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MEXAHH3MHKMHETHKArrO~HPOrpA~~CKoro 

BOCCTAHOB~EHHH 2-~EHH~HH)J;AH,lJ;HOHA-l,3 

>I.CTpa,n:bIHb II B.Ka,n:bIlli 

Opoella TpyiJo602o Kpacllo2o 3J1aMellll Jfllcmumym Op2allll'leCIWZO ClIIlme3a 

AKaiJeMlIullaYK Jlam6ll!icJ(oii CCP, P1I2a, CCCP 

IlocTymmo B pep;aJCl.\IHO 17 HIOHII 1970 

IlYTeM H3)"1eHI111 napaMeTpOB rrOJIlipOrpa<plf'ieCKIiX BOJIH OT pa3Ho06pa3Hhlx <paKTOPOB 3KcrrepH

MeHTa BbIllCHeH MexaHH3M 3JIeKTpOBOCCTaHOBJIeHHlI 2-<peHHJIHHp;aHP;lioHa-1,3 Ha PTYTHOM KarreJIh

HOM 3JIeKTpOp;e B BOP;HO-CIIHPTOBbiX 6y<pepHhIX cpep;ax B IlIHPOKOM HHTepBarre pH H KOHl.\eHTparxlill 

crmpTa C )"IeTOM TayToMepHo-npOTO!IHTIi'leCKHX rrpeBpailieHIill 3Toro coep;HHeHHlI B paCTBope H Ha 

rrOBepXHOCTH 3JIeKTpop;a. CHlITI!eM 3JieKTpOICarrRJiJillpHhIX KpliBhIX H onpep;eJIeHlieM p;errpeccilli eM

KOCTHoro TOKa Ha nOJIlipOrpaMMax B rrplfCyTCTBHH 2-<peHHJiHJIp;aHp;HoHa-1,3 H3)"1eHa ap;cop6Rpye

MOCTb pa3JIIf'IHbIX <pOPM 2-<peHHJIHHp;aHP;lioHa-1,3 Ha 3JIeKTpOp;e B HHTepBaJIe rrOTeHl.\IIarrOB OT 0 p;o 

-1,1 B. IloKa3aHo, 'ITO eHOJIliTaHIiOHhI 2-<peHHJIIIHp;aHp;HOHa-1,3 ap;COp6HPYIOTCli Ha 3JIeKTpOp;e 

TIJIOCKOCThIO HHp;aHp;HOHoBoro IIHKJIa H npH BbiCOICHX KOHl.\eHTpal.\lillX crmpTa BbITeCHlilOTCli C no

BepxHoCTH 3JIeKTpop;a. M3)"1eHhI CBOHcTBa rrepBOH BOJIHbI 3JIeKTpOBOCCTaHOBJIeH~.~ .. .z-<peHHJIHHAaH

):\lioHa-1,3 B KIiHeTH'IeCKOH 06JIacTiI H, HCXOP;lI H3 npep;CTaBJIeHHlI 06 06beMHOM XllpaKTepe pe

KOM611HaI.{HH eHOJillTaHIIOHOB C npoToHaMH npH p;OCTaTO'lHO 60JIhnmx KOHl.\eHTpal.\IIlIX CIIHp-ra, Ha 

OCHOBaHHH TeopHII EpAII'lK1I H KOYTeIIKoro paCC'll{TaHbI KOHCTaHTbI CKOPOCTII peKoM611-

Hal.\IiH eHOIDnaHHOHOB 2-<peHH!IHHp;aHp;HoHa-1,3 C npoTOHaMH. 060cHoBaHo rrpep;rrOJIOlKeHHe 0 npe-

06JIap;a1OIIIeM B03HliKHOBeHIili KeTOeHOJIbHOH <pOPMbI B np0l.\ecce peKOM6IiHal.\HH eHOJIllTaHHOHOB 

2-<peHIIJlllHp;aHp;HOHa-1,3 C rrpoToHaMH no cpaBHeHHIO C HOPMaJIhHhIM cop;eplKaHHeM KeTOeHOJIhHOH 

<pOPMbI B pacTBope. 

C03p;aHlIe 0611\eH TeopliH nOJIllporpa<plf'ieCKIIX TOKOB, B03HHKalOIlIIIX rrpli 3JIeKTpOBOCCTaHOBJieHIDI 

opraHR'IecKHX coep;liHeHHlt, Tpe6yeT HaKOnJIeHlUl ICoHKpeTHoro MaTepHarra 06 oc06eHHocTlIX 3JIeK

TPOBOCCTaHOBJIeHlili pa3Ho06pa3Hblx KJIaCCOB OpraHll'leCICIiX BeIIIeCTB, 0 3aKoHoMepHocTlIX ap;cop6-

l.\1i1i MOJIeKYJI II HOHOB Ha PTYTHOM 3JIeKTpOp;e, 0 MexaHH3Me H KHHeTHKe 3JIeKTpOp;Horo npOl.\ecca. 

MHTepeCHhIM 06beKTOM H3)"1eHHlI C 3T0il: TO'IKII 3peHIDI rrpep;CTaBJIlieTCli CHCTeMa l.\HK!lR'lecKoro 

~-p;HKeToHa-HHP;aHp;HoHa-l,3. BCJIep;CTBlie cBoe06pa3Horo CTpoeHHlI MOJIeKYJIhI 3JIeKrpoBOCCTa

HOBJIeHHe HHP;aHAHoHoB-1,3 Ha pa3JIlf'iHhIX CTap;lllIX CO'leTaeT B ce6e oc06eHHocrn 3JIeKTpOBOCCTaHOB

JIeHHlI XHHOHOB, (1., ~-HeHaCbIll.\eHHhIX KeTOHOB, apOMaTH'leCKIiX MOHOKeTOHOB II aHHOHOB opraHH

'leCKllX KIiCJIOT, npli'IeM CTap;HH rrepeHoca 3JIeKTpOHa '!aCTO npe)J;IIIecTBYlOT 6hICTpble npOTO!IHTIi'lec

Klie peaKl.\HH, OCYIIIeCTBJIHIOIlIIIeCli lCalC B 06beMHOM pealCIIlfOHHOM CJioe, TaK H Ha nOBepXHOCTH 

::meKTpop;a C )"IaCTl!eM ap;cop6HpOBaHHbIX 'laCTHl.\l. . 
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BOCCTaHOBlleHHe 2-cPeRHllRH.naH)J;HOHa-l,3 699 

06m:all KapTHHa IIOllllpOrpa$H'leCKOrO BOCCTaHOBlleHIUI OCllO)KHJleTCJl CIIOCofiHOCTblO 3THX COe,qR

HeHHH K TaYTOMepHO-npOTOJIRTH'lecKHM rrpeBpam:eHHlIM: 2-apIIJIHH,l\aH,ll;HOHbI-J,3 B 3aBHCHMOCTH 

OT YCllOBHit Cpe,l\bI MOrYT Cym:ecTBoBaTb B ,l\BYX TaYTOMeplibIX $OpMaX - P;1{KeTO$OpMe UI:K) 

H KeTOeHOJIbHoit $OpMe (KE), KOTOpble rrpH OTlI(errIleHHR rrpOTOHa p;aIOT OP;HH H TOT )Ke Me30MepHblit 

aHHOH (eHOIlllTaHHOH EA)2.3: 

0 0 0 

crt" ~ 01- ~ O}'" ~ I H +H t 
I (-J(' --Ph 

- 1-1 + 
(1) 

0 0 OH 

,lJ;K EA KE 

Pa3BHBa5I Ha'iaTOe paHee4 - 9 HCCJIe.ll;oBaHl1e rrOJI5IpOrpaqHt'leCKOrO BOCCTaHOBJIeHl15I 

2-apliJIHH.ll;aH.ll;HoHoB-l,3, MbI 113y'lHJIH MexaHH3M rrOJI5IpOrpa<pH'IeCKOrO BOCCTaHOB

JI~HH5I rrpOH3BOAHbIX HHAaHAHoHa-l,3 B CMernaHHbIX BOAHO-OpraHH'IeCKHX Cpe.ll;aX 

rrpH pa3JIR'IHbIX 3KCrrepHMeHTaJIbHbIX YCJIOBHSlX C Y'IeTOM ,,06beMHbIX" H "noBepX

HOCTHbIX" rrpOTOJIHTH'IeCKHX npOu;eCCoB. 

06IWIM: M~xaHH3M 3JIeKTpOBOcCTaHOBJIeHH5I HHAaHAHOHOBOM: rpynnHpoBKH Bbl

}lCH}lJIC}l Ha rrpHMepe 2-<p~HHJIHHAaHAHOHa-l ,3 (1) KaK HaH60JIee Ba)f<HOrO, AocTyrr

HOro H AOCTaTO'lHO cTa6aJIbHOrO COe.ll;HHemm 3Toro p5IAa. IIOJIY'leHHble BbIBO.ll;bI 

AOrrOJIH5IJIH:Cb AaHHbIMH H3Y'leHH5I APyrHx COeAHHeHHM: I1HAaH.ll;HOHOBOrO p}llJ,a, B TOM 

'1HCJIe COe.ll;HHeHHM:, I1MelOIWIX CTpOeHHe q,I1KCHpOBaliHOM: AI1KeTO (II) 11 KeTOeHOJIb

HOM: <pOPMhI (III). 

rrtPh 

~CHJ 
o 

II III 

3KcnepHMeHTaJIbHaH qaCTL 

TIoIllipOrpaMMbI CHHMaIlHCb Ha 3IleKTpOHHbIX caMorunnYII(HX rroIlllporpa$ax MapKH TI3-312 IJ)lA 

HLP-60 C HCrrOJIb30BaHHeM Tpex3IleKTp0,l\HOH TepMocTaTHPyeMo.li: lI'Ie.li:KRIO. B Ka'IeCTBe KH,l\HKa

TopHoro 3IleKTpO,l\a (KaTO,l\a) HcrrOIlb30BaJICli pTYTHbrn KaneJIbHbIH 3IleKTpO,l\ (PK3) C rrpHHY,l\H

TeJIbHbIM OTPbIBOM KarrJIR, HMelOlI(Hit B OCHOBHbIX cepHlIX OIIbITOB xapaKTepHcTHKH m = O,76Mr/c, 

t = O,24c. 

AHO,l\OM CIlY)KUJI Hac. Hg2C12 , a B HeKOTopbIX CJIyqallx - ,l\OHHali PTYTb. TIoTeHIIHaJIbI OTC'lHTbI

BaIlHCb no OTFtorueHKIO K Hac. Hg2C12 • 
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700 CTpa,ll;bIHb, Ka)J,b1ll : 

ilomlpOrpaIPll'I.ecKoe HCCne.n:OBaHHe npOBO.n:HnOCb B BO.n:HhIX H BO.n:HO-CrmpTOBbIX au;eTaTHO

BepOHanbHhIX 6YIPepHhIX pacTBopax (HHTepBan pH 4,0- 8,5), B ymrnepCanbHhIX 6y<!>ePHhIX paCTBopax 

EpHTToHa-P06HHcoHa (HHTepBan pH 2,0--12,0) npH nOCTommOH HORROH CHne f.l = 0,5, a TaKlKe 

B KO~eHTpHpOBaHHOH H 2S04 , 

B 3aBHCHMOCTH OT n;eneil: Hccne.n:oBaHHSl pa60'llie BO,!J;HO-CllHpTOBble 6YIPepHhle pacTBopbl HMenH 

pa3nH'lli}'1O Ko~eHTpan;ruo ,uenonSlpH3aTopa H crmpTa, pa3nH'llible 3Ha'leHHSl pH, HORROH CH1IbI 

H T.]1.. 

liICTlrnlible KOliCTallTbl npOTonH3a (KKE), KOHCTaliTbI TaYTOMepHoro paBHoBecHH (KT ) H 'l.aCTHble 

KOHCTaliTbI npOTOnH3a OT,uenbHbIX TaYToMepHblx IPOPM (KK H K0 B CMemaHHbIX BO.n;HO-CrmpToBbIX 

cpe;L:Iax onpe;L:IenHnHCb cneKTpOIPOTOMeTpll'l.ecKRM MeTo,u0~·11.12. 
PaC'IeT KOHCTaHT CKOPOCTh B3aHMO;L:Ieil:cTBIDI aHHOHOB 2-<!>eHHJIHH;L:IaH;L:\HOHa-1,3 C npoToHaMH 

npOBO;L:IHJICH KaK rrpH6JIIDKeHHbIM MeTO;L:IOM Ep;L:\H'IKH H BH3Hepa 13, TaK H TO'lHbIM MeTO;L:IOM paC'IeTa 

no KOYTeQKOMYI4
. 

OL\eHKa a;L:ICOp6HPyeMocrn '1aCTHl( 2-IPeHHnHH]J.aH.D:HoHa-1,3 6b1na npOH3Be;L:IeHa nyTeM CHSlTIDI 

:meKTpOKarmJInHpHbIX KpHBbIX (3KK) MeTO;L:IOM Beca KaIInH1S B HHTepBane nOTeHqRanOB OT 

O;L:IO -1,5 B B KRCnOH H ll(enO'lliOH cpe;L:Ie npH pa3nH'lHbIX Ko~eHTpau;HHx Hccne;L:IYeMoro Bell(ecTBa 

H crmpTa B pacTBope, a TaKlKe HCCne;L:IOBaHHeM ;L:IenpeccHH eMKOCTHhIX TOKOB Ha nOnHporpaMMax 

B npHcYTcTBHH ;L:IenonHpH3aTopa ;L:IO Ha'lana ero 3neKTpoBoccTaHoBneHHH16 . 

1,61- B ' ~-
-E/V ~ 

',4;- -

,,' ~~ 

"oj 
0,6 .~ I I 

-

-

4 B pH 12 

PHc.l 

3aBHCHMOCTH El/2 BOJIH BOCCTimoBJIeHHS! 2-

IPeHHnHH]J.aH;L:IHOlla-l,3 OT pH paCTBopa rrpH 

pa3nH'1HbIX KO~eHTpawurx 3THnOBoro crmp

Ta B paCTBope 

KOllL\ellTp~ ;L:IenOnHpH3aTOpa 3 . 10- 4 

MO!Ib/n: 6YIPep EpHTTOlia-P06HHCOHa; f.l = 

= 0,5; m = 0,76 Mr/c; t = 0,24 c; 25°C. 

KOHIl;eHTpaL\Hll cIIHpTa (06'beMH. %): • 10, 

o 20, C) 30, e 40. 

PHc.2 

3aBHCHMOCTH npe;L:IeJIblibIX TOKOB inp BOJIli A 
H B 2-IPeHHJlHlI;L:IaH.D:HOHa-l,3 OT pH pac

TBopa npH Pa3J1H'lHbIX KOHl(eliTpawurx 3TH

JIOBOrO crmpTa B paCTBope 

KOHl(eHTpau;HH ;L:IenomIPH3aTopa 3.10- 4 

l<o1OJIb/JI; 6YIPep EpHTTOHa-P06HHCOHa; f.l = 
= 0,5; n= 0,76 Mr/c, t= 0,24c; 25°C. 

KOHl(eHTp3L\HSl crmpTa (06'beMH. %): • 10, 
o 20, C) 30, e 40. 
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BOCCTaHOBJIeHKe 2-.peHKJIHH.D.aH.D.aoHa-l,3 701 

Pe3YJILTaThl U UX o6cyac,lJ.eHue 

fIO.rryqeHbI 06CT05ITeJlbHhle )J,aHHhle 0 MopqlOJIOnm nOJI5IpOrpaMM 2-<jleHHJ1HH)J,aH

)J,HoHa-1,3 B BO)J,HO-CllHPTOBhIX cpe)J,ax ()J,o 50% C2 H sOH 06.') B 3aBHCHMOCTH OT 

pH, )J,OJIH crrHpTa B CMeCH, KOHl:J;eHTpaIIHH )J,enOJI5IpH3aTOpa, HOHHOH CHJIhI paCTBopa, 

nepHO)J,a KarraHH5I, TeMnepaTyphI, )J,06aBKH rrOBepXHOCTHO-aKTHBHhIX BeIIleCTB. 

fIOKa3aHO , 'ITO rrpH BCeX KOHIIeHTpaIIHHX CllHpTa Ha rrOJI5lpOrpaMMaX 2-<jleHHJ1HH

)J,aH)J,HoHa-1,3 Ha6JIJO)J,aJOTC5I B 3aBHCHMOCTH OT pH O)J,Ha, )J,Be HJIH TpM BOJIHhI 

A, 0, B. 06W:HH XO)J, 3aBHCHMOCTH 3HaqeHMH E 1/2 H inp BOJIH OT pH npe)J,CTaBJIeH 

Ha pHC. 1-3. 

fIpoBe)J,eHHhle HCCJIe)J,OBaHlUI rr03BOJIHJIH YTOqHMTh 06IIlYJO cxeMY MexaHH3Ma 

3JIeKTpOBOCCTaHOBJIeHH5I 2-<jleHHJIHH)J,aH)J,HoHa-1,3 B BO.IJ:HO-CnHpToBhIX 6yqlepHhIX 

pacTBopax. 

MeXaHU3M 3JleKmp080CCmaH08JleJ-lUfl 8 Y.Hepew/O KUCJlblX cpe()ax 

fIOCKOJIhKY B BO)J,HO-CnHpTOBhIX cpe)J,ax C HeBhICOKHM cO)J,ep:>I<aHHeM CmlpTa ()J,o 
20% 06'.) B HHTepBaJIe pH 2,0-4,5 2-<jleHHJIHH.IJ:aH)J,HoH-1,3 cYIIleCTByeT noqTH HC

KJIJOqHTeJlbHO B .IJ:HKeTo<jlopMe, TO B 3JIeKTpOXHMHqeCKYJO peaKIIHJO BCTynaJOT MOJIe

KYJIhI .IJ:HKeTo<jlopMhI. fIocJIe rrpe.IJ:meCTBYJOIIleH nOBepXHOCTHOH npOTOHH3aIIHH OHH 

npHCOe)J,HIDIJOT )J,Ba 3JIeKTpOHa C 06pa30BaHHeM aHHOHa )J,HeH)J,HOJIa (KBa3H)J,H<jl<jly-

3HOHHan BOJIHa A): 

OH 

0:)<" ~ ""-I H 
0-

(2) 

AHaJIOHlqHaH p eaKIJ;H5I Ha6JIJO)J,aeTC5I H B cpe)J,ax C 60JIee BbICOKHM cO)J,ep)J(aHHeM 

CllHpTa, O)J,HaKO B .IJ:aHHOM CJIyqae BbI51BJISleTCSI TaK)J(e npHCYTCTBHe KeTOeHOJIhHOH 

<jloPMhI (CM. )J,aJIee). 

3JIeKTpOXHMHlJeCKaSl CTa.IJ:HSI npOIIecca BKJIJOlfaeT B ce651 3JIeMeHThI 06paTHMocTH, 

o 'leM rOBopSlT 3HalfeHHSI HaKJIOHOB BOJIR (42-65 MB), He3aBHCHMOCTh El/2 BOJIH!:.I A 
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OT llOHHOii CllJIhI paCTBOpa, rrOHBJIeHI1e aHO,UHOii BOJIHbI Ha OCll,llJIJIOrrOJIHpOrpaMMaX 

II qeTIillX rrllKOB Ha rrepeMeHHOTOKObIBX rrOJIHpOrpaMMaX 2-<peHRJIllH,n;aH,n;uoHa-l,3 

B ,n;aHHOii 06JIaCTR pH. 

BOJIHa 6 oTpa)J(aeT rrpoll,ecc ,n;aJIhHeiiIIIero 3JIeKTpOBOCCTaHOBJIeHRH 2-<peHllJIRH,n;a

HOH-l-oJIa-3, o6pa3YIOID:erocH B pe3YJIhTaTe rrpOll,eCCOB, cOOTBeTCTBYIOID:llX BOJI

He A: 

OH 
HO H o:?<p" ~ @" ~ :::::-... H ~ ~I 

+;it~ 0-
.X! 0 H 
t (3) + 

OH HO H a::xP

" Ok" ~ :::::-... H ~ I H 

OH OH 

2-<peHRJlRH,n;aHoH-1-OJI-3 BOCCTaHaBJlRBaeTCH rro,n;o6w) apOMaTR'IeCKoMy MOHOKeTO

HY (Mo,n;eJIbHbIMlI <popMaMll B ,n;aHHoM cnyqae cny)J(llJIR 2-<peHRJIRH,n;aHoH-l II 2-<pe

HRJIllH,n;aHOH-1-OJI-3). 

PRc.3 

Q4.------,I----------I~ 

inp 

pA 

O,2r--

e 

/<~~-~:: . 
t e/ -

9 ,', 
'~/ 
" 

I I 
pH 

3aBHCHMOCTb npeAeJIbHOrO TOKa inp BOJIHbI & 2-$elllfJlHHp;aHAHoHa-l,3 OT pH paCTBopa npR pa3JIH

'lJIbIX KOHqeHTpa~llX 3TRJIOBOrO cnn:pTa B pacTBope 

KOHqeHTpaqn:a ,nerrOJIllpR3aTopa 3.10- 4 MOJIb/JI; 6y$ep. lipRTToHa-Po6HHCOHa; JL = 0,5; 

m = 0,76 Mr/c, t = 0,24 c; 25°C. KOHqeHTpaqn:a cnn:pTa (o6'beMH. %): • 10,0 20, () 30, e 40. 
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BOCCTaHOBJIemre 2-<pemmHH,ll;aH,ll;HoHa-I ,3 703 

BhICOTa BOJIHhI E, KaK rrpam1JIO , MeHbllle BbICOTbI BOJIHbI A. I1oCJIeJJ;Hee 061>5IC

mleTC5I JJ;BOHCTBeHHOH peaKll,110HHOH CrrOC06HOCTbJO aH110Ha JJ;l1eHJJ;110JIa: npH ero 

npOTOHH3all,HH 06pa3YlOTC5I KaK MOJIeKYJIbI 2-cpeHHJIHHJJ;aHoH-l -oJIa -3, BOCCTaHaBJI11-

BalOlIJ,lieC5I ,naJIee, TaK H Hecrroco6Hbie K 3JIeKTpOBOCCTaHOBJIeHl1JO, HO cnoco6Hble 

K aHOJJ;HOMY OKHCJIeHl1JO MOJIeKYJIbI JJ;11eH,nHOJIa, qaCTb KOTOPblX JJ;wllqlyHJJ;l1pyeT R3 

np113JIeKTpOJJ;Horo npOCTpaHCTBa B rny6b paCTBopa 11 BbIXOJJ;l1T 113 cqlepbI peaKll,l1H. 

ITo Mepe B03paCTaHl15I pH H, COOTBeTCTBeHHO, rrOTeHll,l1aJIa 3JIeKTpOBOCCTaHOBJIe 

HIDI, BOJIHa E rrOCTeneHHO o6peTaeT xapaKTep rroBepXHocTHOH KHHeTl1qeCKOH BOJI

HbI1, 'ITO np05IBJI5IeTC5I B 06pa30BaUl1H crra,na TOKa Ha nOJI5IpOrpaMMe . 3TO MO)KeT 

6bITb 06b5ICHeHO TeM, 'ITO aJJ;cop611pyeMocTb aH110Ha JJ;l1eHJJ;HOJIa C YBeJIHqeHHeM Ka

TOJJ;Horo rrOTeHll,l1aJIa naJJ;aeT H JJ;ecop6HpOBaHHhIe tIaCTl111,bI He ycrreBaJOT o6ecrre

qHTb CTOJIb BbICOKOH CKOPOCTlI rrpeJJ;lllecTBylOIll,eH peaKll,Hl1. 

06pa30Bamie rrpoJJ;yKTa JJ;HeHJJ;110JIbHOrO cTpOeHH5I (ypaBH. (3)), rrocTYJIHpOBaHHoe 

paHee Ha OCHOBe xapaKTepa KOMM)'THpoBaHHbIX rroJI5IpOrpaMM9, rroJJ;TBep)KJJ;aeTC51 

TaK)Ke HaJIHlllieM aHOJJ;Horo rrUKa Ha oCll,UJIJIorroJI5IpOrpaMMax U pe3YJIbTaTaMU KBaH

TOBO-XMMHqeCKUX paClJeToB. I-h paClJeTOB MO JIKAO* CJIeJJ;yeT, 'ITO rrpucoeJJ;UHeHue 

K n -3JIeKTpOHliOH CHCTeMe uHJJ;aHJJ;uoHa-l,3 JJ;ByX 3JIeKTpOHOB Ha HU3111eH BaKaHTHOH 

MO npUBOJJ;HT K 06pa30BaHHlO HOBOH eJJ;HHOH 

COnp5I)KeHHOH n-3JIeKTpOHHOH CUCTeMbI C TaKHM 

qepeJJ;OBaHHeM JJ;BoeCB5I3HOCTU CB5I3eH, KOTOpa5I 

COOTBeTCTBOBaJIa 6bI JJ;ueHJJ;UOJIY (puc. 4). 

PHc.4 

PaCC'lHTaHHble MeTO,ll;OM MO JIKAO nOpJI,ll;KH CBJI3ei!: 

B conpHlKeHHoi!: CHCTeMe MOHoaHHOHa (A'), ,ll;HaHHOHa 

(A") H TpHaHHoHa (A"') HH,ll;aH,ll;HoHa-I,3 

* KBaHTOBO-XIiMH'ieCKRe paC'ieTbl rrpOBe,ll;eHbI 3 . .H. rpeHOM. 
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HerrOJIHa~ 06paTIlMOCTb CYMMapHOrO :meKTp0,lJ;HOro rrpou;ecca, rrpe.Il;CTaBJleHHa~ 

BOJIHOH A, 06YCJlOBJleHa KaK rreperpyrrrrupoBKoH .Il;ueH.Il;UOJla B 2 -<peHllJlllH.Il;aHOH-1-

OJl-3, TaK U B03MO)KHbIM 06pa30BaHueM ceMU.Il;UOHa rrpOMe)KYTOqHOrO rrpO.Il;y:KTa 

0.Il;H03J1eKTpOHHoro BOCCTaHOBJleHM, cyrn;ecTBoBaHue KOToporo ,[(OKa3aHO 3Kcrrepu

MeHTaJlbHOH TeXHllKOH 3IIP B arrpOTOHHbIX cpe.Il;ax17. COrJlaCHO Teopuu MIOJlJlepa

IiP.Il;U'lKU18, 06pa30BaHue ceMM.Il;UOHa rrpUB0.Il;UT K YBeJlllqeHUIO HaKJlOHa BOJlHbI, 'ITO 

U Ha6J1IO.Il;aeTC~ B Haurnx OrrbITaX. 

31leKmp080CCmal-108Jlel-lUe 8 CpeOl-leM UI-lmep8alle pH 

HaquHa~ C pH 4,0 Ha rroAAporpa<pllqeCKOM rrOBe.Il;eHllU 2-<peHllJIllH.Il;aH.Il;UOHa-1,3 Ha

qllHaeT CKa3bIBaTbC5I rrpOTOJlll3 MOJleKYJl B pacTBope, 06YCJlaBJlJiBaIOID;1iH y6bIBaHlle 

BbICOT BOJIH A II 6 U o.Il;HoBpeMeHHoe rrORBJleHue BOJlHbI B. Pe3Koe CMern;eHue E1/2 

BOJlHh! A K 60Jlee OTpllu;aTeJlbHbIM rrOTeHu;uaJlaM C YBeJlllqeHlleM pH OT 4,0 .Il;0 6,0 
CBll.Il;eTeJlbCTByeT 0 TOM, 'ITO 3J1eKTpO.Il;HbIH rrpou;ecc, COOTBeTCTBYIOrn;llH rr05IBJleHlllO 

BOJlHbI A, BKJllO'laeT B ce65I rrpllCOe.Il;llHeHlle ern;e O.Il;Horo .Il;orrOJlHllTeJlbHOrO rrpOTOHa. 

IIPll pH > 5,0 KBa311.Il;1l<p<pY311oHHa5I BOJlHa A rrOCTerreHHO 06peTaeT KllHeTuqeCKUH: 

xapaKTep. 0 KllHeTll'leCKOH rrpllpO.Il;e BOJlHbI A rOBopUT HeCOOTBeTCTBlle B :nOH 06-

JlaCTll pH 3KcrrepllMeHTaJlbHbIX BeJlllqUH inp BeJlllqllHaM, paCCqUTaHHbIM rro ypaBHe

HUIO l1J1bKOBllqa, He3aBllCHMOCTb inp OT BbICOTbI pTYTHoro cToJl6a, B03paCTaHfle inp 

rro 3aKOHY KllHeTUqeCKOrO TOKa (tg IX = 0,53), a TaK)l(e 3aBbIllIeHHhle 3HaqeHll5I TeMITe

paTypHoro K03<P<PllIIVIeHTa rrpe.Il;eJlbHOrO TOKa (4 - 6% Ha 1 QC). 
3HaqeHue pKnoJI Ha .Il;Ba rrOp5I.Il;Ka 60JlbllIe pKKE, rrpllqeM C YBeJlllqeHlleM KOHu;eHTpa

U;Ull 3TUJlOBOrO crrllpTa COOTHOllIeHlle 3TUX ,[(Byx BeJlll'IllH rrO'lTll He MeH5IeTC5I. He

COOTBeTCTBlle qllCJleHHhIX 3HaqeHUH pKnoJI U pKKE' a TaK)l(e yrOJl HaKJroHa 3aBllCU

MOCTU 19 [ik!(id - i k)] OT pH YKa3hIBalOT Ha TO, 'ITO rrpUqUHOIO B03HUKHOBeHM KU

HeTuqeCKllX TOKOB 5IBJl5IeTC5I peaKU;ll5I peKOM6uHaU;Ull eHOAATaHllOHOB C rrpOTOHaMu19 

(ypaBH. (1)). 

TaKHM o6pa30M, B UHTepBaJle pH 4,0 .•• 7,0 BOJlHhI A U 6 cooTBeTcTBYIOT. 3J1eK

TpoBocCTaHOBJleHlllO He.Il;llCcOU;UupoBaHHhlx MOJleKYJl KaK cyrn;ecTBYIOID;llX B 06beMe 

pacTBopa, TaK U 06pa3YIOrn;UXC5I BCJle.Il;cTBue peKoM6uHau;uu eHOAATaHllOHOB C rrpo

TOHaMll, a BOJlHa B cooTBeTcTByeT rrpou;eccy 3J1eKTpOBocCTaHOBJleHU5I HepeKoM6u

HupoBaHHhlx eOAATaHUOHOB. 

31leKmp080CCmal-1081lel-lUe 8 UjellOlJl-lOU cpeoe 

B BO.Il;HO-crrUpTOBbIX cpe.Il;ax, HMelOrn;UX pH > 7,0, 3J1eKTpOBOCCTaHOBJleHUIO rro.Il;

BepralOTC5I eHOAATaHUOHbI, TaK KaK U3-3a He3Ha'lUTeJlbHOH KOHu;eHTpau;uu ,[(OHOPOB 

rrpOTOHOB rrpe.Il;BapUTeJlbHa5I peKOM6uHaD;M eHOJI5ITaHUOHOB C .Il;oHopaMM rrpOTOHOB 

Y)Ke He MO)KeT cOBepurnTbC5I C .Il;OCTaTO'lHOH CKOpOCThIO. 0 TOM, 'ITO BOCCTaHaBJIUBa

lOrn;eHC5I 'laCTUu;eH 5IBJI5IeTC5I aHUOH, rOBopUT CMern;eHlle E1/2 B CTOPOHY MeHee KaTO,[(

HhIX rrOTeHu;uaJIOB C YBeJIll'IeHlleM UOHHOH CUJlbI paCTBopa. 
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c<rPh :~',O' (4) 

o 

B pe3YJIhTaTe 3JIeKTpOBOCCTaHOBJIemUI enOJUITamWHOB 06pa3yeTcH aHllOH Al1-

eHAl1oJIa, KOTOPbIM: rrpH AOCTaTOqHOM: KOHI~eHTpaU:l1H rrpOTOHOB B paCTBOpe CIlOC06eH 

K rrOCJIeAYJOllI.eH rrpOTOHl13aU:l1l1 C 06pa30BaHHeM 2-<peIDUIl1HAaHOH-1-oJIa-3, BOCCTa

BHaBJIHBalOI..QerOCH npl1 Menee KaTOAHblX rrOTeHU:l1aJIaX, qeM l1CXOAHble eHOJIHTanl10HbI 

2-<peHl1JIHHAaHAl1oHa-1,3 (ypaBH. (3». BCJIeACTBl1e 3Toro B 06JIaCTl1 pH 7,5 - 8,5 iup 

BOJIHbl B AOCTl1raeT 3HaqeHl1M: TpeX3JIeKTpOHHOM: BOJIHbI, a Kp"BaH 3aDl1Cl1MOCTl1 

inp OT pH rrpOXOAl1T qepe3 MaKCl1MYM, KOTOPblH TeM BbIUIe, 'IeM 60JIbIIIe rrepl10A Ka

rramur t. B l1HTepBaJIe pH 7,0 •.. 9,0 BOJIHa B HDJUleTCH CJIl1THOM: - OHa COCTOl1T l13 

AByX BOJIH, nepBaH l13 KOTOPblX cooTBeTcTByeT 3JIeKTpOBocCTaHOBJIeHl1lO eHOJIHT

aHHOHa (ypaBH. (4)), a BTopaH - 3JI<!KTpoBocCTaHOBJIenl1.1O 2-<peHl1JIHHAaHOH-l-oJIa-3 

(ypaBH. (3». 

MexaHU3M 31lelWlp080CCmaH081leliUli KemoeHOllbliOU zpynnup08/(U 

KaK YKa3bIBaJIOCb, B pacTBopax 2-<peHI1.JIHHAaHAHoHa-l,3 napHAY C AHKeToq)OpMOH 

rrpHcYTCTByeT KeTOeHOJIhHaH <popMa, COAep)f<aHHe KOTOPOM: B03paCTaeT C YBeJII1'Ie

Hl1eM KOHu:eHTpaU;Hl1 crrHpTa (Ta6JIm~a I). 
IbyqeHHe rrOJIHpOrpa<pH'IeCKOrO nOBeAeHliHCoe.ll;liHeHl1M:, l1MelOllI.l1X CTpOeHl1e <Pl1K

Cl1pOBanHOM: KeTOenOJIhnoM: <POPMbI, rrOKa3aJIO, 'ITO eCJIH KeTOenOJIhHaH rpyrrrrl1poBKa 

corrpH)J(ena C n-3JIeKTpOHHOM: CHCTeMOM: apOMaTl1'IeCKorO HApa, TO B 06JIaCH! rrOTeH

U:l1aJIOB OT - 0,7 AO -1,1 B rrOHBJIHeTCH ABYX3JIeKTpOnnaH BOJIHa BocCTaHOBJIeHAA Ke

TOeHOJIhHOM: rpyrrrrl1pOBKH MnAOHOBoro U:I1.KJIa, a BCJIeA 3a HeM: npl1 -1,1 AO -1 ,2 B 

0.ll;H03JIeKTpOHHaH BOJIHa BOCCTaHOBJIeHIlH conpH)J(eHHOM: 3THJIeHOBOH CBH3H C=c. 

o 

o::}-Ph Hd' . ' 

OR 

01-1 

a}Ph 
RO H 

HO H 

~cQ-Ph (5) 

RO H 

B CJIyqae 1-3TOKCH-2-apl1JIlfH.ll;OHOB-1 n epBaH BOJIHa 3JIeKTpOBOCCTaHOBJIeHHH KeTO

eHOJIhHOH rpynrrHpOBKl1 JIe)J(HT npl1 60JIee rrOJIO)J(l1TeJIbHbIX nOTeHU:l1aJIaX (Ha 

150-180 MB) no cpaBHeHHlO C BOJIHOM: 3JIeKTpOBocCTaHOBJIeHll.H Al1KeTo<popMbI 2-

<peHl1JIHH.ll;aHA110Ha-1,3, 'ITO MO)J(eT 6blTh 06bHCHeHO BKJIlOqeHl1eM 2-<peHl1JIbHOrO 

Collection Czechos lov. Chern. Commun. /Vol. 36/ (1971) 



706 

1ll1KJIa B 06IIJ,YlO 1t-3JIeKTpOHHyro CHCTeM)'. O,u;HaKO 3JIeKTpOBOCCTaHOBJIeHlle KeTO

eHOJIbHOH <pOPMbI He 3aKJIlO'laeTC5l B CTOJIb ClIMMeTpl1'lHOH nepeCTpOHKe 1t-3JIeK

TPOHHOH CHCTeMbI, n03TOM)' 3JIeKTpOXHMl1'leCKHH npou;ecc MeHee 06paTHM (HaKJIOH 

BOJIH 90-100 MB) H ,u;a)J(e npH ,u;H<p<pepeHu;HaJIbHOH 3allHCH BOJIHbl Bblpa)J(eHbl xY)J(e. 

3JIeKTpOBOCCTaHOBJIeHHe KeTOeHOJIbHOH <pOPMbI, KaK H ,u;HKeTo<poPMbI 2-apHJI

HH,u;aH,u;HoHa-l,3, Tpe6yeT rrpe,u;mecTBylOIIJ,eH npOTOHl13aIIHH MOJIeKYJIbI, o,u;HaKO npo

TOHH3aIIIDI B 060HX cnyqa5lX, rrO-BH,u;HMOM)', He rrpHBo,u;HT K 06pa30BaHHlO KaTHOHa 

e,u;HHoro CTpoeHIDI. 06 3TOM CBH,u;eTeJIbCTBYlOT KaK pa3JIHqne BTOPOH CTa,u;HH 3JIeK

TpOBOCCTaHOBJIeHIDI B cnyqae KeTOeHOJIbHOH H ,u;HKeToHHoH <pOPM, TaK H pe3YJIbTaTbI 

crreKTpo<poToMeTpH'leCKHX H3Mepemrn, npoBe,u;eHHblX B cpe,ll;e KOHu;eHTpHpOBaHHOH 

H 2S04 , IIpH rrpOTOHH3aIIHH coe,u;HHeHIDI co CTpoeHHeM <pHKCHpOBaHHOH ,u;HKeTO

<pOPMbI (2-MeTHJI-2-<peHHJIHH,u;aH,u;HOHa-1,3) B H 2S04 o6pa3yeTc~ HeClIMMeTpH'lHbIH 

KaTHOH (rrOrJIOIIJ,eHHe npH 240 HM): 

~h 
~R 

(6) 

o 

IIPH npoToHH3aU;HH He<pHKcHpoBaHHoro coe,u;HHeHIDI (2-<peHHJIHH,u;aH,u;HoHa-1,3) CHa

'lam TaK)J(e o6pa3yeTcH HeClIMMeTpH'lHbIH KaTHOH (ypaBH. (6», o,u;HaKO nOCJIe,ll;HnH 

rrOCTerreHHO (B Te'leHHe '" 1,5 'lac.) rrepeCTpaHBaeTCH B ClIMMeTpH'IHbIH (rrOrJIOIIJ,eHHe 

rrpH 272 HM): 

(7) 

IIpH rrpoToHH3aU;HH KeTOeHOJIbHOH <pOPMbI cpa3y o6pa3yeTC5I cHMMeTpH'lHbIH Ka

THOH: 

o 

extPh 

OR 

~ ~~~Ph 
~ OR 

(8) 

TepMO,u;HHaMH'leCKHe KOHCTaHTbl npOTOHH3au;HH IfH,u;aH,u;UOHOBOH rpynnHpoBKH, 

COOTBeTCTByroIIJ,He npolleccy (6) JIe)J(aT rrpH pKKH+ = - 6,9 ± 0,2. AHaJIorn'lHbIH 

, Collection Czechoslov. Chern. Cornrnun./Vol. 36/ (1971) 



BOCCTaHOBJIeHRe 2-$eHHJIHH,!l.aH,lJ;HoHa-1,3 707 

npOD;ecc npOTOHli3aD;HH, nO-BH)1,HMOMY, HMeeT MeCTO H Ha nOBepXHOCTH :meKTpOAa 

nepeA npHcoeAHHeHHeM :meKTpOHa, O,lJ,HaKO BCJIeACTBHe BbICOKOH a,lJ,COp611pyeMocTli 

AenOmrpH3aTOpa oCYlQeCTBmreTC~ OH npll 3Ha'illTeJIhHO 60JIee BblCOKliX 3HaqeHll~X 

pH. 

06pa30BaHlieM ,lJ,Byx KaTliOHOB pa3JIll':IHOrO cTpoeHll~ MO)l(HO 061>~CHliTh OTJIll'Ille 

Me:>K)J,Y 3JIeKTpOBOCCTaHOBJIeHlleM AliKeTO- II KeTOeHOJIhHOH IPOpM. 

KliHeTll'IeCI<HH xapaKTep BOJIHbl A B Cpe,lJ,HeM llHTepBaJIe pH CBHAeTeJIhCTByeT 

o peKoM6HHaD;llH eHOJI~TaHHOHOB C npOTOHaMll. IhBecTHo, 'ITO KHHeTll.'IeCKl1H no

JI~pOrpaIPll'IeCI<HH TOK MO)l(eT llMeTb ,,061>eMHblli", ,,061>eMHO-nOBepXHOCTHblli" llJIH 

"nOBepXHOCTHblli" XapaKTep B 3aBHCllMOCTH OT TOrO, BCTynalOT JIll 'IaCTl1Il,bI B npe,lJ,

IIleCTBYlOlQHe IIPOTOJIllTllt.:!eCKHe peaKD;l1JI B 061>eMHOM peaKD;HOHHOM CJIOe llJIll Ha 

IIOBepXHOCTH 3JIeKTpOAa 1 • .n:JI~ BbNCHemm XapaKTepa KHHeTH'IeCKOrO TOKa II BJIll~
HH~ aAcop6HpyeMocTli Ha napaMeTpbl nomrporpaIPHl.JeCKOrO TOKa 6bIJIa HenocpeA

CTBeHHO OnpeAeJIeHa aAcop611pyeMOCTh 2-IPeHllJIllHAaH,lJ,1l0Ha-1,3 H era aHaJIOrOB, 

llMelOlQllX IPHKClipOBaHHOe CTpoeHHe AliKe TO- H KeTOeHOJIbHOH IPOPM, MeToAoM 

CH~TH~ 3KK II MeToAoM AenpeccHli eMKOCTHOro TOKa Ha nomrporpaMMax. 

Aocop6upyeMocmb 2-ifjeHu/luHoaHouoHa-I,3 

AHaJIH3 3KK nOKa3aJI20
, 'ITO aHHOHbI 2-IPeHllJIllHAaHAlioHa-1,3 B lQeJIOl.JHOH cpeAe 

3aMeTHO aAcop611PYlOTC~ npH nOTeHD;HaJIaX IIOJIO)l(JITeJIhHOH BeTBli KpHBOH. Hal.Jll

Ha~ C -0,8 AO -1,0 B 3KK eHomrTaHHOHOB CJIllBaIOTC~ C 3KK IPoHa, T. e. CJIIUIHHe 

npOHcXOAHT AO HaqaJIa 3JIeKTpOBocCTaHOBJIeHIDI eHomrTaHliOHOB (noTeHD;llaJI Bbl

AeJIeHIDI -1,2 AO -1,3 B), a TaIOKe AO nOTeHD;llaJIOB IIJIolQaAKH npeAeJIhHOrO TOKa 

BOJIHbl A npH pH > pKa• 

PRc.5 

.D:eIIpeccIDI eMKOCTHoro TOKa Ha IIOJlJlpOrpaM

Max 2-<peHHJIHH,Z:(aH.n;HoHa-1,3 B 3aBRCR

MOCTH OT PalJ1H'lHOH KOHIIeHTpaL(HH 2"<peHRJI

HH):(aH.n;HoHa-1,3 B pacTBope 

10% BO.n;HO-CIIHPTOBbrn: 6y<pepHbIH pacTBop 

EpRTToHa-Po6HHcoHa; pH 10,0; 'IyaCTBH

TeJIbHOCTL 1/20. KOHlIeHTpalJ,l!51 (MOJIb/JI): 
1 <poH; 22.10- 5 ; 34.10- 5 ; 48.10- 5

; 

5 1,6.10- 4 ; 6 3,2.10- 4 ; 7 6,4.10- 4
; 8 

1,0.10- 3• 
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708 CTpaAbIHb, KaAhllII : 

C YBeJIUqeHl-leM cO,lJ,ep)KaHMH 2-cPeHMJIMH,lJ,aH.IJ;MoHa-l,3 a,lJ,COp6MPyeMocTb YBeJIM

'lMBaeTCH, ,lJ,OCTMraH, HarrpMMep B 30%-HOM BO,lJ,HO-CmlpTOBOM paCTBOpe, rrpe,lJ,eJIb

HOrO 3HaqeHMH rrpl1 KOHu;eHTpaU;MI1 1. 10- 3 MOJIb/JI. MaKCMMaJIbHaH a,lJ,COp6U;I1H 

eHOJIHTaHl10HOB Ha6JIlO,lJ,aeTCH rrpM -0,2 B. TO'lKa HYJIeBOrO 3apH,lJ,a rrpM ,lJ,06aBJIeHMI1 

2-cP:!HMJIHH,lJ,aH,lJ,MoHa-l,3 B KOHu;eHTpaU;MI1 8. 10- 5 MOJIb/JI CMeIl(aeTCH B OTpnn;a

TeJIbHYIO CTOPOHY rrpl16JIM3l1TeJIbHO Ha 200 MB. 

C YBeJIMqeHneM KOHu;eHTpau;nn 3TMJIOBOrO crmpTa B pacTBope, a TaK)Ke co CMeIl(e 

HMeM rrOTeHrt;MaJIa OT TO'lKM MaKCI1MaJIbHOH a,lJ,Cop6U;I1M B OTpI1u;aTeJIbHYlO CTOPOHY 

a,lJ,COp6MPyeMocTb YMeHbllIaeTcH. 

3Ha'leHI1e r co B TO'lKe MaKCHMaJIbHOH a,lJ,cop6U;1111 (-0,2 B) B Il(eJIO'lHOH cpe,lJ,e 

paBHO 2,0.10- 10 MOJIb/CM2
. C YBeJIHqeHI1eM KOHu;eHTpaU;I1M CI1I1pTa 3Ha'leHM roo 

CJIerKa YMeHbllIaIOTCH, 'ITO 06YCJIOBJIC!HO, rrO-BI1,lJ,I1MOMY, BbITeCHeHl1eM a,lJ,COp6MPO

BaHHblX Ha I10BepXHOCTI1 'laCTI1U; 2-cPeHI1JIMH,lJ,aH,lJ,I1oHa-1,3 MOJIeKYJIaMM opraHM

'leCKOrO paCTBOpI1TeJIH. Ha,lJ,e)KHOCTb 3Ha'leHI1H r co 6bUla ou;eHeHa TaJ()Ke He3aBI1CI1-

MbIM rrYTeM: I1CI10JIb3YH MOJIeKYJIHpHble MO,lJ,eJII1 C ThlOapTa-OpI1rJIe6a 6hUlH pac

C'lI1TaHbI rrJIoIl(a,lJ,I1, 3aHl1MaeMhle eHOJIHTaHnOHaMM 2-cP;!HMJIMH,lJ,aH.n.l1oHa-l,3, a,lJ,

Cop6l1pyeMbIMH I1JIOCKOCThlO I1H,lJ,aH,lJ,I10HOBOro U;I1KJIa MJIM pe6pOM - I1eprreH

,lJ,MKYJIHPHO K I10BepXHocTn PTYTHOH Kllrrmr. OKa3aJIOCb, 'ITO rrpl1 a,lJ,cop6U;1111 

aHl10HOB rrJIOCKOCTblO I1H,lJ,aH,lJ,110HOBOro IJ;I1KJIa r co ,lJ,OJI)KHa liMeTb 3HaqeHI1e 

1,8.10- 10 MOJIb/CM2
, a rrpl1 rreprreH,lJ,I1KYJIHPHOM pacrrOJIO)KeHI1I1 aRMOHOB rro 

OTHOllIeHH.lO K rroBepXHOCTI1 3JIeKTpO,lJ,a - 3Ha'leHH.e 1,1 . 10- 9 MOJIb/CM2
• Xopo-

PH' .6 

3aBHCllMOCTb CTeueHII 3aIIOJIHeHHSI OT IIOTeH

qHaJIa AJISI 2-<peHHJIHHAaH.llHOHa-1,3 B 6y<pep

HbIX pacTBopax EpHTToHa-Po6HHcoHa C Pa3-

.lIH'lHbIM cOAep)J(aHHeM 3THJIOBOrO crrnpTa 

1 BOAHhIH: pacTBop, pH 10,0; 2 10% 

C2?50H, pH 10,0; 340% CzH 50H, pH 10,0. 

. -

280 

2000,!;------,0"",6::-----:',"""2 --.E-, v~,,a 

PHc.7 

3JIeKTpOKarrnJIJIlIpHbJe KpHBble 2-<peHHJIHH

AaHAHoHa-1,3 B 10% 3TIIJIOBOM crrnpTe Ha 

<poHe 1,0 H KCI 

KOHl(eHTpal(lIl1 2-<peHHJIHHAaHAHOHa-1,3 

8.10- 5 MOJIb/JI; m = 0,88 Mr/c. 1 <POH; 

2 pH 11,0; 3 pH 2,0 [AHH/CM]. 
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BOCCTaHOBneHHe 2-cPeHHnHH)l.aH)l.HoHa-l ,3 709 

lUee COBna.ll:emle nepBoro H3 npHBe.ll:eHHhIX 3Ha'femU1 r ro C 3KCnepH..1\.feHTaJIhHO 

HaH:.II:eHHbIM CBH.lJ:eTeJIhCTByeT, 'fTO H3 ,D,ByX D03MOlKHhIX BapHaHTOB paCnOJIOlKeHHSI 

a,D,COp6HpOBaHHbIX aHHOHOB Ha nOBepXHOCTH 3JIeKTpO.ll:a peaJIl13yeTcSI paCnOJIOlKe

HHe nJIOCKOCThlO HH,D,aH,D,HOHOBoro lI.lI.KJIa. 

O,D,HaKO no xapaKTepy 3KK y,D,aJIOCh onpe,D,eJIlI.Tb CTeneHb a,D,cop6l1.pyeMocTH 

aHROHOB JIHlUh .11:0 nOTeHlI.lI.aJIa -0,8 B, TaK KaK C .ll:aJIhHeHlURM YBeJIH'feHlI.eM no

TeHD:lI.aJIa 3KK paCTBopa, CO,D,eplKamll.erO aHHoHb12.cpeHHJIHH,D,aH,D,1I.0Ha-1,3, H 3KK 

<poHa npaKTH'feCKH CJIHBaIOTCH. C lI.eJIhlO 11.3yqeHRSI a.ll:cop611.pyeMocTH aHHOHOB B 

60JIee ITIHPOKOM ,D,Hana30He nOTeHlI.lI.aJIOB (,D,O -1,1 HJIH -1,2 B) 6bUlO npOBe.ll:eHO 

HCCJIe.ll:OBaHHe ,D,enpeCClI.lI. eMKOCTHbIX TOKOB Ha nOJIHpOrpaMMax no MeTO,D,lI.Ke 16
. 

Ha OCHOBaHlili HCCJIe,D,OBaHliSi ,D,enpeCClI.H eMKOCTHoro TOKa (pHC. 5) 6bUlH np1l.6JIH

lKeHHO paCC'fll.TaHbI BeJIH'IHHbI 3anOJIHeHRSI nOBepXHOCTIi npH nOTeHlI.HaJIaX - 0,4 .11:0 

-1,2 B B pacTBopax C pa3JIlI.'fHbIM CO,D,eplKaHHeM Cnll.pTa (pHC. 6). 
OKa3aJIOCh, 'ITO B CHJIhHO meJIO'IHOH: cpe,D,e, r,D,e B pacTBope npaKTlI.'leCKH cyme

CTBYIOT JIHlUh eHOJIHTaHHOHbI, B 10%-HoM 3THJIOBOM Cnll.pTe npH nOTeHlI.llaJIaX 

-1,1 ,D,o -1,2 B CTeneHh 3anOJIHeHll51 (B) HMeeT 3Ha'IeHlIe 0,05, T. e. 3anOJIHeHHe 

nOBepxHocTH BemeCTBOM B YCJIOBRSlX OnbITa COCTaBJI5IeT ,..., 5,0%. 

O,D,HaKO Ha'lHHaH C nOTeHlI.llaJIa -1,2 B a,D,COp6HpyeMocTb eHOJIHTaHHOHOB na,D,aeT 

HHlKe 2,0% H YlKe He MOlKeT 6blTh onpe.ll:eJIeHa MeTO,D,OM ,D,enpeCCHH eMKOCTHOro 

TOKa. IIPH B03paCTaHHH KOHlI.eHTpall.nH CnHpTa B paCTBope a.D,COp6HpyeMocTb 'Iac

THD: .D,enOJIHpH3aTOpa na.D,aeT. TaK, B 40%-HOM 3THJIOBOM cnHpTe a,D,COp6HpyeMocTb 

eHOJIHTaHHOHOB na,D,aeT HHlKe 2% YlKe npH nOTeHD:llaJIaX - 0,9 ,D,O -1,0 B, a npH 

nOTeHIJ;HaJIaX nJIOma,D,KH npe,D,eJIbHOrO TOKa BOJIHhI A (-1,1 ,D,O -1,2 B) H TeM 60JIee 

npH nOTeHD:llaJIaX 3JIeKTpOBOCCTaHOBJIeHH5I eHOJI51TaHHOHOB (-1,3,D,0 -1 ,6 B) HX 

a.D,cop6D:ll5I npaKTH'leCKH He HMeeT MeCTa. 

Ha OCHOBaHHH 3KK, CH5lTOH: B KHCJIOH: cpe.ll:e, Oll.eHeHa a,D,cop6HpyeMocTh He,D,llC

COn:nHpOBaHHbIX MOJIeKYJI 2-<peHllJIHH.II:aH,D,HoHa-1,3 (pHC. 7). OKa3aJIOCb, 'iTO npH 

nOTeHn;HaJIaX nOJIOlKllTeJIhHOH: BeTBH 3KK a.D,COp6HpyeMocTb aHHOHoB npH6JIHlKa

eTC5I K a.D,COp6HpyeMocTH He.D,HCCOD:HHpOBaHHhIX MOJIeKYJI H .D,alKe HeCKOJIhKO npe

BbIlUaeT ee. 3TO 06'b5lCH5IeTC5I TeM, 'iTO eHOJI5ITaHHOH 5IBJIHeTC5I HOCHTeJIeM OTpHl~a

TeJIbHOrO 3ap5l.D,a, n03TOMY nOMllMO Cnell.ll<pll'IeCKOH: a.D,Cop6D:llll MelK.D,Y HHM H no

BepXHOCThlO 3JIeKTpO.D,a HMeeT MeCTO 'IliCTO 3JIeKTpOCTaTH'IeCKOe B3aHMO.D,eHCTBHe. 

IIPH nOTeHD:llaJIaX lKe OTpHD:aTeJIbHOH: BeTBH 3KK, Ha060pOT, a.D,COp6HpyeMocTh 

He.D,HCCOD:RRpOBaHHhIX MOJIeKyJI 3Ha'lHTeJIhHO . npeBbIlIlaeT a.D,COp6RpyeMocTh aH

HOHOB. 

CRJIhHOH: a.D,COp6HpyeMocThlO .D,llKeTo<popM'hI Ha nOBepXHOCTH 3JIeKTpO.D,a npH 

nOTeHn;HaJIaX ee 3JIeKTpOBOCCTaHOBJIeHll5I MOlKeT 6hITh 06'bHCHeHO OTCYTCTBHe KOp

peJIHD:RH 3Ha'IeHRH El/2 2-apllJIHH.D,aH.D,HOHOB-1,3 C napaMeTpaMll CTpOeHH5I B KHCJIOH: 

cpe.ll:e. 

IIpllCYTCTBHe KeTOeHOJIbHOH <pOPM'hI 06YCJIaBJIHBaeT 60JIee pe3KYIO .D,enpeCCHIO 

eMKOCTHoro TOKa, CJIe.D,OBaTeJIhHO, OHa a.D,COp6HpyeTc5I CRJIhHee .ll:HKeTo<popMbI. 
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3TO 06'MICHj{eTCj{ TeM, 'ITO KeTOeHOJIhHaj{ <pOpMa l1MeeT Ha1160JIee pa3BepHYTYlO 

Cl1CTeMY 1t-3JIeKTpOHOB, TaK KaK cOrrpj{)l(eHl1e paCrrpOCTpaHj{eTCj{ 11 Ha <peHl1JIhHhrH 

n;HKJI B 2-I1oJIo)l(eHl1l1, 13 TO BpeMSI KaK B .n;l1KeTO<pOpMe corrpj{)l(eHl1e paCrrpOCTpaHj{eT

CSI TOJIhKO Ha <pTaJIOl1JIhHhIH: n;l1KJI, 11 CJIe.n;OBaTeJIhHO, 1t-Cl1CTeMa MO)l(eT 60JIee 3<p

<peKTl1BHO B3al1MO.n;eiIcTBOBaTh C rrOJIO)l(l1TeJIhHO 3apj{)l(eHHOIO I10BepXHOCThlO pTyrn. 

TaKl1M 06pa30M, B paCTBopax C MElJIbIM co.n;ep)l(aHl1eM 3TMJIOBOrO crrRpTa a.n;cop6-

n;Mj{ aHMOHOB rrpM rrOTeHn;aaJIaX l1X peKOM611Han;l1R C rrpOTOHaMM ( -1, 1 .n;o -1,2 B) 

CTOJIb cyw:eCTBeHHa, 'ITO rrpOTOJIMTJfqeCKMe p eaKn;Ml1 .n;OJI)l(HhI ocym;eCTBJIj{TbCH, 

rJIaBHbIM 06pa30M, Ha rrOBepXHOCTM 3JIeKTpo.n;a. B rrOJIh3Y 3Toro rOBopj{T TaK)l(e: 

a) cpaBHMTeJIhHO H113KMe TeMrrepa TypHble K03cP<PMn;l1eHTbI BOJIHhI A B Kl1HeTl1qeCKOii 

06JIacrn, j{BJISllOw:aeC}{ CJIe.n;cTB~eM Toro, 'ITO rrOBbIlIleHl1e TeMaepaTYPbI crroc06-

cTByeT KaK YBeJIliqeHl1lO CKOPOCTl1 rrpeJJ;IIleCTBYlOw:eii peaKn;l1M, TaK 11 KOHKypeHTHo

My rrpon;~ccy .n;ecop6n;1111 '1aCTMn; .n;errOJIj{pM3aTOpa C rrOBepXHOCTl1 3JIeKTpo.n;a. 

6) OTCYTCTBMe 3aBl1Cl1MOcrn <PYHKn;l1l1 ik/(id - ik) . (1/t 1/2) OT rrepl1o.n;a KarraHl15l, 

'ITO MO)l(eT rOBopMTb JI1160 0 qRCTO 06beMHoH peaKn;l1l1 rrpOTOH113an;l1l1, JI1160 06 

06beMHo-rroBepxHOCTHOH: peaKn;l1M peKoM6MHan;Ml1, rrpoTeKalOw:eii B YCJIOBl1j{X, 

Kor.n;a rrpon;ecc a.n;cOp6n;MM 6JIM30K K paBHOBeCHoMY21• 

O .n;HaKo C YBeJIa'leHl1eM KOHn;eHTpan;l1l1 CrrHpTa a.n;cop611pyeMocTb eHOJIj{TaHHOHOB 

pe3KO rra.n;aeT, H,KaK rrOKa3aJIO l1CCJIe.n;OBaHMe .n;errpeCCHH eMKOCTHbIX TOKOB, B 40%

HOM 3THJIOBOM CI1HpTe rrpH rrOTeHIUIaJIaX -1,1 .n;o -1,2 B CTaHOBl1TCj{ HeYJIOBHMOH. 

XOTj{ HeJIh3}{ YTBep)l(.n;aTb, 'ITO p eKOM6HHan;11S1 eHOJISlTaH110HOB 2-<peHHJIHH.n;aH.n;HoHa-

1,3 C rrpOTOHaMl1 B .n;aHHOM CJIyqae rrpOHcxo.n;HT l1CKJIIOQHTeJIhHO B 06beMHoM peaK

n;110HHOM CJIoe, o.n;HaKO MO)l(HO Cql1TaTb, 'ITO B 06JIaCTH l1HTepecylOI.lUlJI:~I..Iac rrOTeHn;l1-

aJIOB rrpon;ecc peKOM611Han;1111 rrpl1 60JIbIIll1X KOHn;eHTpan;Iij{X crrHpTa i · pacTBope 

(30-50% 06'.) HOCMT rrpeMMYm;eCTBeHHO 06beMHbrH xapaKTep. 

3TOT BbIBO.n; rro.n;TBep)l(.D;aeTCj{ P}{.n;OM rroJISlporpa<pl1QeCKMX .n;aHHbIX, B qaCTHOCTM: 

a) OTCYTCTBl1eM BJIIiSlHl{Sl rrOBepXHOCTHo-aKTHBHbIX Bem;eCTB Ha BhICOTY BOJIHhI A 
B Kl1HeTliqeCKOH 06JIaCTl1; 6) rrpj{MoH rrporrOpn;110HaJIhHOCTblO Me)l(.n;y Be.rlliql{HOH 

inp BOJIHbI A 11 co.n;ep)l(aHl1eM 2-cPeHHJIMH.n;aH.n;110Ha-l , 3 B pacTBope B l1HTepBaJIe KOH

n;eHTpan;IiH 1,0. 10- 4 -1,0. 10- 3 MOJIb/JI; 8) OTCYTCTBHeM rrepem60B Ha rpa<pIiKe 

3aBl1Cl1MOCTH 19 [ik/(i" - ik)] OT E rrpH MaJIbIX rrepHo.n;ax KarraHl1}{; 2} TeM, 'ITO 3Ha

q eHl1j{ pKnon 11 pKa OTJIlf'I:aIOTCSI M e)l(.n;y c060ii Ha .n;Ba rropMKa, a He Ha '1eTblpe

II1eCTb 11 60JIee rrOpSI,n:KOB, KaK 3TO qaCTO l1MeeT MeCTO B CJIYQae rrOBepXHOCTHbIX rrpo

TOJII1TMqeCKl1X rrpOn;eccoB22. 

M~xo.n;j{ H3 rrpe.n;CTaBJIeHl1}{ 06 06beMHOM xapaKTepe peKoM6HHan;mr eHOJI}{TaHHO

HOB C rrpOTOHaMIi rrpM .n;OCTaTO'lHO 60JIbIIll1X KOHn;eHTpan;Iij{X crrHpTa B paCTBope, 

HaMlf 6bIJIH: paCCQUTaHbI 3Ha'leHl1SI KOHCTaHT CKOPOCTH peKOM6HHan;aH eHOJIj{TaHHO

HOB 2-<peHl1JIHH.n;aHJJ;lioHa-l , 3 C HOHaMl1 ra.n;pOKCOHIij{ Kr II KOHCTaHTbI CKOPOCTM 

.D;IiCCon;lian;1i1i MOJIeKYJISlpHOii <pOPMbl Kd• TaK KaK eHOJIj{TaHHOH crroc06eH peKOM6H

HlipOBaThCj{ .n;BOSIKHM 06pa30M (ypaBH. (1), TO QIiCTO <popMaJIbHO 6hIJIH paCCqI{TaHhI 
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3HaqeHIDl KaK C)'MMapHbIX KOHCTaHT CKOPOCTM peKOM6MHaU;MM K~E, TaK M KOHCTaHT 

peKOM6MHaIJ;MM IIO aTOMaM KMCJIOpo.ll;a K; M aTOMaM ymep0.ll;a K~ B OT.ll;eJIhHOCTM20 

(Ta6JIMu;a I). 

Ta6~a I 

KOHcTaHTbI IIPOTOJlliTll'iecKoro paBHoBecW! H KOHCTaHTbI CKOPOCTH npOTOJlH3a AJllI 2-ciJemUIHHJ(aH-
Jl,HoHa-I,3 B BOJI,HO-cmrpTOBbIX pacTBopax C pa3JlH'ffiott KOHiIeHTpaW!ett CIIHpTa 

t = 0,14 c; kr lIMelOT pa3MepHOCTb JI. MOJIb -1 • C -1. 

C2 H SOH 
pKKE pKK pKE pKT pKnoJl kKE k~ k~ 

%06. 
r 

10 3,95 3,93 2,54 1,40 6,17 3.109 1.109 4. 10~o 

20 4,05 4,02 2,86 1,15 6,13 3.109 3.109 4.1010 

30 4,15 4,09 3,23 0,85 6,10 6.108 7.108 5.109 

40 4,30 4,20 3,61 0,58 6,07 3.108 3.108 2.109 

50 4,40 4,25 3,87 0,37 6,04 2.108 3 .108 6.108 

B CJIyqae qHCTO 061>eMHhIX IIPOTdJIHTHqeCKHX IIpOu;eCCOB KOHCTaHTbI CKOPOCTH pe

KOM6MHaU;HH aHHOHOB C IIpOTOHaMH YBeJlHqHBalOTC5I no Mepe YBeJlHqeHH5I CO.ll;ep)Ka

HH5I 3TMJIOBOrO CIIHpTa B paCTBope, T. e. IIPH YMeHhIIIeHMM MOHH3HpYlOIll:eil: CHJlbI 

paCTBopMTemIP. 06paTHbli1: 3<p<peKT, Ha6JIlO.ll;aeMbrH B HailleM CJIyqae, a HMeHHO: 

IIOBbIUIeHHble 3HaqeHM5I Kr B 10-20%-HOM 3TMJIOBOM CIIHpTe IIO cpaBHeHHJO co 3Ha

qeHH5IMH B 30 - 50%-HOM 3THJIOBOM CIIHpTe CJIY)KaT KOCBeHHbIM IIO.ll;TBep)K.ll;eHHeM 

BbIBO.ll;OB, C.ll;eJIaHHbIX Ha OCHOBaHHH H3YQeHH5I eMKOCTHbIX TOKOB, a MMeHHO Toro, 

qTO B paCTBopax C MaJIbIM cO.ll;ep)KaHHeM opra~eCI<oro paCTBOpHTeJI5I IIOBepx

HOCTHbIe 3<p<peKTbI OKa3bIBalOT 3Haql{TeJIhHOe BJIM5IHHe Ha KHHeTHKY peKoM6MHaU;HM 

eHOJI5ITaHHOHOB C npOTOHaMM. 

IIOJIyqeHHble BeJIHqRHbI KOHCTaHT CKOPOCTM peKoM6MHan;HH aHHOHOB 2-<peHHJIMH

.ll;aIIroIoHa-l,3 no nop5IAKY BeJIMqRHbI 6JIH3KH K 3HaqeHH5IM KOHCTaHT CKOPOCTFI peKOM-

6HHaU;HH aHHOHOB .ll;pyrHX ~-.ll;HKeTOHoB, nOJIYQeHHbIX 3i1:reHoM H COTp. npM nOMOInl1 

peJIaKcan;HoHHbIX MeTo.ll;OB
24

• 

B xO.ll;e peKoM6HHaIJ;MM aM6H.ll;eHTHOro aHHOHa KeTOeHOJIhHa5I <popMa o6pa3yeTC5I 

B 60JIhIIIHX KOHu;eHTpan;H5IX, qeM 3TO COOTBeTCTByeT KOHCTaHTe TayroMepHoro paB

HOBeCH5I npH .ll;aHHoi1: KOHu;eHTpaU;HH cIIHpTa. 3TOT BbIBO.ll; 6bIJI C.ll;eJIaH Ha OCHOBaHHH 

Toro <paKTa, qTO npH nOJI5IpOrpa<pHpoBaHHH 2-<peHMJIMH.ll;aH.ll;HoHa-l,3 B cpe.ll;ax 

C BbICOKHM cO.ll;ep)KaHHeM CIIMpTa 3aMeTHO n05IBJIeHHe npe.ll;BOJIHbI A' npM nOTeH

n;MaJIax -0,9.ll;o -1,0 B, a TaK)Ke B03HMKHOBeHHe BOJIHhI 0' B 06JIaCTH nOTeHn;HaJIa 

-1,2 B. 3aaqeHH5I E1/2 BOJIa A' M S' npMMepHO COOTBeTCTBYIOT 3HaqeHH5IM Elf2 
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nepBOH H BTOPOH BOJIH eHOJIbHOrO 3tPHpa 2-tPeHHJIHH,n;aH,n;1I0Ha-1,3. 3TO n03BOJIneT 

npe,n;rrOJIO)!(HTb, 'ITO Ha nonn:pOrpaMMy 3JIeKTpOBOCCTaHOBJIeHHSI ,n;HKeTOtPOpMhI 

2-tPeHJfJIHH,n;aH,n;HoHa-1,3 HaKJIa,n;hIBaeTCSI nonn:pOrpaMMa 3JIeKTpOBOCCTaHOBJIeHHSI 

KeTOeHOJIbHOH tPOPMhI, npH'leM Ha1I60JIee OT'leTJIHBO HaJIO)!(eHHe npOSIBnn:eTCSI B CJIa-

60 KHCJIbIX cpe,n;ax npH 3Ha'leHHSIX pH > pKa • 

YBeJIH'leHHe BbICOT BOJIH A' H B1 C YBeJIH'leHHeM KOHIreHTpaIJ,HH CDl1.pTa B paCTBope 

rOBOpl1.T 0 TOM, 'ITO BOCCTaHaBJIHBaIOnraSICSI KeTOeHOJIbHaSI tPOpMa B paCTBOpe 06pa-

3yeTcSI 3a C'leT CMenremUl KeTOeHOJIbHOrO paBHOBeCHSI B paCTBOpaX C 60JIbIIIOH KOH

IJ,eHTpaIJ,HeH CDHpTa 2 • O,n;HaKO CpaBHeHl1.e cO,n;ep)!(aHHSI KeTOeHOJIbHOH tPOPMhI, pac

C<UiTaHHOrO H3 napaMeTpOB TaYTOMepHO-rrpOTOJIHTH'leCKOrO paBHOBeCl1.SI, C tPaKTH

'feCKl1.M cO,n;ep)!(aHHeM KeTOeHOJIbHOH tPOPMbI B rronn:porpatPHpyeMoM paCTB9pe, 

orrpe,n;eJIeHHbIM Ha OCHOBaHHH rrOJInpOrpatPH'leCKHX ,n;aHHbIX rrpH 3Ha'leHl1.SIX 

pH > pKKE, rrOKa3aJIO, 'ITO BOCCTaHaBJIHBaIOnraSICSI KeTOeHOJIbHaSI tPOpMa, KpOMe 

TOrO, 06pa3yeTcSI H 3a C'leT peKOM6HHaI1,HH eHOnn:TaHHOHOB C npOTOHaMH. TaK, B CO

OTBeTCTBHH C BeJIH'lHHOH KT (Ta6JIHIJ,a) KOJIH'leCTBO KeTOeHOJIbHOH tPOPMhI B 40%

HOM CnHpTe COCTaBJIneT 14%, H3 nOJISIpOrpatPH'leCKHX)!(e ,n;aHHbIX BbITeKaeT, 'ITO DPH 

TOH )!(e KOHIJ,eHTpaIJ,HH CnHpTa cO,n;ep)!(aHHe KeTOeHOJIbHOH tPOPMhI COCTaBnn:eT 55%. 

CJIe,n;oBaTeJIbHO, OKOJIO 80% OT 06nrero KOJIH'leCTBa BOCCTaHaBJIHBalOnreHcSI Ha 

3JIeKTpo,n;e KeTOeHOJIbHOH tPOPMhI 06pa3yeTcH B xo,n;e peKoM6HHaIJ,RH. 

B HaCTo~ee BpeMH npOBO)J.HTClI TO'lHall OlleHKa CO.D.ep)l(aHJIlI KeTOenOJIbHoit !l>0PMbI, B03lfl1KalO

Ille.if B xop;e peKoM6HHa~. nYTeM pa3pemeHHlI CJIHBillHXClI nomrporpa«plI'lecKHX BOJIH C HCnOnb30-

BaHHeM :meKTpoHHo.if BbI'I1iCJIHTeJIbHo.if Mam:mn.I. Pa3pa6oTaHa MeTO)J.HKa 3aDHCH nonllPorpaMM 

B IUf!l>POBOM BH.D.e25 C nocnep;yiOme.if nepep;a'IeH HMDYnbCOB HenOCpe.D.CTBeHHO Ha :meKTpoHHylO 

BbI'lliCnHTeJIbHYIO MamHHY "HaHpH" H o6pa6oTKoit HH!l>opMa~ ITO npep;nO)l(eH.HOMY .D.nll.D.aHHOrO 

cnY'Iall anropHTMY. . ..... 

B rrOJIb3Y rrpeHMynreCTBeHHoro 06pa30BaHHSI KeTOeHOJIbHOH tPOPMhI B rrp11.3JIeK

TPO,n;HOM CJIoe B npoIJ,eCce peKoM6lmaI1,HH rOBopHT CJIe,n;YIOnrHe co06pa)!(eHHSI: 

a) 3JIeKTpOBocCTaHOBJIeHHe KeTOeHOJIbHOH rpynnHpoBKH ocynreCTBnn:eTCH npH 

MeHee KaTo,n;HbIX DOTeHIJ,HaJIaX, 'leM 3JIeKTpOBOCCTaHOBJIeHHe ,n;HKeTOtPopMbI, 'ITO 

,n;OJI)!(HO cnoc06CTBOBaTb HanpaBJIeHHOCTH peKOM6HHaIJ,lIlI B CTOPOHY 06pa30BaHHSI 

KeTOeHOJIbHOH tP0PMhI; 6) 3KCnepHMeHTaJIbHO HaH,n;eHHble 3Ha'leHHSI pKE .n;nn: 2-tPe

HHJIHH,n;aH,n;HoHa-1,3 Ha 1,5 nopSI,n;Ka HlI)!(e 3Ha'leHHH pKK, a paCC'fHTaHHaSI nJIOTHOCTb 

7t-3JIeKTpOHOB Ha aTOMe KHCJIOpo,n;a B aHHOHe 2-tPeHHJIHH,n;aH,n;HoHa-1,3 (qo = 1,536) 

ropa3,n;0 BhIIIIe, '1eM cooTBe~cTBYIOnraH DJIOTHOCTb Ha aTOMe yrJIepo,n;a (qc = 0,837). 

BCJIe,n;cTBHe 'lero, COrJIaCHO ypaBHeHHIO npeHcTe,n;Ta, cooTBeTcTBYIOIIIHe . KOHCTaHTbI 

CKOPOCTH DpoToHH3aIJ,HH no aTOMY 0 ,n;OJI)!(HbI 6bITb Bbmre KOHCTaHT CKOPOCTH npo

TOHH3aI1,lIlI no aTOMY C; 6) 3KCDepHMeHTaJIbHO Han,n;eHHble nonn:porpatPlI'IeCKHe 3Ha

'feHHSI KOHCTaHTbI kr ,n;JISI aHlIOHOB 2-tPeHlIJIHH,n;aH,n;HoHa-1,3 ("" 108 JI • MOJIb -1 ; 

• c- 1
) 6JIH)!(e K 3Ha'leHlISIM CKOPOCTII peKOM61IHaIJ,HH. HaH,n;eHHbIM 3ifreHoM ,n;JIH 

06pa30BaHHSI eHOJIbHOH tPOPMhI, (1010 JI. MOJIb -1. c- 1
), '1eM K 3Ha'leHHSIM k r, 

HaH,n;eHHbIM ,n;JIH 06pa30BaHlIH ,n;HKeTOtPopMhI (105 JI • MOJIb -1 .c- 1
), a,n;cop61Ipye-
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MOCTb )l(e KeTOeHOJlbHOH <pOPMbI Ha PK3 npeBblmaeT a~cop6HpyeMocTb ~HKeTO

<pOPMbI; 2) y6blBaHHe aHO~Horo TOKa Ha KOMMYTJ{pOBaHHbIX nOJlSIpOrpaMMax J{ 

OC~J{JIJIonOJlSIpOrpaMMax 2-<peHJf.JfHH~aH~HoHa-l,3 npOJ{cxO~HT npH 60JIee HH3KHX 

3HaqeHl1.5IX pH, qeM y6blBaHMe KaTO~Horo TOKa BOJIHbI A, RMeHHO B6JIH3J{ 3HaqeHHH 

pKa' 'ITO MO)l(eT 6blTb 06'b5[CHeHO OTCYTCTDIreM y nepBl1.qIWrO npo~yKTa :meKTpo

BOCCTaHOBJIeHM - KeTOeHOJlbHOH <pOPMbI - cnOC06HOCTl1 K 06paTHOMY :meKTpo

OKJ{CJIeHJUo
9

; B cpe~ax C BbICOKHM CO~ep)l(aHJ{eM cnHpTa aHO~Ha5[ BOJIHa 2-<peHlf.Jf

HH~aH~J{oHa-l,3 J{Cqe3aeT COBceM. 

B npo~ecce 3JIeKTpOBOCCTaHOBJIeHHH HapH~y C peKOM6J{Ha~l1.eH no 0 aTOMY BO)

MO)l(Ha J{ peKOM6HHa~H5[ no C aToMY. 06 3TOM, B qaCTHOCTJ{, CBH~eTeJIbCTByeT TOT 

<paKT, 'ITO 3HaqeHJ{5[ k~ J{ k~, rrOJIyqeHHble HaMJ{ B 40%-HbIX BO~HO~Cnl1.pTOBblX pac

TBopax, pa3JIl1.qaJOTCH He3HaqHTeJIbHO J{ no CBOJ{M BeJIl1.ql1.HaM 3aHHMaJOT npOMe)l(Y

TOqHOe nOJIO)l(eHl1.e Me)l(~y KOHCTaHTaMH peKOM6I1.Ha~HH no C J{ 0 aTOMY, HaH~eH

HbIM B pa60Te
24
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