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IIOJHIPOrPAcI>IHI OKHCJIl1TEJILHO
BOCCTAHOBHTEJILHOH CHCTEMhI 
~EPPOQEH-cI>EPPHQHHHfi 

C.IOKAAHOB If A.EClfM)KAHOBA 

Hllcmumym 3AeKmpOXlIMlIU. AKaOeMUIi HaYK CCCP. MOCK6a 

IIOC6f1UjellO 65-AemueMY 1061111elO Q/WOeMUKa P. 5pj)U'IKU 

IIocTymrno B pe.n;aKl(IHo 2 HIOJIII 1970 

B nOHCKaX TaKoil: CHCTeMbl, B KOTOPOil: Ha6JIIO.n;arracb 6bl a.n;cop6U;HoHHall BOJIHa, COOTBeTcTBYIOllIall 

TeopHH Bp.n;H'iKH, 6blJIO o6pameHo BHHMaHHe Ha o6paTHMYlO cHcTeMY cpeppou;eH--$epplU(HHHil:. 

OHa 6blJIa li3yq:eHa B BO.n;HbIX H Bo.n;Ho-:naHOJIOBbIX pacTBopax MeTo.n;aMH KJIaCCH'!eCKoii:, OCU;IfJIJIO

rpacpH'ieCKoi!:, TaCT- H nepeMeHHOToKOBoit nOJIIIPorpacpHir. Ha KJIaCCll'ieCKOK nOJIllpOrpaMMe BO.n;

Horo paCTBopa 60pocpTopu.n:a cpepPHl.\HHHH HMeeTCH .n;Hcpcpy3HOHHall BOJIHa C a.n;COp6I{1{OHHOil: npe.n;

BOJIHOil:, KOTOPall 06YCJIOBJIeHa npeHMYmeCTBeHHOH; a.n;cop6U;Heii: HepaCTBopHMoro B Bo.n;e cpeppo

LleHa. IIpe.n;soJIHa MaJIO OT.n;eJIeHa OT .n;uCPCPY3HOHHoK BOJlHhI, CJle.n;OBaTeJIbHO, cpeppou;eH cJla60 

B3allMo.n;eii:cTByeT co PTYTblO. 06paJOBaHHe TOJICTblX CJIOeB cpeppou;eHa Be.n;eT K CHH)[(eHH!O TOKa Ha 

WlOma.n;Ke npe.n;eJIbHOrO TOKa .n;HcpCPY3ROHHOil: BOJlHhI BOCCTaHOBJleHHll KaTROHa cpeppHIJ;HHHII. 

B )TOM lKe HHTepBarre nOTeHUHaJIOB Ha KpHBblX .n;HcpcpepeHU;HaJIbHoK eMKOCTH Ha6JlIO.n;aeTCll .n;e

npeCCHll CMKOCTIf. O.n;HaKO a.n;cop6URH cpeppoueHa COnpOBOlK,.D:aeTCH JlHllIb He60JlbIItllM CHHlKeHReM 

nOBepXHOCTHoro HaTlDlCeHRll. IIo-BR.n;IlMOMY, nOBepXHOCTHoe HaTlllKeHHe onpe.n;eAAeTCH yq:aCTKaMH 

CBo6o.n;HOii: nOBepXHOCTH pTYTH, 06pa3YlOmllMRCll B pe3YJIbTaTe pa3pblsa nrreHIm cpeppou;eHa pac

Tymelt PTYTHOit Itanrreii:. He HCKJIIO'ieHO, 'ITO H .n;enpeCCIIH CMKOCTIf H CHHlKeHHe TOKa Ha ~'.niiPo
rpaMMax 06YCJlOBJIeHbl rJIaSHhlM 06pa30M He a.n;cop6U;HeK cpeppou;eHa, a YMeHhmeHHeM CBo6o.n;Holl 

nosepxHocTH pTyTH. IIocTeneHHblli nepexo.n; OT BO.D:HbIX paCTBOpOB K 3TaJlOHOBblM, B KOTOPblX cpep

pou:eH paCTBOpllM. npHBo,t(RT K oCJla6JleHHIO H nOJIHoMY CHHTHIO a,t(cop6U:HOHHblX llBJIeHHil:. OT 

COCTaBa cpe,t(bI 3aBHCHT BeJlH'lHHhI npe.n;eJIbHhIX TOKOB H nOTeHIJ;RarrOS nOJIYBOJIH. PaccMoTpeHHe 

3THX .n;aHHblX nOKa3hIBaeT, 'ITO CHCTeMa cpeppou;eH--$eppRI(RHHil: He HBAAeTCll 6e3ynpe'lHoil: CHC-' 

TeMoit ,t(JH! conOCTaBJIeHRll Pll.D:OB HanplllKeHHH B pa3Hblx pacTBOpHTeJlllX. 

Mbt npe.n;npl1HIDIH p;eTaJIbHOe HCCJIe.n;OBaHl1e CHCTeMbI tPeppou;eH--<pepp~HHHii B Ha

p;e~e Ha TO, qTO B Heii 6yp;eT Ha6,iuo.n;aTbCH ap;cop6U;HOHHaH BOJIHa, COOTBeTCTBYlO

l.D;aH TepMop;HHaMHqeCKOH TeopHH EpJJ;l1qm1- 3. ITOHCKH TaKoH CHCTeMbI B IIOCJIep;Hee 

BpeMH BHOBb CTaJIH aKTyaJIbHbIMH, IIOCKOJIbKY Tl.D;aTeJlhHOe HCCJIep;0BaHlie ap;cop6D;HH 

KOMllOHeHTOB pep;OKC-CHCTeM MeTHJIeHOBaH rOJIy6aH-JIeHKOMeTHJIeHOBaH rOJIy6aH, 

pH6otPJIaBHH-.n;HrHJJ;POpH6oq)JIaBHH H p;pyrHX, K KOTOPbIM, KaK .'lTO CqHTaJIOCb, npI;!:

MeHHMa TeopHH EPJJ;l1QKR, IIOKa3aJIO, qTO B p;eiiCTBRTeJlhHOCm 3TH CRCTeMbI Bep;YT 

ce6H 60JIee CJIO)KH04.5. 
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,n:mr B03HHKHOBeHIUl a.ll;COp6~HOHHOH BOJIHh!, COOTBeTCTBYJOmeH TeOpHH J>P.lI;HqKH, 

He06xo.ll;l1MO, '1T06h! pe.ll;OKC-CHCTeMa 6hVIa 06paTHMOH H B HeH npeHMYmeCTBeHHO 

a.ll;COp611pOBaJICH O.ll;HH H3 .lI;BYX KOMnOHeHTOB. CI1CTeMa cpeppOlI,eH-cpeppH~HHIDi 

.lI;OJI)KHa Y.lI;OBJIeTBOpHTh 3Tl1M Tpe60BaHHHM. aHa Y)I(e HCCJIe.ll;OBaJIaCh MeTO.ll;aMH 

KJIaCCH'IeCKOH H oClI,HJIJlorpacpH'IeCKOH IIomrporpacpIUl, 3. TaK)l(e XPOHOilOTeHlI,HO

MeTpHH 6 • Ha OCHOBaHHH 3THX HCCJIe.ll;OBaHHH C'IHTaeTCH, 'ITO CHCTeMa cpeppo~eH
cpeppHlI,HHHH 3JIeKTpOXHMHqeCKH 06paTHMa. 3JIeKTpO.ll;HhrH npOlI,eCC B HeH 3aKJIJO'Ia

eTCH B nepeHoce e.ll;l{HCTBeHHoro 3JIeKTpOHa, IIpl{qeM CTpYKTypa qaCT~ 060HX KOM

nOHeHTOB cymecTBeHHhlX l{3MeHeHHH He npeTepneBaeT. 

ECJIH HCXO.ll;l{Th H3 B0.ll;HhIX paCTBOpOB COJIH cpeppHlI,HHHH, TO npO.ll;YKT 3JIeKTpO.ll;

Horo npo~ecca - cpeppo~eH - B BO.ll;e He paCTBOpHM. BeChMa BepORTHO n03TOMY. 

'ITO OH 6Y.lI;eT a.ll;COp6HpOBaThCH Ha PTYTH. HOPMaJIhHhlH: nOTeHlI,HaJI CHCTeMhI 60JIee 

nOJIO)l(HTeJIeH, 'I.eM IIOTeHlI,l{aJI HYJIeBOrO 3apH,lJ,a PTYTH. A.lI;cop6~HH KaTHOHa cpeppH

lI,HHHH IIPOl{CXO.ll;HT Ha nOJIO)lU1TeJIbHO 3apH)l(eHHOH nOBepXHOCTH pT)iTH H OHa .lI;OJI)I(

Ha 6bITb 3aTPY.lI;HHTeJIhHoH. TaKl{M 06pa30M, eCTb Bce OCHOBaHHH O)l(H.lI;aTb, 'ITO Ha 

nOAAporpaMMe BO.ll;Horo paCTBopa COJIH cpepp~HHHn B03HHKHeT a.ll;COp61I,l{OHHaji 

npe.ll;BOJIHa. O.ll;HaKO He06xo.ll;HMO C'IHTaThCH l{ C TeM, 'ITO a.ll;Cop6~HH np0.ll;YKTa 

MO)l(eT npl{BeCTl{ K l{Hrn6HpOBaHlUo 3JIeKTpO.ll;HOrO npOlI,eCca, 'ITO TaK)I(e HHor.ll;a 

npHBO.ll;HT K IIOHBJIeHl{JO a.ll;COp61I,HOHHOH: npe.ll;BOJIHhl, HO l{HOrO THiia 7 
- ' 11. TaK KaK 

CBOHCTBa npe.ll;eJIhHOrO TOKa a.ll;COp6IJ,l{OHHOH npe.ll;BOJIHhl :nora Tl{na COBna.ll;aJOT 

CO CBOHCTBaMH IIpe.ll;eJIhHOrO TOKa npe.ll;BOJIH J>P.ll;H'IKl{, TO TOJIbKO .lI;eTaJIbHhle HC

CJIe.ll;OBaHHH MorYT nOM01.J.b YCTaHOBHTh THII BOJIHhI. 

OCHOBHaH BOJIHa B npHH~e .lI;OJI)I(Ha COOTBeTCTBOBaTh npOTeKaHl{JO npolI,ecca Ha 

3JIeKTpO.ll;e, IIOKPhlTOM no KpaH:HeH Mepe MOHOMOJIeKYAApHhlM CJIoeM IIpO.ll;YKTa. 

ECJIH 3TOT CJIOH OKa3hIBaeT BJIHnHHe Ha Te'leHHe 3JIeKTpO.ll;HorO IIpo~ecca , TO cpopMa 

OCHOBHOH BOJIHhI .lI;OJI)l(Ha 6hlTb CJIO)l(HOH:. 

BTOPhlM IIOBO.ll;OM .lI;JIn l{CCJIe.ll;OBaHlUI CHCTeMhI cpepPOlI,eH-cpeppHlI,lfHHH IIOCJIY)I(H

JIO TO, 'ITO 3Ta CHCTeMa HaX0.ll;HT Bce 60JIee nmpOKoe npHMeHeHHe, KaIC CTaH.lI;apTHaH 

CHCTeMa OTCqeTa IIpH cpaBHeHHH pn.ll;OB Hanpn)l(eHHH B pa3HhlX paCTBopHTeAAX l{ npH 

onpe.ll;eJIeHl{H Me)l(cpa3HhIX nOTeHIJ,l{aJIOB. Me)l(.lI;Y TeM BeJIHqHHhl EI/2 l{ Eo, H3MepeH

Hhle B pa3HhlX 3KCIIepHMeHTaJIhHhlX YCJIOBMnX, .lI;OBOJIbHO CHJlhHO paCX0.ll;HTCH Me)l(.lI;Y 

C060H (B JIlfTepaType6 IIPHBO.ll;HTCH BeJIHqHHhI B HHTepBaJIe OT +0,12.l1;o +0,37 B). 

HeCOMHeHHO, Ha6JIJO.lI;alOlIJ,l{Hcn pa36poc BeJIH'IHH El/2 qaCTH'l.HO 06YCJIOBJIeH Heyqe

TOM H3MeHeHHH Me)l(cpa3Horo HJlH .lI;HCPCPY3HOHHoro IIOTeH~HaJIa npl{ H3MeHeHHH 

3KCnepHMeHTaJIhHhlX YCJIOBHH:, HO OH CJIHIlIKOM BeJIHK, 'I.T06h! ero IIOJIHOCThJO OTHO

CHTb Ha CqeT O,lJ.HOrO 3Toro cpaKTopa . ITpH'l.HHa pa36poca .lI;aHHhlX IIO BeJIH'IHHaM El/l 

He YKa3hmaeTCH. 

3KCIIEPMMEHrAJIbHMI QACTb 

KnaCCH'leCKRe H TaCT-IlOJIHpOrpaMMbl pem cplipoBaml 3JIeKTpOHHbIM IlOJIHpOrpacPoM PO-4 (Pa,l\'lio

MeTp, .ll:arurn). I1oTeHl.\HaJI KarreJIbHOrO pTYTHoro 3JIeICTpOp;a 1i3MepHJIIi OTHOCIiTeJIbHO HaCbIUI,eHHO-
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ro KaJIOMeJIhHOrO :meKTpOila (HaCblll.\. K. 3.) npeUH3HOHHhlM pH-MeTpOM PHM-4c (Pa,n;HoMeTp). 

AIl!! pen!CTpaUI1I1 oCUI1J1JIOrpa<\HI'feCKI1X nOJI!!pOrpaMM HCnOJIh30Bami oCUI1J1JIorpa<\lH'fecKIill: no

JI!!porpa<\l KOHCTpYKl\I1H ll)IA, npH'feM i, t-KpHBble H3Mep!lJ1H Ha nepBblX Kanmv(. B 3TH X OITbITaX 

3JIeKTpO,n; CpaBHeHH!! 6blJI PTYTHOCYJIb<\laTHbIM cO, 1 H-H2S04 (E = + 0,687 B). I1epeMeHHOTOKOBble 

nOJI!!pOrpaMMbI pemCTpl1pOBaJII1 C nOMOll.\b1O BeKTOp-nOJI!!pOrpa<\la ll)IA, npH'feM H3MepllJII1 H 

aKTHBHYIO H peaKTHBHYIO KOMrIOHeHTb! nepeMeHIIOrO TOKa. 

B KJIaCCH'feCKOH nOJIlipOrpa<\lHH HCnOJIb30BaJIH ilBa KanHJIJI!!pa CO CJIe~IOll.\HMH xapaKTepHCTH

I<aMH: 1. m = 0,56 Mr/c H T = 3,1 C npH +0,15 B (HacbflU. K. 3.) H BbICOTe pTYTHoro cToJI6a h = 
= 50 CM. B 0,1 H BOil HOM paCTBope xnOPHOM: KlfCJIOTbl. 2. m = 1,06 Mr/c B Tex JKe YCJIOBI1!IX, HO npl1 

h = .36 CM. BTOpol:[ KarIl1J1J1!!p HCnOJIh10BaJII1 TaKJKe B OCUI1J1JIOrpa<\ll1'lecKol:[ H nepeMeHHOTOKOBOil 

nOJI!!pOrpa<\lI1H. 

J1cCJIe,n;OBaJIl1 <\leppoueH H 60PO<\lTOPH,n; <\lepPHUHHHlI (CsHshFeBF4; nOCJIe,L\H1ill: 6blJ1 npHro

TOBJIeH no MeTOill1Ke, OnHCaHI\OM: B12. B Ka'feCTBe <\loHa HCnOJIb30BaJIH 0,1 H I,OH paCTBophI XJIopHoR 

KI1CJIOTbI. KlfcJIYIO cpe~ nplfMeH!IJ1H ilJI!! Toro, 'lTo6bI npeilOTBpaTHTb rH,n;pOJIH3 COJIH, KOTOPbIil: 

B KOHe'fHOM c'fere Be,n;eT K pa3pymeHHIO KaTHOHa <\lepPHUHHH!!13. BOilHbie paCTBophI rOTOBHJIH Ha 

ilBalKilbI ilecTHJIJIHP0BaHHOl:[ Bo,n;e, npH'leM npHMeCH OpraHH'feCKI1X Bell.\eCTB B HeM: OKHCJI!IJ1H KH

n!l'1eHHeM C KMn04 nepe,n; BTOPOii: neperol1Koit. 3TaHOJI npHMeH!!JIH CBeJKeneperllallHbIM H He a6co

ITIOH!pOBaHHbIM. OCTaJIhHble peaKTHBbl HMeJIH KBaml<\lHKaUHIO "X'f" H HCnOJIb30BaJIIICb Ge3 ilO

nOJIHHTeJIbHOM: O'fHCTKH. PacTBopbI oCBo6oJKilaJII1 OT paCTBopellHoro KHCJIOpOila O'lHll.\eRHbIM a30-

TOM HJIH aprOHOM. 

3KCIlEPHMEHf AJIhHbIE PE3Y JIh TAThI 

KllaCCU'leCl(QJl nOAJlp02paifjUJl 

BOOHble pacmOopbl. 3KCrrepll.MeHTaJIbHbIe .n;aHHhle HaXo,rvrTCH B XOpOllieM COOT

BeTCTBll.ll. C KaqeCTBeHHhIMll. npe.n;CKa3aHll.HMll., KOTophle 6hIJIll. c.n;eJIaHhI Ha OCHOBe 

06I.U;I{X co06pa)l(eHll.M BO BBO.n;HOM qaCTll. CTaTbll.. .LJ:eMcTBHTeJIbHO, KJIaCCll.qeCKHe 

nOJISlpOrpaMMhI BO.n;HhIX paCTBopOB 6opoqnopll..n;a <l>eppHU;HHHH HMelOTBe.£,hMa 

CJIO)l(HYIO <l>0PMY (Pll.c. 1). I1PH HH3KHX KOHu;eHTpaU;ll.HX COJIH <l>eppHU;HHll.H B03Hll.KaeT 

TOJIbKO o.n;Ha .n;H<l><l>Y3HoHHaH BOJIHa (KpHBaH 2). 3Ta BOJIHa HMeeT npaBll.JIbHYIO 

<l>0PMY. rpa<l>l1K 19 [i/(id - i)], E .n;JIH Hee npHMOJIHHeeH, npll.qeM HaKJIOH npHMOM pa

BeH 55 MB.3ra BeJIHql1Ha 6JIl13Ka K TOM, KOTopaH .n;OJI)I(Ha 6hITb B cJIyqae 06paTl1MOrO 

npOTeKaHl1H 0.n;H03JIeKTpOHHoro npou;ecca. 

3aMeTHoe OCJIO)l(HeHll.e Ha nOJIHpOrpaMMe B03Hll.KaeT npl1 KOHu;eHTpau;l1H KaTHOHa 

<l>eppHu;HHl1H OKOJIO 4. 1O-4M . OHO 3aKJIlOqaeTCH B B03Hl1KHOBeHHH npe.n;BOJIHhI, 

KOTopaH o.n;HaKO TaK 6JIl13KO pacnOJIO)l(!Ha K OCHOBHOM BOJIHe, qTO B YCJIOBHHX pe

rI{CTpau;l1l1 nOJIHpOrpaMM Pl1C. 1 OHa e.n;Ba pa3JIll.qll.Ma. I1pe.n;BOJIHa Bll..n;Ha 60JIee 

'IeTKO npH perHCTpau;ll.ll. nOJIHpOrpaMM B 60JIee paCTHHYTOM MaCIlLTa6e OCll. nOTeH~ 

IJ;naJIOB (CM. JIeBYlO qaCTb Pll.c. 2). BbIcoTa npe.n;BOJIHhI B .n;aJIbHeMllieM MaJIO 3aBRCliT 

OT KOHu;eHTpau;l1l1 COJIH <l>eppll.IJ;ll.Hl1H, qTO YKa3hIBaeT Ha a.n;cop6IJ;ROHHYlO IIPRpO.n;y 

ee IIpe.n;eJIbHOrO TOKa. 

1JTO KacaeTc5i OCHOBHOM BOJIHbI, TO ee rrpe.n;eJIhHbrH TOK rrpo.n;OJI)I(aeT YBeJIllql{BaTb

CH C POCTOM KOHIJ;~HTpaIJ;Ul1 KaTROHa <l>eppRIJ;ll.HRH, HO 3aTeM POCT ero B .n;OBOJIbHO 

lUlPOKOM HHTepBaJIe rrOTeHIJ;UaJIOB 3aMe.n;nHeTCH (pRC. 1, KpRBble 5 -7). TOJIbKO 
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B 06JIaCTI1 rrOTeHl1.l1aJIOB OTpJ1l.J,aTeJIhHee -1,0 B POCT npe.1l,eJIhHOrO TOKa npO.1l,OJI)I(a

eTC5I, HO M rrpl1 3TMX rrOTeHIJ.MaJIaX 3aBMCMMOCTb npe.1l,eJIhHOrO TOKa OT KOHIJ.eHTpaIJ.~m 

HemmeHHa (CM. pMC. 6a, KpMBa51 1). 
COBepIlleHHo O':leBM.1l,HO, ':lTO 3aMe.1l,JIeHJ{e pOCTa npe.1l,eJIhHOrO TOKa 06YCJIOBJIeHO 

a.1l,COp6IJ.neH tPeppOIJ.eHa, KOTOPbIH 51BJI5IeTC5I rrpO.1l,YKTOM BocCTaHOBJIeHM5I KaTHOHa 

tPepPMIJ.nHM5I. To, ':lTO 3TOT 3tPtPeKT MMeer a.1l,COp6IJ.MOHHYlO npl1po.1l,y, CJIe.1l,yeT 113 

aHaJIM3a 3aBJ{CRMOCTH rrpe.1l,eJIhHbIX TOKOB OT h (pnc. 2). B 06JIacTJ{ rrOTeHIJ.HaJIOB 

MRHUMYMa Ha rroJI5IpOrpaMMe rrOKa3aTeJIh CTerreHJ{ x B ypaBHeHMJ{ i ~ hX 
paBeH 0,85, 

a 3TO 6mi3KO COOTBeTcTByeT npOIJ.eCCaM, KMHeTJ.!.Ka KOTOPbIX onpe.1l,eJI5IeTC5I CKOPO

CThlO B03HHKHOBeHH5I CBe)l(eH rrOBepXHOCTH PTYTM. ,Z:(a)l(e TOKI1 npw rrOTeHIJ.MaJIaX 

oTpHIJ.aTeJIhHee -1,0 B rrpM .1l,OCTaTO':lHO BbICOKOH KOHIJ.eHTpaIJ.HJ{ COJIM qleppHIJ.MHMX 

He B rrOJIHOH Mepe Y.1l,OBJIeTBOp5l10T KpHTepMXM ':lMCTO .1l,HtPtPY3HOHHbIX TOKOB. Ha

npl1Mep, rrpH KOHIJ.eHTpaIJ.MH COJIM tPeppMIJ.HHM5I 2 . 1o- 3
M 11 E = -1,0 B x = 0,7. 

BeJIM':lHHY rrpe.1l,eJIhHOrO TOKa rrpe.1l,BOJIHbl orrpe.1l,eJII1Th C .1l,OCTaTO':lHOH TO':lHOCTbIO 

HeB03MOJKHO M3-3a HaJIO)l(eH11X TOKOB OCHOBROH BOJIHbI. TeM He MeHee HCCJIe.1l,OBaHMe 

3aBHCHMOCTJ{ i OT h .1l,JI5I Ree rrOKa3aJIO, ':lTO x 3aMeTHO rrpeBblIllaeT 0,5. TaKRM 06pa-

30M, cOBoKyrrHocTh J{3JIO)l(eHHbIX 3KcrrepHMeHTaJIbHbIX .1l,aHHblX .1l,aeT OCHOBaHMe 3a

KJIlO':lI1Tb, 'ITO npe.1l,BOJIHa Ha rrOMporpaMMax BO.1l,HblX paCTBopOB COJIH tPeppnIJ.nHn51 

XBJI5IeTCR a.1l,cop6u.uOHHOH. 

IIpJ{ rrOBbIlneRJ{J{ TeMI1epaTypbI TOKI1 B 06JIaCTJ{ rrOTeHIJ.l1aJIOB rrpe.1l,BOJIHbI YMeHh

walOTCX BCJIe.1l,CTBne OCna6JIeHJ{5I tPH31{t{eCKOH a.1l,cop6IJ.nJ{. 3TO rrOBe.1l,eHl1e XBJI5IeTCX 

J 
~ '~I 0. 

I 

J 1 / 

I . 
OS 

PMC.l 

nonllporpaMMbI BO,L(HbIX pacTBopoB 6opo

<jJTopH,L(a <jJepplIq\IHHlI Ha <jJoHe 0,IH-HCI04 
KOIIIl. (CsHshFeBF4: 1 0; 2 2.10- 4; 

34 .10- 4 ; 46.10- 4 ; 5 10-.3 ; 6 1,4 , 10-.3 ; 

7.2. 10- 3 M. KaIIHJInllp 1; h = 50 CM. 
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BIIMlIHHe BblCOTbI pT)'THoro cTo1l6a Ha nOllll

porpaMMY 2. 1O- 3MBO,L(HOrO paCTBopa 6opo

<jJTopH,L(a <jJeppHI[HHHll Ha <jJoHe 0,lH-HCI04 
h(cm): 1 40; 2 50; 360; 4 70; 5 80, KaIIHJIJIllp 

1. JIeBble 'faCTFI nOllllporpaMM 60JIee paCTH

HyThI (CM, MacllTa6). 



994 ~aHOB, ECHMllCaHOBa: 

.n,OBO.J1bHO Ha.n,e)l(HhIM KpHTepHeM, XapaKTepH3YlOllJ,HM a.QCOp6IJ,HOHHyro BOJIH)' KaK 

npe.n,BOJIHY lip.n,H'lKH. B cJIY'Iae npe.n,BOJIH, B03HHKalOllJ,1iX BCJIe.n,CTBHe l1Hr11611pOBa

Hl1H peaKIJ,l1l1 npO.n,YKTOM, oCJIa6JIeHl1e a.n,cop6IJ,l1l1l1Hr11611TOpa npl1BO.n,l1T K YBeJIH

'1eHHlO TOKa 7,8. 

IIpH HCCJIe.n,OBaHl1l1 a.n,COp6IJ,IlOHHhIX HBJIemm B CHCTeMe KamOH TPOIIl1J1HH

.n,HTP0IIHJ17 - 9 OC06eHHO '1eTKO Ha6JIlO.QaJIOCh OCJIa6JIeHlle l1Hrn6HpOBaHM 3JIeKTO.n,

HOrO npOIJ,eCCa a.n,COp6HpOBaHHhIM npO.n,YKTOM IJPll BBe.n,eHl1H B paCTBOp nOCTOpOH

Hl1X IJOBepXHOCTHO-aKTHBHhIX BellJ,eCTB. OnhIT IJOKa3hIBaeT, 'ITO .n,06aBJIeHHe no

BepXHOCTHO-aKTl1BHbIX BelIJ,eCTB OKa3hIBaeT Cl1.J1bHOe BJ1l1j{HHe 11 Ha IIOJIHpOrpaMMY 

KaTHOHa <pePPHIJ,HHM. Ha pHC. 3 nOKa3aHO .n,eMCTBl1e .n,06aBoK )l(eJIamHhI. BH.1J,HO, 

'{TO IIO'lm BO BceM HHTepBaJIe IJOTeHIJ,llaJIOB TOKH B03paCTalOT, a IIO KpaaM 06JIaCTlf 

IJOTeHIJ,l1aJIOB l1HrH611pOBaHHH npl1 .n,ocTaTO'lHO B:bICOKOH KOHIJ,eHTpaIJ,l1l1 )l(eJIamHhI 

OHH .n,ocmralOT ypOBHH AH<P<PY3110HHhIX IIpe.n,e.J1bHhIX TOKOB. Cxo.n,Hoe .n,eMcTBHe 

OKa3hIBalOT .n,06aBKH cYJIb<paTa TeTpa6YTl1J1aMMOHM H 110.n,HcToro KaJIM, HO B TOM 

o6JIacm IIOTeHIJ,I-IaJIOB, B KOTOPOM 3TH BemeCTBa a.n,cop6HPYlOTCH Ha pTYTl1. BBe.n,e

HHe IJOBepXHOCTHO-aKTl1BHhIX BemeCTB CpaBHl1Te.J1bHO MaJIO BJIHaeT Ha TOKl1 B Mli

HHMYMe Ha IJOJIHpOrpaMMe, r.n,e a.Qcop6IJ,M <peppOIJ,eHa 60JIee npO'lHa H He MO)l(eT 

6hITb OCJIa6JIeHa cymecTBeHHO. 

1 ! 

- 0.5 E,V -1.0 

PRc.3 PRc.4 

BJIHlIHHe ,n:06aBOK llCeJIaTRHhI Ha nOJIlIporpaM

My 2. IO- 3M Bo,n:Horo paCTBopa 6oPO«!lTOPH

,n:a ljJepp~IiHJ.IlI Ha ljJolie 0,IH-HCI04 
KOHI.(eHTp~HlI llCeJIanmhI: 1 0; 2 0,01; 

3 0,07%. KarmJIJIlIp 1. 

BJUllIHHe 3TailOJIa Ha nOJlllpOrpaMMY 6opo
IjJTOpH,[(a ljJepPHI.(HHJ.IlI (2. 1O--3M) Ha ljJoHe 

0,IH-HCI04 
Co,n:epllCaIllle 3TaHOJIa: 1 0; 2 15; 3 30; 

445% 06beMH. 
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I10JHlpOrpa<jJHll OKIICJ1HTeJIbHO-BOCCTaHOBHTenhHOB: CHCTCMhl 

PRc.5 

12 

00' 

~ .-

30 GO C,'I. 90 

995 

3aBRCHMOCTh eMIIS (KPRBall 1) R paCTBOp"MOCTH <jJeppo~eHa (xpHsall 2) OT KOHL\eHTpaI.{lfH :na

Hona ('" 20 Qq. 

5., ----,----,---
lopl 

"~f 

PHc.6 

l 
! 

1,2 

i 

----~ 
2 ... C.l04 6 

3asHCHMOCTh IlpeAeJIbHhIX TOKOS SOCCTaHosneHIDl KaTHOHa <jJepPHL\HHHll (a) H OKI{CneHHll <jJeppo

L\eHa (6) OT Ko~eHTpaL\HH (MOJIhjn) AeilOJIllpH3aTOpa 

<1>OH: 0,IH-HCI04• Ko~eHTPawrn :naHona: a: 10; 2 15; 330; 445; 5 60; 6 80; 7 '" 100% 06'beMH. 

b) 1 60; 2 80; 3 '" 100% 06'beMH. 
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JJ:CilCTBHC D,05aBOK nOCTOpOHHHX nOBCpXHOCTHO-aKTIffiHblX BCmCCTB CB!!3aHO C HX aD,COp5L(HCll:. 

B nOJlh3Y 3TOrO fOBOPKT TOT <paKT, 'ITO HX D,CitCTBKC npO!!BJI!!CTC!! B 06J1aCTK IIOTCHWlaJlOB aD,cop5-

L(HH, a TaKlKC xapaKTCp 3aBKCHMOCTH BCJIJI'lKHbl 3<p<peKTa OT KOHL(eHTpaL(KK D,06aBKH. TaK, BCJIJi'lIiHa 

npKpOCTa TOKa npH --0,3 B B cny'lae D,05aBOK HOD,HCTOrO KanH!! JIKHCitHO CB!!3aHa C norapH<pMoM 

KOHL(CHTpaL(HK KJ. OCTaeTC!! HC!!CHbIM McxaHK3M ,lICitCTBH!! D,06aBOK, TaK KaK OHH MOfyT JIH60 

yeKopHTh 3nCKTpO,llHblil np0L(ece '1epe3 IIJICHKY <peppOL(eHa, JIH60 H3MeHHTh eTpYKTYPY aD,COp5W10H

Boro eJIO!! <pepPOL(eHa. 

BOOl-IO-3maIlO/108ble pacm8opbl. IIpe,n;cTaBJUIJIO HHTepec HCCJIe,n;OBaTh rroJUlpo

rpa(~lt'leCKOe rrOBe,n;eHHe KaTHOHa cPePPH!WHHSI B Bo,n;Ho-:naHOJIOBhIX cpe,n;ax, no

CKOJIbKY B 3TaHOJIe cPepPOll,eH XOPOIliO paCTBopHM. KaK lIOKa3aJIO HCCJIe,n;oBaHHe 

CI1CTeMhI KaTHOH TPOfIl1JIUM-,n;UTPOfIl1JI
14

, B KOTOPOM ,n;lUPOfIl1JI lIo,n;06HO q>eppou;eHY 

HepaCTBopUM B Bo,n;e, HO paCTBopHM B 3TaHOJIe, rrepexo,n; OT BO,n;HhIX paCTBopOB 

K :naHOJIOBbIM COfIpOBO)!(,n;aeTCSI pe3KYlM oCJIa6JIeHYleM SlBJIeHHSI aBTOHHrI-t6rrpOBa

HUSI. 

Ha pHC. 4 fIOKa3aHO, KaKHe H3MeHeHID! lIpeTeplIeBaeT cPopMa lIOJISlpOrpaMMhI Ka

THOHa cPePPHlI,HHItSl lIpH fIocTefIeHHoM 3aMeHe '1aCTH BO,n;hI 3TaHOJIOM. B BO,n;HO-

3TaHOJlOBhIX pacTBopax, It3 KOTOPbIX a,n;cop6U;HSI cPeppou;eHa Ha PTYTH oCJla6JIeHa, 

a,n;cop6U;HOfIHaSl lIpe,n;BOJIHa y)!(e He Ha6mo,n;aeTC51. 

BBe,n;eHHe 3TaHOJIa OCJla6JISleT HHrn6HpOBaHHe 3JIeKTpo,n;Horo lIpou;ecca BO Bcf!M 

UHTepBaJle lIOTeHU;HaJlOB HHrIt6ItpOBaHHSI, HO oco6eHHO Cl1JIhHO rro KpaSlM 06JlaCTH 

HHm6HpOBaHID!. Y)!(e H3 3Toro Ha6mo,n;eHH51 MO)!(HO c,n;eJlaTh 3aKJIIO'IeHIte 0 xapaK

Tepe ,n;eMCTBHSl3TaHOJIa Ha a,n;cop611,HIO cPeppou;eHa. B caMOM ,n;eJIe, ,n;eMCTBHe 3TaHOJIa 

fIp051BJISleTC51 3aMeTHO ,n;a)!(e rrpH TaKHX rrOTeHU;HaJlaX (y,n;aJIeHHhIX OT lIOTeHlI,HaJIa 

HYJIeBOrO 3apSl,n;a), lIpU KOTOPhIX a,n;cop611,ID! ero Ha pTyTH Bblpa)!(eHa cna60
1S

, 

OTCIO,n;a CJIe,n;yeT, '(TO ,n;eMCTBHe 3TaHOJIa 06YCJIOBJIeHO He CTOJIbKO BbITeCHeHHeM 

cPeppOll,eHa C fIOBepXHOCTH pTYTH, CKonhKO OCJIa6JleHHeM a,n;cop6U;HH cPeppO~Ha 
BCJIe,n;CTBHe YCHJIeHHSI COJIhBaTaU;HH ero MOJIeKYJl. AHaJIOrH'IHhIM BhIBO,n; 6bIJI c,n;eJIaH 

fIPH HCCJIe,n;OBaHItH CHCTeMbI KaTHOH TPOlIHJlUM-,n;HTPOlIHJI14
. 

KaK H B 'IHCTO BO,n;HbIX paCTBopax, B paCTBopax C HeBbICOKHM co,n;ep)!(aHHeM 3Ta

HOJIa Ha rrOJISlpOrpaMMax KaTHOHa cPePPH!WHHSI HMeeTC51 MHHHMyM TOKa, BeJlI{'IHHa 

KOToporo, Ha'lHHaSl C HeKOTopOM MHHUMaJlbHOM KOHu;eHTpa!WH (CMBH), He 3aBHCUT 

OT KOHu;eHTpa!WH COJI]{ cPePPI1l.l;lfHHSI; 3TO ,n;eMOHcTpHpyeT a,n;cop6!WOHHYIO rrpHpo,n;y 

TOKa B MItHHMyMe. C POCTOM co,n;ep)!(aHID! 3TaHOJIa YBeJIH'IHBaeTCSI paCTBOpHMOCTh 

H YCKopSleTC51 paCTBOpeHIte cPeppou;eHa C lIOBepXHOCTH 3JIeKTpo,n;a, B pe3YJIhTaTe 'Iero 

YBeJIH'IHBaIOTC51 CMHH H BeJIH'llma TOKa B MHHHMYMe. Y)!(e B 4S%-HOM 3TaHOJle lIOJlSl

pOrpaMMhI HMeIOT lIpaBl1JIbHYIO cPOPMY 6e3 BH,n;HMhIX rrpH3HaKOB aBTOHHrH6HpOBa

HI1S1 BO BCeM HCCJle,n;yeMoM HHTepBaJle KOHu;eHTpaU;HM COJIH cPePPH!WHID! (2. 10- 4 
,n;o 

2. 1O-3M ). ECJIH o,n;HaKo KOHlI,eHTpaU;HIO COJlH cPePPHlI,HHID! YBeJIH'IHBaTb ,n;aJIhllIe, TO 

H B 45%-HOM 3TaHOJIe MO)!(HO rrpeB30MTH CMBH H Ha rrOJlSlpOrpaMMe rr051B51TC51 npH-

3HaKH HHrH6HpOBaHHSI. TaKItMH OlIhITaMH 6hIJIa HaM,n;eHa 3aBHCHMOCTh CMMH OT KOH

u;eHTpaU;HH 3TaHOJla (pHC. 5, KpHBa51 1). Ha'lHHa51 npH6JlH3HTeJlbHO C 30%-Horo 

3TaHOJla, CMHH pe3KO YBeJIH'I]{BaeTCSI. Ka'lecTBeHHo aHaJIOrH'IHa 3aBHCHMOCTh pac-
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TBOPHMOCTH <peppOu;eHa OT cO.a,ep)J(aHMH 3TaHOJla (pMC. 5, KpHBaH 2), Haii.a,cHI-IaH 

BeCOBhIM MeTo.a,OM, npH<ICM 6hICTPhlii POCT paCTBopHMOCTH cpeppOU;CHa Ha<umaCTCH 

npI16JlI13I1TCJIhHO. npM TaKOM )J(C CO)l.Cp)J(aHI1I{ 3TaHOJla. 3TOT onblT flO.a,TBcp)J(.a,aCT 

c.a,CJIaHHOC BbIllIe 3aKJllO'lCHHC 0 xapaKTCpc .a,CiiCTBJ1H 3TaHOJla • 

.vb pHC. 5 CJlc.a,yeT TaK)J(C, qTO P,JIH nOHBJICHHH l{eTKHX npH3HaKoB HHrH6HpOBaHltH 

Ha KJIaCCI{l{CCKHX nOJIHpOrpaMMax KaTHOHa <pCPPH~HJfJ[ Hc06xo)l.HMO, l{To6bl Ha no

BCPXHOCTH 3JIeKTpo.a,a o6pa30BaJlOCb <peppou;cHa 3Hal{IHCJIbHO 60JIblliC , qCM B co

OTBCTCTBHH C pacTBopHMOCThlO. 

PaccMoTpHM Tencph BJIHHHHC COCTaBa pacTBOpHTCJIH Ha npC)l.eJTbHhlC .a,H(pqlY3HOH

HblC TOKH BOCCTaHOBJIeHMH KaTHOHa <pePPHU;HHHH H OKHCJleHI1H <peppou:eHa H Ha BeJII1-

~Il1HhI nOTeHU;HaJIOB nOJIYBOJIH. Ha pHC. 6 nOKa3aHhI 3aBHCHMOCTH npe.a,eJlbHblX TOKOB 
I 

5 

o 

O'----L---L-_----' ___ JO 
25 50 75 C, "I. 10CY 

PMc.7 

3aBHCHMOCTh npoH3Be,L(eHWI id -J 1/ ,L(1l1l B011HbI 

BOCCTaHOBJIeHIDl KaTHOHa <peppm~HHlHI B 0 , 1 H

HCI04 II K03rP4n[J~ReHTa ,L(HrP<PY3IIH (D. 10- 6 

cm2/s) KaTHOHa <peppH~H.IDlJI OT Ko~eHTpa-
~RH3TaH011a 

id BblpalKeH B vA, 1/ - B CaHTHnya3ax. KOH

l.\eHTpa~HlI KaTHOHa 4!epp~HlI: 12.10-4 ; 

24.10-4 ; 36.10-4 ; 41.10- 3 ; 52. 10- 3M. 
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Ev2}J 

0,3 -

0,2 2 

0,1~----O2'=-5--~50-
75 C,OJ. 100 

PMc.8 

3aBHcHMoCTh Beml'fHIl EI / 2 B011HbloKHc11eIfHll 

<peppou;eHa (KPHBall 1) H BOCCTaIfOB11eHHlI Ka

THOlfa rPeppHU;HHHlI (KpHBall 2) OT co.o;eplKalfHlI 

3TaHorra 

<I>OH - 0 , IH-HCI04 . 31leKTpo,L( cpaBHeHHlI 

- BO,L(Hbrlt HaCblID:. K. J. 
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BOCCTaHOBnemUI KaUlOHa cpeppHI.I;HHlUI OT ero KOHu;eHTpaI.I,HH (pHC. 6a) H 3aBHCH

MOCTH rrpe.n;eJIhHhIX TOKOB OKHcneHlUl <t>eppou;eHa OT ero KOHu;eHTpaU;HH (pHC. 66) 
rrpH pa3JIH'fHOM COAep)l(aHHH 3TaHona. IIpeAeJIhHhrn TOK BOCCTaHOBneHlUI KaTHOHa 

cpeppHI.I;HHlU! orrpe.n;eJUlJICH Ha Y'IaCTKe rroAApOrpaMMhI KaTo.n;Hee 06nacTH MHHHMY

Ma, Herrocpe.n;CTBeHHO nepe.n; nOA'heMOM TOKa pa3pHAa HOHOB Bo.n;opo.n;a. KaK Y)I(e 

OTMe'fanOCh, B 'fHCTO BO.n;HhIX paCTBopax Aa)l(e B 3TOH 06nacTH nOTeHU;HanOB HHrH-

6HpoBaHHe 'IaCTH'fHO coxpaHHeTCH. 3TO no.n;TBep)l(.n;aeTCH TeM, 'fTO KpHBaH 1 Ha pHC. 

6a CHJIhHO OTKJIOillIeTCH OT npHMoH. OAHaKO Aa)l(e B 15%-HOM 3TaHone 3TO HBneHHe 

Y)I(e He Ha6mo.n;aeTCH. 

06paIu;aeT Ha ce6H BHHMaHHe TO, 'fTO 1I3MeHeHHe co.n;ep)lcaHlUI 3TaHona OKa3hmaeT 

npOTHBOrrOnO)I(Hoe .n;eHCTBHe Ha npe.n;eJIhHhIe Tom KaTHOHa cpeppHI.I;HHlUI 11 <t>eppo

u;eHa: npH YBeJIll'feHIDl KOHu;eHTpaU;HH 3TaHona npe.n;eJIhHhIH TOK KaTHOHa cpeppHu;H

HHH HenpephIBHO YMeHhllIaeTCH, a cpeppou;eHa - YBenH'fHBaeTCH. IIpH H3MeHeHHH 

COCTaBa paCTBopHTenH npe.n;enhHhIH: TOK .n;HCPCPY3HH MO)l(eT H3MeHHThCH B pe3ynhTaTe 

H3MeHeIDU! BH3KOCTH cpe.n;hI H COCTaBa pa3pH)I(alOIu;eHCH 'IaCTHU;hI, HanpHMep, ee 

conhBaTau;nH. BH3KOCTh MaKCHManhHa npH6JlH3HTenhHO B 45%-HOM 3TaHone H OHa 

YMeHhllIaeTCH KaK rrpH YMeHhllIeHlfll, TaK H npH YBeJIH'feHHH co.n;ep)l(aHHH 3TaHona. 

IIoBe.n;eHHe npe.n;enbHoro TOKa cpeppou;eHa C yqeToM H3MeHeHlUI BH3KOCTH cpeAhI 

HOPMaJIbHO: OH YBeJlH'filBaeTCH npH YMeHbllIeHHH BH3KOCTH. IIpoH3BeAeHHe 

i d ·../11 (11 - BH3KOCTh) .n;m! cpeppou;eHa B HHTepBane KOHu;eHTpau;HH 3TaHona 

60-100% npH6nH3HTenbHo nOCTOHHHO. Cne.n;oBaTeJIbHO, K03CPCPHu;HeHT .n;HCPCPy3HH 

cpeppou;eHa B 3THX ycnoBHHX MeHHeTCH nO'Im HCKJIIO'IHTenbHO B pe3ynbTaTe H3MeHe

HlUI BH3KOCTH cpe.n;bI. PacTBophI C MeHhllIHM COAep)l(aHHeM 3TaHona, B KOTOPhIX 

MO)l(HO 6bIJIO 6hI O:>KH.lI;aTh 3aMeTHoro H3MeHeHHH conbBaTaU;HH cpeppou;eHa, Hccne

.n;OBaHHIO He.n;ocTyrrHhI BBH,lJ,Y HH3KOH: paCTBOpHMOCTH B HHX cpeppou;eHa. 

I1HaH KapTHHa Ha6nlOAaeTcH B cnY'Iae KaTHOHa cpeppHU;HHHH: npOH3Be.n;eHHe 

id • JI1 He OCTa(iTcH rrOCTOHHHhIM (pHC. 7). CneAOBaTeJIhHO, H3MeHeHHe K03CPCPHu;neH

Ta AHCPCPY3HH, KOTOPhIH: pacc'IHThmanCH no HeMo.n;HcpHU;HpoBaHHoMY ypaBHeHHIo 

I1nbKOBH'Ia (pHC. 7, KpHBaH 6), 0.6ycnoBneHO He TonbKO H3MeHeHHHMH BH3KOCTH cpe

AhI, HO H3MeHeHHeM COCTaBa AHCPCPYHAH.PYIOrn:eH: lJaCTH.U;hI, B KOTOpylO BXOAHT Ka

THOH <t>eppHU;HHHH. 

Heo.n;HHaKOBoe H3MeHeHHe COCTOHHlUI KOMITOHeHTOB peAOKC-CH.CTeMhI .n;OJ1)I<HO 

npHBeCTH K H3MeHemno HOpMaJIhHOrO nOTeHU;H.ana CH.CTeMhI H ee E1 / 2 • OrrhIT nOKa-

3an, 'fTO BenH.'IHHhI El/2 BOCCTaHOBneHHH KaTHOHa cpeppH.U;HHHH H OKHcneHlUI <t>eppo

u;eHa AOBonhHO CHJIhHO 3aBHCHT 01' COCTaBa paCTBopHTeAA (pHC. 8). IIpH rrepexoAe 

OT 'IHCTO Bo.n;Horo pacTBopa K 3TaHonOBOMY BenH'IHHhI El/2 CTaHOBHTCH 60nee nono

)l(11TeJIhHhIMH npH6JIl13HTenbHo Ha 200 MB. BOJIHhI BOCCTaHOBneH1IH KaTHOHa cpeppH

U;HHHH H OKHcneHHH cpeppou;eHa B naHOne OlJeHb 6nH3KH K HalJany aHOAHoro paCTBO

peHMpTym. 

BelIll'illHbI El/2 6bIJIlI H3MepeHbI OTHOCHTeJILHO BO,QHOrO HaCbIIIJ;. K . 3. IIo3TOMY H3MeHeHHe Be

JIlI'IHH E1/2 IlpH llepexo,Qe OT BO.n;HbIX paCTBopOB K 3TaHOJIOBblM BKmoqaeT B ce611 H3MeHeHHeBeJIlI-
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ITOJIlipOrpa<pHIi OKRCJIHTeJIbHO-BOCCTaHOBHrem.HOH CHCTeMbI 999 

'iHR MelK<pa3HOrO IIOTeHl.{HaJIa. B JIHTepaType BCTpe'lllIOTClI BCCbMa pa3JIH'iHble OPRCHTMpOBO'IHble 

OueHKR BCJIR'IHH MelK<pa3HOrO IIOTCHl.{HaJIa. TaK. no MHeHHIO pll.lla aBTopOIl16-20. MClK(~a3Hble no

TeHl.{KaJIhl no KpaHHeil: Mepe Ha rpaHHl.\aX C paCTBOpaMH Il CMCCIiX 1l0,1(bl C HH3IImMH CIIHpTaMlf. ,1(H

MeTHJI<popMaMH,1(OM HJIH ,1(KOKCaHOM O'iCHh MaJIhl
16

• He IIpeBhlillaloT 1 MB H HX MO)f(HO He Y'lHTbl

llaTb. HanpOTHB. rJIeCCTOH C'IHTaeT
21

, 'iTO IIOTeHl.{HaJIhl rpaHHUbl MClK.1(y ,1(ByMII )f(H,1(KOCTlIMH Moryl' 

6blTb 60JIbJlIHM}{. HaJIH'iHe MelK<pa3HblX IIOTC~HaJIOIl npel1l!TCTIlYCT CTPOroMY conOCTaBJICHRIO 

PIl,1(OB HanpSllKeHIlSl B pa3HbiX paCl'BOpRTCJIIiX. ITo npC,1(JIOlKCHHIO ITJICCKOBa
22 

,1(JlII cpaBHCHHlI PSl,1(OB 

HanplllKCHHSl B pa3HbIX paCTBOpHTCJIlIX HCnOJIb3YCTCSl HOpMaJIbHhIH nOTCHUHaJI py6H,1(1l1l. B IICPBOM 

npK6JIH)f(CHHH IIpCp;nOJIaraCTClI. 'iTO 3TOT IIOTCHUHaJI 110 accx paCTIlOpHTCJISlX O,1(HHaKOIl, TaK KaK HOH 

Rb + HMceT MIiHHMaJIhHbrn 3apllp; npR 60JIblIIOM KpI{CTaJlJIOrpa<pI{'1CCKOM pap;I{YCC. BCJIC,1(CTBHe 'iero 

cJIa60 COJIbBaTHpyeTClI. MelK.1(y TCM IIOTCHl\llaJI IIOJIYIlOJIHbl ROHa Rb + 3allHCHT OT npHpO,1(bl pac

TBOpHTeJIIi. TaK. npR IIcpexop;c OT BO,1(HOrO paCTBopa K paCTBOpy B 60%-HOM 3TaHOJIe E1/2 CTaHO

BHTCIi Ha 80 MIl MeHCC OTpHl\aTCJIbHbIM
23

• ECJIH BCPHO npC,1(nOJIOlKCHHe. 'iTO MClK<pa3Hble nOTeHUHa

JIbl MaJIbl, TO TOr,1(a py6Hp;Hi!: HC npCp;CTaBJIIiCT co60il: 6e3ynpC'lHoil: CHCTCMbl P;JIIi CpaBHeHlUI PIlP;OB 

HanpSllKCHHII B pa3HbiX pacTBOpHTeJlllX
24

• 

B nOCJIe.QHee BpeMli 6bWR npe.QJIO)l(eHbI R .QpyrRe pe.QOKc-CUCTeMbI, HOpMaJIbHble 

nOTeHu;RaJIbI KOTOPblX npe.IJ;ITOJIO)l(RTeJIbHO He 3aBRCliT OT npMpO.QbI paCTBOpMTeJIli. 

B Ka'IeCTBe TaKRX CTaH.QapTHbIX CMCTeM HaUlJIH npRMeHeHue CHCTeMbI $eppou:eH

$:!PPMII:MHltil: M K06aJIbTou:eH- K06aJIbTRU:HHM.H
2S

-
29

• O.QHaKO H3JIO)l(eHHble 3.IJ;eCb 

.IJ;aHHble 0 B.JllilIHMH COCTaBa paCTBOpRTeJIli Ha npe.IJ;eJIbHble TOKR R E1/2 B CMCTeMe 

$eppou:eH-$eppl1U:MHl1H nOKa3bIBa1OT, 'ITO HOpMaJIbHbIH nOTeHU:HaJI :31'0H CM.CTeMbI 

3aBM.CM.T OT npMpO.QbI paCTBopl1TeJIli. 06 3TOM rOBopRT pa3JIR'IHOe BJIl1lIHMe COCTaBa 

Cpe.IJ;bI Ha K03$ejmIJ:HeHTbI .IJ;M.<p<pY3M.H $eppoIJ:eHa H KaTHOHa $eppHIJ:HHM.lI. Ecmr M.3-

MeHeHlle K03$<pHIIMeHTa .IJ;11<p<pY3HH $eppou:eHa u:eJIl1KOM 06YCJIOBJIeHO H3MeHeHMeM 

B1I3KOCTH cpe.IJ;bI, TO H3MeHeHHe K03<P<PHU:HeHTa .IJ;R<p<pY3MH KaTHOHa $eppHIJ:MHM.lI 

B 3HaQHTeJIbHOH Mepe 06YCJIOBJIeHO M.3MeHeHHeM COCTOlIHlIli caMOH .IJ;M.<p<pYH.IJ;MPYIO

ll(eH 'IaCTM.U:bI. ITPH nepeXO.IJ;e OT BO.IJ;HbIX paCTBopOB K 3TaHOJIOBblM COJIbBaTaU:M.lI 

KarnOHa $eppM.U:HHM.lI .IJ;OJI)I(Ha OCJIa6JIlITbCli . Me)l(.IJ;Y TeM K03<P<P11l.\lleHT .QU<p<pY3M.H 

ero He YBeJIU'IHBaeTClI, a YMeHblliaeTCli H O'IeHb CHJlbHO. B03MO)l(HO, 'ITO B paCTBopax 

C BbICOKHM CO.IJ;ep)l(aHHeM 3TaHOJIa B 3aMeTHOH CTeneHl{ npOHCXO.QM.T 06pa30BaHHe 

MOHHblX nap H3 KaTHOHOB <peppHUHHMlI M npOTHBOHOHOB. COBMeCTHa51 .QH<P<pY3HlI 

.D,BYX HOHOB C 'IaCTH'IHO COXpaHHBIIlllMllC5I COJIbBaTHbIMM 060JIOQKaMll .IJ;OJI)l(Ha npo

TeKaTb 3HaQHTeJIbHO Me.QJIeHHee, 'IeM .IJ;H<p<pY3HlI CB060.IJ;HblX KaTHOHOB <pePPHIJ:HHMlI. 

06pa30BaHMe HOHHbIX nap .IJ;OJI)I(HO npHBO.IJ;MTb K C.QBMry nOTeHlIHaJIa nOJIYBOJIHbI 

B KaTO.QHOM HanpaBJIeHMH, T. e . B 06paTHOM TOMY, KOTopoe Ha6JIIO.QaeTC5I Ha OnbITe. 

ITOCKOJIbKY B3aliMO.IJ;eHCTBMe MOHOB npM 06pa30BaHM.R MOHHbIX nap cJIa60e, TO 3TOT 

C.IJ;BHr .IJ;OJI)I(eH 6bITb He6oJIbIlIHM. He06xo.IJ;RMO BCe )l(e nOHlITb, nO'IeMY Ha6JIIO.IJ;aeT

Cli C.IJ;BHr nOTeHU:HaJIa nOJIYBOJIHbI B aHO.IJ;HOM HanpaBJIeHHM npH 3aMeHe BO.IJ;bI 3Ta

HOJIOM. IIo BceH BM.IJ;HMOCTM, 3TOT 3<p<peKT 06YCJIOBJIeH CMJIbHblM YMeHbllieHHeM aK

TM.BHOCTM <peppou:eHa B 3TaHOJIOBbIX cpe.Qax. B nOJIb3Y 3Toro npe.IJ;nOJIO)l(eHH5I MO)l(HO 

npHBJIe'lb pe3Koe H3MeHeHHe paCTBOpliMOCTH $epporreHa. ITo HaIlIHM .IJ;aHHbIM npM 

nepexo.IJ;e OT BO.IJ;bI K 3TaHOJIy paCTBopMMOCTb <peppou:eHa YBeJIM'IMBaeTC5I Ha 

ITlITb - meCTb IlOP5l.IJ;KOB. PaCTBOpHMOCTb COJIM <peppMIJ:MHMlI M3MeHlIeTC5I .IJ;aJIeKO He 
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1000 )KAaHoB, ECHMlKaHOBa: 

TaK ClUfbHO. 3Toro .n,OCTaTO,{HO, ,{To6bI 06'b5ICHI1Tb Ha6mo,D.alOllI,HHCSI Ha OIlbITe 

3cpcpeKT. 

l-13 111JIO)f(eHHoro CJIe,D.yeT, ':ITO 113MeHeHl1e IlOTeHlJ,l1aJIa IlOJIYBOJIHbI OT':IaCTI1 CBR-

3aHO C 113MeHeHl1eM HOpMaJIhHOr O nOTeHlJ,l1aJIa pe.n,OKC - CI1CTeMbI cpeppOlJ,eH

cpeppl1lJ,l1HI1H, C '{eM Heo6xo,D.HMO C,{l1TaThCR rrpl1 I1CIlOJIh30BaHl1l1 ee ,D.JIR cpaBHeHI151 

P}J,D.OB Hanp}J)I(eHI151 B pa1HbIX paCTBOpI1TeJIJIX. 

Tacm-nOllflpozpaifjufl KamUOlla ifjeppwlullUfl 

TIpHPOAY TOKOB Ha nOJIlIpOrpaMMax MOlKHO RCCJIe,noBaTh C rroMolUhlO H3M epeHHH rrOMpOrpaMM 

npH nOCTOIDIHOM He3aBHCWlmeM OT rrOTeHl.(Harra rrepRo,ne KarraHHR (r). l1cCJIe,nOBaHHe 3aBHCHMOCT!1: 

TOKa OT rrepHo,na KanaHlUI npH n OCTOllHHOH: CKOPOCTH HCTe'leHHlI PTYTH (m) ycnenrno HCnOJIh3yeTclI 

,nJIlI BbIlIBJIeHHlI BJIHlIHHH rrOCTopOHHHX nOBepXHOCTHo-aKTIffiHbIX BemeCTB Ha KHHeTHKY :meKTpOA

HblX npOl(eCCOB
30 

H ,nnR H3Y'leHHH npHpo ,nbI TOKOB31 - 33. AJIlI TOKOB pa3JIH1{H0H: npHpOAbI 3aBRCR

MOCTl{ OT nepHo,na KanaHHlI npH coxpaHeHlm nOCTOllHCTIIa m pa3JIH'Ulb131 - 34. 

Ha Pl1C. 9 IlOKa1aHa cepl1JI TaCT -rrOJISIpOrpaMM .n,JISI BOCCTaHOBJIeHl1JI KaTl10Ha 

cpeppl1lJ,I1HI1R B BO.n,HOH cpe.n,e. OTMeTI1M CJIe.n,YlOllI,Re 3cpcpeKTbl. C POCTOM rrepRo.n,a 

KarraHI1S1 rrOBbIlliaeTC51 a.n,cop6U;110HHa51 rrpe.n,BOJIHa (noT 3cpcpeKT I1CCJIe,D.OBaJIC51 .n,e

TaJIhHO OT.n,eJIbHO), YBeJIli':lI1BaeTC51 TOK B Ha':laJIe OCHOBHOH BOJIHbI, TaK ':ITO o6pa3y

eTCSI MaKCI1MYM, YMeHblUaeTcR TOK B I1HTepBaJIe rroTeHn:RaJIOB OT - 0,3 ,D.O -1,0 B 

H YBeJIl1'Il1BaeTCSI TOK npl1 60JIee OTpHlI,aTeJIbHbIX IIOTeHlJ,RaJIax. 

l,tJA 

4 -

-0,5 -1P [,V -1,5 

PHc.9 

TacT-nonHpor paMMbl 2. 10 - 3M Bo,nHoro pac

TBopa 60PO<pTopHAa <pePPHl.(HHHlI Ha <PO He 

0,IH-H2S04 
3JIeKTpo,n cpaBHelfHlI - HacblmeHHbIH 

PTYTHo-cynh<papHbIH. TIepRo,n TaCTHpOBaHHH 

60% OT T. BeJIH'lHHa T: 1 0,1; 2 0,2; 30,4; 40,6; 
5 0,8; 6 1,0; 7 2,0; 8 3,0; 9 4,0 c. 

0,8 

logi 2 

0,6 

0,4 

0,2 

Q"o -0,5 logr 0,5 

PHc.lO 

3aBHCHMOCTh log i OT log r npH E = --0,5 B 

(KpHBali 1) H E = -1 ,5 B (KpHBall 2) 
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IlOJIlIpOrpaq:lI{s1 OKHCJlIfTeJIbHO-BOCCTaHOBHTeJlbHOH CHCTeMbl 1001 

3aBHCHMOCTb TOKOB Ha BepXHeH 'IaCTn npe)l,BOJlHbl OT nepHO,LJ,a KanaHH51 6JUl3Ka 

K i ~ ,0,23, T. e. K TaKOlf, KOTopa~ XapaKTepHa )l,Jl~ )l,ncpq)Y3IWHHbIX TOKOB. 31'01' 

pe3yJlhTaT, CKopee Bcero, ~BAAeTC51 CJle)l,CTBHeM O'IeHh CHJlhHOrO BJlIUIHH~ OCHOBHOH 

BOJIHbl Ha npHpo)l,Y TOKOB Ha npe)l,BOJlHe. 

Ha pHC. 10 nOKa3aHbi 3aBI1CHMOCTI1 i OT , B JIorapl1Q>MIi\JecKoM llIKaJle )l,AA )l,ByX 

nOTeHlJ,l1aJIOB : npn -0,5 B (Kp}!Ba51 1), npH KOTOPOM I1Hm611pOBaHI1e Bblpa)J(eHo 

Hal160JIee CHJIhHO, H npl1 -1 ,5 B (KpHBa~ 2), npl1. KOTOPOM I1Hm6npoBaHHe no Q>opMe 

nOAAporpaMM He3aMeTHO (Pl1c. 9). BI1)l,HO, 'ITO 3aBI1CI1MOCTh TOKa 01' nepHO)l,a Kana

HIUI onpe)l,eAAeTC~ CO'leTaHl1eM POJlH )l,HQ>q)Y3HH H a)l,COp6lJ,HI1. ITPH nOTeHlJ,HaJlaX 

MHHHMYMa Ha i, E-KPHBbIX npe06JIa)l,aeT pOJIb a)l,COp6lJ,HH; npH y)l,aJIeHHH 01' 3THX 

nOTeHlJ,HaJlOB pOJIh a)l,COp6lJ,HH OCJla6AAeTC~ H CTaHOBHTCH 60JIee 3aMeTHhIM BJll1~

lme )l,HCPQ>Y3Hl1.. 

1,5 

10 

PRc. 11 

7 

-0,3 -0,6 E/V -0,9 

6 

5 

OCn;HJIJIOIIOJlllpOrpaMMbI BOP:HbIX pacTBopoB 

60PO(jJTopHp:a !peppHl.{HHlHI Ha !poHe O,IH

H2S04 
KOHll;eHTpall;HlI: COJIH !peppHI.{InUIll:: 

1 1 . 10- 4 ; 2 2 . 10-4 ; 34. 10- 4 ; 4 6. 10- 4 ; 

5 1.10- 3 ; 6 1,4.10- 3 ; 7 2. 1O- 3M. V = 

= 0,25 B/C; 3ap:ep)KKa 2,8 c. Ha'llUlbHbrn E = 
= -0,1 B. m = 1,47 Mr/c. 3neKTpop: cpaBHe

HHH - Hacbrrn;eHHbrn PTYTHo-cYJ1b!paTHbrn. 
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PRc. 12 

BilIiHHHe CKOPOCTR H3MeHeHHlI: IIOTeHlI;Hana 

(v) Ha OCn;HJIJIOIIOJlllpOrpaMMY 2. 1O-3M BOP:

Horo paCTBopa 60PO(jJTopRP:a !peppn:n;IIHHH Ha 

!pO He 0,IH-H2S04 
BeJIII'lHHa v: 1 0,125; 2 0,25; 3 0,5; 4 1; 

52; 6 4 B/C. 3ap:ep)KKa 2,8 c. Ha'llUlbHblii E = 

= --0,1 B. m = 1,47 Mr/c. 



1002 ){():{aHOB, ECKMJ£<aHOBa: 

TOT (paKT, qTO a,n;cop6~RoHHoe TOpMO)l(eHRe cJIa60 Bhlpa)l(eHO R npR nOTeH~RaJIaX 

nOJlO)l(RTeJlhHee nOTeH~aJla MaKCRMaJIhHOrO liHfR6RpOBaHRSI:, fOBOPRT JlR60 06 

OTHOCRTeJIhHO CJla60H a,n;cop6~Rl1 cpeppo~eHa npR 3TRX nOTe~aJlaX, mI60 0 3a

Bl1Cl1MOCTl1 Opl1eHTa~l1l1 MOJleKYJl <peppo~eHa B a,n;cop6~OHHOM CJloe OT nOTeH~a

JIa. liJll{30CTh a,n;cop6~l10HHOH npe,n;BOJlHhI K OCHOBHOH BOJlHe fOBOPRT B nOJlh3Y 

nepBOfO npe,n;rrOJIO)l(eHl{S{. 

AHaJlOfl1qHhIe l13MepeHl{S{ 6hIJll1 BhIIlOJlHeHhI C BO,n;HO-3TaHOJlOBhIMR paCTBOpaMl1. 

113MepeHl{S{ nOKa3aJlR, QTO B rrpI1CYTCTBl111 3TaHOJIa a,n;cop6~l1oHHhle Sl:BJIeHl{S{ npo

s{BJls{JOTCSI: 3HaQl1TeJIhHO cJIa6ee: 06JIaCTh nOTeHll,l1aJIOB I1HDf6HpOBaHl{S{, B KOTOPOH 

C POCTOM nepRo,n;a KanaHlls{ TOK YMeHhlliaeTcs{, 3HaQl1TeJIhHO Y)l(e 11 OHa CMemeHa 

B KaTOAHOM HanpaBJleHHR, HanpRMep, B 30%-HOM 3TaHoJle - K -1,0 B. IIpR no

TeH~RaJle MaKCRMaJIbHOfO l1Hrn6I1pOBaHl{S{, T. e. npR -1,0 B B 30%-HOM 3TaHOJle 

3aBRCRMOCTh TOKa OT nepl1o,n;a KanaHl{S{ onRChIBaeTCs{ ypaBHeHlfSl:MI1: i ~ 'to,36 

npl1 MaJlhIX 't l1 i ~ 't- O.43 npl1 60JlhllilfX 't. 

OCl/UAAocparfiU'IeCKafl nOAflpocparfiufl 

TIPI1 a,n:cop6rurn. KOMIIOHeHTOB 06paTlfMOape.qoKc-cHCTeMbI (a.qcop6qu:oHHble rrpe.qBOJIHbI lip.qH'fKH) 

i, E-KpltilbIC B oCW'!JIJIOrrOJIlipOrpa<pHH HMeIOT BH.q IlliKOB co crra.qOM TOKa rrOCJIe IIHKa .qo O'leHb Ma

JIoil: BeJIH'iHHbI
3 

5,
36 • TaKYIO )l(e <POPMY .qOJDKHbI HMeTb ocgl1!I!IorrOJIlipOrpaMMbI B CJI)"lae aBTO

HHrH6HpOBaHHlI rrpo.qyKTOM. TIpH3HaKOM HaJIH'iHlI a,n:COp6gHH lIBlllIeTCll 60JIee CHHbHali 3aBHCH

MOCTb BbICOTbl IlliKa OT CKOPOCTI1 H3MeHeHHll nOTeHWiaJIa (in R; VX), '1eM B cJIy'lae BOJIH 06paTHMhlX 

peaKglfH, He OCJIOJ£<HeHHbIX a.u:cop6W'!ea (x = 0,5)3 7 • POJIb a.u:cop6W'!H KOMIIOHeHTOB peaKgl1H BbI

lIBJIlieTCli TaKJ£<e rryTeM HHTerppHpOBaHHlI OT.qeJIbHbIX rrOJIlipOrpaMM38 ,39. 

IIpR KOHll,eHTpall,l1l1 60pO<pTOpM,n;a cpepplf~Hl{S{ 1. 1O-4M oCll,lIJIJIOnOMperpaM

Ma RMeeT HOpMaJIhHhIH BM,n;, TI111RQHhrH ,n;JISI: 06paTlfMhIX 3JIeKTpo,n;HhIX npo~eCCOB 

(plfC. 11, KplfBaSl: 1), HO nOBhIllieHlfe KOH~eHTpa~l1 Be,n;eT K TaKlfM R3MeHeHlfS{M KpR

BhIX, KOTophle MO)l(HO 06"hs{CHI1Tb aBTOHHfI16HpOBaHReM. Y)l(e npR KOHll,eHTpa~l1lf 

4. 1O-4M (KpRBaSl: 3) Ha6JIJO,n;aeTcs{ 60JIee pe3KlfH cna,n; TOKa nOCJle MaKClfMYMa, HO 

TOK npR 60Jlee OTplf~aTeJIhHhIX nOTeH~aJlaX BCe eme paCTeT. O,n;HaKO npl1 KOH~eH'
Tpa~ BhllIIe 6. 1O-4M TOK B 3TOH 06JlacTlf nOTeH~aJlOB C POCTOM KOH~eHTpa~R 
YMeHblliaeTcS{, QTO MO)l(eT 6hITh TOJlhKO B CJlyqae aBT0l1HfI16RpOBaHRSI:. B 3THX yCJIO

BRSl:X HaqaJIhHhrH yqaCTOK oC~RJlJIOnOMpOfpaMM HMeeT BM,n; BhICOKOfO OCTPOfO 

rmKa, KaK H B cJIyqae BOCCTaHOB.JleHlUI ,n;enOMpl13aTOpa R3 a,n;cop6HpoBaHHofo co

CTOSIHl{S{ (Kpl1Bhle 5 -7). 
,n:ocTaTOQHO Cl1JlbHhrH C,n;BlIT nOTeHll,RaJla B KaTo,n;HOM HanpaBJIeHIDI npl1Bo,n;l1T 

K HOBOMY B03paCTaHRJO TOKa, KOTopoe 06YCJIOBJIeHO npeo,n;OJleHHeM HHfH6RPYJO

rn.efO ,n;eHCTBl{S{ <peppo~eHa B pe3YJlhTaTe JIH60 QaCTHQHOH ,n;ecop6~H, JIR60 yCKO

peHlUI npoll,ecca npR HaJlwum: nJIeHKH cpeppoll,eHa. 

YBeJll{QeHHe CKOPOCTH l13MeHeHl{S{ nOTeH~RaJla Be,n;eT K nOBhIllieHMJO H pacIllHpe

Hl1JO nHKa (pHC. 12), TaK KaK ,n;JISI C03,n;aHl{S{ HHfU6uPYJOmeH nJleHKH Tpe6yeTcs{ npo-
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nOJlRpOrpatl>KR OKKCJlKTeJlhHO-BOCCTaHOBKTeJlbHOH. CHCTeMbl 1003 

TeKaHHe Orrpe.ll;eJleHHOrO KOJlHQeCTBa 3JleKTpH'leCTBa. 3aBHCHMOCTb BblCOTbI llHKa 

OT VOTBeqaeT 3aKOHOMepHOCTH in ~ VO. 37
, TaK qTO Ha6JllQ.ll;aeTCJ[ 60JIee cJIa6aJ[ 3a

BI1CHMOCTb BbIcOTbI rrl1Ka OT V, qeM .ll;a)l(e B CJIYliae TOKOB C .ll;I1IjlIjlY3HOHHbIM KOHTPO

JIeM. OqeBI1.ll;HO, H 3TO J[BJIJleTCJI CJIe.ll;CTBHeM aBTOI1HrI16HpOBaHI1J1. 

MbI orrpe.ll;eJII1JlI1 llJlOll\a.ll;b rro.ll; Ka)l(.ll;OM KPHBOM Ha pHC. 12 B I1HTepBaJIe llOTeHIIl1a

JIOB OT - 0,1 .ll;O -1,0 B, rrepeCQI1TaJII1 ee B KOJIl1QeCTBO 3JIeKTpl1' IeCTBa H OTHeCJIH 

K e.ll;I{HHIIe rrJIOll\a.ll;H rrOBepXHOCTH 3JIeKTpO.ll;a K MOMeHTY .ll;OCTH)I(eHHJ! rrOTeHIIl1aJUl 

-1,0 B. flOJIYqI1JlaCb BeJII1QI1Ha, cJIa60 3aBHCJlll\aJl OT V (B Cpe.ll;HeM 0 ,163. 10- 3 
Ky

JIOH/CM
2
). OTCIQ.ll;a CJIe.ll;yeT, QTO cYll\eCTBeHHOe TOpMO)l(eHHe peaKIJ,I1H HacTyrraeT npH 

06pa30Bamrn rrpl16JIH3HTeJIbHO 1,7 . 10 - 9 MOJIeM ljlepPoIIeHa Ha 1 CM2 nOBepXHOCTH 

3JIeKTpO.ll;a (,..., 10 A 2 
Ha O.ll;Hy MOJleKYJIY), T. e. npH 06pa30BaHHH HeCKOJIbKI1X MOHO

MOJIeKYJIJlpHbIX CJIOeB ljleppoIIeHa. 

HCCJIe.ll;OBaHlfe IjlOPMhI i, t-KPI1BhIX .ll;JlJl BO.ll;HhIX H BO.ll;HO-3TaHOJIOBblX paCTBOpOB 

COJIl1 ljleppHI.I,I1HHJ! nO.ll;TBep.ll;I1JlO Ha6JIIQ.ll;eHHJ!, C.ll;eJIaHHhle HCCJIe.ll;OBaHJ.leM TaCT

nOJIlIpOrpaMM. OTMeTI1M JlI1IIIb, QTO rrpl1 nOTeHI.I,I1aJIaX B6JII13H MaKCI1MaJlbHOrO HH

m611pOBaHHJI (-0,3.ll;o -1,0 B) Ha i, t-KPI1BbIX 3aMeTHhi HeperYAApHOCTI1. flo BCeM 

2.0 
C,~F 

1,6 

0.4 -

00,4 0,2 

PHc.13 

1,2 -

- 80 0,8 

C 

40 

o -OJ! 
E,V 

5 

nepeMeHHOTOKOBble IIOJH!pOrpaMMbI paCTBO

pOB <!>eppO~eHa B 96%-HOM 3TaHOJle B IIPHCYT

CTBIUi 1H-H2S04 
KOH~eHT~ll tl>eppo~eHa: 1 0; 2 1 • 10-4 ; 

32.10-4
; 44.10- 4 ; 56. 1O- 4 M. a KpHBble C 

(~F H ~FJcm2), E; b) KpHBble iR, E. AMrurn
Ty,n:a 4 MB. 3a,n:eplKKa 2,4 c. m = 1,06 MrJc. 
s=0,0159cM2 

(s MOMeHT H3MepeHHlI). qacToTa 

50 r~. 3JleKTpo,n: cpaBHeHHll - HaCbllI\eHHbrH. 

KaJlOMeJlbHbrH.. 
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a 120 1,2 -

1,6 

80 

o :-;----;;';;-----;:---;f-;:,-JO 
0,4 0,2 ° E,VO,2 

PHc.14 

JA 
b 

5 

nepeMeHHOTOKOBble IIOJIlipOrpaMMbI paCTBO

pOB tl>eppo~eHa B 60%-HOM 3TaHone 

YCJlOSHlI Te )J(e, 'iTO H Ha pHC. 13. 



1004 )K,ll,aHOB. tCIDYllKaHOBa: 

BM,lJ;lIMOCTH, OHH 06YCJIOBJIeHhI HeperyJUlpHhIMll pa3phIBaMH nJIeHKH rpeppOu;eHa pac

TYlll,eM KanJIeH PTYTM. 

IIepeMeHfLOmoKooaR nOARpo2paifjuR 

<PeppOljell. Ha KPHBhIX. )J,JI5I aKTHBHOM (iR' E) H peaKTHBHOH: (C, E) KOMrrOHeHT 

nepeMeHHoTOKOBhIX. nOJUIpOrpaMM :naHOJIOBhIX. (pHC. 13) H BO)J,H03TaHOJIOBhIX. (pMC. 

14) paCTBOpOB rpeppou;eHa HMeJOTC5I nHKH, KOTophle COOTBeTCTBYJOT BOJIHaM OKHC

JIeHl1.51 rpeppou;eHa B KaTHOH rpeppHU;HHHH Ha KJIaCCH'IeCKHX nOJUIpOrpaMMax. BhICO

Thl mlKOB nponopU;HOHaJIhHhI KOHu;eHTpaU;HH rpeppou;eHa. Ha C,E-KPMBhIX nHKH pac

nOJIO)[(eHhI 6JIH3KO K nO)J,'heMY eMKOCTH rpoHa C aHo)J,HoH CTOPOHhI H TeM 6JIM)[(e , 'IeM 

BhIllIe cO)J,ep)[(aHHe 3TaHOJIa. B 96% -HOM 3TaHOJIe peaKU;HH OKHCJIeHIHI rpeppou;eHa OT

BeqaeT He nHK, a cTyrreHhKa (pHC. 13). 3TO 51BJIeHHe aHaJIOrH'IHO c,n:BHry BOJIHhI OKHC

JIeHliSl rpeppou;eHa l1.JlH BOCCTaHOBJIeHH5I KaTHOHa rpeppHU;HHH5I Ha KJIaCCH'IeCKHX rro

JISlpOrpaMMax B aHO)J,HOM HarrpaBJIeHllH rrpH YBeJIl1qeHHH CO)J,ep)[(aHHSl 3TaHOJIa. KaK 

H B KJIaCCHqeCKOM nOJUIpOrparpHH, BhICOThI nHKOB 3aBHC5IT OT co,n:ep)[(aHH5I 3TaHOJIa 

B CMeCH TOJIhKO H3-3a H3MeHeHH5I B5I3KOCTH cpe)J,hI. 

MCCJIe,n:OBaHHe CBOMCTB nHKOB nOKa3hlBaeT, 'ITO OHH OTBe'IaJOT 06paTHMOMy npo

TeKaHHJO 3JIeKTpO)J,Horo npou;ecca. Bo-nepBhIX., nOTeHU;HaJIhI llHKOB COBna,n:aJOT C Be

JIH'IHHaMH El /2 npH TOM )[(e COCTaBe paCTBOpHTeJUl. BO-BTOPhIX., IllHpHHa nHKa Ha 

nOJIOBHHHOM BhICOTe 6JIH3Ka K 88 MB, 'ITO COOTBeTcTByeT 06paTHMOMy npOTeKaHHJO 

O)J,H03JIeKTpOHHoro npou;ecca40
• HaKOHeu;, BhICOThI nHKOB nepeC'IHThlBaJIHCh B aK

THBHoe H peaKTHBHoe conpOTHBJIeHHSl, KOTophle H cpaBHHBaJIHCh. OKa3aJIOCh, 'ITO 

R ~ 1/we. -'-.. 
Ha pHC. 13 H 14 HeT npH3HaKoB a)J,cop6U;HH rpeppou;eHa H3 3TaHOJIOBhIX H BO)J,~O-

3TaHOJIOBhIX. paCTBopOB npH HH3KHX KOHu;eHTpaU;H5IX rpeppou;eHa. QTo6hI Bce )[(e 

HaHTH XOT5I 6hI HHTepBaJI nOTeHU;HaJIOB a,n:cop6U;HH rpeppou;eHa, MhI H3MepHJIH eM

KOCTHhle KpHBhle HaChIlll,eHHhIX. paCTBopOB rpeppou;eHa. B 4O%-HOM 3TaHOJIe paCTBO

pSleTC5I npH6JIH3HTeJIhHO 1,5 • 1O-4M rpeppou;eHa H )J,enpeccH5I eMKocTH H3-3a a)J,cop6-' 

U;IiH OqeHh MaJIa, TaK KaK KpHBhle ,n:HrprpepeHIJ;HaJIhHOH eMKOcrn CHJlhHO HepaBHOBec

HhI. B 60%-HOM :naHOJIe pacTBOpHMOCTh rpeppou;eHa y)[(e )J,OCTaTO'IHO BeJIHKa 

H Ha6JIJO)J,aeTC5I 3aMeTHa51 )J,enpeccH5I eMKOCTH H3-3a a)J,cop6IJ;HH B HHTepBaJIe nOTeH

U;HaJIOB Henocpe)J,cTBeHHo OT .nHKa )J,onOJIHHTeJIhHOM eMKOCTH peaKIJ;HH C aHo)J,HoH 

CTOPOHhI)J,O -0,5 B (HaChIlll,. K. 3.) (pHC. 15). ITHK )J,ecop6U;HH rpeppou;eHa C KaTo)J,HoH 

CTOPOHhI O'IeHh MaJI H Cl1.JlhHO paCT5IHYT, TaK 'ITO KpHBhIe paCTBopa rpeppou;eHa H 

rpOHa CJIHBaJOTC5I npH nOTeHU;HaJIe OKOJIO -1,0 B. ITPH )J,aJIhHeHIIIeM YBeJIH'IeHHH 

co,n:ep)[(aHH5I 3TaHOJIa HeCMOTp51 Ha nOBhlIIIeHHe KOan;eHTpaIJ;HH rpeppou;eHa HHTepBaJI 

nOTeHU;HaJIOB a)J,cop6IJ;HH cOKpalll,aeTC5I C aHo)J,HoM CTOPOHhI H3-3a paCllIHpeHH51 nHKa 

peaKU;HH. ITPH nOTeHD;HaJIe MHHHMYMa Ha KPHBOH eMKOCTH, KOTOPhrH HeCKOJIhKO 3a

BHCHT OT KOHu;eHTpau;nn 3TaHOJIa, BO Bcex pacTBopax ,n:OCTnraJOTC5I 6JIH3KHe 3Ha'Ie-
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HI15I eJ\.fKOCTl1 (6- 8 IlF/ CM2). 3TO MO)KeT 03Ha'laTh, 'ITO a.D,cOp6~110HHbrH CJI01{ 

B 3THX pacTBopax l1MeeT CXO.D,HOe CTpOeHtle . 

COAb rjjeppUl/UHUfl . Kpl1BhIe aKTl1BHOH KOMlTOHeHTbI nepeMeHHoro TOKa .D,JI5I BO.D,

HbIX pacTBopoB COJIH cPeppl1~HHll5I cO.D,ep:lI<aT TOJIbKO nHK peaK~Hl1, BblCOTa KOToporo 

lTpOlTOp~OHaJIbHa KOH~eHTpa~~1l1 COJIl1 (~eppll~HHH5I B HHTepBaJIe 5.10- 5 .D,o 

1. 1O- 3M. O.D,HaKO eMKocTHble KpHBble .D,JI5I BO.D,HbIX paCTBOpOB COJII{ cPeppl{~HHruI 

HMelOT 3Ha'll1TeJIbHO 60JIee CJIO)J(HbIH: BU.D" 'reM KpUBble .D,JI5I B0.D,Ho-:naHon OBbIX pac

TBOPOB cPeppo~eHa (pHC 16). Ha 3THX KPHBblX llMelOTC5I nHK .D,OnOnHHTeJIbHOH eM

KOCTH peaK~HH, BblCOTa KOToporo TaK)Ke nponopl~llOHanbHa KOH~eHTpa~HH conH 

cPeppH~HHH5I, H .D,enpeccH5I eMKOCTH B lllT1POKOM HHTepBane nOTeH~HanOB , npHMbIKa

lOlUeM C aHO.D,HOH CTOPOHbI K nllKy pea~HH. rJIy6HHa .D,enpeCCHH eMKocTH C POCTOM 

KOH~eHTpall,IDl YBeJIH'lHBaeTC5I. O.D,HOBpeMeHHo paClllT1p5IeTCJI HHTepBan nOTeH~Ha
nOB, B KOTOPOM eMKOCTb 01' .D,06aBKl1 COJIH cPeppH~l1HH5I CHH)J(aeTCJI. I1PI{ .D,oCTaTOl.{

HO BhICOKOH KOH~eHTpa~llli .D,OCHrraeTC5I MHHHMaJIbJ-IOe 3Ha'leHHe eMKOCTl1 

('" 6 IlF/CM2), KOTopoe OT KOH~eHTpa~Hl1 60JIee He 3aBHCHT. B 3TllX ycnOBH5IX nHK 

.D,OnOJIHHTeJIbHOH eMKOCTH Ha ero npaBOH HI1Cna.D,alOlUeH 'laCTI1 HCKa)J(eTC5I Ha'Il1Ha

lOlUeHC5I a.D,COp6~l1eH cPeppo~eHa. BCJIe.D,CTBl1e 3Toro lffilpHHa nHKa Ha nonOBHHHOH 

BhICOTe .D,JI5I KPHBOH 6, Hanpl1Mep, 3aMeTHO MeHbllIe o)J(l1.D,aeMOH: (88 MB), npH':IeM, 

C,pF 
~;f,m' 
I 

I 
I 

0,8~ 
-160 

I <'.0 
I 

0,+ 
20 

°0,5 -0,5 [,V -1,0 

Pac. IS 

EMKOCTHble KplfBble I H-H2S04 (KpliBaJI 1) H 

HacbllIIeHHoro pacTBopa 4leppo~eHa (KpliBali 
2) B 60%-HOM :naHOJIe 

AMrumTY,Ila 4 MD, 3a,Ilep)!(l(a 2,4 c, 111 = 

= 1,06 Mrjc, s = 0,0159 CM2. 
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-0,5 [,V -1,0 

Plic.16 

EMKOCTHbJe KpliBble BO,IlHbIX pacTBopoB 6opo-

4lTopH,Ila 4leppH~IDI B npliCYTCTBHH 1H
H2S04 

KOH~eHTpa~1i!I6opO(IJToplf,Ila 4leppliI{llHlfH: 
1 0; 2 5.10- 5 ; 3 1 • 10- 4; 4 1,5.10-4; 5 
2.10- 4; 6 5 .10-4; 71.10- 3; 82. 1O- 3M. 
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I(aK 3TO XOPOIllO BU,LJ;HO Ha puc. 16, nUK TeM Y)I(e, '1eM BbIIlle KOHlJ;eHTpauuSI COJIH 

q)eppI1URHI1SI. 

ReT HUKaKUX COMHeHUH, 'ITO .n;elIpeccHSI eMKOCTH Ha KPHBblX BO.n;HbIX paCTBOpOB 

comr <!.>eppUUUHI1SI 06YCJIOBJIeHa a.n;cop6U11eH <!.>eppoueHa, B03HHKalOruero npH BOC

CTaHOBJIeHHU KaTHOHa (peppHUUHHSI. O,LJ;HaKO a,LJ;COp6UI1SI <!.>eppoueHa xapaKTepU3Y

eTCSI HeKOTopbIMH oc06eHHOCTSIMIL bbIJ10 lIOKa3aHO, 'ITO B 3Tl£X YCJIOBHSIX Ha nOBepx

HOCTI£ PTYTI1 06pa3yeTcSI lIOJIHMOJIeKYJIHpHbIH CJIOH <!.>eppoueHa. Me)l(,LJ;Y TeM, ,LJ;a)l(e 

lIpH: CaMbIX BbICOKH.X KOHueHTpaUHHX comr <!.>epPHUH:HI1H eMKOCTb He CHI1)1(aeTC.ll ,LJ;O 

3Ha'leHI1H, xapaKTepHbIX ,LJ;JIH lIOBepXHOCTI£ PTYTH:, lIOKPbITOH lIOJIH.MOJIeKYJl.llpHbIM 

CJIOeM OpraHl1'1eCKOrO BerueCTBa. 

BO-BTOPbIX, .n;ecop6UH:H <!.>eppoueHa lIPOI1CXO,LJ;I£T 6e3 06pa30BaHHSI nHKOB .n;OlIOJI

HllTeJIbHOH eMKOCTI£ a,LJ;COp6UH.I1-,LJ;ecop6U;HI1. C KaTo.n;HoH CTOPOHbI eMKOCTHble KpH

Bble MH paCTBopOB COJII£ <!.>epPI£IlI1HH5I lIJIaBHO CJIHBalOTCH C KPI1BOH ,LJ;JIH <!.>OHOBoro 

3JIeKTpOJII1Ta. C aHO,LJ;HOH CTOPOHbI a,LJ;COp6U;HOHHbIH IIHK B lIpHHUlme ,LJ;OJI)I(eH HaJIO

)l(HTbCSI Ha lIUK peaKIJ;H:H:. QT06bI BhIHCHHTb, HMeeTCSI JIU a,LJ;COp6U;110HHaH KOMlIOHeH

Ta B nOM nUKe, MhI 3aperl1CTpl1pOBaJIU eMKOCTHhle KpHBble ,LJ;JISI BO,LJ;Ho-naHOJIOBbIX 

paCTBOpOB COJIH <!.>eppHIJ;HHHH O,LJ;HOH KOHIJ;eHTpaIJ;HU, HO C pa3HbIM CO,LJ;ep)l(aIDIeM 

3TaHOJIa. Bse.i:J;eHHe 3TaHOJIa OCJIa6J1SleT a,LJ;COp6UHIO <!.>eppoueHa, H eCJII1 6bl lIl1K 

UMeJI CJIO)l(HYIO npHpO,LJ;Y, TO a,LJ;COp6UROHHaSI KOMlIOHeHTa I£C'Ie3JIa 6b!. O,LJ;HaKO 

BbICOTa lIHKa, HCnpaBJIeHHaH Ha U3MeHeHHe K03<!.><!.>HuueHTa .n;M<!.><!.>Y3HU lIpH BBe.n;eHI£H: 

naHOJIa (CM. pUC. 7) He 3aBHCl£T OT KOHu;eHTpaIJ;HH naHOJIa. CJIe.n;OBaTeJIhHO, 1£ 

C aHo.n;HoH CTOPOHbI ,LJ;OlIOJIHHTeJIbHOH eMKOCTH: a,LJ;COp6lJ;HH-,LJ;eCOp6UIiH: <!.>eppoueHa 

HeT. 

Mbl nOllblTarrRCb nOJIY'illTb p;OnOJIHHTeJIbHble .o;aHHble no a.o;cop6n;1m <iJeppon;eHa nyTeM H3Mepe

HIUI3JIeKTpOKanHJlJlllpHblX KpHBbIX. OT KanHJlJlllpHOrO 3JIeKTpOMeTpa npHlIIJIOCb OTKa3a TbCir;'i'al( !<aK 

npR 06pa30BaHHH nOJIHMOJIeKYJIlIpHOrO eJIOli <iJeppon;eHa MelfHCK B KanHJIJIlIpe, OqeBH.D;HO, .o;OJIlKeH 

nOTepllTb no.o;BHlKIfOCTb. TI03TOMY MbI H3MepSIJIH 3aBHCHMOCTb OT nOTeHIJ;Harra nepHo.o;a KaIlaHHlI 

KaIleJIbHOrO pTYTlforo 3JIeKTpo.o;a. 113MepeHHlI 3TH 6blJIH npo.o;eJIaHbI HeO.D;HOKpaTHO H C pa3HblMH 

KanHJlJllIpaMH, nOTOMY qTO pe3Yllbmam OKa3aJ1CI/ neO:JICUOallllbIM: .o;enpeCCRlI nOBepXHOCTHoro Ha

TlilKeHHlI H3-3a a.o;cop6IJ;HH <iJeppon;eHa Malia. 

OECY)K,nEHl1E PE3YJIbTATOB 

COBOKYlIHOCTh 1£3JIO)l(eHHbIX .n;aHHbIX 3aCTaBJl.lleT c.n;eJIaTh cJIe.n;yroruee npe.n;lIOJIO)l(e

HIre 0 xapaKTepe a.n;cop6lJ;UU <!.>eppoueHa Ha PTYTI£ R3 BO.n;HbIX pacTBopoB, B KOTOPbIX 

OH He paCTBopUM. I1pu 06pa30BaIDIR <!.>eppoueHa Ha nOBepXHOCTH 3JIeKTpo.n;a B pe-

3YJIbTaTe lIpOTeKaHHSI 3JIeKTpOXUMH'IeCKOH peaKUI1H 60JIbIIla51 '{aCTb <!.>eppOn;eHa OCTa

eTCH Ha lIOBepXHOCTU 6JIaro.n;apSI HeKoTopoMY - XOTSI H OTHOCHTeJIbHO cJIa60MY -

CpO.n;CTBY K PTYTU. I1oca.n;Ka MOHOMOJIeKYJISIpHOrO CJIOSI <!.>eppOn;eHa, BH,lUiMO He OKa-

3hIBaeT CHJlhHOrO BJIHHHHSI Ha CKOPOCTh nepeHoca 3JIeKTpOHa. ITo 3TOH npH'lRHe Ha 

nOBepXHOCTH PTYTR MorYT HapaCTaTh .n;OBOJIbHO TOJICThIe CJIOR, CTpyKTypa KOTOPhIX 

npu6JIH:)I(aeTCSI K <!.>a30Boii, KpUCTaJIJIH:'IeCKoii. HenpephIDHhrH POCT PTYfHOH KanJIR 
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BeAeT K pa3pbIBaM CJIOH cpeppOl.l,eHa I{ K 06Ha)J{eHI{JO CBe)J{eH nOBepXHOCTH pTyn\. 

I1oBepxHOCTHoe HaTH)J{eHMe pTyTM, 'laCTlt'iHO nOKpbITOM: TOJICTblM CJIOeM cpeppol.l,e

Ha, onpe.ll,eAAeTCH B OCHOBHOM nOBepXHOCTHblM HaTH)J{eHHeM Y'iaCTKOB 'iMCTOM: no

BepXHOCTM pTyTH. qTO KacaeTCH eMKOCTM, TO OHa onpe.ll,CJIHeTCH Y'iaCTKaMH M'IMC

TbIMH I{ nOKpbITbIMI1 cpeppOl.l,eHOM, KOTopble KaK 6bI BKJIJO'ieHbI napaJIJIeJIbHO. I1o-

3 TOMY eMKOCTh MMeeT 3Ha'ieHMH, npOMe)J{YTO'iHble Me)J{AY eMKOCTbJO q)OHa H O'ieHb 

HH3KHMH 3Ha'leHHHMH Ha Y'iaCTKaX, nOKpblTblX (peppOl.l,eHOM. I1PH .ll,OCTaTO'lHO Bhl

COKHX 3apH.ll,ax nOBepXHOCTH a.ll,COp6l.1,11H cpeppOl.l,eHa 3aTpYAHHeTCH H eMKOCTb no

BbluraeTCH. Heo6xo.ll,HMO TaK)J{e I1MeTb B BHAY, 'iTO Ha CPOPMY KpHBblX ,lI,Hcpq)epeH

l.I,HaJIbHOM: eMKOCTI{, nO-BH,1I,MMOMY, BJIlUleT HepaBHOBeCHOCTb npoueCCOB, npOTeKa

lOLUI1X Ha PTYTM B 3TI1X YCJIOBI1}lX. 
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