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06ll.(aH xapaKTepucrm~a pa60Tb1 

AKfYaJibHOCTb npo6JieMbl. TeMaTHKa pa6oTbl npo,nHKTOBaHa B03pacraromnM B 

nocne.nHne HeCKOJibK0 JieT HHTepecoM K pa,nnOHYKJIIfAY 225Ac (T112=!0.0 cyr.) ll ero 

,noqepHeMy 213Bi (T112:0::46 MHH) xax K Me,nH[lllHCKHM Hyxnn,naM ,nJill a-pa,nHOTepanHH. 3a 
nocne,nH1ie 5-6 JieT 3T0T HHTepec 3BOJIIO[lllOHHp0BaJI OT nepBblX ynoMHHaHHH ll 
coo6palKeHHH 0 [lenecoo6pa3HOCTH nocraH0BKH TeCT0BbIX 3KCnepnMeHT0B ,no 0nhIT0B 
no nony'leHHIO Me'leHbIX MOH0KJI0HaJibHhlX aHTHTeJJ ll 3KCnepHMeT0B Ha lKHB0THhlX. 

CoBCeM He,naBHO Ha'laTbl KJIHHH'leCKHe HCnhITaHml no npnMeHeHHIO 225 Ac ll 213Bi ,nJill 

Tepannn 3JI0KatJeCTBeHHblX MHKp0MeTllCTa30B II neifKeMHH. 

IlepBble warn no npnMeHeHHJO 225 Ac B Hacrogmee BpeMg yJKe OTtJaCTH 
6noxnpoBaHbl TeM, tJT0 xpynHOMaCIIITa6Hoe np0H3B0,nCTB0 3T0ro pa,nH0HYKJIH,na no
npelKHeMy 51BJilleTC51 HepeweHH0H ja,natJeif. Topnii-229 (T112=7400 ner), 51BJillJOlllHHC51 
"Bel!Hh!M 11 H30T0nHblM reHepaT0p0M aKTHHH51, B HaCT0lllllee BpeMll Tpy,nH0,nocryneH, 

X0T51 ero MHp0Bble JanaCbl B 233U B0eHH0ro Ha3HatJeHH51 BeChMa BeJJHKH. He HaKonneH 
TaKJKe B Heo6xo,nHMOH CTeneHH ll 0nhlT no C03,naHHJO Me,nHUHHCKHX ll30T0nHhlX 

reHeparopoB Ha 0CH0Be ,nonrolKHBymnx a-mny'laTeneif. CoBoxynHOCTb 3THX 
o6CTOllTeJibCTB npHBeJJa K T0MY, 'lT0 BCephe3 o6cyJK.naeTCll B03M0lKH0CTb 

UHKJI0Tp0HH0ro np0H3B0,Zl;CTBa 225 Ac ,nJill y,n0BJieTB0peHllll CHIOMHHYTHhlX HYJK.n, 

Ony6nHKOBaHHble pe3yJihTaTbl in-vivo HCCJie,noBaHHH C 225 Ac noxa3blBaJOT, 'lT0 
axTyaJihHOH 3a,naqeif 51BJilleTC51 n0HCK H0BhlX XeJJ~TIIpyromnx areHT0B, npnro,nHhlX ,nJill 

CB513hIBaHHll aKTHHH51 B np0'lHbie KOMTIJieKChl, CTa6HJihHbie B in-vivo YCJI0BllllX. HMeHHO 
3T0 51BJI51eTCll Heo6xo,nHMblM yCJI0BHeM ,nJill nony'leHHll MetJeHHhlX aKTHHHeM 
M0H0KJI0HaJihHblX aHTHTeJJ, ycTOH'llIBblX B opraHH3Me 'leJJOBexa. B 3TOH CB513ll Ha 
nepBblH nnaH . BhlX0.l(llT 3a,naqa no H3y'leHHJO ycroiitJHBOCTH coe,nHHeHHll aKTHHllll C 
K0MnJieKC0HaMH ll nonnxap6oHOBblMII KHCJI0TaMII, HH4>opMaUH51 0 K0T0pb!X . B 
COBpeMeHHOH cnpaBO'lHOll JIHTepaType orpblB0'lHa II tJaCT0 npOTIIBop'eqnBa. 

YHHBepCaJibHhlM HHCTpyMeHT0M ,nJill IICCJie,noBaHHll no XIIMHH 
YJibTpaMHKpOKOHUeHTpaunif pa,nH0HYKJIH,n0B B paCTB0pax H, B tJaCTH0CTH, ,nJill 

H3ytJeHH51 K0MnJieKC0B aKTHHllll, j[BJilleTCll MeT0,n rop1I30HTaJibH0ro 30HH0ro 
3nexrpocpope3a B CBo6o,nHhIX 3nexrponnTax, pa3pa60TaHHbIH B OH.HH. Ha 
HaCT0511llllH M0MeHT Ha3pena 3a,natJa no C03,naHHIO Ha C0BpeMeHH0M TeXHH'leCK0M 
ypoBHe 3KCnepnMeHTaJibHOll ycraH0BKII, n03BOJillJOllleii np0B0,nHTh nccne,noBaHHll 3TIIM 
MeT0.l(0M. 

Heo6xo,nHMO yn0M51HYTh TaKlKe 06 IIHTepece, KOTOpblll HCnhITbJBaeT B Hacrogmee 

BpeM51 K 225 Ac 'll ero ,noqepHHM HyxnH,naM g,nepHall lpll3HKa. 3TO CB513aH0 C 
npe,nCKa3aHHeM HaJilltJIIll y ll,nep c MaCC0BblMH tJHCJiaMH 220<A <230 CTaTH'leCK0H 
OKTynoJibHOH g,n¢pH0ll ,necpopMa[lHH, tJT0 CTHMYJIIIPYeT my'leHne HX H,nepHOH 
CTPYKTyphI npeJK,ne BCero cnexrpocxonw1ecKHMH Mero,naMII. CoBpeMeHHag 
perncrpnpyromag TeXHHKa (nonynpOBO,nHHK0Bble a- II 13-,neTeKTOpbl, MarHHTHbie a- II 
l3-cneKTporpa4>bl C Bh!C0KHM pa3peweHHeM) npe,nbj[BJilleT '1pe3BbJ'laUHO BblC0KHe 
Tpe6oBaHH51 K nccne,nyeMblM HCT0'lHHKaM H3Jiy'leHII51, a HX npnroToBJieHne 51BJilleTCll 
CJI0lKHOll ll Tpy,noeMK0H 3a,naqeif, rpe6yromeif ,non0JIHHTeJJhHhlX HCCJie,n0BaHHH. 

llCJih pa60Tu1. Ilpn BbmonHeHHH Hacrogmeif pa6oThI Mhl CTaBHJIH nepe,n co6oif Ja,natJy 
C03,naHH51 ll 3KCnepnMeHTaJihHOU npoBepKH MeT0,nHtJeCK0ll ll npn6opHOll 6a3bl ,nJill 

npoBe,neHH51 CHCTeMaTHtJecxoro H3ytJeHH51 K0MilJieKCHblX coe,nlIHeHHH aKTHHIIll B 
pacTB0pax pa3JIHtJH0ro cocTaBa. 3Ta 3a,natJa BKJIJOtJaeT B ce6ll cne,nyromne 3Tanh1: 
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• Pa3pa6oTKa mme)l(HOro reHepaTopHoro MeTo,n;a rronyqemrn 225 Ac 113 229Th, 
rrplffO)];HOro )];JUI IlOCTaHOBK11 pa.n;uoxuM11qecKUX, ll,nepHo-crreKTpOCKOIIUqecKl1X 11 
Me.n;m~UHCKUX 3KcrrepuMeHTOB; 

• Co3,naHue Ha HOBOM TeXH11qecKOM ypOBHe 3JieKTpOMUrpau110HHOH yCTaHOBKU; 

pa3pa60TKa MeTOAOB rrpurOTOBJieHJrn rrperrapaTOB 225 Ac If 228 Ac Ml! 

3JieKTPOMlfrpaulfoHHbIX lfCCJie.n;oBaHlfH; 

• Haqano 3KCrrepI,IMeHTOB rro lf3yqeHlflO KOMIIJieKCHbIX coe,n11HeH11il: aKT11Hl1ll C PllAOM 

opraH!fqeCKlfX JilfraH,n;OB If oueHKa Ha,ne)l(HOCTlf If AOCTOBepHOCTl1 rronyqaeMbIX 
3KCrreplfMeHTaJibHbIX pe3JJibTaTOB. 

3a,naqlf, CBl!3aHHbie C l!,nepHocrreKTPOCKOIIl1qecKHM lf3yqeHHeM uerroqKH pacrra,na 225 Ac 
cpopMyJIHpOBaJIHCb CJie,nyIDIUHM o6pa30M: 

• Pa3pa60TKa MeTO)];OB rrpttrOTOBJieHHll lfCTOqHlfKOB ll,nepHoro U3JiyqeHHll 225 Ac H 

qJieHOB 11erroqKH ero pacrra,n;a )];JUI rrpeuH3HOHHblX a- H f3-crreKTpOCKOIIHqeCKl1X 
lfCCJie,noBaHlfH H'CIIeKTpOCKOIIHH ll,nep OT,naqtt; 

• JI,nepHo-crreKTpOCKOII!fqeCKOe lf3yqeHHe pacrra,na 221Fr H 217 At )];JUI IIOCTpoeHl1ll 11X 

cxeM pacrra,na H BhlllCHeHlfll BOrrpoca O HaJilfqHH y 3THX HJKJIHAOB 13-pacrra,na C 

Hl13KOH 11HTeHClfBHOCTblO, KOTOpblH B HaCTOllIUee BpeMl! llBJilleTCll crropHbIM. 

Hay'IHaH HOBH]Ha " npaKTIPICCKaH UCHHOCTL pa60Thl. TionyqeHbl HOBbie ,naHHbie 0 

COCTOllHHHX MlfKpOKOJIHqeCTB aKTHHHll B UHTpaTHbIX paCTBOpax c lfOHHOH CHJIOH 0.1. 

BrrepBbie o6Hapy)l(eH cpaKT cyiuecTBOBaHHll B pacrnope HerrpOTOHlfpOBaHHOro 

6ttJIHraH,n;HOro KOMIIJieKCHOro coe.n;ttHeHHll tt orrpe,neneHbl KOHCTaHTbl ycToil:qlfBOCTH tt 

lfOHHbie IIOABlf)l(HOCTH MOHO- n 6HJIHraH,n;Horo KOMIIJieKCHbIX lfOHOB. YcTaHOBJieH cpaKT 

OTKJIOHeHlfH OT rrporropuHOHaJibHOH 3aBHCHMOCTlf lfOHHOH IIOABlf)l(HOCTlf OT 3apl!,na 

HOHa B PHAY Ac3+ - AcCit
0 

- Ac(Cit)t; c,nenaH Bhrno.n; o 3HaqHTeJibHOM yaenttqeHHlf 

'cTOKCOBCKoro 'pa,nttyca lfOHa H 3Haq11TeJibHOil: rrepecTPOil:Ke ero rn,npaTHoil: o6onoqK1f 

Ha BTopoil: cTyrreHH KOMIIJieKcoo6pa3oBaHttll, qTo rro,nrnep)l()];aeTCll B03pacrnHlfeM 

3HaqeHlfH Ki If IIOCTOl!HCTBOM.K2 )];JUI JierKHX P33 If aKTHHlfll. 

Pa3pa6oTaH opttrlfHaJibHblH MeTO,n rreptto_nttqecKoro rro.n;yqeHlfll 225 Ac ,lf3 

reHepaTopa Ha OCHOBe 
229Th. TipeMO)l(eHHal! MeTO)];ll.Ka xapaKTepH3yeTCll BbICOKOH 

BOCIIp01f3BO)];ll.MOCTblO If OTCJTCTBHeM IIOTepb ueHHOro MaTepttHCKOro HYKJilf,na rrpH ee 

MlfTeJibHOM lfCIIOJib30BaHHH. linaro,napl! BHe,npeHlflO rrpHHU11IIa IIOCTOllHHOro 

xpaHeHttll MaTeplfHCKoro HJKJIH,na B paCTBope peIIIeHa rrpo6neMa pa,nttOJilfJa cop6eHrn 

rrptt ero rrpo,nOJI)l(HTeJibHOM KOHTaKTe C a-lfJJiyqaTeJil!MH. 

CoJ,naHa Ha HOBOM TeXHHqecKOM ypOBHe 3JieKTpOMHrpauttOHHal! ycTaHOBKa: 

yrrpamieHHe 3KCIIepttMeHTOM ll. rrpouecc c6opa ,naHHbIX ocyiueCTBJilllOTCll rrpH IIOMOIUH 

rrepCOHaJibHOrO KOMIIblOTepa. ,lJ,OCTlfrHyTa B03MO)l(HOCTh OAHOBpeMeHHOro CJie)l(eHlfll 

Ja Mlfrpaulfeil: HeCKOJihKHX pa,n;lfOHJKJIH,n;OB, BbICOKal! TOqHOCTb H3MepeHl1ll '· If 

CTa6ttJIH3aUHH . TeMrrepaTypbI 3JieKTponttTa. linaro,napl! rrpttMeHeHlfIO IIIaroaoro 

ABlfraTeJill IIOBbJUieHa TOqHOCTb II03HUlfOHHpOBaHHll AeTeKTOpa, rronyqeHa 
B03MO)l(HOCTb H3MeHeHHll pe)l(ttMa ll. CKOpOCTll. ero ABlf)l(eHHll. 

Pa3pa6oTaHbl MeTOAHKll. rrpnrOTOBJieHHll 'll.CTOqHlfKO.B HJJiyqeHHll 225 Ac Ml! 

rrpeUlf31fOHHOii: a- n f3-crreKTPOCKOIIHH. JI,nepHo-crreKTpocKorrttqecKlfMlf MeTo,naMtt 

BrrepBbie o6Hapy)l(eH f3-pacna,n; 
221Fr n orrpe,neneHa ero HHTeHClfBHOCTb. Orrpe,neneH 

~ 

~ 

91 
! 
i 

I .. 

BepXHlfH rrpe,nen lfHTeHCHBHOCH 13-pacrra,n;a 
217 

At. YTOqHeHbl cxeMbl pacrra,n;~ 225 Ac, 
221Fr H 

217 
At, IIOCTpOeHa HOBal! cxeMa ypoBHeil: B Mpe 213Bi. 

Anpo6auus pa60Tu1 u ny6Jlll.Kawm. ,D,ttccepTaUlfll HanttcaHa Ha ocHoBe HayqHbIX pa6oT, 

BbIIIOJIHeHHbIX c yqacTtteM aBTopa B JIJITI OHJIH B 1994-1996 ro,nax. PeJJJibTaTbI 

pa60Tbl 6bIJilf rrpe,ncTaBJieHbl Ha BcepOCClfHCKOH KOHcpepeHUlflf rro pa,nlfOXlfMHH 

(,[l,y6Ha, 1994), I Me)l()];yHapo,n;Hoil: KOHcpepeHUHH rro moTOrraM (IleKlfH, KHP, 1995) If 

IV Me)l()];yHapo,n;Hoil: KOHcpepeHUlfH no l!,nepHoii: If pa,nuoxlfMlfH (CeH-Mano, <l>paHUlfll, 

1996). no MaTeplfaJiaM pa60Tbl ony6JilfKOBaHbl 4 CTaTbll B Me)l()];yHapo,n;HbIX If 

oTeqecrneHHbIX pecpepllpyeMbIX )l(JpHanax, a TaK)l(e 7 npenplfHTOB OHJIH. Ha MOMeHT 

pacCbIJIKlf aBTOpecpepaTa eiue 2 CTaTbH HaXO,nl!TCll B rreqaTlf B )l(JpHanax "PaiJUOXUMUJl" 
If "Zeitschriftfur Physic" (cM. crrlfCOK pa6oT rro MaTepuanaM ,nuccepTaUlflf). 

CrpylITYJ)a " o6beM pa60Thl. Pa6oTa COCTOHT lf3 BBe,neHlfll, BOCbMlf rnaB, BbIBOAOB If 

3aKJI10qeH1fll If co,nep)l(lfT 106 CTpaHHU, BKJIJOqM 45 PlfCYHKOB, 10 Ta6JilfU If CIIHCOK 

CCbIJIOK lf3 128 HaHMeHOBaHlfH. 

Co}J.epamuue pa6oTbl 

Bo BBelleHHH o60CHOBaHa aKTJaJibHOCTb TeMbl lfCCJie,noBaHHll If ccpopMJJilfpOBaHbl 

OCHOBHbJe UeJIH pa60Tbl. 

B 061ope JIHTeparypbl (rnaBbl 1-4) CJMMlfpOBaHbl HMeIOIUlfeCl! B JilfTeparype CBe,nemrn 0 

pa,nlfOHJKJIH,nax aKTHHHll, lfX ll,nepHbIX CBOHCTBax If crroco6ax nonyqeHHll. ,[1,aeTCll 

KpaTKal! xapaKTeplfCTHKa XlfMHqecKlfX CBOHCTB aKTlfHHll, npHBO,nl!TCH AOCTYTIHbie B 

crrpaBOqHbIX lf rrepno,nuqeCKHX HJ,naHlfllX ,naHHbJe O ero KOMIIJieKCHhIX coe,nnHeHHllX 

(rnaBa I). Ha OCHOBe rry6nnKaUlfH rrocne,n;HlfX JieT o6ocHOBbIBaeTCll rrepcneKTHBHOCTb 
225 

Ac lf 
213

Bi KaK TeparreBT!fqecKlfX HJKJIH,n;OB, OIIlfCbIBaeTCll TeKJlUlfH CTaTyc ll,nepHO

Me.n;lfUHHCKlfX HCCJie,noBaHHH, rrpOBO)];lfMbIX C '3TlfMlf lf30TOnaMlf B pll,ne l!,nepHbIX 

ueHTpOB (rnaBa 2). KplfTlfqeCKlf paCCMaTpHBaIOTCll pa,nHOXHMlfqecKne MeTOAbl 

rronyqeHHll pa,nlfOHJKJIU)];OB aKTHHlfll (oT.n;eJieH!fe OT OCHOBHblX corryrCTBJIOlUHX 

3JieMeHTOB, BbI.n;eJieH!fe lf3 MUUieHeil:, oquCTKa " KOHUeHTPlfPOBaHne) (rnaBa 3), B rnaBe 

4 pacCMOTpeHbl OCHOBbl 3JieKTp0MlfrpauttoHHOro MeTo,na " ero rrpnMeHeHHll )];JUI 

lf3yqeHlfll lfOHHbIX paBHOBecnil: B paCTBOpax, a TaK)l(e OIIlfCaHa COBpeMeHHall BepCHll 

:noro MeTo,na - KarrlfJIJillpHbIH 3JieKTpocpope3. 

3KcnepHMeHTilJlbH3H 'laCTL COCTOHT HJ 4 rnaB (rnaBbl 5-8), co,nep)l(aHne KOTOpbIX 

paCCMOTpeHO HU)Ke OT)];eJibHO: 

rnaBa 5: JfJOTOIIHbIH reHepaTop aKTHHHll-225 

AHaJilf3 JllfTepaTypHbIX ,naHHbIX IIOKa3bIBaeT Herrpnro,nHOCTb KJiaccnqecKOH cxeMbl 

H30TOIIHOro reHepaTopa (rrOCTOl!HHM <pHKCaUlfll MaTepHHCKOro HJKJilf,na Ha cop6eHTe) 

rrpu pa6oTe c a-uJnyqaTeJil!MH. B HeMHoroqnCJieHHbIX cnyqallx, r,ne oHa Bce )Ke 

rrpnMeHl!eTCll, Ha6n10,naeTCll 6bICTPall ,nerpa,n;aulfll _na)Ke HeopraHnqecKnx cop6eHTOB, 

3HaqttTeJibHOe yxy,nIIIeH!fe KaqeCTBa rronyqaeMblX rrpenapaTOB If rrpOCKOK MaTepnHCKHX 

HJKJIHAOB. B cnyqae renepaTopa 'Ha OCHOBe 
229Th mrncaHnal! rrpo6neMa ycyry6JllleTCll 

nannqneM B uerroqKe ero pacna,n;a eiue ·qeTb1pex a-lfJnyqaTeneii:. B ,naHnoil: pa6oTe 
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npe,z:vrolKeHa cxeMa reHepaTopa, OCHOBam1rui Ha IlOCTOSIHHOM xpaHeHHH MaTepHHCKOro 

Hy1arn,n;a He Ha cop6eHTe, a B paCTBope. 

B KaqecTBe MeTo.n;a ,LIJISI pa3,n;eJieHHSI :meMeHTOB BbI6paHa KaTHOH006MeHHaSI 

xpoMaTorpaqJHSI C HCilOJib30BaHHeM KOMIUieKcoo6pa3oBaTeJISI, qTo Il03BOJISleT HJMeHHTb 

nopMOIC 3monpoBaHHSI 3JieMeHTOB c KllTHOHHTa B pSI,n;y Ra - Ac - Th. 
Ilpe,n;BapHTeJibHbie HCCJie,n;oBaHHSI IlOKa3aJIH HenpHrO,n;HOCTb KpynH03epHHCTbIX 

ICaTHOHHTOB rnna DOWEX-50WX8 n pMa KOMnJieKcoo6pa3oaaTe.rreii (minpttMep -

cyJibqJOCaJilfl.lHJIOBaSI ICHCJIOTa), TaIC ICaK B o60HX CJiyqruix HeB03MOlKHa KOJIHqecTBeHHaSI 

,n;ecop611nS1 
229Th C ICaTHOHHTa B OTHOCHTeJibHO He60JibllIOM o6'beMe paCTBopa. 

Ilpe,n;BapHTeJibHbie pacqeTbI IlOKaJaJilf, qTO HYlKHb!X napaMeTp0B pa3,n;eJieHHSI MOlKH0 

,!l;OCTHqb C HCilOJib30BaHHeM 0.25 M l.lHTpaTHbIX 3JIIOHPYIOI.I.IHX paCTBOpOB. 

.vfayqeHHe pacnpe,n;e.rreHHSI 3JieMeHTOB B CHCTeMe KaTHOHHT AMINEX-A5 (0 JepeH 

13±2 MKM) QiITpaTHbIH pacTBop npOBO,!l;lfJIH ,!l;HHai,mqeCKHM MeTO,!J;OM c 

HCilOJib30BaHtteM pa,n;noxpoMaTorpaqiuqecKOH ycTaHOBKll ,LIJISI onpe,n;eJieHHSI 

aICTHBHOCTH KOJIOHOqHoro 3JIIOaTa. IloJIHOTY ,n;ecop611HH 
229Th u 

225 
Ac onpe,n;e.rrSIJIH 

pa,n;HOMeTpuqecKH no HX y-ll3JiyqeHHIO (cneICTpOMeTp C noJiynpOB0L(HHICOBbIM 

,n;eTeICTOpoM). 

3aBHCHMOCTb ,!l;HHaMuqecICHX IC03q>qJlfl.llleHTOB pacnpe,n;e.rreHHSI Th ll Ac B yICa3aHHOH 

CHCTeMe OT pH BO,!l;HOH qiaJbI np11Be.n;eHa Ha puc. I. OnTHMaJibHblM HHTepBaJIOM MS! 

pa3,n;eJieHIISI 3JieMeHTOB SIBJISleTCSI llHTepBaJI 1.8+2.5, B ICOTOpOM IC03qJqJHI.1HeHTbl 

pacnpe.n;eJieHHSI TOpHS! 3HaqttTeJibHO HHlKe TaICOBbIX ,LIJISI aICTHHHSI. Ilp11 pH=2.0 

IC03q>qJlll.lHeHTbI pacnpe,n;eJieHHSI 3JieMeHTOB pa3JilfqaIOTCSI npuMepHO Ha 3 nopSI,n;ICa. 

12-r-----------,------~ 

~ 10 
~ 
,£ 
:s; 

iii 8 
~ 
c,: 
Ql 
a. 
C: 

~ 6 
a. ... 
::c 
Ql 
:s; 

~ 4 
-8-
-e-s I I t \ "' 2 ---1 1 11Hmef)6an I L ~ Th 

I pH I 
I dllfl I 

1 
pa3deneHUH1 .......__ 

0 +--,-1-,,- -----a$r-----$-AC 

2 3 4 5 6 7 8 
pH 

Pnc. 1: 3aBHCHMOCTh .znrnaMWieCKHX 
KO:J4J4iHUHeHT0B pacnpe,!!;eJieHHll Ac II 
Th MeJK,Zzy KanmmrroM · Aminex-A5 II 
0.25 M pacTBopoM r11rrparn aMMOIIBll 
OTpH 

I-IcnoJib30BaHHe MeJIIC03epHHCT0ro ICaTH0HHTa ,LIJISI BbICOIC03qJqJeKTllBHOH 

xpoMaTorpaqiuu Il03B0JIHJI0 ,n;o6HTbCSI IlOJIHOH ,n;ecop6I.1Hlf MHICp0IC0JittqeCTB 
229Th C 

ICOJI0HKH B He6oJibllIHX (,n;o 0.5 MJI) o6'beMaX paCTBOpa B Btt,n;e CllMMeTpuqHQH xop0llI0 

Cq>OpMttpoBaHHOH 30HbI. IloJIHOTa lf ClfMMeTpllSI 30HbI ,n;ecop6I.1HH coxpaHHJIHCb ll np11 

nepexo,n;e IC MllJIJittrpaMMOBbIM IC0JIHqeCTBaM T0pHSI; YJibTpaM11ICp0IC0JittqecTBa 
225 

Ac 

4 

j 
"' f ,. 
t:i 

JierKo ,n;ecop611py10TCS1 c 110Hoo6MeHHHKa np11 noah111IeHHH pH pacrnopa ,n;o 3Ha'lett11S1 

3.5 noCJie JaBep11IeHHS1 ,n;ecop611H11 T0pHSI H npoMbIBKH rettepaTopa. 

Ha 0CH0Be Il0Jiy'leHHblX pe3YJibTaT0B npe,n;naraeTCSI CJie,n;y10111aS1 cxeMa H30T0ilH0ro 

rettepaTopa 
225

Ac tta octtoae 
229Th (p11c. 2): 

Jfcxoi>11•1u pacmeop (i>o 5 Mll) cooep:J1Cum i)o 5 MZ 21 '>-rh e pae11oeecuu c i>o'lep11u_wu npoiJy,.:ma.wu; 
K011I1e11mpai/UR 1411mpama a.WMOIIUJI cocma1L111em 0.25 M npu pH pacmeopa sl. Pacmeop 
nponycKa/Om 'lepe3 xpo.wamo2pa</m'lecKy10 KO.WIIK}' 0-lx40 .\Ut, 3a1w.111e1111y10 Kam110111imo.w 
AM1NEX-A5 (3ep11e111;e 13±2 MKM). 3.11oam om6pacb1ea10m. 

lloc!le 11a11ece11uR mop111i KOJ1ll'lecmee11110 6b1MbIeaemcR 113 KO,WIIKU 0.25 JI pacmeopo.w I1ImIpama 
aM.«01111R c pH 2.0+2.5; 061,e.M <JipaKl/1111 mopuR .wo~em eapbupoeambcR e npeiJe.wx 2+5 .w.1 e 

3aeuc11.wocmu om KOHU'lecmea pai>uo11yK.1UOa. llomepb -·'Th eo epe.«R 11a11ece11uR 11 3.11011poea1111R 11e 
npoucxoiJum. re11epamop 3ameM npo,wbIea10m pacmeopo.w mo20 :J/Ce cocmaea iJ,1R iJocm11:J1Ce11uR 
11}':JICIIOli O'IIICmKU OTJI Mamepu11CK020 11yK.111iJa. 

AKn11111uii 6bWb1eaemcR 113 2e11epamopa e 1 .w.1I1umpam11020 pacmeopa c pH~-1.0. PaiJ111i .wo:J1Cem 
6bl11lb iJecop611poea1111ponycKa11ueM 'lepo KOMIIKY 1 M,1 -I Al HN03. 

<!>paKI/UR 22'>-rh, no.qy'le1111aR e 11a'l{ZJ1e pa3iJe_qe11uR, noiJK11c.1RemcR i>o pHsl u xpa111m1cR e me'le11ue 
1-1.5 MecR14ee OHR 11aKon;1e11uR iJo'lep11ux npoi>yKn1oe. Jame.« pa3iJeJ1e111;e .wo.)IC110 noen1op11mb no 
iJa11110,i CXl!hle. 

0.2~ M ammonium 
("llr.1tilf' pH 1.8-2.5 

0
•
2

5 ammonia Ra ,Ac, Th 0.:25M ammonium C'ilralf' pH"3.5 
•~:~~;9od ,o,blion of ~ 

dtnte pH_=O 7 . ' · 

=:=> ,-:---\: =~ ,·~·~ ~~ ,--:-·Ra 
Th /;;~ 

R "'"' 
z 11 / 

□ @ @.·.---. □-·-·-·_ >:-:-> :---:-_-

elution or T elution or AC' 

,-
HCl l:?M ~-JI '" •• ,, I ~ I I it r,t•nhon -.- . ...: .. J alten'.~tin·s 

Th-229 
solution pH=-0 

Ac-225 

• I 

' 

0.25M ammonium 

~ eit,ate pll'3.5 

. 

-

6 
dulion or A<· 

Pnc. 2: CxeMa I1JOTom1oro renepaTopa n'Ac 

5 

~ l H~O,. 3M 

[] 
I <'l11hon or Na I 



Ha pHc. 3 npe.ncTaBJieHa xpoMaTorpaMMa, COOTBeTCTBYIOlllall 0.UHOMY ummy 

pa6oTbI reHepaTopa. HoCHTeJieM J1.Jill 10 MKKH 229Th cny)KHJIH 5 Mr 232Th. 

1E+4-,r------------------------~ 
LJumpam BMMOHUR 0.25 M HNO3 4M 

ct 
a, 

:,: ... 
0 

j 
I 

8E+3 ~ 
~ 
~ 

"' 6E+3 -i 
!v i 

Fr-221 

2 ] Th-229 i 

g '4E+3 ~ U~OH I pH=O I 
0 
:,: 
ID 
s 
t; 

<( 

2E+3 J 
a 
~ 

pH=2.3 I pH=4.5 

Th-229 Ac-225 

OE+O-t-r-r---r-.-r-r-...,--,--.--.-,--..,-~.-r-.Lr-r~.--<r-
0 2 4 6 8 

06beM 3fll08HTa, Mn 

Ra-225 

10 

Puc. 3: XpoMaTorpaMMa, IlOJl)"leH!Iall IlpH paJ,n:e..'Iemrn 5 Mr TOpllil tt 
npOil:)'KTOB pacna,n:a 229Th (KOJIOHKa AMINEX-A5, 04x4O MM) 

Ilocne e)KeMec.11qHoro HCnOJib30BaHH.II B TeqeHHe 3 JieT onHCaHHoro H30Tonnoro 

reHepaTopa, co.nep)Kamero 60 MKKH. 
229Th' MeTo,naMH npeUH3HOHHOH y-cneKTpOCKOOlflf 

He 6b1JIO 3aqmKCHpoaano noTepb MaTepHHCKoro pa.nHotty1mH.na. a
CneKTpoMeTpttqecKtte HCCJie,noaaHHll nonyqeHHbIX npenapaTOB aKTMHllll noKa3aJIH 

OTCYTCTBHe B HHX cne.non itaTepHHCKOro 229Th. 
Ilpe.nnmKeHHall cxeMa co.nep)KHT Pll.ll OTJilfqlfH. ll npeHMyllleCTB no cpaBHeHHIO C 

KJiaCC!fqecKOH (cop6UHOHHOH) cxeMOH lf30TOnHoro reHepaTopa, a l!MeHHO: 

I. IloCTOllHHOe xpaHeHHe MaTepHHCKOro pa.nHOHYKJIH,na B paCTBOpe, a He Ha cop6eHTe, 
HCKJI10qaeT paLCHOJIHT!fqecKoe pa3pyrne1-1He 11 .nerpa.nau1110 nocne,nHero. 

2. Ilpe.nno)KeHHall cxeMa npe.ncTaBJllleT co6oii "JaMKHYTbIH xpoMaTorpaqmqecKHH 

umm", JaMbIKaeMb[H npOCTbIM IlO.UKHCJieHHeM BHOBb nonyqeHHOro paCTBOpa 229Th. 
HeCMOTpH Ha OTCYTCTBHe rrpoqHOH qJIIKcau1111 MaTepHHCKOro H30TOIIa Ha cop6eHTe, 
He npoucxo,nHT ero IlOTepb BCJie,nCTBHe 3aMKHYTOCTlf OIIHCaHHOro UHKJia. 

3. Hanlf'me B cxeMe nocne.noaaTeJibHOCTH "cop6UHH .necop6u1rn Topm1" 
o6ecneq!faaeT ITOCTOHIICTBO o6beMa ero xpaHHMOro paCTBOpa He3aBl!CHMO OT qncna 

pa3 l!CilOJlb30BaHHH renepaTopa. B Ka)K.llOM UHKJie COCTaB pacrnopa o6HOBJI.lleTCll. 

K tte.nocTaTKaM npe.nno)KeHHOH CXCMbl OTHOCHTCll 6oJibllJall Tpy.noeMKOCTb 
onepaUHH no pa3.neneHHIO no cpaatteH1110 c KJiacc!fqecKHMH reHepaTopaMH 
cop6UHOHHOro Tmrn. B TO )Ke BpeMll 3TOT ne,noCTaTOK, BepOllTHO, He CTOJib OlllYTHM B 
renepaTope .naHHoro KOHKpeTnoro THna, TaK KaK OH npe.nnaJnaqen .llJI.11 norryqeHHll 
cpaBHI-ITCJlb!lO .UOJifO)KlfBYl.!.1ero aKTHHlfll He '-Jame 1-2 pa3 B Mecsiu. 
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fnaaa 6: YcTaHOBKa IlJill ropH30HTaJibHOro 30HHOro 3JieKTpocpope3a pa11HOHYKJIH1IOB B 
CBQQO,!lHblX 3JieKTpOJlliT!lX 

fnaaHoii OTJilfqlfTeJibHOH qepTOH MeTo.na llBJllleTCll: npoae,neHeHHe 3JieKTPo¢opeJa 
B paCTBOpax, cao6o,nHbIX OT MeJIKO.UHCIIepcHblX rtt.npO.UHHaM!fqecKHX CTa6HJIH3aTOp0B 
)Klf.UKOCTH (BOJIOKHa, rropornKH). BenlfqlfHbI HOHHbIX IIO.llBlf)KHOCTeH, onpe,neJilleMbie B 
TaKHX ycJIOBmlX, He Hy)K.llaIOTC.11 B MHOrOqHCJieHHbIX 3MIIHpHqecKHX nonpaaKax, 

06b1qHO BBO.UHMbIX npH o6pa60TKe pe3yJibTaTOB onbITOB. 
QeJiblO HaCTO.llllleH pa60TbI llBJlllJiaCb pa3pa6oTKa If C03,naHHe HOBOro 

nporpaMMHO-anrrapaTypHoro KOMIIJieKca (pHC. 4), II03BOJI.lll0lllero 3Haq!fTeJibHO 
pacrnHpHTb B03M0)KHOCTH MeTO,na, IIOBbICIITb TOqHOCTb rro.n.nep)KaHH.11 Ha Ja,naHHOM 
ypoatte MHOroq!fCJieHHbIX napaMeTpOB 3KCnepHMeHTa BO BpeM.11 ero rrpoae.neHH.11, 
ycKOpHTb If CTaH,napTH3HpOBaTb rrpoqecc o6pa60TKH If xpaHeHH.11 nepaHqffbIX 
3KCnepHMeHTaJibHbIX pe3yJibTaTOB H TeM caMbIM IIOBbICHTb Ha,ne)KHOCTb OCHOBHOro 

pe3yJibTaTa OObITa. 

□ ------< High Voltage 
Supply 

u 
0 
< 

Peristaltic 
Pump 

tl,J ~"~I 0~ p.J..<11 0 G.I aO::, :;-J.. 
!~ ]~ ~~ -;;§ 
oo~ <-; s•()~u 

- ::E:. 

Amplifier 
Stabilization 

Step 
Motor 
Driver 

... 
" .s 
"' 

Pttc. 4: DJIOK-CXeMa 3JieKTpOMIIrp31UfOIIllOH yCTaHOBKH. C:umrnJJDill:UHOH
Hblll y-,n:ereKTop, nepeMemaeMLiii maroBI,IM .nimraTt:JieM, cKa1mpyeT TPY6KY 
l!'IeHKH JClll onpe,n:erreHllil norrolKeHllil JOHbl MHIJ>HpYIOmero 3JieMeHTa. 
TeMnepaTYPHblll ,n:aT'll!K MaJibIX pa3MepOB pacnorrolKeH aenocpe,n:CTBeIIl!o B 
3JieKTpOMHrp8UHOIIllOH TPY6Ke, CHillaJI c aero nocrre ycHJieHllil no,n:aeTCll Ha 
0/1:ffH HJ BX0/1:0B MYJII,THilJieKcOpa, KOMMYTHpyiomero BXO)UIOH K8HaJI Al.{11. 
CHrHaJI C ~eJIHTeJill HCTO'IHHKa BLICOKOro H8IlplllKeHllil, 8 TaKlKe ycHJieHHblll 
CileKTpOMeTPuqecKIIii CHrHaJI TOlKe no,rouoTCll Ha BXO,ll;LI MYJil,THilJieKCOpa 
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B ycTaHOBKe np11MeHeH Mo.uepHeJHpOBaHHbIH BapHaHT KOHCTPYKUHH 

:meKTPOMHrpauHOHHOH JlqeiiKH. C11CTeMa UHPKYIDIUHH qJOHOBOrO 3JieKTpOJIHTa Ha 6aJe 

MHoroKaHanbnoro nep11CTaJibT11qecKoro Hacoca 06ecneq11BaeT noCT051HHOe 

06HoBJieH11e paCTBopa B npH3JieKTPO.UHbIX KaMepax If ero HeHJMeHHblH ypoBeHb B HHX. 

C11cTeMa B uenoM ynpaBID1eTCJ1 np11 noMOIUH KOMnbIOTepa IBM PC/AT 386. 

Cneu11aJibHO paJpa6ornHHaJ1 ynpaBID110ruaJ1 11 perncTp11py10ruaJ1 3JieKTpOH11Ka 

CMOHTHpOBaHa Ha .D;Byx nJiaTaX, ycTaHaBJIHBaeMbIX B CTaH,napTHbie paJbeMbl Ha 

MaTepHHCKOH nnaTe KOMnbIOTepa, qTO 06ecneq11JIO KOMnaKTHOCTb If nerKOCTb 

THpa:i,mpoBaHHJI o6opy.n;oBaHHJI. Ha 0.D;HOH HJ nJiaT CMOHTHpOB8H aHaJIOro-u11cppOBOH 

npeo6paJoBaTenb, a BTopall co.uep)KHT cxeMbI HHTepcpeiica waroBoro .UBHraTeJIJI 11 

ynpaBJieHHSI narpeBaTeJieM )KH.D;KOCTHOro TepMOCTaTa, cxeMy npeo6paJOBaHHJI CHrHaJia 

TeMnepaTypHoro .uaTqifKa If KOMMyTaTOp CHrHaJIOB, no.n;aBaeMblX Ha AQII. 

IlporpaMMHOe conpoBo)K.D;eHHe ycrnHOBKH 06ecneq11BaeT coJ.n;aHHe Ha 6aJe AUII 

4096-KaHaJibHOro aHaJIHJaTopa .D;IDI npHeMa If o6pa60TKH nocTyna10rueii C ,neTeKTopa 

cneKTpOMeTp11qeCKOH HHqJOpMaUHH, ynpaBJieHHe pa6oTOH maroBoro .UBHraTeJISI, 

HJMepeHHe TeMnepaTypb! 3JieKTPOJIHTa B srqeiiKe If ynpaBJieHHe TepMOCTaTOM .D;IDI ee 

no.n.n;ep)KaHHSI Ha Ja,n;aHHOM ypoBHe, KOHTpOJib BeJiffl(lfHbl no.uaBaeMoro Ha 51qeiiKy 

BbICOKOro Hanpll)KeHHSI If on-line BHJyaJIHJaUHIO If JanHCb BCero KOMnJieKca 

nonyqaeMbIX 3KCnep11MeHTaJibHblX ,naHHb!X. IlporpaMMHO-annapaTHbie cpe.n;CTBa 

nOJBOIDIIOT TaK)Ke B llIHpOKUX npe.uenax HJMeHJITb pe)KHMbl pa60Tbl OCHOBHblX YJJIOB 

ycTaHOBKH .D;IDI ee np11cnoco6JieHHSI K paJJIHqHbIM 3KcnepHMeHTaJibHblM ycJIOBHJIM • 

TeMnepaTypa 3JieKTpOJIHTa BHYTPH 3JieKTpOMHrpau110HHOH Tpy6KH (0 3 MM) 

UJMepsreTCSI c TOqHOCTbIO 0.01 °C c nOMOII(bIO cneUHaJibHO CKOHCTpyupoBaHHOrO 

.uaTquKa Ha OCHOBe nonynpOBO.UHHKOBOro .u110.ua; TeMnepaTypa CTa6HJIHJHPYeTC51 

nyTeM ynpaBJieHHSI HarpeBaTeneM )KH.!J;KOCTHOro TepMOCTaTa llIUpOTHO-HMnyJibCHbIM 

MeTO.D;OM C TOqHOCTbIO ±0.05 °C B TeqeHHe HeCKOJlbKHX qacC>B 3KCnepHMeHTa. 

JloKaJIHJaUHSI JOHbl MllrpHpywruero B.UOJib Tpy6KH pa,nHOHyKJIH.Ua ocyrueCTBJIJleTC51 

no ero y-HJJiyqeHHIO npH nOMOIUH CKaH11py10ruero CUHHTHJIIDIUHOHHOro ,neTeKTopa, 

nepeMeruaeMoro qepeJ npHBO.U warOBblM .UBHraTeJieM. IlpHMeHeH npHHUHn CJie)KeHHJI 

Ja HJMeHeHHeM no MHHe Tpy6KH HHTeHCHBHOCTH HJJiyqeHHSI B 4-x neJaBHCHMbIX 

yqaCTKax y-cneKTpa, qTO ,nano BOJMO)KHOCTb Ha6JIIO.D;aTb O.UHOBpeMeHHYIO MHrpauHIO 

HJOTOnOB HeCKOJibKHX 3JieMeHTOB. HcnOJibJOBaHHe waroBoro .UBHraTeJISI JHaqHTeJibHO 

noBhICHJIO ToqHoCTb noKaJIHJaUHH p/a JOHbI H noJBOJIHJIO HJMeHJITh pe)KHM II CKopoCTb 

nepeMell(eHHSI ,neTeKTOpa B JaBHCHMOCTH OT BeJiifqlfHbl cpe.n;Heii no.D;Bll)KHOCTH 

MHrpaHTa, qTo cnoco6cTBYeT Ha6opy MaKCHMaJibHOH CTaTHCTHKH B e.n;HHlfqHoM 

3KCnep11MeHTe no onpe.ueneHHIO nO.D;BH)KHOCTll. 

O6pa6oTKa nonyqeHHbIX rHCTorpaMM 
11
KOOp.UHHaTa - llHTeHCHBHOCTb HJnyqeHHJl

11 

npOHJBO.UHTCJI npH nOMOII(ll cneUHaJibHO paJpa6oT8HHOro nporpaMMHOrO 

o6ecneqeHHSI. Onpe.ueneHHe nOJIO)KeHHSI ueHTpOB TSI)KeCTH JOH, HX BpeMeHHbIX 

KOOp.UHHaT If COOTBeTCBYIOIUHX norpellIHOCTeii HJMepeHHJI ocyrueCTBID!eTCSI no MeTo.uy 

MOMeHTOB aBTOMaT11qeCKH HJIH nocne pyqHoii paJMeTKll rHCTOrpaMM. 

,l(IDI .ueMOHCTpauHH cpyHKUHOHaJibHbIX BOJMO)KHOCTeii npH6opa Ha pHC. 5 (a) 

npe,ncTaBJieHa .UHHaMHKa .UBH)KeHHJI JOHbl pil.D;HOHYKJIH.Ua 
133

Ba 6eJ HOCHTeJISI B 0.1 M 
pacrnope NaC1O4 np11 rpa.n;HeHTe Hanpsr)KeHHJI 10.0 B/CM. Cne)KeHHe Ja MHrpau11eii 

ocyruecTBID!JIOCb no O.UHOMY 3HepreT11qecKOMY OKHY, ycTaHOBJieHHOMY B y-cneKTpe 

HyKJIH,na Ha JIHHHIO 81.0 K3B. IloCTpoeHHaJI no 3KcnepHMeHTaJibHbIM ,naHHbIM 

JaBHCUMOCTb "BpeMSI - npoii,neHHbIH nyTb
11 

npHBe,neHa Ha pHC. 5 (6). PaccqHTaHHaJI M51 

12 nonyqeHHbIX TOqeK HO~Hasr no,nBH)KHOCTb COCTaBHJia (5.51±0.06)-10-
4 

CM
2 
/B-c 

(p=0.95). 
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I 

BoJMOlKHOCTb cnelKeHH51 Ja 0.UHOBpeMeHHOH MllrpauHeii HeCKOJlbKHX 

pa.UHOHYKJIH.UOB npu BBe,neHHll B 51qeiiKy HX CMeCH llJIJIIOCTpHpyeTCJI puc. 6. 3TO 

oco6eHHO BalKHO npH pa6oTe C 3JieM!HT8Mll, cpe.n;HHe nO.D;BlllKHOCTll KOTOpb!X B 

ycnOBH51X ,naHHOrO Onb!Ta 6nu3KH (Liu $10%). CneKTpOMeTpHqeCKOe "pa3,neneHHe
11 

6JIHJKO pacnOJIOlKeHHb!X 30H .UBYX He3aBHCHMO MHrpHpYlQJUllX 3JieMeHTOB .uaeT TOqHyIO 
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Puc. 5: a- ,l]JIH3MUK3 )UIH)l(CHHll JOHhl 6apllll- 133 B,'{OJIJ, JJieKTpOMIII1'3-
LUIOHHOH TJlY6KH (IO B/CM, 0.1 M p-p XJiopuoK11CJioro H3TJlllll pH=3.0), 6 -
noJl)"leHHble TO'IKII B KOOp,lUIH3T3X "opeMll - pacCTOllHHe" II annpOKCIIMllp) 10-

U\3ll HX mrnei"U13ll 33B11CllMOCTb 
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P11c. 6: PacCT3ll0BK3 :mepreTlll(CCKIIX OKOII B cneKTp3X eopom111-152 II 6ap11R-
133 (a) ll ITOJIY'IC!ll!ble .llJlll '.JTIIX OKOH rnCTorpaMMbl "KOOpJll1H3T3 (MM) -
IIIITCIICIIBHOCTb llJJl)"ICHllll (0111.e.u.)" npn O.UHOBpCMClll!Oii MIII"p3IUIII :JTIIX 
ll30TOUOB (10 B/cM, 0.005M paCTBOp JIHMOHHOH KIICJIOTbl c pH=3.0) (6) 
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lfHqJOpMaumo 06 HX OTHOCHTeJibHOM noae.D;eHHlf. B 3JieKTpOMHrpaUHOHHyro l!qeuKy, 

3anOJIHeHHYIO qJOHOBblM 3JieKTpOJIHTOM, CO.D;epJKall{HM 5. 2 - Io-3
M JIHMOHHOH KlfCJIOTbl 

npH pH=3.0, 6bIJIH BBe.D;eHbI 2 MKJI pacraopa, co.D;epJKall{ero no 2 MKK11 
133

Ba 11 152Eu. 

Ha p11c. 6 (a) noKa3aHbl OTCHl!Tble OTJJ;eJibHO y-cneKTpbl 3TIIX pa.D;IIOHYKJill,!lOB II 

nOJIOJKeHllll BbICTaBJieHHblX B HHX 3Heprer11qeCKIIX OKOH, npe,D;Ha3HaqeHHblX Ml! 

cneJKeHHll OTJJ;eJibHO 3a M11rpau11ett KaJKJJ;oro 3JieMeHTa. Ha p11c. 6 (6) npe.D;cTaBJieHbI 

nonyqeHHble B pa3m1qHbie MOMeHTbl apeMeHII pacnpene.rreHllll lfHTeHCHBHOCTett 

H3JiyqeHHll JJ;Jlll 06011x OKOH no MHHe 3JieKTpOM11rpau110HHOH rpy6KH. IlocreneHHOe 

pa3.D;eJieHHe JOH 6ap11l1 If eaponHll n03B0JllleT onpe.D;eJIIITb a6cOJIIOTHble 3HaqeHHll IIX 

nO,!lBIIJKHOCTett (OHH COCTaBIIJIII ;Ba= (5.36±0.15)-10-
4 

11 ;Eu= (5.00±0.09)-10-
4 

CM
2 

/ B- C) II paccq11raTb IIX OTHOCIITeJibHYIO pa3HOCTb. 

rnaaa 7: 3rreKrpoM11rpau110HHOe HCCJie)lOBaH11e ClfCTeMbl Ac~JIIIMOHHal! KIICJIOT;l 

Qe.rrbIO pa60Tbl 6bIJIO onpene.rreu11e ,!lOMHHHpyioll.lHX B CIICTeMe KOMnJieKCHbIX 

coe.D;HHeHHH If HX lfOHHblX nOJJ;BlllKHOCTett If KOHCTaHT ycTOlfqlfBOCTH. Pattee CHCTeMa 

Ac3+ - uurpaTHbIH pacrnop uccne,D;oaanacb MaKapoaou If .D;p.1; 6hIJia onpene.rretta 

KOHCTaHTa ycrouquBOCTII KOMrIJieKca AcCit
0

' OKaJaBllial!Cll paBHOH (9. 5 ± 0. 5)- 10
6

' II 

BblCKa3aHO npe.D;nOJIOJKeHHe O cyll{eCTBOBaHHII KOMnJieKCHOro IIOH_a AcH(Cit)~-. B 
Kaqecrae pa.D;HOaKTIIBHOro HHJJ;HKaropa aKTHHllll B 3TOii pa6ore ucn·OJib30BaJilf H30TOn 
227 

Ac, KOTOpbIH onpe.D;eJll!JIIf no 13-H3nyqeHHIO noqepttero 223Fr. 
B HalIJHX HCCJie,!lOBaHHllX HCnOJib30BaJIHCb npenapaTbl 1130TOnOB 

225 
Ac If 

228 
Ac 

(T112=6. I 3 qac); nocne.D;HIIH pa.D;HOHYKJill.!l OKa3aJICll 6onee y.D;o6HbIM Ml! 

3JieKTpOMHrpau110HHOrO 3KcnepHMeHTa, TaK KaK o6nanaer HHTeHCIIBHblM y~HJJiyqett11eM 

If He 06pa3yeT KOpOTKOJKHBYII.IHX JJ;OqepHHX npo.D;yKTOB. Ero [l()JiyqanH 113 H30TOnHoro 

reHeparopa Ha ocHoae 
228

Ra, BbIJJ;eJieHHOro 113 craporo MeraJIJiuqecKoro ropHll. Ilocne 

nonyqeHHll H3 reHeparopoB HJOTOnbl oq!fll{aJIH If KOHUeHTpHpOBaJIH B HeCKOJlbKHX 

MHKpOJIIITpax 6eccoJieBOro pacrnopa c TTOMOll{bfO cneuHaJibHO CKOHCTpyupoaaHHOH 

xpoMaTorpaqi11qecKOH MHKpOKOJIOHKH; B 51qettKy BBO,!lHJIH nopuuu no 2 MKJI TaKoro 

pacrnopa, conepJKall{tte 1.5-2 MKKH uccne.D;yeMoro HYKJIH,!la. 

HJMepettull cpe.!lHHX HOHHbIX nonattJKttocreu "ii aKTHHHll npoao.D;nnu a I 0-
4 

H I 0-
2 M 

paCTBopax UHTpaTa HaTpH51 C HOHHOH CHJIOH 0.1 no XJIOpHOKHCJIOMY HaTpHIO. Ilpu 

nOBblllleHH~ pH paCTBOpOB B nepBOM cnyqae (pttc. 7) Ha6JIIOJJ;aJIOCb yMeHbllleHHe 

BeJilfql{Hbl U OT MaKCIIMaJibHO TTOJIO)KlfTeJibHbIX 3HaqeHHH (HeJ~OMTTJieKCOBaHHblH 

KaTHOH) .!lO O; reH,!leHUHJI K BblXOJJ;Y KpHBOH Ha nnaro npu u =O o6ycnoBJieHa, 

aepOllTHO, JJ;OMHHHpOBaHHeM B 3TOH o6naCTH pH HettTpaJibHOro KOMnJieKca AcCit
0

• B 
I 0-2 M UHTpaTHOM pacrnope (puc. 8) Ha6JIIO,!laJIOCb yMeHbllleHHe ; OT O JJ;O 

MaKCHMaJibHO OTpttuare.ribHbIX JHaqeHHH If BbJXO.!l Ha nJiaTO (aHHOHHbIH KOMTTJieKc). 

3neKTpOMttrpaUHOHHall Kp1rnall B e,!lHHOH KOHUettrpaQHOHHOH lIJKaJie [Cit
3
"] rroKaJaHa 

Ha puc. 9, a lllfCJieHHbJe 3KCnepuMeHTaJibHble peJyJibTaTbl cyMMHpoBaHbl B ra6JI. I. 

1T.n.MaKaposa, r.C.C1nrn1U,rna, A.B.CTenanon, 3.r.rpttT'leHKo, H.A.lllecraKo»a, 6.H.lllecraKoB. 

Hcc:1e;i:ona11tte KOM!lJlcKcoo6pa1osaHHl! aKTHIIHll H orrpeJte.JICHHe 
227 

Ac no 
223Fr 3JieKTpoMnrpa-

1urnm1uM !IICTOj{OM. B KU.: KoM!L"ICKCoo6paJOBa1rne If 3KCTpaKUIDI aKTHHOH)J.0B If JiaHT8110H,'{OB, IlO,'{ 
pe;l. B.M.BJtose11Ko. JI.: Hay1rn, 1974 
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:s: 
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~2 
:,: 
:,: 
0 
:s: 

"' "' i§: 1 
Q) 
C. u 

0 

2 3 4 
pH 

104 M Napit 
µ= 0.1 

npeoeapumenbHo: 
~ =rJJ.83(0.07)*10-4 
K1 =1Ei.60(0.lli7}*1D6 

5 6 7 

Puc. 7: 3aBUCHMOCTh 6pyrro-no,!l;BHlKHOCTII aKTHHHll OT pH 0.1 MM paCTBopa 
rurrpara uarpllll rrpu µ=0.1 u TeMneparype 25 °C 

3.0 

~J 10·2 M Na3 Cit 

L ir¢ T µ= 0.1 

:::;; 
0 

f 
~ 2.0 
f-
.a ... 
0 
0 

r1 f npeoeapumenbHO: 
½ =-2.IJ.l1(0.07)*10"4 

~ =631f0(8W) 
~ 1.0 
:,: 
:,: 
0 
:s: 

"' "' ~ 0.5 
Q) 
C. u 

0.0 

2 
1 

4 6 8 
pH 

Puc. 8: 3aBHCHMOCTh 6pyrro-IlO,!l;BlllKHOCTII aKTHHHll OT pH 0.01 M paCTBopa 
rurrpara 11arp1!ll rrpu µ=0. l 11 25 °C 
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5 
p 
CD f' 4 

~ 
-<i 3 
b 
·.,. 2 ,_ 
g 
i:i 
:s: 
"' ~ 

----..., C: 0 
0: 
<ll 
:,: 
:,: 

~ -1 
0: 
0: 
:,: 
~ -2 
a. 

0 

-3 

10-4-1(;2 M Na_pt 
µ=0.1 

OKOH'lamenbH0: 
Uo =fn.83(0.07)*10-4 

~ =-2JM'(0.07)*10-4 
K, =tl.59(0.tri7)*1<1 (log=6.66) 
Ki =611',31(899) (/og=3.81) 

-16 -14 -12 -10 -8 -6 
log[Cit3-) 

-4 -2 0 2 

Pnc. 9: 3rreiapOMHrp3QJIOllliall 1qnmall B e.lUfilOH KOHl,lellTp3QJIO!lliOH IIIKaJie 

[Cit3-] 

Ta6mma 7.1: Pe3yJII,TaThl H3MepeHllli Il0)J.llHJKH0CTH Ac B llHIP3TII0M paCTBope (µ=0.1, 25 °C) 

O6rraCTh K3TII0HHhlX IlO,Il.llHlKHOCTeii: O6JiaCTh aHII0HHhlX IlO,Il.llHlKHOCTeil: 

(10-4 M Na3Cit) (10-2 MNa3Cit) 

pH lg[Cit3-] lg[HCit2-J u 2u pH lg[Cit3-] lg[HCit2-J u 2u 

1.00 -13.848 -9.196 4.79 0.10 3.70 -4.721 -2.771 -0.03 0.18 

2.00 -10.896 -7.247 4.75 0.15 3.87 -4.402 -2.622 -0.78 0.14 

2.52 -9.446 -6.316 4_81 0.18 3.94 -4.276 -2.566 -0.51 0.10 

3.00 -8.229 -5.579 4.76 0.22 4.16 -3.903 -2.413 -1.20 0.28 

3.31 -7.523 -5.182 4.37 0.22 4.18 -3.870 -2.401 -1.26 0.12 

3.40 -7.329 -5.079 4.08 0.39 4.45 -3.466 -2.265 -1.58 0.13 

3.46 -7.203 -5.013 4.30 0.25 4.69 -3.152 -2.191 -1.86 0.16 

3.55 -7.018 -4.918 3.50 ,0.28 4.72 -3.115 -2.185 -1.89 0.14 

3.59 -6.939 -4.877 3.19 0.48 4.98 -2.829 -2.158 -2.33 0.22 

3.65 -6.818 -4.818 3.10 0.45 5.00 -2.809 -2.158 -2.18 0.42 

3.70 -6.721 -4.771 2.57 0.25 5.01 -2.799 -2.158 -2.04 0.20 

3.84 -6.457 -4.647 1.38 0.42 5.23 -2.598 -2.178 -2.30 0.14 

3.85 -6.439 -4.638 1.23 0.62 5.59 -2.345 -2.285 -2.35 0.17 

3.95 -6.259 -4.558 0.67 0.26 5.64 -2.320 -2.307 -2.33 0.16 

4.20 -5.839 -4.839 0.80 0.22 5.98 -2.170 -2.500 -2.52 0.20 

4.5 -5.397 -4.246 0.25 0.20 6.56 -2.050 -2.960 -2.59 0.15 
7.00 -2.019 -3.369 -2.40 0.15 

Ilpe.n;BapIITe.JlbHall o6pa60TKa rronyqeHHbIX 3aBHCHMOCTeii rrpoBO,/lHJiaCb OT,/leJlbHO 

~ ./lByx qacTeii 3JieKTPOMHrp~UHOHHOii KpHBOii. B nepBOM cnyqae npe):(noJiaraJICll 

CJie.n;yIOI.IIHlf BH.n; 3aBHCHMOCTH _u OT KOHUeHTpauHH JIHraH):(a: 

12 

[Ac3+] 11o 
u= llo [Ac3+]+[AcCit0] = I +K;[Cit3-] 

(I) 

r):(e llo - HH):(HBH):(YaJibHall HOHHal! nO):(BHJKHOCTb KaTHOHa Ac3+, K; - KOHCTaHTa 

ycroliqHBOCTH MOHOUHrparHoro KOMIIJieKca Ac. ,ll;m HaxoJK.n;eHHll OIITHMaJibHblX 

3HaqeHHii HeH3BeCTHbIX napaMeTpOB npOBO):(HJIH MHlIHM113aUHIO 3HaqeHHll i-cpyHKUHH 

(I) no 3KcnepnMeHTaJibHbIM roqKaM np11 noMOl.llll nporpaMMHoro naKera MINUIT. 

3HaqeHHll 11o H KI ):(Jill Ha~):(eHHOro ycroiiqnBoro MHHHMyMa npHBe.n;eHbl Ha pnc. 7. 

B cnyqae ~HrpaUHH aHHOHHbIX KOMnJieKCOB npe.n;nonaraJIH ,/lBe B03MOJKHbie MO,/leJIH 

3aBHCHMOCTH U: 

u=____5_ 
I 

1+
K2[Cit3·] 

HJIH 
- u;Ki(Cit3-J+u;HKj"[HCit2·] u=~~--'-c-~-:-c-~~~ 

I +Ki(Cit3-]+ Kf [HCit2·] 
(2) 

nepBall H3 KOTOpbIX orneqaer nporeKaHHIO TOJibKO peaKUHH (3), a BTOpal! -
napaJIJieJlbHOMY npoTeKaHl!IO peaKUHH (3) 11 (4): 

AcCit0 + Cit3· ~AcCitt 

AcCit0 + HCit2· ~AcHCit~· 

(3) 

(4) 

O603HaqeHHll u; H u;H COOTBeTCTBYIOT HH./lHBH.llYaJibHbIM HOHHblM IIO,/lBl!lKHOCTllM 

KOMnJieKCHbIX aHHOHOB AcCit~· .H AcHCit~· coorBeTCTBeHHO. 

O6pa6orKa 3KCnepnMeHTaJibHblX 3aBl!CHMOCTeii no nepBOii H3 MO.n;eneii (2) ,/laJia 

ycroifqHBbllf MHHHMYM i-cpyHKUHH C napaMeTpaMH, npHBe):(eHHblMH Ha p11c. 8. µ,Jill 

BTOpoii H3 MO,/le.rreii (2) ycroliqHBOro MHHHMyMa o6HapyJKeHo He 6bIJIO. 

O6pa6orKa Bceii 3JieKTpOMHrpauHOHHOii KpHBOii B e.n;HHOii KOHUeHrpau110HHOH 
IIIKaJie (pHC. 9) no 06061.I1eHHOH MO,/leJIH 

u_ + ,l!K,K (Cit3·]2 
U= -u -u I 2 

I +K1[Cit3-]+ K 1K 2[Cit3-]2 
(5) 

,/laJia YCTOHqHBbIH MHHHMYM npH 1=30 (q11cno creneHeii CB060,/lbl paBH0 33) C 

napaMerpaMH, yKa3aHHbIMH Ha pnc. 9. 

IlonyqeHHOe 3HaqeHHe K0HCTaHTbl ycroiiqHB0CTH M0H0UHTpaTHOro K0MITJieKca 

aKTHHHll K.=(4.59±0.47)-10
6 

6JIH3KO, HO HeCKOJlbKO MeHbIIIe 3HaqeHHll '.HOH )KC 

KOHCTaHTbl, onpe.n;e.rreHH0ro B UHTl!p0BaHH0H paHee pa6ore ((9.5±0.5)• 106
). 

PaccqnraHHall HaMH BeJIHqHHa K1 C00TBeTCTByer yBe.rrnqeHHIO KOHCTaHT ycTOH'-IHBOCTII 

unrpaTHbIX KOMnneKCOB B pll.n;y Ac-La-Ce-Pr-Nd (pnc. IO). 
BnepBbie onpe.n;e.rreHH0e HaMH 3HaqeH11e ITO,/lBl!lKHOCTH KOMIIJieKCHOro IIOHa AcCit;· 

u;=(2.44±0.07)-I0-
4 

CM
2 
/B•c OKa3aJIOCb 3Ha'-IHTeJlbHO MeHhIIIe, qeM M0)KHO 6bIJIO 6b( 

0lKH,/laTb, IIOJlb3Yl!Cb npe.n;craBJieHHllMH O TOM, qro np11 KOMIIJieKcoo6pa30BaHHII 

H3MeHl!eTCll TOJlbK0 3apll./l rH.n;paTHpOBaHHOro H0Ha, a ero pamiyc 0CTaeTCll 
npaKTHqeCKII He1!3MeHHblM_ (CM. II. 4.2.2). YMeCTHO npe.n;noJIO)KHTb, qro npHCOe,/lHHeHHe 
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K KaTHOHY Ac3+ .!lBYX TaKHX o6beMHblX JrnraH,!lOB, KaK UHTpaT-HOH C6H5o~-' 
3HatJHTeJibHO YBeJIHlJHBaeT 3cpcpeKTHBHYIO BeJIHtJHHY pa.unyca rn.upaTHpOBaHHOrO HOHa, 

BXO.!llllllYIO B ypaattettne CTOKCa II, cne.uoaaTeJibHO, nponopunoHaJibHal! 3aBHCMOCTb 

MelK.!ly no.!lBH)l(HOCTbJO notta n ero 3apl!.!lOM B p.11.uy Ac
3
+ - AcCit

0 
- AcCit~- ttapyrnetta. 

AttaJIOrH'IHOe HeCOOTBeTCTBl!e tta6JIIO.!laJIOCb pattee npn onpe.uenettl!H HOHHOH 

TIO.!lBll)l(HOCTH HeKOTOpbIX KOMnJieKCOHaTOB MeTO.!lOM ropn30HTaJibHOro 30HHOrO 

3neKTpocpope3a, 

i 
8 ...j 

s 

~ 7 
s 
;r ,s 

[ 
~ 6 

~ 
:,: 

e 
¾5 
a. 
e 
0 
c:; 4 

3 

I 

j 

0.85 

25°C 

µ=0.1 ~ 

logK1 
• Hawu pe3yn1>tnambl 

o Cnpaeo4Hble t'8HHb1e' 

■ T.n.MaKapoea u op. 

0 
logK2 o 

Ac La Ce Pr Nd 

0.90 0.95 1.00 
06paTHblH ~OHHblH paA~YC, A1 

1.05 

Puc. 10: OnioCHTeJll,Hall ycrOK'IJIBOCTh wrrpaTIIhIX KOMllJieKCOB alCTIIIIHll H 

rrenrnx P33 B JaBHCHMOCTH OT pa)Ul)'Ca HOHa (25 °C, µ=0.1)' 

B noJib3Y c.uenattHoro npe,nnoJIO)l(eHHll roaopnT n cpaattettne anepBbie 

onpe,neneHHOH ttaMH BeJilllJl!Hbl CTyneHtJaTOH KOHCTaHTbl ycTOHlJHBOCTll Ki KOMTIJieKca 

AcCitt c H3BeCTHbIMH 113 JIHTepaTypbI attanorntJHhIMH 3HatJeHHllMH .!lJ1ll La, Pr n Nd. B 
OTJIHtJHe OT B03pacTaHllll K, C yMeHbllieHneM llOHHOro pa,nnyca B 3TOM Pll.!lY, 

BeJllllJHHbl Ki .!lJlll 3Tl!X 3JieMeHTOB npaKTlltJeCKH 0.!ll!HaKOBbl (cM. pHC. 10), '!TO roaopHT 

O HHBeJIHpoaaHl!ll BJIHS!Hllll HOHHOrO pa,nnyca Ha BTOpofi CTyneHH 

KOMnJieKCOo6pa30BaHl!ll II, cne,noBaTeJibHO, 0 3HatJHTeJibHOH nepecTpofiKe rn,npaTHOfi 

o6oJIOtJKll l!OHa. 

fJiaBa 8: 5JnepHOCTieKJPOCKOTIHtJeCKHe l!CCJie1IOBaHHll UeTIO'IKll pacna11a aKTl!Hllll-225 

B rnaae KpaTKO OTIHCaHbl npttMeHeHHb!e H pa3pa6oTaHHbJe ttaMH MeTO,!lHKH 

npnrOTOBJieHHll IICTO'IHHKOB 113JIYtJeHHll 
225 

Ac .!lJlll npeU113HOHHOH cneKrpOCKOTIIIH 

3apl!)l(eHblX tJaCTHLI H npnae,neHbl HeKOTOpble cp113HtJeCKl!e Pe3YJibTaTbl, nonytJeHHb!e C 

IICTIOJib30BaHHeM 3Tl!X MeTO,!lHK. I1ttTepec K H3ytJeHIIIO l!,!lepHb!X CBOHCTB JierKHX 

1L.G.Sillen, A.E.Martell. Stability Constants. Special Publication #17, The Chemical Society, Burlington 
House, London, 1"64; Supplement, Special Publication #25, 1971 
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aKTIIHOll.!lOB CBl!3aH C npe.n;cKa3aHneM CTaTHtJeCKOH OKTYTIOJibHOH ll,nepHOH 

.uecpopMaunn B HHTepaane MaCCOBbJX lJl!CeJI 220~:5:230, '!TO CTIIMYJIHpyer B HaCTOl!!llee 

apeMl! nocTpoettne n yrotJtteHHe cymeCTBYJOlllHX cxeM pacna,na n nccne,noaattne 

CBOHCTB l!,nepHblX ypoattefi 3Tl!X pa,nnottyKJilf.!lOB II l!X ,noqepHHX npoeyKTOB. 

I1CTOtJHl!Kll .!lJ1ll cneKrpOCKOTIIIH KOHBepCHOHHbIX 3JieKrpOHOB rOTOBIIJil!Cb MeTO.!lOM 

3JieKTPOJil!TlltJeCKOrO OCalK,!leHl!ll aKTl!Hlill Ha nJiaTHHOBYJO npOBOJIOKy .!lliaMerpOM 100 

MKM Ha ytJaCTKe .!lJll!HOH 5-7 MM. ,[(Jlll 3TOH onepaQHH npHMeHl!Jlli 3JieKrpOJil!TlitJeCKYJO 

l!tJefiKy cneunanbttofi KottcrpyKQHH. Y,nanoch ,no6nThCll rroJIHOTbI ocalK,!leHlill ttyKJin.ua 

He Mettee 95 %. 
11CTO'IHI!Kli .!lJ1ll npeUH3HOHHOH a-cneKrpOCKOIIHH rOTOBHJili B 2 CTa,nnH: Ja 

3JieKTPOJIIITHtJeCKIIM OCalK,!leHHeM Ac Ha TaHTaJIOBYJO (pOJibry li3 crrnpTOBOrO pacraopa 

CJie,nOBaJia CTa,D;l!ll BaKyyMHOro ncnapeHllll Ha MeTaJIJllitJeCKYJO (cTeKJil!HHYJO) 

TIO.!lJlO)l(Ky. Ilpn OTpa6oTKe MeTO.!lliKll BaKyyMHOro ncnapettlill 6bma li3ytJeHa 

TeMnepaTypttal! 3aBHCIIMOCTb TIOJIHOTbl ,necop61.111H 
225 

Ac H 
221

Fr C noaepxttocr'n 

TaHTaJia (pnc. 11 ). IlonytJeHHal! 3aBHCliMOCTb TI03B0JIHJia rrpOBO,!J;liTb ncrrapettne B 2 

CTa,nttn: CHatJaJia TaHTaJIOBbIH ncnapHTeJlb ttarpeaann .no I 100 °C .!lJ1ll y,naneHlill CJie,!J;OB 

CTa6HJibHb!X menotJHblX li llleJIOtJH03eMeJibHblX 3JieMeHTOB, IIOCJie tJero rrpOBO.!lliJill 

11crrapeHHe 
225 

Ac rrpn 1650 °C H~ TIO.!lJlO)KKY 6yeymero l!CTOlJHHKa. 

Pnc. 11: TeMneparypHall 3aBHCH

MOCTb IlOIDIOTbl ncnapemra MHKpO

KoJJHqec-rn H)'KJJH.ll;OB C TaHTaJJOBO

ro ncnapHTeJJll (BpeMll HarpeBa I 0 
c) 

* oi 
ct 
s; 

!;2 
>
:,: 
0 
s 
ct 
"' C. 

l'i e 
G) 

3 
IQ 
s 
C. ., 
<= 
0 
s 
0:: a 
c::[ 

100 

80 

60 

40 

20 

0 

J 
221Fr 

800 1000 1200 1400 1600 1800 

TeMnepa-rypa, °C 

KatJeCTBO rronyqeHHblX liCTOlJHHKOB nOJIHOCTbIO Y.!lOBJleTBOp.HJIO rpe6oaamrnM, 

rrpe,nbl!BJilleMblM K Hl!M coapeMeHHbIMli perncrpnpYJO!llliMli npn6opaMH (MarHHTHb!e a

n 13-cneKTporpacpbl, IIOJiyrrpOBO,!J;HliKOBbie a-.ueTeKTOpbI). B qacTHOCTli, HCTIOJib30BaHne 

liCTOtJHHKa, rrpnroToBJieHHOfO MeTO.!lOM HCrrapettlill B BaKyyMe, II03BOJIHJIO nonytJHTb 

3HepreTHtJeCKOe pa3perneune OKOJIO 6 K3B Ha a-JIHHHII 7067 K3B 
217 

At' '!TO 

COOTBeTCTByeT nptt60pHOMY pa3perneHHIO 60JibllIOrO MarnliTHOro a-cneKrporpacpa C 

.!lBOHHOH cpoKycnpoBKOH, Ha KOTOpOM npOBO.!lllJIII li3Mepemrn. 

Pll.!l 3KCnepHMeHTOB no npeQH3liOHHOH a-, 13- H y-cneKrpOCKOITHH, BKJIIOtJall 

ll3MepeHHll cneKTpOB (y-y)-, (a-y)- li (13-y)-coana,nennii, TI03BOJIHJI nocTpOHTb cxeMbl 
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ypOBHeii 
221Fr, 217 

At ll 
213Bi, B KOTOpbIX 6b!Jm BBeAeHbl HOBbie ypOBHH H pa3MemeHbl 

HOBbie y-rrepe~OAbl. BrrepBbie 6bm o6Hapy)KeH 13-pacrr~ 
221Fr n orrpeAe.neHa ero 

HHTeHCHBHOCTb; ouetteH BepxHHH rrpeAeJI llHTeHCHBHOCTH 13-pacrraAa 
217

At. 

IIpnMeHeHne TeXHHKH OAHOKpaTHOro II ABYXKpaTHOfO IIOCJieAOBaTenbHOro c6opa 

KopOTKO)KIIBYlllHX Mep oT.zia•m 
221Fr (T112=4.8 MHH) n 

217
At (T112=32 Mc) rro3aonnno 

rronyqnTb HX a-crreKTpbi C llHTeHCHBHOCTHMH nHHHH MaTepnHCKHX HYKnHAOB, 

CHll)KeHHblMH AO ypoBHR 0.03 % H HH)Ke. 3TO II03BOnnno AOKa3aTb cymecrnoaatme 13-

pacrr~a 
217

At H rronyqIITb AaHHbie AnH oueHKH ero HHTeHCHBHOCTH. 

B pa:meJie "BLIB0llbi11 cq:iopMynnpoBaHbl OCHOBHbie pe3ynbT3Tbl pa60Tbl. OTMetJaeTCH, 

'!TO OCHOBHbIM pe3ynbT3TOM pa60Tbl HBnHeTCH C03A3HHe H 3KcrrepttMeHTMbHaR 

rrpoBepKa MeTOAnqecKOH H rrpn6opHoii 6a3bl AnH CHCTeMaTH'leCKOro H3ytJeHHR 

3neKTpOMttrpaunoHHbIM MeTOAOM KOMIIJJeKCHbIX coeAIIHeHHH aKTHHHH B BOAHbIX 

paCTBOpax. IIpoBeAeHHOe HCCJieAOB3HHe LlHTpaTHOH CllCTeMbl IIOKa3anO H3Ae)l(HOCTb H 

AOCTOBepHOCTb rronyqaeMbIX 3KCrrepnMeHTMbHbIX pe3ynbT3TOB H II03B0nttno nonytJHTb 

HOBbie CBeAeHHH O COCT3Be H CBOHCTBax LlHTpaTHbIX KOMnneKCOB aKTHHHH. KoHKpeTHbie 

pe3ynbT3Tbl pa60Tbl, KaCatomnecR 3TOro H ApyrIIx ee pa3AeJIOB, rrepequcneHbl HH)Ke: 

l. Pa3pa60TaH MeTOA rrepHOAH'leCKOro rronyqeHHH 
225 

Ac H3 reHepaTopa Ha OCHOBe 
229Th. IIpeMO)KeHHaH opnrIIHMbHaH MeTOAHKa xapaKTeptt3yeTcH BbICOKoii 

BOCIIpOH3BOAHMOCTbID H OTCYTCTBHeM IIOTepb ueHHOfO MaTepHHCKoro HYKnHAa rrptt 

ee MHTeJibHOM HCIIOnb30B3HHH. EnarOAapg xpaHeHHID MaTepHHCKOfO HYKnHAa B 

paCTaope B rrepHOAbI Me)l(Ay pa3AeJieHHHMH peweHa npo6neMa p~uontt3a cop6eHTa 

nptt ero rrpOAOn)KHTeJlbHOM KOHTaKTe C Cl-ll3nyqaTenHMH. 

IIptt pa3pa60TKe MeTOAHKH IIJyqeHO pacrrpeAeJieHHe aKTHHHH H TOpHH Me)l(Ay 

CHnbHOKIICnOTHbIMH K3THOHHT3MH H paCTBOpaMH nHMOHHOH KHCnOTbl, HaiiAeHbl 

OilTHMMbHbie yCJIOBllH AnH pa3AeJieHHH 3neMeHTOB. 

2. Pa3pa6oTaHa H C03A3Ha Ha HOBOM TexHnqecKOM ypoBHe ycTaHOBKa MR 

ropH30HTMbHOro 30HHOro 3neKTpOq:>Ope3a paAHOHYKnHAOB B CB060AHbIX 

3neKTpOnHTax. 3neKTPOMHrpauHOHHblH 3KCrrepHMeHT rronHOCTbID nepeBeAeH DOA 

yrrpaaneHne nepcoHMbHOro KOMIIbIDTepa; CJie)KeHIIe 33 MHrpaI.\neii paAHOHYKnHA3 

BeAeTCii no Y3KHM 3HepreTuqeCKHM OKHaM B crreKTpe ero y-n3nyqeHHH. ,[(ng 

nepeMerueHHH CKaHnpyromero AeTeKTOpa llCDOnb30BaH warOBblH ABHf3TeJib, '!TO 

3HaqnTenbHO IIOBbllll3eT TOqHOCTb nOKMH331.lHH 3KTHBHOH 30Hbl H OTKpbIBaeT 

B03MO)KHOCTH AnH KOppeKTHpOBKll CKOpOCTll ll pe)KHMa ABH)KeHHH AeTeKTopa B 

33BHCHMOCTll OT IIOABH)KHOCTH MHrpaHTa. IIpnMeHeH nporpaMMHbIH MeTOA 

perynnp0B3HHH TeMnepaTypbl B 3neKTpOMIIrpaUllOHHOH gqeil:Ke, II03BOnHBlllHH 

3HaqnTeJibHO IIOBb!CHTb TOqHOCTb ee H3MepeHHH H CTa6nnH331.lHH. IloKa3aHa 

B03MO)KHOCTb CJie)KeHHH 33 OAHOBpeMeHHOH Mttrpauueii HeCKOnbKHX 

paAHOHYKnHAOB H He33BllCllMOro orrpeAeJieHHH HX a6conIDTHbIX H OTHOCHTeJ!bHblX 

IIOABll)KHOCTeii. CTaHAapTH3HpOBaH H ycKopeH rrpouecc o6pa60TKH pe3ynbTaTOB 

3KCnepIIMeHTa. 

·3. IIpeMO)KeH HOBbIH ycKopeHHbiii crroco6 rronyqeHHH 
228

Ac (T112=6.13 tJac) 6e3 

HOCHTenH; pa3pa60T3Hbl MeTOAHKH KOHl.leHTPHPOBaHHH H OqllCTKH 
225

Ac H 
228

Ac H 

rrpHrOTOBneHHH llX rrpenapaTOB AnH 3neKTPOMHrpauttOHHbIX HCcneAOB3HHH. B 

TeqeHHe 1.5 qacoa yAaeTCH °KOHUeHTPHPOB3Tb HeCKOnbKO AeCHTKOB MKKH 
228 

Ac B 50 

16 

11! 

,,l 

MKn paCTBOpa, CB060AHOro OT HeopraHH'leCKHX H opraHH'leCKHX npHMeceil:, '!TO 

RBnHeTCH He06XOAHMbIM ycnoBHHM Anil npoBeAeHHH 3neKTpOMHrpal.lHOHHOro 
3KCnepHMeHTa. 

4. 3rreKTpOMHrpallHOHHbIM MeTOAOM nccneAOBaHa CHCTeMa Ac3+ - JIHMOHH3H KHCJIOTa 

npH HOHHOH cune paCTBopa 0.1. 3aq:>HKCHp0B3HO o6pa30B3HHe KOMnneKCHoro 

COeAHHeHHH AcCit
0 

H onpeAeJieHa ero KOHCT3HTa YCTOH'IHBOCTH, OK333Blll3RCH 

paBHOH K1=4.59(0.47)-10
6

' '!TO HaXOAHTCH B xopoweM coorneTCTBHH C 

eAHHCTBeHHbIM H3BeCTHbIM H3 nttTepaTypbl 3HatJem1eM. BnepBbJe ycTaHOBneH g:>aKT 

o6pa30B3HHH 3HHOHHOrO 6ttnHraHAHOro ~HTpaTHOro KOMnneKca aKTHHHH Ac(Cit)~

H onpeAeJieHbl ero CTyneHtJ3TaH KOHCTaHTa ycTOH'IHBOCTH K2=6.4(0.9)-IG3 H 

a6conroTH3H HOHHaH DOABH)KHOCTb u;= -2.44(0.07) . I0-4 CM2 / B-c, O6pa30B3HHe 

npOTOHHp0B3HHOro KOMnneKCHOro HOHa B 3aMeTHbIX KOnntJeCTBax He 

33q:>HKCHpOBaHO. O6HapylKeHO 3H3lJHTenbHOe OTKnOHeHtte 3HaqeHHH IlOABH)l(HOCTH 

HOHa Ac(Cit)~- OT nponopUHOHMbHOH 33BHCHMOCTH "3apHA - IlOABHlKHOCTb" B PHAY 

Ac
3
+ - AcCit

0 
- Ac(Cit)~-; CAenaH BbIBOA o 3HatJHTenbHOM yae.ntttJeHHH 

CTOKCOBCKOro p~uyca H0Ha Ha BTOpoii CTyneHH KOMnneKcoo6pa30B3HHH. 

IIocneAHee rrpeAnono)KeHtte IlOATBep)l(AaeTCH g:>aKTOM Il0CTOHHCTBa 3HatJeHHH Ki B 

PHAY Ac - La - Pr - Nd. 

5. C u'cnonb30B3HHeM MeTOAOB 3neKTpOnHTH'leCKOro oca)l(AeHHH H ncnapeHHH B 

BaKyyMe pa3pa60T3Hbl MeTOAHKH npttrOTOBneHHH HCTO'IHHKOB HAepH0fO l13nytJeHHH 
225 

Ac MR npeun3HOHHOii a-crreKTpocKonuu, ~neKTpocKonnu KOHBepcnoHHbIX 

3neKTpOHOB H cneKTpOCKODHH HAep 0TA3'1H. KatJeCTBO nonytJeHHbIX HCTO'IHHKOB 

YAOBneTB0pHeT BbICOKHM Tpe60B3HHHM, npem,HBnHeMblM K T3KHM HCTO'IHHKaM Ha 

COBpeMeHHOM 3Tane pa3BHTHH perncTpttpyromeu annapaTypbl (Ha 6onbWOM 

M3rHHTHOM a-crreKTporpaq:ie C ABOHHOH q:>OKycttpOBKOH nonytJeHO 3HepreTHtJeCK0e 

pa3peweHtte OKono 6 K38 Ha a-nHHHH 7067 K3B 217At). 

6. C ncnonb30B3HHeM yKa3aHHbIX HCTO'IHHKOB MeT0A0M (a-y)-coanaAeHHH BnepBbJe 

o6HapylKeH 13-pacnaA 
221

Fr H onpeAeJieHa ero HHTeHCHBHOCTb, OKa3aBwaHCH paBHOH 

I.I (5)· I0-
2
% Ha OAHH pacnaA. OueHeH aepxHHH npeAeJI HHTeHCHBHOCTH 13-pacnaAa 

217
At - 0.5·!0-

2%. IIocTpOeHa HOBaH cxeMa ypOBHeH 
213Bi, B KOTOpOH BBeAeH H0BblH 

·ypoaeHb H pa3MemeH HOBblH y-nepeXOA. 

B paJlleJie "3a1mioqeHIIe" 3BTOp 6narOA3PHT HayqHoro PYK0BOAHTeJIH H CBOHX 

coaBTOpOB H Konner 33 IlOMOll.lb H IlOMeplKKY npn BbinOnHeHHH pa60Tbl, a T3KlKe 

YK33bIBaeT, '!TO pa6oTa BbinOnHeHa npn q:>HHaHCOBOH IlOMeplKKe Me)l(AyHapOAHOrO 

HaytJHOro q:>OHAa (<l>OHAa ,[(lK.Copoca), rpaHT NK6000, tt PoCCHHCKOfO q:>OHAa 

q:>yHAaMeHTMbHbIX HCCJieAOB3HHH, rpaHT N994-03-08934. 
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