.965 0.926 0.900 0.813 0.703 0.038 0.396
AT 0,965 0.926 0.899 0.809 0.762 = =
i 0,965 0.926 0,899 0,813 0.764 0.644 0.597

Kak Biano w3 Tabmnite!, KOYQOHIHNEHTE AaKTHBHOCTH, ONPEAeIeHHEIE Pa3HbI-
M METOAAMH. XOPOLIO COBNAUUIOT IAPYT € APYIOM, HO IOCKOAbKY Y TH BEJHYHHbI
ABAAIOTCH (POPMATLHBIMH, OHH HE MOTYT QOBACHHTh OCOOCHHOCTH MIEKTPOIH-
ToB. [T03TOMY BO3HHKAET HEOOXOAMMOCTb PACCMOTPEHMS MEKTACTHIHbIX B3aH-
MOJEHCTBHI B PACTBOPAX WIEKTPOINTOB HA OCHOBE MOLCThHbIX NMPEACTABICHHH.

TepmoanHaMuiueckne ypaBHEHHA AU PACTBOPOB WIEKTPOJIHTOB 110400HbL
COOTBETCTRYIOLHM YPABHEHHAM AN HENICKTPOIHTOR; PA3IHdKe 3aKouaeTcs
B TOM, 4YTO PACTBOPbI VIEKTPOJIHTOB TNIPOBOUST MICKIPHYECKHH TOK, 8 BCE BHUbI
YACTHIL PACTBOPA WIEKTPOINTA CIEIYeT paccMaTpHBATh KAK CaMOCTOATEIbHbIE
KOMIMOHEHTbI. CUMTAETCS, YTO B CHIbHbIX ANEKTPONNATAX 3TO MOHbI BCEX COPTOB
M MOJEKVIBI PACTBOPUTE:IS, B C1a0hIX MIEKTPOINTAX — CLUE H HEMPORHCCOLHH-
POBABLUHE MOACKYbI PACTBOPEHHOIO BelecTBd. 18 pacTBOPOR YAEKTPONHTOB
BBOLUTCA AOTONIHUTENLHOE YCIOBHE, N0 KOTOPOMY KOHUEHTPALMU 3APSKEHHbIX
1aCTHL B PABHOBECHBIX TOMOIEHHBIX CHCTEMAX CBA3AHLI MEHKIY COOOH yCI0BHEM
VAEKTPOHEHTPAIIBHOCTH

> ezm; =0, (7.23)

rne m; — KOHLUEHTPaLUHA HacTHLL COPTa i. z; — 3apPAd YacTHLbl M e — 3apsn
IEKTPOHA; A8 HEHTpankHbIX HacTHl =; = 0.

OCHOBO# 11000H KOAHUECTBEHHOH TEPMOMHMHAMHIYECKOH TCOpHK ABIAETCS
ypaBHeHHE (DY HKUHMOHAILHON 3aBHCUMOCTH CBODOAHOMN FHTANLITUM (PyHKLHAK
I'nd6ca ) ¢ KOHUEHTpauMel BELLECTB, BXOAAUIMX B HCCICLYEMYIO CHCTEMY.
13 97TOTO OCHOBHOTO YPABHEHHA MOTYT ObITh MOAYUEHbI MPOM3IBOAHBC 1A JTHO-
ObIX APYIHX TEPMOAHHAMHUESCKHN CBOMCTB cncreMbl. B camom mene — Bhipa-
JKECHHE U8 CTAHAAPTHOTO XHMHUECKOro CPpOACTRA

AGY . — BT WK, (7.24)

O]'[pcIlCI[f{CTCH BC.1 H'-IHHOﬁ KOMHCTAHTLI XHMHYECKOTO p{lBHORCCI-lﬂ. EC."HI l'lleIﬂTb
KOHUEMLHK Appelmyca. 1'0 KOHCTAHTA XHMHYCCKOro paBHOBeCHSI CCTb KOHCTAH-
Td AUCCOUMALHH. Hﬂﬂ 6MHapHOF0 3ne1<Tponmu, AHCCOllHHp_\,"lOU_lCl'O no CXeMe
MA 2 Mt +A™
(1—a)e ac ac

MONCHO 3armcarb

(7.25)
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Takum odpazom, kazainoch Obl, NTO 3a4a4a CO3AAHUST TEOPHH NIEKTPOIHTOB
peIUeHa, MOCKOIbKY CBAZb KOHCTAHTLI PARHORECHS (MO AppeHiycy) W (PyHKLHK
[ub6ca uepes (7.24) n (7.25) ovieBunHa.

OpnHako TeopHa AppeHHyca BOBCE HIHOPHPYET B3aHMOAEHCTRIE HOHOB € MO-
JEKYNaMil pacTBOPHIESA, SBIAIOLIEECS OCHOBHbLIM B MEXAHH3ME JHCCOLUMALINH
TOUHO TaK 7KC 1€ PacCMaTpHBAIOTCS HOH-MOHHbIE B3AUMOILCHCTBHS, MOCKO/b-
KY [{OHbI OTOXKIECTBAAIOTCA C UACTHLAMH HACATHHOrO raa. a. ClieI0BaTeNbHO,
HE YUUTBLIBAETCS OTTAIKHBAHHE OTHOMMEHHO 3APAKEHHBIX H NPUTHKCHHE pa3-
HOUMEHHO 3apsAKeHHBIX yacTul. [TonbITKK yueTa Takoro poia B3aHMOACHCTBIII
NpUBENH K (POPMHPUBAHMIO COBPEMEHHBIX TEPMOAHHAMHUYECKHX TEOPHH ek-
TPOAHTOR. B OCHOBY HX MOJ0KE! QOPMATbHBIH NOANOL, NpeamoKentbiii Jno-
ucoMm B 1908 r, no KOTOPOMY HCIIOiIb30BAHA MPEKHAN (1. €. W3 HACANLHOIO
COCTOAHUA) (hOpMa 3AMHCH. HAMPHUMEP. XHMHIECKOro MoTeHi[Masa. a HIMEHAICS
JULIb cam apryMeHT. Takum odpasom. ais i-1 acTHLb

pi = + RT Ina;. (7.26)

VikaxeM Ha HEROTOpPbIe 0COOCHHOCTH HCMONB30BaHUA ypasHeHHs (7.26) ans
PACTBOPOR MIEKTPOIHTOR. [Tockoanky B TepmoinHamuke [Hd0Gca ¢ gononHu-
TEIBHBIM YCNOBHEM DIEKIPOHEHTPANTBHOCTH MOKHO NPHHATL B Ka'leCTBE KOM-
NOHEHTA OTASNBHO BIATHII HOII. TO, KA3aJOCh ObI, UTO MOACTPOHHBIA HHIAEKC 1
NpYU akTUBHOCTH B (7.26) OTpakaeT akTHBHOCTb OTAENLHO B3STOIO HoHa. On-
HAKO CITEYeT MOMHHTh, YTO MOHATHE XHMHUCCKOTO MOTEHLMANA HOHA cOpTa @
€CTh MATEMATHUCCKAs (PUKUMS. TAK KAK Onepanus Bbl1€1CHHS OTLEILHOIO HOHA
usntecckn HeocyecTBHMa, HeBo3moxHo 200aBUTH K PAcTBOPY MOHBI TOMb-
KO OJIHOTO 3HaKa, IOCKOJAbKY Y10 IPHBEIET K BOZPACTAHHIO YIEPIHH CHCTEMDI
32 CUET HIMEHEHHUA HIEKTPHUECKOrO 3apsild. ITO H3MEHEHHE RCerua KOMNEHCH-
pyercs Jo0aBIEHHEM HKBHBANEHIHOTO KOJHUECTBA ITPOTHBOMNONOAHO 3aPSHKEH-
HLIX MOHOB. B pesyanTare ¢cBOOOIHAA IHEPTHA CHCTEMbI (PACTROPA) HIMEHAETCS
BCSTE/ICTRHE NO0ABIEHHA HEKOTOPOIO KOMHHECTBA YIEKTPOHCHTPANhHOTO BELIe-

CTBa, T. €. e
s = ( G) , (1.27)
P.T

dng
I'1e § — HHIEKC WIEKTPOHEHTPAILHOIO BEWECBa copTa &,

CBsA3h MEKAY GKTHBHOCTAMM OTAEIBHBIX HOHOB M COMH (HEHTPAIBLIIOIO Be~
LECTBA) VC IAHABTHBACTCS HHCTO (POPMATBLHO H3 YCIOBHS 2IEKTPOHEH IPAIbHO-
cTy. Hanpumep. 115 peakiivm

M,+A,- =vTM+ v A
YCIOBHE YICKTPOHEH IPATRHOCTH 3AMUILIETCS B BUAE
vt |z+| =y z_|., (7.28)

¥ TOrla o= U e+ p (7.29)

HOCI\’()Jlb[\'}’ B CTAHAAP ITHOM COCTOSIHHU YCII0BHE 'QJICI\’l‘pOH(iﬁ I'PajIbHOCTH CO-
XpaHacTCAd, TO

p = 1/+p3_ +v7 0. (7.30)
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Torua 3 (7.29) 1 (7.30) caenyer, 4To
RTIna, =v RTInay + v RTIlna_. (7.31)
Wnu
vt v~
as =a’ a’ (7.32)

T.€. aKTURHOCTb COMH (DOPMAILHO BbIPAAKACTCA HEPE3 NPOH3BEIUCHHE AKTHBHO-
cTell HOHOB, Ha KOTOPKIE MOKET PACHALATLCS JAAH LI Y1eKTPOAKT. OUHAKO C 110~
MOLWBLIO (POpMY.TbI (7.32) BbIUEAMT AKTHBHOCTD KaXKI010 H3 HOHOB He NpelcTa-
BJIACTCH BO3MONKHbBIM. [10CKOIbKY B KQUeCTBE MCXOAHOIO NMOCHUIA 1UTA ONMUCAHHS
PAaBHOBECHS B PACTBOPE 11OC1YA I XHMMUECCKHH 1IOTEHLHAN, TO 5TH QOPMYIIbI
COPABELTHRLI .18 TI000H KOHIEHTPEHOHHON HIKaLI

— B LIKAJIe MOJIAJbHBIX KOHUEHTPALIHH ag(m) = myvs;
— B LIKAIE MOISIPHBIX KOHLIEHTPALLAIT as(e) = csus; (7.33)
— B LIKAJIE MOIbHbIX J0siel as(r) = o fs,

rae ko3hPHIUHEHTBI AKTUBHOCTH 7Y, 4, f COOTBETCTBCHHO HA3BIBAIOTCS MO 1516-
HbLV, MONAPHOLM W payiona.ieHuly KOYPHULHEHTAMH aKTHBHOCTH. OTMETHM,
HTO BIIKOOOH KOHUEHTPAUHOHHOI WKAIE BEIHIIMHA aKTHBHOCTH 11, Oe3pa3mep-
Ha, KaK 3TO CNENYET W3 ONPEIUEIEHNs aKTHBHOCTH Uy = ps./pfj.’. Ko»(pbrureHTs
aKTHBHOCTH TaKKe Oe3pazMepHbl

In~ = pin) = it i Iny, = o0 = ugil, Inf, = pale) — py! us' (7.34)

R RI R

MOCKOIbKY MO (PH3UMYECKOMY CMbICIIY 101apH(M KOIODUUHCHTE aKIHBHOCTH
ecTb paboTa nepeHoca TaHHOTO BEHICCTRA H3 PEaTbHOTO B HACAILHOC COCTOSHHE
B YHEPICTHYCCKHX caHHHuax RT.

KoHUeHTpaLHH HOHOR (ONATL-TAKH (POPMaILHO) CRA3EHBI C KOHLEHTPaLHE
COJNY COOTHOLUEHUEM:

my =vim, m. =vTm,,
cr=vte,, c_=vc, (7.35)
P =iy | B =T

OO0beiMHAA 3TH BhipakeAMsa ¢ (7.32), momyuaem

—_ =+ _
as = a’ @ = (vamy)” (v-m_)"

+ - +

:(q/+1/+m,)'/ (’\/,1/‘777,)” :(1/4')" (1/_)"_ (meve)” . (7.36)

1/v
ol — o - .
Baecbr = v~ + v, avyyr = (1«’; e ) — epednenonnnill Kohduyu-

enm armugrocmiy. 110 aHanoryH co cpeiHeHOHHLIM KOO(DHHLEHTOM aKTUBHO-
CTH Y4 BBOAUTCA TIOHATHE Cpeoneli HOHNON aNMUGHOCHIN:

ad = = Halla® . (7.37)
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(3ameTHM, 4TO CPedHAsl HOHHAA aKTHBHOCTb TAK IKE, KAK M CPEAHEHOHHbI
KOYPPHIHEHT aKTHBHOCTH BbIPAXKAKOTCS UE€PE3 aKTHBHOCTL M KOY(PDHUNEHT ak-
THBHOCTH COJIY; BMOCIEACTBUY, HANPHUMEP, NPH 3aMUCH NIEKTPOAHOrO NOTEH-
LHaj1a OTAEILHO B3ATOTO MOMYXIEMEHTA MLl Takike OYAeM MOb30BaAThCA HIH
CPEUHEHOHHON aKTHBHOCTBIO, HIH CPEAHEHOHHBIM KOYPOHUHEHTOM AKIHBHO-
CTH, @ OTHIOAb HE HOHHKIMK AKTHRIIOCTAMH UITH KOIDDULIMEHTOM AKTHBHOCTH).

CBsi3b MEWY AKTHBHOCTAMH H KOYPQUUHEH TaMH AKTHBHOCTEH B PA3TTUYHBIX
KOHUEHTPAIHOHIILIX KATAX MOXHO MOIYUHTh, €CIIH YUECTh, UTO XHMHUECKHH
NOTEHLIAAT [ts HE 3ABHCHT OT BLIOOPA KOHLEHTPAUMOHHOH LUKabI, T. €.

e = p2(m) + RT Inas(m) = p°(c) + RT Inaq(c) = p(x) + RT lna,(x).
(7.38)

W3 (7.36), nanpumep. CBA3L MEKAY Y+ W y+ NOCHE MOACTAHOBKH B (7.38)
T v v vt V-
puecTo gg{m) = (%) (v} '(mad) maie) = (#*) (@) (carwwg)
3alHLIETCs CAe/YI0LHM 00pa3oM:
H2(m) + 12(c)
vRT .

Mppe—=0nm = 0, yx = 1 u~vs — 1. Kpome Toro, 13 onpeiencHus
MOJIANLHOCTH H MOJISIPHOCTH B MIPEfleNax dTHX YCJOBHIH. cieayerT, uto ¢/m — po,
rie po — MIOTHOCTb PACTBOPUTESA. B 3TUX MPUOIMKEHUSIX OKOHYATEIBHO

n :
Inyy =1In fik + In~vg + (7.39)
¢

T e

Yy = "—i (7.40)

AHWLIOIHUHO BbIBOUSITCS M APYIHE COOTHOLWEHHS MEALY l(()')[l)(])l’lLll-lCH'l"d.\ll/i
AKTHBHOCTH B |)€l[IHOH€U’IbI'IOﬁ H f\lOJH|)H0ﬁ nrkanax.:

fer =4 (140,001 vMpym), (7.41)
fe =yx (p+0,001e (v M, — M) /po, (7.42)

raoeM, n My — MonexyIspHble Macchl paCTBOPHTEIIS H YTEKTPONUTA COOTBET-
CTBEHHO, & ) M g — TAOTHOCTH PacTBOPA ¥ PACTBOPHTEJIA.

3anucsiBag ypaBHEHHE 119 XHMHHECKOro NnoteHunana B suue (7.260), Mbl
HE 3aUABATHCE LIEJTLIO OMPEAENIEHUA (Y. T. €. HC YCTAHABIMBANM CBOIICTBA CTaH-
JAPTHOIO COCTOAHHS. Telepb ONpesesHM CTAHAaPTHOE COCTOAHUE 115 pacTBopa
OJEKTPOMTA.

B kax10# KOHUEHTPALMOHHON LIKAle CTAMAAPTHOE COCTOSHUE BLIOHWpPAET-
cA TakHM 00pa3oM, uToOLl CpeaHHii HOHHKIH KO dHUHENT AaKTUBHOCTH B ITO
HIKATE CTPEMHMACH K CIMHMUE MPH CTPEMIEHHH KOHUEHTPAlMK K HYTo. DTO
TpedoBaHne OCTAaeTCst B CMAEe NMPH MOObIX TemIepatypax i gasieHusix. Takoe
TpeOORAHHE HA NEPBLIH BINIAL NOKAKETCA CTPAHHBIM. MOCKOALKY Il as = Inv4
g necan 2 — 1,amg = 0, 10 B KOHEUHOM HTOTE B Mpesic/ie DECKOHEHO
pa3daBaeHoro pacTBopa mlinioln (hemy) = —oc. OpHAKO ACHO, UTO B CTAH-
AAPTHOM COCTOSHUY ) o

g = Mty (7.43)
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UTO BO3MOMKHO TOILKO, ecan ay = 1. Takum 0Opa3zoM. BblLLENPHBEAEHHOE Tpe-
6oBaHKHe MPOCTO OIHAUAET, UTO Pelb HACT HC O PeajbHOM PAcTBOPE, a O HEKO-
TOPOM «THMOTETHUECKOMY» COCTOSSHUM PactBopa, B KOTOPOM CPEeIHHUH MOHHbLH
KOYPOHHUUHEHT aKTHBHOCTH PABCH 1. H. CNEI0BATEALHO, CPCAHHE MOAILHOCTD,
MOASPHOCTb HIH HOPMAZILHOCTL COOTBETCTBEHHO TAKKE PaBHbI €HHHULIE. HO 910
YiKe He pa3OariIeHHbIE pacTBOPbl. MIMEHHO MOHTOMY HTO COCTOSHUE H HA3LIBAIOT
«THIOTETHIECKHMY.

Crnenyet u3deraTh OLIHOOUHOTO MPEACTARIEHHSA O CTAHLAPTHOM COCTOSHIH,
KaK COCTOSHHK OECKOHEUHO pa3daBieHHOIO pacTBOpa. 110CKOAbKY NpH Oecko-
HE'HOM Pa30aBIEHNH, KaK 3TO ObI10 MOKA3aHO BhIILE. XHMHUECKHI noTeHunan
olpaLercs B —od.

AKTHBHOCTh H KOYPPUUHEHTH! @KTHBHOCTH. NIONYUEHHbBIE B Pa3HhIX IKCTIE-
PUMENTAX HA OLHOM H TOM K€ 00bEKTE. KaK MPABHI0. COBNAAAOT MEKAY COOOH,
YTO CBHAETENLCTBYET O CAMOCOINACOBAHHOCTH ITHX MpencTasneHuil. B 1o xe
BPEMS UHCIOBBIE 3HAUEHHA CTEMEHN AMCCOLMALMM, TONYUEHHDbIE, HanpHMeEp,
H3 OMBITOB MO M3MEPEHHID OCMOTHUYECKOTO AABICHUS, UABIEHHA HACHILIEHHO-
r0 napa Wik IIeKTPONpPOBOAHOCTH, HE COBNALAMOT APYT ¢ ApyroM. Takum oo-
Pa3oM, TEPMOAHHAMHUECKHIT METOA ONHCAHHA Pa3iHYHbIX B3dHMOACHCTBHIH B
PACTROPAX MAEKTPO;IMTOR SIBAAETCA 0oAee HaieKHbIM. [Ipn TepMonunammue-
CKOM OMUCAHMK CBOICTB pacTBOpa HIEKTPOSAUTA COBEPLIEHHO Ge3pa3NHiHO B
KakoH CTENeHH AHCCOUHHPOBAH Y1EKTPOMHT, HOO 3TO OMHCAHHE HE PACKPLIBAET
MEXAHH3Ma MEKUACTHIHBIX B3aUMOLeACTBNI.

AKTHBHOCTB npeicTarigeT coboil Ty 3(ppeKTHRIIYIO KOILEHATPALUIO, KOTO-
poil doirkHa b Oblila 00NaNATL peasbHasn cHCTEMA, MTOObI NPOH3BOLHTE TaKHE
JKe [efICTBIA, KaK M nacanihHan, 1eopust akTHRHOCTH MbITACTCS COXPAHHTH 00bIU-
Hble (POPMYITHPOBKH TEPMOLHHAMHUYECKHX COOTHOLICHHH 11PH 110MOLLK OOBIYHO-
IO BHAA TEPMOAHMHAMHUECKIIX MOTEHIIMANIOB, BBOAS NOHATHC 00 (pherTHBHOIM
AKTHBHOCTH, 3aBHCALLEN OT OKPYKAIOLHX YCIOBHA M koHuenTpaunii. OaHako
UHCTAs TCPMOLHHAMHKA OECCHIIbHA H B HTOM CAYUae ONPEUEsTHTL BHA Py HKUM-
OHANBHOM 3aBicuMocT v = ¥(¢). K 9TOH el MOXHO WATH ABYMS My TAMMU:
BO-MIEPRLIX. MOKHO JKCMEPHMEHTAILHO W3YUATh 3AKOHbI, KOTOPLIM MOAUHHSA-
HOTCH HIMEHEHHA KOYPPHUHEHTA AKTHBHOCTH NPH U3MEHEHRH KOHLEHTPALIHHK,
TEMNEPATYPhl 1 T. . TToACTAHOBKA YTHX IMMHPHYECCKMX 3aBHCMMOCTEN B Tep-
MOAHHAMHYeCKHe (pOPMYIThL JlaeT BO3MOKHOCThL BhIBECTH PSil HOBLIX COOTHO-
WEHHA H 1AM 00PazoM HOCTPOHTL DOJIEE MM MEHEE MOJIHYH TEPMOINHA-
MUKY PEAILHbIX CHCTEM JaHHoro tTvna. Bropoii myTe 3awotaercs B 1101bl1KE
PACKPBLITHA PHIHHECKOTO CMbICId KOY(MPULUHEHTOB AKTHBHOCTH 1IPH 1HOMOLLH
MCTOOB. CTATHCTHUCCKOH MeXaHHKH, NyTeM HAXOKICHWA 3IKOHOMEPHOCTEN,
KOTOPhIM HOMUHHACTCS Y1d BenHduHa. TlepBbiv nyTem win JIetouc, bpexcTen,
WX YUCHUKH 1 nociesoBarean. VX padoTht nokazani. 4To TCOPHUA AKTHBHO-
CTH €T UPE3IBLIUAHHO YTOOHOE CPENCTBO MW 0OPADOTKH IKCTIEPHMEHTAIbHbIX
LAHHBIX W HAXOKACHHS HORBIX IMITHPHUECKHUX 3aKkoHOMeplIOcTe. T1onydeHHbie
HMH PE3yABIalbl MOKA3IBAKT TAKKE, W10 KOYPPHLHEHT AKTHBHOCTH SIBJIsICTCs
peaIEHOH (pH3MIECKOiT BENHUHHON. 3HAYEHHE KOTOPOH He 3aBHCHT 0T verola
OMpe/IeiIeHHsT W NPeACTARANET 000 hyHKUHIO (B Cyuae pa3daBAeHHsIX pac-
TBOPOB OUCHb 1POCTYIO) TEMNEPATYPbI H KOHLEH I'PALIHM.
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Hedail. XiokKkeNb M HX NMOCJASAOBATENH, HIAS BTOPbIM IIYTEM, CYMEIH Te-
OpPEeTHIECKH 0OOCHOBATL HAHIEHHBLIE PAHBLIC IMIHPHUECKHE 3aKOHOMEPHOC-
TH, OTHOCALHECH K KOODPUUUEHTY aKTHBHOCTH H CO3[aj ¥ CTPOHHYIO TEOPHIO
Pa3daBICHIIbIX PACTBOPOR, HCXOAS W3 HEDONLLIOTY UHcaa PHIHUECKHX MPEATTO-
CbITOK. U3N0KEHHIO A TOH TCOPHH U TEOPHH NOIAPHIAMOHHLIX BIaHMOAEHCTBIHH
Mbl IOCRATHM CIEAYIOUIHI PAZAET HAUIEH KHUTH.

7.4. Teopus deban — Xrwkke.as

B ocHoy Teopun Jlebas — X1OKKeNs NOJAMKEHO NMPEACTaBleHHe O TOM, HTO
OTKITOHCHHA CBOHCTR pealbHOTO PACTROPA UIEKTPOAHTA OT HIAEAILHOTO 00Y-
CIOBAIEHBI TONLKO MICKIPOCTATHIECKHMH B3aHMOUETICIBUSIMH HOHOB MEKAY CO-
60ii. [Toatomy 18 HOHHOTO KOI(P(DHUMEHTA AKTHRIIOCTH MOKHO 3aMMCaTh:

0 {1 7 :
= AW, =AY

=t o e Y (7.44)
,L‘B’l’ IL‘B’I’ 1-?|;’1'

1€ pa3zHOCTh XHMHUECKHX MOTEHUHAJIOB HOHA B CIlyHAe "HCTO KYIOHOBCKOTO
B3AHUMOUCHCTBHA BHIPAKRACTCA B BHIE ICKTPHUECKOH padoThl nepeHoca euH-
HUYHOTO 1apsaia eZ; W3 HUCAIBHOIO B PEAIbHOE COCTOsHHE.
U3 Qopmwiisl (7.44) BHAHO, 4TO A8 pacteTa KodPGHUHEHTa akTHBHOCTH
~; HEOOXO/HMO 3HATh PAIHOCThL MOTCHUHAIOR AP MEAKLY ABYMA COCCTHHMH
HOHAMM HITH, TOBOPs Dosee KOPPEKIHO. HEOOXOUMMO HaliTH paciipeieneHUe nos
BOKPYT OZHOTO, 3apaHee BLIOPAHHOTO B KAUECTRE LEHTPAILIOTO, HOHA.
Oty 3anauy Hdebali n XIOKKeb PEINIH B CAEAYIOLLHX MPHOIHKEHHAX.
. PacTROpUTEIh CUHTACTCS HEOPEPLIRHLIM KOHTHHYYMOM € AHDIEKTpHUE-
CKOH 1IPOHHLAEMOCTBIO = (He 3aBHCHLEH HH 0T KOHUEHTPALUMH LICKTPO-
JINTa, HW OT BEAHUYHHbI DJICKTPOCTATHUCCKOTO MO HOHA).

2. PacnpejelleHHe HOHOB Onpeudensercs 1eruloBoi anepruelil n dHepruei
MMEKTPOCTATHHECKOTO B3UHMOICHCTRHA.

3. Kaxnplil HOH OKpyXKeH c(hepoil H3 NMPOTHBOMNOIONKHO 3apsiKCHHbIX HOHOB

€O CPEIHECTATHCTHHUECKHM 3aPAIOM. PABHLIM 3aps/ly LEHTPATLHOTO HOHA.

Pacnpenenenie HOHOB TEPUOIHUECKH Pa3MbIBAETCA TETUIOBLIM TMOTOKOM
U MOAYHHAETCS 3aK0HY paclpeesieling bonbumalia

n; = ny vxp(~w), (7.45)
kgl
TAE 71y — KOHLUEHTPALHS HOHOR B €AHHHLE 00beMa pacTBOpPa; 1i; — KOHLEHTpPA-
UMs HOHOB B 0OBEME LUAPOBOrO CJ0s, NPOBEUEHHOI0 BOKPYT LEHTPA THKECTH
HOHA, BbIOPAHHOIO B KAUECTBE LEHTPAIBHOIO: 2 — CPEIHEE 3HAUEHHE MOTEeH-
LHATIA IHAPOBOTO C0ST (€10 HA3LIBAIDT « HOHHON armocdhepoii).
YpaBHE e CEA3H MEKAY NOTCHUMATOM ;2 B JAHHOH TOUKE MO H 3apaaoM p,
TIOPOKAAROLLMM FTO 11018, OCHOBAHO Ha 3aKkone [Taycca n moxker Obltb 3anHcaHo
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B C(PEPHUECKHX KOOPAHHATAX C LUEHTPanbHoi cHMMeTpHel B BUAE YPABHEHHS
[Myaccowa:

_ N 9 Hen
TR B (7.46)
dr? r or 0D

TAe © — PacCTOsHHE OT HEHTPA HOHA 10 PaccMarpHBaeMoil ToHKH, TUIOTHOCTb
3apA.a B KOTOpoH pasHa p; 0, D abconroTHas v OTHOCHTENBHAA OUIEKTPH-
yecKie MPOHULAEMOCTH BAKYYMa H PacCMaTpHBaeMoil cpenbl.

TonHsiit 3apsia B oObeme dv Syaer pasen: (D 1;2;0)d0. a 00bEMHAS NAOT-
HOCTB 3apsiia, ¢ yUeToM paclipesciieHna boibumana, Oyuer pasHa

o= Zn(,(‘z;uxp(—%). (7.47)

MoacTapass (7.47) 8 (7.46), noayuusm 0CHOBHOE YpasHeHHe reophn Jlebas —
X1oKKens:

) 2 Oy 1 Byee
+ = =- E npez; exp(——=). 7.48
ot 7 or oD veziexp(— ) i

OnHaKo HTO ypaBHEHHE HE MPHBOIHNMO K KBAApaTypaM, MOYTOMY €To ynpo-
LIAIOT, paziaras dKCHoHeHTY B pad (¢ =1 —a + .7:2/2! —...) M orpaHnumga-
ACb ABYMSA NepsbiMK wieHamu pada. (OTMETHM, 110 3a CUeT TaKoH 11poLeiypbl
pacnpenenenne bonpumana, KkaK TakoBOE, BHINAAAET M3 PACCMOTPEHHA. H PEYb
noHACT O JIMHEAPH30BAHHOM paclIpedesIeHHH OTEHIHAIIA).

Torna mioTHoCTh 3apsia OyAeT HMETh CACAYIOUMI BHI!

a2e?
p= myzc+ » my i (7.49)

B cHIy yCA0BHA MIEKTPOHCHTPANTBLHOCTH Y, N zie = (). OKOHYATENbIO Y G-
Henue Hyaccond TeNCph 3aNHILRTCA B BHIC

82 2 9y Y ngz? ; _
Py ide _Thien e (7.50)
dr= ror 20Dk pT
3 Y gt
3,&@(:]3 A8 COKPAUISHHA 3alTHCH BBEIACHO }'.’2 = % HMEIOLICE pa3-
o Dkgt

MEPHOCTh OOPATHOMN WIHHBL. DTV BCIHMHHY HA3bIBAKOT Jedaesckum paouveon
DKPAHUPOGUIIS WA PATHYCOM HOHHON aTMoc(epbl. BennunHa > yKassiBaeT Ha
XApaKIepHoe PACCTOSHUE, HA KOTOPOM MONHOCTBIY YKPAHUPYETCA MOJIE JaHHOTO
WOHA. 3HaueHus 3¢ An8 pa3daBICHHLIX PACTROPOR NICKTPOIMUTOR MOKHO DKC-
NEPHMEHTAILHO TIPOBEPHTE METOAOM (CKPELIEHHBIX HHTEI». MPEIOKEHHBIM
Hepsarunbim. CyTh METO1a COCTONT B TOM, YTO IBe TOHUAMLLME METALIHUECKUE
HUTH, PACTIOIWKEHHBIE 1HOL HPAMbBIM YIJIOM JAPYT K APYTY B UBYX TapaJuleib-
HBIX TI0CKOCTAX, MOTPY/KAOTCA B PACTBOP M 3apsizKatorcsi OUHHAKOBBIMK HIIH
pa3HBIMK (10 3HAKY) 3apaaaMi. 3a cHeT BOIHHKHOBEHHA NBOWHbLIX 3JIEKTpHYE-
CKMX CJIO€B HA rPAaHMLAX pa3iaena MeTasl— MMEeRTPOIHT BOITHHKACT NPHTSHREHHE
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HIH OTTAIKHBAHME HTHX Hired, Cuna NpHIAKeHUA — OTTANKHBAHHA YKCNepH-
MEHTAThHO M3nMepsieTes. T1o hopmyne

InF =const — D (7.51)

MPYU HIBECTHOM PACCTOAHNK MERAY 1HTAMY D naxoasr ety I v 2. Btabn. 7.5
TIPUEC/ICHB! COOTHOLICHHS 3¢ 'V /5™ g ABYX 2TCKTPOTHTOR NPH Padibix

KOHLEHTPAIHAX 3
¥ P Tabanua 7.3

€. MO/ s [ e ™ K P e KNO;, D 107% cm
3-10 ° 1,05 £0,1 - 400 — 1500
1-1077 1,01 £0,06 0,96 % 0,09 100 — 1500
1-1072 1.33+0,16 1,25+ 0,15 50 — 200
1-10* - 1,20 £ 0.15 10 — 50

Kark BHaHO M3 radiHubl. COBNAAEHHE TEOPHH K IKCNEPHMEHTA AOBOJILHO
XOpOILCE TONLKO B AEKTPOIUTAX C KOHUEHTpauneih ¢ < 10~* monw/n. [pu
0o0:1ee BBICOKHX KOHUEHTPALMAX OLIHOKA VBEIMUHBae1Cs, JIna HecuMMeTpHY-
HbIX 2EKTPOIUTOR 7Ta oinudka noctiraeT 30 — 40 %. B 9Tnx HxenepruMeHTax
00HAPYKEH €lIE OAMH A0CTATOYHO NMpHMedaTeIbHbI daicr: AndIeKkTpHIeckas
NPOHHIEACMOCTL PACTROPA OCTACTCS TOCTOAHHON H PaBHON AMYICKTpHEecKol
NPOHHLAEMOCTH B 0OBEME PACTBOPA BILIOTH A0 paccrosnmii ~ 25 - 1077 ¢w,
UTO COOTRETCTBYET KOHUEHTPALMKH 21ekTposinTa < 1072 Monb/m, ecnu paccuu-
THIBaTh N0 (POPMY.IC 175 PAHYCa IKPAHNPOBAHYS.

TaknM 00Pa30M. OTHH H3 COMHNTENLHBIX MYHKIOB Teophu Jledas — X1okkens
0 HEOOXOANMOCTH yYeTa JUIEKTPHYECKOTO HACHILICHHSA BO.IM3H HOHA (BO BCsI-
KOM CAYUAe 115 pa30aBNeHHbIX PACTBOPOB) KaAK OY10 CHHMAEIC. 1. €. NPH pac-
UETAX DIEKTPHUECKUX XaPAKTEPHCTHK Pa30aBIeHHbIX PACTROPOR MOKHO NOSL30-
BATBCA MAKPOCKOITHUECKOH BEJIMUHHON AH%s1eKTPHYUECKO N 1poHHLaemocTd (1s
Boanl D = 78).

Mogcranoskoii 7 = »r vpasHeHHe (7.50) 3ameHsercs Ha dosiee 11pocroe
o .
e =2U, (7.52)
)2

pelleHeM KOTOPOTO MpPH BO3BPATE K CTAPLIM NEPEMCHHBIM OyleT
A \ I3
p = —oxpl—xr)+ —oexplsr), (7.53)
r T

Ha paccroanun 1 — 20, ¢ — 0, H0Y10OMy KOHCTAHTAa HHIEIPHPOBAHHS
B = 0. [Insi BLIUMCIEHNS KOHCTAHTHI <1 BOCNOAL3YCMCA YCIOBHEM D1EKTPOHE -
TPALHOCTH BOKPYT MOHA HA PACCTOSIHNK 7

—zi0 = | dnr?pdr. (7.54)

@
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INoncraBue B 710 ypaBHeHHE 3HaueHue p u3 (7.49), Gynem umers
[o9]
dregDx* A J roxp{—sr)dr = z;c. (7.55)
a
Huaxcunit npenesi HHTETPUPOBallHS 3aBHCHT OT Pa3sMCpOB COMHIKAIOULINCS
MOHOB. Ecnn 710 paccrosHue Haudonbiuero cOMHKeHHA 0003HAUMTD epes a,

TO OHO H OyiCT OMPeAC/ATL OAHH M3 Mpeacaos Huterpuposaiis. Muterpan
B (7.55) — rabanunslii. B pesynbrare no.yuaem

g e vxp(%(l)' (7.56)
Areg D (1 + »a)

OKoHYaTeNb1HO BblpaXX€HHE 19 NOTEHUHANA

_ e exp(sea) (*.\'p(~;tl‘)- (7.57)
Am=q D (1 + >a) r =

DTO COOTHOLLEHHE SIBASETCA OCHOBHbIM B TeopuK [ledas - Xiokkens ans
OTIPENCIICHHSA YCPEAICHIION0 MOTEHLHATA, CO31aBAEMOr0 HOHOM B TOUKE, OTCTO-
AWeH Ha PacCTOAHUE r OT HOHA B OTCYTCTBHH BHEWHHX cHa. s BbluHcie-
HUS pabOTb! 2AEKTPOCTATUHECKOTO B3AHMOUEHCTBUA HOHOB HEOOXOANMO Y4€ECTh
BRAAAbI B 2ICKTPHYECKOE 110J1¢ KaK OT HOHHOIT aTMoc(epbl. Tak i OT caMoro Lell-
TPAAbHOMO HOHA. BOKPYT KOTOPOTO ¢(hopMHpoBaiack HoHHas cdhepa. [Torenunan
B TOUKE, PACNONOKEHHON 1d PACCTOAUMN 1 OT LEHTPA H30IHPOBAHHOMO HOHA,
HANOAALLECTOCA B CPEAE € AHIMEKIPHUECKOH NPOHHUAEMOCTBIO 2y [, HmeeT B

A = — 2= (7.58)

dmeg Dy ’

‘Torda pasHoOCTb NOTEHUHWIOB ONPEASHTCA B BUAE

A\,O _ mye (‘,\'})(}{(lz exp(—s7) T (7.59)
dmeg ) (1 + >a) r AmzoDr h
DTO ypaBHeHUe CNpaBe/1MBO npu Beex » = «. Ecian r = a, 10 (7.59
P p p Z ;

3HAUHUTENHHO YNPOLIAETCs U MPHOGPETACT BHA

3 27

e
Ay =

— . 7.60
l/T-'(;[)(I t }{(l) ( )

D70 BblpakeHHE NpeacTaBnseT codOil H3MEHEHHE MOTEHUHaa HOHa NPK BHE-
CEHMM €ro B MOAC COCEANHX HOIIOB HAH YICKTPHUECKYO PadoTy, KOTopasl Onpe-
genser kKoMpPuUHeHT akTHBHOCTH B Mojieiti [leGas — X1okkeds (CM. ypaBHEHHE
(7.44)). INoacraensas (7.60) B (7.44), nomyuaeM Bblpaikenue s KodpdpHuneHTa
AKTHBHOCTH B PACTBOPAX MIEKTPOIHTOB

Invy; = - i = 7.61
- H/’Fful)l\'n'r(l -+ '/{U) ( )
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J171 TOT0, UTOObI HE YUHTHIBATh BKMIA/ B MIEKTPHYECKOE T101€ HOHA ABAK bl
(cHaualla KaKk UCHTPAILHOTO, a 3aTeM Kak BXOASLIEr0 B MOHHYIO atMocdepy),
B (7.60) BBeacH muoxireib 1 /2. [ToacTaBUMB BMECTO BENHUHHBI > €TI0 SHAUCHYE

SN L
1“>Jlu|‘f‘“ 0§ 9
#=| == H y4Ts, 4To = > ;27 = [ eCTh wonnan cura pacmeo-
coDksT 2
pa, nojtyuum Gosniee KOMNAKTHOE RbIpAKEHHe KoO(duHLHeHTa akTHBHOCTH s
OTACALHOIO HOHA B pacTBOpE:

A22VT
oy =— ARVE (7.62)
14+ BaVT
Ao !/?
30ech A = (7A3) upb = //\,/T
&7 (£0 DET)?/?

[Mocko:IbKy KOOPOHLHEHT aKTHBHOCTH OTAESIBHOTO HOHA HEib3d H3MEPHTD
IKCMCPHMENTAbNO, HCTTOALBYEM MOHATHE CPCAHCTO HOHHOMO I\'O')(')(l)l-ll.lllt)H'l'ﬂ
AKTHBHOCTH, KOTOPbII 3amilueM Ha OCHOBaHHHK yparHeHust (7.62) cnemy oy
odpaszom:

AVT <u+_:._2 —{—u_z_z) Alzy 2 VT
1n"‘,:t = —— ——

— = = — <, 7.63
1+ BaVT 1+ BuVi ( )

vy +ro

1% v_
TaK kak v = (v Y.
34€Ch HCIOIL3OBAHO YCIOBHE VIEKTPOHENTPAIbHOCTH ¥y 2y = —V_z_
H NIPOH3BEAEHO MpeodpasonaKie

u+,3+2 + v_z_? —
Yy + V-

— V24 — Vi

vy +rv_

B .

Ecau cnaraemoe Bay/T < |, 1o ypasHe-
HHE (7.63) npHIHMAET BUA

0 I > VI Invy = —Alzy 2| VT, (7.64)

NOTYYHBLIETO HAZBAHHE 17COCTbHO 0 3UROI
Heoast— Xiorkes.

Puc. 7.7. Cpcamnii panoHansiusi

kovpduumerit  akrusioctn NaCl Lo d [
el A . CpaBHEHUE ¢ IKCIHEPHMEHTANbHBIMU J1aH-
op 20°C Kak  (YHKIHS  HOD-

HOI CHLTL pactnopa (paccusran mo  HPIMM MOKA3HIBACT, 4TO NPeARILHBIN 3aKOH
ypanticitsiv (7.04) (kpinas /). no  BPUNONHAETCA NpH  MOHHBIX CWJaX MEHee
(7.63) npn Ba = 1 (gpusas 2). no 0,001 M (puc. 7.7).
(7.63) npu @ = 4 - 10™% cm (xkpu- Ipy Gonee BICOKHX KOHLUEHTPALHAX KO-
pas 3) v okpusas 4 dkenepuvent  YPOHUHCIITLL AKTHBHOCTH, [pe/CKa3aHHbIe
Npe;1e/ibHbIM 3aKOHOM, MEHLLIE DKCNIEPUMEH-
TaAbHO H3MepeHHbIX. Heckoanko Golee yCI0MHEHHbIH NOAX0/, OCHOBAHHbIH
Ha opmyne (7.63), paer wirnd kpusodt lnvyy = f(\/[_) npubAKaAOWNACSH
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K DKCIHEPUMEHT@IbHBIM JAaHHbIM. OAHAKO 2T BO3MOMKHO TOJILKO NpH TpaBHib-
HOM yHeTe MapaMeTpa «, YTO A0MKHO MPHBECTH K COZAAHHIO HOBLIX MOASIbHLIX
npeacTasaeHui. bblay cieltaHbl MHOTOUHCICHHbLIE MOULITKH PACIIUPEHHS AHa-
nazona npumenuyMocti Teopun dedasa — Xioxkens win ee MoaH(GHKauHii 1pe-
HMYWECTBEHHO 3a CHET yUueTa CACAYIOWHX dPPEKTOB: HIMECHEHHS JANDACK pH-
YeCKOI MPONHLAEMOCTH pacTBOPUTENA BOSH3M HOIA 34 CYET NOAA HOHOB H HMX
NJOTHOCTH, BO3SMOKHOCTH MOABAEHHS aCCOUHAUHH H CNEUH(PHUYECKOIO B3aUMO-
JEACTBHA HOHOB Apyr ¢ apyrom. Kak npasuao T NOAXOAbl OMHPAIOTCS 114
CTAaTUCTHYECKHI anmapar TEpMOAHHAMHKH € UCMOBL30BAHMEM METOAA KOpPeJIsi-
TUBHbIX QYHKUKMA, OaHaKo yueT Bcex BHIOB BIaUMOACHCTBHI NnpuBoauT n1bo
K HCO6X()J1HMOC'I'I'I peum’rb CIIOIKHILIC ,fll'ld)(bC])ClILll'I{lJIle)Ie YPABHCIIHA, YTO BO3-
MOMKHO TOULKO YMCICHHBIMH METOAAMM Ha LOCTATOMHO ObICTPOACHCTBY IOWIKX
BLIYHCTUTCTLHBLIX MaIIHHAX, THOO MPUMEHSTL ACHMITOTHUCCKHE PAMIOKCHAS
C MCKJIFOHEHHEM CTaraeMblX BLICOKOTO [TOPALKA MAJIOCTH, 'ITO B KOHEUHOM HTOTE
MaJj10 oTiHyaeTes ot MeTodd Jedas — Xrokkend.

7.5. HlonsipnzaunoHHas Teopus

B ocHOBeE TeOpHH CHIbHbIX 2MeKTPoAnToB Hebas — XIoKKens fAeKuT npeano-
JIOAKEHHE O MOJHOH AHCCOLHALMH HICKTPOAUTE, HOHLI KOTOPOIO pacnpeienen
B 00beme pacrsopa no 3axoHy boabumaHa. [pu drom B mokasarese JKCNOHEH-
LMaNBLHOIO Pacrpe/ICNeHUs UCTIONB3YETCA NOTEHUHANLHAR IHEPTUA 2;Cy 3aps-
JKEHHOH yacTiLbl (HOHA), HAX0AALEHEA B TOUKE ¢ MOTeHIHatoM 2. Kpome Toro,
B MHKPOYPaBHeHHAX, OTHOCALMXCA K B3aUMOACIICTBHIO HOHOB HA PACCTOAHHSAX
MOPSILKA MOJIEKYSIAPHBIX, UCTIOAB3Y IOTCA MAKPOCKOIIHUECKHE BENUY MHbI JUITIEK-
TPHYCCKOH IPOHHLUACMOCTH €.

Takum o0pazom. Bee B3aHMONCHCTBHS CBEACIIbl K KYJAOHOBCKHM H IIHKaK
HE yUTeHbl ABJIEHHS COsbBaTALMH. Merk Ay TeM, KaK Mbl BHIAE.IM paHee, siBICHHS
COJILBATALLHH COMPOBOAAAIOTCA JOBOIILHO CHALHBLIMHU YHEPIreTHUSCKUMH dPdeK-
TaMH, 3aBHCALMMMU OT OPUPOibI M KOHLEHTPAUMH dIEKTPOIHTA, @ TAKKE OT
pacrBopuTeid. B CBAZH ¢ YTHM, OYEBHAHO, HCOOXOIHM HECKO:IBKO HHOIi noa-
X0, KOTOPbLIit Obl yUHTBLIBA BbILIENEPEUHCIIeHHbIE CBOCTBA pacTBopa. [Tpexne
BCEI0 HAlPALIUBAETCA MOAENb AMIMOJbL— AMMOALHOTO Biaumonccrsna. Takas
MOAeTb CIOCOOHA ONMUCATL MICKTPOIHT HE TOAbKO B BUAE HOHOB, HO U B BHAC
HEATPANbHBIX, HO AHMOSLHbLIX MOJNEKY:l PACTBOPEHHON COMM ¢ PA3HECCHHBIMHU
B MPOCTPANCTBE 3apanamu. UTo0bLl BLIACHUTL NPHPOAY TOTO ABICIHA, LeTe-
C000Pa3HO HECKOJILKO HCKYCCTBEHHO pa3OTh 1OTEHUHANLHY dHeprto W Ha
JIBE YACTH: KOPOTKOASHCTBYIOMIY IO (KBAHTOBY10) wacTh [V, BranmoneiicTra va-
CTHUBI ¢ OTIDKARLIMME MOJICKY.IAMH CPEAbI H 1 bHOACHCTBY OLLY O (KY.I0HOBC-
kyto) W, koropast onucsiBaet B3aHMOACHCTBIEC 3apAKCHHON YacTHLBLI ¢ LieK-
TPUUECKHMH AHIOIIAMI MOIEKY:1 PACTBOPHTEA. PACIIONOKEHHbIMH BHE HEPBOH
COJIbBATHOH 000I0UKH.

B paue ciayuaes B3anMoueicIBHe MoJleKysl pacTBOPEHHOTO BeLlecTBa ¢ Ou-
AAHIUHME MOMNCKYIaMH CPEibl HACTOALKO BEIMKO, UTO MEKIY HUMHM BO3HM-
KdeT HacToAllas NMMHYECKas CBA3b, H 0DpazyeIcs HOBas MOJCKy/na. Koropas
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B Aai1bHeiilleM BbICTYNACT KaK caMOCTOSATeNbHAsA eAHHHLA. Tax 00CTONT 1eio,
HarpuUMep, ¢ HOHAMH NEPEXOHBIX METAIIOB B BOAE, KOTOPbIC 00Pa3yIOT XHMH-
UECKH YCTOHUHBbIE aKBAKOMTIICKCHI. OCHOBHOH Y(pheKkt 2100 BIMOoAeHC TBIS
COCTOMT B TOM. UTO BOKPY " HaCTHLLI 00pasyeTcs ekoTopas d(B(PpeKTHBHAS KNeT-
Ka, B KOTOPOI1 HaCTHLA HPOBOAMT A0BOABLHO Anirtensroe spes (10791071 ¢),
coBepulas konedanns. B cpeanenm uepes kakabli HITCPBajl BPECMEHH T4 YacTH-
La copepLiacT AM(GPyIHOHHbI «NEPECROK» B COCCAHION KAETKY, €CTH TaKkoBas
CYLUECTBYET. HAH 3aMeTHO AePOPMHPYET CTapy'o KNEeTKY, MClISS CBOKO PABHOBEC-
HYFO KOOpHOMHATY LEHTpa TaxkecTH. Handonee BaxHbIM SBASETCA TO, YTO B OT-
Jauyue oT razoBoi ¢asul B KKIKOCTH Bee 3.V creneHeil cBobonbl N-aTomHo#H
YACTHIbl OKA3ZLIBAIOTCA KOJCOATCILITBIMH: CBOOOIHOE TOCTYNATENLHOE ABHAE-
HHE 3aMCHSCTCS HA KO:edalMe LEeHTpa TsKecTH, a cBODOAHOe BpalUCHIte —
Ha OpHeHTaLHoHHOE KosleDannc. PaccMoTpeHHas KapTHHA, HOCATIAN Ha3BaHWe
KIEMOUHOCO (hpenmia. He ABASETCA UeM-TO CHCUH(PHUECKUM Wi NOMSPHbIX
PacTBOPHTEICH, OHA CYLICCTBYET BO BCEX KHAKOCTSX.

XapaKkrepHblM AJIS NONAPHbIX CPEA SIBAACTCS TOT (aKT, HTO YHEPTHA AdlIb-
Hoae#cTByloWEel KynonoBeKoi cocTasnsiowleii noteHupaaa ;. Bechma Beinia
W COCTABAAET HECKONLKO AECCATKOB KWIOKAJIOpHil HAa Moab. B dToM HeTpyaHo
YOCANTLCA, €CIH BOCNOIB30BATLCSA M000H FpyOOH MO/ICALIO /17151 OUEHKH DIEK-
TPOCTATHYCCKON COCTABIAHLECH YHEPTHK CONbBATALIHN HOHOB B NOASPHBIX Pac-
TBOPHI'EISX, HALIPUMEP MoAenblo bopHa.

115 KONMURCTBEINOTO OMHcaums noTeHumana Wy, HeodXoAHMO YUeCTh, 4To
BBEUCHHAS B Ty HIN HHYIO CpPeay MacTHLA CO3UACT 104e (LieKmpuyecras ui-
oynyun D). Ha 910 nose HakaaauiBaeTes eile daekTprucckoe none B, cosia-
BaeMOE AMMOJIbHBIMUM MONEKYIAMH NONAPHOI cpeisl. B pesynbTare cymmaproe
INEKTPHUESCKOE 1101 MOXKHO 3ancarh B Buac E = D + E,,,. Uctounuk no:s
cpeanl E,) — HepaBHOMEPHO pacnpeeeHHbIH B MPOCTPAHCTBE 3apai (HalpH-
MEP, 3apsil BHY TPH AHTIONLHOH MOACKYILI CPE/lbl ), KOTOPLIH MoKeT ObITh OnHcall
C MOMOLUBIO Gexmopd nouspayun P, paBHOTO VICILHOMY JUHTIOIbHOMY MOMCH-
Ty cpeanl, Yem Gobuie noaspusyeTes ¢peada, TeM 00NLIICC MICKTPHYCCKOC 11078
E,,, ona co3aaet. Takum 00pa3zom, BCKTOp NOMSPH3AIHHN KQUECTBRCIIHO BLIPAKAET 1
VACIIbHBIH AHII0bHBIA MOMEHT CPCAbl, H NOJIC, CO3aaBaeMoc AHNOAMH. B pelyb-
TAIC CYMMApHOE MOAC B CPCIIE

E=D-4xsP. (7.65)

Tenepb MOXCHO 3aNMCaTh ¥ IHEPrHIO B3AMMOJAEHICTBHA 3aPMKEHHBIX YaCTHLL
C AHNOAAMH cpebl. JIHNOALHLIT MOMEHT. 3aKAIOYEHHDLIT B YeMmentapioM oec-
KOHE'UHO Mai1oM 0Obese e 803K TOUKH npocTpaHeTsa r, paseH P{r)de. Kax
H3BECTHO, DHEPIHA B3aHMOACHCTBHA AMNOIA € MICKTPHUCCKHM NOMCM paBHa
NPOH3BEACHHIO BEKTOPA AHIIOIBHOTO MOMEHTA HA BEKTOP ).IEKTPHYECKOTO 1.1
(cO 3HAKOM MHHYC), MODTOMY JYHEPIHA BIAUMOACHCTBHA 3APHKCHHLIX HaCTHL,
coznarowmx noge D(r) B Touke r, ¢ OMNOISMK CPeilbl, HAXOMALLUMHCS B 3TOM
touxe P{r)de, pasno — D{r)P(r)de, a »veprust ssauMoneiicrsisg qacruu co
peeit cpeaoli NoayUHUTCs CYyMMHPOBAHHCM BCCX TOHEK NPOCTPAHCTRA, B KOTOPLIX

HaxXoIATCS AMIIONIHN Cpeabl:
Wy, = — JD(r)P(r)d'v. (7.66)
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ToBops o noasipusaunn cpeasl P(r). Mbl 3aech noapasymeBaem Tak Hadbl-
BAEMYI0 QUHAMUYCCKYIO ROIAPU3AYUIO, @ HE €€ CPEIHEE PABHOBECHOE 3HAUCHHE
(P(r)) (yrnosbimu ckoOKaMH 0003HAUCHO KBAHTOBOCTATHC THUECKH YCPEHEH-
HOE 3HAHEHHE T10AIPH3ALLN ). HTOOLI IOACHHTL PA3IHLLY MEIKILY ITHMH NONSATHS-
MH, HAMOMHWM, 110, HAMpHMEp, B O1CY ICTBHE BHEW HEro nos D cpena B oduiem
ne noaspzosana ((P(r)) = 0), 8 To spems kak P(r) B kakabti ZaHmbi MOMEHT
BPEMEHH MOXKET ObI'Tb OTWHUHA OT HYJIA H3-3a ABHAKCHHS MIEKTPOHOB U Konleda-
HHUS A0Ep B MOJIEKY1aX CPeabl (BCASACTBHE AHTAPMOHHYHOCTH KOI€0ATEARIIO-
ro ABmkeHnA). 1la aspike cTaTMCTHUECKOH (DU3NKH OMHAMMUYECKOH TMOJAp3a-
LMK COOTBETCTBYET (il KTYALMOHHAsA MOJsipy3ausl, odyc.ioBIeHHAS TeMIOBbIM
ABIDKEHHEM NacTHU Ccpebl. ECan BlEIIHee Mofe He CAMIIKOM BCAHKO (00bIY-
HO MeHbiue, uem 10 + 107 B/em), cpeansis noaspusauns (P(r)) nporopumo-
HaanHa B,

Taxnm 00paszoM, MONHYHO IHEPIHIO B3AHMOAECHCTBHS 4acTHLbl CO BCeil ¢pe-
JOH V18 € AMHHLIET 00beMa PACTBOPA MOMYYHM CYMMHPOBAHHEM BCEX TOUEK NIPO-
CTPaHCTBa I', B KOTOPOI HAXOASTCA A0 CPEbL.

W=— j P(r)dE(r), (7.67)

(3aecn P(r) = pV.ap-  yaeiasiias nongpusaums eJUHHLEI 00beva). [ockos-
Ky s0orapim ko3(PpHHLHeHTa AKTHBHOCTH (110 OIIPEACACHHIO) NPEACTABAAET CO-
60ii pabory rnepeHoca BEUIECTBA M3 HACANLHOIO B PeaibHOE COCTOSHHE, TO
CHMTaAs YMCTbIH PAcTBOPHIC b HUCANbHBIM COCTOSHMEM Cpelibl, @ pacTBOp —
BO3MYLUCIHHBIM, 3AMHIICM TO B BHAC

0 _
limy S = L JP(r‘)rlE(r), (7.68)
L kgl kil
(zaech 1Y, i, P(r), E(r) COOTBETCTBEHHO, XUMHYECKUH MOTCHUHA pac-
TBOPEHHOTO BELLECTBA B DECKOHEYHO Pa3daBICHHOM pactBOpe (KOTOPbIA Npu-
HAT 38 WACANLIIOE COCTOAIME) H B PACTBOPE AAHHO{ KOHIENTPALMM, BEKTOD
MOJIAPHBALMHN PACTBOPHTEIIN 1 BEKTOD HANPAMKECHHOCTH MIEKTPHUCSCKOIO 11015
B PACCMATPHBACMOM CAHHHYHOIO 00beme V).
Hanpske HHOC Tb DA KTPHUECKOTO MO 3alHILEM B BH/1E OCHOBHOH Y€K TpO-
CTaTHueckoit teopemunt | 'aycea kak

divE = 47?(;)“‘06 4+ pcnm)_ (7()9)

]_JOCKO."H:K}" MAOTHOCTL CBABAHHOIO 3apaldd BLIPAMKACTCA KaK ,IHBEPreHUHSA
NOIAPH3ALHH, T. €.

divP = —dap™". (7.70)
TO Tenepsb (7.69) cacayer nepenucarb B BHAC
div E = 47 (p" — div P). (7.71)

B ¢roto onepeab
divP =divgE = 5divE + Ediv g, (7.72)
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N
3k L‘;T . .
TaeTeA NOCTOAHHON H IPHMEPHO paBHA ANMIICKTPHUECKON HPOHHLAEMOCTH H30-
TPOMHOTO AM3NEXTPHKA, [1a cavon jiee oWa 3aBHCHT OT O, O/IIAKO B KAUCCTBE
11€PBOrO IMPHOIMKEHHS Oy 1eM paceMaTpuBarh ee 1ocTosHHoM). B ciyuae 13o0-
tponnoit cpeint div 8 = 0 1 toraa (7.71) MoxHO NpeacTaBHTL B BHAE

&

(rac 3 =

£ — NoasApH3yeEMOCTb EAHHHYHOIO oObema cpeiabl — CHH-

; frr pperes i 2F
divE = 27 =12 2%

| 4dmd dr 7

(7.73)

(B (7.75) npaBas 4acTb BblpaxeHa B chepHUECKHUX KOOPHHATAX C LEH TPAlb-
HOMH CHMMETPHEH, T. €. HA1AT0 KOOPAHHAT PACNO.TOKEHO B TOYKE HCTOYHHUKA No-
S8, 7 — YHCAEHHOE 3HaY€HHE pajlHyca-BEKTOpa OT UCTOYHMKA Noas K mo0oH
TOUKE CPeAbl Ha Chepe BOKPYT HCTOUIIHKA).

B kauecTse HCTOMHHUKa NOJS CAYKHT JIHO0 HOM, eCliH MoKyl YIEKTPOJIHTa
AHMCCOUMMPOBalIa, THOO TOI0Ca AUMONS MOJEKYALI HETPOANCCOLHPOBAHHOH
CONH, T. €. MOodble NPOH3BOALHO PACMNpPEACNEHHBIC 3apaIsl ABJISIOTCA Cynepno-
suumredi nosell KyioHa rotueynsix 3apaiaos. Torga B nepsom HpHOMIDKEHHN ANg
3apsiaa ¢, CHMMETPHUIIO PacilOIOKEHHOIO B cheprUEcKoiil noaocTy, odpaso-
BaHHOH MOMEKyJaMH CpeIbl paanyca 7, 31a dYHeprua olpeseserca Gopmymnoi

2
@

W=- (7.74)

2

(UTo0b1 AB@XKALI HE YUMTLIBATH JHEPrUi0 B3aMMOAEHCTBHMS Ka)<AOW Napsl
3apaAoB B (7.74), B 3HaMEHaTe.Ib BBOANTCA MHOXKHTEIb 2). TTnoTHOCTL cBOGOA-
HOIO 3apsia BLIpasHM uepes pacnpetenenne Loabumana, no XoTopoMy UHCIOo
NOJAMKHTEALHBIX ¥ OTPHUATENLHBIX 3apsLiloB B CAHHHYHOM DJeMeHTe obbema
pacTBopa. rae NOTEHLHAN HMECT JHAUCHHE ¢ /7, ONPEACAACTCA KK

g [ (- - ()] - nemn (),
it 2rksT 2rkgT
(7

2
a -
rne e W — amexipuueckas pabora nro00ro eAnHHUHOIO 3apaild (CBO-
2rky
OOUHOrO HAK CBA3AHHOIO) B HPOH3BOIBHOH TOUKE 1TIPOCTPAHCTBA I
C yuerom (7.70) u (7.75) ypaBHeHHe (7.73) B c(pepHHECKHX KOOpAHHATAX
€ UEHTPA1bHOMH CHMMETPHEI 3aNHCHLIBACTCA B BHACS

(/_[ X 21y = 8t qh( L ) . (776)

dr P 1+4n3 2kpTr
2
Baeienm 0003HAUCHHE ——— = 2 W BBIPA3AM 7 H 11 'ICPes 1, curias, 1o
2rk nT
OJIHA YacTHUA PacTBOPEHHOIO BEUlECTBA 3aunvaer odbem - = (2r)°, Torua
(7.76) OyaeT BbIMISAAST] TAK:
dIs 2F

7 = maxshux. (7.77)
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; ] 2kl
3nech m = —C (—B
14+1x3

Je npowsBeaeHun asyx (pyuxunit £ = u(x)v(x). MogcraBus Noayuenoe sbi-

pakelte NpoH3BOAHON B ypasHene (7.77), nomyuum

2
- ) . Pewuerite ypasHenns (7.77) naxoauics B Bi-
=)

T W e (7.78)

dx dx €T
BuiGepem dyHkumwo v(2) Takoii, 4toobl
elu 200
. 2 =, (7.79)
dxr &
Paznesiss nepeMeHHble OTHOCHTE ThHO (YHKLNN 1(X) H WHTErpUpYs, HAXO-
JHM, UTO

wlo) = Chg®. (7.80)
i du
Noncrasnas HaligenHoe snavenve w(ir) B (7.78) # yunTbiBas, uTo —vd +
£
2
i = (), nony4NM ypaBHeHHe
o du
—C12° — = mzsh, (7.81)
dx
KOTOPOE TAKMKE [IPOCTO PELUACTCA PA3AC/IEHHEM MNEPEMEHHbIX:
i o
m T T -
u=——~(z+ ——+ +...) 4+ Cs. (7.82)
y 3.3 -%.8l

[ozacTapnss nojydyeHHsle Boipaxenus ans u(x) u v(z) B dopmyay (7.78),
NOJIYUHM OKOHYATEIBHO

AR a1, (7.83)
rne AE = F — C1Cox® = E — Ey (nocroannas By = €102
a 2k
HAMPSKEHHOCTL NOAA B GECKOHESUHO Pa30aBiISHHOM pacTBope), a = (( L ) )
Ar3
2p1 /302
rT="——n
2/-'1;[‘

2 [

8(z) = (z + ;" +—+...).
s IR LR I

Teneps. 3HAA BENUHHHY NONA KAK (PYHKUHIO KOHUCHTPALHY PacTBOPEHHOTO
BEILECTBA MOXHO PACCUHTAThL NOAAPH3ALMIO MONEKY PACTBOPHTENA B €1HHW-
HOM oObeme. Hcriouib3yem Uis 2T LW BbIPaKEeHHE 115 MOSIAPH3a LK MOJIEKYJ
PacTBOpHTEIIS

EB= Z N; <[),‘> = Z N,‘,(<p;op> + <pinl—|n>) =
-5M < p EEE Y (E)_\I) (7.84)

kpT
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3neck p? u «;(F) COOTBETCTBEHHO — AMMOIIbHBIA MOMEHT H TOAsApU3ye-
MOCTb €IMHHYHOH MONEKYIL. M €Cin OPUEHTALHOHHAS NOAAPIBALNS (Piop) =

CAE
= (pzo th pli,—) no MeEpe yBEAHUCTTHA HATIPAKECHHOCTH NOJIA CTPEMUTCA K Ha-

CHIWEHIO, 10 (P; ) = Q(F)AE MOKeT 10AbKO YBE I THBATbCSA. TTIOCKOMbRY
IIEKTPOHHAS MONAPU3YeMOCTL ¢ F) cama araseTcs (hy HKIe i mons (HanpuMep,
20151 DEH30:10 YBEJTHHEHHE XIEKTPOHHOH NOIAPH3YEMOCTH B 110.1¢ CBETOBOH BOJ-
Hbl B 001aCTH 1 IMHHOBOMHOBOH Y ronockl (~ 2 »B) coctasnsier 20 + 30 %),
TO 3TO yBeslHUEHHe UMeeT Nnapadoauueckitil Xapakrep.
[MoncTasnas (7.84) B hopmyny (7.68), nonyuns OKONHATE1LHOC Y PaBlICHHE
18 KOOYDPHUHEHTa AKTHBHOCTH COJTH!
aA[R2

liky = I ghT AR me 8 (7.85)
kgl 2kpT

KOTOPOE, M0CIE NMOACTAHOBKH Bhipaskeins ans AF sanuniem 8 Buje

1 /;(!)HI/O(]:) 4 aa?n?8?(z)

Iny =1Inch™
knT 2k T

(7.86)

(Ipwu uaTerpupoBanuu (7.68) npunsro, uto a(F) = a = const). B ypas-
HeHHH (7.86) 11epBbIH HWICH NPEACTABASCT OPHEHTALHOHHYIO NOISPH3ALHIO MO-
JICKYJ PACTBOPHTELA H TIPH MAJILIX KOHNCHTPAUNS ABJAACTCA NPEBATHPY IOHIHM;
MOBbILICHHE KOHUEHTPALLH PACTBOPI BbI3bIBACT GhICTPOC YBEIHYEHHE BTOPOTO
YJICHA (KBEILIPQTI"ILIHGFI 3ABHCHMOCTL NO HANPAKEHHOCTH NOJIA AF;) CBASAH-
HOTO € DIEKTPOHHON MOJIAPH3YEMOCTLIO (v PacTBOpHTEs; kpHsas v = ~(n)
3aMeAIseT CBOH TeMn W, HAKOHEL, NMPOXOAUT 4Yepe3 MUHUMYM. [TpousBoaHas
Jln N/On B TOUKE MHIHMYMA NO3BOAACT OUSHHTL HANPSKEHHOCTL nodas N £
B 10il 00aaCTH 1 I\OHLLeHTpduH}O YAICKTPONNTA (7 ). BbIOOP C1ENEHH TIPHOIH-

wenus 6(x) = (x .) ONpe/IeSIAET COMMACOBAHHOCTh € IKCIe-

PHMEHTOM ¥ = A,'(n).

Takum 00pa3omM. paccMaTpHBas COALBATALHOHHBIC HPPEKTH MEKILY KOM-
MOHEHTAMHM PACTBOPA HA OCHOBE MPOCTEHIIMX [ONAKPIZALMOHHBIN B3aUMOHEH-
CTEHIT, YAAETCS HCTIPOTHBOPEYHEO OGBACHITL 1€ TOALKO KOILEHTPAITHOHHY!O 3a-
BHCHMOCTE & = % (71), HO W [OSBACHHE MHHHMYMa KOYD(HLUHEH 1A AKTHBHOCTH.
JaHHbIH 1101X041 OTKPBIT A8 ANBHEHILEIO PA3BUTIS H YCOBCPLUEHCTBOBAHHA,
MOCKOIBLKY HE COTEPIKHT KAKHX-THOO HPEANOCHUIOK, CBA3AHHBIX ¢ MOACTbHLIMU
NPEACTABICIHAME O CTPOCHHH JKHAKOTO PACTBOPA.

7.6. PacTBOpBI, coepkammue cOJALBATHPOBAHALIC )JI¢KTPOHDI

DHU3HUECKHE U XHMHUCCKHE CBOITCTBA BCEro MHOMOOOPA3HOIO MHPA TAK HITH
MHaYe ONPEAE.IAIOTCH CBOHCTBAMHK WIEKTPOHORB, ABIISIOILHXCA HEOTHEMIIE MBIMK
SacTAMH aroMoB W Monekys. C MOMEHTa OTKPbITHS JEKIPOHA (DHIMKK pac-
CMaTpHBAIOT €I'0 KAK HE3ABHCHMYHO HACTHIYY, 00NaatolLyIO 3apsaiaoM, MAcCoi
¥ cnrHoM. JI71a XMMHKa e DOJee TTPUBBIUHO NPENCiaB.IcHHE 00 HMIEKTPOHE KaK
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COCTABHOM wacTH MOzleKya, OOYCNOBIWBAIOWEH XHMHUYCCKYIO CBA3b. M Kak
0 HaCTHLE, MTPHHHMAIONLEH Y4ACTHE B OKHCIUTE IHO-BOCCTAHOBHTEILHLIX peaK-
uuax. OAHAKO UCCAELOBAHHS NOCEAHUX JIBY X AECATUAETHI MOKA3alH, 1TO YlekK-
TPOH MOAHO PACCMATPUBATL 1 KaK HesaBHCHMbITT peareHT. Hanpimep, B npo-
crefiweil peakupn norusaupn sojgoposa H — HT + ¢=, kotopyto MoxHo
HHULIHUPOBATH C MTOMOLULIO HOHU3UPYIOLLETO N3TyYEHHA I BLICOKOH TeMMepa-
TYpPbl, NPOAYKTAMH PEaKUHH ABAAIOTCA COBEPLICHHO CAMOCTOS TEIIbHbLIC PEeareH-
Th, CIIOCOOHKIE B3aHMOACHCTBOBATL B PACTBOPE € MONEKYSIAMH PACTBOPHTES,

OCoOEHHOCTLIO XHMHUYECKHX peakiiHil ABISeTCA Nepesada MIEKTPOHA OT O1-
HOTO aroMa WIH MO:EKyJbl K Apyrim. [Tpouecc nepepadu 30€KTpoHa BOBCE
HEOOAZATEALHO PEATHIYETCA NEPEXOAOM CEOOUDHO 0 NEKTPOHA. DACKTPOI MO-
AKeT ObITb OTLUEIICH OT PEarelTa, eCjli B €ro HelloCpe ACTBEHHOM COCEACTBE Ha-
XOOUTCA 271CKTPOHHLI akuerrop. lpupoct cBOOOAHOM I1epTryy NP aKkuernTH-
POBAHHH JIICKTPOHA [OJIPKEH NPEBOCXOAHTb DHEPIHUI0, HEOOXOAMMYIO JUS €ro
OTLUEMACHHS OT MIEKTPOINIOro 1oHopa. OCBODMKIEHHE DASKTPOIIA MOXKIIO TaK-
HC OCYLLECTBUTL, COOOLAR JOHOPHOH CHCTEME H30BITOUHYHO 3JIEPTHI0 C NMOMO-
LLBIO TENIOBOro, (POTOXHMHUECKOTO UM 3IEKTPOCTATHUECKOrO BO3UCHCTBHA.
Takoii mpolece MPOHCXOAHT HE3ABHCHMO OT HAIHUHMA KaKHUX-HMOO aKkLEenTopos
ONEKTPOHOB. OTIMEIIEHHBIT D2AEKTPOH AUPQYHANPYET B Cpejle A0 ero 3axsaTa
B PEe3yUIbTaTe OHOTO W3 ABYX BO3MOAHLIX aKToB. OH MOKET NPHCOEAUHHTH-
CA K aIOMY WIH MOJICKYJE. KOTOPbIE O0NadaloT MOMOMKHTENbHBIM CPOLCTBOM
K 2iexTpony. B To e Bpems, ecii 2IeKTPOH NEPEMELLAETCS B KOHASHCHPO-
BAHHOH cpeae. COCTOALLEH M3 MOJIEKYIT € HYAEBbIM HIIH OTPHUATEABHBIM DJeK-
TPOHHbBIM CPOACTBOM. OH OKAHUMBACT CBOH NYTh B «10BYILKE», 00pa3oBaHHOH
€ro coOCTBEHHbIM NOMSIPHIALHOHHBIM 110J1eM. Takoil «3axBaueHHbIH» dIeKIPOH
YKe HE B COCTOAHHH CBOOOAHO NEpeMellarbes B BewecTne. M3 ¢soeit noten-
LHUANLHOM AMb1 YJIEKTPOH MOKET OCBOOOAUTHLCA TONLKO MPH YCIOBHH, €CH OH
IIPHOOpETET DHEPTHIO WIBHE MIK NepeilieT B COCENHION JI0BYLIKY. DIEeKTPOH,
3aXBAUEHHLIH B PACTBOPHTENE, OTAHMAETCA OT CBOOOAIOro )1EKTPOila MEHb-
Wweil [MOUBHMHOCTLIO W OOnbWel SloKain3agHei. Kpome Toro, 3axsaueHHsbit
JNEKTPOH XAPAKTEPH3IYETCA OTPHLATEALHOH CBOOOAHOH YHEPTHEiT 00pazoBatHs,
T.e. ABNAETCA TepMoanHamMueckn Ooace ctabnibHbIM. DTH CBOCTBa, HAro-
MUHAIOWIHE CBOACTBA OTPHLATEILIIOTO COALBATHPOBAHHOIO HONA, MO3BONAOT
paccMATPHBATL DJIEKIPOH Kak 0COOYI0 THAPATHPOBIHHYIO uacTHuy. B obiuem
CMBbICJIE 3JIEK1 p()HHI)lﬁ AKUCTHITOP TAKKE MONWKHO pacCMdlpHBATL KaK JIOBYLIKY, B
KOTOPOM 2IEKTPOH JIOKAIH30BAH rOpa3.lo CHIbHEE, YeM B JIOBY LIKE, 00pa3oBaH-
HOIl MOAEKyAaMH PACTBOPHTEAA. DACKTPOH. OKPYKCHHLIH OPHEITHPOBAHHLIMI
MONIEKY/laMH pacTBOPHTEA, ABAACTCA (1 ITO €ro Handonee CyLICCTBEHHAS B
XHMHUCCKOM OTHOWEHHK XAPAKTEPHCTHKA) HEOOLIUAIHO aKTHBHLIM YIEKTPOH-
HbIM 10HOPOM. Takoe 00pasoBaHHE. CYIECTBYIONIES B MHAKOCTAX. HA3LIBAETCA
COTLGAMUPOBUNIIBIM LTCKIMPOIIOM €5, €CilH e PACTBOpHTE IEM ABJISETCA BOAA,
TO 3TO CUOPAMUPOSAIIHIT WTCKITPOI €y

OTKpbITHE COJIBBATHPOBAHHbIX DIICKTPOHOB — OIHO H3 BWKHEHWHX A0CTH-
KEHWI XuMHH XX BEKQ, MMEIOILEe MHOTOUHCICHHbIC TIPUMEHEHHS B XHMHH
H 0CO0€EIIHO B HeKTPoXHMuK. Oanako 40 CUX mop B y4eOHOIH »1eKTpOXUMHYE-
CKOH JTHTEpPATY PE HITH COBCEM HE yNOMHHAETCA O CBOHCTBAX COJIbBATHPOBAHHOMO
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DAEKTPOHA, UITH YIIOMHHAETCA CIIULIKOM (pparMeHTapHo. Memkay TeM COs1bBaTH-
POBAHHBIE HIEKTPOHBI, HAPAY ¢ HoHaml HT 1 OH ™, ABAIOTCSH OCHOBHBIMH K-
THBHBIMHK YaCTHLIAMH B BO/HbIX pactBopax. [ToCKoMbKy B HACTOALLEE BPEMA YiKE
uMeeTes paa ¢y HAaMEeHTAIbIBIX 0030POB, MOCBALLEHHBLIX COSIbBATHPOBAHHOMY
DIEKTPOHY. B AAHHOM pasieae OyiyT paccMOTPEHbl JIMLb HEKOTOPhIE CBOCTBA
3THX YaCTHLL
Coolicmea Coab8@MUPOSANHO20 )AeKmpona. [MAPaTHPOBAHHBIA >iek-
TPOH — OUHMH W3 YACHOB MHOTOUHCAEHHOTO CEMEHCTBA CONbBATHPOBAHHLIN
/1EKTPOHOB — BMEPBLIC Obil 0OOHAPYIKEH B aMMuake 0onee CTOACTHS Hasal.
[Tpu pacTBOpEHHH LIEAOYHBIX METANIIOB B AMMHAKE HE 00PA3yeTCs, Kak BHAYAIE
ORHAAITOCH, METAOAMMHAHBIX COOeH. @ B KOHUEHTPHPOBAHHLIX PacTBOPax
M — NIl BajIeHTHLIH YJNEKTPOH HAXOANTCS B CBOOOAIIOM COCTOANIM; B pas3daB-
NEHHbIX JKE PACTBOPAX OH CBA3LIBAETCA ¢ MOJEKYJIAMH PACTBOPHIELIA, KOTOPbIE
€ro OKpYIKaloT. BnioTh 10 HACTOAWETO BPEMEIH TEOPHS METALIOaMMHAUHbIX
pacTBOPOB OCHOBLIBAETCA Ha DTHX MpeacTaBneHusx. Buocneacrsnn rakue as-
NIeHUA HAa01I0AANHCHL TAKAE NPH PaCTBOPEHHH LLEI0UHO3EMEILHBIX H PEjIKO3e-
MEJIbHBIX METAILIOB B aMHHAX, aMHAaX, crnuprax i hdupax. OaHusM 13 Haubo-
fee YAUBHTEABHBIX CBOHCTB pacTBOpoB M — NH:; apnseres nx pacciioenne ripH
ofpeacaeHHbIX yenosusx. Tak, Hampumep, pacrsop Na—NH3; ¢ koHUeHTpauui
~ 4% npu TeMmneparype HHKe
= 230 K pacrapaeTes Ha ABe HecCMme-
24 lIMBatowHecs kuakue Qassl. Paza
gﬂ@ ¢ GOMbLINM CONMEPKAHHEM MeTaa,
104 Oyayuu 0oJjiee Jerkof, ucnm;mao'r Ha-
BEPX H paciioharaercs Hai 0ouee 1-
3/ x" KEN0H ManoOKOHIICHTPHPOBAHHOH (a-
e f 30il. DBepxHss (asza. nposoasias
~Z VIEKTPHHECKUH TOK, HmeeT OpoH3o-
; BY10 OKPACKY, HHXHAS, HEMpoBOAALias
L ¢asa, UCPHHABLIIO-CHHUA  LIBET.
] Bponsosas (asa ripn  yBEJIHUESHHH
4107  KOHUEHTPaLMH PacTBOPEHHOIO METa-
oLk J1a HCMBITBIBAET PE3KHMH IKCITOHEH M-
albHbIi  pOCT HIEKTPONPOBOAHOCTH,
ABNAOUMACA CIICUCTBHEM YBENH4e-
' 10" Hus CrencHn HOHM3ALMK MeTaLIA Ha
L : 't 10 KATHOH W CBOOOAMBIH  HAEKTPOH.
I\0111191(1;75}11115| l-‘.ﬂ.lg/lllllh[,\ W3 puc. 7.8 BUAHO, YTO KpHBbIE Ha-
VICKTponoBs, % ; ol o =
CTOJILKO CXOXKH MEW 1y Codoi, To
Puc. 7.8. llpono:mocts pacrsopon Ca— NpHXOANTCA H300paMkaTh HX B pasiiny-
NIl Li=NHa # K=NI12 npn 223 K HbIX MacwiTabax. FiaMHCTBEHHOE pas-
JIHMHE 3aKI044€1¢H B DoJlee ¢IadoM
KOHLEHITPALHOITIOH 3aBHCHMOCTH A [ABYXBAJCHTHLIX METAnNN0B. AlanuTitue-
CKH 2TH 3ABHCHMOCTH MOMKHO TMPEACTABATL TPUO.IHKEHHbIM YPABHEHHEM

ey

=
-
g,
T
v
1
=)

10'F

Mposodmocts, O '-en !

P

1,0

e n®, (7.87)



7.0. Pucmcopii, codepicaugue coinGuamuposaiiiiniC 21eknyoHot 171

¢ 7 — NJIOTHOCTH BAJIEHTHBIX D.1CKTPOHOB., TTpH BBICOKUX [LIOTHOCTAX
IIEKTPOIIPOBOAHOCTL METAILTOAMMHAUHBIX PACTBOPOB HHOIA NPCROCXOANT
AUIEKTPOIIPOBOAHOCTL METANIHYECKOH KHAKOH pTyTH. OOLACHEHHEM TaKoro
CROICTBA COTLBATHPORAHHBIX DMICKTPOHOB ARIACTCA NOHHACHHE d(PPEKTHBHOH
IHECPIHH HOHM3ALMH METAN 1 € YBEITHHCHHEM NAOTHOCTH PACTBOPA H, KAK C¢1-
CTRHE, YREIUUCHHE KOHUCHTPALHH «CBOOOHBIX) DACKTPOHOB 12, [ [pK nocTost-
HOH NOABMAKHOCTH IMCKTPOHOR fi, YBETHUEHHE 72, BJICYET 3@ CODOM y BelHeHHE
YIETLHON 2ICKTPONPOROHOCTH

x = cn e (7.88)

[MockoneKy 1HOparupoBaHHblil MEKIPOH — HpoCTeiinil nupumep c.1adbo
CBABAHHOTO DICKTPOHHOTO J01I0Pd, TO ¢ro MOKIIO CUMTATh MOACIBHBLIM PC-
AreHTOM [10 OTHOUICHHIO K MHOTOUHCICHHBIM TEPMHUCCKHM H (oTOXHMUME-
CKUM OKHCIHTEILHO-BOCCTAHOBHTETLHBIM NponeccaM. AHATH3I PeaKLMOHHOH
CnocobHOCTU ¢, O3BOAACT Onarogaps NPOCTOTE ITOrO CYLUECTBYIOLIErO
B BO/IHBIX CHCTEMAX XIEKTPOHHOIO A0OHOPA NOIYHATL BANKHYIO HH(OPMAIIMIO
HE TOJILKO O HIPHPOJIE LIPOUECCOR [IEPEIAH UIEKTPOHA, HO TaKIKe O IPHPO,IE
CaMHX aKUENTOPOB.

[[OCKOALKY €, UMCET MAJIOE BPEMS KIZHH M DRICTPO PEarHpyeT co ¢1¢/10-
BLIMH KOJTHUECTBAMH HEKOTOPLIX MPHMECEH, TO CICIY ST OKHAA b, HTO PEAKLIHH
€ €ro yuacTHeM Jerko nojfaKyrcs HabHoAEHHID TOUBKO NPH YCI0RUY, €CITH OHU
NPOHCXOIAT € IOCTATOMHO RhICOKHMH CKOPOCTAMH KOHCTAHThI CKOPOCTH
peakumnii Broporo 1opgaaka 10.5kHel Hpesbiwars 101 soae™' - ¢! TMpakrn-
YECKM BCE PCAKIMH C FHAPATHPORAHHBIMI WICKTPOIAMH ABAAIOTCH DK30TEP-
MHUECKHMH.

EcTecTBEHHO. MEKAY BEPOATHOCTIAMH EPEHOCA YICKTPOHA H Y ICKIPOHHBIM
CPOACTBOM aKLEMTOPA AV KHA CY LICCTBORATh ONPEICACHHIA CRsI3h. OUIAKO TOT
(PAKT. UTO CKOPOCTH PEAKLLIHIT ¢, CO MHOTUMH OOLLEN3BECTHBIMH OKHCHHTEIAMM
JUMUTHDPYIOTC AUP(y3Heil. He BbI3hIRAET coMueHus. MHOrHe H3 nposyKToBR
TAKHN PEAKUMH LIPEACTABIAKYT COOOH KOPOTKOAHBYLLHE 1POMEKY I0HHBIE CO-
€AHHCHUA, TCPMOJIMHAMHUYCCKHE CBOHCTBA KOTOPBIX MOITOMY MOTYT ObITh YCTa-
HORICHbL! JHLUbL NYTEM 33KTIOHEHHH NO AHATOrHH HIH C MOMOIILIO ROCBEHHBIX
MeT00B. Takum 00paszom, ¢, LpeAcTaBiIueT COBOI 1HE TONBKO PEAreHT, YUACTBY-
FOUIMI B MIPOUECCAN MEPEHOCA MIEKTPOHA, HO TAKKE 1 IEHHLII HHCTPYMEHT HC-
CNENOBAHMSL, CYAALUMA 17151 YCTAHOBACHHS TEPMOIMHAMUYECKHX CBOHCTB Kak
W3BECTHRIX, TAK M BHORb MNOJIYHAEMBIX XHMUUCCKHX COETHHEH M.

Hawe obcyxnenne poan ¢,, B XUMUU ObiNO Obl HEMOAHBLIM O€3 yrIOMUHA-
HHMS O €10 3HAYCHHH B OCYLIECTBIICHHH PadiniHbIX CHHTE30B. [HaparupoBan-
HbIE DIEKTPOHBI 00PAIYIOT GOLINOE YHCAO AKTHRHbIX MPOMEKYTONHLIX BOCCTA-
HOBJEHHBIX NPOAYKTOB, IPHUEM HEKOTOPbIE M3 HHUX ObIIW MOAYUEHbI BIIEPBbIE.
K Huam oTHOCsTCA Heoprautueckue nonn: Co™, Nit, Mnt, NO3, BrOy, 15,
a TaKKe TaAKMe OpraHMueckHe uactuub, kak PhCOO?~, PhNO,,
CioHy . (CH3)2CO™ 1 ap. Bee 911 BewecTBa ABAAOTCA KOPOTKOKHBY LIH-
MU, TaK Kak rociae odpazoRatis OHU OhICTPO PEKOMOHMHUPYIOT HAM jlHC-
NpOnoOPLUHOHUPYIOT.
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B HacTosuee BpeMs pa3padoTaHo 00.16W0€ KOJIHUYECTBO METOOB 101y HEHHS
COTHBATHPORAHHKIX LTEKTPOHOB: K HHM MOKHO OTHECTH PEAKLIHH ANEKTPOX HMH-
4ECKOI'0 BOCCTAHOBIIEHUS, (POTO- W DAECKTPOXHMHUECKYIO DMUCCHIO, PaSHOIH3,
thotonus 1 ap. OAHUM 13 nandonee YA00HKIX CNOCOOO0B reHePHPORAHHA MIEKTPO-
HOB SABASICTCA IMUCCHS TIPH KATOAHON NONAPHIALHH METAIUIOB, NOIPYIKEHHbIX B
pacTBop dTexkTponnTa. [Tockoabky padoTa BbIx0Ad 2TEKTPOHA U3 METaala NpH
€ro MOrpyKEHHH B CPeay MOHHIKAETCS, TO BEPOSITHOCTD IMHCCHH DIEKTPOHOB
CHIIBHO YBEIHUHURACTCS. [TpUaoiKene OTPHIATEILHOTO NOTEHIHANA K KaTo1y
OT BHEILHETO HCTOMHHKA TOKa ele Doaee yBEINIMBAET ITY BEPOATHOCTL, TaKk
YTO KOHUEHTPALUHS JICKIPOHOB, TTOKHHYBLIHX THOBEPXHOCTL METANLIA, MOKET
ObITh IOBOJILHO 3HAYUTEALHOI.

[MepBofi craaueil npouecca HMHUCCHN ABIAETCS IEPEXOA NIEKTPOHA 3a 1pe-
A€Tbl ABOMHOMO 3MEKTPHYIECKOrO €108, B KOTOPOM PEaTH3yeTcsi HaubonbLUHi
cKauok HoreHuna.1a. ITo Beeit BEPOsTHOCTH. B YTOM €/10€ 2IEKTPOH BCE ELLE LIPH-
HA/ITERHT METALTY W ABIACTCA Kak Obl «CyXum». Briiias 3a npeanenst aBoiHoro
CJI081, DICGKTPOH YKE He HAXOAKTCH B MOILHOM 3CKTPHYECKOM T10.1€ TTOBEPXHO-
cTH MeTalia. 1 3a spems nopsaka 10712 = 10717 ¢ npespawaerces 8 rennosoii
nekTpor ¢ dueprueit ~ kgT'. Tlpouecc repmanu3aunn NPOMCXOJMT Ha A0-
BOJILHO 3HAUMIEC/BHLIX PACCTOSHHIX 01 MOBEPXHOCTH METa:1.1a, JOCTHI AKX

o
10+ 50 A, Cneayrouleii craaueii ABAASTCS MPOTECC COMbBATALIMA, ODBITHO MPO-
noamarouiics 8 revenne &2 107" ¢ (s BOALI, HALPHMEP, Y10 BPEMA PABHO
< 2107 ¢, a s meranona ~ 107" ¢). Ha puc. 7.9 m3obpaxena yciosHas
CXEMA DMHUCCHH HMIEKTPOHA 3 METANTA-IMUTTEPA.

[TpH DMHCCHH DACKIPOHA M3 METAILIAa B PACTBOP, B OTIHUHE OT BAKYYMa.
BC/IE/ICTRME HANHUNA JIBOHHOTO JEKTPHUSCKOrO CHOS HA TPAHHLUE MeTamn—
PAcTBOP KOHUCHTPALIMS INHITHPOBAHHLIX JNEKTPOHOB 3ABHCHT OT NPHIOKEH-
HOTO M3BHE MOTeHLMaNa. B BakyyMe WIMEHEHHE NMOTCHUHANA MEKILY KATOMOM
(OMHTTEPOM) U AHOAOM IHHEHHO HA BCEM 1IPOCTPAHCTBE 1IPOMEIKY TKa, BCIel-
CTBHE 4YETO })2160']'8 BBIXOMA WICKTPOIA [PAKTHUECKW HE 3aBHCHI OT BEIHYH-
Hhl MPHIDKCHHOTO HANPSAKCHHA H ONPEaeIfeTea NUlllh NPHPOAOH MeTattia-
aMUTTEPA. [IpK KOHTAKTE MCTA:NA C BICKTPOIHTOM CKAUOK MOTCHUNANA Peant-
3YETCH B CJ10C TONUIMHOK B HECKONLKO AHICTPEM, HaNpsKEHHOCTs nons E B
TAKOM MPOMEKYTKE JOCTHIACT AECATKOB H COTEH MULIHOHOR B/cM (puc. 7.10).

[TOITOMY HANOAKEHHE BHEITHETO NOITA MOKET CHALHO WIMEHHTL BETHUUHY F.
Kak cieacrBue 3Toro M3MEHNATCA W MOTOK 3MICCHHM 21eKTPoHOB. B oTanuke ot
BAKYYMa KOHEUHLIM COCTOAHHEM DIEKTPOHA SIBISIETCA HOBAA YacTHLA — COMb-
BATHPORAHHbIEH YISKTPOH.

Bpemst iKH3HH 2AEKTPOHA B COALBATHPOBAHHOM COCTOAHIM MOWKET ObITH 10-
crarouno fonrum — ot 107 o Heckoaskux cexyna. Hanpuwep, 8 Bosie Bpems
KH3HH THAPATHPOBAHHOIO MIeKTpOHa cocTasanet 107" ¢, a B rexcavernigoc-
(hopTpHAMHIE OHO PACTATMBAETCA 10 HECKONLKUX cekyHA. [Ipu Hanuumu B pac-
TBOPE AKLEITTOPOB MIEKIPOHOB MOXKET IPOHCXOAUTH 3AXBAT LIEKTPOHOB ITUMH
AKUEMTOPAMH MK PEAKLIMA XHMHUECKOTO B3aHMO/ICHCTBHA C MOJICKYIaMH pac-
TROPHTESIA ¢ 0DPA30BAHIEM HOBOTO XMMHUECKOTO COEIMHEHHS, HHOTAA ¢ OUCHb
HCOOBIY HbIMH CBOHCTBAMMU.
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Mevras PacTsop Merasn Pacisop
Puc. 7.9. Crajsu dMHCCHU YIeKTPOHa U3 Puc. 7.10. CxevatHuceceRoe H300paske-
MCTA/LIA B PACTBOP HHE TTOTCHLUHA. [LHOT O dapLepa ta 1patiu-

LIC MUTALT— paci BOp

DNEKTPOHBI B PAsHYHON CTENERH NPETEPTIERAIOT COMBLRATAIIO BO BCEX KUAKO-
CraX. B HEHONAPHBIX KHAKOCTAX WIEKTPOHHO-MOJIEKYIAPHLIE B3AHMOACHCTBHS
JOCTATOUHO ciradble. biuskoaeldcTsy oume CHJIBI OTTAJIKHRAH NS
MEXY KBAZHCBOOOIHBIM DACKTPOHOM M CBSI3AHHLIMH MIEKTPOHAMH MOSIEKY:I
PACTBOPUTEISI YACTHUHO KOMIEHCHPYIOTCA AAThHOACHCTBYIOWMMH NOISPHIA-
LHOHHBIMH CHIAMH.

B nonApHoit KHAKOCTH HAPRDY C ITUMU B3AMMOEHCTRHAMH CYIIECTBYIOT

3HAUNTENLHO MPEBOCXOAALINE UN ONM3KO-
AefiCIBYIOIIHE CHIIBI OTTANKHBAHHA MeK- 2,07 & 10T M ' om
Ay IEKTPOHOM W CPEAOH, KOTOPLIE OpU-
CHTHPYIOT MOIIEKYbl PACTBOPHTENS BOKPY T
IMEKTPOHA U TEM CAMBIM BbI3LIBAIOT 00pa- 13T
30BAHHE «TMOJOCTHY.

DIEKTPOH, HANOAAILMIICR B rakoi ame.
HMEET JIHCKPETHBIE DHEPICTHUECKHE YPOB-
HM 1 XAPAKTEPH3VETCS ONMPEACIEHHRIM KO-
POTKOMKHMBY LLIHM  HHTEHCHBHBLIM  CIEKTPOM
NOMIOIEHHA. T8 BOIHOTO pacTBopa Mak- 0.57
CHMYM TONOCHI NMOTNOWCHUSA THAPATHPOBAH-
HOTo dnekTpoHa npu 25° C naxoames npy
ATHHC BOAHLI 720 Hy (1,73 HB) (puc. 7.11). 200 4(')0 (»(I)(’i 8;)0 N
CriekTp ruApaTHPOBAHHOTO YIEKTPOHA HE
3ABHCHT OT CHOCO0A IEHEPALHH LIEKIPOHA,  Puc.  7.11.  Crekipui  norionie-
Tak Ke, Kak hopma CneKTpanbIoi T0JI0Chl  Hus Cg. TOIYUEHHLIC PA3IIHYHLIMU
He 2aBHeHT oT pH pactsopa. crnocodari

Hpusepro Taxoil e BUI UMEIOT Criek-

Tpbl CONBBATHPOBAHHOTO YIEKTPOHA B APYTUX pacrsoputensix (tadn. 7.6).

M
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Tadnuua76

Pacreopnre.tn, Xuvuecxas Gopyy.ia Atnase - 1M
Meration CIH;OH 620
Drasol C2HzOH 730
H-11ponanoa C3H7OH 308
H-byTanon CaHaOIT 680
Lnkitorekcanon CsHi: OH 750
DTUICHIL VKON HOCII.Cl1.0OH 580
[aviepun CH2OHCHOHCH2OH 350
DrTUAeHAHAMHH HaNCH2CH2NHo 1350
Jlanienadopyasin HCON(Cl13)2 1680

Jve rsacy. inporeu [ (CH3)2S80 > 1600

[pu yBenuuenuH TeMneparypsl CNeKrp NOMOLEHHA KaK uesioe 0e3 uzme-
HEHHA MHTEHCHBHOCTH CABHIAETCA B CTOPOHY MEHbLIUMX DHEPIHMH C TeMI1oM
d(hv)/dT = —2,9- 1073 sB/rpaa.

[ToBbILICHHE NABICHIRA CMEILAET Ajyx B KOPOTKOBOIIHOBY'HO oOnacts. Hrept-
HbIC CONH TAKKES CMELIAIOT CNEKTP B CTOPOHY KOPOTKHX BOMH. Tak, HanmphMep.
npu BBeseHuH B Boay LiCl ¢ kouueHTpanmeil 15 M cnekrp ¢aBuraercs B cropo-
Hy KOpOTKHX Boan ¢ 720 um 10 580 um. [fpu y1om thopma NmoaoCk! MOrOIUEHHS!
OCTACTCHA HEH3IMEHHOI, a KOYPPHUHEHT IKCTHHKIUHHK JIHLE HEMHOIO MCHbILE
TAKOBOTO B YHCTOH BOae. B Tada. 7.7 cBe/leHLI HEKOTOPhIE JAHHbIE [0 CMEllIe-
HUAKO MAKCHMYMa [10J10ChI HOIZIOWEHHSA IHAPATHPOBAIIHOTO MIEKTPOHA B BOAHbIX

A i
pacTBopax. DTO CMELUEHHE B CPEIHEM COCTABAALCT l'—' ~ 0,03 3B.
nag

Tadawnua7.7

Beweerso MeCl., Kl Kl NaOH KOH LiCl
¢, MOMK/A 4.6 7,0 12,2 15,0 15,0 15,0

Amax 1.907 1,907 2,049 1.97 1.873 2.101
dA/dna 0,015 0,034 0,040 0,020 0,014 0,025

B uccneaosatingx mo hoTOOMUCCHI 3AEKTPOHOB B Pa30aBlIeHHBIX PacTBO-
pax MIEKTPOINTOB ObLIH M10.1yUeHbl NIPUMEPHO TAKHE IKE 3HAUSHHA UIMEHEHHA
PadOTh! BbINOA MIEKIPOHA M3 pryTH. B radu. 7.8 npuseacHbl 3Hauenus pado-
TBI BBINOJA EKTPOHA W3 PTYTH (MPH DIeKTpoarom rnorennnane E = —1.5 B)
B BOAHLIX pacTeopax KOH pasinuioli koHueHTpauHm.
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Tabauua7g
€. MOIL/N 1,00 0.10 0.03 0.01 0.003
H.oB 3.29 3.34 3,36 3.37 3.42

[To naHHbIM TadAMUL! (C YUETOM Pazdpoca IKCHEPHMEHTANILHBIX 3HAUEHHIT)
OW/0In e, & hpl'/e = 0,025 B. Ouetib 0Ka3aT€/ILHBIMH SBISIOTCH KC-
NCPHMEHTAIIBHBIC J1aHHBIE MO HCCACT0BAHHIO BOIBTAMIIEPHBLIX 3ABHCHMOCTEH
LIPOLIECCOB BBLACICHHS BOAOPOIA H3 KHCABIX BOAHBIX PACTBOPOB.

HecAaTHkparHoe yBeIHUeHHe KOHUEHTPAUMH HHEPTHBIX COJleH HEIaBHCHMO
OT UX MPHPOIBI BLIZBIBACT IIPH OJIHOH M TOH XK€ MIOTHOCTH MOJAPU3YIOILIETO TOKA
CMElIEHNE NEPEHaTPAAEHHS BblAENEHHA Bojlopoaa ta 39 mB. Ta puc. 7.12 no-
Ka3aHa TaKas 3aBHCUMOCTb [1pH aodaskax B pacisop co:d KC| pasnofi koHuer-
Tpaunu. Taxkod ke XapakTep KPUBLIX HAOMIOMANCA B PacTBOPAX, COASPHKALIMX
nodapku codeit BaCly. LaCly. KqPOy W te 1041bKO Ha PTYTH, HO U HA APYIHX
aekrposax, OuesuaHo, JaHHOE sBie-
HHE CBA3AHO C MOHINKCHUEM YPOBHSA
TPOBOINMOCTH DNIEKTPOHOB B PACTBO- 0.1V
pE. YTO H BbLI3bIBACT MOHHKEHHE fie- VA

peHANPSKEHHA BbLACIEHHS BOAOPOAA. 0.01M
IuapatTHpoBaHHbIH AMEKTPOH HMe- FEy
er 3apsi, paBHelit —1. Taxoil BhIBOA *
#

log i, A/cm?

ObI71 NOAYUEH HA OCHOBE HMITYIbC- LOM
HOTO pajloNu3a MpH HCCAEI0BAHHU e
PeAKUHH €,y € PA3IMUHBIMH HOHAMH

B 3aBHCUMOCTH OT HOHHOI CHIbI pac- =5
TBOPA. \

Mg Ha3sBaHHBIX peakudid  3axo-
HOMEPHOCTH, BBITEKAIOLLIHE M3 ypas- Hi
HeHus bpencrena beeppyma  (cBa- \
3LIBANOLIEIO  KOHCTAHTY — CKOPOCTH
peaxuun ¢ KBAJAPATHBIM KOPHEM H3 ¢ \
HOHHOH CH.bl paCTBOPA), BLITONHAOT- o
CSl NPARKTHYCCKH 0€3 OTKIOHEHH. K- \@ \
BHBAICHTHAA [POBOAUMOCTDL € g A = © & -

=198, 00OM 'cM*, HOIBUKHOCTD jt = B.01M
=(1,98£0,10) - 10~% em®>B~'¢c~!. L2 -1L0 —0.8 % B
O06e 3Th BeNWI ULl OAH3KH K ITO/BIIK-
HOCTH M DKBUBAJICHTHOH iICKTPO-
npoBoAHOCTH Hosa OH™ M nasHoro
BbILUE TAKMX KE XapAKICPUCTHK, Ha-
TIPHMEP, TATOTCHH/1-HOHOB.
[ToCKOIBKY IKBHBANCHTHAS MIEKTPOIPOBOAHOCTE €,y 3AMETHO [IPEBLIILIA-
€T 3KBHBATEHTHbIE MICKTPONPOBOHOCTH OCTANLHALIX HONOB (32 HCKIIOYEHUEM
H;0% n OH7), ciedyer iipeanonarats, uto mexannsm aupoysun ¢, 1acke

(]

as

Puc. 7.12. Bauguue godasor KCl na ove-
LWICHMC NOTCHIALIA NCPCHANPSKCINS Bbl-
JC.ICHUA B(),J,()p(),;[‘d Ha })l}"ll’{
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OTJIM4AETCA OT Mexauu3Ma Audhy3Hu apyrux HoHos. B To ke Bpems mexa-
Him TpoTryca (dcTadeTHilil nepenoc), KoTopslil oObacHseT rnoseterne HsOF
u OH™. ans ¢, HenpUMEeHHM. MOKHO TPEIIOAGKHTL, UTO EKTPOH Nepe-
MEIAeTCa B PACTBOPE MyTEM OUEHb OLICTPBLIX MEPEXOIOB 13 OAHOH [10BY IUKH
B APYryto.

CyiuectByeT ABa OOLACHEHHS MEXAHH3MA MEPEHOCA WIEKTPOHA OT 3aHHMA-
€MOI'0 UM MECTa B PACTBOPHTENE Ha opOHTAlbL PaCTBOPCHHOTO BelllecTsa. Tlep-
BblH —— KJACCHUECKUH MEXAHM3M — [PELIONArAeT IEPEKPLIBAHHE MEKTPOHHBIX
opOHTaNel MOIEKYNhl PACTBOPEHHOTO BEIUECTBA C OPOMTAIAMHU €,y W MOCIE-
AYIOULMH ObICTPHRIH NEPeHOC AIeKTPOoHA. BTOpoii MeXaHHIM — HEKIACCHUECKOe
TY HHEJAHPOBAHHE X ICKTPOHA MEPEs NOTEHUHANbHBL dapbep. pasie: IOWH 111+
PATHPOBAHHOE COCTOAHHE MIEKTPOHA W COCTOAHHE IEKTPOHA. BHEAPEHHOTO
B MOJIEKYNY AKUENTOPd. DTOT MEXAHHIM BRAIOUAET B cedA MIEKTPOHHYIO NO-
NAPU3ALHIO MOJIEKYN bl aKLEMNTOPA, MPOUCXOIALLY IO OAHOBPEMEHHO € 1EKTPOH-
HBIM LIEPEHOCOM M HE TPedyeT BHY TPUMOEKYIIAPHOTO [IEPEMELLIEHHS aTOMOB 10
MOMENTA DTIEKTPOHHOTO Neperoca.

HesepoaTio 80abL1I0H 115 TaKoH rpoMaiHON YacTHUBI, Kak ripaTHPOBaK-
HblH 251€KTPOH, KOXPQHLHeNT AU ]y 3HH HABOIXT HA MbIC i, 1TO AHDDY3Hs €4q
MPOUCXOAMT MYTEM TYHHENHPOBANKA HA 3HAUHUTE LHBIC PACCTOANHA W3 OLHON
MONTOCTH B APYTYH 0e3 00pazoBaHMs HEPEXOANOTO COCTOsIHHS. Taroli MexaHHu3M
HAXOLHT [OATBEPKICHHE LIPH KOIHIECTBEHHOM aHaIH3e DONbLUIOID HCAA U (-
(y3HOHHO AUMUTHPYEMbIX peakunil, [Tpu H>TOM NepBHUHbLE NPOALY KTbl PEAKLHEH
00A3aATEbHO HAXOMNTCS B BO3OYAICHHOM COCTOAHUM. TONBKO JHWb TYHHENb-
HLIM MCXAHH3MOM MIEKTPOHHOTO NEPEHOCA MOKHO 000OCHOBATHL PABEHCTBO KOH-
CTAHT CKOPOCTEN peakumii apOMATHUYECKHX COCAHHEHHH B BOAC H B METaHOIIE.

Ecaim Ob1 3TH peakiidi npoTeKant Mo KAACCHYECTKOMY MEXAHH3MY. TO Pa3fiu-
YHE B DHEPTHH COILBATALMH PEArCHTOR M MPOIAYKTOB B KKAOH M3 HTHX Cpefl
110TpedoBaNo Obl pa3HOH YFHEPIriKl AKTHBALHH, H. KAK CIEACTBHE, A0TKHO ObINO
Okl NPHBECTH K PA3HHLUE B KOHCTAHTAX CKOPOCTH PEAKIIUH.

Pannyc coabBaTHPOBAHHOTO HMEKTPOHA 3ABHCHT OT NPHPO,Lhl PACTBOPHTENS
1 OueHHBAETCA a5 BoAbl BeaH uHON 2,5 = 3.0 - 107" cm. Mexoas w3 oTHx
TAHHBIX, MOKHO TIPHHATS, UTO €, ABIACTCsH «DONbLUIHM HOHOMY.

Hcene10BaHHe KOHCTAHTRI PABHOBECHS peakiUiy

€aq + HyO = H + OH™ (7.89)

NANI0 BOBMOKHOCTH Y CTAHOBHTE TEPMOIHHAMHUECKUE CBOHCTBA THAPATHPOBAH-
Hoto meKTpora. Koncranra pasHosecus »Toil peakunn K, = 7 - 1077 coor-
BETCTBYCT CTAHAAPTHOMY NMOTCHUMANY THAPATHPOBAHHOTO YTekTpoHa (E = —
—2,87 B). On Ha (), 67 B orpuuaresbuee CranaapTHoIo noreHuraa aroma H
W SIBIIAETCA DOAEE MOUIHBIM BOCCTAHOBHTEIIEM, YeM NOCIIE/AHHIA.

Peaxgnonnas cnocodnocmo e,4. H3BECTHO 00MBIIOE YHCIIO PeakUHH
C YHACTHEM IHPATHPOBAHHOTO Y ICKIPONA. ITH PEAKLHH MOJKHO HO/IPA31e. 1MTh
HA TPH TPYNMbl @) HPHCOCAHHENHE ¢,y K HOHAM (1IPOCTOE BOCCTANOBIEHHE);
0) npHcoeaHHere Cug K HEHTPANLHEIM MONEKYNAaM H B) AMCCOUHATHBHOE MIPH-
COCAHHEHWUE €y
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MeTonaMu HMITY.1bCHOTO PafiHOIIM3A K HACTOAILEMY BPEMEHH HACHTU(HLIN-
pPOBaHbI CaMBIE PA3IHOOOPA3ZHBIE TIPO/Y KThl ITHX PEAKIMIl, 0 TEM camMbIM A0Ka-
3AQHO, 'ITO COJIbBATHPOBAHHBIA DIEKTPOH SBIACTCI PABHOIPABHLIM yUACTHHKOM
MHOTHX NHMHYECKHX MPOLECCOB.

llpeanonaraercs. YTo BCE PEaKiii ¢ YUaCTHEM THAPATHPORAHHOTO Dilek-
TPOHA B JKHAKOH BOAE HMEIOT OLHY H TY K€ DHEPIrHlO AKIHBALHH. PABHYIO NPU-
MEPHO 3 + 4 KKaa/Moslb. Tak Kak MaNoBEPOATHO, UTOObl Takas [OCTOSAHHAA
IHEPTUA aKTHRALMM OhiNa CAENCTBUEM OAMHAKORKIX YHEPTETHUECKHX XapaKTe-
PHCTHK HPOMEKYTOUHBIX COCTOAHUI MLt PA%IHYHLIX BELWECTB, TO OUEBUIHO,
YTO HHBAPHAHTHOCThL IHEPTHH AKTHBAILMH COOTBCTCTBYCT YHCPreTHUECKUAM re-
pexonaM, HPHCY LILHM CaMOMY CO.IbBATHPOBAHHOMY LICKTPOHY. Bo3MoxHO, ia
PEAKUM YICKTPOH AONKEH CTaTh QONEe JOKATH3IORAHHBIM, UEM B OCHOBHOM
coCTOstHHU. Jlokannraums. Tpedyroiast SHEPruy akTUBAIMH, POHCXOAUT € 00-
pa3zoBAHMEM MOAXOAALIEH «ILIPDKM) B pacTBOpUTENE. AITKTEPHATUBONH MOKET
ObITb CJIEIYIOLIEE LIPEUIONOARECHUE. DHEPTHS 3 KKaJ/MOIIb [PeACTaRifeT COO0H
3HEPTHIO, HEOOXOIUMYIO IS [IOAABJICHHA CHI MOMEKYISIPHOH OPHEHTALIMHW BOALI
BOKPY 1™ €. BGICACTBHE HETO NIEKTPOH OKA3HIBAETCH CBAZAHHBIM TOILKO OASPH-
SALHOHHBIME CHIAME. DHEPIHA NOAAPHIALNH, cocTasisowan 6o.tee 90 % suep-
THH THAPATAIMH €y, NO-BHAUMOMY, HE ABIAETCA DAPLCPOM IS WICKTPOHHOIO
nepeHoca. OPHUEHTALMOHHAS JHEPI'HS COJNLBATHOH OOOJIONKU PABHA IHEPIHH,
HEOOXO0AUMON na THP(PY UK BOABI MK APYTHX BEILECTB B BOAE, — NPOHECcea,
KOTOpPbI BKiKOAET B ceds oOpa3oBaHue AblPpky. B nons3y gauHoil 1H1o1e3sl
TOBOPHT TOT (PAKT. UTO (POTOTHTHUECKOE OCBODOIK/ICHHE €, N3 THAPATHOH cie-
pbl IPOMCXOAHMT B BO3OY/KAEHHOM (JIOMEHE» C BbLIACJICHHEM IHEPrHH, pasHOH
3.5 KKan/MOoab, DTa YHEPrua npeacTaBiaseT codoi pa3sHOCTL MEKIY cpeaHei
3HeprHel HoToHa H IHeprHeil ruApaTaum .EKTpoHa, M3 npuBeneHHBIX pacey-
HJIEHHM ACHO, UTO PAREHCTBO DHEPTUH AKTHRALMH JIT8 ObICTPAIX W ME/UTEHHBIX
peakuMit e, W IHEPIHH aKTUBALKK AUPPYIHH PACTBOPEHHBIX BELIECTB B BOIE
HE AB.ISETCA CIydaiblv.

YHEACHHYHO BEIMUHHY DHEPTHH IHAPATALHH MICKTPOHA

(‘(L’_ — (‘”_’1 i AGl (A)

MOJYUHM, HCLIONB3Y 51 C.‘IC,‘,[}/I()IMHH repMoanHam HYECKHI UMK

e, - H;;O:rq — 1/2Ha,, —63.9  kxan/Modb
1 1 = 3
=Hauq = =Hogus —2.1 kxan/mMosn
) 2
1 %
—Hoges = Hyus +48,5  «Kan/Mo.b
o N g

— + Q. )
Hosi v, + Heow +314.0  kkan/Monb
H:,',H = T, —260,5 KKkan/Monb.

CyMMapHas BelHUMHA CBOOOAHON JHepriun ruaparauni no peaknuy (A)
AG; = —36,0 kcan/sons (—1, 56 3B) (B Go.1ee NO3AHUX HCCIE0BAHHIX ITA
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undpa Obla yrouseHa v reneps AG, = —1. 57 3B) cBHNETC.ILCTBYET O CAMO-
TIPOH3BOILHOCTH [POLIECCA FHAPATALIHH DIEKTPOHA.

ITocKoABKY MAKCHMY M MOAOCH! HOIMOILEHHS NHAPATHPOBAHHOIO 21K IPOHA
A = 1,73 9B 1 3aMeTHO DOABIIE PACCUHTAHHON HEPriN FHAPATAILHH, TO
MOKCET MOKA3ATLCH, UTO MOLLIOIEHHE CBETA IICPEBOINT €, B BO30YKICHHOE
COCTOSHHME, B KOTOPOM OH 001A1aCT MOTCHIIHAABHOK YHEPrUei, 10CTaTOYHO! ans
BBIXOAQ M3 cONbBATHOL 060n0uKH. ONHAKO HA CAMOM J€NC TOCIE OITTHUECKOTO
NEPEXOAA MEKTPOH OCTACTCA B MOJIAPH2ALHOHHOM M0]€ OCHOBHOTO COCTOAHHA
¢ Heprued okono 1.6 3B, 1ak 4o 2iekTPoH, Ho-sHaAMMoMY, (uiyopecumpyer
W BO3BPALLACTCHA B OCHOBHOE COCTOSIHHE,

CBOBOAHYIO DHEPIHIO PEAKUHH BIAUMOACHCTBHA THUPATHPOBAHHOTO D1eK-
TPOHA € HOHOM THAPOKCOHUS

Cuy

+ HIGO.I. — %Hzll/{'l.s + AG_’ (B)

MOMCHO OMPENEnHTb U3 PEaKIHii

H.oy = Hug —4.6  KKVMOIIb
How — %H‘_)g,,s —48,6  KKa;I/Moiib
H,0%t + OH™ — H,0 —19,1 «xkan/monb
€,q + H20 — H,, + OH™ +8.4  KKan/Moiib.

CyMMHPYst BEIHUHHbI CBOOOIHLIX YHEPIHA KaAKA0H U3 pEakUHi, TIoyvaeM,
uyto aas peakun (B) AG, = —63,9 kkan/mons (—2,77 3B) (8 nacToswee
BPEMS TIPHHATO dosiee yTouHCHHOE 3naueHne AG = —2,87 HB). Beanunuy
—2,87 9B npuuuMaloT 3a cravAapTHyIo Betmuuny NG ruapartHpoBaHHoro
3MEKTPOHA, OTCHHTAHHYIO OT NOTEHUHALA BOAOPOAIIONO HI1EKTPOAA.

CyMMHUpys BeNHUMHBI CBOOOAHBIX JHepIHit 1o peakunam (A) u (B). mo.ay-
YHUM 3HAUEHHE CBODONHOH DHEPruu rHAPaTHPOBAHHOTO HICKTPOHA B BOHOM
pacrsope AGQ(WU = AGY + AG, = —4,44 9B, u3meperHoe 110 OTHOLLEHHIO
K BAKYYMY M NIpMHATOMY N0 HomeHknaType MFOTIAK 3a adcoaoTHoe 3HateHie
XUMHUECKOro MOTEHLHAIA DMICKTPOHA B BOSE.

CmpyRmypa 3axeauennoco U Cco.bGUMUPOCAHIO0 LIeKmpory. | 'Wnpa-
THPOBAHHbIH 2TEKTPOH NPEACTABAAET COOOH IIEKTPOH. 3aXBaUCHHbIT COOCTRBEH-
HLIM LOAPHIALUHOHHBIM LIONIEM, B BOAHOH Maipuue ¢,, CO3IAET HOIOCTD,
CIICKTP TNMOTIOUIEHHA ¢, UMEET BOIBITOE CXOICTRO CO CMEKTPOM COTRBATH-
POBAHHOIO MMEKTPOHA B AMMHAKE ON[l,. 8 TAKAC B CMELUAHHBIX PACTBOPHUTENSIX
Tina NH; — HoO wan CHaNH> — Ho O, Ha 371oM ocHOBANHK 1C1AETCH 3aK110-
YEHHE O TOM, YTO CTPYKTYPHbIE OCODCHHOCTH € q M (1, TAKKE 110,100HbL.

ConeBataLkist H1eKTPOHa ONMHUCHIBAETCA PatTMYHBIMH MOAEISAMU, B OCIIOBE
KOTOPBIX JICKHAT LpeacTaBilenie Jlanaay o coutany BOKPYr 2IeKTPOHA M0As-
PH30BaHHOI 00:1aCTH W3 MONCKYJ PACTBOPHICIIS. KOTOPYHO BILOCACACIBHH Ha-
3BAIM TI010CTHIO. DISKTPOH, 0DPA30BABINKIT TAKYIO NOTOCTh, IAXOAHTCA B HEil
KaK Obl B OTCHUHANBHON SME H CHIILHO B3aUMOICHCTBYCT ¢ DruAKaiuMM ciloenM
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MoJeKy:1 cpedbl. B ciiyydae BOOHBIX CHCTEM DTOT CJ10i COCTOMT 3 6 MO:IEKYN BO-
JIbl, PACMOIOKEHHDIX B BUAE OKTAMAPA, B KOTOPOM NPOTOHBI HANPAR/IEHbI B CTO-
poHy 2eKTpoHa. OIHAKO 2Ta MOAE/Nb, KAK U MHOTHE APYTHE, COAEPKUT A0CTA-
TOUHO MHOTO HEONPELACHIIOCTE O CTPYKTYPE NEPBOTO COTBRATHOTO €105 H HE
0OLACHAET BCEX OCOBCHHOCTEH OOPA3OBAHNS W IIOBEACHHUS COLbBATHPOBAHHOIO
JIEKTPOHA.

Makpockon1uecKue cBoiicTBa COALBATHPOBAHHOIO XIEKTPOHA HCC/IEA0BA-
HBI BECBMA NOAPOOHO. METo/aM HMMY IhCHOTO PAJTHOMH3A HIMEPEHR! ONTHYE-
CKHT criekrp u crterTpbl TP, nafiacHsl kOIGPUUHEHTbI ANPPY3HH, OlIPE1eiIe Hbl
KOHCTAHTBI CKOPOCTEH MHOTHX PCAKUHH B3aHMOACHCTBUA COARRATHPOBAHHOIO
WEKTPOHA € HEOPIAHHYECKHMH H OPTaHH4ECKHMH BELLECTBAMH, H3YUEHbI KO-
IPPHUMEHTBI DACKTPONPOBOAHOCTH U T. I.

CyluecTByeT MHEHHE, YTO NPH BIAHMMOICHCTBHH CONBBATHPOBAHHOIO YIEK-
TPOHA € HEOPTAHHIECKUMI HOHAMH BOZHUKAIOT [10 MEHBLUEH MEPE TpH UacTH-
Lbl: CONhBATHPOBAHHLIH HTEKTPOH €. HOHHAs napa (¢., M), aToM 1enouHoro
Metaana M HAK aHWOH ea0uHoro meTamia M ™. TIpy 2ToM yKkazaHHbIE YaCTHLBL
HAXOAATCA B AHHAMIUECKOM PABHORECHH

es + Mt & (es, MH)

HITH
M(es, MY ) +e. & M.

OnTHYECKHE N0I0Ch! NMOTTIOUICHUA NPH TAKOTO POAA BIAUMOAEHCTBUAX CMeE-
LWAKT MAKCHMYM 110JI0ChI HOIXIOWEHHS B KOPOTKOBONHOBYO odilactb. Odpaso-
BAHWE HOHHBLIX Map Halm0Aa10Ch BO BCEX MPHBEACHHLIX B TadJIHLUC pacTBOPHU-
Tensix, M ecam Afs CPaBHUTENLHO HH3KHX TEMMIEPATYP Dojlee xapakTepHbl HOH-
HblE MAPbi, PA3ACACHHbIC MOICKYIIAMH PAcTBOPUTENS, TO ANA Oonee BLICOKHUX
TEMMNEPATY P HAdII0AAAUCH MEHEE PEAKLHMOHHOCTIOCOOHBIE KOHTAKIHbIE HOHHbIE
napkl. Bo reex cayuasx neprUUHbIf Npojly KT peaKiini ¢ NEPECHOCOM WEKTPOHA
MTPHOOPETAET LOMNOIHHTEIBHBIH DIEKTPOH, NPEKIE UeM NpeTepneTh dajibHeii-
lee XHMHIecKoe tpespalleHye. B pesynbrare 21ux peakunii yaaeres 1onyuars
B PACTBOPaX MHOTHE HOHbI HH3IKOH BAICHTHOCTH,

L1 231K rPOXMHK BO.bII0E 3HateHe uveer now HyOb unu, Totkee, ero
ruapar Hng,Lq. Peaknust ©,, ¢ 3THM MOHOM MPOTEKAET C BHICOKOH CKOPOCTBIO
(b = 2.2-10' moan 'c 1), BhicTpas peakuus MEK1Y rHApaTHPOBAHHLIA
LRICKTPOHOM M H;;(),’,",I PE3IKO CHUIKACT BPEMS €10 AH3HH B KHCIBIX cpedax (14K,
Hanprvep. npk pll = 5 Bpems KI3AH ¢, MEHRIIE 3 MKC), 1103TOMY HCCIE, 10Ba-
HHC KaKMN--THOO ApyIux peakunit npu pH < 5 BecbMa 3a1pynHHTEIbHO. T0.1bKO
Onarosaps NPUMEHEHHIO HMNY.1LCHOTO PAIHOTH3A NOABHIACH BO3MOKHOCTD He-
CIEI0BAHMS peaKkUHi B KMCIBIX cpesax. KoHeuHbIM NPOAYKTOM TakKX peakuuid
SBJETCSH OOPA3OBAHME ATOMA BOJOPOAA 110 CXEME

Cuq T H:;Oj—q — H+ H,O

—_

¢ n3oTonHbIM Hhdexrom H/D = 3,7, uT0 CBHJIETEIRCTRYCT, O4EBH/IHO, 00 yya-
CTHH HECKOIILKMX MO.IEKYN BOAbI B JIOPABHOBECHOH CTAAHH PCAKLMH.
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Peakuks B3auMOaeHCTBHS Cuq € MOJICKY 1AMH H,O rTakike oueHs BakHa.
MOCKOILKY OHa OTIPCAEAET BPEMA KHUIHH THAPATHPOBAHHOTO Y ICKTPOHA, bna-
roaaps HU3KOH CKOpPOCTH 2TOM peakuiit MOKHO Ha0O1aTb (uq IO H HTE€HCHBHOM
noJ1OCE MOrMOLEeHHA H H3Y'UaTh CTOo (I)H'%Hlle(.'l\'l‘le H XHMHUECKHEe CROHCTBA.

PeakilmoHHas ¢cnoCoOHOCTb AHOOTO COCIMHEHHS 110 OTHOLWEHHIO K Iruapa-
TUPOBAHHOMY DICKTPOHY (', ABIAACTCA (YHKLHEH €ro AEKTPOHAOTO CPOACTRA
HIIM IPHPOCTA CBODOAHOI YHEPTHH B PEAKUHK

An+€nq — A'l_17

KOTOPasg ONPEneIsieTes B XU BO/IHLIX PACTBOPOB CTAHIAPTHHIM OKHCIUTE b-
HO-BOCCTAHOBHTE.IbHLIM 1IOTEHLIHAIIOM E}.’M = —2.87 B. Takum odpazom. 1ma-
PaTHPOBAHHKIH DICKTPOH MOMKET BOCCTAHABIMBATHL “OOYIO HACTHLY C MeHee
OTPUIIATENLHBIM OKHCIHTEIbHO-BOCCTAHOBH IEIBHBIM NOTEHIIHANOM.

Bitusnnue pacmeopennon coau na XuMuMeCKui NOMetud.1 IeKmpond.
Panee Mbl BHAEH, HTO CHEKTP NEKTPOHHOMO MOMIOLLCHHS, PadoTa BbIxOAA
DIEKTPOHA B paCcTBOP M CMEIIEHHE NOTEHUHANA NEPEHANPHKEHHA Bbl1E1CHUS
BO/IOPO/IA CYLLECTBEHHO 3aBUCHT OT KOHLEHTPALUNH HHEPTHBIX COJIEH B PACTBO-
pe. BBijily NpHHUMNHANLHON BAKHOCTH BIMAHHA PACTBOPCHHBIX BELIECTB HA
CBOHCTBA pacTBOPHTES (M PACTBOPA B LIGJIOM), PACCMOTPHA NPOLIECC pacIBope-
HHS MCTOMAAMH CTATHCTHUECKOH MeXxaHHKH. C ITOI LebIo BRIOEPEN HEKOTOPYIO
cHCTEMY, MOJE/HPYIOLLYO PACTBOP, HAXOAALLHIICA NPU HOCTOAHHOM o0bLEeMe.
[IpeiacTaBum, 1TO HTa CHCTEMA COCTOMT W3 HADOPA AUYEEK, B KAWI0H 13 KOTOPBIX
PAsMELLRSTCA N0 OHOMY NWICKTPOHY: CPEAHEE YHCNO NIEKTPOHOB B €IMHULE
obbema pasHo N, (Kamayio sueiky MOKHO YIIOAOOHI'b OTIE]IBHO B3STOH MO-
sieKyae pactroputend). | lpr obpasoBatni PacTBOPa MOTEKY.1bl PACTBOPEHHOTO
BELIECTBA BbITECHSIIOT U3 JAHHOIO OOLEMA MOACKYAbl PACTBOPHTENA, TAK 'TO
B Auciikax pasmenaetes o < N MOJCKY PacTBOPCHHOTO BEIECTBA, HECYIILHX
He Doi1ee OHOTO AIEKTPOLia (B OOLLEM €1y 1A MOKHO YHECTb H MHOTOXICKTPOH-
HbIE CHCTEMbI, OJIHAKO [A1fA NIPOCTOTHI OTPAHHYUMCA TAKHM PACCMOTPEHHEM).
Moo MM, HTO CBOGOAHAs IHUEPTHS CHCTEMbL C OAHHM MISKTPOHOM paswa K.
Torna cBoGO/IHAA SHTASIbIHA CUCTEMEI OY/1€T 3aIHCaHa B BH/1€ H3BECTHOIO Tep-
MOJLHHAMHUECKOTO BLIPAIKEHIHA

G = Eyn —T5j. (7.90)
3nech So — KOH(PHIYPALMOHHAS YHTPONK, BhIpakaenas (popay10if bosbu-
MaHa B BHIC CAELYHOLLEr0 COOTHOLUEHUS:
)

(N —n)tnl’

S=kpln (7.9

CNpPaBE;UTUBOTO HE TOILKO /LTI WICATLHOIO ra3a, HO W And OO0 CHCTCMBbI,

OlIHCBIBAEMOH CTATHCTHUECKOH TEPMOAHHAMHKOH.
YUHTHIBAS, YTO NHMUUSCKUE MOTCHIHAT YICKTPOHOB (OTHECEHHbIH K OAHO-

MY MOJIO BELUECTRA) PaBEH
0G -
e = | = N, (7.92)
i, P
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1 uenonbys npudmpkenne Crupmunra (N1 = Nin N — N), nozyunm ypas-
HEHWe W

jte = NpEg + RTIn

=~ N By ' . (7.93)
N —n N
Kaxknass wacTtrna (atoM, MoAeKyja) MpeacTaBsOT co0oi annons (MrHo-
BEHHbIH HJIH MIOCTOAHHBIH) € AHHHYHBIM 3apsaoM «ey. TTOITOMY UMy siyeek
70 MOXKHO MOCTABHTH B COOTBETCTBME UHCIO MOJEKY. PaCTBOPEHHOIO BELUECT-
Ba ng, a urcny Bcex sueek N — uyucio monekyn pacteopurtens Ng. Torma
B (7.93) MmoxHO '—\'} 3aMEHMTb Ha L = 0y (TNC iy = Iy —— MOIbLIASE 08
pPacTBOPEHHOTO BELLCCIBA). i
B oduwienm cayuae HeOOXOAHMO KOHLCHTPALHIO COMH 3aMCHHTh Ha €€ AKTHB-
HOCTb, 1. €. Teoap = Ccons - 1OTAA XHMHUCCKHE MOTEHIINALl LICKTPOHOB B pac-
TBOPE OyAeT 3amicad Kak
e = NaEg + BT Inagy = A(}’?(“q) o L el — //(J + BT Inaop,-
(7.94)

3nech T OTIPENENEHHOCTH MOJIOKEHO, YTO CROOOAHAS IHEPrHA HEKTPOHA
B pacrBOpe paBHa CBOOOAMON DHEPIHH THAPATHPOBAHHOIO YIGKTPOHA, 1. €.
NpFEy = AG’S(O( :

7)

JipyrumH CIIOBaMH, YPOBEHE DHEPTHH YTCKTPOHA B PACTBOPE 3a1aCTCA KOH-
LeHTpauKeii pacTBOPEHHOTO BELIECTBA, HECYLLETO He CRODOANBIE. @ CBs3atiHble
INEKTPOHKI, DTO ABICHHE HAXONHT CBOE OOLACHEHME B 30HHOH MOJIEIH, IO KOTO-
POl MOCTOPOHHHE NMPHMECH H UCKAKEHUS PETYNSPHOCTH CTPYKTYPb! BElLECTBA
(B A@HHOM Ciyuae pacTBOPHTENs) OOVCIORIHBAKOT TOSBIACHHE AONOAHHTE h-
HbIX JOKQIbHBIX IHEPTETHUECKHN YPOBHEH, 3HAUHTEILHO 0ONErIatomHX nepe-
XOJI INEKTPOHOB H3 3aNONIHEHOH BAaJIEHTHOM 30HBI B 30HY MPOBOJUMOCTH.

7.7. JnexkTpHYecKas NPOBOAHMOCTh PACTBOPOR

DNERTPONPOBOAHOCTH PACTBOPOB MNCKTPOIHTOR, OHO H3 CAMBIX O0LUHX
CBOHCTB, ABJIAETCA €/1BA AW HE HabOoNee XOpOoIo H NOAPOOHO H3Yy4EHHbIM
cBolicTBoM. CpaBHUTENBHO 6ONbLIAS TOUHOCTh M JIEFKOCThL €€ U3YUEHHS /TaB-
HO MPHBIEKIM BHHMAHHE MHOTOUHCACHIILIX HCCAENOBATCACH, HAKOMIBLINHX
TPOMaAHbIH JKCIIEpUMEHTANbHbIH MaTepuait., OAHAKO HECMOTPA Ha ITO, 10
CUX [Op HEKOTOPhIE SIBTEHHS, CBA3AHHbIE ¢ WICKTPONPOBOIHOCTHIO, OCTAOTCS
HEHOHSATHLIMH M 1I€0OBACHEHHLIMK TeopHei. Jlake upesBbluaiio cioxHas
B MATEMATHUECCKOM OTHOINCHHH CORPEMEHHAS TEOPHS NICKTPOMNPOBOIHOCTH
JAeT KOAWUECTBEHIbIE COOTHOLEHUS, NPUMEHHMbIE NTMIIb B 001acTH Haubo-
Jlee pa30aBNEHHbBIX PaCTBOPOB.

Hecmorpst Ha 10, 4TO K HACTOSIEMY BPEMEHH O1nyOIHKOBaHO MHOKECTBO
MOHOTPad i 1 0030POB, NOCBALICHHBIX YTOMY BOTIPOCY, MOIHOI OnpeaeneHHO-
CTH NpobneMa yIeKTPHUECKON NMPOBOAMMOCTH B PACTBOPAN Tak M HE TONyYH-
na. He yiaercs onucars ¢ €AMHBIN NO3MUMA KOHLUEHTPALIMOHHYIO 3aBHCHMOCTb
INEKTPONPOBOAHOCTH B LUHPOKOM JAHANA30HE KOHIIEHTPAUMUH, HE COBCEeM ACCH
MEXAHH3M NEPEHOCA MIEKTPUUSCKOH SHEPTHIE B PACTBOPE, CYLLECTBYOT PA3HbIC
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NOAX0Abl K HHTEPIPETALNMH 1IPOBOAHMOCTH CHIILHBIX H CIA0bIX JICKTPONHTOB.
31ech MbI He Oy/IeM 3aHHMAThCA BbISCHCHHEeM (DM3MUSCKOH KapTHHbI YTHX
ABJIEHNH, a npoaHanu3upyeM JIHLIL HEKOTOPbIE (aKTbl TOMO MPOMAIHOIO Mare-
pHANA MO YAEKTPOMPOROHOCTH, KOTOPhIH HAKOTUIEH K HACTOALLEMY BPEMEHHU.
B ocHoBe IKCMEPHMEHTANLHOIO HCC/CA0BAHUS SIBNEHHH 1EKTPOITPOBOL-
HOCTH JICHKHUT M3MEPCHHE BETMUMHLI YACTLHOIO COMTPOTHBICHHA PACTBOPA p,
CBA3AHHOTO C YACNLHOH WIEKTPONPOBOAHOCTHIO

w=1Lllow Tem . (7.95)
P

VaesibHast 3NEKTPOMNPOBOAHOCTE ABIACTCS (PYHKIHET NPHPOAbLL IMEKTPOIH-
Ta, €ro KOHIMEHTPALFH, MPHPOILI PACTBOPHTENS H TeMnepaTyphl. B 1MiHpoKoM
JHana3oHe KOHUEHTpauki yaeibHas 1e¢KTPOIPOBOAHOCTL NPOXOAHT HEPe3
MdKCHMYM NPaKTHUECKH 419 BCeX YIEKTPOAHTOR. B pasdaBieHHLIN pacTBo-
pax (npu xoHueHrpauuu ¢ < 1072 + 107! mons/n) nabnioaaercs n0aR0E
€ THHOOOPA3HE — YAeahHas DIEKTPONPORBO/HOCTh NONTH AHHEHNHN MO KOH-
HEHTparim,

OnHako B KOHUEHTPHPOBAHHbLIX PAcTBOPAX, OCOOCIIHO B [IEBOHBIX pac-
TBOPAX, TAKOIO ¢/MIO0DPAINA He Hadmoaaerea, Ha HauankHoM »tane uc-
CJICAOBAHHHA B 00NACTH NIEKTPHHECKOH MPOBOAHMOCTH PACTBOPOB LIHPOKO
npuMenanoco npasmio leprera - ToMcoHa: AMCCOUMMPYHOULAsA CHIA PAcTBO-
pUTENs Ten doubLle, yeM 0OJbLUE €M0 AMMNICK TPHIECKAs 1IPOHHUAEMOCTb. Oa-
HAKO BBE/ICHHE [THWIEKTPHUECKOH nponaeMocTH B 3akoH KynoHa BetpetaeTt
CYLUCCTBEIHOE BO3PAKECHHE ~— B MHKPOCKONMUYCCKOM 0OOLEME HEAL3H NpHU-
MEHATHL MAKPOCKOMHUECKYIO BENHUUHY AMIICKTPHUECKOH MPOHUIAeMOCTH.
Ha oueHb 00.1bLWIOM O1BITHOM MaTepHale 110Ka3aHO, Y10 1IPH COOTBETCTRY -
HWeM noadope KOMIIOHEHTOB PACTBOPI MOXKHO [UlA JIIODOr0 PACTBOPUTENA
(c Manoii mau 60ABLIION BENHUHHOMN AHDNEKTPHIECKOH MPOHHI@EMOCTH) Hali-
TH TAKOE BEIUECTBO, KOTOPOC 0OPA3yeT ¢ DTHM PACTBOPHTEIEM MPOBOAALLMH
pacTrop. 1ekoTopbie 113 THIUHHBLIN CHITLITLIX MIEKTPOIHTOB (HaNpUMep ri-
JIOr€HOBOJOPO/IHbIE KMCIOTHI) COBEPLUEHHO HE JIMCCOLMMPYIOT HA NOHbBI P
pacTropeHun & HF; npyrue (00ahIHMHCTRO cO1eiT) BCTY NAaKT B peakunu NRoji-
HOro o0MeHa M, ClIeI0BATENIbHO, HE MOTYT OblTb PUCTBOPEHbLI KAK TAaKOBbIC
B HF; TpeTbn (KMCITOTHI) XOTs M 00pa3yloT ¢ ()TOPOBOIOPOAHONH KUCITOTOH
HPOBOAALLKE PACTBOPSI, CXEMA HX JIHCCOLHAIHI OTIIMUACTCS OT CXeMbl B BO/I-
HBIX PACTBOPaN. DTH IKCNCPHMEHTANbHbIC (PAKTLI 0OHAPYIKHBAIOT CNA0OCTH
OCHOBHbIX NOCTYJATOB TEOPUH AUCCOLMALMIL I HOHHOrO TepeHoca 3apsia.

Jna y100¢TBa CPaBHEHHA NPOBOJAHMOCTH Pa3IHUIILIX BEWECTB ObI0 BBE-
J€HO 1IOHATHE IKBHBAICHTHOH Y1eKTPONPOBOIHOCTH

A=Z. (7.96)

C
31ech ¢ u3MepaeTcs B r-2ks/ai. CuiraeTes, Yro dKBHBAIEHTHAs MEKTPONPO-
BOJHOCTb A 11PH PA30ABICHHH PACTBOPU MOKET TOJIBbKO BO3pacTaTh W MpH dec-
KOHEUHOM pa30aBNeHHH CTPEMNTCS K HEKOTOPOH NOCTOSHHON BEJIHUNHE Aac,
1 4TO UMEHHO A, NapaKTCPH3YCT CITOCOGHOCTL JAHHOTO JJIEKTPOSHTA Mpo-
BOJINTL dAEKTpHHecKHil ToK. TIodToMy aHanu3y Kak NpasnHao Hoasepractes
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DKBHBAJIEHTHAA 2 ICKTPOIIPOBOAHOCTL A " K()Jlbpélyu_l MPCANOK NN SMITHPHYE-
CKHE npdapkia

A = AT + 25, (7.97)

3nech AL M AL — COOTBETCTREHHO WIERTPONPOBOMIOCTH KATHOHA M aHHOHA U

A = Ay — A, (7.98)

KOTOpBIE B DOALIHMHCTBE CIy4aeB Kau¢CTREHHO Y0RNECTBOPHTEIHHO OMUCHI-
BAKOT KOHUCHTPALMOHHYK) 3aBHCHMOCTL A KaK B BOJIHBIX, TAK M B HCBOAHbBIX
pacTBOpax B Apesesax konteHTpauni 107% — 107" sonw/i. Osnako 7Th ypas-
HEUHs BCTYNAKT B NPOTHBOPEUUE C OPYTUMH HE3ABHCHMBIMH IKCNECPUMEH-
TalblibIMH (pakTaMu. Hanpnmep, HaMepeHne MarHMTHON BOCHIPHHMUHBOCTH
He noArBepixkaaeT npasuaa (7.97). 3akon kraaparHoro kopHs (7.98) e corna-
cyercs ¢ TeopHeill Appennyca 1 3akoHoM pazdasiaenis OCTBab A, NOCKONbKY
3 (7.98) cienyer, uto dA/d(c)'/? = A = const, B TO BpeMs Kak W3 THNOTE3bL
anceouuanmu dA/d(e)1/? # const, HeeMoTps Ha 970, MMIIMPHYECKOE YpaBHe-
nue (7.98) MuoroxkparHo MoAHGHUHPOBAIOCH € LEALKD PACILMPEHHS [PE/ICTOB
€10 NPHMEHHMOCTH, YTO NPHBE0 K CYLLECTBEHHOMY YCJOKHEHUIO Y paBHEHHH
3a CUET BBE/ICHHSA DMIHPHUECKHX KOOYPOHUHEHTOB, CBA3AHHLIX ¢ pa3MepamMu
HACTHLL PACTBOPA, AHIAEKTPHIECKOH MPOHHILAEMOCTBIO U T. A. 2TH YPABHEHHs
NO3BOAAIOT OMUCATE DTEKTPOTNPOBOANOCTD PACTBOPOB B DoNEE IUPOKOM AHa-
11a30HE KOHUEHTpaLH i, QOnNako anoMaibHY K0 91€KTPONIPOBOAHOC T, NPOABIIs-
tOLLYIOCA B HEKOTOPBIX PACTBOPAX, HH OJIHO H3 dTHX YpaBHEHHI 1€ CNoCcOOHO
OTOOPA3HTE.
B koHuenuHH HOHHOH NPOBOAMMOCTH BA3KOCTh CPEiAbl ABAAETCA OLHUM
H3 Onpenenstownx (PakTopoB, MOCKOILKY, MCXOAA H3 THAPONHHAMHUYECKHX
COO0paKeHHIT, ABMIKEHHE MO00iT uacTHLbI B BA3KOH cpeiae 00YC.T0BIEHO CO-
MPOTHRIACHUEM TPEHHA. BAIKOCTD 1} N 2NEKTPONPOBOIAHOCTh A CBA3AHBI MEHK LY
coboil ypasHennem BannaeHa
AopTMo = const. (7.99)

Ha puc. 7.13 1peiucraBile bl 3aBHCHMOCTH A g7jo A% pacTBopos KI' u KCl
B BO/IHBIX PACTBOPAN HEMICKTPOANTOR, M3 pHCYHKA cnelyeT, YTO HECMOTpS
Ha HPHMEPHO paBuble 10ABHKLOCTH nonos KT F~ n Cl™, nose/tenne THx
coJiell COBEPLUEHIIO PA3IHUIIOE B PA3HBIX NO CBOCH MPHPOUE CMECAX PACTBO-
puTencii, H NOCTOAHCTBO Ay7jg ANS HHX HE COXPAHAETCS.

KonuuecTBeHHY10 XapakTepHCTHKY TEMNEPATy PHOI 3aBHCHMOCTH 0ORIMHO
BBIPUAKUIOT B BHAE DMIIMPHUECKOTO YPABHENINA Appennyca

A= Aexp(— E/RT), (7.100)

e A KoHCTaHTa, E DHEPTHUA aKTUBALMW JNEKTPONPOBOAHOCTH, Je-
wawas B npenenax 2 = & kxan/mons (0,1 + 0,3 »B). Tak ans sBoaukIx pac-
reopos KCI B oGaactn o1 0 10 25° C sHeprus akTHBAUHA TTOCTOSIHHA W PaB-
Ha 3,8 kkan/Mons (0,17 9B). B cnpaBoyHOH TUTEpaType DPHRBOAATCH SHAUSHUS
L= YAE.ILHOH 3IEKTPONPOBOAHOCTH.

s dT
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TlpakTHUEeCKH AN BCEX LICKTPOJIMTOB B 001aCTH KOMHATHOH TeMnepaTy bl
1 8% 0. 02 — 0.025 (3xeprust akTHBALHH JICKTPONPOBOAHOCTH, COOTBET-
o dil
CTBYIOLIAS YTOH BeJIMUMHE L Z—/ npu 25° C cocrasnset 3,5 4.5 KKai/Monb,
OTMETHM 3JIECL, YTO ')l—lgprplm AKTHRALHN caMOAH PPy 3HH BOIbI B BOJHBIX

2
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Puc. 7.13. Tlpowne icnne Aprjn B CMEUIX BOALL € HEOLICKIPOIMTAME ¢) METANOS,
0) FTANIL @) H=TIPOIAHOIL. ) YTHIACHITIHKO b, O) [IHIEPHIL ¢) NHOKCAl

pacTrRopax coCTaBNfET TAKYIO e BEANUWHY. PABEHCTBO IHCPreTHKH Tpamc-
TIOPTHBIN CBOIICTB IBYX COBEPIUEHHO PA3HLIX NPOLECCOB, @ TAKKE NOCTONII-
CTBO DHEPTHH aKTHBAIIMK YNEKTPONPOBOAHOCTH AN CaMbIX pa3io00pa3HbIX
N0 MPUPOAE M BAJIECHTHOCTH MEKTPOSMTOB MOKA3LIBAET, ITO MENAHHIM ITHX
TIPOLECCOB NO CYWECTBY OAHHAKOB —— 00pa3zoBaHile BakaHcHil B pacTBopil-
TeNe ¢ NOCNeAYIOUIHM NEPEeCKOKOM B HHNX COCEIHHX MONEKY HAM MPOLULECCH
NEePCOPHEHTALLIH.
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OUEBHAHO, YTO HE OC/EIHION POilb B MPOLECCAX MNEPEHOCA NICKTPHYE-
CKOH JHEPTHK B PaCTROPAN MTPAIOT CTPYKTYPHbIE 0COOCHHOCTH PacTBROpHTE-
as. Tak, U3 TWATEILHBIX H3MEPEHHUTT 3aBucuMocTH (1) nokazaHo, YTO A
XJIOPH OB WEMOHHLIX MCTANNOB YHEPTHI aKTHBATIHH MIEKTPONPOBOAHOCTH 3a-
BHCHT OT TEMNEPATY Pbl, MPHUEM NO CAOKHOMY 3akony. B kauecTse npumepa
Ha puc. 7.14 npusenena 3apucumocts £ = E(T7) ana sogHbix pactsopos KCl.

Oco60 OTMETHM, YTO TaKasi CIOXHas 3aBUCHUMOCTb OOBSCHAETCS He U3Me-
HEHHEM NOABHMHOCTH HOHOB WK BAIKOCTH PACTBOPHTENS, @ CTPYKTYPHBIMH
0COBEHHOCTAMH BOAbL. MakcHMyM dHep-

TMH aKTHBAUMM NPHXOAMTCS HA TeMre- _

parypy ~ 4°C u cosnamaer ¢ mak- n ol

CHMYMOM [JOTHOCTH xkHakocTH. Tlpnw = .2

Temieparypax hue 4°C soga umeer 5 3.8

PBIXNYIO TPHAMMHTOMNOAOOHYIO CTPYKTY- % 3.4

Py € MHOTOUYHCIEHHLIMH IyCTOTaMH, Xa- 5 3¢

PaKTEpHLIMH AN Nkaa. Harpesanue Bh- & ?)6

we 4°C NpuBOAMT K NOsBAEHUIO Sonee G 7

KOMNaKTHON KBapuenonodHoH cTpykry- 2.2

pol. B Menee naoTuoi CrpykType BOAhL 1.8

IHEPrHs OGPAIOBANMA BAKAHCHI HHKE, L T T N N R
ueM B KBapuenonodHoil crpyktype. JTo =LA '8 8 Pz

0O0YCNOBJIMBAET CHHIKEHHE DHEPTHH aK-
THBALIMM MPOBOJAMMOCTH, COU3MEPUMOIT
¢ dHeprueil paipbiBa BOAOPOAHLIX CBS-
3¢, Tlpn remneparype. COOTBETCTBYIO-
e MakcHManbHOM NJIOTHOCTH BOAbI, HE
00lapyKEeHO BIUSHHSA MPUPOJIL! HCCIECAO0BAHHBIX NIEKTPOIIHTOB HA DYHCPrHIO
AKTHBALHH NIEKTPOIIPOBO/IHOCTH.

CyuiecTByomue NoAXOALI K MHTEPMPETALHH WIEKTPONPOROIHOCTH MIeK-
TPOJIMTOB B OCHOBHOM KacarOTCsl TOJLKO Ype3BLIUaitHO pa3daBAeHHLIN pac-
TBOPOB. B 0OCHOBE NPaKTHUECKH BCEX TEOPETHUECKHUX NOJOACHHIT NexUT 01na
W Ta xe Qu3MUecKas KapTHHa, onucbhiBaemasn Moaenbro Jledas — Xrokkens, a
HMEHHO: MOJIHAs8 AMCCOUHAUHS MONEKY! PACTBOPECHHOTO BEILECTBA HA MOHbI
H HallMiHE BOKPYT Kd#A101'0 HOHA TaK Ha3hiBAEMOH «HOHHOI arMocdeph»,
Haimume nouHoii atsocgepnsl asaseTcs NPHYHHON BO3HHKHOBEHHS NOTEH-
LManbHOH YHEPTUU, BbI3BIBALOLIEH OTKNOHEHHS OT 3aKOHOB MAEAlbHBIX CH-
cTen, Ecan pacTBop HAXOAHTCS B HEPABHOBCCIIOM COCTOSTHHHM (HalPHAIED, HA
HETO J1efiCTBYCT BHEITHEE DAEKTPHUUCCKOC MOAC), TO BO3HHKAIOT CITbl. CTpe-
MALLHECS PA3PYLLIHTL HOUYIO aTMoc(epy H B TPAUANUHOHHBIN 11PEACTaBAEHH-
AX CNY:KALHE NPHUHHON BOZHHKHOBEHHSA PENAKCALHOHHOIO 1 dAeKTpodope-
THUECKOTO H(PPECKTOB HILH MIEKTPHUECKHX (IYKTYAUHIT, KOTOPbIE HA3LIBAIOT
cooTBeTCTBEHHO YPderramy Biuuna n danbkenxarena. D1 H2GPekTst A00K-
Hbl ABISTBCS NPHYMHON BOZHHKHOBEHHS CIENHBHUSCKINX WIEKTPOXHMHUYE-
cKHUX WwymoB. OaHako 00padoTKa HKCNEPHMEHTANLHLIX AaHHbINX HCCe/10Ba-
HHS HEPETYISIPHBIX CHIHAOB DJIEKTPOXHMHUECKHN CHCTEM C MCKHOUEHHBIMH
thapaseeBCcKMMU npoleccaMi (T. €. OTCYTCTBHEM OACKTPO/UIBIX PEaKIMii

Pre. 7.140 Diept us arRTHRALHM Y. ICK-
TPOMPOBOTHOCTH  BO,(HOFO PACTBOPY
0.1 M KClRaK by 1IKIMA ressiepat Ypht
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Ha TpaHHUe pasjella METailll—Cpeaa) NOKa3LIBaloT, YTO DTH CHCTEMBI 110/1-
YHHAIOTCS OOLIHM TEPMOAHHAMMYECKHM H CTATHCTHUECKHM 3aKOHOMEPHO-
CTSM, YCTAHABJIHMBAIOLINM CBSI3b MEWAY CPELHEKBANPATHYHOH (uyKTyaunni
TOKA (MA HANPAKCHUA) M BEAHUHMHONH 1poBoaumocTti (Teopema Haiikrn-
cra). 3asucumocts {172/ Ar) or conporupienns nposoanika [ npuseie-
Ha Ha puc. 7.15. M3 NpuBENCHHRIX JIaHHBIX CIENAYET, UTO NXapakTep UIYMOB

<V Av> B?
5 _10 12
7
el
4 L
+
3 L
N ) Yyro.tbHasi HUTh
2 L + OPOBOJOKA H3 «a,aABATICa»
N x so bl pacti. CuSOy
v — so.uibtid pucre. NaCl
I L »
® BOAHBIT pacti. Ky('rO,
O BOAHbIIT pactu. Ca(NO;3),
! I I I I
0 0,1 0,2 0,3 0.4 0,5-10°

R, Om

Puc. 7.15. 3asucnyoctn (V2 /Ap) o1 B L1 Dt iaHbIX IPOBOTIKOB, 13 TOM QHEIC
JLIsE DIEKTPOITUTOB

B METAJUIMUECKHX TPOBOAHHKAX H PACTBOPAX MIEKTPOIHTOB coBnajaeT Cnpa-
BEAJIHBOCTH Teopembl HallkBHeTa IS 1IPOBOUHMOCTH B BOAHBIX PaACTBOPaX
NpH HCKIIOHEHUH «IpOoOOBOro UlyMay, BOIHMKAIOLICIO BCACACTBHE WYHTH-
poBanHs hapageeBCKHX QIYKTYauni eMKkocTLio JIDC, Oblild HEOUUOKPATHO
NOATBEPK AEHA.

Hcenenopanhs >1eKTPONPOBOAHOCTH OCY LIECTBIAIOT, KaK MIPABIIIO, B e-
pesMeHHbIX nonsax. Paccmorpum AeficTBHE DIEKTPHUECKOrO NONA, MEHAIOLIEE-
€A BO BPEMEHH, KOTOPOE NOJ00HO NOMIO KOH/IEHCATOPaA, MOMELIEHHOTO B LENb
NEepEeMEHHOTO TOKA.

Eciin 110.1pH3aLHs BEWECTBA HIMEHSASTCSH BO BPEMEHH, BOZHURACT UICK-
TPHUCCKHIT TOK, CBA3AHHBIN C BUAKEHNEM 3apAN0B. DTO JBH/KCHHE o0pasyeT
TOK NPOBOAMMOCTH C OMpPEACHAECHHOMH NNOTHOCTHIO J:

J = pv = Nq(ds/dt) = N(dp/dt) = dP/dt. (7.101)
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CBsi3b MEKAY CKOPOCTLIO H3MEHEHHS 11ONSPH3ALMH H MIOTHOCTLIO TOKa
J = dP/d! ne 3aBucnT 0T 0cobeHHOCTER Moaenn. M3MeHsiowasca noaspu-
3aUHs SBASIETCS TOKOM MPOBOAHMOCTH, PamIHUHE MEKAY STHM W ApyTHMH
TOKaMH HE CYUIECTBEHHO. PasyMmeeTcst, TakoH TOK ABIAETCSA MCTOUHHKOM Mar-
HUTHOTO 110151,

EnUHCTBEHHOE pa3nuyue MEKLY TUTOTHOCTBIO «O0LIKHOBEHIIOTO» (CKBO3-
HOro) TOKA MPOBOANMOCTH U NIOTHOCTLIO Toka AP /dt cocToUT B TOM, 4TO
nepBast OTHOCHTCA K NEHIKY LLLUMCS CBODO/HBLIM 38psiias, d BTOpasg — K CRA3AH-
HbIM. CylecTBYeT 10BOJTbHO OMEBHAHOC NPUKTHIECCKOE PA3THYUE — HENb3H
NOMYYHUTh CTAUHOHAPHLIH TOK CBA3AHHBIX 3APsA0B, KOTOPhIl HHKOraa Obl
He H3Menscs. OObIYHO NPENNOYHTAIOT PA3ACASTL TOK CBOOONHBIX H CBA3AN-
HBIX 3apsAn0B, 0003HaYas Uepes J To.LKO NA0THOCTb TOKA CBODOAHBIX 3aPA10B.
Torna, BKNFOYas B ypaBHEHHE MakCBe.171a BCE TOKH, HEOOXO01HMO HATTHCATH €T0
B CNE/AY HOLLEM BHAE:

rot B = (1/c){(dE/dt + 4xdP [dt + 47J). (7.102)

3nech d/dt — nmoTHOCTH TOKA cMeweHns B Bakyyme, P /dt — nnoT-
HOCTL TOKa CBAZAMUbLIX 3apsnoB i J — NAOTHOCTL TOKa CBOOOAHBIX 3apsi 0B
(«cKBO3IIOH TOK»).

Bennuuny dE/dt + 4ndP/dt = dD/dt o0biiHO HA3LIBAIOT TOKOM CME-
ulenus. B aeficTBuTeTRHOCTH wacTh ero, conepxatnas dP /df, npeacrasnser
TaKKe TOK IIPOBOAMMOCTH, T. €. peallbHble 3apsiiubl B ABHKEHHY. EimHCcTBEH-
HOH 9acThIO MOMHOI NAOTHOCTH TOKA, HE OTBEHAIOWEH TPOCTOMY ABHIKEHHIO
3apsinoB, aeisietes vacth dE/dt, a WMEHHO HCTHHHBIH TOK CMELIEHUS B Ba-
kyyue. Toxn epssannnix dP/di u cBoGoamkix 3apanos J onpenensrorcs Ma-
kpockonuuecknm nojiem E, koTopoe npe/ictaBnser codoii MakpOCKOMMIECKH
HadnroaaeMy 0 BEJHUHHY. DTO MOe MOKET 3aBHCETb TOJbKO OT pacnpeaene-
HHA 3apAA0B, @ HE OT TOTO, KAKOH CNocod onucaHHs HTOro pacnpeaencHus
widpan. JI1000i npon3son B pasiaeneHiy 3apsoB Ha CBOOOAHBIE 1 CBS3aH-
Hbl€ CKa3bIBAETCA HA 3HANCHMSX MIOTHOCTH TOKA CBOOOAHBIX 3apsinos J U Ha
dP /dt. B Teopnn MakcBeiia TOKH CMEUICHHS 1 TOKH NPOBOIMOCTH COBEP-
IIEHHO DKBHBAJEHTHBI, H MOIHAS NAOTHOCTh TOKA PABHA CYMME NJIOTHOCTEN
TOKA CMEILEHHS j oy M TOKA IPOBOAMMOCTH j:

J o = Jenti (7.103)

)_lp)"FHMH CJOBAMH, TOKH NPOBONUMOCTH M TOKH CMEUWICHHA ABIAIOTCA PaB-
HOINPABHbIMH BO'S())/,HHTCJIHM['I MArHHUTHOrO NoJis 1

rot H = (47/¢)j ax, (7.104)
113 KOTOPOTO CNIEAYET, 4TO
divjg, = divjey +divj =0. (7.105)

Taxnn 06pu'30M, MoOJIe MOAHOTO TOKA 404 HO ObITh AHUICHO HCTOKOB H CTO-
KoB. M ¢cin B uenu BKIIOUEH KOHACHCATOP (I\'LlKOBblM H ABJAETCS OBOHHOM
SHCI(TPI/HCCI\‘I'II'UI cioii na FPaHHILE pasjicsla MeTann — CPCLI':I), TO BEAMUHHA TOKA
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CMELICHHSA PABHA CHIIE TOKA B NOUBOASLHX K HEMY 1IPOBOMAX, T. €. TOKY 11POBO-
JuimMocTh. Takuy 00pazoMm, 3a/1ata OnpeaeneHs TOKA CMETIEHUA B NPOCTpaH-
CTBE MEK Y 11.1aCTUHAMM KOHAEHCATOpa, T. €. B ABOHHOM C:10€ 3HANHUTENbHO
ynpouaeres. JIoCTaTOuHO KOPPEKTHO YUECTh BCE ITAlbl MPOXOAKICIHA TOKA
MO METANIY H TEPEXOS UEPES HOBEPXHOCTL Pa3iesia METIIN —Cpella, W Mbl
NOAYUHN KOJHUCCTBEHHYIO XapaKTePHCTHRY TOKA B TIPOCTPAHCTBE MEHKAY 00-
KJagaKkaMil ABOH HOTO CIOS.

1o cHavana Ha KaueCcTREHHOM YPOBHE NPOCTENHM 3a MEXAHHUIMOM nepe-
JAUH AHEPTHH B 00bEME AN NICKTPHKAE.

PaccymoTpus Monsipu3aniiio Takoro Kpucrasiinia, kak aeg. Ero kpucrannu-
UecKas peleTka TpexMepHa, Ho Ha puc. 7.16 ona H300paikera nBYMCPHOH.

Hapue. 7.16 nerko MokHO y3HaTs MoAeKy sl [2 (), Tak KaK 0K0i10 KaAk10ro

Pre. 7.16. CXEMarnucckoe H200POURCHHC KPACTALIMUCCROR PeLeTkH (L@, Pernerky
OO TAPHORANILIN MOICKY. IRPHBIN PV (¢f) MOKHO IPCBPATHTL B PEHICTKY © POTH-
BOUQ.IOZKHO HOBSIPHIOBATLIMKY IPY AN (), sy Ms1 cliocobami: (6) 1. (8)

aToMa KHCI0p0aa pacliolloRe bl ABa aToma H. Ha pucylixe u3odpaken nons-
pu3oBaHHbI kpucTam. Bektop P vanpasicii BHH3, MOTOMY YTO Ha KHCNOPOA-
HOM KOHLE MO.IEKYJLI BOALI HMECT MECTO H30LITOK OTPHUATENLHBIN 3aPSI0B.
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YepHble WAapuKH Ha PHCYHKE H300pakatoT NOJOAKHTENbHbIE 3apsibl. [Ipea-
MOZIOAKHM TEMNEPb, UTO BHYTPEHHEE COCTOSHHE KPUCTAN 1A KAKUM-TO 00pa3om
H3MEHMIIOCH M CTANO TAKMM, KaK Moka3aHo ua puc. 7.16,., KoTOpbli npea-
cTaBsfeT co0O0i MHKPOCKOMMYCCKH paspes Toil we odnacTH, J{Mnoau 31ech
NEePEBEPHYThI. U BEKTOP NMOMSPH3ALMN B KPHCTANNE HAlPaBNEeH BBEPX.

Mi3meHeHHe BHYTPEHHErO COCTOSHHA KPHCTANAa MOKET ObITh JOCTUTHY-
TO IBYMS CYLIECTBEHHO Pa3HBLIMH COCOdaMH, HOKa3aHHLIMK Ha puc. 7.16. 0,
6. Ha puc. 7.16, & npunoxeHo anekTpuieckoe noie B, nanpaBneHnoe KrRepxy
1 NepeMeLLatoLLEe BBEPX NMONOMKHTENBHBIE KOHLLI MOJIEKYIL, T. €. «IEPEROPAYH-
BAFOLLIEEY KAMKLYIO MONEKYIY. B 9TOM Ciiyuae HMEET MECTO YHCTOE ABHKEHHE
MOTOARHTCABHBIN 3aps.10B BRCPX, BOIHHKAIOMUIT MPH 3TOM TOK Oy1eT BhIpa-
KATbC# BEANUNHOM /P /dt.

Ha puc. 7.16, ¢ 11300paieH COBEPLUICHHO APY rOf NPoIece, B KOTOPOM Mek-
TPHUECKOE 1101€ HAIIPABIECHO BHIH3, OHO 3acTaBAseT aTOMbl BOAOPOAA M3Me-
HuTh nonoxenne. Kaxanrii u3 HAX MepeMewnaetea K omixaiitemy atomy O
BHU3. (B peasibHOM KPHCTA11€ BCE DTO NMPOMCXOAMT NPOLLE, NTOTOMY YTO aTOM
H, pacnoaomeHHbIA Mexay AByMst aTomanmu O. 10 HEKOTOPOIT CTereHl npu-
TACKMBACTCH ODOMMHM, 0OECIIEUHBAs BOLOPOAHYHIO CBA3b, KOTOPas CKPEMASET
kpucTani.) Koneunas xondurypauits uMeeT TouHo Takoil we sua. Bee aun-
NOJH 1EPEBEPHY ThI, HO JIBH/KCHHE MOJOKHTENIbHBIX 3aPAN0B TENEPDb Hanpas-
neHo BHM3. Ecnm Owl B 3TOM mpollecce y4acTBOBAN TOK, KOTOPhIH Mbl MOTIH
Obl BKAIOUHTL B MPABYIO uacTh ypaBHenus (7.102), To HeoOXoNHMO OLITO ObI
BCTABHTHL Ty JKE BEIHUNHY, 4TO W npewie (dP/dt), cooTBeTCTBYIONILY IO TOKY,
Hanpas;IeHHOMY BBEPX; HO Mbl AOMACHBI NPUOaBUTL D0NEE CUNBbHBIA TOK Npo-
BOAUMOCTH J, HanpapneHHbIH BHH3 M COOTBETCTBY HOLLUMHA JIBHKEHHIO KA I0TO
3APAAA BIIH3 HA PACCTOSIHUE, PARHOE OTHOMY nepuoay peweTkd d. PasHoCTL
OyneT paBla peanbHOMY TOKY, BOZHMKAIOUWIEMY Ollaroaps CMELLEHUIO Moo-
AHTCALHOTO 3apsijla BHH'S Ha paccroaiie d.

3aMeTUM, UTO B KaK/10M Clyuae MOJHbIH TOK TeYeT B HaNnpaBACHUM TIpH-
TIOAEHIIOTO HIEKTPHUECKOTO Nos, TOUHO Takue Ke ABJICHHA HAdIIONakTCA
Y B AKHAKOH BOAE C €AMHCTBEHH O pasHuLEH, KOTOpas CBA3bIBAETCS C HapyLUe-
HHAMI B «KBA3HKPUCTANAHYCCKOH) CTPYKTYPE BOAbI BCNEACTBHE TEMNIOBOTO
ARWIKCHHSA YaCTHLL

Yr1o0bl ObITL YBEPEHIILIMH B TOM, YTO NPOHCXOAMT B HeHCTBHTEILHO-
CTH: NIEPCBOPAYHBAHNC MOMCKYAbl CBCPXY BHI'S HIAM NEPEMCIICHHE NPOTOHOB,
HEOOXOIHMO 10CTATOUHO XOPOLLIO 3HATh MUKPOCKONHYECKYO CTPYKTYpY. O-
HAKO 13 DTOT0 PACCMOTPEHHA MOMKHO CACAATH CAeAYIOUIMH MpOCTOl BLIBOA:
MOJHLIH TOK IPOBOAHMOCTH ONPEICINAETCH AeHCTBHTENBHBIM MHKPOCKONHYE-
CKMM JABHACHHEM BCEX 3aPAAOB, KAK CBOOOAHDBIX, TAK H CBAJAHHbIX.

7.8. EcrtecTBeHIasn (caMoCcTOsATE/ILHASN) NPOBOIHMOCTH
Ecnu TWATCHBHO OUHLWCHHYO 11 BbICYWCHHYHK KHUAKOCTL NOMECTHTDL B

NOCTOSHHOE WICKTPHUECKOE NOME (TAakol BEIHYUHLI, KOTOPasi He AONYCKUIA Obl
BNCKTPONIA). TO 110C.1€ TNPHIOKCHHS HANPSKCHHSA TOK OLICTPO YMCHbLIACTCS
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OO HeKOTOPOH MHUHHMMAaJILHON BEUMUMHBLL. DTOT I1IPOLECC HACTO HA3LIBAIOT
JAEKTPOOHHCTKON, TAK KAK MPOBOJAXMOCTh AKHAIKOCTH, HAXOAAWEHCA B 21eK-
TPHYECKOM MONE, YMEHbIIAETCH MHOIMIA Ha HECKOJIbKO MOPSAKOB BETHYHMHBbI.
[Tociie OYHCTKH KHAKOCTL HE BOZRPALLAECTCH K HAUATLHOMY COCTOAHHIO, €CITH
TOJILRO €€ 11€ 3arpA3HHTL; He 00Hapy /KHBACTCA TAKKE ABJICHHUA NOASPHIALLHH
2NIEKTPOLOB.

CKoOpoCTL cnajeHus TOKa M €ro KOHEHHOE 3HaudeHHE TNOKAIbIBAOT, H0-
CTATOUHO JIM XOPOUIO OYHLIEHA KHIKOCTh, MexanuiM JIEKTPOOUHCTKH eule
TOYHO HE M3BECTEH. OObIMHO CUMTACTCs, UTO 00PA3CL AHUKOCTH, B3stTbIHA
HEMOCPE,1CTBEHHO NOCNE NUCTUINALHH, MOKET COIEPIKATE CIE bl MICKTPOTH-
THUECKHX 3arpa3sieHni, Ny3bIPbKI BO3ULYXA H KHCIOPOAa H 11Y3bLIPbKH NMApOB
camMoi KHARKOCTH. LIpH DNeKTPOOUHCTRE NPOHCXOAAT CAEAYIOUIHE BOIMOKHBIC
NpoNeccChl:

1) ynaneHue cnesioB MMEKTPOTUTHUCCKHX 3arpA3HCHUI;

2) HCUE3HOBEHHE NY3LIPHKOB ra3a B AHAKOCTH, 1X1aBHbIM 00pa3oM BO31y Xa
W KHCIopoaa,

3) HCuE3HOBEHHE MY3LIPLKOB Tasa, a,1COPOMPORAHIIOTO HA MOBEPXIOCTH
MIEKTPOAOB!:

4) ynanenye cryuaiabIX HOCHTEIeH 2 TCKTPHUECCKUX 3apa/10E (CBOOOHBIX
NIEKTPOHOB H HOHOB), HAKOTIHBIIHXCSA B #H/KOCTH 10 OUHCTKH;

3) BO3BMOKHOC YNOPAOUECHHE MONEKYN AKHAKOCTH B KBA3HKpHCTAILIHYE-
CKYIO 1IPOCTPAHCTBEHIIYH) PELIETKY U NOCTENEHIILIH Nepexoyl KHAKOCTH H3
COCTOAHHUSA JOHOPHOIO MONYMPOBOAHHKA H-THITA B COCTOAHUE U30AATOPA.

B nnoxo o4MIEHHOR AHJKOCTH NEPBbLIH 13 NEpeHHCIeNHbIN NPOLEccoB
ANET OUelb MEANEHHO M, KaK NPaBHi0, He aeT NONOKHTEAbHLIX PE3YIILTATOBR.
[Tpoueccel 2, 3 ¥ 4 MPUBOAAT K ObICTPOMY M HEODOPATUMOMY YMEHLILEHHIO
NpoROAUMOCTH. TlocneaHnil (5) npouecce aBnseTCA CKOPEe MMnOTETHHECKHM.

CornacHo Teopun Poperepa caMoCcTosiTe/IbHAA TPOBOAHMOCTE CKNA/bI-
BAETCA Y3 MEKTPOHHOI NPOBOAUMOCTH U NPOBOAHMOCTH, Bhi3BAHHOH BO30Y-
AACHHBIMH MOJIEKYaMI. CBOOOIHBIC DJICKTPOHLI NEPECKAKHRBAIOT OT MOJEKY-
Abl K MOJEKY/i€, JaAePKHBASACH Yy KaknOoH Ha KopoTkoe Bpemsa (Tak
HQ3bIBACMbIH J1OBYLIEHbBIT MEXAHU3M NPOBOAUMOCTH). MOIEKY:IbI, HAXOAS-
mMeca Ha CaMOM HU3LIEM YPORHE «BO3OYKICIHA», CYWECTRYIOT B ONpEc-
JIEHHOM KOJIMUECTBE B AKHMIAKOCTH Jaske NPH KOMHaTHOH Temueparype. [1pu
CTONKHOBEHHH TUKHX MOIEKYSl JIPYI € APYTOM MOKET BO3HHKHYTbL tlapa HO-
HOB. POpCTEP 110KA3A!, UTO BO MHOTHX CIYUAHAX MOKHO CBA3ATb DHEPTHIO
AKTHRALHM NPOBOTHMOCTH € DHEPTHEH RO3OYKAEHHS MOICKYJL.

MNpuyuHaMy ecTecTBENNON NPOBOAMMOCTH MOrYT ObITb TaKiKe C.1€LYIO0-
LLIME ABIEHUA:

a) YMUCCHA HICKTPOHOB M3 KATOAd MO, AefiCTEHEM NPHAOACHHOTO Nojs
(C YHETOM CHHAKEHHUSA padoThl BLINOAA WICKTPOHA M3 METalNa B ANXIEKTPHK);

0) cnesibl DNEKTPOAHTHUECKHX NPHMECEH B KU IKOCTH;

B) AMCCOLMALM MONCKYJT [IOCTOPOHHUX BELICCTR;

T) AHCCCOUHAUNS MOJICKYsI KHAKOCTH 1101 A¢HCTBHEM DACKIPHIECKOTO NI,

21) MOHM3ALHSA B PE3Y-ILTATC BOBACHCTRHA U3AYUCHHA PALHOAKTHRHBIX 3a-
TPS3HEHM, HAXOAANIMNCH Ha CTEHKAX COCYNA H B BO3AYNE;
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€) HOHH3ALHA KOCMHISCKHMK 1y HaMi;

K) TEMJIOBBIE NMPOLECChl, NMPOTEKAKILHE TAK #e, KaK B 21EKTPOHHBIX NO-
NYTNPOBOHHKAX.

Kazcnas m3 9THX NpUiHIl MOKET HCPaTh OMPEIEIIEHIIY O PO.1b B COOTBET-
CTBYIOLUHX YCJIIOBHAX; HATPHMEP, IMHCCHS MMEKTPOHOB M3 KATOAA JIETKO OOHE-
pyxunBaeTea. B wuakocTax BuicUieli cTenenn O4MCTRI ¢ €CTeCTRENNOI npo-
BOAMMOCTLIO nopsiaka 10 1910720 Om~'cm! mowcHO HaBnoaaTh BAUSHUE
KOCMHYECKOTO H3fIyuenus. IToT HPpPeKT NPosABIIeTcs 1aKe NpH IKpalupo-
BaLHH H3MEPHTC/IBLUOTO COCYAA TOACTbIMU CTEHKanlM 13 0i0Ba (a0 15 cMm).
Bo3aeiicTBHEM KOCMHUECKOTO H3NYUCHHA MOXKHO OOBLACHHUTL TOT (PAKT, UTO
B PA3THHHBIX HCCIEAOBAHHAX AOCTHIAETCS OHA H Ta JKe HAWMEHbLLAsi NpPo-
poaumMocTh 10 17 -107% Om ‘em ' Januueiiuree ee ymeHbIUEHHE yaaetcs
NOAYYUTh TOABKO € MOMOLLbLIO FKPAHHPOBAHHS OHEHb TOJCTBIMH ONOBAHHbIMU
CTCHKAMH.

DMHCCHS CBODOAIILIX MIEKTPONOB B JKHAKOCTb AACT BO3MOMKIIOCTL HC-
CJICIOBATL PA ABICHHI, CBAAHHLIX ¢ MPOBOTHMOCTBLIO M OPODOEM KEHAKHX
JMVNEKTPHKOR. DTO MOKET ObITL OCYIIECTBICHO 11€CKONLKMMH criocobamu:
a) PoTodPPEeKTOM, B) TEPMOIMHUCCHEN M3 HATPETOI'O WIEKTPOAA, B) XOJIOAHOMN
IMHUCCHEN VIEKTPOHOB H3 KATO/A, ') HAHECEHHEM [F-H3TYUatOLLEro BELIECTRA
Ha OAMH M3 MEKTpoaoB. Mayuerine TeMnepaTypliofi 3aBHCHMOCTH CaMOCTO-
SATCJILHOA NMPOBOAHMOCTH UHCTBIX KHAROCTEH NOKA3all0o JHHEAHYH 3aBHCH-
MOCTL JorapH(nia Toka OT odparHoil Temrepatypbl. Boluucnentias 13 H»Tux
AQHHBIX JHEPrHst AKTHBALHH JIIEKTPOTNPOBO/IHOCTH LIS MHOIHX HCCIIEA0BaH-
HBLIX YIVIEROAOPO/I0B COCTARNACT TaAK K€, KAK H B BOAHLIX PacTBOpax HIeK-
TPOJIMUTOR, BENHHHHY NOPAAKA 3 KKA/MOJIb, HTO MO3BOJIAET CleaTh NPeANo-
JIOZKEIIHE O HEZABHCHMOCTH CaMOCTOSNTENbHOH MPOBOAHMOCTH OT CTPYKTYPBI
Anaxocti. TIpaBaa, CyLWECTBYIOT U APYI'HE MHEHHS O MEXAHH3ME NPOBOAU-
MOCTH. TTOCKOILKY MITOTHE ABJICHHSA B IKIIKHX H TBEPALIX AMIACKTPHKAX 00-
HAPYKHBAIOT DOJILILIOE CXOACTBO, MOITOMY TEOPHsi, pazpadoTasHas ajis TBEp-
TBIX JINONEKTPHKOB MOKET ObITbL MPHUMEHHMA U 4758 KHAKHX JHIIEKTPUKOB.
B kpucTanmmaecknx cTpykTypax 00abiiioe BIHAIMe OKAZLIBAIOT Pa3NHYHO-
L0 Pond NPHMECH, COZAAIOIIHE CBOCOOPA3HbIE IOBYLUKHY», IHEPreTHUECKHE
YPOBIN KOTOPBIX PACTIONATANOTCH B ITPOMEKYTKE MENKY BaNCHTHOH 30HOIT
M 30HOH NPOBOAHUMOCTH kprcTanna. [Tepexoa d1eKkTponHa, NONOIUM, € BAIEHT-
HOTO YPOBHS 11a MPOMEKYTOUIBIA 31HauUTELIIO 00NerdaeTes, YTo U CyKHT
TIPUYUHOH yBENHUEHHS TPOBOAMMOCTR «3arPsi3HEHHBIX» KPUCTaINOB. TOUHOH
TEOPHH MTOABHIKHOCTH 3APAKEHILIX YACTHUL B JKUAKHUX IMONEKTPHKAX, @ TeM
Gonee B CMECAX HITH PacTBOpax, A0 CHX MOp HET.

7.9. Tepenoc y1eKrpH4ECKOI0 3aPsi 1A

PaccMOTpHM ABIGKEHIE TOKA M0 3aMKHYTOMY KOHTYPY H3 METalna, B pas-
PBIB KOTOPOI'O MOMELLEH SJIEKTPONHT TAKOTO JKe CeucHHst. Benuauta yToro To-
Ka OYJIET AUMHTHPOBATLCS TOM 1ACTBIO KONTYPA, KOTOPLI HMEeT HAUbOIbLIEE
COMPOTUBNEHNE (OUEBH,1HO, 1TO HTO — rpaHHua paziena (as, rae peanisyercs
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H3TOM BEKTOPA HAMPAKEHHOCTH WIEKTPHUECKOrO Nomst). 3anHiuem BeJIMIHHY
MUTOTHOCTH DACKTPHYECKOTO TOKA f, BLIZBAIIHOTO TOKOM MIEKTPOLIOB, TCKY LIC-
o MO KOHTYPY B BHIE

J = joexp (—AW/kgT). (7.106)
ol jo= AT exp | —- T e Y const,
| V2m(Weq —en) k!t

MOCKOBLKY HIMEPEIHE HMEKTPHUCCKON NPOBOAMMOCTH MPOH3IBOAUTCS MPU
OHEHb MaIIBIX OTKIOHEHHAX NOTCHUMANA H3MEPHTENILHBIX WIEKTPO/IO0B OT paB-
HoBecHs (~ 3 —10 MB), a exp (—1/\/2m/(T/Ve(1 — kpT Ineeon)) NpakTHUCCKH
HE MCHSIETCS NPH HIMENIEIHH KOHLEHTPALUMH B JI0BOALHO HTHPOKHX [TPEACNax;

AW = Wy — kgT In ¢om, — duepreTuueckiii Sapeep. KOTOPbIi AomiKeH
ObITb MPEO/IOJIEH IMUTTHPOBAHHBIM U3 METATLIA JNEKTPOHOM, HITOOL! OKA3aTh-
¢a B oObeme pacrsopa: M7, DEPrus aKTHRALIM MEKTPHUYECKOH MpoBo-

JMMOCTH, NPEACTABIAIOLIANA PAZHOCTL PAOOThE BBIXOA IMEKTPOH H3 METaA11a
B pacTBOp Y/l",f‘[/"’ i JTHOM 301LI MPOBOAUMOCTH («rnyduIIoi» noTeruHans-
HOM AMBI B K HAKOCTH, ONMPEAENHEMON XHMHUECKHM NOTEHUHAIOM 2J1EKTPOHA
B pacteope /& = p + kT In ey

IMponorapudmuposas 3akoH Oma ¢ yueTom (7.106), noayuus npocTyo 3a-
BHUCUMOCTE BEHY ULl YACALIOH (DKCNEPHMCHTANIBHO U3MEPAEMOIT) DIEKTPO-
TPOBOAHOCTH OT KOHUEHTPALMK (AKTHUBHOCTH ) PACTBOPA HMEKTPOJIHTA B BUAE

In s» = In const — W‘;; —InE + In cepm = const + In e gy (7.107)

W3 pbipakenus (7.107) cneayeT, 4To norapudMUyecKas 3aBHCHMOCTD YaCb-
HOH 2EKTPONPOBOIHOCTH OT KOHUEHTPALLMII PACTBOPA MIEKTPOIMTA (15 pa3-
OaBsenHLIX PACTBOPOR AKTHBIOCTL MOXKIIO 3aMRIHTL KOIUEHTpauueii) apns-
eTCs tHEAHOH QYHKUHEH ¢ TAHIEHCOM HAKIOHA PaBHBIM €TUHULIE.
[IpanonnneiiHasn 3aBHCHMOCTE In 2 OT In ¢ HEMOCPEACTRENIIO BRITEKAET U3
LIHPOKO NPHMEHSEMBIX IMIHPHIECKHX 38KOHOB MIEKTPOXHUMHK —— YPABHEHUH
Hepricta n Tadens. 3anuuiem 3akon Oma B norapndmHucckoii hopae

Iny=Ilnx+Ink. (7.108)

TMpu NOCTOAHCTBE HAIPIKEHHOCTH MEKTPHULCKOTO 110413t (2 UMEHHO DTOI0
W J0OHBAIOTCSH B IKCIEPHUMEHTAX N0 U3Mepelino <) npoaunddepeHunpyem
06e vacti (7.108) no d i gy,

dln s _ dluj dny _ fewl’ =l, (7.109)
dlIn ceon dn  dinecan [TV A
dlnj
TaKk Kak M3 ypaBHeHus Tadens W = Lo @ U3 YpaBHewua HepheTa
i % §8
dn _ kgT

dlInccan, e
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ConocTaBieHHE ¢ IKCNEPHMEHTANLHBIMM AAHHBIMH YKA3bIBACT HA TO, UTO
3aBHCHMOCTL (7.107) sapnaercs npamoauntieiiHoii (¢ kosdduunenTom perpec-
cuit 0,99) B obnactu xkoHueHTpauuii mexsble 1,0 Monb/i NpaKkTHYECKH ANs
BCEX IEKTPONUTOB 1e3aBHCHMO OT KX BAJCHTHOCTH M MPHPObI PACTBOPH-
Tena (puc. 7.17 n 7.18). Tlockoybky 1a JIMHEHHAa 3aBUCHMOCTL MPOCTH-
paeTcsd RMOJOTH JO SNEKTPONPOBOAHOCTH YHCTOrO pacTBopuTens (ais

—lgn

| | |
2.0 1,0 e

4,0

1}

Puc. 7.17. Zasuensmocts 1y 52 o1 18 ¢ o B BOAHBIX pacTBopax. | — HCI: 2 — HNOs3;
3 —H2S04; 4 —KF: 5—KOH: 6 —NaCl; 7— NH4Cl; 8 — LiCl; 9 —KNO3:
10 — KCNS: [ — KI: 12— NauSO4: 13 — CuCly: 14 — (NH4)2804: 15 —
KCiO4: 16 — NaNOy; 17 CuSOy: 18 ZnS0Oy

BOALI #i,0 = 6,310 ¥ Om~tem™1), cneayer aymats, uto mMexanusm dnek-
TPHUECKOH TMPOBOAHMOCTH B PACTBOPAX DIIEKTPOJHTOB MO Mepe YKpen-
JIEHUSI KOHLENTPaUnKu 1e MeHseTcs. A Tak Kak MNPOBOAMMOCTb YMCTBIX
KUAKOCTEN HUKAK HeNb3a 0ObACHHUTH MEePEHOCOM 3apsaaa HOHaMU, TO ecTe-
CTBEFHHO HANPAWHBACTCA BBIBOA O TOM, 4TO W B PACTBOPAX MIEKTPOIHTOB
MeXatlH3M NPOBOAUMOCTH MOAOOEH MEXaHH3MY MPOBOAHMOCTH YHCTLIX KHUA-
kocted. Hezasucumoctns dlg z¢/dlg e or npupomsl 2neKTposinTa B BOAHBIX
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2H5 ) NI B paznbix
pacTBOPHTENAX (CM. pHE. 7.17), a TAKKE MPHAMEPIIO OAMIIAKOBLI 11aK1011 3a-
sucumocT Alg >¢/A(1/T') B HUX 11€ JAET CePBEIHOrO OCHOBAHUS CBA3bIBATH

pacTtBopax (ca. puc. 7.16) u onnoii u To# we conn (C.

lgst
8
i e e
//4%/
! /‘%’/ 4
=== , ///; gl
7 74
2
2
15
/’«/'(’
—4 /g//;y
Py A
e “
Fa /
5 e
Vs
Pl
d .
—4 - = ~1 1w

0

Puc. 718, Basucvocrn 1g 22 (Cal15)4N1 or g ¢ 8 neposunx pacrpoprreisax: 1 —
AUCTOHHTPHIL 2 — QUCTOH. 3 — NPOHHOHHTPHI. 4 — MCTaHOA. 5 — Boja. 6 — mc-
THAPOIAHWA. 7 — aUueTHAOPOMHIL 8 — MeTHmpopMamMuil. 9 — sruxsopriipuin. 10
oradod. 11 XAOPHCTBIA MeTH.L, 12 — dumeruiacyabsoren 13 ITHACHXTOPLLL
14 — n-nponanon, 15 — MerwicHxi1opuil. 16 — uponruoHamn/ ICrHA

ANEKTPHIECKYH NIPOBOAUMOCTD B PACTBOPAX WICKTPOIHTOB € TEOPHAMH HOLI-
HOTO NEPeHOCd 3apsiila, NOCKONbRY Kay1as U3 HUX Tak WM MHAue ONUPAETCS
1A MOIL!IL «Holioit atmocdepu Jedas. [pueeaetnas suiwe nonygdenone-
HONOIMHECKAs TEOPHS WIEKTPONPOBOIHOCTH OCHOBAHA Ha (Y H1AaMEHTAIIbHbBIX
3AKOHAN KBALITOBOH MCXAHHKH H NPEACTARIAST COO0H 3HAUHTCILHO OONBIUTYIO
IBPHCTHYECKY K UEHHOCTD.



F'JTABA 8

PABHOBECHE KHUIAKOCTbL-I1TAP
B KOHUEHTPUPOBAHHbLIX PACTBOPAX

8.1. PaBHoBecHe :KHIKOCTD — 11AP B Hil€a/IbHBIX PACTBOPAX

[Tpu aHanuze odwuX YCI0BHIH PABHOBECHA B Cilyyae pa30daBNeHHbIX PacTBO-
POB. HAXOAAIHXCA B [ARYX(PA3HOM COCTOSHHI I, ObII0 NOKA3al0, YTO NOJHOE OTIpe-
JeSIeHHe CBOICTB 00CHX PABHOBECHBIX (Da3 TPEOYET 3HAHHA YETbIPEX BE/IMYHH!
T,P,xy WXy, TNE & N 2y — KOHUEHTPALMH PABHOBECHIO COCY LIECTRY FOLLIX
(a3. JloOble ABE W3 STHX BEIHUHH MOI'YT ObITh BLIOpaHbI NMPOH3BOILHO, TOIMIA
JIBE JAPYTHE H BCE OCTALIBIC HITEHCHBHLIE CROHCTRA (ha3 OKAKY TCs1 OAHO3HAUHO
OTIPE/ICIEHHBIMH.

Bee 3aBHCHMOCTH MENKILY PaBIMMHBIMH CBOHCTBAMH OHHAPHON CHCTEMBbI
B HCSIBHOM BHIC MOTYT ObLITL BLIpaXKeHL B YCIOBUIX (hazoBOrO paBHOBECHS
yepes XHMHYECKHE NOTeHUHaNb

:LLIl (/1‘7 Pe '/L'l) = ,LL»I(T; P; .’L'))),
us(T, P, x") = pno(T, P, z»).

Beero 13 4eTbIpex HCXOAHbBIX BENUYHMH MOI'YT ObITb MOIYUCHbI 12 3aBUCUMO-

cTeil. Ecnn aapiacine 1eBenKo, TO MOKIIO AOTYCTHTL, YTO KaAK/ b KoMnonenT
B NApax HOAYHHACTCA YPABHEHHIO COCTOAHMS UACMIBHOTO rasa i 4To NMapuu-
ANTbHbIH MOSILHBIH 0OhEM B KHUAKOM COCTO-
SIHHH 3HAYHTENILHO MEHbLIE TAKOBOIO B 1a-  p Pok Ty
3000pazHoM. C yueToM JTHX YOPOLIEHHH
Npd NOCTOAHCTBE TEMMEPATYPbLI H asne-
HHA ONPEAENAHOTCA 3aBHCHMOCTH: plr®) .
p(e™ ) na® (%) (3nech ¥ wak — cooTeeT-
CTBEHHO MOJBHBIE A0JW KOMTNOHEHTA B KN -
Koii 1 naporoii hasax).

Panee (eM. (6.39) 1 (6.40)) 6b1i10 Nokasa-
HO, 4TO B CNy4a€ HEONWHAKOBOTO NABJIEHUA
HOCHILLEHHOI'O Mapa KidKA0IO M3 KOMTIOHEH-
TOB OHHAPHOH CHCTEMDBI 3ABHCHMOCTD JaBfIc-
HHA HACBILCHHLIX MAPOB OT KOHLUCHTPALUU
pacTBopa npeACTaRNAeTCa NPAMOIl JnHneit
OpH NocTosaHHOI Temmeparype (puc. 8.1).

3aBHCUMOCTDL  AdBITEHHST  HACKLILIEITHOTO
flapa pacTeopa oT KOHUEHTPALHH KOMIONEH-
Ta B NApax HA DTOM XKE PHCYHKE MNPe/1CTaB-
JieHa WTPHXOBOH nuumneil, PasvmeeTea, uto
npu x* = 0 wad 2* = 1 1, COOTBETCTBEHHO,

Puc. 8.1. IMapooBpazonatsie wicans-
HOro pacraopa s P —x-auarpamMme
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¥ = 0 wn a2’ = 1 obe 3aBHCHMOCTH CXOMITCA B OHY TOUKY. KOTOpas cooT-
BETCTBYCT JABJICHHIO HACLIINICHHOTO Imapa rnepBoro Hitl BTOPOro KOMMOHCHTOB.

CrutoLuHas i LATPHXOBAS JIMHUK Ha PUC. 8.1 npeicTaBiisitoT codo i 3aBUCHMO-
cti p(e™ ) v p(f)r NpY 3a7aUH0IH TeMnepaType. DTH AL CNCAYET paccma-
TPHBATb KAK MEOMETPHHECKOE MECTO TOUEK COCTOMHHH HACBILLIEHHBIX AKIHAKOCTH
v napa. Kaxaas Touka 1ma Cnjowioil JUHUA OTBEYAET COCTOSIIHIO JKHIKOCTH
npu (a3oBoM paBHOBECHH. OHA XaPAKTCPHIYETCs BCEMI HCOOXONHMDLIMH apa-
METPaMH 17 OIHO3HAYIOTO OTIPEETCHUA COCTOAHMSA KIHAKOCTH. Kaxkaas Touka
Ha LUTPHUXOBOI SIMIIHK ONPeACTAeT COCTOSHUE CY XOTO HACKIWEHHOTO 1napa. Tou-
KM, JIe/Kaulie Ha OAHOHN NIMHMM, NpH P = const XapakTepH3YIOT PABHOBECHO
COCY IIECTRYHINHC (azbl — KMAKYH W mapoodpaiziyto. PareHCTRO TemnepaTyp
BBIMOJHACTCH ABTOMATHUIECKH, TOCKOIBKY BCsL AMArPAMMA NOCTPOEH: 1% OAHOH
TeMMepaTyphl.

Takum 00pazoM, CIUIOLIHAN W WITPHXOBAS JIHHITK USIAT BCIO AHAIPAMMY Ha
00J1aCThb CY LLICCTBOBAIIMA JKIAKHX H NAPOBLIX PACTBOPOB. Eciin Hexoanyto napo-
BYIO CMECh cOCTaBa x:* CKHMATh (YBENHYHBATL AABICHHE), TO OPH JOCTHIKEHUH
LLITI)HXOBOXUI JHIHH TIOSIBHTCA PABHOBCCHAA JKHAKAA (])El'}kl, T. €. HAYHECTCA KOH-
Aercauus napa. [osyromy WTPHUXOBAS AHHHH HA3BIBAESTCS 1UHUCH KOHOCHCAL U
AHANOTHYHO, CTIOLIHAS NHHHA Ha3BLIBACTCH JuHucl Kunenus (apoodpazosa-
Hust). QBNacTb MEKIY WTPUXOBOH U CIINOWHON NHHUAMY ABAAETCA ODJIACTHIO
BlIKHOI'O napa. TTosicHUM HTOT Tepmud. Baawubiid nmap — 3To He Kakas-To
ocobdas (paza, HTO — nap M IKHIKOCTL, HAXOAIUIHECS B paBtiopecHu. CocTaBbl
JKHIKOCTH H [1apa COOTBETCTBYIOT TOUKAM « M D. Takum oOpasos, cucTema. Xa-
paKTEePH3YIOLIAACS MCXOAHBLIM COCTAROM Mapa ¥ 1 ¢xkatas 710 AaraeHus P (Ha
JHarpamMse To COCTOAHHE 0003HAUEHO TOUKOH (/). pacnafacTcs Ha JBE paBHO-
BECHO COCYIIECTRY IO1ILHE (Pa3bl: JKHKYIO — COCTaBa. COOTBCTCTBYIOIIETO TOUKE
a(z®), u NapooBpazHyo — COOTBETCTRYIOLIETO TOUKe D),

M3 coBMeCTHOTO peLeHIs MaTepHalLIIoro dataHca

JA==n = o) 8.1
H dasanca pacTBOPEHHOIO BEWECTBA
n°2® + ¥ = nx (8.2)
CHCLYCT HPAGLAO Potded
Moo (8.3)
ne aw—at lyg

T. €. MacChl COCYLIECTRYOUIHX (ha3 0dPaTHO MPONOPHHOHAIILHBE OTPE3KAM, Ha
KOTOpbIE PUrypaTHBHAS TOUKA (B AAHHOM CAydae TOUKA ) ACHHT NPSAMYIO
(MA3BLIBAEMYIO KOHOOOT WA 1100011), COCAMHTHOULYHD 1B€ COMPSIKCITHLIC (pasbl.

DTO NPABHAO LWMPOKO TPHMEHSETCs A1 COCTABICHHS MATEPHAIbHBIX Oa-
JIAHCOB B PaBIHUIILIX TETEPOreIHbIX CHCTEMAX KK O/IHO- TaK W MIIOIOKOM-
MOHEHTHbIX.

Eciu H3BeCTHBI 3ABHCHMOCTH JlaBielHsl Napa OT COCTABA CHCTEMbl MpH
HECKOMLKHX TCMTIEPATY PAX. & TAK/KE TEMMNEPATYPbl KUNEHHS Ka/KA0I0 W3 KOMTIO-
HEHTOB OHHAPHOH CHCTEMbL, TO MOWKHO MOCTPOUTH AHAIPAMAY. BbIDAKIAIOLLYIO
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3ABHCHMOCTh TEMMEPATY Pbl KHNEHHA PACTBOPA OT €rO COCTABA MPH NOCTOAHHOM
JasneHnd. Jns »Tol nenn nenonnbiyroT ypagheHue Knanelipona — Knay3nyca,
coveTas ero ¢ COOTHOLLGHHAMU MENIY COCTABOM KHAKOCTH W Napa npu 3afaH-
HOIl Temneparype. K COKaNCHHUIO, 3TH yPaBRICHHS TPANCLCHACHTHLI, H 11aX0-
JKIEHHE HCKOMBIX 3aBHCHMOCTEH BOIMOIKHO TOJNLKO HUCIHEHHBIMH WU rpadu-
UCCKHMH MeTonami. 3 ¢Ba3u ¢ atum sasucumoctu T{(2*)p u T(2*) ;> 00bIuHO
NONYHALOT MyTeM I'padHUecKHX NoCcTpoeHUHA. [I1s 3TOH uenu B Nnone AHarpammbl
P -z nanocst psa u3oTepa 1, NpoBo.1s Nps-
Mytlo [ = const. nouyvaloT B TOUKaX ee
TIEPECCUEHUST CO CIUTOLLHBIMHU W LUTPHXO-
BbIMH KPHBLIMH KOHLEHTPAUHH paBHOBEC-
HBIX KUIKOCTH M mapa fpu JaHHOM Aan-
JIEHUH W COOTBETCTBY LN TeMMNeparypax.
3HAs1 HTH KOHUCHTPALIMH U TEMTEPATYPbl KW-
NEHHA UHCTBLIN BEHIECTB. JNEFKO MOCTPOHTL
T — x-prarpaMmy.

PaccMoTpuM  Temeps  npouecc  napo-
OOPA30BAHUA 1P MOCTOAHHOM JABICHHH
B T —r-Harpamae. L1 cayuast, Kora nap
ocTaercs B TOM kKe cocyne. IlycTs uc-
XO/IHOE COCTOAHHE COOTBETCTBYET TOUKE [
{puc. 8.2). Ilpu noaoye Tenia K cHeTeMe
Touka / (¢urypaTupHas TOUKA) B IHATPaM-
Me OYAeT nepeMellaTbest BBEpX Mo JIMHAN
I —2. B CocTosHUM TOUKN 2 Hat KPUBOH KMNs-
LICH JKHAKOCTH PACTBOP 3aKHIHT, 1 NossuT-  PAC 8.2 TIpouece tapoodpasona-
s MEPBBIH MY3bIPEK Napa cocTasa, onpe- HHUs OHiapHoro pacrsopa » 1 —u-
HEASEMOI0 T04KOH 2%, Takum ofpazom. ~HITPAVME
B TOUKE 2 BCC PACCMATPHBIAEMOE KOJIHIECTBO
PACTBOP& OY:ACT NPEACTARISTL KHIALWLYIO KHAKYIO Pa3y ¢ OECKOHEHHO MEILIM
KOITHYECTBOM Tapa. COCTAB KOTOPOTo .»y. [pi danbiefiniem noipo1e TennoTh
((hurypaTHBHAs TOUKA ABHIKETCA BBCPX MO AMHHM 2—3—4) B KHUNANCH KWA-
KOCTH OyAET HEMPEPBIBHO YMEHbLLLATLCH COACPAAHUEC BTOPOIO (JICTKOJIRTYUETO)
KommoHeHTa. B Touke 3 pacTrop OyaeT MpeAcTarasTL cOO0M ARy X(pazHyHo cHeTe-
MY, COCTOSILLYIO H3 KHIAILEH JKHAKOCTH (Tovka 37) cocTasa .l u ee napa (To4ka
3») cocTapa 3. ECAM MOOROAUTHL TENAOTY M Jance, TO MOKHO, HAKOHEL, NO-
CTUTHYTb TOUKM 4. B COCTOSIHHUI, ONpeIenseMOM TOUKOH #, pacTBOP NOIHOCTBIO
riepeBeaeil B CyXoil Hachleisiii nap, coCTaB KOTOPOro, €CTECTBENHHO, TOT Ke.
YTO M COCTaB UCXOAHOTO pacTBopa. OcTaBileecs 6¢CKOHEYHO MAIOe KONHYECTBO
IKUUKOCTH UMEET coCTaB . JanbHeluni nojABoL TeNaoTsl NPHBEALT K nepe-
IpeBy mapa coCTara, COOTBETCTBYIOLEro Touke 4. Ha prc. 8.2 910 cocrosinue
O0BO3HAUEHO TOUKOH J.

HTtak, B npouecce icnapeHs onpeaeneHHoro KoNHUECTea pacteopa Oyier
UMETb MECTO HENPEPBIBHOE HIMEHEHHE COCTABA KHMALIEH JKHAKOCTH OT &l = @
JO .y 1 COCTABA CYXOro Napa oT x»o A0 2»4 = 2. L[pH 3TOM, KOHEH IO, MEHSICTCS
u Temneparypa (o1 1 no Ty).
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AHalH3HpYs 3Ty AHarpamMmy, MOKHO NPHATH K BBIBOLY O TOM. YTO B Nnape
IO CPABHEHHIO C PABHOBECHOH JKMAKOCTBIO BCEI 1A NPEOOIAMAET TOT KOMIMTOHEHT,
TEMIIEPATY Pa KHIIEHHA KOTOPOTO HHIKE. DTOT PE3YAbTaT ABJISETCA COUCPKAHHEM
nepsoro sakoHa KonopaJiosa: «[lap oTiocuTenio Gorate TeM KOMIOHEHTOM,
S100ABIIEHHE KOTOPOI'0 K CMECH TOBbBILAECT OOLUEE NaB/ieHHE Napa HAH NPH HaH-
HOM JIABIICHHK CHHKAET TEMNCPATYPY KHIICHUA».

JloKazKeM HTOT 3aKOH TEPMOAMHAMHYECKH. 3anuien ypaeHeHue 'nbdca—
Jliorema ana sxnaxoli paser:

zidpl + x5dps = 0. (8.4)

3 5 ! H0: el
Yuutsias, uto pf = p0% + RT In p_(,) = p; " 4+ RT Inp; (napunaibHoe
7
HABJICHHE i-1'0 KOMIIOHEHTa pP = CONSt BHECEHO B CTAHAAPTHY IO YACTb XHMHYe-
CKOTO moTennnaa), Tenepn (8.4) MoxHO 3anicarb

S 5 ) P ¢d S 1 2
aidpt +23dud = 218 2393 — ), (8.5)
p p2
Orkyna
dp, = —— L s (8.6)
(L x3) p2
Vuurbigas, uto dP = dp | +dp 2, anosarony Jlanstonap; = P}, nonyauw
dP = dpyhdpy = [1— 22 U= Y, (8.7)
(1 — ;1',::)') .'I‘fi,
[Tomenns obe qacy paBecHCTRa Ha dr U NPeodPa3OBAB, NONYUHM
dP S —xh  dp
da — i) tl.r_]

P

M3 ypaBruerusa (8.8) ciieayer, uto W — 1 1OSKHBL MMETb O:MHAKOBBIC
J B 3 2 A

5
3HAKK. 'ITO OIHAUACT, UTO Map OBOIAUEH BTOPLIM KOMIIOHSHTOM &5 > x5, ecnu
dP/dx3 > 0. T ¢, 100aRICHHE BTOPOTO KOMMOHEHTA NPHUBOMT K YBEAHYEHHIO
OOLLETO NABJEHHS B CHCTEME.

PaccmoTpetiibiii Ipouece Mapoodpa3oBaHNs OTHOCHTCS K CIIYUaK), KOl
TEMIEPATY pa KHMNEHUA THCTOIO BTOPOTO KOMMOHEHTA HHMKE TEMTEPaTypbl Ku-
NEHBA YHCTOTO NEPBOTO KOMTONEHTa, ECn B cuctemMe o0partHoe COOTHOWEHHE
ITHX TEMNEPATYP. TO BHI KPHBBLIX AKHAKOCTH H Mapa OYAET HMETDL 3€PKAJILHOE
OTOOpaIKEITHE.

HMcnosib3ys mPpaBuIo Peibara. MOMKHO ONPEACHHTD MACCHI COCYIUECTRY HOLUUX
(paz B NOOOM COCTOAHHH CHCTEMBL. BO3nMeM, K MpHMEPY, COCTOSHHE CHCTEMBI,
onpeneisemoe toukoi 3. [lo npasuny peluara noiy4aes

-

n¢ [,
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8.2, PaBHoBecCHE KMIAKOCTH — [1AP B HEH/ICAIBHBIX PACTBOPAX

JIS HenaeaaLHbIX pacTBOPOB XAPAKTCPHLIM ABTACTCS OTCY TCTBHE TIPOCTHIX
CBSI3EH MEKIY XHMHUCCKUMH MOTEHLHANAMH W HE3ABHCHMLIMH MEPEMEHIIBIMM
T n P. M eciit 3aBHCUMOCTH NAPUHANLHOIO AABIEHMS OT cOCTaBa And MAae-
anLHLIX PACTBOPOR BLIPAKAFOTCA B BHIE MPAMbIX (T. €. MOAMHIISIOTCS 3a8KOHY
Payiist), 1o 9TO sBAsETCH TeMm MPeesioM. K KOTOpOMY B TOH MM HHOH cTene-
HH NIPHOITHIKAKOTCS peanbHLIE pacTBOPLL. TToHTOMY peaihHble PACTROPLI YA0OTIO
KJacCHPHUHPORATL NO THY OTKIOHCHHA OT MPSMONHHEHHbBIX 3aBHCHMOCTEH,
XaApPaKTEPHLIX AT WAEANLULIX PACTBOPOB.

Ecan oTka011e s 11ada101at0TCst B CTOPOHY MEHLLIUMX 311aueliii, To ropopsaT
00 ompuyamersiolx omiionenusx ot 3axkona Paynsa (puc. 8.3, a).

Ecnn sxcnepuMenTanbHble AaHHBIE OKA3bIBAFOTCA BbIllE BBIUYMCICHHbIX MO
ypagHeHuto Payiist, To 1oBOPST O noroxcumetvnnix omrionenusx (puc. 8.3, 0).

_ P, MM pT. CT. P, MM PT. CT.
200' 1*250( /(,:/,'
300
1601 o
200 1201 ’,’/1 ‘,’,,
80P~
100
407 A
L 1 I - '/| L L L L L I “\f% !
0,2 04 0,6 08 1,0 02 04 006 08 1.0
CHCI Cell

6
3NC2['150(:21'15 = C,t[sOC,H5 NCILECOCH: — C1L,COCIIH

a o

Pre. 8.3, 30BHCHMOCTH TIPHHALITONO 1 00HICTO JEABACHIE 1PA 01 COCTABL ¢ — OTPH-
HATCIBLHLIC OTKIOHCHHST O1 3aKOHd Pay:Is. 0 — 11O 10KH FC.ILILIC OTK.IONCTHS O 3dKOH
Pyt

K cHeTeMam nepeoro THNAa OTHOCHTCS PACTBOPbE, COCTOSILUHE H3 BELIECTB,
CrOCcoOUbIX K B3aUMOEHCTBHIO. Takue pacTBOPL! 0OPAYIOTCA € BLLACICIIHEM
Tern:1a. 45l HHX XapPAKTEPHO yMerbuietne oobema pacTeopa (A1 < (1) no c¢pas-
HEHHIO C CyMMApHhIM OObEMOM HCXOAHAIX BEHIECTR; TIOITOMY TENNOTA MAapoos-
pPa3oBaHUA BCLUCCTBA M3 pacTBOpA O0NbLIE TEIUIOTh NAPOOOPAZOBAHMSL YMCTOIO
BCLIECTRA.

K cHcTeMam BTOPOI'O THMA OTHOCHTCS PACTBOPBI, 00PA3YOLLUNECs C [OIMOoLIEe-
HHEM TEN0Thl (Kak mpaniio, g uux AV > 0). [Torromy Ten1oma napoodpaso-
BAHHA BCLUSCTBA 13 PACTBOPA OKA3BLIBICTCS MEHLLUIE TEMIOTLI FlAapOodpa3oBaAHHS
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qucToro sewecTea. Clie1oBaTesLHO. MPOLECC MAapoodpazoBaHia obnertaeTcs,
T. €. AaBJICHHE Napa BO3pacTaer.

C yBEHHYIEHHEM OTIJIOHEHUS OT UALAILHOCTH MOYKET MOSBUTHCS MUHHUMYM
TIPH OTPHUATEALHBIX OTKIOHSHHUSIX HAH MAKCHMYM MPH NOJIOKHTEALHLIX OTKIO-
Heuuax (puc. 8.4, «) u (8.4, 0).

P, Mm pr. CT. s P, MM pr. CT.
TE S L0 Sy s e . L =35°C
700 -t
600F N\ Lo
100l 200K
300- =
2000 100
100F .2 Vi
0 L L I . I M- 0 g I P R M
0.2 04 06 08 1,0 0,2 04 06 08 1,0
CHCly ’ CH;0H N
NCH;COCH; — CHLCOCH; CHCl; — CHCl,
a o

Puc. 8.4, 3anncuMocts Mapiainioro o o01elo | [BICHHN 1IPA OT COCTARA PRCIROPA:
a — OTPULETCILHBLIC OTIIIOHCHHN OT 3AKOHL Pay 1 ¢ MHHUMYMOM JlanicHns rapa: 6 —
HOBORHTCALHBLIC OTKIOHCHIA O 3aROE Pay s ¢ MAKCHMYMOM TARICIHH 11dpa

Yenm domblue PA3HOCTL MCIKAY NAPUHATLHLIMI JAABACHHAMH YHCTLIX BC-
WECTR (MAM MEKAY TEMNEPATYPAMH KHNEHHS). TeM OOJILIIUMH J0IKHLl ObITh
OTKJIOHEHHS, U NOARIALTCS DOALLUAS BEPOATHOCTL OOPA3OBALIHA YKCTPEMyMa 11a
T xz-win P r-rpadukax. MHITHMYM XapakTepeH AN BEWECTB, CnocodnbIX K
JUCCOLIMALIM, MAOKCUMYM — JJ1st BCLUECTB, CNIOCOOHBIX K accouraumil. MuHu-
MYMY Ha OHarpaMMe :apierie - coctap OyUdeT COOTBETCTBOBATL MAKCHMYM HA
JAMarpaniMe TeMnepaTypa —cocTas H, HAOOOPOT. MAKCHMYMY Ha AHAIPAMME AaB-
TIEHHE — COCTaB Oy AT OTBEUATL MUHHAMYM [1a 1HArpaMale TeMIIepaTypa— cocTas.

B Toukdx IRCTpEeMyMa JaBlCAH T1apa (MK TeMeparyp KUOeHHs) cocTa-
BLI KHAKOH U mapoobpa3Hoil (a3 cosnanaroT (BTOpOil 3akoH KonoBaJioBa).
CrpaBeafIMBOCTD YTOIO 3aKOHA A0KU3dThb JOBOIIBHO MIEI'KO. [TOCKONMbKY B TOUKAX
akcTpesmyma dP = dp; + dp» =0, 10dp; = —dp2 1 Torma

(8.9)

OTcrona cpasy CIeAyet. 4To ) = x5, 4TO | TPEHOBAIOCH AOKA3ATb.
CwmecH, y KOTOPbIX TP, HAXOARI(HICST B PABIOBECHH € KHIAKOCTLIO, HMEET
TOT 7K€ COCTAB, UTO W JKHAKAS CMECh, HA3BIBAIOTCS (ieomponiteiiit. ITH cMe-

CH HacTO HA3LIBAKOT TAKKE HEPARACILHO KHNALLMMH, TAK KAK MPIH MEPEeronKe
O()pa'}yCTCﬂ KOHACHCAT TOroO JRK¢ COoCTana. a 3To HCKNIOYACT pa3acacHHe CMECH
B JAHHBIX YCJOBHSIX.
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ABEOTPOIIHBIE CMECH SIBISIFOTCS CMECSIMK € TIPEAENbHbIM OTICIOHEHHEM OT
HACAJIBHOCTH, €LIE 00Na/1a101iHMH MTOJTHOH B3aMMHOH PACTBOPHMOCTBIO; HEOO b~
1I0€ A0MONNHTENILHOE OTKIOHEHHE NapaMeTPoL, XapaKrepHIYIOLHX 3710 COCTOs-
HWE, MPHBOHT K TIOARIEC HIO 00NIAaCTH B3aHMHOT nepacTRopumocTH. Crenyer 3a-
METHTh, W10 NPH HIMEHEHUH HABACHHS WIH TEMIEPaTYPhl (COOTBETCTBEHHO st
T x- wnn P z-guarpaMsm) y a3¢oTPONHbIX PACTBOPOB KOHUEHTPALMA a3¢o-
TPOITHOH TOUKH M3MEHACTCSI, 1. €. 23€0TPONHAS TOUKA 11€PEMELLACTCS K O1HOH N3
occit opHHAaT, No100HO TOMY, KaK >TO W300pameHo Ha puc. 8.5 ana azeorpon-
HOI'0 pacTBOpa ¢ MakCMMYMOM M ¢ MUHAMYMOM. [Ipu HekOoTOpOi Temnepatype
A3e0TPOIHAS TOUKA M MOAKCT 11011aCTh HA COOTBETCTBYIOUIYH) OCh OPAMHAT, T. €.
PACTROP NPH DTOI B OONMBLIIEH TEMICPATYPC YIKE HE SABNACTCH A3COTPOMHAIM,

P
Py
nst
P
' 0
: P
])f: 5§ ])U
Ty =consl i
0 el
Pu 4 .
il
o
40
40
)
KO ()
A N X B A N X B

Puc. 8.5. BuaustHue TCMICpPaTypnl HA COCTan rapa M COoCTan a3coTponnoii cMeeH npu
SAKPCILICHIOM COLTABC KUAROCTH

J10 CHX MO MBI TOBOPHIIH O NOBEICHHMH OMHAPHOI CMECH B YCITOBHAX M3-
MEHEHHA TEMMEPATYPbI UIIH AaBieHHUA. Teneps 0CTAHOBUMCSA Ha ONpeneneHn
COCTOAMWA CHCTEMbI B YCIIOBHSX IOCTOSIHCTRA COCTARA OHOH M3 (a3 (KHAKOH
HITH napoodpaiHoit). Jra 3auaa pewaercs ¢ HOMOLLBIO 3aKk0HOB Bpescroro.

IepBbiii 3aKoH Bpeekoro. [IpH 1IOBBILECHMW TEMIICPATYPbI pacTBopa 3a-
JAHHOTO COCTABA €To NMap 000TalacTCs TeM KOMITOHEHTOM, NapiiHaabHas MOJh-
HAasl 1CTI0TA HCHAPEHHA KOTOPOTO OlIbLLE.

[TpounntocTpHpyem 10 Ha anarpamye (prc. 8.6). O603HAHM HEXO MBI cO-
cTaB pacTBopa uepes x.. [Ipn maBleHnn P OH COCYLUECTRYET C NAPOM COCTARA
x. TIoBbICHM NABNECHHE 10 Pu, HE MENAS COCTAaBa pacisopa. Temneparypa Ku-
MIeHHS pacTBOpa Takke noshickTes. CormacHo 3akony BpeBckoro, paRHOBECHbIH
niap OpH 3TOM A0ITKEH 0001 AU IbCs TEM KOMIIOHEHTOM, NapuyaibHas Mo sipHast
TEruioTa MCHapeHHs KOTOPOro QoJbLIE.

Teruiora HCMAPEHHSA Y TPY.THOIETY'CTO KOMTIOHEH 1A BCETUd OOIbIIE. HeM Y
nerkoneTydero. B Haulem cmyuae 370 kommoHeHT /A M3 AnarpaMmel BHAIHO, YTO
COCIAB 11apa CMECTHIICA B CTOPOHY KomNoHeHa 1.
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Bropoii 3axon Bpeseworo. Lean pasnenue (remiieparypa) CHCTEMbl pac-
TBOP—Nap HMEET MAKCHMYM (MHHHUMYM). TO MpPH MNOBBLILICHHH TeMNeparypbl

& T,= cn\msl '
Po-------=—5

P
P
Py
P
A B

Puc. 8.6. Biuanme resmnepatyphl Ha co-
cran [iapa npH 3arPCILICHHOM cocTane
K, IKOCTH

B a3€0TPOIIHOM pPacTBOpe BO3pACTaET
KOHUCHTPAUMA TOr0 KOMIMOHEHTA, MO-
JsipHas napudaibHas Tenjuora Mclape-
HHS KOTOpPOTO OONblLIE.

Ecnu pasnieHue (remiieparypa) cu-
CTEMBI HMEET MHIIHUMYM (MaKCHUMYM),
TO TIpW TIOBLILEHHH TEMIIEPATYPbl B
A3COTPOIIHOM PACTBOPE BO3IPACTACT KOH-
LeHTPaLHA TOrO KOMMOHEHTA, MONgpHAs
napuHaibHas Tern1o1a HelapeHHs KoTo-
POro MeHbIITE.

HanpasneHue M3MeHEHHS DKCTpe-
MajIkHOTO COCTaBa PacTBOPAa MOKA3ZAHO
Ha puc. 8.7.

Heo0x0aMo 0TMETHTR. UTO Kak nep-
Bblfi. 1aK H Bropofi 3akensl Bpesckoro
OTHOCATCA K PABHOBECHAM. AflEKHM OT
KPHTHYECKOTO COCTOAHMA. |aK Kak cooT-
HOLLEHHE apLHalibHbIX TETUIOT HCllape-
HHS COXpanseTcs BO BCEX 0OMACTAX KOH-

heH 1'pauui1. 1O MOZKHO CHHTATb. HTO 1PH NOBBLILLICHHE JABACHKS B TEMTIEPATYPbI
A3COTPOIMHAA CMECh C MARCHMYMOM JIABICHHUA H MHHHUMYMOM TEMNEPATY Dbl obo-
raaeTes 1pyanoIeTy4uM KOMIIOHENTOM, a a3€0TPOINHas ¢CMECb ¢ MUHUMYMOM
JEBJICHHA H MARCHMYMOM TEMTIEPATYPLI —— ACTKOJCTYYHM KOMTOHEHTOM.

£y P

L T,=const T,=const
Ts=const . Ty =consl

n
Ty=const - Ty=const
T,=consl T,=const

X
B A B
X
o 4]

Puc. 8.7. Bisnue TeMICparypLl 11 COCTAB a3COTPOIIOA cMecH

Tpernii 3akon BpeBckoro. D101 3aK0H XapaKepH3yeT COOTHOLEHHE MEXK-
Sy HANPABAE HHAMH CMELUEHHS COCTABA A3€OTPOMA H COCTABA €T HAPa MPH 110BbI-
LWUEHHH TeMTEePaTypbl WK AasieHus. Ero Moxno copMynHpoBaTh Clieay FOLIAM

obpa3zoMm.
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[Ip# W3MEHEHHH TeMTIepaTypbt (1aBNeHA) pacTBOPA. KpHBaAs AABIEHHS napa
KO‘I'OPOI"O HMCET MOKCHMYM, a KpV]B'dﬂ TEM rlepznyp KHIIEHHUA — MHHHUMYM, COCTaB
napa pactBopa ¥ COCTas azeorPOINHOro pacrBoOpa H3MEHSIOTCS B OAHOM H TOM
Ke HanparieHWH (cumbamno).

Mpu u3MeHeHHK TeMIEPaTYphl (TaRsICHHs) pacTBOpa, KpHBAA JARICHHS Ma-
pa KOTOPOTO HMEET MHHUMYM. @ KPHBAsI TEMIEPATYP KUMNEHHS — MAKCHMYM,
COCTaR Tapa pacTROPa M COCTAR a3e0TPOMHOTO PACTBOPA HIMEHSIOTCSA B TTPOTH-
BOTIONOKHBIX HANPABNCHHUAX (armubamuno).

3akoHbl BpeBckoro spasiores odie repMoAnHAMHYCKHMKH 3aKOHAMY H cpa-
BC,UTHBLL TS TIOGKIX THIOR GHHAPHKIX 1BY X(PA3HBIX CHCTEM, HMEIOIILHX DKCTpe-
MyM Ha T — - wim P — z-amarpamsax. 3akoHbl Bpesckoro WMpoko #enosbsy-
H0TCs Ha NpakTHie, Tak, COrmacHo NCPROMY 3aKOHY, TIPH TIOHWKEHUH JaBICHHS
PAZHULA MY COCTABAMM MAPA H KMAKOCTH yBennumnsaercs (cm. puc. §.6),
a 3HAYUT, 001ErHaeTCs i PA3USICHHUE KOMIIOHEHTOB cMecy. [oyToMY neperoHKy
BBICOKOKHTIAINX BELIECTB LETECO00pa3HO MPOBOAHTE MPH MOHUAKCHHOM JaBie-
HHH.

C NOMOLLILIO BTOPOIO 3aK0Ha BPEBCKOrO MOMHO HPHONMKEHHO paccuurarb, Ha
KAKYIO BETHUYHHY HYZKHO H3MEHHTh JARISHHE B CHCTEME. 4TOObI IOOHTHCS HCUE3HO-
BEHHS A3€0TPOINA B CHCTEME, He MOUIAIOLICHC Pa3/CieHHIO OOBIYHBIMU METOAAMH.

8.3. Pasjeiienne KOMIIOHEHTOB PACTBOPA

B peanbHbIX yci0BHsIX 00pa3oBaHie (Pasideaeiie) pacTBOpa 1104TH BCETHi
COMPOBOKAACTCA HIMEHEHHEM €rO TEPMOAHHAMMUYECKOrO COCTOAHHS H3-3a pa3-
JIMUHBIN DHEPIETUYECKUX B3aHMMOACHCTBHH, KOTOPbHIE MOIYT 1IPHBECTY K BO3-
HUKHOREHHIO MOTOKOB TEMNOThI U KaK CAEACTRHE — K YCTAHORIEHHTIO rPajiveH-
Ta KOHUeHTpauuy. CBA3b MEATY IpajMeHTaMil TeMIIEPaTy pPbl H KOHLEHTPALUH
HE MO®ET OblTh pelleHa MeTO1aMK KJIACCHYECKON TePMOAHITAMHKM, 110CKOSIb-
KY BOIHHKACT HEOOPATHMOE COCTOsIHIE cHCTeMbl. 110 cpaRHEHHIO ¢ 0OpaTHMBIM
MACANN3INPOBAHHAIM COCTOSHHEM PEaibHbIE MPOLECChl MEHEE BhITOAHBI C TOM-
KW 3PEHUA 3aTpaThl TEMUTOThI UAKH padoThl. [0 cparHEHHE peaihHbiX MPOIECCOR
C WACATH3IUPOBAHHLIMH JIAET BOBMOKHOCTb OLEHKH COBEPLICHCTBA TOTO WIIH
WHOTO PedisHOTO npollecca. B CRAZM ¢ DTHM B JaHHOM pasjesnc OyayT paccMo-
TPEHbI TEOPETHUYECKHE 1IPOLECCHl PA3AENeHI OMHAPHBIX PACTBOPOB METOUAMH
JICTHIAS MM W PeRTHOHKAIHHA.

PasmuuHble mpolecchl B pealihHbIX CHCTEMax Hanbogee yA00HO BbIpaKaTh
C NOMOUIbIO TEPMOAHHAMAYECKUX JAnarpaMm. [Lisi IPaKTHUECKHN pacueToB Kpo-
me T, p, x-mapameTpor (ONMpeiAeaseMblX ¢ NOMoIlbio T, o= W P, -anarpamm)
60abLUOE 3HAUCHHE HMEHOT TETUI0BbIe YKl CONPOBOKAANUIME 1IPOLECCHI
daszoBhix npespaiueHui. ITocKombKy aHaUTHYECKOE onpeeneHe ITHX dddex-
TOB 3aTPYAHHTENLHO lAKe B CyUae WCAILHbIX PACTBOPOR, TO 00LIYHO NPHOE-
LT K rpadoaHaHIHIECKUM METOaM H KATIOPHUIECCKHM AHArPaMMaM - — Yalle
Beero h—x v s—x (h — yaenwHas JHTANLNHA W § -~ YJACTLHAS JHTpONNA).

PaccymoTpum h — x-amarpamMmy, Hadas ¢ TpOCTEHLLETO CiTyyast (Ja30BoOro pas-
HOBECHS AH/KOCTL — Map B OHHAPHOM pacrsope, NpHONHKAUIMMCS MO CBOHM
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¢

T p=const

2~ const |

T\'I(]))

Puc. 8.8, Jlmavpavsa T s wacasnns- Puc. 8.9, locrpoenne A x-
HOIO pactTBopa JWarpavMn B oboactu  napoodpa-
FOBANHA H,ICAIBIIONIO PUCTROP

CROIiCTRaM K WaecanbHOMY. B kauecTBe HCXOAHOIT AarpaMMbl MOXKET CAYKHTb
T —w-nuarpamwa (puc. 8.8).

[poBeaeM Ha awarpamme h - H30TEPMbl B 0ONACTH KHAKOCTH W mapa
(T} n Tg). Tak kak pacrBOpb HACAILHLI, TO B ITUX 00JACTAX TEIIOTH PACTBO-
penns B 00eHX dazax pasKbl HY10, H YPaBHEHHE HIOTEPMbI MPEACTABIAEICH TIP3
MOH nHHHER

hip, T, x) = h(p, To1)(1 — =) + b3(p, Tu2)2, (8.10)

rae 19, 1§ MOMTbHBIE IHTANKNHH YHCTHIX 1-r0 H 2-10 KOMINOHEHTOR, a Ty,
Ts5 - HOPMAALHLIE TEMMEPATYPbl KHIIEHHS YTHX Ke BewecTs. PacemoTpum
CHauayia noCTPOCHHE M30TEPM B K HKOI (hale Ha f —ax-anarpavme (puc. 8.9).
J1as yroro Ha ocax opanuar b - r-anarpavmbsl otiowuv hY, hY. Bbidpas nan
HHX COQTBETCTRYIOWKHE Haualia oTcuera (Me odazateasHo 0). 3atem, cyurasn,
YTO M3MEHEHNE TABACHNA HE BIMAECT Ha HTANbIHMIO, PaCCHHTLIBAEM MO ypaB-
nenio Knpxropa hy(T) = b (Ts1) + [ CpdT. To we camoe nponeiaem
n s Broporo komnoxenta. Io dopmyne (8.10) maxomum ip, T, @) cme-
CH. AHaNOTHYHO CTPOATCA H30TCPMbl IHTANLIIUK W AN MapoBoil dasel, yuu-
ThLIBAA, UTO h?n = h?m 4+ 1w hgn = h(z)»,h- + ry (rme vy W oy — TEMJOThI
Liapoodpasosanng s L-ro n 2-ro koMionentos). Tlpu yroM w3orepmsl 149
KHAKOCTH W Napa He OyAyl napaielbHbl XOTA Obl MOTOMY, UTO r1 # .

Janee Ha 1OCTPOCHHOMN AHATPAMME HAHOCH I TOUKH o, iy ... M by, by o)
UCAONL3YS HX adCLnCCh, onpeacasembre va 1 —.r-rarpamye. Yeped o1 Touku
OPOBOASTCA 1IpsiMble. IPHHALIEKALLME OAHHAKOBLIM U30TEPMAM, T. K. DHTA1bIHA
BIIAKHOTO Mapa BCCTa ARAACTCH AHHEHHOH KoMOHHaIHeH DHTANLMHH HACLHITEH-
HOM AMKOCTH K CYXOTO HAChILUEHHOTO 11apa. OTrpe3Kky H301epM 3a 1ipeenamu
ToueK ¢ v b He umeloT (usnueckoro cMbicra. ToyHo Tak e cTpouTes fi— -
AMarpaMma i yis peajibHoro pacrsopi.

[lo h- w-auarpamse ¢ HAHECCHHLIMHM Ha Hell H30TEPMaMB MOWHO pellialb
He TONBKO BOMPOCHT, KOTOPBIE PaHBILC dHAHIHPORATHCE ¢ roMowlbo 1 — -
AMarpaMm, HO TaKKe W ONPEASNSTh TEMROThl COOTBETCTBYOUIHX TIPOLECCOB.
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Tak, B Touke / noas /r— x-1marpamMmbi 3a0aHbl HE TONbLKO p. T, HO W YHTANBINA.
Ecnu Touka HaxoauTcs B 001aCTH BAAXHOTO napa (HanpuMep,Touka 2), To MOox-
HO ONpENEINUTL MapaMerpbl PABHOBECHO COCYLUECTBYIOLWINX Mapa H KHIKOCTH
(TOUKH ¢ W b), ONPEACTAOILHUN CTCACHL CYXOCTH BAAKHOTO Mapa no npasuiy

pblyara /

Tl 2

= 2 (8.11)
T Lo

I/IHOF}la Ha O}J,HOF! 1 TOM XKe ]l—.’l!-}lﬂ'dl‘p'{lMMC HAHOCHT 3HTANbITUN KOHACH-
CallMK W KHTIEHHA JUIs pasHeIN NapieHuil. Padtnune B coctasax razoodpasHoii
3] “A\"l'illl“(()l:’l (])Q’% HCHOAB3YIOT B [IPOMBILIIIEHHOCTH H B .\I'(](F)Op'd'l'()]')H()n HPaKTHKE
JUTS pa3AesTCHHs KHIAKIX PACTBOPOB Ha YMCTHIE KOMMOHEHTbL. B psaie cayuaes,
0COo0EHHO npH pacucre fl,"ll—l'il()’ilTllHX MPOUCCCORB, CBAZUHHLIX C PACIIHPEHHEM
MW CKQTHEM PACTBOPOB, OObUIYIO 110AB3Y MPHHOCHT 5 —r-auarpaMmsl. OHK
CTPOATCA MO TAKOMY KC MPHHIHITY, HTO H h.*.’TT-IlH'(]FpaMMH.

8.4. Jucruiisinusa n pekrupuranus

ITpouecce pasacieHua pacTBOPOR HA HCNOHLIE UHCThIC KOMITOHEHTHI NPE-
crasinser 3ajauy orpomuoil saxHoctn. [Torromy 3aech Oyner nposeacH ynpo-
LIEHHbIA aHanu3 NpPOLIECCOB pa3aeliecHus cMeceil Handonee pacrpoCTPaHEHHbI-
MH METOAAMH: AHCTHANAIHH W peKTH(QHKaLHK. | [OCKONBKY Opoliece pa3neneHns
pealibHbIX CMeCeH Bceersa ¢Bs3aH ¢ YHEPreTHYCCKIMH 3aTparaMui. TO paccMo-
TPHUM TEOPETUYECKH MUHUMaTbHYIO NOTpedHy10 Ha pa3aencHue padboTy (Tenno-
Ty). Bo3bmen [L1s 1IpusMepa OMHapHbLH pacTBOp 11pH 3a4anHbIX Temiepatype T
H JIABIICHHUH 2. I pC,"lﬂO.l'IO)I\'H\I, YTO UCXOAHasA CMCCh — PAacTBOp, COCTOANIHIT H3 )
K Ny moneh 1-ro ¥ 2-ro koMnoHeHTOB ¢ KonuenTpaunei z. Ecan cucrema noa-
BEPraeTCca o0PaTHMOMY Pa3ICICHUIO HA YHCTLIC KOMMOHENThL, TO OHH MPH TEX
He TeMIepaType v aBJIeHUH OyayT HMeTh 00bEMbI ¥'| H 12 U COOTBETCTBEHHO
sutansnuu Hy v Ho, 3HTpOnuM S1 U So, aHepruu ['nodca Gy m G5, QuesnaHo,
Y10 padoTy ISl OCYIECTRACHHA TAKOTO H300apHO-H30TEPMHUYECKOTO 1IpoLecca
MOKHO [IPeACTaBHTb B 00LIEM BHAE

dG = —SdT + vdP — §W. (8.12)

TloCcKoNbKY TeMMepaTypa v JasleHUe MOCAE Pa3/IefeHHs CMECH 0CTalOTCA
MOCTONHHbIMH, TO padora pasiaeiieHus pasha

W ==\E (8.13)

ToacTaBuR B DTO BhIPAKEHUE 30BHCHMOCTH Py HKILMK [ 'ndOCa oT KonneHTpa-
UMK KOMIIOHEHTOB, MONYYHM, YTO

AG =W = =BTy na, (3. T, x) + nalnas(p, T, ). (8.14)

Taxun 00pa3oM, MUHHMAaNbHOE KOJTMYECTRO PadOThl, HEOONOAMMOIH ANS pas-
AETEHUS CMECH HA YHCThIE KOMIIOHEHTBI, IIPOIOPLUHOHAIBHO TeMilepaTy pe. TTo-
YIOMY. €CilM PAacTBOP OXJAUMTL, TO padora pazieileHns yMeHbures. MuHu-
MAbHAS TEMIIEPaTypa, 10 KOTOPOii Lestecoodpa3HO 0XNaXAaTh paCTBOP, — ITO
TEMIEPATY pa OKPYXatowe cpeabl.
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Hucnnicisyus — npouecce paie/ieHns pacTBOPOB. OCHOBAHHbBIH Ha pa3nu-
YK B PABHOBECHBIX COCTaBaX KHKOI M mapoBoil (a3 v compoBoxaaemslii
HEIpEpbIBHLIM 0TOOPOM NapoB (W1M KOHACHCATA). Pa3inyator epHoHIECKHH
M HENPEPBIBHBLIT NPOLICCCH AHCTHLTAUMY.

Pacemorpua crasana nepuoanueckuil npouecce. Bliauase B BbInapnom Ky-
0€ Haxo/IMTCH 17 MCXOAHOTD PACTROPA COCTaRa ¢j. B npouccce AUCTHANALMH
8 BBHIAPHOH KyO mocTynaet i’ AKHAKOTO PacTBOPa € T0H Ke HCXOAHOH KOHUCH-
Tpaimeii . TlockonbKy K BhIMApHOMY KyOy NMOABOAMTCA Ten1o (). To B KyOe
obpazyeTest 11’ Mapa ¢ KOHUEHTPALMEH ¢, HIMEHSIOLEECS CO BPEMCHEM H 3a-
BHCHILLEE OT TeMueparyphi. Yaansemblit u3 kyba nap (¢, # ) Hanpasasercs B
KOHJICHCATOP, TIC KOHACHCHPYCTCH 30 CHET OTRO1A Tera (. Taknw oopaszoM,
4epe3 HEKOTOPOE BPEMsl padOThl YCIAHOBKH B KOHACHCATOPE OYiAET MOJyYeH
AKHAKMHA pacTBOp, COCTAB KOTOPOrO OTITHUCH OT COCTaRa HCNOAHOTO PacTBOpa.
M tem MeHbLIE TIPOMEAKYTOR BpeMel, Tem Ooliblue cocTas KoOHAeH ara odora-
ILEETCS JIETKOJETYUHHM KOMITOHEHTOM.

CormacHo MatepHaibHoMy DanaHcy B BbITAPHOM KyOe B MOMEHT BPEMEHH T
OY/1CT HAXOITCA CNCAYIOITEE KONHUYECTBO PACTROPA:

m =g + (m' —my)7. (8.13)
Breaem odosHauenne & = /il Ypasneunue (8.15) sannminercs B Bhie
-1
m o= mg + (L) mT, (8.16)
)

KOTOpOE noce AnhhepeHUHpPoBaHHS NIPUMET BUA

dim = (('9 l)m;dr. (8.17)

Ecau 0503HAUNTb Yepes ¢ i ¢» PABHOBECHBIC COCTABbL AHAKOH B 1aPOBOH
(a3. 10 3a Bpems dr

P

d(mdc') = (Co - i) m'dr. (8.18)

H HTETPHPYs B MPELCTIN OT HA4aAbHOTO cocrana ¢ A0 KOHEUHOTO COCTaBA (’,,
noTyHyum

’
¢

J de!
w— mo oy + o (p — I)—r:o'p'

<o

1 m
In — =

(8.19)

B 3aRHCHMOCTH OT TEX HAKM HHLIX NPHOMKeHUH yparrenue (8.19) nerko
UHTETPUPYETCH U 1103BOJISIET B KOHE'HHOM BHAE 3A1IMCATh BbIXO TOTOBOTO 11PO-
AyKTa.

PacemoTpusm Terepb MeToa OlpeaRIeHH st TENI0ThI, HEOOXOUHMOHN A 11Po-
BEAEHUA NpoLecca ANCTHIASLNK. [Ins NPOCTOTHE OTPaHHIUMCS YCITOBHEM, KOT1a
BELUECTBO B BbINAPHOI Ky He nocTynaeT, T. ¢. /it = 0 W cooTBeTCTBEHHO ¢ = 0.
B »yrom cayuae B npouecce BbIIIAPHBAHHI COCTAaB pactBopa B Kyde W cocras
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napa HenpepbiBHO MeHsaoTes. [ToyToMy BbINApHBAHHE CASLYET paccMaTpHBaTh
B BHAE NOCNEA0BATENLHLIX AHD(EPEHIITANLHBIX FIPOLIECCOB MAPOOOPA3OBAHMS.
Konnueciso teniorsl, Heodxonnmoe ais noayuenus dé napa u3 1 kr pacrsopa,

pasHO
dQ = g4t (1(5, (820)

TAC (g — AnhepeHIHanbHas TENJI0Ta HCIapeHHs, KOTOpas /s MeMeHTapHo-
ro npouecca napoodpa3oBaHus MOXKET ObITh 3aMMCaHa KaK

/
gae = (b — h') — (o» — (‘»)di, (8.21)
de!
TAC Il)), II‘,, e, (‘, COOTBCTCTBCHHO DHTAJILNHK H l(OHI[CI~IT|’)‘JllHH leBHOBCCHl)IX
napa v KMnsiiek )KuIKkocTh.

B onucaHHOM BBillle MPOLECCE HENMb3S MOJYUYHTh AMCTHIUIST ¢ KOHUEHTpa-
uHeH NerkoKHMsEero KoMIoHeHTa 6oabliel, Yem KOHUEHTPAaLKMA PaBHOBECHO-
TO C KHAKOCTHLIO napa. OHako ecnu Irmap, BhIXOAAUIMI 13 BbIMApHOTO KyOa.
4aCTHYHO KOHASHCHPOBATL U BO3BpaLLaTh B BbINAPHOH KY¥O. TO B YIOM ciyuae
MOAKHO NOAYUHTL ZHAUHTENLHO 00ee nosHoe pasaesneHie. lakas yactHunas
KOHIEHCALNS HazbiaeTes Oedureovayuen. [pouece dedaermaudi npoBosAHTCA
B OOBLIMHOM TENAOOOMEHHHKE, HAZLIBACMOM dedhieoriamopom.

Pexkmudchurayus. TTonHoe pazaeneiHue pacrasopa Ha OTCIbHbIE KOMIIOHEHTbI
HEBOIMOKHO OCYINECTRUTH METOMAMM [IPOCTOH AMCTHIUISILMKY Aake ¢ 1pHMe-
HeHueM pa3BuToil teduiermauuu. [lanbonee monHoe paszaeneHne MOXeT ObiTh
0OJY4Y4EHO METOAAMH  PEKTH(HKALKK.

C)WHHOCTB 2TOro npouccca sanjroracTes i
B COAAHHY TTPOTUBOTOUIO HANPABIACHHbIX f 3
TMOTOROB MHITKOCTH W napa, Haxo, IMUHXCA QJ é l
B)CJOBHHXIEHJO-HAWHCCOO6M€H8 H ClIO- g E g

il
o

COOCTRYIOUIHX OOOTAILEHHIO Napa JeTKo-  [— — - —
KU LUMM KOMIIOHEHTOM. LIS ‘__\D

YetaroBka Juist peKTH(OUKALM 8 NPO- =
CTEeHleM  BapHaHte [peACcTaBiscT  Co-
60# BblMapHOI Kyd, yKpennsiollyto Ko-
JNOHHY. aedaerMatop M KoHaeHcatop.
[Torox napa. odpaiyowmiics B BblIIAPHOM
KyGe. JBIKETCSH MO KOAOHHE. MMEHIOIICH  Pyc. 8.10. Cxova KOAMaukoBoii Ta-
PAITAPENOK, Ha KOTOPBIX HPOHCXOIHT HH-  pe.rku
TCHCHRHbLIA TEM10- W MaccoodMeH napa
¢ KuakocThro. Cxema Tak Ha3blBaeMoil KONDaukOBOM Tapenki H300paxkeHa
Ha puc. 8.10.

[TOTOK KHAKOCTH, BbIXOALLMI U3 dedaerMaropa. CrekacT BHH3 H ABHKECS
B TIPOTUBOMONOKHOM TOTOKY Mapa HanpaBieHHW. B pe3ynbrate HHTEHCHBHOTO
KOHIAKIa B HIPUHUMIE JOJAHO Obl YCIQHABIAMBAIBCS PABHOBECHE AHMAKOCTD: -
nap. B ueficIBATENBHOCTH #e COCTOANHE AHAKOCTH W lapa B 1oH WM HHOR
CTETIEHU HEPABHORCCHO. | IpH nepexoae OT OAHOI TapeNKy K APy Toil KOHUEHTPa-
LS KMAKOCTH M TIApa MEHAKTCS.
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s paceMoTpeHHs padoThl KOTOHHBE BO3LMEM JIBA IPOH3BOIbLHBIX CEUEHHS
KOAOHHKBl ¢ —~« u b—b (puc. 8.11).

31eCh CTPEIIKAMH BBEPX YKa3aHhb! HAIIPABJICHHA ABHKEHHUA 11apa, CTPEAKaMU
BHH3 — HaTpPaRICHHE BHACHUA AHARKOCTH; D — macca, KT napa B eAHHMLLY
BPEMEHH ¢ KOHUEHTPALMEH (», 1 — Macca. KT KWAKOCTH, MOCTYHaOWeH Ha
JIaHHOE CEeYeHHE W3 JeduierMaTopa, ¢ KOHIEHTpalnel . YpasHeHue Marepu-
anpHoro fazaHca A1 00LEMA, JAKMHOICH-
HOI'O MEIKIY CCHEHHAMM ¢ —a i h- b, 3anu-
LIETCH B BUIE

Dby s Bl'd ity /G P
a s S M a s Sap i Db + My = D” + Ty

W Dh — M, = Da — . (822)

[Tockon bKY 2TH YpaBHEHH CIIPaBEaTH-

Vs 2 7/ v
b Dy e Iy Cog, Ch, by | b 2 IS
Bbl I JIDOOTO CCHEHHA, TO OYIET Cnpa-

X
? BEUIMBbIM
D —m, = const, (8.23)
Puc. 8.11. Ceuctine pektupHEILHOH-
TR i YTO TNO3BOJHET TMONYUHTL COOTHOLICHHE

MCAKAY ROHLECHTPALUHAMH KHAKOCTH W Ma-
pa B MOOOM celeHu APH HW3BECTHLIX PACXOAAXN ITHX BCLUCCTH B HaHITOM CCHE-
HKU. Brionye OYEBUIHO, UTO U TA DHEPTETHUCCKOIO bananca B NOOOM CEYEHW U
MOXXHO 3alHcaTb, 4HTO

Dh» — mh' = const. (8.24)

B KOHCUYHOM pe3yanrare 6)"3.[@.\1 HMETb BbIPAKEHNEC

cq — ¢ =
haw + 24 = b/ + " (h» — h). (8.25)
Dy [
10 YPABHEHUE TIO3BOISET MPOAHATHIHPOBATE POLECE B KONTOHHE ¢ MOMO-
Wkt Ji — c-marpamm.

8.5. Ileperonka ¢ BOASIHBIM Napom

B cayuae mpaKruuecky HepactBOPHUMbIX APYT B APY e KUAROCTEH lapuH-
ANbHOE TABJIEHHE Ka/KTOTO H3 KOMIOHCHTOB PABHO JABJEHHEO €TI0 NAPa B HHCTOM
COCTOSIHHH IIPH TO¥ JK€ TEeMIE paTy pe H, C1EA0BaTeNbHO, o0Lee 1asiieHqe napa />
PARHO CYMMe AaBAEHHI mapa YHCTHIX KomnonenTon, T.e. I = pi + pf. Takuwm
00pa3oM, NpW HarpeBaHHK o0llee NAaBNEHHE napa Hal CUCTEMON A0CTHIHET
3HAUECHHNSA BHELIHErO AABJEHUS PAHbLLIE, UEM DTO BO3MONKHO ANt NAPOB KaK-
IOTO W3 YUCTHIX KOMIOHEHTOB. ITO3TOMY Takie KHAKOCTH KHNAT 1pH Ooliee
HI3KHX TEMTIEPATYPaXx, HeM HX 00palyoULe KoMilolieHTbl. TeMnepalypa Kure-
HUA pacTBOpa OCTACTCS NOCTOAHHON 10 TEX TNOP, NOKa OAHH U3 KOMIOHEHTOB
HE OTTOHHTCS 1I0IHOCTLIO.
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OTHOCHTEIbHBIE KOJMUECTBA MEPErOHAEMbIX BEILECTB B llape Hax rerepo-
TEHHOH M HAKOH CMECHIO HE 3aBHCAT OT HCXOIHOTO COCTARA ITOH CMECH H MOTYT
ObITh HalineHst creayoUyv 00pazoMm. [1ycTs MaCChl UCMAPUBILIUXCS KOMMOHEH-
TOB ga W gpy. Torza
gn oAby PO

(8.26)

A .
g opeMe o pMa

31eCh BMECTO MAPUHANBLHBIX AdBACHHH KOMITOHCHTOB J2; HCTIONB30RAHB! NaB-
NEHNS YHCTHIX KOMIOHENTOB P, 1 MACChl KOMMNOHEHTOB g; = 43 M, npescTas-
JeHbl uepes napiHanbhbie nasaenus napa.r; = p; /I,

Haudosiee pacupocrpadeHHoe BELICCIBO. 00pasyloOLlee HEePacIBOPHMble
CMECH CO MHOTHMH OPFAHHUCCKHMH KHKOCTAMHK,  -BojA. [1pu neperonke Boay
HCLIOML3YIOT. KaK IPaBHIIo. B BHIE napa. Jucrniist. od0pazoBaBLIHHC HPH KOH-
JICHCAIHH Fa3000Pa3HOT CMeCH BOMBI M RTOPOTO KOMMOHEHTA, COCTOMT U3 [IBYX
cnoes. ONUH U3 HUX, OOTaThlH BELUECTBOM, MOLIEKALLHM OUHCTKE. OTUEAAELTCS
OT BOJHOTO CJIOS. KOTOPbIH MOKET ObITb HCNOIBL3IOBAM U MOTYUEHHS HOBbIX
NOpUHii BOAHOTO napa.



[JTABA 9
PABHOBECHUE XHUJIKOCTb-TBEPIOE TEJIO

[nasneHue 1 3arsepaeBaHie OMHaPHBIX PACTBOPOB ¢ TEPMOAMHAMHUECKOH
TOUKH 3PEHHS MPOHCXOAHT NOAOGHO MPOLECCaM NapooBPa30BaHHA 1 KOHACHCA-
My, T. €. 0pH Ha30B0M PaBHOBECHU JOKHbI BbIIOMHATHCA TE KE YCIO0BHSA, UTO
v paccMoTpeHHbie paHee (pasa. 8.1):

TB ¢ ¢ OB —_ W 2 L K
pr (T, P, 2%) = )i (T, P, =), o1
e F ol )= (T Py,
INockonbKy 00€ ha3bt KOHAEHCHPOBAHHLIC, TO BIWAHWE JABACHHS Ha PaBHO-
BECHE He3HAUMTENBHO. [TPHHAB B KAUeCTRE CTAHAAPTHOIO COCTOAHHA COCTOsIHHE
YUCTHIX KOMIIOHEHTOB B 1BEPAOH H kHAKoil (paze. zanuwem (9.1) B BUae

pOT) + RTna™(T, «™) = p%(T) + RT no™(T, &*), 9.2)
pO™(T) + RT ln a(T, =™) = p(T) + RT In aX(T, #™). ©.3)

M3 (9.2) u (9.3), B npvHUMIE, MOXKHO MOJYHYWTh CBH3b MEKIY Temmepa-
TYpoi# (pa3oROTO PaBHORECHA M KOHHECHTPaIMAMH (AKTUBHOCTAMM) TBCPAOTO U
AHAKOTO pactBopos. OHAKO B peasbHbIX YCAOBHAX TAKOH PacleT He MOKeT
ObITb 1OBEAEH 10 KOHLA, MOCKObKY 3aRHCHMOCTL AKTHBHOCTH OT KOHIEHTpa-
LMK W TEMIEPATY Pbl B ABHOM BIJ1€ HeH3BecTHA. B npocrefiwem cnyyae, koraa
AKTHBHOCTH MOKHO 3aMCHHTb KOHUCHTPATIHAMH H npeanonoXuTh, HTO TETJIOCM~
KOCTH YHCTBIX KOMIIOHEHTOB B i AKOH ¥ TBEPAOH (pa3ax OAHHAKOBBI. TO HPpHUMe-
HAf ABaKAb ypaBHeHWe Lpenaepa (6.54) asist nepROro M RTOPOro KOMMOHEHTOB,
NOMYUHM COOTHOLLEHHA. CBA3bIBAIOILHE IeMIIECPATy pbl MIaBIeHHs C KOHUEHTpa-
IHAMH TBCPAOTO H ZKHAKOI'O pacTROPOR

{(1—a™)exp [~"\—“ﬂ < I i) + 2™ exp [~L’” <L — l) =1,
i \Twwm T/ R \Tow 1) ]
94
7K A]rl.1 L 1 ] W A2(1.| 1 | 1
1—a™)exp |— — = +afexp | -2 [ — — — =:!
( Jexp [ I <T1m T)_ ? [ R (’1‘2“_, T)_
(9.5)

I'pacuuecku ypagHeHist (9.4) u (9.5) nzobpaxensl Ha puc. 9.1.

CrlowwHas JHHUS TPEACTARIACT MeOMETPUUECKOEe MECTO TOUCK COCTOAHMS
TBEPIOTO PACTBOPA B HauaJjie [11aBjieHus. I1a KpuBas Hazbiae res TUHHelN coru-
dyca. LLUTPHXOBAs JIMHKS - TEOMETPHUECKOE MECTO TOUEK COCTOSHHMIT JKUIKOTO
pacisopa B Halane 3aTsepACBAHNA WK B KOHIE TUIABIEHHs., D1a JIHHIHS HOCUT
HA3BAMHE JHHHW Jukeudycd. ITH AHHHK 4enat Bee nose T — x-auarpamasl Ha
TPH OOJACTH: RLILIC JIMHHHM JTHKBHAYCA BCA CHCTEMA HAXOAHTCSA B AKHAKOM CO-
CTOAHHMH, HUAKE JHHHH CONMAYCa — B TBEPIAOM COCTOAHHH. QOaacTh MEXKLY
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JMHHAME JIMKBHAYCA H CONMAYCA PEUTLHO HE CYLIECTBYET. OHa obpasosanach
B pesyibTare Hanowkenus Asyx anarpavMm T — o™ w 1T — ™. TTockonbky COCTaRb!
TBEPUOIT H KMUKOHN (ha3 HE OAMHAKOBBLI, TO

H3 JHarpaMme W BO3ZHHKNA croero poma 7T

«weaby. Cunraeres, Uro 2To ABYX(a3Has 70

00nacTL TREP/OTO M XKIIKOTO pacteopor,
COMPSREHHBIE TOYKH HA KPHBBIX JIMKBHIY-
ca M conmujlyca, NpecTarafionine coboi
PaBHOBECHE CHCTEMbI.

XOoTs PAccMOTPEHHBIC NPHOIUAKCHHUSA
(9.4) 1 (9.5) npakTHIECKH HE peann3yloT-
Cfl, OHM 30T KaYeCTREHHO BEPHbIC pe-
3yAbTaThl. OOBIYHO B peafbHbIX YCAOBH-
AX A7 TOCTPOSHHUA AHATPAMM COCTOSHHA
TBEPAOE T€JI0 — HWHIKOCTD 110JIb3YIOTCA Me-
TOAAMH TEPMHUSCKOTO aHAJTH3A, OCHOBAH-
HOI'0 Ha onpedeaeHnn remneparyp aso-
BLIN MNPEBPALLEHHIT NPU aHATH3E KPHBLIX
OXJTAXCIEHHSA (MM HATPERAHMSA) TCX HITM WHRIX (QH3UKO-XUMHYECKHX CHCTEM.

P=const

1l
Tlul

Puc. 9.1, JInarpasivia cocTosing IBVX-
KOMHOHCITHOH CHCTCMDI

9.1. TepmuueckHii ana.1u3

Ecnu npu OXNAKACHUH CHCTEMbl HE TIPOMCXOAHT HHKAKHX TIPEBPAILECHHE,
COMPOBOXKIAIOLLHNCS BbIIEACHHEM WIH [IOMIOWEHHEM TETIIOThL. TO TEMIEPaTy-
pa CUCTEMbI IO MEPE OXJAKACHHA (HATPEBAHHA) C TTOCTOAHHOH CKOPOCTLIO ByeT
HEMPEPLIBHO A IJIABHO NOHWKaThea (nosbiwarses). [epsbiii 3aKkoH TepmoiHHa-
MHKH /IS CHCTCMbI, HE COBEPLUAIOLLICH HHKAKHX BHIOB padoThl, 3aMUCHIBAETCH
B BUIE

8Q = dU = Cy(1)dT. (9.6)

[TyCTh OT CHCTENMBI B KAAYTO € THHHLLY BPEMEHH OTBOAMTCS TETLIOTA, PaBHas
. Torma obuice KonnuecTBo Tennothl 8() = gdr (rae T — spemsa). Toraa uz (9.6)
M3MCHCHHE T'C\/II'IC]')EXT}"PM CHCTEMbl B 3dBHCHMOCTH OT BPCMCHH OXJTAKJICHH A
(narpesaHus) Oyaer HMeTh CeIyHLINA BHA:

a__a (9.7)
dr (/'\/ (/I‘)

[Mockonkky B(9.7) ¢ = const, TO HTa 3aBHCHMOCTDL OYIET ONPEICAATHCS TONb-
KO TEIIOEMKOCTBIO CHCTEMbI, KOTOPas B OTCY TCTBHE (pa30BbIN NPeBpaUICHH
asnsieTca Maiikoi Gy HruHei TemnepaTypol. CaeIosaTellbHO, KPUBAsS OXIasKae-
HHSA Takore Oy 1eT HMETb TINaBHBIH XaparTep. Ecau ke B chereMe npoucxoauT
KaKOC-JIHOO 1PERPALICHHE. CONPOBOK,TAIOIIEECS BOIHHKHOBEHHEM TEMI0OBOTO
sdpderra (pazopoe npeBpalleHie), TO NPH 3TOM MOTYT UMETh MECTO ARa CJy-
yas: 1) OTBOIHMOE TEMJIO MOJHOCTBLIO BOIMEILACTCH BOSHHKAIOULUM B TAHHOM
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NpeBpaLueHHt 1eroM (deseupuanmuoe Apespayertic): 2) 01TBOIHMOE TE1LI0
BOMEILACTCS UACTHUHO (QQHOBUPUUIHMHOC RPCEPUL CHUE).

B nepros cnyuae, noka npoMcXOAHT MPEBpalleHHe (HECMOTPSA Ha MOCTO-
AHHBLIH OTBOL TETUIA), TEMIIEPATY PA CHCTEMbL OCTACTCA 1HOCTOAHIOH; HAa KPHBOK
OXJAKACHHS TMOARAACTCA TOPHIOHTaNLHLI yuacTox (puc. 9.2, kpuras 11). Be-
JUUMHA Y1010 YUACTKa TeM DO0lIbLIE, 11eM DOJIbILE MACCa CHCTEMbE. D101 ClyUai

XapaKTepeH 15 YUCTbIX BELIECTB WITH AN
TIvI . 10 111 CHUCTEM, B KOTOPbIX 00a KOMIOHCHTA HACh!-

LUEHBI OTHOCHTEABHO APYL IpYid.

Bo Bropom cliyuae remneparypa npe-
RPAUICHHSI HE OCTaeTCs MOCTOSAHHOM; RBI-
JEIAIOUIEECS TEMN0 JIHIb HACTHIHO KOM-
MEHCHPYET TETLNO0, OTROAHMOEC OT CHCTEMb.
Ha kpuBo#i oxnaxaeHHs NOABIACTCA U3TUO,
MMAaBHOCTHL KpuBoil B nHTeprane 717 —T5
HApY LIAETCS.

Takoe n3MeHeHHE X0Aa KPHBOI OXJId-
MACHHA COOTRETCTRYCT HIMETICHHIO COCTA-

7 BAd M, KAK CHEICTBHE YTOTO, IIPHBOINT K T10-

HIGKCHHIO TeMIIEPATY Phl KPHCTATITH3AMK
Puc. 9.2 Kpusbic oX:rask eiims (cm. paziL. 6.4).

M3110Mbl Ha KPHBBIX OXJIQXKUCHHSA 110-
3ROJIATOT NOCTPOHTL AMAIPAMMY TUIABKOCTH. SRASIOLLY IOCA YACTHLIM CNyyaeM
NPUMEHEHHA BECbMA PACHPOCTPAHEHHOIO MeTOAa (PHIHMKO-XHMHUECKOTO aHa-
J3a OUHAPHLIX M MHOTORKOMMOHEHTHLIX CHCTEM. (OCHOROMOJIONKHHKOM ITOTO
serofa obin Kyprakos. B ocHose MeToga PUIHMKO-XHMHUESCKOIO aHATH3E JICKHUT
HCCNENOBAHHE 3aBHCHMOCTH KAKOTO-THOO CBOIICTRA CHCTEMbI OT COCTARA TIPH
YCNOBHAX. [APAHTHPYIOLUNN OLAHOZHAYHOCTb ONPETEIEHNA IHAUCHHA CBOHCTBA
MO KOHUEHTPALMH KOMITOHEHTOR H, HROOOPOT, YCTAHORICHHE COCTABY CHCTEMDbI
MO 3HAYESHUIO 3&/IAHHOTO CBORCTBA. Takas 3aBHCHMOCTb OObIMHO BhIPAKACTCS
IpauuecKu.

9.2. inarpammbl COCTOSIHHS CHCTEMbI € HIPOCTOH HYBTEKTHKOIT
(nenzomMopdHO KPHCTANTHIYIOIIHECA CHCTEMb)

Ecnm nBa KOMIOHEHTA B 3KIIKOM COCTOSHHE ITOAMOCTLIO PACTROPHMbI APYT
B JIPYTE, & B TBEPUOM COCTOAHHM COBEPLUEHHO HEPACTBOPHMbI, TO JHaIpamMma
COCTOSIHHA TAKOH CHCTEMLI XapaKTepH3yeTcs AHarpaMmoii COCTOSIHHA ¢ Mpo-
CTOM IBTEKTHKOIT (De/mesiiRka — MEIKONHCNEPCHas MEXAHIUECKas CMECh ABYX
BELLECTB. HE SBISIOLIASNCS CaMOCTONTENLHOM (azoii) (puc. 9.3).

OTMETHM CIEIYIOLWE MEMENUThI AHarPaMMbl: 00JACTL JeKdLLan BbILLe JIH-
HHH uch — ojtHOQazHas 0ONACT HHIAKOIO COCTOANMA L obdnacty ucp v heqg —
Asyxdasubie obmact L + A n L + B: obnactb ApgB —— obnacts TBEpAOIO
aByxdaznoro cocTosnns 4 + B, npHuem ciieBa OT TOUKH ¢ CTPYKTypa Cruiasa
npeactrasaser coboii NepBHtHbIC KPUCTATIbl KOMIOHEHTA .4 W DBTEKTHUECKYIO
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cmech (A + [3), a cnpaBa OT TOUKH € — NePBHUHbIC KPHCTAbI KOMMNOHEHTA
B w asrexTHiueckyto eyech (A + B). Jhiunns aeh — nuHua nukeriayca. Boiwe
9TOH JIMHUHK BCE ClLlaBbl HAXOAATCS B OLHOPOAHOM XKHIKOM COCTOAHUH, HHIKE —
R JBYX(A3HOM COCTOSHHH: JKHAKOCTb

W olepBHUHble Kpucramil A nan B. op hi
Takua 00pazom nepexon ToYkH, oTobpa- P=const
xarolel coctonHue cucrempl (purypa-
THBHOH TOUKH) uepe3 JHHHIO JTHKBH-
Ayca, COOTBETCTBYET Haually lpouecca
KPHCTAJUIH3ALHH, TTOSBIEHHIO KPHCTAT-
JIOR TREPAOFH (asbl.

JluHns pey siBugeTcs AuHuell conu- )
Qyca 3Tol awarpammbl. TTpu nepexo- B I
ae GUIyparnBHOH TOUKK Yepes AHHHIO
COTH/LYCa HCUE3RIOT NOCIEAHHE CileAbL
KUAKOH @a3bl, W HWKe 3TOH NMHHK
CTUIAR HAXOAUTCS B TREPAOM COCTOSHHI.
Touka ¢, COOTBETCTBYOLLAA COCTUSHHIO
pacniaBa. OIHOBPEMEHHO HACLICHHO-  Pyc. 9,3, [luarpasisa coctonus ¢ 1po-
ro MO OTHOWECHHIO K KpHCTailliam An /3', CTOH YBTCKTHKOR
HOCHT HAa3BaHHE JGIMERMUICCKON INOY-
xu. CocTaB, COOTBETCTRYIOWIHIT TOUKE ¢, Ha3blRACTCA IBTEKTHUECKUM, A ro-
PH3OHTAb, [[POBEICHHAS YEPE3 DTY TOUKY, — IBTEKTHUSCKOH ropH3OHTAlILIO.

OnpenaeseHne 0OTHOCHTRNILHOTO KoTuecTRa ABYX (ha3 (HarpHaep, B cHeTeMe,
XapaxrepusyemMor GurypariBHOH Toukod K) hcrnonib3yelcss NPaBuio pbluara
(cM. (8.3)). Mnst 270# uenu uepes oKy X MPOBOAHM H3OTEPMY. HA3LIBACMYIO
Ko#odol i Hopol. [lepecedenne kOHOLI ¢ nHuKell JksKayca (Touka )
YKa3bIBACT 11t COCTUB KHUKOH (hasbi Npu nanHoil Temneparype. OTHOCHTENbHOE
KOJIHUECTBO JKMAKOI 1 TBepa0oi (azbi 1tpy Temneparype I, Oynet

[

A+38T(4+B)

= €

A4 B

ny [(KBl)

(9.8)

np l(ml) '

PaccMoTpHy MPOLECe KPHCTAUIH3ALNMH  OT/C/ALHOTO CIIIABA, HANpHARp

cnnasa r. [TepByH Craanio mpouecca ARMIeM YCIOBHO TaK:
T —T.
L "= A+ L —e).

Dra 3a1iMch 03HAYALT, W0 W3 KHIAKOCTH B HHTepBae Temiteparyp ot 1
o T, BLINQJAIOT KPUCTAMIbl KOMIOHEHTa A, @ COCTaB JKMIKOCTH MEHSeTCs
OT I' 210 .

KHAkocTh cOCTaBa ¢ OKA3bIBACTCA B PABHOBECHH ¢ KpHCTanaaMu 4 n xpu-
crannamu B, no3toMmy npu TEMIEpPArype dIBIEKTHYECKkoro pespawenns T, Ha-
UMHACTCS MX COBMECTHAS KPHCTAIUTH3ALHS (BTOPAS CTanns)

L{¢) LN 381(A4 + B).
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D74 3aMHCbL COOTBETCTBYET NPOLECCY KPHCTAIIMIALHH MEXAHHIECKOH cMme-
cH—IRTekTHKH (A + B) U3 ®HAKOCTH CoCTaBa ¢ npu temreparype 1. Jlan-
HbIH MPOLECC NPOHCXOANT MPH NOCTOSHHOH TeMnepaTtype ¥ HOCUT Ha3BaHHE 3B-
TEKTHYECKOH KpHCTammH3auni. Ha KpHBOH OXNAKACHHS AN CIIARA COCTaBA T
(pyic. 9.4, kpusasg 2) uMeercs Touka neperuda npu remneparype 1., Tak Kax
MPOLECC BLIACASHHA [EPBHYHBIX KPHCTANIO0B 4 CONPOBOMKAACTCS Bl ACCHHEM
TENJIa, KOTOPOE NHb HYACTHYHO BO3MELLACT OTBOAHMOE TEIMIIO H CKA3bIBAETCS
TOMLKO B 3AMEASISHHOM OXJTAXK,IEHHH,

Hanee npu remueparype T, KpHBas OXJaxAEHH OyLeT HMETb TOPH3OH TATb-
HBIIT y4acTok, TTOCKOILKY TPOIECC OJHOBPEMEHHOTO BbINAJCHUS KPUCTANIOR
A u I conpoROKETCA BhIACAEHHEM TAKOTO KOJHUCCTRA TENa, KOTOPOE noJ-
HOCTDLIO KOMMEHCHPYET OTBOAHMOE Tenno. OxJaAIeHHe CllIaBa IiiKe TeMne-
paATYpbl KPHCTAMTH3AWHH IRTCKTHKH (1) MpOUCXOAHT O TAKOMY K€ 3aKOHY,
KaK H 1IPH ONJQKACHHH JKHAKOIO pacruiad, NOCKONbLKY ITOT NPOUEce He co-
MPOBOKAALTCS BblIeneHHeM Temia. OIHako HaKJIOH KPHBO oxhaxaeHus Oyaer
OTAMYATLCS OT TAKOBOTO JUIS MHAKOH (pa3bl BCACACTRHE OTNMUMSA B 3HAUEHHAX
TEMIOEMKOCTH HTHX (a3.

Ha puc. 9.4 npeacrasieHbl Handosee XapakTepHble KPHBbIE OXJA@KICHHS

T

—emmme
N

e Y

e g
! Ned |[Mes

{, MHH A N3 ¢ B

Puc. 9.4. duarpamma cociosHUS ¢ UPOC| O IBTCKTUKOH

PAaa CNAaBOR, MO KOTOPhIM CTPOHTCA AHATPANMMA COCTOAHHSA AAHHOL CUCTCMBbL,
Kpusas 4 coorsercrByer OXAEKACHHIO uneroro komitonenta 4. Kpusble 2 1 3
COOTBETCTBYHOT OXJAAICHMIO J0IRTCKTUUECKHX crnasos. Kpusas 4 oreuaet
ONJIQUKACHHIO CIUIABA YHCTO DBICKTHUECKOI'O COCTABA.,

MUKPOCTPYKTY P CNAAROB, COOTRETCTRYIONIAA TPUBEACHHbINM KPHBhIM OXJa-
AACHHA, CXCMaTHUECKH NpeacTarieHa Ha puc. 9.5. JIns 6omblueil HalisnHOCTH
KPHCTaMNhl KOMIOHCHTA .4 R cnarax / v 2 H300PaXKCHhI ¢ UETKO O4EPUCHHKIMHU
I'paHAMH (HTO CBHACTRIBCTBYET O MAJIOM 110BEPXHOCTHOM HATSXEHHH Ha I'PaHH-
Le paziena KpHCTAL  SKHIKOCTL B MOMCHT KPHCTANN3ALMH), & KpHCTATbl B
B CNIaBax 4 (3IBICKTHUCCKHI Clulan) M 5 (UMCTblil KomiloHelT /3) n3o0paxe-
Hbl ¢ OKPYMICHHBIMH TPAHSAMH (TAKOTO BHAA KPHCTALibl OTBEUAT DONbIIOMY
TIORCPXHOCTHOMY HUTSKCHHIO B MOMENT KPHCTAAMKZaUMK). Menkoancnepeuas
cMech Kpuerannos A W I3, 1pelcTasasiowan IBTeKTHRY, H300paIKeHA B BHIIE
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KOPOTKHX WITPHXOB, HAIIPABJECHHbLIX B Pa3HbLIC CTOPOHLI H OTBEUANOLIHX COOT-
BECTCTBEHHO KPHCTANJTHKAM KOMITOHCHTORB Au Bz yTux PHCYHKOB BH/THO. HTO
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Puc. 9.5. MURPOCTPYKTY paclidanonr (/ —35), COOTRCTCTRYIOWMX KPHUBLIM, H300PA/KCHIIBIM
Ha pue. V.4

W\
i
iy
~
~

’] 1

MO MEPE OXJIAKUCHHA CIUIABOB CHANANA BbIIAAAIOT KPHCTAIUIBI YHCTBIX KOMIIO-
HeHTOB 4 wau [3 (B 3aBHCHMOCTH OT COCTARA CHCTEMbI), OECTPENSTCTREHHO
PacTyLLHN NpH KPUCTANNM3AUMH 13 )KUAKOH (Da3bi, HACHILIEHHOM TEM WK HHbIM
KOMITOHEHTOM.

[Tp# HACTY MITEHH Y IBIEK TUYECKOLO HIPEBPALUEHHS HHIKOC I'b CTAaHOBHTCS OfI-
HOBPEMEHHO HACLIUENNOI 000y KosMmoHeHTaMi. [1pr KpucTainu3amm o)-
HOI'0 H3 HHX B KaKOi-JIHOO TOYKe 00beMa CHCTEMbI MPOUCXOAHT 0DOIalneHHE
OKPYKAIOIIETO YTOT KPHCTAMMHK 0ObEAMA BTOPhIM KOMMOHECHTOM. JTO cO3aa-
€1 OnarolpHATHbIE YCIOBUS A5l OOpa3OBaHMs 3apoibliua KPHCTaNa BTOPOIO
KOMMOHEHTa. TakuM 00pa3oM, B HEMOCPEACTBEHHO OMH30CTH OT KPHCTAMIINKA
MEPROTO KOMTMOHENTA MOSBAFETCS KPHCTAUTHE BTOPOrO. YTO MPENSTCTRYCT HX
JauibHeiiwemy pocry. TTOABISICTCS MEIKOAHCIEPCHASI MEXAHHIECKAS CMECH HTHX
KpUCTaNmnos.

9.3. Cucremsl ¢ 00pa3oBaHHEM YCTOHYHBBIX XHMHYECKHX
o€/ IMHEeIHH

Ecnu koMmoHeuThl CHCTEMbI B &KIKOM COCTOSHIM MOMHOCTLIO PACTROPHUMB!
APYT B APY1E, @ B TBEPIOM COCTOSIHHH COBEPLUEHNIO HEPACTBOPHAMbI, HO O0Pa3y10T
XHMUUECCKOC COCAHNICHIE, CTOIROC MPH BCeX TEMMEPATYPax BILIOTh 10 TOUKH
MAABICHHA, TO BO3MOXCHbI 18A BAPHAH A JHAIPAMM COCTOSIHHA.

Cucmeya ¢ KOHZPYIHMHOI MoyKor naas.1eHus. Tlycrs MeKy KOMTOHEH-
Tavu A W B NpoHcxoanT XxuMHueckas peakuns

zA+yB = A,B,.

Ecnu xumuueckoe coesmmienne A, B, yCTOHUHBO 11pH BCEX TeMIlEpaTypax.
BILTOTH 10 TOUKH TIIIARISHHS, TO B YTOM CilVUae FOBOPSAT. UTO COETHHEHHE HMEeeT
KOHZPY HIMHYIO (COBNALAOLLYIO 110 COCTABY) TOMKY IU1aBNEHHUA.

B npocreliwes cityuae aHarpaMmMa COCTOSHMA Takol CHCTEMb! UMEET BH.L,
NpeACTARACH LT HA pHE. 9.6, JTa auarpamsa mpeacTapaseT codoil kak Obl 1Re
AHArPaMMbl COCTOSIHIA € MPOCTO Brekrukoil — A—A,.B, n A.B, -B. B neii
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HMEROTCA UBE IBTEKTHIECKHN TOUKH — ¢’ H (>, COOTBETCTBY FOLUME IBTECKTHKAM.
JisHuCH NHKBHAYCA ITOH CHCTEMbI ABNACTCS NHHHUS weymesh, el connny-
ca— BE IBICKTHUECKHE FOPH3OHTANN ey d H feaq.

Haubonee npumenareibHOMH TONKOH Ha Takoro TMna gdarpaMMax ssiseTcs
TOUKA /1. KOTOpAas COOTRETCTRYET XHMHUUECKOMY coeunennio A, B,.
CucTrema, OTBEYaAIollas 2TOMY COCTa-
BY, BCACT c¢Ofi KAK OAHOKOMMOHEHTHAS
CHCTEMA. 1107TOMY Ha KpHBOH oOXJia-
HKACHHA NIPH TEMIIEPATYPE MAABIEHHS
XHMHUYECKOTO0 COEIHHECHUSA TOABUTCH
_— TOPH3OHTANLHBI YUACTOK, Kak H B CNy-

J g yae KPUCTAINH3AUMH YHCTOIO KOMIO-

f L P A, : HEHTa. MaKCUMYM Ha KpUBOH JHk-

c e dE\A‘I%Aﬁ”»(I? Ay BHIYCA MOXKET ObiTb 3aKpYFICHHBIM
Acomr AR e : 1JTH OCTPbIM, 00Pa3ys TaK HazbiBAEMYIO
(A AB) :(/\ AB) cuny spryio (0codyro) mouxy. Takoro
al ‘ ¢3! THIA MAKCHMYM OTBEHACT HaCTHUIIOMY

A AB, ong @ pacnany (QMCCOIMAUHK) Jl@aHHOrO XH-

MHHMECKOr0 COENMHEHHA Ha COCTaBIf-

Puc. 9.6. [duarpaviva cocrosiimg Cu-  JOILHC €ro KOMIOHENTLI, [lo cTeneHu

CTCMLIL.  KOMIOHCHIL  KoTopoi  odpasy- 3AKPY IJICHUA MAKCHMYMa CYUAT O CTE-

FOT YCTOHUHBOC XHMHNCCKOH COGMICIMG ey NHCCOLMALNH XHMHUECKOrO CO-
CAMHEHHA 1IPH 1IIABNCHHH.

Coeunnenne A B, obiaj1aeT NOBLILLEHHLIMH MIEKTPONPOBOAHOCTLIO, THEP-
JOCTBIO M XPYMKOCTLIO, TEMIEPATY PA THIARACHHSA €ro, KAK MPABHIIO, BhiLLE TeM-
nepaTyp niaBieHUs COCTABASAIOLLUX €r0 KOMIOHEHTOB.

B psine cnyyaer B cHCTEME MOMKET 0OPAIOBATHLCA MHECKONLKO TAKKMX COCAU-
HEHMH, H AHarpaMMy COCTOSIHHA B DTOM CIIYUd€ MNPEACTABIAOT COCTOALLEH
M3 HECKONbKMX JUarpaMM COCTOSHHSA C MPOCTOM 3BTEKTHKOMH.

Cucmemu ¢ unkonzpyInminoil moukoi. B 5Tol cHeTeMe XHMHYECKOe COo-
€/IHHEHHE, 00Pa3YIOLIEECs W3 ABYN KOMMOHEHTOB, HE MOIKET ObITh pacrnapiie-
HO 8e3 paspyllieHHs. JIPYTHMH CIOBAMH, XHMHUYECKOC COCAHIICIINE HACTONLKO
HEYCT0HUHBO OPH BLICOKHN TCMACPATYPAX, TO A0 MIABICHHA HAHHAET 1MCCO-
IHHUPOBRATh, PACNANAACH HA OTE/ILHbIE (DPATMEHTDI.

[TocKoNbKY TAKOE XMMHUECKOE COEAMHEHHE HE MOMKE T OblTb PACILIABIEHO 0€3
TIOJIHOW AUCCOLMALMIH, TO KPHBAA NHKBH,YCA HE HMCCT MAKCHMYMa, ¥ 1HarpaM-
MY TAKOI'O THNA HA3ZBIBAIOT AHAIPAMMON COCTOSIHUA CO CRKPLUNBIM MUKCUMENOM.
Ha puc. 9.7 npeacrariieH npocTelwnii cayuail Takoll marpam.

Jnnns gecf npeactasaseT codoi muHmo nuksuayca. [psyeie heg v cmd-
JHHHIO connayca. TIpsimas heg SBIsCTCS IBTCKTHICCKON FOPH3OHTMILIO W CO-
OTBETCTBYCT TEMIEPATYPE KPUCTAJUTH3ALHY IBTEKTHKI, COCTOAINE H3 XHMU-
ueckoro coenutenns A, B, u komnonenra A. Tlpamas cimd HOCHT Ha3BaHHE
REPUMCKINUMECROU COPU3ONMaiy WK JIHHHW Pa3py ILICHHS XHMHUCCKOTO COeH-
HEHHA H COOTBETCTBYCT TEMIIEPATY P PA3PYLUEHHS NHMHIECKOIO COCIHHEHHA.

Ecnu spTeKTHUECKAN CMECh ARACTCS OUTIOBRPEMEHIIO HACLINICHHO (s JaH-
HOM CHCIeMbl) KOMMOHEHTOM A M XHMHYCCKHM coenternem A B, cocrasbl
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KOTOPOIH JIeKaT Mo 00€ CTOPOHBI OT COCTAaBA IBIECKTHIECKOH JHIKOCTH, TO COCTa-
BBl TICPHTEKTHUECKOH KUAKOCTH (B AMANa3oOHe KOHLUCHTPAIMI MCHKLY TOUKAMMH

T

AB ¢, %

Pue. 9.7. /FlHZII PAMMA TLTARKOCTH H KPHBLIC OXTARACHIHA CILIABOB € I’I@)’C‘lOii‘lHli[:l\l XH-
MHAHCCKHM COCAHMHCTIIICM

€ ¥ 7N) OAHOBPEMEHHO HACKILLCHBI 1 O OTHOLUCHUIO K KPHCTAINAM KOMIIOHEHTA
B, 1 no oTHOIICHHIO K XHMIYECKOMY COeaHHCHMIO A, B, HO COCTARLI HX NewaT
N0 OAHY CTOPOHY OT COCTABa KHIKOCTH. DTO 0OCTOATENbCTRO JEJACT HERO3-
MOXKHbLIM 00PA30BAHHE KPHCTANIOR OOHOTO THNA 0€3 PACTROPEHHS KPUCTANNOR
apyroro turia. Hanpuwmep, obpasosanue kpucrawtos A,B, w3 xuikoctn co-
CTaBa «c» TIPOUCXOMT HPH OJHOBPEMEHHOM PACcTBOPEHHH B Heli KpHCTannos
koMnoneHTa B, sbinaswero B reepayto (asy panee.

Mycth pacnaar 1, oTReUAOUIHA NO COCTARY NHMHUECCKOMY COCAHHCHHIO
A, B,, oxnaxnaercsa. B Touxe ¢; EHHAKOCIH OydeT HachlUICHa KOMITOHEHTOM
B. KOTOpPbIH HA4HET NPH AAHHOII TEMNEPATY PE KPHCTANAM3ORATLCA, DTa CTaIHs
MOXKET ObITh 1IPEACTARIICHA B BHIE

T,-T,
L —"B+ L1 —0).

3aTem npu nocToanHol TeMnepatype 1), npow3oiineT pacTBOPEHHE KPHCTA.T-
nos B 1 O1HOBPEMEHHOE BBIICICHUE KPHCTAINIOB XHMHUECKOIO COCMHEHHU
A, B, no cxeme

7,
B+1.(c) =5 A.B,.

Tak kak B crifrape /7 KOMNOHeHTbE A H B HANOASITCS B CTEX HOMETPH!IECKOM CO-
OTHOLLEHHH, OTBRUAIOILEM XHMHUECKOMY COSTHIICHHIO, TO NpH Temneparype T,
CUNAB HALECNO OPEBPALLACTCH B KPHCTANL XHMHUESCKOrO coeTiHelina. Takoit
NPONECC HAZBIBACTCH HCPUMCKINUUCCRIUM.

Ecnu paceMaTpuBath CnilaBbl, NEKALLME NPAREC OPANIAThLL. COOTRETCTRYIO-
IEH XHMHIECKOMY COCIMHEHHIO, TO KOMIOHEHT B HE MOKET MONHOCTBHY BOHTH
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B COCTAB ITOTO COEAMHEHHS (TaK KaK KOMNOHEHT A OKAXKETCSH CBAIAHHbIM PaHb-
e, UeM HM3IPACXO/YeTC ReCh KOMMOHEHT B). # H3dnhiTok TRepaoro B soiiaer
B CTPYKTYPY TBEPILOro COCIONHUS B BUAE OTACNbHOH (azbl. Takuwm odpasom,
KPHCTAJUTH3ALLHA CTUTaRa 2 MOIIET MO CACAYIOLIIM CTAAHSIM:

TH- T,
L —" B+ L —0),

T,
B+ L(c) =% A,B, + B (1130mT0K).

Ecin e koHuen rpanks KOMTOHCHTA B B crumase MEHbLILEC, HEM ['PC6)'CTC${
s O6pEl'30BﬂHHﬂ XHMHUYECCKOTO COCAHHCHHA (T()‘IKI:] 3 NCKHT NEBce OPAHHATLI
/\_,vB.,,), TO B CILUIABC MOCHE NEPHTECKTHUECCKOTO HPEBPALLUEHHA OKDKETCST B U30bIT-
Ke WHIKOCTh cocTapa «c». Ho NOCKOJILKY 3T JKHIKOCTh ARJACTCA HACBLIIEHHOTT
MO OTHOLIEHHIO K KpUCTAJlaM XUMHUYECKOI'O COCTHHEMHA, TO NasibHeiulee oxna-
SKACTIMEG BLIZLIBACT BhINAICHHE YTHX KPHCTAJLAOR, Ho B omnuyue ot NEPHTECRTH-
YECKOIO MPEBPALICHHA COCTAB IKHIAKOCTH HE BOCCTAHABIHBACTCA 3d CUCT PACTBO-
PEHUA KPUCTANTIOB KOMIMOHEHTA 3, a 060I21|U£HH€ IKUOKOCTH OCYLIECTBIACTCA
32 CYCT KOMIMOHEHTA A. nO')TO.\ly KHAKOCTL AOCTHTACT DIBTCKTHUECKOTO COCTA-
Bd. IIpH KOTOPOM OHQ OUHOBPEMEHHO HACHILIEHA H XHUMHUCCKHM COCIHHCHHEM,
A YHCTHIM KOMITOHEHTOM A, 3aech HMEeTCS UETLIPE CTalWH KpUCTAJUTM3aluuH

Ty—T
L """ B+ 1L(ey — ),

1% -
B+ L(c) — A,B, + L (u3bsIToK).
o
L = A;B, +L{c—e).
L(e) L5 381.(A, B, + A).

Takum 00pa3zoM. B CTPYRTYpE critaBa 3 OYAyT HAXOAHTCSH MEPBHUHLIE KPU-
CTaJTRl XUMUYECKOTO COCNIMHEHHSA, OKPYKEHHBIE YBTERTHKOH (A, B, +A).

B 2BYXKOMIIOHEHTHBIX CHCTEMAX JOBOJNLHO YACTO BCTPEUAIOTCS HECKO/ b=
KO XHMHUECKUX COSTHHEHHA. O/THH 13 KOTOPLIN HMEIOT KOHIPYIHTHYIO, @ npy-
M€ MHKOHTPYIHTHYO TOUkM mnaBneHus. Hanpumep, B cucteme MgCly--HyO
o0pa3yeTcs NiTh KPHCTAIOTHAPATOBR, O/IHAKO TOJNILKO OAHH H3 HHUX MNAABHTCS
KOHUPY YHTHO.

9.4. JlyarpaMmbl COCTOSAIHSI ¢ HOMHOI PACTBOPHMOCTBIO
B KHjIKOH (aie, NOTHOH H OrpaHHUYEHHOIT
PACTBOPHMOCTLIO B TBeP;10il (hase

Belaeastowasncsa n3 pacriasa TBepuas (])af;a BECbMA 1ACTO HEC IIPEUCTABIACT
coboit KpHCTANJIOB YHCTOrO KOMNOHEHTA HIH XHMHYCCKOTO COCAHHEHWA, d CO-
CTOMUT M3 NBYX WK B0Jiee KOMTIOHEHTOB, OUHOBPEMEHHO YUaCTBYHOIWINN B 00-
PA30BaAHHN KPpHCTAJIIA H PABHOMEPHO PACHPCACIAOLUMXCA B HEM. [TonobHbIe
OG[’);.TJOBL]I*H]}] HA3BIBAIOTCA CMCUIAHHLIMHA KPHCTANAAMH HIH I)I(fc’[)()h[.\lll pac-
maeopaMu.
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[Ipu kpucTaiuM3ausy MOryT oOpa3oBbIBATLCS TBEPIE PACTBOPLI ABY X TH-
TOB: TBCPALIE PACTROPAI, MPH KPUCTANTH3ALMH KOTOPBIX @TOMbI HITH MOJEKY/bI
pPACTBOPSIEMOI0 BEILECTBA PAIMELLAIOTCSA B NYCTLIX MECTAX PELLETKH PACTBOPH-
TeNA MCIKAY €€ V3NaMu (pacmeopot Gredpentst), W TBEPAbie PACTROPHI. B KOTOPhIX
ATOMbl MJTH MOJIEKY bl PACTBOPAEMOro BEUIECTBY PacOaraloTes B y3ax Kpu-
CTANAMYECKOH PCIICTKH PACTROPHTENSA (pucmeopnr sayieujeis).

Teepabie pacTBOPLI BHEAPEHHA MOTY' " ObITb 00PA30BAHbBI JIHLLIb B TOM CAYHAE,
KOMAa Pa3MEphl aTOMOB HIAH MONEKYT PACTBOPSIONIErOCcs REIICCTRA MYTCM BHE-
APeHHs KOMINOHeNTa HeResnkH. OO0bIYHO B MeTA/STHUCCKHX CITaRax aHaMeTp
aTOMa PacTBOPACMOIO KOMIIOHEHTa He A0JHKEH lipesbiwars 0, 6 anaverpa aroma
OCHORHOTO MeTasia. [1o mMepe HAKOMICHHS BHEAPACMOTO BeIECTRA YCTOHUH-
BOCTh PELLETKH PACTBOPHTENS YMEHBLLACTCS, NOITOMY KOHUEHTPALHA PACTBO-
PAEMOTO BENICCTRA HE MOKET ObITh BbITLE HEKOTOPOTO NPE/Iea, T. €. HMEET MECTO

Pp(lllll'l(.’llll(l)l [)(IL’I]I({()[)II.W()(.‘I’Hb.

Hns o0pa3oBaius pacTROPOR 3aMEILEHHS BEChMA BAXKHO. UTOOb! CTPYKTYpPbl
3aMELAOIEND H 3aMCLLACMOI0 KOMIIOHEHTOR ObITH CXOKHA M YTOObl paauycChl
ATOMOB (.\IOJ'ICI\')"JI. HOHOB) HE CHITLHO p'd?.IIHlIElJ'II'ICI). an OTHX yCJ]OBHﬂI\' 3a-
MELICHHE HE BbI3LIBACT HANPKCHHUA B PELLSTRE KPHCTAIIHYECKOrO PacTBOPA,
U TREPAbIS PACTROPLI MOTYT OKa3aThes YCTOHYHRLIMM MIPH MOOOM COCTARE.

Juarpavya CoCTOSIHHS ABYXKOMIOHEHTHOH CHCTEMDLI, B KOTOPOH MpH 3a-
TBEPAEBAHUYN PACTUTABA 0Opa3yeTCs paciiasa HellpepbiBHbIH psij TBepabIX pac-
TBOPOR, Noka3zaHa puc. 9.8.

Junust TaabTy npedcrapusier JMHKUIO nuKkBuayca, dununa Tpedly — nn-
HHIO conrayca, OBIAcTb MEANY JIHHHAMM THKBAAYCR H COTHAYCa — 00acThb

T T P —const

T A N B

Puc. 9.8. }_[H‘dl']')il\l\l‘d COCTOSIIHS H KPHUBAA ONJRIKJACHHA CIITABORB CHCTCMbB! © O()Pll'}OB'cl-
HHCM HCTIPCPLIBHOTO PALIA TBCPALIX PUCTBOPOB

ABYX(DAIHOrO PARHOBECHA KHIKOCTH M KPHCTAUIOR TREPAOTO pacTropa. [1po-
LECC KPHCTAMIM3aumi Jio60ro cniasa (He HHCTBIX KOMIOHEHTOR) MOKET OblTh
MPEACTARCH 110 NPHHSITON CXEME 3anHCH B BHAE
Te=Ty ks
L "= a (reepamii pactsop) (¢ — d) + L(a — b).
TNo Mepe 3MENEIHS KOHLEHTPALHH KHAKOH (a3zbl ¢ nonmKennen Temnepa-
TYPbl KOMHUCCTBO HT0i1 (pa3bl YyMEHBLIAETCS, H KOIIA OPAHHATA CIUIABA IlepeCceUeT
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JHHHIO Costk Ly ca, To xHaKasn dasza cocTasa (/ HeuesaeT NOIHOCTLIO, d CIIIaB Le-
JIHKOM TIEPEXO/MT B TREP/IOE COCTOsIHHE. OTMETHM, MTO XHMHUCCKHH COCTAaR
BbILIANAIOLWKX KPUCTA/IIOB TBEPAOrO pactBopa HCOAHOPOAEH 110 OTHOCHTENb-
HOMY COACP/KAHUIO KOMNONeHTOB A H B, Tak kak npu xkaxa0i Odonee HIIKOI
TEMIEPATYPE BbIMAAAIOLLHE HOBbIE MOPLUHH TBEPAOH (asbl HAXOAATCA B paBHO-
RCCHH € 3KUaKkoii a3zoii, oTnHualonleics Mo CRoeMy COCTARY OT Mpeabiayllleii.

Juarpamma COCTOSIHHSI CHCTEMbI, B KOTOPOIi 00a KOMIIOHEHTA MOMHOCTHIO
pPacTROPUMBI B KHAKOH (pase W OOMAAQIOT OrpaHHUCHHON pPacTBOPHMOCTLIO
B TBEPIOi daze, puseaeHa Ha puc. 9.9.

B cucremax nonoOHOro THila aroMbl KOMIIOHEHTa B paBHOMEpPHO pacnpee-
JAIOTCA B KPHCTANIHYECKOH PElIeTKe PACTROPHTENS A, W CTPYKTYPa CIIaBOB

1 )

P=const

T A B

Puc. 9.9, Quarpasivia COCTOARHS W KPHBBLIC OXJIAACICHIA CTLIABOB CHCTCMLI € OrPaHICH-
HOH PACTBOPHMOCTLIO B 1BCP,1OM COCTOMHHH H HIMCTICTIMCM PACTBOPHMOCTH ¢ TCMLICPa-
TY PO

B TBEP/IOM COCTOAHUH NpesicTasiseT codoi OUHOpOuHbIF TBepUbli pacisop B
B8 A (o« — TBepablil pactsop). JInHua e agasercs SiHHKe 1penenbHoH pacTso-
PHMOCTH 118 (v-TBEPAOro pactsopa. C APyroi CTOPOHbI, €C/H K KOMMOHeHTY B
JL00aBNATH KOMIIOHEHT A, TO 00pazyeTcs OAHOPOAHLIH TBEPAbIHA pactsop A B B
(HazoreM ero F-Trepablit pacTrop). JIMHUA Ad HarpaMmsl — JTHHUS Npeaesh-
HOIt pacrsopuMocTH uin 3-teepaoro pacteopa. JIMHUA TacTy — JHHHA JTHK-
BHIYCA. AHHUA Tanchly — nunua coanayca. Tpsavasn veb IBTEKTHUSCKAN
ropusoHrass. [Tpu remneparype T, sHAKOCTb COCTARA ¢ IBNACTCS HACHILICHHOIT
M0 OTHOWIEHHIO K (v- H 3-TBCP/lbIM PACTROPAM COOTRETCTREHHO COCTAROR «f H b,

KpucTanauzaiis J0IBTEKTHUECKOTO crnara / (TOUKA ¢ HA AnarpaMme) 1 3a-
IBTEKTHUECKOTO (TOUKA D) HAUEM He OTITHUYACTCH OT KPUCTAIUIH3ALMK CTIAROB
C HEOTrPaHHUYEHHO paCTBOPUMOCTLIO B TBEPAOM COCTOSHUM. A BOT KPHCTAILITHU-
3aLs cnaara 2 peanu3yeTes B ARC CTAMH:

T3 — T;
—

L a3 —a)+ LB -¢) w L)
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B vyTom cnyuae ripn IBTeRTHYECKOI TeMneparype xi/aKkas (pasa craHoBHiIcs
HACKILEHHOH KaK 110 OTHOUIEHHIO K (¢-KPHCTAIUTAM, TaK M 1O OTHOWEHHMIO K KOM-
NOHEHTY [3, KOTOPbIH, KPUCTANIH3YACh, PACTBOPHET B CBOCH PELUETKE KaKoe-TO
KONMYECTBO KOMMOHeHTa AL 0Opasyst TRepAbIil pacTBOp ;7.

B Gonblwmiucree cayvaes, 01HaKO, PACTBOPHMOCTh BELIECTB B TBEPAOM CO-
CTOSHIH MCHACTCA C H3MEHEIINEM TeMmepaTypbl. [lodToMy Ha anarpanmiax Tako-
ro BUAa BMeCTo BepThKaneit ac’ n bd’ nossares kpusble ac n bd, yKa3pBalowme
Ha YMEHbIICHHE DACTBOPHMOCTH KaK KOMNIOHCHTA B B petneTke A, Tak W KOMMO-
HeHnTa A B peretke B, OTanuis 8 KpHBRIX OXAQxeHHA (Hlanpumep, crilaBa /
Ha pye. 9.9 1 crutasa / na phc. 9.8) npakriieckn He HadIoAae1Csl, Tak Kak 11po-
HECChl YMEHBIIEHHST PACTBOPHMOCTH BEIICCTB B TBCPABIX PACTBOPAX CBABUIILI
¢ nndipy3neii, tennosoii Hddekr KOTopoil He3HAUNTEIEH.

CucTeMbl, MMEMOLIME PacCMOTPEHHbIH THIM JIHATPAMM COCTOSIHHA. OU€Hb
miorouuciendsl. Cpean Hux MoxHo Hassath Zn—Cd. Cu—Ag, Cr- Ni.
Sn—Pb u ap.

9.5. TpexkoMiIOHEHTHbBIE CHCTEMbI

Ha HPpAKIHKE, Haps1y C ABYXKOMIIOHCHTHBIMH CHCTEMAMH, 'ACc1o MPUXOANT-
CA UMETh [1€J10 € CUCTEMAMH, COCTABMCHHLIMIH H3 TPEX KOMMOHEHTOB.

S’[’)EIBHCI*HK.‘ COCTOAHHA TAKNX CHCTEM CBA3bIBACT MCIKIY COOO0H s Hapa-
METPOB 1 HMCCT CJ'IC}IyI-OLLlHﬁ BHUO:

f(lL'l, Ay X3, P. T) = 0.

OTcioaa CICUYET, HTO YPABIICHHE COCTOSHIA TAKHX CHCTEM HE MOXKCT ObITh
OTOOPAKCHO HA MIOCKOCTH O3 KakuX-NHOo orpanuucHuil. OOBIUHO CUHTAIOT
JI@BIICHHE HAJ CHCTEMOI LIOCTOSAHHBIN, H OTO 1aeT BO3MOXHOCTL NMOCTPOHTD
MPOCTPAHCTBCHHY KO JHATPAMMY. 300 PAKAFOULY 10 CBA3L MEH/TY KOHLCHTPaIHA-
MH KOMIIOHCHTOB H teMIlepary poi. [l 310i nenu npuOeraroT K 1ax Ha3biBaeMo-
ALY ROHYCHIIPAHONTOMY MPEVCOIniURY, Ha NNOCKOCTL KOTOPOIO MPOELHPY 0T
THHNK (Ba3oBLIX rpeBpaieHmii.

W3 reomeTpuy U3BECTHO, YTO JIHDOOHA PpaBHOCTOPOHHHH TpeyroilbHUK obna-
JACT CNEAYIONIMMH CBOHCTBAMH: @) CyMMa MEPMNEHIHKYIAPOB, OMYILUEHHLIX H3
OO0 TOUKH TPEYTONBHHKA HA €10 CTOPOHbL. PABHA €ro BbICOTE: O) CyMMa OT-
PE3KOR MPAMBIX. TTAPALIETBHBIX CTOPORAM TPEYIONbHHKA Nl MPOBEUCHHBIX YEPE3
JIHOOYIO TOUKY BIYTPH TPEYTO.IbHHKA, PaBHAa CTOPOHE TPEYTOAbHAKA. DTH CBOI-
CTBA PABHOCTOPOHHETO TPEYTOALHHKE HCMOB3YIOTCS /1718 ONPENeIeHHA COCTaBa
TPOIHOTO Crulasa.

Ecau npunsTh BuicoTy TpeyroasHuka sa 100 % BecoBoro KosimuecTBa Crnasd,
TO BeJIHUHHA 1IEPIICHAHKYJISIPA, OIY UIEHHOTO K3 TOUKH. COOTBETCTRYOLICH faH-
HOMY CTUIaBY, Ha CTOPOHY, TPOTHBONEMKKALLY IO KAKOMY-1H00 KOMNOHEHTY, Oy1eT
BBIPAKATH [POLEHTHOE KOJIHYECTRO 3TOTO KOMIIOHEHTa (vemod Tudocy).

Ecin 3a 100% BecoBOro xofiHuectBa 1oro HiH HHOroO 1poHHOro crniasa
NPHIATE OTHY W3 €TOPOH TPCYTOIbHMKA, TO MoJlaras, 4To COCTABLI, OTBEUA0-
LIME UHCTBIM KOMIOHEHTAaM, COOTBETCTBYIOT BEPLIMHAM TPEYTONLHHKA, BECOBLIC
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NPOLEHTbl OYAYT ONPENCHATLCS OTPE3KaMHK JIMHHIA, HapamiellbHbIX CTOpOHaM
TPeYrosibHUKA W NMPOTHBOJICKAIINX AHHBIM KOMNOHEHTaM (wemod Poietova).
BaxcHeHWwHvH cBOACTBAMK KOHUEHIPALHOHHOIO TPEYTrofbHHKA ABASIOTCA
CNEAYHOILNE.
1. BepiunHbl 1peyrolibHHKa COOTBETCTBY FOT HHCTBIM KOMIOHETaM.
2. Touku. agxaniMe Ha CTOPOHAX TPEYIO.IhHHKA, H300paKaOT COCTAR ABYX-
KOMTIOHEHTHBIX CTUIABOB.
3. Touku. JekanHe BHYTPH TPEYTOAbHIKA. H30DOPAKAKT COCTAB TPEXKOM-
HOHEHTHBIX CIIABOB.

4. Toukn, siesatute Ha NpAMO, mapanienbHol CTOPOHE TPEVIONbHHKA, U30-
OpaxaroT CTIaBbl € HOCTOSHHBIM CO/IEPKAHHEM KOMIIOHEHTA, 1IPOTHBO.Ie-
AKAUICTO JMAHHOH CTOPOHE.

. Touku, newaline Ha NPAMOMH, BbIXOAALUEH W3 BEPLUHHbI TPEYrONbHUKA,
H300paKatOT CTLIARLI € TOCTOAHHBIN COOTHOLLICHHEM COACPAKAHHA KOMMO-
HEHTOB. H300paKaeMblX ABYMs APYTHMH BepLIHHAMH.

[lporoas pasnuuHble CEYEHHUS MPOCTPAHCTBEHHOI 1HArpayMbl M OTKTabl-
BAst MX H300PIKCHHA Ha [12I0CKOCTh KOHUEH TPALHOHHOTO TPEY FOdlb KA. NPOBO-
JIAT aHaH3 (Pa3oBOIo COCTOAHNA TPEXKOMMOHCHTHRIX CHCTEM.

Flzomepyiuvecnunin paspesavi AnarpaMMbl COCTOSIHUSL HAa3bIBAKOT H300pa-
AKECHUA JTHACPAMM B CEHEHHH MLIOCKOCTHLI, NMAPATIETLHOH MNOCKOCTH KOHLIEH-
TPALIMOHHOTO TPEYTOlIbHUKA.

Honumepyuyeckunu paspesiniy HA3BIBAOT H300paKe U AHAIPAMM B Ceue-
HUH TTOCKOCTBIO, MEPNCHHKYIAPHOI K TTOCKOCTH KOHLUCHTPAIIMOHHOIO Tpe-
YIOJIbHHKA.

JLIsi TOTHOTO AIPEICTABICHMS O AHATPAMME COCTOSIHMA TPEXKOMIIOHEHTHOH
CHCTEMBI HEOOXOIMMO TIOCTPOHTL HECKO.TLKO HIOTEPMHIECKHIX H HECKOMBKO [10-
JIMTCPMUUECKHX PA3Pe30B. KOMHUCCTBO KOTOPLIX 3aBHCHT OT CTEMCHHU CIIOAHO-
CTH HCCIIE Y EMOil CHCTEMBI.

N



F'TABA 10
AKNIAKHUE KPUCTAJLJIBI

MbI NPUBAIKIN NOIPA3ACAATh ATPEIATHRIE COCTOSHMA BEIIECTB HA TPH BHIA:
TBEPLOE, KHIKOE W razoodpaszHoe cocTodHue. OQHAKO DTO He BIIOJIHE BEPHO.
B uactnocTi. HeKOTOPbIE OpPTraHHYECKe MaTepHanbl MNepexoaaT H3 TBEPIOro
COCTOSIHHA B JKHIKOE, UCMBIThIBAs PSd 1IEPEXOIOB, BKIOYAIOWHN 00pa3oBaHiie
110BO#H (azhl, KOTOPYHO HABLIBAKOT KHIKOKPUCTAIHYECKHM COCTOSHUEM (1 0-
Kuxr kpucmatioasr — KK).

Wayuenne 1 npumenenne JKK npeactapnger OoMH U3 CTPEMUTENBHO pa3Bu-
BAOLLLHXCA PaA3Ae/I0B COBPEMEHHOH HayKH. OfHAKO, K COKAICHHIO, OH HE ONHCaH
B YUEOHHRAN 1 YUEOHBIX NOCOOHAX M0 hH3HYECKOH NHMITK, XOTH YCTaHOBNEHHE
3aKOHOMEPHOCTEH CBH3M MEAKLY ME3OreHHbIMH CBOHCTBAMU BEWIECTB M MX MO-
NEKYNAPHLIMH XaPaKTEPHCTUKAMMW ABAAETCH UHCTO GU3HKO-XHMHUIECKOI 3aaaqei.

OTcyTCTBHE NpeACTARACHHIT 0 PHUBHKO-XHMHUECKHX CBOMCTBAN HTHX MEe30-
(hazHbix 0Opa20BaAHMH HECOMHEHHO OrpaHMUMBAET KPYr HHTEpecoB OyayluHX
cnetanucToB. [ModToMy B pa3ien (ha3oBbIX NpeBPaIEHIH BBEACHO H3YUCHHE
AHIKOKPHCTAILIMHECKOTO COCTOAHMSA, KOTOPOMY YACJIEHO HECKONLKO DOlibluee
BHUMAMIHE NO CPABHEHHIO C JIPYTUMH (PA30BBIMH COCTOAHUAMI,

Brieperie 00pasoBaHue HOBOH HeoObIUHOH (paskl OhII0 3aMeueHo aBCTpHii-
ckum OoTanuxoM Peiinnriepom B 1888 1, korna oH onpenensn cBoficrsa no-
JIYHEHHOTO MM HOBOIO OPraHHieckoro BewecTsa — xojecrepuidensoata. Ms-
MEPAS TEMMEPATYPY TUIABICHHA, OH 3aMETHI, UTO BENIECTBO [NABUTCA B JBe
CTaNH: CHavalla 00pasyeTcs MyTHLIH paciuias, a dajiibHeilee NOBbILLEHUE TEM-
AepaTyphl NPEBPALLAET HTOT PACMAAB B MPO3PAU YO HHIKOCTL. Pelmns, 4To 310
CMECh ABYX BellecTs, PeliHnTLEp OTHPABIII CBOE BELIECTBO HEMELKONMY (DH3HKY-
kpuctasnorpady Jenany. Hceneays omrutieckie ¢BoHcIBa NnpUcnaHHoOro eMy
selwecTsa. JIenMaH 0GHapy KHIL. WO YTO COBEPLIEHIO YHCTOE BELECTBO, HO OHO
NpH HATPEBAHHK MEPEXOANT H3 KPHCTAINHYECKOH daskl B JKHAKYIO Yepes mpo-
MEXY TOUHYHO (POpMYy C aHU3OTPOMHLIMH ONTHYECKMMH cBOHCcTBaAMH. HTepBan
3TOTO Tepexo/ia Obin 10CTATOUHO BeMK 1 cocTaBun 34 °C.

Bekope 0ka3anoch, 4TO XOAECTEPHIOEH30aT HE YHHKaILHOE BellleCTBO. bhiio
HAIEHO elIe MHOTO TAKHN e BEIeCTB. Jleman MpeioiKuil NaTh HM HA3BAHHE
HUAKHE KPUCTAIbI, @ caMy aHM30TponHyto (asy Hazsars Mesoasoi (ot rpe-
HECKOTO CI0BA «ME30C» —— MPOMEIKY TOUHbIH ).

Honroe Bpems aakue kpuctamuinl (GKK) ocTaBamuch DR30THUCCKHMH 0ObEek-
FaMH HCCAEA0BAHHIT QHZHKOB M XMMUKOB, HO B 1963 I cHTYaLIA PE3KO H3MEHH-
nack. B CIHTA dnn 3anatedToBad metod peructpailni K- u CBY-usmyueHuit
C MOMOLLBK TOHKOH [LIEHKH KHAKOTO KPMCTANNd, KOTOPbIH H3MEHsN LBET
HarpeBaHueM. DTOT METOA MO3BOIMUI OPraHH30BATh NPOU3BOICTBO HATEKHKIX
M 3KOHOMHYHBIX LIMPPOBLIX M OYKBEHHbIN HHAMKATOPOB, OCHOBAHHLIX Ha TOM,
UTO TOHKHH CHOW JKHIKOTO KPHCTANSIA NOMEILAETCA B COOTBETCTBYIOLYIO MJIOC-
KYHO A4eiTKy € 1TPO3PatiHbIMH MIEKTPOAAMH.

lloa BAHSHIEM MNERTPHUECKOTO NOAA, MOIABACMOr0o Ha 31eKTpoanl., KK n3-
MEHAET CBOM 11BET M TEM CaMbIM BbI3biBaeT MHIMKauno. C atux nop XK naxoast
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BCE HOBBIE H 3a4aCTYI0 HEOXKHAAHHLIE IIPAKTHUYECKHE TIDHMEHEHHSA, HANPHUMEP
B ra30/KHKOCTHON XpoMaTorpadHil B KaueCTBE HEMOABHKHOI (ha3bl: B kKaueCcTBE
Cpe/bl ANS PAAMOCNEKTPOCKONUH AN U3YHEHHA KUHETHKM W MEXaHM3Ma HEKo-
TOPLIX peaKkiMii. poTeKaOIUX B MC30MOPYHOI cpeae B KaueCTBE MOAYIATOPOB
H3yueHMs v up. B nocueanee Bpems yeraHosneHo, 4o KK umeror Gonbloe
3HAYEHHE A PerleHNs (bYHIAMEHTANhHKIX NPOOAEM B OHONOUHH.

Herrpanbioil npoduemoii xumun KK siBiusie1cst yCranoBlleHHE CBSIZH MEK-
Ay XapakTepHCTHKaMH MOJAEKYT W Me30(da3HbIX CBOHCTB BEIIECTB, DTy CBA3b
AILITAOICS YCTAHOBUTL, IPOBOMSI TEPMOAHHAMHUECKHE HCCIICAOBAHHA. a TAKXKe
nzyuas KK Metonamu MONEKYIAPHON CTATHCTHKH.

Kaaccughurauus /KK, Tlo ceonm odumm csoficrsam KK MoxkHo pazienurs
Ha aBe Oofbiie rpy s 1) mepyomponnsie KK obpazvioiinecs B peynkrare
HATPEBANHSA TBEPAOTO BELIECTBA K CYLLECTBYIOLLHE B ONPEAENEHHOM HHTEPBASIE
TeMmneparyp u aasneHuid; 2) rwomponume KK, koTopbie npeacTaBasioT codofli
JBYX- N MHOTOKOMIIOHEHTHbIEC CHCTEMbI, 00PasYHOLUHECS B CMECHX ClEePKIe-
BH/IHBIX MOJEKYSl AAHHOTO BEIIECTBA H BOIbl (MW APYIHX MOSAPHBLIX PAacTBO-
pHTesei). DTH CTrepKHEBHANBIE MOJIEKYIILI HMRIOT Ha OAHOM KOHLE rOoNspHYIO
rpynny (KoTopas Aame MOMeT AHCCOUMHpOBarh), @ GONbUIas 4acTh CTCPXKHS
npeacrapaseT coboii rHoKyO rHAPOGOOHYIO YTIEBOAOPOAHY O Ueith. Takne Be-
HIECTBA HA3KIBAKOTCA wvchuchuircu («amPu» — MO FPEUECKH O3HAYALT «C JBYX
KOHLIOBY, «C JIBYX CTOPOH» MU JIBYX THIMOB, «(PHIOCY — [1r00ALLMIL, dnaropac-
nonoxeltblit). Mpuseposm amduduios MoryT cayxurb Gochonuiinasl.

AMPUPnIbHbIE MOJIEKYIIBl, KaK 11PABHIO, TUIOXO PACTBOPSIOTCS B BOJE,
CKJIOHHBI O0pA30BbLIBATL AIPETaThl TAKMM O0PA30M, YTO HX LIOJISIPHBIE TPYNMBI
Ha rpaHuLe pazjela (as 11oJyaoT HallpasieHHe B CTOpoHy Boabl. [Tpy HU3KMX
TeMIepaTypax CMeLeHHE JKHAKOro amdudiia ¢ BoAoH NPHBOLHT K paCCNOEHHIO
CHCTEMbI Ha aBe (pazbl — HKHAKHH aMPHPUI ¢ HEOOMBITHMH KOANYCSCTBAMH pac-
TBOPEHHOI B HEM BO/LbI H BoJlA ¢ aMhHpHIOM.

OanuM 13 BapuanTor aMpHEGHIOB CO CNOKHOM CTPYKTYPOH MOKET Ciy-
AHTh CHCTEMA MbITO - BOMA. 3aech uMeeTcs anuparvueckuii anuon Clls —
(CH2),,—2 —CO) (rme n usmeeT BeNMYUAHY ~ 12—20) 11 nojio:knTebHbIH HOH
Na', K*,NH] u ap. ITonspuas rpyina CO, CTPEMUTCA K TECHOMY KOUTAKTY
C MOJIEKYNIAaMM BO/bl, TOT/A KAk Heloxusphas rpynna (avpupHibHas Uens)
H30ErdeT KOMTaKTa ¢ BOOH. DTO ABJCHHE THNHUNO AAf aMpH(pimoB. Xapak-
TEPHBIE CXEMbl 1IPOCTPAHCTBEHHOIO pacnoioxe HHs am(prhHiIoB 11pHBeUEeHbL
Ha puc. 10.1.

TepMoTpoTIHbIC XKUAKHC KpHeTabl ([OKK) paszicastores Ha TpH OOJIBHIMX
Kjacca.

1. Hevamuueosue scudrue wpucmaiae (HXK). DT kpuctanasl He HMeroT
CHOHCTON CTPYKTYPbI; HX MOJEKYIIb CKOJIL3AT HEITPEPHIBHO B HANpPaBIIE HHH CBO-
WX JUTMHHBIX OCeH, Bpalasch BOKPYI HUX, HO P 3TOM CONPAHAIOT OPHEHTALH-
OHHbIH HOPAAOK: JUHHHbLIE OCH HAlIPABIIE b BAO/Ib OTHOIO NPEUM YLLIECTBEHHOTO
HanpagieH s, 13 pacnostokenyy neHrpos ket HIKIKC oreyrersyer nainbHui
NIOPAN0K, OHH BELYT CCOA TIOAOTHO OOBIMIIbIM HHAKOCTAM (HATTPHMED, BA3KOCTh
n reyaecth FDOKK epasHuMbl € TAKOBBIMK B OOBINHbIX JKHAKOCTAX).
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Puc. 10.1. Cipyrrypa pasasanniX QOpM AHAKHX KPHCTALIOR: ¢ — HEMOTHUSCRANA:
6 — XOJICCTCPHUCCKAN. 6 — CMEKTHUCCKAS ¢ — CROINCHIES CMCKTHYCCRAM: O - CMCK-
THUCCKAS € /IBOHIBINH CBISINHL ¢ — CMCKTHUCCKAN ¢ MOAAPHLIN TOPHAKOM

HematHueckie (pazbl BCTPCUAIOTCS TOJILKO Y TAKHX MOACKYA, Y KOTOPhIX NpaBas
1 Jiesas GOpMbl HEPasIHUYHMbL, T.€, y TOKIAECTBEHHBIN CBOEMY 3ePKaibHOMY
H300PAKEHHUIO MOJIEKYIT (ANHPAIIBHOCTD).

2. Cwermuneckue sweuokue wpucmatior (CHKK) MMEIOT CNoHCTyO cTpyK-
Typy. Clioy MOryT HEPEMELLATbES OTHOCHTEIIbHO APYT Apyra. TOJILLHHA CMeK-
THUYECKOTO C0A ONPEICTACTCH ANHHOH MOACKYN (NMPEHMYIIECTBECHHO IHIHOH
HapahHHOBOro XBOCTA, KOTOPhIH MOKET HAABHTLCA, ONPEULIIss CHIOCOOHOCTD
K MEPeMEUIEHHID C10€B OTHOCHTENLHO APYT ApYra). ONHAKO BAZKOCTH CMEKTHKOB
3HAYMTEIILHO BbILLE, UCM HEMATHKOE, H MJIOTHOCTh MO HOPMAdlH K NOBEPXHOCTH
CNOS MOMKET CHIBHO MCHATHCA. ECIH MONCKYIbI CI08 HAMpPaBieHs! NepreHIH-
KYJSIPHO K TWIOCKOCTH CJIOSi, TO ITH KpUCTalbl oTHOCAT K Thiy A. Eciu onyn
00Pa3YIOT HEKOTOPKIH YTON K MIOCKOCTH €108, TO HX OTHOCAT K THily B, C' n 1. a.
Ecan kaxoe-nnbo BEWECTBO MOKET CYLLCCTBOBATL BO BCeX Ipex (pasax, 10 1o-
CJICA0BATEILHOCTD MX MOABIICHUSA NIPH BO3PACTAHMH TEMIICPATY Phl TAKORA: TBEP-
gas haza = B — C' — A Tunuunsiv sgasietes tepedran-ouc-(r-0y THiaHn-
JauH) (TBBA).

3. Xonecmepuucerue cuoxue spucmaiant (Ch) odbpasyroTcs B OCHOBHOM
COCAMHETIHAMH XOJICCTEPHHA M APYTHX CTCPOHILOB. DTO. B MPHHLHIIC, HEMATH-
yeckne XKK, HO HX JUTHHHBIC OCH TIOBEPHY Thl OTHOCHTESIbHO MpYT Apyra Tax, UTo
00pa3yIOT CLIHPAIIH, OUEHb YYBCTBUTEILHbBIE K H3IMEHEHHIO TEMIEPATYPbl BCNel-
CTBHE UPE3BLIYAHHO MamNoi DYHEpruM o0pazoBanHsa HTOH CTPYKTYPLE (Nopsaka
0.01 Jhi/modb). Ecau war civpaiiv coBrniajaet ¢ IIMHOH BOJIHbBI NAAAIOWETO
CBETA. TO B BHAWMOI OONACTH CMEKTPA BO3HHKAST CHIILHOE OPErTOBCKOC OTPa-
HEHHE.

XonectepHKit 00LITHO SPKO OKpallenbl; Maleiiulee H3MeHeHHe Temilepa-
TYpbl (10 TBICAYHAIX AOACH Ipayca) NPHBOAHT K HIMENCHUK [dra crHpajn
U M3MeHeHHo okpacky KK,
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Bo Beex npuseaeHibx THMax KK xapakrepHbIM SIBIAETCS OpHEHTALSA JIH-
MOJILHLIX MOJIEKYJT B OTIPE/IEICHHOM HATMPABJICHHH. KOTOPOE OMPEAIISIETC -
HAYHBIM BEKTOPOM 11, HA3bIBAEMbIM «AHPEKTOPOMY.

B nocneanee Bpeast OTKPbIThl TAK HA3LIBAEMbIC KOAOHUATBIC (Pa3bl, KOTOPKIC
OOPA3YHOTCA TOMBKO AHCKOOOPA3HBIMH MOJIEKY.TAMU, PACTIONOKEHHBIMH CIOANMH
JPYT Ha JIPYTE B BHIEC MHOTOCTOIHBIX KOJOHII, € ITAPANACIbHBIMIT ONTHIECKUMH
ocsimit (puc. 10.2). Yacro HX Ha3bIBAKT «/KHAKUMH HUTAMU», BAOMb KOTOPbIX

Pue. 10.2. Crpyrryphast exesta koaongarbix AWK

MOJEKYIbl 00lAnAKYT TPAHCISIUMOHHBIMH CTEIICHIMH CBODOBL. 10T Kiacc co-
eAMHEHHUI Obla1 npeackalan Jlanaay. a oTkpbIT AMwb B 1977 1. YaHapacexkapom.

10.1. HaudoJice odme coiicrea 7KK

Y KK neoObrunsle ontuieckie cBofcTsa, Hemarnki W CMEKTHKH Khac-
ca A — ONTHYCCKH OAHOOCHBIC KPUCTAIBI. XOJECTEPHKH BCIEACTBHE NEPHOAN-
YECKOro CTPOEHHA 1AK0T B BUAUMOH 00s1aCTH CTIEKTPa OPErroBCKoe OTpaKkeHuUe.
[TockonbKy B HEMATHKaX U XOIECTEPUKAX HOCHTEIAMI CBOTICTB ABIACTCA WHA-
Kast paza. 1o o BIAHAIUEM BHELWHETO BO3UeACTBHS OHa J1erko pedopymupyercs.
1locKONTbKY 1Al CNIMpaiy B XONECTEPHKAX OUeHb YYBCTBHTEIEH K TEMIIEpaTy pe,
TO, CNENOBATENbLHO, M DPETTOBCKOE OTPaXEHHE OYIIET PE3KO MEHITHCA C TeMe-
PaTYpPOH. HTO NPHBEAET K M3IMCHCHHIO 11BETA BEIIECTBA.

OTH 4BAEHHA WHPOKO HCOOJL3YHOTCS HalPHMEP. LTSl HAXOKAEHHS TOPSIHX
ToUEeK B MHKPOLIETIAX. IOKANM3ALMH NEPENOMOB H ONYXOAeH Y Henoseka, BH3ya-
NH3AUMH H300paiKens B HHpaKkpacHbIX Jyax i ap. Kpome Toro war cunpain
HYBCTBHTEIEH TAKKE H K H3MEHCHHIO JABICHHA, XUMHUECKOrO COCTaBa, MarHHT-
HOI'O W XAEKTPHUECKOTO NOJIEH.

B cea3m ¢ yTHm neesieroBanne ceoiiets XKIKK npoBo1aT B HanpaBiIeHHK H3yue-
HUST TEPMOIHHAMHUECKHX XapakTepHCTHK Me20MOp(MHLIX (pazoBbIX lipespaliie-
HUI A5 NPEIBAPHTEILHOH OLCHKH NMPHPOIbI MCHKMONIEKYJTAPHBIX B3aUMOALH-
CTBHHA M MeXaHU3Ma NEPEXO/I08, d TAKKE C LIETLH MOUCKE BEHIECTB € 3a/1aHHbIMHU
CBOHCTBAMU.

Paccvotpum odvemnvie ceoficmea JKK. Vinansunyansunie KK sramu ot
Temneparypbl hazoBbIX NEPEXOAOB, KAK NPABHNO, YMEHBLIAKY! CBOK) TNTOTHOCTD
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JUHEHHO (MK, BO BCAKOM CILYUAE. 1IABHO) € YBEIHIEHHEM TEMMEPaTYPbI, HO NpH
(da30BOM Mepexo/ie pe3Ko HIMEHAIOT CBOK MIOTHOCTL, Hanpiyep. npu rnnasne-
HHM IBEPAbIX KPUCTAJUIOB MJOTHOCTL MEHSeTCH B ~ 30 pa3. 1o no3sosser
oTHeCcTH (asosrie nepexoinl KK k QpazoBrivm nepexoaam nepsoro poia. B 1o #e
BpeMs B ME30(a3HbIX CHCTEMAX OUEHb PACIIPOCTPAHE bl TAK HA3blBACMbIE MPEl-
MEPEXOAHBIC ABICHUSA, BhIPAKAIOHIACCS B AHOMANbHBIX TEMICPATYPHLIX 3aBH-
CHMOCTIIX B OKPECTHOCTH azoBbIX MEPexouos, K0IQPHUHEHTOB TEPMHUYECKOTO
pacHIMPEeHHs. CAQ@THI. HHTCHCHBHOCTH paccesiHia cBeTa. Yhderra Keppa i ap.
DTH SBACHHA, KAK H3BECTHO, OTHOCATCS K [IEPEXO1AM BTOPOTO poaa.

Takitym 00pa3zoM, OAHOBPEMEHHOE MPOABICHHE NPU3IHAKOB (PA3OBbLIX NEPEXO-
JIOB PA3HOIO Poia CBHACTENbCIBYET O CHOMKHOCTH HHIEPIPETALIHHY ME30MOPh-
HbBIX MTPEBPALIEHMH.

He BoaBasick B TOHKHe AeTand NPEANEPEXOAHLIN ABICHUI, CNEAyeT oTMe-
THUTb, 4TO ¥ BeeX JKK B 001acTy Me30MopdHbIX (hazoshix ripeBpale HHil Habmto-
JIIOTCA CKauki MIOTHOCTH. TIpH HTOM, Kak NpaBHio, yBeJMUCHHE JUTHHbBI 1EMH
3AKOHOMEPHO H3MEMSIET CKAMOK ILIOTHOCTH, KOTOPbIH JL18 HETHBIX YIICHOB psaa
Bonbie, uem A8 HeUeTHBIN. OUEeBHIIHO, 3TO CBA3AHO C TEM, YTO ¥ IOMOSI0I0B
C UCTHBIM YHCIOM YIICPOANKIX dTOMOB
CTPYKTYpa foliee YIOpsIoieHa. YeM y I'o-  p
MOJIOIOB ¢ HEYETHBIM YUCIIOM, 1K

Msmenenune 1asnenuns 8 odilactu (a-
30BOI0 MEPEXOAA BEICT K PEIKOMY H3-
MEHEHHIO TUIOTHOCTH 1 TEMMEpaTypbl
(asoBoro npeepauieHus. TeopeTiueckn
BO3MOIKHAs! MIOTHOCTL W HadM0aaeMas
Ha npaxiHke (asoBas arpaMma npen-
crasiieHa Ha puc. 10.3.

B npocreiiwem Buie rakoro  po-
ga (ha3oBble AMArpaMMbl MOTYT HMCTh
no Kpaiieil mepe aBe 1poiHble TOu-
ki Ty u Ty, TTorpannunbie KPHBBIC DTHX
NpeBpate i MOXKHO TPaKTOBATL KaK
NONUMOpP(HbIE NPEBPALLEHHA W OIUCLI-
BaTh MPHBLIYHBLIMH TEPMOIUHAMHUECKH-
MU COOTHOWEHHAMA. Puc. 10.3. Masoras :auar pavsa KK

Ipu HamMIHH HECKONMBKHX Me3odas
BOBMOKHBI KAK TONOKHTEIbHBIC, TAK H OTPHLATEAbHbIC 3HaueHNT AT B 3aBu-
CHMOCTH OT MAOTHOCTH HH3ZKOTEMIICPATYPHOH K BLICOKOTEMIIEPATYPHOIT (as.
B cBs13u ¢ 3mum Hakmon dT'/dP MoxeT GbITh G0bIIE U MEHbLITE HYJIA.

H3mepenne renaot Gpa3zoBhix MPeBpallleHHi Takike MOKa3khiBACT 32aBHCUMOCTB
OT HOMEpPa roMoJioroB. sl MepBhIX rOMOJIOTOB, HAIIPHMEP, 1N-AJIKOKCHA30KCH-
OeH30Ma TeroTa Nepexoaa Ans YeTHBIX FOMONOroB 60MbIIE, HeM 05 HEUCTHBIX.
Ho B 3aBUCHMOCTH O1 CTPOEHHA MOJISKYNbl H XapaKlepa HX YHOPALOICHHOCTH
8 KK 1tennora B 01enbHbIX HA30BLIX MEPEX0AANX MOKET MEHATBCS B LIHPOKHX
npenenax. Oco0eHHO 0OALIIYIO BEMMMHHY HMECT Terilora, HeodxoauMas ans
pa3pyLleHns KpueTalumiicekoil pewerky (ot 12 1o 80 kJIm/Monb).
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1. 10, Kudrkue wpucmaino

[TpenenbHO maiible 3HAMEHHS MMEET TEINOTa MNPEeBPALIEHMS CMEKTHYECKOH
daznl C' B evexrnueckyo dhasy 4 (o1 0.1 10 0,6 k[[x/monb). [Tockonbky TennoTa
(a30BOro NPEBPALLEHHA CBA3AHE C IPEOUOICHHEM MEKMONEKYIAPHLIN Cilfl B3a-
UMOACHCTBHA, TO B CYHAC €CAN DTH CHIlbI TIPEICTABICHBI MOAAPHIOBAHHbLIMU
H TIOCTOSIHHBIMH AHIIONAMU, PACTONOKEHHBIMI 110 KOHUAM MOJIEKYI, OHH Oy-
IYT OAMHAKOBLIMH JUIA BCEX TOMOJIOTOB, MOITOMY YATHHEHHE aNKHIILHOH 1enH
AAeT HE3HAUHTEIILHBIH BKAAL B YHEPIHIO MEKMONEKYIIAPHOIO B3anMOaeHCTBHA,
4 3HAYNT U B TeTUTOTY (haz0BOro NPEBpaleHHSL.

3aMeUeHO, UTO € YBEITHUEHHEM HHCA YITIEPOAHBIX aTOMOB B NpeIeadX 0AHO-
0 TOMOJIOTHUIECKOTO pAia teMiiepalypa (pa3oBoro npespatieHus Ty yMEHbLIA-
etcs (Tak, 1ast roMooros ¢ ne = 18, Ty ha 6,3 ° ke, 4eM A1 roMosioroB
¢ ne = 12), 170, 0MEBHIHO, MOKHO OOBLICHHTL TEM, HTO YBEIHIECHHE YHTPONUA
npeodaanaeT HalyBeAHUCHHEM dHTaNBNHH (PA30BOrO NEpexona, NoCKONbKY TeM-
neparypa (pazoBOro nepexoda 13 BTOPOro 3aKoHa TEPMOAHHAMHKN MOKET ObITh
onpenesiena kak Ton = AH/AS. Chenyet 3aMeTHTb, NTO B Mpe/ieiax 0jIHOro
FOMOJIOTHUYECKOIO psiaga YHIPOnus nepexosa ASy s (11epexos Hemaruka B n3o-
TPOTHYO HHAKOCTh) 3aBUCHT OT UHCIA ATOMOB YITICPOIA B (IENH, CKaukoobpa3-
HO MOBHIIAACH IS YWICHOB € HENETHLIM IHCITOM aToMOB Yrteposa (puc. 10.4).
OaHaKO ¢ POCTOM YHCIIa aTOMOB Y TNEPO-
Jd n¢ HabA0AaETCA CIMaKHBaHHe TAKOIo
posa ocUIstLE. TTONBITKH YCTAaHOBH L
KAKHE-IMOO COOTHOWEHHSA TePMONHHA-
MUYECKHMX XapaxTEepUCTHK CO CTPYKTY-
poii monexyn KK noka asasworest He 60-
JIEE HEM IMITHPHHECKUM M KOPPETSI LIHSMH.
OuEeBITIHO, DTO SIBAACTCA CNEACTBHEM TO-
0. 4TO NMOKA €I1LE He YCTAHOBIEHb! CBA3H
MENCLY DHEPTHEH 1 YHTPONHE YIIOpAI0-
YEHHOTO COCTOSHHS aTOMOB B MOJTEKYJIE.

Oco0EIHO UHTEPECHB! HCCIICL0BAHUA
TEMAOEMKOCTH (ha3oBbIX Mepexoos. [To-
CKOJILKY TEII0EMKOCTL Ha NOrPaHHYHOM
KpuBOIfi Pa3zoBOro npespanicHHs ABISET-
Cs ClIENCTBHEM [1€PEXOLOB, KaK NepBOTo,
TAaK W BIOPOTO POIA, TO 3aBHCHMOCTb TEM-

AS

0,4

| |
I - g 4 3 F Tw,

Pue. 10.4. DHTponua nepexoa neMarH-
K B W3OTPOIHY KO (pa3y B 3aBHCHMOCTH
ot ynciaa atoMon C B MOICKY. 1e

JIOEMKOCTH OT TEeMITCPaTyphl COACPKHT
CHHTYISIPHYIO (0CO0YH)) 00J1aCTb, Napak-
TEPHIYEMYIO PE3KHM CKaluKOM TErMs10eM-

kocty (puc. 10.5).

DTOT CKa4OK Peav3yeTea ¢ NPEINePEexXOnHbIMH ABIEHHAMH, KOTOPLIE 7S 110-
Aasistouero oonbuiHeTBa KK HenwzsecTHbl. CyLIECTBY FOLIME TEOPHH KHAKO-
KpHCTanaMueckoro coctoarus Jlanaay u Jle-’Kena He 00BACHAOT 0COOEHHOCTH
TEMAOEMKOCTH Takoro poaa. OUeBNIHO, HT0 LPK HU3KHX TemlepaTypax (10 Tem-
Heparyp GazoBoro Hpeppalues) IPOMCXOUNT NEPEXOA THIIA OPHEHTALHOHHOTO
Pa3ynopsAoUeHHA, a 3aTem NPH A0CTHREHHI HEKOTOPOIH «KPHTHYECKOH» TeM-
fIEpaTypbl (MMEETCs B BHAY Takasi TeMIeparypa, mpi KOTOPOH MpeKkpalatoTes



10.1. Hauboree obupue ceoncmea ;KK 229

NPEAIePEXOHBIE NPOUECChI) MPOHCXOAHT CKA'1KOOOPA3HOE HIMEHEHHE IHEPTHH
CHCTEMBL. T. €. MPOIECC 3aBepLuaeTea (Pa3oBbIM Mepexoa0M NepBoro poja.

ITo Bceil BepoATHOCTH MpeanepexogHas 001acTb MOKET paccMaTpHBATLCH
Kak (azosblii nepexo;1 BTOPOro polid, Tak
KAK B YTOM HITTEPBIIC IEMTIEPATYD JHepria ¢
KK menseres HenpephIBHO, @ HE CKavyKo-
00pa3HoO, Y10 XapPAKICPHO IS MEPEXOJIOB
nepBoro poaa. lIpHHATO cunTath, 4TO (ha-
30Bble nepexoabl KK nipumvepHo Ha 0,9 o1-
HOCSITCS K IEPeX0aaM BTOPOTo poaa U T0Jb-
ko Ha 0,1 K MepexosaM fepBoro posia.

TennoemxocTh  Mezoazel W TeM-
nepatypa (pa3oBOro [peBpalLeHUs 3
Me30(a3hl B M30TPONHYIO XKHAKOCTh ABAA-
KOTCsl HandoJlee HYBCTBHITRIBHBIMK Xapak- T
TEPHCTHKAMH, PE3KO PEArHPYIOWHMH Ha
HaJlyHe paziinyHbIX npumeceil B cucre-
Me. KoHeuHO, HanmuuHe NpHMCCEH Takke
CYILECTBEHHO HIMEHAET K ApYIHe (PH3HKO-
xuMmnueckue cpoiicrea A (BA3KOCTh, AM-
WIEKTPHULCKYHO IPOHHLACMOCTh, CBETOPACCEAHHE U 1P.). HO MOCKOJIhKY TEPMO-
JHHAMHUECKHE HCCIICAOBAHUA HanOO0IIEe AOCTYIHbI, PACCMOTPHM CaMbIE M3Y-
YCHHbIC OMHAPHBIC CHCTEMBI, KOTOPBIE MOAKHO NMOJAPA3ACTHTL HA [BA KIACCA:
CUCHICMBI MC30CCH — MC30°CH (l C. ABa Me'30,\l0pq)llblx BCLLlCC'l"Bl\) H CUHCICAM b M e-
s0cei — nevesocen (KUIAKOKPUCTATIHYECKOE BENIECTBO B HEME3OMOPIYHOM KOM-
[IOHEHTE).

OCHOBHOE pa3iHyuHe MEHLY YTHMH CHCTEMAMH COCTOMT B TOM, YTO CHCTEMBbI
ME30TeH — ME30TeH 00pa3ytoT Mesodazy. Kak npaBuio, BO BCeH 001acTH cocTa-
BOB, @ CUCTEMbl ME30I€H — HEME30ICH — TOJIbKO B OUPENEIIEHHOM HHTepBane
KOHUEHTPalli Hemesorena.

MazoBas AHArPaAMMa CHCTCMBI ME3OICH — ME30TCH MPAKTHUYECKH HE OTAHId-
eTcs 01 §a30BOH AHArPaMMBbl TIOJHOCTBIO PACTBOPHMBIX APYT B APYre HEMe30-
FeHHBIX BeleC1B. B 1o BpeMsl Kak CHCTeMbl ME30TEH — HEMEZOTECH HMEIOT OHEHD
LIHPOKY IO MASTHTPY BH/0B (a30BhIX AnarpaMy. Handooee npoctas u3 1ux Hano-
MHHACT JHAarpaMMy 1IaBKOCTH € NpocToi Hrrexinkoil. B kavyecrse npumepa na
puc. 10.6 npuseilena AHarpavMma aAnst CMeCH n-(PeHHITHAEH-1.-aHIICOBbIH 3Qup
(kommoHet T A) W au-n-merokcHpeHmrepedpraiar (komnouerr D).

B cucremax Me30reH — HeMe30TeH 110CneHHI 1acto oKabiBactes acty e
KHUIKOCTBIO, ABJICHHE TIAPOB KOTOPOH MOMKHO W3YUHUTh C BBICOKOIT TOUHOCTBIO,
4TO NO3BOJAET ONPEUENTD KOYPPHLUHEHTLI aKTHBHOCTH KOMIMOHEIITOB CHCTE-
Mbl. TToHTOMY Takue cMeCH SBAAIOTCA OYeHh YA0OHBIM JKCTIEPUMEHTAThHBIM
OOBEKTOM JLIsl 1IPOBEPKH TEOPETHUECKHX [IPEICTarIeHHH B CrarnerHIecKkoro
anannia npeAcTaBieHuil.

st Godtbleii vac i cuerem hasoBLIe AUArPAMMbL ZHATHTEIBHO Doslee Cnox-
HBI. DTO 00yCHOBACHO CylllecTBOBaIEM reTepodazibsx odnacteid. Hanpumep,
Ha (asosoil amarpamme L, 4'-iu-n-ankokcnazokenGenzona  (komnoHent )

Puc. 10.5. 3aBHCHMOCTD TCILIOCMKO-
CTH OT TEMITCPHIYPbl B 00AUCTH (haso-
BOI'O IlepeN0ia
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1 n-kenioaa (komnoxent ) (pue. 10.7) Hadnonaeres o01acTh CyLIECTBOBA HHMSI
HeMaTHka N 1 H30TPONRON KHAKOCTH, pa3fie/IeHHOH reTeporeHHol olnacTbio
(N-+1)), a rawke dpazosbie nons (C+N) u (C+1J).

Bo MHOMMX cayuass JHHuK (pazoBbix paBHOBeCHi (110rpaliHiHble KpHBbIE)

1.°C r _
160 - 3201 P=const
/
S0
120 5
240 N
80
200 -
40
160~ 75
A | | | \ B
0.3 0.5 0,7 x,—CsH,o 20 40 60 80 X,
Puc. 10.6. Masosan marpaMya  1BYNKOMIIO- Puc. 10.7. dazopas ,iHarpasMa cu-
HICITENOH CHCTCMBE MC301CH — ME301CH CTCMbBI MEBOTCH — HCME30TCIL

C yuacTHeM HeMaTHKa SBMSIOTCA OPSMbIMH, HTO OOBIYHO CBSIZLIRAKOT C OTCYT-
CIBHEM CHIBHBIN MEHMONCKYISIPHBIX B3aUMOACHCIBHI 1 GIH30CTBIO A HAKO-
KPHCTAIIHIECKOTO PACTBOPA K HACATLHOMY COCTOsHIO (110 3akony Payns p; =
= p0z;). B oTux ciyuasx (pa3osbie NOTPAHHYHbIE KPHBbIEC OObIYHO 1IpEACTaBIS-
10T HakaoHaMu (azosbix nepexoaos C+N = 3N =N 1 (M) u N+ =1(3),
KOTOPbIE ABASKOTCSI OCHOBHBIMH DKCMEPUMEHTATbHBIMY XaPAKTEPHCTHKAMI, N0~
3TOMY 4HMC.I0BblE 3HaueHus 3~ u 3! npuBoasTCs B ClpasouHoil Jrepalype.

ANanu3Hpys CBOHCTBA PACTBOPOB Me-
30P€H-- HEMEZOTeH,  MOKHO  CrIellarh
HEKOTOpbIe 0000 HHS.

| l 1. TTobGassieHne Hemesorena, kax npa-
; 2

In ~

et BHIIO, LIPHBOAHT K CHHIKEHHIO TeMIIeparyp-
3 HOTO HHTEpBana cywecTrosausg AK.

? N 2. Ecnn go0aBeHHblE HEME3OTEHbI
P HMEIOT OJAWHAKOBLIK MONLHBIH 00bEM, HO

e i) pazHylo Crpykrypy, 10 3nadcHua d7T/dx
TeMm DOAbINE, HEM CHITBHEE IOOYIAPHOCTD
(cepHyHOCTB)  MONEKY!l  HEME3OICHOB.
; 3. Bemuunna dT [da tem Bbline, vem
1/T Qosblue 4HCTO aTOMOB YIIIEPOAa B alIKHIb-
HOH Lern Mesorera. JIas Beex H3yueHHBbIN
cHCTEeM B ToUKe (pasoBoro nepexoaa koyp-
BDHIIEHT AKTHBHOCTH 7 LICME30reHa H3mMe-
HARTCs ckadkoodpaiHo (puc. 10.8).

Pue. 10.8. 3asucuMocts torapuva
ARTHBHOCTH HCMCEB0TCHR 01 00PITHOR
TeMITEPAaTy phl
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10.2. JInoTponHbie KUIKOKPHCTALIHIECKHE CHCTEMBI

JlMoTponHble KUIKUE KPUCTAIUIBI MOIYT CYIIECTROBATH TONLKO B CPE/le
pacTROpUTENs. 34eCh CTPYKTYPHBIMH EAHHHLAMHA, B OTIAMYHE OT TEPMO-
TponHbix JKK ABNAIOTCA HE OOMHAKOBblE MONEKV.bl, @ MuyeLibl — CIAOKHbIE
accoumarthl. Jluorponuslie KK, npeacrasnaiouine co60i KOHLEHTPUpPOBaHHbIE
pacTBOPbI MOJERYJI-CTEPkKHEN, 0dNanatoT TeM KE CBOHCTBAMK. HTO H TEpMO-
Tpornsie XKK. Ho nockonsky anotpontsie KK pacnpenenenini B pacTroputene,
TO MX H3Y4AKOT, IPEUMYLUECTBEHHO UCTIOAb3YS MOJAPH3ALHOHHYIO MHKPOCKO-
MHIO ¥ PEHTTENOCTPYKTY piiblii ananu3. OCHOBHONH LEALI0 HTHX HCCAE10BaHHH
ABJIACTCA HCCACHOBAHHE XapaKTepa MOJACKYISIPHON yNOPALOHEHHOCTH H BblsIB-
nieHue cTpy KTy pel Mezodassl. CTeneHb opHenTauMoHHoro nopsaaka g KK npn-
HATO ONpedesIaTh C MOMOLIBIO MapaMeTpa .S, BNepBble BBEACHHOTO LIBCTKOBbIM.
DTOT napaMeTp Ma3blBAIOT AdpaveinpON ROPAOKG A ONPEACAsIoT No Gopmyne

5 =0, 5(3ena"8) = 1), (10.1)

rne () — cpeaHecTaTHCTHUECKAA BEAHUHIIA YTIa MEUCTY JAHPEKTOPOM 1 ¥ UTHII-
HOI1 0Cbl0 MOJIeKyIhl. TIpH 11AcanbHoOfl NapaineabHoi opHeHTauny S = |, anpu
0ecrnops/ 10410 OprenTauuy, T. €. B U30TPONIOM pacTRope S = (. B nemaru-
Heckoi (paze napamerp S MOXET npuHUMAaTh 3HaueHus 0 < S < 1, 3aBHCsALIME
OT TemMnepaTypsi K KotuenTpalnn KK.

3aBHCHMOCTD llapaMeTpa .S OT TeMICPaTypbl, NAOTHOCTH, FTEOMETPHIECKNX
pPasMepOoB MONEKY H BEAHMHIILI B3AUMOJCHCTBHA MEKAY HUMH MOAHO OLEHNTI
C MOMOWIbIO APUOINAKCHHON TEOPUM CAMOCOIIACOBAHHOTO MOJIEKYIAPHOIO M0-
A8, pazpuToil Maiiepom 1 3ayne. OCHOBHBIM NONOKEITHEM ITOH TEOPHH ABIAETCA
TO, HTO B HCMATHHECKOM COCTOAHHH XM AKOKPHCTAIHUECKHE MOICKYIbl CO3/1a-
0T alll30T PONHBLH 1leMaTHUYeCKHH NOTeINHA, MO ACHCTBHEM KOTOPOro snodas
MOJIEKyla ODHEHTUPYETCS TaK, UTOObI c€ YHEPT A OblJa MHHHMANLHON, DHeprus
oTaeabLIvi Monekynn B KK no Maiiepy n 3ayne onpeaenaercsa B pue

E=US. (10.2)

rae U - HexoTopas [10CTOSHHAA B3dHMOAEHCTBHSA, 3aBHUCAILAs OT NAOTHOCTH,
FEOMETPHH MOMEKYN 1 ¢l Meway numin. llockonsky yron 6 onpenensiercs
KiK CPEAHECTATHCTHUYCCKHI, TO €ro 3anucbIBalOT HEPEs ONPELEIEHHT CPEIHETo

2y _ | cos® OF(2)d)
<C()h O> = W (103)

rae TeaecHslit yron d€) = sin 6dfdy Bokpyr Hanpasnends a 6 u © — nonasp-
Hbl€ YIAbI B TIPAMOYFONbHON CUCTeMe koopauHat ., y, z; f(§) by HK L5
pacripeaenenus, onpeaensemas GonbuMaloBckuM PaKTopoM

[ ~exp (—L) : (10.4)

/v'uT



™o
L)
™o

I 10, Kuorue wpucinaiie

Torna

explin cos® Q)
] exp(n cos? ©)dQ’

f2) = (10.5)

e m = 3U/2kpT (MIOKATENL 3 NOABKACA B PE3YLTATE YUeTa TPEX CTErneHei|
CBOGOJIbI MOCTYNATENLHOTO ABHKEHHS MOACKYbI). Ternepb S MOXKHO HafiTH U3
ypaBHeus

L3 [ cos® @ exp(m cos® ©)dS)
22 exp(rm cos® ©)dQ

S=- (10.6)

loacTannss syecro S ero senuuniy w3 = 30 /2k 3T v peeas & = cos 6,
MOIYUHM

phat o1 s Lt explm )0 (10.7)
2 U 22 [exp(ma?)df
O003HauuR NPaRYto UacTL ypasHeHus (10.7) uepe —; Pz ~ (e Z(m) =
2 Om
= [exp(ma?)dx), OKOHIATENBEHO NOTYIHM
Z)M‘Tm: —l+zdl“7 (10.8)
3 U 2 2 Omn
llpum < 1
Z(m)—l+%+% (10.9)
Tlpum >
Z(m) = =27 (10.10)
m

['padyueckoe Buipaxenne QyHxuny (10.8) nosBoaseT paszaensio onpeie-

k
JIUTh JIBE BEJIHUMHDI: 1 S. JIng HEMaTHKOB NPY NepeXosae HX B H30TPOMHYIO

o

kT s i ¢
KHAKOCThb L ~ 0,22,a 5 = 0,43. ScHO, KOHCUHO, UTO C POCTOM KOHLIEH-

Tpauru monekyst KK B pacreope pactyT u U, u mapamerp S. Ipu koHueinpa-
.]5"
UMY HeMaTHKa HWKC KPUTHUECKOM, onpelenseMoli paBeHCTBOM L = 0,22,
U

aHIOTPOMHas ieMaTHueckas (hasa 1e CyWeCTBYET, PACTBOP HE MMEET OPHEHTA-
UMOHHOIO NOPsA/IKA U ABIAETCA W30TPONHBIM. TaKUM 00Pa3oM, MOKHO CKa3aTh,
UTO MPU NOHMMKEHHH TEMMNEPATYPbl U3 PACTBOPA BbINAIACT KOHUESHTPHPOBAH-
Aas (haza anoTpomioro nemathueckoro JKIK. Dta nemaritueckas dasa MoKeT
HAaXOIWTLCA B PABHOBECHH € M3OTPOMHBIM PACTBOPOM.
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[TpudnuxeHnHas Teopus Maliepa — 3ayne MOXET ¢21yIKHTL OCHOBOI CTaTHCTH-
YECKOH TEPMOAHHAMHKH KHUIKOKPHCTAINHUECKOI'0 COCTOANHA IIA ONPEICICHUS
KOJIHUECTBCHHOM CBAZH MCHK/LY MAaKPOCKOMHUCCKUMU CBOMCTBAMH H HHAWRHAY-
anblbIMH XAPAKTEPHCTHKAMH COCTaBIMOUINX CHCTeMY yacTall. OHa no3Bonget
YCTAHOBHTL MPHUMHY AA1bHCTO OPHCHTALMOHHOIO YNOPSI0YEHNS H NPCICKa-
3aTh THCIO H THIT TEPMOTHHAMHYECKH YCTOHUHBLIN MOAH(HKaIHI cHCTeMbl. Te-
opusa Maiiepa - 3aync BNOcaeACTBHH HEOAHOKPATHO MOAH(DHUHPOBAIIACH, OAHA-
KO ¢ HeJb3 CHUTATh 3aBePIISHIIOHN. DTO B 3MauHTEALHOH CTeNEHU 00YCIOBACHO
TPY/UIOCTAMHM QIAEKBATHOTO YUYETa CHJl MEIKHACTHUHOIO BIaHMOLCHCTBHA.

10.3. Daexkrpuueckne cpolicTa KK

M3 MHOTHX HHTepecHbIx ocobeHHocTel KK, CBA3aHHLIX ¢ HX peosioTHeH,
MarHuUTOAKYCTHUCCKHMH, ONTHUSCKMMH W APYTHMH CBOHCTBAMH PACCMOTPHM
JIHLIL 1ICKOTOPBLIE EKTPHUECKHE CBOHCTRA, BO MHOIOM ONPEACNAOUIHE Xapak-
TEPHCTUKH YIEKTPOONTHUCCKUX YCTPOICTB.

ITposoousiocmn. 13 COOTBETCTBHM C ONTHUECKON aHW3OTPOMHEH, Bbl3BaH-
HOH aHH30TpONHEl WIEKTPOHHON MONAPHIYEMOCTH, CNEYeT MKHAATh NoARIe-
HHSA @HHIOTPOIIMH NOLBHKHOCTH HOCHTCICH 3apsaa, €Cu TAKOBbIMH ABASIOTCS
AERTPOHbI. HO OKa3biBacTCA, ITO 4015 MOHHMAHHA MEXAHH3MA O0LEMHO# NPOBO-
anmocT KK neobxoanmo paceMaTpHBaTh pAA TOOOUHBIX ABNEHHI, CBA3AIHLIX
C HNEKTPOXHMUYCCKHMH PCAKUNAMH. BO3HHKAIOLWHMH Ha 2JE€KTPOAAN. NosRie-
HUEM MHKPOCKOMHYECKHX O0BEMHBIN 3aPANI0B MO BIHAHHEM NOJIT MERKTPOJIOR
M BHELUHEIO SAEKTPHYECKOTO MONA, KOHBEKLUMOHHBIX U JU(PQPY3HOHHBIX TOKOB.
3amMeueo, YTO B MOCTOAHHLIX H HH3KOUACTOTHBIN UIEKTPHUYECKHX MONAX OPHEH-
TALHS MOJIERY. HEMATHHECKOI (pA3bl COBMAMAET C HANpaBIEHHEM HanboabLIE
MPOBOAUMOCTH. MoneKynbl cMEKTHUECKOH (a3l A B TOCTOSHHOM MOJIe OpHEH-
THPYIOTCA NEPTEHANKYIAPHO CHIIOBLIM JIHHHAM NOJISL, UTO YKa3blBACT Ha OTPH-
UATeALHBLIFA 3HAK AHHZOTPOMHH MPOBOAHMOCTH.

JUa HEKOTOPKIX BEUIECTR aHHZOTPONMS Y/CILHOIN YICKTPONPOROAHOCTH H3-
MeHACT CROM 3HaK. Tak, 478 7-OKTHAOKCHOCH30AHOH KMCI0Thl OHA NPOXOIHT
uepes HyJib Npu Temncpatype 146 °C, uTo cBA3aHO €O CTPYKTYPHbBIMH 0COOEHHO-
cTamu Mesodasnl, TekeTypHnsie HadMOEHHs MOKaA3hIBAIOT, YTO MPH ITOI TEMmTe-
parype 1IPOMCXOAMT MEepexoid  HeMaTHueckoi  (asbl B CMEKTHUECKYIO.
Kak npapunio, y HEMaTHKOB YBETHYEHHE ANUHbI aTKWIbHOM LEIIH H3MEHAET Mo-
JAOKHUTEIBHYIO QHH30TPONHIO NPOBOAHMOCTH Ha OTPHLATEIBHYIO, UTO OOBINHO
CRATBIRAIOT C BOZPACTAHHEM TEICHIIHK K OOPA30BAHHIO MONEKYJIAPHBIX KOM-
TIIEKCOB. ‘ITOMY CIIOCOOCTBYCT YCHIACHHE MC/KMONEKYNAPHOIO B3aUMO1EHCTBHA
RCJIEACTBHE YREJIHYCHHA NOIAPH3YEMOCTH MoneKysl. B oGrnacTtu (pazrororo nepe-
XO/1a NPaKTHYECKH BCerna HadiroaaeTCs CKaloK NPOBOAMMOCTH. DTO ARIEHHC
YACTO CBA3LIBAKOT € ANM3OTPONHEH MArHHTHOH BOCNIPHHUMYHBOCTH H DJIEKTPOH-
HOIl NOAAPH3YCMOCTR. BelMiMHbl H3MEHEHHA MaruHTHON BOCHPHHM!IHWBOCTH
H 31eKTPOHHOI NMOAAPHIYEMOCTH TECHbIM 00pPa3OM CBA3aHbI ¢ MOJIEKVIAPHBIMH
croficTramu KK, uiytueiie KoTopbIX OTKPRIBAET AAMLHEH Y IO NePCNeKTHRY LTd
MPHMEHCHHA KU AKOKPHCTAAIUYCCKHX BELICCTB.
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3aBepiuasi 3TOT paszjenl, OTMETHM, UTO (UKHBbIE» OOLCKTbI OTAMUANOTCH
OT «HEKMUBBIXY» CMOCOOHOCTBIO K OOMEHY BEILECTB, PA3MHOKEHHIO, POCTY U Ap.
Bce (opMbl JKU3HU Tak WM MHAYe CBA3AHbI C AEATEILHOCTBH AKUBOH KIIETKH,
MHOTHE CTPYKTYPHbIE 3REHBA KOTOPOI MOXOAKH Ha CTPYKTY PY KHAKHX KpHCTAIl-
J0B. Takum 0Opa3zom, ycTaHOBIEHHE 3akOHOMEpHOCTEH noseacHis JKK oTkpbI-
BAET HOBbLIE MEPCMIEKTUBDI MO3HAHHA JKHBOTO Opratmn3ma.



CitABA 11
ITOBEPXHOCTHBLIE SABJIEHUSA

11.1. HexoTtopbie 0codbie¢ cBOHCTB: MOBEPXHOCTH pasjieda (a3

M3 Kypca QU3HKK W3RECTHO, UTO 112 NOREPXHOCTH pasjiena (a3 neiicTByeT
TAK HA3bIBAEMOE MOBEPNHOCTHOE HATAKEHHE — CHNA, CTPEMALLAACH COKPATHTh
210 BO3MOXHOIO MMHHMYMa [LIOLLAAL NOBCPXHOCTH HHAKOCTH.

Yenm 00yclIORNCHO NOBEPXHOCTHOE HaTaxkenue? Jlid oTBeTa 1a »ToT BO-
NpoC PacCMOTPHM CXEMY [IOBEPXHOCTHOIO CAO0sl HHAKOCTH HAa €€ rpaHuue
¢ mapom.

Kak W3BECTHO. CHIIbl MEKMONEKYAAPHOIO B3AWMOACHCTBHUR B JKHIKOCTH
60:ablIe, YEM B 1ACHILICHTIOM Tape TOH AKHAKOCTH. PaccmoTpHa Moaekyny,
HaxonAawylocs BHyTpu odvema wuakoeth (A wa puc. 11.1). OueBnano, uto
Ha 91y MONeKyay ACHCTRYIOT CHJIBl MPUTAKEHHA CO CTOPOHBL JPYrHX MOIe-
KyJl, HENOCPEACTREHHO COMNPUKACAIOILMXCS € paccMaTpHBacMoii MoeKy10i .
llockoAbKY 3TH MOJEKYITHl OKpy#ka-
10T Monekyly A4 co Bcex CTOpOH,
TO, CCTECTBEHHO. PaBHOACHCTBYHOLLAS
BCENX MEKMONEKYNAPHBIX CHA, JCTTCTRY -
IOWHMX HA MOJEKYNy . paBHa Hy.I0.
CoRepUICHIIO HIIOE MONOIKEHHE Y MO-
Ackyabl b, HaxoasweRca Ha rpadu-
e paznena daz. B stom caywae Ha
MONERyy b NeiCTBYIOT CHJbl MOie-
KYJISPHOTO MPUTHKEHHS CO CTOPOHBI
MOJNEKYN JXMAKOCTH, pPacnoNOXKeHHbIX
¢ OOKOB M Clu3y OT MOJEKYbl 5,
a CBEPXY Ha MOJACKYJNY b neficTByloT
CUIIbL MPUTHKEHHS CO CTOPOHbLI MOne-
KYJ1, HANOAAIIHXCA B MIAPOROH hase HAl  pye 1] ], CxeMd BOSHHKHOBCHMA  0O-
MOBEPXHOCTBIO HHAKOCTH. TIOCKOABKY  yepxiocriix citt
MJAOTHOCTh NApa 3HAYUTENIBHO MEHbLIE
MIOTHOCTH JKHAKOCTH (BCIOAY BAAJIM OT KPUTHUECKOH TOUKH, IC HTH MJOT-
HOCTH CPaRHUBAIOTCA MEA1y CODOI), TO 1 PACCTOAHNA MEKAY MOJCKYNaMH R
mapoBoii (pase 3HAUUTENBHO DOABILIE, YEM MEHITY MOMCKYIIaMH B SKHAKOH (asc.
OTciofa OUEBH/IHO, YTO CHALI MPHTAXEHHA, AEHCTRYOME 11a Monekyny b co
CTOPOHBI MOACKYN NapOROH (Pazbl, IJHAUHTEILHO MEHbLUC, UeM CHAbl NPUTIKE-
HMA CO CTOPOHBL MOACKY.A KU/ 1KOTT (hashl. Crle10BaTeAbHO, PABHOICHCTRY OLLas
MEIKMOIEKYIAPHBIX CH, AEHCTBYIOLLMX Ha Modeky:1y b, He pasha Hymo. ITo-
HATHO. YTO 3Ta PaBHOACHCTBYHOWIAS CHAA HANPaBiCHA BHYTPB XKHAKOCTH NO
HOPMAAH K MOREPNHOCTH. OUEBHANO0, YTO B TAKOM e NOJOWKENNH, KaK 0 MOne-
Kyna b, HaxoaaTes BCE MONEKY:Ib!, PACMIONIOKEHHLIC HA NOBEPXHOCTH K H/IKOCTH,
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M, €.1CJOBATEIbHO, NOREPXHOCTHbLIH CNOH OKa3blBACT JABICHHE HA BECh 00bLEM
AHKOCTH. DTO AaBCITHE HA3hIBACTCH GHYINDCHIUN AUCTCHUCM,

BryTpeniiee 1anfeHne KHUAKOCTER BeChMa BEAHKO. PacyeThl MOKa3hIBaIoT,
YTO, HANPHMED, [LIT BOJbI MpH aTMoc(hepHoM JaBieHHH v npi L' = 100 7C pHy-
Tpenilee aBaeHme cocTapaaeT npusepio 5, 68 10% Ta. CneayeT noauepkiny o,
UTO HEIOCPEICTBCHHO U3MCPHTD BHYTPEHHCE [1ABAEHHE HEBOSMOMNKHO! CCITH Mbl
OMYCTHM B AKMAKOCThL Kakoli-nndo npHdop, To Ha rpaHuie ¢ npubopom odpa-
3YCTCA NOREPXHOCTHbIH C.10H JKUAKOCTH. «M30MHPYIOLLHH» OT HAC BHYTPCHHEC
LABJICIHE.

Jannenne 1a BHyTPEHinIe CIIOH AHIKOCTH 0Ka3LIBAET HE TONbKO BHEIUHHH
CA0M MOIIEKY.L, HO M C510M, JI€/KALUHE HCNOCPCACTBEHHO Noj HHM. B camom
aejle, nanpuMep, na Mosaeky:y B, pacnoio&elnyio so sropos (0T noBepxHo-
CTH JKHKOCTH) C10€. CHH3Y W C ODOKOB AEHCTBYHOT CHIIbI MPUTAKECHHUS MHOTHX
CJTOEB HHIKOCTH. & CBEPXY — TOJIBLKO OIHOTO CHOS %KMAKOCTH M MOIEKY:L Napo-
BOit pasnl. OTCION OUEBMAHO, UTO PABHOIETICTBYI0ILAA MEKMONCKYIAPHBIX CHIT,
ACHCTBYIOUWIHX Ha MoneKyny B Takke HC paBHA HY.1tO, M, C/ICJ0BaTE1bHO, BTO-
PO CJI0H MONEKYN TAKAKE OKA3LIBAST /IABICHHE 118 BHY TPEHIIHE CIOH AHIKOCTH.
Ho cuuta, aeiicTByionias Ha MOICKyUTy /3. 3HAUHTEIbHO MCHBLILE CHilbl, NEHCTBY-
HONIEH Ha MOJeRyNy b — 9T0 00LACHAETCA TEM, YTO ME/KMOTEKYTSTPHBIE CHITHI
NPUTAIKEHHS ObICTPO YOBIBAIOT C PACCTOSHHCM, H [103TOMY Hanbo/ee CH.ILHO
C /TAHHOH MONEKYJIOH B3aHMOAEHCTBYHOT T€ MONEKY/IhI, KOTOPHIE PACTONOKEHN]
BOJIM3M HEE; MOIICKYIlbl, PACNOIOACHHBIE Aa1bIIC. B3AHMOAEHCTBYIOT ¢ HaLlei
MonekyJoi cnabee. A NOCKOIIBKY Moslekyaa [ OKpy®eHa O/IHM CII0eM MOJie-
KY.1 CO BCEX CTOPOH. B TOM '[Mche H cRepxy (cdepa paaumyca iy Ha puc. 11.1),
TO OYEBHIMO, YTO PABHOACHCTRYIOWLAA CHiId, JEHCTBYIOWAN Ha Mosiekyay B,
OyeT onpenenaThes NPUTAKEHHEM CO CTOPOHLI MONIERYIL, PACNONOKETTHLIX BHE
c{pepbl ry. H. C1e10BATENBHO. OYAET MEHbUIC PARHOJACHCTRYIOWCH CHIL, TIPHI0-
HKEHILIX K MosleKyne b.

ATI@I0THUTIBIE PACCYKAECHUA MOKHO NPOBECTH I ;UTA TPETHErO, YETBEPTOTO
M T. 1. MOHOMOSERY.ISIPHBINX €A0CB. HeMm aanblue OT NMOBEPXHOCTH PACTONOHKC-
HA MONEKYJIA KH/KOCTH, TeM MeHbIle paBHoeiCTRyI01as CHA, JEACTBYIONTIX
Ha 3TY MOJeKy:1y. [Tpu 3TOM yiKe Ha PacCTOAHMAX B HECKOJIbKO MONEKYIAPHBIX
CJIOER OT MOBEPNHOCTH PABIONENUCTBYIOLIAS CHA CTAHOBMTCA TIPAKTHUECKH PaB-
HOH HYMHO.

ToT ¢10H MWHUIAKOCTH Ha IPAIIMLE C €€ NIAPOM, B KOTOPOM PABHOAEHCTBY OLLIME
CHa, JIeHCTBYFOILMX HA MONEKYNBI, OTIMUHBI OT HYJIS, HASHIBACTCH NOGEPXIOCI-
bl CLOCM.

Creayer NOUUEPKHY Thb, UTO HEA Bbille IITOTHOCTh MapoBoil (paibl. TEM 00.1b-
Llee YHCII0 MOJIEKYJ MapoBoil (pasbl HAXOANTCS BONH3H MOBEPXHOCTH HKH/IKOCTH,
U TEM CHIIbHEE B3aWMOACHCTEHE MONEKYI KHAKOM (hasbl ¢ MOICKYI@MH NIApOBOIt
(a3, C1e10BaTENRHO, TEM MEHbLUE PABHOACHCTRYIOIAA CHIl. [TPHIIOKEITHBIX
K MOJIEKYJI€ NOBEPXHOCTHOIO cnost. TakuM 00pa3oM, ueM OaHKe K KpUTHYECKOH
TOUKE. TCM MCHbLLIE 3HAUCHHA CHI, AeHCTBYIOLMX Ha KHAKOCTb HA TPaHHLE
pasiesa ee ¢ napos (T. €. MEHBLIE MOBEPXHOCTIIOE HATSHKSIIHE K IKOCTH).

11OHATHO, YTO MOCKONLKY Ha MOACKY.1bl. HAXOAALHECA B MOBEPXHOCTHOM
cNoe, NEACTRYIOT CHAbI, HAMPAR/ICHHBIC BHYTPb KHIKOCTH, TO /NS TOTO, YTOObI
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BLIBECTH KaKYHO-JTHOO MOJCKY.1Y M3 TIYOMHHBIX CJI0€B JKHAKOCTH Ha MOBEPX-
HOCTD, 1YKHO 3aTpaTHTb OMNpeldeNieHHY10 padoTy MPOTHB HTHX cn. OTCIONa
ACHO, 4YTO MOJIEKYIbl, HAXOAALLHECS B TOBCPXHOCTHOM CJIOC. 00:181ak0T M0 Cpas-
HETHIO C MOJIEKYAQMH BHYTPH AKHAKOCTH, JIONOMINTCALIOH »reprueii, panpioii
padoTe BLIBOIA MOIERY.T B MOBEPXHOCTHbLH €10M. Takum 06pa3om, MOBEPXHOCT-
HbIiT CJ10#i 001a1aeT NO CPABRICHHUIO C OCTANBLILIM OOBEMOM KM AKOCTH H30LITOU-
HOH BHYTPCHHEH JHEPIHCH; OHA HA3BIBACTCA NOGCHXHOCHIION IHEDIUCH.

B COOTBCTCTRHH € BBILICH3IMKEHHBIM ONERHAHO, UTO YHEPTHA OTIE1bHBIX
MOHOMOIIEKYJIAPHBIX CI0CB TEM BbILIE, UEM OJIHKE ITOT MOHOMOMEKYASPILI
CNofi K TOBEPXHOCTH KHAKOCTH. TeM camblM BHYTPH 1IOBEPXHOCTHOIMO CNOs
BHYTPEHIISAR YHEPIHA HKHAKOCTH MEHACTCH MO BRICOTE OT 3HAUCHHS BIY TPEH-
Hel SHCPIHH KHAKOCTH B 00bEMC /10 3HAUCHHA Ha NMOBEPXHOCTH KHAKOCTH BO
BHELUHEM MOHOMOJIEKYIFPIfOM cloe. OfIHaKO MOCKOJILKY MOBEPXHOCTHLIH CIOH
oUeHb TOHOK (OH MMeEeT TOLMHY NOPSIKA HECKOIbKMX MOHOMOIIERVIAPHBIX
CHOER), TO NPAKTHHECKH MOACHO CHUTATB FHEPI'HIO NTOBEPXHOCTHOTO €108 NOCTO-
SHHO No Bceli ToniwHHe cnod. bolee Toro, NOCKONbLKY 00BLEM LIOBEPXHOCTHOTO
CITOA OOBIMHO HHHTOMAKIIO MAJT 110 CPABHEIHI CO BCEM 00BEMOM KHIAKOCTH, TO
MOKIIO YCIOBHO CUHTATh, YTO NOBEPNTIOCTIHLIN CHOH HMEET HyJICBY 1O TOJILHI-
HY, U 4TO T€ 0CO0ble CBOMCTBA, O KOTOPBIX MAET peub (130bITOUHAA YHEPTUA
M T. 1.), NPOARAAIOTCS TOINHKO Hil MOBEPNXHOCTH KHAKOCTH, TONIIMHA KOTOPO
paBHa HY.1H0.

Hosepxnocmuoe namsicenue. Bawkieiiweli xapakTepucTHkoil nosepx-
HOCTHOTO CJI01 SIBJISIETCSI MOBCPXHOCTHOE HaTsikeHHe. YTo npeacTannseT codoi
MOBEPXIIOCTHOE HATAKEHHE W KK 0110 npospiseTcs?

HeTpyaHo 1okas3arn, HT0 NOCKOABKY MOREPXHOCTHRIIT c10ii o0nataeT H30LI-
TOUHON IHEPrucii. TO NORCPXHOCTh KHAKOCTH Beeria 6yAeT CTPeMHUThCs N0 BO3-
MOMKHOCTH COKPATHTHCH,

BbILLIC OTMEUCHO. UTO HORCPX HOCTHbIH CJ10§i 00fa1aeT A0MOJIHHTELHOI (110-
BEPXHOCTHO) AHepruedi. [TOCKONLKY YHEPrUs SBAKCTCS HKCTCHCHBIION BeiliyH-
HOF. TO OUCBHAHO, UTO H NOBEPXHOCTHAN YHEPTHA UPONOPUMOHAIbHA BEIH IHHE
MOBEPXIOCTH KHAKOCTH, DTO HIIOKATIO  veM O0NbUIE NUIOILAL NTOBEPXITOCTH,
TeA OOMbLIEC HHCIO MOJIEKY.T HYIKHO RLIBECTH W3 MYOHHHbIX C10€B KHAKOCTH
ATIs TOTO, 4TOOL! 3aMOIHUTL 3TY NOBEPXHOCTh. H. CAEIORATEILHO, TEM GOMbILYIO
paboTy 1YKHO 3aTPaTHTL NPOTHUBR CHA BHYTPEHHETO nasneHHs. Takum odpazom,
pacTsHXMEHHE KHUAKOCTH TIPHBOAUT K 1IEPEHOCY MOJIEKYA W3 00beMa Ha MoBepx-
HOCTh. [Ipu koMHaTHOIT TemnepaType KoyddHHenT auddyznu GonblUNHCTRA
KuAROCTeH pasen npusepho 107" cm?/c. Ecim cuntarh, UTO NoBepXHOCTHbINA
cnoli nmeer ToantHy 1071 oM, To Bpems BanMIoro o0Mena MesLy MoneKyam i
NOBEPXHOCTHOIO €O M 00beMa cocTaBseT BeanynHy nopsaaka 1079 ¢. Taknm
00pa3zom, NOBEPN HOCTILI CIOH HAXOANTCA B NOCTOAHIOM Ty POYIIITIION j1BH-
AKEHHH. A NOCKOIBbKY MHIKOCTh PARHOBECHA CO CBOMM NAPOM, TO CYLUECTRYET
TaKIKe ABYXCTOPOHINIT cOanancHpoBaitblii mepexo,1 MoKy H3 razoodpazioit
(azbl Ha MOBEPXHOCTL (KOHACHCAUHA) W 0OpaTHo (HMcnapeHne). Ha ocHoBaHuu
KHHETHUCCKOH TEOPHM Fa30R M0 MOJIEKY.1, COyAapAloILHxes ¢ | cm? nosepx-
HOCTH, cocTanaseT okono 1. 2 - 10°2 monexyn/cm? - ¢. 11pu paniiopecun aneno
MCNAPHUBLUKXCA H CKOH/ICHCHPOBAHHBIX MOJICKYJ PABHO, UTO /1a€T BOIMOKHOCTD
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pacueTa BPEMCHH «KH3HHY» MONEKY:1bl B TOBEPXHOCTHOM cs10€. OHO COCTaBIAET
BEAHUMIY TTOPAIKA HECKOJIBKHN J107€H MHKPOCEKY DI,
K aToMy e BOMPOCY MOKHO NOUONTH H € TOUKH 3PEHHA TEPMOAHHAMHKH.

11.2. I'n60coBCKAT TEPMOJAHHAMHKA MOBEPXHOCTH

TepMoanHaMHueckas TeOPHS MOBEPXHOCTHLIX ABAEHMIT Obla co3ana | nod-
coM B 1878 ., M 10 CHX MOP HH ONHA W3 COBPEMEHHBIX TPAKTOBOK TEOPHH K-
TSIPHOCTH HE MOXET KOHKYpPUpPOBaTh ¢ MeTo oM ['1hbca no nojHoTe U NryOuHe
H3NOKCHHA, MeTon I'nodca He cBA3a ¢ KAKHMH-H00 NPEANOIOKEHHAMH O TO:1-
UIMHE W CTPYKType MeK(pa3oBoro ¢ios W npeacTaBideTcs mandonee oOIHM.
OnHako 6onblias OOLUHOCTL TEOPHH MPHIAAET CH HCKOTOPYH) adCTPaKTHOCTh
A saTpyauseT pocnpusTue, [ooToMy 31€Ch Mbl IPHBEAEM METO/1 H3NOMKEHHUS
TCPMOIHHAMHKH [1006¢a. Nosb3ysch 00J1EE MOHATHBIM HOAXOI0M.

Yen0Bus paBHOBECHS, BhIPAKAKOLIHECS B MOCTOAHCTBE TEMIEPATY Phl, JdB-
JAEHMS M XHMHUECKOIO NOTeHUHaNa KaKA0ro KOMINOHEHTA B KaxJ0H U3 conpu-
Kacaomnxes a3, npH HEOOXOIMMOCTH YUCTa PEanbHOrO MOBEPXHOCTHOTO CNOSs
Ha rpaHuLe pazfenia By X (a3 ciledyeT A0NO0MNHTE CASAY KIILHM 00pasoM.

[TycTb nByx(haznas cHeTeMa. MMEKLLAs INOCKYO TPaHHLY paz/lea ¢ nnola-
ALRO MOBEPXIIOCTH (), momelnena B cocya npaMoy ronniioi (hopan. Ecau nytem
00OPATHMOTO M30TCPMHICCRKOIO NepeMeLieHH GOKOBbIN CTEHOK COCYIA YBEH-
YUTH NAOWAAL FPAHUIL paziena Ha d€l, To padoTy B ITOM MPOIECCe MOKHO
MPEACTaBHTb. Kak paboTy pdl’. 3aTpatciHyIO Ha H3MCHEHHC o0beMa lIpH Me-
PEMEHIEHHH CTEHOK COCYAA U H3OLITOMHYIO PadOTY, CBA3AIIIYK C YBEIHUEHHEM
nnowasnu €.

Torpa nonias padoTa, MPOW3BEAEHHAs AAHNON CHCTEMOH, OyaeT paBHa

AW = pdV + ~d(Q. (1L.1)

Ecau Tereph CABHIYTh BEPXHIOIO KPBILIKY COCYAa Tak, YTOOBI CHCTEMY Bep-~
HyTb K MEPBOHAUAILHOMY OObeMY, IO paboTa B ITOM Mpoliecce OyleT pasHa
(—pdV’). B xoHue ITHX ABYX NPOLCCCOB CHETEMa GYACT HMCTDb TE IKE NaBACHHE,
COCTaB M TeMmepalypy, KOTOPLIC OHA HMe1a NePROHAYaIbI0. EAHIICTRCHHBIM
A3MEHEHVEM, OCTaBLIHMCS M0CE Takoro npouccea. dyiacT padoTa. CoBepUICH-
Hast CHCTEMOTT MIPH yBENHYeIH NIIoNaay nosepxiocth ). CaeloBaTennio.
7 IO CBOEMY (hH3HIECKOMY CMbICIY TIPEACTARIACT cO00H padoTy. CoBepLUEH-
HYEO CHCTEMOIT MPH IHHHUHOM YBEJIHYCHUM NOBEPXTIOCTH pasiesa JRyX a3,
3Ty BRIMUHHY Ha3bIBAKOT ROGEPXHOCHIHBM HAMSICCHUES WilH CHAOI HATAMKC-
M4, ACHCTRY IOIETH Ha CAMITHILY JTHHLL MOREPNTIOCTH pasicaa (a3, TakHa 0b-
PA30M, €CAH HEOOXOAMMO YUCCTh PAOOTY, CBA3AHHYIO C M3MEHEHHCM MIIOLLAM
MOBEPNHOCTH, TO NEPBLIA H BTOPOH 3aKOIbI TEPMO/MHAMUKH [UIA PABIIOBECHOM
OTKPbITON CHCTCMbI CNCAYET 3aNHCaTh B BHAC

dU = TdS — pdV +vdQ + > judN;, (11.2)

TAC [y XUMHUECKUH MOTEHUHAN 7-I'0 KOMIIOHCHTA B CHCTeMe, cofepialuet
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«k» BewecTs. Henonbsys npeodpasoBanne Jlewanapa, ypasienue (1 1.2) MoxHo
BbIPA3UTL B opme

dF = —SdT — pdV + vdQ + > pidNN;, (11.3)
dG = —SdT + Vdp + vdQ + > pidN;. (11.4)

VYpasHenus (11.3) u (11.4) sBnarorcs GyHIAMEHTANBHIMA VPUGHEHULIMU
[ubdea, KOTOpblE MOKHO PACCMATPHBATL KaK YPABIEHUA MOBEPNTIOCTHOMO Ha-
TAKEHUA 7 1A OTKPLITOH cHcTeMbl. Beanunily NOBEpXHOCTHOI'O HATAUSCHHUS Te-
nepb MOKHO ONpeAeHTh KaK NPOU3BOAHYIO (pyHKUNH [enbMronabua Win ¢yHk-
uun I'nd6ca no NOBEPXHOCTH pa3iaena KouTakTHpyoiux das €

ar s/¢ £
A = (—) o (( ) : (11.3)
/T v, N, o/ T.P.N,

Tockoabky (GyHKuMM F 1 (7 apasioTes Gy HKUUAMNA NEPEMEHHBIX COOTRET-
crBeHHo V, N u Q u p, N u ), 70 npu u3McHeHnH oGLEMa CHCTeMbl NpH
COXPAHEHHUH TEMMEpaTYPbl, COCTARA H TARNEHHA, HanpumMep s GyHkuuu [enb-
Mrodbila (F). noayunm no reopese ilacpa CIACAYOLLCe BbIPaKCHHE:

F = Zuﬂ\"} —pV + Q. (11.6)

Onnako gyH;avMenTanniioe ypaBHeHue ['ndoca (11.4) npuBOAUT K Mapanok-
CaUILHOA CUTYALIMK B CAYUAC PABHOBECHS CHCTEMbl, HAXOAALWEHCS NPH NoCTO-
ANCTBE TEMNEPATY PbI, JARACHHS U HEHIMEHHOCTH COOTHOIICHHS KOMMNOHEITOR
cuctenbl. Jlpyrumu caosamu, npu dp = 0, dT = 0 u dN = 0 mobo#l krasu-
CTATHYECKHH MPOLECC, CONPOBOKAAIOIIMITCSH OECKOHEUNO MANBIM W3MENEHHEM
INIOWAAH NOBCPXHOCTH €Y, TOMKCH HPHBECTH K TOMY. UTO (/' # (), 4TO NpOTH-
BOPEUHT Y CIOBHIO pagHoBecHst. {7s Toro, 4To0bi OHO codronaioch (T.e. dli =
= 0), HCOOXOANMO YPABHOBECHT CHIbI NOBEPXHOCTIIOND HATAKEHHSA KAKOH-TO
ApYTo# padoToii. Ho npescac paccMoTpHM BKJIaA NOBEPXHOCTHOTO €105 B T MIH
MHBIE TEPMOIHITAMUUCCKHE BEJTHYMHBIL.

11.3. Braaa me:xda3zHoOro ¢;108 B TePMOIHHAMITUCCKHE
BCJIHYHHDbI

PaccMOTpUM. HaupuMep. Maccy OAHO(a3HOH KUAKOCTH NPH MOCTOSHCTBE
TEMNEPATY PhI W 3aHUMaIoNIEH nekoTophiii odbem 17, byjiem cuuTarh., 4To ruapo-
CTAaTHICCKOE /IaBIEHHE PABHO HYIO, @ AH(PDY3INOHHbIH OOMEH MEHIY pavinti-
HBIMH HaCTAMM CHCTEMBI 11 NPOHCNOIUT, [TpeinonoKhM TakKe, HTO KHIKOCTD
BHE3AIIHO Pa31eseTest Ha ARe MOJORMHbL BO3AY LUHLIM IPOMCKY TKOM. ITO Npu-
BC/IET K TOMY, HITO MOAEKY.1bl H& 00PA30BABLUHXCSA MOBEPXHOCTAX passiena oka-
AKYTCA B HECHMMETPUUHLIN CHIIOBBIX MOJISAX (B 00beME HHAKOCTH KAk 1ad MoJe-
KyNla OKpY:KeHa CBOHMH COCCUSMM, MOITOMY CHIIOBbIE N0, JACHCTBYIOLIME Ha
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MCCIENYCMYHO MOIIEKYY. CHMMCTPH!IHbI). TOraa B COOTBETCTBHU C H3MCHEHH-
€M CTPYKTYPhI CHIOROIO NOJSA B MOBEPXHOCTHOM C/I0€ €r0 PaBHO/ACHCTBYIO LA
Oy/CT HanmpagjeHa N0 HOPMaH K NNOBEPNHOCTH BHYTPb 00LEMa KHAKOH (pa3bl.
YTO JOIAKHO TIPHRECTH K HEKOTOPOMY CMEIIEHHKO TIONOKEHNI paBHORECHS MO-
BEPXHOCTHbIX MOJIEKYJL. A 9TO. B CROIO O'lepelb, [IORIEET 3a COOOM HIMEHEHHe
CHJT NPHTHKCHKA H OTTAJIIKHBAIINA B TOBEPXHOCTIIOM C/10€ 10 1IEKOTOPOIO HORBO-
ro paBHOBECHOTO COCTOAHUS. TTOCKONBKY paBHOAEHCTRY KOLLAA CHITa HaNpaRIeHa
BHYTPL 00beMa KHAKOCTH, TO MOREPXIOCTIBIE YACTHILL NOA JACHCTRHEM ITOH
CUJTbI CTPEMATCA MEPEMECTHTLCS BIYTPL 00beMa, OIako 1IHKENCKALIHE CIOU
AHAKOCTH NPENIATCTBYIOT HTOMY MEPEMELLEHHIO. TakkumM 00pa3oM, NIOBEPXHOCT-
1h1i1 CNoit KaKk Obl HAXOAMTCA B CAMONAMPAKEHHOM COCTOANHH. B CBAIN € ITHM
noteHunan ['nddca NOBEPXHOCTHOTO Ci105 BbILIE, YEM JUiSl BELLCCTBA BHYTPH
obwvema. Ecnn mexmy uacTaMu CHCTEMBI NMPOUCXOANT AHPPY3HOHHKIH 0OMEH,
TO YACTHUbI H3 MOBEPXHOCTHOIO €105 OYAYT AUMD(PYHAHPOBATL BHYTPb 00LEMA
JIO TeX MOp, NOKa MX XMMHUECKHE MOTEHUHAIILI HE BLIPOBIAIOTCA. Takim obpa-
30M, NMOBEPXHOCTb AKHAKOCTH OY/1ET NOCTOAHHO HAXOAMTHCA B COCTOSIHNH Oyp-
HOI0 MePEMELIMBATIHSA, TaK Kak 1AWy MONHLIH 00MEIN NPOHCXOAHT AOCTATOUIO
OBICTPO, MOITONY CKOPOCTb OOMCHA MOJIEKYIAMH MEKAY CAOAMH IKHAKOCTH NPH
asTonnB(y3Hu TaKKe BeNMKa M cocTarngeT reamiiy nopaaka 1017 momexyn
B CEKYH/Y.

VBeJHUCHHE TEMMEPaTy phl OKA3hIRAET CHABHOE RAUAHUE HA HIITEHCHRHOCTL
Judhysnonnoro odmera. Hanpumep. 1 BoAbl NPK TEMOEPATYPC 3aMepiaHus
koG pHunenT camoandyiun pased Dooc = 1,18 - 1073 cv”c™ ', a npu Tem-
neparype, O.KU3KOH K TeMiTepaType KHACHHS, OH YBCIHUHWBACTCA MOUTH Ha 110-
panok (Dggoc = 7,62 1077 cv”c™1). Oanako HECMOTPA Ha TO CKOPOCTH
odMeHa B kH/KO[l (pale BCE e 3HAYMTENbHO MEHbIUE CKOpOCTH oOMeHa MOo-
JAeKynamu B razoo0pasHOM COCTOSIHUM. HAXOAALLMXCA HA TAKOM JKC PACCTOSHHH
MERK,1y co00i. OTCrona HanNpaLBAETCS BLIBOA, HUTO NMOBEPXHOCTHBIH CIOK MO-
JIEKyN rpeiacTaBnseT coboi HeKOTOpbIii dapbep. 3a npeaessl KOTOpOro yaaeTes
BBIHTH AHILL HEMHOTHM MOJIEKYAAM KHAKOCTH.

JIPY THMH CIOBAMH, HCIIO MOJICKYJL YAAPAIOLWUXCS O MOBEPXHOCTL CO CTOPO-
HbI JKHAKOH ()a3ht 3HAUHUTEILHO MPERLIILAET HHCIO MONEKYIL, RLUIETAIONIHY 3a ee
npeacsl. Takum odpa3om, HCI0 MOJEKY. HA NOBCPXHOCTH ONHHO ObIThH 60Nb-
e, ueM B o0beMe. ECaH NpoReCTH MAOCKOCTH Yepes 1ENTPhl MOREPXIIOCTIIRIX
YaCTHLL U YaCTHLL B MIYOHMHE 00bema AKWAKOCTH. TO MOJEKYJifpHast MIOTHOCTh
B MOBEPXHOCTHOM C10€ OKaKeTCs O0JbIlie OObEMHOI.

CyliecrByoLLas HCOAHOPOAHOCTb NOBEPXHOCTHOIO CI104 B PasiHUHBIX €ro
YACTAX M0 HOPMAIH K MOBEPNHOCTH RBI3BIBACT pasiHuie B GHIHUYECKUN CROT-
cTBax MeX(a3zHOro M 0ObEMHOro CHOEB, IPaHMLA MCIK1Y KOTOPLIMH BECHMA
Heonpeseneiia. 11o3ToMy, ecau paccMaTpuBaTh MeK(a3yIlo rpaiuLly, HampH-
MEp. MEHIY HKHIAKOCTHIO W ¢e napom (puc. 11.2). T0 no 00e CTOPOHbI BHIMMOH
FPaHUUbBl pa3aesa B CTOPOHY 00eHUX KOHTaKTHpylolnx ¢a3z Oy1yT pacnpocTpa-
HATHCS ODAACTH HEOAHOPOAHOCTH, KaK B UHCIE MACTHL, TaK U B CBOMCTRAX 3THX
NPUMBIKAIOLLHX APYT K APYTY NOBEPXHOCTHBIX (bas 3 M 37, pasymepsl KOTOPbIX
Heonpeaenenisl. M3zobpamennsie ma puc. 11.2 niOCKOCTH ABAAIOTCS CKOpee
CUMBOJTAYECKHMH U HE OTPANKAIOT PEabHOrO COCTOAHHA MPHNOBEPX HOCTHOTO
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cnos. Yrodb!l OLUEHHTL TUIOTHOCTb COCTOAHHA NPHIIOBEPXHOCTHLIX (ha3. HEOOXO-
JIMMA CHCTEMA BLIOOPA TPAHULL, OTACNAFOLLNX MEPEXOIHBIH CTOH 0T 0OBEMHBIX
(a3, i CHSTMSL LPOIsBOsIa B BbIOOpE

TOJILUIMIILI MOBEPXHOCTHOTC €0 ['1dic Dasa a
NpeLIOAHI BeChb 00bEM. JaHHMaeMblH
By X(Pa3HOM CHCTEMOI, pa3dennTh Ha B
yactn V' u V7. iniouns B 311 00bevbl ¢

M HACTH NCPEXOH0H 30HR 8% 1 &7, Oue- K | S X
BUIHO, YTO TPU 3TOM BBIOOP pasilelisto-
weit nosepxHocrw k' — k' cranosuica 67
COBEPILEHHO NPOM3BOALHKIM. ToTna. Ha-
MPUMED, HHCII0 HACTHIL /-0 copra MoHo  §2° . Dasa 7 Q"
BLIPAIUTE B BUIE i

2N
o~
-
o~

. - ; s Puc. 11.2. YcnosHas cxema IpaHULLbI
Ni= N+ Ny + N/, (11.7) PAIC. T SIBY X KONTARTHPYIOMAY (a3

rne N{, Nf -— yueda yacTHu B 00beMHbIX dasax o u 3 coorsererBeHHo, a N —
HeKoTOpas J00aRKA YACTHIL B NPUNOBEPXHOCTHEIX 00NacTax «° 1 3%, npHiuem
TAK. 10
N} = Ni(o) + Ni(5). (11.8)

W3 Taxoii (opMbl 3anHMCH BMAHO, YTO CABHUI Pa3LENstOUIE NOBEPNHOCTH
k' — k" coseplueHHo HC ckakeTes Ha YnciaeHHoi seiminne N7

JL1A OHOKOMITOHEHTHOIT CHCTEMbI Pa3ACIAIOLLY IO 1IOBEPXHOCTHL BLIOUPAIOT
TaknM 00pasoM, uTodL V] obpalanoch B ynb. Takyl0o nOBEPXHOCTL HA3bIBAKOT
IKGUMOACKNAAPHOL ROGepxHocmbio, (B TaNbHERLLCM Mbl YKAKCM H Ha apyrue
CNOCo0bl pAMELLCHHSA PAACTAIOILEH NOBEPNHOCTH).

OUeBHAHO, YTO BCHKOE IKCTEHCHBHOE CBOMCTBO 110008 MHOIODA3HON Cu-
CTEMbl MOAHO PACCMATPHBATHL AHANOTHHHO PA300paHHOMY BhILE NpuMepy. Tak,
DYHKUHIO [CABMIONLLA TCTICPb MOKHO 3aMHCATh B BHC

F=F*4+F’ +F°. (11.9)
DHTPOTHIO 3anuIeM B BHIE
S=5+85"+5". (11.10)
anuiem hyHruuo Feabymrosbua 418 o0heMubix a3z o 1 3
dE™ = =S"dT — PdV" + Xl dN?, (11.11)
dF? = —S%dT — PdV? + S dN7 . (11.12)

Borrmrast (11.01) v (11.12) w3 (11.3) u ucnoassys coorHowenus (11.7),
(11.9) n (11.10), a Takxe To, ITO NIPH PaBHOBECHH XHMWHCCKHH MOTCHIHAT 2-TO
KOMIIOHEHTa BO BeexX (a3ax OMMHAKOB. MOJYITHM C.1e1YHOUICE YPABHEHHE:

dF® = dF —d(F* + F?) = —=S°dT + ~dQ + Sp;dN}, (11.13)
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KOTOPOE MOKHO HA3BATh (hynoavienmaisiuiy ypacuenueyw Luboca pos mexdas-
HOTO CJ0A.

Ha npaxruke ynodHO H3MepsTb M3MEHEHHE [IOBCPXHOCTHOTO HATSA/KEHUS NPH
BAPLHPOBAHHH KOHIEHTPAIHH WIH AKTHBHOCTH KOMMOHEHTOB CHCTEMbI. T103T0-
MY 01 HepeMCHHBIX € 1 2\ niepeiliem K NePpeMeHHBIM ¥ | Ly, IIPHMEHAA K YpaB-
Henuio (11.13) npeodpasosanne Jlexauipa. Torna

dF* = d(yQ+ ) wiNy) = =S"dT — Qdy =Y Njdp;.  (11.14)

Ho nockosnbKy BbipameHue, crosuce B ckodkax ypasHeHus (11.14), roxae-

cTBeHHO paBHo F¥(npyw V7 = const (em. (11.3) u (11.6)), To oKoHIaTebHO
(11.14) npeacraner B BUaE

S*dT + Qdy + > Nidy; = 0. (11.15)

DT0 ypaBHEHHE HA3LIBAIOT ypasnenues aocopoyuu ['ubdea B odieit hopme
JUTS MNOCKOTO MEK(PA3ZHOrO Cnos.
OOBLIYHO BBOAST NOBEPXHOCTHBIC THOTHOCTH HTHX BENH'THH

-+ =173 11.16
L=, (11.16)
57

— = 0. 11.17
- (1117)

Torna ypagucuue (11.15) 3anumwercs B G0e¢ KOMNAKTHOM BHE
dv + adl + E [idp; = 0. (11.18)
[pu nocToAHHOM TeMuepatype HyveeM GopMmyny

—dy=Y Iydp=RTY lilna, (11.19)

TAKXKEe HAZLIBAEMYIO dQcupOHuonHOT hopmyvron Tuboca. 3neck a; — aKTUBHOCTD
-0 KOMIIOHCHTA.

Ecau npoBecTH pasienstoLy o NOBEPXHOCTL TAKHM 00Pas0oM, UTO W30bLITOK
OJIHOTO 13 KOMITOHEHTOB PABEH HYNH (0OBIYHO TaKMM KOMIIOHEHTOM SBASCTCS
KOMMNOHEHT | PACTBOPHTEIL), TO B 3ToM cayuae (11.19) sanuchiBaeTcs Tak;

—dy =S 1Mdp;. (11.20)

JLnsg ABYXKOMMOHEHTHOMH CHCTEMbI IIPH MOCTOAHCTBE TEMMEPATYPbl Y paBHe-
Hue (11.20) conuTCs K BBIPAKEHHIO

dv = —Idyy — Dadps = —Fz(l)du-g, (11.21)

MOCKOALKY MO BHIECNPHBCACHHOMY YCIOBHIO Pa3ACAAIOULYIO NOBCPXHOCTH BbI-
opanu rak, uro Iy = 0.
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M3 (11.21) noBepXHOCTHBIH H30LITOK BEIWMECTBA 2 MOKET ObITh BbIUHC.IEH
M0 Y PARHEHHIO
dry az dy

V= = , (11.22)
= duo RT das

I7Ie (25 — aKTHBHOCTH PACTBOPEHHOLO BewecTsa. Ecin oy /duw, orpruarensHa,
1 & =
TO 17_5 ) UMeeT HOSOKITENbHbBI SHAK 1 COOTBCTCTBYCT (PaKTHISCKOMY H30bITKY
PACTBOPEHHOIO BELIECTBA HA 1OBEPXHOCTH pasiacia. Ecan we d~/das > 0. 10
L) e E,
1"2( ) odosHauaet AehHUHT PACTBOPCHHOI'O BCILECTBA HA JAHHOH MOBEPXHOCTH

—dy = RTrMdlnp;, (11.23)

rae pi napiHaibHOE AaBNEHHE Mapa ¢-ro KOMMOHEHTA. JTO YpaBHEHHE NO-
3BOIIAET OlIPESIE.IATb 1IOBEPXHOCTHbBIE M3ObITKH H3MEPEHHCM 110OBEPXHOCTHOTO
HaTSKCHHA TP U3MCHEHHH JIaBICHHS T1apa /-I0 KOMMOHCHTA Hall 3epKaiom
KHIAKOR cMeCH.

OTMEeTHM TaKXKe, YTO NOBEPX HOCTHBIH H30LITOK /*1-(“ 1 MOBEPXHOCTHAN KOH-
LUEHTPALHS ;. XOTA OHH W HMEKOT ONWHAKOBYKY PA3MEPHOCThL (MOIb/CM?) —
HE O/IHO M TO &e, MOCKOILKY MOBEPXHOCTHLIH H30bITOK XapakTepH3yeT HiMeHe-
HHE COCTaBa ITOBCPXHOCTHOIO CJI0A 110 CPABHEHHIO € HEKOTOPBIM HIEANH3HPO-
BAHHbIM PACTBOPOM, B KOTOPOM KOHLEHTPAIHH BCEX KOMMOHEHTOR HEHIMEHH b
BIUIOTb 10 pa3ae1atoLLeii noBepXxHocTH. B To BpeMst KaK MOBEPXHOCTHAS KOHLE H-
TPaLMg —— 3TO KOJHHECTBO KOMIMOHEHTA COPTA 7., OTHECCHHOE K €IHHHIE TTOBEPX-
HOCTH pazaena €. U ecin noBepxHOCTHAS KOHIEHTPALMS BCEra NOA0KHTEIbIIA,
TO 1"17(1) MOZKCT ObITb KaK 1OJOKHTEABHON, TaK U OTPHLATENbHOH BEIHUNHOM,

Jia cyuas OHHAPHOH cMecH BOfla— OpraHYeckoe BENECTRO MPAKTHUECKH
BCCh 1HOBCPXHOCTHBIA H30bITOK L10KA.1H30BaH B [IPEAESIAX MOHOMOAEKYIAPHOLI'O
cjios. B »rom cayuae ancopoums [; paBHa MOBEPXHOCTHOH KOHLEHTPALIMH ¢;.

[Tpoueccebl agcopduni B o0LIeM cliyude pasaesisor Ha aBe Ipylinbl — (u-
3HUYECKYIO H XHMMYeckyto, Pduznueckas aicopdums He COMpoBokKIaeTes odpa-
30BAHHEM XHMHUECKHX csiseil. Haodopot, XeMoCopOHpOBaHHbLIE YacTHLb! Ha-
CTOJIKO MPOYHO MOTYT ObITh CBSi3aHbl C aJCOPOEHTOM, IO BhICTYMAOL Kak
HOBbIC, HE MMEIOLUHME AHANOMOB B 00heMe. MOBEPXHOCTHLIE RELISCTBA. YpaBHe-
HHe aacopounn I'nddea (11.15) He 3aBHCHI OT THIA AACOPOUHH H CBA3bIBA-
CT MOBEPNXHOCTHBIE W3OLITKH ¢ KOHUEHTpaLeii pacTBopa B o0beMe allcopoa-
Ta. 3asueumocts [ = [i(¢) 1py NoCTOAHHOR TeMIicparype 4acro HalblBaoT
wiomepyon adcopdiuu Fuodca, 1 OHa MOWET ObITh MOJAYYEHA H3 H3MEPEHHS
NOBCPXHOCTHOIO HATAKCHHUS H3YHACMOH CHCTEMbl, HAXOAALLEHCH B KIKOM CO-
cTosiHii, Taknm odpasom, ancopdionnnie ypasHeHus 1'100ca HakmaL1BaloT
OIIPE/IE.IEHHBIC OFPAHHMEHHA Ha (A30Bhle COCTOAHHSI HCCIELYEMbIX CHCTEM.

Bhiaatolyiocs poslb B pasBUTHH YUEHUSA O MOBEPXHOCTHLIX ABACHHAX Chl-
rpanu Heeaenosanust Jlenopa. Handonee sameuareipHblil pesyilsrar. no:y-
HeHHsI JleHMIopoM, 3akimouancs B TOM. 'TO  Mcciledys NOBEPXHOCTHOE
HaTSKCHHE BOHBLIX PACTBOPOB FOMONOMHUECKOrO Paia HACBILICHHLIX Kapdo-
HOBBIX KHC.10T (01 TphaekaHoBoii kneiorst CpoH.yn COOH 10 aurHoue pHHoBoi
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CozH7COOH). oH onpeaeinnn miowaib. NPUXOAALWYIOCS] HA OJHY MONEKY.IY
MOBEPXHOCTHOrO ¢of. OTCIAA GLITO CACTAHO 3aKIIOUESHHE O TOM, ITO B CO-
CTOSIHUM MaKCHMAaNbHOTO YIJTOTHEHUSI Ha MOBEPXHOCTH AHAKOCTH MOJEKYJbl
AKHPHBIX KHCIOT B MOHOMOZCKYJISIPHOM CJIO€ OPHEHTHPOBAHKLI CBOMMH OCAMHU
HPHOAHIMICABHO HOPMabHO K HOREPXHOCTH. M3 9THX e W3MepcHHii Ohina
olleHeHa W UTHHA MOoJTeKys (AU madbMHUTHHOBOH KHC/NOThl, HanpHMep, JTHHA
MoneKyAbl pasha 24 - 107% cm).

C1ocoGHOCTH MONCKYJI KAPOOHOBBIX KHCJIOT K OPHEHTALIMH HA TIOBCPXHOCTH
BO/Ibl OOBACHAETCH XUMHUECKHM CPOACTBOM MO OTHOLIEHHIO K BOAE (ruiapo-
{puabHOCTD) KapOOKcHIbHOH rpyTimbl (COOH), Ha3biBagMO# ronoBHOI rpynnoi
MOJICKYAbI M OTCY TCTBHEM TAKOIO cpoactia (1HaApoPpOoGHOCTL) XBOCTOBOIT UacTH
MOJIEKYTIbL, COCTOALIECH M3 METHACHOBKIX (CH») H 0AHOI KOHEUHOIH METHIRHOM
rpynnbl (CHz). DTH MONIEKYIbl Ha MTOBEPXHOCTH BOJIbI HACTHIHO MOFPYHEHbI B BO-
Ay W Kak Obl MIaBaIOT MOUTH B BEPTHKATLHOM TMOMOKEHHH HA €€ MOBEPXHOCTH.

BriocneacTRHH Takue SKe Pe3ynnTaThl ObITH MOJIYUEHbl JPYTHMEH HE3aBH-
cuMbIMK MeTogamK. Tak. B padorax ['yH coo0waiiocs, 410 Haix'He ai1copd-
LMOHHOTO CJI0A Ha MOBEPXHOCTH pasiena a3, B YaCTHOCTH Ha rpaHulle ras—
TBEPAOE TS0, BBIZhIBACT H3MEPHMbIE H3MEHCHHS MCKDAZHOIO INEKTPHIECKOTO
noreHuwana. Ecig MONeKylbl NOrpaHUMHOMO afCOPOUMOHHOrO CI0A TOJISIPHbI,
TO 3ABHCHMOCTL MEXKAY WICKTPHUECKHM JAUNOSIbHLIM MOMEHTOM MOIEKYJIbl 14
M CKAYKOM MEKTPHUECKOIO NOTEHUHANA Ag2, BbI3BAHHBIM OPHEHTALMCH Y101
MOJTEKYJIbI, MO 3aKOHAM 3EKTPOCTATHKH MOKHO MPeICTaBHTb B BUAE

Ay =27 Ngpcosa, (11.24)

rae Ny UWCIO MOBEPXHOCTHBIX THIIOIBHBIN MOTEKY.T, OPREH THPOBAHHBIX NI
YIJIOM (+ K HOPMa.1ll TIOBEPXHOCTH pasjeiia das.

Ha puc. | 1.3 npeacrarsieHa YKCIepHMEHTalIbHas 3aBHCHMOCTb MEX(a3HOI0
MOTEHUMA 1A OT IIOBEPXHOCTHON KOHUEH-
TPALLHK MONEKY:1 11-Kpe30ia H UX Mpearno-
JOKWTCIbHAA OPHCHTAUMS (BHH3Y 1101 I'pa-
duron). 3armcumocth Ay oT N, Hmeer
XapakTePHbI B, M3 KOTOPOTO MOMKHO C1e-
JIATh 3AKNOUCHHE O TOM, 4TO 110 MEPE YBeC-
JHUEHUS  [OBEPXHOCTHON  KOHUEHTPAIHH
MOMEKY-1 [IPOUCXOAMT MOCTEMCHHOC YMEHb-
HICHUE YIAa ¢ TIPY ABYMEPHOM CHKATHH MO-
BEPXHOCTHOTO CJI0S.

OpHEHTUPOBAHHBIC HA NOBCPXHOCTH
pazacia (pas AHMNOAkHLIE MOJEKYNLI 00pa-
3YIOT Kak Obl JBE LIPOTHBOLOIOKHO 3apsi-
AKeHIBIC noBepxHocTu (o8 = —¢''), pac-
CTOSIHHE MCKY KOTOPBIMH OTIPEIe.Ise1est
MOJEKYIPHBIMH - pasmepamy,  CoBokyn-
HOCTL TAKHX TNOBEPXIOCTEH HasLBaeTCs
OBOTUHBIN JTCKIMPUYCCRIN CLOCM.

Puc. 11.3. Banicyocrs vewdiazHo-
TO HOTCHIHKLT OT ROHNHSHT DAL MO-
JeKY:T
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IBoiiHoii snckrpuieckuii caoii (I2C), BosHUKaOWMI Ha N0doi Mexdas-
HOH rpaHHLEe. onpenenseT OOMbiIIHHCTBO PABHOBECHKLIX CBOICTR ITOH rpaHHLbI
(IOBCPXHOCTHOE HATAKEHHE, IOTEHLHAN, 3apsil, €MKOCTh U AP.) I B 3HA'UTENb-
HOIi CTEMEHH KHHETHKY 31EKTPOAHLIX peakiiii. [ToaTomy TeopHs paBHOBECHO-
ro I2C cHCTeMbl METAIT —~ WICKTPOJIHT LIEAHT B OCHOBC MO'WTH BCEX PA3IEIOB
SJCKTPONHMHK FranbBAHOCTCTHH M rAJIbBAHOMIACTHKH, KOPPO3HH H NACCHBHO-
CTH METaloB, AACOPOUHH M Kataausa v Ip.

(JIHAKO OTCYTCTBHE Y/I0BIETBOPHTEAbHBIX METOOB PACHETa I AMTPHOPHO-
O NPEACKA3AITHA ITHX BETUUUH OCTaBNIALT 11POOAEMY B PAMKAN TPAAHIIHOHHOTO
(rudOCOBCKOro) 10AXOAA OTKPBITOM. 3X€Ch Mbl MOZOMACM K 1IpodsieMe onpee-
nenus cpoiicTe JAD3C ¢ nosuumii He TONLKO KAACCHUCCKON TCPMOMMHAMHKH, 1O
U B SHAUWTEALHOH CTEICHH HCIIOJIB3YEM METO/Abl CTATHCTHYECKOH DH3NKK, TEM
caMbIM PACHTHPHB NPOCTPAHCTBO TEPMOAHHAMHIECKHX NEPEMEHHBIX.

11.4. TepmoanHamuka Mex(pa3HbIX ABACHHH

[Tpu anajinze 2MEeKTPOXHMUIECKHX CHCTEM HALLC BCETO HCMOIB3YIOT O/IHY U3
(pyHIaMeHTaAbHbIX 0ONACTEH WICKTPOXUMHH — TEPMOAMHAMHKY — MaKpPOCKO-
MUYECKYI0 HAYKY, MO3BOJAIOLLYIO H3I0EKATb OMMCAHHSI Ha MHKPOCKOTTHUECKOM,
MOJIEKYIIAPHOM Y POBHE NOBEAEHHA 1 CBOMCTB paBHOBECHILIX CHCTEM. [lenocpen-
CTBEHHO M3MCPAEMbIE B SKCIEPHMEHTE TAKHE MAKPOCKOIIHYECKNE 11apaMcTpbl,
KakK MOREPXHOCTHOE HATAMEHHE, MOTCHIMAN, 3apsd, eMKOCTh ABOMHOro cnos
H APYTHC ABJIAFOTCS MAKPOCKOMHUECKHM OTKIHKOM Ha MOJIEKYJISIPHBIC LIpoLec-
Chi, NpoHcxoAsLLMe Ha MeK(pasHoH rpaHHIEe. B paBHORECHI OHH CRASAHBI MEKTY
co00i PyHAAMCHTANBHBIMH TCPMOANMHAMHICCKUMH COOTHOLIEHUAMM, KOTOPbIE
W NPeaCTaBuM B HTOI rhane. [Ipekne uem nepeiTi K KpaTKoMy HIIOKEHHIO Cy-
LIECTBYIOUIHX B HACTOALIEE BPEMA NPEACTABIEHHH O CTPOEHHH NBOHHOTO MeK-
Tpuyeckoro crnos (I2C), nporeacM TepMoIMHaMieckliit aHany3 MexasHbIX
ABNCHHIT 1 MPCAJTOKHM QIBTCPHATHBHLIC ITYTH TCPMOJHHAMHUCCKOTO PCUICHHSA
HEKOTOPBIX ACTIEKTOB CBOHCTB MEK((DAIHBIX TPAHHLL BOOOLIC, @ 3aTeM KOHKPETH-
3MPYEM HX HA OT/IENbLHBIX YACTHBIX CITyYasX.

TepMoIHHAMIMUECKHI aHa N3 CBOHCTB MOBCPNHOCTH Pa3jlenla Mera.LiHue-
CKII KHAKWIT YICKTPON — PACTBOP WICKTPOINTA NpoBeaeH I pIavom H YHTHH, He-
MOJb30BABLUUX B ypaBHCHHHM [HMOOCA 110BCPXHOCTHbIE HOHHblE M30bITKH
H HOHHbIC JICKTPOXUMHICCKHE NOTCHILHAIIbI

B = [ + 5. (11.25)

MU Thdoe, 1 I'yricHieiiM oTMe 1. 11 3HAUHTE. IbHbIC TPYIHOCTH B OTIPEAENCHHI
MOHATHA XHMHUCCKOrO M HACKTPOXHMIIECKOTO MOTEHIMANA OTAENBHOIO HOHA,
TaK Kak HET Crocoda paseabHOr0 ONPEEEHHA XHMHUECKOIT H INeKTPHUIECKOIT
COCTARIAIOILKN YITHX OTCHUHAIOB.

[TpryeHeHHe IIEKTPOXHMHISCKHX NOTEHUHANOR NPHBEI0 K TOMY, HTO ajl-
copduuoHHoe ypaBHenue [nb6ca nonyduno sua

dvy = ST - Z [‘1_11[11- — Z /—j}'dp,j./ (11.26)
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I71€ HHKHHI MHAGKC ¢ COOTBETCTBYET 3aPAKEHHLIM KOMIIOHEHTAM (MOHAM, YIeK-
TpoHAM), @ HHAEKC j — HelTpansHbiM. TIpeicTaBHB 3aPHKEHHBIE KOMITOHEHTHI
Ucpes HOBEPXHOCTHYIO MIOTHOCTL 3apAina ¢, @ Pa3sHOCTL OTeHUHANOB CONpH-
kacatolunxea dgas a u 3 vepes ¢ — ' = &, ypasnenue (11.26) Teneps MoxKHO
3a11HCaTh B IPHBBIHOM BH/E

dy = =5%dT = ad€ =Y dp;. (11.27)

ITpit nOCTOAHHOIT TeMNepaType H COCTABE CHCTEMbI HTO YPABHEHHE NMEPEXO-
LUT B LWHPOKO NPHMEHACMOE B 2IEKTPOXHMHH YpaBHCHHE JInnnmaxa

v — -
QWXI_ x (11.28)

Ha3bIBAEMOE yPaBHEHHEM MERTPOKAMUANAPHOCTH, OTMETHM, YTO NO CMEICHY
BbiBoAa popMyibl JIMMIIMana 3apsaa o B Hell SBAsCTCA CBOOOAHBIM 3aPAI0M
o MOCKOBKY B KAUCCTBE 3aPSAEHHBIX YACTHIL YMHTBIBAKOTCA TONLKO HOHbI
M 3TTEKTPOHbI.

DRCNEPHMEHTANLHO H3MEPACMAsA 3aBHCHMOCTb NMOBEPXHOCTHOTO HATAKEHHA
OT noreHuna:a imeer Gopmy napadodibl. A caMa KpHBas Ha3blBAETCs WIEKIPO-
kanunnsgpHok xpusoii (DKK). M3 ypasnenns (1 1.28) cnenyert, wro B To4ke Mak-
CHMYMa JNTEKTPOKRANHANAPHOIT KpHBoii (PKM) (Z—t) = (. Touky mexTpo-

AT
KAMHIIIAPHOTO MAKCHMYMa Ha3bIBAIOT TAKKE TOYKOI JH)QI,CBOI'O sapsina (TH3),
T.€. MOBEPXHOCTH METANIA HE HMMEET CBOOOAHOTO 3apsaa, YTO NPOTHBOPCUHT
OMbITY, TaK Kak ',9(‘,120 = ,Q(T\io # 0 (rae p,’,‘fl-, " ',:0‘,15'(-, MOTEHUMAbI HE3APSKEH-
HBIX MeTamioB My 1 My).

Ancopbunontas ¢opmyna I'nddca onucbIBaeT 1t0dble MekaszHble 'PaHH-
Ibl, HO HE YYHThHIBAET MEKTPH3ALHI0 HEHTPaNbHBIX BEILECTB 11PH 00Pa30BaHHUH
HAH H3MEHCHHH NMOBCPXHOCTH Pa3/esia ColipHKacatomxes das.

DT0 ABJICHHE dNEKTPUsaUny ObL1o sameueHo ewwe B 1892 12 Jlenapaom, v Brno-
crneacTBHe MPYyMKHHLIM ObLIO MORA3aHO, UTO HA TPAHMIE, HAMPHMED, BOLA —
BO3OYX, CKAUOK MOTeHIMana jaocturaer senuuunsl (0,1 + 0,2 B. Ewe 6onee
yOCAMTENLHBIH IpHMEpP 1IPHBCAEH B cTarbe A, DHHWTCHHA « K CTONICTHIO €O AH
PO eHUs JJopa KenbBHHaY.

KenbBrHOM ~ TOMCOHOM CBOICTBO IJEKTPH3ALMH BO/bl ObI10 MCMONbL30BA-
HO Ji15L CO3U@HHS ICHEPATOPA BHICOKOIO HAlPSUKCHHA, HACH KOTOPOIO 110pa3kia
DifHurrerna cBoei NpocTOTO N H3AWHOI VUCBHAHOCTLIO (pHc. 11.4).

Bot onucanue 3o ycTaHOBKM B MHTCplipeTaund Jiinwwreiina: « 3 sazem-
ACHHOI BOAOHANOAHEHHOIT TPYOKH BLITCKAIOT ABE CTPYH, KOTOPhIC BHYTPH TTy-
CTOTENBIX H30JHPOBAHHBIX MeTalLiHueckHx ndannapos ' u C' pasbusarores
Ha Karsi, DTH Kari nagaroT B H30JHPOBAHHBIC MOACTABKH .'/'l H J"ll CO BCTaAB-
NeHHbIMH BoporKkamu. Lunuuap ¢ coeannen nposoaHuom ¢ A, a O ¢ A
Ecin €' 3apsikeH nosownre.lbHo, 10 odpasytollnecs saypin € kanjin saps-
JKAIOTCA OTPHIATENBHO W OTAAKT CROM sapan .1, sapaxan Tem cambiv C'' or-
pruareisHo. M3-3a otpunare.isHolro 3apasia (' 06palyiolHecs BHYTPH HEro
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RAmiy NOJAYHMAKOT MONOKHTEABHBI 3apsin v paspswatorces B ', yBennumnsas
ero nosnokHTENbHbIN 3apan. 3apaast ¢, A" u €', 1 BospacrarorT 10 Tex nop,
MOKa H30:1AUHA LPCLISTCIBYET MPOCKAKH-
BAHHK UCKPhI». B 10CTaTOMHO H30JIH-
POBAHHBIX YCTAHOBKAX TAKOI'O 'HNA BO3-
MOMHO NMONY'UHTL Pa3HOCTh NOTEHUHAJIOB
1o 3000 B. Taknum o0pasom, B HeffTpalib-
HbIX HAKOCTAX HaONKOAALTCA MIEKTPH-
3AUMA TIOBEPXHOCTH AHAKOH (ashl. Ko-
TOPasi He YUHTBIBACTCH aACOPOLHOHHLIM
ypaBHeHHeM ['1O0ca.

Haanuue nossilleHHOR  21€KTPO-
TIPOBOJTHOCTH  MOBEPXHOCTHOTO  CJIOS
(HallpHMeEp,  YIEKTPOIIPOBOAHOCTL  MO-
BEPXHOCTHOIO CJ104 114 TONWKHHOH 1 MM
Ha [OPAMOK BbILLE MIEKTPOINPOBOAHOCTH
00bEeMHOIT  (a3hi), OUCBHAHO, ABIACTCH
CBHIETCNLCTBOM TOIO, HTO MOBEPXHOCT-
HBIM CKAa4OK TIOTCHIlHANA BO3ZIHKAET HC Puc. 11.4. Cxeva reneparopa Keanpuiia
TONBKO H3-3a AMNOJLHON opHeEHTaIHK
MOMNEKYI. HO I "MacTHUHO OOYCJIOBIEH CBOOOAHBIMI HOCHTENAMI 3apsi0B. SB-
JSFOTCS JIX 3TU CBOOOAHBIC HOCHTENH 3aPs/I0B WICKTPOHAMU MW HOHAMM, BO3-
HHKAKOLWHMH 1IPH AHCCOLUHAUNH HEHTPAIBHBIN MOJIEKY.l BOAbl B 110OBCPXHOCT-
HOM CJl0€, cefivac NpHHIMNHAALHOTO 3HAaYeHMA He uMeeT. Bamno nunis To,
UTO B TEPMOAHHAMHYCCKUC YPABHEHHUA PABHOBCCHIL PEAIbHBIN 1CTEPOIEHHbBIX
CHCTEM HEOOXOAWMO BBECTH CllaraeMoe, OTpaxarollee padoTy 3apsKeHHa Mo-
BCPXHOCTHOI'O CJI0K.

(OnHAKO NOCKONBKY HEH3BECTHA HU TIPHPOUA HOCHTENIEH 3apsaa, HU HX KOJIH-
YE€CTBO B [IOBCPXHOCTHOM CJI0€, TO NOJNHYIO YIEKTPHUECKYIO YHCPIHIO 110J1 BCEX
3aps/10B CNEAYeT BLIPA3HThL B BHIC YJIENbHOH padoThbl NOAAPH3ALHI CHCTEMbI

§W = EdP, (11.29)

rae P = p*V, a p* — anexTpHICCKHi MOMEHT eIMHHLbI 00bCMa paccmarpuBa-
€MOH CHCTEMBI, PaBHbIi BEKTOPHOI CyMME MIEKTPHHUCCKHX MOMEHTOB MOJIEKYT,
HAXOALUMXCH B 3TOM 00beMe; L — HallpsKEeHHOCTb MEKTPHIECKOIO 110515,

UTo0bl MOHATH, KaK 3aNacaeTcs JAONOIHUTENLHAS MEKTPHUECKas IHEPrhd.
PACCMOTPHM H30IHPOBAHHYIO OJISPHYIO MOJICKYAY B 1iosie E (phc. 11.5). Dra
MOJIEKYJA MOXKET ObITh NPEACTABACHA JIBYMA 3apsiiaMIl ¢, NMPUKPETIEHHBIMH
K YMpyroi npyauye. JIMnonsHblii MOMEHT P MOJIEKYJIbl ABAETCA BEKTOPOM BC-
JIUYUHEL 5.

[Mone E' co3aaercst KakMMH-TO BHEWHHWMH HCTOMHHKamy. [lpeaiionoamm,
YTO B MPHCYTCTBMU nons E 3apsapl nepeMecTsTes B NMPOTHBOMONOKHLIE CTO-
POHbI HA PACCTOSHKUE dis; 1IPH YTOM BEITHUHHA AHIOIBHOMO MOMEH I H3MCHHTCH
o1 s 10 ¢(s + ds). JBHKeHHC 3apA0O0B B HAIPABICHHA 110151 £ YKBHBAIEHTHO
NepeMeNeHHIO 3apsaa +q Ha pacctoaHue s (He uMeeT 3HaYeHHA, ABHKETCS
O/IHH KOHEL WM 00a).
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CaenoBarenbHo, Hal MOAEKYA0M Obl1a cosepuleHa padora. paBHaa Eqds.
EAMHCTBEHHBIM MOCTABILHKOM OHTOH padoTbl ABIACTCA UCTOYHWUK MO
oarapes. NOAAEPAKHBAIOLLAA TOCTOSHHYIO PA3SHOCTD HOTEHUHAII0B, MEALY IH1ac-
THHAMM KOTOpOIl noMmelicHa uccaeayevas
Monekyila. Ecnn padoTy. coBeplIeHHYI0 Hal
= MoJieKyJIoM, obo3HatuTL epe3 dW, To

5.:1 ’“" il dW = Eqds = Edp. (11.30)
5@@% =i 3aliaceHHas YHEPrusl, COOTBETCIBYIONIAN
4 +q -

aToil paboTe, MokeT ObiTh OOHapycHa
- B ARBYX MECTAX, & UMEHHO B CHIILHO pacTs-
HYTOI YHPYIOA 1PY/KHHE K NIEKTPHUECKOM
~ noji¢ CaMoro MOJIEKYJIAPHOIO OO, KO-
é\:) TOpbII Telepl oduagaet 00.bLWNM KOjlH!e-
CTROM TOJTHOf HHCPIrHH 3a CUeT YBEAHIEHHs

= PACCTOSIHHS MEALY ABYMSL 3aPsLIAMH.

Bes sHeprus Monekynkl 00ycnoBAcHa ee
CTPYKTYPO. W ecitt Obl MOAHO ObLIO 3arisi-
Puc. 11.5. Moxcan noasipusyeyoil  HYTh B 3TY AWHAMHYECKYIO CTPY KTYPY. TO 00-
B ATy 1} HapyKHA0Ch Obl, 'ITO MOMHAS JHCPIHA COCTO-
UT U3 MEKTPOCTATHUCCKOM NOTCHUHANBLHON YHEPIHH 1 KMHCTHIECKOH IHEPrHH
JUBHGKCHHS Y ICKTPOHA.

PaGota, coreplIcHHAsH HAJT MOTIEKYTOM ATt HIMEHEHHS ee notapiiaunn Edp,
YBEAHUHBACT HA TAKYIO HC BEJIHUHHY IHEPIHIO, 3aKII0MEHHYIO B CaMOi MOJIEKY €.

OOheAMHEHHOE BhIPAKEHHE MEPBOTO H BTOPOTO HAUAT TEPMOIHHAMHKH s
JBYX(pa3HOIH CHCTEMbL € 1LIOCKOH 110BepXHOCTBIO pazaena {2 uMmeeT BUA

th ettt b A+

|

dU = TdS — pdV +7dQ + Y judNi+ Y Yidy;, (11.31)

rae [7 — nonHas yHeprus cuctemsl, T — TeMmrieparypa, S — auTponus, yd{ —
MeXaHHuecKkas padoTa HATAKCHUS MOBEPNHOCTHOIO €O M E Yidy; scakas
Apyras padoTa, coBepluaeMas Haj cuctemoii (Y 0000uIeHHas cuna, ;
00001EeHNas KoOpAHHATA), f1; M IN;  XHMHUECKHHA 1HOTCHUHALL H UHC.10 MOsIeH
7-TO KOMIOHEHTA, JTO YPABHEHHE ABNACTCA BLIPAKCHHEM MPHHIHNA PABHOBE-
cus ['md0ca, cormnacHo kOTOpoMY AMPQCPEHLIHAI NOSIHOH YHCPLHH PABHOBECHOH
CUCTEMBI PABEH HYJIFO SISt BCEX BOZMOKHBIX H3MEHCHHIT COCTOANNSA MPH NOCTO-
SHCTBE YHTPOIHH, 'THCIIA MOJIEH KOMIIOHCHTOB, HEH3MEHHOCTH MPAHHLL CHC1CMb
1 APYTHX BHEWHWX koopaHHat (dU7) s v, ;. n, 0 = 0.

Belpasup ciaraemoe ZY,;dyi B8 (11.31) uepes EdP (onesnano. uro £
AB1seTCA 0000WCHHON cHoil, a P 000OLICHHOI KOOPAHHATOI), Y paBHEHHE
(11.31)2armwercs B popme

dU = TdS — pdV +~dQ + Y ji;dN + EdP, (11.32)

(’SHC‘CIw . L., P CoOTBETCTREH}HO MOBCPXHOCTHOEL TIATAKRCHHC. HANMPAKCHHOCTH
BNIEKTPHUUECKOTO TMoNg U mMoNApH3aLHA paccMarpHBacMoro 00bEeMA HHIKOCTH.
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Ouesnano, wro 7 = p*V' a p® — yaenbHas noasIpu3aLMsl eanHHLbI 00b-
eMa; OCTalbHble CHMBOJbBI TPaxHIIHOHHL!). [oBOpA 0 nomapusauny cpeawt I
Mbl MOAPA3YMEBACM TAK HA3bIBACMYIO JAMHAMHUECKYIO [ONAPH3ALMIO, & HE eC
cpeaHee paBHoBecHOE 3haveHue ({7) (YrmoBhiMH CKOORAMH 0803HAYCHO KBaH-
TOBOCTATHCTHYECKH YCPEAHCHHOC 3HAEHHE MoAspH3auin). 1006l NOACHHTL
Pa3HHILY MEKLY YTHMH MOHSATHAMM, HANOMHHM, YTO B OTCYTCTBME BHEIIHErO
nonisi cpeda B odwem He nonsapuszosana ((12) = 0), B 1o BpeMs kak I” B Kax-
JbLi naHHBIH MOMEHT BPEMEHH MOKET ObITh OTJHUHA OT HYJs H3-3a ABHKCHHS
EKTPOHOB H KoAeOaHHs AAEP B MOAeKYNIax cpeibl. Ha siblke cTaTHCTHYECKON
bH3INKH AHHAMHUECKOR 110ASpH3aLHI COOTBCTCTBYCT (MIYKTYAITHOHHAS NONs-
pH3aILS, O0YCITOBICHHAN TEMNOBLIM JIBIKCHHEM HACTHLL Cpe/ibl. ECii BHeHee
101€ HE CAMLIKOM BeIHKO (00biuHO MeHblue, uem 105 — 107 B/em). epeansis no-
sspuzaikg (%) nponopunonansra K.
3aMCIUM. UTO IneKTpHueckas pabota. selpakeHHas B Gopme Ld . non-
HOCThIO IKBRHBANCHTHA OObINMHO 3aMMCLIRACMON padoTe B BHJIC Z cdAy;, Tak
KaK
BdP = Y (=dAy,/dr)dm; = Y (=dAy;/dr)edr = = edAy,
(11.33)
(in; — YCpPeAHEHHbIH NHNONLHbLIH MOMEHT eanHHILl 00bema, A\; — MNoTeH-
LMAJT 1I0JIS B MECTE HAXOAJICHHS 3apsiia z,e). 3alich dIAeKTPHICCKOR padoTsl
B hopme E /P 0100pakac! HOAHYIO IHEPIHEO B3aHMOACHCTBI HaAC THLUbL €O BCCH
CPeIOH A5 AMHIHLLI OTheMa PACTBOPA, NOTYUACMYHO CYMMHPOBAHHEM IHECPTUH
BCEX TOUCK MPOCTPAHCTBA /. B KOTOPOH HAXOAATCS AHTIOINH.
Nepeiinem ot nepemennsix S,V w p k nepemennsiM I, P v E. Toraa
dG* = =SdI + Vdp + PdE + ~df), (11.34)
rne¢G" =U—-TS5+pV 4+ ED. [punocroadusix remneparype 7 W AaBIEHHE P
B cucteme (1.10) zanmueres B Buae
dG* = vdQ1+ PdE. (11.35)
Mockoibky G~ sBaseTes NOAHLIM AHGGEPCHUHATOM, TO K HCMY MOKHO
NPHMEHHTL COOTHOLICHHE MuKcBea, T. €.

(‘L) = (1" "V) . (11.36)
OE/7T.p.Q o0 ComdE

3anucas (11.36) B BHAE

(=) I8 o

IAy

M YYUTbIBAA H3BECTHBIE M3 BNIEKTPOCTATHKH COOTHOLUEHMA: < )‘) = -k,
iz

E = —dap*, OF [0z = 4An(p®® + p) (ypasuenue [TyaccoHa), a Takke

10, uT0 [ pedz = o (rne z — Junelinklii pa3smMep NOBEPXHOCTHOTO C10A), MOCTe

HOJICTAHOBKH Y1HX BblpakeHHH B (11.37) nosiyriacm popmyny

( iy > = __(O,cn(u') +0_cu;l:)7 (l 138)
a0x T.p. 02
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rie o % 1 o M [IOBEPXHOCTHAS TLIOTHOCTH CBOGOIHOTO H CBA3AHHOIO 3aps-
Aa. (ITon ceOOOHBIM 3aPANOM MOHUMAIOT BCE SMEKTPHUCCKHE 3aPA bl KOTOPhIE
NOJ BIHAHHEM DIEKTPUUECKOTO MO MOTYT MepeMellarscs Ha MakpoCKOMH-
YeCKHe PAcCTOSIHUA —— 3TO IEKTPOHBI B METalTax, B BAKYYMe, HOHbI B rasax
W MEKTPOIUTAX, A TAKAKE 3apsiibl, HAHECEHHbIC W3BHE HA 1TOBEPXHOCTS JIWNICK-
TPHKOB M He HapyHiallinue HX HEHTpaibHOCThL. 3apainl, RXOAslIHE B COCTaB
HCHTPAABHBIX MOMEKYN, TAKAKE KaK W HOHbI B TBEPAIX JIMDIEKTPHKAX BOJIW3H
NONO/KEHHI PARHOBECHS HA3LIBAIOT CRA3AHHRIMH 3apanamMi). B peannHOM aToM-
HOM MHUpE pas/iuiie Me&LY cBOBGOAHBIMI p ™0 1 caazanHbIMY p ™ sapanamu
ABJIAETCA 0O0J1€C UM MCHEE 1IPOH3BONbHLIM. Cile10BaTellbHO, MOJNEKYJISPHbI
JIMNONbL ABAACTCA ONPEICHEHIIBIM TOILKO B TOM CJIYUaE, KOIla MOKHO BhIIBHTH
MOICKVAbI KAK TAKOBbIE. DTO B HAHOO.IbLUE!l CTencHI OTHOCHTCS K KHAKOMY CO-
CTOSHWIO W JTULICHO CMbICIA 15 DONbLIMHCTRA KPHCTANIOB, MOCKOJIBKY OO0 H
aToM MY HOH B TBCPJIOM 1€s1€ MOI'YT JOCTATOUHO CHAbHO B3aHMOACHCTBOBATD
CO BCEMH CBOUMH COCEUAMU.

3amerum, uto gopmysa (11.38) noayiena asropom abcositoTHO CTPOro Tep-
MOAHHAMHUECKH H HE COAEPAHT HUKAKUX JONYLLEHHH MU MOACIIBHBIX 11Pel-
crarnennit, Kak piano w3 (11.38), nparas vacTs npeactapiseT codoil nonMbli
3apsl NOBEPXHOCTHOTO CIOs, HAXOAALIMICA B YCPCAHEHHOM MAKpOCKOMHYe-
CKOM 3JIEKTpH4ecKoM nosie E. Brtopoii, He MeHee BaaHbIi acnekT hopMynbl
(11.38) saruiroriaetcst B ToM, HTO yCTOHHBOE COCTOSIHUE LIOBEPXHOCTHOIO CIIOS
HOCTHTaeTCst TOMLKO 3a CHET KOMITEUCALMH CHIl MIEKTPOCTATHHECKOTO H HEIEK-
TPOCTATHIECKOTO HPOHCXOALEHHA H HAXOAHTCS B LHIOJIHOM COLTIACHH € TeopeMoil
Hpnoy.

CBA3b BHY TPEHHETO YPPEKTHBHOTO MO:Is £ H 1HOJSIPHIALHT ™ BbIpamaeTcs|
YPABHCHHEM COCTOAHHMS JHIIEKTPHKA

p= E. (11.39)

IMpu BuirONAE ypaBHeHus (11.38) He OhIO HCMOMLIOBAHO KAKHX-THOO Orpa-
HiueHHH. [1o3ToMy OHO ClHPABELIMBO 1IPH OLUCAHHK JHOOBIX MeH(AIHBLIX
rpanni. CHauana paceMoTpuy MekbasHbIe rpaHitlbl, B KOTOpbix o % = (),
DTO ) KOHTAKT KHMAKOCTH C COOCTBCHHBIM TAPOM HIH HHCPTHBLIM Ta3oM,
6) CHCTEMbI, COCTOALLHE W3 ABYX HCCMCLUMBAKOLLMXCA KHAKOCTEH (pacIBOPOB).
3atem 00parMvMca K aRanu3y KOHTaKTa MOJCKYJSNPHON AKIHNKOCTH ¢ MCTANIIOM.

11.5. Konrakr llllllllBH[Iy‘d.ﬂbHOlvl AHIKOCTH ¢ HHEePTHbLIM
rasom

VpasucHue (11.38) ans vHAMBUAYANbHOI #NAKOCTH, HAXOAsWICHCs B paB-
HOBECHH C COOCTBEHHLIM MAPOM, 3aNHIIETCA B BILIE

( il > — o = p* i dy = prdAx = NomidAx. (11.40)
X T, p.0
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oz OHMARKM UHOUGHOVAA DI .{ MCUHORKOCHIN C URECPHBIAL CA30M &
11.5. Kowmaxm undusudy, it JHCUOROCT : 2

VaenbHas nomsipuzauns p* = NI NPEACTaBAAET AHIOIbHBIH MOMEHT €AHHH-
1ibl 00bEMa K HAKOCTH W IKBHBATIEHTHA MOBEPXHOCTHOMY 3apsy @™ (e Ny -
UKC:10 HeHTpAIbHBIX MONEKYJ KUAKOCTH B €1HHHLE 00bema: 77 — YyCPENHEH-
Hbli1 AMIMOJIbHLIA MOMEHT CAMHHUHLIX MOJEKYJ, KOTOPhIE H PacCMaTPHBAIOTCSA
B KQ4€CTBE HCTOUHKKOB 1041),

YepeaHeHHOE 3HAUYCHHE 77t AUMONBHOTO MOMEHTA, 00YCJIOBACHHOE NHIIb
OpHEHTALHEN MONEKYS. MOKHO BLIUMCAHTD H3 KBAHTOBO-MEXAHHUYECCKHX MpPE;l-
CTABACHHH O BCPOATHOCTH OPHCHTAIIMM MOAEKYN B HCKOTOPOM I(P(EKTHRHOM
AMEKTPHYECKOM nofte I ¢ yUueTOM 1pocTpalcTBEHROTO KBalTORAHUSA

== E
M= up(Ny — N_) = poih [ 2227, (11.41)
/\‘”T
rne N = e /(e" +e™") — nons MOoNekyn, NpoeKuUHH IHNOICH KOTOPLIX Na-
paTes LRl dtekTpHueckoMy noawo E,a N_ = ¢ /(¢" +¢™")  anTunapan-
Jroly

fenbHbl (3aech T = ). Urofbl OUEHINTD BEAHYHHY YCPEAHEHHOTO AUOO0b-

kyT
HOTO MOMEHTA MOMEKYIbl 777, HEODXOMMO CHaYala NMPOBECTH OIEHKY nonst E.
st 3703 Lenu Bocnonblyemes ypasHenneM ([ 1.36). 3anucas ero B Buae

; e 2/3 )
Iy = —p*2dE = —NomizdE = — Ny’ g th ’li] dE. (11.42)
O8H3
(3aech NPUHATO, YTO MOJEKYNIA 3aHHMAET OObEM B BHAC KyDa ¢ BEJIHUHHOM
2 3 p TS - b

pebpa z, noyromy Noz = ;\0/ , Jlo — COOCTBEHHKIH AMNOILHBLIH MOMEHT
eAMHHIHOH Mostekvibl). [locie uirrerpuposanns (11.42). nojyuaem Bbipaxke-
HHE, KOTOPOE Ha OCHORBE ObITHLIX 3HAYECIIHH MOBEPXHOCTHOTO HATAKCHUA 7y
W BUTONBHOTO MOMEHTA HHAHBHIYANbHOH MOJECKYNbI [y TTO3BONAET OLEHUTH

BCIHUHHY 11005 £ MekPa3HOH MOBEPXHOCTH KHAKOCTH — Map

21 X E
v =N’ kpTln ch 222, (11.43)
kgl
~ 5 (L P
I[JIH OOQJIbUIHHCTBA HHAHBHAVAIBHBIX KHIKOCTCH Z“— =z 2.9 o o3Havaer. 1o
— I
m = o th 227 = g, (11.44)
knT

T. €. BEKTOPbl THNONBHOTO MOMEHTA MOJEKY.l PACNOIOKEHbI BAOMb OIS HilH
JUNOJTH MOACKYA BOMW3H MeR(aTHON rPaHuiihi KHAKOCTH OPHEHTHPORAHLL 10
HOPMIH K €€ [HOBEPXIIOCTH.

Bosepaiiascs k ypasreHuto (I 1.40), noactasue ByvecTo dAy 3KBUBANEHT-
Hoe emv —E'dlz, samenss I soipamennem 13 (11.39). nonvunm

dry = 4’“1 () dz = *—”1 (NoT)2dz. (11.45)

TToCKONBKY yCPEAHCHHRIH AHIIOIBHBIIT MOMCHT 777 MOKHO TNPEACTABHTL KaK
dim = odz. 10 dz = dim/c. 1 noacrasne »1o seipakenne B (11.42), a sarem
npouurrerpuporar B opeaenax v = 0 u m = 0 (CHCTEMa HAXOOMTCH B raso-
obpa3HOM cocToatii) A0 ¥ U M = pg (cM. popMyny (11.44)) - - cucrema
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CKOHIEHCHPOBAHA. 1OJIY1HM YPABHEHHE CBA3H IIOBEPNHOCTHOIO HATAKEHHA 7y
C MOJIEKY.TAPHBINH KOHCTaHTamHK (1o, to W Ng) pacemarpHBaeMoii & nakoit azbi

4w A2 g dw AT2 3
N=—— Ngus M 4= ——— Nou, (11.46)
) : oMo j e o Ho
3e(e = 1) Be(ny, — 1)

(31€Ch IPHHATO, UTO JUI NOBEPXHOCTHOTO CJ104. clienys Makcrenny, & = n¥,).

Jna Boawr popmyiia (11.46) B 3toM npHOIMAKCHUH AaeT xopouiee corna-
CHE C IKCMEPHUMEHTOM, OAHAKO ISl APYTHX MKUAUKHX BEILECTB PACCUHUTAHHbIE MO
(11.46) 3Hauenus 5 HECKONLKO MEHbLIE OMbITHLIX BeAHUWH, Ho 9TO W noxsT-
HO. MOCKOJIbKY HE NMPHHHMANACh BO BHHUMAHHE BO3IMOKHOCTD BOIHHKHOBEHHS
Ne(GopMaLMOHHON NOAAPU3ALNY MOJIEKYI, @ TAKKE UCKAKECHMS BETHUHHbI BHY-
TPEHHETO TOAA 338 CUET MEKMONEKYIAPHhIX BIAUMOICHCTBHN, YUET KOTOPhIX
SIBIACTCA AOCTATOMHO CAMKHOH npouesypoii v rpedyeT yxe MOIAIbHbIX 1peil-
CTABJIEHWH, YTO BhIXO/IHT 38 PAMKH HALUEH 3aaauu.

CBA3h MOBEPXHOCTHOTO HATAKCHHA WHAHRHAYATLHON KHAKOCTH C BEJIHUM-
HOH CKatKa 2JIeKTPHUECCKOTO MOTEHUHANE, BO3HHKAKOILETO Ha Meikda3HOM rpann-
1€, MOXKIIO MONYUYHTh. JTUb PACKPLIB COACPHAHHC YCPEAHECHHOIO [IHTIOIhIIOTO
momenTa m B hopmyae (11.45).

Jedopmanmsa 3MeKTPOHHOTO 001aKa MOEKYN NOBEPXIIOCTHOTO CNOs N0MK-
HA TIPHBECTH K CMELUEHHIO OTPHUATENBHOIO 3aPsild H 110ABIEHHIO HABEIEHHOTO
(VHTY LIMPOBAHHOTO) AMTIONBLHOTO MOMEHTA Lo = B (v NEKTPOHHASA NO-
JIAPHIYEMOCTD MOJCKVIIbI) TAK. WO CYMMapHblii AH110J1bHbBIH MOMEHT MOJCKY.1bI
CTAlET paBHbIM Z m =M+ = fipth % + aE. BeluuHy Y1000 MOMCH-
Ta MOIKIO PACCHHTATH LWL NPH n'mecl'l—log HAMPAKEHHOCTH MEKTPHUECKOTO
noia E. Ytobn kasnnii pas He npuderath k pacuety £ no gopmyne (11.43),
NOCTYNUM ClenyrowuM obpazom: JokalibHoe (ID(DEKTHBHOE) dEKTPUUECKOE
nosie E BLI3BAHO OPHEHTAUHONHOIT noagpusalnedi ero monexyn. [loatomy Bhi-
PAa3HM €0 B HEABHOM BHIE IEPE3 OPHEHTALHOHHYH) MOJISIPH3ALHKO, HCNIONb3YS

(11.39)u (11.41)

dap” A Naye E
B =~ by — W gl R (11.47)
Foal Togs = kyT

Torna ycpesaHCHHbIA AMNOABHBIA MOMEHT ¢ YIETOM WICKTPOHHOIN oA pHU3aTiMm
o E Oyner BbinisineTh Kak

E
£0Z 4 qeE) =
kT

Z’IIL = J\/'Q(/,L(] f»h
w0k

— Nopioth 22 (1 4+ 1780 (3 & Nopoth “)f; 3. (11.48)
F

y! 1
kB[ 773) —1 k 3

; ta N
re 3 = (I + ——= ay), koTopoe nocie noactanoskn 8 (| 1.40) nerko nure-
ng, —1
FPHPYETCA.
N 5 ey 1 Nyuoes :
oy = DA P g T ey 2 TR A2 (11.49)
e /{1;7- 2 (A'“T)Z
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Ounnaxo B (!1.44) Ob1JI0 NoOKaszalo. YTo 7T = j1y. ITO VCIAOBHE CVLIECTBEHHO
yripolaeT npouenypy HHTerpuposanus. Tenepb ypaBuenue (11.40) zamuwem
B BUJE

d~y = NopoSdAx, (11.50)
W Noc/ie HHTCTPHPOBAHHA OHO UMECT MOAKY MAOINE MPOCTYIO HopMy
Ay = 2, (11.51)
Nopof

B radn. 11.1 npeucrasiensl pe3yiibrarhl PACHEToB HOBEPXHOCTHOTO CKAYKa 110-
Terupana Ay pana AHIKOCTEN Ha rPAHKIIE ¢ COOCTREHHBIM MapoM Mo popmy.ie
(11.51), Ha ocHOBE M3MEPEHHDLIX 3HAYCHHH MOBEPXHOCTHOTO HATSIKEHUS 7 ¥ MO-
JERYIAPHBIX NMAPAMETPOB (¥, D, fo, No). BBEeHRI creyole 0603HaE HUS
cnupros: MC — sernnossiii, DC — yrunossiid. [IC — nponunossiii, BC —
OyTusosslii, ?I' — sTUseHMIMKONL, F — dopmamua.

KommiecTBeHHbIC HIMEPEHHA MOBCPXHOCTHLIX CKaYKOR MOTEHLHANA (MX Ha-
CTO Ha3bIBAKT BONLTOBLIMH MOTEHLIHAJIAMH) He 00T AHT BICOKOH TOUHOCTbIO,
MTOCKOIThKY OHH. KaK MpaBHii0o. OCHOBAHBI HA KOHACHCATOPHBIX WIH MOHHU3AlH-
OHHbIX MeTolax. ONHAKO Pe3VALTATLI H3MEPEHHA MOBEPXHOCTHBLIX MOTEHUMA-
JIOB UHCTBIX EKHAKOCTEH, NONAYUCHHBIE B PA3HBIX JAOOPATOPHAN. HMEKT 0O0b-
1Wok pazdpoc. B CBA3H ¢ ITHM MOAKNHO TOBOPHTL JIHMILL 00 ONEHOYHLIX BEIU-
YWMHaX MOBCPXHOCTHBIX MOTEHUHANOB UWCTBIX KHAKOCTEH, MPOBEASHHBIX HA
OCHOBAIIHH KOCBCHNLIX [TAHHLIX. HAlpHMED, 110 oueHkaM Tpacarrd s BOUbI
Ax &~ 0.13 B, ana metanona — 0, 17+ 0, 29 B, ang stanona—0. 19+ 0,29 B
1 B OOLIEM KOOPPETHPYIOT ¢ BeHuiHamMi Ay, npHBeieHHbIMH B Tadm. 11.1.

Tadanna 11.1

Kudxocts H,O | MC | 2C I1¢ or bC F

8.2

n

v, opriem® 72,0 |-22.0 | 22.8 | 23.8 | 47.7 | 24,6

No-107% em™ | 3.343 | 1,476 | 1,025 | 0.801 | 1.076 | 0,875 | 1,509

puD .8 | 1,7 | 1,69 | 1,66 2.28} 1,69 | 3,73

a 1071 en® 148 | 3.26 | 5,12 | 6,96 | 5.76 | 886 | 4,24

non 1,333 1 1,326 | 1.309 | 1,383 | 1,432 ] 1,369 | 1.447

Ay, B 020 | 0.15 ] 0,22 ] 0.30 | 0,33 | 0.36 | 0,18

11.6. KoHTakT ABYX HCCMEMIHBAIOMHXCH JKHAKOCTEH

Tenepb paccMoOTpiin IBC CONPHKACIOUHECA OAHOKOMIIOHCH ITHLIC HECME-
UIHBAROIIHECA MEK Y OO0 wHaKHE q)'di‘»bl m o Boroa CIYyUae NpoHCXoanT
B3ANMHAA HHAYKUHA (l)‘d'} 1M BOIHHKHORBCHHC M(‘,"/K(l)a’SHOl"O noTenyaTa agyxX no-
JAPH30BAHHBLIX AHAKOCTEH KaK 3a cUer COOCTBEHHOTO (BH}"I'}')CI'IHCI‘()) 1HOJIs1, TaK
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M BCNEACTBHE MHAVKUMKM cocenneil (pasbl. TIycrb neppas 3 [IMX HarekaeT Ha
BTOPY KO TAK. UITO €€ NMOBEPXHOCTb YBENHUMBACTCS Ha /2, . nnowans CBOOOAHOI
MOBEPXHOCTH (ha3bl 7t COOTBETCTBEHHO YMEHbILACTCA HA BeJHUYUHY df),, pas-
HYIO M0 abcomtoTHOH Benraune d€),,,. TTopepxHOCTL KONTAKTA (a3 0003HAUNM
1epes Q. o8 KGKIOM 13 510X (a3 MO O1ACTBHOCTH MOKHO 3aMHCaTb 00LeH-
HEHHBIH MEPBLIA 1 BTOPOH 3aKOHBLI TCPMOAHHAMHKH € YUETOM MOBEPXHOCTHAIX
ABJICHHWH B BUAE

dU™ = 1'dS — pdV + vd2 + EdP (11.52)

(B vpasHeHHH (11.52) onyiueH winen Y 72;d ;. NOCKOILKY 110 YCIIOBHIO MOJICKY-
Tbl QAHOH askl HE NEPEXOAAT B APYTYHO H BHIMOIHEHA 3aMEHA NEPEMEHHbIX E
u P ¢ ucnons3zosantien npeodpazosatns Jiewanapa Xdr = d(Xzx) — awd X, rak
gyto dl7* = d(U + IF)).

[Mpu koHTaKTE ha3 11t M1 BHY TPEHHSIA IHCPTHA CHCTEMbI OVACT LIPEICTAB. IS B
c000ii Cy MY BHYTPEHHUX 3HEPrHil M30JIHPOBaHHLIX (b3, BKIHoUas B ¢cOs 11CKO-
TOPble HIMEHEHHWA. KOTOPBIE MPOMCXOUAT B PE3YJILTATE HEPEKPbITHA ABOHHBIX
AMEKTPHUCCKHX CNOCR coMmpHKacatolnxes (a3, Odlce Buipaxkenve Ans ang-
(BepeHunana BUY TpeHIEH S1EPruy TAKOH CHCTEMb! 1IPH 1IOCTOAHCTBE 0OLEMOR
00enx (a3 3amuiLeTCs B BUAC
AU} =dlU>

cuer m

dUT = TdS,, + 2y + TS, +
+ ’j,’”(fQ“ - ’\;"uudemu + (En/ de + EndPn)- (l 153)

31eCh Vinn @ nn = (A% + Ay )dS,,, TpeacTaBaseT codolt paboTy HimeHe-
HUSL IOTPAHHYHOIO HATAZKEHMST 00eHX (pa3 710 U 1 ¢ IWIOLLAALIO CONPHKOCHOBE-
Hus §2,,,,,. PABHOE CYMME TIOHHKEHHI TOBEPXHOCTHOTO HATSHKEHUS (hasbl 11/ NpH
KoHTaKTe ¢ ha3oii 11 1 (pazbl 1 IpH KOHTaKTe ¢ Pazoil vr. [TOCKOIBKY 11pH 3aMeHe
ra’oRoii (paskl Ha GoNee MAOTHYIO CPElY MORCPXHOCTHOC HATHMEHHE MHKO-
cTH yMeHbliacTea, 1o B (11.53) nepen cmaracsMsinv =, €2, TOCTaBIEH 3HAK
MHHYC.
CaciraeM Hekoropble viipoluenua B 3andcH (11.53). Yunbigas, uro

dSl,, = —dQ,=dQ,,,. (11.54)

3aIMICM  Cllaraenble.  COIEpKALE TTI0BEPXHOCTHOE HATHKEHHE ¢ YUETOM
(11.54) 8 BUAOE

’Ymde il "'/ndQn - "'/mnden = ('7m — Y — "'/'mn)de = S*(]Qma
(11.55)

rae S* — kod(ppuumenT pactekanus. Ha nosepxHocTH pasaena asyx a3 B ot-
CyrerBHe ¢BOOOANLIN 3apsaiuoB HHAVKUMA D, # D, conpuracaommxcy a3z
paBHbL APYT APYTY, T.€. ;B = £, E, [10]. Ecan npuuath kak u panee, uto
£ = nj.ani, & 2 NPAKTHIECKH AN BCEX XKHJKOCTEH, TO MOKHO MONOKHTh,
yto E,,, = F,, = E. Teneps nocieanee cnaraemoe B (11.53) sanuwercs B suae

(EpdPp, + EndP,) = E(dPy, + dP,). (11.56)
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OKOHUATENILHO BbIPAKCHHE I8 BHYTPEHHEH IHCPruu KOHTAKTHPYVIOWNX (has
OyneT UMeTh RHA

QU™ = §* i, + E(dLy, + APs) + TdSm, + TdS,. |50

Boipamenue 1s 3HTPONHH Kak10H M3 KOHTAKTUPYIOWHX (a3 onpenenuns u3
H3BECTHOTO R CTATHCTHUCCKON TEPMOAMHAMUKE COOTHOLUEHHSA, KOTOPOE CRU/IE-
TEJILCTBYET O TOM, YTO CHCTEMA HANOUMICH B PABHOBECHM, KOFAQ OHA MMEET
Handonee BEPOATHYIO KOH(PHTYPaILHIO, T. €. KOHPHIY PaLiio, s KOTOPOi YiICHTOo
JOMYCTHMbIX COCTOAHNIT MakcHMalibHO. TIph yrom npeanoiaragrcs. 1o sHy-
TPEHIIHE CTENEHH CBODO b MOJIEKYIT Ka/KA0H M3 conpuKacarouiuxcs gpai He me-
HAOTCA.

Non! 4 N,!
Spm=kyln— "'y S, =kl D
(lf\'m — N )' N ! (]\'n = 71;7)! el

(11.58)

3necs uepes Ny, N, 10, Wiy, BBIPAKEHO UHCTO sileeK B 00beme (pazm un
COOTBETCTREHIIO (B KK 101 Auelike He doslee 0/THOH 9aCTHIIbLI ) H UUCIIO S9eek, KO-
TOpble OOMEHHBAKYICS 3apaiaMH (MOCPEACTBOM HHAYKLHH) Hepes MEeKDa3HY 0
MOBEPXHOCTb, 1. €. YUACTBYHY'T BO B3aHMHOIT MOJIAPH3aLLIH.

[TockonbKy 3apsa, HanpuMep, (assl 1 (IOHOP) UHAYUUPYET MOABIEHHUE 3a-
paza B haze n (akuentop), 10 dny, = dn,, = dp/c (38KOH COXPAHEHHS IHEPTHH,
p — OObEeMHASA MIOTHOCTh 3apsaia).

Muunmusupys (11.57)no df2,,, n ucnonssys popmyny Crupaunra (ln Nt =
= NIn N — N), momyuim yCcITOBHE PABHOBECHS CHCTEMDI /IBY X KOHTAKTHPYIO-
LWHX HKHAKKX (a3 B suae

U~ = 8Py . OP, 00,
= h B[ ) +
0 Sy M O O

4l 720 g B — e _ g (1] 59)
2193 (‘Nn = 77rn>nm

HanbHeiiwne npeodpa3oBaHKs BBITIONHAM, HCXOAS H3 CIETY FOLUMX TTONOXKEH .

. Ay
|. HanpsxenHocts nona E npefcrasum B Buae £ = —=X (e = KoOp-

AHHATA MO HOPMAIH K HOBEPXHOCTH pa3ucia (I)U.')‘).
alr, P, A%

2. Ilpou3BoAHY0 NOMAPH3ELMH (pa3bl 77t 3aNHLIEM B BUAE : = = =
M2 dSdm
= pf,z (rae pf, — yaeasnas nonspuzanms (gasbl 11); To KE camoe npoaenacm
v At askl o, yunteinas, uto w3 (11.34) 09Q,/0Q,, = —1.

3. PaznocTs yiuenbHBIX MonaspH3aumii (a3 77 v n Ha TpaHHie pa3jena paBHa
IOBEPXHOCTHOMY 3apsly py, — Py, = 0.
@M Ay o =
. —= = —L = — W, YUHTBIBAA, UTO UHCIIO NOIAPHIOBAHHBIX MONEKYJ
E)QIY/ C)SZ,,I € -
HaMHOI'0 MeHblUe 00LIEro Yuca 9acThIl B MHAKOH daze, T. € 12, <& Ny nn, &
< N, MOKHO DONMYCTUTb, 9TO Ny, — 71y, &= Ny, N, — 11, = N,
5. Boipazma uncia vactin Ny, v N, uepes HX KOHUCHTPALHH Cpn, W ¢,
MOACHHR YHCANTEL W 3HAMEHATES M0 3HAKOM JoraprdmMa Ha eauHudilblif
obbem V, 1.6, ¢y, = ~\‘_m/"( ey, = A’Z\rn/‘/-
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6. TlockonbKy HHAYUHPOBAHHbIH LHTONLHbBIH MOMEHT ONPEACNAETCH BEIH-
YUHOI MOAAPHAYEMOCTH (¥, TO YHCIO MOJAAPHIOBAHHLIX MOJNCKYT BbIPa3HM Hepes
3TY BENNUURY, T. €. 1/, = ko n 1/n, = kay, (tag oy, 1 (v, COOTBETCTBEHHO
INMEKTPOHHBIEC MOMAPHIYEMOCTH MOJCKYN B dazax m u n, k — roxpduupeHt
NPONOPUHOHATLHOCTH MEK LY NOJAPHIYEMOCTLIO MOJIEKYJIbI B €¢ 00LEeMOM U; =
=n, ).

Teneps okoHuareNbHO ypasrerdue (11.59) sanuiweTcs B BH1E

kT Cm G
§* =Aye + 2=oln 22.=§, (11.60)
€ Cpip

B cnyuae KOHTaKTa OHHAPHBLIX PACTBOPOB € Pa3HbIMH PACTBOPHTENAMH H pac-

TROPCHHLINH BELIECTRAMHM YI00HO 3aNHCATh BhIPRAKCHHE 1101 3HAKOM Noraprdaa
Con Uy C iy Yy

8 ypasHenuy (11.60) B Bune: f1(ciq;) = (31€Ch HIDKHHE HHAEK-
Colin Gyl g

CbL7TL M 70, @ TAKAKE £11. En, J 110 W j11 COOTBETCTBEHHO 0003HAYAIOT IPHPO:LY (a3,

COPT pacTROPHTEIA H pacTBOpeHHoTO BeecTsa. Teneps (11.60) samuwenm kak

kT’

€

Ym — Yn — Yun T O[AX + InIT{c;ev;)] = 0. (11.61)
Jist HaUBOosIES 1IPOCTOrO Cilyuas ABYX KOHTAKIMPYIOUIHN PACTBOPOB C OUHHM
H TEM JKe PACTBOPHTEEM, HO pa3HLIMH PACTBOPEHHKIMH BEUICCTRANMM COpTA 1
M j COOTBCTCTREHHO B (a3ax 771 W 71 NEPROE CIArACMOC OOPAILACTCS B HYTh,
& OTHOLIEHHE €,y hyy /€y, 1101 3HAKOM NOFapH(pNMA PABHO €AMHHLE N TOTIA

Ay = 5T g ot (11.62)

e Cinl¥yn

Takusm 00pazom. cKauoOK NOTEHLHANA HA TPAHULIE ABYX HANOUALLIHNCS B PABHO-
BECHH PaCTBOPOR C OHUM W TEM KC PACTROPHTEACM OMPLICTAETCA KAK KOHICH-
TpauHen. Tak 0 NOJNSIPHIYEMOCTBIO MOJIEKYJl PACTBOPEHHBIN BELLECTB B KOHTAK-
THPYIOWHX (ha3ax.

B tabn. |1.2 npuseaeHo cpaBHeHUE pacCUuTaHHbIX 0O ypaBHeHHIO (11.62)
CcKa4uKoB noTeHiana Ay (MB) 1 IKCTIEPHMEHTANILHO HIMEPEHIIX MOTEHLHAN0B
(00BIMHO Ha3bIBAEMBIN «HH((PYIHOHHBLIMUY) B BO/AHbIX PACTBOPAX HEKOTOPLIN
coneii. M3 Tabnuiibi BHAHO, YTO PACCUUTANIILIC H IKCTICPUMEHTANIBHBIE JaHHBIE
JIOBOJILHO XOPOLLO COTIACYHITCA MexKAY COOOH.

3aMeTHM, UTO OOLIYHO NPUMEHAENMbIE AT pacueTa «AHM(y3HOHHKIXY TO-
TEHUNAIOB YpasHeHHs THita HepHera—TeHaepcona

I’inT /\ | /\_ ey
A‘P,mq; == = ;T In :
o 9 -,

CHMMETPHUHKI OTHOCUTENBHO 3HAKA MOJABHAKHOCTH HOHA, TIO3ITOMY 3aMEHa MeCT
B KQ/K10H mape 3MeKTPONMTOB, MPHUBEACHHbIX B TadjHLUE. He NpHBeLyT K W3-
MEHCHNMIO A2, B TO BPEMA KAK YKCNCPHMEHT YKa3hIRACT HA Haliuue Takoi
pa3HHLbI.

lpoanddepeHumporas (11.60) no dAx u yuTs, 4TO NOBCPXHOCTHEBIE Ha-
THKCHHS YUCTBIX KHAKOCTEH %, H %, HE 3aBHCHT OT AY. a TakKe HMCHOoNb3ys
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o
D
3

Tao.nua 11,2

Drexrporut | o1 /ex | oy fas | Ax (yp. (11.62)) | Ax. aB (Okein)
KCH/NaCl | 0.1/0.1 | 4.3/3.5 5.3 5.0

NILCKCT] 0.1/0.1 | 5.18/4,3 4.8 4.0
HCI/KCI 0,1/0.1 | 2,68/4.3 19.8 33
KCI/NaCl | 0.1/0.05 | 4.3/3.5 23 19
NaCl/KRCl | 0.1/0,05 | 3.5/4.3 2.4 0.4
KCI/LICT ] 0.1/0,05 | 4.3/3.04 20,8 20.6
LiCl/KCI | 0,1/0,05 | 3,04/4,3 8.7 9.2

W3BECTHBIE M3 BIEKTPOCTATHKH Bhipawerus d~,,, /dAy = —g w do/dAy =

=, (me C JiphepeHiiHanbHas eMKOCTL MCK(BaIHOTO CIoA). T0AYUHM

ypaBligHHE Napadolsl
dymn = {0+ C[AY +
+ 50 ) }dAY,  (11.63)
c

KOTOPOE TaKike HOCHI HA3BaHHE HIEKTPOKa-
nHaaaproi Kpueo# (3 k k). Ha pue. 11.6 npen-
CTABJICHbi ) KK CHCTEMbI MaclO — BOJA.
A
B makcumyme sxx —— = 0
Ax
(371eKTPOKANUANAPHBIIT  MAKCHMYM 3 K M).
Ha ocHoge (11.63). 3Has KOHIEHTPpaLHIO
W MOAAPH3YEMOCTb KOMMOHEHTOB PacTBO-
pa. MOAHO paccuuTarh HOBEPXHOCTHbIH
CKAMOK 1IOTeHUWHalla Had TPaHHue HecMe-
WHRAIOHIMXCA  whakocTedt,  dng  nando-
Jee  XOPOLIO  H3yYeuHoil cHerembl JIBYX
HECMECUIMBAKOIITUXCH KHAKOCTSH, Ha3hiBag-
MbIX Macjio -Boda (BOMAMBIF pacrBop -
poduabHoit conn LiCl u ruapododiioro

~, apr/ewm?

264 TN
/N
290/ \\\ 2
/ \

ol N4

=7 \

20

18 T T T
0,1 0,2 0.3 0,4

2, B

Puc. 11.6. 3anucuMoct norpamini-
HOIO HATSHRCIHA CHCTCMBL MACIIO) -
o/ (LiCI s Bote. BuyNPhy B B mt-

podeHsoie)

BeulectBa rerpady ruiammonns rerpadenunoopara BuyNPhyB 8 nurpoden-
30J1€). B TOMKE KM MPH PaBEHCTRBE KOHWUEHIPAUNT NIEKIPOAHTOB B 0OOMX
PACTROPAX CKAUOK MNOTCHUMANMA HA MEK(DAIHOH Ipanniec HHTPOOEH30N RO/
AXya. /0 = 64 MB 1 NPaKTHYECKN COBNAACT C 3KCHCPHMEINTAIILHBINH JAHHBIMH.
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(Hdns pacuera OblIM HCIOJb30BAHbl CACUVIOLLHE A4EHUA 1LHONAPH3IYEMOCTEH
oy = 1,48 - 1072 5. = 5.1-1072 o,y = 5.02- 107wy, = T4 %
%1072 cM® (31€Ch HIKHIMIL HHACKCAMH B. H. 6. M § 0003HaYEHbI COOTBETCTBEH-
HO BOAA. HUTPoOeH301 1 coik Buy NPhy B, nonapiiyemocTs KOTOpoi RhluHCACHA
no gopmyie Jlopenti - - Jlopenua).

Cnienienve noteAumana » kM Ay, .y, 1o (11.63) npH W3MEHEHHH KOHUEH-
TPaLHH OAHOI0 H3 KOMNOHEHTOB CHCTEMbL MPOHCXOANT NO JHHEHHOMY 33KOHY
¢ HAKNOHOM A A Y, oy /dlne; = 25,6 MB. DKCNEPHMEHTH TAKKE yKa3bIBAIOT
Ha SIMHEMHbIH Xapakrep 10 3aBHCHMOCTH, & TalIFCHC VIild HAKIOHA paseH
dAx/dIne; & 20 MB, Mailo OLIHIASCH O1 TCOPHHU.

11.7. KOoHTAKT MeTAIA € JKHAKOCTHIO

M, HakOHeIL, PacCMOTPHM CiIyHah, KOTua MOJICKYIAPHAA KHAKOCTL KOHTaK-
THPYET € 5kMAKUM MeTamnoM (o <" £ (), TTpoanasupyem cHauana niMeHeHHe
MOBEPXHOCTHOTO HATAKEHHA ANIKOI'O HEIAPAAKCHHOTO MelTdilila NPH [IEPeHOCE
Cro W3 01110 cpe/ibl B APYTY10 (Hanpusep. U3 Bakyyma B TOT MM HHOIT pas0as-
JIGHHBIH PACTBOP BICKTPOITHTA ONHOM M TOH K€ KOHUEHTPALIMK € PpaCcTBOPIITeNeM
copra /). TepMHil «HE3aPHKEIHAA MOBEPXHOCTDY COOTBCTCIBYCT COCTOAHING
NOBEPXHOCTH B ACKTPOKANHIIAPHOM MAKCHMYME (D K M).

TToCKOJIBKY 1H0BEPXIIOC THBIC MOJICKYJIbL K HAKOCTH YHKE OPHEHTHPOBAHbL COD-
CTBEHHBIN BHYTPEHHHM mofeM (cM. hopmyay (11.44)), To prauMoaeifcTBrue ux
€ CKTPHUCCKHM T0IEM METANINA NPH KOHTAKTe a3 MOKET OCYLIECTBIATBCAH
JKUL Yepes e GOopMaHOHHYIO NOTAPH3AIHIO MOIICKYT XK H,1KOCTH — Uepes HH-
AYUMPOBAHHBLIT AHMOABLHBIT MOMEHT i,y = . E. Tlpennonaras, urto pacresop
MMEET MOCTOSHHYIO KOHLECHTPAIIUIO OHOTO M TOTO KC BEIIECTRA M AOCTATOUHO
pasOasiiell BO H30CHKAHAEC HAPYWEHHH CIPYKIYPbl pacBOPHTIEI. BKI41 B 00-
1LY 1O TOAAPH3IALMIO PACTBOPCHHO