N3BECTUYI

TOMCKOI'O OPJEHA OKTJBPbLCKOM PEBOJIIOLIMU U OPJEHA -TPYIOBOIrO
KPACHOI'O 3HAMEHU MOJIMTEXHHMYECKOI'O MHCTUTYTA um. C. M. KMPOBA

Tom 250 1978

TEOPHUA AMAJIbTAMHOM NOJIAPOIPA®HH C HAKOIJIEHHEM
(ANNIH) HA CTALLUOHAPHDBIX PTYTHbIX 3JEKTPOJAX.
OBPATHMBIE MPOLECCHI. COOBUIEHHUE 1. BBIBOJ bl

FPAHUYHOTO YCJIOBHUS OJis1 CJIYHYASS HECUMMETPHUYHOM
AN®PPY3HUHU HA PTYTHOM INIEHOYHOM IJIEKTPOLE

b .®. HA3APOB, B. A. HEMOB
(ITpencraBieHa HaydHO-METOAHUECKHM CEMHHAPOM XUMHKO-TEXHOJIOTHUECKOro (aKyabreTa)

Teopus 06paTHMBIX aHOAHBIX NHKOB Ha PTYTHBIX CTAUHOHAPHBIX 3Je€K-
TPOJAX PasBHuTa B pPAje CTaTel, HAUOO/bIUNI HHTEPEC H3 KOTOPLIX /IS MeTo-
na AITH npexcrasnsior pa6orer [1—8]. Tak, Pefiumyc moxasan [1], uto
BHJ ypaBHEHHs, CBS3bIBAIOILETO MeXAY Co0OH TOK M NOTEHLHAJS B MeTole
ATTH, 3aBucut or BHI6OpPA TIPAHMYHOrO YCJOBHSI Ha TOBEPXHOCTH pasjena
3J1eKTPOJ — PacTBOP. ABTOP NPEAJOKHUI B KadeCTBe TAKOr0 FPAHUYHOIO yo-
JIOBHSI IPM ONHCAHUU JU(PPY3HOHHBIX IPOLECCOB HA MJIEHOYHOM H KalleIbHOM
OrpaHUYEHHBIX 3JIEKTPOAAX HCIOJb30BATh YC/AOBHE pAaBEHCTBA CYMM KOH-
LIeHTPALMH OKHCJEHHOU H BOCCTAHOBJEHHOH (POPM BellecTBa Yy MOBEPXHOCTH
3JE€KTPOZA, C OJHOH CTOPOHBH, U B TJayOHHE pacTBOpa ¥ aMaJjbraMbl —
¢ LpYyro#. ¥cjoBHe 3TO 3alHCHIBAeTCs B BHAE:

DFCr (I, t) +Di?C, (I, t) = D¥’C» - D¥C), (1)

rae Dy n Dp — xospduiuentsr nuddysHu OKHUCICHHOH M BOCCTAHOBJEHHOM
GOPM 3JTeKTPOXHMHUYECKH AKTHBHOI'O BEIECTBA COOTBETCTBEHHO;

C(l, t) — KOHIEHTPAIMs Y MOBEPXHOCTH 3JEKTPOAA;

Cy — KOHLIEHTpallus B T1yOHHe pacTBOpa MM aMaJbraMbl. Kak nokasa-
no Illesunkom [9], ycinosue (1) cTporo BHIMOJHSETCS JHIIb AJS1 CHMMETPHY-
HOU 10J1y6eCKOHeYHOH n1uddy3uu, T. €. AJs caydasi, KOr1a U TONIIKHHA PTYTH,
H TOJUIHHA PacTBOPa AOCTATOYHO BeJHKH. PeHHMyc oTMeTHJ, uTO ycio-
Bue (1) sdBysercs NPHOMHIKEHHBIM B CJAyYac HECHMMETPUUHO[ (OrpaHHueH-
HO-110/1y GeCKOHEYHON MJIH I10J1y6eCKOHEUHO-OIPAHHUEHHON) nudQy3uH, <«HO
NPHOJIHKEHHE 3TO B HEKOTOPHIX CJIyYasX JOCTATOUHO Xxopolees [1].

Peiiumyc, a 3atem Hroaunckuit u I'oponoseix [5, 6] npumeHuau yeiao-
BHe (1) maa pelleHus KpaeBoH 3agayll HeCHMMETPHYHOH nuddysuu B me-
HOUHOM H Kale/JbHOM PTYTHBIX 3JeKTponax. [To3Hee olHUM U3 aBTOPOB 3Toil
paGoThl GBIIO TIOKa3aHO, YTO IpaHHYHOE ycaoBHe (1) CTPOrO cHpaBesTuBo
TaKKe B CIyyae CHMMeTPUUYHOH orpannuenHoi auddysuu [7]. Tax, mo cHx
TOp He HalileHO IPaHUYHOE YCJIOBHE, CTPOrO OMHUCHIBAKOIIEe HECHMMETPHUHYIO
1uddysuo, T03TOMY LeJb HacTosmed pabGoThl 3aK/H0YaJach B BbISCHEHHH
BO3MOXKHOCTH MOJYYEHH TPAaHHYHOTO YCJIOBHSA, CTPOTO CHPABELJIHUBOrO A
HECUMMEeTPHYHOH TP PY3HH.

Kpaesasg necumMerpuuHas nud¢y3HoHHAsd 3amava Oblga IOCTABJEHA
caenyomuM o6pasoM. Paccmarpupasics o6paTHMBII 3JeKTPOJIHBIH NMpPOILece -
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0e3 yyeTa KHHETHYECKHX OCJOXKHEHHI B pacTBOpe W aMaJjbrame. Pemasnaco
CHCTeMa YpaBHEeHUH

0Cy (¥47) =D, 9°C, (2}’1t) : JCg (%47) = Da- 0°Cg (x,2) (3)
ot dy ot 0x?
¢ mauaabHeiMu (¢ = 0) Cg (%,0) = Ch; C, (Y, 0) = o
4
1 rpaErdHbIME (> 0) 0<Cx <O Ky < @
2) De- 262D | g,
dx x=0
6) Him C, (y,t) = C;
y-+00
5) Dy- OCO;(y,t) — Dp- 0Cp (x,t) :
dy y=1I ox x=1

f) Cy(1,£) =0-Cr(l, 1)

yCIOBUSIMH, 31ech Cr (¥, ) H Co(y, t) 03HAUYAIOT KOHIEHTPALHMIO BellecTBa R
unu O B pasjuuHble NIPOMEXKYTKH BpPEeMeHHM M Ha Pas3jUYHOM yAa/deHHH OT
II0OBEPXHOCTH pasjesia 3JeKTPOA—pPacTBOp. YcaosHe (4) Xapakrepusyer
pacnpezenenne Beniectsa R u O mepex HauasoMm npoitecca. I'pannytoe ycio-
pue (ba) ykazwpiBaeT Ha HENPOHHILAEMOCThb JJId [10TOKA TOAJMOXKKH IJICHOU-
HOro 3JeKTpoga. Ycaosue (5,0) moxaseiBaeT, UTO KOHIEHTpAIMUA BELIECTBA
NOCTOSIHHA LPYM GECKCHEYHOM yIaJeHHH OT NOBEPXHOCTH 3JIeKTPOAA. ¥YCJIo-
sae (5,B) ONHCHIBAeT PaBeHCTBO NOTOKOB BemecTs O m R Ha MOBEPXHOCTH
asekTpona. Ycaosue (5,T) cnpaBel/IHBO TOJIbKO A OOPATHMBIX NMPOLECCOB
H TpejcTaB/seT cO60H BUION3MEHEHHYIO 3alHCh ypaBHeHHa Hepucra. B aTom
yeaoeun © — Ge3apasMepHblil NOTEHIHAN, IPUHUMAIOIIHA 3HAYEHHST OT HYJ
n0 Beckoneunocta. ChopmyanpoBanHas 3ajada pelliagach OMEPanHOHHBIM
MeroxoM [10]. Onyckas ne Hpenc*asnmomne HHTepPeca NPOMEKYTOUHbBIE BbI-
KJI4JKH, PellleHns ypaBHeHHH (3) MOXKHO 3aIHCaThb B BHJE BbIPaXKEHUH KQH-
ieHTpanuy BeilecT8 R 1 O Ha NOBEPXHOCTH 3JIGKTPO/a B JIOO0H MOMEHT Bpe-
MeHH ¢
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3necw & = B;‘, K—-m, IIpuueMm IK,<1,
erfc (...)—®yukuus gomomuuTenbHas K QyHKLHHE OUIHGOK. (HOBeﬂeHI/Ie 37O
¢yHKIHH MOApOGHO PpacCMOTPEHO ﬂenaxeeM [11]); n=1, 2, 3... ¥YmMHOXKaA

JaJjiee MpaBylo 4acTh W JieByIo (6) Ha D, a IpaByIo u JeBYIo 4acTh (7) Ha
D w cKIanBIBAS COOTBETCTBEHHO JeBbIe M NpaBble YacTH ypaBHenuit (6)
U (7), II0AYYMM TPAHUUHOE YCJIOBHE, CTPOTO BHIMOJHSAIONICECS B c/iaydae He-
CUMMETPHYHOH AU Py3un:
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DI Cr (L, #) + DGy (1, ¢) = DifC + DI €8 — ZHEr %
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Cpasunsasa ypaBHenus (8) u (1), MOXKHO 3aMeTHTb, YTO IEPBOE OTJIHU-
YyaeTcs OT BTOPOrO OAHHM UJEHOM, cofiepKamum cyMMy. M3 nocranoeku 3a-
Jlay¥l U aHaJjHu3a AONOJHUTENbHOIO YieHA MOXKHO 3aKAIYHTb, YTO YJEH, CO-

JepRamuii CyMMy
Kn=T.erfc ——==,
E VDR

XapakKTepu3yeT OrpaHHUYEHHOCTb PTYTHOTO IJIEHOUHOTO 3JekTpona. [eficTu-
TeJNLHO, €CJIH He YUUTHIBATh OI'PaHUUEHHOCTh, T. €, IOJOXKHTb [—co, TOTZA
MOKHO NOJYUUTb U3 (8) ycaosue (1). Ocoboe BHMMAaHHe cjeayeT o6paTHTDL
Ha TO, UTO TPaHHYHOe ycjaOBHe (8) cnpaBeUIMBO JUIS PTYTHHIX IJIEHOUHBIX
3JIEKTPOMOB ¢ J1I060H TOJNIIHHON IIEHKH. D10 ofecneuuBaercss OBICTPOI CXO-
JIMMCCTBIO K HYJIO PSJia B CJAydyae TOJCTHIX IIEHOK ([—-o0) M3-3a GHICTPOM

V Drt

Kpome TOr0o, Ha CXOLHMOCThL pSLa 3HAUUTENbLHOE BJIUSHHE OKa3hIBaeT
sBesanyuna K. UtoObl OTYYHTh aHAJIOTHYHYIO CXOLHUMOCTD Psifia B CJAydyae TOH-
KHX TJICHOK, HeoO0XO0JIUMO YUHTHIBATh GOJIbIIEE YHCAO UJIEHOB PAia.

Baxnoii 0co6eHBOCTHIO NPHBOAKMMOrO I'PAaHHYHOrO yC/I0BHs (8) sBJsieT-
Csi €r0 YHHBEPCAJbHOCTh. DTO yCJOBHE CIPABeIJIHBO KaK JJsi AHOAHBIX MPO-
ueccos, nanpumep, B Meroae AITH (rorna Ck >C¢§ u C§ MOXKHO npeHeGpeyn
no cpaBHeHmio ¢ Cg), Tak H Aag XaToxHbiX (Torma Cg NpeHebperaeM IO
cpasuennio ¢ CJ ).

B 3ak/moueHHe MOXHO OTMETHTb, UTO NPH OUYeHb OONBINIUX 3HAUYCHHAX

BpeMeHH NPOXO0KAEHHs Hpouecca rpaHdyHoe ycaorue (8) TpanchopMupyercs:
K BHLY

cxonuMocTH eric

DYE-Cr (L, £) + DY?C, (1, £) = C3DV (-‘iie—) , 9)

£0
rne ¢ =} D,/Dg.
BriBOABI

1. TTosryyeHo rpaHHyHOE YCJIOBHE, CTPOTO IPUMEHUMOE /151 HeCHMMeTPHY-
Hol nuddysun. JlanHOe YCIOBHe OTJIHYAETCsSt OT H3BECTHBIX PaHee TeM, UTO
OHO COAEPKHUT HONOJHATENbHDBIN UJeH, YUNTHBAIOIHUA OTPAHUYEHHOCTD PTYT-
HOI'oC NJEeHOYHOIr' 0 3JeKTpoaa.

2. Tloka3zaHa cunpaBeaJIHBOCTb MOJyYeHHOTO TPAHUYHOrO YCJIOBHS LIS
CTaHHOHaprIX SJTeKTpOILOB ¢ Jgro6oi TOJIHLHHOH pTyTHOI/I IIJIEHKH.

3. IlokasaHo, 4T0O I/151 OYeHb TOJICTHIX IUIEHOK, T. €. KOrjaa [—oco ycJo-
Bue (8) o6pamaeTCﬂ B TPaHHYHOE YCJIOBHE CHMMETPHUHON MOMyOeCKOHEUHOMH
IuGQysuu.

4, TTokaszaHo, 4TO NOJyYeHHOe B NaHHOH paGoTe TPaHHYHOE YCJAOBHe
CTPOTO BHITIOJIHSIETCS Kax JJs aHOAHBIX, TaK U JAJs KAaTOAHBIX 00DaTHMBIX
3JEKTPOJAHBIX NPOLECCOB.

5. TTosqyueHo yC/a0BME B Clyuae HECUMMETPUUHOH AMDDY3UH, ONMHCHIBAIO-
ee COCTOSIHHE CHCTEMBl NOCJIe NPOXOKAEHHs Npolecca Ha 3JEKTPOJe.
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