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DPUSHYECKAS XHMHS

B. H, KABAHOB, H. I'. KHCEJIEBA n 1. H. JENKHUC

ONPEAEJEHUE NOTEHUHAJIA HYJEBOI'O 3APANA
HA 3JIEKTPOIE M3 NBYOKHCH CBHHLA

(IIpedcrasaeno arademurom A. H. Ppymrunein 8 VII 1954)

[MoTeHmMan HyJeBOro 3apsiia JEeKTpoAa, T. €. NMOTEHIHaN, IPH KOTOPOM
3apsi HOHHONO JBOKHOTO CJIOSi PaBeH HYJIO, SIBJISeTCS BAaXKHON XapaKTEePHCTH-
Koi aaekTmpona. s onpenesieHHs HyJNEeBBIX TOYEK CYIIECTBYeT PSR METOMOB.
‘ONHHM H3 HHX SIBJSIETCS H3MEPEHHE EMKOCTH IBOHHOIO CJIOS IepeMeHHBIM
TokoM. DrtoT Merox Gbut npenyoxed M. A. Bopeunodt u A. H. ®pymku-
ueiM (1). T. U. Bopucosa, b. B. Opuinep u A. H. ®pymrun (?), onpenenus
HyJeBble TOUKH HA TBEPIHIX TaJVIMH, CBHHIE ¥ KaIMHH, NIOKA3aJH, YTO STOT
METOJ, IPUMEHHUM K TBEpJABIM MeTasliaM.

B Hamejt paGore Gblia cHefaHa NOMBITKA NMPHMEHHTb METON H3MEpEHHs
€MKOCTH JIBOHHOTO CJIOS IJIsl ONpPENeNIeHHs HyJIeBOH TOUKH 3JieKTpona us PbO,.
3uaune Hysaesolt Toukn PbO; cyllecrBeHHO IJIs BLIICHEHHsi MeXaHH3Ma pa-
GOTHl CBHHLIOBOTO AaKKyMyJTOPa, AKTHBHBIM MAaTePHAJIOM IOJIOXKHTEILHOrO
asiekTpofa Kotoporo sipnsercs PbO,. KpoMe TOro, mpencrasnsiio wmutepec
BBHISICHHTB, B KaKOil Mepe IBOHHOMN CJIOH OKHCHOIO 3JIKTPOJA, MMEIOLIEro Me-
TaJUIMYECKYIO IPOBOAUMOCTb, 06aajaeT CEOHCTBAMH, aHAJIOTHYHBIMA TAKOBHIM
METaJVINIeCKOro 3J1eKTpolia. AHANIOTHH MEXNY METAJUIMYECKHMH M OKHCHEIMU
5JeKTPONAMH € TOUKH 3peHHs KMHETHKHM 3JIEKTPOAHBIX IPOLECCOB yXe MpO-
pomunuce I1. J. JlykosuesbiM (3) u Ap.

VicciienoBanHe IPOM3BOAMIOCE HA TVIAJKHX 3JIEKTPOAAX, TOJNYYaBUIHXCH
AHOAHBIM OcaXkieHueM AByokHcH us pactsopa Pb(NOs). Ha riazkoit somotoi
npososiouke (*). Vamepenne eMKOCTH OCYLIECTBJSVIOCH NPH TOMOLIM HMIte-
NAHCHOH KOMIEHCAHOHHON CXeMBl. PacTBOpbl H3rOTOBJSJINCE U3 IBaMKIBI
TIepErHaHHBIX KHCJIOT U BOJBL.

Ha puc. 1 npencraBiieHbl KpuBble, H306paxalolie 3aBUCHMOCTb €MKOCTH
ABOfHOTO CJIOS OT MOTEHIHMAaa JAJs 3JEKTPOJOB M3 NBYOKHCH CBHHIA B pac-
tBopax H2SO, or 0,001 mo 0,1 # npu yacrore 500 ru. B 0,01 u 0,1 # pacrso-
pax KpHBblE WMEIOT MHHHMYM, JeXaluit npu nortexuxane 1,80 B nporus
H. B. 9. AHaJIOrHYHBEle pesysbTaTh ObLTH noJjyueHsl B pacrsopax HCIO,.

Pacxox/enue B IOJOXEHHH MHHEMYMa B PasHHIX ONHITAX He IPEBBIIIAJNO
30—50 MB. Ilpu cpaBHesun KpuBbIX, noayuexHeix B 0,1 u 0,01 # pacrso-
pax HpSO, (puc. 1), BuanO, 4TO C pasbaBieHNeM MHHHMYM CTaHOBHTCA Gogee
octpeiM. Tlpu ysesmuennn yactotsl ot 200 no 15000 ru (s 0,01 x pactsope,
cM. pHC. 2) MUHUMYM He HcyesaeT (mpu GOJBUIHX YACTOTAX PE3YJIbTATH H3Me-
peHnit B pasbaBJieHHBIX [PACTBOPAX CTAHOBATCS HeHaNeXHBIMH). AHopHas
BETBb KPUBOH €MKOCTH IPH BCeX KOHIEHTPALMAX IIOLHHMAETCs Kpyde, yem
Katomuas. Yroa casura ¢as « npu yacrorax shile 1000 ru B ClIyyae pacTso-
pos 0,1 u 0,01 # Guur Beswk (tg o=4—6), UTO yKasbiBaeT Ha OTCyTCTBHE
CYLIECTBEHHOTO BJIHMSHHS INOJNAPU3ALMOHHOR COCTABJSIOMEH HA MONyyeHHbIE
3HaueHHs eMKOCTH. Bce 5TO Mmo3BoJisieT cAeNaTh BHIBOA, UTO HafiieHHOe 3HAye-
HUe NOTeHIHaJla MHHHMYMa Ha KDHBHIX €MKOCTH B Pa3sGaBJIeHHBIX PacTEO-
pax H,SO, u HCIO,, paBuoe B cpennem 1,80 B, siBnsiercs norennumasom HyJIe-
poro 3apana PbOs. o
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¥ nosyyeHHHIX KpHBBIX MMeeTcsl psif OCOOEHHOCTedl, KOTOpble HEOGXOAUMO:
paccMoTperb. Bo-mepBbix, npH pasGaBieHHH DPACTBOPOB €MKOCTb CHJIBHO-
YMEHbBINAETCs He TOJBLKO B OOJACTH MHHUMYMa, HO W IpH IOTEHIHaJax oOT-
CTOSILIMX OT MOTEHIHasa MHHHMyMa B Kartoauyio cropony Ha 0,3—0,4 B mu
Gosee. EMKOCTb yMeHbulaeTcsl H IPH YBEJHUEHHH YacToOThl. Pambpuie 6buio-
. nokasaHo (*), uro Ha PbO; B 2 u 8 # pa-
ol crBopax H,SO, mucnepcus emkoctn ¢ ua-
CTOTO{f HCYe3aeT JIMIIb TPH BO3pacTAHUH
yacrothl Boime 30000 ru. ducnepcuio em-
KOCTH C YacTOTOH HaGJIONANH Ha TBEpIBIX
snexrpogax T. W. Bopucosa, B. B. dpuwnep
u A. H. ®pymkun (?). OHU cBsI3LIBaNH 3TO
SIBJIEHHE C HEORHOPOJHOCTBIO MOBEPXHOCTH
TBEPHOTO 3JIEeKTPOAA, NPHBOMAIIEH K HepaB-
HOMEDHOMY DpAacHpefesIeHHIO JHHHI TOKa,
JHCIePCHIO eMKOCTH ¢ 4Yactoroil (°). Crpa-
BeIJIMBOCTL TAaKOTrO IPEACTABJICHHS OBLIA
NOATBEPIKIEHA TeM, YTO NPH OILIABJIEHHH TIO--
: BEPXHOCTH 3JIEKTPOJa IMCIEPCHS yMeHbila-
. Jlack (6). IMockosbKy Hamr ajeKkrpon npen-.
: CTaBjsier COOOH 3JICKTPOJHTHUYCCKHE IOJIH-~
KPHCTa/UIMYeCKHH OCaJlOK, TO HasH4He MH-
Kpolop B HeM BHOJIHEe BeposatHo. CryraguTh
NOBEPXHOCTb TAKOIO 3JIEKTPOLA He Hpef-
CTaBJIAIOCh BO3MOXKHBIM. Hamnunme mop wu
, 3 TPEUIHH B ocallke ABYOKHCH CBHHIA ABUJIOCH,.
sk NOBUAMMOMY, NPHYHHON JHCIEPCHH €MKOCTH
¢ yacrotoii. Tak 2xKe OOGBIACHETCS TO, YTO:
, ' €MKOCTb YMeHbIUAeTcs C pa3baBiieHHeM pac-
20 15 6més) TBOPa He TOJBKO B O6GNacTH MHHEMYyMa.
Hucnepcust eMKOCTH B 3TOM CJlyuae He MO-:
Prc. 1, 500 ru. HySO,. 1—0,1 #; 3KeT 6bITh OfbsCHEHA TpoTeKaHueM KaKoro-
- 2—0,01 #;3—0,001 u IGO0 3JIEKTPOXHMHUECKOTO Tpolecca, TaK
Kax yroJs caBura (a3 B HalIHX OnbITax GBLT
BeJIHK, 6,1H30K K 90°, Torma kax Ipouecc, NpoTeKaloIUi ¢ KOHUEHTP alMOHHOM
Nossipusanueit, faer a =45° a NPOTEKAIOUIMH C IepeHanpsIKeHHeM BOBCE He
OTpaxkaercsl Ha EMKOCTH. ;
ONPENCICHHLIX YCIOBHAX MOJYYalOTCS HHbIe PE3YJILTATH B OTHOIIEHHH
casura das. B manGonee pasGapiennsix pacteopax (0,001 #) momyuyensl 3na-
ueHus tg ¢, magamomue or 2,3 1o 1,7 npu yBeiuueHuu MoTeHuHasa ot 1,4
no 1,8 B, 4T0 ykasbBaeT Ha BO3pACTAHHE JIOJH EMKOCTH, OOYCJOBJIEHHOM
KOHUCHTPALHOHHOR mossipusanueli. MIMeHHO STHM, HOBHIMMOMY, OGBACHAETCS
BTOPAsl 0COGEHHOCTL KPHBHIX eMKocTy Ha PbO;— Godtee Pe3KUi NoAbeM aHOA-,
HOHM BETBH B pasCaBJleHHBIX pacTBOpax, ueM B Gojiee KPEIKHX, i CBA3AHHBIA
C 3THM HeGOJBUIOH capur BIpaBo MoTeHuMaJga Hysgeporo sapsga B 0,001 #
pacTBope, a Takxe GoJbIIOH pocr emroctd (co 100 mo 300 pd/cm2) u cHuxke-
e gt ac 7—6 npuGimsnrensao 1O ©IMHULEl [IPH CHJIBHOH aHOXHON MOJSpH-.
Salllil B pACTBOpax Beex KOHIEHTpaLui, B ToM WHCIe 1 A. ,
JMIEKTDOXUMHYECKHM IIPOLECCOM, OGYCIOBAMBAIOIIMM KOHIEHTDALHOHHYIO:
nosspusanuio s 0,001 # pacTBoOpe, OUEBHIHO, ABJASIETCS AaHOIHOE BhIIEJEHHE:
KHCJIOpOZNa " (cM. Huxe), IpHBOJAAIIEe K YBEJNMUCHHIO KOHIEGHTPAUMH KHCJIOTHI,,
OCOGEHHO B Mukponopax PbO,. B xpenkux pacrtBopax (Hampumep 1 #) ajexk-
TPOXHMHYECKHM NpOLECCOM MOKET SIBJIATHCS BHEJIpEHHE CBEPXCTEXHOMETpPH-.
1ECKOro KHCNIOpOAa B pelnerKy, cONMPOBOXKAAIONMICECS H3MEHEHHEM n1apaMeTpoB:
KpHCTaJIHYeckol pemerkn PbO;, H  IOABEMOM CTAIMOHAPHOrO TOTeH-
mEana (7); BO3MOXKHO, uTO 8ech peub JOMKHA.HATH He TOJIBKO O BHEPEHHH:
B ELIETKY, HO 1 06 afcop6uun KMCIOpoaa. Eciu npennonoxuts, uto BHeApe-.
HHE KHCIOPOa MIAET C ONWHAKOBOR CKOPOCTHIO NPH ORMHAKOBOM nepexanps-
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JKeHHH KUCJIO0pOAa, TO JIPH YBEJIHYEHHH aKTHBHOCTH KHCJIOTH B 10 pas Havaso
KpYTOro TOAbeMa BETBH KPHBOH .eMKOCTH, OGYCJIOBJIEHHOTO BHEApEHHEM
KHCJIOPOJa, LOJIIKHO CABUIaThCsl NPUOIH3HTEIBHO HA 60 MB B IIOJIOXKHTEJILHYIO
CTOpOHY, UTO H HaOJI0JaeTcst Ha OIBITe. , : . .
Tperba ocobenHocTb a/ekrpoaa us PbO; 3aKJMI0YAETCST B TOM, YTO MCTHH-
Has BeJMYHHA €ro IOBEPXHOCTH CaMOIIPOM3BOJIBHO BOSPACTaeT BO BPEMEHH,
0COGEeHHO IPH CHJIbHOH aHOJHOH IOJISPH3alHA.
D10 BHIpaXKaercs YyBeJHUUeHHEM EeMKOCTH 6e3.  ag/n?
yMeHblileHus tg «. MexaHusM 5TOro fBJEHHs elle ;
He siCeH, MOXKHO TOJIbKO IPeAroJararb, YT0 OHO /
cBsizaHo ¢ HafyxaHueM ABYOKHCH CBUHI,- H3MeE- b
HAIOIUM ee KPHCTaJ/UIMYecKoe CTPOeHHe H.IIpH- /
BOASIIMM K YBEJHUEHHIO MCTHHHOH MOBEPXHOCTH. /
VaMepennst eMKOCTH NPOH3BOLHIHCH CDaBHU- /
TeJIbHO GBICTPO, B 06JacTM MHHHMyMa OHH IIpO- \ad
nomxanuch aumb 5—10 mun. Ecan uamepenns 0F
IPOBOUT 3HAUHTEJbHO MeJJICHHEe HIH COBEp-
[aTh UX TOcJe CHJIbHOR aHOJHOH MOJSPH3AIMUH,
TO TOJIOKEHHe MHHMMYMa OKashIBaeTcsi CIBHHY-
THIM Ha JECSTKH MHJUIHBOJIBT B CTODOHY OTpHI2-
TeJIbHBIX TIOTEHIHANO0B. DTO MOXKHO OOBSCHHUTD,
eC/li TPeNNOJNOXKHTb, UTO aHHOHE, HMCMOJb3OBAH- o .
nee B pabore (SO4 ~ m ClOy), ofmapator cmo- ‘ ‘
COGHOCTBIO MEIJIEHHO XHMHYECKH ajicopOHpoBarh- 7F o
csi Ha PbQ,. Jlas NMpOBEPKH STOrO MpPEAnosoxKe-

HHUsI MBl H3MEpHJIH HepeHalpsiKeHne KACJIOPOAA B 3
pacropax HpSO4 um HCIO, 'pasHbx KOHIEHTpa-

uuit (cM. puc. 3). .

B cBsi3M C TeM, UTO ancopOLusi aHHOHOB B ‘ ‘
JaHHOM CJyyae IPOMCXOMHUT BechMa MENIEHHO, :
CHUMAJHCh «MeMJIeHHbIe» KPHBHE, T. €. 3JEKTPOA
BEIIEPIKHBAJICST TIPH KaxIOM TNOTEHUHANE N0 Tex ar
Nop, MoKa He YCTAaHABJHBAJOCh MOCTOAHHOE 3Ha-
yegue (°).

Jlisi TOMyueHHs. KPHBBHIX IepeHaNpsKeHHs
XapakKTepHo HajHuMe Nepern6a npn MOTeHuuase
1,8 B. Peskoe yBeaHueHHe CKOPOCTH Ipolecca
BHIJICJEHNS] KHCJIOPOAA HPH YBEJHUEHHH IOTEH-
Iafa 3a TO ero sHaueHme, TIpH KOTOpOM coGmo- .| , . o
naercss MUHEMYM Ha €MKOCTHBIX KPHBBIX, MOXCT 20 15 6mbs)
6LITh CBfI3aHO C W3MeHeHMeM 3HaKa 3apsija no- ' _
BePXHOCTH C-OTPHIATEJILHOTO HA MOJOKHTEJIBHBIIL. ggé-r-?-zggéol; '}?3C1(E3()‘061_-
Bospacranue B 3ToH 0GJacTH crienH(puIecKoit i 15000 -~ rig;
ancopGiuH aHHOHOB MPHBOMUT K YBENHYCHHIO OT-

PHIIATEJIPHOTO 3HAUEHHS Py -TIOTEHUHANA ¢). Co- o
FJIACHO 3aKOHAM 3JEKTPOXHMHUECKOH KHHETHKH, CKODOCTh NPOLECca BLIAETes

HHS KHCJOPOAAa HOJIXKHA BHIPAXKAThCHA . yPABHEHHEM 1 = R[H;Ole Be—¥FIRT %
(rie ¢ — SUIEKTPOMHEIH TOTeHUHAM, i — moTHOCTH aHOXHOro TOKa). Kak
BUJIHO U3 5TOTO YPABHEHHS], C yBeJIHYEeHHEM OTPHUATENLHOrO 3HAUCHHS ¥; CKo-
pOCTb BHIIENEHHs KHCIOPOAA NOJIKHA YBEJHUHBATLCA BCJCLACTBHE CHINKEHHS
SHEPrHH AaKTHBAUHH. Kax wussecTHo (5°1'), m3MeHeHue Y;-TNOTeHUHaNa, Bhl-
3paHHOe ajcopGuueil aHHOHOB, yCKOpsieT H BbIAGJIEHHE BOXOPOAA, HO MO ApY-
roil MpUYHHE — BCJEACTBHE YBEIHYEHHS ancop6uuu H*.

PaccMOTpeHHEIE pesyJILTaTHl @MKOCTHBIX H QHONHLIX TOJSPHU3aIHOHHBIX
WaMepeHHil IOKA3HIBAIOT, YTO K IBYOKHCH CBHHLA — OKHCHOMY 3JIEKTPORY

* [lpn BHBOAE STOCO YPABHEHHs HCIOJb30BANO NPEANONOKEHHE, YTO B KHCIBIX

PAacTBOPAX KHCJAOPON BHIIEANETCS H3 MOJEKYJbl BOAbL.
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C 3JIEKTPOHHOH MPOBOAMMOCTBIO — IIPUMEHMMa Teopus AuddbysHOro ABOHOrO
SJICKTPHYECKOro CJIOs H MpeACTABJEHHA O ponu crneuuduueckoir amcopCuuu
HOHOB B SﬂeKTPOXHMquCKOI';I KHHETHKE, pa3BUThble paHee, IVIAaBHBIM 06pa30M,
s MeTaJlIMYeCKHX 3JeKTPOAOB Ha IPHMepax KaTOAHBLIX HPOLECCOB.
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Puc. 3. 1—0,00 # HCIO,; 2—0,01 » HCIO, 4 1 # NaClOy;
3—8n sto,l; 4—0,1n HzSO4

Taxum o6pasoM, noaTBepKIaercsa NpeacTaBIeHHe, YTO CBONCTBA JBOWHOIO
cJiost, o6pasytolierocss Ha NMOBEPXHOCTH 3JEKTPOIPOBOASIIETO OKHCHOrO SJeK-
TPOJa, B OCHOBHOM TaKHe e, KaK Ha MeTaJUIMYECKUX 3JIeKTPOojax.

Kpome Toro, MoxHO 3aK/I04HTH, YTO 3/EKTPOXHMHYECKAS CTAZMA IPO-
[ecca aHOZHOrO BHIAEJEHHA KHCJIODOAA HAa JABYOKHCH CBHHIA SABJSETCH
3aMe VICHHOT .

Hannuve munuMyMa Ha eMKOCTHBIX KpHBHIX Ipu mToreHuuane 1,80 B
Hajguuue neperr6a Ha KPUBBIX II€pPEHANpSKEHUS IIPH TOM 2Ke MOoTeHumaJe

IA0T OCHOBAHUE [IOJIaraTh, UTO NOTEHIHAN HYJIEBOrO 3apsaja JBYOKHCH CBHHIA
pasen 1,80 B.

]

HHcTutyT dusuueckoit xumuu

[Toctynuao
Axanemun nayk CCCP 8 VII 1954
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