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YPABHEHHWE HUCXOOSIWEW BETBH AHOOHOIO NMUKA U BPEMS
BbIXOJA METAJIJIA U3 CTALHOHAPHOIO PTYTHOTIO
KANEJbHOIO 3JIEKTPOJA

B. E. TOPOIOBLIX

(HPEILCTaBJIEHa Hay4HO- METOIIH‘{ECKHM CEMHHEPOM XHMHKO-TEXHOJOTHILCKOro

q)akymnera)

B Merofe aMaJbraMHOH HOMApOrpadHu C HAKOMJCHHEM Ha CTallHOHap-
HOM PTYTHOM 3JIEKTPOJe KHHeTHuecKas (BOCXORsAIlas) Be1Bb aHOAHOIO MHKa
CONEPKUT B cele HH(MOPMALHUIO O KAYECTBEHHOM H KOJIHYECTBEHHOM COCTaBe
ananusupyemoro pactsopa. Hucxogsiuay BeTBb MuKa no CBOeH Npupole fB-
nsietcst IHGGYSHOHHOM, HCKaxaeT GIM3KO PacrofIOXeHHEe NUKH W CHH)KaeT
paspemaionyo cnocofHocTb MeToAa. B HacTosiieit paGorte maetcs BbiBOl
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Puc. 1. Anonanit 6pockoBbiii
TOK ¥ aHOLHBIH MUK. £ —Bpe-

MA  JIOCTHXEHHd NOTeHUMana
1HKa, {p—navano 6pockoBoro
TOKa.

®uxa aas chepuyeckoir n

ypaBHeHHUs] HUCXOAsilieli BeTBH MUKAa M paccMmaT-
puBatoTcsl HAaKTOPDI, BAUAIOIIAE HA €€ KPYTH3HY.

M3 ypaBHenust anopHoro mnuka [l] caepyer,
YTO B HENOCPEeJCTBEHHOR GJM30CTH 3a BepIUIHHOM
nuka (npu t=t’, puc. 1) KoHUeHTpalUHs aTOMOB
MeTamIa BJH3H NOBEPXHOCTH 3JIEKTPOJa CTaHO-
BUTCH OJH3KOHR K HYJIO, C/eqOBaTeNbHO, B AaJh-
HeflllleM Mpolece cfaja ToKa DApelessieTcs ToMb-
KO 3aKOHaMu cepuyeckoit AMpPy3uu U3 3aMKHY-
Toro o6vema. Ecmy co31aTh Takue ycJAOBHSA, 4TO-
6bl B Ha4aJbHEIH MOMEHT BPEMEHH KOHHEHTpaLUs
MeTaja y MOBEPXHOCTH 3/1eKTPOAa cpasy paBH-
J1ach HYJI0, TO BOSHIKAIOUKA npy 3ToM «Gpocko-
Bbid» TOK OY/JeT COBMA1aTh C HUCXOASIEH BETBLIO
IIHKa, HauMHas ¢ MOMeHTa BpeMeHu ¢’ (puc, ).
Haitnenm ypaBHenne GPOCKOBCIO TOKa Ha CTaumo-
HapHbI PTYTHLIH KaneaeHblH 3JekTpoa. Jas
3TOr0 HeoOXOAHMMO pEIIHTb BTOPOE YpaBHEHHE
HpPysuq.

OCR(r. 1) PCr(r,t) | 2 dCq(r,t)
— R D =R E 2 LR
ot R( or? + r or ) 0
Inpu CJIe,ZLYPOU_LHX HAYaJbHEIX H I‘paHI/IquIX YCJA0OBHAX:
t=0, 0<r<R, Cr(r,0)=C}, )
t>0, r=R, Ci(R =0, | (2)
(>0, r=0, 1im<Cend _4 [
r—0 ar )
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Tie R — paguyc 3JeKkTpoja,
Dg — xosppuunent audpdysun MeTasna B amaabrame,
CY, — Hava/ibHass KOHLEHTDAUHU# MeTalJa B CTal. p.K.3.

Pewenune xpaesoit sazauu (1) w (2) naer pacmpeneseHHe KOHUEHT-
papud MeTaJla BHYTPM CTall. p. K.3. (2).

' sin mr[% \D ;
Calr, ) =203 & E( st —exp| e K] @
nw R?
U3 ypasrenus (3) creayer, 4To OPOCKOBHE TOK Ha CTall. p.K.3.
paseH [7]
22FC%SD . DR!
j= T RTRONY e 2 (4)
R 1 |

rae S —maowajib 3JeKTpoja.

YuuTeiBasg, YTO HHMCXOJALLAA  BETBb AHOJHOrO MNUKa OyJAeT MHOAYH-
HATLCS ypaBHEHHIO (4) ¢ MOMEHTa BpeMeHHM {={' ¥ UYTO HAYA/JOM OTCUETA
BpeMeHH JJs OPOCKOBOTO TOKA #ABJAAETCS MOMEHT BpPEMEeHH, paBHHIf

t =, NOJYYHM OKOHYATEJbHOE BHIPAXKEHHE JJf nmb(pysmmﬂon BeTBH
NUKa:

Lgpex, = —

22FCOSD 2R
VR REe ( )»R’_ (t—ty) 5)

R

n=1

npu £ >t
Ilpu 3Hayenusx Oe3pasMepHOro -nmapameTpa k=9R—(t — ) >0,11
& ypaBHeHHY (5) MOMHO OTPAHHYHTHCH NEPBHIM UJIEHOM pPsiid

22FCgSDg “’li'ze

(t—to)

innex, — '“'_'R—_ e R ’ (6)

N3 ypaBuenu#t (D) u (6) ciaenyer, yTO HHCXOAsILLAas BeTBb CIIafiaeT TEM
-OplcTpee, yeM OoJdblle. KO3G@HIHEHT IHPPY3HH MeTaana B PTYTH H YeM
MeHbllle paJHyc cTal.p.K.3. [lostomy yBeanuenHe pajuyca cral.p.K.3. NIPUBO-
AHUT K YBEJAHYEHHUIO WHDHHBI MOJIYIUKA H YXYAUIACT pasperuaiollyio crnocos-
HOCTh MeTOJa aMaJabraMHOi nojasgporpaHu ¢ HaKONJIeHHEM.

B cayuae nosny6GeckoHeuHoll qHPPY3UH TOK Ha CTaLlHOHaprIId chepuye-

ckui anekTpoa (npu C° ==0) obpaTHO NpoONOpUHOHAJEH KOPHIO KBafpaTHO-
MY 43 BpemeHu [3]:
1 1)
i =2FC)SD)| —— +—> 7
(l/ Dywt + R ) (7)

rtae C§— Haua/JpHas KOHLEHTPAILMs HOHOB METAJJa B PacTBOpE;
D — K03( puument Auddy3ud HOHOB MeTanaa B pacTBOpeE.

AHaJIHS ypaBHeHdu# (5) u (7) no3BoJsieT cleaTh psj BAaXKHBIX B NPakK-
THYECKOM OTHOIIEHHH BbIBOAOB: AH((HY3HOHHAS] BETBb AHOAHOTO MHKA B YC-
JIOBHSIX aMmaJibraMHOH mosisporpauy ¢ HAaKOHJIEHHEM CnajaeT ropasio Obl-
cTpee W, CJAeAOBATe/]bHO, 3aHHMaeT MeHbLUYIO0 o6JacTh MOTEHHHAJOB, UeM
aHaJlor{yHasi BeTBL KaTOJQHOro nuka. Bedepcrsre 3T0ro 6/M3KHe MO MOTEH-
‘IlHaJaM aHOJHbIe MHKH MeHbIle HCKAaXKaloTCeA BAMSHHEM. LPEAbIIYIIero NHKa,

- 51



P

YTO MOBHIMIAET pa3peualyio cnocoGHOCTb MeTofa. IHBIMH cll0BaMH, OTHO-
UleHHe «CHrHaJ — NIoMexa» B aMaJ/iblaMHOH moasiporpadHu Bhiliie, YeM B OC-
vuanorpacduueckoin®). C poctom panmyca sJsexktpoaa AMDPy3HOHHAs BETBb
aHOJHOrO MHKA CTAaHOBUTCS OoJiee NOJNOroft ¥, KpOMe TOTO, KH3-3a YBeJUYeHHH
o6beMa: 37eKTPojia CHAbHO Manaer Koddduuuent nakomiaenus [4]. M3 Bcero
BbILISCKA3aHHOrO CTAHOBHTCS SICHBIM, NIOYEMY PTYTHBIE 3JEKTPOJB C 601bILOH
noBepxHocThio («pool—electrode») ne HalM LIHPOKOrO NpHUMEHEHHst B 00-
JIaCTH yJAbTPaMHKPOAHAJH3a.

_ B [5] onbiTHBIM nyTem ObliIo HaHAEHO, UTO BpPeMs IIDJHOIO OKHCJEHHs
MeTaJjl1a U3 cTaill. p.K.3. He npesblwaer 10 MUHYT. DTOT PaKT NO3BOJHI ABTO-
paM chopMyJHPOBATH YCJAOBHSA CheMKH HECKOJbKHX MOJApOrpaMM H3 OAHOH
H TOH e KanJje 6e3 ee 3aMendl. [lpeacrasiaser HuTepec 1€0peTHYECKOe PaAC-
CMOTpeHHe 3TOro Bonpoca ¢ vueToM And¢V3HOHHOTO xapaxrepa HHUCXOAAMLIEH
BETBH aHOAHOrO NHUKa.

Tounoe ananuTHYECKOE BHIpa’KeHHe AJ BPeMEHH BHIXOAA ONpeeJenHoH
O MeTaJsia M3 CTan. p.K.3. B aHOJHOM ILHKJIEe MOXKHO MOJYYHTBh TOJBKO
B TOM cJayudae, ecjld H3BECTHO ypaBHeHMe 3yOua. [leficTBUTeNbHO, ecliH HaM
H3BECTHA B SIBHOM BH/Ie 3aBHCHMOCTh aHOJHOIO TOKa OoT BpemeHu i==f (f),
TO KOJIHYeCTBO MeTaJjljla, nepele/llero 43 crau. p.K.3. B pacTBOp, paBHO

t
m(t)_:.ifi(r)dz_,
2F
0

(8)

rae A —arToMHBIA BeCc MeTaJa. :

StoT cnocol, OAHAKO, HEYAOGEH H3-3a TPOMO3NKOCTH ypaBHEHHH 3Y0-
ua [1]. B npakthueckoii paGoTe A0CTATOUHO 3HATH BEPXHHil NMPeles BPEeMeHH,
noc/ie KOTOPOro B Kailjie ocTakercs He 6osee 1—3% Mmeranana. Dto gaet Bo3-
MOXKHOCTb HaH1H 3aBUCHMOCTb NMPOLEHTA BBIXOAA MeTa/ia U3 KAIWIH OT Bpe-
Me€HH B yA00HO#H A/ pacueToB ¢opme.

H3 puc.. | BHAHO, 4TO pa3sHOCTb BpeMeH TOJHOTO BHIXOAAa MeTaj/a M3
CTall. p.K.3. MPH CHATHH AaHOAHOrO NMHKAa U GPOCKOBOro TOKa paBha fp. [lo-
CKOJMIbKY 3Ta DAa3sHOCTb HeBeJHKa (NPH CKOGOCTH H3MEHEHMs MNOTeHHHAJ a
w =400 m8/mur ona He npepsiinaer 15—20 cex), TO LA NPUOAUKEHHBIX
pacueToB Mbl MOXKeM elo npeHebpedb U CYUTATb, UTO BPEMS MOJIHOTO BbIXOAA
MeTaIa NpH CbeMKe 3yOla B BpeMs IOJHOTO BbIXOAA MPH CHATHH GPOCKOBO-
ro TOKa paBHH MeXAy co6oii. B Tounbx pacuerax HeoGXOAMMO YUHTHIBATb
BeJIM4HHY [y,

Hs ypaBuenus (4) nyteM HHTErpupOBaHHs JIETKO NCJAYYHTDH CJeyiollee
BhIpaXkeHde JJisl I0JH MeTaJjijla, OCTABIHEHCH B Kamje K MOMEHTY BpPeMeHH f:.

6\ 1. D |
=2 X Fexp (—mw 5L @

npHyeM 0 <1,
Dpt
Tpu -—;—}O,ll ypaBHeHHe (9) ynpouaercs

6 Dpt
n:q-t-z—exp(wﬂz - ) (10)
Pewas (10) OTHOCHTE/JBHO BPEMEHH, HOJAYUYHM OKOHYATEJALHO
2,3R? 6
L= —"—"—-Ig —. (11)
2 DR w2 Y|

*) B ocuumnorpaduyeckofi nonsporpagHu NPUMEHSIOT BHICOKH2. CKOPOCTH H3MEHEHHS
NOTEHUHANAR, [IOPAAKA HECKOAbKHX 80/bT/Cex, W BCIEACTBHE 3TOro HHCXOAALLAS BeTBb NHKa
OMMCHLIBAETCS YPaBHEHHEM A1 nony6eckoneuHol Auddysuu,
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Hs (11) caenyer, uro Bpemsi:Bbixo%a OUpefeNeHHON ROJMH MeTajia H3
‘CTall. p.K.9. 3aBHCHT OT PaiHyCa Kalu, Kosqmcpnllema nuddysuu atoMos
MeTasa B amajbraMe M He 3aBHCHT OT HayaJlbHOH ‘KOHLEHTPALMH MeTaj)a
B Kamie. Ecan nonoxuts R =10,04 ¢, Dy =1.10-5 cm?/cex, 1o 99% me-
Tan1a nepefifier B pactBop 3a 70 cex. OnbIT NOATBEPKAAET STOT TEOpETHUE-
CKHi1 BLIBOJ [6]. '

B sakiiiouenue ¢yuTaeM CBOMM JOJIOM BHIPa3uThb GJarofgapHoCTh npod.
AT. CrpomGepry 3a DA LUEHHBIX 3aMeYaHHH NDH NOATOTOBKE DYKOMHCH
K eyaTy.

BoiBoab .

1. BoiBeieHbl ypaBHeEHs JJIa HCXOAAIIEH BeTBH aHOAHOTO TIHKA H BpeMe-
HH TOJIHOTO BhIXOLA MeTa/ljJa H3 CTallHOHAPHOLO PTYTHOTO KaleabHOTo
3/eKTPOAA. ' ' ‘

2. PaccmoTpens! ¢akTopbl, BJAHAIONME HA KPYTH3HY HHCXOASAMIeH BeTBH
TTHKA U BpeMsl BbIXO/ia MeTa/la n3-Cral. p.K.3. :
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