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NPEJAUC/IOBHE

XHMHYECKas TCPMOAHHAMHKA ABIACTCA OIHHM H3 BasKHEILLKX pa3aenos (u-
3uueckoil xumun, Ha gy naaMeHTansusie npHHLHNLE TEPMOAMHAMHKH ONHPaIOT-
Cfl NPAKTHUECKH BCE TEOPETHUECKHE MPEICTaBNEHHS PABHOBECHOIO COCTOSHHA
Heenenyembix oonektor. [Mosromy rmybokoe noHMMaHHe OCHOB XUMHYECKOI
TEPMOAMHAMHKH SIBISETCA OCHOBHBIM YCAOBHEM YCHEUIHONO OCBOSHUS JH00bIX
pasaenoB TeopeTHyeckoil Xumun (odueil, Heoprannueckoi, oprannueckoii, ana-
JINTHYECKOI, KOUTOMIHOM H T. /1. ).

TepmonuHamuueckne 3aK0Hbl OHHAKOBO CTIPABE/UTHBLI KaK /U181 MaKpOCKO-
MHYECKUX, TAK W U1 MUKPOCKOMHUECKHX 00bEeKTOR MaTepHanbHoTo Mupa. Ma-
KPOCKONHYECKHEe 00beKThl OObIMHO MCCACAYIOTCH C MOMOLLBLIO METONA MNEPBLIX
APUHLKMOB, T.€. MPUHLMIOB KJacCHYecKoll (MAKpOCKOMUUeCKoii) TepMoanHa-
MHKH, B TO BPEMs KaK MHKPOCKOITHYECKHE — C MOMOMbIO METOAA MOJICILHbIX
runoTes (MeToaoB crarueTHaeckoii Huznku), TepMoaHHAMHYECKHI METO ONH-
paeTca HCKINOUHUTENLHO HA OMLIT, MO3TOMY €70 pe3yabTaThl OTIHYAIOTCS 10CTO-
BCPHOCTBIO, OHH HE 3ABHCT OT HALIMX MPEACTABICHHI 0 BHYTPEeHHEM (MHKpO-
CKOMUYECKOM) MEXAHN3ME H3yHaeMbIX ABACHHI, CYIIHOCTL METOAA MOACITBHBIX
rUNOTE3 COCTOHMT B TOM, YTO BbUABHIAETCA NPEANONOKEHHE O CYLIECTBOBAHHH
HEKOETO BHYTPEHHETO MEXaHH3Ma W Ha 3Toii 0a3e YCTaHaRINBAlOTCA OCHOBHbBIE
HepPThbl PACCMATPHBAEMOTO ABJIEHHA, T. €. CBA3b MEKAY (PHINYECKHMHN 3aKOHAMH
MHKpPO- H Makpomupa. Ecan panee (BnaoTte a0 cepennnbt XX crosietus) oda
METO/Ia CYIIECTBORANN HE3ABUCHMO OIMH OT JIPYIOro. TO Tenepb OHW OpraHu-
HeCKH CIMBAIOTCs Mexay coloi, B3aUMHO A0NoiHAd U odoramas Apyr apyra.
[To3TOMY COBMECTHOE H3NOKEHHUE «KIACCHYECKON H CTATHCTHYECKOH TEPMOIH-
HAMMK» Jy4lle BCero OTBEUAeT 00LIEMY YPOBHIO PasBHTHA (GH3HKN W XHMIH.
WmeHno 3101 Te3ue ABNACTCA OCHOBOIH CTPATErHYECKOI KaHBbl UINOKEHNA Ma-
Tepuana KHUrH. OfHaKo 3TOT CHMOHO3 NOTPedoBaTl HEKOTOPOro YCIOKHEHHS
MaTeMaTHYeCKOTO annapara, XoTa aBTop CTapasics Mo BO3MOKHOCTH BECH MaTe-
puan opmanuzoBarh B HAHOO/EC NPOCTOM 1 10CTY THOT LIS TOHUMaHUs opme,
onpasabisas ciosa Kanta: « B mobom 4acTHOM YHEHHH O MPHPO/e MOKHO HAIITH
Hay K1 B COOCTBEHHOM CMBbIC/IE CTO/ILKO, CKOJIBKO B HEl MATEMaTHKH».

OnHoii U3 3a0a4, CTOABLIMX MEPes aBTOPOM, ObINIO He TONBKO KelaHne 03Ha-
KOMHTb CTYACHTA ¢ OCHORAMH XUMMHECKON CTATUCTHUECKON TEPMOAMHAMHKH,
HO M JaTh NNOYYBCTBOBATH KPACOTY TEPMOAHHAMHYECKUX YPAaBHEHHH W npeino-
AKUTh €AMHBIH MaTeMaTHYeCKHH NO/IX0A K BbIBOAY TEX MM HHBIX COOTHOLIE-
HHil,

CTPYKTYPa KHHI'H TAKOBA: CHAYANA WIATAKTCS OCHOBHBIC NONOKCHUSA Kac-
cHueckoll (deHoMeHoNornueckoil) TepMOAMHAMHKH, 3aTeM TepMOJIMHAMH-
yeckue (PYHKUMMU HANOAHAIOTCA MOJEKYIAPHBIM COAEPKAHHEM € NMOMOLILbLIO
3AKOHOB CTATHCTHUECKOI PHINKN H HCMOL3OBAHHEM CNEKTPATLHbLIX JaHHbIX



8 lipeducnosue

H MOCNeN0BaTeNLHO PA3BHBAIOTCS B PA3NUUHBLIX MPHIOKEHHAX i MPOCTHIX
M clIOKHBIX creteM. KHura coctont 3 15 mag, B kaxkaoii 13 KOTopbix (3a uc-
KJIOUEHHEM MEPBBIX OCHOBHBIX [V1aB) MPEaraloTcs HOBbIC MOAX0 bl Wi Donee
COBPEMEHHBIE BO33PEHNA.

Jlannas kuura, npeacrasnstowmas cofoii nepeyto yacTb oduiero kypea uzn-
HECKOH XHMHM, MOXET ObITh HCTONL30BAHA KaK A1 YTy ONeHHOTO H3yHeH s (-
3MUECKOH XHMHH PABHOBECHOTO COCTOSHIS, TAK W B KQYeCTBE AOTONHHTENLHOTO
nocodua A N3YUAIOWAX APYTrHe cMeknbie odracT 3nanus, Ona aapecosana
MPEHMYLLECTBCHHO CTYACHTAM M ACIHPAaHTaM (U3HKO-XHMHYECKHX CHCLHAb-
HOCTEH, 3HAKOMbIX C OCHOBAMM CTATHCTHMKH, CTPOCHUS MOJIEKY/Ibl. KBAHTOBOF
MEXaHHKH W BAAJSIOLIHX HAYaTLHBIMH MPHEMAMH MATEMATHYECKOTO aHamH3a,
[Mo-euanmomy, kHura cMokeT ObiTh NOAE3HOH TakKe HayuHbIM paloTHUKAM W
NPenoaaBaTensM, Ybi HHTEPEChl CBA3AHLI ¢ NPodNeMamMi TEPMOIHHAMUKH.

ABTOp He cHUMaeT ¢ ceds OTBETCTBEHHOCTH 32 HEKOTOPbIE HETOUHOCTH KK
HﬁﬂpaﬂlmbHOCTH, ﬂ,ﬂl’lyLLlﬁHHHC B KHHIC H }“CKﬂ_ﬂhZH)'BLLIHC OT BHHMAHHUA ﬂp[d P@-
naktupopanin. O GyneT upessbiuaiino GnaroaapeH 3a Bce 3aMeuaniis, KoTopbie
BOZHMKHYT Y UNTATENA,



r'TABA 1
OCHOBHBIE NOHATHUSA TEPMOJANHAMHUKHU

«Kiraccuucckas TCPMOAMHAMHKA
310 canticTBeHnas obmas dmsuec-
ckas reopus. M s vBewen, uro B
PAMEAX [IPUMENCHNiT CBOMX OCHOB-
HBIX NOAOKEHHI OHA HUKOTYIA He Oy-
JeT ONpoBEPriuyTa...»

(A Yirwemedm. 1949 1)

Tepmonnuamuka B cBoeii OCHOBE — Hayka O MPEeBpaLIeHnsIX TerIoTs B pa-
G601y 1 0o0parHo. Haspana oT rpedeckoro ciosa «TepMen (TenaoTa) U « IHHaMIC»
(cuna, padora). OcTaHOBHMCS KOPOTKO HA OCHOBHBLIX MOHATHAX TEPMOAMHAMHKH.

Tepmoounamuueckoe cocmoanue cucimem s — 3To COBOKYTHOCTh €€ CBOHCTB,
H3MEHHIOCH COCTOAHNE CHCTEMbI — H3MEHMIIOCH 3Ha4YeHNe ee croiicTr. Mame-
HCHHE KaKOoTro=1 l'IﬁD CBOMCTBA CHCTEMb! HC 3aBUCHT OT I'IyTH nepcxlma CHCTEMBI
W3 HAYaILHOTO COCTORHIS B KOHedHOe., M3MeHeHHe COCTOAHIS CHCTEMBI Ha3bi-
BACTCA MPOYLCCOM.

Bee cpoiicTa cHCTeMbl (BELLECTBA) NOAPA3IENAIOTCA HA 1BA KIACCA: MHTEH-
CHBHBIC W 3KCTEHCHBHBIC, Humencusnvivmi ceoitcmeanit Ha3bIBAIOTCA CBOICTBA,
HE 3aBHCALUME OT KOJMUCCTBA BEUICCTBA B CUCTEME (TEMIlcparypa, JaBicHHe
H ap.). Dxemencusnbivi HA3LIBAIOTCS CBOKHCTBA, 3aBHCALLHE OT KOMHYECTBA Be-
ecTsa B cHeteme (00bem, Bec, UIMHA U T. 1. ).

Pasnnumne Mexkay SKCTEHCHBHBIMH M MHTEHCHBHBIMM CBOICTBAMH MOKHO
BLIPA3HTL TAK: JKCTCHCHBHBIC BETMHHHBI CACAYIOT 3aKOHY aTHTHBHOCTH, HH-
TEHCHBHBIC — €MY HE NOAYHHATCA. M3MEPEHHE IKCTCHCHBHON BEJINYMHBI —
3TO CpPAaBHEHHWE ee ¢ JAPYroi, onHoponHo# ¢ Heil Beanunnoil (JUTHHa ¢ ATHHOI,
00bem ¢ oObeMom u T. 1. ). HamepeHnue MHTEHCHBHON BEIHYHMHBL MOKET ObITh
OCHORAHO TONBLKO HA TOM, 4TO, 110 BbIPAKEHHIO ['erelis, «uMeeT CBOIO onpee-
JIEHHOCTb B HEKOTOPOM Apyromy». M3amepeHne MHTEHCHBHOH BENHUHHbI COCTO-
HT B HCTIONIL30BAHHH OOBEKTHBHOH CBAZM MEKIY H3MEHEHHEM 3IKCTEHCHBHbIX
H HHTEHCHBHBLIX BelanunH. Hanpumep, ans W3MepeHns TeMrepatypsl Mbl yHo-
Tpedigem TepMOMETP. KOTOPbIIT HHTEHCHBHYIO BEAHYHHY — TeMmneparypy —
(prKCHPYET MyTEM H3MEHEHHS 00beMa PTYTH (IKCTEHCHBHOM BETHMHHDI).,

Kaknoii sketeHcHBHOIl nepemenHoil Y cooTeeTeTRYET Hadop nepemeH-
HBIX ¥, onpenensembix kak y; = dY/dn; (rne n; — u€ucno Monei i-ro
KOMMoHenTa). TakHe MHTEHCUBHBLIE MEPEMEHHLIE HA3BIBAIOTCHA MapLHATLHBI-
MH MOJIbHBIMH BEIHYHHAMM, CBA3AHHLIMH ¢ IKCTEHCHBHLIMH NEpeMEeHHbIMK Y.
B unrerpansuoii hopme, cornacuo teopeme Jitnepa, Y = 3 n;y;.

MHTEeHCHBHBIC CBOIICTBA TEPMOIAHHAMMYECKOH CHCTEMbl HA3LIBAKTCS mep-
MOCUHAMUYECKUMU napavempavy cocmonatun CHCTEMbL. Hawubonee _\r’ﬂOGH.bI MH
NapameTpaMi COCTOSHUA CHCTEMBbl ABIAIOTCH TEMMEpaTypa, AaBjieHWE, MaoT-
HOCTL (yaenbHbiil oObem) Tena. B ToM ciyuae, KOria Ha YHCTOE BELIECTBO



10 I 1. Ocnosnete nonwsimus mepMoounamisi

HE OKA3LIBAETCA KAKHX-THOO BHEIIHIX BOBI.[CﬁCTBHﬁ, COCTOAHHE 3TOTO TENAa MO~
KeT ObiTh QJAHOZHAYHO OMPLJIENICHO. ¢CNM H3BCCTHBI NIBA HHTCHCHBHBLIX HE3aBH-
cumbix napametpa. Joboit apyroii napamerp signsercs (pyHKUMEN 1BYX 3anaH-
HBIX MapaMcTpoOB.

Taxum oGpazom, M00bie TPH NapamMeTpa COCTOAHMA (Hanpumep. nasneHue P,
yaenshelii odbem V' temneparypa 1') 4HCTOTO BemecTsa OZHO3HAYHO CBS3a-
Hbl Me#/1y coOO0H. YpaBHeHHA, CBA3LIBAIOLIME MEKLY COOOH ITH mapamerpsl,
HA3LIBAKOTCA VPAGHEeHUAMU COCINOANUA. YPEIBI-IL‘HHC COCTOAHNA HIACANLHOrQ ra-

3a PV = nRT (rae n uicno moneii rasa, T’ abcomoruas Temnepa-
Typa, YHHBEpcalibHas rasoas noctosHuas B = kgNa = 8.31 Jax/(mons - K).
B cporo ouepear kp = 1,38 - 107 Jlw/K — mnoctosunas Bonbumana,

a Noa = 6,02 107 monb™! — umeno Asoranpo) B o0iem ciydae MOKHO
puipazuth kak f(F, T, V) = 0.

TepmonuHamiueckas cHCTEMa MOKET COBEPIUATL PasiuvHbie BHALI padoT:
padoTy paciliMpeHHA NPOTHE CIJI BHEILIHETO NaBicHus, padoTy YBEINUEHUS 110-
BEPXHOCTH MPOTHB CHII MOBEPXHOCTHOTO HATSKEHHS, PadOTY nepemelleH s Tena
B MOJE TATOTEHHS W T. .

Hecmotps Ha paznnune Qu3nueckoii cyHocTH Kaxaoii u3 3Tux pador od-
UIHM 118 HHX SBJISETCH TO, 4TO COOTHOLICHTS A MOACHETa BEIHYHHBI padoThl
TV 8yayT cTPYKTYPHO OIMHAKOBL! H MMETh BHIL

dIV = XdY, (1.1)

riae X — BHewmuasn cuna, ncﬁc'mymlu.im Ha CHCTEMY Y — napaMmerTp coctoaHmn
CHCTCMBbI, C-OTIpH}I(eHHbIﬁ c.X.

B TepMoaHHAMIKE TIPHHSATO Ha3biBaTh BeAWUNHY .\ 0000HICHHO CHIOI,
a Y — odobuieHHoii koopauHaroii. Eciin cuctema copepluaet padoty, ceazaH-
HY1D € YBCITHYCHHEM o0beMa CHCTEMBI "—, NPOTHE CHJT BHCLIHETO AABACHHA P
(paboTa pactuvpeHusa), To AWV = PdV. (12)

Cuctema, B KOTOpOii eIMHCTBEHHBIM BHIOM padoTLl ABNAETCA padoTa pac-
WHpeHHs, Ha3biBaeTea npocmot. ECan e cuerema, nomumo padoTsl paciimpe-
HUA, COBEPIIAET W JIPYrHe BHJILI PaboT, OHa HasblBaeTCs CIOKHON. Yenosumes
o0o3Ha4aTh paboTy CIOKHON CHCTEMBI B BHIC CYMMbI

dW = PdV +dW', (1.3)
rae W' — Bee octaibHbie BUABI padoT, Kpome paboTbl paciunpeHis.
C yuerom oGozHauenuii (1.1): dWW' = X'dY"’.

1.1. IepBbiii 3axoH Tepmoannamuku. Padora, remora u
BHY TPEHH S YHEPrust

Beskas paGora cefzaHa ¢ NpeoioIeHHeM CONPOTHRICHUA — BEC TeNa, JaB-
JIeHHe rasa, TPEHUE OHOrO Tena O ApPyroe, YOPYrocTb NpyxuHbl M T. 4. Co-
MPOTHRICHHE MPEOAOICRACTCA NPH ABHKCHHM: IPY3 MOAHHMACTCA, NOPUICHD
B UMJMHAPE MEepeMeLaeTcs], Tea0 CKoMb3NT Mo MI0CKOCTH (Mo ApyroMy Teay)
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1 T. 1. be3 npeojoneHns conpoTUBIEHHA NPH ABWKEHNH HET paborsl. Takum 06-
pasoM, paboma— 370 nepeada yrnopsaoueHHOro BHKCHNS 0T OJTHOH CHCTEMBI
K Apyroii. ToJbKO B MOMEHT Nepeaaul yiopsa04eHHOe JBIKEHHE ABISETCS pa-
GoToil. B nepenaye ynopsanoueHHOro IBHIKEHIS YUaCTBYET HE MEHee JIBYX Teln
(cuctem). Oxn oOpazytor oba koHua nepenadn. Tak, noj AeAcTBHEM Ipy3a Ha
TOpLIeHE MPOUCXOANT CRaTHE raza. Mel TOBOPHM O Mepeaade aABHKeHHs OT Tpy-
3a K nopuHw. Padora B 0duiem ciydae He ABISeTcs CBOHCTBOM CHCTEMBL, H e¢
KOJIMYECTBO He Onpe/iensercs HaYaNbHBIM H KOHEUHBIM COCTOSHHAMM CHCTEMBI,
T.€. padoThl B CHCTEME HE CoilepikuTea. B clcreme colepinTes ABIKEHHE.

Tennora, Tak %e Kak 1 pabora, He SBIAETCA CBOHCTBOM CHCTEMbIL, O HEll MOXK-
HO FrOBOPHTB TOMBKO B CBA3H C MPOLECCOM 11 BO BpeMma nipoLiecca. Tenroma — 310
nBiKeHue B nepenaye. [epenaya ABHMKEHHS OT OIHOI CHCTEMbI K APYTOH B 3TOM
cnyuae ofyC/IOBIEHA TeM, UTO TeMreparypa nepBoif CHCTEMbl Bbillle TeMmepa-
TYpbI BTOpOii. Mbl roBopum: asmkeHne B (JopMe TENIOTH MEPeLio OT 0AHOI0
Tena K Apyromy. Makceeni, no-euanMoMy, Nepesiil oxapakrepisoean padoty
KaK YNOPSAoueHHOe ABIKEeHHe, a TemIoTy — Kak nepeaady 0ecrnopsaouHoro
JBUKEHNS.

OnHako 10 onpeaesieHue ABigeTcs YCIoBHeIM. Meway Tennoroii u pabo-
TO#, Kak OblI0 yeTaHoBIEHO JDKOYIEM, CYIIECTBYET CTPOTAs IKBHBAICHTHOCTS
(TPHHINTT 3KBHBANEHTHOCTH), TI0 KOTOPOH OTHOLLIEHHE MPOW3BEICHHOI CHCTe-
Moii padoTet 117 n cyMmMapHOroe koinuecTsa TeMnoTh B Kpyeoson npoyecce (Qypyr

BBIPAXKAETCA B BIjIE W/ Qs = I, (1.4)

rae I—' MEXAHHUECKHIT BKBHBAICHT TEnna.

M3 (1.4) caenyet. uto 1 xamopus = 4,18 JLk. Ecnu tennora u padora
H3MEPAIOTCS B OIHAX W TeX ke eanHniax, 10 W/Qq,, = 1, u Torna wns kpy-
roOBOTO npoLecca seinunna pasHoctu (Q — W = 0. Jlna nexpyeosoco npoyecca
BesidnHa pazHoctn (@ — IV 3asueHT TONLKD OT HAYalbHOTO H KOHEHHOTO Co-
CTOSHITTT CHCTEMbI W HE 3aBHCHT OT MYTH MEPeXo/la CHCTEMBL, T. €. Onpesiensercs
BHYTPEHHHM COCTOsHHEM (npuponoii) cnctemsl. [lpuBenem popmansHoe vpas-
HEHHE CBA3H TEMIOTH 1 PaboThl MPH NEPEXOIE CHCTEMBI 13 OAHOMO COCTOSHHS
B Ipyroe B oduem ciyuae.

OGo3zHaunM uyepes . yi, - .. BEIHUYHHBI, OTIPEIENSIONIHE HAYaIbHOE CO-
CTOAHUE CHCTEMbI, @ Hepes Ea, Y. ... — €€ KOHeuHoe cocrodHue. Torna s
moforo npoiecca MoXKHO 3aMucars, 4T0

Q-W = f{&1, Yrsores T2, Y2, 0 ). (1.5)

B kpyroBom npouecce #; = T2, ¥ = Y2, a penuunna () — W = 0, cneno-

BATEJIbHO, U
F@n g, o o, ...) =0 (1.6)

[Mocnennee ycinosue Beerna BeinoaHseTcd, eciin GyHkuus f pasHa pasHocTH
ABYX 3HaueHuii HekoTopoii apyroit gyukumn L. OtHo 3Hauenne >Toil GpyHKim
U/ 10IIKHO 3aBICETh TOJILKO OT HAYQILHBIX 3HAYEHMIT X, Y1, - ... 4 JAPYTOE —
OT KOHEUHBIX 3HAUeHHil T2, Y2, ..., T. €.

f(.’t.'-].. My ooy Ta, Yo, .. ) = L"g = I-’—i s AT (17}
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CrnenopareiLHO
Q-W=U,-U, =AU. (1.8)

Ecnn koHeuHoe cOCTOAHHE CHCTeMbl DECKOHEUHO Maso OTIHYAeTCs OT Ha-

YankHOTro, To BMecTO (1.8) 3anuiem
0Q = dU + oW, (1.9)

B arom ypasuennu U, nassaunas Kiaysuycom envmpennett anepeuet, Bol-
CTYMAET KaK MEpd MaTepHasbHOrO JIBUAKEHNA BO BCEX €r0 NMPEeBpalleHUsIX 3
onHoii (opmbl B Apyryio. B npenenax TepMOAHHAMHMKHM BHYTPEHH:AA JHEPrus
BhICTYNAET Kak o0lias Mepa paboTel M TEMNOThL. BHyTpeHHei sHeprueii Mbl Ha-
3bIBAEM YHEPIHIO, 3AKIIOUEHHY10 B cieteme. [1pu 31om oObitiHO He yunTbIBAeTCS
KHHETHYECKAA IHEPTHA CHCTEMbI B LIEJIOM M NOTEHLNAIbHAR IHEPTHA CHCTEMBI
BO BHelIHeM rosie. [Ipin MIKPOCKOMHYECKOM PACCMOTPEHNH 3TO 03HAUAET, UTO
BHYTPEHHAA JHEPIHA PaBHA CYMME KHHETHYECKOIH SHEPrHH OTAEbHLIX MOIE-
KyJ1 H 3HEPriH B3aHMOICHCTBHA MEHILY HHMH. JIpYrHMH ClIOBaMH, BHYTPEHHAS
IHEPIUA CHCTEMBI ABAACTCA (PyHKUMEH JHLIL BHYTPEHHUX MapaMeTpos cocTos -
HUA (TEMIEPATYPhI, MACChI OTAENhHBIX JIEMEHTOR CHCTEMBI H T. 1. ) M ABIAETCS
axcreHcuBHOll Bemunnoll (U = 37 Ui, me U; — BHyTpeHHsis sHeprus i-if
o0JacTi CHCTEMDI).

Vpasuenns (1.8) n (1.9) npeacrasiator coboil MaTeMaTH4eCKOE BblpakeHHe
NEPBOro 3aK0Ha TEPMOAHHAMHKH, KOTOPbI MOKHO NpouHTaTh Tak: « Temio.
NOOGEOCHHOE K CHCMEME, IMPAMUMCS HA COGEPIIEHIEe PABOMbE U UMEHeHIe
BH"I'H?PL’HH(:’!:‘ IHEP2UU CUCMEMBIY,

[epesiii 3aK0H TepMOAUHAMHKH BbIPAMKAET 3AKOH COXpaHeHHs 1 NpespaLlie-
Hust Hepruu, a ypagHeHus (1.8) u (1.9) no3eonstor BBIMHCIAATE TOIBKO NPHUpa-
HIeHHE IHEPTHH. DTO NMPOMCXOANT B PE3YALTATE TOr0, 4T0 BEHYHHLL (Q 1 W
CBSI3aHbI HE C COCTOAHMEM CHCTeMbl, a obsAsaresnbHo ¢ npoueccom. [Tosromy
senutiHa () — W onpenensieT npupaiieHse SHEPrul CHCTEMbI, HO HHKAK He
FHAYEHHE €€ IHEPIMH B JJAHHOM COCTOAHHU.

B ypasuennn (1.9) nepen cumBonamu tennotel (@ v pabote W cTouT 3HaK 6,
0TOOpAKAIOLINIT HEKHE KOHEUHbIE NPHPALLEHHS ITHX BEJIMYMH, @ Nepel CHMBO-
aom U — BHY TpeHHe T SHeprun — 3Hak d, CBHACTENLCTBY HOHIHIT 0 TOM, UTO BHY-
TPEeHHss IHeprud sABnsercs GyHKUneii COCTOSHI, KOTOPas He 3aBHCHT OT MyTH
npotiecca. B CBA3M C 3THM B TEPMOAMHAMHKE MPHHATO Pa3lefiATh BCE TEPMO-
JHHaAMHYeCcKHe PYHKUMH Ha ABe KaTeropun — @vHkyul cocmoanist n dvikyui
npoyecca. COBEPLIEHHO OUEBHIHO, Y4TO (BYHKUMH COCTOSAHMSA — 3T (Y HKLNM,
Aundipepennman kotopsix AsngeTca nonHeiM Anddepeimanom, a GpyHKIMH npo-
uecca — 310 (yHKUMH, auddepeHiinal KOTOPLIX He ABsSeTca noHeiM andde-
PEHIHATOM.

[TousTHO, 4TO Upe3BLIYAIHO BAXKHO BLIICHUTb TIPH3HAK, M0 KOTOPOMY MOMKHO
OIMPE/ICANTD, ABNRETCH M AaHHaA Py HKuKs Py HKIHe ! cocTosHuA i Gy HKuned
npouecca. Takoit npusnak Obu1 npeuoxked Ditnepom.

Ho mpekae Bcero ykakem, uTO MHOTHE TePMOIAWHAMHYECKHE YpaBHEHWS
CTPYKTYPHO CXO%H Mexk Ity coDoil. OHn umeroT obiunii sun

Z=A(z1, ..., xpy)dey + -+ Ay, ..., @) dey,. (1.10)
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Croswas 8 npasoii yactu (1.10) cymma

Z Ailey, ...y @) de;

HasbigaeTcs AnrpepeHunanbibim Boipaxennem [badda niu ndaddosoi
hopmoit.

Taxim oOpasom, ypaBHEHHE NEPBOTO 3aKOHA TepmoarHamMiKH (1.9) as npo-
cThIX cuctem npeacrasiser coboit ndaddosy Gopmy ABYX nepemenHbIX; i
CHCTEM, COBEPIUAIOLIHX MOMHMO PabOTLI PaCIUHPEeHH, e1lle OIH BHA paloThl —
ndaddosy hopmy Tpex nepeMeHHLIX U T. 1.

s crctemsr, ommckiBaemoitl dyHkumei AByxX nepemenHbix (1.10), MmoxHo
3arnMcarb COOTHOLIEHHE

dZ = M(x, y)de + N(x, y) dy. (1.11)

Ecnu ndaddosa popma (1.11) senserca nonseiM auddepeHLnanom, To

M = ("’Z) . N= (ﬂ) . (1.12)
oz ), oy ),

B coorsercreui ¢ Teopemoii bepuyiuin — Diinepa s Gyuxunn Z (o, y) 3Ha-
YeHHe ee BTOPOii CMeARHOH POM3BOIHOI He 3aBHCHT OT nopsiaka Andepen-

LHPOBAHA. TC'l}'],a
ah N =
o T 8 (1.13)
ity 4t o i

Orcioza BuAHO, 4TO eciy s anddepeHimansHoro coorHomenus (1.11)
Bbinonuserca ycnosue (1.13), ro audepenupan dZ spnserca nonusim audde-
PEHLIMANIOM H, CIe0BaTenbHO, DyHKINS Z apasercsa (yHKIMelt cOCTOA M,

&M ON
Ecan ke yenosue (1.13) He BuimoangeTcs, T.e. (}—) # (d—) , TO
oy z i Y
nipaddoea popma B npapoii yactu (1.11) He apasercs nonHsiM AuddepeHuna-
JIOM 1, caeloBarenbho, GyHkuns Z ssasercs QyHKimed npouecca.

PaccmoTpim ypaBHeHHe NepBOro 3aK0Ha TePMOJHHAMIKN JUIA [1POCTOil cu-

CTEMbI, 3aMHCAB €r0 B BHE

dQ = dU + PdV. (1.14)

M3 3T0r0 COOTHOLIEHHA CJIeAyeT, YTo BeliMunHa () npeacrasieHa B Bue
pyuxkunit U n V', B odoznavenusax ypasuenns (1.11) 3pece M = 1, ¢z = U,
N=Pny=1V,Orciona

oM . IN opP &
—_— — U. —— = 0. 1.15

[TockoneKy 3TH 1BE NPOH3BOAHBIE OTIHYAIOTCA APYr OT Apyra, anddepen-
uuas dQ He seasercss noaHsiM anddepenipanom, T.e. ( aeasercs QyHkimei
npouecca.

AHANOTHYHLIM 00pa3oM mokaxkeM, yto anudepennnan pabotsl dV He asns-
etTca nojaHeiM andepenunanom. /s npoctoii cuctemsl pabora, cosepiuaemas
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cHCTEMOIl, ecTh paboTa paciMpeHus rasa, apasioulascs QyHkuueli aByx nepe-
meHHbIX P u V. Jlnddepeniuan 31oi hyHKimn B 001EM BHJIE MOKHO 3aMHCATh KaK

dW = MdP + NdV. (1.16)

B 1o ke Bpema diV = PdV, wrorna e obosHawennax (1.1 M = 1.2 = P,

N=Puy=V
(ﬂ"_") =0 (ﬂ) =4 (1.17)
dy /. oz /

[lockoneky nponsBoaHkle pasnuaHel, 1ndpepenunan di ne spngercs rnon-
Hbim andeperunanom, a padora paciwnpenns 1V sasucur or nyTH npouecca.

1.2. Tlponeccsl B HaeaabHBIX razax

H3obapuuecknii mpouece — 3TO NMPOLECE, NMPOUCXOAALMI TPH MOCTOMH-
Hom pasieHnn P = const. Temneparypa 8 cocrosunax ¢ P Vi u P15 onpe-
JensieTcs YpagHEHHWEM COCTOAHMS W pasHa cooTeercTienno T = P Vi/R

u Ty = P.Vy/R. Tlpn sTom npongcce

p |Msorepma € yBeJIHUeHHEM 00bEMa K CHCTEME HeoD-

‘' Annabara XOAHUMO TMOABOAHTL TENNOTY IS TOrO,
) {M3oxopa uTobbl 00eCneunTh MOCTOAHCTRO J1aB-

R nenns. B obmem Buge pabora nanno-

| I306apa’s; a b o [poLecca ONpeaeiseTes MHTErpaiom

W= Jp. AV = Py(Va —V3). (1.18)
1

B koopaunarax P,V pabora sro-
ro npoiecca n300pakacTcs rioma/ibo
non opamol ab, u BeprUkaIAME, 1pO-
XOASUHMH uepes HaualbHY10 (TOuKa a)
1 KoHeunyio (Touka b) abcumccwl. Ha
puc. 1.1 — 210 nuou@lb NpIMoyroiib-
2 ¥ Huka Viabs.

Hsoxopuuecknii  npouece. 3710
NpoLECE, OCYILECTBIAEMbIIl Npu noc-
TosHHOM o0keme V' = const. Pabo-
Ta B 9TOM [POLECCE paBHa HYJIO (Ha
puc. 1.1 3t0 npamas ac, neprnexankyaspHas ocu V7). Pabora sToro npouecca

e

S
sl S N__________________
=

4

Puc. 1.1, Pabora naeaasHoro rasa B pas-
JIMMHEBIX TIPOLECCax

W= |PdV =0, (1.19)

s
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H3oTepmuuecknii npouecc. ITOT NPOLECT OCYIIECTBASETCS NPH NOCTOAH-
Hoit Temneparype 1" = const. Pabora paBna

BrY - piin 2, (1.20)
v Vi

W= J PdV =
1

L =

31ech HCTIONL30BAHO YPABHEHHE COCTOSTHUA MAeanbHOro rasa. B atom npo-
Hecce BHYTPEHHAA IHEPIHA HACAILHOIO ra3a He nimensercs. [Toryromy us nep-
BOT'O HAYANA TEPMOJAHHAMHKH clieayet, 4to 40 = 411, I1o o3mavaer, uto B 3o~
TEPMHUUYECKOM MPOLECCE BCE KOMHYECTBO TEMIOThI, 0ABOIMMOE H3BHE, HAST Ha
corepiieHie paboTst (Ha puc. 1.1 — 370 miowans noa Kpusoii ad).

Aanadarnuecknii npouece. B 2ToM npouecce oTcyTcTBYET TEna10odMeH
¢ OKpyKaowweii cpenoii, .e. d¢) = 0. [Toaromy nepsblii 3aK0H TEPMOANHAMHKH
Cﬂe,ﬂyL’T 3ANHCAThL B BUAE

CyvdT + PdV = 0. (1.21)
Hasectho, uro P = RT/V. Torna
Cval + Zgy =L L B & g (1.22)
v T Gy}

1o VPABHCHUE NOCNIC HHTEIPHPOBAHWA H [IOTCHUHPOBAHUA HMECT B
TVE/Cv = const. (1.23)

Hcnonsays yvpasnenne Maitepa Cp — Cy = Ru Cp/Cy = 7, okoHuarens-

HO OvieM UMeThb R
TV = const. (1.24)

Pabora annabaruyeckoro npouecca Ha puc. |.1 npencrasieHa miomaibo
1o Kpusoii ae,

Ananus puc. 1.1 noxassiBaet, 4to Hanbousluas pabora peaiusyerca B H30-
Oaputeckom npornecce. U3 Benninnbl paboTsl B aAHA0aTHHECKOM MPOLIECCE Orn-
peaeaneTcs H3MEHEHHE BHYTPEHHEH IHEPIrUH CHCTEMbI, [IOCKOIbLKY B JaHHOM
MPOLECCe OTCYTCTBYET TerUIo0dMeH ¢ OKpyKaroeii cpenoit. Jta pabora oHO-
3HAYHO OMpENeAeTCA HAYaNbHbIM H KOHEUHbIM COCTOAHHAMH CHCTEMbI, NMOITO-
MY BHYTPEHHSS 3HEPrus u Apnaetca GpyHKIHEH cOCTOTHNUA.

OueBHIHO, HTO BHYTPEHHAN IHEPIrHsi 3aBUCUT OT TOIO, Kak MOBLIIACTCA
Temneparypa rasa ( B npocTblX CHCTEMax) npH nocroaHerse odbema. Ha npax-
THKE SHAYMUTETBHO Yalle nenob3yioT NOCTOAHCTBO JTaBICHIA. B aTux yenoBuax
VAOOHO NpHMEHUTE HOBYIO (QYHKLHIO, KOTOPYIO N0 npemiokeHuto Kamepiaunra
OHHeca Ha3BaIH IHMAILALET TIO0 CO3BYUMIO C 3HEP UEIL.

1.3. DurTaasmnus

Bsenenue 310it GyHKUNY OCYLIECTBHM, UCNIONL30BaB, TaK HA3LIBAEMOE, [Ipe-
obpasosanue Jlewanapa (npeaiipazosanue npuxociosertem). C NOMOIIhIO 3TOTO
npeoGpaloBaHni MEHAIOTCA POIAMH 3aBHCHMbIE H HE3aBHUCHMBbIE NepemMeHHbIe.
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PaccMOTPHM MPON3BOILHYEO QYHKIHIO ABYX nepeMentbix Fy (2, y). OueBuano,
4TO noaHbtit AndepeHitnan Toit Qy HKIHK 3anuieTes B BHIC

dFy = Xdz + Y dy, (1.25)

e X =(0F,/0z), w Y =(0F/0y):. (1.26)
Beenem reneps pynkumo Fy = Fy — X OueBnano, uro

dFy = dFy — Xdr — 2dX = —xdX + Ydy. (1.27)

Taxum oOpazoM, B pe3y/IbTare 3TOro npeodpazoBaHisa 0CY IS CTBISH MEPEeXo
OT HE3ABMCUMBIX [IEPEMEHHbIX &, K 3aBUCHMbIM nepemertbiv X, 1. Mubimy
CIIOBaMI1, YTOOBI MOMEHATL PONAMI 3aBHCHMYIO ¥ HE3ABHCHMYIO NepeMeHHble,
HEOOX0AMMO HCI0IbL30BaThH CJACAYIONIEE COOTHOLICHHE!

Xdz = d(Xz) — zdX. (1.28)

Kak 6yzet nokaszaso B nanbHeiiiem, npumeHeHne npeodpazopaHus Jlexan-
Apa K pyHkunn U no3BoauT noayunTh pAl BKHEHIINX TEPMOAHHAMHYECKHX
dyHKLiL

ITpumennm npeobpasoeanne Jlexanapa ang ypaeHenus (1.9), sanncae ero
oTHoCHTENBHO dU.

dU +d(PV) =60 — PdV + VdP + PdV = Q + VdP. (1.29)
O603Hau MM
dU 4+ d(PV) =d(U + PV) = dH. (1.30)
®yuknus H = U7 + PV HazwiBaetcs sumarenuei.
Teneps nepsbtii 3aK0H TEPMOAHHAMHKN MOKHO 3aNHCaTh B BUIE
8 = dH — VdP. (1.31)
Cootnowenne (1.31) cosepiuenHo aHanorndHo cootHoweHmo (1.9) ans
HeanLHOrO rasa, T. e. pusnieckuii CMbICT BHOBL BBE/IeHHOI iy HKIINH He OTIH-

qaegrcs o1 ElJiﬂH‘lt.‘Cl(Cll‘O CMbiCiia BHy'I'pEHHeﬁ IHEPI'HH. Ounako TeHneps renora
HiMepseTcs npi NOCTOAHHOM JaBlICHUN (P = const). T.e.

6Qp =dH. (1.32)

TouHo Tak:Ke MOXKHO BBIPA3UTh U TEMJIOTY NPH MNOCTOAHHOM obbeme (V7 =
=09/ 5Qv = dU. (133)
M3 ypasrerns (1.30) crieryer, 4T0 NpH NOCTOSHCTBE TEMIEPaTyPhl B CHCTEME
Ap=0Qv+PV wm Qp=0Qv + AnRT. (1.34)

MMockonbky (2 p 1 (Qy — XapakTepHCTHKH NpoLecca, TO U1 HIealbHOrO ra-

33 NPH MOCTOAHCTBE TEMNEPATYPhI cOOTHOWEHNE (1.34) MOKET peann3oBarbes
TONBKO JIHILEL [TPH HAMEHEHNN UYicia mosieit raza An. Takum 00pazom, 3HTaN b
OT/IMYACTCS OT BHYTPEHHEH 3HeprHM TO/ILKO Ha BEHYHHY padOThl OCYLLUECTBAA-
toleiics B cncteme (MM OCyIecTRISeMOi cHcTeMoi) BCaeACTBIHE W3MEHEHNS
obbema nocieaHei.
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1.4. Temuossie 3pdexrni

Eciu ToT win HHOM npolece nporekaer TepMoaMHaMuieckn Heodparumo,
a NoJryuaeMbie MPOAYKTHl HMEIOT TY e TEMIMEPATYPY, UTO W HCXO/HBIC Bellle-
CTBA, TO TEIUIOTY, BbLACNSEMYIO WK NOMIOLIASMYIO B YTOM IPOLIECTe, HA3LIBAIOT
menioaaim sghchexmon. Kak Buano w3 (1.32) wan (1.33), npi nocTosHCcTBE JaB-
nenus PP nan obbvema V' tennora npuobpertaet cMbica (PYHKLHK COCTOAHMA, a
MOITOMY HE 3aBHCHT OT nyTH nipotecca. Hesasncumocts tennosoro siekra ot
MYTH €ro nporexaHus dblla yeTaHoB/IEHa SKcnepuMenTansio I'eccom B 1836 1.
H HOCHT Ha3zeaHHe 3akona [ecca. Ou 3pyuur Tax: « Ternogon aghgperm npoyecca
He 3deicum om Hp(l-\f&)f(:‘l-‘!?l’()‘”fblx cmaluii. a (mpe()amemwf JAUME HAYUATHHBIM
U KOHEUNBIM COCMSTHUAMU CHCIMEMBI Y,

M3 3akona lecca MOMKHO BbIBECTH 1€kl paj ciaeacTBrii. Bamueiiwmvm ns
HIX SIBISKOTCS:

Tennoson aghghexm peaxyuu pasen @izefpauteckon cvvve meniom obpa-
S0RAHUA PEAreHntos 13 NPOCKBIX Geljecms, T.€. CYMMe TeroT o0pazoBaHus
MPOAYKTOB PEakKiliii 3@ BLIMETOM CYMMbI TE€Ni0T 00pa3oBaHis HCXOAHLIX Be-
LIECTB!

AH =) (AHosp)mpon — D (AHos)ncx- (1.35)

Tennosoti ahcherm peariyuu pasen areebpauieckon CyMme meniom ceopans
peazenmos 00 OOUHAKOBHIX RPOOYKRTOE, T. €. CYMME TEIUIOT CropaHus HCXOAHbIX
BEILECTR 33 BbIYETOM CYMMBbI TETUIOT CrOPAHNA MPOAYKTOB PeaKiiHi:

AH = Z(AHurup)uux = Z(-‘ﬁHcrup)mul- (]-36)

B ypaenusx (1.35) u (1.36) yunrbiBaiores crexnomerpuieckue kosqdu-
LIMEHTBI H YUTEHO, 4TO Ternossle 3 PexTs 0THOCATCA K OIMHAKOBBLIM arperar-
HBIM COCTOAHHAM NPOCTHIX BEUIECTE (EC/IM PEAreHThl HMEIOT PAa3HLIC arPeraTHbie
COCTOAHNSA, HEODXOAUMO PeaKLHIo MPOBECTH lf OIHOTO U TOTO ke (azoBoro
COCTOAHMS M YUECTD TEMNOThl (Pa3oBbLIX NpeBpateHHii).

Ha ocnoBannn 3akona ['ecca MOKHO paccuuThIBATE TEMIOBbIE MPPEKTH! pe-
aKUHMil, HEAOCTYNHBIX HEMOCPEACTBEHHOMY N3MEPEHHIO HIN CBA3AHHBIX C OMpe-
NENeHHBIMK TPYHOCTAMMU. JI715 3THX pacueToB HeoOXouMO, uToOb! BCe Tero-
Bbie IPPeKTh GBI OTHECEHBI K OAMHAKOBBIM YCI0BHAM, OObIMHO HCNONB3YIOT
3HauEHUA TenoBbIX PexTos npu masaewnn P = 1 arm = 1,01325 - 10° Ta
u Temneparype 298 K. 91u sHaueHus Tennoseix dMPEeKToB Ha3bIBAKOTCS CTaH-
NapTHLIMK # 0003HavaloTeA AH }' 295 — A8 TennoT obpazosanns 0 AHY,, —
/1A TENJIOT CropaHua. 3Ha4YeHUA CTaHAaPTHBIX TeroT 00pasoBaHHA H CropaHHs
cBefieHbl B Ta0MLbl N MPHBOAATCS BO BCEX TEPMOXHMHUECKNX CIPABOUHHKAX.

1.5. TemwioeMKocTh

Tennoemrocts ' cHCTEMBI PaBEHa KONHYCCTBY TETUIOTHI AQ. KOTOpOC He0O0-
XOAHMO MOIBECTH K CHCTEME, YUTOObI MOBLICHTL ee Temmnepatypy Ha AT = 1 K
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MpH 3a1aHHBIX YCIOBHAX.,

[TOCKOMBKY TETMIOEMKOCTh 3aBHCHT OT TEMNEPATYPbl, TO CEAYET NepeiTH K
npeaeny

C = lim o (1.37)
T—0 AT

Ho AQ onpeneisercs He TOJIBKO COCTOSHHEM CHCTEMbI, HO H XapaKkTepoM
nyTi. [ToIToMY TenIoeMKOCTL TakKe JIOMKHA ONPEeNSITLCA YKAZaHHeM My TH,
M0 KOTOPOMY CHCTEMa 1ojyHaeT GECKOHEYHO MaIoe KOJIM4ECTBO TernaoThl. Ec-
A, HANPHMED, NOANEPAKHBATL 00beM cHcTeMbl noctoaHHsM dV = 0, To U3
MepBOro 3akoHa TepMonHHaMuki 0 = dU + PdV’ mur nomyqmm, urto 6¢) = dU
H TEIJIOEMKOCTh OYIET paBHa

C = lim (ﬂ) =Gl (ﬂ) : (1.38)
THON\AT )y ar /

[TomoOHbIM Ke Oﬁpasom MOJTYHIM BbIpaKEeHHE A4 TENJIOEMROCTH NPl Mo-
CTOAHHOM JIABJIICHHH

C = lim (ﬂ) =Cp= (‘”‘_’) ; (1.39)
PO} AT P=const or / p

B npouzsoaueix, Bxoasinux B ypasuedns (1.38) un (1.39). U7 n V" pacemarpu-
BaroTes Kak GyHkuun P u T'. [1pn 3T0M BHY TPeHHSASA IHeprus, ABnasck GyHKuuedi
COCTOAHMA, ecTh (PyHKIMA TpeX nepemenHslX 2, 1" n V. Ho Tonkko nBe U3 Hux
ABJISKOTCSH HE3ABHCHMbIMH MEPEMEHHBIMI, [I0CKOIbKY OHH CBSA3aHBI YPABHEHH-
em cocrosung f(FP. T, V') = 0. IloatoMy Mbl MOEM BbIOpaTh MPOH3BOILHO
U=UP.TYwmU=U(V, T).

Tennoemkoct C'p n Cy HA3LIBAKOTCS COOTBETCTBEHHO U206aPHOL N U3OXOP-
HOU W ABASIOTCA (DYHKUMAMK COCTOSHNS, MOCKOILKY ONPEASNAIOTCS NPOU3BOJI-
Heimi QyHkumil cocrosans U 1 H no remneparype. M3 knsernueckoii reopun
Ta30B CAEAYeT, UTO eCiH HacTHIIA HASATLHOTO Ta3a MPOCTas, TO OHA HMeeT Jnib

3
TPH CTENEHN cBOGOIBI NOCTYNaTe/ibHOTO ABHMKCHHA. Ee IHEPTHA PaBHaA — k BT.
2

Ecin qacTuua CloxkHags, 10 OHa oﬁslanae‘r OO0JIbIIHM YHCIOM CTENEHE CBOGO}.II:I
W, cnesloBaTeibHO, onkiieii 3neprueil. Hanpimvep, eciin 1Be ToUe HbIe YacTHiLb
WECTKO CBA3AHBI MEWIY coboii HaI'IO_I.lOﬁHE TBEPH_OF! FraHTen, TO TaKad JacrTi-
[[a HMeeT NATh creneneit CBOﬁO}IhII TPpH MOCTYNATelbHBIX H JBE€ Bpallareib-
HEIX (Bpameﬂue BOKPYTI OCH, npoxonﬂmeﬁ HEPE3 LUCHTPEI TOMCHHBIX YACTHLL, O

ONPENICICHHIO HEBO3MOKHO). B 3TOM cityuae dHeprus uactuipl pasua — kpT'.
2

Ecan Hapsdy C 9THM CBA3L MCWKAY TOYCHHLIMH HaCTHLAMH HE WKECTKad, 10 BO3-
MOWHO KonedaTenbHOE ABHKEHIE BIOIL OCH, COETUHAIIEN uacTuim. K IHEP-

5 i
run = kT noBaenseres ewe KonebarenbHas cteneHs cBobo/bl. Toraa no op-
2
myaam (1.38) u (1.39) noayuaem
Cy =3/2R. Cp=>5/2R — 118 0JIHOATOMHbIX ['A308;
Cy =5/2R, Cp=T/2R — ana AByXaTOMHBIX TA30B W T. /1.
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M3 3THX cooTHOIEHHIT cielyeT He3aBUCHMOCTL TEMIOEMKOCTH OT TeMMepa-
Typhi. OJIHAKO IKCTIPUMEHThI MOTHOCTHIO ONMPOBEPralOT TAKOI BHIBOJL

PaccmoTpim Juls npHMepa TeroeMKoCTb MOJIEKYJISPHOIO Botopoaa. Mose-
Ky7la BOJAOPO/a ABYXaTOMHAs; 1OCTATOMHO Pa3perkeHHbIiT BOAOPOIHDIIT ra3 oueHb
GIIH30K K M1ealibHOMY. JLiAl IBY XATOMHOI'0 ra3a TerUI0eMKOCTh 10JbxHa GbiTh pas-

5 =
Ha Jubo & R, JIHOO — R, HO OT TEMIZPATYPbI TEIIOEMKOCTb 3aBHCETh HE JIOJIK-
2 2
Ha. B AENCTBHTE/ILHOCTH TEIJIOEMKOCTh BOLOPOIA 3aBUCHT OT TeMlIeparypbl.
3
[Tpn Hu3koit Temneparype (8 obnactu o 50 K) ero rennoemkocTs pasHa S R,

i 5 &
MpPH KOMHATHOW — — R._. a NpH OY€Hb BBLICOKOH TeMnepatype TenJoeMKOCTh
2

nomkHa Obljla cTaTh paBHoii i R, ecin Obl MOJIeKya BOAOPOAA HE THCCOIIHHPO=
BaJla Ha aTOMbI. .

Takum o6pa3om, MOJEKYIa BOAOPO/IA TPH HH3KHX TEMNepaTypax BeleT ceds
KaK TOUEUHAS YACTHLA, NPH HOPMANLHOI TEMNepaType — Kak raHTelb, obnana-
[o1Ias Bpalare LHoil JHepriei, a npi o4eHb BhICOKOI Temrepatype K Bpalia-
TeNLHOMY JBIKEHHIO 00aBIf0TCS KollebaHNs aTOMOB, BXOASLHX B MOJICKYITY.
[lepexon o1 onHOrO pexmxuMa ABWKEHHA K APYTOMY MPOHCXOIHT HE CKaukoM,
a J0CTATOUHO MNaBHO. QUEBHIHO, YTO BOIMOKHOCTS IEPEXOJIA K PA3HbIM BUIAM
ABWKEHNS peann3yeTcs He cpasy BCceMi MOJeKYIami, a INIWb HX HacTeio. Knac-
CHYECKAs TEOPHA HE MOKET OOBACHHTH 3aBHCHMOCTh TEILIOEMKOCTH OT TEMIIE-
parypbl. KonnuecTBEHHYIO 3aBHCHMOCTD TEMI0EMKOCTH OT TEMIEPATYPbl MOKHO
narh JIWI0s HA OCHOBE PELIeHUs YPaBHeHWIl IBIKEHNsS KBAHTOBOH MeXaHHKH.

[ToCKOIbKY 10 CHX IOP HET NOJIHOI TEOPHH KOHAEHCHPOBAHHOIO COCTOSHHA,
TO MPHHATO 3ABMCHMOCTEH TEMIOEMKOCTH OT TEMMEpaTypsl BhIpAkKaTh B BHAE
IMIMPHYECKHX YPaBHEHHIT, HMEIOLNX BHA CTENEHHBIX PA10B

Cr=a+ bWl +cT?+..., (1.40)

rae a, b, e ... —— XapakTepHbie s TaHHOIO BELIECTBA IMIMPHYECKHE 110~
CTOSHHBIE (YHCIO HAEHOB PAA 3ABHCHT OT TPEOYEMOIT TOUHOCTH 1 BETHTHHBI
TEeMIEpPaTYpPHOrO HHTEPBAJIA).

B nocieiHee BpemMs noay4uii pacnpocTpaHeHie ypaBHeHns Apyroro THa,
B ACTHOCTH,

crp:f;.+f;r+;7+.... (1.41)

KOTOpOE JIYHLIE OMICKIBAET TEMNEPATYPHYIO 3aBHCHMOCThL TENIOEMKOCTH JUIs
Heoprannyeckux petects. Ypasuenne (1.40) yaie Henolis3yior s oprannye-
CKHX MPOIYKTOB.

Jlna kamporo seulecrsa H ero (pazoBOro COCTOAHHA KOIPQUIMEHTHI
a. b, ¢, ....aTaKKe TeMNepaTypHbIii HHTEPBAI MPHMEHUMOCTH 3THX YpaBHe-
Hnii ceenensl B Tabnnuet. Kak npasuno, ypassenns (1.40)u (1.41) cnpase/uings
B HHTepBaje Temneparyp OT KOMHATHOI H BbILLE,

TennoemxocTh TRepanix BetecTd BOm3n (0 K onwchiBaeTes ypaBHeHH-

em [ledan . .
C =~T +aT?, (1.42)
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rae 7, @ — MOCTOSHHBIE, XapAKTEPHbIE /71 JAHHOTO Matepuana.
B koopannarax C'/T ot T? skcnepuMeHTaNbHbIE TOYKH PACTioNaraloTes BI0b
NPAMOIL, HAKJIOH KOTOPOIi paBeH (v, a TOUKA NEPECeieHna NPAMO ¢ OChIO OpaKHAT
oTeevaet Benuuine v (puc. 1.2). 3Hauenns a u vy o0LIMHO CBOMAT B TAONHLILI.
Taxum obpazom, dopmyist (1.41) u (1.42) nar0T BO3ZMOKHOCTb ONUCATH Ter-
JA0eMKOCTL B HHTepBane ot nyns KenbsrHa 1o moboii Temmepatypsl T, ecan
B 3TOM MHTEpBAJIe H3BECTHBLI OMNHpHYeckue koadpuumentsl a, b, ¢, ¢, «, 7.

3.0
& CIT=2,08+2,57 T2
B \
=
z
Ll ) -
% 25
=
(&)
2.0 L I J
0 0.1 0.2 &8

Puc. 1.2. 3asucuvocrs C/T or T? nan kanus

1.6. 3aBucumocTs TemoBoro 3gpgpexta oT TemMIepaTypbi

IMockoasky no 3akony [ecca Temosoii apderT nporecca (peakunn) onpe-
JeJIETCA HAYaNbHBIM M KOHEYHbIM COCTOSHHAMH CHCTEMbI, OUeBHHO, UTO 1S
Ka/KI0ro W3 YYaCTHHKOB Peakiiy (Kak HCXOJAHLIX BEIHIECTB. TaK H NPOIYKTOB
peakuun) OynyT cnpaseuiusbl BuipazeHus (1.38) n (1.39). Torna ypasHeHne
3aBHCHMOCTH TernaoBoro >ddekta peakunuy oT TeMmepaTyphl MOKHO 3anicaTh
B BHJIE

(M) =A (ﬂ) = Z(CF’)npml = Z(CP}HH = QCP (! 43)
T ) p ar ) p
rae AC'p — pa3zHOCTb MOJILHBIX H300apPHBIX TEMIOEMKOCTEN peareHToBs, B3sTas
€ YHETOM CTEXHOMETPHYECKHX KO3 DHIHEHTOB.

Vpasuenue (1.43) vazpipatoT ypasHennem Kupxrodda (1858 r): oHo Bhipa-
KAET 3aBUCHMOCTE TENA0BOr0 Ah(heKTa X HMHYECKOIT peakitni OT TeMnepaTyphl
B anddepenunantioii gopme. ITo ypaBHeHHe CTPOro CNpaBeuInBo JHLLbL NPpH
YCJIOBHH, YTO [IABJICHHE HAJL KAzKAbIM KOMIIOHEHTOM TP HCKOMOIi TeMnepaType
Oyner TakuM ke, Kak 1 NpH HauajlLHOI Temneparype.

W3 (1.43) cneayer, uto uyBeTBUTEIbHOCTD Af] K H3MEHEHHIO TEMIEPATYPbl
onpeaensercs abconoTHeIM 3HadeHnem AC p, a 3HaK TeMnepatypHoro ko -
unenrta onpeaensercs suakom AC p. [pn AC p > 0 rennosoii 23 exT peakunu
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pacTeT ¢ noBslLeHneM Temneparypsl; npu ACp < 0 — yMeHbIIAETCS N NpH
AC p = 0 ne 3asucHT 0T Temneparypsi (puc. 1.3).

G Cp

A(C,) nex.
ol
I 's_'lc ‘:‘. oy '
T 3
AH AH
' o :
i

PI!C. 1.3. 3B|iHCHMOC'I'h TCILIOEMKOCTH HOXOAHLIX H KOHCHHBIX HPOAVKTOB H TCIIOBOIO
hherTa Peakunn OT TEMNEPATyPhI

M3 (1.40) n (1.41) cneayet. uTo 415 XUMHMECKOIT peakLmu
ACp = Aa+ AT 4+ AcT? + A /T? +... (1.44)

[Moacragnss (1.44) B (1.43) u pazgenss nepemeHHsle, B obliem Buae
0Ty 4 HM

Tip T
AHy, = AHy, + j ACpdT + AHg, + J ACLdT. (1.45)
Th Tnp

[ Ipeanonaraercs, 4to B paccmarpusaeMom nHtepsaie temneparyp 1) + T
B cucreme npoucxoaut gazopoe npespauienue (Masienue, napoodpazosanue
1 cyOnumauus), Tenaoeoii agdekt kotoporo AH,,,.

Muterpuposanne ypasrenns Kupxrodda MokHO MPOBOANTE TOTEKO B TOM
ciydae, eciM u3gectHa Beianuuna AHr, u konkpernas sasucumocts ACp(T)
JII BCEX YUACTHHKOR PEAKLIHH.

Hainune naHHBIX O CTaHAAPTHLIX TEMIOBLIX 2 perTax odpazopaHus wix
CTOpaHns PasinyHbIX BEHIECTR 3HAYNTENLHO YNPOIIAET pacyeThl. Tak,
MObL3YACH BETHUHHAMH AH'J-" 495 M3 COOTBETCTBYIOLUHX CAPABOUHBIX Tadnnu
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i ypasHenuamn Cp (7)) ans Kaskaoro U3 yYIacTHHKOB PEAKIMH, B3SB onpeie-
JeHHBI uaTerpan ot (1.45), noayvaem

AHy = AHfy + Aa(T - 208) + Z1(T? — 208%) +

AC o : 1 1
+ 887 _ 298%) — A¢' (_ — _) 4., (146)
3 T 298
JIns ra3oB B CPABHNTENBLHO Y3KOM TEMIEPATYPHOM HHTEPBANE, a /1d TBep-
ABIX M KHIKHX BELIECTS B J0CTATOUHO WHPOKOM, MOkHO cuntath AC p = const.
4TO @eT NPABO MOIL30BATLCA JTHHEHHBIM YpaBHEeHHEM

AHp = AHY + Aa(T — 298). (1.47)

Ecan snavenne AHY ouens Besuko (MOopAaka NECATKOB H COTEH Thicsd
Kajiopuii), To B psje ciyuaes MokHO npuHsTh ACp = 0, T.e. cudTaTh, 4TO
AHp = AHYg. Yaue Bcero 310T cayyaii peann3yeTcs npH CropaHni MHOTHX
OPraHUuecKuX BEIECTR, M0ITOMY TENI0TY CrOPaHIs MOKHO CUNTATH (haKTHuE-
CKH He 3aBuCsAIel OT TeMrepaTyphl.



FT'TABA 2

BTOPOM 3AKOH TEPMOJIVMHAMMWKH.
IHTPOIINAA

CornacHo nepeoMy 3aKOHY TEPMOINHAMHKH JTHO0bIE MPOLECCHI, B KOTOPbIX
He cOBMINIAeTCA COXPAHEHHE IHEPTHH, HEOCY IIECTBUMBI. ONHAKO MOWHO npej-
CTABHTE NPOLECCH], KOTOPBIC COMMACYIOTCH C NEPBBIM 3aKOHOM TEPMOINHAMH-
KH, HO BCE JKC HCBO3MOMHBLI. HaNpHMEp, paﬁcrra XONoAnIBHHKA Oe3 moaBona
Hepriuu. OObACHEHHE HEOCYIIIECTRUMOCTH TAKOTO POJA Hpoleccos obneryaer-
CAl, €C/TH BOCMOAL30BATLCA BTOPLIM 3aKOHOM TEPMOJMHAMHKH, KOTOPLIH Oyaer
copmyauposat B ¥10i rnase.

2.1. Obparumbie 1 HEODPATHMBIE NPOLECCHI

B TepMoaHHAMUKE NPOUECCHI (T. €. H3MEHEHHA TePMOAHHAMHYECKOTO COCTO-
AHHA CUCTEMBI MPH TIEPEXOAE H3 OIAHOTO PABHOBECHOTO COCTOAHUA K APYTOMY)
NPUHATO JENNTL HA JIBE KATCIOPHU: odpamumsie W Heodpamuareie. [Tpumepom
HeoOpaTHMBLIX MPOLECCOB ABNAETCA BhIPaBHHBAHWE Pa3HOCTEH Temmneparypol.
NABIEHNA, KOHLUEHTPALHK W T. /L. TO €CTh NEPEX0 CHCTEMbl B COCTOAHME Tep-
MOJAMHAMHYECKOTO PABHOBECHA. Takune MPOUECCHl HENB3A NMPOBECTH B (JﬁpﬂT-'
HOM HANpaBICHHM, HE BbI3LIBAA MPH ITOM M3IMEHEHHA COCTOAHHI OKpYKalo-
mux Ten. MokHo npeactaBuTh cede npeaenbHsiii caydail npotecca, KOTopbiii
COBEpIIAETCA TAK, UTO KAKIOE MPOMEKYTOUHOE COCTOAHHE GECKOHETHO Mano
OTKJIOHACTCA OT COCTOAHMA pasHOBecHs. B npenene MoxkHO nonoiri K obpary-
MOMY MPOLECCY, NOCKOILKY HA KaXI0M ITane ero MokHO OblJ10 Obl NPOBECTH B
MPOTHBONON0KHOM HANPABIEHUHN, OCYILECTRAA DECKOHEUHO MaJlble H3MEHEHHA
BHELIHUX YCIOBUI W HE Bhi3biRad HUKAKUX Apyrux s(dipexror. Ipeacrarienue
00 obparumom npouecce ABACTCH HACATHIHPOBAHHBIM, HO O4EHb BasKHbIM 115
MOHUMAHHA TEPMOAMHAMHKMN,

CaMonpou3BoibHbIe (CMOHTaHHBIE) POLECCHl. KOTOPbIE Mbl Hab0naeM B
MaKpOCKOMHYECKoM Maciutade, NpoTeKaloT TONLKO B OJIHOM HANpaBieHHH, a
HUMEHHO, B CTOPOHY PaBHOBECHS, H OHHU ABIAOTCA necdpamuveiyvy. OIHAKo 01-
CTYNJIEHHEM OT 3TOTO ABAACTCA MEXAHHYECKOE ABHKEHNHE. ECaN MPeanofokuTh,
YTO CHJIbI TPEHHA OTCYTCTBYIOT, TO IBIDKEHHE ONpPEleNeHHO JHHAMHYECKOi
CHCTeMbl MOXKHO H3MEHHTb Ha o0parHoe, He BbI3biBas Apyrux s hexTos. nome-
HAR HANPABR/ICHUE BCEX CKOpOCTElt Ha npoTurononoxkHoe. [pu Takoit oroeopke
MEX@HHYECKOE IBIKEHHE MOAKHO CYUTATh NPOTOTHIIOM 00PaTHMOTO IpoLecca.
[lpagaa, 06paTHMOCTE MEXAHHYECKOTO ABIKEHHS HE COBCEM COBNANAET C TEM
Npe/IebHbIM CIIyUaeM, KOTopblil paccMarpisaercs B TepMOIHHAMHKE [1PH PO~
BEJACHUH MPOLECCA Yepes BCE TPOMEKYTOUHBIE CTannH, DeckoHeuHo OIn3KHe K
PaBHOBECHIO.

Hwmes 370 B BULY, 0OpaTHMBIiT TEPMOANHAMUYECKHIT MPOLIECT YaCTO Ha3biBa-
10T Keazucmamuweckin. Caeayer. OAHAKO, MOMHHTL, YTO B TO BPEMS, KAK BCAKOE
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MEXaHHUYeCKOe JBIKEHHE MOJKeT COBEpIIaThCs B 0DpaTHOM HAMpaBleHHH, ca-
MOTPON3BOMLHBIE TIPOLECCh HE 0018 1aI0T TAKHM CBOTICTROM.

Heobparumble SBIEHIA B KAKOM-THOO0 MPOLECce BCEraa NPHBOAAT K pacces-
HHIO 3HePrHi. I (PeKTuBHOCTL NPOLECCa MOHMKASTCH, HANPHMED, BCIEACTBIE
TPeHHs. Mo/ ASHCTBHEM KOTOPOro KMHETHUYECKAs IHEPris, CBA3AHHAA C MaKpo-
CKOMUYECKHM IIBIKEHHEM, NPEeBPalIaeTca B TENA0, ITOT NePexoa YNOpAIoIeH-
HbIX MAKPOCKOMHYECKHX JBWKEHHIT B XaOTHUECKOE MOJNEKYIAPHOE ABWKEHHUE
HA3BIBAIOT duccunanueli 3Hepu.

2.2. Bropoii 3aK0H TEPMOIHHAMHKH

B To Bpems. Kak MEXaHWUYECKYIO IHEPTHIO MOXKHO TIONHOCTHIO MPeBPaTHTDL
B TEIUI0, 0DpaTHLIl NpoLECce He MOKET NPOHCXOAWTh Des orpaHuyeHHil. Dtu
OrpaHHveHHs COCTABIAIOT CYTh BTOPOro 3aKona Tepmomnnamuin. CyuiecTsy-
€T MHOr0 3KBHBANEHTHLIX (DOPMYJIHPOBOK BTOPOIO 3aKOHA TEPMOAHHAMHKN,
HanpuUMep:

a) Menio He MO}Cem CAMonPoU3EIbHO REPEXOOUMb O MeHee HUZPemoso
meia k botree nazpemony meny ((popmynuponka Knaysinyca);

6) HEGOIMONCHO NOCRIPOUNTE HE.’PHU:’)HH&.’L’KH r)eﬁcme_}-‘mu{_‘l.w MHAWUHY, €OuUH-
CHIBEHIBIM PE3VAbMamon delicmaus Komopoit Obito Gul cosepuIeHue Mexanu-
YECKOT Pabomel 3a c4em OXAANCOeHUs Mento6o2o pesepeyapa (GOPMyIHpoOBKa
Kenbruna ).

Ecnn 66l yTBepKISHHS «a» M «O» HE BBIMOIHATICH, TO MOKHO ObINO Obl
MOJy4aTh TEMJIO OT Pe3epByapa ¢ OCTOAHHOIN TEMNEpaTypoii 1 npespallarh
ero B paboTy NpH MOMOIIK HHKAHYECKOTrO npolecca. 1o He Hapywano ool
Mnepsblii 3aKOH TEPMOJAMHAMMKH, KOTOPLI TpeOyeT HLb, 4TOOb! /1718 KA 1010
LKA BBINONHANOCK cooTHOIEHHe () = 7. C npakTHyeckoil TO4KH 3peHus
Takas MalmHa criocodHa 6bi1a Obl coBepwark padoty. He noTpebnsa IHEp-
riuM. [Mo100HYI0 HEOCYIIECTBHMYHO MAlIHHY HA3bIBAIOT GEUHBIM OGUSNEICM
amopoco poda. YTBEPHKIEHHE 0 HEBOIMOKHOCTH MOCTPOIIKH BEYHOro ABHra-
TENds BTOPOro posa takxke sensetcs oOwieil Gopmynnposkoii BToporo sakova
TEPMOAUHAMMKA.

3acnyra B pacKpeITHH OTPaHHYeHnii nepexona rennotel B pabory npuxan-
nexut Kapro (1824 r.). OcHosHag waes KapHo cocrosna B TOM, 4TO Teriopas
MallHHa Npou3BOAHT paboTy He 3a cUeT norioleHns Tena, a dnaroaaps ne-
pejiaye Temaa o1 ropaYero Teaa K XonoaHomy. HMeHHO nostoMy HEeBO3MOKHO
HCTONTB30BATh TETII0, He HMEA XONOAHOTO Tena.

DopMyYJIMPOBKH BTOPOTO 3aKOHA TEPMOIAMHAMUKH, NPUBEAEHHbIE BbILIE, —
3TO AKCHOMBI, BbIBe/IeHHbIE M3 onbiTa. Iloka BTOpOii 3aKkoH ciaeayer cumrarh
B TAKOI 7K€ CTENEHH IMIHPHYECKHM, KaK W NEPBbLII 3aK0H TepMOanHaAMHKH, Tem
HE MEHEE. €0 CMbICIT HE CTOMb HEMOCPEICTEEHHO OHEBUIIEH, KAK CMbICT HEPBOIO
3aKoHa.

[Tpexne Bcero, 1aauM MaTeMaTH4ECKOE ONPEAR/ICHHE HEKOTOPOI (yHKLIHN
cocrosaHus. kotopas Knaysuycom 6bia HasBana snmponuei.
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Pasgenue obe uacTH paBeHCTBA, BLIPAXKAIOLIET0 NEPBbIli 3aKOH TePMOAHHA-
MUKW 08 npocToif cuetemsl, Ha 1. nomyunm
a6
T
Moacrasnas 8 (2.1) P/T = R/V w, yuntemsas, uro dV/V = dlnl’
udl'/T = dInT, nonyuaem:

i
=gy
T

P %dl-’. @2.1)

‘2_? = d(Cy InT + RIn V). (2.2)

[Tpagas yactb (2.2) npencrasiser codoil noauslii auphepequnan. Caenosa-
TeJBHO, IeBad yacTh pasercTea () /T — taike nonnetii audgepenuman. Dyuk-
st cocrosHug, andepenunan koropoii ssnsercs 6 /T, nazsisaercs (no Knay-
3nycey) snmponueti v obo3Havaercs S. Takum obpasom,

OTMETHM, 4TO CPaBeUTHBOCTD BhIpakeHNs (2.3) 10Ka3aHa ToNLKO 1714 odpa-
THMBIX MPOLECCOB HASANBHOTO raza. B cayuae HEpPaBHOBECHLIX, HEOOPATHMBIX
MpoLECCcoB Takoe npeacrasnenne wd dS uepes 8Q) u 1" necnpaseniuso. C no-
MOUIBK) 3TO# HOPMYIILI MOKHO BBIYHCIHTE H3MEHEHHE IHTPOMHH NPH Nepexoe
H3 OJIHOIO COCTOSIHMA B APYrO€, HO HENb3s CKaszarb, YEMY paBHa dHTPOIMHA B
KakI0M U3 COCTOAHMIL.

MaremarHueckas 3aiich BTOPOro 3akoHa TepMOAHHAMUKN B Biae (2.3) cau-
AETELCTBYET 0 TOM, 4T0 PyHKLHA S gBigeTcs nolinbiv auddepeHuHaiom Tolb-
KO B TOM Ciyuae, ecin MHoKHTeNs 1/ T ABIseTcs MHTerPHPY IOLIITM MHOKHTENEM
i npaddoroii popmbl 6C).

C yuerom 3roro oderosrenscrsa Kapareonopu g 1909 . npemnoxun dop-
MYJIHPOBKY BTOPOTO 3aKOHA TEPMOAHHAMHKH, albTEPHATHBHYIO TPAgHLHOHHOH
(knay3nycoBckoii) hopMyIHPOBKE. CYIIHOCTh KOTOPOi COCTOHT B Y TBEPKICHIH
CYHIECTBOBAHHA MHTErpHpYIoiero MuoknTels ans ndaddoroii Gopmur 4¢).
[Mpenmywectso npentoxennoil Kapareonopn Gopmyanposki coctont B tom,
HTO € €€ MOMOLUBK MOXKHO [POBECTH MOCIEN0BATENLHOC MATEMATHYECKOE H3-
JIOKEHME TEPMOIHHAMHUKH, HE npuderas K TakiM A0MOTHHTENLHBIM NOHATHAM,
KaK uaeanbHblil ras win uukn Kapuo. C apyrofi CTOPOHbI, H3IO0KEHHE OCHOB
TEPMOIMHAMIKH CTAHOBHTCA BechMa abcTpakThbiM. B cBazu ¢ aTum dynkmia
IHTPONHU OKYTaHa HEKOTOPOMH AbIMKOIl abCTPaKTHOCTH, B PE3YIbTalTe 4ero y
YuTaTENs UCUE3AET OULYUIEHWE PeanbHOCTH B MCMOIBL30BAHHH 3TOTO TOHATHA.

3nech GyaeT npeanoked HHOI MyTh 1A UHTEPNPETAUUK 3TOH QyHKLHH i,
COOTRETCTBEHHO, BTOPOTO 3aKOHA TEPMOAHHAMHKH.

Jlioboe TepMoNHAMHYECKOe COCTOSHME CHCTEMbl XapakTepusyercs 00/b-
HIHM YHCAOM IHHAMHYECKHX COCTOAHUIT HacTHil (MONEKY/, aTOMOB H Jp.). CO-
CTABNAKIINX NaH HyH) CI'[CT@M)’, I{ﬂﬂ OINHCAHHUA ITHHAMHYCCKOrO COCTOSHHSA 1aH-
HOH cUCTeMbl HEOOX01MMO 3HATE MOJIOKEHHE 1 JIBHKEHHE BCEX HacTH 1L, KOTOPbIE
obpasyioT cuctemy. B T0 ke BpeMa TEPMOIHHAMHYECKOE COCTOSHIE Ofpeaens-
eTesl 3afaHHeM JHLLL HeBOoBILOTo useaa napameTpos, Takux, kak 1, . V n ap.
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Ortclona cneayer. 4To 0AHOMY TEPMOAMHAMHUECKOMY COCTOSHHIO COOTBETCTBYET
GoaIbIIOE HUCTO IMHAMHYECKHX COCTOAHMIA. B cTarneTHyeckoii MexaHnke npm-
HSITO XAPAKTePH30BATh KOKIOE TEPMOIMHAMIHECKOE COCTOAHME duciom [ —
HHCIOM COOTBETCTBYIONINX AHHAMHYECKHX COCTOAHMIL OCYIIEeCTBAMOLUINX JaH-
HOe TepMoaHHamMHueckoe coctosHie. Beanunna /7 o0biuHo HasbiBaeTcs gepo-
AMHOCINGIO MEPMOOUHAMUHECKO20 COCIOANUA W OTIPEALNIAETCA Kak

N!
’=——— 2.4)
_-'\I| !i’\‘rg! sE j\",:! (
rae N — obiee yucno yactiu B cucteme, a Ny, No, .. .. N; — uncna yactiu,

COCTaRJIAIOUIMX COACPHKAHHE Ka)KIIDﬁ H3 MOJACHCTEM,

Jlns npHMepa BO3bMEM SILLHK, pa3lefeHHbIH NeperopoaKkoii ¢ 0TBEpCTHEM Ha
JIBe NoJOBUHKH. [TomecThm B AUMK 4 HEPA3JIHYHMBIX Oapa 0 HAYHEM BCTPANH-
BATh, BCPOHTHOCT!: pac I'I]JEILE.TIEH HA IHAPOB B 00eHX NOJOBHHKAX ALLIHKA MOXKET
ObITh ANPHOPHO 3dnucana TaK:

1" noaornna siHKa 4 3 2
2% nonorHIa AHER 0 1 !
Tepmogunamuieckas seposirnocts. 1 416

AcHo, yto Haubonee BEPOATHOE pacnpeieneHie — 3T0 paBHOMEpPHOE, paB-
nosecHoe pacrpeaenenue 2 : 2. [Noncuntaem mo (2.4) TepmoannaMHIecKyio
BEPOATHOCTBL [ Kaska0ro w3 3THX pacnpeaenenuii. Jina nepeoro [, = :_tr,r =1
(nockonsky 0! = 1), ana sroporo I = 3_'11-' =4 u pas Tpersero [ = ;—;' =6
Taxum obpaszoM. BenHuHIA TEpMOﬂI!HaMP-I‘iECKOﬂ BEPOATHOCTH / “)'KasmhéeT Ha
cTpemiIeHHe CHCTeMbl K Hanbosee paBHOBEPOS THOMY — PABHOBECHOMY paciipe-
aeneHnto. M3 pacueTa BUAHO, 4TO KOJIA CHCTEMA HMEeT Haubonee yeToiiunBoe
(paBHoBecHoe) coctoguue, /' — nanbonblias BeAMUMHA. 3HAYHT, TEPMOIHHA-
MHYECKAA BEPOATHOCThL [ MOXKET CIYAKHMTh MEPOil HaNpPaBNeHHOCTH JABHKEHNA
CHCTEMBI K PABHOBECHOMY COCTOSHIIO, Uem Onmske cucTemMa K PaBHOBECHIO, TEM
Gonblue BeanunHa I,

IIprHiMas BO BHUMAHHE ONPENETEHHYIO napaeib MeKIy TeHIeHLHel K
NEePexXoay B COCTOHUE ¢ OONbLICH BEPOATHOCTLIO H BO3PACTAHHEM JHTPONMUI ( B
PAaBHOBECHH IHTPONHA HandOAbIIad ), BoJiblMaH NPeAnosioKHI CY LI CTROBAHNE
dbyHKunoHanLHOI 3aBucuMocT Mexkay S ul: S = S(I).

MOoXKHO cKa3aTh., 4TO 3Ta Py KL L0JDKHA OBITE MOHOTOHHO BO3PACTAIOLIEH.
Ee Buj1 MOKHO [OJHOCTBIO OnpeaennTh. Tak, eciii paccMoTpeTh aBe cHeTeMbl A
1 B B COCTOAHUH PABHOBECH, TO, OUEBHIHO, YUTO JHTPOTIHA CHCTEMBI BBIPAIMTCS
CYMMOJi

S =84+ 858 (2.9)
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Tepmoaunamiueckas BEPOATHOCTL OCYLIECTBASHHA PE3YILTHPYIOLIETO CO-
CTOSHUA PABHA MPOU3BEACHUID (MYJILTHIUIHKATHBHOCThL) TEPMOIHHAMHYECKHX
BEPOATHOCTEH LIS OTAE/IBHbIX HacTe

Pe=dls, (2.6)
B COOTBETCTBHH € ITHM
S(I'al's) = S(I'a) + S(I's). (2.7

2710 u3BeCcTHOE ()YHKLIHOHAILHOE YPaBHEHHE: EMy VIOBIETBOPSET Iorapud-
muyeckas (yrrumg. TakuM oOpazoM MBI NPUXOARM K W3BeCTHOIT (opmyne

S=kglnr, (2.8)

KOTOpas BeiceqeHa Ha namaTHuke boneumany B Bene. TTocroanueiii muokuTens
k3 MOWHO OTIPENEndTh, MPAMEHHR 3Ty (GOpMyTy K KakoMy-HHOYAb MPOCTOMY
npoueccy (Hanpumep. H3oTepmHyeckoMy). MHOKHTENbL kp OKa3aics paBHbIM
YHHBEPCAIBHOI ra30B0i NOCTOAHHOM, OTHECEHHOIT K 0HOT MOJIeKyIe,

R 8.314
kg = = -

=t T =188 QI K.
Na 6,02 1023 8 H}K/

ra BeANYHHA HA3BLIBACTCA HocmosiHoll boabyvand.

[lonpoGyem Tenepe BLIPAKEHHE A4 IHTPOMHH, MONYHEHHOE HA OCHOBE CTa-
THCTHYECKOH MEXAHHKH, CBA3ATH C MHPOM TENNOBLIN Besinuun. M3secrHo. uro
eCI/IH B CHCTeME, pas3/iefleHHoi Ha aBe uacTH, ¢ odbemamu Vi u 1y naxoaures on-
Ha vyacruua, 1o OTHOWEHNe EepUﬂ'l'HOC'!'H HAXOMWIACHHA ﬂaHHOFI HACTHUBI B OTHX
obbemax ects [ /I = Vi /V,. Eciin e Taknx uactuu 8 ciucreme Ny (uncio

Agoraapo). 1o
-5 Na
J"] — (1"3
ra V2 '

[Mponorapudmupyem 310 COOTHOLUEHHE, YMHOKNE 00€ €10 4acTH Ha 110CTo-
sunyto bonsumana:

kplnli —kglnls =S; — So = AS = kgNaln 1_1 (2.9)

B 1o e spems paboTa paciiupeHus uaeaabHoro raza or oosema Vs Kk 00b-
- ‘-'

emy V] B u3oTepMimeckux ycioensx (cm.1.20) papua: W = Q = R7In —.
V;

2

Vi
[MoacTasus B 5TO ypaBHEHHE BMECTO BEIMUMHbI In —- ero sHauenue u3 (2.9).

£

noayv1um

AS = !‘“"VEQ =2 (2.10)
R T i

Vpasuenue (2.10) apaserca uarerpaasHoii Gopmoil eipakenus (2.3).
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B keanroBom cayuae dopmyna boneumana (2.8) npUBOINT K BLIBOAY. UTO
S=0 mpun T = 0. (2.11)

[IpuunHa 3100 3aKmouaeTcs B Tom. uto npu ' — 0 cucrema crpemures
K CBOEMY HaHHH3LIEMY KBAHTOBOMY COCTOAHHIO, COOTBETCTBYIOIEMY abCoMOT-
HOMY HYTIHO, H, CefoRaTenkHo, I — 1, D70 RMOAHE cornacyeTcs ¢ HHTephpeTa-
LHEH IHTPOIHH KaK MEPbl OTCYTCTBHA HHPOPMALMN OTHOCHTEIbHO MEXaHH4e-
CKOI'O COCTOAHMS CHCTEMBI.

B cocrosiHun paBHOBECHA IHTPOINHA JOCTHIAST CBOEI0 MAKCHMA/LHOIO 3HA-
YEHHS. OCKOIBKY PABHOBECHE eCTh Haubosee BepoaTHOE COCTOANNE N, Clie10-
BATENLHO, ABAAETCA MAKPOCOCTOAHHEM. OCYLIECTBISEMBIM MOCPE/ICTBOM MAKCH-
MaJTbHOTO YHCa MHKpPOCOCTOAHMIL. OUeBHAHO, 4TO CHCTEMA, MPeIoCcTaBIeHHas
camoii cebe. JIBHAKETCS 110 HANPABICHHIO K PABHOBECHIO, T. €. AHTPONUS TAKOH
CHCTEMBI IONKHA BO3PACTATh.

B cBsi3u ¢ aTum. pacnpocTpanss ypagHenns (2.3) u (2.10) Ha arobbie npo-
MECCH, CeYET 3amicaTh RTOPOIl 3aKOH TEPMOANHAMUKH B BHIE

sz 2R, (2.12)
rj1e 3HaK PABEHCTRA OTHOCHTCA K 00paThMbIM [poLEccam, a 3HAK HepaBeHCTRa
K Heobparumeiv. J[PYTHMH CNTORAMH, B COCTOSHHH PABHORECHS NS H3OIHPO-
BAHHOH cHCTeMbl S = Siax. (W30IUPOGAHHOT CUCMENOT HAZHIGACINCH MUK
CUCHIEMA, KOMOPas He 0OMENUBaenca ¢ HettHelt cpedotl Hi meniom, i paio-
moit). B moBeIX Ipyrux HepapHOBECHLIX COCTOSHUAX S < Spax. [loCKoIbLKY

ans uzonupoeanHoii cucrembl dU = 0, dV = 0 u diV = 0, To w3z (2.12)
CELYeT. UTO A4 M30THPOBAHHON CHCTEMbI
dS = 0. (2.13)

ST0 YCIHOBHE OﬂpeﬂEﬂHET IBOJIOLLHIO H'iO.Tll'lpOBHHHOﬁ CHCTEMBI. 3Hai\' = Co-
OTBETCTB}"ET HepaBHUBﬂCHDM}’ COCTOAHHK CHCTCMbI, KOIdda ceue cHerema Ha-
XOJIUTCH «B MYTH» K PABHORECHH), @ 3HAK PABEHCTBA — VIKE JOCTHTHYTOMY
cucTemMOil PﬁBHOBtl‘CHIO. Takum OﬁpEISOM, B COCTOAHHH paBHOBt‘.CHH 018 H30JI1-

OBAHHOI CHCTEMBI
P ds = 0. (2.14)

Coortnowenne (2.14) apnsercs KpUTEPHEM PABHOBECHS H30IHPOBAHHOI
CHCTEMBI.

2.3. YeaoBHsi paBHOBECHSI H XapAKTEPHCTHYCCKHE PYHKUMH

Ecan cucrema He H301MpOBAHA OT BHELUHEr0 MHUPA W MOXKET Kakum-nnbdo
00pasom ¢ HUM B3aHMOACHCTBOBATL, TO YCIOBHA pasHoBecHA OVIYT HHBIMH,
OTAUIHBIMH 0T (2.14).

M3 coornowenuii (1.9) u (2.12) cneayer. uro obbeauHeHtoe vpaBHeHHE
MEPBOIO M BIOPOrO 3aKOHOB TEPMOAMHAMUKM Ul [POCTONH CHCTEMbI MOMXHO
3AMUCATH B BHIE

TdS > dU + PdV. (2.15)
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Jlns cnoskHOH cHCTEMBI

TdS > dU + PdV + W', (2.16)
Koraa B npocToii cHeTeMe OCyIecTBAAIOTCA 00paTiMbie NPOLECChI,
TdS = dU + PdV. (2.17)
Ec/ii B CI0KHOI cHETEME peanusyioTest o0parHmbie NPoLecchl, To
TdS = dU + PdV + W', (2.18)

Jlns cHeTeM., €IHHCTBEHHBIM BIIOM padoThl KOTOPBIX duiisercs pabora pac-
mHUperns (MpOCThIE CHCTEMBI), Haubonee WHTEPECHBI YeTHIPE BHAA YCIOBHIi
B3aHMOENCTBHA CHCTEMBI € OKPY)RaKoLIeit cpenoii:

1). V = const, S = const; 2). P =const, S = const;
3). V =const. T = const; 4). P =const. T = const.

Kpurepuy paBHOBeCHA U151 K010 U3 ITHX HeTbIPeX ClIyuaen B3aumolei-
CTBHA CHCTEMEKI C OKp}'}!\‘aH}lIlEﬁ C]JE,ElOFI OnpeaenaTed Cneayruium cﬁpasom.
1. Yenoeua p3anmoaeiicteus: V- = const, S = const. OGbeaunHeHHoe vpas-
HEHHE MEPBOTO H BTOPOTO 3aKOHOB TEPMOAMHAMHKH /1718 NPOCTHIX cHeTeM (2.135)

3amMiueM B BHae

dll < TdS — PdV. (2.19)

M3 91010 COOTHOLIEHHS BUAHO, YTO IBOJIOLUMA CHCTEMbI, Y KOTOPOIl H3me-
HeHuA oObema 1 auTpormn pasuel Hymo (dV = 0, dS = 0), onpenenserca
VCIOBHEM . ;
il dU < 0. (2.20)

B cocTosHun PABHOBCCHA AU = 0. (221)

Taxum 00pasom, ¢ MPHOIMKEHHEM K COCTOSHHIO PABHOBECHS BHYTPEHHSS
JHEPIrUA NPOCTOH CHCTEMBI YOBIBAST H IOCTHIAET MHHHMYMA B COCTOSHHH PaB-
HOBeCHA. JIpyrUMH CIIOBAMK, BHYTPEHHSAS IHEPrUs, TAK ke Kak W IHTPOMHS,
onpeaenseT HanpapIeHue npouecca.

2. Yenosue B3anmoneiicteua: P = const, S = const. [lpumenss k Benu-
unHe Pdl” npeobpaszosatne Jlexannpa

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

H YUUTHIBAA ONpeaeieHne IHTAALINN 118 npocThiX cuctem (H = U + PV),
npeodpazyem (2.15) k BHaY

dH < TdS +VdPF. (2.23)

Orcrona BHIHO, uTo mo00il npouece B paccmaTpuBagMoil cHeteme, ¥ KoTo-
poii dPP = 0 n dS = 0, nporexkaeT Takum 00PA30M, 4TO BLINOIHAETCH YCIOBHE

dH < (. (2.24)
B cocToaHun pagHOBeCHS
dH = 0. 2.

o
I
th
~
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Takum 06[3330]\1 c ﬂpHﬁJ’IH}KEH HEM K COCTOAHMIO PABHOBECHA ZHTANBLINNA Ta-
KO CHCTEMbI yﬁHBaET. J0CTHIads MUHHUMYMA B COCTOAHHUH PABHOBCCHA.

3. Yenosua gzanmoneiicteus: Vo= const u T = const. [lpumenss k senu-
unne 1'dS npeobpazosanie Jlexanapa
TdS =d(T'S) — 8dT, (2.26)
npeodpasyem (2.15) cneayiommm odpazom:
d(U —TS) < —SdT — PdV. (2.27)
Beens obo3unauenne
P=0-018, (2.28)
sanuenm (2.27) B Buae
dF £ —SdT — PdV. (2.29)

Tepmonunamiueckas ¢pyukuns F nasvisaerca ¢nnxyuett I eneyicorsya, uim
uzoxopro-uzsomepvuieckum nomenyuaior. Nockonbky ara (yHkuua obpasosa-
Ha w3 pyvukumit cocrosuus 7w S, ona Takke apnserca (yHKUHE! cOCTOAHNS.

M3 (2.29) cnenyer. 4ro IBOMIOLMA PACCMATPHBAEMOI CHCTEMbL, V KOTOPOil
dT = 0 udV = (). onpenensercs ycioBHeM

dF < 0. (2.30)
C-J'IeﬂOBaTeﬂhHD. B COCTOAHHH pannoaecuﬂ
dF = 0. (2.31)

Taxum 06pazom ¢ npHGIHKEHHEM CHCTEMbL K COCTOSHIO PABHOBECHS H30-
XOPHO-H30TEPMUUECKHiT noTeHnan yObIBaeT, 10CTHTas MUHHMYMA B COCTOSIHHH
paBHOBECHS.

4. Venorus Bianmoyieiictens: 7 = const u T' = const. C yuetoM ypaBHeHHi
(2.22) n (2.26) Gpopmyay (2.15) MOKHO 3anucarh B CJAEIYIOLIEM BHIE:

d(U+ PV —-T8) € —8dT" + VdP. (2.32)
M, obo3znauas

G=U+PV-TS5=H-TS, (2.33)

Bbipaszum (2.32) B Buae
dG < —SdT + VdPF. (2.34)
Tepmoannamuueckan (pyHkuus G naszsigaetcs ¢nuxyuei [ubdca wii uszo-
Gapro-uzsomepmuteckus nomenyuaiom. Ita QYHKUMS, Takoke Kak u QyHKLLs
lenpmroneia, obpazosana w3 GyHkumii cocrosnna H w S, v nosromy agnsercs

(yHKrumell cocTosHus.

H3(2.34) BHAHO, 4TO B CHCTEME C NOCTOSHHBIMH TEMTIEPATY POl H 1aBlieHnem
mobdoii Mpouece NpoTeKaeT TakuM 06p330M. UTO BbINIOMHASTCA YCIOBHE

dG £ 0. (2.3%)
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CnenoparenbHO, B COCTOSHUH PABHOBECHS
dG = 0. (2.36)

Takum oOpazoM, ¢ npHOIHKEHHEM K COCTOSIHHKD paBHOBECHA H300apHO-
H‘.’.OT@pMI‘I"IﬁCKﬁﬁ MoTEeHIHAN CHCTEMBI, ¥ KOTOPOi:I NOCTOAHHLI TEMIMIEPATYPA H
AdaB/IeHNE, yﬁblBEle’l'. AOCTHIAA MMHHMYMA B COCTOAHHN DPABHOBCCHA.

B tex cayuasx, Koraa cuetemMa noMuMo padoThl paciuinpeHns npou3BoANT H
Apyrue Buiabl paboT (CaokHaA CUHCTEMA), KPUTEPHH PABHOBECUA OYAYT HECKO/Ib-
KO HHbIMH. ,[L"ISI TAKOH CHCTEMBI W3 00beIHHEHHOTO NEPROTO W BTOPOTO 3aKOHORB
TePMOAHHAMHKH, 3anucantoro B puae (2.16) TdS > dU + PdV + 6W', ana
PACCMOTPEHHBIX BbILIE YETHIPEX CIYHACR B3AHMOICHCTRHA CHCTEMBI ¢ OKpY#Ka-
toLeii cpeoii nony HM CAeayoLUHe pesyabraThl.

1) Hus yenosuii Bsaumoneiicteus V' = const, S = const

dU +8W' <0 (2.37)
H B COCTOSHHN PaBHOBeCHS paboTa papHa YOBUTH BHYTPEHHE! dHEPrin
dU = —dW". (2.38)
2) Ina yenosuii ssanmoaeiicrsus P = const, § = const
dH +oW' <0 (2.39)
1 B COCTOAHUN pasHoBecHs paboTa pasHa YOBUIH DHTAILIIHK
dH = —8W'. (2.40)
3) lna ycnosuii B3aumoaeiicteus V' = const, 7" = const
dF + W' <0 (2.41)

H B COCTOAHMH PABHOBECHA paﬁt)'ra pasHa )'6I:I;'IH HIOXOPHO-H30TEPMHYECKOTO
NoOTEHIHanNa

dF = -6, (2.42)
4) Ina yenoswii Bzaumoneiictsus PP = const, 7' = const
dG + W' €0 (2.43)

M B COCTOSHHH PARHORECHA PaBoTa OCYUIECTRIAETCA 3a cueT YOuu Hio6apHo-
M30TEPMHYECKOIO NOTEHUMAIA

dG = —W". (2.44)

Oyukunn U7, H, F, G Ha3bIBAOTCH Xapakmepucmuteckumu.

M3 ypasuenuii (2.38), (2.40), (2.42) u (2.44) caeaver. yto padora, koropas
MOKET ObITh COBEPIIEHA CAOKHOI CHCTEMOIl NPH NAaHHBIX YCIOBHAX B3aHMO-
neHcTBHA ¢ OKpysKaowleii cpeaoii (3a BbitetoM paboThl paciuupeHns), pasHa
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yOBUIH COOTBETCTBYIOLIMX XapakTepucTnueckux (pyHkumii. [Tockonbky B cocTo-
SAHHH paBHOBeCHs padoTa, COBEPIICHHAA CHCTEMOI, MakcUMaahHa MpH onpe-
JIQJIEHHBIX BHELWHHUX YCa0BUAX (cM. ypaeHeHus (2.38). (2.40). (2.42) u (2.44)),
o 2Toil npuunie xapaktepucTnueckne Gpyukunn , H. F, (¢ nasuisaior mep-
MOOUHAMUMECKUMU ROMEHYULTAMU,

Takum oOpazoM. xapakTepHcTHIeCKHe (OYHKLIHH B TEPMOHHAMHKE HIPAIoT
POJlb, AHAJNOTHYHYIO POAH NOTEHUMAILHONH JHepruM B Mexanuke. B neiicreu-
TENLHOCTH BCE OHM MPENCTARAIOT YaCTHHIE BHALI CBODOJHON IHEPrim, T.e.
IMEPrHH, crnocodHoii cosepark noyesnyio padory, Oanako no TpaaHUny dTo
HA3BAHUE OCTAB/IEHO 32 H30XOPHO-H30TEPMHUYECKUM noTeHunaiom F. Touno tak
e uroraa gyikumo 'ié6ea (1306apHo-n3oTepMudecKHii moTeHUNan) Hasbipa-
KT CBOOOAHOI dHTAIBIKE,

OGcyaumM Teneph HeCKOIbKO coobpamkerHnii 0THOCHTENBLHO MAKCUMaIhHOI
paborsl, BLIOpaB ans wAmOCTpaunn cayuaii (2.34), 3anucas ero B Bunie

(A{)“" = —Whax-

Bo3uukaeT BONpoc: kak BooOLIEe MOIKHO MOAYYUTh Kakyio-110o paboty ot
anuabaTHuecky 3aMKHYTOI CHCTEMBI MPH NOCTOSHIOM ofbeme? DTo Heolxoau-
MO NOHUMATSH clieiyomnmM odpazoM. HauansHoe cocTosHie cucTeMbl Heodsisa-
TenbLHO A0mKHO GBITH paBHOBeCcHBIM. CHCTEMa MOXKeET 061a1aTL onpeaeneHHol
IHTPONUEit, a1 INTHBHBIM 00PA30M CKIA/IbIBAKOIIEHCA U3 IHTPONHH OT/IEIbHbIX
ee uacTeil. ITH pazinuHbIe YaCTH MOTYT OTIHYATHCSH OHA OT APYToii cocTapom,
JaBNeHHeM, TeMnepaTypoil U T. . DTH HEOIHOPOIHOCTH MOKHO 3a()HKCHPOBATD,
HANPUMED, € MOMOLLLIO MEMOPAH WK TEIUIOH30AHPYIOIHX cTeHoK. TTonyuae-
Mast paboTa MOKET OCYLISCTRIATLCA MyTeM ociadneHus eiicTBI ITHX CTEHOK
win MemOpaH Tak, 4ToObl SHTPONNA CHCTEMbl OCTABAIACH MOCTOAHHOM, T.e.
HIMeHaaacs obpatumMbIM oBpasom. B atom ciayuae cuetema MOMKeT COBEPINAT
MakcHMalbHY10 padoTy.

XapaktepHcTHueckHe (yHKLINN 001alal0T CARIYIOINIHM BaXKHBIM CBOTICT-
BOM: €C/IH M3BECTHA XapaKTepPHCTHUECKAA (DYHKUMS, BbIPAKEHHAA Yepe3 CBOM
TS K011 XapaKTepHCTHIECKON (B HKLLMM NePEeMEHHBIE, TO U3 HEE MOKHO Bhi-
HHCAUTE MOOYI0 TEPMOAHHAMUHYECKYIO BeninHy. M3 00beanHeHHOIro nepBoro
H BTOPOIO 3aKOHOB TEPMOAMHAMMUKH, 3al1HCAHHOIO B BHIE

dU = TdS — PdV (2.45)

cieayer (Ha ocHOBe CBOTICTB nonHoro andepenunana), uro

(f,i ) oo (%)H =—P. (2.46)

Takum obpazom, ecnu dyukums U/ pbipaxeHa uepes cBOH nepeMeHHsie |/
H S, TO 4aCTHbIE MPOH3BOAHBIE MO OAHOIT H3 MEPEMEHHBIX MPH HEH3MEHHOCTH
Npyroit no3sonstoT onpene/nts 3HaveHus P u T ana npocroli cucremst. Jlpy-
CUMH C/IOBAMM, M3MEHEHHE BHYTPEHHell JHePruM BCIEACTBHE H3MEHEHHS JH-
TPOMUU MPH NOCTOSHCTRE 00bema (PU3HIECKH BbI3BAHO COOGUIEHNEM TETLIOThI
Ha oOpaTHMOM 1 H30XOpHUecKoM mpolecce. M3Menenne BHyTpeHHell aHeprun




2 g y - - gt p Py =
P4 3 3‘{.‘;! OGUA PAGHOGECUA 1 XAPRAKMEPUCIMUYECKIE l‘b"I.-HP\ yuu 3 2

CHCTEMBI BCIIEACTBHE N3IMEHEHHA 00beMa NMPH MOCTOAHCTBE SHTPOMHH HA oOpa-
THMOM aanabaTHueckoM nponecce (PU3NIECKH BBIZBAHO COBEPIIEHHEM paboThi.
Takum oOpazom. onpeseneHbl Bce TEPMHUECKHE W MEXaHHUECKHE CBOICTBA CH-
cTembl. MMenio rostoMy nannas ¢yHkuHaA SBAsSeTCs XapakTepHeTHUeCKOIl.

Touno tak e moryT GbiTb ONpe/ENeHbl CBOMCTBA CHCTEMbI C MOMOLLLHO
APYTUX XapakTepHcTHIeCKHX QyHKuMii, U3 ypasnenus

dH =7TdS + \VdP (2.47)

(), =, (),

3anncas Bbipakenne A pyHkiunn [enbMrosisia B BHIe nonHoro ande-
peHumana (ans npocToi CHCTEMbI) B BHAE

CIIEAYeT, HTo

dl' = =SdT — Pdl’, (2.49)

BE) =5 (%) —» e
aT /v avi/r

Hakoners, Henonbays seipasenne gy nkin M'mboca, 3anucanHoii B Buae nos-
HOro andepentinana

noay4acm

Lh

0)

dG = —SdT + VdP, (2.51)

(%); =5 (%)1 = (2.5

ChenopareibHO, €C/H Ta HIH HHAs XapaKkTepucTHUeckasn (yHKUHS BbipaykeHa
uepes cBOM nepemMentslie, To audepeniporanne ee no 0aHoi U3 nepeMerHbIX
MPH YCIOBHI HEN3IMEHHOCTH APYroil MO3IBOJNACT ONPEAENHTh BCE OCTalbHble
napaMeTpsl U APYrue TEPMOAHHAMHYECKHE MOTEHUHANbL,

31ech MOKHO 3aMETHTb. YTO OJHA W3 NMEPEMEHHbIX B KaXI0M M3 uerbipex
nap HE3aBHCHMBIX MEPEMENHBIX MPHHALTEKAT FPyTINe TenAoBuix sennynn (1" n
S), a apyras — rpynne mexanudeckux senann (P u 1),

Taxkum 00pazoM Kax10# XapakTepHCTHYECKOTT (DY HKLIMH COOTRETCTRYET CBOA
napa napameTpos. ITo MOKHO MPEACTABHTL B BIAE cleaylowleil Tadnuupt:

HMEeM

2
—

Xapaxkrepucrudcckan (pwHkumus U H F G

Mexanu4eckue napamMeTphl V P v P

Tera0BbIe NapaMeTpol S S fi 14
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Baanmoceass ¢yukauii U, H, F u G Mexay coboil BeIpakaloT B BHIAE MHe-
MOHHYECKOH CXeMbl:

H

TS | F | PV
TS G

2.4. Vpapuenus I'modca—leabMroanua

3amenss B ypapHeHusx (2.28) u (2.32) 3HaueHus dHTPONHH S COOTBETCTBEH-
HO uepes (2.50) u (2.52) n 3amucas (2.28) 1 (2.32) oTHOCHTEILHO BHYTpeHHel
snepruu U7 uwanransnuu H ¢ yuerom 1oro, wro pabora MomxeT ObITh IPOM3BEICHA
CHCTEMOTT B HIOXOPHBIX H N300apHLIX YCTOBHAX, MOITyYaeM

Us=F-T (%)‘ . (2.53)
H=G—.’!"(§)P, (2.54)

Vpasueuua (2.53) n (2.54) vaspiBatores ypapuenusimu I'ndoca—lenbm-
roJibua. 3TH YpasleHHs HrPaloT BAKHYIO POJb B XUMUYECKOI TepMoaHHAMHKe,
B H30X0pHO-H30TEpMHUECKHX Yeiosuax (13 (2.42) cnenyer, uto AF = —W’
(510 MoskeT ObITh MoG0IT BUIO paboTel. Kpome padoTel paclUMPeHus ), T. €. nojes-
Has pabota pasHa yOoeiH (hy K lensmronsua) popmyna (2.53) npuoGperaer

CReNyHOWMIi BUL aw!
AU =Wi, ¢ =T (_‘f) : (2.55)
o Sy
AHanoruTHEIM 00pa3oM 18 TEPMOAHHAMHYECKOTO MTPOLECCa, MPOTEKAIOLIE-

'O B CJIOIKHOII CHCTEME, HAXOAALILEHCH B H300apHO-H30TEPMHUECKHX YCI0BUAX,
MOMKHO 3anucath Ha ocHoBe (2.44) i (2.52) cienytoiee BuipakeHue:

aw?,
AR =Wp -7 (2E1) | (256)
< P

B cnyuae, ecin nmpouece, MpoTekalowii B cHCTeMe, COMPOBOMAALTCA XUMU-
YecKuMH npespatiensaMi, Benuanna Wonpencrasnser co6oii paGory, cosep-
IHaruULyes B npouecce xumnueckoli peaximu. Nockonsky Tennoroit »¢ppexr
XuMuueckol peakunn (Jy = Uz — U = AU, a tenaosoi addext Qp =
= Hy; — Hy = AH, 1o ypasuenns ['n66ca—[easMronkia Teneps MoryT OLiTh
MpeAcTaBleHbl B BUIE

a1’

awy .
—Qv=Wyp-T (g) , (2.57)
v

~Qp=Whiy~T ("”f;;"r) iy (2.58)
¥
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VpaBuennsa ['nb6ca—lenbmroneia B 310il hopMe HAXOAAT HINPOKOE MpH-
MEHEHHE B XHMHUYeCKoii TepmoanHamuke. OHH, B HaCTHOCTH, MO3BONSAIOT ONpe-
JENATh TAKYH) BAKHYIO XAPAKTEPUCTHKY XHMHHECKOH peaklii, Kak TeroBoi
sduperT, He MyTeM TEPMOXHMHYECKHX H3MEepPeHHii. a KOCBEHHBIM 00pa3zoM —

usmepas padory W' B npoiecce xUMHUUECKOH peakumn M BhIUHCIIAS BEIHUHHY
aw’
ar’ B
MHYECKHX xapax‘repli(:‘ruk Oi)paTHMlxlx raibBaHHYECKHX D2IEMEHTOB.

DTH yparHeHHs 0COOCHHO YACTO MPUMEHSHOTCS TIPH PACHETE TEPMO/IHHA-

2.5. XavuvecKnil MOTeHNMAaa i ocHopHoe ypasrenne I'nb6ca

[lepeiizemM Tenepb K cucTeMam, B KOTOPbIX MOMKET MEHATLCA COCTAB WIN
BO3MOXKEH 0OMEH BELIECTBOM C OKpysKatoweii cpenoil. INeprbiil cnyyail nmeer
MECTO, KOT/1A B CHCTEME NPOTEKAKT XHMUUECKHE peaklini. Bropoii — 310 ciy-
4aii paBHOBECHS ABYX WIH §oliblIero uncaa (pa3 Kakoro-mdo semecTsa. Jo cux
NOp Mbl NPHHUMAJIH, YTO /Ul PABHOBECHA HEOOXOAMMO BbITIOJHEHUE CIE1YHO-
LHX YCI0BHIT B MIOG0I TOYKE CHCTEMBI:

T = const, P = const.

i YCIIOBRHA ABIAKOTCAH HEOﬁXG:’lI{MhIMH, HO HEAOCTATOYHLBIMH, €CJIH B CH=
cTeMe MEHSIETCH KOTHUECTRO BelECTBA I COOTHOLIEHHE KOMIMOHEHTOR.

PaccMoTpHM CcHavana 0IHOKOMIOHEHTHY 0 cuctemy. Jlns o1oro cayuas Moxk-
HO MPHMEHNUTE YKE Pa3rUTYH0 Teopmio. [Tockonkky narneHHe B Temneparypa g
CHCTEME ABAAKOTCA HHTCHCHBHBIMH MapaMeTpaMH, B TO BpeMA Kak TEPMOIHHA-
MHUeckHil noreHuman (Hampumep, dyHKiMA [ 'HODCca) ARASETCH IKCTEHCHBHOI
BEJTMYHHOIL, TO MOXKHO, OUEBHIHO, 3aNHCcaThL ero B BUIe

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

e N — 4HeI0 MOJIEKYJ OTHOKOMNIOHEHTHOI cuctemst: p( T, P) — nekortopas
MHTEHCHBHAA BEIHYHHA, 3aBHCALILAS OT TEMNEPATYPhl U TABIEHUA.

310 BRIPAKEHHE B ABHOM BMAE OTpakaer ToT dakt, uro senudnna G npo-
MOPLUHOHATRHA KOJIMYECTBY BEUIECTBA B CHCTEME (IKCTEHCHBHOE CBOHCTRO).

B cuctemax ¢ nepemMeHHbIM COCTaBOM 4ucio Monekya N He siBnsercs no-
CTOAHHBIM, a NpeACTaBafeT cOO0H HOBYIO TEPMOJHHAMHYECKYIO NEPEMEHHYIO,
[Monuwrit anddepenunan usobapHo-uzoTepmuyeckoro notenunana G Tenepsb
uKcTo (popmaibHO HEOOXOAUMO 3anucaTh B BUIE

) , G ’
dG = —SdT +VdP + (22) AN (2.60)

IIpencrasum (2.59) B BuIe MONHOrO NH(pepeHLana

dG = Ndp + pdN. (2.61)
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CpasnuBas (2.60) u (2.61). noayuaem

I}(" :
= (:}—N)! . (2.62)

Ndp = —SdT + VdP, (2.63)

B roMoreHHoii 4acTH 0JIHOKOMIMOHEHTHOI CHCTEMBI fi npeacTaBaseT codoii
TepMOAHHaMHUeCKnil noteHuman F'ud6ca, npuxoaswiMiics Ha OJIHY YacTHILY,
p=2 (2.64)

.l\'

Dyukums p( 1. P)uassisaercs xuvuveckum nomenyuaion. OHa SBISETCS
XapaKTepHCTHUECKOH HHTEHCHRHOI BeJIHUHHOTT (00001IeHHOI CHnoii). onpene-
JSIOILEH PABHOBECHOE COCTOAHNE GE30THOCHTRILHO K TOMY. KAKHE OrpaHUdeH!s
HANAralTCa BHELIHUMH YCIIOBHAMH Ha 1Py rHe napaMeTpsl coctoaHus. Cnenosa-
TeBHO, PABEHCTBO X UMHUECKOTO MOTEHIIMANA HEKOTOPOTO KOMTTOHEHTA BHY TPH
H BHE CHCTEMbI UCK/IIOYAET BO3MOKHOCTL MAKPOCKONHYECKOTO NEPexoa IToro
KOMITOHEHTa Yepes rpaHully CHCTEMBI.

[Ipumensin npeodpasopanue Jlexanapa u nepeiina or nepemenHsix £, 1"
nepemennpim V, T, 1. e, 3anucas dF’ = dG — d(PV), nomyuum

Iy ¥1g =
p= (L) = (i) _ (2.65)
aN/pr  \aN/lv.T
AHanoruaHo NOAYHHM H If.p}"rl‘le COOTHOMIECHWA
AU IH {88 it
e 7 T S
aN/s.v ON/s. p aN/u,v

B (2.65) 1 (2.60) MBI MPHILITH K HECKONLKO HEO/KHIAHHOMY BLIBOIY O TOM, HTO
JUIS CHCTEM. B KOTOPHIX noctoannst V un S, Pu S, V uT. P u T, npoussonHas
OT COOTBETCTRYIONIEH XapakTePUCTHYECKOH (DY HKLIMH 1O KOJHYECTRY BellecTsa
(MHCNY HACTHLL) B CHCTEME PABHA f1.

Takum obpazom, BeiutuHA {1 00najaeT 3aMevaTe/ibHbIM CROTICTBOM: OHa
MO3BONAET PACCUNTATE H3MEHEHHe XapaKTepHcTHUecKoil GyHkunn modoli cu-
CTeMbl PN H3MEHEHHH KOJIMUECTBa BELIECTBA B cHCTeMe. IMEHHO M03TOMY 31a
BENIMTHAA W MONYWYHAA Ha3BaHHe Xuuuueckoco nomenuaia. OTMETHM 31eCh
€lle OJHO BaxKHOe 00CTOATENbCTBO. DHTPONUS HE sABISCTCH TePMOAHHAMMYE-
cKiM noteHunanom. Ho 1 1ig SHTPOTIHN cHCTeMBI ee nponsso/Has no N cessa-
HA C XUMHYSCKHM noTeHuHanoM (cM. (2.66)). IlonaTHO, YTO 2TO COOTHOILEHHE
OTHOCHTCH K H301HpoRaHHON npocToii cucteme (I7 = const, V' = const).

Tenepb paccMOTPHM PABHOBECHE B MHOTOKOMNOHEHTHOH CHCTEMe, Koraa
XHMHUYECKHE PeaKkiini MexkKIy KOMIOHEHTaMH HCKIIIOMEHBI, @ BCE NPEeBpaLleHus
CBOJATCH K MNEPEMELICHHK) KOMIIOHEHTOB W3 0JHOMN 4acTH CHCTEMb! B IPYIYHO.
[MoaToMy yCAOBHA XHMHYECKOrO PaBHOBECHS OTHOCATCA TOJBKO K pacnpenene-
HHIO KOMMOHEHTOR 110 OTACIhHBIM 4aCTAM cHCTeMbl, PasneinmM MbICICHHO CH-
CTeMY Ha 4acTH, 0003HAUMB UX BepXHUMK HHaekcamu ', . " ut. 1. PaccMorpum
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BCE BO3MOMKHbIE (BUPTYaIbHbIE ) M3MEHEHHS 3THX YacTell ¢ COOTBETCTBYIOWINMH
orpaHudeHnsMu (NpH noctosHeTre obuieit YHTponuu, odbema cucTeMsl 1 06-
LIETO HHCa MoEit).

Tak kak. Mo NpennonoKenio, cOGCTBEHHO XHMHMECKHE PeaKLHN HCKITIO-
YEHBl, TO YHCIA MOJIEH Kak10I0 M3 KOMINOHEHTOB OCTANTCA MOCTOSHHBIMH.

B atoMm cavuae
dS =dS' +dS" +dS" +---=0,
dV =dV' + V" +dV" 4 =0,
dN, = dN| +dN{' + dN{" +..- =0,

; - , i (2.67)
ANy = AN} + dN}) + dNY' +--- =0
dNg =dN, +dN; +dN)' +--- =0,

[Mpu pasuosecun (dU7)y. 5 n, = 0. B 210M cayuae juis Beeii CHCTEMBI H3ME-
HEHHE BHYTPEHHEH 3HepriH MOXKHO 3anucarh Tak:

dU =T'dS" — P'dV’ + p/' \dN'y + ' ydN's + -+ + ' ,dN', + T"dS" —
—P"dV" + p" dN" 4 p 5 dN" s -4 p! AN o + T dS™ — P AV +
+ @ AN+l dN e+ )" AN, =0, (2.68)
Vpasuenue (2.68) 1013KHO BLINOIHATLCS MPH OTHOBPEMEHHOM CODMONCHHH
p p p

OrpanMIHTENbHBIX ypannemiifl CBA3H. MPHBEAEHHBIX BLIIUE, HO 3TO BO3MOKHO
JIHLWE B €IHHCTBCHHOM Cly4dc, KOria

pr Pl P — o

P':P”:P”’:---:P
ﬂ'.‘] e “H] =ﬂHfl — e “‘l
;j,‘I) :;I'”Z :;f'”_ — — f‘z
)u!u = l”'”u = “’”11» == Ha

[TepBbie aBa ypaBHeHHA MPEACTABAAIOT CODOIT YIKE N3BECTHBIE YCIO0BHA TEp-
MHUECKOTO M MEXAHUYECKOTO paBHOBecHs. HinkHue YpaBHEHUS XapakTepHIyoT
YCI0BHS PaBHOBECHOTO pacnipeelie i Kaka0ro KOMNOHEHTa 10 Beei cHeTeMe.
Takum 0Opa3om Mbl BHIMM, YTO MPH PABHOBECHOM Pacnpe/ieleHnH KOMIOHEHTa
M0 BCEM YaCTAM 3aKPLITOH CHCTEMBI €r0 XHMHHECKHIT MOTeHUHan HMeeT no-
CTOAHHOE 3HAYeHHEe BO BeeX yacTax cucreMsl, Tenepb nmonusiii HaGop ycnosuii
PABHOBECHA UMEET BHI

T =const, P =const, = const. (2.69)
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Yenoens (2.69) 101KHB! BLITOIHATLCS B /1000 TOUKE CHCTEMBI, OHH Cripa-
BE/THBBI HE3ABHCHMO OT TOTO, ABAACTCA JIM CHCTEMA FOMOFEHHOI HIN reTepo-
FeHHOIL, 3aKpbiTOif Wi OTKpbITOIL. [TpUBEneHHbII 31€Ch BbIBO/ YCIOBHIT paBHO-
BeCHA npuHaniexnT [ no6cy. 0CHOBHOI 3aCTyTOli KOTOPOTO B TAHHOM pe3yibTa-
Te snagerca 1o, uro ['ubhc npencrTaBuil 3aKphITYH CHCTEMY KakK COBOKY ITHOCTh
OTKPBITBLIX CHCTEM. DTO IKBHBAIEHTHO YTBEPIKACHHIO O TOM, YTO pacnpelene-
HHE KOMIIOHEHTOB B OT/AE/IbHLIX OTKPLIThIX CHCTEMAX /IOJDKHO CYMMAapHO ya10-
BACTBOPATE CTEXHOMETPHUECKOMY YPABHEHHIO MEPEXo/1a KOMMNOHEHTA W3 OJTHHX
OTKPBLITBIX CHCTEM B APYIHE OTKPBITBIE CHCTEMBI,

JaHHoe yTBEPAKIEHHE MOKHO NMOACHUTL Ha 10CTYNHOM npumepe. Mpumem
AN MPOCTOTHI, UTO 3aKPHITAA CHCTEMA COCTOMT M3 IBYX OTKPBITHIX CHCTEM |
i 2. [TycTh Kakoe-T0 KOJIHYECTBO MOJICH KOMIOHEHTA ¢ YULIO M3 cHeTemsl |,
Toraa TouHoO Takoe e KOJHUYECTBO ITOr0 KOMMOHEHTa MOABUTCA B chcTeme 2,
4TO JKBHBAJIEHTHO YPABHEHHIO

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

KOTOPOE CBHAETENLCTRYET O TOM, YTO [IBE OTKPbIThIE CHCTEMbI B COBOKYMHOCTH
NPEACTARNAIOT OJTHY 3AKPHITYHO CHCTEMY.

3aMennM B ypasHeHHH (2.69) CHMBOJI KOMMOHEHTA Ha CHMBOJI XHMHYECKO-
o MOTEHLHALA FTOI0 KE KOMIIOHEHTA, HAXOAAIEr0CH B PABHOBECHOM COCTOSA-
HHHU MeKay ABYMs vacTamn cucteMsl | 1 2. [Monyunm cneayioiiee BbipakeHie:

=y 2.71)

YpasHenue (2.71) BblpazkaeT paBHOBECHOE pacnpeie/ieHHe KOMMOHeHTa i
MEKAY ABYMSA uyacTaMu cucremsl | 1 2. Takum o0pazom. MOKHO KOHCTATHPO-
BATh, YTO XUMUYCCKUN NOMEHYUAT QIS0 KOMRONENMd 60 6cex (hazax oouna-
ko6, UMEHHO NModTOMY NP OMUCAHUH MHOTOKOMITOHEHTHBIX W MHOTO(a30BhIX
cHCTeM y100Hee BCero ONepHPOBATE XMMUYECKHMH MOTEHLIHATIAMH,

C nomouubto ypastenua (2.66) A14 XHMHYECKOTO NOTEHLHANA, BbIPAKEHHO-
O Yepe3 IHTPOMHIO, 3AMHIIEM BRIPAKEHHE MOTHOTO ARG pepeHINATA INTPOTIHH
MPOCTO CHCTEMBI AN ClIyuas, KOraa KOJMYECTBO BEILECTBA B CHCTEME H3ME-
HACTCA (T. €. NOABNACTCA CLIE 0/IHA NEPEMEHHAA, XAPAKTEPH3YIOLIAA COCTOAHNE
CHCTEMBI — KOJIM4YeCTBO BetecTra V).

d.s*z(@) dr_r+(ﬁ) m-‘+(ﬁ) AN, 2.72)
o ) v v/ N CTT S

Yuursisad (2.46), (2.47) u (2.66), nOy4uM BhIpAKEHHE 118 NONHOTO NU(-
(epenunana SHTPONKUN NPOCTOI CHCTEMbI

ds = Yau + Eav — Ban (2.73)
T T T
HIIH

1dS = dU + PdV — pdN., (2.74)
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s cnoskHOH CHCTEMBI
TdS = dU + PdV + dW' — udN. (2.75)

Coornowenns (2.74) u (2.75) npeacTarisior (COOTBETCTBEHHO JUIA NPOCTOH
# CHoMKHOMH cHeTeM ) 00beIMHEHHOE VPABHEHUE NEePBOro U BTOPOIo 3aKOHOB Tep-
MOJMHAMHKH LIS CHCTEM C NEPEMEHHBIM KOJMYECTBOM BelllecTra. ITH ypaBHe-
HHS HA3KIBAKOT (PYHAAMEHTAJILHLIMI YpaBHeHusimu ['udocea.

C yuerom (2.65) u (2.66) nonusie anddepeninalbl XapakTepHCTHUECKHX
(pYHKIMIT, BRIPaXKEHHBIX MOCPEICTBOM CBOMX NEPEMEHHBIX JUTA NPOCTOIl cHCTe-
Mbl, OYIYT BLIMIALETE TAK:

dU = TdS — PdV + pdN, (2.76)
dH = TdS + VdP + pdN, (2.77)
dF = —Sd1"— PdV + pdN, (2.78)
dG = —SdT' + VdP + pdN. (2.79)

VYpaguenus (2.76)—(2.79) nMeroT oueHb NPOCTYIO (PH3MYECKYH) MHTEpNpe-
Tauio. [pHpPOCT IHePrum CHCTEMBI MPEICTABISET COOOM CYMMY JHEpPIriM B BH-
ne Temnotsl 7'dS wan SdT', snepruy B Biae mexannveckoii padorst VdP win
PdV w BHOCUMOIT ¢ BelecTBOM YHepruy jud N niu, eciin cucreMa npejicrasieHa
HECKOJILKAMU KOMIOHEeHTaMu, T0 X p;d N,

3anumesm (2.74) 118 MHOTOKOMITOHEHTHOH CHCTEMBbI:

TdS = dU + PdV — z JidN;. (2.80)

Hcenonsays npeodpasosanue Jleskanapa pia 1'dS = d(1'S)—-SdI'n PdV =
=d(PV)—VdP, atakxe tor Pakr. uto G = > ji; Ny muro dG = 3 jid N, +
+ Y Nidj;, npeobpasyem ypaenenue (2.80) k cienyiowemy Buay, nepexecs
BCE WIEHb! B MPABYIO HaCTh W CrpynnHposas auddepenuiaisl npousseaeHuii
PV u TS c BHytpenneii sHeprueii [

—d(U + PV = ST) + SdI' = VdP —dG + Y Nidp; =0.  (2.81)

[lockonbky no onpenenenuio (eM. (2.33) G = U+ PV —T'S, To okoHuarensHo
nony4aem

SAT — VAP + Y _ Nidp; = 0. (2.82)

710 BAKHOE TEPMOAHHAMHYECKOE COOTHOLIEHHE, LIHPOKO HCTONL3YEMOE
B XUMMYECKOH TEPMOAMHAMHUKE, HOCHT Ha3BaHne ypaBHenus I'nddca— Lore-
Ma. 310 ypaBHEHHE ABAASTCH HOBBLIM XapaKTePHCTHUYECKHM YPasHEHHEM, Mo-
CKOJThKY €r0 HE3aRHCHMbIMH MEPEMEHHBIMH ABIAIOTCA WHTEHCHBHbBIE BEIHYH-
Hbl — TeMMeparypa, 1apieHHe W XHMHYECKHE NOTeHUHa/bl KOMNOHEeHTOB. OHO
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CAYIKHT OTAPABHBIM MYHKTOM TePMOAMHAMMKH PABHOBECHA B MHOro(asHoii.
MHOTOKOMIIOHEHTHOIT CHCTEME, M €ro 0COOEHHO YacToO HCMOMB3YHOT B TEOPHH
PacTBOPOB.

2.6. BeiunciaeHHEe YJHTPONHH H XaPAKTEPHCTHIECKHX
(pyHKnmii naeaLHoOroO rasa

VYpasuenua groporo nauana repmoanamvusn (2.12) u (2.13) sanucansl ans
W30JUPOBAHHBIX, 3aKPLITEIX cHcTeM. [lng Toro. utobbl pacApocTpaHHTL ITH
YPABHEHHUA HA JIO0bIE CHCTEMbl, HEOOXOANMO H30JMPOBATh paccMaTPHBAEMYIO
Cl'ICTBMy. T. €. BKJIKOUMWTE B HEE TEIUIOBOH HCTOUMHHK. B arom CJl}“I}]E.‘ ')HT[}CII'IIIH
Oyner CKIanpiBaTheA W3 M3MEHEHHS JHTPOMUM «padoueiiy wacTh cHeTeMbl (B
KOTOPOiT NPOUCXOUT TOT WiIN MHOIT NPOLIECT) H H3MEHEHHA IHTPOIHU TETUI0BO-
ro uctogHnka. TakuM obpa3oM, MbI Kak Obl 3aMBIKAEM HCCABAYEMYHO CHCTEMY
M TEIUIOBOH MCTOYHHE Ha OOLLYH M30JIIMPOBAHHYIO CHCTEMY. /LIS KOTOPOil yiKe
CTAHOBHTCH CMPABE/UIMBLIM YPaBHEHUE BTOPOrO Hauana TEPMOAMHAMHUKN B BHIE
(2.12).

B cBA3M € 3TUM ClIGAYET pasiinuare pacuersbl 1A ONpPeAeieHHA 3HaYEeHHUH
H3Mererns 3nTponun AS B KakoM-THOO TTpoLecce 1 pacteThl 714 onpeaeneHns
OCYHIECTBUMOCTH Tpoliecca. B neppom cityyae peub uiaer o HaxomzaeHun AS
TOJILKO HEKOTOPOH COCTABHOI YacTH CHCTEMBI, @ BO BTOPOM clytae — BCerna
0 AS u301MpOBaHHON CHCTEMBI (KOTOPAA NMLIL MPH OTCYTCTBHU TEMI000OMeHa
seasercs paboueli cueremoil). TTockoNbKY B BBIPAKEHHH JUTS IHTPONHH (hUTY-
PHPYET 3HAK HEePABEHCTBA, OUEBHIHO, YTO HEBO3MOJKHO BBIYHMCIHTL 3HAYEHHE
AS B neobparumom npouecce. OaHAKO JTO 3aTpyaHeHHe Nerko o0oiTH: 4To-
Obl pelnTh 3a1auy pacdera AS, 10CTATOUHO NPEACTABHTL H3YUaeMblii npouece
rpoTeKaiouM o0paTHMO, T. €. MbLICJIEHHO 3AMEHUTL TAKUM coveranueM odpa-
THMBIX NPOIECCOB, B PE3YBTATE KOTOPhIX CHCTEMA MPUIINA ObI B TO JKE caMoe
KOHEUHOe COCTOAHNE, YTO H Npu (hakTHUeCKOM ee m3MeHenun. [leiicTBiTeNnbHO,
TAKOH MPHEM TNO3BOJISET BLIMHCIHTE 3HaYeHUs AS. HCMONb3yS 3HAK PABCHCTRA
B (2.12). NOCKOILKY IHTPONUA eCTh (PYHKLMA COCTOAHMA W, CNEN0BATENLHO,
HE 3aBHCHT OT NMyTH NMEPExo/ia W3 HauaabHOro B KOHEMHOE COCTOAHNE.

PaceMOTPUM H3MEHEHHE IHTPOIHK, KOLAA NPOLECC NPOUCXOANT MPH N0CTO-
SAHCTBE naBnennsa P = const. B atom ciyuae 13 (2.12) cnenyer, uto

ds = $8r _ Crdl' (2.83)
T T B
WuTerpupys B npenenax or 7 1o 75, nonyyaem
Ts
CpdT
S, =St = J ’Tf ‘ (2.84)

T

ILFIH B3ATHA 3TON0 HHTErpana HEOOX0AMMO 3HATh YPaBHCHHE 3aBHCHMOCTH
C'p OT TemnepaTypbl BO BCeM HHTepsajie temneparyp ot 17 ao Th. B cayuae
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C'p = const. KaK 3T0 HIMEET MECTO B CIVUae WaeanTbLHOTO ra3a. ypasHeHue (2.84)
VIIpoLaeTes:

AS =Cpln ‘f’_ (2.85)
1
Ecm npouece npoucxomut npu V' = const u C'y = const. To
AS = Cy ln 7;— (2.86)
4]

B m3orepmuueckux yvenosusax (I = const) dl7 = 0, Torna w3 o0bennHes-
HOTO MEPROro W BTOPOTO 3aKOHOB TEPMOAMHAMUKHN HMEeM

T'dS = PdV, (2.87)
MMocae unrerpuposanus g npeaenax Vi, 1a
AS = Rln : = R ‘:_‘ (2.88)
'I J._}

(3nech ncnonb3oea 3akoH boiing — Mapuotra (P V) = A 15)).

Eciii He3aBHCHMBIMH NEPEMEHHLIME SBISIOTCS Aasiedne P u temnepary-
pa I, u3MeHeHne IHTPOMHA B TAKOM mpouecce yaodHee oCyiecTBUTEL CHavala
NpH NOCTOAHHOM aasiieHnn ;= const (npu y1om Temneparypa mensiercs o1 T
no 13), a 3ateM npu noctosHHoii Temnepartype 1) = const (npu 3TOM naBe-
Hue MeHsercs o1 P 1o Po). Hamenenne SHTPONNK 1Mo ITHM ABYM Npoueccam
oTpakaetcs (GopMynoii

T P :
AS=Cpln Tj" +RIn ’—’ (2.89)
I %
[TpH HE3aBHCHUMBIX [IEPEMEHHBIX — AaBICHHH U 00bEME, NOACTABRIAA B Y PaB-
4 o _ PVi o _ PaVa ,
werne (2.89) snavenns temneparyp 1) = e u s = = a TAKKE YUH-
" (&
thigag, uto Cp — Cy = R u (1—’7 = 7. noayvaem
v
3 Y
AS=Cvinf2 [22) | (2.90)
Py Vi

Takum 00pas3oM. MBI PACCMOTPENTH HEKOTOPBLIE YPaBHEHUS, NO3BONAIOLINE
BLIYHMCINTL IHTPOIIHIO MM M3MEHEHHE JHTPOMHH MO H3BECTHLIM H3MEHEHHAM
NAPaMETPOR CHCTEMB! H MO HIBECTHBIM 3HAUCHHAM TETUI0EMKOCTE.

ViomsiHeM ete 00 0AHOM Ciytiae pacyera H3MeHeHHs JHTPOINHK B NipoLecce
CMEIIeHHs IBYX I'a30B, HMEKONHX pasHble o0bembl 17 1 Vs (T. e, unena moneii ;)
u remneparypsl 77 1 15 . JLnst 9Toro ciyuas HeoOX0AHMO ONPeaeInTL TeMIepa-
TYPY CMECH MOCE CMEIIeHHUS TAa308. DTO MOAKHO BBIYHCIHTH HA OCHOBE NEPBOTO
3aKOHA TEPMOINMHAMMUKH (DaTaHC TEeNa0TLl). MO KOTOPOMY

1 Ciy (6 = Th) = 120, (T> = 6). (2.91)
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Boiuucaue teMmneparypy cMmecu . ucnonassyem gopmyay (2.89) B Buae

i+Ve + Rln Vi |'-'I'-3.

.| iy

AS =1, In L + s, In Lh] + R1n (2.92)
T ]

3neck YMECTHO YHOMAHYTh eiie 00 0IHOM Cyyae pacdera JHTPOIHH CMe-
EHWA JBYX ONHHAKOBHIX ra30B NPH OIMHAKOBOH Temnepatype M NaBieHuN.
OO0bIyHOe paccMoTpenne (eM. Gopmyay (2.92)) npHBOANT K IHAYEHHIO IHTPO-
MUK, KOTOPOE HEAOMYCTHMO Ui CMECH JIBYX ra3oB O/IMHAKOBOI NMpUpoabl U
pasHbIX 00beMOB, a uMeHHo AS = 2R In 2, Xors norudHo Obuio Obl CKa3aTh,
4TO U1 AaHHOTO CyHas H3MEHEHHE DHTPONHH J0IKHO PABHATECH HY.O
B ITOM COCTOMT TaK HazblBaeMblii napadoxc [ uddca. Cam I'ndoe ve cMor pas-
PEeILHTL ITOT NAPANoOKC H OTPAHHYHICS 3aMeYaHHEM. YTO B Cliyyae CMEeLIeHHs
SHTPONUA Beser ceds HHaue, uem 3Heprist. SICHO, UTO Takas No3uLHs NOKOPHO-
CTH HEJOMYCTHMA B HAYKe, HO BCE MOMBITKH 000IITH CO31aBLIYIOCH TPYAHOCTD,
O-BHAMMOMY, HE MPUBEIN K L.

VzoTepmuueckne MOTEHIHATLI MAEANLHBIX ra3oB, kKak (yHKin o0bema o
JaslicHus 1pKY NOCTOAHCTES TEMIIEPATY Pbl (T = CGI’IS[} JIETKO NONYYHTL NYTEM
HHTErpUpoBanus noiausiX auddeperunanos F(2.49) u G (2.51). B pesyasrare
HHTETPUPOBAHHI HMeeM

F=FT)-RI'lV w G=GT)+RThP (2.93)

Pacuerst BeJIMUHHB XMMUYECKOTO MOTEHLHANA NPON3BOAAT, HCMOAbL3YS OTl-

pejielieHHe XMMHUeCKkoro noteHunaia (cM. (2.65) u (2.66)). [Mockonbky pt; =
act - p

= (—;) (115 MHOTOKOMMOHEHTHOH CHCTEMbI, COCTOdLLEH W3 i-I0 KO-
;jf\'l P. T J\_l,i!

JIMUECTBA COCTABJISIOULNX IAHHYIO CHCTeMY BewectB), a dG = SdT'+ VdP, 1o

dp; = — (ﬂ,) dT + ('“ .;) dP = —s;dT + vid P, (2.94)
P a.'\‘

aN Tl g

A€ §;, U; — Y/eJbHbIe (MOJIbHBIE) BEJIHUHHBI FHTPOMNNA 1 00beMa i-T0 KOMNO-
HEeHTA,
B cootBeTcTBHN € (2.94) nveem

P
pi(T, P) = p°(Ty, Po) — | s(T, P)dT + J v;dP, (2.95)

0 P

(3necky noa Iy u Py noapasymesaiorcs TeMmneparypa M 1aBieHHe B cHeTEMe
B HAYATLHOM COCTOAHWN).

[‘padik 3aBHCHMOCTH XHMHYECKOTO MOTEHIIHANA OT TEMMEePaTyphl 1 0611ero
NABJICHHs B CHCTEME MPUBEIEH Ha puc. 2.1 ans ayxdaszHoi (KHIKOCTb—ra3)
paBHOBecHOI cueTembl. [Tockoneky IHTponua u ofbem rasa fonkine, yeM 3H-

e
¥

" du,
TPONHA W 00BLEM JKHAKOIO COCTOAHHA, TO HAKIOH 3aBHCHMOCTH (LT)
PN,

15 rasa OosbLue, ueM ans KUAKOCTH.
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P=consi T'=const

a o

Prc. 2.1, 3aBHCHMOCTE XHMHHMECKOTO NOTCHIHAIA OF () TEMICParyphl W (6) Jasicins
SR ABYX(PAZHOTO COCTOARMSA AHIKOCTh — 13 OAHOKOMIIOHEHTHOH CHCTEMBI

”pl"l NMOCTOAHCTBE TEMICPATYPLI BENHUYHHA XHMHUCCKOTO NOTCHIHAA 1/id

HABANBLHOTO COCTOAHMA (MPHMEHUMO YpaBHEeHHe COCTOAHHS MIeaNbLHOro Tasa
RT

v; = — ) Oyaer onpenenstuest n3 (2.95) B Buze
B

1i(T, P) = ud(T, p?) + RTIn ‘_] = ud(T, p?) + RT Ina;, (2.96)
i

rac p;, ]J:j — NapLUHAIbHBIC JIABICHHUA i=I'0 KOMIOHEHTA COOTBETCTBEHHO B KO-
HEYHOM H HaYalbHOM COCTOAHHAX. @; — AKTHBHOCTL JAHHOIO KOMIIOHEHTA
(cm. pasn. 2.7).

Crnenyer ocob0 NOAUEPKHYTH PasHHLY MEKIY HACTHBIMH MPOM3BOAHBIMH
OT XapakTePHCTHYECKOI (DYHKIMK 10 YHCITY MOJICI KOMIOHEHTA NMPH HEU3MEH-
HbIX XaPAKTEPHCTHHECCKHX MEPEMEHHBIX H [IPH HEH3MCHHbIX MHTEHCHBHLIX 1a-
pamerpax. Hanpumep. B cayvae BHYTPeHHelH JHEPTHH HEOOXOAMMO pa3nnvarh

( U ) ( au ) . )
MpoH3BOaHLIE | — n{— . Ilepsas 13 2THX rpou3Bol-
N/ vosw, ONi J p 1, N,

HBLIX B COOTBETCTBHH ¢ ypaBHeHHEM (2.60) — 5T0 XUMHYECKHIT NOTEHUMAN i-ro
KOMTIOHEHTA [1;, BTOpas NApIHATBEHO MOJIbHAR BHYTPEHHAA SHEPIHA KOMNO-
HeHTa i. DU3HUECKHil CMBICI 3TOTO pasiHuus yao0HO pacCMOTPETh Ha MpUMepe
OAHOKOMIOHEHTHONO YHCTOTO BEUHIECTRA. B stom ciyyac

al’
. = qu, 2.97
( N ) . / ( )

(i) =, (2.98)
('j"\-' P.T

Vpasuenne (2.98) onpenenser BeaH4HHY MONbHON BHYTPEHHEi 2HEprun
MPH NOCTOSHHBIX HHTEHCHBHLIX napamerpax T’ u P. Ypaeuenue (2.97) tpedyer
CNelnaNbHOTC Pa3bACHEHHS.

[MycTs TepMoaMHaMHuecKkas cHcTeMa HaxoawTes npu mapametpax T w P
u umeer N Moneii nanHoro peuiectsa, oovem V', aHTponmio S n BHyTPEHHIOW
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aHepruto. Jlobapnm K 2Toil cucteme dN Moneil 3TOro ke BellecTBa. Haxo.d-
HIErocs MpH TeX Ke JaBieHin, Temneparype u umetomnx obvem dl7 = vdN|
BHYTPeHHIOW 3Hepruwo dU7 = udN n swrponmo dS = sdN. B pesynsrare
TAKOTo N00aBNeHHS BHYTPEHHAS JHEPrus yBenwaurcs Ha seawumiy dl. On-
HOBPEMEHHO M3MEHATCH M 00BEM M SHTPONHA CHCTEMbI, KOTOPbIE NPUOOPETYT
suavenust V 4+ dl7 w S+ dS | Ho a10 mpoTHBOpEUHT YenosuaM au(depeHuHpo-
saHud (2.97). lng toro, urodsbl BLIIOAHWATE Yenosus (2.97). veoOxoanmo nocie
aobasnenns dN Moneil BerecTsa BepHyTh 00bEM H IHTPOMHIO K MPEKHUM 3HA-
qenusM, M3menenne o0bema 1 OHTPOITHH CHCTEMBI [IPH HEH3MEHHOM KOJIHYECTRE
BelecTea rpedyer 3arparsl paboThl H TETUIOTHL, YTO B CBOIKO OYEPE/Lb BbIZOBET 10~
MONMHUTENbHOE H3MEHEHHEe BHY TPeHHel dneprun cuctembl dU' = T'dS — PdV.
[Moncrasus crona sHaveHns S n dl” ¢ oGpaTHbIMH 3HAKAMK, 04YYHM

dU' = —T'sdN + PudN.

Jist Toro, 4To0BI MOMYUHTH CYMMAPHOE H3MeHeHHe BHYTpeHHeil dHepriu
cucremst dL7, ynosaersopsiowmee yenosusam (2.97), ciokum dU m dU":

dU" = dU + dU" = udN — TsdN + PvdN = pdN, (2.99)

rae pu=u—1s+ Po.

Ypasuerue (2.99) Tox1ecTBEHHO ypagHeHHK (2.97) 1 packpeiBaer ero Qusn-
decknii cmbicn. OH COCTOWT B TOM. UTO MPH 100aBAeHNN K CHCTEME HEKOTOPOTO
KOJIHHECTBA BEHICCTBA € COXPAHEHHEM B HEH3MEHHOM COCTOAHHH €10 XapaKkTepH-
CTHUECKHX NEPEMEHHBIX, BCE XapakTepHcTHieckHe GyHKIHH (3a HCKII0UEHHEM
dynki [nd6ca, nockobKy Ans Hee XapakTepPUCTHUECKHE H HHTEHCHBHBIE Ma-
paMeTpbl CYTh OHO H TO 5KE ) MIMEHSIOTCH HE TOJBKO 38 CUET COOCTBEHHO H3MEHE-
HUS KOJTHYECTBA BELIECTRA, HO 1 3a CHET TOro, YTo nojjepAKanie HeW3MeHHBIMA
XapaKkTepUCTHYECKHX napaMeTpoB Tpedyer A0MONHNTENbHBIX IHEPIETHUECKNX
BO3NEHCTBHIT HA crcTeMy.

2.7. Ypagueuust Makcse/uia

Upe3pbi4aiiHO BakHbIM HHCTPYMEHTOM TEPMOJMHAMMKH ABAAIOTCH ypaB-
HEHWSA, BMEPBLIE COPMYIMPOBaHHBEIE MaKcBenToM. DTH YpaBHEHHS MINPOKO
OyayT HCMONb30BaAHLI B 1afbHeiiieM.

Hanomuum, uto ecnn audpeperuman kakofi-nudbo ¢yukumn dz =
= M(x, y)dr + N(x, y)dy (1.11) ssngerca noaHbiM anddpeperunanom, To
118 9100 GyHKIMKH cnpaBe/uiiBo cooTHowenne (1.13), 1. e

am\ _ [aN
y J . anN ”‘

CpasHenue ypaBHEHHs 71 BHY TPEHHEH SHEPTiH (KaK XapakTepHCTHYECKOH
Qynkunn) (2.45) dU = TdS — PdV ¢ (1.11) nokasbizaer, 4ro B 3TOM COOTHO-
mepmn V' =T, N = —F,r = Swny = V. C yietom 3T0ro 0o0cTOATENHCTBA

llOJ]yllai‘.‘M T 3P
(_) :(_) _ (2.100)
av)s \os/)y



2.8. Slemvuecmo. Axmusnocms 45

Conocrasnas ypapuenne (2.47) dH = TdS + VdP ¢ (1.11). Buaum, uto
M=T,N=V,x=_8ny=P.Orciona cieayer, 410

(ﬂ) :(ﬂ) . (2.101)
aP)s \08s/)p

U3 cpaprenna dI” = SdT'— PdV c(1.11)cnenyer,uto M = =P, N = =5,
r=Vuny="17T.B pesynsrare

(ﬁ_) :(ﬁ{) _ (2.102)
ar)y  \av/;

M, nakouel, cpasrusas (2.51) dG = —SdT + VdP ¢ (1.11), Haxoaum. 4to
M=V,N=-=5 1= Puy=T.B stom ciyuae

(ﬂ) :(”—") ‘ (2.103)
ar P ar T

Bce aTi cooTHOmEHHA MOTYT OBITh 3aMHCAHBI H B «MEPEBEPHYTOMY BHIIE.

Ecu TepMOIHHAMHUECKAS CHCTEMA MOMUMO PadoThl PACTIMPEHHS COBEPINa-
eT W Apyrie Biasl padoT (cnoikHas cucTema), To ypasHeHHs Makceesuia popmy-
TMPYIOTCA TOUHO TaK JKE, KAk W /LTS POCTBIX CHCTEM, C TOM IHILL pasHMUEii, uTo
Ha YacTHeIC Npou3BoaHLIe, urypupyioume B (2.100)—(2.103) HaknaasiBaoT-
€A 10NOJHNUTENBHBIE YenoeuA. Hanpumep, ais cHCTEMBL, B KOTOPOil BOIMOAHO
MPOTEKAHHE XHMWHECKHX peakiiil, o0heIMHEHHRIH NepBuIil 1 BTOpOIl 3aKoH
TepMOAHHaMUKK 3anuiueTcs B suae (2.80)

dU =TdS — PdV + Y _ jdN;.

C noMOLbLK METONA, H3NOKEHHOTO Bhlilie, npu _-Nr,; = const. Haxo0Aum

(ﬂ . i) . (2.104)
v/ s, N, 85 J v, N, '

AnanornuneiM o0pa3oM MOMKHO MOIVUHTE COOTHOUIEHHA Makceenna 1 s
APYIUX XapaKTepucTHYECKHX QY HKLHIL,

2.8. Jlery4yecTb. AKTHBHOCTH

[TpakTueckoe NCNoNbL30BAHHE TEPMOAHHAMHYECKHX YPaBHEHHIT COCTOAHMA
cBA3aHo ¢ GOJIbIIMMI TPYAHOCTAMU B BbluMcieHuax. Hanpumep, nwimexenne
sueprun ['Hd0ca nMpu H30TEPMIECKOM MPOLECCe B COOTBETCTBHN € YPABHEHI-
Py

em (2.93) nomkHo ObiTh paBHO [ VdP. Ho 1nst OTHICKAHWS 3TOr0 MHTerpa-
Py

Na HeoOXOINMO NOACTABHTL B NOALIHTEIPANLHOE BBIPAMKEHHE 3aBUCHMOCTD |
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ot P. Jlng uaeansHOro rasa 3ajayua peliaeTcs J0BOJAbHO MPOCTO B COOTBETCTBHH
¢ ypaBHennem Menneneesa— Knaneiipona. [lns a1oro ciyuas nmeem

AG(T) = RT In % (2.105)
1

CoBepiueHHO HHAYe ODCTOMT AeM10 € PEAIbHBIM ra30M. 1A KOTOPOro ypaBHe-
HUE COCTOAHHA TOPA3 /0 CIOAHee, U 1104 3HakoM uuterpana [ VdP Gyaer crosts
JHAUMTEILHO 00J1Ee CAOMKHAS (DY HKLLMS,

OnHako ans TEPMOAHHAMUKH NOME3HEe MNOAYEPKHYTh HE pasiuuue B ypaB-
HEHWAX COCTOAHMA. @ 00IIHOCTS 3a/a4, pelaeMeiX YpasHeHuaMu THna (2.93).
HaunGonee xopoiwnii cnocod noguepkHyTh 31y 00LUHOCTE COCTOMT B TOM, 4T00bI
MPHAATHL ITHM YPABHEHHAM TaKyl0 MateMaTHdeckyto dopmy (¢ Apyrum, KoHed-
HO, COZIEpP:KaHHEM ), Kakyto umeeT ypapHenue (2.105).

Jlstone (1901 r) npunan 3a oOpa3en NOAKYNAKOLWE NMPOCTOE YpPaBHEHHE
(2.104) ana ynrkupn ['ndbea (1AM TO ke camoe /U XHMHUECKOTO NOTEHMANA)
HIeaNLHOTO Ta3a W MPe/ANOKII BBECTH Hekotopyio dyvaxumio f(F), na3san-
HYHO aemyuecnoio (no-aHrmiickn fugacity). Jleryuects (Unm, kakx ee uHoIIa
HA3BIBAIOT, IV UGHOCIIE ), MOAHO OTIPEETUThL KaK JaBlieHHe, KOTOpoe J0JIH-
Ha TMPOMIBOANTL JAHHAA CHCTEMa, YyToObl OKa3biBaTh TAKOE AKe NCHCTBHE, Kak
M nieanbHas cucTema. JTo Kak Obl HCTIpaRIEHHOE NaeneHue. JleTyuecTs xapak-
TepH3yeT OTKIOHEHHE peasbHOro ra3a oT HaeanbHoro coctosHud. C npudnu-
KEHHEM PEasibHOTO Ta3a K WAealbHOMY COCTOSIHHIO JIETYUECThb [ 10 BeJIMUHHE
npubnuskaeTes K AaBaeHuio |, Tak, uTO MpH BCeX AaBIeHHAX 00e BeTHvHHbI
CTAHOBATCSH PaBHbIMM, T. €.

lim L =1. (2.106)
P—0 P

M3 (2.106) BUAHO, 4TO NIETYHECTb M JJABICHHE HMEIOT OIHHAKOBbIE €1HHHLLbI
m3Mepenna. OTHOWEHNHE NeTYUECTH K JABNEHHIO HA3BIBAIOT Kosghhuyuenmomn
Jremydecniu

e (2.107)

Koahprunentsl neryvecrd kax QyHKUHH JABIEHHS W Temneparypbl s
MHOTHX BELIECTE MPHBOAATCA B (PH3INKO-XHMHUECKIX cripaBouHuKax. JleTyuects
Obljla BBEJEHA B TEPMOAMHAMUYECKYH) MPaKTHKY B MEPBYIO O4Yepeldb A Bbi-
YHCAEHHA XHMHYECKHX NOTEHLHAnoB razos. Ho npuMenenne neTyuect 3THM
He orpaHuyuBaetcs. JISTyuecThio MOKHO MOJIL30BAThCH W TOLAA, KOIla YUCToEe
BELIECTRO HAXOANTCH B UIAKOH win TBepnoii (hase. BeiecTso B cOCTOSHUN Ha-
CBILLIEHHOIO Mapa HAXOAHTCA B PABHOBECHH C DTHM BELIECTBOM B JRUIKOI HIN
TRepAoil (pase. Torna npu paBHOBECHH JIETYYECThL RENIECTRA B rasoBoil opme
paBHA JIETYYECTH BELIECTRA B AKHAKOI Hnn TBepaoil dase. Takum odpazom, cTan-
J@PTHBIE YACTH XUMHYECKOTO MOTEHLINANA BEIIECTBA, HAXOAALIETOCA B PA3HbIX
Daz0BbIX COCTOAHUAX, MOTYT OblITh OTCUMTAHBL OF OOHO20 U MOZO HCE CINAN-
dupmm)‘?o COCIROANTA.

Hapsiny ¢ neTy4ecTsro ajis aHainsa noBeaeHs pacTBOPOB U 0COOEHHO Mg
aHanusa (azoBbIX paBHOBECHIT B PaCTBOPAX HCMOIL3YETCS ELIe 01HA BENHYHHA,
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HA3bIBAEMAS GKMUBHOCHIBIO KOMIIOHEHTa pacTBopa. Ee onpenenenne damsko k
OTNPEACACHHIO JICTYHECTH, W aHATMTHYECKH OHA (POPMYJIHPYETCH Tak:

pi(P T, ey, &2, 000 ) = 4

Ina;(P, T, 21,23, ...) = RT

(2.108)
A€ (i; — AKTHBHOCTh 1-TO KOMMOHEHTa, 17 — XHMHYECKHIT NOTeHIman H1oro
KOMIOHEHTA B COCTOSAHUM, NPHHHMAEMOM 3a CTaHAapTHOE,

Bridop cTaHaapTHOTO COCTOAHNA ANKTYeTCa coodpaweHuamu ynooersa, [Ina
KOHJIEHCHPOBAHHOIT CHCTEMbI KaK NPaBHII0 BeIOMPAKOT B KAYECTBE CTAHAAPTHOTO
COCTOAHNS COCTOSHHE YHCTOTO BeLUecTBa (B sKHAKOH nan TBepaoii dasze). Haxo-
AALIErocs noj AasieHueM B oaHy arMocdepy (He noa JaBleHUEM HACHILIEHHOTO
napa 3toro sewectsal) W npu navHoit remneparype T.

HeoannakoBble HAHMEHOBAHHA (JETYUYECTb, AKTHBHOCTD) JIHLLL HANOMHHA-
FOT O pasinduy CTAHAAPTHBIX cocTosHKii. [1pn BhIuNCIEHHN JleTyYecTH CTaH-
NAPTHBIM ABJIAETCA COCTOAHHE HASANTH3UPOBAHHOTO Ta3a NpH AaBjeHHH B OOy
armocgiepy. B TO BPEMS! KaK NPH BIMHCICHHH aKTHBHOCT W TAKOBBIM ABJISETCA CO-
CTOSIHME YHCTOMH KNAKOCTH (YNCTOTO KpHETAIA) Nph oB11eM JaBlieHHN B OQHY
armocdepy.



r'TABA 3
TPETUH 3AKOH TEPMOJIUHAMMKH

K wonuy XIX Beka BONpOCHl pPacyetoB XHMHUECKOIO PaBHOBECHA CTalld
npHodpeTaTh BAXHOE NMpakTHIecKoe 3HaueHne. JocTaTouHO HAMOMHHTE TOJTBKO
0 npodieme CBA3AHHOIO a30Ta, KOTOpas BO3HHK/IA B CBA3H C UHTETPUPOBAHNEM
YPAaBHEHUA 3aBUCUMOCTH KOHCTAHTBI XMMHUECKOTO PABHOBECHS OT TeMmepary-
pbl. Jlea0o B TOM, HTO 3HAYEHNE KOHCTAHTBI PABHOBECHSA HEBO3MOKHO BblUMC-
JHTh TONLKO HA OCHOBAHHH TEPMUYECKHX JaHHBIX. [IPHXOANTCSH OCYIECTBINTS
paBHOBECHE MPH OAHOH TeMNepaType, UCCNEA0BATh €ro, BLIYHCAATL 3HAUSHHE
KOHCTAHTbl PABHOBECHA LIS TOM TeMIEparypsl H HAXOAHTbL Jajiee 3Ha4YCHHUE
KOHCTAHTBI HHTErpHpoBanus, JIpyruMu cnoBamu, ISl BLIYHCIEHHS KOHCTAHTDI
paBHOBECHA HAJO NPeaBAPUTENLHO OCYLIECTBITEL CamMo pasHoBecHe. Tonbko no-
clie TAKO# NpoLeyPshl MOKHO ONPEACIIUTE KOHCTAHTY PABHOBECHS MpH 1000
Apyroi Temneparype.

Jle Hllarense mocTaBuil 3agaqy onpeleNeHns KOHCTAHTBI paBHOBecHs Oes
MPOBEACHMSA TPEABAPHTENLHOIO JKkcnepuMenTa. OQHAKO PELNTL TAKYIO 3aia-
4y B paMKaX MEpBOTO H BTOPOTO 3aKOHOB TEPMO/IMHAMHUKH HeBo3MoxHO. Ecin
ITa 3ajata BoOOIUE pelaeMa, TO J0/DKEH CYLIEeCTBOBATh METON OlpeaeneHHs
IHTPONHI 5€3 OCYECTBICHUSA PABHOBECHS.

Tomcen B 1852 r. 1 bepreno B 1869 r. caenajin nONbITKY PeLINTb M0CTaB-
aeHHyio npodiemy. OGoux Heenenosarelieli HHTEPECOBANl KPHTEPHIL, KOTOPOMY
JIOIDKHBI TOAUHHSATHCH CAMONPOH3EOIBHO MPOTEKAKIHE XHMHUCCKHE PEaKInH,
Mo Tomceny 1 Bepreno Ha A3biKe COBpEMEHHOI TEPMOIMHAMHKH TAKUM KpUTe-
pHEM ABIASETCA H3MEHEHHE IHTANBITHH NPH PeakiHil, KOTOPOE NPH NOCTOAHHbIX
JaBNeHUH 1 TeMneparype JoMKHO OblTh OTPHLATENLHLIM, T. €.

(AH)p,r <. (3.1)

OaHako 3T0 HEPaBeHCTBO MOKeT ObiTh JKBHBAJEHTHLIM HEPABEHCTBY
(AG) p, 7 < 0 TONbKO B TOM CIIyHae, €ciin U3MEHEHHE IHTPOTHH TIPH PEAKIIMH
pasuo nymo. Ho nockonbky AS B 08uieM ciyuae He paBHO HYJIO, TO HEpaBeH-
¢180 (3.1) He MOKeT ObiTh CIpaBe/IUBbIM BO BeeX cliyuasnx. OIHaKO NPy HU3KHX
TeMTepaTypax, NpHOIKAOMIMXCA K aDCOMOTHOMY HY/IHO, TIPHHIMT bepTeno —
Tomcena noHOCTEIO CIpaBeMTHE,

BhInonHeHHe 3TOTO MPHHIMAA NPH HA3KKUX TeMNepaTypax Haseno HepHera
Ha MbIC/b 0 ToM. 4T0 AG 1 A H He TOALKO paBHLl APYL APYIY Npu a0COLIOTHOM
Hyne, Ho u 3aBucumocTd AG(T) w AH (T') nmetoT o0u1y0 KacaTelbHY0 MpH
ITOH TeMneparype.

[Mpomndpepentmpyem ypasuenne AG = AH —TAS no temneparype npu
MOCTOAHHOM [1aBIeHHH:

(a%(;) - (E?ATI) = A T(E) ., {32}
ar ) p a ) p o
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Ho
T(‘“—“‘) = ACp. (3.3)
' ) p
Torna
(""-?”) = ('“f”) A=Al (3.4)
aT / p ar ) p
Mo npeanonoxenmo HepHeta (oHO He cheayeT U3 000X 3aKOHOB TepMoO-
JMHAMHKH )
lim (ﬁ) = lim (M) : (3.5)
T—0\ o1 ) =0\ dr /p
lim AS =0, (3.6)
T—0

MOCKOJILKY M KBAHTOBAd TEOPHA, H DKCMEPUMEHTA/IhHBIE HaHHbIE CBHACTEIh-
CTBYIOT O TOM, 4TO BenuuuHa C'p NPeRpalaeTcs B HyNb NPH aDCOMIOTHOM HYIE.

Vpasrenus (3.5) u (3.6) ABAAKOTCH MATEMATHUSCKO 3aMiChi0 TPEThEro 3a-
KOHA TepMoanHaMHKH. HacTo (3.6) ceazblBaloT ¢ noctynartom [lnauka, no xo-
‘I'OpOMy ((LJHHI‘(?{?HHJI FTpuh'ii'.-?bHU ()I’;‘(HJ'J'UFJ'{I'HFH).:.‘U xpm'ma.-’r.m lel‘ Hfj{.'{).u"h‘()ﬁi‘”ﬂ,'l-l‘
Hyie pagha vymon, T.e. Sp =

TpyaHOCTb HCMOL30BAHMS JTOTO 32KOHA COCTOMT [MIABHLIM 00Pa30M B TOM,
970 KoHAeHCHpoBanHas (asa QosskHa ObITh YHCTOIH W CTPOTO PABHOBECHOI, T. €.
B COCTOSHHMH ¢ MMHUMAanbHOI dHeprueil. Ecin npousounuio kakoe-nudo Hapy-
weHne (aswl, HANpUMEp HapylleHHe HASANLHOCTH PeleTKH WIN BHeJpeHHe
NOCTOPOHHUX ATOMOB B KPUCTAITNYECKYIO PELIETKY, TO CHCTEMa nepeiiier B co-
CTOSHKE HETIONHOTO PAaBHOBECHS, W €e dJHTpornHs Aaxke npu I — U Syner donb-
e Hy/1s. 3T0 TaK HasbiBaemas ocmanmoynas sumponus. OCratouHan SHTPonua
B CMEMIAHHBIX KPUCTANAAX, COCTOSIINX 13 JIBYX H30TOMOB Kakoro-Tnbo nemMeH-
Ta, BOIHHKAET MOTOMY, YTO aTOMbI 3aHUMALOT Y31bl KPHCTAUTMUECKOIT PeLeTKH
fonee Xa0THUHO, @ HE TaK, YTOObI A0CTHIATOCH COCTOSHHE C MUHUMATILHOIT YHEp-
rueii. Tak. npu cooTHowenHy w3oTonos 1 : 1 ocratouHas SHTPONHA CMelaHHbIX
KPHCTALIOB COCTaBNSET NpuMepHo 5.8 Jix/mMoib,

Takum odpa3zom, 5TH a3kl He HAXOAATCA B COCTOAHHH BHYTPEHHETO Tep-
MOAMHAMMYECKOI'O PABHOBECHA, HX COCTOSHUE HE ONPEICIEHO MOJHOCTLIO TEM-
nepartypoil, JaBaeHHEM, YHCIOM U NPHPoAoH KoMnoHeHToB. CHeTema B 3THX
COCTOAHUAX MOXET MPUHHMATL GecKOHeuHO GOnblOe Yucao KoH(UTypaumii,
a, 3HAYUT, IHTPOMUA BCEX TAKHX KOH(DHIYpalnii He MoxkeT OnlTh OHOH H TOM
#e. [Toaromy noaodHble CHCTEMb! HE MOTYT M3YUAThCs TEPMOJMHAMMYECKHMH
merogami. [lonoGHbie cMELIaHHbIE KPHCTAMIbI HE NMPEACTABIAIOT cO00Il Hapy-
LICHUS TPETHETO 3aKOHA TEPMOAMHAMMKH, MPOCTO K TAKUM CHCTEMAM HEb3sl
OPUMEHATH TEPMOINHAMMUKY PABHOBECHOTO COCTOSHMUA.

Vpashenue (3.2) MOKHO MCMOAB30BaTh HE TOJNBKO /U1 XUMHYECKHX peak-
LM, HO W 4751 APYTHX fpoueccoB. B 4acTHOCTH, M3MEHEHHE IHTPOMHN MPH
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H30TEPMHUYECKOM CRATHH WIH PaCIlHPEHHNH (I)a'ibl AOJKHO CTPEMHTBCA K HYITHO,

CJIE/IOBATENTLHO,
- aS A
e [ == =0 (3.7)
T—=0\ apP 7
OrTcroa, HCNOIL3YS COOTHOLIECHHS MaKcBena, HaXoauM, UTo
" P
lim [ 2= = {J. (3.8)
T—0\ 87T v )

Taxum oOpazom, TemneparypHblii ko3 himeHT 1aBIeHUA NPU TeMnepary-
pax, NPUOMHAKAIIIMXCH K HYJIIO, TAKKE CTPEMUTCS K HYIIO.

[Moctynar [NnaHka MCNONBL3YIOT AN BhiMUCIEHNS a0CONIOTHBIX 3HAYCHHH
sHTponuu (abconmoTHelX AHTponuil). [lis BeiuucieHns adconTHOM IHTPONIHK
HeOoOXOIHMO 3HAHHE TEMIOEMROCTH, OTIPENENeHHOI 10 BO3MOKHO D0J1ee HH3KHX
Temneparyp. Tak kak Tennoemkoctd npu 0 K He M3BECTHBI HH 1718 OAHOTO M3
BELIECTR, TO 3TH BEIMMNHBI HAXOAAT KeTpanonauneii ypasnenna [ledas ¢ no-
MOLLBIO IMIHPHYECKHX TTPHEMOB,

Eciiu 3HAYEHHS TEIIOEMKOCTH BELLIECTBA B Pa3/iHtHbIX (Da30BbIX MOAH(HKA-
ouAX ompeneneHsl BnaoTh a0 0 K. To ang poivucaeHns abconoTHOH JHTPOTTHH
BOCTIONIb3YEMCH Y7ke H3BECTHOI (opMyIoii, 3amicas ee B Bue

A
Sy = j e ar. (3.9)
T
(1]

Toraa, yunteiBag Bee nonumopdHsie 1 (pa3oBbIe NPEBPaLIEHHS BIIOTH 10
HeoOxoanmoil Temneparypbl 7', 3anuiuem BeipameHne s pacuera adconoTHOI
IHTPOTNHI:

Ta Tos
) AHll {_" ni
sT=J C8 g 4 Slaip. J SEdT + S 4
T Tﬂ—o-,d T
0 Ta—~g
Tm T
i (-‘raJ .
+ J 2 Ll J (3.10)
’;1.‘ . K

[lepsblii uneH 3TOro YpapHEHHs PABEH JHTPOMHN KPUCTAILIIMECKOrO BeLe-
CTRA MPH TEMIIEPATYPE Er0 MEPEXoa U3 0AHON KpHCTaInIeckoil Moan(HKay
B ZIPYTYIO; BTOPOIi YIeH COOTBETCTBYET H3MEHEHHIO IHTPONHH NMPH (a3oBoM npe-
BPALLEHNI; TPETHIT — MPHPALIEHIIO YHTPOTHH MPH HATPEBAHMI BEMIECTBA OT
Temneparypsl nepexona T, 5 10 TeMneparyphl riasinexdus u 1. a. Ecnn sewe-
CTBO HMEeT BCEro NHilb OAHY KPHCTAIHYECKYI0 MOTH(HKALMIO, TO MEpPBbie
TPH YiEHa YPaBHEHHS 3aMEHSIOTCA HHTETPAIOM. COOTBETCTRY HOIIHM IHTPOTTHI
TBEPAOro BELECTBA NpH Temneparype riasnaenms. [ockonbKy wis S0abIHHCTBA
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BELLECTB 3HAYEHMA TEII0EMKOCTH W3BECTHBI NPH TeMOEpaTypax Boitte 5 — 10 K,
TO 3HAYEHHE NEPBOTO HHTErpaia paccunThipatoT nbo rpaduyeckoii kcTpano-
Jsiupeii, 1nb0 © NOMOLLLIO CHIELHANIBHO pa3padOTaHHbIX METOLOB.

OBumx mMareMarnuecknx cootHowmennii Mexay C'p u 1’ He Haiineno. u HH-

Terpasl, BXomiime B ypasHenue (3.10) onpenensior no rpadukam (—15 = f(T)
i Cp = f(InT') (puc. 3.1).

—C'pa"T
0,200 -
0,150f
0,100 N 1}3_0 » lﬁf.-l )
L Cp/T)dT | J(CHiTHdT
- 1!.:2 ! 103.9 #iA) Cpil'=p(T)
0,050
- 5 :‘}:g_:
i o Co/ TYHT %
i < lh‘!g #E) &
0 50 100 150 200 250 j

Puc. 3.1. I'padmuecknii MeTon pacuera JHTPONHH

Pacuer aHTPOINMN 3HAUMTENLHO YHpoLAaeTes biarojaps Halnuuw radiuu
3HaueHMit Sigg. HAMACHHBIX WIN 13 TEPMOXHMHYECKHX BEJTMYHH, HIIH HA OCHOBE
CTATUCTHYECKHX METOIOB. & TAKKE C NIOMOLILIO NPHOJINIKEHHLIX METO0B pacue-
T2 H PATHIHLIX KOCBEHHEIX MeTO/10B. CBOKH CTAHAAPTHLIX BETMTHH SHTPOTNH
Pa3IHYHLIX BECIIECTB NPHBOIATCA B JI00BIX ClIpaBO4HHKaX 110 TEPMOIHHAMUKE.



r'TABA 4

PA30BOE PABHOBECHE
OJHOKOMINOHEHTHbBIX CUCTEM.
XUMHUYECKOE PABHOBECHE

B nacrosuei rnage He 6)’,IL€T BBEACHO HUKAKHX HOBLIX MPHHLUNIOB. 3nechMbl
Gyj.lem MUMETb €10 JIHb ¢ HaHD0J1ee BaKHBIMU NPHMEHCHHAMH TEPMOIHHAMUKHN
B qm'muecmii NHMHH, 4 HMCHHO € H3YHCHHCM XHMHUECKOTO PARHOBECHA MOKY
pasiH4YHbIMH dJaaa MH OAHOKOMIIOHEHTHOIH CHCTEMBL.

4.1. ®a3oBoe paBHOBeCHE

Cuctema, cocToAmas W3 HECKOMBKHX (pa3, HA3BIBACTCA 2emepaseHHOll.
azo0ii HA3bIBAKOT COBOKYIHOCTh FOMOTEHHbLIX 4acTeil CHCTEMbl, ONHHAKOBBIX
Mo COCTARY, XHMWUYECKHM M (PHIHMECKHM CBOIICTRAM 1 OTACNEHHON OT ApyTrHX
yacTeil cuCTeMbI MOBEPXHOCTLIO paznena. JKuukne u Teepabie (pasbl HA3BLIBAIOTCA
Kondencupasannpivy hazamy. PaBHOBeCHe B CHCTEME, COCTOALICH H3 HECKOh-
KX (pa3. Ha3LIBAETCH cemepacennbivm WIN (hazosbis PasHoGecuem.

B 1875 r. 'nb6c B croeil 3HameHHTO cTathe «O paBHOBECHI METEPOTEHHBIX
BELUECTB», HCXO/LA M3 IIEPBOTO H BTOPOrO 3aKOHOB TEPMOJIMHAMMWKH, 1acT Hau-
Gonee 001yI0 GOpMYTHPOBKY YCJIOBHIT pABHOBECHS /LIS FETEPOTeHHBIX CHCTEM.
Oano n3 nanbonee KPacHBLIX CIEACTBIN YCIOBHIT paBHOBeCHS B QOPMYIHPOBKE
['nbdca — 310 npaemno has.

4.2. Mpasuio a3 'mddca

Teopema. Yucio cmeneneit c60600vl  pasHOGECHO20 COCMOAHUA CUCHIE-
Mbl. COCIMOANCTE U3 CCH PATTUYHBIY KOMAOHCHIMOE 6 PA3HBIX hazax r. daemes
GHIPANCEHUEM

f=c—r+2. (4.1)

[lon uncnom creneneii cBoGOILI NOAPA3YMEBACTCS YHCAO BHY TPEHHHX Nepe-
MEHHbIX, KOTOPbIE MOIYT POH3BOJILHO MEHATLCS [1PH 3AJaHHBIX YCIOBHAX paB-
HOBECHS.

HokasarenbcTBo. BHYTpeHHHE VCIOBHA PAaBHOBECHA LA maHHOH (a-
3hl, COCTOAWIECH W3 ¢ KOMIOHEHTOR. OnpeacAOTCA KOHUCHTPAIHAMH KOMIMOHCH-
TOB. DTO O3HAUAET, 4TO UMeeTcs (¢ — 1) BHYTPEHHHX [1epeMeHHbIX, OIHChIBa-
mWHX coctas haszel. Kpome 3THX nepeMeHHBIX, HMEIOTCS €lle nepemMeHHbie 2
u T, onunakossle g Beex daz. Takum oBpazom, 18 r(haz YHCIIO NEPEMEHHbIX
cocrasut (¢ — 1)r + 2. XuMHYeCKHEe NOTEHUHAIb] ,u?' (B=1,2. ... ; 1=
= 1,2, ....¢), KAK UHTEHCHBHLIC BEJIMYNHBLI ONPEACAAIOTCS TOILKO ITHMH
BHYTPEHHUMH nepeMeHHbIMH. [10CKONBLKY YCIOBHS PABHOBECHS, OTIPEEIAeMble
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pPaBEHCTBOM XHMHUECKUX NMOTEHUHANOB 0000 KOMIOHEHTA B pa3HbLIX (hasax,
cocTosT 3 (11 — 1)e ypaBHeHHiT, TO 4HCI0 CBODOAHBIX MAPAMETPOB. KOTOPbIE
MOI'YT MEHSATBCS B PABHOBECHOM COCTOAHNN, DyaeT paBHO

f=le=1r+2—(r—1)e=c—r+2. (4.2)

VYpaeuenne (4.2) nocur Haspanne npapmiaa ¢as M'mdoca.

PaccmoTpum pasHOBECHE MeX 1y ABYMS (pasaMiu OJHOKOMIIOHEHTHOI cHeTe-
Mbl, COCTOSILLIET, CKAKEM, M3 JKIIKOCTH M €€ HACHILLEHHOTO Napa (HaChlIeHHbIM
MapoM Ha3bIBAETCH Map. HAXOMAIINIICA B PABHOBECHH € JKHAKOCTbIO). B cmyuae
paBHOBeCHA B 000N TOYKE CHCTEMBI JIOJIKHO COOMMIONATRCA NOCTOAHCTBO XH-
MHYECKOro noteHuHana (cMm. ypasHenue (2.71)), 1. e. Xumuueckuii norenuman
N0JKeH ObITh OAWHAKOBBIM 18 Napa v s KUAKOCTH:

=g (4.3)

CootHowenne (4.3) npeacrapager coboii yenosre (azoBoro paBHOBECHS.
B npocrpanctee nepemeHHslX P, T W ji JIMHWS nepeceveHus NnopepxHocTei
JU= [y Wi = jix NPEACTARACT JHHMIO cocyluecTrRoRaHus AByX (has. [lpu
nepexone Yepes 3Ty NHHHIO MPOMCXOIUT ¢hazasoe npespanyenue. Beerna pea-
nusyerca (asa ¢ MEHbIINM 3HaYEHHEM XHMHYECKOrO MOTEHIHANA, NOCKOIbKY
oHa Bonee yctoiiunea. INopamok dazo-
BOIO 11EpPEX0a Olpeessiercs Nopsaaikom
KOHTAKTa MEKIY MOBEPXHOCTAMH fi =
= 11 Bt = po. Ha puc. 4.1 npencrae-
Jlen (asoBwlii nepexol nepeoce poda.

(Knaccngpukauns  ¢a3soBblx  nepe-
X0J0B BnepBble Oblfla  NpenoKeHa
Opendectom. Ero naes o nopsaake aso-
BOTO MEpPexoaa OCHOBLIBASTCA HA Pasno-
KEHHN BEAHYHHBI M3IMEHEHMA XHUMHue-
ckoro notenumana Ap(7T+d7T, P+dP)
B pay Teitiopa no crenenam d1' u dl.
Ecian wieHsl neproro nopsajika oriny-
HBl OT HYJISL. TO ITO XapakTepH3yer ne- I
PEXOA NEpBOTO poja. Ecin ke uneHbl  ygyx a3 s naockoctu P—T
nepBoro nopsaaka odpaianTcs B HyIb
B/IOJIb KpUBOIl pasHoBecHs, a wieHbl Puc. 4.1, @asonwii nepexojt nepnoro
BTOPOTO MOPAAKa OTIAWYHBL OT Hynsa, poia
TO FOBOPAT O NEPEXONE 6MOPOc0 pooa).

[ToCKONBKY XHMHYECKHIT MOTEHUMAN NPEACTARNACT COO0H HEKOTOPYHO (DY HK-
unio aasnenus I” uremneparypbl 7', T0 U3 paBeHCTBA XHMUHECKHX MOTEHLMANIOB
BELIECTBA B pasHbIX (haszax creayer, 4To Kawma0il TeMneparype COOTBETCTBYET
OlIpPEICIEHHOE AABJICHHE HACKILIEHHOIO napa. 3aBUCHMOCTh JIARIEHNUS HAChl-
LLIEHHOTO napa oT TeMneparypsl (B koopauHarax P —1") gomkua npencraBnarh
coboit Mo nepecedyenns nosepxHocteit " (P. T') w (P, T). okanyuparo-
weiica kpurHueckoii Toukoii (puc. 4.2).
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Taknm odpaszoM. uToDbl ZaHHAA AByX(ha3Hasd CHCTEMa HAXOIHWIach B CO-
CTOAHHH PABHOBECHA MPH W3MEHEHHH KaKoro-1H00 o1Horo u3 napametpos (P
win T'), HeoGX0ANMO H3MEHHTH OHOBPE-
MeHHO u Apyroii napamerp (17 wmn I°).

Yrobet nonyunrs caszb mexay P u T,
paccMoTpiM aBa ONM3KHX PaBHOBECHBIX
74 © cocroauua (I', Pym (T + dT. P + dP).
105am  AW18 HUX HMEEM, COOTBETCTBEHHO,

P

ap pt+dpt = 4 dp*. 4.4)

Takum odpasom, s TOTO, HTOOBI CH-
7 CTEMa HaxoAW1ach B paBHOBECHH. Heol-
X0AnuMo norpedoBars, 4T00b H

Pue. 4.2, JlnarpamMya cocTOsHHA BOILI
dp" = dp™. (4.5)

[loncrasnss B (4.5) Beipamkenus XUMHUECKOT0 noTeHuHana (2.94). noayunum
—s*dT + o®dP = —s"dT +v"dP. (4.6)

Coﬁupaﬂ B IEBYIO HACTh NOJIHLIE }.lHd)(i)ﬁpEl-ll.lHa.l'lbl JABICHHS 1 Temnepary-
Pbl. MOJAYYHM OKOHYATCIBHO CICOYIOLWCE YPAaBHCHNC!

=i @)

Oto ypasuenne Knaneiipona— Knaysnyca. OHo ABISETCS TOUHBIM H [PH-
MEHHMO K JIODOMY (pa3oBOMY NEPEXOY, T. €. HE TONBKO K [EPEXOAY KNIKOCTh —
nap. HO 1, HAMPHMEP, K MEPEXOIY TBEP/IOE TENO — KHIAKOCTh, TBEPLOE TENO — rap.
Boisee Toro, 310 ypagHeHHe IPUMEHHMO TAKKE B TEX CIYYasX, KOTa B TEPMOJIH-
HaMuueckoii cicTeMe peannsyercs (pazoBwlil nepexos, cosepalonii He paboTy
paclinpeHus, a padoTy Kakoro-audo Apyroro BHAA, T.€. B CHCTEME, B KOTOPOIl
0DODILEHHBIMH NTApaMeTpaMu SIBIAOTCS He 00beM 1 tasneHue. Hanpumep. mwis
TEPMOAMHAMUYECKOIH CHCTEMBI «MarHeTHK B MArHHTHOM MoJe» 0000IEeHHBIMU
napameTpamMu ABISHTCH HANPAKEHHOCTH MarHUTHOTO NOJ18 1 HAMArHHYEHHOCTh
BEIIECTRA.

(3amernm, yro ypasHenne Knaneiipona—Knaysnyca MOKHO NOJAYUHTL YH-
CTO (POPMANBHO, HCMONbL3YA COOTHOIEHHS Makcpenna (cMm. yparuenue (2.101)).

YToObl BHIPA3HTL MPAaBYH 4acTh (4.7) uepe3d maMepsAeMble BEIMYHHBI, Ha-
MOMHHM, 4TO npotiece PazoBoro nepexoa ocyUeCTRISETCS [IPH MOCTOSHHBIX
NABAEHHH W TEMNEPATYPE. @ NMOTOMY B ATOM YpaBHeHUH As = ATQ rae (] —
KOJIMUECTBO Tel1a 1P HEPexoie H3 0HOM (a3l B APYIYIO, @ 3TO HE 4TO HHOE,
KaK TernsjioTa HenapeHns (B AaHHOM cliydae miH B 00lem — teniora (asosoro
nepexoja). T.e.

aQ = h" — h* = Ah". (4.8)
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Mui noayvviacs, TakHM 06}3330!\1, COOTHOMICHHAE 18 NpoUCCCOB HCOApCHHAL

dP AR

ar - TAu'

(4.9)

rae T, P — napameTphi paBHORECHOTO (pa30B0ro npeepatiens: Ah" — Molih-
Has Temiora GasoBoro npespalleHns H Av — MoJibHOE H3MeHeHHe o0bema npH
JAHHOM TMPEBpPaLIeHIH.

[lpn npaktnueckom npuMeHeHHuH ypapHeHus (4.9) vacto noias3yiorcs cle-
AYIOUIMMH IPHOIIIBKEHHAME: 118 [IPOLIECCOR HCTIAPEHHS M BO3TOHKHN [10J1Arator,
uro ¢" 3 v unm v'®, cunraeres . uto v" = RT/ P, T.e. N0OAUNHAETCA 3aKOHAM

uacanbHoTo raza u Ah™ = const (3aech 1 aJee pedb NOiIeT 0 NpoLecee uerna-
dP _ AR" _ AR"
peHHA WK BO3rOHKN). B oTHX npubnmkeHnsx — = — =

-, u, pasnenss
dl’ To" R
nepeMeHHble, MMeeM

n’.P AhT din P ART
= JT HJIH s :

. (4.10)
PRI d(1/T) R

Kak suano uz (4.10), sasucumocts In 7 ot 1/T npeacrasiena npsamoii
C TAHFEHCOM YINIA HaknoHa pasHbiM AR"/F (puc. 4.3) B WIHPOKOM HHTEp-
Bane Temneparyp. YpaesHenue (4.10) no3sonseT OLEHHTb NOPALOK BEIHUHHbI

lg!’ JHIHIT‘
AH wap = —4,575 lga

AH oy5,=—4,575 188

R

JI{IIRIPHI.! €.

BPwi 0N
i
X
[ [
T 1.t T Trp v Twrx, Th'l‘.‘ T
Puc. 4.3. 3asucumocts lg Por1/T aas Puc. 4.4. 3aBUcUMOCTb TEILIOTHI 1APO-
NPOLECCOB BO3TOHKI H HCTAPEHHA 00PA3OBAHHA OT TEMIIEPATYPhI

NAB/ICHNUA [1apa NPaKTHYECKH NpH 00oii Temneparype. Murerpuposanne (4.10)
B npenenax or gasgnenns Py po Py w coorsercreyromum 3tum aapienusm T
u 15 naet ypasHenue Knaneiipona— Knay3auyca B unterpaisHoii popme:

In Bt . AW (L_i). @.11)
P R T, T

OHAKO OTMETHM. 4TO KaKYILEECH NOCTOAHCTBO Ah" ABIACTCS CICACTBHEM
TOro, 4T0 YMEHbIECHHE AL ¢ POCTOM TeMNepaTyphl IPHMEPHO KOMIICHCHPYETCS
npeHeGpekeHeM 00beMOM KHAKOI da3bl.

TemneparypHas 3aBHCHMOCTE TEMI0TH NapO0OPA30BAHNA KHAKOCTH CXeMa-
THYHO MpeicTaBieHa Ha puc. 4.4, U3 KOTOPOTO BUAHO. YTO N0 Mepe NpHOMHKe HUs
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K KDHTMYECKOMY COCTOAHHIO cHcTeMbl yenoeust Ah = const 1 Av = v" He BbI-
nofaustoTea. [Tosromy npumenumocTts ypasHenus Knaneiipona—Knaysuyca
B HHTErpaibHOIl hopme (4.10) orpaHnteHa 00JIACTHIO HEBBLICOKIX TEMIIEPATYP.

Ha nepsblii B3MAA KakKeTCA, YTO 3aBUCHMOCTh TETUIOTHl HCMAPEHHS MOK-
HO HaiiTH, HCoJIb3ys YpaBHeHue Kupxrohda (1.45). Onxako oHO 18 paccma-
TPHBAEMOIT 3ABHCHMOCTH, CTPOTO TOBOPS., HEMPHTOHO. MOCKONLKY QHIHUECKHe
MpeBpaLIeHis B OTIMYHE OT XUMHYECKNX Peakunii He MOTYT IPOHCXOAHT [PH
PA3HBIX TEMMEpaTypax v HEM3MEHHOM JABIEHHH, UTO W OTPAKEHO B YPABHEHHH
Kupxrodia.

Pacuer nasieH s HAChILLEHHOTO Napa /Uls poLecca IlasjieHus (3aTsepiesa-
HHS) BO3MOKEH TOMBLKO C HCMOTb30BaHHeM Anddepenumnanbhoii GopmMel ypasHe-
Hua Kianeiipona— Kaaysnyca (4.9). B koropos teuiora napoodpasosanus AL"
JIOJKHA ObITh 3aMeHEHa MONLHOI TenioToil nnasneHus (3arsepaesanus) AL™M,
alAy =v¥T) —v™(T).

[TOCKOBKY TEMOCPATYPHBIC 3aBHCHMOCTH MOJILHBIX O00BEMOB TBEpAOH 1
wuakoii da3 B obiieM cayuae HemsBecTHbl (WM CJOKHBI, Tak 7Ke Kak i TeM-
reparypHas 3aBHCHMOCTh TETIIOThI MIABICHNS ), TO NPOBECTH HHTETPHPOBAHHE
ypasHeHus (4.9) He yuaercs. B CBA3H € 3THM YacTO HCNOML3YIOT NPABIHKEHHOE
YpaBHEHIE _

L RS < (4.12)
AT vS(T) — v™(T)

Ecan B pasHOBeCHH HAXOMSITCA HE ABE, @ TPH (Pa3bl OAHOTO H TOTO Ke BeLue-

CTBA, TO Mbl NOJYYAEM CIS/AYIOIIEE YC/IOBUE!
”I - “2 = “:i-

(3neck Bepxuue uHaekcel 1, 2, 3 o3navaioT pasHule (a3l gjaHHOTO Belle-
crBa). [ockoibKy XHUMHYECKH noTeHuMal B Kaxaoil u3 (as onpexensercs
TONBKO JIBYMSA HE3aBHCHMBIMH miepeMenubiMu 7 1 T, pewenwne (paBHoBecCHE)
ITOT0 YPaBHEHHH MOKET CYILIECTBOBAT JIH1b B HEKOTOPOIT H30JIMPOBAHHOI TOY-
ke T, I’ — mpoitnoit moyxe, U3BECTHBIM MPHMEPOM ABIAETCA TPOitHasA ToUKa
Boabl npu 7 = 4,58 mm pr. ct. u T' = 0,017 C, B KOTOPOIi COCYILECTBYIOT
TBEpAas, KujaKas 1 napoodpazHasn (hazbl.

[poananuzupyem nakion 3asucumocteii d’/d1" s6muzn TpoiiHoii Toukw,
paccmarpugas ypasHenne Knaneiipona —Knaysuyca,

1. Henapenue. B 3tom mpouecce Ah" > 0, " > v*. 1e. Av > 0,
T > 0,cnenosarensuo dP/dT" > (), 1.e. napieHne HACLILIEHHOTO 1apa ¢ pOCTOM
TEMIepaTypel Ha ocHoBanHi (4.9) GyaeT yBennIHBATHCA.

2. Boszeonka ( cvonumayus). Ins atoro npouecca Ah™ > 0. v" > v™, 1. e
Av > 0u T > (0. Tennoty BO3rOHKH MOWKHO NMPEACTABATL B BHIE JBYX M0C/E-
JOBATE/ILHBIX MPOLECCOB — [UIABJAEHHSA TBEPAOii (hasbl M MCTAPEHNA KHAKO,
Torpa AR = AL™ + AL™", [TocKONBKY W NPOLECC HCTIAPEHNA, H MPOLECC
[UIABJIEHUS TPEOYIOT [I0ABOA TEIIA, T. €. IOA0KNTENbHBL, T0 AR > AR,
a, sHauut (dP/dT)™" > (dP/dT)"", 3aBHCHMOCTDb AaBAEHHA HACBILIEHHO-
TO napa OT TEMMEPATYPbl B MPOIECCe BO3TOHKH HMEeT DONbINI HAKIOH, Yem
TAKOBasl 1A MPOLecca HenapeHus.
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3. [Trasaenue (zamesepdesanue). JIna npouecca niaBIeHUa dalle BCEero pac-
CMaTPHBAKOT 3aRHCHMOCTh

AT _ T — ')
AP PN

B stom npouecce AR™ > 0, T>0, Ho o™ — ¢™ > 0 He A1 BCEX BEUIECTR.
JUist abcomoTHOIO ONLIIHHCTBA BELECTB IT0 HEPABEHCTBO BEPHO, HO LIS BO/IbI,
ranmis, BHCMYTa I HEKOTOPBIX COPTOB HYTYHA Av oTpHuaTensHa. [loaromy nia
HA3BAHHBIX BelECTs Hak/oH 3asucuMocTi AT /AP orpnuarenshbiid. [lna Beex
OCTA/bHbIX BEILECTB OH MOJ0KUTENEH.

Jlna pana npakTHUECKHX NPHAOKEHT DONBLITON HHTEPEC NpeACTaBIseT ana-
JIH3 CJ1y4aeB, KOrfa Ha KayKIylo W3 COCyLecTBylownx (a3 neiicTsyior pasHbie
nagaexns. O1HUM 13 TPHUMEPOR NOAOGHOI cuTyaLi sensercs (hazosoe papHO-
BECHE HCKPHB/IEHHOIT noBepxHOCTH pasnena has. OcobeHHOCTh paccMaTpHBae-
MOTO Ciyyas COCTOMT B TOM, 4TO ypasHeHue Knanefipona — Knaysuyca nomkHo
CBA3bIBATE Mewxk Ly coboil npoussoausie dy fdT w dP/dT, e PPy u Py —
pasiHYHble NABAEHNS B COCYLIECTBYIOWMNX (dasax.

[Moaubie andydepeHunansl XUMHYECKOTO NOTEHLMANA TAaHHOTO BELIEeCTBa
B 00eNX (pa3ax 3anuileMm B Biie

m“=CEJ,U+(“q P, (4.13)
ar s p ar, T
djs = ("""9) AT + (3“?) dps. (4.14)
ar/p P2 ) ¢
[Toaenus 06a ytu ypasuenns na d1' u yunruisas, uto djp/dP = v, dp/dT =

= —s 1 o0e a3kl HAXOAATCH B PABHOBECHW, T. €. dji; = dfto. MOJAYINM Cleny-

lo11ee ypaBHEHHE
dPy dP Ah
Vpg— — Y — = 5| — 8o = —.,

1 1
dl' dl’ T

Ecau temneparypa ¢a3s noiiep;kusaercs HOCTOAHHOI, a 1aBieHne Ha OIHy
13 (pa3 Bozpactaet, To ypaBHeHie (4.15) Moxer ObITh Npe/icTaRIeHO B BHIE

" dP» _ Ah dT'
2:1{’1 T dP;

(4.15)

(4.16)

Py dFs dry

MOCKONLKY OUYEBHIHO, YTO = _ . [Tpu nocTosxcTBE Temnepa-
dT dP dl’

typst (dT" = 0) u3 (4.16) cneayer. uto

(’”"-‘) — (4.17)
ar T

IT0 BKHOE COOTHOIEHNE HasbiBaloT ypasHenuem Mofintunra. Oxo no-
Ka3blBacT, 4TO NpH BO3pacTaHHMH NABICHHA B OAHOH H3 (1)33_. HaxosLeics B
paBHOReCHH ¢ aApyToii hazoil, aarneHne B Neproii (hasze YRETNYHBACTCA HACTOh-
KO. HACKONLKO €€ YAelbHbIii (MonbHbLII) 06bem MeHblie obnema neppoii dassbi.
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4.3. XuMHYeCcKoe paBHOBeCHE

B konue XVIIT B. Ob1/10 BhIICHEHO, 4TO 0O/IbLIA YACTH XHMHUYECKUX peak-
LHiT COMPOBOKAAETCS MOMMOLUEHHEM IIH BbIASICHHEM Terna. beian OTKphIThI
3AKOHB! TEPMOXHMHH H XHMU4eckoro cponcrsa. B 1864 — 1867 rr. Hopsekckue
yuenbie Tynbadepr v Baare npHHAIH. 4TO B XHMHH, KAK 1 B MeXaHnke, Hanbonee
€CTEeCTReHHBIM METO/I0M ByAeT onpefeseHHe CHA B UX PABHOBECHOM COCTOSTHIH.
B cOOTBETCTBHU € ITHM, HCC/IEIYS HENONHbIE npespawenus suta A+ B = A’ +
+ B'. onu nocumTanu, uTo Cuibl, ACHCTBYIOLINE MEK LY HCXOAHLIMH BELIECTBA-
MM, BbI3bIBAIOLIHE 00pa3oBaHue KOHEUHbIX NPOIYKTOB, BBIPAKAIOTCS NPOU3BE-
aennem K'p'q' (rne p' m ¢ — «aeiicTeytoniie Maces» HCXOAHBIX BEIECTR. 4
koa(unenT nponopuronansioct K’ npeacrasnser coboii «xoddduunent
CcpojACcTBay ). AHAIOTHYHO BbIPAAKAETCA CHIIA H U1 00paTHOI peakini: mpH pae-
Hogecun cuibl paeibl Kpg = K'p'¢’. Tak et orkpsIT 3aKkon geficTBun mMace
(neficTBylomiux mace).

Heckonbko nozxe ['ud6ce, a 3atem I'eibMrofbil NPHILLIIN K MPHHATOMY B Ha-
CTOALIEE BPEMSl BLIBOLY O TOM, YTO HanpasieHHe peakwini (XHMHUIECKoe cpo-
¢TBO) onpeaensiercs ceodoanoit aHeprieit AG wan A F. D10 12110 BO3MOKHOCTH
HPHMEHHTB (DOPMA/ILHBII alnapar TepMOJAHMHAMHKN JUIS PACUESTA PABHOBECHbIX
NPEBPAIICHNIT H BINMAHUS PA3IHYHEIX NMAPAMETPOR Ha BhIXOA KOHEYHOTO Mpo-
JAYKTa XMMHYECKOT peaKumm.

PaceMoTpum peakunio
aA+bB=cC+dD (A)

(3mecw a. b. e, d — crexnoMerpuueckne KOPHUINSHTE peaKkiin).

TIpu nocrosHHbIX Temieparype T 1 BHelHeM dalieHuH P n3meHeHHe (pyHk-
unn I'ubbea (em. popmyny (2.79)) ana nannoro mpouecca (B MHTErpaibHOI
dhopme) MOIKHO 3anHcarTh Kak

AG = cpc + dpp — apra — bep. (4.18)

D70 ypaBHEHHE CTIPABEIIHBO 1A OO0 CHCTEMbI: KAK TOMOTEHHOI, Tak
i rereporedHoi. [Moncraeue B (4.18) BelpaxkeHue i XUMHYECKOIO NOTEHLHANA
KauKI0TO M3 KOMIOHEHTOB peakiuun (cM. ypasnerue (2.96))

wi(T, P) = p2(T, p?) + RT'In E’% = (T, p?) + RT Ina;,
p;
MOMKEM Telepk 3anucars BoipakeHue GyHkunn ['md6ea g naHHOi peakuuu
B BUJIE
AG = e(pg + RT'Inac) + d(py, + RT lnap) —
—a(pl + BT Inax) — h[;:"{; + RTInag). (4.19)

Boiaenum CTAHAAPTHLIC HACTH XHMHYECCKOTO NOTCHLMANa ,HT B Ka4€CTBC OT-
NIETKHOTO CllaraeMoro, noaeins ode yacTn YPaBHCHHA Ha RT:

epd +dpd — apd — byl +1n a{-n.'f; - AG

" (4.20)
RT a%al,  RT
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B nepeom cnaraemom ypasuenns (4.20) uncautens npeacraenget coboii Be-
JMYUHY CTAHAapTHOI yacTi ceoboHo# snepriun Tudoea AGY (T, P). noatomy
nepenuiiem ypasuenue (4.20) B Buie

In %69 _ AG - AG°

= g (4.21)
af af, RT
Ho npu pagnosecun AG = (). Teneps MOKHO HAMKHCATh, HTO
AG" agaj 7 7
exp\ — = = i — I\,q {T. PCTa[—!.Zl}' (4._'....
rl Gxlp paten

rae Py — AaBeHNE B crcTeMe, BhIOpaHHOE B KAYECTBE CTAHAAPTHOTO: B Aa/Th-
HellleM HIKHUE WHIEKCh] «CTAHI» W «PAaBH» OIYCKAeM.

Bennuina I, xapakTepusylomas YCTOHIHBOE paBHOBECHE CHCTEMBL, BO3-
HUKaloWee B pesyjbrare odparuMoil XMMH4eckoll peakudn (A), sasasercs
MEPMOOUNHAMULECKON KoHCManmoll paehosecua. Tak Kak akTHBHOCTH KOMMO-
HEHTOB —— OTBJICHEHHbIE YHCIIA, TO 1 KOHCTAHTA paBHOBecHs OespazMepHas Be-
Jin4uHa. YpasHedue (4.22) Takike HasblBalOT 3aK0OHOM jJeiicTBus Mace.

B obmewm cnyuae, T.e. xorma AG # () Beipawenue (4.21) 3anmnem kak

¢ i
AG = —RTInK, + RTIn 2% (4.23)

€ i
Trtpy

3necs noa 3HakoM aorapudma Bo BTOPOM CIAaraeMoM CTOMT OTHOLIEHHE
MPOM3BE/ICHISA AKTHBHOCTE! KOMITOHEHTOR PeaKiiiii, COOTBETCTBYIOLIHX 2od0-
MY MOMEHIY pearyiiy, B YACTHOCTH H HCXOIHOMY COCTOAHHIO CHCTEMBI. ITO CO-
OTHOIIEHHE HOCHT HA3BAHHE YPUGHEHUA H30MEPMbL XUMUYCCKON peakyuu Banm-
Tothgha v ypasnenus xuviuneckozo cpodemsa. JIeHCTBUTENBHO. €CINH BTOpoE
craraeMoe ypasHeHHs 1o adcoMoTHOI BeinHe MeHbie nepeoro, 70 AG <
< 0, 4TO O3HAYAET IBOMFOLUNKY CHCTEMbI [IPH JAHHOIT TEMIEpaType 1 IasieHHH
B cTopony pasHopecusa (cM. (2.35)). T.e. peakuns (A) npoTekaeT camMonpons3-
BOJBHO B CTOPOHY 00pa3oBaHuA KOHeuHbIX NMpoayktos. B ciyuae pasencrsa
0DOMX cliaraeMblx cHCTEMa HaxoanTca B pagHoeecun. Ipn Besikom ocrarouno
Maziom Bo3zjeifcTeHN (HanpuMep, H3MEHEHHH BHELIHEro JABNeHHs MIH fo0as-
JIEHMH MHEPTHOIO BELIECTBA. HE BCTYNAIOLIETO B PEAKLHIO, HO H3MEHAHOLLEro
COOTHOUIEHHE MEKIY PEarupyloUMH KOMIOHEHTAMH W IP.) CHCTEMA caMa BO3-
BPALIAETCA B COCTOAHHE PABHOBECHA NOC/E NPEKPalleHHs BO3ACHCTBIS HA Hee,

Vpasrenue (4.23) apngercs oHUM H3 Hanbonee BaXKHbBIX B XHMHYECKOT Tep-
monuHamuke. M3 Hero BHAHO, UTO XUMHUECKOE CPOICTBO M3MEHSAETCS B 3aBUCH-
MOCTH OT HCXO/IHBIX KOHLICHTPALIH (AKTHBHOCTEH ) KOMITOHEHTOR, TEMIIEPATY b
u pasienns. Ho ecin AG = AG(T, P, Ny, Np, Ne ... ). TO IOCKOJILKY Bbi-
Gop cTaHIapTHOTO COCTOAHMS YIKe (PUKCHPYET BETMUHHY AaBNeHHs, BolGpaHHOTO
B KAUCCTBE CTAHAAPTHOIO, @ TAKKE arperaTHoe COCTOSIHHE PEAIeHTOB, TO BEIH-
unna AG" 3aBHCHT TONIBKO OT Temiteparypbl. MHaue rosops, s paccMarpusa-
eMOH TeMnepaTyphl 00bIM 3HauUeHHIM AG OTBEYAET EIHHCTBEHHOE 3HaYEHHE
AG". M3 91010 CrieyeT, YTO MHCI0BOE 3HAYEHHE KOHCTAHTLI paBHOBecHs K,



60 I 4. Xumuuecroe pasnosecue (has oOnOKOMROHEHNHOIX CUHCTIEM

171 JaHHOI peakuny npH 3aJaHHOi TeMMepaType 3aBHCHT TONLKO OT BhIOO-
pa CTanapTHOTO cocTosHus, (B KayecTre CTAaHAApPTHOTO COCTOAHNS BRIOHpaOT
JaBIEHHE, PABHOE €AMHHMLE, HO OT TOT0, PaBHA JIM TA €AHHULIA AABICHHA, Ha-
NpUMEP, OAHOI aTMochepe HTH OIHOMY MUITHMETPY PTYTHOTO cToNbA, 3aBHCHT
sHauenne seamannbl AGY, a cilenosaresibHO, M YHCIEHHOE 3HAYCHUE KOHCTAH-
Tol paBHOBecHA [\, ). JloGaBHM, 4TO CTAaHAAPTHOE COCTOAHNE BOBCE He JOIKHO
ObITh 00A3aTENILHO OIHHAKOBLIM /LIS BCEX YUACTHHKOB pPeakumm,

JLna Toro, uToOBl HMETHL BOIMOKHOCTL CPABHUBATL XHMHYECKOE CPOJCTRO
pa3/H4HbIX BEILECTB, KOHKPETHIHPYEM IOHATHE CTAHIAPTHOIO XMMHYECKOIO
cpoactsa. B npoctTbix cucremMax noi CraHAAPTHBIM COCTOSHHEM NPHHUMAIOCH
COCTOAHNE, XapakTepn3yeMoe TeMneparypoii cuctemsl 298 K i nasnennenm | arm.
(1.01325 - 10° [Ta). Tenepb HEOOXOAUMO 106ABHTH JONOIHHTE/IbHBIE YCIOBHS
cranpapTizawnn. M3 (4.23) cnenyer, uto AG(T) = —RT'In K, Tonsko npw
YCJIOBHH, YTO BTOPOI WI€H 3TOT0 YpaBHEHHA PaBeH HYJI0. DTO BOIMOKHO TONNLKO
B TOM CJIVUae, KOFAa UHCIHTEb H 3HAMEHATE L MO/ 3HAKOM J10rapHi{Ma BTOpOro
C/IaraeMoro paBHbl APYI ApYry. DTO ycjoBHe HEOOXOMMMO, HO HEA0CTATOuHO.
HeobGxonnmo notpebopath elle JOMONHHTENLHOE YCIOBHE, 4 HMEHHO: AKTHB-
HOCTH KaXk10TO N3 KOMIOHEHTOB PEakLMi J0/KHbI ObITh PABHBIMH €IIHHHLE.
Takum oGpazom. B YCIOBHAX M3MEHEHNA COCTABA CUCTEMBI CIIAHAGDMHBIM CO-
cmoanuesm Tenepb OyaeM HaswiBate T = 298 K, I’ = 1 aT™. 1 axmusHocnts kaxc-
D020 KOMIOHEHING XUMUYECKON peariii, pacroll edunuye. M3venenne anepruu
['ib6ca B 3THX YCIOBHAX OY/IEM HA3LIBATL CIMAHOAPIMHBIM XUMUNECKUM CPO0-
cmeom N 0003HAYATH Kak

AGY(T)=-RTh K,. (4.24)
Mockonbky AGY(T) = AH? — TAS?, 10 (4.24) MmokHO 3anucarb B BHIE
RInK, = —%““ +ASO, (425)

TO3BOJASAIONIEM OLEHHUThH POIb TEMIOTH PEAKLIH 1 IHTPOMHITHOTO YieHa Ha co-
cTosinMe paBHoBecHs B cucteme. [IpH HM3KHX TemnepaTypax npesamHpyloLlas
POJIb IPHHALIEKHT TerosoMy ety peakunii (cobmoanaercs npuHunn bep-
Teno — Tomcena), npH BICOKHX —— IHTPONHITHOMY.

B so0bix TepmoaHHaMHyecKuX Tabauuax npusonstes Hapany ¢ AHJ..
S5 Takke n 3navenns AGYg. DTO NO3BONAET PACCUNTATL BETMUHHY CTaH-
JAAPTHOTO XMMUUYECKOIO CPOJICTBA 000 XUMHYECKOI peakuui Ha OCHOBE Tep-
MUYECKHX TaHHbIX, HE OCYIECTBINA paBHOBECHe, Peakiini CHHTE3a MHOTHX Be-
LUECTR NPH CTAHZAPTHBIX YCIOBHAX ABMAIOTCA THIOTETHUECKHMH. 3TO. OOHAKO.
HE MOWET CITYKHTh MPENATCTRHEM K PACUETY XHMHYECKOTO CPOACTRA, TIOCKOILKY
dynkuns ['nédea He 3aBUCHT OT Ny TH Nepexoa.

M3menenue dyukuun 'mb6ca moboil xumMuueckoil peakuni 3aBHCHT OT
3AMHCH CTEXHOMETPHUECKOIO YpaBHeHHs 57100t peakunn. B crexuomerpuue-
CKOM YPaBHEHHU CYLUECTBEHHO TOJIbKO COOTHOLICHHE MEKLY Kod(hduuneHra-
MI YPaBHEHHA, HO He HX abcomoTHbie 3HadeHNA. [To3Tomy cTexnomeTprueckoe
YPABHEHHE MOKHO YMHOKHTDL Ha moboli MHOKHTENL. Ha 3TOT /Ke MHOKHUTEND
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yYMHOKHUTCA ¥ (yHkuns [uddca AGY B ypasuenun (4.22), HO NOCKONBLKY Jie-
BAA YACTh 3TOFO YPABHEHHA COJICPHT IKCTIOHEHTY, TO 3TO 03HAYAET BO3BE/ICHHE
KOHCTAHTbI PABHOBECHS B CTENEHbL, PABHYIO 3TOMY MHOKuTEN0. Hanpumep. s
peakilii CHHTE3a aMMHaKa

1Nz + 2H, = NHs.
s 2

VYMHOKHM CTEXHOMETPHUECKOE YPaBHEHHE (3aMHCaHtoe 18 OHOTO MOJIA
KOHEYHOIO npoay !\'TEI) na2. To raa CTexHoOMETPHYECKOE VPABHEHHE ITOH peakunm
3ATTHIIETCA B BUIE

N» + 3Hs = 2NH;.

Jlst nepBoro ciy4as

aNpy “‘EH;, - 1.;'2;_.522 3/'2;1{_"2 — K
—i77 375 — OXP - =M,
), gy Il

Jlns BTOpOTO Ciyuas
2 9,40 0 0

agyy, 2, — HNs — 3y, 180
s S e ) B )
an Ay, R

Takum obpazom, npexie Hem NpHCTYIHTL K BLIYHCIEHNIO KOHCTAHTLI PaB-
HOBECHA, HEOOXOTHMO HAMHCATh CTEXHOMETPHYECKOE YPaBHeHHE Peakiiii H Bbl-
Oparb CTaHAPTHLIE COCTOAHMSA 115 BCEX YUACTHHKOB PEaKLHUL.

Jlna rasa akTHBHOCTH pasna QyrutusnocTH, T.€. f; = a;. NO3ITOMY A
peakunii 8 paspeskentom raze X, = K, 1.e. B KOHCTAHTY PaBHOBECHS BXO-
AT GYFHTHBHOCTL KOMTIOHEHTOB PaBHOBECHOI rasoBoii cmecH. Eciin nasnexne
B cucreme Hesenuko, 10 f; = p; n K, = Ky = Kp, 1.¢. KOHCTaHTa paBHo-
BECHS BLIPAKALTCS Uepe3 PABHOBECHLIE NAPLMAIbHbLIE JABIEHHS KOMIOHEHTOB
ra3oBoii peakunn. s peakun (A) (c. 58) ona sanmuercs B Buae

Kp= EL';{ (4.26)
PAPg

KoHcTaHTy paBHOBECHS MOWKHO TNPENCTABHTH TAKKE Yepe3 DaBHOBECHbIE
KOHLEHTPALHI, MOCKOILKY No 3akoHy JlanstoHa aia naealibHoii razosoil cmecH
napunanbHoe JaBiieHHe J000r0 KOMIOHEHTAa MOMHO MPEACTABHTL KAk p; =
= (ni/V)RT = ¢;RT. lNoacrasnss 8 (4.26) napuualibHele JaBjieHUs KOMIIO-
HEHTOB ra3oBoii peakunu (A), MONYIHM BBIPAKCHHE M1 KOHCTAHTLl PABHOBE-

CHSl, BBIPAKEHHOM YEPe3 KOHLECHTPALIMIL:

i nth
I{C = H-f.:: {H.T)._\u = I\'..(-(_RT)A” (427)
chen

rie An = 3 n™M—3" n™ —u3MeHeHHe YHCIa MOJIel ra3000pa3HbIX BELLECTB.
M3 (4.27) cnemyeTt, uTo cooTHomenne mexay K p n K¢ onpengngiorcs Be-
JHYMHOM 1 3HakoM A7, YpaBHeHHs, ONpenessiomne KOHCTAHTbI PABHOBECH,
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BbIpaikeHHbIe Uepes napuuanbHbe NaBleHHa 0 KOHUEHTPALMH, AdCOMOTHO TOU-
Hbl TOBLKO 1ipH P — (), nockonesky 3akoH JlankToHa, NOJOKEHHbIH B OCHOBY
ITUX YpaBHEHUId, cnpase/uine b npu yeiaosun P — (. Pazymeercs, uto
koHCTauTel K p i K¢ He ABASIOTCA HCTHHHBIMH KOHCTAHTAMH PaBHOBECHS, ec-
an f; # p;. B arom ciiyuae koHcranta K p 3aBHCHT HE TOJILKO OT TEMIIEPaTyphl,
HO W OT AaBleHHs W OT COOTHOIIEHNS MEKIY kommonenTamu. Tak, ans peak-
LMK cHHTe3a aMmMaka npu temneparype 457 ° C K p yBenuuusaetes npuMepHoO
Ha 35% npw Bo3pactanun aasnenus ot 1 no 300 arm.

4.4. Bausinue TEMIEPATYPLI HA KOHCTAHTY XHMHY€CKOI'0
pPaBHOBECHH

[Tpoanddepenunpyem no TeMnepartype BLIpaKeHne 18 CTaHIapTHOTO X~
MIYeCKoro cposctaa (4.24):

[Toacrarnas B 310 BbIpameHHEe (

a-_\c*ﬂ) _ AGY AR _
= - M3 YpaBHEHHS!
‘[)

a1 T T
[m66ca—lensmronbua (2.54) n yuntoisas (4.24), 10J4y4nm ypasHeHHe, Ha3biBa-
eMoe ypasHenuem usobapet Bant-l'ofda:

din K, _ AH(T)

29
dr RT? w2

[Mockonbky K, 3aBHCHT TOMLKO OT TEMMEPATYPbl, TO MOKHO 0CBOOOAHTHCS
OT YacTHLIX Npon3BOAHLIX, a 3amena A HY na AH Bnoaue onpasiana, Tak Kak
TennoBoit 3 dext Xumuueckoi peakumi crabo 3aBUCHT OT JaBTEHHA.

M3 (4.29) BuIHO, 4TO KOHCTAHTA PABHOBECHSA YBEIMUHBACTCA C POCTOM TEM-
neparypsl B npoteccax, conpoBoKAAIOMINXCS norotenuem rernorsl (AH >
> (). Ecan AH < 0, to I, yBeHUHBAETCS NMPH MOHWKEHUH TEMIEPATYPbI.
Taxum oGpazom Mbl TEPMOIMHAMHIECKN TIOKA3aMH CAPABEATUBOCTDL NPHHLHIA
Jle Hlarense: npu HarpeBaHHH PeaKLs CMEILACTCA B CTOPOHY, HIYIIYH C HO-
MIOLIEHUEM TeMIOTEl, TaK KaK 3TO MPEensTCTBYET MOBBIMIEHHIO TeMIEpaTypsbl
B CHCTEME.

Ecnu fonyctuts B neppoM npudnauxeHnn, uto AH = const, TO HHTETrpHUpYs
8 npeaenax ot 11 go 1%, nonyqum

Kary AH 1 1 -
In (—-——-—\ ’—) = (—_ - — . (4.30)
Kar, B \Ti T
B woopaunarax In K, — 1/7 rpaduk 210ii 3aBHCHMOCTH OpeaCTABAAET NpPsi-

MYIO € TAHTEHCOM YT/1a Haknona pasieiv —A H /R, Taxum oGpazom, eciti H3Be-
cTeH TernnoBoi 2pdeKT n KoHCTAHTa paBHOBECHs NMPH KAKOi-T100 Temneparype,
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TO ¢ NOMOLILIO (4.30) MOKHO HANTH 3HAYEHHE KOHCTAHTLI PABHOBECUA NPH JIIO-
Ooii apyroii Temnepatype, a TAKKE ONPEICIHThL CPEHEe 3HAuYCHHE TEeIIOBOro
aperra peakiun B JaHHOM TEMIEPATYPHOM HHTEpBAJIE,

B ciyuae TouHBIX pacueToB W ANA OOMBIINX TEMMEPATYPHBIX HHTEPBATOBR
HEeOOXO/IMMO YUHThIBATH 3aBHCHMOCTh TENI0BOTO 3herra peakunu OT Tem-
nepaTypel. ITO MOKHO OCYIIECTBHTH, HCMOML30BAB YPABHEHHE 3aBHCHMOCTH
Tennosoro derra ot Temneparypsl 1o vpasHenno Kupxrodda (1.45)

AHyp = AHy + AaT + ...,

rae AHy — KoHcTaHTa uHTerpuposanis ypasvenus Kupxroda: ona momer
ObITH Onpenenena W npu adbcomoTHom nyne, u mpu 298 K. Toraa koncranra
pasHoBecus npu aoboit temneparype T Gyser sanucana kak

A_H_U o J ﬂ: [.‘.\C’pdT + const =
R1 R ) T-

Ink, =—

:—%fi:—‘-’+3!ﬁ1 1+i’ir+~; +const. (4.31)

JUis BRIUMC/ICHHS KOHCTAHTHI PABHOBECHS NP JIKO0# Temneparype g odiiem
ciytae HeoOX0aHMO 3HATE:

1) 3aBucumocTs Tennoemkoctd C'p BCEX YHACTHHKOB Peaklti 0T Temiepa-
TYpbl:

2) oano 3nadenne AH ;

3) semmunny K, unn AGY xots Gul npu 0aHo# TeMneparype.

Pacnionaras snauennsmu /K, win AGY npu 1Byx temneparypax, MOkHO
Halitn 00e koHeTaHTbl HTerpupoBadus: const u A Hy.

Jlns TOWHOTO pacuera KOHCTAHTLI PaBHOBECHS (MK TO e camoe — Juig
pacuera AGT) MOKHO BOCHOJIB3OBATLCA METOIOM [IPeLIOKeHHbIM TeMKIHBIM
u Llpapumanom. 3anuinem ypasrenue AG(T) = AH(T) — TAS(T) 8 Buge

ACU = AH)QS = T.lg)gb (.'Jl[.e,;.\ﬂ- + J‘l'f[.lh + .('ru.‘_lA(' 5 ). (4.32)

B 31oM ypasHerun QyHkumn emneparypsl My, Mo i T, 1. BhIMHCICHBI 38-
paHee, BHECEHL] B CNPABOYHLIE NAHHBIE W BLIPAKEHBI KAK
T 208" 2087

M,= —" _+ - (4.33)
nin+1) (n+1)T n

4.5. Tomorennnie peakiin B KuaAKoi dase

lomorexHble peakiiny B KHAKOI (aze 0nuChIBAIOTCH B OCHOBHOM TEMH 3Ke
METOJaMH, YTO M FOMOFEHHbIE PEAKLHH B Ta30B0il (a3e. 3nech TakKe MPHXOUAT
K 3aKOHY AefiCTRUA Macc 1 K YPaBHEHUAM 3aBHCHMOCTH KOHCTAHT PABHOBECHS
OT Temneparypbl ¥ aasierus. [109ToMy MOAKHO OrpaHuunTLCA Goee KpaTkiM
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paccmoTpennem. CylIecTREHHOS OTAMYNE OT peakiuil B razoBoii (ase cocTout
B BRIOOPE MEPEeMEHHBIX KOHUEHTPALHKH M CTaHIapTHOTO cocTosiHus, [1ns Teope-
THHECKOTO paccMOTpeHis Hanbosiee uellecoodpazHo BuIOPAThL MOJLHBIE OJH.
(B skenepuMenTansHOi TEPMOAHHAMHKE B KaYeCTBE MepeMentbIX KOHLEHTpa-
LMl YACTO HCMOIb3YHOT yncao mosieil Ha 1000 r pacTBopurens (vargibHocb)
W YHCNO MOJIeH Ha TP pacTropa (verapnocme). llocneansas peinanna nMeeT
TOT HEAOCTATOK, YTO OHA 3ABHCHT OT TEMIEPATYPbI ).
g XUMHYECKOro NOTEHLHANA £-I'0 KOMITOHEHTA 3anuiiem

(T, P) = 4T, P) + RT In (vix;), (4.34)

rae enmuna v (1, P, xy, ..., tn_1) — Koaghuyuenm axmusiraocniu. Odbiv-
HO MPUMEHSAIOT JIBA CNocoda HOPMUPOBKH CTAHIAPTHOTO COCTOAHNS.
I. B kauecTBe CTAHAAPTHOTO COCTOSHUSI BRIOHPAIOT COCTOAHHE YHCTOIO KOM-
MOHENTa copTa i
0 " .
;i (T, P) = pin(T, P). (4.35)

2. B kauecTse CTAHAAPTHOTO COCTOAHMSA BLIGHPAIOT COCTOSHUE YHCTOTO pac-
TBOpHTENH (MHaeKe 1)
O s T o -
i (T, P) = uo(T, P). (4.36)

Cnocod | umeer npeumMyecTBO NOAHOH CHMMETPHH 110 OTHOLEHHIO K KOM-
nonentam. Hopmuposka 2 TecHo npuMbIKaeT k Teopun razos. Ee cnenyer ne-
[0J1b30BATh. €CJIN XOTAT COXPAHUTD (DOPMYIHPOBKY 38KOHA AeficTBHS MACC. aHa-
JIOTHYHYIO TEOPHH HASANLHBIX Ta30B.

PaccMoTpeHHbIi 31ech BbIOOP CTaHIAPTHBIX COCTOAHHI IS XMMHUYECKHMX
NOTEeHUNANOR HMMeeT OGLU.EE JHAUCHHE ang TEpMCIﬁ,HHaMHKH HKHAKAX cMmeceit.
Kak nerxo vcraHoBUTL, OH JISHKNT TAKKE B OCHOBE olpeneieHHs cBOOOAHOI
IHEpruy pazdasneHnd. [11g TREPABIX CMEIaHHBIX (pa3 HCMONL3YIOT B OCHOBHOM
Takoii we popmannsm. OIHAKO B ITOM CyUae NPHMEHAIOT BCEra HOPMHPOBKY 1,
TAK YTO U8 YHCTOrO TREPIOTo Tena Beerna a; =1 ny; = 1.

4.6. T'ereporennbie NpouecchI

3akoH JeilcTars Mace, NpHBEACHHDIH paHee, npeanonara, 4To BCe KOMMO-
HEHTHI PEAKLIMK HAXOAATCA B razoo0pasHom coctosHun. Ecin ke B peakumn
VHACTBYIOT JKHKHE HITH TBEpAble BeLeCTBa, He 00pasyloLLIe PacTBOPOB ApyT
C JPYToMm, TO 1IpH JaHHO# Temneparype napuiaibHble JaBIeHHA KOHASHCHPO-
BAHHBIX YHACTHHKOB PeAKLUMH ABAAIOTCA BEIMHHHAMH NocTosHHbIMH. [ToaToMYy
3TH MOCTOSHHBIC BEIHYHHLI MOKHO BHECTH B KOHCTAHTY PaBHOBECHS, KOTO-
pas B 1aHHOM ciiyuae OyaeT OnpeesnThest TONBKO NapUHaibHBIMI aBieHHAMH
razo00pa3HbIX YUACTHUKOB peakuuu. Hanpumep, wra peakuumn auccoumaunu
KapOOHaTa KaslbLus, POTEKAKOLIETO 110 YPaBHEHHIO

CaO(tn) + COx(ra3z) = CaCO4(T8), (4.37)
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KOHCTAHTA PABHOBECHSA, BBIPpAKEHHAS UCPE3 NApUHAILHBIE JaBICHMA, 3anHIleT-
CH TAK:

K = D000 (4.38)

PcaopPcos

Ho 1ak kak CaCO4 1 CaO Haxous1Cs B KOHICHCHPOBAHHOM COCTOSIHHH, TO MX
napiHaibHble IABIeHns MOCTOAHHBI H HX MOMXKHO BHECTH B KOHCTAHTY PaBHO-
BECHs, KOTOpas NpHOGPeTeT HHOE YHCI0BOE 3HA4YSHNE, a NPH GUKCHPOBAHHOI
Temneparype Oyler ocrasarses noctosHHoi. Torma

K.L = Kp- L& _ pa‘_,:. (4.39)
P CaC0y
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ATEMEHTBI CTATUCTUUYECKOH
TEPMOANMHAMUKHU U MOJIEKYJISIPHBIE
JABUKEHUSA

B npenpiayiiux passenax Mel pacCMaTpHBAIN CHCTEMBI, HEe HHTEPECysch
HX BHYTPEHHEH CTPYKTYPOIl, H HCIOAB30BAIH OHATHA 1 (PH3HYECKHE BEJIMYN-
HBI, OTHOCSIIMECS K cHcTeMe B uenoM. Hanprmep, mMonens miaeanbHOTO Tasa
HONHOCTBIO XAPAKTEPHIYETCH B COCTOSHHUN PABHOBECUS TAKHMH [1apaMeTPamMH,
Kak JaBreHue, Temnepartypa, oobem. CBSI3H MEKAY THUMH BETHUHHAMH M WX
H3MEHEHHAMH 0a3upYIOTCA HA HEKOTOPBLIX OOLUMX NONOKEHHSX, HANpHMEp Ha
3AKOHE COXpaHeHnd 3Hepruu, Takoil METo/1 HeCieI0BaHNs NOBEAEHHS CHCTEMbI
HA3LIBAETCS TEPMOAHHAMHUYECKHM H MO3BOISET M3yUaTh ABleHHe Oe3 3HaHus
€0 BHYTPEHHETO MeXaHH3Ma. YCTaHOBHTh e CYTh SRJICHHS, NOHATH CBA3L MO-
BEJCHUS CHCTEMbI B LICJIOM € MOBEASHHEM M CBOHCTBAMU OTACIBLHLIX HACTHLL H
MOACHCTEM OH HE MOKET.

Jis ahhexTuBHOrO pelueHnsa Toit HAN HHOH HayuHOI 3a1a4un xenaTe/bHO
ObL10 Obl pacCMOTPEHHE THHAMHYECKHX CROHCTRE OTACIBHBIX YACTHIL CHCTEMbI
C YUETOM HX XAPakTepHblX 0COBeHHOCTEH, NOCKOILKY NOIOKEHHe U CKOPOCTh
BCEX YACTHLL B MOGOH MOMEHT BPeMEHH AAIOT MOAHYIO W AeTalbHyIo HHpOopMa-
LHIO O cHeTeMe Beex vacthil. OaHako 1a “HGOpMALKA IPEBOCXOIHT BOZMOK-
HOCTH MOOBIX TEXHHHECKHX CPEJCTB, He rOBOPS VIKE 0 HEOCYIUeCTBHMOCTH ¢
obpaborku. B cavom nene, 8 1 cm® Bosayxa conepaarca 2,7 - 10" monekya.,
D10 O3HAYAET, UTO Jl@kKe JUIA 3anucH NOJIOKEHHIH N CKOpOCTEH BCeX MollekyJl
notrpedopanock 661 6 ¥ 2,7 - 10'? yncen. Ecan 6b1 HekoTOpOE YCTPOICTBO (PHK-
CHUPOBAJIO HX CO CKOPOCTBIO | MIIH. B CEKYHAY, TO 10TpedoBasock Obl /LISl WX
sanucn 6 - 2,7 - 10" ¢ &~ 6 man. set. Ho B Tevenne 1 ¢ kakmas Monekynia nc-
fbiThiBaeT npuMepHo 10% CToKHOBEHMIL, 1 eCiin XOTA OBl Y ONHOR MOJNEKYJIbI
H3MEHNTH HAanpaBJieHne CKopocTH, To vepes 1 - 10~ ¢ uamennTes Hanpasienie
ckopocTeit y 2n Apyrux MOJIeKyJl, 4TO B CBOI) QHEPelb MPHBEACT K H3MEHEHIO
CKOpOCTEH 1 NONOKEHHI BCex MOEKYIL DTOT NPUMEP NOKa36IBAST, 4TO Takas (op-
Ma UH(GOPMALHH HENPUIOAHA Ui ONHCAHMS [10BEASHUS BCell CHCTEMbI B LEJIOM.

Tarxum oGpazom, 1ns H3yUeHHs CHCTEMBI MHOTHX HaCTHLL HHOPMALIS A0IK-
HA UMeTb 000GIIEHHBI XapakTep H OTHOCHTLCH HE K OTAJALHON vacTuue, a
K coBokynHocT Oonbinoro uncna wvacrui. Hosas dopma unpopmatmin pe-
Oyer M MHOrO myTH (METOHa) PaccMOTPEeHHA. ITOT METOJ HA3bIBASTCA CMa-
mucmudeckim. 3aKoHbl MOBEICHHS COBOKYMHOCTH OOMLINION0 YHCIA YacTHIL
HccjeayemMble CTaTHCTHYECKHMN MEeTOJaMi. Ha3blBAOTCA CTATHCTHHECKUMU
3AKOHOMEPHOCTAMH. paspafarbiBaeMbIMH B Kypeax CTarucTHYeCKOi (u3nk,
CTATHCTHYECKOH MexXaHnkn. CrarHeTHuecky (UIMKY, Hiyuawoumyro (uinky
Temnosblx asieHuii (thermal physics). yacto HaszbiBalOT cTaTHCTMYECKOH Tep-
MOANHAMUKO, XOTS B TEPMHH TEPMOILNHAMHIKA, KaK Yxke Obio NokasaHo Belie,
BJIOJKEH COBCEM JPYTOii CMBIC]L.
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5.1. BeposiTHOCTHL M YIHTPOITHH

B Hayke 1 npakrTuke, Korua uccieayercs 00Jbl1oe pazHoodpasue ciiydaiiibix
coOBITHI, 00UMIT pesyibTar Beera GopMyIUPYETes B OJIHOM W TOM e BH/E:
[POU3OLLLIO TO WK HHOe codblTHe WiH He npousouLto. [penckazanue tux ciy-
HaiiHRIX COOBITHIT OCYILECTRAAETCS C NOMOIBK) HAXOACHHA KOTHYECTBEHHOI
XapakTepHCTHKH — BEPOATHOCTH.

BeposTHOCTh 1106010 MaKPOCOCTOAHHA OCYILECTRIACTCA MOCPEICTBOM
G0JIBIIOTO YHCIA MUKPOCOCTOSIHHIL, Ecn U3BECTHBI NPU3HAKK, KOTOPbIMH Xa-
PaKTePH3YeTCH JaHHOE MAKPOCOCTORHHE, TO MOYKHO, B MPUHLMAE, NePEUHCIHTL
BCE MUKPOCOCTOSHHSA H MOJACHHTATE WX uHCno. Yueno MukpococTodarnii I Ha-
3LIBACTCH MEPMOOUHAMUMECKON GEPOAMHOCHIBIO TAHHOTO MAKPOCOCTOAHISA. ITO
HUCIIO B MATEMATHUECKOM CMBICIIE HE €CTh BEPOATHOCTh (MOCKOIBKY MaTeMaTH-
HECKAs BEPOATHOCTL BCEIIA MEHBLILE €IMHULIBL, @ /7 0ueHb SOJILLIOE HHCII0), HO
C €10 NOMOUILIO MOKHO HAWTH BEPOATHOCTE COOTBETCTRYIOUIETO MHKPOCOCTON-
HUS CHCTEMbI (B CBA3H € 3THM OHO # NOJYUHA0 HA3BAHHE BEPOSTHOCTH).

Ecan mpicaenno pazdouts mo60ii odbem., HampuMep WleanbHOTro rasa, Ha i
AUEEK, B KAKI0H M3 KOTOpPBIX Haxouurcea pazHoe wucio Ny, No, ..., N, ua-
CTHL, TO TEPMOAHHAMNYCCKAA BEPOATHOCTE YHCHA MHKPOCOCTOHHHﬁ CHCTEMBI
onpeenseTcs

N
= (5.1
.-'\‘rl !:\"3[ “as :'\", !
rae N — obwee uncno yacruu B cucreme, Ny, No. ..., N; — uucio vactun
B Kaxkaoi aueiike 1, 2, ... | i 2TOro odbeMa.

OnuuM H3 maBHbIX CBOIHCTB TEPMOIHHAMHYECKOH BEPOATHOCTH ABJIACTCH
TO, UTO HPH CTPEMJIEHIH CHCTEMBI K PABHOBECHIO TEPMOIMHAMUYECKAsA BEPOAT-
HOCTbL YBEJIHUMBACTCA, UTO H MOCIYHKHUIO OCHOBaHHeM bonbimvaHy caa3arh ee
¢ 3HTponuei cucremsl B teinoM. JIpyroe BakHOE CBOHCTBO BEPOATHOCTH — e¢
MYJLTHTUTHKATHBHOCTB, T. €. BEPOATHOCTD BCEl CHCTEMbI MPEACTABISAETCS MPO-
HiBeIeHHeM BeposTHocTel ee noacuctem (7= 15 ... ). TTockonbky I 06bItHO
OUeHb BeHKA, Y1o0Hee paboTaTh ¢ MEHBIIMMH YHCAAMH, NO3TOMY BBOINTCS HO-
Bast (PyHKUMA S, ONpenensemMas KaK HaTypajibHbli J0rapudm TepmMoaHHaMuse-
CKOW BEPOATHOCTH, VMHOKECHHBI HA HEKOTOPbI MPON3BOILHBII KO (HIIHEHT
NPONOPUUOHANILHOCTH A& (CMBICH 3TOr0 KoddduumenTa OvaeT npHBeaeH HHwe):

S=knsl (5.2)

Dra hynkund, kak Obuto nokasao padee (cm.(2.8)), HazbiBaeTCH IHTPONH-
eil. D10 onpeneneHHe MoOpakaeT CBOeH NPOCTOTOI: IHTPONHA €CTh JOrapuhm
YHCHa JIONYCTHMBIX COCTOAHHIT cHETeMBI. JIONYCTUMBIM COCTOSHHEM CUMTaeTCs
TAKOE COCTOAHHE, IHEPIHs KOTOPOro JIEKHT B Mpeaenax BO3MOKHOIO H3MeHe-
HISA SHEPTHH CHCTEMBI, & YHCI0 YACTHLL B IaHHOM COCTOAHNUHN JOIAKHO PABHATLCA
HUCIY HACTHLL, XapakTepHiyoinemy cuctemy. Hanpumep, coctosuus, 1pu koro-
pbix SiO; uMeer KpucTaLnHiIecKkylo GopMy, HEAONYCTHMbI MPH HH3KUX TeMIIe-
patypax. eciii BHauaie OH HMen CTEeKI000pazHyio (POpMY; TaKoe BEILECTRO He
MPEBPATHTCA NPU HU3KHUX TEMIIEPATYPax B KBapL B TEUEHNE BCeil Hawel mu3Hm.
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Taxkum 00pa3zom, 10NYCTHMBIMH COCTOSHHAMH MOSKHO CUHTATh TAKHE COCTOSHUA,
€C/IM OHH HE HCKIKOYAIOTCA HH CAMUM OTIPE/IeICHHEM CHCTEMbI, HH BRIOPAHHbIM
BPEMEHHBIM MacluTabom.

M3 (5.2) cnenyer. uto yem GonbLIe WHCTO JOTMYCTHMBIX COCTOAHMIT B Jlan-
HOIT cicteme, Tem Oonbite ee IHTponKA. HaubGosbinee 4ucio 1onycrHMbIX Co-
CTOAHHH MOKHO HadmomaTh TONLKO B CHCTEMax, HAXOLAIMINXCA B PABHOBECHIL:
SHAYMT, B PABHOBECHH JHTPONNA Makcumaibia. Dopmyna (5.2) umeer dyuna-
MEHTATLHOE 3HAYEHHE, MOCKONLKY MO3BONSET ONPeAeNHTL IHTPONHIO U3 JlaH-
HbIX O MHKPOCKOIMTHUYECKHX COCTOAHUAX cHcTeMbl. Ecin cHetema usonuposana
M HAXOAMTCH B PABHOBECHH, TO OCHOBHBIE CTATHCTHYECKHE NOCTYAThl N03B0-
JAI0T BBIYHCTATE BEPOATHOCTD COCTOAHHA CHCTEMBI € MOMOUIBIO COOTHOIEHHSA
(5.1) 1 pewnTsb 3aa4y peain3alny pasiHHbIX CHTYauril. B yacTHOCTH, MOKHO
BBIYHCIUTE CTaTHCTHYECKNE (DIYKTYauHn, BO3HUKAIOWME B MOOOM paBHOBEC-
HOM cocToauui. [lockonbky [ ecTh QyHKUNA COCTOAHMA, TO M IHTPONUA €CTh
(py HELLIHA COCTOAHNA.

Tenepb nokakem cmbic Kod(GdHuHeHTa &, BBEISHHOIO HAMH NPON3BOILHO.
[Tpu pacumpeHny HACATLHOTO ra3a npu nocrosHHoil Temneparype (T = const)
or o0bema v/n 10 obbema v (e n — YHCI0 MHKPOOGBLEMOB (AUeeK), Ha KO-
Topble pa30NT AaHublii 00beM U) HIMEHEHHE IHTPOITHH MOKHO 3aICaTh B BUIE
(cm. (2.88))

AS=Rlnv—RInZ = Rlnn. (5.3)
n

OnHOBPEMEHHO W3 ONpPENENIeHNs TEPMOANHAMITIECKOI BEPOSTHOCTH
AS=klnJs—=kInly =kinls, (5.4)

(eciu NPUHATL, YTO CHAYANIA BECH a3 HAXoAHTCH B o0beme v/n, T.e. B 0aHOil
sueiike. ana koropoi [y, = 1 w In/Y = 0). Ilpencrasum, uto Bce sAueikm
O/IHHAKOBBI N0 CBOEMY 00bEMY, TOITA

N1 N!

r= = . (5.5)
Ni!Nat. N [(N/n)Yn

10, ouesuiHO, GyaeT parHoMepHoe (parnorecHoe) pacnpenenenue. Torma
AS=kinly =kInlpax = kIn N = knin [(N/n)!]. (5.6)

YroObl ocBo00ANTLCH OT (hakTOpHAIOB, HClonb3yem npudiuwkenne Crup-
JAHHTA

InN!'=NInN - N, (5.7)
KOTOPOC JICMKO JOKA3bIBACTCH, MCXOIs H3 paBCcHCTBA
N
InN!'=In1+n2+...+InN =Y InNAN, (5.8)

N=1
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(rne AN = 1: nockoneky npu donemux N Benuuuny AN MOKHO CUMTATH
MaJIoil. TO CYMMUPOBaHNE 3aMeHseTcs nurerpuposannen ln N ~ jlu NdN =
= NIn N — N, B pesyisrare nonyuaem popmyiy (5.7))

Teneps nmonoum, uto N = Na(Nsy — uncno Aporagpo). Torna (5.6)
3AIMIICTCH B BUIE

N

AS = kNaln Ny — kN — kn Y2 in M8 4 g N8
" n

n

= kN (In Na—In h) — kNylnn. (5.9)

n

Conoctasnsa ¢ (5.3) Bugum, uto ANy = Ruk = by = R/Np = 1,38 x
%1072 Ilw/K (nocroannas bonbumana).

PaccMOTpHM pacnpesiesieHne YacThLl, COCTAaBISIOINX TaHHYIO CHCTEMY, 10
aneprusm (pacnpesenenne boasumana). [Tycts

N uacTuu 00nanaioT aHeprueii =,

Ny wactuu odnazaior aneprueii £,

N; uacTuu 061aa10T IHEPrAE =,
JIns H30IMPOBAHHOI CHCTEMBI
N=N+Ny+...+N;=)_ N;=const (5.10)
[TostHas IHepris cHCTEMB
U=Nzez +Neco+...+ Nig; = Z Nje; = const. (5.11)

PaBHoBecHIO B CHCTeMe OTBeuaeT MakcuMym /' M S (Mockonmeky S =

=klnDl), e
d8 =3 ds; =0. (5.12)

Hcnonb3ys (5.2), npudnuzxenne Ctupinunra u (5.10), 3anmmem

S=kpnl=kgnNp! — kg Z In N = kgNaln Ny — kp Z N;In N;,
(5.13)

KoTopoe. Bapbupya no dN; . IpUBEAET K BBIPAKEHMIO:
dS = —kp »_(In N; + 1)dN; = 0. (5.14)

[Tpenebperas eaunniieii Ha (poue In N; | OKOHYATENLHO MOIYYHM, UYTO

~Ld5=3" InNidlV; = 0. (5.15)

kg
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[TOCKOABKY B CHCTEME MMeeTCs XOTs Obl ABE MepPEeMeHHBIE, KOTOPLIE HE AB-
JAIOTCH HE3aBHCHMBIMH TIePpeMeHHbIMH { U3 NOJHOTO uneaa N;_ | vacTHil o/iHa
ABJIAETCH 3ABUCALLILH OT OCTAILHBIX, TOYHO TAK 7K€, KAK I €€ IHEPIHs £), N03ITo-
MY JUTsi OTIPE/IeIe HIA PACCMOTPEHHA YHCIIA YacTHL 10 IHEPTHAM BOCHONB3YEMCS
MHOKHTENMI Jlarpatxa, YMHOKUB coOTBeTCTBEHHO > £;dN; Ha 3, a Y dN;
Ha A W pocymMmMupyem ¢ (3.15):

> (In Ni + A+ @=,)dN; = 0, (5.16)

e FuA— NpoH3B0JbHLIC MHOMKHTEIH, AT OThICKAHHA KOTOPLIX He{JﬁXO,E,HMO
BOCNONb30BATHCH CHCTEMOI YpaBHEH

InN, + A+ e, =0,
InNo + A+ Feo =0,

InN; + A+ fle; = 0.

LIpu cyMMIpOBAHHH TUX YpaBHEHHIT OCTAHYTCA ML CllaragMele, coaep-
JKallle HelaBHcUMbie repemeHtbie N; U £;, T.e.

InN;+ A+ fg; =0, (&0 Urs

M, nocne NOTEHUHPOBAHHA,

N; = e e B, (5.18)
Mockonbky Na =3 N;inU =3 Nig;, 10

Np=e™ Z ol B e _ZE‘VA"*"' : (5.19)

M okoHuatebHO NoJytaeM 3akoH pacnpeaeaenns boisumana:

. N, - Npo  —Be;
l\ — YA - € Ae; — _-\e ﬁ_.,,‘ (5»20)
Z e—Pe; c‘)

OINUCHIBAIOLIHIA pacnpee/eHHE NPOCTPAHCTBEHHO KOHLICH TPALLMK YacTHLL B 3a-
BHCHMOCTH OT UX NOTEHUHAIBHON 3HEPIIH,

B 3akone pacnpenenenns bonbumana (5.20) cOMHOKHTEN € Ha3bIBALT-
cs hakmopom Boneyviana, a gee pacnpenenenne (5.20) I'uddc Hazsaln kanoi-
yeckum pacnpederenuesm. Cymma 60J1bLMaHOBCKHX (akTopoB () = Ye 7% un
npocTo (), pacnpocTpaHeHHas Ha BCe COCTOSHUA 4acTuLbl (NoCcTynarenbHoe,
BPALLATEILHOE, KOJIeDATeIbHOE COCTONHUSL. JIEKTPOHHBIC IEPEX0/bl 1 T. 1. ) Ha-
3bIBACTCH CMAMUCTIUNECKOT CYMMOU way cymmoi no cocmosnsim. Ilo ceoemy
CMBbICITY OHa Npe/icTaragerT cofoil HEKOTOPYI0 HOPMHPOROUHYK) MOCTOAHHYIO
A1 TAHHOH CHCTEMBbI.

—8e,
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Cpennsis BeIMUHHA BHY TPEHHEl YJHEPT N CHCTEMBI, BBIPAMKEHHAS Uepes cTa-
THCTHYECKYIO CYMMY

N —Ae
Z Nig; = —‘ g6~ P, (5.21)

JLnsi BRIYMCIEHHS YHTPONMA nojacTasum B opmyny (5.13) pacnpenenenue
bonbumana (5.20). B pesyavrare Gyaem umersb

8= ;.‘.B.f\'r,.\ In _"\'rA == kB Z.-’\F; In -Nf —
Na -3¢ Na_ — 3
= kuaNa lll\n—ﬁuz ‘.d’lu(qpﬁ'

=kgNaIn Ny — kg-'Q—A Z( Be (ln Na—-In@Q -7 Z._,)
U
ped

=kgNaln@Q 4+ kU = RIn@Q + (5.22)
Bnecb U = Ny Y g, =Y Niei.
Eciau B3aTh nponzeoanyto ot (5.22) no dJ. To MojyuuMm CAemyviollee Bbi-
pakeHue. Mo3BONAIONIEe ONPENENHTE JHAYCHHE HEOTNPEALIEHHOTO MHOKHTENSA
Jlarpamka 3:

s I\-ﬂ\.\d()_!_;‘ [ +}'B"j_"‘LB‘£
dp Q da di dj (5.23)
win  dS = kgfdU,
dqQ — e aQ _ QU
TAKKAK — = — Y € '.a{__ 3, gy & = XY
dA Z ¥ Zt' ¥ da Na

[TocKkoIbKY MO BTOPOMY 3aKOHY TE]JMOJ],HHaMHKH B H30TEPMHYECKHX YCI0-
guax dS = dU/T, 1o, conocrasiss 310 Beipamenue ¢ (5.23), noayyaem, 4ro
A= ]/L‘BT

Tenepb MOAHO 3aNHCATh NOJTYHCHHBIC PAHEE BhIPAMCHHA YEPE3 HIMCPACMBIC
MapaMeTpal:

CyMMa 1o COCTOAHMAM

G =3 e i, (5.24)
pacnpenenenne boabimana
;o NA =g, /kyT
N; = —e™F/uB8, (5.25)
Q
BHYTPEHHSA SHEPris
N . -

OrvetnM, uTo BhipameHns (5.24)(5.26) He ABRNAIOTCA OKOHYATENLHRIMH,
Jleno B TOM, 4TO CHCTEMA MOKET COCTOATHL M3 GeckoHeuHo Goabloro uucia
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YACTHL, KAKNOE CTALMOHAPHOE COCTONHIE KOTOPBIX 00lamaeT onpeneneHHoil
sHepruei. ONHAKO MOKET OKa3aThCs Tak, YTO OJMHAKOBYK) WIH MOYTH OM-
HAKOBYIO IHEPIHIO MMEIOT HECKOJILKO COCTOsHMI. B 3TOoM ciiyuae rosopst o
ebiposcoenty (MHOTIA HA3BIBAIOT: «KPATHOCTh BRIPOAIEHHAY ) DHEPTETHUECKO-
O YPOBHA NaHHOTO coctodHns (g). Hanpumep, ecsim yactinia UMeeT CriH s,
TO TIPOEKINIA CIHHA HA HEKOTOPOE HalpaBieHne B MPOCTPAHCTBE MOKET HMETH
25 + 1 pasupix 3uHauenuii (—s, —s + 1, .... 8 — 1, 8) — B eauunuax h/2x.
B atom cnyuae g = 2s + 1.

C yuerom BeipoaeHHOCTH pacnpenenenne bonabumana Oyner umers BHA

- Na et -
a4 CYMMa 1o COCTOAHHAM

Q=) gig=/hsT, (5.28)

5.2. Cymma no cocTOSTHHAM H TepMOTHHAMUYeCKHe (PYHKIINH

HMeropHuecky 3akoHbl TEPMOAHHAMMKH ObUIM BBEAEHBLI KAK YMCTO MaKpo-
CKOMHYECKHE MOCTYAaThl 330JI0 A0 NOABJISHHA aTOMHOH TEOPHH BellecTsna.
[TONHOCTHIO MAKPOCKOMHUECKOE PACCMOTPEHHE ITHX 3aKOHOB NPHBOAUT K 00JIb-
MIOMY YHCITY CHIGACTBHI, COCTABNAIOUINX CYTh KIACCHYECKOH TEPMOAHHAMUKH,
OnHako Tenepk, He MeHAR OOITHOCTH MAKPOCKOTTHYECKOTO COMAECPKaHHA TepMO-
JUHAMHKH, €€ MOJKHO CYIIECTBEHHO PACLUMPHUTL, BIJIIOYHB B HEE CTATHCTHYe-
CKHE COOTHOLIEeHHA. PasyMeeTcs, 4To CTENeHb HALETO MOHHMAHHA H BO3MOKHO-
CTH NPEACKA3AHUI NOBEACHHUS TEX WM MHLIX CHCTEM CYLIECTBEHHO BO3PACTY'T,
€C/IH MBI COCMHHM CTATHCTHYECKMIT MOAXOA € 3HAHHEM MHUKPOCKOTHYECKHX
CBOWHCTB aroMOB W MOJIeKyJl. Takoil No/X0I COCTABIACT CYTh CTATHCTHYECKOI
TEPMOAHHAMHKH,

OCHOBHBIE CTATHCTHYECKHE COOTHOLLEHHA HEOOXOIMMO CBA3ATh C TEPMO/IU-
HAMHYECKIMH (DY HKIIHAMM JL151 TOTO. 4TOORI HATIOTHUTE HX MIKPOCKOTTHUECKHUM
COnepIKAHHEM.

[loacTaBuM 3HAUEHHE IHTPOTHA U3 Gopmyasl (5.22), Npe1BAPHTENLHO Bhi-
pasis 3 = 1/kgT, B Boipasenne ansa pyuxunn Feapmronpua £ = U — TS
(cm. hopmyary (2.28)). B pesyibrare nojyuum

F=U-T(RnQ+ %) = —RTInQ, (5.29)

(3neck yuteno, uto kg Ny = R). Jlndepenmpya (5.29) no T, noayuum cne-
NYIOIIUH pe3yLTaT:

(57), =-Rme@-rT(3) . (5.30)
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Oonennnan (5.29) ¢ (3.30), noavuum GopMyay CBI3H BHYTPEHHE JHEPriuu
W IHTATBITHH CHCTEMBI C CYMMOTI 110 COCTOSAHUAM

U=F+TS = RT? (”:;;Q) . (5.31)
v

H=U+PV=Rr*(22) +RT(222) v=
— RT? (%MFQ)‘ +RT (%%)T (5.32)
MOCKOJIbKY
R -

Dyukima ['nb6ca, ppipaxkennas yepes CTaTHCTHYECKYIO CYMMY (CTaTCyMMYy)
6}",.'16‘]' HMETH B

G=F+PV=—RTn(Q+RT (“' = Q) (5.34)
dlnV
Vpauaemie JIA TENNOeMKOCTH 3aniileTca Tak:
arr a1 € 9 (2 InQ .
Ov=[(—) =2RT RT ; 5.3
’ (m")l- ( ar )1:+ ( are )\' ==

Cr=(33), =0v+Rr=2mr(522) +rrt(TE3) +i3m

M, HakoHeLL, NoACTaB/IAA BbIPAKEHHE U1 BHYTPEHHEH IHepruu u3 (hopmyJibi
(5.31) B Boipazkenne ana aHTponun (5.22), noayuuM cOOTHOLLEHHE CTATCYMMbI
C DHTpONHEil CHCTEMBI:

S=RInQ+ RT (”“‘Q) . (5.37)
a1 Vv
Jlist pacuerta cratHCTHUECKOH CyMMbl () TpeByeTcs 3HaTh dHepreTHUeCKuii
CTIEKTP MONEKYIIBI (T. €. YPOBHH JHEPTHH £;) W CTeNeHb BRIPOKICHHA g;. Bbine-
JIHB HE3ABHCHMbBIE COCTABNAKDLLILE 3Hepr}|“ MOHEK}"'HH, MOEEM CTaTHCTHL[eCKyEO
CYMMY pasOHTh Ha MPOH3BENEHHE CTATHCTHIECKHX CYMM, CBA3AHNHBIX € Pa3nny-
HbIMH BHOAMH OBHKCHIA. C'['pOID MOKHO ﬂpOBeC'I‘H pﬂ?}lﬁﬂc““e

£ =E€p + Enocr + EBH_\T]J‘ (5-38)

rag £p — HYJICBAA 3HEPrus [i'EPHE]JFI-lSI MOJICKYJIkI B HAWHH3ILHEM HCPreTHYEC-
CKOM COCTOAHUM). Epoer — JHEPTHA NOCTYNATE/ILbHOIO ABHKEHHA LUeHTPpa Macc:
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Souytp = Eopam + Exon + Ean — IHEPris BHYTPEHHUX BUAOB JBIGKEHNS, BKIIOUA-
oIas B ceOs BPAIETEBHY O IHEPTHKD MOJEKYIIbI KAK 11E10T0, KOAeOaTebHYy
IHEPrHIO ATOMOB, COCTABIAIOUINX AAHHYIO MOJIEKY/IY, 1 FHEPIHIO MIEKTPOHHBIX
MepPexo/IoB.

3aMeTHM, YTO €CIIH IHEPTHH MOCTYNATENbHOIO ABMKEHHA Eyocr M Equyip
CTPOro HE3aBHCHMEL, TO JIEKTPOHHEIE, KOJledaTe/IbHble 1 BpallaTe/1bHble BRAAAB!
MOPYT PACCMATPUBATLCA KAK HE3ABUCHMBIE TONbLKO TPUOINIKEHHO.

YuuteiBas Buipakenne (5.38), cTaTHCTHUECKYRO CYMMY MONEKY/TBI MpecTa-
BHM B BHIE

Q = {E_EO /}“ BTJ (Jllt}CTQBWQOﬂQ'{I‘ (539)

Taxkum Oﬁpﬂi.iOM. JA BBIYHCIICHUA TEPMOAHHAMHHYECKHX d))’Hh'llHﬁ HeoOxo-
JAHMO 3HATh CTATHUCTHYECKYHY CYMMY KaIOrQ M3 BHIOB JABHAKEHHS C YUETOM
KpaTHOCTH BBIPOWKIEHHA.

5.3. Mouaekyasipabie IBUKEHHS

Monekyna npeacTapaseT co80i THHAMAMHYIO CHCTEMY. COCTOSANILYTO H3 aTo-
MOB, KOTOPbLIC COCAHHCHBI B OJHO UEI0C CHJIAMH, 06}’CJIOBJIEHHb!MI1 HICKTPOH=
HBIM B3auMoaelcTBHEM KBAHTOBOTO Xapaktepa. B otmiine ot atoma B MONEKY-
JI€ UMECTCH TPH Blaa JIBHAKEHHI: INEKTPOHHOT (JJ.BH}KGHHB AIEKTPOHOB BOKPYT
ANEp aTOMOR), konedarenbHoe (IBHKEHHE A1CP OKONO HX MOJOKEHHS PABHOBE-
cHs) M BpamaTe/bHOe (BpalleHne MOIeKYIIbl Kak Lejloro B npocTpaHcTse). Kak
VIKE ObLIO OTMCUYCHO, B N0CTATOYHO CTpPOIroMm ﬁpl-lﬁl’l HACHHN FHEPI'HA MOJICKY b
npeacrasnger coboil cyMMy BCeX YKazaHHbIX apwkennii. [Ipn 3Tom BamkHo oT-
METHUTb, 4TO IHEPIHH ITHUX BHI0B JABHMKEHHA UHMCHOT pa3m:1|"t NOpAIOK BEIIUYHH,
4 HMEHHO!

Ean = Exon 2 Eepant- (5.40)

CornacHo KBAHTOBbLIM NMPEACTABACHUAM MOJEKYIA MOKET HAXOIMTHCH JINLLL
B OIPE/EIEHHBIX YHEpreTHIecknx coctosHusx. C xopouueii crerneHs npudiu-
JKEHHS. MOMKHO KBAHTOBATh CTIEPBA MIEKTPOHHYIO YHEPTHIO, 3aTEM MPH 3aJaHHOI
ICKTPOHHOM 3HEPrUH IHEPTHIO KonedaTebHOTO COCTOAHUA W, HAKOHELL Bpa-
[ATEBHYIO JHEPTHIO MPH 3aJAHHBIX £y, Exn. B thopmyne (5.40) kamabrit unen
[NPUHUMAET ONPENEICHHbIE 3HAYEHUS, TOITOMY [O/IHAs IHEPI Ul MOJIEKY/1b! TaK-
K€ UMEET COBEPLICHHO OMPEJIENEHHBIE 3HAYEHNA, COOTBETCTRYIOIINE pa3siny-
HbIM JE€KTPOHHO-Konedare1bHO-BpallaTeIbHbIM COCTOAHNAM. B pesynbrare Mbl
MOJIyYaeM COBOKYMTHOCTh JAJIEK0 PACTIONONKEHHbBIX IEKTPOHHBIX YPOBHER (pa3-
JNHYHBIE 3HAYEHHS £, ), Bonee OAN3KO pacrioNoKeHHBIX KonedaTesbHbIX YpoBHeil
(PasiIMYHBIE 3HAMEHHSA £y ), NMPHUMBIKAUOWMX K KOKIOMY NIEKTPOHHOMY YpPOB-
HKY, 1 etne Bonee BAN3KO pacloNoKeHHbIX BPAILATENLHBIX YPOBHEH (pasiniHble
SHAUEHUA Egpay ), MPUMBIKAIOWIAX K KA IOMY KONebaTelbHOMY YPOBHIO.

Takum o0Opa3om. OCHOBHBIM TIPHZHAKOM, TIO3BOMAIOIIHM OTIMYATh OHO
KBAHTOBOE COCTOAHME MOJIEKYNbI OT JPYroro, fABIAETCA €ro dHepreTHUYeckas
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XapaKkTePHCTHEA, ONpeaeiseMan KaKk CTPYKTYPHLIMH 0CODEHHOCTAMH YACTHLIbL,
TaK W MEKYACTHYHBIMH B3auMosieiicTBHaMI, OCTaBNsA B CTOPOHE CTPYKTYPHbIE
0CODEHHOCTH YacTHLL, 00PaTHM BHUMAHHUE HA NPHYHHY BO3HHKHOBEHHSA MErKYa-
CTHUHBIX B3aHMOZEHCTBHIL

[Mpu cpasHuTENbHO HeGONBLUINX PACCTORHUAX MEXITY uacTuUamy (aroma-
MH, MOJIEKYJamMu) AeHCTBYIOT CHITbI NPHTMKEHHA M OTTANKHBAHWA, Ha3piBae-
Mble cwtavi Ban-dep-Baaibea. 3TH CHIbl BOZHHKAIOT BCAEACTBHE TOTO, YTO
naxe B HEHTPATLHOM aTOME BCNEACTBHE JBMKEHHS MEKTPOHOB LEHTP UX 00-
LIETO OTPHLUATEJILHOIO 3aPALa HE COBMNALACT C LCHTPOM NOIOKHTENLHOIO 3apiia
aapa. B pesyakrare 2T0ro BORHHKAIOT CMEHIEHHA ITHX 3apS/10B OTHOCHTENLHO
APYT APYT@ W 4acTHUa., BHAYaN e HeiiTpanbHas B MIEKTPHUIECKOM OTHOIIEHHH,
MPEBPALIACTCA Ha HEKOTOPOE BPEMSA B [IMNOJIb (Dun0/ib — COBOKYIHOCTh Pa3HO-
UMEHHBIX, HO OJIHHAKOBLIX M0 aDCOMOTHOH BeNTHYHHE 3aPsi/I0B, PACTIONOKEHHBIX
Ha HEKOTOPOM PAcCTOAHHH APYT OT Apyra). DTOT MrHOBEHHLIH INMONL co3la-
€T BOKpYI ceds afekTpoMardHuTHoe none. B3aumoaeiicteue noneil aryx (Man
Gonee) coceaHNX annoneii NPUBOANT K MPUTHKEHNIO HIN OTTANKUBAHMIO B 3a-
BUCHMOCTH OT B3@HMHOTO PACMONOKEHHA DTHX AHNoneil. Cuibl, OTBETCTBEHHBIE
34 TAKNE [ABHKEHMA, HA3BIBAKYTCA OPUCHINAYUOHHO-OUNOTBHBIMI,

[MockonbKy MEKTPOHBI BPANIAIOTCA BOKPYT #AApa HEMPEPhIBHO, TO MOKET
BOSHUKHYThL Takas CUTYAlHs, KOTAA LUEHTP TAKECTH pasMasaHHoro no cdepe
aToma MEKTPAYECKOTO 3apsia JEKTPOHOB COBNANAET C HEHTPOM MON0KHTENb-
HOTO 3apsAaa atoMa. B 9TOM ciiyuae aToM CTAHOBUTCS MOJTHOCTBIO HEHTPANbHBIM,
HO HAXOMAILMIICH B IAHHbIH MOMEHT BPEMEHH COCEHNIT ATOM CBONM 1EKTpiHYe-
CKHM TIOJIEM JTUTMOA MOKET BbI3BATH CMEILEHHE INEKTPOHHBIX 001aKOB NEPBOTO
HEATPANBHOIO B 3TOT MOMEHT 4TOMa — [POM30IIET CMEIEHUE 3apaJioB (o4-
pH3ALNA) NEPBOTO aToMa. Y HEro NOABHTCA HABEACHHBII JANMOILHBIH MOMEHT.
[Tpu 5T0M NONAPH3OBAHHBIE YACTHLLI 00IANAIOT 3apAIAMH NPOTHBOMOIOAKHBIX
3HaKoB. Takue YacTHLLI MPHTATHBAIOT APYT ApYTa. DTH CHIbI HA3LIBAIOTCS JuC-
nepenonnpim. (Takoe HassaHue o0y CIOBINBACTCA TEM, Y10 NOJIAPU3YEMOCTHIO
MONEKYN 00BACHALTCA TAKKE /INCTIEPCHA CBETA, T. €. N3MEHEHHe CKOPOCTH CBETA
H NOKa3aTe/1s MPEJIOMIEHHA CPEbl B 3aBUCHMOCTH OT 4aCTOThi).

Ha MansiX paccToAHHAX MEXILY MOJIEKYNaMHu JeHCTBYIOT CHIBI OTTalIKHBA-
HUAL, UTO SIBJIAETCA OTPamEHHeM Toro (JakTa, UTo MOJIEKYa 3aHUMaeT onpee-
NieHHYH0 001acTh MPOCTPAHCTBA U MPENATCTRYET APYTHUM MOJEKYIaM MPOHHKATh
B 3Ty 001acThb. DTH CHILI MPOSBISIOTCA B OYEHL MAJILIX 0OJacTAX nopsaka
pazMepoB MoJIeKyIIbl. XapakTep U3MEHEHHs MOTEHUNANLHOI JHeprun B3anMo-
NEHCTRUA MEKIY MONEKYJaMH MPECTABIAETCH B BHAE HEPABHOOCHOI nepe-
BepHyTOii napadonbl. MUHHUMYMY 2TOil 3aBHCHMOCTH OTBEYAET PABHOBECHOE
MOJOKEHHE JIBYX B3aHMOAEHCTRYIOLHX HACTHIL HAXOAALIMXCA HA HEKOTOPOM
PACCTOAHHM T, COOTBETCTBYIOLLEM JTOMY paBHoBecHio. Kakoii-nubo ynusep-
canbHoit opmyibl U(1), npUroaHoil 1as onucanus BCEX MOJCKYI, He Cylie-
crayer. O6uiuHo (yHkuus U(r) annpokcumupyercs popMyioii BHaa

U(r) = 4eol(a/r)'? — (o /1)"] (5.41)

W HasbIBaeTCs nomenyuarom Jennapoa—Juconca. OH WHPOKO HCNONL3YETCH
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B TEOPHH kHAKoCTei M rasos. [Torenunan Jlennapaa — J[#oHca sBIseTca ABYX-
YACTHUYHBIM, T.€. MPEANoJIaraeTcs, YTo CHJIbl B3aUMOACHCTBHA MEKIY JIBYMSA
HACTHLIAMH HE MEHSIIOTCS! B [IPUCYTCTBHM TPEThe HacTHLbL.

Cunel Ban-nep-Baanbca MexIy MONeKylamMH MPHBOAAT K MOABACHHIO HX
MOCTYNATE/IbHBIX W BPALLATEIbHbIX IBHAEHHUI: ITH JKE CHIbI MEAILY aroMaMH
NaHHoI MONeKyJ/Ibl BO30YKAAIOT KoNebaTelbHbIe ABIKEHNA CBA3AHHBIX B MOfe-
KyJIe aTOMOB.

5.4. MocrynaresHoe IBIKEHHE

Jlns mepuoaHveckoro MoCTYNaTeabHOTO ABIKEHHs (THRA GPOyHOBCKOTO)
MOJKHO BOCTIO/B30BATHCH KBAHTOBO-MEXAHHYECKUM I MPEICTABICHUAMH M 3arii-
caTh /I OJIHOMEPHOTO MOCTYTNATENLHOTO JIBiKeHNHe ypasHenue Ilipenunrepa

B BHIE .
h% 8%,

+ B, = 0. (5.42)
872m Ox?
Ero pemenuenm Gynet
th = C'sin (Az + B), (5.43)
me A =21 (n, = 1,2, ....n— uensle uncna; [, — nythb, npoderaembiii
qacTHUEH Bilo.rlb ocuzu B =0).
Toraa
by = Osin 2. (5.44)

x

[Moncrasnas (5.44) B (5.42), Haiigem BeIHUYHHY IHEPTHH OJHOMEPHOTO [10-
CTYNATENBHOTO ABHAKEHHA:

Wt 5
Ey = T 5.45
s 2 ( )

C}’MM& no COCTOAHHAM OAHOMEPHOTO NOCTYNATENBHOTO JIBHKCHHA BI0ITb
ocH x OyieT UMeTb BUJ

. h? e
' i — exp 5.46
% Z k ( BZ2mkgT ) ( )

n=1

(KparHocTh BhIpOKIEHUS NOCTYNATENLHOIO aBuHeHns g% = 1).
[lockonsKy MOKazaTelh JKCMOHEHTRI MaJjl, CYMMHPOBaHHE MOMKHO 2aMeHNTh
HHTEIPHPOBAHHEM
o

Q"= j exp (_&) dn, = Jexp(-‘pl‘!n.f,)dﬂ-;n (547)
0 0

Bl2mkpT

rae p* = h?/812mkpT.
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HMurerpan npasoii uactu (5.47) pasen

T 1 i 1,"..
J exp(=p*ny)dn, = 5 (F) '

0

Tenepb CYMMA MO COCTOAHMAM NOCTYMNATENLHOTO OJHOMEPHOTO OBHMKEHHA
NMPHUMET OKOHYATE/bHBIH BH

_ orrk a7\ 1/2
@ror = (_3’”:2‘ “T) l.. (5.48)

Bee nBmKeHUs BI0IL OCeit &, if, 2 HE3aBUCHMBI, OATOMY

: - 3R
Eﬂﬁ)’m (5.49)

h?

Q" =Q.Q,Q: = (

rae ¢ = 1,1, — oObem, 3aHiMaeMelil 0IHON MONIEKYNOH NPH TPeXMEPHOM JIBH-
weHun. s oqHoro Mods uaeansHoro raza Vo = v Ny, Torna (5.49) nepeiiner B
25 MEgT %
@W:(ie%) v, (5.50)
Wy
Q™ =1,3InM +1,5InT +InV +1n B. (53.51)
- 3/2
3neck In B = (;_I_"I:’Z) e = 17.3 (B cucteme eaunnn CH, ocHosanme
2N,

HATY palibHbIX 0rapumoe e Bee1eHo B hopmyaty s ln B npu yuere Bo3momkHo-
CTH Nepexoaa MOJNeKy/Ikl U3 0aHoi A4eiiki (pasoBOro NPOCTPaHCTRa B APYTYIO).

TTocKoNbKY M3 YPaBHEHUS COCTOAHNS HACaNbLHOTO raza caeayer, yroln V' =
=InT 4+ In It —In P, 1o ypaswenne (5.51) MOXKHO nepenncaTh TaK:

Q""" =1,5mM+25nT+ImnR—InP+InB. (5.52)

Kax Bunno u3 dopmyns (5.52). ang naeans,HOTO HITH A Pa3pekeHHoro pe-
AJILHOTO I'a3a CYMMA 110 COCTOAHUAM NMOCTY IATE/ILHOTO IBUKEHIS OTIpE/IeIseTcs
NpHPOAOIT rasa (B BHAE €70 MONEKYIAPHOI MAcChl) 1 BHELWIHUMH NapamMeTpamu
P u T n, rakum 00pazom, Noaaerces IKCNepPUMEHTAIbHOI TPOBepKe.

5.5. DuIeKTpPOHHBIE 11epexo/ibl
3HBDTI'II’0 AMEKTPOHOB B MOJICKVIIE MOMKHO NMPEACTABUTE B BHAC pAna
=+ +s+..., (5.53)

Fag gy €14 €24 «»» — FHEPrUuHd INCKTPOHOB B OCHOBHOM, NEPROM BO36)"H{.’1€H-
HOM, BTOPOM BO36}’H§}IEHHOM A T. A, COCTOAHNAX.
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CyMMa Mo BCEM COCTOSHHAM EKTPOHHBIX MePexoaon
% T T T
Q" = goe o/ kg + &€ e1/knd + goe eafkel o |, (5.54)

e gqg. €1, g2, - .. — KPATHOCTH BIPOAIECHHS KA 1010 U3 NEPEXO/I0B.

Sanawenm (5.54) Q18 OJHOrO MOJA, YMHOKUB COOTBETCTBEHHO UUCIHTENb
H 3HAMEHATE/b B TIEPBOM ClaraeMomM Ha wncio Asoragpo Ny, e £o/kgT =
=g Na/kpNAT = Uy /RT. Torna (5.54) 3anuuercs 8 Buje

Qa = goe "'.n}*”tT"l“glf' e1/knT +_$_ZQE" 52/;‘“]"_*_‘“ (5.55)

[MocKoILKY YHEPTHS MEPBOTO BO3GY;KASHHOIO COCTOSHHS MPEBLILIAST JHEP-
rMI0 OCHOBHOTO cocToAnusd Ha 4—35 2B w wamuoro Gonaswe kT, nostomy
gre /8T x5 (); cnenoBaresibHO, MOKHO OrpaHHUNTLCS B (5.55) ToNbKO NEp-
BhIM WICHOM PAJld W 3aMHcaTh

0P = TR QP = = ;_[; (5.56)

OBLIYHO MOCTYNATENBHYIO W AMEKTPOHHYIO CYMMbI MO COCTOAHHAM 00b-
CANHALOT, Ha3biBasd €¢ l?t?i{mp()f”f()-ﬂ{)‘f.‘ﬂ{}’ﬁﬂi’?}ﬂ-’l‘b!l{)?‘l f.:l".‘l'.'l.fO'l.l no CocMOSHUAIM

mQ"™ =@’ + Q" =
=1,5InM+25InT+InRk~-InP+InB+Ingg - %{'}; (5.57)

B a1oM cityuae

(an.fe’") e Wy (5.58)
ar fy BRI 2T

Torna BHY TPEHHAS IHEPIHs NOCTYNATEILHOIO ABMKEeHHS Ha (hoHe [ pasha
Ut -y = ;E’f. (5.59)

Ouernano, uto Uy ecth TOT HYNIEBOI Y POBEHL, OT KOTOPOTO NPOH3IBOANTCS
OTCYET BEJAMYHMHBI BHYTPeHHEH dneprun. Croaa e MOIKHO BKIIOYHT IHEPIHIO,
koTopas B (5.38) HazgaHa HyNeBoil 3Hepruei. MOCKONLKY OHA MpeAcTaBnser
c0o00ii JHEPTHIO ANEPHLIX NPeBpalLeHHH, ABsowWeiica npy o0bIYHLIX Temnepa-
Typax BEJIHYHHOH NOCTOAHHOI.

Buipaskenue 11s HTANLIHKY MOCTYNATENLHOrO ABHAKEHHA, COMIACHO onpe-
AeneHuto dHTadenun uaeansioro rasa H = U + PV = U + RT

i
H"" — Hj = ~RT. (5.60)
[/]30X0pﬂaﬂ H 11306apHaﬂ TEMIOEMKOCTH COOTBETCTBEHHO paBth
abl 3 v A H 5 2
o (_) =2R. Cp= (—) ==K (5.61)
aT /v = ar/sp 2

[lpusenennsie sueprun lenpmroabua n MmbGGca pasHbl, COOTBETCTBEHHO,
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Fﬁf%:R“LSMM—QSMT+MP—mR—MB—mmL(i@)

T n?} _ Fan o (_.‘{'; 42 R _
T T

=R(-1.5lnM — 25T +InP - InR—1nB+1-1lng). (5.63)

M, nHakonern, YPABHCHHE 11114 DHTPONHH NOCTYNATCAILHOTO JNBHKCHHA GYJ'ICT
HMETHL BHT

SM"=R(1.6InM+2.5InT —InP+InR+InB+2.5+Ingy). (5.64)

5.6. OcHoBHBIE MOIOKEHHS MOJIEKYIAPHOH CNEKTPOCKOTHA

Bpamatensioe u konedarensHoe IBIKEHWE MOJEKYJ W3yuaeTcs, Kak mpa-
BHJIO, METOZAMH CHEKTPOCKOTMN, B OCHOBE KOTOPOIl JICHKHT PACCMOTPEHHE 3a-
KOHOMEPHOCTEH B3aUMOIEHCTBHA HIEKTPOMArHUTHOI pajiMaiiii ¢ BEHIECTBOM,
CONPOBOKAAOILETOCA MPOUECCAMH NOMIOWIEHHA, W3IYUEeHHs H paccesHus cee-
ta. COBpeMEHHas CrEKTPOoCKonug DasHpyeTCa LEIHKOM Ha KBAHTOBOI TEOPHH,
B OCIHOBE KOTOPOI, B CBOIO OYEpenb, ewaT (yHIaMeHTalbible KBAHTOBLIE 3a-
KOHBI, ONpeae/siOLHE CBOHCTBA aTOMOB 0 MOJIEKYJL.

B coorsercTnm ¢ nepeuIM noetyaarom bopa., 1odas atoMHas iin MOJIeKy-
JIipHAs CHCTEMA ABNAeTCA YCTOHYNBOI MWL B ONpele/ieHHbIX CTAlHOHAPHBIX
COCTOAHMAX. KOTOPhIM OTBEYAET NHCKPETHAd TIOCASNOBATENhHOCTh IHEPIHH £
cuctembl. JItoOoe H3mMeHeHHe JTOi JHEPriUH CBA3AHO C MEPEXOIOM CHCTEMBI M3
O/IHOTO CTALMOHAPHOTO COCTOSHNA B JIPYTO€ H CONPOBOAIAETCH MO0 10Ty Yern-
eM aHepruu, aubo oraaueii ol cueTeMoil IHEPTHU. ITH Nepexoasbl MOryT ObITh
ABOAKOro poxa: 1) nepexons! paaMalnoHHble (MOICKYIa NOIIOnEaeT, H3ayqaeT
Wl PACCEHBAET NIEKTPOMATHHTHYIO panualio; 2) nepexo/ibl HEpaanalioH-
Hble (Gesbi3nyuaTebHbIe), MPH KOTOPBIX NPOHCXOANT o0Men JHeprueii AaHHoi
CHUCTEMbI C KakoH-JIn00 apyroii.

B cnekTpockoniuy NpeuMy eCTREHHO PACCMATPHBAIOTCS MEPeXoibl NepBoro
THIA; OHH MOJYHHAIOTCS BTOPOMY NocTy/iaty bopa: snexrpomMarHHTHOE H37y-
HeHHE, CBA3AHHOE C TEPEXOAOM W3 OMHONO CTAUMOHAPHOIO COCTOSHIS B ApYy-
roe, ABAAETCA MOHOXPOMATHUECKHM, HACTOTA KOTOPOTO I ONpPeaesisfeTcs COOTHO-
MEHHEM

vij = —=, (5.65)
h

riae h — nocrosxHas Tnanka; £, £; — IHEPrUK YPOBHE#i nepexosa.

Takum oOpaszom, ycaoene uactot bopa (5.65) no3songeT HaiiTH OCHOBHYHO
XApaKkTEePUCTHKY KBAHTOBOIO MEPEX0Ad — MOJI0KEHHE CHEKTPAIbHONH JIMHHH
WIH NONOCHE B LIKANE IHEPTHIT NEPEXOI0B.

CoBOKYNHOCTb MEPEXOI0B C HHKHHX YPOBHEil JHEPrHH Ha BepxXHue (no-
IIOMIEHHE) W C BEPXHUX HA HHAKHHME (M3IYYEHHE) NPHBOILHT K MOABJIEHHIO CO-
OTBETCTBYIOILHX CMEKTPOB MOINOWEHHs WK nanyuenud. CnekTpsl Monexys,
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CBAZAHHBIE C MEPEXOOOM BANEHTHBIX JNIEKTPOHOB, KoleDaHHAMHU Adep M Bpa-
IEHHEM MOJIEKYJIhl KaK 1EOT0, pacrofaraloTes, Kak NpaBuio, B ONTHUECKOFH
00/1aCTH 4ACTOT, KOTOPast NOAPA3ALIAETCH HA TPH YaCTH: HH(PAKPACHY IO, BIJIH-
MYIO 1t yAbTpahHoneToByio. B cOOTBETCTBHI € ITHM NMPHHATO 1 CMIEKTPOCKOTHIO
NENTb Ha HHPPAKPACHY 10, BUANUMYIO, YbTPa(HOIETOBYHO, DEHTIEHOBCKYHO U -
CMEKTPOCKOTIHIO,

Ecin kBanToBbie nepexoibl jiexkar B o01acTH HEBLICOKHX 4acToT, 10 j1o0a-
BJISIETCA ELIe M PaanoyacToOTHAR CEKTPOCKONuA. Takke noApasnensior cnek-
TPOCKOIHIO H 10 THITY JABWKEHHA B MOJIEKYJIE: BPALLATEIILHY10, KoJIedareIbHy 10
U 3JIEKTPOHHYIO. BpaluaresbHbie nojockl paciionaralores B jJaibHeil uH(pa-
KpacHoii obnacTi, konedarenbibie — B HI(PAKPACHOIL. a JNEKTPOHHbIE — B BH-
aumoii obnacTu crnekTpa.

[Tpu rpatuveckom u300paKEHIN ONTHYECKUX CNEKTPOB NO OCH abciice
OTKIIAABLIBAFOT IMGO YacTOTy 1/, 100 ANUHY BOJHbI cBeTa A. OHM CBA3ZAHBI MEXIY
c0D0i1 COOTHOLLICHHEM

==, (5.66)
A
rjie ¢ — CKOpPOCTh CBETA, W — BONHOBOE YMCI0 (w = 1/A.) uamepsaemoe B obpar-
HbIX CaHTUMETpaX (em™h).

Pesynbrarsl nccienoBaHus HHTEHCMBHOCTH M3IYUEHHs WIH MOMIOLIEHHUS
CRETA OTKNA/ILIBAIOT HA OCH OP/IMHAT B BHJIE OTHOCHTE/ILHLIX HHTEHCHBHOCTEN
MOTNOWEHHs WA u3ayueHns. [1pu 3ToM B OCHOBY pacueTa HHTEHCHBHOCTH CBe-
TA NONOKEH OCHOBHOI 3aKkon cnekTpockonun — 3akon JlamGepra—Byrepa—
Bepa. CoracHo 3ToMy 3aKOHY, HHTEHCHBHOCTH MOHOXPOMATHUECKOTO CBETOBO-
o MOTOKA, MPOLIEAIIEro Yepes miockiii obpasell, cBA3aHA C HHTEHCHBHOCTHIO
MajaioLIero NOToKa CAELYKLHM COOTHOLLEHHEM:

J = Jy exp(—ecl), (5.67)

rae €. ¢, | — COOTBETCTBEHHO KOBd](le.lHEH’]' JKCTHHKUMN (MOMIOUIEHHA), KOH-
HEHTPALHA NOTA0MAKIIET0 H3NYUEHHE BEHICCTEA H TONMIHHA ClOA.

BesHunHbl
T= (i) 100% w D=In (l) = =l (5.68)
Jo ey

HOCAT HA3BAHWA COOTBETCTBEHHO Koaghhuiguenma nponyckaniis 1 onmudeckoll
riomuocnu. IMEHHO STH BETHYHHBI M OTKITABIBAIOT MO OCH OP/IHHAT B KaueCcTBe
MEPbI NOTI0IWALOLLIEH CIOCOBHOCTH IPYU 3AITUCH CHEKTPOB MOMOILEHHS.

M3 BbIIECKA3aHHOTO MOKHO ObII0 Obl 3aKIHOMNTh, YTO MEPEXO/Ibl MOTYT
MPOHCXOANTD MeKIY MOObIMH YPOBHAMHU JHepru#. Ha camom fene oto He Tak.
Touno Tak ke, KaK aToM MOXKET MEPeXonTh M3 COCTOAHHA S B cocTosHue I,
an3 I? e D, no He npsimo n3 S B [, cyliecTByOT OrpaHnde s JUIS H3IMEHEHNs
COCTOANNA MOMEKY/. DTH OTPAHHMEHIA HA3BIBAKOTCA npasiiavy omoopa.

Cyuwiecrsyer 18a Buia npasui ordbopa. YelloBus, Onpeiesiommue n3iMeHe-
HHA OTAENbHBIX KBAHTOBBIX YUCEN, HA3bIBAIOTCA YQCHMHBIMU NPAsWIaMU OmGopd;
OHH MCTIONB3YIOTCH MPH PACCMOTPEHHI PA3IHYHRIX THTIOR criekTpoR. MnmeioTes
TaKmKe obwyue npasita ombopa, ¢ NOMOLULIO KOTOPLIX MOMKHO OMPENeNHTh, 1aCT
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JIH MOJIEKYNA KOe0aTenbHbL Win Bpaluatenbuslii cnextp. Odwux npasu otoo-
pa, OTHOCSIINXCH K BUIHMOIT WM VITkTpahHoJIeTOROI 00JIaCTH, HE CYIIECTRBYET,
IIO'JTUM}’ BCEC MCIJI(SK}’..’II:I HMEKDT 3JIL’!K!'pUHHbIC CIIEKprI.

KauectBenHo ¢ npaBunamu 0T00pa NO3HAKOMIMCS HA MpHMepe KonedaHus
monekyn HCI u Cle. B pesynibrare CMeLIEHHA NONOKEHHA LEHTPOB TAKECTH
HEOJAMHAKOBBIX aTomoB B Motiekysie HCI npoucxoanT pesynsTupyioniee koneda-
TelibHOE cMeleHte sapana. Monekyaa seier cedd Kak W30JHpoBaHHbIi BHOpH-
PYIOUI 3apajl M MOJKET B3aUMO/CHCTBOBATEL ¢ Konedmomeics aMekTpHiecKoi
KOMITOHEHTOI JIIo00ro najarowero ninydenus. Konedanwe paspeweno n aktup-
HO B uH(ppakpacHoii obnactu criexTpa. B romos nepuoii monexyse Cls, HaoGoport.
BCITE/ICTBHE CHMMETPHH Mob0e CMelenne 0HOH MOJOBHHBI MONEKYTThi OanaH-
CHPYETCH PABHLIM 110 BEJIMYHHE, HO TIPOTHBONOIOKHBIM 110 3HAKY, H3MEHEHHEM
B Apyroii nonosune. ITOITOMY pesynbTHPYIOUIErO CMellleHHs 3apsa 3/1ech He
NPOHUCXOINT. & 3HAYHT, HE BO3HUKAET M B3aUMOACHCTBHA ¢ MAJalOHM H3TYHe-
HueM. Konedanue 2anpenyeno v He akTHBHO B MH(ppakpacHoii odnacTy cnexTpa.

B nelicTBUTENBHOCTH, BCIRACTBHE KOHEUHOCTH CKOPOCTH CBETA H, Clle10Ba-
TEJILHO. KOHEYHOTO BPEMEHH B3aMMOZIEHCTBHSA BEIIECTBA € N3TYYEHHEM, HH OIHH
fnepexo/ He asnserca abcomOTHO 3anpeieHHbM. OTHaAKo HHTEHCHBHOCTL pas-
PEIICHHBIX NEPEX0a0B Npron3nTeLHO 8 107 pas npeBocXonT HHTEHCHBHOCTL
3aMpenieHHbIX NEPEX0I0B.

1 coolpaKenna TaKKe NPHMEHHMbBI K MHOTOATOMHBIM MONEKYNaM ¢ TOii
SN pasHULEH, YTO B JIAHHOM Clydae HeOOXO/MMO paccMaTpHBaTh HEe OJHO
Kosebanne, a HeckoNbKo. Kaiyto 4acToTy konebaHns MOKHO acCOLIMMPOBATH ¢
paznuyHbIMI aBHzKeHuaAMN faep. Jins toro, 4toOsl konedanne ObIIO AKTMBHBIM
B MH()pakpacHOoil odnacT, JBHKEHHE SIEP J0MKHO NPHBOINTL K H3MEHCHUK)
JMAONLHOTO MOMEHTa MoJiekyJIbl. TakiM 00pasom. Teneps MOKHO chHOpPMYIH-
posath obulee NpaBuao oTdopa: LA NPOABAEHUA HAaCTOThl B MH(paKkpacHoi
00MacTH A0MKHO BLITIOMHATLCS YCIOBHE

&y, (5.69)
dg
31€Ch 4 — JAHUNONLHLI MOMEHT MONIEKY/LE: ¢ — OHA WK HECKOJIbKO KOOPIAH-
HAT, B/OJb KOTOPBIX PEAIN3yeTcs ABIKEHHE aaep.

AHaNOTHYHO MOKHO MOKa3aTk, 4TO MOJIeKysia Oy1eT HMeTh BpamlaTe/lbHbIii
CHEKTP B AaeKOH MH(paKpacHoil WM MHKPOBOIHOBOM 00nacTh, ecin ee au-
MOALHLITT MOMEHT MEeHACTCS OTHOCHTEILHO HAMPaBAeHHs NAJalomero H3myue-
HUSL 1IPH BPALLEHHN MOJICKYJIbl Kak 1eaoro. J1is a1oro moiekyna aonxHa obna-
JaTh MOCTOSHHLIM JAHMONLHEIM MOMeHTOM. [lodToMy obmee npasuno orbopa
1751 NOABASHHA YHCTO BPALLATENLHOTO CNEKTPA 3aMHChIBAETCA B BHJIE

1 # 0. (5.70)
B xoMOHHalMOHHOM pacceannn olduiee npasuio otdopa ana konedarens-

HOIQ CNEKTpa rmacHt, 4TO NEWARCHHE ACH TOKHO NPpHBOOHUTE K M3MEHECHHHD
NOoNAPHIYEMOCTH (CﬂOCOﬁHOCTli K CMELEeHHID 3apﬁ_rla} MOJIEKYIT

9 20, (5.71)
dg
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(rae o — NoASpH3YEMOCTL MOJeKybl). [lockonbky B roMosaepHoii Monexyne
npu KonedaHui BAOIL THHHH CBS3H BCEIIA MPOHCXO/INT H3MEHEHNE MOIAPH3Y-
€MOCTH, TO B CHEKTPax KOMOHHALHOHHOTO PACCesiHMs YTH MOJIEKYJIbl AKTHBHbI.

5.7. BpamareiibHoe ABIZKEHHE

[lepexons K BLIMHCACHHIO TEPMOIHHAMHYECKHX BEIIMYHH 1BY XaTOMHOIO ra-
3a (719 OIHOATOMHBIX BEHIECTB, KaK H3BECTHO, JHEPTHS BpalATELHOrO JIBH-
JKEHUA BOKPYT COOCTBEHHOH OCH paBHA HY/IO), HPEIKIE BCENO PaccMOTpUM
BLIPAKEHHE 1 BHYTPEHHEH 3HEepruu.
OCHOBHOH MOAEILIO, € MOMOIULLIO KOTO-
PO MOWHO paccuuTarh BENHYHHY YHEP-
rHH BPAATENLHOIO JIBHKEHHS, ABNACT-
] / €A MOJIENTh KECTKOTO poTatopa (puc. 5.1),

NPEACTABIAIIIEro CoO0i 188 MACChl 1114

m

iz

Fi

i ¥
T

H 1712, HAXOAALIMXCA HA (PHKCHPOBAHHOM
paccrosHun ro apyr or apyra. Takas
CHCTEMA HA3BIBACTCH JCCCKUM POmd-
mopoym. Ecy Takas cucreMa spatiaercs

< T BOKPYT OCH. MPOXOAALIEH uepes UeHTp
/ ] tkectn (O nepneHaHKyIspHOI K ocH,
/' o ] 5 COCMNHSIONICH ANpa. TO BRIpaKeHHe /s

MOMEHTa HHEPUHH UMEET BHI

/ 1

Puc. 5.1. Mozaens xecetroro poraropa

IT=m(rg—z)° +mea®, (5.72)

e & — paccTosHUe OT aroMa 2 10 LeH-
TPa TAKECTH MOEKY.1.

Ecan 3amucars BeipakeHHe 1015 MOMEHTOBE OTHOCHTENBLHO IIEHTpa TsKec-
TH (), T0 MOKHO BbIMHCIINTE paccTosHue 1. B camom nene,

Thiro
mifro—z)=maz w z=—20_,
) + ma

Crenoeatenbro, n3 (5.72) ¢ HCNOAB3OBAHHEM MPEABLILY HIHX COOTHOMIEHMI

!’ . mymsz i 2
= \\——— | To = Ukrp.
My T+ Ao

mLymes

(5.73)

3nec p = HA3LIBAGTCA MpUGCIeHHOl MACCON MONEKYIbl. DTO

Iy + g
O3HAYEET, MTO MOJCKY.TY. BpallaiilyoCs BOKPYI CBOCr0 LEHTPA THKCCTH.
MOMHO PacCMarTpHBaTth KAk OJIHY HacTHILy € MAcCOH /i, ONHUCHIBANOUIYIO KpyT
panunyca rg. HBH}KEHI-‘IE HacTHLbl MO KpVTY — 3ala4a. XOpoWo H3BeCTHadA B
KBAHTOROH MEeXaHWKe, W LIS Hee MOKHO HAHTH TOUYHOE PELICHNE YPABHEHWA
Lpennurepa. DHeprus BPALIATENLHONO ABIKEHHS MOKET MPUHUMATb, Kak W
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BCHOOY B KBAHTOBOI MeXaHHKE, TOIbKO HEROTOPLIE THCKPETHRIC 3HAYCHNWAL 3TH
SHAYCHHA NMCPENAtOTCH BhIPAMCHIEM

copun = 229D — BRiG+1), (5.74)
Br=T
rae
B=_"_ (5.75)
Ba2 ] )

Benuunna B HaseiBaeTes spaiyamensHol ROCMOAHRON, | — 8PauiameibHoe
KeaHmMogoe wucio (OHO BBEIEHO IOTIONHUTENLHO K HETHLIPEM KBAHTOBBIM HHC-
nam n, [, mou s 1A XapakTepHCTHKH BPALLATEbHOTO JBIKEHHA MOICKY/Ibl KAK
1enoro). BpamareibHoe KBAaHTOBOE HMHEI0 MOKET MPHHUMAThL Mo0bIe Henovic-
NeHHbie 3HaueHns, Brovatoume Hyab. [pu j = 0. 2450, = 0 1 Bpawarensxas
IHEPIrUs OTCYTCTRYET.

Yacrioe npapuio ordopa 118 YHCTO BPALLATENLHOTO CMEKTPA HMEET BHA
Aj = £1; 910 03Ha4ALT, 4TO MOJEKY/IA M3 JIOOOTO HCXOAHOTO COCTOAHMS MOKET
NePeXoANTL JIHIIL HA COCEAHUIT YPOBEHD.

PazHocTb JHeprun aByX nocjenosaresbHbIX YposHell pasHa

As =2 —&" = Bh[j'(j' + 1) — j"(7" + 1)]. (5.76)

3neck j' OTHOCHTCS K BEPXHEMY BPAILATEILHOMY COCTOAHIIO, @ " — K Hu3-
LIEMY.
IockonbKy yacTHOE npasuio otbopa Tpedyer. utodw j' — i = 1. 10

Az = Bh2j'. (5.77)

B cooteTcTBHM CO BTOpLIM NOCTYIaToM Bopa. 4acToTHbIi HHTEpBAN TAKOrO
Mepexoid BLIPA3HTCH TaK:
Ae
Av = == =928. (5.78)
T

M3 dopmyn (5.77) u (5.78) BHUAHO, 4TO XOTS PACCTOSHHE MEXK/Y YPOBHSA-
MH JHEPTHH PACTeT 10 Mepe YBeTHUeHHS BPAILATEILHOIC KBAHTORBOTO HHCTA j,
criektp Oyaer cocTofTh N3 pAdd NOJ0C, PABHOOTCTOAWMX Apyr ot apyra. Ha
puc. 5.2 nokaszaHa cxema pacronokKeHns IHePreTHIeCKHX YPoBHeil KeCTKoro
poraropa B HHpaKPacHOM ClEKTPE.

[pn petansHOM HCCAENOBAHUM JTHHUIT YHCTO BPAIUATENBHOTO CHEKTPA OKa-
3bIBAETCS, 4TO MHTEPBAJIbI MEKIY JHHUAMH YMeHbIIaloTes ¢ poctoM j. Takoe
[OBEIEHHE MOKHO OOBACHHTD TEM, UTO Ha DOJIee BHICOKHX POTALIHOHHBIX YPOB-
HAX MOIEKYa BpalaeTcH GbICT]JeE W TEM, HTO pacCcTOAHME MEHIY aroMamMiu
3a cueT ueHTpoOeAHOI cuibl yBennunsaetcs. [Tpu 5ToM Bo3pacTaeT MOMEHT
MHEPLIMY 1 YMEHBILIAKOTCS YACTOTHBIE HHTEPBASILL. [U1s TOT0, 4TOObI IIPABMILHO
OIMHCATH TAKOTO PO/Ia YPOBHH, MOWHO BBECTH MONPABOYHLIH HJIEH, it TOT/IA

Ewpan = Bhj(j +1) — Dh[i(j + 1)]°. (5.79)



84 I 5. Cmamucmuseckas .l'.ﬂt’.’[.l'lr]’{)dlﬂi{l.“”k'u U MOREKVIAPHBIE DGUNCCHUSA
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Puc. 5.2, Uucto BpalatenbHLI COCKTP ABYXATOMHOM reTeposacpHOH MOTCKYITbI

KoHctanTa D) HazeiBaeTCH ROCMOAHHON HEHMPODEHCHOZ0 UCKANCEHUS W COCTa-
ssier npumepHo 1071 B.

PopMylibl, TPHUBEACHHBIC LI JABYXATOMHOH MOICKYIIBI, IPUMEHUMBI TAKAC
H K MHOTOATOMHbBIM MONCKYIAM, KOTOPLIE TAK WIH HHAUE MOTYT ObITh CBE/ICHbI
K HECKOJIbKMM THNaM pOTaTopoB. JTO — ITMHEIHbIE MOIEKYIbI, Chepiueckie
H CHMMETPHYHbIE H ACHMMETPHYHbBIE BOIYKH, IJIOCKHE MOJICKYJIbI W T, 1. [aBHoe
JUTSE HHX — PaccyuTaTh MOMEHT HHEPLIMH, KOTOPbIH, KaK MPaBHiIo, NOaYy4aoT u3
paccMOTPEHHA FEOMETPHYECKOH MOJCIIH,

5.8. TepvoanHamu4geckie (PYHKIHH BPaAmAaTe,IbHOTO
JABW/KEHHS

Teneph Mbl C TOMHBIM MPABOM MOKEM 3aMHCaTh «BPaIATENbHYIO» CYMMY
M0 COCTOSHHAM C YUETOM SHEPTHH BPAILATENLHOTO ABIKeHH (5.74) n kpaTHo-
CTH BbIpOoKACHHA g = 2j + 1 no HanpasneHuio MomeHTa uHepunn [ B BHE
CHEYHOUIErO BbIPAKEHNSA!

oo - B h? {; + 1} -
(rpant _ E 27 + 1) exp {J—] (5.80a)
2 .-j::[}{ * ? SFEIkHT. .
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KOTOpOE, BBHAY MATOCTH IHEPTETHHUESCKIIX HHTEPBAOB, MOKHO 3AMEHHTEL HHTE-
rpasom

(5.806)

oo
o h?j(j+1)

Bpam 9. 1) ex L
Q J { 7+1) P [ 8n2lkglT
4]

B cymme (5.80) ocHOBHYIO posib HIPAIOT YjeHbl ¢ GOJIBIIMMH 3HAYEHHS-
MH BpalaTerLHOTO KRAHTOROTO YHcaa j. B aTUX cnyuasax BpaieHne MOIeKyhl
kBazuknaccuuHo. [losroMy cratHcTHUECKYIO cymMmy Q"™ 3aMeHMIIN COOTBET-
CTBYIOIM KNACCHYECKHM HHTETPAloM, KOTOPbIii, OHAKO, HEODXOANMO Tipe-

a Al

~ h? 7 A
obpazosath, Obo3znaunM vepes 1T, = %.t!epea L= T‘ j(j + 1). Torna
Br=kp ]
Ty i ;
dr = ?’{23 + 1)dj. Takaa noACTaHOBKA MPHBOANT K OKOHYATEILHOMY O4YEHb

MpocTOMY BbIPaiKEHHIO!
ﬂ?‘r2 k H.T
h*

Qe = I. (3.81)

Jns cHMMeTpHUHBIX IBYX- H MHOTOATOMHLIX Monekyl B gopmyny (5.81)
HeOOXOAMMO BBECTH YHCIO 0 — YHCJIO HEPA3MHYHMBIX COCTOSHMI MPH MOBO-
poTE MONEKY.IBI BOKPYT OCH cMMETpHN Ha 360 ° (4ncano o HazeiBaloT vuciom
cummempuu). Hanpumep, monekyna Cly npu nosopore va 360 ° 3anumaer nsa
OIHHAKOBRIX MONOKEeHNA. [[151 Hee uHeno cHMMeTpHH 0 = 2; TpaBHILHAA TeTpa-
aapuieckas monexyia CClLy umeer o = 12, n0CKOILKY 1IPH BPALIIEHUI BOKPYT
Kazkaoi 13 4 0ceil MoJlekysla MOAKET UMETh N0 3 COBNAAAIOUWINX MONOKEHHS.
Hrak, ¢ yuerom uncna cummerpun (3.81) nepenninercs cheayroumm odpazom:

R'KL, k H(.ir'

(PR — I. 5.82
J = ( )
JLi1st MHOTOATOMHBIX MOJICKYJI
- 2p iy /2 ;
(e ﬁ("_“l’i"q) (LTI, (5.83)
i =

3neck I, I,, I. — COOTBETCTBEHHO MOMEHTBI HHEPLAN 110 OCAM I, Y, Z.
Teneps BHYTPEHHSAA IHEPrHA BPAAIOIINXCA THHEHHBIX MOTIEKYI 3anuiIeTcs
YPABHEHHEM

peean — pr? (L"Qwam) _ RT? (M) _ R8sl _ pm
F L Q or J, Q oh?
(5.84)

Jlis HenuHeltHBIX Monekyll

U — %RT. (5.85)
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ﬂ;‘lﬂ NIeanbHOTO ra3ad IHTANLIMNHA AHHEHHBIX MOJCKY paBHa
Hupalii _— I_rnpnm — RT (5 86)

a 118 HEJTHHEHHBIX, COOTBETCTBEHHO

3RT. (5.87)

.

FrEpam —

PaBeHCTRO BHYTPEHHEH JHEPriuM M DHTAILITHY BPALIATE/ILHOTO ABHKEHHSA
HAEAIBHOTO ra3d 00bACHAETCS TEM, YTO CYyMMA M0 COCTOAHMAM BPALLATEILHOTO

it ln QrPas
JIBHAKEHMS HE 3aBHCHT OT H3MEHEeHHs o0beMa CHCTEMbI, T. €. = = 0.
dln VvV i i

anockonsky H = U+ PV = RT? (‘”“Q) + RT? (M) , TO OTCHOMIA
of v dinV iy
i BeITeRatoT papeHcTsa (5.86) u (5.87).
DHTPONUS BPAUIATENLHOTO JBHACHUA, Kak cleldyeT u3 BhipakeHus (3.37),

NI IMHETHbIX MOJIEKYJ] paBHa

g = Rin Qw4 BT (2297) -
ar v
=R(InT +Inl —1Ino 4+ 105,5) Jlx/mons-K.  (5.88)

JInA HeNHHEAHBIX MHOTOATOMHbBIX MOJIEKYJ!

gwam _ (5 nT + %m (L1,1.) ~ o +138,9) JadmonsK, (5.89)

Il

rae 105,5 = In (877 kg /h*) + 1 n 111 (872kp/h*) +3/2 = 1,5-105,5

= 158, 9 JIx/MOmb.
Jlna sneprum ['nddea u l'esnsMrodibua nmeem

e — pepan —RT]_LI()“D""'". (3.90)

TennoemKkocTb CHETEMbl MOIEKYJI, COBEPILIAIOIIMX BPALIATE/IbHOE JBHAKE-
HUE TPH BBICOKHX TeMMepatypax, MOKHO paccMarpHBaTh KaK TETIOEMKOCTh,
00YCNIOBIEHHYIO JIBIKEHHEeM Khaccuveckoil yactuubl. Jlna nuneiinoii u nenn-
HEHOT MOJIEKY/l, COOTBETCTBEHHO,

Cy=R n Cr=§

. (5.91)

[lpn pocrarouHo HU3KKMX Temneparypax, koraa [7°P =~ (), spauiarensHoe
JBHKEHHE HE BHOCHT CBOETO BKIaaa B 00LIY10 TeMnoeMKkocTs. QnHako npH npo-
MEKYTOUHBIX TEMIEPATYPax BKIal BPalIaTElbHOMO ABHXEHUA MeHsaeTca ot 0
no R unn 3/2 R (B3aBHCAMOCTH OT THINA MOEKYIIbI ).
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m]ﬂ pacieTa TCNJI0SMKOCTH B 3THX YCIOBHAX CYMMY N0 COCTOAHUAM Bpa-
HATETBHOTO JIBHKCHHA MOXKHO Pa30KHTh B ACHMITOTHYECK T pan, HMEH)-

winii BUa N - e
QU = 1 4 3¢ 2B/keT o 50-0B/keT o (5.92)

rae B — BpailarelibHas nocTosHHas.

ViKke M3 31010 BhlpakeHus BuaHo, yto koraa kgl < B, rennoemrocts Cy
paBHa HYTIO, 1 M0 Mepe yBennuenus otHowenna kg7 /B yBeanunsaercs, n
toraa, koraa kg’ 6yaer HamHoro Goaswe B, renaoemkocts C'y npuMer 3Have-
Hus oo 3/2 1,

5.9. KonebareasHoe IBHKCHHE

ATOMBL, CBA3AHHLIE B MOJIeKYNY WK HaXoofuwuecsd B yinax Kpucraiin-
YecKoi peweTkn, 3a cuer cvn Baw-nep-Baankca cosepmaror konedaTtenbHbie
NABHWKEHHSA OKONO CBOMX NONokeHnii papuosecns. [lpn pacemorpenun koneda-
TENBHOTO ABHKEHHA 00ObIYHO HCMOJIB3YETCH MOHATHE O KPHBLIX NOTEHIIHAIBHOM
3Hepruu U/ (r), polib KOTOPOIl HCIIONHAET MOJHAS IHEPIHS CHCTEMbl EKTPO-
HOB KoneOmouxes aaep (T. €. KHHEeTHYECKas H MOTEHIHALHAA JHePrun). 310
OOBACHACTCH TCM, UTO MPpH CMCIHCHHN AACP aTOMOB M3 HOJOKCHUA DABHOBCCHS
CH/IBI XHMHYECKOI CBA3H, OGYCHOBIIQHHHQ JBHKEHHEM JIEKTPOHOB, CTPEMATCA
BEPHYTb fA/Ipa B MCXONHOE cocTofHMe. Bozspaiaowias xe cnuna o0yciosieHa
MOJTHON YHEPrUeit 2eKTPOHOB,

Bonpoc 00 anasiituieckoM suae kpuBbix U (i) nade pjis ABYXaromHbIX Mo-
NEKYI JOCTATOUHO CIOKEH, HO 1OCKOIIBKY Kak/1as cHcTema B pasHosechn obia-
AT MHHHMYMOM JHEPTHH, TO COBEPLIEHHO OYEBHAHO, 4TO M KomedaTenbHas
IHEPIrisl A0IKHA MMETh MHHUMYM B COCTOSHHH PABHOBECHS 1PH HEKOTOPOM
r = r.. [lo3TomMy HezaBucuMo oT Buaa pyuxkunn U(r) ee MOKHO PazioKuTh
B DS/ B OKPECTHOCTAX T 10 napamerpy ¢ = 1 — 7. [Ipn o1oM noayuum

U(r) =U( )+(‘”) (r—re)+2 (‘”) (-r—r..!}2

ilg ar?
(5.93)

B touke murimyma (8L /9r)—,. = 0 u, moacTasnss 910 paseHcTBO B (5.93)
IR Coyuas Maabix Kosiebanuii, T.e. MalbIX 3Hauennii ¢ = (1 — r.), noJy4um
Clieyioniee BhipaKeHe:

r—Te ]:‘

UrRr)=U(r,)=Ur—r.)=Ulg) = (5.94)

mek = (9*U/0r?) _ .

M3 (5.94) cneayer. 4To npH MAILIX CMELLCHNAX SAEP OTHOCHTENLHO TON0MKE-
HUS PABHOBECHA 3aBHCHMOCTL [V (1) € 0CTATOUHO XOPOLIIEH TOUHOCTHIO MOKET
OblTh 3aMEHEHA YPaBHEHHEM CUMMeTpHUHOIl napadonst. MHbiMp cnosami, ma-
JIbIE KOIeDaH s IBY XaTOMHBIX MOJIEKYJl MOTYT PacCMaTpHBATLCH Kak KonebaHns
2APMOHUMECKO20 GCYUTAMOPA.
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C KnaccuuecKoil TOUKH 3pEHHS ypaBHEHHe ABIKEHHS ABYX Mace my H 1M
(puc. 5.3). cBA3aHHBIX YIPYTOi CHIOH

U

dr

F=- —k(r—r.) (3.95)

HPHBOOWT K CNEAYHOWEMY YPABHCHHIO JIBHKCHHA:

92 (r — re 1 1 . _
# =—k{———|(r—r.)==kulr—r,), (5.96)
at= Ty ma
' e ji — TpHBENEHHas Macca Mo-
1 E m, JEKYNBL  yiKe YNOMWHABIIAACS —paHee
' (em. pasa. 5.7)
? _ : _ ? M3 (5.96) nerko noayuuTh BhlpakeHHe
i N r Ui YACTOThI KOJIeDATeIbHOro NBHKEHAA

Vg = — id (5.97)

Puc. 5.3. Mogeib  konedarcibHoro

JIBHAKCHMA JIBYXATOMHOH MOJICKYIILL Durypupylomas B YPaBHEHHAX
(5.96)-(5.97) Bennuuna L HasbiBaercs

CUTOBON HOCMOANHON NAHHOH JIBYXaTOMHON MOJICKYJTHI M XapakTepH3yeT npoy-

HOCTL XHMHYECKOi cBa3n aromos. B tadi. 5.1 npuseaeHsl B kauecrse npu-

MEpa 3HAYEHWS BEJIHWYMHBI CHIOBOH TOCTOSHHONH 18 HEKOTOPBIX CBA3EH

Tadaunas.l

Ceazb O-H|C-C|C=C|C=C

21072, Ik | 7,0 | 5,0 9.0 15,7

CornacHo KJIaccH4eCKoil TeopHH, KosebarelibHas dHEPIus MOJEKYJibl MO-
KET MPUHIMATDL o0ble 3HaueHns. KBaHToBas TeopHs NO3BONSET TOUHO PELINTE
ypasuenue LLpeanurepa ang rapMOHHYECKOrO OCUMIIATOPA, HCIONb3YS Ypas-
HEHWE NMOTEHIMATLHOI dHeprun B hopme (5.93). DHeprus rapMOHHUECKOTO OC-
LH/JIATOPA KBAHTOBAHA M ONpenenseTca npocToil Gopmynoi

Elcn;l =, (” 4 %) :II'.U[)._ (598)

rie v — KoaedarenbHOe KBaHTOBOE uncio, paproe 0, 1, 2, 3. ..., dusnuecknii
CMBIC]I KOTOPOTO OTBEYaeT aMIUTHTYAE KosledaHmid aToMoB B Mofnexyne (v = 0
COOTBETCTBYET MUHMMAIBHOM aMILTNTYIE).

Bripaxennio (5.98) orpeuaeT cuctemMa paBHOOTCTOSIIIAX YPOBHET aHEprun
(puc. 5.4), paccrosiime MeX1y KOTOpbIMH coctasiser hvg. [lpuv = 0 %" =

1
= - hvg.
2 - =
DTa NONOBHHA KBAHTa KOJleOaTenbHOM IHCPIrHUH K ABJIACTCAH HY T el IHEP HEN
Koredamensrioco osuscents. OHA NPHCYTCTBYET Aae nMpH adCOMOTHOM HyJe,
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u(r)

| I o
i 1% vy Vo Uy liy v

-

o L&)

Puc. 5.4, [oTenmmansHbie KPUBLIC, YPORIHM IHEPIHN H CXEMATHUECKHE CTEKTPLI FApMO-
HUYECKOTO (@) M AHTAPMOHHYICCKOTO (6) OCHHANATOPOR

CocTosiHIe cHCTEMbI Ha CAMOM HHKHEM KoNeOaTelbHOM YPOBHE nMeeT 00ib-
11oe 3HaueHHe, 0Co0eHHO U (POTOXMMHUECKNX PeaKIINiT OPraHHyecKnx coeam-
HEHHiL, TaKk Kak GONbIIMHCTBO (POTOXHMHYECKUX PEakUMii HAUHHASTCA HMEHHO
€ ITOTO TEPMHYECKHN PABHOBECHOTO KONe0aTembHOr0 COCTOAHMNS.

Jast rapMoHUYecKOro OCUHUIATOPa NpaBuio oTdopa 3aicsIBaeTcs B B
Awp = 1.1 €. ClEKTP rapMOHHYECKOT0 OCIIMLTATOPA COCTONT W3 OIXHOIT THHHI
WK NOMOCK! HA 4ACTOTE COOCTBEHHBIX KonedaHmii vg.

[Mpy 3HAUHTENLHBIX AMIIMTYAAX KoneGaHHil IBYXaTOMHYIO MONEKYNY Yike
HeJb34 ANNPOKCUMHPOBATH FAPMOHHYECKHM OCLUILIITOPOM, MOCKOIbKY NOTEH-
UWATEHAS IHEPTHS PEanLHOI MONEKYITBI OYIeT BO3PAcTaTh C VBENHUEHHEM MEK-
ANEPHOrO paccTosHng Ooee MEAIEHHO, YeM 3TO cileayer U3 ypasHeHus (5.98).
ITO BLI3BAHO TEM, YTO Ha OONBLITHX PACCTOSTHHAX CHIA CBA3NM MEKILY aToMamH
B MOJIeKy/1e oc1a0deBaeT 1 B KOHLE KOHLOB UCUE3AET, CBA3bL PBETCA M [OTEHUH-
AILHAA SHEPTHA NOCTHIACT NPEJIENLHONO 3HAYEHUA, DTa IHEPris COOTBETCTRYET
JHEPrUN auccommalmy Monekyvasl. Ha puc. 5.4 ona npeacraenena acHMITo-
TOH NoTeHunanbHoi KpuBoii. Korna aseprus CHCTEMbI [10MTH PaBHA 3HEPTHH
ACHMITTOTHI, f/pa HA OOMBIIHX PACCTOSHHUAX APYT OT Jpyra HMEIOT HyneBbie
ckopocti. C apyroii cTopoHb!, npH COMHKEHUH sIEp NMOTEHLNAIbHAA YHEPIHs]
CHCTEMbI BO3pAcTaeT ObICTpee, Yem 3To JaeT ypasHeHHe (5.98), 4To BbIZBaHO
BHE3aMHbIM ObICTPLIM YBETHYEHHEM KYJIOHOBCKOTO OTTAJIKHBAHHA C YMEHbLIE-
HHEM MEAKBAIEPHOND PACCTOAHMS.

[TooToMy peanbHYIO MOJIRKYIY JyHlle BCEero annpokCHMHpPOBATL aneap-
MOHUMECCKUM OCHWIAMOopoy, NOTEHUHANLHAA KPHBas KOTOpOro uio0paikeHa
Ha puc. 5.4.6. B 3mHx yclnoBuax HEoOXOMMMO MCIOJb30BaTh Donee obumit
sua Gyvukunn U(r), 1.e. paccmarpusars GOnbliee YHCIO WICHOB PA3/IOKeHHA
(5.94). TToaTomy aHanuTHYeCKOe peienne ypasHenus Llpeaunrepa sHaunTesh-
HO YCJIOKHACTCS,
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B cBA3M ¢ 3THM OLITIO NPEeMIOKEeHO DONMBINOE KOAMUECTBO IMIMPHUSCKHX
tpyukunit U(r), nanGosee n3BecTHOH M3 KOoTOpbIX siRnsietcs (hyHkums Mopse

Ulr —r) = D[1 —e~*"="3, B:99)

rie o — MOCTOAHHAA, Xapakrepusyiowas Gopmy kpusoit: ) — sHeprus micco-
LHHALHH MOJIEKYITbI.

Ecnn amnauryna xonedarebHOro ABWKEHHS BO3PACTAET, T.€. I' — 0C, TO
U(r—ir.) = D. B 1o Bpems Kak JKCMOHEHTY MOKHO Pa3ioknTh B PAL N0 napa-
METpy (1 — 7. ) 1, OrpaHHUMBASCH ABYMS WICHAMM PaziloKeHHs, 3anucars (5.99)
B BHILC

U(r —r,) = Da®(r —r.)*. (5.100)

[1pu manbix konedanuax ¢y Hkuua Mop3se nepexoanT B ypaBHeHHe napadosnsl
u HauOonee Onuizka k peanbHocTH. Conoctaensa (5.100) ¢ (5.94), nomyuum

BLIpaXKeHHEe .,
k=2Da", (5.101)

T. €. CHIIOBAS NOCTOSHHAS K NPONOpLUHOHAILHA 3Hepriun anccotmannn D mone-
KYJTbI,

[MoreHunanbHOR kpueoil (5.99) COOTBETCTBYIOT KBAHTOBAHHLIE 3HAYCHUA
MONHOI KonedaTenbHOI IHEPTUH AHFAPMOHHUECKOTO OCHMAIATOPA:

2.2 2 2
M= ('L‘ + 1) hvg — Ll | (l-‘ - l) == (1' + l) hirg — xhirg (1-' + l)
2 4D 2 2 2

(5.102)

he
3neck r = _L'? — KOO PUIHEHT AaHFAPMOHHYHOCTH.
1

M3 (5.102) nerxo BHAETH, 4TO YPOBHH JHEPrHH YiKE HE pacnojiaralores Ha
PaBHBIX PACCTOSHUAX APYr OT JPyra, KaK y rapMOHHYECKOro OCLWIIATOPE, a
00pasyloT CHCTEMY HEePaBHOOTCTOALLMX YPOBHE(, COMIKAIOUIMNXCS 0 MEpe yBe-
nHYeHns konedaTeabHOr0 KBAHTOBOTO YHCAA U M, HAKOHEIL, CIHBAIOTCH MMPH J10-
crikennn = = . [lpasuno orbopa mis aHrapMOHNMYECKOTo OCLIMILIATOPA
YK€ HE MMEET OrpaHHyeHHil, XapakTepHbIX A rapMOHHYECKOrO OCIHLIATOPA,
M MEPEeXo/bl MOTYT PEaIH30BbIBATLCA HA NHODO0I YPOBEHD, T. €.

Agi=] 28 ... (5.103)

[locKombKY HaCTOTHI NEPexoa0s onpeaensioTes odueit popmynoit (5.65), To.
[OACTABNSIA B HEE PAZHOCTb IHEPIHil KOMOMHUPYIOLIMX YPOBHEH, N0IyYHM

v =wy(l — 2x) coorBeTcTRyeT nepexoayc v =0— v =1

(OCHOBHOII TOH):

v = 2ry(1 — 3x) coorsercreyer nepexoayc v =0—= v =2 (5.104)
(nepssbiii 00epTOH);
1y = 3vp(l — 4x) coorsercteyer nepexoay ¢ v =0— v =23
(BTOpOIi 0BepTONH).
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O0wmmii BUI CNEKTPa aHFAPMOHHYECKOT0 OCUHWLAATOPA BEIMAIAMT Kak Hadop
COMMIKAIINXCS TIOJIOC, PE3KO YMEHBINAKILMXCA M0 HHTEHCHBHOCTH M Nepexo-
JSINX B KOHTHHYYM (CIUIOLIHOE NOITI0LIEHNE).

Taknm o0pazom, konedaTeNbHBII CMIEKTP peanbHOIl MONEKYIbl COCTONT H3
LeIOro pana 1noJioc, paciiupoBka KOTOPbIX MO3BOJAET NONY4YHTh OOrarhiii
HH(pOpMaLHORHBIT MaTepHaln 0 QU3HKO-XUMHYECKUX MapaMeTpax MOoleKyIsl.

5.10. Koaebare/ibHO-Bpamare/ibHOE ABH/KEHHE MOJTEKYJ

Eciu npoasainsupoears konebareiasHsl it CriekTp razo00pasHoil rereposaep-
HOIT MOTEKYITBI, TO OKA3BLIBAETCS, UTO MPH BLICOKOM pa3perieHun Kakaan JTHHNS
creKTpa coCTonT M3 GobIOro yneaa OIH3KOpacioNOKEHHBIX KoMIoHeHT. [To
ITOH MPHIHHE MOTEKYIAPHEIE CTIEKTPHI 1ACTO HA3LIBAIOT NOJOCATHLIMM CIIEKTpa-
MH, B OTIIHYHE OT aTOMHBIX, KOTOPbIE HasblBalOT JInHeivareimu. Takas cTpyKTypa
CMEKTPOR 00YCIORNEHA BO3OYKIEHIEM BPAIIATENEHOTO ABIDKEHHS BO BPEMS KO-
nebarensHoro nepexona. CTHMYJIHPOBaHHE BPALLATEILHOIO Nepexoaa Bo BpemMs
KOeHATENBLHOTO MOKHO NOACHWTD CHEYIOLLIHM 0Dpa3om:

1) KOTMUYECTBO 3HEPIHH, MOMNOIAEMOE MPH KOAEDATEILHOM MEepexoe, Tak
BeMKO (£ & 10% — 107" 410 ona MOKeT ObITh HCIIONLIOBAHA W LA
BOR0YHICHHS BPAILATETLHOTO ABHKCHHS,

2) BpalleHNe Tela YCKOPACTCA, KOIIa MOMEHT HHePLUHH YMEHBLLIAETCH, H Ha-
000poT. D101 APdeKT FBAACTCA CHENCTBHEM COXPAHEHNS MOMEHTA KOJIHYECTRA
apukeHHd J = fw (H3mensa [ ¢ HameHeHHeM PABHOBECHOI0 PACCTOAHMSA MEHKILY
aTOMaM# B MOJIEKYIE T, HEOOXOJHMO H3MEHHTE VITIOBYIO CKOPOCTL ). Taknum
obpazom, Bcerna, koraa konedarenbHoe ARMKEHHE MPHBOANT K H3MEHEHHD MO-
MEHTA HHEPLIMH, MEHACTCS M BPALLATEIbHOE IBIKCHHE,

MOXKHO N0Ka3aTh, 4TO B 00EM CIIYYAE [OJ0KEHHE IHEPIETHUECKHX YPOB-
Hell nByxaToMHOH MOJEKyY/bl, COBepIIAOLIeii ONHOBPEMEHHO KonedaTenbHoe H
BPAUIATE/TbHOE IBWKEHNSE (15 TPOCTOTHI OTPAHHYMIMCS TAPMOHIHYECKHM OCTIIT-
NATOPOM) OIPEENAeTCs BoIPAKEHHEM

(+1)=

ZKTBP _ oK + Zbpau (I-‘ + l) hl!u ik h }
2 8ntl’
= (r-‘ + %) hvg+ Bhj(j+1). (5.105)
B pesynbrare konedarenbHbix nepexonos ¢ v = 0 — v = 1. nanboaee yacro
PEANM3YIOULIXCH HA NPAKTHKE, NOABNSETCH BOSMOKHOCTD BPALLATENbHBIX Nepe-
xono.. [lockonbky no npaswny ordéopa yHeTo KonedareasHsliii nepexon (Aj = ()
ARIIACTCA 3aANPEILEHHBIM, TO BOMOKHBI BPALLATEIbHbIE NEPEXOb], CONPOBOK1a-
towecs ando yseanuennem (Aj = +1), audo ymensiuennem (Aj = —1) spa-
LATENBHOTO KBAHTOBOTO YKcha Ha exnnuLty. [lepexonsl, ans kotopsix Aj = +1,
00pazyoT, TaKk HazblBaeMy [T-BeTBb konedarTe/bHO-BPAlATEILHOIO CIIEKTPA,
a nepexosi, 11 kotopblx Aj = —1, odpasyior P-serss (puc. 5.5)
KoneGanng MHOrOaToMHbIX MOJIEKYJ MOMKHO paccMaTpuBarh, kKak koneba-
HHA Habopa TOUEK, B KOTOPBLIX COCPENOTOYEHA Macca aroMoB, COEJMHEHHbIX
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Mmexay codoil npykuHkaMu. Ecian packauats Takyr CHCTEMY, OHa Oyaet coBep-
aTh CAOKHOE KoJieOaTe/IbHOE /IBIIKEHNE, TaK HaskiBaemoe, deucenue JTucca-
HCY. O,']HaKO JIAKE 3TO CNOKHOE IBHAKCHHE MOKHO pﬂ'.‘i.]'ll)}l\'l'l'['b Ha CPBBHHTEJ'IBHU
HeGonbioe YHCNo Hopmaisterx koieGanui. Kaxnoe nopmanshoe konebanie

R-Bemas O-Bemsn P-Bemas

A

BU’jpﬂCTﬂlli!E BOJHOBOIO HHCIA

YRBEAHUYCHHE YACTOThI

Y

Veeauuenue Q1ML BOJAHbBL

Puc. 5.5 KoneGarenpno-ppainarensias monoca npH BLICOKOM paspelieHun

ONHUCKIBAETCA HAGOPOM HOPMATLHBIX KOOPAHHAT, [0 KOTOPBIM CYAAT, Kak HMEHHO
aTOMBbI COBEPIIAIOT CBOM KoNiedaHus. Yneno BO3MOKHBIX HOpManbHbIX Koleda-
HUI1 onpeaenseTcs ¢ NOMOILLIO MPOCTOro PACCMOTPEHHS.

Kaxasiii n3 N aromoB HeaHHeHON MHOTOaTOMHOI MoJekybl odnajaer
Tpems CTeneHaAMHU cBOOOIE, COOTBETCTBYTOLMMA ABIDKEHIIO B TPEXMepHOH cu-
creme koopauHar, Takum oOpazom, s Modiekyna umeer 3N crerneHei cBo0oIb.
Onrako TpH W3 HUX OTBEHAIOT 34 NMEPEMELIEHIE MOICKYLI B NPOCTPAHCTBE KAk
LEJIOTO 110 TPEM OCAM KOOPAHHAT W €Le TPH — BPALLEHHIO MOJEKY./Ibl KaK Lie-
JIOT0 BOKPYT Tpex oceil. Do ocrariger monexyie (3N — 6) creneneii ceobos
KonebarensHoro aBIskeHns. Y anHeiiHoil MONeKyITbl NOSBNISeTCS O/IHA AOMOJHHA-
TelbHas cTeneHb cBo0O0Ibl 3a cyeT nedopmain no nuunn cessu (dedopyayu-
omioe Kodebanie), TaK 9To A Hee uicio KonedarenbHbix creneneil cBo0ob
paso (3N — 5.) Konebanue 1o JHHUN CBA3H HA3LIBACTCH BATCHIMHBIM,

Y monekynbl, coctosueii u3 5 aromo, Hanpumep CHy, nomano Obith (3 %
% 3) — 6 = 9 THIOB HOpPMANbLHBIX KoNedaHuil K, CAeIOBaTENbHO, 9 YACTOT KoJle-
Oanig. Ha camom ke nesie okashigaercs, uto y monekylisl CHy uMeeTes Tolbko
4 pasnuuHBIX OCHOBHBIX YACTOT. DTO [POUCXOAHT MOTOMY, HTO H3 9 Xapakrep-
HBIX I8 3TOI1 MOJIEKYJTbI YACTOT HEKOTOPbIE COBMANIAIOT BCIEACTBHE CHMMETPHN
MOJIeKYIbl. B ciyuae, koria ise Win TpH YacToThl HMEHT OIHY H TY ke BEu-
UMHY, KoJeDaHHe HA3BIBAKT Osadicdml WIH mpucos: seipoxcdennsim. Y CHy
€CTh /IBa TPUA/Bl BRIPOKACHHBIX KosleOaHns: OHO — ABAXK[bI BhIPOKIEH-
HOE 1 0IHO — HeBbIpoKAeHHOE Konebanne. Monekyna, obianatowas npocToii
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NOBOPOTHOIT OCHIO TPETHETO HJIM HONEe BLICOKOTO MOPAAKA, 0053aTeNbHO HMeeT
BHIPOZKICHHBIC KOJIeDaHns,

Yucna crereHn BIPOKASHHS, 2 TAKKE AKTHBHOCTb B CIEKTPAX HOPMaJIbHbIX
KkoneGaniii MHOrOaTOMHBIX MOJEKYN ¢ pasnoo0pa3sHbIMU THIIAMH CHMMETPHH
XOPOLIO HCC/IE0BaHbl H CBEAEHbI B TaOAMLbL, W3 KOTOPHIX 1O (opmysie Mose-
KYJIbl MOZKHO OMpeeiTh akTHBHOCTh B HH(PAKPACHOM CMEKTpe, THI TOHeuHO
FPyIiibl, CTENEHH BbIPOKACHHS 1 11p.

5.11. Tepmoannamudeckne GyHKIHN KoledaTeAbHOTO
ABHKEHHS

Jlns npoctorhl paceMoTpuM konebatelbHOE ABHKCHHE KAK rapMOHUYECKoe,
CyMMa 1o cocTosHUAM KonedaTeNlbHOTo ABWKeHHs OyaeT BIMANeTh Cleaylo-
UM o0pasom:

o0 hirg (t-‘ = —)
C)Kll."l _ Zg‘ exp _72- a (5- I{}ﬁ]
v=0 i

hvg

BbiHeceM exp | ———
'.'!kBT
CTBA MOJICKYI € oy = 1, 3anuiem (5.106) B Buae

hrg hrg 2hvg
KT — exp | — l+exp| —2 ) +exp| ") +000
e 2 ( 'H*-'B'I') [ P ( ke B'I") ; ( ffﬂ') ]

(5.107)

34 3HAK CYMMbI H, YUHTbIBAA, YTO 014 BOMbIIHH-

h[,‘tj o 5'&0“[

2%eT  ZkpT
BbIpAKeHHA Ha uucao Aporanpo Ny, nomyunm

l']OCKOJ'ILKy » TO, VMHONKHB YHCITHTENE H 3HAMCHATENE 3TOTO

exon 7 7 ko
h!’lu = 0 A s (1] . [5[(}8)
2%pT  2kgTNa  RT

+

g U3 = AL

9

CymMy B KBajJipaTHbIX ckodkax (5.107), kotopas npeacrasnset coboii reo-
merpuyeckyto nporpeccmio 1 + o + 2° + ... + +2” = (1 — 2)~! (3necs
x = exp(—hvy/kgT)). 3anuiem Teneps B Biijie

~1

hig —0/Ty—1
l —exp | ——— =(1—e"" :
[ I( 5‘-37")] ( )

i

h
3necs A = . XApakmepucmueckas memMnepanypa KoaedareiLHoro

' B
ABWIKEHHS € 4acTOTOM 1.
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[Tponorapudmuposae (5.107) ¢ yueToM npeaplnywux npecOpasoBaHuii,
OKOHYATENLHO Moayunm hopmyry

LI'UKA.-. 1

—In(1—e~%T), 5.109
— ( ) ( )

In Q w1

Mocne andpepenumposanus (5.109) no d1” Gynem umerts

& In ¢ ron ) Ugoa 1 [
—e ) = Tt 5.110
( aT V RT? T2 /T _ | ( )

BHyTpﬁHHﬂﬂ 3Hepriiﬂ KonedarenbHOro JBHKEHHA FApMOHHYECKOrD ocLmn-
nstopa cornacHo (5.31) Gynet umMeTs BUA

e = RT? (%)‘ = Ug™ + R —. (51113

nOCKOHbI\'}f 4 KoaeOarenbHOro IBHmKEHNA

Comv )z =2

TO
Eron Hanzl =R 0 3 (51 |?.)

/T 1

Korna 8/T <« 1, snamenarens B (5.111) u (5.112) obpamaercs 8 #/T u
U™ — U™ = RT, tak ke kak u H*™' — H™ = RT,
[oactasnsas g (5.29) u (5.34) 3navenns In Q™' n3 (5.109) u yunteigas, uto
Aln Qron
( dlnv
rofiblia U NpuBeneHHoi 3Hepriy [11d6ca konedarenbHOro IBHKEHHS TapMOHI-
YECKOTO OCUIIATOpa

) = (), nony4yaem BbIpaKeHHA LN NPUBEIEHHOH 3Heprun ['enbm-
1

F"IL’!J'! {." Kon c," Lsh] H Koy " o
= 0 = —0_ = RIn(1-e"%T), (5.113)
Jns sHTponu noayuuM cieayiomee CooTHOIEHE:

gron _ _ (m_m)P = R (1 _f,—u,x'r) +pAUT (5.114)

a1 /T 1

Jis TernioeMKocTH rapMOHHYECKOTO OCHMUTATOPA MOAYHUM YpaBHEHWE
DitHwTeliHa, NO3BOAAIOWIECE BbIYHCANTD BKIA/ KonebaTenbHOro NBHHKEHHs B 00-
LYK TENT0EMKOCTh H1eaIBHOTO rasa

2

( 0 ) v

(3 7 ECH £ - Boa : %

O = O = ('-’F ) = (‘*_H ) =girs (5.115)
ar Iy ar J/p (ef/T —1)
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MHOTOATOMHY IO MONEKY/IY PACCMATPHBAIOT KAK COBOKYMHOCTL FAPMOHHYE-
CKHX OCHMWIISATOPOR ¢ XapakTepueTudieckumn temneparypamn #,. fa, ... [Mo-
'3T()M}" C)’M Ma 110 BCEM COCTOAHHAM K()Jleﬁa'l‘efl BHOTO NBHKEHHA MHO rOATOMHOM
MOMEKYITbI OMpeieNseTCs ypaBeHnem

SHEErE

Qm_'l — ZQ?II - Z lp_f_.—ff.,“ [5”6)

CyMMHPOBaHHE MPOM3BOANTCA NO BCEM KONEOATeIbHBIM CTENEHAM ¢BODOEI
MOTEKYITHL.

5.12. Koneranra paBHOBECHSI XHMHYECKHX peakumii

PaccMOTpHM rHIOTETHYECKY O PEAKIINIO, MPOTEKAIONILYIO MEKTY ra3aMH npu
CTAHIAPTHOM JaBiicHHu komioHentos P = 00.103 MIla u remneparype T.
Jlna 37oil peakuny BeIHYHHA CTAHAAPTHONO XHMITYECKOTO CPOJCTBA ofpe/es-
etcs no (opmyie (4.23)

AGY = —RTIn K,.

Odo3naune BHYTPEHHIOK 3HEPTHID W FHTATLIOHK 3TONO COCTOAHNA Hepes
U w Hf), npuasum 1 BbiuTeM 13 3HAYEHHIT CTAHAAPTHOTO XMMHYECKOTO CPO-
ctea senmunny AHY = Sy H" — Su; HIS, a 3a1eM pasnenm nonyucHHoe
TOKIECTBO Ha abcomoTHy1o Temnepatypy 1. B pesynbrare Oyiem HMeTh

Al 0 (] (1]
ﬁ:g(“ ”G)+”"”°. (5.117)
. = =

Torna BeipakeHHe Lt KOHCTAHTLI PABHOBECHS XHMHYECKOI peaxiun Oyaer
3aMHCaHo Tak:

Al 0 _ gyl A0
W, =22 = —l;\( : H") 4 B (5.118)
RT R T T

[MpueenenHas craHnaprTHas 3Heprus [MdOca Ans naHHOIl peakilin paBHa
CyMMe NPHBEEHHLIN CTaHAAPTHLIX 3Hepruii ['nboca nocrynarensHoro (BMecTe
C IMEKTPOHHBIMU TIEPEXONaMI ), BPAHIATEIbHOTO H KONedaTenbHOrO NBHAKCHHA
MOMEKYT BCEX YUACTHWKOB PEAKLMH W BBLIUWCASETCS MO ypaBieHwsM (5.63),

(5.89)u (5.113). r.e.

(GU - Hg) e "?“ = HH, oo ;:Epﬁlll - {-—"Eal = Hgm.:l —
T T T T

= —Rln QMQ*PuQm_ (5.]19)
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W3MeHeHHEe IHTAIBIHE PACCMATPHBAEMOIT PEAKLIMI MOKET ObITh BBIYHCIIEHO
HJIM M3 OTTRITHBIX JIAHHBIX KOHCTAHTHI PABHOBECHSA 1, 1 110 H3BECTHBIM 3HAYCHH-
a° — HY
M Tﬂ A1 BCEX YHACTHUKOB Peakiliy npH AaHHoi remneparype, win no
n3meHeHnio sutanbnun AH{) peakunn npu temneparype 1’ ¢ HCNonb30BaHiem
COOTHOIIEHHSA

AHS = HY — A(HY — HY), (5.120)

rne AH—?- OnpeacndaOT 1o CraHaapTHbIM TEILIOTaM DﬁpiBOBEIHHﬂ WK CropaHus
peare’Tos.

TouHocTb PacueTos KOHCTAHT PABHOBECHA C NIOMOLLBH CTATHCTHYECKOI TEP-
MOIWHAMUKH BBILIE, MEM NPH OOBIMHBIX BEIMHCIEHHAX METOAAMH KJIACCHUYECKOT
TEPMOIAHHAMHKH. 1o o0bACHASTCA TEM, UTO NPHBEACHHbLIE DJHEPrHH I'n6Gca Bbl-
HHCAAKTCA U3 CNEKTPAJIbHBIX H?-Mt?p(‘.‘HHPI ApOBOIKMMBIX C BLICOKOI TOUHOCTHH).



'TABA 6
PACTBOPBI

Pacmeop — 310 TEPMOIHHAMWYECKH YCTOM4YHMBAsS TOMOTEHHas cucrema
MepeMeHHOro COCTARA, COCTOALLAA He MEHee, HeM H3 ABYX KOMMOHEHTOB. ATpe-
raTHOE COCTOAHHE CHCTEMBI MOKET ObIThb ra3o00pasHbIM, AKHIAKHM HIIH TBEPIABIM,
Pacteopsl —— nanbonee odmmil 1 wanbonee clOAKHLIN NMPUMEp TEPMOIHHAMI-
uecknx cuctem. C TepMOAHHAMMYECKOH TOUKH 3PEHHA BCE COCTABIAIOLINE pac-
TBOpa paBHOLEHHKI. JlelleHne X Ha PacTBOPHTENh H PACTBOPEHHOE BEIIECTBO
ABnAETCA ycnoBHbIM. OObIMHO pacmeopuineies Ha3blBAIOT NPeodIafatomHii
B KOJMYECTBEHHOM COOTHOLIEHHH KOMIIOHEHT, 100aBIeHHE KOTOPOTrO He Beaet
K 00pa3oBaHMiO reTepOreHHol cueTemMbl. ECan OnHH 13 KOMITOHEHTOR NMPH J1aH-
HbIX YCJIOBHAX HAXOANTCS B AKHKOM arperarHoM COCTOSHHIL, & JIPY FHE B TBEPIOM
WITH ra3000pa3HoM, TO pacTBOPHTENEM NPHHATO CYNTATH KHIKOCTh NaKe B TOM
Crytae, eciM OCTallbHbIE BEILECTBA NPUCYTCTBYIOT B Bonbluem konnyecTse. ['o-
BOPS 0 KOMIOHEHTE PACTROPA HEOOXOAMMO HOMHHTE, YTO 3TO NOHATHE BEChMa
YCIIOBHO, N B 3aBHCUMOCTH OT YCIOBHIT 101 KOMIOHEHTOM PAcTBOpa Cieayer
MOHUMATEH TO WIH HHOE MoNeKynapHoe oopasosanue. OcobeHHo CIOXKHO HaTh
ONPEJIEICHIE KOMIIOHEHTA B TBEPIIbIX PACTBOPAX, KOId Hepeako obpasyrres
HECTEXHOMETPHYECKHE MOJIEKYSPHBIE CTPYKTY PhI.

OOBIMHO CYMTANIOCH, YTO B PACTBOPAX BCE KOMIIOHEHTHI HAXOAATCH B BH-
1€ OTACHBHBIX aTOMOB, MOJEKY/, HOHOB W B BHIE IPYII H3 CPABHUTEILHO
HeOONBILIOTO YHCA ITHX YACTULL, TAK YTO B KAKNIOM 3JIeMeHTapHoM odbeme
HabOAAETCA MHKPOCKONMYECKAN OAHOPOAHOCTL. B nociennie ro/bl, 0aHaKo,
HeCAeA0BaHO GOMBIIOE THCIO PACTBOPOB, KOTOPLIE MOMKHO ObIZ0 OBl HA3BATHL M-
KPOreTeporeHHbIMI. B TaKnX pacTBOpax MakpoCKONHYECKH OHOPOIHAS B Lie-
oM (pasa obnasaer MHKPOCKONMHYECKH HEOHOPOAHBIMU MPOCTPAHCTBEHHBIMH
CTPYKTYPamMH 0OCTaT04uHO G0UIbLLIOI NPOTAKEHHOCTH (0T HECKOJIBKHX AHICTPEM
JI0 MUKPOMETPOR). ITH HEOAHOPOAHOCTH MPHBOIAT K AHH3OTPONHY paa (3n-
HECKHX CBOICTB pacTBopa (MoKaszarellsb NPEJOMISHHA, AMNIEKTPHYECKAR I Mar-
HUTHAA NMPOHHULIAEMOCTH, BA3KOCTh U T. . ). Takue MUKPOHEOJHOPOIHBIE pac-
TBOPb! HA3LIBAIOT HKHAKMMH KPUCTALIAMHK,

[Monnmasn ycnoBHOCTL NOHATHA «PACTBOPY,  KOMIOHEHT PACTBOPA», Mbl TEM
HE MeHee 1UTA yA0DCTRa Dyaem Jlanee mypoKo WMH M0J1630BaThCH.

OBEenpHHATBIMH ABAAIOTCA CAENYIOWHE CNOCOObI BLIPAKEHHS KOJHYECT-
BEHHOTO COCTABA PACTBOPA.

Mansrere dosi. MonbHOI 1051€ii Ha3bLIBAETCSA OTHOLLEHHE YHCAA MONEii faH-
HOTO BEIECTBA 71;, OTHECEHHOE K olduiemy uncny moneii, (obosnavaerca N)
r.e. N; = n;/ Y n;. MonbHbIe 1011 KOMIIOHEHTOB CBSA3aHbI MeK Iy c00il ypas-
HEHHAMN

Ni+No+Nag+...+Ni=1u —dN; =dNy +dNa + ... +dN;_;.

(6.1)

JLis TepMOIHHAMHYECKOTO ONUCAHNA CBOHCTB PACTBOPOB 3TOT CL1OCOD ABI-
ercs Hanbonee yaoGHbIM 1 LenecoodpasibiM, NOCKOILKY YPaBHEHHE /118 XHMH-
HECKOTO NOTEHUHANA CONEP/KHT HMEHHO MOJILHYIO 00 JAHHOTO KOMIIOHEHTA.
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B pacTBope, cOCTOALLEM H3 I KOMIIOHEHTOB, TOILKO 1 — | ABAAIOTCA HE3aBHUCH-
MbIMH. B yacTHOCTH, B IBY XKOMTIOHEHTHOM (OHHAPHOM) pPacTBOPE HE3ABHCHMOI
ABIAETCA TOJABLKO OJHA KOHLEHTPALUS,

Moneno-obvemnan KoHmyenmpayust (MOISPHAas KoHyeHmpayus — MOTb-
HOCTh) BbIpakaeT YHCI0 MO/Iell NaHHOTO KOMITOHEHTa B elrHule ofbema pact-
BOpa (cmecn); odo3HaTaeTesl OOLITHO CHMBOJIOM «Ch

¢i = nfV. (6.2)

Monstienas KOHYeHMpayus (MOIBLTEHOCINE ) — 3TO KOHLUEHTPALLUA, BhIPAKEeH-
Hasl 4HUCIOM MOJEi pacTBOpeHHOro sewectsa, npuxoaauuxes Ha 1000 rpamm
pacTropuTens (00o3HaYaeTCs CHMBOIIOM «771»)

m; = n; /1000, (6.3)

Henonksoranne 00beMHOI KOHIIEHTPALNH 4acTo ObIBAET HEYIOOHRIM BCIE-
CTBHE TOTO, YTO OHA 3ABHCUT OT TEMIEPATYPhI: €€ uaine Bcero ynorpedusor
B M30XOPHO-H30TEPMHUECKHX npoueccax. Tak Kak MOJANLHOCTE M MOJbHbIE
J0JI MOKHO HCTMOJIB30BATH NPH pacueTax B 00X [Ipoleccax, To B TEPMOIn-
HaMUKe Takoil cnocod BuIpaKeHIS KOHLEHTPALIMH NPEANoYTHTENEH.

[Tpexae yem NOAOITH K TEPMOAMHAMHYECKOMY PACCMOTPEHHIO PACTBOPOB,
00CYINM BOMPOC O MPHHLUMMIHANLHON BO3MOKHOCTH 0Opaz0BaHMs. Hanmpumep,
OHHAapHOTO pacTBopa. PaccMOTPHM ABE JKHIKOCTH [PH TAKOI TEMIEpaTy pe, Ko-
r1a 3HTPONHiiHbIM 3hdextom MoxHo npeHeOpeus. Torna, umes B BHIY, 410
MONHAA IHEPrud CUCTEMbI JOAKHA OBITH NPONOPUHOHANBLHA 00IEMY YHCITY MO-
ACKYJ1, NOAYYHM BBIPAKEHHE [LUTF JHEPTHI CHCTEMBI C 1] MONEKYJl NEPBOIi Kni-
KOCTH M 723 — BTOPOIi B MONTHOCTHIO NEPEMELIAHHOM COCTOSHIH (T. €. B pACTBOPE)

Eg=—[1/2(n, + n.-_;]](fe"-l;n.f + Usan3 + Uyanyns). (6.4)

H BhIPDAKEHHE 118 IHCPIrHH 3TOTN0 KEC HHCTa MOJICKYN B COCTOAHHH, KOrIa oHH
pasneneHs!
Ep =-1/2Un — 1/2Us0ns. (6.5)

3neck Uy, Uys. Uy — BENHMHHBI, TPONOPUHOHANLHBIE SHEPrHH B3aHMO-
neiicreus monexyn (1-1), (2-2) u (1-2) coorBercTBeHHo. PasHocTs 3HepTHI
JKHAKOCTH B COCTOSHIH MOTHOTO NEpeMeLIHBanis (pacTeopa) H B pasaeneHHoM
COCTOSHIH paBHa

Ep —FEq = -1/2['!3,”1-2/[:!“ + JI--_’]]/(UH + Uss — 2(_»"|-_1_|}. (66}

Taxum o6pazom. KHIKOCTH HE CMEILMBAIOTCA, €C/IH JHEPTHH HX B3auMoneii-
CTBUS YI0BIETBOPAIOT HEPABEHCTBY

Upy + Use — 2U 2 > 0. (6.7)

M3 dopmynsl (6.7) clienyer. 4To NpoUrphliil B SHEPTHH ABYX KHAKOCTElH npu
CMELINBAHHN ONpeeseTcs Tpems IHepreTnuyeckumi napamerpamu — Uy, Uy
i /12 , B KQUeCTBE KOTOPBIX PACCMATPHBAIOT PA3/HUHbIE BETHYHHDI, CBA3AHHLIE,



6.1, Hapyuaistsie Moiapibie Geatdtinb 99

HanpHUMep, ¢ MOBEPXHOCTHBIM HATSKEeHHEM, Kod(duunenTaMn Temioporo pac-
HIHPEHHS HITH H30TEPMHYECKOH CIKIMAEMOCTRIO W T. /1. [TOCKOMIbKY OCHOBHBIM
BOIIPOCOM TEPMOJAHHAMHYECKOH TEOPHH PACTBOPOB ABIAETCS YCTAHOBIEHHE 3a-
BHCHMOCTH PaBHOBECHBIX CBOIICTB PACTBOPOB OT COCTABA 1 CBOIICTB €ro KOMIO-
HEHTOB, TO, Kak cnenyet w3 (6.6) u (6.7), 3ra Teopus B 0011eii (hopme 3aBHCHT OT
NPHPOALI MOJNEKYASPHBLIX B3auMoneiicTeHil MeKIy KOMIOHEHTaMH PacTBOPOB.

6.1. TMapunaabHbie MOJISIPHBIC BEJIHYHHBI

JL1s YCTAHOBIICHHSA 3aBHCHUMOCTH PABHOBECHBIX CBOMCTB pacTsopos OT co-
CTaBa W CBOICTE KOMMOHEHTOB €0 COCTABMMIOUINX NOAL3YIOTCA HaApHUdTbHbIAMU
MOAAPHBIMU GEAUMUHAMU, KOTOPBIE MO CBOEMY CMBICITY OTIHYAKOTCA OT TEX WIN
HHBIX NAPLIHANLHLIX BETHYHH (HANpUMep, 0T NapiHanLHOrO NaBIeHHA HIH 00b-
ema). Jleso B TOM, HTO BCAKOE IKCTEHCHBHOE CBOIICTBO 3aBHCHT OT COCTaBa CH-
CTEMBI 1 HIMEHAETCA MPOTOPIHOHATEHO KOTHYECTRY REIIECTRA B CHCTEME NPH
HEH3MEHHOCTH €€ COCTOAHHA (1. €. HEH3MEHHOCTH HHTEHCHBHbIX [apameTpos).

PaccMOTpHM B KauecTse [1pHMepa BHYTPEHHIO IHEPIHIO YHCTOrO Belle-
cTBa. HeM3MEHHOCTD €ro COCTOAHNA 3a/1aeTca MOCTOAHCTBOM ABYX MHTEHCHB-
HBIX BeMuMH — aasieHns P yu temneparypsl T 1 1o cmbicay npencraiaer
coDO YACTBHYIO BHY TPEHHIOK) YHEPTHIO

(%)P ., =1, (6.8)

OnHAKo COCTOAHHE PACTBOPA. TIOMIMO OOLIYHEIX HHTEHCHBHEIN Mapamer-
pOB, OLPENENACTCA €IUE H er0 COCTABOM, H, TOBOPA O NPOMNOPUHOHAILHOCTH
IKCTEHCHBHBIX CBOMCTB KONMYECTRY BEIECTBA B CHCTEME, CleayeT MpejiycMo-
TPeTh OMHAKOBOCTL COCTABA BO BCEX ee uacTaX. [lna npeasiayiero npumepa
ITO CHIEILYeT 3anHcarh TaK:

arr y
(‘—) = u;. (6.9)
an, BTy Ngvsay N

7
Ias pactBopos GObIIOE 3HAYEHHE HMECT H3MEHEHHE KakoH-n00 KCTeH-
CHBHOH BeJIHYHHBI NPH H3MEHEHHN KOJIMYECTRA TN OTHOTO KAKOTO-JIHO0 KOM-
MOHEHTA [PH YCIOBHH, YTO KOJHYECTBa BCEX [APYTHX KOMIIOHEHTOB 17, a TaKike
MARAEHNE W TEMTIEPATYpa, 0CTATCA HeM3MEHHRIMH. Hanpumep, eciu B Kave-
CTBE IKCTEHCHBHOI BEAMUNHBI PACCMOTPETh 00BEM CHCTEMBI, TO €10 H3MEHEHHE
NpH U3MEHEHHH KOJIMYECTBA KAKOTO-IH00 KOMNOHEHTA CleAyeT 3anucarh Tak:

(1) =7 (6.10)
Mi) BT, 0,

O0o03Ha4al0TCA NapHATbHbIE MOJTbHBIE BETMYIHbI TEMH e CHMBOJIAMH, YTO
H MOJIbHBIE, HO CHADKAOTCS CBEPXY 4epToil (NpsMoil Wil BOJHHCTOI).

OnHako H3MEHeHHe KONMHYeCTBA OIHOTO U3 KOMIIOHEHTOB PacTsopa ods3ares-
HO NPHBEIET K H3MEHEHHIO €10 COCTaBa, B TO BpeMs Kak 13 ypasHeHus (6.10)
ClIeAYET HEM3MEHHOCTL KOMHYECTBA BCEX KOMIOHEHTOB, 3a HCKIIOYEHUEM i-T0.
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[TocTOAHCTBO KOMMUECTBEHHOTO COCTABA MOKHO OCYLUECTBUTE ABYMS CIOCO-
Oamu: 1) npudaBnTh | MOIb KOMIOHEHTA K OECKOHEYHO DONBLIIOMY KOJIHYECTRY
pacTBOpa JAHHOIrO cocrtasa; 2) npuOABHTE K KOHEUHOMY KOJMYECTBY PacTBO-
pa GeckoHEMHO Maoe KOTHYECTBO KOMIIOHEHTa W MEpPecuHTarh MoiyueHHoe
H3MEHeHIe CBOiicTB Ha | Moab npubasieHHoro Beulectsa. HalinenHoe Takum
oOpazom n3MeHenne cBoiicTea (oda3aTe/ILHO MPH YCIoBUH nocTosHeTea I u )
HasbiBaeTCH napyudibHol Moterol (voaaproi) serwyunon (Jlstone, 1907 ).
Ono otoGpakaeT BKIA/A JaHHOTO KOMNOHEHTA B odLlee CBOICTBO chcTeMsl. Bee
TEPMOANHAMUYECKHE VPABHEHHS, CNPABELTHBBIE ISl YHCTBIX BELUECTB, TAKKe
CIIPaBe/INBbI M LTS 11aPLUHAILHBIX MOBHBIX CBOHCTB, TOIbKO BMECTO MOIIbHbIX
(MONSAPHBIX) BETHTHH GHUTYPUPYIOT NAPLHATLHBIE MONBHBIE BEJTHUHIIBI,

HeoOxonumo o0partits BHUMaHHE Ha CIICAYHLINE COO0pameHNs:

1. MapunaibHbie MONLHBIE BETHUHHBI HETb35 OTOXKAECTBAATL C XMMHYECKH-
My noreHunanamu. Tonbko napuuansHas mMoibHasd sneprus ['nOGca apnsercs
NHMUYCCKHUM MOTCHITHANOM.

2. TMockoabky napuMasbHbie MOJbHBEIE BEIHYHHBI OTPAKAIOT HIMEHEHMs
CBOICTB, TO MX HENb38 yNnoaoOaaTh COOTBETCTBYHOIIHM MOILHBIM BElTHUHHAM
(napuuanbHbe MOILHbIC BEANUMHBI MOTYT IIPHHHUMATH 3HAYEHHS, KOTOPbIE HEMbI-
CAMMBI 18 MOJIBHBIX BEJIHYIH; HANpHMep, naplnaibHblii MOIBHLIH 00bem MO-
JKET MPHHHAMATh OTPHLIATENbHbIE SHAYEHNS, TOTAA KAK MOIbHBIT 00bEM HE MOKET
ObITb OTPHLATENLHOI BETHUHHOIT).

Takum 00pazoM MOMKHO CUNTATH, YTO, HAMPUMEpP. NAPLHAILHBIT MONLHBIT
00BEM i-T0 KOMIIOHEHTA eCTh «Kawy Hiica» 00beM, KOTOPLIH JaHHbI KoMMo-
HEHT 3aHUMAET B pacTBROpe MpH NOCTOAHHBIX 1" 1 P, n uto 3toT 00beM B 00111eM
CAYHAE OTAHYACTCS OT HCTHHHOIO 00bEMA FTOTO KOMIIOHEHTA B 4HCTOM BUIIE HPH
TEX JKe YCA0BHAX. Pasznnune mexay T H © MOKET NPAKTHYECKH OTCYTCTBOBATh,
Kak, HanpuMep, B ra3oBbIX pacTBopax MpH HEBbICOKHX JIAB/ICHHAX, HO MOMKET
ObITb U OveHb OOMbILINM, HANIPUMEp, 15t PACTBOPOB r'a30B B KUAKOCTH.

[MapuHalibHble MOJIbHBIC BEIMYHHBL MOTYT OblTh 00Pa30BaHbl € NOMOLLLIO
vypasuenuii Tina (6.10) ot modoii 3KCTEeHCHBHOI BETHUHHEI C HCTIONB30BAHIEM
TOI #e cucTeMbl 0003HAYEHNI.

Bosspatasck cHoBa K ypaBHeHHto (6.10), MOKHO OTMETHTB, YTO OHO cnpa-
BEJUTHBO He TOJILKO 14 -0, HO 1 NS Mo00ro apyroro komnonenta. Ouesnano,
410 B 0011IEM CIy4ae. KOTfa MOTYT H3MEHATHCA KOJIMYECTBa MOIIEl BCeX BELIECTB
CHCTEMBI, H3IMEHEHHE 00bema OyeT paBHO

dV = Z Tdn;. (6.11)

Eciu 310 ypagHeHHe npouHTerpuposats np nocrosucrse ' u P d no-
CTOSIHHOM COCTaRe, T. €. 100aBnsd dr;, Tak uTo0bl COCTAB CHCTEMbI OCTABAICH
HEM3MEHHBIM (CM. COCO0bI, KOTOPLIMH 3TO MOJKHO OCY LLECTBHTh, MPUBEIEHHbIE
BBILIE), TO MOAY4UM i i

V = Xiin,;. (6.12)

(Muterpuposanne (6.11) MoKHO NPOBECTH, HCIIONB3Ys TeopeMy Diinepa 00
OHOPO/IHBIX (DYHKIHAX, HIIH TOJILKO B TOM ciy4ae, korna diny 1 dny @ ...dn; =
= ny : ng to...ng). Ypaguenue (6.12) otHocHTes K modoii dkcTeHCHBHOI



6.1 HMapyuaisnse MoaApHbIe Geaustn 101

BENMUMHE U MOKA3bIBAET, YTO BCAKAS DKCTEHCHUBHAsA BEUYMHA ABIAETCHA Bel-
UHHOH aNAHTHBHON 1 npenctasnseT coboi pesyabTaT CNOKEHHs NapitHaibHbIX
MOJIBHBIX BEIHYHH, YMHOKEHHBIX HA MHCIa MOJIEil 3THX KOMIIOHEHTOB.

I Tponnddepenunpyem ypasaenne (6.12):

dV = Z'T!,-dn,- + z ndi;. (6.13)

[Tpu conocraenennn (6.13) n (6.11) nonyuaem onHo 13 BaAHeillLMX ypasHe-
HITil TeopuH pacTBOPoR (M BooOIIEe TepMoHAMHKH (cM., Takke (2.82)), ypae-
venpe ['u66ca— Liorema:

> nidv; = 0. (6.14)

Ecnu nosenuts Bee unenbl B (6.14) Ha cymmy monedt Y n; B cuHcTeme,
T0 ypaHenue ['m66ca — [liorema nosyuuT cnenyroumii Bui

> adw; = 0. (6.15)

3nech @; = n; /Y 1; — MOABHAA 005 £-T0 KOMIIOHEHTA.

ITO YPABHEHNE TAKKE MOKET ObITh OTHECEHO K pacueTy JH0bIX IKCTEHCHB-
HBIX CBOHCTB cncTembl. OHO nokaseigaet, 410 npi noctosHusx ' n P u npous-
BO/ILHOM M3IMEHEHUH COCTABA PACTBOPA NAPUUAILHBIE BE/IMYMHbLI HE ABIAKOTCH
MOMHOCTBIO HE3ABHCHMBIMH.

s GunapHoro pacrTeopa ypasHeHue (6.15) npumer su:

(1 = 2)dv) + zdvs = 0. (6.16)

K3 s1oro ypasHeHns soitekaet rpadguueckuii MeTo onpeaeneHns napLmasib-
HBIX MOJIBHBIX BEJHYHH ﬁlillaprIX PacTBOpPOB, NOJIYHY WUBLIKIT HA3ZBAHUE Memoda
OMPEIRoE.

Paccmotpum OunapHslii pacTBop, 0003HaUHMB Kakoe-1H00 ero IKCTEHCHBHOE
CBONCTBO CHMBO/IOM 7. Obiee croficTBo Z OIHOTO MOJIE 3TOTN0 pacTeopa 3atii-
weM B BHIAE CYMMBI JKCTEHCHBHBIX CBOICTE KaKAOI0 KOMIOHEHTA

Z=2Zy+(1-2)2,. (6.17)
Vpasuenue ['166ca— [llorema nis 31010 ke cBoiicTa
2dZ, + (1 —x)dZ» = 0. (6.18)

[poauddeperunposas (6.17) no « u yurs (6.18). nonyuum ciaeayoune
BBLIPAKEHHS U1 NAPLUAILHBIX MONSPHLIX BEAMUHH KOMMOHEHTOB OHHAPHOIT
CMECH: i

- A az
W Zo=2Z+(1-z)—. (6.19)
dr

- 7 az
Zy =2 —x—
dr
HetpynHo nokasare, uto Ha auarpamme Z — x (puc. 6.1) kacareinbHas k
3aBMCHMOCTH Z = Z () OTCEKAET Ha NEROM OCH OPJIMHAT OTPE30K, parHbI il nap-
LMATLHOI MONAPHOIT BeTHYHHE 71 B PACTBOPE KOHLEHTPALMH T, a Ha MPaBoii

OTpe30K, paBHblii Zo B pacTBOPE TOI K€ KOHUEHTPALIH.
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PazHocTh MeKIY NapiMalibHOIT MONBLHOI BEMHUNHOIT KOMIMOHEHTa £ B pac-
TBOPE W MOAAPHOI BeHuHHOH Z° 4HCTOrO KOMNOHEHTA HA3LIBACTCA OMHOCU-
meabHol RapPYUAIbHON MOIBHOU GEIUYUHOU

AZ=27=5% (6.20)

[lo uzHyeCcKOMY CMbIC/TY OTHOCHTEIbLHAS NapLUHATLHA MONbLHAS BEITHUWHA
npencrasager coboi HIMEHEHHE MOJIFPHO I BEIHYHHBI [IPH PACTBOPEHHH OIHOTO
MOJIA KOMITOHEHTA B PACTBOPE JaHHOI KOH-

i P T=const FpR nentpami. B ceasn ¢ ytum AZ Hazwipa-

10T NPOCTO [apUHAlbHOH MOIbHOH BEMTHYH-

] HOI PACTROPEHNA KOMTIOHEHTA (HanpumMep,

S AH — napumajibhas MOJspHas Tenaora

pacTBOpenna).

: OTmeTnm, YTo Npu pactTBopeHHu | mo-
na BeulecTsa B OGeCKOHEWHO OOMBLIOM
KOJIMYECTBE pacTBopa Tennosoii adderr

! MHOTAA  HA3BIBAIOT  Qudhihepenyuarsiol

Z L X \ TETUIOTOI pacTBOPEHHA B OTJIMYHE OT Urime-

— X, x ZpaitbH Ol TEMIOTHL, KOTOPAs NpeicTaBngeT
; coboii Teriosoit sdpdexr npu pacTeopeHnn

Puc. 6.1, Tpaduuecknii meron onpe- | MOJS BeLIECTRA B TAKOM KOJIMYECTBE pac-

ACACHHS NAPLHATLHBIX MOABHBIX BE-  TROPHTES, KOTOpoe TpedyeTes i co3fa-

MMUMH 2 W Zo HHUA AaHHOI KOHUeHTpauuu, [L1s OTHOCH-

TCNBHBIX NAPHHATEHLIX MONBHBIX BENHYHH

COpaBeIHBLI BCE YPAaBHEHMs, BbIBENEHHBIE IS MHCTBIX BELIECTB, €CIH 3aMe-

HWUTb B HHX MOJIbHBIE BEJIHMHHBI MAPLUHATBHBIMH MOJBHBIMH BETHUHHAMH,
CpeneHus 0 3aBUCUMOCTH NAPUHAIILHBIX MOJIbHBIX BEJIMUHH OT KOHLIGHTpPA-

LMK MPEACTABIIAIOT NEPBOCTENEHHbIH HHTEPEC AA TEPMOAHHAMHKH PacTBOPOB.

Haumenbiiee KONHUECTBO IKCHEPHMEHTAIILHBIX IAHHBIX TpeOyeTcs s TepMo-

AHHAMHYECKOiT XapakTepHeTHKH OHHAPHLIX pacTBopos. Ho name ans aTux cu-

CTEM 3aBHCHMOCTL Z OT KOHUEHTPALMU NPHOGPETAET OGUWHOCTH TONBKO B CTy-

Hae MICATLHLIX HIH OECKOHEUHO pa30arIeHHbIX pacTROpPOR. MatemaTHuecKknii

ananu3 ypastenus ['n66ca— [liorema nokassisaet, uTo cywecTsyeT HeGonblioe

YHCII0 BHAOB 3aBHCHMOCTH NapIHaibHbIX MOJIbHBIX BETHUMH OT KOHLEHTPALIMH.

[Tpoiue Bcero HTH 3aBHCHMOCTH ODHAPYHKMBAIOTCA B TAK HA3bIBAEMBIX H€a/lb-

HBIX PACTBOpPAX.

6.2. UaeaiabHbIe pacTBOPLI

C TepMoaMHAMHUYECKOIT TOUKH 3PEHMS PACTBOP ABIISIETCS UOCATbHBIM, €CIN
coOmonarTes CNeayIoLHe YCI0BHA,

|. M3MeHeHue napumaibHOTO MOJIbHOTO 00beMa Npu 00pa3oBaHHU PacTROPA
HE 3aBHCHT OT COCTABA pacTBopa:

AT; =7; — o) =0, (6.21)
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rae T; — 0apuMaibHblii MObHLLIE 00beM i-T0 KOMNOHEHTa: v — 00beM «Hi-
CTOTO» KOMTIOHEHTA.

2. TlapumanbHas MOJIbHAS BHY TPEHHAA SHEPrHs 710 KOMNOHEHTa HE 3aBUCHT
OT KOHUEHTpauun npu gpukcuposannbix 1 u P:

AT(T, P, z;) =5; — ul = 0. (6.22)

3. lNapumanbHas MOALHAA YHTPONUA i=r0 KOMIOHEHTA BO3PACTAET HA TAKYIO
e BENHUHIY, KaK H rpu 00pa3oBaHiy HacalbHOH ra3osoi cMec:

A5(T, P, x;) =5,(T, P. 2;) — s%(T, P) = —RInz;, (6.23)

sneck & (T, P, ;) — napuManbHas MONLHAA JHTPONMA -F0 KOMIIOHEHTA;
sY(T, P) — mMoJbHas SHTPONNA YHCTOTO KOMIOHEHTA.

PaC'I'BUphI., JUIH KO'I'U]JI:IX HE BhINOJIHAETCH XOTH Obl OTHO H3 OTHX yC.IlOBHﬁ,
Ha3bLIBAIOTCA HeUOEWTbHBIMI,

Jlna naeainbHOTO pacTBOpa 3TH COOTHOLLEHHS CHPABEINBbI IPH BCEX KOH-
HEHTPALHAX. 3anuiieM H3MeHeHHA XHMIUECKOro noTeHunana 1aHHoro YncTo-
r0 KOMIOHEHTA (COCTOAHHE KOTOPOI'O NPUMEM B KaueCTBE CTAHAAPTHOTO) 1IpH
00pa30BaHWK PACTBOPA. YUHTBIBASA BLILIENPHBEAEHHbIE yenosus (6.21)—(6.23)
u ypaBHeHue (2.33):

; 3 0
ui(T, P, z;) = u; (T, P) + Ap; =
= u)(T. P) + PAW; — TAF; = p2(T, P) + RT Inz;. (6.24)
Takum oﬁpazcm, FABHCHMOCTE XHMHYECCKONo NoOTeHUMANA OT cocTaBa une-
WIBHOTO PACTBOPA HMECT TOT 3KE BHA, MTO 1 AnA HAeaJIbkHOTO rasa.
I'Ipunenem HEKOTOPBIC BbIPAMEHNA 1S TCPMOIHHAMHYECKHX Xapakrepu-

CTHK OHOrO MOJISi PACTBOpA JUIA HACAILHOrO OMHAPHOrO PacTBOPa, ¢ YUETOM
(6.21)—(6.24) 1 U3BECTHBIX TEPMOIHHAMHYECKHX COOTHOLLEHHIT:

(d;;,,- ) - -5 u (?}_u.f ) =4
a1/ P, oP /1, n,

MonbHbiit 00beM pacTBOpa paBeH

Vin = 2101 + 227y = @10 + 2143 (6.25)
Duranenua odpazopanus | Mons pacTsopa papHa
H,, = 217y + 2ahy = 2B + 220). (6.26)
Durponua obpasosanns | MONs pacTBOpa paBHa
Sm = 215y + T252 = 218, + 2259 — R(z) Inxy + s Inms). (6.27)
Dueprua ['nd6ca npu obpazosanun | Mons pacrsopa pasHa

G = 21y + 2opto = 211 + 2op + RT(xy Inzy + 20 Inx0).  (6.28)
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MOJ]}IPHEIH }izoﬁapuaﬂ TENAOEMKOCTL MACATBHOrO pacTBOpa pagHa

Y al ak 4 8;?‘: W]
Cp= (EF)P — 2y (d—;’)P + 2 (;)P =210 + 2,02, (6.29)

[Tpi cTaTHCTHYECKOM PACCMOTPEHIH 3TH COOTHOLLEHHA OJY4aioTcs MpH
YCIIOBHM, KOTA CHIIb! B3aHMOAEHCTBHA MEKAY MONEKYAaMH H HX pa3Mephbl Mpak-
THYECKH OIHHAKOBbLI, Korma 370 yCioBHE HapylaeTes, TO PaCTROP HA3bIBAIOT
peayiaprbi. PA3HOCTL TEPMOIHHAMUYECKHX (DYHKUMI W MapamMeTpoB Memay

HAeambHLIM H PErymapHbBIM pacTBoO-

A, Ao/ MO0b pamMu  [PUBOIMT K [OABICHUK Tak

175 - Ha3LIBAEMBIX U3OBIMOYHLIX HOMEHUA-
A0 CMEIEHTIA .

150 - Ha puc. 6.2 nokasan npumep 3aBu-

CHMOCTH 130bITOYHOI 2Heprun ThbOeca
OT KOHLEHTPALWH PETYJIAPHOTO pacTBo-
pa. D10 Tak Ha3blBaeMble OeckoHeuHo
pt’l‘.‘iﬁ(h’i-’.’ CHHBIE PACMBOPBL.

OCHOBHBIM TNPH3HAKOM TAKOro po-
/12 pacTBOPOB ABIIAETCA CAeaytouee Co-
OTHOLIEHHE s m0boil napunainHO

5]
Y
T

142 Iaxw/mMons

25 - i
MOJIBHOH  BE/IWYMHEL 2, PacTBOPUTLIIA
0
CCly Cell;z x lim @, = 4. (6.30)
a—0

Puc. 6.2. Uabuirounasn sneprusa | mdoea
JUTA PACTBOPA LIMKIOrEKCaHa B UCThIPEX-
XTOPHCTOM YIIEpOiIE

B 10 ixe BpeMH, pasyMeeTci, Hro

= _ 0 s
lim 2 # 5. (6.31)
r—0

D10 YCIOBHE NPHBOIUT K ONPENCACHHLIM TPYIHOCTAM B MHTEpHpETaLuu
IKCTEPHMEHTATILHEIX PE3YILTATOB METOIAMI TEPMOAMHAMHKH,

6.3. PaBHOBecHE KHAKOCTH — AP pa3daB/IeHHBIX PACTBOPOB

3axon Payan. Padee. B cBasu ¢ ypasHeHnem Knaneiiposa —Knaysuyca, Mmbl
PaccMOTPENH 3aBUCHMOCTD JIABIEHHA Napa YHCTOTO BENIECTBA OT TEMMEPATYPhI.
Jlonyctum, uTo pacTBOpUTEIb HAXONUTCS B PABHOBECHU CO CBOMM [1ApOM [1pu
HekoTopoil Temneparype T'. Eciin Mbl Tenepb pacTBOPHM B KijKoil dase pac-
TBOPHTENA KaKOe-HHOY/Ib BELIECTBO, TO A7l COXPAHEHNsA PABHOBECHA NaBlIEHUe
napa 10/KHO W3MEHHTREA. ECin neproHauaihbHOE 1aRICHIE Napa pacTBOpUTEN S
6o P, To nocsie aobapnenus pacteopsemoro sewectea craino I + AP, [lpu
aroM AP uMeeT OTpULATENbHBII 3HAK B CHAY XOTA Obl TOTO, 4TO KOJIHYECTBO
MOJICKYJl PACTBOPUTENS B PACTBOPE YMEHBIIAECTCH, A, CHEN0BATE/ILHO, YMEHb-
aeTcs U 1asjieHUe napa pacTBOPHIENs HAal PAcTBOPOM, T.€. B 1apoByio dasy
BbIXOAST MEHBIIEE HHCIO YACTIL PACTROPUTENSA, YEM B YHCTOM PacTBOPHTENE.
B HOBOM COCTOAHMN PABHOBECHS XMMHUECKHIT MOTEHUHAN PACTBOPHTENA 4 TAK
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e, KaK U B YHCTOM COCTOSHUH, ONHHAKOB KaK B JKHIKOIL, Tak U B razoofpa3Hoi
(pazax. 1. e.
— il
Wi = p. (6.32)

Ecnu CHHTATE, YTO KOHUSHTPAUHA PACTBOPEHHOIO BELUCCTEa MaJd, TO Que-
BHIHO, 4TO M M3IMCHCHHC JABICHHA Mapa AP PACTROPHTENSA Hal PACTBOPOM
Oyaer Ma/ibiM, TTOITOMY MOKHO HAMICATH PASIOAKEHHE

WP +AP, T, 2y, ...)=p{(P.T)+ RTInz{ + viAP + ... (6.33)

Tloncrasass 970 BuipakeHue B (6.32) u yuntsiBas, uto npu & = 1 App = 0,
NoayuHM _
AP = In 2L, (6.34)

1 . .3 o
v — ] )

Ecau nanee npeanoioxuTs, 4o nap seier ceds Kak wiaealbHbiii ras, T.e.
cnpasewmipo vy = RT /P, u napuuaibielM MOTLHEIM 00BEMOM B KOHIEHCH-
poBaHHoii (ase MokHO npenedpeus (v] < ¢f). a TakKe NPEANONOKHTH, YTO
pACTBOPEHHOE BELIECTBO ABIIAETCA HEJIETYUHM, TO, pasziaras jorapudm B op-
myne (6.34) B pan Teitnopa

Inzi =In(l—z5) = —25 + ..., (6.35)

NOJAYYHM BhIPAKEHNWE JUTA OTHOCHTEBHOTO NOHWACHHA AaBJICHHA napa pacTeo-

pUTEIS Hal PacTBOPOM:
AP

P

= 2§, (6.36)

Dopmyna (6.36) npeanokena Paviem (1888 1) m HocuT HazBaHue 3aKOM
Payna. On npencrasngset coboii nepayio nMpocTyio nposepky odnacry npudmm-
)KCHHE-'L_ JIeKALUHUX B OCHOBE TEL‘Ipl—]H pﬂ'iﬁaBJleHHbIX paC'l'BOpUB.

Di3ecknii cMBICT 3akoHa Payas COCTOWMT B TOM, WTO PacTBOPAS Kakoe-
aubo BELWIECTBO B JAHHOM pAacTBOPHTCIC, Mbl NOHHAACM €0 KOHLUEHTPALHKD B
EHHHLIEe Ol’)’bEMEL_ W TEM CAMLIM NOHHWKACM NABIEHHE napa pacTBOpuTens Han
PacTeopom. B PE3YALTATE HEr0 PABHOBECHE MEKIY JKHAKOCTLIO W MAPOM 10JIK-
HO YCTAHARINHUBATBLCA NMPH MeHbLIE KOHLEHTpaumnK napa, T.e. npi MCHbLIEM
AaBICHHH lapa pacTBOPHTEIA.

JLis GuHapHoil cMecu 3akoH Payis 00bIMHO 3aN1CLIBAKOT B BUIE

AP

S =% U Py = Plzy = PP(1 —23) (6.37)

3neck @1, 9. P u P — COOTRETCTREHHO MOIILHKIEC 0JH PACTBOPHTENS,
PACTBOPEHHOrO BELECTBa, AaB/IeHHe Napa pacTBOPUTENs Ha/l PACTBOPOM H Hal
YHCTBIM PACTBOPHTENEM.

3akoH Payiis noiyueH B npeanofokeHu OCTOAHCTRA TeMiepaTypsl 1 06-
Wero nasneHus, T.e. P = 3 p; = const, 4T0 03HAYACT, YTO BCE KOMIOHEHTBI
B UHCTOM RHIE (B CyYae MHOFOKOMMOHEHTHOTO PACTBOPA) A0JIAHbI HMETh O1H-
HAKOBbIE NAPLHATILHBIE AABIEHHS, YTO A5l PeajibHLIX PACTBOPOB HEBLIMOIHHUMO.
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Oanaxo ecu ob1lee JaBNeHHe HEBEIMKO, a NapUHaibHble 1aBNeHus KOMIOHEH-
TOB MOTYT OTJIHYATLCH JIPYT OT ApYra, TO 3akoH Payns crnipaseinme 0 B 3TOM
ciyuae, uTo B CBOK OYEPEb 03HAYAeT HEPABEHCTBO KOHLEHTPALIMHY TOMO Wi
HHOTO BENIECTBa B KHIKOIH 1 razoobpasHoii (hazax.

Haiinem nis 31010 ciyyas cocras napa W paBHOBECHOM € HHM AHIKOCTH.
[lycts ang OGuHapHOTO MAEANILHOTO PACTBOPA Map MpeacTasiseT cMech Hie-
@J1bHBIX d308 NEPBOro U BTOPOro koMnoHeHtos. [1o 3akony Payias vpasHeHue
3aBHCHMOCTH O01LIEro NaBJIEHHs Napa PacTBOpa OT COCTARA JKNKOCTH BbIPa3HM
B BUE

P= p? o :r,';{p? - pg). (6.38)

CornacHo 3akony [laasrona, MonbHas 105 2-ro KOMIOHEHTA B ra30Boii ase
.r’; = piy/P. Jlnst GHHAPHO# CHCTEMBI MOZKHO 3a1icarh, 4To

- .‘f x2 l;] 1 &
b=t 2bz = z (6.39)

Poopf a3l - p9) PP/ 68— e3P /ef - 1)

Ecan

0 ISR ¢ | il
P =Pq; TO s =1=I5;

lel, 10 28>
0 2 2
by
p?
L >1, 710 af<ai.
Ps

Takum obpaszom, naxe 118 HACAILHOrO OHHAPHOIO pacTBopa rasosas (asa

oborataercs Donee Nerko NeTy4Hm KoM-

P T= const noHenToM (puc. 6.3). [l onucanus pe-

AJlbHLIX PACTBOPOB HCMONB3YIOT HE AaB-

JleHne, a Jjeryuectb. B aTOM cayuae
py 3AKOH Payns Oynert BbIRISACTh TAK:

fi = [z (6.40)

3akon Tlenpn. B 1802 r. l'enpn,
M3y4as PacTBOPUMOCTL Ia30B B K-
KOCTAX, OOHapyX 1, YTO KOIHYECTBO
MOMOIIEHHOMO Tasa yBelMuHBaeTcs B
NPAMOiT NPONOPIHOHAIILHOCTH C JaBie-
HHeM rasa Han pacteopoM. Jlanbmeli-
IIHE JIKCMEPHMEHTHI MOATBEPANIH OTO
1 h 2 HaGuonenue. [loxkamkem 510 ¢ nOMO-
Wplo TeX sKe npubanKeHuil, KoTopble
ObLTH caenaHbl MpH 000CHOBAHHHN 3aK0-
Ha Payss.

Puc. 6.3. Maprmansioe u obuee nanie-
HHe napa GHHAPHOTO PACcTBOPA
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IMpoanddepenuupyem 3akon Payns (6.37). B pesyasrare OyneM uMeTh
dp; = —pldas. (6.41)
H3 ypaenenus T'nb6ea — Jiorema, 3ancaiioro B sHae
adInpy + xadin ps, = 0. (6.42)
1 (6.41) nonyunm BeipakeHne
dlnpy = (drsfxs)dIn s, (6.43)
KOTOPOE NOC/IE HHTErPHPOBaHUA 00paliaeTcs B ypaBHEHHE
po = Ky, (6.44)

HaszbiBaemoe 3akonom lenpn. (3necs N — woncemanna [enpu, 00bIMHO NpH-
BOIMMadA BO BCEX CMPABOYHUKAX MO TEPMOTMHAMHYECKHM CBOICTBAM BEILECTR).
Koncranta ['eHpu He sBjiseTcs CBONCTBOM TO/b-

KO PAaCTBOPCHHOTO BEIECTBA WM PACTBOPHTE- | r 7.

ns. OuHa sBisiercs CRONCTBOM JaHHOTO pacTBopa Ap T
W JOMKHA ONPEAENATLCA JKCTIEPUMEHTANBHO HA | (0 . 7y

OCHOBE HCCIIEN0BAHMA JIETYHECTH XoTa Obl npu |
OZIHOM KOHLIEHTPALIHH. ; Y

% .
it

Cmbici ypasHenus [enpu momer Obith Jer- =
KO 1OHAT w3 rpafuka (puc. 6.4). 3aecs JuHun 13 42
! w2 wzobpamator neryuectn of0HX KOMMOHEH- 4 Ja(x)
TOB B 3aBHCHMOCTH OT HX KOHUEHTPaLUHH B pe- N
ansHoM pacteope. Jlunun 3. 4 COOTBETCTBYIOT
CIIY4al) WACAIBHOIO pacTsopa, NOA4HHAIOILETO- S
¢ 3akoHy Payns npu Beex koHuenrpauusx. B co- | filx)
OTBETCTBUH € YpaBHeHueM (6.44), napnenne napa gy ¥
PACTBOPEHHOTO BEILECTRA B pA30ARICHHOM Peallb- )
HOM PAcTBOPE MPH MANBIX @ JO/KHO onpenenate- Pue. 6.4, Jleryueers komno-
CA KacaTeNbHOH K KPHBOIi 2 peanhHOro pacTeopa HEH10B GHHApHOIO pacisopa
€ TAHIeHCOM HakJloHa paeHeIM L. OTciona MoxK-
HO 3aKJIOUHTb, YTO ONpe/Ie/ieHIe CBOHCTE peaibHblX., HO CHIBHO pa30aBieHHbIX
pacTBOPOB, MOKET ObITh MOMYHEHO TOBOILHO NPOCTO, 1 B PAIE CVUAER pHMe-
HeHHEe COOTHOLEHUIT 11 pasdapieHHbIX PACTBOPOBR MOKET 0KasaTbCs BIIOJIHE
Y/IOBJIETBOPHTENbHBIM MPHONIKEHHEM.

K(p,T)

6.4. PacTBOpuMOCTb r'a3oB H TBEPAbIX BEHIECTB B KHIKOCTHX

3anaua o pacreOopHMOCTH B NPHHUKNE ABNAETCA 3agadeii o (i)EBOBOM paBHo-
secni. OaHako MpH BHHMATE/ILHOM paCCMOTPEHHH 3TON0 BONPOCa NOABRIANTCAH
D0CTATOMHO OOMbLUNE CAOKHOCTH, CBA3ZAHHBIE C TEM, YTO B HAYAILHbLIIT MOMEHT
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pacTBOPEHHS TOTO MM MHOTO BEUIECTBA YTOT MPOLECC NPOHCXOIUT B YHCTOM
pacTBOpHTENE, HO YiKe MPH 0CTaTOYHO MabiX KOHUEHTPauusX pacTROpeHHe
BEIIECTBA MPOMCXOAUT B pacTBope. B cBA3M ¢ 9TUM JaBiieHue napa, Hanpumep,
PacTBOPHTENA HA/l PACTBOPOM M3IMEHAIOLIENCH KOHUEHTpaLy Oyner Bemutu-
Holl nepemerHoi. ClienoBarenbHo, paBHOBECHOE COCTOAHHE /IBYX KOMIIOHEHTOB
OyfeT ocynecTBAATECA MPH Pa3HBIX AABMEHIAX mapa Haa pacTeopoM. Ecmi ke
pacTBOPAEMOE BELLECTBO CAMO JieTyye, TO CHTyauus eute Gojiee YCIoKHAeTCH.

Onaxako npuHAMag npuonmkerns GeckoHe HO pazdaBIeHHOro pacTROpPA, Bee
JKe YAaeTCst MONYYHTh TEPMOAHHAMHYECKHE COOTHOLLEHHSA, CBA3LIBAIOILME PAc-
TBOPUMOCTh BELLECTB € APAMETPAMH CUCTEMBbI.

Pacmeopumeocms 2az06 ¢ ycuOKocmax. VCIOBHIMI PABHOBECHA B CHCTEME,
Hap#ANy ¢ PaBEHCTBOM TEMIIEPATY Dbl W JaB/ieHuii B 00enx (asax, ABIACTCH PaBEeH-
CTBO XMMHUYECKHX MOTEHLNATOB KaKI0T0 H3 KOMMOHEHTOR PacTBOpa B Kaxk ol
n3 das, T.e.

T, P, z°) = (T, P, =%), (6.45a)

ws(, P, 2" = pa (T, B,a%). (6.450)

lpy 3ananneix 7' n P 2Tn ypaBHeHHs B NPHHUINE PEIIAIOT 3a1a4y — OHH

B HESBHOM BME colepxar Hekomyto 3asucumocts x°(T. 7). OnHako B sBHOM

BHAE pPeLUeHNe OCH0MHACTCA BCAGACTBHE TOTO, MTO TPeOYIOTCS JdKCMepHMeH-

TalbHbIE JaHHBIE, OTHOCALUHECA K UCCIEAYEMOMY pacTBOpY. YUHTbIBAA, 4TO

B OOJILUIMHCTRE CITYUAEB PACTBOPHMOCTh Ia30B B AKHIKOCTAX JIOCTATOYHO Mala,

TO B NEPBOM NPUOIHKEHHH MOKHO CHHTATh PACTBOPHI MA30B B KNakocTax Gec-

KOHeuHOe pasdaBlneHHBIMH W NpUMeHsTh 3akoH [enpu. Toraa ang onpeaenenus
pacTBOPUMOCTH rasa B KHAKOCTH, UCIIONbIYA YpaBHeHue (6.44), monyuum

_ pa(T, P, %)
KT, P)

£

XE

(6.46)

EcTectpenno, uto gopmyna (6.46) €Tporo cnpape/uinBa TONLKO JUTS OecKo-
HeuHo pasbasiieHHbIX pacTBopos. Heo0XonuMo Takke IOMHHTb, UTO KOHCTAHTa
Fenpu K (T, P) cyuecTBeHHO 3aBUCHT OT JIABlICHHA, 1 npeHedpexkerne 31oil
3aBHCHMOCTLIO PUBOANT K 3HAYUTENbHLIM OTKIOHEHHSAM BbIYHCIIEHHbIX 3HAYE-
HUIT OT IKCIEPHMEHTANBHO MOTYYEHHBIX. YUTA 3TY 3aBHCHMOCTh, MOAHO 11071y~
UHTh COBMAAIONINE C IKCNEPHMEHTOM BeJIHYHHbI PACTBOPHMOCTH rasa.

PaccMOTpHM Teneph 3aBHCHMOCTE PACTROPHMOCTH Ia3a B JKHUAKOCTI OT TeM-
NEPATYPLI B YCAOBHSIX MOJIHOIO HackileHHd. Yenosue (6.45) coxpansercs rnpu
BCEX TeMneparypax. 3anuiuem noiHelii auddeperunan XuMuuecKkoro noTeHUH-
ana B AHAKOH W razooOpasHoil dazax, coXpaHas NocTosHHbIM obiiee 1aBie-

Hue I, B BHIE
(f’f_) dT + (‘&) dz = (L) dr. (647)
T ) P, e dx Joq p aT ) p

(Cunraem, 4TO KHIKOCTh, B I(OTO]JOﬁ pacTeOpACTCH ra3d. HEACTYHa: No3ITOMY
rasopas ¢a3a COCTOHT TOJILKO H3 JAHHOTO BELIECTBA, MOMEYEHHONO HHIKHHM
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uHaekcoM «2»). Paznenum ofe uactu ypasuenns (6.47) va d7° u yurem, urto

i _ aus S R
Yka — —S;. 4 hid ) = —S‘f‘ lorna
91" ) p ar ) p h

—58 + (EL-) (i) = —35, (6.48)
& # B o al P, nac

B npubnmkennax GeckoHeuHO pa3bapaeHHOro pacTROpa MOKHO CHHTATH,
uto dps = RTdInxs: yunreisas 370, 3annieM (6.48) OTHOCHTENbHO

(ﬂ) =i (6.49)
ar P, nac RT ( ;&"_)
dx T, P

IMTockonbKy nepexosn BemecTra W3 ra3opoil (assl B pacTop ecTh (hasorslii
" a =
nepexon, 10 55 — 55 = 12 (rne () — muddepenunansras Tennora azosoro
nepexona (PacTBOPEHNSA) ra3a B HACKIILIEHHbIH pacTROP.
Vuureigas, uto dx = zdInx u ang pazbaBneHHbIX PacTBOPOB Chpasell-

dlnxs
JHBO (—') = ]., nojayqaeM 3aBHCUMOCTEL PAacTBOPHMOCTH rasa oT
F, nac

Alnx
TEMMNeEpaTypbl:

dlnw _ Q (6.50)
ar P, nac RT?’ o

Paslenus nepeMeHHble W MPOMHTErPUPOBAB B MHTEpBalie TeMNeparyp
Tg = T-_g.. NOJY4YUM OKOHYATENLHOC YPABHEHHE

& = QT -T)

35
@ RIST 631

Pacmeopumocms meeposix ¢eniecme. Toepabie BemecTsa Tak ke, Kak o
rasbl He MOryT Oecnpene/ibHo pacTBopATLCH B AauaKocTax. Tlpn nocTuxennn
ONpeeeHHON KOHIEHTPALIMK PACTBOPEHUE NpeKpalaeTes. YeTaHapiusaercs
paBHOBeCcHe Mek 1y TRepoil 1 ikuakoii pazamu. PacTeop, Haxonauiics B papHo-
BECHM C TBEPAbIM BELECTBOM, Ha3biBaeTCA HachierHbim. TTOCKONIbKY YCI0BHE
PaBHOBECHSA BLIPAKAETCA B PABEHCTBE XHMHYECKHX MOTEHINAIOB PACTBOPEHHO-
ro KOMHOHEHTa B pacTsope H B TBepaoii gase, 1o

Muac(Ts P, 2) = pr (T, P). (6.52)

HMcnonbsys TOT e MeTO/, ¢ MOMOMIBIO KOTOPOTO Mbl PACCMOTPENH paHee
PAcTBOPHMOCTH Fa308, HOIYYHM YPABHEHHE PACTBOPHMOCTH TBEPIbIX BELLECTR
B 3aBHCHMOCTH OT TeMIIepaTypbl

(G In .!:) - L 6.53)
aT /7 P uac RI? (ﬁ]nrzg) 7
dlnzre/ p T
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rae 0, — auddepenunansHas TENI0Ta PACTBOPEHNS TEEPAOTNO BELLECTBA B IaH-
HOI JKHJIKOCTH.
Jna upeanwroro pacteropa ypastenne (6.53) ynpouiaercs

dln _ 62 (6.54)
ar F. nac RI* ‘ -

D10 ypagHeHue Ob110 mnupuieckn noayuexo Llpenepom 8 1890 o Hocur
ero uMs. Pacteopenne TBEPAOTO Tea MOKHO NMPeACTaBHTL KaK J(Ba NOcIe108a-
TeNbHO NPOTEKAKOIMX polecca: 1) niasieHne TBEPIOro BellecTsa u 2) cve-
meHne JAByX *KHArocTeil. B cnyuae npeansHbBIX pacTBOPOB TemioTa cMeteHns
paBHa HYJIIO, H TOrAA BENHIHHA f}-n = AHa,, = Aoy, 1 HE 3aBUCHT OT BbIDOpPA
pactBoputed. CrenosarenibHo, (6.34) MOXKHO 3anKcaTh B BHJE

ain,r) T (6.55)
o ) puye RIP '

Cunras, 4TO TENJIOTa MIABICHHA HE 3aBHCHT OT TEMIEPaTypbl, YpaBHEHHE
(6.55) MOKHO NPOMHTErPHPOBaTh. B pesyibrate OHO npumeT Gpopmy ypasHeH s
Knaneiipona — Knaysuyca, T. e. 3aBHCHMOCTE Torapndma pacTBOPHMOCTH TBep-
J0r0 Tena o1 o0parHoil TeMneparypsl €CTh HpsAMas JIMHHA, TAHIEHC HAKIOHA
KOTOPOIT B 3TUX KOOPJAHHATAX ONpeNesseTcs TerIoToll niasieHHs pacTpopse-
MOrQ BELLECTBA.

B ypasHenus (6.54) u (6.55) He BXO/AT BeNHYHMHBI, XapaKTepH3YHOIIIHE pac-
TBOPHUTE/Ib, W3 YET'0 CJISAYeT, YTO HAealibHas PaCTBOPUMOCTb BELLECTBA He 3aBu-
CHT OT MPHPO/IbI PACTBOPHTENS,

Jasucumocne pacmeopumocmu meeposix eenjecmes om oasienun. O6pu-
Hble MPeACTABIIEHHS 0 MAJIOM BJIMSHUM JaBjieHHs Ha PacTBOPUMOCTL TBEPALIX
BEIECTB ClPaBE/ANBLI ML B 00JaCTH MaJbiX AasieHnii. B HacTosee Bpems
JIHaNa30H AaBIeHHIT pacLIHPHIICA 10 HECKOTLKHX ThICSAY aTMOC(ep. H 0Ka3anoch,
410 npeHedperars BAMAHHEM AaBIEHN CTAI0 YKE HEBO3MOKHO, EcTecTBenHo,
YTO OCHOBHBIE 3aKOHOMEPHOCTH HEOOXO0AMMO PACCMOTPETL HA MPOCTEHIINX CH-
cremax OeckoHeuHO pa3daBleHHOro HWIN HIEAILHOIO PACTBOPOS.

[TpAMEHIM Ty 3KE CXEMY BBIBO/IA 3aBHCHMOCTH PACTROPHMOCTH OT aBJIEHHA,
KOTOpas ObL1a IpUMeHeHa 115 TemneparypHoii 3apucuMocTti. [ponnddepenun-
pyem (6.52) inst HACLIIIEHHOTO PAcTBOPA 110 J1ABICHHIO!

1 o i yac dx . H;eg ;
( = ) Lt v ) , _,) = (—“, ; (6.56)
ol T,z dx PT ar T nac ol T

12 e [ JTE 0 i
YYHThIBad, uro | —— = Uayac H el g = Vg g HnapuHaibHbIA
al ; aP /4 =
: Ty T

MOJIbHBI 00beM PACcTROPEHHONO BEIIECTRA B IAHHOM PacTBOPE H MOJIbHbIH 00h-
€M ITOro ke peulecTea B TBepoii Qaze. [Noacrasus >TH cooTHOWwEHNS B (6.56)
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M cleNaB Te ke cambie npeodpaszoBaHug, 4To W Npu BeiBoae (opmyn (6.53)
1 (6.54), nonyuum okonuateabHo ypasuenne [Niaanka—pan-Jlaapa:

(81.111-2) _ _Am 657)
P )rwe  RT

Pasnocts ATy = Tayae — U, €CTH NPUPOCT 0GbEMA NPH PACTBOPEHHH MOJIA
TBEPAOTO BEUIECTBA B €10 HACKILIEHHOM PACTBOPE.

6.5. Temueparypa KHIEeHHs U 3aMep3aHust pa3daB/IeHHbIX
pacTBopoB

Doyranockenus. KuneHue — 370 npollece MHTEHCHRHOTO napoodpaszora-
HIS, XapaKTepH3YIOLWMICA HENPEPLIBHLIM BO3HHKHOBEHHEM H POCTOM BHYTPH
HWIKOCTH Ny3bIpbKOBR napa. OCHOBHBIMH 0COOEHHOCTAMH 3TOTo Thna (haso-
BbIX [PEBpPALLEHHIT ABIAECTCA Pe3kas 3aBUCHMOCTb TEMIIEPATYPbl KHIEHHA OT
BHELIHETO NaBACHHA H HAJIHUNA PA3JIHYHBIX PACTBOPEHHBIX BELLECTB W pas/iu-
yHe B COCTaBax »kKUakoil 1 napoodpasHoii da3. OcHoBHOl XapakTepncTHKOI
npouecca KHNeHHs ABIACTCA ero TeMieparypa KUIeHua.

Tevmnepamypon kKuneuiis pacTBOPa HA3BLIBACTCHA TEMIEPATYPA, NPH KOTOPOii
HUAKNIH pacTBoOp ¢ NaHHOI KOHLIEHTpauneii pacTBOPEHHOIO BEILECTRA 1PN PaB-
HoBecHi 00pasyeT nap, AaBieHHe KOTOPOro PABHO BHELIHEMY NaBAEHUIO. 31€Ch
Mbl PACCMOTPHM KHIEHHE AKHAKHX PACTBO-
pOB HEJETYYHX BELIECTB, BAMAHHE KOTO- p
PbIX MPOSIBAAETCSH B NEPBYIO OUEPEL B H3-
MEHEHHH TEMMEPATYPbl KHIMEHHS,

[TpambIM ClleICTBHEM NHOHWKEHHS 1aB-
NIeHNA HACHILISHHOTO Mapa pPacTBOPHTENs
Hal pacTBopoM (3akoHa Payns) seisercs
TO, YTO TEMNEparypa KHneHus pacTropa
A0JKHE ObITh BILIE, YHeM /LIS HNCTOIO pac-
Teoputens. Ha puc. 6.5 uzoOpaxeHs! 3a-
BHCHMOCTH JaBNEHHS HACHIIIEHHOTO Ma-
pa pacteopuTens (/) W pacTBOPOB pasHoii
KOHLEHTpaluH HeneTyuero pemectsa (2
1 3). U3 pucyHka BuaHo, 410 Temneparypa
KMIIEHHS pacTBopa 2, OTBeuaoulas Touke To r
nepeceueHma msodapsl Fy (BHElLIHee naB-
JICHHE), BCET/1A BBIILIE TEMNEPATYPHI KHIle= 1

Lo pa pacTBOPUTENA HAL PACTBOPHTEIEM
Hus 1o “HCTOr0 pacTBOpUTE. memcn, (kpUBast /) M HAT PACTBOPaMH (KpH-
AT =T — Tp, oucnano, TeM GOMbIIC, g0 3y 3)
ueM O0JIbLIE MOJIBHAS 10115 PACTBOPEHHO-
ro Henpetyuyero seuwecrsa. TepmoauHaMiuky (asosbIX NEpexoAoB MpH KuMe-
HUW M 3aMEep3aHii HAMIAAHEE BCETO MOKHO NpeAcTaBHTh, niobpaxas rpadu-
HeCKH 3aBHCHMOCTL XHMHYECKOTO MOTEHLHAIA PACTBOPHTEIA OT TeMIIePaTypbl H

T T

Puc. 6.5. JlasicHue HACKILICHHOTO Ma-
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KOHLIEHTPALMH PACTBOPEHHOTO BELLECTRA NPH NOCTOAHHOM AaBaeHiH P = const
(yKazaHue Ha MOCTOAHCTRO JIARJICHHS OUEHb BAXKHO MOTOMY, 4TO TEMTIEPaTy pHbIi
HHTEPBAJI MEWK/Y TOUKAMMY IUIABICHNSA (tsamep'samm) H KHIIEHUA olpeaendeTcs
00A3aTENBHO PN OJIHOM H TOM K€ BHEIIHeM AaBnennn Fy ).

3aBHCHMOCTh XHMHUYECKOTO MOTEHLMAJIA OT TEMIIEPATYpPbl JLIA YHCTOTO Be-
ECTBA (B NaHHOM MPHMEpe — pacTBOpuTeA), Oyayun npeacTasiena rpapude-
CKH, MMEET TPH KpHBbIE, COOTBETCTBYIOLUME TBEPAOMY, HKHIKOMY H razoolpas-
HOMY cocTosiHuaM (puc. 6.6).

[Mockonbky (d_y;); = —F, as™ < § g™ 10 yibl HAKIOHA Kaca-

it X

TENBHBIX K 3aBUCHMOCTH 1 = (1(T") OyAyT yBEAHUHBATLCS M0 MEPE MOBBILIEHUS
TEMTIEPATY Pbl (SHTPONHA 3ABUCHT OT TEM-
nepaTypbl), a B TOUKax (pa3oBoro nepexo-
Ja TIpeTEeprieBaTh H3NOMBL, TaK KaK MpH
ITOM IHTPOTIHA MEHACTCA CKAYKOM,

Touka A xapakrepnzyercs (hazoBbIM
nepexonom NJIaBJEeHHEM PACTBOPH-
Tens; €l COOTBETCTBYET TemIneparypa
nnasnenns 17, Touka B coorserctayer
[IPOLECCY HCHApPEeHHs € TeMieparypoii
knmenns 1),

?:1” i XHUMHYECKHIT NOTEHUMAI PacTBOPH-
m L ki Teds npy 00pa30BAHIHN PACTRBOPA, B COOT-
BETCTBHH ¢ TeOPHEii HiealbHLIX PACTBO-
poB, nonwxkaeTcs Ha Besmunny RT In )
(cormacuHo (6.24) non 3uaxom sorapHdpma
JOJIKHA CTOAThL AKTHBHOCTb PACTBOPHTE-
s ay = pr/per). Onnako no sakony Payns (6.37) nns pasdaBneHHbIX pac-
TBOPOB MOMKHO BMECTO AaKTHBHOCTH 3anucars iy = py/ppi. lodromy kpusas
pP7P = p(T') nna pacTBopa NOIIET HIKE COOTBETCTBYHOIIEH 3aBHCUMOCTH 1111
uucTOro pactsopurend. Toukn nepeceuenus 3Toil KpHBOil ¢ 3aBHCHMOCTAMMK
g = p(T) nnst rBepnoit n razoobpasztoii ¢gas uucroro pacrsopurens C' w D
YKa3bIBAOT COOTBETCTBEHHO HA TEMMNEPATYPhl KpucTannzaunn 1,, u Kune-
auA Tyun pactBopa. M3 rpadgwmka BuaHo, uTO Temnepatypa mniasneHus (KpH-
CTaUIM3a1MN) HOHIKAETCA [IPH 100aB/ICHNN PACTBOPEHHOIO BELLECTRA, @ TeM-
neparypa kunenus noseimaetca. Ilpw 2ToM 1o adcomoTHON  BeNHvHHE
ATy, > ATy W anekBaTHe IKCNEPUMEHTANBHBIM JAHHBIM 118 PeaibHbIX
PacTROPOE.

3armiwen ypasuenne Knaneiipona - Knay3uyca ansa npouecca vcnapenns
B HHTErpaabHoii opme, ncnonbsys (4.10):

apven (1 1 AhMOAT
Ik B o S ) e BB B 6.58)
p} R T T RTPT (038,

" P = const

Pre. 6.6. 3aBHCUMOCTE XHMHYECKOTO
NOTEHLNAI PACTBOPHTENS OT TeMIe-
parypnl

3nech pY, pr, 17, Tt 1 Ah"™™" — coOTBETCTBEHHO, 1ABICHHE HACHILIEHHO-

ro napa, TeMNeparypa KHNEHHA paCcTBOPHTEAA H pacTROPa H MOJNLHAA TENJO0TA
HCMAPEHHA HHCTOrO pacTBopHTen.
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[Npumenssn 3akon Payas B Bume: 1 = (1 — a2) = pi/p). pasnaras

1
In(l —xs) = —iry — x2/2 — ..., OTPAHUMHBILKCH TEPBRIM HJICHOM pasiio-
KeHus 1 nosaras, uto npu maisix AT npoussenenne 70T = (1), nonyunm
cleayiollee VpapHeHme:

ARYAIAT =
dTa = ﬁ (6.39)
R(TY)
MoabHas nons PacTBOPEHHOTIO BELECTBA NO MPHYKHHE €C MaJl0il BEJIHYHHBI
= ny o T2 no My 7
MOZET ObITh OPEOCTaBlICHa KAK &y = —— = — = LIaew u .-'h‘}_ —
ny -+ n2 i W

COOTBETCTBEHHO HABECKA PACTBOPUTEINS 1 €10 MOJIEKYJIAPHAA Macca.

Ecan nasecka pacteoputesis pasta wi = 1000 1, nig /1000 = my (MOAAIL-
Hocte) M ALY /A = A; (vaesbHas Teniota MCnapeHHs pactBOpuUTeEs), 1o
OKOHUATENLHO NOyUiM GOPMYITY AT ONpe/IeieHHs MOBBILIEHHS TEMIIEPaTy phl
KHIEHHS PACTBOPA B 3aBHCHMOCTH OT MOJBUIBHOI KOHLIEHTPALMH PACTBOPEHHO-
FO BEIIECTRA:

l) 2
ATy = 200w = B, (6.60)
A 1000

n {TIUHAI_!_I;}‘_‘?'
Ap LOO0
Aunol (nng Boasl X = 0,52°C, nng densona E = 2,27°C): ona asisercs
NOCTOAHHOI /U8 JAHHOIO PACTBOPHTENS W HE 3aBHCHT OT BHAA PACTBOPEHHOIO
geulecTsa. PopMaiibHO 3T0 BEJIHYHHA, PABHAA OBBILICHHID TEMIIEPATY Dbl KHIIE-
HIA pacTBopa oaHoro Mona serectsa B 1000 r pacTBOpHUTENA M YACTO HA3BIBALT-
€A MOJICKYJIHPHBIM 1IOBbILLEHIEM TEMIIEPaTypsl KHlleHHA, B neiictBurensHocTH
e ypapueHue (6.60) nepectaet ObITh NPABMIBLHBIM MPH BLICOKHX KOHLIEHTPALIH-
AX PACTBOPEHHBIX BEILECTB, MNOCKOJILKY B OCHOBY JTOI0 YPABHEHHS MOJIOKEHB!
npHOMKeHUs paz0aBiIeHHbIX PACTBOPOB, 4 TAKKE B CBA3H C MATEMATHUECKHUMH

YNPOIIEHHAMH, CICNaHHBIMH MPH €ro BBIBOLIE.

Vpasuenne (6.60) ycrnewHo npHMEHAETCA L1A OlpeleieHNs MOJICKYJIAPHOT
MacChl PACTROPEHHOIO BEIIECTRA B pa30aBAeHHBIX PacTBOPAX, MOCKOIBKY MOTTb-
HYIO OO PACTBOPEHHOIO BELUECTBA MOKHO BbIPA3UTL YEPE3 o HABECKM U Ha-
BeCKH pacTRopuTens. Torna nckomas MosekynspHas macca Ay pacTRopennHoro
BellecTsa Oyaer paBHa

Benyuuna I = HOCHT Ha3BAHHWE .'}61’.-1-?].t‘()CR'()HH'H?CKﬂﬂ' nocmo-

_R(T,)% My ws

I xun

My _ .
!\Ilh-“A-i Yo W

(6.61)

1ot MeToa, Henoab3dylownil ypasHerne (6.61) wia onpenesieHHs MoneKy-
JIAPHOIT MACChl PACTBOPEHHOTO HEJICTYHEND BELLECTBA, HOCHT HA3BAHKME 20Viito-
CRNTNEL

loBopsa o npenenax npuMeHUMOCTH YpaBHeHwuii (6.60) u (6.61), cnenyer
OTMETHTh, YTO ¥ MHOTHX PACTBOPOB [BYX HKHAKOCTEN nap pacTBOPHUTENS YacTo
MOZKHO M0J1ararth CBOOOIHLIM OT PACTBOPEHHOIO BELIECTBA, €C/IM TEMNEpaTypa
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KUNEHUA PACTBOPUTENS HILKE TEMNEPATYPhl KNMEHN PACTBOPEHHOIO BELIECTBA
Ooniee, uem Ha 100-200°C.

Kpuockonua. [Tpoueccsl KpUCTALIM3ALNN PACTBOPHTES H3 PACTBOPOB B 00-
LIHX YePTax N0CTATOUHO XOPOILO n3BeCTHLI. [109TOMY 31€Ch Ha HIX Mbl OCTAHAB-
Juisarses He Oynem. TTokaxeM b, Kak petnaercs Hanbonee BaxHaa B 1PaKTH-
YeCKOM OTHOLIEHHH 3aaada HAXOAKAEHHS 3aBHCHMOCTH MEKIY KOHUEHTpauneii
pAcTBOPEHHOIO BEUIECTBA W TeMieparypoii saTsepaeBanus (KpUCTaLin3aiinm)
pacteopa. CeaA3k MEKAY XUMHUYECKHMH MOTEHIHAIAMH PACTROPHTENS B ABYX
CONpKeHHbIX (azax — KUIKOIL 1 TBep1oil — onpenensercs odUmMI YCJI0BH-
AMH PABHOBECHH, T. €.

wy (1, P.z) = py* (T, P). (6.62)

OcobennocTh ypapHenus (6.62) COCTONT B TOM, UTO MONBHAS 10718 NMEPBOTo
KOMIIOHeHTa (pacTBopuTes) B TBepaoil thaze pasHa ennuune. Yacro 3ty dasy
HazblBaOT (hazoit nocrosHHoTo cocraga. Menonsays vpaeHenne Lipenepa (6.54)
nin (6.55) M TAKYIO e NPOLEAYPY, KOTOPYIO Mbl PHMEHAIH 18 OnpeaeneHns
MOBbILEHHS TEMNEPATYPbI KHIIEHHA Pa30aBieHHbIX PACTBOPOB, MOJYUHM Clie-
AyHolLee ypaBHeHHe!

ATy = B ) o = gy, (6.63)
p1000

V2
R(w)” _ g Kpuockonuueckai nocmosnnas; p = AR /M
ploon
VIETbHAA TETNOTA MIABNSHIA PACTBOPHTENS ¢ MONEKYIAPHOIT Maccoit M.
BesiuiHa KPHOCKOIHUECKOH HOCTOAHHON He 3aBHCHT OT BILIA PACTBOPEH-
HOTO BellecTBa, a ABASeTcs QyHKUnell NMpUpoasLl AAHHOrO pacTBopuTeNs (s
BO/Ibl KpHOCKONWYeCcKad noctosHHas pasha 1,85 °C, ana Genzona — 5,5°C).
Yparuerue (6.63) yacTo Wcnons3yeTcs NOJ0GHO TOMY, Kak 3To aenaercs
B 30YJIHOCKOTIMH VA O1PeaesieHHs OTHOCHTEILHOI MOJIEKY/IAPHOI Macesl pac-
TBOPEHHOTO BelllecTRA. MeTo/nKa onpeneneHns MoaeKkyaspHoil Macckl pacTBro-
PEHHOTO BELLECTBA 110 IOHHKEHNIO TEeMIIEPaTyphl 3aTBEpAeBAHHA pa3daBIeHHbIX
pacTBOPOB HOCHT HA3BAHNE KPUOCKONNL,
Beipaskenne 11s OTpenenenns OTHOCHTENRHOH MonekynspHoil maccer Mo
cpasy noiyvaercs u3 ypasHeHus (6.63)

3neck

— R{T;]Illr)ehfl ﬂ

My=—lm ___
AP ATy wy

(6.64)

Ha ocHore yparHeHHs (6.63) NOHWKEHHE TEMNEPATYPhI 3aTBEPACBAHHA MO-
KET C YyCIIeXoM ObITL HCTIOJB30BAHO 114 onpeneneHns akTHBHOCTH KOMITIOHEHTA.

Boite Obisi paceMOTpeHbl ¢BOICTBA pa3daBlIeHHBIN PACTBOPOB, KOTOPbIE
HE 3ABHCAT OT NPHPO/bI PACTBOPEHHOIO BelUeCTBd. PACTBOPEHHOE BEUICCTBO
B 3THX YPaBHCHMAX BbICTYIAN0 TOAbRO B BHAC YHCIA MOICKYIL. Takue cpoii-
CTRA, KOTOPBIC 3ABHCAT TOJIBKO OT NPHPO/JLlI PACTRBOPHTEA, HA3ZLIBAKITCA KOJI-
JUFaTHBHBIMH.
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Jlerko nokaszaTh, 4TO B ciayuae caadbiX pacTBOPOB, KOrAA 9UCI0 MOJEKYI
PACTBOPEHHOTO BEIIECTRA Ty CTPEMHUTCA K HYJTHO, B YPARHEHHE LTS XHMIYECKO-
r0 NOTEHUMAIA PACTBOPHTENSN HE BXOANT 3Heprus siaumopeiictena s n Uys
B (hopmyne (6.4). B camom nene. NOCKONBKY IHTPOMHS PAcTBOPa paBHa

g3l B, . -

S=kglnl=kgln “"_T”) =kg(NInN —nyInn; —nalnny), (6.65)
ningl

(rne N = ny + n2), 10. Buipasus suepruio leapmronsua gopmynamu (6.4)

1 (6.65) 1 B3R OT NOJNYYESHHOTO RHIPAKESHHS NPOM3BOIAHYH 110 YHCITY MOJICKY

pacTBOpHTENa 1, HaliAeM 3Ha4YeHHE XMMHYECKOro NOTeHUHANA pacTBOpUTE.A

B IAHHOM PAacTBOpE:

1 = . 2 : =
= ((.-"“'H-f —+ ["'_uﬂg + {"131'111’!2) —

= —
. 2N

— TI\:(U“!EI - U[gna-_g) — kgT(lu N —1In H,;]. (666)

[lpn ne < ny Tpetse ciaraemoe B (6.66) MOKHO 3aMEHUTD Ha

r n i
InN—lnn, =—1In T’ =—Inz; =-In(1 — ) & a3 & —2.
Fi i)

Torna xumuuecknii noreHuHan pactsoputens B pa3daBneHHOM pacTBope
Oyaer umMeTh BHj

U = —I-l;['_“ — kpgT'In ‘:—2~, (6.67)
= 1
T. €, 3ABHUCETH TOJIBLKO OT YHCJIA MACTHLL PACTBOPEHHOTO BELIECTRA.

Takum 00pazom, H3MEHEHNE XMMHHYECKOTO NOTEHLHAE PACTBOPHTENA B Pa3-
GaBNeHHOM PACTBOPE CBA3AHO [WIIL ¢ 3HTPOMHITHEIM d(pdekToM U ABIsETCA
YHHBEPCAIbHBIM, Y4TO M [IPUBOINT K NOABJICHUIO PAa 3aKOHOB pa3dasIeHHbIX
PACTBOPOB, T.€. KOJUIMTATHRHBLIX CBOCTR (Kpuockonus, 30y/nHoCKonus, oc-
MOC M ap.).

6.6. Membpaunoe papnosecue. Ocmoc

PaBHOBECHOE COCTOSHHE B PACTBOPAX OCY LIECTBIAACTCA NpH 00s3aTeNbHOM
paBeHCTBE TEMMEPATYPbl H JaBAEHHA BO BCEX YACTAX BCEX COCYILECTBYIOLIHX
(haz, COCTABNAONUIMK TAHHYIO CHCTEMY, @ TAKKE NOCTOSHCTRA COCTARA BO BCEX
yHacTKax AaHHoil anl,

[Tpn HamnKU pasHOCTH XUMHYECKHX NOTEHINANIOB MEKIY YHACTKAMH Oll-
HOIT (pazbl WM MEKILY pazHbIMI (pa2aMH KOMIIOHEHTbI CHCTEMbL TH((YHANPY 0T
B HaNpabIeHNN MANeHMs CBOUX XMMHUYECKUX NOTEHUUA0B 0 TeX Mop, MNoka
3Ta pasHocTh He OyJIeT NHKBMANPOBAHA, T.€. MOKa HE YCTAHOBHTCA PaBHOBE-
cue. Takum oOpazom, HEOOXOAHMBIM YCJIOBHEM WIS TOCTHKEHHA M0100HOr0
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paBHOBECHA ABNAETCHA BO3MOXKHOCTE CBODOAHOIO 1 DECNPEenATCTBEHHOIO Nepe-
XO/1a BCEX KOMIIOHEHTOB CHCTEMbI M3 0/IHON (haskl B JIPYTYI0, H3 0/IHOTO YUacTKa
B JAPYTO.

Ecin e ornenbble 4acT CHCTEMbI pasielieHbl NeperopoakaMmi, KoTopble
HEMPOHHIEAEMbI U1 HEKOTOPBIX KOMITOHEH-
TOB, TO cocyuecTsyiomme (assl MOryT
HAXOJNTLCA MPH PasHbIX JaBIEHHUAX, a pa-
BEHCTBO XHMHYECKHX MOTeHLHANOB yCTa-
HOBUTCH TOJIBKO U4 TEX KOMIIOHEHTOB,
—_~| KOTOpBIe MOryT OecTpensTCTBeHHO mepe-
I |= —7| xoaurs uepes neperopoaky (memOpany).
y |— - =| Tak, ecnn U-oGpazustii cocyn nepekpsitT
-"= — —| wmemOpanoii M (puc. 6.7), no oaHy cro-
= POHY KOTOPO# HAXOANTCA, HAPHMED, BO/1-
_ — —| Hblif pacTBop Kakoro-11d0 BelecTsa, a 1o

T iz - | apyryto — 4ucteiii pactopurens (Boaa),
= = | — 7| 70 BOza OByaeT NEpexoanTh B Ty HaCTh CO-
[T v — -~ _ 7 _| cyla, B KOTOPOii HAXOIHTCA PacTBOP, eCik

o ﬂ:f = memOpaHa npoHuuaema s MONeKyll RO-
— nui. Takoii nepexon uepe3 memopauy Ha-
Puc. 6.7. fAueiica juin uccieqosaius  3bIBACTCH ocvacom, a cHna (mpuxoasias-
OCMOTHYECKOTO aBJICH 1S CHl HA e/IMHULY [I0WAAN U 3acTaBaaoLasn

PAcTBOPHTENL MEPEXOANHTL YEpes Mepero-
pD}lI{y B pﬂC'l'BUp) HA3LIBACTCH OCHONNHYECKUM OAaTeHUEM. BCJICJ’J.CTB He ocMOoca
VPOBEHbL PAcTBOpPA MOBLICHTCA, CO31aBasd NOTONHUTENTLHOE AABIECHNE, MPEnsT-
CTBYHOLIEE OCMOCY.

[Tpu HekoTopoii BeicoTe cTONGA pacTBOpa /i 1ONONHHTENLHOE NaBIeHHe 10-
CTUraeT TAKOI BESIMYMHBIL, TTPH KOTOPOI OCMOC NpeKpaLlaercs, T. e. YCTaHaB/Iu-
BAETCH PABHOBECHE MEK/1Y PACTBOPOM M MMCTLIM PACTBOPUTENEM. YBEnHUHBas
H3BHE JaBIEHHE Hal PAcTBOPOM, MO/KHO 3ACTABHTL PACTBOPHTENbL M3 pacTBopa
NEPEXOAHTH B NOJIOBHHY COCYAA C UHCTbIM PACcTBOPHTENEM. [1pH 3TOM KOHLIEH-
Tpauus pacTsopa OydeT Bo3pacTaTh A0 TEX MOP, NOKA HE JOCTHIHET 3HAYEHHA,
COOTBETCTBYIOLLEIO YBEIHYEHHOMY JaBJIEHHIO, U YCTAHOBHTCA HOBOE paBHOBE-
CHE MEKLY PACTBOPHTENEM H PACTROPOM.

PeansHo M3MepAeMOll BeIHUMHON NaBleHHA ARIACTCA THAPOCTATHYECKOE
nagienne f. T103TOMY OCMOTHHECKOE AABJICHHE MOMKHO ONPeaeinTh KaK H0-
MONHHTENBHOE JABIEHHE, KOTOPOE HEOOXOANMO MPHIOKNTL K PACTBOPY, HTOObI
MPENOTBPATHTh NOCTYIIEHNE B HEIO PACTBOPHTEIIA YEPes EPeropoIky.

PaccMoTpHm MeMOpaHHOE PAaBHOBECHE € MO3HULIMH TEPMOIHHAMHKH pa30aB-
JIGHHBIX pacTROpPoOB. PAacTBOPHTENL W PACTBOP, PA3NCICHHBIC NEPEropoiKoii,
npeacrasnaor codoii age (aspl. 0OHH W3 KOMIIOHEHTOB KOTOPOIii cBoboaHO
NMEePeXoaAuT 13 0aHOI (assl B ApYryo. 3na4unT, B o0enx (azax oH 101KEeH HMETh
O/IHHAKOBBI XUMHuecKknil noTeHuma. B uncrom pacreopurese ero XuMuuecknii
NOTEH1MAN 3aBUCHT TONIbKO OT BHeIIHUX napamerpos ' u P, B pactBope e ero
3HAYEHHE MEHACTCA C H3MEHEHHUEM KOHLISHTPALIHH 1 1aBNEHHA, KOTOPOE CKNajibl-
BAETCA H3 NEPBOHAYANBLHOIO JABASHHA 1 AONOTHHTENILHOTO MHAPOCTATHUECKOTO
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NABJEHUA, PABHOTO OCMOTHYECKOMY. [ToCKONBKY CHCTEMA HAXOAUTCH B PABHO-
BeCHU (10 PaCTBOPHTEII), TO M3MEHEHHE XUMHUYECKOTO MOTEHIIHANA PACTBOPH=
TEJIsl PABHO HYJIKO, 3anuiueM 3710 B BUe N0JiHoro audepenunana XuMHIECKoro
MOTEHLHANa pacTBOPHTENS

dp = (24)  de+ (E) P = 0. (6.68)
e /T, P AP/ T,z

HMcnon b3VA H3BCCTHRIC COOTHOLUEHHA

(d,m) :RT(dlnm) ‘ (d;u) =T,
o /1,P dxr P aP /T

MOAYYHM YPaBHEHHE

RT (Bln ay ) da +TydP = 0. (6.69)
T.P

da

Pewas ypasrenue (6.69) otnocutensHo 2, cunras, 4To napimaibHbiii Mob-
Hblil 00beM pacTBOPUTESIS HE MEHAETCS, HHTEIPHPYEM 3TO YPABHEHHE OT COCTO-
AHUA yHCTOro pacTeoputens oy = 1 (a; = 1)u Py = Fy; 10 KOHIEHTPALHH 1%
H ganenusn P = Py, + 7.

B pesynsrate nMmeem

r=—Tlna,. (6.70)

Ty

10 TOUHOE TEPMOAMHAMHYECKOE YPAaBHEHHE OCMOTHUYECKOTO NABAEHHS T —
ONpeaeaaeMoro Kak A0NO0JIHHTEIBHOE JABJEHHE, KOTOPOE HeoOXoanMo MpHI0-
KUTh K PACTBOPY, 4TO0BI NIPEJOTBPATHTS MOCTYTUIEHHE PACTBOPUTEINS B pacTBOp
yepes memOpany.

[Moncrasus B (6.70) Bmecto ay = P /Py v yuntwias 3axon Payns, a Takixe
paziokenne ln (1 —uy) & —wo. n TAKKAK TNy = U7 W Cy = Na /Ny, NOJYUHM
ypasHenue

T = E:r.g a2 e . s RT, (6.71)

i) v my

HasbiBaemoe ypasuennem Banr-Todda.

Vpasuenne Bant-Todpa crnpaseannBo TOALKO 18 OueHb pazdaBieHHbIX
pacTBopos. [loBbileHne KOHUEHTPALNH PACTBOPEHHOTO BELIECTBA BENET K OT-
KIIOHEHHIO OT 3TOPO YPABHEHHWS, W B TAKOM ciyvae ypasHeHue Bant-Todpa
A0JIKHO ObITh 3aMEHEHO DONee TOUHBLIM TEPMOAHHAMHYECKNM YpasHeHem (6.70).

BennuiHa 0CMOTHYECKOTO [aBleHHs PEabHOro pacTsopa Oofbllie 3Haue-
HUA T WICAILHOro pacteopa. OTHOWEHHE MEKIY FITHMH BEJIHUHHAMM pacTeT
C YBE/IMYSHHEM KOHLUEHTpaluuH pacTsopa. OTKIOHEHHE PealbHOIO pacTsopa oT
MIAITLHOTO T /Ty, = £ Ha3kIBAKOT oevomieckum koadiuyuenmon. Ecin Bee-
CTH g B YpaBHEHWe id HAEaIbHOIO PACTBOPA, TO PacCUHTAHHAA [0 TAKOMY
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VPaBHEHUIO BEJIMYHHA OCMOTHYECKOTO JABIeHHA 7 OyAeT OTBEUaTh pealbHOMY
pacTropy
R

M

T=—-g— Inx. (6.72)

CpasnnBaa 310 ypaBHenue ¢ (6.70), MOKHO yCTAHOBHTB CBA3b MEAIY OC-
MoTHYECKHM KOYDpHUHenToM 1 KOYPOUIMEHTOM AKTHBHOCTH PACTBOPUTENS B
pacTeope, T. €.

RT RT RT . .
T=—g—Ine,=——Ina, = ——1In(r 7). (6.73)
T 27 T1
OTKyaa COOTHOLEHHE MEAUTY OCMOTHUSCKHM KO3 dHLmeHTOM B KO3 (-
LHEHTOM aKTHBHOCTH NOJIyHaeT B

Iny =(g—1)Inwz;. (6.74)

Mbl BHAMM, YTO OCMOTHYECKHIT KO PHUHEHT N KOIPDHUMEHT AKTHBHOCTH
ABIAIOTCA PAIHYHBIMH, HO CBA3aHHBIMM MEKIY CODOH MepamMH OTKIOHEHHS
peanbHOro pacTBopa 0T HaeanbHOro. OTIUYNIE ITO COCTOMNT B TOM, UTO TENEPh Mbl
H3MEHUITH HE aPFYMEHT 17 WIIH ') Ha ¢, KaK paHbLIC, 8 M3MeHIITH BUI (Y HKLWH.
Hanpumep, XHMHUECKHIT MOTEHINAT B 3TOM Cllyuae 10J17KeH 3arucarhes Kak

p=pn"+gRTIun,. (6.75)

Ocmorinyecknii koddduument yiodeH Tem, YTo, BBEls €10 Kak MHOKHTENb
27151 HEKOTOPRIX CBOFICTR HACANEHOTO PACTBOPA, TEM CAMBIM YUHTRIBAEM OTK10-
HeHHe CBOICTB PeaIbHOIO pacTsopa o1 mieajibHoro. Kpome Toro, HakorjeH
00bLION IKCNEPHMEHTAILHBITT MaTepHal 1o BelMYHHAM 0CMOTHYECKOTO KO-
¢$uumenTa pasHbIX pacTBopuTeneil, n npexedperarb 3TUMH JAHHLIMH BPAA JiM
Pa3YMHO.

6.7. MoJiexkyJasipHas T€OpHH PACTBOPOB

OcHoBHoli 3a1a4eii MOIEKY/IAPHOH TEOPHH PaCTBOPOB ABAAETCS PacieT Tep-
MOAMHAMIYECKNX (DYHKLUHIT H YpaBHEHHIT COCTOSHHA Ha OCHOBE IAHHBIX O CBOT-
CTBAxX BEUIECTB, COCTABIAIOUWNX PacTBOP. Maremarnueckn 3ajatua CBOOHTCA K
pacyeTy CTarHCTHYECKOIO HHTErpaja B ciyvae KJlacch4eckoil crarncTnkn Mak-
cBela— BUJlbLlMa}lﬂ HIIH CYMMBIL 110 COCTOAHHAM B ClivVuae KBAHTOBOM CTATHCTH-
KH:

JPXIJ(—E/RBTME = 3 eme/heT, (6.76)

HecnenoBanne paccesHusl peHTIeHOBCKHX Nyyeil pHBENO K 0OHAPYKeHHIO
Y KHIKOCTEH CIEN0B KPHCTAIMYECKOH CTPYKTYPHI BOJH3H HEKOTOPOTO 3apa-
Hee BLIOPAHHOIO LEHTPAILHOIO atomMa ik Monekybl. [losromy wns onucauns
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CTPYKTYPbI JHIKOIO COCTOSHUA €CTECTBEHHO MCMONL30BATL (DYHKLUMIO pacnpe-
NEJeHHs, KOTOPYH MOMHO ONpeneinTh cieaytomnm obpasom. IMycts naGmo-
naaresb Kak Obl HAXOAMTCH B LEHTPE Kakoii-1ndo Monexyasl BHYTpH oObema
AHIKOCTH. Ha paccTossnm oaHoro MONEKyApHOro THAMETPA OH YBHIMT TIPH-
mepHo 9—10 «coceueii» (B TBeprOM Tejie ¢ IUIOTHON ynakoskof Takux co-
ceneii ~ 12). llepras cepa monexyn okpyieHa BTopoii Gonee HecoBeplleH-
HO# cipepoii, a Ta B CBOW ouepenb cienyioueii, ewe dosee HeCOBEPIIEHHOII.
Ha Gonkmom pacctosnun oT BLIOPAHHON MONEKYJIBI MIOTHOCTH NEPEXOIHT
B CpeaHion odbemHyio mioTHocth, ClienoparteibHo, W3MEHEHHs [JI0THOCTH
MOTyT ObITh OINMCaHbl Hekotopoil dyHKkuMeR g(r), HasbiBaeMOil puaduaibHoll
pyuryueit pacnpedeienusi, KOTOPadA, B NPHHLHTE, ABAASTCA KIOYOM K npobie-
ME KMAKOro cocToaHus, Ee Takike HasbiBao1T KOppeaaLoHHoi yHKkumuei. 1a
by HKLMS HrpaeT BAKHYIO POSih B CHAY CAEAVIOMINX NMPHYHH,
I. Ona momeT OblTb HEMOCPEACTBEHHO M3MEPEHA C MOMOLLLIO, HANPHMEP,
paccesHHs PEHTIEHOBCKUX JIyUe HaN HETPOHOB,
2. Ecnn eua g(r) v BHA MEKUACTHYHOTO NOTEHUMANA (2(1) M3BECTHBI, TO TEM
CAMBIM ONPEENEHB BCE PABHOBECHBIE CBOIICTBA CHCTEMBI,
3. DyHkuun g(r) 1 (r) calaHbl HHTEIPAIbHLIMH YPABHEHUAMH, KOTOPbIE
MOTYT ObITh PEILEHBI B ONPEACACHHBIX MTPHOIHIKSHUAX.
Ecnu npeacTasnTh, YTO HEKOTOPAA YACTHLIA CHETeMB! (DMKCHPOBAHA, TO B HHTEp-
Basie 0T 1" 10 1 + dr (1. e. B cepuueckom crnoe di) BepoaATHOCTL 0OHAPYKEHHA
HacTHLILI OYIET paBHa

du(r) = & = 22 dr (6.77)
v v
MPH OTCYTCTBHI KOPPENSAINK B PACMONOKE HUH MACTHIL (T. €. pacrpeneneHne 1a-
CTHLL NOJTHOCTHIO Xa0THYHO). Koppeasitiu B paciipeacicHiK HacTiil no odbemy
COCTOAT B TOM, YTO BEPOATHOCTL HEKOTOPOTO NOJOKEHHS YACTHLBI 3aBHCHT OT
PACNONOAEHNA APYTHX YacTHIL. B KpHcTaLie noaokeHne 4acTHil HOUTH NOJHO-
CTRIO yriopanoueHo. [1o3ToMy BEepOSTHOCTE HAXOMKICHHUS JBYX YacTHI| Ha pac-
CTOAHHUM T" APYT OT Apyra yxe He onpeaenderca (opmynoii (6.77), a 3aBucHT
OT HMX B3aMMHOIO pacnonoxeHHs, T.e. onpenensercs (yHkiumeil pacnpenene-
unst g(r). Torna (6.77) ¢ yuetom g(r) 3anuiueTcs B Buae
Amrr2dr

dw(r) = g(r) T (6.78)

v

Eciu koppelsuHs noaHoctblo orcyrersyer, 1o g(r) = 1. Ias kpncran-
N0B g(r) XapakTepHiyeTcs HaIMYHEM OTACABHBIX THKOB, MEXKIY KOTOPhIMH
g(r) = 0. Jlna wunkocru g(r) usobpaskaeres B BUE IUIABHOI KPUBOH ¢ HAIUM-
€M JKCTpeMasnbHbIX 3HaudeHni g(r) Ha HeGonbmMX paccTosHuAX r. CunTaeTcs,
UTO MEPBbIil UK XAPAKTEPH3YET paaHyC Nepaoii KOOPAHHALMOHHOIT c(epbl, BTO-
poit nuk — Bropoii ¥ T. 1. Yucno wacTuu B nepsoii koopanHaumoHHoi chepe
Ha3bIBAIOT Koopounauonneiy yuerom. Eciin u3sectHa pajnaibHas (yHKUMA
pacnpenenenns g(r), To KOOPAMHALMONHOE YNCO0 MOKHO PACCUHTATh.

IMycrs N — cpenHee 4ncio vacTuil B €1uHIIe 00beMa v, Toraa

dN(r) = (N = Ddw(r) = (N = 1)4rrdr, (6.79)
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(3aeck /N — 1 cBHASTENLCTBYET O TOM, YTO PacCMarpHBAlOTCA BCE YaCTHLbI
Kpome LeHTpasibHoi). Torma B chepuyeckom cioe TONIMHON dr YHeno YacTHi
COCTaBUT

n= J (N — 1)dw(r) = 47(N/v) J'g(r)rzdr. (6.80)

TMockosibKy KoppensuHoHHas (pyHEUMA g(r) 3aBUCHT OT TEMIEPATYPbl, TO U 11
TAKKe 3aBHCHT OT Temneparypbl. [ToHmKkeHne TeMneparypbl BEET K NOABISHIIO
Ha KPHBOH g(7) Pe3KHX MAKCHMYMOB, CBHACTEABCTBYS 00 yBEAMYEHHH CTene-
Hi OnwkHell yrnopsaoueHHoeTd. Handonkiuas ynopsaiouyeHHOCTh B KHIAKOCTAN
Hadnronaerca NpM TeMneparypax. OJAM3KHX K TeMmieparype KpucTajLlH3alluu.
OnHaKko 3TO BOBCE HE O3HAYACT. UTO B HKILIKOM COCTOSHMH YMOPALOYEHHOCTh
MOBTOPAET TAKOBYIO B KpucTaiie. B KpHcTamie paccTosnne Mexay cocensmu
CTPOro AETEPMHHHPOBAHO (3a1aH0), B TO BPEM:A KAK B KHIAKOCTH OHO ABJIASTCS
HEKOTOPOH YCPEAHCHHOH BEIHUHHOI.

Tem ne menee, nannuue GmuxHeit yNOPAIOUEHHOCTH NOCTY/KNIO0 OCHOBOI
JULA OCTPOCHHUS TEOPHH KUIKOTO COCTOAHM. JKNIKOCTh Teneps paccmarphsa-
HOT KaK MCKQ/KEHHBIN KPHCTALN, TAKYIO MOAEIb HA3BIBAIOT KGWINKPUCALINYe-
croit modeibio (peerounas moneis). Menons3osanne Takux Moneneil CuibHO
VIPOLIAET 3a1ay CTATHCTHYECKOro pacieTa TepMOIHAMHIeCKHX (YHKLHI, HO
ITH PAcHeTbl CKOPEE ABJIAIOTCA NPHOJIHACHHBIME, [TOCKOALKY CHABLHO NpeyBe/in-
UHBAIOT CTEMEHB Y MOPSI0YEHHOCTH B KHAKOCTAX. B pesynsrare 31010 3HTpO N,
paccuuTaHHas 1o PeleTo HbIM MOIEIAM, CHILHO 3aHIKEHA, B TO BPEeMs Kak
NIPYTHe 3HEPreTHYECKHE XapaKTEPHCTHKH MOTYT ObiTh PACCHUTAHBI 10CTATOMHO
TOUHO.

PeweToynas Moe/b SBASETCA HaUMpocTelileil Moaebio, TaK Kak B Heli
CUMTAGTCH, UTO HAJMYME CHI OTTAJIKMBAHMA COCEIAHUX MOIEKY1 SBIAALTCH
ONPeEeSAIOLIHM B MEKYACTHYHBIX B3AHMOAEHCTBUAX, MOCKOILKY Kaxk1as Mo-
JIeKya HaxXoAMTCA JIHlbL B MaJlofi obilacTi wuakofi (asel, NpuHaaiekanei
TOJIBKO eii.

Ecnn opma noteHumana B3auMoeHcTRIA W3BECTHA, TO AheKTHRHOE none,
aeficTeylouiee Ha MOAEKYJY B AaHHON sueiike, MOKHO BbIUHCINTD, MMPOBOAIS
YCPEIHEHHE M0 BCEM BOZMOMKHBIM MONOKEHNAM ee Ommkaliinx coceneii.

[lepeunciumM OCHOBHBIE NOIYLICHUS PELICTOUHOH MOIEIN,

|. Tlpeanonaraercs, 4TO ABHKEHHE MOJIEKYIIbI CBOIANTCH TONbKO K Koneba-
HHAM BOKPYT HEKOTOPOTO PABHOBECHOTO NoJioxkenns. Ecan 310 desycnos-
HO BEPHO /IS KPUCTAIHYECKOTO COCTOSHUA, TO JUIS KHAKOCTH AB/S-
eTcsd BeChMa NpHOHKEHHBIM (MFHOPHPYHOTCA SBIeHus camoandysnm).
Oxnnaro xapaxTep OAMKHETO NOPANKA B KHAKOCTH NPHOIHIHTENLHO COB-
MajaeT ¢ TAKOBBIM B TBEPIOM Telle, MOITOMY B 001aCTH AaNekol 0T Kpi-
ThHyeckoil (rne OpIcTpOo Bo3pacTaloT (UIYKTVALMH MIOTHOCTH) pelleTouHasl
MOIEJTb CTAHOBHTCA HEMPHEMIIEMOIT,

Pewierka paccMarpuBaeTCs Kak KeCTKas, ee TePMHUECKOe paclliMpeHue
HE YUHTbIBAETCA.

3. Kaxnoit Monekyne B pellieTke COOTBETCTBYET CBOE MONOKEHHE PABHOBE-

cHsl.

%)
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4. BHyTpeHHHE CYMMbI 0 COCTOAHNUAM (JIBIKEHHA, CBA3AHHbBIE C BPALLEHH-
eM, KoJaeOaHneM aroMoB B MOJICKY/IE M JIP.) HE 3aBHCAT OT 00bema.

BoiGepem 11s Kaxnoii sueiiki CBOK CHCTEMY KOOP/IMHAT ¢ HAYAIOM B LIEH-
Tpe Aueiiku. [TosoxmeHne YacTHULI B i-if siueiike onpeaeinM paaHycoM-BEKTO-
poMm r;. 3HadeHus r; = ( COOTBETCTBYIOT HAXOKIEHHK) HACTHIBI B HEHTPE
suefiki. TloTeHUMANbLHYIO JHEPruio vactuilsl o0o3HauuM cumMsonom Y. Ecian
BCE AUEHTKH OIWHAKOBBI, TO H BHI (YHKUMK Y (T) ONMHAKOB NI BCEX AUeek.
[MoTeHuManbHas SHeprug acTuupl B ueHrpe sueiikn y (0). [Monuyw sxepruo
B3aHMOEICTBHS BCEX HACTHLL, HAXOUALMXCS B LEHTPAX AYEEK, CIeLYeT CHHTATh
pagHoil 0, 3N y(0) (4rolbl HE YUHTBIBATL KakLYIO MOIEKYITY JBa#/bl, OAHH
pa3 Kak LUeHTPaTbHYIO, IPYTOii pa3 Kak COCEIHION, T. €. He CHHTATh KKIYIO
napy MOJEKY. ABa# bl ). 3anuileM BhIpaMeHne Uid NOTeHUHANLHOI JHeprin
qacTHLb! B JIO00M 3aJaHHOM NONOKEHHN T, OTCUHTLIBAEMYIO OT JHEPIHH
HACTHIIBI B LIEHTPE, B BUAE

wiry) = x(ri) — x(0), (6.81)

a BbIPAXMKEHHE /U151 FHEPIHH MEKMONEKYIAPHbIX B3AUMOIEHCTBHIT 11PH 3aaHHOI
KOH(pHIypaLMK 3anuLiem B BUIE

Ulry, ..., tn) = 0,5NX(0) + D _ (r:). (6.82)

INpexne vem nepeiiTv K pacdeTy CTATHCTHYECKON CyMMbI TAKOH CHCTEMBI,
HeOOXOAHMO BBECTH MOHATUS, CBSA3AHHLIE ¢ B3aUMonelicTBHeM HacTull paccMa-
TpuBaemoii cucrembl. JleficTBUTENILHO, €CIN YACTHIIb B3AHMOAEHCTRYIOT MEKIY
co0oit, To 3T0 B3aUMOIECTBHE JOMKHO ObITH YUTEHO MPH pacueTe TepMOIHHa-
MHYECKHX MOTEHLIMANOB. DHEPris B3aUMoeiicTBIS MEHACTCA B 3aBHCHMOCTH OT
MONOKEHNS HacTULL (KOHPHUTYPALINK CHCTEMbI), T. €. OHA HE ABJISETCH CTATUCTH-
HECKH HE3aBHCHMOIT BEMUMHOI H I0/KHA 33BUCETh OT BHEIIHHX MapaMeTpos.
OnHako NOCKONBKY B3aMMOJIEHCTBHE MEHIY YacTHuaMi yObIBaeT nponopumo-
HAILHO 22 1~ (r — pacCTOsHME MEKILY YACTHLAMH), TO ¢ OKPYIKAIOWWIEH Cpe1oii
Oy/1yT B3aHMOIEHCTBOBATL NPAKTHYECKH TONBLKO HACTHILLI, HAXOAAUINECH Ha M0-
BEPXHOCTH pazaena (T.e. Ha NOBEPXHOCTH paccMarpHBaeMmoii cucTemst). D1a
SHEPrHs Mo CPABHEHHIO ¢ 00BLEMOM OUSHbL Mana, e BKIA1 B OOUIyI0 JHeprHio
B3aMMOIETCTBHH € OKPYIKAKOLLNM IPOCTPAHCTBOM TAKAKE H0CTATOYHO MaJl, H UM
MOKHO mperebpets. Takiv 06pazoM MOMKHO CHHTATh, HTO IHEPTHA JaHHOH Ma-
KPOCKONHYECKOIH CHCTEMbI MOJHOCTBIO ONPEACIACTCS 3a1aHHEM HMIY/ILCOB H
KOOPIMHAT YACTHIL, COCTARNAIONINX JaHHYIO cictemy. B 3tom ciayuae Bee Tep-
MOIMHAMHYECKHE (YHKLHN MOKHO BBIPA3HUTH HEPe3 CTATHCTHUYECKYIO CYMMY,
npeoGpa3oBas ee ¢ YHETOM MEXUACTHHBIX BIaUMOIEHCTBHIT.

Bbipa3uM cTaTHCTHYECKYIO CymMMYy (2 (Mcrnosib3oBaB ans 3Toro Hawbonee
MPOCTYIO CBA3L CTATHCTHYECKOH cymmbl ¢ (ynkumeii Fenpmronsua F = —
—RT In Q) uepes unrerpan

Q = exp(—F/RT) = I...Jex]: (—%{”) dpdq, (6.83)
‘B
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rae H;(p. q) — dyuguus 'aMHIBTOHA, 3aBHCAINAA TONBLKO OT KOODAMHAT M
HMTIYJILCOB YaCTHUBI, T. €. MOJHAA IHEPrHA HACTHIIb, OOBIYHO 3aMHChiBaEMas

B (popme

P2, +p, +02,
Z CTES TSI /(¢ NURE 7 ) (6.84)
2m
=]
(rae pa,, Py,, P>, — COCTABISAIOUIME UMIYJbCA i-i YacTHUbI, I'; — panuyc-
BEKTOP i-i yacTuubl U UV — noteHuManbHas Heprus B3auMoIeiicTBH MeXIy
JACTHLIAMH).
B dopmyny (6.83) HeoOxomumo seectd nonpasky 1/N!, yuwrbiga-
ULy HepasnuuuMocTs uactiit 1 muoskutens 1/hIN (me WIN = AI' =

= (ApAq)/N — ¢azossiii 0Gbem sueiikn ¢ BenunHoil pedep ApAg = h
(npuHLUMN HeonpenenenHocTH [eiizendepra), a N M f — COOTBETCTBEHHO UNC-
S0 HACTHLL B Auelike 1 4Heao creneHedi crobo/bl kaxnoii yactuisl). Torna (6.83)
JanuieTcs B BUae

Q = (NN j J exp (—M) dpdy. (6.85)
kpT

INonctasue (6.84) B (6.85). noayunm

Z = (NN J - jt’.xp (—M) dpy, dpy, dp., ..
kgl

ctlpey dpydpy diyoodey. (6.86)

INockonbKy YacTHUBLI MOTYT MMETh BHYTPEHHHE CTENneHH cBOOOIbI, TO MX
BHYTPEHHEE COCTOSHHE MOMHO CHMTATh HE3aBMCAILMM OT KOH(UIrypauun cu-
CTEMBI. M PACCMATpPHUBATBh MX Tak e, KAK W B Clyuae MaeambHOTO rasa (T.e.
BbLICAHTb CTATHCTHYECKYIO CYMMY BPALUATEbHbIX, KoNeOaTe/bHbIX IBHKCHUIT
i AMEKTPOHHBIX NEPEXOI0B U3 CTaTHCTHYECKOTO uHTerpana). Torna (6.86) 3ann-
IIETCA B BHAE

2rmksT\ BN Qo U
% = (%) Qm_ﬂ-' J...jexp (—“_T) dry...dry.  (6.87)

rne Q BHVTp — Qap Qm_-z Q ENRT

HMurerpan

Ly = j...Joxp (— ’) -, (6.88)
kaT

KOTOPBI OepeTes 1o Bcem KOH(pHTYpPALHAM CHCTEMbI, HOCHT HasBaHWe Kowd(u-
SYPAYHOHHOCO UHINEZPAIQ.
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Terlepb CTAaTUCTHYECKHMI HHTErpal MOMHO 3anHCaTh B YVKOPOUSHHOM BHIC

Qﬂ"
Z Ai -\r‘r{pl mein (689)
3 1/2
rme A = ()pﬁ) , & Zyug onpenensercs opmynoii (6.88). Jlng uneans-
LTINKR

HOTO I'a3a 3HepruAa szaumoneiictena U7 PAaBHA HYJIHO. NOITOMY

Zioup = J 44 Jexp{U)dr] A= t.sN, (6.90)

rine v — o0bem aveiikn. Toraa crarncTHUCCKHA HHTErpal naeanbHOTo ra3a dyaer
BBITIAAETH CAE/LYIOHM 00pazoM:

Zax= ﬁ:‘:“\f oV, (6.91)

[Moncraenas (6.91) B (6.89), nony4im, 4to
Z= (ZM,'lZI\Unl]J)/T‘}\P' {692)

[Mockonbky nOTEHUMAIBHAS IHEPTHA MEKMOICKYIIAPHBIX BIAMMOICHCTRITH,
sanucannas 8 dopme ypasnenus (6.82), npeacrasnser coboil cymmy cnarae-
MbIX, OMHCBIBAIOMIMX JHEPTHIO KAK A0 YaCTHLIBI, 3aKPENeHHOI B cOOCTBEHHON
suelike M 3aBHCALIEH TONBKO OT e€ CODCTBEHHBIX KOOPAMHAT, TO pacuer cra-
THCTHYECKOTO HHTErpasa s CHCTEeMBI TAKHX 3aKPerUIeHHBIX TacTHIL CBOAHTCA
K PACUETy MHTErPajoB Mo BCEM pasiHduMbIM gueiikam. [Toatomy MHOKUTENB
1/N1, cBA3aHHBI ¢ HEPA3NNUUMOCTHIO YACTHLL B HACATLHOM rase, Ternephb BBO-
aNTh He Hano. B atom cayuae

- @J,_Jm} {_w] dry, ..., dry. (6.93)
B

AN
v v

Moxcrasnsg (6.93) B (6.89) ., Haiinem BbipakeHne 118 KOHPHIYPALMOHHOTO
MHTErpana

Zowyrp _ J __J@xp {_M} dry, ..., drx, (6.94)
N! kpT
(A LH
u, noacraenss B (6.94)emecro U (1, ... . ry) ero Beipaskenue 13 (6.82), umeem

E’l"fﬂl = exp (—_N._\..(—U.-)—) j, e Jexp (_ ————-—~—-Z ﬁl{(r'}) (h"| g vy t‘f?‘f\r =
N e T kpT

v o

N
= exp (—\\—(U)) (J exp (- u"(”)) rIr.) . (6.99)
QR'BT J\'.‘BT
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(B (6.95) yureno. uto GpyHKUNOHATBHAS 3aBHCHMOCTER 12(7;} 7151 BCEX 1aCTHLL
OJIHHAKOBA. )

Onpenenum ceoBOIHBIA 0ObEM 1y 115 HACTHLLI B BHAE COOTHOLICHHSA, Ha-
3BIBAEMOTO KOHDUSYPaAYUOHHBIM UHMEZPIOM, TIO SUeiTkam:

vp = Ipxp (W%) dr. (6.96)

B

Torza B orcyrcTBHN BHewHero nons (T.e. korga v'(r;) = 0), vy = V/N
npencrapnger coboii o0beM, NPUXOAIINICS HA OJIHY MOIEKYITY:

ZK[HH"I Nx(0)
L, e A — N | G 6,97
N = |: 2&37‘] b ( )

C yaeTom BRIpaMeHns Ul A CTATHCTHMECKHIT MHTETPa 3animercs B Bue

_ 2mmkgT (372N N . Nx(0) |, N
Z = (T’) (I?IIII_YIF exp _m r"f : (698}

Hns cBOOOTHOI IHCPIruK [eabmrosibua NOJYHUHM BhIPAMCHHE

2amkpT
h2

Rfrﬂ
) Quyrp — kT NInwvyg.
(6.99)

F=—-RTWnZ= "‘T“” — kpTln (

Takum o0paszom, ecan NpeanonaraTh, 4T0 MeKMOIEKYASpHbIE JABHAKEHNS
B KHIKOCTH HE CKA3bIBAIOTCSA HA BHY TPEHHNX BHIAX ABHKCHHIA, TO MOKHO (Jgiyvp
paccunTaTh KaK CyMMY M0 COCTOAHHAM HIEATbHOTO rasa, a CROHCTBa JKHIKOCTH,
00y CNMOBIEHHbIE MEKMONEKYIAPHBIMH B3aUMOAeiicTBHAMH, OyAyT MPOABIATHCS
TONBKO uepes Benuduubl \(0) v vy,

Ouennm pennunnel X (0) 1 vy Ha ocHOBE creaylowmnx npudamwkennii. MNpea-
CTABHM, HTO MOJEKYJIbl — TBEP/IbIE AP, CHITbI IPUTAKEHNA MEKTY KOTOPBIMH
oTCYTCTBYIOT. BCe MOJIEKYIIbL, KPOME O/HOI, 3aKpenuM B y31ax NpocToil Kyou-
geckoil petetkn. Pacemorpum «OnykaanHe» He3aKperuieHHOH MOIEKYIIbl Mo
AHHAN CBA3M MeHAy AByMA (PHKCHPOBAHHBIMU MoOnekylamu, PaccrosHue, Ha
KOTOPOE MOKET CMELLIATLCA MOJIEKY1a

I, =2rp — 20 = 2(v'? — o), (6.100)
e 0 — AMaMeTp MoaeKybl, 1o = v'/?
10 OCH T,

AHanOrHuHbIe COOTHOILEHHS MOMKHO Hanucatk i oceii y u 2. Torna

PacCcTOAHHE MEKTY LUEHTPAMH AYECK
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(2??3\’[1:13)

Ecnu BBeCTH KOHCTAHTY h = , KoTopas (UIypHpYeT B YPaBHEHHH

Bau-nep-Baanbca ans peaibHOTO rasa, To

¢ a3
vy =8 ( i )w = (1) ( b )I’” ; (6.102)
.Nn 2w No

DHEPrui0 PELIETKN MOMKHO NMPHUPABHATE K N3MEHEHHIO BHY TPEHHEH IHEprin
BCUICCTEA B IPOLECCE HCNAPEHUs ¢ OBPATHBIM 3HAKOM, T. €.

I‘l"f!\f-(l.’((o} = — A= "{‘—T) [6103]

[Mockonsbky

(ﬂ); N e (M): Y Tkad (w)f N s

o 2 o v

TO MOACTABHE B 370 BhipameHue sHadenns x(0) n vy w3 (6.102) u (6.103),
MOJIYUHM YpaBHeHHe cocTosiHNIS Jiipuura;

(P + ﬂl) (v —0,78b"/3!/3) = RT, (6.105)
U=

KOTOpO€ BechbMa OMN3KO K YpaBHEHHIO COCTOAHMA peanbHoro rasa Bau-aep-

Baasibca. Takum o0pasom peerouHas Moae/b NPaBiiibHO OTIHCBLIBAE T CBOIICTBA

EHJIKOTO COCTOSHMS,

Pewemovnan modean pacmeopa. llpencrasienus, pa3sBuTbie 11 peweTod-
HbIX TEOPHIi YHCTBIX KHIKOCTEI, MOKHO NepeHecTH U Ha pacTBopbl. OnHako
B ClTyuae pacTBOpa OKPY/KeHHe YacTHLBI, paccMaTpHBaemoii B KavyecTse UeH-
TPaIbHOM, MOXKET OblTh Pa3NIMUHBIM 110 cocTasy. B ¢BA3M ¢ 3THM MOKET cyule-
CTBOBATh Lelbiil HaGop BO3MOKHBLIX 3HaUeHUIT ceobonHoTo 0dBema s vacTii
AGHHOTO COpTa, onpeaensemoro hopmynoii (6.77).

Ecnn npeanonomutsb, 4TO (Tak e, KaK W U1 YMCTBIX JKHAKOCTEH) cTaT-
CTHYECKHE CYMMBbI 1O BHYTPEHHUM CTETNEHAM CBOOO/IBI HE 3ABHCAT OT KOH(HIy-
paLiK CHCTEMBI, TO U1 GHHAPHOTO PACTBOPA CTATHCTHYECKYHO CYMMY MOMKHO
3anucaTh B BUIE

- 3 Ny Na T
Q@=Q"Qi*y (»Q: v fb) (;f. v !,) exp (—:7) . (6.106)

3nech vy, , vy — csobonble o6beMbl k-i 1 [-ii copros | u 2. U; — sneprua
B3aHMOIETICTBHA YACTHIL /UTS i-ii KOH(MTYPALNH, KOTIA BCE YACTHLbI HAXOIATCS
B Y3/1aX peIeTkH.
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[Monaras, 4To BenMYHHBE CBOOOIHBIX 0OLEMOB HE 3aBHCAT OT XapakTepa
OKpYKeHuUs, cTaTueTHdecKkas cymma (6.106) npunumaet Buj

Q =QQvlv "2Zmp( ) (6.107)

JL1s 4HCTOro KOMNOHEHTA COPTA (¢ CTATHCTHYECKAs CyMMA BbipazaeTca op-
MYIIOT

T N U;
= B i ‘ex " 6.108
=Q, p( n;r) ( )

[Tyrem komOuHnpoBanug ypaphenuit (6.108) u (6.107), onpenenum (pyHK-
LM CMCLUICHHA 1718 pacTeopa

AL — (B 10 o Q  _ U2\ _ pr0 _ 70
AF = (F — F")ewew = —RTIn T Zexp ( % ) Uy = U3).
(6.109)

M3 (6.109) BunHo, uto Wia pacueta GyHKUNH CMEIIEHHs TpedyeTcs ToNbKo
pacyer konpurypaunu cucremsl, T.e. Y. exp (—UP /ksT).



''’'TABA 7
PACTBOPBI SJIEKTPOJINTOB

7.1. Hcropuueckoe BBelenne

UncTbie JKHAKOCTH, 32 HCKITIOUEHHEM METATHYECKHX PACTUIABOB, MpeacTa-
BIAIOT CO00Ii OUeHb I10XHE NPOBOHKKN. XOPOUWNMH MPOBOJIHHKAMH OHH CTa-
HOBATCS U TPH PacTBOPEHHH B HUX ONpeeNeHHbIX BellecTs. Tak, HE’ITIPHMC]J.
MPOBOAMMOCTD UMCTOI BBl Npu 25° C pasua npumepro 4 - 107 %0m-m 1.
Ecnu we pacreoputh B Boae KCI s konugectse 0,01 Mosib, TO NpOBOANMOCTH
Takoro pacrsopa sospacter go 0,14 O~ '-m~', 1.e. npumepno 8 30000 pas.
[MonoGubiil 3dydert HabnonaeTes NpH pacTBOPEHNN KHCIOT, OCHOBAHHI B BOIE
H B APYTHX pacTBOpUTensX. Takue pacTBOPLI HA3BLIBAIOTCA PAcMBOpaMl WieK-
mponumos. He packpbigas (pu3nueckoro cofiepxanng 31oro tepmuHa, Oyiem
CUHTATh, UTO TO HEMETAITHYECKAs JKNIIKASI CMECh, KOTOPAs cnocobHa nepeHo-
CHTb NEKTPHUECKHUIT 3apa.

TMepsbie npescTasieHHs 0 NEPEHOCE HNIEKTPHUECKOTO 3apsajia B pacTBopax
ObL1n BhICKazaHbl B Tpyaax ['porryca g 1805 r. OcHorroil naeeil npeacrarneH i
I'potryca bt 3cTadeTHLI NepeHoc 3apaia 0T OaHOI MOEKYITBI BOJIbI K APYTOI.
D70 OCYUIECTRIAIOCH, 110 €10 MHEHHIO, ciiellylotinm obpazom. Mosiekyna Bosibl
o0nagaeT AByMs Pa3HOMMEHHBIMH H Pa3HECEHHBIMH B MPOCTPAHCTBE 3apsaaMi.
[Mpu koHTakTe ¢ METANIHYECKUM DIEKTPOIOM, HANPHME], 3apsaimeHHbIM OTpH-
LATENBHO, MONOKNTEILHBI «aTOM» OTIIENJIAETCA OT MOJNEKY/bI Bodbl. B TO xe
BpeMs OCTABILMIACH OTPUUATENBLHBIT «aroMy 00BLEAMHARTCS C MONOKHTENLHBLIM
aTOMOM COCETHE MOJIEKYITbI, PACIIENUIAN €€ W IEPEOPHEHTHPYS B NPOCTPAHCTRE.
C noMoLLbI0 TAKOTO Pa3NOKEHHs U COSIMHEHNA MONIEKY.]1 NPOHCXOANT Nepeaata
3apsaa u EKTPONNG BOBI,

[Mpeacrasnenns ['porryca noaroToBHIN NOUBY /U1 CO3AaHUA HOHHBIX TEO-
Uil 21eKTPONPOBOAHOCTH, cHauana B Tpydax Papanes (1833 r.), a 3atem Kna-
y3uyca, nokazasiero 8 1857 r., uto BhinonHenue 3akoHa Oma 1Jisi PACTBOPOB
3NEKTPONNTOR JAKE MPH CAMBIX HH3KUX HATIPSKEHUAX HA H3MEPHTENBHbIX 3/1EK-
TPOOax CBHIETENLCTBYET O MOCTOAHHO CYLUECTBYIOWIMX MEPEHOCUHKAX 3apAna
B pacTeope MexTponnta. Ecin Obl 911 3apsiikeHHbIC HaCTHILBI NOABIANNCH B pe-
3yNbTaTe IMEKTPOIN3a, TO J0KeH Obll Obl CYIECTBOBATE KaKoii-TO nopor Ha-
MPsUKEHHS!, HHKE KOTOPOTO TAKMX YaCTHL B PACTBOPE HE CYLLECTBOBANO Obl.
OnHako 370T apryMeHT Kinayinyca ¢ TaKUM ke YCIeXoM MOKeT ObITh OTHECEeH
U K NePeaaye 3apsaia 3a CHeT 3EKTPOHHOH NPOBOAHMOCTH.

3arem Bant-T'odd uncro heHoMeHONOrHUECKHM Ty TeM NOMBITANCH pacnpo-
CTPAHNTL TEOPHIO HIEANTBHBIX PACTBOPOB Ha PACTBOPLI ANEKTPONNTOB. [l1s 310T0
OH BBEJI B YPaBHEHHE OCMOTHYECKOTO JaBjeHHs Heknii koddduumenT i (ocmo-
ruueckuit koadduupent Banr-Todda), pusuueckuii cmpicn KoToporo BHavane
OCTABANCH HEACHBIM.

B 1887 r. B nepsomM HOMEpE TONLKO UTO BOIHWKILErO KypHANA (PHU3HUECKOI
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XHMIH TIOSBUIUCE [1BE CTaThi — usika [nanka u xumuka Appennyca. [lnaug
MPHILEN K 3AKIIUYEHNI0, YTO 18 COMIAacHs Noay4YeHHO HM (OPMYIIbI NOHKU-
JKEHUS TEMIepaTypbl 3aMep3aHHs PACTBOPA ¢ OMBITOM HeoOX0mnMo 8 (hopmyIly
BBECTH KO hULNEHT, dJKBUBaNeHTHLIH koadduunenty Bant-l'odda. Appenu-
V€ NPeAnoaoKul, YTO MPH PACTBOPEHHH BEILECTB B PACTBOPHTE/E POHCXOIHT
WX HacTHYHOE pasfoikeHHe (INCCOtmani). Pe3vIbTaToOM KOTOPOTO ABAAKOTCS
HOHbI — 3apsi7KeHHbIe yacThubl. OH BBEJI NOHATHE CTENEHH JAHCCOLMALIHN, AB-
agioieiics Mepoil HccouMalmn. 3Ty Mepy OH Ha3Basl «KOYPPHUHEHTOM aK-
THBHOCTHY (v M ONPEIE/IHl €8 KaK «OTHOILEHHE YHCIIA HOHOB, ACHCTBHTEIBHO
CYLIECTBYIOUIMX B PACTBOPE 3MEKTPOINTA, K HHCIY HOHOB, KOTOPOE NOIYYHIOCH
Obl MPpH MOAHOM pacnaZeHHd JMeKTPONHTA HA TIPOCTLIE AIEKTPOCTATHIECKHE
MOJIEKYIIBIY . APPEeHHYC CONOCTABMII 3HAUEHHS (v, NOMYUEHHbIE N3 OCMOTHUECKO-
ro JABIEHNS W W3 IEKTPONPOBOAHOCTH M NMOKA3all, YTO OHW COBNAZAIOT (118
HEKOTOPBIX SMEKTPOIHTOB),

OTH NPEANONOKEHNA CUHTATCA OCHOBOH COBPEMEHHOI TEOPHH 3CKTPOIIH-
THYECKOI AHCCOUMALIN, KOTOPAs OTPeneNsaeTcs COOCTBEHHO ABYMS MONOMKEHN-
AMH: 1) rHIOTE30( INEKTPONMTHIECKOI nccounatnn Appennyca H 2) Ceasbio
CTENEHH AHCCOLMALIN ¢ KOHUEHTPALMel MEeKTPONiTa B pacTBOPE Yepes 3aKoH
neiicTeua Macce (3akoH paszsenenus OcTeanbia):

(1'{"1"‘
h— — >

l—ﬂ.

Cpazy nocne BbIX0Ia B CBET TEOPHUA APPEeHHYCA BbI3BANA AL BO3PAKEHHI.
Cambim apbiM npoTusHikoM ee Ot 1. M. Mennenees. On nucan: « Mue kaxer-
€A, 4TO B NCTOPHK HAYKH MHNOTE3A WICKTPOINNTHHECKOHT INCCOLATIMN 3aHMET Co
BPEMEHEM TAKOE JKe MECTO, KOTOPOE NPHHALIKHT JaBHO yike Teopun (norn-
ctonay. B ceoeii pabote « OcHoBbl xuMuy MeHaenees oueHb noapodHo, onupa-
SICh HA IKCMEPUMEHTaNIbHbBIE (DAKThI, (POPMYIHPYET CBOE HECOIAcCHE ¢ TeopHeit
Appennyca. Hanpumep, MHOTHe peakuWH, KOTOpbIe, ¢ TOUKH 3peHns AppeHH-
yca, MPoMCXOIAT MEXKIY HMOHAMM, B NEHCTBHTENbHOCTH PEANN3YIOTCA MENIY
HeliTpanbHeIMI MoJleKynami. 3 HaCTHOCTH, XJIOPUCTBIE COMH MOTYT 00pa30Bbl-
BATLCA M3 PACTBOPOB, B KOTOPBIX COASHAN KHCAOTA ANCCOLMMPOBAHA, U 13 TAKHN
PacTBOPOB, B KOTOPBIX OHA HE JIMCCOLMUPOBaHA, Hanpumep B 0exsone. MHorune
IMEKTPOIHTEI TIOTIIOMAIOT CBET MPAMO MPONOPLUHOHANEHO HX 001ei KOHLEH-
TPALKK, XOTH M0 TEOPHH APPEHHYCa TaKoil NPONOPLHOHANLHOCTH ObITh HE
mMoxkeT. MeHnenees coMmuepancs. neficTBUTEALHO TH B PacTBOPe MOTYT BO3-
HUKATh CHIIbL, KOTOPBIE BbI3bIBAIOT PA3JI0KEHHE TAKHUX NPOYHBIX COSAHHEHHUIA,
kak NaCl, KCI u ap.

[TonoGueie comHenua Bo3uukanu 'y bexerosa. [lo nosony Teopun Appenn-
yCa OH Mucan: « A YIHBISKCH, YTO TaK JIETKO, paan yaodcTea o0bsacHeHus, Oblia
MPHHATA THIOTE3a CAMOPA3IOKEHHA TAKUX MPHTOM MPOUHbIX COeaMHEHN, Ka-
KOBbI TaJIOHIHbIE COJIH LLIENOUEH ... TIPH 3TOM HE VKA3BIBAETCA HA MCTOMHUK
IHEPrUM, NOTPEOHOMN s PA3IOKEHUY.

OT1puuarteNbHO OTHOCHIICA K TEOPHH AppeHHyca i apyroil Buadeiimmii pyc-
ckuii prznko-xumnk Konoranos. OH npHiien K BRIBOY, 4TO HE HCCOLHALINA, &,
HA00OPOT ACCOLMALLNA ABAALTCA MPHIHHOI BOSHHKHOBEHNS YEKTPONPOBOIHOCTH.
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CnHCOK apryMeHTOB. IPHHATHIX APPEHUYCOM, HE BbIIEPKHBABIINX M0OA00-
HOTO POia KPUTHKK, MOMKET ObITh 3HAYNTEILHO 1TPoAOTKEH, Hanpumep, B Heko-
TOPBIX PACTBOPAX MOJEKY/Ibl PACTBOPEHHOIO BELLECTBA HE AMCCOLMMUPYIOT Ha
AHMOHBI M KATHOHBI, @ HOHW3HPYIOTCH, T.€. PAcNanaloTcs Ha KaTHOH M «CBO-
001HbI» 3neKTpoH. [TpHMEPOM MOTYT CYKNTh PAaCTBOPbI PA3IHUHbIX MeTall-
7108 (LIETOMHBIX, [MEN0YHO3eMeTbHBIX i PEIKO3EMENbHBIX) B JKHAKOM aMMiTake
H HEKOTOPLIX ApYrux pactsoputensx. [Tpu 2ToM 2EKTPONPOBOAHOCTE TAKHX
PACTBOPOB YBETHUHBACTCA MOUTH IKCMIOHEHUHAILHO ¢ POCTOM KOHLEHTPALMH
PACTBOPAEMOTO YIEMEHTR, I 00BACHAETCH ITOT (PAKT YBEIHUYEHHEM CTENEHH HO-
HH3ALUH METAILIA C NOBLILIEHUEM IO [IOTHOCTH B PaCTBOPE.

[TpUMHPHTE 3TH NPOTHBOMOIOKHBIE B3MIANL 10 CHX NOp HEe yaanocs., On-
HaKkO ObIN HalileH KOMMPOMKCC, MO KOTOPOMY PACTBOPLI EKTPOIHTOB CTANN
NEIUTh Ha CuibHbIC 3MeKmpoiimsl (KOTOPhIe IMCCOUHMPYIOT HALENO) 1 cid-
fble — JUCCOLMUPYIOLLNHE CO CTENEeHbIO Anccoumauni . Cnadblie 3exTpon-
Thl B HEKOTOPBIX CBOMX HepTax clelyloT KOHUeNHH AppeHnyca, CHIIbHbIe —
HE MOAYNHAKTCA BOBCE TEOPHM AMCCOLMALIMN AppeHnyca. 34eCh Mbl PacCMO-
TPHM HEKOTOpbIe 001IHE CBOMCTBA PACTBOPOB ANEKTPONHTOB,

7.2. TepmoHHaAMHKA COJIbBATAIIHH

08 «acconuanuuy» u «corbeamanuiny. CTPOCHUE KUAKOCTEN W KMAKMX
PACTBOPOB HEPEKO TPAKTYIOT MPH MOMOLIH MOHATHS dccoyuayiis. [lpencras-
JieHHe 00 accouMaliii He OTIIMYAeTCH NOMHOM ONpelae/IeHHOCTHIO, TaK KaK pa3-
JHYHBIE aBTOpr HepE_III\O BKIAILIBAKOT B TepM HH «€aCCOlamuay p83HbIH CMBIC.

Muorma moa accounatneil MOHIMaeTca TEHISHLNS MOJTEKYI HHCTOM HKIIKO-
CTH WITH PACTBOPA K YIIOPSAIOUEHHOMY PacnoniokeH o, B 3Tom ciyuae noHatHe
00 acCoUMALMK 110 CBOEMY COUEPKAHMIO COBMAAAET C NOHATHAMH O OIMKHEM
nopsake ¥ GIIOKTYAUHsAX, OTIHYAACh OT ITHX NMOHATHH MeHbluell onpeneneH-
HOCTHHO.

OQnHAKO Yalie B TEPMHH «ACCOLUMALNAY BKJIAALIBACTCA HECKOJILKO HHOI
embiea. Mo accoumanmedi NOHNMAETCH B3AUMOIEHCTBIE MEXK1Y PA3HOPOIHBIMU
WM OAHOPOIHLIMUY MOJIEKY/IAMH, TTPHBOIALIEE K 00pa30BAHNI0 MONEKYIAPHBIX
coennHeHuil. [1py 3TOM TEpPMUH «accolnaligy COXpaHaeTcs /Uid 0003HauYeH!
B3aUMOZEIICTBHA MEMKILY OIHOPOIHBIMH MOJeKkyIaMu. BaaumoneiicTeue mexmy
PilfiHl)pO}lelMI-I MOJe K_V.ﬂaM H ONHCLIBACTCH C NOMOLIBHY TGlelHﬂ COTBEATM A .

[Mpeacrasnenne 0 ConbBATALNKM BO3HUKIO HA OCHOBE TEOPHH PACTBOPOS
Menneneesa. Crpoenie pactsopos Meneniees npeacrasisi cede ey oM
obpazom. «B onHopoaHoii KuakocTH, Hampumep Bone, Ho O, uacTHibl ee Haxo-
NATCH B HEKOTOPOM, XOTS NOJBHAKHOM, HO NPOYHOM paBHOBECHH. [IpH pacTBo-
peHHn B Heil Tena A ero yacTHubl 00pa3yoT ¢ HECKOJbKHMH HaCcTHLAMM BOJLbI
cuerembl A, HaO cTosib HEempovHbIe, YTO OHW B Cpele HacTHLL BObl pasnara-
HOTCH W BHOBbL BOIHUKAKOT, TAK 4TO A ﬂﬂpBXUﬂHT OT OAHHX Macc 4acTHll B8Okl
K IPYFHM YacTHUAM BOAbL, OBIBLIMX B 3TOT MOMEHT B COMIACHOM JBUKEHHH
¢ A g euze cucrembl A, HoO, B caenyrommii MoMeHT, ObITh MOKET, ViKe yC-
neet oraennTues. JoGaBka BOLLI WAH YACTHL A MOXKET HIH TOMALKO HMIMEHATH
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KONHYECTBO CBOOOAHBIX M BXOAAIINX B CUCTeMbI A ;, Ho O gacTiil nan MoskeT BRO-
JIUTh 3@ cODDI YCA0BHS 117 BO3MOMKHOCTH CIOMEHMs HOBBIX cuctem A, H, O,
rae 12 0onbLe Wi MeHbLIE 1. OTHOCHTEIBHOE KOJINUECTBO, MPOYHOCTD H COCTAB
ITHX CHCTEM WITH ONpeleNeHHBIN COSAMHEHMH OMKHBI H3IMEHATBHCH OT OAHMX
PACTBOPOB K APYTHM»,

Crenosarte/ibHo, MeHmenees cHITal BOAHBIE PACTROPLI COBOKY MHOCTHIO PA-
J1a HeYCTOMUMBLIX, NPEBPALLAIOILNXCA APYT B APYTa XHMHYECKHX COeAMHEHHIT
MW ruapatos. BnocneacTBUM TepMMH «ruapary Obia 3aMeHeH Gonee odimm
TEPMHHOM cOTb6am, MPUMEHHMbIM HE TOJBKO K BOIHBIM, HO H K HEBOIHbLIM
pacTBopam.

[naBHbIMU dKCTIEpUMEHTANLHBIMH OCHOBAHHAMH Teopin Menaeneesa Oblin
cheyoume.,

|. Hannuue ckauKoB MW M3JIOMOB Ha KPHBBIX 3aBHCHMOCTH NMPOH3BO/IHbIX

ds/dp ot koHueHTpaunn (B 0003HaueHnaX MeHieneera § — yIeabHbI

BEC, ) — KOHLEHTPALHA B BECOBLIX NPOLIEHTAX).

Bo MHOTHX cilydasx pacTBOPHTENlb H PACTBOPEHHOE BELIECTRO KpHCTAl-

JAH3YIOTCSH B BUIE XUMHUYECKHX COEMHEHMNIL.

3. Hekotopeie kpucraaiornaparsl, Hanpuvep Ho SOy Ha O, CuCls - 6H2 O,
MpH HATPEeBAHHH MIABATCA Ge3 paznokeHus H 06pa3yrOT TUMHYHBIE Pac-
TBOpbL. Het ocHoBauwii npeanoaarars, 4To 3TH COEIMHEHNS HE CYILIECTBY-
0T H B HIAKOM COCTOSHIH,

MeHzenees noaYepKuBail, UTO NPEACTABIEHHE O PACTBOpAX Kak 0 COBO-
KYMHOCTH HEYCTONUMBLIX XHMHYECKHX COCIHHEHHH MO3BOIAET CBECTH MOHATHE
0 pacTBOpax K NOHATHIO 00 ONMPENENEHHBIX COETMHEHNAX.

Coapeamsr. CoBpemMeHHbIE MPENCTABIEHHS © CTPOEHHH PACTBOPOB BrONHE
JOTYCKAKT CYIECTBOBAHNE B PACTBOPAX OTHOCHTENBLHO YCTOHYHMBBIX MOJICKY-
ASPHBIX TPYII THIA FHAPATOB I CONbBATOR.

[To-BuIUMOMY, B PacTBOPAX CEPHOIl KHCIOTHI, XTOPHCTOTO KalbLis U MHO-
FUX JIPYIHX CONel B BOE, B PACTBOPax LIHAHNCTOM 1 OPOMUCTOM PTYTH. B MHPH-
JHMHE HT. 1. OTUETNHBO NPOABASETCA CTPEeMISHHE K 00Pa30BAHHIO MONSKYIAPHBIX
rpynin: H_:SO| : H-_:O. HgSO,l Y QH_;O., HgSO,| ' 4H_}O H T 1.

HeoGxonuMo uMeTh B BHLY TAKKE BOIMOKHOCTH CYHIECTBOBAHNS H30MED-
HbIX COJIBBATHBIX KOMILICKCOB, OOMHAKOBBLIX O COCTABY W HHCIY MOJEKYJ,
HO Pa3IHIHBIX 10 cBOEMY cTpoennio. Hanpuwvep, tpuHnTpodenzon CoHa(NO; )5
obpasyer ¢ Hadrunamutiom CgH7NH3 asa suna kommiexcos:

J

CgHy(NOg) ... CigHsNH2 . CgH3(NOg)s ... NHoCgH7.

B mepsom cnyuae conbBaTauusa MPOHCXOANT 3a cUeT Toro, 4to rpynna NO;,
oOaanawias 0OabIINM TUNONBHBIM MOMEHTOM, HHJLY IMPYET B aPOMAaTHYCCKOM
KoNbLIe Mok, Bo BTOpoM ciyuae cBsi3b 0GpasyeTcs 3a cueT NpUTAHKEHNS apyr
K apyry aunoneii B rpynnax NOs u NH3 (aunoashoe ssaumoneiicrsue).

B npolecce TEIUIOROro ABHKEHHS TEHACHLMA K YIIOPSI0UCHHOMY pachpe-
NEeJIEHHIO MPHUBOAUT K TOMY. UYTO MOJEKYJIAPHbIE TPYNINbl THNA NepeducieH-
HbIX BBILIIE THAPATOR WK CONBBATOR NOABIAIOTCA Yalle M MHBYT 0JIbIIE, YEM
Kakue-nudo apyrue rpynnsl. Oun HanGonee BepoATHLI M Hanbosee YCTOii BB
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Ho BMecCTe ¢ TeéM HEeT OCHOBAHMI1 CYMTATHL PACTBOP COCTOAUIMM TOIBKO U3 TAKHX
FHAPATHBIX WK CONBBATHRIX rpynn. Bo3MoiHBl U MHOTHE Ipyrue KomMOHHA-
win. PentreHorpapuyeckue NCccieloBaHts pacTBOPOB Cllykar YOeAHTebHbIM
MOATBEPHACHHEM ITOI TOUKH 3PEHHS.

Bo MHOrHX pacTBOpax 3aBe/oMo He 00pa3yrTes OTHOCHTENLHO YCTOHYH-
Bble CONbBaThl. TAKOBBI, HANPUMEpP, PACTBOPLI GeH30/1a B TONY0Ae, METHIOBOTO
CHUpTA B 9TUI0BOM H ap. B 9THX pacTBopax (hopmupoBaHie QJHKHEro nopsika
H PABHOBECHE HE CONMPOBOKIAIOTCA 00PA30BAHHEM ONPEICIEHHBIX CPABHNTE b-
HO JOJTOKHBYLLMX MOJICKYJIAPHBIX FPYI.

Takum oGpazom, Teopus MeHaeneera 1 NPECTABICHHE O «COlbBATAX» HB-
JIAIOTCS HCTOPHYECKHMH NMPEAIIECTBEHHNKAMH COBPEMEHHLIX B3MTIA10B Ha CTPO-
eHue pactpopos. [lonsaTue o conbBarax M Tenepb CNOCOOCTBYET YACHEHHID
CTPYKTYPbI MHOFHX PACTBOPOB H MO3BONAET MOHATh, KAK OCYLIECTBISETCS HEMNpe-
PBIBHLIH NEpPEX0a1 OT PacTBOPOB K ONPENLICHHBIM XHMHYECKHM COEIHHEHHAM.
Onnako B CBETE COBPEMEHHBLIX HCCIEN0BAHUIT HET OCHOBAHUI OTBOIUTEL COJMb-
BaTaM WIH rHIparaM pojib OCHOBHOTO M €JMHCTBEHHOTO 3JEMEHTa CTPYKTYpbl
PacTROPOR.

Acconnayua. OdbiuHoe npeactasiedie o0 accolHallim CBOANTCA K Npejt-
CTABJIEHHID O B3aHMONEHCTBMI OAHOPOAHBIX MOJEKY/, NPUBOMALLIEM K 00pa-
30BAHIIO VCTOHYHBLIX KOMIIIIEKCOB, WIH «acCOHMaToRy». FBNeHne accommaimmi
HE/IOCTATOYHO H3YHEHO, XOTA KaYECTBEHHOE, YMHCTO OMITHPHYECKOE padiHyine
ME3K/1Y TAK HA3bIBAEMbIMH « HOPMAJIbHBIMID) HIIH HEACCOUMHUPOBAHHBIMH H aCCO-
LHMUPOBAHHLIMH HHAKOCTAMH MPOBOANTCA YiKe JaBHO. ACCOIHAIIHIO H3MEpPAIOT
IPHU NOMOLUH NoKazatens accoumamu. Jlns onpeneneHus noxkazareis accouma-
MU 9HCA0 OWHOYHBLIX MOIEKYJT AENAT HA YHCAO PeasibHO CYLIECTBYIOMHX MO-
NexynapHbix rpynn. Hanpumep, eciin Obl B BOJIe BCE MOJEKYIbE O0be/IMHAINCH
MOMNAPHO, TO MOKA3aTe b ACCOIHAINH BOJIB Ob11 OBl pABEH [IBYM: €CJTH MOJIOBIHA
MOJIEKYJI BOAbI COeAHHHIACH Obl NONApHo, a Apyras noji0BHHa 00beAHHIIACD Obl
B TPOHKH. TO MOKA3aTeNk acconuanin Obin Obl paseH 2.4 0 T. 1.

B GobmHACTBE CAYYAEB MNOKA3ATENh ACCOUMAIINA BLITHCIISTCA HA OCHOBE
OTKJIOHEHHIT CBOCTB MCCenyeMOii AHAKOCTH OT TeX €e CBOICTB, KOTOpPbIE OHA
NPENONOKNTENLHO HMea Obl, ecnu Oblia Obl «HOPMAIILHOIY, HeacCoUHHpo-
BAHHOI1.

Jlonroe BpeMs CUnNTaNnoCh, YTO BO/IA MPeACTaRIgeT co00I CMeCh B OCHOBHOM
TPEX COPTOB MoKy oauHouHbIX Monekyd He O, neoiineix (H2O)2 1 TpoiiHbix
(H20)3. OnHAKO PEHTIEHOCTPY KTYPHBIE HCCNEIOBAHHA HE MOATBEPA AT ITHX
HPEIOIOKEHHH,

[To coBpeMeHHbBIM NPEICTABIEHHAM B ACCOLMHPOBAHHBIX JKHAKOCTHX CHIIbI,
AeHCTBYIOMINE MY MOJIEKYIaMil, MEIOT OTIPeIe/IeHHOE HAMPaBieHHe B mpo-
CTPAHCTBE M JOKAIW30BAHbl B OTIENbHBIX YaCTAX MOJEKyibl. Eciu vacTuiibl
AHIKOCTH He 00M1AAI0T TAKMMI HAMTPABISHHBIMHE W TOKATW30BaHHBIMI CHITAMH
B3aUMOETICTBUA JIPYI' € JAPYTOM. TO KHIAKOCTb BeJeT ¢eba KaK « HOpMaibHaA» .
T. €. ABJIACTCA HEACCOILHHPOBAHHOI.

[TpuMepoM accOUHHPOBAHHLIX KHUAKOCTEH MOIYT Cly/AKHTb BONA, COMPTLL,
OPraHHYecKHe KUCIOThE W JAPYTHE KHAKOCTH, MOJEKYJIbl KOTOphIX ofnanaroT
CrnocoOHOCTLIO OOPA30BLIBATL APYT € JAPYIOM BoaopoaHblie cBazn. [1pumepom
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HEACCOLIMUPOBAHHBIX JKUIKOCTEH CAy/KaT YETHIPEXXNJIOPUCTBIH YyINepoa u Ipy-
FUE JKWIKOCTH, MOJICKYJIIPHOE TI0JI€ KOTOPbIX He 00Na/1aeT Pe3Kko BblpakeHHOI
AHW30TPONNEN.

Tun accounaunn 3aBucuT OT vHCnad I(PPeKTHBHLIX CBA3EIl, KOTOpBIE MO-
ryt Obith 00pa3oBaHb! 01HOH Mosieky10i. Ecin uncno cea3eii paBHO eamHHLE,
TO ACCOUHALNTA CBOAMTCA K 00pazoBaniio GUMONEKYIAPHLIX KOMMlekcoB. Ecam
YHECIIO CBA3EH paBHO ABYM (BOAA, CIMPTEL, (PTOPHCTBIN BOIOPOI), TO ACCOLHN-
POBAHHLIE KOMMIEKCHI MOTYT 0OPa30BEIBATLCA B BU/IE 3AMKHYTHIX KOJTell WU
B BUJE OTKPBITBIX UeNei. ITOT ciyyail accounaunm, no-BHIHMOMY, HMEET Me-
CTO Y MYPaBbHHOI. YKCYCHOH M HEKOTOPBIX JAPY X OpraHH4eckux kucior. Tak,
HanpHMep, NMo JAHHBIM YTEKTPOHOTPA(PHISCKOrO HCCISA0BAHNA TIMEP Mypa-
BBHHOI KHCJOTB MMEET CIIENYIOLLYHO CTPYKTYPY:

2,67 A—
O—H---0 )
e W 1,29 A
R S 2
g Lx\-:‘ 125 (‘L C—H
(o]
“H—O0

Teopernuecky ABACHUA accoLMalMM MOHOB Hanbojiee npocTo obocHOBAN
Cemenuenko. OH 00BLACHAN ABNEHHE ACCOLMALNM KYJIOHOBCKHM B3aumozneii-
cTBHEM Mexay HoHamu. Ecim sjekrpoctarnyeckoe B3anMoAeicTBHE MEKILY
HOHAMH NMPEBBLIIAST KHHETHYECKYIO 2HEPTHIO. TO HOHBI ViK€ HE CMOCOOHBI K ca-
MOCTOATE/IbHOMY JBHKeHHIO. OHH 00pa3yoT 4acTUlibl, COCTOsLIHE H3 ABYX HIIH
Oojee HOHOBR M BT ce0A KaK OT/@/IbHbIe CAMOCTOATENLHBIE KOHITIOMEPATHI.
CeMeHUYEHKO TPH 2TOM HMCXOLHN W3 CpelHel KHHETHUECKOi IHePruH HOHOB,
paBHoii 3/2 RT B pacuere Ha r/HOH. BenHYHHA ANEKTPOCTATHYECKOTO B3aHMO-
neiicTaug mo 3akony Kyviona onpesensercs seipakenuem e’ /=r. Ecnn 9ta
BesinYHa O0bIIE KHHETHYECKOI IHEPIHH HOHOB, TO NPOHCXOINT 00pasoBaHmne
HOHHLIX Map WIH, KaK TOBOPAT TeNeph, «KBA3UMONEKYM». | pAHHUHLIM YCIOBH-
€M BO3HHKHOBEHHS accOLUMaUMH ABJIAETCA PABEHCTBO KHHETHUECKOIl aHepruu
i FHEPrUH 3NEKTPOCTATHYECKOTO B3aHMOACTHCTBHSA!

2.2
- L

%kBT - (7.1)

ET

JUna MaHHOTO pacTBOPHTENS MPH NMOCTOAHHOI TeMMnepaType rpanuua oyer
2.2

= z%e
ONpPeienaThCd BEIIHYHHOH PACCTOAHMA T, Ecan r Benuko, To BenwHnHA

MEHBUIC KHHETHYECKOH IHEPrHH, a €Cliu I Malo, TOIiA NPOHCXOANT 3331’[;&)-
JeiicTaie Mekay HoHami, OueBHIHO, INIABHBLIM 00CTOATE/ILCTBOM, OT KOTOPOI'O
3ABHCHT accoUMalns, ABNAeTCA pacCTOAHHE MEKILY HOHAMH, KOTOpOe onpe/e-
asercs konueHTpauueii pacrpopa. COBEPLIEHHO €CTECTBEHHO, YTO YeM KOHLEH-
TpPUpOBaHHEE PacTBOp, TeM Ooiblie BEPOATHOCTH accounauuu uoHos. Touto
TAK KE — YEM HIDKE JIHAUIEKTPHYECKAn NMPOHHIAEMOCTh, TeM Goilblie BelHYHHa
KYJIOHOBCKOTO B3AMMOJACHCTBHA W TEM NPH MeHblueil KOHUEHTPAUNH NPOHUCXOINT
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accouMauns HOHOB. JTH KaYeCTBEHHBIE PACCY/KIEHHA HAXOAATCA B MOITHOM CO-
FIACHH € ONBITHBIMH JTAHHBIMH,
M3 pasenctsa (7. 1) paccuntbiBaeTes pacctosHue mexy novamu. Oowem V7,
B KOTOPOM MPOHCXOANT 0OpasoBaHue Monekyn no CemeHueHKo, 310 06beM «Mo-
nusaumnny. Beskuli non. nonagas B 3tor oGbem, Oyner oOpasosbiBaTh KBa3HMO-
nekyny. Beanunna obnactu MONH3AINH TTOCTOAHHA 1S HOHOB, HMEIOMINX OH-
HAKOBbIE CKOPOCTH. Bennyuna obnacti MOAN3ALNK 3aBHCHT 11aBHLIM 00pasom
OT ININEKTPHUECKOH MPOHULIAEMOCTH pacTROpuTes. [109TOMY MOMKHO cCunTaTh,
4TO BEPOATHOCTSL MOMALAHHA HOHA B O/IHY K3 00JacTel MOIU3ALNH NPONOPLH-
OHaAJIbHA YHUCIY CBOOOIHBIX HOHOB [IPOTHBONIONOAKHOIO 3HAKA, YMHOKEHHbIX Ha
00BeM MomBalHH. BepoATHOCTL TOTO., MTO HOH He MONaAeT Hi B OHY 13 00na-
CTeil MOJIM3ALUN M OCTAHETCH CBOBOIHBIM, [IPONOPLUHOHANILHA 00bEMY pacTBopa
v 6e3 odnacti monusauun. [lonaras yncao cBOGOAHBLIX HOHOB 71 M CBA3ZAHHLIX
B KBa3UMONeKyAbl /N — 1 NPONoOpUHOHANLHBIMH 3THM BenHunHam, CemeHYeHKo
MPUXO/INT K BhlPAKEHHIO:
N _V—nv iy 1_ (7.2)

(N —n) muy mu

Tak kak V > n.

M3 3THX cOOTHOMIEHNI MOIKHO NepeiiTH K oNpeagneHHd KOHCTAHThl acco-
LALLM,

Boipazum 00bIMHYIO KOHCTAHTY JAHCCOLMALMH 4epe3 YHCI0 CBODOAHBIX
U CBA3AHHLIX HOHORB!

a a

a- n

K= = = (7.3)
(1 —a)V (N —n))
n
B stoMm BBIPAMEHITH OTHOLICHHNE {‘\"—' 3aMEHIM MEpe3 OTHOLEHNE 00b-
N—-n)

Vv . V 1

emoB —. Tormak = - = -

ey V nwv o
Tak kKak BeJMUMHA v H3BECTHA, TO Mbl MOMKEM onpeagyinTe, HemMy pasHa

KoHCTaHTa K. .
K=l [ S (7.4)
327 \ 22262

Koneuno, 3ToT pacuert oueHb NPUOMIKEHHbIH, HO OH YKa3biBAeT HA TO. UTO
11pu GObIIHX KOHUEHTPALMAX, CJASI10BATE1bHO, IIPH MAJIbIX PACCTOAHUAX MEK LY
HOHAMM, MOKHO Oxuaars donee raydokoro B3aumozelicTBua, Yem Bianmoneii-
CTBHE, YunThIBaeMOE B Teopnu [ledas.

TToYUECHHBIC TAKUM MYTEM KOHCTAHThI ARJIAKOTCA BECHMA npuﬁnumeﬂuhmu,
H HX TPYAHO CONOCTABUTE € IKCIIEPUMEHTANLHBIMH AaHHBIMH.

Bonee nosHoe 1 TOYHOE PACCMOTPEHHE ABJCHHA acCOUHaUnn HOHOB Oblno
cienano beeppymMom, KOTOPBIH HCXOAM H3 TeX Ke N0AMKEeHHI, uTo n CemeH-
YEHKO, HO MPHHAJ BO BHUMAHHE pacipeae/IeHHe HOHOB [0 HX JHEPrHAM, HCX0/s
13 ypapHenus bonkiimvana, n Gnaroapa 3ToMy npuiien K 6osiee TOHHbIM Pe3Yiib-
taram. OaHako n sta TEOPHA JaJIeKa OT COBEPLUCHCTBA.
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Tepmoounamura coaveamauuy. CHOXKHOCTL CONLBATALMOHHBIX MPOLIEC-
COB BOOOHIE H ABJCHHA HOHHOI COJLBATAIIMN B HACTHOCTH JIOCTATOYHO ACHA M3
|1peubl,-1yuu-1x pi:l'i}l(’.‘ﬂl)B ITOI 1T1aBbI. O,?lHaI\'D TN BKO TCPM(),"I.HH&MII‘!L"CK&H xa-
PAKTEPHCTHKA PACTBOPOB MEKTPONHTOB HA OCHOBE HAEKHO YCTAHOBIEHHbIX
IKCNEPUMEHTAIIbHBIX JAHHBIX 1 OINMPAIIHNXCH Ha ({yHIaMEHTAbHbBIE TEPMO-
AHUHAMHYECKNE 3aKOHBI AaeT 00beRTHBHYIO KapTiHy 0COOeHHOCTel moBeleHns
EKTPOJIHTHBIX CHCTEM, HE3aBHCHMO 0T Ooliee MIIH MeHee NpaBaonoao0HbIX
runoTes u Mojieneil. ToALKO Onupasch HA TBEPIYHO TEPMOIHHAMHYECKYH) OCHO-
BY MOMKHO OHO3HAYHO PACKPLITH PAJL 3aKOHOMEpHOCTEH B 310l 0bnacTtu, nos-
Has KONMYECTBEHHAs paclinpoBka KOTOPbIX OTBeyata Obl co3/lanio odiuel
Teopui pacTeopos. Beakaa nombiTka 0TX0Aa OT cepbl BOIMOKHOCTEH Kaac-
CHYECKOIT TePMOIMHAMHKH CBA3aHa ¢ HeoOXOUMMOCTBIO BBelIeHHA Oojee Hin
MeHee CYOBEKTHRHBIX MOJESLHBIX MPEJICTABIEHHIT, MPOHIBONLHLIX AOMY IHeHHIT
H YNIPOLUEHNA.

OO®IYHO MOA TEPMHHOM «TEPMOAHHAMHKA COMLBATALMI MOHHMAIOT WOH-
HY10 conbBarauiio, OIHAKO 3TOT TEPMHH OTHOCHTCH TOJNBKO K GIMKHEMY B3a-
HMO/IETICTBHIO MEXILY HOHAMHW PACTROPEHHOTO BEILECTRA 1 OKPYKAKOMIHNMH MO-
Jekyramu pactsoputes. IPPeKTsl coNbBATALMN BOZHUKAIOT M B TEX Cciyua-
AX, KOrda xapaktep noao0HOro B3auMOJEiiCTBHA OTIHYAETCA 1O NPHPOIE OT
00BIMHOTO B3aHMOJICHCTBHS MENKITY MOAEKYTIaMH camMoro pacteepurens. B tex
CAYYAAX, KOT/Ia MOJIEKY/Ibl PACTROPEHHOTO BEUICCTBA W PACTBOPHTE/A HEIHAYH-
TEBHO OTIHYAKOTCA pa3Mepami, BeJIHYUHOIT IHITOJBHOTO MOMEHTA WIH 110/5-
PH3YEMOCTH, pa3iuuie Bo B3auMoaelicTBHAX o0bluHO HeBelnko. OnHako ecin
MOJEKYJIb CHOCO0HB! 00pas0BbIBATE BOAOPOHLIE CBA3H, TO POllb CONbLBATALM-
OHHBIX HPPEKTOB MOKET CYLIECTBEHHO YBENHUNHTLCA, KAK, HAPAMED, B cyuae
pacTROpeHNA caxapa B BOJE.

Conparaunonnsie 2Qdextsl 00bIMHO TMEIOT CYUIECTBEHHOR 3HAYEHIEe NP1
PACTBOPEHUI UEKTPOIMTOR B NONAPHBIX AHAKOCTAX. Bo MHOrMX cayuasx aTn
peKThI HACTONBLKO APKO MPOABIAIOTCH, HTO HEKOTOPAA HACTHL MONEKYN pac-
TBOPHUTENA MOJHOCTLIO CBA3LIBASTCA H B AanbHeiinlem BeneT ceba Kak eanHoe
LEJI0E ¢ HOHOM WITH MOJIEKYI0i pacTeopeHHoro setectsa. OnpeaeaeHHasn cre-
MeHb CONLBATALIIH HMEET MECTO BO BCEX, OCOOEHHO MONAPHBIX PACTBOPHTENAX.
OnHako MOKHO YKa3zarb HEMHOIO pacTBOpHTeseil, cBOiicTBa KOTOPbIX M3yue-
HbI TAK K€ TIIATENLHO. KaKk CROICTBA BOALL [lo3TOMY cHauyana OCTAHOBHMMCH
Hd I'IPDUECCH.X rlmpm'aulm.

PacTeopenue moboro peniecTsa B BojAe (M1 B KAKOM-THOO /IpyroM pacTBo-
PHTENE) NPHUBOANT K BO3MY LUEHHIO IEKTPOHHOTO COCTOSIHIA MOJIEKYJ1 (ATOMOB)
pactBoputens. [Tpu norpyxeHin 11000# «4yKepOAHOI» HYacTHLBI B PACTBOPH-
TeNb NPOMCXOANT NOAAPHIALINA MONSKYTl PACTBOPHTENS — HABEASHHE IMIIOb-
HOIO MOMEHTA 1 H3MCHEHNE OPHEHTAIHH MOCIEHHUX M0 CPABHEHHIO € HCXOIHBIM
cocTosHUEM (MUCTBIT pacTBOpPUTEL). PA3HOCTL SHEPTHH MCXOAHOTO U KOHEYHO-
ro COCTOAHMIT PACTBOPHTENA MPEACTABAAET CO00il TAK HA3LIBAEMYIO IHEPIIIO
peopeanuzaytin. YUATHIBAA, YTO PACTBOPIEMAN YACTHLA TAKKE NOJIAPHIYETCH B
fone MOJeKY!l pacTBopuTelis, o0wnil addext MOKHO HA3BATL COATREUMAUON-
HbiM hghexmon (B ciyuae Bonesl — cudpanmaguei). o croeil npupoae npo-
Lecehl THAPATALMH 0ObIYHO NOAPAAENAIOT HA 2uAPohodbIe W SHOPOPDIILHBLC.
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nf.‘pBbIE NAPAKTEPH3YIOTCA TEM, UTO MOASKY/bl PpACTBOPCHHOTO BEUIECTBA CBO-
UMK rHAPOOOHRIMI FPYTINaMil Kak Obl YCHIHBAKOT CRS3b MEAILY MOJICKY/TAMH
PACTBOPHTENSA, NPOHCXOANT YIIPOUHEHHE BOJOPOAHBIX CBA3EH MOJICKYN BOJbI
H CTPYKTYPHOE vriopaaoueHne pactsopurend. Kak cieacTsue 3Toro npn cme-
LHIHBAHWH KOMIIOHCHTOB pactsopa Haﬁ.‘ilﬂﬂae’l'c&l YMEHbIICHHE oObema BbiJig~
Nenwe Teruia npu obpazosannn pacTeopa. | mapoduabLHLIH Mpouece ruaparamim
Haﬁnmuae'rcs& Y BELUECTB € JIOCTATOYHO BBICOKHM XHMHYECKHM CPOJICTEOM K BO-
Je. Ou XAPAKTEepPCeH CHABHBIM ANCKTPHUECKHM NOJEM paCTBOpeHHOﬁ MOJICKYJIRI
(vona), koTopoe 3aTpyaHAeT THOPAIIHOHHLIE ABHAKEHHA MOJEKYI BO/BI, Kak Obl
CBA3bIBAA HEKOTOPOE UX KOJIHYCCTBO, Uﬁpﬁ'iyﬂ COJIbBATHbBII KOMILIEKC.

BaanmoaeiicTeie pacTBOPHTENSA C PACTBOPAEMBIM BEILIECTBOM CONMPOBOAIA-
CTCH U3MCHCHHMEM IHTANBITHH

AH=H “{TJ;H[ +nsHs), (?5)

riae H — nommas sHTansms oSpasosasierocs pactsopa; H; u Hy — suransnum
OJIHOTO MOJIA PACTBOPHTEIIA M PACTBOPSIEMOIO BELECTBA B YHCTOM COCTOSRHUN M 11
H 71y — YHCAA MOJIElt pacTBOPHTENS W PacTBOPEHHOTO BEILECTBA B PACTBOPE.

[MosiHoe H3MeHeH e IHTAILIHN IPH PACTBOPEHUH 7o MOJIEH BIOPOI0 KOMIIO-
HEHTA B 127 MOJIIX PACTBOPHTENA HA3KLIBACTCA UHINEZPATLHON MENTOMON PACTRO=
penna 1 o6o3HauaeTcs yawe seero AH ;. Hurerpanenas rennora pacrsopenus
3ABUCHT OT KOHIEHTPAIHI, MOTOMY. KAK NPABIIO, B CMIPABOMHOI Jirepary-
pe NPHBOAAT TAK HA3LIBACMYIO NEPEVIO UNIMESPATLIVIO MEnIomy PacTBOPEHHs,
onpeenaeMyl0 Kak TeroTa PacTBOPEHHS 1o MOJIeli paCTBOPAEMOTO BEINECTRA
8 0@CKOHEMHOM KOJIHUECTBE PACTBOPUTEIS.

Temore pacTBOPEHNs CIIYHKAT OCHOBAHWEM JUTsl KQHECTBEHHBIX XapakTepH-
CTHK B3aUMOIEHCTBHIT B pacTBOpE NMpH M3MEHEHHH €ro KOHLEHTPALMH, a Tak-
Ke MO3BONAIOT MPOBECTH KAACCH(PHKALMIO BENIECTB, OAMHAKOBO BHSIOLINX HA
cpoiicTea pactsopa. 3aeck M janee mbl OyleM roBOpHTh O pacTBOpax ek-
TponuToe. Bee n3sectHwie nzotepmbl Afl,,, = f(ma) Moryt ObiTh OTHECEHSI
K OZIHOMY M3 TPEX THNOB, NPEACTABICHHBIX Ha pHc. 7.1, T. €. HENpPepbIBHO yObI-
BAIOLIMX € POCTOM KOHUEHTPALMH IEKTPOIHTA, HENPEPLIBHO BO3PACTAIOLIHX
i MPOXOMALLNX YEPes IKCTPEMYM.

Ormerum, uro B obnactn mMaiasix kKoHueHrtpaunit (m < 0. 1M) ans Beex
crydaee HaOMOAAETCA HASHTHYHBIH XOJ 3aBHCHMOCTH TErIOThl PacTBOPEHUS
OT KOHLEHTPaLHKW — NPHMEPHO OHHaKOBbIT 3H10TEpMUYecKkHii Bknaa 3dpdek-
Ta PacTBOPEHNS, BbI3BAHHLIH PaszpyiieHHeM MEPBHYHON CTPYKTYPhI BOIALI MPH
BHEAPEHHH PACTBOPAEMOTO BELIECTBA.

HMHrepecHo OTMETHTB, 4TO B 3TOMH 00NACTH OTHECEHHBIT K eIMHNUIE KOH-
LEHTPaLUMH YCIOBHBIH JHA03D(ERT dHEpreTHYecKoii Aeruuparauii NpakTH-
YECKH HE 3dABHCHT OT MPHPOJLI PACTBOPEHHOrO BEINECTRA W COCTABRIAET
10 + 11 kkan/mons. Ho caenark M3 sroro (pakra xakue-nHdo BLIBO/BLI 10KA
HE MPE/ICTARIAETCH BO3MOKHBIM.

())IHaK() HANTHYHE TARKOID pO,".lEl 3ABHCHMOCTH MOWXKET CJI)*}KIET!} CTHM){J]DM
Ans panbHefmux uccaenosaHnil. Tak, HanpuMep, CYIWECTBYIOT Koppes-
MK MEkKAY IHTanbMHiiHbiM 3(hekToM pacTeOpeHta W oOpaTHBIM 3HAYEHH-
eM JHAIEKTPHYECKOIH NPOHNLAEMOCTH, Pa3MEPOM MOJEKYJIb, NOAAPH3YEMOCTH,
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Puc. 7.1. 3aBHCHMOCTH HHTEIPAILHBIX TCIOT pasBencHus 1 — 1 BAICHTHLIX concii B Bone

npu 24°C

KOY(PPHIHEHTOM CIKHMAEMOCTH, IOHOPHBIM HHCIOM (10HOpHOE uneao DNy —
0/1y KONHYECTBEHHAs XapaKIepHCTHRA B3aUMOIelcTBHA pacTBOPEHHOTO Belle-
¢TRa ¢ pacteopuTtenem. Handosee yacTo ymoTpedasioT 1l 3T0# LenH BeNHYHY

—AHsper, = DNsvcr,)-

57, Ik -momp ' - K™
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Pue. 7.2, Kownnentpaliontan 3aBucH-
MOCTE OTHOCHTEALHON TIAPUHAILHON MO~
JSPHOTT SHTpOIIIH Boabl (298 K) B BoanbIX
pactsopax: |. TM@T. 2. TBA. 3. TT'@.
4. 12®, 5 IM®D. 6. IMCO. 7. @

OMIHPHYECKHE 3aBHCHMOCTH TaKo-
ro poaa odeltHo o0padarsiBaAIOTCA MPO-
CTLIMH YPaBHCHHUAMMH JIMHEHHOTO THIA,
B KOTOPBIX O/IHO W3 CTAragMbIX XapakTe-
pPH3YET pacTBOPHTE/DL, 4 BTOPOE — pac-
TBOPEHHOE BEIIECCTRO Hepes ero (PH3nKo-
XHMHUECKHE CBolicTBa.

BoszeiicTBHE pacTROPAEMOTO BellE-
CTBA HA COCTOAHHE PACTBOPUTENISI MOSKET
ObITh HarmMAAHLIM 0Opa3’om oxapakre-
PH30BAHO  KOHUCHTPAUMOHHON  3aBu-
CHMOCTBLIO OTHOCHTEJILHON mapuHasb-
HO{T MOJIAPHOIT SHTPOMUH PACTBOPUTENSA
5/ =5, - 8} (puc. 7.2). Cunraercs,
YTO HAJIHYHE MAKCHMYMa Ha KOHLIEHTpa-
LIMOHHBIX 3aBHCHUMOCTAX NAPUHAIBHOT
SHTPOIMHUH SBJSETCH YKa3aHHEM Ha cra-
GUAN3AILII CTPYKTYPhl BOJIkI B CHCTEME.

AHammtpya IKCNEPHMEHTAJIBHBIE JAHHLIE 10 IHTAIBLIHH H DHTPOINHKH
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PAacTBOPEHUA. MOKHO, OUEBHIHO, YTBEPHKIATh, YTO XAPAKTEPHCTUKY MEKMO-
JIEKYJIAPHBIX B3AHMOACHCTBHH HAXOAATCA B BEJHYNHHAN BHTAIBIHH W IHTPO-
nuu pacteopennn. OaHako 3TH PYHKLUHMH [0 BHELIHEMY BHIY J0BOJBHO O
HOOOpasHbl, UTO HE Nno3BoaseT oboiiTieh Ge3 HX aanbHeiimeli KonHecTBeHHOI
00paltoTKH, KOTOPaA HEMHHYEMO NPHBEIET K MOIEbHbIM NpencTasneHuam. [pu
ITOM HeH30eKHO BOIHIKaeT 00bIMHAN cXema: «pHHATHE paboyeii rmmoTesbl
00BACHEHUE HA ee OCHOBE DKCMNEPUMEHTANBHBIX (PAKTOB — NPUHATHE IHIOTE3bI
3a HCTHHY — HA/IeNIleHHe FUMOTe3bl HHOTKY/A HE CAEAYIOUIHMH J0MONHNTEb-
HbIMH CBOHCTBAMH, HYHHBIMH 11 00bsicHeHHA Apyroro (akta». OObIuHbI pe-
3yJIbTAT CXEMbl — HAKOIUIEHHE HPOTHBOPEUHIT ¥ NpeacKasaHne 0KHIAEMOT0 ¢
TOTHOCTBIO «710 HA000POT».

M3 Beex TepmoanHaMudeckux hyHKIMI MoaspHbit 00beM sBiseTcs Hanbo-
Jiee 0CH3aeMbIM 1 3pHMbIM napametpom. HMeHHo 1M obbachseTces xkeanue
HHTEPIPETHPOBATh €70 H3 YHCTO reoMeTpHuecKHX coobpamennii. Ho npu 3tom
3a0bIBaercs, 4TO IeoMeTpHUECKas MPOCTOTA ABIAETCA KaKylileiicsa, ¥ uTo map-
UMaTbHBI MOJTLHBI 00bem Vo = dp /AP sBnseTtcs no ceoeii cyTH 0GbEMHBIM
ko3(dpuinenTom pacwmpenus. [Toaromy npeinaraembie MoaEIN 107K HbI 00ec-
MeurBaTh Takke ¥ MeTo/1 pacuera nurerpana or [ Vo (P)dP, a takke npasun-
Hoe 3HaueHHe npoussoanoit no 7. Kak npasuiio, B reoMeTpHYECKHX MOIEISX
3TO He MpeaycMaTprBaeTca. B KauecTsBe YHCIEHHOTO MpHMEpa MOKHO NpliBe-
CTH PACYeThl NAPLUHAILHO MOJAPHOIT BEINYHHBI BOIbI B YETBHIPEXXJIOPHCTOM

-0 .
yimepoge. [pyn Geckoneynom pazdasiennn V, = 31.6 cv®/mons npn 298 K.
CﬂC‘ﬂDBﬂTe.T!I:HO, COKpaleHne o0LemMa NpH NepeHoce BO/IblI H3 3TOTO pacTeopa B

yHcTYI0 Bonty cocragnget 13, 6 ev®/monin. OreeToB Ha BOTIPOCKI, MOYEMY ?10 TaK
BEJIMK M Kyaa AeBaiotea 13,6 cM?/Momb 13 reoMeTpHUeCKHX CoO0paKeH il nomy-
YHTh HEJb34, NOCKOILKY B UHCTOH BOJE HMEIOT MECTO [YCTOThI, @ B OECKOHEUHO
paszdasieHHoM pacteope ux Hetr. Kasajnock Obl, BCE JOMKHO ObITh HA0OOPOT.
[Tpeononenne Takoro napaaoKca HaxoAAT BO BBEACHHH B pacueTsl KOd(puim-
€HTA YNAaKOBKH MOJEKYJ, MakCHMaibHad BeliHYHHA KOTOPOIrO /LIA [UIOTHOYa-
KOBAHHOI1 rekcaroHaibHoil cTpykTypsl pasa 0.74. Y poasl B pacreope CCly
koaduument ynakosku cocrasnger 0,360, 4T0 H NPUBOANT K MPEOAOIEHHIO
HC,-‘J.U}’M{‘.‘HHI:IX BU]IPUCDB.

TpyaHOYN0BUMBIE TOHKOCTH CTPYKTY Pbl KUIKOH BOIbI HAIAIHO NPOAB/IAIOT
ceds B OUeHb TTPOCTOM 3KCTIepUMeHTe. [IpH HOpMansHOM TaBJA€HHT MIOTHOCTh
BO/bI B 3ABMCHMOCTH OT TeMIieparypsl umeet makcumym npu 79 = 277, 13K,
M30TonHOE 3aMeLIeHHe BOAOPOAA TPHBOJANT K MOBbILIEHHIO IHEPIUH BOO-
POJIHLIX CBA3CH M OTHOBPEMEHHO meMnepamypovl MaKCuManbHoill ioRHoCnu
(TMIT), no 284,39K v tamenoii n 276,55K y cepxrsxelioi Boibl, 410 00b-
ACHAETCA WX Dosee MpouHoil cTpyKTypoil. OTciona aenaercs BLIBOI, MTO H3Me-
HeHHe TeMOeparypbl MAKCHMAaNbHOH MIOTHOCTH MO BAUAHHEM PACTBOPEHHOIO
BELLECTBA MOKET XapPaKTEPH30BATE MX BIIMSAHIE HA CTPYKTYPY BOALL [ToHmKe-
HHE TeMMNEpPaTypbl MAKCHMAILHOI MIOTHOCTH NPH BBEASHUN o MOJILHOI 1011
MEKTPONNTA MPOUCXOANT MO IMITHPHYECKoMY npasnay Jlenperua

AT =T - T° = —Kjzs, (7.6)
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(3neck Ky — roapduument JenpeTua, ycTaHaBIMBAEMbIil ONBITHBLIM MYTEM 1S
KW 10T0 WICKTPOSIHTE).

ra 3aBHCHMOCTb BBIIOJIHACTCA 15l BCEX MEKTPOJHTOB 083 HCKIKOUEHNSI,
Onnaxo MpHMevaTenbHO, MTO OAHO3apAdHbIE, HO THAPO(OOHbIE JNEKTPONHTHI
CHUWKAKT TEMIEPATYPY MAKCHMAIbHOH NIOTHOCTH CHIIBHEE, YEM ITPOCTHIE 1K=
TpoanTel. Tak, ana KCl K g = 0,644, a ana (CyHg )4 PCI Ky = 0,933,

B 1951 r. Muwenko u CyxoTuH BBEJH MOHATHE HEKOTOPOI XapakrepHoii
KOHIEHTPALH, HAa3BaHHOI WMK rpaHuieil noasoil ruapatauun (I'TIC). Tpw ra-
KO KOHLEHTPALMH KOOPAHHALHOHHOE YHCII0 HOHHOMN rHApaTaliy UTA CHILHBIX
INEKTPOIIHTOR OCTACTCH NOCTOAHHBIM 10 TEX 10P, 10Ka BOJIbI B PACTBOPE J10CTa-
TOWHO, H BCA HAMIMTHAA BOJA BKITIOWEHA B ruaparnyio cdepy. CTPYKTYPHO Takoii
PAcTBOP MOAKHO YIOA00HTh CHCTEME, COCTABICHHOMH TOJNLKO H3 OAHOCIOIHO
FUAPATHPOBAHHBLIX HOHOB, HEMOCPEACTBEHHO COMPUKACAIOLINXCS CBOWMN I'ijl-
paTHeIMH 000J0uKaMH. DHepreTuieckuii 3ddekt. cea3anHbIii ¢ 3arparoii pabo-
Thl HA MEPEXO/ MOJCKY/Ibl BOBI 13 00beMa B ruapatHyo odonouky Hy— Hypy
MOKHO PACCHNTATb, UCTIONbL3YA HEKOTOPbIE IONYILEHNUS O CPeJHEM pajnyce pac-
TBOPEHHOI YACTHLLI W AHAIEKTPHYECKO! NPOHNULAEMOCTH THAPATHON cepsl.
DHEPIrun AEruparauli B BOAHBIX PACTBOPAX, OTBEYAKONX I'PAHULIE TOIHOI
rugparatin, npuseieHs! B Tabn. 7.1,

B Tabnutie npyBeieHs 3HAYEHHA HHTErPAILHBIX TEMIOT PACTBOPEHHA HEKO-
TOPBLIX COMEi B BOAHLIX PACTBOPAX HA rpaHule noaHoii ruapataumn A Hppr u
MEPBBIX HHTErPATbHBLIX TeNoT pacteopeHis A, a Takke UX Pa3HOCTH, KOTO-
phl€, B IPHHLKINE, NPEACTABIIIOT co00i IHePriio B3auMoAeHCTBIS JAHHOI CONnn

Tabauna?d.l

Dnexrponnt | AH e, kxan/mons | AHy, kkan/mons | AHryr — AHy. kkan/mons
LiCl -7,8 —8.8 1,0
LiBr -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
KF -3.9 -4, 2 0.3
KCl 3.6 4.3 —0,7
KBr 4,2 4,9 -0,7
Kl 4.1 5,0 -0,9

Cc BO,II,CIﬂ B ciyyae noJHOro HachllleHHA, ,[[py THMH CJIOBAMH — 2T0 KBHBAJICHT
padoThi OPHEHTALLHH MOJICKY./1 PACTROPUTEIS ROKPY T MOJIEKYJ PACTROPEHHOI CO-
an. Kax snano u3 taGanuel, ta padora He npeseiaet ~ 1 kkan/mons. Mexons
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13 O0BIUHBIX MPEACTABIEHNI WIEKTPOCTATHKN MOKHO OLIEHNTL padoTy opHeH-
tann (W = pF) aunons BoALl BO BHEHTHEM M0JIE, CO3AABAEMOM €IHHHYHBIM
3apsoM e, HanpskenHoethio B = ¢/R? = 2.5 en*/®. (3neck n — unciio
MOJIEKY] CONH B eauunLe odbema). Ecan annonbHbiii MOMEHT MOJEKY/1bl BOJbI
npuHATE pagHeiM g = 1.8 J1 (1. e. cyuTars, YT0 MONEKY/IA MONHOCTLIO OPHEH-
THPOBAHA B0 NEKTPHUSCKOTO 1nosis F), To padoTa opHeHTalii 0HOTO MO
BO/bLI B AanHoM rone Oyaer pasua W &2 2 kkan/mMosb, T. €. HHCASHHO NpaKTHYe-
CKH paBHa TEMJIOTE CONbBaTalliK, paccunTanHoii no paskoctn Hy — Hipyp.

OCHOBHbIE TEHIEHIIUN B COBPEMEHHOM TEPMOJIHHAMHUECKOM IKCTIEPHMEHTE
AHKTYIOTCA CTPEMIICHHEM YCTAHOBHTE CBA3b KOHIEHTPAIHOHHOI 3aBHCHMOCTH
TEPMOJHHAMHYECKHX (PYHKIMI ¢ 0COOEHHOCTAMH MEKMONEKYASPHBIX B3aHMO-
AEHCTBHIT M 1aTh KOTHYECTBEHHBLIE XapakTepucTHK nocaeannx. Mernonniyemsie
JUIA 3THX Lesiell TeopeTHyeckne NocTpoeHus TpedyoT BbICOKOTOMHBIX H3Me-
peHHil B 00MACTH 0YEHL MANBLIX KOHLEHTPAUWil PACTBOPEHHBLIX BELIECTB, HTO
H OTIpeae/ifeT TEXHHYECKOE HallpasieHne 3kerepimenta. O1Hako HECMOTPS Ha
YCHIIHS IKCMEPUMEHTATOPOR H AOCTIKEHHA NpHdOpocTponTeNeii, He Bce Re-
JIHMHHbI YIACTCH HaTH ¢ [Ith’.‘MJICMOﬁ TOUHOCTHIO. Eciin e ﬂl‘la.l[lﬂlip()Ba'l'b
NAHHBIE, NOJYYEHHbIE B PazHbIX 1a00patopusx, TO pes3yibTaTbl [IPUXOAHTHCH
eme Sonee okpymATL, KpoMe TOro, npH YCTAaHOBACHHH KOPPenLiii Ha YpoBHe
FEOMETPHYECKHMX NApaMeTPoOB HeOOXOUHMa KpaiiHAs CTENeHb OCTOPOAKHOCTH,
MOCKOMLKY TOBEPXHOCTH MOJNEKYhI MPOMOPLHOHATLHA KBAAPATY JHHeliHoTo
pasMepa MOJICKY/bl, @ NOAAPH3IYEMOCTh, 00beM, uncio Gunkaiiuux coceaei
MPONOPUHOHAILHBL TPETHEHN CTENEHH ITOTO PA3Mepa, MPHUYEM Kax/Iblil 13 3THX
(aKTOPOB MOKET NMETH CAMOCTOATENBLHOE 3HAYEHHE. B cBA3H € 2THM HCnonb3o-
BaHie HeGObIINX MACCHBOB 3KCTIEPHMEHTAIBHBIX JIAHHBIX /U1 OLICHKH TeX HIH
HHbLIX CBOIICTB CONLBATALHOHHBIX 2(PHEKTOR MOKET IETKO NPUBECTH K apTedakTam.

Ecni noHuMaTh CoNbBATALMIO KAK CYMMY BCEX MPOLIECCOB, BOIHHKAIOIIHX
NPH NOSBICHUU B PACTBOPUTENIE YACTHIL PACTBOPAEMOTO BELLECTBA, TO NpH Hec-
KOHeuHOM paspenennH (i = ) B ciyuae oGpasoBaHils pacTBOpa KPHCTAILIHYE-
CKOTO 37ekTposTa GopMaibHO Ge3yCIOBHO NPaBHILHO CAEIYIOIEe TePMO/IH-=
HAMHYECKOe COOTHOLIEHNE!

A.Hr(. - A.Hlpcut + AI]I.:_- (73’)

rie AHp —— nepeas WHTerpassbHas Teniota pacteopenus: AHy., — w3me-
HEHHE SHTAIBIHH NPH B3aHMHOM YIJIEHHU HOHOB OT PAcCTOfHHIl B pelleTke
1o Geckoneunoctn (3neprus pemetkn); AH F — cymmapnas xumuveckas ten-
JloTa CcoNbBaTaAUMK (THAPATALMI) [ONOKHTEIbLHLIX U OTPHUATEILHBIX HOHOB,
A H ey — O07bINAA IHAOTEPMHYECKAN, 4 AHF — onuskas k Heli no abeosior-
HOMY 3HAYEHHIO IK30TEPMHYECKAA BEINUHHA.

B ntore nepabie TEMAOTH PACTROPEHHSA HMEIOT /LIS OONBIIHHCTRA AEKTPO-
JINTOB CPABHHTEILHO HEOOMBILNE 3HAYSHHA, JIesKalllHe B pe/ie/iax pUMepHo OT
—40 no 4 =+ 15 kkan/moib,

[Tponomnxas paccMaTpUBaTh CONLBATALMIO KAK CYMMAPHOE SBICHHE, MOKHO
pacnpoctpanuth ypashenue (7.7) u va oGnacrs moluIX koHueHTpauuid. s
BOIAHBIX PACTROPOR CHITbHKLIX JEKTPONHTOR TaKoil MOAXO/L NO3ROJSET XOTA Obl
[10J1y KOJIHUECTBEHHO BbIABHTL HEKOTOPbIE BAKHLIE 3AKOHOMEPHOCTH,
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B ypasHenun (7.7) uneH AHY ornocutes k anektponnty B nenom. Ilpn
BOOOPaKAEMOM MPOIECCE PACTBOPEHHA KPHCTAA COOIONAETCH YCIOBHE eK-
TponeiTpaiibHocTH. KapTiHa Cy 1eCcTBeHHO OCA0MKHACTCA, €C/I Mbl CTABHM 11e-
peJi coboil 3a1a4y TEPMOANHAMHYECKH OXAPaKTEPH30BaTh NMEPEX0] OTAETBHOTO
HOHA W3 KpHCTall1a HITH W3 1a30Boii (assl B pacTBOpHIEib. YCIOBHE AIEKTPOHET-
TPAILHOCTH ABJIAETCSA MPENATCTBHEM Ha MY TH BCEX H3BECTHBIX IKCEPHMEHTANb-
HbIX MOMNBITOK OLUEHUTh HHIMBH/IVAIbHBIE H3MEHEHHS IJHEPIUH WIIH IHTAILITHH
NpH COMBLBATAILMY KATHOHA W AHHOHA.,

Kpome 1010, 11pH TepMOIHHAMHHECKOM PACCMOTPEHHH TIPOLECCE NEpexola
HOHOB OJIHONO 3HAKA M3 ra30Boil B KuAKY1O (hasy NpHUXOAHTCA CHHTATHCA C SRIE-
HHMAMH, KOTOpbIE NPH PacTBOPEHHH NIEKTPOINTA JTHMHHHPYIOTCA B pe3yibTate
B3AIMHO# KOMTIEHCALIHY PARHBIX 110 BEHYHHE, HO MPOTHBOMOAMKHBIX N0 3HAKY
ppeKToB, CBAIAHHBIX ¢ KATHOHAMM M aHnoHaMu. [Toapobublil ananns atoro Bo-
npoca Bnepsbie Obin caenau Jlanre 1 Muwenko 8 1930 r. Met 31€ch npuseiemM
TONBKO 00LHe cooOpakerks 110 3Toil npodneme.

Yuem snexmpuueckux ceoiicme noeepxnocmu pazoena gpas. Jlanre n Mn-
LEHKO BHEPBbIE NOAPOOHO PACCMOTPEIH BOMPOC O BIMSHHH 3IEKTPHUECKHX
CRONCTR K MAKOI (ha3bl U ee NOBEPXHOCTHOTO NOTEHLMANA Y HA M3MEHEH S IHep-
THH M IHTAbIIHK PH PEAJIbHOM [IEPEX0/LE HHIHBHYAILHOIO HOHA U3 ra3oBoil
B KHAKYIO (hazy.

Kunakyro dasy ana obuiero cayyas pacTBOPEHHA HOHA €CTECTBEHHO NPHHATH
AMEKTPOHEHTPanLHOM ¢ noTeHunanom n3dkiTounoro 3apana i = 0. Ilpi srom
npearnonaraerca. UTo B 9Toii (haze uuc/ia WIOTPONHO pacnpee/ieHHbIX 10110~
AKHTENIBHBLIX M OTPHIATENBHLIX 3apAI0B paBHel APy Apyry. Ecin B OeckoHeuHO
Oonbiioil 00beM Takoil (azbl BBOOMTCA | MOAL IMEKTPOANTA (MAM B KOHEY-
Helil 00beM BHeapAeTes OECKOHEYHO MaJioe KOMHYECTBO). TO HE NMPOHCXOIHT
3AMETHOIO W3MEHEHHSA WeKTPOHEHTpaibHOCTH cpelbl. UTo kacaercs neiicTaus
«CHITbl H300paKeHHA», BO3HHKAONIEH NpH NpHOMIDKEHHH 3apAXKEeHHOr0 HoHA
K HOBEPXHOCTH (pasbl, TO 3TOT IHEPreTHYCCKUil 3PPeKT BXOAUT B CyMMapHBbIii
Gananc coNLBATALINT HOHA H MOXKET 3JeCh He PacCMaTpPHBaThCA,

CnovHee 00CTOMT JIENO € NMOBEPXHOCTHBIM MOTEHUHANOM KHIKOH (asbl
N (9T0 Hews3OekHO, TAaK Kak 1enblii paj (pu3HUeckux ¥ XHMUYECKHX IKcne-
PUMEHTAILHBIN (PaKTOB YOKAAOT B TOM, YTO [OBEPXHOCTHBIH CI0ii KNIKO-
cTell UMeeT CTPOeHHE, OTJIHHAKIIEECH OT CTPYKTYPhl BHY TPEHHUX obnacTeil). C
ITUM CB3aHbI, pa3yMeeTcs, H cnenudHUUeckHe MeKTpHYeckHe cBoiicTsa I10-
ro ciod. B ciyuae uHeThIX pacTROPHTENEI MOTEHIMAN Y MOKET BbI3hIBATHCA,
HanpuMep, onpereaeHHoi opueHTauneli ANNOoAbLHLIX MOIEKY!l HA NOBEPXHO-
CTH JKUAKOCTH.

3necw MOTYT BOSHHKHYTE 1BA NPHHUMNMHANLHO BOIMOKHBIX Cayuad.

I. v = 0ux = 0. B arux yenosuax kaptuHa Handonee npocta. Ilpu
nepesoje (o6paTHMOM H H30TEPMHYECKOM) HOHA BHJA § M3 COCTOAHMA Hje-
AJILHOTO raza B PacTBOPHTEN L XHMHUYSCKHIT MOTEHILMAT HOHA M3MEHSeTes Ha
BERJIHYNHY

Api = pb — k. (7.8)
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COOTBETCTBEHHO M3MEHEHHA JHTANLINH H H300apHOro MOTEHLHANA, OTHE-
CeHHbIE K | MOITKO, paBHBI

AH? = HP - H, (7.9)
AGE =0 -G (7.10)

Bennunnet AH u AGY nonyuninn Ha3sBaHHe XumMueckux meniomsl W snep-
2uu conseamanu. Pazymeercs, B HHX BXOJLHT H CpeaHiii aeKTpHyecKkHii notex-
Lnas BHyTpeHHei (asbl pacTBopa, 00y CI0BICHHbI TOHKHM CTPOEHHEM HaCTHIL
M R3AMMOACHCTRHEM 3apS/IOR COCEAHHX HOHOB, RKIOUAA W MOTEHLMATLHYIO
JHEPTHIO B HOHHOH arMmochepe [Tebas.

EcTecTBEHHO, YTO NpH HAXOKAEHHH CYMMapHoil TenaoThl CONbBATalLiH
AH [ noypasxennto (7.7) u3 TEPMOXHMHUECKHX JAHHBIX MbI [10JY4aeM HMEHHO
XHMHYECKHE TEIJIOThl CONbBATALINM, TAK KAK YCIOBHE IEKTPOHEHTPAILHOCTH
00ecneueHo BXOKAECHHEM PABHbIX KOMHYECTE PA3HO3APAAHBIX HOHOB, 1 NOTEH-
LHATTBI 1) H X HE UFPAIOT POJIH,

IL ¢» # 0: x # 0. C 2TuM BapHAHTOM Mbl PEAILHO CTANKHBAEMCH NPH
OnpeneeHHH HEPrHil CONbBATALIN METOLOM EKTPOABHACY LLLMX CHIL.

B ofuem Buie 118 cpeaHero MEKTpHIeckoro notenumana (paibl (CHMBOI
) HeobxoauMO yuecTh 004 MOTEHLHANA 1! H X KaK CYMMY B BHIE ¢ = ¥ + X,
H 3aIHcaTh MIEKTPOXHMHUYECKUI MOTenIHall YacTHlbl B KiaKoil Base kak

=k + 2, FeP, (7.11)
rie z; — BaJeHTHOCTL HoHa: F' — uucio (Dapages. Torna snekrpoxumuyeckasn
TEena0Ta CONbBATALMMN MPH @ = Y # 0

AQ; = HP — H} + ziFx* — ziF (22) | (7.12)
o' e
(34€Ch YUTEHO, YTO 3apsjl HACTHLL! HE MEHACTCS ),

[ToaTomy, ecii OBl CyLIeCTBOBAIA MPHHLIHMHAILHAS BOIMOKHOCTE ONpese-
NEHHs TIOBEPXHOCTHOIO CKauka MOTEHUMANa HIH BOJNbTA-NOTEHLMANA Ha rpa-
HHLE HacTHIIA PACTBOPEHHOMO BEIIECTBA — MEKTPOI, TO onpeaeseHne XHMH-
YECKNX M PeajibHbIX JHEPruii CoNbBATALNM HE COCTABIANO Obl 0COBOTO TpyAa.

Briepsbie noa0dHeIe n3mepeHns ocyuectaiensl Jlanre 1 MulueHko ais Bos-
HeIX cHcTem. Ha ocHoee nauGoliee BEPOATHEIX 3HAYEHHIT TEIUIOT rHApATALMH
pala HOHOB. HCIOJIL3YA JHTEPATYPHBIE [dHHbIE MO 3HTPONHAM HOHOB B rase
W B pacTBOpe, OHM BBIMHCIHAN XHMHHECKIE YHePruH HApaTauni HEKOTOPLIX
HOHOB M, ONHPAACH HA DTH PE3YAbTATHI, NoAY4MIN 3HaueHne y = —0.3+£0.1B
aaa Boast npi 25°C. Jing KHAKOTO alueTOHHUTPHIA 3HAYEHHE TMOBEPXHOCTHO-
ro ckauka moreHuuana Y = —0,1 4 0,06 B. B nanbHeiimem GyaeT nokaszaHo,
YTO MPH MCMOMB30RAHUN IKCMIEPUMEHTAILHBIX BEJHYHH MOBEPXHOCTHOIO Ha-
TSKEHHA TPAHNLILI KHAKOCTh — BO3AYX 3HAUEHNA MOBEPXHOCTHBIX MOTEHLHAIOB
BOJbI M AUETOHNTPHIA COCTARIMOT ~ + 0, 31 ~ + (. 2 COOTBETCTBEHHO (3HAK +
03HAYALT, HTO KHAKOCTh 3APSKEHA MONOKNTEIBHO 110 OTHOLEHHKD K BAKVYMY,
U MPOTHBOPEYHS C NMPHBEASHHLIMH Bbille NAHHBIMH /1T BOAbI M AUETOHHTPH-
Jla HeT, TaK Kak B NEPBOM CIIYYAE OTCYET OCYUIECTBAANCSH U3 myOuHbl o0beMa
AMIAKOCTH B CTOPOHY BAKYyMa).
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B cBA3H ¢ TPYIHOCTAMH DAEKTPOXHMHYECKHX H3MePeHHil, a Takke odunmmem
AOTYHICHHTT MPH BIMHCIEHUAX MOACHO FapaHTHPOBATH TOJBKO MOPSI0K W 3HAK
ATHX BEJIHYHH. O,.’lHﬂl\"() B CJI}"IHE BOJbI, I'IO'BI-IJ],HMUM)‘. MOMHO C yBCpL‘HH{JCTbIﬂ
FOBOPHTH 00 OPHEHTAIHH ANMONBHBIX MOJEKYN BOALI B MOBEPXHOCTHOM ClIO€
MPOTOHAMH BHYTPb #HIKOH (ha3bl, @ TaK/AKe C/e1aTh BbIBOJL, 4TO 3HEPreTHYECKHI
Gapeep Ha MOBEPXHOCTH pa3jiesia BOMA - a3 MOKeT NOCTHTaTh BEJIHIHHBI 10
G+ 7 Kka/mMonb, cnoco0CTBYS BXOKAECHHIO HOHOB OHOTO 3HAKA 1 NPEnaTcTays
HX AHTHUNOZAM.

O cymaax u pasHocmax meniom convgamanuy. Kak cuenyer us npeibiny-
HIET0, TEPMOIHHAMHYECKAA KAPTHHA 3HAUHTEbHO YIIPOIIASTCS, €C/IM B PACTBO-
PHTENk BROAATCA 10 DeckoHeuHoro passelenus (m = () 3neKTpoauTEL T. e. oll-
HOBPEMEHHO BHEAPSIOTCA KATHOHLI H AHHOHbI B COOTHOILEHHH, FAPAHTHPYIOLLEM
EKTPOHEHTPAILHOCTH CHCTEMBI. Bee BAHAHNA NOTEHUHATIOR NPH 9TOM YCTpa-
Hsrores. Cymmbl AH S 1 AG, 00bEKTHBHO OTPAKAIOT CYMMApHbIe H3MEHEHHMS,
CBA3AHHBIE C HIHPOKO MOHHMASMBIM NPOIECCOM COMBRATAINN. AHATOTHYHBIM
00pazoM pasHocTy, Hanpumep, AL ,"?"“'r — AH SK+ ABIAOTCA KOJHYECTBEHHbLIM
OTPATKEHHEM IHEPreTHHECKOI CTOPOHBI BOODPAKAEMOr0 TPOIECCa, B KOTOPOM
H3BIMAETC Npu GECKOHEMHOM pasBeneHuH u3 pactsopa 1 r-uow monos Nat
H OJIHOBPEMEHHO BHeapsetcs 1 r-non nonos KT,

YuuTeigas, 470 MpH OJHOBPEMEHHOM MEPEX0E KATHOHOR H AHHOHOB BCE J10-
DaBoUuHbIe JNEKTPHUECKHE BJIMAHHA B3AHMHO KOMIEHCHPYIOTCA M HA rpaHHuLax
KPHCTAJUT— ra3 M KPHCTAT — PacTBOP, Mbl BO3BpALLAEMCA K CTPOroOMYy Tep-
MOLMHAMHYECKOMY YpaBHeHHIO (7.7), conepkaluemMy TOILKO YHEPTHI0 peLler-
KH, CYMMapPHYIO XUMHYECKYIO TEIUIOTY COMILBATALMH H MEPBYIO0 HHTErPANLHYIO
Temiory pacreopenns. «IlogBoaHble KAMHU» 30€Ch OMPAHHYHBAKOTCH TONBLKO
MOTPEUTHOCTAMH FKCTIEPHMEHTATBHBIX AAHHBIX /LTS TEMJIOT PACTBOPEHHA H YHEp-
run pewetku. [lepsble TeNI0TH pacTBOPEHHS IIPH COBPEMEHHOIN TeXHHKE Tep-
MOXMMHYECKHX U3MEPEHUIT B Cl1yuae BOAHBIX PACTBOPOR H3BECTHBI C TOUHOCTHIO
o 0. 1%, nns HeBoaHBIX cHcTeM — ¢ TouHocThIO OT 0, 5% 1o 1. 0%. [lpas-
Aa, 3KCTPAMOAIMS H3MEPEHHBIX 3HaYeHUil Terorkx ppexror npu m — 0
B PAJE CAYYAER BO3MOIKHA € DOBLIIOI 10CTOBEPHOCTLIO O1aroaps npeiH3non-
HbIM H3MEPEHHAM TEILIOThI PA3BEACHHS B KAJIOPUMETPAX C 4YBCTBHTE/bHOCTHIO
okono 1079°C. B cnywae pacTBOpoB B CMMPTAX, ALETOHE, YTHICHIIHKONE,
dopmaMuie H APYrHX MNOKa TAKUX JaHHBIX HET, M dKCTpanomauua K m — 0
meHee HanexHa. Kpome Toro, naxe He3HAYNUTENbHBIE TTPUMECH BOIBI K ITHM
OpPraHHYECKHM KHAKOCTAM MOTYT CYIIECTBEHHO HCKAKATL X0 H3TEPM B 30HE
GoabKX pazdasaeHHil.

(HaKo Bce HETOMHOCTH B 3HaYeHNAX A Hy TOHYT B BO3MOXKHBIX [OTPELIHO-
CTAX JHEPrHii KPHCTAMIHUECKHX PEIIETOK, TaK Kak 3nadenna Al B necats
u GoJiee pas npesbiaT BeandiHs AH,

Hakonusiunecsa B nocieanne robl DKCNEPHMEHTAIbHBIE PE3YJIbTaThl (0CO-
GCHHO 1S BOJHBIX PACTBOPOR) NO3BOMMIIN BhICKA3ATh NPEAINOIOKEHHE O TOM,
4TO Pa3’HOCTH MEPBBLIX TEILIOT PACTBOPEHHS PAsNHUHBIX map coieil ¢ oauHa-
KOBBLIMH KaTHOHAMH HIH aHHOHAMH MPHMEPHO ONMHAKORLI B PA3/IHUHBIX pac-
TBOpuTENax. Ha ocnosanun 3toro MulieHKo GbLTO MOCTYAHPOBAHO MPABHIO
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MOCTOSHCTBA OTHOHIEHHS YHTAJILIHIT CONLBATALINI KATHOHOB H @aHHOHOB B pas-
JIMYHBIX PACTBOPHTENNX
Al
AHT

5

= ¢onst. (7.13)

ITO NPABWIO IMPOKO HCTOIb30BAHO MHOTHMH HCC/IEN0BATEIAMH 17151 paszie-
JIEHHS TEMIOT COTLBATALIMN MEMIIY HOHAMM HE TOJIBKO B BOIHBIX, HO H B HEBO/I-
HbIX pactsopurensx. U3 Hero cnenyetr, 4ro B 11000M pacTBOpHTENE, HANPUMEP,
AHS" = AH!, uro smnsercs 6asoil A5 BHIMHCICHHS SHTANBIHN CONbBATA-
LMK OTAENBHBIX HOHOB B PAa3AHuHBLIX pacTBopurenax. Cleayer, ONHAKO, HAMo-
MHHTh, YTO BCE CKa3aHHOE OTHOCHTCHA K OECKOHEYHO pa3baBieHHOMY PacTBOpY
H OCHOBAHO HA OMBITHLIX AAHHbLIX, OTHOCAILHXCA K MPOCTEIIINM MIEKTPOIHTAM
CO CTPYKTYPOIl MHEPTHBIX 1a308 1 OrPAHHYEHHOIO KPYTra pacTBoOpuTeeii.

Jlnsi pacderta TemioT conbBaTaAlN HHAMBHAYATbHBIX HOHOB ObL10 npeiio-
HKEHO MHOTO MeTOA0B. HekoTophie H3 HHX NMPHBOAATCA HHKE,

Memoo bepnara u Payaepa. TTOCKOIBKY DHEPTHS COMbBaTallHK HEDOIbILIHX
HOHOB, KaK CNIEYeT U3 JIOTHKH, ONMpeeNaeTCA MaBHbIM 00Pa3oM KYJOHOBCKHMH
CHIAMN W MOKeT ObITh NPHHATA oﬁpm HO NPONOPUHOHAIBHON HOHHOMY paiH-
yey, Toraa aas takoil conn kak KF (:,\ 22 Iy B KPHCTANE), HHAWBHYATbLHEIE
TEILIOThI FMAPATALMH HOHOB MOIYT ObiTh HalilieHbl NEIeHHEM NONoJIaM 3Haue-
HUI TernoTel ruaparaimu conn. Insg K™ n F~ stot metoa aaet 95,5 kkan/mMonb.,
YuntbiBaa nonpaskH, CBA3aHHbLIE C HECHMMETPHUHLIM MPOCTPAHCTBEHHBIM pac-
MONOKEHHEM BOABI BOKPYT HOHOB, ObLIH BHECEHBI MONPABKH, H3MEHUBLINE TE-
noTy ruaparaudn 1o seanundbl —94.0 nna KT u —97,0 ana F~. Ha ocuose
ITHX JAHHBIX MOMCHO OMPENENHTD JHTANLIHN MHIAPATALMN APYTHX HOHOB.

Memoo Jlamuviepa. OCHOBAH HA NPUMEHEHUN ypasHeHus bopHa k skcne-
PHMEHTAILHBIM JanibiM cBoOOAHLIX JHEpruil ruapatain coneil. [Tpu dTom
npennojaaraercs, 4To 3(peKTHBHbIE PaliyChl HOHOB COOTBETCTBYIOT PAdNyCam
nosiocTelt, o0pasyioxes B AMIEKTPHIECKoii cpene npH BBEIEHHH B Hee HO-
HOB. Y4HTbiBas, 4T0 NOI BAMAHHEM aHHOHOB BOJIOPOIHbIE ATOMbI BOJIbl OPHEH-
THPYIOTCA B CTOPOHY AaHHOHOB, NPUHHMAETCH, 4T Y PekTHRIbIE PAaNHyCLl ITHX
HOHOB MaJIO OTIINYAKOTCA OT HX PAINYCOB B KpHCTamax. B cnyuae nonokutesns-
HbIX MOHOB BOJOPO/IHbIE ATOMbl BOJbl OPHEHTHPYIOTCA B NPOTHBOMOIOKHYHO
ctopoHy. bnaronaps stomy 3hexTHBHBI PasHyC KATHOHA MOKET OKa3aTLCA 3Ha-
qHTEBHO OOJIBLIE, YeM Y dHHOHA C TAKHM ¥Ke KPHCTALIONPAPHUECKHM PaaHyCoM.

PazHocTi CBODOAHBIX HEPruil ruaparauny s TakMX nap MOHOB Kak |~
MuBr, I uCl, 1" uF, arakke wia Cs n Rbt |, Cst u Kt . u Cs™
i Nat |, Cs™ u LiT™ MoryT OnITh BBIYHCAEHB W3 CBOOOIHBIX IHEPTHIl rHApa-
TALMK CcONEH, MMEIOLIMX COOTBETCTBEHHO 00Nl KaTHOH Wi 00WMi AHHOH,
3aBHCHMOCTB 3THX pasHocTelt oT 1/r; (e r; — kpuctannorpaduyeckuii pain-
YC HOHA) H30dpamkaercs rpaduuecki npamoii niHHel B cayuae aHHOHOB W KpH-
BOIi — B C/1yuae KaTHOHOB. IMITHPHYECKUM Ny Tem ObL10 HailaeHo, 4to nanbonee
VIOBAETBOPHTEIBHOE cOrnacue ¢ ypasHennem bopHa nomyuaercs B tom ciyvae
(NMpH HCITOAL30BAHIH MAKPOCKOMHYECKOH AMDNEKTPHYECKOH NOCTOAHHOI). ec-
M KpucTanorpauueckie paaiycbl aHHOHOB H KATHOHOB YBEJIHUHBATL COOT-

o

perctBeHHo Ha 0,1 u 0.85 A. [Ipu 21oM yenosun rpaduueckne 3aBUCUMOCTH
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d(AG,;) or 1/r; kKaKk ans KaTHOHOB, TAK M 118 AHHOHOB BIPAKAIOTCA TIapa-
JeabHbeIMN npaMbIMEH. CymmapHas ceo0oHas IHeprus ruaparaiiy HoancToro
ue3us Oblia 3aTeM pa3duTa Ha JIBe COCTABIAIOLIHE, COOTBETCTBYIOUINE OTAE b=
HbIM HOHaM Tak, uTo Ha rpaduke sasucuvoctn §(AG,;) ot 1/r;, ceobonnsie
IHEPIHH THAPATAlHN BCEX HOHOB HIEJOYHBIX METANIOB H rajOn/IHbIX HOHOB
pacnosaralnTea Ha OAHOH JTHHHH.

AnanornuHelii Metoi Obll UCIOABL3IOBAH AN HAXOWKAEHHA WHIMBHIYAIIb-
HBIX JHTPOMUIl HOHORB, MPHYEM COOTBETCTBYIOLHE BENHUHHBI A8 coneit ObuIn
pasduTsl Takum 00pa3om, 4To Ha rpadHKe, BbIPRKAIOLLEM 3ABHCHMOCTL HILAWBH-
NyallbHbIX 3HAYEHUIT LIS OTAEbHBIX HOHOB OT 1/1;, nojyuaercs oaHa npamas
munua. [TyTem coueTanns 3THX 3HaU€HHI JHTPOMUHN ¢ BETHYMHAMH HHAWBUIY-
AJIbHBIX CBOOOAHbIX IHEPIHil rrapataii OblH OJIYYEHbI TEMUIOTH! FHAPATALINH
HHAMBHIYAJTLHBIX MOHOB. DTH Pe3yabTaThl 3aMeTHO PacxoasTcs ¢ pacuerami
bepnana u Maynepa. B wacTHOCTH, COMACHO NAHHBIM YTHX ABTOPOB, BEMHYHHA
AHyg+ — AHp- paena 3 kkan/r-HoH, B TO BpeMs kak no Jlatumepy u apyrum
oHa coctanseT 47 KKan/r-HoH.

Memoo epeesi. ITOT METOL B OCHOBHOM CXOJIeH © meToom Jlatnvepa u
APYIUX C TEM, OJIHAKO, OTIIMYHMEM, HTO PA3HOCTH TernoT ruaparaunn A H mex-
ay LiF ¢ onnoil cropons! 0 Kaxaoil H3 coJieil JINTHs ¢ OCTAThHBIMH rajlonIaMH
(LiCl, LiBr, Lil) — c apyroii, a Taxwe mexay LiF v kaknoit n3 coneit ¢propa
¢ wenounsiMi Metamnamu (NaF, KF, RbF u CsF) mobpaxkatorca rpaduteckn,
Kak (PyHKUHKH OT 1 /7;, W NOJIYyHEeHHBIE JIHHUH KCTPANONNPYIOTCA 10 3HAYEH IS

I./I'-j — U rone .'JHC]JFIUI rlmpa"rau.uu HE 3aBHCHT OT ')Jiel\"l'pOCTaTl-['IECKHX CHI.
BTa ARCTPpanoas LHHA O3HAYaeT, 4TO
. k
AH; = £, (7.14)

?.1

[Monyuenusie rpaduueckue 3aBUCHMOCTH JIHHEHHBI TOJILKO 115 aHHOHORB M
i Tpex fonee KPYMHEIX KaTHOHOB. 115 Manblx HOHOB cooTHOINeHue (7.14) aB-
HO HenpuMennmo, Benuunel, orcexaemsie Ha oc AM; npu 1/7; = 0, ing aun-
oHoB (—120 kkan) n karnoHoB (— 118 Kkan) NPHHUMAIOTCA PABHBIMI TEMI0TaM
rHApaTauHi HHANBHAYAALHEIX Honos F~ i Lit, M3 5Tix asyx semwaun moryT
ObITh Hali/IeHbl 3HAYSHHUSA TEIJIOT MHAPATALIMH LI BCEX APYIHX HOHOB. OHAKO
Mepreil Oe3 nannHelix moscHeHHil mons3yeTces 3nauennaMu —132 kkan s
F~ u —120 kxan ana Lit.

Memoo Hzvaitnoga OTHOCHTCH K pasfeneHuio n300apHbIX MOTEHUNANOB
(xumuuecknx snepriii) AG, consBataunu. B 0CHOBE €ro JeKar 10Ny IeHus:
sestnunHa AG  JIMHEHHO 3aBHCHT OT BEJIHYHHBI 00PaTHO paanycy HOHA, C HEKO-
Topoii nonpaekoii 1/(r; + 3); npu 1/r — 0 AG, — 0. Hcxons us 3roro,
n300apHbIil noTeHuman conbearatnn, Hanpumep HT, moxer Obith onpeneses
cneaylomnm odpaszom. CTposT rpaduk 3apHCHMOCTH CyMMapHBIX Besmant AG
JUISE FaI0r€HOBOMOPOIHBIX Kueaot o1 1/(r; &+ ), a 3arem npousBoust dKcTpa-
nonsmu Ha sesmauny 1/(r; £ 3) =0,

CpasHHBas peaibHbie H300apHbLIE MOTEHLHANLI COOTBETCTBYIOLIHMX KHCAOT
W coneii ¢ OHUM M TeM ke AHHOHOM, MOMKHO BHLIMHCANTS pasiocTh AGH T —

~AGM " Orknansisas ITY pa3sHOCTh Kak (pyHkuio ot 1/(r;£/3), nonyuaem npu



7.2, Tepmodunamura corssamayun 145

skcTpanonsuny Ha 1/(r; + 3) = 0 pennuuny AGj:f+. CoBnanenue rpagikos
MPH IKCTPANOIALNAHN CAYKHT KPHTEPUEM NPaBHILHOCTH pacyeTa.

Ilpobnema onpenesneHns HHANBHIYAILHBIX TETUIOT W CBOOOIHLIX YHEPruii
rUapaTaiii no CBOeMy XapakTepy aHalorHuHa npodleMe HaXOKAEHUsA KO-
(PHUMEHTOB AKTHBHOCTH OTENLHBIX HOHOB. Takoe onpejeneHie He MOKeET ObiTh

J G:l),'l kB

Me I
‘—] GI.‘{?JI L1 + J Glit).'l iy

AGeois +112L AGais—AGHE

AGéns -
J Gt‘ﬂyl (0 _l GVU-“-"

1/(r+5)
Puc. 7.3. Cxema onpeaciacHus SHCPrUN CONBRATAIIMH HOHA BOT0pOoaa o Mamaiinory

OCYLUECTBICHO TEPMOAHHAMHUYECCKIM MYTEM, BCIEACTBHE YET0 Kakias «IKCne-
PUMEHTAJIbHAN) BEIHYMHA 3aBHCUT OT JOMYLIEHHIH, MPHHATHIX NPU AEJCHUH
IKCTEPHMEHTANLHLIX 3HaueHHH 114 coseil Ha YacTH, OTHOCSIIHECS K OTAENb-
HbIM HOHAM.

Hu o111 13 paceMOTPEHHBIX BhIIE METOI0B He ARASETC O3y KOPHIHEHHBIM,
Meron Beprana u Maynepa ocHOBaH Ha pacuere dHeprin ruaparaumn K™ n F\
KOTOPbI HE MOXKET CUMTATHCA BIOMHE TOUHBIM. Jlatumep u ApYrux Mecnojib3o-
BAJIA TIONYYEHHOE MMH 3HadeHue coboIHON dHeprun rugparauuy Hona Na't
IS BBIYHCTIEHNA «a0Cco/iOTHOTO NOTEHLHANAY KAJOMENBHOTO 31eKTPOoa 110 0T-
HOUIEHHIO K MOTEHUHATY PTYTHOTO S7€KTPOAa B TOUKE MEKTPOKAnUAIAPHOro
makcumyma. [Mosyuennas npu d1om BeanuuHa okaszanack pasuoii +0,495 B,
B TO BPEMA Kak JKcrnepuMeHTalibHoe 3Hauenne +0.48 B. Oawako 3toTr dakr
HE MOJKET CIYKHTh IOKA3aTENLCTBOM NMPABUILHOCTH HCMOAL30BAHHOTO METOAA
pacuera. NoCKOJILKY COIMACHO NMPEanoAoKeHIK JIaTHMEPa U APYIHX, WIEKTPOLY.
HAXOAALIEMYCSl B TOUKE IEKTPOKANWISPHOIO MAaKCHMYMA, HENb3s NPHIHCHI-
BATh HYJIEBOI1 MOTEHLMA 110 OTHOLIEHHIO K pacTBOpY. OCTAETCA TAKIKE HEACHBIM,
nouemy 3PHEKTUBHLIC PafyChl MOJIEKYl BO/bl, BXOAAIMX B COCTAB IHApar-
HbIX 000/104€K KAaTHOHA W aHHOHA, 10JKHbBI CHIBHO OTTHYATLCA APYT OT Apyra.
Ipu ucnons3oBaHun ypasneHuna bopHa He yyMThIBAETCA, YTO OHO ChPaBELIH-
BO TOJLKO JUIA CIUIOWHOrO audiexTpHka. Haxouew, Heobxoanmo npuHumarh
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BO BHHMAHHE, YTO DHEPrHf MHAPATALMN ONpenensercs MaBHbIM 00pa3oM B3a-
HMOJETCTBHEM HOHA C MEPBBIM THAPATHRIM CJOEM W HTO M0ITOMY BeJIHYHHA
AG ;. 3asuent ot 1%, a He ot r~ ', kak npeanonaraor Jlatumep u apyrue.

Meron (Mepsesi OCHOBaH HA MAaTeMaTHYeCkOi 3aKOHOMEPHOCTH TAKOIo e
THIA, YTO M ypasHeHne Jlarumepa, W, CIENOBATENLHO. O/KEH TPUBOAHTHL K
cxoiHbiM 3HadennaM Al . Ectectsenno, 4To Te KPHTHMECKHE 3aMeyaniis, Ko-
Topble ObUIH CleNaHsl B ajpec Metoaa Jlarnmepa, 0CTaloTes Takke Crpaseini-
BLIMH [10 OTHOMIEHHIO K AaHHoMY metoy. He naxoamut obbsicnenns 1 Tor (akt,
410 nonyyennbie Gepseem snavenns AHg s Lit u F~ ommuaiores ot coor-
BETCTBYHOIIHX BEJIHYHH, NOJYYEHHBIX IKCTpanondimeli sasicumocteii 6(AH,,)
or 1/rik1/r; =0.

[TonbITKH TEOPETHYECKOTO pacdeTa MOHHBIX COCTABIAKOIINX NapaMeTpoR
conbparauny Oblan npeanpuHaTel bopuom ewe B 1920 r. On nexoann us Moae-
JIH «3apshkenblil IAPHK B KOHTHHYYMEY . JTOT MAPHK CO3AAET AIEKTPUYECKOE
none. [ToTeHUMAN 3MEKTPHUECKOrO MOIsl HA PACCTOSHUM I* OT HEro paseH e/r,
rie € — 3apal dNeKTpoHa, [ mwapoBoro cnos ¢ pagnycom r | TOMIHHOIN dr,
umeroLero oobem dv = 4rr?dr, nojaHas 3HEprus 101 pasHa

E = —¢’/2r;, (7.15)

e ; — paanyc mapHka (Hona).

B cpene ¢ ananekTpryeckoil NPOHHUAEMOCThIO £ DHEPIHA HOHA YMEHbILITCA
Ha 3Ty Beanunny. [pu nepexone r-mMons HOHOB H3 BAKYYMA B Cpey ¢ AHIIEK-
TPUUECKOIT NPOHULAEMOCTBIO £ BbIIEIAETCA JHEPT s, PaBHAA PA3HOCTH

)A (7.16)

DKCMEPHMEHTATLHBIC BEJIHYHHBLI CBODOMHBIX 3HEPrHil conbRaTalmy (riapa-
TALHK) HEOJHOKPATHO CPABHHBAIMCH C PE3YJbLTATAMH PACUeTa Mo ITOMY ypas-
HEHHI), NPHYEM BIABHITHCH 3HAYHTEABHBIC pacxoinenns. M3 atoro daxra Oml-
AW CHeNaHbl BbIBOZBL, MPHUBEALINE, ¢ OAHOII CTOPOHLI, K Pa3BHTHIO MOAXOJA K
COJIbBATALMH, NPEITOKEHHOr0 BopHOM, ¢ APYTroiH — K MOHCKaM HHBIX Teope-
THUECKUX NPeanocuinok. M Ha ToM, M Ha ApyroM MyTH BHAEH Mporpecc: Bo
BCAKOM Clly4ae, HCMoIb30Banue ypasHenus bopua s ero wanauansHoit gpopme,
€llIe BCTpeyaloLleecs 1 celvac, o3HadaeTt camoe rpy0foe 10y 1LeHHE.

PaccMoTpHM Ha HECKOIBKHX MPHMEPAX COBPEMEHHOE COCTOSHHE PaciueToR
¢ Henoab3osannem moaesan bopua.

YCOREPIICHCTROBAHMUS PacieToB Mo BOpHY MOMKHO CBECTH B OCHOBHOM K
ClenyIoLeMy.

I. Tlpeanaraercs cuurath r B ypaBHEHHH (7.16) rUNOTETHYECKHM «pajii-
YCOM HOHA B pacteoper. PaccuurbiBas oOpaTHLIM MYTEM 3TH paanychbl
M3 M3BECTHBIX TEMUIOT COMbBATALIMM, HAACATHCH NPHAATE HM HEKOTOPBITI
(m3nueckuii cmbict. OHAKO TH NOMNLITKH HE YBEHUAIHCH YCIEXOM.

2. Bsoasrca pononHutelbHble YieHbl B ypasHeHue (7.16). Hanpumep, no
moznenn Jlarumepa 3710 100aBOYHBIT YeH /IS HOHOB S-3/IEMEHTOB, Pagk-
HbIIT JHEPTHH PACTBOPEHHS COOTBETCTBYIOLLEr0 HHEPTHOTO rasa.

, Naz?e?
— A= 2 (1 ==
Zry

m |
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3. llpeanonaraercs, uTo BoOa BOAM3M HMOHA CHILHO CKata noa AeHCTBH-
€M UIEKTPOCTATHYECKOTO 1oJis noHa. M3 nanHbix BprpkMeHa W3BecTHO,
HTO MAKPOCKOMHUECKAA AMMICKTPHHECKAs NMPOHULIAEMOCTb BO/bI Nanaet
¢ noBeilenneM aasnennsa. B ypasnenne bopna ctanu BBOAMTL ANDIEK-
TPHYECKYIO POHHLAEMOCTh, OTBEHAONLYIO CKATOI BOne.

Hawyyiine coBnaaenms ¢ 9KCHEPUMEHTOM IaeT TOMLKO KOMOMHALMS Hec-
KOJBKHX f0MyieHnii. OnHa 13 nocneannx y1auHbiX NonbLITOK B 3TOM HAnpas-
JieHuy npuHamieknT CTokey,

Beuen sa Jlarumepom CTOKC A€JHT CYMMapHYIO SHEPIHIO FHIPATALIHK JIeK-
TPOJIHTOR Ha /IBE 4acTH — 3nekTpocTatieckyo AGS u neanexrpocTarie-
ckyto AG; (neKTpOCTaTHYECKas COCTABIAOILAN PABHA PA3HOCTH MIEKTPOCTa-
THUYECKHX COCTABJISIOIIHX XHMHIECKOTO NOTEHIHAIA HOHOB B PACTBOPE U B rase)
H BBOJMT YCPEIHEHHYIO BEJHUMHY AUMIEKTPHUECKOI MPOHHLAEMOCTH CPElbl B
OGimkaiiiuem K HOHY cioe,

Cio#i Boabl BONHIM ONHO3APAAHBIX KATHOHOB UMEeT, ToAuMHY 2. 8 A, pOn-

30 ABYX- H Tpex3zapsaaHbix 5,6 A. JI1a oaHo3apaaHeIX aHUOHOB TONIIMHA C0s
npubaTa Ctokcom 0e3 0CTaTouHBIX OCHOBAHHI paroi Hymo. Jlanee Croke
NPEANnOIOKIIL YTO PAaauyCc HOHA B NA€AIBHOM HOHHOM rase i B pacTBOope pas-
audeH. Ecau B PacTBOpPC B Ka4C€CTBC HOHHOIO paanyca MOKHO NMPHHATR Cro
kpuctannorpauueckiii paauyc (HOH B pacTBOpe NoABEp:KeH NeHCTBUIO CHI
HE MCHBLIHX, HEM B KpPHCTA/NE, B NPOTHBHOM CAY4Y4c TCIIOThl pacTBOpPCHHA
HOHHBIX KPHCTAJLIOB Obuin Obl 3HAUMTENBHO OONbLLIE HaﬁﬂK)ﬂ.aEMbIX}. ™ B I'a-
3€ pasMeps! PanuycoB HOHOB NOJIKHBI ObITL OOMNbLIE KpHUCTALIOrpadUecKX.
OHPI. no meican Crokca, CKOpEe BCEro CpaBHHMbI 10 BEAHYHMHE C paldnycaMH
ATOMOB COOTBETCTBYIOUINX ﬁnaroponnmx razos. 2JTH pPanuycChl Ctoke nazean
“«BaHACPBAAIbCOBBIMHY (i",-]. Paccunrannbie UM 3HAYEHHSA 'y HEKOTOPBLIX HOHOB
ykasaHsl 8 Tadn, 7.2
. Tatauua7.2

Hon Na™ Kt Rb* Cst CI Br I=

e 1.352 1.671 1.801 1,997 2,252 2,298 2.548

B oxonuarensHoM Biae ypaeHenne bopna ¢ nonpaexamu Ctokca npezicra-
B/IsieT co0O0i MHOTOUIIEH, CONEPIKALLNI HECKOJIBKO TPOM3BOJIbHBIX, HE MO/IAI0-
LIHXCS DKCTIEPHMEHTANBHOI NPOBEPKE BEAMUKH, TAKHX KAK YHCAO CIOER PACTBO-
puTess BOKPYr HOHA, d(PhekTuBHas AHIIeKTPHYECKAs [IPOHHLAEMOCTb, 001as
TOJIILMHA CONBBATHOTO €04, TTOHATHO, KOHEUHO, Y4TO MPH COOTBETCTBYIOLLEM
nondope JTHX MAPaMeTPOB MOKHO TOMYUHTb AOSKBATHBIE 3HAYCHMUA JHEPIHH
coibBaraumu. JlansHeiiue nonsITky YIyyieHns Teoprii BopHa Takke He Jin-
LIEHbl KPUTUKW. MOITOMY 31€Ch O HUX He yrnomuHaeTcs. Ytobbl coctaButh Hojee
MOJTHOE NMPEACTABICHHE O COBPEMEHHOM COCTOAHHH MPOOAEMBI COMIbBATALINH,
HOJIC3HO ]'IPI'IBGCTH 34eCh HCI(O'I'OPI:IC H3 C{)BPBMEHHBIX METONOB HCCeNOBaHHA
CTPOEHUA PACTBOPOB MIEKTPOJIHTOB.

Memoow SIMP & uccaedosanuu aeienuin corveamanuu. Merton SIMP
UYBCTBHTENEH K MaJiefilueMy H3MEHeHHIO COCTOAHMA MIEKTPOHHBIX 000/101ueK
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P po

aTOMOB, BXOZALNX B MOJIEKY/Ibl. MeTos perncTpupyeT ake ciadble MexmMone-
KyJIAPHBIE B3aHMOAEHCTBHA, NOITOMY B nocsaentue rojst AMP sowen B uncno
CaMbIX MOMYJISAPHBIX MPHEMOB YKCIEPHMEHTAIBLHOTO H3YUEHHS ABICHMUS COJbBa-
TALMH B PACTBOPAX JNEKTPOTHTOB H CTPYKTYPhl PACTBOPOB.

Henocpencreenno s skcriepumente AMP usmepatores xumuueckuii cagur
B CMIEKTPaxX MArHHUTHOrO pe30HaHca slep, BpeMena pelakcallld W CBA3aHHbIE
C HUMM BEJIHYHHBI,

Xustuneckum cogueom § Ha3LIBACTCA NIMEHEHHE PE3OHAHCHOI YacTOThI MpH
rnapaMariiTHOM SAEPHOM MOITIONIEHHH PAJAHOBO/H BEIIECTBOM, CBA3ANHOE C U3~
MEHEHHEM XMMHUYECKOI0 CTPOEHNUS noceaHero. Eciii B HCClieAyeMoM BelliecTBe
HMEIOTCS aTOMBI, AAPa KOTOPbIX 001aAal0T OTAHYHBIM OT HYIA MATHHTHBIM MO-
MEHTOM, TO NPH HAJIOKEHHH BHEIIHENO NOCTOAHHOTO MArHHTHOTO 11018 MarHuT-
HbIt MOMEHT PACILEMUISETCA HA HECKOILKO YPOBHEH, Mepexo/bl Meskay KOTOphi-
MH ONPeNenatoTes Pe3OHAHCHOI YacToToH 1 :

p=2E (1.17)

2:'r.

rie ¥ — qactora koaedauwii, C"]. F — HANpaKeHue BHEIIHEro MarHuTHOro

Mo, ¥ — rUpOMarHHTHOE OTHOLIEHHE PE3OHHPYIOLINX faep.
XHUMHYECKHIH CABUIM ABNAETCH OTHOCHTENLHOI BEIHUHHOIT:
. py,— U PO o
=t BB (7.18)

Iy Fy
rae vy M F, — pe30oHaHCHbIE 3HAUEHHA YACTOThI I MATHHTHOTO MO STANOHHbIX
sAep npH (PUKCHPOBAHHOM 3HAYECHHH MATHUTHOTO MOJ WIH YACTOTHL.

Anpo >KpaHHPYETCs OT BHEIIHEro MarHHTHOTO MoJiA OKpY/Kafouieii ero anek-
TpoHHOIT obonoukoil. [TodToMy nNpH M3MEHEHHH COCTOSHHA MMEKTPOHHOIT 000-
JIOUKK MeHsieTest BeinauHa YQMEeKTHBHOrO MarHUTHOTO nojis, AefcTBYIOLEro
Ha JaHHOE AP0,

Paciennenue iHHUI B CIEKTPAX BLICOKOIO PaspelleHus aaep, HaXoasmx-
cd B MCC/IENYEMOM BEUIECTBE B XMMHYECKH HEIKBHBATEHTHBIX MMONOKEHHAX,
CBHIETENLCTBYET 00 H3MEHEHHN CTENEHH YKPAHHPOBAHHUS THX SOEpP MEKTPO-
Hamu. B nactosiiee BpemMs HEBO3MOKHO OMPENenuTh abCOMOTHYIO BETHUHHY
KOHCTaHThl JKpaHHpoBaHua. Beneactsue 2Toro nosb3yroTes OTHOCHTEIBHBIMI
BEAMUMHAMH XHMUUECKUX CIABHIOR W ONPEACHIOT TONKO OTHOCHTENLHOE 110-
JIOKEHHE CNEKTPANIbHBIX JIHHAI 110 Kakomy-THOO dTanoHHoMy Bewectsy. Jlis
BOJIHBIX PACTBOPOB HIEKTPOIUTOB ITANOHOM YaCTO CIYKHT pacTBop cyibara
MEJIH,

Jlns pHTepnpeTanni XMMHYECKOTO COBHIA PACTBOPHUTEIS B PacTBOpax la-
pPaMarHHTHBIX MOHOB MOTB3YIOTCH TOMYKOIHYECTREHHBIM BhipaskeHHeM biom-
deprena

elw(0)?
4= M_ (7.19)
T
rae [(0)°| — BeposaTHOCTL NpedbiBaHIs HeCTIAPEHHBIX JIEKTPOHOB HOHA OKOJIO

MpOTOHA PACTBOPHTEA, ¢ — KOHUCHTPALIHA MOJICKY/T PACTBOPHTEIA, @ KOHCTAH-
Ta 1 BKAIOUaeT B ceds KOOPJIHHAULHOHHOE “HCI0 HOHA.
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B nepeeix paboTax no cHCTEMAaTHYSCKOMY HCCASTOBAHMIO PACTBOPOB IHa-
MarHHUTHBIX WTEKTPOINTOR (KHCIOT) paccMarprBasica 00MEH MPOTOHAMH MEKILY
BCEMM BO3SMOKHBIMH nosiokeHusamu H . Cnektp npoToHHOro pesoHaHca Beex
KHCIOT COCTOMT W3 OAHOIT NHHHK, MONOKEHHE KOTOPOil 3aBHCHT OT KOHLIEH-
Tpauun. ITH HccaeaoBalna nokasaan, yro B pacrsopax HCl, HNO3 u HCIO,
MPH BBHICOKHX KOHOEHTPAUHAX HMeeTcs BobIIoe HHCA0 HeIHCCOLHHPOBAHHBIX
modtekyi. [lpu cuereMarnueckom HCCAen0BaHni ITHY pacTBopoB OblIM Mojyye-
Hbl PE3YJILTATHI, HA OCHOBAHHH KOTOPHIX MOMHO CUHTAThL YCTAHOBJNEHHBIM. UTO
PE3YIALTHPYIOWHH XMMHYECKHH CABHT PACTBOPOBR 3aBHCHT OT KOHLEHTPALMH
JIHHEITHO, BILIOTH /10 KOHLUEHTPALNi, OIIH3KHX K IPaHHLLE MOJHOI COMbBATALIMM,
H OMHCHIBAETCA YPaBHEHHEM

0 =m(nTo" +n"d7), (7.20)

e i1 — MOMAILHOCTE pacTsopa, 't nn~ — uucii0 MoJeli KATHOHOB M AHHOHOB
B pacTpope, Npuxodgiieecs Ha | MoIb IHCCOLHMHPOBAHHOTO EKTPOIHTA.

TH 3aBHCHMOCTH B 0011eM ObLIH MOATBEPAIEHB MOCSIYIOMHMI HCCAeN0-
BaHusamu, Onu CBHACTECJILCTRYHOT 00 ANIHTHBHOCTH BIIHAHKMA HOHOB Ha cyMmap-
Hblit CABHT & BNIOTH 10 KOHLEHTpalmil, G1H3KHX K IPAHILE MOJHOMN collbBaTa-
i, BriocnencTsun Gbina npeanokena yenopHas mKana XHMHYECKHX CIBHIOB
HOHOB HA OCHOBE MPOH3BOIBHO YCTAHOBICHHOT BEIHYHHbI XHMHUECKOIO CBHIA
npoTona sozkl B mprcyTeTann | r-non CCl, . [Noaytens BronHe pasymuble PAbl
BIIHAHHS HOHOB HA XMMHUECKHI CABHI IPOTOHOB BO/IBI B PACTBOPAX JIEKTPOIHTOB:

Lit > Nat > K*; Be®t > Mgt > Ca’t > Ba’t;

F~ > ClI™ >NO; >Br~ > 1~ > CCIO; .

Bbi10 Takke rokasaHo, 4T0 OCHOBHOE BJIMSIHHE HOHA MPHXOAUTCA HA Nepsblii
1011 CONBBATHPOBAHHBIX MOJIEKY.J! BOJLbI

Ces3aB XUMIMECKHIT CABUT ¢ THApaTalMeil. MOXKHO yuecTsb Bce d(peKTsl
B3dHMOIEIICTBHA HOHOB € BONOIT C MOMOIIBH) YETHIPEX OCHOBHBIX MPOLIECCOB.
Hexoas 13 2Toro MOXKHO Pa3aesnTh CyMMapHbiil XHMITMECKHIT CABHT HA HeThIpe
COCTABNAIOLLIMX, YYHThIBAIOUHX PA3PhiB BOIOPOAHBIX CBA3EI B BOAE, NOAAPH3A-
L0 CPeJibl, B32UMONEHCTBHE HOH — KHCJIOPO/L MONIEKY)l BOZbI B NEPBOH rij-
patHoii 000JI04KE H HEJIEKTPOCTATHYECKOE B3aANMO/IEHCTRHE KHCIOPOIA BOIBI
¢ noom NH ', XUMUUECKHiT CABUI KOTOPOTO GBI IPHHAT PABHBIM HYIIIO, T. K.
M0 MHEHHIO HEKOTOPLIX YHEHBIX OH He HAPYIIAeT CTPYKTYPY BOIbI.

Boubiwioli HHpOPMALHOHHBIH MaTepHall JaloT Tak HA3bIBACMbIE peiaKcalfit-
OHuBIE Memoobl. PenakcalltOHHBIMU B OTHOIIEHUH CHCTEMbI AIEPHBIX CITHHOR
ABIAIOTCA MPOLIECCHI, MPHBOIALLNE CHCTEMY B CTALIHOHAPHOE COCTOAHHE, U3 KO-
TOPOro OHa Oblla BHIBEAEHA KaKUM-THO0 BHEUIHWM BO3jelcTrHEM. CropocTh
penakcauny 3aBHCHT 0T (PHIHKO-XHMHYECKHX CBOICTB BELecTBa I ero cocTos-
Hug. «CicteMoii CiuHOBY Ha3blBaeTCA aHCaMOIb ALEPHBIX MOMEHTOB, COCTAB-
JICHHBII M3 AACP OTNENLHBIX ATOMOB, PACHPEACACHHLIX 10 IHEPreTHUYECKHM
YPOBH:AM B cornacui ¢ SoNbLUMAHOBCKUM pacnpeneneHneM. Bewecrso, conep-
Jallee ITH Aapa M CMHHBL, HA3BIBAETCH «perieTkoiy. Mekiy «cHcTeMoil cni-
HOBY) H «PELIETKOID CYIECTBYeT TepMoaHHamMiIeckoe pagHosecHe. CKopoCTh
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obMeHa JHeprueil MeRIy HHMH XapaxTepusytotr nocrosuHoil T, HassiBaeMoil
apevMenenM cnul-peutemoynon perakcayuu. Kpome Hee yCTaHORBIEHA TakwkKe no-
croAHHas Th, XapakTepnsylouas HHTEHCHBHOCTh PENIAKCALIHOHHBIX MPOLECCOB
W HA3BIBAEMAS GpeMeneM CRitH-CRUNOGOH petarcatfuy. DTa MoCTOAHHAA CBA3AHA,
kak 1t T, ¢ wnpuHoii ciiekrpaisroii anHun AMP 1 moxer ObiTh BhIUMCIEHA Ha
ee 0CHOBe.

Hapsiny ¢ XUMHYECKHMH CABHIAMM OMNpEJe/eHHe BPEMEH CIHH-CIHHOBOM
H CAHH-PEIeTOYHOI pelakcalni M CBA3ZAHHOTO ¢ penaxcauuell oTHOCHTENb-
HO VIIMpeHus NHHNiT B cnektpax SIMP navanu npumeHsTs 1A Mccnenosa-
HHS CTPYKTYPhI PACTROPOB CPABHUTENLHO HE1agHO. HeoIHO3HAUHOCTS BBIBO/IOR,
TPYAHOCTD HHTEPPETALHK Bey HH, HaOJTIOAaeMbIX HEMOCPEACTREHHO B OITbITE,
H OTCYTCTBHE [10KA COBMNANAICLINX KOMHYECTBEHHBIX PACYETOR MOKHO MOYTOMY
cunTaTh «GOMEIHAMH POCTAY ITOTO MeTo/A. Oe3YC/IOBHO, MEPCNeKTHBHOIO 19
TeopuH pacTeopoB. Tem He MEHee, HECMOTPS HA HEOIHO3ZHAYHYI0 HHTepnpeTa-
M0 IAHHBIX YKA3aHHBIE BHIIE JKCTIEPHMEHTANBHEIE METOIR OYeHbL TYBCTRH-
TellbHbl K I00aBKaM PACTBOPEHHBIX BELIECTB B TOM WIH HHOM PACTBOPHTEINE,
Ha puc. 7.4 1 7.5 npuBeaeHb 3aBHCUMOCTH XHMHYECKOTO CIABHIA H OTHOCHTEh-
HOTO yipenus nuHuii cnexrpos AMP ans HekoTopbix pacTBopos.

D1TH METOLBI 0COOEHHO YI00HBI 18 HCCIEN0BAHIS PACTBOPOB, CONEPIKALLIMX

Aen /Acu,

5

208 1 "; I ] L 1.5 L AL L 1 i L i
0 5 1o 15 20 23 0 10 20 30 40 50 60 70

C-10%, monw/n Cogepxanne D,0, Bec. %
Puc. 7.4. 3aBHCHMOCTE BETHHHIIB XHMH- Puc. 7.5. 3aBMCcHMOCTL OTHOCHTE/L-
yeckoro capira d nona Bu N ot kou- HOTO Yuiipenna auanit enckrpa SIMP
HCHTPALHH PA3IMYHBIX costell ero B HuT- (Aciy / Achy ) ot conepxanus D2 O B
podenzone npu 35.9° C. J — BusNCI: caetansom pacrpopurene CaHz OD—
2 — BusNBr; 3 — BugNIl; 4 — D20 578 pacTBOPOR NAPaMArHHTHRIN
BugNCIO4: 5 — BuyNPic coneit. [ — CuClz (0.1 mosn/n). 2 —

CuClz (0,05 mons/i); 3— Cu(NO3)2 x
¢ 3H20 (0,05 moaw/an)
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napaMarHuTHLIE WOHBI, OJHAKO MOABAAIOTCA PadOTHL U NO pacTBOpaMm auamar-
HHUHTHLIX HOHOBR.

[MyTem mccnenoBanns penakcali B pacTBOPaX, TAK 3Ke KaK 1 JAPYrHMH Me-
TOAAMH, MBITATHChL BLISICHHTL BIHAHNE HOHOB HA CTPYKTYPY BOIBI, COCTOAHHE
MOJIEKYJl BOJIbl B IHIAPATHOH 000I0YKE HOHOB, KOOPJAMHALIMOHHbIE YHCIA COJlb-
BaTallli H CKOPOCTh 0OMEHa MOJEKyJaMHu PacTBOPHTENA MENIY CONbBATHON
000/104K0H HOHOB W OKpykRatlweil Bouoil. Hanbonsiune yenexu JOCTUIHY ThI
B OIIEHKE MOIBHAHOCTH MOMEKY/ BOBI B MHAPATHBIX 000TI0UKaX.

YeTaHoBIeHo, 4To ruiparsas o0oo4Ka O4eHb IHEPrHuHO oOMEeHUBaeTcA
MOJIEKYJIaMH BOJbl C OCTalIbHOM Maccoil pactBopa. HekoTopbie HOHbI MOKHO
OTHECTH K WHCAY pa3pyinaionnx uactiit, (Rb*, Cs*, Br, NO; . 1), a apyrue
(F~,Cl ,Li",Na", K") — craGuinsupyownx CrpyKrypy pactsopa («orpu-
LATeNLHAS) M «NoJoKHTeILHAS rHapataums no Camoiinosy).

B Hactosuee Bpems Hanbonee HaAeKHOH XapaKTepUCTHKOI cTeneHH ruapa-
TALMH (CONBBATALIMN) PHHATO CUMTATE Kod(hghuyuenm cavooughghvzun pacmeo-
pumens, onpenensemotii Metogom «cruu-mxon. Koodduunenrts camonuddyzmun
BO/bI B PACTBOPAX PasinuHbIX coseil npueeneHsl B tabn. 7.3

TaG6nauua7.3

Conp KCl | KF | KBr | KI | LiCl | NaCl | RbCI | HzO

D-10%.cem®/c | 099 | 118 | 121 | 1,22 1,01 | 102 | 118 | 118

M3 tabnuuel Buano, uto KCI npaktuuecku He npensatcreyet camoanddy-
3UM BOJIbl B PACTBOPE. B TO BPEMSA Kak oM, copepsaime nonst F—, LI, Na™,
yMeHbaloT ee. Takum 00pazom, noHer F~, LiT, Na™ CRA3LIBAIOT MOEKYILI
BOIbL, @ HoHbl Br, 17, Cs™ paspeixiisior CrpyKTypy Boasl. M aeiicTBuTensHO,
F~-aHnon obnanaer cnoco0HOCTRIO K 00Pa30BAHHIO BOLOPOIHBIX CBA3EH 1. Clie-
NOBATENBLHO, KAK Obl BXOANT B CTPYKTYPY BOJbI, YKpenasa ee kapkac, Monw Li*
H Na+, HMEA MaJibiC paHI-Ibel, 3d CHET KYJIOHOBCKHMX CHJ JOJIMKHBI BOBJICKAThL
B cthpepy CBOETO B3aUMOIeiiCTBHA MOTEKYITLl BTOPOTO CITOf, CBA3LIBAA CTPYKTYPY
BOIbl H YKpeIuiss ee.

HecMoTps Ha kazanock Obl yOeanTelbHble NPUBEACHHBIE BhILLIE AaHHBIE M0
camonudhy3Inn Boubl B pacTBOpax 3MeKTPONNTOB, BPSA JIH MOKHO OLHOZHAUHO
TOBOPHTh O PA3PhIXAAIOUIEH HITW CBA3LIBAKOLIEH CMOCOOHOCTH MMEHHO TaHHOTO
HOHa, @ He Bcell cosn. B ATOM cMbic/Ie OYeHb XapakTepHbl IKCOEPHMEHTHI M0
HCCEN0BAHMIO HA- W TTAPAMATHETHIMA OTICILHEIX COJEH B KPHCTALTHYECKOM
COCTOSIHHM M B PACTBOPE. 3aMeTUM, UTO JHAMATHETH3IM SB/ISETCA HEOTheMIie-
MBIM CBOICcTBOM MOGHIX atomMoB (a, cTano ObITh. M MOJIEKYJ1) M OCHOBaH Ha
Teopeme Jlapmopa. Teopema Jlapmopa yTBEPAKIAET. YTO B IPHCYTCTBUN Mal-
HUTHOTO Nons [T yrnoBele CKOPOCTH BCEX MEKTPOHOB H3MEHSIOTCS Ha OAHY
Ty e BeJinuuHy. HHLIMK ciioBami. BCs COBOKYMHOCT AIEKTPOHOB MMpeLeccHpy-
eT KaK 1ejaoe BOKpYr HanpasieHus nons H ¢ nocrosnHoil yiinosoii CkopocTbio
w = —ell/2me. Y B NpHCYTCTBHE MO aTOM MPHOOPETAET MATHHTHEBIH MOMEHT

pr =Nk (121)

dme?
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MaruuTtHas BOCOPHUMYHBOCTE OOHOIO MOIA AaTOMOB 6}‘}18’1’ paBHa

."\", _f:" — ] .
Xd = ——= "p}, (7.22)

o

4rmne=

(4epra Hal cyMMO# O3Ha4aeT, 410 OEpeTes CpeaHee Mo BPEMEHH BCEX BOIMOK-
HbIX OpHEHTALIHI aTOMa B €70 HOPMAITLHOM COCTOAHHN).

[To Jlanaeseny Bee aeKTpOHHLIE OPOUTEI ATOMOB I10/KHLI CBOOOIHO npe-
LECCHPOBATS JAXKE TOMAA, KOIAA 3TH aTOMbI CBA3aHbI B MOJIEKY/IbI. DTO NOJIOWKE-
HHE JIEMIO B OCHOBY HCCIENOBAHHUA CTPYKTYPHI BEILECTBA METONOM H3MEPEeHHA
MarHuTHOIT BOCTTPHIMYHBOCTH.

Oxasaiock, uTo BKIan JlanKeBeHOBCKO-
ro MarHMTHOrO MOMEHTA (Y ¢) OAHOrO 1 TO-
ro e Welo4YHOTo MeTallia, HAXOAAIErocs
B KPHCTALTHUECKOM COCTOSIHUM, HE 3aKOHO-
MEPHO MEHAETCA MPH 3aMeHe aHHoHa.

OueHb MokazarejibHa B 3TOM  [U1aHe
anarpamma (puc. 7.6), nomyueHHas MeTo-
nom Baitns, U3 KOTOPOH HalsmiHo chely-
€T OTKIOHEHHE OT a/UINTHBHOCTH CBOHCTR
(B IAHHOM Cllyuae — MarHiuTHbIX Xapakre-
PHCTHK) HOHOB, COCTABIAIOWMX IETOUHO-
rajJonaHbie Con.

Taknm o0pazoM, MOIKHO CHUTATh, UTO
NoKa €€ He CO34aHO 3aKoHYeHHOil Teo-
pHH ABJIEHWTT CONBLBATALINN, A, CIIeN0BATE b=
HO, H TEOPHH pacTBOpoB MekTponuTos. [lo-
ITOMY BCIO COBOKYTTHOCTh B3aUMOEiicTRHI
MEAY PAcTBOPEHHBIM BEILECTROM M pac-
TBOPHTE/IEM, BO3ZHHMKAIOUIMX B pacTeopax
WICKTPOIHTOB, OMHCHLIBAKOT, MPUMEHAS VK€ H3IBECTHLIH HAM METO] aKTHBHO-
creil. Tenepn BCe BHABI BIANMONEHCTBHH MEKIY PACTBOPEHHLIM BELIECTBOM
u pacreoputenem pPeKkrHaHbIM 00pa3OM YUTEHBI ¢ IOMOLLBH KopduuneHTa
AKTUBHOCTH d7MekTponuTa. Takum obpazoM. Bes criewnduKa COCTOAHHSA PacTBO-
POB IEKTPOJIMTOB 3aK1I04EHA B BEAHYHHE KO3 HIMEHTA aKTHBHOCTH.

Puc. 7.6. MaruutHeic BOCTIPHHM-
YHBOCTH HIEA0MHOUaN0HTIHEIX conei

7.3. Merox akruBHOCTEH

AKTHBHOCTh ¥ KOY(DDHLUHEHT aKTHRHOCTH ABISIOTCH peallbHbIMK (pu3HYe-
CKHMI BEJMYHHAMM, U 6}’,&}“[]4 onpeneieHbl pasjitiHbLIMH METOIAMMU, NAI0T XOPO-
1110 COBNAAaloOLHE APYT ¢ APYroM pesyasrarkl. B Tadn. 7.4 noxkazaHo cpasHeHne
MOJNYUEHHAIX pasHbIMH MeTolaMK koddduimenTos akrusHocT KCI B BoaHbIX
pacTBopax., re vp, YAT. VE — COOTBETCTBEHHO, KO3 (PHLHEHTE AKTHBHOCTH,
BBIYHCICHHBLIE H3 JAHHLIX MO YNOPYrocTH napa pacTeopa, H3 KpHOCKONHH H H3
H3MEPEHHA EeKTPOABIGKY LIS CHIIBI [A/IbBAHHYECKOTO MIEMEHTa.
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Tabnuna74

eomoan/a | 0.001 0.005 0.01 0.05 0.1 0.5 1.0
Ve 0.965 | 0926 | 0900 | 0813 [ 0763 | 0.638 | 0.596
YAT 0.965 0.926 0.899 0.809 0.762 - -
e 0.965 0,926 0.899 0.815 0.764 0.644 0.597

Kak BiaHo 13 Tabnibl, Kod(HGOHIMEHTE AKTHBHOCTH. OTTpeeNIeHHbIe Pa3HbI-
MH METOZIAMH, XOPOLLO COBNAAAIOT APYT € APYIOM, HO [OCKOIbKY 3TH BEIHYHHbI
ABMAIOTCA (HOPMATLHBIMH, OHH HE MOTYT OOBACHHTL 0CODEHHOCTH INEKTPOIH-
108. [Toaromy Bo3HMKaET HEOOXOAMMOCTb PACCMOTPEHHS MEKUACTHUHBIX B3aH-
MOAEHCTRHIT B PACTBOPAX 3MEKTPOIHTOB HA OCHOBE MOACITLHBIX MPEICTABICHHII.

Tepmoannamuueckue ypaBHeHHs AAs PAcTBOPOB 3MEKTPOIHTOB MOA0GHL
COOTBETCTBYIOUIMM YPABHEHUAM U1 HEINEKTPOAHTOB; Pa3HuNE 3aKII0uaeTes
B TOM, 4TO PACTBOPLI MEKTPOJINTOBR MPOBOMAT MEKTPUHECKHI TOK, @ BCE BUIbI
YACTHIL PACTBOPA TEKTPONHTA CEAyeT PpaccMaTpHBaTh Kak camMoCToATE bHbIE
KOMIOHEHTbI. CHHTAETCS, HTO B CHIABHBIX 3IEKTPOJIHTAX 9T0 HOHBI BCEX COPTOR
H MOJIEKY/IbI PACTBOPHTEISA, B CJ1a0BIX JIEKTPONHTAX — €lie M HeNMPOAHCCOLH-
poOBaBLLIME MOJIEKYIIbI PACTBOPEHHOIO BewecTsa. Jlis pacTBOPOB 3NEKTPOIHTOR
BBOAHTCS J0MOTHUTETLHOE YCITOBHE, 10 KOTOPOMY KOHIIEHTPALIHH 3apsKe HHBIX
HACTHIL B PABHOBECHDIX TOMOIEHHBIX CHCTEMAX CBA3aHbl MKy co00il yei0BHEM
3NEKTPOHEHTPAIbHOCTH

Z ezin; = 0, {71.23)

rie 7; — KOHUEHTPALMA YacTHl copTa , z; — 3apajl HacTHibl H ¢ — 3apai
INIEKTPOHA; 1A HeHTPaLHEIX HacThl 2; = (),

Ocropoit M0G0i KOAHYECTBEHHOI TEPMOINHAMUYECKOH TEOPHH ABIAETCA
ypaBHenue (yHKUHOHATLHON 3aBHCHMOCTH CBODOIHOMN HTATLIHN ((DYHKLIH
['n66ca ) ¢ KoHUeHTpauHeil BELECTB, BXOAAWNX B HCCJIELAYEMYIO CHCTEMY.
M3 31010 0CHOBHOTO YPaBHEHHA MOTYT ObITh MOJYHYEHbI NPOW3IBOAHBIC LIS JTH0-
ObIX APYTHX TEPMOAMHAMHUECKIX cBOMCTE cucTembl. B camom nene — Bbipa-
KEHUE [T CTaHAaPTHOTO XHMHYECKOTO CPOICTRa

AG’ = -RThh K, (7.24)

onpeaenaeTcs BEJTHUHHON KOHCTAHTHI XUMHYECKOTO paBHOBECHA. Ecnu MPUHATL
KOHLENUHI Appeuuyca, TO KOHCTAHTA XHMHHYECKOTO PABHOBECHA €CTh KOHCTAH-
Ta JACcoumMarm. ,[[Il.ﬂ 61[HaPHGTO JNMERTPOIHTA, JHCCOIHHPYIONIETO MO CXeMe
MA =Mt +A"
(| - e (414 e

MOKHO 3aMmHcaTh
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Taxum oOpazom, kazanochk Obl. UTO 3ajaua CO3AHHA TEOPUH 3IEKTPOIHTOB
peuIeHa, NOCKOJIbKY CBA3h KOHCTAHTHI PABHOBECHA (N0 AppeHHyCY) H iy HKLIMN
Mub0ca vepes (7.24) u (7.25) oueBnaxa.

Onnako Teopua AppeHHyca BOBCE HTHOPHPYET B3aMMoaelicTBHE HOHOB C MO-
JIeKyJaMil PacTBOPUTENS, ABNAKOIIEECS DCHOBHBIM B MEXAHH3ME AMCCOIHaLHN
TOYHO TaK K€ HE PacCMaTpPHBAlOTCA HOH-HOHHBIE B3AUMOACHCTBHA, MOCKONb-
KY HOHbI OTOKIECTBAAKTCA C YaCTHUAMH MICANbHOTO rasa, d, ClIefoBaTellbHO,
HE YUMTHLIBACTCH OTTAIKHBAHNE OJTHOMMEHHO 3apslKEHHBIX W NPHTAXKEHNE pa3-
HOUMEHHO 3apsiKkeHHbIX 4acTHLL, [TonblTkn yueTa Takoro poua s3anMoueiicTemii
NpuBein K OPMHPOBAHHIO COBPEMEHHBIX TEPMOLMHAMUYECKHX TEOPHil 31eK-
TpoauToB. B 0CHOBY WX monoKeH (OpPMaILHBIT MOIX01. MpennoKeH bl JIbo-
ucom B 1908 1, 10 KOTOPOMY HMCHOJIB30BAHA NPEHKHAS (T. €. WA HICAIbHOIO
COCTOSHMS ) (hOpMa 3anHCH, HANPUMEP, XMMUUECKOTo NOTeHIHANA, a W3MEHSICS
AL cam aprymedtT. Takum oGpasom, s i-il HacTHLbI

pi = p + RT Ina;. (7.26)

YikakeM Ha HEKOTOPbIE 0COOEHHOCTH HCTIONB30BAHNA YpaBHeHN# (7.26) 1
pacTBOpOR eKkTpoanToB. Ilockoneky B Tepmoannamuke I'nddea ¢ aononHu-
TEbHBIM VCIOBUEM YIEKTPOHEHTPAILHOCTH MOMKHO NIPHHATHL B KAUECTBE KOM-
MOHEHTA OTAENLHO B3ATLIH HOH, TO, KA3a70ChL OBL, YTO NOJACTPOUHBI HWHIEKC 1
npH akTHBHOCTH B (7.26) oTpaskaeT akTMBHOCTL OTAENBHO B3ATOro MoHa. On-
HAKO CJIEJyeT NMOMHHTh, 4TO NMOHATHE XMMHYECKOTO NOTEHINaNa HoHa copra i
€CcTh MareMarTHyeckas PHKLHS, TAK KaK ONepauns Bblae/1eHus OTAENLHOI0 HoHA
(manveckn HeocymecTenma, HepoimMomHo 106aBuTh K pacTBOPY MOHBI TOJIb-
KO OHOTO 3HAKA, MOCKOILKY 3TO MPHBEAET K BOIPACTAHHIO FHEPIHH CHCTEMBI
3a CUET H3MEHEHNA NIEKTPHYECKOTO 3apsaia. JT0 H3MEHEHHE BCETIa KOMIEHCH-
pyvercs nodapieHHeM IKBUBATIEHTHOTO KOJIMUECTRA TIPOTHBOTIONOKHO 3apAKeH-
HbIX HOHOB. B peayiasrare cBobOIHAA IHEPrUs CHCTEMBI (PACTBOPA) N3MEHSAETCS!
BCAE/ICTBHE [0GABICHHSA HEKOTOPOTO KOMYECTRE HIEeKTPOHEHTPATILHOTO Belile-

CTBa, T. €. 96
= ( — ) i (7.27)
¥ 200 i

s

rie § — HHAEKC DIeKTPoHeiTpalbHOIO BellecTsa copra s.

CBA3b MEKIY aKTHBHOCTAMH OTIE/ILHBIX HOHOB W COJH (HeilTpaikHOrO Be-
IIECTBA) YCTAHABAMBAETCS HHCTO (POPMATLHO H3 YCIOBHSA MEKTPOHEHTpaNbHO-
crn. Hanpumep, nns peakiuu

My+A,- =vTM+ v A
YCIIOBHE 3ACKTPO HEﬁ'I'p'd.;"l BHOCTH 3aNHILICTCA B BHILC
27|, (7.28)

vt |2t =

1 Toraa : .
pe =viu. +vp_. (7.29)

[NockoabKY B CTAHAAPTHOM COCTOSHIH YCIOBHE eKTPOHEeHTPaibHOCTH CO-
XpaHseTcs, To

pE — 1/+,u-3_ - Il_,uo . (7»30)
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Torna m3 (7.29) u (7.30) crenyer. uto
RTlmas =vtRTIha, +v RTIna_. (7.31)
Hin
a, = a’ a”_, (7.32)

T.€. AKTHBHOCTH COMH JOPMANTLHO BLIPAKACTCS Uepes NMPON3BEAEHHE AKTHRHO-
cTeil HOHOB, HA KOTOPBIE MOKET pacnanaThes JanHslii anekrponnTt. OaHako ¢ no-
MOLIBIO (hopmyJibl (7.32) BbIAEANTS AKTHBHOCTS KAKI0I0 H3 HOHOB HE NpeicTa-
BIIAETCA BOIMOKHBIM. [ 10CKONBKY B KauecTBe HCXOAHOTO NOCHUTA UTS OMHCAHHA
PaBHOBECHA B PACTBOPE NOCAYKNI XHMHYECKHIT NOTEHLMAI, TO 3TH (POPMYJIbI
CTIPABEILTHBLI U1 M000iT KOHIEHTPATMOHHOT [HTKaTL!

— B LIKANE MOMSIbHBIX KOHLEHTparmii as(m) = mgve:
— B WKAJIE MOJAPHBIX KOHUEHTPALHIi ts(6) = Ca¥s; (7.33)
— B LIKAJIE MOJIbHBIX J10JIef Galr) =ics Fai

rae Kod(PPUUHEHTb! AKTHBHOCTH 7, Y, [ COOTBETCTBEHHO HA3BIBAKOTCH MOIAIb-
HbIM, MOASAPHBIM W PAYUOHALTHHBIY KO?tb[I!HLlHEHTaMN akTHeHOCTH, OTMETHM,
YTO B 10001 l\'OHllﬁHTpaL[lIDHI-IOﬁ [HEKaJIE€ BEMHYHHA aKTHBHOCTH g 663])331\-16])-
Hi, KaK 3TO CEIYET U3 OnpeneleHnua aKTHBHOCTH as = Py / -p'g. Koadypuuments
AKTHBHOCTH TaKke Oe3pa3MepHbl

h-l"."'s . fis(m) — ,r;;"“ s o = psle) — pi : ].l.lfs - ps(x) — ;:',T"" (7.34)
Rl R RT
NOCKOJIBKY 10 (PU3HYECKOMY CMbICAY Jorapum ko3(QuimHerTa akTMBHOCTH
ecTh padoTa nepeHoca TaHHOTO BELLEeCTRa U3 PEATLHOIO B HACANLHOE COCTOSTHHE
B AHepreTHueckux eauHuuax R7.
KoH1IeHTpaLH HOHOB (ONSTL-TAKH (POPMASLHO) CBA3AHLI ¢ KOHLIEHTpalHeii
COJIN COOTHOLIEHHEM:

my =vme m_=v mg,
cr =vtey, - =veg, (7.35)
T =vtEe, 2o=v s

Obnennnss >TH BepakeHus ¢ (7.32). noayuaem
p+ 7 lf+ v
ag =a’ a’ = (ymy) (y-m-) =

= " (mave)”. (136)

()"

1/e
. + - -
Baecb v =vT + v, Ay = ("f"+ ~Y. ) — cpedunenonvi Kognagi-

= (ot w?._.,)"Jr (7= :/_m,‘)”_ = (r,f ")

enm axmusnocmu. [lo ananoruu co CPEeAHEHOHHBIM KO'JC])(bH].UiEH'I’OM AKTHBHO-
CTH 7Y+ BBOIHTCA NOHATHE cped.trez? HOHHOL GKMUBHOCHIN

a4 = Ja, =1 a.‘::ﬂ':‘__. (7.37)
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(3aMeTHM, UTO CpelHAa HOHHAA AKTHUBHOCThL TAK Ke. KaK M CpeJHeHOHHbII
KOI(PPUIHEHT AKTHBHOCTH BhIPAKAKOTCSA YEPe3 aKTHBHOCTh W KOAipHIIMEHT aK-
THBHOCTH COJIH; BIOCJIEACTBHM, HANPUMED, TIPH 3alHCH MIEKTPOAHOIO MOTEH-
UMana OTAEeNbHO B3ATOTO MOMYINEMEHTA Mbi TAKKe OyIeM MOJb30BATHCS HIH
CPE/IHEHOHHOM aKTHBHOCTbH), MIIH CPEJHEHOHHbIM KOA(P(MHIIMEHTOM aKTHRHO-
CTH, @ OTHIOOL HE HOHHBIMH AKTHBHOCTAMM WIH KOX(MOHIMEHTOM aKTHBHOCTH).

CBA3b MEHAY AKTHBHOCTAMH H KO HUMEHTAMH aKTHBHOCTET B pas/iM4 HbIX
KOHUEHTPALMOHHBIX IIKAJaX MOKHO MOJYUHTE, €CIH YUeCTh, UTO XUMHUECKHl
MOTEHLHAI [t5 HE 3aBHCHT OT BLIOOPA KOHUEHTPALMOHHOI WKaLI, T. €.

s = p2(m) + RT Inay(m) = p2(c) + RTIna,(c) = p(x) + RTna.(x).
(7.38)

M3 (7.36), Hanpump CBA3L MEAIY Vi M Y MOCIE NOACTAHOBKH B (7.38)

BMecTo ag(m) = ( (@) (mavy) mas(e) = )" () (esvvs)
JANMIIEeTCs c.neuy}ouum obpazom:

He(m) + pd(c)
vRT '

fppe = 0um — 0,y = 1wy — 1. Kpome Toro, u3 onpenenesus
MOJIATBHOCTH W MOIAPHOCTH B MpeIeliaX 9THX YCIOBHIA, cleayeT, uto ¢/m — po,
rae pg — MIOTHOCTL pacTeopuTens. B aTHX npudimkeHHaX oKoHYATeN1bHO

Inyr =1In = +Inqyy + (7.39)
[

yy = B1E (7.40)

c

AHANOrMYHO BHIBOAATCH H APYIHE COOTHOLIEHNA Mexkny koa(dumentamu
AKTHBHOCTH B PaLHOHAILHOIT W MONAPHOI 1UKaax.:

f+ =+ (1+0,001vMym), (7.41)

fi =y (p +0,001c (vM,, — M) /po, (7.42)

raeM, u M, — MonekyaspHble Macchl PacTBOPHTENA U IEKTPOIHTA COOTBET-
CTBEHHO, & P M ) — TJIOTHOCTH PACTBOPA U PACTBOPHTEA.

3amiceiBas ypaBHeHHe JUIsi XHMITMECKOTo moTeHuuana B suge (7.26), mbl
HE 3a1aBATHCH 1IEBIO ONPEAEIeHNA (0, T. €. HE YCTAHABIHBAIN CBOIICTBA CTaH-
AApTHOro coctosiHma. Tenepb onpeaesinM CTaHAapTHOE COCTOSIHME AJ1S PacTROPa
EKTPOINTA.

B kaw10it KOHUEHTPALIMOHHON WIKAJIE CTAHLAPTHOE COCTOAHME BhIOHpaeT-
cs Taknm o0paszom, uToOsr cpeannii noaHbIH KOMh(IINEeHT AKTHBHOCTH B 3TO
IKane CTPEMMIICS K €WHWLE NPH CTPEMIIEHHH KOHLEHTPAIMH K HYMI0. 3710
TpeOoBaHUE OCTAeTCs B CHIE NpH MoOLIX TeMmepatypax H gasieHusx. Takoe
TpeGoBaHUE HA NEPBLIIT B3A1 NOKAKETCH CTPAHHBIM, NOCKOALKY Ina, = In 4
+my uecnd v+ — 1.am, — 0, T0 B KOHEUHOM HTOTE B npe/ieiie 6ecKoHEe HO
pa30aBlIeHHOTO pacTeopa ”}irﬂn In (v4ms) = —oc. OaHako ACHO, YTO B CTaH-

.'_la[VTH OM COCTOAHHH
Bha = (7.43)



7.3. Memoo axmusiocmeil 157

UTO BO3MOMKHO TOJBKO, ecit @y, = 1. Takinm o0pazoM. BuilIENPHBEISHHOE TPe-
OoBaHHe NMPOCTO OIHAYAET, UTO Pedh HIET HE O PeaibHOM PACTBOPE, @ O HEKO-
TOPOM «IHIMOTETHYECKOM» COCTOSHHN PACTBOPA, B KOTOPOM CPe/AHHH HOHHBII
K0 hHUHEHT aKTHBHOCTH paseH |. K. clen0BaTeNbHO, CPeIHNE MOMSILHOCTS,
MOZIAPHOCTD HAH HOPMAJIbHOCTh COOTBETCTBEHHO TAK/KE PABHbBI €HHHLIE. HO 3T0
vike He paszdasieHHsie pacTBOPEl. MMEHHO NOITOMY 3TO COCTOAHIE 1 HAILIBAIOT
CTHNOTETHHECKHMY.

Cneayer n3berarh OlIMOOUHOrO NPEACTABAEHHA O CTAHAAPTHOM COCTOAHIH,
KaK COCTOsHHI OecKOHeYHO pa30daBiieHHOI'D PacTBOPa, NOCKOJIbKY Npu 0ecko-
HEeUHOM pa30araenni, Kak 310 OBIIO MOKA3aHO BEilIE, XHMHUECKHIT NOTeHInan
odpalaercs B — o0,

AKTHBHOCTE M KOADQUIHEHTEI AKTHBHOCTH. TIOMYYEHHbIE B PA3HBIX KCTe-
PHMEHTAX Ha OAHOM H TOM ke 00beKTe, KaK Hpasuilo, CoBNalanT Mex iy codoil,
HTO CBWJIETENBCTRYET O CAMOCOINIACOBAHHOCTH 3THX NpeactasieHuit. B 1o ke
BpeMs YHCIOBBIE 3HAUSHMA CTENEHH AHCCOUMALINMM, NOTYUEHHbIE, HAMPHMED,
W3 OTLITOB 1O W3MEPEHHK) OCMOTHHECKOTO IaBJEHHA, NABICHHA HACKIIIEHHO-
ro napa uin 1eKTPoNpoOBOAHOCTH, He COBMAAAIOT APYr ¢ apyrom. Takum od-
pa30M. TEPMOAHHAMHYECKIH METOI ONUCAHUA Pa3iuuHbIX B3aumoueiicTeuii B
pacTBOpax EKTPOAWTOR ABISETCA Oonee HalekHbiM. [1pu TepvonnHamuye-
CKOM OTHCAHHM CBOICTB pacTBOpa IEKTPONHTA COBEPLISHHO Ge3pa3iniHO B
KaKOii CTENeHN IMCCOLHHPORAH MEKTPOIAT, HOO 3TO ONHCAHNE HE PacKphiBacT
MEXAHH3MA MEKUACTHUHBIX B3AHMOACHCTBHI.

AKTHBHOCTH npenctanngeT coboii TV HpPeKTHBHYIO KOHLEHTPALIHIO, KOTO=
poii nonzHa o6l Oblla ob1anarb peaibHas cueTema, YTodbl NPOH3BOAHTE TaKHe
e feifcTBud, Kak M naeasibHast, Teopns akTHBHOCTH MBITAETCA COXPAHNThL 00bIY-
Hble (POPMYTHPOBKH TEPMOAHHAMNUECKHX COOTHOIIEHNIT NPH NOMOLIKH 0ObIYHO=
ro BHAA TEPMOAHHAMHYECKHX TMOTEHINANO0B, BBOAA noHaTHe od pdexTnpHoii
AKTMBHOCTH, 3aBUCALLET OT OKpYKaOLMX YCI0BHI M KOHueHTpaumil. OnHako
THCTAA TEPMOAMHAMHIKA OECCHIILHA M B 3TOM CITYUae ONpenenTh BHA (yHKLH-
OHanbHOI 3aBucHMocTH ¥ = Y(c). K 37001 1enu MOKHO HATH ABYMSA MY TAMH:
BO-TIEPBBIX. MOKHO IKCTIEPHMEHTANLHO W3YHaTh 3AKOHBI, KOTOPBIM NOAYHHSA-
HOTC M3MEHEeHHA KOIDPULUHEHTA AKTUBHOCTH 1IPH M3MEHEHHN KOHLEHTPALIIH,
remneparypbl i T 1. TTOACTAHOBKA YTHX IMIUPHUECKHX 3aBHCHMOCTEN B Tep-
MOAMHAMHYeCKHE (GOPMYTILI 1aeT BO3MOMKHOCTL BBIBECTH PAI HOBBLIX COOTHO-
LIEHIH i TakumM 00pazoM NOCTPOHTH OOJIEE WM MEHEE NOJIHYIO TEPMOAHHA=
MHKY peaibHBIX CHCTEM TaHHOro THna. BTopoii myTh 3akmiouaeTcs B MomnbiTke
PACKPBITHA (PHIMYECKOIO CMbICAA KOIPPHLUNEHTOB AKTHBHOCTH 1PH [OMOLIN
METO/IOB, CTATHCTHYECKOH MEXaHWUKH, MYyTEM HAXOKIEHUS 3aKOHOMEPHOCTEI,
KOTOPBIM ModuHHAeTcs 3Ta BenuunHa. [lepsoiv nytem winu Jlbione, bpencren,
HX YUYeHWKH W nocienosatend. Mx paborel nokasain, 4Te TEOPHA AKTHRHO-
CTH ZAaeT Upe3BbltaiiHo yI00HOe CPeicTBO /15l 00paboTKN IKCIEPHMEHTATBHBIX
HAaHHBIX H HAXOHACIEHHA HOBBIX IMITHPHYECKHX 3akoHOMepHOoCTei. [TonyueHHble
HMH pE'i}’.-’[h'l'ﬂThl MNOKA3LIBAKT TAKKE, YUTO KO?!']!q]HIJ,}IEH'I' AKTHEBHOCTH ABISCTCH
peanbHoH (u3nyueckoil BeNUUHHOIl, 3HaYeHHE KOTOPOIl HE 3aBHCUT OT MeTona
onpejenenis 1 npencrarnser coboii GyHkmo (B ciyuae pazdaBieHHbIX pac-
TBOPOB OY€Hb NPOCTYIO ) TEMNEPATYPbl H KOHUEHTPALMH,
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Jebail. Xiokkens M MX MOCHEAOBATENH, HAA BTOPLIM NVTEM, CyMeNu Te-
OpeTHHEeCKn 0OOCHOBaThH HAiiIEHHBIC paHbIle MITHPHUECKHE 3aKOHOMEPHOC-
TH, OTHOCALIMECH K KOA(D(ULMEHTY AKTHBHOCTH W CO3JIAIM CTPOIHY K TEOPHIO
pa30aBleHHBLIX PACTBOPOB, NCXO0asA H3 HeGONBIIOTO HHCcaa GHIMYECKNX TPeAno-
chuTOK. M310/EHHID 3TOH TEOPHH H TEOPHH NOJAPH3ALHOHHBIX B3aHMOICiCTBHIT
MBI MOCBATHM CIEAYIOLINIT pa3ae Hallel KHHTH,

7.4. Teopna /lebas— Xorreas

B ocHosy teopun JleOas — X1OKKeId [010KEHO NPEACTABICHHE O TOM, 4TO
OTKJIOHEHHA CBOIHCTE pealbHOr0 pacTBOpa 3MEKTPOINTA OT HiaeaibHOro ofy-
CAOBIEHBI TOLKO MEKTPOCTATHUECKHMH B3aHMOAeiiCTBHAMN HOHOB MEKY CO-
Goii. [lovromy a5t HOHHOTO KO HIMEHTA AKTHBHOCTH MOMKHO 3a1HCATh!

Iy = M H _ AW _ ende
i = = - .
kﬁT klg]' J's?u'l"

(7.44)

[[I€ PA3HOCTb XUMHYECKHX MOTEHLUMAIOB MOHA B CIyUae YHCTO KyIOHOBCKOIO
B3aMMOZIEiCTRUA BhIpaKaeTca B BHAE 3JeKTpHUeCKoii paboTel nmepeHoca emn-
HHUHOrO 3apAna ez; W3 HIILHOTO B PEAJILHOE COCTOAHME.

M3 dopmyabl (7.44) suaHo, uro ans pacuera kodhuumenTa akrHBHOCTH
i HEOBXOAMMO 3HATh PA3HOCTL MOTEHUHANOB Ay MEKIY ABYMSA COCEIHUMH
HOHAMH 1. rOBOPA Dosee KOPPEKTHO, HEOOXOMMO HallTH paciipeAeieHie Hos
BOKPYT OIHOTO, 3apaHee BLIOPAHHOTO B KaUeCcTBe UeHTPATLHOTO, HOHA.

Oty 3azauy Jedait n XIOKKeb ety B ey I npHdiInKeHHsX.

|. PacTBOpuTENh CUNTAETCA HEMPEPLIBHBIM KOHTHHYYMOM C JHIIEKTpHUE-
CKOIl NPOHHUAEMOCTLIO & (HE 3aBHCAILLH HU OT KOHUEHTPALIMH IEKTPO-
ANTA, HH OT BeJIHYHHbLI 31EKTPOCTATHYECKOTO MO HOHA).
Pacnpesnenenue HOHOB onpefensercs Temnosoil sHeprueli u axeprueii
HIEKTPOCTATHUECKOTO B3anMoaeiicTeus.

3. Kaxablii noH okpyxeH cdepoii 13 npoTHBONONOKHO 3aPAKEHHBIX HOHOB

€O CPETHECTATHCTHYECKUM 3aPAI0M, PABHBIM 3apA1Y LIEHTPALHOIO HOHA.

Pacnpeznenenne MOHOB TIEPUONMYECKH Pa3MbIBAETCH TETUIOBBIM MOTOKOM

H NOAYHHAETCA 3aKOHY pacnpeaenenus bonbumana

S8

ez, Ap
n; = np exp(———7), (7.45)
k}]‘ll
rjie nyg — Ko Hl.lt!HTpﬂuHﬂ HOHOB B €JIHHULIE UG'I:BMﬂ pacﬂmpa: n;— I‘UHU,EHTPH'

UM HOHOB B 00beMe LWAPOBOIO €108, MPOBEASHHOIO BOKPYT UEHTPA THKECTH
HOHE, BRIOPAHHOIO B KAUECTRE LEHTPAIBHOIO: ¢ — CpeldHee 3Ha4YeHHe NOTeH-
LHana Waporore ¢1of (ero Ha3LIBAOT «HOHHOIH atMocdepoiin ).

YpasHeHue crA3H MEXk Y NOTEHLUMANIOM @ B IaHHOI TOUKE OIS U 3apAIOM .
MOPOKAAOLLHM ITO 1071€, OCHOBAHO Ha 3aKoHe ["aycca n mokeT ObITh 3anucano



7.4, Teopus Heoan — Nwoxxens 159

B chepHuecKiX KOOpAHHATAX C UEHTPalbLHOIl CHMMeTpHeil B BHE YPABHEHHS
IMyaccona:

o 280 _ _ p

iy r dr ol

(7.46)

rae r — paccToaHMe OT LEHTPA HOHA 10 PACCMATPHBAEMOIl TOUKIL MAOTHOCTh
3apsjla B KOTOPOIi pasHa p; £g, [ — abcomoTrHas n OTHOCUTEILHAS IHAJIEKTPH-
yeckKie MPOHHLAEMOCTH BAKYyMa il PaccMarpiBaemMoii cpebl.

Ilonnwiii 3apsia B oOveme dv Gyner pasen: () n;z:e)dv. a oObemHas mIoT-
HOCTb 3apsijia, ¢ yueTom pacnpeieienus bolbimana, Oyaer pasta

p= Z npez; exp(— ﬁ} (7.47)

TMoncrasnss (7.47) B (7.46). nojivaum 0CHoBHOE ypagHeHue Teopuu [lebas —
XOKKens:

- o 0
L S L. Znuﬁ‘:,-cxp(—-ﬂ). (7.48)
ar® ror gD kT’

OnHako 310 ypagHeHHe He NPHBOIHMO K KBaaparypam, No3IoMy €ro ynpo-
WAKOT, pasnaras 9KCNoHeHTy B pan (e = 1 —a + 27 /20 — ... ) u orpannunsa-
ACk JBYMA NepBLIMU uleHamu paja. (OTMeTHM, UTo 3a CUeT Takoii npoueiypol
pacrnipeneneHie BolbluMana, KaK TaKOBOE, BLITIAAAET U3 PACCMOTPEHNS, H pedb
MOHAET 0 IMHeApH30BAHHOM pacnpene/ieHln NoTeHInaia).

Torna nnoTHoCTh 3apana GyaeT WMeTh CIEIYIOUINH BHIL

2.2

p= z ngzie + Z n{,%\p. (7.49)

B ¢ty YCA0BHA 3IEKTPOHEHTPANLHOCTH D 1 zie = (). OKOHUATERHO Ypas-
nenue [yvaccona Tenepb 3aniLieTcs B Biae

42 2 e ¥ mgz? .
8¢  20p  C TR, uln (7.50)
ar? ror soDkpl
9 e? Y ngz?
3aech ans COKPAUICHHS 3AMUCH BBCIACHO >~ = ——— HMCIOLIEC pas-

ealkpl
MEepHOCTb 00paTHOil AIHHbL. DTY BEJIHYHHY HA3bIBAKOT ,Het!%ueﬁcmw padiuyeom
IKPAHUPOSAHIS NITH PAIHY COM HOHHOIT atmocdepsl. Bennunna ¢ ykasbisaer Ha
XapaKTepHOe PacCTOAHHE, HA KOTOPOM MOMHOCTBIO IKPAHHPYETCH MOMIE NTAHHOTO
HOHA. 3HAYCHWA > LIS pa%ﬁamennhix PACTBOPOB CKTPOJHMTOBR MOMKHO 3KC-
MepHMEHTAILHO NMPOBEPHTL METOAOM «CKPeLueHHbIX HUTEI», MpealoKeHHbIM
Heparunbiv. CyTh METOAA COCTONT B TOM, YTO ABE TOHUAIiLINE METALTHYECKHE
HITH, PACHIONOKEHHBIE HOI NPAMBIM YIIOM JPYT K APYFY B ABYX Mapaiiielib-
HbIX MIOCKOCTAX, MOTPYKAIOTCA B PACTBOD H 3apsKato1Cs OAHHAKOBBLIMH IIH
pasHLIMI (MO 3HAKY) 3apAlaMi. 3a cUET BOIHHKHOBEHMS [BOIHBIX 3NEKTpHYe-
CKHX CJI0€B HA PaHHUAX pasaeiia MEeTal — EKTPOIHT BOSHHKACT NPHTAMKEHHES
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P po

WM OTTATKMBaHHE 3THX HHUTeH. CHia APHTKEHWA — OTTATKMBAHUS IKCMEpU-
MEHTaIBHO namepseTes. [1o dopmyne

In F' = const — D (7.51)

MPH H3BECTHOM PACCTOAHHN Meikay HuTsaMi D vaxonst cuny F'w ¢, B rabn. 7.5
MpUBENEHLI COOTHOMEHHS 3¢ "7 /37" nng mBYyX MeKTPOANTOB TIPH Pa3HbIX

KOHUEHTpaLUax "
el Tadanua7s

e, Molb/ | 2T [N KCL | 2™ 2" KNO3 D-107% cm
3-10°° 1.05+0,1 — 400 — 1500
1-1073 1,01 £ 0,06 0,96 £ 0,09 100 — 1500
1-1072 1,33+0, 16 1,254+0,15 50 — 200
1-10" - .20+ 0,15 10 — 50

Kak Bnano u3 1abnuupl, COBNAAeHHe TEOPHH M IKCMEPHMEHTA N0BOJILHO
XOpOLIEe TONBKO B EKTpoiuTax ¢ koHueHrpaumeli ¢ < 1077 monw/n. Tlpu
Ooniee BBLICOKHX KOHLEHTpaLmaXx omudka veenuuusaercs. s HecUMMETpHU-
HBIX 31EKTPOJAMTOR 3Ta omkdka nocturaet 30 — 40%. B 3THx skcnepumeHTax
o0Hapy/KeH eLle OANH NOCTATOMHO NpHMeUarenbHblil (akT: AudIeKTpHIecKas
MPOHMUAEMOCTL PACTBOPA OCTACTCA MOCTOAHHOH W PABHON ITHMIEKTPHHECKO
NPOHHUAEMOCTH B 0ObEeMe PacTBOpPa BMNOTH 10 paccToauuil ~ 25 - 107 ¢m,
4TO COOTBETCTBYET KOHIEHTpaH dnekTpornta < 1077 Moaw/a, ecm paccun-
ThiBATH N0 (hopMyaie 18 pajanyca IKPaHHPOBAHHS.

Takum 06pazom, OIHH 13 COMHUTENBHBIX MYHKTOB Teopun Hebas — Xroxkens
0 HeoOXOAMMOCTH yueTa AU NIEKTPHYECKOro HackluleH|a BOIH3N noHa (BO Bes-
KOM CIlyiae U1 pazdarneHHbIX pacTBOPOR) Kak OVATO CHUMAETCA. T. €. MPH pac-
YeTax AMeKTPHYECKNX XapakTepHCTHK pa30aBleHHBIX PACTBOPOB MOYKHO TIONTb30-
BATHCA MAKPOCKONHYECKOI BeINUHHON AMAIEKTPHUECKO NPOHULLAeMOCTH (111
Boawl D) = 78).

[Moncranoskoit U7 = @r ypasuenue (7.50) 3amensiercs Ha Gonee npocroe

U s

- »=U, (7.52)
ar?

peteHnemM KOToporo MpH BO3BpaTe K CTaphLiM nepeMeHHbiM OyaeT

@w= 4 exp(—zr) + Ec.‘xp(xr}. (7.53)
" :

i
Ha paccrosuun r — o¢, @ — (), N02TOMY KOHCTAHTa HHTEIPHPOBAHKA
B = 0. Jlna Beiunciaenns KOHCTaHTH A BOCNoNL3yeMcs YCIOBHEM 3eKTpoHeii-
TPAJILHOCTH BOKPYT HOHA HA PACCTOAHHH 1';

—zie = J 47’ pdr.

[

(7.54)
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[ToacTasus B 3TO ypaBHEHHE 3HaYeHUE p 3 (7.49), Oyaem umeth

5
dregDx?A J rexp(—sxr)dr = z;e. (7.55)

Hukuuil npeaen nHTerpHpoBaHHa 3aBHCHT OT pasmMepos cONmKalommnxes
uoHoB. Ecian aro paccrosHie Haubonkero conmkeHus od003HAUNTE Hepes a,
TO OHO W OyAeT ONnpeaelaTh OAMH W3 NpeaesioB HHTerpuposanns. Mnrterpan
B (7.55)— radumunbtii. B pesyisrare nojyuaem

26 explsa)

B e 7.56
Iweal (1 + 22a) ( )

OkoHuaTeNLHO BEIPpAMKEHHE JI14 TTOTEHIIMAa

zie  exp(sa) exp(—sxr) (1.57)
dmeg D (1 + xa) r ' ’

p=

10 COOTHOLICHHE ABNACTCAS OCHOBHBbIM B Teopun [lebGas — Xiokkens ans
OHPEJICJIEHHH )/CDCII,HI.‘H HOTO MOTeHUHANA, CO3JaBaeMOoro HOHOM B TOYUKE, OTCTO-
FII.LLGﬁ Ha pacCcTOAHHC I OT HOHA B OTCYTCTBHH BHCIUHHX CHJL ﬂ;‘lﬂ BbIYHCIIC-
HUS paboThl AMEKTPOCTATHUECKOTO B3aHMOAEHCTEHA HOHOB HEOOXOIHMO YHeCTh
BrI1aldbl B ‘3IICKTpI-1HeCKOC NoJe KaK OT HOHHOM amocd)cpl,l. TaK H OT CaMOro ueH-
TPAILHOTO HOHA, BOKPY I KoToporo chopmiposaiack HoHHas cdepa. [oreHuman
B TOUKE, PACTIONOKEHHOI HA PACCTOSAHIM T OT LEHTPA W3ONHPOBAHHOIO HOHA.
HAXOJAWIETOCA B cpeae < ﬂ}li}.l'[ﬁ'l{"!‘pil'iec KOFI l'[p{)H HIHEMOCTRHY -S(;D. HMEET BHIL

Ap= 2", 7.58
v -l‘h‘:—.‘(}Di‘ ( )

Torna Pa3sHOCTE NIOTCHUHAJIOB ONPENSIHTCA B BHIAC

__\Q _ e exp(sea) exp(—ser) _ e . (7.59)
ArenD (1 + >a) r dmeg D

IT0 yparHEeHWe CrpareaTiBo NpH Beex r = a. Ecan r = a, 1o (7.59)
SHAYHTCILHO YIpOowaeTes H npﬁoﬁpe‘r deT BHA

z,€ 4

—_— 7.60
twcaD (1 + ta) ( )

Ap = -

Dro BBIpAKEHHE NIPEACTaBIACT coboli i3MeHeHHe NoTeHIMANA HOHA npH BHe-

CCHHH €TI0 B NOJIC COCCAHHX MOHOB WIH AICKTPHYCCKYHO pﬂf)UTy, KOTOpasa onpe-

aensger kodPPuIHEeHT aKTHBHOCTH B Moaenn Jledas — Xiokkens (cM. ypaBHeHHe

(7.44)). Noacrasnas (7.60) B (7.44), noayvaem eipakenue 4 koadguunenra
AKTHBHOCTH B pacTBOpax 3NEKTPOIHTOB

]
Zrz('.“ M

In~y =— :
BrzgDERT (1 + 2a)

(7.61)
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Jlas Toro, 4Todb! HE YUHTHIBATH BKIIAA B JIEKTPHUECKOE MOJE HOHA ABAK b
(cHauana Kak UEHTPaIbHOTO, 4 3aTeM KakK BXOASLIEro B HOHHYIO atMmocdepy),
B (7.60) BBesen muokutenns 1 /2. [Moactapus BMECTO BEJHUNHbBI 3¢ €0 3HAYEHIE

4 2\ 1/2

e? ¥ ngz? 1 2 .

o= | = WoyuTa, uto — y_ez; = 1 ecth uonnan cuia pacmeo-
enDkgT 2

pa, nony4vnmM bosee KOMNAKTHOE BhIpAMKEHHE h‘O’)d)(i)l-iHI-iEHTEI AKTHBHOCTH Ans
OTOSALHOTO HOHA B pacTBOpe:

Iny = —-——"——, (7.62)

e
specb A= ———A ——uB= y/\/-.f
8w (o DkpgT)™ "

[Mockonbky KoYpHLIHEHT AKTHBHOCTH OTAEABHOTO HOHA HEllb3f H3MEpPHTD
IKCTIEPUMEHTANLHO, HCTONb3YeM MOHATHE CPEAHEro HOHHOTO KoadduumeHTa
AKTHBHOCTH, KOTOPBIT 2ariiiemM Ha OCHOBaHHH VpaeHeHud (7.62) caenyroiiim
obpazom:

Inye =-—

AVT ;!_,.:4-2 +1’._..z_2) = _Ms (763}
1+ Bavi L+ Bavi

L T

b ¥
TaK Kak v+ = (y 1y ).
31eCh MCNONL30BAHO YCIOBHE MIEKTPOHEHTPAILHOCTH Vi2y = —V_2_
H MPON3BEASHO Npeodpasosaie

L1z 9 N
vizpt 4wz Y\
Vg A v

—V_Z4i- — VLI

I

= |3+ 2_| .

Ecin caaraemoe BavT < 1, 10 ypaBHe-
Hue (7.63) npuHumaeT BHa

Inye = —Alzg z2-| VI, (7.64)

NOAYYHBLIErD HA3ZBAHWE NPedersio20 3aKoNa
Hetan — Xwokkens.
CpaBHeHHe € IKCIEPUMEHTAIbHbIMH JaH-
HOH CHIH PACTBOPA (PACCHMTAH [0 HBIMH TOKa3bIBaeT, YTO MpelelbHbIi 3aKoH
ypasterusy (7.64) (kpusas 7). no  BIMOJNHACICA NPH  HOHHBIX CHAAX MCHEE
(7.63) npu Ba = 1 (kpusas 2). 1o 0,001 M (puc. 7.7).
(7.63) npua = 4 - 107" cum (kpn- IMpu Gosee BLICOKHX KOHLEHTPaLMAX KO-
nas 3) u kpunag 4 — sxcnepuvent  PPUUMEHTL AKTUBHOCTH, NpPeACKa3aHHbIE
[penelbHbIM 3aKOHOM, MEHbILE JKCIIEPUMEH-
TanbHO HIMEpeHHbIX. Heckonbko Oonee YCIOKHEHHBIT NMOAX0/, OCHOBaHHBI

Ha opmyne (7.63), naet u3rud kpupoii In~,. = f(-\/f_]. npudaKaomics

Puc. 7.7. Cpeannit pannonansbii
kooppuusent  akiusnoctn NaCl
npu 20°C kak QyHKuHsS HOH-
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K JKCHEPHMEHTANLHLIM AaHHbLIM. OQHAKO 2TO BO3MOKHO TOILKO NPH MPaBHIb-
HOM YUeTe napaMeTpa (L, 4TO JOKHO NMPHBECTH K CO3TAHHIO HOBBIX MOJC/IbHBIX
npejicrasieHnit. beuin caenanbl MHOTOUHCIEHHBIE TONBITKH PACILHPEHHs J1Ha-
naszona npumennMoctin Teopun [lebasn — Xiokkens unn ee Moandukaumnii npe-
HMYLLIECTBEHHO 3a CHET yuera cienyroiux 3hQeKTos: H3MeHEHH AH3NEKTPH-
qeckoil MPOHHIAEMOCTH pacTBOpHUTesA BOIH3H HOHA 3a cYeT NMojis HOHOB M 1X
UIOTHOCTH, BOIMOKHOCTH NOABJICHHS GCCOLUMALMN 1 cnelHpHIecKkoro B3anmMo-
AeficTBHS HOHOB ApYyr ¢ ApyroM. Kak npasuio 3TH MOAXOAbI OMUPalOTes Ha
CTAaTHCTHYECKHI annapart TePMOAMHAMHKH ¢ UCTIONb30BAHHEM METOIA Kopped-
THBHBIX (yHKLHA. OIHAKO yyeT BCex BUAOB B3auMOAeiicTBIiT npuBoauT anbo
K HeoOXoAMMOCTH pewath caokHbie aHdgepenuvanbhbie YPaBHEeHHA, 4T0 BO3-
MOJKHO TOJIBKO YHCJIEHHbIMH METOAAMH Ha J0CTATO4HO ObICTPOACHCTBY HOLLIX
BLIUHCIIHTENLHBIX MAlHHaX, TH00 NPUMEHATL ACHMITOTHYECKHE Pa3iokeHns
€ HCKJIIQUEHHEM CAaragMbIX BBICOKOTO MOPALKA MAJIOCTH, YTO B KOHEYHOM HTOTE
Mano oTanuaetes ot meroaa Jledas— Xwkkens.

7.5. HNoaspusaumoHHas Teopud

B ocHoBe TeopuH CHIBHBIX JNeKTponuToB [ledas — XIOKKenA NeXuT Npeano-
JI0KEHIIE O MOJIHOM Anccounatiy 3MEKTPOIINTA, HOHBI KOTOPOTO pacripeaerenbl
B o0beme pacTeopa no 3akody Bonsumasa. Tlpn 9ToM B noKazarene 3KCHOHeH-
LUHALHOTO pacnpeieneHusa NCNoNbL3yeTes NOTeHINANLHAS IHEPTHA Zjep 3aps-
JKEHHOI yacTiubl (HOHA), HaxojALIeiics B Touke ¢ noreHuuaiom . Kpome toro,
B MHKPOYPABHEHUAX, OTHOCHALLMXCS K B3aHMOACHCTBHI) HOHOB HA paccToaHnax
NOpAAKa MOJCKYTAPHBIX, HCTIONMB3YHOTCA MAKPOCKOIMYECKHE BEJTHYHHBI AHIICK-
TPHYECKOI MPOHNIAEMOCTH £,

Takum oOpazoM. BCe B3aNMOAEICTBHA CBEAEHbl K KYIOHOBCKHM 11 HHKaK
HE YUTECHbI ABICHHA CobBarattny. Meiily TeM. Kak Mbl BIIEIH PaHee, ABJIEHNA
COLBATALIMH COMPOBOKAAIOTCH QOBOIBLHO CHILHBIMH 3HepreTHyecknMiu sddex-
TAMH, 3ABUCALLUMHE OT NPHPOLLI W KOHUCHTPALMN JJIEKTPOJINTE, & TAKKe OT
pactBoputens. B cBAIM € ITUM, OYEBUAHO, HEOOXOAMM HECKOIBKO MHOH noz-
X011, KOTOPBIiT ObI YHHTbIBAN BEIIENEPeYHCIEHHBIE CBOifcTRa pacTBopa. [1pexne
BCEro HANPallMBAETCA MOE/b JIMIO0JbL— ANN0/AbHOrO BiaumoneHcrsud. Taxas
MOk CNOCODHA ONMUCATh EKTPONNT HE TOALKO B BHAE HOHOB, HO H B BHIe
HEeHTPabHbIX, HO ANTOJBHBIX MONEKY./l PACTBOPEHHOH COMM ¢ pasHeCeHHbIMMU
B rpocTpancTse 3apsaami. Y1o0bl BRIACHHTEL MPHPOLY HTOr0 ABICHHS, [ee-
co00pazHO HECKOJILKO MCKYCCTBEHHO pa3OHTh NOTEHUHANLHYIO dHepruio 1V Ha
NBE HACTH; KOPOTKOAGHCTBYIOIIYHO (KBaHTOBY0) 4acTh W B3anmoaeiicTBis ya-
CTHIIBI C DMIDKAHIINMHI MOJEKYJIAMH CPEbl U 1albHOAEHCTRYIOLIYIO (Ky10HOBC-
Kkyi0) Wi, koTopas onucbiBaeT B3anMoAeHCTBHE 3apAKeHHOT YacTHLILI C JNEK-
TPHUECKHUMHU JIUNONAMH MOJIEKYJ PACTBOPUTES, PACTIONOKEHHBIMI BHE 1EPBOIi
conbBaTHoil 000I0UKN.

B paze cayuaes s3aumoneiictBie MoeKyJl pacTBOPEHHOIO BellecTsa ¢ OMu-
KAMNIMHE MOJEKYJIAMH CPEZibl HACTONBKO BEIIHKO, Y4TO MEXKIY HUMH BO3HH-
KaeT HacToAllas XHMHUECKas CBA3b, M 00pasyeTcs HOBAsA MONeKyna, KoTtopas
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o p

B JaibHeiilllemM BLICTYNAeT Kak camocTosTenbHaa enqunnua. Tak obcTont neno.
HANpHMED, ¢ HOHAMH NIEPEXO/IHLIX METAIIOB B BOJIE, KOTOPhIE 00pasyioT XUMH-
HEeCKH YCToIYKMBbIE akBakoMIVIeKChl. OCHOBHOI ek 3TOro B3anmoaeiicTeus
COCTOHT B TOM, UTO BOKPYT 4acTHLILI 00pasyeTcea nekoTopas dpQeKTHpHaA KIeT-
Ka, B KOTOPOii 4aCTHUA NPOBOAMT N0BOABHO AtTebHoe Bpemsa (1077107 ¢),
cosepmasn konebanna. B cpennem uepes Kaw bt HHTEpPBaa BpeMeHH 77 HacTH-
ta cosepuaet AH(QYIHOHHbIH «NEPeCcKOK» B COCEAHION KIETKY, eCllil TakoBas
CYUIECTBYET. WIH 3aMETHO e hOPMHPYET CTAPYHO KJITKY, MEHSsA CBOIO PABHOBEC-
HYI0 KOOpAMHATY neHTpa TsxkectH. HaunGonee BaxHbiM ABIALTCA TO, YTO B OT-
AudHe 01 ra3oBoii dassl B wHakocTH Bee 3N creneHeii cBodoibl N -aroMHO#
qacTHIIbl OKa3bIBAIOTCA KonedaTenbibiMi: ¢BOOOAHOE MOCTYNaTenbHOE ABHKE-
HME 3aMEHACTCA Ha kosiedaHue LEHTpa TAKECTH, a CBOOOIHOE BpalleHHE
Ha opueHTalHoHHoe KoneDauue. PacemoTpenHan KapTHHA, HOCSINAA HA3BaAHNE
Kaemoynoeo sghexma, He ABAAETCA YeM-TO cneUH(HUSCKUM 1A MOMAPHBIX
PAcTBOPHTENIEH, OHA CYLIECTRYET BO BCEX WHAKOCTIX.

XapakTepHbIM UL MOMSAPHBIX Cpef sIBseTcs TOT (akTt, 4TO JHeprus aanb-
HoaeficTRyowelt KyAoHOBCKoT cocTapnsomleli notennana 1, Becbma Bennka
M COCTABNAET HECKOJILKO JIECATKOB Knllokaaopuii Ha Monb. B 5TOM HeTpyaHO
yORAUTBLCH, eCiH BOCNONBL30BaThes 000 rpy0oii Moaenblo 118 OUeHKH Miek-
TpocTaTHUecKoll cocTapnMIoLLEeil SHEPTIKH CONLRATALIMI HOHOB B MOJAPHbIX Pac-
TBOPHTENAX, HANPpHMEP Modenbio bopha.

Jna konmuectseHHOro onncanns noreHumuana 117, HeobXoaumo yuecTs, 4o
BBEJIEHHAS B TY IIH HHYIO CPedy HacTHLa CO3AaeT noje (amekmpuyeckan -
oykyus D). Ha 910 none naknansieaeTest ewie snekrpudeckoe none E,,,, cosna-
BACMOE IHNOJIBHBIMI MOJACKYIAMH HOBIPHOI cpeabl. B pelyisrare cymyapHoe
eKTPHYECKoe oe MoxHo sanucars B suae E = D + B, Herounnk nons
cpeust E,,, — HepasHoMepHO pacnpeeneHHslil B npocTpaHeTBe 3apa (Hanpin-
Mep, 3apsa BHYTPH AHMOMLHOH MOIEKY bl CPeibl ), KOTOPLII MOMET OBbITHL OMTHCAH
€ NOMOLLbIO sekmopa notapusariat P, pagHOTO YACHBHOMY JHIIOIBHOMY MOMEH-
Ty cpeapl. Yem Oonbiie monapisyeTes cpeld. TeM Oonbliee JMEKTPHUECKOe mone
E,, ona cosgaer, Takum 00pasom, BEKTOP NMOAAPH3ALMK KAQUECTBCHHO BBIPAKACT 1
YAeJ1bHbIil IHN0JIbHbITT MOMEHT Cpe/ibl. M 1011, co3japaemoe 1unonamu. B pesyiib-
Tarte cymMmapHoe none B cpeje

E =D - 47P. (7.65)

Tenepb MOMKHO 3a1UCATE H YHEPIUIO B3AUMOICHCTBHS 3APAKEHHBIX HACTHLL

¢ ANNOAAMH cpeabl. JIHNoabHbIT MOMENT, 3aKIoUeHHbIH B aneMenTapHoM Gec-
KOHEHHO Mastom o6beme du BGan3n Toukn npoctpanctsa r, paser P(r)dv. Kak
W3IBCCTHO, 'EHGPFHH B']aHMDﬂeﬁCTBl‘]H aunons ¢ '3.1@KTp}I‘ieUKIiM nojnem paBHa
le(JH:iBe.-‘lEHHI‘O Beﬁ'l'ﬂpﬂ AHUNOJABHONO MOMEHTA Hd B{’:K"I'Gp 3JICKTpI-]'-ICCKQFU noJjs
(CO 3HAKOM MHHYC), TOITOMY IHEPTHA B3AUMOACHCTBHA 3apAKEHHBIX YACTHIL
cosgatotx none D(r) B Touke r, ¢ AHMOAAME CPEALL. HAXOAAUMMKCSH B 3TOI
touke P(r)dv, pasno — D(r)P(r)de, a oneprus s3aumMoueicIBus yactuu co
BCell cpesoit rMonyunTes CyMMHPOBAHHEM BCEX TOUEK MPOCTPAHCTBA, B KOTOPHIX

HAXOAATCA JAHIIONH CPEb:
Wi = — JD(r)P(r)dt‘. (7.66)
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T'oBopst 0 nonspusamuu cpeas P(r), Ml 31ech noapasymeBaem Tak Hasbi-
BACMYIO OUHAMUYECKYIO NOISPUAYII0, & HE €€ CPEHEE PABHOBECHOE JHAUYCHHE
(P(r)) (yrmoBsiMn ckoGkaMu 0003HAYEHO KBAHTOBOCTATHCTHYECKH YCPEIHEH-
HOE 3HaYeHne noagpu3ain). YtoGs! NOACHHTH PasHHLY MEKILY JTHMHU MOHATHSA-
MH, HATIOMHHM, 4TO, HAMPHMED, B OTCYTCTBHE BHEIIHETO 1oJs D cpena B obuiem
re noaspusosana ((P(r)) = 0). B 1o Bpems kak P (r) B kakasii ZaHHbIH MOMENT
BpeMeHH MOkKeT OblTh OTIHYHA OT HYJIS H3-38 ABHKEHHS IEKTPOHOB 1 Koaeba-
HUS A71ep B MONEKYJIax cpebl (BCJIeACTBHE aHTAPMOHHYHOCTH KonedaTenbHo-
ro asmwkenus). Ha asbike cratucrudeckoii pU3HKN anHaMU4eckoil noispusa-
LHH COOTBETCTBYET (UIYKTYALLMOHHAS NOASPH3aLLNg, 00YCIIOBICHHAA TEIIOBbIM
ABHKEHHEM HAcTHIL cpelbl. Ecny BHeIIHee mone He COMILKOM BemHKo (00bit-
HO meHsbiue, yem 109 = 107 B/em), cpennsas noaspusauna (P(r)) nponopumo-
HansHa E.

Takum 06pa3om, NOAHYIO IHEPTHIO B3AMMOLECTBIA YaCTHLBl CO BCEil cpe-
Noit 45 eanHuLL 00beMa PACTROPE NOIYUHM CYMMHUPORAHHEM BCEX TOUECK ITPO-
CTPAHCTBA T, B KOTOPOIT HAXOATCS THMOTH Cpebl.

W=- JP(_r_}tIE[r}. (7.67)

(sneck P(r) = pV.ap— yaenvias noagpusauns edinius odbema). [Mockonb-
Ky Jlorapum koddduimenta akTHBHOCTH (110 ONPEAEISHNIO) NPEACTABASET CO-
Goii paGOT)' nepeHoca BelecTsa U3 HACAILHOIO B peallbHOEe COCTOAHME, TO
CHHTAA YHCTBII PACTBOPHTE/b NMICAIBHBIM COCTOSHHEM CPE/ibl, @ PACTBOpP —
BOSMYLIEHHELIM, 3aMHLIICSM 3TO B BHAC

Y — 1
Inyp =5 = ——jP(r)dE{r). (7.68)
kpT kpT
(3nech 1, py, P(r). E(r) — cooTBeTcTBEHHO, XHMHYECKHIT NOTEHIMAN pac-
TRBOPEHHOTO BEIIECTBA B OSCKOHEUHO pa3zbaBleHHOM pacTeope (KOTOPhI npH-
HAT 3a MACAIbLHOE COCTOAHHE) W B PAcTBOpPE JAHHOH KOHUEHTPAUMH, BEKTOP
MONAPU3ALNH PACTBOPHTENA M BEKTOP HANPAKEHHOCTH YIEKTPHYECKOrO Mo
B PACCMATPHBAEMOM eAHHHYHOTO 00beme V7).
Hanps#eHHOCTh YISKTPHYECKOTO 10714 3aHILIEM B BUIE OCHOBHOI deKTpo-
cTaTHueckoii Teopemsl Faycca kak

div E = 47 (p8 4 p®m), (7.69)

[1oCKONBKY MAOTHOCTH CBAZAHHOTO 3apA/ia BRIPAKACTCH KAK JAWBEPreHIsa
NOAAPU3ALIM, T. €,

divP = —47p™", (7.70)
TO Tenepsb (7.69) cnenyer nepenucars B BUAE
divE = 47(p™° — div P). (7.71)

B coto ouepens
divP =divBE = gdivE + Ediv 3, (7.72)
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kT )
TAETCA NOCTOAHHOI H NPUMEPHO PaBHA IMNIEKTPHUECKOH NPOHHLAEMOCTH H30-
TPOMHOro AW3eKTpHKa. Ha camoM Jiesie oHa 3aBHCHUT OT M0JI51, OHAKO B KauecTBe
nepsoro npHOLKenns OyleM paccMarpHBarh ee NocToAHHoit). B ciayuae uso-
Tponroii cpesibt div 3 = 0w roraa (7.7 1) MOXKHO NPEACTABHTL B BHAE

(raoe #-= /& £ — NOJAPHIYEMOCTh €AHHHYHOIO obbema Cpelbl — C4n-

. 1 ACROD iE Il
divE=—f _ =_ 422,

(7.73)
1+ 4rd dr o

(B (7.73) npaBas yacTsb BeIpakeHa B ChepHISCKHX KOOPAHHATAX ¢ LEHTPalb-
HOH CHMMETPHEI, T. €. HAYAI0 KOOPAHHAT PAacroNOKEHO B TOYKE HCTOYHHKA NO-
A, ' — YHCIEHHOE 3HAUYeHHe Pajnyca-BeKTOpa OT HCTOYHMKA 1ons K m0doii
TOUKE Cpenbl Ha chepe BOKPYT HCTOMHHKA).

B KauecTBe HCTOMHMKA N0Js CYRUT 100 HOH, €CITN MOJEKYIIA MIeKTPoIITa
IHCCOINHPOBAHA, THO0 MOMOCca QWMo MOISKY/bl HENPOIHCCOIMHPOBAHHOI
COMH, T. €. Modble NPOH3BOALHO pacrpe/le/eHHbIe 3apA/ibl ABIKIOTCA Cynepro-
3uumeil noneii Kynona toueunsix 3apagos. Toraa s nepsom npudamkeHun s
3ApAd €, CHMMETPHYHO PACcroNOAREeHHOT0 B cepuueckoii nonoctu, obpaso-
BAHHOI MOJIEKYNAMH CPE/ibl paauyca 1, 31a 3Heprus onpejeaserca Gopmynoil

o
a2

W=——. (7.74)
2r
(YUrobel apaskabl He YUWTHLIBATL IHEPTHIO B3aUMOCHCTBHS KawkIol naps
3apajos B (7.74), B 3HaMeHaresnb BBOAHTCA MHOKHTEb 2). TInoTHOCTE cBODOA-
HOTO 3apAja BLIpA3HM qepes pacnpeicnenne boaslivana, mo KOTOPOMY YHCA0
NON0KUTENbHBIX 1 OTPHULATEIbHBIX 3apAJ0B B €AHMHHYHOM d/iemMeHTe o0bema
pacTBopa, e NoTeHIHal HMEET 3HaYeHHE ¢ /1. OnpeieaseTcs KaK

- .2 2 v
20 = ne exp | —— - 2 = 2nesh | — 3
A [L P ( :?rknT) Xp (—f—?rknTﬂ ¢ (zm =
(1.

o2

kT
60AHOTO WK CBA3AHHOTO) B NPOU3BOBLHOI TOUKE NPOCTPAHCTBA I.

C yuerom (7.70) u (7.75) ypaesenue (7.73) B cpepuueckix KOOpAHHATAX
C UeHTpaaLHOH CHMMETpPHEI 3anuCLIBAeTCA B BHIE

75)

rime

= W — anexrpuueckas paboTa modOro eTHHHYHOTO 3apaa (CBo-

dE | 2E 8mne e*
— + = sh ; (7.76)
dr o 1+ 43 2kpl'r
l"..‘2
Beeiem obozHaueHHe % H BBIPA3UM 7 1 72 MEpes &, CHHTas, 410
2rkpT )
O/IHA 4ACTHLA PACTBOPEHHOIO BEWECTBa 3annmaer obbem v = (27)*. Torna
(7.76) OyneT BLINAAETH TAK:
dls 2K
— + — =mazshuxz. (7.77)
da T
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3aeck m =

Te (‘2.&' aT
14478 e2
ae npouspeneHua aAsyx Qyukumit £ = u(x)v(xr). [loacrasus nonyvyentoe pbi-
pazeHye Npon3BoAHoil B ypasHenue (7.77), noayunm
dr du 2vm
il

—u— — + — =mxshux. (7.78)
dr dr r

2
) . Pewrenne ypasuenns (7.77) Haxonnres B BH-

Bridepem dynkumio v(x) Takoii, yrodnbl

Pasnenss nepeMeHHbie OTHOCHTENLHO (Y HKUMH ©(X) H HHTErpHPYA, HAX0-
JIHM, UTO

u(z) = C12°. (7.80)
g - i
MMoacrasnss vaiineHroe sxavenne u(x) 8 (7.78) u yunThigas, 4o w-r.!d—" +
T
2w
+ =—— = (. nomyunsm ypasHeHue
i
;9 i
—Cyr"— =mashew, (7.81)
dx
KOTOPOE TAKIKe [IPOCTO PELIAETCH Pa3AeNeHNEM NEPEMEHHbIX:
3 5
u=—2(r+—+ " +...)+Cs. (7.82)
(& 3.3 5.8

[Moacrasiss nonyyeHHsie Buipamenns ans u(x) u v(x) B dopmyay (7.78),
MOTYUNM OKOHHATENBHO

AE = —az8(z), (7.83)
e AE = E — C1Cha? = E — Ey (noctosnnas By = C1Cex? —
y 77(2;".“']—‘)2
HANPAKEHHOCTL M08 B BeCKOHEUHO pa3baBieHHOM pacTBope), a4 = T
ae* + Arwf
_ 2n/3¢2
e pT
. i3
§z) =(r+ -+ Z—+...).

3-3 50!

Teneps. 3Hag BennunHY NONA KAk QYHKUHIO KOHLUEHTPALHN PACTBOPEHHOIO
BEILECTBA MOKHO PACCHHTATD NONAPHIALHID MOJIEKYI DACTBOPHTENS B €AMHNY-
HOM 0Gbeme. Menons3yem [uis 9Toil el BeIpaike HIE /LIS NOAAPH3ALIH MoKy
pacTBOpHTENS

P= Z A‘}(}Jg‘) = Z -’\"I{(piop) + (phuu)) =

DA T
=¥ N (p‘; g AR c'r,;{E)_\FJ) . (7.84)
.‘-‘uT
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3neck p’ u ;(FE) COOTBETCTBEHHO — AMMOLHBIH MOMEHT H NOASPH3YE-
MOCTB SAHHHYHOH Monekyibl. M eciiit OpueHTalMoHHas noaspusatms (p;qp) =

0 )
= (p}’ th %) no Mepe yBeaH4YeHHs HANpAHKEeHHOCTH MoNg CTPEMUTCS K Ha-
!

CLILLEHHIO, TO (P; ) = a(E)AE moxer tonsko ysennuupsarses. [lockonsky
MekTporHas nonapusyemocts a F) cava ssnserca Gy HKIHeH nong (nanpumep.,
ans OeH3ona yBeanyeHne MIeKTPOHHOH MOIAPH3YEMOCTH B M0JIE CBETOBOIH BOJI-
HBI B 006J1aCTH JIHHHOBOAHOBOIH YO nojiocel (~ 2 3B) cocrasnger 20 = 30 %),
TO 310 yBesnyeHne uveer napaboinnyeckuli xapakrep.

[loactasnasn (7.84) B popmyny (7.68), momyunm OKOHYATENBHOE ypaBHEHHE
A KOQQHIHEHTa aKTHBHOCTH COJIM:

-1 pUAE AR?
Iny =1Inch™! POB oAR (7.85)
kel 2kyT '
KOTDPO& nochne noACTaHOBKK Bblp&'d(&]{i']ﬂ nns AE, JanMrilesM B BH1C
T 1 I o 20252 (o )
Ingy =1nch™! piend(e) 4 SEE () (7.86)

kﬁT 2k ];T

(Ipu uaTerpipoeannn (7.68) npunsto, uto a(k) = a = const). B ypae-
HeHuH (7.86) nepsblii uieH NpeacTaBigeT OPHEHTALIMOHHYIO NONAPH3ALINI0 MO~
AEKY/l pacTBOPHTENS W MPH MAJILIX KOHLEHTPALHS ABIAESTCH NMPeBATNDPYIOLIM:
NOBbILIEHHE KOHUEHTPALIMK PACTBOPA BbI3bIBAET OLICTPOE VBEJIIUEHHE BTOPOIO
unieHa (KBajJpaTHYHAs 3aBMCUMOCTh MO HanpsikenwocTd nons AF), ceasan-
HOIO € UIEKTPOHHOM NOJAPH3YEMOCTBIO (¢ pacTBOpPMTENs. KpuBag 7 = 7(n)
JAMEIAET CBOH TEMMN M, HAKOHEIL MPOXOANT HEPEe3 MHHUMYM. ]ip0!13BOHH219
t}ln}/@n B TOYKE MHHIMYMAa NO3BOASET OUEHHTL HAMPHKEHHOCTh mons AE
8 910# oGnacti u Kcmuem paumo WIEKTPONUTA (1 ). Buibop crenenn npndnu-

il

WCHIA ()( e ) Onpe/leNacT COrMacoBaAHHOCTD € IRCNE-

PHMEHTOM 7 = (n

Takum ofpazom, pacemarpHBas conbBaTauHoHHbIe PEKThl MEKIY KOM-
IOHCHTaMH pacTBOpa Ha OCHOBE I'IpOC'l‘EﬁI.L!HK NOJNAPH3ALHOHHBIX B?ZIHMO,LlCﬁ-
CTBHH, YAGETCA HEMPOTHBOPEYHRO 0OBIACHHTE HE TOJIBKO KOHUEHTPALUHOHHY IO 3d-
BHCHMOCTh 7 = ’)r('??.). HO H NOABICHHE MHHHMYMA I(Oflfl,)l'l)HLlHﬂHTEl AKTHBHOCTH.
ﬂ;aHHbln noaoxon OTKpBIT AnA na:u,ﬂeiimero pasBuTHA W YCOBEpUISHCTBOBAHNA,
NOCKOJIbKY HE COOCPKNUT Kakux-ianbo NPeANnOCLUIOK, CBA3AHHBIX C MOACIIBHBIMH
MPEeACTABAEHUAMI O CTPOSHHN HHAKOTO PACTBOPA.

7.6. PacrBopbl, cofepRaniue coJibBATHPOBAHHbIE WIEKTPOHDI

Mu3HIECKHe H XHMHYECKHE CBOIHCTBA BCEro MHDFODﬁpaBHOFO MHpa TaK HiH
HHAue onpeaeifaTes CBo ficreamu AICKTPOHOB, ABIAKUINNCH HCOTBCMICMbIMUI
HacTAMH aroMOB 1 MOICKYJL. C mMoMeHTa OTKPBITHA JIEKIpOHA d)l-[3]'rl.!(]-[ pac-
CMATPHBAKOT €0 KdK HC3ABHMCHMYH) YHaCcTHILy, oﬁnaﬂ.aromyw 3apAI0oM, maccoii
H CIIHHOM. ﬂ,}'lﬂ XHMHKa #xKe Donee NPHUBLIYMHO NPEACTABICHHE 06 JIEKTPOHE KaK
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COCTABHOIl 4YacTH MONEKY, O0YCNOBAHBAIOLIEH XHMHUYECKYIO CBA3b, M Kak
0 YaCTHLE, MPHHHMAKOIIEH YYaCTHE B OKHC/INTEILHO-BOCCTAHOBHTE/ILHBIN peak-
Lt X. OIHAKO MCCIeA0BaHHS OCIEAHHX ABYX NECATHIETHI N0Ka3a1H, HTO eK-
TPOH MOZAHO paccMaTpHBaTh M Kak He3aBMCHMBIIT pearent. Hanpumep, B npo-
creifeil peakunn vonmsaunn sogopona H — HY + e, koropywo MokHo
HWHHLHHPOBATEL ¢ MOMOLILIO HOHH3HPY IOLIETO H3TYUe NI HIH BLICOKOT Temnepa-
TYPbl, MPOAYKTAMH PEAKLIH ABISIOTCS COBEPLICHHO CaMOCTOSTEIbLHbIE peare¢H-
Thl, CNOCOOHBIE B3ANMOACHCTROBATL B PACTBOPE ¢ MOMEKYIAMH PACTBOPHTEIS.

Oco0eHHOCTBIO XUMHYECKHX peakiinil ABAACTCA nepeayda 3eKTpoHa oT ojl-
HOTO aToMa WK MOIEKVIIbI K Apyrum. Ilpolecc nepenayn sJeKTpoHa BOBCE
HE00A3ATEIbHO PEAlN3YETCA MEPEX0A0M C60H00H020 INEKTPOHA. DIEKTPOH MO-
weT ObITh OTUICTIICH OT PeareHTd, ec/ii B €ro HenoCcpecTBeHHOM COCE/ICTRE Ha-
XOAWUTCA NEKTPoHHBIT akuenTop. [lpupoct ¢BoG0aHOI dHEpTriUl NP aKUenTH-
POBAHUK EKTPOHA JIOJDKEH [PEBOCXOANTh FHEPIHIO, HeOOXOAHMYIO LIS ero
OTUWIEIJIEHNs OT eKTPoHHOTO AoHopa. OcpobokaeHe MIeKTPOHA MOKHO Tak-
K€ OCYUIECTBHTL, cO00IIAas A0HOPHOH cHeTeMe W30BITOYHYIO JHEPTHIO ¢ OMO-
ULIO TEMIOBOrO, (POTOXHMHYECKOTO HAM MIEKTPOCTATUYECKOTO BO3ASIiCTBHA.
Takoii npouecc NPOUCXOANT HE3ABHCHMO OT HAJIMYHA KaKHX-11M00 aKuenTopos
MEKTPOHOB. OTLIENIEHHBI 3ekTpoH An(yHAUpYeT B Cpele 10 ero 3axsala
B pe3ynbTate OJHOTO W3 ABYX BO3MOKHBIX akToB. OH MOKET MPHCOSAHHHTD-
€ K aromMy HIH MOJIEKYJIE, KOTOpble 00JalaloT MOJI0KHTEIbHBIM CPOACTBOM
K 2MeKTPOHY. B TO Ke Bpems, eclin WIEKTPOH MnepeMeulaeTcsl B KOHAeHCHpo-
BAHHOI Ccpese. COCTOALLEH W3 MONEKYN C HYJIEBLIM MM OTPHUATEbHBIM JEK-
TPOHHBIM CPOACTBOM, OH OKAHUHBAST CBOI NMyTh B «JIOBYUIKEY, 00pa30BaHHOI
ero coOCTBEHHBIM NONAPH3ALHOHHBIM moneM. Takoii «3axBaueHHblil» MMEeKTPOH
VIKE HE B COCTOAHHM CBOOOAHO nepemelnarkcd B8 sewecrse. M3 croeil noreu-
LHATEHOT AMBI EKTPOH MOKET 0CBOOOINTLCH TONLKO MPH YCIOBHH, €Ci OH
npuHOOpeTET JHEPrui0 U3BHE WM nepeilaer B COCENHION JIOBYLIKY. DJIEKTPOH,
3aXBauYeHHLIT B PACTBOPHTENE, OTAHYAETCH OT CRBODOIHOTO IMEKTPOHA MEHb-
weil noABIKHOCTRIO W Oonbiieii nokanusaumeii. Kpome Toro, 3axpaueHmsbiii
WIEKTPOH XapaKTepU3yeTCA OTPHUATENLHOT cBOOOAHOI SHeprieii oOpasosaHus,
T.€. ABAserca TepMoanHamuuecku bonee ctabuiabHbiM. DTH cBOHCTBA, Hano-
MHHEAIOIIHE CBOHCTBA OTPHLATENLHOTO CONLBATHPOBAHHOTO MOHA, NO3BOIANOT
PACCMATPHEBATS 3MEKTPOH KAk 0COOYH IiparupoBasHy dactuly. B obuem
CMBICIIE YIEKTPOHHBIH aKienTop Takke MONKHO paceMarpHBaTh Kak JIOBYIIKY, B
KOTOPOIT S1EKTPOH JIOKQIN30BAH rOpasio CHIILHEE, YeM B JIOBY LIKE, 00pasoBaH-
HOIl MOJIeKy1aMH PacTBOPHTENA. DNEKTPOH, OKPYKEHHBIIT OPHEHTHPOBAHHBIMH
MOJIEKYAaMit pacTBoputens, asagerca (M 31o ero nanbonee cyuecTBeHHas B
XHMHYECKOM OTHOWIEHHH XapaKkTepHCTHKA) HeOObIYAIIHO AKTHRHBIM 31EKTPOH=
HbIM 10HOpOM. Takoe o0pasoBaHue, CYLIECTBYIOLICE B IKHAKOCTAX, HA3bIBACTCA
['(1-‘?6(1GHHIPOGGHHH_M .';).Te}\'.i'ﬂf!(}'.*ff'l-l.‘ €5, CCIH ¥KE pacmopn’rcnem ABNACTCA BOAA,
TO ITO CUOPGIIUPOSAHHBI WTCKIMPOH Cqy.

OTKpsITHE CONBBATHPOBAHHBIX 3EKTPOHOB — OJIHO U3 BaKHEHIINX 10CTH-
eHMd xumun XX BeKa. UMEIOUIEE MHOIDYUC/IEHHbLIE NPUMEHEHHUA B XUMMH
1 0c00eHHO B MEKTPOXMIH. OIHAKO 10 CHX MOp B yueOHOI 3neKkTpoxuMmYe-
CKOIl TNTEpaType MM COBCEM HE YIIOMHHAETCA O CBOICTBAX COJILBATHPOBAHHOID
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3eKTPOHA, HIH YNOMHHACTCA CANLIKOM (parmMeHTapro. Meskily TeM colbBaTH-
POBAHHBIE MEKTPOHBI, Hapaay ¢ Honamu HT u OH ™, sBisioTes 0CHOBHBIME ak-
THBHBIMH HACTHLAMH B BOJIHLIX PACTBOPAX. nOL‘KOJIbK}-’ B HACTOALILEE BPEMSA YIKE
umeerces paa GynaaMenTanbHbIX 0030pOB, MOCBALLEHHBIX COMbBATHPOBAHHOMY
3/1EKTPOHY, B TaHHOM pa3iee OyAyT paccMOTPEHb! JIHIIL HEKOTOPbIE CBOHCTRBA
ITHX HacTHIL
Coofiemed  CoONbAMUPOCAHIHO20 Y1eKmPoHd. [WAPATHPOBAHHLIN H1EK-
TPOH — OAMH W3 YJIEHOB MHOTOHMHC/IEHHOr0 cemeiicTsa CONMbBATHPOBAHHDBIX
21EeKTPOHOB — Briepebie Obil 00HapyikeH B amMmuake Oojee CTONETHA Hasal.
[Tpy pacTBOpEHUHU 1IENOYHBIX METALIOR B aMMHAKe He 00pazyercs, Kak BHauaie
OKHAANOCHL, META/IOAMMHAa4YHLIX CO/IE, @ B KOHLUEHTPHPOBAHHLIX pacTBopax
M —NH; BajfeHTHbIIT SIEKTPOH HAXOANTCS B CBOOOIHOM COCTOAHNM, B pa3bas-
JIEHHBIX K€ PacTBOPAX OH CBA3BLIBACTCH C MOJEKYIAMH PACTBOPUTEIS, KOTOPhIe
€ro OKpy:kaloT. Bruote 10 HacToslEero BpeMeHi TeopHa MeTa/lIOaMMHaYHbIX
PacTBOPOB OCHOBBIBAETCH HA 3THX NPeACTABIEHHSX. BrnocneacTenn takue sg-
Aenua Habmonanich Takke MPH PaCcTBOPEHNH WENOYHO3EMENbHBIX 1 PeAKO3e-
ME/IbHBIX METALIOB B daMUHAX, amuaax. cnuprax n apupax. OaHum us Haudo-
Jee YAMBUTENILHBIX CBOICTB pacTBopoB M —NHjy siengercs ux paccioeHue npw
onpenenenrbx yenosmax. Tak, nanpumep, pactsop Na—NH; ¢ koHuenTpaunii
~ 4% npu Temmeparype HIbKe
> 230 K pacnagaercs Ha ABe Hecme-
ééa"“ wHBaoleca skuakne ael. dasa
¢ OONbUIMM CoZepHKAHHEM MeTaslia,
104 Oyayun Doilee NErkof, BCIbIBaeT Ha-
BEpX M pacnonaraercs Hax donee Ti-
g 3 AKeN0i ManOKOHIEHTPHpoBaHHOIl da-
) 30il. Bepxusa asa, nposossuas
j }} Jjgr  OneKTpHuecKuii TOK, mmeeT GpoH30-

1
=
T
T
L

=2
:

BY K0 OKPACKY, HIDKHSAS, HENPOBO/sILAS

tasa, HePHHILHO-CHHIIT  TIBET.

Bponzosasa asa npu  yBeNMUEHHH
i 4107 KOHUEHTPALH PACTBOPEHHOTO MeTaJl-
/ 7@ HCIBITBIBACT PE3KHH IKCIIOHEHN-
;r @IbHbII POCT 3MEKTPOIPOBOAHOCTH,

v

f

4

: ¢
10't .=

[posoaumocts, Om - en

ABIAIOIIANCA CASACTBHEM YBenHqe-

! 10’ HUS CTENEHHM HOHM3ALUMKM METALIA Ha

! 10 100 KATHOH W cBODOAHBIN  31EKTPOH.

KOHllti;?!:(t.ll.].:)iéi:lgiﬂlo:.:'rﬁhIK H3 puc. 7.8 BuaHO, UTO KpHBbIE Ha-

1 CTONLKO CXOMKH Mexay coboil, uto

Puc. 7.8. Ilposoaumocts pactopos Ca— NPHXOIHMICA H300PAKATL X B pasiiHy-

NHa. Li—NH3 u K—NHa npn 223K HBIX MactiTabax. EanHeTsenHoe pas-

nnume sakmouaercs B Sonee caadoii

KOHLEHTPAHOHHOI 3aBHCHMOCTH 1S ABYXBAJICHTHBIX METAUIOB, AHaIHTHYe-
CKM 3TH 3aBHCUMOCTH MOMKHO NPEACTABUTL NPUOMILKEHHLIM YPaBHEHHEM

1,0

xrn’, (7.87)
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rae n — IUJIOTHOCTE BaJIEHTHBIX 3M1E€KTPOHOB. I'Ipu BLICOKHX TJIOTHOCTAX
HIEKTPONMPOBOAHOCTh MCTANJIOAMMHAYHBLIX PACTBOPOB HHOMIA [PEBOCXOINT
AICKTPONPOBOAHOCTL METANINYECKOI Knakoil pryTH. OObACHEHHEM TAKoro
CBOCTBA Ccon LBATHPOBAHHBLIX JNEKTPOHOB ABNACTCA MOHWKEHHE 3¢)¢GI{'FHBHOii
FHEPIHH HOHW3ALHKW METalllla € YBEAHWYCHHEM NMIOTHOCTH pacTBOpa 1, Kak cinei-
CTBHE, YBeHYeHHe KOHLUEHTPALLNH «CBODOIHBIX) MEKTPOHOB 7. [IpH mocToan-
HOIf MOABUKHOCTH WEKTPOHOB [, YBEJIMYCHHE 71, BICYET 38 coDoii YBEIHYEHHE
YENLHO NEKTPONPOBOHOCTH

M= eNfbe- (7.88)

[Tockonbky rujapaTHpoBaHHbIil 1eKTpoH — npocTeifnii npumep ciabo
CBA3AHHOTO YIEKTPOHHOTO JIOHOPE, TO €r0 MOKHO CHHTATh MOIEIbHBIM pe-
AreHTOM 110 OTHOIEHUK K MHOTOUHCICHHBIM TEPMUYECKHM U (hOTOXUMUYE-
CKHM OKHCITHTEILHO-BOCCTAHOBUTELHLIM NpoLeccaM. AHanu3 peakuHoHHOH
CnoCOBHOCTH €,, N03BONsAET Onarogaps NPOCTOTE ITOrO CYIIECTBYHOLIEro
B BOJIHBIX CHCTEMAX 2MEKTPOHHOrO I0HOPA NOYYaTh BAXKHY10 HHDOPMALHIO
HE TOJIBKO O [IPHPOJIE NPOLECCOB NEPEIAUH HIEKTPOHA, HO TAKKE O IPHPOJE
CaMHX aKuenTopoR.

[MocroneKy €., HMEET MANoe BPEMA KH3HH 1 ObICTPO PEarupyer co crieno-
BbIMU KOJHUYECTBAMH HEKOTOPLIX MPHMECeii, TO CAeMYEeT OKHAATE, UTO PeaKiiiu
C €ro Y4acTHeM JIErko noaaaoTes HabI0AeHHIO TOJLKO (IPH YCIOBHH, €CiIH OHH
MPOHCXOIAT € IOCTATOYHO BbICOKHMH CKOPOCTAMH — KOHCTAHThI CKOPOCTH
peakuuil BToporo nopsaaxa nomkHel npesstwars 107 mons™" - ¢!, [pakru-
4eCKH BCE Peakiii ¢ THAPaTHPOBAHHBIMI DIEKTPOHAMH SBIAIOTCH JK30TEep-
MHYECKHMH.

EctecTBeHHO, MEXKLY BEPOATHOCTAMH MEPEHOCA JIEKTPOHA M JNEKTPOHHBIM
CPOJICTBOM AKLENTOPA A0IKHA CY LIECTBOBATE ONPeieneHHas casizb. OIHAKO TOT
(haKT, 4T0 CKOPOCTH peaKLuii €,, CO MHOIHMH OOLUEHIBECTHLIMH OKHCIHTEIAMH
numuTHpytotes nudiysneii, He BbI3bIBaET coMHeHNs. MHOTHE M3 MPOIYKTOB
TAKHX peakumii npeacTasnsioT codoil KOPOTKOKHUBYLLUHME MPOMEKYTOUHbIE CO-
€/IMHEHHUA, TEPMO/IHHAMUYECKHE CBOHCTBA KOTOPBIX M0ITOMY MOTYT ObITh YCTa-
HOBJICHbI JIHIITL MYTEM 3AKTIOUEHNH M0 aHATOTHW WIH € NOMOULLIO KOCBEHHLIX
metonos. Takum obpasoMm, €,, NpeacTaBaAeT codoii HE TONLKO PeareHT, YHacTBy-
IOLLHIT B MPOLIECCAX NMEPEHOCA MEKTPOHA, HO TAKKE H IIEHHBIIT HHCTPYMEHT He-
C/IeA0BAHHSA, CAYIKALUMIL 1151 YCTAHOBIEHHS TEPMOIMHAMHYECKHUX CBOMCTB Kak
W3BECTHBIX, TAK 11 BHOBB MOJIYUAEMBIX XHMHYECKHX COE/IHHEHHIT,

Hame obcyxaenue ponn €,, B XUMHH ObIT0 OBl HENOMHLIM Oe3 ynoMuHa-
HUA O €I0 3HA4YCHUH B OCYILUCCTBICHHH Pa3/IHYHbIX CHHTC30B. Fnﬂpai'upoaan-
HBIE 2TEKTPOHE 00Pa3yIOT OOMBLINOE YHCIO AKTHRHBIX TTPOMEKY TOTHRIX BOCCTA-
HOBJIEHHBIX [IPOJYKTOB, [IPHYEM HEKOTOPbLIE M3 HHX ObUIH MOAYUEHbl BEPBLIE.
K Hum otHocsies Heopranmdeckue nons: Co™, Nit, Mn™, NO,, BrO;, 1,
a TakKke TakWe opraHuueckne wacTHinl, kak PhCOO®~, PhNO, ,
CipHg . (CH3)2CO~ 1 np. Bee 31u BewecTsa ABAAIOTCH KOPOTKOMKHBY LLU-
MH, TaK Kak nocne oOpaszoBaHus OHH ObICTPO PeKOMOMHUPYIOT WM JWC-
[POIOPLHOHHPYIOT.
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B HacTosee BpeMsa paspadoTaHo 00IL110e KONHYECTBO METOIOB MOTYUEHHs
COJILBATHPORAHHAIX H1EKTPOHOB; K HUM MO/KHO OTHECTH PEAKIIMH DNIEKTPOXHMH-
YECKOI0 BOCCTAHOBIEHHS, (POTO- M MEKTPOXMMHUESCKYHO IMUCCHIO, PAIHOIIN3,
doronns u ap. OpHIM 13 Hanbonee Y106HBIX CMIOCOO0B FEHEPHPOBAHIA ITEKTPO-
HOB ABJIAETCA IMUCCHA [IPH KaTOAHOM NONAPH3ALIHH METALI0B, IOIPYKEHHbIX B
pacTeop 2nektpoanTa. [lockoneky padota BEIXO#a MIEKTPOHA M3 MeTalIa MpH
€ro NorpyAkeHuit B cpeay MOHMKaeTes, T0 BEPOATHOCTL IMHCCUN MIEKTPOHOB
CWILHO yBeauuusaercd. [lpuiokenne oTpHUATENLHONO NMOTEHLHANA K KaToay
OT BHELIHEr0 HCTOYHHKA TOKA elle DoJiee YBEMHHHBACT ITY BEPOATHOCTL, TAK
4TO KOHUEHTPALA IEKTPOHOB, MNOKUHYBLIHX [IOBEPXHOCTL METALIA, MOMKET
OBITH AOBOMLHO 3HATHTETLHOIH.

[Teppoii cTanueil npouecca IMUCCHN ABIASTCS [IEPEXO/l WIEKTPOHA 3a npe-
JIesTbl IBOIHOTO SIEKTPHYECKOTO C/10A. B KOTOPOM peanHsyercs HanOombInnii
cKkauok noreHumrana. [lo Beeil BEPOATHOCTI, B 3TOM CJI0€ NIEKTPOH BCE eLile [pH-
HAUTSKHT MeTAJLTY M ABISETCA Kak OBl «cyXxumy». Beliins 3a npenensl asoitHoro
C/104, NEKTPOH Y7Ke HE HAXOAUTCH B MOLIHOM 1EKTPHYECKOM [10J1€ MOBEPXHO-
CTH MeTanna. M 3a spems nopsiaka 10712 = 10~ ¢ npespaaetcs B Teniooii
ekTpon ¢ sneprueit ~ kpT'. Ilpouecc Tepmanu3auun NPOHCXOANT HA J0-
BOJIbHO 3HAYMTE/IbHBIX PACCTOAHMAX OT MOBEPXHOCTH METANNA, JOCTHIAIOLINX

10+ 50 A. Crenyrowmeit crajueli sBASETCS NMPOLECC CONLBATALHH, OOLIUHO MPO-
nomkaomuiics B tewenne &~ 1071 ¢ (115 Boabl, HANPUMED, ITO BPEMS PABHO
< 2+-107'% ¢, a na metanona ~ 107! ¢). Ha puc. 7.9 uzobpaxena ycnonHas
CXEMaA DMUCCHH YIEKTPOHA W3 MeTala-aMITTepa.

[Tpu sMucCHM 31EKTPOHA M3 METAINA B PACTBOP. B OTIHUHE OT BAKYyyMa,
BCJI/CTBHE HANWYHA JBOHHOIO MEKTPUHECKOro CJIog Ha rpaHuue MeTasn—
PACTBOP KOHLEHTPALMA IMUTTHPOBAHHBIX HMEKTPOHOB 3aBHCHT OT MPHI0IKEH-
HOr0 W3BHE MoTeHUHana. B Bakyyme H3MEHeHHe MoTeHUHana Mex1y KaToaoM
(3MHUTTEPOM) 11 AHONOM JIHHEIHO HA BCEM MPOCTPAHCTBE NMPOMEKYTKA, BCe-
CTBHE Hero padoTa BLIXOAA IEKTPOHA MPAKTHYECKH HE 3aBHCHT OT BEMHYNR-
Hbl MPUIOKEHHOIO HANPAKEHHA W ONPEACIACTCA JHUIL NPHPOLOH mMeTania-
avurrepa. [Tpu KoHTaKTe MeTasna ¢ MEKTPOIHTOM CKau0K NOTeHIMana peani-
3YETCA B C/I0€ TONMIMHON B HECKONBLKO aHTCTPEM, HanpAKeHHOCTL nond E B
TAKOM [IPOMEKYTKE JOCTHIAET IECHTKOR M COTeH MuuHoHoB B /em (puc. 7.10).

HOBTOM)’ HAJTOKCHAC BHEITHETO MOJIA MOMKET CHILHO H3MCHHATE BETHHHHY B,
Kak cneacrTeie 31oro H3MeHHTCH U [OTOK IMHUCCHH 1€ KTPOHOB. B otauume or
BAKYYMa KOHCYHLIM COCTOAHHUEM DJICKTPOHA ABJIACTCA HOBAA 4acTHUa — CO/lb-
BﬂTl-‘]pOBaH]Ib[ﬁ DIEKTPOH.

Bpemst KU3HH MEKTPOHA B CONLBATHPOBAHHOM COCTOAHIM MOYKET ObITh 10-
cratouno aonrum — ot 1072 1o Heckonbkix cekyHa. Hanpumep, 8 Bojsie Bpems
JKH3HH THAPATHPOBAHHOTO Y1eKTpoHa coctasaseT 1077 ¢, a B rekcamerudoc-
(popTpHAMHIE OHO PACTATHBAETCH 10 HECKONLKNX ceKyH1. [Tpu Hammumm B pac-
TBOpC aKU.CIIT()pOB 'BJIEK'TP()HDB MOKRET Ilpﬂ“cxﬂﬂiﬂ'h 3axear .')JIGIFT'[.‘JUHOB ITUMM
aKLETITOpaMi HIIH PEakuusd XMMHUECKOT0 B3aHMOAESHCTBIS ¢ MOJIEKYIaMU pac-
TROpHTENS ¢ 00pa30BAHHEM HOBOTO XHMITYECKOTO COEAMHEHNS, HHOTIA C 04EHB
HEOOLIMHBIMH CBOHCTBAMM,
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Puc. 7.9. Craaum IMHCCHH dAEKTpOHA H3 Puc. 7.10. Cxemaruueckoe u3oOpake-
MeTasia B pacTrop HHE MOTEHINANLIOr0 Gaphepa Ha rpaim-
L& METALT— PACTROP

DMEKTPOHBI B PAATHITHOH CTEMeHH MPETEPeBaioT COMBBATALNIO BO BCEX JKIHIKO-
CTAX. B HENOSPHBIX KUAKOCTAX MEKTPOHHO-MOCKYISPHBIE B3aHMOICHCTBHA
ngocTatodno  cnabele.  bamskosecTBylomme  CHABI  OTTAIKHBAHHA
MEIK/Y KBa3UCBOOOAHLIM MIEKTPOHOM M CBS3AHHBIMH IJIEKTPOHAMU MOJIEKY.
PACTBOPHUTENS HACTHUHO KOMIMEHCHPYIOTCS JATLHOACHCTRYIOIIMMH NONApH3a-
UMOHHBIMU CHIAMH.

B nonsipHOii sHAKOCTH HAPSIY C THMH B3aHUMOMSHCTRHAMH CYIIECTBYIOT

FHAUNTENHLHO MPeBOCXOAsAIHe HX Oni3Ko-
NEiCTBYIOIINE CHbl OTTANKMBAHMA Mek- 2,0[ = 10°u ' on
Jly SNEKTPOHOM W CPenoit, KOTopeie opu-
EHTUPYIOT MOIEKY. 1B PACTBOPHTES BOKPYT
IMEKTPOHA H TEM CaMbIM BbI3BIBAIOT 06pa- 1.5 ]
30BAHKE «10J10CTH»,

MEKTPOH, HAXOAAIMIICA B TaKoil AMe,
HMeeT JUCKPEeTHLIE IHEPreTHIeCKHUe YpoB-
HU 11 XaPAKTEPH3YETCs ONpPE/ICICHHBIM KO-
POTKOKHBYILIAM MHTEHCHBHBIM CHEKTPOM
nornowenns. Jlng BoaHoro pacrsopa Mak-
CHMYM T10JI0CHI TIOITIOWEHIS THAPATHPOBAH-
HOrO 27eKTpoHa npr 25° C HaxoauTca npH " . . ‘ J
anuHe BosHbl 720 HM (1,73 3B) (puc. 7.11). 200 400 600 800 A, uw
CriekTp THAPATHPOBAHHOIO YIEKTPOHA HE

1,0}

0.5¢F

3ABUCHT OT criocoba ICHEpALMK JICKTPOHA, Puc.  7.11. [‘"cwrpm Horone-
TAK e, KaK (OpMa CreKTPankHON MONOChl  HUA €4y, MOAYYEHHBIE PASINYHBIMH
ne 3asucur ot pH pacrsopa. crnocotaMu

I'Ipmfepno TAKOI 7K€ BH/ NMEHOT CreK-
Tpbl COMBLBATHPOBAHHOIO 2IEKTPOHA B APYIHMX pactBoputensx (rtabda. 7.6).
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Tabnuua7.6

Pactsopurens Xumuueckas gopmyia Amax. HM
MeTtanon CHzOH 620
Dranon CaH;0H 730
w=1Iponanon CaH;OH 308
#-byranon CyHaOH 680
[ [niciorexkcanon CgH11 OH 750
DTHICHIIHKONb HOCH2CH20OH 580
I nvuepux CHOHCHOHCHOH 550
DTHICHAHaMHH HyNCH2CH2NHz 1350
Juvernadopmamui HCON(CH3)2 1680
Juveruncyasoren (CH3)280 > 1600

[Mpy yBeAUHEHHH TEMNICPATYPBI CHEKTP MOIIOWEHNA Kak uenoe 6e3 nime-
HEHHsI MHTEHCHBHOCTH CIBHIAaeTCs B CTOPOHY MEHLLIMX DHEPruii ¢ TeMrom
d(hv)/dT = —-2,9-10~* 5B/rpan.

[oBbieHHE JABICHNUS CMELIACT Ay B KOPOTKOBOIHOBYHO 001acTs. Muepr-
HbIE COJTH TAKKE CMELAIOT CHEKTP B CTOPOHY KOPOTKHX BOMH. Tak, Hanpumep,
rpu geeneniu B Bony LiCl ¢ konuenTpatueit 15 M criekrp casuraercs B ctopo-
HY KOpoTKHX BOMH ¢ 720 uM 10 580 um. [1pn atom dopma nonocs! norioieHus
OCTAETCS HEN3MEHHOI, a KOAMPPUUHEHT IKCTHHKLMUM JIHIL HEMHOIO MEHbLIE
TAKOBOTO B MHCTOH Boje. B Tabn. 7.7 cRe/ieHs HEKOTOPHLIE JAaHHBLIE MO CMElle-
HUE MAKCHMYMA M10J10Ch NOMOLIEHNA MTHAPATHPOBAHHOTO JEKTPOHA B BOIHbIX

dAIII' x
pacrgopax. 910 cMelueHHe B cpeatem cocrasnser ——— & 0. (3 7B.

dlnas
Tadannal’d
Bewectso MgCl2 KF KF NaOH KOH LiCl
€. MOIb/1 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
dX/dna 0.015 0. 034 0,040 0.020 | 0.014 0. 025

B nccnenopanmax no (]JOTOBMI[CCHH NICKTPOHOB B pa36£IB.I'IeHHb[X pacrso-
pax MIEKTPOIUTOB LU MOIYUEHB! IPUMEPHO TAKHE JKe 3HAUCHIS WIMEHEHIIs
padoTbl BbIXOZA deKTpoHa H3 pryTH. B tabn. 7.8 npusenens! 3nauenna pabo-
Thi BEIXO/I@ AIEKTPOHA U3 PTYTH (Npw anekTpoaHoM noteHumane E = —1,5 B)
B BOAHBIX pacteopax KOH pasnuiHoii koHUeHTpaLmy.
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Tadauna78

€, MOJIB/1 1.00 0,10 0,03 0,01 0.003

W.sB 3,29 3,34 3.36 3,37 342

Mo nauubiM Tabauusl (C yueroMm pasdpoca dKCHepHMeHTallbHBIX 3HAYEHHIT)
oW/ ey, = kgT/e = 0,025 B. Ouenb nokasare/ibHbIMH SBISIOTCH IKC-
NepPHMEHTATLHLIE JAHHBIE MO WCCAETOBAHHIO BONLTAMMEPHLIX 3aBHCHMOCTEIl
[IPOLIECCOB BbLIEISHHS BOAOPO/A H3 KHCIbIX BOIHBIX PACTBOPOB.

HecAaTHKpaTHOE YBeNUUeHHe KOHUEHTPALMN HHEPTHLIX conell He3aBHCHMO
OT UX MPHPOJILI BI3LIBAST MPH OIHOH 1 TOH e MIOTHOCTH NONAPH3YIOLIEro ToKa
CMellleHHe nepeHanpskeHns Bulaenenns Bojopoaa Ha 59 mB. Ha puc. 7.12 no-
Ka3aHa Takas 3aBUCUMOCTL NpH nobaskax B pacteop conu KCI pasuoii koHuex-
Tpauun. Taroii ke xapaxkTep KpHBhIX HAOMONANCA B PAcTBOPax, COACpPKAlIHX
nodaeku coneit BaCly. LaCly. Ky POy 1 He TO/IbKO HA PTYTH, HO M HA JIPYTHX
anexrponax. OueBHIHO, JaHHOE ABJE-

HHE CBA3AHO C MOHHKEHHEM YPOBHA log ], A/em?

MPOBOANMOCTH AIEKTPOHOB B PAacTBO- 0.IM
Pe, 4TO M BbI3bIBACT NOHIKCHHE M- |\ \/ \| |
peHanpsKeHns BLIIENeHIs BOA0POIA. 0.01M

["MapaTHPOBAHHBII ATEKTPOH HME- /
et sapa, pasubiit —1. Takoiil BelBON
OblUT MONYYEH HA OCHOBE HMITYIIbC-
HOTO pannonn3a MpH HCCIeI0BaHHH
peakuuu €., C PasaHYHLIMU HOHAMH
B 3aBHCHMOCTH OT HOHHOMH CHJbI pac-
TBOpA.

Hast HasBaHHBIX peakuil 3axo-
HOMEPHOCTH, BbITEKAOILHUE M3 ypae- Hg
nHenua bpencrena— beeppyma (cBsi-
FBIBAIOIIETO  KOHCTAHTY  CKOPOCTH \
peakiuui ¢ KBaApaTHEIM KOpPHEM M3 g
HOHHOI CHJIbI PACTBOPA), BLIMONHAIOT-

Csl NpakTHYeckn 6e3 OTKIoHeH! . k- \
BUBANEHTHAs [POBOAMMOCTh €40\ = e,y
=198,00m 'cm®, noaBuKHOCT jt = SoIM
= (1,98 +0,10)- 10~3 ew®B~1c™!.  -12 -L0 0.8 m B
O06e >T# BenHIHHBI GTH3KH K MOABHK-
HOCTH M IKBUBAJICHTHONH 21EKTPO-
npoBojiHOCTH HoHa OH™ u HamHoro
BbILIE TAKHMX JK€ XApaKkTEPUCTHK, Ha-
ApUMED, TaNOreHUA-HOHOB.

[Mockonbky 3KBHBANEHTHAS IIEKTPOIPOBONHOCTL €,y 3AMETHO IPEBbILLA-
€T IKBUBAICHTHLIE TEKTPONPOBOAHOCTH OCTANILHBIX HOHOB (33 HCKITIOYEHHEM
H;0" 1 OH™), caenyer npennonararb, 4To MexaHusMm AH(QY3un e,, Takke

'
1.0M

wn
]
-

Puc. 7.12. Bauanue nodarox KCI na cve-
WICHHE MOTCHILMAIA NICPCHAIIPSKCHHA Bbl-
JefeHis BOAOPOAa HA PTYTH
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oTaM4aeTcA OoT Mexauusma auddysnm npyrux uoHop. B To ske Bpemsa Mmexa-
Hu3M I'porryca (sctaderHsiii nepeHoc), KoTopsiii odhacHseT nosenexne HyOF
u OH™, ansa e,, HenpuUMEHMM. MOXKHO MPEAnoNoKUTh, YTO IMEKTPOH nepe-
MELIAETCA B PACTBOPE MYTEM OYeHb OBICTPBIX MEPEXOIOB W3 OAHOI NOBYIIKH
B APYTYH.

CymectsyeT 18a 00bACHEHHA MEXaHH3MA MEPEHOCA IEKTPOHA OT 3aHUMa-
€MOro HM MeCTa B pacTBOPHTEIE Ha OpOHTaANIL PACTROPEHHOTO RelecTra. [lep-
Bl — KJIaCCHUIECKHIT MEXaHH3M — NPEANOIaraeT NepeKkpbiBaHHe HEKTPOHHBIX
opOuTaneil MoneKy1bl paCTBOPEHHOrO BElECTBA ¢ OpOHTaANsMH €,, U nocne-
AYIOUUH OBICTPhII NEpeHOC AeKTPOHA. BTOpOit MexaHH3IM — HeKIaccHueckoe
Ty HHEJIHPOBAHHE YIEKTPOHA Yepes NoTeHunabHblil 6apbep. pasaessouui ruj-
paTHPOBAHHOE COCTOAHME IEKTPOHA M COCTOAHHE JUIEKTPOHA, BHEJIPEHHOTO
B MONEKYIY akuenTopa. DTOT MeXaHu3M BKJIOUaeT B cedd IEKTPOHHYIO Mo-
AAPH3ALHIO MOJIEKYIbI AKLENTOPA, MPOHCXOIALLYIO 0/IHOBPEMEHHO C MIEeKTPOH-
HbIM [IEPEHOCOM H HE TPEOYET BHY TPHMOIEKYISIPHOIO NIEPEMELIEHHS aTOMOB /10
MOMEHTA SMEKTPOHHOTO MepeHoca.

HesepostHo Gonbluoii 18 Takoit rpoMaiHoil YacTHLL!, KaK THAPaTHPORAH-
HbLii 2NeKTPOH, KO3 puLMenT 2u(Qy 3HH HABOAUT HA MBICIIL, YTO AHPPY3HS €44
MPOMCXOAUT MYTEM TYHHEIMPOBAHHA HA 3HAYWTENIbHBIE PACCTOSHNA W3 OIHOII
[MOJ0CTH B APYTYIO 63 0dpa3oBaHis NepexoaHoro coctoaHus. Takoil MexaHu3m
HANOIMT [OATBEPIKIEHHE HPH KOIHYECTBEHHOM aHain3e DobLIOro Yneha aud-
(Py3HOHHO TUMHTHPYEMbIX peaktmif. [1pu 2ToM nepeutHbie NPOLYKTEI peakimii
00s13aTeN1bHO HAXOAATCH B BO3OYKACHHOM COCTOAHHM. TOALKO ML TYHHENL-
HbIM MEXaHH3MOM EKTPOHHOTO MEPEHOCA MOKHO 000CHOBATE PABEHCTBO KOH-
CTAHT CKOpoCTel peakuuii apoMaTHYeCKHUX COeNUHEHHIl B BOIE U B METAHOE.

Ecnu Obl 3TH peakiiu IPOTEKANH 110 KIACCHUSCKOMY MEXaHH3MY, TO pa3iu-
YHE B FHEPTHH CONBBATAIMA PEATEHTOR H NMPOAYKTOB B KaKI0H W3 ITHX Ccpejl
norpebosano Obl pazHoi YHEPIHH AKTHBALMK, H, KAK CJICICTBUE, A0MKHO ObL10
Obl MPUBECTH K PA3HHLIE B KOHCTAHTAX CKOPOCTH PEAKIINN.

Panmnyc co/TbBarHpOBAHHOIO MEKTPOHA 3aBHCHT OT MPHPOIILI PACTBOPHTENS
U OLEHMBAETCA AN BOAb BeaminHoi 2,5 + 3,0 - 107" oM. Mexons u3 nx
JAHHBIX, MOWKHO [IPUHATD, YTO €,4 ABIACTCH «DONBLINM HOHOMY.

HcenenosaHne KOHCTAHTBI PABHOBECHA PEaKinm

Cay -+ H.{O =H+ OH™ {789)

Jano BOSMOKHOCTE YCTAHOBHTL TEPMOLAHHAMHYECKNE CBOICTBA HApaTHpOBaH-
Horo ekrpora. Koncranra papHosecus 3roii peakunn K, = 7 - 1077 coon-
BETCTBYET CTAHAAPTHOMY MOTEHIHATY MMAPATHPOBAHHOTO IeKTpoHa (£ = —
—2,87 B). Ou na (.67 B orpruaresistee cradiaprHoro rnoreHuuana aroma H
W ABNIgeTCA DoNee MOUHEIM BOCCTAHOBHTENEM, HeM TOoCTeaAHMi.

Peammomum CROCOOHOCID €ag: H3BecTHO GombIIOe 4HCIO peammﬁ
€ YUacTHeM IUAPATHPOBAHHOIO AUIEKTPOHA. ITH PEAKLIHN MOKHO N0APa3IeIuTh
Ha TPH IpYIIibl: a) OPUCOCIHHCHHE €,y K HOHaM (upocroe BOC-C'I&HOBH@HH@):
6) MNPHCOCAHHEHNE €,,4 K HeﬁTpaﬂ bHBIM MOJICKY.J1aM H B} AUCCOUHATHBHOC NMpH-
COE/IMHEHHE €.
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MeTonaMi UMITYILCHOTO PAANONN3a K HACTOALIEMY BpeMeHH HASHTH(MIIN-
POBaHBI Camble pasHOOOPA3HLIE MPOAYKThI 3THX PeaKiini, H TeM camMbiM 10Ka-
3aHO, YTO CObBATHPOBAHHBII HIEKTPOH SBISIETCSH PABHOIPABHLIM YUACTHHKOM
MHOTHX XHMHYECKHX MPOLECCOB.

Ipennonaraercs, 4T0 BCE peaklny C yHaCTHEM IHAPATHPOBAHHOIO 3MEK-
TPOHA B JKHIAKOH BOAE MMEIOT OIHY M TY JK€ JHEPIui0 aKTHBALMH, PABHYIO MPH-
MepHo 3 + 4 kkan/mons. Tak Kak ManoBeposTHO, 4TOOLI Takas MOCTOAHHASN
IHEPrUg AKTHRALWK ObLIA CICCTBHEM OHHAKOBBIX JHEPreTHUECKHX XapakTe-
PHCTHK [POMEKYTOUHBIX COCTOAHMIT /L1 PasiM4HbIX BEWIECTB, TO QYEBHIHO,
YTO HHBAPUAHTHOCTL IHEPTHH AKTHBALMH COOTBETCTBYET IHEPTETHHECKHM fie-
pexozam, MpPHCY MM caMoMy COJIbBATHPOBAHHOMY JJIEKTPOHY. Bo3moskHo. 11s
peakiii AEKTPOH JI0MKEH cTaTh Doee JIOKAIH3OBAHHBIM, YeM B OCHOBHOM
coctosuun. Jlokanusauus, Tpedyrowwas IHePruy akTHBaLuH, NpoHCXOAUT ¢ 06-
pasoBaHHEM MOAXOANULEIT «ILIPKHY B pacTBOpHTENe. AJILTEPHATHBONH MOKeT
ObITh CHEAYIOLIEE NPEANOIOKEHHE. FHEPTHa 3 KKal/MOMb Npe/CTaBnseT coboil
IHEPrHIO, HEOOXOANMYIO /LTA [TOABIEHHA CHIT MONEKYTAPHOH OPHEHTAILIHH BOMIbI
BOKPYI €. BCICACTBHE HEI0 HJIEKTPOH OKA3LIBAETCH CBAZAHHBIM TOJILKO [10/ISPH-
3aLHOHHLIMU CHIAMH. DHEPrus noaspu3aumu, cocrasasiolas donee 90 % suep-
THH THAPATAINHH €4, NO-BHIHMOMY, HE ABNACTCA HaphepoM L1 HIEKTPOHHOIO
nepeHoca. OpUEHTALHOHHAS HEPrHs CONLBATHOH 00ONOUKH PaBHA IHEPTHH,
HeoOxXonMOoi i anddy3Hn BOILI HIH IPYTHX BeliecTB B Bole, — Mpolecca,
KOTOPLIT BKIOUaeT B ceba obpazoanue Abpku. B nonb3y naHHOi runoressl
FOBOPHT TOT (PAKT, UTO (POTONHTHUECKOE OCRODOIKICHHE €, W3 rHAPaATHOI ce-
pbl POHCXOANT B BO3OYAKIEHHOM «IOMEHE) € BbIACIECHHEM 3HEPrHM, PABHOI
3.5 kkan/mMon. DTa 3IWEprHs TPECTARIAET coDOiT pa3zHOCTE Mexay cpemmei
aHepriei otona u sueprueil ruaparauny snekrpona. M3 npusenenubix paccy-
AJICHWH ACHO, YTO PABEHCTBO PHEPTHUH AKTHBALIMH JUTA OBICTPLIX H METIEHHBIX
peakumii €,, 1 aHeprun akrusauny aHQQy3un pacTBOPEHHbLIX BEILIECTB B BOAE
HE SBJIACTCH ClYyHaHHbIM.

UncneHHy1o BeNHUNHY JHEPIIH PHAPATALIK JAeKTPOHA

f; —¥ (.';q + AG] [A}

HOAYUHM, HCHOJIB3YA CACAY LM TEPMOIHHAMHYCCKHA LIMKII:

€pg T H:aoiq — 1/2Ha,4 —63.9  xkKkan/Moilb
_lHEm,i —* _lH'Zgus —2.1 Kkxkan/mone
2 2

_]—)H‘Bgrxs ~ Hgns +48, 5 KKan/Moilb
Hoaa—¥ Sae T Hige +314.0 kkan/mons
Ht,, — HY, —260,5 KKan/MOlb.

Cymmapras BennunHa cBoOOAHOI 3HEpruyn ruapataunn no peakunn (A)
AG, = —36,0 kkan/monb (—1,56 2B) (B Bonee no3nHUX HCCASNOBAHNAX ITA
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undpa Heina yrousena u reneps AG, = —1,57 9B) cBHIETENLCTBYET O CAMO-
MPOH3BOILHOCTH MPOLECCa MHPATALNg EKTPOHA,

[TOCKOABLKY MAKCHMYM [1010CH! HOHIOUEHHS FHAPATHPOBAHHOIO MEKTPOHA
Aoz = 1.73 2B 1 3amerno Gonblie paccydTaHHOIl IHEPrHH TMApaTalnm, To
MOMET [10KA3aThCA, UTO NOMIOIEHHE CBETA MEPEBOINT €,, B BO30YKIEHHOE
COCTOSIHME, B KOTOPOM OH 00J1a1aeT NOTEHIMATLHOH dHeprHeii, nocTaTtounoil ans
BbIXO/A W3 conbBaTHOI 000n0uKH. OJHAKO Ha CamoMm Jiene Mocie ONTHYECKOro
repexo/ia AEKTPOH OCTACTCS B NOASPH3ALHOHHOM [101€ OCHOBHOTO COCTOSHHSA
¢ sHeprucii okoso 1.6 9B, TaK 4TO 2MeKTPOH, NO-BUAMMOMY, (uiyopecuupyer
1 BO3BPAILAETCA B OCHOBHOE COCTOAHHE,

CBoGoaHyl0 JHEPIHIO peakuHy B3aUMOIeHCTBIA IHAPATHPOBAHHOIO JNIEK-
TPOHA € HOHOM THIPOKCOHHS

€zq + HzO' > %H-_,!,e.,, + AG; (B)
MOJKHO OTPENETHT M3 PeaKiiii
Hins = Hag —4,6  KKkan/MOMbL
Hyas — éHi’-zu.ﬁ —48.6 xkxkan/Mois
H;0" + OH™ — H,0 —19.1 kxan/mons
€,q + H20 = Hyy + OH™ +8. 4 KkKan/mModb.

CymMMupya BeIHUHHbI CROOOIHRIX 3HEPriil Kaw a0l W3 peakimii, nonyuaem,
uro ans peakunn (B) AG, = —63.9 kkan/mons (—2.77 2B) (8 swacrosiee
BpemMd npuHATO Gonee yTouneHHoe 3HaueHne AG = —2.87 3B). Bemnunny
—2,87 5B npuxumaior 3a cradaaprayio seanduny AGY ruaparnposasHoro
INEKTPOHA, OTCYHTAHHYHO OT NMOTEHILNAIA BOIOPOIHOTO AEKTPOIA.

CyMMHpPYS BelIHYHHLI CBOOOMHLIX JHepruii no peakunam (A) u (b). nomy-
4HM 3HAYEHHE CBOOOIHOI IHEPrUN THAPATHPOBAHHOTO MEKTPOHA B BOTHOM
pacTeope AG’?MQ) = AG| + AGy = —4,44 9B, H3MePEHHOE 110 OTHOLIEHHIO
K BAKYYMY W npunsTomy 1o HomeHiarype HIOIMAK 3a abecomornoe 3HaueHune
XHMMHYECKOro rMoTeHLnasna dMeKTPoHa B Bojie.

Crmipykmypa 3aX8a4eHHOZ0 U COAbSAMUPOSARH020 Ydekmpona. Tuapa-
THPOBAHHLIIT TEKTPOH NpeacTaBageT cobO0ii MeKTPOH, 3axBaveHHLIii coDCTBeH-
HbIM [10APH3ALUOHHBIM [10JIEM; B BOAHOH MatpHue €,, CO31aeT MOJOCTb,
Crektp nomonesna €,, uMeer BombIioe CXOACTBO CO CHEKTPOM CONTbBATH-
POBAHHOIO JMEKTPOHA B AMMHAKE €x{,, A TAKKE B CMEILAHHLIX PACTBOPHTENNX
Tuna NHy — Ho O mnn CHyNHy — Ho O, Ha 310M OCHOBaHHH E/IAeTCs 3aK/TI0-
YEHHE O TOM, YTO CTPYKTYPHBIE OCOOEHHOCTH €,4 M £N}1, TAKKE [10J0DHEL

ConbBaraiina MEKTPOHA ONMUCLIBACTCA PA3THYHBIMH MOIEIAMH, B OCHOBE
KOTOPBIX JIEKHUT npencrasiedye Jlanaay o cos3fiaHni BOKPYT JIEKTPOHA [1015-
pH30BaHHOIL 00aCTH M3 MONEKYJl PACTBOPHIENs, KOTOPYIO BIIOCIENCTBHH Ha-
3BAIH MONOCTLIO, DNEKTPOH, 0OPa30BaBIINiT TAKYIO NOJOCTH, HAXOANTCS B HEl
Kak Obl B NOTEHUMAILHOM AME M CHIILHO B3aumMoneiicTeyeT ¢ Gamkaiitunm caoem
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MOMeKys cpebl. B cyuae BOIHLIX CHCTEM DTOT C/10if COCTOUT W3 6 MONEKYIl BO-
Jibl, PACTIONIOKEHHBIX B BI/IC OKTAIPa, B KOTOPOM MPOTOHBI HAaNpasjieHbl B CTO-
pouy AekTpona. OJHAKO 3Ta MO b, KAK H MHOTHE APYIHE, COAEPIKHT 10CTa-
TOYHO MHOTO HEOMpPEIENeHHOCTEl 0 CTPYKTYPE NEPBOro CONBLBATHOIO CAOA 1 He
obbacHAET Beex ocobeHHocTel 00pa3oBaHis U NOBEASHHA COIbBATHPOBAHHOIO
TEKTPOHA.

Makpockornnyeckue CBoiCTBa CONLBATUPOBAHHOID WIEKTPOHA HCCIen0Ba-
Hbl BEChLMa nopobHo. MeToaMH HMIYIThCHOTO PA/IHOTN3Aa H3IMEPEHL! ONnTHYe-
ckuii cnexrp u cnexrpel II1P, Halinens koapduunenTe auddysun, onpeaeneHs
KOHCTAHTRI CKOPOCTEll MHOTHX peakiiuil B3auMO/IeHCTBIA COMTLBATHPOBAHHOIO
JNEKIPOHA C HEOPIAHHYECKHMH 1 OPraHHYUECKHMH BELECTBAMH, H3YUEHbI KO-
PPHUHEHTBI HIEKTPOIPOBOAHOCTH M T. 1.

CywecTsyer MHEHHE, UTO [PH B3aHMOASHCTBHH COJILBATHPOBAHHOIO Y€K~
TPOHA ¢ HEOPraHUYECKHMH MOHAMH BO3HHKAIOT M0 MeHbIIEH Mepe TPH 4acTH-
Lbl; COMTLBATHPOBAHHKII MEKTPOH €., HOHHAs napa (€., M), atom menounoro
meTtanaa M uinn anHoH LienouHoro Metanna M. Tpu 9ToM yKa3aHHbIE HaCTHLLbI
HAXOAATCH B IMHAMHYECKOM PABHOBECHH

es + MY & (e, MT)

HITH
M(es, MY) + e, &M

OnrHuecKne nonockl NOrnomeEHHA NpH TAROTO poaa R3IAUMOJICHCTRUAX CMe-
LIAKT MAKCUMYM [OJ0CHI MOMIOMEHHS B KOPOTKOBOIHOBY 0 00saacTk. O0pazo-
BAHHE HOHHBIX Map HabMIOAAI0Cs BO BCEX NPHBE/ICHHLIX B TaliHiue pacTBopH-
Tensx. M ecnn ans cpaBHUTENBHO HU3KUX TeMuepatyp Joviee XapaKkrepHbl HOH-
HBIE TIaphl, Pa3Ae/EHHBIE MOJICKYIaMi PACTBOPHTEH, TO A1d 00/lee BHICOKHX
TeEMMEparyp HaAOIOAANHCH MEHEE PEAKLIMOHHOCTIOCOOHLIE KOHTAKTHbLIE HOHHLIE
napsl. Bo Bcex cnyuasx nepBHUHLIH NPOLYKT peakiiy C NeEPpeHoCoM 1eKTPoHa
npuobpeTaeT I0NONHHTENLHRIT HEKTPOH, NPEXIe UeM MpeTeprners AajibHeli-
Lee XUMHYECKOE peBpatleHie. B pesynsrare y1HX peakuuii yaaeres nonyyarb
B PACTBOPAX MHOTHE HOHBI HU3KOH BATEHTHOCTH.

Jlst anextpoxumin Goisluoe uauenne umeer o HyO win, tounee, ero
ruapar HgO'ﬂ'g. Peakuns €,, ¢ 5THM HOHOM NPOTEKAET C BBICOKOH CKOPOCTELIO
(k= 2,2 10" moms 'c ). BulcTpas peakums Mexay rHAPATHPOBAHHLIM
WIEKTPOHOM 1 H;;qu PE3KO CHIDKAET BPEMSA €10 XH3HH B KHCALIX cpesax (Tak,
Hanpumep, npH pH = 5 BpemA JKH3HH €4, MEHbBILE 3 MKC), MO3TOMY HCCTIeN10Ba-
HNE Kaknx-1100 apyrux peaxuuil npu pH < 5 sBecema satpyauntensto, Tonbko
onaronaps MPUMEHeHHIO HMITYZTLCHOTO PATHOTI3A MOSBHITACE BOIMOKHOCTE He-
CJIe10BaHA peakuuii B KHciblX cpenax. KoHeuHbIM NPoLy KTOM TakUX peakinii
AB/AETCH 00PA30BAHME ATOMA BOOPO/A [10 CXEME

€uq + H;}O:q —+ H+ H20
¢ wzotorHeM 3ddextom H/D = 3, 7, 4T0 CBHIETENLCTRYET, O4EBH/THO, 00 yua-
CTHH HECKOJILKUX MOJIEKY.1 BOJbI B 10PABHOBECHOI CTANMN peaKLIMH.
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Peakuust pzaumoneiicTeus e,, ¢ monekynamu HsO Tarkske oueHb BaskHa,
MOCKOBKY OHa ONPeIeifeT BpeMs WHIHH MHIpaTHPOBaHHOTO ekTpoHa. bia-
roaaps HU3KOH CKOPOCTH ITOI peakLMi MOAKHO HADAIOIATh €, 110 HHTEHCHBHOI
MONOCE MOTTOMIEHNT H H3YUaTh ero iu3Hueckne H XUMHYECKHe CBOiicTBa.

PeakumonHas crocobHOCTE 110000 COCIMHEHHA 110 OTHOILCHHIO K Iitapa-
THPOBAHHOMY IMEKTPOHY €44 ABAAETCA DYHKIHEH €10 MEeKTPOHHOTO CPOACTRA
WM [IpUpOCTa CBODOAHOMN JHEPrin B peakiuHu

A" +eqq = A",

KOTOpast ONPEICAseTCs B XMMIH BOIHBIX PACTBOPOB CTAHAAPTHBIM OKHCIHTE b-
HO-BOCCTAHOBUTENBHLIM NOTeHUHanoM £ , = —2,87B. Takum obpazom, rua-
PaTHPOBAHHLIH 31EKTPOH MOXKET BOCCTAHABINBATL JIOOYIO YacTHLY C MeHee
OTPULEATENbHBIM OKHCIIHTEIbHO-BOCCTAHOBHTELHBIM HOTEHLIHAIOM.

Bauanue pacmeopenioit coau na XumMuveckui NOmenyiudan meKmpona.
Panee mbl BIHAEIN, YTO CHEKTP IEKTPOHHOIO MOKIOWEHHA, paboTa BbIXOa
MEKTPOHA B PACTBOP H CMElIeHHe MOTeHUHANA TIePeHanpPIKeHIs BhiaeIeHNs
BOI.[OPUIIE CYIUECTBECHHO 3aBUCAT OT l\'Ol'luCH'l'pal.l}Ill HHE’p’I'HbIX COJIeﬁ B paC'I'BO-
pe. BBHAY NMPUHIMNHANBLHON BAKHOCTH BIHSAHHS PACTBOPEHHLIX BEIIECTB Ha
CBOIiCTRA pacTBOPHTENA (M PACTBOPA B LIEJIOM), PACCMOTPHM [POLIECC PACTBOPE-
HUS METOAAMH CTATHCTHYECKOH MexaHHkK. C 370l Lenbio ReIOEPEM HEKOTOPYIO
CHCTEMY, MOEJIMPYIOLLYIO PACTBOP, HAXOMALLMINCH MPH [OCTOAHHOM obbeme,
[MpescTaBum, 4TO 3Ta CHCTEMA COCTONT W3 Halopa sAveeK, B KawKA0H W3 KOTOPhIX
pasMelaeTcs no OJHOMY IEKTPOHY: CPE/IHee HUC0 IEKTPOHOB B e/IMHNLE
obbema pasro N. (Kaxayro sueiiky MokHO ynonoGuTh OTAENbHO B3ATOH MO-
nexysie pactgoputens). [pu obpasosaHni pacTBOpa MONEKY bl PACTBOPEHHOTO
BELIECTBA BLITECHAIOT W3 AaHHOrO o0beMa MOMeKyJibl PacTBOPHTENA, TaK HTO
B Aueiikax pasmemaercd o < N MOJEKyN pacTBOPEHHOTO BEILECTBA, HECYLLNX
He GoJlee OHOIO MISKTPOHA (B 00ILEM C1Y4ae MOKHO YHECTh 1 MHOTOIEKTPOH-=
Hble CHCTEMBI, OIHAKO A MPOCTOTH OrPaHHIHMCA TAKHM PaccMOTpeHuem).
TMosiokum, uTo cBODOAHAS IHEPIHA CUCTEMBI C OJHUM JIEKTPOHOM paBHa Fj).
Torna ceoGonnas HHTANLIMA CHCTEMB! GY/IET 3aMucana B BUIE H3BECTHOIO Tep-
MOJIMHAMHHMECKOTO BbIPAKEHNA

G = Eyn —TS,. (7.90)

3nech Su = KOH(I)H IVpalHOoHHaA IHTPOIMHA, BhipaikKacMan (})Opmyﬂ{}i-‘l bon bll-
MaHa B BHAE CIeNYIOLErO COOTHOLEHH:
N!
S = J[m‘n ll]

(N — Jr:)!u[1

(7.91)

CNPaBE/IMBOTO HE TOABLKO /U1 MICAILHOINO ra3a, HO W JUIA JII0DOI cHCTeMB,
OMUCHLIBAEMOI CTATHCTHYECKOH TEPMOAHHAMHKOI.

Y‘!HThlBaﬂ‘ YTO XHUMHYECKHIT oTeHIan MMEKTPOHOR (OTHECEHHI;II'-‘I K OJ1HO-
MY MO/ BEIIECTRA) PABEH

i = (,"m) Na, (7.92)
r"ﬂ,:- T. P
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i Henoas3ys npudmwkenne Crupannra (N! = NIn N — N), nonyunm ypas-

HCHHEC = n i > n

fe = NaEg+ RTIn —— = NpEy+ RT'In —. (7.93)
N-—n N

Kanctas vactvua (atom, Modexyia) Npeactasisior codoil aunolb (Mrio-

BEHHbII WK NOCTOSHHBIA) € eIMHHYHBIM 3apsaaoM «exn. [lostomy uucny sueek

N MOXKHO MOCTABUTL B COOTBETCTBHE YHC/I0 MOJEKY/ PacTBOPEHHOTO BELIECT-

Ba Mg, @ YHcay Beex adeek /N — yucno moiekyn pacrBoputens Ng. Torna
g

= &, (Tne £y = & om — MOJIbHAS 1015

3 n
B (7.93) mOkHO = 3AMEHHTL Ha
N N

PacTBOPEHHOTO BELIECTBA).

B obmem cayuae HeodxoanMo KOHIEHTPALIO COMH 3aMeHNTE HA €8 aKTHB-
HOCTh, 1. €. Legp = (oo - 1OTAA XUMHYECKHIT NOTEHLNA JIEKTPOHOB B pac-
TBOpE OY/eT 3anHcaH Kak

#, = NAEy + RThha o = AG?

e{ag)

+ BT Ina e, = ,u.g + BT Ina gy,

(7.94)
34eCh I8 ONPEIEACHHOCTH NOJOKEHO, YTO CBOOO/HAA DHEPrus JJIEKTPOHA
B pacrBope pasHa CBOOOAHON HEPruM FUAPATHPOBAHHOIO IEKTPOHA, T.e€.
NpEy = "AGE{@)-

JIpyrumH cI0RamMH, YPOBEHE 3HEPTHH IEKTPOHA B PACTROPE 3a/1a€TCA KOH-
LleHTpaLHeil pacTBOPEHHOTO BELIECTBA, HECYILEro He CBOOOIHbIE, @ CBA3AHHbIE
MEKTPOHBL. ITO ABICHHE HAXOANT CBOE 0OBACHEHHE B 30HHOIT MOJIEAI, 110 KOTO-
poii NOCTOPOHHHE NPUMECH H UCKAKEHHS PErYISPHOCTH CTPYKTYPLI BELIECTBA
(B ZaHHOM cayuae pacTBOpHTEnA) 00YCIOBIMBAKT MOABICHHE AOMOIHUTEb-
HBIX JIOKQJIbHLIX 3HEPreTHUECKNX YPOBHEH, 3HaUUTEeNLHO ofneryaiouiux nepe-
X0/ IEKTPOHOB M3 3AMNOIHEHOH BAJICHTHOH 30HBI B 30HY NPOBOAHMOCTH,

7.7. DaexTpuuecKas NPOBOAHMOCTEL PACTBOPOB

DNEKTPONPOBOAHOCTL PACTBOPOR EKTPOINHTOB, OIHO U3 CAMBIX OOIINX
cpoifeTs, aBaserca enpa Jin He Haubonee Xopowo i NOAPOOHO HIYUEHHBIM
cBoiicTBOM. CpaBHHTEILHO DOMLIIAA TOHHOCTD 1 JIETKOCThL €€ N3YUYEHNs J1aB-
HO MPHBIEKITH BHUMaHHE MHOrOYHCIEHHBIX HCcleaoBaTeneil, HakOMHBIINX
rpOMa/IHblil IKCINEPHMEHTAIbHBIT Matepuan. OJHaKO HECMOTPA HA 3TO, 10
CHX 0P HEKOTOPLIE ABNEHHA, CBA3AHHBIE C YMEKTPONPOBOAHOCTBIO, OCTAIOTCA
HENOHATHLIMH M HEOObACHEHHBIMI Teopuei. Jlaxke upesBbluaiiHO ClloAHas
B MaTeMaTHYecKOM OTHOIIEHHH COBPEMEHHAA TEOPHs EKTPONPOBOAHOCTH
AaeT KOAMYeCTBEeHHbIE COOTHOLIEHH S, MPUMEHHMBIE HIIDb B 00nacTH Hanbo-
Jsiee pas3OaBACHHBIX PACTBOPOB.

HecmoTps Ha TO, 4TO K HACTOALUEMY BpeMEeHH OnyOINKOBAHO MHOKECTBO
MoHorpaduii n 0630poB, NOCBALLEHHBIX ITOMY BOIPOCY, NONHOI ONpeaeneHHO-
CTH NpoOaeMa EKTPUYECKOH NPOBOIHMOCTH B PACTBOPAX TAK H HE NOAYYH-
na. He ynaercs onucarb ¢ e1HHbIX MO3HUNEH KOHUEHTPALHOHHYIO 3aBUCUMOCTD
INEKTPONPOBOIHOCTH B LIMPOKOM JIHANAa30He KOHICHTpalMii, HE COBCEM ACEH
MEXAHH3M MEePEHOCa MEKTPHUECKOIT FHEPrHN B pacTBOpE, CYLLECTBYIOT pasHbie
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MOXOAbI K HHTEPMNPETALINH NPOBOAMMOCTH CHIBHBIX I CIA0LIX 31EKTPOIUTOR.
3neck Mbl He Oy/IeM 3aHUMaThes BhIACHEHHEM (JH3HYECKOH KapTHHBI 3THX
SBJIEHUIT, @ NPOAHANMZNPYEM JIHIIL HEKOTOPbIE (PAaKTL TOMO rPOMaZHOTO Mare-
pHana rno MeKTPONPOBOAHOCTH, KOTOPbLIl HAKOMJIEH K HACTOALIEMY BPEMEHH.
B ocHOBe IKCNEPHMEHTANIBHOTO HCCIIE10BaHUSA ABIEHHIT HEKTPONPOBOL-
HOCTH JIEKHT H3MEPEeHWEe BLIWYHHBI VASITBHOIO CONMPOTHBICHHAA pacTeopa p.
CBA3AHHOTO C Y/IEJILHOH AMIEKTPONPOBOAHOCTHIO

x=£|0M oo™ (7.95)
P

VYiaenbHas 3NeKTPONPOBOAHOCTL ABNASTCH (GYHKUMEH NPHPOALl JNEKTPONH-
Ta, €T0 KOHIEHTPaLHW, MPHPOLI PACTBOPUTENA U TEMNEpaTypbl. B mwnpokom
AHAnNa3oHe KOHUEHTPauuil yiaelbHas dEKTPONPOBOAHOCTE MPOXOAHT Uepes
MaKCHMYM NPAKTH4eCKH 11 Beex ajiexTponuToB. B pazbasienHbix pactso-
pax (npu koHuentpawmn ¢ < 1072 = 1071 monw/n) nadmonaerca nonxoe
ennHoodpasne — yaenpHas WEKTPONPOBOAHOCTL NOYTH JIMHEIHHA MO KOH-
HEHTpaIHH,

OnHaKo B KOHUEHTPHPOBAHHBLIX PACTBOPAX, 0CODEHHO B HEBOAHBIX pac-
TBOpax, Takoro eaunoodpasus He wabmionaercs. Ha nawansHom srane we-
cieaoBaHuili B obnacTu dMeKTpHUECKoil NPOBOAMMOCTH PacTBOPOB LIHPOKO
npuMeHsaiock npasuito Hepaera - ToMcoHa: nnccounnpyrouas cHia pacTso-
puTens Tem SodkLie, Yem Bolibie ero aU3IeKTpHYecKas npoHHuaemMocThs. On-
HAKO BBEJEHHE MMITEKTPHYECKOH MPoHNLUaeMocTH B 3akoH Kynona Berpevaer
CYLIECTBEHHOE BO3PAKEHHE — B MHKPOCKOIHYECKOM 00beMe Helb3s 1pH-
MEHATE MAKPOCKOTHUECKYID BETHUHHY JHMEKTPHUecKoH MPOHHIAEMOCTH.
Ha ouens D0abIOM ONBITHOM MATEPHaIe NMOKasaHo, 4To 1pH COOTBETCTRY -
FOLIEM MOA00PE KOMMOHEHTOB PAcTBOPA MOMKHO JUIA JM0O0r0 pacTBOPHTENS
(¢ Manoii uim GoNbLWOI BEJUYHHOIN AHMEKTPHYECKOI NPOHHLAEMOCTH) Haii-
TH TAKOE BEUIECTRO, KOTOPOE 00pasyeT ¢ 3THM PACTBOPHTENEM MPOBOAALINITT
pacTBop. HexkoTopble W3 TUIWYHBIX CHABHBIX 3MEKTPOINTOB (HampHMep ra-
JIOrEHOBOMOPO/IHbIE KHCJIOThI) COBEPUIEHHO HE IIMCCOLHUPYHOT Ha HOHbI NP
pactpoperun B HF; apyrue (GonsimmueTRO coneil) BCTYnaloT B peakitnm 1soi-
HOro OOMeHa W, CE10BaTENbHO, HE MOTYT ObiTh PACTBOPEHbl KAK TAKOBbLIE
B HF: TpeThi (KHCHOTHI) XOTS W 00pa3yioT ¢ (PTOPORONOPOAHONH KHCIAOTOM
MPOBOAAUINE PACTBOPbI, CXEMA HX AMCCOUHALIMK OTIHYAETCA OT CXEMbI B BO-
HbIX PACTBOpax. DTH IKCNEpUMEHTaNbHbIC PakThl 0OHAPYKHBAKOT c1adocTh
OCHOBHBIX MOCTYJIATOB TEOPHHU AHCCOUHALMM M HOHHOTO NepeHoca 3apaja.

Jna ynoGeTsa cpasHeHHA NPOBOAHMOCTH Paz/iHuHbIX BeeCTs Obl1o BBE-
JIEHO NOHATHE IKBHBAJICHTHOM 3MEKTPONPOBOIHOCTH

A== (7.96)

o
3nech ¢ usmepaerca B r-oke/mn. Cunraercs, 4To JKBHBAJICHTHAA EKTPONPO-
BOJAHOCTH A NpH pazdaBneHnu pacTBOPa MOKET TONLKO BO3PACTATL U NpH Bec-
KOHEYHOM pa3baBeHHH CTPEMHTCS K HEKOTOPOi NOCTOAHHOM BenHUYHHE Ao,
H 4TO UMEHHO A, XApPakTEPH3YeT CnocoGHOCTh JAHHOIO EKTPONNTA Mpo-
BOANTDL eKkTpuyueckuii Tok. IlosTomy anannsy kax npasuio noasepraercs
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IKBHBAJIEHTHAA MIEKTPONPOBOIHOCTE A . KONbpaym npeinomun aMnupuie-
CKME npaBniia

Yo =A% AT (7.97)
3aech AL M A — COOTBETCTBECHHO YMIEKTPONPOBOAHOCThL KATHOHA M AHHOHA H
A= Ass — AV, (7.98)

KOTOPbIE B GOJLLIHHCTBE CIYUAEB KaueCTBEHHO YIOBICTBOPUTENLHO ONHCHI-
BAKOT KOHLUEHTPAUMOHHY K 3aBHCHMOCTh A KAK B BOIHBIX, TAK 1 B HEBOJHbIX
pacTBopax B npesenax konuentpamnii 107* — 10~ mons/n. Oanako 3TH ypas-
HEHUA BCTYNAIOT B MPOTHBOPEYHE C APYTHMH HE3aBHCHMBIMH JKCIEPHMEH-
TanbHbIMK (pakTamu. Hanpumep, H3MepeHne MardHuTHOR BOCIPHHMYNBOCTH
He noaTeep#aaeT npapuna (7.97). 3axkon ksagpatHoro koprs (7.98) ne corna-
cyercs ¢ Teopueil AppeHnyca u 3akonom pasbasnenus OcTBajibaa, NOCKOIbKY
u3 (7.98) caeayer, uro dA/d(c)'/® = A = const, B TO Bpema Kak W3 THNOTEbI
mnccounaunn dA/d(c)'/? # const. HecMOTps Ha 9T0, IMIHPHUECKOE YpaBHe-
Hite (7.98) MHOrOKpaTHO MOAH(HILHPOBAIIOCH C LEAbIO PACLIMPEH s PENeoB
ero NPUMEHNMOCTH, UTO MPHBENO K CY LIECTBEHHOMY YCIOKHEHNIO ypaBHeH i
3a CYET BBENCHHSA IMIUPHUYECKNHX KOMPDHUNEHTOB, CBAAHHBIX ¢ pasMepaMu
YaCTULL PACTBOPA, JAHANEKTPHUECKOI NPOHUUAEMOCTLIO M T. 1. ITH yPaBHEHMUS
MO3BOMASAIOT ONMUCATL EKTPONPOBOAHOCTL PACTBOPOB B HoJlee WHPOKOM Jia-
Na3oHe KOHUEHTpatHil. O1HaKO aHOMalbHY K0 1€ KTPONPOBOAHOCTb, [1POABI-
OULYIOCA B HEKOTOPBLIX PacTROPAX, HH OTHO W3 3THX YpaBHeHHil He cnocodnuo
0TOOPA3UTS.

B KOHLENUHN HOHHOI MPOBOAMMOCTH BA3KOCTL CPEALI SBISETCA OOHHM
H3 onpenensownx (aKTopos, MOCKOAbLKY, UCXOAd M3 THAPOAHHAMUUYECKHX
coobpaskeHuil, 1BUKeHHe n1000i1 yacTuiibl B BA3K0IT cpeae o0ycioBlieHo co-
NpOTHUBACHHEM TPEHHA. BA3KOCTL 1) H 21€KTPONPOBOLHOCTH A CBA3AHBI MEKIY

coboii ypasaenuem Banbnena
Aofo = const. (7.99)

Ha puc. 7.13 npeacrasienbl 3aBucuMoctit Agrjg st pactsopos KF u KCl
B BOJIHAIX PACTBOPAX HEWIEKTPOAUTOR. M3 pHCYHKA ClEAYET, 4TO HECMOTpA
Ha NpHUMePHO paBHble noapuxHocTH wowos K F~ u CI™, noseenue ux
colieii COBEPIIEHHO pasiuiHOE B PA3HKIX M0 CBOE NPHPOIE CMECAX PACTRO-
puTeneii, H MOCTOSHCTBO A g7 ANS HUX HE COXPAHAETCA.

KonnuecTeeHHYI0 XapakTePUCTHKY TEMNEPATYPHOTT 3aBHCHMOCTH 00BIMHO
BLIPAAKAIOT B BHJ/IE IMITHPHHECKOTO YPAaBHEHUA AppeHnyca

A= Aexp(—E/RT), (7.100)

rne A — koHcraunra, E JHEPTUA aKTHBALMK WICKTPONPOBOAHOCTH, Jie-
xawas B npenenax 2 + 8 kkan/mons (0, 1 = 0,3 2B). Tak ans BonHbIX pac-
tBopoB KCIl B obnact ot 0 go 257 C sHeprus akTHBALMM MOCTOSHHA W PaB-

Ha 3,8 kkas/monn (0,17 5B). B cnpasouHoil iureparype NpHBOASITCH 3HAUEHIHS

1 ds
—_— ‘F y,'_lethHOl‘-'l HEKTPONPOBOAHOCTIL.
x d
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IlpakTuueckn 118 BCEX 3NEKTPOIUTOB B 001aCTH KOMHATHOMH TeMnepaTy pbl
1d @ -
~ 2% 20,02 - 0,025 (3HEPrHsA aKTHBALMN WIEKTPONPOBOJHOCTH, COOTBET-
s dT

o | ds .
CTBYIOIIAA HTOMH Bennvune — % npu 25 ° C cocrapnaer 3,5 —4,5 kkan/modns,
> L
OTMETHM 3JIECh. YTO IHEPrust aKTHBALUHN caMoan(py3UH BOIbI B BOIHBIX

Aatta. Om LvMa.-cm?

0 20 40 60 30 100

C%

Puc. 7.13. lpomsseienue Aofjo B CMECHX BOABI ¢ HENICKTPOIAHTAMMAL @) METaHOIL
0) ITAHOM. 6) H=TIPONIAHO, &) ITWICHITIHKO b, 0) INHUEPUH. ¢) AHOKcaH

pPACTBOPAx COCTABIAET TAKYK) KE BEIWUYHHY. PARCHCTBO YHEPIETHKH TPaHC-
MOPTHLIX CBOICTB ABYX COBEPLIEHHO Pa3HbIX MPOLECCOB, a TAKKE MOCTOsSH-
CTBO DHEPTHH AKTHBALINH NEKTPOMPOBOAHOCTH A CaAMbIX Pa3HOOOPA3HBIX
[0 NPHPOAE M BAJIEHTHOCTH BECKTPOINTOBR [MOKA3BIBACT, HTO MEXAHU3M ITHX
MPOLECCOB MO CYLIECTBY OJMHAKOB — 0o0pa3oBaHHe BaKaHCHH B pacTBOPH-
Tee ¢ MOCAeAyI0INM MEPECKOKOM B HHX COCENHHUX MOJEKYJl WIIH MPOIECCh
nepeopHeHTaLHH.
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OueBHAHO, YTO HE MOCAEIHION POk B NPOLIECCaX MepeHoca AEeKTpHYe-
CKOil YHEpruM B pacTBOpax UIPAT CTPYKTYPHbIE 0COOEHHOCTH pacTBOPHTE-
a5, Tak, n3 TiwarenbHbix H3Mepennii zasucumocti »(7T) nokazato, uto as
XJOPHIO0B LIETOYHBIX METAIOB DHEPTis AKTHBALIHH ATEeKTPONMPOBOHOCTH 3a-
BHCHT OT TEMIEPATyPbl, MPUYEM 10 CIOKHOMY 3akoHY. B kauecTBe npumepa
Ha puc. 7.14 npusenena 3asicuMocTh E = E(T') ans soaueix pacteopos KCI.

Ocobo oTMETHM, YTO TaKas CNOKHAA 3ARUCHMOCTL OOBACHACTCS HE H3Me-
HEHHEM MOABHKHOCTH HOHOB WM BAZKOCTH PACTBOPUTENA, 4 CTPYKTYPHBLIMH
0coBeHHOCTAMI BOJIbI. Makcimym sHep-
THH AKTHBALHH MPUXOIHTCA HA TeMIe-
parypy ~ 4°C u coBnamaet ¢ mak-
CHMYMOM TAOTHOCTH KuakocT. Tlpu
temneparypax Huxe 4°C popa umeer
PHIXJIYIO TPHAUMHUTONOIOOHYIO CTPYKTY-
Py € MHOTOYHC/IEHHBIMH MYCTOTAMH, Xa-
PaKkTEPHBIMH 1A Nbaa. Harpesanue Bbl-
we 4° C npuBoauT Kk nossneHnto Gosee
KOMIAKTHOI KBapuenoaoGHOH CTPYKTY-
pbl. B mMeHee rmIoTHON CTPYKTYpE BOAbI
JHeprus o0pa3oBaHUd BaKAHCHI HHKeE,
yeM B KBapLENoaoOHOH cTpykType. D10
00yCNOBAHBAET CHIUKEHHE JHEPruM aK-
THBALHW [POBOAMMOCTH, COU3MEPHMOIl
€ JHeprueil paspbiBa BOAOPOIHBIX CBI-
3eit. Ilpn TemnepaType. COOTBETCTEYIO-
et MaKCcuMallbHOM II0THOCTH BOJIbI, HE
00HAPYKEHO BIUAHHA NPHPOLI HCCIEAOBAHHBIX MEKTPOJIHTOB HA IHEPTHIO
AKTHBALIMH NIEKTPONPOBOAHOCTIH,

CyLiecTByIOUHe NOAXO/LI K HHTEPTPETAILHN WIEKTPONPOBOAHOCTH ITEK-
TPOJINTOB B OCHOBHOM KacakTCs TOJNbKO Ype3BbiuaiiHO pa3baBieHHbIX pac-
TBOPOB. B 0cHOBE NMpakTHHECKH BCEX TEOPETHIECKHX MONOKEH I NemKNT oHa
H Ta ke (Pu3ndecKas KapTHHa, OnucbiBaeMas Moaenbio Jebas — Xiokkens, a
HMEHHO: MOAHAs INCCOUHALLMS MOMEKY/ PACTBOPEHHOIO BELIECTBA HA MOHBI
W HaJWuHe BOKPYT KaxI0ro WOHA Tak HazblBaemoil «ioHHoil atMoceps».
Hanuuue noHHoil atmocdepsl SBAsSeTcs NPHYHHON BO3ZHHKHOBEHHA MOTEH-
HANLHOI IHEPTUH, BbLI3LIBAIOWEH OTKIOHEHHSA OT 3aKOHOB MACANLHLIX CH-
crem. Eciin pacTBOp HAXOAMTCS B HEPABHOBECHOM COCTOS HUN (HAlIpUMeEp, Ha
HEro JICACTBYET BHELIHEE INEKTPHUUECKOE NOJe), TO BOZHHKAIOT CHIIbI, CTpe-
MALIHECA Pa3pyIHTh HOHHYIO aTMOC(epy H B TPAnHLHOHHBIX NPeICTABICHH-
AX CIY/KALUME MPHYHHON BOHUKHOBEHHS PEIAKCALMOHHOTO W dsiekTpodope-
THYEeCKoro »Q(hekToB HiH EeKTPHUECKNX (UIVKTVAUMil, KOTOpble HA3bIBAIOT
cooTBeTCTBeHHO Mpdextamn Buna 1 PanbkenxareHa. Ot 2QdexTs 101K-
Hbl SBISTHCA NPHUNHON BOIHMKHOBEHHMS CHEH(UYECKUX AIEKTPOXHMHYE-
ckux wymos. OnHako 06paboTka JKCHEepHMEHTaNbHBIX JaHHbIX HCClenoBa-
HUA HEPETYJISPHBIX CHTHANOB AMEKTPOXHMUYECKHUX CHCTEM € HCKAIOUEHHBIMU
dapaneesckumu npoueccaMu (T.€. OTCYTCTBHEM NIEKTPOIHBLIX PpeakUHii

B
[= = T~ - B~

b

E,, Kxan-sonp !

— e J
| & o e

101 3 5 M ol

Puc. 7.14. Dueprust aktuBaLim diek-
TPONPOBOHOCTH BOANOTO PacTBOpa
0.1 M KCI kak gvirumns remneparyphl
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HA rpaHdle pasiela MeTasl—Cpeaa) NOKas3bIBalOT, UTO ITH CHCTEMBI MOJ-
YUHAKOTCH O0LIMM TEPMOJIMHAMHYECKHM W CTATHCTHYECKHM 38KOHOMEPHO-
CTSM, YCTAHAB/IMBAIOUIMM CBSI3b MEKLY CpeAHeKBaapaTHUHON (GuykTyaunii
TOKa (MM HanpsKeHHus) W BENHUMHONH npoBoauMocTH (Teopema Haiiksu-
cra). 3asucumocts (VZ/Av) or conporusienns nposoatuka R npusene-
Ha Ha pHc. 7.15. U3 npuBeneHHBIX JaHHBIX CIEAYET, WTO XapakTep WIyMOB

<ViAv>, B?
5107
K"/
4 L
+
3L
V] YIOJAbHAS HHTh
s L + — NPOBOAOKA M3 «aABAHCAN
2 x — BOAHLLT pacre. CuSOy
v — soaukiii pacre. NaCl
1 |
® — poausiii pacre. KiCrOs
© — Boasstii pacrs. Ca(NO;),
| l | | |
0 0,1 0,2 0.3 0,4 05-10°

R, Om

Puc. 7.15. 3asucuvocts (V2/Av) or R ans pasantsbix NpOBOAHHKOB, B TOM HHEIC
JUISE HIRKTPOJIMTOR

B METAJIHYECKHX MPOBOJHUKAX U PACTBOPAX IEKTPONUTOB coBnaaaer. Crnpa-
BeAINBOCTL Teopembl HaiikBucTa mas npoBoAHMOCTH B BOOHBIX pacTBOpax
MpH HCKTIOYEHUH «1p000BOTO MIyMa», BO3HHKAIONIETD BCIE/CTBHE LIYHTH-
posanns dapaneesckux Quykryaunit emxocteio J19C, Ob1a HEOLHOKPATHO
MOATBEPKACHA,

Mcenenosanus 21eKTPONPOBOAHOCTH OCY LLECTBIHIOT, KAK NPaBwio, B ne-
pemMeHHBIX ronsax. PaceMoTpum neficTBHE JMEKTPHYECKOIO MOAA, MEHAIOIEE -
Cs BO BpEMEHH, KOTOPOE NOJA0OHO M0 KOH/IEHCAaTOpa, MOMELLEHHOTO B Lielh
nepeMeHHoro Toka.

Ecan noaspusanus BelecTsa H3MEHAETCS BO BPEMEHU, BOZHHKAET JIeK-
TPHUECKHIT TOK, CBA3AHHBIN ¢ 1BMKEHHEM 3apa0B. DTO ABHKEHUE odpasyeT
TOK MPOBOAHMOCTH C OMPEAEACHHOH NIOTHOCTHIO J:

J = pv = Nq(ds/dt) = N(dp/dt) = dP/dLt. (7.101)
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Cpa3b MeKIY CKOPOCTBIO H3IMEHEHHS NOMAPH3ALMH H MIOTHOCTBLIO TOKA
J = dP/dt ne sasucnt ot ocobennocTeit moaenn. M3Mensiomasics noaspu-
3418 ABISIETCS TOKOM MPOBOAMMOCTH; PazsiHuHE MEHAY 3THM M JAPYTHMH
TOKaMH He CylecTBeHHO. PasymeeTcs, Takoil TOK ABAAETCA HCTOUHHKOM Mar-
HUTHOIO 1O,

Enuncreentoe paznuvaie MeXIy miIOTHOCTLIO «OOBIKHOBEHHOTOY (CKBO3-
HOFO) TOKa MPOBOAMMOCTH M MIOTHOCTBIO Toka dP /dt coctout B TOM, HTO
nepBas OTHOCHTCA K JIBHKY IUMMCS CBODOAHBIM 3apa/1aM, a BTopas — K CBA3aH-
HbIM, CymIecTBYET I0BOJBHO OYEBH/IHOE NPAKTHYECKOE Pasinyie — HEeJIb3A
MOJIY4HTh CTALLMOHAPHBIT TOK CBA3AHHBIX 3apAJ0B. KOTOPbIl Hukoraa Obl
e nimensacs. O6bIYHO MPeANOUHTAIOT Pa3fenaTh TOK CBOOOMHBIX H CBA3aH-
HbIX 3apA10B, 0003Hauas yepes J TO/IbKO MIOTHOCTb TOKA CBOOOIHBIX 3apPs10B.
Torpa, BK10uas B ypaBHeHne MakcBenna Bee TOKH, HeoOX0IMMO HANKHCaTh ero
B CJIENYIOLIEM B!

rot B = (1/¢)(dE/di + 4xdP [di + 4xJ). (7.102)

3neck dE/dl — nnotHocTs TOKa cMewienns B Bakyyme, dP /dt — nnor-
HOCTb TOKA CBA3ZAHHBIX 3apAI0B U J — NIOTHOCTE TOKA CBOOOHBIX 3apsaoB
(«CKBO3HOH TOK» ).

Benuunny dE/dt + 47dP /dt = dD /dt 0BpMHO HA3BIBAIOT TOKOM CMe-
wenns. B aefictBuTensHOCTH YacTh ero, conepkaias dP /dt, npencrapnser
TaK®Ke TOK NPOBOJAMMOCTH, T. €. pealibHble 3apaabl B ABHxeHUH. EanHcTBeH-
HOH YacTbIO MOMHOH MAOTHOCTH TOKA, HE OTBEYAIOLLEH MPOCTOMY BNKEHHIO
3apAnos, sensercs yacts dE /df, a UMEHHO HCTHHHBII TOK CMELIEHHS B Ba-
kyyme. Toku ceazanusix dP /dt w ceobonnbix 3apsnor J onpenensiores ma-
kpockonugeckum nonem E, koropoe npeacrasiser codoii MakpoCKONH4YeckH
Hab101aeMy 10 BE/IMUHHY. DTO NOJE MOKET 3aBHCETH TOJILKO OT paclipeiese-
HHS 3apA/0B, a He OT TOro, Kakoif cnocob onucaHus TOTO pacnpejeneHus
u3bpan. Jioboii npousson B pasneneHun 3apsaaos Ha cBo0OAHbIE M CBA3AH-
Hble CKa3bIBAETCA HA 3HAYEHHSX NIOTHOCTH ToKa ceoboankix 3apanos J u Ha
dP/dt. B reopun Makcsesia TOKM CMEILEHHS U TOKH POBOAHMOCTH COBEp-
LIEHHO IKBHBAJIEHTHBI, U MOIHAS MAOTHOCTL TOKA PABHA CYMME MII0THOCTEl
TOKA CMELLEHHS j ¢y M TOKA NPOBOAHMOCTH j:

J :.icm+j- (7.103)

ﬂpyl‘liMH CNOBAMH, TOKH NPOBOAMMOCTH M TOKH CMELLIEHMWSA ABITHIOTCH paB-
HOMPaBHLIMH BDRG)(,[IIITEJIRMI-I MATHHTHOrO NoJa8 u

rot H = (47 /¢)jun. (7.104)
13 KOTOPOTO CleyeT, 4To
divjy, = divjey +divj = 0. (7.105)

Taknum 0Bpa3omM, Nosie NOIHOIO TOKA A0JIHKHO ObITh THIIEHO HCTOKOB H CTO-
koB. M ecnm B Henb BRKIIOYEH KOHAEHCATOP (KAKOBRIM W ABIAETCH JIBOHHON
AMEKTPHUECKHIT CNI0H Ha rpaHiLe pa3aena MeTana — cpesa), TO BeJinuHHa TOKa
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CMELLEHHS PaBHA CNJIE TOKA B NOABOIALINX K HEMY POBOJAX, T. €. TOKY NPOBO-
aumocTtu, Taknm obpaszom, 3aj1aua onpeaesieHns ToKa CMEIIEHHA B TPOCTPaH-
CTBE MEKAY NIACTHHAMH KOHIEHCATOpA, T.C. B ABOITHOM CllOe 3HAYHTENBHO
ynpotuaercs. JJocTatouHO KOPPEKTHO YHECTh BCE DTambl MPOXOKIAEHHA TOKA
0 METajly W NEPEXOL HEPE3 [10BEPXHOCTh pa3jeNia MeTalll—Cpena. U Mbl
MOJYYHM KOJTHYECTBEHHYIO XapakTePUCTHKY TOKA B MPOCTPAHCTBE MeKaY 00-
KJaKaMHi ABOHHOIO Cilog,

Ho cHauana Ha KauecTBEHHOM YPOBHE NPOCIEANM 3a MEXaHU3IMOM nepe-
14K FHEPruM B 0GbeMe ANIEKTPHKA.

PEICCM(]T]JI-IM NONAPH3ALHKD TAKOrO KpHCTAlla, Kak Nejl. Ero Kpucramin-
4ecKas peleTka TpexMepHa, Ho Ha puc. 7.16 ona u3o0paieHa ABYMEPHOI,

Ha puc. 7.16 nerko MokHO y3HatTh Moekyiibl Hy O, Tak Kak 0koa0 Kamkaoro

Prc. 7.16. Cxemarnueckoe niofpakenne KpucTaiinueckoi pemersu apaa. Petnerky
NOASPHIOBAHHBIX MOJCKYIAPHBIX TPYIN (¢f) MOKHO MPEBPATHTE B PELICTKY € MPOTH=
BONOJIOUKHO TOISPH30BAHIBIMH PPYITIAMH (2) JABYMSE criocodanmu: (6) nin (g)

aToMa KHCIOopoaa pacnojio:KeHbl 1Ba aToMa H. Ha PHCYHKE [f]'306]JB}KEH nons-
pi1'30BaHHbIFI KpHCTann. BGKTUD P HanpaejiacH BHU3, NOTOMY HTO Ha KHCIOpO/-
HOM KOHUE MOJIEKYIILI BOAbLI HMEET MECTO 30bITOK OTPHUATENILHLIX 3apAa0B.
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UepHble WAPHKH HA PHCYHKE M300pakaloT NoaoKuTeNbHbIe 3apaabl. [1pen-
MOAOHHM TEMNEph, YTO BHYTPEHHEE COCTOSHHE KPHCTALIA KAKHM-TO 00pa3om
H3MEHILUIOCH M CTAO TAKHM, KaK NokasaHo Ha puc. 7.16,2, kotopslil npea-
cTaBnseT codoii MUKpOCKOMIUeCKHii pazpes Toii xe odnactu. Jlunonu 3necks
MEPEBEPHYThI, I BEKTOP NOAAPH3ALHH B KPHCTAJIIE HAMIPABIIEH BBEPX.

H3ameHeHHe BHYTPEHHETO COCTOSHHSA KPHCTANIA MOKET ObITh J0CTHTHY-
TO JABYMSI CYILECTBEHHO Pa3HLIMK cnocodamu, nokasaHHbIMK Ha puc. 7.16,4,
a. Ha puc. 7.16. 6 npunomeno sexktpuyeckoe none E, nanpasieHnoe kepxy
M MEPEMELIAIDILEE BBEPX MONOKHTEIBHBIE KOHLbLI MOJEKYJL, T. €. «IEPEBOPAUH-
BAOLLEE» KaKIAYI0 Moaekyay. B 3ToM cayuae HMeeT MecTo HHCTOe NBHKEHHE
NONOKHTENBHBIX 3aPAI0B BEEPX: BOIHHKAKO UM NpH 9TOM TOK OyieT Bhipa-
warbes senuunoil dP /dt.

Ha puc. 7.16, 6 H300pakeH coBepieHHO APYroii mpollecc, B KOTOPOM /1eK-
TPHUECKOE NOJE HANPaBIeHO BHU3. OHO 3acTaBIAET ATOMbI BOAOPOJA H3Me-
HUThL nonokeHne, Kawaslit n3 HUX nepememaeres K Onukaitiemy atomy O
BHH3. (B peanbHOM KpHcTanne Bce 9T0 MPOUCXOAUT NPOLIE, NOTOMY UYTO aTOM
H, pacnonoxennslil mexay asyma atomamMn O, 10 HEKOTOPOH CTENEHHW NpH-
Tarueaerces obonuMmu, odecreunBas BOJOPOJHYIO CBA3bL, KOTOpasi Ckperniser
kpuctail.) Koneynas kondurypauus umeert To4Ho Takoil xe Bua. Bee an-
MONH NEPEBEPHYTHI, HO NBIDKEHHE MONOKHTENLHBIX 3aPAI0B TeNEPh Hanpas-
neno BHu3. Ecnn Gwl B 3TOM npouecce y4acTBOBal TOK, KOTOPbLI Mbl MOIJIH
Obl BKIIOUHUTE B NPABYIO yacTh ypasHeHus (7.102), To HeoOxoaumo 6110 Okl
BCTABHTL TY JKe BeNHUMHY, uT0 U npexne (P /dt), cooTBeTCTBYIOIIYIO TOKY,
HAMpPABICHHOMY BBEPX: HO Mbl NOJKHBI MPHOABUTHL O0JEe CHALHBII TOK Mpo-
BOAMMOCTH J, HANPARNCHHBI BHH3 H COOTBETCTBYHOIIMI JIBHKCHHID KAk A0TO
3apafa BHH3 HA PAaccTosiue, paBHoe OAHOMY nepuoly pewertkn . PasHocts
OyaeT pasHa peaibHOMY TOKY, BOSHHKaOWeMy 0aarogaps cMeLLeHnio noao-
KHUTENBHOTO 3apsiia BHU3 Ha paccTosHue d.

3aMeTHM, UTO B Ka/10M Cllyuae MoJHbI1 TOK TeUeT B HanpapieHuH npu-
JIOKEHHOTO IEKTPUUCCKOro nojs. TOUHO Takie ke ABAeHHs HabnonarwTed
H B KHKOH BOJIE € €IMHCTBEHHOI pa3HHLell, KOTOpas CBA3LIBACTCS C HAapyLle-
HHAMH B «KBA3HKPHCTAIIHYECKOID CTPYKTYPE BOMbI BCAGACTBHE TEMIOBOTO
JBUKEHHS HACTHIL

Y1o0bl ObITh YBEPEHHBIMH B TOM, 4TO NPOMCXOAMT B AEHCTBUTENLHO-
CTH: MepeBopaunBaHie MONEKY/bI CBEPXY BHH3 WIIH MepeMetieHne npoToHos,
HEOOX0AMMO JI0CTATOUHO XOPOLUO 3HATH MHUKPOCKONHYECKYIO CTPYKTYpY. On-
HAKO W3 3TOTO PacCMOTPEHHS MOKHO C/IENATh CAEAYIOWNHH NpocToi BRIBOA:
MOMAHBL TOK POBOANMOCTH OMpeaeseTcs AeiicTBUTebHbLIM MUKPOCKOHYe-
CKUM JBHAEHHEM BCEX 3apA/10B, Kak CBODO/HBIX, TAK 1 CBA3AHHBIX.

7.8. EcrecrBennas (caMocToATeIbHAS) NPOBOAHMOCTH

Ecau twarensho OYUHLIEHHYH H BbICYUWICHHYH) KHIKOCTE NMOMECTHTL B
NOCTOAHHOE MICKTPHYCCROE Noae (TaKoil BEAHYHHBI, KOTOpas HE aonycrkaia Obi
WICKTPOAN3A), TO MOCAE NPHIMKEHNS HanpsKeHUa TOK 6b[CTp0 YMEHbLLIACTCH
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A0 HEKOTOPOii MHUHHMANbHONH BENHYMHBL. DJTOT MPOLECC YACTO HA3BIBAIOT
IMEKTPOOUHCTKOMN, TaK KaK NPOBOJAHMOCTh KHAKOCTH, HAXOAAIEHCA B HNEK-
TPHYECKOM [10J1€, YMEHbIIAETCH HHOM/IA HA HECKOJIbKO MOPSIKOB BEJIHUIHBL.
[locne o4HCTKN AKHAKOCTL HE BO3BPALIAETCA K HAYALHOMY COCTOSHHUIO, ECITH
TOJIbKO €€ HE 3arPA3HNTD; He 00HapYKUBACTCH TaKKe ABICHHA MOAAPU3ALINK
MEKTPOIOB,

CkopocTb cnajieHHs TOKA M €ro KOHeYHOe 3HAYeHHE MOKA3bIBAIOT, /10-
CTATOUHO JTH XOPOUIO OYHLIEHA HKHAKOCTL, MexaHnsM MeKTPOOUHCTKH elle
TO4YHO He u3BecTeH. OO0bIYHO cuMTaercs, 4To o0pasel KUAKOCTH, B3ATbII
HENOCPEACTBEHHO NOCE THCTHILISUNH, MOKET CONEPIKATh CHE/IbI ANEKTPOIN-
THYECKUX 3arpA3HeHHH, My3blpbKH BO3AYXA H KHCIOPOAa M [1y3bIPbKH NapoB
camoii KUAKOCTH. TTpH 3NEKTPOOUHCTRE NMPOHCXOIAT CAELY IOLIHE BO3MOMKHbIE
MPpOoLECChI:

1) ynanenue ci1ea0B 2M1eKTPOIHTHYECKHX 3arpA3HeH Il

2) McyE3HOBEHHE MY 3bIPLKOB ra3a B AHIKOCTH, [IaBHLIM 00Pa30M BO3/1yXa
H KHCTOpoaa:

3) MCHe3HOREHHE NY3LIPLKOB rasa, ajJcopOHPOBAHHOTO Ha NMOBEPXHOCTH
NEKTPOIOB;

4) ynanenue cnyuaiiHbIX HOCHTeNEll NEKTPHUECKHX 3apa 108 (CBOOONHBIX
IEKTPOHOB H HOHOB), HAKONHBIIHXCA B FKHIAKOCTH J0 OUHCTKH;

5) BO3MOKHOE YyNOPAIOYEHHE MOJIEKY/1 AKH/IKOCTH B KBa3HKpHCTAJAMYE-
CKYH NPOCTPAHCTBEHHYIO PELIETKY M MOCTENeHHbI Nepexo/ KUAKOCTH M3
COCTOAHNA IOHOPHOTO NOMYNPOBOAHHKA P-THNA B COCTOAHHE H30AATOPA.

B nnoxo oudileHHON KHAKOCTH NepPRbIi U3 NEPEUHCIEHHLIX MPOLECCOB
HAET 0Y€Hb MEAJIEHHO H, KAK PABIIO0, HE IAET MONOKHTENbHbIX PE3YIbTATOB.
IMpoueceht 2, 3 1 4 npuBoAAT K ObICTPOMY W Heo0OPaTHMOMY YMEHbLIEHHIO
npooanumocti. [ocneanuii (5) npouecc saBnaeTcs ckopee ruMoTETHYECKHM.

Cornacno teopun Poperepa camocToATeNbHAS NPOBOAHMOCTL CKJa/lbl-
BAETCH M3 AMEKTPOHHOI MPOBOAMMOCTH H MPOBOANMOCTH, BhIZBAHHOIT BO30Y-
A AeHHbIMI MoJTekyamMi. CBoOOIHbIE JTEKTPOHBI IEPECKAKHBAIOT OT MOJIEKY -
Jbl K MOJIEKyNE, 3aepiKuBasch Yy KankAOH Ha KOpPOTKOe Bpems (Tak
Ha3bIBAEMBbIiT NTOBYIIEUHBIIT MEXaHU3M NpoBoAHMOCTH). Monekybl, Haxom1s-
LHecs Ha CaMOM HH3IIEM YPOBHE «BO3OYKICHHAY, CYILECTBYIOT B Onpene-
JIEHHOM KOJIIMYECTBE B WHAKOCTH Jaxe npu KOMHATHOI TeMneparype. HpPl
CTOJNIKHOBEHHH TakHX MONEKYJ APYT € APYrOM MOKET BOZHHKHYTL napa Ho-
HOB. DopcTep NOKasal, 4T0 BO MHOPHX CAYYasX MOKHO CBA3AThb IHEPrHI0
aKTHBALLUK MPOBOANMOCTH C JHEPrieit Bo3dykaeHus MONEKYIL.

[TpuunHamMu ecTecTBEHHON NPOBOAMMOCTH MOTYT ObITh TAaKKe CAeayto-
IIHE ABIEHHSA!

@) 3MHCCHS IEKTPOHOB W3 Katoaa noa AefCTRHEM MPHIOKEHHOrO nois
(C yueToMm CHHKEeHHs PaboTel BLIXO/A YEKTPOHA W3 METAJINA B AHIEKTPHK):

G) caenbl 2AEKTPOIUTHYECKHX PUMECEH B KHIKOCTH,

B)} AMCCOLMAIHA MONEKY] NOCTOPOHHHUX BELIECTR]

) AHCCCOUHALNA MOTEKY JKHAKOCTH 110/ ASiiCTBHEM JIeKI PHUECKOTO MO,

N1} HOHU3ALIMA B pE3YbLTaTe BO3AENCTENA H3TYUEHUA PAJHOAKTHBHBIX 3a-
rpA3HEHHI, HAXONALIHXCA HA CTEHKAX COCYNA H B BO3AYXE!
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€) HOHM3ALIASL KOCMHUYECKUMU Ty YaMH;

JK) TEI10BbIe MPOLECChl, MPOTEKAIOUIHE TAK ke, KAK B MEKTPOHHBIX M0~
JYNPOBOAHMKAX.

Kaknas w3 3THX TIPHHHI MOKET HIPATH ONPEIE]CHHYIO POJib B COOTBET-
CTBYIOUINX YCIOBUSX HANIPUMED, IMHCCHS FIEKTPOHOR M3 KATO/A JIErKO 00HA-
pykuBaercs. B jKuAKOCTAX BbICIIEi CTENeH! OYHCTKH ¢ €CTECTBEHHOIT npo-
goaumocTbio nopsaaka 10717 —1072° Om~tem! mowno nabmonats BiusHue
KOCMHYECKOTo M3nmyderus. 1ot a(dekT npossasercs aake npH IKpaHHpo-
BAHHU M3MEPHUTENLHOIO COCY/IA TOUCTLIMU CTEHKaMU U3 0i0Ba (10 15 cm).
BozneiicTeieM KOCMUYECKOrO M3TYTeHHs! MOKHO OOBACHHTL TOT (akT, 4To
B PA3/M4HBIX UCC/ICAOBAHMAX AOCTHIACTCA OHA M TA JKE HAMMEHbLIAs Npo-
goaumocts 10719 —1072% Om~lem 1. Jlaneneiimee ee ymensuenue ynaercs
MOy 4HTE TOALKO C [OMOLUBIO IKPAHHPOBAHUSA OYEHE TOJICTBIMH OJIOBSHHBIMH
CTeHKAMH.

DMHCCHS CBOBO/IHBIX 3IEKTPOHOB B KHMAKOCTH /14€T BO3MOKHOCTH HC-
CIIe0BaTh PAJL ABMEHHIT, CBA3AHHBIX C MPOBOAMMOCTEIO U NPODOEM JKHIKHX
JHEKTPHKOB. ITO MOKET GbITh OCYIIECTBACHO HECKOIBKUMH CHOCOOAMI:
a) (porordextom, 0) TEPMOIMUCCHEN W3 HATPETOIO AEKTPO/A, B) XONOIHOI
IMHUCCHEl IEKTPOHOB H3 KATO/A, ') HAHECEHHEM (F-HITYUAlOLIEro BellecTsa
Ha OMH W3 DAeKTPONOoB. H3ydeHie TemMneparypHoil 3aBHCHMOCTH CaMoCTo-
ATENLHOI MPOBOAHMOCTH HMCTLIX JKHAKOCTEl NMoKasaio nHHeiiHyo 3aBHCH-
MOCTb Jlorapudma ToKa 0T 00parHoil Temneparypbl. Borauciennas u3 3mix
JAHHBIX YHEPTHS AKTHBALNN YTEKTPONPOBOJHOCTH 1Sl MHOTHX HCCHIE10BaH~
HBIX YIJIEBOAOPOIOB COCTABIISET TAK JKe, KAK M B BOAHBIX PACTBOPAX IeK-
TPOJIMTOB, BEIMYIHY MOPS/AKA 3 KKAN/MOJIb, YTO M03BOIISET CASIATH MPEo-
NOKeHHe O He3ABICHMOCTH CAMOCTOATENBHON MPOBOANMOCTH OT CTPYKTYPbI
xuakoctu. Tpagaa, CylecTByIOT i APYIHE MHEHHS O MEXAHH3Me [1POBOIH-
MOCTH. TTOCKOIBLKY MHOTHE SBISHHS B JKUAKUX W TBEPALIX AN3EKTPUKAX 06-
HAPYKUBALOT OOMBIIOE CXOACTBO, MOITOMY TEOPHs, pa3paboTaHHas 11s TBep-
JIBIX JIHINEKTPHKOBR MOKET ObITh MPUMEHHMA W /U1 FKHAKHX JIHIIEKTPUKOR.
B kpucTanintecknx cTpyKTypax Gonbuioe BIHAHHE OKA3LIBAIOT Pa3nndHo-
O poaa NPUMECH, CO3NAIOLIME CBOCOOPA3HBIE «IOBYLIKIY, IHEPIETHHECKHE
YPOBHM KOTOPBIX PAacrioNarariTes B MPOMEKYTKe Mek1y BaneHTHOI 30HOil
1 30HOIi npoBoMMocTH KpucTaina. [lepexon aneKTpoHa, NOI0KHM, C BAJIEHT-
HOTO YPOBHS Ha NMPOMEKYTOUHBII 3HAUNTENLHO 0BAEryaeTcs, YTO U CIYKHUT
MPHYHHOI Y BeJIHIEHHs TPOBOAHMMOCTH «3ArPA3HEHHBIX) KpHCTaN10B, Tounoii
TEOPUHN MOBHKHOCTH 3aPSKEHHBIX YACTULL B KHIAKHX JIMIIEKTPHKAX, @ TeM
Doree B CMECSX 1M PACTBOPAX, 10 CHUX MOP HET.

7.9. Ilepenoc N1eKTPHYECKOI0 3aps/ia

PaccMOTpuM JBHKEHME TOKA 110 3aMKHYTOMY KOHTYPY M3 MeTana, B paz-
PbIB KOTOPOrO MNOMELIEH MEKTPONHUT TAKOIro ke ceueHus. Bennunya sroro To-
Ka Oy/1eT THMHTHPOBATLCA TOI YaCThIO KOHTYPa, KOTOPLIH HMeeT Hanbobiee
CONpPOTHBIIEHHNE (0UeBHIHO, YTO ITO — rpaduuapasaena dJa3, rae peajausyercs
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H31I0M BEKTOPA HAMPAKEHHOCTH WIEKTPHUECKOTo Nons). 3aniiueM BenHyuHy
MJ0THOCTH YIEKTPHYECKOTO TOKA j, BLIZBAHHOIO TOKOM IEKTPOHOB, TEKY -
IO [0 KOHTYPY B Bitjie

J = joexp (—=AW/kgT). (7.106)
3neck . i y
jo = AT? exp (—L + '—”) ~ const.
2m(Wey —en) kgl

MOCKOIBKY H3MEPEHHE EKTPHYECKOH NPOBOAHMOCTH TPOU3BOANTCS MpPH
OUeHb MaJIbIX OTKJAOHEHHSX MOTEHIHAA H3MEPUTEbHBIX 2IEKTPOIOB OT PaB-
Hosecns (~ 3—10 MB), a exp (—1/v/2m(W,, — kT In ¢coy,)) NpakTHUECKH
He MEHAETCA MPH W3MEHEHHH KOHLLEHTPALIMH B TOBOJILHO IIMPOKNX Mpe/enax:
AW = W, — kpT In ey, — duepreruyeckuii Gapbep, KOTOPLII J0mKeH
ObITh NPEO/IOIEH IMUTTHPOBAHHLIM H3 METANIA AEKTPOHOM, HTOObI OKA3ATh-
ca B obbeme pacrsopa; W,., — 9Heprust akTHBaLKMH MEKTPHUYECKOil MpoBo-

JAHMOCTH, NPEACTARIAKILAA PAZHOCTE ])aﬁO’Tbl BBIXO/1a MEKTPOHA H3 METana

M/ &=
B pacteop W 'S w0 anom 3omer MPOBOAUMOCTH («rMyOHHOID) MOTEHUHANb-

HOIi siMbl B JKHIKOCTH, ONpeaenaeMoii XUMHIECKHM NOTEHLHANOM JEKTPOHA
B pacteope (1S = p@ + kpT In ¢ o,

I[Tponorapudmuposas sakoH Oma ¢ yueroM (7.106), nonyuusM npocTyio 3a-
BHCHMOCTh BENUYHHBI YAEIbHOH (IKCTIEPUMEHTABHO H3MEPAEMOIt) D1eKTpOo-
MPOBOJHOCTH OT KOHUEHTPAUHH (AKTHBHOCTH) PACTBOPA AIEKTPOJIUTA B BH/IE

In 3¢ = In const — Pi;‘— —In E + In ¢eom = const + In e com, (7.107)
B
W3 Boipamkenus (7.107) cnenyer. uTo norapudmMuyeckas 3aBUCHMOCTD /i€l b=
HOH 2/1eKTPONPOBOAHOCTH OT KOHLEHTPALMH PACTBOPA MeKTponnTa (s pas-
OaBlIeHHLIX PAacTBOPOB AKTUBHOCTE MOMKHO 3aMEHHTL KOHUeHTpauueil) 98-
eTcs AHHeitHoil (yHKIHeH ¢ TAHIeHCOM HAKJIOHA PARHBLIM €/IHHULLE.
[Tpsmonuneiinas 3aBucuMoOCTs In 22 0T In ¢ HENOCPeACTBEHHO BbITEKALT H3
LIHPOKO NPUMEHAEMBIX IMITHPHYECKHX 3AKOHOB MEKTPOXUMUH — YPABHEHUI
Hepncra 1 Tadens. 3anumenm 3akon OMa B norapudmmteckoii opme

Inj =Insx+InE. (7.108)

TpH NOCTOAHCTBE HANPAKCHHOCTH MNIEKTPUYECKOrO M0 (a MMEHHO JTOrO
H JI0BUBAKOTCA B IKCMEPUMEHTAX 10 M3MepeHHIo ) npoaudidepeHinpyem
obe yacTtu (7.108) mo dIn ¢ o

dluz  ding dn _ e kgl

= = : =il (7.109)
dlneeom dn  dlnecomn kuydl e
~dInj €
TaKk Kak U3 ypaBHeHus Tadeuns e = — a u3 ypaBHeHusi Hepucra
n B
ey knpT

dlIn e cons [
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ConocTapneHue ¢ IKCNepHUMeHTANbHBIMH JaHHBIMH YKa3blBAaeT HA TO, 4TO
zapucumocts (7.107) sasercs npamonuneiinoi (¢ koaddmunentom perpec-
cun 0,99) B obnacti koHueHTpaunii menbiue 1,0 mone/n npaktuyecku uis
BCEX JIEKTPONHUTOB HE3aBUCHMO OT HX Bane€HTHOCTH M MPUPOILI PACTBOPH-
Tena (puc. 7.17 u 7.18). TNockonbKy 3Ta JMHEHas 3aBHCHMOCTh MPOCTH-
paeTcs BIUIOTH 0 2MEKTPONPOBOAHOCTH HHCTOTO pacTBOpHTENns (and

4,0 o} 1 | |

3.0 2.0 1,0 ~lgC
Puc. 7.17. 3asucumocte lg >« o7 1g ¢ oq, B BOANEBIX pacTBopax. | — HCL 2 — HNOg;
3 — H2804: 4 —KF: 5 —KOH; 6 —NaCl; 7— NH4Cl: 8 — LiCl; 9 — KNOQOa:

10 — KCNS: 11 — KI: 12 — NazSOy4: 13 — CuCla: 14 — (NH4)2504; 15 —
KCIO4: 16 — NaNOa: 17— CuSO4: 18 — ZnS0Oy

BOMBI 7,0 = 6,3+ 107% Om~tem 1), cnenyer aymarn, 4o MexaHn3M Jiek-
TpHUecKoil NpoBOAMMOCTH B pacTBoOpax WIEKTPOIHTOB MO Mepe YKpen-
JICHHA KOHUCHTPaUWH HE MCHACTCAH. A Tak Kak MPOBOAHMOCTE YHCTBIX
HKHAKOCTEH HUKAK Hellb3st OOBACHUTH MEPEHOCOM 3apsaia MOHAMI, TO ecTe-
CTBEHHO HaNpallHBacTCA BBIBO O TOM, 4YTO H B pacTBOpax 2JIEKTPOJHTOB
MEXAHHW3M NMPOBOANMOCTH noaodeH MEXAHHW3IMY MPOBOAUMOCTH YHCTBIX KK~
kocteil. Hesapucumocts dlgsc/dlge or npupoasl »1eKTponuTa B BOAHBIX
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pacTeopax (cm. puc. 7.16) u onuoii u Toii e coau (CaHz)sNI B pasHbIx
pacTpopuTeaax (cMm. puc. 7.17), a Takike NMPUMEPHO OIMHAKOBLITT HAKJIOH 3a-
BUCHMOCTH A lg ¢/ A(1/T) B HUX HEe AAET CePbe3HOIO OCHOBAHIA CBA3LIBATE

lg2t

|
-4 -3 -2 ~Tgc

Puc. 7.18. 3asucumocts Ig 2 (C2Hs)sNI ot lg ¢ B HeBonHBIX pacTBOpHTENAX: | —
aueToHuTpI, 2 — auerod, 3 — nponuonuTpuil. 4 — Meradon, 5 — Boaa, 6 — Me-
THApOAAHH, 7 — atetaaopomul, 8 — merradopmavi, 9 — smuxaopruapus. 10 —
aradon. 11 — xaopuersiii Metun, 12 — nuveruacyandorenn. 13 — sruacHxaopu,
14 — n-niponanon, 15 — smeruieHxaopui, 16 — nponnoHaibIernl

WIEKTPHYECKYIO TIPOBOAMMOCTE B PacTBOPAX MEKTPOIHTOB C TEOPHAMH HOH-
HOTO MepeHoca 3apaaa, NoCKoNbKY KazKaas U3 HUX TaK WK MHa4e onupaercs
Ha MoJienb « HOHHOIT atmochepuy Jedas. [lpurenennas Buie noayhenome-
HOJIOIHHECKAs TEOPUS WIEKTPONPOBOAHOCTH OCHOBAHA HA (PYHAAMEHTAN LHBIX
3aKOHAX KBAHTOBOI MEXAHHKHN H NPEACTABIALT COOOIT 3HAYUTENBHO DONBLIY KDY
IBPHCTHUYECKYIO LEHHOCTD,
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PABHOBECHE KHUAKOCTb-TIAP
B KOHUEHTPUPOBAHHBIX PACTBOPAX

8.1. PaBnoBecue AHIKOCTH —HOap B H/I€aJIbHbLIX pacrsopax

[Tpu ananuze obunux yeoBUil paBHOBECHS B CITyuae pa3daBieHHEIX PAcTBO-
POB, HAXOAALIMXCA B IBYX(Pa3HOM COCTOAHNH, OBLIO0 MOKA3aHO, YTO MOJTHOE Onpe-
AefeHHe CBOCTE 00eHX PaBHOBECHLIX (pa3 TpedyeT 3HAHWS UeThIPEX BETHUNH:
T, P,2y nay, me &; 0oy — KOHUEHTPALMH PABHOBECHO COCYIECTBYIONINX
thaz. JloOble j1Be U3 ITHUX BeIIMYHH MOTYT ObiTh BbIOPaHbI MPOH3BOJILHO, TOITIA
ABEe APYTHE H BCe OCTANBHBIE HHTEHCHBHBIE CBOHCTBA (has OKaKYTCS OMHOZHATHO
OnpeaereHHbIMH,

Bee 3aBHCHMOCTH MeX1y pazivuuHbIMK CBOIcTRAaMKM OHHApHOH CHCTEMBbI
B HEABHOM BHIAE MOrYT ObITh BLIP@KEHBI B YCIOBHAX (Ja30BOro paBHOBECHS
uepes XMMHUYEeCKHe MOTEHLHAIIb]

py (T, P, x') = pn (T, P, z»),
(T, P, ') = p»q(T, P, z»).

Bceero 13 4eThlpex HCXOAHLIX BEIHUYHH MOIYT ObITh MoJ1y4eHs! 12 3aBucHMo-
creil. Ecni nassiieHue HEBETMKO, TO MOKHO AOTYCTHTE, HTO KaUK/blil KOMNOHEHT
B Mapax NnoguHHAETCA YPABHEHHMIO COCTOAHMNS MASANLHOTO rasa H uTo napui-
anbHbI MONbHBIIT 0GBEM B JKHIIKOM COCTO-
SAHHM 3HAYUTENILHO MEHbLLIE TAKOBOIO B A~  p
30006pazinom. C y4eToM 3THX YMPOLIEHHil
NpH NOCTOAHCTBE TeMMepatypsl M nasie-
His onpeaenstoTes 3aBucumoct: pla® ),
plx®)p ua®(x*)p (30ech 2° n ¥ — coorseT-
CTBEHHO MOJBHBIC I0J1H KOMIOHEHTA B KU /1-
KOii 1 mapoBoii azax).

Panee (cm. (6.39) 1 (6.40)) 6s110 nokaza-
HO, 4TO B CIIYHAE HEOJAWHAKOBOrO MARNEHIS
HACLILIEHHOIO NApa Kaz /1010 U3 KOMIOHEH-
TOB OHHAPHOIT CHCTEMBI 3aBHCUMOCTD J1aBlle-
HHA HACBILIEHHBIX NAapPOB OT KOHLEHTPALUK
pacTBOpa NPEACTABIACTCH NPAMON JIHHHET -};"T uepérpemﬁ nap
npH noctoanHoii Temneparype (puc. 8.1). () ro

3aBHCHMOCTb JIaBNEHHS HACHIIIEHHOTO '
napa pacTropa ot KOHUEHTPALKH KOMIIOHEH-

Ta B Mapax Ha JTOM K& PUCYHKE MpencTas-
JleHa wTpuxoBoit Iunueil. Pazymeerca, 4yto
npu x¥ = 0 unu 2 = 1 W, COOTBETCTBEHHO,

xr x x®

Puc. 8.1. TMapooOpazosanme nieanb-
HOTO pacTROpa B 7 —z-Harpavwe
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¥ = 0 n2® = 1 obe 3aBHCHMOCTH CXOIATCA B OOHY TOUKY. KOTOpas COOT-
BETCTBYET AaBJCHHIO HACHILIEHHOTO Mapa NepBoro Wik BTOPOro KOMIOHEHTOR,

Crulowinas i wTpuxosas 1HHKUKY Ha puc. 8.1 npeacrasnsior codoii 3aBucHmMo-
cti p(x®)r n p(2*)r npu 3anannoil Temneparype. DTH THHAH ClEAVET paccma-
TPHBATh KaK reOMETPHYECKOE MECTO TOUEK COCTOAHUIT HACHILIIEHHBIX JKHIAKOCTH
w rapa. Kaxmas Touka Ha CrutoiHOll THHHH OTBEYAST COCTOAHHIO KHIKOCTH
npu (pazosom pasHoBecH. OHa XapakTepH3yeTcs BecemMmu HeoOXoaUMBIMH napa-
METPaMH U1 OTHOZHAYHOIO OMNPeIeNeHNs COCTOSHUS JKHAKoCTH. Kaxnan Touka
Ha WTPUXOBOIL THIHKI ONpPeaenseT COCTOSHIE CyX0ro Hackimertoro napa, Tou-
KM, NEkALIHE HA OAHOH JUMHUM, NpH 7 = const XapakTepH3yloT PaBHOBECHO
cocylecTsyrotine Gaspl — KHAKYIO H napoodpastiyio. PaBenctso temneparyp
BbINOJIHACTCA ABTOMATHYECKH, TIOCKONIBKY BCA AHArpamMmMa nocTpoeHa s oaHoii
TemnepaTypsi.

Taxkum obpazom, CIUIOLIHAA U LUTPHXOBAA JTHHHH ANAT BCIO AHArpaMmy Ha
001aCTh CYLIECTBORAHMS JHAKHX H NAPOBLIX pacTBOPoB. ECiin HexoaHyo napo-
BYIO CMECh COCTaBa 1% CKUMATh (YBENWYHMBATL JABJICHHE), TO MPH JOCTHIKEHHN
WTPHXOBOI AHHUN TOABUTCA paBHOBeCHAs skuKas (asa, T.€. HaYHeTCHs KOH-
Nencauua napa. [ToaroMmy WTPHXOBas IMHUK HA3LIBACTCH TUHUCT KOHOEHCAL M.
AHanoruyno, Criowias JHHHA Ha3bIBACTCA TuHuel Kunenua (napoobpazosa-
Hius). OBNACTb MEXKIY IWTPHXOBOM M CINOLIHON NUHHAMH ABNAETCS 0DNACThHY
BnakHoro nmapa. Ilosicuum 3ToT TepMmuH. BrakHelii map — 2T0 He Kakaa-To
ocodan aza, 310 — nap M KUIKOCTL, Haxoadmuecs B pasHosecun. Cocragsl
KHAKOCTH W 1apa COOTBETCTRYIOT Toukam ¢ 1 b. Takum obpazom, cHcTema, xa-
PAKTEPU3YIOIIARCH NCXOMHLIM COCTABOM napa &% u ¢kartas no nasnenus P (Ha
JmarpaMme 310 coctosiHue 0d03HaueHo Toukoil d). pacnanaeTcs Ha aBe pPaBHO-
BECHO cocyniecTBY oM (Pasbl: KHAKYIO — COCTABA, COOTBETCTBYIOMIETO TOYKE
a(x*), n napoodpazHylo — cOOTBETCTBYIOMETrO TouKe h(xf),

M3 coBMecTHOro petueHus MarepHaibHoro daianca

n®+nf=n (8.1)
1 Gananca pacTBOPEHHOTO BEllIeCTBa
n*zr® + nfat = nx (8.2)
CHENYET NPaRILIo puliacad
o _ge e (8.3)
e r—a4 lai

T. €. MACChI COCYIICCTBYHOIIHX L])El’j OﬁpaTHO NponopuUHoOHANIbHbI OTPE3KaM, Ha
KOTOpbie (UrypaTHBHas TOUKA (B JAHHOM Ciiy4ae Touka d) NennT mpsMylo
(HA3BIBACMYK) KOHOAOH WIW HOAO), COCTHHSIOLLYH) /1BE CONPAKCHHBIE (hadbl.

2710 NpaBuio WHPOKO NMPUMEHASTCA 1A COCTABJICHUA MATEPHAIBHBIX ba-
JJAHCOB B PA3JIHYHBIX ICTCPOrCHHBLIX CHCTCMAX — KaK OHO- TAK H MHOTOKOM-
[MOHEHTHLIX.

Ecnu u3BecTHBI 3aBHCHUMOCTH NaBjieHH:A napa OT cocTaBa CHCTEMBI MPH
HECKOIBKHX TEMTICPATY pax, a Takke TCMTNCPATYPbl KUNMEHHA KaAK 10M0 H3 KOMTNO-
HEHTOB OUHAPHOI CHCTEMBL, TO MOKHO MOCTPOHTL JHAPAMMY, BbIPAKAIOLLYIO
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3aBHCHMOCThL TEMIEPATYPbl KUOEHHA PACTBOPA OT €0 COCTaBa NPH NOCTOAHHOM
nasfaeHun, Jng 31oil uenm wenonssyot ypaHenne Knaneiipona— Knaysmyca,
COMETAs €10 C COOTHOLIEHHAMI MEXK/IY COCTABOM JKHIKOCTH M Napa npu 3aaaH-
Hoit remneparype. K coxanenmio, 3TH ypapHenns TpaHcUeHIeHTHbl, H HaXo-
AJIEHHE HCKOMbIX 3aBHCHMOCTEH BO3MOIKHO TOJNBKO YHC/EHHBIMH WM rpadu-
wecknMu MeTonavn. B ceasn ¢ atum sasncuvoctit I'(2%) p n T'(2%) p obe1uH0
NOJIYUAIOT Y TeM IPauyecKix nocTpoeHuii. s 3Toil ueiu B noJje aMarpamms
P — 1 nanocar paa u3oTepm H, MpoBos nps-
Myt P = const, nojy4al0T B TOMKax ee
nepecetielHns €O CIIOWHBIMH H IITPUXO-
BbIMH KPHBBLIMH KOHUEHTPALHK PABHOBEC-
HBIX KWIKOCTH W napa npH JIlaHHOM JaB-
JIEHHH H COOTBETCTBYIOLLHX TEMIeparypax.
3HasA TH KOHLEHT PALHH H TEMTIEPATYPbl K-
MeHHA YHCTHIX BEIIEeCTB. JIETKO MOCTPOHTh
T — x-anarpammy.

Paccmotpum  Tenepe npotecc napo-
obpazoBaHus NpPH NOCTOAHHOM JlaBieHHH
B T'— z-puarpamme, juis cliyuas, Koria nap
ocraeTcs B ToM ke cocyae. [Ilyvers uc-
XO/IHOE COCTOSIHHE COOTBETCTBYET Touke /
(puc. 8.2). Ipu noasoge Tenna K cucteme
Touka / (puryparuBHasi Touka) B aHarpam-
Me OyaeT nepemellatscsi BREpPX MO JHHHU x4
I —2. B cocToannm TOUKH 2 HA KPUBOH KNTIA-

LIEH KNAKOCTH PACTBOP 3AKHITHT, U OSBHUT= Prc. ’3-3- [Tponece mapooGpazosa-
¢ mepsbiil My3pIpek mapa coctasa, onpe- 1A OHHApHOrO pacteopa B T'—2-
neasieMoro Toukoit 2». Takum  obpaszom, PISEERENTHE

B TOMKE 2 BCE PACCMATPHBAEMOE KONHUECTRO

pacTBopa OyaeT npeacTaBiaTh KUY KHIKYI0 (azy ¢ OeCKOHEUHO MallbiM
KOMHHMECTBOM Napa, cocTas KoToporo xys. [pu aanbHefinem noagoe Teniorhl
(huryparuBHas TOUKa ABMKETCH BBEpX no Juuun 2-—3—4) B kunsweit xua-
KOCTH Oy/IeT HENpepPbIBHO YMEHBIIATHCH COAEPIKAHNE BTOPOTO (NIerkoieTyyero)
KomMroHeHTa. B Touke 3 pactrop OyneT npeactarnsaTe coboii By xdazHyo cHeTe-
My, COCTORLILYHO 13 KMnsiueii #uakoctu (touka 3') cocrasa 4 n ee napa (Touxa
3») coctasa ryy. Ecin noasoanTs TENNOTY M aanee, TO MOWHO, HAKOHELL, 10-
CTUI'HYThL TOUKK 4. B cocTosHmm, onpeaeiseMom TOUKOI 4, pacTBOP NOJHOCTLIO
MepeBeaeH B CyXOH HaCkILIEHHbI Nap, cOCTaB KOTOPOTO, ECTECTBEHHO, TOT #KE,
4TO U COCTAB HCXOAHOTO pacTeopa. OcTasuieecs HeckoHe HO Maloe KONH4eCTBO
JKIIKOCTH HMeeT cocTag =Y. JanbHeiiuii noABoa TeMIOTh NPHBELET K nepe-
rpesy mapa cocTapa, COOTBETCTRYIONIEro Touke 4. Ha puc. 8.2 310 coctosHue
0003Ha4eHO TOUKOH 3.

HMrak, B npouecce uenapeHus onpene/icHHoro KojinyecTsa pacTeopa dyaer
HMETb MECTO HEMPEePLIBHOS H3MEHEHIE COCTABA KUMAILEH JKMAKOCTH OT &) =
JI0 Iy M COCTaBa CyXoro rapa ot x»y 10 Ty = x. [IpH 3T0M, KOHEYHO, MEHACTCH
1 Temneparypa (ot 1 no T}).

-
U
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AHanusupya 3Ty IHarpaMmy. MOYKHO NPHIiTH K BLIBOIY O TOM, 4TO B nape
110 CPABHEHHIO € PABHOBECHOH KHIKOCTBHO Beeraa npeodsianaeT TOT KOMITOHEHT,
TEMIEpaTypa KUNEeHHsA KOTOPOID HIBKE. DTOT Pe3yibTar IBIAETCS COAEpKaHmueM
nepsoro 3akona Konosanosa: «llap ornocnrensno 6orade TeM KOMIOHEHTOM,
noQaBieHne KOTOporo K CMecH nosbiinaer odlliee NaBieHne napa Wim rnpu JaH-
HOM OaBJeHHN CHILKAST TEMIIEpaTypy KHIeHnay,

JloKakeM 9TOT 3aKOH TepMOoAMHAMHYECKH. 3anuwem ypasuenue ['ndbea—
Jirorema g skukoit dazmt:

xidpi + xidps = 0. (8.4)

Yuursigas, uto pf = 9% + RT In f% = ;afw"" + RT In p; (napumnaibhoe
t

JABJICHHE i-I'0 KOMIOHEHTa )’ = CONst BHECEHO B CTAHAAPTHYIO 4aCTh XHMHYE-
CKOTO ToTeHIHana). Terneph (8.4) MojkHO 3anucarh

ziduf + xidps = xi s .-1.'52@1 =0. (8.5)
P po

Orkyna

dpy = —ip—ldpg. (8.6)
(1 —x3) p2

Yuureisas, uro dP = dp | +dp 2. ano 3axony Jansronap; = P:rrf. [10J1Y UM

5 (L—=2) o
dP =d dp, = |1 - —2 > "27 ) dps. 7
pt+dpy ( -3 = ) P2 (8.7)

[Tonenne obe wactu pagenctsa Ha dai v npeodpazosas, NoayvHM

AP al —af dps

drs .r'fé(l —a5) dirj '

(8.8)

dF : .
W3 ypasuenus (8.8) cneayer, uto - T — 3 TONKHBI HMETh OHHAKORbIE
Ty
3HaKH. DTO O3HAYAET, 4TO Nap OOOrALIEH BTOPbIM KOMIIOHEHTOM a5 > I3, ecin
dP/dzy > 0, 1.e. 10B6aRNeHHE BTOPOTO KOMIOHEHTA NPHBONT K YBENHYCHIIO

OOLLETO OaBIEHUA B CHCTEME.

PacemoTpenHbiil npougece napoodpazopaHiis OTHOCHTCA K CyYal, Kora
TeMMepaTypa KHNeHH HHCTOrO BTOPOIO KOMMOHEHTA HIDKE TeMMepaTtypbl Ku-
MEHUS YHCTOrO MEPBOTO KOMIMOHEHTA. EC/in B cHCTEME 00parHoe COOTHOLLEHHE
ITHX TEMIEPATYP, TO BHI KPHBBIX KHAKOCTH M napa OyAeT HMETh 3ePKallbHOE
OTODpaKEHHE.

HMenonb3ys Npaguio peivard. MOAHO OMNPEIeIHTh MACCH COCY LIECTRY OILUX
daz B modom cocTosHNK cHeTembl. BosbMeM, K npuMepy, cocTosHHE CHCTEMDI,
onpeznensemoe Toukoii 3. [To npasuay peiuara nosyyaem

n® . l_,‘...;.

n# byr_s
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8.2. PaBHoBecHe KHAKOCTH — 1AP B HEHICAJIBHBIX PACTBOPAX

Jlns HenaeanbHbIX pacTBOPOB XapakTepHbIM ABNACTCSA OTCY TCTBHE MPOCTHIX
CBA3EH MEkKIY XUMHUECKHMI MOTEHUNATAMH 1 HE3aRUCHMBIME NEPEMEHHBIMH
T n P. W ecnu 3aBUCHMOCTH NAPUMANBHOTO NABJIEHHS OT COCTABA /ISl Hie-
anbHBIX PACTBOPOB BHIPAKAKTCA B BHIE MPAMBIX (T.€. MOAYHHATCA 3aKOHY
Payns), To 5TO sBNseTCHA TeM MPeaenoM. K KOTOPOMY B TOil WM HHOIi cTene-
HI MPHOAMAKAIOTCS peaibible pacTeopsl, [T0ITOMY peanbHbie pacTBOPbI Y100HO
KIACCU(HLUMPOBATL MO THITY OTKJIOHEHHS OT OPAMOJMHEHBIX 3aBHCHMOCTEI],
XapakTePHBIX A4 HASaTbHbIX PACTBOPOB.

Ecny OTKIOHEHHA HA0MOOAI0TCS B CTOPOHY MEHBILIMX SHAYEHHIT, TO TOROPAT
00 ompuyamenvrolx omiionenusx ot 3akona Payns (puc. 8.3, a).

Ecnn akcnepumMeHTanbHble /IaHHbIE OKa3biBAOTCA BhIIIE BLIYHCIEHHBIX 110
ypaBueHnio Payna, To ropopar o noroxcumensneix omnonenuax (puc. 8.3.6).

P, MM pT. CT. P, MM pT. CcT.

i 200} "
t=17°C i 1=25°C A
300
160}
200) \20r/ 7 S
S0F = ¥
100 P
aot /7

L L L L 0 i 1 1 1 I =
0.2 04 06 08 1,0 . 0,2 04 06 08 1.0
CHCl, Csllg

NC-H:OC:Hs: —> C;H;0C:H« NCH,;COCH; — CH;COCH;

a i

Puc. 8.3, 3aBHCHMOCTD NAPUHAILHOTO U OOIIEro JaB/ISHUIT [Tapa OT coctasa: @ — OTpH-
LaTeNbHLle OTKIOHSHUA OT 3akoHa Payis. 6 —nonokHTeILHBIC OTKIOHEHH: OT 3aKOHa
Bisar:

avisl

K cHcTemMam nepsoro THNA OTHOCATCH PACTBOPbI, COCTOALLIME H3 BEUIECTB,
CrocoOHBLIX K B3auMOaeHcTRIN. Takie pacTBOpbl 00PasyrOTCa ¢ BbiAeIeHHeM
Ternia, Ui HUX XapakTepHo ymeHblueHne odbema pactsopa (A1 < 0) no cpas-
HEHHIO ¢ CYMMAPHLIM 00BLEMOM HCXOIHBIX BEIIECTR: MOITOMY TeroTa napood-
pa3oBaHHA BELIECTBE 13 PACTBOPA DOnbILEe TEIOTH 1apoodpazoBaHni YHCTOIO
BEIIECTRA.

K crctemam BTOPOTO THNA OTHOCSTCS PACTBOPLL, 00pasyiouinecs ¢ Nomollle-
HHeM TennoThl (kak npasiio, g Hux AV > 0). [Mo3tomy Tennora napooGpazo-
BAHMA BELLECTBA M3 PACTBOPA OKA3bIBASTCS MEHbLLUE TEII0TH Napoodpa3zoBaHis
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YHCTOrO BelecTea. CenoBatentHo, Mpolece napoodpazoBaHma obnervaeTcs,
T. €. JIaBICHHE Mapa BO3PAcTacT.

C yBesHyeHHEM OTKJIOHEHHS OT WAeaNbHOCTH MOKET MOSBUTLCA MHHHMYM
IMPY OTPHLATENBHBIX OTKJIOHEHHSIX WIH MAKCHMYM TMPH TIONIOKHTENLHBIX OTKIO0-
HeHuax (puc. 8.4, a) u (8.4, 0).

P, Mm pr. cT. . P, MM pr. e,
1=551°C __.__conme==""""_g | 1=35°C
700p ___2le--=T :
H00R R 300
S00F N\
400F 200
300F
2000 100
100F . d
( D L 1 L I L I L L ~ 0 s L L 1 L 1 s 1 L
02 04 06 08 1,0 7 0,2 04 0,6 08 1,0
CH3;COCH; — CH;COCH; CHCl; —> CHCl,
a Le)

Puc. 8.4, Zasucumocts HAPHHAIBHOTO H obmero gapaennd Hnapa or cocrasa pacrsopa:
a4 — OTPHLATC/IBHBIC OTKIOHCHMA OT 3AKOHA !'ﬂ}’.’lﬁ C MHHHMYMOM TABJICHHA Napa’ 0—
HOMOAHTC/IBHLIC OTKAOHCHHA OT 3aK0Ha Pa}'JlH C MAKCHMYMOM JIABJICHHS Napa

Hem Gonblue pazHOCTL MEWIY NApUHAibHLIMK TABNSHHAMW YHUCTBIX Be-
LWECTB (MM MEKAY TeMmreparypaMiu KMNeHMs ), TeM G0bIUMI J0JEKHB ObITh
OTKJIOHEHHS, 1 MTOABIACTCH DONbILAA BEPOATHOCTb OOPA30BAHKS YRCTPEMYMA Ha
T —z- v P — z-rpadukax. MUHAMYM XapakTepeH A/ls BellecTs, CrnocodHbIX K
OHCCOUNALHMH, MAKCHMYM — 118 BCLUECTB, CIIOCOGHI:IX K accouranum. Munnu-
MYMY Ha AHarpamMe JaBierie — coctaB OyneT COOTBETCTBOBATH MAKCHMYM [a
AHarpamMmMe Temnepatypa—cocTas M, HaoGOPOT. MAKCHUMYMY Ha JIHarpamMme 1as-
JICHNE — COCTAB OY1CT OTBEUATE MUHUMYM HA HArpaMME TEMIEpaTypa— cocTas,

B Toukax aKcTpeMmyMma naBieHus napa (WA TeMOepatyp KUMeHus) cocTa-
Bbl AHIKOH M napoodpa3Hoii (a3 conanaroT (BTopoii 3akon Konosasosa).
CnpagesiHBOCTb TOTO 3aKOHA 10KA3aTh AOBOJILHO Jerko. [Tocko/bKy B TOUKax

aetpemyma dP = dpy +dps = 0. t0dp, = —dps nTora
3 (1 - r'L,}
dpy =——22 L ") gy, 8.9
/2B i) = D2 (8.9)
g

OTcioaa cpasy cieayer, uTo x5 = wh, uTo M TpeboBaNoch 10Ka3aTh.

CMecn, y KOTOPBIX Map, HaXOAAMMIICA B PABHOBECHH € JKHIKOCTBIO, HMEET
TOT e COCTaB, 4TO H KHAKAA CMECh, HA3LIBAKITCH A2COMPITHBLMMN. BTH cMe-
CH 4aCTO HA3BIBAIOT TAKKE HEPA3AC/IbHO KUIALWNMH, TaK Kak NPH NepPeroHKe
o0pasyeTcs KOHIGHCAT TOTO e COCTaBa, a 3TO HCKIKYAeT pasie/ieHne cMecH
B IAHHLIX YCJIOBHAX.
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ABEOTpOl'IHb[E CMECH ABMAOTCA CMECAMH C Npeiac/ibHBIM OTKIOHCHHEM OT
HIACAITBHOCTH, CLIE ()6ﬂﬂﬂal()lllllMH NOJTHOI B3aUMHO#T PACTEROPHMOCTBHY, HeGOMb-
IO0E JONOMHNATEIBHOE OTKIOHEHHE NAapaMeTpOB, XapaKTepHsyIOLLHX 3TO COCTOH-
HHE, MPHBOANT K NOABICHHIO oGnacTH B3anMHOI HEPACTBOPHUMOCTH. C.ne,uyena-
METHTh, 4TO NPH H3IMEHEHHK NABICHHA WIH TEMICPATY Dbl (COD'I‘BG’I'{:‘ IBEHHO /LA
T - wan P —z-anarpammv) ¥y a3e0TPOMHBIX PACTBOPOB KOHLEHTPALNA a3eo-
'l'p()l'l]{{)rl TOYKH H3MCHACTCA. T. €. a3C0TPOITHAA TOYUKA NEpeMEeLacTes K OIHOIT U3
oceil opavHaT, noAeGHO TOMY, Kak 2T0 W3oOpaikeHo Ha puc. 8.5 nis aseorpon-
HOIo pacTBOPa ¢ MAKCHMYMOM H ¢ MHHUMYMOM. [1pn HekoTopoii Temneparype
d3¢0TPOIHaA TOHKa M moxer nonacth Ha COOTBECTCTBYHOLLYHY OCh OPIMHAT, T. €.
pacTBoOp npH >Tol 1 Oonblieii TemMmepaType yiKe He ABIAETCA a3e0TPONHBIM.

P . PE
I's =const

=const

A X' Xy B A Xt X B

Puc. 8.5, BausiHue TeMICPaTypbl Ha COCTAB Napa M COCTAB A3COTPOIHON CMECH TpH
JAKPCTUICHHOM COCTARE HWHIKOCTH

J10 CHX NOp MBI FTOBOPHIIY O NOBEJIEHHH OHHAPHOH CMECH B YCIORHAX W3-
MEHEHWS TEMIEPATYPhl WK AaBfeHns. Tenepb 0CTAaHOBUMCA Ha ONPeaeIeHnn
COCTOAHHA CUCTEMBI B YCTOBHAX MOCTOAHCTRA COCTABA O/THOH W3 has (KHaKoH
win napoodpaizHoii). Ira 3anaua pellaeTcs ¢ NOMOLLBH 3akoHoB Bpesckoro.

Mepswpiii 3akon Bpeseworo. Tlpu nogeienny TeMneparypsl pacrsopa 3a-
JAHHOTO COCTABA €ro nap 00oralaeTes TeM KOMIOHEHTOM, NapuHaibHas MOJlb-
HasA TEIJIOTa HCHIAPEHHA KOTOPOTO GoliblLe.

[Mpommoctpupyem 31o Ha nnarpamme (puc. 8.6). O603Ha4 1M HCXOAHbLI CO-
cTae pacTeopa uepes x. [IpH masrenus pi OH COCYIIECTBYET ¢ TIAPOM COCTaBa
xf. TloBBICHM A@BIICHKE 10 P2, HE MEHAS COCTasa pacTsopa. Temneparypa Ku-
neHHs pacTBOpa TaKke noBbicHTeA. CornacHo 3akoHy BpeBcKkoro, paBHOBECHBIH
nap 1P 3TOM J0JKeH 000TaTHTLCA TEM KOMIIOHEHTOM, NaplHajibHas MOJAApHaA
TEMIOTA HCMAPEHNA KOTOPOTro OoMbILIE.

Tennora HenapeHus y TPYAHONETYHYEr0 KOMOOHEHTA BCeraa Oonbiie, YeM y
nerkoseTyvero. B vaiem caydae 310 komnosedT . M3 anarpammet BUAHO, 4TO
COCTAB Mapa CMEeCTHIICA B CTOPOHY KoMmmoHenTa A.
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Bropoii 3akon Bpescxkoro. Lcnu napnenue (TeMneparypa) CHCTEMBI Pac-
TBOP— AP HMEET MAakCHMYM (MHHHMYM), TO TPH TOBBILICHUH TEMIEPATYphl

P

T>» =const P,
P [
Py
P
P{
P(]
a
A P xixt x B

Pue. 8.6, Bausnue remneparypbl Ha co-
CTAB Mapa MpH 3aKpeiliecHHOM COCTaBe
AWIKOCTH

B a3€0TPONHOM pacTBOpe BO3pacTaer
KOHLEHTPaLUKA TOTO KOMIMOHEHTA, MO-
NApHas napuuaibHas Tenjora vcnape-
H1A KoToporo foeiie.

Ecan nasnenue (remneparypa) cu-
CTEMBI MUMEET MHHHMYM (MakCHMYyM),
TO MpH MOBBIIEHHW TEMIEPaTypsl B
a3e0TPOIHOM PaCcTBOpE BO3PACTAeT KOH-
HEHTPaLHA TOTO0 KOMIOHEHTA, MONAPHaA
HApPLHAJbHAA TEIIOTa HCIIAPEHHA KOTO-
pOro MeHhlle,

Hanpasnenune wH3MeHeHHs JKCTpe-
MAJILHOTO COCTABA PACTROPA TOKA3AHO
Ha puc. 8.7.

HeobxoamMo 0TMETHTE, 4TO Kak nep-
Bblil, TaKk 1 BTOPOIi 3akoHbl Bpesckoro
OTHOCATCH K PABHOBECHAM, NAJICKHM OT
KPUTHYECKOrO COCTOAHIA. Tak Kak cooT-
HOLIEHHE NapLUUAILHBIX TENNOT Henape-
HUS COXPAHAETCS BO BCEX O0MACTAX KOH-

LEHTPALMIA, TO MOKHO CHHTATB., YTO [IPH TIOBLILIEHHN AABASHUSA U TEMIIEPATYPb
a3e0TPOTHAA CMECh ¢ MAKCHMYMOM JIZBICHUS H MEHHMYMOM TEMTIepaTy pbl 000-
FalAaeTes TPYJAHOJETYHHM KOMIIOHEHTOM, a a3e0TPOIHAS CMECh € MUHUMYMOM
JABNIEHNS M MAKCHMYMOM TEMIEPaTyphl — JETKONETYHUHM KOMIIOHEHTOM,

» P
.'\ I'y=const Ty=const
T5=consl T3=const
I;=const T>=const
T, =const ’,’} T, =conslt
A B A L B

a

Puc. 8.7. Bausnue TeMmnepary pel Ha cOCTap a3coTponnoii cmecn

Tpernii 3akon Bperekoro. 10T 3aKOH XapakTepuyeT COOTHOLICHHE MEX-
Ny HAanpasneHWAMU CMELIEHIA COCTaBa a3e0TPONA H COCTABA eT0 Napa MpH MoBbl-
IIEHUH TEMMEPaTyphi WK nariednsd. Ero MoxkHo ciopmyTnporats cieayionmm

odpazom.
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[Ipu u3sMEHEHHH TEMNEPATY P (1aBNEHNS ) pACTBOPA, KPUBasA JaBNeHNA napa
KOTOPOTO HMEET MaKCHMYM, a KpUBas TEMIEpaTyp KHIEHHA — MHHHMYM, COCTaB
flapa pacTBOpa M COCTAB a3€0TPONHONO PACTBOPA M3MEHAIOTCA B OLHOM 1 TOM
e HanpaBneHuu (cumbamiio).

[Ipn u3MeHeHHH TeMMIEpaTypsl (IaBIeHNs) pacTBOPA, KpHBas JaBNeHNs Ma-
pa KOTOPOTO MMEET MHHHMYM, a KpHBas TEMIEPATYP KHUIIEHMA — MaKCHMYM,
COCTAR TIapa PacTBOPA H COCTAR a2€0TPOMHONO PACTBOPA HAMEHSIOTCA B MPOTH-
BOIMNOJIOKHBLIX HANpaBIeHUAX (anmubamno).

3akonsl BpeBckoro asnai01cd 061eTepMOIMHAMHICKUMY 3aKOHAMU U CIIpa-
BEJUTHBbI /LI JTKOOBIX THNOB OHHAPHBIX ABYX(Pa3HBIX CUCTEM, MMEDIILHX IKCTPe-
mym Ha T — - unu P — z-puarpammax. 3akoHsl Bpesckoro mupoko ucnonb3y-
H0TCA Ha npakTuke. Tak, CoracHo NEPBOMY 3aKOHY, MPH NMOHMKEHHH [1aBIEHH
pasHuLa MEkKAY cocTaBaMmi napa v KHAKOCTH yBelHurBaercs (cM. puc. 8.6),
a 3Ha4uT, odneruaercs u pasaeneHue komnoHeHros cmecH. [lodromy neperoxky
BHICOKOKHTIAIIHX BEIIECTR LIENeCo00pasHO NPOBOINTH NPH MOHHAEHHOM aBie-
HIH,

C nomouisio BTOporo 3akoHa BpeBckoro MOXHO NMpHONMAKEHHO PacciHTaTh, Ha
KAKY10 BEIUHHY HYKHO H3IMEHHTH JIABJIEHHE B CUCTEME, YTOO! 100UTLCA HCUEIHO-
BEHHA a3€0TPONA B CHCTEME, HE [10/U1L0LIEHCA Pa3aeIeH IO 0DbIYHbIMU METOAAMH.

8.3. Pa3nesienne KOMIIOHEHTOB pacTBopa

B peanbHbIx ycnosmax obpa3osaHue (pasgeneHue) pacTBopa o4t Beceraa
COTIPOBOKIAETCA N3MEHEHHEM €10 TEPMOTHHAMHYSCKOTO COCTOSHHA M3-3a pa3-
JIHYHBIX JHEPreTHYECKHX B3aUMOASHCTBNIL, KOTOPbIE MOTYT NPHBECTH K BO3-
HUKHOBEHHIO MOTOKOB TEIIOTEL M KAK CIEICTBHE — K YCTAHOBIEHHIO MPAIHEH-
Ta KoHUueHTpauuy. Ca3h MEKIY MPAHEHTAMH TEMIIEPATYPbl W KOHLEHTPALHH
HE MOXKET OblThb PEIEHA METOIAMH KIACCHYECKOH TePMOAMHAMHKH, NOCKOb-
Ky BO3HHKaeT HeoOpaTHMOe cocTosHme cuetemsl. [1o cpaBHeHHO ¢ 0GpaTHMbIM
HICANN3HPOBAHHBIM COCTOSIHHEM peasibHbIe MPOLECChl MeHEe BbIFOAHbI C TOU-
KH 3PeHHA 3aTparhl TEMI0Th Wi padoTsl. Ho cpasHeHne peaibHbIX MPOIECCoB
C MAEANU3UPOBAHHBIMH €T BO3MOKHOCThL OLHKH COBEPLIEHCTBA TOTO WM
HHOTO PeasbHOTO npoiiecca. B ¢BA3M ¢ 3THM B JlaHHOM paznene OyayT paccMo-
TPEeHbl TEOPETHHECKHE NPOLECCH] PA3IEIeHNS DUHAPHBIX PACTBOPOB METOTAMH
AHCTHAASLHAM 1 pekTHHKaHm,

Pasniunbie MpoLecchl B peaibHbIX cHCTEMax Haudonee yA00HO BhIpazkaTh
C NOMOILLBIO TEPMOAUHAMHYECKHUX HarpaMm. [{ns npakTnuecknx pacueToB Kpo-
vme T, p, z-napameTpor (onpeaensemMblx ¢ noMouky T, o- u p, r-anarpamm}
foJiblioe 3HAYCHHE HMEIOT Ter10Bbie H(PPeKTbl, CONPOBOKAAIOLINE POLECChI
(hazorbix npeepatieHnii. [TockonkKy aHanuTHYeckoe onpeaeneHue 3tux ek-
TOB 3aTPYAHNTENLHO JIa’ke B ClIyYae HiaealbHbIX PacTBOPOB, TO 00bIYHO NpHde-
raroT K rpadoaHanuTHIeckKuM METONaM | KalopHYecKiM quarpaMmaM — Jaiie
Beero h—x w s—x (h — ylenwHas IHTANBIAS W § — VIETBHAS IHTPOTHS).

PaccmoTpum /i — -1narpaMmy, Hadag ¢ npocteiiinero ciiydas (pa3oBoro pae-
HOBECHS JKWAKOCTh — Map B GHHAPHOM pacTBOpE, NPHOIHAAIOLMMCS 10 CBOMM
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7 p=const i p = const

P

h[l:

r-'i—:\'l [
T.\'I{p} —————————— 51~

>0 -

he[P. Tsap)] Tt
Puc. 8.8, Jlnarpaviva T'—r nna nacadin- Puc. 8.9, llocTtpocHue  h—a-
HOLI'O pacTBopa smarpaMmbl - B obiactu  napoodpa-

30BAHKA HICAILHOIO pactBopa

cBoiicTBaM K uaeanbHoMy. B kauecTse HCXOHOIT IHArpaMMBl MOKET CYIKHTh
T — z-puarpamma (puc. 8.8).

[Tpoeenem Ha auarpamMme h—x M30TEPMBI B 0ONAcCTH JKMAKOCTH W rapa
(17 n T3). Tak xaK pacTBOPbI HAEAILHBI, TO B 9THX 001aCTAX TEIIOTHI PACTBO-
peHus B 00eux (pazax pasHbl HYJIK, U YPABHEHHE H30TEPMbI NPECTABIAETCH TP~
MOit nuHneii _

hip, T, x) = 1 (p, Te1)(1 — z) + h3(p, Tsz)ex, (8.10)

rae i, hY — monsHble SHTAABTHA YHCTRIX 1-T0 1 2-r0 KommnonenTos, a Ty,
Tyo — HOpMmanbHbIE TeMMepaTypbl KHMEHHS TUX ke BewlecTs. Paccmotpum
cHauana nocTpoeHue u3oTepm B skuakoil daze va h—x-muarpamme (puc. 8.9).
Jlns 91010 Ha ocax opauHar h—r-puarpammel otioxum hY. LY. suiGpas ans
HHX COOTBETCTBYIOIIHE Hayanma orcuera (He odssarenwho (). 3arem. cumras,
YTO U3IMEHEHWE JIABIEHHA HE BJIMAET HA JHTA/IBINIO, PACCYNTHLIBAEM 110 YpaB-
nenmto Kupxrodpa i (T) = b (Ta) + [ CpdT. To ke camoe nponenaem
u ans proporo komnonenta. [lo dopmyne (8.10) waxoanm hip, T, ) cme-
ci. AHANOrHYHO CTPOATEH M3OTEPMbI AHTAILIHN U /18 1apoBoit (asel, yun-
togas, ato hY, = A, + 71w B, = RS, + ro (rae r1 wory — TermoTH
napootpasosanis s 1-ro u 2-ro komnosenTos). Tlpn 3T0M H30TEpMbI 113
KUIKOCTH W mapa He OVAYT mapaaiefbHbl XOTS Obl TIOTOMY, UTO 1 #* T,

Janee Ha nOCTPOEHHOI AHarpaMmMe HAHOCHT TOUKH do, dg ... Wb, by ...,
Henonbays ux abeumncesl, onpenenseMbie Ha T —z-auarpamme. Yepes 3TH ToUKH
[POBOAATCA NPAMBIE, NPHHALTEKALLINE OAHHAKOBLIM M30TEPMaM, T. K. JHTANbNNA
BJIQKHOTO Mapa BCer/ia ABNAeTCA IHHEHHOI KoMOWHAILIHET IHTATILTHH HACKILIEH-
HOM JKHAKOCTH M CYXOTO HachleHHoro napa, OTpes3kn H30TepM 3a npeaenamu
Touek @ 1 b He nmeror gusnieckoro cmbicna. TouHO Tak #e crponTes fL—a-
JMarpaMma i JUis peaiibHOro pacTaopa.

[lo h—x-auarpaMme ¢ HaHECEHHBIMH Ha Hel W30TEPMaMH MOKHO pelliaTh
HE TOJILKO BOTIPOCHI, KOTOPhIE paHbllie aHalIH3HPOBAINCE C nomMoinsio T —@-
AHarpaMM, HO TakKe W ONpelneiaTh TEMIOTbl COOTBETCTBYIOLWIMX [MPOLECCOB.
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Tak. B Touke / noas h— r-auarpaMMel 3a1aHbl He TOALKO P, T, HO M SHTANLIHA.
Ecnu Touka HaXOAHTCH B 00ACTH BAAXHOTO napa (Harnpumep,Touka 2). 1o Moxk-
HO OIPEENHTh NapaMeTpbl PABHOBECHO COCYLUECTBYIOWMX Napa W #KHAKOCTH
(Touxn a u b). onpenengiOMNX CTENeHbL CYXOCTH BAAMKHOTO Mapa Mo npasuiy
phiuara nx _ 52: @11
T ly2

HMHoraa Ha oanoit 1 Toil e hh—z-anarpaMmme HaHOCHT YHTATLITHN KOHAEH-
CauMu N KHUNEHUs 71 pa3HbIX napieHuil. Pasnnune B coctaBax razoo0pasHoii
U KHAKOH (a3 HCNONB3YIOT B NPOMBILIAEHHOCTH H B J1a00paropHOi 1pakTike
7S pasneneHus KIAKHX PacTBOPOB Ha MHCTLIE KOMTIOHEHTH. B pame ciyvaes.
ocofenHo npu pacyerte annabdarHbIX NMPOLECCOR, CBA3AHHBIX € PACHIHPEHHEM
WIH CKATHEM PacTBOPOB, OOJbIIYIO MOJAL3Y NPHHOCAT § —x-anarpaMMbl. OHH
CTPOATCA 1O TAKOMY K€ MPHHLMAIMY, YT ¥ [t — 2-AnarpamMmbl.

8.4. Jlucrniansiuus ¥ pekTuuKanus

[Tporecc pazzieneHns PacTBOPOR HA NCXO/IHBIE YHCTHIE KOMMOHEHTHI Mpen-
cTaBager 3anavy orpomuoii Baknoctn. [orromy 3necs Oyner nposeieH ynpo-
LLEHHBIIT aHallu3 [1POLIECCoB pasfieneHus cMeceil Hanboee pacnpoCTpaHeHHbI-
MH METONAMH: AHCTHIALIMK H pekTHduKauni. [ockonbKy mpotece pasaeneqs
peajibHbIX CMecei BCErna CBA3aH C YHEPreTHYECKHMH 3aTPaTaMmu, TO paccMo-
TPHM TEOPeTHIECKH MIHHMATLHYIO TIOTPeGHYIO Ha pa3aenenne padoty (Temno-
1y). Bosbymem i npumepa OUHApPHbIH PacTBOP Npu 3a1aHHbIX Temneparype T
u naeneHun p. TIPeanonox M, UTo HCXOTHAS CMeCh — PACTROP, COCTOSTITNI 13 71
H 1o Mosieit 1-1o0 1 2-ro KOMINOHEHTOB ¢ KoHueHTpauneii @. Ecan cucrema noj-
Bepraercs o0paTuMOMy Pa3Ie/CHHIO HA YHCTRIE KOMITOHEHTHI, TO OHH NPH Tex
e Temreparype H aasieHun OyayT UMeTb O0BbEMBI ) H U3 W COOTBETCTBEHHO
sutanenan Hy w Hy, outponim Sy w1 S, oneprun I'nboca Gy v Go. Ouesnano,
uTO paboTy Als OCYLUECTBISHHS TAKOro H300apHO-H30TePMUUECKOTO IpoLecca
MOYKHO MPeacTaBuTh B 001IEM BHIE

dG = —8dT + vdP — §W. (8.12)

[lockonbKy TeMTiepaTypa W JaBieHHe Mocjie pa3feleHns CMecH 0CTaloTes
MOCTOSHHBIMH, TO paloTa pasjIeNeHns paBHa

W = -AG. (8.13)

IToncTasms B 9TO BuIpaKeHHE 3aBUcHMOCTH GyHKIMKY [ 1G6ca ot KoHIEeHTpa-
HHH KOMIIOHCHTOB, NOJYYHM, 4TO

AG=W =-RTniInai(p, T, z) + nolnas(p, T. x)]. (8.14)

Takum 0Gpazom, MUHIMATBHOE KONHYECTBO padoThl, HEOOXOANMOI A pas-
JIENIEHHA CMECH HA YHCThIE KOMIIOHEHThL, [IPONOPUHOHAIILHO Temneparype. [o-
JTOMY, €C/li PacTBOp OXJaiuTh, TO palora pasaencHus ymenbiurcs. MuHn-
MallbHas TeMTEpaTypa, 10 KOTOpoii lienecoolpasHo oxJawiaTs pacTRop, — 3T0
TeMmneparypa okpyskatoLeii cpesi.



206 T 8. Pasnosecue mudxocms —nap 6 KOHYEHmMPUPOGARHBIX PUCMBOPX

Hucmuragyus — npouecce pasaeneHna pacTBOPOB, OCHOBaHHbBI HA pa3nn-
YHW B PABHOBECHBIX COCTABAX KHIAKOH M naposoii (a3 u conposokaaemblii
HENPEPBLIBHLIM OTOOPOM NapoB (Wi KoHaeHcarta). Pazinuaior neproanieckuii
H HETIPEPLIBHLIH MPOLECcChl ANCTHIALNN,

Paccmorpum cHayana neproaHyeckuil npouecc, Braualie 8 BblapHOM Ky-
Oe HaxXomHTCA I MCXOAHOTO pacTeopa cocTapa ¢, B npouecce ANCTHAIAIIH
B BBINAPHOI KYO 1ocTynaer ' AuaKkoro pactsopa ¢ Toii ke HCXOIHOM KOHLIeH-
Tpauueii ¢y. [lockoneky K BelmapHoMy KyOy nopsoautes terio ()4, 1o B Kyde
obpasyercs i’ napa ¢ KOHUEHTPALMEH ¢, HIMEHAIOUIEECH CO BPEMEHEM U 3a-
BHCsLLEE OT Temieparypbl. Yiansemsiii u3 kyda nap (¢, 7 ¢p) Hanpasnsercs B
KOH/EHCATOP, T/ie¢ KOHACHCHpPYeTCA 3a cuer orsoda Tenma (Jp. Takum oSpasom,
uepes Hekotopoe Bpems palboThl YCTAHOBKW B KOHACHCatope OyAeT nojyueH
AKHIKWIT pacTBOP, COCTAR KOTOPOTO OTIHYEH OT COCTaBa HCXO/HOIO pacTBopa.
M uem MeHbLIE NPOMEKYTOK BpeMeHn, Tem DoJbLIe cocTas KoHaeHcara obora-
maeTcs .ﬂt‘.‘l’KO,TICTy"-l UM KOMITOHCHTOM.

CornacHo marepHaibHoMy BanaHcy B BulapHOM KyGe B MOMEHT BpeMeHH T
Oy/IeT HAXOANTCS CHEAYIOIIEE KOTHYECTBO PACTBOPA:

m=mgy+ (m' —mgy)T. (8.15)

Breaem obosHaueHue ¢ = m/m,. Ypasuenue (8.15) sanumercs B Bujc

m=mg+ (f” = I)m.:lr, (8.16)

2]
e

KoTopoe nociae audhepeHIUpoBaHHsa NPUMET BUHI

din = ("‘9 1):";(1’1'. (8.17)
@

Ecnu oGo3Hauuts epes ¢ u ¢» paBHOBECHbIE COCTABLI AMAKON U N1apoBOii
das, To 3a Bpems (7T

|
d(imdc') = (r-(, - ['—) m'dr. (8.18)
@

HHTerpupys B peaeax o1 HAYALHOI0 COCTABA ¢ 10 KOHEUHOTO COCTaBa ¢,
MOy S HM

'
<

S . J . . :
p—1 mao en+ef(p—1)—cop

oq

(8.19)

B 3aBUCHMOCTH OT TEX WIH HHBIX npulikeHnii ypasueHue (8.19) nerko
HHTErPUPYESTCA W NO3BOJAST B KOHEHHOM BHIE 3allUCAThL BbIXOQI rOTOBOIO I1pO-
JAyKTa.

PaccmoTpum Teneps MeTo/ ONpeaeiieH!A TeIIOThl, HeodXoaumoil aas 1po-
BEACHHA Npougcca THCTHAIA K. ,[[.TUI OpOoCTOTHI OrPpaHHYHMCH YCIIOBHEM, KOTIa
BECUICCTBO B Bbll'iapHOﬁ K}'G HE MOCTYMACT, T. €. 1. = () 1 COOTRETCTBEHHO = 0.
B atom cayuae B npouecce BuinapHBaHus cOCTaB pacTBopa B KySe u coctas
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napa HenpepsBHO MeHstoTes. [103ToMY BRINIapHBaHHE CIEAYET PacCMaTpHBaTh
B BHJIE MOCAEA0BATEBHBIX AH(hepeHIHaibHBIX TPOIECCOR MapooipazoBaHs.
Konnuectso Temnnorsl, Heodxoaumoe s noayuenns dd napa us | kr pacrtsopa,
paBsHo

dQ) = qgi dé, (8.20)

rne g — andhepeHumanbHan TenioTa HernapeHus, Kotopas s AeMeHTapHo-
ro fpouecca napoodpazoBaHus MOKeET ObITh 3allHCaHA KaK
L}
Gar = (hy — B') — (e» — {.-»]ﬂ_. (8.21)
de!
rae . h', en, ¢ coOTBETCTBEHHO IHTATLITHH H KOHIEHTPALIMH PABHOBECHBIX
napa v Kunauei ;KuIKkocTH.

B ONUCAHHOM BhIILE MPOUECCE HEMBL3A NONYUNTE JHCTHIIAT ¢ KOHIEHTpa-
LHEH NerKOKHNALIErO KoMIIoHeHTa OoAblUeil, YeM KOHUCHTPalHs PaBHOBECHO-
ro ¢ JWAKOCThIO napa. OnHaKo eciin nap, BLIXOAAUIMI W3 BhIMAapHOTO KyOa,
HacTHYHO KOHACHCHPOBATL M BO3BPALLATL B BbiNapHoii kKy0, T0 B 3TOM cayuae
MOZKHO MOJYYHThL 3HA4YMTENLHO Oosee nosHoe pazaencHue. Takas vacTHyHas
KOHJIeHCaLNs HasbiBaeTcs dedhiecnanyueti. [lpouece aedaermanny npoBoauTes
B 00BIYHOM TEII0OOMEHHHKE, Ha3bIBAEMOM degireamamopon.

Pexmughurkayua. IonHoe pazieneHye pacTBOpa Ha OTAEALHbIE KOMITOHEHTBI
HEBO3IMOKHO OCYLUECTBHTL METOAAMH MPOCTOH AMCTHILISALMKE Jake ¢ npume-
HeHHeM pa3suToii nedumermaimn, Hanbonee nonHoe paspeneHne MOKeT GbITh
NONYUYEHO METOAaMM  PEeKTH(HKAUNK.
CymHocTh 3TOT0 mpolecca 3aKimodaeTcs
B CO31aHIH NPOTUBOTOUHO HANPABIEHHBIX
MOTOKOB *HIKOCTH W rapa, HaXoAsIHxcs
B YCJIOBHAX TEIU10- N MaccooOMeHa H ¢rio-
cobeTpyiommx oforamennio mapa nerko-  [— — .
KHIALIAM KOMIIOHEHTOM. e |__\/

VYetaHoBka Ans pekTudukamin 8 mpo-
creiilueM Bapuavrte NpPeACTaBAser Co-
Oofi BelnapHoil Ky, yKpennsouyw ko-
JIOHHY, fedierMarop W KOHJAEHcaTop.
TMorok napa, oGpasylowuiics B BhNapHOM
KyOe, [BHKETCA MO KOMOHHE, MMEIoleli  Pyc. 8.10. Cxema koamaukoBoi Ta-
PsA TAPEJIOK, HA KOTOPbIX IPOHCXOAUT HH-  penkn
TEHCHBHBIN TENAO- B MaccoodOMEH napa
¢ muakocThio. Cxema Tak HasbiBaeMOil KONMAuKOBOM Tapenku u3oOpawkeHa
Ha puc. 8.10.

IMotok KnakocTn. BrixoAUMI 13 nednermaropa, CTEKaeT BHI3 U ABIKETCA
B MPOTHBOINONOKHOM MOTOKY Iapa HanpasieHnn. B pesylibTate HHTEHCHBHOTO
KOHTAKTa B NPUHUMIE J0JKHO Obl YCTAHABAUBATLCH PARHOBECHE HKUJIKOCTh—
nap. B aelictBUTeNbHOCTY JKE COCTOSHHE JKHUIKOCTH H Mapa B ToH WAnW HHOH
CTEneHn HepaBHOReCHO. ITpy nepexoe oT OHOI TapeIKN K IPYroii KOHIIEHTpa-
LHA KUAKOCTH W 11apa MEHAOTCS,

HKuagkocts
- E—
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Jla pacemoTpeHis paboThl KOIOHHBI BO3LMEM J1BA MPOH3BOILHBIX CETeHHS
KOJNOHHBE —a 1 b—b (puc. 8.11).

3nech cTpenkaMi BBEPX YKa3aHbl HAIIPABIEHHA IBH/KEHUS Napa, CTpeiKaMu
BHU3 — HarpaBienue IBWKeHHA KHAKOCTH: L) — Macca, KT napa B eJIHHHILY
BPEMEHH C KOHUEHTPALMEN ¢», 11 — Macca. K KHAKOCTH. 10CTYaoLe Ha
nannoe cedenne w3 neduierMatopa. ¢ koHuentpammeii ¢!, Vpasnenue matepu-
allbHOro Dananca s odbema, 3aKiIioyeH-
HOTO MEHLY CeUeHUAMM « —a n b — b, 3ann-
I g l HIeTCA B BHIE

DG BL P W Ehi kil

Dy+m, =Dy +my
n Dy—my,=D,—my. (822)

b Dy, {.':. h: mp, (.2' ;“:‘ b nDCKOHbl\'y' ITH YPasHCHUA ClipaBeLin-
BBl U1 MO0Or0 ceveHns, 1o OyaeT cnpa-

I 3 i BCUATHUBLIM

Puc. 8.11. Ceuenue pexrudpuraunot-

HO# KOTOHHEI 4TO TMO3BOJAET MNONYUYHTH COOTHOIIEHHE
MEMY KOHUEHTpAalHAMU KHIKOCTH W Na-

pa B 000M CeYEeHHU PU M3BECTHBIX PacXoaax HTHX BELIECTB B 1aHHOM ceue-

HHH, BriosiHe OMeBHIHO, UTO 1 /118 IHEpreTHYeckoro Oananca B Modom ceveHnm

MOKHO 3aMUCATE, YTO

D — m, = const, (8.23)

Dh» —mh' = const. (8.24)

B koneunom pesynsrare Oyiem uMeTh BhipakeHue

ha» + L0 u[h» o (8.25)
Dd m—=r

D10 ypaBHEHHE 1103BOJIACT NPOAHATM3HPOBATH [IPOLIECC B KOIOHHE C [10MO-
bto It —c-auarpamm.

8.5. IleperoHka ¢ BOASIHBIM APOM

B cayuae npakruueckd HepacTBOPHMBIX APYI B Apyre KHAKOCTEH napuu-
ANTBHOEC NABJICHHE KAHKI0TO M3 KOMITOHCHTOB PABHO JIABICHHIO €10 Napa B HHCTOM
COCTOfHUH MPH TOI1 7Ke TeMIIepary pe u, cleoBarenbHe, oduiee napneHue napa I”
PABHO CyMME JaBJCHHI Napa YucThiX KOMIoHeHTos, T.¢. P = pi + p3. Takum
oOpazom, npu HarpesaHuy obdiiee napjeHue napa Haa CHCTEMOI N0CTUTHET
FHAYCHNA BHCLUHETO JNABJCHHWA PaHbILC, YEM ITO BOSMOKHO 13 NMApoB Kaik-
JOr0 W3 4HCTHIX KOMIOHEHTOR. [lodatoMy Takue skuakocTu KunsaT npu Golee
HH3KHX TEMIeparypax, uem HX o0pasytollne koMnoHeHTol. TeMneparypa kurne-
HHA pacTeOpa OCTAacTCA MOCTOAHHOI 10 Tex nop., NMoka 01HH H3 KOMIMOHEHTOR
HE OTTOHWTCS MOJIHOCTBIO.



8.5, Hepeconra ¢ sodsnein napom 209

OTHOCHTENBLHbIE KOIHYECTBA MEPEFOHAEMBIX BELIECTB B Mape Hal rerepo-
FeHHOH KHAKOH CMECHIO HE 3aBHCAT OT HCXOJIHOTO COCTABRA HTOH CMECH W MOTYT
ObITh HaileHsl caeay Uy odpasom. [ycTs Macchl HCMAPHBLIMXCS KOMIOHEH-
TOB g W gp. lorna

/ M O M,
A PAviy o p‘:.\f A X (8.26)
gsn  ppMp  pyMg

31eck BMECTO napuHaibHbIX JIABAEHHIT KOMNOHEHTOB Pi MCNONBE30BAHEL 1aB-
JIEHMSA YHCTBIX KOMIIOHEHTOB pf’, H MAacchl KOMIOHeHToB g; = x; M; npepcras-
NIeHB! Mepe3 napLuHaNbHbIe JaBNenns napa x; = p;/P.

HaubGonee PacnpoCTpaHeHHOC BECLIECTBO, oﬁpa‘;yromee HEpPACTBOPHUMBIE
CMECH CO MHOTHMH OPralHi4eCcKHMH KHIKOCTAMI, — BOJA. I lpl‘l NEPETOHKE BOTY
HCIIOL3Y HOT, Kak npasuiio, 8 suae napa. JIncrnanat, o0pasosasIniics npn KoH-
JCHCAalHM maouﬁpasnoﬁ CMECH BOJbI H BTOPOr® KOMITOHEHTA, COCTOWT W3 JIBYX
cnoes. OanH u3 HHX, dorarbiii BELICCTBOM, NMOANEKALIHM OYMCTKE, OTASIACTCA
OT BOJIHOTO CJ108, KOTOPbIA MOKET ObiTh HCIIONB30BAH IS [OAYUEHHS HOBBIX
l'IOplIHﬁ BOAAHOTO napa.



r’TABA 9
PABHOBECHE KWJKOCTb-TBEPAOE TEJIO

[Mnasnenne n 3arsepaesanie OHHAPHBIX PACTBOPOB C TEPMOAHHAMHYECKOI]
TOYKH 3PeHHA MPOUCXOANT TIOA00HO Mpolieccam napoodpazopanis H KOHenca-
UMK, T. €. npH (a30BOM PABHOBECHH [0JIHKHbBI BbIIIOIHATLCSA T€ AE YCII0BUS, 4TO
W paccMoTpeHHbIe paHee (pasn. 8.1):

pr(T, P, &™) = py(T, P, a*), (9.1)
g Ly Pya™)y = 5T, B, a®). ’
[lockonbky 0be (hasbl KOHJAEHCHPOBAHHBIE, TO BAMAHHE L4aBIEHHA HA PABHO-
BecHe HezHauyuTebHo. [IpHHABR B KaUECTBE CTAHAAPTHOTO COCTOAHUSA COCTOAHHE
YHMCTBIXN KOMIIOHEHTOR B TBEPIOH M KHAKOH (ase, 3anuwem (9.1) B une

p™(T) + RTInaP(T, ™) = u¥*(T) + RT Ina¥(T, 2*), (9.2)
ua™(T) + RT InaP(T, ™) = po™(T) + RT Ina3(T, z*). (9.3)

M3 (9.2) u (9.3), B npuHUMNE, MOXKHO NOJAYHHTh CBA3L MEKIY Temnepa-
Typoii (pa3oBOro parHOBECHS W KOHUEHTPALMAMH (AKTHBHOCTAMM) TREPJIOTO W
ANAKOIO pactsopos. OAHAKO B pealibHbIX YCIOBHAX TAKOH pacder He MOwKeT
ObITh IOBENCH 10 KOHIA. MOCKONBKY 3aBHCHMOCTh AKTHBHOCTH OT KOHIIEHTpa-
LMY W TEMIEpaTypel B SBHOM BHE HeussecTHa. B npocreiiuem cayuae, korna
AKTHBHOCTH MOMKHO 3aMEHNTL KOHUEHTPALIMAMH 1 NPEIATION0KHTh, 4TO TEMI0EM-
KOCTH YHCTLIX KOMMOHEHTOB B KUAKOI 1 TBepA0il Pa3ax 0AMHAKOBLL, TO NpHME-
HAA ABaxcibl ypasHenne [lpenepa (6.54) s nepBoro v BTOpore KOMIoHEHTOB,
NOYHHM COOTHOLLEHHS, CBA3ZLIBAIOLLHE TEMIIEPATYPbI IJIABIEHHS C KOHUEHTpA-
MAMH TBEPAOTO H KHIKOTO PACTBOPOB

(1—z™)exp _Mm (;_l) + ™ exp _ Aonn (l__l) =1,
L R T T/ | | n Tona U4l
94)
(1 —2")exp s (; - l) + @™ exp ~H= (l— - l‘) =1
L i’ Lina { A L R 15an i J
(9.5)

['padmueckn ypasHenns (9.4) u (9.5) uzodpakeHs! Ha puc. 9.1,

CrnutowHas JHHKUS NPEICTaRAseT reoMETPHYECKOE MECTO TOUCK COCTOSHMS
TBEP/IOTO PACTBOPA B HAUANE [11aBJeHNs, DTa KPUBas HA3bLIBACTCA AHHHEH conu-
dyca. lLITpuxoBas TMHHA — rEOMETPHUECKOE MECTO TOYEK COCTOAHHIT KHIAKOTO
PACTBOPA B HAYAJIE 2aTBEPACBAHUS W B KOHLC IIABJICHUS. T4 AHHHS HOCHT
Ha3BaHUe THHHH Juxeudyca. ITH TUHUM AeNAT BCe none ' — r-nuarpammbl Ha
TPH OOACTH: BhIIIE JTHHUH JIMKBHIYCA BCA CHCTEMA HAXOAWTCH B WMIAKOM CO-
CTOAHHH, HIGKE JUHUM CONMAYyca — B TBEpAOM cocTtosHuu. Obnacte Memay
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JIMHUAME JTHKBHAYCA W COJMIYCA PealbHO He CYLISCTBYET. OHA 00pasoBanachk
B peaysibTarte HasnokeHns aByx auarpamm 1 —r™ u T'— 2™, TockonbKy cocTaBs
TBEPAOI W KMIKOI (paz He 0/IMHAKOBBL. TO

HA JMarpaMMe M BO3HHKAA CBOero poma 7
«uwenby. Cunraercs, 4ro 5710 AByxdaskas Lo
001aCTL TBEPAOTO W HKFIAKOTO PACTBOPOB,
CONPSKEHHBIE TOMKH HA KPHBBIX JTHKBHIY-
ca W conuayca, npeacraenmorue coboit
PaBHOBECHE CHCTEMBI.

XoTs paccMOTpeHHble NPHOTHKEHIHS
(9.4) 1 (9.5) npaKTHYECKH HE PEATH3YIOT-
Cfl, OHH Jal0T KaueCTBEHHO BEPHhIE pe-
3yabrarbl, OGbLIMHO B peanbHbIX YCIOBH-
AX 15 NOCTPOSHHA JHATPAMM COCTOAHMUA
TBEPAOE TEJIO —KUAKOCTh [ONb3YIOTCSA Me-
TOAAMH TEPMIYECKOTO aHaMi3a, OCHOBAH-
HOTO Ha OnpeaeiaeHun Temneparyp daso-
BbIX [PEBPAILEHHIT NPH aHANN3e KPHUBbIX
OXJKACHNHA (MIIH HATPEBAHNA) TEX WIH HHBIX (PHU3HKO-XHMHYECKUX CHCTEM.

P=const

i)
Tlna

Puc. 9.1, JlnarpaMma cocTosHms sy x-
KOMITOHEITHOH CHCTEMBI

9.1. Tepmmuecknii anajims

Ecau npr oXJakaeHHH CHCTEMBI HE MPONCXOANT HUKAKHX TIpeBpanteHmii,
CONPOBOKAAKOIMKCA BbUICIEHHEM WIH NOIOILEHHEM TEMIOTHL TO TeMIepary-
pa cHCTEMBI MO MEPE OXTIAKASHHS (HArpeBans) C MOCTOSHHOH CKOPOCTLIO Oy/ieT
HEIPEPLIBHO M [IABHO NOHWAKATHCA (MOBbIWaThCs ). [TepBbIil 3aKOH TePMOLHHA-
MHKH 1718 CHCTEMBI, HE COBeplllalﬂllleﬁ HHKAaKHX BHI0OB pﬂﬁ()Tbl. 3AMHCKIBACTCAH
B BHIE

8Q = dU = Cy(T)dT. (9.6)

[ycTh OT CHCTEMBI B KA Y10 €IMHHILLY BPEMEHH OTBOJAMTCA TEMIIOTA, PaBHas
¢. Torga oGwee konmygectso tennorsl 06 = gd7 (rae T— spems). Toraa us (9.6)
MIMEHEHHE TEMOEPaTYPhl CHCTEMBI B 3aBHCHMOCTH OT BPEMEHH OXJIA#ACHHA
(Harpesanusi) GyaeT HMETh CeYIOWNii BUL:

ar _ g

= —. 9.7)
dr Oy (1)

[Mockonkky B (9.7) ¢ = const, TO 3T 3aBHCHMOCTH OVIET OMPEACIATHCH TOJ b=
KO TEMIOEMKOCTBLIO CHCTEMBI, KOTOPas B OTCYTCTBHE (pa30BLIX NMpeBpalleHuii
ABAACTCA aakoH yHKUHeH Temnepatypbl. Clea0BaTe/ibHO, KPHBAs OXNaziie-
HUA Takske Oyaer umeTs NnasHblil xapakrep. Ecinu ke B cucreme 1npoucxoamr
Kaxkoe-nubo npespallcHie, CONnpoBoRIaoleccs BOJHHKHOBCHHEM TEIUIOBOIO
3(perta (pasosoe npespaiieHne), TO MPA ITOM MOTYT HMETh MECTO JIBa CJIy-
vas: |) OTBOIMMOE TEMA0 MOJHOCTHLIO BO3MELLASTCH BOIHUKAIOWNM B JaHHOM
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npeBpalleHuy TerioM (Gessapuanmiioe npespatyenye). 2) 0TBOIUMOE TEIUIO
ROIMENIACTCH YACTHUHO (0JHOBUPUAHMHOE NPEBPAl] CHUEE),

B neprom ciyvuae, noka npoHCXOANT MpeBpanieHne (HeCMOTpS Ha MocTo-
SIHHBLIT OTBOI TENna), TeMNepaTypa CHCTEMbl OCTAETCA MOCTOAHHOIL: HA KpUBoOil
OXJIQAKIEHHSA MOABJIAETCH FOPU3OHTANLHLIA yuacTok (puc. 9.2, kpusas 11). Be-
AHYHHA ITOro yuacTka Tem Gonblie, dyeM onblue Macca cucTeMbl. DTOT ciiyyaii

XapPaKTepeH JUI YHCThIX BEILECTB MW LIS
Tiv1 4 1 111 CHCTEM, B KOTOPLIX 00a KOMIIOHEHTA HACh]-

LLIEHBI OTHOCUTENIBHO Py T OApyra.

Bo sTopoMm ciydae Temmneparypa npe-
BPAILCHHA HE OCTAETCA MOCTOAHHOIL: Bbi-
JENSOUeecs Tenno JHilbh YACTHUHO KOM-
NEHCHPYET TEII0, OTBOAUMOE OT CHCTEMBI.
Ha kpuBoii oxnazkneHns nossiserca H3ruo,
TIABHOCTEL KpWBOH B HHTepBane 17 15
Hapy LIAaeTCA.

Takoe n3mMeHeHnne xona KpHBoil oxna-
AKAEHHSA COOTBETCTRYET H3MEHEHHIO COCTA-

+ Bd H, KaK ClieaCTBHE 3TOND, IIPHBD.-]HT K 110-

HIKCHHIO TEMMEPATYPhl KPHCTAUIN3ALHNA
Puc. 9.2. Kpusbie oXmamaeHus (cMm. pasa. 6.4).

H3n0Mbl HA KpHBBIX OXJIAKIAEHHA 110-
3BOMAIOT NOCTPOHTHL AHATPAMMY TIABKOCTH. ABAAIONLYIOCA YACTHBIM CITyHaeMm
NPUMEHEHN BECbMa PaclpoCTPAHEHHOTO MeTona (PHIMKO-XHMMUECKOro aHa-
J3a OMHAPHBIX H MHOTOKOMITOHEHTHBIX CcHCTeM. OCHOBOTIONMKHIKOM 3TOTO
meTona 61 Kyprakos. B ocHoBe MeTo1a (PH3MKO-XMMUYECKOr0 aHANn3a NEKNT
HCCIEN0BAHKHE 3aBHCHMOCTH KakoTO-THOO CBOIICTBA CHCTEMBI OT COCTAaBA MPH
VCIOBHAX, FAPAHTUPYIOLLUX OJIHOZHAYHOCTE ONPEICIeHNs 3HaYeHNs cBofCTBa
M0 KOHUEHTPALIMH KOMITIOHEHTOR M, HA0BOPOT, YCTAHOBIEHHE COCTABA CHCTEMBI
M0 3HAYEHWIO 3a/aHHOTO CBOICTBA. Taxkas 3aBUCHMOCTh OObIYHO BbIPAKAETCH
rpauuecku.

9.2. lnarpamMmbi COCTOSIHHS CHCTEMbI € HPOCTOH YBTEKTHKOI
(Hen3omMopHO KPHCTALIN3YIOLIHECH CHCTEMbI)

Ecnm 1Ba KOMIOHEHTA B JKHAKOM COCTOAHHH TMOJHOCTLIO PACTBOPHMBI APYT
B JIpyre, a B TBEPJOM COCTOSHUM COBEPLIEHHO HEPacTBOPHMbI, TO AHArpamMma
COCTOAHNWA TAKOH CHCTEMbI XAPAKTEPH3IYETCA AWATPaMMOH COCTOAHWA C TPO-
CTOH 3BTEKTUKON (36mexmuKxa — MEIKOAHCIIEPCHAs MEXAHUYECKAA CMECh ABYX
BEUIECTB, He ARMMOLIAACA caMocToaTenbHOI dazoii) (puc. 9.3).

OTMETHM CNELYIOIHE JIEMEHTBI HArpaMMbl: 00JaCTh JIeIKaLIas Bbile JH-
HUU @geh — ojHO(azHas ofnacTe KUAKOIro cocTosHud L obnacru aep n beq —
nByxdasusie obnactu L + A u L + B; oGnacte ApgB — obnacts 1BEpaoro
nyxhazHoro coctoauns A + B, npuyem cneBa OT TOYKH € CTPYKTypa CriiaBa
npeacrasaser coboii nepBuYHbIe KPHCTATILI KOMTIOHEHTA A 1 IBTEKTHUECKYIO
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cveck (A + B), a cnpaea OT TOUKH € — MepBUYHbLIE KPUCTALILI KOMIIOHEHTA
B w ssrextnueckyto ecmech (A + B). Jlunua aeb — nuuua nuxsuayca. Beie
ATOI JIMHUM BCE CIIJIaBbl HAXOATCA B OAHOPOHOM JKHIKOM COCTOSHUM, HIKE —
B ABYX(DA3HOM COCTOSHHM: KHIKOCTh
H nepsHuHble Kpuctanast A wam B, 7
Takum obpaszom nepexon TOUKH, 0ToOpa- P=const
Katoweit cocronuue cucremsl (Gurypa-
TUBHOI TOUKH) uepe3 JIMHUIO JTHKBH-
Ayca, COOTBETCTBYET Ha4aly Npouecca
KPHCTANIH3ALHHK, NOABIEHHIO KpHCTall-
J10B TBEP/OIT Basbl,

Jlunua peq apnserca auHueii conu-
ayca atoil auarpammel. Tlpu nepexo- )

e L q
€ (UryparHBHOI TOUKH 4epe3 JHHHIO ' 1z .
ze uryp B A+381(A+B) | B+3BT(4+B)
CONK/IYCA MCUE3AKT MOCAEHHE CleNbl : to '
wuakoit ¢asel, N HKe ITOH JIHHUK r": c"::e' e
) AR !

CILIAB HAXOAHTCA B TBEPIOM COCTOSHIH. ¢ : B

Touka e, cCOOTBETCTBYIOIIAA COCTOAHHIO

pacriaga, OMHOBPEMEHHO HACBIIEHHO-  Puc. 9.3, Jlnarpaviva cocTosiHuS © 1po-

ro 1o OTHOIEHWIO K kpuctannam A u B, ¢roii ssrexraxoii

HOCHT HA3BAHUE IGMEKMUNECKOl MoY-

ru. COCTas, COOTBETCTRYIONIMIT TOUKE €. HA3LIBAETCA IBTEKTHUECKUM, A TO-

PH30HTANb, POBEIEHHAS Hepe3 TY TOUKY, — IBTEKTHUECKOH rOPH3OHTANLIO,
Onpenenenne OTHOCHTEJILHOTO KOMHYECTBA ABYX (pa3 (Hanpimep, B cHCTEME,

xapakrepusyemoil guryparngroil toukoil A7) ucnons3yercd npasuio peluara

(cm. (8.3)). na or1oit wenn vepes Touky K npoBOANM H30TEPMY. HA3LIBAEMYIO

kowodon nan HORON. [lepeceveHne KOHOMBI ¢ AMHUEH nnKBhayca (Touka ')

VKa3bIBACT HA COCTAB JKMAKOIT (pa3el mpH naHHOIl Temneparype. OTHOCUTENLHOE

KOJMHYECTBO KUAKOH 1 1Bepaoit dassl npu remneparype Ty Oyaer

n ey (9.8)
ng !(!‘-‘:] )

PHCCMDTPHM npouece Kpucraniusalui OTACIBHOTO ClNnaga, Hanpumep
clruiaBsa r. Hepﬂylo CTalH Mpouecca sanHiieM YCIOBHO Tak:

s S . e).

L
DTa 3amHck O3HAYAET, UTO M3 JKMIAKOCTH B HHTepBane Temnepatyp oT Iy
no Te BHIMAAAKOT KPHCTAIBI KOMIOHEHTa A, @ COCTAB JKHAKOCTH MEHAETCA
oTry joe.
AuakocTh cocTapa ¢ OKa3hiBAETCA B PABHOBECHH ¢ KpucTannamn A u kpu-
crannamu B, nosromy npu remreparype 3srekruueckoro npespauienus T, Ha-
HHHACTCH HX COBMECTHAA KPHCTAIN3ALMA (BTOPAs CTanmA)

L(e) 2= 2s1(A + B).
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7Ta 3anuch COOTBETCTBYET NPOLECCY KPUCTALTH3ALNH MEXaHHUECKOT cMe-
cr—antektikn (A + B) u3 ®uakoctn cocrtasa ¢ npu temneparype 1. Jlau-
HbLIl IPOLECC MPOHCXOANT NPH NOCTOSHHOM TEMIEPATYPE 1 HOCHT HAa3BaHHE IB-
TeKTHYeCKOI KpHeTannmsaunn. Ha KpuBoii OXNaEAeHNHs 408 Criiasa coCTaBa F
(puc. 9.4, kpuBas 2) umeerca Touka neperuda npu remneparype 1. Tak Kak
MPOLECC BEIACESHNSA NMEPBHYHEIX KPHCTAIOB A conpoBokaaeTcs Belae/IeHHeM
Tend, KOTOpoe JAHllb YaCTHYHO BO3MEILaeT OTBOILUMOE TEMI0 H CKaibiBaerces
TONLKO B 3aMENEHHOM OXJIAMK/1EHIH.

Hanee npu remneparype 1, kpusas oxsamkaeHus OyaeT UMETh TOPU3OHTAIIb-
HbIF YHACTOK. MOCKOJNBKY MPOLECC OJHOBPEMEHHOTO BhINANCHUA KPHCTAINOB
A n B conposmKkaaeTcs BbIAGTIEHHEM TAKOTO KOMMYECTBA TeNa, KOTOpoe Mmos-
HOCTBIK) KOMIEHCHPYET OTBOAMMOE Ter/1o. OXIaKIeHHe ClulaBa HHMKE TeMmIle-
paTypel kKpHcTanmsaunn eTektukn (7, ) npoucxoanT no TakoMy e 3aKOHY,
KaK M NpH OXJKISHHH KHAKOIO Pacnyasa, NMOCKOAbLKY ITOT MPOLECC HE CO-
MPOBOKAACTCS BhIAecHHEeM Terna. OIHAKO HAKIIOH KPUBOI oxNiakieHHs Oyaer
OTAMMATLECA OT TAKOBOIO /IS JKHAKOH (pa3bl BCIeACTBUE OTINHHA B 3HAUEHMAX
TENNOEMKOCTH 3THX (has.

Ha puc. 9.4 npencrasiensl HanbGonee XapakTiepHble KPUBbIE OXJAKIEHNS

£

f, MHH 4 Ne3 ¢.% B
Puc. 9.4, Jluarpamma cocrosHua ¢ Hpoctoi IBTCKTHKOT

PAIa CNIaBoB, MO KOTOPLIM CTPOHTCSA AHATPAMMA COCTOSHHSA AAHHOMH CHCTEMBI.
Kpupas 4 coorercTByeT OXAakKIeHHIO YucToro komionenra 4. Kpussie 2 1 3
COOTBETCTBYIOT OXJIAKAEHHIO J0IBTEKTHHYECKHX crinaBoB. Kpusas 4 oTsevaer
OXJIAKICHHIO CILIABA YHCTO IBTEKTHYECKOIO COCTABA.

MHKPOCTPYKTYpa CIUIABOB, COOTBETCTBYIOILAS [PUBEACHHBIM KPHBBIM OXJ1a-
JKIASHHA, CXeMATHUeCKH MpeacTasneHa Ha puc. 9.5. Jlna Sonbuueit HarmaaHOCTH
KpHeTasuibl KomroHeHTa A B cnnasax / u 2 u300pakeHhl ¢ HeTKO OYEPYCHHBIMH
rPaHaMHU (4TO CBUAETE/ILCTBYET O MAJIOM [OBEPXHOCTHOM HATSIKEHMM HA rpaHi-
Lie pa3jiena KPHCTALI—HKHIKOCTh B MOMEHT KPHCTAILTH3ALNI), a KpHucTanisl B
B CluaBax + (3a3BreKTHUecKuil criar) u 5 (uucrblit komnoHeHTt 1) nzobpane-
Hbl C OKPYITICHHBIMH FPAHAME (TAKOro BUA KPHCTALIbI OTBEUAIOT GONbILOMY
MOBEPXHOCTHOMY HATAIKEHUIO B MOMEHT KpHCTaNIH3aunn). MenkonncnepcHas
cMmeck Kpuctannos A u I, npeacrasnsiowas IBTeKTHKY, u3o0pakeHa B BHIE
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KOPOTKHX LUTPHXOB, HANPABIEHHBIX B PA3HBIE CTOPOHBLI H OTBEYAIOLIMX COOT-
BETCTBEHHO KPHCTAJTHKAM KOMIMOHEHTOB A 1 B. M3 3THX pUCYHKOB BHIIHO, YTO

Ne | o No 4 No §

P

Puc. 9.5. Mukpocrpykrypaciiason (/ = 5), COOTBETCTBVIOMMWX KPHBEIM. H300ParKeHHhIM
Ha puc. 9.4

MO MEpe OXJIZAKICHNA CILIABOB CHAYala BbllaJaloT KPHCTANbL HUCTLIX KOMIT0-
nentoB A win B (B 3aBHCHMOCTH OT COCTaBa CHCTeMbI), HecnpenaTCTBEHHO
PAaCTYLUHX MPH KPHCTAILIN3ALMN H3 JKHIKOIT (ha3bl. HACBLILLIEHHOI TEM HIIH HHbIM
KOMIOHE HTOM.

[Ipn HacTynIeHUH IBTEKTHHECKOTO PEeBPALLEHUS JKUIAKOCTb CTAHOBUTCS O/1-
HOBPEMEHHO HachIeHHOH o0oumyu komnoHeHTaMu. [lpy KpHucTanInzaiim on-
HOTO M3 HHMX B KaKoI-THOO TOUKe 00beMa CHCTeMbl [POHCXOANT odoralleHue
OKPYHAIONIETO ITOT KPHCTAIHK 00beMa BTOPLIM KOMNOHEHTOM. DTO co3nia-
er GuaronpuATHble YCIoBUA /Ui 00pas0BaHIs 3apo/ibiila KpUCTalla BToporo
komnoHenra. Takum oGpa3om, B HerocpeacTBeHHoil G1n30cTH 0T KPUCTAILIHKA
NEPBOTO KOMIOHEHTA NOABIAETCH KPHCTA/UIHK BTOPOTO, YTO MPENATCTRYET HX
naneHefiemy pocty. [ogpisieTcs MENKOAUCTIEPCHAA MEXAHHYECKAs CMECh STHX
KpHCTAIIOB,

9.3. Cucrembl ¢ odpazoBanieM YCTOHYHBBIX XHMHYECKHX
coeinenuii

ECTH KOMITOHEHThI CHCTEMBI B AHHAKOM COCTOAHHH NMOJTHOCTRIO PACTBOPHMBI
APYT B APYIe, a B TREPIOM COCTOAHIH COBEPILIEHHO HEPACTBOPHMbI, HO 00pas3yoT
XHUMHYECHOC COCIIHHCHHE, CTOHKOE npr BCEX TeMICparypax BruloTh 10 TOYKH
MAABNIEHHA, TO BOIMOMKHEI 1Bd BApHAHTA THArpaMM COCTOAHHA.

Cucmema ¢ Konzpynmioii moqxoit niaerenus. Ilycts MexKIy KOMNOHEH-
Tamu A u B NPOHCXOOHT XHMHYCCKAA peakiiia

rA+yB = A.B,.

Ecnn xumuieckoe coenunenne A, B, ycroiiunso npu Beex temmneparypax.,
BIJIOTH 10 TOYKH IJTABJICHHA, TO B 3TOM ClIy4ae ropopar, 410 COCTHHECHHE HMECT
KORZPYIHMHYIO (CORNAAAIOULYHO 110 COCTARY ) TOUKY IUIABICHHA.

B HpOC'I‘Cﬁ!J.lCM clIviuae nuarpamma CoCTOoAHMA TAKOH CHCTEMbI UMEET BHI,
MpeJICTaRISHHBIH Ha prc. 9.6. DTa AuarpaMma npeacTariser codoil kak Okl 1Be
AHArPaMMbl COCTOAHNA ¢ MpocToii asTexTHkoii — A~ A.B, u A,B, —B. B neii
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UMEIOTCS IBE IBTEKTHHECKUX TOUKH — €1 M €2, COOTBETCTBYIOLIHE IBTEKTHKAM.
Jlunneil IMKBI/IYCA HTON CHCTEMBI ABISETCH JIMHUS ae;meab, munueii connay-
ca — JIBE IBTEKTHUECKHE ropu3oHTann ceyd u feaq.

HauGonee npumMeuarelibHOIl TOUKOIT HA TAKOrO THMA AHATPAMMAX ABJIAETCH
TOYKA 7. KOTOpas COOTBETCTBYET XHMHHYECKOMY coennHeHmo A,B,.
Cucrema, OTBEHalOLIAs ITOMY cocCTa-
RY, BesleT ce0sl Kak OJIHOKOMITOHEHTHAs!
cHCTEeMA, MOATOMY Ha KpHBOMH oxna-
ACCHUS TIPH TEMIEPaType TUIaBICHISA
XHMHUECKOIO COEGIMHEHHS TOSIBUTCS
FOPH3OHTANLHDI YHACTOK, KAK H B CJTy-
yae KPHCTAAIH3ALUMH YHCTOIO KOMIO-

/ : ! HeHTa, MakcuMym Ha Kpusoil nHk-
€ T s (oA,  BHIYCA MOKET ObiTb 3aKpyrICHHbIM

Avrser DA tamr : HITH OCTPEIM, 00pasys Tak Ha3BIBAeMYIO
(A+A.B) EM FAB) } cunaviasapnyo (0codyro) mouxy, Takoro
a | o5 THIA MAKCHMYM OTBEUAET YACTHUHOMY

A AB c.% B pacnmamy (ccoumaudu) NaHHOro Xiu-

MHYECKOTO COEJMHEHHA Ha COCTaBjfA-
Puc, 9.6, Jlnarpavima cocrosHHA CH-  I0UHE ero koMTioHeHThl, llo crenenm
M BOMBOHDIT WTGUPOﬁ o0pasy-  3akpyriieHHs MAKCHMYMA CYUsT O CTe-
0T YCTOHYHBOC XUMUYCCKOH COCAHHEHNE  peyp AMCCOLUMALIMN XHMHUYECKOTO CO-
CAMHEHHUA NPH [1ABIEHUH,

CoeauHenne A, B, obnasaer nosblLeHHbIMH AIEKTPONPOBOAHOCTBIO, TBEP-
AOCTBIO H XPYIIKOCTLIO, TEMNEparypa nias/ieHus ero, Kak MpaBHio, BhILIE TEM-
NEPATyp MIaBleHHa COCTABIMOUINX €70 KOMIIOHEHTOB.

B pane ciyuaes B cHCTEME MOMKET 0OPA30BATHECA HECKOMBKO TAKHX COEIH-
HEHUIl, U auarpaMmy COCTOSHHA B JTOM ClAyuae NPEeacTasialor cocTosiueil
M3 HECKOILKMX [IHATPAMM COCTOSHIS C MPOCTOH IBTEKTHKOI.

Cucmema ¢ HHKOHZPpYIHINKHON movKoll. B 31oii cicteMe XHMHYECKoe CO-
e/InHeHne, 00pasyloleecs U3 JABYX KOMIMOHEHTOB, HEe MOKeT ObITh paciiiasnie-
HO De3 paspyweHus. JIpyrumMu caoBaMiu, XUMHUYECKOE COENMHEHHE HACTONLKO
HEYCTOHYHMBO MPH BLICOKUX TEMIIEPATYPAX, YTO 10 MIABIEHUA HAYUHAST 11CCOo-
IIHMPORATh, pacnaaasch HA OTAeNBHbIE PParMenThl.

[MockonbKy Takoe XHMHHECKOE CORIMHEHHE He MOYKET ObITh paciuiasieHo 0e3
MOAHO THCCONMALINH, TO KPUBAA JTIMKBH/YCA HE HMEET MAKCHMYMa, M THarpam-
MY TAKOIo THIA HA3LIBAIOT AMArPAMMOI COCTOSIHHA CO CKPBIINBIM MAKCUMYMOM.,
Ha puc. 9.7 npencrarnen npocTeiiinnii cayyail Takoil nuarpaMmai.

JInana aecf npeactasnset coboil nuHIIO MkBHAYCca. [Ipaveie beg 1 cmd —
JAHHHI conuyca. [pamas heg ABIAETCA IBTEKTHUECKOH FOPH3OHTAILIO H CO-
OTBETCTBYET TEMTIEpaType KPUCTATHIALNH IBTEKTHKH, COCTOSILEN W3 XHUMN-
yeckoro coeannenna A, B, n komnonenra A. [pamas cmd Hocur HazsaHue
FJ’(_“ph‘H?(‘.I\',’H'II"}EL"K()IJ P()plllﬁ(}Hﬂ]&?!l WIH THHHH p&?pylllt}HHﬂ NHMHYECKOTo coeiH-
HEHHA 1 COOTBETCTBYET TEMIMEPATYPE Pa3pyLUSHHA XHMUYECKOrO COeIHHEHHNA.

Ecnu3pTeKkTHYECKas CMECK ABAETCA O/IHOBPEMEHHO HACKIIIEHHOI (118 naH-
HOIT CHCTeMbI) KOMIIOHeHTOM A 1 XUMHUecKHM coeanHennem A, B, coctasbl
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KOTOPOI N€KaT 1Mo 00 CTOPOHEI OT COCTABA IBTEKTHUECKOH KHAKOCTH, TO COCTa-
Bhl NMEPUTEKTHYECKOH KHIKOCTH (B AHANA30HE KOHLEHTPALMI MEAKILY TOUKaMH

T

A.B

Puc. 9.7, Jlnarpamma ILIABKOCTH H KPHBBIC OXJI@AUICHES CILIABOER € HEYCTOTYHBRIM XH-
MHYECKHM COSAHHEHHEM

€ H171) OIHOBPEMEHHO HACBLILLEHbI H 110 OTHOLIEHUIO K KPHCTANIaM KOMIOHEHTA
B. 1 110 0THOLIEHUIO K XHMHYECKOMY coerHeHIio A, By, HO cocTaBbl MX Jiexar
110 QJIHY CTOPOHY OT COCTABA JKHAKOCTH. ITO ODCTOATENLCTBO J€NaeT HeBO3-
MOJKHBIM 00pa3oBaHHe KPICTANIOB OAHOTO THNa §e3 pacTBOPEHHA KPHCTANIOB
apyroro Tuna. Hanpumep, obpazoeanue kpucrtamios A,B, 13 xkuakocTu co-
CTaBa «c» MPOHCXOANT MPH ONHOBPEMEHHOM PACTBOPEHHH B Heil KpucTanios
komnonenTa B, Bbinaswero B teepayto asy panee.

[Nlycts pacnnar 1, oreResatomuii no coctary XHUMHYECKOMY COEIHHEHHI)
A;By, oxnaxnaerca. B toyke ¢y #KniakocTs OyAeT HACKILEHA KOMIIOHEHTOM
B. koTOpeIii HAUHET NPH ZAHHOMH TeMMepaType KPHCTA/UTH30BATLCA. DTa CTAIHA
Mo:keT ObiTh NPEIcTaBieHa B Buie

L B+ L(ey — o).

3areM npH MOCTOANHOI Temnieparype 1), npou3oiiieT pacTeopenne KpHeTan-
nos B n oaHoBpemeHHOE BblueseHHE KPHCTAIIOB XHMHHECKOIO COETHHEeHHs
A;By no cxeme

B+L(c) =2 A,B,.

Tak kak B cnnase / koMnoueHTsl A 0 B HAX0AATCA B CTEXHOMETPHUECKOM CO-
OTHOIIEHHH, OTBEYAIOIIEM XHMHYECKOMY COCIHHEHINO, TO npu Temneparype 1),
CIUIAB HALEJIO NPEBPAILACTCH B KPHCTALILI XUMHUUECKOTo coeauHeHus. Takoii
[POLIECC HA3LIBASTCA HEPUMEKIMUYECKIUM.

Eciii paccmarpuBath CrUlaBhl, JEKAIIHE MPABEE OPAHHATHI. COOTBETCTRYHO-
el XHMHYECKOMY COeTMHEHHIO, TO KOMMOHEHT B He MOXKET NoAHOCTBIO BOIITH



218 I 9. Pasnosecue yeudrxocms — meepdoe meio

B COCTAB 3TOrO COENMHEHHA (TAK KAK KOMIIOHEHT A OKA/KETCS CBA3AHHBLIM PaHb-
e, Yem H3pacxonyercs Bech KOMNOHEHT B). n uibwitok Teepnoro B sofiner
B CTPYKTYPY TBEPJIOIO COCTOAHHMA B BHAE OTAebHOI (azbl. Takum obpazom,
KPHCTANNH3AUHA Cnasa 2 rnoiineT no ciaeayrommum CTaanam:

=L L(es —¢),

B+ L{e) E) A, By, + B (i130eimoK).

Ecin xe KOHUCHTPAUHA KOMIIOHEHTA B B crinase MEHbLIE, YEM '|peﬁ}-'e'rcﬁ
ans 06]33’303?[[—[“5! XHUMHYECKOTO COSAMHEeHHS (TOUKA 3 nexuT NeBee OpPAHHATLI
A BU] TO B CIUIABE MOCHE NMEPHTCKTHYECKOTO NPEBPALUCHHA OKAMXETCA B H30bIT-
Ke JKMAKOCThL cocTasa «c». Ho nockon BRY 3Ta KHIKOCTh ABIACTCA HACKI IEHHOIH
[0 OTHOLIEHHK) K KpHCTaJL1aM XHMHYECKOIO COSAMHEHHA, TO JNialibHeHee oxna-
AJICHHE BbI3IBACT BhIMAJACHHE 3THX KPHCTAJI0B. Ho s otnyune or NMEPHTEKTH-
YECKOTO NPeBpallIeHUA COCTAB JKNIKOCTH HE BOCCTAHABIIHBAETCA 38 CUET PpacTBO-
PEHMA KPHCTAIOB KOMIIOHEHTA B. a oforawenne muakocTm ocyecTBinACTCA
3d CUET KOMTMOHEHTa A. ”D')TOMy HKHIAKOCTE TOCTHTACT IBTEKTHHECKOTO COCTa~
BA. MPH KOTOPOM OH& OJHOBPEMEHHO HACKIUECHA H XUHMHYECKHM COCIAHHECHHEM,
H YHCThIM KOMNOHEHTOM A. 3/18Ch HMEETCH YEeThl pe CTaAnH KpHCTaniu3alnu

Ta—T, \
L 5" B+ Ll —¢),

B+ L(c) -2 A,B, + L (36i70K),
L 3 A.B, +L(c—e),
L(e) —= 2B1.(A.B, + A).

Taxum oBpazom, B CTPYKTYpe cniiasa 3 OyAyT HAXOAMTCA MepPBHYHBIE KPH-
CTA/UIBl XHMHYECKOTO COCAMHEHNS, OKPYKEHHbIC IBTEKTHKOI (A, B,+A).

B IByXKOMIIOHEHTHBIX CHCTEMAX JOBOJBHO YACTO BCTPEUAKOTCH HECKOIb-
KO XUMHYECKHX COEAHHEHNIl, OHI H3 KOTOPBIX HMEIOT KOHIPYIHTHYIO, a Jpy-
rHe MHKOHIPY3HTHYIO TOMKKM nnasienns. Hanpumep. B cucteme MgCls, — Ha O
00paszyeTcsa MATL KPUCTANIOTHAPATOR, OAHAKO TONBLKO OAHH W3 HUX TABHTCA
KOHI'PY3IHTHO.

9.4. lnarpaMmsbl cOCTOSHHUA € NOTHOI PACTBOPHMOCTLIO
B Kuj1Kkoii daze, n0J1HOI H OrpaAHHYEHHON
PacTBOPHMOCTLIO B TBep/Ioii (ase

Boiaenstowasncs w3 pacriasa teepaas (asza BecbMa HacTo He Nnpeactapser
¢000i KpHCTANIOB YHCTOTO KOMIOHEHTA WIH XHMHYECKOTO COEIMHEHNA, @ CO-
CTOWT U3 ARYX Wil osiee KOMIIOHEHTOB, OJHOBPEMEHHO YUACTBYHILMX B 00-
pasoBaHUH KPUCTALIAa M paBHOMEPHO pacnpeneistowuxcs 8 Hem. [lonoGuble
00pa3oBaHMA HA3KIBAIOTCA CMELAHHBIMM KPHCTANIAMH WIH Mmeepobimi pac-
meopami.
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[Ipu KpuCTaLIM3aLMH MOTYT 00Pa30BBLIBATLCS TBEPIbIE PACTBOPHI ABYX TH-
M1OB: TBEPJIbIE PACTBOPbI, NPH KPHCTAJUTH3ALNA KOTOPBIX aTOMbl HITH MOJEKY/IbI
PACTBOPAEMOTO BEIIECTBA PA3MELLAIOTCA B NYCTHIX MECTAX PELICTKH PACTBOPH-
Tend MeKIY ee y3namit (pacmeopei giedpeittis), i TBEPILIE PACTBOPLI, B KOTOPBIX
aToMbl WIIH MOJIEKY/Ibl PACTBOPAEMOIO BELIECTBA pacrnonaraloTcs B y3nax Kp-
CTANIHYECKOH PEIIETKH PACTBOPHTENS (Pacmeopul 3aMelf eHus ).

Teepasie pacTBopsl BHEAPEHNA MOTYT ObITh 00pa30BaHbI JIHLLL B TOM Ciiyyae,
KOT/1a pa3Mepbl ATOMOB WK MOJIEKYST PACTBOPAIOIIETOCS BEIECTRA MY TEM BHE-
APEHHA KOMMOHEHTA HeBelMHKH. OQObMHO B METAIMMECKHUX CIUIABAX AHAMETP
aroMa pacTBOPAEMOI0 KOMIIOHEHTA He nolixeH npessiars 0, 6 1uamerpa atoma
ocHopHoro metanna. [lo mMepe nakonneHHs BHEAPAEMOTO BEILECTBA YCTOIMH-
BOCTh PCIUETKH PACTBOPHTE/A YMEHBIIACTCA, [103TOMY KOHLEHTPauHusa pacTso-
PAEMOT0 BELILECTBA He MOKET ObITh BhILIE HEKOTOPOTO NPEeNa, T. €. HMeeT MeCTo
OCPAHIYEHH A PACMBOPUMOCIND.

Jlits 00pa3oRaHud PACTROPORB 3aMEIIEHHS BEChMA BAXKHO, UTOOR! CTPYKTYPhI
JAMELIAIOLIEro W 3aMeLaeMoro KOMIOHEHTOB ObIIH CXOMKH H 4TOOLI pamnycsl
atoMoB (MOJEKY/l, HOHOB) HE CHILHO paznuuamnck. [pn amnx yenoemsx sa-
MELLEHHE HE BbI3bIBACT HAMPAMKEHUIl B PELIETKE KPUCTA/LIMUECKOID PACTBOPA,
W TBEP/IbIC PACTBOPLI MOT'YT 0KA3aTLes YCTOHUHBLIMI MPH Jo0oM cocTaBe.

JlnarpaMsa COCTOAHHA JBYXKOMTIOHEHTHON CHCTEMbI, B KOTOPOIi npH 3a-
TBEpIEBaHHH PacmaBa 00pasyeTca pacniasa HenpepbIBHbI PsAa TBEPIBIX pac-
TBOPORB, NnokasaHa puc. 9.8.

Jnnust ThabT'y npencrapnger nuuuio nuksnayca, auuna T'gedly — au-
HUIO conuayca. ObnacTe MEKLY JTUHUAMM JIMKBHIYCA W connayca — odnacte

T L P=const

. Ty
b

T A B

Puc. 9.8. Jlnarpamya coctosnus H KPHBAA OXIQKACHUA CIUIABOB CHCTeMbI ¢ obpasosa-
HHEM HETIPEPLIBHOTD PALA TBCPALIX PACTBOPOR

nBYX(a3HOTO PaBHOBECHA JKUAKOCTH 1 KPHCTAIOB TRepAoro pacteopa. llpo-
Hece KpHeTanausatn Ji00oro cinasa (He YUCThIX KOMITOHEHTOB) MoikeT OblTh
npencTapncH no I'IpHHﬂTOfl CXEME 3anHCH B BHIE

L =t (TRepamtii pactBop) (¢ — d) + L{a — b).

o MEPE H3MCHCHHA KOHUCHTpALHH AIIKOH (ba31>| C NMOHWASHHEM TEMNICPpa-
TYPbl KOJHYECTBO ITOIH l'ba'}lul YMEHBIIAETCA, H KOraa OpadHaTa CIutasa nepeceleT
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JAHHHIO CONUAYCA, TO JkKuKas (ha3a cocTapa d UCUe3aeT MOMHOCTLIO, A CILIaB Le-
JIMKOM TePexo/IuT B TBepaoe coctosnne. OTMETHM, 4TO XHMHUECKHiT cocTan
BbINAAAOUNX KPUCTAJUIOB TBEPIOI0 PACTEOPA HEOJHOPOJAEH 110 OTHOCHTE b=
HOMY CO/IepKaHUIO KOMTIOHEHTOB A 1 B, Tak kak npu kamnol Gonee HH3KOMH
TeMIIepaType Bbll1a/aouiHe HOBbIE MOPLLIHY TBEP/IOi (a3bl HAXOAATCA B PABHO-
BeCHH C kUKol ¢azoii, otnHyaomeiics mo cBOeMy COCTABY OT TPenslay meii.

Juarpamma COCTOSHHA CHCTEMbL, B KOTOPOIT 00a KOMIIOHEHTZ MOJTHOCTHIO
PACTBOPHMBLI B KMAKOH (aze n obnanaioT OrpaHuyeHHol PacTBOPHMOCTLIO
B TBepOii (ase, npusenera Ha puc. 9.9,

B cueremax nosoGHOro THITa aTOMbl KOMIIOHEHTAa BB pagHOMEpHO pacnpesie-
JISIIOTCA B KPHCTAJUTHYECKOH peweTke pacTBopuTess A, 1 CTPYKTYpa CIUIaBOB

-2

T .
3 T T P=const 4
"""" Tls
7 A B

Prc. 9.9. I],uarpazx-ma COCTOAHHNA M KPHBBIC OXJIAZKACHUA CNIIABOB CUCTEMEI C OTPAHHYCH -
HOM PACTBOPHMOCTRLIO B TBEPIOM COCTOAHUH 1 M3MEHEHHEM PACTBOPUMOCTH € TEMIIEpa-
TYPOI

B TBEPAOM COCTOSIHMH npeacTasiseT coboii oanoponHslit Teep/biil pactsop B
B A (o — TBepupiii pactsop). JIunus ac ABNAeTCA TUHNEH NpeaeibHOI pacTBo-
pUMOCTH /Ui a-TBepaoro pacteopa. C apyroii cTOPoHLL, eciiu kK komnoHeHty B
nobaBnAThL KOMAOOHEHT A, TO o0pa3yeTca OOHOPOAHbII TBepabIii pacTeop A B B
(HazoBem ero J-Trepablii pactrop). Jlnunus Ad AnarpaMMsl — JHHHS TTPEneib-
HOI1 pactopumocTi ansa A-tepaoro pactsopa. Jlunus TxeTs — nunus nuk-
guayca. muHus ThachTy — nunus conunyca. Ipaman aeh — 3pTekTHYeckKas
ropuzonTank. [Ipu Temneparype T, :KHAKOCTb COCTABA € ARNACTCH HACHIIEHHOI
110 OTHOIIEHHIO K (1= 1 [F-TBEPIbIM PACTBOPAM COOTRETCTBEHHO COCTABOR @ W D,

KpricTanansaims 103BTeKTHUECKOTO cTiiana / (Touka a Ha qnarpamme) u sa-
IBTEKTHYECKOro (TouKa b) HHYEM He OTHYaeTcs OT KPUCTALIHIALNH CTUIABOB
€ HEOIPAHHYEHHOI PaCTBOPUMOCTHIO B TREP/IOM COCTOAHHN. A BOT KpHCTANNN-
3auMs crulaega 2 peain3yeTcs B JBe CTaAHH:

Th—Te.
L

L a3 —a)+L(3—¢) u L(e) £ ala) + 3(b).



9.5. Tpexxomnonenmusie cucmemoi 221

B sToM cayuae npu 3BTeKTHHECKOI Temneparype skuakas (asa craHoBHTCS
HACIIEHHOH KaK 10 OTHOMIEHHK K (r-KPHCTAIAM, Tak H M0 OTHOTICHHIO K KOM-
NOHeHTY B, KOTOpbIii, KPHCTAILIN3YACH, PACTBOPALT B CBOEH PElIETKe KAKOE-TO
KOTTMYECTBO KOMMOHeHTa A, 00pasys TBepabiil pacTBop (1.

B GosblinHeTBE Cllyuaes, OIHAKO, PACTBOPHMOCTb BELIECTB B TBEPIOM CO-
CTOSIHHH MEHSAETCA ¢ H3IMEHeHIeM TemnepaTypel. [lodTomy Ha nnarpaMMax Taxo-
ro Buja sMecto seprukaneii ac’ u bd' noseares kpussie ac 1 bd, ykaipigaomme
HA YMEHbINEHHE PACTBOPHMOCTH KaK KOMMOHeHTa B B pelietke A, Tak u koMrno-
HeHTa A B pewerke B. Omnyus B KpUBbLIX oXJaxaeHns (Hanpumep, crlasa /
Ha pHc. 9.9 v critaga / Ha puc. 9.8) npakruuecku He HabIaaeTCes, TaK Kak npo-
LECCHI YMEHBLIEHNHA PACTBOPHMOCTH BEILECTB B TBEPALIX PACTBOPAX CBA3AHbBI
¢ anddysueit, Tennosoii addekT KOTOPOil HE3HAUHTENIECH,

CHcTeMbl, MMEIOLIHE PAcCMOTPEHHBIT THN [HAarpamMMm COCTOSHMS, OUeHb
mHorouucnennsl. Cpean nux mokHo Hazsats Zn—Cd. Cu—Ag, Cr—Ni,
Sn—Pb u p.

9.5, TpEXI\“OMIIOHEH'l‘HbIE CHCTEMBI

Ha NPAKTHKE, HAPAIY C JIBY XKOMIIOHCHTHLIMH CHCTEMAME, HACTO NMPHXOAHT-
Cs UMETh €70 € CHCTCMAMK, COCTABRICHHLIMH H3 TPEX KOMITOHCHTOB.

YDC{Bi-IeI-iHe COCTOAHHA TAKHX CHCTCM CBA3LIBACT MCMIY coBoii narb napa-
METPOB H HMECT CJ'It‘;‘.'llelllHFl BH

f(;i-'_l-, L, 3, P-\ I‘) — U-

OrTcrona cneayer, YTo ypaBHeHHe COCTOSHMS TAKMX CUCTEM He MOXKeT ObITh
otobpameHo Ha naockocTH Ge3 kakux-nubo orpavnuernii, OObIMHO cuHTAIOT
JAB/IEHHE HAL CHCTEMON NOCTOAHHBIM, W 3TO JaeT BO3MOKHOCTH HOCTPOMTH
MPOCTPAHCTBEHHYIO THATPAMMY, H300paKaIONIYIO CBA3L MEHTY KOHLIEHTPALHS-
MH KOMIIOHEHTOB M Temieparypoii. [lns 31oil nenn npuderaroT K Tak HazbiBaeMo-
MY KOHYEHMPAYUOHROMY MPEyeOTbHEK), HA TINOCKOCTH KOTOPOTO MPOeLHpyoT
AuHuH Gazoseix npespatet i,

M3 reomeTpim W3BECTHO, YTO JIODOI PABHOCTOPOHHNIT TPEyroibHUK 00a-
IAeT CRefVIOIWNMI CBOICTBAMM: @) CYMMA NEPNeHINKYIIPOB, OMyIIEHHBIX H3
M10001 TOHKH TPEYToNbHIUKA Ha €10 CTOPOHLI, paBHa ero eicote: §) cymma o1-
PE3KOB MPAMBIX. MAPATIENLHBIX CTOPOHAM TPEYTOALHHKA H MPOBEACHHLIX Hepes
JIHO0YI0 TOUKY BHYTPH TPEYTO/IbHHKA, PABHA CTOPOHE TPEYTOJIbHUKA. DTH CBOIi-
CTBA PABHOCTOPOHHETO TPEYIONLHIKA HENONB3YIOTCH LIS ONpele/ieH s cocTasa
TPOHHOTO cnnasa.

Ec/u npuHATE BRICOTY TpeyrofibHuka 3a 100 % BecoBoro koJiHuecTia crulasa.
TO BEJIMUMHA NEPNEHANKY/ISpa, ONYIEHHOTO H3 TOYKH, COOTBETCTBYIOLLEH naH-
HOMY CTLIaBY, HA CTOPOHY, MPOTHBOMEKALLY IO KAKOMY-1HO0 KOMIOHEHTY, OyaeT
BLIPAKATE NPOLEHTHOE KOJIMUYECTBO 3TOTO KOMNOHEeHTa (Memod ubioca).

Ecnu 3a 100% Becosoro konuuecrsa TON0 WIM WHOrO TPOHHOro crasa
MPHHATH OAHY H3 CTOPOH TPEYTONLHHKA, TO MONaras, YT0 COCTaBhl, OTBEYAN-
LHE YHCTBIM KOMIOHEHTaM, COOTBETCTBYIOT BEPLUHHAM TPEYTO/IbHUKA, BECOBbIE
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NPOLEHTH OYAYT ONPEAENATLCA OTPE3KaMU JIMHHIL, MapanieibHbIX CTOPOHAM
TPEYTONbHUKA W NPOTHBOJIEKANIHX aHHBIM KOMIOHeHTaM (wemod Pozedona).

BaxHeluuMy cBOMCTBAMH KOHLUEHTPALMOHHOTO TPeyrojlbHUKa ABIAKOTCS
cnenyloune.

|. BepiinHbl TPEYTroJbHHKA COOTBETCTBY HOT UHCTHIM KOMIOHEHTAM.

2. Toukn, AeKAINME HA CTOPOHAX TPEYTONLHUKA, H300PAKAIOT COCTAR ABYX-
KOMIIOHEHTHBIX CIUIABOR.

3. Toukn. nexaiiue BHYTPH TpeyrofibHika. H300paxaloT COCTaB TPEXKOM-
NOHEHTHBIX CIUIABOB,

4. Toukn, nexaue Ha NpsaMoil, napannensHoH CTOPOHE TpeyroNEHAKA, H30-
OpaaroT Criasbl ¢ HOCTOAHHBIM COIEPKAHHEM KOMIIOHEHTA., TPOTHBOIIE-
KalEero 1aHnoi cTopone.

5. Touxu, Nexawme Ha NPAMOM, BbIXOAAEH H3 BEPLIHHBLL TPEYro/ibHHKA,
H300paKaOT CIUIABL! C MOCTOAHHBLIM COOTHOLLEHHEM COLEPHKAHNA KOMNO-
HEHTOB, H300paKkaeMbIX ABYMA IPYTHMH BEePLIHHAMH.

[TpoBoas pasnHuHBIE CEHEHHA NMPOCTPAHCTBEHHON AHArPaMMBl W OTKNAIbI-
Bas MX W300PAKEHNs Ha [1JIOCKOCTh KOHLEHTPALHOHHOTO TPEYIoJbHUKA, 1POBO-
JAT aHanu3 (hJazoBOTO COCTOAHNS TPEXKOMITOHEHTHBIN CHCTEM.

Hzomepyuseckumu pazpesaru AHATPAMMbl COCTOAHMS HA3LIBAIOT H300pa-
JKEHUA JIHATPaMM B CEUEHHH TUIOCKOCTHIO, MAPAIENbHON NIOCKOCTH KOHLIEH-
TPALHOHHOIO TPEYTOJILHHKA.

TTonumepniyeckunu paspesavi Ha3blBatOT H300paKEHUA A1arpamMm B ceve-
HHUH TUIOCKOCTBIO, NEPNEeHAHKYISPHON K NIOCKOCTH KOHIEHTPAIIMOHHOTO Tpe-
YTOJIbHHKA,

Jlna nonHOro MpencTaBieHna 0 AnarpaMMe COCTOSHUA TPEXKOMITOHEHTHOT
CHCTEMBI HEOOXOHMO NOCTPOHTHL HECKOJILKO H30TEPMUUECKHX H HECKOJIBKO 110~
JUTEPMHYECKHX Pa3pe30B. KOAHYECTBO KOTOPLIX 3aBHCHT OT CTENEHH CIIOMHHO-
CTH HeesienyemMoll cueTemsl.
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AKNJIKHUE KPUCTAJLJIBI

Mbl IPHBBIKIH NOAPA3NENsTh arPeraTHbI¢ COCTOSHIS BELIECTB HA TP BHIA:
TBEpAOe, JKHIKoe H razoodpasHoe coctosHHe. OIHAKO ITO HE BIONHE BEPHO.
B 4acTHOCTH., HEKOTOPBIC OPraHUYECKHE MaTepHaibl MEPEXOasT U3 TBEPIOro
COCTOAHNS B HKHAKOE, MCHbIThIBASA PsJl NEPEXOIOB, BIIIFOUAOIMX 0OpazoBaHmne
HOBOI1 (paskl, KOTOPYIO HA3BIBAIOT KHAKOKPHCTAITHYECKHM COCTOSHHEM (2icto-
xunm kpucmanion — KK).

Hzyuenne n npuvenenne KK npeacrapiser OiMH W3 CTPEMHTENBHO pa3Bi-
BAIOLINXCA Pa3/esior coBpeMeHHoi Hayku. OQHAKD, K COKANCHHIO, OH HEe OMHUCcaH
B yueOHukax 1 yueOunXx nocobuax no (Gusnveckoll XHMHH, XOTS YCTaHOBIEHHE
3AKOHOMEPHOCTE CBA3M MEXK/Y ME30MeHHbIMH CBOHCTBAMM BELLECTB H X MO-
NeKYNAPHLIMHA XapakTepucTHKAMH ABAAETCA YHCTO Pr3nko-xnMuveckoil sanaueli.

OTCyTCTBHE MPEACTABIEHHH 0 (PH3HKO-XHMHYECKHX CBOICTBAX ITHX Me30-
(hazubix oOpa3oBaHNii HECOMHEHHO OrpaHHYMBAET KPYI MHTEepecos Oyaylux
cnetnanuctos. [Mosromy B pazaen (pasoBbix NpeBpalieHnil BBEICHO H3YYEHHE
HKUAKOKPUCTALIUUECKOTO COCTOAHNSA, KOTOPOMY VAEIEHO HECKOILKO Dosbllee
BHHM@HHE 110 CPABHEHHHK) C IPYTHMH (ha30BbIMH COCTOAHMAMH.

Briepseie obpazosanie HOBOI HeoObMHOMH (pa3nl ObIIO 3aMeueno aBcTpHii-
ckmum Gorannkom Peiinntuepom B 1888 r. korna on onpenensn csoiictsa no-
JIYHEHHOTO MM HOBOTO OPTaHWYMECKOro BellecTra — xolecrepundensoara. Hs-
Mepsia TeMIIEpaTypy (UIABIEHHA, OH 3aMETHI, YTO BEUIECTBO IJABHTCHA B /BE
cTajnu: cHayana oOpasyercs MyTHbI paciuias, a ajibHeliliee nosslLeH e Tem-
nepaTypsbl MPEBPANIAET TOT PACTIAAB B NMPO3PavHYIO KHAKOCTE. Pemus, uTto 310
CMECh IBYX BELLECTB, PEHNTUEP OTIPABIIL CBOE BELIECTBO HEMELIKOMY (DH3HKY-
kpucrannorpady Jemany. Meeneays ontuueckue cBOHCTBA NpUCNaHHOTO emy
Beulectsa, Jleman 00HapyzKui, 4T0 ITO COBEPILCHHO YHCTOE BEILECTBO, HO OHO
MPH HATPEBAHHH MEPEXOIMT U3 KpHCTATHUECKON (ashl B KHIAKYIO Yepes npo-
MEIKYTOUHYI0 (JOPMY € aHU3OTPOIHBLIMH ONTHYECKUMI cBOMCTBAaMK, MnTepsal
ITOTO nepexo/ia Okl 10CTaTouHO BenHK 1 coctasun 34 °C,

Bcekope okazanock, 4To XoJectepHadeH30aT He yHHKaNbHOe BeulecTBo. boiio
HaliJeHo ellle MHOTO TaKHX ke BellecTs. Jleman NMpeaioku nath HM Ha3BaHHue
KUAKHE KPHCTAILIbL, @ caMy aHH3o0TponHy1o a3y Haseathk Me3odasoii (oT rpe-
HECKOTO CIOBA «ME30CH — MPOMEIKY TOMHbIIT),

Jonroe pemst xunkue kpuctamisl (OKK) octaBanuch 9K30THUECKUMU 00BbEK-
TAMH HCCIeA0BaHUH (PHU3HKOB M XUMHKOB, HO B 1903 1. cuTyauns pesko uameHu-
nack. B CLIA Owin 3anaventopan mMeTon perncrpauny MK- m CBY-wnyuennii
C [1IOMOLLBK TOHKOH IUIEHKH JKHAKOrO KPHCTAILld, KOTOPblH M3MEH:AN UBET ¢
HHT’p{’.BaHHB.’\.L '.)TDT METO/T MO3BOJITHA {)pl'ﬁHﬂ'jﬂBaTb l'l'p(}ll."lBDJ'lCTBD HAICAKHRIX
H IKOHOMHYHBIX LUH(POBLIX M OYKBEHHLIX MHAHKATOPOB, OCHOBAHHBLIX HA TOM,
4TO TOHKHI COH KIIKOTO KPHCTAIA MOMEIIAETCA B COOTBETCTRY HOLLLY IO N10C-
KVIO fiuelfky ¢ Mpo3padHeIMA MIEKTPOIaMI.

IMon BAMSHHEM MEKTPHYECKOTO M0, M01aBaeMoro Ha snektposl, KK u3-
MEHSET CBOii LIBET W TeM caMbIM Bbi3biBaeT Huankawnio. C atux nop KK naxoasr
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BCE HOBBIE M 3aUaCTyI0 HEO)KHIAHHBIE MPAKTHYECKUE NPHMEHEHHA, HANPHMEP
B ra30mHIKOCTHOH XpomMaTtorpadii B KauecTse HENOABHKHON (hashl; B KauecTse
Cpe/bl LIS PpajnOCHEeKTPOCKONMK /LT H3YHEHHA KHHETHKH U MEXaHH3Ma HEeKo-
TOPBIX peaKiuil, MPOTEKAIOIKUX B Me30MOP(HOI cpele B KaueCTBE MOIYNATOPOB
u3aydenus u ap. B nocnenHee Bpema ycranosieHo, uyto KK umetor Gonbinoe
3HaUeHne ans pemeHns ¢yHIaMeHTalpHBIX podiem B Gronornn.

LlenrpanbHoii npobaemoii xumun KK sBiserca ycraHOB/IEHHE CBAZN MEK-
Ny NapaxTepuCTHKaMH MONEKYn M Me3odasHbiX CBOHCTB BelecTs. DTy CBA3L
ObITAKOTCS YCTAHOBUTD, POBOAA TEPMOAHHAMHYECKHE MCCIIeN0BAHMS, a TaKKe
m3yuas KK MeTomaMu MOAeKyNAapHOI CTaTHCTHRN.

Kaaeenurauns KK, Tlo csonm o6winm coiicrsam KK moxkHo pasaenurs
Ha ee Oonsmme rpynnet: 1) mepuomponnsie K, obpasyiotimecs B pesynsrare
HAarpeBaHus TBEPIOro BELLECTBA H CY IIECTBYIOLINE B ONPEIC/ICHHOM UHTEPBaJE
Temneparyp u nagnenuii; 2) smuomponnese KK, koTopbie npeictaBnsior codoii
JBYX- HIH MHOTOKOMIIOHEHTHbIE CHCTEMbI, 00Pa3yIOLLHECH B CMECAX CTEPIKHE-
BHAHBIX MOJIEKYN JAHHOIO BEIECTBA H BOIb! (MAH APYTHX NOJIAPHBLIX pacTBo-
puTeneit). DTH cTepiHeBHAHBIE MOEKY/ILI IMEIOT HA OAHOM KOHLIE NMOJAPHYIO
rpynny (KoTtopas aaxe MOMKET AMCCOUMHMPOBATH), a 0ONbILAs YACTL CTEPIKHS
tpejacraginger codoil rudkyro ruapohodHYIO YIICBOIOPOAHYH Henb. Takue Be-
MeCTBA HA3BIBAIOTCS avghudhunaviu («amduy — MO rpeveck 03HAYAeT «C IABYX
KOHLLOBY, «C IBYX CTOPOH» WIN JIBYX TUNOB, «unocy — moOsmuii, Gnaropac-
nonmkennstit). [pumepom ambudunos moryT cnyxuts Gocdonunuip.

Amudnnbrbie MONekysibl, Kak NPaBHIO, MJIOX0 PAacTBOPSKTCS B BOJE,
CKJIOHHBI 00PA3OBKIBATE arperarsl TAKMM 00pa3oM, uTO MX MOJAPHBIE TPYI6I
HA rpaHuLe pasjea (a3 nojyyarT HanpasneHue B CTOPOHy Boabl. [Tpn HH3KHX
TeMIeparypax emMeleHne ;uakoro ampuduaa ¢ BoA0i NPHBOANT K PacCiOeHIo
cucTembl Ha aBe (adst — Kuaknii ampudui ¢ HeGoNbILIUMH KONHYECTBAMU pac-
TBOPEHHOMN B HEM BOJIbI M Boja ¢ ampudiiion.

OpHum u3 BapuaHToB aMpudHIoB CO ClOKHOI CTPYKTYPOil MOKET CIy-
KUTh CHCTEMA MbLIO—BOAA. 3aeck umeertes anudaruueckull annod CHy —
(CH2)p—2—CO; (rne n umeer pennunny ~ 12—320) 0 nonoxnTenbHbIH HOH
Na', K, NH{ u ap. [Noaspuas rpynna CO; cTPeMHUTCS K TECHOMY KOHTAKTY
¢ MOJIEKYJIaMM BOJIbL, TOIIA Kak HenonspHas rpynna (ampudnbHas uens)
n3deraeT KOHTAKTa ¢ BOAOI. D10 ABnerHe THNHIHO Ang ambudnnos. Xapak-
TEPHBIE CXEMbI IPOCTPAHCTBEHHOTO PACHONOKEHHA aMPUDUIOB NPHBEICHbI
Ha puc. 10.1.

TepmoTponueie munkne kpuetaninl (T/KK) paznensiores Ha tpu Sonb1nx
Knacca.

1. Hevamuuecxue xcuoxue kpucmatin (HKK), DTH KpHCTANILI HE HMEHOT
CAOUCTOMH CTPYKTYPbI; HX MOMEKYIIbI CKOJBL3AT HENPEPLIBHO B HANPABJIEHHH CBO-
X [UTHHHBIX OCEHi, Bpamasch BOKPYT HUX, HO MPH 9TOM COXPAHAIOT OPHEHTALH-
OHHBIT IIOPHEDKI JUITHHHBIC OCH Haupamleuu BIOJIb OAHOTO !lpEHMyLuec‘l‘BﬂHHOI"U
HanpasieHuss. B pacnonomenuu uenrpos msukectn HIXXK orcyrerByer nanbhuii
MopsI0K, OHK BeayT ce0ds nos00HO 00BIYHBIM HKHIKOCTAM (HanpHUMep, BA3KOCTh
u Texyuectb HJKK cpaBHUMBI € TakOBBIMM B OOBIMHBIX JKHAKOCTIX).
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Puc. 10.1. Crpykrypa paznuubIx (OPM KHIAKHX KPHCTALIOB! @ — HEMaTHUCCKas:
6 — XONCCTCPUYCCRAN: ¢ — CMCKTHHECKAA: 2 — CKOMICHHAA CMCKTHUCCKAN: ) — CMCK-
THUCCKAN C JABOHHBIMU CBA3AMM € — CMCKTHHCCKAs C NOJSPHBIM MTOPSAKOM

Hemarndeckue dasbl BCTPEUarOTCH TOIBKO Y TAKHX MOJEKY/, ¥ KOTOPBIX NpaBas
u J1eBas (POpPMBI HEPATIHUHMBL, T.€. Y TOKAECTBEHHLIX CBOEMY 3epKalbHOMY
H300pazKeHHIO MOIEKY/1 (AXHPAILHOCT),

2. Cuvexkmuueckue scuokie kpucmantol (CKK) MMEOT cnouctyio cTpyk-
Tvpy. Cion MOryT nepeMelarses oTHoCHTeNnsHo Apyr apyra. TommuHa cmek-
THYECKOTO CIIOA OTIPeeiAeTes MIHHOH MOIeKy (NpenMyILeCTBeHHO UTHHOH
napa@MHOBONO XBOCTA, KOTOPbIH MOMKET IUIABHTBLCA, ONPEAenss crnocodbHOCThL
K NepeMelleHHIO CJI0EB OTHOCUTENBHO YT Apyra). OfHaKo BA3KOCTh CMEKTHKOB
3HAYMTENILHO BILIE, YEM HEMATHKOB, H MIOTHOCTH 1O HOPMAJIH K [TOBEPXHOCTH
CITOA MOJKET CHIIBHO MEHATHCSA, ECTM MONeKyas! ¢os HampaBieHbl NepreHIn-
KYJSPHO K MJIOCKOCTH CJOA, TO 3TH KpHCTA/UIbl 0THOCAT K Tuiny A. Ecin oxn
00pa3VIOT HEKOTOPKIH YoM K MIOCKOCTH Cost, TO uX oTHOCAT K THiy B, C' nt .
Ecnn kakoe-nudo BELWECTBO MOKET CYLIECTBOBATL BO BCeX Tpex daszax, 1o no-
CHEAOBATENLHOCT X OSBICHHS TPU BOIPACTAHHN TEMIIEPATY Dbl TAKOBA: TBEP-
nast paza — B — C' — A, TumminsiM sensgercs tepedran-ouc-(n-0y Tiianu-
nuH) (TEBA).

3. Xoreemepuueckue oicuorue kpucmaiier (Ch) odpazvioTes B 0CHOBHOM
CORMMHEHHAMH XOJIECTEPHHA W APYTHX CTEPOHIOS. D10, B IPHHLNIE, HEMATH-
veckue KK, HO HX UTHHHBIE OCH NOBEPHYTHI OTHOCHTEIBHO JAPYT /IpyTa TaK, uTo
00pa3vIOT CNUpay, OMeHb YyBCTBUTENBHbIE K H3MEHEHHIO TeMIMEPaTypbl BCIe/l-
CTRHE UPE3BLIYAHHO MaNoH IHEPrHM 00pa3oBaHHs 3TOH CTPYKTYPhI (Nopaaka
0.01 JH/mone). Eciu war cnupain copnajaet ¢ WIHHON BOIHBI NAAAIOLWEro
CBETA, TO B BUAMMOI1 00nacTh cnekTpa BO3HUKAET CiiibHOE OperroBekoe oTpa-
HCHHE.

Xonecrepuk oObIMHO SIPKO OKpalleHbl: Maneiiiliee M3MEHeHHe TeMnepa-
TYphi (10 TRICAYHBLIX JONEil rpaayca) NPHBOINT K M3MEHEHHIO [mara cnupaim
1 nameHenunto okpackn AKK.
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Bo Bcex NPHBCACHHLIX THNOAX KK XAPAaKTEepPHBIM ABIACTCA OPHCHTALIMA TH-
MOJBHLIX MOJIEKYJ] B ONIPENCIICHHOM HANPABICHHH, KOTOPOC ONPe/CifgeTes enn-
HHYHLIM BEKTOPOM 11, HASLIBAEMBIM «JIHPEKTOPOM}.

B nocnennee BpeMA OTKPBIThHI TAK HA3bIBACMBIC KOJTOHYATLIC ¢33hl. KOTOPLIE
oﬁpa?.ym'r(:ﬂ TOJNIBKO ﬂliCKOOﬁpEBHbIM}I MOJERYIAMH, PACHOIMKEHHBIMH CIOAMI
ApyT Ha APYTE B BHIE MHOTOCTOIHBIX KOJIOHH, C MAPaie bHEIMI ONTHHECKHMA
OCAMH {pIIC. ]02) YHacTo X HA3LIBAKOT OKHAKHMH HHTAMMY. BA0JbL KOTOPBIX

Puc. 10.2. Crpyxrypuas cxema kononuarsix KK

MOJIEKYJIbl 0012 1aK0T TPAHCIALUHOHHBIMH CTENEHAMH CBOOOABI. JTOT KAace co-
enuHennii 0w npenckasad Jlanaay, a oTkpeiT auwe B8 1977 r. Hanapacekapom.

10.1. Hanbouiee o6ine coiicrea KK

Y KK Heolblunbie onTuueckue cpoiictsa. Hemarukn n cMeKkTHKH Kiac-
ca 4 — onTHYeCKH OIHOOCHbIE KPHCTAIKLI. X0JIeCTepHKH BCIIe/ICTBHE NePHOIN-
YECKOTO CTPOEHHA JAKT B BHANMOIi 001acTH cnekTpa Operropckoe oTpakeHue,
n(lCI(().T[bI\}" B HEMATHKAGx H XOﬂBCTepHKaX HOCHTCJIAMHA CB(‘JFICTB ABIACTCH AW~
Kas (hasza, 10 Noj BNHAHHEM BHELIHEro BO3eiicTBIA OHa ferko nedopmupyercs.
[Tockonkky mar criupani B XoJecTepruKax OueHb HYBCTBUTENIEH K TemMneparype,
TO, CIEA0BATENBHO, U DPErroBCckoe oTpamerne OyeT pe3ko MEHATLCH ¢ TeMIe-
paTypoii, 4TO MpUBEIeT K H3MEHEHHIO [IBETA BEIIEeCTBa.

DTH ABACHUA IHPOKO HCIIONB3YKOTCS HAPUMED, 18 HAXOKASHHS TOpPAYHX
TOUEK B MHKPOLEMSAX, TOKANH3aUMH MEPEIOMOB H OMyXoneii y uenoBeka. Bu3ya-
Juzaunn uzodpaenns 8 MHQpakpacHelX gyuax u ap. Kpome 1oro war coupanu
YYBCTBUTENEH TAKKE H K H3MEHEHUIO 1aBJICHHA, XUMHYECKOTO COCTaBa, MarHuT-
HOTO H IeKTPHYECKOTO Moneii.

B cBsA3n ¢ 31HM ncenenosanie cBoiceTs KK npoBOAAT B HaNpaBJIcHIH H3yYe-
HUA TEPMOAHHAMMYECKHX XapakTepucTHK Me30MOpQHbLIX (ha30BLIX NpeBpallie-
HHIT 118 MPEeABapHTENBHONH OLCHKH NMPHPOIL MEAKMONCKYISPHBIX BIaUMOIEIi-
CTBHI M MEXAHW3IMA NIEPEXO/IOB, & TAKKE ¢ LRI MOWCKA BEILECTR € 3a1aHHBIMH
CBOMCTBaAMH.

PaccmoTpum odbemubie ceoticmea KK, Wnausunyansunie KK Brann ot
Temneparypsl pazoBbIX NEPexouoB, KAk MPaBuio, YMEHbIUAIOT CBOIO MIIOTHOCTD
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JTUHEITHO (W/TH, BO BCAKOM CIYYae, IUIABHO) C YBEIHUIEHUEM TeMIEPaTyPhl, HO TIpH
(pazoBOM nepexoie pe3ro HIMEHHIOT CBOO MNOTHOCTL. Hanpumep. npn naasne-
HIH TBEPABIX KPUCTALIOB IUIOTHOCTL MeHsietes B ~ 30 pa3. D10 nossosaser
orHecTH (azossie nepexons KK k dazosbim nepexonam nepeoro pona. B To xe
BpeMA B Me30()azHbIX CHCTEMAX OYEeHb PACTIPOCTPAHEHbI TaK HAa3bIBAEMbIE NPEJl-
rMepexoansle ABASHHA. BHIPAKAIONIHECT B RHOMANBHBIX TeMIEePaTypPHRIX 3aBH-
CHMOCTAX B OKPECTHOCTH (JasoBbIX NEpPexosos, KOMDQHUHEHTOB TEPMHYECKOTO
pacuInpeHns, CxKaTHA, MHTEHCHBHOCTH paccesHus csera, d(pexta Keppa v ap.
DTH ABNEHHS, KAK H3BECTHO, OTHOCATCA K [IEPEX0AaM BTOPOro poa.

Takum oOpasoM. 0JIHOBPEMEHHOE NPOSBIEHHE NPHIHAKOB (Pa3oBhIN Nepexo-
0B Pa3HOTO POAA CBHISTENLCTBYET O CIIOKHOCTH HHTEPHpeTaluy Me3omopd-
HBIX NPEBpalleHHii.

He BnaBsadch B TOHKHE J€TalM MPEANEPEeXoNHLIX ABJEHNII, caeayeT oTme-
THTh, 4TO y BeeX KK B obnactu mesomopdueix gazosuix npespaiennii Habmo-
NAIOTCS CKauK| MAoTHOCTH. [1pH 3TOM, Kak MpaBHao, yBeNHIEHHS UTHHBI LIENH
3aKOHOMEPHO W3MEHAET CKAauOK IUIOTHOCTH, KOTOPbIil Al YETHBIX YJIEHOB psaa
Oonpine, uem g HeveTHuIX, OUEBHAHO, 9TO CBA3AHO ¢ TEM, MTO Y FOMONOIOB
C YeTHBIM YHCIOM YITIEPOAHBIX aTOMOB
crpykrypafoliee yHOPAI0UEeHa, YeEM Y TO-  p
MOIIOTOB € HETETHRIM THCIIOM. K

M3amenenue napieHus B obnacru da-
30BOTO MEPEXOAd BEAET K Pe3komy Hi-
MEHEHHID MJIOTHOCTH W TEMIIEPaTypbl
(hasosoro nperpaunienus. TeopeTHueckn
BO3MOXKHAA MIOTHOCTL M Habonaemas
Ha npakTHie (pazosas 1narpaMma npei-
crassiena Ha puc. 10.3.

B npocreiinem Buze Ttakoro po-
na (pazoBeie AMATPAMMEI MOTYT HMETh
no KpaiiHeii Mepe 1Be TPOiHbIE TOY-
kit T 1 Ty [orpanutneie KpHBBIE ITHX
NPEBPALLEHHIT MOMKHO TPAKTOBATL Kak
NONHMOPQIHbIE TPEBPALLEHHS W ONUCHI-
BaTh MPHBBITHBIMH TEPMOIHHAMNUECKH-
MH COOTHOLUCHHAMM. Puc. 10.3. ®a3zopas auarpamma KK

[Tpn HaMMUMKM HECKONILKUX Me30(ha3
BO3MOMKHBI KAK MONOKHTENbHBIE, TAK U OTpHLATENbHbIE 3HaveHns Al B 3aBu-
CHMOCTH OT TUIOTHOCTH HH3KOTEMIEParypHoil U BhICOKOTEMIeparypHoil das.
B cea3u ¢ oM Hakaou dT /d P moxeT ObTh DobIIe W MEHBIIE HYIS.

H3meperue TeruloT (hazoBkIX MPEBPallieHIH TAKKE NOKA3hIBACT 3aBUCHMOCTh
OT HOMepa roMoJIoroB. [Lis [EepBbLIX rOMOJIOroB, HANPHUMEP, 1N-aJKOKCHA3OKCH-
OEH30/12a TEMIOTa NEPEXO/IA 1A HETHBIX TOMOJIOTOB DO0IbLIE, HEM /IS HEHETHBIX.
Ho B 3aBHCUMOCTH OT CTPOEHHA MOJICKY/Ib! W XapakTepa UX YIOpsA04EeHHOCTH
B KK tennora B o1aenbHbIX (ha30BbIX NEPeX01ax MOKET MEHATHCH B LIHPOKHX
npeaenax. OcoGeHHo OOABIIVI0 BEIHUHHY HMEET TeruioTa, HeoOXoaumas s
pazpylieHus kpuctaanniueckoii pewetky (o1 12 go 80 k/x/Monb).
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[IpenensHo maneie 3HAYEHHA UMEET TETMIOTA NPEBPAILEHHA CMEKTHUECKO
dazm ' B emexTnyeckyio hasy A (o1 0,1 10 0.6 kIzx/Moab). [Tockoasky TemnoTa
(pa30BOTO NpeBpaLLEHHS CBA3AHA C NPEOJOIEHHEM MEKMOISKVIISIPHBIX CHI B3a-
HMOIEHCTBHA, TO B CITyHae ecli OTH CHIbI NMPEACTABIEHbI MONAPH30BAHHBIMH
M NOCTOAHHBIMH JIHIONAME, PACTIONIOAKEHHBIMI 110 KOHLAM MOJEKYJl, OHM Qy-
AYT OAHHAKOBREIMH 1A BCEX FOMOJIOTOB, MOITOMY YINTHHEHHE aNIKWIBHOH Henn
JIaeT He3HAUYMTEbHBIN BKIA/L B JHEPTHIO MEKMONEKYJISPHOTO B3aHMONEHCTBHS,
a 3HAYUT M B TeNAOTY (pa30BOTO NpeBpaIleHns.

3aMe4eHO, HTO C YBEJIHUEHHEM HHCIA YITIEPOIHBIX ATOMOB B MPeIeiax 01HO-
o FOMOIOFHYECKOT0 PAIa TeMieparypa (pazosoro npeepatieHis Top yMEHbLIa-
eres (Tak, 4nd roMoaoros ¢ e = 18, Tipn Ha 6.5 ° HuKe, ueM A1 TOMOJIOTOB
¢ e = 12), uro, o4eBHIHO, MOKHO OOBICHUTL TEM, YTO YBEAHYEHHE IHTPOIIHN
npeolnanaeT Hajl YBeHYEHHEM JHTALNNK (PA30BOTO NEepexoa, MNOCKOILKY TeM-
neparypa (hazoBoro nepexoia M3 BTOPOro 3akoHa TePMOIAMHAMUKN MOKeT ObITh
onpenenena kak Tyn = AH/AS. CneayeT 3aMeTHTh, UTO B TpefieliaX 0IHOM
FOMOJIOrHYECKOTO psijia JHTponud nepexona ASyy (nepexon Hemaruka B H30-
TPOMHYIO KHAKOCTH) 3aBHCHT OT YHCAA aTOMOB YINEpoaa B UenH, ckaukoodpas-
HO TIOBBIIIASCH LISl YIEHOB ¢ HEUYETHBIM MUCIIOM atoMoB Yrepoaa (puc. 10.4).
OHAKO € POCTOM HHCIIA aTOMOB Y ITIEpo-
Aa ne HabmonaeTes CraakHBaHie Takoro
pona octiaumil. [oneirkn yeraHoBUTh
Kakne-mudo COOTHOIMIEHHA TepMoaHHa-
MHUECKHX XapakTepHCTHEK CO CTPYKTY-
poii monekyn KK noka segasoTes He 60-
N1ee HeM IMNUPHHECKUMHU KOPPETALHAMH.
OueBHIHO, YTO ABIACTCA CAE/NCTBHEM TO-
ro, 4TO MOKA €IIe He YCTAHOBIEHBI CBA3H
MENULY JHEPrHeil 1 IHTpONUeil ynopsiao-
YEHHOrD COCTOSHIS ATOMOB B MOJIEKYJIE.

OcobeHHO HHTEPECHbI HCC/ICA0BAHMS
TEMNOEMKOCTH (pa3oBhIX nepexonos. [lo-
CKO/ILKY TEIUIOEMKOCTL Ha NOrpaHHYHOI
KPHBOH (pa30BOTO NPEBPAIICHHA ABIACT-
cfl CIeACTBHEM MEPEXOIOB, KaK NepBoro,
TAK H BTOPOTO poJd, TO 3daBUCHMOCTB T~

AS
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| I
i 2 3

1
4 5 6 Tn,

Puc. 10.4. Dnrponus nepexona HeMatu-
Kd B W30TPOINHYIO (hazy B 3aBUCHMOCTH
ot uneaa aromos C B MOJICKYIC

JOEMKOCTH OT TEMOEPATYPhl COACPKHT
CUHIYJIAPHY0 (0c0o0y10) obiactb, Xapax-
TEPUIYEMYHO PE3KHM CKauyKOM Tennoem-

kocrd (puc. 10.5).

DTOT CKAUOK PEAIH3YETCS C NPEANEPEXOAHBIMH ABICHHAMH, KOTOPHIE A7 10~
nasjsioero dobunHeTa HK HenssecTHb. CyLISCTBYIOLIHE TEOPHH HKHAKO-
kpuctasnndeckoro cocroannsa Jlannay n Jle-’Kena ne oGbacuator ocodbeHHocTH
TEMIOEMKOCTH TAKOT0 poia. QOUesnIHO, YHTO NPH HU3KKX TeMIeparypax (10 TeM-
neparyp (Ga3oBoro peBpalleHs) IPOUCXOAHT NEPEX0/1 THIIA OPUEHTALNOHHOTO
pasynopsai04eHits, a 3ateM MpH J0CTHRKEHHH HEKOTOPOH «KPHTHYECKOID Tem-
neparypel (MMEETCA B BUAY Takas TEMNEparypa, Npu KOTOpoii npekpalaioTcs
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npeanepexoaHbie NPOLECCH ) MPOUCXOAHT CKATKO0OPa3HOE H3MEHEHHE JHEPTUH
CHCTEMbI, T. €. MPOLIECC 3aBepiaeTes (PazoBbIM NEPEXOI0M MEPRBOTO POJA.

Ilo Beeii pepoaTHOCTH npeanepexonHas 0OMACTE MOKET PACCMATPHBATHCA
KaK (pasoBblil nepexoa BTOPOro poia, Tak
KAK B YTOM HHTEPBAJIC TEMIIEPATYD YHEPTHs
KK mensieTca HeNpepbiBHO, A HE CKAYKO-
00pa3zHo, YTO XApaKTepHO LIS NEepexooB
nepeoro poxa. IlpunsaTo cuurtarh, 4to ha-
308ble nepexosl KK npumepHo xa 0.9 or-
HOCHTCS K NEPEXOIaM BTOPOTo PO/ia W TOb-
ko Ha 0.1 K [TEpexXonam Mnepsoro poaa.

TennoemrxocTs  Mesoazel W TeM-
neparypa ¢a3oBoro npespallenns M3
Me30(asbl B M30TPONHYIO HKH/IKOCTh ABIHA-
I0TCS Hauboee YVBCTBHTENLHBIMHA Xapak- r
TEPHCTHRKAMH, PE3KO pearHpyioumnMH Ha
HaauuKe pasnauuHBIX npuMeceil B cucTe-
me. KonewHo. Haiuuue npumeceil Takme
CYUIECTBEHHO H3MEHSET W ApyTie (Pu3HKo-
xnvHaeckne cpoiicTea KK (Ba3kocTs, au-
EKTPHYECKYIO MPOHHIEAEMOCTh, CBETOPACCEAHHE M /IP. ), HO MOCKOIBKY TEPMO-
AUHAMUUECKHE HCCeN0BaHiA Hauboslee JOCTYIIHbI, PACCMOTPHM CaMmble H3Y-
YeHHBIe OHHAPHBIE CHCTEMbI, KOTOPbIE MOMHO MOAPAa3le/nTh Ha JBa Khacca:
CHCMEMBI ME30EH — ME3UZEH (! €. 1Ba ME'BOMO]JII)H bIX BCIHEC’I'BB) H CHCMEMbI Me-
302¢H — Heve302eH (HKAIKOKPHCTAIHYECKOE BeIISCTBO B HEME30MOP(HOM KOM-
IOHEHTE).

OcHOBHOE paz/Inune Mex 1y ITHMH CHCTEMaM# COCTOMT B TOM, YTO CUCTEMBI
Me30red —mesoren obpasyior mezodasy, kak npasuno, Bo Beeil obnactn cocra-
BOB, @ CHCTEMbl ME30TE€H — HEME30reH — TONBLKO B OMPEAENEHHOM HMHTEpBane
KOHLEHTpauii Hemesorena.

Dazopas AMarpamMMa CHCTEMBI ME30TEH — ME30TEH MPAKTHIECKH HE OTIHYA-
e1cs o1 (ha30BOI AHArpamMMbl 1I0JHOCTLIO PACTBOPUMBIX APYT B ApYre HEMe3o-
reHHbIX BelecTs. B 10 Bpems Kak cucTeMbl ME30reH — HEME30TeH HMEHT O4EHb
HPOKYIO NATUTPY BHAOB (pa3zoBeix anarpamm, Hanbonee npocTas U3 HUX Hano-
MHHAET AMarpaMmmy IUIaBKOCTH € NpOCToii 2BTeKkTHROH. B kauecTse npumvepa Ha
puc. 10.6 npuBeaeHa aAHarpaMma s cMech 1i-(eHHIHACH=1-aHHCOBBIT 3pup
(komnoHeHT A) u nu-n-metokcnpennntepedranar (komnonent ).

B cucremax mMe30reH—HeMe30reH MociedHli 4acTo OKa3biBaeTcsa nerTyuei
AKAIKOCTHIO, NABJIEHHE MAPOB KOTOPOH MOMKHO H3YUHTh ¢ BBICOKOH TOUHOCTRIO,
UTO [03BOJAET ONPEEnTh KOIPPUUNEHT aKTUBHOCTH KOMIIOHEHTOB CHCTE-
mbl, [lodToMy Takue cMecH ABIAIOTCA OUeHb VIOOHBIM IKCTIEPHMEHTANBHBIM
00BEKTOM LI NMPOBEPKH TEOPETHHECKHX NPEICTaBICHUI H CTaTHCTHYECKOTO
aHanu3a NpeacTaBieHuil,

Jlns Gonblueii yacTi cucteM a3osble AHArPaMMbl 3HAUNTENILHO Gonee com-
Hbl. D10 00yCcnoBaeHo cylecTBoBaHHeM retepodaszunix obnacteii. Hanpumep,
na (azosoit amarpamme 4, 4'-pu-n-ankokcuasokcudenzona (komnoneHt A)

Puc. 10.5. 3aBHCHMOCTL TCIIIOCMKO-
CTH OT Temreparyphl B ofaacty (azo-
BOI'O [ICPEX0/1a
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1 n-keunona (komnonent I3) (puc. 10.7) nabmogaercs o61acTh CyLIeCTBOBAHNS
Hemarnka N 1 M30TPONHOI KHIKOCTH, pa3/ie/eHHOI reTeporeHHoil oGracTbio
(N+1), a take Qazosbie nons (C+N) u (C+J).

Bo muorux cnyvasx nunun (azosbiX papHOBECHIl (NOrpaHHuYHbIE KPHBbIE)

i i
160 |- 320} P
//
2 5
120 e
240 - N
80
200
40
160~ Ti
L | I A L 1 | L B
03 0S5 07%-CHy, 20 40 60 80 Xy
Puc. 10.6. Daszosas avarpaMma aBYXKOMII0- Pue. 10.7. @uasopas aHarpaMMa cH-
HCHTHOM CHCTEMBI ME30TCH— MC30TEH CTCEM bl MC30I'CH — HEMC301CH

C y4acTHEM HEMATHKA ABJISIOTCHA MPAMbIMK, 4TO OOBIMHO CBA3LIBAIOT C OTCYT-
CTBHEM CHABLHBIX MEKMONEKYJISPHBIX B3auMoAeHcTBHil 1 OIHM30CTHIO HHIAKO-
KPHCTAJTHIECKOTO PacTBOPa K HACATLHOMY COCTOSHHIO (MO 3aKkoHy Pavns p; =
£= ;u?m,-}. B aux cayuasnx (pazoBbie NOrpaHnyHble KPHBbie 00bIMHO NPeIcTaBis-
10T HakaoHami (asoseix nepexonos C+N — 39N =N +J(3N) n N+J —=J(3),
KUTprle ABJIAKOTCH OCHOBHBLIMH 'JKCITCPHMQHTEUII:HHMH XHpﬂKTepMCTHKaMH, no-
ITOMY UHCIOBBIE 3HauUeHns 3 u 3' npuBoasTCS B CNPaBOUHOI nuTEpaTypE.
Amnanu3npya cBoiicTBa pacTBOPOB Me-
Tui 30T€H —HEME30MeH,  MOKHO  chenathb
' HEKOTOpbIe 0000IEeHHS.
/—— |. JloDasneHue HemesoreHa, kak npa-
/ 2 BUJIO. NPHBOANT K CHIZKEHHIO TEMNEPATYP-
—3 HOro HHTepBata cymecTeoBanna KK,
N 2. Ecnun pobapneHHble HeMe30reHsl
MUMEHOT OIMHAKOBBII MONBHBIIT 00BEM, HO
pasHyr crpykrypy. 1o suauenus o7 /dx
Tem DofbnIe, YeM CHibHee [Mo0VIAPHOCTE
(chepHUYHOCTB)  MOJIEKYSI  HEME3OTEHOB.
3. Bemnuuna d7/dx tem Bbiwe, uem
/T Gonblie 4HCI0 aTOMOB YITIEPOA B AlKHIIb-
HOM enu mMezoreHa. Jlns BCeX H3VUEHHBIX
cucteM B TOUKe (ha30BOro nepexona kodd-
(PMIMEHT AKTUBHOCTH 7y HEME30TeHa H3Me-
HaeTes ckaukoodpasno (puc. 10.8).

L R R |

Puc. 10.8. 3asucumocts Torapudma
AKTHBHOCTH HEME30TCHA 0T 00paTHO
TEMICPATYPbI
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10.2. JlnoTponHbie SKHAKOKPHCTALITHYCCKHE CHCTEMbI

.ﬂHOTpOI‘mbIe AHAKHE KPHCTANbLI MOTYT CYULIECTBOBATH TOJILKO B Cpele
pacTBOpuTENs. 3jeCh CTPYKTYPHBIMH €IHHHLAMH, B OTIHYHE OT TepMo-
TPOIHLIX KK gapnaioTcs He OOHHAKOBLIE MONEKVIbL, a Muyenitbl — CIAOKHbIE
accouuarsl. Jinorponssie KK, npencrasnsiounimne codoil KOHIEHTPUPOBaHHbIE
pacTBOpbl MOJIEKYI-CTepikHeli, ofnanatoT Temu e CBOHCTBAMMU. 4TO U TEpPMO-
Tponusie ZKK. Ho nockonbky nuotponusie KK pacnpenenens: B pacteopurene,
TO UX H3YHAKOT, NPEHMYILECTREHHO HCIIONBL3YA NOMAPH3ALHOHHYI) MHKPOCKO-
MK 1 pEHT]"EI-IOCprKT)’pIIbIﬁ anann3. OCHOBHOI LENBIO 3THX HCCIIEIOBAHIi
ABMACTCA MCCNICNOBAHHE XapaKTepa Mﬂjleh'}‘.lmpﬂoﬁ YOOPAIOYEHHOCTH U BbISiB-
nenne cTpykTypel Mesodaibt. Ctenens opHenTaunonnoro nopsaaka B KK npu-
HATO ONPEACIATh € NOMOLULBI) NapaMeTpa 8, BNEPBbLIE BREICHHOIO U,BCTKOBbIM.
DTOT napameTp Ha3bIRAKT napavempom NOPAOKd W ONpeaensoT no opmyne

S = 0,5(3(cos? §) — 1), (10.1)

rie {(f) — cpeHecTaTHCTHYRCKAs BETHMIHA YIIa MEYKITY JIMPEKTOPOM 1L 1 /LTHH-
HOI OChHO Monekyibl. [Tpu nieansHoi napaniensHoii opueHraunn S = 1, anpu
OecrnopsaI09HOH OpHEHTAIHH, T.e. B H30TponHOM pactope S = (). B nemaru-
ueckoil paze napamertp S MoKeT npuHUMaTh 3HaueHns 0 < S < 1, 3aBucsaLHe
OT Temmnepatypbl 1 KoHuenTpamn KK,

3aBHCHMOCTh NapameTpa S 0T TeMneparyphbl, OTHOCTH, FEOMETPHYECKIX
pa3sMepoB MONEKY 1 BETHUHHBI B3aUMOAEHICTBIA MEKTY HUMH MOKHO OLEHHTE
€ NOMO1LbIO NIPUOIHACHHON TEOPHUH CaMOCOTIACOBAHHOIO MOJIEKY/ISPHOTO NO-
N, pazeuToit Matiepom 1 3ayne. OCHOBHBIM NONOXKEHHEM YTOH TEOPHH ABNSETCS
TO, YTO B HEMATHYECKOM COCTOAHMH KHAKOKPHCTANIHYECKHE MOJICKY.Ibl CO3/1a-
IOT AHW3OTPONHBIH HEMATHYECKHIT NOTEHIMAN, N0/ AeiiCTBUEM KOTOPOTo 110das
MOJeKYy/1a OpHEHTHPYETCA Tak, 4To0b! ee 3Hepris Obina MUHHMANBHOM, DHeprus
otaeawsHoit Mmonexyas B KK no Maiiepy u 3ayne onpenensercs B Bujie

E=US, (10.2)

rae {7 — HekoTopas NOCTOAHHAS B3aUMOACICTRIA, aBHCALIAA OT MIOTHOCTH,
reoMeTpuH MoJIeKysl W ciil Mexay HumH, [lockonbky yron € onpenensercs
KaK CPeHecTaTHCTHYECKHH, TO €ro 3aMHCHIBAIOT YEPEs ONpeeNieHHe CpeHero

[ cos® @ f(£2)dS2
T 7@
rae Tenecusiil yron df) = sin fdfdy Bokpyr nanpasnenns a @ u @ — nonap-

HbIE YIIbl B MPAMOYTOJLHON CHCTeMe KoopauHat .., y. z; f(2) — dyHKuma
pacripeaenenus, onpeaensemMas SoNbUMaHOBCKIM (PaKTOPOM

(cos” ©) = (10.3)

fwexp(—_zl). (10.4)

kgl
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exp(m cos® )

18 = [ exp(m cos? ©)dQ2’

(10.5)

e = 3U 2k T (muokutens 3 nogBHICA B pesylibTaTe ydeTa Tpex creneHei
cBOOO/ILI MOCTYNATENLHOIO IBHKEHHS Monekyibt). Teneps S MOKHO HaiiTi 13
VpaBHEHNA

g—_1.3 | cos® © exp(m cos® ©)d)
T2 2 exp(m cos® O)df)

(10.6)

[Moactanss BMecTo S ero seanunny w3 m = 30U /2kpgT v sBeas @ = cos 8,
MOAYHHM

| @® exp(ma?)dS

3
2 J exp(ma?)dQ (10.7)

-

a

|
h:l'"

+

30lnz
(OGo3HauMB npaByio yacTh ypasuenus (10.7) uepes - du (rne Z(m) =
2 dm
= [ exp(ma”)dzr), okoHUATENBHO NOMY UM

gkﬂ ]_n:_l_’_ﬁr')'lnz_ (10.8)
3 U 2 2 dm
[pum < 1
Z(m) =1+ E + ;‘—U (10.9)
[lpim > 1
Z(m) = =21, (10.10)

m

[patmueckoe Buipakenne (yuxunn (10.8) no3ponser pasnesbHo onpeje-
kpT
JIMTD JIBE BEJIHYHHDBI: {L H S, JLnsg HeMarHKOB NpH Nepexo/ie X B H30TPOTHYIO

KUIKOCTh ,';i 0.22,a § = 0,43. 5lcHO, KOHCUHO, UTO C POCTOM KOHLEH-

Tpaunn monexyn JKK B pactsope pactyT n U, u napamerp S. [lpn koHnentpa-
kaT .
LMK HEMATHKA HHKe KPHTHUECKOii, onpesensemoil paBeHcTBOM ;—‘ ~ {0, 22,
AHU3OTPONHAA HEMAaTHYECKas (Jasa He CYLLECTBYET, PACTBOP HE HMEET OpHEHTA-
LMOHHOTO NOPAIKA U ARIAETCH M3OTPONHLIM. Takum 00pasom, MOMKHO CKA3aTh,
YTO NpH NOHMKEHUH TeMOEepaTypbl U3 pacTBOpa BbINAaeT KOHUEHTPHPOBaH-

vas (haza qmorponHoro Hemaruudeckoro JKK. 9ra nemarnueckas (aza mMoxer
HANOIHTLCA B PABHOBECHH C H30TPOTHLIM PACTBOPOM.



(=]
L
(V3

10.3. Dnexmpuyecrue cooiicmea KK

[Ipudnmwxennas reopusa Maiiepa —3ayne MOKET CIYKHThL OCHOBOI CTATHCTH-
HECKOH TEPMOIMHAMHKH JKHIKOKPHUCTALTHYECKOTO COCTOAHHA /U1 ONpeaeIeHHA
KOJIMYECTBEHHOMN CBA3ZH MEWK LY MAKPOCKONHYCCKHMHN CBOMCTBAMH H MHIHBHIY-
ANTbHBIMH XapaKTEPHUCTHKAMH COCTaBASIOUINX cHeTeMy HacTHil. Ona no3sonser
YCTAHOBHTb NPHYHHY AAJIHETO OPHEHTALIMOHHOIO YIIOPANOYEHHA W Npe/cKa-
3aTh YHCO0 W THTN TEPMOTHHAMHYECKH YCTOIMMBLIX MOAU(UKALINTT cHCTeMbl. Te-
opus Maiiepa—3ayne BriocaeAcTBHH HEOAHOKPATHO MOAH(HIMPOBANACK, O1HA-
KO €€ Heb38 CUNTATh 3aReplIeHHOi. DT0 B 3HAUNTENLHOIT cTenenn odycloBIeHo
TPYAHOCTAMH aJeKBaTHOrO Y4eTa CHJl MEKYacTHHHOIO B3auMoneiicTsus,

10.3. Daexrpuueckne csoiicrea KK

M3 muorix untepecnsix ocobennocreit XKK, cpaszanubix ¢ Ux peonorueii,
MArHUTOAKYCTHUECKHMM, ONTHUECKHMH W APYTHMH CBONCTBAMM PacCMOTPHM
JIHIIb HEKOTOPBIE MIEKTPHUECKHE CBOICTBA, BO MHOTOM OMPEaENAIOIINE Xapak-
TEPUCTHKH EKTPOONTHUCCKHUX YCTPOIICTE.

Hpogooumocnb. B COOTBETCTBHM € ONTHYECKOIT aHW30TpOnHeil, BbI3BaH-
1oii annsoTponueil anekTpoHHONH NMOTAPU3YEMOCTH, CAEMYET OKHAATL MOABIE-
HUA AHH3OTPOIHHN NOABHAKHOCTH HOCHTEIEH 3apsana, eclin TaKOBbIMK ABIAKOTCA
3nekTpoHbl. Ho oka3eiBaeTeA, 4TO 11 NOHHMAHNS MeXaHH3Ma 00LeMHOI1 NpoBo-
aumocti KK Heobxoaumo pacematpuBarh pajl NOOOUHBIX ABIEHHH, CBA3AHHBIX
C MEKTPOXHUMHUCCKHMH PEaKUMAMH, BOSHHKAIOWHMH HA 3EKTPOAAX, NOARIE-
HHEM MHKPOCKOMHYECKNX 00beMHBIX 3apA/10B M0/l BIUAHHEM 1015 JEKTPO/I0B
H BHELIHErO 31EKTPHYECKOTrO MO, KOHBEKLHOHHBIX 1 (D (Y3HOHHBIX TOKOB.
3amedeHo, 1T B MOCTOAHHBIX H HH3KOMACTOTHBIX IMEKTPHUECKHX NOJAX OpHEH-
Talns MOJIEKY HeMaTH4eckoil (haibl coBnanaer ¢ HanpasieHuem HaubonbLueil
MPOBOAUMOCTH. MONEKYIbl CMEKTHHECKOH (pa3bl A B MOCTOSHHOM MoJie OpHeH-
THPYIOTCA NEPNEHIHKYIAPHO CHIOBBIM JIMHHAM [0, YTO YKa3bIBAET HA OTPH-
LATEbHbI JHAK AHH3OTPONHH NPOROAUMOCTH.

JUna HEKOTOPLIX BEIECTR AHW30TPONHA YARNLHOI NEKTPONPOBOIHOCTH H3-
menseT cpoil snak. Tak, A18 71-0KTHAOKCHOEH30/IHOI KHCIOTHI OHA NPOXOAMT
uepes Hylb npu remneparype 146 °C. 4ro cBA3aHO CO CTPYKTYPHBIMH 0CO0E HHO-
cTAMH Me30¢a3bl. TexeTypHble HAOMOTEHNS MTOKA3LIBAIOT, YTO NPH 3TOI Temrie-
patype [pPOHCXOANT TNEepexol, HemaTHyeckol (asbi B CMEKTHUECKYIO.
Kak npasuno, y HEMaTHKOB YBENHYEHHE UTHHDI AKHABHON HenH H3MEHAET Mo-
JIOKHTEBHYIO @HH30TPONKHID NPOBOJAHMOCTH HA OTPHUATENbHYIO, 4TO 00bIMHO
CBA3BIBAIOT C BO3PACTAHUEM TEHACHIMK K 0OPAa30BAHHKD MONEKYIAPHBIX KOM-
M1eKCOB. TOMY CMOCOOCTBYET yCHACHHE MEKMONEKYIAPHOIO B3aHMO/IeiicTBIA
BCNIEICTRHE YRENHYEHNS MONsSpH3yeMocTh mosekyn. B odnactu (azosoro nepe-
Xo/la MPaKTHYECKN Bceraa Had/toaeTess CKauok NpoBOAUMOCTH. DTO sBIEHHE
HACTO CBA3BIBAIOT ¢ @AHW3OTPONHEN MarHHTHOH BOCNIPHAMYHBOCTH H 3/IEKTPOH-
HOIl moaapusyeMocTi. BennuiHel M3MEHEHHS MAarHMTHON BOCIPHHMUYHBOCTH
H JJIEKTPOHHOI1 MOIAPH3YEMOCTH TeCHbIM 00pa3omM CBsA3aHbl C MONEKYNAPHBIMH
cpoficTamn JKK, n3yueHne KOTOpbIX OTKpPhIBAET AANbHEHILIYIO NEPCNEKTHRY JUIA
NPUMEHEHHS KHAKOKPHCTAIINYECKHX BELIECTR.
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3aBepiiag 3TOT pasden, OTMETHM, YTO (GKHBbIE» OOBLEKTbl OTIHUAIOTCH
OT «HEKHBBIX» CITOCOOHOCTHIO K OOMEHY BEIIECTB, PA3MHOKEHHIO, POCTY 1 Jp.
Bee (popmbl KN3HH TaK WIH HHAYe CBSA3aHbl C JEATE/bHOCTBIO KNBOIT KICTKH,
MHOTHE CTPYKTYPHbIE 3BEHbA KOTOPOii MOXO0KH Ha CTPYKTYPY HHIKAX KpHCTal-
noB. Taxum ob6pasom, yeraHoBIeHHe 3akoHoMepHocTel noseneHns KK oTkphi-
BaeT HOBbIE MEPCHEKTHBLI MO3HAHNA JKHBOTO OPraHn3Ma.



r'TABA 11
MOBEPXHOCTHBIE SABJIEHUS

11.1. Heroropbie ocodble ¢BoiicTBA MOBEPXHOCTH pasaena pas

M3 kypca Qu3nkn W3BECTHO, YTO HA NOBEPXHOCTH pasaena (a3 neiicTeyeTt
TaK Ha3bIBAEMOE NMOBEPXHOCTHOE HATAKEHHE — CHIIA, CTPEMALLANCH COKPATHTh
10 BO3MOKHOTO MUHHMYMa IUTOLIA/1b MOBEPNHOCTH JKHIKOCTH.

Yem obycnosnero noepxnocthioe narskenne? Jlna orsera Ha 10T BO-
Npoc paccMOTPHM CXEMY MOBEPXHOCTHOIO COfA JKHAKOCTH HA €€ rpaHuue
¢ napom.

Kak u3BeCcTHO, CHIbI MEKMOJIEKYJASAPHOTO B3aHMOJCHCTRHA B WKMIKOCTH
Gonklie, YeM B HACHIIEHHOM nape 3Toif kuakocTH. PaccMoTpuMm Moaekyny,
Haxoasduytocs BHyTpH odbema skunkoctn (A na puc. 11.1). Ouesngno. uto
HA ATY MONEKYJY NEHCTBYIOT CHIbI MPHTHKEHNS CO CTOPOHBI JPYTUX MOJe-

Vi1, HEMOCPEACTBEHHO CONMPHKACAIOLINXCS ¢ paccMaTpHBAEMOoil MoneKyn1oii A.
[TockonbKy 3TH MOJEKYJIbI OKpYykKa-
0T Monekyay A co Bcex CTopoH,
TO, €CTECTBEHHO, PABHOAEHCTBYIOIIANA
BCEX MEKMONEKYIAPHBIX CHIT, NETiCTRY -
IOLMX HA MOTEKVIy A, paBHA HymioO.
CoBepieHHo HHOE MOJIOKEHHE ¥ MO-
nekynel b, Haxoaduwleiica Ha rpaHu-
e pasaena ¢az. B stom cavuae Ha
MOJIeKYay B neiicTBYIOT CHIlbl Molle-
KyJAPHOTO MPHTSKEHNS €O CTOPOHDBI
MOJIEKYJl KHIKOCTH, PacnolOKeHHbIX
c OOKOB W CHW3Y OT MONEKYNbl b,
a ceepxy Ha monekyny b aeiictayior
CH/Ibl NPHTSKEHNA CO CTOPOHLI MOJIe-
KyJI, HAXOAALMXCH B NTapoBoii Gasze Han Puc. 11.1. Cxevma BO3HHKHOBEHHHA NO-
MOBEPXHOCTBIO KHAKOCTH. TTIOCKONBKY  gepxpoctimix cui
MAOTHOCTL Napa 3HAYHTENLHO MEHbIe
[I0THOCTH KMAKOCTH (BCIOAY BAAAM OT KPHTHYECKOH TOYKM, rae 3TH MioT-
HOCTH CPABHHBAKOTCA M1y co00if), TO M pacCTOAHNA MEKIY MOJNEKYNamMH B
naposoii (aze 3HaunTeNbHE GonbILe, YeM MEXKIY MOIEKYIaMH B kHAKoil dase.
OTclona O4EBHITHO, YTO CHIIbI NIPUTHKEHUA, NETICTRYIONME HA MONeKyny b co
CTOPOHbI MOJIEKY. MApoBoii dasbl, IHATHTEILHO MEHBLLE, YeM CHIbI NPHTKe-
HUA CO CTOPOHBI MOJIEKYA #u/1KOIT pasel. CrieoBatesibHO, paBHOIEHCTBYIO1IAA
MEKMONEKYIAPHBIX CHIL, JefiCTBYIOUINX Ha Mollekyly b, He paBHa Hymo. [lo-
HATHO, YTO 3Ta paBHOjEICTBYIOIAs CHIA HanpapleHA BHYTPb JKHAKOCTH IO
HOpMaln K noBepxHOCTH. OUEBH/IHO, 4TO B TAKOM e TIOJIOAREHUH, KaK 1 MoJe-
Kyia b, HaXoaATCA BCe MOEKYJIbl, PACTIONOKEHHbIE HA MOBEPXHOCTH JKHAKOCTH,
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H, CNENOBATENBHO, MOBEPXHOCTHLII €O OKa3bIBACT AABICHHE HA BECh OOLEM
KHAKOCTH. DTO IaBICHHE HA3BIBACTCA GHYMPEHHIM JdGAeHueM.

BuyTtpeniee papnenne kHakocTell BechMa Bennko, Pacuersl nokassipaior,
4TO, HANpUMeEp, /U Bo/bl Npu armochepronm aasnennn i npu T = 100°C euy-
TPEHHEE NaBIEHHE cocTaBnseT npuvepHo 5., 68 - 107 Tla. Caeayer nomueprHy Th,
4TO HEMOCPENCTBEHHO H3MEPHTL BHYTPEHHEE JaBIEHHE HEBO3MOKHO: ECIIH Mbl
OIMYCTHM B KHAKOCTH Kakoii-nnbo npubop, To Ha rpanuie ¢ npudopom obpa-
3YETCA NOBEPXHOCTHBII CNOH MHAKOCTH, «M30JIHMPYIOLLHITY OT HAC BHYTPEHHEE
JaBJeHHE.

Jlagnienne Ha BHYTPEHHME CIOH KHIKOCTH OKa3hiBAET HE TOJLKO BHEUIHHIT
CJ10H MOJNEKYJl, HO W CJIOHM. JI€/KaLKe HEMOCPEACTBEHHO noa HuM. B camom
nesie, HaNpUMep, Ha Monekyiy B. pacroflokeHHY0 BO BTOPOM (OT NOBEPXHO-
CTH JKHIAKOCTH) C/10€, CHH3Y U ¢ OOKOB NEiiCTBYIOT CHIIbI MPHTAMEHHA MHOTHX
CI0EB JKHAKOCTH, @ CBEPXY — TONBKO OJHOI0 COH HKHAKOCTH H MOIIEKY.T Napo-
Bo# (hazpl. OTCI0/1a OUEBHIHO, HTO PaBHO/SIICTBYIOMLAA MEKMONEKYIAPHBIN CHII,
neficTBYIOINX Ha MofleKyTy B Takike He paBHa HYIIO, M. Clle0BaTelbHO, BTO-
poii caoif MONEKYN TaKKe OKA3hIBAET NaB/EHHE HA BHY TPEHHNE CIOH AHIKOCTH.
Ho cuna, geiictyioias Ha Monekyny 5, 3HaUNTENLHO MEHbLIE CHAbI, AEHCTBY-
roteit Ha mMonekysy b — 370 oObACHAETCA TeM, YTO MEKMOIEKYIAPHBIE CHIIbI
MPHTSKEHHSE OLICTPO YOBIBAIOT ¢ PACCTOAHHEM. H NO3TOMY Hanbonee CHIbHO
¢ AaHHOH MOJICKYNA0H B3aHMOIEHCTBYIOT TE MOJIEKYJIbI, KOTOPBIE PACTONOKEHBI
BOJIM3H Hee; MOJIeKYJIbl, PACMONOKeHHbIE Jaliblie. B3aHMOeiiCTBYIOT ¢ Halueii
MoJieKky0ii cnabee. A nockoabKy Monekyna [ okpyikeHa O1HHM ClOeM Mone-
KyJl CO BCEX CTOPOH, B TOM uMcie H ceepxy (cepa paauyca vy Ha puc. 11.1),
TO OUEBMJHO, YTO paBHOAEHCTBYIOLIAA Cuia. AeificTBylomas Ha Moiexyny 5.
OyaeT OnpeaenaThes NPUTAKEHUEM CO CTOPOHBI MOJIEKYJ!, PACTIONOKEHHBIX BHE
cihepsl 1y, 1, caenoparesibHO, OyaeT MeHbILe paBHOACHCTRYOWEH CHi, npuo-
KEHUBIX K Monekyne b.

AHANOrHYHbIE PACCYIKIEHUA MOKHO TIPOBECTH U 115 TPETHErO, YETBEPTOrO
H T. 1. MOHOMOJEKYIAPHBLIX cinoeB. YeM nanbiiie OT MOBEPXHOCTH Pacmonowke-
Ha MOJIEKYJIA HHAKOCTH, TEM MEHbIIE PABHOACHCTBY I0II@AA CHJI, NEHCTBYIOLIHX
Ha 3Ty Moaekyiy. [IpH 3TOM yike Ha PACCTOAHHUSX B HECKOMBLKO MOJICKYIAPHBIX
CJIOER OT MOBEPXHOCTH PaBHOAEHCTBYI0LIAR CHIT CTAHOBHTCA NPAKTHYECKH PaB-
HOH HYIH0.

ToT caofi KHAKOCTH HA rPAHHLE C €€ MTapOM, B KOTOPOM PaBHONEHCTBYOIIHE
CHII, NEHCTBYIONHX Ha MOJIEKYIIbI, OTIHYHBI OT HYJIA, HA3BIBAETCA HOGEPXNOCIH-
HbIM C1OeM.

Cnenyer nojluepKHyTh, 4TO YeM BbILlUE [LI0THOCTH Mapoeoii (haski, Tem Holib-
1ee YHC0 MOJIeKY. Naporoii (hazkl HaXeANTCA BOTH3N MOBEPXHOCTH KHIKOCTH,
M TEM CHIIbHEE B3aMMOICHCTBIE MONEKYJ! AKUIKOT (ha3bl € MOJICKYIaM 1 NapOBOI
dassl. CriefopaTesibHO, TeM MeHbliie papHOAEiicTBYIOMIAs CHIl, MPHIOKEHHBIX
K MOJeKyJe nopepxnocTHoro cioa. Takum oGpasom, Hem ONHKE K KPHTHUECKOI
TOYKE, TEM MEHbLIE 3HAYCHUA CHII, AefCTBYIOWIMX HA KHIKOCTb HA rpaHule
pasjena ee ¢ napoM (T. &. MEHbIlIE MOBEPXHOCTHOE HATHKEHNE JKNIKOCTH).

[TOHATHO, YTO MOCKOABKY HA MOAEKYJbl, HAXOAAUINECA B OBEPXHOCTHOM
ca0e, eHCTBYIOT CHIIBI, HAMPABIEHHbIE BHYTPb JKHIKOCTH, TO /U TOTO, 4TOObI
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BLIBECTH KaKylO-IHOO MONEKYITY W3 MIVOMHHBIX CIOEB KHIKOCTH Ha MOBEpX-
HOCTh, HYKHO 3aTpaTtHTh OnpeieeHHyio paboty npotus 3tux cua, Otciona
ACHO, YTO MOJIEKYJTbl, HAXOAALLHECA B NOBEPXHOCTHOM C10¢, 001a7a10T 110 cpaB-
HEHHIO ¢ MONIEKYNIAaMH BHYTPH KHIKOCTH, JONOIHHTENLHOH dHeprueil, paBHoii
paboTe BbIBOAA MOJIEKY/ B MOBEPXNHOCTHbIN cloil. Takum 00pasoM, oBepxHocT-
HBIiT c1oif 061azaeT No CPaBHEHHIO € OCTANLHBIM 0OBLEMOM KHIKOCTH H30LITOY-
HOIl BHYTPEHHEN IHEprUeii: OHA HA3BLIBACTCSH ROBEPXHOCMHOIL IHEPIUCH,

B cOOTBETCTBHH € BBIILEH3NOKEHHBIM OUEBHAHO, YTO IHEPTHA OTALIBHbIX
MOHOMOJIEKY/IAPHBIX CIOEB TEM Bbillle, HeM ONINKE ITOT MOHOMOJIEKYIAPHBII
Cioil K NOBEPXHOCTH HUIKOCTH. Tem CaMbIM BHYTPH [OBEPXHOCTHOIO Ci0s
BHY TPEHHAA IHEPIusl JKHAKOCTH MEHACTCs NO BBICOTE OT 3HAYCHUA BHYTPEH-
HEll SHEPrHN KHAKOCTH B 00bEME 10 3HAYEHHA HA NOBEPXHOCTH KUIKOCTH BO
BHELIHEM MOHOMOJIEKYIAPHOM coe. OAHAKO NOCKOALKY MOBEPXHOCTHBIIH CI0i
O4eHb TOHOK (OH HMEET TONIIHMHY MOPAIKA HECKOIbKUX MOHOMOJEKYJIAPHLIX
CITOEB), TO MPAKTHYECKN MOJKHO CYUTATL IHEPTHIO MOBEPXHOCTHOIO ClIOA NOCTO-
AHHOH No Beeii TonwwHe c1oq. bonee Toro, nockoaeky 06beM NOBEPXHOCTHOIO
c109 00BIMHO HHUTOHHO MAJ 110 CPABHEHUID CO BeeM 00BEMOM HHJKOCTH, TO
MOKHO YCAOBHO CUUTATh, YTO MOBEPXHOCTHBI CIIOH MMEeT HYJIEBYIO TONIH-
HY, U 4TO Te 0co0bie CBOIICTBA, O KOTOPhIX HIET peub (M30bITOMHAA IHEPrUA
H T. M.), TPOSBASAIOTCA TONBKO Ha MOBEPXHOCTH KHIKOCTH, TONIIHHA KOTOPOIi
paBHa HYIIO.

Hogepxnocmnoe namadcenue. Baxueiieil xapakrepucTHkoii nopepx-
HOCTHOTO CJ105 ABASIETCA NOBEPXHOCTHOE HaTAxkeHHe. YTo npeactagnger coboii
NOBEPXHOCTHOE HATHIKEHHE W KAK OHO nposeasiercs?

HeTpynmo nmokasars, 4TO MOCKONBKY MOBEPXHOCTHLIIT crioif o6nataeT H36wI-
TOYHOI FHEPrueii. TO NOBEPXHOCTb KUAKOCTH Beer/aa OyaeT CTPEeMUTLES 10 BO3-
MOMKHOCTH COKPaTHTHLCS.

Bblllie 0OTMEUCHO. YTO IOBEPXHOCTHbI Ci1011 002 1aeT 10N0IHHTENbHOT (N0~
BEPXHOCTHOIT) 3tieprueii. [lockonbky 3meprus ABngeTcs IKCTEHCHBHOI BETHYH-
HOI1, TO OYEBH/IHO, YTO W NOBEPXHOCTHAA IHEPTHA NPONOPLUHOHANBHA BEIHYHHE
MOBEPXHOCTH KHIKOCTH. DTO M MOHATHO — ueM GobiIe Momank NoBePxXHOCTH,
Tem Godibliee YHCI0 MONEKYNl HYAHO BLIBECTH M3 MIYOHHHBIX CIOEB KUAKOCTH
LIS TOTO, 4TOObI 3aANONHHTE 3TY HOBEPXHOCT, H, CEA0BATEIBHO, TEM 0ONIbLIYIO
padoTy HYKHO 3aTPATHTL MPOTHE CHI BHY TPeHHero nasnenus. Taxum odpazon,
pacTAAKEHNE KUIAKOCTH NPUBOINHT K NEPEHOCY MOEKY 3 00bema Ha NoBepx-
HocTh, Ilpi komuatioii Temnepatype kodduument audpysni GonbmmncTsa
Kuakocreii paged npumepro 107> em?/c. Ecan cuntars, 4To NoBepXHOCTHbII
croil uveet Tontry 107 cm, To Bpems B3aHMHOTO 0OMEHA MEKTY MONCKY.IaMH
MOBEPXHOCTHONO €104 1 00beMa cocTasaeT peanunny nopanka 109 ¢. Takum
00pazoM, NOREPXHOCTHAI €0 HAXOANTCA B NOCTOAHHOM TYPOYJICHTHOM JIBH-=
HeHHH. A NMOCKONLKY MHIKOCTb PABHOBECHA CO CBOMM MApPOM, TO CYLUECTBYET
Takuxe AByXCTOpoHHnii cOanancuposatiblii nepexoa Monekyn us rasoobpasnoii
(hazbl Ha NOBREPXHOCTL (KOHAEHCaLWa) 1 0dpatHo (Menapexue). Ha ocHoBaHuK
KMHETHUECKOIl TEOPHH ra30B YHC/I0 MONEKYI, coyaapaowmxesa ¢ 1 cm® nosepx-
HocTw, coctasnser okoso 1,2 - 10°? monekyn/cm® - c. TTpn paBHOBECHH YMCTO
HCTIAPUBLIKMNCA H CKOHICHCHPOBAHHLIX MOJICKYJ PaBHO, UTO JA€T BO3MOKHOCTh



238 I 11, IMoeepxnocmueie aerenusn

pacueTa BpeMeHH «KH3HH» MOJIEKY/bl B MOBEPXHOCTHOM cnoe. OHO cocTaBnseT
BEJIMUHHY MOPAIKA HECKOIBKHX JI0JI6H MHUKPOCEKY Hlhl.
K aTomy e BONPOCY MOKHO MOAOHTH N € TOUKH 3PEHHS TEPMOIHHAMUKHN.

11.2. Tub6coBckas TepMOAHHAMHKA OBEPXHOCTH

TepmoanHamuyeckas Teopus NOBEPXHOCTHLIX ABNEHNI ObUta co3nana [mdo-
com B 1878 ., M 10 CHX MOP HK O/IHA M3 COBPEMEHHbIX TPAKTOBOK TEOPHH Karii-
JTAPHOCTH He MOKET KOHKYPHPOBaTh ¢ MeTozoM [ 'nGGea no monwote u rydunre
uinoxeHus. Merton 'nb0ca He ces2ad ¢ kKaKUMH-THOO0 PEANONOKEHUAMH O TO-
HIHHE W CTPYKTYpe Mek(azoBoro cof U npeactapiserca naubonee odmimnmM.
Onnako Gonbluas OGUIHOCTE TEOPHM NPUAAET eil HeKOTOpYIo adCTPakTHOCTh
1 3arpyauser socnpuatue. [1o3ToMy 31ech Mbl NPYBEIEM METO] M3N0KeHHs
TepmoanHamiin [nddca, nonbsysach Goiee NOHATHLIM TIOAX0I0M.

YCioBHS paBHOBECHS, BRIPAKAIOIINECS B MOCTOAHCTBE TEMMEpPATyPhl, 1aB-
AeHUA W XUMHYECKOro MOTeHUHANa KaKI0ro KOMIOHEHTA B KAK10H U3 conpH-
Kacalowuxes as, npu HeoOXOAUMOCTH YUeTa PeaibHOro NoBEPXHOCTHOTO Cl10A
HA TPaHuLe pa3ena aByx ()a3 cheayer LoMonHUTE CAeayomnuM odpasom,

[Tycts npyxdazHas cucTema, HMEOLLAs JIOCKYIO IPaHully pa3ienac niowa-
ALK OBEPXHOCTH (1, NOMELIEHa B COCY/L NPAMOYTOLHOI (hopmel. Ecnn nytem
00paTuMoro U30TEPMHYECKOrO nepemenienns OOKOBBLIX CTEHOK COCYaa VBei-
4HTh NIOUEALK FpaHniibl pasiena Ha d), To pabdoTy B 3TOM npouecce MOKHO
npeacTaBHTb, Kak padoty pdl . 3aTpaueHHYIO Ha H3MEHeHHe ofbeMa npu ne-
pemMeleHHH CTEHOK cocya 1 H30bITOUHYIO padoTy, CBA3AHHYIO C YBEIHYEHHEM
naowagn Y2,

Torna noanas paGorta, npousseneHHas naHHol cucTemoil, Oyner pasHa

dW = pdV" + ~d(l. (11.1)

Ecnn Teneps CABHHYTE BEPXHIOIO KPBILIKY COCYAA TaK, 4TOOLI CHCTEMY Bep-
HYTh K NepBOHauaibHOMY 00bemy, To pabota B 9TOM npouecce OyaeT paBHa
(—pdl7). B KOHUE 3THX JBYX [POLECCOB cHCTEMa OyAeT HMETh Te JKe JIaBlieHIe,
cocTas B TeMrieparypy, KOTOpbIE OHa HMeNa nepsoHa4aibio. E/MHCTBEHHBIM
M3MEHEHHEM. OCTaBLUIMMCA NOcie Takoro npouecca, Gyaet padora, coeplueH-
Has CHCTEMOH TIPH YBETHUYSHHH NJIOMWAN moBepxnocTh ydf), Crenopatenno,
v 1Mo cBoeMy (pH3HYECKOMY CMbICiy npencrasiaser coboil paboTy. coBeplleH-
HYI0 CHCTEMOIT NPH eHHHYHOM YBEHUEHUH NOBEPNHOCTH paszena aByx (as.
DTy BelHUHHY HA3BIBAIOT HOBEPXHOCINNBIM HAMANCSHUE]M W CHIOH HATMKe-
HUS, AefCTRYIOMEH Ha eIHHIILY UIMHbLL NTOBEPXHOCTH pasaena das. Takum ob-
pa3oM, eciiu HeoOXoauMO yuecTsk paloTy, CBA3AHHYIO ¢ H3MEHEHHEM IIOLLAaH
MOBEPNHOCTH, TO NEPBLIH H BTOPOH 3aKOHBLI TEPMOIMHAMHKH JUTA PaBHOBECHOI
OTKPBLITOi CHCTEMbI CHIEIYET 3arucarh B BH/E

dU = TdS — pdV +7dQ + Y pdN;, (11.2)

e ft; — XUMHUECKHIT noTeHUHan i-r0 KOMMOHEHTA B CHOTEME, coaepiKaLueit
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«ky BewecTe. Menonb3ya npeodpaszosanie Jleskanapa, vpasuenne (11.2) Moo
BLIPA3UTh B hopme

dFF = —SdT"' — pdV + ~d) + Z wid N, (11.3)
dG = —SdT + Vdp+vdQ + Y juudN;. (11.4)

Vpasvenns (11.3) u (11.4) spnatorca (pyHIAMEHTATBHBIMU YPUGHEHUANMU
["ubbiea, KOTOPLIE MOKHO PACCMATPUBAThL KAaK YPAaBHEHUS MOBEPXHOCTHOIO Ha-
TAKEHHA 7 U OTKPBITOI cHeTeMbl. BellHuHHy NoBepXHOCTHOTO HATSIKEHHS Te-
nepb MOKHO ONMPENETHTh Kak MPOH3BOAHYIO (lyHKLUNH [enbMronbLa uin gyHK-
unn ['né6ca no nosepxHOCTH pasjiena KOHTaAKTHPYoWHX a3 ()

- (;’_nF') = (nr'.') (11.5)
' aa/r v.N,’ aa/rpnN, -

¥,

[Mockonbky yukuun F' u G apasotes QyHKUHAMA NEPEMEHHBIX COOTBET-
creedHo 1V, N uw Q u p, N u (), 10 npu u3meHeHun odbeMa CHCTEMBI NPH
COXpaHeHUH TeMMepaTyphbl, COCTaBa H IaBneHHs, Harmpimep s yHkuun Fenb-
mroaeua (F7), nomydum no teopeme Jiinepa clieayoiiee BripakeHHE:

F=>3 N, —pV+19. (11.6)

Onnako gyvaaamenTtanbioe ypasienne ['n6oca (11.4) npuBoanT K napaiok-
calbHOM CHTYalHH B CAYYae PAaBHOBECHS CHCTEMbI, HAXOALLEHCA NPK NOCTO-
SIHCTBE TEMMEePaTyphl, JaBneHHs 1 HEH3MEHHOCTH COOTHOLIEHNS KOMMOHEHTOB
cucremsl. JIpyrumn cnosamu, npu dp = 0, dT = 0 u dN = 0 moboii keaiu-
cTarHueckHii nmpouece, CONPOBOKAAIONHITCA DECKOHEUHO MAIBIM H3MEHEHHEM
[UIOLANH OBEPXHOCTH ), TOJKeH NPUBECTH K TomY, uTo dG # 0, uto nporu-
BOPEUMT YCIOBHID paBHOBecHd. [ng Toro, utods oHo codmopanocs (1. e. dG =
= ()), HeoGX01HMO YPABHOBECHThL CHIIBI MOBEPXHOCTHOTD HATAKEHNS Kakoii-To
apyroi pabotoii, Ho npeskie paceMoTpHM BKIA MOBEPXHOCTHOTO CIOA B T€ HIH
HIbIE TEPMOANHAMHYECKHE BETHIHHDI,

11.3. Briaaja mex$asHoro ¢J10si B TepMOIHHAMHYECKHE
BEeJTHYHHbI

PaccmoTtpuM, Hanpumep, Maccy onxHodazHoil RHIKOCTH NPH NOCTOAHCTBE
TeMMEPATYphl W 3aHUMAKOIIEN HEKOTOPKITT 00beM 17, ByneM cantarh, 4To rupo-
CTATHYECKOE JaBJeHHe PABHO HYIIO, a AH(pQY3IHOHHBIH 00OMeH Mex Iy pa3nny-
HBIMH HACTAMH CHCTEMBI HE MPOUCXOAHT. TIpeanonoxnm Takme, 4T0 JKHAKOCTh
BHC3AITHO PA3AEIfeTCs Ha JIBE [10J0RHHL BO3LY LIHLIM [POMEKYTKOM. ITO NpH-
Be/IET K TOMY, UTO MOJEKYJbl Ha 06pa3oBaBILHXCs NOBEPXHOCTAX pasjena oka-
KYTCH B HECHMMETPHYHBIX CHIOBBIX nonsx (B o0beMe JKNUAKOCTH Karkaas Mose-
KYIIa OKpY/KeHA CBOHMH COCEIAMH, NOITOMY CHIIOBbLIE MO, AeiicTByIOUIMe Ha



240 I 11, IMoeepxnocmusie aerenun

HCCIeaYEMYIO MOJIEKYIY, CUMMETpH'HBI). Toria B COOTBETCTBHH C H3MEHEHH-
€M CTPYKTYPhl CHJIOROTO TIOA B MTOBEPXHOCTHOM CJIOE €r0 paBHOIEHCTBYIONIANA
Oy/1eT HanpaeieHa no HOPMaK K NOBEPXHOCTH BHYTPb 00beMa KHIKOM (a3,
UTO JIONKHO MPUBECTH K HEKOTOPOMY CMEIIEHHIO MOA0KEHHH paBHOBECHS M10-
BEPXHOCTHBIX MOJIEKY/L. A 3T0, B CBOKO O4epellb, MoBjieyeT 3a cofoili u3MeHeHe
CHJT MPUTAXKEHHA N OTTANIKMBAHHA B MOBEPXHOCTHOM CI0€ 10 HEKOTOPOro HOBO-
O PAaBHOBECHOIO COCTOS HUA. [TOCKONIBKY paBHOAEHCTRYOLIAsA CHla HanpaB/ieHa
BHYTPh 00beMa HIKOCTH, TO NOBEPXHOCTHLIE HACTHULI 1O/ AeHCTBHEM 3TOI
CHJIBI CTPEMSATCS MePeMEeCTHTLCH BHYTPh 00beMa. Onnako HIKeNeKaHE CIOH
AHAKOCTH NPENSsTCTBYIOT 3TOMY nepemetlerito. Takum o0pazoMm, NoOBEpXHOCT-
HBIH CTOiT Kak Obl HAXOAWTCA B CAMOHAMPAKEHHOM cocToAHnH. B cBA3M ¢ aTiMm
noreHunan 'nbGca NOBEPXHOCTHOIO C/I0A BhIlLE, HEM [UIA BEIIECTBA BHYTPH
oobema. Ecin Mek/Ty 4acTAMH CHCTEMbI MPOHCXOAHUT an(dy3noHnblii o0MeH,
TO YACTHLBI U3 MOBEPXHOCTHOTO c1og GyayT anddyH1npoBaTh BHYTPL 00bLEMa
J10 TEX NOp, NOKA HX XMMHUYECKHE MOTEHIMANbI HE BRIPOBHAKOTCA. Takum obpa-
30M, NMOBEPXHOCTD KHAKOCTH OVIAET NMOCTOAHHO HAXOMHTLCS B COCTOSIHHM Oyp-
HOTO MepeMeninBanng, Tak kak Anddy3nonnbiii oOMEH NPONCXOANT A0CTATOUHO
ObICTPO, NOATOMY CKOPOCTL 0OMEHA MOEKYIAMH MEXKLY CIOAMM JKHIKOCTH MpH
asroanddysun Takke BeJHKa U cocTapiseT seanunny nopaaka 107 monexys
B CEKYHIY.

VeenauveHne remneparypbl OKa3biBaeT CHALHOE BJIMSHHE HA HHTEHCHBHOCTD
audQysnonnoro odmena. Hanpumep, 11 Boasl npu Temnepawpe 3amep3anns
koa(uunent camonuddysnu pasen Dooc = 1,18 - 1077 em?c ™', a npu Tem-
neparype, OAn3Koi K TeMrepaType KHINEHHs, OH YBCIHUHBAETCH MOUTH HA NO-
panok (Dgpee = 7,62 - 107 em?c™!). Onnako HECMOTpPSI HA 3TO CKOPOCTHL
oOmeHa B KHAKOH (hase Bce e 3HAYNTENHHO MEHbIIE CKOpPOCTH OOMeHa Mo-
JICKYJIAMH B Ta3000pa3HOM COCTOSHMH, HAXOAAIIHXCA HA TAKOM JKe pACCTOAHHH
Mexy coboii. OTciona HanpauMBaeTcsa BLIBOJ, UTO NOBEPXHOCTHBII CNOi MO-
Aekysl npeactagiser coboil HekoTopslii Bapbep, 3a Npeaeis KOTOporo viaercs
BBLIHTH THIIE HEMHOTHM MOJIEKYIaM SKHIKOCTH,

JIpyrHMH CAOBaMU, HHCI0 MOACKYJ, YAAPAKOMIMXCA O MOBEPXHOCTH CO CTOPO-
HbI JKUAKOI (pasbl 3HAMHTENLHO NMPEBLILLACT YHCA0 MONEKY, BLUIETAIOLIHX 32 ee
npeaensl. Takum o0pazomM, HHEI0 MOJIEKYT HA HOBEPXHOCTH I0JIKHO ObITh 00JIb-
e, yem B o0beMe. Ecnu npoRecTH MI0CKOCTh Yepe3 IEeHTPhl MOBEPXHOCTHRIX
HACTHIL H YacTHil B myOHHe 00beMa JKHIKOCTH, TO MOJEKYIAPHAEA TUIOTHOCTh
B MOBEPXHOCTHOM CJloe OKaeTcs Gonblie 00beMHOI.

CyuiecTBy01as HCOAHOPOAHOCTh [OBEPXHOCTHOIO €10l B PA3IMUHBIX €r0
HACTAX M0 HOPMAIH K MOBEPXHOCTH BbI3bIBAET paziinyne B (JH3HUECKHX CBOIi-
cTBax MewdazHoro H oOBLEMHOrO CI0€B, rpaHHLIA MeKIy KOTOPBIMH BechMa
HeornpeneneHHa. Iloatomy, eciim paccmaTpHraTh MeK(pa3HyO rpaHnlLly, Hanpm-
Mep., MekKay KUAKOCTBIO H ee napom (puc. 11.2), To no ode cTopoHbl BUAHMOI
rpaHHLbl pas/iena B cTopoHy o0enx KoHTakTupytounx ¢as OyayT pacnpocTpa-
HATHCS 0DNACTH HCOAHOPOIHOCTH, KAK B HHCIE YACTHL, Tak H B CBOIHCTRAX 3THX
NPHMBIKAIOLIHX /IPYT K APYTY NOBEPXHOCTHBIX (a3 0 u 87, pasmepsl KOTOpLIX
HeonpeaeneHusl. M3o0pawenHbie Ha puc. 11.2 nnockocTH ABASOTCA CKOpee
CHMBOJIHYECKHMH H HE OTPAKAlOT PeasbHOTO COCTOAHMA MPHMOBEPXHOCTHOTO
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cnos. Utalbl OLEHUTD MA0THOCTL COCTOSHMI NPUNOBEPXHOCTHBIX (a3, HeoOXo-
JHMa cHCTeMa BhIOpa TPaHuLL, OTAENAIONNK MePeXo/IHbIl cloii oT 0GheMHbIX
(pasz. [na custus npouseona B Beibope

TONUIAHE MOBEPXHOCTHOrO crnos 'mboe s &
NPELUIOANT BeCh 00beM, 3aHuMaeMblii (2 Q
nByx(pazHoii cHcTeMoli, pasaennTs Ha aBe
yactn V' u V7, Briouns B 911 00bembl o®

W HACTH NepexonHoi souel 6% w6’ Oue- L TR — k"
BHHO, HTO MPH ITOM BLIOOP paimensio-
weii nosepxoctn k' — k" cranosures §
COBEPIIEHHO NMpOou3BONLHLIM. Toraa, na-
[PUMED, YHCIIO HACTHIL i-T0 copTa MOKHO 2" - re— Y
BLIPA3UTH B BH/E =

i g i Pue. 11.2. Yenopnaa cxema rpaHuib
Ni=N+ N+ N/, (11.7)  pasnena asyx kouraxtupyionmx das
rae N{', ;\-‘f — YHCIa HacTHU B 00beMHBIX (pasax a M 7 cooTBeTcTBeHHO, a N —
HeKoTOpas 100aBKa YacTHIL B MPHNOBEPXHOCTHBIX obnactax a® n 3%, npuvem
TaK, 1TO
NP = Ni(a) + Ni(B)- (11.8)

M3 Takoii opMbl 3anHCH BHAHO, HMTO CABHI pasiefsroiieii NoBEpPXHOCTH
k' — k' coBepiieHHO He CKaKeTCs Ha YncaeHHOi Bennumnne N,

Jl1s OTHOKOMNOHEHTHOI CHCTEMbI PA3/IeAIOLILYI0 [10BEPXHOCTL BhIOHPAIOT
Takim 00pasom, utodsi [N oOpawanocs B Hyib. TaKyio NOBEPXHOCTH HA3BIBAIOT
IKGUMOTEKVIAPHOL nogepxrocmeio. (B nanbHeleM Mbl yKakeMm 1 Ha apyrue
cnoco0bl pasMelleHns pasaeisioweii NoBepXHOCTH).

OuyeBHIHO, 4TO BCAKOE IKCTEHCHBHOE CBOIiCTBO J11060i MHOrogasnoii cu-
CTeMbI MOYKHO PACCMATPHBATL AHAIONHYHO pazobpaHHOMY Bbille npumepy. Tak,
(pyHKumio TelibMrodbLUa Teneps MOAKHO 3aHcaTs B BHIC

F=F"+F° 4+ F°, (11.9)
3I-ITpGl'Il-1!0 3annoemM B BHAe
S=8"+5°+5" (11.10)
Sanuwem ¢yukumo [enpmronsua ais odbemubix gas a n 4
dF® = —5%T — PdV*® + SuldN[, (11.11)
dF? = —8PdT — PdV? + SuldNf. (11.12)

Boivnraa (11.11) w (11.12) w3 (11.3) u ucnonszys coorHowenus (11.7),
(11.9)u (11.10), a Takke TO. 4TO MPH PABHOBECHH XUMHUECKHUIT NOTEHIMAN i-ro
KOMIIOHEHTA BO BcexX (a3zax 0/1MHAKOB. MOJIVYHM Clielyloliee YpaBHeHHe:

dF* = dF — d(F® + F?) = —S%dT + vdQ + Sp;dN}, (11.13)
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KOTOPOE MOKHO HA3BATh ghvidavenmansiuim ypasienuem [ ubbea 1na mexdas-
HOTO cIos.

Ha npakrike y100H0 H3MEPATH H3MEHEHHE 1OBEPXHOCTHOIO HATAKEHUS [1PH
BaPLHPOBAHHH KOHUEHTPALMH WM AKTHBHOCTH KOMIIOHEHTOB cHcTeMsl. [1o3T0-
My 0T fiepemeHHbix £ n N niepeiinem K NepemMeHHbIM 7 1 ji;, [IPUMEHAS K YpaB-
neHo (11.13) npeodpasoeanne Jlexanapa. Torna

dF* — d(~Q + z wilNG) = =8%dT — Qd~ — Z Nidp;. (11.14)

Ho nockoibKy BbipakeHHe, crosiliee B ckoOkax ypasHeHus (11.14), toxne-

cTeenHo pasHo F¥(mpm V' = const (cm. (11.3) n (11.6)). TO OKOHWaTENLHO
(11.14) npeacraner B Buiae

S'dT + Qdy + Y Nidp; =0. (11.15)

D10 ypaBHeHHEe HA3LIBAIOT ypasnentien aocopoyuu [ub6ca B obieii popme

A0S MJI0CKOTO MB}K[jJa'SHOFO CITOA.
OOGbIMHO BBOAST NOBEPXHOCTHBIC NIOTHOCTH 3THX BEJIHYHH

E =%, (11.16)

— =, (11.17)
Torna ypasuenue (11.15) 3annercsd B Gojlee KOMNAKTHOM BIIE
dy+odT + ) F'dp; = 0. (11.18)

[pn nocrosauuoii Temneparype umeem Gopmyiy

—dy = Z Iidp = RT Z s Ina;. (11.19)

TAKKE HA3hIBAEMY 10 adcopOyuonn ol ghopyynoit [ uboca. 3nech a; — akTHBHOCTD
1-r0 KOMIIOHEHTA.

EcnH npoBecTH pasnensiouIyio MOBEPXHOCTL TAKHM 00pa3zom, To n30bITOK
OJIHOTO M3 KOMIIOHEHTOB PABEH HYIIKD (0OBIMHO TAKHM KOMIIOHEHTOM HEIISETCH
KOMMOHEHT | pacTBopHTENL), TO B 3TOM cavuae (11.19) sanucuipaetcs Tak:

—dy = Zl‘.{-“’d;r.,;. (11.20)

LA ABYXKOMNOHEHTHOH CHCTEMBI TIPH MOCTOAHCTBE TEMNEPATYpPhl YpasHe-
Hue (11.20) croanTes K BoIpameHnio

dy = —Idpy — Nadpy = =I5 dps, (11.21)

NMOCKOJILKY MO BRITHETNPHBCIACHHOMY YCIOBHIO PAsICHALUIYH MOBEPXHOCTE Bhi-
Opanm Tak, wto [ = 0.



.

11.3. Braad mexcghaznoco cios 6 mepmoounamMuseckue et 243

M3 (11.21) noBepXHOCTHBIH M3DLITOK BeLIECTBA 2 MOKET ObITh BLIMHCIEH
M0 YPABHEHHIO

dy vy
djro RT das '

it =— (11.22)

rng ao — AKTHBHOCTL PACTBOPEHHOIO BELLECTBA. Ecan (f‘}'/tf(t'_g OTpHUATEIIbHA,

1 4
TO ﬂ_i " imeer nonoKHTeNbHbI 3HAK 1 cooTBeTCTBYET (haKTHIEeCKOMY H30LITKY
PACTBOPEHHOIO BELIECTBA HA NOBepxHOCTH pasacia. Ecim we dy/day > 0. 10

1 ~ 4
;") 06o3auaeT nedHUAT PACTBOPEHHOIO BEWIECTBA HA JAHHOI NOBEPXHOCTH

—dy = RTTMdinp;, (11.23)

rne p; — napuHaiLHoe NarISHHE rapa i-ro KOMIOHEHTA. D70 YPaBHEHHE Mo-
3BOJISIET ONPENCIIATL MOBEPXHOCTHBIC H30LITKH H3MEPEHHEM [TOBEPXHOCTHOTO
HaTAAKEHNHS NPH W3MEHEHNH JaBNeHld mapa i-ro KOMMOHEHTAa Han 3epKaioMm
JKNAKOI CMecH.

OTMETHM TaKkKe, YTO NOBEPXHOCTHLIH H30BITOK F:” 1 NOBEPXHOCTHAA KOH-
LEeHTPALMs ¢;, XOTA OHH H HMEIOT OIMHAKOBYIO PasMepHOCTH (MOnb/CM”) —
HE O/IHO H TO KE, MOCKONLKY MOBEPXHOCTHIN H3OHITOK XAPAKTEPH3YET HIMEHE-
HHE COCTABA MOBEPXHOCTHOTO CIOS 110 CPABHEHHIO € HEKOTOPLIM HAGANH3IHPO-
BAHHBIM PACTBOPOM, B KOTOPOM KOHLEHTPAIIHH BCEX KOMIOHEHTOB HEH3MEHHBI
BIUIOTH 10 PA3ICINIOWIET NOBEPXHOCTH. B TO BpeMA KAk MOBEPXHOCTHAS KOHLIEH=
TpaLus — 3TO KOJIMYECTBO KOMIIOHEHTA COPTA i, OTHECEHHOE K €/IHHHLIE OBEepX-
HocTH pasnena 1. M ecin noBepXHOCTHAS KOHIISHTPALHS BCET/IA TONOKHTEThHA,

TO [ ,-m MOKET ObITh KaK NONOKHTENBHOM, TAK M OTPHUATENLHONH BEIUUHHOIL.

s cnyuas GunapHoi cMecH Bona— OpPraHiteckoe BEIECTBO NMPaKTHYECKH
BECh [HOBEPXHOCTHbII M30ITOK JIOKAIM30BAH B [PE/ie/iaX MOHOMOJIEKYIHPHOTO
crost. B atom cayuae ancopSums /7 paBHa MOBEPXHOCTHOH KOHIEHTPALNH c;.

[Mpouecchr agcopbumnun B 001IEM ciiyyae pasaeisor Ha jiBe rpynib — (u-
IHUECKYI0 H XHUMHYecKy10. Pusieckas ancopOims He cOMpoBoKaaeTes odpa-
30BaHMeM XxHUMHYecKux ceaseil. HaoGopot, xemocopOnpoBaHHbIe 4acTiLbl Ha-
CTOIBKO MPOHHO MOTYT OBbITh CBA3aHbI € AICOPOCHTOM. YTO BhICTYNAKOT Kak
HOBLIE, HE HMEIOLLHE AHAIOTOB B 00LEME, TIOBEPXHOCTHLIE BEILIECTBA, YpaBHe-
Hue agcopbunn I'nbbea (11.15) we 3aBucut or THIA ajcopOLUHH 1 CBA3bIBA-
eT MOBEPXHOCTHBLIE M30LITKH € KOHIEHTpalueii pacTeopa B odbeme ajacopda-
Ta. 3asucumocts [ = [(¢) npi HOCTOAHHON TeMIepaType 4acTo Ha3blBaloT
usomepmoir adcopoyuu Fuodea, n oHa MoxeT ObITh MOJYyYeHa W3 W3MEpPeHHa
MOBEPXHOCTHOTO HATAKEHHA M3Y4aeMOil CHCTEMDL, HAXOAALIEHCA B JKUAKOM CO-
crosHin. Takum odpaszom, ancopbinonnbie ypasHenns ['nb0ca HaknankiBarOT
onpeneneHHble orpaHHueHns Ha (asoBbIe COCTOSHMUA MCCEAYeMbIX CHCTEM.

Boiaaourylocs poib B pasBUTHH YYEHNA O MOBEPXHOCTHBIX ABICHNAX Chbi-
rpanu nechenoeadus Jlenrmiopa. Hanbonee 3ameuarensHalii peyisrar, nojay-
yeHHbiil JleHrMropoM. 3aKliovancs B TOM, YTO HCC/lenys NOBEPXHOCTHOE
HATSAKEHNE BOAHBIX PACTBOPOB FOMONOTHYECKOTO PAdA HACHIILEHHKIX KapOo-
HOBBIX KHCJ0T (0T Tpuaekanopoii knenotel CioHas COOH no aurtouepnHoBoii
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Ca3Hy7COOH). oH onpenenin niowaib, NPUXOIALIYIOCA HA OIHY MOIEKYIY
MOBEPXHOCTHOTO cjod. OTciona OO ClENlaHO 3aK/TKYeHHEe O TOM, YTO B CO-
CTOAHMH MAKCHMAJILHOTO YIUIOTHEHHS HA MOBEPXHOCTH AKHAKOCTH MOJIEKYIIbI
AHPHLIX KHCIOT B MOHOMONEKYAAPHOM CIO€ OPHEHTHPOBAHBI CBOHMH OCIMH
NpUOJIM3HTENBHO HOPMAJIbHO K noBepxHoctTi. M3 3THX ke n3mepennii Oblna
oneHeHa H AJTMHA MONEKyN (A MaTbMHTHHOBOIN KHCIIOTEI, Hanpumep. AnnHa
MosteKyibl pasHa 24 - 107 em).

CnocoOHOCTL MOAEKY KAPOOHOBLIX KHCJIOT K OPHEHTALMH HA OBEPXHOCTH
BO/IbI QOBACHAETCH XHMHUYECKHM CPOACTBOM MO OTHOLNEHHIO K Bonxe (ruapo-
thunsrocTs) kapbokcuasHol rpynns (COOH), HaskiBaemoii ronosHo i rpynmnofi
MOJIICKYJIbI H OTCYTCTBHEM TaKoro cpoactsa (ruapododnocTs) XBOCTOBOI YacTH
MOJIEKYJBL, cocTosied u3 MmetiaeHoBeIX (CHa) 1 01HOI KOHEUHOIT METHIIBHOT
rpynnel (CHs). DT MoneKkyNbl Ha NOBEPXHOCTH BObI HACTHHHO OIPYKEHbI B BO-
ay W Kak Obl NIABAIOT MOYTH B BEPTHKAILHOM MOJIOAKEHHIT HA €€ [OBEPXHOCTH.

BriocnencTRUM TakHe e Pe3ynbTaThi OBUTH TIONYYEeHBl IPYTHMH HE3aBH-
cumbiMH MeToaamn. Tak. B paGorax ['yu coobuanocs, 4ro Haauune aacops-
[HOHHOTO CNOS HA MOBEPXHOCTH pasiena (pas, B YaCTHOCTH Ha FPaHHLE ras—
TBEP/0€ TEJO, BbI3bIBAET H3MEPHMbIE W3MEHEHHA MEK(PAZHOIO NEKTPHUIECKOTO
noteHinana. Eciu Monexkylibl NOTPaHHYHOTO aJICOPOIHOHHOTO CJI0S MO PHBI,
TO 3aBHCHMOCTh MEKAY ICKTPHYECKHM JHAONBHLIM MOMEHTOM MONEKYIbI i
H CKAYKOM JIEKTPHYECKOIO noTeHunasa Ay, BbI3BAHHLIM OpUEeHTALHEH YTOI
MONEKYITBI, TT0 3aKOHAM YIEKTPOCTATHKH MOKHO MPEICTABHTL B BUJIE

Ap =2r Ny cosa, (11.24)

rae Ny — YHCNO NOBEPXHOCTHBIX IHMONLHBIX MOJEKY.1, OPHEHTHPORAHHKIX MO/
YIJIOM (¥ K HOPMaJIH NOBEPXHOCTH pazaena gas.
Ha puc. 11.3 npeacrasieHa dxkcnepuMeHTa/IbHasA 3aBUCHMOCTb MEK(pazHOTO
NOTEHIHAA OT MNOBEPXHOCTHON KOHLEH-
Ag TPalHn MOIEKYJ 1-Kpe3ona 11X Nnpeano-
0.50[ JIOKHTENbHAS OPHEHTALINS (BHH3Y MMO] rpa-
| (pukon). 3asucnmocts Ay ot Ny umeer
0,40 XapaxTepHbIil BUJI, W3 KOTOPOTO MOXKHO C/16-
0,30 JlaTh 3aKAK0UYEHHE O TOM, 4TO No Mepe yBe-
0.20 THYEHWs TIOBEPXHOCTHON KOHIEHTpaIlHi
MOJIEKYJ IPOMCXOIMT NOCTENEHHO® YMEHb-
0,10 HIEHHE YA (v MPH ABYMEPHOM CHKATHK M0~
BEPXHOCTHOTO CJIOA.

OpHeHTHPOBaHHblE HA MOBEPXHOCTH
pasznena (a3 AMnoikHeIe MOJIEKY.Is 0Gpa-
3YIOT Kak Obl ABE NPOTHBOIOIOKHO 3aps-
AKEHHbIE nosepxHocTh (0! = —a”), pac-
CTOHHHE MCH{J_U KOT()phIMH OIIPCHEJIHI‘.;‘-'!'CH
MoneKyisapHbiMH - pasmepamu.  CoBOKyT-
HOCTh TakuX MOBEPXHOCTEN HazbIBAeTCH
OBOUHBIM ATEKMPUTCCKUM C10EM.

Pue. 11.3. 3asucumocts Mexdazto-
0 MOTCHIMATA OT ROHICHTPaliH Mo-
aeKyIl
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Ipoiinoii snexrputecknii cnoii (A2C), pozuukaowmii na modoit Mexdas-
HOI1 rpaHuLe, onpenenseT OOMbITMHCTRO PABHOBECHBIX CBOICTR 3TOH IPaHHILbI
(NOBEPXHOCTHOE HATSKEHHNE, NOTEHLNAIL, 3aPAJ1, EMKOCTb M JIp.) H B 3Ha4UTEb-
HOIl CTeNeHn KHHETHKY dNEKTPOaHLIX peakuuii. [loaToMy Teopus paBHOBECHO-
ro [I2C cucrempl METAT —IEKTPOJIHT JIEKHT B OCHOBE MOYTH BCEX Pa3/ieios
JNMEKTPOXHMHH: TATBBAHOCTETMH W FaJbBAHOTIIACTHKH, KOPPO3HI W MACCHBHO-
CTH METALI0RB, a1copOLHI 1 KaTaiusa u ap.

OnHako OTCYTCTBHE YAOBACTBOPHTENLHBIX METO/IOB pacieTa WiH anpHopHO-
ro NpeackasaHus dTHUX BEHYHH OCTABJISAET NPOOJIEMY B paMKax TPaAnLIHOHHOTO
(ruGOCcoBCKOro) NOAX0Aa OTKPLITON. 31ech Mbl 1010MIEM K npobieme onpene-
nenus csoiicts JI2C ¢ no3uumii He TONBKO KIACCHYECKOH TePMOJAHHAMIKH, HO
H B 3HAYHTEILHOM CTENEHH HCHOIB3YEM METO/bl CTATHCTHYECKOI (PH3HKH, TeM
CaMbIM PaciiUpHB MPOCTPAHCTRO TEPMOJAHHAMHYECKHX NMEPEMEHHbIX,

11.4. TepmoanuamMuka MexR$aubIxX siBAeHHil

[Tpu ananu3e MEKTPOXUMHYECKHX CHCTEM HaLLE BCEro HCIOIb3YOT O/IHY U3
(hby HnaMeHTaNBHBIX 00N1acTel MEKTPOXHMUH —— TEPMOJHUHAMIKY — MaKpPOCKO-
MHHECKYIO HAYKY, N03BONAIOLYI0 H30e/KaTh ONHCAHHA HA MHKPOCKOITHYECKOM,
MOJICKYJISPHOM YPORHE MOBEICHHA i CBONCTB PARHOBECHKIX cHeTeM. Henocpen-
CTBEHHO H3MEPAEMbIE B JKCIEPHMEHTE TaKHEe MAKPOCKOIHYECKHE [1apaMeTpbl,
KaK MOBEPXHOCTHOE HATAMEHNE, MOTEHIHAN, 3apail, eMKOCTh JBOIHOTO CJloA
H ApYrie ABJAAIOTCA MAKPOCKONHYECKHM OTKIIHKOM Ha MO/IEKYIISPHLIE MpoLec-
Chl, TpOHCXOAsLLHE HA MexK(asHOil rpanuie. B paBHOBECHN OHH CBA3AHBI MEKILY
codofi PyHaaMeHTaALHBIMH TePMOANHAMUUYECKHMH COOTHOLIEHHAMM, KOTOpbIE
u peacTaBuM B 3T0i1 rase. [1pekae uem nepeiTi K KPaTKoMYy H3JOKEHHIO Cy-
LECTBYIOIINX B HACTOALLEE BPEMA NPEACTaBIEHNIT 0 CTPOCHHN ABOHHOIO MeK-
TpHueckoro cioa (J12C), npopenem TepMogMHAMHYECKHI aHANH3 MeKDa3HBIX
ABNEHNIT 1 MPELTOKHM alTbTEPHATHBHAIE MY TH TEPMOAMHAMIYECKOTO PEIeHNA
HEKOTOPLIX ACNEKTOB CBOIiCTB MeK(a3HbIX IPaHHLL BOOOIIE, a 3aTeM KOHKpeTH-
3UPYEM HX HA OTACNIBHBLIX HACTHBLIX Cayvasx,

Tepmoanuamuueckuii aHanu3 CBOMCTE NOBEPXHOCTH pazje/ia MeTajuinye-
CKHI KHAKHIT 2NeKTPOo— pacTBOP MEKTPOIUTa NposeaeH [ pamom 1t YHTHH, He-
[0/1b30BABIIHX B ypaBHeHuu ['ndOCa MOBEPXHOCTHbIC WOHHbIE M30BITKH
1 HOHHBIE INEKTPOXHMHYECKNE NMOTEHUHATbI

Wi = i + zip- (11.25)

M I'n66c, n lN'yrredreiim oTMeuany 3HAUHTEbHbLIE TPYIHOCTH B ONPEIe/IeHUH
MOHATHA XHMHYECKOTO H 3MEKTPOXHMHYECKOTO MOTEHLHANA OTAENBHOTO HOHA,
Tak Kak HeT cnocoba pas/ienbHOro OnpeieeHust XHMHUECKOH 1 31eKTPIIeCKOi
COCTABIAOLIMX ITHX NOTCHUHAJIOB.

[MpuMeHeHHe 3NEKTPOXHMHYECKHX MOTEHLNANIOB NMPUBENO K TOMY, 4TO ajl-
copOunonHoe ypasHenue ['mddca noayumuio sua

dy=—S*dT -y _Fudfi; — Y Tiduy, (11.26)
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e HIBKHINA HHAEKC ¢ COOTBETCTBYET 3apAKeHHBIM KOMIOHEHTAM (HOHAM, 3/1eK-
TPOHAM), @ HHAEKC j — HelTpanbHbim, [TpeicTaBuB 3apaKEHHBIC KOMIOHEHThI
yepe3 NOBEPXHOCTHYHO [UIOTHOCTh 3aps/a . a Pa3HOCTh NOTEHUNAN0B COMpi-

kacarowmxes Gpas o u 7 uepes ¢ — % = £, ypasnenne (11.26) reneps MOKHO
3aIicarh B NPUBbIUHOM BHIE
dv = —S%dT — gdf — ZFJ-J;JJ. (11.27)

[pn nocTogHHOIT TeMMEPATYpe H COCTABE CHCTEMBI 3TO YPaBHEHHE MEPexo-
JHT B LIHPOKO NMPHMEHACMOC B JIEKTPOXKUMHH YPABHCHHE Jlunnmana

("—"f) = -0, (11.28)

oE ity

HA3bIBAEMOE YPABHEHHEM INEKTPOKANHAIAPHOCTH, OTMETHM, YTO MO CMbICTY
BbiBOJA (opMyibt Jlunnmana sapsa o 8 Hell aBiasercs cBODOAHBIM 3apsi oM
o "0 [10CKO/bKY B KaUeCTBE 3apsKEHHbIX YaCTHLL YUHTBIBAIOTCA TONbKO HOHbI
H NEKTPOHBI.

DKCNepUMEHTANBLHO H3MepsieMas 3aBUCHMOCTh TOBEPXHOCTHOTO HATSKEHUS!
OT noteHunana umeet Gopmy napadonbl. A cama KpHBaa Ha3biBACTCH NEKTPO-

karminnsproit kpueoii (DKK). M3 vpasnennsa (11.28) creayer. uTo B Touke Mak-

a€
KAlWINAPHOr0 MAKCHMYMAa Ha3biBalOT TakKe Toukoli Hynesoro sapana (TH3),
T. €. MOBEPXHOCTE METATTa HE WMEeeT CBODOIHOrO 3apAla, MTO NMPOTHBOPEUHT
OILITY, TAK KaK -;,;vr;"i‘” - ;,:,‘:i—}} # 0 (rae np;i‘l, [ ;,;r,‘:f‘, HOTEHLMAIILL HE3APAKEH-
HBIX MeTannos My w M),

AncopOumonnas gopmyna 'mbOca onuceiBaeT Jrodbie MeKpazHbie rpaHi-
[(bI, HO HE YUUTLIBAET IMEKTPHU3ALMIO HEHTPATLHEIX BEIIECTR NPH 00pazoBanun
HJIH M3MEHEHHH NOBEPXHOCTH pasaesia conpukacatomxcs gas.

D10 ABNEHUE MIEKTPU3aLINH Obl0 3aMeueHo ete B 1892 r. JlenapaoM, 1 Bno-
cneacTBHe PpyMKHHBIM ObITO MOKA3aHO, YTO HA TpaHHLe, HANpHUMep, Boaa—
BO3/YX, CKauOK noredumana pocruraer senwannel 0,1 + 0,2 B. Ewe Gonee
yOeanTenbHbLil npuMep npuBeleH B cTarhe A. DiiHwTeiina « K cToneTHio co aus
posnenns nopya Kenssixan.

KenneunoMm — ToMcoHOM CBOICTBO 2NMEKTPH3AUNT BO/ILI OLIIO HCMONL30BA-
HO 15 CO3/1aHUsl TEHEPATOpPa BbICOKOTO HAIPAAKCHHA, HIEA KOTOPOIO [10pa3iia
DitHwTeiiHa cBoeil NpocToTol 1 H3ALHON oueBHAHOCTHIO (puc. 11.4).

Bot onmcanne 31oii yeTaHOBKH B HHTepnpeTauny JiiHworeiina: « M3 3azem-
JIEHHO BOAOHANONHEHHON TPYOKH BRITEKAKOT BE CTPYH, KOTOPKIC BHYTPH My-
CTOTEAbIX H30JMPOBAHHBIX MeTaHuecknx unannapos C' u C'' paséusaiores
HA Karyiu, DTH Karuin naganT B H300npoBaHnsie noactaskn A n A’ co Beras-
AeHHbIMH BopoHKkamu. Llumnap €' coennten nporoadukom ¢ A, a O ¢ A
Ecin €' 3apskeH nonokutensHo, 10 odpasyioliecs BHyTpH (1 karii 3aps-
KAOTCH OTPHLATENBHO W OTAAKT CROii 3apsn A, 3apaxas tem cambim ' 01-
puuarenbho. Ms-3a orpuuarenstoro sapasa C'' obpasyiolumecs BHYTpH Hero

CHMYMa eKTpoKanHanapHoit kpueoii (IKM) (d—?) = (). Touky 3nexTpo-
¥ By T
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Kanau NOayuarT MONGKHTENbHbIN 3apan u paspaxaiores B A', yBenmmusas
ero nosokuTebHLI 3apsi. 3apaas ', A" w ', A sospacraior 10 Tex nop,
OKa M30JSLNS NPENSTCTBYET NPOCKAKH-
BAHMIO HCKPb». B nocrarouno uzomn- RJ L
POBAHHbBIX YCTAHOBKAX TAKOI'O THIA BO3-

MOYKHO MOJYHHTE PA3HOCTL TOTEHIINAIOB
10 3000 B. Takum obOpasom, B HeffTpaib-
HBIX JKHAKOCTAX HAOMONAeTCs HNekTpH-
3aUMs NOBEPXHOCTH KHAKOI (asbl, KO-
TOpas HE Y4YHTbIBAETCH aACOPOLHOHHbBIM
ypasrennem [166ca.

Hajmuue  nosbieHHoil  siekrpo-
MPOBOAHOCTH  MOBEPXHOCTHOrO  C10A
(HarnpuMep, JMEKTPONPOBOAHOCTL MO-
BEPXHOCTHOFO COS JTh1a TONLWHOM | MM
Ha [10PAJOK BbILIE HNIEKTPONPOBOAHOCTH
00beMHOIT (haskl). OUEBHIHO, HBIAETCH
CBHAETENLCTBOM TOI0, YTO NOBEPXHOCT-
Hbill CKaYOK MOTEHUMANa BO3ZHUKACT HE Pyc. 11.4. Cxema reneparopa Kenbssuna
TONBKO H3-3d@ AMMNONBHON OPHEHTAIHH
MOIIEKYL, HO M MACTHYHO O0YC/O0BAEH CBOOOAHBIMI HOCHTENAMH 3apAnos. As-
JIAOTCA TH 3TH CBODO/IHBIE HOCHTENTH 3aPs/I0B HTEKTPOHAMH HIIH HOHAMM, BO3-
HUKAIOLMMH [PX ANCCOUHALIMKN HEHTPANBHBIX MOJEKY/ BOAbl B [IOBEPNHOCT-
HOM Cllog, ceifyac NMPHHUMNWANLHOTO 3HaveHua He umeeT. BakHo nnmb To,
YTO B TCPMOAMHAMMUYECKUE YPABHEHHS PABHOBCCHS PeallbHbIX FETEPOreHHbIX
CHCTEM HEOOXOLMMO BBECTH Cllaraemoe, oTpaxaiomee padory sapsiKenns rno-
BEPXHOCTHOIO CJIOA.

OnHaKo MOCKONBKY HeW3BECTHa HH MPHPO/A HOCHTENell 3apaaa, Hi HX KOMH-
HECTBO B IOBEPXHOCTHOM CIIOE, TO NOJIHYIO 3JIEKTPHYECKYH) IHEPIHIO 110114 BCEX
3apsAA0B CHeLyeT BRIPa3HThL B BHIE YASNbHOIN padoThl MONSpH3aLHKM CHCTEMbI

oW = EdP, (11.29)

pae 7 = p*V, a p* — anekTpuyeckunii MOMEHT ¢IMHNLLI 00BbEMa paccMaTpHBa-
eMolif cucTeMsl, paBHbIii BEKTOPHOI CyMMe MTEKTPHYECKHX MOMEHTOB MOJTEKY,
HAXOJALLHXCH B 3TOM 00beme; F — HanpsKeHHOCTh IEKTPHYECKOIO MO,

YTo0bl MOHATD, KAK 3anacaeTcs AOMONHUTENBHAA MIEKTPHUECKAS YHEPTHA,
PACCMOTPHM H3OJIHPOBAHHYIO NOJAPHYIO Mosiekyay B noae E (puc. 11.5). D1a
MOlNEKYIa MOKET ObITh Npe/icTaBNEHA JABYMS 3apafaMil ¢, NPHKPENICHHbIMH
K yIOpyroii npysxkune. JHnoabHblil MOMEHT P MOIEKY/Ibl ABIAETCA BEKTOPOM Be-
JIHUHHBI (5.

[Mone E co3znaerca kakMMHU-TO BHEWHHUMH uctouHukamu. [lpeanonoxkinm,
UTO B NPHCYTCTBUH nond E' 3apaibi nepemMecTaTes B MPOTHBOMNONOKHBIE CTO-
'pOH bl HA paccTodHne f!.‘a': l!pl'l ITOM BENHMHHA JHNONBHOIO MOMEHTA HIMCHHTCH
ot ¢s 1o ¢(s + ds). JIsikenne 3apanoB B HanpaslieHHN nois F JKBUBalieHTHO
nepemMeieH o 3apana +q Ha paccToaHne ds (He MMEeeT 3HaueHus, IBIKETCA
O/IMH KOHell Han o6a).
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CnenosatenbHo, Hal MONeKyno# Obina copepluena padora, pasHas Fqds.
EAMHCTBEHHBIM TIOCTaBUIMKOM 3TOH paboThl ABIAETCA HCTOMHHK NONA —
Oarapesi, NOUIEPAMBAKOLLAS NOCTOAHHYIO PA3HOCTb NOTEHUHAIOR, MEXKLY IL1ac-
THHAMM KOTOPOIl MOMELLEHA HCCIeayemas
monekyia, Ecin pabory, cosepiienHyo Hain
Monekynoi, odosnaunTs uepes diV, To

S:j r‘“ - AW = Eqds = Edp. (11.30)
(503@% = 3anacenHasn JHEPTUs, COOTBETCTBYIOLIAA
== aroii pabore, Mowker ObITh 0OHapykcHa
B IBYX MECTax, a HMEHHO B CHITLHO PacTd-
HYTOH YHPYTOI NPYAHHE W 2IEKTPHYECKOM
Mofe CAMOTr0 MOJIEKYIAPHOTO JIHTNONA, KO-
Topblii Teneps ofnanaer GONLIIMM KOIHYE-
CTBOM MOJIHOH 3HEPrHH 32 CHET YBEITHYEHHS
PACCTOSHMA MEKILY ABYMSA 3apATAMM,

Bes aHeprua Monekyinl 00ycioBieHa ee
CTPYKTYPOIi, N eclin Obl MOAKHO ObLNIO 3arms-
Puc. 11.5. Moxens moagpusyemoii HYTh B 3TV IHHAMHYECKYIO CTPYKTVPY, TO 00-
MOllekyinl HAPYXMI0CK Obl, YTO NOIHAS SHEPTUS COCTO-
HT W3 IEKTPOCTATHHECKOH MOTEHIHAILHOI JHEPTHH I KUHETHYECKOTT JHEPrum
JBHKEHNS AIEKTPOHA.

Pabota, coBepiIeHHAA HA MONEKYNOT 115 H3MeHeHs ee nonspusawnn Ldp,
VBEJIHYHBALT HA TAKYIO JKE BEJIMYHHY JHEPIII0, 3aKIII0YEHHYIO B camoii MoeKyie.

OObe/IHHEHHOE BIPAKEHHE MEPBOTO H BTOPOTO HAYal TEPMOAHHAMHKH s
nByx(]asHoii cHeTeMbl ¢ IIOCKOH MOBEPXHOCTLIO pa3nena {) uMeer Bua

R e

|

dU = TdS — pdV +5dQ+ Y pdNi+ > Yidy;, (11.31)

riae IV — nosiHas sHeprus cucteMel, T — resinepatypa, S — snrtponus, vdQ —
Mexannveckas padora HaTSKEHHA MMOBEPNXHOCTHOMO CJios 1 § Yidy; seskas
npyras padota, copepiiaeMas Haa cncreMoii (Y7 — oboGwennas cuna, y; —
obobieHHas koopanHara), f1; 1 N; — XUMHUECKHH 0TCHUMAN W YHCI0 Moneil
i-r0 KOMTIOHEHTA. JTO YpaBHEHHE ARISETCS BLIPAXKEHHEM TMPHHLANA PaBHORE-
cus Tnboea, cormacHo kotopomy andpepeHinal oaHo 3HEPrui paBHOBECHOH
CHCTEMBI PAaBEH HYTIO [T BCEX BOMOIKHBIX H3MEHEHHIT COCTOAHUS NP TOCTO-
AHCTBE IHTPOIHH, YHC/Ia MOJIEH KOMIIOHCHTOB, HCH3MEHHOCTH IPAHHLL CHCTCMbI
H Y TUX BHEIHUX KoopauHat (dU) s vy ;0 = 0.

Bripasus criaraemoe Zi’,-rfy,- B (11.31) uepes EdP (oueBuano, uto E
spnsercs 00001enHoil cinoil, a 7 — 06o6ieHHoi KoopanHATOIl), YpaBHeHHE
(11.31)3anuwercs B popme

dU = TdS — pdV + 2 + Y _ pdN + EdP, (11.32)

(31ECh 7, E. P coOTBETCTBEHHO NMOBEPXHOCTHOE HATAKCHHE, HATIPAKEHHOCTH
MIEKTPHUECKOIO 10J1d M NoJiApu3alna paccMarpuBaeMoro o0beMa JKHIAKOCTH.



11.4. Tepmodunamura mexeghaznpix seneni 249

Ouepnano, yto P = p'V, a p* — ynensHas nomapuzaums eauHHULL 00b-
eMa; OCTalbHbIe CHMBOMLI TPAIHIMOHHBI). TOROPA 0 moaspusaunu cpenst P
Mbl 10/IPa3yMEBAEM TAK HA3BIBAEMYH) JIHHAMHYECKYHO NOIAPH3ALMIO, A HE ee
cpenree paBHoBeCHOe 3HaueHne () (yrmoBbiMu ckoOkami 0003HAYEHO KBaH-
TOBOCTATHCTHYECKH YCPEIHEHHOE 3HaueHHe noaapusalum). Y1odsl noscHHTH
PasHULY MEeNAY THMH TIOHATHAMM, HAMOMHHM, YTO B OTCYTCTBHE BHELIHEro
nos cpena s oduiem He nonapusosana ((P) = 0), B 10 Bpems kak I’ B Kkak-
AL JAHHBIT MOMEHT BPeMeHH MOKeT OBbITH OTAHYHA OT HYJS HW3-3a BHKEHHA
WEKTPOHOB U KONedaHua A1ep B Monekynax cpesl. Ha ssbike crarncruyeckoi
(uzHKN ANHAMUYECKOI Noagpusalni cooTBeTcTBYeT QUuyKryaunoHHas nons-
pH3anus, 00y CIOBNEHHAA TEMITOBLIM ABIKEHIEM YacTHL cpelbi. Ecain BHemnee
[0J1€ HE CANLLIKOM Benko (0GbIMHO MeHbLue, uenm 10°—107 B/em). cpeaHas 1o-
nsipusanns (I7) nponopimonansha E.

3aMeTHM. UTO 3MeKTpHMecKkad padoTa, BbipakeHHas B dopme LdP, non-

HOCTHLK) 3KBHBANEHTHA OOBIYHO 3aNUCHIBAEMOT paﬁOTE B BHOE E Eid.ﬁx\g. TaKk
KaK

EdP = Z{—d;\\,v_/d'rg.)dﬁr:,.; = Z(—d;\r,-fdr',)ed'r = — Z edAy;
(11.33)
(m; — ycpenHeHHbIi THTIONBHEIH MOMEHT eaHHNIbLl obbeMa, Ay; — noTeH-
LHaJl fojiA B MECTE HAXOKACHMS 3apana z;¢). 3anuch sneKrpuyeckoii paborsl
B (hopme Ed P otobpakaet No/Hy 0 IHEPruto B3aUMOCHCTBHSA HACTHLLLI CO BCEi
Cpenoii s eiHiLbL 00bema PacTBopa. MoayHaeMylo Cy MMIPOBAHHEM YHEPIHH
BCEX TOYEK MPOCTPAHCTBA 7', B KOTOPOIT HAXOAATCA ANITOJN,
[epeiinem or mepementnix S.V u p & nepemennwsiv T, P u E. Torna
dG™ = —SdT + Vidp + P dE + ~df}, (11.34)
meG* =U =TS+ pV + EP, [1pn nocrosuusix temneparype T' u faBiennu p
B cucreme (1.10) 3anuerca B Buae
dG*™ = vdQ1 + PdE. (11.35)
[Mockonbky dG* sapasercs noaHbiM AuGhEpeHIHANIOM, TO K HEMY MOAKHO
MPUMEHNTE COOTHOMIEeHHe Makcsenna, T. €.

(%)T.p,&! - (p:,_)?;\')r‘p‘g : (11.36)

3anwvcas (11.36) B BHaE

™ (%\) (Z2) (=) =-(=2) (1137)

aAy

W VHHTBIBAA H3IBECTHLIE M3 IEKTPOCTATHKH COOTHOLLICHHA: (—\) = —F,
iz

E = —dap*, OFE [0z = 47(p*™™° + p*) (ypasuenue [lyaccona), a rakxe

TO, lrrojp dz = o (rne z — JuHeliHBIl pamep NoBepXHOCTHOTO ¢10g), noche
MOACTAHOBKH 3THX Bhipakenuii B (11.37) nonyqaem opmyny

(.6’}' ) e —{O’c“”ﬁ 4 o_cnsn). (11.38)
S/ 1.0
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rae o % 1 ¢ S NoBepPXHOCTHAS MIOTHOCTL CBOGOIHOTO 1 CBA3AHHOTO 3aps-
na. (Mon croBoaHBIM 3apAIOM TIOHUMAIOT BCE INEKTPHUECKHUE 3apAJlbl, KOTOPLIE
MO/ BIAMSHHEM AAEKTPHYECKOIO MO MOTYT NEPEMELIATHC Ha MaKpOCKOIn-
4ecKHe paccTOsiHHA — ITO JNEKTPOHBI B METaNnax, B BaKyyMe, HOHbI B ra3ax
M 2JIEKTPONHTAX, & TAKKE 3apA/lbl, HAHECEHHbIC H3BHE Ha MOBEPXHOCTH JHA/ICK-
TPHKOB 1 He HapyllaloiHe WX HeliTpanbHOCTL. 3apa/lbl, BXOAAIIHE B COCTAB
HEHTPAILHBIX MONEKYJI, TAKAKE Kak H HOHbl B TBEPIbIX JHAICKTPHKAX BOIH3H
MONOKEHUIT PABHOBECHSA HA3LIBAIOT CBA3AHHEBIMH 3apsaaaMi). B peansHom aTtom-
HOM MHpE pa3jiHuie Mexay cBoOoIHbIMI p% i ces3anubIMU p " 3apsaamu
ABIIAETCA OO/IEE MM MECHEE NPOM3BOJLHbIM. CAE/10BaTE/IbHO, MOIEKYIAPHbII
JUMONL ABASETCA OMpeNeeHHBIM TOTBKO B TOM CITyHae, KOrja MOKHO BLIABHTL
MOUICKYJIbl KaK TaKoBble. DT0 B HAHOOIbLIEH CTENEHH OTHOCHTCH K AHAKOMY CO-
CTOSIHHMIO W JIMIIEHO CMbICTA A OOABLINMHCTBA KPHCTAIOB, NMOCKONLKY M0dofi
aroM WM HOH B TBEPAOM Tefle MOTYT A0CTATOMHO CHALHO B3aHMOACHCTBOBATHL
CO BCCMH CBOMMH COCEAAME.

3amernM, uto dopmyaa (11.38) nonyuena asropoM abcolOTHO CTPOTO TEp-
MOJANHAMUYECKH M HE COACPHUT HUKAKUX JONYILUEHHIT NN MOJCILHBIX Npe/-
crapnennii. Kak suano us (11.38), npasas uactk npeacrasnser codoit nomHeiii
3apsj NOBEPXHOCTHOIO CHOA, HAXOMALIMHACA B YCPEJHEHHOM MaKpOCKOIHYEe-
CKOM aieKTpHueckoM none [, Btopoli, He MeHee BamHbil acnext (opMyhl
(11.38) 3axymouaercs B TOM, 4TO YCTOHYHBOE COCTOAHHE NOBEPXHOCTHOIO Cl105
JIOCTHTAETCSA TONLKO 3@ CHET KOMTIEHCALIMH CHIT TEKTPOCTATHUECKOTO H HEIEK=
TPOCTATHUECKOTO IPOUCXOKIEHHS H HAXOIHTCS B [10JIHOM COINACHH € TEOPEMOii
MpHinoy.

Cea3b BHYTpeHHErO 3ddekTiBHoro noas £ 1 nonapuzauun p* Bbipamaercs
YPABHCHHEM COCTOAHMA TN3IEKTPHKA

pr=2"1p (11.39)

4

[Ipu BerBone ypasuenus (11.38) we OO WCMONBL30BAHO KAKHX-THOO Orpa-
Huuenuii. [losromy oo crpaseiMBo npu onucannu JiodbIx Me}{{dje}al-lhlx
rpadmit. CHauana paccMOTpUM MeK(asHbie rpaHulbl, B KOTOPLIX 0 0 = ().
D10 &) KOHTAKT AMIKOCTH C COOCTBEHHBIM MApOM W HHEPTHBLIM [a30M,
7) CHCTEMBI, COCTOALILME W3 IBYX HECMELLMBAIOIIHXCA K HIKOCTEH (PacTBOPOR).
3arem 00paTHMCA K aHATH3Y KOHTAKTa MONEKYTAPHOIT KHAKOCTH ¢ METANIIOM.

11.5. KonrakT mnHANBHAYAJLHOI KHAKOCTH ¢ HHEPTHBIM
razom

Ypasuenne (11.38) mna nHaAHBHAYANbHON KHAKOCTH, HaXoaALICHca B paB-
HOBECHH ¢ COOCTBEHHBIM NMAPOM, 3aMKIlIeTCs B BHE

(—% ) =" =p" wm dy=pdAxy = NymdAyx. (11.40)
A T p.c2
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VnenbHas nonspuzauns p° = Ng7it NpeIcTABIAET AUNONLHBIIT MOMEHT e1HHH-
1l 00BEMa HKHIIKOCTH H IKBUBAICHTHA NMOBEPXHOCTHOMY 3apsmy o™ (rne Ny —
YHCIIO HEelITPA/IbHBIX MOJIEKYJI JKHAKOCTH B eHHHLE 00beMa; 71T — YCPEaHEeH-
HBIH JINTONbHBIH MOMEHT €MHIYMHLIX MOJIEKYN, KOTOPbIE M PaccMaTpHBArOTCA
B KQuecTBE HCTOYHUKOR 110714).

VYepenneHHoe 3HaueHne T AHMONBHONO MOMEHTa, 00yCchoBleHHOe JWLIL
OpHEHTAUHEH MOJIEKYI, MOKHO BBIYHCIHTL U3 KBAHTOBO-MEXAHHYECKNX Mpei-
CTABJIEHHIT O BEPOATHOCTH OPUEHTALMH MOJIEKY]l B HEKOTOPOM IhhekTHBHOM
MEeKTprHeckoM none F ¢ yueToM npocTpancTBEHHOIO KBAHTOBAHHS

I3

it = po(Ny — N_) = up th (““?), (11.41)

re Ny = e /(e + e™") — nois MoJeKyIl, NPOeKUHH AHNoJeii KOTOPbIX na-

parienbHbl AekTprdeckoMy nomo E,a N_ = e " /(e" + e™") — anTunapan-
wE

JielibHbI (316Ch 7 = iO—T)' YToObl OUECHHUTH BEJINYHHY YCPEAHEHHOTO ANAOIb-
3]

HOTO MOMEHTA MONEKYbI 77, HeOOXONMO CHauana NpoBeCTH OUeHKY nons F,

JLis 310ii uesn Bocnosibzyemca ypasHeHuem (11,36). 3anucas ero B Buae

dy = —p*2dE = —NgmzdE = —N* g th . ; dE. (11.42)
»

(3neck NpUHATO, YTO MOJIEKYIIA 3aHHMaeT 0OheM B BHAE KyDa ¢ BeIHIHHOI

pebpa z, nostomy Npz = N, Jto — COOCTBEHHBIH AMMONLHBII MOMEHT
enuHuvHOH monekyist). [locne unrerpuposanna (11.42), nonyuaem BoIpame-
HHE. KOTOPOE Ha OCHOBE ONBITHBIX 3HAUCHHIT TTOBEPXHOCTHOTO HATSKEHHS 7
H AHIOJBHOIO MOMEHTA HHAHBHAYAILHONH MOJICKY/IbI [y NO3BOJACT OLUCHHTH
BeJunny nons E mekdazHoil noBepxHOCTH KNAKOCTh — nap

2/3
I

2/ E
v = N kT n ch 22 (11.43)
ksT
B
Jins GONBIIMHCTBA HHAMBHAYANbHBIX KHAKOCTEl i "]T > 2, 910 03HAYALT. UTO
‘B

o o y

M = pp th 7 X g, (11.44)
‘B

T.€. BEKTOPbl AHIOJIBHOTO MOMEHTA MOJIEKY/l PACHONONEHbl BLOJb MOJH WK
AMNONKM MOneKky BOIM3KH Mew(azHON rpaHnitbl HKUJAKOCTH OPHEHTHPOBAHBI 110
HOPMA/IH K €€ NOBEPXHOCTH,
Boszepauiascs k ypagrennio (11.40), noactagng emecto Ay dKBHBAIEHT-
Hoe emy —FE'dz, 3amensis £ pplpaskennem u3 (11.39), noayuum
dy = qu (p*)%dz =
[TockonbKy VCPEeNHEHHbIT AMNONLHBIT MOMEHT 771 MOMHO IPEACTABHTHL Kak
diit = edz. 1o dz = dini/e. n noncrasus 310 BeIpakenne B (11.42), a 3arem
npouHTErpupoRae B npedenax v = 0 u m = 0 (cucrema HaXoauTes B raso-
0o0pasHOM COCTOSIHHH) 10 5 M T = fip (em. opmviay (11.44)) — cucrema

47

: (Nom) dz. (11.45)
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CKOHJEHCHPOBAHA, MOMYUUM YPABHEHHE CBA3M MOBEPXHOCTHONO HATAWEHNS ~
€ MOJICKYJSPHBIMH KOHCTaHTaMu (1 p, pro Bt N) paccmarpHBaeMoii JKHUIKoi (ashl

4 dar A2 3
y=—"T N33 uwm ~= ——— Njito (11.46)
Jels — 1) Se(ny, — 1)
(3n€Ck NMPHHATO, YTO /IS MOBEPXHOCTHOTO CNIOY, creays Makceenny, & = 'n.ffg].

Hna Boaw dopmyna (11.46) B 3ToM npudmkeHnn 1aeT xXopoluee corna-
CHE C IKCTIEPHMEHTOM, OJIHAKO IS APYFHX JKHIKHX BEILECTB paccHTaHHbIe Mo
(11.46) 3Ha4eHHA 7 HECKOJILKO MEHBIIC ONBITHBIX BenanuuH, Ho 3o u nousr-
HO, MOCKOJIbKY He NPHHHMANach BO BHUMAHHE BO3IMOKHOCTb BO3HHUKHOBEHHsI
AepopMALHOHHOI NOJAPHIALNH MOJIEKY.I, & TAKIKE HCKAKEHHS BEJIHYHHbBI BHY-
TPEHHETO MOAA 34 CUET MEKMOISKYIIPHBIX B3aNMOACHCTBIH, YHET KOTOPHIX
ABJAETCH DOCTATOUHO CHOKHOIN npoueaypoii u Tpedyer yike MOLEIbHBIX 1peil-
CTABRJICHHIL, UTO BRIXOJIMT 3a PAMKN Halllei 3a1aum,

CBA3b MOBEPXHOCTHOTO HATAKEHNA HHANMBHAYANBHON KHAKOCTH ¢ BEJIHYH-
HOIl CKauKa 31EKTPHUECKOIO NOTEHIMANA, BOZHUKAOLLETO HA Mesk(azHoil rpaHi-
11e, MOAKHO MOMYUHTh, JINIL PACKPLIB COAEP/KAHNE YCPEAHEHHOTO AUMOILHOTO
momeHTa B hopmyie (11.45).

Hedopmanns dneKTpoHHOro obaka MoKyl MOBEPXHOCTHOTO CIIOA J0JIK-
Ha IIPHBECTH K CMCLUCHHNID O'I'pnua'ren bHOTO 38p$lj],ﬂ H NOABJACHHUIO HABCIACHHOIO
(MHAYLIMPOBAHHOTO) AHMOALHOIO MOMEHTA [ty = aff (& — dnexkTpoHHas no-
JAPH3YEMOCTL MOJIEKYJIbL) TAK, YTO CYMMAPHLLT AHN0/bHbIIT MOMEHT MOJIEKY/IbI
CTaHeT PaBHBIM Z m =M+ pter = pio th ‘:0—;‘ + oY, BennuuHy 51010 MOMEH-
Ta MOJKHO PacCyMTaTh JIMILL MPH H3BECTHO£ HAMPAKEHHOCTH IEKTPHYECKOTO
nona E. Yrobel kaxasiii pa3 e npuberars k pacuety E no gopmyne (11.43),
NOCTYNUM clieayoumm obpazom: nokainbHoe (3dekrisHoe) NiekTpHueckoe
nofe £ BeI3BaHO OPHEHTAMOHHOIN nonapusaieii ero mosekyi. [ostomy Bhi-
pa3HM €ro B HEABHOM BHC UEPE3 OPUEHTALMOHHYIO MOJSPH3ALIID, HCMOJIb3YS
(11.39)u(11.41)

I 4p” -~ 41 Nojto th ;m}:

~ 11.47
e—1 n.:_f) -1 k B'T' ( )

Torna ycpeaHeHHblii THNONBHBIT MOMEHT € Y4ETOM JIEKTPOHHOI NoNspH3auu
gl Byner BeImaneTs Kak

z = Ny(jg th BoF + o F) =
kT

- E 47N E .
== j\"n“u tl‘l IJ'(]” (I -+ =0 UH} ~ 1\“'{!1] th fd H! (l | 48)
EnT n3, —1 keT
-t?T a’Vﬂ . »
rae 7 = (I + ——— a), koropoe nocne noacranosku 8 (11.40) nerxko unre-
ngy —
rpUpyeTca.
N Nopoed - . .
1 NouoB 1 o 68X o L NowoeB o 2 (11.49)

e kaT 2 (kpT)?



o]
Ln
(]

11.6. Konmarm dgvx necmeuiusqiouuxcs weudrocmen

Opnako B (11.44) 6eino mokazano. 410 M = fig. DTO VCIOBHE CYIIECTBEHHO
yripolaer npoueaypy nuHrerpuposanns. Teneps ypasHenne (11.40) sannuem
B BH/IE

dy = Ny SdAx, (11.50)
H [0CE HHTETPHPOBAHHA OHO HMEET MOJKYNAoLE NpocTyio GopMy
A\' = i ; (11.51)
Nopa 3

B rabu. 11.1 npeacrasnenbl pesyiibTaTsl PACHETOB NOBEPXHOCTHOIO CKa4Ka ro-
TeHmana Ay paaa KHAKOCTEH Ha TpaHnIE ¢ COOCTBEHHBIM NapoM no Gopmyne
(11.51), Ha ocHOBE M3MEPEHHBIX 3HAYEHUIT MOBEPXHOCTHOTO HATAKEHNS 7 M MO-
JIEKYISPHBIX NapaMeTpoE (s, 15, fto. No). Beenensi clieayrinye odozHaue s
crnpros: MC — mernnossiii, 2C — stunossiii, [1C — npominoswiii, BC —
Oyriosslii, 91 — srunenrnkois, F— Gopmami,

KONHUECTBEHHBIE H3MEPEHHA MOBEPXHOCTHBIX CKAUKOR MOTEHLMANA (HX ua-
CTO Ha3bIBAIOT BOJALTOBLIMH NOTEHUHMAIAMH) He 001a1at0T BLICOKOH TOYHOCTEIO,
MOCKOALKY OHM. KaK NMPaRHI0, OCHOBAHBI HA KOHIEHCATOPHBIX HWIH HOHH3AIH-
OHHbIX MeTonax. OaHaKo pes3yibTarbl M3MEPEeHHS MOBEPXHOCTHLIX MOTeHUHA-
JIOB YMCTBIX AKHUIKOCTE, NOJYYEHHBIE B PA3HBIX Jlabopatopusax, HMEloT Dojib-
oit pazdpoc. B cBA3M ¢ ITHM MOKHO FOBOPUTH JIHIIL 00 OLEHOUHLIX Bell-
YHHAX MOBEPXHOCTHBIX MOTEHLUHANOB YMCTBIX JKHIKOCTEH, NMpPOBENeHHbLIX Ha
OCHOBAHMH KOCBEHHBIX AAHHBIX, HANPHUMEp, No oueHkam TpacaTTH 1ia BOJbI
Ay = 0,13 B, ana metanona— 0,17+ 0,29 B, ana sranona—0.19+0,29B
i B 001IeM KOOPPENHPYIOT ¢ BelH4uHamMu Ay, npusencHHbiMH B Tabm. 11,1,

Tadauwua 11.1

AnakoceTs H:O | MC | DC | 1IC | 29I bC

~, apriem? 720 | 22,1 | 22,8 | 23.8 | 47,7 | 24,6 | 582

No-10777 cn* [ 3.343 | 1.476 | 1.025 | 0.801 | 1.076 | 0.875 | 1.509

I
tJ
oo

pnD 1.8 L7 | 169 | 1.66 1,69 | 3,73

a-10%, ev® 148 | 3.26 | 5.12 | 696 | 576 | 886 | 424

no 1,333 | 1,326 [ 1.369 | 1,383 | 1.432 | 1,369 | 1,447

Ax. B 0.20 | 0.15 | 0.22 | 0,30 | 033 | 036 | 0,18

11.6. KoHTaKT ABYX HeCMEIIHBAIOIHXCH JKHIAKOCTEH

Tellt!pb paceMOTpUM ABE CONPHKACALIMECH OAHOKOMIIOHEHTHLIEC HECMEe-
MHBAKOIIHECA MEKAY coboif Kuakue ¢a3b1 m . Barom ciayuae MnpoHCxXoanT
B3aHMHAA MHIYKLHA C]]EB M BO3HHKHOBEHHE MEH{[EJEI?.HOFO NOTCHLNANA IBYX NO-
JIAPH30BAHHLIX AKUaKocTeil Kak 3a cuer codCTBEHHOTO {BH}"TP@'HHEI’U) nojs, Tak
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U BCIEACTBHE MHAYKUMH cocenneil daie. [lycTh nepeas U3 HUX HaTeKaeT Ha
BTOPYK) TAK, 4TO €€ NOBEPXHOCTD YBenunBaeTcs Ha (€, ruiomans cBoGoaHoi
NOBEPXHOCTH (pa3bl 11 COOTBETCTBEHHO YMEHbIIACTCH Ha BeJHunHy df), . pas-
Hyl0 no adcomoTHoi Benmuunne dfl,,. [lopepxHocTL KOHTaKTa fhas obozHAUNM
uepes (1, Jns kaknoil n3 rux das 1o OTALIBHOCTH MOXHO 3anucars o0be/n-
HEHHBIIT TIEPBBII M BTOPOI 3AKOHBI TEPMOAHHAMHKH ¢ YYETOM MOBEPXHOCTHBLIX
ABJICHIH B BHIE

dU" =TdS — pdV + ~vdQ + EdP (11.52)

(8 ypasnenun (11.52) onywen unen Y p2;4N;, HOCKOJIBKY 110 YCIOBHIO MOJIEKY -
nLT 0IHOIT (haskl He MepexoaaT B APYTYIO W BHITIONTHEHA 3aMeHa NepeMeHHbX E
i 7 ¢ nenonpiosanuem npeodpasosanns Mewannpa X de = d(XNa) —rd X, Tak
uro dU7* = d(I7 4+ PE)).

[lpu kouTaKTe (has /i U 1 BHYTPEHHASN IHEPIUs CUCTEMbI OYACT NPEACTABNATh
c000ii cyMMY BHYTPEHHHX IHEPTHIT H301HpOBaHHLIX (ha3, BKIouas B ce0s Heko-
TOpbIE HM3MEHEHNA, KOTOPbIE MPOHCXOMAT B PE3Y/LTATE NEPEKPHITHA ABOHHBIX
AMEKTPHYECKUX CII0EB conpukacatommxes (as. Obuee Buipazkenne s aud-
(epenunana BHYTPEHHeH IHEPTHI TAKOH CHCTEMbI NPH MOCTOAHCTBE 0OLEMOR
o0enx haz sanniieTcs B BAIE

dU2 . = dUZ + dU = TdSm + Ymdm + TdS, +
+ A.‘Hdnr.l - nfunlden + (Em-dpm + E.”dpn:]. (I ]53)

3nech Y = (D + Ay )dEd,,,, npeacrasnaer coboii paborty nimeHe-
HHS NOFPAaHHYHOrO HaTskeHHa 00eux (a3 /m KU 1 ¢ NI0WALIO CONPHKOCHOBE-
HUA {10, PABHOE CYMME MOHIKEHHIT MOBEPXHOCTHOTO HaTKEeHNA dassl 1 rpw
KoHTakTe ¢ pasoii 11 1 paszpl 1 Npu KoHTakTe ¢ pazoli mi. [ockonbKy npu 3amene
ra3osoii (assl Ha Gonee NIOTHYIO Cpeay MOBEPXHOCTHOE HATAKEHHE KUAKO-
CTH yMeHblaerca. 1o B (11.53) nepen cnaraeMbiM %y, (€2, nocTaBneH 3Hak
MIIHYC.
Caenaem Hexkotopsie ynpouweHus g 3anuci (11.53). Yuursigas, uro

dlpm= —d= dQmn, (11.54)

3anuilieM claraeMble, COAEPKALLHE MNOBEPXHOCTHOE HATAKEHHE C YHUETOM
(11.54) B BUAE

A."m"ﬂ.!m =+ ']fndQn = ':"m-hds-zmn = (I"."m == 'rrrm}d!-zm = §"dQm;
(11.55)

rae S* — ko3 uiment pactekanua, Ha nosepXHOCTH paziena aByX (a3 B 0T-
CyTCTBHE CBODOAHBIX 3apA/0B uH.lwcumi Dy n Dy, conpukacaroixes ¢as
p‘lBth JpYT /IpYTY, T.¢. emEy = en £, [10]. Ecin npunats kak u panee, 4to
€=mn%, a ”D 2 MPaKTHYECKH /LA BCEX JKHIAKOCTEN, TO MOKHO NOJTOKHTh,
yro I, &= E,, = E. Teneps nocneanee ciaraemoe B (11.53) 3anuiercs B Buzge

(EmdPpy + EndPy) = E(dP,, +dP,). (11.56)
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OKoHUATENBHO BBIPAKEHHE NI BHYTPEHHE(l 3HEPruy KOHTAKTHPYIOWNX a3
OY/IET HMETH BHJL

dU* = §"dQm + E(dPy, + dPy) + TdSm + TdShn. (11.57)

BolpaskeHne Ans SHTPONMM KA/KAOH H3 KOHTAKTHPVIOUMX (ba3 onpeaesium u3
H3BECTHOTD B CTATHCTHYECKOA TEPMOAMHAMMKE COOTHOLLICHHS, KOTOPOE CBHE-
TEJLCTBYET O TOM, UTO CHCTEMA HAXOAMTCA B PABHOBECHH, KOId OHA HMMeeT
HanOonee BEPOATHYIO KOH(PUTY PALTHIO, T. €. KOH(HTYPaLMo, UT KOTOPOii HHCITo
NOMYCTUMBIX coCcTosHUIT MakcumansHo. [lpu aTOM npeanonaraercs, UTo BHY-
TPEHHNE cTeneHn cBoBO/BLI MONIEKYJ! Kk A0H 13 conpukacatomixes (has ve me-
HAKOTCA.

Sa=kpln— " . g Soofaln— % . 1158)
(N — ) 12! (Nyp —nn ) ng!

3neck uepe3 Ny, N, 1y M 11, BLIPQKEHO UHCIIO AHEEK B 00beme az m un
COOTBETCTBEHHO (B KK 10T Aueiike He Donee 0MHOIT YacTHIIB) M HHCTIIO AUEEK, KO-
TOpbIe OOMEHUBAIOTCSA 3apAnaNMK (NOCPEACTBOM HHAYKLMK) uepes mexdaznyio
NOBEPXHOCTD, T. €. YYaCTBYIOT BO B3aHMHOH NOJIAPHIALIIH.

[ockonbKy 3aps/l. Hanpumep, (azel 1 (IOHOP) MHAYLHMPYET NOgBIeHNE 3a-
psiaa B aze n (akuenrop), 1o di,, = dn, = dp/e (3aK0H coXpaHeHHs IHepriH,
 — 00beMHas TIOTHOCTh 3aps/ia).

Mutnmusupys (11.57) no d€2,,, 1 ucnonb3ys gopmyny Crupannra (In N! =
= NIn N — N), nonyuum ycioBHe pagHOBECHA CHCTEMBI JIBYX KOHTAKTHPYIO-
LN SKHAKHX (a3 B BuLe

atre =S"+FE afm i aPy, ﬂ!.!,, n
8 /o v M 0y Ay
Hrim In {"\"'m — Tt )Min - U (l 159)
le L9 (Nn —nq :]nm
Janeueitme npeodpasosaHis BuIMOIHAM, HCXOAS U3 CHCAYIOUIHX MONOKEHHIL.
Ay

-

+kyT

1. Hanpskennocts nona £ npeacrasum B Buae £ = — (rne z — Koop-

NHHATA 110 HOPMAJIH K TIOBEPXHOCTH pasznena (as).
- : ; AP prdV
2. TlpousBouHy1o noaspusalun Qasel 1 3aniiiem B puje —— = 2 — =
ern U'-Qm
= pr.z (rae py, — yaelbHas noaspusauus (pasul 1m): TO JKe camoe npoienaem
n s pasel 1, yauteigas, aro uz (11.54) 99, /0Q,, = —1.
3. PasHocTh yACNbHBIX MOAgpusauit (pas im v n Ha FPaHMILE pa3jiena paBHa
NOBEPXHOCTHOMY 3apany p, — pPj, = 0.
i FLiT 4
%~ == - = — M. YYHUTBIBAA, 4TO YUCIIO NONAPNIOBAHHLIX MOJEKYI
L a0y, e
HAMHOTO MeHbILE 00LIero 4HCaa YacTHI B JKMAKOI daze, 1. e ny,, < N, nn, <
< Ny, MOKHO J01YCTUTb, UTO Nppy — Ny & Ny n Ny, — ny & Ny
5. Boipazum uucna yactiuu N, u N, uepe3 uxX KOHUSHTPALUHH Cp,, H Cp,
MOACAMB YHCIHTETL M 3HAMEHATEThL MO/ 3HAKOM jorapuma Ha eaHHHYHBI
obvem V. T.e. e = Ny /V e, = N, /V.
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6. IToCKOIBKY MHAVLMPOBAHHLI JUNONLHBII MOMEHT ONpPeNenaeTcsa BEu-
YHHOH NOJAPHU3YEMOCTH (¥, TO YHCIO MOASPH3OBAHHBIX MONEKYJ BhIPa3HM Hepes
3Ty BeJIMduuy. . €. 1 /n,, = ka,y, n1/n, = ko, (rue a,, 1 o, COOTBETCTBEHHO
IMEKTPOHHBIE MOTAPH3YEMOCTH MOTEKYN B ¢asax m u n, k — xoaduument
MPONOPLUHOHAIBHOCTH MEK /1y NOJAPH3YEMOCTHIO MOIIEKYJIbl H €€ 00beMoM ©; =
=B,

Teneps okonuarensHo ypasrenue (11.59) sanuwercs B e

§* — Axo + BT gln fmom — (11.60)

€ Cnkn
B ciyyae koHrakra OMHAPHAIX PACTBOPOB ¢ Pa3HbIMH PACTBOPHTENAMH 1 Pac-
TBOPEHHLIMH BEIIECTBAMHN )/',EIOGHO 3aMUCaTh BLIPAMKEHHE NOA 3HAKOM ."IOFapHd]Ma

Con M Com Qlpm

B ypasueHuu (11.60) B Bune: 7(c;a;) = (31€Ch HHKHHE HHACK-

CrnlinCynttyn
Cbl 7t H 12, @ TAKIKE 11, 172, JIM U jn COOTBETCTBeHHO 0003HaUaoT npupoay (asbl,

COPT pacTBOPUTENA H pacTBOpeHHoro Beuiectsa. Teneps (11.60) sanumem kak
Mo = Tn ‘}',m,+rr[..h\+ 111H(( ;)] = 0. (11.61)

Jns Haubonee npocToro ciyuas AByX KOHTAKTHPYIOWMX PacTBOPOB C OAHHM
H TEM e PacTROPHTENeM, HO PA3HBIMH PACTBOPEHHLIMH BEIECTBAMH COopTa i
W J COOTBETCTBEHHO B (hazax m W n neppoe craraeMoe oOpaliaeTcs B HYIh,
@ OTHOLICHHE Cyptyy /Cpyy MO 3HAKOM JIOTapima paBHO eaMHHLE W TOrIA

AX = £ l.]J Cypre Maan 1 (l I _62)

€ €1 G

Taxum 00pa3oM. CKauOK NOTEHUMANA HA IPAHULIE ABYX HANOMALLMXCS B PABHO-
BECHH PACTBOPOR € OTHUM M TEM JKE PACTBOPHTENEM ONPEIENACTCH KaK KOHLEH-
TPAUMEi, TaK H NOJAPHIYEMOCTBLIO MOJIEKY/I PACTBOPEHHDIX BELLECTB B KOHTAK-
THPYOIHX (a3ax.

B tadn. 11.2 npuseneno cpapHeHne paccunTalHbIX 1o ypasuenuio (11.62)
ckaukor notentmana Ay (MB) HaKernepuMeHTaNbHO H3MEPEHHBIX NOTEHLNATOB
(0OBIYMHO HA3LIBAEMBIX «AHD(PYIHOHHBIMID ) B BOJAHBIX PACTBOPAX HEKOTOPhIX
corneti. M3 tabnuis BUAHO. 4TO PACCUNTAHHLIE 1 YKCMEPHMEHTALHLIE 1aHHbIE
JOBOJIBHO XOPOLLO COIMACYTCS Mexk 1y coboil.

3amerum, uTo 00LIMHO TpUMEnAeMbIe LA pacuera « Anddy3noHHBIXY no-
TeHuuaos ypasHenus tuna Hepuera—lenaepcona

'—\‘P:md:» = M éj__‘\_' In 23
€ A +A- co

CHMMETPHYHBI OTHOCHTENLHO 3HAKa NMOABHAKHOCTH HOHA, MOITOMY 3aMeHa MecT
B K@XA0i nape »IEeKTPOINTOB, NPHBEACHHLIX B TAbJIHUE, HE NPUBEAYT K W3-
MEHEHHIO Ay, B TO BPEMS KAK SKCTCPHMEHT YKA3hIBACT HA HANHYNE TaKol]
pa3HHLbIL.

[Mpoandpepernmporas (11.60) no dAY 1 yuTtd, 4TO NOBEPXHOCTHRIE Ha-
TAKEHHS UMCTBIX KHAKOCTEI Yy M 7Y, HE 3aBMCAT OT AY, a TaKKe HCMONbLIYA
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Tabauna 11.2

nexrpoant | erfer | o fas | Ax (yp. (11.62)) | Ay, mMB (axen.)
KCl/NaCl | 0,1/0.1 | 4.3/3.5 53 3.0

NH4CH/KRCH] 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/KCl | 0,1/0.05 | 3.5/4.3 12.4 9.4
KCI/LiCl | 0.1/0,05 | 4.3/3.04 26.8 20,6
LiCl/KCl | 0.1/0,05 | 3,04/4,3 8.7 9.2

H3BECTHBIE M3 YIEKTPOCTATHKN BRIPAKEHUA (v, /dAY = —o n do /dAy =

= (, (rne C' — muddepenimansias eMKoCTh Mek(PazHOTO COs), MONYHHM

}"pﬂBI'lCHHe ﬁﬁpaﬁo.’lbl
d"““ﬂ = {J + C['&‘)( =+
+ 5T ) (ciaa)}dAX,  (11.63)

KOTOPOE TaKi#e HOCHT Ha3BaHWe JIEKTPOKa-
MTAPHOT KpuBoit (3 kK k). Hapue. | 1.6 npen-
CTaBJeHbI 3 K K CHCTEMbI MAclo — BOAA.

B makcumyme 3Kk S _

dAx

(AIEKTPOKANWLIAPHLI  MAKCHMYM 3K M).

Ha ochoge (11.63). 3Has KOHUEHTpaLUIO
H MOAAPH3YEMOCTh KOMIOHEHTOB pPacTBO-
pa. MOKHO paccuuTaTth MOBEPXHOCTHBI
CKauOK [NOTEHUMAIa Ha [paHule Hecme-
wuBatonmxcs  skuakocreii.  Jlna  nanbo-
JIe€ XOpOoWIO H3YUEHHOH CHCTEMBI 1ABYX
HECMELIMBAKOIIMXCA KUAKOCTEH, HasbiBae-
MbIX MAacsIo—BoAa (BOAHBIIH pacTBOp rui-
pounenoii conn LiCl u ruapodobuoro

5. apr/em?
-
26
244 / 2
/ Y
22 4 \Q\
A\
20 - \\,
18 T T T
0.1 0.2 0.3 0.4
@, B

Puc. 11.6. 3aBHCHMOCTL NOIrpaHuy-
HOI'O HETHIKCHHS CHCTEMBI Macio—
sosa (LiCl g Bose. BuyNPhyB B aur-
podenione)

Benlecrsa rerpabyrunammonus rerpadenunbopara BuyNPhyB 8 uurpoben-
3071€), B TOYKE IKM MPH PAaBeHCTBE KOHUSHTPAUHH JNIEKTPONHTOB B 000HX
pacTBOpAX CKAYOK TNOTeHNnana Ha mexdasuoil rpaHuiie HUTpoOEH30I — BOAA
AXy.6./0 = 64 MB 1 npakTHUeCKH COBNANAET € IKCNEPHMEHTATILHLIMU AAHHBIMH.
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([ns pacuera ObUIH MCTIONBLIOBAHBLI CHEAYIOLIHE 3HAUSHHS NONApHIYEMOCTeil
= 1,48 1072, a6 = 5,1-107%, e = 3,02- 107 na, = 74 x
*x 10721 em™ (318Ch HUKHUMM HHAGKCAMH B, H. §. 11 § 0003HAUEHbI COOTBETCTBEH-
HO BOJa. HUTpoOeH30a u cons BuyNPhy B, nonspusyemocts KoTopoii BEIMNCaEHA
no opmysie Jloperru—Jlopenia).

CMetmenne moTeHmana 3KM A Yayey, 10 (11.63) mpn m3MeHenin KOHIeH-
TPALMK OJHOFO W3 KOMIOHEHTOB CHCTEMbI MPOHCXOAUT N0 JIMHEAHOMY 3AKOHY
¢ HaKIOHOM dA Y.y /dIne; = 25,6 MB. JkcnepuMeHTHl TAKKE YKaA3LIBAKOT
Ha JIMHEHHbIH XapakTep 2T0il 3aBHCHMOCTH, @ TAHIEHC YIIIA HAKIOHA paBeH
dAy /dIne; & 20 MB, Mano 0mHYancs 0T TEOPHH.

11.7. KoHTakT MeTa/LIa ¢ sKHIKOCTHIO

WM. HakoHeu, paccMOTPHM CiyHai, KOrma MoJeKyJIApHas KHAKOCTh KOHTaK-
THPYET C KUAKAM MeTarmioM (o <*°% # (1). [ Ipoanani3upyem cHaYana mMeHeHne
MOBEPXHOCTHOTO HATAKEHHS FKNIKOTO HE3APAKEHHOrO METallla MpH nepeHoce
€ro U3 OIHOTT Cpe/ibl B APYTYIO (HANpUMEp, W3 BAKYYMA B TOT WKW HHOI pazdas-
NeHHBI paCTBOP MEKTPONNTA OAHOI 1 TOH e KOHLUEHTPALIHH C PACTBOPHTENEM
copra i). TepMuH «He3apAKEHHAA TOBEPXHOCTBY COOTBETCTBYET COCTOAHMIO
MOREPXHOCTH B 3MEKTPOKAMLISPHOM MakCHMYyME (3 K M).

TTOCKOJILKY NOBEPXHOCTHBIE MOJIEKYJIbI KHAKOCTIH YIKe OPHEHTHPOBAHDI cOO-
CTBEHHBIM BHYTpeHHUM nosiem (em. dopmyay (11.44)), To BzaumoseiicTane nx
€ MEKTPUUECKUM MOJIeM MeTajlla MpH KOHTAaKTe (ha3 MOKET OCYIUEeCTBIATLCS
Jnib Yepes 1epopMatHOHHY O NOAAPU3AILII0 MONEKY AKHAKOCTH — Yepes HH-
JYUMPOBAHHBIT AHMONBHBIIT MOMEHT fioy = o F. [lpeanonaras. 4To pacTBop
HMEET NOCTOAHHY K KOHUEHTPAIHIO OIHOTO W TOTO K€ BEILECTBA H A0CTATOUHO
paszbasiieH BO n3bewaHue HapylleHnil CTpyKTyphl pacTBOpUTEIs, BKIaza B 00-
HIYIO MONAPH3ALIHIO PACTBOPEHHOTO BELIECTBA MPH CMEHE PACTBOPHTENSA MOKHO
CUMTATh NOCTOAHHBIM H MalibiM. Toraa

o = —p'= —Nya,E, (11.64)

(rae Ny — 4HCIo MONEKYIl PACTBOPHUTENA B €AHHHLE 00beMa 0 (v, — CPEiHAs
MEKTPOHHAA TONAPH3YEMOCThL MONEKYN pacTsoputens). Teneps (11.38) zanu-
IETCA TaK:

dy=—-a “”“(l + ”ﬂm)dA,\j =g (:I;)d._\_\ =

oy ci

_ NP

g 3\"“ F?

dz, (11.65)

g&.nuil

riae d Ay 3amMeHeno 3kuBaNeHTHEM —Edz, a = = (1 + ) — AnanexkTpu-

<

qecKad (PYHKLHA NPHIIOBEPXHOCTHOTO CJI0A PACTBOPE, KOTOpas B ClIy4ae MaJioii
s cEni 1

HAMPSKEHHOCTH ANeKTpHieckoro nons, korna D = ¢ £, —(1 +

:]__

(T ChAs =) |
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(NpH BONBIINX HANPAKEHHOCTAX BCIEACTBIE TPAJANEHTA AN3TEKTPHIECKOit npo-
HUIAEMOCTH ITO COOTHOMICHHE 3HAYUTENIBLHO yoiomHaeTes). OnHako s one-
HOUYHBIX PACYETOB MOKHO MPHHITH B NEPBOM NPHOJNIIKEHIH = = 77,1 B CBOK
ovepeib. BLIPA3UM THHEIHLI pasMep dz depes nAOTHOCTL MONEKY] pacTBo-
putens dz = d(Ny)~'/3. Torna (11.65) nocne MHTErpHPOBAHHA B Npeaenax
OT COCTOAHUS METALIA. HAXOAALErOCH B BAKYYME, /10 COCTOAHMS 3TOrO e Me-
TAMIA B KOHTAKTE C PACTBOPHTENEM C MoaapusyeMocThio o, Ny Oyner nmets
OKOHYaATEIIbHY K (hopmy

1 B2 r2/3
Arj =gy —ay = -

T{ﬂ’si\'n ). (11.66)

Dopmyna (11.66) nokassiBaeT, YT0 NOHHKEHHE MOBEPXHOCTHOTO HATSHKEHHS
KUJIKOIO METalula [pH NOrpy®eHnH ero B IKNJKOCTh Pealu3yercs B pesyibrare
copeplieHus paboThl, CBA3AHHOI ¢ HABEIEHNEM MHIY LUPOBAHHOTO AUMOJILHOTO
MOMEHTa (3a Cuer UEKTPOHHOIT NONAPH3ALMN MOJIEKYJ) HPHIIOBEPXHOCTHOTO

. +2/3 o
crof sukoeti AW = N”/ asE-.
£2/3 ™
B koopaunarax Ay — r.r,_-\’ﬂ/ cootHowenue (11.66) npeacrasaser anueii-
HYIO 3aBHCHMOCTh.
Ha rpadmkax (puc. 11.7) npeactaeneHsl 3aBUCHMOCTH BelH4HH A7y, OT

nsN.f” A 26 HHAMBHAYANlbHBIX PACTBOPHTENIE MO JAHHBIM O NOBEPXHOCT-
HOM HATAKEHHH PTYTH B HEBOAHBIX PACTBOPAX, B CMECAX PA3IHYHLIX OPraHu-
HeCKUX pacTpopuTeneii Tarke Ha pryTH (puc. 11.9) i B pacniapneHHbIX cOnax
Ha sxuaKom BHemyTe (puc. 11.8).

M3 pHUCYHKOB BHIHO, YTO IKCHEPHMEHTAIBHBIC TOYKH AOBOJILHO MAOTHO
rPYNNUPYIOTCS BOKPYT OPAMbIX. OCOBEHHO XOPOLIO BLITOIHASTCH COOTHOLIEHHE
(11.66) ana pacnaaBneHHbIX cMeceii menouHo-ratonaHeix coneii. M3 Haknona
NPAMBIX BO3MOKHO OLEHHTL BEJIHYHHY HANPAKEHHOCTH EKTPUYECKOIO MoJis
METaIa B TOYKE 3NMeKTPOKANMHLTAPHOTO MakCHMyMa. Eciu npuesTh, uTO AN
BCEX OPraHHYECKHUX PACTBOPHTENEH, NpUBEICHHbIX Ha puc. 1 1.7, £ = n%, ~ 2,
TO BEJIMYHHA HAMPAKEHHOCTH EKTPHYECKOTO MO PTYTH B TOUKE I KM pas-
Ha ~1-10% B/em.

[MockosbKY HM OJIMH W3 HA3BAHHLIX pacTBOpHTENeil U colell XUMHYECKH
HE pearupyer ¢ MOBEPXHOCTBIO PTYTH U BHCMYTA, BPAL JIH MOMKHO FOBOPHTE
0 Kakux=110o creunduueckix B3anMoaeHcTBHAX NOBEPXHOCTH THX METAILIOB
€ MPUBEAEHHBLIMI BbITIE cpefamMu. [IpHHIIMTMHATLHO BA%HBLIM BLIBOOM H3 COOT-
HoweHus (11.66) apnserca Gakt NOHIKEHUS NOBEPXHOCTHOH IHEPriuy MeTaia
MPH KOHTAKTE C KWIAKHM (UIIONI0M B 3aBHCHMOCTH OT IEKTPOHHOIN nonspusy-
E€MOCTH (5 NOCJIEAHErO, T. € TIABHLIM MONEKYIAPHBIM MApaMeTPOM KOHTAKTH-
PYROIIEH ¢ METANIIOM CPE/ibl, OTBETCTBEHHBIM 3@ MOHIKEHHE MMOBEPXHOCTHOTO
HATSUKEHUST METAJLIA NPH KOHTAKTE ¢ KUAKOI cpeaoil, ApiseTca cnocobHOCThL
HACTHIL 3TOI Cpe/lbl CMEUIATh CBOH NMEKTPOHBI B IEKTPHYECKOM MOJIE MeTasl-
Jla. DNeKTPOKANHILIAPHbIC KPUBBIE PTYTH B BOAHKIX 1 METAHOJbHBIX PACTBOpaxX
pasnuuHbIX coneil npencrasnedsl Ha puc. 11.7 1 11.8.

Xapaxkrep H3MeHeHHS MOBEPXHOCTHOTO HATAREHHA KIIKOTO METaa oT no-
TeHunana (1. e. popMy WEKTPOKANUIAIAPHOI KPHBOIT) BBIACHNM, npeoGpa3osas
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A apr/em’

100 -

80

60 @

1 1 1 1 1
5 2 25 B g
1 0 30 B aN?® 10

Pue. 11.7. 3aBHCHMOCTL HOBEPXHOCTHOIO HATHKCHHA PIYIH A5 0T BEIHUHHBL KO-
(pripenTa NOIIPH3YEMOCTH a; pacTBopuTeieii. | — Bofa; 2 — Meranon 3 — ranoi:
4 — y-nponanon; § — x-Gyranoi; 6 — mpem-Oyranon: 7 — smypankunas kuciora; 8 —
yKCYCHaa kuciora; 9 — maciagHas kucnora; 10 — srwaenrmakons: |1 — rimiepnn:
12 — 3runosbiid ahup: 13 — xaopodopm; 14 — dopmavua: 15 — auvernadopma-
ML 6 — auveriaaneramii: 17 — w-meruidopmamuit; 18 — #-MeTHINPOIHOHAMNL
19— aueronnpun; 20 — aneron: 21— aumerniaeyanoren; 22 — cyandonan; 23 —
JUATHIICHTIHROE, 24 — mupuianh: 25 — Oenzon: 26 — aMMHak

L5k AF=(AYN?), apriem?

NaCl-KCl
NaCl-RbCl
NaCl-CsCl
Nal-Csl

Nal - KI
NaBr—KBr
NaBr—CsBr
KCI-CsCl
KCI-RbClI

Bi
T=1100K

0,5

0| @ 00|22 DeO

0,5 1.0 1,5 2,0 a-10%*, eM?

- r—2/3
Pue. T1E.  3aBHCHMOCTE H3MEHEHHA MOJILHOTO TOBEPXHOCTHOTO HATHMEHHS 7N, /
BHCMY A OT HOJIAPHZYEMOCTH PACTLIABACHHBIX IEA0MHOUAIOH LI COICH
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A5V 2310, apr/vonex

=R R - R O A

o e o © b &8 & T O

=

1 | 1 | 1 1 | | I L 1 | I L

60 100

P10, emivonex

Puc. 11.9. 3aBHCUMOCTE MONBHOTO MOBEPXHOCTHOTO HATSKCHHUA OT MOALHOTO 00be-
ma skikocrn Voomeceii pacrropureacii: 1 HaOQO=FOH, 2. 1O —aneron. 3. 10—
auarraenrankoinb, 4. HoO-CaJl, 5. H-O-HCOOH. 6. HoO— IM®, 7, ®A - IMD,
8. @A —JIMAA, 9. DA —n-MDA. 10. DA —u-MITA

ypasuenue (11.65), 3anucas ero cieayiounm o0paszom:
.,NU aseAy dAy.
5 ng— 1 Ho
(11.67)

Hurerpupys (11.67) B npenenax ¥ = Yuax (Ax = 0) 50 v(Ay). nonyuaem
OUeHb MPOCTOE BLIPAKEHHE 3aBMCHMOCTH MTOBEPXHOCTHOTO HATMKEHAS AHIKOTO
MeTalia OT NOTeHUMala B Bie napaboisl

d’jr’ — _chﬂ:\{'l £ - )d.ﬁ.\ = Uc“m(;l)df-\.\' =

a-t'[l!'l

Nag ek g 9
—

e 2{r1%_;- -1) po

= Tmax- (11.68)

(3nece ckavok noteHumana Ay H3MepseTcs OT NOTeHUHANA AIeKTPOKANHILIAP-
HOTO MaKCHMYMA Yynax: N, (g, fig COOTBETCTBEHHO YHCIIO0 MOJIEKYJl B €[IHHHLIE
00beMa, 3NeKTPOHHAA MONSPH3YEMOCTEL H THMONLHLIH MOMEHT MOTEKY. pacTBO-
pUTEs, KOHTAKTUPYIOLErO C KHIKHM METAIIOM, 11 — NOKa3arellb [peioM-
nenus pactBoputens). Takum odpaszom, 3 00061IEHHOTO YpaBHEHHS NEPBOTO
U BTOpPOro Hayajl TEPMOAHHAMHKH (3aMHMCAaHHOrO C YUeTOM MeXaHHuecKoi
padoThl # padOTH NOASPU3ALHH NMTOBEPXHOCTHOIO CJI0A) CAEIYET YpPaBHEeHHE
3ABUCHMOCTH MOBEPXHOCTHOrO HATSKEHMS KMAKOrO MeTaina OT roTeHunana
HEpe3 MOJEKYIAPHbIE MAPaMeTPhl KOHTAKTHPYIOILEH ¢ HHM CPE/bl B BU/IC KaHO-
HUMECKOTO YPABHEHHS Mapadolibl.

M3 puc. 11.10 1 11.11 BHAHO. YTO IKCNEPHUMEHTANLHO H3MepeHHas Gop-
M@ UEKTPOKANWIIAPHOI KpHBOI npeactasnger codoil napabony (Tak #e. Kak
M B JIPYTHX PACTBOPHTENAX M B paciuiasax coneii).
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¥ Ipr fem?2 5 oapr/em?
390+

370
350

330

3101

-0,5 -1,0 =-1,5 =20

.

0 -0.,5 ~1,0 E, B(n.x.2.) Morennuan (orn. Ag/0,1n. AgNO,), B

Prac. 11.10. Dmexrpokammnnaprrie kpu-  Pue. 1111, Duekrpokamiingprrsie kpu-
sble Hg-anekrpona B Boaublx pactsopax  Bbie Hg B meranone npu8° C: / — 0,1 M
coneii: / — 0,9 M NaF: 2 — 0,9 M NaCl: NH4NO3: 2 — 1 MNH4NOs: 3 — 1M

33— 0.9 M NaBr: 4 — 0.9 M Nal NalBr: 4 1 M Nal

[lockoneky n3 TepmoanHaMuk (cMm. (11.38)) caenyer, uto
. ') 2_ .
Neg oa =27 (11.69)
Ax aax  dAx?

To nponnddepenupposap asakasl (11.68) no Ay, noiayuynm ocHosHoil napa-
MeTp napadolibl, XapakTepusylouuii yriosoii koadgduunent kacarenbHoil K Jo-
Ooii Touke napaboiisl ¥ NpeacTasngOLMil codOl An(rdepeHLHANBHYIO eMKOCTb
MeskdaszHoro cioa MeTana—cpena
g=T0 ¢ (11.70)
(H-‘j!.) — 1) po
KoTopast. kak BumHo 13 (11.70). xapakrepu3syeTcs MOJIEKYJIAPHBIMH NapaMeTpa-
MH TOJILKO KOHTAKTHPYIOLIETH ¢ METALIOM HHAKOCTH. A [OCKOIbKY YPaBHEHHE
(11.68) npencrapnger ypapHeHne cHMMeTpHYHOI napadonbl, TO napameTp na-
pabonbl C' (BO BCAKOM caiyHae 1 HHAHBHAYAIbHOH KHIKOCTH) NpeacTaBnseT
coboif noctoanuy1o senuunny. [loatomy nepeas mpou3BoaHAS MOBEPXHOCTHOTO
HaTSUKeHHA MO TOoTeHUHay 10MmKHa ObiTh TiHelHoi dynkumeli Bo Bcem anana-
30HE NOTEHIUANOB, HAYHHAS C NOTEHIMANa 3 K M. Takas 3aBUCUMOCTb AeHCTBH-
TeabHO HabMOTAeTCs B IKCIEPHMEHTE KAk KaueCTBEHHO. Tak M KONHYeCTBEHHO
A5 pa3baBIeHHbIX PaCTBOPOB.
INEKTPOKANHIIAPHYK) KPHBYHO MOKHO OMUCATh 0000HIEHHEIM YPaBHEHUEM

v = —ayg? — by, (11.71)

KOoTOpoe B Oonee ya100HOIT (hopme MOKHO 3anucaTh, BLIOPAB HAYAN0 KOOPIHHAT
npu v = 0 u ¢ = 0 u nepenucas ero B Buie

v = —a(p — b/2a)* + b* /4a. (11.72)

M3 (11.72) MO&KHO BHMAETh, 4TO BbicoTa Napaloiibl cMelleHa B CTOPOHY OT-
PHUATENbHBIX MOTEHUHANOB Ha BENHYHHY Ay = Ynax — w0 = b/2a.
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W3 0nbITHBIX JAHHBIX H3BECTHO, UTO HA KATOAHO CTOPOHE INEKTPOKANHIIAPHOI
kpuBoit d°v/de? = Cyye = const & 18 Mkd/cm® Ans BeeX METAUIOB B BO/I-
HBIX PACTBOPAX MOBEPXHOCTHO-HHAKTHBHBLIX BewlecTs. Kpome Toro, nis pryT-
HOTO EKTPOA B BOAHBIX PACTBOPAX Yinax = 425 dpr/cM” u paBHa U3 ypasHe-
una (11.72) b2 /4a. W3 3THX IKCNEPUMEHTANBHBIX AaHHbIX H ypasHenus (11.72)
JIETKO BLIMHCIHTL MOBEPXHOCTHBII 3apan PTYTH 0, KOTOPBIIT OKa3LIBAETCA paB-
HbIM ~ 38 MkKn/cm?, @ noTeHumnan TO4KH EKTPOKAIMAIAPHOIO MAKCHMYMA,
T.€. KOOpJHHATA BEplIHHLI napabonsl npu BLIGOpe Hauana koopaunar v = ()
u @ = 0, cmewen Ha BenHduiy Ay = Ymax — o = 2,23 B or Havana xoop-
auuar. Ha puc. 11,12 karogHas BETBb 3AeKTPOKAnHIApHOIT KpuBoli skctpano-
nuposana Ha v = (); BHAHO. UTO pa3sHOCTb MOTEHIIHANOB OT HaYasa KOOpAHHAT

0 BEPUIMHLI  Napabolibl  TIPUMEPHO
pasHa 2,2B u coBnaaaer ¢ pacieToM.
OnHako B peajlbHLIX YCIOBHAX YiKe
NPH 3HAUCHHAX TOBEPXHOCTHOTO Ha- 400
TAKEHHA PTYTH nopaaka 150 spr/em?

(em. puc. 1 1.12) u capure notedun- 300
ana OT TOUKH NEKTPOKAINHIIAPHOTO
MAKCHMYMa B OTPHUATENBHYIO CTOPO-
Hy Ha Ay ~ 1,6—1,7B naunHaeTcs
WHTEHCHBHOE MYibrupoanne pryt 100
B BOJIHBI i pACTBOP. CONPOBOA1AOLIEC- - : - | J
€A PE3KUM YBeTHYeHHEM KaTOAHOTO TO- 0 05 1.0 1.5 2.0 -FB
Ka (B HiKHell yacTn puc. 11.12). 310

ABNEHUE B 3HAYMTEILHON CTENeHH 3a- Pue. 11,12 ")m:wrpm(arm;-r:mpnaﬂ "
TPYAHAET ONpenesieHne BeMHYNHLI A, BoiraMiepHas KpUBLIE PTYTH B BOJHOM
pactsope 0,1 n. Naz S04

¥, AW CM

5007

200

[puBesnem Takike pacyeTHble JaH-
HblE A1 KMAKOrO rajius Ha rpaHu-
lle C BOJHLIM pacTBOpoM B Touke kM. loBepxHocTHOe HaTmkKeHne rai-
1M B TOYKE IEKTPOKAMWIIAPHOTO MakcuMmyma pasHo 635 spricm?. senu-

2 2 2 5 oan
ania d*y/dp” = 18 Mxd/cM™ B KatoaHoit oGnacTd notenunanos. Toraa,
no (11.72) sapsn nosepxHocTH raaius o, = 46,4 mxKn/cm®. a casur no-
TeHIHaNa AyY = Pax — Yo = —2.73B, T.e. Touka 2KM Trainus cMelieHa

OTHOCHTEIIBHO TOYKH 3 KM PTYTH Ha 0,5B ¥ TOYHO COBMANEET C OMBITOM.

[ponsBoaHas NOBEPXHOCTHOTO HATSHKEHHNS 10 MOTEHLUMANY ONpeaeneT Be-
JIMYUHY [IOBEPXHOCTHOIO 3apaja @,. 3dBHCHMOCTb KOTOPOH OT MOTEHUHAIa
Aok HA ObITh HEITHOI no ypaBHenuio (11.70). OnHako B dxcnepumente o=
3H MOTeHIHana S7eKTPOKANUJIJIAPHOTO MakcHMyMa JTHHEiiHOCTL HapyluaeTtcs
C pas/ituHbIM OTKIOHEHHEM L5 pasHbix MeTamtor (puc. 11.13 u puc. 11.14).

B tadn. 11.3 npusenens! paccuutanubie no gopmysne (11.72) seaninnb ',
a TaKke a0ComoTHBIe noTeHuaibl A (MOTEHIHABI, OTCYHTAHHBIE OT Havyana
koopauHaT napadosst v = (). x = 0) s HEKOTOPLIX pacTBOpUTENEi B KOHTAK-
TE€ ¢ PTYTHbLIM KaNelbHbIM leKTpoaoM). JocTaTouHo xopouweil uimoctpauuei
K 3T0H Tabmuie MoryT cayxnTh rpaduku puc. 11.13 w puc. 11.14, Ha koTopbIX
conocTasieHsl 3apanosbie kKpusbie 414 Hg u Ga B pa3HbIX pacTBOPHTENAX.
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Tatawualll

roo10—22 L1024 . i
Pacteopirens | yHe, ﬂ No lni Y oD w 1(: | np |C, “K(_I’ Ax.B
cum? oM oM cm?

Boaa 425.4 3.34 1,84 1.48 1.788 18 2,21
Me(OH) 392.5 1,477 1,70 3.22 1.7599( 19.9 1.98
E{OH) 3869 1,032 1,69 3.12 1.8753 17.2 2,12
1=Pr(OH) 3835 0.801 1,66 6.96 19141 19.6 1,98

IMD 376 0777 3.86 7.88 2.036 8.2 3.046

AH 393 1.140 3.0 4,41 1.719 8.6 2,59
JIMCO 370.6 0.849 3,96 7.96 |2.1815| 7.8 3.09

& MR e o, MkKa/em?
-15F
15
10+
=10
5L
S_

0 05 E, B (1.x.3. B H;0) 0 _0,5-E B(nk> 8 H0)
Puc. 11.13. 3apucunocrs 3apsna no- Puc. 11.14. 3asncumocts 3apsiina no-
BEPXHOCTH pryTu (/. 3) u ranaus (2. 4) BEPXHOCTH pived ([, 3) W cnjlasa vH-
B | M Na:SOy4 8 Bonte (/. 2) u B 0.1 n. Jii—ranmii (2. 4) 8 0.1 n LiClOy 8
LiClOy B aneronurpune (3, 4) o1 norexH- anmeruneyaborene (1. 2) u B auero-
1Haia wuTpiie (3, 4) ot noredyMana

Pacuer naknona 3apsanosoii kpusoii no dopmyne (11.70) (cm. tada. 11.3)
H OTBITHBIE JaHHbIC U NPHBENEHHBIX JKHIKHX METAJUIOB TOCTATOYHO XOPOLLO
COBMAAAIOT APYT C APYIOM,

Ha puc. 11.15 npenctapieHa 3aBHCHMOCTb MJIOTHOCTH NMOBEPXHOCTHOTO 3a-
pAna MeTaI0B (KaK KHAKHX, TAK M TBEPALIX) OT MOTCHUMANA B BOAHBIX PACTBO-
pax pa30aBieHHOrO MeKTPONKTA OAHOH U TOll JKe KOHUEHTPauUn U NPUpPObI,
13 KOTOPOTO BHHO, 4TO B 00NACTH OTPHLATENLHBIX 3aPSI0B 3apaa0Bbie KpH-
Bbl€ BCEX MPHBEUEHHBIX HA PHCYHKE METAJIOB BhINPAMIAIOTCA H CTAHOBATCSA
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napanienbHeIME APYT APYTY € 00LUMM TAHTEHCOM HAKIOHA, paBHBIM 18 MkD/cm?,
B TOUHOCTH COOTBETCTRYS Besinunne C' 1o Teopetndeckomy ypassernio (11.70).

M3 pucyHka BuaHo. uto Hekotopsie metasisl (Hg, T1) Bonu3n notenunana
3 KM MOYTH He HCTILITLIBAIOT OTKIOHEHHI OT MHelinocTH o = a(AY ), ana apy-
rux metaanos (Ga, Pb, Sn) HaGnronaroTes 10BOJIbHO 3HAYHTENbHbIE OTKIOHEHNSA
ot smHeiinocTH. Ho npexae uem obcy-
AAATh 9TY 0COOCHHOCTL METAILIOB, pac-
CMOTPHM 3apsA0BLIe KPUBLIE JUIA OIHO-
IO W TOTO Ke METajlla B OIHOM 1 ToM ke [ 8
pacTBOPHUTENE. HO NMPH PasHO KOHUEH-
TpaLHy JEKTPOAHTA.

Ha puc. 11.16 u puc. 11.17 nipusene-
Hbl 3APA0BBIE 3ABHCHMOCTH 18 PTYTH
M BUCMYTa B BOAHbLIX pacTBOpax 3/ek-
TPONHTOB OJIHHAKOBOH KOHLEHTPAIMH,

Jlna 060ux MeTannoB pacTBOpbl hTo-
PUCTBIX CONEll HE BBI3BIBAIOT M3MEHE-
HUA  JIMHEIHOCTH 3apaioBoil  KpHBOIi.
OctanbHble COMN YBEIHHHBAIOT 3TO OT-
KITOHEHHE 10 Mepe YBETHYEHHS NOAAPH-
3YEMOCTH MX MOEKYII.

B Tabn. 11.4 npusenena kparkas
CBOIKA MOTEHLHANOB I KM AY,y PTYTHOTO KaneJbHOrO 3MeKTpoaa (M3MepeH-
HOTO MPOTHE HOPMATBLHOTO KAJIOMETRHOTO 51eKTpona (HKk3)) B BoaHuX 0,1 H.

gml uC, cm?

0.4 0.8 —F, B(Hk.3.)

Puc. 11.15. 3apsjoBuie KpUBLIE pazHBIX

METAJIOB B BOIHKIX pacTBopax pasGas-
JICHHOTO WISKTPOIHTa

—-20| o, MxKa/em? P 28 | ¢, mxKn-cm~?

IOJIIIJ 2 o O VN M N N A PO N N
0.6 0.9 —F£, (mx.3. 8 H;0) 0.6 0 0,6 E-E..B

Puc. 11.16. 3aBucuMocth MI0THOCTH 3aps-
Ja BHL‘M}"I‘EI. OT NOTSHTIHAIL B 0] H. p’dL"I'B{}-
pax: / — KF. 2 — KoS04. 3 — KClO4,
4—KCl, 5—KBr, 6 —KSCN, 7—KI.
8 — CsCl. lNyukrup — Hg 8 0.1 n. NaF

Puc. 11.17. TlnotHOCTH 3apaia pTyTH
8 Bo/HbIX pacTeopax (.1 1. pacTsopax
Tex e colieil (em. puc. 11.16)
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pacTBOpax cofeil Kanusa 1 BEIHYHH HX MONIpH3yeMocTel (B KPUCTALIHYECKOM

COCTOAHHH).
JlaHHble Tadanibl CBUIETENBCTBYHOT O COBEPIIEHHO HETKOI KOppensiimn
TabGaumuall4

Beuecrso KF KO KCl KNGOz KBr KON KI

Ay B k2) | 0470 | 0476 | 0.505 | 0516 | 0,573 | 0.625 | 0.731

a- 1071, em? 0.95 1.83 | 3.47 3.41 402 | 675 | 7.22

MEJKAY NOJAAPH3IYEMOCTBIO COIIH H CMELIEHHEM ToTeHUuHAld I KM PTYTHOTO

anekTpoaa. OObIMHO 3TO CMeLIeHHE O0BACHAIOT BINUSHHEM creunduueckn an-
dAx _ 2,3RT
dlge AF
3biBaeMblii addexToM Ecuua—Mapkosa. B 3aBHCHMOCTH OT BeIHUHHLL NOATO-
HOYHOTO NapameTpa A (3HaueHne KOToporo konedlieTcs B I0BOJIBLHO WHPOKHX
rnpejiefiax) yaaeTes corflaCcoBaTh 3KCIEPUMENT C TEOPETHUECKUMH MOENAMU

aacopOLUMH HOHOB.

CUPGMPUB&IHHH.‘( HOHOB, OITHCBIBACMbIX COOTHOLEHHEM H Ha-

11.8. Cyemenne MoTeHNHAIA Y KM

nﬂi('d?'KCM TEPMOIIHHEIMHHCCK}’IU CBA3bL CMEUICHHMA NMOTEHUHANA Y9 KM C U3ME-
HEHHEM KOHLEHTpauHH pactBopeHHoil conu. Jlas atoro Bocnonb3yemcd ypas-
8y
nenrem (11.38). B anexTpokanianspHoM MakcHMyMe ( - = 0.
9AX /s, v.q, N,
Jlna BYXKOMMOHEHTHOTO pacTBopa npaeas 4dacTh (11.38) Oyner umets BUA

—g %0 = g — _Vp? = (N1aq + Noa)E, (11.73)

(3mecy N1, Na U a;, s COOTBETCTBEHHO YHCIIA MOJEKY] B endHuue odbema
U TIOJIAPH3YEMOCTH pacTBOpHTENs (MHaeke | ) pacTBopeHHoi conn (Huaexe 2)).
[Mpoanddeperunposas Buipakenue (11.73) ¢ yuerom TOro, 4T0 NpU NOCTOAH-
HoM oobeme dN; = —dNo, uTO B 2NEKTPOKAMIIIAPHOM MAKCHMYME HampA-
KEHHOCTH No4 E Npy HE C/ULIKOM BBICOKHX KOHUCHTPALMAX PACTBOPEHHOTO
BEWIECTBA H MONAPH3YEMOCTh (1j MONEKY] pacTBOPHTENA H PacTBOPEHHOTO Be-
LIECTBA TOCTOAHHBI, TTOJIYUHM YpaBHEHHE

do ™ = E(as — a; )dNa. (11.74)

[Tonennm oGe qacTu (11.74) Ha d N>, 3anucas ypaBHEHHE CIEAYIOLIHM 00pa3oM:

(dn.n.‘hﬂ'l) _ (3ﬂclmx) (E) — E{ﬂ? _ ﬂl)- (11.75)
N2 ) e \OAX ) p \ON2 /

Ho do “** [dAy = 'y — nuddepenimanbHas eMKoCTh JANTNOALHOI 4acTH 1BOH-
HOTO CNOS, KOTOPAs B TOUKE 3 K M 3aBHCHT TOJLKO OT KOHLEHTPALMH PACTROPEH-

- -1/3 - L
Horo pewectsa, T.e. Cy = N, " (em. ra. 12). Tlepenecem Cy = J\-Q’ B MPaByto
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gacTb (11.73). B pesyasTarte npuaeM K VPaBHEHHIO CBA3H CMELUEHHSA OTEHUMA-
J1a 9 KM ¢ KOHHeHTpauueii i npupoioii (Yepes noispH3yeMoCcTb) pacTBOPEHHOTO
BELLECTBA:

JAy 4 c¥ob E Aqr oy €800
s = (ug—u,)mﬁ{ug—m).
N2 J e (g — 1)Cy (np — 1IN,
(11.76)
KOTOPOE Mocse HHTErPHPOBAHMS NMPHHHUMAET BUL
y Ero b Ar2/3
A,\)KKM:.,—(QQ_GL)A\Q . “]77)
ng —
(3neck Ny — uucno monekyn conu B lem® pactsopa).
Ha puc. 11,18 npencrasiieHa 3aBUCHMOCTE CMELLEHNUS NOTEHIIMANA 3 KM PTY-

TH B BomHOM pactBope conu Kl ot ! _f’{ ?. Pacuer no dopmyae (11.77) u axcme-
PHUMEHTAIbHBIE JIAHHBIE JOBOJLHO XOPOUIO COBNANANOT, YTO CBHIETEIbCTBYET
00 anekBaTHOCTH TeopeTHyeckoil popmynel (11.77).

M3 dopmynst (11.77) caenyer, uto cMelleHne NOTEHIHANA 3 KM Ha Pa3HbIX
METANNAax B OQHOM W TOM K¢ paCTBOpE HEOJAWHAKOBO H Uﬁyc_T!UE_I](‘,‘-H(J BEITMYHHON
MOBEPXHOCTHOFO  cBOOOAHOTO  3apsna
metanna. Tak, ais ranins (NOBEPXHOCT- 0
HOE HATSKEeHHE KOTOPOro B BOJAHOM pac-
TBOPE PABHO Ymax = 035 spr/em?) st
BemunHa 0% = 47 mxKn/em® mnpo-
tus 39 mxKn/cm” na prytu. Cootser- 1gql
CTBEHHO W HANPSUKEHHOCTHL ANIeKTpHue- 3
CKOTO Moss BOAM3IM MOBEPXHOCTH raling  |5pt
Bbille, ueM Ha pTyTH. [loatomy nedop-
MALHOHHAA NONSPH3ALHS MONEKYN Bele-
CTBA, NPWIETAIOIINX K NOBEPXHOCTH Iall-
mua, Py = NyaE dynet Boime. n coot-
SEELTNEE 0 Gostbiuie cMellteHHe A X max. Puc. 11.18. Cmemenne TouKH 11yJ1eso-
@opmyna (11.77) 310 x0pouo orpakaer. JAPHAA PTYTH B BOTHBIX pac;'l!()pa.\'
Puc. 11.13-11.14 TaioKe NOATBEPKIAOT K| pasnoil koHIeHTpaIHI
ator Tesnc. Ha oboux mertannax BOIH3M
TH3 nadnionaeTcs OTKIOHEHNE 3apPAAOBbIX KPHBLIX OT npamonuueiiHoct. Ha
raJiInH 9T0 NPOABJIeHHe DONbIIe, KaK yKa3aHo BbIle, BCAEACTBHE NOBLIIIEHHOI
HANPAKEHHOCTH NONA BOJIN3H €0 NOBEPXHOCTH.

PaccMOTpHM TOMONHHTENBLHO €lle OIHO CEICTBHE OCHOBHOTO YPaBHEHH:A
(11.38) mesxdazHoro papHosecHs. [118 CHCTEMBI METAI —Cpeta B TOMKE I KM
cpasy crneayer, uto

[ Ay, MB

o 1 2 3 4 5 6 7
No 1077 em?

37 ) = — (g0 4 g — (11.78)
IAX / 5xm

WIH i _
a0 — " = p* = Nop = NoaE. (11.79)
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[TOCKONBKY B TOUKE MEKTPOKAMILIAPHOTO MAKCUMYMa 3eKTpHueckoe mose E
JUTA TAHHOTO METaJ1a MOCTOSHHO. TO OMEBHHO, YTO MPH MOrPYKEHHH He3aps-
HKEHHOTO META/NA B TY WIM HHYIO dHIKOCTh H3MEHCHHE €r0 MOBEPXHOCTHOTO
sapsa o “*°% GyneT onpeaenaThCs NI MIOTHOCTBIO COMPHKACAIONTHEICS C Me-
TANIOM KHAKOCTH N 1 €€ NOIAPH3YEMOCTbIO (i,

do % = — g™ = Ea dN,. (11.80)

3anuwem (11.80) B Buae

(dﬂcflm) e (dﬂrm) (dﬁ\) = (l‘-;E- (11‘81)
dNg dAy dNo

dar 8 -

Ho ( i ) = C, = K, (1. e. indpepeHimalibHas eMKOCTh AEeKTPOHHOTO
=X a=i

JIBOIHOTO €104 B TOUKE 3 K M PABHA MHTErPAILHOI eMKoCTH

K =a®%%/Ax). (11.82)
Teneps (11.81) ¢ yuerom (11.82) npunmer i
(a\;) 8 _ BB _ ey (11.83)
dNy C. K, g—=1

[Mocne pasaeneHHs nepeMeHHbLIX H HHTETPUPOBAHHA B Ipeaenax, Koraa Merasul
He compukacaetca ¢ kuakocThio (Ay = AyM/V Ny = 0) u npu koutakte

¢ xmakocThio (Ay = AxM/5), nonyunm okonuarensHoe ypasHerne

AXM/S — Ax‘”/"" exp (_ 4m.r,gr\’u) ) (11.84)

g—1

-1

nockoabky E = = K. = :
2 4z

Jl1a BOAbl B KOHTAKTE ¢ PTYTHIO (1A KOTOPOH CKA4YOK NMOTEHUMana Ha
FpaHuiie ¢ BAKYYMOM BbiymcIeH no dopmyane (eM. r. 12) u papen Ay /Y =
= 3. 13 B u3 npeanonoAeHus, 410 = ny, = 2, N0J1y4aeM cKa4oK NoTeHUHaNa
AyMe/H20 ~ 1 6 B, uTo XOpOIIO COrTACYeTes ¢ NOCeTyIOuIMMI pacieTami
M € JAHHBIMH, [IOJYYEHHBIMH HA OCHOBE KBAHTOBO-CTATHCTHYECKUX MOneneil.

B saknioueHne oTMETHM, 4TO 00be/IMHEHHOE YPABHEHNE NIEPBOTO U BTO-
pOro 3aKOHOB TEPMOAHHAMMKH, NOMOJHEHHOE JNEeKTPOCTaTHYECKOi padoToii,
BbI3BAHHON noJspH3auueii NOBEpXHOCTHOTO CJI0A ABYX KOHTAKTHPYHOIILHX
JKHIKHX (a3, No3BONAET NOCTPOUTE MONEKYIAPHY IO TEPMOAHHAMUKY MOBEPX-
HOCTHBIX ABJICHHIL: MONY4HTh 0000UIEHHOE ypaBHEHWE EeKTPOKANUIIAp-
Hoctn (M. (11.38), cneacteua M3 KOTOPOro JAOT BOIMOKHOCTh Onpee-
JIMTh OBEPXHOCTHLII CKAYOK NOTeHHANa Ha rpaHuue xuakocTb—ras(11.49),
(11.50). xuakocTHOH norenunan (11.61), ypaBHeHne 3MeKTPOKAMUIAASPHOCTH
(11.67), Buipazkenne ana sennyunsl anddepeHunansHoil eMKOCTH ABOHHOMO



11.8. Cuewenue nomenyuaia 2 KM 269

AMEKTPUYECKOTO €104 TPaHuLbl MeTanl — pacteop (11.70), cmeumeHne noTeH-
adia amekTpokanunasapioro maxcumyma (11.77) u muoroe apyroe. Bee atn
COOTHOLUEHMS HENPOTHBOPEUHMBO ONMHCHIBAIOT 3aBHCHMOCTb MOBEPXHOCTHBIX
HATSHKEHHA W 3apsaia, eMKOCTH JBOITHOTO C0f. CKavuka MoTeHLUHala Ha MEekK-
thazHoIi rpaHKLe OT TAKHX HHAHBUAYAIbHBIX NAPAMETPOB KHAKOCTH, KaK no-
JNAPH3YEMOCTh, IUTTONBLHBIH MOMEHT, MOKa3aTenb MPeJOMIEHHA, KOTHYEeCTBO
MOJIEKYJT B @ AHHHLE 00bEeMa, KOTOPbIE PAHEE HIH BOBCE HE YUHTLIBAIHCH HIIH
MM MPHUAABATH BTOPOCTENEHHOR 3HAYEHHE, DBPHCTHUECKAN LIEHHOCTEL JaHHOT
I71aBbl HA 3TOM HE HCYEPILIBAETCA, NOCKONLKY MPHBEIEHHDLIE COOTHOLIEHNA
OTKPBIBAKT WHPOKY MEPCNEKTHUBY WA JdibHelUX UCcCael0BaHui Mex-
(asHbIX TpOLIECCOB.



FT'TABA 12

IT'AJTbBAHUYECKHE SJIEMEHTBI.
(OBLIME CBEJAEHMHS)

£

A
h

'y

2 r— ===

Famseanuuecicumie srevenmary Ha3bLIBAIOTCA VCTpoiicTsa, noisonsionine
noyyarb 3MEKTPHYECKHIT TOK 3a cueT XUMHUYeCKol peakuun. DHeprus, Bbljie-
NSAKOUIEACS B XO/IE XHMHYECKOT Peakiny 8 rajibBaHUUECKOM dNeMenTe, npeod-
pasyeTcst HeTIOCPEACTBEHHO B MJIEKTPHUeCKYIo dHepriio. Cxema mpocreiiiero
raflbBAHHYECKOTO 3/1eMeHTa npeacTasieHa Ha puc. 12.1; ona Britouaet B ceds
NBa HEKTPOAa W3 PasHBIX METannoB, MOMENIEHHBIX B PacTBOP MEKTPONHTA.
(CyuecTByIOT H ApPYrHE THIBL EMEHTOB. HO Mbl 31€Ch Ha HUX He Oviem
ocTaHaBAHBaThes ). [TpH NOrpyKeHHH SNEKTPOIA B PACTBOP 3NEKTPOIHTA MEKILY
EKTPOAOM W INEKTPONIMTOM  BO3HUKAET IJJIEKTPOCTATHUECKAaA pPa3HOCTh
NOTEHUHANOB  (37eKkmpodHbill  nomeHyuan),
< 00yc/IoB/IcHHas 00pa3oBaHHeM Y NOBEPXHO-
CTH DAEKTPONd /IBOHHOIO 3MEKTPHYECKOTO
cnos. Benuunna aneKkTpoaHOro noTeHuuana

g | 3aBHCUT OT Marepuana 31eKTposia: BCaed-
CTBHE TOTO NPH MOTPY/KCHUN B AMECKTPOIHT
M, M, ABYX 3/IEKTPOIOB W3 Pa3sIHHbLIX MATEPUATIOB
BETHYHHBI EKTPOIHBIX MOTEHIHATOB ITHX

C EKTPOIOB OKA3LIBAIOTCS PA3IMUHbBIMH, Clle-
AOBATENLHO, MEKIY IeKTpOnaMH MOsBIs-
L 121 eTCsl Pa3sHOCTh MOTEHLMANOB, WIN 21eKmpo-
=== - =B 7| deuxweveyas cuna £ (3.4.¢.) Eenn Teneps
tas-8 | 3AMKHYTh 3TH WICKTPO/Ibl HA BHELLIHIOKO JIeK-
X Afo-8 TPHYECKYIO ULeMb, TO B LENH BO3HHKAET
§ EKTPUYEeCKUii ToK (BO BHEWIHeH lenu TOK
T. OCYHIECTRIAETCA TOTOKOM A7eKTpoHoB). Ha
. MOBEPXHOCTH JIEKTPOIOB MPH ITOM MpoTe-
Prc. 12.1. Cxena NPABIILIO - eaior XiMHYECKHE PEAaKLMK ¢ BbIACAEHHEM
r;?if:;i?;mm FAIRBARMHCCKOTO . e prim; 9TH peakumi 00ecreunBaioT Moj-
AepKaHHe pPasHOCTH MOTCHUHANIOB MEK1Y

anekTpoaamu, ITOHATHO, 4TO Pa3HOCTL MOTEHIMANOB £ Ha MEKTPOIAX ragbBaHH-
YECKOrO 1EMEHTA NOAEPAKMBACTCA 10 TeX NP, noka He OyayT H3PpacXoa0BaHsl
BELIECTBA, YUACTBYIOIUIHE B XHMHUECKUX PeaKilHaX, T. €. MOKa B 3/IeMeHTe He
YCTAHOBHTCA COCTOAHHE TEPMOAMHAMUYECKOrO PaBHOBECHS: MOCAE ITOrO pas-
HOCTh MOTEHUHAIOB YMEHbIIAETCS /10 HYJs. B OAHUX THNAX raibBaHHYECKHX
IEMEHTOB NPOLECC MX PA3PAIa HEOOPATUM: NPHHYIANTENLHO NPONYCKas Yepes
3/eMEHT B 00paTHOM HaNpaBieHHH TOK OT BHELIHEro HCTOUHHKA, Helb3s 00pa-
THUTh XMMHHECKHE PEAKUHK HA EKTPOJIAX W BOIBPATUTH EKTPOXUMHUCCKYIO
CHCTEMY B HCXO[IHOE COCTOAHME, COCTOALLYIO U3 INEKTPONOB U PACTBOPA JMEK-
TponuTa. B 0TAHYME OT 3TOrO CYNIECTBYIOT rajihBaHUUYECKHE CHCTEMBI JIpY-
roro THna (K HUM OTHOCATCA, B YACTHOCTH, MEKTPHUECKHE AKKYMYAATOPLI),
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KOTOpbIE B NpOLecce 3apaa OT BHEUIHEro MCTOUHUKA IEKTPOIHEpPruu Ha-
KarnBatoT IHEPrui (B BHAC XMMIUYECKO! JHEPriHl CHCTEMbI), @ B [polecce
pazpsjia npeodpasyoT XUMHUECKYHO IHEPrii0 B AMEKTPOIHEPIHIO, OT1aBae-
MYIO BO BHEUIHIOI LETTb.

B rauectee npumepa HEODPATHMOIO TalbBAHUUECKOID IEMEHTA MOKHO
NPUBECTH Tak HA3bIBaeMblil 21evenm Boroma, B KOTOPOM HCTIONB3YIOTCA Men-
HbIIT W IIMHKOBBIH SJEKTPO/LI, NOIPYKEHHbIE B cialdblil pacTBOp cepHoIll Kue-
J0TbE. ECH BRIIOYNTE ITOT EMEHT B HIEKTPHUECKYIO Llelb, TO TOK B LN
OyzeT HATH OT MEIHOTO MIEKTPO/1A K LMHKOBOMY; MPH 2TOM LIMHK PACTBOPACTCA
B KUCIIOTE, @ HA MEHOM 3ICKTPOAE BBIACHACTCS BOTOPOL. Eciu ke nonsirars-
€l OCYILECTBHTE TPOLIECC B OOPATHOM HAMNPABICHHH, T. €. NMPOIMYCKaTh vepes
AIEKTPOINT TOK OT BHELIHENO UCTOUHHKA WIEKTPOIHEPIUU, TO B KHCI0TE OyaeT
PacTBOPATLCA MEIHbIH DMICKTPOIL, @ HA LIMHKOBOM dJIeKTpoe OyeT BblAenaThLes
Bonopoa. Ciie10BaTebHO, NPOLECE B ITOM FAILBAHHHECKOM YJIeMeHTe 00paTHThL
HE YIAeTCA: MOBEPXHOCTH JNEKTPOIOR HE BO3BPAIIAIOTCA B HCXOTHOE COCTOSTHNE.

[Mprvepom oOparMoro rajlbBaHHYECKOTO JEMEHTA SBISETCH TaK HA3bIBa-
emblii arevenm Hanuaii — Hrobu, B KOTOPOM UCTIONB3YIOTCA METHBIH HIEKTPO/L,
norpy:kerHsit B pacrsop cyibara mean (CuSOy), 1 UMHKOBII d01€KTpO1, No-
IPy/KEeHHBITT B pactop cyibdara wiHka (ZnSO4): pactBopbt MOryT OblTh pasje-
JeHBl MOPHCTO BONOTPOHHIAEMOI TIEPErOpOIKOi /114 MPEoTRpalIeHHA nepe-
metnBanus. [TpH BKIKOYEHHH DTOTO 3MIEMEHTA B JIEKTPHUYECKYHO LIETh TOK HAET
OT MEAHOrO MEKTPOAa K [IMHKOBOMY; MPH ITOM LIMHK PACTBOPAETCS B pacTBo-
pe EKTPONUTA K, CNENOBATENILHO, €r0 KOHUEHTPALNA B PACTBOPE BO3PACTAET,
TOT/IA KaK MEflb W3 PACTBOPA CY/IL(paTa ME/IH OCAKIACTCA HA METHOM 31EKTPO-
A€ W, CNEN0BaTe/IbHO, KOHLEHTpaLiA cy/1baTa MeaH B pacTBOPE YMEeHbLIAETCH.
Eciii ocyuiecTBHTE NpoLece B 00paTHOM HanpasIeHHH, TPONYCKas Yepes Mek-
TPONUT MEKTPHYECKNIT TOK OT BHENIHEro UCTOMHIKA, TO NpoLece odpaiaercs:
Ha LIMHKOBOM 2/1EKTPOE OCAAIAeTCH LHHK, U KOHUeHTpauus cyasdara LMHKa
B pacTBOPE 3/EKTPONNTA YMEHBLLIAETCA, @ MEIHBIIT NEKTPO/L PacTBOPAETCS, H
KOHLEHTpaumA cyabdara Meau B pacTBOPE JNIEKTPONHTa VBeanuusaeTca. Ec-
JIH 4epes 3TOT ranbBaHHYeCKHil 1eMEHT B 00paTHOM [MpOLECCE MPOMNYCTHTh
TO K€ KOJIMYECTBO IEKTPHUECTBA, KOTOPOE OTAAHO WIEKTPOIUTOM B [IPAMOM
npoLEecce, TO EKTPOAB W pacTROPbI IMEKTPOJIUTOR BEPHYTCH B COCTOAHWE,
COOTBETCTRYHOLLIEE HAYATY LIPAMOIO Hpouecca (pasyMeercs, 310 YTBepkIcHue
CIPaBe/UIHBO ¢ TOYHOCTLIO 10 HeoOparuMblX dddextor Tima anddysmn pac-
TBOPOB WIEKTPOJIUTOB HEPE3 [OPHCTYIO NEPErOPOIKY ).

OObLEKTOM TEPMOIHHAMHYECKOIO PACCMOTPEHHs B 2TOH rmiase OyayT Jnilb
obparumele ranbBaHHYECKHe 3eMenThl. [Toauepkuaem, 4To noa odparnmeim ne-
MEHTOM MMEeTCs B BUIY Takoli ranbBaHHueCKHil J1eMeHT, B KOTOPOM pH H3Me-
HEHHW TOKa Ha MPOTHROMONOKHOE HA MEKTPONAX MTPOUCXOIAT XUMHYECKHE pe-
akuyK, 00paTHble peakumsamM, NPOUCXOIAILINM MPH MPOTEKAHUH TOKA B PEHHEM
HanpasiaeHun. [MonsTno, yrto ycnosuem obpatHMOCTH MpoUecca B ralbBaHu-
HECKOM JIEMEHTE ABIHETCH TAKAKE oTeyTeTBre An(dy3HM, TENI0NPOBOIHOCTH,
Tepmonnddy3nn,

BaxkHO OTMETHTH, 4TO 3. A.¢. £ 00paTUMOro ranbBAHHYECKOTO HIIEMEHTa
apnseTcA PyHKUNSH TeMNepaTypsl i He 3aBHCHT OT BEJIHUWHLI 3apsa.
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[TpuMepoM ranbBaHHYECKOTO JNIEMEHTA C BLICOKOH CTadWILHOCTLIO BEJH-
YHHBI 9. 7L C. IPH MOCTOAHHON TEMIIEPATYPE ABIACTCA HOPMATbHbIN 27eMenmn
Becmaona, obecnieqnBao il NOCTOAHCTEO H BOCHPOH3IBOMMOCTD 9. 11. C. B 1pe-
nenax 10" B. HopManbHbIe 21€MENTBI LIHPOKO HCTIONL3YIOTCA B H3MEPHTE -
HOIl NpaKTHKe B KadecTse J1abopatopHoro craHnapra 3. 1. ¢. [losoxurenbHbiii
IeKTpoa MeMenTa BecTona BHIMONIHEH H3 PTYTH, MOKPHITOIT cnoem Hga SOy,
OTpULETEIIbHBI YIEKTPOJI — W3 HACKILLEHHOI amMalbrambl kaamud, [Hg (10 ~
~ 14 %) Cd], a anexktponntom asnsertcd HackieHsblii pacteop CdSO,. Benn-
9HE 2. 1L €. ITOro rajkBannveckoro mementa npu 20°C pasua 1, 018300 B.

B anekTpocTaTHKe NOKa3hiBAETCH, YTO dieMeHTapHas paboTa XuMHueckoli
peakuuu, cosepliaemas oGpaTHMbIM ralbBAHHYECKUM JIEMEHTOM, CO3IAIOLLIM
HA MIEKTPOIAx 3, 1. ¢. £, NpH YBEIHMYEHHN 3apsa sieMenTa ot Z no Z + dZ,
paBsHa

W' = —£dz, (12.1)

3HAK MUHYC MOKa3bIBaeT, 4TO B Npolecce 3apsaaa (dnexrpoaunsa) padbora npous-
BOIUTCA HAl JJIEMEHTOM,

Crporo rosops, cootHoteHue (12.1) onpenenser BeIHUHHY 1eMEHTapHOI
paboThl KL B TOM Cily4ae, KOIla TOK B LenH BeChMa Majl. 3Ta OroBOpka ARIH-
eTcs ycsoBueM 00paTHMOCTH [IPOLECCA B MUIbBAHHUECKOM JIEMEHTE; B CAMOM
Jlene, M TOK B LIEMTH HMEET KOHEYHOE 3HaueHHe, To HensdekHbl HeoGparimMbie
[IOTEPH IHEPIUU B BHIE MFKOYJIEBA TEIUIOBbIICICHHS BHYTPH DIIEMEHTA,

Taxum oOpaszom, B paccMarpusaeMoii cucteme (00paTHMBIi ranbBaHn e CKHii
yeMeHT) 0000eH oI CHITOl ABAseTCH 2. 1. ¢ —&, a 0000IeHHOl KoopAUHA-
TOlf — 3apan Z.

OGbeaHHEHHOE YPABHEHHE [1EPBOIO M BIOPOIO 3aKOHOB TEPMOAMHAMUKN
(2.18) ans paccmarpuBaeMoli CHCTEMBI 3aNNCHIBACTCH B BH/C

TdS = dU + pdV — EdZ. (12.2)
[Tpn HemsmeHHOCTH OObeMa CHCTEMBI ITO COOTHOLLEHHE TPUHUMAET BH/L
TdS = dU — £dZ. (12.3)

Cucrema ypasuennit Makceenna (2. 100) npumennTensHo Kk odpativomy
rajbBAHHYECKOMY 21EMEHTY COCTOHT BCEro K3 ABYX COOTHOLIEHUH

A7 3T a7 T
(’—_) :—(’—) " (‘—) 0 (12.4)
85/ ¢p ag/ s.p a5/, p,v €

(IMockonbky € 3aBMCHT TONBKO OT Temnepatypsl w ecnu T° = const,
10 £ = const).

PaccMOTPHM, KAK WIMEHSETCH BHYTPEHHSAR Heprus 7 o0paruMoro raibsa-
HHYECKOID JIEMEHTA C U3MEHEHHEM 3apsia JNEKTPONIOB [1PH MIOCTOSHHON TeM-
rneparype (CY4HTaeM NP 3TOM, UTO JaRICHIE B CHCTEME HEH3MEHHO, P = Const,
H H3MeHeHne ofbema cHcTeMbl npeHebpexnmo Mano, tTak uto V' = const).
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W3 ypasueuns (12.2) cnenyer, uto

(£). =r(Z) +& (12.5)
Azl v az/ v

C yuerom (12.4) 910 cooTHOLEHUE MOKeT OblTh 3aIUCAHO B BIIE

oty d&
— =&-T—. 12.6
(EJZ ) TV dT ( )

Hererpupys (¢ yueTom He3aBHCHMOCTH £ OT TEMIIEPATY PbI ), HOITY HAEM COOT-
HOLLEHHE, MO3BOMAIOILEE ONPEIe/THTb, HACKOTLKO I3MEHUTCA BHY TPEHHAS JHEP-
rust 00paTNMOro rajibBaHHYECKOIO JIEMEHTA ¢ HIMEHEHHEM 3apsaa 9Toro Jlle-
menTa npu T = const

, : : dey _
U —Uh = (é —T—){ZQ—ZL}. (12.7)
dT

[MockonbKy MBI paccMaTpiBaeM CHCTEMY B YCIIOBHSAX, KOT/IA IaBAEHHE MOCTO-
SIHHO, @ W3MEHeHHE 00beMa CHCTEMbI [IPEHEOPEKHMO MAJIO, TO H3 OrpeIeIeHHs
sutanenin H = U + pl7 oueBuiaHo, 410 B 9THX YCIOBHSX

4 d. - 1£
Bs—H, = (z. = Ti) (Za—21) wm Q,= ( —1%) Az (128)
dr dT
3amenss B ypasHenun (12.8) snavenne AZ ¢ noMomsio 3akona Papanes
(Z = neNy = nF, (tne F — uncno ®apajes, a 1 — YHCIA0 IEMEHTAPHbIX
3apAI0B, MPHHIMAIOLINX YIacTHe B NIeKTPOHHOM NPonecce )), noayiaem

Qp=-nF (£ - Tﬁ) . (12.9)
dT
31eCh (), OTHOCUTCS VIKE K OTHOMY MOJIO.

Vpaguenne (12.9) nocur naseaune vpacuens {ubbca—ersveonvya nna
ranbBAHHYECKOrO JNEeMEHTa W TO3BONAET PEINTL BAXKHYIO 3a1aqy H3MepeHHs
BEJIMYHHBI TEMI0BOIO 3(herTa XUMHYECKoH peakiiu 6e3 HCHoJIb30BaAHNS Kalo-
pUMeTpHuEecKHX MeTonoB. Eciii paccMmaTpuBaeMas XuMHIECKas Peakiing MoKeT
ObITh HCIIOIB30BAHA /UTA CO3MAaHNHA TAIbBAHHYECKOTO NIEMEHTA, TO, H3MEPHB
9. /1. €. 9TOTO eMenTa £ B kadecTre (PYHKIIHH TEMTepaTyphl (TpH HEUIMEHHOM
armMoc(epHOM AaBIeHHU), MOMKHO M0 YTHUM [IAHHBIM C [OMOUIBIO YPaBHEHH:A
(12.9) eeiuncnurh BenuuuHy ternoporo afdexrta peakunn @y, . IMockoneky
B [pOLECCe H3MEPEHHIl BEIHYHHLL 3. 4. C. HCHOAL3YIOTCA JO0CTATOMHO MpelH-
3HOHHBIE TTOTEHILHOMETPHYECKHE METOIbI, TO TOYHOCTh YTHX H3IMEPEHUIT BECh-
Ma BbICOKA. Pesynbrarst pacuera Beluunsl (), no ypaenenuo (12.9) xopouo
COMIACYIOTCA € NMPAMBIMH H3MEPEHUAMH ()}, B TPYA0EMKHX TEPMOXUMHYECKHX
IKCMEPHMEHTAX, BBITIOTHAEMbIX KATOPUMETPHYECKUMH METOLAMH.

B kauecTee npumepa paccurTaem BeluuuHy (0, Wi peakumi, nporekatoLueii

B anemenTe Jlanuans — Skodu. Msmepenns o.a.c. npu temneparype 273 K nator

£ =1,0934B,a % = —0,000453 B/K. [MoacTasiiss 311 3HAUEHNSA B YPaBHEHNE
!
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12.9), Haxoaum (), = —235 kJI:x/MOIb; KATOPHMETPHYECKHE U3MEPEHNA JAI0T
bs

A 3Toi peakuun (Q;, = —232 kJlK/Moh.
Taxkum odpazoM, BCS TEPMOIHHAMHKA TUTLBAHIUECKOTO IEMEHTA MPaKTi-

4eCKH COCPeNoTOveHa B pe3ysbrarax H3MepeHus 2. 4.c. £ U NpousBoaHOM &

de
o TeMneparype _J; rajlbBaHHYECKOro JJIEMEHTA. nOCI'COHbI\'V JTa BeJIMMHHA AB-

JACTCA ONPEACHAIOWEH B MOHATHH JJICKTPOABIIKYIIHX CHII FAJIbBAHHYECKOTO
AIEMEHTA, [OIILITAEMCH PACKPHITh €€ PHINUECKHTT CMbICII.

BOnbIIMHCTBO XHMHUECKHX PEAKLINiT OCYILECTBAETCA B PE3y/IbTaTe B3aUMO-
nedicteua  (nepeHoca MW 00OOLLECTBICHHA) SNIEKTPOHOB  PEarvpyroLHX
BEWIECTB (CYLIECTBYET TAKKE KIACC PEAKLMil, peanu3yeMbiX IyTeM NepeHo-
Ca HE3APSIKCHHBIX ATOMOB WK atoMHubixX rpymm). [Tpu TepmoanHamuueckom
PACCMOTPEHNH HTHX B3ANMOJIEHCTBHIT YUUTBIBAIOTCA NI HCXOAHOE M KOHEU-
HOE cocTosHME (3aKoH ['ecca) CHCTEMbl pearupyIolMX HeliTpaibHbIX BELIeCTB:
MPOMEAYTOYHBIE COCTOAHMA HCHE3ADT M3 PACCMOTPEHMA, TAK KaK MO YCIORHID
JMEKTPOHEHTPANLHOCTH BCE MOABMBLIMECA NPOMEKYTOUHBIE 3aPAKEHHBIE Ua-
critibl (MK ceo0oaHBIE paauKa/ibl) TAK KW HHAYE NEPexXoIsaT B HEHTpaikHOE
COCTOsIHHE.

B 2MeKTpOXUMHYECKOM JNEMEHTE OTH B3aMMOACHCTBUA pasHECEHbl B MPo-
CTPAHCTBE U Pealln3yoTes BOIH3N NOBEPXHOCTH 311eKTPO0B. Bricokas Hanps-
JKEHHOCTE IEKTPHYECKOT0 MO CBOOOMHLIX 2MEKTPOHOB METAINA, BLLTETEBIINX
3a npezenbl ero nosepxHoctn (E & 107 + 10% B/em), cnocofHa He TobKo jie-
(dopMupoRaTL BHYTPUMONEKYNAPHBIE CBA3H, HO U MEPEBECTH X B BO30YKIEH-
Hble WIH HOHHbIE coctosHua. OOpasosasiinecs TakuMm oOpaizoMm (parMeHTsl
BCTYNAIOT B PEAKIINIO B3AHMOCHCTRUA ¢ BRUICTEROIMMHI 33 MPENETh TOBEPXHO-
CTH METalL1a dIeKTPOHAMU, [PpUBOAs K 00pa3oBaHiio HeliTpalbHbIX 1 aHATHTH-
YECKW ONPEAESISAEMbIX NPO/LYKTOB peaKiinm.

B Hactosuiee BpemMs M0Ka3aHO. YTO COJLBATHPOBAHHLIH EKTPOH SABIAET-
¢l TaKoit e caMocToATeNbHOMN yacTHLeil, uTo 1 modble Apyrue pearupyrormue
BelecTra. [109TOMY B CTEXHOMETPHYECKHE YPABHEHNS 3IEKTPOX UMHYECKHX Pe-
aKIMil X CAeYET BHECTH B KAMECTBE PABHONPABHAIX YHYACTHHKOB PLaKIIMH Tak,
410061 CODNONANOCE YCIOBHE NIEKTPOHEHTPAIILHOCTH.

2. 1. c. aneMenta (npeacrapnsioiero coboif pasHOCTL NOTEHIHAIOB HA KOH-
LAX NIEKTPOXUMHYECKOH tenu (em. puc. 12.1)) ckiazipiBaeTea u3 Tpex CKauKoB
noTeHmnnana (ecny oda JneKkTpoaa noMereHs B oduIHii pacTrop)

M
E=oM +Xan + X8 (12.10)
rae gi}l X J{,}_ xi,“ ! — COOTBETCTBEHHO CKAYKH MOTEHLINATA HA TPAHILAX pa3ie-
na agyx Metannos M, /My, mertain —pacTBop u pactop—metasi. Eciu ranssa-
HHYECKAs 11€Mb COCTABNEHA I3 OIHHAKOBBLIX METANNIOB, TO NEPBbIil UleH ypaBHe-
aus (12.10) ,:*ﬁf = 0 (7. k. B 00LLeM CayHae KOHTAKTHAS Pa3HOCTh NOTEH LMAIOB

(K p i) paBHa pa3HOCTH PaGoT BLIXOAA eKTPpoHa u3 MeTautos My u My ¢ t‘;f =
My /My ”
= AW,"""7%) mo. 1 c. onpeaengerca Tonsko paboTol NEPEHOCA MNEKTPOHA €
bt e :
metajuia M, B pacTBOp (_\-_.,“' ') 1 HaoGopor or pactBopa B Metaina M (\"Lu i1
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T. €. MOMHOCTBLI0 XApaKTepH3YeTCsA NPHPOAOI peakumil, NPOTeKAUIMX HA MO-
BEPXHOCTH 3THX MeTa/nioB. [Tockonbky peakius, npoHcxoaamas B rajibBaHH-
YECKOM WIEMEHTE, MPEACTABIseT cobOoil CyMMy MOnypeakumii Ha KakaoMm u3
JNEKTPOIOB, COEIMHEHHBIX MEJKIY COOOIi BHEIIHHM MPOBOIAHHKOM, TO CBODO-
HasA sHeprus [mb06ca npespallleHHs OTHOTO MOJA BEILIECTBA B COCTOAHUH Tep-
MOIHHAMIYECKOTO PABHOBECHS 11 COMPOBOKIAIOLLAACSH MEPEHOCOM MO BHELIHETT
LeH 3aps/ia B kojinuectse 2/ cornacHo sakonam Mapajes, 10/pkHa OblTh paBHa
XMMHIECKOMY CpOACTBY XuMHueckoit peakumn AG, . Crienosare/ibHO

—AG, , =W = 2FE u s craunaprusix yonosuax — AGY | = zFE”.
(12.11)

210 PaBeHCTBO CnpaBe/lIMBO TOJLKO B TOM Cliyyae, Koraa HiMepeHHas pe-
- " M,
AHYMHA 2. 1.¢. & He COLEPIKHUT KOHTAKTHOH PA3HOCTH MOTEHUHAIOB arn, =

_ A M/ M ,
= AW, , TIOCKOMNbKY MOCHETHAA HE ARMNACTCSH MCTOTHHKOM JHEPI N,

Paccmotpum U1s npumepa Hanboiee NpocTyro MEKTPOXUMHYECKYHO 1elb,
COCTOALLYIO W3 TAK HA3BLIBAEMOTO XHHTHIPOHHOIO MEKTPOIA H DJIEKTPO/A CpaB-
HEHHA B BHE BONOPOAHOIO MEKTPOAa. XUHIHAPOHHBIIT YEKTPOI HAXOIUT LH-
POKOE PHMEHEHHE Lis onpeaelienns kucnorHocTd (pH) epenbl. XuHrugapos —
370 cnadopacTBOpUMOE KBUMONeKyAspHoe coennnente xuHona CgHyOs nnn-
poxuHoHa CsH (OH)2. D1n BewecTa, KoTopbie 0003Hau4uM 11 Kparkoceti Q
1 H2Q, B npucyTcTBUY BOOPOaA 00PA3YIOT OKHCIHTENLHO-BOCCTAHOBHTENb-
HYIO CUCTEMY

Q+ Hs 2 H»Q. (A)

Koucranra pﬁBHOBeCHﬂ ITOH pealcuum a cireaoBareibHO H 2. 4. C. MOl’)’T
ObITh 3anucatbl B BUie

InK =

_-_\.G}'u]._.Q) - AGQ) _ AGYS, _ +",an. (13:48)
R RT R
snech yuteno, uto AGY (Hz) = 0.

Peanuzauus XUHrHAPOHHO-BOAOPOAHOIO dJIEMEHTA OUeHb rpocta. B cocya,
no/ieKauil msMepeHHio J. 1. . (win pH), HacsinaloT HeboubIIOE KOIHIECTBO
XUHCHAPOHA (10 00pa30BaHys HACBLILIEHHOMO PacTBOPA), OMYCKAOT B PacTBOP
MIATHHOBYIO MPOBOJIOYKY H COSOHHSAIOT C BOAOPOIHLIM J/IEKTPOIOM (njaruna,
HOrpyAKeHHas B c/1aldblil paCTBOP KMCA0THI M OMbIBaEMas razoo0pasHbIM BOAOPO-
noMm). OBBIYHO peakiiy, MPOTEKAIOLINE HA MIEKTPONAX, NMPEICTARNAIOT B BHIE

Q+ 241 + 2e(Pt;) = HsQ — Ha XUHTHAPOHHOM IMEKTPO/LE,
2H™ + 2¢(Pty) = Hy — Ha BOIOPOAHOM IEKTPOJIE.
Mo 3akony ['ecca Teiwioroii 3dert XUMHUSCKOI peakuMu HE 3aBUCHT OT
[POMEKYTOUHBIX CTATHIl MPOLECCa, a ONPENS/SETCH TONLKO HCXONHBIM H KO-

HEYHBIM COCTOAHWAMH CHCTCMbI, MO3TOMY BRIYHTAA H3 l'I@pBDﬁ peakui BTOPYH,
[OTYHHM CYMMApHOE VpaBHeH e Peakuni, IPoTeKaloLeil B 1aHHOM JNeMEHTE,
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VUHTHIBAIOUIE! IHIIbL HCXOAHBIE H KOHEUHbIE COCTOSHHUSA ITOI CUCTEMBL M dJIeK-
TPOHAI, YHACTBYIOUINE B peakiin

Q + 2e(Pt;) + Ha = Ha2Q + 2e(Pt2). (B)

Oyukima ['wdbca peakuuu (B) A1 KOHEUHBIX W NCXOTHLIX BEILECTB, HAXO-
IALUMXCA B PABHOBECHH, 3aULLETC TaK:

AGx p. = ‘AG}}{]}‘)Q' _AG}}LQ) +2.“f(Ptg] —2,(!1,[?‘11 _AG}]({{._,) —RTlnp;.;2 —
= !I‘-E[ 2} o Qﬁf(v(l’h [ ﬂg} — Eﬂc."pm} = ”'El-_! — RTIn PHy = U {12]3)

0 E}”Fﬁﬁs _
NMOCKOJIbKY ji; = }—- ¥ ‘-\-A X
i, T P

XHUMHUYECKHH noTeHHan JJIEKTPOHOB METa1Ia, Kak 6}'.’18T NOKa3aHo B Nalb-
HEHeM, onpenejiacTca pa{'ioml‘i Bbix0Ja MICKTPOHA H3 METANIA H CKAa'uKOM
noTeéHuHana Y. Ha M&mtj)aanoﬁ rPpadylle, BOSHUKAIOUICTO BCNEACTBHE BBINCTA
MICKTPOHA 3a Npeae/ib MoBepxXHOCTH METa/1a, 1. €.

W =ey — pe- (12.14)

[MOCKONBKY /15t JAHHOIO WIEMEHTA KOHLEBbIE METALTB MMEIOT OIHHAKOBYIO
npupony, 2y = WM — WM = 0, 70 pasHOCTH XHMHYECKHX NOTEHLKANOB
Gy/1eT paBHa Pa3HOCTH S1EKTPHYECKHX CKAYKOB NI0TEHLIHATOB Ha rpanniax Pty /S
n Pty /S, e

pe(Pty) — pe(Ptz) = ex(Pta) — ex(Pty). (12.15)

Teneps (12.13) dyaer sanucaHo B Buje

2e(xp, — Xm,) = 2eE° = —AG?,. (12.16)

B cTaHnmzapTHOM COCTOAHWH (HACKHIILEHHbIE PACTBOPE! XHHOHA W IM'MPOXHHO-

Ha, AaBIEHME razoo0pasHOro Boxopona prr, = 1) 2. ¢. o1oii peakuun £ =
= [-85,62 — (—216,68)]/2 - 96500 = +0,679B (npusoanMas B cripaBoy-
aukax £ = 40, 699 B). 3ameTum 30eCh, 4TO 3. 4. €. ITOIO WIEMEHTA ABIISETCS

OTPEIeNeHHEM MEKTPOIHOTO NOTEHIHAIA, NOCKOIbKY MOTEHIWAN BOAOPOIHOTO
IMEKTPOIA TIPHHAT PABHBIM HYTIO.

BueceHue B pacTBOpP KHCIOTHI CMeLaeT pasHosecue (b), H3MeHas Bestuyu-
Hy £ BCIENCTBHE M3MEHEHNS YPOBHS JHEPrHH 3EKTPOHA B PACTBOPE.

[ Takomy e THITY ralbBAHHYECKHX QIEMEHTOB OTHOCHTCA XJIOPHO-BOIOPO/I-
HbIi1 3/1EMEHT (/1B MAEHTHUHBIX Pt 3/IeKTPOIA NOIPYIKEHBI B OIHH 1 TOT K€ BOJI-
Hbiil pacteop HCI 1 oMbIBalOTCs ra3oodpazHbIMH BONOPOIOM U XJIOPOM (aHallor
TOMMMBHOTO 3neMeHTa (eMm. pue. 12.2)). OnHaKO B ITOM /IEMEHTE PeaKiiny OK1c-
JIEHUA M BOCCTAHOBIEHNSA PA3HECEHB! HA PA3HBIE DIEKTPOILI.
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OOBIYHO ITH PeaKUHH (MOIYPEAKLIMH) Ha KaXkI0M U3 JJIEKTPOIOB 3aMichHIBa-
0T cheaytomnm o0pasom:

£H§ = ijq + ¢(Pty) — mpouecc BOCCTAHORNEHNS BOIOPOAA,
%Cli_‘; = Clg, — €(Ptz) — npouecc okucsieHus x1opa,
(= cymma];Hoﬁ peaxkuuei
%Hﬁ o i}clﬁ = HCl(qq) + (Pta) — e(Pt;). (B)
Tak e Kak 1 B [PeblIyLIem ciiyuae
He(Pt1) = pie(Pta) = ex(Pt2) — ex(Pta).
Dueprus ['mddea peakumn (B) sanuiuercs cnemyrommM odpasom:

L T .
AGy p = pe(Pty) — pe(Pta) + ;H-h,, = ;!1& + BHCl 0 - (12.17)

3anucas BbIPAKEHUE 118 XUMHYECKHX MNOTEHUHANO0B BOAOPOId, XJ10pa 1 XJ10-
PHCTOrNO BOOOPOIA B BHIOC

Hip, = #?1}"; + RT Inpy.,, RIA
Hcr, = !*'-gf; + RT Inpg,, @' !i}

—
e, = tyey + BT naye,,,, - B —
Vol Pt

U [OACTABUB 2TU BeipakeHus B (12.17), Haii-
€M CBA3h J. /1. C. ITOTO INEMEHTA ¢ KOHLIEHTpa-
LHEH KHCIOTBl U NapuUaibHLIMH JaBIEHHAMI
BOAOpOAa M XJ0pa. Onnako peaxims odpasosa-
uust HCl,,, npotekaer e xuskoii hasze. nosromy
HEeoOX0INMMO YuecTh padoTy nepeHoca razoob-
pa3HbIX XJ0Pa M BOIOPOAA B BOIHLIN PacTBOp
HCI. HM3pectho, uTo npouecc npeononeHus
MOBEPXHOCTHOI JHEPrHH B BONE razoodpas-
HbIM BOJIOPOOM CONPOBOMIACTCS NOITI0LILE-
uuem aneprun AG, = —19, 25 g/l/mons =
= (1. 19998 (Takoe e 3HaYEHUE UMEET CKaY0K L= =
MOTEHIINAIA HA TPAHNLIE BOJIA — HHEPTHBIH ra3,
paCC‘-I L‘ITﬂHHblﬁ H3 BCJIHYHUHBI [IOBEPX HOCTHOIO
HaTskenns Boas! (M. Tadn. 11.1)). [peanono-
AKUM, 4TO U MOJICKYIAPHOMY XJIOpY /s [1pe-
OONEHUA MOBEPXHOCTHOTO HATSKCHNUS BOILI MOTpedyeTcs sarpara Takoil ke
sueprun. Tenepsb peakunio (B) ¢ yuerom paGorsl pacTBopenus razos 1 padoTsl
00pazoBaHHsA XJOPHCTOTO BOJIOPOIA MOKHO 3aMHCaTh Tak:

TR
[N}
1y 1

I

N E
NN

b
|
[/m
I

j g 1
Fbbpatbypg!

i
N

Puc. 12.2. Cxema Hz—Clz aae-
MeHTa

% 5+ %mt; + 2AG, 2 HCl(aq) — AGS55(HCI). (12.18)
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[Moacraensas B (12.18) BolpakeHns XUMHYECKHUX OTEHLHMANIOB BCEX YUaCT-
HHKOB PEaKLIUH, NOAYUYHM YPABHEHHE I, /1. C. XJIOPHO-BOIOPOIHOTO FaJibBAHHYE-
CKOTO MIEMEHTA

y. o ABL RT s B HIR
£ = p::"u + + Inayey,,,, + = Inpf,pé, + 2AG,. (12.19)

Og / /
Mockonbky juyjc; = AGYas = 95, 3k/lx/mons = 0,985B, a AG, =
= (), 1995B, 10 noAcTaBiAA 3TH YHCICHHbIE 3Ha4eHUA B (12.19), noJy4nm okoH-
gateibHOe YParHEeHWE is 3, /I C. TAHHOTO 3MeMEHTA:

=137+ RT] In aye,,,, + % Inpfi,pé,- (12.20)

DKCHEPHMEHTANBHO MIMEPEHHAs BEJIHYHMHA J. /1. C. 2TOIO 2IEMEHTa B CTaH-
JapTHLIX yeaoeuax (npu aktueHocTH HC| pasHO# enmHnue M MapumanbHBIX
AaslieHHAX ra3000pa3HbIX BOAOPOAA H XJ10pa PaBHLIX TAKKe M0 AHHHLE) pas-
Ha 1,36 B,

B cavuae pasubix Metamnos AG" xummueckoii peakuuu ne Gyner pas-
Ha 3eKTpuueckoil pabore —z FEY, npeicrasneHHoli yepes U3MEPEHHYIO pas-
HOCTD MOTEHIMATIOB, MOCKOMLKY B JTY Benuumny £ BXOTUT KOHTAKTHas pa3-
HOCTh [1OTEHLMAIIOB pﬂf = .-:k'l{-}""r 1/ My /e, ne npeacrasiiowas coboil peasib-
HOIT paloThl.

B yueGHoit inteparype Hanbonee 4acTo TepMOJTHHAMUKY TAKOrO PaBHOBEC-
HOIO TajlbBaAHHYECKOIO JIEMEHTA PACCMATPHBAIOT HA NPHMEPE HICKTPOXHUMU-
UECKOfl 1erH, COoCTarneHHON U3 BOAOPOAHOrO K XJopcepedpaHoro JneKTpoia
(cepebpo, nokpsitoe TpyaHopactsopumoii colbio AgCl u norpyikeHtoe B pac-
TBOP, coaepxamnii snexrponnt ¢ aunoHom Cl™ ). D1oT aeMeHT 3anuceBaloT
B YC/IOBHOM BUJIE CleaytoLum odpasom:

Ag|Pt. Hz|AgCl|Ag. ()

Jlanubiii 1eMEeHT HA3LIBAIOT MPABHIILHO PA3OMKHYTBIM JJIEMEHTOM, MO-
CKOJIbKY Ha €r0 KOHIAX PAacrnoNomkeHbl HACHTHYHBIC METALIbl (BEPTHKALHbIE
YEPTOUKH YKA3LIBAIOT HA CYILECTBOBAHNE TPAHULLL Pa3aena Mexay Asymsa ¢a-
samit). XUMHUECKas peakiins, MpoTexarollas B 3ToM 1eMeHTe, NPeICcTarnseTcs
craenylommM odpaszom:

AgCl +0,5H, = Ag + HCI. (1)

Cpoboanas sneprug [uddca A AaHHOH XMMHYECKOH Peakumi 1o 3aKoHy
['ecca parHa

' 1
AG = pag + pier — ftager — LS (12.21)

3anuiem CyMMapHoe YpasHeHHe peakitn (J1) ¢ yueToM 31eKTPOHOB 000X
METaIIoB:
AgCl + 0,5H: + e(Ag) = Ag + HCI + ¢(Pt). (1)
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CpoboaHas YHEPruA ITOH XMMUUYECKOH peakunu Teneps OVAET UMETh BUIL
AG = 10 0 L o 0 1 RT1 RT1 . _
T = fag e ;#f-ng —#.»\g('|+; npy,+ N aycl+ e — He(ag) =
_ 0 0 1 o 0 1 .
= Hag T Hiict = SHi, ~ Hagor + 5RT npy, +

+ RT Inaycy + WP — expy — W2 + ex(ag) = 0. (12.22)

Vuursigas (12.14) u npuHnmas Bo BHUMaHue, 4To cBobo/HbIe dHepruu ['1do-
ca obpazosanna Ag, Hy B cTaHIapTHLIX YCIOBHSX pPaBHbI HYIIO, YpaBHEHHe
(12.22) nepenuiuem B BuaE

AG = AG‘}(HCI} - .'.\G’}(Ag(.‘l} + RT Inayep —
— RT lnp',ff +e(xag — xp) + wh — n-‘;.‘ﬁ. (12.23)
[Moncrasnsas B (12.23) uyncnenHbie 3HAYEHHA CBOOOIHBIX dYHepruil obpazo-
sanns (AGS(AgCl) = —109, 54 kJTx/mons n AGS(HCI) = —95, 3 Jlx/mous),
1A CTAHAAPTHOTO COCTOAHMA (NPH P, = 1, ayc) = 1) AaHHOIN MEKTPOXHMI-
HECKOH CHCTEMBI NOTYHHM BblpaimeHHe

AG = 0,147 + e(xag — xm) + WP —W2e =, (12.24)

riae AG BrIpakeHo B 3B,

HM3mepeHHas pasHOCTb MOTEHLHAIOB MEKAY NIATHHOBBIM H cepedpAHbIM
anekrposamu pasHa 9 = +0,222B. B 210M caydae pasHOCTh padoT BbIXO-
aa JeKTpoHa M3 miatnHel 1 cepedpa coctaput 0,369 9B u nosoneHo Gnuska
& AWRL(Kp i), nPUBOAMMOIl B CHIPABOMHIKAX.

Jlpyrumu cioBaMu, W3MepeHHs J. 1. C. FANLBAHNYECKOTO JIEMEHTa, COCTaB-
JIEHHOTO K3 PAa3sHBIX METALIOB M MOIPYKEHHBIX B OAMH U TOT e pacTsBop, na-
0T TaKKEe BOIMOKHOCTL onpeaeneHus padorT BeIXOAd MWIEKTPOHA W3 MeTania
C IOBONLHO BLICOKOI TOUHOCTBIO, [IOCKOIBKY 2. 1. €. Fa1bBAHHYECKOro M1eMeHTa
OTpelensercs ¢ TOHHOCTbIO 10 | MB.

[TpH KOHCTPYMPOBAHHN TafIbBAHHYECKUX YIEMEHTOR, COAEPKAIIHX PACTBO-
Pbl HEOIHHAKOBOI PUPOILI HITH KOHUEHTPALIMM, MBITAIOTCA HCKIIOUUTL K-
KOCTHbIE WK AH(PY3HOHHLIC TOTEHIMABLI HA MPAHULIE [IBYX COTPHKACAIOILIHXCS
AHUAKUX (a3 myTeM BBEASHMS MEKILY HUMU TAK Ha3bIBAGMOIO cOTE6020 MOCTHII-
wa. ConeBoi MOCTHK, Kak NPagmio, COCTOUT U3 KOHUEHTPHPOBAHHBIX PACTROPOR
KCl, KNOg unu apyrux coneit. Takum nyrem yaaercs yMeHbIIHT (J1HMHHH-
POBATh) CKa4OK MOTEHIINAA HA IPAHNLIAX JIBYX PAa3HOPOMHBLIX KNAKWX (ha3, HO
HE JIMKBI/IMPOBATS IOIHOCTRIO (cM. pasL. | 1.8). B a1oM cliyuae yeioBHas 3aincs
TaIbBAHIYECKOTO JNieMeHTa OyaeT BhIMANEeTh Tak:

M| S, || S| Ma| M. (12.25)

[Tpn ycnoBHOIT 3anmHcH ralbBaAHHYECKOTO dJleMeHTa HeoOxommo obpatuars
BHIMAHUE HA 3HAKH IEKTPOAHbIX NoreHuuanos. CoracHo CTOKrojibMCKoii
wonsenuun MIOMAK, 3Hak snexrpoaHoro foreHunana onpenensercs peakit-
eil, nporekaioutei Ha snexrpoae. TTonoKHUTEbHEIH 3HAK NPHITHCKIBAETCA MO~
TeHUHALY TOro JNEKTPOAA, HA KOTOPOM MPOHCXOAHT NMPoUece BOCCTAHOBICHHA,
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W B YCIIOBHOI 3aMicH rajbBaHM4ECKOTO DNEMEHTa Takoii MeTan pacrnojiaraet-
CA Ccrpasa. 3. 1. C. NEMEHTA, 3alHCaHHOTO B TAKOM BHE OYyIET MpeiacTaBiinTh
PA3HOCTb WIEKTPOIHBIX MOTEHUMANOB £ = Pypanoro — Pacsoro > 0. A NIOCKOIBKY
Al = —2EF < 0 xapakrepu3yeT caMonpon3BoibHOCTb MPOLEcca, TO JIeK-
TPOXMMHUYECKAA 11€Mlb, 3aAIHCAHHAA TaKUM 00pa3oM, €CTh rajibBaHHYECKHI1 3ne-
MEHT, T. €. YCTPOICTBO, Mpeodpasylomee YHEPTrHIO XHMITHECKOIT peakiii B DNek-
Tpuueckyto. Llens, sanucannas Haobopor, OyaeT npeacTasiiarh dJeKTpoinsep,
T.€. YCTPOIicTRO, noTpedasiomee MeKTPUHeCcKyo dSHepruio, noTpedHyio s
MPOXOKACHHA XMMHYECKOH peakiim,

HsmepeHune paBHOBECHOH PasHOCTH NOTEHUHAIOR [IPE10AAracT OTCY TCTBHE
TOKa B H3MepsAeMoii uenn. B ciydae npricoeInHeHus BOMBTMETPA K JNEKTPO-
XHMUYECKOI LGN €€ IKBHBAJCHTHAA cXema Oyaer MMers CAeaylounii Buil

(puc. 12.3), rne R, — BXOJIHOE COMPOTHRIEHUE W3MEPHTEILHOTO NpUdo-

w £
pa. Ilpn 3aMelkaHUi 3EMEHTa HAa BONKTMETP Mo Lenu noitner tok [ = .

B

B pesyneTare 3TOro NOTEHIMAN JICBOTO MIEKTPO/IA BCISACTBHE OTBOIA MEKTPO-
HOB CMECTHTCA B TONOKUTEILHYIO CTOpPOHY Ha Benmunny Ap = ¢ — ¢,

R ux -
e i :
Puc. 12.3. DksuBaicHTHad CxXema Puc. 12.4. TlonapHsalus >1CKTPOI0B 004
FaibBAHHUCCKOTO DJIeMEHTA JCHCTBHEM BHCLIHETO TOKA

a NoTeHIHal NPABoro — B OTPHIATELHYIO CTOPOHY Ha BeHYuHy Ao = @) —
— (P4, KaK [0KA3aHO CXEMAaTU4HO Ha puc. 12.4.

B pesynbrare 310oro cMeineHus (CMeleHMe NOTeHuHana noi AeHcTaveM
BHELIHETO TOKA HA3LIBACTCH NOAAPUZAY el ) TOTEHIIMANOB MIEKTPOIOB . 1. ¢, 11e-
ru He OyaeT COOTBETCTBOBATH PABHOBECHOMY 3HAUEHHIO I, /1. C. dieMeHTa, Eciu
e Ry — 00, TO BeIHYMHA TOKA, OTOMPAEMOTo BOJILTMETPOM OT djiemMenTa Oyaer
crpeMuThes K Hy1ro (I — 0), 1 nongpusaiiig 3eKTpojIoB CBEASTCH K MUHUMYMY.
Taxim opasom, and W3IMepeHH 3. /L. C. TA/IbBAHHYECKHX 21eMeHTOoB (ocobeno
€ MaJIbIMH TUTOLLAIAMH HCCEMYEMbIX WICKTPOIOB ) TO/KHbI IPUMEHATHCH BOJIBT=
METPbI ¢ BLICOKHM BXOTHBIM conpoTupiennem (nopsaka 10% 10" Om). Ouens
YACTO B MIEKTPOXHMHYECKHX DKCHEPHUMEHTAX MCIOBL3YIOT KOWACHCAUOHHBIL!
Memad waMepeHus 3, 1. ¢. Ero npuHIMnuansHas cxeMa n3odpaxena Hapuc. 12.5,
M3 KOTOPOrO BUIHO, 4YTO B PE3Y/ALTATE 3aMbIKAHHA AKKYMYIATOPA Ha COMpo-
TuBieHHe R (peoxopi) yCTaHaBIHBAETCA JInHeiiHoe najenue Hanpsaxenns U,
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Ecau 4acTe 2TOr0 HanpsxkeHus CHU-
MaTh CO CKOMb3fero koHrtakta K w
HAlpaB/IsTh HaBCTPeuy (OTpHUATE/IbHbIE
KNeMMBI aKKyMYJATOpPa W HCCAEIyeMoro
rajbBAHHYECKO IO AIEMEHTA 3aMKHY Thl Ha-
KOPOTKQ) 2. 11, C. HCCEAYEMOTO JIeMEeHTa,
TO B Cllyyae paBeHcTBa NajeHus Hanps-
wenus [y va conporusaenun I Tok B u3-
meputene I Oviaer pasen nymo. Ilpu us-
BeCTHOM [}, CTAHOBHTCSH H3BECTHBIM H &£
[las Toro, urtodsl 3uars U} B Kawknoii Tot-
Ke CONpOTHRIEHUS (peoxop/ia), BMecTo Ey
BKIIOUAIOT &, (0GBIMHO 3TO 21emMeHT Be-
CTOHA C W3BECTHOH M OYeHb CTAOMILHOI
gefuunHoil £, = 1,018 B) u nporoast
NpeBapHTe/IbHYH0 KanudpoBKy peoxop-
na. Ecnn nonokeHue CKOAB3ANIEro KOH-

Puc. 12.5. Komnencaumonnas cxema
wivepenns YO ransBaniteckoro ne-
MCHTHA

TAKTa Ha peoxopjie npu uMepenun [y pasHo [, a Ha snemenre Bectona [y,

10 = Ear“ar”:r' ).



FT'TABA 13
JNEKTPOHHBIE CBOMCTBA MOBEPXHOCTH

Mo Bosuukimm ewe B koHue XIX B, npeacrapieHnsM cHeremMa merall—
IMEKTPONTHT TIOAPa3AenaeTca Ha TpPH 00IacTH:

a) memarr — obracne nocmodntozo nomenyuaia (no moaenn Jpyine —
ITO CPEAHHIT ANEKTPOCTATHUECKHIT NOTEHLHAN

() = I-"‘[;(r)dr, (13.1)

rie @(r) — aneKkTpocTaTHYeckrii noTenuran B TouKe r nepHoanieckoii peteTkn
mertanna, Vo — ofbem merania; HHTErpUPOBAHKE BEATCA N0 ATOoMY 00bemy):

0) Tak Ha3BIBACMBIIH WIOMNBLIT WA CETLMZONBIEE CTON. BO3ZHNKAIOLIHIT B pe-
3YJILTATE TOTO, YTO 3aPAKEHHBIH NISKTPOA NPHTATHBACT HOHLI NPOTHBONONOK-
HOTO 3HaKa (Hecneunpuueckas aacopOus);

B) Qudhhyansiil, pazvelmeill ciol Hoos, 00pa30BaBLUKiicsa BCIeACTBHE Tep-
MHHECKOTO OPOYHOBCKOTO JABHKEHHA nocneanux. Teopua 3Toro cnos saioxena
I'yu 1 YenmeHOM HA OCHOBE CTATHCTHYECKOH MEXAHHKH 3apsSKeHHbIX HOHOB
B 0ECCTPYKTYPHOM AHIEKTPHKE € MOCTOAHHOH AHAJIEKTPHYECKOi npoHHuae-
MOCTBIO. B anekTpoxumuteckux npoueccax Andysnas yacte 00bitiHO BTOPO-
CTeNenHa, TaK Kak naacHue NoTeHLUHana B el aake B pa3dasieHHbIX pacTBopax
IMEKTPOIHTOB HA MOPALOK MEHBIIE, YEM B MIOTHOI YacTH, a B KOHIEHTPHPO-
BAHHLIX PAcTBOPax e NPaKTHYECKH HeT.

EcTb pastbie MueHIs 0 JaKTopax, OTBETCTBEHHBIX 324 BOSHNKHOBEHHE MI0T-
HOM uacTH. BOABLIIMHCTBO ABTOPOB NPHAEP/KHBAETCA MOAEIN, MPEATOKeHHOT
eute NenbmronsueM. B weit nnornas wacts JIDC 3akmouaet B cebe MoHOCTOi
aIcOpOMPOBAHHBIX HA MOBEPXHOCTH META/LIA MOJICKYJl PACTBOPHTENA, W CBOIi-
CTBa METAJ/IA BKITIOUAIOTCS B TEOPHIO B BH/IE MOJIETH MIOTHOTO CNOA. a HMEHHO
uepes HPHeRTHBHY IO AHIEKTPHYECCKY O NPOHHLAEMOCTb, KOTOPAS HEKOTOPHIM
obpaszom oTpaikaeT B3anMoeicTBIe MeTanna ¢ pacteopuTenem. B Monenax sro-
O THIA HE YUUTBIBASTCA HU WIEKTPOHHOE CTPOSHHE N JAINCKPETHOCTL CTPYKTYPbl
METAILIA, HH B3aHMOCHCTBIS METANIIA ¢ MOJIEKYJIAMH PACTBOPHTES H MOJIEKY
PaAcTBOPHTENA APYT € APYTOM.

®penkenem 1 Paiicom Gbiia npeanoxke Ha nHas Mojeb ninoTHoii wact JI9C,
r/le TaBHas poib OTBOAWIACH HE MOJIEKYTAM PACTBOPHTENA, 4 NEKTPOHAM Me-
Tazuia. JInurenbHoe Bpems OHa He NPHEBIEKAa BHUMAHUS MIEKTPOXUMHKOB H Obiia
hakriueckn 3abbrra. M mmuk 6yayun cdopmyniposatHoii satoso P. Canemom,
BO30yAMAA pe3ko Bo3pacTarounii nuTepec. B HacTofMIee BpeMa B paMKax 2THX
MPEACTABIEHNT YIKE ONHCAH KAUECTBEHHO W KOIHUYCCTBEHHO 0BOJILHO WHPOKHIA
Kpyr senenuii. Passuras P. Canemom teopus noctpoeHa Ha rpUMeHeHHH Moje-
JH OKene» ¢ NoMoLbo MPoGHLIX dy HKLHIT, KoTOpbie, OyayHl IKCNOHEHINAb-
HO 2aTY XA LMMH BHE METAILIA, 3HAYUTCIILHO JIYULIe COOTBETCTBYHT PELLICHHIO
KBAaHTOBOMEXAHHUYETKOIl 3anaun.

B cBA3H € TPYIHOCTAMH HHTEPMPETALMH MOBEPXHOCTHLIX ABJICHHIT B NEPROM
npubamkeHHn uenecoobpasHo HCNoib30BaTh NPOCThie (HPEHOMEHOIOTHYECKHE
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NpefCTaBISHUS U ONPeAeNHTh ¢ HX TIOMOLIbIO TY IPYNIMy NAPaMeTPOB, KOTOPbIE
(hopMHPYIOT OCHOBHBIE CBOHCTBA MeX(azHOI NOBEpXHOCTH. B naHHON rnase
HA OCHOBE (DYHAAMEHTAIBLHBIX MPHHLKIIOB 1 YPABHCHHIl WIEKTPOCTATHKN 1l-
MOCTPHPYETCA BOIMOKHOCTH OMHCANHA HEKOTOPLIX OCHOBHBLIX cBolicTs J[DC
IPaHuLbl paziena MeTaail—3eKkTponant. (MIHaKo CHauala HeoOX0MMMO NpoaHa-
NH3WPOBaTE HINUECKHE MPEANOCHIIKH, TeKAIHe B OCHOBE YKa3aHHBIX BEIILE
NpeACTaBICHHIT 1 KPATKO H3NOKUTL HX TEOPHIO.

13.1. Mogenn
lNeabmronsua — IN'ya —Yenvena — lrepna —'poma
Pazsurne NPencTaBieH uit l'enbMronsa o CYHIECTBOBAHHH Ha rpaHyLe pas-

nena (a3 ABYX NPOTHBOMOJIOKHO 3apHKCHHBIX clloeB (pHe. 13.1, @) npocaeium
e hparmenTapro. Cravana [y n Yenmenom, a satem [lteprom n Mpanvom

3TH npejcrarieHus  OblIM HECKOUIBKO  yoiomHeds!  (pue. 13.1.6)
0. 0 Q0. «—Q0 —>
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+ frseeq
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Puc. 13.1. Pacupeienchane sapsia 1 norenuana: ¢ — 1o lensmroasity: @ — no F'yn
Yenmeny

C UeNb OOBACHUTD Haﬁn}oﬁaemoe B JKCHNEPHMEHTE BJIHAHHE KOHUCHTPRALMH
INEKTPOAUTA U cneuduueckoit aicopOiun HOHOR Ha NapamMeTphl I0THOI ua-
crn JIDC. Ckawok noreHumaina B miaorHoi wactn JIDC sanuceiBaioT B BUIE

Ap = Ay + Ax. (13.2)
Arho

3necy Ay = — CKaYOK NOTeHIHana, 00ycloBIcHHbIH 3aps/10M JJIeK-

Tpoaa, @ (h HE == COOTBETCTREHHO TOMIMHHA W AHIICKTPHYCCKaR NpOHHLA-
EMOCTb [UIOTHOMO CJ04, HENOCPEeACTBEHHO B DKCHNEPHMEHTE He H3I\1€pﬂ€'h‘lbi&},
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a Ay — cKauOK NOTEeHUMANa, CBA3aHHLIH ¢ opreHTauneli aacopdupoBaHHBIX [TH-
Moeil BOJIbl, KOTOPBI, COMTACHO 32KOHAM MIEKTPOCTATHKH 3a1HChIBACTCA B BHLE

Ay = 41N ps(cosb), (13.3)

rae NV — 4nesio ancopGHpOBAHHBIX HA €AMHHIE TOBEPXHOCTH MOJIEKY/ pacTBO-
pUTENa, Py — AWMOTLHBIN MOMEHT Monekymsl i (cos#) — cpennee 3HavueHHe
KOCHHYCQ Viia  Mekay HOPMAILIO K NOBEPXHOCTH W HANPABACHHEM BEKTOPA
JIUTIONBHOTO MOMEHTE .

Kpome TOTo, NOCKONLKY a1copOipoBaHHbIE MONEKYIIL 00pa3yIOT NPOCIOHKY
H30JIATOPA MEWKIY ABYMSA [POBOAHHKAMH, 00pa30BaBIWLNMICA KOHACHCATOp 10/~
#eH UMETh COOTBETCTBYIOILYIO EMKOCTh

K =¢&/4rh. (13.4)

B ypasuenun (13.4) paccrosuue mexiy oOKaaakamH KoHaewcaropa
o0bitHO nomaraioT pasHbiM b = dy + 1y wam h = d, (rae d, JAmnamerp
MOJICKYJIbl PACTBOPHTENS W 1'j — PAdUYC HOHA).

HeoaHokpaTHO Npe/iNpUHUMATHCE NONLITKH paciiu(poBaTh MONEKYASPHYIO
CTPYKTYPY [10THOTO c1od. [1p1 3ToM HCXOmK U3 NPeanoiIoKeHts, YTo 11io-
JIH PACTBOPHTEIA B NPHITOBEPX HOCTHOM CIOE OPHEHTHPOBAHBI NOJTOKHTETEHBIM
KOHLLOM JMIO/A K META/TY, @ OTPHUATENLHLIM — OT Hero, B apyrux paborax
ObIIH BhIIENEHB CBOOOIHO OPHEHTHPYIONIHECH ACCOIMATHI, MONEKYIbl BOIbI
H XeMocopOHpoBaHHbIe MOeKybl. B peayasrare 118 HHTErpaibHOil eMKoCTH
[UIOTHOTO cJios Obia NosyveHa A0BOMRHO choinas (opmyna, BRIIOHAIOLLEs
HECKO/IbKO HEONpeJenseMbliXx NapaMeTpoB. AHAIOTHYHBIE MOJIENIN, B KOTOPBIX,
ONTHAKO, OpHEHTaLNs annoneii paccuuThiBanack no bonbumany, GbiH HCNONL-
30BAHBI UI5 AIPOTOHHLIX PACTBOPHTE/ICH, HE CKIOHHBIX K accounaunsm. b
Mpe/UTOKe Bl MOAETH, MOCTVIIHPYIONIHE He JBa (KAaK BHILIE), 4 TPH BO3MOK-
HBIX COCTOAHUS MOJICKY/ThI PACTBOPHTEA, JIHTIONN JBYX MOJEKY pACMON0KEHb
NEPHEHHKYIMPHO K WIEKTPOAY, a OJHOH — napaiiellbHO, a TakkKe MOIeH,
B KOTOPBIX aAcOpOHpOBAHHEIE MONEKYIIbl TPAKTOBAIHCH KaK CMECh MOHOMEPOB
¢ anmepamin, [1pu 3TOM YUHTbIBAIACH BO3MOKHOCTD OPHEHTALHA AUNONET B Tpex
HaNpaBIeHusax,

O1HaKO Npe/CTaBIEHIE O CYILECTBOBAHIN PE3KOI rpaHHLIbl pa3jie/ia Memx-
NIy METAIOM H PACTBOPOM MEKTPOINTA MPHBOLHT K MPOTHBOPEUHIO C OMbLIT-
HbIMH JaHHbIMH 0 eMkocTh JIDC, Tak Kak eMKOCTb [JIOTHOIO 105 A0/ HA Bbl-
pakaThes yepes Py HKIHIO IIEKTPHYECKOT0 OTKIHKA Beeil KOHTAKTHOI cHeTe-
Mbl METAILT— PACTBOP, 3aBHCALLEl Kak OT CBOIiCTB pacTBopuTend B nuddy3Hoii
001aCTH, TaK 1 OT CBOHCTB 3NEKTPOHHON CTPYKTYpPhI MeTana. B CBA3H € ITHM,
a Takke Wid paspeleHns npodieMsl rajibBaHu- 1 BoJibTa-noTeHunaios, Gpym-
KHH 1 Dpiuiep npeAnokiin BBECTH B YPABHEHHE CBA3M NOTEHIHANA HYIEBOIO
3apaja ¢ padboToil BIXOAA NONPABKH HA NOBEPXHOCTHLIC CKAUKH NOTEHIMANa
B Meranie ox M u B ancopSumontom cnoe dy °. OHAKO OTCYTCTBHE VIOBE-
TBOPUTEJLHBIX METOJOB PACUETA HITH allPHOPHOTO NPEACKA3aHUS 3THX BENHYHH
ocCTaBAAET NPOdIEMY CKaYKa NMOTEHUHATA B paMKax TPAAUUHOHHOIO noaxoia
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OTKPLITOI. YTOOB! IPOACHUTHL CUTYALHIO, CHAYANA NPOAHAIN3HPYEM HEKOTOPbIE
IKCNEPHMEHTATBHBIE (PaKThl, CMOCOOHBIE B KAKOIH-TO CTEMEHH PACKPbIThL MpH-
POy BO3HHKHOBEHMS CKAUKa [OTEHUUAIA HA IPAHNLE Pa3eiia MeTall—cpeaa.

13.2. Horenuuan Touxkn ny/jaesoro sapsaa (TH3)

[Mpn norpys:keHni MeTaua B pacTBOp MEKIY 00beMOM MeTallna H 00beMom
PacTBOPa HIEKTPOIHTA BOIHUKAET PA3HOCTH IOTEHUMAIOB (0 Af — 5, ABISIOWIANCA
paucHeiwei xapakrepuctiroii J12C. Ofmwenssectro, 410 adcomoTHbIE 3HaYe-
HUA (717 — 5 HE MOTYT ObITh H3MEPEHBL. TAK KaK B YKCNIEPHMEHTE BCEra ONpeaens-
eTcsl pa3sHoCTb MOTEHUHAIOB MEMKIY HCCAEAYEMBIM JIEKTPOIOM H JIEKTPOAOM
cpagHeHus. [TOCKONBKY OQHOZHAYMHO PA3ACHNTL Pa7_g HA €€ COCTABIAIOLINE
HERO3MOKHO, MOCTONLKY MPHBOIAHMBIE B JIMTEPATYPE 3HAYEHHS ©p7 g, ONpe-
NEJIEHHbIE 110 OTHOLIEHHID K TOMY HIH MHOMY 3JI€KTPOIY CPaBHEHHA, CaAMH 110
cede He MOryT OBITH HCMOKL30BaANE! U1 anani3a ceoiicTe JIDC. Oanako ot Hux
MowHO riepeiiti Kk pasnoctin TH3 asyx dukcuposanubix meramnos My u My,
MOTPY/KEHHBIX B O/IHH H TOT K€ WIEKTPOJINT.

PaccMOTpHM 2JEKTPHHECKYIO CXEMY M3MEPEeHHs [OTCHUHANOB Lenu: 1sa
PA3HOPOAHBIX METANNA, NOMEIICHHBIX B OHY U TY e cpeay (M |S|My|Af),
w3o0paxkeHHyto Ha puc. 12.1.

Bynem cunrars, wro metainibl My u My noaaepRuBaloTCs NpH NOTEHLHANAX
HYJICBOTO 3apAa OTHOCHTENBLHO PACTBOPA S ¢ MOMOIILI BCMIOMOrATENLHOTO
anexrpona u JIC Garapeii £y n Es (KoMIeHCALHOHHbI METOI HO1IEPKaHUA
paeHorecHs). Copepinas 00X07 Mo HacOROH CTPEnke. MomydHM

A M —My _ 0 0
Ay =CM-My Ty T P 13
Cnaesa ctout pazsocts notennuanos Ap =42 yenocpencreenno navepse-

Mast B f)KCﬂepHMeHTe. a CﬂpaBa — CKa4KH MOTCHIHANOB COOTBCTCTBCHHO HA
FPaHnLE META — METAILI H METallll — PACTBOP, 3HAYEHHA KOTOPIX HCH3IBECT-
Hbl. UToOBI HCKMOUNTE HX, 3aMeHHM pacTBop S Ha Bakyym V7. B atom cayuae

A Mz M % 5
H3MEpAEMas PasHOCTb NOTEHIHAN0B Apr-* 1, IPH KOTOPOIi TOK BO BHELUHEi
LeMH OTCYTCTBYET, PABHA KOHTAKTHOI pasnocTi notentmanos Ag 2= uno
avanorun ¢ (13.5) umeem
AaMe—=My _ ¢, gem —
A-m-pn = =(Par—aty T Pata—v — Par,—v)- (13.6)

Hexmouas w3 (13.5) 1 (13.6) @y, 5y, NOAYUHM

My—My _ A Ma—M " A0
Ayt = A*‘ann Yk {‘1“,?.1'1-1' - "_-1.-;._5) -

. 0  ALMa—My pqa
= (Paty—v ~ Pary—g) = BPxpn 1+ (13.7)
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[TocKoIBKY pa3HOCTH MOTEHLNATOB B KaXk/10i W3 cKOOOK NMpeicTaBIfsioT cKav-
KH NOTEHINAJIA Ha IPaHULIe PaCTBOP—BaKyyM @ . (cm. puc. [2.1) u umeror
pa3zHbIC 3HAKH, TO OKOHUYATE/IbHO

Ap}=Mi = Apia=M, (13.8)
T. €. Pa3HoCTsk MOTEHIHANOR HyneBoro 3apana (TH3) nsyx MeTannos He 3aBHCHT
OT PUPO/IbI CPElbl, CONPUKACAIOLLEHCA ¢ YTHMHN METAILIAMH.

Hutke npusesienst gannbie A2 =M qag pryem u Biemya B pasHbix pac-
TRopuTEnAX: B Boje — 0,18, B anmetundopmamune — 0.18, B auMeTHICYIb-
tpokcune — 0,19, B aneronurpune — 0,175, B metanone — 0,18, B 3tanone —
0,19 u B smunenrnukone — 0,19 B. M3 9THX JaHHBIX BHAHO, 4TO 7 BCEX
CeMH pacTBopHTENeil BeIHYHHA ;\gaf.}"“'_ B nexur B nurepsane 0,18 + 0,1 B,
T. €. ACHCTBHTEIBHO OCTACTCA NOCTOAHHOI,

B radn. 3.1 npHBeneHk! 3HAUCHHA Ac,.:‘-i.lg 2 pns psija METALIOR, MpHUYEM
B O/IHOM Cy'ae B KauecTse pacTBopuTess ucnoiaszopana HoO npu komuarHoii
Temneparype, a B apyrom — pacnnae conn LiCl—KCl npn 450° C.

-1

Tabamua 13.1

Cpena Ag Bi Cd Ga In Ph Sn Tl Zn

Bona ™’ 0.47 018 | 0.54 | 0.51 | 046 | 037 | 018 | 0.51 | 048

Pacnnas | 0,47 ) | 020 | 0.53 | 047 | 044 | 0,37 | 0.19 | 0.56 | 0.45

) Jlas BOAHBIX pacTBOpoB 3HaucHns TH3 NoAyuCHBI NYTEM VCPEIHEHHS IKCTIE-
PHMCHTAILHBIX JaHHBIN.
**) B naunnie BHECEHB! NMONPABKH Ha TeMepaTypHbii ddgdext.

; Hg— Ma
IL.FIFI BCEX METANNnoB 3HAYEHHA A\f?_q!_ B BOJAE W B pacnjase cosnajarot

C OUYEHb XOPOLLUEH TOUMHOCTLIO. DTH Pe3yibTathl IKINEPHUMEHTAILHO OATBEpP-
waaior dakr Hesasicumoctn Ap 2= or npuponw pacrropurens. C apyroi
CTOPOHBI, OHH CBHAETENLCTBYIOT O TOM, 4TO pa3nocTk notenunanos TH3I asyx
METaJIJIOB NPAKTHYECKH HE 3aBHCUT OT Temneparypbl. Takum obpasom. mexa-
HI3M BO3HHKHOBEHHSA CKaKa MOTEHUHATA METaT — cpeia (hopMupyercs ckopee
BCEro WIEKTPOHHbLIMK noacHcTemamu odenx conpukacatomuxes gas. Crosuas
cnesa B (popmyne (13.6) KOHTAKTHAA PAIHOCTE NOTEHUHATOR (JOPMUpPYETCH AJ1EK-
TPOHAMH METAIOB B OTCYTCTBHH PACTBOPA S 1. C/IeI0BATEIbHO, HE 3aBHCHT OT
ero npupoasl. CKauki ke NOTEHIHATOR c,:ﬂ,l _g H ’uﬁ?.fg__q. CTOANLKE ClpaBa
B (hopmyaie (13.5), BO3HHKAIOT (110 OOILENPHHATLIM PEACTABIEHHAM) B Pe3yJib-
TaTE OPUEHTALMN ANTONEN MONEKY] PaCTBOPHTENA; IPHYEM Pa3HOCTh HX BCera
pasHa K p 1. Yro0Gs! 00bACHWTE 3TOT (PAKT, HYIKHO YKa3aTh MEXAHH3M «110ACTPOI1-
KiD» 1101 K P [1 MOJIEKY] pacTBOpUTens (UM paciiasa), IpudeM Takoil. KoTopblit
Okl He 3aBHCEN OT MPUPOILE 3THX Monekya. (Mmento 31o 1 He obecneunBaercs
mozaesimu leabmronsua—'yu—Yenmena — Ltepna—poma).
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B anmexrponnbiX Moaenax ©penkens u Paiica papHoBecHe VCTAHABIMBAETCH
10 AMEKTPOHY, a Mk (aszHbIit MOTEHLHA ONPEACNAETCA PA3HOCTRIO XMMHYECKHX
NOTCHIHAIOB YIEKTPOHA B CONPAKEHHBIX (pazax

AxM=% =t — i (13.9)
PazHOCTE NOTCHUMAIOB, BO3HUKAIOLLYO [IPH KOHTAKTE JBYX METAILIOB B BAKYYME,
HA3BIBAIOT BOJLTA-MIOTEHLHATOM WIH KOHTAKTHOH Pa3HOCTBLIO MOTEHUHANOB
(kpmn). Orger Ha Bonpoc «B Kakoii Mepe KOHTAKTHBLII NOTEHUHAN ONpenenser
MEKTPOABIDKYLIYIO CHIY FalbBAHHUYECKOr0 JJIeMEHTa, B KOTOPOM Te JKe MeTal-
JIbl HCTIOJIB3YIOTCA B KA4€CTBE JIEKTPOaoBT» cocTasaseT cyThb npobiembl Bombra.
B reuenne XIX cronetis Muenna (pH3HKOB H XHMHKOB 110 3TOMY BOTIPOCY pac-
xoauinch, OU3NKK CKIOHAINCH K KOHTAKTHOH TeopHH BOZHUKHOBCHMA CKauka
NOTEHUHATOB, XUMHUKH YTBEPIK/IA/IN. YTO BOZHUKHOBEHHE Pa3HOCTH NOTEHIINA-
JTOB MEKIY ABYMA MEeTAJLTaMH BO3MOKHO THIIL MPH HATHYHH XHMHUYeCKO peak-
unK Ha MexkpasHoil rpannue Meta —pacrsop. M te u apyrue Haxoauan tomy
IKCMEPHMEHTATBLHOE NOATBEPKAeHre. Tak, rpynna MeTannoB, KOHTAKT MEkIY
KOTOPBIMH (PTY Th— BHCMYT, PTYTh—CcepeOpo u ap. (cm. tabu. 13.1)) B pacTBopax,
pacraBax MEKTPOIHTOB NOATBEPIKIACT KOHTAKTHYIO Teophio Bonkra. Oaxa-
KO TAKWE Mapbl METaNI0B, Kak raiinii — pryTe WiH HHAMI —PTYTh JTOH TeopHun
He cnenytor. CyuecTsytoniie oGbSCHEHHS 3TOTO ABIEHUS HANHYHWEM TAKOTO
PACIILIBYATOTO MOHATHS KaK «JIMO(HIbHOCTL — AHOPOOHOCTLY TEOPEeTHUECKH
e 000CHOBAlBI 1 HE BCEr/a Onpasaats.

B nociieanue roael 001acTh HENOCPEICTBEHHOTO KOHTAKTA METALIA € OKPY-
waromeil cpenoii (B OCHOBHOM — BaKyyMa) MoayHiia ceoe u3ngeckoe 000cHo-
BAHHWE UL Olaro/aps yenexam B o01acT TeOpHH HEOAHOPOIHOIO 3EKTPOH-
HOTO ra3a METANIa, OCHOBAHHON NpeHMYIIeCTBEHHO HAa MeTo/e (yHKIHoHana
MEKTPOHHOIT noTHOCTH. [TPHMEHHMOCTE A2HHOTO MeTO/A /LA TPaHHLbl Me-
TANT—KHIKOCThL BEChMa 3aTPY/JHUTENLHA, NMOCKOTLKY €aMa KHIKOCThE Takke
obiazact OPHEHTHPOBAHHBIM CJIOEM OBEPXHOCTHLIX MOJIEKYIL. OTBETCTBEHHbBIX
34 BO3HHKHOBEHHE CKAYKa MOTEHIHAMA CO CTOPOHL HKHAKOH (hasel. Oanako neco-
MHEHHO, YTO Ha JTOil IrPaHHULIC HE OC/IeaHEe BAMAHUE OKa3biBAeT MJIOTHOCTh
WIEKTPOHHOIO ra3za METannia n ee pacnpeieneHue BOIH3H NOBEPXHOCTH («INeK-
TPOHHBIE XBOCTLI»). B CBA3N ¢ TPYAHOCTAMU MHTEPNPETALHH MOBEPXHOCTHBIX
ABJICHUIT B NEPBOM NPHOMAEHUN LEJIEC000Pa3HO HCMONL30BATHL NpoCcThie (e~
HOMEHOJIOTHYECKHE MPEACTARICHUS H ONPEIEIHTL € HX NOMOLIBIO Ty FPynmy
HAPaMeTPOB, KOTOPbIE (GOPMHUPYIOT CBOHCTBA NOBEPXHOCTH H €€ MIEKTPHUECKHE
xapakrepucTiki, OCHOBBIBAACH Ha (hyHAAMEHTAIBHEIX 3AKOHAX MEKTPOCTATH-
KH, MOMKHO O83MOZIeNbHO OMUCATH MesK(a3HYIO rPaHUIly METaL1— pacTBop H 01-
BETHTh Ha MIaBHbII BONPOC — Kakue (akTopsl U B Kakoii cteneHn (GopMUpyIoT
ckavok Mek(a3HOrO NOTEHLNANA, T. €. pelnTh npodneMy Bonbra.

PaccMoTpum (peHOMEHOJIOTHYECKH WIEKTPOCTATHKY JTOH IpaHuLlbl ¢ npu-
BJICHEHHEM OCHOBHBIX MOJOKEHIT KBAHTOBOI CTATHCTHKN,

[Mepemenienue JTeKTpoHa U3 KTyOHHBI METAINA B NPOCTPAHCTBO CHAPYHKH
meTanna BOMH3KN ero NoBepXHOCTH, BIEKYlllee 3a codoii BOIHNKHOBEHHE CKav-
Ka JEKTPHYECKOTO NOTEeHLHAlA, B NepBOM NpudikeHnn He Tpedyer TouHOro
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3HAHUA MPOLECCOB paccesHnd, 00YCIOBIEHHLIX NEPHOAHTHOCTLIO PACMONOMKE-
HUA AaTOMOB KPHCTAIIHYECKOI petleTkH MeTalia, no kpaiiHeld mepe wis npo-
CTBHIX METAIOB, H ONHCHIBACTCA XOPOLLO ceDsl 3apeKOMEH10BABLICH KBAHTOBOI
MOAeNBI0 cBoOOANEBIX dnekTpoHoB [lpyae —Jlopenua — 3ommepdensaa. Jlna oG-
IIEro MOHUMAHKA YCI0BHI1 BOSHHKHOBEH A CKauKa NOTEHUHAla Ha NOBEPXHOCTH
MeTanna B nepBoM NMpHOTHAKEHHH MOXKHO nperedpeds BKAA0M OT BHY TPEHHHX
NEPHOANYECKHX [TOTEHLHAIOB,

[TockonbKy n3 TepmoanHamMudecknx coobpaxennii (cM. Boite) ObLIO Yyike
[0Ka3aHO, YTO PA3HOCTb [IOTEHUUAIOB JIBYX HE3apAKEHHbIX METAILUIOB Olpeje-
nseTcs pa3HoCTREIO HX padoT BEIXO/A, TO 3TOT TE3HC NOCTAPAEMCA KaTeCTBEHHO
NOATBEPANTE HA OCHOBE NpeACTaBIeHHIT 0 CBOOOIHOM MIEKTPOHHOM Ia3e, HTHO-
PHPYS 30HHYKO CTPYKTYPY METasa,

[TpH npoxo#aeHUH ABOHHOIO IEKTPHUECKOIO CIIOS OTEHLHAT HCIbLIThIBACT
CRAYOK

2/3

4n0¢ gy = 2R gy — _den®/?s. (13.10)

d(x2 —x1) =—

S Ern

(31eCh X2, X1 COOTBETCTBEHHO MOTEHUMATHl Ha o0eHx nuockocTax (obknan-
Kax) ABOHHOIO CJ10f. 7. — MOBEPXHOCTHAA MIOTHOCTh 3apsja, 2 — TOALIMHA
OBOMHOrO €104, 71 — JJIeKTPOHHAA MIOTHOCTE). [l1a Toro, uToObl BLIIETETD
34 Npejeibl METAIIA, 3EKTPOH JomKeH odlanars KHHeTHYeCKol dueprieil He
meublueii, uem (W + 2,) (paGora seixopa u sueprust @epmu). Mockonbry 1
COCTABIACT BENHYHHY MOPAJKA HECKOJIBKHX JEKTPOHBOLT, OT (PePMHEBCKOTO
pacnpesieNieHns, 3aniCalHOr0 B NPOCTPAHCTBE BOMHOBLIX BekTopor (k) B BHE

) = {exp [A*k*/2m — eAx — 5]/ kT + 1} (13.11)
nepeiizieM Kk DONBLIMAHORCKOMY aCHMTITOTHUECKOMY BRIPAKEHUH)
f(k) = exp [=h2k*/2m. + eAx — ep] /kaT. (13.12)

(3nech h”k? /2m v € COOTBETCTBEHHO KHHETHYECKASA IHEPTHA WIEKTPOHA H YPO-
BeHbL QepMmu B MeTanne).

Teneps zanumenm (13.10) B DespasmepHom Bre ¢ yuetom (13.12), nepeiins
oT nepemennoii dz k nepemennoii dk. (Be3ne nanee nwKHUIT Hpaeke Oyaem
OIYCKaTh, MOMHA, YTO BCE PACCYHAAEHHA BEAYTCS B IPOCTPAHCTBE HOPMAILHOI
cocraensiomedi gexropa k):

oo =
dAY = k2 f(k L = 2RC EXP {A'\'_ rep) exp (—ak?) dk,
kpTem {37' )13 ’178?‘;:!1{3?(2)”3
) (13.13)
smech A = X go BB g o g - KOTOpOE

P e —— — T R RL A
kep'l’ kpd' 2mkpT Hr J1/8k2
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nocie pasacicHua NEPeMEeHHBIX H HHTETPHUPOBAHNHA NPH YUCTE, MTO paﬁora BbI-

X0/1a paBHa _
W = K% /2m — e, (13.14)

noayvaer sun

¥ 2
Ax=w = 5T 1y 27 form/WksT + const. (13.15)

(3w2)V/3¢

M3 (13.15) cneayer. 4To NMOBEPXHOCTHbIH CKAYOK NOTEHLIHAIA ONPEAS/IACTCA Pa-
G010 BHIXOAA VIEKTPOHA B OKPYKAIOLLY IO METAI CPELY € TOHHOCTHIO 10 HEKO-
TOpOii MOCTOAHHOMN, YTO He MO3BONACT MPOBECTH KOMHYMECTBEHHOE CPaBHEHHE

C KCINEPHMCHTOM. OAHAKO KaueCTBEHHBbI PE3VilbTAT HAJIHUO — NOBEPXHOCT-
HBIIT CKaYOK NOTEHLNAaNna B 0OCHOBHOM 3aBHCHT OT pﬂGOTH BBIXOdA 2NEKTpOoHa.

13.3. PaGora Bbixoga

OcranoBumes Ha onpeaeneHn paboThl BLIXOAA, MOCKOTLKY ITOT BaXKHbIH
napameTp WIEKTPOHHOro pacnpeneneuus Oyaer Berpeuarscs M HuKe. 3anu-
tem paboTy BbIXOAA NICKTPOHA (BIIOCAEACTBHH NPOCTO — padoTa BhIXO/R) KaK
Pa3HOCTE IHEPrHH MEKTPOHA B HeifTpansHoM kpHeraine Ey w B Kpuctanne
C HEAOCTATROM OHOTO IEKTPOHA E,\'-i B Ilt’:l{O'l'O]I){)Fl TOYKE I';. Oaxako B 210H
TOYKE, BCACACTBHEC YIAJNCHHA INMEKTPOHA, BOZHHKHET 'JJ'[BK'I'}'J()CT&TH‘!ECKHﬁ no-
TeHunan  (r;). Torna pabora Belxoa 3anuilercs Kak

W; = [En—1 + ep(r;)] — Ex- (13.16)

Jlna oanoro anekTpona pasiocts Ky — Ex_| = i, T.€. paBHa XuMHue-
CKOMY NOTeHLHany dekTpoHa. Mexons n3 91oro, MOXKHO 3anicarb, 41o

W: = ep(r:) — pe. (13.17)

Ecnu Obi He Obi10 HCKaxKeHUil B pacnipeieNieHni 3apaia B NOBEPXHOCTHLIX
Auelikax, To MHHUMAILHAS JHEPrHs, HEOOXOIHMA 118 NepeMeLLeHHA dIEKTPOHa
13 [TyOuiibl METANa B TOUKY CHApY/Ki MeTanna BOH3H ero nosepxHocti Gbina
Obl paHa

[ | S——— (13.18)

[TocKkombKY MEKTPOHBI YICPKHBAIOTCA B METAILIE, /LA NX U3BJIEYEHHS HeoD-
XOOMMO COBEPLIHTHL HEKOTOPYIO paloTy: i, ClIEA0BATENbLHO, JHEPTHA £ OIAKHA
ObITh OTPHIIATETLHA. ITO HE NPOTHBOPEUHT TOMY, UTO B TEOPHH CBOOOHBIX 31K~
TpoHOB £ = h*k}, /2m > 0. TIpocTo B TeOpHSAX, NIPEAHAZHAUSHHBIX IS pacHe-
Ta 00bEeMHBIX XapaKTEPHCTHK H HCTOMB3Y IOLIMX MO/ETb 0ECKOHETHOr0 MeTaa,
BLIOOP A/INTHRHOIT NOCTOAHHOMN B 3MEKTPOHHOI 3HCPIHU OCTAETCH COBEPLLUECH-
HO [POU3BOMNbBHBIM; 31€Ch JTOT BbIGOP OCYLIECTBICH B NPENNOI0KEeHHH, YTO
IHEPris HULLIETO 3IEKTPOHHOTO YPOBHS pasHa Hymo. [Tpu Takom BhiGope 14
YAEPKAHHA MIEKTPOHOB BHYTPH MeTaLIa NOTeHUHANLHAS JHEPrus MEKTpoHa
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CHapy K1 KPHCTANNA A0KHA ObITH 00AbII0I NONOKNTENLHO BETHUAHOIT (D0ab-
e £ ). 31ech Mbl, 0IHAKO, BOCTIONIL30BAJIMCH TPAAHIHOHHLIM B J/IEKTPOCTaTHKE
BLIOOPOM aUIHTHBHOI [IOCTOSAHHON — IOTEHUNAJ CHHTACTCA PABHLIM HYIIHO HA
GONBIINX PACCTOANNAX OT METALTHYECKOT0 00pa3ua. 3Ha4enne 3Toil KOHCTAHTEI
HECYIECTBEHHO 1PH OTpeeie Ml 00beMHBIX XapaKTEePHCTHK, HO NPH CpaBHe-
HHH YHEPTHH YJIEKTPOHOB BHYTPH H CHAPY#H KPHCTATa HeoOX0AHMO 110 sIBHO
YUECTh TAKoe ciaraemMoe, MO0 OTKa3arbes 0T NPEeANoNoKeHHA, YTO NOTeH LA
paBeH HYMO BAANH OT meranna. B camom aene, yeloBHEM OTCYTCTBHA CyM-
MapHOTO 3apsa Ha NOBEPXHOCTH KpHCTAUIA ABNiseTes Buipwkenne 0 = [ dpdz
(rne p — ofbeMHad NIOTHOCTH 3apsa), KOTOPOE HE NPHUBOANT K MOABIEHHIO
reKTpHIECKOro nonsa. OQHaKko IMHCCHA ITEKTPOHOB 3a MPeAeTbl KpHCTATHe-
CKOIl PELICTKH CO3/1a8T BO3MOKHOCTh NOABJICHHS TAKOIO 3apaja, W noTeHuHall
Oyner CTpeMUTLCA He K HYmOo, a K HekoTopoii Benwunde W, pasroii pabore
nepeHoca IMEeKTPOHOB vepes oOpasosasiuniica aBoiHOI caoif (cM. pue. 13.2).

Paboty I, copepluaemyio nosiem ABOHHOIO ¢iosl, HeoOXOAHMO NPHOABHTh
K Beipakenmio (13.18), onpefenmomemy padoTy Beixoma 6e3 yueTa BOIHHKHO-

+ + + + +3

Puc. 13.2. TL10THOCTE HMEKTPHUECKOTO 3apaaa BOAM3M MOBEPXHOCTH KpucTanna (a)
W pacnpeac/icHie NoTeHIHaa (&)

BEHHA ABOITHOTO ciod. MctuHhas pabora BeIXOAA TENEPh JAETCA BhlPaKeHHEM
W =—er+W,. (13.19)

B yparuennsx (13.19) u (13.17) oba cnaraembiX NpaBoii 4acTH OTCUHTHIBA-
H0TCA OT Pa3HLIX M NPOH3BOJILHLIX YPOBHEI HyneBoro noreHunana. Ecan siate
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B KAQUECTBE HAYalla OTCHeTa CPEAHHI MIEKTPOCTaTHUSCKUIT MOTEHLMAN (2 B 00b-
eMe KpucTaiaa, paBHbii

sz = [[p{r)rfr. (13.20)
rue V' — o0bem KpHCcTania ¥ MHTETPHPOBAHNHE BEASTCA MO dTOMY 00beMy. TO

CKaUYOK NOTEHLMANA 1 XHMHYECKHA MOTEHLNAN MOKHO OTCYHTHIRATL OT HTOFO
VPOBHA H 3aMHCaTh B BHAC NOBCPXHOCTHOTO (\J H XHMHYECKOTO NMOTEHLHANOB

X=9(r) =@ pe = pe — ep. (13.21)
Takum obpasom, pabota Bbixo/a Tenepb OyueT Bhlpakarbes Kak
W —ep =W =ex — pu.. (13.22)

B nanbHeiiniem Ha}lCTPO‘-IHbIﬁ MHJIEKC = B CHMBOJIE XHMHYECKOTO MOTEHUHaA-
Na 6)/1'!,31\‘1 ONyCKAaTEL, NOMHSA, 4TO XUMHYECKHIT NOTEHIAN OTCUNTAH OT YCpeaHeH-
HOTO MIEKTPOCTATHYECKONo NoTCHUKHANA B o0beme Metauia 1 He pascH JHEprun
‘DEPMH. SICHO, KOHEUHO, 4TO abCONOTHAS BENHYHHA pﬂGOThI BbIXOIA OT 3TOTIO

'Y

L4 .,'
u -—--,'e /

—fhye 1/2 )'(;:, Yy

Dueprus

3

——

Puc. 13.3. Cxemarnyeckoe n3o0pameHHE MOTCHUMAIOB fte M €Y BOAH3M [IOBEPXHOCTH
Meranyia

HE M3MEHNTCA, OJIHAKO YHCIEHHBIE BEAHTHHBI XHMHUECKOTO U MOBEPXHOCTHOIO
CKaYKa MOTEHLUMAIOB MPETEPHAT 3HAYMTE/IbHbIE H3MEHEHHA. D10 NOJOKeHHe
HunocTpupyer pec. 13.3.

H3 popmyasl (13.22) BuaHo, uTo padoTa BEIXOMA COCTONT M3 JBYX KOMMO-
HEHT: 0OBEMHOI, BRIPAKEHHOR XHMHUYECKUM NOTEHIHATIOM /i, W TOBEPXHOCTHOI
ey, npeacrasnstolleii codoil anexrpocratHieckuii dapobep.

[Mockonbky Xxumnueckuit nOTeHUNan apisetca 00beMHON XapakTepHCTHKOM
1 HE 3aBMCHT OT CROJICTR NOBEPXHOCTH, TO, cornacHo popmyne (13.22). npu no-
CTOSIHCTBE TeMMeparypbi paboTa BbIXOAA JUHEHHO CBf3aHA C MOBEPXHOCTHBIM
CKauKOM MOTEHLMANA W CYLIECTREHHBIM 0Opa3’oM 3aBHCHT OT MPUPOJibI KOH-
TakTHpytoweii ¢ MeTannom cpenpt. Tak. Hanpumep, paboTta BbIX0a 2EKTPOHA
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W3 PTYTH B BakyyM paeHa 4.52 3B, a u3 pryTi B Boay ~ 2,95-3,03, B me-
TaHon ~ 3,06, B aTanon ~ 3,75, B aumetnagopmamun ~ 3,95 5B. Pasnocts
AW, = WY — WS spasercs xapakrepHCTHKON Cpe/ibl 1 ONPEJEIAET TY HaCTh
paboThl, KOTOpas HEMOCPE/ACTBEHHO CBA3AHA C CONbBATALIMEl MIEKTPOHA NpH
IMHCCHI NOCHEAHET0 B JaHHY K0 cpeiy. Ha npumepe koHTakTa pTyTH € BOJION
H BaKYYMOM BHAHO, 4TO PasHOCTL paboT rnepeHoca ek quHa W3 PTYTH B Ba-
KYYM H M3 pTyTH B Boay cocrasaser AW, = WY — W ~ 1,47 + 1,57 9B
H MPUMEPHO PaBHa BelTHuKHHe caoﬁoﬂuon IHEePrun r|1:lpaTau1u1 IMEKTPOHA
AG = —1.57 2B, Beruncnennoii Ha OCHOBE TEPMOAMHAMUHECKOTO LUKIA
(cM. ra. 7).

Tenepb Ha ocHOBe BbLILLECKA3AHHOID OYEBHAHO, YTO pa3HocTb pador nepe-
HOCA DIEKTPOHA W3 METANIA B BAKYYM M M3 METalyla B TY WIH HHYIO cpeny
npeacrasnser coboit padoTy nepeHoca INEeKTPoHa U3 BaKyyMa B IAHHYHO cpe-
ay, T.e. paboTy conbparaunu (ruapataiil). A MOCKONBKY OHA He 3aBHCHT OT
MPHPO/ILl METAIIIA, TO HMEEM BOSMOKHOCTL Ha ocHoBe (13.135) sanucars cnejy-
101lIEe PABEHCTBO!

: I 1A — o Ma—=8 M-8 Ma —1'\.!'1 -
War, = Wi, = exmuy ~ —exmis = Bépn (13.23)
MOATREPAKAAKOLIEE NOIYHEHHOE paHee TepMoJAnHaMnyeckoe papeHcTso (13.7).
[TockonbKy MEKTPOXUMMYECKHIT OTEHLHAT MIEKTPOHA ABNIAETCS 00LEMHOI
XapaKTepHCTHKOI MeTallla i He 3aBHCHT OT NPHPO/Ibl KOHTAKTHPYIOLIEH ¢ HUM
Cpe/ibl, MOCTO/ILKY CIPABE/IIMBO PABEHCTBO

-n—-‘.:'!ff Vi . ex.ﬂf;'\" = ﬂ;r}\-}'/H 50 _ exi\-f;’H 30' (|324)

Ha ocnore 3nauennii paboT BrIXO#@ W3 PTYTH B BAKYYM M B BOOY W pac-
CUMTAHHOTO MO MEKTPOHHO-CTATHCTHYUECKOI MoAenH (CM. creaytowumii pasaen)
cKauka rnoTeHuMana na rpaauue pryts - Bakyym (Ay'EY = 3,13 B), paccun-
TAEeM CKAUOK MOTEHIHANA HA TPAHULE PTYTh— BOAHIIT PACTBOP NOBEPXHOCTHO-
HHAKTHBHOTO BEULECTBA

XM/HO — (WMIV _ yM/Ha0 _ o\ M/V) /o o 1 55 B. (13.25)

IlokazarensHo, 4TO pacuet no TepMoguHaMmuieckoil popmyne (11.84) npuso-
JTHT K TAKOIi ke BeJTHIHHE CKavka MoTeHIHana Ha rpatnile pTyTh— BOIHBII pacTBOp.

34, 3.IIEKTp0Hthe CBOMCTBA MOBEPXHOCTH METAJLIOB

M3 anannza MPeAbLIAYILHX Pa3senoB CTan0 BMOTHE OUEBHIAHLIM, YTO 00Nb-
WHHCTBO NICKTPOXHMHYCCKHUX ABJEHHI HAXOAATCA 10/ BAUAHHEM CBOICTE Me-
TATHYECKOTT CTOPOHBI MCH{q.)a'SHUﬂ rpaHubl. B Hacroswee BPEMA ITOMY ACINCK-
TY MNICKTPOXHMHH YIENACTCA BCC GonblIee BHUMAHHE.

BJ'IEKI'[)OXHMH'-[ECKEH LETE COCTARNCHA, KaK MMPaBnio, H3 METanla n pacTro-
pasnekTponuTa. Kakawtit U3 HUX ABaAseTCs NPOBOOHHKOM JICKTPHYECKOTD TOKA.
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Ho T npoBOAHNKN PA3AMUAIOTCA MeKIY CO00ii rMaBHbLIM 00pa3oM KOHLEHTpa-
uHelt ceoOOAHBIX AMEKTPOHORB. B MeTasuiax KoHIeHTpains cRoOOIHBIX MEKTPO-
HOB HMeeT BeanuuHy ~ 10°2 ecM™ 1 Ha HECKOIBKO NOPSIKOB DOJIbLLIE KOHLIEH-
Tpauun Bcex HocHTeneii 3apana B pacteope onexkrponuta. CeoboaAHbIE JNeKTpo-
Hbl META/INA HE JIOKAIH30BaHbI i HAXO/ATCAH B 30HE NPOBOAUMOCTH. B 311X 30Hax
MOMKHO DECKOHETHO MajlblM H3MeHeHHeM dHEPIiH MepeMecTHTh JAEKTPOHE! Ha
Oonee Beicokoe wan Gosee HWIKOE JHEPreTHYecKoe COCTOHWE, NPHBOAsLIEEe
K H3MEHEHWIO MAKPOCKOMUUYECKHX cBoiicTn nonepxnoctn metanna. Ilockons-
KY B JHODOIH WIEKTPOXMMHYECKOI peakuHu NPOHCXOANT [IEPEHOC IEKTPOHOB
MEK/Y METAINIOM M OKpY:Kar e cpeLoil, TO 3NEKTPOHHON CTPYKTYpE BOIN3N
MOBEPXHOCTH METANNA H MOTEHIHANBEHOMY Bapbepy, MPenaTCTBYIOLEMY BLIXOLY
WIEKTPOHOB B OKPYIKAOILYK CPeiy, N10JDKHO ObITh YIEJIeHO 0coD0e BHUMAHNE.
B 3TOM HanpasieHny 3a NocneaHHe NATHAALATE 1eT AOCTUIHY Thl OTTPEleNIeHHbIe
ycnexu, i paspaborana noctarouHo dddexTHBHAA (HANPUMED, T TPAHHLIBI Me-
Tl —BaKyyM) TEOPHS HEOJHOPOAHOIO AMEKTPOHHOTO raza. 31eCh Mbl MOKAKEM
Haubonee obuiHe cpoiicTa rpaHHubl pa3nena MeTanl—BakyyM H HEKOTOpble
MOJIXO/IbI HX TEOPETHYECKOTO 0O0CHOBAHNS,

Mukpockonuueckas cTpyKTypa noBepXHOCTH KPaiiHe HeperynspHa, 1 ee Kc-
NepHMEHTANILHOE OTpesie/ieHne HaTalIKuBaeTea Ha cepbesubie Tpyanocti. IMo-
3TOMY MOAPOOHOE ONWICaHNE TOBEPXHOCTHOTO CNOS M €ro CBOHCTB ABNAOTCA
CKOp€e THIMOTETHYECKHMH, HeM UCTHHHBIMK. B ¢BA31 ¢ 2THM OT TepMOaHHAME-
HECKOTO ONMHCAHKS MEPEXOIAT K KBAHTOBO-MEXAHHYECKHM I CTATHCTHYECKHM
MOJIEJISIM, MOCTPOEHHBIM TAK, YTOOL! OHH COTNACOBBIBANHCH C OCHOBHBIMH MPHH-
MM MakpOCKONHYECKOIT TEPMOIHHAMHKH,

B Hacrosuiee BpeMs 0BOJILHO N0ApoOHO pa3spadoraHa MOAC/b IpaHu-
bl pasjena merani— sakyym. [lodtomy ocnoBuoe sHuManue 3iech Oyaer
VAENEHO DTOM MOIENH, a 3aTeM €€ CIEACTBUA PacnpoCTPaHHM M Ha rpaHu-
Ly pasaena MeTaln—KMAKOCTh, B Takoro poaa Momensx B KauecTse nepe-
MEHHOI1, ONpEACNIOWEN NOBEPXHOCTHBIC CBOICTBA, BBICTYNACT 311EKTPOHHAsA
MI0THOCTS.

[Toa TepMHHOM 37eKmpoHHas AOMKOCHTL OYAEM NOHUMATh IIIOTHOCTh MEK-
TPOHOB NPOBOANMOCTH (CBOOOAHBIX HIEKTPOHOB) METAN/IA, KOTOpbIE NpeacTa-
BAAIOT coD0i1 aneKTpoHHblii ra3. [lockonsky JnexTpoHHas cuctema npu Metan-
JIMYECKHX MUIOTHOCTAX OKa3biBAETCA BBIPOHKACHHOIT HE TOJIBKO NPH TEMIEPaType
T = 0K, Ho u npy nepexole uepes TOUKY NAABIEHN, TO Pe3yAbTaThl aHAIN3a
TOH MM MHOI MOJENH HE 3aBMCAT OT arperarHoro COCTOAHUA H MOTYT ObITh
MPHMEHNMBI KaK K KHKOIL, Tak v K TBep/0ii (hazam. B cuny Toro, 4to B Knakoii
(haze Ha NPOTAIKEHNN HECKONBLKHX ATOMHBIX C/I0€B OT NOBEPXHOCTH COXpaHseT-
€ YNOPSIONEHHOCTE HOHOR, TO Ta 7K€ MOJENb NPUMEHHMA W /LTS BIYHCIEHHA
MOBEPXHOCTHBIX XAPAKTEPHCTHK TPaHMLIbI PA3lena JKHAKOTO MeTanna ¢ ntodoii
cpeoii.

HanoMHiIM HEKOTOpBIE OCHOBHLIE XAPAKTEPHUCTHKN WIEKTPOHHBIX COCTOs-
Huif, M3 KBaHTOBOIt MEXaHHKH M3BECTHO, 4TO B LUECTHMEPHOM MPOCTPAHCTBE Ha
KauK/10€ KBAHTOROE COCTOAHHE TPHXOAHTCA KOHEUHBI 00beM:

dadydzdp,dp,dp. = h*. (13.26)



294 L. 13, Duexmponnsie ceoliemea nosepxnocntu

CornacHo npunimmy [layan. kasxkaoe dneKTpOHHOE COCTOSHIE MOKET ObITh
3@HSATO TOJIBKO O/IHOM 4acTHLEH, MoaToMYy 3emMeHT 00beMa B UMITYJIbCHOM 1po-
cTpaHcTBe npe/crasiser coboi cdepuueckuii cnoil B COCTOSHNN KBA3UKIIACCH-
4ECKOTO PaBHOBECHS

AV = 47 p°dp. (13.27

IMoc KONTBKY JMEKTPOHbI B KPUCTAMIC MOTYT HAXOINTHCA TON bh‘Q B MpOCTpaH-

crBeHHOM o0beme, pasHoM obbemy kpuctamna (Vipoern = Vipuer), TO A4 251e-
MeHTa 00bema B (ha3oBOM NPOCTPAHCTBE MOTYYHM

f“’:bm = I""ﬁpllt‘] ‘”';mu- (1328)

H ans ynena coctosHui

;o dV; e .
dN = 2= = TR g, (13.29)
h3 h3
B 3aBHCHMOCTH OT TOTO, XapaKTepPH3yeTcs JIH COCTOSHIHE HMITYTBLCOM P KN
kuHeTHUeckoi sueprueii W = p?/2m (in — wmacca mekTpona), nojyuaem
BhIpAYKEHNA N4 NIOTHOCTH COCTOA HITH

A " (2m W )12, (13.30)

D(p) = ‘”’ w D(W) =T

M3 miotHocTH cocToanuii ¢ yuetom (yukumn pacnpenenenns f(W7) nomy-
YAIOT MIOTHOCTh CBOBOIHBIX YTEKTPOHOB

— J D(W) f(W)dW. (13.31)
0
[pu T = 0 w3 910r0 HHTErpaia CleayeT. 4To
We
n= J D(W)dW, (13:32)
0

nockonbky Hitie sneprun Gepvn W Bee coctosnna sanonuensl, T.e. f(1V) <
< Wy, a eoiie — nycteie f(WW) > Wy Iloene unterpuporanus (13.32)
rnojgyuaem
Il ) 2W3/2
n = 2% (2m?)!/? 2”1 , (13.33)

e | — BCPOATHOCTL 3aMOJIHEHHA COCTOAHHA B (1)330301\1 npocTpaHCcTBeE. (Ya-
me Beero [ = 2, Tak Kak KaXkI0€ COCTOAHHUE 3arojiHeHO JABYMA NEKTPOHAMH
C MPOTHBOMONOKHBIMH CMHHAMMN.)
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M3 (15.33) nonyiaem. COOTBETCTBEHHO, JHepruke @epmn, ckopocts DepMu
W BOJTHOBOE uneno Mepmu (ROJHOBOI BEKTOP):

Wp = 8:;1” (“”;”)m. (13.34)
op = ()7 (13.39)
B o (6”;”)";3‘ (13.36)

[pn remneparypax Boitie Hyas uHterpansl (13.31) w (13.32), B npuHumne,
CHEAYET BRIMHCIATEL, MCMONL3YS ()YHKLMIO pacnpeneneHns MepMu, uTo npu-
BedeT K veaomkHenuo gopmya (13.34)—(13.36). Onnako B NoCHSayOWEM Mbl
Oy/leM HCHONB30RATH HMEHHO 3TH (hOPMYITbI.

Moxanyii, nepsbim 13 06paTHBIINX BHUMAHHE HA PHPOLY NOBEPXHOCTHBIX
cin Ot Mpenkenb. Ero npeacragaeHus o ToM, 4T0 EKTPOHbI IPOBOANMOCTH
o0pa3yloT BONH3KM NOBEPXHOCTH METANNA WIEKTPOHHOE 00NAKo M COBMECTHO ¢
HOHHBIM 3apA/IOM CO3AAKOT ABOHHOI 31eKTpHYecKHii clioi, ObICTpPO HalwK no-
cnepopareneii. Buauane Ob1M NpeIoKeHbl MHOMOUMHCIEHHBIE IMIUPHYECKHE
(hOpMYABL, BRIPAKAIOLIHE NOBEPXHOCTHOE HATHKEHHE 7 Hepes Apyrue PH3nko-
XHMHYECKNE KOHCTaHTbl (aTOMHBbII Bec, pabora BbIXOAA HNIEKTPOHA, TeMnepary-
Pbl KHIEHNA W NI1aBIeHNs, MOAY/IbL CABHIa, CKOPOCTL 3BYKa M Ip.). 31eCh Mbl Y Ka-
KEM TOJIBKO HA HEKOTOPBIE TEPMOIHHAMHYCCKHIE YPABHEHHA CBA3H, HATPHMED,
MEIK Iy NOBEPXHOCTHLIM HATHKEHHEM MeTania v paboToii BLIX0/A MeKTpoHa,

HauGonee npocras ca3b NOBEPXHOCTHOIO HATAKEHHA u padoThl BbIXOAA
BhIPAKACTCA Hepes paluyc atomMa MeTaaia 1 no opmyne

5,30

P2

(13.37)

Heckonbko Goree cioikHas M 3HAUHTEILHO JIYYILE ONMUCLIBAKOLIAN CBA3L 7
¢ W opmyna Brinouaer yike yieisHyw temioemkocts C'y, NIOTHOCTH MeTall-
1a d W CKPBITYIO TENAOTY Maasnenns ():

3\/§ = d(Ja.-dT +Q). (13.38)

Boigoa dopmyiibl s paboTsl BLIXOLA METANI0B METOIAMH KBAHTOBOI Me-
XaHHKN NpHHAANEHHUT Tammy 1 BIOXHHUERY, MOMYHHBIINM 3aBHCHMOCTh

b 8 ANgzd 1/3
W = 3( 2 ) . (13.39)

rne 2 — YMCI0 BANEHTHBIX JNEKTPOHOB B aroMe MeTania, M — aromHblii Bec
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i d — nnorHocTh Metamia. 3omMepdensa W Depmil MPeATOKHIN (pOpMYTY

. K2 fane \2/3 -
W= () (13.40)
2m MnG
rae 7 —nocrosiuuan [lnaHka, m — macca snektpona, n = N/ — uncno

atomoB B 1 emM?, ¥ — uncno ¢BOGOMHBIX 7EKTPOHOB (BaneHTHOCTH) M G —
CTaTNCTHYECKMIT BEC 3MIEKTPOHOB B Aueiike (a3oBOro NpocTpaHcTBa, orpesie-
NAeMblii IBYMS BO3MOMKHBIMH OPHEHTALMSAMH CIMHOB IEKTPOHORB aroma. M-
[OB30BAHHE HTOI POPMYJIBI AOBONBHO XOPOUIO COTACOBBIBANOCE C ONBITHLIMH
JAHHBIMI, eci Obl ObLTN TOUHO H3BECTHBI TMIAOTHOCTH CBOOOMHLIX JNEKTPO-
HOB, T. €. 3HAYEHHS BATEHTHOCTH =. EC/IN NONL30BATHCA NOAOKEHHEM eMEHTa
B MepHO/MYEecKoil cuctemMe Memsieneesa, TO aleKBaTHOCTL Hapyiiaercs. Oka-
3a10Ch, YTO 1A GONLIIMHCTBA METANIOB COBMAJIEHHE ¢ OMBLITOM HabmonaeTcs
B TOM Cilydae, KOrad MCTOJb30Bali MHUHHMAIBHYK) BaJEHTHOCTh, ONpeness-
EMYI0 «KpaitHUMAY IEKTPOHAMH BHEIIHET 0DONOUKH, HIPaKIIMH, BEPOST-
HO, HauboNee CYIIECTBEHHYIO POJib B MIEKTPONPOBOAHOCTH, a ClICA0BATEeNLHO,
H B TEPMO3MHCCHH eKTPOHOR. Taknm obpazom, 118 GONbIIMHCTRA METANIOB
Ob10 npuHsaTo 2 = 1 + 2, [1pu 21OM OBINO 3aMeUEeHO, HTO IS Pa3HbIX rpa-
Hell KpUCTA/IOB 3HAYEHHE 2 10JIKHO OblTh pa3nndHbiM. Kak Npon3BoLNTb 3TOT
BBIDOP, /10 CHX MOP HE COBCEM CHO.

13.5. Kparkuii 0030p 0CHOBHBIX T€OPETHYECKHX
NpeAcTABICHHIT 0 METAIHIECCKOI MOBEPXHOCTH

PacueTbl NOBEPXHOCTHLIX CBOHCTB MeTa/1108 00bIUHO MPOM3BOANINCH (e-
HOMEHOJIOTHYECKH, 0a3upyach Ha TEPMOJMHAMUHECKOM noaxose. Jlue B no-
CAe/HKE TOAbl LIMPOKOE PA3BHUTHE MOMYUNIH MHKPOCKOMHUYECKHE KBAHTOBO-
CTATHCTHYECKHE METO/IbI, HA OCHORE KOTOPLIX (0ee MHTEHCHBHO HAYasIn pas-
BUBATLCA (PU3NKA 1 XMMHUS NOBEPXHOCTHLIX ABNEHMI B MeTANIaXx.

OcHosHas niaes repmoauHamukn [nd0ca cocTonT B TOM, 4TO NOBEPXHOCT-
Hast 001aCTb MPEACTARISLETCH B BU/IE O1/1€1bHOIT (pasbl, kKoTopas odnajlaer CRou-
MU TEPMOIHHAMHUYIECKHMY napaMeTpaMu, OTTHIHEIMH OT 00BeMHBIX napamer-
pos B 00enx (pazax. KBaHTOBO-CTATHCTHYECKHE MCC/II0BAHNHA PACCMaTPHBAIOT
MOBEPXHOCTHLIN N0 Kak obnacTh MeKay ABymMs (azamu, B KOTOpoii modbie
TEPMOAMHAMHYECKHE WM Kakne-1n00 Apyrue BeluuiHbl HIMEHSIOTC Henpe-
PhIBHO Ha MPOTAKEHHH BCETO MOBEPXHOCTHOTO CJIOA, OCTABAACH MOCTOAHHBIMH
B m1yOHHe KOHTAKTHPYIOWMX APYT ¢ ApyroM ¢a3. B KBaHTOBO-CTATHCTHYECKHX
MPEACTARNEHHAX B KAYECTBE OCHOBHON MEPEMEHHON, onpenensomeii nopepx-
HOCTHbIE CBOICTBA. BBLICTYNAET MJIOTHOCTL CBODOAHLIX NEKTPOHOB MeTasna,
pacnpeznenelne KOTopoii BOIH3H NMOBEPXHOCTH MeTaNNa HeoAHOpoaHO. bonee
TOFO, HACTh MCKTPOHHOIO 001aKa BRICTYNACT 3a NPEC/bl HOBEPXHOCTH MeTal-
7ia, Y4acTByA BO B3aHMOICHCTBHAX C KOHTAKTHpPYHOLIEH cpenoii. B nonobHoii
CHTYaIlNH TPY/AHO cede MPe/ICTaRHTh, YTO MEKTPOHLI TIPOBOAMMOCTH MeTallla
HE JAAYT 3aMETHOrO BKIAAA B CBOICTBA rPpaHHUbl METAI —KUAKOCTb. Yrobbl
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yOeAUTHCS B ITOM. HE0OX0IHMO KBAHTOBO-CTATHCTHUECKHE TeOPHIL, pa3paboTan-
HbIE JUIA TPaHHLLBl METALT —BaKyyM, 00001INTE Ha CayYail MeTal —KHIKOCTh
H NpoBepnTh UX aJeKBatHOCTb. MMeHHO 1ol npodneme u Oyaer nocssuieH
NaHHbI pasnen.

OnHaKo Ha 3TOM NYTH HAC OIKHIAKOT OTPE/IENEHHbIE TPYAHOCTH, CBA3AHHbIE
€ OTCYTCTBHEM TEOPHH KnaKkoro coctoanms. [loaToMy ananma noseasHns ek-
TPOHHOIO ra3a Ha rpaHKLe pa3zena co CTOPOHLI JKMIKONH (hasbl nposejiemM Ha
OCHOBE CTaphIX, HO KAYECTBEHHO XOPOINO NMEpealoiuuX CROICTBA JKNIKOCTH,
teopuii Ousarepa, Kupkeyza, ®pennxa n ap.

CHavana pacCMOTPHUM OCHOBHbBIC HATIPABNICHHA PA3BUTHA TEOPHH METalli-
HeCKoii MOBEPXHOCTH. HaxXoadlleHca B BaKyyMe, ¢ TeM, 4To0bl €€ CNeACTBHA
nepeHecTH Ha foee CAOKHYIO TPaHHLLy MeTalll — HKHAKOCTh.

OcHoBHOE COOTHOLLIEHHE, YCTAHABINBAIOLIEE 3aBUCUMOCTE dHeprun epmu
OT KOHLEHTPAIHHA MeKTPoHHoro rasa (13.33) MOKHO HCNOIL30BaATE JUIA ONHCa-
HHS TUIOTHOCTH 3JEKTPOHOR 7 (T) B TOUKE T HEOJHOPOAHOID 3MEKTPOHHOTO raza
HMEIONIEro MeCTO B MPHMOBePXHOCTHOIT o0nacTn metanna. [lna sroro cmyuas
dhopmyny (13.40) cneayer nepenucars Kak (ByHKUMIO KOOPAMHAT B BIE

We(r) = 2 (32%)2%n23(r) = ji. (13.41)
Bmem
(3necs, kak 1 paxee, ji— MNEKTPOXUMHUUECKHIT IOTEHUMA HIEKTPOHA, TOYHO
coBnajaouii ¢ FHeprueii depmn npu abcoNOTHOM HYIE TEMIIEPATYPhbi).
Bo3HHKHOBEHIE HEOIHOPOAHOCTH B MAOTHOCTH MEKTPOHHOTO raa Blever
3a co0OIi NOABIEHHUE 3NEKTPOCTATHYECKOTO noTeHmana y(r). HNockonbky Benu-
YHHA MIEKTPOXHMHHECKOTO MOTEHUHANA jI OCTOsSHHA BO Beeit obiacTh pacnpe-
AeeHHs MEKTPOHOB (AefiCTBUTENBHO, eciin Obl 2NeKTPOXUMUYECKHI NOTEHLIN-
ajl MEHAACA OT TOUKH K TOHYKE, TO MO0 Dbl MPOHCXOANTh NepepacnpeeieHne
JNEKTPOHHOMH IUIOTHOCTH K TAKUM 00pazoM MOiKHO ObLIO Obl NOHU3NUTL O0LILYIO
IHEPTHIO CHCTEMBI ), TO Tenephb Buiparenue (13.41) HyKHO NepenucaTh cietyo-
wnM odpasom:

h?

&n2m

= Wp(r) —ex(r) = [(372)**1%/3(x) — ex(x)]. (13.42)

10 YpaBHEHHE SBASETCH MPUDIIGKEHHBIM (EI0 HA3BIBAKOT HpUOTUNCENHUCM
Tovaca — @epunr). ONo 101ACHO OLITH CNPABEANNBLIM [UTS WEKTPOCTATHYECKOTO
MOTEHLHATA, KOT/AE MOCIIE/HHIT MANO MEHAETCH Ha PACCTOAHHAX MOPAIKA LTHHbI
BOJIHBI 3IEKTPOHA.

Eciin 21eKTpOXHMHYECKHil NOTeHUHAIT COXPAHRET CBOIO BEJIMYHUHY NPH H3-
MEHEHHH IEKTPOCTATHYECKOTO MOTEHIHAIA, TO Mbl JLO/KHBI HMETH

[(37 )2/32/3(r) — ex(r)] = — [(3r V2130203 (x), (13.43)

87m 8w

3neck 7p(r) — NAOTHOCTH IEKTPOHHOTO rasa MpH OJIHOPOIHOM pacripe-
AeneHH .
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[1pu paznoxenuu (13.43) B paa Teiinopa noayuum, 4To

m[n{r) —np) & ex(r). (13.44)
d;ua
2 2 dWp  2We
Onnaxo, ecnn npoauddepenunposars (13.33) no dng, 10 i = ~ra
@ il
M torpa okameTcs, uTo y .
[n(r) —ng] ~ E?lgw. (13.45)

2 We

Jlepas uacrte ypapHenus (13.45) npeacrasiser coboii pacnpeneneHHyo
B [IpocTpaHcTBe Mekay Toukamu r = 0 (OHOPOJHBIH MIEKTPOHHbIH ra3) u
r (HEOAHOPO/HLIIT ra3s) MEKTPOHHYIO oTHocTk. [logcraenss (13.45) 8 ypae-
nenue [Myaccona, umeem

Vx = 4ne[n(r) — np] = L:‘f':?"' =My (13.46)
F

1 "
OGpaTHy10 BETHUHHY . Ha3eIBAIOT AnuHON Jkpanrposanis wan lebaes-

CKHMM pazanycoM 3Kpadnpopanns, Cepryueckuii nOTCHUNAI, YA0BICTBOPAIOLLHIT
yparueHio (13.46), umeer oueHs npocToii BH

4

v(r) = =2 exp(—Ar). (13.47)

3neck (' — nocrosaunas uHterpuposanus. [Morenunan (13.47) HaswbiBatoT
‘3!\']3(!&‘ Hﬂ(?&’ﬂHH biv .‘\:}!?UH OGCKHAM NOMEHNULTOM,

Kazanocs 6!:], 4TO, 3HaA pacnpeﬂeﬂe}me noreHuHana 1 3J'IEK'I‘]301I]{0ﬁ niaoT-
HOCTH, MOKHO paCcCHHTaTh MHOTHE CBOJiCTRA NOBECPXHOCTH METANLNE, B YHaCTHO-
CTH, DNEKTPOCTATHIECKYID COCTABIAIOULYIO ﬂOBBpKIIOCTIIOﬁ ANEPTHA. OﬂIIaKO
OKa3a10Ch, YTO NOBEPXHOCTHAA JHEPIHA B ﬂpl!ﬁ.ﬂ HIKEHHH Tomaca—d)epmu AB-
JEeres oTpuLaTen bHOMH BEIHYMHOM {'1‘. €. KPUCTAIL CNOHTAHHO PaCKallbl Bﬂt}'l‘Cﬂ').
ITO HE TONBKO CBHIETENBbCTBYET O HEAOCTATOUHOCTH l'lpli(')ﬂli}KeH['lﬁ Tomaca -
(DEPMH. HO H O‘SyC.TIOBJIEHO HCTIOJIB30BAHHEM MOECNH, KOTOpas HE YHHThIBACT
JAHCKPETHOCTH HoHHoit pemeTkn MeTanna. nanuiana OOMEHHBIX 1 KOppenain-
OHHBIX B3aHUMOEHCTBHIT DJIEKTPOHOB, @ TAKKE HIHOPHPOBAHHEM OCUMILIALMI
'mem'ponﬂuﬁ IOTHOCTH BONKH3H NOBEPXHOCTH METANNA.

3HauUWTENbHLIH LWar BOepea B Pa3BHTHH MUKPOCKOMHHECKOH dN€KTPOHHOH
TECOPHH MOBEPXHOCTHRIX ABJICHHIT B MeTannax Owil cienan B padorax 3anym-
KiHA, HFIM ObLTH yuTeHbl BKIAAbLl B MOBEPXHOCTHYIO JHEPrHIO KYJTOHOBCKHX,
KHHETHHCCKHX H KOPPEIALNOHHBIX BBEI]iMO}leﬁC1‘BHﬁ, a4 TaKKe B3aUMOaeicTBIA
EKTPOHOR ¢ HOHAMM peleTki. (O1HAKO BCE IKE B OCHOBY ObL1 1OJIOKEH METON
Tomaca— ®epmu, B pe3yibTaTe Y€ro 3aKoH yObIBaHUA WICKTPOHHOH MIIOTHOCTH
OKa3alca CTECNEHHBIM B OTITHYHE OT 3IKCNNOHCHIIHANBHOTO, K KOTOPOMY NPHBOAHT
0onee TouHas Teopusl.
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[lpuHuMIHANBLHO HOBBIF TOAX0A K mMpobiemMe H3YUEHHS MOBEPXHOCTHBIX
croiicTs mMetamios Obil npeanoxen Jlanrom u Konom. Menoassys dopmanusm
TEOPHI HEOTHOPOIHOTO HEKTPOHHOTO raza, paspabotaHHblil B Tpyaax XosHoep-
ra, Kona u LLbma. Jlanr u Kon pemiman ypasnenne Llpenunrepa s sonHosoit
(hyHKIHK 3neKkTpOHa BOIIM3K nosepxHocTH, BonHoras (pyHKumA Obia npejcras-
JeHa B BuAe (YHKIHOHAAA, 3aBUCAIIETO KAk OT MNIEKTPOHHON MIOTHOCTH, Tak
i OT BEJIMYHHBI BHELIHETO MoJd. 3Ha4eHHa MIEKTPOHHON MAOTHOCTH merTal-
Nla AMeNn XapakTep KpuBoii, 3atyxaiouieii no skcnonente, BOansn nosepxro-
CTH MeTajlfa MIEKTPOHHAsA NJIOTHOCTL HCITBITHIBAJIA OCLIMIALIMN, 3aTYXaloLIHe
g rnyGuHe meranna. Merogom Jlanwra u Kona Gbiin n0ay4eHbl pasyMHbie 3Ha-
HeHHA TIOBEPXHOCTHOI JHEPruyM pAda METANIOB, KOTOpas BKMOYana TpH co-
crapisatoumx. [lepsas npeacrasnsia NOBEPXHOCTHYH) IHEPTHIO B MOAEIIN Kelle
(B MOZEH Kelle» HOHHBIE OCTOBLI METANNA, T. €. MONOKHTENLHO 3apSKeHHbIe
AApa M MEKTPOHbI BHYTPEHHUX 000N04EK aTOMOB 3aMEHAIOTCA MONOIKHTENb-
HO 3aPSKEHHBIM, OJTHOPO/IHBIM (POHOM, MJI0THOCTE KOTOPOrO PABHA ILIOTHOCTH
¢BOOOIHOIO HEKTPOHHOTO ra3a). Bropas npeactaessina dJMeKTPOH-HOHHOE B3au-
MO/IEFICTBHE, PACCUHTBIBAEMOE C MPHBIEUEHHEM MCEBI0N0TEHIIHaNa Akpodita
(nceBpoONOTEHUMAN ONPEAENAeTCsl Kak W3MEHEHHBIH M0 CPABHEHMIO ¢ HCTHH-
HLIM NepHoarveckuii notenman). TpeThs NpeacTariaia HOH-NOHHBIE B3aH-
MOJEHCTBHA, KOTOPbIE HAXOAATCA € NOMOMIBK BHIYNCACHHAS PETIETOYHBIX CYMM.
K nenocrarkam metoaa Jlanra — Kona MO/KHO OTHECTH 3HAUNTENbHBIE MATEMATH-
HECKUE TPYJHOCTH, CBA3AHHbLIC C YHCIEHHBIMU METOIAMH PEILICHHS Y PABHEHHS
llpeaunrepa.

[MockonbKy B OCHOBE MPAKTHYECKH BCEX COBPEMEHHBIX TEOPHIT TOBEPXHOCT-
HbIX ABICHMIT METALIOB KT MeTO QYHKLIHOHANA 3CKTPOHHON [IIOTHOCTH
(M®II). paccMOTPIM HCXOTILIC YPABHEHHA HTOFO METO/A.

M®DIT ocHoseiBaetes Ha Teopeme Xoanbepra u Kowa o cyuecrBoBannm
VHHBEPCANBLHOIO (hyHKLHOHATA IHEPrHH CHCTEMBI IEKTPOHOB, HAXOAALLHXCAH
B [10JIE BHEIIHETo noteHiana V' (r). JIis 0OCHOBHOTO COCTOSHUS CHCTEMBI 3J1EK-
tponos V' (r) npeacraenger coboii ogHouacTHIHDLIH (y HKLIMOHAN dNEKTPOHHOI
MIOTHOCTH, MOITOMY 151 BCEX BO3MOMHBIX 71(I'), COOTBETCTBYIOUIMX OIHOMY
M TOMY K€ noaHomy uucny wiekrponos N, dyukunonan E(n(r)) Gyner mu-
HHMANEH W PaBHATLCA JHEPTHH OCHOBHOIO COCTOSHHA CHCTEMBI 21EKTPOHOB,
KOTOpas 3anichiBAETCA B BUAE

E(n) = J wn(r)]dr, (13.48)

rae wln(r)] — naoTHOCTL SHeprum, Kotopas BKIOUAeT B cebs clenyowme
COCTABNAOLIHE.
|. DHepruio 51eKTPOHOR B MONE BHENIHEro notexnnana V(r)

wi (r) = V(r)n(r). (13.49)

Ecnn pHewwnnii noreHuran npeacrapiiet MeKrpocTarnyeckium NnojeM, 1o
(13.49) sanncripaerca B BHIE

wy (r) = ex(r)n(r). (13.50)
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]

KynoHoBckoe B3aHMOAEHCTBHE HIEKTPOHOB JAPYT C APYTOM

uy(r) = % J MO gt (13.51)

P

rae r, v’ — KOOPAHHATbI Mapbl IEKTPOHOB.
3. Kunetnyeckyio ((hepMUEBCKYI0) IHEPTHIO, MIOTHOCTE KoTopoii 3 (13.41)
wy(r) = ah (3x2)23nb3(r). (13.52)

1072

4. O6menHoe p3anMozeiicTeie (B pezyasrare 0OMEHHOTO B3aWMOIEHCTRIN
WIEKTPOCTATHYECKAN IHEPTHA INCKTPOHHOIO ra3a YMeHbIIAeTCst )

- 1/3
wy(r) = Sh (1) ,”1/3“,}_ (13.53)

1672 \ =«

5. TlonpasKi Ha KHHETHYECKY O 1 KOPPENSLHOHHYIO IHEPrun, 00yca0BIeH-
HbIE HEOJIHOPOAHOCTBIO MEKTPOHHOTO raza ((GopmMyasl 414 HUX 3/1ech He
npusossTea).

[lonnas NnOTHOCTH JHEPrHM B aTOMHOH cHCTEME €IHHHLL (B aroMHOH cu-

h -

CTeMe eHHHL € = m — == 1, rne ¢ — cKOpoOCTh cBeTa) OyaeT HMETh
2n

caeylolee Bulpaskenne:

w(n) = xn+ 0, 3(37)**nb/® —

. 1/3 And A3
-0, ."5(‘_) nt/? 4+ =~ 0,056—

T T2n 0,079 +n!/3

(13.54)

Ecnu kynonoscknii noreniman obyciosnen pacnpeieneneM nonoKHTeb-
HOTO 3ap#/a, HanpUMep HOHAMM PEMIETKH 11+ (1), TO (iyHKIIMOHAN IHEPriM 3a-
MUILIETCS B BHIE

wn
Lh
—

E(n) = J x(r)n(r)d(r) + G(n), (13.

rae G(n) — dyukunonan, BKIOYAOWINH B ceds KHHETHUECKYIO, 0DMEHHYI0,
KOPPeaIHOHHYIO 11 FPAAHEHTHYIO HEPIrii.

Tounslit BHA 9TOTO (PyHKUMOHANA HEH3BECTCH, O1HaKO B BHAe (13.55) npu-
FO/IEH JUTS HCCE/I0BaHS [IOREPXHOCTHBIX CROICTR METAILIOR.

DHeprusi 0CHOBHOTO cocTosusa En cuctembl u3 N 2IeKTPOHOB onpeacis-
eTes MHHHMANbHBIM 3HaueHuem dyHkiponana E(n) oTHOCHTeNLHO BapHalii
IMEKTPOHHOMN MIOTHOCTH [PH YCJIOBHH MOCTOSHCTBA MOMHOTO YHCIa EKTPO-
Hor N, Mcrnonesys MHOKHTEL Jlarpanika ji, MOAKHO MPeJCTaBnTh HTOT Bapha-
LHOHHBIIT IPHHLUA B BIE

%[E(n.) — uN]=0. (13.56)
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3neck AF(n)dn = [t — MEKTPOXHMHYECKHIT MOTEHLMAN CHCTEMBI MIEK-
TPOHOB.

[Mposons eapbupoBanne (13.56) ¢ yuerom (13.54), moxkHo onpeneantsb
An(r). Econ e socnone3oBaTees ypasHennem llyaccona, 1o onpenensercs
CBfA3b MEMKIY IJIOTHOCTBIO 3/IEKTPOHOB M 3NEKTPOCTATHYECKUM MOTEHLUHMANOM.
Takum odpa3oM. BapHaUHOHHAA 3anada CBOAWTCA K PELUeHHIO CHCTEMbI IBYX
aunddepeHuHabHBIX YPaBHEHNI 118 WIEKTPOHHOI NIOTHOCTH H DASKTPOCTATH-
HECKOro noTeHInana.

OHAKO HECMOTPS HA TO, YTO MPHHLMN MHHHMYMA JHEPT UM VCNELIHO NpHME-
HASTCH BO MHOTHX 00NacTAx Mccie1oBaHuil, 0OHapyKUIIOCh, YT NPHIOKEHHE
€ro K MOBEPXHOCTHBIM CBOHCTBAM METAIIOB MPHBOANT K PAAY 3aTPyAHEHHI.
B 4acTHOCTH, 0Ka3aJI0Ch, 4TO ¢ NOMOLLLK ypasHeHus (13.54) nosepxHocTHas
IHEPris TBEPAOro Tea MOKET ObITh BLIUNCIEHA TOALKO NPH AOMOTHUTEILHBIX
NPeANOIMKeHHAX. D10 00CTOATENLCTBO 00YCIOBNAHBAET HeOOXONUMOCTL Gonee
JETaNIbHOTO aHaNIi3a NpeanocsUlok Metoga MOTL.

Beenem ans Gonbiueii HarasavocTi caenyioime odosHavenns y = n(r)
HiE =T.

Torna ypasrenue (13.54) B oB1uem Biae MOKHO Nepenucarh:

E,,,t = E,,,J (y !‘) (13.57)

Jlas HaXOWAEHUS SKCTpeMyma BoipaxkeHus (13.57) ¢ veaosuem 1oro, 4ro
MOJTHOE YHCIIO YMEKTPOHOB B CHCTEME HE MEHAETCH, MOKHO COCTABHTE BCIIOMO-
raresibHblil GyHKUHOHAT F', 105 KoTOporo ypaeHexue Diiiepa nveer cieayto-
LM BT '

i d ; . .
Fy——F, =0, (13.58)
dr
rae f, u F}: — COOTBETCTBEHHO YACTHLIE MPOM3BOAHLIE BCIIOMOTATENLHOMO
(hyHKIItOHANA 110 HIDKHIM HHIEKCaM.
Vuursisas, uro (13.58) He zagucur or g, noayuaem

F, =0. (13.59)

I'lpn 5ToM BenomoratenbHas yHKUNA HMEET CIeAY MMl BHIL

s . 2/3 B )
= OB (i) y?? + Vn(x)y + e?'[yluiir)ld’f" +p'y. (13.60)
oL -

4072m \ 8x ol

Vuuteisas B gansHeiiem Guinueckuii CMBICT BETHUHH, BXOAALLNX B YpaB-
Henue (13.60), oibepem MHOEKHTEND j/ TAK, 4T00bI

i = . (13.61)

Tenepb BoipaskeHHe wis j¢ MOMCHO ¢ yueToMm (13.59)—(13.61) 3anucarsb Tak:

2 o\ 23 i i J
e (—‘) W+1-:\-(3.-}-.:_;+efj.u|”&dr'. (13.62)

&mim \ 87 x—r|
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Vpapuenns (13.59) u(13.60) ne apnsroTca anpdepeHINATBHEIMH H OITOMY
HE CONEPIKAT KOHCTAHT HHTETPUPOBaHHA. 3T0 00CTOATEIILCTRO CPa3y HCKITKOUAeT
HCXOHYHO 3a/1a4y M3 pa3psiia BapHALHOHHBIX, NOCKOJILKY TONBLKO HAXOKAECHHE
O/IHOI (MITH HECKONBKHX ) KPHBOIT (KPHBLIX) MO MPAHHYHBIM YCIOBHAM ¥ (2g) =
= g u ylry) = yi. a TAKKE MHOKHTENS [I H3 YCIOBHS MOCTONHCTBA COCTa-
Ba obecrieunBaeT 3anaie XapakTep BapHaHOHHOCTH. JIpyruMH clioBaMu, To/kb-
KO BKmoueHne B (pyHkumonan naornocern G(n) unenos. conepikawmx dr /dr,
obecneunBaeT 3ajaue BapHALMOHHBIN XapakTep. OOMeHHbI 1 KOPpeasNoH-
HbIH YieHsl copepskar npoussoanbie din/dr. OnHako pasnokenue B pan G(n)
BO3MOKHO JIHILB B TOM Clly4ae, KOT/Aa BCE BapHallli 1I0THOCTH YacTui n(r)
MaJTbl, WK KOTAA 2TH BAPHALHK MPOHCXOAAT I0CTATOYHO MEANEHHO.

JIaHHBIC VC/0BHS HE NOAXOMAT A8 ONHCAHMA MNEKTPOHHOIO rasa BOJIN3N
MOBEPXHOCTH METasa, I7ie BapHauny nAoTHocTH n(r) ouenb Bennkn. Hanpn-
mep, ans menn dn/dr ~ 10° em—*. Takum ofpasom. HanHUNE TPATHEHTHBIX
wieHoB B (7(1) HE NO3BOASET NPOBECTH BAPHAIMOHHYH) NPOLEIYPY 10 KOHIA.
CnenoparenbHo, BeipakeHue (13.62), kak okoHYaTe1LHOE PelleHNe YPaBHEHHs
(13.54). aBnseTca OHUM 13 BO3MOKHBIX, HO HE €IMHCTBEHHbBIM PELLICHHEM BapH-
ALMOHHOI 3an1aun. B cBa2u ¢ y1HM ypasHeHue (13.54), sBnstoiieecs 0CHOBHLIM
B NPHIMKEHUAX MeTOA (py HKIIMOHANA HTeKTPOHHOH IJIOTHOCTH, He obecnedeHo
BAPHATIMOHHOM npoueaypoii i He MOKEeT NPETEeHI0BATh Ha OOITHOCTD.

B »tom cmbicnie Gonee ynoOHOI wis npuaokKeHuii okalanack NoayKIaccH-
ueckasn TeopHs NOBEPXHOCTHOMH aneprun, paseuras Cmutom. B croeil Teopun
CMHT HCNONL30BaA BAPMALMOHHLIH NPUHLIMI B HHTErpaabHOil Gopme ans Bbi-
YHCTSHNA MJIOTHOCTH 3aps/ia ¥ paboThl BLIXOAA HICKTPOHA B MOJCTH JKeIe MpH
paccMOTPEHHH [UTOCKOH rpaHmibl pasiena. B atoM ciayuae 3anaua CHILHO YIIPO-
AeTCs, OAHAKO pelleHne CHCTEMb! YPaBHEHNIT BOSMOKHO IHIIL YHCIEHHBIMHA
METO/IAMM.

[lo CMuTy, NOBEPXHOCTHAS MIOTHOCTh MEKTPOHHOIO 3apsAaa s rPaHULbl
METa— Bakyym Obljia npeacTaBieHa B Cleayviowei sanucH:

n(z) =ny — %u.* é?t. 2 <0,
(13.63)

1 s
n(z) = S € Bz 23>0,

riie 2 — HOpMallk K TIOBEPXHOCTH MeTaia, npuueM Tak, uto 2 < ( cooTBeTCTRY-
er 00aacTi npoCTpaHCTsa., 3anAToil merannom, npu z > 0 — BHewHeii cpenoii:
3 — BapHalMOHHLIH napamerp. MuHuMsupys snepruio no 3, Cmut nony-
uyua 3HaueHue 4 = 1.2 — 1, 3 nis BCero OHana3oHa dIeKTPOHHBIX MIOTHOCTEIH
B META1axX W BIOJIHE pa3yMHbIC BEJIHUHHBI padoT Bhixoaa (puc. 13.4)

Pabota BbIX0Ma OTCHHTBLIBANACH OT YCPEAHEHHOID YPOBHS MleKTpocTaTute-
CKOTO NMOTeHUHaAna ¢ B ry0GHHe MeTang, rie OH NPUPABHHUBAICA K BelIHYHHE
470377, TToCKONBKY pesylibTaThl pacueTa NpUBIIKEHHO COMAcy OTCs ¢ HiMe-
pPeHHBIMH 3HAYEHHAMH PadoT BbiXoAa (cM. pHc. 13.4), T0 2T0 CAYKHT YKa3aHHEM
Ha TO, 4TO IekTpocTarnueckie 3hdexTsl Hapaay ¢ BaKHLIMH pihexranmu kop-
pensunn 1 o0MeHa BeCbMa CYLUECTBEHHBI, 0CODEHHO NMPH 6OALLIHX MAOTHOCTAX.
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W, 2B

| | I ! 1
2 3 4 5 6 r

2

Puc. 13.4. Pabora ppixona no pacueram Cyuta. ToukaMy OTMEHEHb] JKCTIEPHMEHTATLHbIE
3HAYSHHS

Onnako uurerpaibHas GopMa BAPHALMOHHOIO PHHUNIA, HCHONL3YIOLas
JIOKA/IbHBIE BBIPAMEHNS LIS [UIOTHOCTH JEKTPOHHOIO rasa, elle, Kak MUHH-
MYM. YYWTBLIBAET BO3MOKHOCTH KBAHTOBBIX OCUMIIALMWI JNEKTPOHHOI MaoT-
HOCTH BOJM3H [I0BEPXHOCTH MeTanIa. 3TOT 3({exT CBA3AH ¢ BOIMYILEHHAMH,
BHOCHMBIX cTeHKoil npu z = 0. 1 nnveer
00Nl XapakTep, KOTOpbIil MOKHO 3aru- Fo=5
cath B BHIE

[Honoxurtens-

cos2kpz :
T HET on

n(r) — ny & const (13.64)

r

/3 __ gonHosoii

3neck kp = (37°n.)
sekTop Depmu.

TIpy ZOCTATOYHO CHIBLHOM BO3MYLIE-
HIH BH OCLUULIALNI HECKOITLKO MeHs-
€TCsl — NOSIBAAETCS A0NONHHTENbHOE (a- ol =
30B0¢ cnaraemoe (casur ¢az). B 3tom -1,0-05 0 05 1.0

cyuae (13.64) npuHUMaeT BUI PaceTonne

INeKTPOHHAA MITOTHOCTE

il R,

Puc. 13.5. DiekrpoHHas 1LI0THOCTE B

3ABHCHMOCTH OT PACCTOSIHMS 10 110~

(13.65) BEPXHOCTH. BbIPAKEHHOTO B []Jep.\lm.:n-
7 CKMX JUIMHAX BOJHH s = 2 U Ts = 5

n(r) —ny = const 2zt

Ha puc. 13.5 noxasaHel pe3yabTarb
pacyerta FIEKTPOHHOIT MIOTHOCTH B METAINAX C PazHOH KOHUEHTpalHei iek-
TpoHoB. B MeTaniax ¢ 60abLoil MeKTPOHHON NIOTHOCTLIO KBAHTOBLIE OCLII-
JIALMH CPaBHUTE/IbHO HEBEJIHKH, TOIIA KAK B META/UIaX C HEBLICOKOI IUIOTHO-
CTBK) OHH MOTYT JA0CTHIATH 3HAYHTEILHBIX BETHUMHH,

JIns KOHTPOIIA BHYTPEHHEH TOUHOCTH M CAMOCOIIACOBAHHOCTH PACYETOB 110
JHOOBIM MOIETAM YaCTO HCMIOJB3YIOT TaK HA3BIRAEMOE NPaBHIO CYMM, KOTOPOE,
0LHAKO, HE MO3BOIAET CYAHTL O TOM. HACKONBLKO adeKBaTHa BbiOpaHHas MOAENb
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UM annpokcumauns GyHKUMOHANA MeKTPOHHOIH MIOTHOCTH. Tem He MmeHee,
Mbl 3/1€Ch 00CYIHM ITO MPaBHIIo,

PaccMOTpUMm IU1ACTHHY, COCTOALLYIO M3 NONOKNTENLHBIX 3aPAI0B, HMEKILIX
NJIOTHOCTD 71, 1 OFPAHHYEHHYIO TIIOCKOCTAMH € MIoLIAAbo £2, nepnenanKkymiap-
HbIMH OCH 2 M DAacroJiOeHHbIMH Ha paccTosunax: 2 = —L u z = 0. JTobasum
N = QLn >7eKTpOHOB K MOJOKHTEAbHOMY (OHY L1 TOro, UTobbl cHCTeMa
3apANOB CTajla HeHTPANLHON M HANOKHM MEPHOIHYECKHE TPAHIYHBIE YCIOBHA
Ha rpaHn 3Toil nnactTuHkl. [lpeacTarnm ceGe, YTO NIACTHHA PACTATHBAETCS HA
Besmuiny & L. Teneps ona Oyner sanumarh odnacts ot z = —L 10 2 = 6L npu
(PHKCUPOBAHHON MJ0WIAAN U [10ITHOM 3apsiie. PacTsskeHHe MOKHO paccMarpi-
BaTh KaK BOIMYLIEHHE TIOTHOCTH, KOTOPOE BHYTpH HHTepBana —L < z < 0L
HMEeT BHIL

ony(z)=—-dn, -L<z<0, 1565
dng(z)=n—24dn, 0<z<dL, (1298
npitem Lon = (n — dn)d L.

HMenonbaya eipakenue (13.55) u (13.56) un yunThIBas TONLKO WICHBI NEPBOIO
[opsijika MajlOCTH, MOKHO HAlTH H3MEHEHHE IHEPriH ITOI MIACTHHBI 1pH ee
pacTHKEHIH:

B = —QLén{ {x(n) = \(E) = (%)] J [x(:) — x(;—‘)]dz}_ (13.67)

rjae NOTeHHalI OTCUHTBIBRACTCH OT 1e HTpa MIaCTHHBLI,
C Apyroii CTOPOHBI, MOAHYIO YHEPrHIO0 MOYKHO 3aNHCaTh B BUIE

E = Ne(n) + 2Q0, (13.68)

31ech £(1n), 0 — COOTBETCTREHHO, CPE/IHAS HA YACTHLLY IHEPrisl ONHOPOJHOTO
3IeKTPOHHOIO I'a3a ¢ IWIOTHOCTLIO 7t i IOBEPXHOCTHASL JHEPrus.
Toraa obuiee H3MEHEHHE IHEPTHN MUIACTHHBI NIPH PacTAKEeHNH OyaeT paBHO

85 = —QLén [H(E) +L(“'_”)}. (13.69)
tn 2dn

[Ipupasusiem Tenepb nBa seipaskenust wist SE w3 (13.67) u (13.69) B npen-
MONOKEHHH, YTO Y (2) CTPEMUTCSH K CBOEMY O0BEMHOMY 3HAUEHUIO BHYTPH Tila-
CTHHBI BbicTpee, ueM 1/z.a x(—L/2) npu L — 50 CTPEMHTCS K CBOEMY aCHM-
NTOTHYECKOMY 3HAYEHHIO (KOTOPOE MOKHO 0003Ha4HTL Yepes v (—o0) ObicTpee,
uem /L, To ans npeieasHoro ciydas nonydecKoHeUHOM MIACTHHBL B MOAEN
QIIHOPOIHOTO (POHA MOIYIHM

X(0) = x(—00) = n %", (13.70)

0
deln) _ J [x(—00) — x(2)]dz. (13.71)
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D1n (hopMyNbl NpeAcTaBRaMIOT cob0il TOUHOE COOTHOILEHHE MeXKIY 00beM-
HBIMH H TTOBEPXHOCTHBIMH CBOFCTBAMN METAJIIA M TIO3BOJIAOT OTIPE/ICIHTL BHY-
TPeHHHIT Dapbep HAa TPAHHLIE METANJ —BAKYYM, HE BIMHCINA MOJHYIO 3aBHCH-
MOCTB X (2 ). OnHAKO 1S FPaHILIB METAJT — PACTBOP HCMONL30BAHHE Y PABHEHMI
(13.70) u (13.71) ocnoiKHEHO TEM, YTO AHAIEKTPHYECKHE CBOIICTBA CPE/lbl, KOH-
TAKTHPYIOMEH ¢ META/LIOM, 3aBHCAT OT BEIMMHHBI JIEKTPHUECKOTO M0J1s., 4T0
CYLUECTBEHHO 3aTPY/IHAET pacueTsl.

Onno w3 Hanbonee XapakTepHLIX CBOMCTE MOBEPXHOCTH METANIOB 3aKIIO-
qaeTCsA B CHILHOM JJIEKTPOHHOM JKPaHMPOBAHHK NEKTPOCTATHYECKOTO MOJIA,
OrpPaHMYHBAIOLLEM BIMAHHE BHEIIHHX 3aPA/0B Ha BHYTPEHHHIT 00beM MeTana
HECKOALKHMH aTOMHbIMI cioaMu. [Tpi 3TOM BajkHO 3HaTh XapakTep H3MeHeHHA
1015 1 HHAYUHPOBAHHOTO UM 3apsa/ia Ha PACCTOAHUAX 1OPAIKA ATOMHBbIX,

ITocKkonbKy B 3KPAHHPOBAHUH YUACTRYIOT YIEKTPOHbI, BLICTY NAOLINE 33 npe-
nenbl NONOKHTENLHOTO (hoHA. TO nofie BOMH3M MOBEPXHOCTH 3ABHCHT KAK OT
BHCLUHETIO MOJAH, TaAK H OT BBIZBAHHOIMO

HM BO3MYLIEHHs TMOBEPXHOCTHOrO 3aps- dn(2)
aa W camMo noaiexuT onpeneneHmo. [lo- 0.3 = i
ITOMY 32/1aHHBIM MOKHO CUMTATHL JIHWE 0.2 re=2 -
nojic Ha OeckoHeuHo GONLIIOM paccTo- |4

SHUH OT MOBEPXHOCTH MeTanna (B aei- | . . A N } ¢ i
CTBHTEILHOCTH [I0CTATOUHO, UTOOLI ITO MENEONITNS V 2

acctosHue Owbo donee 0.3 Mm), T.e. . : L !
p ) -15 =10 =5 O Szine

B i, B (13.72)

= = dz(—o0) . Puc. 13.6. Pacnpeznencnue 31eKTpoH-

HOrO 3apsjia, WHIYIHPOBAHHOIO Cclhia-
Pemras ypapnenne Ilyaccona cOB-  ObiM IEKTPHYECKHM MOICM
MecTHO ¢ (13.72) M yuMTbIBas. YTO MHAY~
uMpoBaHHbIil 71y (2) nokaau3oBaH B o6aacti npumepto 10~% cm o1 nosepxHo-
CTH. MOXHO MOMYUHTL ACHMITOTUYECKOE BBIPAKEHNE JUTA MOTEHLINATIA:

#(2) = pol(2) + Blz — 3(E.)), (13.73)
e
+oe
[ 2ng(2)dz te
Z(E.) = :x = —‘T—: J zng(z)dz (13.74)
[ np(z)d= -

HA3BIBACTCSA KOOPOUHAMON YEHMPA MANCECINU UHOVYRPOSAHHO20 3apAdd, KOTO-
pelit onpenenseT 3pPeKTHBHOE MOTOKEHHE MOBEPXHOCTH.

Ha puc. 13.6 uzobpaxeHo pacnpeneienne sKpaHupyloliero sapsaia, HHay-
LIHPOBAHHOTO OAHOPOAHBIM JIEKTPHYSCKHM MOJIEM.

M3 camocornacoBaHHbIX PacyeToB W3BECTHO, YTO KOOPAMHATA T g (010K -
Te/bHA M HE 3aBUCHT OT BelH4HHb noas. C yBenuueHHEM HANPMKeHHOCTH 1074
YBEIHYHBACTCA TONBKO aMILUTHTY1a OCIIMILTALMEA HHLY LIHPOBAHHOT 31EKTPOHHOH
MAOTHOCTH. HO He ee (opma.
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Kaxk u cnenopano o:;kMnaTh, Bee padoThl, HCMNOMB3YIOLIIE MOAENL KeTe, He 1a-
HOT YIOBICTBOPHTEILHOIO ONMUCAHNS (-METAIOB, HECMOTPS HA THIATEIbHbLIE
MeTO/Ib camocoracoBaHus. Jlannoe oOCTOATENLCTBO, @ TAKKE IPOMO3AKOCTh
BBIMHCIEHHIT dMeKTPOHHOI MIOTHOCTH MeTONOM (hYHKLHOHANA OMPaBAbIBAIOT
HCHofb30BaHue Hoee NPoOCThIX Moy PeHOMEHOTOTHYECKIX TEOPHIi.

H3 anammsa oToro Kpatkoro o63opa ClAenyer, UTO aieKBaTHOE OTPaKeHHe
pacnpeieseHus MEeKTPOHHON MI0THOCTH OCY IECTBIIAETCS BBIDOPOM IKCIIOHEH-
[ManLHLIX GyHKIMH, KOTOpBIe B DOMLILEIT CTENeHH COOTBETCTRYIOT PELIEHHIO
KBAHTOBO-MEXaHMYECKOH 3aj1a4H, HeM CTeNeHHble PelleHHs TOYHOro YpasHe-
Hus Tomaca—@epmu. TTpu yyere 0CUMIIALMA 3NEKTPOHHOM MJIOTHOCTH, 3aTy-
XaloIInX OT MOBEPXHOCTH BIYOb METAJITA, Mbl MOMYYaeM BO3MOKHOCTH MpH-
GnnzuTeea K Hanbonee TOUHOMY ONHCAHUIO WIEKTPOHHOTO PACHIPEEICHN, KaK
B CAMOM METajiie, TaK W 3a ero npejiejamH.

B 3akmoueHHe MOIKHO OTMETHTb, YTO TEOPHsA MOBEPXHOCTHBIX ABISHHI
HA IPAHMIE METAJUl—BaKyyM €lle najieka o7 3asepiieHus. [lostomy noneitka
MepeHecTH e NOCTIKEeHHs JUIA ONHCAHMA MOBEPXHOCTHBLIX CBOMCTB rpaHuibl
METAIIN — KHAKOCTh, BPALIU NPHBELET K MONOKHTENLHOMY pesynbrary. Ouesns-
HO, [1s1 Toro, uroBel cienark Kakue-nnbo npeackazaHns GUIHKo-XUMHYECKHX
CBOHCTB rpanHMibl METAJLT —JKHAKOCTb, Ha MEepBOM JTane Heodxoaumo obpa-
THTHCS K MPOCThIM MOMENAM, KOTOPhIE MOTYT MPHBECTH K HECNOKHBIM aHa-
AuTHUEeCKHM (hOPMyIam. H Ha HX OCHOBE BbIABUTL Ty TPYIIY MapameTpos.
KOTOPhIE OKA3bIBAKOT CYIIIECTREHHOE BIMAHUE HA CROMCTBA MesK(DazHON rpaHub
METaN — KHIAKOCTS.
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TEKTPOHHO-CTATUCTUYECKASI
MOJIEJb J1DC

Jlns onucaHus MEKTPOHHONO ABOMHOIO €108 B pasHbIX paborax Henonbiy-
eTca pasninuHblil MatemaTHueckuii annapar. 31eck OrpaHHuHMCH W3T0KEHHEM
TOMBKO OIHOFO HaKUboJIEe NPOCTOro MOAX0AA, NOIBOAIOUIEr0 ¢ eAHHBIX TTO3HLIHI
PACCMOTPETh MHMKECTRO pasinyHbix cBoficts J[[DC.

B mage 13 npoanamiipoBans! 061IHe XapaKkTepHbie 0CODEHHOCTH TTOBEPX-
HOCTH H PACCMOTPEHBI OCHOBHbIC TEOPETHUECKHE BOMPOCH! (HOPMHUPOBAHHSA ME-
(hazHoii rpanniLl MeTann — Bakyym. B 910ii obnacti A0CTHIHY ThI 3HAYNTE/IbHBIE
yenexn. B 1o se Bpema caMocoracosaHHble pacueThl Mekha3HbIX XapakTepH-
CTHK MPaHHLbI METAILT — PACTBOP 10KA €UIE HE JOCTHIIN TOH cTaum, KOraa ux
MOAHO KOJIMYECTBEHHO CPAaBHUBATE C IKCTIEPHMEHTOM,

D710 00CTOATENLCTBO, @ TAKKE MPOMO3ZLKOCTL BBHIUHCICHUIT JIEKTPOHHOI
MJIOTHOCTH METOA0M (PYHKIMOHANA (€C/IM OH NPUIOKHM K pacuery cBoiicts
rPaHifLbl METAI —KHAKOCTh ) OI1PaB/ibiBAeT HCIIOIB30BaHKE Gollee NPOCTLIX 110~
nyipeHomeHoornyeckux Teopuil. Hpeumy tiecTra Takux NoAXOA0B 10CTATOHHO
HeTKO CHOPMYIHPOBaHLI OAHHM 13 OCHOBaTeNeli MeToaa MOIe/IbHbIX FAMHILTO-
HiaHoB AHaepceHoM: «OueHb 4acTo YIPOLIEHHAS MOIEIL NpoaHBaeT foblie
CBETA Ha TO, KaK B JeiiCTBUTEILHOCTH YCTPOEHA NPUPOA sABAeHUA, YeM moboe
YUCIIO BLIYHCHEHWH ab initio 1018 pasiUdHLIX KOHKPETHLIX CITy4Yaes, KOTOpbIe,
N@#e eclH OHM NPaBHIIbHBL, HacTO COAEpPyKAT Tak MHOIO Netaneil, 4To ckopee
CKPBLIBAIOT, YeM TIPOACHSIOT HCTHHY ... B KoHue KoHUOB masanbHLIN pacHeT
npocro konupyer [pupoiny, a He oObACHIeT eey.

M3 kBaHTOROI MEXAHHKH W3BECTHO. YTO BOJIHA CBODO/IHBIX AEKTPOHOR B Me-
Tajie, Nonajas Ha erc NoBEPXHOCTD, IPOHUKAET BO BHELUHIOD CPeily. [Ie ee aM-
nauTyna OslcTpo 3aryxaeT. Tak Kak 3MEKTPOHbI HecyT Ha cebe anekTpruuecknii
3apsail, BO BHELIHEH cpene (poab KOTOPOH MOKET MIrparh BakyyM. DHIIEKTPHK,
pacTBOP WIEKTPOJIHTA H AP.) BOZHUKAET 3apaAkeHHoe 00Iako YacTHLl (BHELIHAA
obKnaaka cBoeodpPasHOro MeKTPOHHOTO KoHAeHcaTopa). OQHOBPEMEHHO C BHY=-
TPEHHEH CTOPOHLI TPAHHLIBI Pa3ea META/LT — BHELHAA cpena obpa3syeTcs ok
TONIMHOM B HECKONBKO aHICTPEM, B KOTOPOM HOJOMUTEbHbI 3apsi HOHHOIO
0CTOBA METa/1a OKA3LIBACTCH HECKOMMNEHCHPOBAHHBIM H3-3a TOFO. 4TO 3anoj-
HAIOIIHE ero MIEKTPOHBLI BBILLIH HAPYXKY. DTOT Ci10ii HrpaeT poib BHYTPEHHEH
NONOAUTENLHOI 00KNaJKH AMEKTPOHHOTO KOHAeHcaropa. B oteyrereue npH-
JIOKEHHOIT M3BHE Pa3HOCTH TMOTEHIMANIOB 3apA/ibl 00KIA/10K paBHLI H IPOTH-
BOIMONOAHBI [10 3HAKY: MPH [IOTEHLHANEX, OTIHUHBIX OT NOTEHUHATA HYJIEBOTO
3apsana. N30LITOYHbII 3apA, NOABENSHHbIT K NOBEPXHOCTH Pa3aiena OT BHELTHETO
HCTOYHMKA, KOMIIEHCUPYETCH CBA3AHHLIM 3aps10M CPe/ibl.

OfpazosaHie 3MEKTPOHHOID KOHIEHCATOPA CONPOBMKAACTCH BOZHHKHOBE-
HUEM Pa3sHOCTH [IOTEHUHANOB Mekay o00beMoM Merawia U o0beMOM pacTBo-
pa, NpUyYeM METall BCeria 3apakaeTes NonmKuTebHO. TaK Kak 3Ta pa3sHoCTh
JOCTATOMHO BeMHKa (NopAaka OQHOro—ABYX BOJLT), OHA B 3HAMHTENLHOMH
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cTeneHy onpenenseT adcoMOTHBIA MOTEHLMA METalla, eMKOCThH U MOBEpX-
HOCTHY1O 3Heprito MexdasHoll rpaninbl. HeoGXonnMo oTMETHTH, 4TO d/eK-
TPOCTATHYECKAS FHEPrHs. HAKOIUIEHHAsE B TAKOM 3EKTPOHHOM KOHJEHcaTope,
NaeT OCHOBHOI! BKJAN B MOBEPXHOCTHYIO JHEPruio Mex(asHoi rpaHuubl Me-
TaN —31eKTPOaMT. B TO Ke Bpemsi BOSHHKHOBEHHE 31EKTPOCTATHYECKOH pasHo-
CTH TOTEHIIHAIOB MEKAY OOKIAAKaMH IEKTPOHHOTO KOHISHCATOpa He MEHs-
€T WIEKTPOXHMHYECKOTO OTEHLHAIA MWIEKTPOHOB, 00paszyowWmX 2T 00KIaaKH,
MOCKOJILKY NOCHEAHHIT BCEria papeH WIEKTPOXHMHUECKOMY MOTeHIHATY JJleK-
TPOHOB B 00bEME MeTa/Lla (HATIOMHHM, YTO IEKTPOHbI 00EHX 00KIa10K HAXO0-
JHTCH B COCTOAHHH TEPMOIHHAMUYECKOTO PABHOBECHS MexK 1y coDoil).

BO3HHKHOBEHHE HIEKTPOHHOTO KOHIEHCATOPa 00y CJI0BICHO BOJHOBOI NpH-
poloii BewecTra, T.€. (pyHIAMEHTATbHBIMI KBAHTOBO-MEXaHUUYECKHUME CBOIi-
creami Matepui. [loatomy cam (akt oGpa3oBaHus IMEKTPOHHOTO KOHAEHTaTOpa
Ha [IOBEPXHOCTH METAIIA ¢ Er0 BHELWHEH CTOPOHBI HE HYKAAeTCs B KakKuX-1nbo
JIOTIONHUTETLHBIX 000CHOBAHHAX W JI0KA3aTeNhLCTBAN. EMMHCTREHHOE, UTO MO-
AKeT 00CYKAaTLCA — ITO BOIIPOC O TOM, KAKOB KOHKPETHDIi1 BKJIA 1 JEKTPOHHOTO
KOHJEHCATOPa B TO WK HHOE CBOHCTRO ABOIHOrO 3EKTPHYECcKoro ciog. 3ave-
THM, UTO B paMKax o0enpuHATOI B HACTOALIEE BPEMS MOIETH MOJIEKYISIPHOTO
konnencaropa llrepra—Tpava BAnAHMEM 3NEKTPOHOB Ha CBOHCTBA ABOHHOTO
CJI0fl OTHOCTRIO MpeHedperawT.

Briepeble Ha CylIECTBORAHHE HIEKTPOHHOIO KOHJIGHCATOpa, KaKk yike Obl1o
VIoMAHYTO Bbille, ykazanu dpenkens n Paiic. Ho ux uzen, ¢ oanoii cropo-
Hbl, HAXOAHAHCDH B NPOTHBOPEUHH ¢ npeacTaBnenusmy [ensmronbua — Ltepha,
a ¢ Apyroil — KBAHTOBaA TEOPHA MOBEPNHOCTHLIX ARICHUIT B TO BpEMA TONBKO
3APOKAAIACE H MATO YTO MOMNA JaTh LTSl MOHHMAHMS CBOHCTB DIIEKTPOHHOIO
koHaeHcaropa. Jla u konnuecTRo (PAKTUMECKHX JAHHBIX, HAKOTLIEHHBIX K TO-
My BpeMeHH, OBITO elle HeA0CTATOuHO, YTOOb HA HX OCHOBE MOMKHO ObI10 ObI
cnenark HaleKHblil Boidop B noab3y Toil uaun nHoil mozenu. B pesynsrare uaen
@pexkens 1 Paiica GbUTH HATOATO T MPOMHO 3a0bITHI. M TONBKO B NOCNeIHNE 1Ba
OECATHNETHA HAYAT BO3POKIATLCA HHTEPEC K DJIEKTPOHHOMY BKIAY B CBOICTBa
JNBOHHOTO 3CKTPHYECKOTO CJI04,

Mbi nogoiigem K 91oii npobaeme, Havae ¢ nocTpoeHns 0000IWEHHbIX [Tpe-
CTAB/IEHUIT, PA3BUTBIX JUIA TPAHULILI METAILT —BAKYYM M B paMKax npocteifieii
MONENH «Keaey OyAeT annpoKCUMHPOBAHO pacnpeieneH e J1EeKTPOHHOI naoT-
HOCTH BOTH3H NMOBEPXHOCTH METANIEA, KOHTAKTHPYIOMIIETO € KOHICHCHPOBAHHBIM
(honiom. cnpapenHBOCTE KoTOporo fosiee WK MeHee ouernaHa. [locne toro
Oyner HalineH aHaJMTHYECKHI BHI pacnpeaesieHns MOTeHUHaNa n paccuura-
Hbl BOJIBTAMIEPHBIE, EMKOCTHDIE XaPaKTEPUCTHKH 1 NOBEPXHOCTHOE HATAKEHHE
HA IPaHuLe MeTall — PacTBop.

B padorax MaptbiHoga, Casiema (1980 r.) wenonbs3oraHa wies anipokcH-
MaLMK 2MEKTPOHHOI NAOTHOCTH MeTanna n.(2) NPoCcTbIMH AHATHTHHECKUMHU
BbIpakeHamu. PaceMoTpum nonyGecKOHEUHbIN KPHCTANT B MPEANOI0KEHNH,
4TO 3apsid ero HOHHOH pelleTkH pasMasan n odpasyer 0QHOPOIHBI [0NI0WKH-=
TebHbli (OH C MIOTHOCTLIO 3apsAia €1, KOTopas pe3ko 00pbiBaeTes Ha HEKO-
Topoil niockoeTy (rpannia «donay). OObIMHO MPUHUMAKOT 3TY FPaHHLy Ha
pacctosaunn d/2 o1 Kpaiineii N10CKOCTH peleTkH, NPOBEASHHOI Hepe3 LeHTPSI
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NONOKHTENLHO 3aPSIKEHHBIX MOHOB TAK, YTOOBI NMEKTPHUECKOe Mofne, YCpel-
HEHHOE M0 MaKpOCKONMMYECKOH 061acTH, CTPEMIIOCh K HYJIIO KaK BHYTPH. Tak
i BHE MeTala (d — MEeKIIOCKOCTHOE PACCTOSHIE KPHCTAIHYECKON pelueT-
k). Pacnpenenenne >1eKTPOHHOI MAOTHOCTH 1A Takoif MOIENH, NoTyvaeMoe
pPa3iHYHbIMHE CAMOCOITIACOBAHHBIMH METOAAMHM, TIPEACTABIAETCH B BHJE KpH-
BOIL, 3aTyxalomeil BHe MeTala no IKCNOHEHTIHAILHOMY 3akoHy. BHyTpu Me-
Tasuia BOJH3H OBEPXHOCTH WIEKTPOHHASA MAOTHOCTD HCIILITHIBACT OCLMILISALHH
Ppuaens. CBAZAHHLIE ¢ BOTHOBLIMM CBOICTBAMH IMEKTPOHOB H 3aTyXaloliHe
¢ ryOunoit metasa, JIgoitnoii anexrpudeckuii cioii, Bosnukaoumii Grarona-
pst OTIMY IO 3EKTPOHHOI MIOTHOCTH OT HyN4 3a hopmanbHoii rpanuueii gona
(z = 0), NpUBOIMT K TOMY. YTO IASKTPOCTATHUECKHIT MOTEHHAN 3a npene-
JlaMH TI0BEPXHOCTH (00) OyaeT 01aHYaThes OT NOTEHIMAIA BHYTPH MeTalia
p(=o0). Takum oOpa3zom, BhJIeTas 3a Mpeiesbl META/UIA, MEKTPOHBI TOIKHbI
NPEOLONEBaTh HNEKTPOCTATHUECKHIT Dapbep BLICOTOI
o0

w(oo) — w(—o0) 4ﬁJC::[ﬂ( —ny(z)]d=. (14.1)

-0

Pacnpenenenne dMeKTPOHHON NIOTHOCTH 414 ABYX METannoB MnpH pasnnd-
HOIi MJIOTHOCTH WILTKOCTPHPYET pHc. 13.5.

M3 pewtenns ypapHenns LLpeanHrepa ns 3MeKTPOHA MAcChl 1M, NOMELIEH=
HOTO B NOTEHUHATLHBIIT AKMK BhicoToit 117, cnenyer, 4To nioTHOCTL BeposATHO-
CTH HAXOMJIEHHA WIEKTPOHHOIN NIOTHOCTH BO BHELIHEH cpeae

nd(z) = nge /s, z> 1, (14.2)

h
2V 2mW
HOE PAcCTOSHIE BLIX0AA MIEKTPOHHOI IUIOTHOCTH 32 [pe/ielibl MeTallla (aHanor
JUTHHBL BOJTHBE ¢ bpoiing). Bxoadias B 3710 peipakenue senuunna 1 genserca
HE3ABHCHMBIM MAPaMeTPOM. 3HAYEHHE KOTOPOTO XapaKkTepuiyeT padoty nepe-
HOCA HICKTPOHA 13 «0ObheMay AIIMKa BO BHEUIHIOW cpelly (B TOUKY 2 = +00),

BHyTpH MeTa/1a NAOTHOCTL BEPOSTHOCTH TAKOBA:

rae Mg — MAOTHOCTh BEPOATHOCTH NPH = = 0, a R_C.' = — XdpakTep-

1 05 (2kpz 5
nM(z) = ny — (g — Tloiw /B L0, (143)
h? o
rae Ray = T =\ §p  XapaKIepHoe paccrosline, Ha KOTOPOM Kpa-
ek p Ak p

HHUPYETCA JEKTPHYECKoe Nosie BuyTpH Metaiia (i — avaior nefaesckoro
pajlyca IKpaHupoBaHus B nekrponutax; kr = (3m°ny)'/* — sonHoBoii Bek-
Top ®epmu; h = h/2w, e, m, ay = h? /'.vne:’z — COOTBETCTBEHHO MOCTOSAHHAS
IMnauka, 3apsa 1 Macca d1eKTpoHa 1 paauyc bopa).

DyHkums cos (2kp2 + §) ONUCHIBACT TAK Ha3biBaeMble Ociuuis Ly Opuje-
s, BO3HHKatoLue Onaronaps uHtepdepeHUHH nanatoleii 1 orpakeHHoll BoaH
37EKTPOHHOM MIIOTHOCTH, YaCTOTa KOTOPhIX papHa 2k ¢ (koHCTaHTa 0 yuuThiBaeT

capur (a3 nazaolueii BoAHb XTEKTPOHHOI MAOTHOCTH NPH OTPAKEHHH).
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©opmynsl (14.2) n (14.3), HE TONLKO KaYECTBEHHO, HO H KOMHYECTBEHHO
(MpHUMEM € HETIOX0H TOYHOCTBIO) anmnpoOKCHMHPYIOT pacnpeaesieHHe.

Annpokcumanmst (14.2) u (14.3) skBuBaneHTHa NPHOIIIKEHHKO caMmocora-
COBaHHOTO MONA, NekKalleMy B ocHose Teopun I'yn—Yenmena. B knaccnveckoii
3MEKTPOAHHAMHKE CTATHYECKOE BHELIHEE 110¢ He TIpoHukaet B Metana. OnHa-
KO €C/TH MeTa/Ul PACCMATPHBATEL Kak BLIPOKICHHBLIH IeKTPOHHLIN ra3, To 310
MPOHHKHOBEHHE HmeeT mecTo. Buipaskennsa (14.2) 1 (14.3) nomxHbl ObITh «CLIH-

Thi» HA NMOBEPNHOCTH METAJIIA TAKHM oﬁpa"som. YTOOL! npH =z = () nmroTHOCTL
IEKTPOHOB Obl1a HENPEPbIBHO
n; (0) = n} (0), (14.4)
a TAKWE HENPEPBIBHA NCPRAA NMPOH3BOIAHAA 'BJ'IBI(TDUHHOE NAOTHOCTH
ans (0 anM(0) y
(s { J — (4 { } ; (14.5)
dz az

H uTOOBI YHCNIO HIEKTPOHOB, MEPELIeANX Ha BHELIHIOI O0KIAIKy KOHIEH-
caropa, PaBHAIOCH YHCAY AEKTPOHOB, VIIEAWUX ¢ BHYTPeHHeil oOkuauku,
T. €. cOOMI0ATIOCh YCIOBHE IEKTPOHEITpanibHOCTH

0 oo
J [ny —nM(2)]dz = Jnf(z}da. (14.6)
—00 0

D70 yCnoBHE HMEET MecTO NHlb B TOYKE HyJeBoro sapana. Ecau ke Ha rpa-
HHLY MeTajll —PacTBOP SAEKTPOINTA AeliCTBYET BHELIHEe dIeKTPHYecKoe noje
HaNpsReHHoCThI0 £, nepnenankyigpHoe rpainie pasneia, To CHeTeMa iek-
TpoHOB OyaeT cmelarsea npotuB nons . Ha rpanumue merann — pactrop
obpaszyerca 061acTh HECKOMNEHCHPOBAHHOTO 3apaia ¢ NMOBEPXHOCTHOIH MoT-
HOCTBIO 7. B 9TOM ciiyuae ycnoBHe MeKTPOHeTPAILHOCTH ClIeayeT 3anncars
B BHJIE
O

d.=e J nd(z)dz —e J [ny — nM(2)] dz. (14.7)
0

—_

Yenorus (14.3) n (14.4) rosHukan Gnaronaps Tomy, 4to 7.(z) onpenensercs
4epe3 BOMHOBYIO (PYHKLMIO 2JIEKTPOHOB, KOTOpas B CBOIO Ovepelnb ABACTCs
pewennem ypasuenua [lpennurepa. [Tosromy kak ans BoaHOBOH (yHKUMN,
TaK W A 1, (2) 00A3aTeILHO JIOMKHBL BRINOTHATLCA YCIOBHA HENPEPLIBHOCTH
camoii yHkuKK U ee nepsoii npoussoHoil. Gopmynel (14.3) u (14.4) 3anucansl
TakuM oGpaszom, ytobnl Tpedosanne (14.4) yI0RACTBOPAIOCH ABTOMATHYECKH.
Wz (14.4) u (14.7) naiizem napameTpbl pacrpeaeacHns ny u tgd
284 (1 +a*)q

o =7 4m (14.8)

(1+a*—8%) - (1 +a®)(1+B)g

14.9
(L+a2+4+8%) —(1+a%)g { )

atgd =
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rne &« = 2kpRpy; 8 = Ru/Rs: ¢ = Ao fenyRe (3neck Ao, = a —
— Oyy; — TUIOTHOCTh BHEITHErO (CTOPOHHEro) cBOBOHOTO 3apsi/id. NOJIBe/1eH-
HOro 0T BHelHeli Darapen). Bo Buewnem nose E Bbicora crenku witmkay 117
H3MEHAETCA HA BENHUIHY MOTEHLHANA BHELIHErO NoNs ¢y p, KOTOPbIil MOKeT
ObIThb 3anucad B 00LIEM BHIE CACIYOUHM 00pa3zom:

vr(z)=—-E [_,, e\p( ;) +;-.:J[;}] =

2 Ry

_ _.Ifrﬂ'g [h’:, E‘xp( -
2

Es

ol

) & 26’{3]} . (14.10)

rae ¥(z) — crynenyvaras (GpyHkuMa, kotopas npu z > 0 pasua 1, a npu z < 0
PABHA HYJIK, 05 — BHEIIHUI 3apsn, NOABEJCHHbIA K MIOBEPXHOCTH pa3zielna.
Takum oOpazom, ans pacuera lis HeoOXOIHMO MPOBECTH CAMOCOTIIACOBAHHE
C 2. W 3anucarh BoipaxeHue a8 Rs B Buae

h Rso

Rg = = - ; 14.11
V2mWhy + ep, Vv 1+eps /Wo ( )
h
rae Rgg = ——.
v 2mWaq
TouHo Tak xe JOITAHO ObITh 3AMHUCAHO M BbIpAKEHHE /LA 3
8= Bu.f1 o 2P (14.12)
V‘vu

Pacnpenenenne 3neKTPOHHON MNOTHOCTH JUIA SKUAKOH PTYTH, paccyuTaHHOe
no (14.8) ¢ ncnonszosannem (14.9), npusedeno Ha puc. 14.1. Ha koTOpoM noka-
3aHO 3TO pacnpene/ieHne /Uia Tpex 3apsios.

2
]

-3 =2 -1 0, |
z, A

Puc. 14.1. PacnpeaeneHue 21eKTpoHHO# 10T HOCTH Hal [PAHHLC PA3IeIa pIyTh — BOJIHbLH
PacTROp NpH 3apaax nosepxnoctu o, MeKu/em?: 1 —20.0: 2 —0.0: 3—+20,0
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M3 pucyHKa BUIHO, UTO B 0J1€ OTPHLATENILHOIO 3apAaa 31€KTPOHHAS MI0T-
HOCTh («XBOCTY» MIEKTPOHHON INIOTHOCTH) BLITATUBACTCA B CTOPOHY KOHTAKTH-
pytoweii ¢ MeTalIoM cpeabl, a INOTHOCTL 1y (2 = () yBennuusaercs. AMiuin-
TyAd OCUMMNALMIT INEKTPOHHOI MIOTHOCTH JUTH PTYTH MEHAETCA O4EHb Mano.

B Touke Hyhesoro 3apsana ¢ = () napamerpbl pacnpeieneHHs MNoiayuarT
Bonee npocToii BHT

no = Ny —— (14.13)
a? +(1+8)?

atgd= Lo =81 (14.14)
(14+a®+52)

Pacnipelienenie niIOTHOCTH 3apaaa B MIEKTPOHHOM KOHAEHCTATOpE MOJYyaemM
13 (14.2) u (14.3), yMHOKNB Ha 3apa/ 31EKTPOHA

pi(z) = enge”*/Bs0 25, (14.15)
pM(z)=e [n.+ — (ns — ng)e/ Bar w] . 2<0.  (14.16)
cosd

AneksaTHocTh pacnpenenernii (14.2) i (14.3) noarsepiciaeTces ConocTas-
JICHUEM BEJIHYHH NOBEPXHOCTHO MA0THOCTH 3apsigd, pacCHTaHHOM N0 M3BeCT-
HBIM (GOPMYJIAM HIEKTPOCTATHKH

0
08 (2hkps + 0 2
|(',rr_| =g ‘[ -”+ - {”+ _— ”’U)MPXI] (_) rf: —
cosd Ry
—o =

= J'ﬂ(] E’.Xp (—;) I'iu"'. (l4.|?)
Rg
0
Hurerpupys (14.17) no yactsim, 1Bazabl MoJyvyaeM pacueTHOE BblpameHie

THUIOTHOCTH NMOBEPXHOCTHOTO 3a4pA1a JEKTPOHOB META/LIA HA NOBEPXHOCTH pas-
Jenma Cba'i CO CTOPOHBI METATIA

oM = dnt —m)RM (g 4) (14.18)
(1+a2)
HJIH CO CTOPOHBI BHELTHEH Cpeﬂhl
g5 = ils (14.19)
; a? 4+ (14 ()2 '

Pacuer 05120 nng prymi B BosHOM pacTrope (1 = 8,125- 102 em™* u W =

= 3 3B) naer seamunny o't H20 < 33 mxKa/em? 1 npakTHueckd cosnanaet
co snauenmneM o820 nonyyenHbiM HECKONLKHMH HE3ABHCHMBIMH TEPMO/IH-
HAMMYEeCKUMU MeTomaMu (cM. . 11).

Pesynbrarel pacuera no (14.2). (14.3) 3aBHCUMOCTH pacnpeieneHis aek-
TPOHHOI IIOTHOCTH OT HANPSKEHHOCTH 110J151 (IIOTHOCTH 3apA/Ia) 10KA3aHb! HA
puc. 14.1. Kak BUIHO U3 NOC/IENHEr0, S1EKTPHYECKOE M0JIe, HANPABIEHHOE K Me-
Tamty (OTpHUATENLHBIT 3aps/l) BLITATHBACT «XBOCT» JEKTPOHHOTO pacripee-
JIeHHs B CTOPOHY OT META/LIA, A MoJie, HANPABJIEHHOE OT METAILIA — YMeHbILaeT




s
w

nmHy «xBoctay. Ho naske none sapana B +20 mxKn/cM? yMeHbIIAET rpaHidHy 10
WIEKTPOHHYHO MIIOTHOCTh B MAOCKOCTH = = () JIMIIL HANONOBHHY OT MIOTHOCTH
MpH 3apsie, pasHOM HYJ0. HeoOxoauMo oTMeTuTh, HTO pasMep cilos, B KOTo-
POM pe3ko YObIBAE T JNIEKTPOHHAA MIOTHOCTh, IMEET NOPAJ0K ATOMHO eIMHHIIL!
JUILHHBI HITH NOCTOAHHOI peteTki. [To3ToMy NoHATHE THANEKTPHYECKOH NPOHH-
TIAEMOCTH, KaK HeKOTOPOif YCpeAHeHHOH XapakTepHCTHRH MeK(PasHO#H rpaHiLp!
B 9710# 001aCTH HE ABISETCH 0JIHOIHAYHO onpejeieHHbIM. CHIbHOE 2IeKTpHYEe-
CKOE NoJie ¥ MOBEPXHOCTH METANA KECTKO CBA3LIBAET JAMNONILHLIE MONEKY/IbI
cpelbl, BbI3bIBAA AONOJHUTENLHYIO MEKTPOHHYIO nossipuiaunto. Takum obpa-
30M, HA MOBEPXHOCTH METANIa 00Pa3y0TCs BEChMA MPOUHBIE «aICOpOLHOHHbBIEN
CJTOM, XapaKTePH3YeMble MEHBIIHM, 4eM B 00beMe, 3HaUSHHEM IHITEKT pHYeCKOii
NPOHHIAEMOCTH £ 4.

[TosepXHOCTHEII CKAYOK MOTEHIIHANA HA IPaHHIe MEeTasl— pacTRop ornpe-
nensercs u3 pewenns ypasHenus [lyaccona ang kaxaoii n3 obnacteii = <
wz >0,

B ArengRE

Xg(2) =xg— exp (—z/R,), >0, (14.20)

£5

af g e 2 o
Xarl2) = Xy — e = ol By PXP( : ) *

EAFCOS D Ryr
— 2  gin (2kpz+90) + el (2kpz + 5}] ; z<
(1+a%)? (1 +a%)? )
(14.21)
MMpu = = 0 3nauenns x,, (z = 0) = x (z = 0) u, yunrsisas napamMeTpsl

pacnpeaenenns ng u tgd no (14.8) u (14.9), naiinem ckavok notenupana va
rpaHiilie MeTasnl —pacTBop:
Azmeny RE 28 + (1 +al)g
£s a4+ (14472
(ormeTum. uto B opmyie (14.22) 3nak ckauka noreHumasa Ay 3aBUCHT OT
BLIOOpA TOMKK OTCHETa — €CJIM OTCHET NoTeHuMana Beaercs or oduema KoH-
TAKTHpYIOWIEH ¢ MeTannoM cpeabl, To Yar — s = AxM ™5 > 0 u naoGopor,
M

X M X.“'!' — A}L_.J.”-—S = [14‘22)

€CJTH OTCHET NOTeHUHANa OCYIIECTBIIACTCA OT oGbema MeTanaa, To \% =y

=AM <0, ne. AxM—% = —x5M_ Cxanok norenumana Ax ™5, sui-

uucieHHbli no (14.22), coorsercryer GU3nueckoii Kane oTcuera noreHHana
no Homenknatype MIOITAK, no koTopoit @ase = —@pums WIH Egge = E(y 5.5 +
+4.44 B (e £y, . 5.) — NOTEHUNAI HIEKTPO/IA. U3MEPEHHBIT MO OTHOLIEHHID
K HOPMaJILHOMY BOJOPOIHOMY IEKTpoay).

Haubonee koppekTHbIii pacuer noBepxHOCTHOIO ckadka noterumana Ay "
MOMCHO NPOM3BECTH WIS FPAHULLI METALI — BAKYYM. MOCKOJILKY ISl BAKyyMa
TOYHO H3BECTHA BENMYHHA JAMDIEKTPHUECKOii nponuuaemocti. [ns cucrems
pryTh—Bakyym AYTEV, paccunrannsii no (14.22)

AxPY = 43,13 B, (14.23)

\
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(07 pacueta ObUIM MCMOAL30BAHLI 3HAueHns: ny (Hg) = R.125 - 102 cm”,
WHE=V = 4 53 9B, g, =g = 1).

W3 cooTromenns Mexty paboToil BBIXOAA AMEKTPOHOB 1 TOBEPXHOCTHLIM
CKauKOM NOTeHIHANA

I_{'.’\-!—S - I‘e o A)(M‘_S wm W M-V — f_-}'rr - A.\__M—‘.-' (14‘24)

BIMHCISIETCA ANEKTPOXMMUUECKHUIT NOTEHUMAN IEKTPOHOB MeTaLIa fie (43l
pryma: jie® = —(WM=V — eAxM=V) = —1,39 3B). Dnekrpoxumueckuii
MOTEHIMAN YEKTPOHA ABIAETCA 00BEMHOIT XapaKkTePHCTHKOH MeTana u He 3a-
BHCHT OT NPHPO/IbI KOHTAKTUPYHOLIETH ¢ HUM CPE/IbL, N03TOMY €r0 3HAUCHHE MO~
KeT ObiTh HCTIONBL30BAHO B KAUeCTBE KPUTEPHA a/IEKBATHOCTH pacueTa apyrux
CBOHCTR MeK(DA3HOI TPAHHLILI METAIL — Cpea.

TTOCKOMLKY IEKTPOXUMHYECKHIT TOTeHUNAT ANEKTPOHOR IPH PABHOBECHH
B pasHbix Pasax ogunakos, T.e. 7~V = gM 120 10 ucnosssys 3ro pasencrso
u (13.22), onpejenim pasHOCTh NOBEPXHOCTHLIX CKAYKOB MOTEHIHANA KOHTAK-
THPYIOLIMX PTYTH H BOAbI

AxM/M0 = (WMIV _ pyMM0 _ oy M/V)je 1,558,  (14.25)

KOTOpBIi TpeacTasnseT cofoii ckauoK NoTeHUHaN a Ha MPanHIE PTYTE — BOIHBIIT
pacTBOP NOBEPXHOCTHO-MHAKTHBHOIO MIEKTPOJIHTA.

Yrobbl coracoBarth 3Ty BeJINYHHY ¢ pacuetom no (14.22), neobxoanmo npu-
HATh, YTO AMINEKTPHYECKAA MPOHMLIAEMOCTh BOIHOTO PacTBOPA, KOHTaKTHPYIO-
WEro ¢ METAMIOM, £5 = (£4) ~ 2.5 (yI7I0BbIe CKOOKH 03HAa4aI0T YCPEAHEHHE
rno seeit Tonune JI3C), a 910 03Ha4ALT. HTO B NPHMNOBEPXHOCTHOM CllOE pac-
TBOPA COXPAHAIOTCS CBODOAHBIMH, KPOME HIEKTPOHHBIN. €11 H APYTHe nonspi-
JAUHOHHLIE MObI,

PacueThl 3aBHCHMOCTH NOBEPXHOCTHOTO ckauka noteHunaia Ay"# =% o1 3a-
psAa o. npu pasHeIx sHadenusx (£¢) npeacrasnens Ha puc. 14.2.

M3 pucyHka BHIHO, 4TO CMEILEHHE MOTEHIHANa M HYJIEBOTO 3aps/ja B 3a-
BHCHMOCTH OT BEITMHHHBI AHAIEKTPHYECKOI NPOHNLAEMOCTH £, Hanbonee 3Ha-
YHTE/LHO MPH MAJbIX 3HAYEHUSX S4, T. €. BOMM3H £ & n7,. Taknm obpaszom,
€IMHCTBEHHBI NOATOHOUHBI NapaMerp TeopuH HMeeT BIIoHe pasymHoe (u-
3HUECKoe OOBACHEHHE H XOPOMIO KOPPEJHPYET ¢ TEPMOAHHAMHIECKHMH Mpej-
CTaB/IEHHUAMH, pasBuTeiMK B 1mase | 1.

Kpome 3Toro, ecTh no MeHbIIeil Mepe eme TpH MPH3HAKa TOTo, 4T TeopHs
[PaBUIbLHO NEPEIAeT KAYeCTBEHHbII XapakTep ITOH 3aBUCHMOCTH:

a) MeTaJUl 3apsKeH NOJIOKUTENBHO MO OTHOMIEHHUIO K PACTROPY;

G) B 06uacTi OI0AHTE/IbHBIX 3aPA10B NPOH3BOLHAA 3apAa 110 NOTCHUHALY
do . [dAXM =5 ppime, vem B katoanoit obnacti, rae do.. /dAx™ 5 nocrosuna
i paBHa ~18 MKkD/CM’, B MOIHOM COMNIACHH € TEPMOIMHAMNUYECKOH BEJIHYH-
woii C' (em. (11.70) 1 Tabn. 11.3);

B) MpH yBeNWYEHUH MNOJOKUTENBHOIO 3apAla NOTEHUHAN METalla acHM-
NTOTHYECKN CTPEMHUTCH K HEKOTOPOMY TMOCTOSHHOMY 3HAYEHMIO, XapakTepi-
3YIOLEMYCA TeM, 4TO rpaHHla EKTPOHHOI MIOTHOCTH JOCTHIAeT TPaHuLbI
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R
T MEKT/CM ™

|
N
n

T

10+

L]

Puc. 14.2. 3aBucuMocTs NOTEHUMANA PTYTH OT 3apaia NOBEPXHOCTH NPH Pa3IHYHLIX
FHAMEHHUAX £« (1IPH pacuere npuusTo ny. = 8, 125 - 1072 em™, Wy = 3.0 9B. Nyuk-
TUPOM HAHECEHBI IKCNEPHMEHTA/ILHAIC 1aHHbie B BOHOM pactiope 1 M NaF, umdpsl
¥ KPHBLIX — AHYNIEKTPUHEcKas npoHuLuaemMocts pacrsopa). Touka Hyiiesoro sapsaa con-
Melena ¢ noresudanom 1.6 B

MOJOKHTENLHOTO 3apaia HOHOB W JaikHeliliee 3apaKeHHe CTaHOBHTCA HEBO3-
*)
MOMKHBIM "7,

14.1. Emxoctn 19C

BaxHoii xapakrepucTukoil Mexk(asHoil rpaHnLbl METAILT — pacTBop ABJIs-
eTCSl eMKOCTh JIBOIHOTO 3MEKTPUUIECKOTO CIIOs, KOTOPYIO B OT/IMUNE OT CKAuka
MOTEHINIANA Ha MeK(a3HOI MPAHIIIE MOKHO IKCTIEPHMEHTATLHO H3MEPHTh. [Lis
TOr0, UTOOB! HMETH BOZMOKHOCTh CBEPUTH PE3YIILTATH TEOPUH C IKCTIEPHMEHTOM,

"' Bo uzbekanue HEIOYMEHHBIX BOMPOCOB HEOGXOANMO OTMETHTh, YTO HA OCHOBAHHH
JMAHHEIX. NpHBEARHILIX Ha puc. 14.2 crenyer. ato B 06JACTH OTPHIEATEILHEIX 3APIAI0R
(g. < 0) npoussoanas du. /dAx = C noay4aet orpuuarebHbil snak., Oniako Hano-
MHHM, UTO 1101 EMEOCTBIO KOHASHCATOPA B OTIHYHE 0T SMKOCTH YEIHHEHHOTO 1POBOILHH-
Kt HEOOXOMMO TIOHUMATE OTHOILIEHHE 3APSIA KOHASHCATOPA K PA3HOCTH MOTEHIIHAIOR
Ax = x2 — x1 ero obknajok. 3apaaoM KOHASHCATOpa HA3LIBACTCH GHCoilOmHas Be-
JWYHHA, DABHAA TIO BENHHHHE M MPOTHROMOIMKHAS 110 3HAKY 3apAjia KOxK10i H3 ero
o0kaa10k. Takum 06pasoM, eMKOCTb KOHACHCATOPL, ABsoascs kopduimertom npo-
MOPLHOHAILHOCTH MCHCLY 3PAA0M H NOTCHUHAIOM, BCCIIA NONOAHTC/ALHA.
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PaAcCMOTPHM KOHTAKT METaJ1a HE C HH.[],HBHlea.l"leOﬁ AHIKOCTBLIO, @ C pasﬁaa-
JICHHBIM PacTBOPOM ICKTPOJIWTA.

[Morenunan AEKTPOCTATHHECKOIO [10J1A Do cucTemsl paBeH cymme no-
TeHUHaNa L., 5036}'}1\’,!1361\107'0 CBOOOTHBIMI 3apsaaMHu 1 MoTeHLHaTA., 3036}"-
AIACMOTO 3apAlaMH CBASAHHBIMH O,

o= g + . (14.26)

Jludppeperipys (14.26) 1o NOBEPXHOCTHOI IIOTHOCTH CBOGOHOTO 3apsa o 0
(T. €. B KaUecTRe HE3ABHCHMOII NepeMeHHOH 3/1eCh BLICTYNAeT CBOOOAHLII CTO-
POHHHIT 3apsA/l NOBEPXHOCTH MeTajfa; B AaibHeiiem Oynem onyckars 10T
HAJICTPOYHBIT HHACKC), MOJyYaeM BhIpakeHHe Juia obpaTHoll BeHuHHbl And-
depenumanbhoii emkocti €1 JIDC meskdaznoii rpannusl M/S. cocroaiueii
U3 JIBYX HACTEH — 3NEKTPOHHON U AHNOALHOI:

do _ dve  dod 0y o1 = 057, (14.27)
de do do
4TO, B NPHHLHME, IKBHBAICHTHO MOJEAH NOCIEA0BATENILHO CORMHEHHBIX KOH-
JIEHCATOPOB, HECMOTPS HA TO, YTO 3/I€Ch HE 3WI0NEHO Kakoii Obl TO HU GblLIO
monenu ctpoenus J1DC,
3anuwem BoIPaKeHHe A1 eMKOCTH eKTpoHHoi yactn JI13C B Buze

C',:T:_'_‘.:_'P_“ (14.28)

(31eCh p. M 7. COOTBETCTBEHHO OOBEMHAS M MOBEPXHOCTHAA MIOTHOCTH CBO-
donnoro sapaga). M3 (14.28) u (14.18) cpasy cneayer. uro

Cl = Eg (] "‘ﬂ}‘:

—e 14.29
ir Ry (ax—1gd) ( )

M3 ypapneuns (14.29) BUIHO, UTO N0 Mepe YBeIHYSHHA OTPHUATE/ILHOIO 3apsaja
MOBEPXHOCTH METAJA, MOJBE/IEHHOTO OT BHEIHEH DaTapen, eMKOCTh 31eKTPOH-
HOil wacTh J1DC HeCKOJIBLKO YMEHBIIAETCA., XOTS M He OUeHb CYIIECTBEHHO (3a
cueT yMmeHbllieHns tgd). B Touke HysneBoro sapsia U PTYTHOTO 3NEKTPoaa
B BOJIHOM pactBope paztaBJeHHOTO IEKTPOINTA EMKOCThL COCTABNSET BEJIMY 1~
ny C. ~ 20 mrd/em?.

Bropoe cnaraemoe B (14.27) (oOparHas Be/ind HHAa EMKOCTH JIHTIOJIBHOI vac-
T JIDC) ecth NPON3BOIHAA NOTEHLMANA g 108 fly, COITAHHOTO NONAPH30-
BAHHLIM BOJIM3H MOBEPXHOCTH META/LIA BELLECTBOM, MO NOBEPXHOCTHOMY CBO-
GoaHomy 3apsay do 1 MoxeT ObiTh 3aMCaHo caeayownm odpazom:

=gyt (14.30)

de

ToteHunal @g = " 0JIHOPOIHOTO JIMAEKTPUKA, B NPEANON0KEHUH 110~
CTOAHCTBA BHYTPH ero o0beMa BekTopa noiapusauud P, pasen

do; = —4aPdz = —4?1’2(;‘\";..,(}1;.,)} dz. (14.31)
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rae Nie u (pis) = pio th (piE/ksT) = pjoth (aF) (3neck a = pio/kpT) co-
OTBETCTBEHHO YHCIIO INTIONEH B e/IMHNIE 00bema M Cpe/THECTaTHCTHYECK Il -
MOJbHbBI MOMEHT €AHHHYHOI YACTHLIBI 2-10 COPTA, PACCHHTLIBAEMbIIT HA OCHOBE
CTaTHCTHYECKOH MEXaHHKH ¢ Y4eTOM MPOCTPAHCTBEHHOTO KBAHTOBAHHUA.
[I0THOCTE CRAZAHHOIO 3apAia BHYTPH AMAIEKTpHKa 0 = g, = — P,
(P, — wopMmaleHas chiaralomas BeKTopa rnonsgpu3alii) H s OurapHoro pas-
DaBlIeHHOIO pacTBOpa
—dog=dP = d(Nsp1s) + d(Nogpas)) =
= Nayd(p2y)+(pas)dNay  d(Nayps,). (14.32)
[MockonbKy KOHIEHTpPALHA PACTBOPHTENS B TAKOM PACTBOPE NPAKTUYECKH He
MEHSeTCsH, MOKHO paceMaTpHBATh PACTBOPUTEE KAK KOHTHHYYM € MOCTOAHHOI
AMINEKTPHYECKOH NPOHHLAEMOCTBIO, @ BCe WIMEHEHMS. MPOHUCXOAiLINe B CH-
cTemMe, OTHOCHThL TOJLKO Ha cHeT pacTBopenHoro Bewectna, C yuerom (14.31)n
(14.32) odbparnas sennunna (14.30) moxeT ObITh BHIP@KEHA TAK:
o o do ~ do, & dNas £ d{p 25 >
do _ 97 dog _gdog _ _ B _F __drul a3y

digy doy dipy digg ImNog  dz m(poa) dz

do s
3,EIBCb NPHHATO, YTO d_ & £ = const,T.e. npencraBiaeT 'j(bd]f.‘!\‘THBHle JAn-

ANIEKTPHUCCKYH) ﬂpUHI'Iua{:.;(!j\IOC'[‘h.. YCPEAHEHHYH) MO BCEMY AHNOJIBHOMY CIIOKD,

XOTA, CTPOTO roBOPA, B HEQAHOPOAHOM JHITOJBHOM ClIOE, CqJOPMHpOHaBHIeMCR

BOII3N MOBEPXHOCTH METAJLIIA, HeoOx0aMMo pﬁl.l.lﬂTb MNOJIHYKY CUCTEMY VpaBHe-
e cuod P cuob divD

HUI 2NeKTPOCTATHYECKOTO NONA, TAK Kak ——— = —— = ————, B nane-
(i 5 pess 4xdivP

Heiltem ana MpOCTOTH Oyaem ONMYCKaTh HIAHWH HHIEKC 2, nMes MpH 3TOM

B BHOY TOJILKO PACTBOPEHHOE BELIECTBO.

,U,ﬂﬂ NOBEPXHOCTHO-NHAKTHBHBIX BELICCTB MOMKHO MPHHATL, YTO Kaz1ad qa-
CTHLIEA PACTBOPCHHOIO BEUICCTBA BILUIOTH 10 NOBECPNHOCTH METala 3aHuMact

OZIMH M TOT ke 00beM B Buzne kyba ¢ pedbpom z. Torma dN/dz = —3_:\";"”1
£ dN, 3 1/
~ = 4 2 N, (14.34)
4nN, dz dm
[pomssoanyto d(ps)/dz npencrasinm kak
f \ : g
d{ps) = d\PS) 'd_ﬁ' = 47 d(ps) (1\ exp (T’Us th(ﬂf‘/}b) . (14_35)
iz dE  dz dE kgT
[1o 3aKoHaM INEKTPOCTATHKH
7 e .
dF - ____-I:ﬂ_tfﬂ' = _4gp™ =
dz dz
= —dmweN, exp (mt:{gm}:) = —4xweNyexp (aE)?, (14.36)
xi

e p* = N, e — 00beMHas [1JI0THOCTh CBAZAHHOIO 3ap4/1a, NPEICTARICHHOIO
AUNONAMHU pacmopeuuoro BEILECTBA, ONMHCLIBACTCA pacnpeneneHnem bonbuma-
Ha Ny, = Nygexp (—Uy/kgT). (3nece Ny 1 Nyy — COOTBETCTBEHHO IUIOTHOCTh
NOASPN30BAHHBIX YaCTHLL 1 MUIOTHOCTL BellecTsa B o0beme pacTsopa).
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[1p# 3TOM MpeANOaaraeTes, uTo NOTeHUNAlLHAS YHePrus AUMONLHOI HacT-
LBl B JeKTpHYeckoM node cui (npu po e < kpT')

. 7 pt E?
Uy = —poth2°Z g oy —P0P" (14.37)
A'.er" }.‘.RT'
[Tocne noncraHoBku Beipaxenusa (14.35) B (14.33) ¢ yuetom TOrO.
dthald a i
41O = ——— pTopoe cnaraemoe 8 (14.33) Oyaet umets BHJ
dE ch*ald
~ P oaeNos exp (aF)? _ ~poseNos 2exp (al)? (14.38)

kaT  th(aE)ch?(aE) kaT  sh(2aB)

OKxoHuaTe/1bHOE Bbl pajxkeHne ans eMKOCTH ,Ellril'l().?'[l:pHOﬁ HacTH Tenepb MO}KHO
Janncare Kak
173

Gi= der _ 3EN,, ZP0s eNps ‘-.»‘(.*xpln_E'}"’. (14.39)
dpg A7 kpT sh(2aFE) :
T 2exp (aE)? . :
Dynkuns U(E) = e BO Bropom ciaraemom (14.39) nMeer MHHU-
sh(2a k)

mym np e = 1. M3menenne HanpssKeHHOCTH noss £ PHBOIIT K HECHMMET-
PHYHOMY BO3PACTaAHHIO 3TOi (PyHKIMN N0 00€ CTOPOHbLI OT MHHHMYMA.

KauecrseHHO 10T pesylsTar comacyercs ¢ akenepumentom. B sasucumo-
CTH OT JMMOABHOTO MOMEHTA po. M moTHOCTH Ngg (T.€. npupossl pacTro-
PEHHOI'O BELIECTBA) NPOMCXOAUT CMELIEHHE NOTEHLMAIA TOYKH MHHHMYMA, No-
ckonbky —dy = Edz = 47N, (ps)dz. Yenuuenune temneparypbl NOHHKAET
EMKOCTh JUMOJLHOI1 YacTH, UTO TAKKe COrnacyeTcs ¢ skcnepumenToM. B kaue-
CTBE HUTIOCTpauMK Ha puc. 14.3 npencrasiensl pesy/ibTarsl pacuera emMKocTH
JDC 0,01 M pacrsopa MIIONEHOTO BetiecTsa ¢ pgy = 1D. [puusro, uro C',
(Ac = 0) = 30 md/em? n (dC., Jdo)ae—0 = 2,5 MkD/mMxK.

Ormerum 3aeck BakHbl (Guanuecknii pesynwrar storo awanuza. llo-
TeHUMAJ HYJIEBOIO 3apsaaa, KOTOpblii 00bINHO onpeiesieTes o MUHHMYMY aHd-
(hepeHuManBHOI eMKOCTH NpH pa30arNeHNH PacTROPa, COOTRETCTRYET Onpese-
JNeHHON (He HyNeBOi) HanpseHHOCTH noist F, 3HaK KOTOpoil npH nepexoje
yepes TOYKY MUHHUMYMa He MeHAeTcs. DTa HaNpPAKeHHOCTh 3aBHCHT OT MPHPO-
Jbl PACTBOPEHHbIX HACTHLL HEPES UX HIIOJIbHbIE MOMEHTBI g -

M3 (14.33) cneayeT. 4To Ans He3apAyKeHHOH TOBEPXHOCTH B pa30aBIeHHBIX
pacteopax (npu ¢ < 0,01 M, korna Bropeim ciaraembiv B (14.33) moxHO nipe-
Hedpeyb) 3aBHCHMOCTE JHMONABLHON eMKOCTH OT KOHLEHTPAUHH PACTBOPEHHOI
conH BblpaxkagTes hopmynoii

aENl/? fr N L3
Oy —ie. i (O =20 (14.40)
4 3F

B 3ToM catyuae 3aBUCHMOCTb H3MepeHHOit obparHoii emkoctn C' ! or e~ 1/3
JIOKHA OBITH MPAMOIT ¢ TAHMEHCOM YA HAKNOHA, parHEIM 47 /32,

Ha puc. 14.4 HaneceHbl 0OpaTHBIC BETMUHHBI M3MEPEHHOI aH( e peHHab-
HOIT emkocTi JIDC pTyTHOTO KANENBHOTO HE3APSKEHHOTO AIEKTPOAA B BOJIHBIX

pacteopax coneii NaF, KCI, NaClO4 kak ¢yHkunn Nl_}_.,] /3
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C, ME®D / cm? C' 100, em*/

0.5
35
30 - 04+
25 0,3 -
20 L 0.2
15 0,1 ~
10 | | | | 0 | | |

2 0 -2 -4 0.1 0,2 0.3
Ao, mkKnfenm? NV l[)':, cM

Puc. 14.3. Paccumranmax sapucumocts  Puc. 14.4. Tpadmx sasmenmoctn €' o1
— T, 1 " - s =1/
C = 0Caf(Ce + Cu) o1 A A0THOCTH pacTROpenHoi comm N 1/

M3 pHcyHKa BHJIHO, HTO 3Ta 3aBHCHMOCTb MMEET MPSAMOAMHEHbII Xapakrep
MPHUMEPHO 10 KOHLEeHTpaunn ~ 5- 10™7 M B cootsetctann ¢ dynkumeli C ' =
= f(e /%) popmyani (14.40). Tanrene yria HakIoHa (BEIYHCIEHHBIH 10 METOLY
nanmenrbimx keaapato) ACT ' /Ae /% & 0, 168 naet BOIMOKHOCTH OLEHHTh
AMAIEKTPHYECKYIO (DY HKLMIO, KOTOpAst U3 ITUX AAHHBLIX paBHa & ~ 25,

3amerum. 4ro Teopus T'yu—Hernmena npu MCnojib30BaHHN TeX ke IKCHe-
PHMEHTAIBHBIX JAHHBIX MPUBOANT K AMAIEKTPHYECKOI MPOHHUAEMOCTH Aud-
¢y3noro cnoa £ = 129 B BogHOM pacTBope, it ~ 60 B AITHASHITHKOIEBOM, HTO
ABHO MPOTHBOPEHHT PEAbHOCTH, NOCKOJIBKY &, B 00beMe Bo/bl cocTasiseT 80,
a srunenraikons — 40. 7.

14.2. TloBepxuocTHASI YHEPIHSsI

[MoBepXHOCTHOE HATSKEHHE JKHIAKOCTH M3MepAeTcesi cBODOAHON sneprueii
€€ MOBEePXHOCTI. OTHECEHHOI k eaunuue miowanu. [TopepxHocTHas sneprus
BKJIOUAET B Ce0S MEKTPOCTATUUECKYH), KHMHETHUECKYID, OOMEHHYH, rpaiu-
EHTHYIO I KOppeJIALMOHHYI0 3Heprin, Jlo cuxX nop He CyLUecTByeT eHHOro
MHEHHA OTHOCHTEJILHO BKIA/IA KazkI0TO W3 ITHX C/IAaraeMbiX, OIHAKO H3BECTHO,
YTO OT BHELIHEIO M08 3aBHCHT JIMLIL KYJOHOBCKas COCTABISIONIAN MOBEPX-
HOCTHOH dHepruu. [103ToMy OMpaBAaHHLIM ABIASTCA BO3MOMKHOCTb MOKa3aTh
3aBHCHMOCTh H3MEHEHHA 3IEKTPOCTATHYECKOH YACTH MOBEPXHOCTHOTO HATH#Ke-
HHS OT BHEWHEro noas. [l skuakoro Merasia (Hanpumep, pTyTH B KOHTAK-
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T¢ C pacTBOpOM BHEKTpOJ'[HTa) NOBCPXHOCTHOC HATAMKCHHE JICTRKO H3MEPHMO,
a €ro 3aBHCHMOCTD OT BHECUIHETO 3apAia HITH NMOTCHIHATIA BhIPaKaCTCA (I}GpM)’-
Joit (11.43).

LLHH MOZIEMTH OAHOPOAHOTO 3NMEKTPOHHOIO rasa, ﬂp[liiﬂTOfI B HaweM pac-
CMOTPEHHH, MICKTPOCTATHYUCCKAA 4aCTh I'IOBE.']JXHOCTHOﬁ FHEPIHH (HaT‘H}KEHHH)
OyAer HMeTh CNeAY oMM BHA

o)

Y = Ymax — J x(2)[n(z) —ny(2)]dz. (14.41)

— 0
Moncrasnsas B (14.41) pacnpeaenenna (14.2) u (14.3) u ero napamerpsi (14.8)
n (14.9), nony4ynM ypaBHeHHe 3aBHCHMOCTH MOBEPXHOCTHOIO HATSIKEHHS OT
pHeurHero nong. OaHAKO nojiyvaemMoe TakuM o0pasoM ypasHeHHE J0BOJLHO
rPOMO3/KO, NMO3TOMY 3anuiieM ero B Oolsiee npoctoii popme B BHae H3MeHe-
HUA INEKTPHUECKOI IHEPTHH KOHIEHCATOPA € COCPEN0TOYeHHBLIMI 0OKNaIKAMIT:

.ﬁ'}' =g = “L' ‘3’( M_SAU- (14.42)

31eCh AH = Tmax — Vo> AG = Oupen — T penm COOTBETCTBCHHO MOBEPX-
HOCTHOE HATAKEHHE B TOUKE IEKTPOKAMMIUIPHOIO MaKCHMYMa H CTOPOHHHIT
(NosaBeIEHHMIN OT BHEIIHETO HCTOUHKKA) 3apajl, JOKANH30RAHHLI HA rpaHuie
pasznena z = (.

Hoacragnass e (14.42) ero Beipaerne u3 (14.22), noayuum ypasHeHue na-

pabdoJibl y 'y . 2 R
dreny R; 8 B 6l (1 + «”) Ac?. (14.43)

safo + (L+ 8)7] es[a? + 91 + 8)3]

Bocxonsmas Betss napadonsi (o > 0) m ancxoasmasn (o < (J) HeCHMMEeTPHITHBI,
MOCKONBKY MpH @ < () BTOPOE ClaraeMoe CTaHOBHTCA NMOJIOKHTENLHOIT BEaNN-
HOI1, @ TPeThe BCEI/1a OTPHLIATENILHO.

Bropas npon3BoaHas M3IMEHEHHA MOBEPXHOCTHOIO HATSMKEHUA MO 3apsny
(ABJISHOIAACA OCHOBHLIM MAPAMETPOM, XAPAKTEPH3YIOILHM hopmy napadosisi)
B NPHOMIDKEHIH HE3aBHCHMOCTH MapaMeTpos [f. u [ OT 3apsaja noBepXHOCTH
JIAET BbIpaskeHHUE st 00parHOil eMKOCTH ABOIHOIO 105

Ay BwRP(1+0?) o

Ie?  sfa?+(1+8)2
Pacuer no (14.44) ans pryTHOTO 3ieKTpoia B BOAHOM pacteope (11 = 8,125 x
% 10%2 em™. W = 3.09B u 5, = 2) naer senuuuny AnpdepeHunansHoii
emkoctr JIDC s rpanuust pryts—sosa C' & 20 Mkd/cM”, 4TO 0OAMHAKOBO
ONU3KO K 3HAYEHUSM, MOJYHEHHBIM H3 TepMoanHamikn (em. (11.45)), u k 3ke-
NePUMEHTAILHLIM pe3yabLTaTam,

Ha 0CHOBAHKI ATHX OLEHOK MOXKHO BHACTh BHYTPEHHIOK CaMOCOMIacORaH-
HOCTb TEPMOAHHAMHUECKOTO 1 KBAHTOBO-CTATHCTHYECKOTO PACUETOB OCHOBHbLIX
xapakrepictuk [I9C (noteHunana, 3apana, €MKOCTH, MOBEPXHOCTHOTO HaTA-
JKEHMS) HA TPAHUIIE MeTall — pacTBoOp. He HCKIKOUEHO, YTO yueT aucnepeun
JHANIEKTPHYECKOT NPOHHLIAEMOCTH PAacTBOPA B MOBEPXHOCTHOM C/10€ OT HaMps-
KMEHHOCTH MOJTS MPHBEIACT K AYUIIEMY COMIACHIO € IKCNEPUMEHTOM, TakiuM 00-
paszom, TEOPHA HE 3aKPbITA U1 Ja/IbHEHLLIEero pa3ssuTHs.

AP} = Tmax —

(14.44)
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3ameTuM, 4TO npakTHyeckH Bece ceoifictBa JADC onpenenawTes B OCHOB-
HOM TpeMs napamMeTpami: IOTHOCTHI CBODOIHBIX WEKTPOHOR 11, OTPamaw-
iei cBoficTBa METAIA, INAIEKTPHHECKOIT TPOHNLAEMOCTBIO £, ONNCHIBAIOLIEH
cBoiicTBa BHeWH el cpensl u padoToii Beixona W, xapakrepusyueii B3anmoneii-
creue odenx cpen. JIga u3 arux napamerpos (n,. u W) nopnawores Henocpen-
CTBEHHOMY IKCMEPHMEHTANLHOMY OTIPEACNEHHIO, W TONIBKO TPeTHIl £, ABAAETCH
CBOGO/IHBIM.

DTOT KpaTkuii 0030p HEKOTOPLIX CBeAeHHI 0 cTpoeHnn MekdasHoll rpaHn-
bl METAJJT — CPeAa JaeT Cepbe3Hble OCHOBAHMS Uil YBEPEHHOCTH B TOM, HTO
GO/IbLIMHCTBO CBOHCTB 310 MPaHiLibl COBMECTHO (POPMHPYETCH JNEKTPOHHBIMH
MOACHCTEMAMH METAIA H KOHTAKTHPYIOLLETO ¢ HHM BELLeCTBa (PacTBOp Mek-
TPOJIHTA, PACILIAB HIIH AHYNICKTPHK).



FT'TABA 15
HEPABHOBECHBIE SAIBJIEHUS

Tepmoannamika HepapHOBECHBIX MPOLIECCOB NMpeacTasngeT codoii nansHeii-
e Pa3BHTHE PABHOBECHOIT TEPMOIMHAMIKH M MPUMEHMMA K JIIOOBIM CHCTEMAM
[P YCIOBHH, 4TO CHCTEMA HAXO/IMTCH B ¢1a00 HEPABHOBECHOM COCTOSHMIL T. €.
BOJIM3M COCTOAHMS MOJHOrO CTATHCTHYECKOrO papHosecH. HepasHosecHas Tep-
MOAHHAMHKA HAPALY ¢ aKCHOMATHYECKMM TEPMOJMHAMUUECKIIM METOA0M HC=
MONB3YeT apryMEHTALHIO HA MHKPOCKOMIHECKOM YPOBHE, IPHMEHSIS VpaBHEHHs
MEXAHMYECKOTO ABIKEHHA OTACNbHbIX HacTHL. B 37100 rnase OyayT 3arpoHyThl
HEOOpaTHMBIE MPOLECCH, MPONCXOASIIHE B NMPEAenax ABOHHOrO eKTpHiec-
KOro ¢Jios.

15.1. Teopus nepeHanpskeHns BbIAeJIeHHS BOA0POIA

B npeakiy X pasaenax paBHOBECHOE COCTOSHIE KOHTaKTHpYoLeii ¢ me-
TAMIOM CPEJibl OMUCKIBAJIOCHh B BHE KOHTHHYYMa ¢ 0000IIEHHBIMI XapaKTepi-
crukamu Ny, £,. Jig. (4 1 Ap. CuNTANnoOCh, 4TO B pe3yiabTaTe B3auMoaeiicTBIs
cpe/ibl ¢ ATEKTPHYECKHM TM0JIeM METallla MOJEKYbl CPe/ibl He H3MEHSIOT cBOEi
HHAMBHIYAJILHOCTH, @ MOFYT JIMLIL AOPMUPOBATHCS HIIH H3MEHATH CBOK OPH-
eHTaunio noj aeiicterem nons. OgHaKo None NEKTPo/a Jake B TOUKE HYJEBOTO
3apAna, kak OblNo NMOKa3HO paHee, A0CTATOYHO BEJIMKO H CMOCOOHO HE TONLKO
HOAPU3OBATE MOJIEKYIILI CPE/IbL, HO M NPHBECTH UX B TaKoe BOZ0YKICHHOE CO-
CTOsHME (MPENMMYIIECTBEHHO KoJebaTebHoe), KOTOPOE NOBJEHET paspyiieHme

camoii MOJIeKY/Ibl M pacriaj ee Ha oTaeabHbie (parmenTsl. Tak, Hanpumep, 1
lmer

pryrHore snekrpoaa 8 TH3, 8 noe Bz = — =T+ 10° CI'CE IHEPrus
£
ytoro nos pasia W = = 217 & 16— 18 Kkkaa/Mosib, YTO COCTABASET ML

1/5 Tepmuueckoit 3Hepn-u?:“,mmcuunaumfl BOAbL. [T0ITOMY MOJIEKY.IbI MOHOC/08
BOJIbI, HEMOCPEACTBEHHO CONPHKACAIOLISHCH ¢ METATIOM, HCIBITRHIBAS CHIBHOE
BO30Yy#/ACHIE NepeiiayT B Apyroe nojmpusosadyoe cocrosHue. [ossures uuay-
I.J.Hpt)BﬂHHh{ﬁ HHI’IO.FH:I{I:[FI MOMEHT {MIS{ JaHHOTO nmoJig OH COCTABMAET BEIAMY M-
Hy ~ 1 /1), MeikaTOMHbIE CBA3M PACTATHBAKITCS H MOJIEKY./1a MOKET AHCCOLHHPO-
BATh HA OTAeNbHBIE PparmeHTsl. M3 panuaunonHoii XHMiIH H3BECTHO, 4TO B roJe
COJIbBATHPOBAHHOIO ANIEKTPOHA BOJA PACHANACTCs Ha Clleayiolne yacTuub: H,
H;OT, OH™ ,OH, Ha, ., ¥ Ap., KOHCTAHTA CKOPOCTH B3aUMOJIEICTBHA KOTO-
PBIX € 2MEKTPOHOM JOCTHTAET BEJHUMHDBI MOPsAKA 10" ¢. B 3toM pazaene Syaem
HCXOAUTh 13 OOLISTPHHATHIX NPEACTABICHHIT BIaHMOICHCTRHS NPOTOHOR BO/IbI
€ 2JIEKTPOHAMK METaIA,

PaceMOTpUM Ha OCHOBAHMM 1IPUBEACHHBIX 001MX coobpamkeHuii Hauboee
APOCTYHD H XOPOLIO H3YUEHHYIO PEaKUHi0o, NPOTEKAOLLY0 Ha MOBEPXHOCTH Me-
Taana — peakiHio BhlaeneHus goaopoaa. [pouece nepexona 3NeKTpoHa H3 Me-
Ta/mia B pacTeop o npuHunny Ppanka— KoHaoHa BO3MOMNKEH JHLIEL TOTAA, KOTIA
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15.1. Teopus nepenanpaxcenus svidenenus eodopoda

SHEPTHH YIEKTPOHA B MeTa/e (HaualbLHOE COCTOSHHE ) U B aTOME BOA0poIa (Ko-
HEYHOE COCTOSHHE) OIMHAKORBLL. Hit Uis 0/IHOTO M3 META/UIOB 3TO PABEHCTRBO
B 00LLEM cilydae He BbINOHseTeA. Tak Kak 3Heprus akTiHBaliuKl PeakLiH Bblae-
JIeHHs BOAOPOIA MONOKHTENLHA, TO ANs BbIPaBHUBAHUA YposHeil HeoGxoanmo,
uT00bl FHEPTHA 3JIEKTPOHOB B ATOME BOI0PO/Ia NOHH3KIACH 110 YpoBHA Depmu,
WIH SHEPrus JMEKTPOHA B METAJIE MOAHANACH A0 €r0 YPOBHA B aTOME BOIOpOIA.
W 1o, 1 1pyroe MoMeT NPOH30IITH TONBKOD N0/ BO3ACHCTBHEM TEMI0BOO ABIKCHHA
MOJICKY/1 CPe/ibl WIH «PeOprann3aiym cpeby,

[Tpeanonoxum cHauana, 4To BbIPABHUBAHHE YPOBHEH NPOUCXOANT 3a CUHET
MOHUKECHHUS IHEPIMI HCKTPOHA B aTOME BOAOPOJA (TAKOE NOHIBKCHUE MOKET
[POM3OHTH, HATIPUMEP, B pe3yibTaTe QuIyKTyaLmu pacTBOpUTEs BOIM3H 1aHHO-
ro npotoHa). [Mockonbky cooTBETCTBYIOLLAA (PAYKTYaLUA A01KHA ObITh 10CTA-
TOUHO Gonboil — Tpebyemoe NnoHuKeHHe HEPriun oObIYHO UMEET BENHUHHY
nopaaka(, 3—1,09B, yro cocrasaser okono 1040 kg1, 7. e. ee nospieHne ma-
noBepoaTHO. [103TOMY HHCII0 « HW3KO3HEPTETHIECKUX» MPOTOHOB. CMOCOOHBIX
MPUHATD 1EKTPOH H3 MeTaa, NPH JaHHOM MeXaHi3Mme peakiuun OyIeT oYeHb
Mano. Haobopot, 4neio aNeKTPOHOR MeTaa, CrnocoOHBIX BCTY MHTEL B PEAKILHIO,
OvaeT npakTHYeCKH HEOrPaHHUYEHHbIM, TAK KaKk OHO PaBHO YHCTY 3MEKTPOHOR
B MeTanne Ha yposHe Pepmu. Taxnm 00pasom, TMMHTHPYOLINM 3BEHOM, OTIpe-
AETSIONIHM CKOPOCTL PEAKLNK BhIENEHHUs BOAOPOJA, B JTAHHOM cllyuae OyayT
(uyKTyauHn MONEKYJ PacTBOPHTENA.

[TonoOuelil MexaHw3m nepeHoca 3MMeKTpoHa, 6e3yc/loBHo, BosMokeH. OnHa-
KO. 110 BCeil BEPOATHOCTIL OH HE ABJAETCA OCHOBHbIM KanajoMm peakunu. [eii-
CTEHTENELHO, YHCTO HH3KOIHEPIETHUCCKHX NPOTOHOR, NOARIAKOWINXCH B PE3VIib-
Tare (ykTyaunii, nomaHO GbITh NPONOPLHOHAILHO O0IEMY YHCIY MPOTOHOB
B pacteope. [To3ToMy CKOpOCTh peakiiH, XapakTepHiyemas BeJHYHHOI ToKa
oGmena, nomkHa GbITH MponopuHonanbHa koHuenTpan HY . Onwako onbit
[10Ka3bIBAET, 4TO BENYHHA TOKa o0MeHa j B WipokoMm uHtepsate pH He 3asu-
cHToT pH. 370 3acTarnseT 0OpATUTLES K PACCMOTPEHHIO BTOPOTO KAHANA PEAKLIHI.

B meranne npu I' > () Bcerma n1pHCY TCTBYIOT MAKCBEJIOBCKHE IEKTPOHBI
¢ anepraeii £ = p? /2m, npepocxoasmeii yneprino @epmu < = pi /2m (3neck
P — UMIY/LC EKTPOHa, 11 — ero macca). [Tostomy nporoHam Heodsi3aTesib-
HO «OMYyCKaThes» 10 ypoBHs DepMmn — B MeTaie BCEra HaiiayTesa MeKTpo-
Hbl, SHEPTHA KOTOPLIX paBHA SHEPTHU MIEKTPOHA B «CPEAHEM) aTOME BOAOPOIA
(1.e. B atome, OKPYKEHHOM PACTBOPHTEIEM, MOJICKYIAPHai CTPYKTYpa KOTO-
pOro Masio OTIHYAeTCH 0T cpeHeil). KoHeuHO. YNeio BRICOKOIHEPreTHYECKHX
MEKTPOHOB B MeTa/e ObICTPO Nasaer ¢ pocToM MX AHepruu (cornacHo dop-
myne Makcgeana — no 3axony exp (—p° /2mkgT)). Tosromy ecin Ineprus
B (CPEIHEM) aTOMe BOLOPOAA CHILHO OTAMYAeTcH OT JHepruu depmu, uucio
3JIEKTPOHOR, CNOCOOHBIX BCTYNUTL B peakiHio, Oyner seckma mano. Ecan oHo
MHOTO MEHbLIE UHCAA «CPEAHHXY) MPOTOHOB, TO CKOPOCTL peaklun He Oyaet
saguceTb o1 pH, uto u HaGnonaeTcs Ha camowm zede.

Takun obpazom, BTopoil kaHa peakiuu Hanboee BepositeH. [Tosyromy 2aech
€ro M PacCMOTPHM, NPEABAPHTENbHO NPEINOIKHB, 4T0 YHCIO NPOTOHOB-AKLEN-
TOPOB B PACTBOPE CYLIECTBEHHO NMPEROCXOANT YHCIO BHIACTAIOUINX C MOBEPX-
HOCTH MeTajiia 2NeKTpoHoB. B 3ToM ciyuae npouecc nepexoia eKTPOHOB
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U3 METaznna B pacTBop OyAeT NoA00eH MPOLECCY BbINETA TEPMOIIEKTPOHOB M3
MeTaila B BAKYYM, I7le YHCJO BaKaHTHLIX MECT OeckoHeuHo Beanko., Hrolnl
NOAYEPKHYTh YTy AHAIOIHKO, Mbl CHauasla He Oy/1IeM KOHKPeTH3HpoBaTh (usnie-
CKHMIf CMBICH MOTEHUHANBLHOTO Gapbepa, KOTOPLI B TEPMOINEKTPOHHO T IMHCCHI
npeacrasnset’ padbory Bbixona 3nexrpoHa W u3 Meraia B OKPYKarouLy cpesy,
noApasyMeBas Mo Hell MPOCTO Pa3sHOCTL YHEPrHii ANEKTPOHA B CPeie H B MeTalIe,
Haunem ¢ o0uiero aHaansa npouecca TepMoseKTpoHHOi IMHCCHHM,

[MomecTnm kakoit-nmndo meTann Bo BHEIIHIOW cpety. Ecan temneparypa cu-
CTEeMBbI METaJUl —Cpe/ia paBHa HYJIHO, TO HH OUH 3NIEKTPOH He CMOKET NMOKHHY Th
METalL, TAK KAk 3HEprus 3/IeKTPoHa B OKpY:Kawollei cpeae Donblie IHeprun
Gepmn B metanne va ennunny W, Onnaxo ecn 17 > (), To B pacnipefenenny
DepmMi HOABIAKOTCA MAKCBEIJIOBCKHE MIEKTPOHbL, /LI KOTOPbIX IHepreTuie-
CKNMIT 3anmpeT HAa BLIXOIX W3 METanna CHAT, Tak Kak WX dHeprus £ = cp + W,
Yacte ux Oyner nepexoluTh BO BHELIHIOW CPELY (PacTBOp) M 3apaKaTh ee 0T-
pPUIATENBLHO. OJIHOBPEMEHHO CaM METal DYET 3apikaThes MONOKHTEIRHO OT-
HOCHTEILHO BHelHell cpeabl. Bo3nukiiee takum obpa3oM aNekTputeckoe none
Oyser yaepAKuBarTh MIEKTPOHbI BOJIN3H IIOBEPXHOCTH pa3ie/a, YTo B KOHEHHOM
WTore MpHBeaeT K 00pa3oBaHHIO ABOITHOTO InekTpuueckoro cnos. [lpu 3tom
3EeKTPOHbI HAPYKHOH 00KNaAKH ABOHHOIO C10d, COBEpLUAs TEILUIOBOE JBHKE-
HHE BO BHElIHel cpefe, BPeMs OT BpeMeHH OyayT yaapaThes o nonﬂaxnocn,
METaia i NoromaThes er. B pesynstate, Hapsay ¢ NPsMbIM TOKOM J , M3 Me-
Taana nogeuTed obparHelit TOk j B MeTann.

[1pu HenpepbIBHOM HCTEUEHHI IEKTPOHOB 13 METAIUIA 3apai ABOIHOrOo cllos
BCe Bpems OY/1eT Y BeIYHBaTLCA. DTO NPUBELET K POCTY Pa3HOCTH NOTEHUNAN0B
MEWAY METAUIOM W Cpenoil U TeM CaMbIM K YREJHUEHHK) HAYaJIbHOH BBICOTHI
Gapbepa Wy Ha Bennuuny ew. Yeeanuenue Wy conpoposaaercs yMeHbIUIEHHEM
MOTOKA MEKTPOHOB H3 METAJIA, YTO B CBOIO OHEpe/lb 3aMe/LIsSeT POCT NOTEHLLH-
ana . B KoHLE KOHLIOB PN HEKOTOPOM i = ey YHCI0 WIEKTPOHOB € IHEPrueii
ez er + (W + epey), BRIETAIOMNX 13 METAIA, CPABHAETCS C HHCIOM 2IEK-

TPOHOB, MOTNOILAEMBbIX €0 NOBEPXHOCTLIO, NOIHLIH TOK j = ? - <;_ obparures
B HYJlb H B CHCTEME YCTAHOBHTCA paBHoBecue. Ecan BuiieT 21ekTpoHos ocyiie-
CTRASIETCA B KAKOH-1HD0 AMAIEKTPHK (HANPHMEP, B YHCTYIO BOAY ), TO 3NEKTPOH
MonajaaeT Ha ypoBeHk NPOBOIHMOCTH B JAHHOM AUAJIEKTPHKE, HAXOAALLHiiCS Hil-
e YPORHS BAKYYMA HA BEIMUMHY B3aHMOAEICTRINS 2IEKTPOHA ¢ AaHHOI cpeaoil.
Torza Wy = WY — AGS™ = WY — ud = WY — (u@ + kpT In ceom).
[Tpeanonokum Tenepb, 4I10 MEKIY METalLIoM i OKpy:xkatoweil cpenoi yxe
YCTAHOBHIIOCh PABHOBECHE 110 3eKTPOHY. By/1eM cuntarh 310 COCTOsIHIE OCHOB-
HbIM H PaCCMOTPUM HeGONbIINE OTKIOHEHHA 0T Hero, 00YCIOBNeHHbIE TEM, YTO
K HCCIELYEMOMY METAUTHYECKOMY 00pasily H MPOTHROAICKTPOLY, MOMEILEHHO-
MY B TOT K€ PACTBOP. NPHIOKIIN HEKOTOPYIO pasHOCTL NoTeHunaos. [ocnen-
HSiS, QUEBMIHO, HIMEHHT Bennuuny W, pasnyio 8 pasHosecun W = W, =
= Wy + ey, Ha Benuuuny en = —e(poy — ). [oHsATHE ) = © — P,y HAZBI-
BAEGMOE nepenanpsaycenies, BEIST CBOIO UCTOPI0 0T HepHeTa 1, Kak BUIHM,
PABHO PA3HOCTH MOTEHIHAIOB 3MEKTPO/A N0 TOKOM M PABHOBECHOIO MOTEH-
unana. [lpn 3TOM npeanosaraeTcs, UTo paBHOBECHE OCYLLECTBISETCH TOMLKO
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no anekrpony. T.e. eApM’S = 45 — uM_ Takum oSpazom, nepemanpsie-

HHE PeakinH MEKTPOHHOTO OOMEHA, HANPHMEDP NEPEHANPAKEHIE BhIEICHHA
BOJAOPO/IA B OJHOM M TOM ke 3/EKTPOIHTE 1PN OJAHHAKOBOI [UIOTHOCTH 1015~
pH3yIOLLEro Toka j GyaeT onpenensTbes MPUPOLOil MeTANNA, T. €. NHMHUECKHM
MOTEHLHANOM 1EKTPOHA JaHHOrO MeTaia.

[pu j(n) = F}(n) - {_',T(I]) MEKY WIEKTPOAAMH MOTEYeT TOK, Tak Kak
Gnaronaps ymenbiuennio padotel sbixona W = W, — en npamoit Tok craHer
Gonkie oGparHoro. [1ockonbKy BEPOATHOCTH NEPEXO/IA ANEKTPOHA BO BHEIIHIOW
Cpey OnpeaenseTes ToNbKO BeJHUHHOI paboThl BLIX0/A, & OTHIO/L HE MEXaHH3-
MOM e (POPMHPOBAHIA. /U1 BBIUMCISHHA MPAMOTO TOKA j (17) M3 MeTansia B pac-
TBOP MOXKHO BOCTOJIL30BATLCA TOYHO TAKHMH K€ PacCy’KISHHAMI, Kak U npu
pactere TePMOAEKTPOHHOIO TOKA H3 METAJUIA B BAKYYM. 3/1€Ch 3TY 3aBHCHMOCTD
Mbl [10JIY'Y UM Ha COBPEMEHHOI ocHoBe.

Jns yqacTus B TEPMO3IEKTPOHHON 3MHCCHH M3 TBEPIOrO Tena 3MEKTPOH
nomKeH obnanark KMHeTHYeCKoii sHeprueii He MeHbeii, yem W + = p. Coctos-
HHA C TAKHMH GOJ]bLUHMH 3Heprl1RMll O4YCHB Cﬂaﬁﬂ 3AMOJIHEHBLI 1 JJTA HUX BMCCTO
(hepmuenckoro pacrpeaeneHus

fley={1 +exp[(-:"—£f}/kBT]}_1 (15.1)

MOMKHO BOCHOAL30BATHCH OOJILUMAHOBCKOH acHMITOTHYECKOH (prMCIFI IT0ro
BEIPAKEHHSA, 4 HMEHHO

fle) =exp—(z —eF)/ksT. (15.2)

Hnave roBopa. 11 CTOJbL BEICOKHX 3H8pl“[-lﬁ NIOTHOCTE NEKTPOHOB {C YueTom
ABYX HanpasieHnit cnuHa) B MPOCTPAHCTBE CKOPOCTeli Onpenensercs acHMITo-
THKOI hopmy.ibl

wh kl!

2 . — 12 R L
Jodv,doydo, = i (1) exp ( — ) exp (M) dvydvy,du. .

Qﬂ'[;T
(15.3)

DAeKTPOH. CNOcoOHbLl Mepeceds MOBEPXHOCTh KPHCTAILIA, LIS TOFO. YTODbI
BLIITH 3a Tpenesibl NOBEPXHOCTH B r-HAlPABICHHH, M0/DKEH NPHOJIKATLCS
K Heil ¢ -KOMIOHEHTOI CKOPOCTH

vy > [2(W +ep)/m]'/? (15.4)
HE3ABMCHMO OT KOMIIOHEHT €r0 CKOPOCTH B INOCKOCTH yz. TTOCKOIbKY ek-
TPOH NMOKHHYI TBEPAOE TENO, NOTPATHB BOMBIIVIO HACTH CBOEI KHHETHIECKOI

IHEPrHK HA MPHODPETEHHE MOTEHIATLHOL YHepruy, oH GyleT ABHraThes B &-
HAlPABIEHUK C IrOpa3io MEH blIEH CKOPOCTBHO

Uy = vy — 2(W +ep)/m]*/>. (15.5)
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Torpa cornacho (15.3),

n(v,)dv, = L (ﬂ)a exp l) exp (mv? [ 2kpT)J dv, , (15.6)
kpd' * '

4 h B

rae J obosHadaer unTerpan

“

Jiws [ exp (—muv} [2kpT)dv, = (2rkpT /m)"/. (15.7)

[Moncraensst (15.7) B (15.6), Halizem HHCTIO MNEKTPOHORB, CNOCOOHBIX K IMHUC-
CcHH B DECKOHEUHO MaJloM HHTepBane ckopocteii v, + du,

n(v,)dv, = (m*ksT/2x%H) exp (—"‘;) exp (mv /2ksT) 2 dv,.  (15.8)
IT10THOCTH TOKA, NPEJACTABIIOIETO cOBOM NOTOK BLICOKOIHEPIETHUHBIX H1EK=
TPOHOB B NOJOKHTENLHOM HATPABIEHUN OCH X I3 METAJIa HAPYKY B OKPYKa-
1owui Bakyym, OyeT pagHa

f= J evg [D(v,)|n(v, )dv,. (15.9)
[2{wHes)/m] /2

3nech (v, ) — koadduuHeHT Npo3patHOCTH, KOTOPLIH COMAcHO KBAHTOBOME-
XaHHYECKOMY PacCMOTPEHMIO J0MKeH ObiTh BBEAECH JaKe B TOM Cly4ae. Korja
eKTpoH obnasaeT AocTaTodHOIl IHepriueii 1na npeononexus Gapbepa. ona
OTPAYKEHHBIX WEKTPOHOB 3ABHCHT OT TOTIO., Kak MMEHHO M3MEHAETCH MOBEpX-
HOCTHBIH MOTeHUHANLHEI Dapbep ¢ paccTosHUEM B aTOMHOM MacinTade.

OG0 npennonaraercs. 4to (v, ) He CIHIIKOM CHILHO MEHAETCH Ha
TOM MAJIOM MHTEPRATIE CKOPOCTEH, KOTOPBIi 1aeT OCHOBHOI BKJIA] B HHTErpa
(15.9). D10 npeanosokeHre No3BONSET BbIHECTH MHOMKHTENL (v, ) 3a 3HaK
uaTerpasa. Toraa nocne noactaHoBkH Beipaxenus (15.8) ans n(v,) dopmyna
JUTs IAOTHOCTH TOKA 3MUCCHH NPHHUMAET BI

v, exp (—mw? [2kpT)du, = % exp [“17_7*”] I 5
L B
[2(wsp)/m)2/2

(31echL mpou3sesieHa 3ameHa nepemennoil y = mue? /kpT’). U nocne noncra-
HOBKH 3TOTO pesvnsTara B (15.7) nony4nM rioTHOCTE TOKA TEPMOAICKTPOHHOI

IMHICCHN "
j = AT®D exp (=W /kaT), (15.11)

rie 4 = {emkﬁ /272h?Y), kotopas onpenensercs OTHOLIEHHEM PadoTbi BBIXO-
na Wk rennoroit sueprun kgT. @opmyna (15.11) npeacrasnger coGoii 3akoH
Pruuapacona— JIpuivana ans TepModIeKTPOHHOIT IMHCCHE,
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Bxongumii g opmyny (15.11) koappuument D (v, ) — BEpoSTHOCTE TYHHE-

JWPOBAHHS — B npocteiieM cayuvae onpeaeasercs Qopmyaoi amosa
g 2hk g
D(v,) = exp (=20kp) mexp | ————m——— ] . (15.12)
V2m(W —en)

rae kp = (37°n)'/% u & — cooTsercTBeHHO BOIHOBOI BexTop Depmu (1 —
MJOTHOCTL CBOOOIHBIX WIEKTPOHOB B 00beMe MeTa1a) M TOILIHHA MOTEHUHAT b=
HOTO Gapbepa, KOTOPYIo B HAHBO/Iee NPOCTOM C/yyuae npHpasHgeM K 3phexTuBHoii
MPOTHKEHHOCTH ABOHHOTO cos (cM. dopMyny ans [i,), T.e.

d = Ry = h/\2m(W —en). (15.13)

Teneps eciin Mbl Bocnosbzyemes popmynoil (15.11) ana onucanus BLIxoaa 2ek-
TpOHa U3 METAJINIA B PacTBOP € VHETOM TEX H3MEHEHHI BbICOTBI MOTEHLHAIBHOTO
Oapeepa, KOTOPLIE NPOSBASKOTCA MPH KOHTAKTE METAJUIA ¢ PACTBOPOM, TO MOJY-
UHM BbIpasKeHHE

- N i - 'Zh.kf o _H'ﬂ; —en\ = - . ~
J(n) = AT exp ( T =) m”) exp ( “ ) J oexp(n).
(15.14)

Vpasuenne (15.14) ornuuaerca ot vpagHenns Puuapacona — JIrmmasa anmub
TEM, UTO B MOKA3are/ie IKCNIOHEHTh (GUrypupyeT He npocto pabora BhiXoaa,
a BbICOTA noTeHuHalbHoro dapnepa W = H-’,-:" — (1 + kpT Incegy) — €y =
= Wy — e, 3aBuCsIIasn Kak OT COCTABA PACTBOPA, TAK 1 OT NEPEHATTPAKEHUA 7).
B (15.14) npunstel creaytoumue od03Haue HHA:

— . 2k g We
= AT %oy [ =—28E _ . Teg'} 15.15
Jo P ( S kﬂ‘) ! (a1

= er, 2hk: g kg T e
= L(l+—FEB yx L jockonbKy NpaKkTHYECKH Ans 00iib-
kgl 2Wey/2mWey kaT
2k pkpT o
IIHHCTRA METAMNOR ————— < (),005 A — yHuBepca/ibHaf NOCTOSHHAA

2Wey/2mWeg
PuuapacoHa. i
UYro0bt HaitTi 0OparHbiil TOK. 3aMeTHM, YTO B COCTOsHUM pagHoBecus § (0) =
— N — .
= 7 (0). Ipn 1 # 0 seananna obparroro Toka j (1) Oyner, KoHeuHo, 3aBH-
cersb o1 7). Ho Tak Kak niaoTHOCTE 2NeKTpoHoB BO BHeWHEH o0Kkaanke ABoiiHOro
CHOA MHOTO MEHBILIE TIOTHOCTH 3MEKTPOHOB BHYTPH, METANNA, TO BOSMONHEIE
w3MeHeHns  J (1)) mo CpaRHEHHK) © M3MEHeHusMu  j (17) OVIYT BeChMA MAlhl.
[ToaToMy MBI He clenaem Doasimoil ommdku, moaoxus j () = 7 (0) = j (0).
B s1om npubiniukeHn nojHblit TOK paseH
; — = =¥
im=37m—70)= jole"-1) (15.16)
WIH — ) .
In(e" —1) =Injy —Inj. (15.17)
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[poanddepenuuporas ode uactu (15.11) no 77, nony4uM ypaBHeHHe

dinj €l

(15.18)

dij 1 —¢h

M3 (15.18) cpasy cneayert, 4TO NpH MadsiX NepeHanps/KeHnax 1) < 1 3aBucu-
mocts (15.18) orknousercs o1 npsaMonuHeiiHoil, a npu crpemienun 1 — 0

.. Alnjy " el
lim —— = lim -
n—0 Afp n=+0 1 — 7

= o0, (15.19)

TOK MONAPH3ALHN HE 3aBUCHT OT BEJHUHMHBI NMOTEHUMANA W OYEBMAHO CBHA3aH
€ MPOLECCAMHU CAMOPACTROPEHUS WITH C KAKMMH=TO HHBIMH ABAEHUAMK. Puc. 15.1
1 ocobeHHo 15.2 1 5.3 Xopowo HAIOCTPHPYIOT 2TO NOJ0MKEHHE.

‘5 H,/H"
T 2u. H;SO.;
~ “ I arm H,
(=]
o
2, X
Pd
(=]
=2
“|Au/Pd b [MmB]
o0 40 (Pd)
4024 41
v 0.43 40 &l
® ()88 33
0270 28
= o9 27 (Au)
_3 %
—100 - 50 7B 0

Puc. 15.1. 3aBHCHMOCTH IOTHOCTH TOKA OT TEPEHANPAMKEHNA BRIICICHHA BOA0OPOIa
Ha Au W Pd 1 ux cnnapax B BOJHbIX pactsopax 2 H. H2S04

Mpu 7j = 1 mokHo npereGpeyb eanHMLEi Mo 3HAKOM Jorapudiva B J1EBOI
vacTH (15.17), n BenutHa TOKA ONpeensercs ypaBHeHHeM
j=Joexp(n) (15.20)
WIIH, MTO TO e, N ) )
n=—-Injg+Inj, (15.21)
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KOTOpPOE SMIHPHYCCKAM MYTEM ObL10 nojayueHo Tatbe.neM 1 HOCHT €ro Humsa

n=a-+bhinj, (15.22)
riea = —1gjo, b = kgT'/e.
%, |
5 0,42 1. NaOH
< 0})' O\Q\(\/ |
= —4 (o8 b |
E ~0,08511. HCI 0,047 n.
.
. 0,012 s, 0.0075m. P&
ol
0,0015=. P
0.001 1.
-6 % AN
Ni ﬁ Ni
.
—0;2 01 3B 0 -03 -0,2 0.1 7B O

Puc. 15.2. 3asucumocts nepenanpsike-  Pue. 15.3. 3asucumocts nepenanpsixe-
HHS BRULEACHH Boopo/ia na Ni B BRI 111 BhULeIe U Bojoposia na Ni B BOAHLIN
pactropax HCI pacteopax NaOH

B wupokoM auanasone nepexanpsxenuii Gopmyna (15.21) xopowo nou-
TBEPHAAETCH JUIA MHOTHX METAJLIOB, HCCIIEIOBAHHBIX B PA3HBLIX PACTBOPAX B pa3-
JIMYHBIX Jadoparopusx (puc. 15.4).

O1HaKO HECMOTPA Ha TO, 4T TaeeBCKHE 3aBHCHMOCTH XOPOLIO BbIT0/IHS-
HOTCS JUTA BCEX METAsIoB (CM. puc. 15.4), HAKIOH HX HMEET 715 Pa3HLIX METas-
JIOB HHOIIA J0BOJIbHO GoJjiblune oTKIOHeHHs o1 teopun. B taGn. 15.1 (c. 331)
npuseaeHsl senuunnsl dlg j/dy = b nas Gonsuinersa Hanbonee vacto we-
cleayemMbix MeTainos B BoaHelx pacteopax (0,1 M HCl npu 25°C, B uurepsane
rotHocTed Toka A lg 7.

Haunbie. npuseaeHubie B Tabauue n Ha puc. 15.4. cBUASTENLCTBYIOT O TOM,
HTO HAKIIOH Ta(elIeBCKOI NPAMOIT IMEeT HEOIMHAKOBY O BEJTMYHHY U1 Pa3HbIX
METANIOB H CHNBHO 3aBUCHT OT HH'I'IL‘pBE_UIa JIOTHOCTH [lOIlRPIr['i}"K)mﬂm TOKa
(rax, naotHocty Toka j = 1- 107 A/em® ana Pt, Rh 1 npyrux merannos coot-
BETCTBYIOT HI3KWE TIEPEHANPXKEHHs, B TO Bpems kak mwis Hg, Pb u npyrux —
BbicokHe). Ypasuenue Tadens He yuuThLIBAET NPUPOIY METAIA H OAHHAKOBO
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MpH BCEX NIOTHOCTAX TOKA. DTO 00CTOATENLCTBO MOCHYKHIO CTHMYTHPYIOLLHIM
(akropom s 0OBSCHEHNS PEAKLMN BOIOPOAHOTO NEPEHANPSIKEHNS passinyg-
HBIMH MeXxaHniMamiu. OnHAaKo 10 CHX NOp JaHHas npodiema COAEpKHT pAajl
HEpeIeHHBIX BOMPOCOB 1 TpedyeT AanbHeiineii pazpadoTki.

SN
IR

-

Alem~
bt
L

log|i/.

\ ST

BN
ANV B
AWM 3\&

i

—6
2H* + 2¢ —»H>» B\ ) Ag
N
=1 -
Hg !
Hg \ {
_8 4
g
- A
1,6 -14 -12 -1,0 08 -0,6 -04 B 0

Puc. 15.4. TlepeHanpaikeHie BLIICACHHS BOMOPOIA HA PasTHYHBIX METAIIAX 110 PE3Y/Th=
TATAM W3MEPEHHIT PA3HbIX ABTOPOB

Yparnenue (15.14) sraovaert B ceds NpUpoIy MeTasina (yepes Takue napa-
METPbl MeTa/U1a, KaK IeKTPOHHAs IJIOTHOCTh, padoTa BeIX0aa) U 1aeT BO3MOXK-
HOCTb YAYYIINTE COMMAcHe ¢ IKCMEPHMEHTOM 32 CUET BBEIEHHA 3aBHCHUMOCTH
padoThl BBIXOJA OT HANPHKEHHOCTH BHEWHero noas (npu yuere adperxra Llor-
TKH M Oonee cTporoii 3anucu MpouUEccOB TyHHeNnMposaHud). OUeBHIHO, UTO
pasHble Ykl HAKIIOHA 18 0HOTO M TOTO YK€ METANA B PA3/IHYHBEIX MHTEPRAIAX
MJOTHOCTH TOKA MOKHO 0OBACHHTL 3@ CUET HA3BAHHLIX 3¢)leKTOB.
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[lepeHanpsskeHHe BbIISNEHHS BOAOPOIA NPH BECbMA HU3KUX TUIOTHOCTAX
Toka (17 — () npouCxXoaNT NpH OTKIOHEHHN OT «TadesIeBCKOIT» 3aBHCHMOCTH
(15.22), uT0 BBIZBAIO B CBOE BPEMA MOABJICHHE MHOTOHHCIIEHHBIX NPEI0I0Ke-
HUIf 0 PA3NIYHLIX MEXAHH3MAX BbIJENEHHA BOAOPOA B 3TOi 0O1ACTH NOTEHLIM-
aJI0B M NOBJICKII0 Donee TiaTe/lbHOE H3yUYeHHe 3Toro npouecca. Tak, Hanpumep,
MPH HCCIEA0BAHMH BOAHBIX PACTBOPOB PaszHOI KOHUEHTPALHI W TPHPOILI k-
TPOJIHTA HA PTY THOM 2JIEKTPOE IOKA3aHO, YTO B 3TOH 00IacTH nepeHanpaxReHni
kO pULHEHT HAKOHA B 1BA Pa3a MeHbIIE TaeNeBcKoro.

PesynsraTtom ananuia 3TUX JaHHbIX M piia APYrHX cooOpakeHUil ABHIach
TEOpUS TaK HasblBaeMoro 0e30apbepHOIo MEXaHH3Ma paspaia HOHOB BOIOpO/a

Tadannals.]
Merann Ag Au Co Cu Hg Mn Nb Ni
b. mB 57 71 150 105 | 116 80 57 101

~Algj. Alem?| 6-1 |56-24| 6-2 [ 5.5-2 [6-1]|5.5-3.5| 6-2 |5-15

Merann Pb Pd Pt Rh Ta Tl W Zn

L.mB 118 25 43 55 85 53 60 120

—Algj. Alem®[6,6-2.812.9-1.4|3.4-0(3,4-3.0|6-1| 6-2 [3-21| 3-1

Hd METAIMYECKHX JIEKTpOAaX B obnacTn Maasx Tokos., Ha camom e aene,
KaK 3TO CAeayeT U3 YpaBHEHHA {15. ]4)_. MEXAHN3M SMHCCHM IEKTPOHORB H3 ME-
TaJlla B pacTsop HE 3aBHCHT OT IUIOTHOCTH TOkKa, a pa3m;:ﬁ HAaKIIOH KpPHBbIX
onpeaenseTes pasHbIMK MeTOMaMi annpokcHMaunn ypasxwenud. W aeiictau-
TenbHo, H3 puc. 15.1-15.3 puauo, uto 3asucnmocth lg i —n niasuo conpsra-
HOTCH B nepexo:le“l 05;’[&8'1‘“, HE OﬁHapy}KHBaﬂ KAKHX-THO0 0CO0bIX H3MEHEHHT.

o2 e dlg i
ODan.lEiET Ha ce0s BHUMaHHE TO, 4TO B OOJACTH MasibiX TOKOB HaKIOH I_E"

dn

HE 3aBUCHT OT NMPHPOAbI METANNd U COCTAaBa pacTBOpa (pacmopu-re:m, pacTeo-

PEHHOTO BEWIECTBA H A00aBOK NOBEPXHOCTHO-AKTHBHBIX COJIEH), B TO BpEMS Kak
B 00nacTH TafesleBCKOT0 HAK/IOHA HaDM1AeTes CIIBHAS 3aBHCHMOCTE OT CO-
CTABa PACcTEOPA (KOHUEHTPALMH KHCJIOTHI, [NDBEPXHOCTHO-AKTHBHBIX BEILECTR),

bEs e dinj i
Jluneittbi i Xapakrep 3aBHCHMOCTH —’—i [IpH MaJlbIX 7} COBEPLIEHHO HE 3aBH-
dn

cut o1 pH pacreopa B lLMPOKOM nHTepsasie uimeHenus pli cpenst. Ha puc. 15.5
rnokasaHbl 3aBHCHMOCTH log j — 1) npu pasnuuHeix 3HaueHuax pH (npu nocro-
AHHOM 00LIeil HOHHOI KOHLUEHTPAUMK Cpenbl, pasHoii Y ¢;z; = (,6 M) B npu-
CYTCTBHH MOCTOPOHHErO MEKTPONNTA Ha PTYTHOM sekTpojae. Ha puc. 15.6
NPUBEAEHDL NOASPHIALMOHHBIE 3ABHCHMOCTH NIPH NOCTOsHHOI pll | Ho ¢ nobas-
kamu uuanddepentroro anexrponnta KCI pasuoii koHueHTpaunu. Buawo, uro
AeCATUKpaTHOE yBenueHue koHueHnrpauun KCI, tak ke kak 1 ypesmuenue pH
Ha EAHHULLY, CABHMIaeT MOTEHUHAN WIEKTPOIa HA OMHAKOBYIO BENHYUHY, pas-
Hywo 2, 3kgT /e = 0,059 B, OtMeTH™, 4TO Takoe ke cMellleHne HalstoaaeTcs
1 npH godaskax jo0bIX ATEKTPOIHTOB.
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Puc. 15.5. Tlepenanpskenye BLISISHNS BOAOPOAA HA PTYTH B BOAHLIX pactsopax HCI
npu pazieix pH: | — 133, 2—128. 3— 111, 4—6.9, 5—6.3

= 0.1M
P . W | [
« & 0,001 M
i " L0,01M
2 1.0M \

_5 \

Hg
6 \\
b \
~12 -1,0 -0.8 7B

Prc. 15.6. 3aBHCHMOCTH TTePEHANPAAKCHHA BhLICICHNS ROI0OPOIA HA HE B BOAHLIX pac-
teopax 0.991n. HCI npu podaskax KCl
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13.1. Teopust nepenanpsincenust soideienus sodopoda

Hesaeucnmocts dn/dIn j ot npupoabl MeTanna i pacTBOpa CBHAETENLCTBY-
e1 00 yHuBepcanbHOCTH ypasHeHus (15.14) n e1nHeTBE MEXaHH3Ma MEKTPOH-
HOTO OOMEHA MEIKIY METAIUIOM M PaCTBOPOM.

OTMETHM TMOTYTHO, 4TO I OONACTH MAasbiX TEpeHanpsKeHwil cnemyer
OUEHb MHTEPECHbIii BbiBOL. A UMEHHO, IHEprua akrusauun «be3dapbepHoron
mpolecca BhIOENEHHA Boxopoaa npH nepeHanpskenmn U < 5 < 0,4 B pas-
Ha ~ 0,1-0,2 5B » He 3aBUCHT OT NPHPO/bI CPE/bl M HAIHUMA [10BEPX-
HOCTHO-AKTHBHLIX BEILECTB B PACTBOPE W COBMNANAET C IHEPrueil akTHBalMH
AEKTPONPOBOAHOCTH MPAKTHUESCKH LTS BCEX IEKTPOJIHTOB B BOAHBIX PAcTBO-
pax, KoTopas TaKkKe HE 3aBHCHT OT NPHPO/bl pACTBOPEHHBIX Coieit (pas3Be uTo He-
KIIOMEHHE COCTABMAIOT KHCIOTI, /LT KOTOPBIX JHEPTHA AKTHBALIHH JIEKTPONPO-
BOIHOCTH HECKOJILKO HIKE 1 pasta ~ (), 1 9B). Panee Obia10 nokasato (eM. 11, 7),
HTO IHEPrufl AKTHBALMK peakuuH B3auMOAeHCTBHA THAPATHPOBAHHOIO 3M1eK-
TPOHA C IHOOBIMY BELLECTBAMH TAKAKE HMEET BEIMUMHY Mopaaka 3 —4 Kkai/Mollb
(0.15—0.205B). 311 (paxTsl HAROAAT HA MbIC/Ib, YTO MEXAHW3M MEpe1auH 3aps-
1@ Ha rpaHHue MeTa/ll — PacTBop B 00JACTH MAJILIX OTKIOHEHHI MoTeHIMA A
OT PABHOBECHA HMEET XapaKTep OMHYECKOTO COMPOTHRIEHHA H BOBCE HE CBA-
3aH € KAKUM-THE0 MEXAHH3IMOM XHMHUYECKOrO B3aUMOoaeHCTBIHA KOMIIOHEHTOR
cuctemsbl. M, nefictrurensHo, u3z (15.14) caenyer, uto

dlunj dj 1 3 ; o
£ —const=L 2 = =~ umm  pj = const— 3akoH Owma, (15.23)

dn dn g b
3neck 2 U p = 1/2¢ COOTBETCTBEHHO Y/IEbHbIE IEKTPONPOBOIHOCTh M COMPO-

THBAEHWE ABOHHOTO SJICKTPHYECKOTO Cl104.
Tenepe cHosa o0parumes K Toky oOmena. Ilpu n = 0 ypasHenue (15.14)
npuobperaer popmy
pHodp hopmy . kg Wey
lgjo =1g(AT") — -

V2IWey kT
[loacTasus B 3TO BBIpasKEeHHE YHCOBbIE BETHUHHBI (BLIPA31B BOTHOBOI BEKTOP
Depmit Yepes MEKTPOHHYIO IoTHOCTE kp = (372n)Y/™), nodyanm okomda-

TeNbHO >
. . 1, 1371/ 5043W,,
lgjo =lglaT?) — 2228 _ 2 z,

— 15.24)
V2mWe, T (

3neck jo wamepsiercsa B Afem®, W, —B3B:n =n-10"%em .

JTo CHX 1Op Mbl PaccMarpHBajiH TOALKO T€ CTOPOHbI TEPMOIEKTPOHHOI
IMHCCHH, KOTOpBIE ABAAIOTCA OOIIMMK /sl Beex cucTtem. Teneph nepeiizem
K PACCMOTPEHHIO CHetHBHUECKHX HEPT HTOTO ABICHUS, XaPAKTEPHbIX HMEHHO
JUIA FPAHMLIBI METAIT — BOJIHbIT PACTBOP AEKTPOINTA. 3aAMETHM, HTO TIPH 110-
rpyKeHH Mo60ro MeTansa B BOAY HauMHAETCA BblaeneHHe Boaopona. O6bHo
3TOT NPOLECE MA0 3aMETEH, TAK Kak KOJHUYECTRO BbIAESIONICrocs BOAOPOIA
(Ha eIMHHILY TMOBEPXHOCTH) odeHb Mato. OaHAKO NPH Nepexoae K NophcTbiM
METAJLIAM € PA3BUTOI MOBEPXHOCTBIO BbIIENECHHE BOAOPOIA CTAHOBHTCA CTOMb
HHTEHCHBHBIM, YTO €0 JIErKO O0HAPYKHTH BH3YAIbHO.

HaGmomaembril GakT BbLaeNeHHa BONOPOIA ¥ BCEX METAMIOE YKA3bIBAST Ha
TO, YTO 3TOT NPOLECE CRA3aH ¢ HanGonee 0OV CBOTICTBOM METAINOR — C Ha-
JIHYHMEM V HHX CBOGOIHBIX 2MEKTPOHOB, CrIOCOBHLIX K amMuccHu. [Tocieanue, kak
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00 3TOM Yske FOBOPHNOCH, MpH T > 0 10#HbI CAMONPON3BOILHO NEPEXOANTH
BO BHEIITHIOIO cpeiy. B Bonie 0N, 01HAKO. HE OCTaOTCA CBODOIHBIMHU, @ Cpasy e
3AXBATHIBAIOTCA NPOTOHAMM, YTO B KOHEMHOM HTOIE H PHBOAUT K 00Pa3OBaAHHIO
sopopoaa. [lorromy sxondwas B (15.24) seicota noTeHunansHoro Gapeepa I,
B JIAHHOM CIy4ae HMEET CMbIC/ IHEPrUM aKkTHBALHK [UIA Peakini BblACIEHUsA
Bopopoaa. OmnbIT NOKa3bIBALT, MTO MO MPOLIECTBHN HEKOTOPOrO BPeMeHH Bbl-
AejieHHe BoA0pola npekpatiaercd. Kak yie 0TMeuaioch Belille, 310 yKaibiBaer
HA TO, 4TO B CHCTEME JIOCTHIAETCS CTALMOHAPHOE COCTOSHNE ¢ NMOTEHIINATIOM
@ = Peg, NPH KOTOPOM MOIHLIH TOK N3 METAIA paBeH HYMo. A Tak kak adco-
JHOTHBIE 3HAUEHUS TOKOB 00MEHa MOTYT OblTh O4EHb MaJlbl, BPEMA YCTaHOBIEHHS
PABHOBECHA MOJKET ZOCTHTATh HHOTAa MHOTHX 4acoB.

Bee Bxoasume B npasyto vacts ypapHeHns (15.24) sennyuHbl MOy T ObITh
OMpe/ieNeHbl H3 He3aBHCHMBIX SKCNEPUMEHTOB, Tak, HanpuMep, NIOTHOCTL CBO-
OOAHBIX NEKTPOHOB MOMKET ObITE paccuMTaHa u3 onslToB no 3(hdexry Xouna.
BenuuuHy 3Hepriu akTHBALIMN ONPEEIAIOT, HCNONb3YA Ty ke opmyy (15.24),
u3 KoTopoii ciemyer, uto sHauenue W, BLIMHCIASTCA U3 HAKIOHA NPAMOI B KO-
opamnarax lg j—1/T.

Pesynbrarel pacuetos Toka odmena no gopmyne (15.24) u aHeprun akri-
BALMYM PEaKliK BhIZCAEHNA BOAOPOIA B BOAHLIX PACTBOPAX, BLIYHCICHHOH H3
TEMTEPATYPHOH 3aBHCHMOCTH TIIOTHOCTH TOKA, /L1151 HEKOTOPBIX METANLIOB npe/-

crapnensl B Tadn. 15.2. o
lFaGnnnals2

Merann Heg Ph Sn Cu Fe Pt
noem 8125 | 66 | 7.24 | 169 | 21.3 | 23.2
We4.9B 092 | 1.04 [ 091 | 0.69 | 0.62 | 0,32

—lgjo. Alew® | 119 [ 126 ] 92 | 74 | 58 | 33

—lgjo (ken) 11,9 | 124 | 100 | 8.0 5.6 3.0

W3 Tabmuubl BHAHO, 4TO PACXOMKIASHHE MEKIY Teopuell i ONBITOM He Npepbila-
et 10 %. YuursiBas TPYAHOCTD NOJYYEHNS BOCIIPOH3ZBOAUMBIX IKCIIEPHMEHTAJ b~
HbIX Pe3ynbLTATOB, MOCKONbKY B OOMACTH MAIBLIX MepeHanpsKennii MeHseTces
XapakTep 3aBHCUMOCTH 1g j—17), a Takke oTcyrcrBHe ennHoodpasis yciosuii
MPOBEICHNS 3KCIEPUMEHTA B pazHbIX J1ad0paTopHiIx, MOKHO YTBEPAIATh, YTO
paccunTanHsie 3nauenns Ig jo u W, Xopolo cornacyioTes ¢ ONbITOM.

Tenepb MOXHO cKa3aTh, 4To (popmysia Puyapacona— JauiMaHa v ypasHeHne
Tadens reHeTHHECKH CBS3AHbI APYI ¢ APYIOM W ONHCHIBAKOT OJAMH H TOT ke
(m3ngeckHii NpoLece — BbIXOM WIEKTPOHOR METAJIA 3a MPEAeNbl €ro noBepx-
HOCTH N0A BAHAHHEM TEMNOBOr0 ABMKECHHA W BHELUHErD noJjis. Tor ll)i:lKT. 4yTo
B oaHOM cayuae W, nveer cmbica paboTsl BbIX0IA, @ B IPYTOM — SHEPrHH aKTH-
BAIHH PEakKilii BhIJIETIEHUA BOJOPOAA, HE MEHAET BHJA 3aBHCUMOCTH | = j(1)),
MOCKONBKY MOCHEAHAA ONpeaeisercs BeJIHYHHoil dnepreTieckoro ckatka W



el
el
n
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HA MPAHHLIE META — OKPYKAIOWIAA CPeaa, a He MPUPONOoii TeX YpoBHeli, HA KO-
TOPBIE MEPEXOANT WEKTPOH.

OcTaHoBUMCS Ha (PU3HUECKOM CMbICTe PadoThl BbIXOAA H padoThl (IHEPTHH)
akTHBaLnK. Eciu conocTarnTh HENOCPEJCTBEHHO H3MEPEHHbIE paboThl BbIXO-
Ia pasHbIX METAJI0B B BAKYYM WH=V ¢ paboToii BeIXONA B BOAY WM-T20
u ¢ sHeprueii axtupaunn W, nerko 3amMetHts, 4T0 Mekay Humi Habmona-
eresl CHIIbHOE pasziinuue. DT0 U HeYIHBUTENIbHO, TAK KaK JaHHbIC [1apamMerpsl
XapakTepu3yloT pasHele npoueccst. deitctaurensio, WM~V npeacrasnser co-
0oii paborty nepeHoca MEKTPoHA ¢ YPOBHA DepMu B MeTallle B BAKYYM, e
KOHLIEHTPALNA EKTPOHOB CTONL Malia, uTo OHH BedyT cebd noaobHo nieanb-
HOMY rasy HepsamMoaeiicTyrowmx vactui. Beanuuna W29 oppenenser
paboTy nepeHoca MeKTpoHa ¢ YporHs MepMu Ha YpoBeHb NPOBOHMOCTH B BO-
keyT

I
MPONETAET MHMO «HEMOABIXKHOM) MONEKY.Ib! BOALI 32 Bpems nopaaka 10717 ¢.
[ToaTOMY OH MOMKET B3aHMOACHCTBOBATE TOJILKO C ONTHYECKMMH JIEKTPOHAMM
MOJIEKYITbI BOJ/IbI, BBISHIBAS MOABNEHNE HHILY LLIPOBAHHOTO ANTMONBHOTO MOMEHTA
fhwn = 0 f2. 3TOr0, 0AHAKO, OKA3BLIBACTCS JOCTATOMHO L1 TOrO, 4Todbl padoTa
BBIX0/IA YICKTPOHA B BOJY OKA3A/Iach MPHMEPHO B MOJITOPa pasa MeHble padoThl
BBIXO/IA B BAKYYM.

DAESKTPOH HE MOKET J0JIN0 OCTABATLCH HA YPOBHE nporoauMocTi, Ecin o
CJI)"IHEHD flaﬂEP?KHTCH B KaKOH-TO TOUKE ['IpDC’I‘paHCTB& Ha BPEMH, NocTarov-
HOE U1 TOTO, 4TOOb! YCIETh PA3SBEPHYTh CHOMM EKTPHUECKHM MONEM IHITONH
OKPYHKAKIINX €10 MOJIEKYJ BOAbI, OH cpasy nepeiiier B ropasio meHee no-
ABW/KHOE (ruaparuposanHoe) coctoanue. LIpi 3ToM, kak H3BECTHO, BBIAETHTCH
IHEPIUs WIEKTPOCTATHUECKOTO B3aUMOAEHCTBHS IEKTPOHA € MOJIEKYIaMH BO-
nbl, paBHas ;\G,.Mp = —1,57 3B (3ueprug rugparauun snektpona), Taknm
00pa3om, IHeprusi rHAPaTHPOBAHHOTO nekTpoHa Ha 1,57 3B wmmke sveprun
WM=H20 ya ypoRHE MPOBOMMOCTH.

3aMeTHM, UTO NPOTOH, TAK e, KaK W AIEKTPOH, Npeacraeiser coOoli Toueu-
HuIi 3apsaa. [loaToMy 2neKTpocTaTHyeckas IHEPrus B3auMOACIiCTBHA ¢ OKpy-
AAIOUMIMMH €0 MOJIEKYJIaMH BOJIbI TaKiKe 10/bKHA pasHaTeea ~ 1,0 9B, a ero
ypoBens W, nomweH nexark Ha ~ 1,6 3B Huke YPORHS NPOBOIAHMOCTH, T. €.
JHEPTHA AKTHBALWKH PeakuHil BhIAENSHHA BOAOPONA D0/uKHA pasHatbea W, =
~ WM=N20__1 G5B, Ecin ydecTh., 4TO PACTBOPEHHBIE B BO/IE COMH HIMEHAIOT
YPOBEHbL NPOBOAMMOCTH MEKTPOHA, TO COMTACHE € IKCNEPHMEHTOM CTAHOBHTCA
NOBOJILHO OIH3KUM.

[Tpouecchl, MpoHCXONAIIHE HA AHOIE, HE MOTYT ObITh OMNCAHBI YPABHEHH-
em Puuapcona— [[31uMana, nockobKy NnocieaHee OnpeieiseT TOK U3 MeTaia
B PACTBOP, @ HA AHOZE TOK TeueT B oOpaTHOM HANpaBJeHHH — W3 pacTBopa
g metann. lpu a1om nokasarens sxcnoneHtsl B (15.14) obpawaerca B HY b,
H BCAKAA 3aBUCHMOCTS AHOJIHOTO TOKA OT paboTel Beixona W, n nepenanpse-
HUA 7] HCUe3aeT. DT0 U MOHATHO: A/ HIEKTPOHOB, [IONIOMIAEMBIX METAIOM H3
pacteopa, W = W, —e7) onpenenser yike He BbICOTY 3HEPTeTHYECKOI CTYNeHb-
KH, HA KOTOPYIO JOMKHBI MOAHATLCA WIEKTPOHbL, @ «I1yOHHY» IHEpreTHUECKOIH

ne. Tak Kak CKOPOCTHL TEMUIOBOrO 3MEKTPOHA 11 ~ ~ 107 em/c, TO OH
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«AMBI», B KOTOPYIO OHH NOMKHBI CBATNTLCA. HO BEpPOATHOCTL NANEHHS B (AMY»
HE 3aBUCHT OT e IyOHHBI.

15.2. Tynneabnbie SBICHHS B WICKTPOXHMHH

Ananus ypasHenus (15.14) nokasbisaet, YTo npH BbICOKHX 1EPEHAIIPAKEHN-
AX peaKiuH BbIACNEHHA BOAOPOIA CYLIECTBEHHOE BIIMAHHE HA BEIWYHMHY TOKA
OKA3LIBAET CJIArAEMOe, CBA3AHHOE ¢ NoAdAPLEPHLIM MPOHHKHOBEHNEM (TYHHE-
JIMPOBAHHEM) 3IEKTPOHA 3a Npeaesbl NoBepxHocTH metania. [Ipeacrarnenne
0 TYHHEJIMPOBAHHUHN YaCTHLL BO3HHKIIO 1104 TH OIHOBPEMEHHO ¢ KBAHTOBOH Mexa-
HUKOI. TTOCKONBKY NMEKTPOH ONUCHIBACTCH BOAHOBOI (pyHKIINEH, OH MoKeT
MPOHUKATL B KJACCHUECKH 3ANPEUIEHHYH 001acTh, T. €. TYHHEJIHPOBaATL Ye-
pe3 A0CTATOMHO TOHKHIT noTeHUHalbHbIH Oapbep Oe3 kakoro-nubo peanbHo-
ro «TYHHENs». JIpyrumu croBaMu, COrNacHO KBAaHTOBOH MEXaHUKE 31EKTPOH
NPOXOAHT yepes fapbep, He HMEs IOCTATOMHO IHEPr| 1T TOTO, UTOOLE Mpe-
ONI0JIETh €rO.

B TBepabIX Teaax aame CHALHO CBA3AHHLIC C ATOMOM WJIM JIOBYLUKOH 2/1eK-
TPOHBLI MOIYT HE OCTABATBCH Y ONHHX M TeX K Y3/10B, @ MEPECKAKNBATL OT
OIHOTO Y3714 K APYTOMY IMABHLIM 00pa3om Onaronaps TyHHeauposanuio. Takoil

NPOLECC NMPHBJICKANCA 118 0ObACHEHUSA
HEKOTOPBIX OOBEMHBIX ABICHWIT MEPEHO-
F €a B NOJYIPOBOAHHKAX H MOJIEKYSIPHEIX
5 kpucrannax. B nochenHem ciywae pac-
CMaTPHBAJICS NEPEXO] AEKTPOHOB OT O1-
HO MOJIEKY/IbI K APYTOii (cocenteii) noa
AeHCTBHEM MPUIOKEHHOTO H3BHE JJIeK-

TPHUECKOTO M0,
@aynep n Hopareiim, onupascs Ha
stppext TyHHENMpOBAaHHA, OOBLACHHIH
OCHOBHBIE YEPThI XOJOAHOH 3NEKTPOH-
Pue. 15.7. Tyuueaupopanue no ®ayae-  HOH IMHCCHH 1pH BO3AEHCTBIHN CHABLHO-
py — Hopareiivy N0 BHEWIHETO 3JEKTPHUYECKOTO MONA —
ABACHUS, KOTOPOE OCTABANOCH HEOOBIIC-
HEHHBIM € MOMEHTA ero oTkpbiTig. OHu NPealioKuin OIHOMEPHYIO MOIENb
(puc. 15.7). DnekTpoHbl B METANNE YAEPHKUBAKTCA MOTEHLUHAIBHBLIMI CTEHKA-
MU, BBICOTA KOTOPBIX ofpeaenserca padoroii seixoga W nmoc sneprua dep-
Mu £ . [lon Bo3neicTBHEM BHEUIHEIO AMEKTPHUECKOIO NOJIA JHEPreTHYECK Nt
faphep B BHOE «CTYMEHbKH» TPAHCHOPMHPYETCH B TPEYTOMbHbIH Mpohims.
[Mpn arom 3dupexTnBHAS TONIMHA «CTEHKHY» CYUIECTBEHHO YMEHbIIAETCH
€ yBEJHYEHHEM BHEITHETO CHIIBHOTO 3MEKTPHUECKOro Noss 12, no3gonss 3ex-
TPOHAM TYHHEJIHPOBAThL Yepe3 NoTeHHaib bl Oapbep. BenuunHa Toka ammc-

CHW B JAHHOM CIIy4ae NOAYHHAETCA YPABHEHHIO

(15.25)

) * RS L/21a73/2
j= ;\T‘g exp {_M} i

3hke
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[loutn cpaszy 3TH HMAeH HANH JanbHelllee OpHMeHeHHe MPH HCCIea0Ba-
HHH TYHHEJIbHBIX SHBICHUI B CHCTEMax MPOBOIHHK —H30J8TOP— MPOBOIHHK,

B Hactosiniee Bpems IIMPOKOE PacnpocTpaHEHHE MOJyUnIa TYHHETbHas
CHEKTPOCKOMNKS, OCHOBHOI 0COOEHHOCTLIO KOTOPOIi ABAAETCA NOTEPS IEKTPO-
HOM JHEPrHH Ly NP1 B3anMOAEHCTBIH C MONIEKYIIOH ITPH TYHHEJIMPOBAHWH Yepes
oapbep. [lotepa Heprun cef3aHa ¢ HHHLHMHMPOBAHUEM MONEKYISAPHLIX BO30Y-
AASHWIT 1 H3MEHEHHEM MTPH ITOM KoslebaTeNbHbIX COCTOAHNIT ancopOHPOBAHHBIX
B Bapbepe monekyst. Takoit Heynpyruit npouece o0yCI0BINBAET NOSBICHHE 10-
MOJHUTEILHOTO KaHaja [Nl ToKa, B Pe3yJIbTaTe Uero Ha BONLTaMMNepHOI KpHBOI
oOHapyxueaercs U3rud. Takoit H3rub NOABIAETCH NPH HEKOTOPOM [OPOTrOBOM
noTeHuuane murTepa @y = hr /e (rae hr — sueprus Bo3dykaeHns ancopo-
LUMOHHOTO ueHTpa). Mpu nanbHelueM yBesnueHnn @ TOK, CBA3AHHbII ¢ ITHM
npoteccom, Gy1eT BO3pacTarb, NOCKONILKY YBEIHUHBACTCA HHCI0 COCTOAHUI 15
HEYTPYTroro TYHHeIHPOBAHHA,

[Nepeas NpoM3BOAHAS TOKA M0 HANPSKEHWIO NPH © = @y = hig /e npe-
TEPrEBaeT CKa40K, & Ha BTOPOil npomseoanoi d° j /dp?® nosensercs nuk B Buae
Y3KOIo KOJIOKOJI000PAIHOr0 MaKe MyMa Ha 00BLIYHO 10CTATOMHO rNankoM doHe.
i ropeie nponssoansie d”j /dp? win vawe d*y/dj* w npeacrasasior co-
0o0it TyHHENbHbIE CHEKTPbl. HHTEHCHBHOCTL CNEKTPANLHBIX JIHHUH MO3BOIAET
onpeaenaTh OPHEHTALMIO MOJICKYN aicoplara U IHEPTHIO HX B3aWMOeicTBHA
C MNOANOAKKOI.

Booluie ropops, peasinzyercs GobLI0E YHCIO TAKHX YACTOT, NPOsBIsIOLLee-
CA B 3HAYHTE/ILHOM YHCIE H310MOB HA BOJILTAMIIEPHBIX KPUBBIX, UTO U O3BOJIAET
TOBOPHTB O CMEKTPE HCCIEAYEMBIX MONEKYIT.

MoKHO OKNAATE, UTO 3TOT €HEYNPYTHil» CTIEKTP CBA3AH CO CTIEKTPOM Mo-
[IOLICHUA HCCIIEYEMOT0 BEILECTBA B HH()PAKPACHOIT, BUAMMOI 1 yabTpagu-
onetopoii obnacTh w3nyuenus, Ha puc. 15.8 g npumepa npupeieHbl CNeKTPbI:
TYHHEJIBHbIF (@) N MHpaKkpacHslii (£) aAns YIeBonopoaa.

OOBIYHO B TYHHEIBHON CHEKTPOCKONHH HCTIONB3YIOT HEBLICOKHE HANpsike-
HWA, IHEPIUA KOTOPBIX COMOCTABHMA C JHEprueil MH(ppaKpacHOTo H3Ty4eHHs.
[To3TOMY 10 CHX 1OP, KaK NPAaBKJIO, HCCJIEAOBAINCH KOJICDATE/IbHbBIE XapaKTepH=
CTHKM aacopOHpOBAHHLIX YACTHLL

DAeKTPOXHMHUYECKHIT IKCMIEPUMEHT B YCIOBHAX KATONHOI NONAPH3ALNY NO-
3BOJISIET MPOABHHYTHCH B HCCIE0BAHNM DOJIEE BBICOKHX 3HEPriil Bo30YKAeHNA
mostekyst, [Tpi 9ToM aHannsHpyloTea BOALTAMITEPHbIE KPHBLIE 1 H3MEHEeHHe Mpo-
BOIHMOCTH Ha riepemMeHHoM Toke B Brie C' — p-3asucumocteii (e C' — emkocTb
NBOIHOTO AneKTpHIEcKoro crios, onpeaensemas kak C' = do /dy. a 0 — nnor-
HOCTb [IOBEPXHOCTHOIO 3apajia).

Ha puc. 15.9 npuBesieHbl BONLTAMIEPHBIE W EMKOCTHBIE 3aBHCHMOCTH 1A
CHCTEMbI, COCTOALLEH W3 PTYTHOTO KaneaLHOTO AeKTPoaa. MOTPY:KeHHOro B pac-
TBOP, conepratuii conm mean u kaamud va pore | M KClwaTi ke 3aBucuMoctn
B [IPUCYTCTBHH NOBEPXHOCTHO-AKTHBHOIO BelLeCTBa — TpHATHIochara.

Buzano, uto donosas sonsramnepnas kpusas (1 M KCl) umeer npsamonnneii-
Hbii BI11 (OMHYECKas NMOMAPH3AINA) U MOKET ONPEAENAThCH B OCHOBHOM YTpy-
FHM TYHHEIHPOBaHHEM 1eKkTpoHos. [lpoueccel B3anMoaeiicTBHA HOHOB MeaN
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d*f
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Puc. 13.8. TyuuensHbiii (a) # undpaspacHetii (6) cliekTpsl VIZieBoI0poia ¢ O0ibIIHM
MOJICKYASpHLIM Becom npn T = 4,2 K

C, med 3

[, MxA
i Cd v 6
g |
Cu | 3 . !
=5 |
0 0,5 1,0 1,5 -E B

Puc. 15.9. Borlelpade.Hm (¢r) 1 BOABTAMTMCPHBIC (0) 2aBHcHMocTH Hg-anexTpona B pac-
THOpE COACTTAAIICM Cu**.Cd* u |pm|HJub0u1}m naone 1 MKCI; J’—pﬁm BOp KCI.

—C f+(1 0- 10"M)+Cd2+{l 6-107"M),3—Cu®*(1,0-107* M)+Cd**+ (1,6
xl(] "M) + rpworuadocdar (2.5 1074 M)
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H KaJIMHA C 31€KTPOHOM Bbi3bIBAIOT PE3KOE VBEIHUEHHE TOKA NPH NOTEHIHANAX
nopsaka 0,24 B u 0,63 B cooTBeTcTBEHHO,

[Tpn 3THX noTeHUManax Takke HabmonaeTcs BOZHUKHOBEHHE MAKCHMYMOB
Ha C—p-kpusoil. Takum oOpazom, pe3kuii M310M Ha BOAbTAMNEPHOH KpHBOI
CONPOBOKAAETCAH [OABIEHHEM MaKCHMYMa Hd EMKOCTHOI 3aBUCHMOCTH, T. €. Ha-
OmoaaeTCs NOMHAA AHATOTHA C TYHHENBbHBIMI criekTpavu. JoGasnenme nosepx-
HOCTHO-AKTHBHOTO BEILECTBA (B 1aHHOM NpuMepe TpHaTHI(oCchaTa) Bbi3biBaeT
WIMEHEHHE KaK BOJLTAMMEPHBIX, TAK W eMKOCTHBIX KpuBbiX. Ha Bonbramnep-
HOIl KPHBOII MOABIAKOTCH HOBbIE M3rHObI, KOTOPBIE COOTBETCTBYIOT MAKCH-
MyMaM Hd €MKOCTHOI 3aBucuMocTH. [TpH 9TOM CHHKAETCH BEMUMUHA TOKA
[IpH BOCCTAHOBIECHHH KaAMHA, B TO K€ BPEMA YMEHbILAETCA BelHYHHA [H-
ka u3mepsemoil auddeperinanbHOi eMKOCTH, COOTBETCTRYIOLIEH npoLeccy
BOCCTAHOBAEHHA KAAMMUA.

M3 paauauuoHHOil XHMHK N3BECTHO, YTO MOMIOLLEHHE CONbBATUPOBAH-
HBIX 31EKTPOHOR B CMECAX OCYIIECTBASETCS NPEHMYILIECTBEHHO MOJIEKYIAMH
Gonee nmonspHoro BewmecTsa. [mapHas ocobeHHOCTEL TaknX cMeceii — Cyie-
CTBEHHOE BIHAHHE MAIOI0 KOJIMUECTBA NOJAPHOIT KuakocTn Ha ceoiicTea
CONBBATHPOBAHHONO 31EKTPOHA B HENoNApHoit kuakoctu. [Mpu 3tom Habmo-
NAeTCsA CMENICHHE MAKCHMYME [OJIOCHI ONTHYECKOTO NOMIOEHHA TEKTPOHA.
710 NonokeHHe WLUTIOCTPHPYETCA MaHHBIMK pHc. 15.10, Ha KoTopoM MpHReIeHE

0 1,0 2,0
-£,

Puc. 15.10. Bansnue jjodaskn mop-n-6yranoia s pactsop Cd*™ (1- 107" Mys I M
KC1;/—0;2—3,13-107%;3—6,25-107%,4—12,5.107%, 5—25.10"%; 6 —
50 - 107% M smop-u-GyTanona

BO/IbT(papanHble KPHUBbLIC MPOLECCA BOCCTAHOBIECHHA KaaMMA ¢ 1o0aBkamu
BRIOp-H-0Y TAHOIA PA3IHUHOIT ROHUSHTPALLHI.

Bunuo, uto usmepsemas anddepeHUHanbHad eMKOCTh ABOHHOTO 3Mek-
TPHYECKOTO CIIOA PTYTHOTO 3/EKTPOAA NMPAKTHYECKH MOJHOCTBIO OTBEWAET
MPHBEACHHBIM BbILIE M0J0KEHHAM: BenunHa anddepeHUHaATbHO eMKOCTH,
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COOTBETCTBYIOIAA NPOLECCY BOCCTAHOBIEHHA KaAMMS, NaJaeT 110 Mepe yBe-
JIMYEHHS KOHLEHTPALIHH MOBEPXHOCTHO-AKTHBHOIO BEIIECTBA, @ MAKCHMYMbI
EMKOCTH, COOTBETCTBYHOLINE B’.ia]lMO}lt‘,ﬁCTBHlﬂ ANEKTPOHA € MOJIEKYIIAMH G}r-
TaHONA, CMEILAIOTCA ¢ H3MEHEHHEM KOHLEHTPAaLH! NOCIeIHETO.
Hcenenopanie eMKOCTHBIX XapakTepHCTHK Mesxk(asHoil rpaHHLbI MeTan —
pacTBOp IEKTPOJHTA B NPUCYTCTBHH Pa3/iHUYHbIX OPraHMYeCKHX BEIMECTB
BBUIBH/IH OCHOBHYIO OCOOCHHOCTh BONABLT(APATHBIX KPHBLIX — HX HE3aRH-
CUMOCTbL OT NPUPOALI MeTaia i ero (dasosoro coctosuus. [lpu srom mwis
MHOTHX CHCTEM METall — PACTBOP HADMIOAAIOTCS HE TONIbKO KAUeCTREHHbIE,
HO M KOJIHY€CTBEHHBIE COBNANEHHA BLICOTLI H (JOPMbI TAK HA3LIBAEMbIX MHKOB

C, Mmp®/enm ?

60 -

| ' 1 I
0 -0.4 -0,8

Fu— Fe= B

Puc. 15.11. Karoausie yuactku 3apncuvoctn auddiepeHimannioif eMkocTH asoifHoro
€108 OT OTHOCHTENLHOTO noTeHnuana g pacreope 0.1 M #-Cy Hy OH na meramnax: [ —
Hg: 2 —Bi: 3—Phi4—Smi—Cd:6—1In; 7— In—Ga: §—Ga

«ancopOuHn — necopony», a TAKKE NOTEHLHATIOB 3THX MHKOR (M3MEPEHHBIX
OTHOCHTEJIBHO OJIHOTO W TOTO JKe ieKTpona cpasHenna). Ha pue. 15.11 npen-
CTABJIEHbl KATOAHbBIE YHACTKH KPHBBIX TH(P(PEPEHIHAIBLHOI €MKOCTH € HKAMM
«aecopdunm» B pacteope 0,1 M #-C;Hyj OH na gone 0.1 M NaF, KF, Na, SO,
u NaClOy4 Ha paznuuHbIX METANIAX.

Ecnu e comocTaBiTh MOTEHUHAbI THKOB «/1eCOopOiHIY) OTHOCHTENLHO
OIIHOTO M TOTO K€ 3JEKTPOAa CPABHEHHA (HANPHUMEP, HOPMaJlbHOTO BOLOPO/-
HOTQ IEKTPOAA), TO NOJTOKEHHS MHKOB IPAKTHYECKH coBniaaator (tadn. 15.3).
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Tabauna 153

Merain Ga | Int+Ga In Cd Ph Sn Bi Hg
Pracey: B 343 3.32 328 | 3.14 | 3.21 | 3.47 | 3.34 | 3.51
a-10% mxKalem? | 8,0 9.4 92 | 95 | 94 | 94 [ 90 | 93

B rabauue npusesens! abcoMoOTHbIE MOTEHUHANb! MHUKOB Yase = @g + 4,44
(rae 4. 44 B — abcomoTHbIi NOTEHIHAN CTAHIAPTHOTO BOJOPOIHOTO 3AEKTPOAA).

Cpeanee 3HadeHHe NOTEHINAIA MTHKA «AeCOPOLMHY» H-aMHJIOBOTO CNHPTa
Ha NMpUBEAEHHbIX MeTaax coctasnser 3, 3 B; cpeaee 3HaueHne rioTHOCTH
MOBEPXHOCTHOTO 3apaaa (TpeTka CTpoKa TabauLbl), COOTBETCTBYIOLLIETO 3TO-
My miky, — 9, 15 MxKn/cM?, 4T0 CBHIETENLCTRBYET 06 OTCYTCTBHH RIHSHUA
MPHPO/ILI METANTA Ha MPOLECce MOABISHNs MHKA Ha BONLT(apaiHoil KpHBoii.
OvesnaHo, 410 HTOT MakcuMyM Ha C' — (-3aBHCHMOCTH OTBEYAET OAHOMY
H TOMY 7K€ OTKJIHKY B3aUMOASHCTBHA CRODOJAHOIO MEKTPOHA METANINA C MOJTe-
kynoii agcopdara. Teneps, NOCKoILKY OOHAPYIKHIACH AHANIOTHS C SIBIRHHAMH
TYHHEJIUPOBAHHSA, NOABIACTCH BOSMOKHOCTE H3YHEHHS JEKTPOHHOMH 3MHC-
CHH W KHHETHYECKHX MapaMeTpoB Ha Mek(aznol rpanuie MeTana - pacTeop
WEKTPOINTA C NOMOLIUBK METOA0B H3MEPEHNA An(ipepeHLHalbHOi eMKOCTH
NROIHOTO CN0s, KOTOPKIE 3HAYNTEILHO MEHEE TPYA0EMKH, HEM METO/hl TYH-
HEJIbHO CMEeKTPOCKOMHMIL.
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Salem R.R. Chemical thermodynamics.

A textbook harbours the elements of chemical and statistical thermodynamics,
and the application in the way of chemical and phase equilibriums, surface
phenomena, and electrochemistry. Particular emphasis has been placed on the
phase boundaries and the structure of double electric layer. The first surface
phenomena will be dealt with invoking the extended space of thermodynamic
loan-variables from electrostatics and quantum statistics. This line of attack
enabled us to pool and look at the processes between phases just as macroscopic,
so microscopic the point of view,

Addressed to researchers and postgraduates students specializing physical or
colloid chemistry, electrochemistry. surface and membrane science.
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