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3JIEKTPOXMMMQECKME PEAKUMM C YQACTMEM 
CTAIiMJIhHhIX HMTPOKCMJIhHblX PA,l1;MKAJIOB 
ITMITEPM,l1;MHOBOrO pg,l1;A 

tM . .H. <l>HOlUHH, 11. A. ABPYll,Ka}l, H. n. 60r~aHOBa, 11. 11. CYPOB 

XUMUKO-meXIIO,W2UlJeCKUU ullcmumym UM. J1.. H. MellOellee6a, MOCK6a, CCCP 

MeTOAaMH KJIaCCH'leCKOH H nepeMeHHOTOKOBOH nOJISlpOrpa<\>HH, JJIeKTpOJIH3a npH KOHTPOJIU

pyeMoM nOTeHQHaJIe H ra30-)KHAKOCTHOH XpOMaTOrpa<\>UU YCTaHOBJIeHO, 'ITO paAHKaJIbHbLif. <\>par

MeHT HHTPOKCHJIbHbIX paAHKaJIOB nHnepHAHHOBOrO pSlAa KOJIH'leCTBeHHO BOCCTaHaBJIHBaeTCSl 

B COOTBeTCTBYlOIU;ee rHl-\pOKCHJIaMHHOnpOH3BOAHOe. B03MO)KHOCTb AaJIbHeHWerO BOCCTalfOBJIeHHR 

nOCJIeAHerO AO BTOpH'lHOrO aMHHa onpel-\eJISleTCSl pH cpeAbI H npHpoAoH MaTepHaJIa JJIeKTpoAa. 

PaccMoTpeHbl YCJIOBHR COBMeCTHoro BOCCTaHOBJIeHHH paAHKaJIbHOrO <\>parMeHTa H Kap6oHHJIbHOH 

H a30MeTHHOBbIX rpynn HHTPOKCHJIbHbIX paAHKaJIOB nHnepHAHHoBoro pHAa. IIoKa3aHa B03MO)K

HOCTb JJIeKTpOXHMH'leCKOrO CHHTe3a 1-oKcH-2,2,6,6-TeTpaMeTHJI-4-aMHHo- nHnepHAHHa BOCCTa

HOBJIeHHeM 1-oKcHJI-2,2,6,6-TeTpaMeTHJI-4-oKcHHMHHOmmepI1AHHa, JJIeKTpOJIH30M CMeCH l-oKCHJI

-2,2,6,6-TeTpaMeTHJI-4-0KConHnepHJIHHa H cepHOKHCJIOrO rl1APOKCHJIaMHHaB KHCJIOH cpel-\e, a TaK)Ke 

CMeCH 1-oKcHJI-2,2,6,6-TeTpaMeTHJI-4-oKconl1nepHAHHa H fI1Apa3HH-rHJIpaTa B HeHTpaJIbHOH cpeAe. 

CTa6HJIbHble HHTPOKCHJIbHbIe paAHKaJIbl nHnepHJIHHOBOro pHAa HaXOAHT wHpoKoe npHMeHeHHe 

B pa3JIH'lHbIX 06JIaCTHX HaYKH H TeXHHKI1: B CHHTe3e HOBbIX cTa6HJIH3aTOpoB nOJIHMepOB, JIeKap

CTBeHHbIX H 6HOJIOrH'leCKH aKTHBHbIX npenapaToB, cnHHOBbIX MeTOK H 30HAOB HAP. 1 OC06bIH 

HHTepec npeACTaBJIHIOT HHTPOKCHJIbHble paAHKaJIbI - 1-0KCHJI-2,2,6,6-reTpaMeTHJI-4-aMHHonune

pHAHH H 1-0KCHJI-2,2,6,6-TeTpaMeTHJI-4-oKcHnHnepHJIHH, co)!,ep)KalQHe B 4-0M nOJIO)KeHHH aKTHBHbIe 

<\>YHKQHOHaJIbHbIe rpynnbl. 113BeCTHbIe MHorOCTaAHHHble H Tpy)!,oeMKHe cnoco6bI nOJIY'leHHR 

YKa3aHHbIX BbIwe pa)!,HKaJIOB He HaWJIH npaKTH'leCKOH peaJIH3aQUH, a B CJIy'lae 1-OKCHJI-2,2,6,6-

-TeTpaMeTHJI-4-aMHHonHnepHAHHa 06eCne'lHBalOT BbIXOA npO)!,YKTa, He npeBbIwalOlQHH 30-40%2,3. 

3JIeKTpOXHMHQeCKHM MeTO~OM MO)l(HO CHHTe3HpOBaTb Ha OCHOBe .D:OcTyrrHoro 

1-OKCHJI-2,2,6,6-TeTpaMeTHJI-4-oKcorrHrrepH.D:HHa rH~pOKCHJIaMHHOrrpOH3BO.D:Hble -

1 ,4-~HoKcH-2,2,6,6-TeTpaMeTHJIrrHIIepH~HH H 1-oKcH-2,2,6,6-TeTpaMeTHJI-4-aMHHo

IIHIIepH.D:HH, OKHCJIeHHeM KOTOPbIX rrOJIYQa lOT ll,eJIeBble IIPO~YKTbI - I-OKCHJI-2,2, 

6,6-TeTpaMeTHJI-4-aMHHorrHIIepH~HH H 1-0KCHJI-2,2,6,6-TeTpaMeTHJI-4-oKclirrHrrepH

~HH. Ha cxeMax 1 ,2,3 rrpe~CTaBJIeHbI crroco6 IIOJlY'IeHH}I 1-oKcHJI-2,2,6,6-TeTpaMe

THJI-4-0KCHIIHrrepH~HHa H3 1-OKCHJI-2,2,6,6-TeTpaMeTHJI-4-0KCoIIHrrepH~HHa (1), 

a TaK)I(e B03MO)l(Hble BapHaHTbI :meKTpocHHTe3a 1-oKcHJI-2,2,6,6-TeTpaMeTHJI-4-

-aMHHorrHrrepll~HHa li3 OKCHMa (2) 11 rH~pa30Ha (3) 1-oKcHJI-2,2,6,6-TeTpaMeTHJI-4-

-oKcorrHIIepH~HHa. 11cCJIe~OBaHo TaK)I(e :meKTpOXHMH'IeCKOe rrOBe~eHHe pa~HKaJlb-

Horo <pparMeHTa Ii <PYHKll,HOHaJIbHbIX rpyrrrr, HaXO~}Illl,HXC}I B 4-0M rrOJlO)l(eHHH 

rrHrrepH~HHOBoro KOJIbll,a. 
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3JIeKTpOXHMH'IeCKHe peaKUHH HHTPOKCHJILHblX pa,[lHKaJIOB 1987 

METO.l1.HKA 3KCnEPHMEHTA 

j{Jlll H3Y'IeHHlI 3JleKTpOXHMH'IeCKOrO nOBe,[leHHH HHTPOKCHJIbHblX pa,[lHKIlJIOB nHnepH,[IHHOBOrO 

pH,[Ia, a TaK>Ke BbI60pa YCJIOBIrlt npenapaTHBHoro 3JIeKTpOCHHTeJa l-oKcH-2,2,6,6-TeTpaMeTHJI-4-

-aMHHOnHnepH,[IHHa (OKCHaMHHOnHnepH,[IHHa) H 1,4-,[IHoKcH-2,2,6,6-TeTPaMeTHJInHnepH,[IHHa (,[IH

OKCHnHDepH,[IHHa) HCnOJIL30BaJIH CJIeAYIO~e MeTO,[lbI: KJIaCCH'IeCKIlH H nepeMeHHOTOKOBaH nOJIHpO

rpacPHR,3JIeKTpOJIH3 npH KOHTpOJIHpyeMoM nOTeHQHaJIe H B raJIbBaHOCTaTH'leCKOM pelKHMe C Bbr.o:e

JIeHHeM H H,[IeHTHcPHKIlQHell: npO,[lyKTOB, ra30-lKH,[IKOCTHaH xpOMaTorpacPHR. 

nOJIHporpacPH'leCKHe HCCJIe,[lOBaHHH B KJIaCCH'lecKoM pelKHMe npOBO,[lHJIH C nOMO~blO YHHBepcaJIb

HOro nOJIHporpacPa nY-l H nOJIHporpacPa PA-2 (Laboratorni pl'istroje, npara, qCCP). HcnoJIb-

30BaHbI PTYTHble KanalO~He :meKTpO,[lbI (P.K.3.) C npHHY,[IHTeJIbHbIM OTPbIBOM KIlITJIH C nOMOIQbIO 

JIOnaTO'lKH (m = 1,32 Mr • C - I. T = 0,38 c) HJIH Y,[IapHOrO YCTpoltcTBa (m = 1,22 Mr • C -1 H T = 
= 3,5 C npH CBo6o,[lHOM na,[leHHH KIlITJIH). nOCJIe,[lHIrlt HCnOJIb30BaJIH TaK>Ke ,[IJIJI CHHTHH nOJIHpO

rpaMM B nepeMeHHOTOKOBOM pelKHMe. 3anHCL nOJIHporpaMM ocy~eCTBJIMH C nOMOIQbIO nOJIHpO

rpacPa nY-I (CCCP) C HCnOJIb30BaHHeM CHHYCOH,[IaJIbHOrO nOJIHpH3YIO~ero HanpH>KeHHR '1aCToTolt 

25 rQ. AMDJIHTY,[Ia nepeMeHHoro HaJIPH>KeHHH He npeBbIWaJIa 10 MB, CKOPOCTb pa3BePTKH CO

CTaBJlHJIa 2 MB • c- 1, 3a,[leplKKa 1,1 c. H3MepeHHH npOBO,[lHJlH B TaCT-pelKHMe no Tpex3JIeKTpO,[lHolt 

cxeMe. B Ka'leCTBe BcnOMOraTeJIbHOrO 3JIeKTpO,[la HCnOJIb30BaJIH nrraTHHOByJO nrracTHHy. 3JIeKTpO

,[10M cpaBHeHHH CJIYlKHJI Hacb~eHHbIlt KaJIOMeJIbHbIH nOJIyJJIeMeHT. Bee 3Ha'leHHH nOTeHQHaJIOB 

npHBe,[leHbI OTHOCHTeJIbHO :noro 3JIeKTpO,[la cpaBHeHHR. B Ka'lecTBe cPOHOBbIX 3JIeKTpOJIHTOB 

HCnOJIb30BaJIH CTaH,[IapTHbIe 6YcPePHble paCTBopbl EpHTToHa-Po6HHcoHa, a TaKlKe paCTBopbI 

KHCJIOT, ~eJIo'lelt H cOJIelt. 

3JIeKTpOJIH3 npH KOHTpOJIHPyeMoM nOTeHQHaJIe npOBO,[lHJIH C nOMOIQbIO nOTeHQHOCTaTa 

n-5848 (CCCP). npenapaTHBHoe 3JIeKTpOBocCTaHOBJIeHHe HHTPOKCHJIbHblX pa,[lHKaJIOB ocy

WecTBJIHJIH B 3JIeKTpOJIH3epe C pa3,[1eJIeHHeM KIlTO,[lHOrO H aHO,[IHOrO npocTpaHcTB KIlTHOHoo6MeH

HOlt MeM6paHolt MapKH MK-40 npH 3JIeKTpOJIH3e B KHCJIoit cpe,[le H aHHOHoo6MeHHo.ii: MeM6paHo.ii: 

MapKH MA-40 - B ~eJIO'lHo.ii:. B npOQecce 3JIeKTpOJIH3a H3MeHeHHe KOHQeHTpaUHH HCXO,[lHblX 

BeweCTB H KOHe'lHblX npO,[lYKTOB KOHTPOJIHpOBaJIH nOJIHpOrpacPH'IeCKH H C nOMOIQbIO ra30-lKH,[I

KOCTHOit xpOMaTorpacPHH. 

BbIXO.z:\ OKCHaMHHOnHnepH,[IHHa H .z:\HOKCHnHnepH.z:\HHa paCC'IHTbIBaJIH Ha OCHOBaHHH pe3YJIbTaTOB 

xpOMaTorpacPH'lecKoro aHaJIHJa. MaKCHMaJIbHoe paCXOlK,l:\eHHe BbIXO.z:\OB B napaJIJIeJILHblX OnbITaX 

COCTaBJIHJIO 2- 3%. 

PE3Y JIbTATLI H OBCY}K,lJ,EHHE 

3JIeKTpOXHMH'IeCKOe TIoBe,neHHe HHTPOKCH.JIbHblX Pa,nHKaJIOB 

TIHnepH,nHHoBoro Px,na 

.D:AA BbIXCHeHHK YCJIOBHH BOCCTaHOBJIeHHX pa,nHKaJIbHOrO ~parMeHTa H ,npyrHx 

3JIeKTpOXHMH'IeCKH aKTHBHblX rpynn Ha P.K.3. H3Y'leHO 3JIeKTpOXHMH'IeCKOe 

nOBe,neHHe 1-0KCHJI-2,2,6,6-TeTpaMeTHJI-4-oKconHnepH,nHHa (KeToH-pa,nHKaJIa), 1-

-oKcHJI-2,2,6,6-TeTpaMeTHJI-4-0KCHHMHHonHnepH,nHHa (OKcHM-pa,nHKaJIa), 1-0KCHJI-

-2,2,6,6-TeTpaMeUIJI-4-aMHHOnHllepH,nHHa (aMHH-pa,nHKaJIa) H 1-0KCHJI-2,2,6,6-1 eTpa-

MeTHJI-4-0KCHllHnepH,nHHa (cnHpT-pa,nHKaJIa)4. 5 . 
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1988 ct>HOUlHH. ABPYllIGlJl. bOr,ll;aHOBa, CYPOB: 

3AeKmpOXUMUIleCKoe n08eOeHUe paOUKaAbH020 ifjpa2MeHma 

Pa)].HKaJIbHbIH cpparMeHT ~N-O· HCCJle)].yeMbIx COe)].HHeHHH Ha KJlaCCH':leCKHX 

nOJUlpOrpaMMaX )].aeT BOJlHY, a Ha nepeMeHHOTOKOBbIX - xopomo pa3pemeHHbIH 

nHK npaBHJlbHOH CPOPMbI, BbICOTa KOTOPbIX OCTaeTCR npaKTH'IeCKH nOCTORHHOH 

B H3Y'IeHHOM HHTepBaJIe pH OT 1 )].0 14 (pHC. I) . .l1:JHI npe)].eJlbHbIX TOKOB :noH 

BOJlHbI H BbICOTbI nHKa Ha6JIIO)].aIOTcR JlHHeHHbIe 3aBHCHMOCTH OT KOHn;eHTPaIJ;HH 

pa)].HKaJlOB H KOpHH KBa)].paTHoro H3 HCnpaBJleHHOH BbICOTbI pTYTHoro cToJl6a, 

npOXOAAIUHe '1epe3 Ha'laJIO Koop)].HHaT. 3Ha'leHHR 3HeprHH aKTHBan:HH, paC'IHTaHHble 

Ha OCHOBaHHH 3aBHCHMOCTH Ig I npel! OT r- 1 , COCTaBJUlIOT )J.JUI KeTOH-pa)].HKaJIa 

II,3 (pH = 3,0), cnHpT-pa)].HKaJla II,6 (pH = 2,5) H OKCHM-pa)].HKaJla 10,8 K.l1:)I( • 

. MOJlb - 1 (PH = 2,5), 'ITO YKa3bIBaeT Ha )].HcpCPY3HHOHHYIO npHpO)J.y TOKa. HeCKOJlb

KO 60JIee BbICOKOe 3Ha'leHHe 3HeprHH aKTHBaIIHH - 14,7 K.D:)I( -1 MOJlb nOJlY'IeHO )J.JUI 
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3aBHCHMOCTh Inpe.u; a H ({Jl/2 6 BOJIH BOCCTaHOBJIeHHJI pa.!:IlD(aJIIoHoro cPparMeHTa: 1 KeTOH-, 2 aMHH-, 

3 OKCHM- H 4 CIIHpT-PIl,lI;HKIlJIOB, 5 xap60HHJlIoHoA rpynm.I KeTOH-pll,ll;HKllJIa. 6 OKCHHMHHOrpyIIIlhJ 

OKCHM-pa,ZJ;HxaJIa OT pH. KOHllCHTPallKJl pa,ll;HxaJIOB - 1 . 10 - 3 MOJIb JI- 1 
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3JIeKTpOXHMH'leCKHe pea~HH HHTPOKCHJIbHblX pa.llHKaJIOB 1989 

aMHH-pa,n;HKana. PaCC'IHTaHHOe no ypaBHeHHlO I1JIhKOBH'Ia '1HCJIO :meKTpOHOB, 

npHHHMalOIll.HX Y'laCTHe B BOCCTaHOBJIeHHH pa,n;HKaJIbHOrO <pparMeHTa, paBHO 

e,n;HHHIJ;e • 

.ll.JUI HCCJIe,n;yeMblx pa,n;HKanOB nOJIY'leHa o,n;HHaKOBax H aHaJIOrH'IHaX npHBe,n;eHHoii 

B JIHTepaType6 3aBHCHMOCTh nOTeHIJ;HaJIOB nOJIYBOJIH BOCCTaHOBJIeHHX pa,n;HKanh

Horo <pparMeHTa OT pH (pHC. 1). ({JI/Z npH YBeJIH'IeHHH pH c,n;BHraeTCX B 06JIaCTh 

60JIee OTpHIJ;aTeJIbHhlX 3Ha'leHHH, ti({JI/Z/tipH COCTaBJIxeT 40- 50 MB B KHCJIbIX 

H Ill.eJIO'lHhIX pacTBopax, a B HeHTpaJIbHOii cpe,n;e ({J1/2 npaKTH'IeCKH He 3aBHCHT OT 

pH. npe,n;eJIbHbIe TOKH H nOTeHIJ;HaJIbI nOJIYBOJIH pa,n;HKaJIbHOrO <pparMeHTa HCCJIe

,n;yeMbIx pa,n;HKaJIOB OTJIH'IaIOTCX He3Ha'lHTeJIbHO. 

HaKJIoH BOJIH B nOJIYJIOrapH<pMH'IeCKHX Koop,n;HHaTaX 19 [l/(Inpell -I)] - ({J )J;JUI 

KeTOH-, cnHpT- H OKCHM-pa,n;HKanOB npH YBeJIH'IeHHH pH OT 2,5 ,n;o 14 YMeHhwaeTcx 

co 100 ,n;o 60 MB. Ha nepeMeHHoToKOBhIX nOJUIpOrpaMMax 3THX pa,n;HKaJIOB Ha <PO He 

6y<pepHoro pacTBopa C pH 1,85 wHpHHa nHKa Ha nOJIOBHHe BblCOThI COCTaBJIxeT 

190-210 MB7. nOJIY'IeHHhIe ,n;aHHhIe cBH,n;eTeJIbCTBYIOT 0 He06paTHMoM xapaKTepe 

BOCCTaHOBJIeHHX pa,n;HKaJIbHOrO <pparMeHTa B KHCJIOH cpe,n;e. ,[(JUI aMHH-pa,n;HKaJIa 

B HHTepBaJIe pH 3,1 - 11,2 HaKJIOHbI BOJIH npaKTH'IeCKH He H3MeHXlOTCX C POCTOM 

pH H COCTaBmUOT 60-69 MB, a WHpHHa nHKa Ha nOJIOBHHe BbICOThI paBHa 120 MB. 

B 06JIaCTH pH 12-14 BeJIH'IHHbl HaKJIOHa BOJIH COCTaBJUIIOT 60 MB. Ha nepeMeH

HOTOKOBhIX nOJUIpOrpaMMax HCCJIe,n;yeMbIx pa,n;HKaJIOB Ha <poHe 6y<pepHoro pacTBopa 

C pH 11,1 wHpHHa nHKa Ha nOJIOBHHe BhICOTbI COCTaBJUIeT 90 MB, 'ITO COOTBeTcTByeT 

06paTHMOMY nepeHOCY o,n;Horo 3JIeKTpOHa 7. B 3TOH 06JIaCTH pH rH,n;poKCHJIaMHHO

npoH3Bo,n;HhIe OKHCJIXIOTCX Ha aHo,n;HO nOJIXpH30BaHHoM P.K.3., 06pa3yx C 

cooTBeTcTBYIOWHMH pa,n;HKaJIaMH 06paTHMYIO OKHCJIHTeJIhHO-BOccTaHOBHTeJIbHYIO 

CHCTeMY (pHC. 2). 
Ha nOJUIporpaMMax aMHH- H cnHpT-pa,n;HKaJIOB, He HMelOWHX ,n;pyrHx 3JIeKTpO

XHMH'IeCKH aKTHBHhIX rpynn, nOMHMO pa,n;HKaJIbHOrO <pparMeHTa, npH pH BbIwe 

8 nOXBJUIeTCX BTopax BOJIHa. AHaJIOnl'1HaX BOJIHa Ha6JIIO,n;aeTcx H Ha nOJIxpOrpaM

Max KeTOH- H OKCHM-pa,n;HKaJIOB, COOTBeTCTBeHHO KeTO- H OKCHHMHHorpynnbI KOTO

pblX nOJIxporpa<pH'IeCKH He aKTHBHbl B 3THX YCJIOBRXX. OHa HMeeT HaH60JIhWYlO 

BbICOTY ,n;JIX aMHH-pa,n;HKaJIa, B03paCTaeT C nOBhIweHHeM ero KOHIJ;eHTpaIJ;HH H 6y

<pePHOH eMKOCTH paCTBopa. 

CHHTe3HpOBaHHoe B ,n;aHHoii pa60Te BOCCTaHOBJIeHHeM B Ill.eJIO'lHOH cpe,n;e cnHpT

-pa,n;HKaJIa rH,n;pOKCHJIaMHHOnpOH3Bo,n;Hoe 6hIJIO no,n;BeprHYTO nOJIxporpa<pH'IeCKOMY 

HCCJIe,n;OBaHHIO Ha P.K.3. B 06JIaCTH pH 3 -4,5 npH KOHIJ;eHTpaIJ;HH 10- 1 MOJIh JI- 1 

H nOTeHIJ;HaJIaX, 6JIH3KHX K pa3px,n;y <pOHa, 06HapY)l(eHhI He'leTKHe BOJIHhI, BbICOTa 

KOTOPbIX BO MUoro pa3 HH)I(e BOJIH p.a,n;HKaJIhHOrO <pparMeHTa. 

,[(JIX YCTaHOBJIeHHX npHpO,lJ;bI npo,n;YKTOB, 06pa3YlOIll.HXCX npH BOCCTaHOBJIeHHU 

HCCJIe,n;yeMbIX pa,n;HKaJIOB, npOBo,n;HJIH 3JIeKTpOJIH3 npH KOHTpOJIHpyeMoM nOTeH

IJ;HaJIe B BO,n;HblX pacTBopax 0,05 MOJIh JI- 1 cepHoii KHCJIOThI H 0,1 MOJIh JI- 1 NaOH 

npH nOTeHIJ;HanaX llJIOIll.a,n;KH nepBoH BOJIHhI ( - 0,6 B). 
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1990 <IIHOWHH, ABPYUKaR, DOr.ll.aHOBa, CYPOB: 

llp0.D.YKTaMH BOCCTaHOBJIeHHjI HCCJIe.D.yeMhIX COe.D.HHeHHH KaK B KHCJIOH, TaK 

H llI.eJIO'lHOH Cpe.D.aX Ha pa3JIH'IHhIX 3JIeKTp0.D.aX (pTYTH, CBHH.u;e, lIJIaTHHe, aMaJIhra

MHpOBaHHhIX CBHH.u;e H Me.D.H) jlBAAIOTCjI COOTBeTCTB)'IOllI.He rH.D.POKCHJIaMHHO

npOH3BO.D.HhIe, KOTOphIe nOJIyqeHhI C KOJIHqeCTBeHHhIM BhIXO.D.OM. 

Ha npHMepe aMHH-pa.D.HKaJIa, He HMelOllI.erO .D.pyrHX 3JIeKTpOaKTHBHhIX rpynn, 

H3yqeHO 3JIeKTpOXHMH'IeCKOe nOBe.D.eHHe pa.D.HKaJIhHOrO $parMeHTa npH 60JIee 

OTpH.u;aTeJIhHhIX nOTeHIIHaJIaX (ra6JI. I). B KHCJIOH cpe.D.e npH 60JIee oTpHD;aTeJIhHhlX 

nOTeHD;HaJIaX - 1,0 + - 1,3 B pa.D.HKaJIhHhIH $parMeHT Ha PTYTHOM H CBHHIIOBOM 

KaTO.D.aX '1aCTH'IHO BOCCTaHaBJIHBaeTCjI .D.O BTOpH'IHOrO aMHHa H B peaKIIHoHHoH 

CMeCH o6HapY)l(eHhI .D.Ba np0.D.YKTa - 1-oKcH-2,2,6,6-TeTpaMeTHJI-4-aMHHonHnepH,lJ.HH 

H 2,2,6,6-TeTpaMeTHJI-4-aMHHOnHnepH.D.HH. Ha aMaJIhraMHpOBaHHhIx Me.D.HOM 

II CBHHIIOBOM 3JIeKTp0.D.ax rH.D.PoKCHJIaMHHonpoH3BO.D.HOe YCTOHqHBO K .D.aJIhHeHWe

My BOCCTaHOBJIeHHIO. 

npH 3JIeKrpOJIH3e cnHpT-pa.D.HKaJIa B raJIhBaHOCTaTH'IeCKOM pe)l(HMe B KHCJIOH 

cpe.D.e 06pa3Y1OllI.HHCjI rH,lJ.pOKCHJIaMHH Ha CBHHD;OBOM KaTO.D.e nO.D.BepraeTCjI .D.aJIh

HeiiweMY BOCCTaHOBJIeHHIO .D.O BTOpHqHOrO aMHHa, TOr.D.a KaK Ha aMaJIhraMHpOBaH

HOM Me.D.HOM 3JIeKTpO.D.e OCTaeTCjI YCTOH'IHBhIM K .D.aJIhHeHweMY BOCCTaHOBJIeHHIO 

(pHC. 3). 

B llI.eJIO'lHOH cpe.D.e npH nOTeHIIHaJIaX, cooTBeTcTBYlOllI.HX lIJIaTO BTOpoii BOJIHhI 

pa.D.HKaJIhHOrO $parMeHTa aMHH-pa.D.HKaJIa, Ha PTYTHOM KaTO.D.e o6pa3yeTcjI TOJIhKO 

O.D.HH np0.D.YKT - 1-oKcH-2,2,6,6-TeTpaMeTHJI-4-aMHHonHnepH,lJ.HH (Ta6JI. I). Ha 

aMaJIhraMHpoBaHHoM Me.D.HOM 3JJeKrpO.D.e B llI.eJIo'lHoii cpe.D.e BOCCTaHOBJIeHHe 

npoTeKaeT aHaJIOrH'IHhIM o6pa30M. l103TOMY HaJIH'IHe BTOPOH BOJIHhI Ha nOAApo-

11 } 

3 

" 0 -0-6 V -1·2 

PHc.2 

TIOJlJlPOrpaMMbl 1 KeTOH-pa,ll.JlKaJIa, 3 ero rH.lI.pOKCHJJaMHHOnpOH3BO.ll.HOrO H 2 HX CMeCH 1 : I 
Ha cIIoHe 0,1 MOJJI. JJ- 1 NaOH (4). KOHueHTPaUHR .lI.JJR 1 H 3 - 1.10- 3 MOJIL JJ- 1 
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3neKTpOXHMH'IeCKHe peaKl\HH HHTpOKCHnbHbIX pa,!{HKanOB 1991 

rpaMMax pa,lJ;HKaJIbHOrO IilparMeHTa, BH,IJ;HMO, CBj{3aHO C KaTaJIHTHqeCKHM BbI,IJ;eJIe

HHeM BO,lJ;OpO,lJ;a 8• 

Ta6nHl\a I 

Pe3ynbTaTbl 3neKTpOBOCCTaHOBneHHlI aMHH-pa,!{HKana npH KOHTponHpyeMoM noreHlUlane (Q = 
= 0,25 A . 'I). KOHl\eHTpal\HlI aMHH-pa,a:HKana 3 . 10- 2 MOnb n- I ; I - 1-oKCH-2,2,6,6-reTpaMeTHn

-4-aMHHonHnepH,!{HH, 1I - 2,2,6,6-TeTpaMeTHn-4-aMHHonHnepH,!{HH 

PTYTb 

PTYTb 

MarepHan 
3neKTpo,!{a 

CBHHeu 

AManbraMHpoBaHHali 
Me,!{b 

AManbraMHpoBaHHblil: 

CBHHel\ 

AManbraMHpoBaHHbIiI: 

CBHHel\ 

nOTeHl\Han 

B 

-1,0 -:- -1,2 

-1,8 

-1,0 -:- -1,3 

-1,0 -:- -1,5 

-1,5 

-1,7 

Cpe'!{a 

0,05 Monbn- I H 2SO4 

0,1 Monb n- t NaOH 

0,05 Monb n- I H 2 SO4 

0,05 Monb n- I H 2SO4 

0,05 Monbn- I H 2 SO4 

0,1 Monbn- I NaOH 

100r-------------.-------------.-, 

PRc.3 

npO'!{YKTbI 

I II 

53 47 

97 3 

32 68 

93 7 

90 10 

98 2 

3aBHCHMOCTb KOHl\eHTpal\HH rH'!{pOKCHnaMHHonpoR3BO,!{Horo OT KOnH'IeCTBa nponym;eHHoro 

JneKTpH'IeCTBa npH BOCCTaHOBneHHH CITHpT-pa,!{HKana: 1 Cu-Hg - ceTKa; 2 Pb. KOHueHTpalUlli 
ClIHpT-pa,!{HKana 0,116 MOnL n- I, 0,5 MOnL n- I H 2S04 ; ix 100 A. M- 2 ; t 6°C 
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1992 <l>HOIlIHH, ABPYl.\Kall, bor .aaHOBa, CYPOB: 

TaKMM 06pa30M, BOCCTaHOBnemfe pa,Il,tIKanhHoro cpparMeHTa HMTpOKCMnhHbIX 

paLUfKanOB nMnepM.lJ,MHOBOro p}{.lJ,a B LUenO'lHbIX paCTBopax npOTeKaeT .lJ,0 rM.lJ,pOKCM

naMMHonpOM3BO.lJ,HOro. B KMcnOH cpe.lJ,e B03MO)KHOCTh .lJ,anhHeHllIero BOCCraHOBne

HMR nOCne.lJ,HerO onpe.lJ,enReTC}{ npMp0.lJ,OH MaTepMana 3neKTpO.lJ,a. 

3AeKmpOXUMU'leCKOe 60ccmaH06AeHue Kap6o//UJlb//OU 

?pynnbl KemOH-pa()UKaAa 

Ha nonRporpaMMax KeTOH-pa.lJ,ItKana B ItHTepBane pH 2 - 5 Ha6J11o.lJ,anM BTOpylO 

BonHY, BhlCOTa KOTOPOH Mano OTnlt'laeTC}{ OT 0.lJ,H03neKTpoHHOH BonHhI pa.lJ,MKanh

Horo cpparMeHTa M CHM)KaeTC}{ B 6ycpepHhIx paCTBopax C pH BhIllIe 4 (pMC. I). TIo

cne.lJ,Hee He CB5I3aHO C YCTOH'IMBOCThlO KeTOH-pa.lJ,MKana. TIpe.lJ,enhHbIH TOK BTOPOH 

BonHhI B 06nacTM pH 2 - 3 MMeeT J1I.fHeHHYIO 3aBMCltMOCTh OT KOHIl,eHTpaIl,MM KeTOH

-pa.lJ,MKana, a nOTeHIl,ltan nonYBonHbI npM YBenM'IeHMM pH CMeLUaeTCR B 06nacTh 

60nee oTpMu;aTenhHhIx 3Ha'leHltH (Pltc. I). Ha nepeMeHHoToKOBhIX non}{pOrpaMMax 

KeTOH-pa.lJ,MKaJla, nOMMMO nepBoro nMKa BOCCTaHOBneHM}{ pa.lJ,MKanhHoro cpparMeH

Ta, B 06nacTIt nOTeHIl,ManOB BTOPOH BonHhl (pH = 2,2 - 2,5) 06HapY)KMBaeTC}{ 

CMCTeMa M3 .lJ,BYX cna60 pa3pellIeHHhlx nMKOB C nOTeHIl,ltanaMM COOTBeTCTBeHHO 

-1,1 B M -1,3 B (pMC. 4). BhIcoTa JTMX nMKOB C POCTOM pH YMeHbllIaeTcR, nplt'leM 

06nacTh cYLUeCTBoBaHMR TpeThero nMKa 3aKnlO'IeHa B Y3KOM MHTepBane pH 2,14-

3,05 (Pltc. 5). TIepBbrH M BTOPOH nltKIt B03pacTalOT nponopU;MoHanhHo KOHIl,eHTpaIl,ItIt. 

BhIcoTa TpeThero He3Ha'lMTenhHO YMeHhllIaeTC}{ npM YBenM'IeHItM KOHIl,eHTpaIl,ItM 

KeTOH-pa.lJ,MKaJIa. TIplt nOBbIllleHMM TeMnepaTyphI OT 15 .lJ,0 50°C nepBhIH nMK CTa

HOBMTCR 60nee BhIpa)KCHHbIM It BhICOTa ero B03pacTacT, BTOPOH nMK MC'Ie3aeT npM 

TeMnepaType 45°C. 

,lJ,nR BbIRCHeHMR COOTBeTCTBIUI rrOJlY'IeHHhIX nMKOB npou;eccoM 3neKTpoxMMM

'1CCKOrO npCBpaIIl,eHMR KeTOH-pa.lJ,MKana 6hlJlM CH}{ThI nepcMeHHoToKoBbIe nonRpo

rpaMMhI 2,2,6,6-TeTpaMeTMJl-4-0KConMnepM.lJ,MHa (TpMau;eToHaMMHa), MMelOLUero 

TonhKO O.lJ,HY :meKTpOaKTMBHYIO rpynrry - Kap60HMnhHYIO. Ha rronRporpaMMax 

TpMaIl,eToHaMMHa Ha6nlO.lJ,anM nMK, no rrOTCHIl,ManaM COBna.lJ,aIOLUMH C TPCTbMM 

nMKOM KeTOH-pa.lJ,MKana (pMC. 4). TIPM JTOM 6hma 06HapY)KeHa aHanOrM'IHa}{ Tpe

TheMY nMKY KeTOH-pa.lJ,MKana 3aBMCltMOCTh OT KOHIl,eHTpaU;MM M pH (pltc. 5). 

B pe3YJIbTaTe 3neKTponM3a KeTOH-pa.lJ,MKana Ha PTYTHOM KaTO.lJ,e B KMcnoH cpe.lJ,c 

npM nOTeHU;Mane - 1,3 B, COOTBeTCTBYIOLUeM nnaTO BTOPOH BOnHbJ, YCTaHOBneHO, 

'ITO npOMCXO.lJ,MT O.lJ,HOBpeMeHHoe BOCCTaHOBJleHlte pa.lJ,MKanhHoro cpparMeHTa .lJ,0 

BTOpM'IHOrO aMMHa M Kap6oHMnhHOH rpynnhl .lJ,0 cnMpTOBOH (cxeMa 1; la, 6). TIep

BhIH npOIl,eCC npOTeKaeT C 60nhllleH CKOPOCThlO no cpaBHeHMIO co BTOpbIM. AHa

nOrM'IHO PTYTM npOMCXO.lJ,MT BOCCTaHOBneHMe KeTOH-pa.lJ,MKana M Ha .lJ,pyrHX 3neK

TPO.lJ,HblX MaTepManax. TIP0.lJ,YKTOM 3neKTponM3a }lBJ1}{eTC}I 2,2,6,6-TeTpaMeTHJ1-4-

-OKCMnMnepH,L(MH (nMnepM.lJ,On). 

TIPM 3neKTponM3e KeTOH-pa.lJ,MKana Ha PTYTHOM KaTO.lJ,e npn nOTeHU;Mane -1,1 B, 
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---------~.----- .. -----
3JIeKTpOXHMH'ieCKHe peaKl\HH HHTPOKCHJlbHblX pa)J,HKaJIOB 1993 

PHC. 4 

KJlaCCH'ieCKaJl (1) H nepeMeHHoToKoBble (2,3) nOJlJlpOrpaMMhl KeToH-pa)J,HKaJla (1,2) H TpHaueToH

aMHHa (3) Ha <\loHe 6y<\lepHoro pacTBopa C pH 2,5. KOHueHTpal\HJI 1 .10- 3 MOJlb rr-;l 

1I 40 

OL-__ ~ __ ~~ __ ~ __ -L __ ~ __ ~ 

2 pH 6 

6 

PHc.5 

3aBHcHMocTb Ip H 'Pp 1 nepBoro, 2 BToporo, 3 TpeTherO nHKOB KeToH-pa)J,HKarra H nHKa TpHal\eTOHa

MHHa (4) OT pH. KOHl\eHTpal\HR 1 .10- 3 MOJlbrr- 1 
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1994 CllHOWHH, ABPY~, liOr,n;aHOBa, CyPOB: 

COOTBeTCTByromeM nOTeH:QHaJlY BTOpOrO flHKa Ha nepeMeHHOTOKOBOH nOJUIporpaM

Me, pa,n;HKaJIhHLIH I}lparMeHT BOCCTaHaBJlHBaeTCR CHa'laJIa ,n;o rMPOKCHJlaMHHOBOH 

rpynnLI, KOTopaR ,n;anee npeBpamaeTCR BO BTOPH'IHLIH aMHH (cxeMa 1, la). Kap-

60HHJlLHaR rpynna He npeTepneBaeT HHKaKHX npeBpameHHH. IIpo,n;YKTOM 3JIeKTpO

JIH3a RBJlReTCR TPHa:QeTOHaMHH. IIocJle.n;uHH npH nOTeH:QHane - 1,3 B, COOTBeT

CTBYlOmeM TpeTLeMY nHKY KeTOH-pa,n;HKana, npeBpamaeTcR B nHnepH,n;OJl (cxeMa 

1, 16). 

o 

R A R 

R>lNXR 
I o· 

CXCMa 1 

• H+ . .. ~ N 
I 
OH 

2e, 2H + 

-1,18 (la) 
KUC.\. cpo 

UJ,M. cp.(2a) 

o 

~ 
I 
H 

h 
I 

OH 

2e,2H+ 

-1,38 (lO) 

o .. 
(2d") 

OH 

~ 
I 
H 

~ 
I o· 

IIpH 3JleKTpOJlH3e KeTOH-pa,ZJ;HKana B meJlO'lHOH cpe,n;e C pTYTHLIM KaTO,n;OM 

B 06JIaCTH nOTeH:QHaJlOB - 1,3 + - 1,8 B pa,n;H.KaJlLHLIH I}lparMeHT BOCCTaHaBJlH

BaeTCg ,n;o rMPOKCHJlaMHHOBOH rpynnLI, a Kap60HHJlLHaR rpynna ,n;o cnHpToBoH 

H npo.n;yKToM 3JleKTpOJlH3a RBJUIeTCR ,ZJ;HOKCHnHnepH,ZJ;HH (cxeMa 1, 2a). 

31leKmpOXUMUIleCKoe n08eiJeHue OKCUUMuHozpynnbl OKcuM-paiJuKalla 

Ha nOJIRporpaMMax OKCHM-pa,n;H.Kana B HHTepBane pH 1 - 4 npH nOTeH:QHaJlax· 

npH6JlH3HTeJILHO Ha O,n;HH BOJlLT 0TPH:QaTeJILHee nOTeH:QHaJla BOCCTaHOBJleHHg 

pa,n;H.KaJIhHOrO I}lparMeHTa Ha6JlIO,n;anH BTOPYIO BOJlHY, BLIcOTa KOTOPOH CHIDKaeTCR 

C POCTOM pH (PHC. 1). ~ npe,n;eJIbHLIX TOKOB 3TOH BOJlHLl npH pH 1 + 2 Ha6mo

,n;aIOTCR JlHHeHHLle 3aBHCHMOCTH OT KOH:QeHTpa:QHH OKCHM-pa.n;H.Kana H KOPHR 

KBa,n;paTHoro H3 HCnpaBJleHHoH. BLicOTLI pTYTHoro cToJI6a, npOXO,ZJ;RmHe 'Iepe3 

Ha'lanO Koop,n;HHaT. TeMnepaTypHLIH K031}lI}lH:QHeHT npe,n;eJlbHOrO TOKa B HHTepBane 

TeMflepaTyp IS-55°C paBeH 1,67%/rpa,n;. 3TH ,n;aHHLle no,n;TBepxc,n;aIOT ,n;HI}lI}lY3HOH

Hyro npHpo.n;y TOKa 3TOH BOJlHLI. qHCJIO 3JleKTpOHOB, npHHHMalOmHX Y'IaCTHe 

B BOCCTaHOBJIeHHH, paBHO qeThlpeM. 
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3J1eKTpOXHMH'leCKHe peaKI.\HH HHTPOKCHJlbHbIX pa,Z:lHKaJlOB 1995 

IIoTeHD;HaJI nOJIYBOJIHbI npH YBeJIH'IeHHH pH CMell.l,aeTCX B CTOPOHY 60JIee OTPH

D;aTeJIbHbIX 3HaqeHHH. fl<Pl/2/flpH COCTaBJIxeT 100 MB. BeJIHqHHbI 06paTHoro 

HaKJIOHa BOJIH npH pH 1 -;- 3 COCTaBAAeT 80 - 85 MB. IIpHBe.n;eHHble .n;aHHbIe CBH.n;e

TeJIbCTBYIOT 0 Heo6paTHMoM xapaKTepe BOCCTaHOBJIeHHH OKCHHMHHorpynnbJ 

OKCHM-pa.n;HKaJIa. 

Pe3YJIbTaTbI :meKTpOJIH3a OKCHM-pa.n;HKaJIa Ha PTYTHOM KaTo.n;e B 0,5 MOJIb JI- I 

paCTBOpe CepHOH KHCJIOTbI npH nOTeHD;HaJIe - 1,3 B, cooTBeTcTBYIOll.I,eM llJIaTO 

npe.n;eJIbHOrO TOKa ero BTOPOH BOJIHbI, nOKa3aJIH, 'ITO Hapx.n;y C BOCCTaHOBJIeHHeM 

OKCHHMHHorpynTIbI OKCHM-pa.n;HKaJIa B aMHHorpynny, npOHcxo.n;HT BOCCTaHOBJIeHHe 

rH.n;pOKCHJIaMHHOBoH rpynnbJ .n;o BTOpHlJHOrO aMHHa H 06pa3yeTcx aMHHOnHnepH.n;HH 

(Ta6JI. II). 
IIpH nOJIHOH KOHBepcHH OKCHHMHHOrpynnbI Ha CBHHD;OBOM KaTo.n;e OKCHaMHHO

nHnepH.n;HH H aMHHonHnepH.n;HH 06pa3YIOTCx B peaKD;HoHHoH CMeCH B o.n;HHaKOBbIX 

COOTHoweHHXX. IIpH 3JIeKTpOJIli3e OKCHM-pa.n;HKaJIa C aMaJIbraMHpoBaHHbIMH 

3JIeKTpo.n;aMH OCHOBHbIM npo.n;yKToM XBAAeTCX oKcHaMHHonunepH.n;HH. 

IIOJIYlJeHHble .n;aHHbIe n03BOJIXIOT peKoMeH.n;oBaTb aMaJIbraMHpoBaHHbIe 3JIeK

TpO.D;b1 B KaqeCTBe KaTo.n;OB .n;AA 3JIeKTpOCHHTe3a OKCHaMHHonunePH.n;HHa H3 OKCHM

-pa.n;HKaJIa. 

3JIeKTpOCHHTe3 1,4-,l1;HoKcH-2,2,6,6-TeTpaMeTHJInHllepH.n;HHa 

Pe3YJIbTaTbI nOAAporpacPHqeCKOrO HCCJIe.n;OBaHHX nOKa3aJIH, 'ITO .n;JIX 3JIeKTpO

CHHTe3a .n;HOKCHllHnepH.n;HHa BOCCTaHOBJIeHHe KeTOH-pa.n;HKaJIa CJIe.n;yeT npOBO.n;HTb 

B ll.I,eJIOlJHOH cpe.n;e Ha 3JIeKTpo.n;ax C BbICOKHM nepeHanpX)I(eHHeM Bo.n;opo.n;a. KaK 

CJIe.n;yeT H3 .n;aHHbIX, npHBe.n;eHHbIX B Ta6JIHD;e III, .n;HOKcunHnepH.n;HH 06pa3yeTcx 

C BbICOKHM BbIXO.n;OM no Bell.l,eCTBY Ha pa3JIHlJHbIX KaTo.n;HbIX MaTepHaJIaX, 3a HCKJIIO

lJeHHeM OJIOBa. 

Ta6J1HQa II 

3J1eKTpOBOCCTaHOBJleHHe OKCHM-pa,Z:lHKaJla Ha pa3J1H'IHbIX MeTaJlJIaX npH nOTeHQHaJle -1,1-:
-7- -1,3 B B 0,05 MOJlb JI- 1 H2S04 • KOHQeHTpaQHH OKCHM-pa,Z:lHKaJIa 3. 10- 2 MOJIb JI- 1 

PTYTb 

CBliHeQ 

AMaJlbraMHpOBaHHaH Me,Z:lb 

AMaJlbraMHpOBaHHblil: CBHHeQ 

AMaJlbraMHpOBaHHaH Me,Z:lHaH ceTKa 

BbIXO,Z:l npO,Z:lYKTOB 3J1eKTpOJIH3a, % 
---------------------------------------

OKCHaMHHOllHnepH,Z:IHH 

50 
87 
80 
97 

aMHHonHnepH,Z:IHH 

100 
50 
8 

20 
3 
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1996 <PIfOIllHH, ABPYl\KaH, bOrAaHOBa, CYPOB: 

npH BOCCTaHOBJIeHHH KeTOH-paAHKaJIa Ha OJIOBHHHOM KaTOAe B npOAYKTax 

:meKTpOJIH3a, nOMHMO AHOKCHnHnepHAHHa, 06HapY)I(eH nHllepHAoJI. ,1l;AA aMaJIh

raMHpOBaHHbIX CBHH~OBoro H MeAHoro KaTOAOB BbIXOA AHOKCHIlHllepHAHHa no 

TOKY AOCTHraeT COOTBeWTBeHHO 62% H 75%. Ha6JIIOAaeMOe B llJ,eJIOqHoil: cpeAe 

HeCOOTBeTCTBHe BhIXO,[(OB no TOKY ,[(HOKCHmmepl1,[(HHa C nepeHanpH)I(eHHeM BbI,[(e

JIeHI1H Bo,[(opo,[(a Ha pH,[(e MeTaJIJIOB, OqeBH,[(HO, CBH3aHO C 113MeHeHI1eM COCTOHHHH 

nOBepxHocTH nOCJIe,[(HHX 113-3a BHe'[(peHI1H HOHOB llJ,eJIOqHOrO MeTaJIJIa B MaTepl1aJI 

3JIeKTpo,[(a 9• 

,1l;JIH npenapaTHBHoro 3JIeKTpOCHHTe3a )],HOKCHnHnepHAIiHa B KaqeCTBe KaTo,[(a 

MO)l(eT 6hITb peKOMeH,[(OBaHa aMaJIbraMlipOBaHHaH MeAh. 

,1l;AA HCCJIe,[(OBaHHoil: KOHlI,eHTpall,l1H KeTOH-paAHKaJIa 0,353 MOJIb JI - 1 BbIXO,[( 

)],110KCHIllinepl1,[(HHa no BellJ,eCTBY H no TOKY He H3MeHHeTCH npH yseJIHqeHHI1 KOH

lI,eHTpa~HH rH'[(pOKCH,[(a HaTpl1H OT 0,1 )],0 0,2 MOJI!> JI - 1. B 60JIee pa36a BJIeHHhIX 

llI,eJIOqHhIX pacTBopax npH nponycKaHHH Toro )l(e KOJIHqeCTBa 3JIeKTpHqeCTBa 

OCTaeTCH ,[(0 5% HenpopearHpoBaswero KeToH-paAHKaJIa. 3aMeHa rH'[(poKcH,[(a 

HaTpHH Ha rH'[(pocH)], KaJII1H HJII1 JIHTHH He BJIHHeT Ha BbIXO)], ,[(HOKCHnHnepH,[(HHa. 

no cpaBHeHHIO C H3BeCTHhIM MeTOAOM nOJIyqeHI1H ,[(HOKCHnHnepH,[(I1Ha B paCTBO

pax <}>OC<}>0PHOKHCJIhIX COJIeil:10 pa3pa60TaHHbIH cnoc06 OTJIHQaeTCH 60JIee BbICOKIiM 

BbIXO,[(OM AHOKCHnHnepH,[(HHa H 3HaQHTeJIbHbIM COKpallJ,eHHeM KOJIHQeCTBa OTXO,[(OB. 

npeHMYlll,eCTBOM pa3pa60TaHHoro cnoco6a HSAAeTCH TaK)I(e B03MO)l(HOCTb He

nocpe,[(CTseHHoro OKI1CJIeHHH AI10KCHnHllepHAHHa B cnHpT-pa,[(HKaJI B 3JIeKTpOJIliTe 

npl1 npO,[(YBKe KHCJIOPO,[(OM B03'[(yxa. OKHCJIeHl1e npOTeKaeT KOJII1QeCTBeHHO, Cnl1pT

-pa,[(HKaJI Bbl,[(eJIHJIIi 3KCTpaKlI,HeH. 

Ta6JIHl\a III 

BJlIfHHlfe MaTeplfaJla KaToAa Ha BblXOA AlfoKclfnHnepHAIfHa. KOHueHTp~R KeToH-paAIfKaJla 
0,353 MOJlbJl- 1 ; 0,1 MOJlbn- 1 NaOH; ill. 300A. M- 2 , t 20-22°C 

rJlaAKaH aMam.raMlfpoBaHHaH MeAb 
AMaJlbraMHpoBaHHaR MeAHaH ceTKa 

AMaJlbraMHPOBaHHbIH. CBIfHeu 
CBIfHeu 

KaAMIDt 

PTYTb 
U;IfHK 
OnoBo 

BbIXOA AlfoKclfnlfneplfAIfHa, % 

no BeIl\ecTBY no TOKY 

98 75 
97 63 

98 62 
96 53 
96 31 
98 30 

97 26 
91 17 
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3JleKTpOXHMHlfeCKHe peaICltHH HHTPOKCHJlbHblX pa.llHKaJlOB 

3JIeKTpOCHHTe3 1-OKcH-2,2,6,6-MeTpaMeTHJl-4-aMHHonHnepH,Ll;HHa 

3JleKmpOXUMU'leCKOe 60CCmaH06AeHUe OKCUM-paOUKaAa 

6 i'aAb6aHOCmamU'leCKOM pe:HCUMe 

1997 

Ha OCHOBaHliH pe3YJIbTaTOB nOJIjlpOrpaIPH'IeCKOrO HCCJIe,11;OBaHWI OKCHM-pa,11;HKaJIa 

It 3JIeKTpOJIH3a nplt KOHTpOJIHpyeMoM nOTeH~ltaJIe 6hIJIO YCTaHOBJIeHO, 'ITO BOC

CTaHOBJIeHHe OKCI1.I1.MHHO- H rH,11;pOKCHJIaMI1HOBOH rpynn npOTeKaeT npH 6JIH3KHX 

nOTe~HaJIaX. CKOPOCTh BOCCTaHOBJIeHWI 06eHX rpynn, OC06eHHO BTOPOH, B 3Ha'lH

TeJIbHOH Mepe Onpe,11;eJIjIeTCjf npHp0,11;OH MaTepHaJIa KaTOAa. 

,ll,JIjI CHHTe3a aMHH-paAHKaJIa BOCCTaHOBJIeHlte paAHKaJIbHOrO IPparMeHTa OKCHM

-pa,11;HKaJIa ,11;OJI)I(HO 6hITb OCTaHOBJIeHO Ha CTaAHH rltApOKCHJIaMHHOnpOH3BO,11;HOrO, 

KOTOpOe MO)l(eT 6bITb JIerKO OKI1.CJIeHO B HHTPOKCHJlbHhIH paAHKaJI. 

B raJIbBaHOCTani'leCKOM pe)l(HMe OKCHHMHHOrpynna BOCCTaHaBJIHBaeTCjI TOJIbKO 

B KHCJIOH Cpe,11;e Ha :meKTpOAaX C BhICOKHM nepeHanpjf)l(eHHeM BbI,11;eJIeHHjf BO,11;OpO,11;a. 

B 3THX )l(e YCJIOBHjfX Ha CBHH~OBOM H PTYTHOM KaTOAaX pa,11;HKaJIbHblH IPparMeHT 

'IaCTH'IHO BOCCTaHaBJIHBaeTCjI ,11;0 BTOpH'IHOrO aMHHa. Ha aMaJIbraMHpOBaHHblX 

3JIeKTpOAaX rHApOKCHJlaMHHOBajf rpyniia 60JIee YCTOH'IHBa K ,11;aJIhHeHlUeMY BOC

CTaHOBJIeHHJO H OKCHaMHHOIIHnepH,11;HH 06pa3yeTCjI C BbIXO,11;OM no BemecTBY 

78-85% (mn. 1I •12 ). 
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1998 <1lHOIIIHH, ABPYUKaSl, liOrp;aHOBa, CYPOB: 

B KHCJIOH Cpe.D.e, Heo6xo.D.HMOH ,D,JlJl :meKTpOBOCCTaHOBJIeHIfJI OKCHM-pa.D.HKaJIa, 

pa.D.HKaJIhHhlH <pparMeHT nO.D.BepraeTCX peaKU;HH .D.HCnpOnOpU;HOHHpOBaHIfJI C o6pa-

30BaHHeM COJIH OKHCH HMMOHHX H COOTBeTCTBYIOIuerO rH,D,pOKCHJIaMHHa (cxeMa 2, 

1_3)13: 

+ ,: ........ H 
:::N=O + /N, . 

OH 

CKOPOCTh peaKU;HH YBeJIHqHBaeTCx C nOBblweHHeM TeMnepaTyphI H KHCJIOTHOCTH 

pacTBopa. 

I1PH 3JIeKTpoJiH3e nOJIyqeHHOH peaKU;HoHHOH CMeCH B raJIhBaHOCTaTHlIeCKOM 

pe)KHMe CHallaJIa npOHCXO.D.HT BOCCTaHOBJIeHHe OCTaTKOB pa.D.HKaJIhHOrO <pparMeHTa 

(2, 3 -. 2) H HMMoHHH-KaTHoHa .D.O rH.D.pOKCHJIaMHHonpoH3BO.D.HOrO (2, 1 ~ 2), 

KOTopoe H XBJIXeTCX 3aTeM e.D.HHCTBeHHoH pearHpYIOIUeH lIaCTll1J;eH (PHC. 6). B pe-

3YJIhTaTe BOCCTaHOBJIeHIfJI nOCJIe.D.HeH o6pa3yeTcx oKcHaMHHOnHllepH.D.HH (2, 2a) 

H aMHHonHnepH.D.HH (2, 26). 

flOIlYlleHue oKcua.uuHonunepuduHa 3I1eKmpOIIU30.u c.uecu 
KemoH-paduKalla u cepHoKucIIOZO ZUdpoKculla.uuHa 

.l(mI 3JIeKTpOCHHTe3a OKCHaMHHOllHnepH.D.HHa 113 OKCHM-pa.D.HKaJIa Heo6xo.D.HMO 

nOJIyqHTh nOCJIe.D.HHH B3aHMO.D.eHCTBHeM KeTOH-pa.D.HKaJIa H rH.D.pOKCHJIaMHHa. 

BhlXO.D. OKCHM-pa.D.HKaJIa Ha BhI.D.eJIeHHhrH np0.D.YKT COCTaBAAeT 75%. QTo6h1 H36e

)KaTh nOTeph ChlphX H ynpocHTh npou;ecc, 6h1JIa HCCJIe.D.OBaHa B03MO)KHOCTh 3JIeKTpO-

PHc.6 

H3MeHeHHe KOHueHTpllUHH KOMnOHeHTOB peaKUHoHHoil: CMeCH B npouecce :meKTpOBOCCTaHOBneHHSI 

()KCHM-pap;HKana Ha aMam.raMHpOBaHHOM CBHHUOBOM KaTOp;e (BbIp;epxaca p;o :meKTp0nH3a 1 'I). 
1 OKCHM-pap;HKan; 2 1-oKcH-2,2,6,6-TeTpaMeTHn-4-oKcHHMHHonHnepHp;HH; 3 HMMOHd-KaTHOH; 

.., aMHHOmmepHp;HH; 5 OKCHaMHHOnHnepHp;HH. KOHueHTpaUHSI OKCHM-pap;Hxana 0,2 MOllb n -1, 

0,5 MOllbn- 1 H 2S04 
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~---~----~- ------------------------------
3neKTpOXHMH'IeCKHe peaKUHH HHTpOKCHnbHbIX pa~HKanOS 1999 

CHHTe3a OKCHaMHHonHIIepH,n;HHa 3JIeKTpOJIH30M CMeCH KeTOH-pa.n;HKaJIa H cepHO

KI1CJIOrO rH,n;pOKCHJIaMI1Ha 14. npH 3JIeKTpOJIH3e 3TOii: CMeCH B 0,5 MOJIb JI - 1 cepHoii: 

KI1CJIOTe rH,n;pOKCI1JIaMHHOBaH rpynna OKa3bIBaeTCH 60JIee YCTOii:'IHBOii: K ,n;aJIbHeii:

lIIeMY BOCCTaHOBJIeHHIO Ha aMaJIbraMHpOBaHHhIX 3JIeKTPo,n;ax. Ha aMaJIbraMHpO

BaHHblX CBHHIIe H Me,n;H OKCHaMHHOnHnepHAHH o6pa3yeTcH C BblXO,n;OM no BemeCTBY 

COOTBeTCTBeHHO 78 H 90%, Tor,n;a KaK Ha CBHHIIe, PTYTH H Ka,n;MHH OCHOBHhIM npo

,n;YKTOM 3JIeKTpOJII13a HBMeTCH aMHHOnHnepHAI1H (Ta6JI. IV). 

B COOTBeTCTBHH C nony'leHHblMH pe3YJIbTaTaMI1 ,n;aJIbHeii:mHe HCCJIe,n;OBaHHH 

6blJII1 npOBe,n;eHhI Ha aMaJIbraMHpOBaHHblX Me,n;HOM «pQJIbrOBoM. ~. , ~eHaToM 
3neKTpo,n;ax. 

CooTHolIIeHHe MOJIbHbIX KOHIIeHTpaIIHH KeToH-pa,n;HKaJI - rHAPoKCHJIaMHH He-

06XO,n;HMO nOMCpX(HBaTb paB~IM 1 : 1,75 + 2,0. BbIXO,n; oKcHaMHHonHnepH,n;HHa 

KaK no Beru:eCTBY, TaK H no TOKY Ha CeT'IaTOM 3JIeKTpo,n;e Ha 12-13% BbIllie no 

cpaBHeHHIO C rJIa,n;KHM. 3TO, BH,n;HMO, CBJJ3aHO C JIY'IlIIHMH YCJIOBHHMH MaC006MeHa 

H 60JIee HH3KHM 3Ha'leHHeM HCTHHHOii: nJIOTHOCTH TOKa Ha CeT'IaTOM 3JIeKTpo,n;e. 

O'leBHAHO, no 3THM )l{e npH'IHHaM BbIXO,n; no Beru:ecTBY OKCHaMHHOnHnepHAHHa 

OCTaeTCH cTa611JIbHbiM (90%) B 60JIee lIIHPOKOM HHTepBaJIe nJIOTHoCTeii: TOKa 

100-500 A . M- 2 Ha CeT'IaTOM 3JIeKTpo,n;e no cpaBHeHHIO C rJIa,ll;KHM - 100-
200 A . M - 2. npH ,n;aJIbHeii:meM nOBbIweHHH nJIOTHOCTH TOKa YBeJIH'IHBaeTCH KOJIH

'IeCTBO aMI1HOnHnepHAHHa B peaKIIHoHHoii: CMeCI1. 

B npOIIecce 3JIeKTp0JIH3a CMeCH KeTOH-pa,n;HKaJIa H rHAPOKCHJIaMHHa IIeJIeco-

06pa3HO nOMep)l{HBaTb TeMnepaTYPY 6-25°C. npH 60JIee BhICOKHX TeMnepaTYPax 

YBeJIH'IHBaeTCH co,n;ep)l{aHHe aMHHonHIIepH,n;HHa B CMeCH H CHH)I{aeTCH BbIXO,n; no 

TOKY OKCHaMHHOnHIIepH,n;HHa. OCHOBHOii: BKJIa,n; B CHH)I{eHHe BblXo,n;a no TOKY 

BHOCI1T YBeJIH'IeHHe ,n;OJIH TOKa Ha Bbl,n;eJIeHHe Bo,n;opo,n;a. 

Ta6J1Hua IV 
BnlUlHHe MarepHana KaTo~a Ha SbIXO~ OKCHaMHHOnHDepH~HHa. 0,235 MOJlb JI -1 KeTOH-~HKaJI; 
0,47 MOJlb JI- 1 rHAPOKCHJIaMHH, 0,5 MOJlb JI- 1 H2S04 ; i" 100 A. M- 2 , t 8-10°C 

AMaJlbraMHpOSaHHIUI Me,lJ;HIUI ceTKa 

AMaJIbraMHposaHHall MeAl. 

AMaJIbraMRposaHHbut CSRHeu 

CSHHeu 

PTYTb 

KaAMHH 
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BblXOA oKcHaMHHonHDepHAHHa, % 

no sew:ecTSY no TOKY 

93 71 
87 59 

78 51 

42 28 

24 13 
16 6 
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2000 <fIHOlliHH, ABPYUKall, EOr,ll,aHOBa, CYPOB: 

TaKHM 06pa30M, B pe3YJIhTaTe 3JIeKTpOJIH3a CMeCH KeTOH-pa)],HKaJIa H rH)]'pOKCHJI

aMHHa OKCHaMHHOnHnepH)],HH 06pa3yeTcsr C BhIXO)],OM no BeweCTBY 90 - 95% H no 

TOKY 83 - 85% B CJIe)],ylOIIJ.HX YCJIOBHSlX: KOHu;eHTpaU;HH KeToH-pa)],HKaJIa 0,353 MOJIh • 

• JI - 1 B 0,5 MOJIh JT -1 cepHOH KHCJIOTe, nJIOTHOCTh TOKa 200 A . M - 2 H TeMnepaTypa 

9 - woe. OKcHaMHHommepH)],HH KOJIH':leCTBeHHO OKHCJIsr:eTCH B aMHH-pa)],HKaJT 

B paCTBope 3JIeKTpOJIHTa npH pH 8 - 9 cpeppHU;HaHH)]'oM KaJIHSI. 

IT OAY'leflue J-oKcu-2,2,6 ,6-mempaMemuA-4-aMufionunepU0U1la 

J.1eKmpO/lU30M C.U£CU K£moH-POO!lKaAa u ?UOpa3UIl-2uopama 

I1cCJIe)]'oBaHa B03MO)l(HOCTh 3JIeKTpOCHHTe3a OKCHaMHHonHnepH)],HI-Ia 3JIeKTpOJIH30M 

CMeCH KeTOH-pa)]'HKaJIa H rH)]'pa3HHa (cxeMa 3). 

,ll.aHHhIH cnoc06 npe)],cTaBJl.HJI HHTepec, nOCKOJIbKY BOCCTaHOBJIeHHe rH)]'pa30HHoH 

rpynnhI B03MO)l(HO B HeHTpaJIhHOH HJIH cJIa60 IIJ.eJIOqHOH cpe)],ax. B 3THX YCJIOBHHX 

)],OJl)l(Ha 6hITh 60JIee YCTOHqHBa K )],aJIhHeHweMY BOCCTaHOBJIeHHIO rH)]'poKCHJIaMH

HOBasr: rpynna H OTna)],aeT He06xo)]'HMOCTh B HeHTpaJIH3aU;HH 3JIeKTpOJIHTa )],JIH 

nocJIe)],YlOwero OKHCJIeHHSI oKcHaMHHonHnepH)],HHa B aMHH-pa)],HKaJI. 
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CxeMa 3 

[JOJIyqeHHe oKcHaMHHOnHnepH)J,HHa npoTeKaeT B )],Be cTa)],HH, nepBOH H3 KOTOPhIX 

5IBJl.HeTCsr: B3aHMo)],eHcTBHe KeToH-pa)],HKaJIa C rH)]'pa3HH-rH)]'paToM. B pe3YJIhTaTe 

3TOH peaKU;HH 06pa3yeTcsr: cooTBeTcTBYlOwHii rH)]'pa30H H npoHcxo)],HT BOCCTaHO

BJIeHHe pa)],HKaJIhHOrO cpparMeHTa )],0 rH)]'poKCHJ1aMHHa. PearHPYIOIIJ.eH qaCTHu;eH 

npH 3JIel<TpOJTH3e sr:BJl.HeTC5I rH,D,poKCHJ1aMHHOnpoH3Bo)],Hoe rH)]'pa30Ha (cxeMa 3; 
la, 6 H 2). 
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3JIeKTpOXHMH'leCKHe peaKQHH HHTPOKCHJIbHblX pailHKaJIOB 2001 

BOCCTaHOBJIeHHe npOBO));HJIH B <pOC<P0PHOKHCJIhIX 6y<pePHbIX paCTBOpaX H Ha <pOHe 

XJIOpH));a JIHTIDI. ):(ml YJIY'IrneHH}[ paCTBOpHMOCTH rH,upa30Ha BBO));HJIH 40% 06. 

MeTaHOJIa. npH 3JIeKTpOJIH3e CMeCH KCTOH-pa,uHKaJIa H rH));pa3HHa B MOJIbHOM 

COOTlIOIlleHHH 1 : 1,5 rH));pa30HHa}[ rpynna He BOCCTaHaBJIJIHBaeTC}[ ));0 KOHI~a. npH 

OCTaTO'lHOH KOHI~eHTpaQHH rH));pa30Ha 7 - 10% no OTHomeHHIO K HCXO));HOH B <poc

<l>aTHblx 6y<pePHbIX pacTBopax H 4% B XJIopH)J;e JIHTIDI BOCCTaHOBJIeHHe nOCJIe));HeH 

3aMe,uJI}[eTC}[ H Ha'lHHaeTC}[ BOCCTaHOBJIeHHe OKCHaMHHOnHnepH)J;HHa ));0 aMHHonH

nepH)J;HHa. B HTore MaKCHMaJIbHhIH BbIXO)); OKCHaMHHOnHllepH));HHa no BemeCTBY 

COCTaBJIXeT 80 - 83% H 50% no TOKy. HaJIH'IHe H36hITKa rH)J;pa3HHa B 3JIeKTpOJIHTe 

3aTpY));HXeT OKHCJIeHHe OKCHaMHHonHnepH));HHa B pa));HKaJI H MemaeT BbI));eJIeHHIO 

aMHH-pa));HKaJIa. 
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