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INPEAUCJIOBHE

Xumuueckas TepMOIMHaMUKa ABISCTCS OMHHM W3 Ba/KHEHIIHNX pa3zneaos ¢u-
3uueckol XuMun. Ha yHaameHTanbHble MPUHLHNLI TEPMOAHHAMHUKH OMUPAIOT-
Sl MPAKTHUECKH BCE TEOpPETHUYECKHE MPEACTABICHUS PABHOBECHOTO COCTOSHHSA
uccrenyeMblx 00bekToB. [1o3ToMy miybokoe noHuMMaHHe OCHOB XHMHYECKOId
TEPMOJAMHAMHKH SIBIISICTCS OCHOBHBIM YCIIOBHEM YCMELIHOTO OCBOEHHS JIHOObIX
paszzienoB TeopeTHHecKoit Xumui (0dLeil, HeopraHHUecKoi, opraHuyecKoi, aHa-
JIMTHYECKOH, KONJIOUAHOM U T. 11.).

TepMoauMHaMHUUYECKHE 3aKOHbI OJIMHAKOBO CMPABEAIHBbI KaK 7151 MAKPOCKO-
MHYECKUX, TAK M I MUKPOCKOMHUYECKUX 00bEKTOB MaTepuaibHOro Mupa. Ma-
KPOCKOMUUYECKHE 00bEKTbI O0bIYHO HCCAEIYIOTCS € TIOMOLIBI METOAA MEPBbIX
MPUHLMIIOB, T. €. PHHLIHMOB KJaccHyeckoi (MakpoCKOMHIecKoii) TepMOanHa-
MHKH, B TO BPEMs KaK MHKPOCKOMHHYECKHE — C MOMOIIbIO METOAa MOACTbHbLIX
runore3 (METOAOB cTaTHCTHUECCKOMH uankn). TepMoauHaMUUueCKHi METO OMu-
paeTcsA HCKIIOYUTEBHO Ha OMBIT, TOITOMY €ro pe3ysbTaThl OTIIHYAIOTCS 10CTO-
BEPHOCTbIO, OHH HE 3aBUCAT OT HALLWX MPEACTABICHHI O BHYTPEHHEM (MUKPO-
CKOTMHUYECKOM) MEXaHH3Me H3yHaeMbIX sABAeHHIT. CyUIHOCTb METOAa MOACTLHBIX
FUMAOTE3 COCTOMT B TOM, YTO BbIJBUIAETCS MPEANONOKEHHE O CYLIECTBOBAHUU
HEKOEro BHYTPEHHEro MEXaHu3Ma M Ha 3Toif 6a3e yCTaHaBIHRAIOTCS OCHOBHbIE
YepThl paccMaTpUBAEMOrO SIBICHUSA, T. €. CBA3b MEKAY (PHIMUCCKUMH 3aKOHAMH
MHKpO- 1 Makpomupa. Ecnn panee (BmioThb 1o cepeautbl XX cTonetus) oda
METOJa CyLIECTBOBAIH HE3aBUCHMO OIMH OT APYIOro, TO TeNepb OHU OpraHu-
YECKU CITMBAIOTCS MEXKLY COOOM, B3aUMHO [0MONHAS 1 odoraiias Apyr apyra.
[ToaTOMYy COBMECTHOE H3MOKEHHE «KJIACCHUECKOI M CTATUCTHYECKOI TepMoau-
HaMUK» Jydlle BCEro OTBEUaeT 00lIeMY YPOBHIO Pa3BUTHS (PU3UKH U XUMHH.
MMeHHO 3TOT Te3HC ABNAETCA OCHOBOI CTpaTEerH4ecKoi KaHBbl H3MOKEHHS Ma-
Tepuana kHUrH. OJHAKO 3TOT CUMOMO3 MOTpPedOBal HEKOTOPOro YCIOKHEHHS
MareMaTH4ecKoro anmnapara, XoTs aBTop cTapalics Mo BO3MOKHOCTH BECh MaTe-
pHan popmanu3oBaTh B HaMO0Jee NPOCTOI U AOCTY MHOH 15 MOHUMaHHUs hopme,
onpasbiBas cioBa Kanta: « B modom yacTHOM yUeHHH 0 MPUPO/IE MOAKHO HAHTH
HayKH B COOCTBEHHOM CMbIC/IE CTObKO, CKOJIKO B Heil MaTeMaTHUKWy .

OnHoii 13 3a1a4, CTOSBIIMX MEpe/ aBTOPOM, ObLIO HE TOJbKO KeJaHHue O3Ha-
KOMHUTb CTYAEHTAa C OCHOBAMH XHMMWUYECKOH CTaTHCTHYECKOH TepMOAMHAMHKH,
HO U JaTb MO4YBCTBOBATb KPACOTY TEPMOAMHAMHYECKHX YPaBHEHHI M Mpeaso-
KHTb €AHHBIH MaTeMaTH4eCKUid MOAXOA K BBbIBOLY TeX MM MHbIX COOTHOLLE-
HUI.

CTpyKTypa KHUI'M TAKOBA: CHA4aa U3J1aratoTcsl OCHOBHbIC TMOMOAKEHHS Kiac-
cuueckoi  ((peHOMEHONIOrYeckoi) TEepPMOIHHAMHKH, 3aTeM TePMOAHUHAMH-
YyeckHe (DYHKLHH HATOMHAIOTCS MOJEKYJISIPHBIM COAepKAaHUEM C MOMOILLBIO
3aKOHOB CTaTHCTHUECKOH QH3HKH H HCMOJIb30BAHHEM CIICKTPAIbHbIX AaHHbIX



8 Ipeducnosue

M MOCJEA0BATE]bHO Pa3BUBAIOTCA B PA3IUUHBIX MPHIOKEHUAX LTS MPOCTHIX
U CIOKHBIX cHeTeM. Kuura cocTouT u3 15 mae, B Kaskaoi M3 KOTOpbIX (3a He-
KJI0UEHHEM NEepBbIX OCHOBHBIX TMIAB) Mpe/iaraloTcs HOBbIE M0XO0/1bI HITH Gojee
COBPEMEHHbIE BO33PEHHS.

JlaHHas KHUra, npeacTapstolas coool nepByto HacTb 0011ero Kypea (pu3u-
YeCKOI XHMHH, MOKET ObITb UCTIONIb30BAHA KaK AT Y Ty ONneHHOTO H3ydeHus (u-
3M4ECKOH XHMHH PAaBHOBECHOTO COCTOSIHUSA, TAK U B KaueCTBE AOMOJHHTEIbHOTO
nocoOus TS M3yHalOLHX ApyrHe cMesKHble obmacT 3HaHus. OHa aapecoBaHa
MPeUMYLLECTBEHHO CTYACHTAM H acliHpaHTaM (PU3HKO-XHMHYECKHX CleLHalb-
HOCTEi, 3HAKOMbIX ¢ OCHOBAMM CTATHCTHKH, CTPOCHHS MOJEKYJIbl, KBAHTOBOM
MEXaHHKH M BIAACIOUIMX HAYATbHBIMH MPHEMaMH MaTeMaTH4ECKOTO aHaIH3a.
[To-BuaMMoOMYy, KHUra cMOKeT ObITb MOIE3HON TaKkikKe HayuHbIM PabOTHHUKAM U
npernoiaBaTeNaM, Ybl UHTEPeChl CBA3AHbI ¢ MpobieMamMi TePMOANHAMHUKH.

ABTOp He CHHMaET ¢ ce0sl OTBETCTBEHHOCTH 3@ HEKOTOPbIE HETOUHOCTH MITH
HEMpPaBMUJIbHOCTH, IOMYLLUEHHbIE B KHHIE H YCKOJIb3HYBLUHE OT BHUMaHHS NpH pe-
nakrtupoBanud. Ox OyaeT upe3BbluaiiHo 6aarosapeH 3a Bce 3aMeuaHis, KOTopble
BO3HHKHYT Y UHTATENA.



''TABA 1
OCHOBHBIE ITOHATUSA TEPMOANMHAMHWKH

«Knaccuueckast TepMOJIMHAMHKA —
MO CaMICTBeHHAS o0uas (husnue-
ckast Teopus. M s yOexiaeH, uto B
paMKax TpHMEHCHHI CBOMX OCHOB-
HBIX MOJIOKCHMIL OHA HUKOI/IA He Oy-
JICT OIPOBEPrHYTA...»

(4. Dinwmedn. 1949 1)

TepmonnHamuka B cBoeii OCHOBE — Hayka O MpPEBpaLLeHUAX TETUIOThl B pa-
60Ty 1 oOpaTHo. Ha3BaHa OT rpeyecKoro cioBa «TepMey (TenaoTa) U « TMHaAMHCY
(cuna, padora). OCTaHOBHMCS KOPOTKO HAa OCHOBHBIX MOHATHAX TEPMOAHHAMHKH.

Tepyoounamuyeckoe cocmoaHue cucinemsl — 3T0 COBOKY ITHOCTL €€ CBOHCTB.
W3MEHHIOCH COCTOSHIE CHCTEMbl — H3MEHHIJIOCH 3HA4YCHHE e¢ CBOMCTB. M3me-
HEHME Kakoro-a1do CBOHCTBA CUCTEMbl HE 3aBUCHUT OT IyTH MEPexoaa CUCTEMbI
U3 HAYaJLHOTO COCTOAHUS B KOHeUHOE. M3MeHeHe COCTOAHUS CHCTEMbl Ha3bl-
BACTCS APOYECCOM.

Bce cpoiicTBa cucTembl (BeLecTBa) MOAPA3ACIIIOTCS HA 1Ba Kilacca: HHTEH-
CHBHbIE W IKCTEHCHUBHbBIC. FIHmencusnuivmu ceolicmeéamu Ha3blBalOTCA CROMCTRA,
HE 3aBHCsLIME OT KOJHUYECTBA BELUECTBA B cUCTeMe (TeMmepaTypa, AaBieHHe
W ap.). DKcmeHcusHsiMu Ha3biBAlOTCH CBOICTRA, 3aBHCALLME OT KOJMYECTRa Be-
1iecTBa B cucreme (00beM, BeC, UTHHA U T. 1. ).

Paznuuue Mekay 3KCTEHCHMBHBIMH M WHTEHCHBHBIMHM CBOMCTBAMH MOKHO
BbIPA3UTh TaK: IKCTEHCHBHbLIC BETMUYMHBI CIIEAYIOT 3aKOHY aJ/IMTUBHOCTH, WH-
TEHCHBHbIC — €My He MOguMHAITCA. M3MepeHHe SKCTeHCHBHOH BeTMUMHbBL —
3TO CpPaBHEHHE €€ ¢ Apyroil, onHopoaHoil ¢ Hell BenuunHOM (1THHA ¢ AJTHHOMH,
00beM ¢ 00bEMOM H T. A. ). M3MepeHHe MHTEHCHBHOM BENHUYHMHbBI MOXKET ObITh
OCHOBAHO TOJILKO Ha TOM, 4TO, MO BbipaxkeHUIO ['eresis, «MMeeT CBOIO ofpe/e-
JICHHOCTb B HEKOTOPOM Jpyrom». MamepeHue MHTCHCHBHOM BEJNMUMHBL COCTO-
UT B MCTMOJb30BAHHM OOBEKTHBHOM CBA3M MEKAY W3MEHEHHEM IKCTEHCHBHbIX
M MHTEHCHBHbIX BeIMUMH, Hanpumep, nas u3MepeHus TeMmmnepatypbl Mbl YI0-
TpebisieM TepMOMETp, KOTOPbIH MHTEHCHBHYIO BEJIMUHHY — TeMIeparypy —
(pUKCHpYET MmyTeM U3MEHEHHs 00beMa PTYTH (IKCTEHCHBHOI BEJTHUHHBI).

Kaznoil 3xcTeHCHBHOI nepemMeHHOI Y cooTBeTCTBYET HabOp nepemMeH-
HbIX ¥;, onpeaensembix Kak y; = dY/dn; (rme n; — uucino mouneii i-ro
KOMMOHeHTa). Takue MHTEHCUBHbIC MEpeMEHHbIE HA3bIBAIOTCA MNapLUHalbHbI-
MH MOJIBHbIMH BEJTHUHHAMH, CBA3AHHLIMH C YKCTCHCHBHBIMH MEPEMEHHbIMH Y.
B unTterpanbhoii popme. cormacto teopeme Diinepa, Y = Y niy;.

HHTEeHCHBHbBIC CBOHCTBA TEPMOJHHAMHUCCKOM CHCTEMbl HA3bIBAKOTCS /mep-
MOOUNAMUYECKUMU RAPAMEempaMit cocmosinus cuctemMbl. Haudonee ynoOoHsIMU
napamMeTpamMH COCTOSHHS CHUCTEMbl SBIAIOTCA TeMIepaTypa, AaBlieHue, MIoT-
HOCTb (yZesibHblii 00bem) Tena. B ToM ciayuae, korza Ha 4MCTOE BELIECTBO
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HE OKa3bIBAETCA KAKUX-THOO BHELIHHX BO3ACHCTBHH, COCTOSIHHE 3TOTO Tesa MO-
KET ObITb OJTHO3HAYHO OMPEETCHO, CITH H3BECTHbI IBa MHTCHCHBHBIX HE3aBH-
cuMbIX napametpa. JIro0oiil apyroii napametp apasercs GyHKUME ABYX 3a1aH-
HbIX MapameTpoB.

Takum 00pazom, nt00ble TPH NapaMeTpa COCTOSHUSA (Hanpumep, naenenue P,
yaebHbli 00beM V' 1 Temneparypa T') 4HCTOrO BELIECTBA OQHO3HAYHO CBA3A-
Hbl MeKAy c000ii. YpaBHEHHs, CBA3bIBAIOLIME MEKIY COO00i ITH mapaMeTpsl,
Ha3bIBAIOTCS YPABHEHUSMU COCMOAHUA. YPABHEHHE COCTOSHUA HACATBLHOTO ra-
3a PV = nRT (rne n — uucno modeii raza, T' — adconioTHas Temnepa-
Typa, yHHBepcanbHas razosas nocrosuHas R = kg N4 = 8,31 JTuw/(monsb - K).
B cBoto ouepens kg = 1,38 - 1072 JIw/K — nocrosunas Bomblmana,
a Npo = 6,02 - 102 monb™! — uucno Aoraapo) B ofiiem ciyuae MOKHO
Bbipasuth kak f(P, T, V) = 0.

TepmonuHamuueckas cucTeMa MOKET COBEPLUATH pa3iHUHbIe BHAbLI padoT:
padoTy paclIMpeHHs IPOTHB CHJl BHELLIHErO AaBJeHUs, padoTy YBEJIHUYEHHS T10-
BEPXHOCTH MPOTHB CHJI TOBEPXHOCTHOTO HATSAKCHHS, PAOOTY MepeMeLeHUs Tena
B [10J1€ TATOTEHHSA U T. A.

HecmoTps Ha paznuune (pUIMUECKOH CYLIHOCTH KaxkIoi N3 3THX padoT 00-
[IAM 711 HUX SIBIAETCS TO, YTO COOTHOLUEHHSA U1 MOACYeTa BEIMYHHbI PadoThbI
W 6ynyT CTPYKTYPHO OAHHAKOBbI H HMEThb BHJ

AW = XdY, (1.1)

rae X' — BHELIHAN cuiIa, ICHCTBYIOLAs HAa CHCTeMY; Y — mapaMeTp coCTOAHHUS
CHCTEMbI, COMpsKeHHbIE ¢ X .

B TepMoanHaMuke MpUHATO Ha3bIRaTh BeIMUHHY X 00001IEHHOH CHITOH,
a Y — o0o0ueHHoit koopauHaroii. Ecnu cucrema cosepluaet padoTy, CBA3aH-
HYIO C yBEJHYEHHEM o0beMa cucTeMbl V', MPOTHB CHIT BHELLHEro aaBieHus P

(paboTa pacluMpeHus), T AWV — PdV. (1.2)

Cucrtema, B KOTOPOH eIMHCTBEHHLIM BHAOM padoThl ABNAeTCS padoTa pac-
LIMPEHHsA, Ha3bIBaETC npocmoil. Ecnun e cucteMa, MOMHMO paboThl paciiupe-
HMS, COBEpLIACT U APYrHe BUbl padoT, OHA Ha3blBaeTCs CIOKHON. YenoBumMes
0003Ha4aTh paboTy CIIOAKHON CUCTEMbI B BUAE CYMMbI

dW = PdV + dW', (1.3)

rae W' — Bce ocTanbhbie BHIbI paboT, Kpome paboTbl paciuHpeHHsI.
C yuerom o6ozHaveHuii (1.1): dW' = X'dY"’.

1.1. IlepBbiii 3akon TepmoanHaMuku. Padora, Tensiora u
BHYTPEeHHSIS YHePrusi

Bcesikas paboTa cBsizaHa ¢ npeoojeHHeM CONPOTUBNEHHUS — BEC Tena, 1aB-
JIEHHE ra3a, TPEHHE OIHOro Tejia O ApYroe, ynpyrocTb npyxHHel H T. 1. Co-
MPOTHBJIEHHE MPEOAOJIEBACTCS NMPH ABHKEHHH: IPy3 MOAHUMAETCS, MOPLUEHD
B LUWJIMHAPE MepeMelaeTcs, Teo CKOIL3UT MO IJIOCKOCTH (M0 APYroMy Temy)
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nT. a. bes npeoao0JICHHA CONPOTUBICHUA NPH ABHKCHHH HET pa6OTbl. Taxkum 00-
pasom, paboma— 3To nepeaada yrnopaaoueHHOro ABHKEHUS OT OAHON CHCTEMbI
K Apyroi. ToabKO B MOMEHT Mepeiadn ynopsaa0deHHOE ABHIKEHHE ABIIAETCA pa-
6oroii. B mepenaue ynopsanoueHHOTo ABHKEHHS YUAcTBYeT HE MEHEe JIBYX Tell
(cuctem). Onu obpasytor 0ba koHua nepenaun. Tak, nox aeiicTBuem rpysa Ha
MOPLIEHb NPOHCXOIUT CxKaTHE raza. Mbl TOBOPUM O Tepeaaye ABHKEHHS OT rpy-
3a K NOPLIHIO. Pabora B OGLL[CM ciyvae HE ABJSCTCA CBOHCTBOM CHCTEMDbI, H €€
KOJHYECTBO HE ONPE/IENAETCA HAYalbHBIM 1 KOHEUHBIM COCTOSHUAMH CHCTEMBI,
T. €. paboThl B CHCTEME HE COIEPXKUTCS. B crcTeme conepikuTes ABHKEHHE.

Tennota, TaK e Kak u padoTa, He ABJSETCS CBOHCTBOM CHCTEMbI, O HEeH MOX-
HO TOBOPHTH TOJTLKO B CBA3M C MPOIIECCOM M BO BpeMs nporecca. 7entoma— 310
ABHXKEHHE B nepenaye. Hepenat{a JIBUIKEHUS OT OIHOH CUCTEMbI K Llpyl‘O]?l B 2TOM
ciydae o0yClOBIEHa TEM, UTO TeMrepaTypa Neproil CHCTEMbI Bbille Temmepa-
TYpbl BTOpOil. Mbl rOBOpUM: [ABHKEHHE B (POPME TEIIOThI MEPELLIIO OT OIHOIO
Teaa K apyromy. MakcBesul, NO-BHAMMOMY, MEPBbI OXapakTepu3oBai paboTy
KaK ynopsaJaoueHHOe JBWKEHHe, a TeMIOTy — Kak repenady OecriopsiiouyHOro
JIBHYKEHHS.

OnHako 3T0 onpejelieHne ABJIAETCA YCIOBHbIM. Mexkay Tennoroii u pado-
TOH, Kak ObLIO ycTaHOBIEHO J[KOyJIeM, CyLIEeCTBYET CTpOras SKBHBAJIEHTHOCTD
(MTPUHUMIT SKBUBATEHTHOCTH), MO KOTOPOIl OTHOLIEHHE MPOU3BEACHHOI CHCTe-
Moii pabotbl IV 1 cyMMapHOTo KOJHMHECTBA TEMIOTbL B kpy206oM npoyecce Qpyr

BBIPA)KAcTCA B BUJIC -
W/Qkpyr =1, (1.4)

rae [ — MexaHudeckuif SKBHBANIEHT Tera.

W3 (1.4) caenyet, uro | xamopusa = 4,18 JIx. Ecau tennora u padora
M3MEPSIOTCA B OJHUX H TeX ke eauHuuax, 1o W/Qy = 1, n Torma mis kpy-
roBOro npouecca senuunHa pasHocr (@ — W = 0. lna nexpyeosoco npoyecca
BenmiinHa pasHocTi () — TV 3aBHCHT TOJTBKO OT HAauadbHOTO M KOHEUHOTO CO-
CTOSIHHIT CHCTEMBI M HEe 3aBHCHUT OT ITyTH MEepexo/la CHCTEMBI, T. €. ONpe/IesiseTcs
BHYTpPEHHUM cocTosiHueM (npuponoii) cucremsl. [TpuBenem (popmanbHoe ypas-
HEHME CBA3HM TEIUIOThbl U PadOThl NPH MEPEX0/Ie CHCTEMbl W3 OHOTO COCTOSTHHUS
B pyroe B 00LIeM cityuae.

O003HauHM Yepe3 Iy, Y1, ... BEJHYHHbI, ONPeesIone HauallbHOe COo-
CTOSIHHE CHCTEMbl, a Yepe3 L2, Yo, ... — €€ KoHeuHoe coctosiHue. Torna nns
JF06OT0 TIpoIiecca MOKHO 3armicarh, YTo

Q_W.:f(zlayh"'aw2ay‘27"')' (15)

B kpyroBom nporiecce &y = Za. Y| = Yo, a Bemunna () — 1V = 0, cneno-

BaTeIbHO, U
f(xlryla"'7I272/27"'):0' (]6)

IMocnenHee ycaoBre Beerua BuIIOHIETCS, eciit QyHKUuMs f paBHa pazHOCTH
JIBYX 3HaueHHi HekoTopoil aApyroit dynkimu U. OnHo 3HaueHHe 3Toil GyHKIHHU
U nomxHO 3aBUCETb TOJNbKO OT HaualbHbIX 3HAUEHMI &y, Yy, ..., a Apyroe —
OT KOHEUHbIX 3HAUEHHIT Lo, Y2, ..., T.€.

f($1,y1,...,wg,yg,...):UQ—U1=AU. (17)
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CneposareiibHO
Q-W=Us—-U; = AU. (1.8)

Ecnn koHeuHoe cocTosiHie cucTeMbl O8CKOHEWHO Majlo OTVIMYAeTCs OT Ha-

yanbHoro, To BMecTO (1.8) 3anuiiem
0@ =dU + 6W. (1.9)

B s1om ypasuenun U, nazBannas Knaysuycom enympenneii snepeuell, Bbl-
CTyrnaeT Kak Mepa MaTepHalbHOro JBHKEHHS BO BCEX €ro NMpeBpalleHHsX H3
0aHOI Qopmbl B apyryto. B npenenax tepMOAMHAMHKH BHYTPEHHSSI SHEpPrus
BBICTYTIaeT Kak oOuias Mepa paGoThl 1 TermoThl. BHyTpeHHeit sHeprueii Mbl Ha-
3bIBAEM YHEPTHIO, 3aKJIIOUEHHYO B cucTeme. [Tpu 3ToM 00bIUHO HE YUHTbIBAETCS
KWUHETHYECKas YHEPrusi CHCTEMbl B LIEJIOM W MOTeHUHATbHAS SHEPrHs CHCTEMbI
BO BHelIHeM noJe. [Ipn MukpockonuyueckoM paccMOTPEHHH TO O3HAYAET, UTO
BHYTPEHHsIS HEPIUsl paBHAa CyMMe KHHETHUYECKOH IHEPruM OTAEHbHBIX MOJe-
KyJT M 9HEPrHH B3aUMOJIEiCTBIA MeKIY HUMH. JIpyriMy clIOBaMH, BHY TPEHHSIA
SHEPrusi CUCTEMbI ABJIAETCS (PyHKLMEH JIHILb BHYTPEHHUX MapamMeTpoB COCTOs-
HHSA (TEMIIEPATYPbl, MACChl OTAENBHLIX MEMEHTOB CHCTEMBI U T. /1. ) H ABAACTCA
akcreHcuBHol Bennuutoil (U = > U;, tne U; — BHYTpeHHAs 3HEprus i-if
00nacTH CHCTEMBI).

VpaBuenus (1.8) u (1.9) npeacrapisior coboi MaTeMaTHYE€CKOE BblpaKeHHE
NMEePBOro 3aKOHA TePMOIHHAMHUKH, KOTOPbIH MOKHO NPOUMTaTh Tak: « Tenno,
noodeedenHoe K cucmeme, mpamumcst Hd coeepulerHue 1)(16('))7]131 u uszmereHue
BUYMPEHHEN FHEPSUU CUCTNEMBIY.

[lepBbiii 3aKOH TEPMOAMHAMMKH BbIPakaeT 3aKOH COXpPAaHEHHs W MpeBpalle-
Hust oHeprun, a ypasHerus (1.8) u (1.9) no3BosstOT BEIYUCIATD TOALKO NpUpa-
MIEHHE SHEPTHH. DTO NPOMCXOANT B Pe3yJbTare TOro, yTo Benuuuubl () u W
CBfI3aHbl HE C COCTOSHHEM CHCTeMbl, a 00f3aresibHO ¢ mpoueccom. [loaromy
pemuuHa () — TV onpezmenser npupalieHie SHePrud CHCTEMbI, HO HHKaK He
3Ha4YEeHHWE ee IHEPrur B JAHHOM COCTOSTHUU.

B ypasuenuu (1.9) nepes cumponamu tennotsl (Q u padotsl IV cTouT 3HaK 4,
oTodpakatol i HEKHe KOHeUHbIe NPUPALLEHHs STUX BEJIMYHH, a Nepel CUMBO-
nom U — BHYTpeHHeH YHepriii — 3HaK d, CBHICTELCTBYFOIH I O TOM, YTO BHY-
TPEHHsAS FHePrus ABnfeTcA GyHKUMEH COCTOAHMS, KOTOpast He 3aBHCHT OT MyTH
nporecca. B cBA3M € 3THM B TEPMOJMHAMMKE MPHHATO Pa3AesaTh BCE TEPMO-
JUHaMuueckie (PYHKUHH Ha ABE KATerOPHH — (VHKYUU COCMOSNUL N (hyHKIjuu
npoyecca. COBEpILIEHHO OUEBMAHO, YTO (PYHKLHH COCTOSHUS — 3TO (PYHKLHH,
JuddepeHinan KoTopbIX ABASETCS MONHBIM JIH(depeHinanom, a GpyHKIHH Npo-
necca — 310 GyHKUMH, AnddepeHIman KOTOpbIX He ABisfeTCs NoJHbIM nudde-
PEHLMATIOM.

[ToHATHO, 4TO Ype3BbIHAHHO BAXKHO BIICHHU T MPH3HAK, TO KOTOPOMY MOMKHO
OTIpe/IeTUTh. SIBJIAeTCS JI1 JaHHas Py HKuuMs Gy HKLE T COCTOAHMS M Py HKLME T
npouecca. Takoli npusHak Obln npeioKeH Diinepom.

Ho npexkne Bcero ykakem, UTO MHOTHE TepPMOJMHAMHYECKHE YpaBHEHHS
CTPYKTYPHO CXO0%KH Mexty co0oil. OHu numeror obiunii Bua

Z=A(x1, ..., xp)dey + -+ Ap(n, ooy xy) doy,. (1.10)
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Crosiias B npasoii yactu (1.10) cymma

ZAi(wla SRR J:L) dx;

Ha3biBaeTca AuddepeHunanbibiM Bbipakennem Ipadda nnu ndaddoroii
(popmoii.

Takum obpasom, ypaBHeHHE NepBoro 3akoHa repmoauHamuku (1.9) aist npo-
CTBIX cucTeM npexacTasigeT codoil npaddopy dopMmy ABYX nmepeMeHHbIX; I
CHCTEM, COBEPILAIOLIMX MOMHMO PadOThl PACLIMPEHHA, €LI1E OJHH BHA PadOThI —
ndaddoy popmy Tpex nepemMeHHbIX U T. 1.

Jlast cucteMsl, oncbiBaemoit pyHKkumeil apyx nepemeHHbix (1.10), MokHO
3anucarb COOTHOLIEHHE

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

Ecan naddosa popma (1.11) ssnsiercs nonHeim auddepeHunanom, to

M= (ﬁ) , N= <0_2> . (1.12)
ox v oy /),

B cootercTBHE ¢ Teopemoii bepHyiuiu — Diinepa s GyHkuuu Z(z, y) 3Ha-
YeHHe ee BTOPOii CMeLIaHHOi MPOH3BO/HOI He 3aBHCHT OT nopsiika T deper-

uuposanus. Torna
(BM) - (8N> . (1.13)
Yy /) . ox y

Orcrona BUAHO, uTo ecin At AuddeperunansHoro cootHowenus (1.11)
BoinonuHserces yenosue (1.13), ro anddeperuman dZ asasercsa noausim andde-
PEHLIHANIOM H, ClieloBaTeNbHO, PYHKUMA Z ABnseTcs QyHKUUElT COCTOAHUS.

oM ON
Ecan xe ycnosue (1.13) He BeITTONMHACTCA. T.€. | — #|—],10
9y /. oz v

ndaddosa Gpopma B npasoit yactu (1.11) He sBagercs noiusim AuddepeHuma-
JIOM |, creioBatelibHo, QyHKuns Z aengercst PyHKuHel npouecca.

PaccmoTpum ypaBHeHHe NEpPBOIo 3aKoHa TEPMOAMHAMHUKY JUI IPOCTOIl CH-
CTEMBI, 3aricaB ero B BUIe

dQ = dU + PdV. (1.14)

U3 310ro cooTHOLIEHUs CIIEAYET, 4TO BesJnyuHa () npeacTasiieHa B BHIE
¢ynkmit U u V. B o6o3Hauenusix ypasuenus (1.11)31ece M =1, 2 = U,
N =Puy=1V.Orcrona

oM ON oP
—0, ONY — (9P) %o, 115
(0!/);1: ! <6*1;>y <0U>V7é ( )

llockonbKy 3TH ABE NPOU3BOAHBIE OTIHYAIOTCS IPYT OT Apyra, 1uddepeH-
uuan dQ He sBasieTcst nonHbiM aupdeperunanom, T.e. (Q ssusercs QyHKUHei
npouecca.

AHasnoruuHeIM 006pa3om nokaxem, 4to auddeperiman padotel W He sBs-
eTcs noaHbIM audeperunanom. [is npocTtoii cuctemsl pabota, coepliuaemas
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CHCTEMOM, ecTb padoTa pacluMpeHus rasa, Asidolasncsa QyHKUnei AByX nepe-
menHbIX P 1 V. [lnddepentman 31oit hyHKLUIH B 00LIEM BHIE MOXKHO 3aricaTh Kak

dW = MdP + NdV. (1.16)

B 10 ke Bpemst dW = PdV, w rorna B o603HaueHusx (1.11)M =1,z = P,

N=Puy=V
(@) =0, (8_N) ~ 1. (1.17)
oy /. dx v

llockosibKy npou3BosHbie pasauuHbl. Auddepenuman diV ue apasercs non-
HbIM An(depeHumnanom, a pabora paciuupenus W 3aBucHT OT MyTH npolecca.

1.2. Tlpoueccnl B HAeAIbHBIX ra3ax

H3obapuuecknii mpouecc — 3TO mpolecc, MPOHCXOAALIMI TPH MOCTOSH-
Hom paBneHun P = const. Temneparypa B coctosuuax ¢ PiVy u P Vs onpe-
IeNsieTC ypaBHEHHEM COCTOSHHSI M paBHa coorserctBeHno 17 = P Vi /R

uTy = PyV5/R. Ilpu stom mpouecce

p|H3otepya ¢ yBeJuyeHHeM 00beMa K cHeTeme HeoO-
'\ AxpaGara XOAHMO TMOABOAMTH TEMAOTY JUIS TOro,

A 30xopa y1oObl 00€CNEUUTh MOCTOSHCTBO JaB-
AN nenud. B ofuwem Buae padora naHHO-

| M30bapa’s; a b ro npouecca OrnpeaeseTcst HHTerpaiom

2
W= JPchV =P, (Va — V1). (1.18)
1

/

B woopnuuarax P,V pabora 3r0-
ro mporecca H300pakaeTcs niolaablo

/ ><7 noa npsaMoif ab, u BepTUKANAMH, Mpo-
£
'y
v

QU

o

XO/SILIHMH Yepe3 HaualbHyio (Touka @)
U KoHeuHyt (touka b) abcumccnl. Ha
puc. 1.1 — 5To njowans npsaMoyrob-
2V nuka ViabVs.

H3oxopuyecknii mpouece. D10
NPOLIECC, OCYLUECTBIAEMbIH NMpH noc-
TOSSHHOM o0beme V' = const. Pabo-
TAa B 3TOM MpoLecce paBHA Hy/IO (Ha
puc. 1.1 310 npamas ac, nepnenukyaapuas ocu V). Pabora sToro npouecca

4

Puc. 1.1. Pabora nacanbHoro rasa B pas-
JHYHBIX MpoLeccax

2
W:JPdV=0. (1.19)
1
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H3orepmuyecknii npouecc. DTOT NpoLECC OCYLIECTBIISAETCS NPH NOCTOSH-
Hoii Temniepatype 1" = const. Pabora paBHa

W =

K (1.20)

|1

= sy b

2
PdV = JRT% — RTIn
1

3nech HCMONb30BAHO YpaBHEHHE COCTOSHUSA H/ealbHOro rasa. B atom mpo-
Lecce BHYTPEHHsS IHEPrus HASallbHOIO ra3a He u3meHsercs. [Toaromy u3 nep-
BOTO Hauala TepMOAMHAMUKH clieayeT, uto 0Q) = JW. DTo o3HauaeT, uTo B H30-
TEPMHUYECKOM MPOLIECCE BCE KOJIMYECTBO TEMIOTbI, OABOAMMOE H3BHE, HAET Ha
coeeplueHie padoTel (Ha puc. 1.1 — 310 mowane noa kpusoii ad).

AanadaTuuyeckuii npouecc. B 3ToM npouecce OTCYTCTBYET TEILIOOOMEH
¢ OKpy:KatoLLeii cpenoii, T.e. 4 = 0. [ToaToMy nepsblii 3aKOH TEPMOAHHAMUKH

CIIelyeT 3arncarh B BIJIE
CydT + PdV = 0. (1.21)
WssectHo, uto P = RT/V. Torna

CydTl + —
14 T Cy V

0. (122)

D10 ypaBHeHue MOCJIC HHTEIPHPOBAHUHA H l10TeHLalOBaHH$I HMEET BUL
TVE/CVv = const. (1.23)

Hcnonb3ys ypasnenne Maiiepa Cp — Cy = RuCp/Cy = 7, okoHuareb-

HO Oyznem UMeThb L
TV~ = const. (1.24)

PaGota anuabaruueckoro npouecca Ha puc. 1.1 npeacrasieHa naoLanbo
TOJ KPHBOIT ae.

Amnanus puc. 1.1 nokasbiBaet, 4yro HauGosibllas pabora peaausyercs B U30-
Gapuueckom npouecce. M3 BelmuuHbl paboTsl B a1MadaTHUECKOM MPOLECCE OM-
penensercss H3MEHEHHE BHYTPEHHEH SHEPruH CHCTEMbI, MOCKOILKY B JaHHOM
NPOLECCE OTCYTCTBYET TEMIOOOMEH € OKpYyskaroLei cpeaoil. Dta padora oaHO-
3HAYHO OMNpeaeIAeTCA HaualbHbIM M KOHEUHbIM COCTOAHHAMH CHCTEMBI, ITO3TO-
MY BHYTPEHHSS SHEPrust u ABaseTcs QyHKUHEH COCTOAHUS.

OueBHAHO, YTO BHYTPEHHAS SHEPrHa 3aBUCHT OT TOrO, KAK MOBbILIAETCA
Temneparypa rasa ( B MpocTblX CHCTEMax) [pH nocrosiHcTse odobema. Ha npaxk-
THKE 3HAUYHTENILHO Yalle HCTONL3Y 0T MOCTOAHCTBO AaBieHus. B 9TUX ycnoBuax
YH00HO NPUMEHUTL HOBYIO (DYHKLIHIO, KOTOPYIO 110 npeanoxeHuto Kamepiutra
OHHeca Ha3BalW s1maivnuell o CO3BYUHIO C IHepIUeH.

1.3. DHrannnus

Baenenue 310ii GyHKLMK OCYLIECTBHM, UCMOJIb30BAB, TAK HA3bIBAEMOE, [pe-
obpasoBanue Jlexanapa (npeodpazosanue npuxkocnosenuem). C IOMOIIBIO 3TOTO
npeodpa3oBaHus MEHSIOTCS POJISIMH 3aBUCHMbIE M HE3aBHCUMbIE TlepeMEeHHbIE.
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PaccMoTpuM NpoH3BOIIbHY 0 (GYHKLIHIO ABYX niepeMeHHbIX F (i, y). OueBuuHo,
yTO MosHbli auddepeniman 3ol GyHKIHMK 3anulleTcs B BHIE

dFy = Xdz +Y dy, (1.25)

e X = (8F,/8z), u Y = (3F,/dy).. (1.26)
Beenewm tenepn dpyukuuio Fy» = Fy — X, OueBniHo, 4To

dFs = dFy — Xdx — xdX = —zdX + Ydy. (1.27)

Takum 0Opa3zom, B pe3yinTaTe 3TOTo Npeodpa3oBaHHs OCY LIIECTBICH Nepexos
OT HE3aBHCHMBIX MEPEMEHHbIX &, Y K 3aBUCHUMbIM niepeMeHHbiM X, Y. MHbiMK
CJIOBaMH, YTOOBI TIOMEHSAThL POJIIMH 3aBHCHMYIO H HE3aBHCHMYIO NEpeMeHHbIE,
HEOOXOAMMO MCHO0JIb30BaTh CIIEYIOLIEE COOTHOLLEHHE!

Xde = d(Xz) — zdX. (1.28)
Kak Oyzer nokazaHo B jaibHelilueM, npuMeHeHue npeodpasoBaHus JlexaH-
Apa k ¢yHkunn U no3BOIUT MOMYUHTh PAJS BOKHEHLIHX TePMOAHHAMHYECKHX
OyHKLMIH.
lpumennm npeoOpazosanue Jlexanapa ans ypasuenus (1.9), 3anmcas ero
otHocuTenbHO dU.

dU +d(PV) = 6Q — PdV + VdP + PdV = 6Q + VdP. (1.29)
O0o3HaYUM
dU +d(PV) =d(U + PV) = dH. (1.30)

Oyukuusas H = U + PV wHasbiBaeTcs anmaionuell.
Tenepb nepsblii 3aKOH TEPMOANHAMHKH MOKHO 3alHCcaTh B BUAE

6Q = dH — VdP. (1.31)

CootHowenne (1.31) coepuieHHo aHanoruuHo coorHoweHuto (1.9) mns
nieanbHoro rasa, T. €. pU3UYeCKnii cMbICT BHOBb BBE/ICHHO (ByHKLMH HE OTIIH-
yaercs oT (PU3HUECKOro cMbiciia BHyTpeHHel sHepruu. OaHaKo Teneps TemnoTa
M3MepseTes MPH MOCTOAHHOM JaBneHun (P = const), T. e.

0Qp =dH. (1.32)

TouHO TaKke MOMAKHO BBIPA3HTh W TETUIOTY MPH NOCTOAHHOM oObeme (V' =

= const) 5Qy = dU. (1.33)
13 ypasrenus (1.30) crnemyet, uTo MpH NOCTOAHCTBE TEMIEPATYPhl B CHCTEME
Qp=Qv+PV wum Qp=Qyv + AnRT. (1.34)

Mockosbky (Q p 1 (Qy — XapakTepHCTHKH MpoLecca, TO IS HAealbHOro ra-
3a MPH MOCTOSHCTBE Temneparypbl cooTHoweHue (1.34) MokeT peanuzoBaTbest
TOJILKO JIH L b IPH H3MEHEHHH YKciia Mosiedi raza An. Takum 06pa3om, IHTanbUs
OTIIMYAETCA OT BHYTPEHHEH SHEPIHH TOJIBKO Ha BEJIMHUHY paboThbl OCYLLECTBIISA-
foweiicst B cucreme (MJTH OCYLIECTBIAEMOM CHCTEMOIT) BCIeACTBHE H3MEHEHHs
obbema noclieIHei.
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1.4. TenioBbie 3pdeKrTnI

Ecau ToT uau MHOM npouecc npoTekaeT TepMogMHaMHUYeckH HeoOpaTumo,
a Mojyuaemble MPOAYKTbl HMEIOT Ty K€ TEeMMEepaTypy, YTO U HCXOAHbIE BELIe-
CTBA, TO TEIUIOTY, BbIACIAEMYIO HIIH NONIOLIAEMYHO B 3TOM [POLIECCe, Ha3bIBAIOT
menioseim 3¢pghexmon. Kak BuaHo w3 (1.32) unu (1.33), mpu MOCTOSHCTBE 1aB-
nenust P unun obvema V' oteriora npuoOpeTaeT cMblci (yHKLHH COCTOSAHMS, a
MOITOMY HE 3aBHCHT OT MyTH npoiiecca. HezaBHCHMOCTb TEMIOBOro 3(dekra oT
MYTH €ro npoTeKkaHus Obllla YCTAaHOBIIEHA dKcnepuMeHTalbHO [eccom B 1836 1.
W HOocHT Ha3BaHue 3akoHa [ecea. OH 3ByuuT TaK: « Tennosoil s3¢hghexm npoyecca
He 3aeUCUI OM NPOMENCYIOYHBIX CINAOULl, a ORPeOeIseIncs TUllb HAdanbibiM
U KOHEYHBIM COCHIOAHUAMLU CUCHIEMBLY .

M3 3akona ['ecca MOKHO BBIBECTH LIEJbIH P cieAcTBUH. BakHeiwumu u3
HUX ABJIAIOTCA:

Tennogoil ahpexm pearkyuu pasen aieedpauieckoll cymme meniom oopa-
308AHUSL PeAzeHInOs U3 NPOCMbIX Gelecme, T.e. CyMMe TernoT o0pa3oBaHus
NIPOAYKTOB PEaKiMH 3a BbIYETOM CYMMbl TEMIOT 0Opa3OBaHHA MCXOJHBIX Be-
LIECTB:

AH = Z(AHO‘SP)"POA - Z(AHOGP)MCX' (135)

Tennosoi 3(1)(/)81\'”1 pearkyuu pasen (1.’/?(35[7(11[‘16(,‘.‘('()27 CyMMe meniom cecoparusl
peacenmoes Q0 OOUHAKOBIX 71]70())’}\']7706, T. €. CyMME TEIJ10T CropaHHisa HCXOAHbIX
BELIECTB 3a BLIUCTOM CYMMBI TCIJIOT CropaHusa MpoayKTOB pCaKIHu:

AH = Z(L\Hcrop)ucx - Z(L\Hcrop)npon- (1.36)

B ypasuenusx (1.35) u (1.36) yuutbiBaroTcsi cTeXHoMeTpuueckue kodppu-
LMEHTbl M YYTEHO, UTO TEI0Bble dPPEKTbl OTHOCATCA K OANHAKOBbIM arperar-
HbIM COCTOSTHHSIM IIPOCTBIX BELIECTB (€C/TH peareHTbl MMEIOT Pa3HbIe arperaTHbie
COCTOSIHHUS, HEOOXO/MMO PEaKLHIO NPOBECTH VI OHOTO U TOro ke (pa30BOro
COCTOSIHHA M YHECTb TEMIOThl (ha30BbIX NpeBpalLEeHH).

Ha ocHoBanuu 3akoHa ['ecca MOXKHO paccUHTLIBATL TEMI0BbIE IPPEKTbI pe-
aKUU, HEAOCTYIIHbIX HENOCPEACTBEHHOMY H3MEPEHHIO WJIH CBS3aHHLIX C OMpe-
JIENEHHBIMH TPYIHOCTAMU. JIA5 9THX PacueToB HEOOXOANMO, YTOOKI BCE TETO-
Bble PPEKTbI ObLIN OTHECEHDbI K OMHAKOBLIM YCJIOBUAM. OObIMHO HCIONbL3YOT
3HAUEHUs TENnoBbIX >ppektos npu aasaeHun P = 1 arm = 1,01325 - 10° [la
1 Temneparype 298 K. Dtu 3naueHus TerioBbixX (p(eKToB HA3bIBAIOTCS CTAH-
JAPTHBIMH 1 0003HAYAIOTCS AH% a9g — UTA TeruioT oGpasoBaHus 1 AH g —
JUTS TETITOT CrOpaHns. 3HaUeHHs CTAHAAPTHBIX TETIOT 00pa3oBaHUA U CropaHus
CBe/IeHbl B TAOJIMLbl U NPUBOAATCS BO BCEX TEPMOXUMHUECKHX CNPaBOYHHKAX.

1.5. TemmoeMKoCThH

Tennoemkocts C' cucTeMbl paBHa KoliaecTBy TermioTsl A(), KOTopoe Heo0-
XOAHMO [10/IBECTH K CHCTEME, YTOObI OBBICUTH ee Temneparypy Ha AT = 1 K
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OpH 3aJaHHbIX YCJIOBHSX.
[ToCKONBKY TEMIOEMKOCTb 3aBHCHT OT TEMIIEPATYPbI, TO ClIEAYET NEPEHTH K
npeneny a0
C = lim —=. (1.37)
T—0 AT
Ho AQ) onpenensiercs He TOILKO COCTOSIHMEM CHCTEMbl, HO H XapaKTepoM
nyTH. [To3TOMy TENI0EMKOCTh TaKKe 0MKHA ONPENEATHLCS YKazaHHeM MyTH,
[0 KOTOPOMY CHCTeMa N0JyyaeT GeCKOHEUMHO Maloe KOJIM4eCTBO Terniorsl. Ec-
1M, HANpPUMEP, NOAAEPKHBATL 00bEM CHCTEMbl MocTosiHHbIM dV = 0, TO u3
nepBoro 3akoHa TepmMoanHaMuku 6Q) = dU + PdV mbl nonyunm, uto 6@ = dU
H TEMIOEMKOCTb OyaeT paBHa

C = lim <ﬂ) —Cy = <B_U) : (1.38)
T=0\ AT V =const or 1%

[TonoGHbIM xe o6pa30M MOJYUYUM BBIPAKCHHUC JIIA TCTUIOCMKOCTH TIPH 1O~
CTOAHHOM JIaBJICHHH:

C = lim (ﬂ> —Cp = <ﬂ> . (1.39)
T=0\ AT P=const or P

B npouzBoiHbIX, BXOAsIHX B ypaBHeHus (1.38) u (1.39), U u V paccmarpu-
Batorcs Kak GyHkunu P u T'. TIpu 3ToM BHY TPEHHSS IHEPrus, ABNSACH Gy HKUNETH
COCTOSTHHA, eCTh (PyHKIMA Tpex nepemenHbIX P, T'u V. Ho Tonbko 1Be U3 HUX
ABJIAIOTCS] HE3aBHCHMbIMU MEPEMEHHBIMHE, [OCKOJIbKY OHH CBsI3aHbl YpaBHEHH-
em cocrositus f(P, T, V) = 0. Ilo3toMy Mbl MOKEM BhIOPaTh MPOH3BOIBHO
U=UP,T)wmU=U(V,T).

Tennoemkoct C'p 1 C'y- HA3bIBAKOTCS COOTBETCTBEHHO U300UPHOI W U30XOP-
HOM ¥ ABNSIOTCA QYHKLUHAMH COCTOSHHSA, MOCKOJIBbKY ONMPEIesIiOTCS MPOH3BO/I-
HbiMH QyHKumit coctosinus U n H no temneparype. M3 kuHeTnueckoit reopuu
ra3oB CJELYET, YTO €CJIH YacTHLA HACAILHOTO ra3a MmpocTas, TO OHa HMeeT JIHLLb

3
TPH CTEMeHHN CBOOO/IbI NOCTY MaTeNbLHOTO ABHKEHHA. Ee sneprust pagHa — k1.
2

Ecit yactuua cioxHas, To oHa o6s1asaeT 60IbIIHM YHCIIOM cTerneHelt cBo0ob!
H, cre/loBaTenbHO, SoubLieii sHeprueil. Hanpumep. eciu 1Be TOUEUHbIE YaCTHLbI
JKECTKO CBSI3aHbl Mexkay coboii Harogobue TBepaoil raHTesn, To Takas 4acT-
[[a MMEET MATh cTeneHeH CBOOOABI: TPH TMOCTYMaTeNbHbIX M JIBE BpaliaTesb-
HbIX (BpalleHHE BOKPYT OCH, NIPOXOAALLEH Hepe3 LeHTPbl TOHEUHbIX HaCTHLL, 110

5
OIpese/IeHHI0 HeBO3MOXKHO). B a1OoM cityuae sHeprus uactuubl pasHa — kT
2

Ecnu Hapsay € 5THM CBA3b MEKAY TOHUCUHbBIMH HaCTHLIAMH HE KECTKasd, TO BO3-
MOXHO KonedarenbHOe ABHKEHHE BAOJIb OCH, COCIHHSIOIIEH YacTHIIbI. K IHEP-

5 - -
run — kT nobasnsiercs ewie konebarenbHas cTenerb cBodobl. Toraa no dop-
mynam (1.38) u (1.39) nonyuyaem

Cy =3/2R, Cp=5/2R — a1 ONHOATOMHBIX ra30B;
Cy =5/2R, Cp

T/2R  — Juisi IByXaTOMHbIX ra30B W T. 1.
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W3 3TuX cOOTHOLIEHHUIT CIIeAYeT He3aBUCUMOCTb TEMIOEMKOCTH OT TemMnepa-
Typbl. OIHAKO IKCMEPHMEHThI MOTHOCTLIO OMPOBEPTralOT TaKoil BbIBOJI.

PaccMoTpum A1t puMepa TeI10eMKOCTb MOJIEKY/ISIPHOTo Boiopona. Moe-
KyJia BOJIOPO/Ia IBY XaTOM Hast; JOCTATOUHO pa3pekeHHbIH BOAOPO/IHbIIT ra3 oueHb
OJIN30K K nneaﬂbnomy JUi1s1 1By XaTOMHOTO ra3a TerjaoeMKOCTb I0JIKHA ObITh paB-

Ha 1o — R aubo — R HO OT TeMIIepaTypbl TEIUIOEMKOCTb 3aBUCETh HE JOJIK-
2
Ha. B nenm BHTEJIbHOCTH TEILUIOEMKOCTb BOAOPOZA 3aBUCUT OT TeMIIepaTypbl.
o < 3
I[Tpu Huskoil Temneparype (B obnactu 1o 50 K) ero rennoemkocts pasHa — I,
2

o 5 o
nMpr KOMHATHOW — — R, a NMpH OYEHb BBLICOKOH TEMMNEPATYPE TEIIIOEMKOCTbH
2

= o7
JOJKHA Obljla CTaTh PaBHOH — R, ecIi Obl MOJIEKYJTa BOAOPOAAa HE THCCOLIMHPO-
2

BaJla Ha aTOMbl.

Takum oOpa3om, MoaEKyIa BOAOPO/A MPH HU3KHX TeMMepaTypax BejieT ceds
KaK ToUeuHas 4acTuua, Npy HOPMallbHOMH TeMIepaType — Kak raHrellb, odiaaa-
o1Ias BpalaTenLHOH dHeprueii, a Npu oUeHb BhICOKOIT TemMnepaType K Bpauia-
TeJbHOMY ABHIKEHHIO T00ABIAIOTCS KojleOaHusl aTOMOB, BXOASALLMX B MOJIEKYITY.
Ilepexon OT OZHOrO perkuMa IBHKEHHSA K APYroMy MPOHCXOAMT HE CKauKOM,
a IOCTAaTOYHO M1aBHO. OUeBH/IHO, YTO BO3MOIKHOCTb Nepexoa K pa3HbiM BHIaM
JIBIDKEHUS peanu3yeTcs He cpasy BCEMH MOJIEKYJIaMH, a JIMLIb WX YacTelo. Kiac-
cuuecKkas TeopHsi He MOXKeT 0ObACHUTb 3aBUCHUMOCTb TENIOEMKOCTH OT TeMIe-
parypbl. KonnuecTBeHHY10 3aBUCMMOCTb TEITIOEMKOCTH OT TEMIEPATYPbl MOKHO
JIaTh JIHIIb HA OCHOBE PELUEHHA YPAaBHEHHIT IBIKEHHS KBAHTOBOI MEXaHUKH.

INockonbiy 10 CUX NOP HET NOJTHON TEOPHH KOHAEHCHPOBAHHOTO COCTOAHMUS,
TO TIPUHSTO 3aBHCHMOCTb TEMIIOEMKOCTH OT TeMMepaTyphl BbIpaxaTh B BHAE
IMIUPHUECKHUX YPAaBHEHHH, MMEIOLUNX BHA CTENEHHbIX PAIOB

Cp=a+bl+cT*+..., (1.40)

rae a. b Ey v —— xapalcreprle IJi JaHHOIO BeLlecCTBa 3Mnnpuqecme o-
CTOAHHbBIC (lll'ICJ'IO YJICHOB pfAJa 3aBHCHT OT Tp€6yeMOl7[ TOYHOCTH W BCJITHYHHBI
TeMIepaTypHOro HHTEpBaa).
B nocrenee BpeMs MOMyU I pacmpoCcTpaHeHHe YPaBHEHNUS APYTOro THIA,
B HaCTHOCTH, ,
C’p:a+bT+%+..., (1.41)

KOTOpPOE JIy4ILE OMKCHIBACT TEMMEPATYPHYIO 3aBUCHMOCTb TETIJIOEMKOCTH IS
HeopraHudeckux sewects. Ypasruenue (1.40) uanie ncnosb3yroT Ui opraHude-
CKHX NIPOILYKTOB.

Jlns kaxxporo Bewectsa M ero (azoBoro coctosHus Ko3(GQUUUEHTb
a, b, ¢, ..., aTaKKe TeMIepaTypHbii HHTEPBaJ MPHMEHUMOCTH ITHX ypaBHe-
HUii cBeneHbl B Tabnuubl. Kak npasuio, ypasuenus (1.40)u (1.41) cnipaBeuinsbl
B HHTEpBAJlE TEMMEPATYP OT KOMHATHOI W BhILLE.

TennoemkocTs TRepAbIX BelecTB BOAM3M O K omickiraeTcs ypaBHeHM-

em Jledasi
C =~T + aT?, (1.42)
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FAe ¥, & — NOCTOSIHHbIE, XapaKTepHbIe 1S IJaHHOTO MaTepHana.
B koopaunarax C'/T" ot T skeniepuMeHTaIbHBIC TOUKH PAacToNaraoTcs BIOb
OpAMOIi, HAKJIIOH KOTOPOii paBeH (v, @ TOYKa [epeceyeHus NpsAMOoi ¢ OCbIO OpAMHAT
orBeuact BeluuHe ¥ (puc. 1.2). 3HaueHns o u y 00bIMHO CBOAAT B TAOIHIIBI.
Takum o6paszom, Gpopmyasl (1.41) u (1.42) nator BO3MOKHOCTbL ONKMCATh TEM-
J0eMKOCTb B HHTepBase oT Hyns KenbeuHa a0 modoii temneparypsl T, ecnu
B 9TOM HMHTEpBAJE M3BECTHbI MIHUpHUecKkHe KoduumeHTsl a, b, ¢, ¢, a, 7.

o
o

C/T=2,08+2,57 T2

C/T, mJT/Momn - rpaa’
o
W

| | |
0,1 0,2 72, K?

[\S]
OO

: 2
Puc. 1.2. Basucumocts C/T ot T= ans xaams

1.6. 3aBHcHMOCTD TEILI0BOrO 3¢rpeKTa OT TemnepaTyphbl

Ilockonbky no 3akoHy ['ecca TenoBoii ekt npouecca (peakinu) onpe-
JENIAETCs HauallbHbIM H KOHEYHbIM COCTOSIHHUSIMH CHUCTEMbI, OUEBHIHO, UTO s
KaXk/I0OT0 U3 YYACTHHKOB PeakLii (KaK MCXOJHBIX BELECTB, TAK W MPOLYKTOB
peaxunu) OyayT cnpaseniusbl Boipaxkenus (1.38) u (1.39). Torna ypaBHeHue
3aBHCHMOCTH TETUIOBOTO 3(hekTa peaKimu oT TeMneparypbl MOKHO 3armicarhb
B BUJIE

(@> = A(f’—”> =3 (CP)mpor = S (CPluex = ACp,  (143)
T ) p or) p

rae AC'p — pa3HOCTb MOJIbHBIX H300aPHbIX TENJI0EMKOCTEl peareHToB, B3sTas
C YYETOM CTEXHOMETPHUYECKHX KOI(D(PHIIHEHTOB.

VpaBHenue (1.43) nasbizatoT ypasuennem Kupxrodda (1858 r.); ono Bbipa-
’KAeT 3aBHCHMOCTb TEMI0BOT0 dP(erTa XHMHUECKOH peakiiu OT TemMrepaTy phbl
B auddeperuanbHoii popme. DTO ypaBHEHHE CTPOro CpaBelIMBO JHILb [1PH
YCJIOBHH, YTO JA@BJIEHHE Ha/l KaKIbIM KOMITOHEHTOM PH HCKOMOH TeMreparype
OyneT TakuM Ke, Kak M MpH HauabHOI Temneparype.

U3 (1.43) cnenyert, 4o yyBCTBUTENLHOCT A H K H3MEHEHHIO TEMMEPaTypbl
onpeaensercs abcomotHeim 3HaueHnem AC p, a 3HaK TemrepaTtypHoro ko du-
uuenta onpeneasiercs s3nakom AC p. [pu AC p > 0 Tennooii a3 dexr peakunu
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pacrer ¢ nosbieHueM temneparypsl: mpu ACp < 0 — yMeHbLIASTCS 1 NpH
AC p = 0 He 3aBHCHT OT TeMmepaTypbl (puc. 1.3).

G G

2(C,) nex.

AH

Puc. 1.3, 3aBucHMOCTL TETIOEMKOCTH HCXO/UTLIX H KOHEHILIX TPO/IYKTOR H TEIIOBOTO
¢ peKrTa peakiun 0T TeMMepaTypbl

W3 (1.40) u (1.41) cnenyer, 4To 1718 XMMHYECKOH peakLuu
ACp = Aa+ AT + AcT? + Ac'/T? +... (1.44)

Moncrapass (1.44) B (1.43) u pasmenas nepemeHHble, B o0LIEM BUIE
OEIY]

r»rnp To
AHp, = AHp, + J ACpdT +AH”p 5 J AC;_—,dT (1.45)
T Tnp

[Ipeanonaraercs, 4to B paccMarpuBaeMoM HHTepBaine temnepatyp 17 + T
B cucTeMe TPoHCXoauT (ha3oBoe MpeppaileHiie (MnaBneHie, napoodbpazopaHue
Wi cybanmams), Tennoroii s ekt koroporo AH .

Muterpuporanne ypasuenus Kupxrogda MoxKHO MPOBOAUTE TOIBKO B TOM
ciyuae, eci u3BecTHa BennuuHa A Hp, u koHkpetHas 3asucuMocth ACp(T)
IJ1S BCEX YHACTHMKOB peakLuu.

Hanuune naHHBIX O cTaHAAPTHBIX TEr10BbIX d(hdekrax oOpazoBaHus Hau
CropaHms paslIHuHbIX BELLIECTB 3HAYMTENIBHO ynpomaeT pacueTsl. Tak,
[0Jb3YsACh BEJTHYHMHAMH AH?’ 2gg M3 COOTBETCTBYIOLIMX CMPABOYHBIX TAOIMLL
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u ypasHeHusamu C'p(T)mis KaKa0ro w3 y4acTHHKOB PEakLMH, B3AB ONpe/e-
neHHbI uHTerpan ot (1.45), nonyuaem

AHr = AHS + Aa(T — 298) + %(T2 —208?) +

AcC : 1 1
+ 873 _ 208%) — A¢ (_ - —) 4. (1.46)
3 T 298
Hﬂﬂ ra3oB B CPAaBHUTEJIBHO Y3KOM TEMIICPATYPHOM HHTEPBAJIC, a JJ1A TBEP-
AbIX H KHAKHX BELIECCTB B 10CTATOUYHO Ll.l]rlpOKOM. MOKHO CHHUTATb ACP — COnS[,
YTO AaceT MpaBo MOJIb30BATHCA JTUHEHHBIM ypaBHeHHeM

AHr = AHYe + Aa(T — 298). (1.47)

Ecau 3navenne AHOy odeHb BeHKo (MOpAKA NECATKOB W COTEH THICAY
Kasopuit), To B psge ciydaes MoxHO npuuate ACp = 0, T.e. cuurarb, 4To
AHp = AHY,.. Yaute Bcero 3ToT ciyyaii peannsyercs npu CropaHii MHOTHX
OpraHM4eCKHX BELIECTB, M0ITOMY TEIUIOTY CrOPaHHA MOXKHO cuuTarh (akTuie-
CKH He 3aBHcAmieil oT Temmeparypsl.



'TABA 2

BTOPOH 3AKOH TEPMOIWHAMUKHU.
QHTPOIIUA

CornacHo nepBoMy 3aKOHY TePMOAMHAMHKH TIOObIE MPOLECCHI, B KOTOPBIX
He co0/II01aeTCs COXPaHeHHE IHEPTHH, HEOCY LLeCTBUMBL. OIHAKO MOXKHO Tpea-
CTaBUTb MPOLIECChI, KOTOPbIE COMIACYIOTCS C MEPBbIM 3aKOHOM TePMOJMHAMH-
KW, HO BCE JK€ HEBO3MOXKHBI, HampuMep, padora XoloAn1bHUKa 0e3 MoaBoaa
sHeprun. OObACHEHHE HEOCY LIECTBUMOCTH TaKOIro PoJa MpoLeccoB odneryaer-
CA, €CJIM BOCMOJIL30BATLCA BTOPbLIM 3aKOHOM TEPMOIHHAMHKH, KOTOpr:"l 6}/[[6"[‘
chopmynupoBaH B ITOIH 1nase.

2.1. Ob6paTumbie H HEOOPATHMBIE NMPOLECCHI

B tepmoannamuke npoueccsl (T. €. H3MEHEHHS TEPMOAHHAMHYECKOTO COCTO-
AHUA CHCTEMBI MPH MEPEXOAE W3 OJHOTO PABHOBECHOTO COCTOAHUA K APYTOMY)
MPUHATO AEIMTb HA ABE KaTEropHM: oopamumeie W Heoopamumere. Ilpumepom
HeoOpaTHUMbIX MPOLECCOB ABJAETCA BbIPaBHMBAHHE pa3HOCTEl TemmnepaTypbl,
JABJIEHHUA, KOHLIEHTPALMH U T.JI.; TO €CTh MEPEX0/ CHCTEMBI B COCTOAHHE Tep-
MOAMHAMHYECKOro paBHOBecHs. TakHe NpoLecchl HeNMb3s MPOBECTH B 00part-
HOM HanpasJIeHWUH, HE BbI3bIBAA MPH 3TOM M3MEHEHHA COCTOAHMIT OKpyxkaro-
wux res. MoxkHO npenctaBuTh cebe npenenbHblil ciyvaii npouecca, KOTopbiit
coBepLIaeTCA TaK, UTO KaikI0e MPOMEKYTOUHOE COCTOSHNE DECKOHEUHO Majo
OTKJIOHSIETCS OT COCTOSIHHSA paBHOBECHS. B npenesie MoKHO NOJOHTH K 0OpaTh-
MOMY MpOLECCY, MOCKOJIBbKY Ha KajkAOM 3Tare ero MoxKHO Obl10 Obl MPOBECTH B
MPOTHBOIMOJIIOKHOM HANPABIEHUH, OCYLUECTBIISAS OECKOHEUHO MaJlble H3MEHEeHHU
BHEITHHX YCJIOBHIT M HE BbI3bIBasg HUKakuX Ipyrux 3¢gdexros. [Tpencrarnenue
06 00paTHMOM npoLecce SBASETCH HaealTH3MPOBAHHbIM, HO OUEHb BaXHbIM IS
MOHUMAHHS TEPMOAHHAMHKH.

Camonpou3BoJbHble (CIIOHTAHHBIE) MPOLIECChI, KOTOPbIE Mbl HabMIONAEM B
MaKpOCKOMUYeCKOM Maciitade, MpOTEKAlOT TOJNILKO B OJAHOM HarpasJieHHH, a
HMEHHO, B CTOPOHY PABHOBECHS, M OHH ABISLOTCA HeobpamumbLvy. OIHAKO OT-
CTYIUIEHUEM OT ITOTO SABJIAETCA MeXaHHYeckoe ABIKeHne. Ecan npeanonoxuTs,
YTO CHIIbI TPEHHS OTCYTCTBYIOT, TO ABIKEHUE OIpPENeNeHHON IMHaMuuecKoit
CHCTEMbI MOMKHO H3MEHUTBL Ha 00paTHOE, He BbI3bIBas APYTHX I(PPeKTOB, Mome-
HSB HarnpasJeHHe BceX CKOpoCTel Ha mpoTuBonojokHoe. [1pu Takoii oroBopke
MEXaHUUECKOEe ABIMKEHHE MOKHO CHMTATh MPOTOTHIIOM 00paTUMOro rnpouecca.
[Tparna, 06paTUMOCTL MEXAHHUECKOTO ABHKEHHSI HE COBCEM COBMAIAET C TeM
HpeaesbHbIM CllyuaeM, KOTOpbLil paccmaTpuBaeTcs B TepMOJAMHAMUKE [PU MPO-
BEJIEHUH MpoLecca Yepe3 Bce MPOMEKYTOUHbIE CTaauH, GecKoHeuHOo Gnn3kue K
PaBHOBECHIO.

Mmes 910 B BHAY, 00paTHMbIii TEpMOAMHAMUUECKUI MPOLECC 4acTo Ha3blBa-
10T keazucmamuyeckum. CleyeT, OIHAKO, TIOMHUTb, YTO B TO BPEMS, KaK BCAKOE
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MEXaHHUYECKOe ABIKEHHE MOKET COBEpLUAThCS B 0OpPAaTHOM HarnpaBlIeHWH, ca-
MOTPOU3BOJIbHbIE MPOLIECCH HEe 00MAal0T TAKUM CBOHCTBOM.

Heobpatumble ABIEHHS B KAKOM-THOO0 npoLecce Beeraa MpHBOIAT K pacces-
HHIO SHeprud. D HeKTHBHOCTD MpoLecca NOHUKASTCs, HaNpUMep, BCIEACTBHE
TpeHUd, MoJ AeHCTBHEM KOTOPOro KHHETHUYECKas YHEPrud, CBA3aHHasA C MaKpo-
CKONMYECKHUM [BHKEHHEM, PEBPALLAETCS B TENJ0. DTOT NEPEXO Y Nops104eH-
HBIX MaKpOCKOMWYECKHX ABMIKEHHI B XaOTHUECKOE MONEKYJIAPHOE ABHKEHHE
Ha3bIBAIOT QUCCUNAYUEN IHEPRULL.

2.2. Bropoii 3aK0H TePMOAHHAMHKH

B To Bpems, Kak MeXaHHYECKYIO YHEPrHIO MOXKHO MOTHOCTHIO MPERBPATUTH
B TeIjo, 00parHblii NpoLEcc He MOKET MPOMCXOAMTb Oe3 orpaHnueHud. OTu
OTpaHHYEHUS COCTABIAIOT CYyTh RTOPOT0 3aKoHa TepmoanHamukn. CylecTry-
€T MHOTO JKBHBAJIEHTHbIX (POPMYJIHPOBOK BTOPOrO 3aKOHA TEPMOAHHAMHKH,
Harpumep:

a) Meno 1He MoAcen camonpouUsBOIbIO NEPexoounts N Meiee Hazpeno2o
mena k oonee naepemomy meiny (Gpopmynuposka Knaysuyca);

0) negozvmooicHo nocmpoums nePUOOUYEecK OCUCMEVIOUVI0 MAulity, eOuH-
CIMGEHIBIM Pe3VIbMAmMoM Oeucmeaus Komopou 0vlio Obl COBEPUICHUES MEXAHU-
yeckoll pabomel 3a cuem oXaaxncOenust menioso2o pesepayapa (opMyIMpoBKa
KenbBuHa ).

Ecnu Obl yTREpkAEHHS «a» U «O» He BBITOJIHAINUCH, TO MOXKHO ObLITO Obl
[oJly4yaTh TEMJIO0 OT pe3epByapa ¢ MOCTOAHHOM TeMIEepaTypoii 1 npespaarb
€ro B padoTy npu MOMOLLM LHKIHYECKOro rnpoiecca. DT0 He HapyLluauo Obl
MepBbIi 3aKOH TEPMOAMHAMHKH, KOTOPbIH TpeOyeT JIHLIb, YTOObI 1151 Ka7KA0T0
LIMKJIa BBIMOJHMAIOCH cooTHOUeHHe () = W. C mpakTHuecKoM TOUKH 3peHus
Takas mawiuHa crnocobHa Oblna Obl coBepiuath padoTy, He noTpednuss dHep-
ruu. [TonoOHYyI0 HeOoCYLIECTBHMYIO MALLWHY HA3bIBAIOT GeUHbIM OGUeamenem
emopoco poda. YTBEPKAEHUE O HEBO3MOXKHOCTH MOCTPOMKH BEUHOIO ABMra-
Tellsi BTOPOrO poJa Takke ABAseTCs 00Lieil (opMyIHPOBKOI BTOPOro 3akoHa
TEPMOJUHAMHKH.

3aciyra B packpbITHU OrpaHHYEHHH repexosaa TerioTsl B padoTy npuHan-
nexnt Kapro (1824 r). Ocnornas naes KapHo cocTossia B TOM, 4TO TeMioBas
MaliHa MpoOU3BOAMT padoTy He 3a CHEeT MOMIOLIEeHUS Terua, a Onarogaps mne-
penaue Ternjaa oT ropsayero Teaa K XoaoaHomy. MMeHHO nostomy HEBO3MOKHO
HUCTIONB30BaTh TEII0, HE MMEs XOJI0AHOTrO Tena.

DOpMYITHPOBKH BTOPOTO 3aKOHA TEPMOIHHAMHKH, MPHBEACHHbIC BbILIE, —
9TO AKCHOMbI, BbIBEAEHHbIE M3 OMnblTa. [Toka BTOPOH 3aKOH cilefyeT cuuTaTh
B TAKOIf Jk€ CTEMEHN IMIUPUUECKNM, KaK 1 MEPBLIi 3ak0H TepMOAUHAMUKK. Tem
HE MEHEE, €ro CMbICI HE CTOJb HEMOCPEACTBEHHO OMEBU/IEH, KAK CMbICI [1EPBOTO
3aKoHa.

[pesxie Beero, TaaiM mMareMaTHueckoe onpeaesierne HekoTopoil pyHKLNH
cocTogHus, kotopas Knaysuycom Oblina HazBaHa s#mponuell.



2.2. Bmopott 3akon mepmMoounamuriL 25

Paznenus o0e 4acTH PaBEHCTBA, BbIPAXKAIOLIErO [EPBbIii 3aKOH TEPMOAHHA-
MHKH U1 IPoCTOii cuctemsl, Ha 1, moayunm
0 dr
Q_ o i
T T
[Moacraenss B (2.1) P/T = R/V w, yuureiBas, uto dV/V = dlnV
udl'/T = dnT, nonyuaem:

P
—dV. 2.1
2 @1

J?Q =d(Cy InT +RInV). 22)

[pagas uactb (2.2) npeacrasiaseT coboii noausiit nuppeperunan. Cnenona-
TeJIbHO, JieBas yacTh papeHcTsa 0(Q) /T — takxke nonuelii auddepenuman. OyHk-
uust coctosiius, auddeperunan kotopoi ssasercs 6Q) /T, HazbiBaeTcs (o Kinay-
3UyCy) anmponueit v o6o3nauaercs S. Taknm o6pasom,

Q
as = —. 2.3
. 23)

OTMeTHM, UTO CrpaBeAMBOCTL BbIpakeHHs (2.3) nokasaHa TobKoO 111 oOpa-
THMBIX MPOLECCOB HAEANLHOrO ra3a. B ciyuae HepaBHOBECHbIX, HEOOPATHMbIX
MpoeccoB Takoe Tpeactapienne as d.S vepes d¢) n T Hecnpasemwinso. C mo-
MOLIBIO ITOH POPMYJIbI MOMKHO BbIUHCINTD H3MEHEHHE IHTPOIHH NMPH NEPEXoae
13 OJHOTO COCTOSIHHMSA B APYroe, HO Hejb3sl CKa3aTb, UMY paBHA HTPOMHA B
KakKIOM H3 COCTOAHMIA.

MaremaTHueckas 3anuch BTOPOro 3akoHa TEPMOAMHAMHKH B BUaeE (2.3) cBU-
JETENBCTRBYET O TOM, 4TO By HKLIMA S ABASETCA NONHBIM AU(DEPEHLIHATIOM TONb-
KO B TOM CJIyuae, €t MHOXKUTENb 1/ T SIBISIETCS HHTEPUPY LM MHOKHTENEM
ans ndadpdoroit popmer §Q).

C yuerom 3toro odcrositenbersa Kapareonopu B 1909 r. npemioxun ¢dop-
MYJHPOBKY BTOPOTO 3aKOHA TEPMOAHHAMMKH, allbTEPHATHBHYIO TPaAHLIHOHHOI
(knay31ycoBCKOI) (POPMYJITHPOBKE, CYLLHOCTb KOTOPOI COCTOMT B YTBEPHKACHHH
CYLIECTBOBAHUA HHTErpHpyloiero Muoxkutens ans npaddosoii hopmel 6.
[TpeumyuectBo npeanoxeHHoit Kapareonopu GopMyaHpOBKH COCTOHUT B TOM,
YTO C €€ MOMOLLUbIO MOKHO MPOBECTH MOCEN0BATENbLHOE MaTeMaTHUECKOE U3~
NOXKEHHE TePMOAHHAMUKH, He Mpuberas K TAKUM AOMOJHHTEbHBIM MOHATHAM,
KaKk uaeanbHblil ra3 win uukn Kapuo. C apyroii cTOpoHbI, H3j10KEHHE OCHOB
TePMOAHHAMHMKH CTAHOBUTCA BeChbMa adCTpakTHbIM. B cBs3U ¢ 9TUM (dyHKLHA
IHTPOIHH OKyTaHa HEKOTOPOH AbIMKOH abCTPaKTHOCTH, B pe3ylbTaTe uYero y
yHTaTeNs HcHe3aeT OLLYIIEHHE PealbHOCTH B HCMOJb30BaHHH ITOTO MOHATHA.

3nech OyneT npeutoKeH HHOM MyTh ISt MHTEPIIpeTaly 9TOH QyHKUUU U,
COOTBETCTBEHHO, BTOPOTO 3aKOHA TEPMOAHHAMHKH.

Jlioboe TepMOnHHAMHMUECKOE COCTOSIHHE CHCTEMbI XapakTepH3yeTcs 00Jib-
UM YHCJIOM IMHAMHYECKHX COCTOSHHI YacTull (MOJeKyJl, aTOMOB M [p.), CO-
CTaBAOLIMX JaHHYIO cuctemy. [ onucaHns AHHAMHUECKOTO COCTOSHMS JaH-
HOH cHCTEMbl HEOOXOAMMO 3HATh MOJIOKEHHE U IBHIKEHHE BCEX HACTHL, KOTOPbIE
obpasytoT cucteMy. B To e Bpems TepMOAHHAMHYECKOE COCTOAHHE OTpeaens-
eTcs 3aJaHHeM JHLIb HeDObLLIOTo YHcia napameTpos, Takux, kak I', P, V' u np.
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Orctona CJIICAYECT, UHTO OAHOMY TEPMOAHMHAMHYECKOMY COCTOAHHIO COOTBETCTBYCT
00JIbIIOE YHCTIO THHAMHUYECKHX COCTOAHMI. B cTaTucTHUECKOH MexaHHKe npu-
HATO XapaKTepH30BaTb KaKa0€ TEPMOAMHAMHYECKOE COCTOAHUE YHCIIOM FR—
YHCJIOM COOTBETCTBY HOIHX AMHAMHYECKHX COCTOAHUH, OCYILECTBAAIOLINX AaH-
HOE TEPMOAHHAMHUYECKOEC COCTOAHHE. Beauuuna I 06b14HO Ha3biBaeTCs 6epo-
AMHOCMbIO /H@p.ll()()ZlIl(].\IZI‘I(’CI\’()(’() cocmodnusd 1 OMPEALTIACTCA KakK

N!

M= —— 2.4
NNy O N! 24

rae N — o0Ouiee unciio yactui B cucreme, a Ny, No, ..., N; — uncna yacruu,
COCTAaBJAIONIMX CONCPIKAHHE KaKI0H 13 MOACHCTEM.

Jlasi ipuMepa BO3bMEM sILIMK, Pa3esieHHbI Meperopoakoii ¢ oTBepcTHem Ha
IIB€ MONOBHHKH. [ToMeCTHM B AIIKK 4 HEPATHUMMBIX 11apa 0 HAYHEM BCTPAXH-
Barb. BeposiTHOCTD pacnpeneneHus apos B 06eHX MOJOBHHKAX AUIHKA MOKET
OBbITH AMPHOPHO 3aMHcaHa Tak:

1% nonoruHa giHKa 4 3 2
2" [10JI0BMHA SITHHKA 0 1 2
TepmojiMHaMHUECKas BEPOATHOCTL. [ 1 4 6

SlcHo, uTo Hanbonee BEpOATHOE pacnpeaeeHne — 3TO paBHOMEPHOE, paB-
HoBecHoe pacripenenenue 2 : 2. [loacuuraem no (2.4) TepMOAMHAMHYECKYIO
!

. 41

BEPOATHOCTL [ KX A0T0 U3 3THUX pacnpenenennii. Jlnga nepsoro /7 = o 1
41 ar

(mockonbky 0! = 1), g1 Broporo [ = P =4 u nast tpetbero [y = = =6

Takum oOpa3zom, BeTHUKMHA TEPMOAUHAMUYECKON BEPOATHOCTH /[ yKa3biBaeT Ha
CTpEeMIIEHHE CHCTEMbI K Hanbosiee paBHOBEPOSITHOMY — PaBHOBECHOMY pacripe-
aenenwio. M3 pacuera BUAHO, YTO KOTJa CUCTEMa UMeeT Handosiee ycToiunBoe
(paBHOBecHOE) cocTosiHMe, [ — Haubonblias BeJIWYMHA. SHAUYMT, TePMOIUHA-
MHYECKas BEPOATHOCTh [  MOKET CIYKHTh MEPOIH HAaNpaBleHHOCTH ABMAKEHHST
CHCTEMBI K PABHOBECHOMY COCTOsIHHIO. HeM Onke cucTemMa K paBHOBECHIO, TEM
Gosnblue BenuunHa /.

[IprHrMas BO BHUMAHHE ONpPENEJICHHYIO Mapaiesib MeXKAY TEHACHLMEH K
nepexoy B COCTOsIHUE C OOIIbLLEH BEPOSITHOCTBIO M BO3pacTaHHeM SHTPONnM ( B
PaBHOBECHH PHTPOMMS HauOonbLas), bosibLUMaH Npeanonoxul Cy LecTBOBaHHe
(yHKUMOHANBLHOI 3aBucuMocTn mexay Sul: S = S(I).

MO:KHO cKa3arhb, 4TO 9Ta Py HKLMSA A0 HA ObITh MOHOTOHHO BO3pAcTAlOLIEIi.
Ee B1A MOIKHO [OJHOCTBIO ONpeaenTs, Tak, ecili paccMOTpeTh ABe cuctembl A
W B B cOCTOSHUH PABHOBECHS, TO, OUEBHIHO, YTO YHTPOTIHS CHCTEMBI BHIPA3HTCS
CYyMMOIi

S =S4+ S5 (2.5)
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TepmoanHamuyeckas BEPOSITHOCTb OCYLUECTBIEHHS PE3YJILTHPYIOLLETO CO-
CTOSAHHSA paBHA MPOW3BEACHHIO (MYJIBTHIUIMKATHBHOCTDb) TEPMOAHHAMHUYECKHX
BEPOATHOCTEH U1l OTAENIbHbIX YaCTEH

['=14IR. (2.6)
B COOTBETCTBHH C 3THM
S(FAF[;) :S(FA)-’rS(Fn). (2.7)

3710 U3BeCTHOE (PyHKLUMOHATILHOE YPABHEHUE; EMY YIOBIETBOPSET JorapHdg-
muueckas QyHkuds. Takum oOpa3oM Mbl MPHXOAWM K W3BECTHOW (opmyne

S=kynrl, 2.8)

KOTOpas BbiceueHa Ha namsaTHuKe bosibumany B Bene. [ToCTOAHHBIH MHOXKHTEND
kp MOXKHO OTIpeNIeNliTh, MPUMEHHB 3Ty (GOPMYITYy K KaKOMY-HHOYAb MPOCTOMY
npoueccy (Hanpumep, H3oTepMuueckoMy). MHOKHTENb kg OKa3aJICcs PaBHbIM
YHUBEPCAJILHON ra30BOil MOCTOAHHOH, OTHECEHHOH K OHOH MOJeKyIIe,

R 8,314

kp= —— = —22%  —1.38.10"2 /K.
i Na  6,02-1023 ' T/

Dra BelHYHHA HA3bIBACTCS nOCmosnHou boivymana.

[onpobyem Tenepk BbIpazkeHHe 11 IHTPOTTHHN, MONYyUEHHOE HA OCHOBE CTa-
TUCTHUUYECKOM MEXaHHKH, CBA3aTh C MHPOM TEMJOBBIX BeduuuH. HM3BecTHO, uTo
€CJIM B CHCTEME, pa3/ielieHHOM Ha JIBe yacTH, ¢ oobemamu V| u Vo Haxonures oa-
Ha 4acTHL@, TO OTHOLIEHHE BEPOSTHOCTH HAXOXKIACHHS JaHHOM YaCTHLIbI B THX
obbemax ectb [ /Iy = Vi /Va. Ecnu ke Takux gacTiil B cucrteme Na (4UCIO

ABoraapo), To
Ny
n _ (v
I Va '

[Iponorapudmupyem 3To COOTHOLLIEHHE, YMHOKHB 00€ €ro HacTH Ha N0CTO-
AHHY10 bonblMaHa:

kplnly —kplnls =S; — So = AS = kN In :’_1 (2.9)

B o0 ke Bpems paGora paciuupeHus uaeanbHoro rasa ot odbema Vo k 00b-
. Vi
emy Vi B u3otepmuueckux ycnosusax (cm.1.20) papua: W = Q = RTIn -,

Ve
Vi
[ToacTaBuB B 3TO ypaBHEHHE BMECTO BEJIHUHMHbI In " ero 3HaueHue u3 (2.9),
2
MoJy4um
kpN,
AS = kMA@ _ @ (2.10)

R T T

Vpasnenue (2.10) sasercs uHrerpanbHoii popmoii BeipakeHus (2.3).
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B kBaHToBOM cnyuae (opmyna bonbumana (2.8) npuBoAMT K BbIBOAY, 4TO
S—=0 nmpu T — 0. 2.11)

[MpuunHa 3T0ro 3aKitouaercs B ToM, uto npu 1" — 0 cucrema crpemurcs
K CBOEMY HAaWHU3LLIEMY KBAHTOBOMY COCTOSHHIO, COOTBETCTRYIOLIEMY abCOMOT-
HOMY HYJIIO, W, ciienoBaresibHo, [ — 1. D10 BnosiHe coracyercs ¢ HHTepnpeTa-
LHEH SHTPONHUM KaK MEpPbl OTCYTCTBHA HH(OPMALIMH OTHOCHTEJILHO MeXaHHYe-
CKOIO COCTOSAHUSA CHCTEMBI.

B cocTosHuM paBHOBECHS IHTPOMHUS AOCTHTAET CBOETO MAKCHMAJIbHOIO 3Ha-
YEHHA, [OCKOJIbKY PABHOBECHE €CTh HaHOOIIee BEPOATHOE COCTOSHHUE H, CIENO0-
BaTE/bHO, ABNAETCA MAKPOCOCTOSHUEM, OCY LIECTBIAEMbIM MOCPEACTBOM MaKCH-
MallbHOTO YHCaa MHKPOCOCTOAHNI. OUeBHAHO, YTO CHCTEMA, MPEAOCTABIEHHAS
camoii cebe, NBHKETCA 10 HAMNPABAEHHMIO K PABHOBECHIO, T. €. SHTPOMNUA TAKOIl
CUCTEMBI IOJIKHA BO3PACTATh.

B cBazu ¢ atum, pacnpoctpanas ypasHeHus (2.3) u (2.10) na ntodble npo-
LECCHI, CIIEAYET 3aMnucarh BTOPOH 3aKOH TEPMOAMHAMUKH B BUAE

s > 5TQ (2.12)

re 3HaK PaBeHCTBAa OTHOCHTCH K 0OpaTHMbIM MpoLEccaM, a 3HaK HEPABEHCTBA
K HeoOpaTHMbIM. J[pyruMu clloBamMu, B COCTOSHWH PABHOBECHS NS W301UPO-
BaHHOM cHCTEMbl S = Syax, (U30AUPOGANHON CUCMIEMOTU HAZBIBACHICSH MAKAS
cucmenma, KOMopas e 0OMenusaemcsi ¢ HeuLlet cpeooll Hu MemioM, i paco-
moit). B mo0bIX ApYruX HEPaBHOBECHbBIX COCTOSHUAX S < Smax. ITOCKONbKY

Aast w3osuposanHoil crictembl dU = 0, dV = 0 u dIW = 0, to u3 (2.12)
CIIeAYeT, UTO IS H30JUPOBAHHON CUCTEMbI
ds > 0. (2.13)

DT0 ycloBHE ONMpPEAeNseT IBOTIOLHMIO H3OTHPOBAHHON cHCTEMBI. 3HAK > CO-
OTBETCTBYET HEPABHOBECHOMY COCTOSHUIO CUMCTEMbI, KOLIa ele cucrtema Ha-
XOIMTCS «B MYTH» K PaBHOBECHIO, a 3HAK PABEHCTBA — YK€ AOCTHTHYTOMY
cuctemoii pasHoBecHio. Takum 00pazom, B COCTOSSHHH PaBHOBECHS 1SI H30J1H-
POBaHHOI CUCTEMBI dS = 0. (2.14)

CootHouenue (2.14) sBnsercss KpuUTepHeM pPaBHOBECHS H3OJHPOBAHHON
CUCTEMBI.

2.3. Yci10BHS paBHOBECHSI H XapaKTepHCTHYCCKHE (PYHKIMH

Ecnu cucrema He W30JMpOBaHA OT BHELLUHErO MHpa H MOXKET KaKUM-JIHO0
00pa3oM ¢ HUM B3aMMOJIEIHCTBOBATh, TO YCJIOBHS paBHOBeCHS OyAyT WHBIMH,
OTIHYHbLIMK OT (2.14).

W3 cootHowenuit (1.9) u (2.12) cneayer, uto 00bEAHHEHHOE YpPaBHEHHE
NEPBOIO0 W BTOPOrO 3aKOHOB TEPMOAMHAMHKH IJisi MPOCTOH CHCTEMbI MOMKHO
3anucarb B BHAE

TdS > dU + PdV. 2.15)
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Jns cnoxHoi cuctembl

TdS > dU + PdV + §W'. (2.16)
KOTHa B HpOCTOﬁ CHCTEME OCYHICCTBIIAIOTCA 06paTHMBI€ MpoIeCCHI,
TdS = dU + PdV. (2.17)
Eciiv B clOKHOIT cHcTeMe peanu3yroTca o6paTanle NpoueCehl, TO
TdS = dU + PdV + §W'. (2.18)

Jlyist cucTeM, eAMHCTBEHHBIM BHAOM PaboThl KOTOPBIX ABIETCS padoTa pac-
rHpeHns (NMpocThie CHCTEMBbI), Haubonee MHTEPeCHBI YeThipe BHAA YCIOBHIT
B3aUMOECTBHS CHCTEMBI ¢ OKPY?KatOLLel cpenoit:

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

Kpurepuu paBHOBeCHS 1711 KaXKI0r0 U3 3THX HETbIPEX Cly4aeB B3anmMoeii-
CTBHSI CHCTEMBI C OKPYIKAIOLIEH CPeaoii ONpenelIaIoTCs CIIeLyIOMnM 00pa3om.

1. Venosus s3aumoneiictsus: V' = const, S = const. O6beaHHeHHOE ypas-

HEHHE MEPROTO H BTOPOTO 3aKOHOB TEPMOAMHAMHUKH /U18 MPOCTHIX cucTeM (2.15)
3aruiueM B BUIe

dU < TdS — PdV. (2.19)

W3 5T0r0 COOTHOLUEHHS BHIHO, HTO IBOJIOLSA CHCTEMBI, Y KOTOPOIi H3Me-
HeHust obbema | uTponuu pasusl Hymo (dV = 0, dS = 0), onpenensercs

YCAOBHEM dU < 0. (2.20)

B cocrosunn paBHOBECHA dU = 0. (22])

Takum oOpazoM, ¢ MPUOTHIKEHHEM K COCTOSHHIO PABHOBECHS BHYTPEHHASA
SHEprus npocToii CHCTEMbI YObIBAET U IOCTHIAET MUHUMYMa B COCTOSIHUHM paB-
HoBecHA. JIpyruMu croBamMu, BHYTPEHHSAA DHEPTUs, Tak K€ Kak W HTPOMus,
OIpENEJIACT HaMpaBleHHe npouecca.

2. Yenosue B3aumoneiicteus: P = const. S = const. [lpumenss K Bejin-
yuHe PdV npeobpa3osaHue JlexaHapa

PdV = d(PV) — VdP. (2.22)

U YUMTBIBAs ONPEAEIEHHE SHTANbINK 15 npocThix cucrem (H = U + PV),
npeobpaszyem (2.15) k Buay

dH < TdS + VdP. (2.23)

Ortctona BHAHO, 4TO 1000 npolece B paccMaTpuBaeMoil cucteme, y KOTo-
poit dP = 0 ndS = 0, npoTekaeT TakuM 00pPa30M, UTO BBITIOJTHAETCS YCIIOBHE

dH < 0. (2.24)
B cocTtosgHuu paBHOBECHA
dH = 0. (2.25)
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Takum 06pazom ¢ npUOTIKEHUEM K COCTOSHUIO PABHOBECHS IHTAJIbIIMS Ta-
KOl cHcTeMbl yOBIBAET, 10CTHIas MHHHUMYMa B COCTOSIHHU PABHOBECHSI.

3. Yenosust B3aumoaeiictus: V' = const u 1' = const. [IpumeHsis x Benu-
yune T'dS npeobpasosanue Jlexanapa

TdS =d(TS) — SdT, (2.26)
npeodpazyem (2.15) caenyromum odpazom:
dU —TS) < —S5dT — PdV. (2.27)
Bgens ob6o3HaueHue
F=U-=-TS, (2.28)
3anuwem (2.27) B Buae
dF < —SdT — PdV. (2.29)

Tepmoannamuueckas ¢pyHkuns F' nasvisaercs dhynuxyuei ['enoymeonvya, unn
uzoxopHoO-uzomepmudeckum nomenyuaiom. Iockonbky 3ta GyHKUUs oOpa3osa-
Ha 13 GyHkumii coctostina U u S, oHa Takke spnsercs GyHKLIHed COCTOTHUA.

N3 (2.29) caenyet, 4To IBOJIOLMS PACCMATPUBAEMOI CHCTEMDbI, y KOTOPOIi
dT = 0wudV = 0, onpenensercs ycioBHeM

dF < 0. (2.30)
CJ'ICZ[OBaTeJ'IhHO. B COCTOAHHH paBHOBGCHﬂ
dF = 0. 2.31)

Takum 06pazoM ¢ nNpUOAHKEHHEM CHCTEMbI K COCTOSIHHIO paBHOBECHS H30-
XOPHO-H30TePMHUECKHH MOTEHLIHAN YObIBAET, 1OCTHIast MUHUMYMa B COCTOSHHH
paBHOBECHSL.

4. Yenosus Baumoneiicteus: P = const u T = const. C yueToMm ypaBHeHHIT
(2.22) u (2.26) dpopmyay (2.15) MOKHO 3anucarth B CIEAYIOLIEM BHAE!

d{U+ PV —=T8) < —SdT + VdP. (2.32)
H, oGo3zHauas
G=U+PV-TS=H-TS, (2.33)
BbIpaszum (2.32) B Buze
dG < —SdT +VdP. (2.34)

Tepmoaunamuveckas Gpynkunsa G Haseiaetes dvukyuet [ubdca vian uzo-
oapno-uzomepmuyeckum nomenyuanom. 3t1a QyHKUHSI, Takke Kak U QyHKUUS
I'enbMronbua, obpaszoBana w3 GyHkumit coctosHus H u S, u nosTomy sBngercs
(hyHKUMEH COCTOSHUS.

13 (2.34) BUAHO, 4TO B CUCTEME C MOCTOAHHBIMH TEMTIEPATY POl H 1aBIEHNEM
no00ii npouece npoTekaeT TakuM 00pa3oM, UTO BbINOJHSIETCS YCIOBHE

dG < 0. (2.35)
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CJ]e,[lOBaTeJ]bHO, B COCTOAHHH paBHOBECHﬂ
dG = 0. (2.36)

Takum o0pazom, ¢ npubimKeHHeM K COCTOSHHIO PaBHOBECHS W300apHO-
M30TEPMUUECKHIT NOTEHIIHAIT CHCTEMBI, Y KOTOPOW MOCTOSHHBI TeMIepaTypa u
JasieHue, yOblBaeT, 10cTHras MUHUMYMa B COCTOSTHHH PABHOBECHS.

B Tex ciyuasx, Koraa cHctemMa moMuMo padoThl pacliMPEHHs TIPOU3BOAHT H
JIpyTUe BUabl padoT (C10%KHAA CUCTEMA), KPUTEPUH PaBHOBECHA Oy1y T HECKOJIb-
KO MHBIMU. J115 TaKko# cucTeMbl H3 00bEIHHEHHOTO MEPBOTO U BTOPOTO 3aKOHOB
TEPMOAMHAMUKH, 3anucantoro B suae (2.16) T'dS > dU + PdV + W', ans
PaccMOTPEHHbIX BbILIE UETLIPEX CITy4aeB B3aUMOAEIHCTBIS CUCTEMBI C OKpYIKa-
FOLLEH cpelo MoyuHM cleayolme pe3ybTrarhl.

1) Ilas ycnosuii B3aumoaeiicteus V' = const, S = const

dU + 61" <0 (2.37)
U B COCTOSIHUM paBHOBecHs padoTa paBHa yObLIU BHYTPEHHEH SJHEPruu
AU = —6W'. (2.38)
2) Jlas yenouii Bzaumoneiicteus P = const, S = const
dH +§W' <0 (2.39)
1 B COCTOSIHMH paBHOBECHA paboTa paBHa yObLIN DHTAJILITUK
dH = —6W'. (2.40)
3) Ans ycnosuit B3aumozueiicteus V' = const, 7 = const
dF + 51" <0 (2.41)

" B COCTOAHHH paBHOBECHSA pa60"ra paBHa y6bIJ1H H30XOPHO-H30TEPMHUECKOTO
noTeHLHalna

dF = —6W". (2.42)
4) Ans ycnoswii B3anmoneiicteua P = const, T' = const
dG +6W' <0 (2.43)

U B COCTOAHUM PABHOBECHA pa60Ta OCYLICCTRIACTCA 3a CUCT y6bl.]'l H 113o6ap1|0-
HU30TECPMHUECKOro noreHuuaia

dG = —sW'. (2.44)

Oyukuun U, H, I, G Ha3bIBAIOTCS XApaKmepucmuieckum.

W3 ypasueHuii (2.38), (2.40). (2.42) u (2.44) cnenyer, uto padora, Kotopas
MOXET OBbITb COBEpIIEHA CIOKHOI CHCTEMOI MPU JaHHBIX YCIOBHAX B3aUMO-
JEHCTBHS ¢ OKpysKatolLei cpenoii (3a BblueTOM padoThl paclUMpeHHs), paBHa
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yObLIH COOTBETCTBYIOLLMX XapaKkTepucTHueckux GpyHkuuii. [lockonbky B cocto-
SAHUH paBHOBeCHA pabOTa, COBEPLIECHHAs CUCTEMOIl, MaKCUMalbHa MPH Onpe-
JIENICHHBIX BHEIIHUX YCJI0BUAX (cM. ypaBHeHus (2.38), (2.40), (2.42) u (2.44)),
Mo 3Toi mpuunHe Xapaktepuctuueckue Gyukuun U, H, F, G naspisatot mep-
MOOUNAMUY ECKUMU nomenyuaiami.

‘Takum o6pa3zom, xapakTepucTHUecKHe QYHKUHH B TEPMOIHHAMUKE UIPAIOT
POJb, QHAJIOTHYHYIO POJIM MOTEHUMAIbHOH HEPrun B MexaHuke. B neicrBu-
TEJILHOCTH BCE OHM MPEACTABMIAIOT YACTHbIE BH/bI CBOOOAHON DHEPrHH, T.e.
IHEPTHH, COCOOHON coBepiIaTh nose3Hyto padoTy. OaHaKo NMo TPaaHLHH ITO
Ha3BaHWE OCTABJICHO 33 M30XOPHO-M30TEPMHUECKUM NoTeHUHanioM F'. TouHo Tak
e unoraa dynkuo I'ndéoca (M306apHO-H30TEPMUUECKHI MOTEHLHAI) Ha3bIBA-
10T CBOOOAHOM DHTANBMUEN.

O0cynuM Temepb HECKOJBbKO COOOpaKeHHIH OTHOCHTENIEHO MaKCHMabHON
paboTbl, BIOpaB A WinocTpauuu ciyuait (2.34), 3anucas ero B Bue

(AU)S,V = —VWmax-

BozHukaer BOMpoc: Kak BoOOLIEe MOJKHO MONYyUYHTh Kakylo-1ubo paboTy ot
anuadaTHueCcKH 3aMKHYTOH CUCTEMbI MPH MOCTOAHHOM 00beMe? DTO HEOOXOAU-
MO NMOHMUMATH cieayowuM obpasom. HauanbHoe cocTosHHe cHCTeMbl HeoOsi3a-
TENBHO OJKHO OBITh paBHOBeCHBIM. CHcTeMa MoKeT obnanath onpeneeHHoN
SHTpOMUEil, A IUTUBHBIM 00pa30M CKIa/bIBAIOLIEHCA U3 DHTPOMUK OTAEbHbIX
ee yacteil. DTH passIHuHbIe YACTH MOTYT OTJIMYATLCA OJIHA OT APYToi cOCTaBOM,
JaBJieHUeM, TeMrepaTypoit M T. 1. DTH HEOZHOPOAHOCTH MOXKHO 3a(DHUKCHPOBATD,
HaMpUMep, ¢ MOMOLLbI0 MEeMOpPaH WK TeMaou30aupyowwux cteHok. [Tonyuae-
Mas padoTa MOKET OCYLIECTBIATLCA MyTeM oclabneHus 1eHiCTBUA ITHX CTEHOK
win MeMOpaH Tak, 4ToObl DHTPOMUA CHCTEMbl OCTaBalach MOCTOSHHOM, T.e€.
n3MeHsach obpatuMeiM 06pazoM. B 3ToM ciydae cHcTeMa MOKET coBepuIaTh
MaKCcHMallbHyto paborty.

XapakrepucTHueckde (DyHKLUHH 00JIaaaloT ClNeayHLIHM BaKHBIM CBOHCT-
BOM: €CJIM M3BECTHA XapakTepucTHueckas (yHKLMA, BbIpaXKeHHas Uepe3 CBOU
JUTSL Ka)KZI0H XapaKkTepHCTHUECKON (hYyHKLHH NMepeMEHHbIE, TO U3 HEe MOJKHO BbI-
YUCUTS JIOOYIO TEPMOAHHAMUYECKYO BeiniuuHy. M3 00beIMHEHHOro NepBoro
U BTOPOT'0 3aKOHOB TEPMOAHHAMUKH, 3aMUCAHHOTO B BUJIE

dU =TdS — PdV, (2.45)
cyieslyeT (Ha OCHOBE CBOHCTB NojHOro auddepeHumana), uro
oU oU
—) =T, (—]) =-P 2.46
Go)e=1 G 249

Takum oOpazom, ecnu GyHkums U BblpakeHa yepe3 cBOM nepeMeHHbie V'
1 S, TO YaCTHBIE MTPOU3BOIHBIC MO OXHON M3 MepeMEHHBIX MPH HEH3MEHHOCTH
JpYroii no3BonfioT onpeaeinTb 3HaueHus P u T ans npoctoit cuctemsl. Jlpy-
PMMH CJI0BaMH, U3MEHEHHE BHYTPEHHEH DHEPruu BCIEACTBUE W3MEHEHHS IH-
TPOTHH MPH MOCTOSHCTRE 00beMa (PU3HMIECKH BbI3BAHO COOOLUEHHEM TETUTOTHI
Ha 00paTMMOM W H30XOpUYECKOM Mpolecce. Mi3amMeHeHne BHYTpeHHeH dHepruu
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CHCTEMbI BCJIEACTBUE H3MEHEHHS 00beMa NMpPH MOCTOAHCTBE IHTPONUHK HA 0Opa-
THUMOM ajimadaTHueckoM npotecce (pU3HUECKH BbI3BAHO COBEPLIEHHEM PadOThI.
Takum o6pazom, onpeaesieHsl Bce TePMUUECKHE U MEXaHHYECKHe CBOCTBA CH-
crembl. IMeHHO nodToMy naHHas (hyHKIHA SBASETCSA XapaKkTepUCTHUECKOIL.

TouHo Tak ke MOryT ObITb OTpENeSeHbl CBOHCTBA CHCTEMbl € MOMOLILIO
JPYTUX XapakTepHcTHHecKuX (yHKumii. M3 ypaBHeHus

dH = TdS + VdP (2.47)
CICOYET, UTO
oH oH
—_— = T’ e = I-"Y, 2.48
Gs)o =t (), 24

3amucas BblpakeHHe A0S GyHKUMH [enbMrosnbua B BHAE NosHOro augge-
peHuuana (Ui pocToi CHCTEMbI) B BHE

dF = —SdT — PdV, (2.49)
noJjiy4aem
ar _ gE _ _
(B_T)V =& (BV)T P. (2.50)

Hakoneu, ucnonns3ys Beipaskerne ynkiin ['m66ca, 3amicaHHol B BUE MO
Horo augdepeHumnana

dG = —SdT + VdP, (2.51)

CnenoBatenbHO, €CJK Ta WM HHas XapaKTepUcTHUECKast QyHKIHS BblpaskeHa
Yyepes CBOM nepemMenuble, To IuddepeHuuposanie ee no oJHoi U3 nepemMeHHbIX
MPH YCJAOBUM HEW3MEHHOCTH JIPYroi MO3BONAET OMpEAEeTHTh BCE OCTabHbIe
napameTpsl U ApyTHe TepMOAMHAMHUYECKHE MOTEHLIHAbI.

3nech MOJKHO 3aMETHTh, YTO OJHA M3 MEPEMEHHbIX B KaXKIOH W3 ueThipex
nap HE3aBUCHUMBIX MEePEMEHHbIX MPHHAMIEKUT rpymnne TennoBbix Benuuud (7' un
S), a apyras — rpynne Mexanuueckux sesiaus (P u V).

Takum 00pazoM kax10ii xapakTeprcTHieckol GyHKLNH COOTBETCTBYET CBOS
napa napameTpoB. DTO MOKHO MpEACTaBUTh B BUJE CeaytoLueii TabnuLbl:

HMeeM

XapakrepucrTuucckas qyHKIHs U H F G

MexaHuuecKHe rmapameTpsl |4 P |4 P

95}
195)
~
~

TeruioBbie napaMeTpsi
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Bzaumocsssb Qyukuuii U, H, F' u G mexay co0oii BbIpaxkatoT B BUAE MHe-
MOHHYECKOH CXEMBbI:

H

TS | F | PV
T8 G

2.4. Ypapuenusi 'no6ca —I'eibMroanna

3ameHsisi B ypaBHeHUAX (2.28) u (2.32) 3HaueHUs JHTPONUU S COOTBETCTBEH-
Ho uepe3 (2.50) u (2.52) v 3armucas (2.28) u (2.32) OTHOCHTEJILHO BHYTPEHHEH
sHepruu U nsHTanbsnuu H ¢ yueToM Toro, uto paboTa MoKeT ObITh NPOH3BEIeHA
CHCTEMOH B M30XOPHbBIX M U300apHBIX YCIOBHAX, MOTyUYaeM

U:F—T(%)V, (2.53)
H:G—T(i_i)P. (2.54)

VpasHenus (2.53) u (2.54) Hasbiatorcss ypaBHeHHsIMH [H66ca—enbm-
roJibua. DTH ypaBHEHHS HTPAIOT BAXKHYIO POJIb B XHMHUECKOH TEPMOIMHAMHKE.
B M30X0pHO-H30TEpMHUECKHX YeI0BHAX (M3 (2.42) cnenyert, uto AF = —W'
(310 MOXKeET ObITh 11000 BH/L padOTbl, KpOMe PabOThl PacLIMPEHHsT), T. €. MoJ1e3-
Hasi paboTa paBHa yoblH (GyHKuuu ['enbmronsua) popmyna (2.53) npuodperaer
crenyomui BUIT: ,

! BWV T
AU =W, =T | —==] . (2.55)
: ar )y

AHanoruuHbIM 06pazoM JyIs TePMOAMHAMHUECKOTO Ipoliecca, MpoTeKaroLe-
TO B CJIOXKHOI cucTeMe, Haxoasdwieiics B H300apHO-H30TEPMHUUECKHX YCJIOBHAX,
MOXKHO 3anucarh Ha ocHoBe (2.44) u (2.52) cnenytouiee BhIpaXKeHHe:

a1
B ciyuae, eciti mpouece, npoTeKaroLLHii B CHCTeME, COMPOBOKIAETCS XHMHU-
4eCKMMU MpeBpalleHuaMy, sennunna 1V’ npeacrasnser co6oil padoty, cosep-
AOIY0CA B mpouecce XMMHUueckoit peakuuu. TTockonbky TennoBoii ekt
xumuueckoii peakunn Qy = Us — Uy = AU, a terosoii sddexr Qp =
= H, — H;y = AH, 10 ypasHenus 'n66ca—enbMronbua Tenepb MOTyT ObITh
Mpe/ACTaBNEHbl B BUJE

ow! _
Qv =Wy —T <#> , (2.57)
oT v

oW}
~AH=Wp T (—PT> . (2.56)
P

1515% -
—0Qp :W,'D,T—T(%)P. (2.58)
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VpaBHeuust ['n66ca—enbmroibua B 3Toi (OpMe HAXOAAT LIMPOKOE MpH-
MEHEHHe B XUMHUECKOil TepMoanHaMuke. OHK, B HaCTHOCTH, MO3BOJIAIOT OMpe-
JENATh TAKyl0 BaKHYIO XapaKTePUCTUKY XHMHUYECKOH peaklUMH, KaK Tel1oBoii
S deKT, He MyTeM TEPMOXHMHUECKHX H3MEPEHHIi, a KOCBEHHbIM 00pa3oM —
usMmepsis padory 1V B npouecce XUMHUECKOIT PEAKUHH 1 BLIYMCIIAS BEIUUHHY

7

w
B—T' DT YpaBHEHHA 0COOEHHO YacTo NMPUMEHANOTCA NPH pacueTe TCpMOAUHA-

MHYECKHUX XapaKTePpHCTHK oﬁpanmmx rajibBAHU4YCCKHX DJICMCHTOB.

2.5. XuMu4ecKHii 0TeHIHAJ H 0OCHOBHOE YpaBHeHune I'uooca

[lepeiinem Tenepb K cuCTEMaMm, B KOTOPbIX MOMKET MEHATbCA COCTaB WU
BO3MOKEH OOMEH BELLECTBOM C OKpyKatouieil cpenoi. Ileproiii ciyuail nmeer
MECTO, KOI1a B CUCTEME NPOTEKAOT XUMHUECKHE peakuuu. Bropoil — ato ciy-
Yaii paBHOBECHSA IBYX WM Ooabliero uncaa (a3 kakoro-nudo rewmectra. o cux
Nop Mbl NPHHUMAJIH, YTO /Ul PABHOBECHSA HEOOXOAMMO BbIMOIHEHHE ClELYIO-
LLHX YCJIOBHI B JIIOOOI TOUKE CUCTEMbI:

T = const, P = const.

OTH yCIOBHA ABJIAIOTCA HEOOXOAHMBIMH, HO HENOCTAaTOYHBIMU, €ClTU B CH-
CTeME MEHSIETCS KOJMUECTBO BELLECTBA WM COOTHOLUEHHE KOMITOHEHTOB.

PaccMmoTpuM cHauasia 0qHOKOMIOHEHTHY0 cucTeMy. JIJ1s 3TOTo C1ydast MOK-
HO NPUMEHHTH YK€ Pa3zBUTYIO TeopHio. [TockonbKy JaBneHue W Temmneparypa B
cUCTEME ABJIAIOTCA MHTEHCHBHBIMU NTapaMeTpPaMH, B TO BPEMS KaK TEPMOAWHA-
MUUeCKMi noTeHunan (Hanpumep, GyHkuns ['m66ca) sBnseTcs IKCTEHCHBHOIN
BEJIHUHHOI, TO MOKHO, OUEBH/IHO, 3aMHCaTh €r0 B BU/E

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

rae N — 9HCI0 MOJIEKYIT O/IHOKOMITOHEHTHOH cuctemsl; ((7', P) — Hekotopas
WUHTEHCHUBHAS BEJINUKMHA, 3aBUCALLAS OT TEMIEPATYpbl U AaBlIeHUS.

D70 BbIpaKEHHE B ABHOM BWIE OTpaxkaeT TOT (akT, uto BeauunHa G npo-
MOpLUHOHAILHA KOJIMUYECTBY BELIECTBA B CHCTEMe (IKCTEHCHBHOE CBOHCTRO).

B cucremax ¢ nepemMeHHbIM COCTABOM HHCII0 MoJekysl [N He sBIseTcs Mo-
CTOSIHHbIM, @ MPEACTaBAAET cO00i HOBYIO TEPMOAHHAMHUECKYIO NEPEMEHHYIO.
Monuerit anddepeHuman nzodapHo-uzorepmutieckoro notenunana G tenepb
yucTo GpopmMaibHO HEOOXOIMMO 3anucarh B BUJIE

o r oG
dG = —SdT + VdP + (—) dN. (2.60)
ON/p,T

Ipencrasum (2.59) B BHAE nosnHoro aHddepeHurana

dG = Ndp + pdN. 2.61)
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CpaBHugas (2.60) u (2.61). nonyuaem

oG
w=(53), .- (2.62)
Ndy = —SdT + VdP. (2.63)

B romoreHHoi 4acTH 0IHOKOMMOHEHTHOI CHCTEMBI /4 MPEACTABAAET cOOO0IH

TepMoauHaMUUeckuii noteHuuan I'mdGca, MpHXOAILLHIiCA HA O/THY YaCTHILY,
u=S. (2.64)
]\T

Oyukuus (T, P)nasbisaercs xuvuueckum nomenyuarom. OHa sSBisercs
XapaKTepUCTHUECKOH HHTEeHCUBHOMH BenuuHHOM (00001eHHOI cuitoif), onpese-
JAOLIEH pABHOBECHOE COCTOAHHE OE30THOCHUTENILHO K TOMY, KAKHE OrpaHHYEHUs
HanaraioTcsA BHELTHHMU yCIIOBUAMU Ha IpY r1e napameTpbl coctosiHus. Crieiora-
TeJIbHO, PABEHCTBO XMMHUUECKOTO MOTEHLHAJIAa HEKOTOPOTO KOMMOHEHTAa BHY TPH
1 BHE CHCTEMbI UCKIHOYALT BO3MOMAKHOCTh MAKPOCKOMUUECKOIO NEepexoa dToro
KOMTOHEHTa 4Yepe3 rpaHmily CHCTEMBI.

[Tpumenss npeoOpaszosanue Jleskanapa u nepeiiaa or nepemenHbx P, T' Kk
nepementsiv V, T, T. e, 3anucas dF = dG — d(PV), nonyuum

> .
= (‘)C) = (‘)_) . (2.65)
oN/p T ON/ v, T
AHanoruuyo MOJIYHHUM H APYTrU€ COOTHOLICHUA
oU OH . oS
§= (_) _ (_> -7 (_) . (2.66)
oN/ s v oN/s p oN/uv

B (2.65) 1 (2.66) MBI MPULIITH K HECKOJTLKO HEOIKH/TAHHOMY BBIBOJLY O TOM, UTO
JUISl CUCTEM, B KOTOPBIX NOCTOAHHbL V U S, Pu S, V ul', P u1, npousBonHas
OT COOTBETCTRYIOLLLEI XapaKTepHCTHIECKOH ()Y HKLIHH MO KOJMYECTRY BELIECTRA
(uHcay yacTHLL) B CUCTEME paBHa /L.

Takum oOpa3zom, BeluuuHaA p obnafaeT 3ameuaTelbHbIM CBOHCTBOM: OHa
TO3BOJISIET PACCUHTATh H3IMEHEHHE XapaKTepHCTHUYECKOH (yHKUMH 000 cH-
CTEMbI MPYU U3MEHEHUH KOJIMUECTBA BellecTa B cucteMe. IMEHHO nodTomy ITa
BEJIMUHHA M MOJYUHIA Ha3BAHUE Xuvuueckoeo nomenyuaia. OTMETHM 37€Ch
€Ll O/HO BaKHOE OOCTOATENILCTBO. DHTPOMMS HE ABJIACTCA TEPMOAHMHAMHYE-
CKHM ToTeHasomM. Ho 1 a1s DHTponuu cucTeMbl ee npousBoaHas no N cBsza-
Ha ¢ XUMHUUYECKHUM MoTeHUHanoM (cM. (2.66)). [ToHATHO, 4TO 3TO COOTHOLLEHHNE
OTHOCHUTCS K W30JHpoBaHHoI npocTtoii cucteme (7 = const, 17 = const).

Tenepb paccMOTPHM paBHOBECHE B MHOTOKOMIOHEHTHOI cucteme, koraa
XHUMHUYECKHE peakLHi MeX1y KOMIMOHEHTaAMH UCKITIOUEHbI, @ BCe MpeBpalieHNus
CBOJATCS K MEPEeMELLIEHHIO KOMIOHEHTOB M3 OHOW 4acTH CUCTEMbI B APYTYIO.
[TodToMy ycnoBHs XMMHUECKOTO PABHOBECHS OTHOCATCS TOJILKO K pacnpenene-
HUIO KOMIOHEHTOR 0 OTAENBHBIM HacTAM CHCTEMbI. Pa3aeliiM MBICIEHHO CH-
CTEMY Ha uacTH, 0603HauMB X BepxHuMu uuaekcamu ', """ ut. 1. Pacemorpum
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BCE BO3MOJKHbIE (BUPTYallbHbIE) H3MEHEHHS ITHX YacTeif ¢ COOTBETCTBYOLLMMH
OTpaHUYEHUSAMH (MPH MOCTOAHCTRE O0IelH YHTPONUH, 0ObeMa CHCTEMBI U 00-
hiero yuciaa Moneit).

Tak Kak, Mo MPeaAnoiaoKeHHIo, COOCTBEHHO XMMHUYECKHE PeaklMH HCKITIO-
YEHbI, TO YUCa MOJIEH KakA0ro M3 KOMIIOHEHTOB OCTalOTCA MOCTOAHHBIMH.
B sTom ciyuae

dSZdS'-%—dS"—}-dS'"—}—-H:O,

AV = dV' +dV" +dV" - =0,
dNy = dN{ + dN{' + dN{" + --- =0,
(2.67)
dNy = dN§ + dNY + dN}' +--- =0,
dNy = dN! +dN! +dN!" +--- = 0.

Ipu pasrosecun (dU)y, s n, = 0. B 9TOM ciyuae a/1s Beeit cucTeMbl H3Me-
HEeHHE BHYTPEHHEH YHEPrHH MOKHO 3arucarh Tak:

dU =T'dS" — P'dV' + p'ydN'y + pf/odN'o + -+« + p! (dN' o + T"dS" —
_P/Idvll +/,L”1dNH1 +l,l/l/2dN”2 + ... +ullale/a +T/IIdSIII _P//Id‘/”l'i‘
+ Mlllllelll + /1/”2(1]\7”/2 4ot u///adN///a —0. (268)
VYpasHenue (2.68) 1071KHO BbITOJHATHCA MPU OJHOBPEMEHHOM COOIOAEHHU

OrpaHHYHTEIIBHBIX ypaBHel’IHﬁ CBA3H, MPUBCIACHHBIX BbILIE, HO 3TO BO3MOKHO
JIMLUIb B €AHHCTBEHHOM Cllyvae, Koraa

T =M — ... —

PIZPH:PIHZ"':P
ph=ply=pt ==
po=p'y =p"y = =p
Mla :/'l’”a :l‘l’ma == Py

[lepsble ABa ypaBHEHHUS NPEACTaBIAOT COOOI1 yike U3BECTHbIE YCJIOBUS TEp-
MHUECKOIr0 H MeXaHH4YeCKOro paHoBecHa. HUKHHE ypaBHEHHS XapaKTepH3yOT
YCJOBHSA PAaBHOBECHOTO pacnpeiesieHHs Kaa0ro KOMIOHEHTA Mo Beeil cHeteme.
Takum 06pa3oM Mbl BUAUM, UTO MPH PABHOBECHOM pacnpeieleHUM KOMIOHEHTa
MO BCEM 4ACTAM 3aKPbITOH CHCTEMbI €ro XMMHYECKMH MOTEHLHaNl HMEeT TMo-
CTOSIHHOE 3HAUEHHE BO BCEX HacTAX cuctembl. Tenepb nosiHbii HAGOP ycioBUi
PABHOBECHS UMEET BULL

T = const, P =const, j = const. (2.69)
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Venosus (2.69) n0sAHbI BbINONAHATHCS B JIH000i1 TOYKE CUCTEMbI, OHU Crpa-
BE/JTUBBI HE3ABHCUMO OT TOTO, ABJIACTCS JIH CHCTEMa FOMOTEHHON WK reTepo-
TEHHOH, 3aKPbITOM UM OTKPLITON. [IprBeaeHHbIil 31eCh BbIBOL YCA0BUIT paBHO-
BeCHs NpHHAATEKUT ['MOOCY, OCHOBHOI 3aCTyToii KOTOPOro B TaHHOM pe3ynbTa-
Te ABasercs 1o, uto ['MOGC npeacTaBuil 3aKpbITYIO CHCTEMY KaK COBOKYMHOCTb
OTKPBITHIX CUCTEM. DTO IKBHBAJIEHTHO YTBEPXKJIEHHIO O TOM, YTO pacrpenene-
HUE KOMIMOHEHTOB B OTJEJIbHBIX OTKPbITbIX CUCTEMAX JOKHO CyMMAapHO yno-
BJIETBOPATH CTEXHOMETPUUECKOMY YPABHEHHIO MEPeXo/1a KOMITOHEHTA U3 OJIHHX
OTKPBITBIX CHCTEM B APYTHE OTKPBITHIE CHCTEMBI.

JanHoe yTBepMkKIAeHHE MOKHO MOSACHHUTBL HAa AOCTYNHOM npumepe. [lpumem
JNSt TIPOCTOTHI, UTO 3aKpbiTass CHCTEMA COCTOUT W3 JIRYX OTKPBITHIX CHCTEM |
n 2. Ilycrb KaKoe-To KONMUECTBO MOJEH KOMMOHEHTA ¢ YLU10 M3 cucTeMbl 1.
Toraa TouHO Takoe e KOJMUYECTBO 3TOr0 KOMIMOHEHTA TOSBUTCS B CHCTEME 2,
YTO DKBUBAJIEHTHO YPABHEHHIO

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

KOTOpOE CBHAETENLCTBYET O TOM, YTO JIBE€ OTKPbIThIE CHCTEMbI B COBOKYITHOCTH
TMIPE/ICTABNAIOT O/THY 3aKPbITYIO CHCTEMY.

3aMeHHM B ypaBHEeHUH (2.69) CHMBOJ KOMITOHEHTA Ha CHMBOI XHMHYECKO-
rO NOTEHLHANA YTOr0 ke KOMMNOHEHTA, HAXOAALIErocs B PAaBHOBECHOM COCTOA-
HUH MEXKIy ABYMS 4acTaMu cucteMsl | 1 2. [Tonyuum cleaytoliee BbIpaxKeHHe:

W= p"; (2.71)

VpaBuenue (2.71) BblpaxkaeT paBHOBECHOE pacrnpeiesieHHe KOMMOHEeHTa ¢
MeKAY AByMs yacTAMM cucteMbl 1 1 2. Takum oOpa3oM, MOIKHO KOHCTATUPO-
BaTh, UTO XUMUUECKUT NOMEHYUAT OANNOc0 KOMAONEHING 80 6cex (haszax oouna-
K06. IMEHHO MOYTOMY NMPH OMMCAHHHU MHOTOKOMITOHEHTHBIX U MHOTO(A30BbIX
cHCTeM yo0Hee BCEro onepHpoBatTh XMMHUECKHMH NOTEHLIHANAMH.

C nomouipio ypaBHeHHs (2.66) 4151 XMMUUECKOTO MOTEHLHANA, BbIPAXKEHHO-
TO Yepe3 IHTPOMHIO, 3AMMLIEM BbIPAKEHHE NMOJHOTO Au(depeHLHana IHTPONUN
MPOCTOH CHCTEMbl AJ1A Cilyuasi, KOrja KOJIHYeCTBO BELIECTBAa B CHCTEME M3Me-
HsAeTCA (T. €. MOABJAETCA eLle OjHa MepeMeHHas, XapakTepusytoLas coCTOSHHe
CHCTEMbI — KOJIMUECTBO BelecTsa N ):

ds = (6_5> U + <6—5) v + (‘95) dN. 2.72)
oU )y N v )y N ON )y v

VYuuteipas (2.46), (2.47) 1 (2.66), ogyuHUM BbIpaKeHHe JUT MOJTHOTO H-
(depeHLnana YHTPONUK MPOCTOH CHCTEMBbI

ds = Lav + Lav - Lan (2.73)
T T T
HITH

TdS = dU + PdV — pdN. (2.74)
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JInst CJIOIKHOM CHCTEMBI
TdS = dU + PdV + W' — pdN. (2.75)

CootHouienust (2.74) u (2.75) npeacTaBasioT (COOTBETCTBEHHO /TS TPOCTOIH
1 CJIOKHOH cucTeM) 00beIMHEHHOE YPAaBHEHHE MEPBOroO M BTOPOI0 3aKOHOB TeP-
MOJIMHAMUKH JUIST CUCTEM C TIePEMEHHBIM KONHYECTBOM BELIECTBA. DTH YpaBHe-
HHS Ha3bIBAIOT (PyHAAMEeHTAJILHBbIMH ypaBHenusimu 'ub6cea.

C yueroM (2.65) u (2.66) nonuslie auddepeHumraibl XapaKTepUCTHUECKUX
(hyHKUMIA, BBIPaKEHHBIX MOCPEJICTBOM CBOMX MEPEMEHHBIX JUIS TPOCTOMH cHcTe-
Mbl, OyyT BbIIAAETD TaK:

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

VYpasuenus (2.76)—(2.79) umeror oueHb NPocTyo GU3NUECKYHO HHTEpIIpe-
Tauuto. [IpupocT aHeprum cUcTeMbl MPEACTARAET OO0 CYyMMY dHEPTHH B BH-
ne ternothl 1'dS wnu SdT', snepriu B BHAE MexaHuuecKoi padotsl VdP unu
PdV uBHOCKHMOI ¢ BelecTBOM dHepruu ptd N WilK, eciii cucTeMa rnpeicTaBlieHa
HECKOJILKUMH KOMTTOHEHTaMH, TO X jt;dN;.

3anuiem (2.74) 111 MHOTOKOMIMOHEHTHO CHCTEMBbI:

TdS = dU + PdV = pidN;. (2.80)

Hcnonb3ys npeodpazosanue Jlewanapa wis T'dS = d(T'S)—SdT n PdV =
=d(PV)—VdP,araxxe tor pakr, uto G = > j1; N; uuro dG = 3 p;dN; +
+ > Nidu;, npeobpasyem ypasuenue (2.80) K cienytouiemMy BULY, NepeHecs
BCE UICHBI B MPABYIO YacTh H Crpynmnuposas AH(depeHuHansl mpou3BeeHHi
PV u TS ¢ Buyrpenneii sneprueit U:

—d(U + PV = ST) + 8dT — VdP —dG + » _ Nydp; = 0. (2.81)

[Mockombky mo ompenenenuto (em. (2.33)) G = U+ PV —T'S, To okoHYaTeIbHO
noJTydaeM

SdT — VdP + Y Nidp; = 0. (2.82)

D70 BaXKHOE TEPMOAMHAMHUYECKOE COOTHOILIECHUE, LIHPOKO HCMONb3yeMoe
B XMMHYECKOH TepMOAMHAMHKE, HOCUT Ha3BaHHe ypaBHeHusi [n66ca— diore-
Ma. DTO ypaBHEHHE ABIAETCA HOBbIM XapAKTEPUCTHUECKHM YPABHEHUEM, IO-
CKOJIBKY €r0 HE3aBHCHMBIMH MEPEMEHHBIMH SIBISIOTCA HHTEHCHUBHbIE BEJTHYH-
Hbl — TeMIIeparypa, AaBA€HHE U XMMHYECKHE MOTEHLHAIbl KOMNOHEHTOB. OHO
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CILYKHT OTIPABHBIM MyHKTOM TEPMOAHHAMUKH PAaBHOBECHA B MHOrodasHoii,
MHOTOKOMIMOHEHTHOI cHcTeMe, H ero 0COOeHHO HacTO WUCMONb3YIOT B TEOPHH
pacTBOpOB.

2.6. Berumcienue YHTPOIIHH H XAPAKTEPHCTHYECKHX
(QyHKIHIT H1eaILHOTO ra3a

YpasHenus BToporo Hauajia TepMoarHaMukH (2.12) u (2.13) 3anicaHb ams
M30JIMPOBAHHBIX, 3aKPbITBIX cHcTeM. [l TOro, utoObl pPacnpoCTPaHUTh ITU
YpaBHEHUs Ha JOObIE CUCTEMBI, HEOOXOHMO M30JIMPOBATh paccMaTPHBAEMYIO
CUCTEMY, T.€. BKJIFOUMTb B HEE TEIJIOBOH MCTOUHUK. B 2TOM ciyuae sHTpOonus
OyaeT CKIaibiBaThes M3 H3MEHEHHS YHTPOMHH «padouein» dacTH cUCTeMBbI (B
KOTOPOii MPOUCXOANT TOT WJIH HHOH MPOLIECC) U U3MEHEHHS YHTPOIUM TEMI0BO-
ro UcTouHMKa. Takum 0Opazom, Mbl Kak Obl 3aMbIKAeM HCCIELYEMYIO CUCTEMY
1 TEIUIOBOH MCTOYHUK Ha OOILYHO W30JMPOBAHHYIO CUCTEMY, AJS KOTOPOi yxe
CTAHOBHTCA CMpaBe/UIMBbIM YPAaBHEHHE BTOPOTO Havajla TepMOAMHAMHKH B BUJIE
(2.12).

B cBA3M ¢ THM cJeayeT pa3inyarh pacueTbl A ONMpene/eHUs 3HaueHHi
U3MeHeHHs YHTporuu AS B KaKOM-ITHOO0 NPOLECCe H pacueThl T ONpeaeeH s
OCYLIECTBHMOCTH Mpoliecca. B mepsom ciiyuae peub WaeT o HaxokaeHud AS
TOJIbKO HEKOTOPOIf cOCTaBHOH HacTH CHCTEMBI, @ BO BTOPOM cllyqae — BCEr/a
0 AS H30AMPOBAHHON CHCTEMbI (KOTOPAs JIMLIb MPH OTCYTCTBHM TEMIO00MEHA
apasercs paboueil cuctemoil). ITocKoMbKY B BhIp@XKEHUH IS YHTPOMUU (HUTY-
PHPYET 3HAK HEpPaBEHCTBA, OUEBUHO, UTO HEBO3MOMKHO BbIUMCIHTL 3HAUEHHE
AS B HeoGpaTumom rmporuecce. OaHAKO ITO 3aTpyaHEHHE Jerko 000HTH: 4TO-
Obl pewuTsb 3a1a4y pacuera AS, 10CTaTOMHO NPEACTABHUTEL H3yUaeMblii npouecce
MPOTEKAOUIUM 0OPATHMO, T. €. MbICJICHHO 3aMEHHUTh TAKUM coueTaHueM odpa-
THMBIX TPOLIECCOB, B PE3YNbTaTe KOTOPBIX CHCTEMA MpHIia Obl B TO e camoe
KOHEUHOE COCTOSIHHE, YTO W NpH (PakTHUECKOM ee H3MeHeHuH. JleiicTBUTEeNbHO,
TaKOMH MPHEM MO3BOJACT BHIUMCITHTD 3HaUeHHs AS, HCMOMb3Ys 3HAK PABEHCTRA
B (2.12), MOoCKoNbKYy JHTPOMsS ecTh (DYHKLHA COCTOSHHS H, CJI€I0BaTe/bHO,
HE 3aBUCHT OT MyTH MEpexo/ia U3 HaYaJIbHOTO B KOHEUHOE COCTOSHHE.

PaccMOTpUM M3MEHEHHE YHTPOIMUH, KOrAa NPOLECC MPOUCXOANT NPH MOCTO-
STHCTBE naBieHust P = const. B atom ciyuae u3 (2.12) crnenyer, uto

Cpdl’

ds = 39r _ . (2.83)
T T

Wurerpupys B npeaenax ot 7 10 Th, nonyuaem

1o
Sz, — Sqy = J C”TdT. (2.84)
Ty

Jina B3ATHA 3TOro MHTerpaja HeoOXOAMMO 3HATh YPaBHEHHE 3aBUCMMOCTH
Cp or Temneparypbl BO BceM uHTepsaie temneparyp ot 7) no T». B cayuae
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C'p = const, Kak 3T0 HMEET MECTO B Cllydae HAeaTbHOIo rasa, ypasHerue (2.84)
yrpouiaeTcs:

AS = Cpln g_ (2.85)

1
Ecnu npouecc mpoucxoaut mpu V' = const u C'yy = const, To

AS=Cyln L2, (2.86)
T

B uzorepmuueckux ycnosusx (17 = const) dU = 0, torna u3 oObeaHHeH-
HOTO MEPBOTO ¥ BTOPOTO 3aKOHOB TEPMOJINHAMUKY HMEEM

TdS = PdV. (2.87)
[Tocne unrerpuposanus B npeaenax vy, Va
AS:Rln%:Rlnf—l. (2.88)
1 %

(3neck wenonb3oBaH 3akoH Boiins —Mapuotra (P V) = P 1h)).

Ecnu He3aBUCHMbIMY MEpEeMEHHBbIMU SIBJISIIOTCS naBleHue P u temnepary-
pa T', u3MeHeHHe FHTPOTIMU B TAKOM MpoLecce yao0Hee OCyIleCTBUTh CHavaa
NpH MOCTOSIHHOM aaBiieHun Py = const (pu 3tom TeMmnepatypa mensietcs ot 1
no Tb), a 3areM npu nocTosHHOI TeMneparype 17 = const (pH HTOM naBie-
Hue MensieTcst oT Pp 1o P»). VI3MeHeHHe SHTPOIMH 110 ITUM ABYM MpoLeccam
orpaxaeTcs Gpopmynoi

(2.89)

AS=Cpln 2+ R,
T .

)

HpI/I HE3aBUCUMBIX MEPEMEHHBIX —— JaBJICHUNU H OGLCMG, noAacTaBJIAd B ypaB-

~ o PV PV
HeHue (2.89) 3nauenus temneparyp 17 = IRI nil = ‘T“’, a TakKe yuu-
C
teiBas, uto Cp —Cy = R u C—P = 7, MoJyyaem
2%
AN
AS=Cymm=2(2]) . (2.90)
P\ 1

TakumM 00pa3oM, Mbl PacCMOTPEH HEKOTOPbIE YPaBHEHHS, NO3BONSIOLINE
BBIUUCIIUTb IHTPOIUIO WKW U3MEHEHHE YHTPOMUHK MO M3BECTHBIM H3MEHEHUAM
MapaMeTpOB CHCTEMbI M MO M3BECTHBIM 3HAYECHUSAM TETIOEMKOCTEIH.

YnomsHeM etie 00 0HOM CllyUae pacueTa H3MEHEHHS SHTPOTIHHN B IPOLIEcce
CMEILeHH ABYX Ta30B, HMEIOIINX pasHbie 00bembl Vi u Vs (T. e. yucna mosneidi v; )
u remneparypbt 71 u T . Jlnst aT0r0 ciyuas HeOOXOANMO ONPeAesIUThL TeMrepa-
TYpPY CMECH MOclle CMEIeHHs Fa30B. DTO MOKHO BHIYHCIUTL HA OCHOBE NEPBOT0O
3aKOHa TePMOJAMHAMHKH (DalaHC TEMIOThI), M0 KOTOPOMY

v1Chy (0 = Th) = 12Cs, (T2 — 0). (2.91)
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Beruncaus temneparypy cmecu 6, ucnonsdyem ¢opmyiy (2.89) B Buue

V1+V2 +R1Il
1 2

AS =1, n—+1/20>v ln—+Rln u

(2.92)

3nech yMECTHO YMOMSAHYTh e1e 00 OHOM cllyyae pacueTa SHTPOITHH cMe-
LIEHHUs JBYX OJAMHAKOBBLIX ra3oB MPH OJMHAKOBOI TeMmepartype M NaBJEHHM.
O0bIuHOE pacemoTpenue (cM. Gopmyny (2.92)) NPUBOAUT K 3HAYEHHIO SHTPO-
MK, KOTOPOE HEAOMYyCTUMO Il CMECH [BYX ra3oB OJWHAKOBOW MPHUPOIBI U
paBHbIX 00beMOB, a uMeHHO AS = 2R 1n 2, X0oTs J10ruyHO ObLI0 Obl CKA3aTh,
YTO AN JAHHOTO clyvas U3MEHEHHE SHTPOMHH JIOMKHO PABHATLCA HYMIO —
B 9TOM COCTOMT TaK Ha3blBaeMblil napadoxc [udoca. Cam 'ub0c He cMor pas-
PELIHTBL STOT Mapagokc H OrPAHUUMUIICS 3aMevaHHeM, UTO B Cllydae CMELLeHUs
JHTpOMNUA BeaeT cedst HHaue, 4yeM dHeprus. SICHO, UTo Takas Mo3uLHS MOKOPHO-
CTH HEJOMYCTHMA B HayKe, HO BCE MOTMBITKH 000HTH CO3MaBLLYIOCS TPYAHOCTD,
MO-BHAMMOMY, HE NMPHUBEJH K LIeJN.

M3oTepMuueckue MOTEHUMANBI HACATbHBIX Ta30B, Kak (yHKIHH oObeMa U
JaBJIeHHs [pK NocTosiHCTBE TeMnepatypsl (11 = const) JIerko 1noiay4urs 1nyTem
HHTErpupoBaHust nosHbix anddeperunanos F(2.49) u G (2.51). B pesynbrare
UHTETPHPOBAHUS HMEEM

F=FT)-RT'nV uw G=GT)+ RTInP. (2.93)
PacueTbl BeTMUMHBI XUMUUYECKOTO MOTEHLMANA TPOU3BOISAT, UCTIONB3YS OT-
penesieHne XxuMuueckoro noreHunana (cm. (2.65) u (2.66)). Iockonbky ju; =

oG o y .
= (—7) (IL]'UI MHOIOKOMITOHEHTHOHW CHCTEMbI, COCTOALLIECH M3 2-I0 KO-
l)x\’ P.T. N
#2

JMYECTBA COCTABISIOLINX NaHHYIO cucteMy BeluecTs), a dG = SdT + VdP, to

dpi = — <£> dT + (‘” ) dP = —s;dT + v;dP, (2.94)
ON') ON') 1,

T $;, Vi — YAENbHbIE (MOJIbHbIE) BETMUMHBI SHTPOMHMK 1 00beMa 7-T0 KOMITO-
HEHTa.
B cootBeTcTBUM ¢ (2.94) umeem

T P
wi(T, P) = p°(To, Po) — J si(T, P)dT + J v;dP, (2.95)
To Po

(3aeck non Ty n Py noppasymeBatoTcst Temieparypa W aasjieHHe B CHCTeME
B HAYAITLHOM COCTOSTHUM).

[papuk 3aBUCHMOCTH XMMHUECKOTO MOTEHIMAJA OT TEMMEPATy Pbl M 0011Ero
JaBJieHUs B cucTeme TpuBeaeH Ha puc. 2.1 ans aByxdaszHoi (KHAKOCTb—ra3)
paBHOBeCHOIT crcTeMbl. [TocKoabKy 3HTponus W oObeM ra3a Gosbliie, YeM IH-

d
TPOMnUA H 00beM KHUAKOIro COCTOSAHHA, TO HAKJIOH 3aBHCHMOCTH e
I ) o,

JJI rasa 6OJ1bLIJ€, YEM IJIA KUOKOCTH.
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P=const T=const

1 1

a 4]

Puc. 2.1. 3apucuMocTh XHMHUECKOIO TTOTEHIHANA OT (@) TeMieparypnl u (6) janienus
JUTS ABYX(PA3HOTO COCTOAHMS AKHAKOCTb — a3 OAHOKOMIIOHEHTHOH CHCTEMBI

HpH NOCTOAHCTBE TEMMNEPATYPbl BEJIHYMHHA XHMHUYCCKOIO MnoTeHUHaMa AJis
HACAJIbHOIO COCTOAHUA (ﬂpHMeHHMO YPaBHECHHUE COCTOAHHS HACATILHOIO rasa

RT | -
v; = ——;) Oyznet onpenenatees u3 (2.95) B Buze
P

wi(T, P) = p2(T, p?) + RT In I% = pu)(T, p?) + RTna;, (2.96)
2

T pi, p_ — TMapuMaibHbie TaBIEHNS i-r0 KOMITOHEHTA COOTBETCTBEHHO B KO-
HEYHOM M Ha4aJibHOM COCTOSIHMAX; ; — AKTHBHOCTb JA@HHOTO KOMITOHEHTa
(cMm. paza. 2.7).

Cnenyer 0co00 MOAYEPKHYTb Pa3HHULY MEkKAY YACTHBIMH MPOHM3BOIHBIMU
OT XapaKTEePUCTHUECKOH (DY HKLIMH MO YHCTY MOJeii KOMITOHEHTA NPH HEH3MeH-
HbIX XapaKTEePUCTHYECKUX MEPEMEHHbBIX U NPH HEM3MEHHbIX HHTEHCHBHbBIX Ma-
pamerpax. Hanpumep, B ciyyae BHYTPEHHeH YHEPrud HEOOXOAUMO pas3fiHvaTh

< oU ) ( ou ) ,
MPOU3BOIHbIE | —— [/ . llepBas 3 2THX Npou3BOI-
v/ VS, Ny IN; P, T, N, 4;

HBIX B COOTBETCTBHU C YpaBHeHHEM (2.66) — 9TO XUMUYECKHIT noTeHIHan i-ro
KOMMOHEHTA /{;, BTOpass — NapLHaJbHO MOJIbHAs BHYTPEHHSS SHEPris KOMMO-
HeHTa i. DU3ndeckuii cMbICi 3TOro pa3inyus y100HO pacCMOTPeTh Ha MpuMepe
OJIHOKOMITOHEHTHOTO YHCTOrO BellecTBa. B aTom ciyuae

U
= p, 2.97
(%), @

oUu _
(a—N) I (2.98)

Vpasuenue (2.98) onpenensier BeMMYUHY MOJBHOM BHyTpeHHEH Hepruu
NPpU TOCTOSIHHBIX HHTEHCHBHBIX MapameTpax 1’ u P. Ypasuenue (2.97) tpedyer
CMELHAIbHOTO Pa3bsiCHEHHS.

llycts TepMoguHamMHuueckas cUcTeMa Haxolurtes npu napamerpax I’ u P
u umeeT N Moreil 1aHHOTO BelecTBa, 00beM V, SHTPOMHUIO S U BHY TPEHHIOKO
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aHepruto. lobaBum k 1ol cucteme dN Mosieii 3TOro e BeLecTsa, Haxoas-
LIeTocs MPH TeX JKe AaBICHUH, TeMrepatype H uMetonx oobveM dV = vdN,
BHyTpeHHio0 3Hepruto dU = udN u sutpormio dS = sdN. B pesyabrare
TaKoro A00ABNEHHST BHYTPEHHSS dHEPrus yBenuuurcs Ha Bennuuny dU. Ogn-
HOBPEMEHHO H3MEHSATCSI M 00BbEM M IHTPOTIHSA CHCTEMbI, KOTOPbIE NPHOOPETYT
sHadenusa V +dV u S + dS , Ho 310 TpoTUBOpEYHT YCIOBUSIM aH((epeHLHpo-
BaHud (2.97). [Inst Toro, 4ToObl BIMONHUTDL YcnoBus (2.97), Heodxoaumo nocie
nobasnenust N MoJeil BeliecTBa BEPHYTh 00bEM H SHTPOITHIO K MPEKHUM 3Ha-
qeHusM. M3MeHeHHe 00beMa 1 SHTPOTTHH CUCTEMBbI ITPH HEH3MEHHOM KOJTHUeCTBE
BelecTsa TpedyeT 3aTparbl paboThl M TETLIOTHI, HTO B CBOKO OUEpeb BbI3OBET J0-
MOJTHUTENIEHOE H3MEHEHHE BHY TpeHHeH sHepruu cuctemsl dU' = T'dS — PdV.
[Moncrasus cona 3HaueHust S n dV' ¢ oOpaTHbIMK 3HAKAMMU, TTOJLY UM

dU' = —=T'sdN + PuvdN.

Jns toro, 4yToObl MONYUYUTh CYMMapHOE H3MEHEHHEe BHYTPEHHEH dHEepruu
cucremsl AU, ynosnersopsouiee ycnosiam (2.97), cnoxum dU u dU":

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

rae p=u — T's + Puv.

VpasHeHue (2.99) To:xkaecTBeHHO ypaBHeHNO (2.97) u packpbiBaeT ero Gusu-
YeckHii cMbIcs. OH COCTOMT B TOM, UTO MPH A00aBIEHHH K CHCTEME HEKOTOPOTo
KOJIMYECTBA BEIIECTBA C COXPAHEHHEM B HEU3MEHHOM COCTOSTHUM €10 XapaKTepu-
CTHYECKHX MEPEMEHHBIX, BCE XapaKTepUcTHUeCKHe QYHKLHH (32 HCKIIOUEHHEM
¢QyHkuun ['nd0ca, MockoabKyY I Hee XapaKTepUCTHYECKHE H HHTEHCHBHbIE Ma-
paMeTpbl CyTh OJHO U TO JKE) U3MEHSIOTCS HE TOJILKO 32 CUET COOCTBEHHO H3MEHe-
HHA KOJTMYECTBA BEIECTBA, HO H 3@ CHET TOTO, YTO NMOAAEPKAHHE HEU3MEHHbBIMH
XapaKTepUCTUHECKUX MapaMeTpoB TPeOyeT NOMOJHUTENLHBIX IHEPreTHUECKHX
BO3ACHCTBHIT HAa cHCTEMY.

2.7. Ypasuennst Makcpe/iia

UpesBblyaiiHO BaKHBIM MHCTPYMEHTOM TEPMOAMHAMMKH SIBISIOTCS ypaB-
HeHusi, BHepBbie cdopmyarpoBaHHbie MakcBeasToM. DTH ypaBHEHHS LLIMPOKO
OyIdyT UCMOJb30BaHbI B JalIbHEHILEM.

Harmomuum, uto ecnn audepeninuan Kakoit-nmu6o ¢yHkuun dz =
= M(z, y)dz + N(z, y)dy (1.11) sasnsgercs nonHeiM auddepeHunanom, To
11 9ToH PyHKIMH cripaBeauBo cooTHowweHue (1.13), T.e.

oM _ (ON
/), oN /),

CpaBHeHHUe ypaBHEHUS A7 BHY TPEHHEH SHEPTHH (KaKk XapakTeprcTHIeCKON
dyukuun) (2.45) dU = T'dS — PdV ¢ (1.11) nokasbiBa€eT, 4To B 3TOM COOTHO-
wennn V=T, N = =P,z = Suy = V. C yueToM 3TOro 00CTOATEILCTBA

nofy4aem .
<ﬂ) :(ﬂ> . (2.100)
ov)s \os/y
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Conocrasisist ypasHenue (2.47) dH = TdS + VdP ¢ (1.11), Buaum, uto
M=T,N=V,z=Suy = P.Orciona cneayer, 4To

<3T) :(a_‘/) . 2.101)
or)s \0s)p

W3 cpasuenusi dF = SdT — PdV c(1.11)cnenyetr,yto M = —P, N = -5,
z =V uy =1T.B pesynsrare

(‘f”’) :(E> . (2.102)
ar )y \av /),

U, HakoHew, cpasHusas (2.51) dG = —SdT + VdP ¢ (1.11), Haxoaum, uTo
M=V,N=-512=Puy=T.B>ToM ciiyuae

<3_V) _ <§) . (2.103)
ar ), \or),

Bce 9TH COOTHOLIEHHST MOTYT OBbITh 3alHCaHbl W B «MEPEBEPHYTOM) BHJIE.

Ecnu TepMoauHaMuueckas cucTeMa noMuMo paboThl paciiipeH s coBepliia-
eT M JIpyrue BUAbl padoT (clokHas cucTema), To ypaBHeHHs Makcsena opmy-
JUPYIOTCS TOUHO TaK e, KaK M ISl POCTBIX CUCTEM, C TOM JIMLLbL PA3HULEH, 4TO
Ha YacTHbIE Npou3BoAHbIe, purypupytomue B (2.100)—(2.103) naxnansiaior-
sl IONOJHUTENbHbIE YCIoBHs. Hanpumep, a7s cHcTeMbl, B KOTOPOi BO3MOKHO
MpOTeKAHUE XUMMYECKUX peakuui, oObeAMHEHHBIH MepBbI U BTOPOH 3aKOH
TepMOAMHAMHUKH 3anuiueTcs B Buzae (2.80)

dU = TdS — PdV + Y pdN;.

C nomoLibio MeToaa, H3JI0KEHHOTO BblLe, nMpu [N; = const, HAXOAUM

<3T> :(a_P> . (2.104)
A% S, N, as V,N,

AHaNOrM4HbIM 00pa3oM MOJKHO TIOJIYYHUTb COOTHOIIEHHA MakcBea 1 /s
JAPYTUX XapakTepUCTUHECKHX (Y HKLMIA.

2.8. JleryuecTb. AKTHBHOCTb

HpaK‘lwlecxoe HCMOJIb30BAHWE TEPMOANMHAMHYECKHX ypaBHeHuﬁ COCTOSIHHUA
CBSI3aHO ¢ OOJIbLUHMHU TPYAHOCTAMH B BbIMHCIICHHAX. Hanpumep, HU3MCHCHUEC

sHepruu ['Mb6ca npu U30TEPMHUECKOM MPOLIECCE B COOTBETCTBHU C Y PaBHEHH-
Py

eM (2.93) no/KHO ObITh paBHO f VdP. Ho misi oTbiCKaHUsi 9TOr0 MHTErpa-
Ijl

Ja HeoOX0AHMO MOJCTABUTh B MOJAbIHTEIPAJIbHOE BbIPAKEHHE 3aBUCHMOCTb V/
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ot P. Jlns uneanbHOro rasa 3azaia peLiaercs 40BOJIIbHO MPOCTO B COOTBETCTBHHU
¢ ypaBHeHueM MenaeneeBa — Knaneiipona. [{ns atoro ciyuas umeem

AG(T) = RTIn 22| (2.105)
Py

CoBepLUeHHO HHaue 00CTOMT JIJI0 € peabHbIM ra3oMm, /151 KOTOPOro ypaBHe-
HUE COCTOAHHSA TOpa3o CIIOKHeE, U Moj 3HaKkoM uuTerpana [ VdP Gyaet ctosTb
3HAUUTENbHO Oosee crnoikHast (GyHKLHA.

OpHako [Uisl TEPMOAMHAMMKH [OJIE3HEE MOAUEPKHYTh HE pasiuuue B ypaBs-
HEHHAX COCTOAHMSA, @ OOLIHOCTb 3a7ay, pellaemMbIX ypaBHeHHsIMH THra (2.93).
Haubonee xopowuii cnocod noauepKkHyTh 3Ty 0OLIHOCTL COCTOUT B TOM, UTOObI
TIpUAATh THM YPaBHEHUSIM TaKyl0 MaTeMaTHYecKyio opmy (¢ ApyTHM, KOHeu-
HO, COZIEpIKaHUEM), KaKyto nmeeT ypasHeHue (2.105).

Jlptore (1901 r) mpuuan 3a obpaseu MoAKymnakolle NPOCToe YpaBHEHHE
(2.104) mns pyHkumn M'ndOca (nnu To 7xKe camoe sl XHMHUUYECKOTO MOTEHLHana)
WleanbHOTO ra3a W NpeAioKuI BBECTH Hekotopyto dyukunio f(P), HazBaH-
HylO emyuecmoio (no-avrauiickn fugacity). Jletyuecrs (Mnu, kak ee nHoraa
Ha3bIBAIOT, (hy umuGHocne), MOAKHO ONPEAETHTb KaK IaBJIeHHE, KOTOPOe TO0JIK-
Ha MPOM3BOAMTDL AaHHAs cHcTeMa, 4TOObl OKa3blBaTh TAKoe e NeHCTBHE, Kak
1 UjealibHas cucTema. 1o Kak Obl MCTIpaBlIEeHHOE AaBieHue. JleTyuecTb xapak-
Tepu3yeT OTKJIOHEHHe peaslbHOTO Tasa OT HaeanbHoro coctossaus. C mpubiu-
JKEHHEM PeasibHOro rasa K MAeajbHOMY COCTOAHHIO JIeTyuecTb [ 10 BeluunHe
npuOMKaeTes K AaBieHnto P, Tak, 4To MpH BCeX AABJIEHHAX 00 BeIMYHHbI
CTAHOBATCS PABHBIMM, T. €.

lim £ =1. (2.106)
P—0 P

U3 (2.106) BUAHO, 4TO JIETYHECTh W JABIEHUE UMEKOT OMHAKOBbIE €IHHHLIbI
n3mepeHust. OTHOIEHHE JIeTYUeCTH K JaBIEHHIO Ha3BIBAIOT Kod(duiuenmom
Jemyuecinu y:

= [i (2.107)

KoadduumenTsl neryuecty kak (QYHKUMH AABIEHHS W TeMMeparypbl s
MHOTHX BEIECTB MPUBOAATCA B (PU3HKO-X MMHUECKHUX CIIPaBOYHUKAX. JleTyuecTs
Oblla BBEJACHA B TEPMOAMHAMMUECKYIO TMPAKTHKY B MEPBYIO Ouepeab sl Bbl-
YUCAEHHUS XUMUYECKHX TIOTEHIMANoB ra3oB. Ho npumMeHeHue NeTy4ecT 3THM
He orpaHuuuBaeTcs. JIeTyuecTbio MOKHO MOJIb30BaThCsl U TOrA, KOraa YucToe
BEILIECTBO HAXOANTCS B )KHAKOH min TBeproii hase. BeuiecTBo B cOCTOAHUM Ha-
CBIILIEHHOIO Mapa HaxoAMTCsl B PABHOBECHM € OTUM BEILECTBOM B JKHAKOH WU
TBepaoii dase. Toraa npu paBHOBECHH JIETYUECTh BEIIIECTBA B ra30Boi (hopme
paBHa JIeTyueCcTH BeLEeCTBa B KUIKOH WK TBepaoit ase. Takum oOpa3om, cTaH-
JapTHbIE HaCTH XHMHYECKOTO TMOTEHIIMaa BELECTBA, HAXOASAIIErOCs B pa3HbIX
()a30BbIX COCTOSIHUAX, MOTYT ObITb OTCUHTAHbBL O/ OOHO2O U HO20 HCE CHIAH-
0(IpIHHO:’() cocmostius.

Hapsiny ¢ neTyuecTsio 11l aHaIu3a MOBEAECHHS PAaCTBOPOB H 0COOEHHO st
aHasin3a (pa3oBbIX paBHOBECHIT B pacTBOPAX MCTONB3YETCS €Lle O/(HA BEIHUHHA,
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Ha3sbIBacMasl akmusHochnbio KOMIIOHEHTAa pacTBopa. Ee onpeacjacHue OJIM3KO K
OMPEACTICHUIO JIETYHYECTH, H aHAJTUTHYCCKH OHA (])opmymtpyeTca TakK:

):/J/i(P$T‘9/']‘x2,~~-)_ﬂ'ST’ (2.108)

Ina;(P, T, x1, xa, ...
'L( k) b b b RT

I1e a; — AKTUBHOCTH i-TO KOMMOHEHTA; [1f’ — XUMUYECKHUIf MOTEeHLMal 3TOro
KOMIOHEHTA B COCTOSIHUM, PUHUMAEMOM 3a CTaHJapTHOE.

Bb10op cTaHaapTHOTO COCTOSHUSA AUKTYETCS cO0OpakeHUsIMH yao0cTea. [is
KOHJEHCUPOBAHHOH CHCTEMbI KaK MpaBKio BbIOHPAIOT B KAYECTBE CTAHAAPTHOTO
COCTOSIHUS COCTOSIHME YMCTOTO BelecTBa (B JKUAKOH MK TBepaoH (ase), Haxo-
JSILIETOCs N0/ AaBleHHeM B 0AHY atMocdepy (He moa 1aBIeHHEM HACKIIEHHOTO
napa 3Toro BeuiecTsal) U npu jaHHoi remnepatype T.

HeonnnakoBble HAaHMEHOBaHUs (JIETYUECTb, aKTHBHOCTD) JIHLIbL HAMOMHHA-
10T 0 Pa3jiM4MK CTAHAAPTHBIX COCTOSIHUEA. TIpH BbIMHMCIEHHHN JIETYUECTH CTaH-
JAPTHBIM SIBJISETCSA COCTOSTHUE UAeATH3HPOBAHHOTO ra3a NpH AaBleHUH B OJHY
arMocdepy. B TO BpeMsl Kak NpH BbIUHCIEHHH aKTHBHOCTH TAKOBBIM SIBJISIETCS CO-
CTOSIHHE YHCTOMN KHMAKOCTH (YMCTOTO KPHCTALIA) NMPH 001LEeM IaBIeHHH B OfHY
armocdepy.



I'ITABA 3
TPETUH 3AKOH TEPMOIAMHAMMWKHA

K koHuy XIX Beka BONpocsbl pacuyeToB XMMHUECKOrO PaBHOBECHS CTA/M
npuodpeTarh BaKHOE MpakTHYECKOEe 3HaUYeHHe. J0CTaTOUHO HAMOMHHUTE TOIBKO
0 1podsiemMe CBsI3aHHOIO a30Ta, KOTOPask BO3HUK/IA B CBA3W C UHTErPUPOBAHUEM
YPaBHEHHSA 3aBHCHMOCTH KOHCTAHThI XHMHYECKOrO PaBHOBECHS OT TEMMepaTy-
pbl. Jleno B TOM, UTO 3HAUEHHE KOHCTAHTbI PABHOBECHS HEBO3MOJKHO BbIUMC-
JIUTh TOJILKO HA OCHOBAHHH TEPMHUYECKHX NaHHBIX. [TpUXOAHTCA OCYIECTBIIATE
paBHOBECHE MPH OIHOI Temrneparype, HCCledoBaTh €ro, BhIMHCIATD 3HaYEeHHE
KOHCTaHTbl paBHOBECHS AJs DTOMH TeMMeparypbl M HAXOAWTb Jaljlee 3HaueHHe
KOHCTaHTbl HHTEIPUpOBaHHA. JIpyruMu cloBaMH, Ul BbIYHCIECHHS KOHCTAHTDI
PaBHOBECHS HA0 NMpeLBApUTENIbHO OCYLLUECTBHUTL CaMO paBHOBecHe. ToNbKO No-
cJie TaKkoi MpoLeypbl MOAKHO OMPEAETHTh KOHCTAHTY PaBHOBECHS MPH JIO00H
Apyroii remneparype.

Jle 1llatenbe mocTaBHiI 3azady ONpeAeSeHHsl KOHCTaHTHI paBHOBecHs Oe3
NIPOBEAEHHS NpeABapUTENILHOIO dKcnepuMenTa. OHAKO pelnTh Takylo 3aja-
4y B pamMKax MepBOro W BTOPOTO 3aKOHOB TEPMOAMHAMMKH HEBO3MOXKHO. Ecin
JTa 3agaua BooOLle pellaeMa, TO A0JDKEH CYLEeCTBOBaTh METO/ ONpeaeneHus
SHTPONHH Oe3 OCYILIECTBICHHS PaBHOBECHS.

Tomcen B 1852 1. u bepreno B 1869 1. cnenanu nonbITKy peLHTh MOCTaB-
JeHHyto nipodnemy. O0oux HccnenoBaTeNeli HHTepecoBasl KpUTEPHii, KOTOpOMY
JOJIKHBI TOAYMHATBCS CaMOTPOH3BOJIBHO MPOTEKAIOINE XMMUUYECKHE PEaKLINH.
ITo TomceHy 1 Bepreso Ha si3bIke COBPEMEHHOH TEPMOAMHAMHKHN TaKUM KpHTE-
pHeEM ABIAETCA H3MEHEHHE DHTAJIBITUH TTPH PEaKLUH, KOTOPOE MPH MOCTOSHHBIX
JABIEHUH U TEMMEPAType N0KHO ObITh OTPULATENbHBIM, T. €.

(AH)p,7 < 0. G.1)

OnHAaKo 3TO HEPaBEHCTBO MOMKET ObITh JKBHBAJICHTHBIM HEPABEHCTBY
(AG) p, 7 < 0 TONBKO B TOM CIyuae, €Clii U3MEHeHHE YHTPOMUHU IIPU PeakUyu
paBHo Hymo. Ho mockonbky AS B 001eM citydae He PaBHO HYIIO, TO HepaBeH-
¢TBO (3.1) He MOKET ObITh CMIPABEATUBbIM BO BeeX cityuasax. OIHAKO NMPH HU3KUX
TeMmeparypax, npuoIMKaoINXes K aBCOMOTHOMY HyIO, MpUHIMT bepreno—
TomMceHa MoHOCTBIO CNPABELIUB.

BhIMmosiHeHHE STOro MPHHIIMIMA MPH HH3KUX Temrepatypax HaBeno Hephera
Ha MbIC/Ib 0 TOM, 4TO AG u A H He TOJIbKO PaBHbI APYT APYTY NPH aGCOMIOTHOM
Hyne, HO 1 3aBricumocTi AG(T) u AH (T') umetor o0liyio kacaTtelibHy0 TpH
9TOii Temneparype.

[Mponudpepentmpyem ypasuenue AG = AH —TAS no Temneparype npu
[OCTOSIHHOM JaBJIEHUM:

(ﬁAG‘) :<5)AH> _AS_T<E)AS> ' (3.2)
or ) p aT ) p or ) p
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Ho
T<"’A5) = ACp. (3.3)
or ) p
Torpa
<3AG> _ (BAH> _AS — ACk. (3.4)
ar ) p ar ) p
[To npenronoxenuio Heprera (0HO He crieyeT W3 060MX 3aKOHOB TEPMO-
JNHHAMUKH )
Jim (M_G) = lim (3“’) : (3.5)
TS0\ or ) p  T=0\ aT )p
lim AS =0, (3.6)
T—0

MOCKONIbKY W KBAHTOBas TEOPHs, W IKCNEPUMEHTaJIbHbIEe AaHHbIEe CBUOETENb-
CTBYIOT O TOM, uT0 Benuunna C'p npeBpallaeTcs B Hyjlb Mpu abCOMOTHOM HyJIE.

VpaBHenus (3.5) v (3.6) ABysOTCA MaTeMaTHUECKOIT 3aMHChI0 TPEThero 3a-
KoHa TepmoanHamukh. HYacto (3.6) csa3biBatoT ¢ nocrynarom [Tnaxka, no ko-
TOPOMY «OHMPONUS. APAGUILIIO 0DPAZOBAHI020 KPUCIALIA APU AOCOTIONHOM
Hyie pasia Hyuo», T.€. Sp = 0.

TpyAHOCTb UCTIONB30BAHMS HTOTO 3aKOHA COCTOMT I1aBHLIM 00pa3oM B TOM,
YTO KOHAEHCHpPOBaHHAs (pasa KoJKHA ObITH YHCTOH U CTPOTO PABHOBECHOII, T. €.
B COCTOSIHMM € MMHMMaJIbHOH sHeprueil. Ecnu nmpousolno kakoe-nudo Hapy-
weHne (azbl, HAMpUMep HapylIeHHe WAealTbHOCTH PEIIeTKH WM BHEIpeHHe
MOCTOPOHHHUX aTOMOB B KPHCTAJUTMHECKYIO PELLIETKY, TO CHCTeMa repeiiner B co-
CTOSIHHE HETOJIHOTO PaBHOBECHS, W ee dHTponus Aaxe npu T — 0 Oyzet Gonb-
e Hyns. DTo Tak HasbiBaeMast ocmanoynasn Hnmponust. OCTaTouHas SHTPONUI
B CMELIAHHBIX KPHCTAILIAX, COCTOSILMX M3 ABYX H30TOMOB KAKOTr0-THOO0 3N1eMeH-
Ta, BO3HMKAET MOTOMY, YTO aTOMbl 3aHUMAIOT Y3JIbl KPUCTAIIHYECKOH peLueTKH
0oniee XaoTHUHO, a HE TaK, 4TOObI 10CTHIal0Ch COCTOSHUE C MUHUMAIbHOI dHep-
rueii. Tak, mpu cooTHOIEHUH U30TOMOB 1 : 1 ocTaTOuHAs IHTPONHS CMELIAHHBIX
KPHUCTAJIOB COCTABMAET MPUMEpHO 5.8 I#/MOIb.

Takum oOpa3zoM, 3TH (a3bl HE HAXOAATCS B COCTOSHHH BHYTPEHHEro Tep-
MOJMHAMHUYECKOIO PAaBHOBECHS, MX COCTOSIHHE HE ONPEaE/IeHO MOIHOCTLIO TeM-
TeparTypoii, AaBieHHEM, YHCIOM W MPHPOAoii KoMroHeHToB. CHcTemMa B DTHX
COCTOSHUAX MOKET MPHHUMATh OECKOHEYHO OOJNbILOE UHCI0 KOH(QUrypaLuii,
a, 3HAYMT, DHTPOMUA BCEX TAKUX KOHUTypaumii He MoxeT OblTh OAHOI U TOH
xke. [ToaToMy nonoGHbIe CHCTEMbI HE MOTYT M3yUaThesl TEPMOAMHAMUYECKHMU
Mmetopamu. [lopoOHble cMellaHHble KPUCTAIbL HE MpeacTaBIsiioT codoii Hapy-
LIEHHs TPETHETo 3aKOHA TePMOAMHAMMKH, MPOCTO K TAKUM CHUCTEMAM HeJlb3s
NPUMEHATH TEPMOAMHAMHUKY PAaBHOBECHOTO COCTOSHUS.

VYpaBrenue (3.2) MOKHO MCTONb30BaTh HE TOJNLKO IUIST XMMHYECKUX peak-
Ui, HO M ANl APYTHX MPOLECcCOB. B 4acTHOCTH, M3MEHEHHE YHTPOMUM TpU
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H30TEPMHUYECCKOM CIKATHH WITH paCLUHPEHHUH Cl)a3bl JOJIZKHO CTPEMHTLCA K HYJIO,

CJIe10BATEIILHO,

. as

lim ( 22 ) =o. (3.7)
T—0\ OP T

Orctona, HCTOJIB3YA COOTHOLICHUSA Makcgesnna, HaXo0auM, 4TO

lim (3_’3) —0. (3.8)
T—0\ a1 ) 1

Takum oOpazom, TemnepartypHblii KOO(OOHIMEHT 1aBAEHHUS TTPH TeMrepaTy-
pax, npUOIMKAIOLMXCS K HYTIO, TAK/KE CTPEMHUTCS K HYIO.

IocTynat IlnaHka MCNONB3YIOT A/t BBIYMCIICHHS aOCOMIOTHBIX 3HAYCHUIl
IHTpOMNKUH (A0COMOTHBIX IHTPOTNUIA). [I1st BbIuMCIEeHHUS aDCONIOTHOH HTPOMUH
Heo0X0JUMO 3HaHHE TETIOEMKOCTH, ONPeeIeHHON 10 BOBMOXKHO Oosiee HH3KUX
Temnepatyp. Tak kak tensoemkoctd npu 0 K He W3BECTHBI HH 7S OAHOTO W3
BEILECTB, TO 9TH BEJIMUMHbBI HAXOAAT IKCTpanonsuued ypapuenus Jledas ¢ no-
MOLLBIO SMITHPHYECKUX TIPUEMOB.

Ecitn 3HaueHKs TEMIOEMKOCTH BELLECTBA B Pa3jiMuHbIX (a30BbIX MOAH(HKA-
LUAX ornpeaenieHsl BIUIOTh 10 0 K, To uis BbuHCIeHHS a0CONIOTHOM IHTPOITHK
BOCIIOJIb3yeMCsl yiKe U3BeCTHOMH (PopMyIoi, 3amnucas ee B BUae

T

Cp

= | ==dT. 9

Sy JT (3.9)
0

‘Torna, yuntbiBas Bce nonumopdusie U (a3oBble NpeBpaLleHUs BIUIOTh A0
HeoOxonumoii temneparypsl 7', 3anuiuem BbipakeHue Ais pacueTa abcoNoTHOM
SHTPOMHH:

T, T
ﬂﬁ
C
Sy = J e qr 4 Ao J Cegr 4 2y
la—»ﬁ T Ths
0 To-sp
Ty T
('l"/l\' i (ﬁli\i
+ J %(zTJr%jL J e ar. (.10
Tl'l.'l o TKM\'(

IlepBblii usieH 3TOro ypaBHeHUs! paBeH IHTPONHN KPUCTAIUIHUECKOTO Bellle-
CTBA MPH TEMIEPAType ero nepexoaa U3 0AHOH KPHCTATUIECKOH MOAH(HKALIMH
B APYTYI0; BTOPO#i WIEH COOTBETCTBYET M3MEHEHHIO JHTPONUH NMPH (pa30BOM npe-
BPAILUEHUH; TPETHH — NMPHPALLEHUIO YHTPOIHHU MPH HArpeBaHWMW BElECTBa OT
Temneparypsl nepexona I, .3 10 TeMneparypbl riasjienus u T. a. Ecnu Bewe-
CTBO MMEET BCEro JIMilb OAHY KPHCTAJIHYECKYI0 MOAM(DUKALMIO, TO MepBbie
TPH YJIEHA YPAaBHEHHUS 3aMEHSAIOTCS HHTETPAJIOM, COOTBETCTBYIOLLHM JHTPOTIUH
TBEP/OI0 BeLLecTBa NpH remneparype ruiaBieHus. [ockosnbKy ans 6oblIMHCTBA
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BELLECTB 3HAYEHUsI TEINIOEMKOCTH H3BECTHbI NPpU Temneparypax sbiwe 5—10 K,
TO 3HAUEHHE MEPBOTO MHTETPaAa PACCUMTHLIBAIOT JHOO rpaduueckoi skcTpano-
JsILMeit, 1100 ¢ NOMOLIBIO CHENHAILHO Pa3padoTaHHbIX METOIOB.
OO6wmx MatematHueckux cootHoweHnii mexay Cp u T’ He HaiineHo, v HH-
C
Terpabl, BXoaslme B ypasHeHue (3.10) onpenenstor no rpaduxam ?P = f(T)

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

CplT

0,200F 7

L C,H,
0,150

L
0’100 E lj@.‘) l6f9.4

L Cp/T)dT Cp/T)dT

N 15.($ PIT) mag PIT) Cp/T=p(T)
0,050+

L o -+ 298.2

C ; o C/T)dT o0

L § et 1<‘Jo.(4P ) &

Il 1 1 Il 1 Il Il 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 T

Puc. 3.1. I'pauueckuii MeTon pacueTa YHTPONHH

Pacuer 3HTPONMK 3HAUMTENBbHO YNpoLllaeTcs Oaroaaps HajlHuHiO TadunLL
3HAUEHNH Sihg. HAHIEHHBIX WIH H3 TEPMOXHMHYECKUX BEIHUHH, WIH HA OCHOBE
CTaTUCTHYECKHUX METO/IOB, @ TAK/KE C NOMOLLBIO NPUOINIKEHHbIX METOJ0B pacte-
Ta M pa3sINuHbIX KOCBEHHBIX METOA0B. CBOAKH CTAHAAPTHBIX BETHUHH SHTPOMTHH
Pa3MUHbBIX BELIECTB MPHUBOASATCS B JIOOBIX CIIPABOUMHHKAX M0 TEPMOAHHAMHKE.



I'TABA 4

PA30BOE PABHOBECHE
OJHOKOMIIOHEHTHbIX CHCTEM.
XUMHUYECKOE PABHOBECHUE

B HacToswwei rmage He 6}’H€T BBE€ACHO HHKAKHX HOBbLIX MPHHLHITOB. 31ech Mbl
6yz[eM HUMETb ACJ10 JIUIIDb C HauboJee BAXKHBIMHU NMPHMEHCHUAMU TECPMOJUHAMUKN
B (blrl'&HlleCKOﬁ XUMHH, a HMMEHHO C H3YUYEHHEM XHMHYECKOTO PABHOBECHA MEKILY
Pas3IndiHbIMH d)a3aMH OAHOKOMIIOHEHTHOH CHCTEMBI.

4.1. da3oBoe paBHOBeCHE

Cuctema, cocTosiiias W3 HECKONbKHX (a3, HazbIBACTCS 2CMEpOceHHOI.
@301l HA3LIBAIOT COBOKYIHOCTh FOMOIEHHbIX 4YacTeil CHCTEMbI, OJAHHAKOBBIX
Mo COCTaBY, XHMHYECKHM W (PU3MUYECKHM CBOHCTBAM M OTAEJIEHHOIT OT APYTHX
yacTeil cUCTEeMbl NOBEPXHOCTHIO pasena. XKumKkie i Teepibie aszbl Ha3bIBaOTCS
KoHOeHcuposannuimu hazamu. PaBHoBecHE B CHCTEME, COCTOALIEH M3 HECKOMb-
KHX (ha3, HA3BIBACTCS 2eMepOLeHHbIM WIH (DA306HIM PAGHOBECUCM.

B 1875 r. 'u66¢ B cBOCi 3HAMEHUTOH cTaThe «O PAaBHOBECHH reTePOTeHHbIX
BELLECTBY, UCXOs W3 [EPBOTO U BTOPOTO 3aKOHOB TEPMOIMHAMHKH, JAeT Hau-
Gonee oduLyt0 GopMYyTHPOBKY YCIOBHI pABHOBECHS /LTS TETEPOTEHHBIX CHCTEM.
OpHo 13 HanboJIee KPaCHBbIX CIEACTBHUI YCI0BHIT paBHOBECHS B (DOPMYTHPOBKE
I'mb6ca — »1o npasuno das.

4.2. Ilpasuao ¢a3 I'ndoca

Teopema. Yucio cmeneneit c606006l f pasHo6ecHoc0 cocmosnus cucme-
Mbl, COCIOAUCH U3 «C) PAZTUYHBIX KOMHOHCHINOG 8 PA3HBIX (Da3ax T, daemcs
BLIPAICCHUCM

f=c—r+2. @.1)

[Ton yncnom crenereit cBOGOIb MOAPA3yMEBAETCA YHCIO BHY TPEHHHX Mepe-
MEHHbIX, KOTOPbIE MOTYT [POH3BOJIBHO MEHSTHLCS NPH 3a1aHHbIX YCIOBHAX PaB-
HOBECHSI.

HoxazarenbcTBo. BHyTpeHHHE yca0BHS paBHOBeCHs /i 1aHHOH (a-
3BI, COCTOALIEH W3 ¢ KOMIMOHEHTOB, OMPEAENAIOTCA KOHLEHTPALMAMH KOMMTOHEH-
TOB. DTO 03HAYaAET, uTO HMeeTCs (¢ — 1) BHYTPEHHHX MEPEMEHHBIX, ONHChIBa-
owmx coctar (asbl. Kpome 3THX nepeMeHHbIX, HMEIOTCS elle nepeMeHHbie I
u T, opunaxoBsie Uisi Beex (pa3. Takum oOpazom, s rdas 4ucio nepeMeHHbIX
coctaBuT (¢ — 1)r + 2. XMMHYECKHE MOTEHLHAIIbI uf (k=1,2,...,r 0=
= 1,2, ..., ¢), KAK HHTEHCHBHbIE BEJIMUHHBI ONPEHENAIOTCS TOJNLKO ITHMHU
BHYTPEHHUMHU nepeMeHHbIMH. [TOCKOIIbKY YCIIOBHS pABHOBECHSI, OMPEAeseMble
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PaBEeHCTBOM XHMHYECKHUX MOTEHLHAIOB JHOOOr0 KOMIIOHEHTA B pa3HbIX (a3ax,
cocToAT 13 (r — 1)c ypaBHeHHiT, TO YHCIO CBOGOAHBIX MAPAMETPOB, KOTOPbIE
MOTYT MEHSATHCS B PABHOBECHOM COCTOSIHUH, OyIeT PaBHO

f=(-1)yr+2—-(r—1)c=c—r+2. (4.2)

VYpapHenue (4.2) HocuT Ha3zBaHue npaBuiaa ¢a3 'udodea.

PaccMmoTpum paBHOBecHe MeKay ABYMS (hazaMi OTHOKOMMOHEHTHOM cHcTe-
Mbl, COCTOSLLEH, CKaXeM, U3 JKHAKOCTH M €€ HAChILLEHHOTO napa (HachILEHHbIM
nmapoM Ha3bIBaeTCs Map, HaXOAALLHIICA B PABHOBECHM € HMAKOCTHIO). B cayuae
paBHOBecHs B OOOH TOUKE CHCTEMBI JIOMAKHO COOMIOAATHCS MOCTOSHCTBO XH-
MHUECKOTO noTeHuuasa (cm. ypasHenue (2.71)), T. €. XUMHUYECKHIi noTeHumna [t
JIOJKEH ObITh OAMHAKOBBLIM /TS apa W TS JKHAKOCTH:

pt = (4.3)

CoortHotuenue (4.3) npeacrarnget co0oi ycnosue (pa3oBoro paBHOBECHS.
B npocrpanctee nepemeHHbIX P, T W ju JIMHUS nepecedeHHs MoBepxHoCTeH
Jb = {1 M 4 = fi» TPEACTABIAET JHHUIO COCYLUECTROBAHHA ABYX (a3. [lpu
Nepexo/e Yepes ITY JIMHHIO NPOUCXOIUT (hazosoe npespawyernue. Beerna pea-
muzyercst paza ¢ MEHBIIUM 3HAYEHHUEM XUMHUYECKOTO MOTEHLHANA, MOCKOIbKY
oHa Oosee ycroiiuusa. TTopsinox dazo-
BOT'O MEPeX0/1a ONpeneseTcs Nopsakom p
KOHTaKTa ME/1y TMOBEPXHOCTAMU JI = T

= Jiy U [t = [to. Ha puc. 4.1 npeacras- "
ned (asoBblii MEPEXOA Hepsoco podd. NN
(Knaccuukauus  ¢a3oBbix nepe- =g

XO/IOB  BMEpPBble OblMa  MpeanoKeHa
Dpengecrom. Ero uaes o nopsaxe aso-
BOTO MEPEX0/a OCHOBBIBAETCS Ha pa3Jio- ‘
KEHHH BeJIMHHbI W3MEHEHHS XUMHYe- =
ckoro noteHumana Ap(T+dT, P+dP)
B pax Teiinopa no crenensam d7' u dP.
Ecau uieHbl MepBOTo Mopsinka OTIUY- N T
HbI OT HYJIS, TO 3TO XaPAKTEPU3YeT ne- - -

puBadg COCYLIECCTBOBAHUA
pexoa nepsoro poaa. Ecin ke Hi€Hbl  ngyx (a3 B naockoctn P—T
NEPBOTO MOpsAKa 00pallaloTes B HYJb
BAOJbL KPHUBOH paBHOBecHs, a uieHbl Puc. 4.1. dazoswiil nepexoit nepsoro
BTOPOTO TMOpPsAAKA OTJIHYUHBLI OT HyJd, poia
TO TOBOPSIT O MEPEXOIE GIMOPOCO POOA).

[TockonbKy XUMHUECKHIT MOTEHLINAJ MPEACTABIAET cO00 HEKOTOPYO (PyHK-
Mo aaeieHus 2 v temnepartypbli 7', TO U3 paBEHCTBA XHMHUECKHUX [OTEHLIMAIOB
BELIECTRA B Pa3HbIX (pazax ciielyeT, yTO KaXIOW TeMrnepaType COOTBETCTBYET
OMpe/IesIEHHOe JIaB/ICHHE HACBILIEHHOTO rapa. 3aBUCHMOCTb JIaBJIEHHUST HAChI-
LIEHHOTO napa ot Temreparypsi (B koopauHarax P—T') nomkHa npeacraBisiTh
coboit muHuio nepeceuenus nosepxuocteit p" (P, T) u (7 (P, T'), oxanuusaro-
niekica kpuruueckoit Touxoii (puc. 4.2).
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Takum 00pa3om, 4ToObl naHHas aAByX(a3Has CHCTeMa Haxomujach B CO-
CTOSIHHH PaBHOBECHS MPH H3MEHEHUH Kakoro-aubo oxHoro w3 napametpos (P
wnn 1), HeoOXOAUMO U3MEHHUTh OHOBpPE-
MeHHO | Apyroil napametp (I umu P).

Uto0Obl nonyunTh cBszb mexkay P u T,
paccMoTpuM aBa GINM3KHX PaBHOBECHBIX
(74 T cocrosiua (I, Py u (T' + dT, P + dP).
195arm A1 HUX HMEEM, COOTBETCTBEHHO,

r

' Map P+ dp’ = 4 dp. (4.4

Taxum oGpaszom, 11 TOTO, 9TOOBI CH-
T CTEMa Haxo/JuJlaCb B paBHOBeCHH, HeO6-
XOHUMO MOTPeOOBaTh, HTOOBI H

Puc. 4.2. JTnarpamma cOCTOSIHHS BOAbI

dp™ = dp’~. 4.5)
[MoncTarnas B (4.5) BeIpakeHHa XUMHUECKOTO MoTeHIMana (2.94), nonydum
—s™dT + v*dP = —s"dT +v"dP. (4.6)

CoOwupast B JIEBYIO 4acTb MOJIHbIE AH(QEpeHLHallbl 1aBIeHHs W TEMIIEPATy-
PbI, TIOJYYNM OKOHYATENILHO CIIEAYOLLEe YPaBHEHHE!

dP _ s"—s% _ As

= 4.7
dT' Y — X Av ( )

Ot0 ypaBHenue Knaneiipona—Knaysunyca. OHo spnsieTcs TOUHBIM U MPH-
MEHHMO K J1060MY (pa30BOMY MEPEXOY. T. €. HE TOJIbKO K NEPexoy KHUIKOCTb —
iap, HO M, HarMpuMep, K Nepexoay TREPAOE TEJIO — KHAKOCTh, TREPAOE TEJO — nap.
Bosaee Toro, 310 ypaBHeHHe NIPUMEHHUMO TAKIKE B TEX CJlyuasiX, KOria B TepMOIU-
HaMHuecKoii ciucTeMe peaniyercs (pa3zoBbIi Mepexo1, coBepIiaronii He paboTty
pacuiMpeHus, a paboTy Kakoro-jndo Apyroro BUjaA, T.€. B CHCTEME, B KOTOPOIi
000011IeHHbIMHY NApAMETPAMH ABJIAIOTCA He 00beM W naBneHue. Hanpumep, s
TEPMOTIMHAMHUYECKOH CHCTEMbI «MArHETHK B MATHHTHOM mounie» 00001IeHHBIMI
napameTpamH SBISIOTCS HANPSKEHHOCTb MAarHUTHOTO 10J151 U HAMArHHYEHHOCTh
BELLECTRA.

(3ameTum, uto ypaBHenue Knaneiipona—Kiay3uyca MOXKHO MOJAYYUTh YH-
cTo (popmanibHO, HCTIONB3YS cooTHOLIEeHHs: Makceperna (eM. ypasHeHue (2.101)).

Yr00b! Bbipa3zuTh NpaByto yacTb (4.7) uepes nimepsieMbie BEJHYMHbI, Ha-
TIOMHHM, UTO Tiporecc (pa3oBOro rnepexoia OCyLIECTBAAETCA MPH MOCTOSHHBIX

¢,
JAaBICHUH W TEMMEpaType, a MoToMy B 9TOM ypaBHeHuu As = 1—") rae Q —
KOJIMYECTBO Teruia MpH rnepexoae 13 o1Hoii (asbl B APYryr0, @ 3TO He YTO HHOE,

Kak TemnjoTa UcnapeHus (B JaHHOM cllyvae WM B 00liemM — TernioTa (pa3ororo
nepexona), T.e.

0Q =h" — A" = AR". 4.8)
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Mbi nosyyaem, Takum 06pa3oM, COOTHOLLEHHE Ul POLECCOB UCIIAPEHUSA:

dP Ah"

2 2 4.9
dr TAv 4.9

rne T, P — napameTpsbl paBHOBecHOTO (pazoBoro npespatieHis; Ah" — Momnb-
Has Teruora (hazoBoro npespatleHus 1 Av — MOJIbHOE H3MEHeHUe o0bema npu
JAHHOM MpeBpaLlIeHNN.

ITpu npakTHyeckoM NpUMEHeHUH ypaBHeHus (4.9) yacto nonb3yoTcs clie-
JYHOLMME MPUOTHKEHHAMHU: LTS IPOLIECCOB HCMAPEHUs 1 BO3TOHKH TOJIaraior,
uto v" 3> v™ wan v™, cuutaercs , uto v" & RT/P, 1. e. NOAUHHSETCS 3aKOHAM
uneanpHoro raza u Ah" = const (31ech U Jasnee peub MoHAeT 0 npoLecce ucna-

drP Ah" Ah"
PeHUs WITH BO3TOHKN). B 9THX npuOnukeHusx — = =

P, u, pazpenss

T'yn R1*
nepemeHHble, HMEEM
dP Ah" dln P Ah"
=224 e 2 =20 (4.10)
P RT? d(1/T1) R

Kak Buano u3 (4.10), 3asucumocts In P ot 1/T npeacrasneHa npsiMoii
C TAHIEHCOM yIla HakjioHa pasHbiM Ah"/R (puc. 4.3) B WIMPOKOM HHTEP-
Bajie temreparyp. YpasHenue (4.10) mo3BonseT OLEHUTh MOPAAOK BEITHUHHbBI

lgP AHnap
.:/_\[[1111[):—4,575 tg(l

A
AHcy611:_4a575 lg/g y
|
|
1elyr N 5
¥
1 -1 "
T 1p. L T T‘(p § [‘Il.l,KA TKp. T
Puc. 4.3. 3aBucumocts lg P ot 1/T nas Puc. 4.4. 3aBucHMOCTb TEIN10TbI 11apo-
OPOLIECCOB BO3TOHKH H HCIIAPEHHUS 00pA30BaAHHA OT TeMIIEPATY PbI

JaBJIEHHS napa npakTHiyecku npy modoii remneparype. Murerpuposanue (4.10)
B npeneiax ot gaieHust P; 10 P> ¥ COOTBETCTBYIOIUM 9THM nasiieHusm T
u 1> naet ypasHenue Knaneitpona —Kunaysuyca B uHTerpassHoii gpopme:

mﬂ:éﬂ<l—i). (.11

P R T_1 T>

OIHAKO OTMETHM, HTO KaxKyuieecs NocTosHCTBO AL ABnsieTcs clieACTBHEM
TOrO, YTO yMeHblueHHe AL ¢ pOCTOM TeMIepaTypbl IPUMEPHO KOMIIEHCHPYETCS
npeHedpekeHneM 00beMOM XKHAKOI (asbl.

TemnepatypHas 3aBHCUMOCTb TEMUIOThI MAPOOOpa3oBaHis KUAKOCTH CXeMa-
TUYHO NpecTaBlieHa Ha puc. 4.4, W3 KOTOPOTo BUIHO, YTO [0 MEPE NPUOIMIKEHHUS
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K KPHTHYECKOMY COCTOSIHHIO cHCeTeMbl yenoBusa Ah = const 1 Av & v" He Bbl-
nonHatoTesa. [loatomy npumenuMocTh ypasHenuns Kaneiipona—Knaysuyca
B MHTerpaibHoii Gopme (4.10) orpaHnyeHa 001acTb0 HEBLICOKHX TEMIEpaTyp.

Ha nepeblii B3m144 KaxeTcs, 4TO 3aBUCHMOCTb TETIIOThI UCMAPEHHs MOK-
HO HaiiTH, ncnodib3ys ypaBHenue Kupxrogga (1.45). Oanako oHo aist paccma-
TPUBAEMOIi 3aBUCHMOCTH, CTPOTO rOBOPS1, HEMPUIOAHO, MOCKONLKY (pu3HIecKue
NPEBPALLEHNST B OTIIHUME OT XUMHYECKHX peakLuii He MOTYT NPOMCXOANTb NPU
Pa3HbIX TEMMEpATypax U HEH3MEHHOM JABJIEHHM, UTO H OTPAKEHO B Y PaBHEHUH
Kupxrodda.

PacueT naBnieHus HaChILEHHOTO Napa /sl poLeccea riiapieHus (3aTBepuesa-
HUA) BO3MOKEH TOJBKO C HCMONIb30BaHHeM AuddeperitanbHoi popmbl ypaBHe-
nus Knaneiipona— Knaysuyca (4.9), B kotopom Teriiora napoodpaszosanus Ah"
JOJDKHA ObITh 3aMeHeHa MOJTBHOM TeroTol rmiaBneHus (3ateepaeBanus) Ah™M,
alAv=0v"T)—0v"(T).

[TockonbKy TeMmepaTypHbie 3aBHCHMOCTH MOJIbHBIX OOBEMOB TBEPAOH M
AUAKOH (a3 B o0LIeM ciyuae HEM3BECTHbI (MM CHOXHBI, TAK e KaK U TeM-
riepatypHas 3aBHCUMOCTb TEMUIOThI MTABIEHHS), TO MPOBECTH UHTETPHPOBAHHE
ypaBHeHus (4.9) He ynaetcs. B cBA3M € 9THM HACTO UCIOJb3YOT NPUOIHKEHHOE
YpaBHEHHE

AP Ap™M

Ecnu B PaBHOBECHH HAXOAATCA HE ABE, a TPH (I)aSbl OJHOTO H TOTO KE BELIC-
CTBA, TO MbI T10J1yHaeM CJICAYHOLIEE YCIIOBHE!

pl=p? =t

(3neck BepxHie HHAEKChl 1, 2, 3 o3HaualOT pasHbie (a3bl JaHHOTO Belle-
ctBa). TTockoabKy XMMHUECKHIl MOTeHUMan B Kakaoil u3 ¢az onpenesnsercs
TOJIbKO ABYMS HE3aBHCHMbIMM miepeMeHHbiMu [ n T', peweHue (paBHOBecHe)
9TOTO ypaBHEHHS MOKET CYILECTBOBATD JIHIIb B HEKOTOPO H30JIUPOBAHHOI TOY-
ke Ty, P — mpotinoii mouxe. I3BECTHBIM MPUMEPOM SIBIISIETCA TPOiiHas TouKa
Boabl nipu P = 4,58 mm pr. ct. u T = 0,01°C, B koTOpOIii COCYLIECTBYIOT
TBepaas, )KuaKkas 1 napoodpaszHas dasbl.

[poanamusupyem HakioH 3asucumocteil d’/dT s6nu3u TpoiiHoii TouKH,
paccmaTpuBas ypaBHenue Kianeiipona —Kiaysnyca.

|. Henapenue. B atom mponecce AR"™ > 0, o" > 0™, 1e. Av > 0,
T > 0, cnenoarenbho d?/dT > 0, T. €. 1aBieHHe HACHILLEHHOTO [1apa ¢ POCTOM
TeMrneparypbl Ha ocHoBaHHH (4.9) OyaeT yBeTUuUBaThCS.

2. Bozeonra ( cyonumayus). Ins atoro npouecca AL > 0, 0" > 0™ 1. €.
Av > 0wu'T > 0. Terutoty BO3rOHKH MOKHO NPEACTaBUTL B BHJE ABYX MOCTE-
J0BaTeJIbHbIX MPOLECCOB — IUIaBJIEHNs TBEPAOH (a3bl U UCHAPeHHs KUAKOM.
Torma AR®" = AR™ + AR"". TlockoNbKY W MPOLECC HCMAPEHHS, H MPOLECT
asieHus TpedyloT oBoaa TeIa, T. €. MoJoKHTelIbHbI, TO AR > AR
a, sHaunt (dP/dT)*" > (dP/dT)"*". 3aBUCHMOCTb JaBJEHHA HACHILLEHHO-
TO Mapa OT TeMMNepaTypbl B MPOLECCe BO3TOHKH HMEeT OONbIINH HAKJIOH, YeM
TaKoBas Ulsl poLecca UernapeHHs.
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3. [Tnaenenue (3ameepoesanue). Jlns npolecca niapleHUs Yalle BCero pac-
CMaTpPHBAIOT 3aBHCHMOCTh

AT T(* — ™)
AP AR

B stom nponecce AR™ > 0, T>0, Ho v™ — v™ > ( He /T BCeX BEIMIECTB.
Jns abcotoTHOro G0JIbILMHCTBA BELLECTB ITO HEPABEHCTBO BEPHO, HO /17151 BOJIbI,
TaJlJIHst, BHCMYTa H HEKOTOPhIX COPTOB uyryHa Av otpuuaresibHa. [Tostomy mis
Ha3BaHHBIX BelleCTB HakiloH 3aBucumoct AT/ AP orpuuarenssiii. s Bcex
OCTaJIbHbIX BELIECTB OH MOJIOKHTEIIEH.

Jlnst psina npakTHHECKHX MPUIOKEHHH BOJTLIIONH HHTEpeC NPeACTaBIISET aHa-
JIN3 CllyuyaeB, KOrAa Ha KaX/IYl0 U3 COCYLUECTBYOLMX (a3 AeHCTBYIOT pa3Hble
napnerus. OIHUM W3 MPUMEPOB MOA0OHOI CHTYalLK ABJIsETCs (Pa30BOE paBHO-
BECHE UCKPHUBIIEHHOI noBepxHOCTH pasnesa ¢a3. OcodeHHOCTb paccmaTpHBae-
MOTO Cliyuasi COCTOHT B TOM, 4T0 ypasHenue Knaneiipora— Knay3suyca g0mKHO
CBA3bIBATL My co00il npoussonnsie dPy/dT v dP/dT, rne Py v Py —
pazTNdHbIE IABNEHUS B COCYLLUECTBYIOLINX (hazax.

[Monusle auddepeHLnanbl XUMUYECKOTO MOTEHLMANA TAaHHOTO BELIECTBA
B 00enx (a3zax 3anuiieM B BHIE

Op O
dpy = (2= dT ) dP, 4.13
i (aT)p +<8P1)T b (.13)
Oz Oz
dpy = dT dPs. 4.14
fh2 ((')T )1) + (ar’g)T ) (4.14)

[Tonemin 06a >1u ypasHenus Ha d1” w yuursisas, 4to dji/dP = v, dj/dT =
= —s 1 00e (pa3bl HAXOAATCS B PABHOBECHU, T. €. dji; = dyi2, TIOTYyIHUM Cliedy-

HOLIEE ypAaBHEHHE P AP AR
1)2—2 — v — ! =81 — 82 = —. (4.15)
dr ar T

Ecau Temneparypa (a3 rnouuepkuBaeTcs OCTOSHHOIA, a 1aBJeHHE Ha OJHY
u3 ¢az Boszpacraet, To ypaBHeHHe (4.15) MoKeT ObIThb MPEICTABIEHO B BH/IE

dPs Ah dT
Vg—= — V) = ——

) 4.16
dpPy : 1T dPy ( )

dP; AP AP
TIOCKOJIbKY OYEBH/IHO, YTO Fre = — ) ﬂpu MOCTOAHCTBE TEMIMEpPa-

[ dP; dr'
Typbl (d1" = 0) u3 (4.16) cnenyer, uto
("’P?) — w05 (4.17)
Py ) ¢

DT0 BaKHOE COOTHOLIEHHE Ha3biBaloT ypaBHenueMm IMoiinTuura. OHo no-
Ka3bIBAa€T, YTO MNPH BO3pAcTAaHUM [aBJIEHUA B OIHOH M3 (a3, Haxoumsuieics B
paBHOBECHH C APYTOii (ha3oii, 1aBreHHe B NEPBOii (hase YBEIUUHBAETCS HACTOb-
KO, HACKOJIbKO €€ y/1eJibHbIH (MOJIbHBIH) 00beM MeHblle 00bema repBoii (asbl.
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4.3. XuMH4YecKoe pABHOBeCHE

B konue XVIII B. 661510 BhIICHEHO, YTO GOJblIasg YaCTh XUMHUECKUX Peak-
LMl COMPOBOKAAETCA MOMTOLICHHEM WIH BbIACTEHHEM Terna. bbuti OTKPBITHI
3aKOHbI TEPMOXHUMHH H XHUMHUEcKoro cpoictea. B 1864 — 1867 rr. HopBexkckue
yuenble 'ynpadepr u Baare npuHsiu, 4To B XMMHH, KaK i B MEXaHHKe, Hanbonee
€CTECTBEHHBIM METOIOM Oy/IET ONpEAeTEHHE CHJI B HX PABHOBECHOM COCTOSIHHH.
B cOOTBETCTBHH C 3THM, HCCIIEIYs HENOJIHbIE npespaiienus Buta A+ B = A’ +
+ D', oHU OCYMTAITH, YTO CHJIIBI, ACHCTRYIOLIHE MEWKILY HCXOAHBIMH BELLECTBA-
MM, BbI3blBatOLIHE 00pa30oBaHHE KOHEUHbIX NPOLYKTOB, BbIPAKAIOTCS [IPOH3BE-
nenvieM K'p'q' (rne p' m ¢/ — «nelicTBytotme Macchl» HCXOAHBIX BENIECTB, a
ko duiment nponopuronanbHoctu K’ npencrasnser coboii «koddduument
CpoOACTBa» ). AHATOTHYHO BbIPAXKAETCS CHIIA W AN 00PaTHOMH peakiuu; mpH pas-
HoBecHH cuJibl paBHbl K pg = K'p'q’. Tak Gbll OTKPBIT 3aK0H A€HCTBHS Mace
(aeiicTBYIOLMX Macc).

Heckonbko nosxe ['mboce, a 3arem ['esibMrosibL MPHLLIK K NPHHATOMY B Ha-
cTOsILIee BPeMs BLIBOLY O TOM. YTO HamparleHHe peakuin (XHMHIECKOe Cpos-
CTBO) onpenensaercsi cBo00AHOH FHeprieit AG win AF'. D70 1210 BO3MOKHOCT
NPUMEHHUTH (hopMasibHbII annapar TepMOIMHAMUKH LIS pacHeTa paBHOBECHbIX
TIPEBPALLEHHIT Y BITHAHWSA PA3TMUHBIX MAPAMETPOB Ha BLIXOA KOHEUHOTO Mpo-
JyKTa XMMHYECKOI peaKkumH.

PaccMOTpHM peakiuio
aA+bB=cC+dD (A)

(3meck a, b, ¢, d — cTexuomeTpuueckne KodPUIHEHTH PeaKiym).

ITpw nocrosiHubix Temneparype T v BHewHeM naBneHun P u3ameHeHue QyHk-
unn I'nddea (em. dopmyny (2.79)) ans naHHoro mpouecca (B HHTErpajibHOMH
(hopme) MOKHO 3anmucaTh Kak

AG = cuc + dpp — ajia — bjip. (4.18)

D10 ypaBHEHHE CMPABEMTHBO ISl JTOOOH CHCTEMbI: KaK rOMOTEHHOH, Tak
urereporeHHoi. [Toacrasus B (4.18) BblpakeHue Ui XMMUYECKOTO IOTEHLIHAJIA
KayKa0ro U3 KOMIMOHEHTOB peakuui (cM. ypaBueHue (2.96))

pi(T, Py = pd(T, p) + RTIn 22 = y(T, p?) + RT Ina;,
p

3

MOXEM Telepb 3anucarb BblpaxeHue GyHkumu 'nb0ca s naHHoH peakunu
B BHJIE

AG = ¢(pud + RTInac) +d(pd + RT Inap) —
—a(p + RTnay) — b(u% + RT Inag). (4.19)

Bblﬂe.ﬂHM CTaAaHAAPTHBIC YaCTH XUHMHUYECKOTO MOTCHLIHAIAa /l? B KQU€CTBEC OT-
JEJILHOTO CllaraéMoro, noac/iuB 00e yacTn YpaBHCHHUA Ha RT:
cpd + dp — apl — bl agad AG

B +1 ===, 4.20
RT " aﬁa% RT ( )
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B nepsom cnaraemom ypasHenus (4.20) uncnutens npeacrasiser codoi Be-
JMMMHY CTAHAAPTHOH YacTH cBoGoaHOM Fneprin Tng6eca AGY (T, P), mostomy
nepenuiuem ypasruenue (4.20) B Buse

c d _ 0
In 20D — G- AC “21)
a%aly RT
Ho npu pasrosecin AG = 0. Tenepb MOXKHO HanmucaTh, 4TO
AGP atal .
e (-20) = (82)  —K@Rwn).  62)
RT aX0% / panu

1€ Porany — JaBIE€HHE B CHCTEME, BbIOPAHHOE B KQU€CTBE CTAHIAPTHOIO; B alTb-
HeHIIeM HH/KHHE MHIEKChl «CTaHI» W «PABH» OIMYCKaeM.

Benuunna K, Xapakrepusyiowiasi yCTOHUHBOE PaBHOBECHE CHCTEMBbI, BO3-
HHUKalolee B pesyibrate oOpaTMMOH Xumuueckol peakuvn (A), sasasercs
mepMoOUHaMUYecKoli KoHcmanmoll pasnosecus. Tak Kak aKTUBHOCTH KOMIIO-
HEHTOB — OTBIEUEHHBIE YHCTIA, TO M KOHCTAHTa paBHOBecHS Oe3pazmepHas Be-
auuuHa. YpaBHeHue (4.22) Takie Ha3bIBAIOT 3aKOHOM JelicTBHS Macc.

B ob6uiem cnyuae, T.e. korga AG # 0 Beipaxenue (4.21) sanuinem kak

¢ d
AG = —RTIn K, + RT In 2%, (4.23)

a b
YS!

3nech Mox 3HAKOM Jorapu()ma BO BTOPOM Cjlara€MOM CTOMT OTHOLIEHHE
MPOH3BEICHHUA AKTHBHOCTEH KOMIOHEHTOB PEAKLIMH, COOTBETCTRYIOLLMX 11000~
MY MOMEHMY Pearkyuu, B YaCTHOCTH U UCXOJIHOMY COCTOSIHUIO CUCTEMbI. DTO CO-
OTHOLEHHE HOCUT Ha3BAHHUE YPAGHCHUS U30MEPMbl XUMUYECKOl pearkyuu Banm-
Toghgha v ypasnenus xumuueckoeo cpodcmea. JJeiicTBUTEIBHO, €CIIM BTOPOE
cllaraeMoe ypasHeHHs 110 abCcoNioTHOI BeTMIKHHE MeHblie nepeoro, 1o AG <
< 0, 4TO O3HAYAET BOJIOLMIO CUCTEMbI TIPH NAHHOI TeMMepaType U 1aBleHUN
B CTOPOHY paBHOBecHA (cM. (2.35)). T.e. peakuus (A) npoTekaeT caMonpous-
BOJILHO B CTOPOHY 00pa30BaHUs KOHEUHbIX NpoaykToB. B ciiyuae paBeHcTBa
00oux cjaraeMbix cMcTeMa HaXOAHTCs B paBHOBeCHH. [TpH BCSAKOM 10CTaTO4HO
MaJjioM BO3AEHCTBHH (HanmpuUMep, H3MEHEHWH BHEUIHEro AaBJeHUs Wiu no0as-
JIEHHW WHEPTHOIO BELIECTBA, HE BCTYMAIOLIEr0 B PEAKLMIO, HO M3MEHSIOLIETo
COOTHOILIEHUE MEK /LY pearupyoliMi KOMIMOHEHTaMH U Ap.) CHCTEMa cama BO3-
BpaLLAETCs B COCTOSIHHE PABHOBECHS NOCJIE [IPEKPALLIEHHs BO3ACHCTBHS Ha Hee.

VpasHenue (4.23) sBnsieTcst OAHUM H3 HAHDOIIEE BaKHBIX B XHMHUYECKOH Tep-
moanHamuke. M3 Hero BUAHO, 4TO XMMHUYECKOE CPOLCTBO U3MEHSETCS B 3aBUCH-
MOCTH OT HCXOHbIX KOHLEHTPaLKii (AKTHRHOCTEIT) KOMIMTOHEHTOB, TEMMEPATYPbI
u nasienus. Ho eciiu AG = AG(T, P, Ny, N, Nc...), TO OCKOJIbKY Bbi-
6op cTaHIAPTHOTO COCTOSIHHS Y ke PUKCUPYET BEJIMYMHY JAaBIEHHs, BbIOPAHHOTO
B KauecTBe CTAHAAPTHOTO, @ TAKXKE arperaTHoe COCTOsTHHE peareHToB, TO Beu-
unna AGP 3aBucHT TOIBKO OT Temneparypsl. MHaue roBops, /s paccMaTpuBa-
eMoii Temmeparypsbl JiIoObIM 3HaueHuAM AG 0TBeyaeT eIHHCTBEHHOE 3HAYEHHE
AGP°. W3 31010 CliedyeT, UTo 4HC/I0BOE 3HAUEHHE KOHCTAHThI paBHoBecHs K,
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JUISL JaHHOM peakuMy NpW 3alaHHOi Temreparype 3aBHCUT TOJbKO OT BblOO-
pa cTaHIapTHOTO coCcTOsHMA. (B KauecTBe cTaHAAPTHOTO COCTOSHMS BbIOHPAIOT
JaBJIeHUe, PABHOE €AMHHLE, HO OT TOro, PABHA JIM 3Ta eAMHULA NaBJIeHUs, Ha-
TIpUMep, OAHOI aTMoc(epe HiTH OAHOMY MUIUTHMETPY PTYTHOTO CTON0A, 3aBUCHT
3Hauenue Benuunnbl AGC, a cienoBarenbHO, M YUCIEHHOE 3HAYEHHE KOHCTaH-
Tbl paBHoBecHs K, ). JIoGaBuM, uTo CTaHAAPTHOE COCTOSHIE BOBCE HE TOJIKHO
ObITb 00s3aTENILHO OAMHAKOBBLIM 15l BCEX YHACTHUKOB peaKkLHu.

Jns Toro, 4ToObl HMETh BO3MOMHOCTh CPABHHBATh XMMHUECKOE CPOACTBO
Pa3IMUHbIX BEIIECTB, KOHKPETH3UPYEM [OHATHE CTAHIAPTHOIO XUMHUYECKOIO
cpoactea. B npocThiX cucTeMax roj cTaHAapTHbIM COCTOSIHHEM MPHHUMAJOCh
COCTOSIHUE, XapaKkTepu3yemoe Temneparypoii cucteMbl 298 K u narnenunem | atm.
(1,01325 - 10° Ta). Tenepb HEOOGXOIUMO 10GABUTL JOMNOIHUTENLHBIE YCIOBUS
cranpaprtusaunn. M3 (4.23) cnenyer, uto AG(T) = —RT In K, TosnbKko nipu
YCIIOBHH, YTO BTOPOIi YIEH ITOTO Y PABHEHHS PAaBEH HYJII0. DTO BO3MOMKHO TOJIbKO
B TOM CJiyuae, KOrAa YHCIHTENb W 3HAMEHATe b MO 3HAKOM JiorapH(mMa BTOPOro
cJlaraeMoro paBHbI APYT APYTY. DTO yCliOBHE HEOOXOAHMO, HO HEOCTATOUHO.
Heobxoanmo notpeboBaTh elne AOMONTHUTENLHOE YCIOBHE, @ HMEHHO: aKTHB-
HOCTH KaXIO0I0 W3 KOMIIOHEHTOB peakLiH I0JDKHbI ObITh PaBHbIMH €IMHHLE.
Takimv oOpa3oM, B yCTOBHAX H3MEHEHHS COCTaBa CHCTEMBI CIMAHOAPMHBIM CO-
cmostnuem tenepb oynem HaszpiBate T = 298 K, P = | aT™. M akmueHoCcmb kaic-
Q020 KOMROHEHINA XUMUYECKOU pearyuu, pasHol edunuije. I3sMeHeHne dHepruu
['n60ca B ITUX YCTOBUAX OyNEeM Ha3bIBaTh CIMAHOAPMHBIM XUMUUCCKUM CPOO-
cmeom 1 0003Ha4aTh Kak

AG°(T) = =RTInK,. (4.24)
Hockonbky AG?(T) = AH? — TAS?, 10 (4.24) MOKHO 3anucaTh B BUJE

RInK, = —ATHO +ASO, (4.25)

TIO3BOJAIOLIEM OLEHHTh POJIb TEMIOTHI PEAKLIMH H SHTPOTUITHOTO ujieHa Ha co-
CTOSIHME paBHOBECHA B crcTeMe. [Ipy HH3KMX TeMmepaTypax npepajupyroLas
poJib MPUHAIEKHT TeraoBoMy 2 dexTy peakunii (codmonaercs npuHumun bep-
Tesio — ToMceHa), MpH BLICOKUX — SHTPONUiHOMY.

B 1100bIX TepMOAMHAMMYECKHX TAaOnuu@ax npusoastes Hapsay ¢ AHD.,
S99 Takke u 3nadenna AGYy.. DTO MO3BOAET paccuUTaTh BETMUHUHY CTaH-
JIapTHOTO XMMUUECKOTO CPOICTBA JIOO0H XMMHUYECKOI peakLiii Ha OCHOBE Tep-
MHUECKHX aHHbIX, HE OCYIIIECTRIAS paBHOBECHE. PeakiiMn CHHTe3a MHOTHX Be-
LUECTB [PH CTAHAAPTHLIX YCJIOBUAX ABJISIFOTCS TUIIOTETHYECKUMU. DTO, OTHAKO,
HE MOYKET CITYKUTh MPENATCTBHEM K pacieTy XHMHUECKOTO CPOACTRA, TTOCKOIbKY
¢yHkuns ['n66ca He 3aBUCHT OT MyTH nepexoa.

M3menenne Qynxkuuu I'nbOca n1000il XMMUYECKO peakuun 3aBHCHT OT
3alUCH CTEXMOMETPHYECKOTO ypaBHEHMs 3ToH peakuun. B crexmomerpuue-
CKOM YPaBHEHHH CYLUECTBEHHO TOJIbKO COOTHOLLUEHHE MekK1y Kod((puLHeHTa-
MH YPaBHEHHSA, HO HE HX a0COMOTHbIE 3HaueHus. [1oaToMy cTexnomeTpuieckoe
YPaBHEHHE MOKHO YMHOKMTb Ha J1000I1 MHOKMTENb. Ha 9TOT ke MHOXKHUTENDb
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yMHOKUTCS M pyHKkumsa [ud6ca AG B ypasHenun (4.22), HO MOCKOJBLKY Jie-
Bast HaCTb ITOTO YPABHEHHS COASPIKUT IKCMIOHEHTY, TO 3TO O3HAYAET BO3BE/ICHHE
KOHCTaHTbl PaBHOBECHS B CTENIEHb, PaBHYIO 3TOMY MHOKHTemo. Hanpumep, ns
peakLy CHHTE3a aMMHaKa

INo + 2H, = NH;.
2 2

VYMHOKHM CTEXHOMETPHUYECKOC YPABHCHHE (BEII'IHCaHHOC A OAHOTO MOJIA
KOHEYHOTI0 ﬂpOﬂyKTa) Ha2. TO[‘)IB. CTEXHMOMETPHUECKOEC YPpAaBHEHHE TOH peakuuun
3AMULICTCA B BUIC

Ng + 3H_) == ZNH;

Jlnsa nepBoro ciyuas

22372 RT

ONH  _ exp <#191H3 - 1/2/1%._, = 3/2112[2) — Kl
o
No “Ho

Jlnst BTOpOTO Ciyuast

2 5,,0 0 2,0

agyy, 20N, — N, — 3K )

NHg exp NHy No Ho (1\5)2
3 RT

an, oy,

Takum 00pa3zoM, npexae 4em NPUCTYNHTh K BbIYHCAEHHIO KOHCTAHThI paB-
HOBECHS, HEOOXOANMO HAMKUCATh CTEXHOMETPHUYECKOE ypaBHEHNE PeaKkLiH 1 Bbl-
Opatb cTaHAapTHbIE COCTOSHUS IS BCEX YHACTHHKOB PeaKLUH.

s rasa akTHBHOCTH paBHa (YTrHTHBHOCTH. T.€. f; = a;, MOITOMY s
peakuuii B paspexkeHHom raze I, = Ky, T.e. B KOHCTaHTY PaBHOBECHA BXO-
JUT (DYyTUTHBHOCTH KOMIIOHEHTOR PaBHOBECHOIT Ta30B0if cMecH. Eciii naBnenue
B CHCTEMe HeBenMko, 1o f; = p; u Ky, = Ky = Kp, T.e. KOHCTaHTa paBHO-
BECHsl BbIpaKaeTcs Yepe3 paBHOBECHbIE MapLHalbHble J1aBIEHUs KOMIOHEHTOB
razoBoif peakuun. s peakunn (A) (c. 58) oHa 3anmumieTcs B BUAe

Kp = P (4.26)
Pirk

KoHcTanTy paBHOBECHs MO/KHO MPEICTABHTh TaKike 4Yepe3 PaBHOBECHBIC
KOHLEHTPALHH, TOCKONIbKY 110 3aK0HY JlaJbTOHA U151 MAeaIbHON Ta30B0ii cMecH
napuHaibHOE JaBJICHHE JIIOGOTO KOMIOHEHTA MOXKHO MPEACTABHTh Kak p; =
= (n;/V)RT = ¢;RT. Honcrasnsis B (4.26) napunaibHble JaBIeHHs KOMIIO-
HEHTOB Ta30BOIf peakumu (A), MOMYYHM BBIPAKEHHE JUT KOHCTAHTBI PaBHOBE-

CHsl, BBIPAKEHHOMH Yepe3 KOHLEHTPALIHH:

Ko = («'Ev‘“il) T An __ K T An 2

¢ = Eb(RT)A = K (RT) “27)
cicp

rne An = Y nfo"—3" n¥ — y3MeHeHue uncia Mosieil ra3000pa3HbiX BELECTB.

W13 (4.27) cnenyer, uTo cooTHOWEHHe Mexay K p u (¢ onpeaensitorcs Be-
JIUUHHOH 1 3HaKoM An. YpaBHeHHs, ONpe/elisioliHe KOHCTaHThl PaBHOBECHS,
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BbIpaKEHHbIE Yepes napuualibHble 1aBIeHHS 1 KOHUEHTPAaLK, a0COIOTHO TO-
Hbl TONBKO NMpH P — 0, mockobKy 3akoH JlanbToHa, MONOKEeHHbIH B OCHOBY
9THUX ypaBHEHUM, cnpaseiuB JUWb npu yciaosuu P — 0. Pazymeercs, uto
koHcTaHThl K'p n K¢ He SBAAIOTCS HCTHHHBIMI KOHCTAaHTAMH PaBHOBECHS, ec-
au f; # p;. B atom ciyvae koncranta [ p 3aBHCHT HE TOJILKO OT TEMIEPaTypbl,
HO W OT JAaBJEHHS W OT COOTHOLUEHHs MEKILY KOMMOHeHTamHu. Tak, ans peak-
MU CHHTE3a aMmmuaka rnpu temneparype 457 ° C K p yBeslnuuBaeTcs npuMepHo
Ha 35% npwu Bo3pacTanun Aasaenus ot | 10 300 at™.

4.4. Bausinue TeMnepatypbl HA KOHCTAHTY XHMHYECKOIo
paBHOBECHS

[Mpoaudpepenunpyem no Temneparype BbIpaKeHHe Ul CTAHAAPTHOTO XH-
MHUUECKOTo cpozcTia (4.24):

) / "0 N w
(‘)“ ) = —Rlnha—RT(am—K) . (4.28)
or /p aT P
AAGO AGY  AHO
l_loleTaBJTfm B OTO BBIPAXKCHHEC = T - T W3 YpaBHECHUA
oy P

['u66ca —Tenbmrosnbua (2.54) u yunrbisas (4.24), nonyyum ypaBHeHHE, HA3blBa-
eMoe ypaBHeHHeM H3o0apel Baut-Todda:

dinKo _ AH(T) (4.29)
dT RT2 ‘

[Mockonbky I, 3aBUCHT TOJIBKO OT TEMMEPaTypbl, TO MOKHO OCBOOOANTELCS
OT YACTHBIX NPOM3BOHBIX, a 3ameHa AH° na AH BroniHe onpasiasa, Tak Kak
TEMIOBOH (PPEKT XUMHUECKOI peakLni c1abo 3aBUCHT OT AaBJICHHS.

N3 (4.29) BUAHO, UTO KOHCTAHTA PaBHOBECHS YBEIHIHBAETCS C POCTOM TEM-
nepaTypbl B npoleccax, COnpoBOKAAIOLLMXCS MOroLeHneM Ternorsl (AH >
> 0). Ecan AH < 0, to K, yBenuuuBaercs Mpd MOHIHKEHUH TEMIEPATYPbl.
Taknum 00pazoM Mbl TEPMOJIMHAMHUECKH MOKa3ald CIpaBeAnBOCTb NMPUHLIANA
Jle Ularesbe: npu HarpeBaHWM peakLus CMELLACTCs B CTOPOHY, MAYLIYIO € [0-
TIIOLIEHUEM TEIUIOThl, Tak KaK 9TO MPEnATCTBYET MOBBILSHHIO TEMMEPaTy pbl
B CHCTEME.

Ecmy nonmyctuts B neprom npudmikenuu, uto AH = const, To MHTErpupys
B npeaenax ot 17 g0 15, nonayuum

Kars AH 1 1
In{ 26T ) =27 (> _ ), (4.30)
[(LLTI R T Ty
B koopaunarax In K, — 1/T rpaduk 510l 3aBUCHMOCTH MPEACTABIAET MPsi-

MYIO C TAHTEHCOM YIiia HakioHa pasibim —A H / R. TakuM 06paszom, eclii u3se-
CTEH Ter1oBoil 3p(heKT 1 KoHCTaHTa PABHOBECHS NPH KakoH-THO0 Temrneparype,
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TO € NOMOLLLIO (4.30) MOKHO HAMTH 3HAUEHHUE KOHCTAHTbl PABHOBECHS [1PH JTHO-
6oit npyroii Temnepatype, a TakKe ONPEeAeIUTh CPeIHee 3HAUeHHE TEMIoBOTOo
a¢pexra peakluy B JTaHHOM TeMIEPaTypHOM HHTEpBaJeE.

B ciiyuae TOUHBIX pacyeToB W Ul OONLLIMX TEMMEpaTyPHbIX HHTEPBAJIOB
HEOOXOHMO YUMTBIBAaTh 3aBHCHMOCTb TEIUIOBOrO A(dekra peakuun oT Tem-
nepaTypbl. OTO MOXKHO OCYLUECTBHUTb, HCMOIb30BAB YPABHEHHE 3aBHCHUMOCTH
TEeNA0BOro apdexra ot remneparypbi 1o ypasuenuto Kupxrodda (1.45)

AHpr = AHyg+ Aad + ...,

rne AHy — koHcTaHTa MHTErpHpoBaHus ypasHeHnus Kupxroda; oHa moxet
ObITH Ompeenena u npu adcomoTHOM HyJe, u npu 298 K. Torna koHcranTa
paBHoBecust npu modoii remneparype T Oyner 3anucaHa Kak

nk,=-2H2, 1 J 4L JAdeT + const =
RT  RJ T2
= Al ey gy Sbp 202 4 onst. (431)
RT R 2R 6R.

Jlnist BbIYMCTIGHUS KOHCTAHTbI PABHOBECHS NPH MI000I Temneparype B 001emM
cllyuae HeoOX0AMMO 3HATh:

1) 3aBucuMOCTb TemI0eMKkocTH C'p BCeX YUaCTHHKOB PeakLuu OT TeMnepa-
TYPpbI;

2) onno 3Hauenue AH;

3) emmunny K, uin AG® xots 661 npu osHOIT TeMneparype.

Pacnonaras 3nauenusmu K, unn AG° npu nsyx Temneparypax, MOKHO
HaiTH 00e KOHCTaHTbl HHTerpupoBanus: const n A Hy.

JI1s TOUHOTO pacvera KOHCTAHTLI pPaBHOBECHs (WM TO K& camoe — IJIs
pacuera AG7) MOKHO BOCMONb30BATHCSA METONOM MPe/J10KeHHbIM TeMKHHbIM
u [Isapumanom. 3anuiem ypasuenne AG(1) = AH(T) — TAS(T) B Buze

AGY = AHy — TASY — T(M,Aa + MyAb+ MyAc+...). (4.32)

B sToMm ypaBHenun ¢yHkumn Temneparypsl My, My W T. 1. BHIYHCIEHBI 3a-
paHee, BHECEHDI B CIIPABOMHbIE JIAHHBIE M BbIPAKEHbI KAK

M, = Tn o 28 295 (4.33)
n(n+1) (n+1)T n

4.5. Tomorennnie peakuuu B JKUAKOi ¢aze

lomorenHble peakuun B AKHIAKOH (aze OrnuChIBAlOTCS B OCHOBHOM TeMHU ke
METOZIaMH, YTO M FOMOIeHHbIE peakLH B ra3oBoii (haze. 3nech Takke NpUXOAT
K 3aKOHY JEHCTBHS MAcC H K YPaBHEHHSM 3aBHCHMOCTH KOHCTAHT PaBHOBECHS
OT Temrieparypbl W AaBieHus. [T09ToMy MOKHO OrpaHHUHTLCS Gollee KpaTKum
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paccmotpetnem. CyluecTBeHHOE OTIIMHHE OT peakuuii B ra3oBoii (asze cocTout
B BBIOOpE MepeMeHHbIX KOHLEHTPALHHI U CTAHAAPTHOTO cOCTOsTHUA. [la Teope-
THYECKOTO paccMOTpPEHUs HauboJee 11eecoodpa3Ho BLIOpaTh MOJbHbIE JOJIH.
(B axcniepuMeHTanbHOR TEPMOIMHAMUKE B KaueCTBE MEpeMEeHHbIX KOHLEHTpa-
LM HacTO HCMONb3yoT yucsio Moeii Ha 1000 r pactBoputens (voisibnocnis)
W 4UCIIO MOJIEH Ha JIUTP pacTtBopa (morsapnocmy). llociaennss BelynHa UMeeT
TOT HEJJOCTATOK, YTO OHA 3ABUCHUT OT TEMIEPATypPbl).
JIns XUMUUYECKOTO MOTEHLHAIa 4-ro KOMIMOHEHTA 3anuiieM

wi(T, P) = (T, P) 4+ RT In (y;x;), (4.34)

rue enuuuna v; (1, P, @1, ..., Tp_1) — Koshpuyuenm axmusnocmu. Obplu-
HO MPHMEHSIOT JIBa Crocoda HOPMHPOBKH CTAHIAPTHOTO COCTOSHHS.

1. B kauecTse cTaHAapTHOTO COCTOSHHUS BHIGUPAIOT COCTOAHIE YHCTOTO KOM-
MOHEHTA copTa ¢

(1, Py = pio(T, P). (4.35)

2. B kauecTBe cTaHJIapTHOTO COCTOSHHUSA BLIOMPAIOT COCTOAHHE YHCTOTO pac-
TBOpUTENs (MHaeKe 1)
0 _
W(T, P) = uio(T. P). (4.36)

Cnoco6 1 umeeT npeHMyILecTBO MOJIHOH CHMMETPIHH [0 OTHOLIEHHIO K KOM-
noneHTaM. HopmupoBka 2 TeCHO MpUMbIKAeT K Teopuu ra3os. Ee crneayer wuc-
MOJIb30BATb, €CITH XOTAT COXPaHHTb (GOPMYJIHPOBKY 3aKOHa AeHCTBUS Macc, aHa-
JIOTHYHYIO TEOPHUH UJIEATbHBIX T'a30B.

PaccmoTpeHHblii 31ech BbIOOP CTAHJAPTHBIX COCTOAHHI I XMMHUYECKHX
MOTEHUMATOB UMeeT obluee 3HaYeHHe JiTs TePMOAHHAMHKH JKHIKHX CMecei.
Kax 5ierko ycTaHOBUTb, OH JIEKUT TaKike B OCHOBE ONpeAesieHUs cBOOOIHOM
SHepruu pasdasneHus. s TBEPAbIX CMEIIAHHBIX (pa3 UCTOIB3YIOT B OCHOBHOM
Taxoii e Gpopmainuszm. OHAKO B ITOM CllyHae NPUMEHSIOT BCEria HOPMHPOBKY 1,
TaK uTO A HNCTOTO TBEP/AOTO TeNa Beerna a; =1 uy; = 1.

4.6. T'ereporennnie npouecchl

3akoH AefcTBHS Macc, NPUBE/IEHHBIH paHee, npejnoarai, 4To BCe KOMIO-
HEHTbI PeakUMM HAXOMATCs B razoo0paszHom cocTosiHuu. Eciin ke B peakuun
YUACTBYIOT JKHAKHE WIIH TBEpPAbIE BELLECTBA, HE 00pa3ylolunHe pacTBOPOB JAPYT
C JpYroM, TO MPU JAHHOI Temrneparype napumalibHble JaBleHHs KOHJEHCHPO-
BaHHBIX YUACTHHKOB PEAKLIMH ABIAIOTCS BETMYMHAMH NOCTOSHHbIMK. [ToaTOMy
3TH TIOCTOSIHHBIE BEJIMYHHBI MOKHO BHECTH B KOHCTAHTY PaBHOBECHS, KOTO-
pasi B JaHHOM cliydae OyJeT OnpeessiTbCs TOMbKO napLHalbHbIMK IaBleHUAMU
ra3000pa3sHbIX YHaCTHUKOB peakuuu. Hampumep, ans peakuuu auccoudauun
KapOoHara KallbLHs, MPOTEKAIOLIEro Mo YpaBHEHHIO

CaO(B) + CO,(ra3) = CaCO3(18), (4.37)



4.6. Temepocennsie npoyeccot 65

KOHCTAHTa PaBHOBECHS, BbIPAKECHHAA UCPE3 NapLUHUalIbHbIC NaBJICHHA, 3aMHILICT-
CA TaK:

Kp = PCc0s (4.38)

P CaOP CO 5

Ho tax kak CaCO3 1 CaO HaxosTCsl B KOHIEHCHPOBAHHOM COCTOAHHH, TO MX
napuraibHbIE JaBIEHHSA MOCTOAHHBI U UX MOYKHO BHECTH B KOHCTAHTY PaBHO-
BECHsl, KOTOpasi NPHOOPETET HHOE YHCIOBOE 3HAUEHHE, a NPH (PUKCUPOBAHHOI
TeMmeparype Oyaer ocraBarhcst mocTosHHON. Toraa

Kp=EKp L9 =pg).. (4.39)

P CaCog
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SJIEMEHTBI CTATUCTHUYECKOM
TEPMOAUHAMUWKHU U MOJIEKYJ/ISAPHBIE
JABU/KEHUSA

B npenplnymux paszgenax Mbel paccMaTpHBalM CHCTEMBI, HE MHTEpECYChH
HX BHYTpPEHHEel CTPYKTYpPOii, 1 HCHOAb30BAIH MOHATHS U HU3HUECKHE BEJINY M-
HbI, OTHOCSIIIMECS K cucTeme B LiesioM. Hanpumep, Moaens uiaeanbHOro rasa
MOJIHOCTBIO XapaKTEepPU3yeTCs B COCTOSIHUM PAaBHOBECHS TAaKHMH [apamMeTpami,
Kak jaBieHue, temneparypa, oobem. CBA3KM MexkIy dTUMH BEAMUMHAMH W HX
H3MEHEHHAMH 0a3MPYIOTCS HA HEKOTOPbIX OOLIMX MOJIOKEHHUSX, HAPUMEp Ha
3aKOHE COXPAHEHHs HEPrHH. Takoll MeTOI HCCIeOBAHNS MOBEACHHA CUCTEMBI
Ha3bIBAETCS TEPMOIAMHAMHYECKMM M MO3BOJAET M3yuaTb sBjeHHE 0e3 3HaHUsA
€ro BHYTPEHHEro MeXaHu3ma. YCTaHOBHTD e CYTh ABICHUSA, NOHATh CBA3b MO-
BEICHHS CUCTEMbl B LIEJIOM C MOBEICHHEM M CBOHCTBAMM OTAEIBHBIX YACTHL U
MOJICHCTEM OH HE MOXKET.

s adpdexruBHOroO peleHus TolH HAM HHOH Hay4HOI 3agauu kejaresibHO
Ob1TO OBl pacCMOTPEHHE AMHAMHYECKHX CBOHCTB OTACNBHBIX HACTHLL CHCTEMbI
C YUETOM HMX XapaKTepHbIX 0COOEHHOCTEl, NOCKOJIbKY MOJIOKEHHE H CKOPOCTb
BCEX HACTHIL B OGO MOMEHT BpeMeHH AaloT MOJHYIO W AeTabHYI0 HHpopma-
L0 0 cucTeme Beex yacTuil, OHaKko 3Ta HH(OPMALIMS PEBOCXOIHT BO3ZMOK-
HOCTH JIIOOBIX TEXHHUECKHX CPEACTB, HE TOBOPA YXE O HEOCYIUECTBUMOCTH €€
o6pabotku. B camom niene. B | cm? Bo3myxa conepuarca 2,7 - 1019 monekys.
D710 03HAYAET, YTO Jaxe JUIS 3arucH MOJOAKEHHI M CKOpOCTeil BCeX MOMeKys
notpedoBanock 6b1 6 x 2,7 - 10'? yucen. Ecin Gbl HEKOTOPOE YCTPONCTBO (K-
CHPOBANO UX CO CKOPOCTBIO | MIH. B CEKYHAY, TO MOTPeOOBaIOCh Obl I UX
sanucn 6 - 2,7 - 10" ¢ &~ 6 mun. ner. Ho B Teuenne | ¢ kaxnas mosekyna wc-
nbIThiBaeT npumepHo 109 cToIKHOBEHHUI, H ecn XOTs Gbl y 0HOI MOIEKYJIb]
M3MEHUTH HanpasJeHne ckopocTH, To uepes n - 10~ ¢ nsmenuTes Hanpassienve
ckopocTeil y 2n Apyrux MOJEKYJ, UTO B CBOIO OUYEPElb NPHBEIET K M3MEHEHHIO
CKOpOCTEI 1 MONIOKEHHUH BCeX MOJIEKYJT. DTOT MpUMep MoKas3biBaeT, uTo Takas (Gop-
Ma UH(pOPMALME HENPHUIOAHA JUIS OIHMCAHUs [0BENeHU BCeH CUCTEMbI B LIEJIOM.

Taknum 0Gpasom, uis U3y UeHHs CHCTEMbl MHOTHX YacTHL HH(OpMaLns 10K-
Ha UMETb 000OLIEHHbIH XapakTep W OTHOCHTBCS HE K OTIENbHOIl vacTuue, a
K COBOKYMHOCTH Oonbiloro uucya vactuu. Hoeast ¢opma mHdopmaumun tpe-
OyeT M MHOro MyTH (MEeTOJA) pacCMOTPEHMsA. DTOT METOJ HAa3blBaeTCs Crma-
mucmudeckum. 3aKOHbl MOBEJCHHUA COBOKYMHOCTH OOJBINOTO YHCIa HaCTHL,
HcCleayeMble CTaTUCTHYECKMMHM METOJAMHM, Ha3bIBAOTCS CTATHCTHUECKUMHU
3aKOHOMEPHOCTAMH, pa3pabaTbiBaeMbIMH B Kypcax CTaTHCTHHECKON (M3HKM,
crarucTHieckoii Mexanuku. CratHcTHUeCKyl (QU3HKY, M3YHalolyo (U3HKY
TennosbIX sBieHHi (thermal physics), yacTo Ha3bIBAlOT CTATHCTHUECKOI TEp-
MOAMHAMHKOH, XOTA B TEPMHH TEPMOAMHAMHKAE, KaK yske ObIJIO MOKa3aHo BblLUE,
BJIOKEH COBCEM JPYroH CMbICIL.
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5.1. BeposiTHOCTH U YHTPOTIHS

B Hayke 1 paKkTHKe, Kor/aa HeeieayeTcs 60blioe pazHoobpasue ciayuaiHbiX
coObITHIH, 00LWMIT pe3ynbTaT Beeraa GOpMyJIUPYETCs B OJTHOM U TOM K€ BHJIE:
NIPOU30LLIIO TO KK HHOE COObITHE WK He Tpon3ouwio. [penckazaHue 3THX city-
YalHbIX COOBITHI OCYLUECTBAAETCS C MOMOIIBIO HAXOMKACHHS KOMTHIECTBEHHOMH
XapaKTepHCTHKH — BEPOSTHOCTH,

BeposaTHocTh 0O0r0 MakpoOCOCTOSHHS OCYLIECTBIAETCSA MOCPEICTBOM
60MBLIOTO YKcaa MUKPOCOCTOAHUH. Eciu n3BeCTHbI MPU3HAKU, KOTOPHIMU Xa-
paKTepH3yeTcs JaHHOe MAaKpOCOCTOSIHUE, TO MOMKHO, B IPUHLIKNE, NEPEUHCIUTD
BCE MMKPOCOCTOSIHUA H MOJCUUTATh UX UHUCHO0. YMCTIo MUKpOCOCTOAHMI [ Ha-
3bIBACTCA IMEPMOOUHAMULECKOT 6EPOSLINHOCINGIO TAHHOTO MAKPOCOCTOSIHUSA. DTO
YUCIIO B MATEMATHUECKOM CMBICIE HE €CTh BEPOSTHOCTH (MOCKOJILKY MaTemMaTH-
yeckas BEPOSATHOCTb BCEria MeHbLUE eIMHULbI, @ [ OueHb OO0JIbLIOE YHCIIO0), HO
C €r0 MOMOUIBIO MOACHO HAHTH BEPOSTHOCTh COOTBETCTBYIOLLETO MHKPOCOCTOS-
HUSI CUCTEMBI (B CBA3M C 9TUM OHO U MOJYYUIIO Ha3BaHHE BEPOSATHOCTH).

Ecin mMblcieHHo pa3ouTb mo0oii 00beM. HanpuMep HaealbHOTo rasa, Ha ¢
AYEEK, B KayI0H M3 KOTOPbIX Haxoaurtcs pazHoe uucino Ny, No, ..., N; ua-
CTHL, TO TEPMOJHMHAMIUECKAsA BEPOATHOCTh YHCIa MUKPOCOCTOSIHHIT CHCTEMBI

onpenesAeTCs
N!

= — (5.1
NiINo!. . N
rne N — obuwee uncno vactuy B cucreme, Ny, No, ..., N; — 4HCI0 YacTHL,
B Kax a0 sueiike 1, 2, ..., 7 9TOro odbema.

OnxHUM U3 MIaBHLIX CBOHCTB TEPMOJAMHAMHUECKOH BEPOATHOCTH SBIAETCS
TO, UTO IPH CTPEMJICHHH CHCTEMbI K PABHOBECHIO TEPMOIHHAMHYECKAs BEPOAT-
HOCTb YBEJIMUHMBAETCS, UTO H MOCIYKHIO OCHOBaHHEM BosblmaHy cBs3arh ee
¢ sHTponueil cuctemsl B LesioM. JIpyroe BaxHoe CBOHCTBO BEPOATHOCTH — €€
MYJbTHIITTMKATHBHOCTD, T. €. BEPOATHOCTL BCEH CHCTEMbI MPEACTABIAETCS MPO-
u3BeneHueM BepositTHocreit ee noacuctem (I = 715 ... ). [ockosbky /" 00bIMHO
O4YeHb BeJIMKa, y100Hee paboTaTh C MEHBIIMMH YHCITAMH, MO3TOMY BBOJAUTCS HO-
Bast pyHKUMS S, onpe/ensemMas Kak HaTypajibHblii jorapiudm TepMoguHammnye-
CKOH BEPOATHOCTH, YMHOKEHHBIH Ha HEKOTOPLIH NMPOU3BOJbHBIH KO3 QULIHEHT
NPONOPLUUOHANBLHOCTH k (CMbICH 3TOTO KOod(pdHLineHTa OYIeT NPUBEICH HUKE):

S=kInT. (5.2)

Ota GyHKUMS, KaKk ObUTO Noka3aHo panee (cM.(2.8)). Ha3bIBAETCS IHTPOIH-
eil. DTo ompeneseHHe nopakaeT cBOel NPOCTOTOMH: SHTPONUS eCThb Jorapupm
yHcaa A0MyCTHMBIX COCTOSHUI CHCTEMBI. JIOMYCTUMBIM COCTOSHHEM CHUTAETCS
TAKOE COCTOSIHME, HEPIrUsl KOTOPOTo JIEKHUT B Mpe/esax BO3MOKHOIO H3MEHe-
HUSA 9HEPTUH CUCTEMBI, @ YUCITO YACTHLL B ITAHHOM COCTOSHUH I0JKHO PABHATHCS
YHCIY HACTHL, XapaKTepu3ylolemy cucremy. Hanpumep, coctosiHus, npu KoTo-
pbix SiO» uMeeT KpucTaUIHUECKYO (OPMY, HEIOMYCTHUMbI TIPH HH3KKUX TeMIle-
parypax, €clii BHauajie OH UMeN CTeKI1000pa3Hyto (popmy; Takoe BELIECTBO HE
[peBpaTHTCs MPH HU3KKX TEMIEPaTypax B KBapL B TEUEHHE BCH Halueil sKH3HMU.
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Takum 00pazom, 10NyCTHMbIMH COCTOSHUAMH MOKHO CUMTATh TAKHE COCTOSIHHS,
€CJTH OHH He UCKJTIOUAlOTCS HU CaMUM OTIpeeIeHHEM CHCTEMBI, HH BbIOpaHHBIM
BPEMEHHBIM MacLITaboM.

M3 (5.2) cnenyet, uto Hem OOMbLIE YHCTO IONYCTHMBIX COCTOSHHIT B J1aH-
HOI1 cucteme, Tem Oosblie ee SHTponus. Hanbonbliee Yucao aomnycTuMbIX co-
CTOSIHHI MOXCHO HAOJIOAATh TOJBKO B CUCTEMaXx, HAXOASIMIMXCS B PABHOBECHH;
3HAUWT, B PABHOBECHH SHTPOMNUs MakcumanibHa. Mopmyna (5.2) umeer dyHma-
MEHTalbHOE 3HAYEHHE, MOCKOIBLKY MO3BOMSET ONMPEACTUTh IHTPOMHUIO M3 JlaH-
HBIX 0 MHUKPOCKOMHMYECKHX COCTOSIHHAX cHcTeMbl. Ecin cuctema usonuposaHa
U HaXO/MTCS B PABHOBECHH, TO OCHOBHbIE CTATHCTHUECKHE MOCTYJAThl M03BO-
JISOT BBIYHCIHUTHL BEPOATHOCTL COCTOSHUA CHCTEMbI € TIOMOLUBIO COOTHOUIEHHS
(5.1) u peLunThb 3ana4y peann3aluuy pa3jiHyHbIX CUTYaLrii, B yacTHOCTH, MOKHO
BBIYHCITATH CTaTUCTHYECKNE (uTyKTyaln, BO3HUKAIOWKE B JIIOOOM paBHOBeC-
HoM coctosiHuM, TTockosbKy /™ ecth (yHKLMS COCTOAHUS, TO H SHTPOIUS eCThb
(YHKUHSA COCTOAHMS.

Tenepb noxkaskeM cMbICT KO HLIHEHTa k, BBEIGHHOTO HAMHU MPOU3BOJILHO.
[Ipu paciumpenuy uaeansHoro rasa npu nocrosHHoit remneparype (7" = const)
ot obbema v/n 10 oGbema v (rae 7. — HYHCIO0 MHKPOOOHLEMOB (siueek), Ha KO-
TOpbIE Pa30UT AaHHBIN 00BEM v) H3MEHEHHE SHTPOMHH MOJKHO 3aMicarh B BHAE
(cm. (2.88))

AS=Rlnv—RInY = Rlnn. (5.3)
n

O/IHOBPEMEHHO U3 ONpeeNeH s TEPMOIMHAMHYECKO BEPOSTHOCTH
AS=kInly —kInl =kInls, (5.4)

(ec/iM NPHHSATH, YTO CHAYala BECh ra3 HAXOAHTCA B 0ObeMe v/n, T.€. B OAHOH
sueiike. uis kotopoit /7 = 1 w In/y = 0). [IpeactaBum, uto BCe sUeiku
OJTMHAKOBBI 110 CBOEMY 00bEMY, TOTAA

N! N!

- = : 55
NiIN'. N, [(N/n)n (5.5)

D10, OueBHHO, Oy/ieT paBHOMEpHOE (paBHOBECHOE) pacnipenenenue. Torna
AS=kInly =klnlpax = kIn N —Enln [(N/n)!]. (5.6)

YroObl 0cBOGOAUTLES OT (PAaKTOpHAIOB, HCMOL3YeM npudimxkenue Ctup-
JIHHTA

InN!=NInN — N, (5.7

KOTOPOE JICIKO A0Ka3bIBACTCA, HCXOAA W3 PABCHCTBA

N
MmN =Inl+h2+...+lN =3 nNAN, (5.8)
N=1
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(rne AN = 1; nockosibky npu Gonbiinx N BeanunHy AN MOKHO cuuTaTh
Masioi, To CyMMHpOBaH#e 3amenseTcs naterpuposannem In N1~ [In NdN =
= NIn N — N, B pesyabrare nonyuaem popmyiy (5.7))

Teneps nonoxum, uto N = Na(Nay — uncio Asoraapo). Torna (5.6)
3aMMLLEeTCs B BUIE

AS—kNAln]\A—AJ\A—Im—ln At kn
n n n
Na

n

= kN (1n Ny —In M ) — kNalnn. (5.9)

Conocrasnsis ¢ (5.3) Buaum, uto Ny = Ru k = kg = R/Nx = 1,38 x
x 1072 Tac/K (noctosiHHas Bonbumana).

PaccMoTpum pacnpe/iesieHue YacTull, COCTABISIOIINX TaHHYIO CHCTEMY, 110
sneprusm (pacnpenenenne bonsumana). [Tycts

N1 yactuu obnanaloT sneprueii €1,

NZ yacTul odnanalor anepruel =)

l\.‘

N; uactuu o0nanaoT IHeprueii ;.

JIITst M30JTMPOBAHHOH CHCTEMBI
N=N; +Ns+.. +J\1_Zl\’i:const. (5.10)
[MonHast Heprus CHCTEMBI
U= Nje; + Nogo + ...+ Nijg; = Z N;e; = const. (5.11)

PaBHoBecuio B cucTeMe oTBeuaeT Makcumym [ u S (mockonbky S =
=klnl), T.e.

ds =Y dS; =0. (5.12)
Hcnonwsys (5.2), npudnuxenne Ctupaunra u (5.10), 3anuiiem

S=kplnl=kglnNy! — kp Z In N;l = kyNaln Ny — kg ZNi In N;,
(5.13)

KoTopoe, Bapbupys 1o dN; , NpUBEAET K BbIPAAKESHUFO:
dS = —kg Y _(InN; + 1)dN; = 0. (5.14)
[Mpenedperas exunuueii Ha Goue In N; , OKOHUATEITLHO MOJYYHM, YTO

1 4s =S " InNydN; = o. (5.15)
kp
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[Mockonbky B cucTeMe UMEETCs XOTs Obl [IBE NEPEMEHHbIE, KOTOPbIE HE B-
JIIOTCS HE3aBHCHMBIMH NepeMeHHbIMH ( U3 nostHoro uucna N;_ | yacTuu ojiHa
SIBIISIETCS! 3aBUCAILEH OT OCTAIbHBIX, TOYHO TAK K€, KAK U €€ SHEPTus € ), 103To-
MY JUJ1sl OnpeJIelIeHd s PACCMOTPEHHS HHCITA HACTHIL [0 SHEPTHAM BOCHONb3YeMCs
MHOMkHTENsMH JlarpaHska, yMHOKHB COOTBETCTBEHHO Y £;dN; na 3, a > dN;
Ha A 1 npocymmupyeM ¢ (5.15):

> (InN; + A+ 8e;)dN; = 0, (5.16)

rae 3 1 A — NpOU3BOJIbHBIE MHOKHUTEIM, /15 OThICKAHUS KOTOPBIX HEOOXOIMMO
BOCI10JIb30BaTLCA CHCTEMOIH ypaBHEHHI

In Ny + A+ Be, =0,
In Ny + A + Bes = 0,

lnNi+/\+,85i =0.

[Ipy cyMMHpOBaHHY 3THX YpaBHEHHIT OCTAHYTCs JIHIIL CllaraeMble, cosiep-
JKallre HezaBHcUMble nepeMeHHbie N; U €, T. €.

InN; + A + Be; = 0. (5.17)
Wik, mocite OTeHIHPOBAHNSA,
N; = e re™Pe, (5.18)
TMockonbky No = > N; ulU =3 Nye;, 10

Na=erY e % u = zeNi—Aﬂ (5.19)

U oxoHuarenbHo 10Jiy4aceM 3aK0H pacnpeaejieHus boabumana:

Ny= T g=fei = Na—per. (5.20)
Z e—re; Q

OINHCHIBAIOLLMIT pacnpeiesieHHe NPOCTPAHCTBEHHOH KOHLEHTPaLHMH YacTHL, B 3a-
BHCHMOCTH OT MX MOTEHLHANbHON SHEPTHH.

B 3akoue pacnpenenenus bonbumana (5.20) comHOkUTENb €777 HA3bIBACT-
ca hakmopom borvymana, a Bee pacnpeaenenne (5.20) 'mddc Hazpan kanonu-
yeckum pacnpedetentiem. Cymma G0bLIMAHOBCKHX (akTopoB () = Ye™ %% un
npocTo (), pacnpocTpaHeHHas Ha BCe COCTOAHUS vacTHLb (MOCTymaTenbHoe,
BpallaTesbHOE, KosiedaTeIbHOe COCTOSTHUSA, NEKTPOHHbIE EPEX0bl U T. 1I. ) Ha-
3bIBACTCS CIMAIMUCIUYECKOL CYMMOL wiu cymmotl no cocmosnusim. Io csoemy
CMbICITy OHa MPEACTABIAET CO00Il HEKOTOPYIO HOPMHUPOBOUHYIO MOCTOSIHHYIO
JUISL IaHHOM CUCTEMBI.

—Be
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CpeﬂHﬂﬂ BCJIMHHUHA BHyTpeHHCﬁ SHEPIrHH CUCTEMbI, BbIpaKEHHAA 4€pPe3 CTa-

THCTHUECCKYIO CYMMY
U= Z Nie; = % Z 62'6_'361. (52])

Jns BeIUKMCIEHHUs SHTPONUHK roacTaBuM B opmyrny (5.13) pacnipenenenue
Bonbumana (5.20). B pesynsrare Gyaem umerth

S = kgNaln Ny — kg ZNi InN; =
_ 1 . _ Na =3, Na —Be. | _
= kpNaln Ny kBZTge “ln ((Je 6) =
N, Bes
= kgNaln Ny — kBHA Ze pe (ln Npx—InQ — [)’Zei) =

— kyNalnQ + kU = RInQ + g— (5.22)

Bnecb U = Nad e, = > Nies.

Ecin B3aTh npou3soaHyto ot (5.22) no df5, 1o noiy4um clieyrolee Bbl-
paxeHue, MO3BOJIAIONIEE OMPEETNTh 3HAUCHHE HEOMPeIeIeHHOTO MHOKHUTENSA
Jlarpanxka 3:

ﬁ = %ﬂ +kpU + kmj’ﬂ - ]\h;’.‘de
win  dS = kpfdU,
ax 99 —Be Naw . e, . dQ _ QU
TaK KAk — = — g€ va U=24 g€ ey 8@ _ _QU
ap > Q > dB Na

[TockosibKy MO BTOPOMY 3aKOHY TEPMOAHHAMHKH B M30TEPMHUECKHX YCIIO-
Busix dS = dU/T, 1o, conocrasiss 310 BbipaxeHue ¢ (5.23), noaydaem, 4to
B=1/kgT.

Tenepb MOKHO 3anucarh MoJayHEHHbIE PaHee BbIPAKEHUS Yepe3 H3MepsAeMble
napaMeTpsl:

CyMMa IO COCTOSHUAM

Q=) e =/ksT, (5.24)
pacnpencacHue Bonblvana
N = %e—ez/kBT; (5.25)
BHYTPEHHSA dHEPrus
U= % > ejeme/heT (5.26)

OtmetuM, uTo BbipakeHus (5.24)—(5.26) He SABNAIOTCA OKOHYATEIHHBIMH.
Jleno B TOM, UTO CUCTEMa MOMKET COCTOATb W3 OECKOHEUHO OONIbLIOro HMcIa
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HacTHL, KaXkK[10€ CTALMOHAPHOE COCTOAHUE KOTOPbIX 00/]afaeT onpeaeieHHoH
sHepruel. OHAKO MOMKET OKa3aThCA TaK, YTO OIMHAKOBYIO WIIM TOYTH OH-
HAKOBYIO DHEPIHI0 MMEIOT HECKOJIbKO COCTOsIHMM. B aToMm ciiyuae rosopst o
gbiposcoenuy (MHOTIA HA3BIBAKOT: «KPATHOCTh BIPOIKIACHHA» ) IHEPTETHUECKO-
ro ypoBHs JaHHoro cocrosiusi (g). Hanpumep, eciam yactuua umeer CriuH s,
TO MPOEKIHSA CITMHA HA HEKOTOPOE HAMpaBieHHE B MPOCTPAHCTBE MOXKET UMETh
25 + 1 pa3ubix 3HaueHuii (—s, —s + 1, ..., s — 1, s) — B eaunuuax h/2m.
B atom ciyuae g = 2s + 1.

C yueToM BbIpOKIAEHHOCTH pacnpeneieHue BoibiumaHa Oyaer umerh BUI

Na

N, = T;g;e_:‘/" o T (5.27)
a CymMmMma 1o COCTOAHUAM

Q=) gieo/keT. (5.28)

5.2. Cymma no cocTOSIHHSIM H TepMOHHAMHYecKHe (PyHKIHH

Hcropuuecky 3akoHbl TEPMOAMHAMUKM OblJIM BBEIEHbI KaK YHCTO MaKpo-
CKOMIMYECKHE TIOCTYNaThl 3al0T0 0 TOABICHHSA aTOMHOI TEOPHH BEMIECTBRA.
TTonHOCTBHIO MAKPOCKONHUYECKOE PACCMOTPEHHUE ITHX 3aKOHOB MPHBOAUT K 00J1b-
LIOMY YHCITY CJIEACTBHIA, COCTABIAIOMIMX CYTh KIACCHYECKOH TEPMOAHHAMUKH.
OpHako Tenepb, He MEHAA OOIIHOCTH MaKPOCKOMHAUECKOTO COIEPKAHNA TEPMO-
JUHAMHUKH, €€ MOMKHO CYLIECTBEHHO PACLUMPUTb, BKIIOYMB B HEE CTATHCTUYE-
CKHE COOTHOLIEHHS. PasymeeTcs, UTo CTeNneHb Hallero MOHUMaHnus H BO3MOXNKHO-
CTH Mpe/cKa3aHuii NOBEACHHUA TeX WM UHbIX CUCTEM CYILLECTBEHHO BO3PACTYT,
€CITM Mbl COCJIMHUM CTATUCTHUYECKHH MOAXOA C 3HAHHEM MHKPOCKOMHYECKHX
CBOMCTB aTOMOB H MOJIeKYJl. TakoH MOAXOA COCTABAAET CYTh CTATHCTHYECKOI
TepMOIHHAMHUKH.

OCHOBHbIE CTATHCTHYECKHE COOTHOLLEHHA HEOOXOAMMO CBA3ATh C TEPMOAU-
HAMHYECKUMHM hYHKUMAMM U1 TOTO, YTOOBI HAMOJHHTH UX MUKPOCKOMTHYECKUM
conepiKaHHeM.

[ToactaBuM 3HauU€HHWE SHTPONUU U3 Gopmysl (5.22), npeaBapHTelbLHO Bbl-
pasus 3 = 1/kpT, B Bolpakenue ausi pynkipn Lenpmromsua F = U — TS
(cm. popmydy (2.28)). B pesyasrare nostyuum

F=U-T(RInQ + g) = —RTnQ, (5.29)
(3neck yuteno, uto kg Ny = R). [Inddepenumpys (5.29) no T', momyunm cie-
JYIOLIUI pe3ynbrar:

(g_;)v = _RnQ - RT (M_‘TQ)V (5.30)
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Oobenunss (5.29) ¢ (5.30), nonyuum GopmyJly CBA3H BHYTPEHHEH IHEpruu
W SHTAJBIUH CHCTEMbI C CYMMOI IO COCTOSIHHAM

U:F+TS:1?T"’(0;'TQ) , (5.31)
Vv

H=U+ PV = RT? (‘t‘;?)v +RT (3I111Q) v

:RT2<8?:Q)T+RT<%—1Q) . (532)
or /v olmVvV/T
HOCKOJ]be

_<Z_€)T:P:RT(8;/Q)T. (5.33)

OyHkumns ['m66ca, BeIpakeHHAs HePe3 CTaTHCTHUECKYIO CYMMY (CTaTCyMMYy)
OyzneT UMeTb BHI

G=F+PV= —RTan+RT(M) . (5.34)
dlnV/T
ypaBHeHl/le O TCINJIOEMKOCTH 3aruiuiIeTcsa Tak:
ou dlnQ 5 (9%1InQ -
v = (%Y =2RT +RT . 5.35
v (6T)v ( ar )v ( a1 )v' ( )

Cp = (1’[’)1 — Cy + R =2RT (98TQ)V + RT? (HE;ZQ)V + R
(5.36)

W, nakoHew, noacTasiss BolpakeHUE U1 BHY TPEHHEI dHeprin u3 hopMyibl
(5.31) B BoIpaskeHne aust SHTponuK (5.22), MOTy4YUM COOTHOLIEHHE CTATCYMMbI
C DHTPOMUEH CHCTEMBI:

S=RInQ + RT (3;‘—;‘9) : (5.37)
v

Jlns pacuera crarucTUdeckol cymmbl () Tpedyercsi 3HaTh IHEPreTUUeCKUi
CTIEKTP MOJIEKYJbI (T. €. YPOBHH 3HEPTHH £;) W CTENEHb BRIPOKICHHS ;. Bbine-
JIMB HE3aBUCHMbIE COCTABIIAIOILME SHEPTrUU MOJIEKYIIbl, MOKEM CTATUCTUUECKY1O
CyMMY pa3OHTh Ha MPOM3BEICHNE CTATHCTHUECKHX CYMM, CBA3AHHBIX € pa3iuy-
HbIMM BHAAMH ABHKEHHA. CTPOro MOKHO MPOBECTH pa3zaeieHue

€ = €0 + Enoer T Epnyrps (5.38)

rae €g — HyJEBas SHEPTrHUA (3Heprm| MOJIEKYJIbI B HAMHH3LIEM DHEPTreTUYC-
CKOM COCTOHHHH); Enoer — DHEPTHA NMOCTYNMATEJIBHOTO ABHIKEHHUA LIEHTPA MAacCC;
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Eanyrp = Eepaw T Exou T+ sy — IHEPIUsl BHYTPEHHUX BUIOB JBHKEHHS, BKIIOYA-
ollas B ceds BpalaTelbHyI0 SHEPTHIO MOJIEKYJIbI KaK LeJIoro, KonedaTenbHyI0
SHEPruio aTOMOB, COCTABIAIOIIMX AAHHYIO MOJIEKYITY, U SHEPTHIO JEKTPOHHBIX
TIEPEXOJIOR.

3aMeTHM, YTO €CJIM DHEPTUM NOCTYNATENbHOTO NBUIKEHHS Enger M Epuyrp
CTPOTo HE3aBHCHMBI, TO MEKTPOHHbIE, KoJlebaTe bHbIE W BpalllaTebHble BKIAIBI
MOTYT PacCMaTpHBaThCs KaK HE3aBUCHMBbIE TOJILKO MPHOIHKEHHO.

YuutsiBas Beipaxenue (5.38), cTaTUCTHUECKYIO CYMMY MOMNEKY/Ibl NpeicTa-
BUM B BUJE

Q = (e7°°/kBT) QuocrQupan@son Qan- (5.39)

Takum o6pa30M, A1 BBIYHCIICHUA TEPMOJHHAMHYECKUX d)yHKLlHrl Heo0X0-
JAUMO 3HAThb CTATUCTUHYECKYHO CYMMY KaXJ0ro M3 BHUIAOB JIBHIKCHHA C Yy4CTOM
KpaTHOCTH BbIPOK/ICHHA.

5.3. Moutekyasipable IBHKeHHS

Mornekya mpeacTapnseT codoi IHHAMHUYHYIO CHCTEMY. COCTOSIILYIO H3 aTo-
MOB, KOTOPbIE CO€AMHEHbI B OJIHO LEJI0€ CHIaMH, 00YCIIOBICHHBIMH 1EKTPOH-
HBIM B3aUMO/IEHCTBHEM KBAHTOBOTO XapakTepa. B ominuue ot atoma B MOeKy-
Jie UIMeeTCst TPW BHIA JIBHKEHHI: NEKTPOHHOE (ABHKEHHE HJIEKTPOHOB BOKPYT
sep aTOMOB), koJebaTesibHOe (ABHAKEHUE AAep OKOJIO HX MOJNIOKEHHS paBHOBE-
cus) W BpawlatesibHoe (BpalieHne MOIeKyJIbl Kak LeJoro B npoctpaHceTse). Kak
yiKe ObLIO OTMEUEHO, B JOCTATOUHO CTPOrOM MPUOIHKEHHH IHEPIHSI MOJIEKYIIbI
npeacTaBigeT codoif cyMMy BeeX yKazaHHbIX ABikeHHit. [Ipu a3ToM BaxkHO OT-
METHTb, YTO DHEPIHM STHX BU/IOB JIBHIKEHHSI HMEIOT Pa3Hblii NOPALOK BEJIUUMH,
a UMEHHO:

E'JJI >> EI\'O.I >> 6\Bp‘dlll' (5.40)

CornacHo KBAaHTOBBIM MPE/ICTABIEHHAM MONIEKYJIa MOKET HAXOAHTHCSA JHLIb
B OTIPEIEJIEHHbIX IHEPTETUUECKHX COCTOsIHUAX. C XOpollei cTeneHbo npuou-
HKEHMSI MOYKHO KBAHTORATH CTIEPBA YEKTPOHHYIO IHEPTHIO, 3aTEM MPH 3aJaHHOMH
JJ€KTPOHHOH dHEPruy IHEPruio KoaedaTeqbHOro COCTOSAHMS U, HAKOHELl, Bpa-
LIATeNTLHYIO SHEPTHIO TIPH 3aaHHBIX £y, Exon. B opmyrte (5.40) xkaxapiit ueH
MPUHHUMAET OTPEAe/ICHHbIE 3HAYEHHS, MOITOMY TOJIHAS IHEPTUS MOJIEKY bl TaK-
K€ UMEET COBEPLUEHHO OMNpe/IesIeHHbIE 3HAYEHHS, COOTBETCTBYIOIIME pa3iny-
HbIM IEKTPOHHO-KOJIe0aTeIbHO-BpalllaTeIbHbIM COCTOAHUAM. B pesynbrare Mbl
0J1yHaeM COBOKYTHOCTb AaJIEKO PACMON0KEHHbIX IEKTPOHHBIX ypOBHeii (pa3-
JHUHBIE 3HAYCHHS £, ), O0ee BIH3KO pacmoNoKeHHbIX KonebaTebHbIX YPOBHEH
(pa3nuuHble 3HAYEHUS £y ), TPUMBIKAIOILMX K KQKIOMY JIEKTPOHHOMY YpPOB-
HIO, 1 ewile Oosee OIM3KO PacnoNoKEHHbIX BpaLaTenbHbIX YPOBHEH (paznuiHbie
3HAYCHUS Egpauy ) PHMBIKAIOLINX K KQXKIOMY KOJIeOaTe/IbHOMY YPOBHIO.

Takum 00pa3oM, OCHOBHBIM MPH3IHAKOM, MO3BOJAIOIIMM OTJIMYATH OIHO
KBAHTOBOE COCTOSTHHE MOJICKY/bl OT APYrOTo, SABISAETCA €ro dHepreTuveckas
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XapakTepuCTHKa, OfpeaensemMas Kak CTpyKTYpPHbIMH OCOOEHHOCTAMM HaCTULIbI,
TaK ¥ MEKYaCTHUHBIMH B3auMoAeHCTBUAMHK. OCTaB/IAsA B CTOPOHE CTPYKTYpHbIE
0COOEHHOCTH YacTHL, 00paTuM BHUMaHUE Ha MPUUYMHY BO3HUKHOBEHUS MEXUa-
CTHUYHBIX B3aUMOIEHCTBHI.

[Ipu cpaBHUTENLHO HEOOMNBLIMX PACCTOSHUAX MEKIY uacTHLaMM (aToma-
MU, MOJIEKyJamMK) NeHCTBYIOT CWJIbI OPUTSKEHHSA W OTTAJIKMBAHHs, Ha3blBae-
Mble cunaviu Ban-oep-Baanbca. DTH CUANbl BO3HUKAKOT BCIEACTBHE TOTO, 4TO
Jlake B HeHTpalbHOM atoMe BCNE/ICTBHE ABIKEHHS SJIEKTPOHOB LEHTP UX 00-
LIEro OTPHLATELHOTO 3apsAAa HE COBMAAAET C LEHTPOM MOJIOKHTENBHOTO 3apsaaa
anpa. B pesynbtare 2TOro BO3HHKAIOT CMEIIEHHs 3THX 3apsAl0B OTHOCHUTENLHO
ApYT Ipyra W 4acTuila. BHayane HeHTpalbHas B JMEKTPHUECKOM OTHOLUEHWH,
NpeBpaLLaeTCcsi HA HEKOTOPOE BPEMSt B INMOJIb (Q1H016 — COBOKYHOCTb Pa3HO-
MMEHHBIX, HO OTHHAKOBBIX MO aOCOMIOTHONH BETHUYHHE 3apANOB, PACTON0KEHHBIX
Ha HEKOTOPOM PacCTOSHUM APYT OT Apyra). DTOT MrHOBEHHbIIl nunojis co3na-
€T BOKpYT ceds sNeKTpomMarHuTHoe rnone. B3aumosneHcTeue mnonel apyx (wiw
Oosiee) coceTHUX AUMOJEH MPUBOAUT K MPUTSHKEHUIO UM OTTAJIKUBAHUIO B 3a-
BHCHMOCTH OT B3aHMHOTO pacnosioxken s ITHX aunomneii. CHiibl, OTRETCTBEHHbIE
3a TaKHe ABKEHUS, HA3bIBAKOTCS OPUCHINAYUOHHO-OUNOTHBIMI.

ITocKosbKy 2JIEKTPOHBI BPAIAIOTCS BOKPYT sApa HEMPEPLIBHO, TO MOXKET
BOZHMKHYTb TaKas CUTYalMs, KOIda LEHTP TSKECTH pa3MasaHHOro rno cpepe
aToMa JJ1eKTPHUECKOTO 3apAia eKTPOHOR COBMAAET C LIEHTPOM MOJI0KUTE b=
HOTO 3apsiia aromMa. B 3Tom cityyae aroM CTaHOBUTCS MOHOCTBIO HEHTPaIbHbIM,
HO HAXOJALLMICA B JaHHbIH MOMEHT BPEMEHU COCEHUI aTOM CBOUM JIeKTpHYe-
CKUM TOJIEM JIUTONS MOKET BbI3BATH CMEILEHHE 3NEKTPOHHBIX 00J1aKOB MEPBOTO
HEeHTPaJIbHOTO B 3TOT MOMEHT aToMa — MPOU30MIET CMeLleHHe 3apsi10B (Moms-
pH3alis) Meproro aroma. ¥ HEro nosBUTCSA HaBEACHHbII JHMONLHbIH MOMEHT.
Ipu YTOM MONAPHU30BAHHBIE HACTHULILI 00NANAIOT 3apAaaMH POTHBOMOJOKHbBIX
3HAKOB. Takue 4acTHULBI MPHTATHBAIOT APYT APYTa. DTH CHJIbI HA3bIBAIOTCS OuC-
nepcuonnbivu. (Takoe Ha3BaHHE 00YCIIOBINBAETCS TEM, UTO MOJISPH3YEMOCTbBIO
MOMEKYJ OOBACHAECTCA TAKKE JAUCTIEPCHS CBETA, T. €. M3MEHEHHE CKOPOCTH CBETA
1 MOKa3aTesis NPeJOMIEHHs CPeibl B 3aBHCUMOCTH OT H4acTOThl).

Ha manbix paccTOSHHAX MEKIY MOJEKYJIaMH AeCTBYIOT CWJIbl OTTAJKHUBaA-
HUSA, YTO SABISIETCA OTPAXKEHHEM TOTO (pakTa, HTO MOJIEKYJIa 3aHUMAET Oflpeae-
JIeHHY0 001acTh MPOCTPAHCTBA H NMPEMATCTBYET APY MM MOJIEKYJIaM NPOHHKATh
B 9Ty 00f1acTb. DTH CWIIbl MPOSBIAIOTCS B OYEHb MajbiX OONacTAX MOpAaKa
pa3MepoB MoOIleKy/bl. Xapakrep W3MEHEHHs MOTEeHUMANbHOH dHEPTUU B3aUMO-
JIEHCTBHA MEKAY MOJIEKYNaMH MpeICcTaBiseTcs B BHIE HEPAaBHOOCHOH mepe-
BepHyTOH napadosbl. MUHUMYMY 3TOH 3aBMCUMOCTH OTBEYAET PAaBHOBECHOE
TIONIOAKEHNE JIBYX B3aHMOCHCTBYIOIMX YACTHLL, HAXOAALLMXCA HA HEKOTOPOM
PacCcTOSHHU 7', COOTBETCTBYIOLIEM ITOMY paBHOBecHi0. Kakoi-1ubo yHuBep-
canpHoil popmynel U(r), MpUrogHoil ais onucaHus BCEX MOJIEKYJ, He CyIie-
creyet. O6biuHo Qynkuus U (r) annpokcumupyercst (hopmyioii Buaa

U(r) = 4eo[(o/r)'? = (o /)] (5.41)

u HasbiBaeTcs nomenyuanom Jlennapoa—/Jliconca. OH IUPOKO MCNONb3YETCA
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B TeOpUHM xKuAKOCTEH W razos. [ToreHuuan Jlennapaa—JHroHca aBiseTCs ABYX-
YACTHUHBIM, T.€. MPEANnoJaraeTcs, YTO CHIbl B3aUMOJAEHCTBUA MEXKIY ABYyMS
YaCcTULAMM HE MEHSIOTCS B [IPUCYTCTBHU TPETHEH YaCTHULIbI.

Cunel Ban-nep-Baansca Mexay MojeKyaaMu MPUBOAAT K MOABIEHHIO HX
NMOCTYNATeNbHbIX W BpALLATENbHbIX JBHKEHUIH; ITH ikKe CHIIbl MEKIY aTrOMaMH
JAaHHOI MONEKYJIbl BO30YKAAOT KosleDaTeIbHbIE IBHIKEHHUS CBA3ZAHHbBIX B MOJIE-
KyJle aTOMOB.

5.4. IloctynaresibHOE IBHKEHHE

JI1s MepHOAHYECKOTO MOCTYMATENBHOTO ABWKEHHS (THMA OpOyHOBCKOTO)
MOYKHO BOCIO/Ib30BaThCA KBAHTOBO-MEXaHHUECKUMHU TPEACTABICHUSIMU U 3aIH-
cath 175 OJHOMEPHOrO MOCTYMATeNbLHOrO JABIKeHHe ypaBHenue Llpennurepa
B BUJE

h? 3t
+ E, v, =0. 5.42
8m2m Ox? S ( )
Ero pewennem Oynet
1, = Csin (Az + B), (5.43)
me A =227 (n, = 1,2, ..., n— uensie uncna; [, — myTh, npoderaemblii

€T
yacTuiei Brojs ocu « u B = 0).
Torna

1, = C'sin "ll“’ﬂ:L'. (5.44)

€T

[oncrasass (5.44) B (5.42), Haiiiem BeJUUMHY SHEPrHH OJHOMEPHOTO MO-

CTYNaTCJbHOTO ABWKCHUA!
h? 5

E, = " p2. (5.45)

B 812m "

CyMMa 1o COCTOSIHMSM OJHOMEPHOTO MOCTYTMATE]bHOTO ABHKEHHS BIONb
ocH x OyaeT UMeThb BU/

- 2,2
Qe = Z exp (—&> (5.46)

2 .
o 8l2mkgT
(KparHocTb BbIpOMKAECHHS TOCTYNATEJILHOIO ABHKEeHUA g"0T = 1).

[TockonbKy mokazareb SKCITOHEHTBI MaJl, CYMMHPOBAHHE MOXHO 3aMEHHTh
HUHTErpUPOBAHUEM

o oc
noer __ h?ng — 2,2
Q" = | exp | ———=2— | dn, = | exp(—p°n;)dn,, (5.47)
8lzmk gl
0 0

rne p? = h?/812mkgT.
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Wurerpan npasoii uactu (5.47) paBex

T“' (otntyan, = L (T)
xp(—pTng)dng = 3 ) .
0

Tenepb CyMMa Mo COCTOAHHAM MNOCTYNATCJIbHOTO OAHOMEPHOTO ABHWIKEHUA
TPUMET OKOHYATEIbHBIH BHJL

- 2mmkgT 1/2
QroeT = (T) L. (5.48)
Bce JBWIKCHHS BOOJIb Ocei;l x, y, Z HE3aBHCHUMBI, ﬂO3TOMy
> 2amkgl’ 3/2
QM = Q,Q,Q. = <TB) v, (5.49)

e v = [,l,l. — oObeM, 3aHUMaeMblii 0IHOI MONEKYIOH MPH TPEXMEPHOM JIBH-
seHuu. s onHoro Mons naeaibHoro raza Vo= vNa. Toraa (5.49) nepeiiner B

2 MEpgT 8/2
Qnocr — <“17_D)> V7 (5.50)
th;{/'
In@Q"™" =1,5InM +1,5InT +1InV + In B. (5.51)
o 3/2
3nece In B = (LI;J e = 17,3 (B cucreme ennnnil CHU, ocHoBanme
/L'“)A"X -

HaTypalbHbIX JIorapumMoB e BBeieHO B hopmyiy miist In B npu yyeTe BO3MOKHO-
CTH Mepexo/1a MONeKYJbl U3 OAHOM gueiiku (hazoBOro NPoCTpaHCcTBA B APYTYIO).

[MockosibKy U3 YpaBHEHHS COCTOSIHUSI MAEANbHOTO ra3a cieayet, yto In V' =
=InT +In R —1In P, To ypaBHenue (5.51) MOXKHO nepenucarh Tak:

InQ™" =1,5InM +2,5InT +InR —InP +1nB. (5.52)

Kak Bunno u3 ¢popmyser (5.52), 11 uaeasbHOTO WK AJISL Pa3perKeHHOTo pe-
QJILHOTO ra3a CyMMa M0 COCTOAHUAM MOCTY NaTe1bHOIO IBUIKEHHS OnpeaesieTcs
npHpooii raza (B BHJIE €ro MOJIEKYJIAPHOIT MAcChl) M BHELIHHMU rapameTpamMu
P uT n, rakum 06pazom, noaaaeTcs dKCepHMeHTaIbHON MpoBepKe.

5.5. DuekTpoHHbIE NMEePexo/bl
SHCPFHIO DJICKTPOHOB B MOJICKYJIC MOKHO MPEICTABHTL B BUJIC psaaa
e =eco+erteat..., (5.53)

rae €g, €1, €2, ... — JHEPTHH DJICKTPOHOB B OCHOBHOM, TIEPBOM BO36Y)KI[CH-
HOM, BTOpOM BO'36y)l\'}1€H HOM H T. 1. COCTOAHHAX.
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CyMMa 10 BCEM COCTOSAHUAM DIEKTPOHHBIX MEPEXOI0B

Q= go()_fo/k’g +gre 1 /keT 4 gpee2/keT (5.54)

e go, g1, &2, - - . — KPaTHOCTH BbIPOXKIECHHS KaX/I0T0 U3 MEPEXOI0B.
Sanuiwem (5.54) a7 0AHOro MOJISi, YMHOXKUB COOTBETCTBEHHO UUCIUTEIb

W 3HAMEHATENh B MEPBOM cllaraeMoM Ha uucno Asoraapo Na, T.e. £0/kpT =

= goNa/kpNAT = Ug/RT. Toraa (5.54) 3anuiwercs B Bue

—UQ/RT

751/kBT

Q= goe +gie +goe Ml (555)

IMockonbKy 2HEprus nepsoro Bo30yKAEHHOIO COCTOAHUS MPEBbILLAET JHEP-
THIO OCHOBHOTO coCTOAHMA Ha 4—5 5B u Hamuoro Oonbwe kg7, nodyromy
gre—=1/%8T ~ (; cnenoBatesibHO, MOKHO OrpaHMUMTHLCA B (5.55) TONbKO nep-
BbIM UJIEHOM PsJia M 3anucarb

Q° = g(,p_Ut?/RT m In@Q’=Ingo — %. (5.56)

OO0bIYHO MOCTYNATEIBHYIO H DJICKTPOHHYIO CYMMbI MO COCTOAHHAM 00b-
CAUHALOT, HA3bIBAA €€ 3."IL)KIH[)OHHO—]7()(‘111)’”(1”1ﬁ"le()l? C_}’,‘ll,\l()ﬁ HO COCMOSAHUAM

InQ*® =InQ?+1nQ"™° =
=1,5InM+25InT+mR—-InP+InB+Ingy — %' (5.57)

B aTom cayuae

(Zmeny _ Ui 421 (5.59)
aT % RT? 2T

Torpa BHYTpEHHSIs SDHEPIUs MOCTYNATe/ILHOrO ABMIKeHUs Ha oHe Uy paBHa
: 3 -
umsr —us = ERT' (5.59)

Ouepnano, uto Uy €cTh TOT HYNEBOI YPOBEHb, OT KOTOPOTO NPOH3BOANTCS
OTCYeT BeJIMYMHbI BHYTpeHHeil sHeprun. Croaa ke MOKHO BKIIHOUHTb JHEPTHIO,
kotopas B (5.38) Ha3paHa HyneBoi IHeprueii, MOCKOJALKY OHAa MpencTaBafeT
c000# FHEPrHIO SINEPHbIX MPeBpaLLEHU, ABIAOLIEHCS NPH 00bIYHBIX TEMIEPa-
Typax BEJIHUMHOMN MOCTOAHHOI.

BolpaxkeHue A/ SHTAJILIUKA MOCTYNATEIbHOTO ABWKEHUS, COIIACHO Ofpe-
JeNeHnto dHTanbnuu uaeansiororaza H = U + PV =U + RT

H™ — H) = gRT. (5.60)
”30X0pHaﬂ H H306apHaﬂ TEMMTOEMKOCTH COOTBETCTBEHHO paBHbI
oU 3 oOH 5
Cy = (_) =ip €= (_) =55 5.61
v or/v 2 ar’p 2 (5.61)

[MpusenexHble dHepruu Tenbmrosibua u ['MO0ca paBHbl, COOTBETCTBEHHO,
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Ll R(-1,5InM —2,5InT+InP —InR—1nB —Ing), (5.62)

G — 115 _ Fon US " R=
T T

=R(-1.5InM -2 5nT+InP—-InR—-InB+1-Ingy). (5.63)

W, nakoueri, YPaBHCHHE 11 DHTPOMHHU MOCTYNATCJIBHOIO ABHIKEHHSA 6}’]’[6’1"
HUMETb BH

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

5.6. OcHoBHBIE MOJI0KEHHS MOJIEKY/ISIPHOH CMIEKTPOCKONHH

BpamarensHoe u konedarennHOe NBHKEHHE MOJEKYN M3yuaeTcs, Kak mpa-
BHJI0, METOAAMH CIIEKTPOCKOIMHH, B OCHOBE KOTOpOﬁ JICKHT paCcCMOTPEHHE 3a-
KOHOMEPHOCTEH B3aMMOAEHCTBHA NIEKTPOMATHUTHON pajiHallMi € BELIECTBOM,
COMPOBOZKAAIOLIErOCs NPOLECCaMy MONIOLUECHHNS, WTyUeHHUsT U pacCesHHS CBe-
Ta. COBpeMeHHas CMEKTPOCKONHA GasupyeTcs LEJTMKOM Ha KBAHTOBOM TEOpHH,
B OCHOBE KOTOPOIi, B CBOIO Ouepellb, Jekar (DyHAaMeHTallbHbIE KBAHTOBbIC 3a-
KOHbI, ONpeieNifole CBOHCTBA aTOMOB U MOJIEKYJI.

B coorsercTBuu ¢ nepBbIM nocety1atom bopa, nodas aromuas uin Mojeky-
JIIpHAsA cCUCTEMA ABNAETCA YCTOHUMBOH NIUILL B OMPEAEIeHHbIX CTAIIMOHAPHBIX
COCTOAHHAX, KOTOPBIM OTBCHACT AHCKPETHAA MOCICIAOBATCIIBHOCTh DHEPTHU &
cuctembl. JIto0oe U3MEHEHHE ITOH IHEPrHU CBA3AHO € MEPEXO0OM CUCTEMbI H3
OJIHOTO CTALIHOHAPHOTO COCTOSAHHSA B APYTOE U COMPOBOKAALTCS THOO MOy HeHH-
€M dHepruu, 11Mbo oraaueil 3Toit cucTeMol SHEPruu. T NePexXoibl MOryT ObITh
JIBOSIKOTO poja: 1) mepexosibl paaHalMoHHbIe (MOJIeKy/a MOMIOMIAET, H3myyaeT
WJIM PacceuBaeT JIEKTPOMArHUTHYIO paauauuio; 2) nepexoibl HepaanalHoH-
Hble (Oe3bl3myaTesbHbIe), TIPH KOTOPBIX MPOUCXOAUT 0OMEH IHEprueii 1aHHOi
CHUCTEMbI C KaKOH-/IMOO ApyTOii.

B cnexTpockonuu npeumy e CTBEHHO paccMaTpHBAIOTCA MEPEX0/ibl MEPBOTO
THUNA; OHUA NOAYUHAIOTCSA BTOPOMY MocTy1aTy bopa: 21eKTpOMarHuTHOE U3iy-
YEHHE, CBA3AHHOE C MEPEXO0M M3 OJHOTO CTALIMOHAPHOTO COCTOAHMSA B /IpY-
roe, ABJaA€TCA MOHOXPOMATHYECCKHUM, HaCTOTA KOTOPOTO ¥ ONpPEACIaeTCa COOTHO-
LIeHHEM

&, — &

vy = 225, (5.65)

rae h — nocrosuHas ITnanka; €;, €; — dHepruu yposHeii nepexoza.

Takum oOpa3zom, ycnoBue yactot bopa (5.65) mozposnsieT HaiiTH OCHOBHYIO
XapaKTePUCTHKY KBAaHTOBOTO NMEPEeX0Aa — MOJKEHUE CHEeKTPAIbHOMH JIMHUU
WIJIH MOJIOCHKI B LLIKAJIE IHEPTHIT Mepexo/10B.

COBOKYMHOCTb MEPEXOA0OB C HWKHUX YPOBHEH dHEpPruu Ha BepxHue (Io-
DIOLIEHHE) U ¢ BEPXHHUX Ha HIKHHE (M3JTyueHHe) NPUBOINT K MOSABISHUIO CO-
OTBETCTBYIOILHX CMEKTPOB MOMIOIIEHHS WK H3ayueHus. CrekTpbl MOJEKyd,
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CBA3aHHbIE C MEPEXOJOM BaJICHTHBIX IEKTPOHOB, KosiebaHUAMU saep U Bpa-
LIEHHEM MOJIEKYJIbl KaK 1070, pacrojaranTcs, Kak MpaBuio, B ONMTHYECKOH
00J1acTH 4acToT, KOTOpast NoApa3aelseTcs Ha TPY YacTu: UH(pPaKpacHyto, BUIU-
MYI0 1 ybTpaHONETOBYIO. B COOTBETCTBIH C ITMM TPUHSATO W CNEKTPOCKOTTHIO
JeJIUTh HA MH(PAKPACHYIO, BUIANMYIO, YbTPa(HONETOBY IO, PEHTIEHOBCKYIO U Y-
CTIEKTPOCKOTIHIO.

Ecnu kBaHTOBbIE MEpexosbl JekKaT B 00/IaCTH HEBBICOKHX HacToT, TO 100a-
BIIAETCS €lIe W paioyacToTHas crieKTpockonud. Takike moapazienstor crnek-
TPOCKOMHIO W MO THITY JIBWKEHUA B MOJIEKYJIE: BpaLLaTebHY10, KoJeOaTebHy10
H SJIEKTPOHHYI0. BpaluaresibHble Moiockl pacrnofaralTcs B AajibHEH HH(pa-
KpacHoii 00nacTw, konebdarebHbie — B HH(pPaKPaCcHOIL. a 2IeKTPOHHbIE — B BU-
JAUMO#i 001aCTH CIIeKTpa.

[Tpu rpaduueckoM H300paKEHHH OMTHUECKHX CMEKTPOB MO ocH abcermiee
OTKJIAABIBAKOT JIMOO 4ACTOTY V, JINOO0 ANIMHY BOJIHBI cBeTa A, OHU CBA3aHbI MEKIY

co0oii COOTHOLLIEHHEM
v =-=uwc, (5.66)
A
IJle ¢ — CKOPOCTh CBETA, W — BOJIHOBOE Mo (w = 1/A,) uamepsiemoe B obpar-
HbIX caHTHMeTpax (eM™1).

Pesynbrarbl ucciae10BaHUS UHTEHCUBHOCTU M3JIyU€HUs WM MOMIOLIEHHs
CBETA OTKJIA/IbIBAIOT HA OCH OPJIMHAT B BH/E OTHOCHTEILHBIX HHTEHCHBHOCTEH
MOTTOLUEHHUS MK N3yyeHust. [Tpi 3ToM B OCHOBY pacueTa MHTEHCHUBHOCTH CBE-
Ta NONOKEH OCHOBHOH 3aKOH CMEKTpOoCcKonuu — 3akoH JlamOGepra— Byrepa—
Bepa. ComnacHo 3TOMY 3aKOHY, HHTEHCHBHOCTbH MOHOXPOMaTHUECKOTO CBETOBO-
TO MOTOKA, MPOLIELIEro uepes MIockuii odpasell, CBA3aHa ¢ MHTEHCHBHOCTHIO
MajaoLEro NOToKa CeAyLHM COOTHOLUEHHEM:!

J = Jyexp(—ecl), (5.67)

rae €. ¢. [ — coOTBETCTBEHHO KOI(PPULHEHT IKCTUHKLMH (MOIOWEHHSI), KOH-
LEHTpaLMA MOMOIAKOLIEro H3TyUeHHE BEILECTRA H TOILHHA CIOSl.
Benuuunsl

T = (i) -100% w D=In (l) = ecl (5.68)
Jo T

HOCSIT Ha3BaHWS COOTBETCTBEHHO KOI(huyuenma nponyckanus i onmu4eckoll

niomuocnu. IMEHHO YTH BeTMUHHBI M OTKIA/IBIBAIOT [0 OCH OP/IMHAT B KAUECTBE

Mepbl MOIMOLAOWIEH COCOOHOCTH NPH 3aMUCH CIEKTPOB MOMIOLIEHHUS.

M3 BbIIECKA3aHHOTO MOKHO ObIO Obl 3aKMIOUNTh, YTO MEPEXOAbl MOTYT
OPOUCXOAMTH MesKIY JTOObIMU YPOBHAMU dHepruu. Ha camom aese 910 He Tak.
TouHo Tak ke, KaK aTOM MOKET MePexoanTh U3 cocTosHus S B cocTosHue P,
an3 B D, Ho He npsiMo 13 S B D, cyliecTByOT OrpaHHYEHUS! U1 H3MEHEHHS
COCTOSIHMSI MOJIEKYJT. DTH OTPAHHUCHHS HA3BIBAIOTCS HPAGUIAMU 0OMbOpa.

CyuiecTByeT IBa BWAA MPaBuil oTOOpa. YCIIOBUS, ONpenesisiollie H3MeHe-
HUS OT/IJIbHBIX KBAHTOBBIX HHCEI, HA3bIBAKOTCS YACHHBIMU NPAGUIAMU 0MOOPA,
OHH HMCTIONB3YIOTCS MPH PACCMOTPEHHH PA3IHYHBIX THIIOB CMEeKTpoB. Mmerotes
TaKKE 00Ujue NPAsIId 0OMHOPA, C TTIOMOLILIO KOTOPbIX MOXKHO OMPEAeIHTD, IaCT
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111 MOJIeKyJ1a KosebaTelbHbLi Hiln BpalaresibHblii cnexkrp. O0uwmx npasui otdoo-
pa, OTHOCALUMXCSA K BUAMMOIT MITH YILTpaHONETOBOH 001aCTH, HE CYLLECTBYET,
MO3TOMY BCE MOJIEKYJIbl HMEIOT 3J€KTPOHHBIE CHEKTPbI.

KauecTBeHHO ¢ npaBHaamu oTOOpa MO3HAKOMUMCS Ha MPUMEpEe KOJedaHus
mostexyn HCI u Cly. B pesynbrare cMeLleHHs MOJIOKEHUA LEHTPOB TSIKECTH
HEOJMHAKOBbIX aTOMOB B MoJtekyje HCI npoucxomut pesynsripyiolilee kosieda-
TeJIbHOE CMelleHHe 3apana. Monekysia BeeT ceds Kak H30JMpOBaHHbIH BUOpU-
PYIOLLMIE 3aps/a M MOKET B3aUMO/ICHCTBOBATh C KOJICOMIOLIEHCS YEKTPHUECKOH
KOMMOHEHTO Mmoboro nanatoiiero n3yvdenns. Konebdanwe paspeuterno u aktne-
HO B HH()pakpacHoii odnactu crnexrpa. B romosaeproii monexyne Cly, Haobopor,
BCJIE/ICTBHE CUMMETPHHM JII000E CMEILIEHHE OJIHOH MOJIOBHHBI MOJIEKYJIbI OaslaH-
CUPYETCsl PABHBIM [10 BEJIMUHHE, HO [IPOTUBOIOJIOKHbBIM MO 3HAKY, U3MEHEHUEM
B Apyroil nonosuHe. [ToaTOMY pe3yibTHPYIOLLEro CMELLEHHs 3apsaaa 34ech He
HPOUCXO/IUT, @ 3HAYMT, HE BOZHUKAET W B3aUMOACHCTBHA C Majatolwmm Haiyye-
HueM. Konebanue sanpeujerno n He akTHBHO B HH(paKpacHoit 001acTH crekTpa.

B neficTBuTeNbHOCTH, BCAEACTBUE KOHEUHOCTH CKOPOCTHU CBETA U, CIe/I0Ba-
TEJIbHO, KOHEYHOrO BPEMEHH B3aHMO/IEHCTBHS BELLIECTRA C U3/TYYEHUEM, HH OJHH
NEPeXo/l He ABJIAETCS adCOMOTHO 3anpeeHHbIM. OIHAKO HHTEHCHBHOCTh pas-
pelieHHbIX Nepexo/10B NpubnuzuTensHo B 10¥ pas npeBocXoanT HHTEHCHBHOCTH
3anpeuieHHbIX MEPEXO/10B.

DTH cOOOpaKEHHUs TAKKE NPUMEHHMbI K MHOTOATOMHbIM MOJIEKYJIaM € TOH
JIMLIb pa3HHULEH, YTO B JAHHOM cllydae HeoOXOIMMO paccMaTpHBaTh HE OHO
KojedaHue, a Heckoibko. Kaxkayto 4acToTy KosedaH1s MOXKHO aCCOLMHPOBATH C
pasiHUHLIMK ABMKEHUAMU Aaep. JIns Toro, uToObl KonedaHue ObITO aKTUBHBIM
B MH(ppakpacHoil odacTy, ABHKEHHE AAep A0JUKHO NPUBOIUTH K MU3MEHEHUIO
JIMIOJILHOTO MOMEHTA MOJeKy/bl. TakuM 00pa3zoM. Ternepb MOKHO ChopMyTn-
poBarb o0llee npaBuao OTOOpaA: Ul MPOSBIEHHS YacTOThl B MH(paKpacHoii
00J1aCTH JOJI)KHO BBITIONTHATBCS YCIOBHE

W 1, (5.69)
dq
3M€Ch fL—— AMUTONBHBIE MOMEHT MOJEKYITbI; ¢ — OJIHA HJIM HECKOJIbKO KOOPH-
HaT, BAO/b KOTOPbIX Peau3yeTcs ABHKEHHE anep.

AHaNOrHYHO MOKHO MOKa3aTh, YTO MOJEKY/Ia OyAeT UMETh BpallaTeThHbI
CIIEKTP B Jafekoil MHppaKpacHOH WM MUKPOBOJHOBOH 001acTu, eclu ee au-
MONbHBIII MOMEHT MEHSETCSI OTHOCHTEJILHO HANpaBieHHs Naalolero u3yde-
HUS NPH BpaLLEHWH MOJIEKYIbl KaK Lesioro. Jins 9Toro Mosiekyna aosAHa odna-
JIaThb MOCTOSHHBIM JMMOJIbHBIM MOMeHTOM. [lodTomy obiiee npasuio otbopa
JJ1S1 TIOSIBJICHUST HKCTO BPALLATEIbHOTO CIIEKTPa 3aMHChIBAETCS B BHIE

1 # 0. (5.70)

B koMOMHAIIMOHHOM paccessHuu oblee MpaBuiIo oTéopa s KojedaTesb-
HOTO CHEKTPa IMACHT, YTO ABH/KEHHE sIep NOAHO NPUBOAMTL K U3MEHEHHIO
MONSAPH3YEMOCTH (CMTOCOOHOCTH K CMELLEHHIO 3apsiaa) MONEKyJl

da 4, (5.71)
dq
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(rne oo — nossApu3yemMocTh MosieKybl). [1ocKonbKy B roMosiiepHO Monekyne
npu KonedaHuu BAOIbL IMHUK CBA3H BCEAA MPOUCXOANT H3MEHEHHE MOSAPH3Y-
€MOCTH, TO B CIIEKTPax KOMOMHALMOHHOTO PacCestHUsl TU MOJIEKYJIbl aKTUBHbI.

5.7. BpamareibHoe ABH:KEHHE

[epexoas K BBIMMCAEHHIO TEPMOIMHAMHYECKHX BEJHYHH JBYXaTOMHOTO ra-
3a (U1 OJTHOATOMHBIX BEILLECTB, KaK H3BECTHO, DJHEPTHs BpalATeIbHOrO JIBH-
AEHHUS BOKPYr COOCTBEHHOH OCH paBHA HyJIO), MPEKAE BCEro paccMOTPUM

BbIpaKEHHE JUIST BHYTPEHHEH SHepruu.

| 0 / Ociioaﬁoﬁ MO/IENTBIO, € MOMOIIBIO KOTO-

‘ 0 pOii MOJKHO paccuuTaTh BEJIMUHHY dHEp-

\D / MU BPALIATEJIbHOTO ABHKEHHS, SBIISET-

| / CsI MOJIEJTb JKECTKOTO poTartopa (puc. 5.1),

. x NPeACTaBIALIEro COO0I ABE MAcChl 111

W M2, HAXOJALIMXCS HA (PUKCHPOBAHHOM

' paccTosiHuM 1o Apyr ot apyra. Takas

CHCTEMa Ha3bIBACTCH JHCECIMKUM POmd-

ry mopom. Ecny takas cuctemMa BpallaeTcst

BOKPYT OCH, MPOXOASALICH 4epe3 LEHTP

sokecTH O neprneHaMKyaspHOH K och,

COENMHSIOIEH AApa, TO BblpakKeHWE IS
MOMEHTA HHEPLIMHM UMEET BH]L

my

0

’

/

Puc. 5.1. Mozens xecTkoro poraropa [Jle T — paccTosHUE OT aTomMa 2 10 LeH-

Tpa TAKECTH MOJICKYJI.
Ecnm 3anucars BbIPAKCHHE OJIST MOMCHTOB OTHOCHTCJIBHO LICHTPA TAKEC-
TH O, TO MOHO BbIMHUCIIMTH PACCTOSAHHUE L. B camom aene,

I=my(rg —2)> +mez®, (5.72)

'i
|
|
|
|

. mar
mi(ro —x) =mer w r=_—"22_
my +mso

CrenoBareibHO, n3 (5.72) ¢ UCMIONB30BAHUEM MPELIAY LLIHX COOTHOLICHHH

_ [ mamo P
I= <7) rg = Hry. (5.73)
my + ms2
o . .
3nech jt = ————— Ha3bIBAETCA MPUBEOEHHOU MACCOLl MOJIEKYJbl. DTO
mi +ma

O3HaA4YaeT, 4YTO MOJICKYIY, BpallaroUlyl0Css BOKPYI CBOCTO LEHTPa TAKECTH,
MOKHO pacCMaTpHBaTh Kak OJHY HaCTHLY C Maccoi M, OIHUCLIBANOLILYHO KpYyr
paaunyca ro. }IBH')KCHHC HACTHLbLI 10 Kpyry — 3ajaqa, XOpollO H3BECTHas B
KBAHTOBOH MEXaHHWKE, M I HEE MOXKHO HalTH TOYHOE peweHne YpaBHECHUSA
H_[pezumrepa. T)Hepnm Bpalare/ibHOro ABHKEHHA MOKET IPUHUMATb, KaK U
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BCOay B KBAHTOBOH MEXAHHKE, TOJIbKO HEKOTOPLIC OHCKPETHLIC 3HAYEHUS, OTH
3HA4YCHHA NEPeaAaAlOTCA BbIPAKCHHEM

2/. K
Eupan = "YU D = BRiG+ 1), (5.74)
872l
rne
h
B = . 5.75
872T ( )

Benuuuna B Ha3bIBaeTCs apaiy amenbrol ROCHOANNON, ] — 8palljamensHoe
K6aHmosoe uucio (OHO BBEICHO JOMONHUTENBHO K YEThIPEM KBAHTOBLIM YHC-
aam n. [ i v s A XapakTepUCTHKY BPaLIATelIbHOTO JIBHIKEHHS MOJICKYJ1bl KaK
1esioro). BparuarebHOE KBAHTOBOE UHCIO MOKET MPHHHMATh JTOObIE TIeJIoUnc-
JIEHHbIE 3HaYeHHs, BKItouaowme Hyib. [Tpn j = 0, £4pqy, = 0 1 BpaluarensHas
IHEPrHust OTCYTCTRYET.

YacTHoe npaBuiio ordopa 11 YUCTO BPALLATENILHOTO CHEKTpa MMEET BHI
Aj = £1; 29710 03HauaeT, 4TO MOSEKYIIA H3 JTHOOOTO HCXOAHOTO COCTOSIHUS MOYKET
NEePEeXONHTh JHLIb HA COCEAHHIT YPOBEHb.

PasHocTb JHEPruM ABYX MOC/EI0BaTeNIbHBIX YPOBHEl paBHa

Ae =& —&"=Bnjj'(j' +1) —7"(" + 1)]. (5.76)

3nech j' OTHOCHTCS K BEpXHEMY BpalllaTebHOMY COCTOSHHIO, a 7' — K Hu3-
IeMy.
IlockonbKy yacTHOe npasuiao otoopa Tpedyet, utodsl j' — j" =1, To

Ae = Bh2j'. (5.77)

B coorBercTBUM CO BTOPbIM IOCTYIATOM Bopa. YaCTOTHbIH HHTEPBAJ TAKOTo
NIEPEX0aa BbIPA3UTCSA TAK:
h

Av 2B. (5.78)

W13 dopmyn (5.77) u (5.78) BHAHO, UTO XOTSI pacCTOsIHHE MEKIY YPOBHS-
MU SHEPTHH PACTET MO Mepe YBETHUSHHS BpalllaTebHOTO KBAHTOBOTO HHcna j,
CNEeKTp OyAeT cOCTOATL M3 psda MoJIOC, PAaBHOOTCTOSIUMX Apyr oT apyra. Ha
puc. 5.2 nokazaHa cxema pacrojoKeHHs] JHEPTETHUECKHX YPOBHEH KeCTKOTO
poraropa B MH(PAKPACHOM CIIEKTpE.

[pu peranbHOM Hcce0BAaHUM JIMHHUIT YHCTO BPALLATE/IbHOTO CHIEKTpa OKa-
3bIBAETCS, UTO MHTEPBAIbI MEKIY JHHHAMH YMEHbLLAIOTCS ¢ pocToM j. Takoe
N0BeIeHHE MOMKHO OObACHUTD TEM, YTO Ha 00Jiee BLICOKMX POTALIMOHHBIX YPOB-
HX MOJIeKyJla BpaliaeTcs ObICTPEe M TEM, UTO PACCTOSIHUE MEXKIY aTtoMamH
3a cUeT 1EeHTPOOEKHON CHIibl yBemHuKBaeTcs. [Ipu 3TOM BO3pacTaeT MOMEHT
HHEepPLMH U YMEHbLIATCSA YaCTOTHbIE HHTepPBabl. JIJIst TOTO, UTOOb! [IPAaBUILHO
OMUCaTh TAKOTO PO/Ia YPOBHU, MOKHO BBECTH MOMPABOUHBIH YJIEH, H TOT/IA

Eppam = Bh.](] + 1) - Dh[.](] + 1)]2 (5.79)



84 I 5. Cmamucmuueckan mepmoOuHamMuKa it MONeKVIAPHbLC OGUICCHUS

Boh ; J
30 ———.
251
4 "
20— ) .
15 A e \m P
3 N
o hS \\\\ L |
o e S
2 ‘\\\\::\ —
sl I 2
—1-==::Z:::::::::::::::; 0)——>1
ol 0 T Tl
EL\P:\ul AEUP:”H

Puc. 5.2. Hucro Bpalare/ibHblif CIICKTP ABYXAaTOMHOH TETCPOSICPHOI MOICKYIbI

KoncTanta D HasblBAETCA nOCHOAHHOI YeHMPOBENCHOLO UCKANCCHUSA W COCTA-
Baset npumepHo 1071 B,

DOpMYITb, IPUBEEHHBIE T BYXaTOMHOI MOJIEKYJTbI, MPUMEHHMbI TAKKE
M K MHOFOATOMHBIM MOJIEKYJIaM, KOTOPbIE Tak WM HHAUYe MOTYT ObITh CBENEHI
K HECKONIbKMM THMaM POTAaTopoB. ITO — NuHeiiHble MONEKYbI, cheprieckue
M CHMMETPHUHBIE M aCHMMETPHUHbIE BONUKH, IIOCKHE MOJIEKYJIbl U T. 1. [1aBHOE
JU1Sl HUX — PACCUMTATh MOMEHT HHEPLIMH, KOTOPBIii, KaK MPaBHIO, MOTYHaIoT M3
paccMOTpeHUs TeOMETPHUECKOH MOJIENH.

5.8. Tepmoannamuueckue GyHKIHH BPAIATEILHOTO
JABHIKEHUST

Tenepb MbI C TONHBIM TMPABOM MOMKEM 3aMHCaTh «BPAIIATEILHYIO» CyMMY
110 COCTOSIHUSAM € YYETOM YHEPIHH BPALLATENIbHOIO ABMKEHMs (5.74) U KpaTHO-
CTH BBIpOJKAEHHA ¢ = 2j + 1 mo HanpasleHHIO MOMeHTa HHepuun I B BuIe
CJIEIYIOLLErO BbIpakKEHHS:

Qspam — Z (2/ 1) exp |: —h2j(j+1)

, 5.80
82Tk T ( a)

=0
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KOTOPOE, BBHAY Mal0CTH YHEPreTHUECKHX HHTEPBAJIOB, MOKHO 3aMEHUTb MHTE-
rpajom

o0

Qrrem — J (2j + 1) exp [—L‘j G+1)

5.800
872 1kgT ( )

0

B cymme (5.80) ocHOBHYIO poib MIpalOT 'wWieHbl ¢ OOJbLIMMU 3HAUECHHS-
MU BpallaTeIbHOro KBAHTOBOTO Yucha j. B 9THX ciyyasx BpalieHHe MOJIEKYIIbI
KBazukiIaccuuHo. [loatomy crarucTHueckyto cymmy (P 3ameHuIn cOOTBET-
CTBYIOIIUM KJIaCCHYECKMM WHTErpaiom, KOTOprI/I 0JTHaKo, Heo6>\onumo npe-

obpazosarb. O603Hauum uepes 1, = hk Jgepes ¥ = — j(] + 1). Torna
872kl

T, . .
dx = =2(2j + 1)dj. Takas noACTaHOBKA MPHBOAUT K OKOHUATEIbHOMY OUY€Hb
MPOCTOMY BbIPAXKEHHIO:

87{'2k BT

h?

QPPRT = 1. (5.81)

JU1sl CUMMETPUUHBIX IBYX- U MHOTOaroMHbIX Mosiekys1 B (opmyiy (5.81)
HEOOXOAMMO BBECTH YHCIIO 0 — YHCIO HEPAZTHUUMbIX COCTOSHUIT MPU MOBO-
poTe MOJIeKyJbl BOKpPYT ocH cummeTpun Ha 360 ° (4Hciio o Ha3bIBalOT Yuciom
cummempuu). Hanpumep, monexyna Cly npu nosopore Ha 360 ° 3aHuMaeT aBa
OIMHAKOBbIX MOJOXkKEHHS. [IJ15 Hee UNCI0 CHMMETPHH 0 = 2 MpaBHJIbHAs TEeTpa-
snpuueckas monekyna CCly nmeer o = 12, nockosibKy NpH BpalleHWH BOKPYT
Kax10i n3 4 oceil Molekyna MOKET MMETh MO 3 COBMAAAIOMINX TMOTOKEHUS.
Hrak, ¢ yuetom uncna cummerpuu (5.8 1) nepenuiiercs ciieayoumm o0pas3om:

21
anam = 87 }LnTI (5.82)
oh?
JI71s1 MHOTOaTOMHBIX MOJIEKYJT
T [ 82k gT\%/? 1/2
" i"
Q= YT (BTN (1, 1, 1) 2 (5.83)
o h?
3nech Iy, I, I. — COOTBETCTBEHHO MOMEHTbI MHEPLMH 10 OCAM I, I, Z.

Tenepb BHYTpeHHsis DHEPris BPALLAKOLLMXCS TMHEHHBIX MOJIEKYJT 3AMMLLIETCS
ypaBHeHHEeM

= RT.
(5.84)

o - pr2 (297) _ EE (00N o
v v

T Q oT Q oh?
Jlnst HemHEHHBIX MOJIeKY T

e — %RT. (5.85)
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Jlns vaeasnbHOro rasa SHTalbIus JIMHEHHbIX MOJIEKYJT paBHA
Hupunl ! Uupmu — RT, (586)

a ajis HEHHHeﬁHle, COOTBETCTBEHHO

3

H™" = RT. (5.87)

PaBeHCTBO BHYTpeHHEl YHEPIrMH U SHTAIBIMH BPAILATEIbHOrO IBWAKEHUSL
HIealbHOTO rasa O0bICHIETCS TeM, YTO CyMMa I10 COCTOSIHHAM BpalLaTeibHOro

_ dln Qspau.l
JBHKECHUS HE 3aBHCHUT OT HBMEHEHHSA 00beMA CUCTEMBI, T. €. 8]7 —_ O,
nV T

anockonbky H = U+ PV = RT? (M) + RT? (M) , TO OTCIONA
or /v olmv /T
1 BbiTeKaloT paseHcTsa (5.86) u (5.87).

DHTpONUS BpaNIaTeNbHOTO ABWKEHHS, KaK ciefyeT u3 BhipakeHus (5.37),
JUISL JIMHEHHBIX MOJIEKYJI paBHa

SEPANL — 1 QBan_[ +RT (81n Qﬂham) _
arT %

=R(InT +1Inl —1Ino + 105,5) [x/mons-K.  (5.88)

Jlna HenvHeHHbIX MHOTOATOMHbIX MOJIEKYJT

g _ pp G InT + éln (II,I.) —Ino + 158, 9) TicmonsK,  (5.89)

rre 105,5 = In (87%kp/h%) + 1 gln (872kg/h?) +3/2 = 1,5-105,5 =

= 158, 9 JIx/MOJTb.
Jlns oueprun ['m66ca u IenbmMrosibla umeeM

GPPAm = FEpan — _ RT | (PP, (5.90)

TennoemMKoCTb CHCTEMbI MOJIEKYJI, COBEPLUAIOLLNX BpallaTelbHOe ABHHKE-
HHUE TMPH BLICOKHX TEMMEPATypax. MOXKHO paccMaTpuBaTh KaK TEMIOEMKOCTb,
00y CJIOBIEHHYHO IBUKEHHEM KJTAcCHUECKOH HacThibl. JIIa JuHeiiHol 1 Hemm-
HEHHOH MOJIEKYJI, COOTBETCTBEHHO,

Cy=R u Cv:gR. (5.91)

[Tpn mocrarouHo HU3KKX Temreparypax, koraa UPP™ =~ (), BpauarenbHoe
JIBHIKEHHE HE BHOCHT CBOETO BKJIajia B 0010 TernoeMKocTb. OHAKO NpH npo-
MEXKYTOUHBIX TeMMepaTypax BKJIaj BpallaTeIbHOrO ABWAKEHHS MeHseTcs oT 0
10 12 unu 3/2 IR (B3aBUCUMOCTH OT THIIA MOJIEKYJIbI).
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I[J"lﬂ pacueTa TenJI0CMKOCTH B 3THX YCJIOBHAX CYMMY O COCTOSIHUAM Bpa-
HIATETBHOTO ABHKEHHUSA MOXHO PasiioXkKHUTh B ACUMIITOTHUYECKHH psan, HMEKO-

THIBIL w4 30 =2B/keT | 5o—6B/keT | (5.92)

rae B — BpaluarebHast [10CTOSHHAS.

Vike W3 9TOro BbipakeHus BUAHO, 4To Korna kp1 < B, temmoemkocts Cy
paBHa HYJIO, M 10 Mepe yBeJHueHHsi oTHowenus kpl'/B yBenuuusaercs, u
torna, koraa k1 Gyner HamHoro Gonbiue 3, ternoemkocts C'y IpUMET 3Haue-
Hust R v 3/2 R,

5.9. KojedareanHoe ABHKCHHC

ATOMBI, CB3aHHbIE B MOJIEKYNly WM HaxoAslMecs B y3/lax KpUCTaJUlu-
Yyeckoi pelieTkH, 3a cuet cun Bau-mep-Baankca coBepuiator xonedarenbHbie
JBUAEHHS OKOJIO CBOMX NosioxkeHuit papHosecus. [1pu paccmoTpennu koneda-
TEJILHOTO IBMXKEHHSL OOBIUHO HCMOJb3YETCS MOHATHE O KPUBbIX MOTEHIMATLHOMN
suepruu U(r), poiib KOTOPOU MCTIONHAET [OJHAS IHEPrHsi CHCTEMbI EKTPO-
HOB KoJleOmoLxes saep (T. €. KUHeTHUecKas W MOoTeHUHalbHas YHEPTHH). DT
OOBACHACTCS TEM, UTO MPH CMELLEHHH SAEP aTOMOB M3 NOJIOKEHNA PABHOBECHS
CHUJIbI XUMHUECKOI CBSI3H, 00YCIOBIEHHbBIE IBHKEHHEM NEKTPOHOB, CTPEMSTCS
BEpHYTb Alpa B UCXOQHOE cocTosHHe. Bo3Bpalaomas xe cuna o0ycoBieHa
TTOJTHOH YHEPTHEH ITEKTPOHOB.

Borpoc 006 ananuTHyeckoM Buae Kpusbix U (1) naxe s AByXaTOMHbIX MO-
JIeKyJl JOCTATOUHO CJIOKEH, HO HIOCKONIBbKY Kak/Jas cUCTeMa B paBHOBECHH 00Ja-
JIaeT MHUHHUMYMOM DHEPTrHH, TO COBEPLUEHHO OYEBMHO, YTO W KonedaresbHas
JHEprusl N0AKHA MMETh MUHUMYM B COCTOSIHUM PAaBHOBECHS IIPU HEKOTOPOM
r = r.. [TooTOoMy HezaBhcumo ot Buaa dyHkmuu U(r) ee MOKHO PasioKHTh
B PsiL B OKPECTHOCTAX 7. 110 NapaMeTpy ¢ = r — 7. [Ipu o170M nonyuum

) (r—re) + (%)r:r (r—re)?+...
o (5.93)

ou
dq

B | =

mm=wm+(

B touxe mubnmyma (OU /Or) =, = 0 u, nozactasss 510 paseHcTso B (5.93)
IJIS Cliydast MajibiX Kojiebanuii, T. €. Manbix 3HaueHuii ¢ = (r — r.), NOJTy4YnM
CJIENlYI01LIEe BhIPAKEHHE:

2
Ur)—=Ulre) =U(r—r.) =U(q) = k% (5.94)
e k = (O“’U/(’)rz)rzre.

W13 (5.94) cnenyer, uTo NPH MAJILIX CMELLEHHSAX AP OTHOCHTENILHO MOJONKe-
HUsI paBHOBeCHs 3aBUCHMOCTb U (77) ¢ 10CTATOMHO XOpOliieii TOUHOCThIO MOKET
ObITh 3aMeHeHa YpaBHEHHEM CHMMCTpH‘lHOi'I napa6onb|. WHbiMu CJIOBAMH, Ma-
Jible KOJIeDaHHs IByXaTOMHBIX MOJIEKYJT MOTYT PacCcMaTpHBaThCs KaK KojeOdaHus
SAPMOHUYECKO20 ocyuiisimopa.
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C kilaccHuecKoi TOUKH 3PEHHs YpaBHEHHE IBUIKEHUS ABYX MAacc 1y W 1y
(puc. 5.3), cBSI3aHHBIX YNPYrol cuioit

oU(r —r &
F=-2002r) o gy, (5.95)
ar
MPUBOANT K CIIE/IYIOILEMY YPABHEHHIO IBHKEHUS:
9%(r —re 1 1
8r—re) ! LY (r—re) = —=ku(r —re), (5.96)
ot? my mo
' rae 4 — T[pUBeJeHHas Macca Mo-
- m, JEKYNbI, YXKE yNOMHHABLIASACA —pamee
: (cm. paza. 5.7).
? M3 (5.96) nerko nosty4uTh BeIpaKeHUe
< £ > "2 »| A 4acTOThl KoNedaTe/bHOTO ABHIKEHHS
E 1 [k .
Vg = —4 /] —. (397)
2\ B

Puc. 5.3. Moaeas  koneOareibHOTO

JUBHIKCHMSL JIBY XATOMIOH MOJICKYIIbI du rypupyiouias B YPABHCHUAX
(5.96)—(5.97) BenuuuHa k HazbiBaeTcs

CUT060U NOCMOAHHON TAHHON JIBYXaTOMHOW MOJIEKYJIbl H XapaKTepH3yeT npoy-

HOCTb XUMHYECKOH cBsi3n atomoB. B Tadn. 5.1 npusenensl B KauecTse MpH-

Mepa 3HA4YEeHWS BEJIMYMHBLI CHIOBOH TMOCTOAHHON IS HEKOTOPBLIX CBSA3EH

TadGaunpas.l

Cas3b O-H|C-C|C=C|C=C

E-107% Qx| 7,0 | 5,0 | 9,0 | 15,7

CornacHo KilaccHYecKoil Teopuu, KosiedaTesibHas dHEPTUsl MOJEKYJbl MO-
KeT MPUHUMATh JTH00bIe 3HaYeHHs. KBaHTOBas TeOpHs MO3BOSET TOUHO PELINTh
ypasHeHue LIpenunrepa At rapMOHHYECKOTO OCLMILIATOPA, UCTIONb3YS Ypas-
HeHWe MOTeHIHaIbHOH dHeprin B opme (5.93). Dueprus rapMOHHUYECKOTO OC-
LMJATOpA KBAHTOBAHA W onpenensercs npoctoit popmynoii

. 1
gkon — <’U + 5) hl/o, (598)

rae v — kojedaresbHOE KBaHTOBOE Uncno, pastoe 0, 1, 2, 3, ..., dusuueckuii
CMBICJT KOTOPOTO OTBEYAET aMILTHTYAe KoiedaHuit aToMoB B Mosekyse (v = 0
COOTBETCTBYET MHUHUMAJILHOM aMILIUTYAE).

Beipaxennto (5.98) oTBeuaeT cucteMa paBHOOTCTOSIIUX YPOBHEH YHEPTHN
(puc. 5.4), paccrosiHie MeXKIy KOTOpbIMH cocTasisieT hvg. [lppv =0 5" =

- - hJ/o.
2

OTa MoI0BHHA KBAHTa KOJIeOATENbHOH YHEPTHHN U ABJISCTCS H)1 €601 IHEp2UCl
Korebamenvnoco osuicernus. OHa NPUCYTCTBYET Aake MpH adCOJIOTHOM HyJIe.
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U(r) u(r)

Ia r
R
1Z0) 124 vy VyV3ly v
a 17

Puc. 5.4. TlotennmainHble KPUBLIC, YPOBHH EPIHH K CXEMATHYCCKHE CTIEKTPLI TapMo-
HUYECKOTO (@) U aHTapPMOHUUCCKOTO (6) OCIMIISTOPOB

CocTosiHUEe CHCTEMbI Ha caMOM HIDKHEM KoJieGaTeIbHOM YPOBHE MMEET 00Jib-
10€ 3HaUeHHe, OCOOEHHO JUIst (POTOXHMHYECKHX PeaKkLi OpraHuiecKux coeau-
HeHWii, TaK KaK OOJbLUMHCTBO (POTOXMMHUUECKHX PEaKLMil HAUMHACTCS UMEHHO
€ 9TOTO TEPMUUECKH PABHOBECHOTO KONEOATEILHOTO COCTOSHUS.

Jl1si rapMOHMYECKOTO OCLMANSTOpA NPaBuiIo 0TOOpa 3arichiBaeTCsl B BUE
Av = %1, T e. CIEKTP rapMOHHYECKOTO OCLIHIATOPA COCTONT M3 ONHO# JTMHUH
WJIM MOJIOCHI HA 4acToTe COOCTBEHHbIX KojledaHuid V.

[Tpn 3HauMTENLHBIX AMIUTUTYAAX KOJeOaHHI JIBYXaTOMHYIO MONEKYNY yiKe
HeJlb3s1 anMPOKCHMHPOBATH FAPMOHUUECKHUM OCLIMILIATOPOM, MOCKOJbKY MOTEH-
LHanbHas YHEPrus peanbHOH MOJIEKYIbI Oy/IeT BO3PACTATh C YBETHUEHHEM MEK-
SNEPHOTO paccTOsAHUS Donee MeIIEHHO, HeM 3T crenyeT u3 ypasHeHus (5.98).
DTO BbI3BAHO TE€M, YTO Ha OOJBUIMX PACCTOSHUAX CHIA CBSA3H MEKIY aTOMaMU
B MOJIEKYJIe 0C/1a0eBaeT U B KOHLIE KOHLIOB MCHE3AeT, CBSI3b PBETCS W MOTEHLIU-
aJIbHAas HEPTHs NOCTHraeT NpeesIbHOTO 3HAYeHHUS. DTa YHEPTHs COOTBETCTBYET
JHEPruM auccolMaumu Moniekyisl. Ha puc. 5.4 oHa mpeacTtaBieHa acHMMMOTO-
TOH NOTeHUMaNbHOI KpuBOH. Korna sueprus cucTeMbl MOYTH paBHa dHEPruu
ACUMIITOTHI, f/pa Ha OOJBIIMX PACCTOSHUSX APYT OT ApYyra MMEIOT HyNeBble
ckopoctu. C Apyroii CTOPOHbl, NPH CONMKEHHH AEp MOTEHLUMAIbHAS JHEPrUsI
CUCTEMbI BO3pacTaeT ObIcTpee, YeM ITO jAaeT ypaBHeHue (5.98), uTo BbI3ZBAHO
BHE3aIHbIM ObICTPbIM YBEJTHUEHHEM KyJOHOBCKOTO OTTAJKHBAHUS C YMEHbILIe-
HUEM MEXKbAIEPHOTO PACCTOSHHA.

[Mooromy peanbHyt0 MOJNEKyly Jydlle BCEro arnpoKCUMHpPOBATh aneap-
MOHUYECKUM OCYLAIsimopom, TIOTEHIHANIbHAs KpUBas KOTOPOTO n3o0pakeHa
Ha puc. 5.4,6. B 3TUX ycjoBHAX HEOOXOAMMO HCMoJib3oBaTh Oosiee o0t
Bua GyHkunu U(r), T.e. paccMarpusarh GOsiblIee YHCIIO UIEHOB PasfioKeHHs
(5.94). IlooTomy ananutuueckoe peliexne ypasuenus Llpeannrepa snauntess-
HO YCJIOKHSETCS.
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B cBa3M ¢ 3TUM ObINO MpeIoAKEeHO OObLIOE KOMHUECTBO IMIMPHUECKHX
Gyukumit U(r), nandonee n3BecTHON W3 KOTOphIX sBjseTcs (yHkumus Mop3e

U(r —re) = D[1 — e 0U—T)]?, (5.99)

TJIe @ — MOCTOsIHHAS, XapakTepusytoias Gopmy Kpueoii; D — sHeprus amcco-
LUALMHI MOJIEKYJIBL.

Ecin amnnutyna konedarenbHOro ABHKEHHS BO3PACTALT, T.€. I' — 00, TO
U(r —r.) = D. B To BpeMs KaKk JKCIOHEHTY MOKHO Pa3JIOKHTh B PsL MO napa-
MeTpy (1 —r.) M, OrpaHHUKMBASICH ABYMS UNEHAMHU pas3oxkeHus, 3amnucars (5.99)

B BHJIE N ‘
U(r —re) = Da*(r —r.)>. (5.100)

[Tpu Manbix koneGanusx ¢y HKMs Mop3e nepexoauT B ypaBHeH e napadossl
n Hanbonee 6mm3ka k peanbHocTH. Comocrarnss (5.100) ¢ (5.94), nonyuum

Bblpa)KeHHe
k = 2Da?, (5.101)

T. €. CUJI0Bas MOCTOAHHAS A MPOMOpLHOHAlIbHA YHEPrUK Anccoumalmi D mosne-
KYJIbI.

[Morenunanshoii kpuBoi (5.99) COOTBETCTBYIOT KBAHTOBAHHbIE 3HAYEHMS
TOJTHO# KoJTeOaTesibHOH DHEPTHH aHrAPMOHHUYECKOTO OCLIMIIIATOPA!

2.2 2 2
ron _ (U n l) hvg — h=vy (’U + l) — (U + l) hvo — xhrg (’U + l) .
2 4D 2 2 2

(5.102)
hv

3nech & = 4—D° — KoY PUIHEHT AaHTraPMOHHYHOCTH.

W3 (5.102) nerxo BUAETb, UTO YPOBHU IHEPrUH y’Ke HE pacronaratorcs Ha
PaBHBIX PACCTOSHUAX JIPYr OT Apyra, Kak y rapMOHHUYECKOTO OCHMIUIATOpA, a
00pazyoT CUCTEMY HEPABHOOTCTOALLMX YPOBHEIH, CONMMMAIOLLMXCS 110 Mepe yBe-
JHYEHHS KosedaTellbHOrO KBAHTOBOTO YHCIA U M, HAKOHELL, CIMBAIOTCS MPH J10-
cTiwkeHun " = D. [IpaBuno ordopa s aHrapMOHHYECKOTO OCLMUIITOPA
YK€ HE HMEET OrpaHHUYEHHIl, XapaKTePHbIX /TS FAPMOHHUYECKOTO OCLMAIATOPA,
W [1epexo/ibl MOTYT peajli30BbIBATHCS HA J1H000i ypOBEHb, T. €.

Av==41,23 ... (5.103)

I lockoubKy 4acTOTHI TIEPEXOI0B OnpeaelsioTes oouei hopmynoii (5.65), To,
NOACTABNAS B HEe PA3HOCTb IHEPTUi KOMOMHUPYIOLMX YPOBHEH, NOMy UM

v =vo(l — 22) coorsercrayer nepexonxyc v =0— v =1

(OCHOBHOI1 TOH):

vy = 2v9(1l — 3x) coorserctryer nepexony ¢ v =0 — v =2 (5.104)
(nepBbiii 00epTOH); ’
vy = 3vo(l — 42) coorsercrayer nepexogy ¢ v =0 — v =3
(BTOpOI1 00EPTOH).
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OOwmii BUL CEKTPa aHFAPMOHUUYECKOTO OCLIMILIATOPA BbIIIAAUT Kak Habop
cOMMAKAIOILMXCS MONIOC, PE3KO YMEHBIIAKLIMXCSA MO HHTEHCUBHOCTH M MEPEexo-
JALIMX B KOHTHHYYM (CIUIOLLIHOE MOIIIOILeHHE).

Takum oOpazoM, kosedaTebHbIH CNEKTP peasbHOH MOJEKYNIbl COCTOUT U3
LeJoro psaa nojioc, paciudpoBKa KOTOPLIX MMO3BOJSET MOAYUMTh OOrarbiii
uHdopmaumoHublii Marepral 0 GpU3HKO-XHMHUECKHX MapaMeTpax MOJEKYJbI.

5.10. KonebdaTebHO-BpamaTe/ibHOE IBHKEHHE MOJICKYJT

Ecnu npoananusuposars konedarenbHblH CNEKTP ra3000pa3Hoii reteposiep-
HOI MOJTEKYJTBI, TO OKa3bIBACTCH, UTO MPH BHICOKOM PA3pELUCHHH Kaxaas JTHHUS
CIIEKTPa COCTOUT U3 0OJIbILOIO YKcia OIM3KOPACIOI0KEeHHbIX KoMIOHeHT. [1o
ITOH MPUUMHE MOJIEKYJISIPHBIE CIEKTPbI HACTO HA3bIBAIOT MOJIOCATHIMH CIIEKTpa-
MH, B OTJIHYHE OT aTOMHBIX, KOTOPbIE HA3bIBAKOT IHHEHuaTbIMHU. Takas cTpyKTypa
CMEeKTPOB 00y CJIOBIEHA BO30YKAEHHEM BPALLATENLHOTO ABHKEHHUS BO BPEMS KO-
nedarenbHoro nepexona. CTHMY/IMPOBaHHE BPALUATEILHOTO MEPEXoia BO Bpemst
Kkos1edaTe/bHOTO MOYKHO NOACHHUTD CAEAYHOLHM 00pa3oM:

1) KOIMYECTBO IHEPrHH, NOMNIOLAEMOE NPH KOJIEOATETLHOM TEPEX0e, TaK
Benuko (27 &~ 102 — 10%™¥), yTo OHa MOKET ObITb HCHOJIb30OBAHA M A7
BO30YKIEHHS BPAlLlATEILHOTO ABHIKEHUS;

2) BpallleHHe Tella yCKOPSETCs, KOra MOMEHT HHEePLUH YMEeHbLIAETCs, U Ha-
060poT. ITOT 3P deKT ABIACTC CISACTBUEM COXPAHEHHS MOMEHTA KONHUECTRA
npikeHus J = Tw (u3mensis I ¢ M3MEHEHHEM PABHOBECHOTO PACCTOSHHS MEWK Y
aToMamH B MOJIEKYJIE T, HEOOXOAHMO W3MEHHTh YITIOBYIO CKOPOCTh w). Takum
o0pasom, Bcerna, korna KonebarenbHoe ABHKEHUE NPUBOANT K H3MEHEHHUIO MO-
MEHTa MHEPLIHH, MEHSAETCS W BPALLATEIbHOE IBHKEHHE.

MoHO nokasarb, 4HTO B 00LIEM Cllyyae M0J10KeHHe IHEPreTHIECKHX YPOB-
Helf IByXaToMHOI1 MOJIeKyIbl, COBEpPILAIOLLEH OIHOBPEMEHHO KoiedaTeibHoe U
BpaLLaTebHOE ABMAKEHHS (17151 TPOCTOTHI OTPAHHUUMCS FAPMOHHYECKHM OCLIH/I-
JISITOPOM) OTpeeNfaeTcsl BblpakeHueMm

2
gKTBP — gROT  opam (’U + l) hvg + h. ](7 + 1) _
2 8wzl
_ ('u + %) hvo +Bhj (5 +1). (5.105)

B pesynbrare konedaresnbHbIX nepexonoB ¢ v = 0 — v = 1, Haudosnee yacto
peanu3yoLKXcsa Ha MPAKTHKE, MOABIAETCS BO3MONKHOCTD BpaLLATEbHBIX Mepe-
xo10B. [TockonbKy 1o npasuily 0Tdopa uucTo KonedarenbHblii nepexon (Aj = 0)
SABISIETCA 3AMPELUEHHBIM, TO BO3MOKHBI BPALLATEbHbIE MEPEXO/bl, COMPOBOIK 1A~
rowuecs oo ysennuennem (Aj = +1), audo ymenbiuenuem (Aj = —1) spa-
LATEeTbLHOTO KBAHTOBOTO YHCTa Ha eanHULYY. [Tepexoapt, s koTopbix Aj = +1,
00pa3ytoT, Tak Ha3biBaeMylo [-BeTBb KosiebaresbHO-BpallaTe/bHOrO CIEKTPa,
a nepexoibl, 1/ Kotopbix Aj = —1, odpasytor P-etsb (puc. 5.5)

KonebaHusi MHOrOATOMHBIX MOJEKY]l MOXHO paccMaTpHBaTh, Kak koseda-
HHUA Habopa To4eK, B KOTOPbIX COCPENOTOMEHA Macca aTOMOB, COEIHHEHHbIX
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MeKIy co0oii npykuHkamu. Eciu packauars Takyro cHCTEMY, OHa OyzeT coBep-
11aTh CNOKHOE KolledaTeslbHOe JIBHKEHHE, TaK HazbiBaeMoe, deuicerue Jlucca-
arcy. OHAKO TasKe ITO CII0KHOE IBMIKEHHE MOJKHO Pa3ioKUTh Ha CPABHUTENIbHO
HEOONBIIIOE YUCIO HopManbHulX Koteoanuy. Kaxnoe HopMalbHOe KoledaHHe

R-Beman O-Bemean P-Bemean

A

BOSpﬂCTElHHC BOJIHOBOTO YHCIIA

VYBENHUCHHC YaCTOThI

Y

VBenHYeHHE AIHHBL BOTHbL
Puc. 5.5 KoneGareabHo-BpalaresibHas 1mosoca fnpH BLICOKOM Pa3peliecHHH

OMNMUCHIBAETCA HAOOPOM HOPMAJILHBIX KOOPAHHAT, 0 KOTOPbIM CYAAT, Kak HMEHHO
aTOMbl COBEpPLIAIOT CBOW KoNedaHHus. Yncino BO3MOKHbBIX HOPMallbHbIX Kofeba-
HUIf onpe/esiseTcs ¢ MOMOLLBIO MPOCTOr0 PACCMOTPEHUS.

Kamnaplit 13 N atomMoB HelMHEHHOH MHOroaTtoMHOI MOJeKy/ibl oblanaeT
Tpems cTeneHsaMu cBOOOIbI, COOTBETCTBYOLUMH ABH/KEHHIO B TPEXMEPHOH CH-
creme koopauHar. Takum o6pasom, Bes Monekyna umeet 3N creneHeii cBoO0 b,
OnHako TpH U3 HUX OTBEYAIOT 3a MEPEMELLEHHE MOJEKYbl B MPOCTPAHCTBE KAk
LIEJIOr0 MO TPEM OCSM KOOPAMHAT M elle TPH — BPALLEHHIO MOJIEKY/Ibl KaK Le-
JIOTO BOKPYT Tpex oceif. 1o ocrapnsgeT Monekyne (3N — 6) creneHeit cBobob!
Koste0aTebHOrO ABMKEHUA. Y JTMHEHHOIN MOJIEKYJIbI MOABASETCS O/IHA NOMOJTHH-
TeJIbHas CTeneHb cBOOObI 3a cueT Ae(opmMaLnK No JIMHHK CBA3H (Dedhopmaru-
OHHOE KoneOanue), Tak 4To s Hee YrucsIo KosiedatenbHbIX cTeneHed cBo0ombl
paBHo (3N — 5.) KonebaHue no JIMHUK CBSI3H HA3bIBACTCA GATECHINHBIM.

V Mosiekynbl, cocTosieii u3 5 atomos, HanpuMep CH,y, 10mKHO OBITH (3 X
X 5) —6 = 9 TUIOB HOPMAJIbHBIX KoNebaHuii u, ciienoBarebHo, 9 YacToT Kolle-
Oanus. Ha camom ke nesie okasblBaetcs, uto y Mosiekyabl CH,y uMeeTcs TonbKo
4 pa3nu4HbBIX OCHOBHBIX YaCTOT. DTO NPOUCXOINT MOTOMY, UTO U3 9 Xapakrep-
HBIX [UTST 3TOH MOJIEKYITbI HACTOT HEKOTOPbIE COBMAAAIOT BCIAEACTBHE CUMMETPUH
MoJiekylibl. B ciyuae, korna ABe WM TPH 4acTOThbl UMEIOT OAHY U Ty e BeJi-
YHHY, KojedaHHE HA3bIBAIOT AGadicObl WM mpudicobl auipodicoeiinbim. Y CHy
€CTh JIBa TPHKIbl BbIPOKIAECHHBIX KOJNEOAHWS: OOHO — IBAKIbl BbIPOWKIEH-
HOE W OIHO — HEBbIPOWKAECHHOE KosebaHne. Monekyna, odnaaarowas npocToi
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NIOBOPOTHOIH OCbIO TPETLEro HilK $0J1e€ BbICOKOTO MOpsKa, 0013aTe/1bHO HMEET
BBIPOK/ICHHBIE KOJIEOaHUS.

Yucna creneHu BbIPOKASHHUS!, @ TAKAE AKTHBHOCTb B CIIEKTPaX HOPMaJIbHbIX
konedaHHii MHOTOATOMHBIX MOJNEKYJ € Pa3sHOOOPa3HBIMHM THTAMH CHMMETPHH
XOPOLLO HCCIEN0BAHbI H CBENEHbl B Tad/MLbI, H3 KOTOPLIX 10 (opmyne moie-
KYJIbl MOJKHO ONpEAEIHTh aKTHBHOCTh B HH()PAKPACHOM CMEKTPE, THIT TOUEUHOH
IpyIlibl, CTENEHH BbIPOAKIEHUA U AP.

5.11. TepmognHamu4eckne GyHKIHH K0/1€6aTE/ILHOIO
JABHKCHHS

HJ1s npocTOTHI pacCMOTPHUM KoslebaTeNbHOE ABUAKEHHE KaK rapMOHHUYECKOE.
CyMMa 110 COCTOAHUAM KosiedaTeslbHOro ABH/KEHHUs OyNeT BbINIANAETb CAeLyto-
UM 00pazoMm:

o0 hvg (L + ;)
o= giexp | ————=2 . (5.106)
2 ot
hI/O ~
Boinecem exp | — P 3a 3HaK CyMMbI H, YUHTbIBasA, UTO 1Jid OOJIbLUIHH-
2%k g

CTBa MOJNEKYT 2, = 1, 3anuuiem (5.106) B Buze

hvg hvg 2hvo
D" =exp | — l4+exp|———| +exp|— -
@ : ( 2"7BT> [ p( kBT> p( kBT)

(5.107)
hvg 5ot
[MockonbKy ——— = , TO, YMHOKHB YMCIHTENb U 3HAMEHATENb 3TOTO
2k B’ly 2A23T
BbIpasKeHHsl Ha uucio ABoraapo Ny, noiayuum
hv cKOINy U
0 =0 A 0 (5.108)
2k T 2kgT'Na RI
e Ut = BN
2 ~ ~
Cymmy B kBaapatHeiX ckoOkax (5.107), koTopas npeacrasiset coboil reo-
merpuueckyto nporpeccuio 1+ z + 22 + ... + +z™ = (1 — z)~! (3nech
x = exp(—hvo/kgT)), 3anuiiem Teneps B BUE
, -1
LV —_ —
1—exp|——2> = (1—e /7)1,
k BT
hI/n o~
3nech = —— — xapakmepucmuyeckas memnepamypa KonedarenbHOro
kg .

JIBHKEHHA C HaCTOTOH V.
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Iponorapugpmuposas (5.107) ¢ yderom npeabiayuux npeodpa3oBaHHii,
OKOHUATENbHO MOAYyHUM (GopmyITy

KO
ug*

N =—-20_ _In(1—e%T). (5.109)

[Mocne nuddeperumporanus (5.109) no d1' dGynem umetsb

81 KOn UKOJ'[ _
(&) W10 (5.110)
ar Vv RT?2 T2e9/T -1

BuyTpeHHsas sHeprus konedaresibHOTO JBUKEHHS TAPMOHHYECKOTO OCIIHII-
ngTopa cornacHo (5.3 1) OyaeT umMeTh BUR

Hln Qron

Rt — RT? ( 2

[/
j— KOJT
)V_ R (5.111)

TTockonbky ana konedaTebHOroO ABHIKEHUS

(Ban“O“)
L p—
oV /T
TO

0
/T 1

HK()ﬂ _ (I;'OJ[ p— [l) (51 12)

Korpa /T < 1, snamenaress B (5.111) u (5.112) obpawaercs B 0/T u
Uror — Ugo = RT, tak we kak u H "' — Hi*' = RT.

[oactassnssa B (5.29) u (5.34) 3nauenus In Q™" u3 (5.109) u yuuTsiBas, 410
( 8 ln Q KO

olnV
royibla U npuBeneHHOi sHepruu T'uddca konedarenbHOro ABUAKEHUS rapMOHU-
YECKOT0 OCLIHILIATOpa

) = 0, mofy4aem BbIpayKeHUs U1 NpUBEAEHHOI sHepruu [eapM-
T

KO KOn KO KO
Fron— gon G — H}

- =Rln(1-e 7). (5.113)

JLUTst SHTPONUK MOJTYUHM CIIEYOIee COOTHOLIEHHE:

gron — (d;])P = —Rln (1-¢7/7) + RPG%—T_l (5.114)

)_lﬂﬂ TCMNITOEMKOCTH TAPMOHHYECKOIo OCUHUIIATOpPA TOJYUYHM YPABHECHHE
DiiHWTEHA, NO3BONSIOLIEE BbIYUCIUTL BKIAA KOJeOATe/IbHOrO IBHKEHHS B 00-
LLYI0 TENJITOEMKOCTh HACAJIbHOTO rasa

0 2
(3
— R\T (5.115)

(e?/T —1)2°

CKQ:I - CNQ;[ — ((‘)[,’NU.I) _ ((’)[{’“‘-‘)
v i or /v or /p
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MHOFOﬂTOMHyIO MOJICKYJTY paccMarpHBarOT KaKk COBOKYIHOCTb rapMOHHYE-
CKHUX OCHHJITATOPOBR € XapaKTEPHUCTHUECCKHUMH TEMIIEPATY paMH 91, 9-_), ....Io-
OTOMY CyMMa 110 BCEM COCTOAHUAM KOJ1e0aTe/IbHOTO JABUKEHHSI MHOMOATOMHOIM
MOJIEKYJIBI ONPEACTACTCA YPaBHEHHEM

o—Ut/RT

Q" = Z Ql;o:l _ Z m (5.116)

CyMM HUPOBaHHE NPOHU3BOANTCA 110 BCEM KoJ1e0aTe/IbHbIM CTENEHIM CBODOIbI
MOJICKYJIBIL.

5.12. KoHcTaHTa pABHOBECHSA XHMHYECKHX pPeaKHi

PaccMOTPHM rHMOTETHUECKYHO PEAKLINMIO, MTPOTEKAIOLLY H0 MEXKLY Ta3aMu Mpu
CTaHOapTHOM nasieHuH komnoHeHtoB P = 0,103 MIla u temneparype T
Jlnst 9T0i peakiiy BeTHIHHA CTAaHIAPTHOTO XUMHYECKOTO CPOJICTBA ONpeaess-
ercs no dopmyne (4.23)

AG® = —RTIn K,,.

O0603Ha4MB BHYTPEHHIOK SHEPTHIO H SHTANIBIHIO TOTO COCTOAHHA Hepe3
U§ n H{}, npnGasnm 1 BbIYTEM U3 3HAUEHHIT CTAHIAPTHOrO XHMHUYECKOTO CPOZI-
ctea Benuunny AHY = Sy HO' — Yy HG, a 3atem pasiaenum nojy4eHHoe
TOKIECTBO Ha abcomoTHyt0 Temnepatypy T'. B pesysbrare Oynem UMeTh

0 0_ 770 0
A=A (T + 2 (5.117)

T T

Torna BbipaskeHHe 1Sl KOHCTAHTbI PABHOBECUS XMMHUECKOH peakunn Oynet
3aMHcaHo TakK:

0 +0 _ g0 / 0
K, =20 = _L1a(C ), 2 (5.118)
RT R T T

[MpuBenenHas cranaapTHas sHeprua ['mddca s JaHHOH peakuMH paBHa
CyMMe NpHBE/IeHHbIX cTaH1apTHbIX 3Hepruii [mb6ca nocrynaresbHoro (BMecre
C 9MEKTPOHHBIMK MEPeXoiaMu), BPALLATENbHOIO M KONeOaTeIbHOTO IBHKEHUS
MOJIEKYJT BCEX YUYACTHHKOB PEaKLUHH W BBIUMCIAETCS MO ypaBHeHWAM (5.63),
(5.89)u(5.113), 1.e.

GO — Hg — ng — ng Ggpam G?‘m — H(())xm —_
S on 70 ) o)y [ s~ o
T T T T

= ~RInQ™Q"™™Q"". (5.119)
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M3meHeHue IHTaIbIIMK PacCMaTPUBAEMOI PeakLi MOYKET ObITb BbIYHCIEHO
HJTH U3 ONBITHBIX TAHHBIX KOHCTAHTBI PABHOBCCHSA I\"a W 1O U3BECCTHBIM 3HAYCHHU-
G° — HY o
1 ——% A5 BeeX Y4acTHHKOB peakuly NpH TaHHOH Temreparype, Wil 1o
T
M3MEHEHUIO YHTANbINH AHS peakuuu npu temneparype 7' ¢ HCMonb30BaHUEM
COOTHOILLUCHUA

AM

AHY = HY — A(HY — HY), (5.120)

rne AHY. onpenenstor no craHaapTHLIM TEMIOTaM 00Pa30BaHUS HIH CrOPaHUs
peareHToR.

TouHOCTb pacyeTOB KOHCTAHT PABHOBECHS C MOMOLIBIO CTATHCTHYECKOH Tep-
MOAMHAMHKH BBILIE, YEM MPH OOBIYHBIX BIYHCIEHHAX METOAAMH KJIACCHUECKOM
TEPMOAUHAMUKH. DTO OOBACHAETCS TEM, UTO NPHBEACHHbIE 3Heprun ['nd0ca BbI-
YUCIAIOTCS U3 CIIEKTPATIbHBIX H3MEPEHHI, MPOBOANMBIX C BLICOKOH TOUHOCTBIO.



I'TABA 6
PACTBOPBI

Pacmeop — 310 TepMOAMHAMHYECKH YCTOWYMBAs NOMOTrEHHas cHcTeMa
MepeMEHHOT0 COCTaBa, COCTOALLAsA HE MEHEE, YEM W3 JIBYX KOMIOHEHTOB. Arpe-
raTHOE COCTOSTHHE CHCTEMbI MOKET ObITh ra3000pa3HbIM, KUIAKUM WM TBEPIbIM.
Pactropbl — Haudonee o0umii U Handosee CIOKHbBII NMpUMEp TEpMOIMHAMH-
yeckux cuerem. C TepMOAHHAMHYECKOH TOUKH 3pEHHs BCE COCTABJIAIOLINE pac-
TBOpa paBHOLIEHHBI. /lefleHHe UX Ha PAcTBOPHTENb M PACTBOPEHHOE BELECTBO
aBnsieTcst yeaoBHbIM. OObIMHO pacmeopumenem Ha3blBAIOT Npeodiaatouui
B KOJIMYECTBEHHOM COOTHOLUEHHH KOMIOHEHT, 100aBJIeHHEe KOTOPOTro He BEAET
K 00pa3oBaHHIO reTeporeHHol cucteMsl. Eciii 0fMH U3 KOMMOHEHTOB NpH aH-
HbIX YCJIOBHAX HAXOIMTCA B AHIAKOM arperaTHOM COCTOSAHUM, @ APY e B TBEPAOM
WIH ra3000pa3HOM, TO PaCTBOPHTENIEM NMPHHATO CHUTATH HKHKOCTh JIa’Ke B TOM
cilyyae, ecili OCTajlbHbl€ BELIECTBA NPUCYTCTBYIOT B O0JblieM koauuectse. [0-
BOPsl O KOMMOHEHTE PAcTBOPa HEOOXOTMMO MOMHHTB, UTO 3TO MOHATHE BEChMa
YCJIOBHO, 1 B 3aBHCHUMOCTH OT YCJIOBHIi 0]l KOMINOHEHTOM pacTBOpa cieayer
MOHKMaTh TO WJIH HHOE MoJEKyJIsapHoe odpasoBanne. OCOOEHHO CI0KHO 1aTh
OIpe/IeieHNe KOMIIOHEHTa B TBEPAbIX PAcTBOPAX, KOrda HEpeako odpasyroTcs
HECTEXHOMETPHUYECKUE MOJIEKYJISIPHBIE CTPYKTY PhbI.

OObIYHO cUMTANIOCH, YTO B PAacTBOpPAX BCE KOMIOHEHTbl HaXOAATCA B BU-
J€ OTHENbHbIX aTOMOB, MOJIEKY/], HOHOB HJIH B BHIE TPYII M3 CPaBHHUTENILHO
HEOONBLIOTO YMCA ITHX YACTHIL, TAK YTO B KaKAOM 2JIEMEHTApHOM o0beme
HaOnroaaeTes MUKPOCKONHYECKash OJIHOPOIHOCTb. B rnocieaHue roapl, 0aHaKo,
UccIeI0BaHo BOITBINOE YHCIIO PACTBOPOB, KOTOPbIE MOXKHO ObLTO Obl HA3BATh MH-
KporeteporeHHbIMH, B Takux pacTBopax MakpOCKOMHUYECKH OIHOPOIHAs B Lie-
JoM (paza obnanaetT MUKPOCKONHUYECKH HEOJHOPOAHBIMH MPOCTPAHCTBEHHBIMH
CTPYKTYPaMH 10CTATOYHO DOJIbLION MPOTHKEHHOCTH (OT HECKONBKUX aHICTPEM
110 MUKPOMETPOR). DTH HEOIHOPOAHOCTH NPUBOAAT K aHU30TPONUK psaa Gpusn-
4eCKHX CBOICTB pacTBopa (Mokasarelb NpeJoMICHHS, AHAIEKTPHIECKas 1 Mar-
HUTHas NPOHHLUAEMOCTH, BA3KOCTb U T. 4. ). Takue MHUKpOHEONHOPOIHbIE pac-
TBOPbI Ha3bIBAIOT KUAKUMH KPHCTAJIJIAMU.

TToHnmas yciioBHOCTb MOHATHS «PACTBOPY, K KOMIIOHEHT PACTBOPAY, Mbl TEM
He MeHee /U1 yno0cTBa OyaeM aajiee HIHPOKO UMH MOJIb30BaThCS.

OOLLUENPUHATBIMHU SABIAIOTCS CEAYHOLLHME COCOOb] BbIPAKEHHsS! KOJIHYECT-
BEHHOTO COCTaRa PacTBOpA.

Monbnsie doru. MonbHOM nonel Ha3bIBaeTCs OTHOLLEHHUE YKc/ia MOJIEH NaH-
HOTO BEIIECTRA 72;, OTHECEHHOE K 0o0lueMy uuciy moneii, (obo3navaercsa N)
T.e. Ny = n;/ Y n;. MonbHbIe 1011 KOMIOHEHTOB CBS3aHbI MEXKLY COOOMH ypas-
HEHUSIMU

N1 +N2 +N3++Nz = 1]1 _d]\,ri = (l“"\‘rl -f—(IA’Tg-{-‘...-FdI i—1-

6.1)

st TepMOAMHAMUYECKOTO OMUCAHKs CBOHCTB PAaCTBOPOB ATOT €NOCOD ABSA-
eTcs Haudosee YA00HbIM U Leeco00pa3HbIM, MOCKOIbKY YPaBHEHHE ISt XUMH-
4eCKOro NOTEHLHAa COAEPKHT HMEHHO MOJIbHYIO A0/ JaHHOTO KOMIIOHEHTA.
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B pactBope, cocrosiiem H3 . KOMIIOHEHTOB, TOJbKO 72 — 1 ABNAIOTCSA HE3aBHCH-
MBIMH. B 4acTHOCTH, B IBY XKOMMOHEHTHOM (OMHApPHOM) pacTBOPE HE3aBHCHMOIH
ABJIAETCH TOJILKO OIHA KOHLEHTPALYA.

MonvHo-obvemnas kowyenmpayus (MOIAPHAA KOHYCHMPayus — MOJb-
HOCTb) BbIPAKaeT YHCJIO MOJIEH TaHHOTO KOMIIOHEHTA B eMHHLE 00bema pacT-
Bopa (cMeck); 00o3HauaeTcst 00BIYHO CHMBOJIOM «C»

ci =mn;/V. (6.2)

Monsanenas konyenmpayus (MOIsLIILHOCHB) — ITO KOHUEHTPALHSA, BEIPAKEH-
Has 4HCJIOM MOJielf pacTBOPEHHOro BelecTsa, npuxoasaimxcs Ha 1000 rpamm
pacTBopUTENSs (0003HAYAETCS CUMBOJIOM (1))

m; = n;/1000. (6.3)

HMcnonb3oBaniie 00beMHOI KOHLEHTPALIMH YacTo ObIBAET HEYLOOHBIM BCIIE -
CTBHE TOTO, YTO OHA 3aBHCUT OT TEMNEPATYPbI; €€ 4alle BCEro yrnorpedistor
B M30XOPHO-H30TEPMHUECKHX npoueccax. Tak Kak MOJSIIBHOCTb W MOJIbHbIE
J0JTM MOJKHO MCTIONB30BATh MPH pacyeTax B JIOOBIX Mpoleccax, TO B TEPMOIH-
HAMHUKE TaKkoii crocod BbIPAKEHH KOHLEHTPALMU NPETOYTHTENEH.

[Mpexne yem NOAOHTH K TEPMOIMHAMHUYECKOMY PACCMOTPEHHIO PACTBOPOB,
0o0cynuM BONPOC O NPUHLMIHAILHON BO3MOKHOCTH 00pa3oBaHus, HapuMep,
OuHapHOro pacTBOpa. PaccMOTPUM JIBE *KHAKOCTH MPHU TaKoil Temrneparype, Ko-
raa HTPONUiiHbIM pdexkToM MoKHO npeHeOpeub. Torma, Umes B BHIY, 4TO
MOJTHAS SHEPrHs CUCTEMBI LOJDKHA ObITH MPONOPLUHOHATBLHA 00LLEMY YUCITY MO-
JIEKYJ1, OJTy UMM BbIPasKE€HHe TSl IHEPTHH CHCTEMbI € 1y MOJIEKYJ1 MepBOii K1 I-
KOCTH M 72 — BTOPOIi B MOJHOCTHIO NEPEMELLIAHHOM COCTOSIHUH (T. €. B pacTBOPE)

ES = —[1/2(”1 + n,-g)](l,'“n.rf + (/v'_:gll--r:: -+ L‘vlgll»ll‘l.g). (64)

W BBIPAKEHHE OJI1 SHEPTHH 3TOTO KE HHUCIa MOJIEKYJT B COCTOAHHH, KOI/la OHU
pa3neicHbl
EL = —'1/2(/(1171.1 = 1/2(,/'723712. (65)

3neck Uiy, Usa, Ujg — BeNHUHHBI, NPOMOPIHOHAIBHBIE SHEPTHH B3aUMO-
neiicteust monekyn (1 —1), (2—2) u (1 —2) coorBeTcTBeHHO. Pa3HocTh sHepruii
JKHMIAKOCTH B COCTOSIHHM MOJIHOTO NepeMellBaHus (pacTBopa) U B pa3iesieHHOM
COCTOSIHUM paBHa

Ep — Es = =1/2[nana/(n1 +n2)]/(Uir + Usz — 2U12). (6.6)

Takum 00pa3om, KUAKOCTH HE CMELLNBAIOTCS, €CIIH IHEPTUH HX B3aUMOzeH-
CTBHSI YOBIETBOPAKOT HEPABEHCTBY

Uy + Uyy — 2015 > 0. 6.7)

U3 dpopmysibl (6.7) cnemyert, 4To npoOUrpsill B IHEPrHM ABYX AKHAKOCTEN npu
CMeLUHBaHHK onpeaesseTcs Tpems IHepreTHueckumu napametpamMu — Uy, U
u Uy» , B KauecTBe KOTOPbIX PACCMATPHBAIOT PA3IHYHbIE BEIHYHHbI, CBA3aHHbIE,
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Harpumep, ¢ NOBEPXHOCTHBIM HATSIKEHHEM, KO (ULMEHTaMK TEMJIOBOTrO pac-
LIUPEHUS HITH H30TEPMHYECKOH CKHMAeMOCTBIO U T. 1. [ToCKOIbKY OCHOBHBIM
BOIPOCOM TEPMOLAMHAMMYECKOI TEOPHH PACTBOPOB SABIAETCS YCTAHOBIEHHE 3a-
BHCHMOCTH PAaBHOBECHBIX CBOHCTB PaCTBOPOB OT COCTABa  CBOHCTB €ro KOMIO-
HEHTOB, TO, Kak cienyer u3 (6.6) u (6.7), ata reopus B odiueii popme 3aBUCHT OT
MPUPOIBI MOJNIEKYIIAPHBIX B3aUMOAECHCTBHIT MEX 1y KOMITOHEHTAMH PacTBOPOB.

6.1. "apulla.ﬂbﬂble MOJISIPHBIC BCJTHYHHDBI

Jst ycTaHOBAEHUS 3aBUCMMOCTH PaBHOBECHBIX CBOICTB PacTBOPOB OT CO-
CTaBa W CBOHCTB KOMIOHEHTOR €ro COCTABISIOLINX MOJb3YHOTCT RApYUATbHBIMIL
MOASAPHBIMU GEUYUHAMU, KOTOPbIE 110 CBOEMY CMbICIY OTIHYAIOTCS OT TEX WIIH
HHBIX NMapLHalbHbIX BETHYHH (HAMpUMEp, OT NapLHalbLHOTO NABJAEHHS HIIH 00b-
ema). Jleno B TOM, YTO BCAKOE IKCTEHCHBHOE CBOICTBO 3aBUCHT OT COCTAaBa CH-
CTEMBI U H3MEHSAETCS MPOMOPLMOHATLHO KOJHUECTBY BELLECTBA B CHCTEME MPH
HEH3MEHHOCTH €€ COCTOAHMS (T. €. HEM3MEHHOCTH MHTEHCHBHbIX [apamMeTpoB).

PaccmoTtpum B KkauecTBe npumepa BHYTPEHHIOI DHEPrHI0 YHCTOrO Bellle-
cTBa. HeusMeHHOCTh €ro coCcTOsIHMS 3a1aeTCsl MOCTOSHCTBOM ABYX MHTEHCHB-
HbIX BeJIMUMH — nasieHus P u temnepatypbl T' U MO CMbICTY MPEACTABISAET
c000I yIeNIbHYI0 BHY TPEHHIOKO IHEPTHIO

(ﬂ) = u. (6.8)
on/ P,T

OﬂHaKO COCTOSAHHE pacCTBOpaA. MOMHMO OOBIYHBIX UHTEHCUBHBIX napameT-
poB, onpeaciadaeTea €e n ero CoOCTaBoM, M, ropopsa O NponopuHoOHal1bHOCTH
3KCTEHCHBHBIX CBOMCTRB KOJTHYECTRY BECLUECTBA B CUCTEME, CJICAYET npe}lyCMO'
TPETh OJMHAKOBOCTb COCTABA BO BCEX €€ YacTsAX. Jis NpemblayIiero npuMepa
OTO CJCOYCT 3anucaTb Tak:

(d_U) = u;. (6.9)
) poTny na, i,

)I.IU{ pacTBOpOB 00J1bLIOE 3HAYEHUE UMEET M3MEHEHUE KAKOH-ITH00 IKCTEH-
CHBHOI BEJTUYUHBI Npyu USMEHEHHH KOJTHYECTBA JULIb OAHOTO KaKOTO-J1 100 KOM-
NOHEHTA I1PH YyCJIIOBHH, YTO KOJIMYECTBA BCEX NPYTHX KOMIIOHEHTOB 72, @ TAKKE
JAABJICHHUE W TEMNEpATypa, OCTAKTCA HEU3ZMEHHBIMH. Hanpnmep, €CJIM B Ka4ve-
CTBE PKCTEHCHBHOM BEJIHUHHbI PaccCMOTPETL obbeM CHCTEMBI, TO €ro UBMCHCHHE
npy USMEHEHHHU KOJTHYECTBA KaKoOTro-IH00 KOMIOHEHTa CJICAYET 3anucath Tak:

(?—V) — (6.10)
on; P, T, nym,

Odo3HaualoTCsA NapiHaibHble MOJIbHbIE BETHUHHbI TEMU K€ CHMBOJIAMH, YTO
U MOJIbHbIE, HO CHAOKAKOTCs CBEPXY HePTOii (NPAMOIT WIIH BOITHHCTOI).

OnHako M3MEHEHHE KOJIHUEeCTBA 0JIHOTO M3 KOMIIOHEHTOB PacTBoOpa 00si3aTel b
HO NpHBEIET K H3MEHEHHIO €T0 COCTaBa, B TO BPeMs Kak u3 ypaBHeHus (6.10)
CllelyeT HEU3MEHHOCTb KOJIMYECTBA BCEX KOMIOHEHTOB, 3a HCKJIOUEHHEM %-TO.
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TTOCTOAHCTBO KOIMUECTBEHHOTO COCTABA MOKHO OCY LLIECTBUTb IBYMS C[10CO-
H6amu: 1) npudaruTh | MOIL KOMMOHEHTA K GECKOHEUHO OONBLIOMY KOITHYECTRY
pacTBOpa JaHHOro cocraBa; 2) npudaBUTh K KOHEUHOMY KOJHUYECTBY PacTBO-
pa OEeCKOHEUHO Majoe KOJIMYECTBO KOMMOHEHTAa W MEepecHuTaTh MOJyHeHHOE
H3MEHeHHe cBOMCTB Ha | Monb npudasieHHoro Bewectsa. Halinennoe takum
00pa3oM H3MeHeHKe cBolicTBa (00A3aTeNILHO NPH ycIoBHM noctosHctea 1’ 1 F)
HA3bIBACTCS  napyuanvHoll MoavHou (monaproil) eeruvunoi (Jlstouc, 1907 r).
OHo oToOpazkaeT BKJIal JaHHOTO KOMIOHEHTa B 00llee CBOHCTBO CHCTEMBI. Bee
TEPMOAHHAMHYECKHE YPABHEHHS, CNIPABEUTHBbIC [UTS YHCTBIX BELLECTB, TAKKE
CHpaBeINBbI M L1l NapLHAIbHBIX MOJbHbIX CBOHCTB, TOJbKO BMECTO MOJIbHbBIX
(MOJTAPHBIX) BEMHYHH (DUTYPUPYIOT MapLUHaTbHbIE MOJBHbIE BETHUHHBIL.

Heo0xoanmo odparutb BHUMaHHE Ha ClEeQy OLIne COO0PaAKEHHS:

1. TTapumanbHbIe MOTbHBIE BETHUHHBI HENTb3S OTOK/AECTRAATh C XUMUUYECKHU-
MU noreHunanamu. Tolbko napuuanbHas MofibHas dHeprusa ['mbOca ssnsercs
XUMHUECKHM MOTEHLIHAJIOM.

2. Tlockonbky napuHaibHbie MOJbHbIE BETHYMHBI OTPAKAIOT H3MEHEHUS
CBOHCTB, TO HX HEJb3 YNOAOONATh COOTBETCTBYIOLUMM MOJIbHBIM BEJIMUHHAM
(napunalibHble MOJIbHbIE BEJTMYHHbBI MOTYT IPHHHMATb 3HAUEHHS, KOTOPbIE HEMbI-
CITUMBI 11 MOJTbHBIX BEJHUYMH; HApUMep, NapLHaibHblii MONbHBII 00beM Mo-
JKET [PUHUMATh OTPHULATENbHbIE 3HAUEHHS, TOTA KAK MOJIbHbII 00beM HE MOKET
ObITb OTPHLIATE/ILHOI BEJIMUHHOI).

Takum 00pa3oM MOXKHO CHMTATh, YTO, HATIPUMED, MapLHaTbHbIH MOJbHBIH
00bEM i-r0 KOMIIOHEHTA €CTh «KayKyLUUHca» 00beM, KOTOPbIH JaHHbII KOMIO-
HEHT 3aHHUMAEeT B PACTBOPE MPH NOCTOSHHBIX 1" 1 P, 1 4TO 3TOT 00beM B 00LLEM
cilyyae OTIMYaeTes OT HCTHHHOTO 00bEMa 3TOT0 KOMIIOHEHTA B UHCTOM BUJIE PU
TEX 7K€ YCNOBHAX. Pasnuuue Meamy U U v MOKET NPaKTHYECKH OTCYTCTBOBATH,
Kak, HarnpuMep, B ra3oBblX pPacTBOpAX MNPH HEBbICOKMX NABIEHUAX, HO MOMKET
ObITb 1 O4EHb OOJIbILIMM, HAIIPUMED, [UTA PACTBOPORB ra30B B KHAKOCTH.

IMapunanbHble MOJIbHbIE BETMYMHbBI MOTYT ObITb 00Pa30BaHbl C MOMOLIBIO
ypaBHeHuit Tuna (6.10) ot m000# IKCTEHCUBHON BETHUUHBI ¢ HCTIONL30BAHHEM
TOI 7K€ cucTeMbl 0003HAUCHHH.

Bo3sppatnaschk cHoBa k ypaBHeHHIO (6.10), MOXKHO OTMETHTB, HTO OHO CTIpa-
BE/UTUBO HE TOJIBKO /TS 1-T'0, HO W JTA JTI0O0T0 APYTOro KoMnoHeHTta. OueBHaHo,
41O B O0LLEM Cllyuae, Korua MOTyT U3MEHSTLCS KOJIMUeCTBA MOJIei BCEX BELLECTB
CUCTEMBI, U3MEHEHHE 00beMa Oy1eT paBHO

AV = Didn;. 6.11)

Ecan 310 YPAaBHEHHUE MMPOUHTErPHPOBATL IPH MOCTOAHCTBE T wn P w no-
CTOAHHOM COCTaBE, T. €. no0arAs (17'1.1', TaK 4YTOOBI COCTAB CHCTEMBI OCTARAJICS
HECHU3MCHHbIM (CM. CHOCO6b[, KOTOPLIMH 3TO MOHO OCYLUECTBUTD, IPUBENCHHbLIC

BBILIIE), TO MOJIYYNUM

(Murerpuposanue (6.11) MOKHO NpoBecTH, HCNOIbL3Ys Teopemy Diinepa 06
OIHOPOAHBIX (PYHKIHSAX, HITH TOIILKO B TOM Cliyyae, korna dng : dng @ ...dn; =
=mny : Ny : ...n;). YpasHeHue (6.12) OTHOCHTCA K 00O IKCTEHCHBHOI
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BEJIMYHHE M [TOKA3bIBAET, YTO BCAKAHA IKCTEHCHBHAA BEMYMHA ABIAETCH BEM-

YHHOH alUIMTHBHO M MpencTaBaseT co00i pe3ynbTar ClOKEHHS MapUraibHbIX

MOJIbHbIX BEJIMYMH, YMHOKEHHbIX HA YHCJIAa MOJIEH 3TUX KOMIOHEHTOB.
[Mpoauddepenppyem ypasHenue (6.12):

dV =" Tudn; + »_nidv;. (6.13)

Ipu conocrapnennu (6.13) u (6.11) nonyyaem o1HO U3 BaXKHEHLLMX ypaBHe-
HUH TEOpHH pacTBOPOB (M BOOOIIE TepMOAHHAMHKH (cM. Takxke (2.82)), ypas-
nenue I'nodea—liorema:

> nidv; = 0. (6.14)

Ecnu momenuts Bee unensl B (6.14) Ha cymmy moJieit > n; B CHCTEME,
TO ypaBHeHue ['m66ca— [lrorema nosyuuT cienyomui Bu

> @idv; = 0. (6.15)

3neck &; = n;/Y . n; — MOIbHAA 05 i-r0 KOMIMOHEHTA.

DTO ypaBHEHHE TakXkKe MOKET ObITb OTHECEHO K pacyeTy J00bIX IKCTEHCUB-
HBIX CBOMCTB cHcTeMBl. OHO MOKa3bIBAET, UTO MPH NocTosHHbIX 1" 1 P 1 npous-
BOJILHOM M3MEHEHHM COCTaBa pacTBopa napLualibHbIe BEJUUHHbI HE ABJIAIOTCS
MOJHOCTbIO HE3aBUCUMBIMU.

Jst GuHapHOTO pacTBopa ypaHeHue (6.15) npumeTt Bu:

(1 — x)dv, + xdvs = 0. (6.16)

13971010 ypaBHeHus BoiTekaeT rpadudeckuii MeTon onpeaeeHus napLumuasib-
HBIX MOJIbHBIX BETHYHH OMHAPHBIX PACTBOPOB, MOJNYYHBLINI HA3BAHUE Memo0a
OMpPe3Ko8s.

PaccmoTpum GuHapHbIil pacTBOp, 0003HAUHB KaKOE-THOO €ro IKCTEHCHBHOE
cBOHCTBO cuMBOJIOM Z. Od1iee cBOHCTBO Z 0HOTO MOJIsi 3TOTO pacTBoOpa 3ami-
LIEM B BH/€ CyMMBbl 3KCTEHCHBHbBIX CBOHCTB KaXKJ0T0 KOMIIOHEHTa

Vpasuenue I'nddca— [lrorema [uist 3T0r0 e cBoiicTsa
xdZ, + (1 —2)dZy = 0. (6.18)

[Mponuddepentporas (6.17) no = u yurs (6.18), nomyuum crenyioime
BbIpa@KeHHs! U NapLUHaibHBIX MOJSIPHBIX BEeJIMYHH KOMIOHEHTOB OHHApHOM
cmecu:

= . oz = oz
Zy=Z—-—ax-—= w Zo=Z+(1—-2x)—. (6.19)
ox ox

HerpynHo noxasarb, 4T0o Ha auarpamme Z — x (puc. 6.1) kacarenbHas K
3aBHCHMOCTH Z = Z () OTCeKaeT Ha JIEBOI OCH OPAHHAT OTPE30K, PaBHbIH nap-
LHATBLHO MOJIAPHOH BETHYHHE Z | B PACTBOPE KOHLEHTPALMH Z, @ Ha NPABOH —

OTpe3oK, paBHblil Zy B pacTBOpPE TOIl %e KOHLEHTPaLHH.



102 [ 6. Pacmeopot

PazHocTb Mekay napumaibHOH MOJILHOM BEIHUHMHOM KOMIIOHEHTa Z B pac-
TRBOPE H MOJIAPHOI BENHUHHOMH Z° 4HCTOrO0 KOMMOHEHTA HA3BIBACTCS OMHOCIH-
MeIbHOU NAPYUATLHOU MOALHOLL 6EIUYUHOU

AZ=7F- 2" (6.20)

o pusnueckoMy CMbICILYy OTHOCHTEJIbHAS apLHalibHas MOJIbHAS BEJIUUHHA
npeacTapiseT co00ii M3MEHEHHE MOJISIPHOH BEJTHYHHBI TIPH PACTBOPEHHH OJIHOTO
MOJIs KOMIIOHEHTA B PACTBOPE AAHHOMH KOH-
Z P. T=const E uenTpaumn. B cBszu ¢ otum AZ HasbiBa-
10T POCTO NapUUaibHOI MOJILHOW BEINU -
HOI pacTBOPEHHS KOMMOHEHTA (HanpuMep,
Chmmmeeee g x AH — napuuanbHas MoJspHas TemioTa
~  PacTBOpeHHs).
OTMeTHM, 4TO NpH pacTBOpeHuH 1 Mo-
JIS BellecTsa B OECKOHEUHO OOJIbLIOM
KOJIHYECTBE pacTBOpa TeMaoBoH IPdexrt
HHOTAA HasbIBAOT  QuhhepenyuainHoll
X, TEIUIOTOI PAaCTBOPEHMUS B OTIIMUHE OT UHMe-
— X, x epansHoll TENNOTHI, KOTOPas NPEACTABIAET
) co0oit TenoBoii d(ext npu pacTBOpeHUH
Puc. 6.1. I'paduueckuii metos onpe- 1 MOJIS BELIECTBA B TAKOM KOJIHYECTBE pac-
JICTICHHS MAPLUHATBLHBIX MOJBHBIX Be-  TBOPHTENS, KOTOpoOe TpedyeTcs ajs co3a-
IMYHH Z) W Z> HUSl JaHHOH KOHUEHTpauuu. [ns oTHOCH-
TEJbHBIX NapLUHATbHBIX MOIbHBIX BETHUYMH
crpaBe/UIMBbl BCE YPABHEHUS, BbIBEICHHbIE /Ul YMCTbIX BELIECTB, €C/H 3ame-
HHUTb B HHX MOJIbHBIE BEJTHYHHBI MapLHadbHbIMU MOJTbHBIMH BEJIHUHHAMH.
CBezieHHs1 0 3aBUCHMOCTH NAapLHallbHbIX MOJIbHBIX BEJIMUMH OT KOHLEHTpa-
LUK MPEACTABIAIOT MEPBOCTENEHHBIH HHTEPEC AT TEPMOMHAMHKH PACTBOPOB.
Haumenbliiee KONHYECTBO IKCIEPUMEHTAIILHBIX TAHHbIX TpeOyeTcs LI TEPMO-
JMHAMHYECKOi XapakTepucTHKH OMHapHBIX pacTBOpoB. Ho naxke ang 2THX cH-
CTEM 3aBHCUMOCTb Z OT KOHLEHTPaLHKM NPHOGPETAeT 0GLIHOCTh TONBKO B CI1y-
Hae naeabHbIX WK OeCKOHEUHO pa30aBlIeHHbIX pacTBOPOB. MaTeMaTHYeCKHit
aHanu3 ypaBHeHus ['nd60ca— [llorema rnokasbiBaeT, 4TO CYLIECTBYET HEDObLIOE
YHUCII0 BUIOR 3aBHCHMOCTH MaplHaibHbIX MOJbHbIX BETHYHH OT KOHLIEHTPALIHH.
Ipoiue Bcero 3T 3aBUCUMOCTH OOHAPYIKHBAIOTCS B TAK Ha3bIBAEMbIX MI€alb-
HBIX pacTBOpax.

6.2. UneanbHble pacTBOPBI

C TepMoaMHAMHUECKOH TOUYKH 3PEHUS PACTBOP ABIAETCA UOCATbHBIM, €CIH
co0MronaloTCs CNeAyOLLHe YCIOBHS.
1. M3meHeHue napLuaibHOrO MOJILHOTO 00beMa Npu 00pa3oBaHHH pacTBOpa
HE 3aBHCHUT OT COCTaBa pacTaopa:
AT; =T; —v? =0, (6.21)

K3
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rae U; — napudalibHbld MOJbLHBIA 00BEM -ro0 KOMIOHEHTA; U? — 00bEM «HH-
CTOrO» KOMIOHEHTA.

2. [TapumasnbHas MOIbHAS BHY TPEHHSS JHEPTUS 4-I0 KOMIIOHEHTA HE 3aBUCUT
OT KOHUEHTpalwmu npu pukcuposanubix 7' u P:

AT(T, P, x;) =1 —u) =0, (6.22)

7

3. TlapunanbHas MOJIbHAsA YHTPONHA i-I'0 KOMIIOHEHTA BO3PACTAET HA TAKYIO
’Ke BEJIMYHHY, KaK H npu o0pa3oBaHHK HaealbHON ra30Boi cMecu:

A5(T, P, 2;) =5,(T, P, ;) — s9(T, P) = —RInz;, (6.23)

3nech 5;(T. P, x;) — mnapumanbHas MOJbHAs SHTPONHS i-TO KOMIOHEHTA;
sY(T, P) — monbHas YHTPONHUS YHCTOTO KOMIOHEHTA,

PacTBOpbI, A7 KOTOPbIX HE BbIMOJIHAETCS XOTS Obl OJHO U3 ITUX YCIIOBHIA,
Ha3bIBAKOTCH HEUOeATbHbIMU.

JIns uaeanbHOro pacTBOpa 3TH COOTHOLLEHHS CIPABEIUBbI [IPH BCEX KOH-
HEeHTpaLMAX. 3armiieM H3MEeHeHHsT XHMHUYECKOro MOTeHLHaNa JaHHOTO YHCTO-
r0 KOMMOHEHTa (COCTOSIHUE KOTOPOrO MPHUMEM B KayecTBE CTaHAapTHOrO) npu
00pa3zoBaHUH PacTBOPA. YUHTHIBAs BhILIEMPHUBEACHHbIE ycIoBus (6.21)—(6.23)
n ypasHenue (2.33):

:U'i(Tv P, xl) = :“?(Ta P) + A.u'i =
= ud(T, P)+ PAD; — TA%; = pi%(T, P) + RT Inz;. (6.24)

Takum 00pazom, 3aBUCHMOCTb XHMHYECKOTO MOTEHLMaNa OT cocTaBa Hie-
aJIbHOTO PACcTBOPA UMEET TOT K€ BHJL, UTO W JUIA HI€aJbHOrO rasa.

ITpuBenem HekoTOpblE BbIPAKEHHs ISl TEPMOAHHAMMUYECKMX XapaKTepu-

CTHK OJJHOTO MOJISl PacTBOpa /Ul HealbHOro OMHAPHOTO pacTBoOpa, ¢ Y4eToM
(6.21)—(6.24) 1 n3BECTHBIX TEPMOAMHAMHUUECKHX COOTHOLLIEHHI:

(%) =5 u (%) =T
1"/ Pn, OP /T n,

MosnbHbI 00bEM pacTBOPa paBeH
m = X1V + ToUs = Ty I/? + o 1/.8. (6.25)
DHTasbus 00pazoBanusa | MoJsl pacTBopa paBHa
H,, = z1hy + 22k = 21 h] + 22h). (6.26)
Dutponus odpasoBaHus | MoJs pacTBOpa paBHa
Sm = T151 + 22F2 = :1:13? + ;172.‘?.(2) — R(xzyInz; + 2o Inzs). (6.27)
OHeprus ['mdbca npu odpazoBanun | Moas pacTBopa paBHa

G = X1y + Topts = :zrl,u? + .’IT-_]ﬂg + RT(zyInzy + 22 lnas).  (6.28)
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MoussipHas n3o0apHas Tena0eMKOCTb HAEAlbLHOTO PacTBOPa paBHa

Cp=(2) =a (Z) 4 (22) =mO¥ + 208 (629)

or/ p or/ p ar’p
l_[pI/I CTAaTHCTHYECKOM PAaCCMOTPEHHH DTH COOTHOLUCHHS MOJYHATCa nMpu
yC.ﬂOBHH, KOoraa CuJibl B3al‘lMOﬂeﬁCTBHﬂ ME)K,Vly MOJ’]eKy.ﬂaMM H HX paEMepbl l'lpaK-
TUYECKH OAHHAKOBBI. Korﬂa 9TO YCJIOBHE HapyLIacTCs, TO paCTBOP Ha3bIBalOT
peayispipia. PazHOCTb TepMOAMHAMUUECKUX (DYHKLMI M MapaMETPOB MENKIY
nacaljibHbIM H PErynsapHbIM pacTBoO-

Ahyys, Jok/Moin paMH  OPUBOAMT K [OABIEHUIO Tak
175 Ha3bIBAEMBIX U30bIMOYHBIX HOMEHYUA-
J06 CMeuteHus.
150 - Ha puc. 6.2 nokasan npuvep 3aBH-
125 - cuMoCTH U30bITOUHOIl dHepruu ['ndoea
i OT KOHLIEHTPALMK PEryIspHOro pacTBO-
100 - 3 pa. DTO TaKk Ha3blBAEMble OECKOHEUHO
75 - 2 pasoasienHsie pacmeopot.
é( OCHOBHBIM MPH3HAKOM TaKOTO po-
50 I Na pacTBOPOB ABJIAETCS ClEAYIOLIEE CO-
<t
25 — OTHOWIeHHE /s J1I000I napuuanibHOR
MOJIBHOH BEJIMYHHBI | PacTBOPHTEIs
0
CCly Cellyp x lim 3, = ). (6.30)

z—0
Puc. 6.2. HU30brrounas sxeprus [ ub6oca
JUTA PacTBOPA LIMKIOreKCaHa B UEThIPeX-
XJIOPHCTOM YIIeposie

B 10 xe BpEMs, pasyMeeTcs, UTo
lim B, # ¢J. (6.31)
x—0 -

210 YCJIOBUE HNPUBOAUT K OHNPEACTICHHLIM TPYAHOCTAM B HHTEplpETAUUN
SKCMECPHMEHTAJIBHBIX PE3YILTATOB METOAAMH TEPMOIMHAMHKH.

6.3. PaBHoBecHE JKHAKOCTH — AP pa30aBJIEHHBIX PACTBOPOB

3axkon Payns. Panee, B cBsa3u ¢ ypaBHenuem Knaneiipona —Knaysuyca, mbl
paccMOTpeTH 3aBUCUMOCTD JAABJIEHHS Mapa YHCTOro BEIECTBA OT TEMMEPATY PHI.
JonycTum, 4TO pacTBOpHUTE/lb HAXOAMTCA B PABHOBECHH CO CBOMM MAPOM I1pH
HekoTopoit Temnieparype 1I'. Eciu Mbl Tenepb pacTBOpPHM B KHAKOH (aze pac-
TBOPUTEIS Kakoe-HUOY/1b BELLECTBO, TO Il COXPAHEHUs PABHOBECHS 1aBlIeHUE
niapa J10J1HO H3MEHHTLCS. ECiTH nepBoHavanbHOE 1aBleHHe napa pacTBOPHTENS
Gb110 P, T0 nocie nodasieHus pacTBopsieMoro Belectsa crano P + AP, Ipu
3ToM AP umMeeT OTpHLATENTbHBI 3HAK B CHITY XOTsi OBl TOTO, YTO KOJHYECTBO
MOJIEKYJl PACTBOPUTENS B PAaCTBOpPE YMEHbLLUAETCA, a, CJEA0BATENbHO, YMEHb-
LIAeTcs M JaBJI€HHE Napa pacTBOPHTENs HAa PacTBOPOM, T. €. B NapoBylo (a3zy
BBIXOIISAT MEHBLLEE YHCIIO HACTHLL PACTBOPUTENS, YEM B YHCTOM PAcTBOPUTENE.
B HOBOM COCTOSIHUM paBHOBECHSI XUMUYECKHIT MOTEeHLMAN PACTBOPHTENSA /L TAaK
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K€, KaK M B YMCTOM COCTOSIHUM, OIMHAKOB KaK B JKM/KOi1, TaKk ¥ B ra3000pa3HOi
¢azax, T. €.
s _ 8
Wy = . (6.32)

Ecau cumrrarh, 4TO KOHLEHTpALHA PacTBOPEHHOTO BELIECTBa Malla, TO o4e-
BH/HO, YTO M H3MEHEHHE JiaBieHus mapa AP pacTBOpHTeNs Hal pacTBOPOM
Oynet MaiibiM. [109TOMY MOYKHO Hamucarsb pasioKeHue

W (P+AP, T, 2y, ...)=pu{(P,T)+ RTInz{ +viAP +... (6.33)

IMoncrasnss 9710 Boipakenue B (6.32) u yuntsisas, uto mpu z = 1 Apg = 0,
MOy HM

Ap=_FT 1,1 (6.34)
i —w]  #f

Ecau nanee npeanosioxkuThb, YTo nap BeneT ceds kak uaealbHblil ras, T.e.
cnpaseamipo v = RT/P, v napumaibHeiM MOJTbHbIM 00BEMOM B KOHIEHCH-
poganHoif dase moxkHO npeneGpeus (vf < vf), a TakKe NPEANOIOKHTH, UTO
PacTBOPEHHOE BELIECTBO ABJIAETCS HENEeTYUnM, TO, pasiaras Jorapudm B dop-
myne (6.34) B pan Teitopa

Inzi =In(l —ad)=—z5+..., (6.35)

ﬂOJquHM BLIpa)KeHHe JUTA OTHOCHUTECJIBHOTO MOHWKCHHWA JTaBJICHWA napa paCTBO—
pUTENs Hal pacTBOPOM:

AP

P

3. (6.36)

®opmyna (6.36) npeanoxena Paynem (1888 r) u HocuT HazBaHue 3aKoH
Payas. Oun npencrasnseT coboii nepryro npocTyto NpoBepky odnacTi Npudn-
JKEHHIl, JIesalunX B OCHOBE TEOPHH pa3daBlIeHHbIX PacTBOPOB.

dusnueckuii cMmbic 3akoHa Payns cOCTOMT B TOM, 4TO pacTBOpss Kakoe-
MO0 BELIECTBO B JAHHOM PacTBOpHTEJIE, Mbl MOHHIKAEM €ro KOHLEHTPALMIO B
ennHLe 00beMa, U TEM caMbIM MOHMKAEM JIABJIEHHE Napa pacTBOPHUTENS Hall
pacTBopom. B pesysbrare uero paBHoBecHe MekKAy AKHAKOCTbIO H NApOM J0JIK-
HO yCTaHaBJIHBAThCA TPH MEHbLUEH KOHUEHTPaUMH rapa. T.€. NMPH MEHbLIEM
JIABJIEHHH Napa pacTBOPHUTEILS.

st GuHapHoil cmecu 3aKkoH Paynsi 00bIuHO 3anKCbIBAIOT B BUE

AP

=@ m Py =Pz, = PY(1 — 1) (6.37)

3nech 2. o, P 1 P — cOOTBETCTBEHHO MOJBHBIE 0NN PACTROPHTES,
pPacTBOPEHHOIO BELIECTBA, JaB/ICHHE Mapa pacTBOPUTENs HAal PACTBOPOM M Hal
YUCTBIM PACTBOPUTENIEM.

3akoH Payns nosmyueH B npeanojoKeHuu MoCTOSHCTBA TEMIEpaTypsl U 00-
wero aasienus, T.e. P = Y p; = const, 4To 03HAYAET, YTO BCE KOMIOHEHTbI
B UHCTOM BHJE (B CJIydae MHOTOKOMIOHEHTHOIO PACcTBOPA) A0JIMKHbI HIMETh OJTH-
HAKOBbI€ MapLHalbHbIe JaBIEHHS, HTO 115 PeajlbHbIX PACTBOPOB HEBbITIOITHUMO.
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Opnnako eciu odliee JaBjIeHHE HEBEIHKO, @ NapLHalbHbIe JABISHHS KOMIOHEH-
TOB MOTYT OTJIHYATBCA APYT OT jApyra, TO 3akoH Payns crpaBeauB H B 9TOM
cllyuae, UTO B CBOIO OUepe/b O3HAYAeT HEPABEHCTBO KOHLEHTPALMU TOTO WU
MHOTO BELLECTBA B JKH/KOI H ra3000pa3Hoii (a3zax.

Haiinem mis 971010 Citydas coctas rnapa U paBHOBECHOH ¢ HUM JKMIKOCTH.
[lycTe aas GuHapHOro MaeallbHOTO pacTBOpa nap MpPeACTaBIsSeT cMech Hie-
aJbHbIX Ta30B NEPBOro W BTOPOro koMmnoHeHToB. [To 3akony Payns ypaBHeHue
3aBHCHMOCTH OOLLEro JaBIeHHs Mapa pacTBOpa OT COCTABA MKHIKOCTH BbIPa3UM
B BUJE

P =p] —a5(p{ — p). (6.38)

CormacHo 3akoHy JlajibToHa, MoJibHas 10151 2-ro KOMIOHEHTa B ra3oBoii (ase
x3 = p§/P. Jlna GuHapHOii CHCTEMBI MOXKHO 3aMUCATh, 4TO

£ a8 0 T8
:U;:Q: 0 _Pg 0y 20/.0 20 0_ 1) (6.39)
Poop? a3y - ) pl/pd - wsl/pd - 1)
Ecnn
0 _ 0 S
Py =Py, TO Ty = Ty
0
p—lo <1, 710 =Ty >25;
by
Py

L>1, 10 2§ <ua.

Takum oOpazom, naxe /s MAeanbHOrO GUHAPHOTO pacTBoOpa razosas Qasa

oboraiiaetcs Gonee NErko JIETyUUM KOM-

P T = const noneHToM (puc. 6.3). Jlnsa onucaunus pe-

abHBIX PACTBOPOB HCMOJIBL3YIOT HE /1aB-

JeHue, a Jetydecte. B oToMm cimyuae
py  JBKOH Payns OyneT BbImIfAAETH Tak:

= fi = fla;. (6.40)

pl e —— 3akon Tenpu. B 1802 r. T'enpm,
u3ydasi pacTBOPUMOCTb ra3oB B JKHI-
KOCTAX, OOHApYKHI, YTO KOMHYECTBO
NOMIOUIEHHOTO Ta3za YyBeJIUYHBAeTCs B
MPSIMOI NPOMOPIHOHATLHOCTH C JlaBjie-
HUEM raza Hajl pactBopoMm. JlanbHeii-
LIME JKCTIEPHMEHTBI MOATBEPANHTH 3TO
1 X, 2 Haomonenue. llokakem 310 ¢ MHOMO-

b0 TeX K€ NpHOIMIKEHHH, KOTOpbIe

Puc. 6.3. Tlapunansroe u oduiee 1asie-  Guiqp cnenaHbl Tpi 0GOCHOBAHMH 3aK0-
Hue napa OGUHAPLIOro pacTBOpa Ha Payis
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IMponuddepenumpyem 3akon Payns (6.37). B pesyasrare Oyaem umerb
dp, = —1)?(1;1:-2. (6.41)
W3 ypaBHenus ['nd0ca— [lrorema, 3an4caHHOroO B BUIE
r1dInpy + xodInps =0, (6.42)
u (6.41) nonyunm BblpakeHHe
dlnps = (dzo[x2)dInzs, (6.43)
KOTOpPOE MOCc/e HHTErpHpOBaHUs 00paLlaeTcs B ypaBHEHUE
p2 = Ko, (6.44)

HasbiBaeMoe 3aKkoHoM [enpu. (3necs K — rxoncmanma [enpu, 00bIHO OpU-
BOJIMMAs BO BCEX CMPABOUHHMKAX MO TEPMOAHHAMIUYECKHM CBOHCTBAM BEIECTB).
Koncranra I'eHpu He sBIseTCS CBOHCTBOM TO/b-
KO PacTBOPEHHOTO BEIECTBA MM PACTBOpHMTE- = ¢
Jisi. OHa sABJ€TCA CBOMCTBOM JAHHOTO pacTBopa p Ty
1 JOMKHA ONpEeNsThess IKCNEPHUMEHTATLHO Ha 1) )
OCHOBE MCCJIeIoBaHUs JIETyHecTH XoTs Obl IMpu ‘
O/THOI KOHLEHTPALUH. 3 pT
Cwmbicit ypaBHeHus TeHpu MoxkeT ObITb Jler- \ ‘
Ko noHAT u3 rpaduka (puc. 6.4). 3nech JHHUU N0,
[ n 2 u300paxkalor JeTy4uecTH 000MX KOMMOHEH- h 4 / f2(x)
TOB B 3aBMCHUMOCTH OT WX KOHLEHTpaLMH B pe- ‘
anbHOM pactBope. JInnuu 3, 4 COOTBETCTRYIOT
Cllyyalo UAealbHOTrO pacTBopa, NOAYMHAIOILIEro- %,
cs 3akoHy Paynst npu Bcex koHUeHTpauusx. B co- | fi(x) S
OTBETCTBUH C ypaBHeHHeM (6.44), naBieHue napa — > x
PacTBOPEHHOIO BELLECTRA B Pa30aBICHHOM pealb-
HOM pacTBOpe Npu MaslbIX & I0JACHO onpeniensitb-  Puc. 6.4. Jleryuecrs komiio-
s KacarellbHOil K KpHBOit 2 peaibHOro pacTBopa  HEHTOB OHHAPHOIO pacTsopa
C TAHTeHCOM HakJloHa paBHbIM . OTciona Mox-
HO 3aKJIOUHTb, UTO ONpPEAEIeHHE CBOUCTB peallbHbIX, HO CHJbHO Pa30aBiIEHHbIX
PacTBOPOB, MOKET ObITh MOJYUYEHO JOBOILHO MPOCTO. U B PAIJIE CITYyUAER MPHUME-
HEHUE COOTHOLUEHUI NS pa30aBleHHbIX PACTBOPOB MOXKET OKa3aTbCsl BIIOJIHE
YIOBJIETBOPHTENbHBIM MPHONHKEHHEM.

K(p T)

6.4. PacTBOpHMOCTD r'a30B H TBEPABIX BEIMIECTB B KHIKOCTAX

3anaua 0 pacTBOPUMOCTH B NPUHLMIIE ABAAETCA 3anaueil o (azoBOM paBHO-
Becnu. ONHAKO NPH BHUMATETLHOM PACCMOTPEHNUH 3TOTO BOMPOCA MOABIAIOTCS
JOCTaTOuHO 00JIbLUKHE CIOKHOCTH, CBA3aHHbIE C TEM, YTO B HaYa/IbHbIH MOMEHT
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PAacTBOPEHHs. TOTO WM HHOTO BELUECTBA ITOT MPOLECC NPOUCXOAUT B UHCTOM
PacTBOpHTENE, HO YKe MPH A0CTATOMHO MajbiX KOHUEHTPALMUAX PacTBOpEHHE
BelllecTBa POUCXOUT B pacTBope. B cBsA3u ¢ 9TUM JaBieHue napa, HarpuMep,
PacTBOPHTENS HaJl PacTBOPOM H3MEHSIOIIEHCS KOHLEHTpALK OyaeT BeHyH-
Hoi1 nepemenHoi. CiienoBaTebHO, PABHOBECHOE COCTOSIHUE ABYX KOMIIOHEHTOB
OyneT oCyIeCTBIATLCS MPH Pa3HbIX AaBIEHUAX napa Hal pacTBopoM. Eciu ke
pacTBopsieMoe BELIECTBO CaMo JieTyue, TO CHTyauus ewe Gosiee yCiomHAeTCs .

OnHako NpUHUMas NPUOIHKEHHS OECKOHEUHO pa30aBIEHHOTO pacTBOpPa, BCE
e yaaeTcs MOMyduTh TEPMOAHHAMHYECKHE COOTHOLLEHNUS, CBA3bIBAIOLLHE pac-
TBOPHUMOCTb BELIECTB C NapamMeTpaMu CHCTEMBI.

Pacmeopumocms 2a30e 6 ycuoKkocmsx. YCIOBUAMI PAaBHOBECHS B CHCTEME,
Haps1y ¢ paBEHCTBOM TEMIIEPATYPbI U 1aB1eHUH B 00euX (pa3ax, ABIAETCA paBeH-
CTBO XMMHUYECKHX MOTEHLNATOR KAaXKI0T0 H3 KOMIOHEHTOR PAacTBOPa B KA A0H
u3 a3z, 1. €.

wi (T, P, 2®) = (T, P, a¥), (6.452)

wus (T, P, 2°) = p(T, P, 2¥). (6.4506)

[Tpn 3ananHbix 1" u P 3T ypaBHEHHA B MPUHLKIME PELIAIOT 3a1aqy — OHH
B HEsIBHOM BUJe cofiepkar Hekomyio 3aBucumocts ©° (T, P). OaHako B siBHOM
BU/E PEIICHHE OCIIOKHAETCA BCIEACTBHE TOTO, H4TO TPEOYIOTCS IKCMEPUMEH-
TaJlbHbIE JAHHBIE, OTHOCALIMECA K HCCIIENYEMOMY pacTBOpY. YUMTbIBas, 4TO
B OONBIIMHCTRE CIy4aeB PaCTBOPHMOCTh ra30B B KHAKOCTAX 10CTATOYHO Masa,
TO B NEPBOM NPUOJIMKEHHH MOMKHO CHMTATh PACTBOPBI ra30B B KUAKOCTAX Oec-
KOHEYHO pa30aBlIeHHbLIMH W NPUMEHATH 3aKoH ['enpu. Torna ans onpenenenus
PacTBOPUMOCTH ra3a B )KHAKOCTH, UCTIONB3YS YpaBHeHue (6.44), momyunum

p2(T, P> 1})

xy =
K(T, P)

(6.46)

EctectreHHo. uTo (hopmyna (6.46) cTporo crnpaseaanBa TOIbKO Ans Oecko-
HEYHO pa30aBieHHbIX pacTBOpOB. HeoOX0ANMO TakKe NOMHUTb, YTO KOHCTAHTa
Tenpu K (T, P) cyuiecTBEHHO 3aBHCHT OT JABIEHHS, W TpeHebpeKeHne 3Toi
3aBUCHMOCTbIO TIPUBOUT K 3HAYHUTE/IbHBIM OTKIIOHEHHSIM BbIYHCIIEHHbIX 3HaUe-
HHIT OT IKCMEPHUMEHTAJILHO MOJTYUYEHHBIX. YUTH 9Ty 3aBHCHMOCTb, MOXKHO MOJTY-
YHTh COBMA/IAIOLIME C IKCIEPUMEHTOM BETHUHHbI PACTBOPHMOCTH rasa.

PaccMoTpuM Tenepb 3aBUCHMOCTb PACTBOPHMOCTH ra3a B )KHAKOCTH OT TEM-
nepatypbl B yCJIOBUSIX MOJHOIO HachileHus. Yeiaosue (6.45) coxpaHsaercs npu
BCeX TeMreparypax. 3anuiem nojusiii auddepeHunan XuMuyeckoro NoTeHy-
aja B JKUAKOH M ra3o00pa3Hoil (hasax, coXpaHss NMOCTOAHHBIM o0liee AaBne-

Hue P, B Bune
<%) wr (%) = (%) dT. (6.47)
or P, T dx P aT »

(Cuutaem, 4TO KHAKOCTb, B KOTOPOH pAacTBOPSAETCS ras, HeJeTyda; Mo3ToMy
razosas (paza COCTOUT TOJIbKO M3 JAHHOIO BELIECTBA, MOMEUEHHOTO HHIKHUM
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MHAEKCOM «2»). Paznenum o0e uyactu ypaBHeHust (6.47) Ha dT u yurem, 4To

opns - Oyl -
Do) = _55al22) =—35% Torma
ar ) p ar ) p

S . -
—55 + (8“2 ) (1> = 3L, (6.48)
9x /7, p N1/ p e

B npubmkenuax GeckoHeuHO pa30aBlEHHOro pacTBOpa MOXKHO CUHTATH,
uto dpy = RTdInxj; yuuTsisas 270, 3anuiem (6.48) oTHOCHTENTLHO

— 358

( ox ) _ 3. 5
or P, nac RT (éﬂn—lz)
T, P

dx

W

(6.49)

[TockonbKy Mepexos BemecTBa 13 razoBoii (asbl B pacTBOp ecTh (a3oBblii
nepexos, T0 35 — S5 = g (rne () — nuddepenunanbHasg Tennora (pazoBoro

nepexo/a (pacTROPEHHS) ra3a B HACKILIEHHBIH PacTBOP.
Vuaureisas, uto de = xdlnz v aia pazdaBleHHbIX PACTBOPOB CrpaBe-

Inz
Temrneparypbl:

dlnxs
JIUBO < 2) = 1, nosyyaemM 3aBHCHMOCTb PacTBOPUMOCTH raza OT
P, nac

(8ln«t) :i. (6.50)
ar P, nac RT?

PasnenuB nepemeHHble M MNPOMHTErpHpOBaB B HWHTEPBaJE TeMIEpaTyp
Ty — T5, moayuum OKOHUATENhHOE YPaBHEHHE

& = Q-1 (6.51)

! RI5Ty

Pacmeopumocms meepovix eenjecme. Tepibie BEIIECTBA TAK Ke. KaK W
razbl He MOryT OecrnpeiesibHO pacTBOPATLCH B KMAKOCTAX. [Ipu noctukenuu
onpeneNeHHOH KOHLUEHTpaLMK pacTBOPEHHE [PeKpaLlaeTcs. YCTaHaB/IMBaeTCs
paBHOBECHE MEXK /1Y TBEPAOIT H kHAKO# (hasamu. PacTrop, HaxoaswmKiics B pagHO-
BECHH € TBEPbIM BELLECTBOM, Ha3bIBAETCA HacwuiuyenHbim. TTOCKOIbKY yCIIOBHE
PaBHOBECHS BbIPAKAETCS B PABEHCTBE XHMHUYECKHX MOTEHLHAJIOB PACTBOPEHHO-
r0 KOMIIOHEHTA B pacTBOpE U B TBepAoH (dase, To

tuac(T', P, ) = pr (T, P). (6.52)

I/IC]TOJ'IEByﬂ TOT K€ METOM, C MOMOIIBIO KOTOPOIro Mbl PACCMOTPENIH paHEe
PacTBOpUMOCTb ra3os, MOJYy4HM YPABHEHHE PaCTBOPUMOCTH TBEPAbLIX BELLECTB
B 3aBHCHMOCTH OT TEMNEPATYPbI

(Blna:) _ Q, (6.53)
8T /P e RI2 (0111 ﬂz) )
dlnaxo P. T
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rae 62 — nuddeperHuuanbHas TEMIOTa paCTBOPEHUs TBEPAOro BELLECTBA B AaH-
HOI JKHAKOCTH.
Jnst uaeanbHOTO pacTBopa ypasHeHue (6.53) ynpoinaercs

(8lnm> Qs (6.54)
ar P, nac RT? .

D710 ypaBHeHue Ob110 dMnupuuecku nonydero Lpenepom B 1890 r. u Hocut
€ro uMs. PacTBOpeHue TBEPAOTO Tela MOXKHO NMPEACTABUTL KAK /1B MOCIIEN0Ba-
TeJIbHO NMPOTEKaIoLWUX rpouecca: 1) rniasjleHne TBEPAOro BeLecTsa 1 2) cme-
LIeHHEe ABYX KHMAKOCTEH. B ciyuae nneanbHbIX pacTBOPOB TEMIOTa CMELLEHHUS

paBHa Hymo, U Torna Benuuuta Qy = AHy ,, = Ao, U HE 3aBUCHT OT BLIGOpA
pacteopuTens. CnenorarenbHo, (6.54) MOXKHO 3anucarh B BHIE
dlnx A -
(_ ) =2 (6.55)
a1 P, nac Rr

Cuuras. uTo TemIOTa MJIaBJEHHs HE 3aBMCHT OT TEMMEPATypbl, YpaBHEHHE
(6.55) MO:KHO npouHTerpupoBath. B pesyibrare oHo npumet Gpopmy ypaBHeHUA
Knaneiipona— Knay3uyca, T. e. 3aBHCHMOCTb forapiudmMa pacTBOPUMOCTH TBEP-
71010 Tena oT o0parTHoii TeMreparypbl €CTh NpsiMasi JIMHUS, TAHI€HC HAKIOHA
KOTOPOIl B 9THX KOOpAHHATAX OMpenesseTcs TEenIoToil niaBjieHus pacTBopse-
MOTI'0 BELLEeCTBa.

B ypasnenus (6.54) u (6.55) He BXOAAT BEHUYHHbBI, XapaKTepH3YIOIIHE pac-
TBOPHTEIb, H3 YETO CIIENYET, YTO HieajlbHas PACTBOPUMOCTh BEILIECTBA HE 3aBU-
CHUT OT MPUPO/Ibl PACTBOPHUTEIS.

3asucumocms pacmeopusocnu meeposix genjecms om oasienusn. Odbiu-
Hble MPE/ICTABICHHS O MAJIOM BIMSIHWUM JaBIEHUS HA PAacTBOPHMOCTH TBEP/BIX
BELLECTB CIIPaBe/HBbL JIMLIbL B 00JIaCTH MallbIX AaBleHuil. B HacTodliee BpeMs
JMana3oH AABJIEHHUI pacLIHPHICA 10 HECKOTBKHX ThICSY aTMOC(Ep, 1 OKa3anoCh,
41O MpeHedperarh BIUSAHUEM JABJIEHHS CTAJ0 YK€ HEBO3MOXKHO. EcTecTBEHHO,
YTO OCHOBHbBIE 3aKOHOMEPHOCTH HEOOXOAMMO PACCMOTPETh Ha MPOCTEHIINX CH-
cTeMax 0ecKOHeHHO pa30aBlleHHOrO WM HAEAbHOTO PacTBOPOB.

[TpumeHuM Ty 7Ke cxeMy BbIBO/IA 3aBHCUMOCTH PACTBROPUMOCTH OT JIABJIEHHS,
KOTOpas Oblila NPUMEHEHA AJ1s1 TeMnepaTypHoii 3aBucumoctu. [poaud dpepenun-
pyeM (6.52) ans HaCKIIIEHHOTO pacTBOpA MO JIaBJIeHUIO:

2 e 9
<6M2ndc) + (8/i2 Ildt) <@) _ (%) s (656)
or Tz \ Oz P, \NOP /e orJr

oy _ O .

YUMTBIBAS, UTO (ﬂ) = Ty e H (ﬂ) = 0§, — napumabHblii

: .
0P )y, or )

MOJIbHbI1 00bEM PACTBOPEHHOTO BEILECTBA B AAHHOM PACTBOPE H MOIbHBIH 00b-
€M ITOTo e BellecTsa B TBepaoii ¢aze. [NoacTaBus 911 cooTHOLEHUs B (6.56)
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W clenaB Te e camble npeodpa3zoBaHMs, 4TO M NpH BbiBoAe (Gopmya (6.53)
u (6.54), monyuuM okoHuatenbHO yparHenue Inanka—Ban-Jlaapa:

<Blnr2) :_AFQ (6 57)
or T nac RT

Pasnocth ATy = Tayae — v3,, €CTh IPUPOCT 06BHEMA MPH PACTBOPEHHH MOJTS
TBEP/OI0 BELIECTBA B €r0 HACILLIEHHOM PacTBOpE.

6.5. Temneparypa KuneHHs U 3aMep3aHusi pa30aBJIeHHbIX
pPACTBOPOB

Doyanuockonus. KuneHne — 3TO MpoLECC MHTEHCHBHOTO Mapooldpa3oBa-
HHSl, XapaKTepHU3Y IOLLMICA HENpPEePbIBHLIM BO3ZHMKHOBEHHEM H POCTOM BHYTPH
KHIKOCTH TMy3bIpbKOB Mapa. OCHOBHBIMU OCOOEHHOCTAMH 3TOro THMa (azo-
BbIX NpeBpalleHuii ABISETCA pe3Kas 3aBUCUMOCTb TeMMEpaTypbl KMIEHHUS OT
BHELLHEro JaBIEHHA W HAIHYUA Pa3sTHYHBIX PACTBOPEHHBIX BELUECTB M pas3iu-
yye B cocTaBax KUAKOH M napooOpasHoil (a3. OCHOBHOH XapaKTepHCTHKOM
MpoLecca KUMEHNU ABIAETCS €ro TeMrneparypa KureHus.

Temnepamypoii kunenus pacTBOpa Ha3blBaeTCs TeMIeparypa, npu KoTtopoil
KHMAKHIH pacTBOP € AaHHON KOHLEHTpaLHed pacTBOPEHHOI0 BELLEeCTBA NPH paB-
HOBECHH 00pasyeT nap, AaBjeHHEe KOTOPOTo PABHO BHELIHEMY AaBJICHHIO. 31eCh
Mbl PaCCMOTPHM KHIIEHHE KHIKHX pacTBO-
POB HEJIETYUHX BEUIECTB, BIHAHHE KOTO- p
PbIX IPOSIBIISIETCS B NIEPBYIO OUEpPe/ilb B U3-
MEHEHHH TEMNEPaTyphl KHITEHHS.

IIpambim cliecTBHEM NOHHKEHHS 1aB-
JIEHHS! HACBILEHHOTO Mapa pacTBOPHTEs
Haja pacTBopoM (3akoHa Payns) sBnsercs
TO, 4TO TeMmriepatypa KHIMEHWsl pacTBOpa
JOJIZKHA ObITh BbILIE, YEM /15 HHCTOrO pac-
tBOpUTENs. Ha puc. 6.5 usobpaxkensl 3a-
BHCHMOCTH JaBJ€HHs HACBIIIEHHOTO na-
pa pacteopuTesist (/) W pacTBOPOB pazHOM
KOHLIEHTpAlMH HeJleTyduero BellecTra (2
u 3). M3 pucyHka BHAHO, 4TO Temneparypa
KMMEHHs pacTBopa 2, oTBevarollas Touke To T
nepeceueHus uzodapbl Fy (BHellHee naB-
JIeHNe), BCEraa Bhillie TeMMeparypbl Kure- ’ . .

a pa pacTBOPUTCIA HAl PACTBOPHTEICM
Husa Tj unctoro pacreopurens. PazHocTb (KpHBasi /) W HAZl PACTBODAMM (KpH-
AT = T — Ty, o4eBUIHO, TeM OONbLIE, 4 o > U 3)
yeM OOJlble MOJIbHAs 10/ PpacTBOPEHHO-
ro HejleTyuero BewecTsa. TepMoAMHAMHKY (DA30BBLIX NEPEXOI0B MPH KuIle-
HUW W 3aMep3aHuM HarvIsaHee BCEro MOXKHO MPeACTaBHTh, W3o0paxas rpadu-
4eCKH 3aBUCHMOCTb XHMHYECKOI0 MOTEHLMAa PACTBOPHTEJIS OT TEMIIEPaTypbl 1

T T

Puc. 6.5. Jlasieune HaChIIEHHOTO MTa-
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KOHLEHTPALMK PACTBOPEHHOIO BELECTBA NPH NOCTOSAHHOM AaBiieHun P = const
(ykazaHue Ha MOCTOSHCTRO JABJICHHS 0UeHb Ba/KHO MOTOMY, UTO TEMIIEPaTy PHbIi
HHTEpBaJl MEK/y TOUKaMU MJaBjieHus (3aMep3aHusa) U KUIEHHUS onpeneseTcs
00s13aTesIbHO MPH OJIHOM W TOM K€ BHELUIHEM HaBieHuu Fp).

3aBHCHMOCTb XHMHYECKOTO MOTEHLMAA OT TEMIEPATypbl LI YUCTOTO Be-
miecTBa (B AaHHOM MpUMepe —— pacTBopuTeNs), Oyayun npeacTasieHa rpapude-
CKH, MMEET TPH KPHBblE, COOTBETCTBYIOLLME TBEPIOMY, KHAKOMY W ra3oo0pas-
HOMY COCTOSHHAM (pHc. 6.6).

[lockosbky d—”) =

ar’/ p

TeJIbHBIX K 3aBUCHMOCTH 4 = u(T') GyayT yBeNHUHBATLCA 110 MEPE MOBbILIEHHS
TeMreparypbl (IHTPOTHS 3aBHCHT OT TeM-
nepatypsl), a B Toukax (pazoBoro nepexo-
Ja mpeTeprneBaTth W3JIOMbl, TaK Kak MpH
9TOM DHTPOTHS MEHAETCS CKAUKOM.

Touka A xapakrepusyercs (hazoBbiM
MepexoaoM — TUIaBIEHHEM pPacTBOpH-
Tess; el COOTBETCTBYET TemIeparypa
nnasnenns 12, Touka B cooTeTcTRyeT
IpoLeccy HcrnapeHus ¢ TeMneparypoii
kunenns T,

Xumuueckuil MoTeHUMan pacTBOpu-
TeJss npu 00pa3zoBaHK pacTROpPa, B COOT-
BETCTBHHU C TEOpHEH uaealbHbIX PacTBO-
poB, noxwxaetcs Ha eanunny RT In xy
(cormacHo (6.24) nox 3HakoM Jorapudma
JI0JI7KHA CTOATh AKTUBHOCTb PacTBOPUTE-
as a3 = p1/po1). Onnako mo 3akony Payns (6.37) mis paszOaBieHHBIX pac-
TBOPOB MOHO BMECTO aKTHBHOCTH 3anucarb @y = pi/poi. [lodaToMy Kpusas
pP~P = 1(T') mnst pacTBOpaA NOWAET HIKE COOTBETCTRYOLIEL 3aBUCHMOCTH ISl
yucToro pacrtsopurens. Touku nepecedeHus 3ToH KPHBOI € 3aBHCHUMOCTAMU
w = p(T) nns TBepaoii M razoo0pasHoii (as uucroro pactsopurens C' u D
yKa3blBalOT COOTBETCTBEHHO Ha TemIeparypbl Kpuctajumzauun Tn, W Kune-
nust Ty pacTBopa. M3 rpaduka BuaHO, uTO Temnepartypa miaBieHus (KpH-
CTaUIM3alki) MOHMKAeTCs MPpH 100aBIeHHH PACTBOPEHHOTO BEIIIECTBA, @ TEM-
nepatypa KWMeHusa mnoBwllaetca. [lpw >ToM mo abcomoTHOl BeTHYMHE
ATy > ATgy v anekBaTHBI SKCTIEPUMEHTATIBHBIM JaHHBIM [T peajibHbIX
pacTBOpOB.

3armminem ypasHenue Knanefipona—Knaysuyca ans npouecca ucnapeHms
B MHTerpasibHOM (hopme, ncnonbzys (4.10):

Aprer (11 AR'AT
In 2 = — o)== 6.58
PP R \IY T RTYT (6:58)

—35, a s™ < $MIK < ™ 10 yrbl HAKIOHA Kaca-

H P =const

=l
=l

0 0
Tnn Tkun TKnn T

Puc. 6.6. 3aBHCHMOCTL XMMHUCCKOI'O
MOTEHLHAIA PACTBOPHUTENA OT TEMIe-
patypsl

Bnech pY, p1, TP, 11 u Ah™" — COOTBETCTBEHHO, 1ABIEHHE HACHILLEHHO-
ro mapa, TeMrneparypa KHIeHHs paCTBOPUTENIS U pacTBOpPa M MOJIbHAA TEMIOTa
HCHapeHHs YHCTOro PaCTBOPUTEA.
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[pumenss 3akon Payna B Buge: o1 = (1 — a) = pi/p), pasnaras
In(l —wxy) = —xo — a2/2 — ..., OTPAHUYMBILKCEH TEPBLIM UJIEHOM pa3fio-
y AT T = (1T7)?

JKEHUsi M TIoJ1arasi, YTo npy Majbix npoussenenue T} )7, mostyuum
cllefyiotiee ypapHeHHe:
A,LHCHA'I‘
To = ———. (6.59)
R(17)

MosbHas 1015 pacTBOPEHHOIO BELIECTBA MO NPUYKMHE €€ Maloi BeJIUUHHbI
P no ~ T2 7721\'{1
MOKeT ObITh MpecTaBlieHa Kak To = ——— = = =
niy + n2 ni w1
COOTBETCTBEHHO HABECKA PACTBOPUTE/IS U €0 MOJICKYJIApHAs Macca.

Ecnu nasecka pacteoputesns pasra wy = 1000 r, 12 /1000 = my (Mossiib-
HocTb) M ARMM /A = Ay (yneabHas TeryoTa UCNapeH|st pacTBOPHUTENS), TO
OKOHYATEITLHO TTONY UM (POPMYITY IJISl OTIPEAEIEHHS MOBbILLEHUS TEMIEPATy Pbl
KUIEHHsI PacTBOPA B 3aBUCHMOCTH OT MOJISIbHOH KOHLEHTPALIMK PacTBOPEHHO-
TO BELIECTRA:

,mew; u My —

0 2
AT = 12/51;17(‘;‘(‘)'('))7712 = Ems. (6.60)
1

R(T?,.)"

1 &kun
A11000
annon (nnsa Boabl E2 = 0,52°C, nna Genzona £ = 2,27°C); ona sBasiercs

MOCTOAHHOW AJI AaHHOTO PAacTBOPHUTENS U HE 3aBHCHT OT BHIA PACTBOPEHHOTO
pewgecTsa. GopmasbHO 3TO BesIMUKMHA, paBHAs NOBbILLEHHIO TEMIEPATyPbl KKIle-
HUS pacTBOpa oHOro Mo retectra B 1000 r pacTROpUTENS M 4aCTO Ha3bIBAST-
€A MOJIEKYJIAPHBIM [OBbILLIEHHUEM TeMIIEPaTypbl KUNeHuA. B nelcTBUTeIbHOCTH
e ypaBHeHHe (6.60) nepecTaeTt ObITh MPABHALHBIM MPH BICOKHX KOHLEHTPaLH-
SIX PACTROPEHHBIX BELIECTB, MOCKOIBbKY B OCHOBY 3TOTO ypaBHEHHS MOJIOKEHBI
npuOIMKEHUsT pa30aBIEHHbIX PACTBOPOB, @ TAKKE B CBA3M C MaTeMaTHYeCKUMHU
YOPOIIEHHAMH, CAeaHHBIMH MPH €ro BhIBOJE.

Vpasuenue (6.60) ycnewHo npuMeHaeTcs Al OnpeiesieHUsT MOJeKYJIspHOIH
Macchl PACTBOPEHHOTO BELIECTRA B pa30aBIeHHBIX PaCTBOPaX, MOCKOIbKY MOJTb-
HYO 10JII0 PACTBOPEHHOTO BELLECTBA MOYKHO BbIPA3HTh Ye€Pe3 €ro HABeCKH 1 Ha-
BeckH pactBoputesis. Torna nckomas MonekyssipHast Mmacca My pacTBOPEHHOTO
BeluecTsa OyIeT paBHa

Bennunna F = HOCHT Ha3BaHWE 20V1TUOCKONUYECKON NOCIO-

ly 2
My = Bun)” M1z
- /\'I‘C”ATKHH Wy

(6.61)
OT1oT MeToz, Menoab3youuii ypasHeHue (6.61) nis onpenesneHus MoJeKy-
JIAPHOI1 Macchl paCTBOPEHHOIO HEJIETYUEro BELLECTBA, HOCHT HAa3BaHWE 20)/1110-
CKOMU.
ToBops 0 npenenax npuMeHUMoOCTH ypaBHeHuit (6.60) u (6.61), caenyer
OTMETHTh, YTO Y MHOTHX PAcTBOPOB ABYX JKHAKOCTEH Map pacTBOPUTESS 4acTo
MO’KHO 110J1aratb CBOOOHBIM OT PACTBOPEHHOIO BELLECTBA, €CIIM TeMIeparypa
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KHIEHHs PACTBOPUTEIISl HH/KE TEMIIEPATYPbl KMIIEHUSI PACTBOPEHHOIO BELIECTBA
oonee, uem Ha 100-200°C.

Kpuockonusa. TIpoueccsl KpUcTalin3aiy pacTBOPUTEIS U3 paCTBOPOB B 00-
LIHX YEpTax A0CTATOYHO XOPOILLIO H3BECTHBL. [[03TOMY 3/1€Ch HA HHX Mbl OCTaHAB-
JauBarhes He Oynem. [TokaxeM Jinlib, Kak peliaercs HanboJiee BaKHas B [IPAKTH-
YeCKOM OTHOLUEHHH 3a/1aua HaXOKACHHS 3aBHCHMOCTH MEKAY KOHIEHTpaLHei
PAcTBOPEHHOIO BELECTBA U TeMIEpaTypoii 3arBepaeBaHusi (KpUCTAIH3ALIMM)
pactBopa. CBA3b MEKAY XUMHYECKHMH TMOTEHLHANAMH PacTBOPUTEJNS B NIBYX
COMPSHKEHHBIX (hazax — #HAKOH 1 TBepOi —— onpenensieTcs oOLIMMH yCIOBH-
SIMU PaBHOBECHSI, T. €.

Ji(T, P, x) = p’(T, P). (6.62)

OcobeHHOCTh ypaBHEHHUA (6.62) COCTOUT B TOM, UTO MOJIbHAS 107151 MEPBOTO
KOMMOHeHTa (pacTBopuTesis) B TBepaoii haze pasHa eaunuue. Yacro a1y ¢asy
HasblBatoT (ha30ii NOCTOAHHOTO cocTasa. Mcnosb3ys ypasuenue [lpenepa (6.54)
win (6.55) v Takylo ke NpoLeaypy, KOTOPYIO Mbl MPUMEHSIIH 718 OnpeaeeH s
TMOBBILIEHUS] TEMIEPATYPbl KMIEHHS pa3daBIeHHbIX PACTBOPOB, NOMYUHM Clle-
Jytolliee ypaBHeHHE:

R (1),,)"

ATy =
3aTe plOOO

me = sz . (663)

R(17,,)"
p1000

yaesbHas TeMIoTa niaBieHus pacTBOPHTENS ¢ MOJIEKYsipHOiT Maccoit M.

BeanuurHa KpHOCKONMUECKO NOCTOSAHHOH HE 3aBUCHT OT BMIA pPacTBOPEH-
HOTO BElIECTBa, a ABAgeTCa GyHKUHEH NMPHPOALI AAHHOTO pacTBOpHTENs (s
BOJbl KpHOCKONUYeckas nocrosHHas pasHa 1,85°C, mns Gensona — 3,5 °C).

VYpaBHenue (6.63) uacTo MCTIONB3YeTCsA MOJOOHO TOMY, Kak 3TO JejaeTcs
B 30y/UIMOCKONUK 715l ONpeaesieHHs OTHOCHTENbHOMH MOJIEKYJISIpHOI Macchl pac-
TBOPEHHOTO BellecTBa. MeToaHKa OnpeaeseHHs MOJIEKYIPHOIT Macchl pacTBO-
PEHHOTO BelliecTBa MO MOHWKEHUIO TEMIIEPaTyphl 3aTBepAeBaHM S pa30aBIeHHbIX
PAcTBOPOR HOCHT HA3BAHWE KPUOCKONUU.

BripakeHue nis onpeneneHus OTHOCHTENLHOM MonekynspHoH macchl Mo
cpasy nofiyyaercsi U3 ypasHeHus (6.63)

3nech = K — kpuockonuueckas nocmosunas, p = AhP* /My —

R(T?,,)> My wy

M,y =
Ah’rlm AT w1

(6.64)

Ha ocnoge ypaBHenus (6.63) noHmwKeHHE TeMepaTypbl 3aTBepAEBaHHs MO-
KET € YCIEeXOM ObITh UCIONIb30BAHO A1 ONpenesieH!s aKTHBHOCTH KOMIIOHEHTA.

Boite Obl paccMOTpeHbl CBOHCTBA pa3daBleHHbIX PacTBOPOB, KOTOPbIE
HE 3aBHCAT OT MPHPOJbI PAaCTBOPEHHOIO BellecTBa. PacTBOPEHHOE BELECTBO
B 3THX YPaBHEHMSIX BbICTYNAJ0 TOJILKO B BHIE uucaa Mojekyl. Takue CBOii-
CTBa, KOTOPbIE 3aBUCAT TOJBKO OT NPHPO/BI PACTBOPUTEN A, Ha3bIBAOTCA KOJI-
JIUTaTHBHBIMU.
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Jlerxko nokazarb, 4TO B cilyuyae cjaadbiX pPacTBOPOB, KOIIA HHCIIO MOJIEKYI
PacTBOPEHHOTO BELIECTRA 72 CTPEMHTCS K HYJTIO, B YPaBHEHHE JUTSt XMMHUECKO-
ro NOTEHLMANa PACTBOPUTES HE BXOAUT dHeprus BaumoneHcTBus Uy u Usy
B hopmyrie (6.4). B camom nesie, NOCKoIbKY dHTPOMMS pacTBOpa paBHa

S=kplnl=kpln PE™ _ p o (NIn N — nylnng — nalnn), (6.65)

TL1!TL2!

(rme N = ny + n»), 10, BbIpa3us 3Hepruto lenbmronsua Gopmynamu (6.4)
1 (6.65) M B34B OT MOJYUEHHOTO BbIPAKEHHS! MPOU3BOAHYIO MO UHCITY MOJEKYJ
pacTBOpHTENs 721, HAlAEM 3HAYEHHE XMMHYECKOIO MOTEHLMANla PacTBOPUTEs
B JJaHHOM PacTBOpE:

1 T
H1 = W(Unn% + Unoni + Uranansa) —

- %(Unnl — Uiane) — kgT(In N —lnny). (6.66)

Ipu ny < ny Tpetbe cnaraemoe B (6.66) MOKHO 3aMEHHUTb Ha
n2

InN-lnny=-In2 =—Inzy = —In(l—m) s = =.
N n

Torma XUMHYECKHH TOTEHIIHAT pacTBOpHUTENIA B pa36aBﬂeHHOM pacTBope
6y}1€T HUMETb BHUI

= Ui — kpTln ™2, (6.67)
2 ny
T. €. 3aBHCETh TOJIBKO OT YHCIIA YacTHLL PACTBOPEHHOTO BEIIECTRA.

Takum 06pa3om, U3MEHEHHE XUMHUYECKOTO MOTeHHAIa PACTBOPUTESIS B pa3-
GaBJeHHOM pacTBOpE CBA3AaHO JMIIbL C SHTPOMMHHLIM d(dexTom U ABIgETCS
YHHUBEPCAJIbHBIM, YTO H MPUBOAUT K MOSBJICHUIO Psla 3aKOHOB pa3daBiieHHbIX
pacTBOpPOB, T.€. KOJJIMIATHBHbIX CBOWCTB (KpHOCKOMNHs, 30YJITMOCKOMMS, OC-
MOC U JIp.).

6.6. MemOpanuoe pasHosecue. Ocmoc

PaBHOBECHOE COCTOsIHHE B PACTBOPAX OCYILECTBIAETCA NpH 00sA3aTeIbHOM
paBeHCTBE TEMIEpaTypbl U NABJIEHHS BO BCEX YACTAX BCEX COCYLUECTBYIOLIMX
(a3, cocTaBAAIOUMX JAHHYIO CHCTEMY, @ TaKKe MOCTOSHCTBA COCTaRa BO BCEX
yuacTkax 1aHHOH (asbl.

[Tpu HAIMYHMK Pa3HOCTH XMMHYECKHX MOTEHLIMAIOB MEK1y yuacTKaMH Of-
HOH (ha3bl MK MeK 1Yy pazHbIMU (hazaMu KOMIMOHEHTbI cHcTeMbl IU(dyHAHPYOT
B HANpaesjJeHUH NAAEHUS CBOMX XUMHUYECKUX NMOTEHLHAJIOB [0 TeX Mop, Moka
3Ta pa3HOCTh He OynmeT JIMKBHAMPOBaHA, T.€. MOKa HE YCTAHOBWTCS paBHOBE-
cue. Takum 00pa3zoMm, HEOOXOAMMbIM YCJIOBHEM JUISl JOCTHAKEHHs 1040OHOrO
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paBHOBECHA ABNAETCA BO3ZMOKHOCTbL CBOOOIHOIO M OECNpensaTCTBEHHOIO nepe-
X0/1a BCEX KOMMOHEHTOB CHCTEMbI U3 OIHOH (ha3bl B APYIYIO, U3 OHOMO yuacTKa
B ApYIOii.

Ecin e otaesnbHble 4acTH CUCTEMbI pa3fiesieHbl NEPEeropoiKaMH, KOTOpble
HEMPOHHLEAEMbI [J1 HEKOTOPBIX KOMITOHEH-
TOB, TO COCYLIECTBYIOLHE (a3bl MOryT
HaXOIMTHCS MPYW Pa3HBIX AABIEHHAX, a pa-
BEHCTBO XHMHYECKHX MOTEHLMANIOB ycTa-
HOBUTCS TOJIKO IUISl TEX KOMIIOHEHTOB,
- KOTOpbIE MOTYT OECTpensiTCTBEHHO Tepe-
h — —7| XomuTb uepe3 neperopoaxy (memoOpany).
— _ | Tax, ecnn U-obpa3Hblii cocyn nepekphIT
-7 - - —| wmem0Opanoit M (puc. 6.7), no oaHy cro-
-, —C, -| poHy KOTOpOH HAXOMTCA, HanpuMep, BOAL-
_ — —| Hblil pacTBOp Kakoro-i11u00 BelecTsa, a 1o
- - 7 _| Ipyrywo — 4YMCTbIii pacTBOpHTENs (BOna),
- Z TO BOjIa OyHeT NepPexoanTh B Ty 4acThb CO-

- - = - - _| cyna, B KOoTOpOIit HAX0ANTCA PacTBOp, €CU

-_ - M_— _-_ mMeMOpaHa MpoHHLaeMa Uil MOJIEKYJ BO-

= abl. Takoil nepexon uepe3 memOpaHy Ha-

Puc. 6.7. Slueiika juis uccnepoBands  3bIBACTCS ocvmocom, a CHNA (I'lpMXOILHlILaf{-

OCMOTHYECKOTO [IaBICHHSI Csl HA €MHULLY TIJI0LAAM U 3aCTaBasoWasn

pacTBOpHUTENL MEPEXOANTh Uepe3 Mepero-

POAKY B pacTBOP) Ha3blBACTCA ocvomuyeckum dagienuem. Beaencrsue ocmoca

YPOBEHb PacTBOpPa MOBLICHTCSA, CO3/aBast AOMOJHUTENLHOE AaBJIEHHE, NPEnaT-
CTBYIOLIEE OCMOCY.

[Tpu HekoTOPOIi BbICOTE cTON0A pacTBOpa /i 10NOAHUTENLHOE AaBIEHHE 10~
CTUraeT Takoi BeMUHHBI, TIPH KOTOPOI OCMOC Mpekpaliaercs, T. €. yCTaHaBIH-
BAETCS PABHOBECHUE MEXK/y PACTBOPOM U UMCTbIM pacTBOpHTENEM. YBElIHUUBas
W3BHE JIABJICHHE Hal PacTBOPOM, MOKHO 3aCTaBHTh PACTBOPHUTENbL W3 pacTBopa
NepexonuTh B MOJIOBHHY COCYaa ¢ YHCTbIM pacTBopuTeneM. [Ipn 3ToM KOHLEH-
Tpalms pacTBopa OyaeT BO3pacTaTh 10 TeX MOP, MOKa HE JOCTHUTHET 3HAUCHHS,
COOTBETCTBYHOLIErO YBEJIMUEHHOMY [aBJIEHHIO, M YCTAHOBUTCA HOBOE paBHOBE-
CHE MEKIY PaCTBOPHUTENIEM W PACTBOPOM.

PeanibHO M3MepsAEMOil BEJTMUHHON AABJICHHUSA ABJAETCA THAPOCTATHYECKOE
nasnenue h. ITostoMy ocMoTHUecKoe naBieHHe MOMHO OTPeAesHTh KakK 10-
TIONTHUTENILHOE IaBJIEHHE, KOTOPOE HEOOXOAMMO MPHIIOKHTh K PacTBOPY, YTOOBI
NPEeIOTBPATHUTb NOCTYIJIEHHE B HErO PACTBOPUTEJIS Uepe3 Neperopomxy.

PaccmoTtpum MemOpaHHOE paBHOBECHE € 03U TEPMOAMHAMUKH pa30aB-
JIEHHBIX PacTBOPOB. PacTBOpuTEbh M PAacTBOpP, paslefieHHble MEepPeropoaKoii,
npeacTaBasoT codoil nBe (asbl, OAMH M3 KOMIOHEHTOB KOTOPOIl CBODOAHO
NepexonnT U3 0AHOM (askl B Ipyryto. 3HaUUT, B 00euX (azax oH J0MAKEH HMETh
OIMHAKOBbIH XMMHUECKHH noTeHuman. B unctom pacTBopHTeie €ro XuMHUIeCKuii
MOTEHLIMAJ 3aBHCUT TOJILKO OT BHELUHHX napametpos 1" u P, B pacTBOpe ke ero
3HAauYEHHE MEHACTCS C M3MEHEHNEM KOHLEHTPALHU 1 1aBIIEHNA, KOTOPOE CKIIabl-
BAEeTCs U3 MEPBOHAYAILHOIO IaBJICHHA M JONOJIHHTEbHOIO FHAPOCTATHYECKOTO
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JABJICHHs, pABHOrO ocMoTHUYecKoMY. [TockoabKy cHCTeMa HaXxOAUTCA B PaBHO-
BeCHH (M0 paCTBOPHUTEITIO), TO M3MEHEHHE XHMHUYECKOTO MOTEHLMAA PacTBOPH-
TeJIsl PAaBHO HYJI10. 3anuLleM 3TO B BUAE N01HOro AU depeHimrana X MMHUECKOro
MOTEHLHaNa PacTBOPHTENS

Ay = (?;—';)T’Prl:u + (‘;‘P’ )T’de =0. (6.68)

Hcrnion b3y U3BCCTHbLIC COOTHOLLUCHHWA

(%) :RT(ﬁlnal) (%) =7,
dx /T, P dx /T, P OP / T,z

NOJYYUM YpaBHEHHE

RT (‘9“"“ ) de + T, dP = 0. (6.69)
ox /T,pr
Pewas ypaBuenue (6.69) oTHOCHTENILHO I, cunTas, UTo NapLHaibHbIi MOJb-
Hblii 00bEM PACTBOPUTEIIS HE MEHSIETCA, HHTETPUPYEM 3TO YPaBHEHHE OT COCTO-
sHUs uncToro pacteoputensi £ = 1(a; = 1)u P; = Fy; 10 KOHUEHTPALNH «T»
v nasjienus P = Py + 7.
B pesynsrare nmeeM

r=-na,. (6.70)

U1

TO TOUHOE TEPMOAHHAMHYECKOE YPaBHEHHE OCMOTHUECKOTO AABJICHHSI T —
OMnpeneseMoro Kak TOTONHUTENBHOE TaBJIeHHe, KOTOPOE HEOOXOAMMO MPHII0-
JKMTh K PACTBOPY, UTOOBI MPEOTRPATHTE MMOCTYTICHHE PACTBOPHTES B pacTBOP
uepes MeMOpaHy.

[Toncrasue B (6.70) BMecto a1 = Py /Py1 v yunrsiBas 3akoH Payis, a Takike
paznowenue In (1 — 1) & —wo, ¥ TAKKAK TN, = U1 U Co = Na /Ny, NOIYUHUM
ypaBHeHHe

r= 0 02 _ o RT 6.71)

1 T N1
HasbiBaemoe ypaBHeHnem Bant-Togda.

Vparuenue Baut-Todda cnpapeimBo Tonbko 18 odeHb pa3daBieHHbIX
pactBopos. [ToBbllleHHEe KOHLEHTPALUH PACTBOPEHHOIO BELLECTBA BENET K OT-
KJIIOHEHHIO OT 3TOr0 YpaBHEHHs, W B TakoM ciyvae ypasnenne Bawut-Todda
JIOJIKHO ObITh 3aMeHeHO 0oJ1ee TOUHBIM TEpMOAMHAMUUEeCKHM ypaBHeHHeM (6.70).

Benuunna 0cMOTHYECKOTO NaBEHUs pealbHOTO pacTBopa 0oliblle 3Haue-
HUA 7 uaeanbHOro pactsopa. OTHOWEHHE MEWILY dTHMH BeJIMUHHAMM PacTeT
C yBeJIMUEHHEM KOHLIEHTpaLnK pacteopa. OTKIIOHEHHE peallbHOro pacTBopa OT
MICAILHOTO T/ Ty, = € HA3BIBAIOT ocMomuueckum Ko(guyuernmom. Eciv BBe-
CTH g B ypaBHEHHWE [ MIealbHOIO pacTBOPa, TO PACCUMTAHHAS MO TAKOMY
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YPaBHEHHIO BeJIMYMHA OCMOTHYECKOrO IaBieHus 7 OyneT oTBeuarh peajibHOMY
pacTBOpy

BT 10 . (6.72)

=g
vl

CpaBHuBas 310 ypaBHeH#e ¢ (6.70), MOKHO YCTaHOBHTh CBSA3b MEKIY OC-
MOTHYECKHM KOIPPHULHMEHTOM M KOI(P(HIIHEHTOM aKTHBHOCTH PacTBOpUTENS B
pacTBope, T. €.

T = —g% lnxz, = —% Ina; = —%ln (x171)- (6.73)

OTKyaa COOTHOILEHHE MEKIY 0CMOTHYECKHM KoddduuneHtom u kod3hhu-
LMEHTOM aKTUBHOCTH MOJy4aeT BU/,

Iny =(g—1)Inwx;. (6.74)

MBbI BUAMM, 4TO OCMOTHYECKHIT KOAPPHLUMEHT 1 KO PULIEHT aKTUBHOCTH
ABJISIOTCA Pa3IMYHBIMH, HO CBA3AHHBIMU MEXKAY co0O0ii MepaMH OTKIOHEHHS
peasbHOro pacTBopa OT MaealbHOro. OTaHUHe TO COCTOUT B TOM, YTO TENEPh Mbl
W3MEHWITH HE apryMEHT 1 WK 1 Ha a1, KaK paHblUe, @ M3MEHUAN B (DY HKLMH.
Hanpumep, xuMu4yecKkHii NOTEHLMAN B 3TOM Cllyyae A0JIKEH 3anucarbes Kak

p=p’+gRTInn,. (6.75)

Ocmoruueckuii ko3 pulmeHT ynoGeH Tem, UTo, BBeI €ro Kak MHOKHUTENb
AJ1s1 HEKOTOPBIX CBOHCTB HAEATLHOTO PACTBOPA, TEM CaMbIM YUHTBLIBAEM OTKJIO-
HEHHE CBOIICTB peajibHOro pacTBopa oT uiaeasbHoro. Kpome Toro, HaxoruieH
60MbLLOM SKCEPHUMEHTATBHBIH MaTepHalt Mo BeJHYHHAM 0CMOTHYECKOTO KO3 (-
(uumeHTa pa3HbIX pacTBOpUTENEH, U npeHedperaTtb STUMH AaHHbIMH BPS/L JIH
pasyMHO.

6.7. MouiekyasipHasi TEOPHUSI PACTBOPOB

OcHOBHOI 3anauei MONEKyJIAPHOI TeOPUU PAaCTBOPOB sABJIAETCS pacuer Tep-
MOAMHAMHUYECKHX (Y HKLMI M ypaBHEHUIH COCTOSIHHSA HA OCHOBE IaHHbIX O CBOi-
CTBaxX BELLECTB, COCTABJIAIOLIMX pacTBOp. MaremarHiecky 3ajada CBOAMTCA K
pacyeTy CTaTHCTHYECKOTO HHTErpalia B cllyyae KiaccH4eckol cratuctukn Mak-
cBeJula — bosibLMaHa HilH CyMMBI [10 COCTOSIHHSIM B CJlyHae KBAaHTOBOH CTaTUCTH-
KH:

Jexp(—e/kBT)dE = Ee“f/kBT. (6.76)

HUcciieoBaHue paccesHusl PEHTIEHOBCKUX JIyueil pHBENIO K 00HAPY/KEeHHIO
Y KHIKOCTEH CIIEA0B KPHCTANTHYECKOH CTPYKTYphI BOJIM3H HEKOTOPOro 3apa-
Hee BbIOPaHHOIO LEHTPAJIbHOTO aroMa WK MoJieKyJbl. [ToaTomMy ans onucanus
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CTPYKTYPbl ’KHIAKOTO COCTOSIHHS €CTECTBEHHO MCMOJb30BaTh (DYHKLIMIO pacrpe-
JIENIEHUs, KOTOPYIO MO/KHO ONPENETHTh ciieaytomm odpasom. Ilycts Habmto-
narellb Kak Obl HAXOOMTCSl B LIEHTPE Kakoii-lndo MoNeKyibl BHYTpH o0bema
AKHAKOCTH. Ha paccTosHUM OAHOTO MONEKYJAPHOTO 1MaMeTpa OH YBUAWT MPH-
MepHo 9—10 «coceneil» (B TBepAOM Tejle C IJIOTHOH YNAKOBKOH TakHX CO-
ceneii ~ 12). Ileppas cepa Monekysn okpyxkeHa BTOpoii Oojiee HecoBepLIEH-
Ho#l cepoil, a Ta B CBOIO ouepesb cleytoLleii, ele dosee HecoBepLIEHHOM.
Ha GonbluoM paccTosHUM OT BbIOPAHHOM MOJMEKYJbl MIOTHOCTh MEPEXOAUT
B CpPElHION 00bEMHYIO0 MI0THOCTh. CenoBaTe/lbHO, W3MEHEHHsS MJIOTHOCTH
MOryT ObITb ONHCaHbl HEKOTOPOI (yHKUMeH g(r), Ha3bIBAEMOH paduaibHoll
Gviryuent pacnpedenenus, KOTOpas. B MPUHIINME, ABIAETCA KIOUOM K npodie-
M€ JKUAKOro coctosiHus. Ee takike Ha3biBalOT KOPPeaALUMOHHON (yHKUMel. DTa
(DYHKLIMS UTpaeT BaXKHYI0 POJib B CUITY CIIEAYIOMIUX MPUYHH.
1. Ona mMoxeT ObITb HENOCPENCTBEHHO H3MEPEHa C MOMOLLbIO, Harnpumep,
paccesiHUs PEHTTEHOBCKUX JTyuei WK HEHTPOHOB.
2. Ecam Bun g(r) 1 BUI MEKUACTHUHOTO MOTEHLHANA (1) H3BECTHbI, TO TEM
CaMbIM OTpeIesIeHbl BCE PABHOBECHbBIE CBOHCTBA CHCTEMBI.
3. ®Oynxuun g(r) n p(r) cBA3aHbI MHTErPAIbHBLIMU YPABHEHHAMH, KOTOPbIE
MOTYT OBITh peLUEHBI B ONpeaeIeHHBIX MPHOMHKEHHAX.
Ecnu npenctaBuTh, 4TO HEKOTOPaAs YacTHLLA CHCTEMbI (PUKCHPOBAHA, TO B UHTEP-
Basie OT 1" 10 7 + dr (T.e. B cpepryecKkoM ciioe dr) BeposSsTHOCTb OOHApYKEHH
YyacTHLb! OyIeT paBHa
dv _ 47r2dr
dw(r) = — = —— (6.77)
v v
NP OTCYTCTBUN KOPPEJIALIMN B PACTIOJI0KEHUHN YacTHIL (T. €. pacTpefiesieHHe Ya-
CTHLL NOJIHOCTHIO Xa0TH1HO). Koppesiuuy B pacnpe/ielleHnH 4acTuLL 110 00beMy
COCTOAT B TOM, YTO BEPOSTHOCTH HEKOTOPOTO MOJIOKEHHS YACTHLILI 3aBHCHT OT
pacnooAKeHus Apyrux uactuu. B kpucraiie noaoxeHue 4acTHLL OUTH [0JIHO-
CTBIO YyNMOPAAOUEHO. [103TOMY BEpOATHOCTh HaXOAACHUA ABYX UACTHL Ha pac-
CTOSAHUM 7" IPYT OT Apyra yxe He onpenensetcs dpopmynoii (6.77), a 3aBucHT
OT MX B3aMMHOIO PAacnollOKeHus, T.e. onpenenserca (yHkuner pacnpezene-
Hust g(r). Torna (6.77) ¢ yuetom g(r) 3anuiuercst B BUE

Arr2dr

v

dw(r) = g(r) (6.78)

Ecnu koppensiunst nonHoctsio oreytersyet, o g(r) = 1. Jlna kpucran-
708 g(7) XapakTepH3yeTcsl HATHYHEM OTHEJLHBIX TMHKOB, MEXIY KOTOPbIMH
g(r) = 0. Ins uakocty g(r) n300paxkaercs B BUAE IUIABHOH KPUBOIi ¢ HAlIUYH-
€M JKCTpeMasibHbIX 3HaueHHH g(r) Ha HeOONBIUNX paccTOAHUAX 7. CunTaeTcs,
UTO NepBblil MK XapakTepH3yeT pasnyc epBoii KOOpAMHALHOHHOI cepbl, BTO-
poif muk — BTOPOI M T. 4. YWcao yacTHil B NMepBoii KOOpAHHALWOHHOH cdepe
Ha3bIBAIOT KoopounayuonHuim yucnom. Ecny uzBectHa paauanbHas QyHKLNS
pacnpenenenus g(r), TO KOOPAHHALMOHHOE UHCIIO MOKHO PacCUHTAaTh.

[Tycts N — cpenHee 4MCc0 yacTHLL B €auHKLEe oObema v, Torna

dN(r) = (N = 1)dw(r) = (N — 1)4xridr, (6.79)
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(3mecb N — 1 CBMIETEJILCTBYET O TOM, YTO paccMaTpHUBAIOTCS BCE HACTHLbI
KpoMme LeHTpalibHOi). Torna B cepryeckoM coe TOMMHON drr Y1csIo YacTHLL
COCTaBUT

n = J(N — 1)dw(r) = 4n(N/v) J g(ryr’dr. (6.80)

TMockonbky KoppesuuoHHas GpyHKLms g(77) 3aBUCHT OT TEMIIEPATYPbl, TO K T
TaK/Ke 3aBUCUT OT Temnepary pbl. [TonnKeHre TeMneparypbl BEAET K MOSIBIEHUIO
Ha KpUBOI g(r) pe3kux MakCUMyMOB, CBHAETENbCTBYS 00 YBEJAHUEHHU CTere-
HU OnnkHelt ynopaaoueHHocTH. Handonbiluas ynopsaoueHHOCThb B KH/KOCTAX
HaOmromaeTcs mpu TeMneparypax, OAu3KUX K TeMiepaTrype KpuCTaliM3alluu.
OnHako TO BOBCE HE O3HAYAET, UTO B KHAKOM COCTOAHWH YMOPSAI0YEHHOCTD
MOBTOPAET TAKOBYIO B KpucTaine. B Kpucramie paccTosiHue MeALY COCEAAMU
CTPOTO NeTEPMHUHHPOBAHO (3aaH0), B TO BPEMSI KaK B *HAKOCTH OHO SIBISIETCS
HEKOTOPOH yCpeIHEHHOH BETUYNHOMN.

Tem He MeHee, Hanuuue OAKHEH YMOpAIOUEHHOCTH MOCIYKHI0 OCHOBOH
JUISl TOCTPOEHHUSI TEOPHUHM AKMIKOIO cOCTOsHUA. JKHIKOCTb Tenepb paccMaTpHBa-
FOT KaK MCKaXEHHbIH KpUCTaJT; TaKyt0 MOJENb Ha3bIBAIOT KGA3UKPUCTIANTUY e~
cKolt Mooenvlo (peletouHas Moaels). Mcnosb3oBaHue Takux Moneseid CUiIbHO
YTIpOLIAeT 3a7auy CTaTHCTHYECKOTO pacueTa TepMOAHHaMHYeCKUX (Y HKIIHI, HO
3TH pacueThbl CKopee ABNATCS NPUOIUAKEHHBIMH, IOCKOMbKY CHIILHO MpeyBe/IH-
YHBAIOT CTENEHb YOPAA0YEHHOCTH B A HAKOCTAX. B pesynbrare 5T0ro sHTponus,
paccuuTaHHas Mo peLIeTOUMHbIM MOAENAM, CHIILHO 3aHW/KEHA, B TO BpeMs Kak
JpYyrye 3HepreTHUECKHEe XapaKTePUCTHKN MOTYT ObITh PaCCUMTaHbI I0CTATOUHO
TOUHO.

PewietouHas Moaenb ABASETCA HaumpocTeiieil Moaenblo, Tak Kak B Hel
CUUTAETCA, YTO HAJUUYME CHJI OTTAJKUBAHHSA COCEAHUX MOJIEKYJ ABAACTCS
OMpPEAEIAIOLLMM B MEKUACTHYHBIX B3aHMOAEHCTBUAX, MOCKOIBKY Kaxaas MO-
JIeKyJla HaXOAUTCs JHLIb B Majloi obGnacth xuakoil dasbl, npuHamiexauei
TOJIBKO €H.

Ecau ¢popma noteHumana B3anMonecTBs U3BecTHa, To 3 heKTHRHOE ToJTe,
AelicTBytoLIee Ha MOJNEKYNy B JaHHOH siuelike, MOKHO BbIYHCIHTb, NPOBOAS
YCpPEeAHEHHE MO BCeM BO3MOXKHBIM TMOJIOKEHHAM ee dimkaiiuux cocenei.

TlepeunciiuM OCHOBHBIE AOMYLIEHUS PELIETOYHOH MOIEIN.

1. TIpeanonaraercs, 4TO ABHKEHHME MOJIEKYJIbI CBOAMTCS TOJIbKO K Kosieda-
HHUAM BOKPYT HEKOTOPOTO PaBHOBECHOTO rosiokeHns. Ecim 310 0e3ycioB-
HO BEpPHO U1l KPHCTANIMYECKOrO COCTOSIHHA, TO Ul SKHWAKOCTH SBIISI-
eTcs BecbMa NPUONHAKEHHBIM (MTHOPUPYIOTCS sReHH camoanddy3un).
OnHako xapakrep OJMKHEro nopsiaka B ;KUAKOCTH NPUOIN3UTENILHO COB-
MazaeT ¢ TAKOBBIM B TBEPIOM Tefle, MO3TOMY B 00NacTH Aanekoii ot kpu-
TUUECKOI (rne ObICTPO BO3pacTatoT (yKTyauuu MIOTHOCTH) peLleTo Has
MOJE/b CTAHOBUTCS HENPHEMIIEMOIL.

2. Pewlerka paccmarpHBaeTCA Kak KecTkas, ee TepMUUYeCKoe pacLinpeHue
HE YyUHUTbIBaeTCs.

3. Kaunoit MoJiekysie B peLleTKe COOTBETCTBYET CBOE MOJOKEHHE PABHOBE-
cusl.
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4. BHyTpeHHHE CyMMbl 10 COCTOAHHAM (ABHKEHHS, CBA3AHHBIE C BPALUEHH-
em, KosieGaHHeM aTOMOB B MOJIEKYJIE M JIP.) HE 3aBHUCAT OT oObema.

Buibepem uis kaxaoii suelki CBOI0 CHCTEMY KOOPAMHAT C HAYAJOM B LIEH-
Tpe sueiiku. [TonoxeHue vacTHUbl B i-i sueiike onpenesnm paanycoM-BeKTO-
poM r;. 3HaueHus r; = ( COOTBETCTBYIOT HAXOMCIEHHIO HACTHLBI B LEHTpE
suefikn. TToTeHUMaNbHYIO HEPru0 yacTHlbl 0003HaYMM cumBoaoM X. Ecnun
BCe AYEHKH OIMHAKOBBI, TO H BHA (PYHKUHK Y(T) OIMHAKOB JILTS BCEX sUeekK.
[MoreHuuanbHas dHeprus yactuubl B ueHrpe sueiikn x(0). TlonHyto sHepruto
B3aMMO/IEHCTRIA BCEX HACTHIL, HAXOIALIHXCS B IEHTPAX AUEEK, CIeAyeT CUUTaTh
pasHoii 0, 5N x(0) (uTo0bl HE YUHTBIBATL KAXAYIO MOJEKYY MBAXKIbI, OIMH
pa3 Kak LEeHTpajibHyI0, IPYroi pa3 Kak COCEIHION0, T. €. HE CHHTATh KaXKIYIO
napy MOJIEKYJ ABaX</bl). 3aMuIlieM BbIpa)KeHne 17 MOTeHUHANbHON! dHeprun
YacTHLbl B NIOOOM 3aJaHHOM MOJIOKEHHH T;, OTCUMTBIBAEMYIO OT YHEPruu
YaCTHLbI B LEHTPE, B BUIE

P(ri) = x(ri) — x(0), (6.81)

a BbIPAXKCHHUE 1J1A DHEPIHH MEKMOJEKYJIAPHbIX B3aUMOACHCTBUI npu 3a/1aHHON
Kon(l)urypamm 3anuiiIeM B BUIC

U(ry, ..., tn) = 0,5Nx(0) + Y _ ¢hi(rs). (6.82)

[Npexkae uem nepelTH K pacyeTy CTaTHCTHUECKOH CyMMbI TAKOI CHCTEMBI,
HeoOX0MMO BBECTH MOHSATHS, CBA3AHHbIE C B3aUMOJCHCTBMEM YacTHL paccma-
TpuBaeMoii cuctemMbl. JIeHiCTBUTENLHO, €CITH YAaCTHLIbI B3aUMOIEHCTBYIOT MEKITY
co0oii, To 3TO B3auMoneiicTBHE 1OIKHO ObITb YUTEHO NPH pacueTe TEPMOANHA-
MHUECKHX MOTEHLMATOB. DHEPIHA B3aHMOAEHCTBIA MEHAETCA B 3aBUCHMOCTH OT
MONIOKEHNs HacThLL (KOHPUTYPALMK CHCTEMBI), T. €. OHA HE ABJIAETCSA CTATHCTH-
YECKH He3aBUCHUMOI BEIMYHMHON M JOJI’KHA 3aBHCETh OT BHELIHUX MapaMeTpoB.
OpHako NOCKONbKY B3auMoZeiicTBHE MEX Ty dacTHLaMH YObIBAET MPOMopLHO-
HabHO & 7% (r — paccrosiHMe Mex Iy YacTHLAMH), TO C OKPYKaKOLLEH Cpenoit
Oy1y T B3aMMOIEHCTBOBATH MPAKTHUECKH TOJBKO YAaCTHLIbI, HAXOAALIMECH HA 110~
BEPXHOCTH pasnena (T.€. HA MOBEPXHOCTH PACCMATPUBAEMOIl cUCTEMbI). DTa
SHEPrys MO CPaBHEHHIO ¢ OOBEMOM OUYEHb Majia, €¢ BKJIaA B OOLLYI0 IHEPTHIO
B3aMMOJEHCTBHII C OKPYHKAIOLIMM MPOCTPAHCTBOM TAKIKE JOCTATOUHO Mall, U HM
MOXCHO TpeHeOpeub. TakuM 00pa3oM MOXKHO CUHTaTh, YTO IHEPrUs TAHHOI Ma-
KPOCKOMUYECKOH CHCTEMbI TIOTHOCTBIO ONPEAENAeTCA 3aAaHHEM MMITYJIbCOB U
KOOPJHHAT YacTHL, COCTaBIAIOIIMX NaHHYIO cucTemy. B aTom ciyuae Bce Tep-
MoOAHHAMHueckHe (GYHKLUHH MOXKHO BBIPA3HTb HYEPe3 CTATHCTHUYECKYIO CYMMY,
npeodpa3oBas ee ¢ yueTOM MEeXKYACTUUHBIX B3auMO/IeiiCTBUil.

Boipazum ctatHcTHueckyo cymmy () (Mcrnonb3oBaB [1is Toro Haundonee
MPOCTYIO CBA3b CTATHCTHUECKOH cyMMbl ¢ (yHKuueil [enbmronbua £ = —
—RT In Q) uepes wHTErpad

O = exp(—F/RT) = J...Jexp (—%) dpdg, (6.83)

'B
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rae H;(p, q) — ¢yukuus TamunbToHa, 3aBUCALLAN TOJbKO OT KOOPAMHAT U
WUMITYJIbCOB YACTHLIbI, T. €. MOJHAS IHEPTHsA HACTHLLI, OObIUHO 3armuchiBaeMas
B (hopme

N p'l + .2 o ])'2
H=Y) "2t U s 4y, ..., 1x), (6.84)
= 2m
(tne pz,, Py,» P>, — COCTABNAIOLINE UMIyJIbCa i-H YaCTHLBI, T; — pagnyc-

BEKTOP i-i yacThubl 1 U — MOTeHUMANbHAs SHEPrusl B3aUMOACHCTBUSA MEKITY
YacTHLAMM).

B ¢opmyny (6.83) Heobxomumo BBectH mnompasky 1/N! yuurbiBa-
JOUIYI0 HepasiHanmMocTh dactni 0 muoxkutens 1/AFN (rne BfN = A =
= (ApAq)/N — dasosbiit oGbem sueiiku ¢ BennunnHoii pebep ApAg = h
(npuHUMN HeonpeneneHHoctH [eiizeHbepra), a N 1 f — cOOTBETCTBEHHO UHC-
JIO HacTHLL B sUekke v uncio crenenel cBoboabl kax ok yactuubl). Toraa (6.83)
3arnMIIeTCs B BUIE

Q = (NWhWN)~! J . .Jexp <—M> dpdg. (6.85)
kgT

INoncrasue (6.84) B (6.85), nonyuum

B

Z = (NhWIN) ! J...Jexp <_M?) dp,, dpy, dp-, ...

v dpyydpyy dpdry ..o dry . (6.86)

IlockoabKy 4acTHIBl MOTYT MMETb BHYTPEHHHE CTEMeHH CBOOOIBI, TO MX
BHYTPEHHEE COCTOSIHHE MOKHO CHMTATb HE3ABMCALUMM OT KOH(PUrypaumu cH-
CTEMbI, W paccMaTpuBaTh HX TaK e, Kak W B cilydyae uaeaabHOro rasa (T.e.
BbIJIEJIUTb CTATUCTUUECKYIO CYMMY BpaLATEbHbIX, KoleOaTesbHbIX ABHKEHUI
W 2JIEKTPOHHBIX MEPEXOIOB U3 cTaTHCTHUYEeCKOTO uHTerpaa). Toraa (6.86) 3anm-
eTcs B BHIE

I (3/2)N ¢
2rmkgT BHYTP v
Z ( ';:23 ) N)!‘ J"'J@Xp (‘E) e i (08D

rue QHI-I_\ p — QHPQKOJIQBJ]H .

Hurerpan

Zond = J...J(—*xp (—%) dry...dryn, (6.88)

B

KOTOpblﬁ 6epeTc;1 o BCEM KOHq)}lepaHI/]ﬂM CHUCTEMbI, HOCHUT Ha3BaHHUEC KOHd)u-
SypayuoHHo2,o unmezpaina.
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Tenepb CTATHCTUUYECKHIA HHTErpall MOXKHO 3aMMcarb B YKOPOUCHHOM BHIC

QI'-HV
Z = S Do (6.89)

2

1/2
mel= | —2 , & Zyoug onpenensercs popmyioii (6.88). [ing nneans-
2nmk T’

HOro rasa aHeprus s3aumoneiicteust U paBHa HYJI0, MO3TOMY
N
Zond = J...Jexp(())drl odry =0, (6.90)

rae v — o0beM sueiiku. Toraa craTucTHUECKUA WHTErpa uacalbHOro rasa 6y;1eT
BBIMALCTL CACAYIOLIHM 06p8.30M:

Lyy = MUN- (6.91)

/\3 N N!

IMoncrasnss (6.91) B (6.89), noayunwm, uyto
Z = (Zu/[me[;)/UN- (692)

[TockonmbKy NMOTEHLMaANbHAS IHEPTHI MEKMOJIEKYIAPHBIX B3aUMOETICTBUH,
3anucaHHas B (opme ypaBHeHus (6.82), npencrapiser coboi cymmy ciarae-
MBIX, OTTUCBIBAIOLIMX IHEPTHIO KAXKAO0i HACTHLIbI, 3aKPETUIEHHOI B COOCTBEHHOIA
aueiike M 3aBuUCALLEH TOJMBLKO OT €€ COOCTBEHHBIX KOOPJMHAT, TO pacueT cTa-
THCTHYECKOTO MHTErpasa I CUCTEMbI TAKUX 3AKPEMJIEHHbIX YACTHLL CBOANTCS
K PacueTy WHTETPaoB MO BCEM pasiMuuMbIM sueiikam. 1losTomy mHOMUTETD
1/N', cBA3aHHBIi ¢ HEPA3TMUHMOCTBIO YACTHLL B HAECAILHOM rase, Ternephb BBO-
JUTh HEe Hano. B aTom ciyyae

7 = —Q/\Z"f\_’p J s Je)xp

v v

—M] dri, ..., dry. (6.93)
kgl

[Noncrasnss (6.93) B (6.89), Halinem BbipakeHue 11 KOHGUTYPALIMOHHOTO
MHTErpana

Zml\w U(!‘l, ey ri\")
B =) exp | —— 2 2 dry, ..., dry, 6.94
N J J p T } 1 N ( )
v v
u, ioactaeiss B (6.94) mecto U (ry, ... , rn) ero Bbipakenue u3 (6.82), umeem
Lot _ exp (— —NX(O)) J...Jexp (—72 u’w(n)) dri, ..., dry =
N! 2kgT kgT
v v

N
_ _ Nx(0) _¥(r1)
= exp < 2kBT) (J exp ( fT ) drl) . (6.95)
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(B (6.95) yureHo, 4to (y HKLUMOHAIbHAA 3aBUCHMOCT (1) 1Sl BCEX YaCTHLL
OZIMHAKOBA. )

Onpenenum cBoOoHbII 00beM vy 11 YaCTULIbI B BUJE COOTHOLLEHUS, Ha-
3bIBAEMOTO KOHQUSYPAWUOHHBIM UHIMEZPATIOM, TIO SUeiKaMm:

vy = Jexp <— Z(ZZ) dr. (6.96)

B

Torxa B orcyTcTBUH BHeliHero noss (T.e. koraa ¢(r;) = 0), vy = V/N
npezcrasiser coboii oGbem, npuxonAiMiics Ha OIHY MOEKYIY:

Z;«)H(b _ NX(O)
Zomb — exp | — AL . 6.97
NP [ 2A-BT] vs (©.57)

C YUHETOM BBIPAKCHHSA 1A A CTATHCTHYECKUI HHTErpaj 3anuiicTcs B BUIC

2rmkgT\ /2N Nx(0
2 = (2 T) T Qi pexp |- 2kB(T) op. (6.98)

Jlns cBoOomHOI IHepruu [enbMronbUa mosiyunM BbIpaueHHe

Ny i 3/2
F=-RTIhZ= \\Tm) — kpTln (”T"I:#) Quiyry — kTN Inv;.
(6.99)

Taxkum oOpaszom, ecnu npeanonarath, UTO MEKMONEKYJIAPHbIE ABMAKEHUS
BKHKOCTH HE CKa3blBAIOTCA Ha BHY TPEHHUX BUIAX ABHIKEHHS, TO MOXKHO (D yyuyrp
paccunTaTh Kak CyMMY MO COCTOSHHAM HICaJbHOTO ra3a, a CBOHCTBA JKHIKOCTH,
00y CIIOBJIEHHbIE MEKMONEKYIAPHBIMHA B3aUMOACHCTBHAMH, OyAYT MPOSBIATHCS
TONLKO yepes seanuanabl X (0) 1 vy.

Ouennm Bennunubl X (0) 1 vy Ha ocHOBe caemyromx npudmpkernii. Tpea-
CTaBHM, YTO MOJIEKYJIbl — TBEPbIE 1IAPbI, CHIIbI MPUTHKEHU MEKY KOTOPLIMU
OTCYTCTBYIOT. Bee MomeKysibl, KpoMe OAHOIi, 3aKpenuM B y3jax npocToii Kyou-
yeckoli pemetkn. PaccmoTpum «OayknaHue» He3akperuieHHOH MOoJeKyssl Mo
JUHUK CBA3M MeXay IBYMA (PMKCHPOBAHHbIMH MoJeKynamu. PaccrosHue, Ha
KOTOPOE MOKET CMELLATLCS MOJIEKYJa

I, =2rg — 20 = 2(v'/? — o), (6.100)
Tne o — AHaMETpP MOJIEKYJIBI, T = 1)1/3 — paCCTOﬂHHE MEKIY HEHTPAMH AYCCK
o oCu .

AHanorHYHBIE COOTHOIIEHUS MOYKHO HATUCATh 7 oceit ynz. Torma

vy =8(v'/? —g)?. (6.101)
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(Qﬂ’ No o3 )

Ecnu BBECTH KOHCTAHTY b = , KoTopasi purypupyeT B ypaBHEHUN

Ban-nep-Baanbca mis peaabHOTO rasa, To

o\ /3 ; ) 1/373
=8 - = . 6.102
(D) e

DHEPruio peuieTkH MOKHO MPUPABHATH K H3MEHEHHIO BHY TPEHHE IHEPrHH
BELIECTBA B MMPOLIECCE UCTIAPEHM ¢ 0OPATHBIM 3HAKOM, T. €.

%N(,X(O) = AH,y =41 (6.103)
[Tockolbky
or 1 No (9x(0) dlnvy
- =p=-22 (=2 + kpT (—2 , 6.104
( v )T N 2 ( v )T, N " ( Jv )T, N ( )

TO MOACTABHB B 3TO BbipaxeHue 3HaueHns X(0) u vy u3 (6.102) u (6.103),
NOAY4UUM YpPaBHEHHE COCTOsTHHS JiipHHra:

o(T)

v2

(P + ) (v — 0,78b'/%1/3) = RT, (6.105)

KOTOpPOE BeCbMa OJIM3KO K YPaBHEHHWIO COCTOSHHSI peajbHOro rasza Baw-aep-
Baanbca. Takum o0pazom pelueTouHas Moaesb NpaBHIbHO OMHCHIBAET CBOICTBA
AKHMIKOTO COCTOSTHHA.

Pewemounan moodens pacmeopa. IpencTaBieHns, pa3BUTbIE LIS PEILIETOU-
HbIX TEOPHIi YHCTBIX JKMAKOCTEH, MOXKHO MEPEHECTH W Ha pacTBOpbI. O1HAKO
B Cllydae pacTBopa OKpY)KeHHE YacTHLIbl, pacCMaTpUBAEMOil B KauecTBe LEH-
TpanbHOI, MOKET ObITh Pa3aHUHBIM MO cocTaBy. B CBA3M € 3THM MOXET cylile-
CTBORBATbH LIEJIbIH HAOOP BO3MOXKHbBIX 3HAYEHHIT CBOOGOIHOTO 00bEMa 118 HaCTHLL
JIAaHHOTO coprta, orpezaensemoro dpopmynoi (6.77).

Ecau npennonoxutb, 4to (Tak ke, Kak W Ui UMCTBIX KHUAKOCTEll) craTu-
CTHYECKHE CyMMbI MO BHYTPEHHHUM CTEMEHAM CBOOO/bI HE 3aBHCAT OT KOH(HUTY-
paunK CHCTEMbI, TO /15l OMHAPHOIO PacTBOPA CTATUCTHUECKYHD CYMMY MOXKHO
3anucarb B BUIE

Ny Na U
Q=0 QY z (kgl Ufk) (151 vfl) exp (—k’ IT) ; (6.106)

B

3mech Uy, , Uy, — cBOOOMHbIE 0Obembl k-it 1 [-ii copros | u 2, U; — aHeprus
B3aHMOIEHCTBHS HACTHLL U5l i-i KOH(UIypaLMK, KOT1A BCE YACTHLBI HAXOAATCS
B y3/axX pelieTKH.



126 I 6. Pacmeopol

[Monaras, uTo BeNMUHUHbI CBOOOAHBIX O0BLEMOB HE 3aBUCAT OT Xapakrepa
OKpY KeHHA, cTaTHCTHUYecKas cymma (6.106) npuHumaeT BUA

kT

Q= e (-2 6.107)

JIns 4MCTOro KOMMOHEHTA COpTa (v CTaTUCTHYECKas CyMMa BblpaxcaeTcs Gop-
MyJI0i

Q% = QLevMyTe e\p< Ui ) (6.108)

kT

ITyrem xomGuHMpoBaHus ypaBHeHui (6.108) u (6.107), onpenenum (QyHK-
LIMIO CMELIEHUS JUTa pacTeopa

0
AF = (F = F%)yew = —RT'In UlT) — (U =UY).

(6.109)

=3 e (_

13 (6.109) BuaHo, uto 1ia pacueta (hyHKUHK CMEUIEHHUs TpedyeTcs TONbKO
pacuer kondurypaunu cuctemsl, T.€. Y. exp (—U? /kgT).



N'TABA 7
PACTBOPBI DJIEKTPOJIUTOB

7.1. UcTropuueckoe BBeIeHHE

YueTble KUAKOCTH, 38 HCKJTIOUEHHEM METANIMYECKHX pacrulaBoB, rnpeacra-
BJIAIOT cO0O0Ii OUeHb IU10XHE MPOBOAHUKH. XOPOLIMMH MPOBOAHUKAMH OHU CTa-
HOBRSATCS JTUILb TIPH PACTBOPEHHH B HHX OMpeeieHHbIX BerecTB. Tak, Hanpumep,
NPOBOAMMOCTb UHCTON Boabl NpH 25 ° C pasua npumepto 4 - 107 Om—'-m~ 1.
Ecnu xe pactBoputh B Bone KCI B konuuectse 0,01 Monb, To NpoBOAHMMOCTh
Takoro pactsopa Bozpacter 10 0,14 Om~'-M~!, T.e. npumepHo B 30000 pas.
[TonoGHbIH ekt HadMonaeTcs Npu pacTBOPEHUN KHCIIOT, OCHOBAHHIA B BOZIE
W B JIpyIrUX pacTBOpHTENsX. Takne pacTBOpPbI HA3bIBAIOTCHA PACMBOPAMU ICK-
mpoaumos. He packpbiBag (GU3HUECKOTO COIEpKaHWSA ITOTO TepMUHA, Oylem
CYMTATD, YTO 3TO HEMETAIUTMYECKAsA KHAKAs CMECH, KOTOPas cnocoOHa nepeHo-
CUTb DNEKTPUUECKUI 3apsa.

[TepBble npeacTaBneHus O MEPEHOCE WIEKTPUUECKOro 3apsjia B pacTBOpax
ObuTH BbICKa3aHbl B Tpyaax I'porryca B 1805 r. OcHoBHoIt naeeii npencrapneHuit
['potryca Obut acTadeTHbIN NepeHoc 3apaaa OT OAHO MOJEKYJIbl BOABI K IPYTOM.
DTO OCYLLECTBIANOCK, 110 €0 MHEHHIO, ClIey oM 00pa3oM. Molekya BOb
obnanaet AByMs pa3HOUMEHHbIMH H Pa3HECEHHBIMH B MPOCTPAHCTBE 3apsAaamMH.
[Tpu KOHTaKTEe ¢ METAITHUECKHM 3EKTPOJAOM, HampHMep, 3apsiKeHHbIM OTpU-
LATENIbHO, MOJOKHTENbHBIA «aTOM) OTILEMJIAETCA OT MOJIEKY/Ibl BOALL. B TO xe
BPEMsl OCTABLIMICA OTPHLATEBHBIH «aTOM) 00bEIMHAETCH C MOJOKHTEIbHbIM
aTOMOM COCEIHEN MOJIEKY/TbI, pACLICTLISS €€ M TEPEOPHEHTHPYA B MPOCTPAHCTBE.
C NOMOLLBIO TAKOIO pa3noKeHUs 1 COEAMHEHHs MOJICKY/ NPOUCXOAUT nepeaaia
3apsana v JIEKTPOJT3 BOJIbI.

[Mpeacrasnenus [porryca noaroToBUIN NMOUBY /s CO3NaHUS HOHHBIX TEO-
pHH 2NIEKTPONPOBOAHOCTH, CHayana B Tpyaax ®apanes (1833 r.), a 3atem Kna-
y3uyca, nokasasiiero B 1857 r., uto BbInosHeHHe 3akoHa OMa ajs pacTBOpPOB
UIEKTPOIIHTOB JIA2KE MPH CAMbIX HH3KHX HAMPSIKEHHAX HA M3MEPUTENBHBIX SJIEK-
TpOJax CBHIAETENbCTBYET O MOCTOAHHO CYLUECTBYIOLUMX MEPEHOCUMKAX 3apsia
B pacTBOpe eKTpoanTa. Eciu 6bl 3TH 3apskeHHbIE YaCTHLbI MOSBISINCH B pe-
3yJibTaTe IEKTPONN3A, TO A0KEH Obl Obl CYLIECTBORATHL KAKOH-TO MOpOT Ha-
NPSUKEHUS!, HIDKE KOTOPOro TaKWUX YacTHLL B PAacTBOPE HE CYLLUECTBOBAJIO Obl.
OnHako 310T aprymeHT Knaysuyca ¢ TakiM e yCrieXoM MOXKET ObITh OTHECEH
U K nepejate 3apsjia 3a CUeT dMEeKTPOHHON NMPOBOJANMOCTH.

3arem Bant-Todd yncTto heHoMeHOTOTHIECKUM TTyTEM TMOTILITAJICS pacrpo-
CTPAHUTb TEOPHIO HIICAJIbHBIX PACTBOPOB HA PACTBOPbI MEKTPOIUTOB. J151 9TOTO
OH BBEJI B YPaBHEHHE OCMOTHYECKOTO NaBJIeHHs HekHil koadduumeHT i (ocmo-
tuueckuit kodpduunent Baut-T'odda), pusnueckuii cMpica KOTOPOro BHauase
OCTaBAJICA HEACHBIM.

B 1887 r. B nepBomM HOMepe TOJILKO YTO BO3ZHHKILETO )KypHana (puznueckoii



128 . 7. Pacmeoper saesmpoamos

XUMUH MOABHIINCH J1BE CTaTbH — (pu3nka [Tnanka u xumuka Appenunyca. [nank
TIPUILEN K 3aKJTIOUEHHIO, UTO 75 COTIACHS MOMYUEHHOH MM (hOpPMYJTbl MOHH-
JKEHUs TEMIeparypbl 3aMep3aHus pacTBOpa ¢ ONbITOM HEOOX0AMMO B (opmyJy
BBECTH KO3 HLHEHT, SKBUBaTeHTHbIH ko3 Puumenty Bant-T'odda. AppeHu-
YC NPEANONoKHI, YTO NPH PACTBOPEHUH BELUECTB B PACTBOPHUTENE MPOUCXOIUT
WX YACTMYHOE PasjiokeHHe (amccouuaums), pesyabTaToM KOTOPOro fBJIAIOTCS
HOHbI — 3apsHkeHHbIe YacTHUbl. OH BBEJ MOHATHE CTENEHH JHCCOLMALIMY, AB-
JSI0IEHCcs Mepoii Tuccouraunn. Ty Mepy OH Ha3Bal «Kod(pdHUHEHTOM aK-
THBHOCTHY» (¢ M OMPEJeNNIl €€ KaK «OTHOLLIEHHE YhCia MOHOB, IeHCTBUTENLHO
CYUIECTBYIOLUHX B PACTBOPE 3NEKTPOJIMTA, K UNCITY HOHOB, KOTOPOE MONYUHI0Ch
Obl MPH MOJIHOM PacnafgeHUH ATEKTPOIHTA HA MPOCThIE AEKTPOCTATHUECKHE
MOJIEKYJTb) . APPEHNYC CONOCTABKII 3HAUSHUS (¥, [TOJYUEHHBIE H3 OCMOTHUECKO-
TO JaBNEHHUS W H3 IEKTPONPOBOTHOCTH H TIOKa3al, 4TO OHW COBMAAArOT ([Uis
HEKOTOPbIX MEKTPOIHTOB).

ITH NPEANONIOKEHHS CUHTAIOTCS OCHOBOI COBPEMEHHOH TEOPHH 3IEKTPOIIH-
THUYECKOM THCCOLIHALIUM, KOTOPAask ONpeaessieTcsi COOCTBEHHO NBYMsl MOJIOKEHH-
AMU: 1) THNIOTE30i1 WEKTPOIUTHUECKOH AnccoLmnanmu AppeHuyca u 2) CBA3bIO
CTEMEeHU AMCCOLMALIMM € KOHLIEHTPALMeEH IEKTPOJIUTa B PACTBOPE Yepe3 3aKOH
JeiicTBus Macce (3akoH paseeneHus OcTranbaa):

2

a“c

K=

l—a

Cpasy nociie BbIXoa B CBET TeOpHsi AppeHHyca BbI3Ba1a Psi BO3PaKEHHMIT.
CambiM sipbiM npoTHBHKKOM ee Obut [[. 1. Mennenees. O nucan: «MHe KaxeT-
€, 4TO B HCTOPUH HAYKH THINOTE3a AEKTPOIHTHUECKOH INCCOLIMALIMN 3aHMET CO
BPEMEHEM TaKOE JKE€ MECTO, KOTOPOE MPUHAMIEKHT JABHO yKe TeOpUH (proru-
ctoHay. B croeii pabote « OcHOBBI XMMUMY MeHaeneer oueHb noapobHo, onupa-
ACh Ha KCriepUMeHTasbHble (akTbl, HOpMyaHpYET CBOE HecoriacHe ¢ Teopueii
Appennyca. Hanpumep, MHOTHE PEaKLHH, KOTOPbLIE, C TOUKKM 3pEHHsS APpPEHH-
yca, NPOUCXOAAT MEXKIY HOHAMM, B NMEHCTBUTENbHOCTH Peann3yioTcs MexIy
HeHTpanbHbIMU MOJIEKYTaMu. B 4acTHOCTH, XJIOPUCTBIE COTH MOTYT 00pa30BbI-
BATbCSA U3 PACTBOPOB, B KOTOPBIX COJISTHASA KMCJIOTA JHCCOLUMMPOBAHA, H M3 TAKHX
PacTBOPOB, B KOTOPbIX OHA HE AHCCOLIMMPOBAHA, Hampumep B 6eH3one. MHorue
ANEKTPOIUTHI MOTIIOLIAIOT CBET MPAMO NPONOPLHOHATBLHO HX 00LIeH KOHLEH-
TpauuM, XOTS MO TeOpHUH AppeHuyca Takoii NpornopLUHOHAILHOCTH ObITh HE
MOXeT. MeHeneer COMHEBaCA, NEHCTBUTENBHO JTH B PACTBOPE MOTYT BO3-
HUKATb CUIbI, KOTOPbIE BbI3bIBAIOT PA3N0KEHHE TAKUX MPOUHBIX COEUHEHMUIA,
kak NaCl, KCI u np.

[MonoGHble coMHeHus Bo3HuKanu 1y bekerosa. [To noBony Teopuu AppeHu-
yca OH nucall: «5 yIHRIAIOCH, YTO TaK JIETKO, paan y100cTBa 00bsiCHeHHS, Oblia
MPHUHATA THNOTE3a CAMOPA3/I0KEHHUA TAKUX MPUTOM MPOUHBIX COEAMHEHUH, Ka-
KOBBI TaJIOMIHBIE COJIH Ieovuel ... MPH 3TOM HE YKa3blBaeTCH Ha MCTOUHMK
SHEPruM, NoTPeOHOMN /LISt pasIoKEeHUsD).

OTpuuaTesbHO OTHOCHIICA K TEOPUHM AppeHunyca U Apyroii BuaHeiiwuii pyc-
ckuit Puznko-xumuk Konoranos. OH npuinesn K BLIBOLY, UTO HE JUCCOLMALNA, a,
Hao00pOT accoLMaLHA ABASAETCA MPUUHHON BOSHHKHOBEHHS IEKTPONPOBOAHOCTH.
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Cnucok apryMeHTOB, MPHUHATLIX APPEHHYCOM, HE BbIAEPIKMBABLLNX M0100-
HOTO pojia KPUTHKH, MOJKET ObITh 3HAYHTENIbHO NpopoiixeH. Harnpumep, B Heko-
TOPbIX pacTBOpax MOJEKYJbl PACTBOPEHHOTO BELIECTBAa HE TUCCOLMUPYIOT Ha
AHWOHBI W KaTHOHBI, @ HOHW3MUPYIOTCH, T.€. PACnagaloTcs Ha KaTHOH M «CBO-
GouHblit» 3nekTpoH. TTpuMepoM MOryT CyKHTb PacTBOPbI Pa3IMUHBIX MeTall-
JIOB (LLENOUHBIX, ETOYHO3EMENbHbLIX H PEIKO3EMENbHBIX) B JKHIKOM aMMHaKe
1 HEKOTOPBIX IPYTUX pacTBOpHTENsX. [TpH 3TOM 3/IEKTPONPOBOJHOCTb TAKUX
PAcTBOPOB YBEIMUYMBAETCS MOYTH IKCTIOHEHIHATIBLHO C POCTOM KOHLIEHTPaLMN
PacTBOPSIEMOTO 3JIEMEHTA, U 00BACHAETCSA ITOT (haKT YBETHUEHHEM CTENEHU HO-
HM3aLMK METaJlla C MOBbILIEHHEM €ro MIOTHOCTH B PAcTBOPE.

[TpUMHPHTB 3TH MPOTUBOMOIOAHBIE B3MIAIBI 10 CUX MOp He yaanock. On-
Hako Obl1 HalilieH KOMMPOMMCC, MO KOTOPOMY pPacTBOPbI NEKTPOIHTOB CTalll
JEIUTb HA cunbHble 2aeknmpoiuntsl (KOTOPbIE IHCCOLMUPYIOT HALEN0) U cia-
Oble — NUCCOLMUPYIOLIME CO CTEMEHbIO nuccounauny ¢. Cnadble 31eKTPou-
Tbl B HEKOTOPBLIX CBOMX HEPTaX CACAYIOT KOHLEMLUHH AppeHuyca, CUibHbIe —
HE MOAYMHSIOTCS BOBCE TEOPHH JWccoUMauny AppeHuyca. 31ech Mbl PaccMo-
TPHUM HEKOTOpPbIE 0OLIHE CBOHCTBA PACTBOPOB 3JIEKTPOJIUTOB.

7.2. TepMoauHAMHKA COJIbBATAIIHH

00 «accoynayuuy u «coaveamayuiuy. CTPOEHUE HUAKOCTEH M IKHAKUX
PacTBOPOB HEPEIKO TPAKTYIOT MPH MOMOIIN MOHATHA accoyuayus. [1pencras-
JleHue 00 accouMalii HE OTIMYACTCA MONHOM OMPEIENIEHHOCTBIO, TAK KaK pas-
JIUYHBIE aBTOPbI HEPEIKO BKIAILIBAIOT B TEPMHH «ACCOLIMALIMAY PA3HbIH CMbICIT.

WHorna noa accounaumneil NOHUMaETCs TEHASHUHS MOJEKYJ YHCTOM KU KO-
CTH WIH pacTBOpa K YMOPsI0UEHHOMY PacroNoKeHHI0. B 3ToM ciydae noHsTue
00 accouualyi Mo cBOeMy COJIEPKaHHIO COBMAAACT C MOHATHAMH O OIHKHEM
nopsizake v (IIOKTyalusX, OTAMYAsACh OT 3THX MOHATHI MeHbIeH onpeaeneH-
HOCTbIO.

OnHako yallle B TEPMHH «acCOLMALMA» BKJIAIbIBAETCS HECKOJIBLKO WHOI
cmbica. [loa accounarmeii noHMMaeTcs B3aMMOAECHCTBHE MEXK/LY Pa3HOPOIHBIMHU
HJIH OJHOPOIHBIMH MOJIEKY/IaMH, MPHUBOALLEE K 00Pa30BAHHIO MOJIEKYNIAPHBIX
coennHenuii. [1pn 3ToM TepMUH «accouualmsay COXpaHAeTCs A 0003HaUEHHs
B3aumMozeicTBUS MEX Iy ONHOPOIHBIMU MoJieKynamu. B3anmonelictBrue Mexay
Pa3sHOPOIHLIMU MOJIEKYJIAMH OTHCBIBAETCS C MOMOILBIO TEPMUHA COTEAMAljust.

[MpeacraBnenne o conbBaTalMi BO3HHKJIO Ha OCHOBE TEOPHMM PacTBOPOB
Menneneepa. CTpoeHne pacTBOpoB MeHeneeB NpeIcTapsi cede cleryommum
obpazom. «B onHoponHoil xuakocty, Hanpumep Bone, HoO, uactuupl ee Haxo-
JATCA B HEKOTOPOM, XOTS MOJABHAKHOM, HO MPOYHOM paBHOBecHH. [Ipu pacTBo-
peHHK B Hel Tena A ero yacTHilbl 00pa3yroT ¢ HECKOJIbKMMH HaCTHLAMH BOJIbI
cuctembl A, HoO cTosb HempoYHbIE, YTO OHM B Cpele YacTHLL BOABI pasiara-
I0TCSl 1 BHOBb BO3HUKAIOT, TaK 4TO A MEPEXOAMT OT OJHHWX MAacc YacTHL BOJIbI
K JPYTMM 4acTHLAM BOZbl, ObIBLIMX B 3TOT MOMEHT B COIVIACHOM JIBHIKEHHH
¢ A B Buzge cucrembl A, HyO, B crenyownii MOMEHT, GBITh MOKET, YKE yC-
neer oraennTbes. JlodaBka BOAbI WM YaCTHLL A MOXKET WJIM TOJbKO M3MEHATb
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KOJIH4ECTBO CBOOOAHBIX M BXOAALLMX B cucTeMbl A,,H>O yacThi niu MoxeT BBO-
JUTb 32 COOOI YCTOBHS A1 BO3MOKHOCTH CIOKEHHUs HOBbIX cucteM A, HoO,
e 1m 00Jblie UK MeHbLEe 1. OTHOCUTEIbHOE KOJMUECTBO, IPOYHOCTb U COCTAB
ITHX CHCTEM WM OMPEAENeHHbIX COCANHEHHI AOMAHBI M3MEHATHCA OT OAHHX
PacTBOPOB K APYTHM».

CnenoBarenbHo, MeHaeneeB cuuTal BOAHbIE PACTBOPHI COBOKYMHOCTBIO psi-
Ja HEeYCTOIUHBBIX, MPEBPALLAIOLIMXCSA APYT B APYra XMMHUECKUX COEAMHEHHH
WKW rUapaToB. BriocneacTBUM TepMUH «ruapar Obin 3ameHeH Oosiee 001HMM
TEPMUHOM COb6aiM, NPUMEHUMbIM HE TOJIbKO K BOJHbIM, HO U K HEBOAHbLIM
pacTeopam.

['naBHbIMK DKCNIEPUMEHTANILHBIMH OCHOBAHUAMM Teopun Menaeneesa Obliu
creyroLme.

1. Hanuuue cKaukoB MM M3JIOMOB HA KPUBBIX 3aBUCHUMOCTH NPOM3BOAHBIX
ds/dp ot xoHuenTpain (B 06o3HaueHNaX MeHueneesa s — yaeabHbIi
BeC, P — KOHLEHTPAaLUs B BECOBBIX NMPOLEHTAX).

2. Bo MHOTHX cillydasix pacTBOpPHUTEIIb H PACTBOPEHHOE BELLIECTBO KpHCTAll-
JIU3YOTCSI B BU/JIE XUMHUYECKUX COEMHEHUIA.

3. Hexotopsie kpuctamuornaparsl, Hanpumep HaSOy4- HoO, CuCls - 6H, 0,
MpU HarpeBaHuM miasaTcs 0e3 paziomeHus u 00pasyroT TUIHYHbIE pac-
TBOpPbI. HeT ocHoBaHMIi npenmnonaratk, 4T0 3TH COSTHHEHUS HE CYLECTBY-
IOT W B JKHJIKOM COCTOSIHHH.

Menzenees noauepkuBai, HTO MPEACTaBIEHHUE O PAcTBOPax Kak O COBO-
KYTHOCTH HEYCTOHYHBBIX XUMHUECKHX COEIHHEHUI MO3BOJSET CBECTH MOHATHE
0 pacTBOpax K MOHATHIO 00 ONMpPENENIEHHbIX COEAHHEHUAX.

Coabeampi. COBpeMeHHbIE NPEACTABICHHS O CTPOEHHH PACTBOPOB BIOJHE
JIOTMyCKAIOT CYlIECTBOBAHNE B PACTBOPAX OTHOCHTENILHO YCTOHUMBBIX MOJEKY-
JSAPHBIX FPYMI THNA FMAPATOB WIIM COJLBATOB.

[Mo-BuaMMOMY, B pACTBOPAX CEPHOIT KMCJIOTbI, XJIOPHUCTOTO KaJlbLIMA U MHO-
THX APYTHX cofieil B BOJE, B pACTBOPAX LMAHMCTOI M OPOMUCTOMN PTYTH, B MUPU-
JMHE U T. 1. OTHETIIMBO MPOSABIACTCSA CTPEMIIEHHUE K 00pa30BaHUIO MOJEKYJIAPHBIX
rpyni: HoSOy- HoO, HaSOy - 2H>0, HaSOy4 - 4H2O M T. 1.

HeoGxonmumo MMETh B BHAY TaK/Ke BO3MOKHOCTb CYLIECTBOBAHUS H30MED-
HbIX COJIbBATHBIX KOMILIEKCOB, OJMHAKOBBIX MO COCTaBYy M UHCIY MOJEKY,
HO PasiHuHBIX [0 cBOEMY cTpoeHnto. Hanpumep, Tpuantpodenson CoHz(NO3)3
obpasyer ¢ HadrunamuHoMm CioH7NH3 nBa Buna komnnekcos:

C¢H3(NO3)...CioH;NHa u  CgH3(NO3)3...NH2CioH7.

B nepBom ciyuae conbBaranus MpoUMcXoauT 3a cuet Toro, uto rpynna NOs,
obnanaroinas 00JbIINM IUMOALHBIM MOMEHTOM, HHIYLIUPYET B apOMAaTHUECKOM
KoJbLIE 1MoL, Bo BTropoM ciyuae cBsizb 00pazyeTcs 3a cHeT MPUTAKEHHs ApyT
K npyry aunoneii B rpynnax NOs 1 NHg (aunonbHoe B3aumMozneiictue).

B npouecce TenaoBoro ABHAKEHHS TEHACHLHMS K yNOPAI0Y€HHOMY pacrpe-
JENCHHIO MPUBOANT K TOMY, UTO MOJEKYAPHbIE TPYMMbl THMA MEPEuHCIeH-
HBIX BBIIIE THIPATOR HJIM CONIbBATOR MOARJSIOTCS Yalle W JKHUBYT H0JIbLUE, YEM
Kakue-nnoo apyrue rpynnbl. OHM Haudonee BEpOATHbI M HAHOOJIEE YCTOHUMBBIL.
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Ho BMecTe ¢ TeM HET OCHOBaHHUii CHMTATH PACTBOP COCTOALLMM TOJILKO H3 TAKHX
THAPATHBIX WK COJNBBATHLIX rpymni. Bo3aMoxHbI W MHOTHE Apyrie komMOHHa-
uuu. PenrreHorpauueckue ucciieoBaHMsl pacTBOPOB ClLyKaT yOeAUTeIbHbIM
TIOATBEP:KAEHHEM ITOIT TOUKU 3PEHU.

Bo MHOrHX pacTBOpax 3aBeZIoMO He 00pa3yloTCsl OTHOCHTENILHO YCTOMH M-
Bble cosibBaThbl. TaKkoBbl, HaIpUMep, pacTBOPbI OEH30/1a B TOJIYOIE, METHIIOBOTO
CTHMpTa B 3TUJIOBOM U p. B 3TUX pacTBOpax opMupoBaHie OMHKHETO TTOPSKa
Y PaBHOBECHE HE COIPOBOMKIAIOTCS 00pa30BAHUEM OIPeIe/IeHHbIX CPABHHTEIb-
HO JIOJITO/KHBY LLMX MOJIEKYJIAPHBIX TPYII.

Takum oGpaszom, Teopusi MeHaeneera 1 NpeacTaBleHHe O «CONbBATAX) SIB-
JAIOTCA UCTOPUUECKUMH NMPEILECTBEHHHKAMH COBPEMEHHbIX B3MIAA0B Ha CTPO-
eHue pactBopoB. [loHsTHe O coibBaTax M Tenepb CrNocoOCTBYET YSICHEHHIO
CTPYKTYPbl MHOTHX PaCTBOPOB M MTO3BOJIAET MOHATH, KK OCYIIECTBIIAETCS HETpe-
PbIBHBII 1epexos 0T pacTBOPOB K ONPEAEICHHbIM XUMHUYECKHM COEHHEHHSIM.
OJlHaKo B CBETE COBPEMEHHbIX MCCIIE/IOBAHHI HET OCHOBAHHUII OTBOIUThL COJb-
BaTaMm WJIM CHJparam pojib OCHOBHOTO M €/IHHCTBEHHOIO J1€MEHTa CTPYKTYPbl
pacTBOpOB.

Accoyuanyua. OObruHOE NpeacTaBieHHe 00 accouHaliy CBOAUTCA K MPe-
CTABJIEHUIO O B3aMMOAEICTBUM OIHOPOIHbIX MOJIEKYI, NPUBOAALLEM K 00pa-
30BAHHIO YCTOHYHMBBLIX KOMIUIEKCOB, HIIH «aCCOLMATOBY. SIBNEHHE accolManun
HEJI0CTATOUHO H3YUYEHO, XOTS KaueCTBEHHOE, YMCTO IMIUPHUECKOE PasziHvHe
MEJKIY TaK Ha3bIBAEMbIMH  HOPMAJIbHBLIMHY HIIH HEACCOLMHPOBAHHBIMH H ACCO-
LUHPOBAHHBIMH JKHAKOCTAMH MPOBOAHTCA YiKe TaBHO. ACCOLHAIIIIO W3MEPSIOT
NpH MOMOLLM [oKa3aTens accounaunu. s onpeneneHns noxkasaress accouma-
LMK YHCIIO OJIMHOYHBIX MOJIEKYJT JIENIAT HA YHCII0 peallbHO CYLUECTRYIOLHX MO-
JekysipHbIX rpynn. Hanpumep, eciin Obl B Bozie BCe MOJIeKYJ1bl 00beMHIINCD
TIOTIAPHO, TO MOKa3aTeJk ACCOLMALIMK BO/IbI ObIIT Obl PaBEH ABYM; €CIIH MOJOBHHA
MOJIEKYJT BO/IbI COEIMHUAACH Obl ONAPHO, @ APy ras NoJ10BHHA 00beIHHHIACH Obl
B TPOIKH, TO TMOKa3aTesb accounanny Obu1 Obl paBeH 2,4 1 T. 1.

B GonbluMHCTBE cayyaeB MoKa3aTesb acCOUMAlMN BbIYHCIACTCSA Ha OCHORBE
OTKJIOHEHHI1 CBOHCTB MCCELyEeMOI KHIKOCTH OT TEX €€ CBOHCTB, KOTOPbIC OHA
NPeAIOoNIOAKUTENLHO UMeNa Obl, eciii Oblia Obl «HOPMAILHOIY, HEaCCOLMUPO-
BAHHOM.

Honroe Bpems CUHTANIOCh, YTO BOJA MPEJCTABNIAET COOOI CMECh B OCHOBHOM
TPeX COPTOB MOJIEKYJI: ONUHOUHBIX MosieKyll HoO, nBoiiHbix (H2O)2 1 TpoiiHbIX
(H20)3. OnHako peHTreHOCTPYKTY pHbIE HCCE0BAHMSA HE MOTBEPAK/IAIOT ITHX
NPENONOKEHHH.

[1o coBpeMeHHbIM MpecTaBIeHUsAM B aCCOLIMHPOBAHHbIX JKHIKOCTAX CHIIbI,
JIEHCTBYIONIHE MEKITY MOJIEKYJIAMH, UMEIOT OTTPEAEICHHOE HarpasieHHe B MPo-
CTPAHCTBE M JIOKAJIH30BaAHbI B OTAE/IbHbIX HACTAX MOJEKy/bl. Eciin yacTuupl
JKHAKOCTH He 001aal0T TAKHMH HAMPABICHHBIMH W JIOKAJIW30BAHHBIMH CHIIAMH
B3aUMOEHCTBYSL IPYT € APYTOM, TO JKHIKOCTb BEJET ce0s KaKk « HOpMasbHas,
T. €. ABJAETCS HEACCOLMHPOBAHHOI.

[TprMepoM accOLMHPOBAHHBIX JKHIKOCTEH MOTYT CIIYKHTb BOA, CIIHPTHI,
OpPraHM4eCKHUE KHUCIOTbl M APYTHE JKHIKOCTH, MOJIEKYJIbl KOTOPbIX 00MaaaioT
CHOCOOHOCTLIO 00pa30BbIBATL IPYT € APYTOM BOJAOPOIHbIE CBs3H. [Ipumepom
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HEaCCOLUMHPOBAHHBIX JKHAKOCTEH CIyKaT YEThIPEXXJIOPHUCTHIIA yIiepon u apy-
THe KHUAKOCTH, MOJIEKYJIAPHOE MOJIE KOTOPhIX HE 00/1a/1aeT Pe3KO BhIPaKEHHOH
aHWU30TPONHE.

Tum accoumaunu 3aBHCHT OT uMcha PPEeKTHBHLIX CBA3CH, KOTOpbIE MO-
ryT ObITb 0OpazoBaHbl OJAHOH Mosekysoi. Eciin uncio caseil paBHO eaHHHLE,
TO acCoUMALMA CBOAUTCA K 00pa30BaHUIO OUMOJIEKYIIAPHBLIX KOMILIEKCOB. Ecin
4uci1o ceaseil paBHo AByM (Boja, cnupThbl, PTOopUCTbIl BOAOPOA), TO ACCOLMH-
POBAHHBIE KOMIUIEKCHI MOTYT 00pa30BbIBATLCA B BH/E 3aMKHYThIX KOJELl WJIH
B BUJE OTKPbITBIX LENeH. DTOT ciiyuail acCouMaluu, No-BUIMMOMY, HMEET Me-
CTO Yy MypaBbHHOIH, YKCYCHOI M HEKOTOPBIX APYTHX OPTaHUUECKUX KHUCIOT. Tak,
HANpUMEp, MO JaHHBIM JIEKTPOHOrPa(GHUECKOrO MCCAE0BAHUA AUMED Mypa-
BbUHOMH KHCAOTbI HMEET CJIEYIOLLYIO CTPYKTYPY:

< 2,67 A—>
/O—H---O.\_\ )
1.29 A
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O,
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Teopernuecku sBieHUS accoOUMAaLlMM MOHOB Haudosiee NMpoOCTo 000CHOBAI
Cemenuenko. OH 0ObACHAN SBJCHHE ACCOLMALMM KYJOHOBCKHM B3aUMOZIEH-
CTBHEM MeK1y HOHamH. Ecin anektpocrarnueckoe B3auMOACHCTBHE MENKIY
HWOHAMU TIPEBBIIACT KHHETHUECKYTO YHEPTHIO, TO HOHBI YA€ HE CTTOCOOHBI K ca-
MOCTOATEJIBHOMY ABHKEHUIO. OHM 00pa3yoT HaCTHLbl, COCTOSILLME M3 ABYX HIIH
Ooriee HOHOB H BEIYT Ce0S KAk OTAENbHbIE CAMOCTOATE bHbIE KOHIIOMEPATHI.
CeMEeHYEHKO NpU 3TOM HCXOAMN U3 cpelHel KHHeTHYeCKOil 3HepruM HOHOB,
paBHoit 3/2 RT B pacuere Ha I/HOH. BeMuHHA IEKTPOCTATHYECKOTO B3AHMO-
neficTeus mo 3akony Kynowa onpenensercs Buipakennem z2e”/zr. Ecnn sta
BeJInUKHA 00J1blIe KUHETHUYECKOI SHEPIUK HOHOB, TO NIPOUCXOAUT 00pazoBaHme
WOHHBIX TIap WK, KaK FOBOPAT Tenepb. «KBa3HMOJICKY/». ['paHHUHBIM YCIOBH-
€M BO3HHKHOBEHHS acCOLUMALMN ABIAETCA PABEHCTBO KHHETHUYECKOH 3HEpruu
1 9HEPriH 3JEKTPOCTATHUECKOrO B3aUMOACHCTBHUS:

226’2

Skl = =2 (7.1)

Er

Jst TaHHOTO PacTBOPUTENA TIPH MOCTOSHHOM TemIeparype rpaHuua Oyaet

OMpPENCHATLCA BEJIUYHHOMH pacCTosiHuA 7. Ecmu r Bemiko, TO BeTMYHUHA

Er
MEHbIIE KHHETHYECKOIH SHCPTHH, a €CJIH 7 MaJlo, Tor/ia NMpoHCXO/IHT B3aUMO-

JneicTBue MEKIAY HOHAMH. OHGBHIIHO, [JIABHbIM OﬁCTOﬂTGﬂbCTBOM, 0T KOTOpOro
3aBUCHT accoumauysa, ABIACTCA PACCTOAHUE MEIK/Y MOHAMH, KOTOPOEC onpene-
JIAeTCA KOHUEHTan,HCﬁ pacTBopa. COBepLLleHHO €CTCCTBEHHO, YTO YEM KOHLICH-
TPHPOBAHHEE PACTBOp, TEM oosiblie BEPOATHOCTL accouralHH HOHOB. Touno
TaK K€ — YEM HHXKE AHUIJIEKTPHUCCKana MPpOHHIAEMOCTb, TEM GoJblle BETHYUHA
KYJIOHOBCKOTO B3aUMOICHCTBHA U TEM npu MCHbILLEH KOHLEHTPpaUKWH MpOHCXOOUT
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accoLMalis HOHOB. DTH KaueCTBEHHbIE PACCY/KIAECHUA HAXOAATCS B M1OJHOM CO-
MIACHH C OTMBITHBIMH JTaHHBIMH,
M3 pasencrsa (7.1) paccuntbiBaeTes pacctosiHie Mexay noHamu. Odvem V,
B KOTOPOM MPOHCXONT 00pazoBaHHe MOJeKysl Mo CeMeHUEHKo, ITO 00bEM «MO-
Jm3aunuy. Besiknii now, nonanas B 31oT 00beM, OyaeT 00pa3oBbIBaThL KBA3HMO-
nekyny. Bennunna obnacT MOIH3aLMK NOCTOSHHA UTS HOHOB, HMEIOIIHX OAM-
HAKOBblE CKOPOCTH. BenuumnHa 0d1acTi MOJTM3aLIMH 3aBHCHT TIABHLIM 00pa3zoM
OT IMBAEKTPHUECKOIT MPOHHLIAEMOCTH pacTROpHTENS. [T0ITOMY MOKHO CUMTATh,
YTO BEPOATHOCTh MOMAAaHKHA HOHA B OJHY W3 olnacTeli MOIM3aLHy NPOTOPIH-
OHAJIbHA YHCITY CBOOOIHBIX HOHOB NPOTUBOIOIOKHOTO 3HAKA, YMHOKEHHBIX Ha
00beM Mostuzalli. BeposTHOCTL TOTO, UTO MOH HE MONajeT HU B OJIHY M3 00/1a-
CTel MOJIM3aLIMK M OCTAHETCs CBOOOJHBIM, TPONOPLMOHAIbHA 00bEMY pacTBOpa
v 6e3 obnactu MonH3auuH. [Tonaras yHcio cROOOAHBIX MOHOB 72 U CBA3AaHHBIX
B KBa3UMoJIeKy/bl N — 1 IPONOPLUHOHAIbHBIMU 3THM BellntiHam, CeMeHueHKo
TIPUXO/IMT K BbIPAKEHHIO:
N VeV (7.2)

(N —n) mo my

Tak kak V' >> nv.

W3 3THX COOTHOLIEHHH MOKHO MEPEeHTH K ONpPENEIeHHI0 KOHCTAHTbI acco-
LHALNH.

Bbipazum OObIYHYK) KOHCTAHTY QHCCOLMALMM YEepe3 YMCI0 CBOOOIAHbLIX
W CBSI3aHHBIX HOHOB!

. a n?
K = = . (7.3)
(1-a)V (N —=n)V

n
B sTom BbIPAKEHHH OTHOLICHHUE ﬁ 3aMCHUM Yepe3 OTHOLICHHE 00b-
N

—n
1% - n VvV 1
eMoB —. Torma X = —— = —
nv V nv v
Tak Kak BeJIMYMHA ¢ WU3BECTHA, TO Mbl MOKEM OIpEJIE]HTb, YeMy paBHa
koHcranta K. 5
. 27 ckgT
K === C . (7.4)
327 \ z129€2

KoHeuHo, 3TOT pacuet oueHb NpHOIMKEHHbIH, HO OH YKa3bIBaeT Ha TO, YTO
Tipu 00JIbLIUX KOH HEHTpALMAX, CJIC10BATE/IbHO, IPH MaAJIbIX PACCTOAHMAX MEKIY
HOHAMH, MOKHO OXH/AaTh Oonee FJ'Iy6OKOl"0 B’3€lHMOJ’leﬁCTBI-I$I, yem B3auMojei-
CTBHE, yuuTbiBaeMOe B Teopuu Jledas.

[TosyuerHble TaKKM MyTeM KOHCTaHTBI ABJAIOTCA BECbMa MPUOTHAKEHHBIMH,
W UX TPYAHO CONOCTABHTbL € DKCTNIEPUMEHTAIbHBIMH JaHHBIMH.

bosee nosiHoe W TOUHOE PACCMOTPEHHE ABJICHHUS acCOLMALHN HOHOB OBIIO
CIe/IaHo Bbeppymom, KOTOpbll“'l HCXOHJT U3 TEX IKC I‘IO.HO')KQHMﬁ, yto U CemeH-
HEHKO, HO TPUHSAI BO BHUMAHHE paclipeieIcCHHE HOHOB 110 UX SHEPIrHAM, HCXOAA
U3 ypaBHeHus bonbumana, 1 Onarogaps 3ToMy npuLuest k 60Jee TOYHbIM pe3yJib-
TaraM. O}lHaKO 1 oTa TeOpHs JajieKa OT COBEPLUEHCTBA.
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Tepmoounamura conveamayuu. CiOKHOCTb CONbBATALMOHHBIX MpOLEC-
COB BOOOIIIE H ABAEHHS HOHHOMN COMbBATALMK B YACTHOCTH 10CTATOYHO ACHA U3
NpeablIy X pa3aesos 3Toi nasbl. ONHAKO TOJLKO TEPMOAMHAMUYECKas Xa-
paKTepHCTHKA PACTBOPOB MEKTPOJHTOB HA OCHOBE HAJ/ICXKHO YCTAHOBJIEHHBIX
IKCMEPHUMEHTAJIbHBIX JaHHbIX W ONHPAIOLLIMXCA Ha (YHJAMEHTalbHbIE TEPMO-
AMHAMHYECKHE 3aKOHbI 1aeT OOEKTHBHYIO KapTHHY OCOOEHHOCTEH NOREACHHUS
IEKTPOIUTHBIX CHCTEM, HE3aBUCHMO OT Oosiee WIIM MEHee NpaBaoNogo0HbIX
runotes u mojeseii. ToNbKo ONMMpasch Ha TBEPIYHO TEPMOJMHAMHYECKYIO OCHO-
BY MOJKHO OJTHO3HAYHO PACKPbITh PsJI 3KOHOMEPHOCTEI! B 3TOI 00nacTH, mon-
Hasi KOJIMYECTBeHHas pacluv(poBKa KOTOPbIX OoTBedasa Obl CO3AAHHIO 00LIeH
TEOpHH pacTBOPOB. BesAkas MombiTka 0TX0/Aa OT chepbl BOIMOKHOCTEH Knac-
CHYECKOH TepMOAMHAMMKH CBSi3aHa ¢ HEOOXOAMMOCTbIK) BBeAeHUs! Donee win
MeHee CyObEeKTUBHBIX MOZIENTbHBIX MPEACTABACHUIT, MPON3BOILHBIX TOMY HIEHHH
H YIIPOLLEHHH.

OOBIYHO MOA TEPMHHOM (TEPMOAMHAMHUKA COJIbBATALMHY MOHHMAIOT HOH-
HY!O cofbBatauiio. OIHAKO 3TOT TEPMHH OTHOCHTCS TONLKO K OJMACHEMY B3a-
UMOJIEHCTBHIO MEKIY HOHAMH PACTBOPEHHOMO BELLECTBA U OKPYIKAOIIHMHU MO-
JekynaMu pactBopures. DPPeKTbl colibBaTaALMN BO3HUKAOT U B TEX Ciyya-
AX, KOrja Xapaxkrep MogoOHOro B3aWMOACHCTBHS OTJIMYAETCSl MO MPUPOIAE OT
00bIYHOTO B3aUMOZEHCTBHA MKy MOJEKyJlaMH caMoro pactsopureins. B tex
CiIydasx, Korja MOJIEKYJIbl PACTBOPEHHOTO BELLECTBA U PACTBOPHTENA HE3HAYH-
TEJIbHO OTIIHYAIOTCA pa3mepaMi, BEJHYMHON JHIIONbHOIO MOMEHTA WM T10J15-
PH3YEMOCTH, pa3inyie BO B3aUMOJACHCTBHAX 0ObIMHO HeBennKo. OaHako ecnn
MOJIEKYJIbl CIIOCOOHBI 00PA30BbIBATL BOJOPOHbIE CBA3M, TO POJIb COJIbBATALIU-
OHHbIX YPPEKTOB MOKET CYLIECTBEHHO YBEIIMUMTLCS, KaK, HAlpUMep, B cilydae
pacTBOpeHNs caxapa B BOJE.

ConbBaraitMoHHbIe (PPeKThl 00BIYHO HMEIOT CYIIECTBEHHOE 3HAUEHHE NPH
PpacTBOPEHUH IEKTPOJIIMTOB B MOJAPHBIX KHIAKOCTAX. BO MHOrHX ciyuasx 51i
3¢ PEKTbl HACTONLKO APKO MPOSBIAIOTCSA, YTO HEKOTOpas 4acTh MOJEKYJ pac-
TBOPHUTEJA MOJHOCTBLIO CBA3LIBAETCA W B JajibHeiilnem BeeT ceds Kak enHoe
LEJI0€ ¢ HOHOM MJIM MOJIEKYJIOi pacTBOpeHHOro BelecTsa. OnpeaenenHas cre-
TIeHb COJIbBATALIMM HMEET MECTO BO BCEX, OCOOEHHO MOJSAPHbLIX PACTBOPUTENAX.
OpHako MOJKHO yKa3aTb HEMHOrO pacTBOpHTesiel, CBOHCTBA KOTOPBIX H3yHe-
Hbl TaK JK€ TILATEJIbHO, Kak CBOHCTBa BO/bI. [To3ToMy cHauana ocTaHOBUMCA
Ha npoueccax rmaparaluu.

PactBopenue 11000ro BemecTsa B BOJE (MW B KAKOM-JTHOO APYroM pacTBo-
pHUTEne) NPHUBOAHT K BOZMY LLIEHHUIO IEKTPOHHOTO COCTOSIHMS MOJIEKYJT (ATOMOB)
pacteopuTes. [Ipu norpyxeHHn M000MH «HyKepOoaHOI» YaCTHIbl B PACTROPH-
TeJIb [IPOMCXOANT NOJAAPH3ALIMA MOJIEKY]l PACTBOPUTENA — HABE/IEHHE MO0/ b-
HOI0 MOMEHTa H U3MEHEHHE OPHEHTALIMH MOCIEHHUX M0 CPABHEHHIO C HCXOAHBIM
COCTOSIHHEM (MMCTHIH pacTBOPHTEND). Pa3HOCTL IHEPIrHH HCXOAHOTO W KOHEYHO-
TO COCTOSHWN PacTBOPUTENA TPEACTABIAET COOOI TaKk Ha3bIBAEMYIO SHEPIHIO
peopeanuzayuy. YUUTbIBAsA, YTO paCTBOPseMas HaCTULA TAKIKe MOAAPHU3YETCS B
nosie MOJIEKYJ1 pacTBOpHTENs, 00l 3P PeKT MOKHO HA3BATb COTLEAMAYUOH-
HulM 2¢hchexmom (B ciiyuae BOJbI cudpamayueu). T1o cBoeil npupone npo-
LEeCChl THAPATALUN 00BIUHO MOAPA3ALIAIOT HA cUOPOPhOOHbIC N 2UOPOPUTLHBLE.
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[MepBble xapakTepH3yrOTCs TEM, HYTO MOJIEKYJIbl PACTBOPEHHOTO BELLECTBa CBO-
HMH THAPO(DOOHBIMH rPyNNamMu Kak Obl YCHIHBAIOT CBSI3b MEIKIY MOJIEKYJIaMK
pacTBOpUTEIs, NPOUCXOAUT YIIPOUHEHHUE BOJOPOIHBIX CBsI3eH MOJIEKY/ BOIbI
U CTPYKTYpHOE yropsaoueHne pactpopurens. Kak cieicTsie 3Toro npu cme-
LUIMBAHUHM KOMITOHEHTOB pacTBopa HablloAaeTcsl yMeHblieHne o0bema U Bbljie-
JIeHWe Terula npu oOpazoBaHuu pacTBopa. ['uapoduibHbIi pouece ruapatalny
HaOoIaeTCs y BELIECTB C I0CTATOUHO BbICOKMM XHMHUYECKUM CPOJICTBOM K BO-
ne. OH XapakTepeH CHIbHBIM NEKTPHUECKHM MOJIEM PACTBOPEHHOI MOEKYITbI
(MOHa), KOTOPOE 3aTPyAHAET THOPALIHOHHbIE ABUKEHUS MOJIEKYI BObI, Kaik Obl
CBA3bIBAS HEKOTOPOE HX KOJIHYECTBO, 00pasys cObBaTHbIH KOMILIEKC.

B3anmoseiicTBre pacTBOPHTENS ¢ PACTBOPAEMbIM BEIIIECTBOM COMPOBOK/IA-
eTCsl H3MEHEHHEeM IHTAJIbIIUN

AH =H — (n1H1 + TL;)HQ), (75)

rae H — nonnas sHTanbnus odpazorasluerocs pacteopa; Hy u Hy — sHTanbmmu
OJIHOTO MOJIsi PACTBOPHTEJIS U PACTBOPSIEMOTO BELLECTBA B HUCTOM COCTOAHUM U 10
W 115 — YUCsIa MOJel pacTBOPUTENISt U PACTBOPEHHOTO BEIIECTBA B PACTBOPE.

[MonHoe n3meHeHHe FHTANBIIMN NIPH PACTBOPEHUH T2 MOJIEI BTOPOTO KOMTIO-
HEHTA B 171 MOJISIX PACTBOPHTENSI HA3BIBACTCS UHMECZPWIbHOU INENI0mOll PacTRO-
peHus 1 ob6o3Hauaercs vaie Bcero AH ,. HTerpanbHas Teraora pacTBOPeHUs
3aBUCHT OT KOHIIEHTPALIHK, MOITOMY. Kak MPaBHIO, B CMPaBOYHOI JIHTEpaTy-
pe NPUBOAAT TAK HA3LIBAEMYIO HEPEYIO UNIMEePATbIYIO MEeNI0ny PaCTBOPEHHS,
OTpEeACIIAEMYIO KaK TETJIOTa PacTBOPEHHS 119 MOJIeli pacTBOPAEMOro BEIIECTBa
B 0ECKOHEHHOM KOJIMHECTBE PacTBOPUTEJISL.

TennoTbl pacTBOPEHUS CITy’KaT OCHOBAHHMEM JUTA KAUECTBEHHBIX XapaKTepH-
CTHK B3aUMOIEHCTBHMII B pacTBOpe MPH U3MEHEHUM €ro KOHLEHTPALMH, a Tak-
7K€ TIO3BOJISIIOT MPOBECTH KIACCH()UKALIHIO BEIIECTR, OTMHAKOBO BIMSIONIMX Ha
cBoiicTBa pacTropa. 3/1€Ch U Aafiee Mbl OyJ€M FOBOPHTH O PacTBOpax IJek-
TponntoB. Bee n3sectHbie nzorepmbl AH,, = f(m2) MOryT ObITb OTHECEHDI
K OJTHOMY M3 TpeX THIOB, NPeACTaBIEHHBIX Ha pHC. 7.1, T. €. HEMPEPbIBHO yOhI-
BAIOLLMX C POCTOM KOHLEHTPALUMH IEKTPOJINTA, HENPEPbIBHO BO3PACTAIOLLMX
U TIPOXOASALIMX YEPE3 IKCTPEMYM.

OtMeTuM, 4TO B 00JacTH MailbiX KoHueHTpauuid (rm < 0, 1M) ans Beex
cilydaeB HaOMOAAaeTCs HACHTHUHBIH XOJ 3aBUCHMOCTH TETUIOThl PACTBOPEHUS
OT KOHLUEHTPALUHUH — MPUMEPHO OJJMHAKOBbII IHAOTEPMHUUECKHIT BKIaa dPdek-
Ta pacTBOPEHHS, BbI3BaHHBIH paspylUIeHHEM MEPBHYHOI CTPYKTYPbl BOJbI MPH
BHEIPEHUH PACTBOPAEMOTrO BELUECTBA.

HHTepecHo OTMETHTB, 4TO B 3TOH 00JaCTH OTHECEHHbIH K €IMHHIE KOH-
LEeHTPaUHUK YCIOBHbIH 3HI03((EKT IHEepPreTUUecKoi Aeruaparaliy MnpakTi-
YeCKH HE 3aBHCHT OT TMPHPOJbI PACTBOPEHHOTO BEIECTBA H COCTABISET
10 =+ 11 kxan/mone. Ho cuenarb U3 3TOro (akra kakue-jando BbIBO/bI MOKa
HE TPE/ICTABIIAETCS BO3MOKHBIM.

O/lHaKo HalHYHe TAKOro Poja 3aBUCHMOCTH MOXET CJIYKHUTb CTUMYJIOM
s maieHeHmuX HecnenoBaHuil. Tak, Hanmpumep, CYLIECTBYIOT Koppess-
HMH MEXLY IHTAILNUIHLIM Y dEeKTOM pacTBOpeHHs U 0OpaTHbIM 3HAYEHH-
€M JHAJIEKTPHUECKOH NPOHHLIAEMOCTH, Pa3MePOM MOJIEKY.Tbl, MOJISPHIYEMOCTH,
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Puc. 7.1. 3aBUCHMMOCTb HHTCIPAILHBIX TCILTOT pa3BeacHUs | — | BaleHTHBIX coucii B Bose

npu 24°C

K03 HLUHEHTOM CKMMAEMOCTH, IOHOPHBIM YHCIOM (JIoHOpHOE UMcio DNy —
10Ny KOJTHYECTBEHHAS XapaKTepHCTHKA B3aHMOICHCTBHSA PacTBOPEHHOTO Bellie-
cTBa ¢ pacteoputenem. Hanbdosnee yacto ynotpedasior As 3TOi LeTH BETHUHHY

—AHspc, = DNspct,)-

ST Tk - Mo ™' K7

0,8
04|
0
-0,4 F
~0,8
~1,2
~1,6
~2,0

Puc. 7.2. KouuenTpauuoHHas 3aBHCH-
MOCTB OTHOCHTELIOH HapiHaiInioi Mo-
JAPHOH SHTpOITHK Boab! (298 K) B BoaHbIX
pacrsopax: |. TM®T. 2. TBA.3. TT'®.
4, 19®, 5. IM®, 6. IMCO, 7. ®

DMMMpUYecKie 3aBIHCUMOCTH TaKo-
TO poaa 00bIYHO 00padaThIBAOTCS MPo-
CTbIMH YypPaBHEHHAMM JIMHEHHOTO THIA,
B KOTOPBIX OJHO M3 CaraeMbIX XapakTe-
pH3yeT pacTBOPHTEIb, @ BTOPOE — pac-
TBOPEHHOE BEILECTBO Yepes ero (hH3HKo-
XUMUYECKHE CBOHCTBA.

Bo3zelicTBre pacTBOpsAEeMOro Berie-
CTBA HA COCTOSHHE PACTBOPHTEIIS MOKET
ObITh HamIALHBLIM 00pPa3oM oOXapakTe-
pH30BaHO  KOHLEHTPALMOHHON  3aBH-
CHMOCTBIO OTHOCHTEJNILHOI MapLuaib-
HOIi MOJIIPHOI SHTPOMUH PACTBOPHUTENS
5’ =35, — SIO (puc. 7.2). Cunraercs,
YTO HAIHYHE MAKCUMYMa Ha KOHLIEHTpa-
LMOHHBIX 3aBUCHMOCTAX NapLHalibHOM
SHTPOINHU ABIAETCA YKa3aHUEM Ha CTa-
OMAM3aLHIO CTPYKTY Pbl BOIbI B CHCTEME.

AHaJM3Kpys SKCMNEepPUMEHTAlIbHbIE JaHHbIE 10 JHTAIbIMM W SHTPOIMU
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PacTBOPEHHUA, MOKHO, OUEBUIHO, YTBEP:/K1aTh, UTO XapaAKTEPUCTHKH MEKMO-
JNEKYAAPHBIX B3aUMOAEIICTRIIT HAXOAATCA B BEMHUYMHAX DHTAILMHU H IHTPO-
nuu pactopeHus. OnHaKo 3TH (YHKLHH MO BHELIHEMY BUAY JOBOJbLHO OfI-
HOOOPa3HbI, 4TO HE MO3BOJAET 00OHTHCH 0e3 UX fasibHelilIel KoTMueCTBeHHOIT
00padOTKH, KOTOpas HEMUHYEMO IPUBEJET K MOAEbHbIM NpeacTaBieHusm. [pu
9TOM HEH30€KHO BOZHHKAET OObIUHAS CXEMa: (TIPUHATHE padodeii rHmoTe3bl —
OOBSICHEHHE HA €€ OCHOBE IKCTIEPUMEHTAIbHBIX (PAKTOB — MPHHATHE TMIIOTE3bI
3a UCTHHY — HAJIEJIEHHE THUIOTE3bl HUOTKY/A HE CNEAYIOLHUMH JOTNONIHHTE b=
HBIMU CBOMCTBaMMU, HY KHbIMH /15t 0OBbsICHEHHA IPYyToro (hakTa». OObIUHBIN pe-
3yJbTAT CXEMbl — HAKOIUIEHHE NPOTHBOPEUH U NpecKazaHHe 0KHIaeMOro C
TOYHOCTBIO «JI0 HA0OOPOTY.

M3 Bcex TepmoarHaMuueckux (pyHKIMH MonApHbIiT 00beM ABaAeTCS HaHOO-
Jlee 0Cs3aeMbIM U 3pUMbIM NapaMeTpoM. FIMEHHO 3THM 00bsICHAETCA JKeJlaHue
WHTEPNPETHPOBATHL €70 W3 YHCTO reOMETPHUECKNX coodpaxkeHuil. Ho mpu 3Tom
3a0bIBACTCA, YTO reoMeTpuyecKkas NpoCcToTa ABIACTCA KakylUeHcs, 1 4To nap-
uManbHbIi MObHBI 06beM Vo = Oju/OP aBnsetcs 1Mo cBOeH CyTH 06bEMHbIM
ko3 puumerrom pacimpenus. [Toatomy npemnaraemblie MOJETH 101 HbI 0Oec-
nevHBaTh TaKke M MeToa pacuera unTerpana ot | Vo (P)dP, a Takike npaBuiib-
Hoe 3HadeHue npoussoHoil no 7'. Kak npaBuiio, B reOMeTpU4ECKHX MOJEIAX
3TO He mpenycMaTpuBaerca. B kauecTBe YHCIEHHOrO MpUMeEpa MOKHO MpHBE-
CTH pacderbl NapUUalbHO MOJIAPHOH BEJMUMHBI BOJbI B UYETHIPEXXJIOPUCTOM

~ 70 a1 a
ymiepose. [Ipu deckoneurom pasdasienun V, = 31,6 cm®/monb npu 298 K.
CrenoBaresibHO, cokpallieH1e 00bema MpH MepeHoce BOJIbl M3 3TOTO pacTsopa B

YHCTYI0 BOMLy cocTapset 13, 6 cm?/mMonb. OTBETOR Ha BOMPOCHI, mouemy V| Tak
BEIUK M Ky/1a feBaioTcs 13,6 cM>/MOb M3 reoMeTpHUEeCKHX COOOpaKeH i MoJTy-
YHUTh HEb3S, TOCKOIbKY B UHCTON BOJIE UMEIOT MECTO MYCTOThI, & B OECKOHEUHO
pasbaBneHHOM pacTtBope MX HeT. Kaszajioch Obl, Bce A0MKHO OblIThb HA0OOPOT.
[TpeosonieHne Takoro mapajokca HaXoAAT BO BBEASHHH B pacyeTbl ko3(pduum-
€HTa YNaKOBKH MOJIEKY/l, MAKCUMaJlbHas BEJIMUMHA KOTOPOTO /s MIOTHOYNA-
KOBAHHOH rexkcaroHajibHOil ctpykTypbl paBHa 0.74. V Boasl B pactsope CCly
ko3 duuneHt ymakoBkd cocrapiget 0,366, 4TO H MPHBOAHMT K MPEOAOTICHHIO
HEJI0YMEHHbIX BOIPOCOB.

TpyAHOYI0BUMbIE TOHKOCTH CTPYKTY Pbl AH/IKOH BO/AbI HAIISHO MPOSBISIOT
ce0d B OUEHb MPOCTOM dKcTepumenTe. [1pH HOpMaabHOM JABJIEHHH MIOTHOCThL
BOJIbI B 3aBUCHMOCTH OT TeMIieparypbl MmeeT Makcumym npu TO = 277,13 K.
M3oTonHoe 3amelleHne BOAOpPOAA NMPUBOJIUT K IOBbILIEHHIO IHEPIUH BOJO-
POJIHBIX CBA3CH M OIHOBPEMEHHO meMnepamypsl MakCUMaibHOU MI0MHOCMU
(TMID), no 284,39K y tsaxenoit u 276,55K y cBepxraxkeoil BOabl, YTO 00b-
AcHAETCA WX Oosiee MpouHoil cTpykTypoil. OTcrona fenaeTcs BbIBO, UTO H3Me-
HEHHE TeMIIepaTypbl MAKCHMaJIbHOMN MJIOTHOCTH MOJ BIUSAHHEM PACTBOPEHHOTO
BEIIIECTBA MOJKET XapaKTepHU30BaTh UX BIUAHNE HA CTPYKTYpPy BOAbI. IToHMxKe-
HHE TeMIepaTypbl MAKCUMallbHOI MIOTHOCTH NPH BBEAECHUH I MOJbHOMH J101H
SMEKTPOSIHTA TPOHCXOUT MO IMIHUpHUYecKoMy npaBuy Jlenpertua

AT =T —T" = —Kpna,, (7.6)
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(3aech Ky — ko3 duument Jlenperua, ycraHaBIHBAEMbLii OTBITHBIM [Ty TEM LS
Ka)K/10T0 JIEKTPOJTHTA).

OTa 3aBUCUMOCTb BbINOJIHACTCS AJs1 BCEX JIEKTPOJIMTOB 0€3 MCKIIIOUEHHUS.
OnHako npuMeyaTeNnbHO, YTO OJHO3apPAAHbIE, HO THAPO(OOHBIE NEKTPOTUTHI
CHIDKAIOT TEMIEPATypy MAaKCUMaJIbHOI MI0THOCTH CHIILHEE, HEM NIPOCThIE dJIEK-
tponutel. Tak, mis KCl Ky = 0,644, a s (C4Hy )4 PCl Ky = 0, 933.

B 1951 r. Muwenko u CyxoTHH BBeJIH [OHSTHE HEKOTOPOI XapakTepHOH
KOHLIEHTpaLMK, Ha3BaHHON UMK rpanuueii nosHoit ruapartawuu (I'TIC). [pu Ta-
KOH KOHUEHTPALMKH KOOPAHHALMOHHOE YHCIO HOHHOM rupaTtauui s CHAbHbBIX
NEKTPOJIINTOB OCTACTCS MOCTOAHHBIM JI0 TEX 10p, MOKa BOJIbl B PACTBOPE J0CTA-
TOYHO, W BCA HAJTMUHASA BOJIA BKJIIOUEHA B riuipaTHyto cdepy. CTpyKTypHO Takoii
pacTBOp MOKHO YMOMOOMTb CHCTEME, COCTAB/IEHHON TOJbKO M3 OAHOCHOHHO
THAPATUPOBAHHLIX HOHOB, HEMOCPEACTBEHHO COMPHKACAIOLUIHXCS CBOMMMU T'MA-
parHbIMH 000J04KaMH. DHepreTuueckuil a3 dext, cBa3aHHblii ¢ 3aTparoii pado-
Thbl Ha MEPEXO/ MOJIEKYJTbl BO/IbI W3 00beMa B rupaTHyto odonouky Ho— Hror
MOKHO PaccunTarh, UCMONb3ys HEKOTOPbIE NOMYLIEHHS O CPeHEM pajinyce pac-
TBOPEHHOH YaCTHLLl W AUNIEKTPHUECKOH NMPOHULIAEMOCTH THAPATHOH cdepbl.
DHepruy Aeruaparaluii B BOJHBIX pacTBOpax, OTBEUAIOLIMX IPAHHLIE NOJHON
ruaparaiuu, npuBeaeHs! B Tadm. 7.1.

B Tadauie npuBeaeHbI 3HAYSHUA HHTETPaIbHbIX TETUIOT PACTBOPEHHS HEKO-
TOPbIX COJICHi B BOIHBLIX PAcTBOpax Ha rpaHuue nosHoil ruaparauuu AHrmr u
MEPBbIX HHTErPaJIbHBIX TETUIOT pacTBopeHus A Hy, a Takie X pa3HOCTH, KOTO-
pble, B IPUHLKIIE, TIPEACTABIAIOT CO00I SHEPIrHIO B3aUMOIeHCTBHS JaHHOH cou

Tabnuua7.l
Onexrpoaut | AHpyr, kkan/mons | AHy, kkan/moins | AHpy — AHy. kkan/Moib
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
KCl1 3,6 4,3 -0,7
KBr 4,2 4,9 —0,7
Kl 4,1 5,0 ~0,9

C BOJIOi1 B CJ1yUae MOJHOIO HacbileHHs. JIpyrHMH CI0BAMH — 9TO SKBHBAJIEHT
padoThl OPHEHTALHH MOJIEKYJT PACTBOPUTESIS BOKPYT MOJIEKYJT paCTBOPEHHOI CO-
au. Kax BuaHo u3 tadnuubl, 31a padora He npesbiaet ~ 1 kkan/moib. Mexons
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13 OObIYHbIX MPEACTABNCHHIH NIEKTPOCTATUKH MOAKHO OLEHHUTb padoTy OpHEH-
taunu (W = pE) nunons Bojbl BO BHEIIHEM T0JIE, CO3/1aBAeMOM €THHHYHBIM
3apanoM e, Hanpskennocthio £ = e/R* ~ 2.5 en?/3. (3nech n — uucno
MOJIEKYJI COJIM B €IMHULE oObema). Ecin 1unonbHbiii MOMEHT MOJIEKYTbl BOJIbI
MPUHATH paBHbIM (4 = 1,8 JI (T.€. cunTaTh, YTO MOJIEKY/A TTOJHOCTLIO OpHEH-
THPOBaHa BI0JIb AIEKTPUUECKOTo Nosst L), To padoTa OpHeHTaLn1 OIHOTO MOJIs
BOJIbl B ITaHHOM T1071e OyneT paBHa W &2 2 Kkall/Mosb, T. €. YHCIIEHHO NpaKkTHYe-
CKH paBHa TEruioTe CONbBATALMH, pacCuUTaHHOIT Mo pasHocti Ho — Hypyr.

OCHOBHbIE TEHAECHLHH B COBPEMEHHOM TEPMOAHHAMHUYECKOM IKCTIEPUMEHTE
JUUKTYIOTCS CTPEMJIEHHEM YCTAHORHUTh CBA3b KOHIEHTPALIHOHHOH 3aBHCUMOCTH
TePMOIMHAMHYECKUX PYHKLMI ¢ 0COOEHHOCTAMH MEKMOIIEKYIAPHBIX B3aHMO-
JEHCTBHI M aTh KOJHYECTBEHHbBIE XapaKTEPHCTHKH MOCIEAHNX. Micnonb3yemble
JUIS 9THX Leei TeopeTUueckue MocTpoeHusi TpeOyOT BbICOKOTOUHBIX H3Me-
peHuii B 00JacTH OYEeHb MajibIX KOHLUEHTpauMil pacTBOPEHHbIX BEIIECTB, YTO
U onpesielisieT TeXHUYecKkoe HarnpasieHne skenepumenta. OHAKo HECMOTPS Ha
YCWIHA IKCTIEPUMEHTATOPOB M JIOCTHKEHUSA NMPUOOPOCTPOMTENEH, HE BCe Be-
JIMUUHBL yIaeTcsd HalTH ¢ NpueMaeMoil TouHOCTbo. Ecnn ke aHanuzuposarhb
JIAHHbIE, MOAYUEHHbIE B pa3HbIX J1adOPATOPHSIX, TO Pe3y/bTaTbl MPUXOAUTHCS
ete dosiee okpymIATL. KpoMe Toro. npu ycTaHOBIEHHH KOpPesLHii Ha ypOBHE
FEOMETPHUECKHX MapaMeTPOB HEoOXOAHMMA KpaiHAs CTereHb OCTOPOKHOCTH,
MOCKOJIbKY MOBEPXHOCTb MOJIEKYJIbl MPOMOPLHOHANbLHA KBAIPATY JHUHEHHOrO
pasmepa MOJNEKYJbl, @ NOJAPU3YEMOCTb, 00bEM, UMCII0 ONMKalLIuX coceneit
TIPOMOPLHOHANILHBI TPEThEH CTEMEHH 3TOr0 pazmepa, NpHUYEM KakK/blii M3 ITHX
(paKTOPOB MOKET HMETh CAMOCTOSTENIBHOE 3HaueHue. B cBA3n ¢ 9TUM Meronb3o-
BaHHE HEOONbIIMX MACCHBOB IKCMIEPUMEHTANTbHBIX JAHHBIX JUIS OLEHKH TeX WIH
HHBIX CBOHCTB CO/ILBATALIMOHHBIX (PPEKTOB MOKET IETKO NPHBECTH K apTedaxram.

Ecnu moHuMaTh conbBaTaldio Kak CyMMY BCEX MPOIECCOB, BO3HUKAFOIIMX
IIPH TOABJIEHUH B PACTBOPHTENE HACTHLL PACTBOPAEMOTO BELIECTBA, TO NPH Oec-
KOHeuHOM pazBesaeHuu (m = () B ciydae 06pa3oBaHusl pacTBOpa KpHCTaInde-
CKOTO 2J1eKTpostTa (hopMaibHO Oe3yCIOBHO MPaBHIbLHO ClEAyIOLee TePMOIH-
HaAMHYECKOE COOTHOLLIEHHE:

AHy = AHpew + AHE, (7.7)

rne AHy — neppas uHTerpaibHas tennota pactBopenns; AH,., — usme-
HEHWE IHTAJILIUK TIPH B3aUMHOM YJAJIEHUH HOHOB OT PacCTOSHUIL B pelueTke
10 GeCKOHeuHOCTH (3Heprus pemeTkn); AHE — cymmapHas XuMudecKas Ter-
70Ta cosibBaTaluy (rUapaTaluu) MoJOKUTENIbHBIX M OTPHLATENbHBIX HOHOB.
A Hpyyyy — Oonblzas 3H10TEpPMUYECKaS, a AHSi — Onu3kas k Heif mo abconmoT-
HOMY 3HAUEHUIO DK30TepMHUECKas BeIMYHHA.

B wtore nepsbie TEMIOTHI PACTBOPEHHSA HMEIOT /TS OOMNBIIHHCTRA NEKTPO-
JINTOB CPABHUTEILHO HEOO/bLLIHE 3HAUSHHS, JIe/KaLLHe B Npe/esiaX PUMEPHO OT
—40 g0 4 + 15 kkan/mMonb.

[Mpononias paccmarpuBarh COJbBATALMIO KaK CyMMapHOe ABIEHHE, MOKHO
pacripocTpaHuTh ypaBHenue (7.7) U Ha oOnacTb JIIOObIX KOHUeHTpaumii. ns
BOZHbIX PACTBOPOB CHIILHBIX TEKTPOIMTOB TAKOI MOAXOA MO3BOJIAET XOTS Obl
MOJY KOJTHHECTBEHHO BbISIBUTH HEKOTOPbIE BAKHbBIC 3aKOHOMEPHOCTH.
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B ypasuenuu (7.7) unen AH orHocuTes K sneKTposnuty B uenom. [pu
BOOOpaKaeMOM MPOLECCE PACTROPEHUSA KpHCTaIIa COOITIOIAeTCs YCIOBHE Mlek-
TpoHelTpanbHocTH. KapTHHa cy1ecTBEHHO OC/IOKHACTCS, €CJIU Mbl CTABUM Ile-
pea cooit 3aaauy TepMOAHHAMUYECKH OXapaKTepH30RaTh NEPEXO/L OTAEALHOIO
HOHA M3 KpHCTaJlla WK M3 ra30BOii (ha3bl B pacTBOpHTENb. YCIOBHE EKTPOHEH-
TPabHOCTH ABIAETCA NPEMATCTBHEM Ha Ty TH BCEX H3BECTHBIX IKCIEPHMEHTAIIb-
HbIX MOMBITOK OLEHHTb MHAHBH/YaJIbHbIE H3MEHEHHS YHEPTHH WK IHTANIbIHU
TIPH CObBATALIMK KATHOHA W aHUOHA.

Kpowme Toro, npu TepMOAMHAMHYECKOM PAacCMOTPEHHH TpoLecca nepexoia
HOHOB OJTHOIO 3HaKa U3 ra3oBOH B KIAKYIO (ha3y MPHXOANTCA CUUTATHLCS C sIBTIE-
HHSMHM, KOTOpPbIE TIPH PACTBOPEHHH IEKTPOIHUTA WIMMHUHUPYIOTCS B pe3y/ibTare
B3aHMHO# KOMTMEHCALHH PABHBIX MO BEJHYHHE, HO MPOTHBOTIONOKHBIX MO 3HAKY
3¢ PeKTOB, CBA3AHHBIX ¢ KATHOHAMM U aHUOHaMu. [TonpoOHbIil aHanu3 3TOro BO-
npoca BriepBble Obl caenan Jlanre n Muuenko B 1930 r. Mbl 31ech npuBenemM
TOJIbKO 00LIHE COODPAKEHHUS 110 ITOIT NpodeMe.

Yuem snekmpuueckux céoitcme nogepxrnocmu pazoena (pas. Jlavre u Mu-
LUEHKO BIEPBbIE MOAPOOHO PACCMOTPEH BOMPOC O BIAMSHUU IEKTPHUECKHX
CBOMCTB % HIKOIT (ha3bl 1 €€ MOBEPXHOCTHOTO MOTEHIINANA X HA H3MEHEHHS YHEpP-
UM ¥ SHTAIbIUK P pealibHOM Nepexo]e MHAUBUAYaIbHOTO HOHA U3 ra30Boii
B IKHJIKY1O (hasy.

Kuakyro dasy ans odiero ciyuas pacTBOPEHHA HOHA €CTECTBEHHO MPUHATh
MEKTPOHENTPabLHON ¢ TTOTEHUHANIOM H30bITOUHOrO 3apsata ¢ = 0. Ilpu 3Tom
NPeanoaaraeTes, 4To B 3TOM (aze yucna U30TPOIHO paclpee/ieHHbIX [10710-
AKHUTENbHBIX M OTPULATEIbHBIX 3aps/I0B paBHbl ApYT Apyry. Ecau B 6eckoHeuHo
Oosnbloii 00bem Takoil (asbl BBoaMTCA 1 MOJb MEKTpoNUTa (MM B KOHEY-
Hblii 00beM BHeapAeTcs OECKOHEUHO Majloe KOJHYECTBO), TO HE MPOUCXOAUT
3aMETHOI0 M3MEHEHHSA IEKTPOHEHTpallbHOCTH cpelbl. UTo Kacaercs aeicTBus
«CHIIbI H300paKEHHA», BOSHUKAIOWIEH NMPH MPHOMMIKEHUH 3apsA/KEHHOro HOHa
K TOBEPXHOCTH (ha3bl, TO ITOT IHepreTuueckuii 3pPeKT BXOUT B CyMMapHbIii
OanaHc conbBaTALMK HOHA M MOKET 31€Ch HE PacCMaTPHUBATHCA.

CroiHee 00CTOMT €70 C MOBEPXHOCTHBLIM MOTEHLUHATIOM KHIKOH (a3bl
X (310 Hems3OekHO, Tak Kak Leblil pag QH3HUECKMX H XHMHUECKHX JKCre-
PHMEHTA/IbHLIX (PAKTOB YOEHKAAIOT B TOM, YTO [OBEPXHOCTHbII CIIOMH KHIKO-
cTeil UMeeT CTpoeHH e, OTIHYAIOLIEECs OT CTPYKTYpbl BHY TPEHHHUX odnacTeif). C
STHM CBSI3aHbl, pa3yMeeTcs, U crielduueckne MeKTpuuecKkrue cBoicTea 31o-
ro cf1os. B ciyyae YMCTBIX PacTBOPHTENCH MOTEHIMAT X MOKET BbI3bIBATHCH,
Hanpumep, onpeneneHHoH opHeHTaunell AHMOoNbHBIX MOJEKYJl Ha OBEPXHO-
CTH KHKOCTH.

3nech MOIYT BOSHHUKHYTb ABa MPHHLUKUIHAJIBLHO BO3MOKHbBIX CllyHas.

I. ¢ = 0wnx = 0. B 3Tux ycnoBusax kaptuHa Haudonee npocta. [1pn
nepesoje (00paTUMOM M M30TEPMUYECKOM) MOHA BMJA ¢ U3 COCTOAHMA Me-
albHOrO ra3a B pacTBOPHTENb XUMHUYECKHIT MOTEHIIMA HOHA U3MEHSAETCS Ha
BEJIHYHMHY

Api = p = pj.- (7.8)
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COOTBETCTBEHHO W3MEHEHUS DHTAIIBIHH M u306ap1—10r0 [NOTCHLKA1Aa, OTHE-
CeHHbIE K 1 MOJItO, PaBHBI

AH} = HP — HT, (7.9)
AGE =GP — G~ (7.10)

Benuunnnl AH T n AG onyuin Ha3BaHHe XUMUYCCKUX MeNnaomol W IHEp-
euu conveamayuu. Pazymeercs, B HUX BXOANT H CPEIHHI d1IeKTpHUYeCKUi TOTeH-
LiHas BHyTpeHHeH (a3bl pacTBOpa, 00yCNOBIEHHbIH TOHKUM CTPOEHHEM HaCTHLL
U B3aUMOIEHCTBHEM 3apA10B COCEAHHX HOHOB, BKIIIOYAS W MOTEHLUHATLHYIO
JHEPrio B HOHHOMH armochepe Jledas.

EcTecTBeHHO, 4TO NpPH HAXOKAECHHH CYMMapHOH TEMaoThl cosibBaTalMU
AHZF no ypasHenuto (7.7) U3 TepPMOXHMHYECKHX JAHHBIX Mbl [10J1y4aeM HMEHHO
XUMHUUYECKHE TETUIOThI COJIbBATALINH, TaK KaK YCJIIOBHE 3JIEKTPOHEHTPaIbHOCTH
o0ecrnevueHo BXOXKASHHEM PABHbIX KOJIHYECTB Pa3HO3aPAAHbIX HOHOB, W MOTEH-
LHabl 1 W X He UrparoT PoJiy.

I ¢ # 0; x # 0. C 3TUM BapHaHTOM Mbl PEaJbHO CTATKHBAEMCS MPH
onpeneneH!uH IHEPruil cobBaTALH METOIOM 2JEKTPOABHIKY LLIMX CHIT.

B obem Buae st cpeiHero eKTpHHECKOro noreHurana gpasbl (CHMBOI
() HeoOX0aMMO yyecTh 00a MoTeHLMaua ¥ ¥ X Kak CyMMy B BUze ¢ = ' + X,
Y 3anucarh dJ1eKTPOXUMHUYECKHIT MOTEHLMA YacTHLb B JKUAKOH (ase kak

=k + 2 FoP, (7.11)

e z; — BANEHTHOCTh HOoHA: F' — uucsio Mapanes. Torna m3MeKTpOXHMHUECKAs
TEMmIOTa CoNbBATALMHU MPH @ = X # 0

. dxP
S P _ HT 4 s NP o X
AQ = HY — H + z;FxP — 2, F <6T)e" (7.12)

(30€Ch YUTEHO, YTO 3apsAl YACTHLbI HE MEHSETCA).

[ToaTomy, ecnu Obl cyllecTBOBANA MPHHLIMITHATBLHAS BOSMOKHOCTh ONpee-
JIeHHs] IOBEPXHOCTHOIO CKavka MOTEeHIHana WiKH BOJbTA-MOTEHLMaNa Ha rpa-
HHLE YacTHLA PACTBOPEHHOTO BELIECTBA — IEKTPO/, TO ONpPEACTEHHE XUMU-
YECKHX M pealibHbIX YHEPrHii coJbBATALMH HE COCTABIAIO0 Obl 0COOOro Tpyaa.

Brnepsbie nono0Hble u3MepeHHs ocyliecTBIeHbl Jlanre u MHULIEHKO 11 BOI-
HBIX cucTeM. Ha ocHoBe HanOoJsiee BEPOATHBIX 3HAYEHHWIT TEMIOT ruapaTalun
psia MOHOB, MCIONbL3YS JIMTEPATYPHbIE JaHHbIE MO YHTPOMHAM HOHOB B rase
W B PAcTBOPE, OHU BBHIYUCIHIN XUMHUYECKHE YHEPrHH THAPATALIHH HEKOTOPHIX
MOHOB M, OMMPAsACh HA ITH Pe3yabTaThbl, NoayUHIn 3HaveHne Y = —0.3+0.1B
s Boabl mpu 25 °C. Jlns AKHMAKOro aleTOHHTPHUIIA 3HAUYEHHE MOBEPXHOCTHO-
ro ckauka noreHuuana x = —0,1 £ 0,06 B. B nanbheiiiiem Oyner rnoxasaHo,
YTO MPH HCTIONB30BAHHH IKCMEPUMEHTATBHBIX BEJHYHH MOBEPXHOCTHOrO Ha-
TSOUKEHUS TPAHULbI )KHAKOCTb — BO3AY X 3HAUEHHS MOBEPXHOCTHBIX OTEHLNAIIOB
BOJIbI M ALIETOHHTPUAA COCTABMIIOT ~ + 0, 3u ~ + 0, 2 cooTBeTCTBEHHO (3HAK +
03HAYaeT, YTO KUAKOCTb 3apsyKeHa MOJOKHTEILHO M0 OTHOLIEHHIO K BaKyyMY,
U NPOTHBOPEUHS C MPHUBEAEHHbIMH BbIllE AAHHBIMH Ul BOJAbI W AUETOHHTPH-
Jla HET, TaK KaK B NEPBOM CJIydae OTCYET OCYILECTRIANICA H3 TTyOHHbI 0ObeMa
JKHAKOCTH B CTOPOHY BaKyyma).
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B cBA31 € TPYAHOCTSMH IEKTPOXHMHUECKHX H3MEPEHHIl, a TaKKe 00nIIMeM
JOTYIUEHHH MPH BBIYHCICHHUAX MOXKHO FapaHTHPOBATH TOILKO MOPAJOK H 3HAK
9THUX BesinunH., OHAKO B cilyuae BOJbI, [10-BHAHMOMY, MOXKHO C YBEPEHHOCTbIO
TOBOPHTH 00 OPHEHTALUM AHMONBHBIX MONEKY]T BOAbl B TOBEPXHOCTHOM CJIOE
NPOTOHAMH BHYTPb JKHIKO# (pa3kl, a Takike ciesiaTh BbIBOA, HTO YHEPreTHIEeCKHid
Oapbep Ha NMOBEPXHOCTH pa3zjiena BOAA—Ta3 MOXKET NOCTHraTh BEJMUYMHBI 10
6 <+ 7 KkaJl/MOJIb, CIIOCOOCTBYSI BXOKAEHHIO HOHOB OJIHOTO 3HAKA W MPENATCTBYA
HX aHTHIOAAM.

O cymmax u paznHocmax menaom coaveamaruu. Kax cinenyer n3 npeibiiy-
LIEro, TEPMOAHHAMHYECKAs KapTHHA 3HAYHTEJIbHO YIPOLUAETCS, €CJIH B PACTBO-
pUTENB BBOAATCS 10 OeckOHeUHOro passedeHus (m = () NeKTPOJIUTEL, T. €. 0-
HOBPEMEHHO BHEIPSAIOTCA KATHOHbI M AHHOHbI B COOTHOLLIEHHH, FapaHTHPYIOLLEM
3NEKTPOHEHTPALHOCTL CHCTEMbI. Bee BAWAHUA MOTEHLMAIOB MPU 3TOM yCTpa-
usores. Cymmbl AH F n AGE 00beKTHBHO OTPAXKAIOT CyMMApHbIE H3MEHEHHS,
CBSAI3aHHBIE C IIMPOKO MOHUMAEMbIM MPOLECCOM CObBATAIMH. AHANOTHYHBIM
o6pazom pazHoctH, Hanpumep, AH, :J“+ — AHY" aBnsorca KonuHeCTBEHHBIM
OTpa’keHHeM dHepreTHIecKoi CTOPOHBI BOOOpaKkaeMoro mpoiecca, B KOTOPOM
H3bIMAETCS NPH OECKOHEMHOM pa3BedeHHH 3 pactsopa 1 r-won moHos Na't
M 0JIHOBpeMeHHO BHeapseTcs 1 r-von noHos KT,

YuyThIBas, 4TO NPH OHOBPEMEHHOM TEPEX0/ie KATHOHOB H aHHOHOB BCE 10-
0aBoUHbIE YMEKTPHUECKHE BIHIHHS B3aHMHO KOMMEHCUPYIOTCS M Ha rpaHMLiax
KpPHCTaJl1—ra3 W KPHCTa/Ul— PacTBOP, Mbl BO3BPALLAEMCSI K CTPOTOMY Tep-
MOIHHaMHUYEeCKoMY ypaBHeHHIo (7.7), coaepikaiiemMy TOJIbKO dHEPru peiiet-
KH, CYMMapHyt0 XUMHYECKYIO TEIJIOTY CONbBATALMH U MEPBYIO UHTETPATIBbHYIO
Tenoty pactsoperus. «[loaBoaHble KAMHHY) 3[eCh OrPaHHYUBAOTCA TOJbKO
TIOTPELIHOCTAMH YKCNEPUMEHTANTBHBIX TaHHBIX JUJIs TETIOT PACTBOPEHHUA H SHEP-
M peteTku. [lepBble TEMIOTH PACTBOPEHHS MPH COBPEMEHHOIT TeXHUKe Tep-
MOXHUMHYECKHX H3MEPEHHIi B ClTyHae BOAHBIX PACTBOPOB H3BECTHBI € TOYHOCTHIO
1o +0, 1%, nas HeBOAHBIX cucTeM — ¢ TouHOCThIO OT 0, 5% no 1, 0%. Ilpas-
13, SKCTPanosiisa H3MEePeHHbIX 3HadeHuii TeruioBbix d¢dexros npu m — 0
B psAle ClTyyaeB BO3MOKHA ¢ OOJBILOIH 1OCTOBEPHOCTBIO Oaroaaps npeuu3HoH-
HbIM H3MEPEHHSIM TEMJI0Thl Pa3BeIeHUs B KAJOPUMETPAX € 1yBCTBUTEbHOCTHIO
okosio 10 °C. B ciayyae pacTBopoB B CHHPTAx, aleTOHe, YTHIIEHTIHKONE,
(dopMamiiie 1 IPYTHX MOKA TAKUX JaHHBIX HET, U dKCTpanoysuus k m — 0
MeHee HanexxHa. Kpome Toro, naxe He3HauWTENbHbIE MPUMECH BOIBI K ITUM
OpraHUYEeCKUM JKHIKOCTAM MOTYT CYLUECTBEHHO HCKAKaTh XOI U3TEPM B 30HE
00abIIKHX pa3zdaBiaeHHUIt.

OnHaxo Bce HETOYHOCTH B 3HAUeHUAX A Hy TOHYT B BO3MONKHbIX [IOIPELIHO-
CTAX IHEPrHii KPHCTAIIMUECKHX PELIETOK, Tak Kak 3HaueHus Ay, B aecATh
u GoJiee pa3 npesbiator Bennunusl AHy.

HakonuBLinecs B MocieIHHe rojibl IKCIEPUMEHTAIIBHBIE PE3yIbTaThl (0CO-
OEHHO 111 BOAHBIX PACTBOPOB) MO3BOJIHIH BbICKA3aTh MPENOI0KEHHE O TOM,
YTO PA3HOCTH MEPBLIX TEMJIOT PACTBOPEHMS pazIMYHbIX Map cojiel ¢ oauHa-
KOBbIMH KaTHOHaAMH WJIH aHHOHAMH MPUMEPHO OJHHAKOBBI B PA3JIHUHBIX pac-
TBOpHTENAX. Ha ocHoBaHMK 7TOro MuLIEHKO ObIITO MOCTYJHPOBAHO NPaBUIO
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MNOCTOSIHCTBA OTHOLUEHUS dHTAJBIHH coJibBartayyd KaTHOHOB H AHHOHOB B pa3-
JIHYHBIX PaCTBOPUTEIAX
AHF

AHg

= const. (7.13)

370 npaBuUsIo LIMPOKO HCMOIb30BaHO MHOTHMH HCCTIeI0BATE IIMU 1S pa3ie-
JIEHUs TETJIOT COJIbBATALMM MEKILY HOHAMH HE TOJILKO B BOAHBIX, HO H B HEBOJI-
HbIX pacTBopuTeax. M3 Hero cnenyer, 4to B J1l000M pacTBopHTeie, HarpuMep,

AHSCS+ = AH! , uto aBnseTcs Ga3oil 115 BLIYHCAEHHS SHTAILIUK COJbBATA-
LMK OTAEAbHBIX HOHOB B PaziMuHbIX pactBoputesnsix. Cieayer, O4HaKo, Haro-
MHHThb, YTO BCE CKA3aHHOE OTHOCHUTCA K OECKOHEYHO pa30aBlIEHHOMY PacTBOPY
U OCHOBAHO Ha OMBITHBIX AAHHBIX, OTHOCALIMXCA K MPOCTEHIINUM MIEKTPOIUTAM
CO CTPYKTYpPOIi HHEPTHBIX ra30B U OIPAHUUEHHOTO Kpyra pacTBOpHTENeH.

Jlns pacdera TerioT cojbBaTalMi HHANBUIYalbHbIX HOHOB ObLIO Mpe1o-
’KEHO MHOTO METOJ10B. HEKOTOPbIE M3 HUX MPUBOAATCA HHIKE.

Memoo Bbepruana u @ayiepa. T10cKoabKY S3HEPrus CoJbBaTaLMK HEOOIbLINX
HOHOB, KaK CJIELYET H3 JIOTUKH, ONPEAEAETCS [MaBHbIM 00Pa30M KYJIOHOBCKHMHU
CUJIaMH H MOJKET ObITb NPHHATA 00PaTHO NPOMOPLHOHATLHON HOHHOMY paiu-
ycy, Toraa mjs takoii conu kak KF (r,'.f R rp B KpHCTaJlIe), MHOAUBHIYabHbIE
TENn0Thl IMApaTaliid HOHOB MOTYT ObITh HAlEHbl JENEHHEM [10110J1aM 3Haue-
Huii TerioTsl ruaparawnn conu. s K+ u F~ atoT Meroa naet 95,5 kkasi/Monb.
YuuTbiBas MOMPABKH, CBA3AHHbIE C HECUMMETPHUUHBIM NPOCTPAHCTBEHHBIM pac-
TIOJTOZKEHUEM BOJIbI BOKPYT HOHOB, OBUIH BHECEHbI MOMPABKH, H3MEHHBLIHE TEll-
soty ruaparauuu 10 Beaududsl —94,0 s KT u —97,0 ana F~. Ha ocHose
9TUX JAAHHBIX MOYKHO ONpPEIEIHTh YHTANBIHH THAPATALUKU APYTHX HOHOB.

Memoo Jlamuvepa. OcHOBaH Ha NpHMEHEHHH ypaBHeHHs bopHa K skcrie-
PUMEHTAJIbHBIM J1aHHBIM CBOOOAHBIX DHEPrHil ruapataunu coneii. ITpu sTom
npenrnosnaraercs, 4to dpeKkTHBHbIE paauychl HOHOB COOTBETCTBYIOT paalycam
nosiocTeii, 00pasylomMXCs B AHAIEKTPHUECKOH cpeie MpH BBEJIEHHH B HEe HO-
HOB. YUHTbIBasA, UTO [10] BAHSHHEM aHHOHOB BOIOPOIHbIE ATOMbl BOJIbl OpPHEH-
THPYIOTCS B CTOPOHY aHMOHOB, MPHHUMAETCH, 4TO IP(PEKTHBHBIE PalHyChl ITHX
HOHOB MaJIo OTJIMYAIOTCS OT UX paflycoB B KpHcTaiax. B ciyvae nonomuresb-
HbIX HOHOB BOJIOPOJIHbIE ATOMbl BOJbl OPHEHTHPYIOTCS B MPOTHBOMOIONKHYIO
cropony. braronaps tomy 3(phekTHBHBII panryc KaTHOHA MOKET OKa3aThes 3Ha-
YUTENbHO OOJblle, YEM Y aHHOHA C TAKHM ke KPHCTAITIOrpahHueCKUM paiilycoM.

PasHocTi cBOGOAHBIX dHEPruil ruapataunu 1S TaKUX nap MOHOB Kak [~
uBr=, " uCl™, I- uF, aracke aa CsT u RbT , Cst u KT, u Cst
v Nat |, Cst u Lit MoryT GbITb BbUMCIEHbI U3 CBOGOAHBIX IHEPrUil THApa-
TalMK COJel, UMEIOLLMX COOTBETCTBEHHO OOLUMH KaTHOH MM OOLLMI aHHOH.
3aBHCHMOCTB ATHX pastocteii ot 1/r; (rae r; — kpucTamnorpaduueckuii pamu-
yc uoHa) nzobpaxkaercst rpaduuecku npsMoi JHHHEH B cilyuae aHHOHOB U KpU-
BOH — B CJly4ae KaTHOHORB. DMITUPHUIECKHUM My TeM ObIJIO HaiiieHO, 4TO Handosiee
YIOBIIETBOPHTEJILHOE COTMIacHe ¢ ypaBHeHHeM bopHa nosyyaercs B TOM cilyvae
(TIpY UCTIONB30BaHHH MAaKPOCKOMMYECKOH AHANIEKTPHUECKOl NoCcTosHHOIL), ec-
JIM Kpuctamiorpauueckie paanycbl aHHOHOB H KATHOHOB yBEJHYHBATh COOT-

o

BetcrBeHHO Ha 0,1 u 0,85 A. Tlpu sToM ycnoBun rpauueckie 3aBHCHMOCTH
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0(AGy;) ot 1/r; KaK s KATHOHOB, TaK W JUIS aHHOHOB BbIPAKAIOTCA Mapal-
nefbHbIMA NpsAMbIMH. CymMMapHasi cBOOOIHAS YHEPTUs THAPATALIMH HOJMCTOTO
Le3us Oblia 3areM pa3dHTa Ha JBe COCTABIISIIOLIME, COOTBETCTBYIOLINE OTAE b=
HBIM HOHAM Tak, uTo Ha rpaduke 3asicumocti J(AG;) ot 1/r;, cBodOAHbIE
DHEPruy THAPATALKH BCEX HOHOB LUEJOMHBIX METAJJIOB M rajOHIHbIX HOHOB
pacnoaratTcs Ha OLHON JIMHUH.

AHanoruuubiii MeTo[ Obljl HCIONB30BAH IS HAXOMKJIEHHS MHIHBHIYAIlb-
HBIX DHTPOMUH HOHOB, MPUYEM COOTBETCTBYIOLIHE BETHYHHBI IS coseil ObUIH
pasduThl TAKUM 00pa3oM, 4TO Ha rpaduKe, BhIpaKatolEeM 3aBUCHMOCTh HHAWBH-
AyanbHbIX 3HAUEHU 118 OTHAENbHBIX HOHOB OT 1/r;, nojy4aercs oaHa npsimas
muuus. [Tytem coueTaHus 3THX 3HAUEHHI SHTPOMUH C BENHYHHAMH WHAMBUILY-
aJIbHbIX CBODOAHBIX IHEPI Uil ruapaTali ObLIH 01y UeHbl TEMI0Thbl FHAPATALIMT
WHIMBHYaTbHBIX HOHOB. DTH PE3yNbTaThl 3aMETHO PACXOAATCS C pacueTaMy
Bepuana u aynepa. B 4acTHOCTH, COMIACHO AAHHBIM YTHX aBTOPOB, BEITHUHHA
AHy+ — AHg- pasna 3 KKaf/r-HoH, B To Bpems Kak no JlaTumepy W apyrum
oHa coctarsieT 47 KKaj/T-HOH.

Memoo ®epsest. ITOT METON B OCHOBHOM CXOJIEH ¢ MeTonoM Jlatumepa u
JPYTHX C TEM, OJIHAKO, OTIIHYHEM, YTO PA3HOCTH TensoT ruaparaun A H mex-
ay LiF ¢ onHolt cTOpOHBL M KX 10 U3 coJieil TUTUS C OCTAbHBIMU rallou1amMu
(LiCl, LiBr, Lil) — ¢ npyroii, a Takxe mexay LiF u kaxnoit u3 coneii ¢gpropa
¢ wenounbiMu Metaiiamu (NaF, KF, RbF u CsF) uzo0paxkatorcs rpaduuecku,
Kak QyHKEE oT 1/, | nonyuyeHHble JJMHUK KCTPATIONHPYIOTCS [0 3HAYECHHUS
1/r; = 0, roe sHeprus ruApatalnn He 3aBUCHT OT MIEKTPOCTATHUECKHNX CHII.
3Ta IKCTPANoNALMSA 03HAYAET, 4TO

AH; = *. (7.14)
T

[Tonyuennble rpaduueckie 3aBHCHMOCTH JIMHEHHbBI TONILKO U151 aHUOHOB U
L1 Tpex Dostee KpyMHbIX KaTHOHOB. I MasibiX HOHOB cooTHOLeHue (7.14) sB-
HO HeNMpUMeHHMO. Bemuunbl, oTcekaembie Ha ocu AH; mpu 1/r; = 0, s anu-
oHoB (—120 kkan) u karnoHoB (—118 kkan) NPUHUMAIOTCS PABHBIMH TEMI0TAM
rUApaTaLUi HHAWBHAYANbHBIX HOHOB F~ u Lit. M3 5TuX ABYX BesMuuH MOryT
ObITb HalieHbl 3HAYEHUA TEMJIOT rHApATALMK s BCEX APYruX HOHOB. OnHAKO
Depreii 6e3 nanbHeHIIMX NOACHEHUIT Monk3yeTcs 3HaveHUaMH — 132 kkan ans
F~ u —120 wxan wis LiT,

Memoo Hswaitnoga OTHOCHTCS K pa3iefleHHI0 H300apHbIX MOTEHLMANOB
(xummueckux sueprui) AG, conbBatanuy. B ocHOBe ero Jexar Aoy LeHHs:
seanunHa AG ; TMHEHO 3aBUCHT OT BEJHYHHbI 00PaTHOM paquycy HOHA, C HEKO-
Topoii nonpaskoii 1/(r; + 8); npu 1/r — 0 AG, — 0. Hcxoast u3 sroro.
M300apHbIil MOTEHUHAT Co/ibBaTaumy, Hanpumep HT, MoxeT GbiTh OnpenesieH
crenytomum 06pasom. CTpoAT rpaduk 3aBHCHMOCTH CyMMapHBIX Benund AG
17151 TaJIOreHOBOAOPOAHBIX KucioT ot 1/(r; £ 3), a 3aremM npoH3BOAAT IKCTpa-
noJisiuuio Ha sestnuuny 1/(r; + 3) = 0.

CpaBHuBas pealibHble U300apHble MOTEHLMABl COOTBETCTBYIOIMX KUCIOT

N T

¥ coneif C OIHUM M TeM ke aHHOHOM, MOWKHO BBHIUHCIHTEL pasHocTh AGH " —
+

—AGM™  Orknaasisas 51y pazHocTsb kak dyHkumio ot 1/(r; % 3), nosyuaem npu
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akerpanonsuuu Ha 1/(r; £ ) = 0 BennuuHy AG5’+. CosnaaeHue rpaukoB
TIPH IKCTPATOALNU CITYKHT KPHTEPHEM MPABHIILHOCTH pacieTa.

[Ipobnema onpeneneHns HHINBHAYATIbHBIX TEIUIOT U CBOOOMHbIX dHEPTHii
rUApaTaluy O CBOEMY XapakTepy aHajornuHa rnpodieMe HaXomaeHHs KO-
(GUUHEHTOB aKTHBHOCTH OTACTLHBIX HOHOB. Takoe onpeaeneHne He MoKeT ObITh

i
A Gcom_»n

Me / r
A GC();IbB +‘J GCOJ]bB

AGeons + 1/2 (AGlans—AGYS)
AGNS

A Gg-([)ﬂbls - A GCO}'II:B

1/(r+ /)
Puc. 7.3. Cxema onpeieicHUsI SHEPTHH COTBBATALIMH HOHA Bogoposaa no Mavaiinosy

OCYLLUECTBIEHO TEPMOAMHAMHUYECKHM MyTEM, BCIEACTBHE Hero Kax1asi «dKCIHe-
pUMEHTAIbHAAY BENMYHHA 3aBUCHT OT IOTMYLIEHHH, MPUHATBIX NPH AETECHHH
IKCMNEPUMEHTANIbHBIX 3HAYEHUH A5l COlell Ha YacTH, OTHOCSALIMECA K OTAE]b-
HbIM HOHaM.

Hu on1H U3 pacCMOTPEHHBIX BblLIE METOIOB HE ABIAETCA OE3Y KOPU3HEHHBIM.
Meron Beprana u Maysnepa OCHOBaH Ha pacueTe dHepruu ruaparaunn KT u F |
KOTOPBIH HE MOYKET CUMTAThCA BMOJSIHE TOUHBIM. JlaTHMep H APYTrHX HCIOJB30-
BAJIH MOJIYYEHHOE HMH 3HAYeHHe CBOOOAHOMN SHEpruu ruaparauuu wona Nat
LTSt BBIYMCAEHHS «adCOMOTHOIO MOTEHLHAa) KaJIOMEJIbHOI0 MIEKTPOAA 10 OT-
HOUIEHHWIO K MOTEHIHATY PTYTHOTO 3JIEKTPOda B TOUKE dIIEKTPOKAMUILIAPHOTO
Makcumyma. [TonyueHHas npu >TOM BelMUMHA OKasalach paBHoi +0.495 B,
B TO BpeMsA Kak dKcrepumeHTasbHoe 3HaueHne +0.48 B. Oanako 31oT daxt
HE MOJKET CJYIKUTh I0Ka3aTebCTBOM NPaBUILHOCTH MCIOJIb30BAHHOTO METO/A
pacueTa, NOCKOIbKY COTIACHO NMPeAnonokeH 0 JIaTumepa u ApyTuX, JEKTPOaY,
HaXOAALIEMYCS B TOUKE JIEKTPOKAMUILISIPHOTO MaKCHMyMa, HEJb3fl [PHITHCI-
BaTh HYJIEROH NOTEHLIHAJ MO OTHOLIEHHIO K pacTBOpPY. OcTaeTcs TakiKe HEACHBIM,
nouemy 3(pdekTuBHbIE paJHyChl MOJEKYJ BOJbl, BXOAALIMX B COCTaB TUApar-
HbIX 000J104€K KaTHOHA W @HMOHA, N0JKHbI CHJIBHO OT/IHYATbLCS APYT OT ApYra.
Ilpu ucrosb3oBaHUK ypaBHEeHUs BopHa He YUHTBIBAETCA, YTO OHO CIIPaBEdIIH-
BO TOJIbKO IJIsl CIUIOLIHOTO AUdJIeKTpHKa. HakoHeu, HeoOX0AMMO MpHHUMATh
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BO BHMMAaHME, YTO JHEPrus ruaparallu onpeiaensercs rmasHbIM 00pa3oMm B3a-
HMOAEHCTBHEM HOHA C MEPBbIM TFHAPATHBIM CJIOEM M YTO MO3TOMY BEIMUHHA
AG;, 3aBucut ot ™2, a He ot r~ !, kak npeanonararoT JIaruMep U APYTHE.

Meton depBes OCHOBAH Ha MaTeMaTHUYECKO 3aKOHOMEPHOCTH TAKOro e
THNA, YTO M ypasHeHue JlaTumepa, W, Clea0BaTelbHO, JOLKEH MPUBOAHTb K
cxonHbiM 3HaueHuaM A Hg. EcTecTBeHHO, 4TO Te KPHTHUECKHE 3aMeUaHus, KO-
TOpbIE OblM CAENAHbI B aapec Metoa Jlarumepa, ocTaloTes TakKe cripaBesiu-
BbIMH 10 OTHOILIEHHIO K JAHHOMY MeToay. He HaXoauT oObsACHEHHA U TOT (aKT,
uTO noJyueHHble Pepseem snauenns AHg nis Lit u F~ ommyatores ot coot-
BETCTRYOIINX BEJTHYHH, MOTyIEHHBIX dKCTpanossuneii 3asucumocteii 6 (A H,)
orl/r;x1/r; =0.

ITonbITKH TEOPETHUECKOrO pacHeTa HOHHBIX COCTABISIIOILHX MapaMeTPOB
cosbBartauuu OblaM npennpuHATbl bopHom etie B 1920 r. OH Hexommn U3 Moae-
JIM «3apsKEHHBIH LTAPUK B KOHTHHYYME». DTOT IIAPHK CO3JAET IIEKTPHUECKOE
none. [ToTeHUHaN 21eKTPHIECKOTO MO Ha PACCTOSIHHK 7 OT HEro paBeH e/T,
rae e — 3apsij eKTpoHa. /s mapoBoro cjios ¢ paauycoM 7 U TONMHOIH dr,
umerolero oobem dv = 4rr>dr, nonHas SHeprus noJjis paBHa

E = —é?/2r;, (7.15)

e 7; — paaMyc apuka (HoHa).

B cpene ¢ npanexTpuieckoii MPOHHLAEMOCTBIO € SHEPT U MIOHA YMEHbILUTCS
Ha 3Ty Besunny. [Ipu mepexone r-moib HOHOB U3 BaKyyMa B CPeay C AWIJIEK-
TPHUUECKOH MPOHULAEMOCTbIO £ BbINEIAETCS JHEPTHs, paBHAsA PA3HOCTU

ro.2,2
_AG, = Mazie (1 - l). (7.16)

2r, £

OKCMEPUMEHTAJIbHbBIE BEJIHUHHBI CBOOOAHBIX JHEPTHii CObBATALMH (rHapa-
TalMK) HEOJHOKPATHO CPABHHBAIMCH C PE3yJIbTaTaMK pacuera 1o 3ToMy ypas-
HEHHIO, MIPHYEM BbISIBUIHCH 3HAUYHTEbHBIE pacxoikaeHHs. U3 3Toro ¢axra Obl-
JM cleNaHbl BBIBOAbI, NMPHBEALINE, C OAHOH CTOPOHBI, K Pa3BUTHIO MOAXOAA K
conlbBaTALMH, NPEAIoKEeHHOro bopHoM, ¢ Apyroif — K mouckaM HHbIX Teope-
THYECKHX Npeanocbutok. M Ha TOM, M Ha APYroM MyTH BHIEH Mporpecc; BO
BCSKOM cllyuae, HcnoJib3oBaHnue ypaBHeHus bopha B ero usHauanbHoit popme,
ele BeTpevaroleecs 1 ceiuac, o3HauaeT camoe rpydoe 1omnyeHHe.

PaccMOTpHM Ha HECKOJIbKUX MPHMEPaX COBPEMEHHOE COCTOSHHE PacteToB
¢ Mcrnonb3oBaHHem moaesin bopha.

VYcoBepilieHCTBOBAHHS pacueToB 1o BopHy MOXHO CBECTH B OCHOBHOM K
crienytoemy.

1. Ipennaraetcsa cuutarh 1 B ypaBHeHUH (7.16) PHMOTETHUECKHUM «paii-
YCOM MOHa B pactBope». PaccunTbiBas 0OpaTHbIM MyTEM JTH pannychl
W3 U3BECTHBIX TEIUIOT COJIbBATALMH, HALEATUCh NPUAATh UM HEKOTOPBIH
¢usnueckuii cMbics. OAHAKO TH MOMbBITKH HE YBEHUAIHCh YCIIEXOM.

2. BBopstca nononHuTeabHble uieHbl B ypaBHeHue (7.16). Hanpumep, no
mMozenn Jlatumepa 310 100aBOUHbBI YJieH A HOHOB $->JIEMEHTOB, PaB-
HblH JHEPruu PacTBOPEHHs COOTBETCTBYIOLIEN0 HHEPTHOTO rasa.
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3. Ilpeanonaraercs, 4to Boaa BOMM3M MOHA CHJIBHO CKara Mon [AeHCTBH-
€M 2JIEKTPOCTaTHIECKOro Mosist HoHa. M3 naHHbIX BpuKMeHa H3BECTHO,
YTO MaKpOCKOMUUecKas AHIIeKTpHUecKasi MPOHHLAeMOCTh BOAbI ManaeT
C TIOBbILIEHWEM AaBieHnd. B ypaBuenue bopHa cTanu BBOAHTH AWIJIEK-
TPUUECKYIO NPOHHLIAEMOCTb, OTBEUAIOLLY IO CHKATOMH BOJE.

Hamnyuiue coBnafeHust ¢ 9KCHEPHMEHTOM JIaeT TOJbKO KOMOHHALMS Hec-
KONBbKHX AomyieHHid. OnHa U3 MoCneHNUX YAauHbIX MOMbITOK B 3TOM Hanpas-
AeHun npuHamiexxut CTokey.

Benen 3a Jlatumepom CTOKC IEIUT CyMMapHYHO 3HEPIHIO MHAPATALMHU JJIeK-
TPOJMTOB HA [BE YAaCTH — 3fekTpocTaThueckyto AGY u neanektpocratuye-
ckyto AG (anekTpocTarnyeckas COCTaBIAIOLIAs PABHA PA3HOCTH MEKTPOCTa-
THYECKHX COCTABJIAIOINX XMMHUECKOIO NOTEHLHala HOHOB B PaCTBOPE H B rase)
1 BBOAHT YCPEIHEHHYH) BEJIMUUHY AMDIEKTPUUECKOH NPOHHLAEMOCTH CPe/lbl B
OnnokaiiiieM K HOHY crloe.

=]
Cnoii Bozbl BOIM3H OJHO3APANHBIX KATHOHOB HMEET, TOJLLHHY 2.8 A, BOJIH-
o

3W JBYX- M Tpex3apaaHbix 5,6 A. Jlasg oaHO3apsaHbIX AHHOHOB TONLIHHA CJIOS
npuHaTa CTOKCOM 0€3 10CTaTOYHBIX OCHOBaHWIi paHoii Hymo. Jlanee Ctokc
NPeAnoaoKHa, YTO PaalyC HOHA B HIEalbHOM MOHHOM ra3e W B pacTBOpe pas-
anueH. Ecau B pacTBOpe B KauecTBE HOHHOIO paauyca MOXKHO MPHUHATH €ro
Kpucrannorpapuueckuii paanyc (HOH B pacTBOpE MOABEPIKEH NEHCTBUIO CUIl
HEe MEHBUIHX, YeM B KpHCTAJIE, B MPOTHBHOM Cllyyae TEMIOThl PaCTBOPEHUS
HOHHBIX KPUCTAJUIOB ObliK Obl 3HAUHTENBLHO OOJIbLIE HAOIOAAEMbIX), TO B ra-
3¢ pasMepbl paauycoB MOHOB JOJIKHBI ObITh OoJible KpUCTAIOrpaduyecKuX.
OHu, no mpican CTOKca, CKOpee BCEro CpaBHHMbI [0 BEJIMUMHE C paauycaMu
aTOMOB COOTBETCTBYIOIIMX OJaropoaHbIX razoB. ITH panuychl CTOke Ha3Basl
«BAHAEPBAANLCOBBIMUY (7). PaccunTanHble UM 3HAUEHUs 7", HEKOTOPbIX HOHOB

ykazaHsl B Tabn. 7.2.
Tadnnna72

Hou Nat Kt RbT Cst Cci- Br~ 1~

Ty 1,352 1,671 1,801 1,997 2,252 2,298 2,548

B oxoHuaTennHOM BHAe ypaBHeHHe Bopua ¢ monpaskamu CTtokca mpeacTa-
BIsieT cODOI MHOTOUJIEH, COAEPIKALLHI HECKOJILKO MPOW3BOJIbHBIX, HE MO0~
LIMXCS IKCTEPUMEHTAIBHOM MPOBEPKE BENHYHMH, TAKUX KaK YUCIIO CJIOEB PACTBO-
puTens BOKPYr HOHa, d(peKTuBHas AHdIEKTPHUECKas [IPOHHLAEMOCTh, 00LIas
TOJILIMHA COMBLBATHOTO €10, TTOHATHO, KOHEUHO, YTO MPH COOTBETCTBYIOLEM
noadope HTHX MapamMeTpoB MOMKHO MOJYUMTh AJeKBATHbLIE 3HAUEHHUSI IHEPTUU
cosbBarauuu. JanbHeline nonbITky yayulieHus Teopuu bopHa takke He JH-
LIEHbI KPUTHKH, MOATOMY 3[1€Ch O HUX He yrnoMuHaeTcs. UtoObl cocTaBuTh Oosiee
NoJIHOE MPEACTaBIEHHE O COBPEMEHHOM COCTOSIHHM MPOOJIEMbl COJIbBATALIMH,
MOJIE3HO MPUBECTH 3[€Ch HEKOTOPBIE H3 COBPEMEHHbIX METOI0B HCCJIEOBAHMUS
CTPOEHHUsI PACTBOPOB JIEKTPOJUTOB.

Memoowst AMP ¢ ucciaedoeanuu aeaenuir coaveamayuu. Meton SIMP
UYyBCTBHTEJIEH K MajleHllieMy H3MEHEHUIO COCTOSHHS SJIEKTPOHHBIX 000J10UeK
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aTOMOB, BXOISILUUX B MOJIEKYJIbl. METOI PErHCTPUPYET AaKe Cladble MEKMOJIE-
KyJIApHBIE B3aUMOACHCTBHA, MOITOMY B nocsieaHHe roiasl JIMP Bowien B uncio
CaMbIX MOMYJIAPHBIX MPUEMOB IKCIIEPUMEHTAJILHOTO H3YUEHUS ABJIEHUS COJbBa-
TalUK{ B pACTBOPAX JIEKTPOIIMTOB H CTPYKTYPbl PACTBOPOB.

HenocpencreeHno B akcnepumente AMP usmepsatores Xumuieckuii capur
B CMEKTPax MarHUTHOTO PE30HAHCA fALEP, BPEMEHA PENAKCALIMH M CBA3AHHBIE
€ HUMH BEJIMUHHBL.

Xumuyeckunm cogueom § Ha3bIBAETCA U3MEHEHHE PE3OHAHCHO YacTOTh! MpH
napamMarHUTHOM ANEPHOM TOTIIOLLEHHH PAAHOBOJIH BELIECTBOM, CBA3AHHOE C U3-
MEHEHHEM XHMHUYECKOro CTpoeHus nocenHero. Eciiu B uccienyemMom BelecTBe
HUMEIOTCS aTOMBbI, s/pa KOTOPbIX 00NanaloT OTIHYHBIM OT HYJISI MATHUTHBIM MO-
MEHTOM, TO [PH HAJO)KEHUH BHELLIHETO MOCTOSHHOTO MArHUTHOTO 11011 MarHUT-
HbIH MOMEHT pacILEerIfAeTCs Ha HECKOIBKO YPORHEH, MEPeXo/ibl MEKIY KOTOPbI-
MU ONPEenesAtOTCs PE30HAHCHOI HacTOTON v

17
v=21", (7.17)
2
rae v — 4acTtora Kone6a1-um, C;[. F — Hanps»KE€HHUE BHECUIHETO MAarHUTHOrO
noJjs, Y — FHPOMAarHUTHOE OTHOLIEHHE PE30OHHPYIOLHX SIAEP.
XuUMHYECKHIT CABUI ABIIACTCA OTHOCHTENLHOH BEJTHUMHOM:

g=le=n LB (7.18)
Vs Fy
e U, U Fy — pe3oHaHCHbIe 3HAYEHUS YaCTOThl H MArHHUTHOTO TOJIS ATATOHHbIX
anep npu GUKCHPOBAHHOM 3HA4EHUHM MAarHUTHOTO TOJISt WK YacTOThI.

Sapo skpanupyeTcs OT BHELIHEr0 MarHHTHOTO 110J1 OKpY KaroLuei ero snex-
TpOoHHOI obonoukoi. [To3TOMyY MpH H3MEHEHHH COCTOSHHA YNEKTPOHHOIT 000-
JIOYKH MeHseTcst BenuiuuHa d(PPeKTHBHOrO MarHMTHOrO roJs, AeHCTBYIOLIEro
Ha TaHHOE Aapo.

Pacluenienue TUHUA B CIEKTPax BbICOKOTO pa3peLUeHus aaep, HaXOaaLHX-
¢ B MCCJIElyEMOM BELIECTBE B XUMHUYECKH HEIKBHUBAJIEHTHBIX MONOKEHHSAX,
CBHJIETEJILCTBYET 00 W3MEHEHUM CTEMEHH IKPAaHHPOBAHHA ITHX AAEP DIEKTPO-
HaMmu. B nacrosiiee BpeMs HEBO3MOKHO OTMPENECSIHTH a0COMIOTHYIO BETHUHHY
KOHCTaHThl JKpaHWpOBaHHs. BenencTrHe 3TOro mosib3ytoTcsi OTHOCHTENILHBIMH
BEJMUMHAMU XMMUYECKHX CIBUIOB U ONPENEIIAIOT TOJABKO OTHOCHTENIbHOE I10-
JIOKEHUE CMEKTPATLHBIX JUHHIH M0 KaKOMY-JIMOO JTalloOHHOMY BelecTy. Jlns
BOJHBIX PACTBOPOB JIEKTPOJIUTOB ITAIOHOM HacCTO CJIYIKHT pacTBoOp cyibpara
ME/IH.

Jlns uHTepnpeTauMn XHMHUYECKOrO CBUra pacTBOPHTENs B pacTBOpax na-
paMarHUTHBIX HOHOB TOJBL3YHOTCA MOJY KOJIMYECTBEHHBIM BhipakeHuem bjom-
Oeprena

cly(0)?
5= %’ (7.19)
rae [1(0)?| — BepoATHOCTL NPedbIBAHKS HECTIAPEHHBIX HIEKTPOHOB HOHA OKOJIO

TMPOTOHA PACTBOPUTESIA, ¢ — KOHLEHTPALNA MOJIEKYJI PACTBOPHTEIIA, & KOHCTAH-
Ta n BKJIOYAET B cedst KOOPAHHALUHOHHOEC YHCJI0 MOHA.
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B nepBbix padoTax 1o cUCTeMaTHYECKOMY MCCIIEN0BAaHUIO PACTBOPOB AHA-
MAarHUTHBIX JIEKTPOJIHTOB (KUCIIOT) paccMaTpHBalIcs OOMEH MPOTOHAMH MEAKIY
BCEMH BO3MOKHBIMU nojioskeHusiMu HT . CrnekTp MpoTOHHOTO pe3oHaHca Beex
KHCJIOT COCTOMT M3 OAHOH JMHHH, MONOKEHHE KOTOPOIl 3aBHCHT OT KOHLICH-
Tpauuu. T HccaenoBaHus rokasanu, 4yto B pacteopax HCl, HNO3 u HCIO4
TIPH BLICOKUX KOHLEHTPALUAX HMeeTCsl OObLIOE YNCIIO HEAHCCOLMHPOBAHHBIX
Moiekyan. [1pu cuctemMaTiueckoM Heeae0BaHHH ITHX PACTBOPOB ObljlH MOJ1ye-
HBI Pe3yNbTaThl, HA OCHOBAHHYM KOTOPBIX MOKHO CHMTATh YCTaHOBJIEHHbBIM, UTO
pe3yNbTHPYIOMWINI XUMHYECKUI CIBHI PACTBOPOB 3aBHCHT OT KOHLEHTpPALUM
JIMHEeHO, BIUIOTh 10 KOHUEHTpaLMi, ONH3KHX K rPaHHULE MOJHOM coibBaTalluy,
1 OTMHCBIBAETCA YpaBHEHHEM

§=m(nTot +n767), (7.20)

A€ 71— MOJISSILHOCTD PACTBOPa, T 17 ™ — YKo MOsIei KATHOHOB H AHHOHOB
B pacTBope, npuxoasieecs Ha 1 MOJb THCCOIMAPOBAHHOTO AIEKTPOIUTA.

TH 3aBHCUMOCTH B 00LLEeM OblJ1H OATBEPIKAEHbI MOCIEAYHOLUHMH HCCe10-
BaHUAMH. OHYM CBHAETENLCTBYIOT 00 aAMTHBHOCTH BJAMAHUS HOHOB HA CyMMap-
HbIM CIBUT § BILUIOTH 110 KOHLEHTpaLMil, GIH3KHX K rpaHulie MOJHON CobBaTa-
uud. Briocnieacteuu Obuia npeasiokeHa yCaoBHas LKaIa XUMHYECKHX CABHIOB
WMOHOB Ha OCHOBE MPOH3BOJILHO YCTAHOBJIEHHOI BEJTHY HHbI X HMHUECKOTO C/IBHTA
npoToHa Boxbl B TpucyTcTBUM | r-oH CCly . [TonydeHsl BMoHE pasyMHble psijibl
BAMSIHHS HOHOB HA XMMUUECKHIT CIBUT IPOTOHOB BO/IbI B PACTBOPAX EKTPOIHTORB:

Lit > Na™ > K*;  Be®** > Mg®™ > Ca®t > Ba®™;

F~ > CI” >NO; >Br~ >1" > CClOy .

Bbio Takike MOKa3aHo, 4TO OCHOBHOE BIMSHME MOHA MPHUXOAMTCA Ha MEPBBIii
CJ10i1 CONbBATHPOBAHHBIX MOJIEKYJl BOAbI

Cpsi3aB XMMHYECKHH CABMI C ruaparaiied, MOXKHO y4ecTb Bce d(PpeKTbl
B3aHMONEHCTBHS HOHOB C BOAOH C MOMOULIBIO YETHIPEX OCHOBHBIX MPOLIECCOB.
Hcxoas U3 9TOro MOAKHO pas3aesuTh CyMMapHbli XUMHUECKHI CABUT Ha YeThIpe
COCTAB/ISIOLLUHX, YUHTBIBAIOLIHX Pa3pbiB BOLOPOAHbIX CBA3EI B BOAE, MONAPH3A-
LIMIO Cpeibl, B3aUMOAEIiCTBUE HOH — KHUCJIOPOA MOJIEKY]l BOIbI B MEPBOH ri-
paTHOIi 0D0JOUKE M HEITEKTPOCTATHUECKOE B3aHMO/IEHCTBUE KHCIIOPOAA BOIbI
¢ noHoMm NH, XxuMuuecKHii CABUI KOTOPOro Gbiil MPHHAT PaBHBIM HYJNO, T. K.
IO MHEHHIO HEKOTOPBIX YUEHBIX OH HE HapyllaeT CTPYKTYPY BOIbI.

Bounbiuoii HHGpOpMaLMOHHBIH MaTepHall JAl0T TaKk Ha3blBAEMbIE perakcayl-
OHHbIe MemoOel. PellakcallHOHHBIMH B OTHOLIEHWH CHCTEMbI AAEPHbLIX CMHHOB
ABJISIIOTCA MPOLECCHI, MTPHBOAALLHE CUCTEMY B CTALLMOHAPHOE COCTOSIHUE, U3 KO-
TOPOTO OHa Obla BbIBEAEHA KAKUM-JIHOO BHEIWIHUM Bo3leiicTeHeM. CKOpOCTb
peJakcaluny 3aBUCHT OT (PU3HKO-XHMHUECKHX CBOHCTB BELUECTBA M €0 COCTOA-
HUA. «CHCTEMO CTIMHOBY Ha3blBAETCA aHCAMOIb AIEPHBIX MOMEHTOB, COCTAB-
JIEHHbIH M3 sIep OTHAEIbHBIX ATOMOB, PACMPENEJNEHHBIX MO YHEPreTHUECKHUM
YPOBHSIM B comtacuu ¢ GoNbLIMAHOBCKMM pacnipeneneHneM. Bewectso, conep-
JKallee HTH Apa W CMHHbI, Ha3bIBAETCA «pelueTkoi». Mexkay «cucTemoit cru-
HOB» M «PELIETKOil» CyLIECTBYET TEPMOAHHAMHUECKOE paBHOBecHEe. CKOPOCTh
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o0MeHa IHeprueil MeXkay HUMH XapaKTepH3yroT nocTosHHON T, Ha3blBaeMOid
apeMenem cnuH-peutemounoll petakcayuu. Kpome Hee yCTaHOBEHA TaKikKe Mo-
crosaHHaa Ty, XapakrepH3ylolas HHTEHCHBHOCTDb pesJaKCAaLMOHHbIX MPOLIECCOB
W Ha3bIBAEMAS GPEMEHEM CHUH-CRUHOG0U petakcayuu. ITa NOCTOSHHASA CBA3aHa,
kak 1 T, ¢ wHpHHO# criekTpanbHOil InHMK SIMP 1 MoXkKeT ObITh BhIUHCIIEHA HA
ee OCHOBE.

Hapsny ¢ XxumMuueckuMH CABHraMH OMpeAeseHHe BPEMEH CMHH-CMHHOBON
W CMMH-PEIIETOYHOH peflakcalii W CBA3AHHOIO C pesakcaluell OTHOCHTENb-
HO YWHUpeHus auHui B criektpax AMP Hauanu npumeHsTh AMA UCCleaoBa-
HUS CTPYKTYPbI pACTBOPOB CPaBHUTEJIbHO HEAaBHO. HeOMHO3HAUHOCTD BBIBOJIOB,
TPYAHOCTb HHTEPMPETALIUH BEJIMYHH, HAOIIONAEMbIX HEMOCPEACTBEHHO B OMbITE,
U OTCYTCTBHE [10Ka COBMALAIOLUMX KOJHYECTBEHHbBIX PACUETOB MOJKHO 10ITOMY
CUUTATh «OOJE3HAMH POCTa» 3TOTO METOAA, OE3YCAOBHO, NEPCIEKTUBHOTO LT
TEOpUH pacTBOPOB. TeM He MEeHee, HECMOTPSA Ha HEOIHO3HAYHYIO MHTepnpeTa-
LHIO JITAHHBIX YKa3aHHbIE BbIILIE JKCMEPHMEHTATbHbIE METO/bI OUY€Hb YYBCTBH-
Te/bHbl K 100aBKaM PacTBOPEHHbIX BELIECTB B TOM WM MHOM PacTBOPMTEJIE.
Ha puc. 7.4 u 7.5 npuseaeHbl 3aBUCUMOCTH XUMHUYECKOTO CABUIa H OTHOCHTEITb-
HOro YWHpeHHs NuHuii cnektpos AMP [u1g HEKOTOPBIX pacTBOPOB.

11 METObI 0COOEHHO YNOOHBI 151 HCCIIEN0BAHUS PACTBOPOB, COAEPIKALIUX

ACHq/ACHz

224

220

216

212

208 L a: ! 9 ] , 1 1 1 1 ! I |
0 5 10 15 20 25 0 10 20 30 40 50 60 70
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Puc. 7.4. 3aBHCHMOCTD BEITHYHHBI XHMH- Puc. 7.5. 3aBHCHMOCTb OTHOCHTEIIb-
Yeekoro ¢aura s wona BuyN™ ot kow- HOro yiuupeHus auuuil cnekrpa SIMP
LCHTPALIMK PA3IHYHBIX COJICH Cro B HUT- (Acty / Acn, ) o1 conepianns D2O B
podensone npu 35,97 C. [ — Bu4NCI; emetaniom pacteopureie CoHsOD —
2 — Bu4NBr: 3 — Bu4NI; 4 — D20 a1 pacTBOpOB tapaMarHUTHBIX
BusNCIO4; 5 — BusNPic coneit. [ — CuCly (0,1 monn/n); 2 —

CuClz (0,05 mom/m); 3— Cu(NO3)2 X
x 31120 (0,05 mo:mi/n)
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rapaMarHUTHbIE HOHbI, OJHAKO MOABIAIOTCSA PadOThl M 10 PAcTBOPaM jaHamar-
HHMTHBIX HOHOB.

Ilyrem uccaenoBauus penakcalii B pacTBOpax, Tak ke Kak U IpyruMu Me-
TOAMH, MBITAJINCh BLIACHUTHL BIMAHHE MOHOB HAa CTPYKTYPY BOIbI, COCTOSHHE
MOJEKYJ BO/bl B TMIPATHOIH 000JI0UKE HOHOB, KOOPAHHALMOHHbIE YHCIA COJlb-
BaTalMK M CKOPOCTL OOMEHa MOJIEKYJaMH PACTBOPHUTENS MEKIY COJIbBATHOM
000:104K0i1 HOHOB 1 OKpy:katolleil Bogoii. Haubonblne ycrnexu 10CTUTHYTbI
B OLIEHKE MOABWKHOCTH MOJIEKYJT BObI B THAPATHBIX 000I0UKaX.

YcTaHOBNEHO, YTO TMApaTHas 000JouKa OUeHb HEPrHYHO O0OMeHHBaeTCs
MOJIEKY/IaMU BOJIbl € OCTaJIbHOI Maccoii pactBopa. HekoTopbie HOHbI MOKHO
OTHECTH K UmnciTy paspyiaionx uactuit, (Rb™, CsT, Br=, NO;, 17), a apyrue
(F~, C17, Lit, Nat, KT) — crabuiu3upyroiux cTpyKkTypy pacteopa («oTpu-
HareabHass» M «MoJoKUTeNIbHassy ruaparaims no Camolinosy).

B nacrosiiee Bpems Hanbosiee HaaexKHO XapaKTepHCTHKOM cTeneHn ruapa-
TalWH (COMbBATALMK) MPUHATO CUUTATH KOGhPuyuenm camooupdysuu pacmeo-
pumens, onpenenseMblif MeroaoM «crnuH-3xo». Koadpuunenrs camonuddysun
BO/Ibl B PACTBOPAX pa3IHuHbIX coneil npupeneHs! B Tadm. 7.3

Tabnuua73

Conb KCI | KF | KBr | KI | LiCI | NaCl | RbCI | H20

D-10%.em?/c | 0.99 | 1,18 | 121 | 1,22 | 1,01 | 1.02 | 1,18 | 1,18

M3 tabnuusl BUaHO, uto KCI npakTuueckn He npenstcTByeT camonuddy-
31U BOJIbI B PACTBOPE, B TO BPEMSA Kak Cojiu, conepxkaune nonsl F~, LIT, Nat,
yMenpInaioT ee. Takum oOpasom, woHsl F—, LiT, Na™ cBA3LIBAIOT MONEKYJIBI
BOZbI, @ HOHBI Br—, [7, Cs™ paspbixusior ctpykrypy Boasl. U pefcTauTesnsHO,
F~-anuon obanaet cmocoOHOCTHLIO K 00pa30BaHHIO BOLOPOIHbBIX CBA3EIH U, CIle-
JIOBATEJILHO, KaK Obl BXOAHUT B CTPYKTYPY BO/bI, yKpenss ee kapkac. Momnsi LiT
u NaT, umes malibie paauychbl, 3a CUET KyJIOHOBCKHX CHIl JI0JKHbI BOBIIEKATH
B c(hepy CBOETO B3aMMOIEHCTBUS MOJIEKYJIbI BTOPOTO CJI0S, CBA3bIBASA CTPYKTYPY
BO/IbI M YKpEIuisisl ee.

HecmoTps Ha kazanock Obl yOeIHTEeNbHbIE MPHBEICHHBIE BhIIE JaHHbIE MO
camoar(dy3un Boabl B pacTBOPAX NIEKTPOIHTOB, BPAL JTH MOXKHO OJHO3ZHAUHO
TOBOPHTH O Pa3phIXJAIOLIEH UK CRA3BIBAIOLIEH CMNOCOOHOCTH HMEHHO 1AHHOTO
HOHa, a He Bceil conn. B 3TOM cMbiciie oueHb XapaKkTepHbl 3KCHEPUMEHTbI 10
MCCIIEI0BAHHIO IHA- W MapamMarHeTH3Ma OTAENbHbIX COel B KPUCTALTHYECKOM
COCTOSIHHM W B PacTBOPE. 3aMEeTHM, YTO AHAMArHeTH3M sBJISETCS HeoTbeMmJle-
MBIM CBOICTBOM J1100BIX aTOMOB (a, cTago ObITh, U MOJEKYJI) H OCHOBAaH Ha
Teopeme Jlapmopa. Teopema Jlapmopa yTBepxkKAaeT, UTO B NPHUCYTCTBUM Mar-
HUTHOTO Nosisi [ yriioBble CKOPOCTH BCEX JIEKTPOHOB M3MEHSIIOTCS Ha OAHY H
Ty e BeHUnHY. MHBIMY CA0BaMU. BCA COBOKY MHOCTh 3JEKTPOHOB NMpELECCHpY-
eT Kak LeJJoe BOKPYI HanpasieHust nons [ ¢ nocTosiHHOH YIJI0BOIH CKOPOCTbIO
w = —eH /2me. U B npUCy TCTBHH MOJISt aTOM MPHOOPETAET MarHUTHBII MOMEHT

2 H
pr =" p}. (7.21)

4me*
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MaruurHas BOCIPHHMHYHUBOCTbL OAHOI'O MOJIS ATOMOB 6yﬂe'r paBHa

Nae2 <= o
Xa=——22%"p2, (7.22)

4mec?

(ueprta Hax CyMMOIl O3HauaeT, HTo OepeTcs cpejHee N0 BPpeMEeHH BCeX BO3MOXK-
HBIX OPHEHTAIHIf aTOMa B €10 HOPMaJlbHOM COCTOSIHUH).

[lo JlaHxeBeHy Bce MEKTPOHHBIE OPOUTHI ATOMOB A0S HBI CBOOOLHO mpe-
LeCCHPOBATh AaXKe TOrA, KOLAA ITH aTOMbl CBA3AHbI B MOJIEKYJIbl. DTO MOJIOKE-
HUE JIETNIO B OCHOBY MCCIIEIOBAHUA CTPYKTYPBI BEIIECTBA METOAOM H3MEpPEHHs

MarHuTHOIT BOCIPUUMUYHUBOCTH.
LiF NaF_KF Oxasanochk, uTo Bkaaa JIaHKEBEHOBCKO-
o—0 RbF ro MarHUTHOTO MOMEHTa (Y 4) OAHOTO M TO-
ro Ke WIEJOYHOro MeTaja, HaXoAsLWerocs
B KPHCTAITHYECKOM COCTOSHUH, HE 3aKOHO-
MEPHO MEHSETCS MPH 3aMEHE aHHOHA.

OueHb nokazaresjbHa B JTOM T[laHe
{CsCl  nuarpamma (puc. 7.6), mosydeHHas MeTo-
nom Baiins, u3 koTopoil HamisaHO cheny-
€T OTKJIOHEHHE OT aJUTMTHBHOCTH CBOHCTB
(B IaHHOM cllydae — MarHHTHbBIX Xapakre-
PHCTHK) HOHOB, COCTABJIAIOLINX LIEIOYHO-
rajouHbIe COJH.

Takum o0pazoM, MOKHO CYHTATb, YTO
noKa eile He CO34aHO 3aKOHUYEHHOH Teo-
PUM ABIEHWI CONbBATALMK, @, C/TE10BATENb-
HO, U TEOPHH PACTBOPOB MIEKTPOJINTOB. [1o-
3TOMY BCIO COBOKYITHOCTh B3auMoaeHCTBUH
MEX/y PacTBOPEHHbIM BELLECTBOM M pac-
TBOPHTENEM, BO3HHKAIOLUIMX B pacTBOpax
3MEKTPOJHTOB, OMUCHIBAIOT, MPUMEHSS YK€ M3BECTHbIH HaM METOJ aKTUBHO-
creii. Tenepb Bce BHABI B3aMMOAEHCTBHI MEXKAy pacTBOPEHHBLIM BELIECTBOM
U pactBOopHTENIeM YPPEKTHBHBIM 00PA30M YUTEHbI C MOMOLLIBIO KOd(ppuLHeHTa
AaKTUBHOCTH 3J1eKTposauTa. TakuM oOpa3om, BCs crieundrKa COCTOSAHUS pacTBO-
POB IEKTPOIHUTOB 3aKJIOUEHA B BeJTHUHHE KOAPPHLHUEHTA AKTHBHOCTH.

Puc. 7.6. MarHuTHbIC BOCIPHHM-
HHBOCTH LIEI0UHOTAIOM/LILIX COlIEH

7.3. MeTtonq akTHBHOCTEH

AKTHBHOCTb M KOI(DDULUMEHT aKTHBHOCTH ABIIAIOTCS peanbHbIMU (u3mye-
CKHMHM BEJTMYMHAMM, 1 Oyl H OnpeaesieHbl pa3jinuHbIMH METOIAMM, 1at0T XOPO-
IO COBMAAlOLIHe IPYT C JIPYTOM pe3yasrarhl. B Tadi. 7.4 mokaszaHo cpaBHeHMe
MOMYHEHHBIX Pa3HbIMU MeTodaMu Kod(duumrerToB aktuBHoctH KCI B BOgHbIX
pacTBopax, rie yp, YAT, YE — COOTBETCTBEHHO, KOY(D(PHLUHEHTbI AKTHBHOCTH,
BBIUMCIIEHHBIE W3 JAHHBIX MO YNPYTOCTH Mapa pacTBOpa, U3 KPHOCKOMMM W K3
U3MEPEHHsI MEKTPOABHIKY LLEH CHJIbl IaJIbBAHHUECKOTO 3JIEMEHTA.
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Tabnauua74
€, MOJIB/JT 0.001 0,005 0.01 0.05 0,1 0,5 1.0
P 0.965 0,926 | 0,900 | 0.813 0,763 0,638 0,596
YAT 0,965 0,926 | 0.899 | 0,809 0.762 — —
YE 0,965 0,926 | 0,899 | 0815 0,764 | 0,644 | 0,597

Kak BuaHO U3 Tabmuiml, k03 QUIHEHTH akTHBHOCTH, ONPEIETEHHbIE Pa3HbI-
MH METOAMH, XOPOLIO COBNANAOT APYT € IPYTOM, HO ITOCKOJIbKY 3TH BEJIMUHHbI
ABNAIOTCA (POPMATLHBIMH, OHH HE MOTYT O0BACHUTL OCOOEHHOCTH SIEKTPOIH-
TOB. [T03TOMY BO3HHKAeT HEOOXOAUMOCTb PACCMOTPEHHS MEKUACTHYHBIX B3au-
MOZIEHCTBHIH B pacTBOpax EKTPOTUTOB HA OCHOBE MOJEILHBIX MPEACTABICHHH.

TepMmonHHaMHUECKHE YPABHEHHS U1 PACTBOPOB WIEKTPOJHTOB MOAOOHDI
COOTBETCTBYIOLLMM ypPaBHEHUAM ISl HEATEKTPOINTOB; Pa3IHUNE 3aKII0UaeTCs
B TOM, YTO PacTBOPbI NIEKTPOJIUTOB NPOBOAAT INEKTPHUECKHH TOK, @ BCE BHABI
YacTHL[ pacTBOpaA JIEKTPOIUTA CJIEAYET pacCMaTpHBaTh Kak caMOCTOATE/IbHbIE
KOMINOHEHTbI. CUMTAETCA, UTO B CUIIbHBIX AJIEKTPOIUTAX 3TO HOHbI BCEX COPTOB
W MOJIEKYJTbI PACTBOPHTESIS, B CITA0BIX TEKTPOIUTAX — ELLIE W HEMPOINCCOLIMH-
POBaBLIME MOJIEKYIbI PACTBOPEHHOIO BeliecTsa. s pacTBOPOB 2AEKTPOIUTOB
BBOJIUTCS NOMOJIHUTENILHOE YCIIOBHE, TT0 KOTOPOMY KOHLEHTPALMH 3aPAKEHHbIX
YacTHLL B PABHOBECHBIX TOMOI€HHBIX CHCTEMaX CBSI3aHbl MeXly COOO#H ycjloBHEM
NEKTPOHEHTPAJIBHOCTH

> exin; =0, (7.23)

TA€ 71; — KOHLIEHTPALMs YacTHI cOpTa i, 2; — 3apal YacTHULbl U e — 3apsij
MEKTPOHA; [UTA HEHTpabHbIX yacThly z; = 0.

OcHOBOI1 MOOOH KOJIHUECTBEHHOH TEPMOIHHAMUYECKOH TEOPUH ABIAETCS
ypaBHeHHe (PyHKIMOHAILHOI 3aBHCUMOCTH CBOOOAHONH HTANBMMK ((hyHKUMK
Iuo6ca () ¢ KOHUEHTpaLMEH BELIECTB, BXOAAIMX B HCCIAEAYEMYIO CHCTEMY.
M3 3TOr0 OCHOBHOTO YpaBHEHHS MOTYT ObITh MOJyHeHb! MPOW3BOAHBIE /LIS JIIO-
ObIX APYrUX TepMOAMHAMHYECKHX CBOICTB cHcTeMbl. B camoMm nene — Bbipa-
JKeHHe [UIf CTaHJapTHOTO XMMHUYECKOTO CPOJICTRA

AG® = —RThh K, (7.24)

onpeneseTcs BeTHUHHON KOHCTAHTBI XMMHYECKOTO paBHOBeCHA. Eciin npuHaTh
KOHLEMLHIO AppeHHyca, TO KOHCTAHTa XMMHYECKOr0 PABHOBECHS €CThb KOHCTAH-
Ta Auccoumranuu. i OMHAPHOTO MIEKTPOIMTA, AMCCOLMHPYIOLLETO 10 CXeME

MA =2 Mt +A~

(1 —a)c ac ac
MOCHO 3arncarb

2
wa-c

K= (7.25)

1—01'
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Taknum oOpa3om, kazanoch Obl, UTO 3a1a4a CO3JaHUsI TEOPHH HIEKTPOIHTOB
peleHa, MocKoIbKy CBA3b KOHCTAHThI PABHOBECHA (MO AppeHHycCy) H (yHKLNH
I'n66ca uepes (7.24) u (7.25) oueBuaHa.

OnHako Teopus AppeHHyca BOBCE HTHOPUPYET B3aMMOAEHCTBHE HOHOB C MO-
JIeKyJlaMHi pAacTBOPHTEIS, ABSAIOLIEECS OCHOBHBIM B MEXaHH3ME AMCCOLMALIMU
TOYHO TaK 7K€ HE paccMaTpHBalOTCS MOH-MOHHBIE B3aUMOIEHCTBHS, MOCKOIb-
Ky MOHBI OTOXKIECTBJSIOTCS ¢ HaCTHLAMH MIealTbHOTO Ta3a, a, CeN0BaTeNbHO,
HE YUHTHIBAETCSA OTTAJIKHBAHHUE OTHOMMEHHO 3apSKEHHbIX W MPUTHKEHHE pa3-
HOHUMEHHO 3apsKeHHbIX YacTHLL. [TombITky yuera Takoro poaa B3anMmoneicTaui
NpuUBeH K (POPMHPOBAHHIO COBPEMEHHbIX TEPMOIHHAMHYECKHX TEOPHIl dJieK-
TPOJIMTOB. B OCHOBY MX mojoxkeH (hopMambHblii MOAXO, MPEATOKEHHbIH JIblo-
ucom B 1908 r, mo KOTOpOMy HCHOJIb30BaHA NpexHaAa (T.€. Al MAeallbHOro
COCTOSTHUSA ) (popMa 3arHcH, HampUMep, XHMHIECKOTO MOTeHIHaNa, a H3MEHSICS
JUIbL caM aprymeHT. Takum oOpa3om, aJist i-i yacTHLbI

wi = 1 + RT Ina;. (7.26)

VYkaxeM Ha HEKOTOPblE 0OCOOEHHOCTH HCIOIb30BaHUS ypaBHeHus (7.26) s
pacTBopoB eKTpoiuToR. [lockonbky B TepMoanHaMmuke [n6dca ¢ nonomHu-
TEJbHBIM YCIOBHEM 3JIEKTPOHEHTPaJbHOCTH MOYKHO MPHHATH B KaUECTBE KOM-
TIOHEHTA OTAENILHO B3AThII HOH, TO, Ka3aJ0Ch Obl, YTO TIOACTPOUHBIN MHAEKC ¢
npu akTUBHOCTH B (7.26) oTpaxaeT akTHBHOCTb OTAEJILHO B3siToro HoHa. On-
HAKO CJIeyeT MOMHHTh, 4TO MOHATHE XHMHYECKOro MOTEHLHANa HOHA CopTa ¢
ecTb MaTemaruyeckas GUKLMA, TAK KaK Ornepaius BblAEJIEHUA OTAE/IbHOIO HOHA
(m3nveckn HeocyuecTBUMa. HeBo3MokHO 100aBUTH K pacTBOPY MOHBI TOJNb-
KO OJIHOTO 3HaKa, MOCKOJbKY 3TO NPUBEAET K BO3PACTAHUK IHEPIHH CHCTEMBbI
3a CUET U3MEHEHUS ATEKTPHUECKOTO 3apsiaa. ITO H3MEHEHHE BCETa KOMIEHCH-
pyercsi 100aBleHHEM SKBMBAJIEHTHOIO KOJMUYECTBA MPOTHBOTONOMNKHO 3apsKeH-
HBIX MOHOB. B pe3yibTare cBOOOAHAA SHEPTHA CHCTEMBI (PACTBOPA) H3MEHSIETCS
BCJIENCTBHE 100ABIEHHS HEKOTOPOTO KOJIMYECTRA JIEKTPOHEHTpalbHOTO Belle-

CTBA, T. €. o
7
Jls = ( ) , (7.27)
ong P.T
e § — HHAEKC ICKTPOHEHTPaIbHOIO BEILECTBa copTa S.

CBsi3b MEKAY aKTHBHOCTAMH OTACJIbBHBIX HOHOB U COJTH (HeﬁTpaﬂl)HOFO BC-
LIECTBA) YCTAHABIHBAETCS YHCTO (POPMAILHO H3 YCIOBHSA DIEKTPOHEITPaIbHO-
cru. Hanpumep. sist peakiuu

My+A,- =vTM+v~A
yCJ10BHE 3J'Iek'rp0He[7'ITpaIleOCTl-l 3anMueTCa B BUaC

vi et =v |27, (7.28)

urToraa _
ps =V + v po. (7.29)

nOCKOﬂbl\'y B CTAHAAPTHOM COCTOAHHH YCJIOBHE 3ﬂel\'rp0HeﬁTpaﬂbHOCTl‘l CO-
XpaHAeTCs, TO

p = vl vl (7.30)
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Torna 3 (7.29) u (7.30) cneayer, uto
RTIna, =vTRTIna, +v RTIna_. (7.31)
Wnn
as = a”:a”;, (7.32)

T. €. aKTMBHOCTb COJIN ()OPMAILHO BbIPAKAETCS Uepe3 MPOU3BEAECHHE aKTHBHO-
cTeil HOHOB, Ha KOTOPBIE MOKET pacnanathCs AaHHbIi 51ekTpoanT. OnHaKo ¢ mno-
MoLbIO GopMyIbl (7.32) BbIIETUTh AKTHBHOCTb KA /I0I0 H3 HOHOB HE MpeacTa-
BJIAETCS BO3MOXKHBIM. [ 10CKOMLKY B KateCcTBE MCXOHOTO MOChIIA [T OMMCaHUs
PaBHOBECHSI B PACTBOPE MOCIYKHI XHMHUECKHH MOTeHUHMal, TO 3TH (GOPMYJIb
CTIpaBeJIHBbI A 000 KOHUEHTPALIMOHHOM HIKaIbI

— B LIKAJIE MOJISUIbHBIX KOHLIEHTPALIHIT as(m) = mgys;
— B ILIKaJIe MOJISAPHBIX KOHLEHTPALUii @sle) = ealys; (7.33)
— B LUKAJIE MOJIbHBIX j10J1ei as(x) = csfs,

rae Kod(QGULUUEHTbI aKTUBHOCTH Y, Y, f COOTBETCTBEHHO HA3bIBAIOTCS MOIATb-
HOIM, MOTAPHLIM W pAyUuoHaTbHuIM KO PPULIEHTaMH akTHBHOCTH. OTMETHM,
4TO B J1000# KOHLEHTPALHOHHOI LKale BeJTHUHHA aKTHBHOCTH @ Oe3pazmep-
Ha, KaK TO CIIe/lyeT H3 ONpeiesieHHsl aKTHBHOCTH as = ps /p. KoddduunenTsl
aKTHBHOCTH Takke 6e3pa3MepHsl

) ) 7

RT RT

NOCKOJIbKY 1O (PU3MUECKOMY CMbICiy Jorapupm Kod(pQHuMeHTa akTMBHOCTH
ecTh paboTa nepeHoca TaHHOTO BEIeCTRa 3 peaTbHOTO B HIealThbHOE COCTOSTHHE
B DHEpPreTHUYEeCKHX eaMHHuax R7.

KoHueHTpaLn HOHOR (ONATh-TakH ()OPMATBbHO) CBA3AHBI ¢ KOHLIEHTpaLHeii
COJIM COOTHOLUEHUEM:!

Invys = pslm) =i gy Ys = pslQ) = wt gy fs = MS(mJZz:; = (7.34)

my = vtm,, m_ = vV omg,
cr=vtes, c_=vc, (7.35)
vy =vtz,, T_=v x4

O0bennHssa 3TH BeipakeHus ¢ (7.32), momyuaem

+
as = a+ a’ = (yem4)” (y-mo)” =
( + - +

ms)y (1/h1/_ms)y :(1/+)V (1/_)'/_ (msv+)” . (7.36)

) 1/v
3pecb v = v 4+ v, avy = (’y et ) — cpedieuonnuiil Koagghuyu-

enm axkmugrocmu. I1o aHaJoOTHH cO CpeaHEHOHHBIM KO3()(HIIMEHTOM aKTHBHO-
CTH Y= BBOINTCSA MOHATHE CPEOHEl UOHHOI AKMUBHOCII:

ar = Yas = a+ . (7.37)
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(3ameTHM, YTO CpeaHAs HOHHAs AKTUBHOCTb TAK K€, KAK M CPEIHEHOHHbIH
KOY((HHIIMEHT AKTHBHOCTH BhIpAXKaloTCs Uepe3 akTHBHOCTb M KOI(HHLHEHT aK-
TUBHOCTH COJIM; BMOCJIEACTBUHU, HANPUMED, 1PH 3aMUCH HJIEKTPOAHOIO MOTEH-
Lpaia OTAEIbHO B3SAITOrO MOJYJIEMEHTa Mbl Takie OyneM Moib30BaThes WK
CpeIHEeHOHHONH aKTUBHOCTBIO, HIIH CPEAHEHOHHbIM KOY(P(HIHEHTOM aKTHBHO-
CTH, @ OTHIOIb HE HOHHBIMH aKTHBHOCTSIMU WIIH KO3 (ULHEHTOM aKTHBHOCTH).

CBf3b MEXK Y AKTHBHOCTAMH H KOYPPHLHEHTAMH AKTHBHOCTEH B pa3MUHbIX
KOHLIEHTPALIMOHHBIX LIKATaX MOXKHO MOTYUHTh, €CIH YUECTh, UTO XMMHUYECKUH
MOTEHLHAN ft; HE 3aBUCHT OT BLIOOPA KOHLIEHTPALMOHHON LIKAJBI, T. €.

s = pd(m) + RT Inas(m) = p2(c) + RTInas(c) = pl(x) + RT Inay(z).
(1.38)

W3 (7.36), nanpumep, CBA3bL MEXKIY Y+ M y+ mocie noactaHoBku B (7.38)

+ -—

Bmecto az(m) = (v ()" (mey%) was(c) = @H)” @) (est)
3AMUILETCA ClIEYOLHM 00pasoM:

0 0
m ps(m) + pg(c)

Inyr =In— +Inygp + =t 7.39

Y+ - Y+ RT (7.39)

Opue - 0um — 0, yr = 1 u~vyr — 1. Kpome toro, u3 onpeaeneHus

MOJISILHOCTH U MOTIAPHOCTH B MPEJIeNax THX YCIOBHIl, ClieayeT, uto ¢/m — po,

e po — MIOTHOCTb PACTBOPUTENS. B 3TUX MPUOAMIKEHUAX OKOHYATEILHO

yi = _”5"':*. (7.40)

AHaNOrM4YHO BbIBOAATCS H APYFHE COOTHOLIEHHS MeXAY Kod(duuueHTamu
AaKTUBHOCTH B PALIHOHAILHON W MONIAPHOI HiKanax.:

Fi = s (140,001 vMym), (7.41)

f+ =yx (p+0,001lc(vM, — My)) /po, (7.42)

rneM, u My — MoneKynsIpHbIe MacChi PACTBOPHTENS H JIEKTPOIUTA COOTBET-
CTBEHHO, a P H pg — MIOTHOCTH paCTBOpa H paCTBOpHTeJ'[i[.

3anuceiBas ypaBHeHHe AJIsl XMMHMUECKOro noteHuuana B Buae (7.26), Mbl
HE 3a/1aBaHCh LEJTbIO OTIPeNeNeH s 10, T. €. He YCTAHABIMBAIN CBOHCTBA CTAH-
JapTHoro coctosiHus. Terepb onpenenmM CTaHaapTHOE COCTOSIHUE /171 PacTBopa
ANEKTPOSINTA.

B ka0l KOHLEHTPAaLMOHHOI! LiKaie cTaHAapTHOE COCTOsHUE BblOHpaeT-
¢ TakuM 00pa3zom, uToObl cpeiHnii HOHHBIH KOYP(OHUHEHT aKTHBHOCTH B TOMH
IKajge CTPEeMHICA K €IUHULE MPH CTPEMIIEHUH KOHLEHTPALMK K HYT0. DTO
TpedoBaHue OCTaeTcsi B Cuile MpU JIOObIX TemmepaTypax M jasieHusx. Taxoe
TpeGoBaHHe Ha MePBbIH B3IIAL MOKAKETCS CTPAHHBIM, MOCKONLKY Inay = In vy
+mg necnu v+ — 1,am,; — 0, 70 B KOHEUHOM HTOTE B npeesie 0eCKOHEUHO
pa30aBiIeHHOTO pacTBoOpa W}ixgoln (y£ms) = —o0. OnHAKO ACHO, UYTO B CTaH-

AapTHOM COCTOAHHH 0
s = 12, (7.43)
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YTO BO3MOXKHO TOJbKO, €M as = 1. Takum 0Opa3oMm, BbILLIENPHBEAEHHOE TPe-
GoBaHHE MPOCTO O3HAYAET, UTO peUb MAET HE O peaibHOM PacTBOPE, a O HEKO-
TOPOM «THMOTETUUECKOMY COCTOSIHUU PACTBOPA, B KOTOPOM CPEIHUI HOHHbIH
KOd(hHULIHEHT aKTUBHOCTH paBeH 1. K. clenoBaTebHO, CPEIHHE MOJIAIBHOCTS,
MOJIAPHOCTb MITH HOPMaJIbHOCTb COOTBETCTBEHHO TAK/KE PABHbI €IHHMLE, HO ITO
yKe He pa3OaB/ieHHbIE PacTBOPbl. HMEHHO MOITOMY 3TO COCTOSHHE 1 Ha3bIBAIOT
«TUMOTETHYECKUM).

Cnenyer nzderarh OLIHOOYHOTO MPEICTABIEHHSA O CTAHAAPTHOM COCTOAHHH,
Kak COCTOAHHM OECKOHEUHO pa3daBlIEHHOIro pacTBOpa, MOCKOAbKY MpH Oecko-
HEUHOM pa30aBIeHMH, KaK 3TO ObIJIO MOKA3aHO BBILIE, XHMHUECKHIT MOTEHLMAI
obpalaercs B —00.

AKTHBHOCTb W KO()(DMLMEHTbI aKTUBHOCTH. MOMYUYEHHbIE B Pa3HbIX JKCIIE-
PpUMEHTaX Ha OJIHOM H TOM Xe 00beKTe, KaK MpaBuilo, COBMNAaLAOT MKy coOOil,
YTO CBMIETENILCTBYET O CAMOCOTIIACOBAHHOCTH THX MpeacTarieHuil. B To xe
BPEMS YHCIIOBbIE 3HAUEHHA CTENEHH AHCCOLMALIMM, MOJyUeHHbIe, HarnpuMmep,
M3 OMBITOB MO M3MEPEHHI0 OCMOTHUYECKOTO NABJICHUS, NABIEHHSA HACKILIEHHO-
r0 napa Hii 3JeKTPONpPOBONHOCTH, HE COBMAAIOT APYr ¢ apyrom. Takum o00-
pa3oM, TEPMOAHHAMHYECKHI METOI OMHUCAHUA PAa3TUUHbIX B3aMMOAEHCTBHI B
pacTBOpax EKTPOJIUTOR sABIAETCA Oonee HaneKHbIM. [Ipu TepmoanHamuye-
CKOM ONUCAHUM CBOICTB pacTBOpA AJEKTPOIUTA COBEPLUEHHO Oe3pa3fiiHO B
KaKoi CTeNeHn IMCCOUMHUPOBAH IEKTPOIUT, HOO 3TO OMHCAHHE HE PACKPLIBACT
MEXaHH3Ma MEKYaCTHUHbIX B3aUMOAECHCTBHI.

AKTHBHOCTb npenctapigeT coboif Ty IPHEeKTHBHYIO KOHLEHTPALWIO, KOTO-
poit JomikHa Obl Obina 0bnafaTh peanbHas cucTeMa, HToObl MPOH3BOANTD TaKHe
Ke neiicTBUA, Kak M naeanbHas. Teopus akTHBHOCTH MbITAETCS COXPAHHUTH 00bIY-
Hbl€ (POPMYJIMPOBKH TEPMOAHHAMHUYECKHX COOTHOLUEHHH NPH NOMOLIH 00bIYHO-
ro BUJa TePMOIMHAMHIECKHX TMOTEHIIMANIOB, BBOJS MOHATHE 00 Y eKTUBHOIH
AKTHBHOCTH, 3aBHCSLLUEH OT OKPY/KalOLIHX YCIOBHI M KOHUeHTpauuii. OaHako
upcTas TEpMOAMHAMHUKA OECCHIbHA M B 9TOM CllyHae ONpeaesnTh B (DY HKLH-
OHaJTbHOM 3aBicumMoctH v = y(c¢). K 3T0il 1ean MOXHO UATH ABYMS MYTAMMU:
BO-TIEPBBIX. MOKHO IKCMEPUMEHTAILHO H3YUaTh 3aKOHbI, KOTOPbIM MOLUHHSA-
10TCS U3MEHEHHs KOA(P(PHUMEHTA aKTMBHOCTH NPH H3MEHEHHH KOHL@HTPALHH,
Temnepatypbl M T. 4. [ToncTaHoBKa ITHX AMMHPHUECKUX 3aBUCUMOCTEIl B Tep-
MOAHHAMHUYECKHE (POPMYJIbI JAET BO3MOKHOCThL BBIBECTH PAL HOBBIX COOTHO-
LIeHHH W TakuM 00pa3oM NMOCTPOHTbL 00JEe WM MEHEe TMOJHYI0 TEPMOAHHA-
MUKy peajbHbIX CHCTEM JAHHOTO THMA. BTOpPOi MyTh 3aK/IIOUaETCs B MOMBITKE
packpbITHA (PU3HUYECKOro cMbicia KOIPPULHEHTOB aKTHBHOCTH NPH MOMOLLH
METOMIOB, CTAaTUCTHUYECKOH MEXaHHWKH, MyTeM HaXOKICHUS 3aKOHOMEpPHOCTEH,
KOTOPBIM NOOUMHAETCS dTa BeauuuHa. [lepBbim nyTem 1uiu Jlstouce, bpeHcren,
WX YUeHUKH 1 nocsepobatend. VX paboTbl mokaszaiu, 4TO TEOPWS aKTHBHO-
CTH JaeT 4Ype3BbluaitHo y1oOHOE cpeacTBO [yl 00padOTKH IKCTIEPHMEHTATbHbIX
JIAHHBIX M HAXO0XKIEHHS HOBBIX IMITUPHUYECKHMX 3aKOHOMepHOoCcTeil. [lomyueHHbie
UMM PEe3ybTaThl NMOKa3bIBAIOT TAK/KE, YTO KOIPPHLUHEHT aKTHBHOCTH SIBISETCS
peanibHOI (pM3HUecKol BeTHUYHMHOMN, 3HAaUEeHHE KOTOPOi He 3aBHCHT OT METoaa
onpenesieHHs u npeacraeiser coboil pyHkuuo (B ciayvae pa3daBieHHBIX pac-
TBOPOB OUEHb MPOCTYI0) TEMMNEPATYPbl U KOHLEHTPALUHU.
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JlebGaii, X10Kkejab M MX MOCIEA0BATENH, HIA BTOPbIM IYTEM, CyMeJlH Te-
OpeTHUeCKH 00OCHOBATh HalIEHHbIE paHbllle SMMUPHUECKUE 3aKOHOMEPHOC-
TH, OTHOCALIMECS K KOA(P(PUUUEHTY aKTHUBHOCTH U CO3AATIH CTPOHHYIO TEOPUIO
pazbaBleHHBIX PACTBOPOB, HCXOA U3 HEGOIBLLIOTO uKcaa (PUIHIECKUX MPENo-
cblT0K. M37105KeHHIO ATO TEOPHH U TEOPHH NOJAAPU3ALUOHHBIX B3aUMOAEHCTBHH
MBI TIOCBATHM CJIEAYOLINE pa3iell HalleH KHUTH.

7.4. Teopus Jledas — Xwkkenas

B ocnoBy Teopuu Jlebas — XOKKems NOJI0KEHO MPEACTABIEHHUE O TOM, UTO
OTKJIOHEHHS CBOMCTB peasibHOro pacTBOpa EKTPOIMTA OT HAEAILHOTO 00y-
CITOBJIEHbI TOJILKO MIEKTPOCTATHUECKHMH B3aHMOAEHCTBUAMH HOHOB MEXKAY CO-
6oii. [TosTomy 111 HOHHOTO KO3 PULIHEHTA AKTHBHOCTH MOJKHO 3aICaTh!

M? _leu — AW, — ez, Ap (7 44)
kBT kBT IJBT ’ '

Invy; =

rae pazsHOCTb XUMHUECKHX MOTEHLMATOB HOHA B CJly4ae UHCTO KyJOHOBCKOTO
B3aHMOZEHCTBHA BbIPAKAETCS B BHIE IEKTPHUECKOH padoThl nepeHoca eau-
HUYHOTO 3apsia ez; U3 HAealbHOro B peajibHOe COCTOSTHHE.
U3 popmyanbt (7.44) BuAHO, 4TO LIt pacueTa KOA(PPHULHEHTa aKTHBHOCTH
i HEOOXOMMO 3HATh Pa3HOCTb MOTEHUMANTOB A MEKIY ABYMS COCEAHHUMH
HMOHAMU WK, roBopsi Goiee KOppeKTHO, HEOOXOHMMO HaliTH pacnpeiesieHue nojs
BOKPYT OJJHOTO, 3apaHee BLIOPAHHOTO B KaU€CTBE LIEHTPAIbHOIO, HOHA.
Oty 3agauy [lebait n X10KKeb pelnan B CASAYIOUINX MPUOTHKEHHUAX.
1. PacTBOpUTENH CYMTAETCA HETMPEPBLIBHBIM KOHTHHYYMOM C AMAIEKTpHYe-
CKOH NPOHHMLAEMOCTbIO £ (HE 3aBUCALLEH HH OT KOHLEHTPALMH NIEKTPO-
JINTa, HY OT BEJTMUHHBI 2JIEKTPOCTATHIECKOTO OIS HOHA).
2. PacnpenesieHMe HOHOB OMNpPEAENAETCA TEMJIOBOH JHEpruei M dHeprue
AMEKTPOCTATHUECKOTO B3AUMONEHCTRUSA.
3. Kaxnapiil HoH okpyskeH chepoil U3 MPOTHBONONIOKHO 3aPS/KEHHbIX MOHOB
CO CPEIHECTATHCTHYECKHM 3apsAA0M, PABHbIM 3aps/ly LEHTPAILHOIO HOHA.
PacripesesnieHne MOHOB MEPHOIMYECKH PAa3MbIBAETCSA TETIOBBIM MOTOKOM
U NOAUMHSAETCA 3aKOHY pacnpeneienus boabumana

ez, A
n; = ng exp(— 222, (7.45)
kgl
T/e 72 — KOHLEHTPALHs HOHOB B €IMHHLE 00beMa pacTBOPa; 12; — KOHLUEHTpa-

LUl HOHOB B 0OBbEMe ILapOBOr0 CJIOf, MPOBEISHHOIO BOKPYT LEHTpa TSKECTH
HOHa, BBIOPAHHOIO B KaueCTBE LEHTPAIbHOIO; (0 — CPEIHee 3HaUeHHE MOTeH-
L{asa apoBoro cos (ero Ha3blBAOT K HOHHOH aTMochepoi»).

YpaBHeHuHe CBA3ZH MEKLY NOTEHLHATIOM ¢ B JAHHOH TOUKE M0JIs U 3apsaoM p,
MOPOMKAAIO LM 3TO 110JI€, OCHOBAHO Ha 3akoHe ['aycca H MOXKeT ObITh 3aMHCaHo
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B chepHueckHX KOOpAMHATAX C LEHTPaJbHOH cumMeTpueil B Buae ypaBHEeHHs
[Tyaccona:

ar? r Or coD’

¢ 200 _ _ (7.46)

T€ ' — pacCTOsiHHE OT LEHTPa HOHA 10 paccMaTpHBaeMoii TOUKH, MJIOTHOCTb
3apAza B KOTOPOH paBHa p; g, D — abCoOMOTHAsA M OTHOCHUTENbHAS IMAIEKTPH-
YecKHe MPOHHLAEMOCTH BaKyyMa U paccMaTpHBaeMOii Cpe/ibl.

Ionuelii 3apsan B odbeme dv Gyner pasen: (D n;z;e)dv. a oGbeMHas MIOT-
HOCTb 3apsiaa, ¢ yueTom pacnpeneienus bonbumana, Oyaer pasHa

p= Z noez; L?Xp(—%). (7.47)

Toacrasass (7.47) B (7.46), nonayuum OCHOBHOE ypaBHeHue Teopun Jlebas —
XI0KKens:

o 200 _ 1

Ir? ror oD

Z ngez; cxp(—%). (7.48)
B

OnHako 3T0 ypaBHEHHE He NPHBOIHMO K KBaapaTypam, MOITOMY €ro yIpo-
LIAIOT, pasfaras IKCMOHEHTY B pan (e =1 —x + x2/2! — ...) M OrpaHH4MBa-
ACh IBYMA MepBbIMH uieHamu psaaa. (OTMETHM, UTO 3a CHET TaKoil NpoLeLypbl
pacnpenenenye boablMaHa, Kak TakOBOE, BLIMALAET U3 PACCMOTPEHHA, W PEUb
MOHAET O JINHEapU30BAaHHOM pacrpeieeHHH NoTeHLrala).

Toraa na0THOCTL 3apsna OyAeT UMETh CAEAYIOLINIH BU:

22¢2
p= moze+ Y noip. (7.49)

k |5T

B cuity yCII0BHs 2IEKTPOHENTPATBLHOCTH Y ngzie = (. OKOHYATENBHO ypas-
Herue [lyaccona Tenepb 3anuiieTcs B BUIE

52 9 ,2 22 =
0 20 _elamor 2, (7.50)
or? r Or eoDkgT

e?Y nopz?
coDkgT
MEPHOCTb 00PATHOI UTHHBI. DTy BEJMYHHY HA3bIBAIOT Jebaesckum paouycom
IKPAHUPOBAHUSA WITH PATAYCOM HOHHOM atMocdepsl. Bennumna ¢ yka3sigaeT Ha
XapaKkTepHOE pacCTOAHUE, HA KOTOPOM MOJTHOCTbLIO YKPAHUPYETCA M10JI€ 1TaHHOTO
WOoHA. 3HAUEHUs U1 pa36aB.ﬂeHHle PacTBOPOB SJICKTPOJIMTOB MOKHO DKC-
HepHMeHTﬂJ]bHO ﬂpOBepHTb METOAOM ((CerllleHHle HHTerl)), ﬂpe}lﬂO)KeHHblM
HepﬂTHHblM. CyTb METOAa COCTOUT B TOM, YTO [1BE TOHUYAHLLIHE METAJUTHUECKHE
HUTH, PACMOJIOKEHHbIE MO/ NMPAMbIM YIJIOM APYT K APYry B ABYX napauiesib-
HBIX TJIOCKOCTAX, ﬂOrpy)Kal'OTCﬂ B paCTBOp H 3apﬂ7KaI'OTCﬂ OAHMHAKOBbIMH HJTH
pa3sHbIMH (ITO 3HaKy) 3apsagaMu. 3a cueT BO3HUKHOBEHUS ﬂBOﬁHbIX JJIEKTpUYEC-
CKHX CJIOEB HaA l"pﬂHHl.laX pa?ﬂ,eﬂa MeTajul —3J‘|e|(TpOﬂHT BO3HHUKAECT I_lpl*lTﬂ)KeHHe

3nech ans COKpaLICHHs 3arnucH BBCACHO }!2 = , HMCIOLIEE pas-
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WK oTTalnKuBaHue THX Huteld. Cuna NpUTIKEHUS — OTTAJIKUBAHHS DKCIEPH-
MeHTallbHO H3mepseTcs. 1o Gpopmyne

In F = const — D« (7.51)

MPH U3BECTHOM PACCTOSHUKM MeKILY HUTSIMH D HaxondaT cuiy £ u 2. B tabn. 7.5
TIPUBEICHBI COOTHOIECHHS 3¢ '°P /27" i NBYX S7€KTPOJNIMTOB MPH PasHbIX

KOHLEHTpALIUAX -
HeHTpan Tadbnuua7s

G MOub/1 | 22" /3N KCL | 2™ /3 KNOg | D 1078, em
3.107° 1,05 £0,1 - 400 — 1500
1-1073 1,01 £ 0,06 0,96 = 0,09 100 — 1500
1-1072 1,33+£0,16 1,25 +£0,15 50 — 200
1-1071 - 1,2040,15 10 — 50

Kak BuaHO M3 TabauLbl, COBMAjeHHE TEOPHUU U DKCMEPUMEHTA A0BOJIbHO
Xopoliee TOMbKO B 3MEKTpoiuTax ¢ Kouuentpauuei ¢ < 107% mons/n1. Tpu
Oosiee BbICOKMX KOHLEHTpauusax owudka yBennuusaercs. s HecuMmeTpuy-
HBIX JIEKTPONKTOB 3Ta omndka nocturaet 30 — 40 %. B 31X sKkenepumeHTax
OoOHapysKeH elle OfMH NOCTATOYHO NpUMeuarebHbIi (QakT: audnexTpuuecKas
MTPOHHIIAEMOCTh PACTRBOPA OCTAETCA MOCTOSHHOW W paBHON OMAIEKTpHUECKOH
NPOHULAEMOCTH B 0ObEME PacTBOpa BIIOTH A0 paccTosHuii ~ 25 - 1075 cm,
YTO COOTBETCTBYET KOHILIEHTpaLWK dnekTponnta < 1072 Monw/n, ecin paccuu-
ThIBATH M0 (pOpMyJIe UId paanyca IKpaHHPOBAHHUA.

Taknm 0Opa3oMm, O1MH H3 COMHHTEJIbHBIX MYHKTOB TeopHn J{edas — Xokkes
0 HEOOXOAMMOCTH y4eTa ANBIEKTPHYECKOTO HACKILIEHHS BOIH3H HOHA (BO BCA-
KOM cJtyuae [Ulsi pa30aBlieHHbIX PacTBOPOB) Kak OyATO CHUMAETCH, T. €. MpH pac-
yeTax MeKTPHYECKUX XapaKTePHCTHK Pa30arIEHHbBIX PACTBOPOR MOXKHO MOJTL30-
BAaTHCA MAKPOCKOMHMYECKOH BEJIMUHHOM ANNEKTPHUECKON NPOHHLAEMOCTH (LIS
Bonbl D = 78).

Ioncranoskoii U = ¢r ypasHenue (7.50) 3amensiercs Ha Oosee npocroe

9*U
or?

pelieHHeM KOTOPoro NpHu BO3BPATe K CTapbiM NMepeMeHHbIM OyneT

= 20, (7.52)

p= e exp(—xr) + b exp(sr), (7.53)
r r

Ha paccrostuu 7 — 00, ¢ — 0, n09TOMYy KOHCTaHTa MHTErPUPOBAHMS
B = 0. JIns BerunciaeHus KOHCTaHTh! A BOCMONb3yeMces yCI0BUEM 3IEKTPOHE -
TPajdbHOCTH BOKPYT HOHA Ha PacCTOSHUU 1

—ze = J 4r? pdr. (7.54)

a
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IToncraBus B 9T0 ypaBHeHue 3HaueHue p u3 (7.49), 6yaeMm uMeTb

o0
dregDx? A J rexp(—xr)dr = ze. (7.55)
a

HwkHuii npefen MHTErpUPOBaHHsS 3aBHCHT OT pasMepoB COMIKAIOLLUXCS
noHOB. Ecnn 910 paccrosiune Hanbonpluero cOmmkeHus o003HAUHTL Hepes a,
TO OHO W OyaeT omnpenenaTh OAMH M3 MPEAENoB WHTerpupoBanus. Muterpan
B (7.55) — tabnuuuslii. B pesynbrare nonyuaem

T exp(;{a)' (7.56)
dmeoD (1 + a) )

OKoHYaTeNbHO BbIpaXXCHUE AJIs1 MOTEHLHa1a

_ _zie exp(sa) (\.xp(—%r)' (7.57)
4dmeoD (1 + 2a) r ’

3T0 COOTHOLIEHME SABASETCA OCHOBHbIM B Teopuu lebas— Xiokkens s
ofnpeneneHus yCpeaHeHHOTo MoTeHLHana, co31aBaeMoro HOHOM B TOUKe, OTCTO-
el Ha paccTosHHWe I OT MOHA B OTCYTCTBHM BHEWIHHX cwi. J[ns Bbruncne-
HUA paboTbl AEKTPOCTATUUECKOrO B3aUMOAEHCTBISA MOHOB HEOOXOAUMO YU€eCThb
BKJ1a/bl B HIEKTPHYECKOE MOJIe KaK OT MFOHHOH aTMoc(epbl, Tak U OT caMOoro LeH-
TPaNbHOTO HOHA, BOKPYT KOTOPOro copmuposanack HoHHas cepa. [ToreHunan
B TOYKE, PACIONOKEHHON Ha PacCTOSHUN I OT LUEHTPa H30JIHPOBAHHOTO HOHA,
HaXOAALLIErocs B cpejie ¢ AUAIEKTPHUYECKOI NPOHHLAeMOCTbio £, umeeT BuJ

Ap= 2% (7.58)

n dmegDr '

Torna PAa3HOCTb MNOTEHUHAJIOB ONPEAC/INTCA B BUAC

AQD: zme exp(xa) exp(—»r)  ze ‘ (7.59)
dmeoD (1 + »a) r dmweg Dr
D710 ypaBHeHHe crpaBeaiuBO Npu Bcex r > a. Ecam r = a, 10 (7.59)

SHAYUTEJIBHO yTpolaeTesa v np1106peTaeT BU

Ap=—-_2¢ __* | 7.60
¥ AmeqD (1 + 2a) ( )

D10 BbIpaKeHUE MpeaAcTasiseT co0oii u3MeHeHHe MOTeHIIHala HOHA P BHe-
CEHUU €ro B MoJe COCEAHUX HOHOB MM MEKTPHUECKY10 padoTy, KoTopas orpe-
aenser ko3 uuHeHT akTHBHOCTU B Mojiesin [lebas — Xi1okkes (cM. ypaBHeHHe
(7.44)). INoncrasnss (7.60) B (7.44), nonayuaeM BeipakeHie s koddduieHra
AKTHBHOCTH B pacTBOPAX J1EKTPOJIUTOB

2

Iny = —— %8 — 7.61
i 8meo Dk pT (1 + »a) (7.61)
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Jlns Toro, uToObl HE YUMThIBATh BKJIA B JIEKTPUUYECKOE 110J1€ HOHA BAYK bl
(cHauana Kak LEHTPaJILHOTO, @ 3aTeM KaK BXOASLIEro B HOHHYIO atMocdepy),
B (7.60) BBeieH MHOMKHTEND | /2. TIoACTABUB BMECTO BEJIHUMHBI > €10 3HAUCHHE

2 2 1/2

e? S ngz? 1 2

we= | ——=E W yuTs, 9t0 — »_ ;7 = I ecTh wonnas cuna pacmeo-
E()Dk BT 2

pa, nostyuum Gosee KOMIaKTHOE BbipakeHHe KOI(D(HLIeHTa aKTUBHOCTH 115t
OTZIENILHOTO NOHA B PACTBOpE:

Az2VT
Invy = —————, 7.62
" 1+ BaV1 ( )
3on71/2
3nech A = %MB = //\/T
87 (20 DkpT)%/

INockonbky kK0I(PPULHEHT AKTHBHOCTH OTAEIbHOTO HOHA HEJlb3 H3MEpPHUTh
IKCMEPHMEHTANbHO, HCTIOb3YeM MOHATHE CPEAHEro MOHHOTO KoddduumeHTa
AKTHBHOCTH, KOTOPbI 3amniiieM Ha OCHOBAHHH ypaBHeHUs (7.62) cneayiommum
ofpasom:

AVI vezy?fuv_z 2 Alzy 2| VT
Inng = — VI +24° + _ Al ,\/_’ (7.63)
1+ BaVI vy 4+v_ 1+ BaVi
12 V.
Tak kak v+ = (755 777)M".
31ech HCMOb30BAHO YCJIOBHUE WIEKTPOHEHTPANbHOCTH VyZy = —V_z_
M NPOM3BEIEHO npeodpa3zoBaHue
L lg~ .
g l/+,3+‘! =+ U_Z_2 .
0,0 vy +r-
— V242 — V4242
—0,1 JZER S 7
= |23 2] .
-0,2 Ecau cnaraemoe Bav/T < 1. 1o ypaBHe-
Hue (7.63) npuHUMaeT BHI

Inye = —Alzy 2_| VI, (7.64)

MOJIYYHBLUETO HA3ZBAHHE HPEOSTbHOC0 3AKOHA
Jebas — Xiokkens.
CpaBHeHHe ¢ IKCHePUMEHTAIbHBIMK 1aH-
HOH CHABI pacTROpa (paccuntan mo  NPIMH MOKa3bIBAET, uTO npeaeibHbill 3aKOH
ypasreruaM (7.64) (kpupas [). mo  BPINIONHACTCA TIDH MOHHBIX CHIAX MeHee
(7.63) nput Ba = 1 (xpunas 2), no 0,001 M (puc. 7.7).
(7.63) mpu a = 4 - 107% cm (kpu- [pu Gonee BbICOKHX KOHLEHTPALMAX KO-
Bas 3) u kpunasg 4 — sxcnepuvent  dOOULHEHTH AKTHBHOCTH, TpeJcKa3aHHbIe
Npeie/IbHbIM 3aKOHOM, MEHbLUE dKCIIEPUMEH-
TaIbHO M3MepeHHbIX. Heckonbko Gonee ycnoKHEHHbIH MOAX0A, OCHOBAHHBIH

Ha (opmyne (7.63), naet u3rud kpusoii lnyy = f(1/I), npubmmkaiowuiics

|
0 1 2 VI

Puc. 7.7. Cpeauuit patHoHaIbLHBIA
kon(pPuument arxrusnocry  NaCl
npu 20°C kak (yHKUHS HOH-
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K DKCNEepHMEHTallbHbIM JaHHbIM. OJHAKO 3TO BO3MOMKHO TOJbKO MPH MPaBHIIb-
HOM yueTe mapameTpa a, 4To A0JKHO MPHBECTH K CO3AAHHIO HOBBIX MOJEbHbBIX
npencrapieHuil. beuin caesiaHbl MHOMOUHCIIEHHbIE MONLITKYH PACIIMPEHUs A1a-
nasoHa npuMeHuMocTH Teopun [Jlebas— Xiokkens win ee Moaudukaumi npe-
UMY LLIECTBEHHO 3a CUHET ydera cleaAylownX dPPeKToB: H3IMEHEHHS! AUDIEKTPH-
YecKoii MPOHMLAEMOCTH PacTBOPHTEIs BOMM3M HOHA 3a CUET MO HOHOB M HX
MIOTHOCTH, BO3MOKHOCTH MOSABJIEHHS ACCOLHALHH W cIeLH(HIECKOro B3auMo-
NeicTBUA MOHOB ApYr ¢ Apyrom. Kak npaBuno 3TH MoAXOAbl ONMUpatoTcs Ha
CTATUCTUYECKUIT annapar TepMOIMHAMUKK € HCTIONBb30BAHHEM METOa Koppes-
TUBHbIX (yHKuMii. OQHAKO yueT BCceX BHIOB B3aUMOJEHCTBHI NpHBOAUT JTUOO
K HEOOXOAMMOCTH peliaTh clokHbie AnddepeHuranbHbie ypaBHEHHS, YTO BO3-
MOJKHO TOJIBKO YMCJEHHbIMM METOAAMH Ha JOCTATOMHO OblCTPOAEHCTBY IOLLIHX
BBIYHCTHTENBHBIX MAllHAX, JU00 MPUMEHATh aCUMNTOTHYECKHE pa3ioKeHUs
C UCKJIIOYEHHEM CJIAraeMbiX BbICOKOTO MOPSIKA MAJIOCTH, HTO B KOHEYUHOM HTOTe
Mano ominuaetes oT metoaa Jledas — Xrokkens.

7.5. Hoasipu3anuoHHAS TeOpPHS

B ocHoBe Teopun CUNBHBIX 271EKTPOIUTOB Jlebasn — XI0KKes JIeKHUT NPearo-
JIOAEHHE O MONMHOM AUCCOLMALIMKN HNEKTPOINTA, HOHBI KOTOPOTO pacnpeaeneHbl
B 00beme pacTBopa 1o 3axkoHy bonbumana. [Ipu 5Tom B nokaszarese dKCNOHEH-
LMaIbHOTO pacnpezie/ieHs UCTONb3yeTCs MOTeHLMalbHAs YHEPIus z;ep 3aps-
JKeHHOI yacTHLbl (HOHa), HaXonswelicsa B TOUKe ¢ noteHuuanom ¢. Kpome toro,
B MHKPOYpPaBHEHHSAX, OTHOCALLMXCS K B3aUMOAEHCTBHIO HOHOB Ha PAcCTOAHHUAX
MOPSKA MONEKYISPHBIX, UCTIONbB3YIOTCS MAKPOCKONNYECKHE BETUUMHbI AUIIEK-
TPHUYECKOI MPOHULIAEMOCTH €.

Takum oOpazom. Bce B3auMOACIiCTBUA CBEIEHBI K KYJOHOBCKHM H HHKaK
He YUTeHbl ABJICHHA COllbBaTALMU. Mexk 1y TeM, Kak Mbl BUENH PaHee, ABIEHHS
COJIbBATALHH COMPOBOKAAIOTCA JOBOJILHO CHIILHBIMU YHEpreTHueckuMHU ddhdek-
TaMmH, 3aBUCALIMMHU OT TPHUPOAbl U KOHLEHTpALMK IJIEKTPOJMTa, a TakKe OT
pactBopuTed. B cBA3M ¢ HTUM, O4EBUAHO, HEOOXOAUM HECKOJILKO MHOI nou-
XOJ1, KOTOPbIH Obl yUHTbIBAJ BbIlLEMepeuHCAEHHbIE cBOiicTBa pacTBopa. [Tpexie
BCEro HanpaluBaeTcsl MOJEb AUMO/b— AUNO0AbHOrO B3aumoaekHcTsus. Takas
MOZENb CIIOCOOHA OMUCaTh MIEKTPOIHT HE TOALKO B BHAE HOHOB, HO U B BH/IE
HeHTpasibHbIX, HO AMMONLHBIX MOIIEKY/l PACTBOPEHHOH COJIM C pa3HECEHHLIMH
B MpocTpaHcTBe 3apsaamu. UToObl BBIACHUTL MPHPOAY TOTO ABIEHHS, Liele-
co00pa3HO HECKOJIbKO HCKYCCTBEHHO pa30OHTh MOTEHUHANbHYIO dHepruto W Ha
JIBE YACTH: KOPOTKOAEHCTBYIOILYIO (KBAaHTOBY10) uacTh W, B3aumoneiicTug va-
CTHLBI ¢ OMMKAHLLMMHU MOJIEKYJIaMH CPEabl M Aa/1bHOASHCTBYIOLLYIO (KYJIOHOBC-
Kyto) W, koTopas onuchiBaeT B3aUMOACHCTBHE 3apAKEHHON YacTHLbI C deK-
TPHYECKUMH JUIIONAMH MOJIEKYJ1 PACTBOPUTEIIS. PACMONOKEHHBIMH BHE 1IEPBOii
COJIbBATHOH 00010UYKU.

B psane cayuaes B3auMoaeiicTBHE MOJIEKYJT paCTBOPEHHOIO BELIECTBa ¢ Onu-
AKall MK MONleKynaMu Cpefibl HACTONBKO BEJIHKO, UTO MEXKIY HMUMH BO3HH-
KaeT HacTosillas XHMUuYecKas CBfA3b, W oDpa3yercsi HOBas MOJIEeKysa, KoTopas
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B JaJIbHEHILIEM BbICTYNIAeT KaK CaMOCTOSTe/IbHAS eanHHLa. Tak 06CTouT Aeno,
Hanpumep, ¢ HOHaMH MEPEXOAHbIX METAIIOB B BOJIE, KOTOPbIE 00Pa3yIoT XHMH-
4eCKH yCTOoHuMBbIE akBakoMILIeKchl. OCHOBHOM Y(heKT ITOro B3aumMoaeiicTBs
COCTOHT B TOM, 4TO BOKPYT HacTHLbI oGpasyeTcs HekoTopas d(hdhekTHBHas KieT-
Ka, B KOTOPOIf 4acTHLa NPOBOAUT A0BOLHO AuTenbHoe Bpems (107251071 ¢),
coBepiuas konedanusa. B cpenHem uepes Kaxablii HHTEPBai BPEMEHH T4 YacTH-
ua cosepiuaet AU hy3HOHHbIH «EPECKOK) B COCENHION KIETKY, €CIIH TakoBas
CYLLIECTBYET, 11 3aMETHO 1ehOPMHUPYET CTAPYO KIETKY, MEH#As CBOIO PABHOBEC-
HYIO KOOpAMHATY HeHTpa TsukecTn. Hanbonee BayHbIM ABISETCS TO, YTO B OT-
JMYHe OT razoBoil (asel B imuakoctn Bee 3NN creneneii cBodoasl N-atoMHO#
YaCTHIbI OKa3bIBAIOTCS KonedaTenbHbIMHU: CBOOOIHOE MOCTYNATENLHOE ABHIKE-
HHe 3aMeHseTcsl Ha KojebaHue LeHTpa THKecTH, a cBOoDOIHOE BpallleHHe —
Ha OpHeHTalMOHHOE Konebanne. PaccMoTpeHHas KapTHHa, HOCsIas Ha3BaHHe
KIAemounHo20 sphexma, He SBAACTCA UEM-TO CNEeUU(PUUECKUM sl TOIAPHBIX
pacTBopHTeNeil, OHa CYLIeCTBYEeT BO BCEX HKHAKOCTAX.

XapakTepHbIM IS NONSAPHBIX Cpell sABJseTcs TOT HaKT, UTO YHEPTHs Aamb-
HozeHcTByOLLEl KyTOHOBCKOH cocTasnstoweii notenuuana Wy Becbma Benmka
H COCTaB/IET HECKOJILKO AECATKOB KHIOKAJIOPHH HA MOJb. B 2TOM HeTpyaHO
yOeaANTbEA, €cii BOCTIONB30BaThCs 11000 rpy0oil MOAENbIO 1Sl OLEHKH dIeK-
TPOCTATHUECKOIT COCTABNAIOLIEH IHEPTHHN CONbBATALIMH HOHOB B MOJSAPHBIX pac-
TBOPHTEJIAX, HANpUMep MO/eNbio BopHa.

JIns KoNMM4eCcTBEHHOTO OMIcanus moTeHuuana Wy, HeoOXoaHMo y4ecTb, UTO
BBE/ICHHASA B Ty WIH HHYIO CPely 4acTHL@a co3aaeT none (snexmpuueckas iH-
oyryus D). Ha 9To none HaknaabiBaetes ewle snekrpuueckoe none E,,, cozna-
BAEMOE IUIIOJbHBIMU MOJICKYIaMHU NONAPHOI cpe/bl. B pesyabrare cymmapHoe
JTEKTPHUECKOE Mosie MOXKHO 3anucatsh B Biuae E = D + E,,. UcTounnk nons
cpeast E,;, — HepaBHOMEPHO pacnipelesieHHblil B IPOCTPAHCTBE 3apsi (Hanpu-
Mep, 3apsi BHYTPH IHIOAbHOI MOJIEKYJIbI CPE/bl), KOTOPbIi MOKET ObITh OMKCaH
€ NOMOLLLIO Gekmopa noaspusayuu P, paBHOTo yaeIbHOMY HI0ILHOMY MOMCH-
Ty cpeabl. Uem Gonblie monaspusyeTcs cpeaa, TeM OoMbliee JeKTpHIeckoe none
E,,, ona co3naet. Takum 06pa3om, BEKTOP MOMSPU3ALIIHN KaueCTBEHHO BHIPAKALT U
YACJbHbIH IUMOJbHbII MOMEHT Cpe/ibl, M Nofle, Co3aaBacMoe AUNossiMH. B pesyib-
Tare cyMMapHoe rose B cpee

E =D —47P. (7.65)

Tenepb MOXKHO 3anucarh M SHEPrUIO B3AUMOAEHCTBIS 3apsHKEeHHbIX YaCTHIL
¢ AMTONAMM Ccpebl. JINMONbHBIT MOMEHT, 3aK/IIOYEHHbII B dleMeHTapHOM Oec-
KOHEYHO MailoM oObeme dv BOIM3M TOUKK npoctpaHcTsa r, pasen P (r)dv. Kak
M3BECTHO, DHEPrus B3aUMOACHCTBHSA AWMONSA C DNEKTPHIECKHM TIONeM paBHa
NPOH3BEACHUIO BEKTOPA ANUIOJILHOTO MOMEHTA Ha BEKTOP JIEKTPHUECKOTO M0J15
(cO 3HAKOM MHHYC), TIOITOMY IHEPrHsi B3aUMOJEHCTBHS 3apSHKEHHBIX YACTHII,
coznaromx nosie D(r) B Touke r, ¢ AMMOAMH Cpe/ibl, HAXOAALNMUCS B 3TOU
touke P(r)dv, papio — D(r)P(r)dv, a sneprusi B3auMoaeHcTBUS 4acTuLl CO
Bcell cpe/1oii monyunTes CyMMHPOBaHHEM BCEX TOHEK MPOCTPAHCTBA, B KOTOPBIX

HaXOZSATCS AUIIONK CPEbl:
Wi =— JD(r)P(r)dv. (7.66)
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Tosops o nonspusauu cpeast P(r), Mbl 31€Ch noapasymeBaeM Tak Hasbl-
BAEMYIO QUHAMUYECKYIO ROIAPU3AUIO, & HE €€ CPe/IHee PABHOBECHOE 3HAUEHHE
(P(r)) (yrnoBbiMu ckoOKamMui 0003HAYEHO KBAHTOBOCTATHCTHYECKH YCPEAHEH-
HOE 3HAYEHUE NoNApH3aLi). UToObI MOACHUTH PA3HILY MEXKLY ITUHMH MOHATHS-
MH, HAOMHHM, 4TO, HANPUMEP, B OTCYTCTBHE BHEIIHero nos D cpena B o6Luem
He nonspuszosana ((P(r)) = 0), B 1o Bpems kak P(r) B kaxabiil 1TaHHbII MOMEHT
BPEMEHH MOKET ObITh OTJMYHA OT HyJIsl H3-3a [ABHKEHHS! YIEKTPOHOB U Koeba-
HUs SIAEP B MOJEKYJax cpelibl (BCJEACTBHE aHMapMOHHYHOCTH KosnebatenbHo-
ro msivkenns). Ha sspike craTcTHueckoil GU3NKH AMHAMHYECKON MOJApH3a-
LMK COOTBETCTBYET Iy KTYALMOHHAs! MONApH3aLust, 00y CIIOBIIEHHAs TETLIOBLIM
ABIKEeHHEM vacTui cpeabl. Ecny BHENIHee Moje He CAWIIKOM Beluko (00bId-
HO MeHblue, yem 10% + 107 B/em), cpeanss noaspusaums (P(r)) nponopuuo-
HanbHa E.

Takum 00pa3zoM, NOJIHYIO YHEPTHIO B3AHMOAEHCTBHS aCTHLbI CO BCei cpe-
JOH JU1Sl eUHKLLbI 06beMa pacTBOPA MOJYyYHM CYMMHPOBAHHEM BCEX TOUEK MPO-
CTPAHCTBA T, B KOTOPOi HAXOAATCS JUIIONK CPE/bl.

W=- JP(r)L[E(r), (7.67)

(3mecs P(r) = pV, a p— ynenbHas nonspusauus eAuHUIbI 00bema). [Tockoib-
Ky orapupm kodpdhrUHeHTa aKTHBHOCTH (110 ONpeaeeHHI0) NPEACTAaBIIAeT Co-
6oif paboTy nepeHoca BelleCTBa M3 MIACAILHOTO B pealibHOE COCTOSHHE, TO
cuMTasg YMCTbIH pacTBOPUTEb MIEATbHBIM COCTOSHUEM CPElbl, @ PacTBOp —
BO3MYLLUEHHbBIM, 3aMHIIEM ITO B BHIE

p — 1
Iny ="M - 1 | p(r)dE(r), (7.68)
kgl kpT

( 0 i1, P(r), E i
snech 1), gy, P(r), E(r) — coOTBETCTBEHHO, XHMHYECKUH MOTEHIMAI pac-
TBOPEHHOTO BELIECTBA B 0ECKOHEUHO pa3baBieHHOM pacTBope (KOTOpbIN MpH-
HAT 3a MIeanbHOe COCTOAHME) W B PacTBOPE AAHHOI KOHIEHTPALWH, BEKTOP
HOJIAPH3ALMK PACTBOPUTENS M BEKTOP HANPSIKEHHOCTH JEKTPUUECKOTO M0JIs
B paccMaTpUBaEMoM eIMHHYHOTO 0Obeme V7).

HanpsaKe HHOCTb JIEKTPHUECKOTO MOJIS 3aMHLUIEM B BH/IE OCHOBHOM 21EKTPO-
craTnueckoii Teopemb ['aycca Kak

divE = 4m(p®0 4 o), (7.69)

HOCKOJ'Ibe MJIOTHOCTL CBA3AHHOTIO 3apsAja BbIPAKACTCA KaK AWBCPreHLUMA
nongpusauuu, T. €.

divP = —47p™", (7.70)
TO Tenepsb (7.69) cnenyer nepenucarb B BUAE
divE = 47(p™° — div P). (7.71)

B cBoto ouepens
divP = divBE = gdivE + Ediv 3, (7.72)
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Nu(z)
(rne g = —%
3kgT
TAETCS MOCTOAHHON M NPUMEPHO paBHA AUIEKTPHUECKOH NMPOHHLIAEMOCTH H30-
TPOTMHOTO AMANeKTpiKa. Ha caMmoM Jienie oHa 3aBHCHT OT MO, OJHAKO B KAUeCTBE
nepsoro npudamkeHus Oyaem paccmarpuBarh €€ NocTosiHHOI). B cnyuae uzo-

TpomnHoit cpeast div 8 = 0 1 Torna (7.71) MOKHO MpeacTaBHTh B BUE

~ £ — NoJAPHU3YyEeMOCTb CAUHUYHOIO oObema cpeabl — CHHU-

divE = 1m0 _ B 28 (7.73)
1 +473 dr r

(B (7.73) npaBas yacTb BblpakeHa B c(peprHuecKuX KoopHHaTaX ¢ LEeHTPaslb-
HOIf cHMMeTpHeii, T. €. HauaI0 KOOPAMHAT PACTIOJIOAKEHO B TOUKE HCTOYHHKA 110-
Jsl, 7 — YHCJEHHOE 3HAUeHUE pajuyca-BeKTopa OT MCTOYHMKA MOoJs K 000l
TOUKE Cpe/ibl Ha c(hepe BOKPYT HCTOUHHKA).

B kauecTBe MCTOUHHMKA MOJIS CILYHKHT JINOO HOH, €T MOJIEKYJ1a HTEKTPOINTA
AKCcCOLMKpoBana, MO0 Montoca AUMONS MOJEKYIIbl HEMPOIMCCOLHUPOBAHHOM
COJIH, T. €. MoOble MPOH3BOIBLHO pacnpeeieHHbIe 3apaibl ABJISIOTCA Cynepno-
suuueii noseit Kynona roueunbix 3apsanos. Toraa B nepom npuOAMKEHUN T
3apsna ¢, CHMMETPHYHO PacrhojOKeHHOro B chepuueckoi nonoctu, odpaso-
BaHHOI1 MOJIEKYJIaMH Cpelibl pajiyca r, 3Ta dHeprus onpeaensercs Gopmynoi

e2
W=—-—. (7.74)
2r

(UTo0bl ABaX<IbI HE YUWTLIBATh SHEPTUIO B3aWMOIEHCTBUA KaXKIOW Mapbl
3apsaaoB B (7.74), B 3HaMeHaTeb BBOAUTCS MHOKUTENb 2). [TnoTHOCTD cBOOOA-
HOTO 3apsAaa BbipazuM yepes pacnpeneneHue bonbumaHa, Mo KOTOPOMY HHMCIIO
MOJIOKUTEIILHBIX W OTPHLATE/bHbIX 3apAA0B B €IHHHUYHOM dJeMeHTe o0bema

pacTBopa, ra€ rnoTeHurall UMEET 3HAUCHHE ('./I', onpeacnacTcsa Kak

2 2 2
P20 = ne [()X]) (— c ) — exp (+ - )} = 2nesh ( ‘ ) )
2rkpT 2rk T 2rksT
(1.75)

2

&
2rk BT
0OIHOTO MK CBA3AHHOTO) B POM3BOJILHOI TOUKE NPOCTPAHCTBA I.
C yuerom (7.70) u (7.75) ypaBHenue (7.73) B cpepHueCKHX KOOpAHHATAX
C LEHTPaJIbHOI CUMMETpPHEH! 3annChIBAETCA B BHIE

/) 2F 87ne 12
a% 2B e sh( ‘ ) (7.76)
dr r 1+4n8 2kgTr

2

rae

= W — snekrpuueckas padota 11000ro exMHUYHOTO 3apsia (cBo-

Beenem obo3HaueHHe

= I H BbIpazuM 7 U n 4epe3 x, cHHTasd, 4TO

2rk T
O/IHA YACTHLIA PACTBOPEHHOTO BEIIECTBA 3aHMMaeT oobeM v = (2r)%. Torna
(7.76) Oynet BbIMIAACTb TAK:
dE 2FE
— 4+~ =mzshuz. (7.77)

dx T
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3nece m =

we (2k A
1 +4np e?
ae npoussenenus asyx Qyukunid E = u(z)v(x). logcraBus nomyueHHOe Bbl-
paxkeHHe Npon3BoAHOI B ypaBHeHue (7.77), noayuum

_ud 8 v s (7.78)
dx dz T

2
) . Pewienue ypasHenus (7.77) HaxoauTcs B BH-

BoiGepeM (yHKIHIO v () Takoi, 4ToObI
du. 2
—y= 4 2, (7.79)
dx x
Paznenss nepeMeHHble OTHOCHTEBHO (BYHKIMH u(X) M WHTErpUpYsi, HAXO-
JIUM, UTO

u(z) = Cyz°. (7.80)

. du
[Toacrasnsa HaiinenHoe 3nauenue u(x) B (7.78) ¥ yuuTbIBasi, 4TO —v—- +
XL

2vu
+ —— =0, NoJy4HM ypaBHECHHE
T

5 d
—C12* Y = mashz, (7.81)
dx
KOTOPOE TAKIKE NMPOCTO PELLACTCS pa3Ae/ieHHeM NePeMEHHbIX:
3 5
m x T
’U.Z——(./ +...)+02. (782)
(& 33! 55!

IMoacraensst nomyyeHHble BhipaxeHus s u(x) u v(z) B popmyiny (7.78),
MOJTyYHM OKOHUATENbHO

AE = —az’6(z), (7.83)
rme AE = E — C1Cs2®> = E — Ey (nocrosnnas Eqg = C1Ch2® —

~ 74'(2]6 BT)2
Hanps)K€HHOCTb MoJif B 0ECKOHEUHO pa'}oaBﬂeHHOM paCTBope), aq@=——
e2(1 +4np)
2nl/3¢2
T kT
0(z) = (z + 2 + 2 ).
3-3! 55!

Tenepsb, 3Has BeJMUHHY N0 KaK GYHKUHIO KOHLEHTPALHH PACTBOPEHHOTO
BELLECTBA MOXKHO PACCUMTATL MOAAPU3ALMIO MOJIEKY] PACTBOPUTENSA B €AMHUY-
Hom oObeme. Mcnonb3yem st 3TOH Lein BbIpaxeHHe 1U1s NONSpH3aLiin MOJIeKyJ1
pacTBopHTeA

P = Z 1\",'<]);> — ZNi(<piop) + <piHH£l)) =

0
=Y N (p? th PAE ai(E)AE) . (7.84)
kT
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Baeck p 1 a;(E) cOOTBETCTBEHHO — AMMO/BLHBIH MOMEHT M NOJsAPH3Ye-
MOCTb €AMHHYHOM MoneKy/bl. M eciii opHeHTALHOHHAS TONAPH3aLHs (Djop) =

0
= (pio th %) 0 Mepe yBeNHUeHHs HaPsSKeHHOCTH TTOMNS CTPEMUTCS K Ha-
' B
CHILEHHO, TO (Piyun) = a(E)AE MOKET TOIbKO yBeanuusarbes. TockonbKy
3IEKTPOHHas noJspu3yemoctsb a( F) cama ssnsetcs (y HKLelH mosis (HanpuMep,
A5t OeH30J1a yBeJHYeHHE JICKTPOHHOM MOIAPHU3yeMOCTH B 110J1€ CBETOBOIH BOJI-
HbI B 00J1aCTH JUTHHHOBOHOBOMH Y@ nonockl (~ 2 3B) coctasaser 20 <+ 30 %),
TO 9TO yBesIHUeHHe umeeT napaboauueckuii xapakrep.
Iloncrasnss (7.84) B hopmymy (7.68), nonyuum okoHuaTeabHOE YpaBHEHHE
15 K0(P(PHLIMEHTA AKTHBHOCTH COJIH:

1 pYAE | aAE?

Iny=1Inch™ ) (7.85)
kel 2kgT
KOTOPOE, MOCJE NMOJACTAHOBKH BbIPAXKCHUA AJA AE, 3anyuIeMm B BHAC
1 p9 5 2 252
Iny =1In ch 1 pland(x) 4 aatn (x) ) (7.86)

kgT 2k T

(Mpu unterpuposanun (7.68) npunato, uto a(E) = a = const). B ypas-
HeHun (7.86) nepBblii UeH NpeacTaBAsSeT OPHEHTALMOHHYIO MONAPU3ALIUIO MO-
JIEKY]l PACTBOPHTENA M NPH MalblX KOHLEHTPALHs ABNAETCA MPEBATHPYOLIHM;
NOBbILUEHHE KOHUEHTPAaLMH pacTBOpa BbI3bIBAET ObICTPOE YBEJIHUEHHE BTOPOTO
yiaeHa (KBaapaTHYHas 3aBUCUMOCTbL MO HanMpmKeHHOCTH mnons AF), cazaH-
HOTO ¢ JIEKTPOHHOH MOJAPH3YEMOCTBIO (¢ pacTBOpHTENs; Kpusat v = 7y(n)
3aMENIAET CBOM TEMIT W, HAKOHELl, MPOXOAMT 4Yepe3 MUHUMYM. [IpousBoanas
Oln~/0n B Touke MHHUMYMa MO3BOISET OLEHHTL HANPSHKEHHOCTL mons AE
B TOi 00JIaCTH H KOHUEHTPALIHIO YIEKTPOIUTA (T ). BbiOOp cTenenu npudnu-

s 5
wenus () = (x + i +-Z
3.3 5-5!
pumerToM ¥ = y(n).

Taxum obpasom, paccmaTpuBas colbBaTaUHOHHbIE YPPEKTHI MEKIY KOM-
NOHEHTAaMH PAcTBOPA HA OCHOBE NPOCTEHIINX NONAPU3ALHOHHBIX B3aUMOeii-
CTBHIi, yAaETCA HEMPOTUBOPEUHBO OOBACHUTH HE TONBKO KOHLEHTPALMOHHY IO 3a-
BHCHMOCTb 7y = (1), HO H MOABAEHHE MUHUMYMa KOOI (HLHEHTA AKTHBHOCTH.
JlaHHbIil 01AX0A OTKPBIT A1 JalbHEIIEro pasBUTHA U yCOBEPIISHCTBOBAHHUS,
MOCKOJIbKY HE COIEPIKHT KaKHX-JIHOO MNPeAnoChlIOK, CBA3aHHbIX ¢ MOJEIbHBIMU
NPEeACTaBICHHAMK O CTPOEHHH JKHAKOTO pacTBopa.

+... ) OnpeaAcnacT COracoOBAHHOCTDb € DKCIIE-

7.6. PacTrOpBI, coiepKaNIHe COJILBATHPOBAHHBIE Y1EKTPOHBI

Dduznyueckre H XUMHYECKHe CBOHCTBA BCEro MHOTOOGPEBHOTO MUpa Tak Wi
HHA4e onpenessoTesa CcBOHCTBAMH JJICKTPOHOB, ABJIAIOIIHXCA HEOTHhEMJICMbIMH
HacTaMH aroOMOB H MOJIEKYIL. C momeHTa OTKPBLITHA DJIEKTPOHA (1)”3HKH pac-
CMaTpHBarOT €ro Kak HE3aBUCUMYRO YaCTHLLY, O6J'Ia£la}0IJJ.y}O 3apsaaom, Maccoit
U CIIMHOM. I[J'l}{ XUMUKa ke 0osiee TIPUBBLIYHO MIIPEACTABICHHE 00 SJEKTPOHE Kak
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COCTABHOH 4acTH MoJleKys, OO0yC/OBIMBAIOWEH XMMHYECKYIO CBA3b, H Kak
0 4aCTHLE, MPUHHUMAIONIEH YUacTHE B OKMCIHTEIbHO-BOCCTAHOBUTEILHBIX peak-
usiX. OHAKO MCCTIe10BaHMs OCAEAHHX ABY X AeCATUIETUI TOKa3alu, 4To dJ1eK-
TPOH MOKHO paccMaTpuBaTh W Kak He3aBUCHMBIH peareHT. Hanpumep, B npo-
crefiweil peakunn woHusaunn Bogopora H — HT + €7, kotopyto MOKHO
WHHALMHPOBATH C MOMOLLBIO HOHM3HPYIOLLETO U3ITy4E€HNS WU BBICOKOI TemMIepa-
Typbl, DPOAYKTAMH PeaKLHH SBAIOTCA COBEPLUEHHO CaMOCTOATElIbHbIE peareH-
Thl, CIOCOOHBIE B3AHMOAEHCTBOBATL B PACTBOPE ¢ MOJIEKYJIAMH PACTBOPUTENS.

Oco0eHHOCTBbIO XMMHYECKHX peakiyii ABNAeTCA nepeaala eKTpoHa oT of-
HOIo aroMa Wiu MoJekynsl k Apyrum. [Ipouecc nepenaun snekTpoHa BoBce
He00A3aTeNbHO Pean3yeTCs NEPEXOA0M Ce0000HO20 HNEKTPOHA. DNEKTPOH MO-
JKeT ObITb OTLLEIJICH OT peareHTa, €C/li B €ro HerocpeACTBEHHOM COCE/ACTBE Ha-
XOIUTCSA 2MEKTPOHHBI akuenTop. [IpupocT cBoOOAHOM dHEepTriH MPH aKUENTH-
POBaHHH DJIEKTPOHA AOJDKEH MPEBOCXOAUTh IHEPTrHI0, HEOOXOAMMYIO it €ro
OTLUENIEHHS OT AEKTPOHHOro AoHopa. OCBOOOIKACHHE dEKTPOHA MOAHO TaK-
A€ OCYLUECTBUTL, COODLIAs JOHOPHOH CHCTEME H30BITOYHYIO SHEPTHIO € TIOMO-
LIbIO TEMJI0BOTO, (POTOXHMHUECKOTO WM JIEKTPOCTATHYECKOro BO3AEHCTBUA.
Takoli npouecc MpoHCXOAUT HE3ABHCHMO OT HAMYHS KaKHX-IMOO0 aKLenTopoB
AeKTPOHOB. OTLLENIeHHbIIT d1eKTPOoH anddyHAUpyeT B cpeae 10 ero 3axsara
B pe3ysbTare OQHOTO M3 [ABYX BO3MOAHBIX akTOB. OH MOMKET MpHCOeIMHHUTb-
CSl K aToMy WJIM MOJIEKyJie, KOTOpble 00/1alaloT MONOKHTENbHbIM CPOACTBOM
K 21€KTpoHYy. B TO ke Bpems, ecili 2JeKTPOH MepemellaeTcs B KOHASHCHPO-
BaHHOI cpejie, COCTOALLEH U3 MONEKYN ¢ HYJIEBbIM WM OTPHLATEIbHBIM dMIeK-
TPOHHBIM CPOACTBOM, OH OKaHYMBACT CBOI MyTb B «JIOBYLIKE», 00pa30BaHHOI
ero coOCTBEHHbIM MONAPH3ALHOHHBIM noJieM. Takoil «3axBaueHHbIH» dNEKTPOH
YK€ HE B COCTOAHMH CBOOOAHO nepemeluarscs B BelecTse. M3 cBoeil moTen-
LUaNbHOH AMbI JIEKTPOH MOIKET OCBODOAMTBLCA TONLKO MPH YCIOBHH, €CIH OH
NpHOOPETeT DHEPrHi0 H3BHE MM MepeiieT B COCEAHION0 JIOBYLUKY. DJIEKTPOH,
3axBaueHHbIH B pacTBOpPHUTENE, OTAHYAETCS OT CBOOOAHOTO 1EKTPOHA MEHb-
el noABMIKHOCTBIO M Oonblueil nokanuzauueil. Kpome Toro, 3axsauyeHHbli
SNIEKTPOH XapaKTepU3yeTcs OTPULATENbHOH CBOOOIHOMH dHEprueii o0pazoBanus,
T.€. SBAAETCA TepMOAMHAMHUuecku Oonee cTabUbHBIM. DTHU CBOMCTBA, Hamo-
MHHaOLLWE CBOICTBAa OTPHLATENLHOTO COMBBATHPOBAHHOTO HOHA, MO3BOJAIOT
paccMarpuBaTh 3J1E€KTPOH Kak 0co0yl0 MMApaTHpOBaHHYIO yactuly. B oOiiem
CMBICTIE DIIEKTPOHHBIH aKLENTOP TakikKe MOKHO paccMaTpHBaTh Kak JIOBYILKY, B
KOTOPOI 2J1eKTPOH JIOKAJIM30BaH ropas3jo CHjbHEe, €M B JIOBYLIKE, 00pa3oBaH-
HOI MoneKynamu pacTBOPUTENs. DIEKTPOH, OKPYKEHHbIH OPHEHTHPOBAHHBIMH
MOJIEKYJIaMK pacTBoOpuTes, aBiasercs (M 3To ero Haudosee CyllecTBeHHas B
XHMHYECKOM OTHOLIEHHH XapaKTepHCTHKA) HeOObIUaliHO aKTHBHbBIM JJIEKTPOH-
HbIM 10HOpoM. Takoe oOpazoBaHue, CyIECTBYIONIEE B AKHAKOCTAX, HA3bIBAETCS
CONbEAMUPOGAHHBIM TEKINPOHOM €z, €CJIH e PACTBOPUTEIEM ABISETCA BOAA,
TO 3TO CUOPAMUPOBAHHBILL TICKINPOH €4q.

OTKpbITHE CONbBATHPOBAHHBIX NIEKTPOHOB — OJIHO M3 Ba)KHEHLINX 10CTH-
keHnil xumun XX Beka, MMEIoLiee MHOTOUHCICHHbIE NPUMEHEHHS B XMMMH
1 0co0eHHO B dneKTpoxuMud. OgHaKo 40 CHX MOp B yueOHOI M1eKTpoXuMuye-
CKOH JITeparype Ml COBCEM He yTOMHHAETCA O CBOICTBAX CObBATHPOBAHHOIO
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UEKTPOHA, HIIH YIIOMHHACTCA CIIMILKOM (pparmeHTapHO. Mexkay Tem coslbBaTH-
POBaHHbIE EKTPOHbI, Hapsity ¢ Honam HT 1 OH ™, ABASIOTCA OCHOBHBIMH aK-
TUBHBIMU YaCTULAMH B BOAHbIX pacTBOpax. IIoCKkonbKy B HACTOSILLEE BPEMS YIKe
uMeeTcs paa GpyHaamMeHTanbHbIX 0030pOB, MOCBALLEHHbBIX COIbBATHPOBAHHOMY
JMEKTPOHY, B JAHHOM paszzesne Oy1yT paccMOTPEHbI JIHLLbL HEKOTOpPble CBOHCTBA
3THX YaCTHLL.

Ceoiicmea coabeamupoeanno20 3iekmpona. TMapaTHPOBAHHBIA 3JeK-
TPOH — OJAMH W3 Y/I€HOB MHOTOYHCJIEHHOIO CeMEeHCTBA COMbBATHPOBAHHbLIX
3NEKTPOHOB — BMEPBbIE ObI1 OOHApYkeH B ammuake Oonee CTONETHs Hasas.
Ipu pacTBOpeHMH LLENOUHBIX METAJLIOB B aMMHUaKe He 00pa3yeTcs, kak BHavase
0XKHAAN0CH, METAUIOAMMHAYHBIX COJICH, @ B KOHLEHTPHPOBAHHBIX PacTBOpax
M —NH3 BaneHTHbII 2IEKTPOH HAXOAUTCA B CBODOAHOM COCTOAHMM; B pa3daB-
JIEHHbIX JK€ PACTBOPAX OH CBA3BIBACTCA C MONIEKYJIAMH PACTBOPUTEIA, KOTOPbIE
€ro OKpY?KatoT. BnnoTh 10 HACTOALIEr0 BPEMEHH TEOPHA METAIOAMMHAYHbIX
pacTBOPOB OCHOBLIBAETCA Ha dTHX MpeiacTaBleHHsax. Brocneactsun takue sAB-
JIEHUs! HaOMI0AAIHUCH TaKAe MPH PacTBOPEHHH LLETOYHO3EMENBHBIX U Pe/IKO3e-
MeJIbHBIX METAJUIOB B aMMHAX, aMMaax, cnuprax v apupax. OaHum u3 Hando-
Jlee YIMBHTENbHbLIX CBOHCTB pacTBOpoB M —NH3 ABaseTcs HX paccioeHue npu
onpe/ieNeHHbIX ycaosusax. Tak, Hanpumep, pactBop Na—NH3 ¢ koHUeHTpauuii

~ 4% npu Temneparype HiKe

¥ 230 K pacnagaetcs Ha JBe HecMe-

égod. mmMBatolecs kuakue ¢assl. Maza

> ¢ OOmbLIMM cofepKaHueM MeTasia,

104 Oyayuu Gonee nerkoi, BCMbIBACT Ha-

BepX M pacrojaraercs Haa Gonee Ts-

g 4 KeN0i MaJOKOHLIEHTPUPOBAHHON (ha-

-~ 30il. Bepxuaa (asa, nposoasias

102k J X 110?  2NMEKTPHUECKHil TOK, HmeeT OpoH3o-

j ¥ BYI0 OKPACKY, HHKHSS, HENPOBOASLLAs

i haza, — YEPHUIBHO-CHHMIT LBET.

? bponzoBas (paza npu  yBeIHYEHHUH

10 /;7 410?> KOHLEHTpaLHH pacTBOPEHHOTO METall-

J allbHblif  POCT 2JIEKTPOINPOBOLHOCTH,
v
f

I‘
—_
[e)
W
T
1

*CN

TIpoBoAUMOCTD, Om!
O
T

J1a UCTIBITHIBAET PE3KHIi IKCOHEHLH-

| BISIOUIAICA CNEACTBHEM YBeanye-

: 10" {us creneHW MOHM3ALMH MeTaia Ha

10 100 KaTHOH M CBOOOMHBIH  EKTPOH.

KOHUCHTPQIIIH] BEU]EHTHHX I/I3 pl/lC. 78 BI/IHHO, yTo Kpl/lele Ha-
INEKTPOHOB, % i . »

CTONILKO CXOXKH MeKay coboii, 4To

Puc. 7.8. Tlposoanmocts pactsopos Ca— TIPHXOAHTCA "13061337"‘3“ HX B pasjin-

NHa. Li—NHs # K—NHs nipu 223 K HBIX Macwitabax. EqnucTeentoe pas-

JH4He 3ak/ouvaercs B Oosee crnadoi

KOHLEHTPALMOHHOI 3aBUCHMOCTH AJif ABYXBANEHTHBLIX METANIOB. AHaTHTHYE-
CKH 9TH 3aBHUCHMOCTH MOYKHO NPEACTABUTH MPUOIHIKEHHBIM Y pABHEHUEM

1,0
1

PR (7.87)
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e N7 — MJIOTHOCTb BAJICHTHBIX AJEKTPOHOB. [Ipu BBICOKHUX MJOTHOCTAX
3MEKTPONPOBOIHOCTE METATIOAMMHAUHBIX PACTBOPOB HHOTA MPEBOCXOMHT
9J1EKTPOIPOBOAHOCTL METALIMYECKOH JKHUAKOH pTYTH. OObACHEHHEM TAKOro
CBOIfCTRA CONMBLBATUPOBAHHBIX TEKTPOHOB ABAETCSA MOHIKEHUE YD PEKTHBHOH
IHEPrUH MOHM3ALMH METAJl1a C YBEJTUYCHHEM MIOTHOCTH pacTBoOpa H, KaK clie-
CTBHE, YBEIHYEHHUE KOHLEHTPALNHT «CBOOO/IHBIX) HEKTPOHOB 1L, [ Ip1 nocrosu-
HOIi TIOIBHKHOCTH SJIEKTPOHOB /L. YBEIIHUEHHE 11, BJIeUeT 3a coboii yBenniueHue
YACIBHOI 2NMEKTPONPOBOIHOCTH

= eNefhe- (7.88)

INockonbKy ruapaTUPOBAHHbIH MEKTPOH — mpocTteiiumii npumep cinabdo
CBSI3AHHOIO 2JIEKTPOHHOIO I0HOPA, TO €ro MOKHO CUYMTATh MOJIENBHBIM pe-
areHTOM [0 OTHOLUEHHIO K MHOTOYHCIEHHBIM TEPMHUYECKUM H (pOoTOXHMHUE-
CKHUM OKHCIIHTEIIbHO-BOCCTAHOBHTEILHBIM MpoLeccaM. AHalln3 peakMOHHOM
CIIOCOOHOCTU €,, MMO03BOMAET Ouiarogapsi INPOCTOTE 3TOr0 CYyILECTBYIOLIErO
B BOJIHLIX CHCTEMAX JJEKTPOHHOTO JIOHOPA NOJyUaTh BAKHYIO HHOPMALIHIO
HE TOJIbKO O MPHUPOJIE MMPOLIECCOB Mepeaaun EKTPOHA, HO TaKIKe O [PUpPOIe
caMHX aKUEemnTOpPOB.

[TockonbKy €,, MMEET Masloe BPeMs JKH3HH H ObICTPO pearupyer co clieso-
BbIMH KOJTHUECTBAMH HEKOTOPBIX MPHUMECEi1, TO ClIeYET 0KMIATh, YTO peaKLH1
C ero yuacTHeM JerKo NoAanTcs HaboIEHHIO TOJBKO MPH YCJIOBUU, €CJI1 OHU
MIPOHCXO/IAT C I0CTATOYHO BBICOKMMH CKOPOCTAMH — KOHCTAHTHI CKOPOCTH
peakuuii Broporo nopsaka noakHbl npesbiwars 101 mons™! - ¢!, IMpaxTu-
YECKH BCE PEaKLHH C THAPATHPOBAHHBIMH EKTPOHAMHM ABISAIOTCS IK30TEP-
MHYECKUMH.

EcrecTBeHHO, MEK/Ty BEPOATHOCTAMH [EPEHOCA 31EKTPOHA K AIEKTPOHHBIM
CPOJICTBOM aKLENTOpa J0JI’KHA CY [UeCTBOBATh ONnpeeNieHHas cBs3b. O1HaKo TOT
(hakt, yTo CKOPOCTH peakiHii €,, CO MHOTMMU OOILEH3BECTHBIMH OKUCIIUTENSAMUI
JuMuTupyiotcsa augdysueli, He BbI3bIBAET COMHEHUS. MHOTHE W3 MPOIYKTOB
TAKUX peakUuii NpeacTaBisoT co00H KOPOTKOKHBYLLHE MMPOMEKYTOUHbIE CO-
€/IMHEHNS, TEPMOIHHAMMYECKHE CBOHCTBA KOTOPBIX MO3TOMY MOTYT ObITh YCTa-
HOBJIEHBI JIUILIL MyTEM 3aKTIOUEHHI MO aHATOTHH MW C MOMOLILBIO KOCBEHHBIX
meTonoB. Takum odpazoM, e, NpecTaBiseT codO0il He TOJIbKO PEareHT, y4acTBy-
IOIMH B POLIECCaX MEPEeHOCa INEKTPOHA, HO TAKIKE M IIEHHBIH HHCTPYMEHT HC-
CJIeIOBAHMSl, CIY KAl 151 YCTAHOBJICHHSI TEPMOAMHAMMUYECKHX CBOICTB Kak
W3BECTHBIX, TAK H BHOBB MOJIYYaeMbIX XHMHUECKHUX COSTHHEHNI.

Haie obcykaenne ponu e,, B XMMHUHU OblJI0 Obl HEMOMHBIM (€3 yNnoMHHa-
HHA O €ro 3HAYEHHH B OCYLLUECTBJICHHH PA3JIMUHBIX CHHTE30B. ['MaparupoBaH-
HbI€ IEKTPOHBI 00Pa3yIoT GONBIIOE YHCIO AKTHBHBIX MPOMEXKY TOUHBIX BOCCTA-
HOBJIEHHBIX MPOJYKTOB, [IPHUEM HEKOTOPbIE W3 HUX ObLIM MONTYyUEHbI BIIEPBLIE.
K uum otHocsiTes neopranuueckue nonsr: Cot, Nit, Mn™, NO3, BrO3, 17,
a TaKke Takue opraHudeckue uvactuupl, kak PhCOO-“~, PhNO,,
CioHg, (CH3)>CO™ u ap. Bee 311 BewecTsa sBISIOTCH KOPOTKOIKHBY LLLH-
MH, TaK Kak nocfie obpa3oBaHHs OHH ObICTPO PEKOMOHWHHPYIOT WM JAHC-
[IPONOPLIMOHUPYIOT.
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B HacTosLee Bpems pazpadoTaHo OOJIbLIOE KOIMYECTBO METO/IOB MOy UEHHs
COJThBATHPOBAHHBIX ITEKTPOHOR; K HHM MOKHO OTHECTH PEaKIlHH dTEKTPOXUMH-
4YeCcKOro BOCCTAHOBJIEHUSA, (POTO- U ATEKTPOXUMHUECKYIO IMUCCHIO, PAAHUOIN3,
(dotonus u ap. OaHUM U3 HanbGonee y100HbIX COCOOOB NreHEPUPOBAH HS HTEKTPO-
HOB SIBJIAETCS SMUCCHS [IPH KaTOAHOMH MOAAPHU3aLHK METAIIOB, MOIPYKEHHbIX B
pactBop arekTpornuTa. TTockonbky paboTa BbIXOAa HEKTPOHA U3 METallia Mpu
€ro NOrpyKeHUH B Cpeay MOHHUKAETCA, TO BEPOATHOCTL IMHUCCHH JIEKTPOHOB
CHWIIbHO yBenuyuBaetcd. [IpunokeHue oTpHLATETLHOTO MOTEHLMAMa K KaToLy
OT BHELIHETO HCTOUHHMKA TOKA ele fosee yBelIHBaeT 3Ty BEPOSTHOCTb, TAK
YTO KOHUEHTPALHA 2JI€KTPOHOB, MOKUHYBLIMX MOBEPXHOCTb META/LIA, MOKET
ObITh IOBOJILHO 3HAYUTETLHOM.

IepBoii cTanueil npouecca IMUCCHH ABIAETCA MEPEXO WIEKTPOHA 3a Mpe-
Aenbl TBOMHOTO 3MIEKTPHUECKOTO ClI0si, B KOTOPOM peani3yercs HauOomblHi
cKauoK noreHuuasna. [1o Bceit BEpOATHOCTH, B 3TOM CJIO€ JIEKTPOH BCE ELLle NpH-
Ha/UISKHT METAILTY W ABISETCS Kak Obl «cyxumy». Boiliag 3a npenensl qBoitHOrO
CJ104, JEKTPOH YIKE HE HAXOANTCS B MOIIHOM 3JIEKTPHUYECKOM M0JIe MOBEPXHO-
CTH MeTaina, U 3a Bpems nopsaka 10712 = 10713 ¢ npespaaercs B Tennosoit
anekTpon ¢ sueprueii ~ kgT'. IIpouecc Tepmann3aunu NPOHUCXOMUT HA JIO-
BOJIbHO 3HAYUTEJIbHBIX PACCTOAHMAX OT MOBEPXHOCTH META/Ia, JOCTUTAOLLMX

o
10+ 50 A. Cnenyromeii cTaaueii ABISETCS MPOIECC coTbBaTaliK, 0OLITHO TTPO-
pomkarowuiics B teverue &~ 107" ¢ (a5 Bonbl, HanpUMEp, 3TO BPEMs PaBHO
< 2-107" ¢, a ana metanona ~ 10! ¢). Ha puc. 7.9 usobpaxkena ycnosHas
cXema IMHUCCHH JEKTPOHA U3 METaIa-IMHUTTEpA.

Ipu sMuccHy 27IeKTPOHA M3 MeTasia B PacTBOP, B OTIMYME OT BaKyyma,
BCJIE/ICTBHE HAIMUKMSA JABOHHOTO 2JIEKTPHUYECKOTO CIOS Ha rpaHHLe MeTal—
PacTBOp KOHUEHTPALIHS IMUTTHPOBAHHBIX MEKTPOHOB 3aBHCHT OT MPHIIOKEH-
HOTO M3BHE noTeHuMana. B Bakyyme M3MeHeHHe MoTeHLHana MeKIy KaToaoM
(AMUTTEPOM) M AaHOAOM JIMHEHHO Ha BCEM MPOCTPAHCTBE MPOMEKYTKA, BCICA-
CTBHE 4ero pabora BHIXOJA JNEKTPOHA MPAKTHUYECKH He 3aBHCHT OT BEJIWYH-
Hbl TPWIOKEHHOTO HAMPAKEHUA W ONpeiensercsa NHllb NPUpoioil meranna-
amutrepa. [Ipn KOHTAKTe MeTaslIa C AEKTPOIMTOM CKAUOK MOTeHIHANa peai-
3yeTcsl B CJI0€ TOJLIMHON B HECKOIBKO AHICTPEM, HAMpsKEHHOCTh nonst F B
TAKOM [IPOMEIKYTKE JOCTUIAET AECATKOB M COTeH MuLiHoHoB B/cm (puc. 7.10).

[ToaToMY HaJIOMKEHHE BHELLIHETO MOJIA MOJKET CHITLHO U3MEHHTD BEJTHUHHY F.
Kax cnenctsue 3T0ro M3MEHUTCS U IIOTOK AMUCCHH MEKTPOHOB. B orinuue or
BAKyyMa KOHEUHBIM COCTOSHHEM JIEKTPOHA ABJIAETCA HOBas YacTHLA — COMb-
BATHPOBAHHBIH JIEKTPOH.

Bpewms KHu3HH 1eKTPOHA B COALBATHPOBAHHOM COCTOSIHUM MOKET ObITh 10~
cratouHo aonruM — ot 10~? 1o neckonbkux cekyna. Hanpumep, B Bosie Bpems
JKM3HM THIPATHPOBAHHOTO MeKTpoHa cocTasnser 1072 ¢, a B rekcamerundoc-
(hopTpHamMKaE OHO pacTIrMBaeTcs 10 HECKONbKHX cekyH/. Ilpu Hanmnuuu B pac-
TBOPE AKLICNITOPOB JIEKTPOHOB MOXKET MPOHUCXOAUTH 3aXBAT NIEKTPOHOB 3TUMU
AKLENTOpaMH WK peaKuusl XUHMHUYECKOTO B3aUMOJIEHCTBUS € MONEKyJIaMH pac-
TBOPHTENA ¢ 00pa30BaHHEM HOBOIO XUMHUYECKOTO COEIMHEHHS!, HHOTAA C O4€Hb
HeOoObIYHBIMH CBOMCTBAMU.
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Puc. 7.9. Craamn sMHUCCHU IEKTPOHA U3 Puc. 7.10. Cxemaruueckoe u300paue-
MeTatia B pacTBop HHUE MOTEHIMAIBLHOTO Gaphepa Ha IpaHu-
1I¢ METaJLI— PacTBOP

DNEKTPOHBI B Pa3IHUHOIT CTEMEHH MPETePIIeBAIOT COMbBATALMIO BO BCEX JKUIKO-
CTAX. B HENnosnsApHbIX JKHIKOCTAX EKTPOHHO-MOJEKYIAPHbIE B3aUMOAECHCTBHS
JIOCTAaTOYHO  cJadble. Bnu3KoACHCTBYIOMIME  CHIIBI OTTAJIKURAHHS
MEKAY KBa3HCBOOOOHBIM 2MEKTPOHOM U CBA3AHHBIMH IEKTPOHAMH MOJEKY.J1
pacTBOPUTENST YACTHUHO KOMMEHCHPYIOTCA AallbHOACHCTBYIOIMMH NOASApH3a-
LMOHHBIMH CHJIAMH.

B nonsipHOii #KHAKOCTH HapsLy ¢ 3TUMH B3aUMOJACHCTBHUAMHM CYILIECTBYIOT
3HAYUTENIBHO MPEBOCXOAAIME UX ONU3KO-
NEHCTBYIOLUME CHJIbl OTTAlKHUBAHMS MEK- 2,0
Ay 2MEKTPOHOM M CPENOil, KOTOpbIE OpH-
SHTHPYIOT MOJIEKYJIbl PACTBOPHTEJISI BOKPYT
MEKTPOHA M TEM CaMbIM BhI3bIBAIOT oOpa- 1.3
30BaHHE (I10JOCTHY.

DNeKTPOH, HaXOAALLKICs B TaKOH siMe,
HMEET IMCKpeTHbIE dHepreTuueckue ypos- 10T
HHU W XapaKTepU3yeTcsi ONPeeeHHbIM KO-
POTKOKUBYIIHM HHTEHCHBHBIM CHEKTPOM
nornomenus. J1a BoxHoro pactsopa mak- 055 [
CUMYM T10710Chl MOMIOWEHHS THAPATHPOBAH-
Horo anekTpoHa npu 25° C HaxoauTcs MpH
nine BonHbl 720 Hm (1,73 3B) (puc. 7.11). 200 400 600 800 A, mwm
CreKkTp TUAPaTHPOBAHHOTO SJIEKTPOHA HE

3aBHCHT OT criocoda reHepaumnu JEKTPOHA, Pyc. 7.11. C]‘[ek']‘pb] norJornie-
TaK KE, KaKk (l)opMa CneKTpaﬂhHOﬁ MOJOCKHI  HUA Caq- TOTYYCHHbLIC Pa3/HM4YHBLIMA
HE 3aBUCHUT OT pH pacTBopa. cnocodaMu

[IpumepHO TaKoii jke BUA UMEIOT CHeK-
Tpbl COJILBATHPOBAHHOIO WIEKTPOHA B APYruX pactBoputensx (rabn. 7.6).
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Tabnuua7.6

Pacteopurens Xumuueckas Gopmyna Awax. HM
MetaHon CH30OH 620
DraHon C2HsOH 730
n-IlponaHon C3H7OH 308
H-ByTaHon C4HqOH 680
I uktorexcanos CeH11OH 750
DTUICHTIUKOITH HOCH:CH2OH 580
I'nuuepun CH2OHCHOHCH20OH 550
OTUAeHNaMUH HoNCH2CH2NH2 1350
Jumeruiadopmamiz HCON(CH3)2 1680

JpmeTuicy ok (CH3)2S0O > 1600

Ipu yBenuueHUH TeMneparypsl CreKTp MomoLeHns Kak uesioe 6e3 usme-
HEHMs MHTEHCHBHOCTH CABUIAETCS B CTOPOHY MEHBLUMX SHEPruil ¢ Temrom
d(hv)/dT = —2,9- 1073 5B/rpan.

IoBsIlIeHHe TABIEHHSA CMEILACT Amax B KOPOTKOBOJIHOBYO obnacTb. MHepT-
HBIE COJIM TAKAKE CMENIAIOT CMIEKTP B CTOPOHY KOPOTKHX BOJH. Tak, Hanpumep,
npu BeeneHuu B Boay LiCl ¢ koHueHTpauueit 15 M criekTp caBuraercs B CTopo-
HY KOPOTKHX BOJH ¢ 720 um 10 580 um. [Ipu 31OM (hopma mosocs NOTIOIEHHs
OCTaeTcs HeH3MEHHOMH, a KOI(PMUUHEHT SKCTHHKUMH JIHLIb HEMHOIO MEHbLLE
TAKOBOTO B YMUCTOIf BoAE. B Tabn. 7.7 cBeneHbl HEKOTOPBIE JAHHBIE MO CMEIllE-
HUIO MAKCUMYMa [0JIOCh! MOMTIOIEHHS THAPATHPOBAHHOIO 1EKTPOHA B BOIHBIX

OAmax
pacTBopax. ITo CMeIEeHHe B cpeiHeM cocTasiser — —— =2 (), 03 3B.

Inas
TabGnuna7.7
Beutecrso MgCl, KF KF NaOH KOH LiCl
C, MOJb/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
d\/dna 0,015 0,034 | 0,040 0,020 0,014 | 0,025

B uccrnenoBanusax no (potoaMUCCHH AMEKTPOHOB B pa3zdaBIEHHBIX PacTBO-
pax eKTPOIUTOB ObLIH MOJYHEeHbl MPUMEPHO TAKHE K€ 3HAUECHHS M3MEHEHUS
padoThl BbIXOAA JEKTPOHA W3 pTyTH. B Tadn. 7.8 npuseneHsl 3HaueHus pado-
Thl BBIXO/A MEKTPOHA U3 PTYTH (TPH MEKTPoaAHOM noteHumane F = —1,5 B)
B BOAHbIX pacTBopax KOH pasnnunoii KoHueHTpauHu.
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Tadbauna7.8
€. MOITB/1T 1,00 0.10 0,03 0,01 0.003
W.oB 3,29 3.34 3.36 3,37 3.42

Io nauHbIM TAbNUUB! (C yueTOM pa3dpoca IKCIEePUMEHTAIbHBIX 3HAUSHHUIT)
OW/0lneyoy & kgT/e = 0,025 B. Ouenb nokazareibHbIMH ABJISIOTCS IKC-
MEPUMEHTAIBHBIE JaHHBIE M0 HCCIETOBAHUIO BOILTAMIEPHBIX 3aBHCUMOCTEI
[POLECCOB BbIIENEHHS BOAOPO/IA U3 KHUCIILIX BOAHBLIX PACTBOPOB.

HecatukparHoe yBelHYEHHE KOHLUEHTPALHH HHEPTHbIX CONEH He3aBHCHMO
OT UX MPHUPOJBI BEI3BIBAET MPH O/IHOH U TOI1 7Ke MIOTHOCTH MOMAPU3YIOIIETO TOKA
CMEILLEHHE NepeHanpaKeHns BelaeneHns Boaoposaa Ha 59 mB. Ha puc. 7.12 mo-
Ka3aHa Takas 3aBUCHMOCTb NpH nodaBkax B pacteop coin KCI pa3Hoit koHueH-
Tpauud. Takoii ke xapakTep KpHBBIX HAOMIOAATCS B pacTBOpax, COAEPIMKALIMX
nobasku coneit BaCly, LaCls, K3PO4 # He TO/bKO HA PTYTH, HO U HA APYIHX
aekTpoaax. OueBHaHO, JAHHOE ABJE-

HHE CBS3aHO C MOHWKEHHEM YPOBHSA log |il, A/em?
MPOBOIMMOCTH NIEKTPOHOB B PacTBO- 0.TM
Pe, UTO H BbISLIBAET MOHIDKEHHE Mme- |\ /\|

peHanpsuKeHHs BblAETIEHHA BOAOPOAA. 0.01M
IM'aapaTHpoBaHHBbI 2TIEKTPOH HMe- ;o
eT 3apsn, pasHblii —1. Taxoii BbIBOJ X

OblIl MMOJIyU€H Ha OCHOBE HMITYIIbC- 1.0M
HOI'o paauosusa MnpH HCCICIOBAHUN ’
peakuuu €,, € pasjiItiHbIMH HOHAMH

B 3aBHCHMOCTH OT HOHHOH CHJIbl pac-  —5 5
TBOpA.
Mt Ha3BaHHLIX peakuMil 3aKo-
HOMEPHOCTH, BbITEKAIOLIKE W3 YpaB- H
Henust bpedcrena—boeppyma  (cBsi-
3bIBAIOLLEIO  KOHCTAHTY  CKOPOCTH \
peakunu ¢ KBaapaTHbIM KOPHEM H3 ¢
HMOHHOM CHJIbl PACTBOPA), BBITIOTHAOT- o
csl NpakTHYECKH Oe3 OTKIIOHEHHIH. DK- \Q \
BUBQJICHTHAs1 [IPOBOAHMOCTb €,qA = © E% ~

=198,00M 'cM?, NOABMIKHOCTD Jt = 0.01M
= (1,98 £0,10) - 10~% cm®B~lc~t. -1.2  -10 -0.8 B
O0e 3T BeMUUHHBI OJTH3KH K TIOBHK-
HOCTH M DKBHUBAJIEHTHOH NIEKTPO-
npoBoaHocTH noHa OH™ K HamHOTO
BBIILIE TAKUX K€ XapaKTEPUCTUK, Ha-
MpUMED, ralOreHn/1-HOHOB.
IockonbKy 3KBHBAJEHTHAs EKTPONPOBOAHOCTb €,, 3AMETHO MPEBbILIA-
€T 9KBHBAJICHTHBIE IEKTPOMPOBOAHOCTH OCTATLHBIX HOHOB (32 HCKITIOYEHUEM
H3;0" u OH™), cneayer npeanonarars, uto MexaHusm Iupdysuu e,, TakKe

(=]

Puc. 7.12. Buauguue nodasox KCl na cme-
LICHHC MOTCHIIHAIAa l"leCHﬂI'lpH}KCHI«IH BbI-
JEICHUS BOZOPOAA HA PTYTH
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OTIIMYACTCS OT MeXaHu3Ma AupQy3un apyrux uoHoB. B 1o ke Bpems mexa-
Husm [potryca (acTadeTHbIi iepeHoc), KoTopeiit oobacHsaeT noseaenue H3OT
u OH™, ana e,, HenpuMeHUM. MOKHO [PEAIONOKHTh, UTO MIEKTPOH Mepe-
MELIAETCA B PACTBOPE MYyTEM OYEHb OLICTPBIX MEPEXO0B M3 OAHON JIOBY LUKH
B IPYTYIO.

CyluecTByeT n1Ba OObACHEHHS MEXAHM3MA [IEPEHOCA DIEKTPOHA OT 3aHHUMa-
€MOro UM MecTa B pacTBOpHTEsIe Ha OpOHTANb PACTROPEHHOTO BeiecTa. [lep-
Bbli{ — KJ1acCHUECKUIT MEXaHHM3M — NperonaraeT epeKpbIBAHHE WEKTPOHHbIX
opOuTasieii MONeKyJibl PAaCTBOPEHHOTO BELLECTBA C OPOHTANIAMH €,q M NOCIE-
JYTOLLHIT ObICTPBIH MepeHoC neKkTpoHa. BTopoii MeXxaHH3M — HEKIacCH1YecKoe
TYHHEJIMPOBAHKE IEKTPOHA Uepes NOTeHUHANbHbLI Oapbep, pasaestoLLuii rua-
PaTHPOBAHHOE COCTOSAHHE SJIEKTPOHA W COCTOAHHME DIEKTPOHA, BHEIPEHHOTO
B MOJIEKYJlYy aKUENTOpa. DTOT MeXaHU3M BKJLIOYAET B CeOsl IEKTPOHHYIO I10-
JISPU3ALIMIO MOJIEKYJTbI AKLIENTOPA, MPOUCXOAALLYIO OHOBPEMEHHO C EKTPOH-
HbIM [IEPEHOCOM 1 HE TPeOyeT BHY TPUMOJIEKYJIIPHOIO NepeMeLLeHHs aTOMOB /10
MOMEHTA JIIEKTPOHHOTO MepeHoca.

HeBepoaTHO GonbLuoil s Takoli rpomMajiHOl YaCTHLkI, KaK MHAPAaTHPOBAH-
Hbli1 9NeKTPOH, KOIPPUUHEHT AH(DY3HH HABOAUT HA MbICIIb, UTO AUD(DY3HS €4q
MPOUCXOANT MyTEM TYHHEJMPOBAHHS HA 3HAYNTEIbHbLIE PACCTOAHHA W3 OLHOH
HONIOCTH B APYTYI0 0e3 00pazoBaHMs MepexoaHoro coctosHus. Takoil MexaHusm
HAXOIMT MOATBEPIKAEHHUE [PH KOJTHUECTBEHHOM aHaM3e DOMbLLOIO Yucaa and-
(DY3HOHHO JTMMHTHPYEMbIX peakuuii. [Tpn 3ToM nepBHUHbBIE MPOLYKTHI Peakuid
00s3aTelIbHO HAXOAATCS B BO3OY/KIECHHOM COCTOSHUM. TOJbKO JIHIUbL TYHHEb-
HbIM MEXaHU3MOM 2JIEKTPOHHOTO MEPEHOCA MOKHO 000CHOBATh PABEHCTBO KOH-
CTAHT CKOPOCTEH peakumii apoMaTM4eCKUX COeAMHEHHIl B BOAE W B METaHOIIE.

Ecau 65l 3TH peakLty OPOTeKaH [0 KIaCCHYECKOMY MeXaHU3MY, TO pa3iiy-
YHE B DHEPTHH CONbBATALIMKM PEAreHTOB M MPOLYKTOB B KaXKIOI M3 STHX cpen
1oTpedoBaso Obl pa3HOIl IHEPTUH AKTHBALIMY, H, KAK CIICACTBHE, T0JKHO ObLIO
Obl NPHBECTH K Pa3HULE B KOHCTAHTAX CKOPOCTH PEAKLINH.

Panmyc conbBaTHPOBAHHOTO DIEKTPOHA 3ABHCHT OT NPHPO/IbI PACTBOPHUTENS
M OLEHUBAETCs Ul BoAbl BeauuuHoH 2,5 = 3,0 - 107% cm. Mexomst u3 THX
JAHHBIX, MOKHO [IPUHATD, YTO €, ABIAETCH «OONBLLIMM HOHOMY.

HcenenoBaHue KOHCTAHTbl PABHOBECHS PeaKLUu

€aq + Hy0 = H + OH™ (7.89)

212710 BO3MOKHOCTh Y CTAHOBUThL TEPMOJHHAMHYECKHE CBOICTBA MMAPATHPOBAH-
Horo 2nekTpona. Koncrauta pasHosecus 9toit peakuun K, = 7- 1077 coor-
BETCTBYET CTAHAAPTHOMY MOTEHLMANY FMAPATUPOBAHHOTO 371eKTpoHa (B = —
—2,87 B). On Ha 0,67 B orpuuarenbHee cTaniapTHOro noreHuuana aroma H
" AB7AeTcs Goee MOLIHBIM BOCCTAHOBHTEIEM, YEM MOCIEIHHIA.

Pearkyuonnasa cnocoénocms €,4. VI3BeCTHO OONBIIOE YHUCIO PEAKLHN
€ yYaCTHEM MMAPATHPOBAHHOIO MIEKTPOHA. DTH PeakLHH MOAKHO [0Apa3AeIHTh
Ha TPU IPYIIbl: ) NPUCOEAHUHEHHE €,y K HOHAM (MPOCTOE BOCCTAHOBJIEHHE);
6) MPHCOEAMHEHHE €, K HEHTPATIBHBIM MOJIEKYJIAM W B) JMCCOLIMATHBHOE NMPH-
COGJIUHEHHE €4q.
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MeTonaMu UMITYJIbCHOIO PafHOIN3a K HACTOSLLEMY BPEMEHH MACHTH(DHLIH-
pPOBaHBI caMble pazHOOOpa3Hble MPOAYKThI ITHX PeakLuii, U TeM caMmbIM J0Ka-
3aQHO, YTO COJIbBATHPOBAHHBIH MEKTPOH SIBIAETCS PABHONPABHBLIM YUaCTHHKOM
MHOTHX XHMHYECKHX MPOLIECCOB.

Ilpennonaraercs, 4To BCe peakUMu C y4acTHEM IMAPATHPOBAHHOTO eK-
TPOHA B JKH/IKOIl BOJIE HMEIOT O/IHY M Ty JK€ IHEPrUi0 aKTHBALMH, PABHYIO NPU-
MepHO 3 + 4 kkan/monb. Tak Kak ManoBepOsiTHO, UTOObI Takas MOCTOSHHAS
IHEPrust akTUBaLKK Oblla CIEACTBHEM OIHHAKOBBIX JHEPreTHUYECKHX XapaKTe-
PHCTHK MPOMEKYTOUHBIX COCTOSHMIA J1s1 PA3/IMUHbIX BEILECTB, TO OYEBUIHO,
YTO MHBAPUAHTHOCTL JHEPTHH AKTHBALIMM COOTBETCTBYET DHEPreTHUECKUM [ie-
pexonaM, MpUCY UMM CAMOMY COJIbBATHPOBAHHOMY UIEKTPOHY. BosmokHO, mist
peaKkuUnK EKTPOH NODKEH CTaTh Oosiee JIOKATH30BaHHBIM, YEM B OCHOBHOM
coctosinuu. Jlokanuzauus, TpedyroLuas IHEPrui aKTUBALHH, MPOUCXOAUT € 00-
pasoBaHHEM MOAXOAALIEH «IBIPKHY» B pacTBopHTENe. AJLTEPHATHBOH MOMKET
ObITb ClIEAYIOLLEE MPEANONOKEHHE. DHEPTHS 3 KKaJ/MOIb NPeAcTaBiseT co0oi
3HEPTHUIO, HEOOXOAUMYFO JUTS TOJABIEHHNS CHIT MOJIEKYIAPHOM OpUEHTALIMH BOMBI
BOKPYT €4, BCJIEACTBHE YET0 MNIEKTPOH OKA3bIBAETCS CBA3AHHBIM TOJILKO [0JIAPH-
3aLMOHHBIMH CHITAMH. DHEPrHs NONApHU3aLHu, cocTasnsrowan dosee 90 % sHep-
TUU THAPATALUH €4, MO-BUAUMOMY, HE ABJIAETCA OApPhEPOM AJIA HNEKTPOHHOIO
neperoca. OpHEHTALMOHHAs YHEPIUSI CONbBATHOH ODOJIOUKH paBHA IHEPIHH,
HeoOxoaumolt uta audQy3nn BoAbl WKW APYTHX BEILECTB B BOJAE, — MpoLecca,
KOTOpBIii BKItoHaeT B cebs oOpazoBaHue AbIpKU. B nosib3y AaHHON runoresbl
TOBOPHUT TOT (PaKT, uTO (hOTONTUTHUECKOE OCBOOOKICHHE €, W3 PHAPATHOIT Ce-
pbI POUCXOAHT B BO30Y/KIEHHOM «JOMEHE» C BbIAEJIEHHEM DHEPTHH, PABHOM
3,5 KKan/Monb. DTa 2HEprus MnpeacTaBiseT coOOH Pa3HOCTL MEKAY CpeiHei
3Hepruel (otona u sHeprueii ruaparaunm nekTpoHa. M3 npueeneHHbIX paccy-
KJIEHHUU ACHO, YTO PABEHCTBO YHEPTHUU aKTHBALIMH IS ObICTPLIX H MEUIEHHbIX
peakuuii e,, 1 dHepruu aKrupauuu auQGQy3uu pacTBOPEHHBIX BELLECTB B BOAE
HE SIBJIAETCS CIyYaifHbIM.

YucneHHy 0 BeTHUHHY JHEPrUH IHAPATALMH JIEKTPOHA

C&_ — C‘;q + AG, (A)

NOJYUHM, UCIIO0JIb3Ys1 CJ"lellyK)LllHﬁ Tel)MOIlI/IHaMHlleCKHﬁ LHKJT:

€uq T H;;qu — 1/2Hs,4 —63,9 kkan/mMonb
%Hg,w — éng,s —2,1 kxan/Momb
%H-gg,,s — Hyas +48,5  kkan/molb
Heas — €54, + H, +314,0 kkan/monb
Hf — H' —260,5 KKan/MoJb.

gas aq

Cymmapuasi BeiHYnHa CBOOOAHOM 3Heprun ruaparaimu rno peakumn (A)
AG; = —36,0 kkan/mons (—1, 56 3B) (B Gosiee Mo3AHMUX HCCIIEIOBAHUSX 3Ta
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uudpa Obi1a yrounena u renepb AG; = —1,57 3B) ceunerenscreyer o camo-
TIPOU3BONLHOCTH MpOLEcca MHaApaTally AEKTPOHA.

IockombKy MaKCHMYM MOJIOCHI [OMTOILEHHS HAPATHPOBAHHOIO 1EKTPOHA
Anae = 1,73 9B 1 3aMeTHO OONbIIE pacCUHTAHHO SHEPTHH THAPATALHH, TO
MOKET [OKAa3aTbCsl, UTO MOIIOLEHHE CBETA MEPEBOAMT €,4 B BO30YKIEHHOE
COCTOSTHHE, B KOTOPOM OH 00J1a/1aeT MOTeHIHAIbHOMH dHEprueii, 10cTaTtouHOU u1s
BBIXOJA 13 COJILBATHOIT 000s10uKU. OHAKO HA CAMOM JieJie T0CIe ONTHYECKOTO
repexo/ia AEKTPOH OCTAETCA B MONAPU3ALIMOHHOM T10JI€ OCHOBHOTO COCTOSHHSA
¢ sHeprueil oxono 1,6 3B, Tak uTo MEKTPOH, Mo-BUAMMOMY, (iyopecuupyer
W BO3BpAILIAETCSA B OCHOBHOE COCTOSIHUE.

CBOOOAHYIO PHEPrHIO peaKkUl B3aUMOSHCTBHUS THAPATUPOBAHHOIO IEK-
TPOHA C HOHOM THAPOKCOHHS

C'T‘I + H30+ — %H'lga,s + AG_) (B)

MOKHO OTPEICIUTb U3 peakunﬁ

Heus — Hag —4,6 kkan/Moib
1

Hgas — EH'.?gus —48,6  KkKan/Moib

H;0T + OH™ — H»0 —19,1 «kxan/mMonb

€,y T H20 = Hyg + OH™ +8,4 KKan/Moiib.
CyMMHUpPYsl BETHUHHBI CBOOOJHBIX IHEPIHH KakI0H U3 peakiui, noayaeM,
uyro mnst peaxunn (B) AGy = —63,9 kkan/Mone (—2,77 3B) (B Hactosiiuee
BpeMA MpHHATO Gonee yTouHeHHoe 3Hauenne AG = —2,87 3B). Benuununy

—2,87 5B npHHUMAIOT 32 CTAHAAPTHYIO BEIHYHHY AGY ruaparupoBaHHOro
MEKTPOHA, OTCUUTAHHYIO OT MOTEHLMANA BOJOPOAHOTO AEKTPOIA.

CyMMHpYsl BeTHYMHBI CBOOOAHBIX 3HEpruit no peakuusm (A) u (b), nomy-
YUM 3HAYEHHE CBOOOIHOI SHEPrHM IMAPATHPOBAHHOTO HMEKTPOHA B BOAHOM
pacrBope AGQ(HQJ = AG| + AG> = —4,44 5B, U3MePEHHOE [0 OTHOLIEHHIO
K BaKyyMmy U npuHsaTomy no HomeHknarype MIOTTAK 3a aGconioTHoe 3HaueHHe
XUMMYECKOro MOTEHLIHANA EKTPOHA B BOJIE.

Cmpykmypa 3aX6auenHozo U cONbeAMUPOBAHHO20 IieKmpona. ['unpa-
THUPOBAHHbI NIEKTPOH Mpe/CTaBAsET COOO0Il MEKTPOH, 3aXBaUeHHbII COOCTBEH-
HbIM [OJIAPU3ALIMOHHBIM [0JIEM; B BOJHOI MaTpHLE €,, CO3[aeT MOJIOCTb.
CriekTp MOMIOUIEHHA €,y HMEET GOMbIIOe CXOACTBO CO CMEKTPOM COJbBATH-
POBAHHOIO MEKTPOHA B AMMHAKE €Nji,, @ TaK/Ke B CMELIAHHLIX PACTBOPUTENAX
tina NHz — HoO wnn CH3NHs — HoO. Ha aToM ocHOBaHHHM JenaeTcs 3aKiio-
YEHHE O TOM, UTO CTPYKTYPHbIE OCOOEHHOCTH €,4 U €NpH, TAK/KE 10L0OHBL.

CombBaTaiiis MEKTPOHA OMHMCLIBAETCS PA3TUUHBIMU MOJENSMH, B OCHOBE
KOTOPbIX JISKHT npeacTasnenue Jlanaay o co3gaHuu BOKPYT MIEKTPOHA MOJsi-
pHU30BaHHOIT 001aCTH U3 MOJIEKYJ PACTBOPHTESIS], KOTOPYHO BIOCIEICTBHU Ha-
3BaTH MOJOCTHIO, DNEKTPOH, 00Pa30BaBIINIl TAKYIO MONOCTh, HAXOAUTCS B HEH
Kak Obl B [IOTEHLMATBHOI SIMe M CHIIbHO B3aUMOJEHCTBYET ¢ Oninkaiium cioeM
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MoJIeKyJ1 cpeibl. B ciiyuae BOIHBIX CHCTEM ITOT CJ10i COCTOUT U3 6 MOJIEKYJ1 BO-
Jlbl, PACIIONIOKEHHBIX B BUE OKTadApa, B KOTOPOM MPOTOHbI HAMPABIIEHbI B CTO-
poHy 2nekTpoHa. OnHAKO Ta MOJIENb, KAK U MHOTUE ApYrue, COAEPKUT N0CTa-
TOYHO MHOTO HEOMPEAENEHHOCTEN O CTPYKTYPE MePBOro CoILBATHOTO C/IOA U HE
00BACHAET BCEX 0COOEHHOCTEH 00pa3oBaHusl H MOBEAEHHS COJIbBATHPOBAHHOTO
AMEKTPOHA.

Makpockorniueckie cBOHCTBA CONbBATHPOBAHHOIO IEKTPOHA HCCea0Ba-
Hbl BeCbMa MoApoOHO. MeToiaMu HMMYIbCHOTO Pa/IMONTN3a H3MEPEHb! ONTHYE-
ckuii cnekrp u cnexrpbl OT1P, HalineHbl kod(pduumeHTs 1uhpy3nn, onpenesneHst
KOHCTAHTbI CKOPOCTEH MHOTUX peakuuii B3aUMOJACHCTBHSA COIbBATHPOBAHHOTO
WEKTPOHA € HEOPraHHYECKUMH M OPraHHYECKHMH BELIECTBAMH, H3YU€HbI KO-
(P PULHEHTBI HIEKTPONPOBOJHOCTH U T. 1.

CyuiecTByeT MHEHHE, UTO MPH B3aUMO/EHCTBHH COJNILBATHPOBAHHOIO IeK-
TPOHA C HEOPraHWUECKUMH HOHAMH BO3HHKAIOT 0 MEHbLUEH Mepe TpH uacTH-
[bl: CONBBATHPOBAHHLI AEKTPOH €4, HOHHAs rapa (€5, M ™), aToM 1enouHoro
MeTasia M i aHHOH 1ienouHoro MeTasia M ™. TIpH 2ToM yKa3aHHbIE YaCTHLbI
HAXONATCA B JMHAMHUECKOM PAaBHOBECHH

es +MT & (es, MT)

Ui
M(es, MT) + e & M.

OnTuyeckye nonockl MOMIOUIEHHs MPH TAKOTO POAa B3aMMOAESHCTBHAX cMe-
LIAT MAKCUMYM [OJOCHI [OIVIOLEHHS B KOPOTKOBOAHOBYO 0o0sacTb. Obpaszo-
BaHUE HOHHBIX Map HaOMIOAANOCk BO BCEX MPHBEACHHLIX B TAOIHLE PACTBOPH-
Tenax. M ecau Anst cpaBHUTENIbHO HU3KHX TeMneparyp dosee XxapakTepHbl HOH-
HBIE Mapsl, pazaeieHHbIe MOIEKYIaMH PACTBOPUTENS, TO MId 00Jiee BBICOKHMX
Temrieparyp HabIIoAATMCh MEHEE PeaKLIHOHHOCIOCOOHbIE KOHTAKTHbIE HOHHbIE
napsl. Bo Bcex cimyuasax neprHYHbIN MPOLYKT PEAKLIHH C MEPEHOCOM TIEKTPOHA
MPHOOPETAET AOMNOMHHUTEbHBIH DJEKTPOH, MPEKIE YEM MPETEPreTh AanbHek-
Lee XMMHUYECKoe npeBpalleHue. B pesynbrare 9TUX peaxuuii yaaercs noayuarb
B PAacTBOpaX MHOTHE HOHbI HU3KOH BAJIEHTHOCTH.

JList 2neKTpoXuMUK GoabLIOE 3HaueHHe umeeT Hod HzOT mnu, Tounee, ero
ruapar Hngq. Peakuns e,4 ¢ 5TUM HOHOM MPOTEKAET ¢ BBICOKOH CKOPOCTHIO

(k = 2,2-10"° mone~'c™!). BuicTpas peakums MekKIy HAPATHPOBAHHBIM
JIIEKTPOHOM K H;;O,“;I PEe3KO CHIMKAET BPEMA €ro KU3HH B KMCIIbIX cpefax (Tak,
Hanpumvep, Tpu pH = 5 BpemA KH3HH €,, MEHBIIE 3 MKC), TO3TOMY HCCIIE/IOBa-
HME Kakux-JIM00 Apyrux peakuuii npu pH < 5 Becbma 3atpynHuTenbHo. Tosbko
Onaropaps MPUMEHEHUIO HMITYTLCHOTO PAAHONIH3a MOARMIACH BO3MOKHOCTD HC-
CJIEN0BAHMs peakumii B KHC/bIX cpenax. KoHeuHbIM POy KTOM TaKHX peaKLuii

ABIACTCA O6pa3OBaHMe aroMa BOAOpOAa Mo CXeMe
€aq + H302_q — H+ H20

¢ uzoronubIM addextom H/D = 3,7, uTo CBHIETENLCTRYET, O4EBH/IHO, 00 yua-
CTHH HECKOJIbKHX MOJICKYJI BOIbI B ﬂOpaBHOBECHOﬁ CTalAHH peaKlru.
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Peaxuus Bzaumoneiictsus e,, ¢ monexyisamu HoO Takike oueHb BakHa,
MOCKOITbKY OHa OTPEENAET BPeMs JKU3HH THAPATHPOBAHHOTO J1eKTpoHa. bra-
roaaps HU3Koil CKOpOCTH ITOMH peakLi MOAKHO HAONIOAATb €, 110 MHTEHCUBHOI
T010CE MOMIOIIEHHS N H3yUaTh ero (husHueckue H XUMHYecKne croiicTaa.

PeakunoHHas criocoOHOCTh JIHOOOTO COEAMHEHHS 10 OTHOLIEHHIO K rHapa-
THPOBAHHOMY IEKTPOHY €4 ABNACTCSH (PYHKLUMEH €0 MEKTPOHHOTO CPOACTBA
WM OPUPOCTa CBODOAHOM IHEPIHH B pEaKLUU

: -1
A" ey — AT,

KOTOpas OMpPeeNAeTcs B XMMHUH BOJHBIX PACTBOPOB CTAHAAPTHBIM OKHCITHTE b=
HO-BOCCTAHOBHTENILHBIM [TOTEHLIHATIOM Eﬁ.’aq = —2,87 B. Takum obpa3zom, ru-
PaTHPOBAHHbIH EKTPOH MOMKET BOCCTAHABIMBATHL JIIOOYIO YACTHILY C MeHee
OTPHLIATENbHBIM OKHCIHUTEIbHO-BOCCTAHOBUTENbHBIM [OTEHLIHAIOM.

Bausnue pacmeopennoit coau na XuMuueckuil nomenyuai 31eKmpona.
Panee Mbl BHAENH, YTO CHEKTP MEKTPOHHOIO MOMIOLIEHHs, pabdoTa BbIXOAA
JNIEKTPOHA B PAcTBOP M CMEILEHHE MOTEHUMANA NEPEHANPAKEHHA BhlACTEHNSA
BOJIOPOJ1A CYLLECTBEHHO 3aBHUCAT OT KOHLEHTPALMK UHEPTHBLIX COJleli B pacTBo-
pe. BBuay MPHHIMMHANBHON BaXKHOCTH BIIHSHHSA PACTBOPEHHBIX BEILECTB Ha
cBoiicTBa pacTBOpHTEs (M PACTBOPA B LIEJIOM), PACCMOTPHM [POLIECC pacTBOpE-
HHA METOZIAMH CTaTUCTHUYECKOH MexaHHuKH. C 2TOIl Lenblo BeIOEpeM HEKOTOPYIO
CHCTEMY, MONEIHPYIOLLYIO PACTBOP, HAXOAALUMIHCS MPH MOCTOAHHOM OObEME.
[IpencTaBum, 4TO 3TA CUCTEMA COCTOUT M3 HAOOPA AYEEK, B KAXKIO0I1 U3 KOTOPBIX
pasMellaeTcs no OAHOMY WIEKTPOHY; CPE/IHEE HMCIO IEKTPOHOB B €MHULIE
oobema paBHo N. (Kakayro siueiiky MOXKHO yronoOuTh OTAENbHO B3STOH MO-
nekyne pactsopurend). [Ipu obpa3oBaHuK pacTBOpa MONEKYJIbl PACTBOPEHHOTO
BELIECTBA BbITECHSIOT H3 JAHHOrO 00beMa MOJIEKYJIbl PACTBOPHUTENS, TAK 4TO
B Auelkax pasmeraerca n < /N MONEKYl PacTBOPEHHOrO BELLECTBA, HECY LLHX
He Dosiee OHOIO IEKTPOHA (B 0OLLUEM CJlyuae MOAKHO YUECTb M MHOTODJIEKTPOH-
HbI€ CHCTEMbI, OIHAKO /JIf MPOCTOTHI OTPAHHYHUMCSH TAaKHM PACCMOTPEHHEM).
IMonoxum, 4To CBOOOAHASI FHEPIUS CHCTEMbl C OJHHM IEKTPOHOM paBHa F.
Torpa cBoGOAHAA DHTATBIHA CUCTEMBI OyET 3anucaHa B BUAE H3BECTHOTO Tep-
MOIHHAMHYECKOIO BbIpa/KEeHHs

G = Eoﬂ - TSO (790)

3nech SU — KOH(bI/II"ypaLlI'IOHHaﬂ IHTPOMNHUA, BelpaKacMasn dJOpMy.HOﬁ Bonwu-
MaHa B BUIE CIE€AYHOLIEro COOTHOLICHUA:
N!
S = kB In ———

, 7.91
(N —n)in! ( )

CMpaBeTTUBOTO HE TOMLKO /UTA MAEATLHOTO Ta3a, HO M A J1000il CHCTeMBI,
OIMCbIBAEMOI CTATUCTHYECKOH TEPMOAMHAMHUKOI.

YuuThiBas, 4TO XUMHUECKHH MOTEHLMAT NEKTPOHOR (OTHECEHHBIH K OHO-
My MOJIO BELLIECTBA) paBeH

One

oG
Me( ) Ny, (7.92)
T, P
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u ucnonbsys npudnmwkenne Crupaunra (N = NIn N — N), noayuum ypas-

HeHKe . n n
jte = NaEg + RT In = NpEy + RT'In - (7.93)

N —

Kaxxpas wactuua (atom, MoJeKysia) MpeacTaBistoT codoil aumnonb (MrHo-
BEHHbII MM MOCTOAHHBIH) ¢ €AMHUYHBLIM 3apaaoM «ey. [ToaToMy uHciy siueek
7. MOKHO TIOCTaBUTh B COOTBETCTBHME YHCIIO MOJIEKY]l PACTBOPEHHOTO BELIECT-

Ba ng, a uuciy Beex sueek /N — uyucno mMonekyn pactBoputens Ng. Torna

” n N
B (7.93) MOXHO — 3aMEHHTb Ha = x5 (TN Ts = & cony — MOJIBHAS J10JI51
N

8

pacTBOPEHHOTO BELECTBA).

B obuiem ciayuae HEOOXOAMMO KOHLIEHTPALIMIO COIHM 3aMEHUTh Ha €€ aKTHB-
HOCTb, T. €. T comy = @cony - 10T XHMHUYECKHH MOTEHLMAN YJEKTPOHOB B pac-
TBOpE Oy[eT 3anucaH Kak

e = NaEy + RT Ina gy, = AG?,(W) + RT In a cony = ,u,?, + RT Ina -
(7.94)

3nech IS OMPENENeHHOCTH MONOAKEHO, YTO CBOOOAHAS JHEPrusi JIEKTPOHa
B pacTBOpe paBHA CBOOOAHOH JHEPruM THAPATHMPOBAHHOIO SJEKTPOHA, T.e€.
NAEy = AGS(Gq).

Jpyrumu ciioBamH, YpoBeHb JHEPTHH JIEKTPOHA B PACTBOPE 3a7aeTcs KOH-
LeHTpauHeil pacTBOPEHHOTO BELLECTBA, HECYLLEro HE CBOOO/HbIE, a CBSI3aHHbIE
SNEKTPOHBI. DTO ABIEHHE HAXOANT CBOE OOBSCHEHHE B 30HHOH MOJIENH, MO KOTO-
poit NOCTOPOHHKE NMPHMECH U UCKAKEHUS PErYJSIPHOCTH CTPYKTYPbI BEILECTBa
(B maHHOM ciyyae pacTBOPUTENS) OOYCIORINBAIOT MOABIEHHE AOMOTHUTENb-
HbIX JIOKQJIBHBIX SHEPreTHUECKUX YPOBHEM, 3HAUUTEIbHO 00JIeryaioLmx nepe-
XO/1 3JIEKTPOHOB M3 3aMOIHEHOH BaJe€HTHOH 30HBI B 30HY MPOBOAMMOCTH.

7.7. DaexkTpHYecKas NPOBOAHMOCTL PACTBOPOB

DNeKTPONpOBOAHOCTH PACTBOPOB AEKTPOIHTOB, OTHO M3 CaMbIX OOLLHX
CBOICTB, fABNfAETCSA €1Ba JIM He Haubosiee XOpOoLWO KU MOAPOOHO H3YUYEHHBIM
cBOicTBOM. CpaBHUTE/NLHO 00JIbIIAsi TOYHOCTD U JIETKOCTb €€ U3yUeHUs JaB-
HO MPHBIEKIH BHHUMAHHE MHOTOYMCIIEHHBIX HCCleaoBaTenei, HaKOMUBILINX
rpoMaiHblii dKcrnepHMeHTaNbHbI MaTepuan. OfHaKo HECMOTPS Ha 3To, A0
CHX T10P HEKOTOPBIE SIBJEHHS, CBA3aHHBIE C dNEKTPONPOBOIHOCTHIO, OCTAIOTCS
HENOHATHLIMK U HEOObsACHEHHbIMH TeopHeil. Jlaxe upe3BbluaiiHO ClOKHas
B MareMaTHYeCKOM OTHOILUEHWH COBPEMEHHAs TEOPHs JNEKTPOMPOBOIHOCTH
JIaeT KOJIHYECTBEHHbIE COOTHOLLEHUS, TPUMEHUMbIe JINIIb B 00JacTH Haubo-
nlee pa30aBleHHBIX PACTBOPOB.

Hecmotps Ha TO, 4TO K HAcTOSILLEMY BpeMEHH OMyOIMKOBAHO MHOKECTBO
MOHorpad it 1 0030pOB, MOCBSALIEHHBIX YTOMY BONPOCY, MOTHOH ONMpeneTeHHO-
cTU mpodiema 1eKTPHUYECKOH NMPOBOANMOCTH B PAacTBOPax Tak U He MOJTy4H-
Ja. He ynaercs onucarb ¢ €QHHbIX MO3HUHI KOHLUEHTPALHOHHYO 3aBHCHMOCTD
JNEKTPONPOBOAHOCTH B LIMPOKOM JIHaNa3oHe KOHUEHTPAUWH, He COBCEM fCeH
MEeXaHH3M MepeHoca MEKTPUUYECKOil FHEPTHH B PacTBOpE, CYILECTBYIOT pa3Hble
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MO/XO/Ibl K MHTEPNPETALHH NPOBOAUMOCTH CHIILHBIX H CNA0bIX EKTPOIHTOB.
37ech MbI He OyneMm 3aHMMAaThCA BhIACHEHHEM (PU3HUECKOH KapTHHBI ITHX
AB/IEHHH, a NPOAHANU3UPYEM JIMIIL HEKOTOPbIE (DAKThl TOTO MPOMAJHONO Mare-
puaja no EeKTPONPOBOAHOCTH, KOTOPhIH HAKOMJIEH K HACTOALLEMY BPEMEHH.
B 0ocHOBE IKCNEPHMEHTANBHOTO HCCIEN0BAHMS SBIEHHH JNEKTPOINPOBO/I-
HOCTH JIEXKHT M3MEPEHHE BEIIMUMHBI YAETLHOTO COMPOTHBIEHHA PacTBopa p,
CBSA3AHHOTO C Y/AE/IbHOH 2MEKTPONPOBOIHOCTbIO

w=2low ! en . (7.95)
p

VienbHast 3€KTPONPOBOAHOCTb SABJIAETCS (yHKUHEH MPHPOIbI IEKTPOIH-
Ta, €ro KOHLEHTPALHH, MPUPOILI PACTBOPHUTENA H TeMMNepaTypsl. B mupokom
JIMarna3oHe KOHUEHTpaLuii yJelbHas 3eKTPONPOBOAHOCTb NPOXOAUT vepes
MaKCUMYM MPaKTHYECKH [UIS BCEX MIEKTPOIHUTOB. B pazbaBieHHbIX pacTBO-
pax (npu xonuentpauun ¢ < 1072 + 107! mons/n) HaGnionaercs nojnHoe
ennHoo0pa3ne — yaelbHass SIEKTPONPOBOAHOCTL MOYTH JIMHEHHA MO KOH-
LIEHTpaLHH.

OnHako B KOHLUEHTPHPOBAHHBIX PACTBOPaAxX, 0COOCHHO B HEBOAHLIX pac-
TBOpax, Takoro eAHHooOpasus He HaOmopaercs. Ha HauaibHOM dTane wc-
clieaoBaHUil B 001acTH 2JIEKTPHUECKOH MPOBOIHMOCTH PAacTBOPOB LIMPOKO
npuMeHsutock npasiiio Hepruera—TomcoHa: auccouuupyroias cuiia pacTBo-
puresns TeM Godiblle, YeM 60JbLLe ero AUdIeKTpHUecKas npoHuuaeMocTs. On-
HAaKo BBEJCHHE AUDJIEKTPHUUECKOI NpoHULIaeMoCTH B 3akoH KyloHa BcTpeuaer
CYLLECTBEHHOE BO3PAKEHUE — B MHKPOCKOMHYECKOM OObEME Hesb3sl Mpu-
MEHATh MAKpOCKOMMUECKYIO BEJIMUYMHY IMDIEKTPHUECKOil MPOHUIIAeMOCTH.
Ha oueHb 00/IbLIOM OMNbLITHOM Marepualie NoKa3aHo, YTO IPH COOTBETCTBY-
101LeM NMoaAdope KOMIMOHEHTOB PacTBOPa MOMKHO IS JIIOOOT0 pacTBOPUTEINS
(c Manoit uau 60abLIOH BeTHUHHON AHIIEKTPHYECKOH MPOHHIIAeMOCTH) Hali-
TH TAKOE BELLECTBO, KOTOPOE 00pa3yeT ¢ ITUM PacTBOPUTENEM MPOBOAALLIMIA
pacTeop. HexoTopble M3 TUMHYHBIX CHIIBHBIX SJEKTPOJIMTOB (Hanpumep ra-
JIOTEHOBOJIOPOJHbIE KHCJIOTbI) COBEPIIEHHO HE AUCCOLMUPYIOT HA MOHBI MPU
pacteopenun B HF; npyrue (0onbIMHCTBO colleif) BCTYNaloOT B peaKLiy 1BOH-
HOro o0MeHa M, clleloBaTelIbHO, HE MOTYT ObITb PACTBOPEHbI KaK TaKOBbIE
B HF; TpeThu (KUCIOTBI) XOTS U 00pa3yloT ¢ (TOPOBOAOPONHON KUCIOTOM
NPOBOSALLNE PACTBOPLI, CXEMA UX AMCCOLHALIMN OTIIMYAETCS OT CXEMbI B BOJL-
HBIX pacTBoOpax. ITH dKcnepUMeHTanbHbie (akThl OOHAPYKHBAIOT c1adocTh
OCHOBHbBIX MOCTYJIaTOB TEOPUM JMCCOLMALMM U MOHHOTO IepeHoca 3apsia.

Jinsa ynoGcTBa cpaBHEHHA MPOBOAUMOCTH Pa3/MUHBIX BELIECTB ObLIO BBE-
JIEHO NOHATHE IKBHBAJIEHTHOIH 21€KTPONPOBOIHOCTH

A==, (7.96)

C
3nech ¢ u3MepseTcs B r-dkB/MJ. CUHTAETCs, UTO IKBUBAJICHTHAs DJIEKTPOMNPO-
BOJIHOCTb A NpH pa30aBieHH i pacTBOpa MOKET TOJbKO BO3pacTaTh H npu dec-
KOHEYHOM pa30aBiIeHHH CTPEMHTCS K HEKOTOPOii MOCTOSHHOI BeJINUMHE Ao,
M 4TO UMEHHO Ao, XapaKkTeph3yeT CIOCOOHOCTh JaHHOTO MEKTPONHTA MPo-
BOIHTb 27eKTpuueckHii Tok. TToaToMy aHanu3y kak MpaBHiIO MojBepraercs
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9KBHBANEHTHAS! 2EKTPOINPOBOAHOCTb A, . Konbpay i npeanoxun smnupuse-
CKMe npasma

Mo = AL + 25 (7.97)
3nech AL M AL, —— COOTBETCTBEHHO EKTPONPOBOAHOCTL KATHOHA U AHWOHA H
A=A — AV, (7.98)

KOTOpPbIE B OOJIBLIMHCTBE CJIyYaeB KaueCTBEHHO YI0BIETBOPUTEIBHO OMUCHI-
BAIOT KOHLEHTPALMOHHYIO 3aBUCHMOCTb A KaK B BOAHbBIX, TAK H B HEBOAHBIX
pacTBopax B npeseiax kouuentpauuii 10~ — 1077 mons/n. OaHako 3TH ypas-
HEHHs BCTYMAalOT B NPOTHBOPEYHE C APYTHMH HE3aBHCHMBIMH JKCIIEPUMEH-
TasbHbIMH (akTamu. Hanpumep, n3mepeHue MarHuTHON BOCIPUHMUYHBOCTH
He noareep:aaeT npaeuna (7.97). 3akoH keaapaTtHoro kopHs (7.98) we corna-
cyeTcs ¢ Teopueil AppeHuyca i 3akoHoM pasdasieHus OCTBajbaa, OCKOIbKY
3 (7.98) cnenyer, uto d\/d(c)'/? = A = const, B TO Bpems KaK H3 FHIOTE3bl
muccoumarmu dX/d(c)*/? # const. HecMoTps Ha 9T0, SMTHPHUECKOE YpaBHE-
Hue (7.98) MHOrokpaTHO MOAM(HLIMPOBAIOCH C LIEJLIO PACLIHPEHHS MPEIEIOB
€ro NPUMEHHMOCTH, YTO [PUBEJIO K CYLLECTBEHHOMY YCI0KHEHHIO Y paBHEHUH
3a CUeT BBEJCHHS IMIHPHUYECKHX KOIPDHLNEHTOB, CBSA3AHHBIX C pa3MepaMu
YaCTHL PAacTBOPA, AUIIEKTPHUECKOH MPOHHLAEMOCTBIO U T. . DTH YpaBHEHHS
MO3BOJIAIOT OMUCATH JIEKTPONPOBOAHOCTbL PACTBOPOB B OoJlee ITUPOKOM qHa-
nazoHe KoHUeHTpauuii. OiHaKo aHOMallbHY 0 1eKTPONPOBOAHOCTD, IPOSBIS-
IOLLYIOCS B HEKOTOPBIX PACTBOPAX, HU OHO U3 ITUX YpaBHEHHUIT HE CTIOCOOHO
0TOOpa3HTh.

B KoHUENUHH HOHHOH NPOBOAUMOCTH BA3KOCTb CPEbl SBMSETCS OIHUM
U3 onpenenstonx (GpakTopoB, NOCKONbKY, MCXOAA M3 TMAPOAMHAMMYECKHX
cooOpaKeHuil, ABHKEHHE M00O0i1 HacTHLb! B BA3KOI cpene 00ycloBIEHO co-
NpPOTHBAEHUEM TPEHHS. BA3KOCTD 7] H 2EKTPOTNPOBOAHOCTD A CBS3aHbI MEKAY

coboii ypasuenuem BanbaeHa
Ao = const. (7.99)

Ha puc. 7.13 npencrasniensl 3aBUCUMOCTH A ¢17o st pactBopoB KF u KCl
B BOJHBIX pacTBOPax HEMNEKTPONUTOB. M3 pUcCyHKa cliefyeT, 4To HECMOTPS
Ha NPUMEPHO paBHble noaBukHOCTH HOHOB KT F~ u C1™, moseneHue Tux
coJjielf CoBepLIEHHO pa3IMiHOE B PasHbIX MO CBOEH MPHPOAE CMECAX PacTBO-
puTenei, U MOCTOAHCTBO A g7)¢ A8 HUX HE COXPaHAETCH.

KonuuecTBeHHYIO XapaKTepUCTHKY TEMMEPaTy pHOI 3aBHCHMOCTH 0ObIMHO
BbIPAKAIOT B BH/IE DMITHPHYECKOTO YpaBHEHUA AppeHuyca

A= Aexp(—E/RT), (7.100)

rne A — xoHcranTa, £ — dSHeprus aKTUBALMH JIEKTPONPOBOAHOCTH, Jie-
wawas B npeaenax 2 <+ 8 kxan/mons (0,1 + 0,3 »B). Tak ans BoAHBIX pac-
tBopoB KCI| B ob6nactu ot 0 1o 25° C sHeprusi akTHBaLHK NOCTOSIHHA H paB-
Ha 3,8 kkan/monb (0,17 2B). B cnipaBo4HO# AuTepaType NpUBOAATCS 3HAUCHUS

1 ds =
— — YACJbHOH NIEKTPONPOBOAHOCTH.
x dT
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[TpakTHuecku 115 BCeX dIEKTPOJHUTOB B 00J1aCTH KOMHATHOMH TeMMepaTy pbl
1 dsx
o dT J
.~ 1 ds« -
CTBYOLIAS DTOH BEIMUHHE — o npu 25° C coctasnsert 3,5 —4,5 kkan/Moib.
T

r
OTMeTHM 34€Cb, HTO DHEPTHA aKTHBALLMH camouuq)d)y?.l«ull BO/lbl B BOAHbIX

& 0,02 — 0,025 (3Heprus akTHBALKMH IEKTPONPOBOJHOCTH, COOTBET-

2

Ao7g, Ov~'mlla-cm™

0 20 40 60 80 100
C %
Puc. 7.13. Tlpomssejeine Aorjo B CMECIX BOJBI € HEHMIEKTPOIUTAMH: @) METAHOI,
6) 3TAHOI. 6) H-MTPONAHOI. 2) TUACHIJIUKOb, 0) MHLUEPHH. ¢) AHOKCaH

pacTBOpax COCTaBIACT TaKylO K€ BEIWUMHY. PaBEHCTBO JHEPreTHKM TpaHc-
MOPTHBIX CBOICTB ABYX COBEPIUEHHO Pa3HbIX MPOLECCOB, @ TAKIKE MOCTOSH-
CTBO PHEPTHH aKTHBALHH TEKTPOTPOBOAHOCTH ISl CAMBIX Pa3HOOOPasHBIX
M0 MPHUPOJIE U BaJICHTHOCTHU HIEKTPOJHUTOB MOKA3bIBAET, HTO MEXAHH3M ITHX
NPOLECCOB N0 CYLIECTBY OJMHAKOB — 00pa3oBaHHe BakaHCHil B pacTBOPH-
TeJle ¢ MOCIEAYIOWUM MEPECKOKOM B HUX COCEIHHX MOJEKY/ HIIH MPOLEecChl
nepeopueHTaLH.
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OueBHIHO, YTO HE MOCIEAHIOW POJib B NPOLECCax NepeHoca MeKTpHye-
CKOIf JHEpTHH B PacTBOpax MIrpaioT CTPYKTYPHbIE OCOOEHHOCTH PacTBOPHTE-
ast. Tak, U3 TI@TENbHBIX H3MepeHHii 3aBucumoctu »(1") mokasaHo, YTo AJis
XJOPHIO0B WETOYHbIX METATOB YHEPTHS AKTHBATIHH YIIEKTPONPOBOAHOCTH 3a-
BHCHT OT TeMIepaTypbl, MPHYEM 110 CIOKHOMY 3aKkoHy. B kauecTBe npumepa
Ha puc. 7.14 npusenena 3apucumocts £ = E(T) nas Bonubix pacteopos KCl.

Oco60 0TMETHM, YTO Takas CI0XKHas 3aBUCUMOCTb OObsICHAETCS HE H3Me-
HEHUEM MOABHAHOCTH HOHOB MITH BA3KOCTH PACTBOPUTENA, @ CTPYKTYPHBIMH
0COOEHHOCTAMM BOAbl. MakcHUMyM 9Hep-

TUM aKTHBAIUU TPUXOJUTCS Ha TemIe-

patypy ~ 4°C u coBnamaetr ¢ Mak- 4,61
CUMYMOM MOTHOCTH skuakocTd. Ilpum = 42
temneparypax Huke 4°C Boma umeer 5 3.8
PBIXTIYIO TPUAUMHUTOMONOOHYIO CTPYKTY- 7 3,4
Py € MHOTOYHCIIEHHBIMH MyCTOTAMH, Xa- 3 3
pakTepHbIMM 1A baa. Harpesanue Bol- 2’6
we 4°C npuBoauT K mospieHuto Gonee 7’7
KOMMAKTHOI KBapLEnomnoOHoi CTPyKTy- EE
pel. B MeHee mIOTHOI CTPYKTYpe BOMIbI 1.8
HEPrusi 00pa3oBaAHMS BAKAHCHH HHIKE, 1.4
yeM B KBapuUenonodHolH cTpyKType. D10 1o 3 5 74,

00yCIIOBIMBAET CHHIKEHHE IHEPruu aK-
THBALMK TMPOBOIMMOCTH, COU3MEPHUMOIi
C JHeprueii paspbiBa BOJOPOAHBIX CBS-
3eif. Ilpu Temneparype, COOTBETCTRBYIO-
(el MakCUMallbHOI MIOTHOCTH BOJIbI, HE
00HAPYIKEHO BIUSHHSA NPUPO/IbI HCCEIO0BAHHBIX NIEKTPOIUTOB HA DHEPTHIO
AKTHBALLMH JIEKTPONPOBOTHOCTH.

Cy1iecTByrOLME NOAXO0/bl K MHTEPHIPETALUH dNEKTPOMPOBOAHOCTH dIEK-
TPOJIUTOB B OCHOBHOM KacarOTCsi TOJbKO YPE3BbIUAHHO pa3daBleHHbIX pac-
TBOPOB. B 0CcHOBE MpakTHUYECKH BCEX TEOPETHUECKHUX MOTOAKEHUH NEHKUT O/1HA
W Ta ke (pu3MUeckas KapTHHa, onucbiBaeMas mMoaensio [ledas — Xwokkens, a
HMEHHO: TOJIHasi AUCCOLHALIHSA MONEKYJ pacTBOPEHHOrO BElIECTBA HA HOHbI
W HalM4yMe BOKPYT KaxJI0ro HoHa Tak Ha3blBaeMOH «HMOHHOH atMocgepbly.
Hanuuue noHHoii atMocdeps! siBnsieTcst MPHUUUHOH BO3ZHUKHOBEHHS MOTEH-
HUaNbHOM YHEPryH, BhI3BIBAIOLIEH OTKIOHEHHS OT 3aKOHOB HAEaJbHBIX CHU-
crem. Ecin pacTBop HaxoauTCs B HEPABHOBECHOM COCTOSIHUHM (HanpuMmep, Ha
HEro NeHcTByeT BHEIIHEE MNIEKTPUUECKOE MoJie), TO BOZHHKAIOT CHIIbI, CTpe-
MsiLIHeCs pa3pyLIMTh HOHHYIO aTMOC(epy H B TPaAHLIHOHHbBIX PEACTaBIEHH-
AX CIy&Kallue NPUUUHONH BO3HUKHOBEHHS PENAaKCallHOHHOTO U dnekTpodope-
THYECKOro HPPEKTOB MIIH WEKTPHUECKHUX (PiyKTyaumii, KOTOpPbIE HA3bIBAIOT
COOTBETCTBEHHO PdexTamu Buna u PanbkenxareHa. ITH 3QPeKTbl J0MK-
HbI ABJIATHCA MPHYUHOH BOIHHKHOBEHHS CrieLH(pHUECKHX EeKTPOXHMHUYe-
ckuX wyMoB. OnHaKko 00padoTKa dKCNEPHMEHTANbHBIX JaHHBIX HCCIe0Ba-
HUSI HEPETYJIIPHBIX CHTHAJIOB IEKTPOXHMHUECKHX CUCTEM C UCKJIIOYEHHBIMU
(dapaneeBckUMH MpolieccaMu (T.€. OTCYTCTBHEM ODJEKTPOAHbIX peakLiuii

Puc. 7.14. Dueprust akTuBaLMm d1eK-
TPOTIPOBOIHOCTH BOJHOTO pacTBOpa
0.1 M KCI kax (pynxins remieparypbl
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Ha rpaHHue pasjena MeTajl—Cpeaa) MoKa3blBaloOT, YTO TH CHCTEMbI M0/~
YHHSAIOTCA OOLIMM TEPMOAHHAMMYECKHM H CTATHCTHUECKHM 3aKOHOMEPHO-
CTAIM, YCTAHABJIMBAIOLIMM CBSI3b MEKAY CPEAHEKBAAPAaTHUHON (IIyKTyaiuit
ToKa (MM HaMpsKeHHs) W BeNUuHHOIT npoBoauMocTu (Teopema Haiikeu-
cra). 3asucumocts (V2/Av) or conporusnenus nposoaHuka R npusene-
Ha Ha pHc. 7.15. M3 mpHBeleHHbIX AAHHBIX CIEAYET, YTO XapakTep LIyMOB

<VYAv>, B?
5 ._10—12
Y,
4
+
3
" @ — yroljibHas HUTH
5L + — NpoBOIOKA M3 «aJBaHCa»
N x — Boaublil pacre. CuSOy
V — Boaubii pacrs. NaCl
1 L O
® — Boanslii pacts. K,CrO;
O — Boauslii pacts. Ca(NOs),
! | | | !
0 0,1 0,2 0,3 0,4 0,5-10°

R, Om

-0
Puc. 7.15. 3asucumocts (V' /Av) ot R a5 pasinuHbIX MPOBOJHHKOB, B TOM 4HCIC
LIS STICKTPOITHTOB

B METAJIJIMUECKHX MIPOBOAHHKAX H PACTBOPAX eKTPOIHTOB coBnaaaet. Crpa-
BEUIMBOCTb TeopeMbl HalikBucTa a5 npoBOAMMOCTH B BOAHBIX pacTBOpax
MpH UCKITIOUEHUH «APOOOBOTO LIyMa», BOZHUKAIOLIETO BCAEACTBHE LIYyHTH-
poBaHust papaneeBckux Qaykryaunii emkoctbio J[DC, Obllla HEOAHOKPATHO
MOATBEPIKAEHA.

HccnenoBanust 2neKTpONpoOBOTHOCTH OCY LUECTBISAIOT, Kak MpaBHIIO, B Me-
PEMEHHBIX MOJsAX. PaccMOTpUM eHCTBHE TEKTPHUECKOrO MO, MEHAIOLIEE-
€51 BO BpEMEHH, KOTOPOE MOA0OHO MOJI0 KOHIEHCATOpa, NMOMELLEHHOTO B LIeTb
NEPEMEHHOTO TOKA.

Ecau nonsipuszanus BeWECTBa H3MEHETCA BO BPEMEHH, BO3HUKAET JeK-
TpHUECKHIT TOK, CBA3AHHBIN ¢ IBHKEHUEM 3apAa0B. DTO ABMKEHHE oOpa3yeT
TOK MPOBOAUMOCTH C ONpeaeeHHOMH MIOTHOCTbIO J:

J = pv = Nq(ds/dt) = N(dp/dt) = dP/dt. (7.101)
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CBAA3b MY CKOPOCTbIO H3MEHEHMS NOJIAPH3ALMK U [JIOTHOCTLIO TOKa
J = dP/dt ne 3aBucuT oT ocodenHocTel Monenu. M3Mensiowascs nonapu-
3alus SBISETCS TOKOM MPOBOAMMOCTH; pasiinuue MeKIy dTUM U ApyTuMU
TOKaMH He CylIecTBeHHO. Pazymeercs, Takoii TOK SBAsSETCA HCTOUHHKOM Mar-
HUTHOTO MOJSL.

EnuHCTBEHHOE pa3iuyue MeKIy TNIOTHOCTbIO «O00bIKHOBEHHOT0» (CKBO3-
HOro) TOKa MPOBOAHMOCTH U IJIOTHOCTBIO Toka dP/dt cocTouT B TOM, 4TO
nepBasi OTHOCHTCS K IBUKY LLIMMC S CBOOOHBIM 3apsiaM, a BTopas — K CBA3aH-
HbIM. CylIecTBYeT IOBOJILHO OUEBHHOE MPAKTHUECKOE PA3IUYHE — HENb3s
MOJYYUTh CTALMOHAPHbIH TOK CBA3aHHBLIX 3apsa0OB, KOTOPbIH HHKOraa Obl
He u3MeHsaIcs. OObIMHO MPEANOYUTAIOT pa3easTh TOK CBOOOAHBIX U CBA3AH-
HbIX 3aps10B, 0603Ha4as uepes J ToNbKO NI0THOCTb TOKA CBOGOAHBIX 3apsi10B.
Torma, Bkitovast B ypaBHeHHe MakcBena Bce TOKH, HEOOX0IHMO HAmUcaTh ero
B CIIE/lyIOLLEM BHIE:

rot B = (1/¢)(dE/dt + 47dP /dt + 47T). (7.102)

3necy dE/dt — naoTHOCTH TOKA cMeleHns B Bakyyme, dP/dt — mnot-
HOCTb TOKA CBSI3aHHbIX 3apsia0B H J — MIOTHOCTbL TOKA CBOGOHBIX 3apsi10B
(«CKBO3HOH TOK» ).

Benuuuny dE/dt + 47dP /dt = dD/dt 06b14HO HA3LIBAIOT TOKOM CMe-
weHus. B reficTBUTETbHOCTH YacTh ero, cofepkamas dP /dt, npencTaBnser
TAK)KE TOK POBOAUMOCTH, T. €. pealibHble 3apsbl B ABHKEHHH. EAHHCTBEH-
HOIf YacThIO NOJTHOI MIIOTHOCTH TOKA, HE OTBEYAIOLLEH NPOCTOMY JABHKEHHIO
3apsinoB, siBasieTcs yactb dE/dt, a MMEHHO HCTHHHBIH TOK CMELUEHHUs B Ba-
kyyme. Toku ces3anHbIX dP /dt u cBoGoaHbIX 3apanoB J onpenensiores ma-
kpockornuyecknm rnojeM E, kotopoe npeacTtasiseT codoif MakpoOCKOMHUECKH
Ha0/0IaeMy0 BeJIUIHY. DTO MO/ MOKET 3aBHCETb TOJILKO OT pacrpenelie-
HHA 3apAJ0B, @ HE OT TOTO, KaKoH cnocod omucaHus ITOr0 pacrnpeaeneHus
n30pan. JI1o60i npou3Bon B pasneneHuu 3apsjioB Ha CBOOO/HbIE M CBA3AH-
HbIE CKa3bIBAETCS Ha 3HAYEHHUSIX MIOTHOCTH TOKa CBOOOMHBIX 3apsaoB J u Ha
dP /dt. B Teopun MakcBeiia TOKH CMELIEHHS U TOKH POBOJMMOCTH COBEp-
LIEHHO JKBHMBAJIEHTHBI, W MOJNHAs MAOTHOCTh TOKA paBHa CyMMe MIIOTHOCTEH
TOKA CMEMIEHHUS j ¢y U TOKA MPOBOAUMOCTH j:

J :jCM+j' (7.103)

)Ipy FMMH CJTOBAMUH, TOKH MPOBOAUMOCTH U TOKH CMCLUCHHA ABJIAIOTCA paB-
HOIPaBHbLIMH BO'Z6y}1HT€J’IﬂMH MArHuTHOrO 1noJisa u

rot H = (47/¢)j un, (7.104)
W3 KOTOPOTO CJIEyET, 4TO
divjp, = divjen +divj = 0. (7.105)

Takum 0Opa3zom, 1oJsie MoJHOro TOKa A0JKHO ObITh JIMLLIEHO HCTOKOB M CTO-
koB. M ecnii B Lenb BKIIOUEH KOHAEHCATOP (KAaKOBBIM W ABISAETCS ABOIHOM
AMEKTPHUECKHIT COil Ha rpaHuLEe pa3iesia MeTallil —cpeaa), To BeJUHHa TOKa
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CMELLEHHSA paBHA CHJIE TOKA B NOABOASALLMX K HEMY NPOBOAX, T. €. TOKY NPOBO-
anmocTH. Takum oOpa3om, 3aaua onpeaeneHnsa ToKa CMEleHHs B MPOCTPaH-
CTBE MEK/Y [JaCTUHAMM KOHJAEHCATOopa, T. €. B ABOIHOM CJjl0€ 3HAYUTEIbHO
ynpotuaetcs. JIocTaTOuHO KOPPEKTHO YHeCTh BCE ITarnbl MPOXOKACHHS TOKa
Mo MeTaljly ¥ Nepexoa yepe3 MOBEPXHOCTb pazaesia MeTalll—cpeaa, U Mbl
MOJIYHHM KOJTHUECTBEHHYIO XapakTepHUCTHKY TOKa B TPOCTPAHCTBE MEK /Ly 00-
KJlaaKkaMH JBOHHOrO Closl.

Ho cHauana Ha KaueCTBEHHOM YPOBHE NMPOCIENNM 3a MEXaHU3MOM Mepe-
Jlauu SHEPruu B o0bemMe IHAIEKTPHKA.

PaccMOTpuM Mossipu3aLiio Takoro Kpucraiia, kak jgen. Ero xpucranau-
yeckas peleTka TpeXxMepHa, HO Ha puc. 7.16 oHa u300paxkeHa nByMEpHOM.

Ha puc. 7.16 nerko MoxHO y3HaTh MosiekyJibl Ho O, Tak Kak OKOJIO Kaka10ro

Puc. 7.16. Cxemaruyeckoe H300paKeHUE KPHCTAIIMYECKON pelleTkH nba. Peterky
HOIAPHU3OBAHHBIX MOICKYIAPHBIX TPYNN (@) MOKHO NPEBPATHUTL B PELIETKY € IPOTU-
BOIOJIOIKHO TOJSIPU30BAITILIME Py TTHaMu (2) JiBymst cliocobamu: (§) niw (8)

aToma Kucsiopona pacnosioxkeHsl 1Ba aroma H. Ha pucyHke nzobpaeH nons-
pu3oBaHHbIH kpucTait. Bekrop P Hanpanen BHU3, IOTOMY YTO Ha KMUCJIOPO/-
HOM KOHLE MOJIEKYJIbl BOJIbl HMEET MECTO H30bITOK OTPHLATENbHbBIX 3apsii0B.
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UYepHble WapHKU HA pUCYHKE M300pakaloT NoJoKHTeNbHbIE 3apsabl. [Ipen-
MOJIOKHM TeNeph, YTO BHYTPEHHEE COCTOSHHE KPHCTAIIA KAKUM-TO 00pazom
H3MEHWJIOCh M CTallo TakuM, Kak noka3aHo Ha puc. 7.16,e, koTopslil npen-
cTaBnseT codoi MUKpOCKONWUECKHUIT pa3pes Toil ke odnacTu. /lunonu 3aech
NepeBepHyThbl, H BEKTOP MOJSPH3ALHH B KPHCTAIIE HANpaB/eH BBEPX.

M3MeHeHne BHYTPEHHETO COCTOSIHUA KpHCTala MOKET ObITh JOCTUTHY-
TO IBYMS CYLIECTBEHHO Pa3HbIMU cnocodamu, NoKka3aHHeIMK Ha puc. 7.16, 0,
6. Ha puc. 7.16, 6 npunoxeHo anektpuueckoe nose E, HanpaBneHHoe KBepXy
1 [IepeMeLLatoLee BBEPX MOJIOKHTEbHbIE KOHLbI MOJIEKYJI, T. €. «[IepEeBOpPauH-
BAKOLIEE) KaXKAYH MOJIeKyay. B aTom ciiyyae uMeeT MeCTo UHCTOE IBHIKEHHE
MOJIOKHTENbHBIX 3apA10B BBEPX; BO3HHKAIOUIHI MPU 3TOM TOK OyaeT Bbipa-
Karbes BesnunHoil dP /dt.

Ha puc. 7.16, ¢ u300paieH coBepIiLeHHO Apyroii npolecce, B KOTOPOM JIeK-
TPUUYECKOE 10J1€ HAMNPaBJIEHO BHU3; OHO 3acTaB/SET aTOMbl BOAOPOAA U3Me-
HUTH nonoxenue. Kaxasli W3 HUX mepemernaeTes Kk Onuxaifmemy aromy O
BHU3. (B peanbHOM KpHcTaie Bce 3TO MPOHUCXOAUT MPOLUE, [OTOMY 4TO aTOM
H, pacnonoxkeHHblil Mexxay aByms atromamu O, 10 HEKOTOPOIl cTeneHn npu-
TsAruBaeTcs 000MMH, odecrieuHBas BOAOPOJAHYIO CBf3b, KOTOpas CKpEerisieT
kpucrani.) Koneunas koHQurypauus uMeeT TouHo Takoii e Bua. Bee nu-
NOJIM NEPEeBEPHYTHI, HO IBHKEHUE MOJOKHTENIbHBIX 3aPs/10B TENephb Harpas-
JeHo BHU3. Eciin Obl B 9TOM npouecce y4acTBOBaJ TOK, KOTOPbII Mbl MOIIH
Obl BKIIOUUTEL B MPaByo 4yacTh ypaBHeHUs (7.102), To HeoOXoa1uMO ObLIO Obl
BCTABHTb Ty JKe BeNUYUHY, 4To u npexae (dP /dt), cooTBETCTBYIOILY IO TOKY,
HarpasieHHOMY BBEPX; HO Mbl IOJKHBI MPUOABUTL GoJlee CUITBHBII TOK Npo-
BOJUMOCTH J, HanpapieHH bl BHH3 H COOTBETCTBYIOLLMIT IBH/KEHHIO KAk I0TO
3apsAia BHH3 HA paccTosiHUe, paBHOE OfHOMY mepuony peuetku d. PasHocTs
Oyner paBHa peajibHOMY TOKY, BO3HUKalOLEeMy 0naroaapsi CMEIEeHHIO M0J10-
KHTENBLHOTO 3apaaa BHU3 Ha paccTosHue d.

3aMeTuM, UTO B KaKJIOM CJlyiae MOJHbIH TOK TeUeT B HampaBJeHUH MpH-
JOAKEHHOTO eKTpHUecKoro nons. TouHo Takue ke ABIEHHUA HAOMIOAAIOTCA
U B JKU/IKOH BOJE ¢ €AMHCTBEHHOIM pa3sHHLEH, KOTOpas CBA3bIBAETCS ¢ HAapyllle-
HUSIMH B «KBa3HKPHCTAINHUYECKOH) CTPYKType BO/bI BCAEACTBHE TEMJIOBOTO
JIBUKEHUA YaCTHLL.

UT0o0bl ObITh YBEPEHHBIMH B TOM, YTO [POHCXOAUT B JECHCTBHTENbHO-
CTH: MepeBopaiMBaHNE MOJIEKYJIbI CBEPXY BHU3 HITH NMepeMellieHHe MPOTOHOB,
HEOOXO0AMMO J0CTaTOUHO XOPOLLO 3HATh MUKPOCKONHUYECKYIO CTPYKTYpy. On-
HAKO M3 DTOTO PaCCMOTPEHUA MOKHO CAeNaTh CIEAyIOWUI NPOCTONH BHIBOAL
NOJIHBIH TOK MPOBOJMMOCTH ONpPeIeIgeTcsi AeHCTBUTENbHBIM MHKPOCKOMHYe-
CKHM JBHKEHHEM BCEX 3aps0B, Kak CBOOOMHBIX, TAK H CBA3AaHHbIX.

7.8. EcrecTBennasi (camocTosiTe/ibHAs) MPOBOAHMOCTD
Ecnu TIIATEJBHO OYHIUEHHYK H BbICYLICHHYI KHAKOCTH MOMECTHTH B

MOCTOAHHOE JJIEKTPUYECKOC MOJIE (Tﬂl\‘Oﬁ BCJIHYHHBI, KOTOpada HE A0NYyCKajla Obl
3J]CI('I'pOJ1l'I3a), TO MOCJAC MNPHIOKCHHSA HANpsKCHHUA TOK 6bICTpO YMEHbLUACTCA
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JIO HEKOTOPOi MHHHMAaJbHON BelMUYMHBL. DTOT MNPOLECC YacTO Ha3blBAIOT
JNEKTPOOUUCTKOM, TAK KaK NMPOBOAHMOCTb KHAKOCTH, HAXOAALIEHCS B dek-
TPUYECKOM M10JI€, YMEHbIIAETCs MHOTAA Ha HECKOJIBKO MOPSAKOB BEJHUUHBI.
[Tociie O4MCTKH AKUAKOCTh HE BO3BPALLAETCS K HAUAIbHOMY COCTOSIHHIO, €CITH
TOJILKO €€ HE 3arpsi3HUThL; HE 0O0OHAPY/KHBAETCs TAKXkKe sBICHHS MOIspU3aLUH
ANEKTPOIOB.

CKOpoCTb CMajeHHs TOKAa M €ro KOHEe4YHOe 3HaueHHe MOKa3blBaloT, 10-
CTATOYHO JIM XOPOLIO OHYHMILEHA AHMAKOCTh, MeXaHU3M EKTPOOUUCTKH ele
TOYHO He M3BecTeH. OObIUHO cuMTAeTCs, YTO OOpa3ell AKHIKOCTH, B3sITbIH
HEMOCPEICTBEHHO NMOCe ANCTUIUIALMH, MOKET COJIEPKATE CIE/Tbl MTEKTPOITH-
THYECKHX 3arps3HeHui, My3blpbKH BO3AYXa H KHCI0POAA H NMY3bIPbKH apoB
camoii AKUAKOCTH. [1pH dMEKTPOOUHCTKE MPOUCXOAAT CIEAYIOLIHE BOSMOKHbIE
MPOLECChI:

1) ynaneHue c1e10B AMEKTPONTUTHUECKUX 3arpa3HEHUI;

2) Hcue3HOBEHHE MY3bIPbKOB ra3a B AKHIKOCTH, NIaBHLIM 00pa3oM BO3ayXa
W KUCJ0poa,;

3) vcue3HOBEHHE MNy3bIPHKOB raza, ajcopOMpPOBAHHOTO Ha MOBEPXHOCTH
JEKTPOAOB,;

4) ynanenue ciyuaifHbIX HOCHTeNeH AMeKTPHUIeCKHX 3apa 108 (CBOOOIHBIX
UIEKTPOHOB M HOHOB), HAKOMMBLUKMXCS B A H/KOCTH 10 OUHUCTKH;

S) BO3MOKHOE YNOPAAOYEHHE MOJIEKYJ KHAKOCTH B KBAa3WKpHCTALIUYE-
CKYIO NPOCTPAHCTBEHHYIO PELIETKY ¥ MOCTENEHHbIH Mepexoj KHAKOCTH U3
COCTOSIHHSI JOHOPHOTO MOJTYMPOBOIHWKA P-THIA B COCTOAHHE U30JSTOPA.

B nnoxo ouMIieHHOMN KHUAKOCTH MEPBBII W3 MEPEeUUCIEHHBIX MPOLECCOB
H/ET OUeHb MEUIEHHO M, KaK NPABHIIO, HE AT MOJ0KHUTENbHBIX PE3YIbTATOB.
[Mpoueccet 2, 3 U 4 NpUBOIAT K OBICTPOMY W HEOOPATHMOMY YMEHBILEHUIO
npoeoaumocTH. Ilocnennuii (5) npouecc ABIAETCA CKOPEEe TMNOTETHUYECKHM.

CornacHo teopuu Doperepa camocToATeNbHAS MPOBOAMMOCTE CKJIa/Ibl-
BAETCs U3 WIEKTPOHHOM MPOBOAMMOCTH U IIPOBOAMMOCTH, BbI3BaHHOI BO30Y-
AIEHHBIMU MoJteKyiamu. CBOOO/IHbIE 2TIEKTPOHBI MEPECKAKUBAIOT OT MOJIEKY-
Jbl K MOJEKYyJle, 3aJep:KHBasCh Yy KakaoH Ha KOpPOTKoe Bpems (Tak
Ha3blBaeMblii JIOBYLIEUHBII MEXaHU3M MpoBoauMocTH). MoseKyJibl, Haxos-
muecs Ha CaMOM HH3LUEM YPOBHE «BO30YKIEHHS», CYIIECTBYIOT B ONpene-
JIEHHOM KOJIMYECTBE B KMIKOCTH Oaxke NpH KOMHaTHOI Temnepatype. I1pu
CTOJIKHOBEHHH TaKUX MOJEKYN APYT € APYTOM MOMKET BOZHHKHYTL rapa uo-
HoB. dopcTep nokasal, 4TO BO MHOTHX CHy4asX MOMKHO CBA3aTb dHEPTHIO
aKTURALIMH NPOBOAUMOCTH C JHEPTUeil BO3OY A NEHUS MONEKYJL.

[MpuunHamu ecTecTBEHHOI NPOBOANMOCTH MOTYT ObITb TaKikKe CleIylo-
e ABIeHNS:

a) IMUCCHA MEKTPOHOB U3 KaToAa Moja AeHiCTBHEM NPHIOAKEHHOrO Mos
(c yueToM cHHKeHHst padoThbl BbIXOJa DIEKTPOHA U3 MeTallla B AMDJIEKTPHK);

0) cyenbl NEKTPOTUTHIECKUX TIPUMECEH B AKHIKOCTH;

B) MCCOLIHALIMA MONEKY MOCTOPOHHHX BELIECTR;

') AMCCCOLMALIMS MOJIEKYJ1 JKHAKOCTH MO AEHCTBHEM HEKTPHUECKOro oS

J1) HOHU3aLUHs B pe3yiibrarte BO3ACHCTBUA W3TyUeHHs PaJHOaKTHBHbIX 3a-
TPA3HEHHI, HAXOALLMXCS HA CTEHKAX COCy/la M B BO3/yXe€;
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€) HOHM3ALIMA KOCMUYECKHUMH Jlyuamu;

7) TErIOBbIE MPOLECChI, MPOTEKAIOIIHE TAK K€, KaK B MEKTPOHHBIX MO-
JYNpOBOIHHKAX.

Kasknas u3 5THX NPUUHH MOKET UIPATh OMpEsIeleHHyI0 pojib B COOTBET-
CTBYIOLMX YCJIOBHSAX; HAMPUMEP, IMUCCHS MEKTPOHOB M3 KATOa JIErko 0OHa-
pykuBaeTcs. B JKHAKOCTAX BbICIIEH CTENEHH OYUCTKH C €CTeCTBEHHOI npo-
BoaumocTbio nopsaka 1071210729 Om~'em? mowkHO HaGnonaTh BNUAHUE
KOCMHUYECKOTO M3yueHHs. ITOT HQ(eKT NposBNseTcs naxke npu KpaHHpPo-
BAHUU U3MEPUTEILHOTO COCYa TONCTBIMU CTEHKAMH U3 onoBa (10 15 cm).
Bo3szelicTBHEM KOCMMUECKOTO M3AyUEHHs MOKHO OOBACHHTL TOT (aKT, uTO
B PA3IHYHLIX HCCEN0BAHHAX JOCTUIAETCA OJIHA U Ta JKe HauMeHbLuas npo-
poaumocTb 10 19 —10720 Om~tem L. JlanbHeiiniee ee yMeHbIIeHHE YAAeTCS
OJIYYUTb TOMLKO € MIOMOLLBKO IKPAHHPOBAHUS OUEHb TONCTHIMH OTOBSHHBIMH
CTEHKaMH.

DMHCCHS CBOBOAHBIX MEKTPOHOB B JKMIKOCTH [AET BO3MOKHOCTbH MC-
C/1e0BaTh PAA ABIEHHUI, CBA3AHHBIX C MPOBOAUMOCTBIO U MPOOOEM KIAKHX
AVNEKTPUKOB. DTO MOXKET OBITH OCYIIECTBICHO HECKOMBKHMH CIIOCOGAaMH:
a) ¢porodrdexToM, ) TEPMOIMUCCHEH U3 HATPETOTO WIEKTPOAA, B) XOJOHOI
aMuUccHeil MEeKTPOHOB U3 KaTo/a, I') HAHECEHHEM (3-H3/yualoILero BeliecTBa
Ha OJIMH M3 1eKTPoaoB. M3yueHne TeMmepaTypHOii 3aBHCHMOCTH CaMOCTO-
SATENLHOI NPOBOAMMOCTH YMCTBIX JKHAKOCTEH MOKA3a/0 NUHEIHYO 3aBHCH-
MOCTb Jorapugma Toka ot odpaTHoil TemmnepaTypbl. Boluucnennas 13 3Thx
JAHHBIX YHEPrUs AKTUBALIMK IEKTPONPOBOAHOCTH /U1l MHOTHX MCCIIE10BaH-
HBIX YIIIEBOAOPONOB COCTABAAET TAK K€, KaK U B BOAHBIX PacTBOPAX JNEK-
TPONHTOB, BENUUUHY NOPAAKA 3 KKAI/MOb, 4TO MO3BOAET CAENATh MPerno-
NIOKEHHE O HE3aBUCHMOCTH CaMOCTOATENLHOH NPOBOAUMOCTH OT CTPYKTYpPbl
axuakocTH. TpaBaa, CylECTBYIOT U APYTHE MHEHH O MeXaHHU3Me NPOBOIM-
MOCTH. TTOCKONBKY MHOTHE ABJEHHSA B KUAKHX M TBEPALIX AMINEKTPUKAX 06-
HAPY’KMBAIOT GOJILLIOE CXOACTBO, MOITOMY TEOPHSl, pa3paboTaHHas A/sl TBEp-
JBIX JUANEKTPUKOB MOXKET ObITb MPUMEHHUMA W IS KUAKUX JAHUINEKTPHKOB.
B KpHCTaIIMYECKUX CTPYKTypax GOoMbIIOe BIUAHME OKAa3biBAIOT PasiHYHO-
ro poja NpUMECH, CO3NAIOIIHE CBOCOBPA3HDIE (IOBYIIKHY, IHEPreTHUECKHE
YPOBHU KOTOPBIX PacronaraloTcs B NPOMEKYTKE MekK1y BaneHTHOI 30HOI
1 30HOi NPOBOAMMOCTH KpucTanna. [epexos aMeKTpoHa, NOJ0KUM, ¢ BalleHT-
HOTO YPOBHS Ha NPOMEKYTOUHbIH 3HAYMTENLHO OOJEryaeTcs, YTo U CIIYKHT
NPUYUHOI YBENHUEHUA TPOBOAMMOCTH «3arPA3HEHHBIXY KpUcTaLioB. TouHoi
TEOPHH MOABMIKHOCTH 3aPSIKEHHBIX YACTHI B KUAKUX AHIIEKTPUKAX, 4 TEM
Goree B CMeCsAX WM PacTBOPAX, A0 CHX MOp HET.

7.9. Ilepenoc 1eKTPHUECKOIO 3apsiia

PaccMoTpuM BHIKEHHE TOKA MO 3aMKHYTOMY KOHTYPY H3 MeTania, B pas-
PbIB KOTOPOTrO MOMEILIEH EKTPOIUT TAKOTO JKe ceueHus. BenuunHa 3toro to-
Ka Oy/1eT THMHTHPOBATLCS TOI YAaCTbIO KOHTYPa, KOTOPbIi KMeeT HauboblIee
compoTtuBieHue (OUeBH/IHO, YTO ITO — rpaHiLia pazaena (a3, rae peannsyercs
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H3/10M BEKTOPA HANPSAKEHHOCTH IEKTPHUUECKOro Mosist). 3anuieM BeIH4uHY
TUTOTHOCTH MEKTPHYECKOTO TOKA j, BBI3BAHHOTO TOKOM 3NEKTPOHOB, TEKYl1le-
O [0 KOHTYPY B BHJE

J = joexp (—AW/kgT). (7.106)
3nech ) ort /
jo=AT? exp <—$ + ﬂ) ~ const,
2m(Weq —en) kgt

TOCKONBbKY M3MEpeHHe eKTPUIECcKOll MpOBOAMMOCTH MPOM3BOAUTCSA TPH
OYeHb MaJIbIX OTKJIOHEHHSX MOTEHLHANA H3MEPHUTENbHBIX NEKTPOIOB OT PaB-
nosecus (~ 3—10 mB), a exp (—=1/+v/2m(Weq — kpT In ¢(oy,)) MpaKTHUECKH
HE MEHAETCS NPH M3MEHSHUH KOHLEHTPALIHK B IOBOJILHO IHPOKUX Mpeaenax;
AW = Weq — kpT'In coom — dHEpreTHueckuii 6apbep, KOTOpPbIid 10MKEeH
ObITh IPEOIOEH IMUTTUPOBAHHBIM U3 METaN/IA WEKTPOHOM, YTOObI OKA3aTh-
cs B obbeme pactopa; W., — IHEprus akTHBALMK NEKTPHUYECKOil MpoBo-
AUMOCTH, NPEACTABIIAIOLIAs PA3HOCTb PAdOThI BBIXO/IA HEKTPOHA U3 MeTala

B pacTBoOp I/V[W‘H M JIHOM 30HbI MPOBOAUMOCTH («rMyOHHOI» MOTEHUHANb-
HOI sIMBI B JKHJIKOCTH, OTpeae/isgseMOil XUMHU4ECKUM [1OTEHLIMAIOM JIEKTPOHA
B pactBope pt2 = ¥ + kpT In ¢ copy.

Iponorapudmuporas zakon Oma ¢ yueTom (7.106), moayuum npocTyto 3a-
BHUCUMOCTb BEJMUYUHbI YAS/1bHOMN (3KCMEPUMEHTATBHO N3MePAeMOil) a1eKTpo-
[POBOHOCTHU OT KOHLIEHTPALMH (AKTUBHOCTH) PACTBOPA EKTPOIUTA B BH/IE

In ¢ = In const — ZV—C; —InE 4+ In ccony = const + In ¢ o+ (7.107)
B

N3 Boipaenus (7.107) cnenyet, uto norapudMudeckas 3aBUCUMOCTD YeNb-
HOM 27IEKTPONPOBOHOCTH OT KOHLEHTPALIMH PACTBOPA AIEKTPOauTAa (A5 paz-
0aBJIeHHLIX PACTBOPOB AKTHBHOCTb MOXKHO 3aMEHHMTb KOHLEHTpaLHeii) aBs-
€TCsl JIMHEHHOH (yHKIMel ¢ TAHI€HCOM HAKJIOHA PABHBIM €UHULE.
lpsimonuneiinas 3aBUCUMOCTS Ln 3¢ OT In ¢ HEMOCPEACTBEHHO BbITEKAET U3
LIMPOKO MPHUMEHSAEMbIX IMIUPHUIECKUX 3aKOHOB MEKTPOXHMHH — YPABHEHH
Hepucra u Tadens. 3anuuiem 3akon Oma B norapudmuueckoii popme

Inj=Inx+hnkFE. (7.108)

IIpu mOCTOAHCTBE HAMPSKEHHOCTH AMEKTPUUYECKOrO ot (a UMEHHO 3TOro
1 0OUBAIOTCS B IKCMIEpPHMEHTaX M0 M3MepeHHto ) nponnddepeHunpyem
00e uactu (7.108) no dIn ¢ com

dlu s _ dlnj dn _ ¢ kgl =1, (7.109)
dln ccom, d7] dIn cconn kBT &2
dlnj e
Tak Kak u3 ypaBHeHus Tadesns 0 = PR a u3 ypaBHeHuss HepHcta
n B
dn kgl

dln cconn e
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ConocrasieHue ¢ IKCNEePUMEHTANbHBIMU JaHHBIMH YKa3bIBA€T HA TO, YTO
3aBucumocTb (7.107) sBnsiercs npsMonuueiinoii (¢ koadduumentom perpec-
cuu 0,99) B obnactu koHueHTpauuii meubiie 1,0 MOnb/JI MpakTHYECKH A
BCEX EKTPOIMTOB HE3aBHCHMO OT MX Ba€HTHOCTH W TPHUPObLI PacTBOPHU-
tens (puc. 7.17 u 7.18). Ilockonbky 7Ta nuUHEHHAs 3aBUCUMOCTb MPOCTH-
paetcst BIUIOTb [0 AJEKTPONPOBOAHOCTU YUCTOMO pacTBoputens (s

4,0 | 1 J

3,0 2,0 1,0 ~lgC

Puc. 7.17. 3aBucumocts Ig s¢ o1 1g ¢cqa, B BoAHBIX pacTBOpax. | — HCl: 2 — HNO3;
3 —H2S04; 4 —KF; 5—KOH; 6 —NaCl: 7— NH4Cl; 8 —LiCl; 9 — KNOs3;
10 — KCNS; 11 — KI; 12 — NasSO4; 13 — CuClz; 14 — (NH4)2S04; 15 —
KClO4; 16 — NaNOs3; 17 — CuSOy4; 18 — ZnSOy4

BObI 1,0 = 6,3 1078 Om~lem™1), cneayer aymars, 4To MEXaHH3M JneK-
TPUUECKOIH MPOBOAMMOCTH B PacTBOPax 3MEKTPOJIMTOB MO Mepe YKpern-
NeHusa KOHLUEHTpaUuHWH He MeHseTcsl. A Tak Kak MpPOBOAMMOCTb YUCTBIX
HHUAKOCTEH HHUKAK Helb3sl OOBACHHTH MEPEeHOCOM 3apsiia MOHAMH, TO ecTe-
CTBEHHO HAIpalllBaeTCs BbIBOJ O TOM, 4YTO M B PacTBOPax IMEKTPOJIHTOB
MEXaHM3M MPOBOAMMOCTH NMOAOOEH MEXAHH3MY MPOBOANMOCTH HHCTBIX KNI~
kocreii. HezaBucumocts dlgs¢/dlgc oT npUpobl MEKTPOAKUTA B BOAHBIX
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pactBopax (cm. puc. 7.16) u oatoii u Toii xe conu (CoHz)4NI B pasubix
pactBopuTensix (cMm. puc. 7.17), a Takke MPUMEPHO OMHAKOBbIH HAKIOH 3a-
sucumocTu Alg 2¢/A(1/T) B HUX He MaeT CePLE3HOr0 OCHOBAHSI CBSI3bIBATh

lg»

—4 -3 -2 1 e

Puc. 7.18. 3aBucumocts Ig s« (C2Hz)4NI ot Ig ¢ B HeBoaHbIX pacTBOpHTEmSIX: 1 —
AUCTOHHUTPUIL 2 — aUCTOH. 3 — NPOIMUOHHTPUIL 4 — MeTanol. 5 — Boga. 6 — me-
THUAPOAAHHA. 7 — aueTuadpommi. 8 — metundopmammi. 9 — Hmuxnopruaput. 10 —
sranon. 11 — xaopuctsti metua, 12 — anmeruacynsoren, 13 — sruncuxiaopui.
14 — n-nponianosn, 15 — MeTHICHXI0pKA, 16 — 1POTIMOHANb/ICT U

ANEKTPHUECKYIO TIPOBOAMMOCTD B PACTBOPAX MEKTPOIHTOB C TEOPUSAMH HOH-
HOTO [epeHoca 3apsaa, MOCKONbKY Kajkaas U3 HUX TaK WM HHa4ye ornupaercs
Ha Mojelb « MOHHO# atMocdepbi» Jledas. [IpuBeneHHas Boitiie onypeHome-
HOJIOIHYECKasi TEOPHSI AIEKTPONPOBOJHOCTH OCHOBAHA Ha ()y HAAMEHTAalbHbBIX
3aKOHAX KBAHTOBOI MEXaHHKH H MPEACTaBIAeT cOOO0i 3HaUNTETBHO OONBLIYIO
IBPUCTHYECKYHO LIEHHOCTD.



'TABA 8

PABHOBECHE KHAKOCTb-IIAP
B KOHUHEHTPUPOBAHHBIX PACTBOPAX

8.1. PaBHoBecHe KHAKOCTH —IAP B HEAJIbHBIX PACTBOpax

Ipu ananuze oOLLKX YCI0BHI paBHOBECHS B Cilyuae paz0daBleHHbIX PacTBO-
POB, HAXOAAIINXCA B ABY X(ha3HOM COCTOSIHUM, ObIJI0 MOKA3aHO, YTO MOITHOE Orpe-
JieJleHHe CBOHCTB 00euX paBHOBECHbBIX (ba3 TpedyeT 3HAHMS YeTbIPEX BeJIUYHH:
T,P,z1 Mxy, THE 1 U Ty — KOHLEHTPALMK PABHOBECHO COCY ECTBYFOIINX
(ha3. JItoOble ABE M3 FTHX BEJIMUHH MOI'YT ObITb BBIOPAHbI NPOH3BOJbLHO, TOIA
JIBE IPYTHE 1 BCE OCTAbHbIE MHTEHCHBHbBIE CBOIICTBA (pa3 OKayKy TCsl OTHO3HAYHO
ONpe/IeTIEHHBIMU.

Bce 3aBHCUMOCTH MEKAY paziM4HbIMH CBOHCTBAMHM OMHAPHOH CHCTEMBI
B HESBHOM BHIE MOTYT ObITb BblpaiKeHbl B YCJIOBHSX (pa30BOro paBHOBECHs
yepe3 XUMHUYECKHEe MOTEeHLIHAIbI

Nll (T7 P7 .’B,) = W (Tv Pv CE‘»),
1y (T, P, a') = joa (T, P, w»).

Bcero u3 uetbipex HCXOAHbIX BEMUYKUH MOTYT ObITh MoJyueHs! 12 3aBUCUMO-

cteif. Ecnu naBnenue HEBEJIMKO, TO MOJKHO JIOMYCTHTb, UTO KaK/1blif KOMITOHEHT
B [apax MoAYMHACTCA YPABHEHHMIO COCTOSIHMSI MACAIBHOIO ra3a W 4uTo napuu-
aJbHbIH MOJbHBIH OOBEM B KHIKOM COCTO-
AHHH 3HAYUTENILHO MEHbILUE TAKOBOIO B ra- p Py(T)
3000pazHoM. C y4eToMm ITUX yNpoOLIEeHHH
[Opu [OCTOSHCTBE TeMMepaTypbl M JaBie-
HUsl OTIpesiensiioTes 3aBucumoct: p(z®)r,
p(z®)pna®(x®)r (3nech 2° u z¥ — cooTBeT-
CTBEHHO MOJIbHBIE JI0JIH KOMIIOHEHTA B JKUJI-
KOI 1 mapoBoif (pazax).

Panee (cM. (6.39) u (6.40)) Obin0 nokaza-
HO, YTO B Clly4ae HEOIMHAKOBOTO AABJIEHUS
HACBILLEHHOTO Mapa KaXJ10ro U3 KOMMOHEH-
TOB OMHAPHO CHCTEMbI 3aBUCHMOCTD JaBe-
HUS HACBILIEHHBIX MapoB OT KOHLEHTpPALUU
pacTBopa Mpe/cTaBnAeTCs npsaMoil nnHueid ’I—)‘ r neperpeThit
Opu MOCTOsTHHOH Temneparype (puc. 8.1). (1) ro

3aBUCHMOCTb JABIEHHsT HACBIIEHHOTO !
fapa pacTBopa OT KOHLEHTPAaLHH KOMIOHEeH-
Ta B rapax Ha 3TOM JK€ PUCYHKe [peacTaB-
JleHa WTpUXoBoii auHueil. Pasymeercs, 4Tto
npu x* = 0 unu 2° = 1 U, COOTBETCTBEHHO,

Puc. 8.1. Tlapoo6pazosanie waeanb-
HOTO pacTBOpa B P —x-1uarpamve



196 I 8. Pasuogecue scudkocne —nap 6 KonyeHmpuposanielx pacmeopax

28 = 0 u 2% = 1 o0e 3aBUCUMOCTH CXOMATCS B OJHY TOUKY, KOTOpas COOT-
BETCTBYET JAABNEHHIO HACBIIIIEHHOTO Mapa MepBoro Hik BTOPOro KOMIMOHEHTOB.

CrutoLuHas W IITPUXOBast JIMHKUK Ha puc. 8.1 npeacTapisioT coboi 3aBUCUMO-
et p(x™) 7 v p(z*) Npw 3a1aHHON Temneparype. ITH JTHHUK CledyeT paccMa-
TPHUBATh KAK F€OMETPHHECKOE MECTO TOUEK COCTOSIHUI HACHILLEHHbBIX KHIKOCTH
n napa. Kaknas Touka Ha CruloLIHO JIMHUKM OTBEYAET COCTOAHHIO KHAKOCTH
npu (pazoBoM paBHoBecHH. OHA XapaKTepH3yeTcs BCeMU HeOOX0AUMBbIMH napa-
MEeTpaMH JIs O/IHO3HAYHOTO OMPENENeH s COCTOAHHS KuaAKocTH. Kaknas Touka
Ha WTPUXOBOI! THHHUK OMpPeaesIeT COCTOSTHHE CYXOro HackleHHoro napa. Tou-
KM, JIeJKalle Ha OJHOMH JIMHUM, NpU P = const XapakTepH3yloT paBHOBECHO
cocyecTBytolme asbl — KHIKYIO U napoodpazHyto. PaBeHcTBO Temneparyp
BBIMOJIHACTCS ABTOMATHUECKH, MOCKOMbKY BCS AHArPAMMa MOCTPOEHa /1ist OAHOM
TeMIepaTypbl.

Takum oOpazom, CrulolHash W IUTPUXOBAs JIMHUH AT BCIO AHarpammy Ha
00nacTh CyLLeCTBOBAHMS JKHKUX H MAPOBBIX pacTBOPOB. Eciin ncxoanyto napo-
BYIO CMeCh cocTaBa 2% ciKUMaTh (yBEJIHYHBATh JaBIEHHE), TO NPH AOCTHKEHUH
WTPHXOBOH JIMHUK TMOSBUTCS PABHOBECHAN KHJKas (asza, T.€. HAUHETCS KOH-
JeHcauus napa. [TodToMy LWITPUXOBAS TUHHK HA3BIBAECTCS TUHUEN KOHOCHCAYUU.
AHaNoOru4HO, CIJIOLIHAS JMHUS Ha3bIBACTCS JuHuel Kunenus (Hapoobpazosa-
Hust). OGnacTb MeKIAy LWUTPUXOBOIT M CTIOILHON JTHHHAMM ABNSIETCS 0OIACTHIO
BnaxHoro napa. ITosicuum 3TOT TepMuH. BiaxHblii nap — 3TO HE Kakas-ToO
ocobas (aza, 3T0O — nap M JKMAKOCTb, HaXoasALMecs B paBHoBecHH. CocTaBbl
JKMAKOCTH W Mapa COOTBETCTBYIOT ToukaMm ¢ 1 b. Takum obpasom, cucrema, xa-
pakTepu3zytoascs HCXOAHbIM COCTABOM mapa =¥ W cxkaras 10 nasnenust P (Ha
JuUarpaMme To COCTosiHHE 0003HaUeHO TOUKOH d), pacnajaercs Ha ABe PaBHO-
BECHO COCYIECTBYOIINE (Pa3bl: KHAKYHO — COCTABA, COOTBETCTRYFOIIErO TOUKE
a(z®), N Tapoobdpa3Hyo — COOTBETCTBYIOLIETO ToUKe b(2¥).

M3 coBMecTHOrO petueHus MarepuanbHoro dananca

n®+nf=n 8.1

u DajiaHca pacTBOPEHHOIO BElLIECTBa

n’x® + nfzf = nx (8.2)
CIIENYeT Npasuio puiiaza

ns a* — lpd

— el (8.3)

ng r— xs lad

T. €. Macchl COCYIIECTBYIOUIUX (ha3z 0OpaTHO MPOTOPIHOHANILHBI OTPE3KaM, Ha
KOTOpbIe (uryparuBHas Touka (B JaHHOM cClly4ae Touka ) AeHT MpsMyro
(Ha3BIBAEMYIO KOHOOOT WIIW HOOOIL), COSMHSIOLLYIO JIBE compshkeHHbIe (a3bl.

DTO NpaBuIO LIHMPOKO NPUMEHAETCS Il COCTABIECHHUS MaTepHalbHbIX Oa-
JTAHCOB B Pa3IMYHLIX FETEPOreHHbIX CHCTEMaxX — KaK O/1IHO- TaK M MHOIOKOM-
[IOHEHTHBIX.

Ecnu u3BecTHbl 3aBUCHMOCTH JABJEHMs Mapa OT cOCTaBa CHUCTEMbl MPH
HECKOJILKHX TeMMepaTypax, a TakiKe TeMIepaTypbl KUTIEHUs KayKI0ro W3 KOMITO-
HEHTOB OMHAPHON CHCTEMbI, TO MOJKHO [IOCTPOUTH AUAIPAMMY, BbIPAKAIOLLYIO
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3aBHCHMOCTD TEMIIEPATYPbl KHIIEHHS PACTBOPA OT €r0 COCTaBA MPH MOCTOSHHOM
nasneHud. Jlns »Toli nenu meronbyloT ypasnenne Knanelipona— Knaysnyca,
COYETast €r0 ¢ COOTHOLIEHHAMH MEK/IY COCTABOM JKUAKOCTH U apa [pH 3a1aH-
HOM Temneparype. K coxaneHio, 3T ypaBHeHHsI TPAHCUEHIEHTHBI, H HAXO-
JKIEHHE HCKOMBIX 3aBHCHMOCTEH BO3MOJKHO TOJILKO YMCIEHHBIMH WIH rpadu-
yeckumu Metonamu. B cBs3u ¢ atum sasucumoctu T'(x%) p u T'(2%) p 0ObIYHO
[OJIy4atoT [y TeM rPadUUECKUX MOCTPOEHUH. J{Jist ATOI LK B MOJ1€ AHArPAMMbI
P — & qaHoCAT psizl M30TEPM W, TIPOBOJIA MIPsi-

mMyto P = const, nony4aroT B TouKax ee T,(P)

rnepeceyeHuss Co CIUIOHBIMU U LUTPUXO- U o5

BbIMH KPHMBBIMH KOHLEHTpAaLHK pPaBHOBEC- 4 4"

HBIX KMIKOCTH W mMapa npv AaHHOM JaB- T 4f-R----------- : % P=const

JIEHUM ¥ COOTBETCTBYIOLUUX TeMIepaTypax.
3Has ITH KOHLEHTPALMK M TEMTNIEPATYPhl KH-
MEHWs1 YUCTLIX BEIECTB, JIETKO MOCTPOUTD
T — x-auarpammy.

PaccmoTtpum  Temeps mpolecc mapo-
o0pa3oBaHKs NpPU MOCTOSSHHOM JaBICHHU
B T'—z-nuarpamme, /Ulst ciyyasi, Koraa rap
ocraeTcss B ToMm ke cocyne. Ilycts wuc-
XOIHO€ COCTOSIHHE COOTBETCTBYET TOUKe /
(puc. 8.2). llpu noagoae Terna K cucteme
Touka / (puryparuBHas Touka) B Harpam-
me OyleT nepeMelarsesi BBEPX MO JIMHHUH
I —2. B cOCTOSIHUM TOUKH 2 HA KPUBOH KHns-
Leii KMAKOCTH PACTBOP 3aKUMUT, u nosiBur- P 1c. 8.2, Tlponece mapooGpasona-
cs mepBblil My3bipek mapa cocTasa, ompe- M7 Ounapnoro pacrsopa B T —x-
JenseMoro Toukoil 2». Takum obpasom, o orPaMMe
B TOUKE 2 BCE pacCMaTpHBAEMOE KOJIMUECTBO
pacTBopa GyleT NpeACcTaBNATh KHIALLYIO KHUAKYH (asy ¢ GECKOHeUHO MasbiM
KOJIMYECTBOM Mapa, COCTaB KOTOPOro x»,. [1pu nanbHeliemM noaBosae TernaoTsl
(¢urypatuBHas TOUKa ABMKETCS BBEPX MO JUHUU 2—3—4) B KuMsmei xua-
KOCTH OYy/IET HeMNpepbIBHO YMEHbILATLCSA COACPKAHHE BTOPOIO (JIErKOJIETY Eero)
KoMMoHeHTa. B Touke 3 pacTBop OyaeT npenctaBiasTh codoit 1ByxdazHyio cucre-
My, COCTOSILLLYIO W3 KHIIsiLUeH skuakocTH (Touka 3') coctasa xf 1 ee napa (Touka
3») coctapa »3. Ecny MojBOAMTH TEIUIOTY M janee, TO MOKHO, HAaKOHEll, J10-
CTUTHYTb TOUKH 4. B cOCTOAHMM, OnpeensieMoM TOUKOI 4, pacTBOP MONHOCTBIO
nepeBeieH B CyXoii HaChlIEHHbIH Map, cocTaB KOTOPOro, €CTECTBEHHO, TOT IKe,
YTO U COCTaB UCXOHOTO pacTBopa. OcTaslueecs 06CKOHEUHO Maloe KOTHMYeCTBO
JKUIKOCTH UMEET cocTas . JlanbHelni noaBo/ TeMIOThl NPUBEAET K repe-
rpeBy mapa cocTaBa, COOTBETCTBYHoLLEro Touke 4. Ha puc. 8.2 310 cocrosinue
0003Ha4YeHO TOUKOIT J.

Hrak, B npouecce HecrnapeHHs onpenesieHHOro KoJlnyecTra pacTBopa Oyaet
HUMETh MECTO HENPEPHIBHOE H3MEHEHHE COCTABA KUMSILIEH KHAKOCTH OT Tty =
JI0 Iy 11 cOCTaBa CyXoro napa ot £»s 10 T»4 = x. [[ph 3TOM, KOHEYHO, MEHSETCs!
u temneparypa (ot 1o 1o 1y).
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AHanuzupyst 3Ty auarpaMmmy, MOKHO MPUHTH K BbIBOLY O TOM, YTO B Mape
0 CPABHEHHIO € PABHOBECHOH YKMIKOCTBIO BCEra mpeodianaeT TOT KOMITOHEHT,
Temrepatypa KUMeHHsA KOTOPOro HHKe. DTOT Pe3yJIbTar sABJISETCS CoAepKaHHEM
nepsoro 3akona Konosanosa: «Ilap orHocuTensHO Goravue TeM KOMIOHEHTOM,
J00aBIeHHE KOTOPOIo K CMECH MOBbILIAET 001Lee NaBIeHHE Napa UK npu 1aH-
HOM JIaBJIEHMH CHIDKAET TeMIeparypy KHIEeHHs.

JlokaskeM 3TOT 3aKOH TepMOAMHAMUUECKH. 3anuiiem ypaBHenue I'mobeca—
Jlrorema ans xKuakoit asbl:

zidp] + x5dps = 0. (8.4)

Vuuteisas, uto pf = p9° + RT In p—é = ufms + RT In p; (napunanbHoe

JABJIEHHE i-r0 KOMIOHEHTA P = CONst BHECEHO B CTAHAAPTHYIO YACTh XUMHUYE-
CKOTO TIoTeHInana), Tenephb (8.4) MOKHO 3amicarb

xidp] + z5dps = uvfdp—l + ¢}@ =0. (8.5)

P P2

Ortkyna
dpy = ——2_PLip,. (8.6)
(L —=23) p2
Yuureigas, uto dP = dp+dp»,anosarony Jlanstonap; = Pzf, nonyuum
w5 (1—45)

dP =dpy+dp, = (1 — —2—-——22 ] dps. (8.7

(a3

[Tonenis obe wacTH paBeHcTBa Ha dxs u €00 a30BaB, MOJYUYHUM
2

£ o8 —x3 @ (8.8)

dus B 25 (1 —a3) dod

apr g s
W13 ypaBuenus (8.8) cneayer, uto . U 2% — T35 NOIKHBI UMETb OJIMHAKOBbIE
2
3HAKK. DTO O3HAYAET, 4TO NAP OOOrALIEH BTOPbIM KOMIIOHEHTOM T3 > '3, €Cln

dP/dxz5 > 0, T.e. no6aBneHnHe BTOPOro KOMMNOHEHTA MPHBOAHT K YBENHUCHHIO
OOILLIErO 1aB/IEHHS B CHCTEME.

PaccMoTpenHbIil npouece napoobpa3oBaHusi OTHOCHTCS K ClTyvaro, Koraa
Temneparypa KHMeH’s YHCTOro BTOPOro KOMMOHEHTa HIKe TeMMepaTypbl Ku-
TIEHHS1 YHCTOTO NMEPBOro KoMroHeHTa. Eciin B cucteme o0parHoe COOTHOLLEHHE
3THX TEMIMEpPaTyp, TO BHUI KPUBbIX KMAKOCTH U mapa OyaeT UMeTb 3epKajibHOe
OTOOpaKEeHNE.

HMcnonb3ys npaBuio pelyara, MOAKHO ONPEEIHTb MAcChl COCYLLECTBY FOLLMX
(a3 B moOOOM COCTOAHMH CHCTEMBI. BO3bMeM, K MpUMEpPY, COCTOAHHE CHCTEMBI,
onpenensemoe Toukoi 3. 1o npaButy peluara nosydaem

n? _ ls—3,

ng Lyr_s
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8.2. PaBnoBecHe :KHIKOCTb — AP B HEH/I€AJIbHBIX PACTBOPAX

JIng Henaea bHBIX paCTBOPOB XapaKTEPHBIM SIBIAETCS OTCY TCTBUE MPOCTHIX
CBA3EH MEKIY XHUMHUYECKUMU MOTEHLHANAMU M HE3ABUCHUMBIMH MEPEMEHHBIMH
T u P. W eciiu 3aBUCHMOCTH NapUMaIbHOIO NABJIEHHS OT COCTaBa [Jisi Uie-
anbHBIX PACTBOPOB BBIPAKAIOTCA B BHJIE MPSAMBIX (T. €. MOTUHUHSIOTCSA 3aKOHY
Payns), To 9TO ABAsiETCA TEM MpeaesioM, K KOTOpOMY B TOH MM MHOMH cTene-
HH MPUONIKAIOTCS peanbHblie pacTBopkl. [ToaToMy peanbHbie pacTBOpBI y100HO
KIacCH(PULMPOBATH MO THITY OTKJIOHEHHS OT MPSMOJMHEHHbIX 3aBUCHMOCTEH,
XapakTepHbIX ST HASAbHbIX PACTBOPOB.

Ecau oTkioHeHus HabmoAaoTes B CTOPOHY MEHBILINX 3HAUYEHHH, TO rOBOPAT
00 ompuyamensneix omrioneHusx ot 3akona Pays (puc. 8.3, a).

Ecnu skenepriMeHTabHbIE TaHHBIE OKAa3bIBAIOTCS BbILIE BBIYUCIEHHBIX MO
ypaBHeHHIO Payisi, TO rOBOPAT O noiooxcumenvHsix omrionenusx (puc. 8.3, 0).

_ P, MM pT. CT. P, MM PT. CT.

t=17°C 2000 _asec
3001 Pl
160+
200F /,f’/ 1201 /,// ,’,’/
80~~~
100r R/
- 4or /7
- I 1 1 I I I |\\ el ”’| ! 1 1 1 1 L |\~| =
0,2 0.4 0,6 0,8 1,0 0,2 0,4 0.6 0,8 1,0
CHCl; Cellg
NC,HsOC,Hs —> C,HsOC,Hs NCH;COCH; — CH;COCH;3
a o

Puc. 8.3. 3aBucHMOCTh NapUHanLHOro U 0011ero AaBleHHi 11apa or cocraBa: @ — OTpH-
LATCIILHBIC OTKIOHCHHS OT 3aKoHa Payiis, 6 —IoNOoKUTEALHBIC OTKIOHSHHS OT 3aKOHa
Payns

K cucremam nepBoro THa OTHOCATCS PACTBOPLI, COCTOALLIME M3 BELIECTB,
CTIOCOOHBIX K B3auMOJEHCTBHIO. Takie pacTBOpPbI 00pasyloTest ¢ BblACICHHEM
Tera, Ui HUX XapakTepHO yMeHblieHue oobema pacteopa (A1 < 0) no cpas-
HEHUIO C CyMMapHbIM 00BEMOM HCXOJIHBIX BEIIECTB; MOITOMY TEINIOTa Mapoos-
pa3zoBaHmsI BELIECTBA U3 pacTBOpa OOIbliie TEIIOThI Mapo0dPa3OBaAHUS YHCTOTO
BELIECTBA.

K cuctemam BTOPOro THIA OTHOCATCS PACTBOPBI, 00pPa3yoLIHeCs ¢ MOoLe-
HHEM TerI0ThI (Kak mpasiio, a1s Hux AV > 0). [Toatomy Terora napoodpaso-
BAHMS BEIIECTBA U3 PACTBOPA OKA3bIBAETCSA MEHBLIE TEMIOTHI Mapoodpa3oBaHus
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yucrtoro Bewuectsa. CrnenoBarenbHo, npouecc napoodpazosaHus obnerdaercs,
T. €. IaBICHHE Napa BO3pacTaer.

C yBeJIHYeHHEM OTKJIOHEHHUS OT UAealbHOCTH MOMKET MOSBUTLCS MUHUMYM
MPH OTPHLUATENBHBIX OTKJIOHEHHAX WM MAKCHUMYM TMPH MOJOKHUTENBHBIX OTKITO-
HeHusx (puc. 8.4, a) u (8.4,0).

P, mm pr. CT. . P, mMm pr. cT.
t=55,1°C oo . L ¢=35°C
700 27" L
6000 300
S00F NG VA
400 200/
300 -
2000 100
100F -/
0” IR T B S 0 A R R R
02 0.4 06 08 1,0 0,2 04 06 08 1,0
CHCL; CH;0H N
CH;COCH; — CH;COCH; CHCl; — CHCl;
a o

Puc. 8.4. 3asucumoctb HAPUHAILHOTO H 0011ero JIaBIcHus 1apa oT cocraBa pacrBopa:
d — OTpHLATCIILHBIC OTKIOHCHHA OT 3dKOHA le}'.'l?l ¢ MUHUMYMOM J1aBJICHHA T1apa: 6—
TIONOAKHUTCALHLIC OTKJIOHCHH S OT 3aKOHA Pil)’flﬂ C MAKCHMYMOM JIaBJIICHHA T1apa

Yem Oonblue pasHOCTb MEKIY MapUHATLHBIMH AABICHHUAMH YHCTBIX Be-
WecTB (MM MEXKAY TeMmnepatypamu KUMeHus), TeM OONbIIHME [0MKHBI ObITh
OTKJIOHEHHS, W MOSBIISAETCS HONbLLIAs BEPOSITHOCTL 00pa3oBaHs HIKCTpeMyma Ha
T —x- unu P —z-rpadukax. MUHHMYM XapakTepeH UIsl BELIECTB, CMIOCOOHBIX K
JUCCOLMALIMM, MAKCUMYM — 17151 BEILIECTB, CMOCOOHbIX K accourandi. MuHu-
MyMYy Ha avarpaMme JaBlieHHe —CcOCTaB OylIeT COOTBETCTBOBATH MAKCUMYM Ha
JavarpaMme Temrneparypa—cocTaB H, HA000POT, MAKCHMYMY Ha AHarpammMe 1aB-
JeHue — cocTar OyeT oTBeuaTh MUHUMYM Ha AHarpaMme TeMreparypa—CocTaB.

B Toukax »kcTpeMyMa jJaBlieHHs napa (MM TeMreparyp KUMEeHHUs) cocTa-
BbI JKHMAKOI M mapoobpasHoii (a3 cosnagatot (BTopoii 3akon Konosasosa).
CrpaBeJIHBOCTb 3TOIO 3aKOHA 10KA3aTh JOBOJILHO JIerko. [lockonbKy B TOUKax
aketpemyma dP = dpy + dps = 0, T0 dp1 = —dpo v TOrIA

dpy = ——2 =) gy, (8.9)

(-e5) o

Orciona cpasy cienyer, 4to x5 = x4, 4To u TpeboBanoch 10Ka3aTh.

CwMecH, y KOTOpBIX Map, HaXOAsAUInics B PABHOBECHH € KHIKOCTBIO, HMEeT
TOT JK€ COCTaB, YTO M AKHIAKAs CMECh, HA3bIBAIOTCS d3e0mpOonHeIMU. DTH CMe-
CH 4aCTO Ha3bIBAIOT TAKKE HEPA3AEIbHO KUMALIMMH, TaK Kak MNP MeperoHke
obpasyeTcs KoHJEHCaT TOro K€ COCTaBa, a ITO HCKIIKOHAeT pa3jielieHHe CMECH
B JIAHHbIX YCJIOBHSAX.
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A3eOTpOMNHbIE CMECH SIBIISILOTCS CMECSAMH C TPEJIe/ibHbIM OTKIIOHEHHEM OT
MIeaTbHOCTH, elle 001 Ialo MK NMOJTHOI B3aHMHOI pacTBOPHMOCTBIO; HE0OIb-
110€ JIOTOJIHUTEIbHOE OTKJIOHEHHE NapaMeTpoB, XapaKkTepH3YHOIINUX 3TO COCTOSI-
HUe, MPUBONT K MOSIBIEHHIO 001acTH B3auMHOI HepacTBopumocTh. Crienyer 3a-
METHTb, YTO MPH U3MEHEHUH TABJIEHHS WIIH TeMrepartypbl (COOTBETCTBEHHO A
T — - vin P —2x-nnarpamm) y a3eoTpoOrNHbIX PACTBOPOB KOHLEHTPALMS a3eo-
TPOMHON TOUKH U3MEHAETCS, T. €. A3€0TPONHAA TOUKA NEePEMELIACTCS K OTHOH U3
oceii opanHat, noIo0HO ToMY, Kak 3T0 M300pakeHo Ha puc. 8.5 nis azeorpon-
HOTO pacTBOpa ¢ MaKCMMYMOM M ¢ MUHUMYMOM. [Ipu HekoTopoii Temneparype
azeoTporHas To4ka M MoKeT Monactb Ha COOTBETCTBYIOLLYHO OCh OP/IHHAT, T. €.
pacTBOp MpH JTOil ¥ OoNblIElt TeMIEpaType yKe He SABNAETCS a3e0TPOMHbIM.

[J

T, =const

0
P b

(D) o (2
A X' Xom B A X' Xm B
Puc. 8.5. Buusinue TCMIICPpaTypel Ha COCTAB mapa H COCTaB a’}COTpOnHOﬁ CMCCH TIpH
3aKPCIICHHOM COCTaBC KHAKOCTH

Jlo cux mop MbI FTOBOPHIIN O MOBEIEHUH OMHApPHOIT cMeCH B YCITOBMSIX U3-
MEHEHUS TEMNEPATypbl UK AaBiieHus. Tenepb 0CTaHOBUMCS Ha OMPEACICHUN
COCTOSIHWSA CHCTEMBI B YCITOBHSAX MOCTOSAHCTBA COCTaRa OAHOMH H3 (pa3 (KuaKoi
uan napooOpa3zHoii). DTa 3ajaya peluaeTcs ¢ MOMOLLBIO 3aKoHOB Bpesckoro.

Iepssliii 3akod Bpesexoro. [1pu nosblieHUH TEMNEPaTypbl pacTBOPA 3a-
JITAHHOTO COCTaBa ero map oboramaeTcs TeM KOMITOHEHTOM, TapLHaibHas MOJTb-
Has TErIoTa HCHapeHus KOToporo GosiblLLe.

Hpommonpnpyem 970 Ha anarpamme (puc. 8.6). OG03HaUUM HCXO/HBIH CO-
CTaB pactBopa uepes x’. [Ipu naBneHum p; OH COCYLIECTBYET C MapoM COCTaBa
z&. TloBbICHM JaBJIEHHE [0 P2, HE MEHsis COCTaBa pacTBopa. Temneparypa Ku-
MIeHUsl pacTBOpa Takyke noebicuTest. ComacHo 3akoHy BpeBcKkoro, paBHOBECHbIH
nap Opu 3TOM J0KeH 000raTuThCA TeM KOMIOHEHTOM, NapLuaibHas MoJspHas
TETJI0Ta UcnapeHus KoToporo 6osbIIe.

Tennora ucnapeHus y TPyAHOJIETYHEro KOMIOHEHTa Beeraa 0ofblie, 4eM y
nerkonietydero. B Hamem ciydae 910 komroHeHT A. M3 quarpaMmMsl BUIHO, UTO
COCTAaB M1apa CMECTHIICS B CTOPOHY KoMIoHeHTa A.
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P

)

Py

Py

P()
A

Puc. 8.6. Bauauue temneparypbl Ha co-
CTaB napa npH 3aKperuicHHOM COCTaBe

Bropoii 3axon Bpesckoro. Ecinu nasneHue (temneparypa) cucTeMbl pac-
TBOp—TMap MMEET MaKCHMyM (MHHHUMYM), TO TpH TOBBILIEHHH TEMIEPATy pbl

T, =const

KHJIKOCTH

P

B a3€0TPOIHOM pacTBOPE BO3PACTAET
KOHLUEHTpPALKA TOro KOMIOHEHTa, MO-
JsipHas napuuaibHas Ternjora ucrnape-
HMS KOTOPOTO OoJIbLIe.

Ecnu paBnenuwe (temnieparypa) cu-
CTEMBl MMEET MHUHHUMYM (MaKCHUMYM),
TO TPW TOBBILICHHUH TEMIMEPATypbl B
a3e0TPOITHOM pacTBOPE BO3PACcTaeT KOH-
LIEHTPALMS TOrO KOMITOHEHTA, MOJIApHAas
napuuasibHas TEIUI0Ta UCIapeHusi KOTo-
pOro MeHblIIE.

Hanpasnenue u3MeHEHMs IKcTpe-
MaJILHOTO COCTaBa pacTBOpa MOKa3aHo
Ha puc. 8.7.

Heo0X01uMo OTMETHTh, YTO Kak rep-
Bblil, Tak U BTOPOH 3akoHbl Bpesckoro
OTHOCATCA K paBHOBECHAM, AAMEKUM OT
KPHTHYECKOTo COCTOsHUS. Tak Kak cooT-
HOLLUEHHE MapLUHaIbHbIX TETUIOT Herape-
HMSA COXpaHseTcs BO Bcex 00MacTax KoH-

LEHTPALKii, TO MOKHO CUHTATh, YTO MPH MOBbILLICHUH JaBIEHUS H TEMIEPaTypbl
a3€0TPONHast CMECh € MAKCUMYMOM JaBJI€HHS H MUHUMYMOM TeMIepaTypbl 060-
raiaeTcs TpYAHONETYYUM KOMIOHEHTOM, a a3e0TPOIHas CMECh ¢ MUHUMYMOM
JIaBNEHHA U MAKCHMYMOM TEMTIEPATY Pbl — JIETKOJETYYHM KOMIOHEHTOM.

P \

a

P

T,=const T,=const
T;=const Ty=const
T,=const 7 T,=const
Ty =const / Ty =const
B A - B

X

o

Puc. 8.7. Bimsiine TeMneparypel Ha cocTas a3coTpolinoi cMecH

TpeTuii 3akon BpeBckoro. DTOT 3aKOH XapaKTepH3yeT COOTHOLLIEHHE MEXK-
Jly HarpasJeHHAMH CMELLEHHS COCTaBa a3€0TPOIIa U COCTaBa €ro napa lpH roBbl-
LIEHWHN TeMMepaTypbl WK AaBieHus. Ero MokHO copMyIHpoBaTh Cliey oM
oGpazom.
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[pu uameHeHnu Temneparypsl (1aBaeHus) pacTBOpa, KpHBasi 1aBJeHHs napa
KOTOPOT0 HMEET MaKCHMYM, @ KpUBasi TEMIEPATY P KHMEHUS — MHUHHUMYM, COCTaB
napa pactBopa M COCTaB a3e0TPOIHOTO PacTBOPA U3MEHSIOTCS B OJJHOM U TOM
Ke HanpasieHun (cumbammno).

[1pn u3mMeHeHun TeMrepartypsbi (laBleHUs) pacTBOpa, KpHBas JaBleHHs na-
pa KOTOPOro MMeeT MUHUMYM, a KpHBasi TeMIepaTyp KHIEHHsS — MaKCHMYM,
COCTAaB rfapa pacTBOPa H COCTaB a3€0TPOTHOTO PACTBOPA M3MEHSIOTCS B POTH-
BOTIOJIOKHBIX HAMPaBIeHUIX (anmubammo).

3akoHbl BpeBCKoro sBstoTCs 001ETEPMOIHHAMUUCKHMH 3aKOHAMU U CTIpa-
BEUTHBBI [T MOOBIX THIMOB OMHAPHBIX NBY X(Pa3HbIX CUCTEM, HMEIOIIIHX DKCTpe-
mym Ha T —z- wiu P —z-nuarpammax. 3akoHbt BpeBckoro WMpoko Uenofb3y-
10TCA Ha mpakThke. Tak, cOTTacHO TIepBOMY 3aKOHY, P MOHWKEHIH TaBIeHUS
pa3HuLa MeXkay cocTaBamiu rapa W JKHWAKOCTH yBelauuuBaercs (cm. puc. 8.6),
a 3HAYUT, 00IervYaeTCs U pasiesicHue KOMIOHEHTOB cmec. [1oaTomy neperonky
BBICOKOKMIISIINX BEIIECTB 1IE€CO00Pa3HO MPOBOIHTE MPH MOHWKEHHOM JIaBlie-
HUH.

C nomoliblo BTOPOro 3akoHa BpeBCKoro MokHO NpHOIMKEHHO paccuuTarhb, Ha
KaKy10 BeJITYHHY HY/KHO H3MEHHTh IaBJIEHHE B CHCTEME, UTOObI I0OUTHCS HCUe3HO-
BEHHS a3e0TPOIa B CHCTEME, HE OIIAIOLLEHCs pa3aee !0 OObIUHBIMUA METOAMU.

8.3. PasnesieHHe KOMIIOHEHTOB PacTBOPA

B peanbHbIX ycnosusx oOpazoBaHue (pasjesieHne) pactBopa [104TH Beerua
COTIPOBOJKIAETCS M3MEHEHHEM €r0 TePMOJAHHAMHIECKOTO COCTOSHHS H3-3a pa3-
JIMUHBIX YHEPreTUYECKUX B3aHMOAEHCTBUH, KOTOPbIE MOTYT MPUBECTH K BO3-
HHKHOBEHHIO TOTOKOB TETUIOTHI W KaK CJIEICTBHE — K YCTAHOBJICHHIO TpaiieH-
Ta KOHUEHTpauuu. CBA3b MEKIY TpajiHeHTaMU TEMIePaTypbl i KOHUEHTpaLUU
He MOXKeT ObITh pelieHa METOAAMH KJIACCHUYECKOH TepMOAHHAMUKH, MOCKOJIb-
Ky BO3HHKaeT HeoOpaTHMoe cocTosiHWE cHcTeMbl. [1o cpaBHeHHIO ¢ 00paTUMbIM
UeaNi3HPOBAHHBIM COCTOAHHEM peallbHble NPOLECChl MeHee BbITOIHbI C TOY-
KM 3pEHHS 3aTpaThl TEMIOTHI WK paboThl. Ho cpaBHEeHHE pealibHbIX MPOLECCOB
C WIeaNM3UPOBAHHBIMH JaeT BO3MOKHOCTb OLEHKH COBEPLUCHCTBA TOTO MM
MHOTO peabHOro npouecca. B cBfA3u ¢ >TM B JaHHOM paszelie Oy1yT paccmo-
TPEHbl TEOPETHUECKHE MPOLECCHI pa3iesieHHsl OUHAPHBIX PacCTBOPOB METOLAMH
JHMCTHILTALNK W PEKTHOHKALIHH.

PaznuuHblie mpoiecckl B peanbHbIX cHCTeMax Haudosiee yIoOHO BbIpakaTh
C IOMOLLbIO TEPMOAHHAMUYECKUX AUarpamm. s npakTH4ecKUX pacueToB Kpo-
me T, p, xz-napameTpoB (onpeaensemMbix ¢ nomolbio 1, z- U p, x-auarpamm)
60JIblLIOE 3HAUSHHE UMEIOT TemnoBble HP(EKTbI, CONPOBOKAAIOLIME MPOLECCH
(azoBbIx npespalleHnii. [lockonbKy aHamuTHUECKOE onpeeneHie YTHX dddek-
TOB 3aTPYAHHTENILHO 1@Xe B Cllyuae WIealbHbIX PaCTBOPOB, TO 00bIUHO MpHOe-
rator K rpa)oaHajIuTHHECKUM METOIaM K KaJIOPHUECKHM auarpaMmam — varie
Bcero h—x v s—x (h — ymenbHas HTANLIMA M § — YaelbHas YHTPOTIHSA).

PaccMoTpuM h — z-anarpaMmy, Hauyag ¢ MpoCTeiiero ciayyas (pa3oBoro pas-
HOBECHSI AKHMAKOCTb —Nap B OMHAPHOM pacTBope, NPHOIHKAIOLLHMCSA 10 CBOUM
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T p=const T h p:const |

TSI ([7)

Puc. 8.8, Jlnarpamma T —z juis njicaib- Puc. 8.9. IlocTpoenue h—x-
HOIO pacTBopa JiarpamMnsl - B obmactu  napoo0Opa-
30BAHHA M/ICAJILHOTO PACTBOPA

CBOICTBaM K ujaeanbHOMY. B KauecTBe MCXOHOI HArpaMMbl MOKET CIIYKHTh
T — z-nuarpamma (puc. 8.8).

[lposenem Ha auarpamme h—x W30TepMbl B 00NACTH MKHAKOCTH M napa
(Ty u Tg). Tak KaKk pacTBOPbI MIEAJbHbI, TO B 9TUX OOJACTAX TETIOTHI PACTBO-
peHus B 00eHx (ha3ax paBHbI HYJIHO, U YPaBHEHUE U30TEPMbI NPEICTABIACTCS MPsi-

MO JIMHHEH
hp, T, x) = 1Y (p, Ta1)(1 — z) + h(p, Tsa)a, (8.10)

e 19, hY — monbHbIe FHTaTbIMKM YMCTHIX 1-r0 1 2-To KomnoneHTos, a Ty,
Tso — HOpMajbHble TeMIepaTypbl KHUIEHHs STHX Ke BewecTs. PaccMoTpum
cHayaja mocTpoeHHe W30TepM B JKHaKoit dase na h—a- mnrpar\me (puc. 8.9).
Jlns 9T0r0 Ha 0CsAX opauHar f—xz-auarpamMmbl omiokum hY, kY. Bbidpas nas
HHX COOTBETCTRYIOLUME Hadanma otcuera (He obssatesnsHO 0). 3atem, cuuras,
YTO U3MEHEHHE NABJIEHHs HE BIMAET Ha SHTAJILINIO, PACCUHTHIBAEM O ypaB-
nenuio Knpxrodpda hix(T) = 1Y, (Ts1) + [ CpdT. To ke camoe mposenaem
W ans Broporo kommnosenta. Ilo qopmyne (8.10) naxomum hip, T, x) cme-
CH. AHAJOTHYHO CTPOATCA W30TEPMbl SHTAILIUM U AJ4 MapoBoi (asbl, yuu-
thiBas, uto h), = A% + 7 m K, = A9, + 7o (tne ri W ro — TEMAOTHI
napoodpazoBanus it 1-ro u 2-ro komnoneHtoB). [1pu 3TOoM H30TEPMbBI TS
KMJKOCTH M Tapa He OyayT mapajuienbHbl XOTS Obl TIOTOMY, 4YTO 7'y # Ts.

Jlanee Ha MOCTPOEHHOM AHArpaMMe HAHOCAT TOUKH (o, a3 ... Wby, by ...,
WCnonb3ys 1X adcuycesl, onpeaensemsie Ha 1’ —z-auarpamme. Yepes oTH TOUKH
MPOBOAATCA NPAMbLE, TPUHAATEKALLME OAMHAKOBLIM U30TE€PMaM, T. K. SHTATbIUA
BJIQ’KHOTO Mapa Beer/a ABASETCA THHEeiTHOH KoMOMHAIMEH YHTATbMUH HACKILIEH-
HOM KUAKOCTH K CYXOT0 HachiteHHoro napa. OTpe3kn u30TepM 3a npeenamu
TOYeK @ ¥ b He umeloT Qusnueckoro cMbicia. ToyHo Tak ke crpourtcs h—x-
JaMarpaMmma u s peaiibHoro pacTBopa.

[To h—x-auarpamMmme ¢ HAHECEHHBIMM Ha HEH M30TEPMaMH MOMKHO peLlarh
HE TOJBKO BOMPOCHI, KOTOPbIE PaHblle aHATH3MPOBATHCH € moMomiblo 1 —x-
JaMarpaMm, HO TaKke W OMNpeaeNsaTh TEMJIO0Thl COOTBETCTBYHOILHMX IPOLECCOB.
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Tak, B Touke / noss h— x-auarpaMMbi 3a/aHbl He TOJILKO P, T', HO W IHTATIBITHS.
Ecmuv Touka HaxXo0JIHuTCA B 00JTacTH BIAXKHOTO napa (Hal‘lpuM@p,TOLlKa 2), TO MOXK-
HO OTIPEENUTH NAPAMETPhI PABHOBECHO COCYIIECTBYIOLIMX Mapa U KUAKOCTH
(Touku @ u b), onpenenArIMX CTeNeHh CYXOCTH BIAKHOTO Mapa Mo npapmiy
pbluara na _ lu_z ®.11)
N lp2

HHorna Ha oaHol 1 To¥ ke h —x-auarpaMme HaHOCAT SHTAIbIUKU KOHAEH-
CallHH W KHTEHUA JUTA pasHbIX HaB.ﬂeHHﬁ. Pa3nuune B cocTaBax ra3006pa3H0ﬁ
1 KHAKOH (Ja3 MCMONB3YIOT B NPOMBILLIEHHOCTH H B JJAOOPATOPHOIT NPaKkTHKe
JUTA pa3aesiCHuA KHAKIX pacTBOPOB HAa YHCTHIC KOMITOHEHTHI. B pAae ciydacs,
0CO0EHHO MpH pacueTe a)llfla6ﬂTHb|X MPOLECCOB, CBA3AHHLIX C PACIIHPEHHEM
WM CKAaTHEM PacTBOPOB, OOJbLIYIO MOJNb3Y MPHUHOCAT S —-Auarpammbl. OHU
CTPOATCA TTO TAKOMY K€ TTPUHIHITY, YTO U h—.’E'D,l/larpaMMbl.

8.4. JlucTHaasiuusa v peKTHPHKAIHS

[Tporiecc paszaeneHus pacTBOPOB Ha HCXOMHBIE YHCThIE KOMIOHEHThI MPe/i-
CTABJSIET 3a/1a1y OrPOMHOI1 BakHOCTH. [T09TOMY 31€Ch OyneT NpoBeaeH ynpo-
LIEHHbIH aHaNN3 TPOLIECCOB pasesieHus cmeceii Hanbosee pacnpoCTpaHeHHbI-
MH METOJAMH: IHCTHIUIALMK H peKTH(UKAIMH. TIOCKONLKY MPOLECC pasieseHHs
peasibHbIX cMecell BCerna CBA3aH ¢ IHEPreTHYSCKHMH 3aTpaTamMu, TO PaccMo-
TPUM TEOPETHYECKH MUHMMAJTLHYIO TTOTPEOHYO Ha pasaeienue padboty (Teruio-
Ty). Bozbmem as1st npumepa GuHapHbLil pacTBOp NpH 3aaaHHbIX Temneparype 1T
W naBieHuu p. TIPeanonoKm, 4To HCXOIHAS CMECH — PACTBOP, COCTOSLIHIT H3 701
1 no Modiel 1-ro 1 2-ro KOMIMOHEHTOB ¢ KOHLEeHTpauuei . Ecau cucrema moa-
BepraeTcs o0paTUMOMy pa3fesIeHHIO Ha YHCThIC KOMITOHEHTBI, TO OHM MPH TEX
JKE TeMMeparype | JaBjieHuy OyayT HMETh OObEMbI ] H Vs M COOTBETCTBEHHO
sHtanstun Hy u Hy, sutpormn Sy u Sa, sHeprum ['no66ca Gy v Gy. OueBuaHo,
41O paboTy A/ OCYLIECTBIEHHS TAKOTO H300apHO-H30TEPMHUECKOrO MpoLecca
MOKHO MPEACTABHTh B O0LIEM BHIE

dG = —SdT + vdP — 5. (8.12)

IlockonbKy Temneparypa ¥ naBieHHEe MOCJe pa3IeeHHs CMECH OCTaloTCs
NOCTOSIHHBIMM, TO PadOTa pa3jiesieHHs paBHa

W = —AG. (8.13)

[TofcTaBuRe B 9TO BhIpaXKEHHE 3aBHCUMOCTH (GyHKLMH I'nbdca oT KoHlEeHTpa-
LMY KOMIIOHEHTOB, MOJIYUUM, UTO

AG =W = —-RT[mInay(p, T, z) + nalnas(p, T, )] (8.14)

Takum 00pa3oM, MUHUMAITEHOE KOJTHUECTBO Pad0oThl, HEOOXOANMOIT TS pa3-
JENIEHUST CMECH Ha HHCTblE KOMIIOHEHTbI, NPOTOpLHOHALHO Temrepartype. [lo-
ITOMY, €CJI1 PacTBOP OXJaAHTh, TO padoTa pazuesieHHsl YMEHbIINTCA., MuHu-
MaJlbHast TEMMepaTypa, 10 KOTOPOif Liesiecoo0pa3Ho OXJIaKAaTh pacTBOP, — 3TO
TeMIeparypa OKpyKatoLeH cpejibl.
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Lucmunasyua — npouece paziefeHns pacTBOPOB, OCHOBAHHbIH Ha pa3iu-
YMK B PAaBHOBECHBIX COCTaBaX KWIKOI W mapoBoil (a3 u conpoBokaaeMblii
HENpepbIBHLIM 0TOOPOM NapoB (Wi KOHAeHcara). Paznuyaior nepuoauueckui
W HETIPEPBIBHBII MPOTIECCH AHCTHIITALIH.

Paccmorpum cHauana nepuoanueckuii npouecc. BHauase B BbinapHOM Ky-
Oe HaXOAMTCS 11 MCXOMHOro pacTBOpa cocTaBa ¢o. B npolecce AMCTUILIAINN
B BbIMapHOii Ky0 noctynaer /n’ JKHAKOTO pacTBOpa ¢ TOii e HCXOHOH KOHLEH-
Tpaieil ¢o. IlockonbKy K BeINapHOMy KyOy moaBoauTes Terio (Q4, To B KyGe
obpasyercst ' mapa ¢ KOHUEHTpauKeii ¢, H3MEHSIOLIEECs CO BPEMEHEM U 3a-
BHCsILLEE OT Temreparypbl. Yiaasemsiit u3 kyba nap (¢, # cg) Hanpasisercs B
KOH/IEHCATOP. /I KOHAEHCHPYeTCs 3a cueT oTBoda Teta (). Takum obpasom,
qyepe3 HeKOTopoe Bpemsi paboThl YCTaHOBKM B KOHAeHcatope OyaeT nostydeH
KHJKHIT pacTBOp, COCTaB KOTOPOTO OTIIHYEH OT COCTaBa HCXOIHOTO pacTBopa.
M uem meHbLIE NPOMEKYTOK BPEMEHH, TEM DOJIblLE COCTAB KOHAEHcaTa odora-
LAETCA JIErKOJIETYYHM KOMTIOHEHTOM.

ComacHo MaTepHanbHOMY OanaHcy B BbINAPHOM KyOe B MOMEHT BPEMEHU T
Oy/IeT HaXoUTCA CIeyIolIee KOTMYECTBO pacTBOpa:

m=mg + (m' —mg)7. (8.15)

Brenem obosHauenne ¢ = m/inl,. Ypasnenue (8.15) 3anuuercs B Buae

m =g+ (w—_l)m]’ﬂ', (8.16)
@
KOTOpOE noce aAnddepeHHpoBaHns NPUMET BUIL
dm = ((’D—1>m;d7'. (8.17)
7

Ecnu 0603HaunTh yepes ¢’ i ¢» paBHOBECHBIE COCTABbI KHIKOIH M NAPOBOii
(a3, To 3a Bpemst dT

d(mc') = (co - i) m'dr. (8.18)
P

HHTerpupyst B pejieaax ot Ha4albHOrO COCTaBa ¢ 10 KOHEYHOTo cocTasa ¢,
TOJTy YUM

!
c

1 m J dc!
In — = .
p—1 mo o+ (p—1)=cop

co

(8.19)

B 3aBHCHMOCTH OT TeX WM HHBIX mpubmmkeHuii ypasrerne (8.19) nerko
HHTETPUPYETCA M MO3BOJIACT B KOHEYHOM BHIE 3allMCATh BbIXOJ1 TOTOBOTO TPO-
JyKTa.

PaCCMOTpHM TENEPb METOA ONPEACIICHHA TEMIOTbI, HeO(’)XOﬂHMOﬁ A 1po-
BEACHHA Mpouecca TUCTHIIALIMH, I.[Jlﬂ NPOCTOThI OrPpaHUYHUMCA YCIIOBUEM, KOT/1a
BELIECTBO B BbINapHOi Ky0 He noctynaert, T. €. m = 0 u coorBeTcTBEHHO ¢ = 0.
B a1om ciyuae B nipouecce BbiMapvBaHHs COCTAaB pacTBOpa B KyOe M COCTaB
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rapa HenpepbiBHO MeHsitoTes. [1o9ToMy BbilapuBaHue clielyeT paccMaTpuBaTh
B BH/I€ TOCTIE0BATEIbHBIX AN((epeHIHaTbHbIX MPOLECCOB MapoodpasoBaHus.
Kosnuuectso TeII10Th, HE0OX0AUMOe s NoyueHust dd mapa u3 1 Kr pactsopa,
paBHO

dQ = qai dd, (8.20)

e qgif — AMpepeHIraTbHas TErIoTa HCrapeHus, KoTopas /TS SIeMeHTapHO-
ro npouecca napoodpa3zoBaHus MOKET ObITh 3amicaHa Kak
!
qar = (hy —h') — (e» — c»)ﬁ, (8.21)
de!
e v, I/, e, ¢/ — COOTBETCTBEHHO IHTAJLITMH H KOHLIEHTPALIMH PABHOBECHBIX
napa v Kunsiei KuIKkoCTH.

B omicaHHOM BBILLIE TIPOLIECCE HENBb3s TOMYYHTh AUCTHIUIAT C KOHIEHTpa-
LMeH JIErKOKUIISILIEro KOMIIOHEHTa DOJbLUei, YeM KOHLUEHTpaLus paBHOBECHO-
ro ¢ *kHAKOCTbIO mapa. OaHAaKo eciH map, BBIXOAALIMIT M3 BbIMapHOro Kyoa,
YacTHYHO KOHAEHCHUPOBATh U BO3BpALaTh B BbIIAPHOH KyO, TO B 2TOM clydae
MOJKHO MOJy4HTh 3HaYMTENLHO Oofiee mosiHoe pasjeneHue. Takas yacTHuHas
KOHIEeHcaLms Ha3biBaeTes dedhrecmayuen. [pouece nedaermauuy nNpoBOaAUTCS
B 00LIMHOM TEMI000MEHHHKE, Ha3bIBAEMOM Oeqhiecvanopom.

Perxmugpurayus. TlonHoe pazneneHue pacTBopa Ha OTAETbHbIE KOMITOHEHTHI
HEBO3MOJKHO OCYLIECTBHTb METOAAMH MPOCTON AMCTHMISIUMH Hake ¢ npume-
HeHueM paseuToil neduermaunn. Haubonee monHoe pasaeneHue MOKET ObITh
MOJy4eHO MEeTOJaMH  PEeKTH(HKALUH.
CyuIHOCTh 9TOrO mporecca 3akiaovaeTes
B CO3/1aHUU NIPOTUBOTOMHO HANPABIEHHbIX
MOTOKOB KHMIKOCTH W Mapa, HaXOAALUIHXCS
B YCJIOBUAX TEIJIO- H MAcCOOOMEHa U Cro-

COOCTRYIOIIMX 00OramieHuio mnapa Jjierko- |[— — —_T
KUMSALIUM KOMIIOHEHTOM. T ‘__\/

YetanoBKa juisl peKTH(UKaUMKM B Mpo-
cTeiflieM BapHaHTe TNPEACTABJISET CO-
601 BblmapHoil KyO, yKpEeILIAIOLLYO KO-
JoHHY, neduermaTop W KOHAEHcCATOp.
[Torok napa, 00pa3ytoLHiica B BbITIAPHOM
KyOe, ABWKETCS MO KOJOHHE, UMEHIEll Pyc. 8.10. Cxema KoANaukoBoll Ta-
P/ TApEJIOK, Ha KOTOPbIX MPOMCXOAMT HH-  pesku
TEHCHBHBIH TEIMIO- M MaccooOMeH mnapa
¢ AKMAKOCTbIO. Cxema Tak Ha3biBaeMOH KOJIMAYKOBOH Tapeiku H3oOpakeHa
Ha puc. 8.10.

[Motok kuakocTH, BEIXOAALLMI U3 AeduiermaTopa, CTEKaeT BHH3 M ABHIKETCS
B MPOTHBOTIOJIOKHOM MOTOKY Tlapa HarnpaBlieHnu. B pesynbrate MHTEHCUBHOTO
KOHTaKTa B NMPUHLMIE JONKHO Obl yCTAHABIUBATLCA PABHOBECHE HKHIKOCTb—
nap. B neficTBUTENbHOCTH € COCTOSIHUE AMIAKOCTH W 11apa B TOH WM MHOH
CTEMeHN HepaBHOBeCHO. [Ipn nepexose oT 0/IHOI Tapesiku K Apyroif KOHLEHTpa-
LU SKHMAKOCTH W 1apa MEHSIOTC.

|
A—_—
R

')KlmKOC'rb|
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Jlnst paceMoTpeHus paboTbl KOJOHHBI BO3bMEM JIBa MPOU3BOJIbHbBIX CEUEHUS
KONoHHbI a—a n b—b (puc. 8.11).

3/ech cTpeikaMi BBEPX yKa3aHbl HAMPABICHHS ABMKEHHS Mapa, CTpeKaMu
BHW3 — HanpaslieHHe JBHKEHHS KHAKocTH; D — macca, Kr mapa B eIMHULLY
BpPEMEHH € KOHUEHTpaUMei ¢», m — macca, Kr' KHAKOCTH, NoCTynatoueil Ha
JaHHOe ceueHue u3 aeduiermMaropa, ¢ KOHueHTpauuei ¢, VpasneHne matepu-
anbHoro Ganauca nJist od0beMa, 3aKkIHoUeH-
HOTO MEKIY ceueHusIMn a —a u b—b, 3anu-
HIETCS B BUIE

1" 1" A7 /
Dy,cd, hy') my,ch, hy

Dy+mg =Dy +my
n Dy—mg=D,—my. (8.22)

[Nockonbky 3TH ypaBHEeHHs cripaBeain-

b |Dy.ch. hy Cmy ch hi| b = i€
BbI U JTIOOOrO CEUCHHA, TO OYIET Chpa-

T 3 BEUTMBbIM
D —m, = const, (8.23)
Puc. 8.11. CeucHue pekTH(HKaLMOH-
O KOJOHHBI YTO TO3BOJIACT MOJYYHTh COOTHOIICHWE

MEKAY KOHIEHTPauuAMH KHJIKOCTH W Ta-
paB J0OOM CeUeHHH MpH U3BECTHBIX pacXoaax 3THX BCLICCTB B JaHHOM CEYE-
HuK. BriosiHe OYEBUIHO, YTO M AJI DHEPTETHUECKOIO Oananca B J11000M CeYeHHH
MOXHO 3anucarb, 4To

Dh» —mh' = const. (8.24)

B koHeuHoM pe3syabrate OyaeM UMETb BbIpaKeHHE

Qd 1, ca—c /
hop + 22 =h' + 22— (h» — ). (8.25)
Dy oy — ¢
D10 ypaBHEHHE NMO3BOJIAET NPOAHATM3UPOBATH MPOLIECC B KOJOHHE € MOMO-
B0 L — c-prarpamm.

8.5. Ileperonka ¢ BOASIHBIM APOM

B cnyuae npaktHyeckd HEpacTBOPUMbIX APYT B APYre KWAKOCTEH napuu-
aNbHOE IABJIeHHE KaXK/I0TO U3 KOMITOHEHTOB PaBHO JIaBJIEHHIO €ro napa B HHCTOM
COCTOSIHUY IIPY TOH e TeMIiepaType u, cle0BaTesbHo, obliee nasieHne napa I’
PaBHO CymMMe IaBJieHHil mapa YMCThIX KOMMOHEHTOB, T.e. P = p{ + pY. Takum
o0pa3zom, npu HarpeBaHun oOLIee 1aBjieHWE rapa HaJl CHCTEMOH JOCTHUTHET
3HaUEHMsl BHELUHEro AABJIEHWSA paHblle, YeM DTO BO3MOKHO [UISl MapoB Kak-
JOT0 M3 YUCTbIX KOMMOHEHTOB. [1o3TOMy Takue KHAKOCTH KUMAT npu Oomnee
HU3KHMX TeMIeparypax, 4uem ux o0pasytoline KoMnoHeHTsl. Temneparypa kure-
HMS pacTBOpa OCTAETCA MOCTOSAHHOH 0 TeX MOp, NOKa OANH M3 KOMIIOHEHTOB
HE OTFOHHTCS TIOJTHOCTbIO.
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OTHOCUTENbHbIE KOJMHYECTBA MEPEroHsEeMbIX BELLECTB B Nape Haj rerepo-
TeHHOMH M HIKOI CMEChIO HE 3aBHCAT OT HCXOHOTO COCTaBa ITOH CMECH U MOTYT
ObITb HalineHsl cieaytouM oopa3zoM. [1ycTs Macchl UCHapUBILKXCS KOMITOHEH-
TOB ga M gg. Torna

A A M O M,
A _ PAaivia ~ PaMA (8.26)

g8 peMp phMe

3nech BMECTO MaplHaibHbIX AaBICHHH KOMITIOHEHTOB P; HCIOJIB30BaHbI 1aB-
JIEHHS YHCTHIX KOMIOHEHTOB P, U MAacchl KOMIIOHEHTOB g; = x; M; npeacTas-
JIeHBI Uepe3 napiHalibHbie 1aBieHus napa z; = p;/P.

Haubonee pacnpoctpaHeHHOE BelIECTBO, 00pa3sytollee HepacTBOPHMbIE
CMECH CO MHOTHMHU OPraHUYeCKHMH KHAKOCTAMU, — Boaa. [1pu neperonke Boxy
MCII0JIb3YIOT, KaK [PaBHIIO, B BUE napa. JucTuinat, o0pazoBaBLumiics npu KOH-
JeHcalK ra3000pa3Hoit cMecH BOJIbI H RTOPOTO KOMIOHEHTA, COCTOUT M3 BYX
cnoes. OJMH U3 HUX, OOraTbiil BELIECTBOM, MOAJIE/KALIUM OUHCTKE, OTACAeTCA
OT BOJHOTO CJIOSl, KOTOPbIH MOKET ObITb UCIIONL30BAH [UlSl MOJYUEHUS HOBbIX
MOpLHii BOASIHOTO Nnapa.



I'ITABA 9
PABHOBECHE KHAKOCTb-TBEPAOE TEJIO

[TnaBnenue u 3arBepaeBaHue OMHAPHBIX PACTBOPOB C TEPMOAHHAMUYECKOH
TOUYKH 3PEHHS TPOUCXOANT MOA00HO Mpoleccam napoodpa3oBaHHs U KOHIEH a-
MM, T. €. npy (azoBoM paBHOBECUU JIONAKHbI BbITONHATHCS T€ K€ YCJIOBUS, UTO
W paccMoTpeHHkbIe paHee (pasn. 8.1):

TB TBY __ s -
(T, P, z™) = pif(T. P, «™), ©.1)
i P TBY — K Py .
/1,(T, P, a™)y = p5(T, P, «™).
[Mockonbky 00e (a3bl KOHAECHCHPOBAHHBIE, TO BAUAHWE AABIEHHS HA PaBHO-
BeCHe He3HaUKTeNIbHO. [TpUHAB B KaueCTBE CTAHIAPTHOIO COCTOAHHS COCTOSTHHE
YUCTbIX KOMIOHEHTOB B TBEPIOH M KHikoit (paze, 3anuiuem (9.1) B Buze

p™(T) + RT Ina(T, z™) = p{™(T) + RT In aX¥(T, «*), (9.2)
pS™(T) + RT InaX™(T, 2™) = pud™(T) + RT In aX(T, ™). (9.3)

W3 (9.2) u (9.3), B npuHLUMIE, MOKHO NOJYUYUTb CBA3b MEKAY TemIepa-
Typoii (a3oBOro paBHOBECHS W KOHUEHTPaLUMAMH (aKTHBHOCTSIMH) TBEPAOTO M
KUAKOTO pacTBOpoB. OHAKO B peasbHbIX YCJIOBUAX Takoi pacueT He MOKeT
ObITb 10BEAEH 10 KOHLA, MOCKOJIbLKY 3dBHCHMOCTL AKTHBHOCTH OT KOHLIEHTpa-
LMK W TEMIepaTypbl B ABHOM BHAE HEeH3BecTHa. B npocTeiiwem cnyuae, koraa
AKTUBHOCTH MOKHO 3aMEHUTH KOHUEHTPALIMAMM W MPEMONIOKHTh, YTO TETIOEM-
KOCTH YHCTbIX KOMMOHEHTOB B AUAKOH 1 TBEPAOH (ha3ax OAMHAKOBbI, TO IIPHMe-
HAs IBAKAbI ypaBHenue Llpeaepa (6.54) ans meproro U BTOPOro KOMMOHEHTOB,
[10JIy UMM COOTHOLLUEHHS, CBA3bIBAIOLIME TEMIIEPATYPbl IIaB/IEHHUA C KOHLEHTpa-
LUAMH TBEPAOTO H JKHAKOTO PacTBOPOB

(1— &™) exp |~ 2m (; _ 1) e exp {_\_ (; - 1)] .
L R Tina T/ | R Tonn T
9.4)
[ n 1 1) Ao 1 1
].—.TX(GX _ Al o r +177K8X _ i L :1
( ) P L R (Tlnn T)- P |: R (T'Zm T):|
(9.5)

I'paduuecku ypasHenns (9.4) u (9.5) uzobpaxens! Ha puc. 9.1.

CrutolHas JUHUA NPEICTABIAET rEeOMETPHUECKOE MECTO TOUEK COCTOSHMSA
TBEPJOT0 PacTBOPA B HauaJle MiiaBjaeHus. JT1a KpuBas Ha3blBaeTCs JUHUEH coru-
dyca. LLITpUXOBas JIMHUSL — FEOMETPHUECKOE MECTO TOUEK COCTOAHMIT JKHUIIKOTO
pacTBopa B Hadalle 3aTBEPAEBAHMS WM B KOHLIE TUIABJAEHHS. ITa JUHUS HOCUT
Ha3BaHHE JIMHUK Jukeudycd. DTH JTUHUN JENAT Bce nose 1 —x-nuarpaMmbl Ha
Tpu 00JACTH: BbILIE JIMHWUK JIMKBHYCA BCS CHCTEMA HAXOAMTCS B KHAKOM CO-
CTOSIHUM, HW/KE JIMHUW COJMAyca — B TBEPAOM cOocCTOAHMH. OOnactb mMexay
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JIMHUSAMH JIMKBHIYCA M COJIMIYCA peallbHO He CyLUecTByeT, OHa obpa3oBanach
B pe3ysibTare HasoxkeHHs AByX nuarpaMm I'— ™ n T'— ™. [TockonbKy cocTaBbl
TBEPOi U KHAKOH (a3 HE OMHAKOBBI, TO

Ha JuarpaMMe W BO3HWKJIA cBoero poma T

«weaby. Cunraercs, uTo 310 AByX(azHas 70

06nacTh TBEPAOTO M JKHAKOTO pacTBOpoB,
COTPSIKEHHbIE TOUKH HA KPUBBIX JINKBUIY-
ca M cosayca, npejactapasionine cobomn
paBHOBECHE CHCTEMBI.

XoTsi paccMOTpeHHble MPHOIMKEHNUS
(9.4) 1 (9.5) npakTHYECKH HE pealln3yloT-
Csl, OHM NAlOT KauyeCTBEHHO BEpHhbIE pe-
3yabraTbl. OObIYHO B peasibHbIX YCIIOBU-
AX IS OCTPOEHHS IHarpaMmM COCTOSTHHS
TBEPOE TEJIO — HKHIAKOCTb MOJb3YIOTCS Me- Xt Xw
TO/aMH TEPMHYECKOTO aHaan3a, OCHOBAH-
HOI0 Ha orpenesieHHH Temneparyp (aszo-
BbIX MpeBpalLeHHii MPU aHaln3e KPHBbIX
OXJaXAeHHs (MM HArpeBaHWS) TeX WM MHBIX (PU3MKO-XMMHUYECKHX CHCTEM.

P=const

0
T:‘.ﬂ.‘"l

Puc. 9.1. Jlnarpasiva cCOCTOSHHS IBYX-
KOMITOHEHTHOH CHCTEMbI

9.1. Tepmuueckuii anajanu3

Ecnu npu oXJNaka€HHH CUCTEMbl HE MPOMCXOIMT HHKAKHX MPEBpalleHuH,
COTPOBOKAAIOILNXCS BbIACIEHHEM WK MOMTIOLIEHHEM TEeMJIOThI, TO TeMIIepaTy-
pa cucTeMbl MO MEpe OXJTaK/IEHHS (HarpeBaHus) C TOCTOSHHOI CKOPOCThLIO OyaeT
HEMpEePbIBHO U [LIABHO MOHMKAThes (MoBbIWAThes). [lepBblii 3aKoH TepMOaHHA-
MUKH TS CHCTEMbI, HE COBEpIIAIOLIel HHKAKUX BHIOB paboThl, 3aM1ChiBACTCS
B BUJIE

6Q = dU = Cy/(T)dT. (9.6)

ITycTh OT cHCTEMBI B KAz Y10 €AMHHLY BPEMEHH OTBOAMTCSA TENJIO0Ta, paBHAS
q. Torna obuiee konnuecTBo TeroTsl ¢) = gdr (rne 7 — Bpems). Torna uz (9.6)
M3MEHEHHE TeMMepaTypbl CHCTEMbI B 3aBHCHMOCTH OT BPEMEHH OXJaikK/JIEHHST
(HarpeBaHus) OyaeT HMETb CIIELY IO BH:

ar . gq
dr  Cyv(T)

9.7)

[Tockonbky B (9.7) ¢ = const, TO 3Ta 3aBHCHMOCTb OYAET OMPE/CATHCS TONTb-
KO TErUIOEMKOCTbI) CHCTEMbl, KOTOpas B OTCYTCTBHE (pa30BbIX NpeBpalleHHii
spnsiercs maakoil GpyHkuueii remnepatypel. CeaosarelibHO, KpUBas OXJaxIe-
HUA Taloke OyaeT uMeTh riaBHblil xapaktep. Ecnu ke B cucteMe MpoUCXOauT
Kakoe-1ubo MpeBpalleHue, conpoBOKIAIOLIEeCs BOSHUKHOBEHHEM TEIJIOBOTO
a¢pdexra (pa3oBoe npespaiieHne), To NP 3TOM MOTYT UMETh MECTO /Ba CITy-
yas: ]) OTBOAUMOE TEIIO MOJHOCTLH) BO3MELILACTCA BO3HHKAKOLIHUM B JaHHOM
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npeBpalleHnuy Terom (deseapuanmuoe npespaujenue); 2) 0TBOAUMOE TEILIO
BO3MEIIAETCS HACTHYHO (0OHOBAPUAHMHOEC RPEBP ALY eHUE).

B nepsom cityuae, noka npoHcXoAUT npeBpaileHde (HECMOTPs Ha MocTo-
SIHHbII1 OTBOJ T€rUIa), TEMMEPATypa CHCTEMbl OCTAETCs MOCTOAHHOI; Ha KPUBOM
OXJTQXK/IEHHUS TIOABJIAETCS TOPH3OHTANbLHbIH yuacTok (pHc. 9.2, kpusas 11). Be-
JIMUMHA ITOrO yuacTka TeM Oosblie, uem GosibLie Macca CHCTEMbI. DTOT ciiyvai

XapakTepeH A YHCThIX BELIECTB WK JUlst
TI 1+ 0 11 CHCTEM, B KOTOPbIX 004 KOMITOHEHTA HAChI-

LIEeHbI OTHOCHUTENLHO APYT Apyra.

Bo BTOpoM ciiyuae temneparypa npe-
BpAILEHHSA HE OCTAETCs TMOCTOSHHOM; BbI-
JEJISIOLIEECs TEeM10 JHilb YaCTHUHO KOM-
MEHCHPYET TEIU10, OTBOAMMOE OT CHCTEMBI.
Ha xpuBoit oxnaxaeHus nossnseTcs u3rud,
MIaBHOCTh KpHBOH B uHTepsane 17 15
HapyLaercs.

Takoe uzMeHeHUe xoaa KpUBOIl oXJa-
JKJIEHHSI COOTBETCTBYET H3MEHEHHIO COCTa-

+ BaW, KaK CJIeJICTBHE 3TOTO, NPUBOIMT K M0-

HIDKEHHIO TEMIEepaTypbl KPHCTAIUTH3ALNY
Puc. 9.2. Kpusble oxamaeHus (cm. pasn. 6.4).

M310Mbl HA KPHUBBIX OXJI@XKIAEHHS M0-
3BOJIAIOT MOCTPOUTL AHArPAMMY TUTABKOCTH. SBIAIOLLYIOCS HACTHBIM CIydaeM
NPUMEHEHHs BeCbMa PAaCHpOCTPAHEHHOro MeTona (PU3MKO-XHMHUECKOro aHa-
132 OMHAPHBIX U MHOTOKOMIOHEHTHBIX cHCTEM. OCHOBOMOJIOKHHUKOM 3TOTO
meToza Obu1 KypHakos. B ocHoBe MeToaa PH3HKO-X MMHUECKOIO aHaIn3a JISKUT
HceneoBaHte 3aBHCHMOCTH KaKoTO-TMOO CBOHCTBA CHCTEMbI OT COCTaBa NMpH
YCIOBHAX, FAPAHTUPYIOLIMX OJHO3HAYHOCTb OMpPEICIEHHs 3HAUEHHs CBOIiCTBaA
0 KOHLEHTPALMK KOMIMOHEHTOB H, HA000POT, YCTAHOBJIEHHE COCTARA CHCTEMBbI
MO 3HAYEHHIO 3aJIaHHOTO CBOMCTRA. Takas 3aBHCHMOCThL OOBIMHO BbIpakaeTcs
rpauuecku.

9.2. /lnarpaMMbI COCTOSIHHSI CHCTEMbI € POCTOIH IBTEKTHKOI
(HenzoMop(pHO KPHCTAIH3YIOIHECH CHCTEMbI)

Ecnit nBa KOMMOHEHTa B AHAKOM COCTOSHHH MOJHOCTHIO PACTBOPHMbI APYT
B JIpyre, a B TBEPAOM COCTOSIHUM COBEPLUEHHO HEpacTBOPHMbI, TO JHarpamma
COCTOSIHMSL TAKOH CHCTEMbl XapaKTepu3yeTcsi AHarpaMMmoii COCTOSIHHUS C Tpo-
CTOM IBTEKTHKOH (968mexmura — MEJKOIHCIEePCHas MexaH4ecKkas CMech JIByX
BELLECTB, HE ABJIAIOLIASACS caMocTosTeNbHOIl (hazoil) (puc. 9.3).

OTMETHM CIeLYIOLINE YIEMEHTbI AnarpaMmbl: 00J1acTh JIexallas BbILIe JIH-
HUH aeb — oaHodazHas o0IacTb KHUAKOro cocTosiHuA L; obnactu aep v beq —
nByx¢asusie odnactu L + A u L + B; obnacte ApgB — obaactb TBEpPAOIO
aByx¢aszroro coctosinig A + B, npidem ciieBa OT TOUKH ¢ CTPYKTypa criiaBa
npeacTaslisier coboil nepBHtHbIe KPUCTANIbI KOMIOHEHTA A W 9BTEKTHYECKYIO
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cmech (A + B), a crpasa OT TOUKH € — MEPBHUHbIE KPUCTAILIbI KOMIOHEHTa
B w sprextiueckyio cmech (A + B). Jlunus aeb — nunus nuksuayca. Beiie
3TOI IMHUU BCe CNJIaBbl HAXOAATCS B OJIHOPOIHOM *HIKOM COCTOSIHHH, HIIKE —
B ABYX(pa3HOM COCTOSIHHH: JKMAKOCTb

U nepBUdHble Kpuctamisl A win B. 1
Takum 00pa3zoM nepexos TOUKH, 0ToOpa- P=const
Karoueit coctosHne cucremst (Gurypa-
THBHOH TOYKH) 4epe3 JIMHUIO JIHKBH-
Jyca, COOTBETCTBYET Haually rpouecca
KpHCTAJLTM3aLIMH, MOSBIEHHIO KpUCTal-
JI0B TBEPIOiT (asbl.

Jlunust peq spnsercs nuHUeR conu-
nyca 3Ttoif amarpammbl. Tlpu nepexo- ? ;
ne (purypatMBHOM TOUKH uepe3 JIHHHIO
COJIH/LYCa MCUE3AIOT MOCAETHHE CIIE/IbI :
KUAKOH (asbl, U HibKE ITOW JHHUM o I o I
CILIAB HAXOINTCSA B TBEPOM COCTOAHUM. : B
Touka ¢, COOTBETCTBYIOLILASI COCTOSIHHIO
pacnjasa, OIHOBPEMEHHO HACBILICHHO-  Pyc, 9.3. JluarpamMma COCTOSHES C HPO-
IO 10 OTHOLLUEHHIO K Kpuctamiam A u B, croii srexrukoii
HOCHT Ha3BaHWE I6MEKMU4ecKol moy-
ku. CocTaB, COOTBETCTBYIOIHII TOUKE €, Ha3bIBAETCS IBTEKTHUECKHWM, a TO-
PHU30HTAb, MPOBEAEHHAA YEPEe3 ITY TOUKY, — IBTEKTHUECKON FOPH3OHTAIBIO.

OnpejeneHne OTHOCHTENTLHOTO KOTHUECTBA ABYX (a3 (HarpumMep, B CHCTEME,
xapakrepusyemoit GpurypatuBHoil Toukoi /) MCMONb3yeTCs NPaBUO pblyara
(cMm. (8.3)). Jls 9Toii Lesn yepes Touky /X' MpoBOJHM H30TEPMY. HA3bIBAEMYIO
Konodol Wi Honoi. IlepeceueHne KOHOMbI ¢ JMHMEH JHKBUayca (Touka e')
yKa3blBaeT Ha cocTas JKHAKOH (asbl npu naHHoI Temneparype. OTHOCHTENbHOE
KOJIMHECTBO *HAKOI 1 TBepaoii dassl npu Temneparype 1y Oynert

q
B+1981(4 +B)

ny _ e

(9.8)

np l(Kel) .

PaCCMOTpHM npouece KpHcTaiu3alunud OTACIbLHOTO CrijlaBa, HanpUuMep
cruiaBa r. HepByro CTaauro rnmpouecca 3arnuiieM yCil0BHO TakK:

L™ A+ Ly —e).

Ora 3anuch O3HA4aeT, YTO M3 KHAKOCTH B MHTepBaje Temneparyp ot 1y
no 1. BbIMAnAlOT KPHCTAJIBl KOMIOHEHTa A, a COCTaB JKHAKOCTH MEHACTCS
oT 7y 10 €.

AKuakocTh cocTaBa ¢ OKa3bIBAETCS B PABHOBECHH € KpHcTamiaMu A u kpu-
craniaamu B, nosromy npu Temieparype 3BTeKTHUecKoro npespaiuenusd 1, Ha-
YHHAETCA MX COBMECTHAs KpHCTANIN3aLus (BTopas cTaans)

L(e) EEN 38T(A + B).
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JTa 3anuch COOTBETCTBYET NPOLIECCY KPUCTAILIN3ALMN MEXaHHYeCKoil cme-
ci—23BTeKTHKH (A + B) M3 ®KHAKOCTH cocTaBa ¢ npu temneparype 1. [lan-
HbII MPOLIECC MPOUCXOIUT MPH MOCTOSHHOI TeMIepaType U HOCUT Ha3BaHUE 3B-
TeKTHYECKOH KpucTasin3auni. Ha kpuBoil oxnaxkaeHus Juig cnjlaBa cocrtasa r
(puc. 9.4, kpuBas 2) umeercst Touka neperuda npu temneparype 1., Tak Kak
MPOLIECC BbIACEHHS NEPBUUHLIX KPHCTANIOB A COMPOBOKIAAETCS BblAEICHHEM
Ter1a, KOTOPOe JIHLIb YaCTHYHO BO3MELIAET OTBOAHMOE TEIUIO M CKa3blBACTCA
TOJILKO B 3aMEJIEHHOM OXJIAXKAEHHH.

Janee npu temneparype T, kpuBasi OXnaxaeHna OyleT UMeTb FOPH30HTAIb-
HbII y4acTOK, MOCKOJbKY MPOLECC OJJHOBPEMEHHOTO BbIMAACHHS KPUCTAIIOB
A v B conpoBokaaeTcs BbIAENEHHEM TAKOTO KOJTHYECTBA Teria, KoTopoe Mo
HOCTbIO KOMITEHCHUPYET OTBOAMMOE Teruio. OXJlasKAeHHe CIlaBa HUKe TeMIle-
parypsl kpuctasuuzaunn dBTekTukH (T,) MPOUCXOAUT MO TAKOMY Ke 3aKOHY,
KaK W NpH OXJI@KAEHHH MUIKOro pacruiaBa, MOCKOJbKY 3TOT NPOLECC HE CO-
MIPOBOKIAETCS BhleAeHHEM Terna. ONHAKO HAKIIOH KPUBOH OXJaxAeHHs OyneT
OTIMYATHCS OT TAKOBOIO JUIS SKUIKOH (asbl BCleCTBHE OTAMYMS B 3HAYEHUAX
TETIOEMKOCTH ITHX (as.

Ha puc. 9.4 npencrasneHsl Hanbonee XapakTepHbIe KPHBbIE OXJIAXKIACHHS

T

SR N

te g
I Ned |Nes

O
f, MUHH A Ne3 ¢,% B

I e Y

Puc. 9.4. luarpamMma cocTosTHUS € IIPOCTOI IBTCKTUKOMN

psza CrulaBoB, N0 KOTOPLIM CTPOUTCS MarpaMmMa COCTOSHUSA aHHO CHCTEMBI.
Kpusas A coorserctByet oxjiakaeH o yuctoro komnoxenra A. Kpusbie 2 1 3
COOTBETCTBYIOT OXJIA/K/ICHHUIO JIO9BTEKTHUECKUX crutaBoB. Kpusas 4 orseuaer
OXJIQXK/IEHHIO CIIJ1aBa YMCTO IBTEKTHUECKOTO COCTaBA.

MUKpOCTPYKTYpa CIJIaBOB, COOTBETCTRYIOILAA MPUBEAEHHLIM KPHBbIM 0XJ1a-
AKIEHHA, CXeMaTHUECKHU MpeacTaBaeHa Ha puc. 9.5. Jlng Gonblueil HarsHOCTH
KpHCTabl KOMMoHeHTa A B crasax / u 2 H300pakeHbl ¢ YETKO OuepUeHHbIMU
rpaHsAMH (4TO CBUIETENILCTBYET O MAJIOM [IOBEPXHOCTHOM HATSHIKEHWM HA rpaHH-
Le pazaefia KpHCTaT — KHIAKOCTh B MOMEHT KPHCTAJIIIM3ALIMN), @ KpUCTabl B
B crulaBax 4 (3a3BTeKTHUHecKHii crisiaB) U 5 (YUCTbIIT KOMIOHEHT /) n3odpake-
Hbl C OKPYTTIEHHbIMH TPAHAMH (TAKOrO BHMIA KPHUCTAbl OTBEUAIOT 0OJbLIOMY
TOBEPXHOCTHOMY HATSHKEHHIO B MOMEHT KpHCTalin3aunn). MelkoaucnepeHas
cMech KpucTtauioB A W B, npeacrapisiollas IBTEKTHKY, H300pakeHa B BUIE
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KOPOTKHX LUTPHUXOB, HAMPABJICHHbLIX B PAa3HbIC CTOPOHbLI H OTBEHANLIHX COOT-
BETCTBCHHO KPpHCTAJIITHKAM KOMITOHEHTOB Awu B. U3 s1nx PHCYHKOB BHIHO, UTO

Nel Ne 4 Ne 5

P, =, 7777
I[”?’:/” 2

Puc. 9.5. Mukpoctpykrypa criiaror (/ —J5), COOTBETCTBYIOIMX KPUBBIM, H300paKeHHBIM
Ha puc. 9.4

M0 Mepe OXJIAK/EHHA CIUIABOB CHauala BbIMAAAl0T KPUCTAIILI YHCTHIX KOMITO-
HeHToR A i B (B 3aBHCHMOCTH OT COCTaBa CHCTEMbl), GeCrpernsTcTBEHHO
PacTyLLUMX IPH KPUCTAIM3ALUMHU U3 )KUIKOH (asbl, HACKILIIEHHON TEM WM UHbIM
KOMMOHEHTOM.

[Ipu HacTy MI€HUH IBTEKTHYECKOTO NPEBPALILEHHS HKHUIAKOCTb CTAHOBHTCS Ol
HOBPEMEHHO HacblleHHOH 06ouMu komnoHeHTamu. [Ipu kpHcTauu3aunm on-
HOI0 M3 HHUX B Kakoii-1100 Touke 00bemMa CHCTEMbl MPOUCXOAMT OdOralieHHe
OKPYKaIOILEro 3TOT KPHCTATMK 00beMa BTOPbIM KOMIMOHEHTOM. DTO co3/a-
eT OnaronpuaTHbIe YCIOBUs Ul 00pa30BaHMs 3apOo/bllia KPHCTALIAa BTOPOro
KOMIOHeHTa. Takum 00pa3zom, B HEMOCpeACTBEHHOMH OIM30CTH OT KPUCTAIITMKA
TIEPBOTO KOMIMOHEHTA MOABIAETCSA KPUCTAIITHK BTOPOTO, YTO MPENATCTBYET MX
JanbHeiweMy pocty. [TosBiseTcs MellkoMcnepeHas MexaHHueckas CMeCh ITHX
KPHCTaJIJIOB.

9.3. Cucrembl ¢ 00pa3oBaHHEM YCTOHYHBBIX XHMHYECKHX
coeTHHEeHHH

Ecnu KOMMOHEHTBI CHCTEMBI B /KHIKOM COCTOSHIH MOTHOCTLIO PACTBOPHMBI
APYT B APyTe, @ B TBEPAOM COCTOSTHHH COBEPLUEHHO HEPACTBOPUMbI, HO 00Pa3yIoT
XUMHUYECKOE COCIMHEHHE, CTOHKOE MpH BCEX TeMMepaTypax BrUlOTh A0 TOYKH
MIaBJIEHHS, TO BO3MOXKHbI 1Ba BAPHAHTA AHATPAMM COCTOSTHUSA.

Cucmema ¢ KOHZpyIHmMHOI MOYKON naasienua. TlycTb MKy KOMIIOHEH-
Tamu A 1 B TpoHcxoAnT XuMHYecKas peakiins

rA+yB = A,B,.

Ecmu xumnueckoe coennHenune A, B, ycToiluuBo npu Beex temneparypax,
BIUIOTb JI0 TOUKH MIIABJEHHS, TO B 3TOM CITy4ae roBOPST, YTO COCAMHEHHE HMEET
KOH2pysHmMHYI0 (COBMNAJAIOLILYHO M0 COCTABY) TOUKY MI1aBACHMUS.

B npocteiiwem cinyuae anarpaMma cOCTOSHHS TaKOH CHCTEMbl UMEET BMII,
MpeAcTaBieHHbII Ha puc. 9.6. DTa nuarpaMma npeactasiseT codol kak Obl 1Be
AMarpamMMmbl COCTOSHHSA € NPOCTOI 3BTeKTHKOH — A—A B, u A,B, —B. B neii
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HMEKOTCA IBEC IBTEKTHUYECCKHUX TOUKH

€1 U ey,

COOTBETCTBYHOLHE SBTCKTHUKAM.

JlvHuelt THKBHIYCA TOH CHCTEMbI SBAASTCS JIMHHSA aeq meab, THHUEH comuy-
ca— JIBe IBTEKTHUECKUE FOPU3OHTANN ce;d U feaq.
HauGonee npumeuare/bHOH TOUKOW HA TAKOro TUMA JuarpamMmax siBJseTcs

TOYKa 71n.

¢ TC’I /\ B,+ ’lHl IBT
! (A+AB)(R “AB,)
A +9B1 ' A B 98T '
(ATAB) 1(ATAB) :
el es!
A AB, ¢, % B
Puc. 9.6. [uarpamma cocrosiiiusg Cu-

CTEMBI, KOMIIOHCHTBL KOTOpOH 00pa3sy-
0T YCTOHUYHMBOC XHMHUYCCKOH COC/IMHCHHC

KOTOpas COOTBETCTBYET XHMHYCCKOMY

coennnHennio  A,B,.
Cuctema, oTseuatollas 3TOMy cocTa-
BY, BE/IET e Kak OTHOKOMMOHEHTHas
cucrema, MoITOMYy Ha KpPUBOMH oOxJsia-
KICHWS TPH TeMIlepaType miaaBleHHs
XUMHUYECKOTO COEIHHEHUA [MOABUTCA
TOPU3OHTaNbLHBIH Y4acTOK, Kak U B Ci1y-
yae KpHCTAUIH3aLUUKM YUCTOrO KOMIIO-
HeHTa. MakcuMyM Ha KpuBOH ITHK-
BUIYCA MOXET OblTb 3aKpyIEHHbIM
WITH OCTPbIM, 00pasys Tak Ha3bIBAEMYIO
cuneyisipuyto (0codyro) mouxy. Takoro
THIa MAKCHMYM OTBEUACT YaCTHUHOMY
pacnasy (aMccouMalnu) JaHHOTO XH-
MUYECKOr0 COEIUHEHHsA Ha COCTaBJis-
fomHe ero koMmnoueHtol. [lo creneHu
3aKpyJIEHHS MaKCUMyMa CyasT O cTe-
NEeHH JUCCOoUMaLUH XHMHUYECKOTO CO-

€AUHEHHA NIPH TJ1ABIEHUH.

Coenunenne A, B, obnanaer noBbILLEHHBIMH 3JIEKTPONPOBOAHOCTBIO, TBEP-
JIOCTBIO M XPYNKOCTBIO, TEMIIEPATYpa MaBleHHs €ro, Kak MpaBuIIo, BbILLE TeM-
Meparyp IaBleHUS COCTABISAIOLLMX €0 KOMIIOHEHTOB.

B psane cnyuaer B cucteme MOXKET 00pa3oBaTLCS HECKOJILKO TAKHX COEIH-
HEHWH, W IuarpamMMy COCTOSIHHA B 3TOM CJyuae MpeacTaBifioT COCTOSILLEH
W3 HECKOJIbKUX IMarpaMM COCTOSIHUS C TIPOCTOM IBTEKTHKOM.

Cucmema ¢ UHKOHZPYIHMHOI MOUKoil. B 5Tol cucTeMe XUMHYECKOe COo-
ennHeHue, odpasytolieecs U3 AByX KOMIIOHEHTOB, HE MOXKET ObITh pacriaBlie-
HO 0e3 pazpywenus. JIpyriumu cioBamu, XUHMHYECKOE COSIMHEHHE HACTOJIBLKO
HEYCTOHUYHBO MPU BbICOKMX TEMIEPATYpax, UTo 10 MJIaBleHHs HauWHACT AUCCO-
UMHPOBATh, pacnaiasch Ha OT/e/IbHblie ()parMeHTbI.

[MockonbKy Takoe XMMHYECKOE COeIMHEHHE HE MOXKET ObITh PacriaBieHo 0e3
MOJHO AMCCOLMALIMH, TO KpHBAs JIMKBH/yca HE HMEET MaKCHUMyMa, U Anarpam-
MY TAKOI'0 THIIA HA3bIBAKOT AHAIPAMMOM COCTOSIHHUA CO CKPbIINBIM MAKCUMYMOM.
Ha puc. 9.7 npencTasnen npocTeiiiuuii cnyyail Takoif 1narpaMmbi.

Jlunus aecf npencrasnset codoil MO TUKBUIYCca. [IpsaMele beg w cmd —
JUHUIO conuayca. [lpsamas beg sBiseTCS IBTEKTUUECKOI rOPU3OHTAlbLIO U CO-
OTBETCTBYET TEMMEPATYpe KPHCTAJUTH3ALHU IBTEKTHKH, COCTOSAILE! M3 XUMH-
yeckoro coeauHenns A.B, u komnonenta A. Ilpamas cmd Hocutr HasBaHue
RepUMexKmuyeckoll 20pU30HM Ay I JTHHHH pa3pyLeHHst XHMHUYECKOTO COeIH-
HEHHS U COOTBETCTBYET TEMIIEPATYPE pa3pyLUEHHI XUMHUUECKOTO COeMHEHHS.

Ecny sBTeKTHUECKAst CMECh ABJIAETCSA OTHOBPEMEHHO HACBILLEHHOI (JU1s1 naH-
HOI1 CHCTEMbI) KOMMOHEHTOM A M XHMHUECKHM coeanHeHHeM A B, cocrasbl
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KOTOpOFl nexar no odoe CTOPOHLI OT COCTaBa IBTEKTHUECKOM JKHIKOCTH, TO COCTa-
Bbl l'lepHTeKTHLIECKOﬁ KHUIKOCTH (B JAHAnasoHe KOHLleHTpalll’lﬁ MCKAY TOUKAMH

T
!

A,B c,%B

Puc. 9.7. Iluarpam.\ta IJTABKOCTH H KPHUBLIC OXJTAKACHHA CIIABOB € IIC'VC'IOﬁl[LleI\i XH=-
MHUYECCKHM COCAHHCHHEM

¢ M) OJIHOBPEMEHHO HACHILIEHbI K 110 OTHOLLIEHHIO K KPHCTAIAM KOMITOHEHTa
B, 1 mo oTHOMIEHHUIO K XHUMHYECKOMY coeanHeHuio A, By, HO cocTaBbl UX Jiexkar
MO ONHY CTOPOHY OT COCTaBa KHIKOCTH. DTO OOCTOATENLCTRBO HEJaeT HEeBO3-
MOKHbIM 0Opa3oBaHHE KPUCTAIUIOB OJHOTO THNA 0€3 PpacTBOPEHHS KPHCTAIOB
apyroro tuna. Hanpumep, obpa3osanue kpucramwios A,B, w3 xuakoctu co-
CTaBa «c» TPOHCXONT TIPH OAHOBPEMEHHOM PACTBOPEHMH B HEH KPHCTANJIOB
KoMrnoHeHTa I3, BbinaBiuero B TBepayto (asy paHee.

[Tycth pacnnar |, oTBeuarouiiii Mo coctaBy XHMHUYECKOMY COEAHHEHUIO
A, By, oxnaxnaerca. B Touke ¢; KHuKOCTb OyleT HacbllLEHA KOMIOHEHTOM
B, koTOpbIif HAYHET NMpU TAaHHOH TeMMepaType KpHCTaIM30BaThCA. DTa CTaa s
MOXKeT ObIThb TpecTaBlieHa B BUJIE

L™ B+ L(e — o).

3arem npu nocrtosaHHOI Temneparype 1), npon3oiiner pacTBOpeHHe KpHcTal-
noB B W oHOBpeMEHHOE BbljIE/IeHHE KPHCTAIIOB XHMHUYECKOrO COEIMHEHHS
A, B, no cxeme

TP
B+ L(c) — A.By.

Tax kak B critaBe / KOMINOHEHTbI A H B HAX0AATCs B CTEXHOMETPHUECKOM CO-
OTHOIIIEHHH, OTREYAIOIIEM XHMHUYECKOMY COEIMHEHHIO, TO npy Temnepatype 1),
CIUIaB HALENO MpeBpallaeTcs B KPUCTaLIbl XHMHUYECKOTO coeanHeHus. Takoit
NPOLIECC HA3bIBACTCA HEPUMEKMUYECKUM.

Ecnu paccMaTtpuBarth CrilaBbl, JIeXkKallle npapee opaAHHaThl. COOTBETCTBYIO-
e XUMUUYECKOMY COEeIMHEHHIO, TO KOMIIOHEHT B He MOYKET MOJHOCTHIO BOITH
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B COCTAB 3TOI0 COEAHHEHHUS (TaK KAK KOMITOHEHT A OKaXKETCS CBS3AHHbIM PaHb-
e, YeM H3pacxodyeTcst Bech KOMMOHEeHT B), u n3dbiTok TBepaoro B Boiiger
B CTPYKTYpYy TBEPLOIro COCTOSHMA B BUAE OTAebHOI (asbl. Takum obpazom,
KpHCTau3auus criasa 2 nolaer no cjaeaylomum craauam:

To—T,
L 25" B+ L(ca — ¢),

B+ L(c) 2 A,B, + B (36simok).

Ecnn xe koHueHTpauust koMnoHeHra B B crulaBe meHsblue, uem Tpelyercs
JUisl 00pa3oBaHHsA XUMHYECKOTO COeAMHEHHs (Touka 3 JICXKHT JIeBEe OPAHHATSI
A;B,), To B cruiaBe nociie NepUTEKTHUECKOTo NPeBPaLLEHHsA OKaKeTCs B H30bIT-
K€ JKHUIKOCTh COCTaBa «c». HO MOCKOBKY 3Ta JKHIKOCTh SIRJSCTCS HACKIILEHHOH
10 OTHOLLEHUIO K KPUCTAIAM XMMUUYECKOI0 COeAIMHEH s, TO ajibHelillee oXJa-
KJIEHHE BbI3bIBACT BbIMAACHHE ITHX KPUCTAJUIOB. HO B OTIHYHE OT NEPHTEKTH-
YECKOro MpeBpalleHHs COCTAB KHIKOCTH HE BOCCTAHABIMBAETCS 3 CUET PACTBO-
pEeHUsT KPUCTAJIOB KOMIOHeHTa B, a oforaiieHue JKUIKOCTU OCYIECTBISAETCS
3a cueT KoMnoHeHTa A. [T03TOMY KHAKOCTh JOCTHraeT IBTEKTHUYECKOTO coCTa-
Ba. MPH KOTOPOM OHA OJHOBPEMEHHO HACbILLEHA H XHMHUECKHM COEIHHEHHEM,
M YUCTbIM KOMIMOHEHTOM A. 3/1€Ch HMEETCA YEThIPEe CTAUH KPUCTATH3ALHH

L™ By (e —o),
T,
B+ L(¢) — A.B, + L (u36biTOK),
T,~T.
L 255" A.B, +L(c—e),
L(e) LN 3BT.(A; By + A).

Takum obpa3zom, B cTpyKType cruiaBa 3 OyayT HAXOIUTCS MEPBHUHbIE KPHU-
CTaJTbl XHMHUYECKOTO COEIMHEHNS, OKPYKEHHbIE IBTEKTHKOH (A, B, +A).

B 1BYXKOMIOHEHTHBIX CHCTEMAX [0BOJLHO YACTO BCTPEUAKOTCH HECKOIb-
KO XMMHUYECKHX COEIMHEHHH, OTHH U3 KOTOPhIX HMEIOT KOHTPYIHTHYIO, a Ipy-
rue MHKOHIPYIHTHYIO TOUKW MnasneHus. Hanpumep, B cucteme MgCl, —HoO
obpasyeTcs nATh KPHUCTAIJIOTHAPATOR, O/IHAKO TOJLKO OAWH M3 HHUX TUIABUTCS
KOHIPYIHTHO.

9.4. /InarpaMmbl COCTOSIHHS € I10JTHOI PACTBOPHMOCTBHIO
B JKH/IKOI1 (ase, M0THOIT H OTPAHHYEHHOH
PACTBOPHMOCTLIO B TBeP/10ii (hase

Boinenstolascs u3 pacrnnasa TBepaas (pasa BecbMa 4acTo He NpeacTaBiser
c000If KPHCTAITOB YHCTOTO KOMITOHEHTA WM XHMHUYECKOTO COCMHEHHS, a CO-
CTOMT U3 JIByX WM 0osiee KOMIOHEHTOB, OJHOBPEMEHHO YYaCTBYIOLIUX B 00-
pa3oBaHMK KpHUCTallla U paBHOMEPHO pacrpenesiouxcs B Hem. [lonoOuble
00pa30BaHMs HA3bIBAIOTCA CMEIIAHHBIMH KPHCTAIIAMU WITH meepdvlMu pac-
meopamu.
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[pu kpucTannuzaumy MoryT o0pa3oBbIBATHCA TBEP/bIE PACTBOPbI JABYX TH-
MOB: TBEP/bIE PACTBOPLI, MPH KPUCTATIU3ALMH KOTOPhIX aTOMbI MM MOJIEKYIThI
pacTBOPAEMOro BELECTBA Pa3MELLAOTCA B IyCTbIX MECTAX PELUETKH pacTBOPU-
TENs MEKY €€ Y3IaMu (pacmeopul 6HedpeHst), U TBEPIbIE PACTBOPLI, B KOTOPBIX
aTOMbl WJIH MOJIEKYJIbl paCTBOPSAEMOrO BEILECTBA PacnoyiaratoTcs B y3/ax Kpu-
CTaJIJIMUECKOH PELIETKH PACTBOPUTES (pacmeopel 3avel eniis).

TBepabie pacTBOPbI BHEAPEHHA MOIYT ObITh 00Pa30BaHbI JIHLLIb B TOM CIIy4ae,
KOTJia pa3Mepbl aTOMOB HIIH MOJIEKYJT PAaCTBOPAIOIIETOCSA BEIECTRA MYTEM BHE-
JAPEHHS KOMMOHEHTa HeBeAUKH. OObIYHO B METAJUTHYECKHX CJjaBax AHaMeTp
aToMa pacTBOPSEMOro KOMIOHEHTa He osbkeH npesbituats 0, 6 nuamerpa atoma
OCHOBHOTO MeTasa. [lo Mepe HakoruieHHs BHEAPAEMOro BEIIECTBA YCTOHY M-
BOCTb PELUETKH PACTBOPHTENSl YMEHbLUIACTCS, 1109TOMY KOHLEHTPALHsA pacTBo-
PSAEMOTO BELIECTRBA HE MOKET ObITh BbILLE HEKOTOPOTO Mpeea, T. €. HMEET MeCTO
O2PAHUYECHHAS! PACMBOPUMOCING.

s 0OpazoBaHusi paCTBOPOB 3aMEILEHHS BECbMA BAJKHO, YTOOBI CTPYKTYPbI
3aMEelLAIoLEro U 3aMelliaeMoro KOMMOHEHTOB ObUTH CXOKH U UTOObI pPaauychl
aToMOB (MOJIEKYJl, HOHOB) HE CHJLHO pa3iuyaiuch. [IpH 3THX yCNOBHAX 3a-
MELIEHHE HE BbI3bIBAET HAMPSIKEHUH B PELIETKe KPUCTAIJIMUECKOro pacTBopa,
U TBEP/IbI€ PACTBOPBI MOTYT OKa3aTbCsl YCTOHUHBLIMU MPH JI000M COCTaBe.

Jluarpamma COCTOSIHHA IBYXKOMMOHEHTHOH CHCTEMbI, B KOTOPOH npu 3a-
TBEPAEBAHUH pacriiaBa 00pa3yeTcs paciuiaBa HeMpepbiBHbIH PsL TBEpAbIX pac-
TBOPOB, NokazaHa puc. 9.8.

Jlunus TaabT'y npencrasnsier juHUIO JukBuayca, auuus I'gedTy — nu-
HUIO conuayca. O6nacTh MeXIY JTHHUAMH JIMKBUIYCa W CONMayca — obnacTh

T

T P=const

7 A B

Puc. 9.8. Jluarpavma cocrosius ¥ KpUBas OXJIQkK/IEIHS CIIJIABOB CHCTEMbI ¢ oOpa3opa-
HHEM HEMPEPBLIBHOIO Psaa TBEPALIX PACTBOPOB

NBYX(hA3HOrO PABHOBECHS KUIKOCTH M KPHCTA/UIOB TBEpAOTo pactropa. [Ipo-
LecC KPUCTAMTU3aLHK JI000T0 criaBa (He YMCThIX KOMIIOHEHTOR) MOXET ObITh
MPEICTABIIEH MO MPHHATON CXeMe 3anicH B BUAES

L =1 o (repasiit pactrop) (c — d) + L(a — b).

[To Mepe U3MeHEHHS! KOHLEHTPALH XKHAKOH (asbl ¢ NOHKEHHEM Temrepa-
TYPbI KOITHUECTBO ITOH (ha3bl yMEHbLIACTCS, H KOI1a OPJMHATA CIJ1aBa lepeceyer
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JIMHUIO conuayca, To xuakas dasza cocrapa d Mcue3aeT MoHOCTbIO, a CILIaB Lie-
JTUKOM TMEPEXOANT B TBEpAOE cOocTOsHHE. OTMETHM, YTO XUMHYECKHI COCTaB
BBIIAJAIOLMX KPUCTAJIOB TBEPAOIO pacTBOpa HEOJHOPOIEH 110 OTHOCUTEIb-
HOMY COJIEpPKAHHIO KOMNOHEHTOB A M B, Tak kak npu kaxnoi 6onee HU3KOH
TeMreparype BblMaatoLHe HOBbIE MOPLMHK TBEP/Oi (ha3bl HAXOAATCS B PABHO-
BECHH ¢ JKUAKOI (a3oi, oTaHyaonecs no cBoeMy COCTARY OT MPeblLylieH.

Jluarpamma COCTOSIHHSI CHCTEMbI, B KOTOPOH 00a KOMIOHEHTA MMOJHOCTbIO
pacTBOpuUMbI B KHAKOH (paze m oOmanaloT orpaHHYEHHOH PacTBOPHMOCTbHIO
B TBepAOii (hase, npuseneHa Ha puc. 9.9.

B cucremax noso0HOro THNa aToMbl KOMIIOHEHTa B paBHOMepHO pacnpene-
JISIIOTCS B KPUCTAJUTHYECKOH peleTke pacTBOPUTENS A, W CTPYKTYpa CIIaBoB

P=const

Ty

|
|
1
-

B

Puc. 9.9. lnarpavma COCTOSIHHS M KPHBBIC OXJIAZKICHHS CTIJIABOB CHCTEMEI C OTPaHHYCH-
HOH pacTBOPHUMOCTLIO B TBEPIOM COCTOSHHH H H3MEHEHUEM PACTBOPHMOCTH € TeMIIEpa-
TYPOH

B TBEP/IOM COCTOSIHWMM NpeacTasiseT co0oil 0AHOpOAHbIH TBepAblil pacTBOp B
B A (v — TBepablii pacTBop). JIMHUA ac aBnsercs JuHUel npeaesbHOi pacTBo-
puMoCTH 1715t -TBepaoro pactBopa. C aApyroii CTOPOHBI, €Ciii K KOMMOHEHTY B
N00aBNIATH KOMIOHEHT A, TO 0Opasyercst OAHOPO/IHbIH TBepabIi pacTBop A B B
(HazoBem ero S-Teepablii pacTBop). JIunua hd nuarpaMmbl — JIMHUS Mpeaeb-
HOI1 pacTBOpHMOCTH st 3-TBepaoro pactBopa. Jiuuus Taels — miHusA IHK-
Buayca, muHus TaacdTy — nunua conunyca. [pamas aeb — dBTEKTHUYECKAS
ropuzoHTaib. [1pu temneparype T, *®HAKOCTb COCTABA € ABISETCS HACHILLEHHOMH
MO0 OTHOWIEHHIO K (v- W S-TBEP/bIM PACTBOPAM COOTBETCTBEHHO COCTABOB @  b.

Kpucrannusaums 109BTeKTHYECKOTO crilapa / (ToUKa a Ha narpaMme) 1 3a-
IRTEKTHUECKOTO (TOUKa b) HUUEM He OTIHYaeTCs OT KPUCTATH3aLMH CIUIaBOB
C HEOrpaHWYEHHOH PacTBOPUMOCTBIO B TBEPIOM COCTOSTHUU. A BOT KpUCTANIU-
3auus cniasa 2 peajsyercs B IBE CTa/MH:

LB a3 —a)+LB—¢) u L(e) ™ ala) + ().
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B stoMm cityuae npu aBTeKTHYECKOI Temnepartype xuakas (aza cTaHOBHUTCS
HACBHIILEHHOI KaK MO OTHOILIEHHIO K Q-KPHCTaJIaM, TaK H M0 OTHOIIEHHIO K KOM-
MOHEHTY B, KOTOpbIi, KpUCTAIUIU3YACh, PACTBOPAET B CBOCH PELIETKE KAKOe-TO
KOJIMYECTBO KOMMOHEHTa A, 0Opasys TBepniii pacTsop /3.

B GonblunHeTBE cilyvaes, 04HAKO, paCTBOPUMOCTh BELIECTB B TBEPAOM CO-
CTOSIHHHM MEHSETCs ¢ H3MEHEHHEM TeMnepaTypsl. [103TOMy Ha auarpamMmax Tako-
ro Buaa BMecTo Beprukaieii ac’ u bd’ nossatcs kpusbie ac v bd, ykasslsaroiime
Ha YMEHbILIEHHE PACTBOPHUMOCTH Kak KOMIOHeHTa B B perieTke A, Tak 1 KOMHO-
HeHTa A B peiueTke B. OTauuusa B KpHUBbIX OXJaxaeHHs (Hanpumep, criiasa /
Ha puc. 9.9 u cninasa / Ha puc. 9.8) npakTuuecku He HabIOIAeTCs, TAK KaK Npo-
LECChl YMEHbILIEHHS PaCTBOPHMOCTH BEILECTB B TBEPIBIX PACTBOPAX CBA3AHbI
¢ ndysueii, rennooii addexT KOTOPOIi HE3HAUHTENEH.

CucTeMbl, UMEIOIINE PACCMOTPEHHBIH THM AHArpaMM COCTOSTHHSA, OYEHb
MHorouucsiennsl. Cpean Hux MoxHo Haszsatb Zn—Cd, Cu—Ag, Cr—Ni,
Sn—Pb u ap.

9.5. TpexkoMIIOHEHTHBbIE CHCTEMbI

Ha NMPaKTUKE, Hapsdy € ABY XKOMIIOHEHTHBIMH CUCTEMAMH, 1aCTO MPHXOANT-
Cs UMETh JICJIO € CUCTEMAMH, COCTABJICHHBIMH U3 TPEX KOMITOHEHTOB.

ypﬂBHeHHe COCTOAHHUA TAKHUX CHCTEM CBA3bIBACT MEWKIY co00ii nsATh napa-
METPOB U UMECT cnej:[y}omnﬁ BHI:

f(.'l?l, T2, I3, P, T) = 0.

Otclona clieayer, UTO YpaBHEHHE COCTOSHHSA TAKUX CHCTEM HE MOXKET ObITh
0TOOpakeHO Ha MJIOCKOCTH 6e3 KaknX-1nubo orpanuveHnii. OObIMHO CUMTAIOT
JIABJIEHUE HAJ CUCTEMOI MOCTOAHHBIM, M ITO JA€T BO3MOXKHOCTb IOCTPOUTD
MPOCTPAHCTBEHHYIO IHArpamMMy, H300paKatoLLy0 CBA3b MEKIY KOHLEHTpAIHs-
MU KOMIOHEHTOB U Temnepary poii. J[uis 9Toii nefn npuderaroT K Tak HazblBaeMo-
MY KOHYCHMPAYUOHHOMY MPEY2OTbHUKY, HA TNIOCKOCTh KOTOPOTO MPOELHPYOT
JUHUK (ha3zoBbIX MpeBpaieHHi.

W3 reomeTpun M3BECTHO, YTO JIHO0OH PAaBHOCTOPOHHHIT TPEYTroJbHUK 00J1a-
JIAET CNefYIOUMMHI CBOHCTBAMM: @) CyMMa MEPreHANKYIAPOB, OMYIIEHHbIX U3
JO0O0H TOUKH TPEYroibHHKA Ha €ro CTOPOHbI, PaBHA €ro BbicoTe; 0) cymMa OT-
PE3KOB MPSMBIX. MapaiedbHBIX CTOPOHAM TPEYTONbHIKA U MPOBENACHHBIX Uepe3
00YH0 TOUKY BHYTPH TPEYTOJIbHHKA, paBHA CTOPOHE TPEYTroJibHUKA. DTH CBOI-
CTBa pAaBHOCTOPOHHErO TPEYroibHHUKA UCTOJTL3YOTCS S ONpeaesieHHs COCTaBa
TPOIHOrO criasa.

Ecnu npuHATL BhICOTY TpeyronasHnka 3a 100 % BecoBoro kosivyecTBa crjaga,
TO BEJMYHMHA NEePHEeHAHKYIAPa, OMYLIEHHOTO U3 TOUKH, COOTBETCTBYIOLLEH naH-
HOMY CII1aBy, Ha CTOPOHY, MPOTUBOJIEIKALLY O KAKOMY-JIHO0 KOMITOHEHTY, OyaeT
BbIPAXaTb MPOLEHTHOE KOJIMYECTBO ITOTO KOMINOHEHTa (Memood [uboca).

Ecin 3a 100% BecoBoro kosimuectsa TOro WM MHOrO TPOIHOro criiasa
MPUHATL OIHY M3 CTOPOH TPeyroibHHUKa, TO MoJjiaras, YTo COCTaBbl, OTBEYAO-
1K€ YMCTbIM KOMIIOHEHTAaM, COOTBETCTBYIOT BEPLUMHAM TPEYTO/bHHKA, BECOBbIE
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OPOLEHTHI OyAyT ONpPEeNe/IATbCA OTPe3KaMH JIMHHIA, napajulellbHblX CTOPOHAM
TpeyrojbHHUKa W MPOTHUBOJIEIKAILMX JAHHBIM KOMMOHEHTaM (wemod Poszebova).

Bakneiilumu ¢BOHCTBAMM KOHLEHTPALMOHHOIO TPEYTO/lbHUKA ABIAIOTCS
CNeyIOIIHe.

1. BeplumHbl TPEyrojibHHKA COOTBETCTBYIOT YHCTBIM KOMIOHEHTaM.

2. Toukwn, Nexanine Ha CTOPOHAX TPEyroyibHHUKA, H300pakaloT COCTaB ABYX-
KOMTMOHEHTHbIX CIJIaBOB.

3. Toukwu, nexalne BHyTPU TPEyrofbHUKa, W300pakaloT coOCTaB TPEXKOM-
MOHEHTHBIX CIIABOB.

4. Toukn, nexanine Ha NpAMOH, MapasienbHOI CTOpoHe TpeyroabHUKa, H30-
OparkatoT Cr1aBbl C TOCTOSHHBIM CO/IEP)KAHHEM KOMIIOHEHTA, IPOTHBOIE-
/KalEro JaHHOM CTopoHe.

5. Toukw, nexaiiue Ha OPAMOM, BBIXOAALLEH H3 BEpPLUMHBI TPEYTrOJbHUKA,
H300pakatoT CrlaBbl ¢ MOCTOAHHBIM COOTHOILEHHEM COAEPKAHUSA KOMIO-
HEHTOB, H300paxKaeMbIX ABYMs APYHMH BEPLUMHAMMU.

[TpoBoas paznuyHBIe CeueHKs MPOCTPAHCTBEHHON TnarpaMMel 1 OTKIIa1bI-
Basi MX M300pakeHHs Ha I110CKOCTb KOHUEHTPALMOHHOIO TPeY rojibHUKa, NPOBO-
JAT aHaTK3 (azoBOro COCTOAHHA TPEXKOMIMOHEHTHBIX CHCTEM.

Hzomepymuyeckumu paspezayu nuarpaMMbl COCTOSIHUA Ha3blBAKOT H300pa-
JKEHUA IHAarpaMm B CEUYEHHH MIOCKOCTHIO, MapaijiebHON MIOCKOCTH KOHLIEH-
TPALHOHHOTO TPEYrOJIbHHUKA.

Honumepyiuyeckuyu paspesavu Ha3bIBaOT N300pakKeHUs AHarpaMm B ceve-
HUW TUTOCKOCTBIO, MEPHEHANKYJIAPHON K MIOCKOCTH KOHLUEHTPALIMOHHOTO Tpe-
YrOJIbHHKA.

JInga nojgHoro MpeacTaBieHnus O AHarpaMMe COCTOAHUS TPEXKOMITOHEHTHOM
cucTeMbl HEOOXOIMMO MOCTPOUTD HECKOIbKO H30TEPMHUECKHX H HECKOBKO 10-
JIUTEPMHYECKHUX Pa3pe30B, KOJIMUECTBO KOTOPBIX 3aBHCHT OT CTEMEHHU CIIOAKHO-
CTH UCCJIEAYEMOIl CUCTEMBL.
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MpbI IPUBBIKIH MOAPA3AENATH arperaTHble COCTOAHKA BEILECTB HA TPH BUA!
TBEpAOE, XKHAKOEe M razoo0pasHoe coctosiHne. OQHAKO ITO HE BIOJIHE BEPHO.
B uacTHOCTH, HEKOTOpPBIE OpraHHYECKHe Mmarepualibl MEPexoasT U3 TBEPIOro
COCTOSIHHS B JKH/KO€, UCIIbITHIBAS Psi/Jl NEPEX0I0B, BKIOUAIOWMX 00pa3oBaHHe
HOBOH (pa3bl, KOTOPYIO HA3bIBAIOT KUIAKOKPHCTATHUECKUM COCTOSIHUEM (oicuo-
rum kpucmarios — KK).

W3yuenne u npumenenue XK npeactasiseT oquH U3 CTPEMHTENILHO pa3By-
BAIOLUHXCS Pa3/e/ioB cOBpeMeHHOMH Hay k. OHaKoO, K COKANeHHIO, OH He OrucaH
B yueOHMKaX W yueOHbIX MOCOOHAX Mo (PH3NIECKOl XHMHH, XOTA YCTAaHOBJIEHHE
3aKOHOMEPHOCTEH CBSI3M MEXKLY ME30reHHbIMM CBOHCTBAMU BELECTB M MX MO-
JIEKYAAPHBIMH XapaKTEPUCTUKAMU ABIAETCS YHCTO (PH3HKO-XHMHUUECKOIT 3amaveii.

OTcyTeTBHE MPEACTABNEHHIT 0 PH3HMKO-XUMUYECKHX CBOHCTBAX ITHX Me30-
(azHbix 00pazoBaHWil HECOMHEHHO OTPAHMYMBACT KPYT HHTEPECOB OyayIuX
crietanicToB. [ToatoMy B pa3nen ¢pa3oBbIX MpeBpallieHni BBeICHO H3yUeHHe
HKHIKOKPHCTAILTMYECKOTO COCTOSIHUS, KOTOPOMY YIEJIEHO HECKOJIbKO Oolibliee
BHHMaHHE MO CPABHEHHIO ¢ IPYTHMH (pa3OBBIMH COCTOSTHHSIMH.

Brepsoie oOpa3oBaHne HOBOIT HeoObIUHOI (a3l ObIIO 3amMeueHo aBCTpHii-
ckuM Gotanukom Peiinuruepom B 1888 r, korna oH onpenensn cBoiicTBa mo-
JIyY€HHOTO UM HOBOTO OPraHH4ecKoro BelecTsa — xonecrepuidensoara. Hs-
Mepsis TeMIepaTypy MUIaBIeHHs, OH 3aMETHJI, YTO BELUECTBO MIABHTCSA B /1BE
CTamHH: cHauama o6pa3yeTcst MyTHBII paciiias, a falibHeliliee NnoBbileHUe TeM-
nepaTypbl NPEBPALIAET ITOT PACIUIaB B MPO3pauHYy0 XKHIKOCTh. PelnB, uTo 3o
cMech IBYX BellecTs, PeliHHTLEp OTrpaBuil CBOE BELLECTBO HEMELIKOMY (BH3HKY-
kpucramtorpady Jlemany. Mcenenys ontHueckue cBoiicTBa MPHUCIAHHOIO eMy
Belectsa, Jleman oOHapy M1, YTO ITO COBEPLIEHHO YHCTOE BELLECTBO, HO OHO
MW HArpeBaHUH MEPEXOIUT W3 KPHCTAJUTHUECKOH (ha3bl B JKHIKYIO Hepe3 npo-
MEXKYTOUHYIO ()OpMY € aHU30TPOIHBIMU ONTHYECKUMHU cBOlcTBaMH. HMHTepsan
3TOTO Tepexosa Obi 10CTaTOMHO BeTHK M cocTaBui 34 °C.

Bckope okazanoch, 4To XosecTepuiadeH30aT He y HHKalbHOE BelliecTBo. beiio
HaliIeHO ellle MHOrO TakMX e BellecTB. JleMaH npeanoku 1ath HM Ha3BaHHE
KUAKUE KPUCTAIIbI, @ caMy aHM30TpOMNHyo (pasy Haseath Me3o(aszoii (0T rpe-
YECKOIo CJI0BA «ME30C» — MPOMEKYTOUHBIIT).

Honroe Bpems xuakue kpuctanisl (KK) octaBanics sk30THUECKMMU 00bEK-
TaMM HeelieaoBaHH i (PU3MKOB M XUMUKOB, HO B 1963 1. cutyauus pe3ko n3MeHU-
nack. B CIIA 6wt 3anatentoBaH meton peructpaunn MK- u CBU-nznyuennit
C TMOMOLUBIO TOHKOH IUIEHKH JKHIKOrO KpHCTaslja, KOTOPbI M3MEHs LBET ¢
HarpeBaHWeM. DTOT METO/ MO3BOJHII OPraHH30BaTh MPOW3BOACTBO HALEKHBIX
Y YKOHOMUYHBIX LU(POBBIX U OYKBEHHbIX HHAMKATOPOB, OCHOBAHHBIX HA TOM,
YTO TOHKHIT CNOI KMAKOTO KpHUCTAIA MOMELIAETCA B COOTBETCTBYHOLLYHO ILIOC-
Ky10 fiueliky ¢ Mpo3payHbIMK 2J1€KTPOLAMH.

Ion BnustHUEM MEKTPHUECKOTO OIS, TIONAaBAEMOro Ha yekTponsl, KK n3-
MEHSIET CBOI LIBET W TeM caMbIM Bbi3biBaeT HHaMKaluto. C atux nop JKK Haxonsr
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BCE HOBBIE M 3aUACTYH HEOXKHIAHHbIE MPAKTHUECKHE NPUMEHEHUSA, HANPUMEP
B Fa30/KHIKOCTHOH Xpomarorpaduu B kauecTse HeMoABHAHOMH (a3bl; B kauecTse
cpesbl 171 PAAMOCHEKTPOCKOMN A5 U3yUSHUS] KUHETUKHM U MEXAHM3Ma HEKO-
TOPBIX peakiyii, mpoTekalouX B Me30Mop(HOIi cpere B kauecTBe MOLYIATOPOB
n3syueHus u ap. B nocneanee Bpems ycraHosieHo, 4to XKK nmeror dosbluoe
3HAYEHHEe /14 pelieHns (yHIaMEeHTaNbHBIX MpodiemM B OHONOTHH.

Llenrpansroii npodnemoii xumun KK aBnserca ycraHOBlIEHHE CBA3H MEX-
Jly XapakTepHCTHKaMH MOJIEKYJ W Me30(a3HbIX CBOICTB BellecTB. DTy CBA3b
MbITAIOTCS YCTAHOBUTD, IPOBO/S TEPMOAMHAMHUECKHE MCCIIEI0BAHHS, @ TAKOKe
nzyuas KK metonamu MONEKYIAPHOI CTaTHCTHKH.

Knaccugpurkanua KK. Tlo ceonm 00uinm cBoiicteam JKK MoxkHO pasnenutsb
Ha nBe Oonblune rpynmnel: 1) mepmomponnoie JKK, obpasyrolmecs B pe3ybrare
HarpeBaHUs TBEPAOrO BELIECTBA H CYLIECTBYIOLLHE B ONPEAEIEHHOM HHTEpBae
Temreparyp  aanenuil; 2) suomponnvie KK, KoTopble npeactaBasior coboii
JIBYX- W1 MHOTOKOMIIOHEHTHbIE CUCTEMbl, 00Pa3yIOLLHECs B CMECAX CTEPIKHE-
BHJIHBIX MOJICKYJT JAHHOTO BEIECTBA W BOJbI (MM APYTHX MOJIAPHBIX PacTBO-
pureneit). DTH CTEPKHEBUIHbIE MOJICKYJIbI MMEIOT HA OHOM KOHLIE NOJIAPHYIO
rpynmy (KoTopasi Jake MOXKET AHCCOLMHPOBATH), @ 6OMbIIas 4acTh CTEPKHS
npeacrasageT coboil rudkyto ruapopoOHyO yIIeBOIOPOIHYIO LieNb. Takue Be-
1LeCTBA HA3BIBAIOTCH avpugpuravu («aMpu» — MO rPeueckH 03HAYAET «C IBYX
KOHLIOBY, «C JIBYX CTOPOH» WITH ABYX THMOB, «(umnocy — modsumii, 6naropac-
nonoxeHHsbli). [pumepom ampuduios MoryT ciyxkuth Gocdonunuibl.

AmpudunbHble MOJEKYIIbl, KaK NPaBUIO, TIIOXO pacTBOPSIOTCS B BOAE,
CKJIOHHBI 00Pa30BbIBaTH arperatsl TakMM 00pa3oM, UTO MX MOJSPHBIE MPYIIbI
Ha rpaHuLe pa3zena a3 nosy4aroT HarpasiaeHHe B CTOPOHY BOJbL. TTpn HU3KHX
TeMIepaTypax cMeLleH e xK1aKoro aMmpuduia ¢ Boaoi NPUBOLUT K PacCIOEHHIO
chcTembl Ha 1Be (azbl — xuakuii ampudnia ¢ HeOOMBIIUMHU KOTHUECTBAMHU pac-
TBOPEHHOIH B HEM BOAbl H BOaa ¢ ampuduiom.

OaHuM U3 BapuaHToB aM(pH(HIOB CO CIOKHONH CTPYKTYPOH MOKET Clly-
JKUTh CHCTEMA MbLI0—Boaa. 3nech umeerca anuparnuecknii anmon CHsz —
(CH32);,—2—COJ (roe n umeet BenuuuHy ~ 12—20) 1 NONOKUTENbHbIH HOH
Nat, K+, NH] u ap. llonsapuas rpynna CO, CTPeMUTCS K TECHOMY KOHTAaKTy
C MoJsieKyJaMH BOJbl, TOTAAa Kak HenojsipHas rpynna (ampuduibHas Lernb)
n3beraeT KOHTAKTa ¢ BOJIOMH. DTO ABIECHUE THITHYHO 118 ampHuduiIoB. Xapak-
TEPHbIE CXEMbI POCTPAHCTBEHHOTO PACNONOKEHH aM(pUPHIOB NPHUBEAEHbI
Ha puc. 10.1.

TepmoTtponubie xuakne kpuctanisl (T/KK) pasnenstores Ha Tpu O0bIINX
Knacca.

1. Hevamuueckue acuorkue kpucmanier (HXKK). DTH kpucTansbl He HMEIOT
CJIOMCTOH CTPYKTYPbI; X MOJIEKY./Ibl CKOJIB3SIT HENPEPbLIBHO B HANPABJIECHHH CBO-
WX ATHHHBIX OCeii, Bpallasch BOKPYT HHX, HO MIPH 9TOM COXPAHSIOT OPHEHTALH-
OHHBbII NOPALOK: AJHHHbIE OCH HANPABJEHbI BAOJIb OZIHOTO MPEUMYLLIECTBEHHOTO
HanpasneHusa. B pacnonoxenun nentpos taxectn HXKK otcyTerByeT nanbHuii
MOPAROK, OHU BeyT ceds Mo100HO 0ObIYHBIM KHIAKOCTAM (HanpHmep, BAZKOCTb
u rexyqectb HJKK cpaBHUMBI ¢ TAKOBBIMU B OObIMHBIX HKHAKOCTSIX ).
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Puc. 10.1. Crpykrypa paszinuubiXx GOpM KHAKHX KPHCTANIOB: ¢ — HEMaTHUeCKas:
6 — XO0JICCTePUYCCKAs: 6 — CMCKTHUCCKASL @ — CKOLUCHHAA CMCKTHYCCKAs; O — CMeK-
THYUCCKAS ¢ ABOHHBIMH CBI3SIMH: ¢ — CMCKTHUCCKAs! € TMOISPHBIM MOPSAKOM

Hemarnueckue (pazbl BCTPEUAOTCS TONBKO Y TAKMX MOJIEKYJl, Y KOTOPbIX rpaBas
u neBas GOpMbl HEPA3NIUUHUMBbI, T.€. Y TOMHAECTBEHHbIX CBOEMY 3€pPKATbHOMY
H300paXKEHHIO MOEKYT (aXHPAJIbHOCTD).

2. Cuexmuueckue dcuoxue kpucmarior (CKK) MMeOT cnouctyio cTpyk-
Typy. ClloM MOTYT TNepeMellaTbesi OTHOCHTENbHO ApYT apyra. ToJliHHa CMeK-
THYECKOTO €O OMpeAeNfAeTcs JIHHON MOoNeKys (NperuMyIeCcTBEHHO AIUHOI
napagHOBOro XBOCTA, KOTOPbIH MOMKET IJ1aBUThCS, ONpPEesss cCrocoOHOCTh
K MepeMEILIEHHIO CITOEB OTHOCHTELHO APYT Apyra). OIHAKO BA3ZKOCTh CMEKTHKOB
3HAYMTEILHO BbILIE, YEM HEMATHKOB, W MJIOTHOCTh 110 HOPMAJIH K OBEPXHOCTH
CJI0Si MOXKET CHIIBHO MEHATHCSA. ECau Monekysbl clos HampaBJieHbl MeprneHIn-
KYJIIPHO K TIOCKOCTH CJI0s, TO 9TH KPUCTaMIbl OTHOCAT K Tuny A. Eciu onu
00pasytoT HEKOTOPKIH YoM K MIOCKOCTH CJI0s, TO X OTHOCAT K Tiny B, C' u T. 1.
Ecnn kakoe-nudo BelecTBO MOKET CyLIECTBOBATh BO Beex Tpex (hazax, To no-
CJIeI0BaTeIbHOCTD UX MOABIEHUSA TPH BO3PACTAHNHH TEMIIEpaTyphbl TAKOBA: TBEP-
nas ¢paza - B — C' — A, Tunuuusim sensercs tepedran-ouc-(n-06ytuianu-
auH) (TBBA).

3. Xonecmepuueckue ocuoxue kpucmanrer (Ch) o0pa3yroTcs B OCHOBHOM
COEIMHEHUAMH XOJIECTEPHHA U APYTHX CTEPOHAOB. DTO, B MPUHLMIE, HEMATH-
yeckne KK, HO HX JUTHHHBIE OCH TTOBEPHY Tl OTHOCHTELHO IPYT Ipyra TaK, uTo
00pa3yroT cupasu, O4eHb UyBCTBUTEbHbBIE K H3MEHEHHIO TeMIIepaTy pbl BCIe-
CTBHE 4pe3BbIUaifHO Maloi dHeprud odpa3zoBaHUs HTOH CTPYKTYphl (Mopsaka
0,01 x/monb). Ecau war cnvpanu COBNaaaeT ¢ AJIMHON BOJIHbI MaAaloLIEro
CBeTa, TO B BUANMOIi 001acTh cnekTpa BO3HHKAET CHbHOE OperroBckoe oTpa-
KEHHe.

Xosectepukn OObIMHO SPKO OKpall€Hbl; Maleiilee H3MEHEeHHe Temnepa-
TYpbI (10 TBICSUHBIX HOJe rpajyca) NPUBOAWT K M3MEHEHHIO Liara criupain
u u3MeHeHHto oxpackn JKK.
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Bo Beex npuseaentbix Tnax KK xapakTepHbIM sIBASAETCS OPHEHTALIUA 11~
MOJLHBIX MOJIEKYJT B OMPEAeIEHHOM HaMpaBleHHH, KOTOPOE ONMpeaesIeTcs eu-
HUYHBIM BEKTOPOM 1, HA3bIBAEMbBIM « JIUPEKTOPOMY.

B nocnenHee BpeMs OTKPbITHI TaK Ha3bIBa€Mble KOJIOHYATHIE (pa3bl, KOTOPbIE
00pazyoTes TOJNbKO THCKOOOPa3HbIMH MOJIEKYJIAMU, PACTIONOKEHHBIMH CIO0SIMI
ApYT Ha ApyTe B BUAE MHOTOCIIOHHBIX KOJIOHH, ¢ TTapajlie/ibHbIMH ONTHYECKUMHA
ocsimu (puc. 10.2). HacTo MX Ha3bIBAIOT «KHAKUMHU HUTSMU», BOJIb KOTOPbIX

Puc. 10.2. CrpyxrypHas cxema konoHuaTbix KK

MOJIEKY.1bl 00/1aTal0T TPAHCIILMOHHBIMU CTENEHAMH CBOOObI. DTOT Kjlacc co-
enuHeHuit Obln npeackasad Jlanaay, a oTkpbIT Mk B 1977 . UanapacekapoM.

10.1. Hau6o.1ee o0mue coiicrea KK

V KK HeoObluHBIE ONTHUECKHE CBOMcTBA. HeMaTHKH M CMEKTHKH Kiac-
ca A — onTHUECKH OIHOOCHBIC KPUCTAIBI. X0NeCTEPHKH BCIIE/ICTBHE MEPHOIH-
YeCcKOro CTPOEHHUs Jat0T B BUAMMOI 00nacTu cnektpa OperroBckoe oTpaxeHue.
[TockonbKy B HEMATHKaX M XOJIECTEPUKAX HOCHTEIAMH CBOHCTB ABIACTCS JKHUA-
kas (paza, TO 1101 BIMSAHUEM BHELIHEro BO3/EICTBHS OHA Jerko aehopMupyercs.
Ilockonbky 1ar crnupaid B XoJeCTeprHKax OueHb HyBCTBUTENEH K TEMIEPATYpE,
TO, CJIeZI0BaTeNbHO, H OPETTOBCKOE OTpaXeHHe OyIeT pe3Kko MeHIThCA ¢ TeMIie-
paTypoii, 4TO MPUBEAET K H3MEHEHHIO LIBETA BELIECTRA.

OTH SABIEHHA LUUPOKO MCHOJb3YIOTCS HANPUMEp, A7 HAXOXKACHHS ropsiuuX
TOYEK B MUKPOILICTISIX, TOKaTH3aUUy MepesloMOB H OMyXoeil y uenoBeka, BU3ya-
JiM3aLuy U300pakeHus B MH(pakpacHbIX Jyyuax u ap. Kpome toro war cnupaiiu
YyBCTBHTEJIEH TaAKAKe M K H3MEHEHUIO TaBJIEHHSA, XHMHUYECKOTO COCTaBa, MarH1T-
HOIO M JEKTPUIECKOro noieii.

B cBs13u ¢ 3THM neenienoBanmne croiicTs KK npoBoasT B HanpaBieHHH H3yue-
HUS TEPMOAMHAMHUECKUX XapaKTepUCTHK Me30MOp(HbIX (hazoBbIX Npespalile-
HUWIl 0N NpefBapUTENbHONH OLEHKH MPHPObl MEXMOJEKYISPHBIX B3auMoneii-
CTBUH K MEXaHH3Ma MEPEXO/IOB, @ TAKIKE C LIEJHI0 MOUCKA BELIECTB C 3alaHHBIMH
CBOMCTBAMHU.

PaccmotpuM odwvemnvie ceoiicmea KK. Unansunyansueie JKK Branu ot
Temneparypbl ()a30BbiX MEPEeX0A0B, KAK NPaBHIIO, YMEHbLIAIOT CBOK) MIIOTHOCTb
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JIMHEIHO (MM, BO BCSIKOM CJIy'ae, MJ1aBHO) € YBEJIMUEHHEM TEMIIEPATYPbl, HO NPH
(a3zoBOM mepexojie pe3Ko H3MEHSIOT CBOIO MIIOTHOCTh. Hanpumep, npu nnase-
HUHM TBEPHAbIX KPUCTAJUIOB IUIOTHOCTh MeHsieTcsi B ~ 30 pa3. D10 mo3BofsieT
oTHecTH (a3zosbie nepexosi XKK k dazoBbim nepexonam neporo poaa. B 1o ke
BpeMsl B Me€30(ha3HbIX CHCTEMAX OUEHb PACIIPOCTPAHEHbI TAK HA3blBAEMbIE Npe/-
MepexoHble ABJIEHHUS, BBIpaXKaloUIMecss B aHOMaIbHBIX TeMIEPaTyPHbIX 3aBH-
CHUMOCTSIX B OKPECTHOCTH (pa30BbIX Mepexonos, kK0IGPHLIHEHTOB TEPMUIECKOTO
pacuiupeHns, cxKaTusa, HHTEHCHBHOCTH pacceaHus ceta, dpdekta Keppa u np.
OTH ABNEHHSA, KaK U3BECTHO, OTHOCATCA K MEpexosiaMm BTOPOTo poza.

Takum 0Opa3om, 0IHOBPEMEHHOE MPOSBIEHHE NMPH3HAKOB (Pa30OBBIX MEPEXO-
JIOB Pa3HOTO poJia CBUAETENLCTBYET O CI0AKHOCTH HHTEPNPETALIMH ME30MOp (-
HbIX NpeBpalleHHH.

He BnaBasch B TOHKHE IEeTalM MPENNepexOaHbIX ABACHHH, CleLyeT OTMe-
TuTh, uTo y Beex JKK B oOnactu mezomopdHbix (ha3oBbix npespatieHuii Hadmo-
JIAtOTCA CKauKH MIOTHOCTH. [1pn 9TOM, Kak NMpaBuio, yBeTHYEHHE JUTHHBI LIEMH
3aKOHOMEPHO M3MEHSIET CKauOK ILUIOTHOCTH, KOTOPBIH /U1 UETHBIX UIEHOB psina
Oosnblue, yem aia HeueTHbIX. OUEeBHAHO, ITO CBA3AHO C TEM, YTO Y TOMOJIOrOB
C YETHBIM HYHCIOM YIJIEPOIHBIX ATOMOB
CTpyKTypa 0oJiee ynopsaoueHa, 4emy ro-  p
MOJIOTOB ¢ HEYETHBIM YHCIIOM. DK

W3meHeHune nasneHus B obnactu ¢a-
30BOr0O Mepexosa BeAeT K Pe3KoMy H3-
MEHEHHIO TJIOTHOCTH W TeMMeparypbl
(pasoBoro npespartieHus. TeopeTHueckn
BO3MOXKHAs [UIOTHOCTb M HaOoaaemas
Ha TpakTHKke (a3oBasg Iuarpamma rnpen-
cTaBiieHa Ha puc. 10.3.

B npocreiiiuem Buae Takoro po-
na (azoBble aMArpamMMbl MOTYT HMMETb
10 KpaiiHeli mepe aBe TpOliHble TOY-
ku Ty uTs. [MorpaHuyHble KPUBBIE ITHX
npeBpalleHHii MOXKHO TPAKTOBaTb Kak
NONUMOP(HbIE NPEBPALLEHHSI W OMUCHI-
BaTh MPUBBIMHLIMH TEPMOAMHAMHYECKH-
MU COOTHOLICHHAMMU. Puc. 10.3. dazosas anarpamma KK

[Ipu HanmuuuKM HeckoNbKHUX Me3oha3s
BO3MOYKHBI KaK MOJOKHTENbHbIC, TAK M OTpHLATeNbHble 3HaueHns AV B 3aBu-
CUMOCTH OT TUIOTHOCTH HH3KOTEMIIEpPaTypHOH W BblcOKOTEMIlepaTypHoii (as.
B cazu ¢ atum Hakaon dT'/dP MoxeT ObITh GONbIIE U MEHBLIE HYJIS.

M3mepenue TenoT (pazoBbix MPeBpalleHHIT TaKIKe MOKa3bIBAET 3aBHCUMOCTD
OT HOMepa romMoJioroB. J[jisi nepBbIX rOMOJIOTOB, HaNpUMep, 1-alKOKCHA30KCH-
OeH3ona TerloTa rnepexoaa Ajs YeTHbIX FOMOJIOroB 00JIbIIe, YeM Ul HEUETHBIX.
Ho B 3aBHCHMMOCTH OT CTPOEHHS MOJIEKYJIbI W XapakTepa HX yrnopsia0ieHHOCTH
B JKK Tenmora B oTaesbHbIX (pa30BbIX MEPEX0AaX MOKET MEHATHCS B LLIHPOKHX
npeaenax. OcobeHHO 00JbLIYIO BEMYUHY MMEET Terulora, HeoOXogumas mis
pazpyuienus kpucrananieckoii pewerku (ot 12 1o 80 k/lx/moub).
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[IpenenbHO Majible 3HAUEHUsI UMEET TeJoTa NPeBPaLeHHss CMEKTHYECKOH
¢azel C' B cmekTHueckyto dasy A (o1 0,1 10 0,6 k/Ix/Monb). [Tockonbky TemnoTa
(azoBOro NpeBpatleHHs cBsizaHa ¢ NpeoaoJeHHEM MEKMOJIEKYIAPHBIX CHJ B3a-
AMOZEHCTBHA, TO B CAyHae €ClH TH CHIbI MPEACTaBICHbI MONAPH30BAHHBIMH
W NOCTOSIHHBIMH JIMTIONIAMH, PACIONIOKEHHBIMH MO KOHLAM MOJIEKYJ], OHH Oy-
JyT ONMHAKOBBLIMU JUIST BCEX TOMOJIOTOB, MOATOMY YAJTHHEHUE allKWIILHOM Lienn
JaeT He3HAUYUTEbHbIH BKJIAj B DHEPTHIO MEKMOJIEKYJISIPHOrO B3aUMOICHCTBHS,
a 3HAYHT U B TETIOTY (pa30BOro MpeBpaileHNs.

3ameueHo, YTO ¢ yBeJIHYEHHEM HHCIIa Y IIEPOIHBIX aTOMOB B MPeeax OaHO-
ro rOMOJIOTMYECKOTO0 psifia Temneparypa (pazoBoro npespaiierus T yMeHbIIa-
ercs (Tak, aas romosoros ¢ ne = 18, Tepn Ha 6,5 ° Hinke, YeM U TOMOJIOTOB
¢ nc = 12), uto, 04eBHAHO, MOXKHO OOBICHHUTH TEM, YTO YBETHUUEHHE IHTPOIUU
npeodnanaeT Ha/lyBeTHUeHHEM YHTANBITHH (pa30BOro nepexo/a, MOCKOIbKY TeM-
nepatypa (a3zoBoro nepexoja W3 BTOPOro 3akoOHa TEPMOAHHAMHKH MOXKET ObITb
onpenenena kak Ton = AH/AS. Crnenyer 3aMeTHTh, U4TO B Npeesiax 0JHOro
FOMOJIOTHUECKOTO psiza YHTponus nepexona ASyy (nepexoj HeMaruka B U30-
TPOTIHY 0 JKMIKOCTh) 3aBUCHT OT UHCJIa aTOMOB YIJIepoaa B LEMH, cKkaukoodpas-
HO TMOBBIIIASACK JUIS YJIEHOB C HEUETHBIM YHCIOM aTtoMoB yriepoaa (puc. 10.4).

OaHAKO € POCTOM UHCIIa aTOMOB Y [VIEPO-

AS Ja ne HabMIoaaeTes CrTaZkKMBaHHE TaKoro

poaa ocuuusiLmii. [TonbITKM yCTAHOBUTH

Kakue-Tndo COOTHOIMIEHUS TepMOHHa-

MHUECKHUX XapaKTEePUCTHK CO CTPYKTY-

poii monekyn XKK moka asnstorca He 00-

Jiee YeM IMITHPHUECKHMH KOPPesLHAMH.

OueBHIHO, 3TO SIBJISIETCS CEICTBUEM TO-

ro, YTO MOKa ellle HE YCTAHOBJIEHbI CBA3M

MEXLY YHEPrHEH H SHTPONHEH ynopano-

YEHHOTO COCTOSTHHS aTOMOB B MOJIEKYJIE.

OcoOeHHO UHTEPECHbI UCCIIe0BAHUSA

TennoemkocTH (pazoBeix nepexosnos. [lo-

CKOJIbKY TEIJIOEMKOCTh Ha NOrpaHuYHON

L KpHBOii (pazoBoro npesparieHus ABISET-

I 2 3 4 5 6 7p. ©ACICACTBHEM NEPEXO/IOB, KaK NEpBOro,

TaK 4 BTOPOro pojia, TO 3aBUCHMOCTh Tell-

Puc. 10.4. Dutponwus nepexoaa Hemari-  JIOEMKOCTH OT TEMMEPATypbl CONCPKHT

Ka B H30TPOMHYIO (pazy B 3aBUCHMOCTH  CHHIYJIAPHYIO (0CO0YI0) 0051acThb, Xapak-

ot uucaa atomo C B MosIeKyJic TEPHU3YEMYI0 PE3KHM CKauKOM Teraoem-
koctu (puc. 10.5).

DTOT CKauOK peanu3yeTcs ¢ MPeanepexoaHbIMH ABTEHUAMM, KOTOPbIE 115 M0-
nasistoiero donbiunHeTBa KK HensBecTHbl. CyleCTBYHOIIHE TEOPHH KHIKO-
KpucTamuueckoro cocrosuus Jlanmay u Je-’Kena He 0ObsICHSIOT 0COOEHHOCTH
TErJI0EMKOCTH TaKoro poaa. OueBHIHO, UTO NPH HU3KKX Temreparypax (10 Tem-
nepatyp (ha30BOro npeBpaLieHns ) IPOUCXOAHT NEPEXO/ THIA OPHEHTALIMOHHOTO
pasyrnopsiaoueHu s, a 3aTeM MpH JOCTHIKEHHH HEKOTOPOi «KPHTHUYECKOH» Tem-
neparypbl (MMEETCs B BUY Takasi Temneparypa, Npu KOTOpPOii npeKkpaliaoTest

0,3F
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NpeinepexoHble MPOLECCh) POUCXOAHT CKaUKOOOPa3HOE H3MEHEHHE IHEPTHH
CHCTEMBI, T. €. MpoLIece 3aBepiuaeTcs (pa3oBbIM MEPEXOI0M MEPBOro poa.

1o Bceii BeposiTHOCTH MpeanepexoaHas 001acTb MOKET PaccMaTpHUBATHCS
kak (pa3oBblif Mepexoa BTOPOro poja, Tak
KaK B ITOM HHTEPBAJIE TEMNEPATYP JHEPrus
KK meHsieTcsi HEMpepbIBHO, @ HE CKayKo-
00pa3Ho, YTO XapaKTepHO AJIs MEePeXoa0B
neporo poza. lpuuaro cuurars, 4to ¢pa-
30Bble nepexoabl JKK npumepro na 0,9 or-
HOCSTCA K IEPeXoaam BTOPOTO POAA U TOJb-
ko Ha 0,1 — Kk nepexoxam MepBOro pora.

TennoemkocTh  Me3o(asel M TeM-
neparypa (pazoBoro npeBpalleHus U3
Me30(]asbl B H30TPOMHYIO JKHIKOCTh SBIIS-
10TCsl HanboJee HyBCTBUTE/ILHBIMH Xapak- T
TEPUCTHKAMH, PE3KO pearupyrounMi Ha
HallMuMe pasjiHvHbIX Mpumecel B cucTe-
me. KoneuHo, Hamuuue mpumeceil Takike
CYLIECTBEHHO U3MEHSIET U Apyrue Gpu3nko-
xumudeckue ceoiictea KK (Ba3kocTs, nn-
HEKTPHUECKYIO TPOHHLIAEMOCTh, CBETOPACCEAHHE W IP.), HO MOCKOJIbKY TEPMO-
AMHAMHYECKHE HCCIIeNoBaHUA HanboJjiee NOCTYIHbI, PACCMOTPHM Camble W3Y-
YeHHble GUHApHbIE CUCTEMBbl, KOTOPbIE MOMHO MOJAPA3ACiUTh Ha J1Ba Kiacca:
cucmemvl Me302eH —ye302eH (T. €. iBa Me30MOP(HbIX BELIECTBA) U CUCIEeMbl Me-
302eH — HeMe302eH (KNIKOKPUCTAIIMYECKOE BELIECTBO B HEME3OMOP(HOM KOM-
MOHEHTE).

OCHOBHOE pazjinyme MeX1y ITUMH CHCTEMAaMK COCTOUT B TOM, UTO CHCTEMBbI
Me30reH —Me3oreH o0pasytoT Me3odasy, kak mpaBuio, Bo Beell obnacti cocta-
BOB, @ CHCTEMbI ME30r€H — HEME30reH — TOJIbKO B OIpeie/eHHOM HHTepBanie
KOHLIEHTpalnii HeMe30reHa.

(dazoBas AHarpamMma CUCTEMbl ME30OTE¢H —ME30TeH NMPaKTHUECKH HE OTIHYa-
eTcst oT (ha30BOi AHArpamMmbl MOJHOCTBIO PACTBOPHMBIX JIPYT B IPYTe HEME30-
FeHHBIX BELIECTB. B TO Bpems Kak CHCTEMbl ME30T€H — HEME30Te€H HMEKT OUYeHb
HMIMPOKYO MaJiuTPy BUAOB (Ppa3oBbix anarpamm. Hanbonee npocras U3 HUX HAMO-
MUHAET AHarpamMmy [JIaBKOCTH € NPOCTOi IBTeKTHKON. B kauecTse npumepa Ha
puc. 10.6 npuBeneHa aMarpaMma aist cMecH n-GeHunnaeH-n-aHucoBbli dup
(komnoHeHT A) u au-n-metokcudennnrepedranar (komrnoHeHr B).

B cuctemax me3oreH —Heme30reH nocjieHui 4acTo OKa3blBAETCS JIeTyuei
AKUIKOCTBIO, IABJACHHE MTAPOB KOTOPOIT MOYKHO M3yUUTh C BBICOKOI! TOUHOCTBIO,
YTO MO3BOJISIET OnpeaesaTh KodPpHUUHEHTbI aKTHBHOCTH KOMIIOHEHTOB CHCTE-
Mbl. [To3TOMy Takue cMecH ABIAIOTCA OUEHb YNOOHBIM JIKCMEPHMEHTAIbHbIM
O00BEKTOM /U151 [IPOBEPKH TEOPETHUECKUX MPENCTABICHHH W CTATUCTHUHECKOTO
aHasu3a TpeaCcTaBIeHHH.

Jlns GousbLueii wact cucteM (ha3oBble AMarpaMMbl 3HAUUTENbHO DOJee CII0K-
HBI. DTO 00YCJIOBIIEHO CYLIECTBOBaHHEM retepodasHbix obnacteil. Hanpumep,
Ha (azosoii anarpamme 4,4’-nu-n-ankokcuazoxcudenzona (komnoneHt A)

Puc. 10.5. 3aBUCcHMOCTbL TECMIOCMKO-
CTH OT TeMTicparypbl B 00nacty azo-
BOI'O llepexo/ia
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U n-keunodia (komnoHeHT B) (puc. 10.7) HabnroaaeTes o0acThb CyLUEeCTBOBAHUS
Hematuka N W H30TPOITHOI KHAKOCTH, pa3iesieHHOH reTeporeHHoH 00acTbio
(N+1J), a Taioke ¢azosble nosst (C+N) u (C+J).

Bo MHOTHX cityuasx jinHuH (a30BbIX paBHOBECHH (MOTpaHHUHbIE KPHBbIE)

! P= t
320 =cons
J
280 =
240 - N
200
160 - T
| | | A | | | ! B
0,3 0,5 0,7 x,—CsH, 20 40 60 80 X,
Puc. 10.6. ®asosas anarpamsa jiByXKOMII0- Puc. 10.7. ®asopas jimarpamma cH-

HCHTHOH CHCTCMbI MC30TCH —MC30ICH

CTCMbI MC30T'CH — HCMC30I'CH

C y4acTHeM HeMaTHKa SIBISIOTCS MPSAMbIME, YTO OGBIUHO CBA3BIBAIOT C OTCYT-
CTBHEM CHJIbHBIX MEKMOJIEKYJIAPHBIX B3aUMOACHCTBHI M ONM30CTHIO KHIKO-
KPHCTAJUTHYECKOTO PAacTBOPa K MACAJILHOMY COCTOSIHHIO (MO 3akoHy Payns p; =
= pYx;). B oTuX ciyuasx (azosble MOrpaHUHbIE KPUBbIE OOBIUHO MIPEICTABIIS-
10T HaknoHamu pazoseix mepexonos C+N — 3 N =N +J(3N) uN+J —J(3Y),
KOTOpBIE SBASIOTCSH OCHOBHBIMH IKCMIEPUMEHTAIBHBIMH XapaKkTepHCTHKAaMH, Mo~
3TOMY UMCIIOBbIE 3HaueHus S u 3' npusoaatcs B cnpaBovHOIl JuTeparype.

In 7y

/T

Puc. 10.8. 3asucumocts norapudma
AKTHBHOCTH HeMme30reHa oT o0parHoit
TeMIIeparypbl

Ananusupys CBOICTBa pacTBOPOB Me-
30r€H—HEMEe30reH,  MOXHO  cJefarhb
HEKOTOpbIe 00001IeHMS.

1. JloGaBneHue HemesoreHa, Kak rpa-
BWJIO, IPUBOHT K CHIKEHHIO TEMIepaTyp-
HOro UHTepBana cyuectsoBanus KK.

2. Eciau poOaBrneHHble HEMe30TreHbl
MUMEIOT OJIMHAKOBBIH MONBLHBIH 00beM, HO
pasHyio CTpyKTypy, TO 3Hauenus d1'/dx
Tem GoJbllie, YeM cUJIbHee MoOyaIpHOCTh
(cepHuHOCTB) MOJIEKY]T HEME30TeHOB.

3. Bemnuuna dT/dx tem Bbiwe, uem
00JlbllIe UHCII0 aTOMOB YIIepOaa B aKNJIb-
HOI1 uenu me3oreHa. [ Bcex H3yUeHHbIX
cucTeM B Touke (ha3oBOro rnepexona Kod¢-
(PHIIMEHT AaKTHBHOCTH 7y HEME30reHa U3Me-
HseTcs ckatkoodpaszHo (puc. 10.8).
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10.2. .HHOT[)Ol'lele AKHAKOKPHCTANIHICCKHEC CHCTCMbI

JluoTporHble KUAKHE KPUCTANIbl MOTYT CYLIECTBOBAaTH TOJBKO B Cpesie
pacTBopuTens. 34eCh CTPYKTYPHBIMH €AMHMLAMM, B OTIMYME OT TepMo-
TponHbix KK sBAAIOTCA HE OAMHAKOBBIE MOJEKYJIbI, @ Muleiibl — CIOKHbIE
accoumarsl. Jlnorpornusie KK, npeacrapnstoinre co0oil KOHIEHTPUPOBAHHbIE
pacTBOpbI MOJEKYJI-CTepi#Heil, 001aaloT TeMH e CBOICTBaMH, YTO W TepMO-
tponusie XKK. Ho nockonbiy nnotpontsie JKK pacnpenenensl B pacTBOpuTene,
TO MX M3YYaloT, IPeUMyLIEeCTBEHHO UCIIONb3Ys MOIAPU3ALUOHHYI MUKPOCKO-
MHIO U PEHTIEHOCTPYKTYPHbIH aHaan3. OCHOBHOM HEJbIO 3THX HCC/Ie10BaHmiH
ABNIACTCA HCCIIENOBAHUE XapaKTepa MOJ]EI\’yJIﬂpHOﬁ ynopaaoH€HHOCTH U BbIsAB-
JIeHUe CTPYKTYpbl Me3odasbl. CTeneHb OpHeHTaUMOHHOTO nopsaka B XKK npn-
HATO ONPEeNENsiTh C MOMOILbIO MapamMeTpa S, BIEPBble BBEICHHOTO L[BETKOBBIM.
DTOT mapameTp Ha3blBAIOT HApaMempoy HOpIOKa W ONPENENAIOT 1o Gopmyne

S =0,5(3(cos?§) — 1), (10.1)

rae (f) — cpenrecTaTHcTHYECKAS BEJTHYHHA YTIa MEK/LY HPEKTOPOM 1 M /UTHH-
HOI1 0cbto MoNeKybL. [IpH HaeanbHOM napaienbHoii opueHTaunu S = 1, a npu
OecrnopsiI0uHOl OpueHTanuy, T. €. B M30TponHoM pacteope S = (. B nemaru-
yeckoil (haze napamerp S MOXKeT npuHUMaTh 3Haderns 0 < S < 1, 3aBucsime
OT Temnepartypbl M KoHueHtpanun JKK.

3aBHCHMOCTb NapaMeTpa S OT TeMIeparypbl, NJIOTHOCTH, FEOMETPHUECKUX
pasmMepoB MOJIEKYJT M BETHUHHBI B3aUMO/IEHCTBHA MEXKTY HUMH MOXKHO OLIEHUTD
C MIOMOLLBIO MPUOIHKECHHOH TEOPUH CaMOCOIIACOBAHHOTO MOJIEKYJISIPHOTO [10-
s, pa3BuToif Mattepom u 3ayne. OCHOBHBIM MOJOKEHHEM 3TOH TEOPUH ABAACTCH
TO, YTO B HEMATHYECKOM COCTOSIHMH JKMIKOKPHCTAIMUECKHE MOJIEKYJIbl CO3/1a-
0T @aHU30TPONHBIH HEMAaTHUECKHil NOTeHIna, Mo 1eHCTBHEM KOTOPOTo Jitodast
MOJIEKYJ1a OpPUEHTUPYETCS Tak, YTOObI ¢e IHEePTHs Obla MHHHMAJIbHON. DHeprus
otzenbHOH Monekynsl B KK no Maiiepy u 3ayne onpenensercs B BUaE

E=US, (10.2)

roe U— HEKOTOpas noCToAHHAA B3aUMOAECHCTBHS, 3aBUCALIAA OT [IJIOTHOCTH,
FEOMETPHH MOJIEKYST WU CHJI MEIKAY HHUMH. nOCKOJTbe yro 6 onpeneaaeTca
Kak CpeﬂHeCTaTMCTHHCCKMﬁ, TO €ro 3arucbiBaOT Y€PE3 ONPEeACIEHHE CPEIHETO

_ Jcos® O f(Q)dQ
Jf@aq
e TesecHslil yron df) = sin 8dfdyp Bokpyr nanpasnenust a @ v @ — moAAp-

Hble YIIIbl B MPAMOYTOJILHOH CHCTEME KoopauHaT x, ¥, 25 f(€)) — ¢yHkums
pacrpenenenus, onpenensemas 601bLUMaHOBCKUM (aKTOPOM

(cos® ©) (10.3)

f~exp <—£> . (10.4)

kgl
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Torna

exp(mn cos® O)

; 10.5
J exp(m cos® ©)dQ’ (10.5)

) =

rae m = 3U/2kpT (MuoxuUTENb 3 NMOABUICA B pe3yJibTare yueTa Tpex crerneHei
cBOOO/IbI MOCTYIATENLHOTO ABMIKEHHS MOJCKYIbI). Tenepb S MOXKHO HalTH U3
ypaBHEHHSI

[ cos? © exp(m cos? ©)dQ

S=- exp(m cos® ©)dQ

3
+2 (10.6)

le

Iloncrasnss smecto S ero Benuuuny u3 i = 3U/2kpT v BBens © = cos 6,
Oy 4UM

3kpT 1 3 a®exp(ma?)dQ
2B g =—— 4 2 . 10.7
2 U 2t | exp(ma?)dS (10.7)
O603HauuB npasyto yacTh ypasuenus (10.7) uepes 301”7 (rne Z(m) =
= [ exp(ma?)dx), okoHuaTenbHO MOy UM
lﬂm_ 1 é(’“)an (10.8)
U 2 2 Om
IHpum <1
p 2
Z(m) =1+ ? + ’1”—0 (10.9)
Mpum >1
Z(m) — =pm (10.10)

m

['padpuueckoe Boipakenue ¢ynkuuu (10.8) nozponsier paszaensHoO ornpee-
kgT
JIUTh /IBE BENHUMHBI: —— U S. JNA HEMATHKOB NPH NEPEXOIE HX B H30TPOIHYIO
U

kT « v b
KHAKOCTb —— & 0,22, a2 S = 0,43. ScHo, KOHEUHO, UTO C POCTOM KOHLEH-

Tpaunn monexyn JKK B pacteope pactyT u U, u mapametp S. Ilpu koHueHTpa-
o o g
LMK HEMATHKA HUKE KPUTHUECKOIT, onpeensiemMoii papeHcTBOM —— = (), 22,
U

AHU30TPONHaA HEMaTHYCCKaA (1)838 HE CYLLECTBYET, paCTBOP HE UMEECT OPHEHTA-
LHUOHHOTO nopsaaka v ABAACTCA U30TPOIHbIM. Takum 06pa30M, MOJKHO CKasartb,
UTO NPH NOHWKEHWH TEMNEPATYpPbl H3 pacTBOpa BbINAIaCT KOHUCHTPHPOBAH-
Has d)aBa JIUOTPOIHOr0 HEMATHHECKOIro JKK. DTa Hemarnueckas (1)838 MOXET
HaXOAHWTbCA B PABHOBECHH C H30TPOIMHBIM PACTBOPOM.
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[pudnuxennas Teopus Maliepa —3ayne MOKET CI1yKHTb OCHOBOI CTaTHCTH-
4eCcKoi TepMOIMHAMHKH JKHAKOKPUCTAITUYECKOTO COCTOSHMS 115l ONpe/ieNeH s
KOJIMUECTBEHHOIT CBA3M MEXK/Ty MAaKPOCKOMHUECKUMU CBOMCTBAMH W MH/IMBH Y-
aJIbHBIMK XapaKTEPUCTUKAMMU COCTABMAIOLHX cUCTEMY 4acThLl. OHa nossonser
YCTAHOBHTb MPHUUHHY NAJbHErO OPHEHTALMOHHOTO YIIOPSI0YEHHUS H MPEACKa-
3aTh YUCIIO M THIT TEPMOMHAMUYECKH YCTOHUYUBBIX MOAH(DHKaLNii cucTeMbl. Te-
opus Maiiepa—3ayne BNoC/IeACTBUM HEOJHOKPATHO MOAH(PHLHPOBAIACH, O1HA-
KO €€ HeJIb3s CUMTATh 3aBepLIEHHOIT. DTO B 3HAYUTENBLHOI CTeMeHN 00y CIIOBIIEHO
TPYHOCTAMM aA€KBATHOTO y4eTa CHJI MEXKUACTUYHOTO B3aUMO/IeHCTBUSL.

10.3. Daexrpuueckue cpoiicra KK

M3 MHOTUX HHTepecHbIX ocobeHHocTel KK, cBA3aHHBIX ¢ UX peonorue,
MarHMTOAaKyCTHYECKMMM, ONTHYECKUMH H APYTUMH CBOHCTBAMM PAcCMOTPHUM
JIMLIB HEKOTOPBIE NEKTPHYECKHE CBOHCTBA, BO MHOTOM ONpPEENAIOLIHE XapaK-
TEPUCTUKH 3IEKTPOONTHYECKUX YCTPOICTB.

Ilpogoourocmp, B cOOTBETCTBUM C ONTHUECKOH aHU30TPOMNUEil, BbI3BaH-
HOH aHM30Tponuelt NeKTPOHHOH MONAPH3YEMOCTH, CleAyeT OXKHAATh MosABIe-
HUS aHU30TPOINK NOABHKHOCTH HOCHUTENCH 3apsaaa, eClli TAKOBBIMHU SBJIAIOTCS
3NeKTpoHbl. Ho 0Kka3biBaeTCs, 4TO A1l IOHMMAHHUS MEXaHH3Ma 00bEeMHOIH POBO-
aumoctn KK Heo6xonnMo paccMaTpHBaTh psill MOOOUHBIX ABAEHHH, CBA3AHHBIX
C 1eKTPOXUMHYECCKUMHU pPeaKLUMAMH, BOSHUKAIOIMMH Ha 3J1eKTpoaax, nossie-
HHEM MHKPOCKOMHYECKHX OObEMHBIX 3apA10B MO/ BIHSAHUEM T0JIs EKTPOLOB
U BHEIIHETo 3/IeKTPUYECKOro Mo, KOHBEKLUMOHHbIX M TU((PY3UOHHBIX TOKOB.
3ameueno, 4To B MOCTOAHHBIX H HU3KOUACTOTHBIX JIEKTPHUYECKHX MOJIAX OPHEH-
TalHs MOJEKyJ HeMaTHuecKoi (pas3bl COBNANAeT ¢ HaNpaBleHHEM HaHOOJbLLEH
MPOBOAMMOCTH. MONIeKyIIbI CMEKTIHIeCKoi (a3bl A B MOCTOSHHOM OJIe OpPHUEH-
THPYIOTCS NEPNEHAUKY/ISIPHO CUIIOBBIM JIMHUAM OIS, UTO YKa3blBAET HA OTPH-
narefbHbIi 3HaK aHH30TPOMUHU MPOBOJAUMOCTH.

Jns HEKOTOPBIX BELIECTB AaHU30TPONHUSA YAENbHOMH NEKTPONPOBOAHOCTH H3-
MeHseT cBOil 3HaK. Tak, 115 n-OKTHIOKCHOEH30HHON KUCAOTbI OHA MPOXOAMT
yepe3s Hy b pH Temnepatype 146 °C, uTo CBA3aHO CO CTPYKTYPHbIMU OCOOEHHO-
ctamu me3ogasel. TekeTypHbie HAOMOAEHHA MOKA3bIBAIOT, YTO MPH ITOH Temre-
patype [MpOMCXOAMT Mepexod HemaTuueckoii (asbl B  CMEKTHUECKYIO.
Kak npaBuIio, y HEMaTHKOB yBEJTHYEHUE JUTMHBI AJIKWIBHOM LEeny H3MEeHAET 110-
JIOJKUTEbHY0 aHH30TPOIHIO NPOBOAMMOCTH HA OTPHLATENbHYIO, HTO OObIYHO
CBA3BIBAIOT C BO3PACTaHHEM TEHJECHLHMH K 00pa30BaHHIO MONEKYJIAPHBIX KOM-
IUIEKCOB. DTOMY CIIOCOOCTBYET YCUICHUE MCIKMONEKYIAPHOIO B3auMo ieiicTBus
BCJIE/ICTBHE YBEIHUYEHUS MONAPU3yeMOCTH MosieKyn. B o6nactu dasosoro nepe-
XO/1a NPaKTHYECKH BCEraa HaOMIONAaeTCs CKauoK NPOBOAMMOCTH. DTO sIBIEHHE
4acTo CBA3BIBAIOT C aHU30TPONMUEN MarHUTHON BOCTIPUMMUMBOCTH H JIEKTPOH-
HOIi MmonApH3yeMoCTH. BeauunHbl H3MEHEHUs MarHHTHOH BOCIPHHUMYHBOCTH
U 3J1€KTPOHHOIH NONAPU3YEMOCTH TECHBIM 00Pa30M CBA3AHbI C MOJIEKYJIAPHBIMU
csoifctBamu JKK, n3yuerne KOTOpbIX OTKPBIBAET TAbHENLIYIO NEPCNEKTUBY JUTA
MPUMEHEHHS KHAKOKPHCTAUIMYECKHX BELLECTB.
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3aBepluas STOT pasfesi, OTMETHM, YTO «KHBbIE» OOLEKTbI OTIHUAIOTCA
OT «HEIKHUBBIX)» CMOCOOHOCTHIO K OOMEHY BEILECTB, PA3MHOKEHHIO, POCTY U AP.
Bce (opmbl JKM3HM Tak MK MHAYE CBA3AHbI C AEATEIbHOCTbIO KUBOH KIIETKH,
MHOTHE CTPYKTYPHbIE 3BEHbS KOTOPOIl MOX0KH Ha CTPYKTYPY KUAKHX KPHCTa-
a0B. Takum o0pa3om, ycTaHoBjeHHe 3akoHOMepHOCTel noseneHus KK oTkpbi-
BAET HOBbIE MEPCMEKTHBBI MO3HAHWA YKHBOTO OpraHu3Ma.



I'IABA 11
ITOBEPXHOCTHBIE SIBIEHUS

11.1. HexoTopblie ocodble cBOiicTBA MOBEPXHOCTH pa3ena a3

W13 kypca ¢u3HKKH M3BECTHO, YTO Ha MOBEPXHOCTH paszaena (a3 neHcTRyeT
TaK Ha3bIRAEMOE MOBEPXHOCTHOE HATSHKEHHE — CHJIa, CTPEMSILLIAsCcs COKPaTHTD
JI0 BO3MOJKHOTO MHHHUMYMA IL1011a/ib [IOBEPXHOCTH JKUIKOCTH.

Yem o0ycriorneHo noBepxHOCTHOE HaTsxkeHue? JIna oTReTa Ha 3TOT BO-
MPOC pacCMOTPHUM CXEMY [OBEPXHOCTHOTO CJIOS JKMIKOCTH Ha ee IpaHuLe
C mapom.

Kak u3BecTHO, cuiibl ME@KMONEKYISPHOTO B3aUMONEHCTBUS B JKMIAKOCTH
Gonbllie, U€M B HACBLIINIEHHOM Tape 3TOH KuakocTH. PaccMoTpum Monekydy,
Haxonsuytocs BHYTpu oobema xunkoctu (A na puc. 11.1). OueBunHo, uTO
Ha 3Ty MOJIEKYJY AEHCTBYIOT CUJBI MPUTSKEHHS CO CTOPOHBI JAPYTHUX MoJe-
KYJ, HEMOCPEACTBEHHO CONPHKACAIOILMXCS C PACCMATPHBACMOI MOJIEKYI0i A.
IlockonbKy 3T MOJEKYNbl OKpYIKa-
0T MoJekyay A co BceX CTOpOH,
TO, €CTECTBEHHO, paBHOAEHCTBYOLIAs
BCEX MEXMOJIEKYJISIPHBIX CHIT, IEHCTRY-
IOLMX Ha MoJekymy A, paBHa Hydio.
CoReplIeHHO MHOE MOJIOKEHHE Y MO-
Jlekyabl b, Haxonsweics Ha rpaHu-
ue paszena ¢as. B atom cinydae Ha
MONEKy1y b5 NedCTBYIOT CHlbl MoJie-
KYJIAPHOTO TMPUTAKEHHS CO CTOPOHbI
MOJIEKYNl JKUAKOCTH, PACHONOKEHHBIX
c OOKOB W CHU3Y OT MoJsleKynbl b,
a CBepXy Ha MoJeKyny b5 nelcCTByIOT
CHUJIbI MPUTSIKEHUSI CO CTOPOHbI MOJIe-
KyJI, HAXO/ALIHXCA B MAPOBOI Gase HAL  pyc 111, Cxoma BOHHKHOBEHMS T1O-
TMOBEPXHOCTBIO KHAKOCTH. TTOCKOIBKY  pepxioctiibix cu
TUTOTHOCTb Mapa 3HauUHUTEIbHO MEHbIIEe
IUIOTHOCTH JKMIKOCTH (BCIOAY BAANM OT KPUTHHECKOH TOYKH, rie 3TH IIOT-
HOCTH CPaBHHUBAIOTCS MEXKAY CcO0O0If), TO U PacCTOSHUA MEXTy MOJIEKyJlaMi B
napoBoii (pa3e 3HAUUTENbHO 0OJIbILE, YeM MKy MOJICKYTaMHU B )KHAKOI (ase.
OTciona O4eBHIHO, YTO CHJIbI MPUTSKEHUA, AEHCTBYIOLIME HA MONeKyly b co
CTOPOHBI MOJIEKYJ NMApOBOii (pa3bl, 3HAUUTEJILHO MEHbLIE, YEM CHIIbI IPUTSANE-
HUS CO CTOPOHBI MOJIEKYT JKUAKOH (a3bl. CrneoBaTeNbHO, paBHOACHCTRY IOLIAs
MEKMOJEKYIAPHBIX CHJI, NEHCTBYIOIMX HAa MoseKyny b, He paBHa Hymo. [lo-
HAITHO, YTO 3Ta PaBHOJEHCTBYIOLIAsA CHJIA HAMpaBicHA BHYTpPb JKHIKOCTH MO
HOpMaJ1 K noBepXHOCTH. OUEBHITHO, YTO B TAKOM K€ MOJOKEHHH, KaK U MoJie-
Kyna b, HaXoAATCs BCe MOJIEKYJTbI, PACONIOKEHHbIC Ha MOBEPXHOCTH KH/IKOCTH,
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H, CNIEI0BATENLHO, MOBEPXHOCTHbIN CIOH OKa3blBACT AABJICHWE HA BECb O0bLEM
JKHAKOCTH. DTO JABIEHHE HA3BIBACTCA GHYMPEHHUM Oa6TeHUEM.

BuyTpennee nanenne x)uakocTeil BecbMa BEJIMKO. PacueTbl MOKa3bIBaroT,
4TO, HaMpUMep, A BOAbI Npyu atMochepHom Aasnenuu U npu T = 100 °C Bhy-
TpeHHee NaBieHue cocTaBIseT npumepto 5, 68 - 108 Ia. CnenyeT noauepkHy Th,
4TO HENOCPEACTBEHHO U3MEPUTH BHYTPEHHEE 1ABIEHHE HEBO3MOKHO: CCIIU Mbl
OMYCTUM B JKHIKOCTh Kakoli-nnbo npubop, To Ha rpanuue ¢ npubopom obpa-
3yeTCsl NOBEPXHOCTHbIH CIOH KUAKOCTH, «M30JMPYIOLLHID OT HAC BHYTPCHHEE
JaBJieHHe.

JlaBnenvie Ha BHYTPEHHUE CIIOH KHIKOCTH OKa3bIBaeT HE TOJIBKO BHEIIHWIA
cloif MOJIEKYJ, HO W CJIOH, JIeKALMe HEMOCPEACTBEHHO Moa HUM. B camom
Jene, Hanpumep, Ha Molslekyay 3, pacnonokeHHYIO BO BTOPOM (OT MOBEPXHO-
CTH JKMIKOCTH) CJIO€, CHU3Y W ¢ OOKOB A€HCTBYIOT CHUJIbl MPUTAKEHNS MHOTHX
CJIOEB KMAKOCTH, @ CBEPXY — TOJIBKO OJJHOTO CJIOSt AKMAKOCTH M MOJNIEKYJI Napo-
BOIf pazbl. OTCIO1a OUEBHIHO, HTO PABHOAEHCTBY 01 MEXKMOIEKYIAPHBIX CHII,
NEHCTBYIOLINX HA MOJIeKyTy B Takke He paBHa HyJO, W, CJIe0BaTE/IbHO, BTO-
poli ol MONeKyN Takke OKa3bIBAET 1aBIEHHE HAa BHY TPEHHHE CIOM JKHIKOCTH.
Ho cuua, nelictBytoluas Ha MoJeKyiy 13, 3HaUMTEeNIbHO MECHBILE CHITbI, NEHCTBY-
toLieil Ha MoJeKysly 5 — 3T0 00BACHAETCS TE€M, YTO MEKMONEKYISPHBIE CHITbI
OPUTSHIKEHHST ObICTPO YObIBAKOT C PAcCTOAHMEM, U MOATOMY Haudosiee CHIIbHO
C IaHHOM MOJIEKYJI0H B3aUMOEHCTBYIOT T€ MOJIEKYJIbI, KOTOPbIE PACMONOKEHbI
BOJIM3M HEe; MOJIEKYJIbl, PACIIONOKEHHbIE Najlbllie, B3aUMOAEICTBYIOT ¢ Hallei
MOJIEKyJI0ii cnabee. A mockonbKy Mosiekyna B oKpy#eHa OQHHUM CII0eM MoJle-
KyJl CO BCeX CTOPOH, B TOM uuciie U cBepxy (cdepa paauyca r; Ha puc. 11.1),
TO OYEBMIHO, YTO paBHOACHCTBYIOLIAA cuna, AefcTBytowas Ha monekyly B,
OyzeT onpenenaThes NPUTAKEHHEM CO CTOPOHBI MOJNIEKYJT, PACTIONOAKEHHBIX BHE
cepsl 71, U, ClIeNOBATENILHO, OyNeT MEHbLIE PABHOACHCTRYIOLLEH CHIl, NPHIIO-
JKEHHBIX K MoJieKyJe b.

AHaNnoruuHbIe PaccykAeHUS MOXKHO NMPOBECTH U JUIS TPETHEro, YETBEPTOrO
M T. 1. MOHOMOJIEKYJISIPHBIX CJloeB. YeM faiiblie OT MOBEPXHOCTH pacrosoxe-
Ha MONEeKyNa JKHAKOCTH, TeM MEHbIIE PaBHOAEHCTRYIOMIAA CHJI, AEHCTRYIOLINX
Ha 3Ty Mosekyy. [Ipu 3ToM yike Ha pacCTOAHUSX B HECKOJIbKO MOJIEKYJSPHBIX
CJIOEB OT MOBEPXHOCTH PaBHOAEHCTBYIOLIASA CHJI CTAHOBUTCA MPAKTHUECKH PaB-
HOJ HyItO.

ToT cnoii HUAKOCTH HA rPaHMLE C €€ TApPOM, B KOTOPOM PaBHOEICTBYOLLHE
CHJI, ICHICTBYIOIIMX HA MOJIEKYJIbI, OTIIMUHBI OT HYJISl, HA3BIBACTCS HOGEPXHOCHI-
HbIM COEM.

CrenyeT noauepKHy Th, YTO UM BbILIE MIOTHOCThL NapoBOi (a3bl, TeM 00Jb-
LIee Y10 MOJIEKYJ1 MapoBoi (a3l HAXOAUTCS BOMU3H TOBEPXHOCTH KUIKOCTH,
M TEM CHJIbHEE B3aUMOJICIICTBHE MOJIEKYJI KHUKO# (pa3bl ¢ MOJICKY1aMH NApOBOii
(azel. CrenoBaTtenbHO, TeM MEHbLIE paBHOAEHCTRYIOMIAA CHII, MPHIOKEHHBIX
K MOJIEKYyJIe TIOBEPXHOCTHOTO ¢J10sl. 'TakuM oGpazom, uem Onuike K KpUTHUECKOH
TOUKE, TCM MCHbILUE 3HAUCHHSA CHJ, AEHCTBYIOLUMX HA KMAKOCTb HA IPAHMLIE
pazzena ee ¢ napoM (T.e. MEHbLIE MOBEPXHOCTHOE HATAKEHHE JKHIKOCTH).

1 IoHATHO, YTO MOCKOMBKY HA MOJEKY/bl, HAXOIALLUECS B MOBEPXHOCTHOM
cioe, AHCTBYIOT CHIIbI, HAaNpaBAeHHbIC BHYTPb AHIAKOCTH, TO IJIsl TOTO, YTOObI
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BBIBECTH KaKytO-1M00 MOJEKYIY M3 DIyOWHHBIX CI0E€B HMIKOCTH Ha MOBEpPX-
HOCTh, HYXKHO 3aTpaTHTh ONpeiesieHHylo paboTy npoTuB 3THx cun. OTciona
ACHO, UTO MOJIEKYJIbI, HAXOASLIMECS B IOBEPXHOCTHOM cjioe, 001a/1at0T 110 cpas-
HEHHIO C MOJIEKYNaMH BHYTPH JKHAKOCTH, IOTOTHUTENLHON dHepruei, paBHoii
paboTe BbIBOAA MOJIEKYJT B NOBEPXHOCTHBII ciioif. Takum 06pazom, NoBepXHOCT-
HbIH c10ii 00nanaeT Mo cpaBHEHUIO € OCTALHLIM 06BEMOM JKHAKOCTH M30BITOY-
HOM BHYTPEHHEH 3Heprueil; OHa Ha3bIBACTCA HOGEPXHOCMHOI IHEP UCH.

B cooTBETCTBHU € BbILICH3I0KEHHBIM OUEBHAHO, UTO SHEPTHsl OTAENbHbIX
MOHOMOJEKYJIAPHBIX CIOEB TE€M BbILIE, yeM OJIKe 3TOT MOHOMOJIEKYJIsAPHBIMH
CJIOH K MOBEPXHOCTH MHMAKOCTH. Te€M cambiM BHYTPH MOBEPXHOCTHOIO CIOS
BHYTPEHHAS IHEPTHUA HKHUIKOCTH MEHSETCS MO BbICOTE OT 3HAYEHUS BHYTpEH-
Heil HepruM KHUAKOCTH B 00beMe 10 3HAUEHUs Ha MOBEPXHOCTH KHAKOCTH BO
BHELIHEM MOHOMOJIEKYAAPHOM ciioe. OTHaKO MOCKONBKY MOBEPXHOCTHBIH CIIOH
OU€Hb TOHOK (OH MMEET TOJILUMHY MOpsIKAa HECKOJIbKMX MOHOMOJEKYSPHbIX
CIIOEB), TO MPAKTHYECKH MOKHO CHUTATh IHEPTHIO MOBEPXHOCTHOTO COSI OCTO-
AHHOI [0 Beeil TonLuHe ¢os. bonee Toro, nockoiabKy 00beM NOBEpXHOCTHOTO
CJ1051 OOBIYHO HHYTOXKHO Mall 10 CPABHEHHIO CO BCEM 00BEMOM JKHIKOCTH, TO
MOKHO YCIIOBHO CHUTATh, YTO MOBEPXHOCTHBIN COI HMEET HYNEBYIO TOJIIH-
HY, U YTO T€ 0COOble CBOICTBA, O KOTOPHIX UIET peub (M30bITOUHAS IHEPTUSA
W T.T1.), TPOSIBISIFOTCS TOJILKO Ha MOBEPXHOCTH HKH/IKOCTH, TOMUIMHA KOTOPOH
paBHa HYIHO.

Togepxnocmuoe namaxncenue. Baxueiilwell xapakTepuCTHKOIl moBepx-
HOCTHOTO €J10s1 IBJIAETCS IOBEPXHOCTHOE HaTskeHue. YTo npeacrasaset codoii
MOBEPXHOCTHOE HATSKEHUE U KaK OHO MposABasieTcs?

HeTpyano noxa3atb, 4TO MOCKOALKY MOBEPXHOCTHBII croif o6nanaeTt u30bI-
TOYHOI1 PHEPrHUeii, TO NOBEPXHOCTh JKHAKOCTH Beeraa OyaeT CTPeMHUTbCs M0 BO3-
MOYKHOCTH COKPaTHThLCH.

Bbilie oTMeu€HO, UTO IOBEPXHOCTHbII C/10i 001a1aeT 10NONHHTENbHOI (10~
BEPXHOCTHOH) sHeprueii. [IockonbKy 3Heprus ABAsAETCS IKCTEHCHBHOH BEHY K-
HOH, TO OUEBH/IHO, UTO M MOBEPXHOCTHASA YHEPTHS NPONOPLUOHATbHA BETHUHHE
MOBEPXHOCTH KHAKOCTH. DTO U MOHATHO — YeM OOJbLIE M0LIa/1b MOBEPXHOCTH,
TeM 0O0JIbLIEE YUCIO MOJIEKYJl HYKHO BbIBECTH M3 IMYOHHHbIX CJOEB KHAKOCTH
JUISt TOTO, YTOObI 3aMOTHUTD ITY [HOBEPXHOCTb, H, CJIEIOBATEIbHO, TEM OOJbILYIO
padoTy HykHO 3aTPaTUTh MPOTHUB CUN BHYTpeHHEro nasneHusa. Takum oGpaszom,
pacTsiKeHHE KUIKOCTH MPUBOAMT K MEPEHOCY MOJIEKYNl M3 o0bema Ha MoBepX-
HocTh. Ilpu KOMHaTHOM Temneparype Koacb(bnunem nnddysun GonpuIMHCTBA
JKMAKOCTEH paBeH npumepHo 10=" cm?/c. Ecnin cumuTath, 4TO NOBEPXHOCTHBIH
cnoii umeet Tony 107 oM, To Bpems B3aumMHOro 06MeHa MEKILY MOJIEKYJIaMHK
IOBEPXHOCTHOTO €105 M 00beMa cocTaBseT BenunHy nopsiaka 10~° ¢. Takum
00pa3oM, MOBEPXHOCTHBIH CJ10if HAXOAWUTCSA B MOCTOSHHOM TYPOYJIEHTHOM JBH-
KEHHU. A MOCKOJbKY KHAKOCTb PABHOBECHA CO CBOMM NAapoM, TO CYLIECTBYET
TaK’Ke JBYXCTOPOHHHI c6anaucupoaamfb|ﬁ nepexo;1 MOJIEKYJT U3 ra3000pa3Hoif
(ba3bl Ha MOBEPXHOCTb (KOHAEHCaAUMs) U 0OpaTHO (Mcnapenue). Ha OCHOBaHHH
KHHETHYECKOI TEOPHH ra30B YKCII0 MOJIEKYIL, COYAAPAIOLUNXCA € I cm? nosepx-
HOCTH, cocTaBnsieT okosio 1,2 - 10%? monekysn/cm? - ¢. [pu paBHOBECHH YMCIO
UCTMApPUBLLHXCS U CKOHACHCHPOBAHHBIX MOJIEKYJ PABHO, UTO 1a€T BO3MOKHOCTb
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pacueta BpEMCHH «GKHU3HH) MOJIEKYJIbl B NOBEPXHOCTHOM CJIO€. OHoO cocTaBnsieT
BEJIHYHHY NOpA/IKa HECKOJILKHX nonei MHKPOCEKYHbI.
K 3TOMY K€ BONPOCY MOKHO MOAOHTH U € TOUKH 3peHHs TEPMOAHHAMHUKU.

11.2. I'nd66coBcKasi TEPMOAHHAMHKA MOBEPXHOCTH

Tepmoaunamiveckas Teopus NOBEPXHOCTHBIX ABNEHHIH Oblna co3nana ['moo-
com B 1878 I, M 10 CHX MOpP HH OJIHA M3 COBPEMEHHBIX TPAKTOBOK TEOPHH Kammil-
JISIPHOCTH HE MOYKeT KOHKYpUpOBaTh ¢ MeToaoM ['nb0ca no noiaHoTe v ryOuHe
u3noxkeHus. Merton ['nddea He cBA3aH ¢ KAKUMU-THO0 NPEANONOKEHUAMH O TOJI-
HIMHE W CTPYKType Mek(pa3oBOro clos U npeacrapiseTca Haubosnee OOHIUM.
Opnako Gonbluas OOLIHOCTb TEOPUM NPHUAAET el HEKOTOpYIo adCTPAaKTHOCTh
W 3aTpyAHseT BocrnpuATHe. [1o3TOMy 31€Ch Mbl MPUBEAEM METOJ H3J0MKEHHS
TepmoauHamukn ['nd6ca, noab3ysack 6onee MOHATHBIM [OIXOA0M.

VenoBus paBHOBECHS, BbIpaXkarolluecs B MOCTOAHCTBE TeMMepaTypbl, 1aB-
JeHHsl U XUMHUECKOTo MOTEHLHaa KakI0ro KOMIIOHEHTa B KaKA0i U3 comnpu-
Kacatounxcs (a3, npu HeoOXOAUMOCTH YUEeTa peajibHOro NOBEPXHOCTHOIO CJ1051
Ha TpaHulLie pa3aena aByX (ha3 cleiyeT JONOAHUTE CleLy oInM 06pa3oM.

[TycTe nByx(pazHas cucTeMa, UMEIOLLAsA IIIOCKYIO FPaHHLLy pa3jiesia ¢ Iiolia-
IbIO MOBEPXHOCTH (), MoMelliena B CoCyl nNpaMoyronbHoit popmel. Ecin nytem
00paTUMOro MU30TEPMHUECKOTO NepeMelleHns GOKOBBIX CTEHOK cocyla yBesu-
YUTh TUTOA/L IPAaHULBI pas3aena Ha df), To paboTy B 3TOM MPOLECCE MOKHO
NPEACTaBUTh, Kak padoty pdV . 3aTpaucHHYyIO Ha U3MEHeHHe o0bema npu ne-
pEMELIEHHN CTEHOK COCYa U H30BITOUHYIO PabOTY, CBA3aHHYIO C YBEIHUYEHHEM
mtow@au yds2.

Torpa nonunas padoTa, mpousBeieHHas JaHHOI cucTeMoif, OyneT paBHa

AW = pdV + ~d. (11.1)

Ecnu Tenepb CABHHYTH BEPXHIOIO KPBILIKY COCYa TakK, UTOOBI CHCTEMY Bep-
HYTb K MepBOHaualbHOMY 00bemy, To paboTa B 3TOM mpolecce OyaeT paBHa
(—pdV'). B KOHLE 3THX ABYX MPOLIECCOB cHcTema Gy1eT HMETb Te e JaBlicHHe,
COCTAB M TeMMepaTypy, KOTOpble OHa MMeNla NepBOHa4YalbHO. ENMHCTBEHHBIM
HU3MEHEHHEeM, OCTAaBLIMMCS MOCIe TaKoro mpouecca, OyaeT padboTa, coBeplIcH-
Hast CHCTEMOii MpH YBEJIHYEHHH Tuomaay nosepxuoctu vdf). CnenoparensHo,
~ 1o cBoeMy (PU3MUYECKOMY CMBbICIY MpeacTaBiseT codoii paboTy, coBeplueH-
HYIO CHCTEMOIi MpH eMHHYHOM YBEJIMYEHMN MOBEPXHOCTH paszfiena AByx (as.
DTy BeNUUHHY HA3bIBAKOT HOGEPXHOCIHBIM HAMANCCHUEM WM CUJIOH HaTsKe-
HUSA, AeHCTBYIOWIEH Ha eIMHUILY JUTHHBI MOBEPXHOCTH pa3aena ¢as. Takum 06-
pazoMm, eciii HeOOXOAMMO yUecTb paboTy, CBA3AHHYIO C M3MEHEHUEM IUIOLaaH
MOBEPXHOCTH, TO MEPBBII U BTOPOIi 3aKOHBI TEPMOTUHAMUKH /1 PABHOBECHOM
OTKPbITOH CHCTEMBI CJICAYET 3anucaTh B BUAE

dU = TdS — pdV +vdQ+ Y pidN;, (11.2)

Ihe ft; — XUMHUYECKHII MOTEHUMA i-ro KOMIIOHEHTA B CHCTEME, coAeprkaliei
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«k» Bewects. Menonb3ys npeodpazosanue Jlexanapa, ypasHenue (1 1.2) MoxkHO
BbIPA3UTh B (hopme

dF = =SdT — pdV +vdQ + Y widN;, (11.3)
dG = —SdT + Vdp + vdQ2 + > j1;dN;. (11.4)

VpagHenust (11.3) u (11.4) aBnsaoTcs QyHIAMEHTANBHBIMU VPAGHEHUSMUL
Tu66ca, KoTOpbIE MOKHO paccMaTpUBaTh KaK ypaBHEHHs MOBEPXHOCTHOrO Ha-
TSAAKEHHS 7y IS OTKPBITOH cucTeMbl. BenHuuHy NOBEPXHOCTHOTO HATAKEHHA Te-
nepb MOKHO ONpPENENUTb Kak Mpou3BoAHYO (GyHKUMM [enbmronbua win GpyHk-
uu ['nb6ea no noBepXHOCTH pasjena KOHTAKTHPYIoUX (a3 ()

7_(E) y= (‘9(’) (11.5)
/T v,N,’ /T PN, '

[Mockonbky (hynxumu F' v G ABAstOTCS (yHKIUAMN MEPEMEHHBIX COOTBET-
creeHHo V, N u  u p, N u ), T0 npu u3meHeHun o0bema CHCTEMBI MPU
COXpaHeHHH TeMIepaTyphbl, cocTaBa i JaBlneHns, Hanpumep wid GpyHkmu [enb-
mroabla (F), noayuum no teopeme Diiiepa clienyioliee BoipaxKeHue:

F=> uN;—pV +9. (11.6)

OnHako ¢yHnamMenTansHoe ypasHenue ['nooca (11.4) npuBoaut k napaaok-
CaJIbHOM CUTyallMy B CIyuac paBHOBECHS CHCTEMbI, HaXOAALLEHCA MNP MOCTO-
SIHCTBE TEMIEPaTyphbl, IaBIEHUA H HEM3MEHHOCTH COOTHOLIEHHS KOMITOHEHTOB
cuctembl. Jlpyrumu cnosamu, npu dp = 0, dT' = 0 u dN = 0 moboii kBa3u-
CTaTUYeCKUi Mpoliece, COMPOBMKAAIONINITCA OECKOHEUHO MalbiM H3MEHEHHEM
III0LIAAH MOBEPXHOCTH df), TOMKEH NpUBECTH K ToMy, uTo dG # 0, uTo npoTu-
BOPEUUT YCIIOBHIO paBHOBecHs. JIJist TOTo, 4ToOBI OHO codmoaanoch (T.e. dG =
= 0), HeoOXOAUMO YPABHOBECHTh CHIIbI MOBEPXHOCTHOIO HATSIKEHHUS KaKOH-TO
apyroii padotoii. Ho npexae paccMOTpHM BKJIaJ IIOBEPXHOCTHOTO CJIOA B T€ WIIH
WHbIE TEPMOAMHAMHYECKHE BETHUMHBI.

11.3. Bkaaa mexpazHoro ¢jiosi B TepMOIAHHAMHYECKHE
BeJTHYHHbBI

Pacecmotpum, Hanpumep, maccy oAHO(A3HOM KUAKOCTU MPU MOCTOAHCTBE
TeMrepaTypbl M 3aHUMaloLeii HekoTopblii 06bem V. Byaem cuuTarh, 4To THApO-
CTAaTHUECKOE ABIEHHE PAaBHO HYIHO, a AU((PY3HOHHDII 00OMEH MeXay pa3iuy-
HBIMH HacTAMH CHCTEMbI HE MPOUCXOANT. [TpeanonokuM Takxke, 4To JKHIKOCTh
BHE3AIHO Pa3JelIsieTCs Ha JIBe MOJIOBUHBI BO3Y LIHBIM MPOMEIKYTKOM. DTO MpH-
BEJIET K TOMY, UTO MOJIEKYJIbl HAa 00pa30BaBLIMXCS MOBEPXHOCTAX pa3iesia OKa-
JKYTCS B HECUMMETPHYHBIX CHIIOBBIX NOJIAX (B 00beMe HKUAKOCTH Kaxaas MoJie-
KyJla OKpy’KeHa CBOMMH COCEISMU, IO3TOMY CHJIOBbIE M0, ACHCTBYOLINHE HA
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MCCllelyeMy 0 MOJIEKYIY, CHMMCTPHUHbI). Torna B cCOOTBETCTBHM C H3MCHEHH-
€M CTPYKTYpPbl CHIOBOTO MOJIsA B MOBEPXHOCTHOM CJIO€ €r0 PaBHOAEHCTBYOLIAs
Oy/ieT HanpagsJeHa N0 HOPMalu K MOBEPXHOCTH BHYTPb 00beMa iKUK (a3bl,
YTO JIOJZKHO MPUBECTH K HEKOTOPOMY CMELLEHHIO MOJIOKEHHI paBHOBECHS MO-
BEPXHOCTHbIX MOJIEKYJI. A 3TO, B CBOK) OUepe/ib, [IOBIEUET 3a CO00I H3MEHEHHE
CHJI IPUTSXKEHUSA U OTTAIIKUBAHUSA B MOBEPXHOCTHOM CJ10€ JI0 HEKOTOPOrO HOBO-
rO PaBHOBECHOTO COCTOAHMS. [TOCKOIbKY paBHOAEHCTBYOLIAS CHIlA HAaNpaBieHa
BHYTPb 00bEMa JKMAKOCTH, TO MOBEPXHOCTHbIE YACTHULLI MO AeHCTBHEM ITOH
CUJIBI CTPEMATCS NMEPeMeCTUThCA BHYTPb o0bema. OHAKO HIKeNeKallne cIon
AKHIAKOCTH NPENSATCTRYIOT 3TOMY NnepemelieHuo. Takum o0pa3om, MOBEPXHOCT-
HbIH C10#1 Kak Obl HAXOAUTCSA B CAMOHAMPSKEHHOM COCTOAHUU. B CBA3M ¢ ITUM
noteHuuan ['nboca noBepxXHOCTHOrO CIIOA BbILIE, YeM Ui BELICCTBA BHYTPHU
obbema. Ecnii Mexkay 4acTAMH CHCTEMbI MPOUCXOAUT AU(QY3nOHHBITT 00MEH,
TO YACTHLBI M3 MOBEPXHOCTHOIO cJlosl OyayT AU((YHANPOBATL BHYTPb 00beMa
JI0 TeX Mop, NMoKa X XHMHYECKHE MOTEHUHMANbl He BhIpOBHAIOTCA. Takum odpa-
30M, MOBEPXHOCTb JKHAKOCTH Oy/IET MOCTOSHHO HAXOIMTLCA B COCTOSAHUM Oyp-
HOTO MepeMeIBaHus, Tak Kak An(}y3nOHHBIIT 0OMEH MPOUCXOIUT T10CTATOHHO
ObICTPO, MOITOMY CKOPOCTh 0OMEHA MOJIEKYJIAMH MEKLY CIOSAMH KUIKOCTH NPH
aBTonMddY3UH TakKe BeWKa M COCTABNAET BedHunHy nopsaaka 1017 mMonexyn
B CEKYHJLY.

YBenuueHue TeMnepaTypbl Oka3bIBaeT CUILHOE BIUAHUE HA MHTEHCUBHOCTD
audpdysuonnoro odmena. Hanpumep, ans Boabl Opyu TeMOepatype 3amep3aHus
ko3 uument camoanpdysuu pasen Dooc = 1,18 - 1075 em?c ™', a npu Tem-
neparype, 6113Koii kK Temneparype KHNeHHs, OH YBEJIHUHBAETCS MOUTH HA I10-
panok (Dgooc = 7,62+ 107" cm?c™!). Onnako HecMOTps Ha 3TO CKOPOCThb
oOMeHa B JKHAKOH (ha3e Bce e 3HAUNTEBHO MEHbLIE CKOPOCTH OOMEHa MO-
JIeKyJ1aMH B ra3000pa3HOM COCTOSIHWM, HAXONALLMXCA HA TAKOM YK€ PaCCTOAHHH
MexKLy coboif. OTcroaa HanpaluBaeTcst BLIBOJ, YTO MOBEPXHOCTHLIIT CIIOH MO-
JeKy7 npeacTaBnsieT co0oil HeKOTOPbIl Oapbep. 3a Mpeaesbl KOTOPOro yaaeTcs
BBIHTH UL HEMHOTUM MOJIEKYJIaM JKH/IKOCTH.

JIpyruMHU CIIOBaMH, HHCJIO MOJICKYJL, YAAPAIOLMXCA O NOBEPXHOCTh CO CTOPO-
HbI KUAKOH (pa3bl 3HAUNTENLHO MPEBbILIAST HUCIIO MOJEKYJ1, BbUIETAIOLIHX 3a €8
npesesibl. Takum 00pazoM, HHCII0 MOJIEKYJT HAa MOBEPXHOCTH J10JIKHO ObITh 00Tb-
e, 4yem B odbeme. Ecnu npoBecTH MI0OCKOCTh Hepes LEHTPbI MOBEPXHOCTHBIX
YacTUL U YaCcTHLL B DyOHHe 00bema KHAKOCTH, TO MOJEKY/spHas MIOTHOCTb
B MOBEPXHOCTHOM CJI0€ OKakeTCs 60blie 0ObEMHOIH.

CyuiecTtByolas HCOAHOPOAHOCTb MOBEPXHOCTHOTO CIIOS B PA3JIMUHbIX €ro
YacTAX MO HOPMAM K MOBEPXHOCTH BbI3bIBAET paziHuHe B (PM3HUECKHUX CBOIi-
cTBax Mex(azHoro u 0ObEMHOro CJIOEB, FpaHHL@ MeKjy KOTOPbIMH BeCbMa
HeonpesenenHa. 1loatomy, eciu paccmatpuBaTh Mexk(asHyto rpaHuLLy, HampH-
Mep, MEKIY JKHIKOCTbIO U ee napom (puc. 11.2), To no ode cTopoHbl BUAMMON
rpaHuLbl pas3jena B cTOpoHy o0enx KoHTakTupytoinx (a3 OyayT pacrnpocTpa-
HATHCS 00JaCTH HEOAHOPOAHOCTH, KaK B HHCJIE YAaCTHLL, TAK U B CBOHCTBAX ITHX
NPUMBIKAKOLLMX JPYT K APYTY NOBEPXHOCTHBIX (a3 4 u 7, pasmepsl KOTOpbIX
HeornpeeneHusl. M3o0paxkeHHble Ha puc. 11.2 TIIOCKOCTH ABJAIOTCSA CKOpee
CUMBOJIMYECKUMU U HE OTPAXKaOT PeasbHOrO0 COCTOSHUS MPHUMOBEPXHOCTHOTO
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ci1ost. YToObl OLEHUTD MJIOTHOCTb COCTOSHHI NMPUNOBEPXHOCTHLIX (a3, HeodXo-
JIMa cHcTeMa BbIDOpa IPaHulLL, OTAENSIOIINX MEPEXOAHbII C0H OT 0ObEMHBIX
¢a3. [na cHATUS Npou3Boia B BblOOpe
TOJIMHBI [TOBEPXHOCTHOTO cJost ['udoe Dasa a
NpeIoAKUI BeCh 00bEeM, 3aHMMaeMblii )
NByXx(azHoii cucTeMoil, pa3aeauTs Ha 1Be
vactu V u V7, Bkmiouus B 311 0Gbemsi 6
W 4acTH nepexonnoii 3oner 0 w 7. Owe- .y P
BHJIHO, YTO TMPH TOM BLIOOpP pasielsito- 7
weii nosepxuoctu k' — k" cranosutcs 57
COBEPILIEHHO MPOM3BOJbHLIM. Torna, Ha-
IpUMeE, YHCII0 YACTHLL i-T0 cOpTa MOKHO 2" . Dian 7 Q"
asa /4
BHIPA3UTh B BUJIE

o A s Puc. 11.2. VYcnoBHas cxema rpaHHLb
Ni=Ni' + N/ + N7, (11.7) pazzena ABYX KOHTaKTHPYIOIWHX (a3

rne Ni', Niﬁ — ypena vacTu B 00beMHbIX (azax o i 5 cooTBeTCTBEHHO, a [N —
HekoTopas nodaBka 4acTHIl B MPUMOBEPXHOCTHBIX obmacTax o’ u 3%, mpiiem
TaK, 470

N} = Ni(a) + N;i(5). (11.8)

M3 Takoil GopmMbl 3amucy BUAHO, YTO CABHUT pa3iesstolleil MoBEpXHOCTH
k' — k' coBepuueHHO He CKakeTCs Ha YuCIeHHON Beantanne N7

JInsi OTHOKOMIOHEHTHOI CUCTEMbI pa3elitoLLY 0 [TOBEPXHOCThL BBIOMPAOT
Takum 00pazom, utodsl N 0dpatuanocs B Hyb. Takylo NOBEPXHOCTb Ha3bIBAIOT
IKGUMONCKYIAPHOU nogepxHocmbio. (B AanbHelleM Mbl yKakeM W Ha Jpyrue
CITOCOOBI pa3MELLLEHHS Pa3eNAtoLLeii MOBEPXHOCTH).

OueBUIHO, YTO BCAKOE IKCTEHCHBHOE CBOICTBO J1t000IH MHOrodazHoii cu-
CTEMbI MOKHO paccMaTpHBaTh AHAJIOTHYHO pa300paHHOMY BhITe TprMepy. Tak,
(pyHKuHIO [enbMronbLa Ternepb MOMKHO 3anucarb B BUC

F=F*4+F’ 4+ Fs, (11.9)

BHTpOI'II'IIO 3anuiuemM B BHIC

S =5 +8"+85°. (11.10)

Sanuiwem ¢GyHkuuio Fenbmronbua ans 00beMubix a3 o u 5
dF* = =59T — PdV*® + XuldN, (11.11)
dF? = —SPdT — PdV? + SudN?. (11.12)

Boruuras (11.11) u (11.12) w3 (11.3) u ucnonw3ys cootHowenus (11.7),
(11.9)u (11.10), a Takxe TO, 4TO NPH PABHOBECHH XHMHUECKHIf MOTEHIHAT ¢-T0
KOMIIOHEHTA BO Beex (pazax OJMHAKOB, MOJYHHUM ClEAYIOLIee YpaBHEHHE:

dF® = dF — d(F® + F") = —=S°dT + ~vdQ + Sp;dN}, (11.13)
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KOTOPOE MOJKHO Ha3BaTh (hyndamenmaioruiym ypasuenuem [ubbca nns mexdas-
HOTO CJIOS.

Ha npakryke yn00H0 H3MepsiTh U3MEHEHHE MOBEPXHOCTHOTO HATSAKEHUA TPU
BapbHPOBAHUU KOHIIEHTPALMH UM AKTHBHOCTH KOMMOHEHTOB cUcTeMbI. [1o3TO-
My OT nepeMeHHbIX ) 1 N; nepeiiiemM K nepeMeHHbIM Y U f4;, IPHMEHSIsSI K ypaB-
HeHuto (11.13) npeobpaszosanue Jlexxanapa. Torna

dF?* — d(vQ + Z wilN?) = =S%dT — Qd~ — Z Nidy;. (11.14)

Ho nockonbky BblpaxeHue, crosiuee B ckodkax ypasHenus (11.14), Toxne-
cTBeHHO paBHo [(mpu V' = const (cMm. (11.3) u (11.6)), To okoHuUaTENLHO
(11.14) npeacraner B Buze

S*dT + Qdy + Y _ Nidp; =0. (11.15)

310 ypaBHEHHE HA3BIBAKOT ypasuenueym aocopoyuu ['uooca B obueit popme
AJIs NOCKOTO Mek(pazHOTo ci1os.
OObIMHO BBOASAT MOBEPXHOCTHBIE MJIOTHOCTH STUX BEJIMYHH

Moo, (11.16)

=g0. (11.17)
Torna ypasrenue (11.15) 3anuuercs B Goee KOMMAKTHOM Bujle
dy+odT + Y Fidp; = 0. (11.18)
[1pu nocrosHHO#H Temieparype umeem Gopmyiy
—dy=Y Idu=RTY Iina, (11.19)

TaKI¥Ke Ha3bIBAEMYI0 docopoyuontHot hopmynoi I'uboea. 3nech a; — akKTHBHOCTh
1-r0 KOMIOHEHTA.

Ecnu npoBecTH pa3iensioulyo noBepXHOCTh TAKHM 00pa3oM, UTO H3OBITOK
OJIHOTO M3 KOMIIOHCHTOB paBeH HYJIH0 (0ObIYHO TaKMM KOMIIOHEHTOM SIBJISETCS
KOMTOHEHT | — pacTBOpuTENb), TO B 3TOoM ciayuae (11.19) 3amucsiBaeTcs Tak:

~dy=>"1rVdu;. (11.20)

JInst 1By XKOMITOHEHTHOI CHCTEMBI TIPH MOCTOSIHCTBE TEMTIEPATYPbl ypaBHe-
Hue (11.20) ceoauTes K BbIpaKeHHIO

dy = —T'ydpy — Tadps =~ dps, (11.21)

MOCKOJILKY TIO BhIIIETPHBEAEHHOMY YCIIOBHIO Pa3/IEiisiOLLy O NOBEPXHOCTh Bbi-
Opanu Tak, uro [} = 0.
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M3 (11.21) noBepXHOCTHbIH H30bITOK BelIECTBA 2 MOKET ObITb BbIUHMCIIEH
0 YpaBHEHHIO

V=4 e dy (11.22)
dpo RT das

[ie as — aKTHBHOCTbL pacTBOpeHHoro Bewecrsa. Eciu dy/das otpuuarensHa,

1 “ ~
To [ 2( ) IMeeT nonoKHTENbHbIi 3HAK I COOTBETCTBYET (pakTHUECKOMY M30bITKY
PAcTBOPEHHOIO BELIECTBA HA MOBEPXHOCTH pasaeia. Ecau ke dvy/day > 0, 10

F2(1) o0o03Ha4aeT neUUHUT PacTBOPEHHOIO BELLECTBA HA JIAHHOI MOBEPXHOCTH
—dy = RTrMdinp;, (11.23)

rae p; — napuuaibHOe JaBleHHE Mapa i-ro KOMMoHEeHTa. DTO ypaBHEHHE Mo-
3BOJISIET OMNPEIENATL MOBEPXHOCTHbIE W30bITKH M3MEPEHHEM MOBEPXHOCTHOTO
HaTsPKeHHUA MPHW M3MEHEHHH NaBIIEHHs Tiapa -ro KOMMOHEHTa Hall 3epKajioM
JKHIAKOH cMecH.

OTMETHM TaKkKe, YTO MOBEPXHOCTHBIH H30BITOK /| i(l) 1 MOBEPXHOCTHAsA KOH-
LEHTPALHsA ¢;, XOTA OHU U UMEIOT OJMHAKOBYIO Pa3sMEPHOCTb (MOJlb/CMQ) —
HE OJIHO H TO K€, TIOCKOJIbKY TIOBEPXHOCTHBIN H30BITOK XapakTepHu3yeT H3MeHe-
HHE cOCTaBa [OBEPXHOCTHOIO CJIOsA 10 CPABHEHHIO C HEKOTOPBIM MAEATIU3UPO-
BaHHbIM PACTBOPOM, B KOTOPOM KOHLIEHTPALIHH BCEX KOMMOHEHTOB HEU3MEHHDI
BILIOTb 10 Pa3aeAtoLIeii NoBEpXHOCTH. B TO Bpems Kak HOBEpXHOCTHAsA KOHLIEH-
TpaLus — 3TO KOJIHYECTBO KOMIMOHEHTA COPTa 7, OTHECEHHOE K €IMHHLLE MOBEPX-
HocTH pasaena €. M eciu nmoBepxHOCTHAs KOHLEHTPALMS BCEr/a MoaoKHTebHA,

TO [ i(l) MOKET ObIThb KaK MoJOKHTENbHOI, TaK W OTPULATENIbHOIN BElMUHHOIA.

Jlnst comyyast GHHApPHOI cMecH BOJIa— OpraHUYeCcKOe BEHIECTRO MPAKTHIECKH
BECb [MOBCPXHOCTHbII M30bITOK JIOKAJIM30BaH B MpeaesiaX MOHOMOJIEKYISPHOIO
cios. B aTom ciyuae aacopOuus /; paBHa MOBEPXHOCTHOIT KOHLEHTPALMH ;.

[Mpouecchl ancopdumm B 00LIEM cilyyae pas3aelstoT Ha ABe rpy bl — (u-
3HYECKYIO M XUMHUECKY10. Du3nueckas ancopolus HE COMPOBOKIAETCA 00pa-
30BaHHEM XHMHUECKHX cBazeil. Haobopot, xeMocOpOHpOBaHHbIE HaCTHLIbI Ha-
CTOJILKO MPOYHO MOTYT ObITb CBSI3aHbl C aACOPOEHTOM, YTO BBICTYNAIOT Kak
HOBbIE, HE MMEIOLLHE AHATIOTOB B 00bEME. MOBEPXHOCTHbBIE BELIECTBA. YpaBHe-
Hue azacopounn 'mddea (11.15) He 3aBHCHT OT THNa aacopOLMH M CBA3bIBA-
€T MOBEPXHOCTHbIE U30BLITKH C KOHUEHTpalKeil pacTBopa B 00beMe aacopda-
Ta. 3aBucumocts [; = [;(¢) npu NOCTOAHHON TEMepaTrype 4acTo Ha3biBatOT
uzomepmotr aocopdoyuu I'ubbca, 1 oHa MOKET ObITh TOJYHYEHA M3 U3MEPEHHUs
MOBEPXHOCTHOTO HaTAKCHHA HU3yHaeMoii CHCTEMbI, HaxoaALLecs B JKHAKOM co-
croaHuu. Takum obpazom, aacopOiHoHHbie ypaBHenus ['mdOca HaknaabiBalOT
olpeNeNIeHHbIE OrpaHHueHusl Ha (a3oBble COCTOAHMS HCCIEAYEMbIX CHCTEM.

Bblaatoutytocs posib B pa3sBUTHH YYEHUS O MOBEPXHOCTHBIX SABIEHUSAX Chl-
rpann uccienoanus Jlenrmiopa. Hanbonee 3ameuarenbHblii pesynbrar, nony-
yeHHblil JleHrMiopoMm, 3akitodascs B TOM, 4YTO HCC/EAys MOBEPXHOCTHOE
HATsUKEHHE BOJHBIX PAaCTBOPOB TOMOJIOTHYECKOrO psila HACBILIEHHbLIX KapOo-
HOBbIX KHCAOT (0T TpuaekaHoBoii kuenotsl CioHoz COOH a0 aurHouepnHoBoit
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Ca3H47COOH), on onpeaenun naowanb, NPUXOAALYIOCS HA OIHY MONEKY.TY
MOBEPXHOCTHOrO caos. OTcroaa ObLTO CAENaHO 3aKTIOYEHHE O TOM, YTO B CO-
CTOSIHUM MaKCUMallbHOIO YIIJIOTHEHHUSI Ha MOBEPXHOCTH KMAKOCTH MOJEKYJIbl
KHPHBIX KHCJIOT B MOHOMOJIEKYJISIPHOM CJIOE OPUEHTHPOBAHLI CBOMMH OCSMHU
NPUOIU3HUTEIBHO HOPMaJIbHO K NOBEPXHOCTH. M3 3THX ke n3MmepeHuii Oblia
OlleHeHa M JUTHHA MOJEKYJ (AUl MaJbMHUTHHOBOH KHCJIOTbI, Hanpumep, ANUHA
MoJieKyibl paBHa 24 - 1078 cm).

CrnocoBGHOCTb MOJICKY KAPOOHOBbIX KMCJIOT K OPHEHTALIMK HA [IOBEPXHOCTH
BOJIbl 0OBACHAETCS XUMHYECKHM CPOICTBOM IO OTHOLIGHHIO K Boae (IMapo-
(punbHOCTB) KapOokcubHOH rpyinel (COOH), HazbiBaeMoH rofoBHOI rpynnoi
MOJICKYJIbl M OTCYTCTBHEM TaKOro cpoactsa (ruapodoOHOCTb) XBOCTOBOI HacTH
MOJIEKYJIBI, cocTosieii u3 MeTuneHoBblX (CHo) v 01HONH KOHEUHOH MeTHABHOH
rpynisl (CHg). OTH MoJeKy/bl Ha HOBEPXHOCTH BOJbI HACTHYHO MOTPYKEHbI B BO-
Ay W Kak Obl IJ1aBAIOT MOUYTH B BEPTHKAILHOM MOJOKEHHH HA €€ MOBEPXHOCTH.

BriocneacTBHH Takue jke pe3ynbTaThl ObITH MOAYYEHBl APYTHMH HE3aBH-
cuMbIMU MeTosamu. Tak, B paborax ['yu cooduianoch, 4To HajMuue aacopo-
LMOHHOTO CJIOA Ha TMOBEPXHOCTH pasiena (a3, B HaCTHOCTH Ha TpaHHLEe ras—
TBEPJIOE TEJI0, BbI3bIBAET H3MEPHMbIE U3MEHEHHS MEK(AZHOIO AEKTPUUECKOTO
noreHuHata. Eciu MOJIeKyIibl OrPaHUYHOTO aACOPOLMOHHOTO CJIOS MOJIsIPHBI,
TO 3aBUCUMOCTb MEKAY SEKTPUUECKUM AUMOAbHBIM MOMEHTOM MOJIEKYJIb f4
1 CKauKOM 2JIeKTPHYECKOro noteHuuana Ay, BbI3BAHHLIM OpHEHTALMEH 3TOli
MOJTEKYJTBI, 110 3aKOHAM 3JIEKTPOCTATHKH MOKHO MPEICTaBUTL B BUAE

Ap =27 Ngpcos a, (11.24)

e Ny — YKCIIO MOBEPXHOCTHBIX THIMONBLHBIX MOJIEKYJT, OPHEHTHPOBAHHBIX MOJ]
YITIOM (v K HOpMaJlH NOBEPXHOCTH pasziena (as.

Ha puc. 11.3 npeacrasiena sxcnepuMeHTabHas 3aBHCUMOCTb MEK(a3HOro

NOTEHUMaNa OT MOBEPXHOCTHOH KOHLIEH-

Ae TpaLMu MOJIEKYJ 1-Kpe30Ja H UX Mpeano-

JIOJKUTEIIbHASA OpHEHTALMA (BHU3Y TOA rpa-

020 L : ¢dukom). 3asrcumocth A ot Ny umeer
0,40 : XapakTepHbIil BH/, H3 KOTOPOTO MOYKHO CJie-
0,301 ! J1aTh 3aKJIOYEHHE O TOM, YTO 110 MEpe yBe-
0.20 JMYEHHsT TOBEPXHOCTHOH KOHUEHTpPaLHK
! : MOJEKYJI IPOUCXOIHUT MOCTENEHHOE YMEHb-
0,10 b LIEHHE YITIa (v TIPH IByMEPHOM CXKATHH 110-
0 il L BEPXHOCTHOIO CJIOA.

2:4 6 8 10 121416 OpHEHTUPOBAHHbIC Ha MOBEPXHOCTH

! |

pasnena (a3 AHMOTbHBIE MOIEKYJIBI 00pa-
3YIOT KaKk Obl ABE [POTHBOIOIOKHO 3apsi-
JKeHHble nosepxHoctu (0! = —o''), pac-
CTOSIHHE MEKIYy KOTOPBIMH OMpENeaeTcs
MOJIEKy IsipHbIME - pasMepami.  CoBOKyII-
HOCThL TAKHX TOBEPXHOCTEl HA3bIBAETCA
OBGOTHBIM 2TEKIMPUUCCKILM CTOCM.

Puc. 11.3. 3aBucumocts Mex(pasHo-
rO MOTCHUMANA OT KOHLICHTPALHH MO-
JeKy1
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JIBoiinoii snexrpudeckuii cnoii (JI2C), Bo3HuKatowuii Ha nt0doi Mexdas-
HOI1 rpanuLe, onpenenseT OOMbIIHHCTBO PABHOBECHBIX CBOHCTB 3TOI MPaHULLbI
(IOBepXHOCTHOE HATAKEHHE, IOTEHLMA, 3apsi/l, EMKOCTb U J1p.) U B 3HAUUTEb-
HOIT cTerneHH KHHETHKY 3JEKTPOHBIX peakimii. [ToatoMy Teopust paBHOBECHO-
ro JI2C cucteMbl MeTall —EKTPOIIUT JIEKHUT B OCHOBE I0YTH BCEX Pa3/lesloB
SNEKTPOXHMHH: raibBAHOCTENMH W ralbBAHONIACTHKH, KOPPO3HUH H NACCHBHO-
CTH METajlIoB, acOPOLMH 1 KaTalu3a U ap.

OJHAKO OTCYTCTBHE Y10BIETBOPHTEILHBIX METOIOB pacueTa Wik anpHopHoO-
TO TIpe/ICKa3aHus ITHX BEJTUYHH OCTaBJAeT NpodieMy B paMKax TpaJHIlMOHHOTO
(rud0coBCKOro) 1oaxoaa OTKPLITOH. 31ech Mbl NOAOHAEM K npodieme onpee-
nenus coiicT JIDC ¢ no3uLmii He TONLKO KAACCHUECKOH TEPMOMMHAMUKH, HO
U B 3HAYUTEJIbHOM CTENEHH UCNOJb3YEM METO/bI CTATHCTHYECKOH PU3MKK, TEM
CaMbIM PaclIHPHB MPOCTPAHCTBO TEPMOAHHAMHUECKHX MEPEMEHHbIX.

11.4. TepmoannamMuka MeR(pa3HBIX ABICHHIT

[pu aHanu3e HNEKTPOXHMHUYECKHX CHCTEM Hallle BCEro UCTOMb3YIOT OJIHY U3
(yHIaMeHTaIbHbIX 00JacTeil JMEKTPOXUMHH —— TEPMOAHHAMUKY — MAKpPOCKO-
MHYECKYHO HayKy, MO3BOJIAIOLLY O H30€kKAaTh ONHUCAHHSI HA MHKPOCKOIHYECKOM,
MOJIEKYJIIPHOM Y POBHE TOBE/ICHUS 1 CBOHCTB paBHOBECHBIX cicTeM. Hemocpea-
CTBEHHO H3MEpseMble B IKCHEPUMEHTE TAKHE MAKPOCKOMMYECKUE NapameTpsl,
Kak MOBEPXHOCTHOE HaTsHKeHHE, MOTEHIIHAN, 3aps/, eMKOCTh JBOWHOTO CIOs
W ApyrHe ABISIIOTCS MAKPOCKONMYECKUM OTKJIMKOM Ha MOJIEKYJIsIpHbIC npouec-
Chbl, MPOUCXOAALLHE HA MEK(DA3HOI rpaHuie. B paBHOBECHH OHM CBA3aHBI MEKIY
c000ii pyHnaMeHTaIbHBIMH TEPMOAMHAMHYECKUMHI COOTHOLLEHUSMHE, KOTOPbIE
" npeactaBuM B 310ii miase. [1peske uem nepeiiTi K KpaTkoMy H3MOKEHHIO Cy-
LIECTBYIOLLMX B HACTOALLEE BpeMsl MPEICTaBICHHIT O CTPOESHHH JABOHHOTO JJIeK-
Tpuyeckoro cnost (JIIC), nporeacM TepMOAMHAMUYECKHTT aHaM3 MeK(pa3HbIX
ABNEHHI W MPE/UTOKUM albTepPHATHBHBIE MYTH TEPMOAMHAMHYECKOTO pelleHHs
HEKOTOPbIX acleKTOB CBOHCTB MeK(azHbIX rpaHHLL BOODLLE, a 3aTeM KOHKPeTH-
3UpYeM UX Ha OT/JIEJbHBIX YACTHBIX CIyYasX.

TepmoauHamuueckuii aHann3 CBOICTB MOBEPXHOCTH pasjena MeTaiinye-
CKUH )KHAKHH SNIEKTPO/— PacTBOP IEKTPOIIUTA MPOoBeeH [ pamMoM u YHTHH, Hc-
MO/Ib30BABLINX B ypaBHeHHM [100ca IOBEpPXHOCTHble MOHHbIC M30bITKU
1 HOHHBIE EKTPOXHMHUECKHE MOTEHIIHATTbI

i = Mi+ Zip. (11.25)

W I'nddc, u I'yrredreiim oTMeuany 3Ha4HTENbHbIE TPYIAHOCTH B ONPEAETIEHHH
MOHATHS XUMHUYECKOTO U NIEKTPOXUMHUYECKOTO MOTEHLHala OTAENLHOr0 HOHa,
TaK Kak HEeT crnocoda pa3aenbHOro ONpeeieHHs XHMHYECKOH H AEKTPHUECKOIT
COCTaBJISAIOLMX THX MOTCHLNAIOB.

ITprMeHeHne MEeKTPOXUMHUECKHX MOTEHUHATOR MPHUBEIO K TOMY, 4TO aj-
copOunoHHoe ypaBHeHue ['n66ca nomyuuno sua

dy==S%dT =Y Fidji; — > Fidp;, (11.26)
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IJ1€ HW/KHHUI MHIEKC ¢ COOTBETCTBYET 3aPSKEHHBIM KOMIOHEHTaM (MOHaM, JJieK-
TPOHAM), a HHJEKC j — HeliTpanibHbIM. [IpeacTaBuB 3apsKeHHbIE KOMITOHEHTHI
yepe3 NOBEPXHOCTHYHO MIOTHOCTL 3apsija o, a Pa3HOCTb NOTEHLMAIOB CONpH-
kacatowmxes daz a u 5 uepes ¢ — ¢ = &, ypasuenne (11.26) Tenepb MoxKHO
3anucarb B NPHUBbLIMHOM BHIE

dy = =S*dT — od€ =Y Tjdp;. (11.27)

[pu MocToAHHOIT TEMMEpaType M COCTAaBE CHCTEMBI 3TO YPaBHEHHE MEPEXo-
IUT B LUMPOKO HPHUMEHSIEMOE B 31EKTPOXUMHUHK ypaBHeHHe JIunnmana

(‘9_7) _— (11.28)
oE Hy

Ha3bIBAEMOE YPABHEHHEM JJIEKTPOKAMHLIAPHOCTH. OTMETHM, YTO TO CMBICITY
BbIBOJA opMyibl JlunnMaHa 3apsa o B Hell sBaseTcs CBOOOAHBIM 3apsioM
0 "% NOCKONBKY B KAueCTBE 3apA/KEHHBIX HaCTHLL YMHTHIBAKOTCA TONLKO HOHbI
U SEKTPOHBI.

DKCMEPUMEHTATLHO H3MEpAEMasn 3aBHCHMOCTh MOBEPXHOCTHOTO HATS/KEHUS
OT noteHuHana umeet Gopmy napadosbl. A cama KpUBas Ha3bIBAETCA NIEKTPO-
kanuspHoii kpusoii (DKK). M3 ypasuenus (11.28) cieayet, uto B Touke Mak-
CHUMyMa MEeKTPOKaMUIApHOil kpuBoil (DKM) (2—2) = 0. Touky sneKTpO-

&/, T
KamuIIApHOr0 MaKCUMyMa Ha3bIBalOT TaK/Ke TOUKOM ﬁyneBoro sapsaga (TH3),
T. €. TMOBEPXHOCTL METaula HE MMEET CBOOOJHOTO 3apsia, UYTO MPOTHBOPEUUT
ObITY, TAK KaK (1Y) — cpévfo # 0 (tne o M w2 notenumanst HesapskeH-
HBIX MeTawioB My u Ms).

AncopOumonHas dopmyna ['mddca onucbiBaeT nt00ble MekpazHbie rpaHH-
LB, HO HE YYUTbLIBAET JIEKTPHU3ALMIO HEHTPATBbHBIX BELLECTB NMpH 00pa3oBaHUU
WIH H3MEHEHUH MOBEPXHOCTY pa3jienia conpukacatoluxces das.

D70 ABJNEHHE dEKTpU3aLMHK ObLU10 3amedeHo elue B 1892 r. Jlenapaom, u Bro-
cnenctere PpyMKHHBIM ObITO MOKa3aHO, YTO Ha IpaHMLE, HarnpuMmep, Boaa—
BO31YX, CKauoK moTeHuuama anocturaet sequuunsl 0,1 + 0,2 B. Ewme Oonee
yOeauTenbHbli npuMep npuseaeH B ctatbe A. DiiHiuTeina « K cToneTnio co aus
poxnenms opaa Kenbprinay.

KenbBrHOM — TOMCOHOM CBOICTBO 2/IE€KTpH3aLii BO/bI ObLIO MCMONL30Ba-
HO J115 CO3JaHHsI FeHepaTopa BbICOKOIO HANpPsKCHHUA, Hed KOTOPOro rnopasuia
DifHwwTeliHa cBoei NPOCTOTON W M3ALWHONH 04EeBHAHOCTLIO (pHc. 11.4).

Bor onucanue 3710 ycraHOBKM B MHTepnpeTauny DitHwteiina: « 3 3azem-
JIEHHOI BOAOHAMNOIHEHHOI TPYOKH BLITEKAIOT BE CTPYH, KOTOPbIE BHYTPH My-
CTOTEJNBIX H30JHPOBAHHbIX MeTalinieckux winuHapos C' u C' pasdusatorcs
Ha Kard. DTH Karin nagaioTt B u3onupoBaHabie noactasku A w A’ co Beras-
neHHbIMH BopoHKamu. Lununap C' coeanten nposoaxnkom ¢ A', a C'' ¢ A.
Eciu C' 3apsikeH NONOKHTENLHO, TO oOpasytolunecs sBHyTpn C' kaniu 3aps-
JKAIOTCA OTPULIATENBHO U OTAAIOT CBOH 3apan A, zapsaxas tem cambim C' or-
puuarensHo. M3-3a orpuuarensroro 3apsaa C'' obpasyiouecs BHYTPH Hero
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Karid MoayyaroT NOJOKHTENbHLIH 3apsa v paspskatorcs B A', yBenuuusas
ero nonokuHTenbHbI 3apsn. 3apsasl C, A’ w C'', A BospacratoT 10 Tex nop,
MOKa W30J14LH1s IPENATCTBYET NPOCKAKH-
BAHUIO HCKpbI». B focrarouHo wzomu-
POBaHHbIX YCTAHOBKAaX TAKOrO THIA BO3-
MOZKHO MOTYYHThb PA3HOCTb MOTEHLHAIOB
1o 3000 B. Takum odpaszom, B HeliTpaib-
HbIX KHAKOCTAX HAOMIOAAETCA EKTPH-
3alKs MOBEPXHOCTH KHAKOH (asbl, ko-
TOpasi HE YUHMTHIBAETCS aACOPOLHOHHbBIM
ypaeHenuem ['udoca.

Hanuuue noBbllIEHHOH — 3J1eKTpo-
MPOBOTHOCTH ~ TIOBEPXHOCTHOTO  CJIOS
(Hanpumep, 2JEKTPONPOBOAHOCTL  T10-
BEPXHOCTHOI'O CJ104 JibJ1a TOJLLHHOMH | MM
Ha [OPAJIOK BbILLE NIEKTPONPOBOAHOCTH
00beMHOI (pa3bl), OUEBHAHO, SBIAETCS
CBHJETEJILCTBOM TOIrO, HTO [OBEPXHOCT-
HBII CKa4YOK MOTeHIHaa BO3HHKAET HE Puc. 11.4. Cxema reneparopa KeabBina
TONBKO M3-3a JIMMOJNbLHON OpHEHTALMH
MOJIEKYJI, HO M HaCTHYHO O0YCIIOBIEH CBOOOIHbLIMH HOCHTENAMHU 3apaaoB. SB-
JISIOTCA JTH 3TH CBOOOHBIE HOCHTETH 3aps/IOB dIEKTPOHAMY WM HOHAMH, BO3-
HHUKAOLMUMH NPH AHCCOLMALIMM HEHTpabHBIX MOIEKYJl BOAbI B [OBEPXHOCT-
HOM cjloe, ceifuac MPUHLMMHAILHOTO 3HAYeHHd He nMeeT. BaxHo nuuib To,
YTO B TEPMOAMHAMUUYECKHE ypaBHEHUs PABHOBECHS peallbHbIX [ETEPOreHHbIX
CHCTEM HEOOXOAHMMO BBECTH ClIaraéMoe, OTpakKalollee padoTy 3apsKEeHHUs To-
BEPXHOCTHOIO CJIOA.

OaHaKo MocKobKY HEM3BECTHA HU PUPO/IA HOCHTENEl 3apsia, H1 HX KOJTH-
14eCTBO B MOBEPXHOCTHOM CJI0€, TO MOMHYIO WIEKTPHHECKYHO IHEPTHIO 1015 BCex
3aps/0B CNEAyeT BbIPa3HTh B BU/IE YAENLHOI padoThl MONAPHU3ALMH CHCTEMBbI

§W = EdP, (11.29)

e P = p*V, a p* — anexrpuuecknii MOMEHT eAMHHULIbI 00beMa paccMaTpyBa-
€MOii CHCTEMbI, PaBHbIIT BEKTOPHOI CyMME TEKTPHUECKHX MOMEHTOB MOJIEKYJT,
HaxXoAALIMXCS B 9TOM o0beMe; [ — HalpsKeHHOCTb 3EKTPHUUYECKOro Mosis.

YUToOb! MOHATH, KaK 3anacaeTcs NOMOJHUTENbHAS SNEKTPUYECKAs IHEPTUA.
pPaccMOTPUM M30JHPOBAHHYIO MOISPHYIO Mosiekyay B none E (puc. 11.5). Dra
MoJIeKyJ1a MOJKET ObITh TIPE/ICTARIEHA ABYMS 3apsaaMu ¢, NPUKPENIeHHbIMH
K ynpyroii npysuse. JIMIOJIbHbII MOMEHT p MOJIEKYJIbl SIBISETCS BEKTOPOM Be-
JIUYUHBI S.

[one E co3naercs KaKMMH-TO BHEIUHUMH HcTOMHMKaMH. [lpeanonoxum,
4YTO B MPUCYTCTBUU MOS8 E 3apsaabl nepeMectaTcss B NPOTHBOIOIOKHLIE CTO-
POHBI HA paccTOsIHUE ds; NPH ITOM BEJIHYHHA IHTONbHOIO MOMEHTA H3MEHHTCS
ot ¢s 10 ¢(s + ds). [IBikeHHe 3apsiI0B B HANPABJICHNH 105 F IKBHBAIEHTHO
nepeMelleHrio 3apsaa +¢ Ha pacctosiHie ds (He uMmeeT 3HaueHHs, IBHKETCS
OJIMH KOHEL Wi 00a).
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CrienoBarelibHO, Hal MOMEKyII0i Oblia coBeplueHa padora, paBHas Eqds.
EQMHCTBEHHBIM TMOCTABLIHKOM 3TOH paboThl SIBAAETCH HCTOUHHK TMONA —
Oarapes, 10AAEPHAKHBAIOLLASA [TOCTOSHHYIO PA3HOCTb OTEHLUHAIOB, MKy I1ac-
THHAMH KOTOPOH MoMellleHa uccneayemas
Mouiekya. Eciin paboTy, coBeplleHHYIO Hall
- MOJIeKyJTI0#, 0603HauuTs yepes dW, to

ds :
Sj t dW = Eqds = Edp. (11.30)

3anaceHHas 3Heprus, COOTBETCTBYOLLAs

=7 fq - 3T0i1 pabore, MoxkeT ObITh OOHapy:keHa

- B JIByX MECTAX, @ UMEHHO B CHJIBLHO pacTs-

E Z HYTOI ynpyroi npyx/nHe U J1EKTPHIECKOM

- MoJIE CAMOTO MOJIEKYJIIPHOTO  IUIIONS, KO-

TOpblil Tenepb odnaaer OOJIbILIMM KONHYe-

CTBOM MOJTHOI IHEPTHH 32 CUET yBETHUECHHS
+ - PaccTOAHUSA MeKIY ABYMs 3apsaaMH.

Besa aHeprus mosekysbl 00yciioBiieHa ee
CTPYKTYpOil, 1 eciii Obl MOKHO ObLIO 3arvis-
Pue. 11.5. Mozenn monsipusyesMoil  HyTb B 3Ty AMHAMUYECKYIO CTPYKTYPY, TO 00-
MOJICKY 1Bl HapyKHI10Ch Obl, 4HTO MOMHAA DHEPIHs COCTO-
UT W3 2NIEKTPOCTATHUECKOI MOTEHIHAILHOM SHEPTHH U KHHETHYECKOH IHEPrin
ABHKEHHs DJICKTPOHA.

PaGora, coBepllieHHas HaJ MOJIEKYJIOI A7 H3MeHeHHs ee nonsapuauny Edp,
YBEJIMUHBACT HA TAKYIO K€ BEJIMUMHY IHEPIHIO, 3aK/IIOUEHHYIO B CamMoii MoJIeKyJie.

OObeNHHEHHOE BhIPAKEHHE NIEPBOTO W BTOPOIO Hayasl TEPMOAHHAMHKH IS
AByX(pa3HOIT CHCTEMBI € MIOCKOIT MOBEPXHOCTHIO passiena ) umeeT BUA

Fh b bR

[
i

dU = TdS — pdV + vdQ + > judNi+ Y Yidy,, (11.31)

rae U — nonHas sHeprus cuctemsl, 7' — Temmepartypa, S — sHTpornus, yd{) —
MexaHHHecKas padoTa HaTAKEHUS TTOBEPXHOCTHOTO CJIOS U E Yidy; Besikas

Apyras padora, coBepiuaemas HajJ cuctemoit (Y —— o0olwenHas cuna, y; —
000011eHHas koopanHara), f; U N; — XUMHYECKUH MOTCHLMA U HHCI0 MoJIe
-0 KOMIMOHEHTA. JTO YpaBHEHHE ABIACTCA BbIPaXKEHWEM MPHHIMNA PaBHOBE-
cust ['nb6ca, cormacHo koTopomy AupdepeHLna norHoH SHEPrul paBHOBECHOM
CHCTEMBI PABEH HYJIO JJIst BCEX BO3MOKHBIX U3MEHEHHIT COCTOAHUA MPH MOCTO-
SIHCTBE SHTPOIHH, HHC/A MOJieil KOMITOHEHTOB, HEM3MEHHOCTH TPAHHLL CHCTEMbI
i apyrux BHewHuX koopanHar (dU)s, v, ;. n;.o = 0.

Bblpazus cnaraemoe ZYidy,- B (11.31) uepe3 EdP (oueBuaHo, uto E
ABNIAETCA 0000LEeHHOIT CHIToi, a I? —— 0000LeHHOIT KOOpHHATOI), ypaBHEHHE
(11.31) 3anmwercs B popme

dU = TdS — pdV + dQ + > j;dN + EdP, (11.32)

(3I[€Cb ¥s E, P cooTBeTCTBEHHO NMOBEPXHOCTHOE HATAKCHHE, HANMPAKCHHOCTDH
SJIEKTPHUHECKOTrO 110J1 W 110JApU3allbs paccMaTpruBacMoro 00beMa KHIKOCTH.
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OueBuaHo, uro > = p*V, a p* — ynenbHas noaspusauust eaUHULLI 00b-
€Ma; oCTallbHble CHMBOMBI TPaAHIHOHHBI). [0BOps 0 monsipuzaunu cpeasl P
Mbl NOJApPa3yMeBaeM TaK Ha3blBAEMYLO JMHAMHUUECKYIO MOJSApU3ALUIO, a He ee
cpearee paBHoBecHoe 3HaueHue (I7) (YrmoBeIMH CKOOKaMi 0003HAUEHO KBaH-
TOBOCTAaTHCTHYECKH YCPEJHEHHOE 3HaueHHe moaspu3aunu). Urodbl NosCHUTHL
pasHULY MeKIAy THMH MOHATHAMH, HallOMHUM, YTO B OTCYTCTBHE BHEILHErO
nojs cpeaa B odwemM He nonapusosana ((°) = 0), B To Bpems kak I’ B kak-
NbIT TAHHBIT MOMEHT BPEMEHH MOKET ObITh OTIHYHA OT HYJIS H3-3a JBHKCHUS
JNEKTPOHOB M KosledaHus sAep B MoJieKyax cpeapbl. Ha a3bike cTaTucTHUeCKOit
GU3MKH IMHAMUYECKOH NONApH3aLMK COOTBETCTBYET (yKTyaLMOHHAs 10JIs-
pu3aLs, 00yCIIOBIEHHAS TEIUTOBBIM JIBHKEHHEM YacTHLL cpebl. Eciin BHEIIHee
Mojie He CIMLIKOM Benko (00biuHO MeHbiue, uem 10% —107 B/cm), cpeanss no-
asipusanys () mponoprmonansHa E.

3ameTuM, 4TO JJeKTpuueckas padora. BbipaxeHHas B popme EdP, non-

HOCTBIO IKBHBAJIEHTHA OOBIYHO 3anuchiBaeMOii padoTe B BH/IE E edAy;, Tak
Kak

EdP = Z(—r[AXL-/dri)dmi = Z(—(IAXI-/(I'I'I-)cdr = - chAxi
(11.33)

(1m; — yCpeAHEeHHbII ANTIONLHbIH MOMEHT eIHHHILI 00beMa, AY; — MOTeH-
LHaJl [0Sl B MECTE HAXOKICHHS 3apsfa z;e). 3anich eKTPHIeCKoil paboTbl
B popme E'd P otodpaskacT [0IHY 0 IHEPrHIO B3aUMOACHCTBHS HAaCTHLIbI CO Beeil
cpenoii s eAMHNLILL 00beMa PpacTBOpa, MoJyUaeMyto CyMMHPOBaHHEM SHEPTHH
BCEX TOYEK MPOCTPAHCTRA ", B KOTOPOH HAXOAATCS [UIIONH.

[lepeiinem ot nepemenusix S,V u p « nepemennsim I, P u E. Torna

dG* = —SdT + Vdp+ P dE + vdQ, (11.34)
e G* =U—-TS+pV + EP.Tlpu nocrosHusix Temneparype T 1 1aBieHHI P
B cucteme (1.10) 3anuiercs B Buae
dG* = vdQY+ PdE. (11.35)
[ockonbky dG* sBaserca noiHbiM aU(HEepeHLHaloM, TO K HEMY MOMKHO
MPUMEHHTL COOTHOLLIEHIE MaKkcBeJa, T. e.

(ﬁ) - 7(1"8") . (11.36)
OFE/ T,p,Q o /T,p E
3anucas (11.36) B BHaE
Ge)eyo=onn) 1) Gp) == (557)
OE/ T, p,Q OAX 0z OF o0
u P . <8AX) - _E
YUUTBIBAsI M3BECTHBIE M3 IEKTPOCTATHKH COOTHOLICHUS: 5 = ,
oz

E = —4qp*, OE/0z = 4w (p®0 + p°) (ypasuenue [lyaccona), a Takke
10, uTO [ pdz = 0 (rae z — nuHelinkIi pa3mMep NOBEPXHOCTHOTO CII0A), MOCTIe
MOCTAHOBKH 3THX BblpaskeHuil B (11.37) nonyuaem dopmyiy

( Ay ) — —(G'CBO()-i—O'CH’”), (11.38)
T,p,Q

OAX
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e 0 %% u g ¥ — [10BepXHOCTHAS IIIOTHOCTb CBOOOHOTO H CBA3AHHOTO 3apsi-
aa. (Ilon cBOOOAHBIM 3aPAA0M MOHUMAIOT BCE IEKTPHUECKHE 3apsiilbl, KOTOPbIE
HOJ BAMSHUEM JJIEKTPHYECKOTO TOJISi MOTYT MEepeMellaTsest Ha MaKpOCKOMH-
YecKHe PACCTOSHUA — 3TO AEKTPOHBI B METANIaX, B BAKyyMme, HOHbI B rasax
1 JIEKTPOJINTAX, @ TAKKE 3aps/ibl, HAHECEHHbIC H3BHE HA MOBEPXHOCTb AHDIICK-
TPUKOB M HE HapylIAKIHE MX HelTpaNbHOCTh. 3apsibl, BXOAsIIHE B COCTAB
HEHTpabHbIX MOJIEKYJl, TAKAKE KaK W MOHbI B TBEPAbIX AMAIEKTPHKAX BOIM3U
TIOJIOKEH T pABHOBECHS HA3LIBAIOT CBA3AHHBIMU 3apsaamu). B peanbHoM aTom-
HOM MHPE pasliniue MeKIy CBOGOITHbIMH p ™0 1 cBA3aHHBLIMU p ™™ 3apanamu
ABsAeTCA Ooslee MM MeHee Npou3BoJibHbIM. Clle0BaTeNbHO, MOJIEKYISAPHbIH
JIHMONb ABJIAETCA ONPENENEHHBIM TOJBKO B TOM CITyUae, KOraa MOKHO BbISABHTh
MOJIEKYJIbl KAK TAKOBbIE, DTO B HAMOOJIbLIEH CTENEHH OTHOCHTCA K JKHAKOMY CO-
CTOSHMIO M JIMLIEHO CMbICIa TSt OOJILINMHCTRBA KPHCTAITOB, MOCKObKY JTI000H
aToM WJIM HOH B TBEP/IOM TEJIe MOTYT JOCTATOUHO CHIILHO B3aUMOAeiicTBOBATDL
CO BCEMH CBOHMH COCE/IAMIL.

3ametum, uto dpopmyna (11.38) nonyuena aeropom abcoOTHO CTPOTO TEp-
MOJMHAMHYECKH M HE CONEP/KUT HMKAKUX AOMYLUEHHI WM MOAEJIbHbIX Npel-
ctasnennit. Kaxk suano u3 (11.38), npasaa yacth npeactasaset codoii noiHbIiH
3aps/ [10BEPXHOCTHOIO CIOs, HaxoslMics B yCPEAHEHHOM MaKpOCKOMMue-
CKOM 3neKTpHueckom rosie . Btopoii, He MeHee BaxHbI acnekT (GopmyIib!
(11.38) 3akitouaercs B TOM, HTO YCTOHUHUBOE COCTOSHHE MOBEPXHOCTHOIO CJIOA
JAOCTUTAETCs TOJILKO 3a CUET KOMIIEHCALIMH CHIT QJIEKTPOCTATHUECKOTO 1 HEANEK-
TPOCTaTHYECKOTO NPOUCXOKAECHHA U HAXOAUTCSA B [IOJTHOM COITIACHH € TEOPEMOii
HpHuioy.

CBs3b BHyTpeHHEro 3¢ peKTHBHOro nojis £ v noispuzauuu p* Bbipakaercs
YPaBHEHUEM COCTOAHHSA AHUIEKTPUKA

pr="1E (11.39)
4m

[Ipu BbiBOne ypaBHenus (11.38) e Obl0 MCMOABL30BaHO KAKHX-THOO Orpa-
HuyeHuil. [lodaToMy OHO CcrpaBeIHBO NpH ONHCAHUM JIHOOLIX MEK(pA3HbIX
rpanui. CHavana paccMoTpuM MeK(pasHbie IPaHHLBI, B KOTOPbIX 0 %0 = (),
DTO a) KOHTAKT KUAKOCTH C COOCTBEHHLIM MApOM HJIM HHEPTHBIM Ta3oM,
0) CHCTEMbI, COCTOALUME W3 ABYX HECMELLHBAIOLLINXCA KHAKOCTEH (PacTBOPOB).
3areM oOpaTHMCS K aHalIH3y KOHTaKTa MOJEKYIAPHOI JKHAKOCTH ¢ METaIoM.

11.5. Konrakt HHIHMBHAYAIbHOI KHAKOCTH ¢ HHEPTHBIM
raom

VYpaBHenue (11.38) nnst MHAMBUAYANbHON JKMIKOCTH, HaXoasLLeiics B paB-
HOBECHH C COOCTBEHHBIM NMapoM, 3aMHLLIETCs B BHJE

(8_7) = -0 =p* um dy=p"dAx = NoidAy. (11.40)
6AX T,p,Q,u
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Vrenbuas noaspuzauus p* = NoIll NpeACTaBseT AUMNOIbHbIA MOMEHT eMHU-
ubl 00beMa XKHAKOCTH M IKBHBAJIEHTHA MOBEPXHOCTHOMY 3apsay o*" (rne No —
YUCI0 HEeHTPasbHBIX MONEKYI KUAKOCTU B eAHHHLE 00bema; 717 — YCpeHeH-
HBII ANMONBHBIIT MOMEHT €MHHYHBIX MOJIEKYJI, KOTOPhIE H PacCMaTpHUBAIOTCS
B KaueCTBE HCTOUHHKOB M0JIA).

YepeaHeHHOe 3HauY€HHe 717 JMTOJBHOTO MOMEHTa, 00yCIIOBIEHHOE JIMLIbL
OpHeHTalHeil MOJIeKYJ, MOKHO BbIUHCIHTL 3 KBAHTOBO-MEXaHHYECKHX Mpe/-
CTaBJIeHMI O BEPOATHOCTH OPHEHTALIMH MOJEKY] B HEKOTOPOM 3(P(eKTHRHOM
anieKTpHueckoM rone ' ¢ yueToM npocTpaHcTBEHHOTO KBAHTORAHMSA

— E
m = po(Ny — N_) = po th | 2=, (11.41)
) kpT
rme N = e"/(e* + ") — nosst MoJieKyJ1, NPOEKLUHH AUMONIEil KOTOPLIX na-
paseNbHEI eKTpuueckomMy nomo F,a N_ = e™* /(e* + ") — anrunapai-
ol

JieJibHbL (31€Ch T =

T). Yr1o0Obl OUEHHTb BEJIHYHHY YCPEIHEHHOTO JUMOJb-
B
HOTO MOMEHTA MOJIEKYJIbl 777, HeOOXOAMMO CHaualla MPOBECTH oUeHKy mons K.

Jlst 370l Lenn Bocnonb3yemest ypasHenuem (11.36), 3anucas ero B Buae
dy = —p*2dE = —NgmzdE = —N2/* g th % dE. (11.42)
"

(3zech NMpUHATO, HTO MOJIEKYJIA 3aHUMAET 00beM B BUAE KyOa ¢ BeJTMUHHOMH

- -2/3 o .
pebpa z, mostomy Noz = JVO/ , Mo — COOCTBEHHBII JAWMOILHBIH MOMEHT
enuHuuHOH mosiekysnbl). [Tocne nHrerpuposanus (11.42), nonayuaem Bblpaske-
HME, KOTOPOE Ha OCHOBE OMBbITHBLIX 3HAYEHHIl MOBEPXHOCTHOTO HATSKEHHSA 7y
U JUNOJIBHOMO MOMEHTA HHAMBHIYalbHOH MOJNEKYJIbl [ig MO3BOJISET OLEHHUTH

BeJIMUMHY 1o I Mex(pasHoi NOBEPXHOCTH JKHAKOCTb — Map

=) o
v = N2PkgTn ch 4o (11.43)
kgT
o E
Juia OoNblUHMHCTBA HHAMBUAYAIbHbBIX HKHAKOCTEH :(;1 > 2, 9T0 03HAYaeT, 4TO
B
— ok
m = pio th & [lg, (11.44)
kgT

T. €. BEKTOPb! JHMIOJBHOTO MOMEHTA MOJIEKYJ PacrofiokeHbl BAOJb MOJs WK
JMIIONTM MOJIEKYJT BOTM3M MeK(Ba3HOH rpaHHLbl JKMAKOCTH OPHEHTHPOBAHBI TIO
HOpMaJlH K €€ NMOBePXHOCTU.
Bosspainascs k ypagHeHuto (11.40), moacrasns BMecTo dAY IKBUBAJICHT-
Hoe emy —Edz, 3amensia E soipameHuem u3 (11.39), nonyuum
dy = 2 (p*)dz = 2T (Nym)2dz. (11.45)
e—1 e—1
ITockonbKy ycpeaHeHHbIH AUMOAbHbII MOMEHT 77 MOMKHO MPEACTaBHTh Kak
dm = edz, 10 dz = dm/e, n noxcrasus 310 BeipakeHue B (11.42), a 3arem
npouHTerpupoBar B npefenax v = 0 u m = 0 (cucTeMa HaXOAUTCA B raso-
00pa3HOM COCTOSIHUM) 10 ¥ U T = g (cM. popmyny (11.44)) — cucrema
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CKOH/IEHCUPOBAHA, NMOJyUHM YpPaBHEHHE CBA3H NOBEPXHOCTHOTO HATSKEHUSA 7y
€ MOJIEKYJIIPHBIMH KOHCTAHTaMu (Np, f4o ¥ INo) paccMarprBaemMoii K 1Kokt (passl

y=—"_NZpd wm oy =

N 11.46
39(5 1) 01 (11.46)

47
3&“(n2D 1)

(31€Ch PUHATO, UTO /LT MOBEPXHOCTHOTO CII0A, cienys Makcseny, € = n¥,).

Ins Boasl ¢opmyna (11.46) B 3ToM npuOIHKEHHH NaeT Xopoliee cora-
CHE C IKCMEPUMEHTOM, OJTHAKO 15 APYTUX JKUJIKUX BELIECTE PACCUUTAHHbIE 10
(11.46) 3HaueHNs ¥ HECKONBKO MEHbLUE OMBITHLIX BeTHYHH. HO 3TO M nmoHAaT-
HO, MOCKOJIbKY HE MPHHHMAlach BO BHHMaHHE BO3MOYKHOCTb BOZHMKHOBEHHMS
ne(opMaLMOHHON MONAPU3aLUK MOJIEKYJT, @ TAKKE UCKAKEHHS BEIHYHHbI BHY-
TPEHHETO MOJS 3a CYET MEHKMOEKYJSIPHBIX B3aUMOACHCTBHH, YUET KOTOPHIX
SABISIETCS TOCTATOUHO CJIOKHON npouenypoii u TpedyeT yie MOIeNbHbIX Npe/-
CTaBJIEHMH, YTO BLIXOJHT 3 PAMKH HAllei 3a1a4H.

CBA3b MOBEPXHOCTHOTO HATAKEHWA HHAWBHIYAIbHON KHIKOCTH € BEJIHYU-
HOI CKauKa 3/1eKTPHUECKOro MOTEHLHAA, BO3HUKaIOLLEro Ha Mexk(a3zHoii rpaHH-
e, MOYKHO TIOTYUHTh, JIWIIb PACKPLIB COACPIKAHHE YCPEAHEHHOTO AHITOILHOTO
momenTa m B (popmyne (11.45).

Hedopmarins 1eKTPOHHOTO 00J1aKa MOJEKYJ MOBEPXHOCTHOTO €O 10JTK-
HA MPUBECTH K CMELIEHHIO OTPHULATENILHOTO 3apsAaa W NOABICHHIO HABEIEHHOTO
(MHAYUMPOBAHHOTO) AMIONBHOTO MOMEHTA [te) = F (v — 3meKTpoHHas 1o-
JIAPU3YEMOCTb MOJIEKYJIbI) TAK, YTO CYMMAapHbIH AUNOIbHbI MOMEHT MOJICKYIbI
CTAHET PaBHbIM Z m =T+ fter = pig th %? + aF. Beauuuny 310ro MOMeH-
Ta MOKHO PacCUMTATh JHLLIb MPH 1133ec’moFE|i HAMpPSKEHHOCTH IEKTPHUECKOTO
nons E. YtoOwl kaxaslii pa3 He npuberate K pacuety £ no dopmyne (11.43),
NoCcTynuMm clienytowum obpasom: jokaasHoe (3ddexkTuBHoe) nexTpuueckoe
nosie E BbI3BAHO OpHEHTALMOHHOIH nmonapusatueii ero mosnekysn. 11loatomy Bbi-
pa3um ero B HESIBHOM BHJIE Yepe3 OPHEHTALHOHHYH MOJISPH3ALHIO, HCTIONb3YS
(1139 u (11.41)

B = 2 o dnNoko ), pob (11.47)
e—1 n?, —1 ksT

Torna ycpeniHeHHbIH AUTONbHBII MOMEHT € yUeTOM 3J€KTPOHHOMH Mosspusanmn
o E Gyner BbINIsAAeTh Kak

= No(po th “0F
Zm o(fto P

) =

E 47 Ng E
= Nopo th 292 (1 + =29 o) & Nopo th 2= 3, (11.48
ko BT( o 5) ko kBTﬂ ( )
e =1+ —— 4xNo @), Kotopoe nociie noactanosku B (11.40) nerko uxre-
I'L
rpHpyeTcs.

— NowoB 1, oy e2X o L NowoeB A, 2. (11.49)
e kgT 2 (kgT)2 ’
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Onnako B (11.44) Ob110 nokazaHo, 4To M = fiy. DTO YCJAOBHE CYLIECTBEHHO
YTpOLIAEeT npoueaypy uHterpuposanus. Tenepb ypasuenue (11.40) samuwem

B BUJIE }
dvy = NopofBdAx, (11.50)
W TI0CJTE HHTETPHPOBAHHS OHO MMEET MOIKYTAOIIE TPOCTYIO HOopMy
Ay=—1—. 11.51
Nopo 8 ( )

B tadn. 11.1 npexcraBnenbl pe3yibrarTbl PacHeTOB MOBEPXHOCTHOTO CKavuka no-
TeHpana Ay psaaa KUIKOCTelH Ha rpaHHie ¢ COOCTBEHHBIM Mapom o popmyre
(11.51), Ha OCHOBE U3MEPEHHbIX 3HAYECHUIT TOBEPXHOCTHOTO HATSKEHUS Y 1 MO-
JIEKYISPHBIX NApaMeTpos (as, Np, o, No). BBeaeHsl cieayrole 0603HaueHus
criupros: MC — metunossiii, 2C — sruossiii, [1C — nponunosstii, BC —
6y tunosbiii, DI — srunenrnukois, F — popmamus.

KonmiuecTBeHHBIE H3MEPEHUSA TTOBEPXHOCTHBIX CKAYKOB MOTEHIIHANa (MX 4a-
CTO Ha3bIBAKOT BOJILTOBBIMH MOTEHLMATIAMH) He 001aaat0T BbICOKOH TOYHOCTHIO,
MOCKOJTbKY OHM, KaK MpaBuJio, OCHOBAHBI HA KOHIEHCATOPHBIX WIW HOHM3ALM-
OHHbIX MeToAax. OIHAKO pe3yJbTaTbl H3MEPEHHS MOBEPXHOCTHBIX MOTEHLMA-
JIOB YMCTBIX KHAKOCTEH, MOSYUYEHHbIE B pasHbIX JabopaTopuax, HMEIOT 50ulb-
woii pa3dpoc. B CBA3M ¢ ITUM MOXKHO NOBOPHTH JIHIIb 00 OLEHOUHBIX BEJU-
YIHAX TOBEPXHOCTHBIX TOTEHIHAIOB HUCTHIX KHUAKOCTEH, MPOBEACHHBIX Ha
OCHOBAaHMH KOCBEHHbIX NaHHbIX, HANpuMep, no oueHkam TpacarTi s BOIbI
Ay ~ 0,13 B, nna metanona — 0, 17+ 0, 29 B, s sranona—0, 19+ 0,29 B
u B 0o0LIeM KOOppenupyioT ¢ BenuuuHamu A, npusefieHHbIMU B Tabm. 11.1.

TabGuwmua 11.1

JKuakocts H2O | MC 2C Inc or bC F

~, apr/em? 72,0 | 22,1 | 22,8 | 23.8 | 47,7 | 24,6 | 58.2

No-10722 em™2 [ 3,343 | 1,476 | 1,025 | 0,801 | 1,076 | 0.875 | 1,509

poD 1.8 | 17 | 1,69 | 1.66 | 2.28 | 1.69 | 3.73
a- 107, ev® 148 | 3,26 | 5,12 | 6,96 | 5.76 | 8.86 | 4.24
no 1,333 | 1,326 | 1,369 | 1,383 | 1,432 | 1,369 | 1.447
Ay, B 0.20 | 0,15 | 0,22 | 0,30 | 0,33 | 0.36 | 0,18

11.6. KontakT ABYX HeCMEIIHBAKIHXCS KHAKOCTEH

Tenepb paccMOTPHM [IBE€ COMNpHKACAIOLUMECH OJHOKOMIOHEHTHbIE HecMme-
LMBatoLLecs Mexay codoii xuakue (asel /m u n. B oToM ciyuae npoucxoant
B3aUMHas MHAYKUMA (a3 1 BO3HUKHOBEHHE Mek(pa3HOro MoTeHLnaa AByX Mo-
JIAPHU30BAHHBIX KHAKOCTEH Kak 3a cueT coOCTBEHHOTO (BHYTPEHHEr0) 10Jis, TaK
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W BCNEACTBHE MHAYKLUMM coceaHeil (asbl. [TycTbh nepBas W3 HUX HaTEKaeT Ha
BTOPYIO Tak, YTO €€ MOBEPXHOCTh yBETHUHBaeTCA Ha df),,, niomanb cBoOOIHOMH
MOBEPXHOCTH (ha3bl 12 COOTBETCTBEHHO YMEHbIIACTCS Ha BeIUUuHy df),, paB-
Hy0 10 abcomoTHoi BenuunHe d),,. [ToBepxHOCTL KOHTaKTa (a3 0603HaUHM
uepe3 Q. [0 Kakaoi 13 9THX (has no oTAeIbHOCTH MOJKHO 3armucarh 00be -
HEHHBIW NepBblil U BTOPOH 3aKOHbI TEPMOAHMHAMHKH € YUETOM MOBEPXHOCTHBIX
SABJACHHI B BUAE

dU* = TdS — pdV + vdQ + EdP (11.52)

(B ypasrenuu (11.52) onywen unen Y j2;dN;, NOCKOJIbKY 110 YCIOBHIO MOJIEKY-
JIbI OZIHOH (ha3bl He MEPEXOAAT B APYTYIO M BBITIONHEHA 3aMeHa mepeMeHHbIX E
u P ¢ ucnonb3osanuem npeobpasosanus Jlexannpa X dz = d(Xz) — 2d X, Tak
yro dU* = d(U + PE)).

[pu koHTakTe (a3z 1 11 BHYTPEHHSIS IHEPTUS CHCTEMbI OY1eT NPEACTaBIATD
c000ii CyMMy BHYTPEHHHUX BHEPrHii H30IHPOBaHHbLIX (a3, BKIoHas B cebs HeKo-
TOPbIE M3MEHEHHs, KOTOPbIE MPOMCXOAAT B pe3yJibTare NepeKpbITHS ABOHHbIX
MEKTPHYECKUX CMOEB compukacatolnxesd ¢az. OOuiee BbipaxeHue it and-
(epeHunana BHyTpeHHeH dHepriuK Takoi CHCTEMbI NPH MOCTOAHCTBE 0ObEMOB
obenx as 3anuiIeTcs B BUIE

AU = dU 4+ dUY = 1'dS,;, + 7 dQyy, + TdSy, +
+ Tdn — YmndQmn + (Emdpm + EndPy). (11.53)

3nech YimndQmn = (AYm + Avyp)dQn, npeactasngeT coboii paboTy naMeHe-
HUS NOrPAHUYHOTO HaTsiKeHHUs: 0benx (az m U n ¢ IWIoWALb CONPUKOCHOBE-
HUA €2, ., PABHOE CYMMe MOHIKeHHIT MOBEPXHOCTHOTO HATSKEHUS (hasbl 1 npH
KoHTakTe ¢ (pazoii n u paszbl n npn koHTakTe ¢ Gazoii m. ITockonbKy Npy 3ameHe
razorod (asel Ha Gofiee MIOTHYIO cpeldy MOBEPXHOCTHOE HATAXKEHHE MKHIIKO-
cTH yMeHblIaeTces, To B (11.53) mepen craraeMbiM 7y, @), ,,,, MOCTaBIEH 3HAK
MHHYC.
Cnenaem HekoTopble yrpoieHus B 3anuck (11.53). Yuuntsipas, uto

de: _dQn: den-, (1154)

3anuileM cllaraemble, CcoaepiKalllie MOBEPXHOCTHOE HATIKEHHE C YUETOM
(11.54) B BUOE

'Ymde + 'YndQn - 'Ymnden = ('Ym - Yn — 'Ymn)de = S*de,
(11.55)

rae S* — ko3 duuneHT pactekanns. Ha moBepxHocTH paszaena a1ByX (a3 B oT-
cyTcTBHE CBOOOAHBIX 3apsanoB uHaykuuu D, u D, conpukacaiowmxcs a3z
paBHbl JPYT JPYTY, T. €. emEm = epEy [10]. Eciu npuHATHL Kak M paHee, 4To
£ = nj, ani, & 2 NpakTHYECKH TS BCEX KUAKOCTEH, TO MOKHO TIONIOKHTD,
uto E,,, ~ E, = E. Tenepsb nocnentee ciaraemoe B (11.53) 3anuwercs B Buje

(EmdPy, + EndP,) = E(dPy, + dP,). (11.56)
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OKOHYATENLHO BbIPAKEHHE Il BHYTPEHHEH HEPruM KOHTAKTHpPYHOWHX (a3
OyneT UMeTh BUA

dU* = §*dQ,,, + E(dPpy, + dPy) + TdSy, + TdS,. (11.57)

BoipakeHue 115 SHTPONUM KakA0H M3 KOHTAKTHPYHOWMX (a3 onpeaenum u3
M3BECTHOTO B CTAaTHCTHYECKOH TePMOJMHAMKIKE COOTHOLLEHHS, KOTOPOE CBH/IE-
TEJIbCTBYET O TOM, UTO CHCTEMa HAXOAMTCS B PABHOBECUM, KOTIA OHA MMeEeT
Hanbosee BEPOATHYIO KOHPUTYPALHIO, T. €. KOHUTY paLHIo, VTS KOTOPOii YHCIO
JOIYCTHMbIX COCTOAHMIT MakcumalbHo. [lpu 9TOM mpearnosiaraeTcs, YTo BHY-
TpeHHHE cTeneHn cBobO/bI MOJEKYIT KaxI0H N3 conmpukacatomuxcs §az He me-
HSAIOTCA.

S =kpln—2m 4 8 —kgln—

(N — ) 1y ! (Np — np)ng!

(11.58)

3nech vepes Ny, Ny, 1y, W 11y BBIPAKEHO YHCIIO sHeeK B 00beme (a3 m un
COOTBETCTBEHHO (B Ka)K/1011 Auelike He 6oJiee OTHOM YacTHLIbI) K YUCIIO SYeeK, KO-
TOpbIe 0OMEHUBAKOTCA 3apsaamMu (MOCPEACTBOM HHAYKLHK) uepe3 MekpazHyto
HOBEPXHOCTb, T. €. YUACTBYIOT BO B3aHMHO#H MOJAPH3ALIIH.

[Tockonbky 3apsa, Harmpumep, $assl m (1OHOP) MHAYLMPYET NOsBIEHUE 3a-
psaa B dase n (akuentop), 10 dn,, = dn,, = dp/e (3aKOH COXpaHEHHSs IHEPTHH,
p — o0beMHas MIOTHOCTh 3apsja).

Munumusupysi (11.57) no d€,,, u ucnions3ys popmysny Crupiuura (In N! =
= NIn N — N), nomy4iM ycIOBHE PABHOBECHS CHCTEMbI /IBYX KOHTAaKTHPYFO-
LMX KUAKHX (a3 B BUAE

(8U> :S*+E(6Pm+8Pn BQ,,>+
9 ) 7.y O O I

s Tagm lp W =)t _ (1] 59)

m (Nn — nn)nm
HanbHeline npeoOpa3oBaHNs BBITOIHUM, UCXOSA W3 CIEAYOLIUX MOJOKEHUI.
Av
1. HanpskennocTs nons £ npeacrasum B Buae £ = — X (rne z — Koop-
JMHaTa 10 HOpMAaJll K NOBEPXHOCTH pazjena (as).
OPm _ P dv
2. [MpousBoaHyto nonspuzauuu Gpasbl 1m 3amnuiueM B Buaje —— - Q =
Qm dQm

= pf,z (tne pk, — ynenbHas nonspuzauns $azsl m); TO Ke camoe Mpoaeiaem
u i assl n, yunTeisas, uto w3 (11.54) 0Q,/0Q,, = —1.
3. PazHoCTh yaensHBIX Monsapu3auuii ¢pas m v n Ha rpaHuie pas/esa paBHa
MOBEPXHOCTHOMY 3apsiay pj, — P = O.
OMiyp, Ong lea
. —= = — = — W§, yuuThIBas, YTO YHCIO MONAPH3OBAHHBLIX MOJEKYI
8Qm 8Qfm e
HaMHOTO MeHbILe 00111eTO YMCNa YaCTHIL B KHAKO# Baze, T. € 1, K Ny un,, <
< Ny, MOKHO A0MYCTUTh, YTO Npyy — iy & Ny u Ny, — iy & Ny
5. Boipazum uucna yactui, N, 1 N, uepe3 X KOHUEHTPALUH Cpy, U Cp,
MO/ICNIMB YHCIIUTETh H 3HAMEHaTelb MO 3HaKOM JorapuMa Ha eITMHHYHBII
obbem V, T.e. ¢y = N /V e, = Ny JV.
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6. TTockonbKy MHAYLMPOBAHHBLI AMMOAbHBIIT MOMEHT ONpPEAEAeTCs BeJu-
YHHOU MONAPH3YEMOCTH (¥, TO YUCITO MOIAPHIOBAHHBIX MONIEKYJT BHIPA3UM Hepe3
ITY BEJMUUHY, T. €. 1 /1y = kayy v 1/ny, = kay, (Tae a,, 1 vy COOTBETCTBEHHO
3EKTPOHHBIE MOMAPH3YEMOCTH MOnekyn B (asax m u n, k — xoddurment
NPONOPLHOHATLHOCTH MEXK LY MOJIAPHIYEMOCTbIO MOJIEKYJIbI 1 €€ 00beMOM v; =
=n;").

Tenepb okonuarenbHo ypasrenue (11.59) sanuwercs B BHae

kgT Cm o

S* — Ayo + 22 gln 222 = (). (11.60)
e Cp

B ciyyae koHTakTa GMHAPHBIX PACTBOPOB C Pa3HbIMU PACTBOPHTENISAMH H Pac-

TBOPCHHBLIMH BCLICCTBAMU yIlOGHO 3aMUCaTh BbIPAXKCHHE MO/ 3HAKOM norapuq)ma

CmOm Com Oy

B ypasuenuu (11.60) B Bune: I7(c;o;) = (31€Chb HIDKHUE UHIEK-

Cp Gy C gy (X
CbLIN U T, @ TAKIKE L1712, L1, JINL U J 7 COOTBeTm“LBé:-uJi?(L) c;ébomaqam‘ npupoy (asbl,
COPT pacTBOPHTENA H pacTBOpeHHOro BelecTra. Tereps (11.60) 3amuiuem kak
ksT
e
Jlnst Hanbosnee npocToro ciyvas AByX KOHTAKTHPYHOLUIMX PACTBOPOB € OJHHM
W TEM K€ paCTBOPHUTENEM, HO pa3HbIMHM PacTBOPEHHBIMH BELIECTBAMH COpPTa ¢

W j COOTBETCTBEHHO B (pazax /m W 71 Meproe ciaraeMoe odpaliaeTcss B HyJb,
a OTHOLLUEHHE Cy, ¥y, /Cp (v, NOI 3HAKOM JIOrapu(Ma PaBHO €AHHHLE M TOTAA

Ym = Yn = Ymn + o[AX + In 77(c;a;)] = 0. (11.61)

Ay = folpy Gmoum (11.62)

e CyinQyn

Takum 06pa3om, cKauoK NOTEHLMANIA HA MPAaHULE ABYX HaXOMALUMXCA B PABHO-
BECHH PACTBOPOB C OJIHUM M TEM K€ PACTBOPUTEIEM ONpeaeseTca KaK KOHLEH-
TpauMei, Tak i NOJIAPH3YEMOCTbIO MOJIEKY)l PACTBOPEHHBIX BELLECTB B KOHTAK-
TUpYIOLIMX (ha3ax.

B rabn. 11.2 npuseaeHo cpaBHeHHE pacCUNTAHHbIX N0 ypaBHeHuto (11.62)
ckaukoB norerimana Ay (MB) n akcrmepuMeHTanbHO H3MEPEHHBIX MOTEHIIHATOB
(0ObIMHO HasbiBaeMbIX «AM((Y3HOHHBIMIY) B BOAHBIX PACTBOPAX HEKOTOPbIX
coneit. M3 Tabmuiibl BUAHO, UTO PACCYMTAHHBIE M IKCIIEPHMEHTAJIbHBIE aHHbIE
J0BOJILHO XOPOLLIO COMIACYIOTCS MeKIY COOOIA.

3amMeTHM, UTO OOBLIYHO MpHUMEHAeMble Mg pacyeTa «an(@y3noHHBIXY no-
TeHUMaI0B ypaBHeHus Tuna Hepucra—I'ennepcona

kT Ay — A c
A()OIIH(]) = B_ +7 ]n _1
e Ap+ A co

CUMMETPHUYHBI OTHOCUTENTLHO 3HAKA MOJABHKHOCTH HOHA, MO3TOMY 3aMeHa MecT
B Kayk/10il nape »JIeKTPOJIUTOB, NPUBEACHHBIX B TalbidLe, He NPHBELYT K M3-
MEHEHHIO A(,,¢, B TO BPEMA KaK IKCMIEPHMEHT YKa3bIBAET HA HaNHUME TakoH
pasHHLbI.

[Iponndpepenumposas (11.60) no dAx w yuTs, 4TO MOBEPXHOCTHBIE Ha-
TSDKEHHS YMCTBIX HKHAKOCTEH 7y, M 7Y, HE 3aBHCAT OT Ay, @ Takke HCIONb3Ys
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Tadbawma 11.2

Dnexrport | cifer | ar/as | Ax (yp. (11.62)) | Ay, mB (ker.)
KCl/NaCl | 0,1/0,1 | 4.3/3,5 5.3 5.0

NH4Cl/KCl| 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/KCI | 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

M3BECTHBIE W3 DJTeKTPOCTATHKH BBIPAKEHNS A7, /dAY = —o W do/dAx =

= C, (rne C — nuddeperumanbHas eMKOCT, MEK(A3HOTO CITOs), MOTy4HM

ypaBHeHHE napadosibl

dymn = {0+ C[Ax +
+ 5L 10 (cian)]}dAY,  (11.63)
e

KOTOPOE TAKKe HOCHT Ha3BaHHE IeKTPOKa-
TIUISAPHOI KpHBoit (9 k k). Ha puc. 11.6 npen-
CTaBJIEHbI I K K CHCTEMbI MacJ/10 — BOAA.

B wmakcumyme 3KK Limn =

dAy

(27EKTPOKAMWIAPHBII  MaKCHMYM 3 K M).

Ha ocHoge (11.63), 3Hast KOHUEHTpPALIHIO
U TOJAPH3YEMOCTb KOMIIOHEHTOB pacTBO-
pa, MOKHO paccunTaTh TOBEPXHOCTHBIH
CKauOK TMOTEHLMANA Ha TpaHHLE HecMme-
LMBatolmxes  kuakocrteii.  nd  Hanbo-
Jlee  XOpOoLIO M3YUEHHOH CHCTEMbl JBYX
HECMELIHMBAIOLIMXCA HKHIKOCTEH, HasbiBae-
MbIX Macjio—BoAa (BOAHbIH PacTBOpP -
podpunsHoii comum LiCl u ruapodobuoro

7, apr/em? .

26 - //-’*\/

244/ /// \ 2

22 —/ \\\
A\

\

18 T T T

0,1 0,2 0,3 0,4

. B

Puc. 11.6. 3aBHCHMOCTE NOTpaHHY-
1OTO HATSHKEIHS CHCTEMbl MAcIo —
Bora (LiCl B Bome. BusNPhy B B -
podensoie)

BeulecTBa Terpadyrunammonns terpapenundopara BuyNPh B B HuTpoben-
30/1€), B TOUKE IKM TMPH PaBEHCTBE KOHLEHTPALMi JIEKTPOIHTOB B 000HX
pacTBOpax cKauoKk MoTeHunana Ha Mex(asHoil rpaHuie HHTPOOEH30J—BOaA
AXy.5./s = 64 MB 1 NpakTHYECKH COBMAJAET C YKCMEPHMEHTALHBIMH JAHHbIMH.
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([dns pacuera ObLIM MCMONbL30BaHBI CIEAYIOLLHE 3HAYEHHS MOJApPH3YeMOocTeil
ap = 1,48 - 1072*, s = 5,1- 107, a0 = 3,02-107 nay, = 74 x
x 10724 cm? (31€Ch HIGKHUMM HHAEKCAMH B, H. 6. 1 5 0603HAUEHBI COOTBETCTBEH-
HO BOJA, HUTpoOeH3o u conb BuyNPhy B, nonspusyemocTs kOTOpOii BEIMHCACHA
no opmyine Jlopentu—Jlopenua).

CuMeuieHne noteHuranta KM Ay, ey 10 (11.63) npn u3MeHeHHH KOHIEeH-
TpauHH OJHOTO U3 KOMIIOHEHTOB CHCTEMbl MPOHUCXOUT 10 JIMHEHHOMY 3aKOHY
¢ HaKMOHOM dA X,y /dIne; = 25,6 MB, 3KCrniepuMEHTHI TAKKe YKa3blBAKOT
HA JIMHEHHbIH Xapakrep 3TOil 3aBUCHMOCTH, @ TAHTEHC YIa HAKIOHA paBeH
dAx/dIne; ~ 20 MB, Malio 0TIIHYAACH OT TEOPUH.

11.7. KoHTAKT MeTA/LIIA € JKHAKOCTBLIO

U, HakoHel, paccMOTPHM cilyuail, Koraa MOJIEKY/sapHas KHAKOCTh KOHTaK-
THPYET ¢ KHIKAM MeTasuioM (o *°° £ 0). IIpoaHanusupyeM CHadana n3MeHeHHe
MOBEPXHOCTHOTO HATSIKEHHUST JKHAKOrO HE3apsaKEHHOro MeTajlia NpH rnepeHoce
€r0 U3 OJTHOH Cpe/bl B IPYTYIO (HanpuMep, U3 BakyyMa B TOT WIH WHOH pa3dag-
JIEHHBI pacTBOP IEKTPOJIMTA OAHOI U TOH e KOHUEHTPALUU C pACTBOPUTEIEM
copra 7). TepMHH «HE3apsKeHHass NMOBEPXHOCTb) COOTBETCTBYET COCTOAHHIO
TIOBEPXHOCTH B 3MEKTPOKAMUUTAPHOM MakCUMyMme (3 K M).

ITocKosbKY MOBEPXHOCTHBIE MOJIEKYJIbI JKUAKOCTH Y3Ke OPUEHTHPOBAHbI COO-
CTBEHHBIM BHYTPEeHHHM TonieM (cM. dopmyny (11.44)), To BanMoselicTBre UxX
C 2MIEKTPHYECKUM MOJIEM METallJia MpH KOHTAKTe (pa3 MOKET OCYLIECTBIATLCA
JULLB yepes e (hopMalHOHHYIO NONSIPH3ALIHIO MOJIEKYJ JKHAKOCTH — Yepes3 HH-
Jly LMPOBAHHbIH AHMOJIbHBIH MOMEHT fi; = «a.FE. Tlpennonaras, uto pacTeop
MMEET MOCTOSIHHYIO KOHLIEHTPALIMIO OTHOTO W TOTO K€ BEIECTBA H I0CTATOYHO
pazbasjieH BO H30ekaHHe HApYLIEHWH CTPYKTYpbl pacTBOPHTENs, BKJIaa B 00-
LLYIO MOJAPH3ALHIO PACTBOPEHHOTO BELIECTBA PH CMEHE PACTBOPHTENS MOKHO
CUMTATb MOCTOAHHBIM W MalibiM. Toraa

o = —p*= —Nga, E, (11.64)

(rae Ny — 4MCIIO MOJIEKYJl PaCTBOPUTEIIS B €IMHULE 00beMa U (s — CPEeaHss
ANMEKTPOHHAA MOJSIPH3YEMOCTh MoseKkyn pactroputens). Teneps (11.38) zamu-
LIETCS TaK:

dy = =™ (1 + "m)dAX = a(§> dAx =

o CnAs

_ anoE dA

g

—asNoE dz, (11.65)

o €800

rae dAY 3aMEHEHO YKBUBANEHTHBIM —Fdz, a ¢ = (1 + ) — AMdIEKTpH-

o B3
yeckast (PyHKLMS MPUTMOBEPXHOCTHOTO CJI0S PACTBOPA, KOTOPas B Cllyuae Masoi
o.c|m6 1
HanpsHKeHHOCTH AeKTpHueckoro nons, korna D = ¢E, —(1 + ) = ;
o cus £ —
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(npu GOJBLINX HANPSZKEHHOCTSIX BCJIEACTBHE MPAAHEHTA AMAIEKTPHYECKOIl Npo-
HHLIAEMOCTH TO COOTHOLIEHHE 3HAYUTENLHO ycnokHAeTes). OQHAKO /Uis olie-
HOUHbIX PACUETOB MOKHO NPUHATb B MEPBOM NPUOIUKEHUN € = n}; B CBOKO
ouepe/lb, BhIPA3HM JTHHETiHbIT pasMep dz depes MiIoTHOCTh MOJIEKYJ pacTBo-
putens dz = d(Ny)~/3. Torma (11.65) mocie MATErpHPOBAHKS B Mpeenax
OT COCTOSIHHSI METalIa, HAXOMILIErOCs B BAKYyMe, 10 COCTOSIHHS ITOTO 3Ke Me-
Tajna B KOHTaKTe C pacTBOPHTENEM C MOJNAPHIYEMOCThIO (g Ng OyleT umeTh
OKOHUATEJbHYI0 (hopMy

E?

%3

1 B
Ay=qo—7=1 (asNJ'%). (11.66)

e

Dopmyna (11.66) mokasbiBaeT, YTO MOHMKEHHE MOBEPXHOCTHOTO HATAKEHUS
KHJKOTO META/Ula NPH NMOrPY/KEHHH €ro B )KHAKOCTb PEAIM3YeTCsl B Pe3yJbTaTe
coBepuIeHH paboThl, CBA3aHHOIT ¢ HABEIEHHEM HHITY [IHPOBAHHOTO AUTMOJIBHOTO
MOMEHTA (3a CHET IEKTPOHHOI NOAPH3ALMM MOJIEKYII) NPHIOBEPXHOCTHOTO
- .2/3 .
cros sxuakocTH OW = ]\’O/ asE?.
r2/3 o
B koopauHarax Ay — ag N / cootHoueHue (11.66) npeacrasiser JHHeH-
0
HYO 3aBHCHMOCTb.
Ha rpadukax (puc. 11.7) npencrasieHbl 3aBUCUMOCTH BeTHYHH Avjy OT

oziNf /3 U 26 UHAMBHAYAJIbHBIX PAacTBOPHUTEJICH M0 AaHHBIM O MOBEPXHOCT-
HOM HaTSIZKEHHH PTYTH B HEBOIHbIX PACTBOPAX, B CMECSX PA3THUHBIX OpraHH-
YeCcKHUX pacTBOpHTeNei Takke Ha pTyTH (puc. [1.9) u B pacniaBieHHBIX CONAX
Ha KHIKoM BHcMyTe (puc. 11.8).

M3 pHCYHKOB BHIHO, UYTO SKCMEPUMEHTATbHbIE TOUKH [OBOJBLHO TJIOTHO
TPy IHPYIOTCS BOKPYT NpsimMbIX. OcoOEHHO XOPOLLO BbINOIHAETCS COOTHOLIEHHE
(11.66) ana pacrnaaBiIeHHBIX cMecell enouHo-ranouanbix conefl. M3 Haknona
NPAMbBIX BO3MOKHO OLEHWTb BEIHHMHY HAMPAKEHHOCTH NEKTPHUUECKOTO MO
MeTajjla B TOUKE IEKTPOKAMHIIAPHOrO MakcuMyMa. Eciin mpuHATE, uTO Ui
BCEX OPraHMYeCKHX PaCTBOPHTENEH, NpUBENEHHbIX Ha puc. 11.7, & = n%, ~ 2,
TO BEJIHYMHA HAMPAKEHHOCTH SIEKTPHUYECKOTO MOJs PTYyTH B TOUKE KM paB-
Ha ~1-10° B/cwm.

ITockonbky HM OAMH M3 Ha3BaHHBIX pacTBOpHTEsel U coseil Xumuiecku
He peardpyeT ¢ MOBEPXHOCTBIO PTYTH H BHCMYTA, BPAL JIM MOAHO TOBOPHTH
0 KaKMX-JHOO0 crneun(puuecknX B3auMOACHCTBUSIX MOBEPXHOCTH STHX METAIITIOB
C MPUBEACHHBLIMM BbIlIe cpeaamu. [TpuHIHNHANBEHO BaKHBIM BLIBOJOM U3 COOT-
HowleHust (11.66) apnseTcsa (pakT NOHHKEHHUS MOBEPXHOCTHOI SHEPTHU METalLIA
TIPH KOHTAKTE € KHAKHM (UIIONIA0M B 3aBHCHMOCTH OT NIEKTPOHHOIT monapusy-
€MOCTH (rg MOCJIEAHETO, T. € NIABHbIM MOJEKYJSPHbIM [APAMETPOM KOHTAKTU-
pytoleii ¢ METaioM Cpe/ibl, OTBETCTBEHHBIM 3a MOHWKEHHE MOBEPXHOCTHOIO
HATSHKEHUST MeTajljla MPH KOHTAKTe C *KHMIAKOH cpenoii, asasercs cnocodHOCTb
YacTHILL 9TON Cpellbl CMELATh CBOH IEKTPOHBI B MIEKTPHUECCKOM MO MeTa-
Jia. DIIeKTPOKANMIAPHbIE KPUBbIE PTYTH B BOAHbBIX H METAHOIbHbLIX pacTBOPax
pasnuuHbIX cosielt npeacrasiensl Ha puc. [1.7 1 11.8.

Xapakrep U3MEHEHUs! MOBEPXHOCTHOTO HATSMKEHHA A H KOO MeTaJa oT Mo-
TeHuHana (1. e. popmy IeKTPOKANHIIAPHOIT KPUBOIT) BbISICHUM, npeodpa3oBas
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A~ apr/cm?

120 -

100 -

80

60 - o

15 20 25 30 35 N2 g0

Puc. 11.7. 3aBUCHMOCTL MOBEPXIOCTHOIO HATHKENHS pTyTH Ay 0T BEIHUHILL KO-
(duieHTa NoAsIPU3yEMOCTH (v; pacTBOpHTEIei. | — BOId; 2 — METaHOI; 3 — 3TaHoIL
4 — n-niponanon; 5 — w-0yranoi; 6 — mpem-0yTaHon: 7 — MypapbHiias KUca0Ta; 8§ —
YKCycHast kuenora; 9 — macasinas kuenora; 10 — sruinenriukois: 11 — minnepus;
12 — srunosbiit >pup: 13 — xuopodopm: 14 — dopmamua: 15 — aumernidopma-
MU, 6 — auvernianeraMua: 17 — w-merniadopmamuit; 18 — w-MeTHANPONHMOHamMHIL;
19 — aueronutpumn; 20 — ateton: 21 — aumernicyandporen; 22 — cyanponai; 23 —
JMITHICHIIIHKOIb: 24 — nupuant; 25 — Genson; 26 — aMMHak

L5F S (A~ N2 —)
’ AY=(A~/N,"7), apr/em -

1O+ NaCl-KCl
NaCl-RbCl
NaCl-CsCl
Nal-Csl
Nal-KI
NaBr—KBr
NaBr—CsBr
KCI-CsCl
KCI-RbCl

Bi
T=1100K

(0]
o0|®@0|0O(®|e 0@ O

0,5 1,0 1,5 2.0 10, em?

—2/3
Puc. 11.8. 3aBHCHMOCTB M3MEHEHHSI MOJIBHOTO MOBEPXHOCTHOTO HaTsKeHHs vV, /

BHCMYTa OT HOJAPHIYEMOCTH paACIABJICHILIX HICI0YNOTJIOWITLIX COlIeH
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A~V 310", apr/monex

o

o P o © > @ ¢ O

—
S O 0NN RN —

60 100

2 3
V10, em/aonex

Puc. 11.9. 3aBHCHMOCTL MOJBHOTO MOBEPXHOCTHOIO HATSAEHMS OT MOJLHOrO 00be-
Ma xuikoctu Voemeceit pacropurenieit: 1. HoO—EtOH, 2. HoO—aneron. 3. HoO—
AmTHACHTHKONL, 4. HoO—C®JI, 5. HoO-HCOOH, 6. HoO—/M®D. 7. DA - JIMD.
8. DA -/IMAA, 9. DA —u-MDA. 10. DA -#-MITA

ypasuenue (11.65), 3amniicaB ero crieayioinM 00pa3om:

Fed CBOO

d’7 — _O_cnm(l +

JdAY = O’CB’”(%)dAX = )Lol asedx dAy.
o—CEﬂ3 £ I “
(11.67)

np — Ho
Uurterpupys (11.67) B npeaenax v = Ymax (Ax = 0) 1o v(Ay). nonyuaem
OY€Hb MPOCTOE BLIPAKEHUE 3aBUCHMOCTH MOBEPXHOCTHOTO HATSXKEHHS HKHUIKOTO
MeTaJllla OT MOTEHLHaNa B BHE napadolibl

No eag 2
AY? = Yiaxe 11.68
20— 1) 1o X Yma ( )

(3nechb ckauok noteHuMana Ay H3MEpAETCs OT NOTEHLHANA MNEKTPOKAMHILIAP-
HOTO MaKCUMYMa Ymax; /N0, Qts, [Lo COOTBETCTBEHHO YHCIIO MOJNEKYIl B €IMHHLE
00beMa, EKTPOHHAS MOISAPU3YEMOCTh W AMNOJIbHBIIf MOMEHT MOJIEKYJ pacTBO-
PHTENA, KOHTAKTHPYIOLIETO ¢ AKMAKMM METAJLIOM, 1. — MOKa3aTelb NPeloM-
Jenus pactoputens). Takum oOpa3om, U3 00001IEHHOTO YpaBHEHHS EPBOrO
U BTOPOro Hayajl TePMOAMHAMUKM (3allUCAHHOrO C YYETOM MEXaHHYECKOI
paboTbl 1 paboThl MONAPH3ALKHN MOBEPXHOCTHOTO CIOA) CEIyeT ypaBHEeHHE
3aBUCHMMOCTH [OBEPXHOCTHOIO HATAXKCHHA KMAKOrO MeTalula OT MOoTeHuHala
Yyepes MOJIEKYIAPHbIE MapaMEeTPbl KOHTAKTHPYIOLIEH C HUM CPE/bl B BUIE KAHO-
HUYECKOTO ypaBHEHH Mapadobl.

W3 puc. 11.10 1 11.11 BugHO, 4TO IKCMEpUMEHTANIbLHO H3MepeHHas (op-
Ma JIEKTpOKanUUIAPHOH KpHBOil npeactaBiseT codoil napadony (Tak ke, Kak
U B IPYTHX PACTBOPUTENAX M B pacrjiaBax coleii).

’7:
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v, apr /em? 5, OpT/eM?2
3901

425 /fg, -4 370}

I -

<L (_‘;) 3
375 / \\ 130k

3101
325+ . . . -0,5 -1,0 -1,5 =20
0 -0,5 -1,0 £, B(1n.x.0.) [Morennman (oru. Ag/0.11. AgNO;), B
Puc. 11.10. Daexrpoxamuisipinie kpu-  Puc. 11.11. Dulexrpokamisipinie  kpu-

Bhle Hg-vextposa B BoaHbIX pacTBopax — Bhie Hg B Mmeranone npu 8° C: 1 —0,1 M
coneit: / — 0,9 M NaF: 2— 0,9 M NaCl:  NH4NO3: 2— 1 M NH4NO3: 3 — 1M
3-—0,9 M NaBr; 4 — 0,9 M Nal NaBr; 4 — 1 M Nal

[Tockonbky u3 TepmoarHamMuky (cMm. (11.38)) caenyer, uto
o do 8?
D=0, a 2 =27, (11.69)
Ay OAY OAY?
To nponuddepenumposas asaxasl (11.68) no Ay, moayunM ocHOBHOI mapa-
MeTp napadobl. XapaKTepU3y oL yIoBOH K0od(G(UUMEHT KacaTelbHOM K Jto-
00ii Touke napadosibl W MpeACTaBAAOWMI co00i AuddepeHLnaibHy 0 eMKOCTb
MeK(pazHOTO CII0s MeTal — cpeda

c=_"No em (11.70)
(nh —1) po

KoTopas, Kak BiaHo 13 (11.70), XapakTepu3yeTcs MOJIEKY IAPHLIMH NapaMeTpa-
MU TOJbKO KOHTAKTUPYIOLLIEii ¢ META/LIIOM KHAKOCTH. A MOCKOJIbKY ypaBHEHUE
(11.68) mpencTaBnsAeT ypaBHEHHE CHMMETPHYHON MapaboJibl, TO MapaMeTp ma-
padonbl C' (BO BCAKOM ciiydac /1 HHAMBUYalIbHOI KHIKOCTH) PEACTABIISCT
C060ijl NOCTOAHHY IO BEITHUHUHY. 1_[03TOMy neppas nporu3BoaHas NOBEPXHOCTHOTO
HATAKCHHUA MO MOTCHUHATY OO HA 6blTb JUHEHHOH Cl)yllKllHeFI BO BCEM JUarna-
30HE MOTEHUHUAJIOB, HAYUHAS C MOTCHLMANA D K M. TaKa}l 3aBUCHUMOCTb llCFlCTBIr['
TEJINBHO Ha6JT|0},136TCﬂ B OKCTICPUMEHTE KaK Ka'€CTBEHHO, TdK H KOJTHYECTBEHHO

17151 pa30aBICHHbIX PACTBOPOB.
aﬂe}\TpOKan”ﬂﬂﬂpHyl‘O KPHBYIO MOKHO OMUCaTh O606llleHHb|M YpPaBHEHHEM

v = —ap® — by, (11.71)

KoTopoe B Oonee ynoOHOM (GopMe MOXKHO 3anucarh, BLIOpaB Havuaa0 KOOpIUMHAT
npu v = 0 u ¢ = 0 1 nepenucas ero B Bue

v = —a(p — b/2a)* + b*/4a. (11.72)

M3 (11.72) MOKHO BHaETh, YTO BbICOTAa Mapaboibl CMeLleHa B CTOPOHY OT-
pUUATENbHBIX MOTEHUHANOB HAa BENHUMHY AY = @uax — wo = b/2a.
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M3 OnbITHBIX JAHHbIX H3BECTHO, YTO HA KATOAHOH CTOPOHE CKTPOKANUIIAPHOMI
kpuBoit d*y/dp? = Cpoe = const &~ 18 Mr®/cM? /U151 BceX METANIOB B BOJ-
HbIX pacTBOpax MOBEPXHOCTHO-UHAKTUBHBIX BeuiecTB. Kpome Toro, mis pTyT-
HOTO 3J1€KTPO/IA B BOAHBIX PACTBOPAX Yinax = 425 3pr/cM? M paBHa U3 ypasHe-
nua (11.72) b2 /4a. U3 5TUX SKCNIePHMMEHTABHBIX JaHHbIX U ypaBHeHHus (11.72)
JIETKO BBLIUHCITHTL MOBEPXHOCTHBIH 3aps/L pTYTH 0., KOTOPBIIl OKa3bIBAETCS paB-
HbIM ~ 38 MkKi/cM?, a noTeHumMan TOuKH NeKTPOKANHILIAPHOTO MaKCHMyMa,
T. €. KOOpJIMHATa BEPLIMHBI Mapadosbl MpH BbIOOpe Hauasa koopauHat v = 0
u @ = 0, cMereH Ha BeJIHINHY A = Quax — Yo = 2,23 B oT Hauana koop-
nunat. Ha puc. 11.12 katonHas BeTBb EKTPOKANWIAAPHOH KpUBOH KCTpano-
JupoBaHa Ha ¥ = (); BUJHO, YTO pa3HOCTb MOTEHIMATIOB OT Hauaja KOOpJHHaT

JO BepLIMHbl Mapadosibl MPUMEPHO

paBHa 2.2 B u coBmagaeT ¢ pacueToM. 500 | 7 Amn/em
OpmHako B pealbHLIX YCIOBHAX YiKe

MpH 3HAYEHUAX TOBEPXHOCTHOTO Ha- 400
TAKEHHS PTYTH nopsaaka 150 spr/cm?

(cm. puc. 11.12) u casure noteHuu- 300
ana OT TOUKH ANEKTPOKANUIAPHOIO
MaKcUMyMa B OTPULATEIILHYIO CTOPO-

Hy Ha Ay = 1,6—1,7B nauunaercs
WHTEHCHBHOE SMYTLIUPOBAaHHE PTYTH 100
B BO/IHbI PaCTBOP, CONPOBOXKAAIOLIEE-

€5l PE3KUM YBEJIHYEHHEM KaTOIHOTO TO-

Ka (B HWXKHell yactu puc. 11.12). D10
ABJICHME B 3HAYUTENLHON CTEMEHHU 3a- Puc, 11.12.  Daekrpokaiiispnas
TPYAHACT ONPEACTICHHUE BETHUHHBI AQD. BOJILTAMIICPHAS KPHUBBLIC PTYTH B BOJHOM
pactsope 0,1 1. NaxSO4

200

ITpuBeneM TaKxke pacueTHble HaH-
HbI€ /15 KWAKOTO rajulis Ha CpaHu-
Ile C BOIHBIM PAacTBOPOM B To4Ke I KM. [ToBepXHOCTHOE HATSKEHHE TaJ-
NMS B TOMKE NIEKTPOKAMMILIAPHOrO Makcumyma pasHo 635 spr/em®, Beiu-

2 2 2 ~ ~
upna d-y/dp* = 18 Mk®/cM~ B KaToaHON oOnacTH norteHuuanos. Toraa,
no (11.72) 3apsin moBepxHOCTH ranius g, = 46,4 mMxKn/cm?, a cisur mno-
TeHuMata AY = @Pmax — Yo = —2,73B. T.e. Touka 2 KM TrajjiHsi CcMelleHa

OTHOCHTEJIbHO TOUYUKH KM PTYTH Ha ():) B ¥ TOUHO COBMazaeT c OMbITOM.

I1pou3BoHas NOBEPXHOCTHOTO HATSKEHUS MO NOTEHUMANY OTpeesseT Be-
JIMYUHY [OBEPXHOCTHOIO 3apsiia 0., 3aBUCUMOCTb KOTOPOil OT noTeHuuasna
JOJIKHA ObITh JIMHEHHOI no ypasHeHuto (11.70). OnHako B skcnepumeHTe BOIU-
34 MOTEHIMana 3eKTPOKAMUISPHOro MakCUMyMa JIMHEHHOCTb HapyliaeTcs
C pa3iIMuHbIM OTKJIOHEHHEM Ul pa3HbiX MeTajuloB (puc. 11.13 u puc. 11.14).

B Tadn. 11.3 npusenensl paccuntanubie no Gpopmyane (11.72) seanuust C,
a Taroke abconmoTHble noTeHuransl A (MOTeHUMANbl, OTCUUTaHHbIe OT HavYaja
koopauHaT napadonsl v = 0, x = 0) A1 HEKOTOPLIX PACTBOPUTEIEH B KOHTAK-
TE ¢ PTYTHbLIM KanesbHbIM IEKTPoaoM). JIoCcTaToOHHO XOpoLuei nimocTpaumeit
K 9TOl Tadnuie MoryT ciy#uTh rpaduku puc. 11.13 u puc. 11.14, Ha KOTOpPBIX
COMOCTAaB/EHb! 3apsa10Bbie KpuBble i Hg 1 Ga B pa3HbIX PacTBOPHTENAX.
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TaGaunall.3

—22 24 .
Pacreopurrens | 75, £ No 10‘ | oD a- 107, nh |C, . Ax,B
em? | om? om® om?

Bona 4254 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
Et(OH) 386.9 1,032 1,69 5,12 1,8753 | 17.2 2.12
H-Pr(OH) 383.5 0,801 1,66 6,96 19141 | 19,6 1,98

JIMD 376 0,777 3,86 7.88 2,036 8.2 3,046

AH 393 1,140 3.9 4,41 1,719 8.6 2.59
JAMCO 370.6 0,849 3,96 796 21815 7.8 3,09

o, MK/ cwm? o, mxKn/cm?
— 15 -
—1 5k
~10F
— 10 -
_5L
_5k
| | | |
0 0,5 —E B(uko. sH0) 0 _0,5-E, B (k5. 5 H0)
Puc. 11.13. 3aBHchmocTh 3apsjia To- Puc. 11.14. 3aBucumocrs 3apsjia ro-
BEpXHOCTH pryTH (/. 3) u rammsa (2, 4) BEPXHOCTH pTyTH (/. 3) U clijlaBa WH-
B | M NaxSO4 B Boste (/, 2) u B 0,1 1. Jii—rasmit (2. 4) B 0.1 1. LiClO4 B
LiClO4 B aueronutpuie (3, 4) oT MOTeH- aumeruicyabdokene (7, 2) u B auero-
nuana HUTpHIIE (3, 4) OT MoTeHIMaza

Pacuet HaknoHa 3apsnoBoii kpusoil no ¢gopmyne (11.70) (cm. Tadn. 11.3)
W OMBITHBIE TAHHBIE IS MPUBEACHHBIX XKUAKHX METAJIOB 10CTATOMHO XOPOLIO
COBIMAAIOT APYT C APYTOM.

Ha puc. 11.15 npeacrapneHa 3aBHCHMOCTD IIOTHOCTH [TOBEPXHOCTHOTO 3a-
psna MeTannoB (Kak *KHIKWAX, TAK U TBEPAbIX) OT MOTeHLMaNa B BOAHBIX PAcTBO-
pax pa30aBlIeHHOrO JCKTPOJIMTA OAHOMH U TOH JKe KOHLEHTPALMK U NMPUPO/Ib,
W3 KOTOPOTO BMAHO, YTO B OOJACTH OTPHLATENbLHBIX 3apsi0B 3apsAa0Bble KpH-
Bbl€ BCEX MPHUBEACHHBIX HA PUCYHKE MCTAJUIOB BbINPAMISIOTCA W CTAHOBATCA
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napaienbHbIMKU APYT APYTY ¢ OBLIMM TAHTEHCOM HAKIOHA, paBHbIM 18 Mkd/cM2,
B TOUHOCTH COOTBETCTBYS Benunne C' 1o TeopeTuieckoMy ypasHenio (11.70).

W3 pucyHka BUaHO, uTO HekoTopble Metanbl (Hg, T1) BOnu3u noreniuana
3 KM MOYTH He HCTIBITBIBAIOT OTKIOHEHHUIT OT JTiHeHHOoCTH 0 = o (Ax), Ans apy-
rux Metanos (Ga, Pb, Sn) HadnroaatoTCs 10BOIBHO 3HAYUTENBbHbIE OTKIOHEHHS
ot smHeitnocTh. Ho npexae uem obcy-

KJaTh 9Ty OCOOCHHOCTb METAIIOB, PAC- 4/ //C, car2
CMOTPHM 3apAN0BbIE KPUBbLIE IS OJHO- Hg Sn cd
TO U TOTO K& MeTaJlyia B OIHOM H TOM ke 8 Ga

pacTBOpPHTENE, HO MPH Pa3HOH KOHLEH- Zn
TpaLMy SNEKTPOIIHTA. T1
Hapuc. 11.16 u puc. 11.17 npusene-
HBI 3apsIOBbIE 3aBHCUMOCTH 7 PTYTH
U BMCMYTa B BOAHBIX pacTBOpax wiek- 4

TPOJIUTOB OAHHAKOBOH KOHLEHTPALIHH. Pb
JIst 060X MeTau10B pacTBOPbI (PTo- In
MCTBIX conielf He BbI3LIBAIOT M3MEHe- ' ' '
p = . 9y 0,4 0,8 —E,B(H.k.3.)
HHA JIMHEHHOCTH 3apAA0BOH KPHBOIl.
OcTanbHble COMM yBETHUMBAIOT ITO OT-  Pyc. [1.15. 3apsyioBhic KPHBBIC PA3HBIX

KIIOHEHHE M0 MEPE YBETHUEHHUS MONAPH-
3yEMOCTH UX MOJIEKY!I.
B Tabn. 11.4 mnpuBemneHa kpartkas

MCTaIIOB B BOJIHBIX pacTBopax pasdas-
JIGHHOTO NIEKTPOIIHATA

CBOJIKA NOTEHLMANOB 3 KM A Y,y PTYTHOTO KanelbHOro 3eKTpoaa (M3MepeH-
HOTO MPOTHB HOPMAJLHOTO KaJoOMeNbHOTO AekTpona (HK?2)) B BoaHbix 0,1 H.

-20

-10

ol 267
0.6 0.9 —E, (11.x.3. B H,0)

Puc. 11.16. 3aBHcHMOCTb MIIOTHOCTH 3apsi-
Ja BuemyTa ot norenuaia B 0,1 n. pacrso-
pax: / KE, 2 — K-_)SO;). 33— KCqu,
4—KCl, 5—KBr, 6—KSCN, 7—KI,
8 — CsCI. Tlynktup — Hg B 0.1 u. Nal

28 L 2

g, MmxKur-cm ™

12
16

20
24

| | | | | | | |

0,6 E-F..B

Puc. 11.17. TlnorHoCTb 3apsiia pTyTH
B BOjtHbIX pactBopax 0.1 . pactBopax
Tex ke codeit (em. puc. 11.16)
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pacTBopax cofieil Kallus ¥ BENHUHUH UX MOJIPU3YEMOCTEeH (B KPHCTALIMUECKOM
COCTOSIHHH).
JlaHHble TaOAULbI CBUAETENBCTBYIOT O COBEPILIEHHO YETKOH KOoppensuuu

Tabnuuall.4d

Bemecrro KF KOH KClI KNO3 KBr KCN KI

Axsem. B (11.k.2.) | 0,470 | 0,476 | 0.505 | 0516 | 0,573 | 0.625 | 0,731

a-10%, em® 0,95 1,83 | 3.47 3,41 4,02 | 6,75 | 7,22

MEKAY MOJAPHU3YEMOCTBIO COJTIH M CMECIICHHEM TMOTCHIHAaa 2 KM PTYTHOTO

DJIEKTpOaaA. OOBIYHO 3TO CMeELIECHHE OOBICHSIOT BIUSHUEM CHelll/l(I)l/I‘lCCKl/l aa-
YAy _ 2,3RT

dlge AF
3biBacMblil a3 dpexrom Ecuna—Mapkosa. B 3aBUCHMOCTH OT BeNIMUHHbI MOArO-
HOYHOTO napaMeTpa A (3lla'-leHl‘le KOTOpOTO KoneOneTcs B 10BOJILHO HIUPOKUX
npeneﬂa\) YAaeTCsa COIrNacoBaTh 3KCMEPHMEHT C TCOPETHUCCKHUMH MOACTIAMHA

aﬂ,(.Op()uHH HOHOB.

COpOMpOBaHHbIX HOHOB, OIMHUCbLIBACMbIX COOTHOILUCHHEM

W Ha-

11.8. CMmewmeHne mMoTeHHAIA ) KM

[Toxaxem TEPMOAHUHAMHYUCCKYO CBA3b CMEIICHHA NOTECHLHANa 5 KM C U3Me-
HCHHEM KOHUCHTpAaUHH pacTBOPCH HOM COMH. ]_IJ'IFI ITOTO BOCIOJIB3YEMCA YpaB-

5 19}
nenuem (11.38). B anextpokanuanspHom mMakcuMyme 7 = 0.
92X/ s,v,q,N,
Jlnst IByXKOMIIOHEHTHOTO pacTBopa mpasas vacTb (11.38) Oymer umers B

—0%0 = 5B = _¥p* = (Njay + Noaw)E, (11.73)

(3mech Ny, No @y, o COOTBETCTBEHHO UMCNa MOJIEKYN B equHUlEe 00beMa
U TIONSIPU3YEMOCTH pacTBopuTeNs (MHeKe 1) n pacTBOpeHHOH comu (MHaEKE 2)).
[ponudpepenunpoan Boipaxerue (11.73) ¢ yuetom TOro, 4To npu MnocTosH-
HoM o0beMe dN| = —dN3, 4TO B JIEKTPOKAMUIAPHOM MaKCHMyMe Harps-
YKEHHOCTb TOMNs £ MpH HE CIHIIKOM BbICOKHX KOHLIEHTPALHAX PACTBOPEHHOTO
BELUECTBA W MOJAPHUIYEMOCTb (; MOJIEKYJl PACTBOPUTENSA U pacTBOPEHHOTO Be-
LIECTBA MOCTOSAHHBI, MOTYYHM YpaBHEHHE

do " E((lz - (ll)sz (1 174)

[Monenum obe uacty (11.74) Ha d N4, 3anucaB ypaBHEHHE CIIEIY LM 00pa3oM:

ONy Ymax BAX E OGNy B

Ho do " /dAx = Cy— nuddepenimanbHas eMKOCTb IMMOTbHON YacTH JBOH-

HOTO CJI0s1, KOTOPasi B TOUKE 3 K M 3aBUCUT TOJBKO OT [(OHLleHTpaL[HH pwcmopeﬂ-
N1 /3

Horo BelllecTa, T.e. Oy = (cM. . 12). [epenecem C; = \’ ° B MPaByio
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yactb (11.75). B pe3yabraTte npuiemM K ypaBHEHHIO CBA3M CMELLEHHS MOTEHLIHA-
Jla 9 KM ¢ KOHLIEHTpauuei n mpupoaoil (depe3 moaspnu3yeMocThb) pacTBOPEHHOTO
BeLIECTBA:

OA 4 cBOO 4 cBOO
( X) _ A )~ Ty —ay),
Y="Ymax

ON> (nf —1)Ca (n2, - 1)Ny/?
(11.76)
KOTOPOE MOCJie MHTErPUPOBAHHS MPUHUMAET B,
G €vod 2/3
Axcxn = 2 (az — a1)N3"?. (11.77)
TLD -
(3neck No — uncno mosiekys conu B lem® pactsopa).
Ha puc. 11.18 npeacrabiena 3aBUCHMOCTb CMELUEHHS MOTEHIMATA 3 K M PTy-

TH B BOAHOM pactsope conu Kl ot Ag?“. Pacuer no gopmyne (11.77) u sxcne-
PUMEHTAJIbHBIE JTAHHBIE TOBOJBHO XOPOLIO COBMAAalOT, UTO CBHIETEIbCTBYET
00 anekBaTHOCTH TeopeTHueckoii popmysnsl (11.77).

M3 ¢opmynst (11.77) caemyert, uto cMellleHHe MOTEHLHANA 3 KM Ha pa3HbIX
MeETaJax B OJTHOM U TOM 7K€ pacTBOPE HEOJUHAKOBO M 00YCIOBIEHO BEMUUHHOI
TIOBEPXHOCTHOTO ~ CBOOOAHOTO  3apsja

MeTtasuia. Tak, nis raaidst (MOBEpXHOCT- oF A, vB

HOE HaTsKeHHe KOTOPOro B BOAHOM pac-

TBOPE PaBHO Vax = 035 apriem?) 5ot

BenuunHa 0 = 47 mkKn/em® npo- <

i 39 mMxKn/cm? Ha prytu. CootseT- oot

CTBEHHO M HAMpPSKEHHOCTH JNEKTpHYe- .
CKOTO 1015l BOM3M MOBEPXHOCTH MM 1501 *
Bbillle, YeM Ha pryTH. [Toatomy nedop-

MalMOHHAsA MONAPU3ALMSI MONIEKY Bellle-
CTBa, NPUJIEraONX K MOBEPXHOCTH raj-
s, Py = NgaFE 0yner Bbillie, H COOT-
BCTCTBEHHO Gorbliie cMemeHne AXmax.
®opmyna (11.77) 310 X0poLIo OTpakaeT.
Puc. 11.13—-11.14 Tarxe noarsepxaaioT
3TOT Te3uc. Ha oboux Mertannax BOIU3H
TH3 HaOnoaaeTcs OTKIOHEHHE 3apsAA0BbIX KPUBLIX OT NpsAMOJuHeiiHOCTH. Ha
TaJUTHH 9TO MPOsABJIEHHE DONbIIe, KaK yKa3aHO BbIILIE, BCJEACTBHE MOBbIIIEHHOMN
HaMpsKEHHOCTH MOJsI BOJIM3K €r0 [OBEPXHOCTH.

PaccMOTpUM JTOMOJHHUTENLHO €L OJHO CIEACTBUE OCHOBHOTO YpaBHEHUS
(11.38) mexdasznoro paBHoBecHs. [[ng cucTeMbl METall—cpeaa B TOUKE 3 KM
cpasy clieqyeT, uTo

- F

0O 1 2 3 4 5 6
No-107%, cm

)

Puc. 11.18. CwmenieHne TOHKH Hy/IeBo-
10 3apsija pTYTH B BOJIHBIX PACTBOPAX
KI pasHoit koHUeHTpauin

Oy ) _ cB0G cBA3Y __
D) = (g6 4 gem) = (11.78)
X/ 5w ( )

Wi ~
g B0 — 5O — p° = Nop = NoaE. (11.79)



268 I 11. Hosepxnocmusie agienus

[TockonbKy B TOUKE EKTPOKANMIISIPHOIO MaKCUMYyMa 1eKTpudeckoe none F
JUISt TAHHOTO METajula MOCTOSAHHO, TO OYEBHIHO, YTO MPH MOTPYKEHHH He3aps-
JKEHHOTO METajlla B Ty WIKA MHYIO JKHIKOCTb M3MEHEHHE €ro MOBepXHOCTHOTO
3apsina o °*°0 GyneT onpeenaThes Uil MIOTHOCTHIO CONpUKacaloLmeiics ¢ Me-

TaJlJIOM JKHAKOCTH ]\0 Hece ﬂOﬂﬂpWSyeMOCTb}O Qg,
do % = —do " = Ea,dNy. (11.80)

3anuiuem (11.80) B Bune

(dn_cuo‘s) _ (do,cuoo> (dA_X) :OéSE- (]181)
dNg dAy dNo

o (ij) = C, = K. (1.e. tnddepeHmansHas eMKOCTb STEKTPOHHOTO
IBOI HOI"OXCHOﬂ B TOYKE 9 KM PABHA HHTEPAIbHON €MKOCTH
K = 0%/ Ay). (11.82)
Teneps (11.81) ¢ yuerom (11.82) npumet Bua
()=f=sf=tme aw

[Tocne pazaeneHus NepeMeHHbIX U WHTETPUPOBAHUS B Mpeaenax, Koraa MeTasul
HE COTIPUKAcaeTCs ¢ KHIAKOCThIO (AY = AYM/V | Ng = 0) u npu KoHTaKTe
¢ suakocTbio (Ay = AxM/9), nonyunm okoHuaTensHoOe ypaBHeHHe

AXMIS = AxM/V exp (_—47ra511\fo) : (11.84)
e
nockonbky E = —%, aK,= 54_1_
mz

Jlist BoAbI B KOHTAKTE € PTYTblO (I KOTOPOH CKauyoK [OTEHLMana Ha
TpaHHLEe ¢ BAKYyMOM BbIYHCJIEH MO (bopMyne (em. 1. 12) u pasen Ay M/V =
= 3,13 B u3 NpeanonokeHus, 4T0 £ = n3, &~ 2, 101y4aeM CKa40K N0TeHHaNa
Ax“g/ 120~ 1,6 B, uTo X0polIO coracyeTcst ¢ MOCHeNYIOUUMH pacyeTaMu
W € JaHHbIMH, MOJY4YE€HHBIMH HA OCHOBE KBAHTOBO-CTATHCTHYECKHUX MOJIENEi.

B 3akmntoueHue OTMETHM, UTO 00bEeAMHEHHOE YpaBHEHHE MEPBOrO H BTO-
POro 3aKOHOB TEPMOAMHAMMKY, NOMOJHEHHOE IEKTpOocTaTHYeCcKoil paboTOH,
BbI3BAHHOI noaspu3auneil NOBEPXHOCTHOINO CJIOA JBYX KOHTAKTHPYHOLIMX
KUIKHX (a3, NO3BOJAET MOCTPOUTH MONEKYJIAPHYIO TEPMOIAHHAMUKY MOBEPX-
HOCTHBIX SIBIEHHUI: MONYUHTb 0000IIEHHOE YpaBHEHHE JIEKTPOKAMUIIAP-
Hoctu (cm. (11.38), cneacTBusi M3 KOTOPOro AaOT BO3MOMKHOCThL OMpene-
JINTh MOBEPXHOCTHBIH CKAHOK MOTEHLIHAa HA TPaHMLIE JKUAKOCTb—ra3 (11.49),
(11.50), sxunkoctHoii notenunan (11.61), ypapHeHHE MEKTPOKAMUIIISAPHOCTH
(11.67), BbipakeHue A5 BeAHUMHbI AU(PepeHHanbHOH eMKOCTH ABOHHOTO
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SMEKTPUUECKOrO CJ10s rpaHuLbl MeTana —pacteop (11.70), cmeleHune noTex-
Mana sMeKTpokanuuispHoro Makcumyma (11.77) u mHoroe apyroe. Bee atn
COOTHOLIEHHS HEMPOTHBOPEUMBO OMHCHIBAIOT 3aBUCUMOCTb [TOBEPXHOCTHbBIX
HaTAKEHHUA U 3apsaa, EMKOCTH JABOIHOrO COs, CKauka MoTeHLMana Ha MeK-
(azHol rpaHHLIe OT TAKUX UHAWBUAYAJIbHBIX APAMETPOB KHAKOCTH, KakK Mo-
JAPU3YEMOCTb, UIOJbHBIIT MOMEHT, NMoKa3zaTesb MPeJOMIEHHS, KOTHYECTBO
MOJIEKY B eIMHULE 00beMa, KOTOPbIE paHee MM BOBCE HE YUHTHIBAIMCH WU
UM MpHAABAJIH BTOPOCTENEHHOE 3HAUeHHE, DBPUCTHUECKAS LIEHHOCTh 1aHHOI
rIaBbl HA STOM HE HCUEPIIbIBAETCS, MOCKOIbKY MMPHUBEAEHHbLIE COOTHOLLIEHHS
OTKPbIBAIOT LIMPOKYH MEPCNEKTHUBY AMs JalibHEHIIMX HCClIe10BaHMI MeK-
(a3HLIX TPOLECCOB.



F''TABA 12

TAJIbBAHUYECKHUE YJIEMEHTEL
(OBLLIME CBEJEHHS)

Tanvsanuyeckumu srevenmamu Ha3blBAIOTCS YCTPOHCTBa, MO3BOJMIOLINE
TOJTyuaTh AEKTPHUECKHIT TOK 3@ CUET XMMHUECKOH peakiMi. DHEprus, Bblae-
JSIOLIAACS B XO/1€ XUMHYECKOH Peakuuu B rajibBAHUYECKOM J7E€MEHTE, Mpeod-
pasyeTrcst HEMOCPENCTBEHHO B WIEKTPHUECKYIO IHEprHio. Cxema mpocTeiiuero
rajbBaHMYECKOTO IEMEHTa NpeacTaBieHa Ha puc. 12.1; oHa BiodaeT B ceds
JIBa JJIEKTPOAa U3 pa3HbIX METAJUIOB, MOMELIEHHBIX B PacTBOP JJMEKTPONIUTA.
(Cy1uecTBYIOT M ApYrHe THIbl JIEMEHTOB, HO Mbl 3/€Cb Ha HUX He Oylem
ocTaHaBnKBathes). [1pu morpyKeHnH MEKTPoia B pacTBOP AEKTPOIHTA MEKILY
JNMEKTPOAOM U DJIEKTPOJIMTOM BO3HHMKAeT JJeKTpocTaTHueckas pa3HOCTb

MOTEHLHANOB  (27€KmMpodHbIl  HOMEHYUaT),

CTH DJICKTpOaa JIBOHHOTO EKTPHUECKOTO
cios. BenuuuHa JIEKTPOAHOI0 MOTEHUUWAIA

I‘ & o0ycioBaeHHas 00pa30BaHUEM Y MOBEPXHO-

B I3 3aBUCHT OT MaTepuala JeKTpoaa; BCiel-

CTBUE ATOTO NPU MOTPY)KEHUU B DIEKTPOIUT

M, M, IIBYX JIEKTPOJOB W3 Pa3jIMuHbIX MATEpPHaAJIOB
BEJIMUMHDI 3JIEKTPOIHBIX MOTEHUHANIOB 3THX

C JMEKTPOAOB OKA3bIBAIOTCS PA3IMYHbIMU, Clle-

c _ f\_h A J0BATENbHO, MEKIY IEKTpOAaMU MOsABIIA-
21 “ |y €TCA PAa3HOCTb [OTEHUHANIOB, WK 271eKmpo-
T [ ---B--| "?|7| osuxcywyas cura € (3.n.c.) Ecnum Tenepb
JXan-s 3aMKHYTb 9TH 3JICKTPO/Ibl Ha BHELLHIOKO YJIeK-

X in-s TPUYECKYIO 1€Mb, TO B LEMH BO3ZHUKAET

? JEKTPUUECKUH TOK (BO BHELUHEH Lenu TOK
OCYLLECTBACTCS MOTOKOM MeKTpoHOoB). Ha

TIOBEPXHOCTH JIEKTPOIOB MPH TOM MNpOTE-
KalOT XMMHYECKHE PEaKLMU C BblAENEHUEM
IHEPTUH; ITH peakuny 00eCreuuBatoT Mno-
JepiaHue PaszHOCTH [OTCHLMANIOB MEXIy
3MeKTpoaMu. [TOHATHO, YTO pa3HOCTD MOTEHINANOB £ Ha MEKTPOIax rajbBaHH-
YECcKOTo dJIEMEHTA MOAEPIKUBACTCA 10 TEX M0P, MOKa He OyayT U3pacxo10BaHbl
BEILIECTBA, YUacTBYIOIIHE B XUMHUYECKHX peaklHax, T. €. MoKa B deMeHTe He
YCTAHOBUTCS COCTOSHHE TEPMOAMHAMHYECKOr0 PABHOBECHS; [OCJIE ITOrO pas-
HOCTb TMOTEHUHAIOB YMEHbLIAETCS 10 HyNs. B OnHMX THMax raibBaHHYECKHX
9NIEMEHTOB MPOLIECC UX pa3psaia HeodpPAaTHM: MPUHYANTENILHO NpOMycKas yepes
3]IEMEHT B 0OPATHOM HArnpasieHHH TOK OT BHELLHEro HCTOUHMKA, Hellb3s o0pa-
TUTb XUMUYECKHE PEaKLHH Ha NIEKTPOAAX W BO3BPATHTb EKTPOXHUMHUCCKYIO
CHCTEMY B HCXOJHOE COCTOSIHWE, COCTOSILYIO U3 JIEKTPOIOB U PACTBOPA dIEK-
TpoauTa. B oTiHune OT TOro CyLIecTBYIOT rajibBaHHUECKHE CHCTEMbI apY-
roro Tuna (K HUM OTHOCSTCS, B HACTHOCTH, SIEKTPUHECKHE aKKyMYJIsTOPbI),

Puc. 12.1. Cxema npaBuiIbHO
PA3OMKHYTOIO  r'aJIbBaHHYECKOTO
DlICMEHTa
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KOTOpbIE B [POLIECCE 3apsaaa OT BHELUHEr0 UCTOUMHUKA JIEKTPOIHEPrUuu Ha-
KarjauBaloT dHEPrHto (B BUIE XMMHYECKOI JHEPTHH CHCTEMbI), a B Npoliecce
paspsia npeodpasyioT XMMHUUYECKYIO JHEPrUIO B NIEKTPOIHEPrHi0, OTAaBae-
MYIO BO BHELUHIOIO 1IETTb.

B kadecTBe npumepa HeOOPaTUMOIO rallbBAHUUECKOIO JJIeMEHTa MOMKHO
TIPUBECTH Tak Ha3bIBAeMbIi 21emenm Bonbma, B KOTOPOM MCTIONBL3YOTCSA MeJl-
HBII ¥ LMHKOBBIH 3JE€KTPO/IBI, MOrpyKeHHBIE B cradkIii pacTBOp cepHOM Kuc-
J0Tbl. EClin BKJIFOUUTB ITOT 2JIEMEHT B DJIEKTPHUECKYIO Lelb, TO TOK B LEMU
OyZIeT UITH OT METHOTO 2MEKTPOA K LIMHKOBOMY; TIPH 9TOM LIMHK PacTBOPsAETCS
B KUCJIOTE, @ Ha MEIHOM IEKTPOJle BblaesseTcsi Boaopoa. Eciu e nonsitarh-
CSl OCYLLECTBUTEL MPOLECC B OOPATHOM HAMpaBle€HUH, T.€. MPOMYyCcKaTh yepes
JIEKTPOJIUT TOK OT BHELLIHErO UCTOYHHKA IEKTPOIHEPrUuM, TO B KHCI0Te Oyaer
pacTBOPATHLCSA MEAHBIH NMEKTPOL, @ HA LIMHKOBOM JJIeKTpoe OyaeT BbIAEATHCA
Bonopo. CiaeaoBarelibHO, MPOLECC B 3TOM ra/IbBAHUUECKOM /1EMEHTE 00PaTHTh
He YIaeTcA: MOBEPXHOCTH DIEKTPOIOB HE BO3BPALLAIOTCS B HCXOJAHOE COCTOSHUE.

[IpmepoM 00paTHMOro rajibBaHUYECKOIro dJIEMEHTA ABMSETCS TaK Ha3biBa-
emblil 2nremenm [anusna—Hxodu, B KOTOPOM UCTIONBIYIOTCS MEIHbIH IEKTPOA,
norpy eHHsiii B pactBop cyibgara Meaun (CuSOy), U LIHHKOBBIIT EKTPOI, TT0-
rpy:KeHHbIH B pacTBOp cy/ibdara uHka (ZnSOy); pacTBOPbI MOIYT ObITh pazae-
JIeHBI MOPHUCTOH BOIOMPOHHLAEMOH MeperopoaKoii Ais MpeAoTBpalleHHs repe-
Meltunpanusl. [1pu BKIIOUEHHH ITOrO 2JIEMEHTA B DJICKTPHUYECKYIO Liellb TOK HAET
OT MEIHOTO JIEKTPOIA K LIMHKOBOMY; MPH 3TOM LIMHK PacTBOPSETCA B PacTBO-
pe dNEeKTPOJUTa U, CIeI0BaTelIbHO, ero KOHLEHTPALMs B PaCTBOpPE BO3pacTaer,
TOI/Ia KaK MEb M3 pacTBOpa Cyib(ara MeI OCAKIAETCS Ha MEIHOM JJIEKTPO-
A€ U, CIIeIOBaTeNbHO, KOHLEHTpaLHs cyjibhara Melu B pacTBOpe YMEHbLLIAETCS.
Ecnn ocy1iecTBUTE Mporecce B 00paTHOM HarpaBieHHH, TIPOIycKast uepes dJ1ek-
TPOJTUT HIEKTPUUECKHIT TOK OT BHELLIHEr0 HCTOUYHHKA, TO Mponecc odpaiaeTcs:
Ha LIMHKOBOM JJIEKTPO/E OCAKAAETCS LMHK, U KOHLEHTpauus cyibdara uHHKa
B PacTBOpPE WIEKTPOJIUTA YMEHBLIACTCSA, @ MEIHBIIN 3MEKTPOI PacTBOPAETCS, U
KOHLEHTpauus cyibdara Mean B pacTBOpe dJleKTposiuTa ysenuuusaercs. Ec-
I uepe3 dTOT rallbBaHHYECKUI 3JIeMEHT B 00paTHOM Mpouecce MpornycTHTD
TO 7K€ KOJIMUECTBO DJIEKTPUUECTBA, KOTOPOE OTHAHO JIEKTPOJIUTOM B MPAMOM
TpoLecce, TO WIEKTPOIbl M PACTBOPLI INEKTPOJIUTOB BEPHYTCS B COCTOSHUE,
COOTBETCTBYIOLIEE Haually MpsMoro rpouecca (pasymeercs, 3T0 yTBepiKAeHHE
CTpaBe//IMBO ¢ TOYHOCTHIO A0 HeoOpaTUMbIX ¢ ¢exror Tuna auddysun pac-
TBOPOB WIEKTPOJIHTOB Hepe3 MOPHCTYIO EPErOPOAKY ).

OObEKTOM TEPMOIMHAMHUUECKOIO PACCMOTPEHHS B ITOH riaBe OyoyT JIMLb
oOpariMble raibBaHHYecKHe dneMeHThl. [loauepkHem, 4To moa oopaTuMbIM die-
MEHTOM UMEETCs B BUY TAaKOM rajbBaHUUECKHUIT 2/IeMEHT, B KOTOPOM NpU U3Me-
HEHHM TOKA Ha MPOTHBOMOIOKHOE HA dNEKTPOIAX MPOMCXOAAT XUMHUECKHE pe-
Ak, 00paTHbIE PEAKLHUAM, MPOUCXOIALLIMM TPH NPOTEKAHUH TOKA B PEKHEM
HarpasneHun. [ToHATHO, 4TO ycroBueM 00paTHUMOCTH rpoliecca B rajbBaHU-
HECKOM JJIEMEHTE SABIISIETCA Takike oTcyTCTBUE ANddY31U, TEMIonpoBOAHOCTH,
TepMonudPy3uu.

BaxHO OTMETHTB, 4TO 3. 1.c. £ 00paruMOro rajbBaHHYECKOro JIeMEHTa
sBasieTcs GyHKUHEH TeMrepaTypbl H HE 3aBHCHT OT BeJIHYMHbI 3apsa.
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[Mpumepom ranbBaHHUYECKOrO DAEMEHTa ¢ BbICOKOH CTAOMJIBHOCTBIO BEJIH-
YWHBI 3. 1. C. TIPU TMOCTOAHHON TemnepaType ABAAETCS HOPMallbHbIN 271eMmenm
Becmona, odecneyuBaroLLUii MOCTOSHCTBO M BOCIPOU3BOAUMOCTb 3. /1. €. B [pe-
nenax 1079 B. HopManbHbIE 2EMEHTbI LIHPOKO MCTIONb3YIOTCA B H3MEPHUTE b~
HOH MpaKkTHKE B KauecTBe J1adopaTopHOro craHaapra 9. 1. c. [losokurenbHsli
JJIEKTPON dJ1eMeHTa BecToHa BbINOMHEH W3 PTYTH, MOKpbITOM cnoem Hgo SOy,
OTpHULATEbHBII MEKTPO — M3 HACkILUEHHOH amanbrambl kaamus, [Hg (10 ~
~ 14 %) Cd], a anekTponuTom ABiseTcs HachllEeHHbII pacTBop CdSOy4. Benu-
YWHA 2. . C. ITOro rajseanuueckoro seMenta npu 20 °C pasna 1,018300 B.

B anexTpocTaTike MOKa3kIBAETCS, UTO dJieMeHTapHad pabota XUMHUYECKOM
peaxiinu, coBepluaeMas 00paTHMbIM rajlbBAHHUECKHM JIEMEHTOM, CO3IA0LLINM
Ha deKTpoaax 2. 4. ¢. £, MpH yBENHUSHHH 3apsaaa ieMenTa ot Z 1o Z + dZ,
paBHa

dW' = —€dZ, (12.1)

3HAK MUHYC 10Ka3bIBaET, UTO B NpoLiecce 3apsaaa (1eKkTposiuza) padora nmpous-
BOJUTCS HA/l YJIEMEHTOM.

Crporo rosopsi, cootHoluenue (12.1) onpenensieT BeAUUHHY d/IeMEHTapHOK
padoThl JIMILL B TOM Clyyae, KOrla TOK B LEMH BEChMa MaJl. DTa OroBopka spif-
€TCs yC/I0BMEM 00PaTUMOCTH MPOLEcca B IaJlbBAHUUECKOM JJIEMEHTE; B CAMOM
JleNie, €CIT TOK B LIEMH UMEET KOHEYHOE 3HaueHHe, TO HEN30€KHbI HeOOpaTHUMble
NOTEPH YHEPrUM B BUIE KOYJIEBA TEILIOBbIIEIEHHSI BHY TPU dJIEMEHTA.

Takum o6pazom, B paccMaTprBaeMoii cucteme (00paTHMblif raibBAaHHUESCKHIT
3neMeHT) 0000IIEHHOI CHITON ABISIETCS 3. . ¢ —&, a 0000IIEHHO KOOpAHHa-
TOM — 3apsan Z.

O0benHHEHHOE YpaBHEHHE [EPBOrO W BTOPOTO 3aKOHOB TEPMOAMHAMHUKH
(2.18) nna paccMaTpuBaeMoii CHCTEMbI 3arMChIBAETCS B BUAE

TdS = dU + pdV — EdZ. (12.2)
l_[pl/l HEHU3MCHHOCTH O6'beMa CUCTEMBI DTO COOTHOILUCHUE MPHUHUMACT BHI
TdS = dU — £dZ. (12.3)

Cucrema ypasHennii Maxkcpesna (2.100) npuMeHuTeNbHO K oOpaTnmMomy
ra/lbBAHUYECKOMY IEMEHTY COCTOUT BCErO M3 JABYX COOTHOLUEHHI

o0z oT oz oT
(5)e, =~ G)e, m (50),, =5 2
as/ep 987/ 5, p 88/ T, p,v oE

(nOCKOJ'Ibe £ 3aBUCUT TOJNBLKO OT TEMMEPATYPLl U €CJH T = COﬂSt,

To U £ = const).

PaccMoTpuM, Kak W3MeHsAeTCest BHY TpeHHss dHeprus U obparumoro ralibpa-
HUYECKOIO 2JIEMEHTa ¢ M3MEHEHHEM 3aps/aa >J1eKTPOIOB [PH MOCTOAHHOMN TeM-
neparype (curtaeM npu 9TOM, UTO AABJICHHE B CHCTEME HEH3MEHHO, P = const,
U H3MeHeHHe obbeMa CHCTeMbl HpeHeOpeKMMO Mallo, Tak uTo V' = const).
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W3 ypaBuenns (12.2) caenyer, 4to

oU 05 -
(ﬂ) :T(d ) L& (12.5)
8z /T, v ozl T v
C yuerom (12.4) 310 COOTHOLIEHHE MOKET ObITh 3aMUCAHO B BH/E

ou e
b =& -T=. 12.6
<8Z)T,V “Tar (12.6)

Wnrerpupys (¢ yueToM He3aBHCHMOCTH € OT TEMTEPATYPbI ), TOTYUYaeM COOT-
HOLLIEHHE, MO3BOJIAIOLLEE ONPEAETNUTh, HACKOIILKO H3MEHUTCS BHY TPEHHSAA JHEP-
rust 00paTHMOro rajlbBAHUYECKOIO 3JIEMEHTa ¢ H3MEHEHHEM 3apsijia 3TOro dJe-
MeHTa npu 1’ = const

Us — U, = (5 - TZ_;) (Zs — 71). (12.7)

[TocKomNBKY MbI paccMaTpHBacM CHCTEMY B YCITOBHSIX, KOT/IA AaBICHHE TIOCTO-
SIHHO, @ H3MEHEHHE 00beMa CUCTEMbI MPEHEOPEIKUMO MAJIO, TO U3 ONPEACICHHMS
sutaibnud H = U + pV o4eBHIOHO, YTO B ITHX YCIOBHAX

Hy —H, = (5 - T%) (Zy—2)) wm Q= (5 - T%) AZ. (12.8)

3amenss B ypaBHeHuu (12.8) 3Hauenue AZ ¢ momoribto 3akoHa Mapanest
(Z = neNy = nF, (tne F' — uucio dapagesi, a n — YUCIIO JIEMEHTAPHbIX
3apsa0B, MPHHUMAKOLIMX Y4acTHE B JNIEKTPOHHOM MpoLecce )), nonyvyaeMm

Q, = —nF (5 - TZ—;) , (12.9)

3aech (), OTHOCHTCS YK€ K OHOMY MOJIIO.

Vpasuenue (12.9) HocuT Hazpauue ypasuenus Iuodca—Ieromeonsya nns
rajlbBaHH4YECKOro HJIEMEHTA M MO3BOJSET PELUUTh BAKHYIO 3a1ady H3MEpeHus
BEJIMYHHbI TEMIOBOro Y derTa XuMHUecKkol peakiinu 6e3 HCMOoAb30BaHUS Kajlo-
pumeTpudeckux MeTonoB. Eciu paccmarpuBaemMas XUMHYECKas peakiis MOKET
ObITh MCIOJIL30BAHA /U1 CO3AAHHUA AJbBAHHYECKOIO IEMEHTa, TO, U3MEPHB
3. /1. C. 3TOTO AneMenTa £ B KauecTBe (hyHKIHH TeMrepatypbl (TpH HEM3MEHHOM
aTrMOC(epHOM NaBICHUM), MOXKHO [0 ITHM JAHHbIM C TOMOLUBIO YPABHEHHS
(12.9) BbluucnuTh BennuuHy TeruloBoro d¢dexra peakunn ¢, . IMockonbky
B [poLEcce M3MEPEHHI BEJIMUMHBL . JI. C. UCIHONB3YIOTCSl 1OCTATOYHO [PELH-
3MOHHbIE MOTEHIIMOMETPHYECKHE METOIbI, TO TOUHOCTh ITHX M3MEPEHHI BECh-
Ma Bbicoka. Pesyabrarsl pacuera BesnuuHbl (), no ypasxenuto (12.9) xopotuo
COTTIACYIOTCA ¢ MPAMBIMH H3MEPEHHUAMH (), B TPYIOSMKHX TEPMOXHMITECKHUX
IKCMIEPUMEHTAX, BbITIONHAEMbIX KAJIOPUMETPHUECKUMH METOAAMMU.

B kauecTBe npumepa paccunTaem BeJIMUHHY (), st PeakUnH, NpoTeKatoLei
B anieMenTe Jlannona — Slkobu. M3mepenns ».1.c. ipu TeMmneparype 273 K naror

£ =1,0934B,a (f—; = —0,000453 B/K. [ToacTapJisisi 9TH 3HaU€HUs1 B YpaBHEHHE
a
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(12.9), Haxoaum @), = —235 kJ[K/MOIb; KAJOPUMETPUYECKHE H3MEPEHH Aat0T
ans HToil peakunn @ = —232 k/lx/Mosb.
TakuM oOpasom, BCs TepMOOHHAMUKA ralbBAaHHYECKOTO IEMEHTA NMPaKTH-

YECKH COCPENOTOMEHa B pe3yfbrarax M3MepeHus 3.1.c. € W mpou3BoaHoH &£

d&
1o TeMneparype -—T raJibBAHUYECKOIO 2JIEMCHTA. nOLl\Oﬂbl\’y 3Ta BECJIHYUHA AB-

nsercs onpenenstoiieil B NOHATHN EKTPOABHKYILHX CHI TallbBAHHUYECKOTO
DIIEMEHTA, MOMbITAEMCS PACKPHITH €€ PUIUUECKHIH CMbICIL

BosbLIMHCTBO XMMUYECKHX PEAKLIMIi OCYLLECTBIISETCS B pe3y.ibTaTe B3auMo-
JdeHcTBUs  (mepeHoca WKW 00OOLIECTBACHHS) DJIEKTPOHOB pearupyroiinx
BelecTB (CyIIECTBYEeT Takke Kacc peakuui, pea3yeMblX MyTeM MEePeHo-
ca He3apsAKEHHBIX aTOMOB HIM aTOMHbLIX Tpynm). [1pu TepMoanHaMuyeCKoM
PAcCMOTPEHHH ITHX B3aUMONEHCTBHIT YUHUTHIBAKOTCA JIULLbL UCXOIHOE U KOHEY-
HOE COCTOsIHME (3aKOoH T'ecca) CUCTEMBI pearupyrouix HeHTpaabHbIX BELIECTB;
TIPOME;KY TOUHBIE COCTOSHUA HCUE3AIOT M3 PACCMOTPEHHA, TAK KaK Mo YCNOBHIO
NEKTPOHEHTPAJIBHOCTH BCE [MOSIBUBLUMECS MPOMEKYTOUHbIE 3apsiKEeHHbIE Ha-
CTULBI (M1 CBOOOIHBIE pagyKallbl) TAK MW WHAYE MEepexolsiT B HelTpalbHOe
COCTOSIHUE.

B 21eKTpOXUMHUECKOM JJIEMEHTE ITH B3aUMOAEHCTBUS pa3sHECEHbI B MPO-
CTPAHCTBE U PEATU3YIOTCs BOAU3H [IOBEPXHOCTHU JIEKTPOIoB. Buicokas Harps-
JKEHHOCTb YJIEKTPHYECKOTO MO CBOOOIHBIX HNEKTPOHOB METAINA, BbIJIETEBLLMX
3a npenesibl ero nopepxHocti (E & 107 + 10% B/cm), criocoGHa He TONbKO Je-
(bopMHpOBaTh BHYTPUMOJIEKYISIPHbIE CBA3K, HO W MEPEBECTH HX B BO30YKIEH-
Hble WJIH MOHHbIE cocTosiHMs. OOpazoBaBLIMECcs: TaKMM 00pa3zoMm (pparMeHTb
BCTYMAIOT B PEAKLIMIO B3aUMOICHCTBHSA C BhIIETEBLLIUMH 3a Npeesbl MOBEPXHO-
CTH METAJLIA MIEKTPOHAMH, [PUBOAS K 00PA30BAHHIO HEHTPAIbHBIX 1 AHATUTH-
YECKH OTTpeIeNIieMbIX TMPOIYKTOB peaKkLty.

B HacTosiee BpeMms [10Ka3aHO, YTO COJIbBATHPOBAHHbIH IEKTPOH SIBIIsIET-
€Sl TAKOH K€ CAMOCTOATENILHOMN YacTHLEH, YTO U JI0ObIE IpyTHE pearnpyloliue
BeriecTna. [ToaToMy B CTEXHOMETPUUECKHE YPABHEHUS IEKTPOXUMUUYECKUX Pe-
aKLMH UX ClIEyEeT BHECTH B KQUE€CTBE PABHOMPABHBIX YUACTHUKOB PEAKIIMH TaK,
4TOObI COOMIOAANIOCH YCIOBUE MIEKTPOHEHTPATIbHOCTH.

3. 1. ¢. aneMenTa (NpeacTaBsAroLLEro co00i pa3HOCTb MOTEHIINAIOB HA KOH-
Lax MeKTpoxumudeckoii uenu (cm. puc. 12.1)) ckiaabiBaeTcs U3 TPEX CKAUKOB
noteHuMana (ecnu 06a dNeKTpoaa MOMeENEHbI B 00U pacTBOp)

£ =04+ X + X4, (12.10)

rae @%f S Xirys ch\;ll — COOTBETCTBEHHO CKAUKH MOTEHLIHAA HA FPAHHLAX pa3/ie-
1a aByx Metannos My /M, MeTasi — pacTBop 1 pacTBop —meTan. Eciv ranbsa-
HHYecKast LieTh COCTARIEHA U3 ONIMHAKOBBIX METAJIIIOB, TO MEPBbIii UIeH ypaBHe-

M-
Hus (12.10) pi‘ff = 0 (T. K. B 00LIEM ClTy"ae KOHTAKTHAs PA3HOCTh OTEHIIHAJIOB

"y ) M
(K p M) paBHa pasHOCTH PaboT BbIX0JA IEKTPOHa 3 MeTaioB M u Mz ¢y, =

My /M .
= AW, o/ *) M. 1. C. onpenenseTcs ToibKko paboTol MepeHoca HNEKTPoHa ¢
metajia My B pacTBOp (Xg i ") u HaoGopoT OT pacTBopa B MeTana Mo (XJS\42),
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T. €. [OJIHOCTHIO XaPaKTePU3YETCs MPUPOAOIH peakuMii, NPOTEKAOIMX Ha [10-
BEPXHOCTH ITHX MeTassioB. [TockonbKy peakius, MpOUCXOAIlas B rajbBaHH-
YECKOM dJIEMEHTe, MpeacrasifeT coboil CyMMy MOIypeaKiuii Ha KakKaoMm u3
3MEKTPOLOB, COEAMHEHHBIX MEXKLY COOOI BHELIHMM TPOBOIHHKOM, TO ¢BOOOI-
Hast oHeprusi ['md0ca rnpeBpalieHHs OHOr0 MOJIsi BELIECTBA B COCTOSHUN Tep-
MOIMHAMHYECKOTO PABHOBECHS 1 COMPOBOKAAIOLLASCS IEPEHOCOM M0 BHELLHEH
Lernu 3aps/a B koiudectse z F' cornacHo 3akoHam Mapaes, 10/hkHa OblTh paBHa
XHUMHYECKOMY cpoacTBY Xumuueckoit peakunn AGy , . CrenoBarensHo

—AGyp, = W = 2F& u B cTaHaapTHbIX YCIOBHAX — AG? p = 2FE°.
(12.11)

210 PaBCHCTBO CIIPABEJINBO TOJIbKO B TOM Cllydae, KOraa U3MEpeHHas Be-
- o M:
U4YuHaA 3. 4.¢. £ He COOCPIKUT KOHTAKTHOH Pa3sHOCTH TTOTCHUHAJIOB (,DM? -

— AWM/ M2 .
= e , TOCKOJIBKY MOCJIC/IHSAA HE ABNAETCA UCTOUHUKOM YHEPTUMU.

PacecmoTpuM 1uist pumepa Haudosiee NPOCTyo EKTPOXHUMHUECKYIO LElb,
COCTOSILLYIO M3 TaK Ha3bIBAEMOTO XHHIHPOHHOIO 3JIEKTPOJA U dJ1EKTPOA CpaB-
HEHUsI B BU/IE€ BOIOPOAHOIO 2EKTpoaa. X HHTHAPOHHbIH 27€KTPOI HAXOANT K-
pOKO€ NpUMEHeHHe T onpeaeaeHus kucaotHoctu (pH) cpenbst. Xunruapon —
3TO cnabopacTBOPHUMOE IKBUMOJIEKYsIpHOE coenuueHue XuHona Ce HyO2 nrna-
poxuHona CoH (OH)2. D11 BewecTBa, kKoTOpble 0003HAYHM U1 KpaTkocTH Q
n H2Q, B MpUCYTCTBHU BOIOpONA 0OpasyloT OKUCIIMTENbHO-BOCCTAHOBHTEb-
HYIO cUCTEMY

Q+ H, = HaQ. (A)

KOHCTZIHTa paBHOBeCHﬂ 3TOM peakunu, a clieaoBareJibHO U 2. 4. C. MOI"yT
6blTb 3arnucaHbl B BUE
AGfO(HeQ) - AG/O(Q) AGY, 2FEO

K =— = =425 (12.12)
RT RT RT

31€Ch YUTEHO, UTO AG?(I'{Q) =0.

Peanmzauus XMHIHUAPOHHO-BOIOPOAHOIO IEMEHTA O4eHb npocTa. B cocyn,
MoANIeKAHH U3MEPEHHIO J. /1. €. (nu pH), HackImaloT HEOOILLLIOE KOTHYECTBO
XUHrHApOHaA (10 00pa30BaHMs HACKILEHHOIO PacTBOpa), OMYCKAOT B PACTBOP
TIATUHORYIO MPOBOJIOUKY M COCAMHSAIOT C BOAOPOIHBIM HJEKTPOIOM (MIaTHHa,
HOrpy KeHHas B Cj1adblil pacTBOP KMCJIOTHI M OMbIBAaEMas ra3000pa3HbIM BOAOPO-
noM). OObIYHO peaklnH, MpoTeKalolIHe Ha deKTPoaax, MPENCcTaBIgIOT B BUIE

Q+ 2HT + 2€(P[1) = HzQ — Ha XMHTHAPOHHOM 3J1€KTPOAE,
2HT + 2e(Pty) 2 Hy — Ha BOTOPOIHOM JIEKTPOJIE.
[To 3akoHy I'ecca TensoBoii d(pdeKkT XUMUUECKOH peakLuy He 3aBUCUT OT
[IPOMEKYTOUHbIX CTAAWI Npouecca, a OlpenessieTcs TOIbKO UCXOIAHbIM H KO-

HEUYHBIM COCTOAHHAMH CHCTEMBI, TTO3TOMY BbIUNTAs U3 MEPBOIT peaKiliK BTOPYHO,
[ONyH4 UM CYMMAapHOE YPaBHEHHE peakLHH, NpoTeKatoLIe B JaHHOM JIEMEHTE,
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YUUTBIBAIOLLEH JIMLID UCXOAHBIE M KOHEUHbIE COCTOSIHNA YTON CUCTEMBI U DJIEK-
TPOHBI, YHACTBYIOLLHUE B PEAKLIMH

Q + 2e(Pty) + Hy = HaQ + 2e(Pt2). (B)

Oyukuna ['mdoca peakuuu (b) Ans KOHEUHbIX U HCXOAHBIX BEILIECTB, HAXO-
JSILLUKMXCS B PABHOBECHHU, 3aULLIETCS TaK:

AGX p. — AG?(lle) —AG?(Q) +2,U;(p',2) _Q:UL’(PIL) _AGJQ(MQ) —RT lllp}-].2 -
= 1,0 + 2Me(p) — HQ — 2Me(pia) — My, — BT Inpy, =0, (12.13)

oG 0-7(
TIOCKONbKY 1) = (%) - Na .
M /ST P

XUMHUECKHIi MOTEHLMAI YIEKTPOHOB MeTaa, Kak OyleT MoKa3aHo B najib-
HeiflweM, onpeaesnsercs paboToil BbIXOAA DJEKTPOHA M3 MeTalla M CKAauKoM
MoTeHIManta X, Ha Mekda3Holf rpaHHLe, BO3HUKAIOLLIETO BCIEACTBHE BblIETa
DIIEKTPOHA 3a [peesibl [IOBEPXHOCTH MeTalla, T. €.

W =ex — fle. (12.14)

TTocKosibKY /15l JAHHOIO 3eMEHTa KOHLEBbIE METALIbl HMEIOT OIHHAKOBYIO
npupony, h? = W — WMz = 0, 10 pasHOCTb XUMHYECKHX TIOTEHLIHANTOB
y/1eT papHa PA3HOCTU HIEKTPUUECKHMX CKAUKOB MOTEHIHAIOB Ha rpaHuIax Pt; /S
uPt2/S, T.e.

He(Pt1) = e (Pt2) = ex(Pta) — ex(Pty), (12.15)
Teneps (12.13) Gyner 3anucaHo B BUne
2e(xp, — Xpo) = 2080 = —AG),. (12.16)

B cTaHnapTHOM COCTOSIHUM (HACILLEHHbBIE PACTBOPhI XHHOHA M THAPOXHHO-
Ha, JaBAEHUE ra3000pa3Horo Boaopoaa py, = 1) 2.1 c. s1oit peakuun 0 =
= [-85,62 — (—216,68)]/2 - 96500 = 40,679 B (npuromiMas B CripaBoy-
nukax £ = +0, 699 B). 3ameTuM 371€Ch, UTO I. 1. €. ITOrO deMEHTa ABJIAETCS
ompeneieHHeM HIEKTPOIHOIO MOTEHIHANA, MOCKOMbKY MOTEHIHAN BOLOPOIHOTO
ANEKTPOAA MPUHAT PABHBIM HYJTIO.

BHecenue B pacTBOp KMCs10ThI cMelaeT pasHoBecue (B), u3ameHss Besinyu-
Hy £ BCJIEACTBHE M3MEHEHHS YPOBHS YHEPIHH JIEKTPOHA B PACTBOPE.

K Takomy 7Kke THITy raibBaHHYECKHX 2IEMEHTOB OTHOCHUTCS XJIOPHO-BOIOPO-
HbIH 2NeMeHT (1Ba MACHTUYHbIX Pt as1ekTpoaa norpyKeHsl B OIHH U TOT JKe BOJI-
Hblit pacTBop HCI 1 oMbIBatoTCst ra3000pa3zHbIMK BOIOPOIOM U XJIOPOM (aHaj1or
TOTIIMBHOTO iieMeHTa (cM. puc. 12.2)). OnHaKko B YTOM IEMEHTE PEaKLNi OKHC-
JIEHUS 1 BOCCTAHOBJIEHHS! pA3HECEHbI Ha Pa3HbI€ YNEKTPObI.
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OO0bI4HO 3TH peakiuu (Mo peaKLi) Ha KakK10M K3 JJIEKTPOAOB 3aIuchiBa-

K0T CJIEAY WM 06pa’30M:

1
7H§ = qu + e(Pt ) — mpoiiecc BOCCTAHORNEHHS BOIOPOLA,

I
9

€ CyMMapHOH peakLHei

~CI§ 2 Cl, — e(Pty) — npouecc oKUC/IeHHs XJ10pa,

—Hg + Clg HCl (aq) T ((Ptg —e(Pty). (B)

Tax e Kak 1 B NpeblIyEM ciiyyae

te(Pty) — e (Pta) = ex(Pta) — ex(Pta).

Oueprus ['mb6ca peakumu (B) 3anuiuercs cnemyommm odpasom:

1
AGy p = pte(Pty) — pe(Pt2) + E,uﬁz -

1
K, F HICI g (12.17)

3anucan BbIPAKEHHE IJIA XUMHUYECKUX [MOTCHUHAIOB BOAOPOAA, XJI0pa U XJ10-

pHCTOrO BOZOPOXA B BUIE
i, = mif, + BT Inpus,
wey, = nef, + RTnpa,,
HHCl(og = uﬁél + RT Inanqi,,,

M [OACTaBUB dTH BblpaxkeHus B (12.17), Haii-
JIEM CBA3b 2. 1. C. ITOTO HEMEHTA C KOHLIEHTpa-
LME KUCII0ThI U NapLUalbHbIMK J1aBIeHHAMM
BOZIOpO/A M XJopa. OnHako peakiins odpazoBa-
nus HCl,, npotexaet Bixuakoi pasze, nosromy
HEOOX0IMMO yuecTh paboTy nepeHoca ra3ood-
pas3HbIX XJ0pa U BOIOPO/A B BOIHbIIL pacTBOP
HCI. M3BecTHO, uTO mnpouecc npeononeHus
TIOBEPXHOCTHOIH JHEPrHH B BOJE ra3oodpas-
HbIM BOJIOPOIOM COMNPOBOKIAETCS MOIVIOLIE-
aueM sueprun AG, = —19, 25 kJlhx/mons =
=0, 1995B (Taxoe #e 3Ha4UEHHE UMEET CKaUOK
TIOTEHLMAJIA HA FPAHKLE BOIA — MHEPTHBIH ras,
paccuMTaHHbIi M3 BEJIMYHHbI [IOBEPXHOCTHOIO
HaTskeHust Bofwbl (M. Tabn. 11.1)). Tpeanosno-
JKHUM, 4TO H MOJEKYJIAPHOMY XJIOpY /uisi Mpe-

mA
(F—
« ¢ -« ¢

00

o~
~o -

(L

Puc. 12.2. Cxema Ho —Cly aae-
MeHTa

OJIONIEHHS TOBEPXHOCTHOTO HATSKEHHA BOIbI MOTpedyeTcs 3arpara Takoii ke
aHepruu. Tenepb peakuuto (B) ¢ yuerom padoTsl pacTBopeHHs ra3oB U paboTsl
00pa30BaHKsA XJIOPHCTOTO BOJOPOIA MOKHO 3aMUCaTh TAK:

— AGY5(HCI). (12.18)
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[Moacrapass B (12.18) BbIpakeHHs XUMUUECKHX [OTEHLMAIOB BCEX y4acT-
HUKOB peaKiiu, MoayuuM ypaBHEHHE J. 1. C. XJIOPHO-BOJOPOIHOTO rajibBaHHYe-
CKOI'0 2J1eMEHTa

., RT RT ;o o
£ = :Ulofa + - Inanc,,, + Elnp%gp‘az + 2AG,. (12.19)

~ 08 0 — ; p— > —

Mockonbky fiicy = AGags = 95,3k[lx/mMons = 0,985B, a AG, =

= (,1995B, To noxcTaisAs HTH YncHeHHbIE 3HaueHuA B (12.19), nosryuuM okoH-
yarenbHOe ypaBHEeHHE LTS . 1. C. JAHHOTO JIEMEHTa:

RT RT
=137+ - Inayc,,, + = Inpff, pé,- (12.20)

DKCNEPUMEHTAILHO U3MEPEHHAs BEJMUMHA J. . C. ITOrO JIeMEHTa B CTaH-
JaptHeiX ycnoBusx (nipy aktusHoctn HCI paBHOM ennHuie W napuyalibHbIX
JaBNEHHsAX ra3000pa3HbIX BOIOPO/A H XJIOPA PAaBHBIX TakKe M0 €AHHKLE) paB-
Ha 1,36 B.

B ciyuae pasubix metamnor AGC xumuueckoil peakuuu ne Oyner pas-
Ha d/eKTpUUeckoii padore —z FEY, npencrasneHHol yepe3 H3MEPEHHYIO pa3-
HOCTb MOTEHIIMANIOB, MOCKOLKY B 3Ty Benuuuny £ BXOAMT KOHTaKTHas pas-

- My My Mo xs
HOCTb MOTEHLHANOB ¢, = AWV, /e, He npeacTassioLas coboit peasb-
HoIf paboThI.

B yueOHoii siutepary pe Handosee 4acTo TePMOIHHAMHKY TAKOro PaBHOBEC-
HOTO rajlbBAHHUYECKOIO DJIEMEHTA PAcCMaTpPHBAIOT Ha MPHUMEPE JJEKTPOXUMHU-
YECKOIT e, COCTABIeHHOIT U3 BONOPOOHOTO M XJIOpcepedpsHOro /IeKTpona
(cepedpo, nokpbiToe TpyAHOpacTBOPUMOIt cosbio AgCl u rnorpyieHHoe B pac-
TBOP, COAEp:KALLM dNEKTPONUT ¢ aHHoHOM Cl~ ). DTOT 2MEeMEHT 3anHChIBAIOT
B YCJIOBHOM BUJIE CJIE/YIOLIMM 00Pa3oM:

Ag|Pt, Ha|AgCl

Ag. )

JlaHHBIN 3JE€MEHT Ha3bIBAIOT TPABWILHO PA3OMKHYTHIM JJI€MEHTOM, TO-
CKOJIbKY Ha €ro KOHL@AX pacrioNokKeHbl WIEHTHYHbIE METasbl (BEPTHKATLHbIC
YEPTOUKH YKA3blBAIOT HA CYLLECTBOBAHKME IPAHMLbI pasjiena Mexay AByMms ¢a-
3aMn). XuMHUUecKas peakiua, MpoTeKaroLas B ’TOM IEMEHTE, MPeACTaBIAETCA
crelyoLmuM odpasom:

AgCl +0,5H, 2 Ag+ HCI. (n

CaoboaHas dHeprusa ['nb6ca s AaHHOH XUMUYECKOH peakuu Mo 3aKoHy
['ecca paBHa
1
AG = pag + pnct — agel — OIPE (12.21)

3anuiiem cymMMapHoe ypaBHeHHe peakuuu (J1) ¢ yueToM 271eKTpoHOB 000MX
MEeTaJlIoB!
AgCl+0,5Hs + e(Ag) = Ag + HCI + e(Pt). 0l
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CBOGOAHAs YHEPI U HTON XUMHUUECKON PeaKkiiu Tenepb OyaeT UMETh BULT
AG = 18 40— 1% — 10+ LRTI RT1 -
= pipag Ty~ M T Haga + 3 npH,+ 1L ancl+ fe(py — Me(Ag) =

1 1
= l‘?\g + prie — 5.“-?12 = llfz)\ga + ERT Inpu, +

+ RT Inayci + W' — expy — W2t + exag = 0. (12.22)

Vuursisas (12.14) u npuHumas BO BHUMaHKE, 4TO cBOOOAHbIE dHEPruu ['MO0-
ca obpa3opanus Ag, Hy B cTaHAapTHLIX YCIOBHUAX paBRHbl HYMIO, YpaBHEHHE
(12.22) nepenuiuem B BUIE

AG = AG(HCI) — AG}(AgCl) + RT Inayc —
— RTnp}{> + e(xag — xp) + WP = Wle, (12.23)

[Moncrasnsas B (12.23) uncneHHble 3HaUE€HUS CBOOOIHBIX dHEpPruit odpaso-
sarust (AGY(AgCl) = —109, 54 kJlx/mons n AGS(HCI) = —95, 3 Jli/mon),
115 CTaHAapTHOTO cocTostHust (Mpu P, = 1, apc = 1) J@HHOH YNEKTPOXUMH-
YeCKOH CUCTEMBbI [ONYUYHUM BblpaKEHHUE

AG = 0,147 + e(yag — xp) + WH - W2e =0, (12.24)

rae AG BblpakeHo B 3B.

M3mepeHHast pa3HOCTh MOTEHLMATIOB MEWX/Y TUIATHHOBBIM M CepedpAHbIM
snekrpoaamu pasHa £ = +0,222B. B 3ToM ciyuae pasHOCTb paboT BbiXO-
Ja JNIEKTPOHa M3 niaTuHel U cepedpa coctaBut 0,3695B u noBonbHO OGnm3Ka
k AWL (kpn), npuBoaumMoii B cpaBo4HUKaXx.

JIpyTHMH CIIOBAMH, H3MEPEHHS 9. 11 C. TAlTbBAHHIECKOTO YJIEMEHTA, COCTAB-
JIEHHOTO W3 Pa3HbIX METAVIOB U MOrPYKEHHBIX B OIWUH U TOT 7K€ PacTBop, Ja-
IOT TaKkKe BO3MOXKHOCTb OMNpeneneHus padoT BbIXOAA DJIEKTPOHA H3 MeTalia
C JI0BOJIbHO BbICOKOM TOYHOCTBIO, [IOCKOJIBKY 3. A1. C. TAJIbBAHUYECKOIO 3J1eEMEHTa
ONpeJIeIAETCA ¢ TOUHOCTBIO 10 1MB.

[TpH KOHCTPYHPOBAHHH TallbBAHHUYECKHX JJIEMEHTOB, COMAEPKALLNX PACTBO-
Pbl HEOAMHAKOBON NPUPObI WM KOHLEHTPALM, MbITAIOTCS HCKIIOUUTE KU~
KOCTHbIE MK AU (Y3HOHHBIE MOTEHLIHAIILI HA TPAHHLIE IBYX COMPUKACAIOLINXCS
KMAKKX (a3 nmyTeM BBEIEHHs MEXKIy HUMU TaK Ha3bIBAEMOIO COTCC020 MOCINU-
ka. ConeBoii MOCTHK, KaK NMPaBHJ10, COCTOUT U3 KOHIIEHTPUPOBAHHbIX PACTBOPOB
KCl, KNOg unu apyrux cosneil. TakuM nytem yaaercst yMEeHbLIUTh (IMMUHU-
poBarh) CKaYOK MOTEHIMA/A HA TPAHMLIAX [ABYX Pa3HOPOIHBIX KUAKHX (a3, HO
HE JIMKBUAUPOBATh MOAHOCTBIO (CM. paz/. | 1.8). B atom cityuae ycnoBhas 3anuch
rajbBaHHYECKOro leMeHTa OyaeT BhITIAAETh TaK:

M, ]S, ||So| M| M, . (12.25)

I1pu ycIoBHOI 3anKCK rajibBAHHYECKOTO 1EMEHTa HEOOXOAMMO obpararh
BHUMaHHE Ha 3HAKH 2JIeKTPOAHbIX noreHunanoB. CornacHo CTOKrosibMCKOMH
kouBeHunn MIOTTAK, 3HaK 21eKTpoAHOro NOTeHUHaNa ONpenessieTcs peakum-
eif, mporekatoweii Ha asekrpozne. [TonokuTeNbHbIT 3HAK MPUITUCHIBAETCS TTIO-
TEHLHaAly TOrO IEKTPOAA, Ha KOTOPOM MPOHCXOAMT MPOLIECC BOCCTAHOBIEHUS,
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U B YCI/IOBHOI 3alKUCU rajbBAaHUUECKOIO dJIEMEHTa TakoH MeTasLll pacrioyiaracT-
csl crmpasa. . 1. €. dJIEMEHTa, 3alHCaHHOTO B TaKoM Buie Oy/eT MpencTaBisTh
Pa3HOCTD IEKTPOIHBIX NOTEHUHANOB & = Prpasoro — Pacsoro > 0. A HOCKOILKY
AGy p. = —zEF < 0 xapakTepu3yeT caMONPOU3BOILHOCTL MPOLECCa, TO MK~
TPOXUMUUECKAS Liellb, 3arucaHHas TakuM 00pasoM, ecTb rajbBaHHYECKHil dJie-
MEHT, T. €. YCTPOICTBO, NpeodpasyoLee JHEPTUI0 XUMHUECKOH peaKiiiy B dJIeK-
Tpuueckyto. Llernb, 3anucantas HaoGopoT, OyAET NPeaCcTaBiAThL IEKTPOIN3ED,
T. €. YCTPOHCTBO, NMOTPEONAIOILEE INEKTPHUECKYIO IHEPTHIO, MOTPEOHYIO0 IS
TIPOXOKACHHS XMMHUUECKOH PEaKIHu.

H3mMepenue paBHOBECHOI pa3HOCTH MOTEHLMANOB MPENONAraeT OTCy TCTBHE
TOKa B U3MepsAeMoil uenu. B ciyuae npucoendHeHns BOJbTMETPA K IEKTPO-
XUMHYECKOH el ee IKBUBAICHTHAs cXema OyaeT UMEeTb CIEAYIOLINH BUI
(puc. 12.3), rne Ry;x — BXOJAHOE COMPOTHRIEHHE W3IMEPHUTETHHOTO TMpHOO-

<
(&3

pa. [1pu 3ambIkaHuK dneMeHTa Ha BONBLTMETP Mo uenu noiinet tok I =
BN

B PE3YILTATE DTOI0O MOTCHUHAI JICBOTO DJICKTPOAA BCIICACTBHE OTBOAA DJICKTPO-

HOB CMECTHTCS B MMOJOKUTENLHYIO CTOPOHY Ha BesuuuHy Ay, = <p(1) - ¢,
€ p
- |+
0
| ‘ ?
1 ‘ iy
g
1
1
1
! :
2 %
1
Ry :
- i I
Puc. 12.3. DkBHBajJCHTHas CXeMma Puc. 12.4. Tloagpuszauus HICKTPOAOB 04
rabBAHHYCCKOTO HICMCHTA JCHCTBHEM BHELLHETO TOKA

a MoTeHIMas MPaBoro — B OTPHIIATENBLHYIO CTOPOHY Ha Bennuny Aps = ¢ —
— ¥}, KaK MoKa3aHo CXeMaTu4Ho Ha puc. 12.4.

B pesynbrare 3TOro cMelUeHUsi (CMELeHHe MOoTeHuMana noa AeHCTBUEM
BHEIITHETO TOKA HA3bIBACTCS NOTAPU3alUell) TIOTEHIIHATIOB IIEKTPO/IOB J. 1. C. 11e-
Ny He OyeT COOTBETCTBOBATH PABHOBECHOMY 3HAUEHHIO J. 1. €. dieMeHTa. Ecin
ke Ry — 00, TO BeJIMUHHA TOKA, OTOMPAEMOro BOJILTMETPOM OT dlleMeHTa Oyaer
cTpeMutbes K Hyso (I — 0), ¥ nonspusauus 31€KTPOAOB CBEASTCSH K MUHUMYMY.
Takum oGpasom, U1 U3MEPEHHS J. 11. C. FalbBAHHYECKHX NIEMEHTOB (0CO0EHHO
€ MaJIbIMH MIOLUALSMH HCCIIETYeMbIX DJ1€KTPOIOB) TOJIKHbI IPUMEHSTHCS BOJILT-
METpHI C BLICOKMM BXOIHBIM compoTHeieHneM (nopsaaka 10% + 10'° Om). Ouenn
4acTo B IEKTPOXUMHUECKHUX IKCIIEPUMEHTAX UCIOMb3YIOT KOMHCHCAYUOHHBL
Memoo uaMepeHus 7. 1. ¢. Ero npuHunnuansHas cxema uzodpaskena Ha puc. 12.5,
M3 KOTOPOIrO BHIHO, YTO B Pe3y/ibTare 3aMblKaHHA aKKyMyJIATopa Ha COMpo-
TuBsieHue @ (peoxopa) ycraHasinuBaercs jnHeiiHoe naaexue Hanpsuxenus U.
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Ecitu uyactb DTOro HanpsukKeHWsi CHU-
MaTh CO CKOJb3ALIErO0 KOHTakTa I W
HAnpasyisATh HaBcTpedy (OTpulaTeIbHbIe
KJIEMMBbI aKKyMYJATOpa H HCCIIEIyeMOro
rajibBaHUUeCKOTO MIEMEHTA 3aMKHY Thi Ha-
KOPOTKO) 9. /1. C. HCCIIEAYEMOro IeMeHTa,
TO B CJlydae paBEeHCTBA MAAEHHS HArps-
xkenns Uy na conporusnenuu I Tok B u3-
meputenie I Oynet paseH Hymo. [Tpu uz-
BecTHOM U}, CTAHOBHTCA M3BECTHBIM U Ey.
JIns Toro, utoObl 3Hath U] B Kaa0it Tou-
Ke CONpOTHBJICHUS (peoxopaa), BMecTo &y
BKIIOYaIOT &, (00BIYHO ITO MeMeHT Be-
CTOHA C W3BECTHOI W OYeHb cTAOWILHOMN
semuunnoit £, = 1,018 B) u nposoasT
NpeaBapUTe/IbHYIO KalHOPOBKY peoxop-
na. Ecnu nofioskeHue CKONB3AIErO KOH-

E— +
100
U,
v
- R
btk
€
1t 1
H
g

Puc. 12.5. KomneHcannonuas cxema
usmepennst DJIC ranbBaHUUECKOro Aie-
MCHTa

TAKTa Ha Peoxop/e Nnpu uamepeHuu ;. paBHo [, a Ha nemenTe BecroHa lyy,

10 & = Eni(lon/12).



F''TABA 13
SJIEKTPOHHBIE CBOMCTBA IMMOBEPXHOCTH

[To Bo3HMKIIKMM ewle B kOHUE XIX B. npeacTaBieHHsIM CHCTEMa METalll—
SNEKTPOJTHT MOApa3AeIIETCa Ha TPH 00JaCcTH:

a) memana — oonacme nOcmosHno2o nomenyuara (no monenu Jpyne —
3TO CPEAHUI EKTPOCTATHUECKHI NOTEHLMAT

(py=V"" JsO(r) dr, (13.1)

rie (1) — MeKTpoCTaTHYECKHI MOTEHLIHAI B TOYKE I TEPHOAHYECKOIT peLeTKH
Mmeraiuia, V' — o0beM MeTalula; HHTerpupOBaHHE BEeIeTCs M0 3TOMY 00bemy);

0) Tak Ha3bIBAGMBII MIOMHbLI UITH cetoMeobyed cloll, BOSHHKAIOWHUIL B pe-
3yJIBTATE TOTO, UTO 3aPSKCHHbII JNEKTPOA NPUTATMBAET HOHbI IPOTHBOMOJIONK-
HOTO 3Haka (Hecneunduueckas aacopouus);

B) Quchchysnuiil, pazvelmerit ciou uonos, 00pa3oBaBLIHiics BCIeICTBHE Tep-
MHUECKOTO OPOYHOBCKOTO ABHKEHHSA nocieaHHX. Teopus 3Toro cios 3anokeHa
I'yn n YenmeHOM Ha OCHOBE CTATHCTHYECKON MEXaHMKH 3apsKEHHbIX HOHOB
B 0€CCTPYKTYPHOM IHDAEKTPUKE C MOCTOAHHON IMAIEKTpUUYECKoii MpoHHLae-
MOCTbIO. B 2/1eKTpoxUMHUECKUX npoleccax Au(dy3Has 4acTb 00bIUHO BTOPO-
CTENEeHHa, TaK KaK NaJcHue NoTeHLUMala B Hell Aaxe B pa30daBlieHHbIX PacTBOpax
SNEKTPOIUTOB Ha TIOPAILOK MEHBLIE, YeM B TJIOTHOH YacTH, @ B KOHUEHTPUPO-
BaHHbIX PACTBOPAX €€ MPAKTUYECKH HET.

Ectb pa3ubie MHeHUA 0 (paKTOpax, OTBETCTBEHHBIX 3@ BOZHHKHOBEHHE MIOT-
HOM uactn. BolIbIWMHCTBO aBTOPOB NPHAEPKUBAETCA MOJEIIH, MPEAIOKEHHOM
eie lenbMmronbieM. B Heii niotHas wacts JIDC 3akmouaer B cede MOHOCTOM
aacopOMPOBaHHBIX HA MOBEPXHOCTH METala MOJIEKYIl pacTBOPUTEIS, U CBOIi-
CTBa METAJUIA BKJIIOYAIOTCSA B TEOPHIO B BH/E MO/EIH MIOTHOTO CJIOA, @ HMEHHO
yepes dPPEeKTUBHYIO UTEKTPUUECKYIO MPOHHLIAEMOCTb, KOTOPask HEKOTOPLIM
00pazom oTpakaeT B3aUMOAEHCTBHE METaLTa C pacTBOpUTENEeM. B Mozenax 3to-
IO THIA HE YUHTbIBACTCS HU IEKTPOHHOE CTPOEHUE U ANCKPETHOCTh CTPYKTYPbl
MeTasa, HH B3aUMOJEHCTBHS MeTala ¢ MOJIeKyIaMu PACTBOPUTEIIS U MOJIEKYT
pacTBOPHTENS APYT C APYTOM.

Dpenkeriem 1 Paiicom Obl1a npeanokeHa HHas Moaes riotHoi yact I9C,
7€ IaBHas PoJib OTBOAHUIACH HE MOJIEKYJIAM PACTBOPUTENS, a JNEKTPOHAM Me-
Tana. InurensHoe BpeMs OHa He NPHBIEKaIa BHUIMAHUS EKTPOXUMHKOB U Oblia
¢aktuyecku 3adbita. M nuib Oymyun copmynnpopanHoii 3aHoo P. Canemowm,
B030yauaa pe3ko Bo3pactaroliuii HHTepec. B HacTosliee BpeMsa B paMKax dTHX
MIPE/ACTABNEHHIT YIKE ONMHUCAH KAYE€CTBEHHO M KOJIMUECTBEHHO JOBOILHO LIHPOKHH
Kpyr aBnenuil. Pazgutas P. CanemMom Teopus NoCTpoeHa Ha NPUMEHECHHUH MOJe-
JTH «CKesIey ¢ MoMOoILbIO MPOOHBIX (PYHKLHIT, KoTOpble, OyayUH IKCMOHEHIIHAb-
HO 3aTyXaroLMMH BHE METal1a, 3HAUHTEJIbHO JIyULle COOTBETCTBYIOT PELUEHHIO
KBAaHTOBOMEXAHWHECKOI 3a1aun.

B cBA3H ¢ TPyAHOCTAMH HHTEPIIPETALUH MOBEPXHOCTHBIX ABIEHHH B NEPBOM
NpUOMMIKEHHH LIes1eco00pa3HO HMCNOMb30BaTh MPOCTbie (PeHOMEHOJOrHYECKHE
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NPE/ICTABIEHUS M ONPEACINTD C UX OMOLUbBIO TY IPYIIy NapaMeTpoB, KOTOPbIe
(OpMHUPYIOT OCHOBHBIE cBOMCTBA Mexk(pazHoil nosepXHocTH. B nanHoii mase
Ha OCHOBE ()yHAAMEHTAJIbHbLIX MPUHLMIOB U YPaBHEHMIT 3IEKTPOCTATHKU MIl-
JIOCTPHPYETCS BO3MOXKHOCTh OIMMCAHUA HEKOTOPIX OCHOBHBIX cBOiicTB J[DC
rpaHuLbl pazzena Metanl —NeKTpoauT. OHaKo cHavala HeoOX0AMMO NpoaHa-
JU3HpOBaTh (PU3HUECKHE NPEANOCHUTKH, JieXalllie B OCHOBE YKa3aHHbIX BbILLE
NPEACTABNEHHH U KPATKO W3JI0KHTb HX TEOPHIO.

13.1. Moaeanb
Ieqibmroabua —I'yn —Yenmena — Ll tepna — I'pama

PasButue npeacrapienuii [eabMronblia o CyIECTBOBAHHHM Ha IPaHHLE pas-
nena (a3 aByX NpOTHBOMNOJOKHO 3apsKEeHHbIX ciloeB (puc. 13.1, ¢) npociaeaum
ik pparmertapHo. Cravana ['yu u Uenverowm, a 3atem LltepHom 1 ['pavom
9TH  npeacraBieHuss  OblIM  HECKOJIbKO  yciokHeHbl  (puc. 13.1,6)
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Puc. 13.1. Pacupesiesnenue 3apsia v noretiiana: ¢ — 1o leasmroabity; 6 — no I'yn—

Yenmeny

C Lesibio OObACHUTb HAOMOAAEMOE B IKCNEPHUMEHTE BIMSHHUE KOHLEHTpaUUU
JNIEKTPONIUTA U criendrUeckoif aacopOuny HOHOB Ha MapaMeTphbl MIOTHOH va-
ctu JIDC. Ckayok noreHunana B mioTHod uactu J[DC 3anuchbiBaloT B BUAe

Ap = A+ Ay. (13.2)

4rho

3nech Ay = — CKauOoK rnoreHuuasna, o0ycioBieHHbI 3apsa0M diekK-

£
Tpona, o (h U &€ — COOTBETCTBECHHO TOJILIMHA U AUDJIEKTpHUECKAad NMpOoHULA-
EMOCTb TJIOTHOTO CJI0sI, HENOCPEACTBEHHO B DKCMEPHMEHTE HE l‘[3Mep5]CMble),
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a A\ — CKauOK N0TEHLMAA, CBA3AHHBII ¢ OpUEHTALIKEH a1CcOPOHUPOBAHHbIX -
niosieit BOJIbl, KOTOPBIif, COacHO 3aKOHAM TEKTPOCTATHKH 3aMHChIBACTCA B BUIE

Ax = 47N ps(cos ), (13.3)

rae Ny — uncio aacopOUpoBaHHbIX HA €AHHULE NOBEPXHOCTH MOJIEKYJ1 pacTBO-
purtens, ps; — AUTONLHBIH MOMEHT MOJNEKYIbI H (cos f) — cpelHee 3HaueHHe
KOCHHYca yria § Meikay HOPMallblo K MOBEPXHOCTH M HANpPAaBIEHHECM BEKTOPA
JIMTIONBLHOTO MOMEHTA Pj.

Kpome Toro, nockoinbky aacopoupoBaHHble MoJeKyJ1bl 00pasyloT IPpOCIoiKy
H30J1ATOpa MEXKIY ABYMS MPOBOAHHKaMH, oOpa3oBaBluMiics KOHAEHCATOp A0J-
’KEH HMETb COOTBETCTBYHOLLY O EMKOCTb

K =¢/4xh. (13.4)

B ypaBuenun (13.4) paccrosiHue Mexay oOknaakaMu koHaeHcaropa h
00BIYHO TONaraloT paBHeIM h = ds + r; wnu h = dg (rae dy — nuameTp
MOJICKY/bl PACTBOPHUTEIIS U I'; — PAAHYC HOHA).

HeoaHokpaTHO NpeinpHHAMATHCH MOMBITKU paclinppoBaTh MOJNEKYIAPHY IO
CTPYKTYpY INIOTHOTO cj10sl. [Ipu 9TOM HCXOAMIN U3 NPEAIONIOKEHUS, UTO JUNO-
JIM pacTBOPHUTENA B MPUMOBEPXHOCTHOM CIIOE OPHEHTHPOBAHBI MONOAKHTETLHBIM
KOHLIOM JIMNOJIsl K METaJlly, @ OTpULATElbHbIM — OT Hero. B apyrux padorax
ObITH BbIAENEHbI CBOOOAHO OPHEHTHPYIOLMECS aCCOLMAThI, MOJIEKYNbI BOIBI
U XeMocopOHpOBaHHbIC MOJIEKYbl. B pe3ynbsrare 115 UHTErpaibHOl eMKOCTU
TUIOTHOTO Cosi Obla MojyueHa NOBOJMLHO cloxHas (GopMmysia, BKIIOUAIOLWAs
HECKOJIbKO HEOINPEAEIAEMbIX NapamMeTpoB. AHAJIIOrMUHbIE MOJEIIH, B KOTOPbIX,
OJTHAKO, OpUEHTAIHA unoieli paccurThiBasack Mo boabiMany, ObUTH MCMONb-
30BaHbl /11 alPOTOHHBIX PACTBOPHTESICH, HE CKIIOHHbIX K accoLMauunsaM. bbuin
TIPEUTOKEHBI MOJEIH, MOCTYJIUPYIOLIHE HE ABa (KaK BbILUE), @ TPH BO3MOXK-
HBIX COCTOSIHUS MOJTEKYJTbI PACTBOPUTENS: AUIOJM ABYX MOJEKYJ PACMOIOAKEHBI
NEePNEHANKYISPHO K J1EKTPOAY, @ OAHOH — napajulelibHO, a Takike MOJCIIH,
B KOTOPBIX a1COPOUPOBAHHbIE MOJIEKYJIbI TPAKTOBAUCH KaK CMECh MOHOMEPOB
¢ niuMepamu. [Tpu 3ToM yunThIBasach BO3MOKHOCTb OPHEHTALMK TUN0JEH B TPeX
HarpaBieHHAX.

OaHako npejacTaBleHHE O CyLLECTBOBAHHH PE3KOil IPaHULbI pa3iesa Mex-
Ay METAJIIOM H PacTBOPOM JIEKTPOIIUTA MPUBOAUT K MPOTUBOPEUHIO C OMBIT-
HbIMH AaHHbIMK 0 eMKocTH J[[DC, Tak Kak eMKOCTb MJIOTHOTO CJ10s A0/DKHA Bbl-
paxarbea yepes Gy HKIHI0 THITEKTPHYECKOTro OTKIHKA BCell KOHTaKTHOM cHcTe-
Mbl MeTal1— pacTBOP, 3aBUCALLE Kak OT cBoiicTB pacTBoputens B nuddysHoii
00JacTH, TaKk U OT CBOHCTB YJIEKTPOHHOI CTPYKTYpbI MeTanna. B cBA3H € HTUM,
a TakKe Ul pazpeLieHus npodiembl rajlibBaHu- U BOJIbTA-0TCHUHAIOB, PpyM-
KHH 1 DpLIep NpeUTokKHIN BBECTH B YPABHEHHE CBA3H MOTEHIHANA HYJIEBOTO
3apsfa ¢ paboToil BbIXOJA NONpPaBKM Ha NOBEPXHOCTHbIE CKAYKHM NOTEHLMaIa
B meramne 6x M u B ancopbunonHom cioe 8y . OnHAKO OTCYTCTBHE YAOBIE-
TBOPUTELHBIX METOAOB pacueTa Wi anpHOPHOTo MPeacka3aHusa TUX BETUUUH
ocrasisieT npodlieMy ckauka MoTeHUHasa B paMKax TPaaHuLHOHHOIO Moaxoia
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OTKPbITOMH. UTOObI NPOACHUTbL CUTYALIHIO, CHAuas1a NPOAHAIH3UPYEM HEKOTOPbIE
JKCMEPUMEHTATbHBIE (haKThbl, CMOCOOHBLIE B KAKOH-TO CTENEeHH PACKPBITh MpH-
poAy BO3HUKHOBEHHS CKauKa IIOTEHLHANA Ha IPaHULE pa3fesa MeTall—cpea.

13.2. Ilorenunan Touku HyJeBoro 3apsiaa (TH3)

[Ipu norpy:keHun MeTaiIa B pacTBOP MEKAY 00beMOM MeTallna U 00beMoM
pacTBOPa WIEKTPOIHTA BOZHUKAET PA3HOCTb MOTEHLUHANOB ()75, ABISIOLLAACS
BakHeiiweit xapakrepuctukoit JI2C. OOLen3BeCTHO, 4TO a0COIOTHBIE 3HAue-
HUA © )/— 5 HE MOTYT ObITh U3MEPEHbI, TAK KAK B IKCIIEPHMEHTE BCETAA OTIPeAessi-
eTcs pasHOCTh MOTEHIMATIOB MEXKIY MCCIIELYEMbIM MIEKTPOAOM U SIEKTPOLAOM
cpaBHeHus. [TockoNbKY OHO3HAUHO PA3AEINTb Q)f—5 HA €€ COCTaBIAKLIHE
HEBO3MOMKHO, MOCTONBKY MPHBOANMMEIE B JTHTEpAType 3HAYEHHUA Q) /—g, OMpe-
JIeJIeHHbIC 110 OTHOLLEHHIO K TOMY W/IM HHOMY JJIEKTPOJY CPaBHEHMS, cCaMu No
cebe He MOTyT ObITh MCMONIL30BaHBI TS ananu3a coiicTs JIDC. OnHako oT HUX
MOxKHO nepeiitu k pazHoctd TH3 nByx (rkcupoBaHHbIX MeTamuios My u Mo,
NOIPYKEHHBIX B OAIMH W TOT ¥E IEKTPOIIUT.

PaccMOTpUM 2JIEKTPHUECKYIO CXEMY H3MEPEHHs MOTCHUMAIOB Lenu: JBa
Pa3HOPOAHBIX MeTallia, MOMEIIEHHBIX B OAHY U Ty ke cpeny (M |S|Msy|My),
u300paxeHHyto Ha puc. 12.1.

bynem cunrarb, uto Metainsl My u My noanepiKUBatoTes npu NoTeHuHatax
HYJIEBOTO 3apsiaa OTHOCHTEILHO pacTBopa S ¢ TMOMOLIBI0 BCHOMOTaTelbHOTO
snektposa u DJIC Garapeii Ly u 'y (KOMIEHCALHOHHbIH METOA MOAAEPKAHUSI
paBHoBecusd). Coepiuas 00X0/ 10 4acoBOIl CTPENIKE, MOy UM

A M =0y s P (13.5)

Cnesa cTouT pasHoctb notenumanos Ap?Mi =M yenocpenctsento usmepse-

Mas B JKCMepHMeHTe, a CrpaBa — CKauK{ TMOTEHIHAJOB COOTBETCTBEHHO Ha
rpaHyLEe METAII — METaJlll i METallll — PacTBOP, 3HAUCHUS KOTOPbIX HEU3BECT-
Hbl. UTOOBI HCKITIOUHTE HX, 3aMEHHM pacTBop .S Ha Bakyym V. B aTom ciyuae

u3MepsiemMas pa3HoCTb OTCHLHAIOB Ago{‘,/lrM‘, HpH KOTOPOii TOK BO BHELLHEH

Lernu OTCYTCTBYET, paBHA KOHTAKTHOH Pa3HOCTU NOTEHLMANIOB Agoypi,_ My yo
aHanoruu ¢ (13.5) umeem
Ms—M; _ _ v
Apipn = ~(Paroag, TPty Pagy—v)- (13.6)

HWckmouas u3 (13.5) u (13.6) ¢, —py, - MONYUHM

AMao—My _ AMo—M A0 _
AL}"& b= A(t’xp)n b+ (30]\[1_‘,’ - ¢1\11—S)

_ (SOMQ—V - Lp?\/‘z—S) = Agpi"ézn—nh' (13.7)
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[TockonbKy pa3HOCTH NOTEHLMANOB B KOKI0I M3 CKOOOK NMPEACTaBIAIOT CKav-
K MOTEHIMANA Ha TPAHUIE PACTBOP—BAKYYM @ . (cM. puc. 12.1) u umeror
pa3Hble 3HaKH, TO OKOHYATEbHO
Mo—My _ A, Ma—M
A% b= AY’Kpn 17 (138)
T. €. pa3HOCTh MOTEHIMANOB HyseBoro 3apaaa (TH3) aByx MeTamioB He 3aBUCHT
OT NPUPO/IbI CPE/Ibl, CONPUKAcAIOLLCHCS ¢ ITUMH MeTaJlllaMu.

Huxe npuseaensl nauubie ApM2~M1 n7g pryri u BrcMyTa B pasHbIx pac-
TBOpUTENAX: B Boae — 0,18, B aumerundopmamuae — 0,18, B aumeruncyib-
¢poxcune — 0,19, B auetonurpune — 0,175, B metanone — 0,18, B aTanone —
0,19 u B >TuneHmukonae — 0,19 B. U3 3TuxX gaHHbIX BHAHO, UTO 7S BCEX

= He—B
cemu pactBoputeneii Beamuuna Apg® o exutr B untepsaie 0,18 £ 0,1 B,
T. €. A€HCTBUTENLHO OCTAETCA MOCTOAHHOM.
e He— M.

B ta6n. 13.1 npuseaensl 3nauenng Apg® ° A pAAa METAJIOB, MPHYEM
B OJTHOM cJiyuyae B KauecTBe pacTBOpHTeA ucnonbzosaHa HoO npu koMHaTHOI
Temrneparype, a B ipyrom — pacruan conu LiCl—KCI npu 450° C.

Tadawmna 13.1

Cpena Ag Bi Cd Ga In Pb Sn Tl Zn

Bozna ™) 0,47 0,18 | 0,54 | 0,51 | 0.46 | 0,37 | 0,18 | 0,51 | 048

Pacnnas | 0,47 | 020 | 0.53 | 047 | 0.44 | 037 | 0.19 | 0.56 | 0.45

*) st BogubIx pacTBopos 3Haucuus TH3 MOMyuCHbI yTeM yCpeAHCeHHs IKCTIC-
PUMCHTAALHBIX JIAHHbIX.
**) B anubic BHECCHBI NOMPABKH HA TEMIICPATY PHbIH IQCKT.

A Hg—Ms
Jlna Becex meTannos 3Hauenus ApyS " ? B BOAE M B pacriaBe COBMNAAAIOT

C OueHb XOpolueil TOUHOCTbIO. DTH De3YNILTaTsl JKMEPHMEHTANbHO MOATBED-
&aaroT pakt Hezapucumoctd A2 =M o1 npupoas pacreopurens. C apyroit
CTOPOHBI, OHH CBHAETENLCTBYIOT O TOM, UTO pa3HOCTh moTeHuuanoB TH3 aByx
METAJIJIOB NPaKTHUYECKH HE 3aBHCUT OT Temneparypbl. Takum oOpazom, mexa-
HU3M BO3HUKHOBEHMA CKauKa MOTeHIMata MeTa —cpela (popMUpyeTes cKopee
BCETro IEKTPOHHbLIMU NOJACHCTEMAaMH 00enx conpukacatoimxces (as. Crosiuas
cnepa B popmyde (13.6) kKOHTAKTHASt pa3HOCTL MOTEHUHATOB (POpPMHpPYETCS deK-
TPOHAMH META/LIOB B OTCYTCTBUM pacTBopa .S u, CleA0BATE/bHO, HE 3aBUCUT OT
ero npupozbl. CKauku Ke TOTEHIHANOB @y, o H 99?»12—5, CTOALIME CrpaBa
B (opmyiie (13.5), BO3HUKAOT (110 OOLLCTIPUHATHIM NPEACTABIEHUAM) B PE3yJlb-
TaTe OPUEHTALMH AUTONEH MOJIEKYT pACTBOPHUTENIA; MPHUYEM Pa3HOCTh HX BCeraa
paBHa K p 1. UToObl 00BACHUTb ITOT (PAKT, HYIKHO YKa3aTb MEXaHH3M «OACTPOIi-
KH» MO K p I MOJIEKYJT PaCTBOPUTENIA (MU paciaBa), NPUYEM Takoil, KOTOpbIil
Obl He 3aBHUCEN OT MPUPOABI 3TUX MoNeKyl. (MMeHHo 3T0 1 He obecrieunpaeTcs
mozensamu Fenbmronsua—I'yun—Yenmena — [Irepua—Tpoma).
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B anexrponHbix moaenax dpenkens u Paiica paBHoBecHe yCTaHaBIMBAETCA
M0 DIIEKTPOHY, a MeK(Pa3HbII MOTEHLHAN ONpeAeseTcs pa3HOCTbIO XUMHUUECKUX
MOTEHLMANIOB JIEKTPOHA B COMPSKEHHbIX (azax

AxM=5 = M — S, (13.9)

PasHocTb 0TEHIHAI0B, BO3SHUKAIOLLYIO NPY KOHTAKTE [BYX METAJLIOB B BaKyyMe,
Ha3bIBAIOT BOJLTA-MOTEHIMATIOM MM KOHTAKTHON Pa3sHOCTLIO TMOTEHIHATIOB
(kpmn). OtBer Ha Bonpoc «B Kakoil Mepe KOHTaKTHbII MOTEHLHAl ONpeaesiseT
DIIEKTPOABWKYILYIO CHITY TalbBAHHYECKOrO IEMEHTA, B KOTOPOM T€ K€ MeTall-
JIbl HCTIOMB3YIOTCS B KAQUECTBE /1EKTPOAOB?» COCTaBISET CyTh npodiembl Bonbra.
B reuenue XIX ctonetus mueHus QU3MKOB M XUMUKOB MO 3TOMY BOMpPOCY pac-
XOAWIUCh. DUZMKH CKIIOHANMCH K KOHTAKTHOH TEOPUHM BO3ZHHKHOBEHUS CKauka
NOTEHLHAJIOB, XHMUKH YTBEPKAAIN, UTO BOZHUKHOBEHHE PAa3HOCTH NOTCHLIUA-
JIOB MEKLY ABYMSA METAITAMH BO3MOKHO JIMLLL TIPH HAJTHYHU XHMHYECKOH peak-
UMK Ha MexX(pa3Hoil rpaHuiie MeTalll —pacTBop. M Te u apyrue Haxoauau Tomy
JKCTIEPHMEHTAITbHOE MOATBEPKAeHNE. Tak, rpynna MeTainoB, KOHTAKT MEKIY
KOTOPbIMH (PTYTh— BUCMYT, PTYTb—cepedpo 1 ap. (cm. Tadn. 13.1)) B pacTBopax,
pacruiaBax JIEKTPOJIMTOB MOATBEPKIAAET KOHTAKTHYIO TeopHio Bonbra. Oana-
KO TaKue I1apbl METAIIOB, KaK ra/Ulkii—PTyTh WU HHAHH —PTYTh 3TOH TEOPUU
He crenytoT. CylecTBylolne 00bACHEHHA ITOTO ABJIEHHUA HAJIHUYHEM TaKOTO
PAacIIbIBYATOrO MOHATHS KaK «JIHOQHILHOCTb —IHO(GOOHOCTL) TEOPEeTHUECKH
He 000CHOBaHBI U HE BCEra ONpaBAaHsl.

B nocniesnue roabl 061acTb HENOCPEACTBEHHOIO KOHTAKTa METaJlIa ¢ OKPY-
JKatoleit cpenoit (B OCHOBHOM — BaKyyma) nosyuua cBoe ¢pusnyeckoe 000cHo-
BaHMe JIHLIL Onarogaps ycnexaM B 00JacTH TeOPUH HEOAHOPOAHOIO MNIEKTPOH-
HOTO Ta3a MeTaja, OCHOBAHHOH MPEenMyIIECTBEHHO Ha MeTole (yHKIHOHama
WEKTPOHHOH MIOTHOCTH. [TPHUMEHUMOCTD JAHHOTO METOAA AJISl TPaAHHLbI Me-
TaJul — KHAKOCTh BEChMA 3aTPYAHHUTENIbHA, MOCKONBKY CamMa KHAKOCTh TaKikKe
o0nasaeT OpHEHTHPOBAHHBIM CIIOEM [OBEPXHOCTHbIX MOJIEKYJI, OTBETCTBEHHbIX
32 BO3HHKHOBEHHE CKayKa MOTEHIMaa CO CTOPOHbI JKUAKOI (pasbl. OaHAKO HECO-
MHEHHO, YTO HA TOH rpaHHLIE HE MOCJIEAHEE BIUAHUE OKAa3blBAET MJIOTHOCTD
JNEKTPOHHOTO Ta3a MeTasia i ee pacrpeaeieHe BOIH3H NOBEPXHOCTH («IIEK-
TPOHHbIC XBOCTbI»). B CBA3M C TPYAHOCTAMM MHTEPNpPETALMH TOBEPXHOCTHbIX
ABJICHUH B NEPBOM MPUOIHIKEHHH LIeJIecO00Pa3HO HCIOJIb30BaTh NPOCThie (e-
HOMEHOJIOTHUECKHE MPEICTABICHHS H OMPEAeIUTh C UX MOMOLIBIO Ty Tpymnmy
napaMeTpoB, KOTOpbie (POPMUPYIOT CBOHCTBA NOBEPXHOCTH U €€ AIEKTPUHECKHe
xapaxtepucTHKH. OCHOBBIBaACH Ha (yHAAMEHTAJbHBIX 3aKOHAX WIEKTPOCTaTH-
KH, MOKHO 0€3MO0/1e/IbHO OnucaTh MeK(pasHyto rpaHully MeTalll — pacTBoOp U OT-
BETHThL HA MIaBHbII BOMPOC — Kakue (GakTopbl U B Kakol cTeneHu (GpopMUpyIOT
cKayok MeK(azHOro NoTeHU ala, T. e. pelunTs npodiuemy Boabra.

PaccmoTrpum (eHOMEHONIOrHuecKH EKTPOCTATHKY 3TOH IpaHulibl ¢ Npu-
BJIEYEHHUEM OCHOBHBIX TIOJIOKEHH I KBAHTOBOH CTATHCTHKH.

[epemewienne nekTpoHa u3 ryOHHbI METaMIa B NPOCTPAHCTBO CHAPYHKH
MeTajula BOJIM3H ero MOBEpPXHOCTH, BiEKylluee 3a co00li BOSHUKHOBEHHE CKay-
Ka J1eKTPHUECKOro MoTeHUHasla, B NepBoM NPUOMMIKEHHH He TpebyeT TOUHOro
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3HAHUs NPOLIECCOB paccesiHus, 00yCIOBIEHHbIX NEPUOAUYHOCTBLIO PACMONI0Ke-
HUS aTOMOB KpPHCTAIIHUECKOH peLleTKH MeTajuia, o KpaiiHeil Mepe s npo-
CTbIX METAILIOB, ¥ OMMCHIBACTCS XOPOLLO cedsl 3apeKOMEH10BaBLUICH KBAHTOBOH
MOJENbIO CBOOOAHBIX eKTPoHOB Jlpyne —Jlopenua—3ommepdennaa. [l 0b-
LIero MOHUMAaHHS YCJIOBHI BOSHMKHOBEHHS CKalKa MOTEHLHala Ha NOBEPXHOCTH
MeTajiia B epPBOM MPUONHIKEHHH MOIKHO MpeHedpeyb BKIIAA0M OT BHY TPEHHUX
NEePUOAUUYECKUX NIOTEHLUAIOB.

[Tockonmbky U3 TepMoaHHaMUYECKHX cooOpaxeHuii (cM. Bbille) OblNo yiKe
MOKa3aHO, YTO Pa3HOCThb NOTEHLMAIOB JBYX He3apsKEHHbIX METALIOB OINpe/e-
JISeTCA pa3sHOCTBIO UX padoT BBIXOA, TO HTOT TE3UC MOCTAPAEMCS KaueCTBEHHO
MOATBEPAUTb HA OCHOBE MPCACTABJICHHI 0 CBOOOJHOM IEKTPOHHOM rase, HrHO-
PHPYA 30HHYIO CTPYKTYpPY MeTasna.

[pu npoxokaeHHH ABOIHOTO NIEKTPHUECKOTO CI105 MOTEHLIMA HCTIbIThIBAET
CKauoK

_47rcre dy — _47re'n2/3 d

d(xs — x1) = 2= —4mwen?/?z. (13.10)

m
m

T T

(31ech X2, X1 COOTBETCTBEHHO MOTEHLMAbl Ha 00eHX MIOCKOCTAX (00Knad-
Kax) ABOIMHOIO €il0sl, 0. — MOBEPXHOCTHAs MUIOTHOCTb 3apsaa, ¢ — TOJILMHA
JABOHHOIO €104, 72 — JJIEKTPOHHAsA MJIOTHOCTb). [l Toro, utoObl BblIETETh
3a Mpeaesbl MeTaja, JMEKTPOH Jo/hKeH 00malaTh KHHETHUECKOH dHepruei He
MeHbLueii, uem (W7 + ) (pabota Bbixona u sueprus Mepmu). [Mockonbky W
COCTaBJIAET BETHUHHY MOPAAKA HECKOJILKUX JIEKTPOHBOJILT, OT (PEPMHEBCKOTO
pacnpejesieHus, 3anHcaHHOro B MPOCTPAHCTBE BOJHOBbLIX BekTOpoB (k) B BUaE

f(k) = {exp [h*k*/2m — eAx — ep]/kaT +1} 71 (13.11)
nepel"meM K 60JTBLIME[HOBCKOM}’ ACUMIITOTHYECKOMY BBLIPAXKEHUIO
f(k) = exp [~R*k*/2m + eAx — eFp]/ksT. (13.12)

(3nech /i%k? /2m v e p COOTBETCTBEHHO KHHETHUECKAS YHEPIHA MIEKTPOHA H Y PO-
BeHb PepMu B MeTaIE).

Teneps 3anuuiem (13.10) B Ge3paszmepHom Brae ¢ yuerom (13.12), nepeiins
oT nepemenHoit dz k nepemenHoil dk. (Besae masee HIKHUH MHIEKC Oylem
OIyCKaTb, [IOMHSI, UTO BCE PACCYKAEHHS BEAYTCS B IPOCTPAHCTBE HOPMaJlbHOMH
coctapistowei Bextopa k):

2 Y Are? S+ E
dAY = dme” J k™ f(k) dk _ = Ame” exp (AX +€F) J exp (—ak?) dk,
kpT'em k2(3m2)1/3 kpTem (3m2)1/3
k
(13.13)
smech AY = X zp = £ = M gk KOTOpOE

ks T kgT~ 2mkgT’ (3w2)1/32°
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HOCJIE pa3e/ieHHs NICPEMEHHbIX H MHTErPUPOBAHHS TIPH YUETE, UTO paboTa Bbi-
X0/1a paBHa
2192
W =Rk /2m —ep, (13.14)

HOJ’Iy‘laeT BUI
Ay =W — T 27 rm/R2ksT + const. (13.15)
€

(37‘r2)'/35

W3 (13.15) cnenyer, 4To 110BEPXHOCTHbII CKATOK MOTEHIHAA OTpeaeseTcs pa-
60TOii BbIX0OAA IEKTPOHA B OKPYIKAIOLLYIO METAL1 CPE/ly € TOHHOCTbIO 10 HEKO-
TOPO# MOCTOAHHOMH, YTO HE MO3BOJIAET MPOBECTH KOJMYECTBEHHOE CPABHEHHE
¢ JKcrepuMeHToM. OIHAKO KaueCTBEHHbII pe3yabTaT HalIMLO — MOBEPXHOCT-
HbIif CKa4oOK MOTEHLHA 2 B OCHOBHOM 3aBHCUT OT paldOThI BbIXOJA dNEKTPOHA.

13.3. PabGora BbIXoaa

OcTaHOBUMCS Ha OMpeaeeHHH padoThl BbIXO/A, MOCKONLKY dTOT BaXHbIil
HapaMeTp 3JeKTPOHHOro pacripeneneHus OyneT BcTpeuaTbes M HIDKE. 3amnu-
HiemM padoTy BbIX0A@ 1EKTPOHA (BMNOCJICACTBHM MPOCTO — padoTa BbIXOAA) Kak
Pa3HOCTb IHEPTHH IEKTPOHA B HElTpanibHOM KpucTayuie [y u B KpucTanie
C HEJJOCTATKOM OZIHOTO JMeKTpoHa x| B HEKOTOPOI Touke ;. OaHako B 3TOMH
TOYKE, BCJAECACTBHE YAANEHUA NEKTPOHA, BO3HUKHET MIEKTPOCTATHUYECKHIA To-
TeHuual ¢ (r;). Toraa paGoTa BbIX0OAA 3AMMILETCS KaK

Wi =[En—1 +ep(r;)] — En. (13.16)

Jna opHoro snexktpona pazHocTs By — En_1 = e, T. €. paBHA XHMHYE-
CKOMY MOTeHUHay nekTpoHa. Mcxoas 13 3Toro, MOXKHO 3aucarb, 4to

Wi = ep(r;) — fe. (13.17)

Ecnu Obl He Ob1T0 HCKaXKEHUIT B pacnpe/ieNieHi 3apaia B MOBEPXHOCTHBIX
sueiikax, To MUHUMAaJIbHAS JHEPrHs, HeOOXOAUMas AlAl [IePeMELLECHHA 1EKTPOHA
M3 IIyOHHBI METasIa B TOUKY CHAapy KK MeTasia BOJIH3H ero MoBEpXHOCTH Oblta
Obl paBHa

W=0—cp=—cp. (13.18)

[TockobKY YMEKTPOHBI YAEPAKHUBAIOTCA B METAJLTE, N HX H3BJEUEeHHs HeoO-
XOJMMO COBEPIUHTL HEKOTOPYIO PaboTy; U, ClIeI0BATE/ILHO, IHEPTHS £ o IOJT/KHA
ObITh OTpHLIATENLHA. DTO HE MPOTHBOPEUMT TOMY, 4TO B TEOPHH CBOOOAHBIX EK-
TpoHOB £ = h2k¥./2m > 0. TIpocTo B TEOPHAX, NPEAHAZHAUEHHBIX LI pacte-
Ta 00bEMHBIX XaPAKTEPHCTHK U UCTIOIB3YIOMINX MOENb OeCKOHEUHOTO MeTala,
BbIOOP aJINTHBHOH NMOCTOSHHOI B 2IEKTPOHHOI IHEPrUK OCTAETCS COBEPLUEH-
HO TIPOM3BOJIbHBIM; 3/1€Ch ITOT BbIOOP OCYLIECTRJEH B NPEANONOKEHHH, UTO
JHEPrs HU3LIETO HIEKTPOHHOTO YPOBHA paBHa Hymo. [1pu Takom BbIOOpe Mis
YACPKAHUA NIEKTPOHOB BHYTPH METa/lla NMOTEHUMANIbHAS YHEPris NIEKTPOHa
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CHapy»H KpHCTas/1a 10/1#Ha ObITb 00JIbLLOIH M010KHTENbHOI BEJHUHHOI (50s1b-
e £ ). 31eCh Mbl, 0JHAKO, BOCTOIb30BATHCH TPAAHLIMOHHbLIM B DJIEKTPOCTATHKE
BbIOOPOM aAUTUBHOI [1OCTOSHHOM — MOTEHLMA CUUTACTCS PABHBIM HYIIO Ha
OOJBLIMX PACCTOAHUAX OT METAJTUHECKOTO 00pa3La. 3Ha4eHHe 3TOI KOHCTaHThI
HECYECTBEHHO NPH OMpe/ielieHHH 00bEMHBIX XapaKTEePHUCTHK, HO NPU CpaBHe-
HHUH DHEPrHH YJIEKTPOHOB BHY TPH U CHAPYKH KpPHCTaJITa HEOOXOAMMO TG0 SBHO
yuecTb Takoe ciaraeMoe, JM60 0TKa3aTbCsa OT MPEANOIOKEHH, HTO NOTCHLHA
paBeH HyJIO BAaJW OT MeTajuia. B camom jene, yClIOBHEM OTCYTCTBHSA CyM-
MapHOro 3apsiia Ha MOBEPXHOCTH KpUCTailia ssisercs sripakenne 0 = [ dpdz
(rme p — oObeMHast MIOTHOCTb 3apsiaa), KOTOPOE He NMPUBOAMT K IMOSIBIEHUIO
anexTpuieckoro nosa. OHaKko SMUCCHA 3TEKTPOHOB 3a Mpeiesibl KpUcTatauie-
CKOl pelleTKH co3/1aeT BO3MOMKHOCTb MOABJICHHUS TAKOTO 3apsaa, U NOTEHLHAN
OyzieT CTPeMHTBCA HE K HYIO, a K HekoTopoil Bemuunne Wy, paBHoii padoTe
nepeHoca JEKTPOHOB uepe3 oOpa3oBaBluMiics ABOITHOMH cioil (cM. puc. 13.2).

Padoty I1,, coBepluaemyto rnosem ABOMHOIO 105, HEOOXOAMMO NPHOABUTD
K BelpakeHuio (13.18), onpenensiomemy paGoTy Bbixoaa 0e3 yuera BO3HUKHO-

Puc. 13.2. TI10THOCTB 3AEKTPHUCCKOrO 3apsija BOIM3M MOBCPXHOCTH KpucTaana (a)
W pacrpesiesicHHe noteHunana (6)

BeHUs ABoiiHOTO cnod. McriurHas paGoTa BbIXo4a Terepb AaeTcs BblpakeHHEM
W =—ep+W,. (13.19)

B ypasuenusx (13.19) u (13.17) o6a cnaraembIX NpaBoii 4acTi OTCUHThIBA-
IOTCSl OT Pa3HbIX M NPOU3BOJILHBIX YPOBHEI HyleBOro noreHunana. Eciu B3saTs
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B KaUeCTBE Haualla OTCHeTa CPEAHMIl aneKTpocTaTuieckuii noTeHuman ¢ B 00b-
€Me KpHcTana, paBHbIi

o=V Jg&(r)dr, (13.20)

rae V — o0beM Kpuctaia ¥ HHTEerpupoOBaHME BEIETCS MO ITOMY 00beMy, TO
CKAYOK MOTEHLNAAa U XUMHUYECKUI MOTEHLIHAA MOYKHO OTCUHTBIBATH OT 3TOTO
YPOBHS W 3arucarh B BUAE MOBEPXHOCTHOTO (X) M XHMHYECKOTO NMOTEHLHAIOB
— . o— (
X =) —p; gy = e — ep. (13.21)
Takum oOpazom, paboTa BbIxoAa Tenepb OyeT BbIpakaTbes Kak

Ws—ep =W =ex — .. (13.22)

B JnanbHettmem Hﬂ,[lCTpOlIHblﬁ HHJICKC * B CHMBOJIE XIMHUECKOTO TIOTEHIIHA-
Jia 6)/}'[CM ONMyCKAaTb, MOMHA. UTO XUMUUYECKHIT MOTEHIIMAN OTCUHTAH OT YCpEAHEH-
HOTO 2JIEKTPOCTATHYECKOTIO MNOTCHLUMAJIa B oObeMe MeTajlia U He pPaBE€H DHEPrun
(DCPMH. ﬂCHO, KOHCYHO, 4TO abconmoTHas BENHYHHA pa6OTbI BbIX0Ja OT 3TOTO

4

! Ay w

u

Dueprus

— foge

Puc. 13.3. Cxemarnucckoe H300pakeHUE MOTCHLUMAIOB e U €)X BOIH3H MOBCPXHOCTH
MeTasia

HE W3MEHUTCS., OJIHAKO YNCIEHHbIE BETUUNHBI XMMHUYECKOTO H MOBEPXHOCTHOTO
CKauKa MOTEHLMAJIOB MPETEPHsIT 3HAYUTENbHbIE M3MEHEHHS. DTO MONOKEHHE
WIMOCTpUpYyeT puc. 13.3.

W3 popmynst (13.22) BuaHO, uTO pabora BbIXOAA COCTOUT M3 ABYX KOMIO-
HEHT: 00bEMHOI, BbIPAKEHHO XHMUUYECKHM MOTEHLIMAIOM [ie M TIOBEPXHOCTHOMH
ey, npeactapistoleii codoii anexrpocraTuieckuii 6apeep.

ITockonbKy XMMHUUECKHIT NOTeHLHAN ABAAETCS 00bEMHON XapaKTepHCTHKOI
W He 3aBUCHT OT CBOHCTB MOBEPXHOCTH, TO, cornacHo popmysne (13.22), npu no-
CTOSIHCTBE TeMMepaTypsl padoTa BbIX0/Ja JIMHEHHO CBA3aHa C MOBEPXHOCTHBIM
CKAUKOM [OTEHLMANa W CYLIECTBEHHbIM 00pa3oM 3aBMCUT OT MPHUPOIbI KOH-
TaKTHpYtOLEH ¢ MeTanaom cpensl. Tak, HanpuMep, padoTa BbIXOAA dJIEKTPOHA
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n3 pryTH B Bakyy™m pasHa 4,52 5B, a u3 prytH B Bony ~ 2,95-3,05, B me-
TaHon ~ 3,6, B oTaHon ~ 3,75, B AUMeTHADOpPMaMUL ~ 3 95 aB. PazHocTh
AW, = WeV WS aBnseTcs XapaKTepUCTHKOI cpe/ibl H OMpEAeNseT Ty 4acTh
padoThl, KOTOpasi HEMOCPEJACTBEHHO CBSI3aHa C COJbBATalMEH JEKTPOHA MpH
OMHCCHH MOCIIE/HETO B NAHHYIO CpeLy. Ha mpiMepe KOHTaKTa pTyTH ¢ BOAOi
¥ BAKyyMOM BHJIHO, UTO pa3sHOCTb padoT nepenoca 3nel<spoua 13 PTYTH B Ba-
KYYM M M3 pTyTH B Boay cocrasiser AW, = /A 1,47+ 1,57 3B
¥ NpUMEPHO PaBHA BeNWUMHE CBOOOAHOIL 3Hepr|m ruﬂpaTauuu SNeKTpOHa
AG yp = —1,57 3B, BbIUMCNEHHOIT HA OCHOBE TEPMOAMHAMHUUECKOTO LIHKIA
(cM. . 7).

Tenepb Ha OCHOBE BbILLECKA3aHHOTO OYEBHU/HO, YTO PA3HOCTH padoT nepe-
HOCa JNIEKTPOHa W3 MeTalja B BaKyyM W M3 MeTanja B Ty WIH HHYIO cpeny
npeacTaBnseT codoii paboTy mepeHoca EKTpoHa U3 BaKyyma B JaHHYHO Cpe-
Zy, T.€. paboTy cosbBataunu (ruaparaunu). A MOCKONbKY OHA HE 3aBHCHT OT
NpHUPO/Ibl METAIA, TO MMEEM BO3MOIKHOCTh Ha ocHoBe (13.15) 3anucars cieny-
oLIee PABEHCTBO!

War, = War, = exaify = exas © = Mg M, (13.23)
NOATBEPK/IAIOLLEe MOTyYeHHOe paHee TepMoAnHaMUUueckoe paBeHcTBO (13.7).

[Tockonbky 3MeKTPOXUMHUECKUIT TOTEHLMAN IEKTPOHA ABIAETCS 00beMHO#
XapakTepHCTHKOH MeTala H He 3aBHCHT OT MPHPO/IbI KOHTAKTHPYIOLIEH ¢ HUM
cpeupl, IOCTONBKY CIPaBeIHBO PABEHCTBO

WM/V . GXM/V — WM/HZO _ EX]”/HzO. (1324)

Ha ochoBe 3nauenuii paboT BbIXOAA M3 PTYTH B BAKYYM H B BOAY M pac-
CUUTAHHOTO MO IEKTPOHHO-CTATUCTHYECKOH Mozenu (CM. creayouuii pazaen)
cKavKa NoTeHInana Ha rpanuie pryth—Bakyym (Ax''¢~V = 3,13 B), paccuu-
TaeM CKauOK MOTEHLMaNa Ha MPaHHLE PTYTb—BO/HbII PAacTBOP NOBEPXHOCTHO-
WHAKTHBHOTO BEILECTRA

M0 = WMV M/H20 _ oy M/VYy Jo 1 55 B. (13.25)

[MokazaresnbHO, UTO pacueT no repMoarHamMnueckoit popmyae (11.84) npuso-
JWT K TAKOI 7K€ BeJTMYHHE CKauKa MoTeHIHala Ha FpaHuLE PTY Th— BOJIHBII pacTBOP.

13.4. DiieKTpOHHBIE CBOHCTBA MOBEPXHOCTH METAJJIOB

M3 ananu3a mpeblayliix pas/ielloB CTajo BMOJHE OYEBHAHBIM, 4TO 60b-
LWIMHCTBO 3JEKTPOXUMHUUCCKUX SIBICHUN HAXOASATCS MO/ BAUSHUEM CBOICTB Me-
TanHueckoii cropoHbl Mexk(pazHoil rpannibl. B HacTosiLee Bpems TOMY acrnek-
TY DJEKTPOXHUMHH YIessieTcsi Bce 0oJbllee BHUMAHUE.

DnekTpoxuMHUecKas Lellb COCTaBlIeHa, Kak PaBuilo, H3 MeTalla i pacTBo-
paanexrponnTa. Kaxkabiii u3 HUX sBAsieTCs MPOBOAHNKOM ICKTPHUECKOTO TOKA.
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Ho 5TH NpoBOAHUKH pa3iuyaroTcs M1y OO0 rMaBHbIM 00pa30oM KOHLEHTpa-
uueit cROOOAHBIX MEKTPOHOB. B MeTannax KoHUEHTpaLHs CROOOAHBIX MEKTPO-
HOB uMeeT Benuuuny ~ 1022 ¢cM™ U Ha HECKOJLKO MOPAAKOB GOJIbIIE KOHLIEH-
TpaLMH BCEX HOCHTENEH 3aps/ia B pacTBope MekTpoanTa. CBOOOAHbIE EKTPO-
Hbl METAJ1a HE JIOKAJIM30BaHbl M HAXOJATCA B 30HE IPOBOAUMOCTH. B 3THX 30HaX
MOXKHO OECKOHEUHO MajlbiM H3MEHEHHUEM DHEPTHH MEePEMECTHTh MNIEKTPOHbI Ha
Gosiee BbICOKOE WK OoJee HH3KOE DHEPreTHHeCKOoe COCTOSHWE, MPHUBOAsLIEE
K U3MEHEHHIO MAaKpPOCKOMMYECKHX CBOWCTB MoBepXHOCTH meTanna. ITockonk-
Ky B J1IO0OI1 21E€KTPOXMMHUUECKOH PeakUHH NPOHCXOANT MEPEHOC IEKTPOHOB
MEKIY METAJIJIOM W OKpYIKatoLleil cpeiof, TO JIEKTPOHHOM CTPYKType BOIH3H
TIOBEPXHOCTH METAJINIA 1 NOTEHLHATLHOMY Gapbepy, NPEMsTCTBYIOLLEMY BBIXOLY
JNEKTPOHOB B OKPYKAIOLLYIO CPeily, 10JKHO ObITh yieneHo 0co00e BHUMaHHE.
B »ToM HanpaBaeHHH 3a MOCAEAHUE MATHAALATE IET JOCTUTHY ThI OMpeAeIeHHbIE
ycnexu, u pazpadoTaHa 10cTatouHo 3P PeKkTHBHAs (HANPUMEp, [J1s1 TPAHULLbI Me-
Tall—BaKyyM) TEOPHs HEOJJHOPO/THOTO EKTPOHHOTO rasa. 31ech Mbl MOKaKeM
Haubosee obuiMe cBOHCTBA rpaHHUbl Pazaena MeTasi—BakyyM M HEKOTOpble
NIO/IXO/bl HX TEOPETHUECKOTO 0O0CHOBAHMS.

Mukpockonuueckas CTpyKTypa MoBEpXHOCTH KpaHHe HeperyspHa, 1 ee dKc-
TepIMEHTAILHOE OTIpE/IeTIeHIe HaTaIKHBaeTCs Ha cepbesnble TpyAHoCTH. TTo-
ITOMY TOAPOOHOE OMHCAHHE TIOBEPXHOCTHOTO CJIOA M €ro CBOHCTB ABNAIOTCS
CKOpee MMMOTETHHECKMMH, HeM UCTHHHBIMH. B CBA3M ¢ 9TUM OT TepMOIHMHAMHU-
UECKOTO ONMUCAHUS MEPEXO/AT K KBAHTOBO-MEXAHHUYECKUM W CTAaTHCTHUECKHM
MOZEJISM, MOCTPOEHHbIM TaK, 4TOObI OHM COMIACOBBIBAJIUCH C OCHOBHBIMM MPUH-
LUNaMu MakpoCKOMUYECKOH TepMOAHHAMHKH.

B Hactosiliee Bpemsi J0BOJILHO MOAPOOHO pa3paboraHa Mojesb rpaHH-
Lbl pa3zena MeTann—Bakyym. [TodToMy ocHOBHOE BHHMaHHE 3/€Ch OyaeT
YAEJNEHO ITOH MOAENH, a 3aTeM €€ CJIEACTBHA pacnpoCTpaHUM M Ha rpaHu-
Ly pasgesna mMeTaal—KHUAKOCTb. B Takoro poga mojensx B KauecTBe nepe-
MEHHOI1, ONpeaessItoLLEii MOBEPXHOCTHBIE CBOICTBA, BLICTYNAET NIEKTPOHHAS
MIOTHOCTh.

llon TepMUHOM 2nexmponnas nromuocne OyaeM NOHHMaTh TIIOTHOCTD 1eK-
TPOHOB MPOBOANMOCTH (CBOOOHBIX EKTPOHOB) METallla, KOTOpPbIE MpeacTa-
BAAIOT cO00It eKkTpoHHbIil ra3. [lockonbKy 2neKTpoHHas cuctema rnpu meran-
JIMYECKHX IUIOTHOCTSIX OKA3bIBAETCS BbIPOIKACHHOI HE TOJIBKO MpU TeMNeparype
T = 0 K, Ho 1 npH mepexozie uepes TOUKy MiaBleHus, TO pe3yabTaThl aHanu3a
TOH WM MHOI MOJENM HE 3aBUCAT OT arperaTHoro COCTOSIHHA W MOTYT ObITb
NPUMEHUMBI KaK K KHKOH, Tak W K TBep/oii hazaM. B cuity TOro, 4to B JKHAKOIT
(baze Ha MPOTSIKEHHH HECKOMbKMX aTOMHbIX CJIOEB OT MOBEPXHOCTH COXPAHALT-
€A YNops0ueHHOCTb HOHOB, TO Ta K€ MOJIENb MPUMEHHUMA W JJ1S1 BbIYHCIEHHA
MOBEPXHOCTHbIX XapPaKTEPHCTHK TPAHHLbL pa3iena KHAKOro Metasia ¢ to0oii
CpEJIoN.

HanoMHHUM HEKOTOpPbIE OCHOBHBIE XapakTEPUCTHKH JMEKTPOHHBIX COCTOA-
Huil. M3 KBaHTOBOH MeXaHUKH W3BECTHO, YTO B LIECTUMEPHOM MPOCTPAHCTBE Ha
Ka)kZI0€ KBAHTOBOE COCTOSTHHE MPHUXOANTCA KOHEUHBIIT 00beM:

dxdydzdp,.dpydp. = 3. (13.26)
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CornacHo npunuuny ITaynu, kaaoe 3eKTPOHHOE COCTOSIHHE MOJKET ObIThb
3aHATO TOJIBKO OJIHOIT HacTHLEH, MOITOMY dJIEMEHT 00beMa B UMITYJIbCHOM TTPO-
cTpaHCTBe npe/icTasiseT coboil ceprueckuii cioil B COCTOSHMM KBa3HKIacCH-
YECKOI'0 PABHOBECHS

2
AViyn = 47 pdp. (13.27)
ITocKonbKy MEKTPOHBI B KPUCTAJIIE MOTYT HaXOAHTHCS TOMLKO B POCTPaH-

CTBEHHOM 00beme, paBHOM 00beMy kpuctamna (Vipoerp = V]\.p..c,), TO JJ1s1 DJie-
MeHTa 00bema B pa30BOM MPOCTPAHCTBE MOTYyUUM

AVias = Vipuer dVian- (13.28)
W nns uucna cocrosaHuii
dN = d\.ﬁlm _ "1‘9:&1' 47rp2dp (1329)
h3 h3

B 3aBHcHMOCTH OT TOTO, XapaKTepH3yeTcsl U COCTOSIHUE UMITYJICOM P WU
KnHeTHueckoit sneprueit W = p?/2m (m — macca snekTpona), nomyuaem
BBIPKEHUS U151 TNIOTHOCTH COCTOSIHUIA

4 2 / . 9
D(p) =TI w D(W) = TmiW)'”. (13.30)
1

U3 miotHocTH coctosinmit ¢ yuetom (yHkiwn pacripenenenus f (W) nomy-
YAOT MIOTHOCTb CBOGOAHBIX MIEKTPOHOB

n= J D(W) f(W)dW. (13.31)
0

Ilpn T' = O u3 3TOTO MHTErpaAla CleIyeT, YHTO

Wg
n— J DWW, (13.32)
0

MOCKOIBbKY Hike sHeprud @epmu Wy Bee cocrosnus 3anonnensl, T. €. f(T) <
< Wp, a seiiue — nyctoie f(W) > Wpg. [ocne unrerpuposanus (13.32)
nosrysaem

oT173/2
n= ?(%ﬂlﬂ%, (13.33)
1 .

rae [ — BeposITHOCTB 3aroJIHEeHHsT cocTosHus B (hazoBoM npoctpaHctse. (Ya-
wie Becero [ = 2, Tak Kak KaiIoe COCTOSHHE 3arojIHeHO JIByMs JEKTPOHAMHK
€ MPOTHBOMONOKHBIMH CTHHAMH.)
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W3 (13.33) nosnyuaem, COOTBETCTBEHHO, IHEPTH0 DepMH, cKOpocTb Pepmu
W BOITHOBOE uHcio Mepmu (BOJHOBOIT BEKTOP):

. h® 6m2n\2/3
Wy = 87r2m( l ) , (13.34)
h 672n 1/3
- , 13.35
vF 27wm ( l ) ( )
2, 1/3
kp = ("“l ”) : (13.36)

Ipu remneparypax Bbiwe Hyns unterpaisi (13.31) u (13.32), B npuHuune,
CllelyeT BbIUHCIATh, HCMOoNb3yst (yHKUMIO pacnpeneneHus depmu, 4To Npu-
BeJIeT K ycenokHenuto Gopmya (13.34)—(13.36). OnHako B NOCIEIYIOLIEM Mbl
OyaeM MCrnonbL30BaTh HMEHHO ITH (hOPMYIbI.

[oucanyii, mepBbIM W3 0OpaTHBLLINX BHUMAHWE Ha MPUPOLY MOBEPXHOCTHBIX
cui Obu1 @perkens. Ero npeacrasieHus 0 ToM, YTO JIEKTPOHbI TPOBOTHMOCTH
o0pa3ytoT BOMM3H MOBEPXHOCTH METalla MEKTPOHHOE 00J1aKo H COBMECTHO €
WOHHBIM 3apsA/10M CO3JA0T JIBOITHOI deKTpHYeCKHii clioil, ObICTPO HALIIA Mo-
cneposaresieil. BHadane Obuin MpesiokeHbl MHOTOUMCIEHHbIE IMOMPUYECKHE
(hopMybl, BeIpAKAIOLIHE MOBEPXHOCTHOE HATSIKEHKE 7y uepes Jpyrue (pusnko-
XHMHUYECKHE KOHCTAHTbI (aTOMHBLI Bec, paboTa BbIXOJA IEKTPOHA, TEMNepary-
Pbl KUIEHHS 1 NITABIEHHS, MOLYIb C/IBUTA, CKOPOCTb 3BYKa M JP.). 31€Ch Mbl YKa-
JKEM TOJIbKO Ha HEKOTOpbIE TEPMOJMHAMHYECKNE YPABHEHHUS CBS3M, HanpuMep,
MEKYy NMOBEPXHOCTHBIM HaTSIKEHHEM MeTaiia i paboToii BbIXO/1a YJIEKTPOHA.

HauGonee npoctast ¢BA3b MOBEPXHOCTHOIO HATAXkKEHMsI U pabOThl BbIXOAA
BBIPA/KAETCA Uepe3 paanyc aroma MeTasa r mo Gpopmyne

y= 23 (13.37)

r2

Heckoibko Gosiee ClAOKHAS H 3HAYUTETBHO JTy4Ile OMMChIBAIOLIAs CBA3b Y
¢ W dopmyna BkitouaeT yie yaenbHyto TernoeMkocts Cyy, MII0OTHOCTL METal-
na d v CKpPBITYIO TeNOTY MAaBieHus :

3\/% = d(J' Cyvdl + Q). (13.38)

Boigon popmynbl s padOThI BbIXOAA METANIOB METOJaMH KBAaHTOROI! Me-
XaHWKH NpuHaanekut Tammy 1 BloXHHUEBY, NOMYHHBLIMM 3aBUCHMOCTD

an g\ 1/3
W= < (3N 13.39
3( ™ ) ' (13.39)

rae 2 — YHCJI0 BAJICHTHBIX 3JIEKTPOHOB B ATOME METaJla, M — aromHblii BEC
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u d — nnotHocTh Metanaa. 3ommepgdensa n depmu npeanokuan Gopmyty

R? (3nw \2/3
W:_( ’ ) (13.40)
2m \dr (@
rae it —nocrosinnas Inavka, m — macca anexrpona, n = N/V — uucno

atoMoB B | cM?, v — umCI0 CBOBOAHBIX TEKTPOHOB (BaJeHTHOCTh) M G —
CTAaTUCTUYECKHI BEC MEKTPOHOB B suelike (pa3oBOro npocTpaHcTBa, Orpeje-
JIsieMblii IByMS BO3MOKHBIMH OPHEHTALMSAMH CTIIMHOB J€KTPOHOB atoMa. Mc-
TOJIL30BAHKE ITOH (HOPMYJIBI JOBOJILHO XOPOILIO COTIIACOBBIBAIOCH C OMBITHBIMU
JIAHHBIMU, ecu Obl ObUIM TOUHO M3BECTHbI MIOTHOCTH CBOOOAHBIX 2JEKTPO-
HOB, T. €. 3HAYEHMS BAJCHTHOCTH 2. ECM Nonb30BaThes MONOKEHHEM dEMEHTa
B nepuoanyeckoii cucteme MeHzeneesa, TO aeKBaTHOCTh Hapyluaercst. Oka-
3aj10Ch, YTO 718 OOJBLIMHCTBA METAIOR COBMA/IEHHE C OMBbITOM HadioAaeTcs
B TOM cCllyuae, Korna HCMOJb30BaJH MUHHUMAJIbHYO BaJl€HTHOCTb, OMpeaess-
eMYy10 «KpaliHUMH» DEKTPOHAMM BHEIIHEH ODONOUKH, MIpalOLLMMH. BEpPOAT-
HO, HanboJiee CYLIECTBEHHYIO POJib B MJIEKTPOMPOBOIHOCTH, @ CJIe/lOBATENbHO,
W B TEPMOIMHUCCHH MEKTPOHOB. TakuM 00pazom, st OONbIIMHCTBA METAILTOB
Ob11o npuHATo z = 1 <+ 2. [Ipu 3T1OM OBLIO 3aMEUEHO, YTO JUIS pa3HbIX rpa-
Hell KpUCTaI0B 3HAUeHHe z JOMAKHO ObITh paszinuHbiM. Kak npou3BoanTs 310T
BbIOOp, 10 CUX MOP HE COBCEM SICHO.

13.5. Kparkuii 0030p 0CHOBHBIX T€OPEeTHYECKHX
NpeACTABJAEHHIT 0 METANIHYECKOH I10BEPXHOCTH

Pacuersl NOBEPXHOCTHBIX CBOHCTB META/IOB OOBIYHO MPOW3BOAMINCH (e-
HOMEHONMOrH4UeCcKH, 6a3upysach Ha TEPMOAMHAMUUYECKOM Mojaxose. Jluinb B no-
CJIGIHME TO/ibl LIMPOKOE pa3BUTHE MOMYUYWIM MUKPOCKONUYECKME KBAHTOBO-
CTaTHCTUYECKHE METO/bI, HA OCHOBE KOTOPbIX 0OJIee MHTEHCHBHO HaualW pas-
BUBATbCA (PM3MKA M XUMHUSA MOBEPXHOCTHBIX SIBJIEHHUI B MeTaaX.

OcHoBHas ujest TepMoArHaMuKH ['nG0ca cocTOUT B TOM, YTO TMOBEPXHOCT-
Hasi o0facTh NPeACTaBAAETCsl B BUJIE OT/AENbHOMN (a3bl, koTOpas oGiafaeT cBOU-
MH TEPMOAMHAMHUUECKHUMH NapaMeTpaMH, OTIUUHBIMA OT OOBEMHBIX MapaMeT-
pos B 00enx (pazax. KBaHTOBO-CTATHCTHYECKHE MCCIIEIOBAHHSI PAaCCMaTpPHBAlOT
NOBEPXHOCTHBII C/10fi Kak 00nacTh Mexay AByms (hazamu, B KOTOpOIi Jto0bie
TEPMOAMHAMUYECKHE MM KaKue-IMO0 Apyrue BeJIMMHHbI H3MEHAIOTCS Herpe-
PBIBHO Ha MPOTSAKEHWH BCETO MOBEPXHOCTHOTO CJ105, OCTABAACH MOCTOSHHBIMH
B N1y0MHE KOHTAKTUPYIOLWIMX APYT ¢ ApyroM (a3. B KBaHTOBO-CTATHCTHUECKHX
TIPE/ICTARACHHAX B KaueCTBE OCHOBHOI NEpeMEHHOMH, ONpeaensioel norepx-
HOCTHbIE CBOHCTBA, BBICTYMAET MJIOTHOCTb CBOOOJIHBIX DJIEKTPOHOB METallia,
pacnpeenerne KoTopoii BOIN3H MOBEPXHOCTH MeTalla HeogHopoaHo. bonee
TOTO, YaCTb WICKTPOHHOTO 00/1aKa BbICTYNAET 3a MPeAe/ibl MOBEPXHOCTH METall-
Jla, ydacTBys BO B3aMMOACHCTBHUSAX C KOHTaKTHUpytowleH cpenoil. B nonobHoii
CUTYyaln TPyAHO cebe NpeacTaBUTh, YTO EKTPOHBI TIPOBOAHMMOCTH MeTallla
He JadyT 3aMETHOro BKJaaa B CBOHCTBA MPaHULbl METAJ — KHAKOCTb. YTOObI
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yOeauThCs B 3TOM, HEOOX0IMMO KBAHTOBO-CTATUCTHYECKHE TEOPHH, pa3paboTaH-
HbI€ [11 TPAHHLIBI METa1 —BaKyyM, 0000LWHTh Ha ciydali MeTan —KHIKOCThb
U NpoBepHTb MX aAeKBaTHOCTb. MIMeHHO 31Ol npobneme u Oyier nocslleH
JIAHHBII pa3jen.

OnHako Ha ITOM MyTH HAC OIKUAAOT ONPEENIeHHbIE TPYAHOCTH, CBS3aHHbIE
C OTCYTCTBHEM TEOPHUH JKMIKOTO COCTOAHMUA. [103TOMY aHalln3 MOBEAECHHS EK-
TPOHHOTO ra3a Ha rpaHuLE pasjena co CTOPOHbl KHAKOH (asbl npoBenem Ha
OCHOBE CTapbIX. HO KaU€CTBEHHO XOPOLIO MEpelatoluX CBOHCTBA JKHIKOCTH,
Teopuii On3zarepa, Kupksyna, ®@penuxa u ap.

CHauana paccMOTPHM OCHOBHBIE HAMpaBAeHUs pa3BUTHA TEOPHH METaIH-
4yecKoH MOBEPXHOCTH, Haxouslleics B BaKkyyme, ¢ TeM, 4TOObl €e CleACTBHS
nepeHecTH Ha 0onee CloMHYI0 rPaHHLLy METall —IKHAKOCTb.

OCHOBHOE COOTHOLLEHHE, yCTaHABIHBAIOLIEe 3aBUCUMOCTb IHeprun depmu
OT KOHUEHTpalnH ekTporHoro raza (13.33) MOKHO HCMONb30BATH A ONHCa-
HUS TUIOTHOCTH JIEKTPOHOB 72(T) B TOYKE T' HEOJHOPOIAHOTO IEKTPOHHOTO ra3a
MMEIOILETO MECTO B MPHUMOBEPXHOCTHOI oOnacT MeTasna. s 3Toro ciyuas
(dopmyny (13.40) cnenyer nepenucarb Kak GyHKLHMIO KOOPAMHAT B BU/IE

Wi (r) = 2 (32%)2/302/3(r) = . (13.41)

872m

(3nech, Kak 1 paHee, [i— MEKTPOXMMHUUECKHI MOTEHLHA IEKTPOHA, TOUHO
COBMAAOLINIA ¢ 3Hepruci depMu NMpu adCOMIOTHOM HyJe TeMIIEPaTypbl).

Bo3HHUKHOBEHHE HEOJHOPOAHOCTH B MJIOTHOCTH IEKTPOHHOIO rasa BieueT
3a coBOIT MosIBJIEHHE IEKTPOCTATHYECKOTO NoTeHMana X (r). TTockonbKy Ben-
YHHA YTEKTPOXMMUUYECKOTO MOTEHINANA /i TOCTOsSIHHA BO BCeil o6nacTH pacnpe-
JeNeHUs MEKTPOHOB (AeHCTBUTENBHO, €ClIH Obl YIEKTPOXUMHUYECKHI MOTEHLIH-
aJl MEHSJICA OT TOUKH K TOUKE, TO MOIJIO Obl MPOHCXOANTD MepepacnpeiesieHne
EKTPOHHOI MIOTHOCTU U TaKUM 00Pa30oM MOXKHO ObL10 Obl MOHU3UTH OOLILYHO
IHEPrHIO CHCTEMBI), TO Tenepb Bhiparkenue (13.41) Hy)kHO nepenucars clenyo-
wuM odpazom:

2

ji =Wr(r) —ex(r)  ——[(37%)**n*/?(r) — ex(r)]. (13.42)

872m
DT0 ypaBHEeHHe sIBASETCS MPUOMMKEHHBIM (€T0 Ha3bIBAIOT Mpubaudicenuem
Tovaca—®@epyu). OHO NOMKHO ObITH CMIPABEANMBBIM LS NEKTPOCTATHUECKOTO
MOTEHUHAA, KOT/1a MOC/IeTHHI MaIo MEHACTCS HA PACCTOSHUAX MOPSIIKA IJHHbI
BOJIHBI IEKTPOHA.
Ecan anekTpoxumMuueckuii NoTeHUMan COXpaHaeT CBOK BeJMUHUHY MPH W3-
MEHEHHH WIEKTPOCTATHYECKOTO NMOTEHIHAA, TO Mbl LOMKHbI UMETh

h2

872m

hz

872m

2

((37°) 20/ (x) — ex(@)] = ——[3x*)* 05 (). (1343)

3s1ech 119(r) — MIOTHOCTH MEKTPOHHOTO Ta3a MpH OHOPOJHOM pacrpe-
JENeHUH.
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[Tpu paznoxenun (13.43) B psin Teiinopa noayuum, 4ro

%[n(r) —ng) ~ ex(r). (13.44)
dng
Onnako, ecan npoanddepenuponars (13.33) no dng, To (;WF = 2:VF .
o o
U torna okaxercs, 4To
3 ex(r)
n(r) —ng] & ~ng——. 13.45
[n(x) — n0] & “ng " (13.45)

JleBas uactb ypaBHenus (13.45) npeacrtaBnser co0OH pacnpeneieHHYy o
B MPOCTpaHcTBE MeXkay ToukamMu r = () (OAHOPOAHBIIT MEKTPOHHbIN ra3) K
T (HEOJHOPONHbBIH ra3) dMeKTPOHHYIO MA0THOCTH. [loacransas (13.45) B ypas-
Henue ITyaccona, umeem

9 T o2
V2 = dre[n(r) — ng] = THOEX = )2y, (13.46)
Wp

1 ” -
OﬁpaTHym BEJTUUNHY X Ha3bIBAOT ANTHHOW DKPAHHPOBAHHA HIIH ,HC'OECB—

CKHM paauycoM skpaHuposanus. Cheputeckui noTeHu1a, ya0BaeTBOPSIOLLIMH
ypasHenuto (13.46), umeeT oUeHb MPOCTOil BHIT

X(r) = =2 exp(= ). (13.47)

T

3neck C' — noctosinHas uHTerpuposanus. IoteHunan (13.47) HasbiBaroT
IKPAHUPOBUAHHBIM KVAOHOGCKUM ROMEHUWTOM.

Kazanoch Obl, 4TO, 3Has pacnpe/ieneHye noTeHuHana u MeKTPOHHOI mioT-
HOCTH, MOJKHO PacCUHTaTh MHOTHE CBOHCTBA MOBEPXHOCTH METAJLIA, B YaCTHO-
CTH, NEKTPOCTATHYECKYIO COCTABIAIOLLYIO NOBEPXHOCTHOI sHeprun. OHako
0Ka3aJloCh, YTO MOBEPXHOCTHAsA YHEprus B npudnmkeHun Tomaca— dDepmu sB-
JISIeTCs OTpULATENbHON BENUUKMHOH (T. €. KpUCTAI CMOHTAHHO packasbiBaeTcs).
IT0 He TOMBKO CBUIETENLCTBYET O HELOCTATOUHOCTH MpudnmkeHus Tomaca—
DepMu, HO U 00YCIIOBIEHO UCMONL30BAHHEM MOJEINH, KOTOpas He Y4HTbIBAET
JUCKPETHOCTH MOHHOW PEIIeTKH MeTana, Haluunusa OOMEHHBIX W KOPpPENALH-
OHHBIX B3aUMOACHCTBUIA EKTPOHOB, A TAKAKE MTHOPHUPOBAHHEM OCLIMIUIALMHI
3NEeKTPOHHOIT MIOTHOCTH BONHM3HM MOBEPXHOCTH METaIA.

3HAuUUTENbHbIH IAr BOepea B Pa3BUTHH MHKPOCKONHYECKON 3/eKTPOHHON
TEOPHH MOBEPXHOCTHBIX ABAEHHIT B MeTainax Obin cienan B padorax 3agym-
KkuHa. MM ObUTM yuTeHbl BKJIaJbl B MOBEPXHOCTHYIO DHEPrHIO KYJOHOBCKHX,
KHHETHYECKHX ¥ KOPPESLIHOHHBIX B3aUMO/EHCTBHH, @ TAKXKE B3aUMOAEHCTBHSA
JMEKTPOHOB ¢ HOHAMK pelueTkH. OIHAKO Bee ke B OCHOBY OblJT MOJ0KEH METOJ
Tomaca—®depmu, B pe3ysbrare 4ero 3aKoH YObIBaHHS EKTPOHHOI MIOTHOCTH
0Ka3aJICs CTENEHHBIM B OTIIHUHE OT SKCIIOHEHLMAIIBHOTO, K KOTOPOMY [PHBOJIUT
Gosnee TouHas TeopHs.
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[puHunnuanbHO HOBBIH Moaxoa K npoliemMe W3y4eHUs MOBEPXHOCTHBIX
cBOIHCTB MeTannoB Obl1 npeanoxken Jlanrom n Konom. Mcnonbdysa (opmanism
TEOPHH HEOHOPOAHOTO AIEKTPOHHOrO ra3a, pazpadoTaHHblii B Tpyax XodHoep-
ra, Kona u LLsma, Jlanur u Kon petmnn ypasnenne Lpeaunrepa ans BoaHOBOI
(yHKLMK d1eKTpOHa BOJIM3M noBepXHOCTH. BostHoBas (pyHKkuMs Oblia npeacras-
JieHa B Bue (QyHKLHMOHAIA, 3aBUCSIIETO Kak OT dJEKTPOHHOI MIOTHOCTH, TaK
U OT BEJIMYMHbI BHELUHEro Mnousisf. 3Ha4eHWsl SMeKTPOHHOH MIOTHOCTH MeTas-
Jla UMeNTn XapaKTep KpWBOM, 3aTyxaroleif no sxkcnoxente. Bonusu norepxHo-
CTH MeTalfla MEKTPOHHAS TIIOTHOCTh HCTIbIThIBANA OCHMIIALIMN, 3aTyXaloLHe
B niyOuHe metanna. Merogom Jlanra u Kona Obutd MOSTyUYeHbl pa3yMHble 3Ha-
UeHHs MOBEPXHOCTHOH HEPruy psla METanloB, KOTOpas BKJOYana TPH Co-
cTaBisAoMX. [lepBas npeacTaBnsna NOBEPXHOCTHYIO YHEPTHIO B MOJEIH JKeJle
(B MOZenH «Kene» HOHHBIE OCTORBI METala, T. €. TMOMOKHTENBHO 3apsiKeHHbIE
AApa M SNEKTPOHbI BHYTPEHHUX 00O0JIOUEK aTOMOB 3aMCHSAIOTCS MOJOKHTEI b-
HO 3apsiKeHHBIM, OJAHOPOHBIM (OHOM, MIOTHOCTH KOTOPOTO paBHa MIOTHOCTH
cBOOOTHOTO HAIEKTPOHHOTO ra3a). Bropas npeacrapisia 21eKTPOH-HOHHOE B3au-
MOJIefiCTBHE, PACCUHUTBIBAEMOE C PUBCUEHHEM NCEBONOTEHIIMANA AiKkpodTa
(nceBponoTeHUMaN ONpeaesseTcs Kak M3MEHEHHBIH [0 CPaBHEHHMIO C MCTUH-
HBIM Tlepuonuveckuii noreHunan). TpeThsl NpeacTaBisia HOH-HOHHBIE B3au-
MOJIEICTBHS, KOTOPbIE HAXOAATCA C MOMOILBLIO BBIYHCIEHHSA PELIETOUHBIX CYMM.
K nenocrarkam merona Jlanra— KoHa MOKHO OTHECTH 3HAYMTEJIbHbIE MaTeMaTH-
YeCKHe TPYTHOCTH, CBA3AHHbBIE ¢ YHCIEHHBIMH METOIAMH PELICHHS ypaBHEHUS
IIpenunrepa.

ITockonbKy B OCHOBE MPAKTHYECKH BCEX COBPEMEHHBIX TEOPHIT MOBEPXHOCT-
HBIX SIBJICHHH METa/sIoB JIEIKUT MeTo (PYHKLMOHANA WIEKTPOHHOM! MIOTHOCTH
(M®II), paccMOTPHUM HCXO/HBIE YPABHEHHS ATOTO METO/A.

M®IT ocHoBbiBaeTcsi Ha Teopeme XoduOepra n KoHa o CyllecTBOBaHMU
YHHUBEPCAIBLHOTO (DYHKLHMOHANA YHEPIHMH CHCTEMbl JEKTPOHOB, HAXOMAALLHXCS
B 10JIe BHELIHero notexuuana 1V (r). s OCHOBHOTO COCTOSIHHS CHCTEMBI DJIEK-
TpoHok V' (r) npeacrasnser coboii oaHoYacTHUHBI (Y HKIHOHA EKTPOHHOI
MJIOTHOCTH, MO3TOMY VISl BCEX BO3MOXKHBIX 71(T), COOTBETCTBYIOIINX OJIHOMY
1 TOMY JKe MOJHOMY umcay sextpoHos N, ¢ynkunonan E(n(r)) Gymer mu-
HUMaJEH M PaBHATbCA DHEPTUHM OCHOBHOTO COCTOSIHHUA CHCTEMbl JIEKTPOHOB,
KOTOpast 3aMHCbIBAETCS B BUJIE

E(n) = Jw[n(r)]dr, (13.48)
rae w(n(r)] — NAOTHOCTL IHEPrHH, KOTOpas BKIOMACT B CeOs clieayrolme
COCTaBSIOLIHE.

1. DHepruio »MeKTPOHOB B Mojie BHELIHEro noTeHunana vV (r)
wy (r) = V(r)n(r). (13.49)

Ecnu BHelIHUI NOTEHUMA MPEACTABIEH MIEKTPOCTATHYECKUM MOJIEM, TO
(13.49) 3anuceiBaeTcs B BH/IE

wi (r) = ex(r)n(r). (13.50)
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2. KynoHoBckoe BzaumMoaeicTBHE WIEKTPOHOB APYT C APYrOM

ws(r) = EJMW, (13.51)
2 r—r
rae r, r' — KOOpJMHATBI Mapbl YIEKTPOHOB.
3. Kuneruueckyto (pepMUEBCKYI0) YIHEPTHIO, MIIOTHOCTh KOoTOpOii U3 (13.41)
2
ws(r) = = (32)2/3p3/3 (). (13.52)
4072 m

4. ObmeHnHOe B3aUMoelcTBHE (B pe3y/ibTaTe OOMEHHOrO B3aHMOJEHCTBUSA
NIEKTPOCTATHUYECKAS DHEPIHS ICKTPOHHOIO raza yMEHbLIAETCSI)

5 1/3
wa(r) = 2 <§> ni/3 (). (13.53)

T 16r2 \

5. TIlonpaBku Ha KHHETHHECKYHO M KOPPEJISILMOHHYIO SHEPTUH, 00YCII0BIIEH-
Hbl€ HEOJIHOPO/IHOCTBIO 1EKTPOHHOTO ra3a (hopMybl A1s HUX 31ech He
HOPUBOIATCS).

[Tonnas NAOTHOCTL DHEPrHM B aTOMHON CHCTEME eIMHULL (B aTOMHOI cu-

h
CcTeMe eIUHULl € = M — — = ¢ = 1, IJle ¢ — CKOpOCTh cBeTa) Oy/ieT HMETh

CIIeyIOLIUEE BbIPAIKSHHE!
w(n) = xn + 0,3(37%)*/*n®/? -

/3 2 1/3
—0,75( 3} WA 0,056— " (13.54)
T 72n 0,079 + nt/3

Ecau kynoHOBCKMIT noTeHIHan o0ycnoBneH pacnpeaeneHneM NoaoKHTeNb-
HOTO 3apsija, HanpuMep HOHAMH pelleTky 1 (1), To (yHKUHOHAJ IHEPruM 3a-
MULLETCS B BUJIE

E(n) = Jx(r)n(r)d(r) + G(n), (13.55)

e G(n) — Qynkunonan, BKIoUaoLii B ce0si KHHETHUECKYI0, 0OMEHHYHO,
KOPPENSLMOHHYIO W FPaINEHTHYIO IHEPTHH.

Tounblit Bua 210r0 (hyHKLIMOHANA HEU3BeCTeH, oaHako B Buae (13.55) npu-
TOJIEH /Ul UCCIIEIOBAHMS MOBEPXHOCTHBIX CBOHCTB METAINIOB.

DHeprust 0CHOBHOTO cocTosiHust Foy cuctembl 3 N 21€KTPOHOB Onpe/ens-
eTCsl MHHHMaJIbHBIM 3HadueHueM QyHKkumoHana F(7) OTHOCUTENLHO BapHaLHK
JJIEKTPOHHOM MJIOTHOCTH MPU YCJIOBUM MOCTOSIHCTBA TOJHOTO YUCIa AIEKTPO-
HoB V. Mcnons3ys MHOMKHTENb Jlarpanika i, MOIKHO MPEJICTaBUTh ITOT BapHa-
LIMOHHBII MPHHLKIT B BUIE

d

5. [E(n) — uN] =0. (13.56)
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3nech OE(n)0n = gt — DAEKTPOXMMHUYECKHI MOTEHLMAN CUCTEMbI leK-
TPOHOB.

IIpoBons Bapbuposanue (13.56) ¢ yuerom (13.54), MO)KHO ompenesuTh
An(r). Ecnu ke BocTonb30Bathes ypasHeHueM [lyaccoHa, To onpenensercs
CBSI3b MEXKIY [UIOTHOCTBIO DJIEKTPOHOB H 3IEKTPOCTATHYECKHM MOTEHLIHAJIOM.
Takum oOpa3zom, BapHaLMOHHAs 3a1a4a CBOAMTCS K PELUIEHHIO CUCTEMbI IBYX
nuddepeHUnanbHbIX YpaBHEHNT 115 € KTPOHHOI NIOTHOCTH M 2IEKTPOCTaTH-
YeCcKOro noTeHuHana.

O11HaKo HECMOTPS Ha TO, YTO MPUHLMI MUHUMYMa SHEPTHH YCIELTHO TPHMe-
HSIETCSl BO MHOTHX 0071acTsAX Hcche10BaHHH, 00HaPYKUIOCh, YTO NPUIOKEHHE
€ro K MOBEPXHOCTHLIM CBOHCTBAM METAJJIOB MPUBOAUT K PAIY 3aTpydHEHUI.
B uactHoCcTH, OKa3anock, uTo ¢ nomouiblo ypasHeHus (13.54) noBepxHocTHas
DHEPrUst TBEPAOTO Tela MOKET ObITh BbIYMCIEHA TOJILKO MPH AOMOIHUTETLHbIX
NPeANONOKEHUAX. DTO 00CTOATENLCTBO 00YCIOBINBAET HEOOXOAUMOCTL Dosee
JeTajbHOro aHajau3a Npeanockuiok mertona MdI1.

Beeaem ans Gonbuieil HamsAHOCTU clenyrolye 00o3Hauenus y = n(r)
e =r.

Torna ypasuenue (13.54) B o0uiem Buie MOIKHO Mepernucarhb:

Eer = Eu(y, ©). (13.57)

Jlnst naxoxkaeHust dkcTpemyma BoipaxkeHus (13.57) ¢ ycnoBuem Toro, 4to
TMOJTHOE YUCTIO ANEKTPOHOB B CHCTEME HE MEHSIETCS, MOXKHO COCTABHTL BCIIOMO-
raresbHblil QyHKUHOHAN F', 1751 KOTOPOro ypaBHeHHe Diiepa UMeeT clieyto-
LM BU:

F,—LF =0

~F, =0, (13.58)

e F, u F; — COOTBETCTBEHHO YACTHLIE MPOW3BOIHbIE BCIIOMOIaTeIbHOTO
(hyHKLMOHANA MO HIDKHHM HHAEKCAM.
VYuursiBas, uto (13.58) He 3aBHCUT OT ¥, noayvyaem

F, =0. (13.59)

HpH 3TOM BCTIOMOTrarejibHas (byHKLII/IH HMEET CJTC}IyIOIIIHﬁ BH:

, 23 e
3h (i) yo/3 + ‘/:,V(;E)y + (52 JyL)Idrl - le (1360)
T

" 4072m \ 87 |z — 7|

VuutbiBas B fanbHeleM Gpu3nueckuii CMbICT BEJIMUHH, BXOAAINX B ypaB-
Henue (13.60), BbiGepeM MHOKHTEND f¢' TAK, YTOOBI

wo=—pu. (13.61)

Tenepb BblpaxkeHHe sl jt MOJKHO ¢ yyeTom (13.59)—(13.61) 3anucarsb Tak:

) ) 2/3 o (!
p= b (_s) y5/3+‘/N(-’E)y+€2JyL),dTI' (13.62)
=7

8w2m \ 87 |
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VpasHenus (13.59) u (13.60) He sBnsitoTcs AnPHepeHUaIbHbIMK H 10ITOMY
HE CO/IePKaT KOHCTAHT HHTErPHPOBAHHUSA. DTO 00CTOATENLCTBO Cpa3y UCKITIOUaeT
HCXO/HYHO 3a/lauy U3 paspsiia BApHALMOHHbBIX, MOCKOILKY TOJBKO HAXOMKIEHUE
OZIHOH (MITH HECKOJTbKHMX) KPHBOIT (KPUBBIX) MO FPaHHUYHBIM YCIIOBUAM Y (To) =
= yo v y(x1) = yi, @ TAKKE MHOKHTENS [ U3 YCIOBHS [OCTOSHCTBA COCTa-
Ba obecrneurBaeT 3ajalue Xxapakrep BapHaUMOHHOCTH. JIpyrHMH clIOBaMH, TOJb-
KO BKJHOUeHHe B (hyHKumoHan niorHoctu G(n) unenos, copepxawuux dn/dr,
obecrnevyuBaeT 3a1a4ye BapuaLMOHHbIH xapaktep. OOMEHHBIH U KOPpeasoH-
HBIH WieHsl copepikar npoussonnsie dn/dr. Onnako pasnoxerue B psag G(n)
BO3MOXKHO JIMLLb B TOM CJyHae, KOraa Bce BapHaLHH [IOTHOCTH vactul n(r)
MaJlbl, HJIK KOTJa 3TH BapHaLMK MPOUCXOAAT A0CTATOUHO METICHHO.

JlaHHble yCNOBUS HE NOAXOMAT Ul ONHCAHUS JIEKTPOHHOIO rasa BOIM3M
MOBEPXHOCTH METasIa, Te BapHally mioTHOCTH n(r) ovdeHb Bemukw. Hampu-
mep, ans menu dn/dr ~ 10°° cm™*. Takum 06pa3om, HaTHuMe rPAAHEHTHBIX
yneHoB B (G(7) He MO3BOJISET MPOBECTH BAPHALMOHHYIO NPOLIEAYPY 10 KOHLIA.
CnenoBarenbHo, BbipaikeHue (13.62), kak okoHYaTebHOE peLlIeHHEe YpaBHEeHUS
(13.54). sBnsieTcss OAHUM W3 BO3MOMKHbBIX, HO HE €IMHCTBEHHBIM PELLEHHEM BapH-
auMOHHOH 3agaun. B cBa3u ¢ 3tum ypaBHeHue (13.54), apasiouieecs OCHOBHbIM
B TPUIIOKEHUAX MeTO/1a By HKLIMOHAIA YJIEKTPOHHOMH IUIIOTHOCTH, HE 00ECTIeUEeHO
BapHaLIMOHHO NpoLenypoii W HE MOKET MPETEHA0BAThL Ha OOIIHOCTB.

B sTom cmbiciie Gosee yn00HOH 1isl NpUIOKEHHH OKa3ajach Moy Kjiaccu-
yeckas Teopus MOBEPXHOCTHOI dHepruu, pasputas Cmutom. B cBoeil Teopun
CMUT MCTIONBL30BAJ BAaPHALMOHHBIH NMPUHLMI B HHTErPpaibHOIl Gopme [uisi Bbl-
YHCIEHHS TUIOTHOCTH 3apsia ¥ paboThl BbIXOA YJIEKTPOHA B MOJIEIH JKeJle MpH
paccMOTPEeHHH IUTOCKOI rpaHuLbl pa3nena. B aToM ciayuae 3a/1aua CUIIbHO yNpo-
aeTcs, OAHAKO PELICHHE CUCTEMbI YPABHEHHIT BO3ZMOXKHO JIHLLIb YHCICHHBIMA
METOaMU.

[To CMuUTY, MOBEPXHOCTHAS MIOTHOCTL IEKTPOHHOIO 3apsAaa 11 TPaHULbl
MeTajil —BakyyM Oblfla Npe/ICTaBIeHa B CAEAYHOLLEH 3anHCcH:

n(z) =nN4 — %’H_l.(l"%z, z < 0,
(13.63)
n(g) = %’]H_(’._Bz, z > O,

e 7 — HopMaljlb K NOBEPXHOCTH MeTasa, npu4eM Tak, 4to z < 0 cooTBeTcTBy-
eT 00JaCTH NPOCTPAHCTBA, 3aHATOH MeTaNIOM, NpH =z > () — BHeLIHe# cpenoii;
 — BapuauoHHbIH mapaMeTp. MUHUMH3HPYS dHepriio no 3, CMUT nomy-
4w 3HaueHue 5 = 1,2 — 1,3 a1 Bcero auanazoHa >1eKTPOHHBIX [LTOTHOCTEN
B MeTajlyiax W BIIOJIHE pa3yMHbIE BeIHIHHbI paboT Bbixona (puc. 13.4)

PaboTa BbIX0a OTCUHTBIBAJIACH OT YCPEAHEHHOTO YPOBHS dEKTPOCTATHYE-
CKOro MoTeHlMata ¢ B NyOUHe MeTasula, rie OH [MpPHPaBHUBAJICA K BEJIHUHHE
47n 372, TlockonbKy pes3ysbTaThl pacueTa NpuGIHKEHHO COMACYIOTCSA ¢ H3Me-
PEHHBIMH 3HAUEHUAMH padoT BbIxoAa (cM. pHC. 13.4), TO 3TO CNYIKHT yKazaHHEM
Ha TO, 4TO MIEKTpOcTaTHUECKHE P PEKTb HapsLy ¢ BaXKHBIMH d(PeKkTamMi Kop-
pernsiuu 1 00MeHa BecbMa CyLLEeCTBEHHbI, 0COOEHHO NPH OONBLINX MIOTHOCTAX.
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Puc. 13.4. PaGora Beixosaa no pacueram Cmuta. ToukaMu oTMeUEHbI IKCIEPHMEHTANbHbIC
3HAYCHUS

Opnnako wHTerpaabHas opMa BapHALIMOHHOTO MPUHLMIA, WCTOJb3YIOIIAs
J0KallbHbl€ BbIPAKEHHUs! As MIOTHOCTU IEKTPOHHOIO rasa, eule, Kak MHHU-
MYM, YUHUTHIBAET BO3MOKHOCTH KBAHTOBbBIX OCLMJIALMH JIEKTPOHHOI TI0T-
HOCTHU BOIM3M [OBEPXHOCTU MeTaia. 10T 3 dekTt CBA3aH ¢ BO3MYIIECHUAMHU,
BHOCUMbIX CTeHKOH npu z = 0, 0 umeer
00Kt XapakTep, KOTOPbIi MOXKHO 3ari- r=5

cathb B BHJIE £
o 1,0
n(r) —ny ~ onstw. (13.64) E H?&:});\(T)ETL
=
3nech kp = (372n,4 )"/ —Bonuosoii  Z 0.5-
BekTop Depm. 3
[Ipu 0CTATOYHO CHILHOM BO3MYylle- & ey
HUM B OCUMIIALMIT HECKONLKO MEHA- 2
eTcsi — nosiBasieTes gononuutenshoe ha- O 0 ST
30B0e crmaraeMoe (ciBuT (as). B 3tom -1,0-05 0 05 1,0

cayuae (13.64) npuHuMaeT BH Pacctogaire

o Puc. 13.5. DiekrpoHHas JI0THOCTL B
0s2kpz 44
n(r) —ny ~ Const73. 3aBHCHMOCTH OT PAcCTOSHHA 10 TO-
(13.65) BEPXHOCTH. BRIPAKECHHOTO B (’pgp\mua-
) CKHMX JUIMHAX BOJAUM Ty = 2UTs = D

Ha puc. 13.5 noka3zaHbl pe3yabrarbi
pacueTa IEKTPOHHOI MIOTHOCTH B METAJIaX ¢ pa3Hoil KOHUEHTpaLHel ek-
TPOHOB. B MeTannax ¢ 00bLIOil MEKTPOHHON MAOTHOCTBIO KBAHTOBbIE OCLIMII-
JIIUMK CPABHUTEIbHO HEBEIUKHU, TOTJA KaK B METaJlJlaX C HEBLICOKOIL IJIOTHO-
CTBIO OHM MOTYT A0CTHUTaTh 3HAYUTEIbHbIX BEINUHH.

JIna KOHTPOJIA BHYTPEHHE TOUHOCTH H CAaMOCOITIACOBAHHOCTH PAceTOB 110
JFOOBIM MOJEIIAM YacTO HCIOJB3YIOT TAK HA3bIBAEMOE TPABIIIO CYMM, KOTOPOE,
OJIHAKO, HE M03BOJISIET CYAMTh O TOM, HACKOJIbLKO afeKBaTHa BbIOpaHHash MOJENb
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WK annpokcumMauus (yHKLUHOHaNA 21eKTPOHHOH niaoTHOCTH. TeM He MeHee,
Mbl 3/1€Ch 00CYIMM ITO MPABHIIO.

PaccMOTpUM MIaCcTHHY, COCTOSIIYIO U3 NOJAOKHTENbHbBIX 3apsiI0B, UMEIOILUX
TUIOTHOCTD 71, M OTFPAHHYEHHYIO MITOCKOCTAMM € MToianbio 2, nepreHnKyiap-
HbIMH OCH 2 M PacroNOKeHHbIMH Ha paccTosHusX: z = —L u z = 0. JlobaBum
N = QLn 31eKTPOHOB K MOJOKHTEIbHOMY (OHY U1 TOrO, UTOObI cHCTEMA
3apsiloB cTajla HeHTPaNbHON M HANOKHUM NEPHOAHYECKHE FPAHHUHbIC YCIOBUA
Ha rpaHu >ToH riacTuHbl. [lpeacrapum cede, 4TO MIACTUHA PACTATMBAETCS Ha
senuuuHy 6 L. Teneps ona 6yner 3aHumarh o6iacth oT 2 = —L no 2 = 0L npu
(hUKCUPOBAHHOI TUIOIIAAH M MOJTHOM 3apsaae. PacTshkeHue MOKHO paccMaTpu-
BaTh KaK BO3MYLICHHE MIOTHOCTH, KOTOPOE BHYTpH HHTepRasa —L < z < JL
HUMEeT BUIL

ony(z)=—-6n, —-L<z<0, 13.66
ony(2)=n—90n, 0<z<dL, (13.66)
npuuem Lon = (n — én)dL.

HMcnonbsys seipakenue (13.55) u (13.56) u yuuTbiBas TOJIbLKO UJIeHbI IEPBOTO
nopsijika MaJoCTU, MOXKHO HAliTH H3MEHEHUE DHEPruu ITOH TUIACTHHBI MPH ee

PacTHKEHHIL
J {X(:) - X (%)}d:}, (13.67)

§E = —QLdn{ [X(O) - X(g) - (g)

TZI€ MOTEHIIMal OTCUUTBIBAETCS OT LIEHTPA IIaCTHHBI.
C apyroii CTOPOHBI, MOJHYIO IHEPTHIO MOYKHO 3anucarh B BHIE

E = Ne(n) + 20, (13.68)

31€Ch 6(’”). 0 — COOTBETCTBEHHO, CPECAHAA HA HACTHLLY SHEPrUsg OAHOPOIAHOTO
DJIEKTPOHHOTIO rasa ¢ rjioOTHOCTBKO 70 U MOBEPXHOCTHASA DHEPIHA.
Torna obiiee M3MeHeHHE IHEPTHH MITACTHHBI IPH PACTAXKECHUN 6}’116’1“ paBHO

§E = —QLdn P(f) + L(d_”)]. (13.69)
dn 2dn

[pupasusiem Tenepb aBa Buipaxenus aist 0F w3 (13.67) u (13.69) B npen-
TMOJIOKEHHH, 4TO X (2) CTPEMHTCS K CBOEMY 00bEMHOMY 3HAUEHHIO BHYTPH Tj1a-
cTHHbI ObicTpee, ueM 1/2, a x(—L/2) npu L — 00 cTpeMuTes K CBOEMY ackM-
NITOTHYECKOMY 3HAUEHHIO (KOTOPOE MOKHO 00603HauuTh uepes x (—oo) GbicTpee,
ueMm |/L, To ansi npeaesnbHoro ciy4as nony0ecKoHeUHOMH MiacTHHbI B MOIEIH
OIHOPOIHOTO (hOHA MOy UM

x(0) — x(—o00) = n—=, (13.70)

dn

0
0 = [ (o) ~ x(a)le (13.7)
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OtH OpMYIIbI MPEACTABISIOT CO00I TOUHOE COOTHOLICHHE MEKIY 00beM-
HbIMH H MTOBEPXHOCTHBIMH CBOHCTBAMH METaJIIa U MO3BOJIAIOT OMPEIeTUThH BHY-
TpeHHHIl Gapbep Ha rpaHHLe MeTasl—BaKyyM, He BbIYMCISA MOJHYHO 3aBHCH-
MocTb X (2). OmHaKo TS rPaHULIBI METAIIT — PACTBOP HCIIOJIb30BAHIE Y PABHEHHUIH
(13.70) u (13.71) ocAKHEHO TEM, YTO AUAIEKTPHUYECKUE CBOHCTBA Cpe/ibl, KOH-
TAKTUPYIOIIEH ¢ METAIOM, 3aBUCAT OT BEJIMUMHbBI dJIEKTPHUECKOTO MO, 4TO
CYLUECTBEHHO 3aTPY/IHET PacueThl.

OnHo 13 Haubomnee XapaKTEPHBIX CBOICTB MOBEPXHOCTH METANIJIOB 3aKIIO-
YaeTcs B CUJIBHOM JJIEKTPOHHOM IKPAHUPOBAHHH HIEKTPOCTATUHECKOTO TMOJIA,
OrpaHHYMBAIOLLEM BIMSIHHE BHELIHHMX 3apA/10B Ha BHYTPEHHHIT 006beM MeTaiuia
HECKOJILKHMH aTOMHBIMU CT0SIMH. TIpH 9TOM BaXKHO 3HATHL XapaKTep W3MEHEHHUS
NOJISE M MHAY LMPOBAHHOTO HM 3apsia Ha PACCTOSHUAX MOPSA1KAa ATOMHBIX.

INockonbKy B 3KpaHHPOBAHWH YUACTBYIOT AIEKTPOHBI, BLICTYMAIOLINE 32 Npe-
Nebl NOJIOKHTENLHOrO (hoHa, TO roje BOMH3M MOBEPXHOCTH 3aBHCHT KaK OT
BHELLHEro Mojsd, TaKk W OT BbI3BAHHOTO

UM BO3MYILEHHS MMOBEPXHOCTHOTO 3apsi- dn(z)
Ja i caMo MOMIEKHUT onpenenenuio. [lo- 0.3 =
STOMY 3aJaHHbIM MOYKHO CUHTATh JIHLIL 0,2 re=2
rosne Ha GECKOHEUHO OOJBbLIOM PaccTo- | g |
SHUM OT MOBEPXHOCTH MeTasna (B aei- oA A NN / L
CTBHTEJILHOCTH JOCTATOUHO, 4TOOBI ITO A ARV V Z5

1

6 6 0,3 . €. : ' ;
pacctoanne Obuto Gosee 0,3 MM), T.e 15 10 =5 o Ssar e

d
Ly, = _ﬁi@' (13.72) Puc. 13.6. Pacnpesenenne 31eKTPOH-
HOT'oO 3apsiia. HHJIYIUPOBAHHOTO Clia-
Pemas ypasHenue [lyaccoHa cOB-  ObIM YMEKTPHUCCKHM NOMEM
MecTHO ¢ (13.72) 1 yuuTbIBasl, 4T0 MHAIY-
uMpoBaHHblil 715 (2) Nokanuzosan B obnactu npumepto 10~% cm ot nosepxHo-
CTH, MOKHO MOJTYUHTh aCHMIITOTHUECKOE BbIpaskeHne IS MOTeHIMaia:

¢(2) = ¢o(2) + B[z — Z(E:)], (13.73)
e
“+o00
[ anp(x)dz +00
Z(B.) = o = —f_z J znp(z)dz (13.74)
[ ne(2)d- T

HAa3bIBACTCS KOOPOUHAMOU YEeHIMPa MAACECMU UHOYYUPOBAHHO2O 3aApsiOa, KOTO-
pbIif onpenenseT dpHeKTHBHOE MOJMKEHHE MOBEPXHOCTH.

Ha puc. 13.6 n3o6pakeHo pacnpeneneHie JKpaHHpyOLLEro 3apsia, HHIy-
LIMPOBAHHOTO OAHOPOAHBIM JIEKTPHUECKUM TOJIEM.

M3 camocoracoBaHHbIX pacHeTOB H3BECTHO, YTO KOOPAHHATA Z f [0JIOKH-
TeJbHA W HE 3aBUCHT OT BeJIMUHMHbI 10Jisl. C yBeTHYEHHEM HANPAKEHHOCTH 10151
YBEJIMYHBAETCS TOJILKO aMIUIUTY1a OCLUMIUTALMIT MHAY LHPOBAHHOH YIEKTPOHHOH
MJIOTHOCTH, HO He ee (hopma.
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Kak u cnenoBano oxxuaars, Bce padoTbl, HCMOAb3YIOLIHE MOJENb KeNe, HE 1a-
0T Y/IOBIETBOPUTEILHOTO OMHCAHHS d-METasIOB, HECMOTPS Ha TiaTe bHbIe
MeTOnbl camocoriacoBaHus. JlaHHOE 0OCTOATETLCTBO, @ TAKIKe TPOMO3IAKOCTH
BBIUMCIICHHH 3€KTPOHHOIH MIOTHOCTH METOAOM (pyHKLMOHAIA ONMpPaBIAbIBAIOT
HCTOJIb30BaHUE HoJiee MPOCTbIX MOy (PEeHOMEHOAOrHYECKHX TEOPHIi.

M3 ananmza sToro kpatkoro o03opa ClemyeT, YTO aJCKBaTHOE OTpaKeHHe
pacnpeesieHust 31€KTPOHHOIH MIOTHOCTH OCYLIECTBASIETCS BbIGOPOM DKCIIOHEH-
UHanbHbIX (QYHKUMH, KoTOpble B OOblUei cTENEeHW COOTBETCTBYIOT PELUEHHIO
KBaHTOBO-MEXaHMUYECKOH 3a7aul, YeM CTEMeHHbIE PEeLICHHS TOUHOrO ypaBHe-
Hust Tomaca— @epmu. TTpu yuere oCUMAMSILMEA YMEKTPOHHOH NIOTHOCTH, 3aTy-
XaloLUX OT MOBEPXHOCTH BITYOb METa/a, Mbl MOJly4aeM BO3MOXKHOCTb MpPH-
OAU3UTLCS K HaubosIee TOUHOMY ONMUCAHMIO MNIEKTPOHHOIO pacnpeneseHus, Kak
B CAMOM MeTaJljie, TaK M 3a ero npeseiamu.

B 3akioueHne MOMHO OTMETHTb, YTO TEOPHS MOBEPXHOCTHBIX SIBIEHHH
Ha TpaHHLIEe METaUl—BaKyyM €lle Jajieka OT 3aBeplueHud. [1oaToMy nonbITKa
NEPEHECTH €€ AOCTHKEHUS [UTS ONMUCAHHUS MOBEPXHOCTHBIX CBOHCTB TPaHHLIbI
METaJUT — KHIKOCTh, BPAA U MPHBEAET K MOJOXKUTENbHOMY pe3yabrary. OueBH-
HO, AJ1Sl TOTO, YTOObI cienarh Kakue-i1udo npeackazaHus GU3NKO-XMMHUYECKHX
CBOHCTB TrpaHMLIbl METAJI] —KUJIKOCTb, Ha MEPBOM dTane HeoOXoAUMO 00pa-
THTBCA K MPOCTBLIM MOJEJAM, KOTOPbIE MOTYT NPHBECTH K HECIOKHbIM aHa-
JUTHYECKHM (OpMyTaM, M Ha MX OCHOBE BbISIBUTb Ty TpYIIYy NapaMeTpoB,
KOTOpPbIE OKa3bIBAIOT CYLIECTBEHHOE BIMAHKE HA CBOIiCTBA MexK(a3HOI rpaHHLbI
MeTal — XKUAKOCTb.
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WIEKTPOHHO-CTATUCTUYECKAS
MOJIEJb I2C

Jns onucanus 3EKTPOHHOIO ABOHHOIO €105 B Pa3HbIX paboTax HCIOb3Y-
eTcA pa3iMyuHbI MaTeMaTHUeCKUil annapar. 31ech OrpaHHYHMCS W3JI0KEHHEM
TOJILKO OJIHOTO Hanbosee MPOCTOro MOAX0A, MO3BOJNAIOLIETO C €UHbIX MO3ULIHI
paccMOTPETh MHOKECTBO Pa3iHIHbIX cBocTB [IDC.

B mage 13 npoananusuposanbl 00111e XapaKTEpPHbIE 0COOEHHOCTH MOBEPX-
HOCTH H PACCMOTPEHbI OCHOBHbIE TEOPETHUECKHE BOMPOCH (POPMHPOBAHHSA MEHK-
(pa3HOI1 rpaHKLIbI MeTaAN — BaKyyM. B 3T0ii 00/1acTH 10CTUTHY ThI 3HAUHTEbHbIE
ycnexu. B 1o jke BpeMsa caMoconIacoBaHHbIE pacueThl Mexk(pa3HbIX XapaKTepHu-
CTHK FPaHULbI METAJLI — PACTBOP MOKA €L1E He JOCTHIIH TOH CTalHH, KOria ux
MOKHO KOJHYECTBEHHO CPABHHBATH € IKCIIEPUMEHTOM.

OT0 06CTOATENBCTBO, @ TAK/KE FPOMO3AKOCTH BbIUHCIEHHI IEKTPOHHOMH
TUIOTHOCTH METOAOM (hyHKUHOHANA (€CJIH OH MPHJIOKHM K pacyery CBOMCTB
rPaHULbl METAJUT — )KHIKOCTD) OMPaBIbIBaeT HCIONb30BaHHe Golee MPOCTHIX MO-
Jy(heHOMEHOIOTHUECKUX TeopHid. [TpenmyliecTra TakuX MOAX010B 10CTATOHHO
4eTKO chopMyTHPOBaHbI OAHUM M3 OCHOBaTeel MeToa MO/IEbHbBIX FAMUIILTO-
HUaHOB AHzepceHoM: «OYeHb 4acTo yIpOLIeHHas MOEb POJaHBaeT OoJbIIe
CBETa Ha TO, KaK B JeHCTBUTESLHOCTH YCTPOEHA MPUPOJA ABJICHHUS, UeM J1odoe
YUCIIO BLIYUCICHUI ab initio NS Pa3iHUHLIX KOHKPETHBIX CIIy4aeB, KOTOpbIe,
JaXKe eCM OHH NPABMIIBbHbI, YaCTO COAEPIKAT TAK MHOTrO JeTajeii, 4To ckopee
CKPBIBAIOT, YeM TPOSACHSIOT UCTHHY ... B KOHLE KOHLOB WaeanbHbIi pacyeT
npocto konupyet Ipupony, a He 0ObACHAET eey.

M3 KRaHTOBOI MeXaHUKH H3BECTHO, YTO BOJIHA CBOOOIHBIX MIEKTPOHOR B Me-
Tajue, nornajas Ha ero NoBepXHOCTb, MIPOHHKAET BO BHELLHIOK CPeLly, [11€ e am-
muTyna ObicTpo 3aTyxaeT. Tak Kak JEeKTPOHBI HECYT Ha cede MEKTPUUYECKHIT
3apsi, BO BHELIHEH cpene (pojib KOTOPOi MOKET MrpaTh BAKYYM, THIEKTPHK,
PacTBOP AEKTPOIUTA W ApP.) BOZHHKAET 3apAIKEHHOE 00IAK0 YACTHLL (BHELLIHAS
o0KIazika CBO€00Pa3HOIo MEKTPOHHOTO KOHAeHcaTopa). OHOBPEMEHHO € BHY-
TpeHHEH CTOPOHBI rPAHHLbI pa3/iesia MeTall — BHELLHAA cpeia o0pa3yeTcs ciloi
TOJILHHON B HECKOJBKO aHTCTPEM, B KOTOPOM MOJOKHTENbHbII 3apsil HOHHOTO
OCTOBa MeTajjla OKa3blBAETCA HECKOMMEHCHPOBAHHLIM H3-3a TOTO, YTO 3amoJ-
HSAIOLIME €T0 IEKTPOHBI BBILIIM HAPYKYy. DTOT CIOH UrpaeT poib BHYTPEHHEN
NOJAOKHUTENLHONH OOKIANKH MEKTPOHHOIO KoHAeHcaropa. B orcytcTBue npu-
JIOKEHHOH H3BHE PA3HOCTH MOTEHLMATIOB 3apA/bl 0OKIaJ0K paBHbl U MPOTH-
BOMOJIOKHBI [0 3HAKY; NPy MOTEHLHANAX, OTIMYHbIX OT MOTEHLUAA HYJIEBOro
3apsna, n30bITOUHBIH 3apsi, NOABEAEHHBIH K MOBEPXHOCTH pa3/iesia OT BHELLHETO
UCTOYHHKA, KOMIIEHCHPYETCS CBA3AHHBIM 3apAIOM CPE/ibl.

OO6pazoBaHue IEKTPOHHOTO KOHAEHCATOpa CONPOBOKIAETCS! BO3HHKHOBE-
HHEM Pa3HOCTH NMOTEHLHAIOB MEX1y 00beMOM MeTauia H 00bEeMOM pacTBO-
pa, npuyeM MeTaul BCEraa 3apsiKaercs NoNoKHTeIbHO. Tak Kak 3Ta pasHOCTh
JOCTAaTOMHO BejMKa (Mopsiika OAHOrO—JBYX BOJIT), OHAa B 3HAYHTEIbHOMH
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CTeNeHH onpeaenser abCOMIOTHbIH NMOTEHUHAN MeTalla, eMKOCTh W IOBEpPX-
HOCTHYIO JHEpruio MexdasHol rpaHuubi. HeoOGXoanMo OTMETHTh, 4TO JJieK-
TPOCTAaTUYECKAss YHEPTUsl, HAKOIUIEHHAs B TAKOM JIEKTPOHHOM KOHIEHCATOpe,
JaeT OCHOBHOH BKa[ B MOBEPXHOCTHYIO YHEPrHi0 Me:xk(pa3HOH rpaHdLbl Me-
Tasl —MEKTPOIUT. B TO ixKe Bpemsi BOSHMKHOBEHHE IEKTPOCTaTHUECKOI pa3Ho-
CTH MOTEHLHAIOB Mex 1y OOKJIaJKaMH 3JEKTPOHHOrO KOHJEHCATOpa HE MEHA-
€T MIEKTPOXUMHUYECKOTO MOTeHLIMANa 1eKTPOHOB, 00pa3yoLMX 3TH 00KNaIKH,
MOCKOJIbKY MOCHEIHUH BCETIa PABEH NIEKTPOXUMHUUYECKOMY MOTEHLIMATY JJIeK-
TPOHOB B 00bEME MeTaslla (HaMOMHHM, YTO JIEKTPOHbI 06euX 00K/Ia10K HaXo-
JSTCSL B COCTOSIHUM TEPMOAMHAMMYECKOTO PABHOBECHS MEK LY Co00i).

Bo3HHUKHOBEHHE YIEKTPOHHOTO KOHAEHCATOPa 00YCIOBIEHO BOJHOBOH NpH-
poloii BewecTsa, T.e. (PYHIAMEHTaIbHbIMH KBAHTOBO-MEXaHHMYECKHMH CBOM-
ctBamu Matepu. [1oaTomy cam hakT 0OpazoBaHms YAEKTPOHHOTO KOHAEHCATOPa
Ha MNOBEPXHOCTH METasJ1a C ero BHEIHEH CTOPOHbI HE HYXk/1aeTCs B KaKHX-J1H00
JOTOTHUTENTbHBIX 000CHOBAHUAX W JIOKA3aTelbCTRaX. EAWHCTBEHHOE, UTO MO-
AKeT 00CYIKIaThCs — ITO BOMPOC O TOM, KAKOB KOHKPETHBIH BKJ1a/1 JIEKTPOHHOTO
KOHJEHcaTopa B TO HJIH WHOE CBOHCTBO ABOMHOTO 3JEKTPHUECKOro cjlod. 3aMe-
THM, 4TO B paMKaX OOLICTPHHATON B HACTOALLEE BPEMSA MOETH MOJIEKYJIPHOTO
koHaeHcaropa LlrepHa—Ipoma BIUAHMEM DIEKTPOHOB HA CBOWCTBA JIBOHHOTO
€105 MOJTHOCTBIO MPEHEOPEraroT.

BriepBbie Ha cyllecTBOBaHHE IEKTPOHHOIO KOHAEHCATOPA, KaK yke OblIo
YNOMAHYTO Bbille, ykazanu Ppenkenb v Paiic. Ho ux uaeu, ¢ oaHol ctopo-
Hbl, HAXOUIIHCH B POTUBOPEUHH ¢ npeacTaBieHuamu [enbmronbiua —ltepHa,
a ¢ Apyroif — KBaAHTOBAs TEOPHA MOBEPXHOCTHLIX ABJIEHHIH B TO BPEMA TOJILKO
3apoanach M Majio 4TO MOMIA [aTb U1 MOHHMAHUS CBOHCTB NIEKTPOHHOIO
koHaeHcatopa. la M konndecTBO (PAaKTMUIECKHX JAHHBIX, HAKOTIJIEHHBIX K TO-
MY BpeMEHHM, ObIJIO elle HEA0CTATOYHO, YTOObI HA UX OCHOBE MOXKHO ObIJIO Obl
caenaTh HaaeXKHblil BLIOOpP B osib3y TOH WK nHOH Monenu. B pesynbrare uaen
Openkens 1 Pafica Oblid HA01r0 ¥ POYHO 3a0bIThl. M TOJIbKO B MOCIEAHHE 1BA
JECATHIETHS HaYaJl BO3POIKAATLCS MHTEPEC K MEKTPOHHOMY BKIaLy B CBOHCTBA
JBOHHOTO IEKTPUUECKOTO CITOA.

MbI nogoiizem k 910l npobneme, HauaB ¢ NOCTPOEHHs! 0OOOLIEHHbIX Npe/-
CTaBICHHH, Pa3BUTBLIX A8 FPAHULbI METAJUT —BAaKyyM U B paMKax rpocTeiimei
MOJEJH «GKesiey OyAeT arnpoKCHMHPOBAHO paclpeaeeHHe MEKTPOHHOM Mmi1oT-
HOCTHU BOTM3H NOBEPXHOCTH METAIA, KOHTAKTUPYHOLLETO ¢ KOHAEHCHPOBAHHBIM
(daronaoMm, crpaBe/yIMBOCTL KOTOpPOro Gosiee Ui MeHee odeBu/Ha. [Tocne aToro
OyneT HaiileH aHaIMTHYECKHI BHI pacrpeaesieHus MoTeHUHana ¥ paccuHTa-
HbI BOJIbTAMIIEPHbIE, EMKOCTHbIE XaPAKTEPUCTHKH W MOBEPXHOCTHOE HATAKEHHE
Ha rPaHuLIe METaJUl— PacTBOp.

B paGorax MaptbiHoea, Canema (1980 r.) ucrnionb3orana wjaes annpokcH-
MalHH TEKTPOHHOI MIOTHOCTH MeTamIa 7. (z) NpPOCTBIMH AHATHTHYECKHMU
BbIpAKEHUAMH. PaccMOTpUM nosmyOeCKOHEUHBIH KPUCTAIUT B MPEATNONOKEHHH,
4TO 3apsill €ro HOHHOI pelleTKH pa3MazaH W 00pa3yeT OIHOPOAHbIH MONOKHU-
TeabHbIH (OH € MIIOTHOCTBIO 3apsifa €7, KOTopas Pe3Ko 0OPbIBAETCSA HA HEKO-
TOpOil nnockocTH (rpanuua «doHa»). OObIMHO NPUHUMAIOT ITY TPAHULY Ha
paccrosiiuu d/2 ot KpaiHeH NI0CKOCTH PELIETKH, NPOBEAECHHOMH Yepes LEeHTPbI
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MOJNIOKHUTENBHO 3aPSHKEHHBIX MOHOB TaK, YTOObI HNEKTPHUECKOE T107€, YCpel-
HEHHOE MO MaKPOCKOMUYECKOH 00JacTH, CTPEMHIIOCH K HYJHO KaK BHYTPH, Tak
u BHe Metamia (d — MeKMIOCKOCTHOE PAcCTOSIHHE KPUCTATIMUECKON peLieT-
kH). Pacnpenenenue 2EKTPOHHON MIOTHOCTH AT TAKOH MOIETH, MOTyYaeMoe
Pa3THYHBIMI CAMOCOIIACOBAHHBIMM METOJAMH, TPEACTABIAETCS B BUAE KpH-
BOI1, 3aTyxarouieill BHe MeTa/lla Mo 3KCMNOHEHUHAIbHOMY 3aKkoHy. BHyTpu me-
Tas1a BOIM3K NOBEPXHOCTH HIEKTPOHHASH MIIOTHOCTb HCTIbITBIBAET OCLIHIUISILIHH
Dpunens, cBA3aHHbIE ¢ BOJHOBBIMM CBOMCTBAMH JEKTPOHOB M 3aTyXatolHe
¢ nyOuHoil MeTtanna. J[BoitHOI snekTprueckuii cioif, Bo3HuKaroumnii drarona-
Psl OTIIHUHIO YIEKTPOHHOH MIOTHOCTH OT HYJs 3a (hopMasibHOI rpaHuLei GoHa
(z = 0), NpUBOAKUT K TOMY, UTO JIEKTPOCTATHYECKUII MOTEHLMAN 3a Mpele-
JaMH TOBEPXHOCTH ¢(00) ByleT OTIMYATLES OT MOTEHIMANa BHYTPH MeTaslia
p(—00). Takum 00pa3oM, BblIETas 3a MPEIETbl METAIUIA, HIEKTPOHbI TOKHBI
npeoaosieBaTh MEKTPOCTaTHIECKHIT Gapbep BbICOTOI
[o'e

p(0) — p(—00) =47 J ez[n(z) — ny(2)]dz. (14.1)

—00

Pacnpenenenue 1eKTpoHHOI NAOTHOCTYM AN ABYX METAJ OB MPH paziuy-
HOH MNOTHOCTH WIMOCTpUpYeET pHc. 13.5.

W3 peienus ypasuenus LlpeaiHrepa n7s 371€KTpOHA Macchl 172, TOMEILEH-
HOTO B MOTEHLHANLHbII ALIMK BbICOTOI 117, crenyet, 4To MIoTHOCTh BEPOSITHO-
CTH HAXOXKICHUS HIEKTPOHHOI NIOTHOCTH BO BHELLUHEH cpeje

nd(z) =nge e 2 >0, (14.2)

rae ny — IJIOTHOCTb BeposTHOCTH 1pu 2 = 0, a Rg = — Xapakrep-

h
2wV 2mW
HOE PacCTOSHHE BbIX0/A MEKTPOHHOM MIOTHOCTH 3a Mpeieibl MeTauia (aHajaor
JUTHHBI BOJTHBI Jie Bpoiing). Bxoaginas B 910 BelpakeHue seanurna W aensercs
HE3aBHCHMBIM MapaMeTpoOM, 3HAYEHHE KOTOPOrO Xapakrepusyer paboty nepe-
HOCA JJIEKTPOHA U3 «0ObeMay ALIMKA BO BHELLHIOW cpeny (B TOUKy 2 = +00).

BHyTpu MeTasnia njioTHOCTL BEPOATHOCTH TaKoBa:

)Los@hrz0) p2/Ru -y 0, (14.3)

M
ng (2) = ng — (ng —no 050

mh?> [ wao }

———— =, /| — — XapaKTepHOe PacCTOsIHHE, HAa KOTOPOM dKpa-
4me? ke Ak p
HHUpYeTCs ANleKTprHueckoe nose BHyTpH Metania (I2y, — aHanor aedaeBckoro
panmyca SkpaHupoBauus B dnekrponutax; kr = (3721, )" — BonHosoii Bek-
Top Depmu; h = h/2x, e, m, ap = h*®/me*> — cOOTBETCTBEHHO MOCTOAHHAS
InaHka, 3apsa ¥ Macca 1eKTpoHa H paauyc bopa).

®OyHkums cos (2kpz + §) onucbiBaeT Tak Ha3biBaeMble ocLLIsiLn DOpuae-
J151, BO3HMKatoLLHe Onaroaaps HHTep(epeHUHH najaoLeil M OTpaXxeHHO BOIH
JNEKTPOHHOI [TOTHOCTH, HaCTOTA KOTOPLIX paBHa 2k p (KOHCTAaHTa § yUHTHIBACT
CABUT (a3 najsaroLeii BOJIHbI IEKTPOHHOMH MIOTHOCTH NPH OTPAXKEHUH).

rae RM -
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Dopmyast (14.2) u (14.3), He TONBKO KAUECTBEHHO, HO M KOJMUYECTBEHHO
(TpuyeM ¢ HEMIo0XO0i TOUHOCTBIO) aNMPOKCHUMHUPYIOT pacrpeae]eHHe.

Annpoxcumanus (14.2) u (14.3) skBuBaneHTHa NPUOTIHKEHUIO cCaMOCOIa-
COBAHHOTO M0J14, JiexkalieMy B ocHoBe Teopun ['yn—Yenmena. B kinaccuueckoii
IMNEKTPOAHHAMHKE CTATHUYECKOE BHELLUHEE 110J1€ He NpoHHKaeT B Metani. OnHa-
KO €CJIM MeTajlll pacCMaTpHBaTh KaK BLIPOMKIAEHHBIH SJIEKTPOHHBIN ras, TO 3TO
MPOHHKHOBEeHNE MMeeT MecTo. Boipaxenus (14.2) n (14.3) noniaHbl ObITb «CLIM-
Thbl» HAa MOBEPXHOCTH MeTajIa TakKUM oOpa3oM, uToObl npu 2 = 0 MIOTHOCTB
JNEKTPOHOB Obl1a HENPEPbIBHOI

Sy M
n. (0) = n." (0), (14.4)
a TaK)Ke HernpepbiBHA MepBas MPOH3BOAHAS HIEKTPOHHOIT MIOTHOCTH

s anM(o
Oz az
W 4TOOBI YHCIIO JICKTPOHOB, MNEPCIUCALIHMX Ha BHELIHIOWO 06KﬂaﬂK}’ KOHICH-
€aTropa, paBHsIOCh YHCIY JJIEKTPOHOB, YLIEAWMX ¢ BHYTpPEHHeH oOKianky,
T. €. CO6J'I}0H2U'IOCI> yCJ0BHE ')ﬂeKTpOHeﬁTpaHBHOCTI/I

0 00
J [ny —nM(2)]dz = J n?(2)dz. (14.6)
—00 0

D70 ycloBHE MMEET MECTO JIMLIL B TOUKE HyjeBoro 3apsna. Eciu ke Ha rpa-
HHLY METaJll —pacTBOP EKTPOIHTA JSHCTBYeT BHELIHEE NEKTPHUECKOE 10e
HaNpsHKEHHOCTBIO [0, meprneHaAnKyIspHOE rpaHulie pasiesa, To cueTeMa dek-
TPOHOB OyaeT cMmelarbesi NpoTuB nonas /. Ha rpaHuue merann — pactBop
obpasyercsa 06nacTb HECKOMIIEHCUPOBAHHOTO 3apsAaa ¢ MOBEPXHOCTHOI MIoT-
HOCTbIO .. B 3TOM ciyuae ycsioBHe 3MeKTPOHEHTPaIbHOCTH CAEAYEeT 3aricaTh
B BHIE

00 0
g =€ J nd(z)dz — e J [ny —nM(z)]dz. (14.7)
0 —00

Venosus (14.3) w (14.4) BosHukiy Grarogaps ToMy, 4to 1. (z) onpeneisercs

yepe3 BOJHOBYIO (YHKLHMIO 2JIEKTPOHOB, KOTOpas B CBOIO O4epellb SBISETCS

pewenvem ypasHenus [llpenunrepa. ITodToMy Kak A1 BOMTHOBOW (hyHKLIHH,

TaK ¥ A 72, (=) 06A3aTeNIbHO MOKHBI BBITIONHATLCS YCIOBHSA HENPEPLIBHOCTH

camoil pyHkumnu 1 ee nepaoii npoussoaHoi. Gopmysel (14.3) u (14.4) 3anucanbl

TakuM obpazom, 4ToObl Tpeboranue (14.4) yaoBIETBOPSIOCH AaBTOMATHUYECKH.
U3 (14.4) u (14.7) naiinem napamerpbl pacnpeneneHus ng 1 tgd

28 + (1 +a?)q

Nng = Ny a2+(1+ﬁ)2 s

(14.8)

(1+a? = 5%) = (1 +a®)(1 +B)g (14.9)

atg5: )
(I4+a?+3%)— (1 +a2)q
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e o = 2kpRy; B = Ry/Rs: ¢ = Aoe/enyRs (3necs Ao, = 0 —
— Oz — TUIOTHOCTb BHEILHEro (CTOPOHHEro) CRODOIHOTO 3aps/ia, MoABEIeH-
HOTO OT BHellHeil 6atapen). Bo BHelnem nosie £ BbicoTa cTeHKU «siukay W
H3MEHAETCS Ha BEJWYHHY MOTEHLHANA BHEIIHETO MOJSA ¢ . KOTOPBIH MOKET
ObITb 3anMcaH B 00LLEM BHIE CAEYIOWNM 00pa3oM:

ep(z) = —E [% exp (—R—) + 20(2)] =

S

_ Amog

25 oxp (ii) + z@(z)} . (14.10)

Eg 2 IS

rae ¥(z) — crynenvaras QyHkims, kotopas npu z > 0 pasua 1, a npu z < 0
paBHa HYJIIO, 0 — BHELIHHI 3apsi, NOABEACHHbIH K [OBEPXHOCTH pasiesa.
Takum obpaszom, mns pacuera ITs HeOOXOAHMO MPOBECTH CaMOCOTIACOBAHHE
C (p. W 3amucaTh BbipakeHne ais [ts B BUIe

Rs = h S (14.11)
V2mWy + epe V1+epg. /Wy
h
Tae R_‘y"() = ‘)7‘/[/‘
2mWo

TouHo Tak e 10MKHO ObITh 3aMUCAHO H BbIPaKCHHE AJIs1 /))

B=PBoq/1+ ;“‘jo (14.12)

Pacnpenenenne 3neKTPOHHON MIOTHOCTH AN KHUAKOH PTYTH, paccuHTaHHOE
no (14.8) ¢ ucnonwzosanuem (14.9), npuseaeHo Ha puc. 14.1, Ha KOTOPOM MokKa-
3aHO 3TO pacnpenesieHue sl TpexX 3apsiaoB.

Puc. 14.1. Pacnpeaenenune 21eKTPOHHOMN MIOTHOCTH Ha FPaHKLE pa3aeaa PTYTh — BOJAHbBIM
pacTBop 1ipu 3apsaax nosepxiocti o MxKi/em™: 1 —20.0; 2 —0.0; 3 —+20,0
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M3 pucyHka BUIHO, 4TO B M0OJIe OTPHLATEILHOTO 3apsaaa MMEKTPOHHAS [10T-
HOCTB («XBOCT» 3JIEKTPOHHOH MIOTHOCTH) BLITATHBAETCSA B CTOPOHY KOHTAKTH-
pyloLeii ¢ METasIoM Cpeabl, a MIOTHOCTS 1 (2 = ) yBenuuusaercs. AMIi-
TyJa OCUMIUIALHH 1€KTPOHHON MIOTHOCTH JUIS PTYTH MEHAETCA OYEHb MaJo.

B Touke HyneBoro 3apsna ¢ = (0 mapameTpsl pacnpenesieHHs MoJyuaioT
6osiee npocToii BHA

23
o0 =ngp—F 14.13
"o n+a2+(1+/3)2 ( )
2 2
at 6:M. 14.14
8 (a2 150 ( )

PacnipeznesieHie TIOTHOCTH 3apsijia B IEKTPOHHOM KOH/EHCATOpPE MOJyyaeM
3 (14.2) u (14.3), yMHOKHB Ha 3apsij WIEKTPOHA

p2(2) = enge™ ¥/ B0 2z >0, (14.15)
pé\l(z) =¢ [n+ - (n+ — no)(':/nu cos (QA“F‘; +5)] , z2< 0. (|4]6)
CcOs

AneksaTHocTh pacnpeaenennii (14.2) u (14.3) noareepixaaercs conocras-
JIEHHEM BEJIMYHH MOBEPXHOCTHOI IMIOTHOCTH 3apsizia, pacCuHUTaHHOI Mo M3BeCT-
HbIM (pOpMYJIaM BIEKTPOCTATUKH

0
0] = ¢ J iy = (g = ) SZEEEED gy (2 ) g
cos M
s .
= J 1o €Xp (fi) dz. (14.17)
Rg

0

Wnrerpupys (14.17) no yactsam, ABaXKbl MOJy4YaeM pacue€THOE BbIpaKeHHE
MJIOTHOCTH TIOBEPXHOCTHOTO 3apsa JIEKTPOHOB METalla Ha MOBEPXHOCTH pa3-
Jena a3 co CTOPOHBI MeTasIa

ol = 6(n?1120f2))RM (a0 — tgd) (14.18)

WK CO CTOPOHLI BHEIlIHE Cpeabl

oS = _nills (14.19)
a? 4+ (14 8)?
Pacuer "¢ 129 qng pryTH B BogHOM pacTBope (4 = 8,125-102ecM> u W =

= 3 3B) nmaer Besuunny oM¢H20 ~ 33 MkKn/cm? u npakTHuecku coBmanaer
co 3navennem o¢H20  nogyueHHBIM HeCKONLKHMH HE3aBHCHMBIMH TEPMOIH-
HamHueckuMK MeTonamu (eMm. . 11).

Pesynwrarsl pacueta no (14.2), (14.3) 3aBHCHMOCTH pacnpenefeHus deK-
TPOHHOIH MIOTHOCTH OT HANPAKEHHOCTHU NOJS (IIOTHOCTH 3apsi/1a) NOKA3aHbl Ha
puc. 14.1. Kak BUIHO U3 NIOCIIEIHET0, SEKTPUYECKOE M0JIE, HAMPABIEHHOE K Me-
TanTy (OTpULATENLHBIH 3apsa1) BHITATHBAET «XBOCT» 3JIEKTPOHHOTO pacrperie-
JIEHHs! B CTOPOHY OT METaJLIa, a Mojie, HANpaBJIeHHOE OT MeTalla — yMeHbIIaeT
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JHHY «xBocTay. Ho naske nose 3apsana B +20 MkKi/cm? yMeHbIIAET FpaHHY HY 1O
SMEKTPOHHYIO MIOTHOCTh B MAOCKOCTH 2 = () IMIIbL HAMOJOBHHY OT MJAOTHOCTH
npH 3apsae, paBHoM Hymo. Heo0XoauMo OTMETHTh, UTO pa3Mep cJiosi, B KOTO-
POM pe3KO YObIBAET WIEKTPOHHASA MIOTHOCTh, MMEET MOPAAOK ATOMHOH €/THHULIBI
JUTHHBI MJTH MOCTOSAHHOMN pelueTku. [T03ToMy NOHATHE AUWIEKTPUUECKOH NPOHU-
1LlAEMOCTH, KAK HEKOTOPOif YCPeIHEHHOH XapaKTePUCTHKH MEK(PA3HOMN rpaHULbI
B 9TOi1 0011acTH He ABMSIETCS OJJHO3HAUHO onpeneieHHbIM. CUbHOE 21eKTpHYe-
CKOE MoJie y MOBEPXHOCTH METallla KECTKO CBA3LIBAET JIHMOIbLHLIE MOJEKYJIbI
Cpelbl, BLI3bIBAA AOTIOMHHTENLHYIO MEKTPOHHYIO nosspH3aumto. Takum obpa-
30M, Ha MOBEPXHOCTH METaJL1a 00pa3yoTCs BeCbMa MPOUHbIE «aACOPOLIMOHHBIE»
CJIOH, XapaKTEePH3YEMbI€ MEHBILINM, UEM B 00bEME, 3HAUEHHEM AHIIEKTPHUECKOH
NPOHULAEMOCTH E5.

IToBepXHOCTHBIH CKauOK MOTEHLHaNa Ha TPaHHLe METalll—pacTBOpP Onpe-
JefisieTcst u3 pelueHus ypaBHeHust IlyaccoHna i kaxknoi u3 obnacreit 2 < 0
uz >0,

9

lreng R

Xg(2) = xg— Eez + . 2 exp(—z/Ry), z >0, (14.20)
S
4we(n+—n0)R?\4 ) ( z )
z) = — T M axp (=) x
XM( ) Xar a1 COS 0 = Ryp
20v . . 1 —a?
————sin (2kpz +0) + ———— cos (2kpz + 9)| , z < 0.
(L am " PRP2 Oy cos B )]
(14.21)
Mpu z = 0 3nauenns x,,(z = 0) = x4 (¢ = 0) u, yuntsisas napamerphl

pacnpenenenus ng u tgd no (14.8) u (14.9), nHaiizem ckauyok rmoreHuMana Ha

rpaHulie METall — pacTBop:

dreny R2 28 + (1 + a?)q
es ot (14p)2

(ormeTum, uto B opmysnie (14.22) 3nak ckauka noreHuuana Ay 3aBHCHT OT

BbIOOpA TOUKM OTCUETA — €CJIM OTCUET MOTEeHUMalla BeaeTcs oT o0beMa KOH-

TaKTHPYIOMIEl ¢ MeTamioM cpembl, To X a7 — Xs = Ax™ =% > 0 u nao6opor,

Xy — Xg =AM % = (14.22)

€CJIM OTCUET MOTCHIHAJIA OCYILIECTBIIACTCA OT oObeMa MeTasiia, To XS - X]V[ =

=AM <0, me. AXM=5 = =M Ckauok norenrmana AxM—5, Bri-
uucieHHbIi no (14.22), cooTBeTcTBYeT (PH3HUECKOIl LIKalle OTcUeTa NoTeHLHaa
no HomeHkaty pe MIOITAK, no kotopoit wase = —@gus WIH Ease = E(H_B.a.) +
+ 4,44 B (rne £ 4. 5.) — NOTEHLHUA 3AEKTPOAA, H3MEPEHHBII 0 OTHOLIEHUIO
K HOPMaJIbHOMY BOJIOPOIHOMY TEKTPOLY).

HanBonee KoppeKTHbIii pacueT NoBepXHOCTHOTO ckauka notenuuana Ay M =V
MOJKHO MPOM3BECTH VIl TPAHULBl METaI—BaKyyM, MOCKOJIbKY ISl BaKyyMa
TOYHO HM3BECTHA BEJIMUMHA JHEKTPHUECKOH nMpoHHUaeMocTH. s cuctembl
pryTh—Bakyym A=V paccunraunusiit no (14.22)

A=V = 1313 B, (14.23)
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(ans pacueta GbliM MCTOb30BaHbl 3HaueHms: ny (Hg) = 8.125 - 1072 cm?,
WHe=V — 4 523B, g, = ¢, = 1).

W3 cooTHOWIEHHS MKy paboTOii BRIXOAA IEKTPOHOB H MOBEPXHOCTHBIM
CKaYKOM MOTEHLHANA

WM =Ji, — ANM5 um WMV = - ATV (14.24)

BBIUMCIIAETCS WIEKTPOXUMHUECKHI MOTEHLMAN JIEKTPOHOB MeTamia fie (s
pryti: fie® = —(WM=V — eAxM=V) = —1,39 3B). Dnexrpoxumutieckii
MOTEHLHMAN IEKTPOHA ABAAETCA 00BEMHOI XapakTEPUCTHKON MeTaia i He 3a-
BHCHT OT NPUPOJIbl KOHTAKTHPYIOLLIEH C HUM CPe/ibl, T0TOMY €r0 3HAUYEHHE MO-
KeT ObITh HCMONB3OBAHO B KAYECTBE KPHTEPHS afeKBATHOCTH pacueTa Apyrux
CBOICTB MeAK(A3HOM FPAHHLBI METAT — CPEa.

T0CKOMbKY 3MEKTPOXHMHUECKHUIT TOTEHIHAN SJEKTPOHOB TPH PABHOBECHH
B pasHbIx (asax omunakos, T. €. M~V = M =120 10 ucnonbsys 310 paBencTso
u (13.22). onpesienM pasHOCTh MOBEPXHOCTHBIX CKAUKOB MOTEHINANA KOHTAK-
THPYIOILNX PTYTH H BOJIbI

AX.‘\‘//H 20 _ (WM/V _ W]\/]/I‘ch) . (‘.XM/V)/G ~ 1’ 55 B, (|425)

KOTOPbIIi MpesicTaBiseT coboi CKavuoK MoTeHLNata Ha TPAHHIE PTYTh — BOJHbIH
pacTBOp NOBEPXHOCTHO-HHAKTUBHOTO IEKTPOIHTA.

Urobbl cornacoBarh 3Ty BeJIMHHHY ¢ pacuetoM 1o (14.22), Heodbxoaumo npu-
HATh, YTO JIHAJIEKTPHUECKAA MPOHHLIAEMOCThL BOJTHOTO PacTBOPa, KOHTAKTHPYHO-
LEro ¢ MeTalioM, £4 = (£4) ~ 2,5 (yI7i0Bble CKOOKH O3HAUAKOT ycpelHeHHEe
o Beeit Tonmune [3C), a 370 03HAYAET, YTO B MPHMIOBEPXHOCTHOM CJIOE pac-
TBOpA COXPAHSAIOTCS CBOOOAHBIMH, KPOME IEKTPOHHBIX, €LIE U APYTHE NOJISpU-
3allMOHHBIE MOJIbI.

PacueTbl 3aBUCUMOCTH MOBEPXHOCTHOIO CKauka noreHuuana Ay
psJia o NPH Pa3HbIX 3HAUEHHAX (£) Mpe/cTaBneHsl Ha puc. 14.2.

M3 pucyHka BHIHO, 4TO CMEIIEHHE TMOTEHLMAIa U HYJIEBOro 3apsja B 3a-
BHCHMOCTH OT BEJIMUMHBI AHAIEKTPHUECKOH NPOHULAEMOCTH €, Haubosee 3Ha-
YUTENBHO MPH MaTbIX 3HAUYEHUAX £, T.€. BONU3HM €5, & n3,. Takum o6pazom,
€/IHHCTBEHHBIH NOJATOHOYHBIN NapamMeTp TEOPHH HMEET BIIOJIHE pasymHoe (u-
3H4YecKkoe 00bACHEHHE M XOPOIIO KOPPETHPYET € TEPMOJIHHAMHYECKUMH Mpes-
CTaBNEHHAMH, Pa3BUTBIMHU B r1aBe 11.

Kpome 3toro, ecth mo MeHblueii Mepe ele TpH MpU3HaKa TOro, 4TO Teopus
NpaBUIbLHO NEPEIAET KaueCTBEHHbIH XapaKrep 3TOH 3aBUCHMOCTH:

a) METaL 3apsKEeH MOJOKUTENLHO 110 OTHOLIECHHIO K PacTBOPY;

6) B 00s1aCTH MOJOKHTEIbHBIX 3apPsiA0B MPOH3BO/AHAA 3apsAa N0 MOTEHLHATLY
doe /dAXM =5 o, uem B katoanoit o6nactu, re do. /dA M =% noctosnna
u paBHa ~18 Mk®/cM?, B MOJNHOM COMIACHH ¢ TEPMOAMHAMHUYECKON BEJIMUU-
Hoii C' (cm. (11.70) u ta6n. 11.3);

B) NpH YBEJIHYEHHUH TMOJOKHTEIBLHOIO 3apsia NOTEHLUHal MeTajlja acHM-
MTOTHYECKH CTPEMHUTCS K HEKOTOPOMY TMOCTOSHHOMY 3HAuE€HHIO, XapakTepu-
3yIOLIEMYCSl TEM, UTO TPaHMLA WIEKTPOHHOI MJIOTHOCTH JAOCTHTAET rFpaHHLbI

He=S o1 3a-



14.1. Emrxocme JJ2C 315

0., MkKi/em?

6,565
—15¢+
—10L
_51
,0
Y

55 45 4 3 2,5 2,0

1

/

Puc. 14.2. 3aBucuMOCTb MOTEHUMANA PTYTH OT 3apsaa MOBEPXHOCTH MPH PA3IHYHBIX
Jiauenusx £, (Npu pacuere npuisto ny = 8,125 - 10%2 em™3, Wy = 3,0 9B. Ilynx-
THPOM HAHECEHB! IKCTIEPUMEHTAILHBIC JaHHbIe B BojHOM pactope 1 M NaF. ungpst
Y KPHBBIX — JAHDICKTPHYCCKas IPOHHIIAEMOCTE pacTBOpa). Towka HYJICBOTO 3apsiaa coB-
MellleHa ¢ moreHuaiom 1,6 B

MOJIOAKUTENLHOTO 3apsiia HOHOB U JajbHeliliee 3apskKeHHe CTAHOBHTCA HEBO3-
MOKHBIM *) .

14.1. Emxocrs JIDC

BaskHoii xapakrepucTnkoil Mex(pazHOH rpaHHubl METas]—pacTBOp ABIS-
€TCsl eMKOCTb [ABOMHOIO 3JIEKTPUUECKOrO CJIOS, KOTOPYIO B OTIMYHE OT cKauka
noTeHLHana Ha MexK(pasHol rpaHHLe MOKHO IKCTIEPHMEHTANBLHO H3MEPHT. [liist
TOro, 4To0bl MMETb BO3MOKHOCTh CBEPHTH Pe3yJbTaTbl TEOPHH C IKCTIEPHUMEHTOM,

*) Bo H36CKAHNE HEI0YMCHHBIX BOMPOCOB HCOOXOAMMO OTMETHT, YTO HA OCHOBAHHH
JAHHBIX, TPUBEACHHBIX HA puc. 14.2 cieayer. 4ro B 00J1acTH OTPHLIATEILHBIX 3apSa0B
(ge < 0) npoussoanas dv. /dAx = C nonyuaer oTpHUATESIBHBIH 3HAK. O1HAKO HATO-
MHHM, UTO 1101 EMKOCTBIO KOHACIICATOPA B OTIHIHE OT EMKOCTH YEAMHEHHOTO IPOBOIHU-
Ka HEOOXOJIMMO TMOHUMATh OTHOLLIECHHE 3apsa KOHACHCATOpa K Pa3HOCTH MOTEHIHAIOR
Ax = Y2 — X1 €ro o0kianoK. 3apsaoM KOHACHCATOpA HA3bIRACTCS abCOIomHas Be-
JAMYMHA. PABHAS MO BEJMYMHE M MPOTHBOIOIOKHAS 10 3HAKY 3apsla KaKJI0H W3 ero
oOk1an0k. Takum 00pazom. eMKOCTE KOHACHCATOPA. ABISIOWIANCS KOYPPHUIHCHTOM 11po-
MNOPLHOHATBHOCTH MCK/LY 3apPSA0M H MOTCHLMATOM, BCCTIIA MOTOKUTEIbHA.
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PacCMOTPHM KOHTAKT METalljla HE C mummmya.nbnoﬁ KHUAKOCTBIO, a C pa36aB-
JICHHBIM pacTBOPOM 3JIEKTPOJIHUTA.

Tlorenuuan DJIEKTPOCTATUUECKOTO MOJIsA J000H CUCTEMBI paBeH CyMME 10~
TCHLHAA @, BO36y)l()IaCMOFO CcBOOO/IHBIMH 3apsjaaMi H TMOTCHLUHamNa, BO36y-
JKAAEMOTO0 3apsaaaMi CBA3aHHbIMH g,

© = Qe+ Pa (14.26)

Jnddepenumpys (14.26) no noBepxHOCTHOI MIOTHOCTH cBOGOAHOTO 3apsiaa o #°0
(T. €. B KauecTBe He3aBMCHMOMH NepeMeHHOMN 31eCh BBICTYMaeT CBOOOAHbIH cTO-
POHHHMI 3apsii MOBEPXHOCTH MeTajula; B AajibHeiiem Oynem omyckarb 3TOT
Ha/ICTPOUHBIH HHJIEKC), MOMYHaeM BbIpaKeHHe A1 00paTHOH BENHUUHBI TH(D-
depenupanbHoii emkoctu C 1 [IDC mexdasHoil rpanuust M /S, cocrosueit
W3 JIBYX HacTeH — WIEKTPOHHON H JAMMOIbLHOI:

B _dve L Aot yay o =07t 405 (14.27)
do do do
YTO, B NMPHHLHTIE, SKBHBAIEHTHO MOJIEJTH MOCJIEA0BATENILHO COE/AHHEHHBIX KOH-
JEHCATOPOB, HECMOTPS HA TO, YTO 3/I€Ch HE 3aJI0KEHO Kakoil Obl TO HU ObLIO
mozenu crpoenust I2C.
3anuiuem BbIpaKEHHE JJ151 EMKOCTH 31eKTpoHHOH vacTu [IDC B BUAE

= doe _ doe dz _ pe Zs (14.28)
dAx dz dAx oe 4w

(30ech pe W 0. COOTBETCTBEHHO 0OBEMHAS W MOBEPXHOCTHASA MIOTHOCTH CBO-
6oanoro 3apsana). M3 (14.28) u (14.18) cpasy cienyer, 4To

_gs (1-aw)?

= _ 14.29
47 Rpp (rl —tg (5) ( )

€

N3 ypasnenus (14.29) BUAHO, 4TO MO Mepe YBEJIHUEHNS OTPULATENbHOTO 3apsaaa
MOBEPXHOCTH METAJIA, MO/IBEJICHHOTO OT BHEIIHE i aTapen, eMKOCTb €KTPOH-
Ho#t yactn J[DC HecKONbKO YMEHbIUAETCS, XOTS W HE OYEHb CYLIECTBEHHO (32
cyeT yMmeHbIlleHHs tgd). B Touke HysJeBOTO 3apsiia Uil PTYTHOTO 3JieKTpoaa
B BOJIHOM PacTBOpe pa30aBlIeHHOTO IEKTPOJIHTA EMKOCTb COCTABIISIET BEIUYH-
ny C ~ 20 mrd/cm?,

Bropoe cnaraemoe B (14.27) (oOpaTHas BeMunHa eMKOCTH IHMONbHOM Yac-
i JIDC) ecTh NpOU3BO/IHAS MOTEHUNANA Qg nonisd Fy, co3paHHOro nosispuso-
BaHHBLIM BOJIM3H MOBEPXHOCTH METaJ1a BELIECTBOM, MO MOBEPXHOCTHOMY CBO-
6onHomy 3apsay do 1 MOXKET ObITh 3aMHCAHO Clleay LM 00pa3oM:

d _
e _ o1, (14.30)
do

[MoTeHuman ¢4 = ¢ 0AHOPOTHOTO AUAEKTPUKA, B MPEANOJIMKEHUH T10-
CTOSIHCTBA BHYTPH €ro oObema BekTopa nojspusaunu P, pasen

dpy = —4nPdz = =41 Y _(Nis(pis)) dz, (14.31)



14.1. Emxocme J2C 317

rne Nis v (pis) = pio th (pioE/ksT) = pio th (aF) (3necs a = pio/kpT) co-
OTBETCTBEHHO YHCJIO IHMOJIEH B e IMHHLE 00bema 1 cpeTHECTaTUCTHIeCKHIT K-
TMOJIbHBIH MOMEHT €JMHUYHOI YaCTHLbI ¢-I'0 COPTA, PACCHNUTLIBAEMbIil HA OCHOBE
CTATHCTHYECKOIT MEXaHHKH C YHETOM MPOCTPAHCTBEHHOTO KBAHTOBAHMS.

[110THOCTb CBSI3AHHOTO 3apsijia BHYTPH AMdIEKTpHKa 0" = o4 = —P,
(P, — HOpMaJibHas ciaratolas BeKTopa nojspu3auni) 1 aas GHHApHOTO pas-
0aBieHHOrO pacTBOpa

7d0‘d: dP = (1(.’7V| fapls) + d(i\r‘lsp".)s)) =
= Nogd(pas)+(pas)dNas x d(Nagpas). (14.32)

INockonbky KOHLEHTPALIMsT pacTBOPHTENSl B TAKOM PacTBOPE NMPAKTHUECKH He
MEHSeTCA, MO/KHO paccMaTpHBaTh PacTBOPHTENb KaK KOHTHHYYM C MOCTOSHHON
JUNIEKTPHUECKOH MPOHULIAEMOCTBIO, @ BCE M3MEHEHHs, NPOUCXOASIILHE B CH-
CTeMe, OTHOCHTh TOJILKO Ha cUeT pacTBopeHHoro Bemectra. C yuetom (14.31)n
(14.32) o6parnas Beauuuna (14.30) MmoxeT ObITh BbIpaiKeHa TakK:

do  do doy ~dog __ g  dNag - g d{pas)

47 Nos  dz Im{po2) dz

= 5 . (14.33)
dpy dog dog dpg

do o~
31ech MPHHATO, YTO — A £ = const, T. €. npeacTasiseT d3pdekTHBHY 10 An-
d

a4
AEKTPHUECKYIO NPOHHLAEMOCTh, YCPEAHEHHYHO M0 BCEMY AHMMOJIbHOMY CIIOHO,
XOTSl, CTPOTO TOBOPS, B HEOJIHOPOTHOM JIMMOJILHOM clioe, chopMHpOBaBIIEMCS
BOJIM3H MOBEPXHOCTH METalla, HEOOXOAUMO PEeLIaTh MOJIHYO CUCTEMY YpaBHe-

. dor €800 pcsoﬁ divD
HUH BJIEKTPOCTATHYECKOTrO MOJid, TaK KaK = = ——8_-_ B aalib-

do B3 peus 4w divP
HeiieM ans npocToThl OyAeM OMyCKaTh HWXKHHMH WHAEKC 2, MMes MpH 3TOM
B BUIY TOJIKO PaCTBOPEHHOE BELLECTBO.
J19 TOBEPXHOCTHO-HHAKTHBHBIX BELLECTB MOKHO MPHHATH, YTO Kazk/1as vya-
CTHLIA PACTBOPEHHOIO BELIECTBA BILIOTH A0 MOBEPXHOCTH META/UIA 3aHHUMAET

OIMH H TOT ke 0ObeM B Buae kyda ¢ pebpom z. Torna dNg/dz = 3N u
g N 35 Ar
__E AN NI (14.34)
4nNs dz A
[Tpoussoanyio d(ps)/dz npeacraBum kak
d{ps) — d{ps) @ — —47Td<ps> eN; exp pos th (aB)E ) (14.35)
dz dE dz dE kgT
[To 3aK0HaM 3JEKTPOCTATHKH
5 cBas .
4B _ g do™™ e _
dz dz

poth(aE)E
A‘BT
rae p" = Nye — 00beMHas MIOTHOCTb CBA3AHHOIO 3apsiia, NPeACTaBIeHHOTO
JIUIOJISIMU PacTBOPEHHOIO BELLECTBA, ONUCbIBAETCS pacnpeneieniem bonbuma-
Ha Ny = Ny, exp (=Uq/ksT). (3nech Ng 1 Nos — COOTBETCTBEHHO MIIOTHOCTD
MOJISIPH30BAHHbLIX YACTHULL U [UNIOTHOCTD BelecTBa B 00beMe pacTBOpa).

= —4mweNg exp ( ) = —4reNyexp (aE)?, (14.36)




318 . 14. Dnexmponno-cmamucmuyeckas mooeis JJ3C

IMpu 3TOM NpenosiaraeTest, 4TO NOTEHUMAIbHASL SHEPIUST AUTIONbHOI YacTH-
Upl B 3ieKkTprueckoM nosie cut (npu poE < kpT)
p(JE E — _p%Ez
kBT .‘\’BT
IMocne noncranoBku Bolpakenus (14.35) B (14.33) ¢ yuetoMm TOrO,
dthald
Y10 ——— =

Uy = —poth (14.37)

Bropoe crnaraemoe B (14.33) Oyet UMeTh BT,

dE  ch2aE
~PO0s s X E)? ~PO0s s 20x E)?
Epo eNy exp (aF) :Epo eNgs 20xp (aF) ) (14.38)
kpT  th(aE)ch?(aF) kpT sh(2aF)

OKoHYaTeJIbHOE BBIPpAKEHUE NJIsS1 EMKOCTH JIUMOJbHOM yacTu TENEPb MOXKHO
3anucarb KaxK

C do 33’.7\’&5/3 —E pos eNos 2exp (aFE)?
0= = g .

d&pd A kBT Sh(?.a]?)
e 2
Oynkuust U(E) = 2exp (aB)”
sh(2aF)
MyM npH a S = 1. U3MeHeHHe HanpsiKeHHOCTH nosist 2 MPUBOJIMT K HECHMMET-
PUUYHOMY BO3pacTaHUIO 3TOM GyHKLUMM 10 00 CTOPOHbI OT MUHUMYMa.

KauecTBEHHO TOT pe3y/bTaT CoracyeTces ¢ IKkcrnepuMeHTom. B 3aBucumo-
CTH OT AHMONLHOTO MOMEHTa Pgs M MIOTHOCTH Nog (T.€. MPHUPOALI PacTBO-
PEHHOr0 BelecTBa) NPOHCXOAHT CMELIEHHE MOTEH Hana TOUKH MHHUMYMA, T0-
ckonbky —dp = Fdz = 4nNy(ps)dz. YBenuueHue TeMneparypbl noHWKaeT
€MKOCTh JIUMOJIbHOM YacTH, YTO TaK/Ke COMacyeTcs ¢ IKCnepHMeHToM. B kaue-
CTBE WUIOCTpaLuK Ha puc. 14.3 npencrapieHbl pe3y/bTaTbl pacyeTa eMKOCTH
I5C 0,01 M pactBopa AHMOILHOTO BELIECTRA ¢ pos = 1D. INpunrsaro, uro C,
(Ao = 0) = 30 mx®/em? u (dC, /do) ag—o = 2,5 MkD/MKKI1.

OTMeTHM 37eCh BaXHbIH (H3HYECKHI pe3yabtar 3toro adaimsa. [lo-
TEHLMA/ HYJIEBOTO 3apsiia, KOTOPbIi 00bIYHO ONpeIeNseTcs N0 MUHUMYMY AH(-
(hepeHLNaNbLHON €eMKOCTH NP pa3daBieHHH PacTBOpPa, COOTBETCTRYET OMNpesie-
JIEHHOH (He HyNeBOi) HanpskeHHOCTH noJsis £, 3Hak KOTOpoii npu nepexone
yepes TOYKY MUHHMYyMa He MeHsAeTCs. DTa HaMpsKeHHOCTh 3aBUCHT OT MPUpPO-
JIbl PACTBOPEHHBIX YACTHLL HEPE3 UX AHIMONbHBIE MOMEHTbI P

M3 (14.33) cnenyeT, 4To s He3apsAKEHHOI MOBEPXHOCTH B pa3daBIeHHbIX
pactBopax (npu ¢ < 0,01 M, koria BTopbiM cnaraembiM B (14.33) MokHO npe-
HeOpeub) 3aBUCHMOCTh JTHMOMLHOM €MKOCTH OT KOHUEHTPALUHH PacTBOPEHHOH
cosn Bblpaxkaercs (hopmysioi

~Ar1/3 —1/3
= % WIH Cd_l e %
A 3&

(14.39)

BO BTOpOM ciiaraemom (14.39) nmeet MuHu-

(14.40)
B 3T0M ciyuae 3aBHCHMOCTb H3MepeHHoii oGparHoii emkoctn C ! ot e~ 1/3
JOJUKHA ObITh MPAMOI € TAHIEHCOM YIJia HaKJIOHa, paBHBIM 47 /32,

Ha puc. 14.4 nanecennl 00paTHbIe BETHIHHBI H3MepeHHOH HH(depeHranb-
HOM eMkocTH J[DC pTyTHOTO KamneslbHOrO He3apsAKeHHOTO AIEKTPO/Ia B BOJHBIX

pacrtopax coneii NaF, KCI, NaCIOy kak ¢yHkumu N(;sl/3.
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C, Mr®d / cm? C™'10%, em?/ D
35 1 0,5 -
30 F 0.4
25 F 0.3
20 _ 0’2 .
15 + 0,1 -
10 ' ' | L 0 | I I
2 0 -2 -4 0,1 0,2 0,3
Ao, MrKn/em? N~"3105, em

Puc. 14.3. Paccumrannas 3aBucumocts  Puc. 14.4. Tpaduk 3asucumoctu C~' or
C =CecCa/(Ce + Ca) o1 A NIOTHOCTH PACTROPEHHOM conn N~1/3

W3 pucyHka BHAHO, YTO 3Ta 3aBUCHMOCTb MMEET MPAMOJMHEHbI Xapakrep
NPUMEPHO 10 KOHUEHTpawuu ~ 5 - 107 M B cootetcTBuM ¢ pyHKkupen C 1 =
= f(c=%) popmynsi (14.40). Tanrenc yriia HakIOHa (BbIYHCICHHbII 10 METOLY
HauMeHbiuX kpaaparo) AC ' /Ac™ /3 x 0, 168 naeT BO3MOKHOCTh OLIEHHTD
OHAIEKTPHUYECKYIO (YHKLHMIO, KOTOPas M3 3THX JaHHbIX paBHa £ &2 25.

3ametum, 4to Teopus ['yu—YenmeHa Mpu UCMONb30BAHUM TeX K€ dKCIIe-
PHMEHTAJIbHBIX JAHHBIX MPHUBOAMT K AHIJICKTPHUECKOH MPOHHLAEMOCTH And-
(y3Horo cnost € = 129 B BogHOM pacTBOpe, H ~ 60 B TUICHIIHKONIEBOM, UTO
SIBHO MPOTHBOPEUHT PeajbHOCTH, IOCKOIbKY £, B 06beMe Boabl cocTapset 80,
a srunennikons — 40, 7.

14.2. TloBepXHOCTHAN YHEPIHA

IToBepXHOCTHOE HATAKEHHE KHAKOCTH H3MepseTcss cBOOOMHON IHepruei
ee MOBEPXHOCTH, OTHECEHHON K eanHuue muow@and. [ToBepxHOCTHAs 3Heprus
BKJTIOYAET B ce0A NIEKTPOCTATHUECKYHD, KHHETHUECKYIO, OOMEHHYIO, rpajiu-
EHTHYIO M KOPPEJIILHOHHYIO dHEpruu. J[0 CUX MOp He CYLIECTBYET €AMHOro
MHEHHS OTHOCHTENBHO BKJIA/Ia Ka/K/IOT0 M3 ITHX ClIaraeMblX, OJHAKO H3BECTHO,
YTO OT BHELIHEro NoJjs 3aBHCHT JIMILUbL KyJOHOBCKAs COCTaBIISIOLIAsA MMOBEPX-
HOCTHOH 3Hepruu. T1oaTomMy onpaBraHHbIM SABISETCS BO3MOMNCHOCTbL MOKa3aTh
3aBHCHMOCThL H3MEHEHHS EKTPOCTATHUECKOH YaCTH MOBEPXHOCTHOTO HATSIKE-
HUSA OT BHELHEro nojs. JUis AHAKOro merasiia (Hanpumep, pTyTH B KOHTaK-
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T€ C PacTBOPOM JIEKTPOIHTA) MOBEPXHOCTHOE HATSKEHHE JIErKO M3MEPUMO,
a ero 3aBHCUMOCTL OT BHELLHETO 3apsaa WK MOTeHLHa a BhlpakaeTcs (popmy-
noit (11.43).

J1s MoJesH O/THOPOIHOTO 3AEKTPOHHOTO rasa, MPHHATOH B HalleM pac-
CMOTPEHHH, IEKTPOCTATHUECKAS YACTh NOBEPXHOCTHOMH IHEPTHH (HATAMKEHMS)
Oyznet HMeTh clle YOI BUAL

o0

Y = Ymax — J /\('J)[’I’L(Z) - n+(z)] dz. (14.41)

—00

IMoncrasnss B (14.41) pacnpenenenus (14.2) u (14.3) u ero napamerpsi (14.8)
u (14.9), nonyuuM ypaBHeHHE 3aBHCHMOCTH MOBEPXHOCTHOIO HATSKEHUS! OT
BHelHero nosis. OJHaKo nojayyaeMoe TakKuM 0o0pa3oM ypaBHEHHE JI0BOJBHO
rPOMO3/KO, MOITOMY 3anuiiemM ero B Gosiee npoctoil Gopme B BHAE H3MEHe-
HHS 3MIEKTPHYECKOi IHePriHH KOHAEHCATOpa ¢ COCPENOTOUEHHBIMH 00KIaAKaMu:

AY = Ymax — %AXM ~9 Ao, (14.42)

31ech AY = Ymax — Yos» AT = Osey — T pemn — COOTBETCTBEHHO MOBEPX-
HOCTHOE HATS’KEHHE B TOUKE 3JIEKTPOKAMHIIISIPHOIO MAKCHMYMa H 