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3neKTpOMHrpar.urn JIBmieTCJI 0.[{HHM H3 0CH0BHhIX MeT0.[{0B 113yqeHH.sI 

C0CT0JIHHJI CBOHCTB TpaHCIIJIYT0HHeBhlX H TpaHc_cpepMHeBhIX 3JieMeHT0B, HaxO.[{.sII.IJHXC.sI 

B YJihTpaMHKp0K0HI~eHTpaun.six B paCTB0pe. 

Hano)l(eHHe :meKTpnqeCK0f0 II0JI.sI Bhl3hIBaeT HarrpaBJieHH0e .[{BH)l(eHHe H0H0B B 

paCTB0pax 3JieKTp0JIHT0B. fipH 3T0M 3Hepm.sI II0JI.sI pacceHBaeTC.sI B.sl3KHMH CHJiaMH 

pacTBopa, a B03HHKaIOI.IJHe H0HHhle II0T0KH otiycJiaBJIHBaIOT ero 3JieKTpnqecKyIO 

rrpoB0.[{HM0CTh. CaMa 3JieKTpnqeCKaJI rrpoB0.[{HM0CTh pacTBopoB orrpe.[{eJI.sieTC.sI 

CK0p0CThlO .[{Bll)l(eHmi H0H0B, llX qfiCJI0M B e.[{llHlll.{e 061,eMa ll 3aBllCllT OT 

K0Hl..{eHTpal.{llll ll IIpHp0.[{hl pacTBopeHH0f0 BeI.IJeCTBa, IIpllp0.[{hl paCTB0pllTeJI.sI, 

TeMrrepaTyphl H .[{aBJieHllJI. 3neKTpocpopeTllqecKaJI 110.[{Bll)l(H0CTh ll0H0B Uc .sIBJI.sieTC.sI 

0CH0BHhIM rrapaMeTp0M, H3Mep.sieMbIM IIpll 3JieKTp0Mllrpal.{llll, ll rrpe.[{CTaBJI.sieT co6o:ii 

CK0p0CTh, C KOTOpoii MHrpHpyIOT H0HhI B paCTB0pax 3JieKTp0JillTOB 110.[{ .[{eHCTBlleM 

e.[{HHlll.{hl rpa.[{lleHTa IIOTeHl..{HaJia. Orrpe.[{eJieHlle, 3JieKTpOq>opeTll'IeCKOll IIO.[{Bll)l(HOCTll 

ll0H0B 1103B0JI.sieT orrpe.[{eJI.sITh BeJillqllHhI, OTH0C.sII.IJlleC.sI K 0T.[{eJihHhIM ll0HaM, a He K 

:meKTp0JIHTaM B uenoM. 3neKTpocpopeTHqecKaJI 110.[{Bll)l(H0CTh ll0H0B M0)l(eT 6bITh 

orrpe.[{eJieHa B CB060.[{HOM 3JieKTp0JillTe llJill B cpe.[{e rropllCT0f0 llHepTHoro 

HaII0JIHllTeJI.si, rrpoIIHTaHH0ro paCTB0p0M 3JieKTp0JillTa. 

3neKTp0Mllrpal.{llOHHhie MeT0.[{hl 0TH0C.sITC.sI B 0CH0BH0M K rrpHMeHeHlllO 

pa3JillqHhIX BapllaHTOB 3JieKTpocpope3a B CTa6llJill3llpOBaHHhl.X cpe.[{ax, TaKHX KaK: 

30Hllhlll 3JieKTpOq>ope3 B rrp0TllB0T0Ke, q>OKYCllpyIOI.IJllll 3JieKTpocpope3, ll30Taxocpope3, 

3JieKTpOq>Ope3 C 3JIIOllp0BaHlleM, nerrpepbIBHhIH .[{ByMepHhlll 3JieKTpOq>Ope3. )lrr.si 

CTa6llJIH3al.{llll cpe.[{hl llCII0Jih3YIOTC.sI II0pllCTbie HaII0JIHHTeJill. . 

3JieKTpocpope3 Ha HaII0JIHllTeJI.sIX llMeeT ueJihlll p.si.[{ He.[{0CTaTK0B: 

B03HHKH0BeHlle 3JieKTp00CM0TllqecKllX II0T0K0B )l(ll.[{K0CTll, HeII0CT0.sIHCTBO q>aKTopa 

T0pM0)l(eHll.sI .[{JI.sI pa3JillqHhl.X ll0H0B, qTo CBJI3aH0 C ll3BllJillCThIM rryTeM H0Ha Me)l(.[{y 

qacTHl..{aMH narroJIHHTeJI.sI ll BJill.sIHlleM rrpoueccoB, rrpoHCX0.[{.sII.IJllX B .[{BOHHOM 

3JieKTpHqecK0M crroe na rpmmue pm.[{erra cpm: TBep.[{oe Terra - pacTBop, a.[{cop6uH.si 

MllrpnpyIOI.IJllX ll0H0B Ha pa3BllTOH II0BepXH0CTll HaII0JIHJITeJI.sI, CHJI)l(eHlle 

Ha6rr10.[{aeMOH II0.[{Bll)l(H0CTH ll0H0B B pe3yJihTaTe coy.[{apeHllll C qaCTlll.{aMll rropllCToro 

narr0JIHllTerr.si. 3TH He.[{0CTaTKll IIpllB0.[{.sIT K HCKa)l(eHlllO 3KCIIepHMeHTaJihHhlX .[{aHHhlX 

ll 3aTpy.[{H.sIIOT HX rrpaBllJlhHYIO HHTeprrpeTal.{lllO. 

Orrpe.[{errenlle Ka)l(yI.IJeiic.si 110):(Bll)l(HQCTH ll0Ha, Jie)l(amero B 0CH0Be 

llCCJie.[{0BaHll.sI pa3JillqHbIX paBHOBeCllll ll naxo)l(.[{eHJie ycJIOBllll pa3.[{eJieHJI.sI 

3JieMeHT0B, rrp0B0):(.sIT o6hJqHQ B paCTB0pax C IIOCTO.sIHHOH llOHHOH CllJIOH, llCKJIIOqaJI, 

TaKllM o6pa30M, BJlll.sIHlle II0BepxnocTJI HaII0ITHHTerr.si. 



Onpe,neJienue no,nBHiKH0CTH H0H0B B CB06o,nnoM JJieKrp0JIUTe 

OcHOBHbIM MeT0.D;0M onpe,neJieHml Uc B CB06o,nHOM JJieKYp0JIIITe llBJUieTCll 

MeTo,n no,nBll)KHOil: rpatt11u1,1 [I]. CyIUHOCTh :noro MeTo,na JaKmoqaeTCll B ll3Mepett1111 

CMemeH!lll rpaHIIUbl pa3,nena Me)K,Zly pacrnopaMII .ZlBYX coneil: C 06m11M np0TIIB0II0H0M 

B JJieKYpOMllrpau110HHOH Jlqeil:Ke. 8 JTOH Jlqeil:Ke ,nBa np113JieKTpo.n;HbIX 0T./leJieH!lll 

coe,n11Hl!IOTCll Y3KOH KaJI116poBaHHOH TPY6Koil:, B KOTOpoil: 06pa3yeTCll rpam1ua 

pa3,lleJia. MeTO,Zl np11MeHIIM K C0JillM co 3Haq11TeJibHbIM pa3Jillq11eM B n0.D;Bll)KH0CTII 

KllTIIOHOB. PacTBop con11, .ZlJIX K0Topoil: onpe,neJil!eTCll no,nB!l)KH0CTh KaTII0Ha, 

HaJbIBaIOT "Be,nym11M", a BTOpoil: - C n0.UBll)KH0CTbIO KaT!I0Ha, 3aBe,ll0M0 MeHbWeH -

"IIH,ZlllKaTOpHbIM" '(cJie,Zll!IUIIM). flp11 HaJI0)KeH!III JJieKTp11qecKoro n0Jill · rpantteHT 

Hanpl!)KeHllll B IIH,ZlllKaTOpH0M pacrnope 6y,neT 6on1,we, qeM B Be.uymeM. )lJill 

coxpaHeHllll qeTKOH rpaHIIUhl Me)K,Zly pacrnopaMII BO BpeMeHII Heo6XO./l!IMO CBeCTII K 

MIIHIIMYMY .umpq>y311IO qepe3 Hee. B K0HUeHYpllp0BaHHhIX pacrnopax JT0 ycJI0BHe 

06ecneq11BaeTCll MexaHll3M0M aBT0MaT11qecKoro B03BpameHllll, o6ycJIOBJieHHhIM 

pa3H0CTbIO B rpa,n11eHTax noTeHUllaJI0B Be,nymero II IIH./lllKaTopHoro paCTB0p0B. 

H11)1(Hlill KOHUeHYp8UII0HHal! rpaHIIUa npllJI0)KeHllll MeTo.ua onpeneJilleTCll 

cneu11qi11qHoCThIO Bb16pauHoro cnoco6a CJie)KeH11ll Ja cMemeH11eM rpaH11u1,1 pa3.uena 11 

JJieKTponpoB0,ZlH0CThIO pacrnopllTeJil!. 

QqeBll,ZlHO, qTo MeTO,Zl nO,ZlBll)KHOil: rpaHIIUhl He np11MeHIIM .llJlll onpe.ueneH!lll 

n0,ZlBll)KHQCTII II0H0B pan110HyKJill./l0B, ·.nocTynHhIX T0JlhK0 B 

YJibYpaMIIKp0K0JI!lqecTBaX. 

flp116op ,ZlJlll onpe,neJieHllll no,llBll)KHQCTH MIIKpOKOHUeHTpau11il: pan11oaKTIIBHhlX 

110HOB 61,m npe,ZlJI0)KeH llIBe,noBhIM II H11qyroBcK11M [2]. B 11x np116ope 

JJieKYp0M11rpau110HHal! TPY6Ka 61,ma pa3,neJieHa YpeMl! YpeXX0./l0BhIMII KpaHaMII Ha ,ZlBa 

0T,lleJieHllll II coe.u11HeHa C np113JleKTp0.ZlHblMII np0CYpaHCTBaMII COJieBhlMII M0CTHKaMII. 

Bell CIICTeMa TepM0CTaT11poBanac1,. ABTOpaMII np11HIIMaJI0Ch, qTQ ,ZlJlll T0Ka He60JihWOH 

BeJI11q11Hbl TeMnepaTypa B JJieKYpOMllrpau110HHOil: Ypy6Ke paBHa TeMnepaType 

TepM0CTaTa. O,nHo 0T,lleJieH!le l!qeil:KII 3anoJIHllJI0Cb q>OHOBbIM JJieKTp0JIIIT0M, BT0poe -

T0)K,ZleCTBeHHhlM no MaKp0C0CTaBY pacrnopoM C IICCJie.uyeMblM pan110HyKJill./l0M. B 
npouecce JJieKYp0Jill3a II0Hhl pa.u110HyKJill,Zl0B nepeX0./lllJIII 113 0./lH0ro 0T,ZleJieH!lll B 

,npyroe. BpeMll Mllrpau1111 no,n611prumc1, TaK, qyo61,1 aKT11BHal! 30Ha HIIKor.ua He 

BhIX0.D;IIJia 3a npe,neJibl BT0poro 0T,neJieH!lll. flocne BhIKJIJOqeHllll T0Ka ll3Mepl!Jiac1, 

aKTIIBH0CTI, paCTBopa B 0T,ZleJieHIIII 2. PacCTOl!Hlle, npoil:.n;eHHOe rpaH11ueil: aKTIIBHOH 

J0HhI B Kan11JIJillpe, onpe.ueJIJ1Jioc1, no q>opMyne 

L = 12~ -Jo~ ·L 
2 IV I 

0 I 

(I) 

me lo - y,neJihHal! aKTIIBH0CTh IICXO,ZlH0r0 pacrnopa; Ii - y.ueJihHal! aKTIIBH0CTh 

pacrnopa B 0T,/leJieHIIII 2; Vi - 061,eM paCTB0pa B 0T,lleJieH!III I, COOTBeTCTBYIOIUIIH 

.un11ne Kan11JIJillpa L1; V2 - 061,eM pacrnopa B 0T.uenen1111 2; Vo - 061,eM pacrnopa B 

KpaHe. 

{,fa BeJI11q11H rpan11eHTa 110TeHU!laJia II BpeMeHII JJieKTp0Jill3a aBTopaMH 
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paccqHTb!BaJIHCb 110./lBH)KH0CTII II0H0B pan110HyKJill./lOB. B KaqeCTBe 11p11Mepa 61,IJIII 

011pe.ueneHhl 110.llBH)KH0CTII II0H0B 
134

Cs II 
144

Ce, KOTOpbie, 110 MHeHIIIO aBTOpOB. 

B110JIHe y.uoBneTB0p!ITeJihH0 C0Bl1a,llaJIH C JI!ITepaTy pHblMH. K TOMY )Ke BbIBO.llY 

11pnwnn H aBT0pbl pa6oThl [3], K0TOpbIMII HCl10Jlb30BaJiaCh .nJill HJMepeHHll 

110.llBH)l(H0CTH pa.unoaKTHBHhlX II0H0B MeT0,ll!IKa, He OTJlttqaIOIUal!Cll 11p11HUlll1118J11,HO 

OT om1caHHOH BhJWe. 
8 CBll3II C 113yqenneM XHM!lqecKIIX CBOHCTB HOH OB acrnTa p. ,Upail:pOM II .up. 

[4, 5, 6] 6brna 11pe.UJI0)l{eHa ycrnH0BKa ,llJlll ropll30HTaJihHOfO 30HH0f0 JJieKTpoqiope3a. 

PannoHyKJIH,llhl Mllrpttp0BaJIH B pacrnope JJieKTp0JIIITa, 3al10JIHllBIIIeM cTeKJillHHYIO 

Tpy6Ky n11aMeTp0M 3 MM. Tpy6Ka l!Mena ,llBa BepTttKaJil,HblX OTKpbITblX 11aTpy6Ka .llJlll 

BB0.lla pacrnopa nccne.uyeMoro pan110HyKJI11.ua. 1%1.neJillIOIUeecll 11p11 JneKTpoqiope3e 

Te11JI0 0Tson11noc1, Bo.uofi 3anauHOH TeM11epaTyp1,1 (± OJ °C). flpe.u11onaranoc1,, qTO 

TeMnepaTyp1,1 1neKTp0JIIITa B Tpy6Ke II TepMOCTaTIIPYIOIUeil: BO.Uhl paBHhl. CKopOCTh 

MttrpaUHH II0H0B paccq11Tb1BaJiaCh l!CX0.llll H3 BpeMeHH, Tpe6yeMOf0 JlJill 11poXO)K)leHHll 

MaKCHMyM0M aKTllBHOH 30Hhl paccT0l!Hllll Me)K.llY cTaUIIOHapHO ycTaHOBJieHHbIMH 

CUHHTllJIJlllUll0HHhIMll cqeTql!KaMll. Mo.ueJihHbie 011pe.ueneHllll 110.llBll)KHOCTeH 61,IJIH 

BblII0JIHeHhl C 131 L 82Br·: 131 103·, IIO Ag+. Bo BCeX cnyqal!X 6blJill 110JiyqeHhl 

3aBhIIIIeHHbie pe3yn1,TaTbl (.no 50%) 110 cpaBHeHHIO co c11paBoqHI,IMII .uaHHblMH [7]. 
TaKlle 0TKJI0HeHllll He 11pe.ucTaBJilllOTCll Y.llllBIITeJihHhlMH, 110CKOJlhKY 61,IJill 

coseprueHH0 oqeBll,llHhl He.uocTaTKll B KOHCTpyKUllll an11apaTyp1,1, B opraHll3aUllH 

3KCl1epttMelITa Iii B MeT0.UttKe perllCTpaUllll raMMa-11JJiyqeHllll. rnaBHblM pe3yJihTaTOM 

JTHX JKCl1ep11MeHT0B llBJilleTCll y6e.nnTeJihH0 ,ll0KaJaHHal! B03MO)KHOCTh 110JiyqaTh 

BOC11pOH3B0./lllMbie (He3aBIICHM0 OT a6cOJIIOTHOrO 3Ha'leH11ll) pe3yJihTaTbl 0 

110.llBll)l(H0CTII ll0H0B pa.unoHyKJill.ll0B MeT0./l0M 30HH0f0 JJieKTpOQJOpe3a B CB060.UHhlX 

)JieKTp0JIHTax, Y cTaH0BKa ,llJlll 011pe.ueneHllll 110,llBll)KH()CTll MHKpOKOHUeHTpauuil: raMMa-

pa.u110HyKJill.ll0B 61,rna npe.nJIQ)l{eHa MnnaH0BbIM ll .up. [8, 9]. M11rpaUllll IIOHOB 

np0B0,ll!IJiaCh B roptt30HTaJihHOH CTeKJillHHOH Tpy6Ke .unaMeTpOM 3 MM II ,llJlllHOH .no 

500 MM. B Tpy6Ke !IMeJI0Ch Tpll BepTHKaJibHhIX 0TKpbIThlX 11aTpy6Ka. O.unH H3 HllX 

cJiy)l(1rn .UJill BB0.lla ttccne.uyeMoro pa.unouyKnn.ua, .usa .upyrnx - nm1 tt3Mepemrn 

rpan11eHTa nanpll)l(eHHll II BB0.lla .uaT'IIIKa TeM11epaTypttoro KOHTpOJill. 81,1c0Koe 

na11pll)l(eHHe .no l 000 B 110.uasaJI0Ch ua 11JiaTIIH0Bbie JJieKTpO.llhl, KOTOpbie B 

cTeKJillHHhlX 3aIUHTHhlX UIIJIHH.llpax - 11pttJJieKTp0.UHbIX KaMepax. BCTaBJillJIHCh na 

WJIHQJaX s cocy.uu ,llJlll )JieKTponHT0B. 3JieKTpOM11rpauuonHall Tpy6Ka OT,lleJil!JiaCb OT 

cocy.noB TpeKOBOH MeM6pauoil: c .unaMeTp0M 11op He 6onee 40 HM. 3ananHall 

TeM11epaTypa JJieKTp0JIHTa 110.ll.llep)l(ttBaJiaCh 1nMepnTeJibHO-y11paBJill!OlllllM 

JJieKTp0H!lblM 6JIOK0M, K0T0pblM ue11pepb1BH0 perynnpoaanach TeM11epaTypa B 

TepM0CTaTe TaKllM o6pa30M, qT061,1 TeM11epaTypa JJieKTponnrn B Tpy6Ke acer.ua 

OCTaBaJiaCh ua 3anaHH0M ypoa11e B npe.uenax ± 0,02 °C. ,UJill 110JIH0f0 HCKJIIO'!ellllll 

BJIHllllllll 11po.nyKT0B JJieKTp0JIH3a Ha 11pouecc 3JieKTpOQJOpe3a 1neKTpOJillT. 

o6oraIUeHHblH 3TllMll 11po.nyKTaMH, 11e11pepbIBH0 OTKa'lllBaJICll H3 11pn1JieKTpO.llllhlX 

KaMep 11epncTaJibTH'leCKllM nacoc0M, a B 11pHJJieKTpO.UHbie 11pocTpaHCTBa no.uaBaJICll 

CBe)l(HH JJieKTp0JIHT. CKop0CTh 0TKa'IKH 61,rna ne Menee 600 MJI . q"
1
. Enaro.uapll JTOMY 

C03,llaBaJICll 6bICTpblH 110T0K qepe3 }lll)l(HIOIO Y3KYIO •IaCTh 11p11JneKTpO.UllblX KaMep. 

')To npeIUITCTB0BaJI0 Bb!X0.llY 11po.uyKT0B JJieKTponn3a ll3 11ptt1JieKTpO.llllblX KaMep ll 
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rrorra.naHHIO HX B :meKTpOMHrpauHOHHylO Tpy6Ky. l13MepeHHe rpa.nHeHrn Harrp»)KeHm1 

Ha pafioqeM yqaeTKe Tpy6KH IIp0B0)lHJI0eh e II0M0IUh!O II0)lKJIIOqenHoro K umjipoBoMy 

BOJlhTMeTpy )leJIHTeJIH HarrpH)KeHHH, eorrp0THBJieHHe K0T0poro M0)KH0 6bIJIO H3MeHHTb 

B 33BHeHMOeTH OT eorrp0TIIBJieHHH '.lJieKTp0JIHTa BIIJI0Tb )l0 HeeK0JihKHX rOM. 

Paerrpe,ueJieHne Pll.nH03KTHBHblX H0H0B B :meKTp0MHrpauHOHHOH Tpy6Ke 

H3Mep»JIOeb euHHTHJIJIHUHOHHblM )leTeKTopoM e KpHeTaJIJI0M Nal(TI) (0 12 MM, 

Bhl~OTOH 30 MM, e :mepreTHqeeKHM pa3pernenneM I 0%) . .lleTeKTop B eBHHU0B0H 

33IUHTe yeTaHaBJIHBaJie» Ha TeJie)l(Ky, K0T0pa» . B TeqeHHe 0IIhITa .llBHranacb C 

rroeTO»HHOH eKopoeTblO BJieBo n BIIpaBo B)l0Jib Tpy6KH. TeJie)l(Ka rrpHB0)lHJiaCb s 

.llBH)KeHHe pesepeHBHhlM 3JieKTp0M0TopoM e qeps»qHOH rrepe,uaqeif. 

qT06hI pertteTpHp0B3Th TOJibKO rreprreH)lHKyJI»pHbie K IIII0eKoeTH )leTeKTopa 

f3MM3·KB3HThl, .llBYMH IIO.llBH)l(HhJMH eBHHU0BbIMH IIIIaeTHH3MH e03)l3BaJI3Ch 
KOJIJIHMHpyIOrua» rueJih.UIHpHHOH OT 2 )l0 5 MM. 

HmjiopMaUHH O paerrpe)leJieHHH aKTHBH0eTH B)lOJib Tpy6KH H3K3IIJIHBaJiacb B 

MHOfOKaHaJihHOM 3MIIJIHTy)lH0M 3HaJIH33T0pe, pa6ornsrneM B MYJITHeKeIIepnoM 

pe)KHMe. 3To II03BOJIHJIO perHeTpHp0B3Th faMM3·KB3HThl B 3ll.n3HH0M 3HepreTnqeeKOM 

.llH3II330He rrpu eTporo orrpe,ueJieHH0H 3KeII03HUHH. HMIIYIIhebl, 3aperneTpHp0B3HHhie 

Ha IIpOTH)KeHHH K3)K)lOro rnara eKaHHp0B3HHH, II0eJie)l0BaTeJihHO 33IIHehIBaJIHeb B 

j{qeifKax II3MHTH 3HaJIH3aTopa. JTO )l3BaJI0 B03r.rn:KH0eTh 3BT0M3TH3Hp0B3Th rrpoueec 

lf o6pa60TKY 3KerrepHMeHTaJihHh!X )l3HHbIX. MO)KHO fihIJIO HerrpephIBH0 eJie)lHTh 33 

o6ruHM pacrrpe,ueJieHHeM 3KTHBH0eTH, qTo oco6eHHO B3)KH0 rrpu pa6oTe, HaIIpHMep, C 

HOHHhIMH cjiopMaMH acrnrn, rrose,ueHHe K0T0pblx qaeTo TPY.llH0 rrpe,ucKaJaTh. 

B.B. QyrrKO-CHTHHKOBbIM H .llp. [10] 6bIJI H3fOTOBIIeH ycoseprneHeTBOB3HHbIH 

sapuaHT orrneaHHoif Bh1rne yernH0BKH. IlepeMeruenne ,ueTeKTopa Nal(TI) 

IIpOH3B0)lHJIOeh rrpu IIOMOIUH marosoro .llBHraTeJIH, qTo II03B0JIHJI0 H3MeH»Th 

JIHHettHyIO CKopoeTh rrepeMerueHHH )leTeKT0pa B rrpe,ueJiax 0-6 MMle e KpaTH0eThlO 5 
MKM/e.,.ToqHoeTh II03HUHOHHpoBaHHH )leTeKTopa eoeTaBJIHJia 0,1 MM. B rrpoueeee 

lf3MepeHHH )leTeKTOPOM oeyrueeTBJIHJIOeb aBT0MaTHqeeKoe B03BpaTH0e eK3HHp0B3HHe 

Tpy6Kn 3JieKTpoMHrpauHoHHOH j{qeifKH Me)K)ly rrpe,usapHTeJihHO 33)l3HHhlMH 

IIOJih30BaTeJieM Kp3HHHMH II0JI0)KeHHHMU. PaeeTOHHHe Me)K)ly 3THMH T0qKaMH 

p336HBaJIOeh rrporpaMMHhlM o6p330M Ha UeJioe queJio 0)llfH3K0BhIX OTpe3K0B. Pa6orn 

eneTeMI,J yrrpaBJIHJiaCh e IIOM0IUh!O rrepe0HaJihH0ro K0MIIhlOTepa. IlporpaMMHoe 

o6eerreqeHue fihIJIO p33pa6ornHo Ha 633e AQIT MH0fOK3HaJihHOro 3HaJIH3aTopa .llJIH 

rrpneMa lf o6pa6oTKH rroeTyrraIOruen e )leTeKTopa erreKTpoMeTpHqeeKOH HHcjiOpM3UHH. 

MO)KHO fihIJIO O)lHOBpeMeHHO np0H3B0)lHTh H3MepeHHH 3KTHBH0eTH B 4 He3aBHeHMbIX 

3HepreTuqeeKHX OKHax, IlOJI0)KeHHe rpaHHU K0T0phlX 3ll.n3BaJI0eh npu npoeM0Tpe 

IlOJIHoro raMMa-eneKTpa. JTO Il03B0JIHJI0 HecJie)l0B3Th 0)lH0BpeMeHHO )l0 qeTh!pex 
faMMa-pa,nnoHyKJIH)lOB. 

IIpnMenenue :meKTpoMurpauuonnoro MeTo.l{a .l{JJH fj>u1nKo-xuMn'lecK11x 

HCCJJe,!{OBaHnif 

3JieKTpocjiopeTuqeeKa» Il0)lBlf)KH0eTh H0H0B 3aBHeHT OT PH.lla rrapaMeTp0B, 

TaKHX KaK lfOHHaJI euJia, pH, TeMnepaTypa, XHMHqecKHH eoeTas 3JieKTp0JIUTa. 
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-----

I1eeJie)lOBaHtte H3MeHeHHH 3Haqenuif Uc B 33BUelfM0eTH OT U3MeHeHHH O)lH0f0 H3 

rrapaMeTp0B eHeTeMhl II03B0JIHeT II0JiyqHTh eBe)leHHH 0 p»,ue XHMHqeeKHX 

B33HMO)leHeTBHH, eB»3aHHhlX e H3MeHeHHeM 3HaKa UJIU BeJIHqUHhl 3ap»,ua 

necJie,uyeMoro H0Ha, 06 o6p330B3HHU K0MnJieKeHhlX eoe)lHHeHHH UJIH aeeounaT0B, 0 

erreumjinqeeKHX B3aHMO)letteTBHHX H0H0B e 3JieKTpOJIUT0M npu H3MeHeHUU eTeneHH 

0KHeJieHUH H rrepexo,ua H3 O)lHOH OKHeJieHHOH cjiopMhI B ,upyryro, a T3K)Ke orrpe,ueJIHTh 

eoorneTeTByIOIUHe K0HeTaHThl. OeHOBOH )lJIH KOJIHqeeTBeHHOH o6pa60TKH 

II0JiyqeHHhlX )l3HHhlX 0 3naqeHHHX Uc' eJiy)KHT ypaBHeHHe MaTepHaJihH0ro 6ananca, 

orrueb1Ba10ruee rrepenoe H0HHhIX cjiopM II0)l ,ueifenmeM 3JieKTpnqeeKoro Il0JIH: 

u = Uk +I:UJJJAJ 
C 1 +I:PJAJ 

(2) 

r,ue Uc-cpe)lHHH CK0p0CTh MHrpaUHH H0Ha; Uk - II0)lBH)KH0eTh KaTH0Ha MeTaJIJia; 

U; -II0)lBU)KH0CTh HOHOB i-ro K0MIIJieKca; P,-KOHCTaHTa ycToifqHBOCTH i-ro 
K0MIIJieKca; [A] - K0HUeHTpaun» KOMnJieKeoo6p33oBaTeJI». 

EeJIH eKop0CTH rrepenoca p33JIHqHhlX H0H0B )l3HH0f0 3JieMeHTa B 

3JleKTpnqecK0M II0Jie HaMH0ro 60Jibille, qeM eK0p0CTH yeTaH0BJieHHH paBH0BeCUH 

Me)K)ly HHMU, TO BO BpeMH 3KenepHMeHTa U0HI,J Ka)K)l0fO BU)la 6y,uyT )lBUraThCH 

He33BHCHM0 ,upyr OT ,upyra e p33HhIMH CK0p0eTHMH. IlpH 3T0M rrepB0HaqaJibH0 Y3KaJI 

30Ha, co,uep)K31U3H Bee H0HHbie qiopMhl, B X0)le MHrpaunu o6p33yeT n-
1 

H0BhlX 30H. 

l13MepnB eo,uep)Kattne 3JieMeHTa B Ka)K)lOH 30He, M0)KH0 orrpe,ueJIUTh eooTH0UieHHe 

Me)K)ly paBH0BeeHbIMU K0HUeHTpauH»MH 0T)leJihHhlX H0HHhIX cjiopM. QqeBU)lHO, qTo 

ToqnoeTh orrpe,ueJieHUH 3T0fO e00TH0UieHHH 3aBHeHT OT eTerreHH p33,!leJieHHH 

OT)leJibHhIX 30H, 3HaJIHTlfqeeKoro MeT0)la orrpe,ueJieHHH K0HUeHTP3UHlf ueeJie,uyeMoro 

3JieMeHTa B 30Hax, a TaK)Ke MeT0)la o6pa60TKH lf HHTeprrperau1m II0JiyqeHHhIX 

pe3yJihT3T0B. TaKoe II0Be)leHHe 0T)leJibHhIX H0HHhIX cjiopM 0)lH0f0 H T0f0 )Ke 3JieMeHTa 

)l0B0JlhH0 pe,uKoe HBJieHne s B0)lHhIX paernopax u na6JIIO)laeTe» )lJIH HeK0T0ph~ 

K0MIIJieKe0B 6JiaropO.llHhIX MeTaJIJI0B [I 1-I 4 ]. 
.llpyrHM KpaHHHM eJiyqaeM HBJIHIOTeH oqeHh Jia6UJihHhle eneTeMhI. B TaKHX 

eneTeMax HeeJie,uyeMhlH 3JieMeHT rrpneyTeTByeT B neeK0JihKHX H0HHhIX qiopMax, 

Me)K)ly K0T0pbIMH eyruecrnyeT paBH0Beeue, orrpe,ueJI»IOIUeee» eooTBeTeTBYIOIUHMU 

paBH0BeeHhlMH K0HeTaHTaMU, K0HUeHTp3UHHMH K0MII0HeHT0B, yqaeTBYIOIUHX B 

XHMHqeeKOH peaKUUH, lf eKopoeThlO ,n;oeTH)KeHHH 3TOf0 pasnoseeHH. 3To 0TH0eHTe», 

HaIIpHMep, K K0MIIJieKeHbIM eoe,n;HHeHHHM e p33JioqHbIM queJI0M Jllff3H,!l;0B HJIH H0HaM 

B p33HOH eTeIIeHH 0KUeJieHHH. 8 3T0M eJiyqae ypaBHeHHe :meKTp0MHrpauuu 

(MaTepuaJihHOfO 6ananea) 633upyere» Ha 0TH0UieHUHX Me)K)ly eKopoernMH rrepen,oe·a 

0T,!l;eJihHhlX H0HHhIX qiopM lf eKopoernMH yeTaH0BJieHHH paBH0BeelUI Me)K,!J;y HHMH. 

HarrpaBJieHHe H eKopoeTh MHrpauuu . 0T,!l;eJihflblX H0HHhIX cjiopM ueeJie,n;yeMoro 

3JieMeHT3 B roMoreHH0M 3JieKTpuqeeK0M II0Jie orrpe,n;eJIHIOTea: 3H3KOM, BeJilfqlfHOH 

3ap»,n;a H pa,nuyeoM K0MIIJieKeHoro HJIH e0JihB3THp0BaHH0f0 U0Ha H erreuucjiuqeeKHM 

B33UMO,n;eiieTBHeM e paeTB0pHTeJieM. Ilpu 3T0M eyMMapHblli rrepeHoe 3JieMeHTa 

orrpe,n;eJI»eTe» rrepeMerueHHeM seex o6p33oBaHHhIX UM H0HHhIX cjiopM, qTo He cMeruaeT 

,!l;UHaMUqeeKoro paBH0BeeuH H see lf0HHhie qiopMhl )lBH)KyTeH e HeKoTopoii epe,uHeii 

eKopoeTblO, xapaKTepH3YIOIUeii 3TO paBH0Beeue. 
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i 
I [ 

lllBe.noB H CTerraHoB [15, 16] ycTaH0BHJIH, qrn ypaBHemie (2) M0)KH0 

HCII0Jib30BaTb L(nH orrpe.neneHHH K0HCTaHT YCTQHqHBOCTH rrpH H3MepeHHH CKopocTett 

MHrpfillHH YJihTPaMHKp0K0JIHqecTB pa.nnoaKTHBHblX H0H0B MeT0.!l0M 30HH0ro 

:meKTP04JOpe3a B cpe.ne HHepTH0FO HaIT0JIHHTeJIH. 

3a IT0CJie,L(HHe 30 neT ypaBHeHHe MaTepHanbH0ro 6anaHca B pa3JIHqHbIX 

MO.!lliqJHUHpoBaHHbIX qiopMax -Haurno IIIHp0K0e rrpHMeHeHHe B qJH3HKO-XHMHqecKHX 

HCCJie,L(0BaHHHX O qeM CBH,L(eTeJibCTBYIOT rry6JIHKaUHH B XHMHqecKOH JIHTepaType. 

KaK rrpaBHJI0, H3MeHeHHe H3MepxeMOH :meKrpoqiopeTnqecKOH IT0.!lBH)KH0CTH U, 
HBJIHeTCH CJIQ)KHQH 4JYHKUHeH ITOJ{BH)KHOCTeH 0TL(eJibHblX H0HHblX qiopM. HX K0HCTaHT 

yCTQHqHBOCTH H pH cpe.!lbl. <l>opMa . KpHBOH :meKTp0MHrpaUHH, IT0CTpoeHHaH B 

K00p.!lHHaTax Uc = f(A), 0Tpa)KaeT °CMemeHHe .!lHHaMHqecKoro paBH0BeCHH H o6blt.JHO 

HMeeT L(Ba ropH30HTanbHbIX yqaCTKa, xapaKTepH3YIOIIIHX IT0.!lBH)KHQCTb t.JHCT0ro 

KaTH0Ha H HaCbIIIIeHH0ro K0MimeKca. B pe.L(KHX cnyt.Ja»X, Kor.na CTyrreHt.JaTbie 

K0HCTaHTbl ycTOHqHBOCTH K; pa3JIHt.JaIOTCH rrocne.noBaTeJibH0 Ha 3-4 HJIH 6onee 

rropH.!lK0B, Ha KpHBOH ::meKTp0MHrpauHH M0)KHQ BbI.!leJIHTb HeCK0JlbK0 

ropH30HTanbHbIX yt.JaCTK0B, CBH.!leTeJJbCTBYIOIIIHX 0 HanHt.JHH H0H0B 

rrpeHMymecTBeHH0 0.!lH0ro BH,L(a. B 3T0M cnyqae .!lJlH Ka)KL(0ro yqacTKa M0)KHQ 

HaITHCaTb 0T,L(eJJbH0e ypaBHeHHe 3JJeKTp0MHrpaunn: 

Uc 
U;-1 +K;Ui[A] 

1 + K;[ A] 
(3) 

Kor.na HOH o6paJyeT C nnraH,!lOM 60JJbI1Ie 0.!lH0ro K0MITJJeKca, pact.JeT K0HCTaHT 

ycTOHt.JHBOCTH CBH3aH co 3Hat.JHTeJJbHblMH TPY.!lHOCTHMH H npHHHTHeM HeK0T0pbIX 

.norrymeHHH. rnaBHOe H3 HHX 0CH0BaH0 Ha 3aK0He CTOKCa [17], cornaCHO K0T0poMy 

corrp0THBJJeHHC .!lBH)KCHHIO Illapa B BH3KOH cpe.ne paBH0 6m11, r.ae r - pa.anyc 

cqiepbl, a 11 - BH3K0CTb CpC.!lhl. Ecnu Ct.JHTaTb HOH cqiepott, a paCTB0pHTCJlb 

K0HTHHHYM0M, TO IT0.!lBH)KH0CTb HOHa M0)KHQ Bblpa3HTb ypaBHCHHCM [18-20]: 

ez 
U = 6m-17' (4) 

r.ne ez - 3apx.a H0Ha. 3aKOH B nepB0M rrpH6JJH)KCHHH BbIIT0JJHHCTCH .!lJlH H0H0B. pa.nnyc 

K0TOpbIX rrpeBhlmaeT 4-5 A. Ct.JHTaeTCH, t.JT0 pa.nuyc rn.npaTHpoBaHHhIX H0H0B 

TH)KCJlbIX MCTanJJ0B rrpeBbIIIIaCT '.lT0T rrpe.nen, a 3aMCHa M0JJCKYJJbl B0.!lhl Ha JJHraH.a 

H3MeHHCT T0JlbK0 3apx.a H0Ha H He H3MCHHeT cymecTBCHH0 ero pa.anyc. IIOCKOJlhKY 

BH3K0CTH B0.!lbl H pa36aBJJCHHb!X pacTB0p0B 3JJCKTP0JJHT0B 0t.JCHb 6JJH3KH, TO, HCX0.!lH 

H3 ypaBHCHHH (4), M0)KHQ 3aITHCaTb CJJC.!lYIOIIIHC 33BHCHM0CTH: 

z 
U =canst-', 

I r 
; 

z 
I 

Zk 

u 
I 

Uk 
(5) 

IIocne.auee Bhipa)KeHHe rro3B0JJHCT orrpe.aenHTh 3apx.a rrpe.arronaraeMoro KoMrrneKca. 
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H3MepHH Uk H U; • HJJH oueHHTb IT0.!lBH)KH0CTb i-ro K0MITJJeKca B Tex CJJYt.JMX. Kor.na ee 

rrpaKTHt.JeCKH HeJJb3H H3MepHTb. IIptt6JJH3HTeJJbHb!H xapaKTep rro.ao6Hh!X oueH0K 

CBH3aH C yrrpomeHHHMH rrpH BbIB0,!le caMoro 3aK0Ha CTOKCa. 

IIpH aHanH3e 3JJeKTp0MHrpauH0HHhIX KpHBhIX .!lJJH pact.JeTa K0HCTaHT 

ycTOHt.JHBOCTH K0MITJJeKCHbIX coe.aHHeHHH HCIT0J1b3YIOT, B 0CH0BH0M, .!lBa MeTo.aa 

-MeT0.!l HaHMCHbIIIHX KBa.npaT0B H MeT0.!l rpaqiHt.JeCKOH 3KCTparroJJHUHH. IIepBbIH H3 

HHX 1103B0JJHeT oueHHTb HaH6onee Bep0HTHble 3Hat.JeHHH K0HCTaHT ycTOHt.JHBOCTH C 

C00TBeTCTBYIOIUHMH OIIIH6KaMH. OcHOBHOe Tpe6oBaHHe MeTo.aa - t.JHCJJ0 

3KCIIepHMeHTanbHblX onpe.aeneHHH .!l0Jl)Kll0 3Hat.JHTeJJhH0 rrpeBbIIIIaTh t.JHCJJ0 

HeH3BeCTHbIX BeJJHt.JHII. BTopott MeT0.!l 1103B0JJHeT onpe.aeJJHTb K0HCTaHTbl 

ycTOHt.JHBOCTH T0JlbK0 B Tex cnyt.Ja»x. Kor.aa 0HH pa3JJHqaIQTCH He MeHee. t.JeM Iia 3-4 
nop».aKa. u B pacrnope. rrpH JJI06ott K0HUeHTpaUHH JJHraH.aa. MoryT HaX0.!lHTbCH H0Hbl 

He 6once 1wyx BH.!l0B. 8 3T0M cnyqae rrocne 1neMeHTapHhIX npeo6pa3oBaHHH 

ypaB11e1rne (3) MO)KHQ rrpe.L(CTaBHTb ypaBHeHHeM rrpHMOH JJHHHH C TaHreHC0M yrna 

HaKJJ0Ha. paBHbIM e,!lHHHUe fl 8, 19]: 

(
U -U J fg (/-u;' = fgK, +fg[A] (6) 

CTaTHCTHt.JCCKaH OIIIH6Ka onpe.neneHHH KOHCTaHT ycTOHt.JHBOCTH K0MITJJCKCHb!X 

H0H0B MeT0.!l0M 3JJCKTp0MHrpauHH CKJla.L(bIBaCTCH H3 OIIIH60K H3MepeHHH BeJJHt.JHH 

IIO.!lBH)KHOCTCH H0H0B H OIIIH60K onpe.aeneHHH paBHOBeCHOH KOHUCHTpaUHH JJHrau.aa. 

O6bI4HO K03CjJqJHUHCHT BapHaUHH BCJJHt.JHH 13. H3H./lCHHblX 1neKTp0MHrpaUH0HHbIM 

MCTO./l0M. paBCH 17-20 °/o (0.07-0,08 C.!lHHHU pK). 

IIoBblIIICHHC T0'IH0CTH H Ha,L(C)KHQCTH H3MCpHCMb!X BCJJHt.JHII K0HCTaHT 

ycTOHt.JHBOCTH HC06XO.!lHMO .!lJlH onpe.neneHHH pa3JJHt.JHblX K0ppeJJHUHOHHbIX 

3aBHCHMOCTCH B px.nax CX0.!lHbIX 110 CBOHCTBaM 1neMCHTOB, TaKHX KaK P33 H 

aKTHH0H,!lbl. 

jlnx cpaBHHTCJlbHb!X HCCJJC.!lOBaHHH npot.JH0CTH K0MHJJCKCHblX COC.!lHHCHHH 

.!l0CTaT0t.JHbl OTH0IIICHHH KOHCTaHT ycTOHt.JHBOCTH, a HC HX a6COJJIOTHbIC 3Hat.JCHHH. 8 

3T0M cnyqae H3MCpH!OTCH 0TH0IIICHHH K0HCTaHT ycTOHt.JHBOCTH KOMHJICKC0B ( 1'1lg/J ) 

HCCne.ayeMbIX MCTannoB H 3JJCMCHTa, BbI6pa11110ro B Kat.JCCTBC BHYTPCHHero CT3ll!JapTa. 

Enaro.aap» HCKJJIOt.JCHHIO MH0rHX CHCTCMaTHt.JCCKHX OIIIH60K. 3ll3'1CIIHH 

OTH0CHTCJlbHb!X K0HCTaHT paBH0BCCHH nonyt.Ja!OTCH 6onee T04llbIMII. 

3KcrrepHMCHTanbHO orrpe.neJJHCMOH BCJJHt.JHHOH B TaKHX Hccne.aoBaHHHX HBJJHCTCH 

pa3H0CTb cpC./lHHX CKOpOCTCH MHrpaUHH H3yt.JaCM0fO MCTanna H 3JJeMeHTa -

BHyTpeuuero CTaH.aapTa. OTHOIIIeHHC K0HCTaHT ycTOHt.JHBOCTH MO)KCT 6bITb H3H.!lCIIO 

110 ypaBHCIIHIO 

/JMe _ (uk -u1)/Jc111wu)[A]-~cfic.-ma11JA]-~c -1)..k 

f3cmwu) - {~c + f3cmwuJA]~c +(uk -ui) }f3c111w1a[A] 
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f.lle Lluc=Uc Me-Uc cmaHtJ.., Lluk=Uk Me-Uk cmaHd., (UrUJ} - pa3H0CTh rronBH)KHOCTeH 

KaTH0H0B H K0MmreKCHhlX H0H0B. 

Ilo '.)TOH MeTonHKe H3Y'IaJIHCh cpaBHHTeJihHhie YCTOH'IHBOCTH UHTpaTHhIX, 

0KCaJiaTHhIX [21] II qnopttnHhIX [22 ] K0MIIJieKC0B P33 II aKTIIHoIInos. 

3TII pe3yJihTaThI IIMeJOT rrpIIKJia)lH0e 3Ha'IeHIIe nm, pmpa60TKH KHHeTII'IeCKIIX 

MeTonos attanII3a, TaKHX KaK, cy6cTeXIIOMeTPII'IeCKIIH MeTon orrpeneneum, MaJihIX 

K0,!III'IeCTB MeTaJIJI0B [23] II nmjiqiepeHUIIaJihHO-KIIHeTH'IeCKIIH MeTOn aHanil3a CMeCeH 

MeTaJIJI0B [24]. , 

OrrpenenettIIe rronBII)KH0CTII II0H0B csonIITC.11 K T0'IH0MY orrpeneneHHIO 

CK0p0CTII nBII)KeHII.11 aKTIIBHOH 30Hhl rrpII II0CT0.IIHHhIX· TeMrrepaType, pH, C0CTaBe 

:meKTP0JIIITa II rpanIIettTe ttanp.11)KettII.11 E (B·cM-1
): 

MI 
Uc = tit . E , (8) 

rne M - paCCT0.IIHIIe (cM), npOH,lleHHOe II0H0M 3a BpeM.11 !if (c). lfacTO CHMMeTpH'IHa.11 

B Ha'Iane aKTIIBHa.11 30Ha pa3MhIBaeTC.II B np011ecce JKCnepIIMeHTa, 'ITO MewaeT 

TO'IH0MY orrpe.ueneHIIIO T0'IKII MaKCIIMyMa. IloJTOMy CK0p0CTh ,llBII)KeHII.11 aKTIIBHOH 

30Hhl B TaKIIX CJiy'IMX onpe.ueJI.lleTC.11 no CMeIIIeHIIIO ee uettTpa T.ll)KeCTII. B xo.ue 

JKcnepIIMeHTa MeCT0n0JI0)KeHIIe 30Hhl y.uaeTC.11 3aqiIIKCIIpOBaTh OT 8 no 30 pm. B 

K00p,llIIHaTax X = <p(t), MeT0,ll0M HaIIMeHhIIIIIX KBanpaT0B, qepe3 3TII T0'IKII 

np0B0.llIITC.11 np.llMM II 0IJeHIIBaJOTC.11 napaMeTPhI JIIIHeHHOro ypaBHeHII.11: 

X ~X 0 +Wt, (9) 

r.ue X0 
- n0CT0.IIHHM, paBHM no BeJIII'IIIHe paCCT0.IIHIIIO OT MeCTa BB0,lla aKTIIBH0CTII 

.ll0 Ha'Iana KoopnIIHaTHOH CIICTeMhI; x· - paCCT0.IIHIIe OT Ha'Iana K0opnIIHaTH0H 

CIICTeMhl no uettTpa T.ll)KeCTII 30Hhl 'Iepe3 I (c) nocne Ha'Iana MIIrpaIJIIH; W - CK0p0CTh 

,llBII)KeHII.11 30HhI. 

B 6ecKoHe'IHO pm6aBJieHHhIX JJieKTp0JIIITax Ha nonBII)KH0CTh II0H0B BJIII.lleT 

T0JihK0 B3aIIMO,lleiicTBIIe C M0JieKyJiaMII paCTB0pIITeJI.11 II a6COJIIOTHhie nonBII)KH0CTII 

M0)KH0 II0JIY'IIITh 3KCTPaIT0JI.IIIJIIeii K0HIJeHTPaIJII0HHhIX nonBII)KHOCTeil:, II0Jiy'IeHHhIX 

npII K0He'IHOil: K0HIJeHTpaIJIIII, Ha uynesyJO K0HIJeHTpaumo JJieKTP0JIIITa. TaK KaK 

cpe,llHIIe OIIIII6KII npII onpeneneHIIII Uc H3MeH.IIIOTC.II OT 0,5 ,ll0 2,0%, B 3aBIICIIM0CTII OT 

K0HIJeHTpauIIII qJOHOBOro :meKTP0JIIITa, II 3Ha'IIITeJihH0 npeBhIIIlaJOT BeJIIl'IIIHhl 

OIIII160K no,llBil)KH0CTeH, nony'IeHHhIX MeT0,ll0M II3MepeHII.11 3JieKTponposonH0CTII, TO 

,llJI.11 onpe.ueneHil.11 Uo OrpaHil'IIIBaJOTC.11 JIIIHeiiuoii 3KCTPaITOJI.IIIJIIeii ypasueHII.11 

Uc= U00 - K.Jc . (IO) 

KaK 6h!JIO noKmauo BhIIIIe, 3JieKTP0MIIrpaIJil.11 .IIBJI.lleTCH Ha)le)l(HhIM II 

HarJI.11,llHhIM MeTonoM onpeneneHII.11 3HaKa 3apH,lla II0H0B B paCTB0pe. 3TOT MeT0,ll 

IIIIIP0K0 IICn0Jih3yeTC.II nn.11 Il3Y'IeHil.11 paBH0BeCHhIX peaKIJIIH KOMnJieKcoo6pmOBaHII.II 

pe,llK03eMeJihHhIX II aKTIIH0II,llHhIX JJieMeHT0B. 

HII)Ke KpaTKO II3JIO)KeHhl 0CH0BHhie pe3yJihTaThl IICCJie,llOBaHIIH JTIIX 

JJieMeHTOB B JJieKTP0JIIITax C HaIT0JIHIITeJieM II B cso6ontthIX 3JieKTP0JIIITax. 
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3JieKTpOJIHT c nanoJIHHTeJieM 

Ilptt IIccne.uosattIIII accouIIaIJIIII Pm
3
+ H Am

3
+ , B K0HIJeHTPilpoBaHHhIX 

pacrnopax rrepxnoparn II HIITPaTa KMhIJH.11 npII K0HIJeHTpa11II.11x OT.1 no 8M NO3- IIJIH 

CIO4- ua6JIJO,llanach 6onee HII3Ka.ll 110,llBil)KH0CTh II0H0B B HIITPaTHhIX pacTBopax, 'ITO 

no .MHeHIIIO aBTOp0B [25] 061,.11cu.11eTC.II o6pmoBaHIIeM BHyTpIIcqiepttoro K0MnJieKca 

[M(NO3) 2f, KOTOphrii .11sJI.11eTc.11 npeo6nanaJOmeii qiopMoH cymecrnosattII.11 Am II Pm 

rrptt K0HIJeHTPa11m1x IM NO3-. B :noH pa6oTe He Y'IIIThIBaJIIICh B03M0)l(Hhie 

H3MeHeHII.II CTPYKTyphI BO.Uhl B K0HIJeHTPIIP0BaHHhIX pacrnopax. 

B pa6oTax [26-28] 6h!JI onpe.ueneu C0CTaB II Il3MepeHhI K0HCTaHThl 

ycTOH'IIIBOCTII K0MnJieKCHhIX coenIIHeHIIH TPeXBaJit:HTHhIX aKTIIH0IInos II naHTaH0II,ll0B 

c K0MnJieKC0HaMII [29, 30]. bhIJIO no.urnep)K.l{eHo, 'ITO yseJIII'IeHIIe 'IIICJia 

o6pmyJOIIJIIXC.II xenaTHhIX IJIIKJI0B npIIB0nIIT K CKa'IKOo6paJHOMY II0BhIIIIeHIIIO 

CTa6IIJihHOCTII K0MnJieKC0B C noJIII,lleHTaTHhlMII JIIIrau.uaMII, II n0KaJaHa .Ha 0CH0Be 

6onee T0'IHhIX pe3yJihTaT0B 3HepreTII'IeCKM uepaBH0IJeHH0CTh' IJIIKJI0B, a TaK)Ke 

paCC'IIITaHa np0'IH0CTh Ka)K.l{oro IJIIKJia. 

l'.b pa3H0CTII npo'IHOCTeii . H0pMMhHhIX II np0T0HIIpOBaHHhIX K0MnJieKC0B 

cne.uyeT [29], 'ITO npoT0H s npOT0HIIp0BaHHhIX K0MIIJieKcax aKTIIH0IInos II 

naHTaH0II.ll0B c. 3,[{TA, ,[{QT A II ,[{TllA cB.113au c aT0MaMII moTa. 3ToT BhIB0.ll · 6hIJI 

110,llTBep)K.l{eH npII IICCnenosaHIIII KIIHeTIIKII II MeXaHil3Ma nIICC0IJIIaIJIIII K0MnJieKC0B 

P33 C K0MnJieKC0HaMII B Bonuo-opraHil'IeCKIIX pacrnopax [31, 32]. 

KoMnnecoo6pmosauIIe aKTIIHII.11 B cpene JIIIMOHHOil:, · masenesoii, 

3TIIJieHnIIaMIIHTeTpayKcycH0il: II 1,2-nIIaMIIHIJIIKJIOreKCaHTeTpayKcycHOH KIICJI0T 

H3Y'IaJI0Ch B pa6oTax [33-35]. 

U6+ 
KoMnneKcoo6pmosauI1e c p.11.l{0M nnrattnos 6hIJIO IIJyqeuo B pa6oTax 

[36, 37]. 

IlOBhIIIIeHHe T0'IH0CTII ll Ha]le)KH0CTH ll3Mep.lleMhIX BeJIH'IIIH K0HCTaHT 

YCTOH'IHBOCTH Heo6XOMMO nn.11 onpeneneHH.11 pa3JIH'IHhIX KoppeJI.IIIJII0HHhIX 

3aBHCHMOCTeii B p.11nax cxonHhIX no CBOHCTBaM JJieMeHT0B, TaKIIX KaK P33 ll 

aKTIIHOII,llhl. IloJTOMY Il3Y'IMII cpaBHIITeJihHYIO YCTOli'IIIBOCTh IJIITparnhIX, 

0KcanaTHhIX [21] II qJTOpil,llHhIX [22] K0MnJieKCOB P33 II aKTIIHOil,llOB. 

KoJIII'IeCTBeHHhie IICCJienoBaHIIH 6hICTPO YCTaHaBJIIIBaIOIIJIIXC.11 paBHOBeCIIH s 

pacrnope IIpII KOMIIJieKcoo6pmoBaHIIII, rll.l{p0JIII3e II T. n. OCHOBaHhl Ha aHanll3e 

ypasHeHII.11 3JieKTP0MIIrpaIJIIII. 3aBIICIIMOCTh Hail:,lleHHhIX BeJIII'IIIH ~lg ~ OT o6paTHhlX 

IIOHHhIX panIIycos noKmana, 'ITO 5f-3neMeHThI - Am,. Cm, Bk, Cf 06pmy10T 

HaII6onee np0'IHhie K0MnJieKChl. 3neMeHThl C 'IaCTil'IHO 3anonHeHHhIMII 4f

o6oJIO'IKaMII 3aHIIMalOT npoMe)KJTO'IHOe noJI0)KeHHe, a 3JieMeHThl, He IIMeIOIIJile 

JJieKTPOH0B ua f-o6ono'IKax - Y, La, Ac, 06pmy10T eme Mettee ycrnil:'IIIBhle 

coenIIHeHII.11. 3TOT qiaKT roB0pIIT B n0Jih3Y npennoJIO)KeHII.11 06 yqaCTIIII f-3JieKTPOHOB 

B o6pa30BaHIIII KOBMeHTHOH CBH3II B K0MnJieKcax TpexsaneHTHhIX aKTIIHOiln0B II P33. 

CpaBHIITeJihHOe IICcnenoBaHile cynhqiaTHhIX K0MnJieKC0B P33 II aKTIIH0il.l{0B 

Bhl.llBHJI0 ueo6hl'IHY10 .l{JI.11 P33 nocne.uosaTeJihHOCTh Il3MeHeHII.II KOHCTaHT 

ycTOH'IIIBOCTII B 3aBIICIIMOCTII OT KpIICTaJIJI0XIIMII'IeCKOro panIIyca ~ npO'IH0CTh 

MOHOCYJihqJaTHhIX K0MnJieKCOB OT La .ll0 Eu 0CTaeTC.11 npII6JIIl3IITeJihHO nocTO.IIHHOH, a 

3aTeM nanaeT no uanpasneuI110 K 6onee TH)KeJihIM P33. 3To yKmhrnaeT ua 
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BHeurneccpepHhlll xapaKTep MOHOCYJihcpaTHhIX KOMIIJieKCOB P33 u aKTHHOH.LIOB. 

MeTO.Ll MHrp~HH B HepaBHOBeCHhIX pacTBopax 6hIJI ucnOJih30BaH .LlJlll 

HJyqeHml KHHeTHKH peaKUHll .LIHCCOUHaUHH H o6pa30BaHHll KOMnJieKCOB Eu. Tm. Am. 

Cm C 1,2-.LIHaMHHUHKJIOreKcaHTeTpayKcycHOH H 3THJieH.LIHaMHHTeTpayKcycHOH 

KHCJIOTaMH [35, 38, 39]. 
lfayqanach TaK)Ke KHHeTHKa peaKUHll o6pa30BaHHH KOMnJieKCOHaTOB P33 H 

aKTHHOH.LlOB [35, 27). 

Cso60.unL1iI :meKTpoJiuT 

La. Ilo.LIBH)KHOCTh OKCaJiaTHhIX H TapTPaTHhIX KOMnJieKCOB JiaHTaHa 

nptt6JIH3HTeJihHO O.LIHHaKOBa H B TPH pa3a HH)Ke no.LIBH)KHOCTH HOHa La
3
+[40]. 

Eu. l1ccne.LIOBaJIHCh npouecchl rH.LipOJIH3a tt o6pa3oBaHHH cpTOpH.LIHhlX 

KOMnJieKCOB eBponHH 6e3 HOCHTeJIH. l13yqeHO BJIHHHHe KOHKypeHUHH npoueccoB 

o6pa30BaHHll cpTopH.LIHhIX KOMnJieKCOB H ru.uponH3a Ha nO.LIBH)KHOCTh eBpOnHH. 

La, Eu, Gd, Tb, Tm, Yb, Lu, Am, Cf. l1ccne.uoBaHa no.LIBH)KHOCTh HOHOB B 

nepxnopaTHhIX pacrnopax B 3aBHCHMOCTH OT pH, npH 298,1° K H µ=0,1. 3a 

HCKmoqeHHeM Eu II Cf, .LIBa pa3JillqHhIX ypoBHH KaTHOHHOH nO.LIBH)KHOCTll npu pH=5 

ll 3 6hIJIH o6Hapy)KeHhl. l1HTepnpernUHll :noro 1cpcpeKTa OTHOCHTCll K 06nacn1 

cTpyKTYPHhIX H3MeHeHHii pacrnopoB H rn.uparnuuoHHoii ccpephl Mttrpupy10mux 

KaTHOHOB [41]. 
Y, Tb, Am, Cf, La. J],nll 1,2-.LIHaMHHOUHKJioreKcaHTeTPayKcycHoii KHCJIOThI 

paccqHTaHhI KOHCTaHThI ycTOiiqusocTH KoMnneKCOB Y, Tb, Am, Cf [42], a .LIJill La 

paccquTaHhI KOHUeHTPaUHOHHhie KOHCTaHThI ycToiiqHBOCTll ll llH.LlllBH.LlYaJihHhie 

nO.LIBH)KHOCTll KOMnJieKCOB co maBeJieBOH ll BllHHOH KHCJIOTaMH. 

Ac. Onpe.ueneHa ru.upoJIHTHqecKM KOHCTaHTa lh H noKaJaHo, qTo B .uuanaJoHe 

pH= 4-10 rn.uponumqecKoii peaKUHH He Ha6n10,naeTcll [43]. Ilpn pH< 4 Ha6mo.uaeTCll 

yMeHhIIIeHHe IIOHHOH nO.LIBH)KHOCTII Ac Ha 10-15 % no cpaBHeHHIO co cpe.LIHIIM 

3HaqeHneM B o6nacm pH> 4. ITo.uo6Hhiii 1cpcpeKT o6Hapy)KeH .LIJIH NpO/ [44], Am
3
+ 

[45] H P33 [46]. 
Np. l1ccne.uoBaHhI KOMnJieKChl 239Np

5
+ - OKCaJiaThI, TapTPaThl, cynhcpaThI, 

auernThI, unTpaThI: npe.unonaraeTCll cymecTBOBaHne NpO
3
\ Mnrpnpy10mero 

no.uo6Ho KaTHOHaM [47, 48]. PaccqHTaHhl KOHCTaHThI rn.upoJIH3a HenTyHOHJI-HOHa H 

no.uBmKHOCTH HOHOB Np5+, NpO/, ·NpOi(OH)2- . O6Hapy)KeH 1cpcpeKT noHmKeHHll 

IIO.LIBH)KHOCTII Np5+ B KHCJihIX pacrnopax (pH=l-2,5) no cpasHeHHIO C HeiiTpaJihHhIMH 

(pH=5,5-7,5). 3cpcpeKT o6bHCHlleTCH o6pa3oBaHneM coe.unHeHHH NpO+2H30+ [44]. 

Np, Am. J],JIH HOHOB HeIITYHHH II aMepHUHll Ha6JIIO.LlaJICH 1cpcpeKT ysennqeHHll 

:meKTpOMHrpaunoHHOH CKOpOCTII rrpH yMeHhIIIeHHH KIICJIOTHOCTH :meKTpOJIHTa B 

HHTepBane pH=3-5. ITo.LIBH)KHOCTh NpO+2 H Am
3 

yBenuquBaeTCll Ha 50°/o H 25°/o. 

COOTBeTCTBeHHO. MaKCHMaJihHOe pa3JIHqHe B 110.LIBH)KHOCTH Am
3
+ -HOHOB .LIOCTHraeTCll 

npH HOHHOH CHJie µ~0, 1. ITO.LIBH)KHOCTh yBeJIHqHBaeTCH KaK B KHCJIOH, TaK u s 

HeiiTPaJihHOH cpe.uax npH yMeHhIIIeHHH µ , a npH µ::; 3 10-
3 

He H3MeHl!eTCH. Pa3yMHOfO 

o6bHCHeHHll ::noro 3cpcpeKTa HeT. He Ha6JIIO.LlaJIOCh HOHHhIX npO.LIYKTOB npH rn.upo11H3e 

aMepHUH.ll npu pH ::;12,9 [49]. 
Am. ITO.LIBH)KHOCTh HOHOB aMepHUHll yMeHhlllaeTCll B Pll.LlY pH=5.5--3. 

JO 
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3aBHCHMOCTh 3TOro 3cpcpeKrn OT HOHHOH CHJihl, HHepTHhlX aHHOHOB 3JieKTpOJIHTa. 

TeMnepaTyphl 3J1eKTpOJIHTa H3yqanach B KHCJlhIX H HeiiTpaJihHhIX pacrnopax [45]. 

8o%10)KHOCTH npHMeHeHHll MeTo.ua HCCJie.LIOBaJIHCh Ha OKCaJiaTHhIX KOMnneKcax 

~41 Am3
+. 

249Ct,i+ [50]. 

Cf. O6pa30BaHHll aHHOHHhlX rn.upo11H3HhlX npo.uyKTOB Cf B menoqHhIX 

pacrnopax He Ha61110.uanoch [5]. 

At. HaH6011ee IIOKa3aTeJihHhl HCCJie.uoBaHHH 3THM MeTO.LIOM 3JieMeHTa - acTaTa. 

ACTaTHH MHrpHpyeT-"fOJihKO K KaTO.LlY- cimpoCTh MHrpauuu 3aBHCHT OT KOHI.1eHTpa11HH 

HOHOB 80.LlOpo.ua B pacrnope. 3TO YKa3hIBaeT Ha o6pa30BaHHe B KHCJihIX pacrnopax 

KOMIIJleKCOB [(H2O),Atr. r.ue x=I-2 [52]. B pa6oTe [16] noKa3aHo. qTQ aqaTHH 

OKHCJilleTCll .LIO At(Ot. T.e . .LIO OJlHOBaJieHTHOro KaTHOHa. IToKa3aHo npH 

HCCJie]lOBUIIHH HO]la. qTo 3J1eKTpOMHrpal.lHOHHhlll MeTOJl B J)llCCMaTpHBaeMOM BapHaHTe 

II03BOJ1l!eT HCCJ1e]lOBUTh peaK'-\HH npOTOJ1H3a OKCOUHHOHOB HIO3 ~ 103" + H- [53]. 

Bi, Yb, La. Onpe]leJieHhI rHJlpOJIH3Hhie KOHCTaHThI H o6pa3oBaHHe KOMnneKcoB 

Bi. Yb. La B [54]. 

V. fHJlPOJ1HTHqecKOe noBe]leHHe CJie.LIOBhIX KOJ1HqeCTB y 4
+ H y 5

+ 

HCCJ1e.LIOBUJ10Ch 3THM MeTOJlOM B JlHalia30He pH=2- I 2. ITonyqeHHhle KOHCTaHThl 

fHJlp011H3U BUHa]lHll He npoTHBOpeqaT ony611HKOBUHHhlM ]laHHhlM [55]. 

Tl. ITpHMhIMH H3MepeHHllMH cKopocTeiI MHrpauHH HOHOB OJlHOBaneHTHoro 

TaJ1J1Hll onpe]leJieHa ero nOJlBH)KHOCTh s pa36aBJieHHh!X BOJlHhlX pacTBOpax H 

paccqHTaHhl KOHCTaHThI ycTOiiqnBOCTH HeiiTpaJihHhIX TaJ1J10KOMnJ1eKCOB [TII] H [TIBr] 

[II]. OnpeJleneHa KOHcrnHTa ycTOiiqHBOCTH KOMnneKca [Tl(SO4)]". 

Bi. B pacrnopax JlHKap6oHOBhIX KHCJ10T: iUaBeneBoii, cpyMaposoii 1-1 J1Hrnp11oii 

6b!J1H onpe]leneHhI nO.LIBH)KHOCTH PMHOBHCMYTa, a MaTeMaTnqecKall o6pa60TKa 

3KCnepHMeHTaJihHhIX .uaHHhIX n03BOJIHJia paccqnTaTh cpe.LIHHe BeJ1HqHHhl KOHCTaHT 

ycTOH'-IHBOCTH H no.uBH)KHOCTH KOMnJ1eKCHhIX HOHOB [56]. l1H.LIHBH.LlYaJ1hHM HOHHUll 

nO.LIBll)KHOCTh Bi
3

+ ll ero OKCaJlUTHhIX KOMnneKCOB noKa3hrnaeT JlHHeiiHylO 

3aBHCHMOCTh OT 3apH.ua HOHa. 3aBHCHMOCTh MO)KeT 6b!Th onHCaHa ypaBHeHHeM 

U 
O = ],9(3-2n). (I I) 

r.ue n=0. I. 2. 113 3Toro cne.uyeT, '-ITO PMHYC ll MHKpOBH3KOCTh BHCMYTOBhIX arperaTOB 

6J1H3Ka K 3HaqeHHIO 3THX HOHOB B ncnoJih3yeMhlX 3JieKTpOJIHTHhIX CHCTeMax. 

ITony'-leHhl .uaHHhie O 3aBHCHMOCTH no.LIBH)KHOCTH HOHOB BHCMyTa OT pH H 

pacC'-IHTUHhl KOHCTaHThl fH.LlP011H3U H no.LIBH)KHOCTH HOHOB BHCMyTa B COOTBeTCTBHH C 

paBHOBeCHhlMH fHJlpOJIHTH'-leCKHMH npoueccaMH ero MOHOMepHhIX coe.LIHHeHHH. 

OTHOCHTeJ1hHO BhICOKM no.LIBH)KHOCTh 0.LlH03UPll.LIHOf0 KaTHOHa no3BOJ1MeT c.uenaTh 

npe.unoJIO)KeHHe O cymecTBOBaHHH B 80.LlHhlX paCTBOpax MOHOMep11oro KUTHOHa 

BHCMYTHJ1a BiO+. KpoMe TOro, 6h!J1H nonyqeHhl BeJ1H'-IHHhl no.LIBH)KH0CTH '-leThipex 

HOHOB BHCMYTHJia C 3apH.LIUMH 3+, 2+. I+. I - H qeThipex KOHCTaHT rn.uponHJa. 

KaK BH.LIHO ll3 Bh!llleH3J10)KeHHOro, H3MepeHHe cpe.LIHHX nO.LIBH)KHOCTeii 

3JieMeHTOB B 3J1eKTptt'-1eCKOM none n03BOJ1lleT onpe.ueJil!Th KOHCTaHThl YCTOH'IHBOCTH 

KOMnneKCOB pe.LIK03eMeJ1hHhlX, aKTHHOH.LlHhIX H .upyrHX MeTaJ1J10B B CB060.LIHhIX 

3JieKTpo111-1rnx npn pa6oTe c pa.unoHyKJIH.LlaMH 6e3 HOCHTeneii. 

B Ta6nn11e I npe.LICTaBJieHhl 3JieMeHThl, HCCJle.LIOBUHHble MeTO.LIOM 

3J1eKTpOMHrpa111-1n B CB060.LIHOM 3J1eKTp011HTe. 
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Ta6JIHUa 1. 3neMeHTbl H YCJI0BHH HX HCCJie)l0BaHHH MeT0,ll.0M 3JieKTp0MHrpauHH B 
cBo6o.ll.HOM JneKTponttTe,. 298, I K 

3ne- 1130TOII 
MeHT 

At Liv. LI 'At 

• v •• , At 

I ,,. I 

Tl .. v,Tr 

""'Tl 

Np .,,NpJ 

Cf n,Cf 

Pm, , .. 'Pm, 
Y, 88y, 

Tb, 160Tb, 
Am, 241Am, 

Cf 249Cf 

La '"La 
Bi _v,,-vvBiJ 

r 

Tb 

Yb Yb 

La '"'"La, 

Np -J'NpJ 

Np --'NpJ 

· "11DHHIDI Pacrnop 
CHJia, µ 

0,4 (H)NaCIO4-K2Cr2O1 
{I 0·4 MOJib-JI.) 
0,25 H(Na)ClO4 +5· 10-_; 
MOJih·n· K2Cr2O1 HJIH 
Na2S2Os 

0,25 (H)NaCIO3 , (H)KNO3 
1,5 .. JO•j - H(K)CJO4 

0,5 
0,1 Na2SO4-Na(H)CJO4 

0,1::;:; µ ::;:; Na2SO4-H2SO4 
0,48 
0,1 HCJO4-NaCJO4-NaOH 
0,1 Na(H)CIOcNaOH 

0,01; 5,78• JO·U-1,15• 10"10 

MOJih·JI· )]J_.{TA+ 
0,035 HCJO4, NaCJO4 

H2C2O4, BHHHIDI KHCJI0Ta 
0,2; H2C2O4- Na(H)CIO4 
0,2; (C4H4O4) - Na(H)CJO4 
0,2 (C4H6O4) - Na(H)CJO4 
OnpeJleJJeuue D0JlBH;felluCTU HOH OnpeJleJJeuue D0JlBH;felluCTU H0H0B 

10'"'-0,1 MOJih·n· NaOH 
2 · 10·2 MOJib·JI· N2HsOH 
1O-j-2,5-10-"MOJih·JI· 
HCJO4 

Na2(C4H4O6) 
KoMm _____ __ 6pa10Banue a10Banue . 

0,01; K(H)NOrK2C2O4 
0,01 K(H)CIOcK2C4~O6 

0,05; 0,1; Na2 C2O4-NaCJO4 
0,1; 
0,1; Na2(C4H4O6)-NaCIO4 
0,3 Na2SO4-NaCJO4 
0,3; Na(H)CIO4 
0,1 Na2(C6H101) 

12 

pH 

0,63 ::;:; pH ::;:;1 ,68 

0.7::::;pH ::;:;J0.4 

0,3-6,5 

1 <pH <13 
2-2,5 

1 <pH <13 
I <pH <12,8 

2,5 

6,7-8,9; 
7,2-8,4 

J1HT. 

52 

57 

53 
58 

58 
58 

44 
51 
42 

40 
56 

53 

59, 
60, 
61 
62 

40 

48 

47 I 

Am ., Am 0,01; 0,05; Na2C2Oi- Na(H)ClO4 5,5 63 0,1; 
0,1 Na(H)ClO4-Na2S2±_ 2,8; 5,5 -

V ➔·v 0,1 NaNOrHNOrNaOH 2SpH S12 64 Ac ""·Ac 0,1 NaCIO4-HCIO4-NaOH lSpH S12 43 Np ""'Np 0,1 HCIO4-NaCJO4-NaOH ISpH Sl3 44 Np "''Np, 0,1 HC1O4- NaCIO4-NaOH 49 (NpO+2) 

rullpOJIHJ 

Am "➔ 'Am' 0,1 HCIO4- NaCIO4 - NaOH 49 Am "'"Am, 0,01 (CIO4·) 5,5-12,9 45 Bi 4IJ .. 4VOBi 0,25; Na(H)CIO4 ·54 
0,25; Na(H)CIO4 - NaOH 
0,2 Na(H)CIO4 - H2C2O4 

Eu "JEu 0,1 Na(H)CIO4 65 Yb lu,Yb, 0,1; 0,01; K(H)NO3-KQH 2-3, 5-6, 54 La 140La 0,01 K(H)NO3-K(HhC2O4 2-3,5 Yb '"'Yb, 0,1; NaCIO4-Na2SO4 
La •➔vLa 0,01 Na(H)CIO4-Na(H)2C4H406 

3aKJJJO'leuue 

CpaBHeHHe peJyJihTaT0B, II0JiyqeHHbIX IIpI:1 II0M0II(H :meKTp0MI:lrpm:.{HI:1 B 
CB060,[(HOM :meKTpOJII:ITe, C .ll.aHHhIMI:1, rro_nyqeHHhIMH MeT0llaMH II0JIHporpaqmu, 
I:IOHHOro o6MeHa H 3JieKTpOMHrpaunu Ha HHepTH0M H0CI:ITeJie, II0KaJhIBaeT xopomee 
COBIIaJleHtte IIOJiyqeHHhlX 3HaqeHI:IH K0HCTaHT ycToil:qHBOCTI:I. 

B l.{eJIOM 3KCIIepI:1MeHTaJibHhlH MaTepnan B o6naCTI:I HCCJie,ll.0BaHmI 
3JieKTpOMHrpal.{I:1I:I 3JieMeHT0B pacmnpI:IJI I:1 BO MH0roM H3MeHim cyll(ecrnyIOII(He 
rrpe,ll.CTaBJieHml O COCTOHHHH 3JieMeHTOB B PaJJIHqHhIX YCJI0BI:IHX H cpe,[(ax. 

8 HaCTOHII(ee BpeMH 110.SIBI:IJiaCb B03M0)KH0CTb C03llaHH.SI ycraH0BKH ,[(JI.SI 
I:ICCJie,[(OBaHH.S! 3JieKTpOMI:lrpaunn B CB060,ll.HhIX 3JieKTpoJIHTax C HCII0Jib30BaHI:leM 
IIOCJie,[(HI:IX ,ll.OCTH)KeHI:IH B o6naCTI:I 3JieKTp0HI:IKI:1 I:I IIpI:IMeHeHI:leM BbJqI:ICJII:ITeJibHOH 
TeXHHKH, KaK ,[(JI.SI yrrpaBJieHI:1.8 3KCIIepnMeHTOM, TaK I:I llJI.SI_ orrepaTI:IBHOH o6pa60TKH 
3KCIIepttMeHTaJibHhlX llaHHhIX. 

ITonyqeHbl HOBhie 3K30TI:lqeCKHe Pa./l:I:I0I:130TOIIbl ,ll.JI.SI IIpI:IMeHeHI:1.8 IIpI:1 
myqeHHI:1 paJJII:lqHhIX 061,eKTOB 0Kpy)KaJOII(eil: cpe,[(bl (rroqBhI, B0,[(bl, 6nonornqeCKI:le 
061,eKThl I:I pacTeHI:1.8) [66-69]. I1o3TOMy rrpe,[(JI0JiaraeTC.SI I:ICCJie,ll.0BaTb qJOpMbl 
COCTO.SIHH.SI KOMIIJieKCOB aKTI:IH0I:1,[(0B I:I TpaHcqiepMHeBI,IX 3JieMeHT0B BMeCTe C I:IX 6onee 
nerKI:IMI:1 XI:IMI:lqecKHMI:1 aHanoraMn. 

Oco6bIH I:IHTepec, Ha Ham B3rJUU.{, rrpe,[(CTaBJIJieT rrpoBe,[(eHI:le K0MIIJieKCHhIX 
nccne,[(oBaHI:IH qiopM cocTOHHI:IH U, Np, Pu, Am B pacrnopax, a TaK)Ke ynhTpaMaJibIX 
KOHl.{eHTpaunii UI:lpKOHI:IHH, raqiHI:IH, HI:I06HH, TaHTana, M0JII:16,[(eHa I:I BOJibqJpaMa. 
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