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1 BBEAEHHE 
r. 

HccneAOBaHHe XHMH4eCKHX CBOHCTB TpaHCaKTHHHAH~X 3neMeHTOB 
RBnReTCR ¢YHAaMeHTanbHOH npo6neMOH coepeMeHHOH PaAHOXHMHH. 

~ Oco6blH HHTepec npeACTaBnReT nepe~H TpaHCaKTHHHA c Z = 104. Co
rna CHO nepHOAH4eCKOMY aaKOHY ero o6~He XHMH4eCKHe CBOHCTBa 
AOn>KHbl 6b1Tb CXOAHblMH C nepexoAH~MH 3neMeHTaMH IV rpynnbl (Ti, 
Zr, Hf), T.e. CHnbHO OTnH4aTbCR OT HenocpeACTBeHHO npeAweCTBY~
~HX eMy 3neMeHTOB aKTHHHAHOro ceMeHCTBa C z s 103. 
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0AHaKo 3KcnepHMeHTanbHaR npoeepKa cTonb onpeAeneHHoro npeA
cKaaaHHR CBR3aHa CO 3Ha4HTenbH~MH TPYAHOCTRMH, o6ycnoeneHH~MH 
npe>KAe ecero KOPOTKHMH epeMeHaMH >KH3HH H HCKn~4HTenbHO HH3KHMH 
3~eKTHBHblM_l-1 ce4eHHRMH o6paaoeaHHR H30Tonoe 104-ro 3neMeHTa, 
AOCTYnHblX AnR CHHTeaa e RAePH~X peaK4HRX c TR>Ken~MH HOHaMH. 
TeM He MeHee yme e 1966 r./l/5~no noKaaaHo, 4To e~cwHH xnopHA 

- 104-ro 3neMeHTa no neTy4eCTH 6nH30K K xnopHAY ra¢HHR H HaMHOro 
6onee neTY4, 4eM COeAHHeHHR 3neMeHTOB aKTHHHAHOro PRAa. TaKHM 
o6pa30M, 6~ nOATBeP>KAeH OlKHAaeM~H CKa40K CBOHCTB nPH nepexoAe 
OT z = 103 K z = 104. HccneAOBaHHR CBOHCTB 3neMeHTOB BTOPOH 
COTHH C noMO~b~ ra30BOH XPOMaTorpa¢HH H TePMOXPOMaTorpa¢HH ra
noreHHAOB HnH APYrHX neTy4HX coeAHHeHHH nony4HnH 3aTeM Aanb
HeHwee pa3BHTHel2/. 3TH MeTOA~ Aa~T yHHKanbHY~ B03MO>KHOCTb pa-
6oT~ C HYKnHAaMH, HMe~~HMH epeMeHa lKH3HH nOPRAKa OT 0,1 AO 
10 CH pacnaAa~~HMHCR nyTeM cnoHTaHHoro AeneHHR, B 4aCTHOCTH, 
c 259Ku. 

ApyroH, TPaAH4HOHH~H 3KcnepHMeHTanbH~H noAXOA CBR3aH c H3Y-
4eHHeM CBOHCTB TpaHCaKTHHHAH~X 3neMeHTOB MeToAaMH XHMHH pacTBO
poe H 6a3HpyeTCR Ha AOCTHlKeHHRX KnaccH4eCKOH paAHOXHMHH. 3AeCb 
TaKme WHPOKO Hcnonb3yeTCR npHH4Hn XPOMaTorpa¢HpoeaHHR. no cpae
HeHHO C MeTOAaMH ra30BOH XHMHH, rAe ee~eCTBO MOlKeT ABHraTbCR 
BAOnb KOnOHKH c B~COKOH CKOPOCTbO, epeMR YAeP>KaHHR e HOHOo6-
MeHHOH HnH APYrOH lKHAKOCTHOH KOnOHKe HeH36elKHO MHoro 6onbwe. 
B 1970 r. CHnbBa H AP .f 3/ ncnonb3oeanH oTKP~T~H He3aAonro AO 
3Toro HOB~H a-aKTHBH~H H30Ton 26 1104 C nepHOAOM nonypacnaAa 
OKono 1 MHH /KOTOP~H H noH~He OCTaeTCR HaH6onee AOnrolKHBY~HM 
H3BeCTH~M H30TOnOM 3neMeHTa/, 4T06~ CAenaTb nepeyo non~TKY 
HCcneAOBaHHR CBOHCTB 3neMeHTa 104 MeTOAOM HOH006MeHHOH XPOMa
Torpa¢HH._6~no npoeeAeHo HeCKOnbKO COT 3neMeHTapH~X CTaHAaPT
H~X on~Toe: ·B Te4eHHe HeCKOnbKHX MHHYT HaKannHeanH nPOAYKT~ 
RAepH~X peaK4HH H 3aTeM 3TY aKTHBHOCTb B pacTeope a-rHAPOKCH-
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6yT1-1paTa aMMOHHR nponycKallH 4epe3 KOllOHKY C KaTHO~HTOM.AKTHH_HA
Hble 311eMeHTbl npaKTH4eCKH Heo6paTHMO aACop61-1poBallHCb Ha KOllOH
Ke, a Zr 1-1 Hf, Hao6opoT, BblXOAl-1111-1 B nepBblX KanllRX 311IDaTa~ 
HMeHHO B 3THX Kan11Rx 6bl11H 3aper1-1cTpHpoeaHbl 17 a-4acT1-14 C 3Hep
rHRMH OT 8,2 AO 8,4 M3B, 4TO COOTBeTCTBOBallO H3BeCTHblM ceoA
CTBaM a-pacnaAa 2°1Ku 1-1 A04epHero 257102 /T1/2 = 20 c/. AeTo
Pbl 3TOH pa60Tbl np1-1w111-1 K 3aK11ID4eHHID, 4TO noBeAeHHe 311eMeHTa 
104 OT11H4aeTCR OT Tpex- 1-1 ABYXBa11eHTHblX aKTHHHAOB 1-1 noxome Ha 
noeeAeHHe Zr 1-1 Hf. 

CnycTR 9 lleT noc11e 3Toro, HCnOllb3YR aHa11orH4HblH noAXOA, 
XbIDlleT 1-1 AP./ 4 / 1,13y4a111-1 3KCTpaK4HID 311eMeHTa 104 1-13 KOH4eHTPH
poeaHHblX paCTBOPOB COllRHOH KHCllOTbl. 3aperHCTPHPOBaB e CYMMe 
6 a-4aCTH4 C 3Hepr1-1eA OT 8,0 AO 8,4 M3B, pacnpeAelleHHblX B 
Tpex pa311H4HblX <1JpaK4HRX 311IDaTa, OHH CAellallH BblBOA, 4TO XllOPHA
Hble KOMnlleKCbl Ku np04Hee, 4eM y Tpexea11eHTHblX aKTHHHAOB, 1-1 
AOBOllbHO 611H3KH K Hf. 

ClleAyeT OTMeTHTb, 4TO, HeCMOTPR Ha HCnOllb30BaHHe CllOmHoA 
1-1 AOPoroCTORllleA BblCOKOaBTOMal'.H3HPOBaHHOH annapaTYPbl, 3<!J<!JeKTHB
HOCTb 3KCnepHMeHToB/3,4/' KaK MOmHo CYAHTb Ha OCHOBaHHH ce4e
HHR peaK4HH CHHTe3a, 6bllla o4eHb Ma110A. 311eMeHTapHblH onblT co
CTORll 1-13 ClleAYIDIIIHX onepa41-1A 1-1 npo4eccoe: 

- HaKon11eH1-1e nPOAYKTOB RAepHblX peaK4HA, Bbl6HTblX 3a C4eT OT
Aa4H 1-13 MHWeHH Ha HeKOTOPOM c6opHHKe C nOMOlllbID ra30BOH CTpy1-1; 

- AOCTaBKa c6opHHKa K XHMH4eCKOH annapaType 1-1 HaHeceHHe 
aKTH.BHOCTH Ha KOllOHKY; 

- nPOAaBllHBaHHe pacTeopa 4epe3 KOllOHKY; 
- ynap1-1eaH1-1e 311IDaTa 1-1 npoKa111-1eaH1-1e ocTaTKa; 
- a-cneKTPOMeTpH4eCKOe H3MepeHHe no11y4eHHblX npenapaTOB C 

nOMOlllbID CHCTeMbl no11ynpoBOAHHKOBblX AeTeKTOPOB. 
Ha ecex CTaAHRX Mor111-1 1-1111-1 AOllmHbl 6bllll-1 npoHCXOAHTb noTepH 

2 6 1104 3a C4eT paAHOaKTHBHoro pacnaAa /np1-1 6ollbWOM epeMeHH Ha 
onepa4HID/ 1-1/1-1111-1 HH3KOro 11XHMH4eCKOro BblXOAa 11 , a TaKme HeBblCO
KOH reoMeTpH4eCKOH 3<1l<!JeKTHBHOCTH npH H3MepeHHRX /<2n/. ~llR 

o6ecne4eHHR MallblX 061111-1x noTepb Heo6XOAHMO' 4T06bl epeMR one
pa4i-1A 6b1110 He6ollbWHM no cpaeHeHHID C nepHOAOM no11ypacnaAa HC
KOMoro HYKllHAa 1-1 4T06bl 1-1 APYrHe n0Tep1-1 6bl11H Mallbl. KaK BHAHO 
1-13 nepBblX OnblTOB, 3TO RBllReTCR TPYAHO BblnOllHHMblM YCllOBHeM. 
B TO me epeMR 6011ee AeTallbHoe 1,13y4eH1-1e XHMH4eCKHX CBOHCTB 
311eMeHTa 104 B pacTeopax Tpe6yeT npoBeAeHHR K011H4eCTBeHHblX 
HCClleAOBaHHH C ropa3AO 11y4weA CTaTHCTHKOH OTC4eToB, 4TO BPRA 
111-1 MOmHO ocy111ecTBHTb npH CTOllb HanpRmeHHOH nocTaHOBKe onblTOB, 
KaK y aMePHKaHCKHX aBTOPOB. HeyAHBHTellbHO' 4TO HX pa6oTbl noKa 
He n011Y4HllH pa3BHTHR. 
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nOCTAHOBKA 3AM4H 

HaCTORlllaR CTaTbR nOCBRllleHa np1-1H4HnHallbHO HOBOMY noAXOAY K 
nocTaHOBKe onblTOB no XHMl-11-1 pacTBOPOB KYP4aTOBHR, B pe3YllbTaTe 
KOTOporo YAallOCb 3Ha4HTellbHO nOBblCHTb 3<1l<!JeKTHBHOCTb /BblXOA pe
rHCTpHpyeMblX aTOMOB/ 3a C4eT HCnOllb30BaHHR HOBblX MeTOAH4eCKHX 
1-1 TeXHH4eCKHX MOMeHTOB. 

nID6oA 3KCnepHMeHT no CY111eCTBY COCTOHT 1-13 Tpex OCHOBHblX 
3Tanoe: 

1. 0TAelleH1-1e H3Y4aeMblX aTOMOB Ku OT MaTep1-1a11a MHWeHH 1-1 Bbl
AelleHHe 1-13 CMeCH paAHOHYKllHAOB - TIPOAYKTOB RAePHblX peaK41-1A; 
KaK npae1-1110, Tpe6yeTCR onpeAelleHHaR CTeneHb 041-iCTKH OT "130TO
noe aKTHHHAHblX 311eMeHTOB, Mewa~1111-1x AeTeKTHPOBaHH~ H30TOTIOB 
Ku /04HCTKa MOmeT HMeTb MeCTO 1-1 Ha BTOPOM 3Tane/. 

2. Co6CTBeHHO HCClleAoBaHHe CBOHCTB 311eMeHTa, KOrAa C03AaIDTCR 
YCJlOBHR AllR o6pa3oBaHHR HeCKOllbKHX 06oco611eHHblX 11XHMH4eCKHX 
¢paK41-1A 11 1-1 nonaAaHHe 311eMeHTa B OAHY 1-1111-1 APYrYO ¢PaK41-10 3aa1-1-
CHT OT aepORTHOCTH npoTeKaHHR onpeAelleHHblX XHMH4eCKHX peaK41-1A. 

3. no11y4eHHe AaHHblX O pe3YllbTaTax npeAblAYlllero 3Tana nyTeM 
H3MepeHHR 4HC11a aTOMOB 1,13y4aeMoro HYKllHAa, nonaBWHX B pa3111,14-
Hble <1JpaK4H1-1. 

CyTb Hawero noAXOAa COCTOHT B c11eAY~111eM. 
a/ Ha nepaoM 3Tane ocy111ecTBllReTCR AOCTaT04HO BblCOKaR CTe

neHb 04HCTKH Ku OT aKTHHHAHblX 311eMeHTOB, KOTOPble HeH36emHO 
/1-1 co MHoro 60llbWHM ce4eHHeM/ 06pa3yIDTCR OAHOapeMeHHO C Ku. 
TorAa Ha 3aK11ID4HTellbHOM 3Tane He HymHO H3MepRTb CaM KOPOTKOmH
BYIIIHH H30Ton Ku, 4TO CBR3aHO C H"13K03<!J¢eKTHBHblMH onepa4HRMH 
6blCTporo npHrOTOBlleHHR npenapaTOB 1-1 caMoro H3MepeHHR, a MOmHO 
AeTeKTHPOBaTb KaKoA-111-160 HaMHoro 6011ee AOllromHBYIIIHH aKTHHHA
HblH HYKllHA e 4eno4Ke pacnaAa H30Tona Ku/5/. TaK, Hanp1-1Mep, 
AllR 26 1Ku HMeeT MeCTO ClleAYIDIIIHH PRA: 

261Ku a 257 102 ~253Fm 3.3.(92%) 
fio"""""c 2 6 C 3 C YT 

253Es 

1-1 TIPOAOllmHTellbHOCTb npo4eAYPb1 npHrOTOBlleHHR npenapaTa AllR 1-13-
MepeHHH AOllmHa coo6pa30BaTbCR llHWb C nepHOAaMH no11ypacnaAa 
H30TOTIOB Fm 1-1 Es, T.e. eno11He AOTIYCTHMbl CYTKl-1 1-1 6011ee. B 3TOM 
c11y4ae HeT npenRTCTBHH AllR TlllaTellbHOH paAHOXHMH4eCKOH 041-iCTKH 
H3MepReMoro HYKllHAa C BblCOKHM XHMH4eCKHM BblXOAOM, 4TO AaeT 
B03MOmHOCTb npHrOTOBHTb npenapaTbl, H3MepReMble npaKTH4eCKH B 
reoMeTp1-11-1 4n. 

6/ nepeble ijBa 3Tana pea11H3YIDTCR B BHAe nollHOCTbID HenpepblB
Horo npo4ecca/6/, 4To no3ao11ReT HCK11ID4HTb n0Tep1-1 3a c4eT pac
naAa BO apeMR HaKon11eHHR aKTHBHOCTH. 04eBHAHO TaKme, 4TO anna
paTypa CTaHOBHTCR npo111e 1-1 ee 11er4e aBTOMaTH3HPOBaTb. ATOMbl 
OTAa4H 1-13 MHWeHH aACOp61-1py~TCR Ha noeepxHOCTH 4aCTH4 a3p03011b-
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Hora noToKa H 3a ceKYHAbl TPaHcnopTHPY~TCR no Ka~HnnRpy Ha 
3Ha4HTenbHOe PaCCTORHHe K XHMH4eCKOH annapaType/ 7/. 

B HaCTOR~eH pa6oTe HCcneAOBanacb B03MOmHOCTb 6~cTporo He
npep~BHoro B~AeneHHR 261Ku, nony4aeMoro npH o6ny4eHHH MHWeHH 
248em, nyTeM cop64HH TpaHcnnyTOHHeB~X 3neMeHTOB /Tn3/ Ha 
KaTHOH006MeHHOH KOnoHKe C nocneAY~~HM KOH4eHTPHPOBaHHeM Ku 
Ha aHHOH006MeHHOH KOnOHKe. nPOAYKT~ PaAHOaKTHBHoro pacnaAa 
Ku ynaanHBanHCb Ha BTOPOH KaTHOH006MeHHOH KOnOHKe. npH paspa-
60TKe MeTOAHKH HCcneAOBanocb noBeAeHHe HeKOTOP~X Tn3 H peA
K03eMenbH~X 3neMeHTOB /P33/, a TaKme Zr H Hf Ha KaTHOHoo6-
MeHHOH CMone a cneAY~~HX pacTaopax: HFIB/, H3P04, HN03 + 
TO~, CH3COOH H H2C204, a TaKme noBeAeHHe 3THX 3neMeHTOB 
B aHHOH006MeHHOH KOnOHKe B pacTeopax nnaBHKOBOH KHcnoT~. On
peAenRnHCb K03¢¢H4HeHT~ pacnpeAeneHHR H ¢aKTOP~ 04HCTKH HCCne
AYeM~ 3neMeHTOB B 3aBHCHMOCTH OT COCTaBa pacTBopa, CBOHCTB 
paCTBOpHTenR, KOH4eHTpa4HH KOMnneKcoo6pasy~HX areHTOB H 
APYrHx ¢aKTopoe, CoeepweHcTeoeanacb annapaTypa, npeAHasHa4eH
HaR AnR nepeHoca nPOAYKTOB RAePH~X peaK4HH.C nOMO~b~ a3po-
30nbHOH /NaCl, KCl/ CTPYH, nepeBeAeHHR a3posonR B pacTBOP H 
era noAa4H Ha CHCTeMy HOH006MeHH~X KOnOHOK. 

3KCnEPHMEHTAnbHAfl 4ACTb 

PaAHOHYKnHA~, peaKTHB~ 

8 npeABapHTenbHOH cepHH on~TOB, HanpaeneHH~X Ha H3Y4eHHe 
noeeAeHHR H ycnoBHH pasAeneHHR paccMaTpHeaek~x 3neMeHToe, HC
nonbsoeanHCb cneAY~~He paAHOHYKnHA~: 

95zr 181Hf 249cf 152,154Eu 88y 139ce , ' , , ' , 
160Tb, 170fu H ·1731u. 

Bee peaKTHB~ 6~nH MaPKH X,4, HoH006MeHH~e CM2n~ - KaTHOHHTW 
Aay3Kc-50x8 /30-70 MKM/, AaY3Kc-50 /40 MKM/, AMHHeKc AS /12 -
16 MKM/ H aHHOHHT AaY3Kc-1x8 /30 - 70 MKM/ nOABepranHCb 06~4-
HOH o6pa6oTKe. 

AnnapaTypa, TeXHHKa npoBeAeHHR 3KCnepHMeHTa 

AnR H3rOTOBneHHR KOnoHOK nPHMeHRnHCb Te¢nOHOB~e Tpy6KH 
/d = 2 - 3 MM, L = 30 - 50 MM/, KOTOp~e sanonHRnHCb CMonoH •. 
06a KOH4a KOnOHKH 3aKp~eanHCb nopHCT~MH Te¢nOHOB~MH npo6KaMH. 
C coCeAHHMH ysnaMH XHMH4eCKOH ycTaHOBKH KOnOHKH coeAHHRnHCb 
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C nOMO~b~ Te¢noHOB~X nepexoAHHKOB H nonH3THneHOB~X Tpy60K 
/d = 0,5 MM/ /9/, AnR noAa4H Ha KOnOHKH pacTBOPOB HCnOnb30-
aanHCb npe4H3HOHH~e nepHCTanbTH4eCKHe Hacoc~. 

AnR a~6opa ycnOBHH B~AeneHHR Ku B CTaTH4eCKHX H AHHaMH4e
CKHX ycnoBHRX onpeAenRnHCb K03¢¢H4HeHT~ pacnpeAeneHHR Tn3 H 
P33. AnR HaxomAeHHR ¢aKTopoa o4HCTKH Hf(Zr) OT Tn3 H P33 Hc
cneAyeM~H pacTBOP (HF, H3P04) 06beMOM 0,3 - 1,0 n, COAepma~HH 
H3BeCTH~e KOnH4eCTBa 1106 - 107 HMn./c/ paAHOH30TOnOB Hf(Zr), 
Tn3 H P33, Henpepb1BHO nponycKanH 4epe3 TPH KonoHKH /AaY3KC-
50x8, AaY3Kc-1x8 H AaysKc-50x8/ c pacxoAOM 0,5 - 2,0 Mn•MHH-I 
npH 3TOM Tn3 H P33 nonHOCTb~ YAeP~HBanHCb Ha nepBOH KaTHOH0-
06MeHHOH KOnOHKe, B TO apeMR KaK Hf H Zr cop6HpoaanHCb Ha 
KOnOHKe c aHHOHHTOM, 3aTeM Tn3 H P33 B~MblBanH He6onbWHMH o6b
eMaMH 6 MOnb asoTHOH KHCnOTbl, a ¢aKTOP 04HCTKH onpeAenRnH KaK 
OTHOWeHHe aKTHBHOCTH Tn3 H P33 Ha ABYX KOnOHKax. HsMepeHHR 
a- H ~-aKTHBHOCTeH npoBOAHnH C HCnonb30BaHHeM COOTBeTCTBeHHO 
(Si - Au)- H Ge(Li)-AeTeKTopoa. 

nony4eHHe H BblAeneHHe 
PaAHOHYKnHAOB H3 o6ny4eHHOH MHWeHH 

On~T~ npoBOAHnH Ha nY4Ke TRmen~x HOHOB 4HKnOTPOHa Y-400 
na6opaTOPHH RAePH~x peaK4HH OH~H. B MOAenbH~x 3KcnepHMeHTax 
C KOPOTKOmHBY~HMH H30TonaMH ra¢/HR MHWeHH H3 ecTsm H 144sm 
06ny4anHCb HOHaMH 20Ne HnH 22Ne 6/ C 3HeprHRMH 113 H 108 MsB 
COOTBeTCTBeHHO, HHTeHCHBHOCTb nY4Ka AOCTHrana 4·1012 4aCT•C-I 
npH nony4eHHH 261 Ku Hcnonb30BanH KOM6HHHpoaaHHY~ MHW.eHb: 
600 MKr K~PHR 6~nH HaHeceHw Ha THTaHOBY~ ¢onbry TOn~HHOH 
7 MKM Ha nno~aAb 1,1 CM2 H 800 MKr ecTGd noMe~anHCb BOKpyr K~
pHeBOH MHWeHH Ha nno~aAH 1 CM2 • MHweHb noKp~aanH yrnePOAHOH 
nneHKOH TOn~HH~H 30 - 40 MKr•cM-2• H30TOnH~H COCTaB MHWeHH co
CTaBnRn O 06% 44cm· 5 6% 246cm H 94 4~ 248cm 3Ty MHWeHb 06-, , , ' 'O • 

ny4anH HOHaMH 180 C 3HeprHeH 97 - 102 M3B/IO/ C HHTeHCHBHOCTb~ 
nY4Ka 4-101 2 4aCT•c-l B Te4eHHe 24 4aCOB. 

CxeMa 3KcnepHMeHTanbHOH ycTaHOBKH npeACTaaneHa Ha PHC. 1. 
npoAYKiw RAePH~X peaK4HH, a~6HT~e H3 MHWeHH, TpaHcnopTHpo

aanHCb a3P030nbHOH CTpyeH /KCl B aproHe/ no Te¢noHOBOMY Ka
nHnnRPY B a6cop6ep /8/, B KOTOPOM 4aCTH4~ KCl pacTBOPRnHCb B 
0,2 MOnb nnaBHKOBOH KHCnOT~. PaCTBOPHTenb noAaBanH Ha BXOA 
a6cop6epa /7/ c noMO~b~ nepHcTanbTH4ecKoro Hacoca. HaHAeHo, 
4TO 6onee 95% 4aCTH4 KCl ynaanHaanocb a a6cop6epe. 

06pasoBaBWHHCR pacTBOP, COAepma~HH paAHOHYKnHAbl, c noMO~b~ 
BToporo nepHCTanbTH4eCKoro Hacoca /10/ noAaaanH c pacxoAOM 
1,5 - 2,0 Mn•MHH-1 Ha TPH nocneAOBaTenbHO coeAHHeHH~e KOnoH
KH, sanonHeHH~e KaTHOH.HTOM Aay3Kc-50-8 /11/, aHHOHHTOM Aay-
3Kc-1x8 /12/ H Aay3Kc-50x8 /13/. nepey~ KarnoHoo6MeHHy~ Ko-
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PHC. 1. CxeMa 3KCnep:m-ieHTanbHOH 
ycTaHOBKH: 1 - 6annoH c aproHoM; 
2 - reHepaTop a3po3oneH; 3 -
nyqoK TH~eJlblX HOHoB; 4 - MHmeHb; 
5 - cnttpanb AnH HenpepbmHoro H3-
MepeHHH paAHOaKTHBHOCTH; 6 -
~HnbTP; 7 - BXOA 3JDOeHTa; 8 -
YCTPOHCTBO AnH paCTBopeHHH a3po-
3oneH; 9 - npttcnoco6neHHe Anfl 
OTAeneHHfl ra3a; 10 - nepHcTanb

Tl{tleCKHH Hacoc; 11 - KOnOHKa c gay3KC-50; 12 - KOnOHKa c gay-
3Kc-1; 13 - KOnOHKa C gay3Kc-50. 

nOHKY nepHOAH4eCKH 3aMeHRnH Ha HOBY~ nocne nponycKaHHR 4epe3 
Hee 300 Mn pacTeopa. BpeMR nepeHoca paAHOHyKnHAOB OT o6ny4ae
MOH MHWeHH AO KOnOHOK COCTaemno 5 c; nPOAOJllKHTenbHOCTb npo
XOlKAeHHR paCTBOpa 4epe3 nornoTHTenb pacTeopa H HOH006MeHHble 
KOnOHKH He npeeblwana 30 c. HAeHTH$HKa4H~ 261Ku npOBOAHnH nyTeM 
perHcTpa4HH npoAyKToe ero pacnaAa 253Fm - 253Es nocne Aecop6-
4HH Tn3 H3 nocneAHeH KaTHOH006MeHHOH KOnOHKH /13/ He6onbWHM 
060eMOM a30THOH KHCnOTbl. nony4eHHblH pacTBOP C BBeAeHHblMH B He
ro OTMeT4HKaMH 170Tm 88y 160Tb 152Eu H 139ce ynapHeanH ' , ' ' OCTaTOK paCTBOpRnH e HeCKOnbKHX _KannRx 0,1 MOnb HCl H nepeHO-
CHnH Ha He6onbWY~ KOnOHKY C KaTHOH006MeHHOH CMOnoH AMHHeKc-A5. 
3aTeM 3n~HpoeanH $paK4H~ Fm - Cf paCTBOPOM a-OKCHH306yTHpaTa 
aMMOHHR H noAeepranH ee 04HCTKe Ha KonoHKax c A23r~K H Aay-
3Kc-1. nocne 3neKTponH3a $PaK4H~ Tn3 pacTBOpRnH B YKCYCHOH 
KHCnoTe H AnR nony4eHHR a-HCT04HHKa, H3MepReMoro B reoMeTpHH 
4n, npoH3BOAHnH 3neKTpopacnblneHHe pacTeopa Ha noeepxHoCTb 
(Si - Au)-AeTeKTopa/11/ /npH H3MepeHHRX ennoTHY~ K HeMy noMe
utanH BTOPOH (Si - Au)-AeTeKTOp/. 

Aecop6aT H3 nepBOH KaTHOHoo6MeHHOH KOnOHKH 04HutanH C HC
nonb30BaHHeM KonoHoK c A23r~K H AaY3KC-1. nyTeM 3neKTpoocalK
AeHHR Tn3 Ha AHCK H3 HeplKaBe~uteH CTanH nony4anH a-HCT04HHK 
AnR H3MepeHHR B reoMeTpHH 2n IAnR 3neKTponH3a HCnOnb30BanH 
1/10 4aCTb pacTeopa/. 

PE3YJlbTATbl H 06CYJKAEHHE 

Pa3pa60TKa MeTOAHKH pa3AeneHHR Tn3 H Zr(Hf) 

C 4enb~ HaXOlKAeHHR onTHManbHblX ycnOBHH pa3AeneHHR Tn3 H 
Zr (Hf) 6blnH onpeAeneHbl K03$$H4HeHTbl pacnpeAeneHHR 3THX 3neMeH
TOB MelKAY HOH006MeHHHKaMH H pacTeopaMH KOMnneKcoo6pa3Y~!JtHX 
peareHTOB. 
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Ta6nttqa 1. Ko3<l>q)HqHeHTbI pacnpeAeneHHH Cf, Eu H Zr(Hf) ~ 
Me~y KaTHOHHTOM gay3Kc-50xl2 H paCTBOpaMH ~a3nHqHoro 
COCTaBa 

CocTaB paCTBOpa 

1. 0,2 Monb Hf 

2. 1 ,o MOJU, H3P04 

3. 1,0 MOnb_H3P04 B 50% C2H50H 

Cf, Eu 

~1-104 

2•104 · 

2-105 

K(l 

Zr(Hf) 

<I 

<6 

2 

4. 1,0 Monb H3P04 + 0,025 Monb NaCl 
2-105 B 60% C2H50H 

5. 0,05 MOnb H2C204 

6. 1 , 0 : MOnb CH 3cooH 

4• 104 

1-105 
5 

5 

7. 0,6 ,Mon~ H03 + 0,1 MOnb TOW 
5• 104 B 95% c 2H50H 6 

105 ----,-----r--,---,---.-,---r-~ PHc. 2. 3aBHCHMOCTb K03(pq)HqHeH
TOB pacnpeAeneHHH Y(I), Tb(2) 

Kd 

104 

10J 

0.2 Op f,D 1,4 1,8 
[Ht:] "1<Ji1b/A 

H Tm(3) oT KOHqeHTpaqttH HF. 

B Ta6n. 1 npHBeAeHbl 3Ha4eHHR 
K03<1><!>H4HeHTOB pacnpeAeneHHR Zr, 
cf·H Eu MelKAY KaTHOHHTOM Aay-
3Kc-50x12 H pacTeopaMH pa3nH4-
Horo cocTaea. Ha pHc. 2 noKa3a
Ha 3aBHCHMOCTb K03~$H4HeHTOB 
pacnpeAeneHHR Y, Tb H Tm Ha 
KaTHOHHTe AaY3Kc-50x8 OT KOH-
4eHTpa4HH HF. Ko3<1><!>H4HeHTbl pac
npeAeneHHR Tn3 H P33 H3MepRnH 
B CTaTH4eCKHX ycnoBHRX. B AHHa-

' . MH4eCKHX ycnOBHRX, HMHTHPY~!JtHX 
BblAeneHHe 261Ku, 6blnH onpeAene

Hbl K03<1><!>H4HeHTbl 04HCTKH Zr(Hf) OT HeCKOnbKHX P33 H Tn3 B pac
TBopax HF H H3P04. nony4eHHble pe3ynbTaTbl npeACTaeneHbl B 
Ta6n. 2. 3TH AaHHble noKa3blBa~T' 4TO K03$$H4HeHTbl pacnpeAene-

7 



TaonH~a 2. Ko3¢¢H~HeHTbl oqHCTKH Zr(Hf) OT HeKOTOpblX P33 
H Til3 Ha KaTHOHHTax ~ay3KC-50 

, Ko3~Hl:.\HeHTbl oqHc TKH 
COCTaB paCTBOpa KaTHOHHT 

88y 152Eu 173Lu 249cf 

0,2 MOnb HF ~ay3KC-50x8 9•Jo5 4• 105 

I Monb H3P04 ~ay3Kc-50xl2 - J•J07 I• 106 

+10-4 Monb NaCl 
B 50% C2H50H 

HHR Tn3'H P33 BO scex HCnOflb30BaHHblX paCTBopax Ha 4 - 5 no
PRAKOB Bblwe, 4eM B cny4ae Zr(Hf). 

TaKHM o6pa30M' nio6aR H3 3T"HX XHMH4eCKHX CHCTeM MO>KeT 6b1Tb 
HCnOflb30BaHa ,qnR OT,qeneHHR Tn3 OT nepexo,qHblX 3fleMeHTOB IV 
rpynnbl C BblCOKHMH taKTOpaMH 04HCTKH. Hay4eHHe cop64HH paccMaT
PHBaeMblX 3neMeHTOB Ha aHHOHHTe ~ay3KC-1x8 H3 paCTBOPOB 
0,2 MOflb HF noKa3ano, 4TO K03$$H4HeHTbl pacnpe,qeneHHR Zr(Hf) 
,qOCTHralOT 3Ha4eHHH ~104 , B TO speMR KaK Tn3 H P33 B 3TOM cny-
4ae npaKTH4eCKH He cop6HPYIOTCR. B ,qanbHeHWHX 3KCnepHMeHTax 
,qnR Bbl,qeneHHR Ku npHMeHRflH HMeHHO O ,2 MOflb HF. 

B~eneHHe KYP4aTOBHR H ra$HHR 
H3 npo,qyKTOB o6ny4eHHR MHWeHH 

Mo,qenbHble onblTbl no HenpepblBHOMY Bbl,qeneHHIO pa,qHOH30TOnOB 
ra$HHR H3 npo,qyKTOB o6ny4eHHR caMapHeBOH MHWeHH HOHaMH 2~e 
HflH 22Ne nposo,qHflHCb no Y>Ke onHCaHHOH MeTOAHKe. HaMepeHHR ti
cneKTpa pa,qHOHYKflH,[108' cop6HpoBaHHblX Ha ,qsyx KaTHOH006MeHHblX 
KOOOHKax, yKa3blBaeT Ha npHCYTCTBHe B HHX P33, o6paaylO~HXCR 
KaK B R,qepHblX peaK4HRX, TaK H B pe3YflbTaTe pacna,qa pa,qHOH30-
TOnOB Hf. Ha aHHOH006MeHHOH KOflOHKe aaperHCTPHPOBaHbl HYKnH,qbl 
) 60-l 70Jif, HeKOTOpble H3 HHX HMelOT nepHO,[lbl nonypacila,qa MeHbWe 
1 MHH. 

nony4eHHble peaynbTaTbl noKaaanH nepcneKTHBHOCTb Hcnonbaosa
HHR paapa6oTaHHOH MeTO,[IHKH ,qnR HenpepblBHoro Bbl,qeneHHR 26 I Ku, 
o6paayio~erocR npH o6ny4eHHH 248em HOHaMH 180. npo4ecc MO>KHO 
6blno KOHTponHposaTb, cne,qR aa nose,qeHHeM 170, 171Hf, o6paayio
~HXCR B peaK4HRX ecTGd(IBo, ~n); 

8 

t~1 
1 g.1()3~ 

T 
2/J,cm 

2~1 
25£b 

253Es 

11 
~ 
C) -a 6-tl 

e 
~ 3-103 
I 

\i JlJUlfil 11 ~m _,'' , ...... ,, j I 

60 

0 I •j••·;•· "•,••~j, .. ;"•j•flj''"yU I 

7 
E,1,06 

2 

PHc. 3. CneKTp anb¢a
H3nyqeHwi: Til3, gecop6H
poBaHHbIX C KaTHOHOOo
MeHHblX KonoHoK: I - nep
BaH KonoHKa /II Ha 
PHC. )/; 2 - BTOpaH KO
nOHKa /13 Ha PHC. 1/. 

103
r-,r--,---,---,---r--,-~-r-l'"'""'l--r---.--.--.---.-..--......... .---.-.:....--

~ e -.....;:,,,_ 

J,o 
I 

I 

'd 

.I, L •- - - - ~- - ,--- -,-r.___ p-~- - - -•- - -:- -, ? 
r'-

1 
- --~-

0 10 20 30 40 
cym. 

PHC. 4. KpHBble pacnaga anb¢a-aKTHBHOCTH H30TOilOB Es (Ea = 
= 6,63 M3B) B gecopoaTax C KaTHOHOOoMeHHblX KOnOHOK: I -
nepBaH KOnOHKa /II Ha PHC. 1/; 2 - BTopaH KonoHKa /13 Ha 
pHC. I'. 
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Ha PHC. 3 npHBeAeHbl a-cneKTPbl CYMMbl Tn3' Aecop611poeaHHblX 
C KaTHOH006MeHHblX KonoHOK /11' 13 - pHC. 1/. B Ae~op6aTe C 
nepBOH KaTHOH006MeHHOH KOflOHKOH o6HapymeHo np11cyTCTBHe H30TO
noe Cm, 4TO o6aRCHReTCR nonaAaHHeM B CHCTeMy He3Ha4HTeflbHOH 
AOflH ee~eCTBa MHWeHH. 

B 3TOM cneKTpe /pHC. 3 /1// 4eTKO BHAHbl TaKme ~HKH C 3Hep
rHeH a-4aCTH4, np11HaAnema~11x 246,248,250,252cf, 2 2,253Es H 
254,255Fm /cpaBHH AaHHble pa60Tbl/12/;. B TO me epeMR Ha HHmHeM 
cneKTpe /p11c. 3 /2// BHAHbl a-4aCTH4bl' npHHaAnema~He H30TOnaM 
Cf, 11 He60flbWOH nHK C Ea B o6nacTH 3HHWTeHHHR. 1130TOnbl 
254,255Fm TaM He 6blnH 3aperHCTpHpoeaHbl. 

Ha PHC. 4 npHBeAeHbl KpHBble pacnaAa Es C KaTHOH006MeHHblX KO
flOHOK. B cny4ae nepBOH KOflOHKH Ha6nJOAaflOCb CHa4ana cpaBHHTenb
HO 6blCTpoe, a 3aTeM 6onee MeAneHHOe yMeHbWeHHe a-aKTHBHOCTH 
C 3Hepr11eH 6,63 M38, TaKaR KapTHHa, no-BHAHMOMY, o6ycnoeneHa 
pacnaAOM CMeCH H30TOnoe 253Es (T1/2 = 20 cyT) 11 252Es (T]/2 = 
= 401 cyT)' .Ea= 6,63 M38, KOTOpble no 3HeprHH a-4aCTH4 He 
pa3pewHMbl. Anb<l>a-aKTHBHOCTb /Ea= 6,63 M38/ Aecop6aTa co BTO
p0H KaTHOH006MeHHOH KOOOHKH - KpHBaR 2 - CHa4ana B03pacTana, 
a 3aTeM yMeHbwanacb BO epeMeHH C T112 ~ 20 CYT, 4TO COOTBeT
CTByeT nePHOAY nonypacnaAa 253Es. nepeoHa4anbHOe yeen114eH11e 
a-aKTHBHOCTH CBR3aHO C HaKonneHHeM 253Es 3a C4eT pacnaAa 
253Fm, 06pa3oeaewerocR, e ceoJO o4epeAb, 113 261Ku. KaK BHAHO 
113 PHC, 4/2/, 3KCnepHMeHTaflbHble T04KH xo~owo nomaTCR Ha pac-
4eTHYJO KpHBYJO HaKonneHHR-pacnaAa, 0TCYTCTBHe 254,255Fm Ha 
BTOPOH KaTHOH006MeHHOH KOflOHKe nOATBepmAaeT, 4TO 253Fm+253Es 
Morn11 TYAa nonacTb TOflbKO e pe3ynbTaTe pacnaAa 261Ku. CoeoKyn
HOCTb 3THX AaHHblX OAH03Ha4HO AOKa3b1BaeT, 4TO cop611poeaHHblH 
Ha nocneAHeH KOflOHKe 253Es RBnReTCR npaeHy4aTblM nPOAYKTOM 
pacnaAa 261Ku. 

Kon114ecTeo aToMoe 261 Ku, o6pa3oeaew11xcR e HaweM 3Kcnep11MeH
Te, COCTaBHflO 2-103 . 3Ta eenH4HHa paCC4HTaHa HCXOAR 113 3¢¢eK
THBHOCTH a3po3oflbHOro nepeHoca /0,85/, XHMH4eCKoro BblXOAa, 
BKflJ04aR H3rOTOBneHHe a-HcT04HHKa /0,6/ 11 3¢¢eKTHBHOCT~ AeTeK
THpOBaHHR /0,5/, 11CXOAR 113 3Ha4eHHR ce4eHHR peaK4HH 
248em(l8o 5n) - 5 M6/10/ MOfflHO 6blnO OfflHAaTb, 4TO KOnH4eCTBO 
aTOMOB 261Ku AOflmHO COCTaBHTb 2,6-103. 3To xopowee cornac11e, 
ecnH y4eCTb peaflbHYJO ~04HOCTb /~30%/. 0TMeTHM 3aOAHO, 4TO Ha
MH 6blfl0 3aper11cTp11poeaHo HeCKOflbKO COTeH aTOMOB Ku, T .e. Ha 
OAHH-ijBa nopRAKa 6onbwe, 4eM B HCCfleAOBaHHRX aMepHKaHCKHX ae
Topoe/3,4/. 

113MepeHHe a-cneKTpoe Tpex HOH006MeHHblX KOflOHOK noKa3ano, 
4TO 170,171Hf cop611poeanHCb TOflbKO Ha aHHOHHTe. nony4eHHble 
AaHHble no3BOflRIOT YTBepmAaTb, 4TO KYP4aTOBHH, nOA06Ho ra¢HHJO, 
06pa3yeT B pacTBopax 0,2 MOflb Hf npo4Hble aHHOHHble KOMnneKCbl, 
KOTOPble He cop611pyJOTCR KaTHOHHTOM, HO YAepmHBaJOTCR aHHOHHTOM. 
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TaKHe CBOHCTBa Ku H3y4eHbl enepBbJe. 0HH HaXOARTCR B cornac1111 
C BbJBOAaMH 6onee paHHHX pa6oT/ 1-4/ 0 nPHHaAnemHOCTH 3neMeHTa 
104 K IV rpynne nepexOAHblX 3fleMeHTOB nepHOAH4eCKOH CHCTeMbl, 

TaKHM o6pa30M' HaMH pa3pa60TaH BblCOK0~¢¢eKTHBHblH MeTOA 
HenpepbJBHoro Bb1AeneH11R 104-ro 3neMeHTa KaK 3Kara¢HHR 113 06ny-
4aeMOH MHWeHH C OAHOBpeMeHHblM OTAeneHHeM OT TRmenbJX aKTHHHAOB 
C BbJCOKHMH K03¢¢11411eHTaMH 04HCTKH /> 1 o4 / 11 nocneAYJO~eH HAeH
TH¢HKa 411eH 261Ku no AOnromHBY~HM nPOAYKTaM pa~naAa, B HaCTO
R~ee epeMR 04eHb aKTyanbHa npo6neMa 3KCnep11MeHTanbHOro BblRB
neHHR penRTHBHCTCKHX 3¢¢eKTOB B XHMH4eCKHX CBOHCTBaX 3neMeH
TOB BTOPOH COTHH. MomHo noKa3aTb, 4TO C He6onbWHMH H3MeHeHHR
MH npHBeAeHHaR BblWe cxeMa onblTa nOAXOAHT AflR cpaBHHTenbHOro 
H3Y4eHHR KYP4aTOBHR 11 ra¢HHR C B03MOfflHOCTblO o6HapymHTb TaKHe 
OTflH4HR B HX CBOHCTeax, KOTOpble He cneAYJOT 113 3KCTpanonR4HH 
B IV rpynne nepeXOAHblX 3neMeHTOB, 

ABTOPbl Bb1pamaJOT rny6oKyJO 6naroAaPHOCTb aKaAeMHKY r .H .<!>ne
poey 3a KOHCYflbTa41111 11 nbCTORHHblH HHTepec K pa6oTe, AOKTOPY, 
O.KoHCTaHTHHeCKY 3a y4aCTHe 11 11.6eKKep 3a noMO~b B npoBeAeHHH 
3KCnepHMeHTOB, r.B.6yKnaHOBY 3a np11roToeneH11e MHWeHH AflR o6-
ny4eHHR, A.8.PblXfllOK 3a npoeeAeHHe a-cneKTPOMeTpH4eCKHX H3Me
peHHH,.B.11.BaKaTOBY, B.11.ToMHHY 11 A.M.Cyxoey 3a o6ecne4eHHe 
HaAemHoH pa6oTbl 3neKTpoHHOH annapaTypbJ, B. M. nnoTKO, H .11. CeMe
HOBY 11 rpynne 3KCnnyaTa41111 4HKflOTPQHa Y-400 3a nOMO~b B TeXHH-
4eCKOM o6ecne4eHHH pa60Tbl. 
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Werna~CKH 3. ~ AP· 
Hsy'leHHe XHMHH pacnopoa 30eMeHTa 194-KYP'laTOBHII 

A6-90-147 

PaspafioTaH 3KCnpecCHWH MeTPA HenpepwaHoro BWAeneHHR KYP'laTOBHII H3 CMeCH 
paAHOHYKnH,qoa, 06pa3Y1Q~HXCR npH 06nY11eHHH MHWeHH 248 Cm YCKOpeHHWMH HOHaMH 
180. npoAYKTW RAePHWX peaKqHH TpaHCOOPTHpoaanH OT MHWeHH B XHMH'!eCKYD pas
AenHTenbHYD annapaTYPY, HaXOA~YDCR Ha paCCTORHHH AeCRTb Merpoa, C noMO~blO 
a3po300bHOH CTPYH /KCI/. nocne paCTBOPeHHR '!aCTHq a3po3on11 C aACOp6HpoBaH
HWMH Ha HHX OP0AYKTaMH B 0,2 H nnaBHKOBOH KHCnoTe paCTBOP nponycKanH 11epe3 
TPH HOHOo6MeHHwe KOOOHKH. Ha nepaoA KaTHOH006MeHHOH KOOOHKe npoHCXOAHna 
cop6qHR TpaHcnnyTOHHeawx H HeKOTOPWX APYrHX 3neMeHToa, o6paay~HXCR Heno
CpeACTBeHHO a RAePHWX peaKqHRX. B MOAenbHWX 3KCnepHMeHrax 6wnH onpeAeneHW 
$aKTOPW O'IHCTKH Hf OT peAK03eMenbHWX H TpaHcnnyTOHHeawx 3neMeHTOB, KOTopwe 
cocTaan11nH 105-1011 a pasnH11Hwx pacraopax. Ha cneAYK111eA·; aHHOHoo6MeHHOH KO• 
noHKe ynaanHaanH KYP'laTOBHH, a Ha nocneAHeA - KaTHOH0_06MeHHOA - nPOAYKTbl pa
AHOaKTHBHoro pacnaAa Ku. HAeHTH~HKaqHD 2 11 1 Ku /T112 - 65 c/ npoBOAHOH nyTeM 
perHcTpaqHH npaaHy11aToro 283Es /T11a • 20 c/ nocne ero Aecop6qHH /coaMeCT· 
HO c· 283Fm/. B CYTO'IHOM onwTe 6wno CHHTe3HPOBaHo OKono 2000 aTOMOB 2111 Ku, 
3~~eKTHBHOCTb HX AeTeKTHpoaaHHR AOCTHrana 25%. Bnepawe noKasaHo, '!To a pa
craopax Hf KYP'laToBHH o6pasyeT YCTOH'!Hawe aHHOHHWe KOMnneKCW, cop6HpyeMwe 
aHHOHHToM, T.e. 'aeAeT ce611 ri0Ao6H9 Zr H Hf, npHHaAneJKa~HM K Ill rpynne nepe
xoAHWX 3neMeHTOB, HeTOA OTKpwaaeT B03MOJKHOCTb nony11eHHII KOOH'leCTBeHHWX AaH
HWX- ·o CBOHCTBax KYP'laTOBHII a pacTaopax. 

Pa6oTa awnonHeHa a na6opaTopHH RAePHwx peaKqHA OH~H. 

DpenpHHT 06UJU1HeHHOro HHcnrryta 11Jl8pm.Dt Hccne.110B8HHA. ,lly6Hll 1990 

·szeglpwskl Z. et al. D6-90-147 
Study of the Solution Chemistry of Element 104-Kurchatovlum 

· A rapid method o.f continuous Isolation of kurchatovlum from the products 
of bombardment of a 248Cm target with 18Q Ions has been developed. The nuc
lear-reaction products were transported a distance of 10 meters from the 
target to a apparatus for chemical separation by means of a KCI aerosol Jet 
The aerosol particulates carrying adsorbed radlonuclldes were dissolved. 
In 0.2H HF and the solution was passed through three Ion exchange columns. 
In the f.lrst cationic column the transplutonlum and some other elements ge
nerated directly in the bombardment were removed from the solution. In mo
del experiments, the decontamination factors of the Zr(Hf) fraction from 
race earths and transplutonlum elements in various solutions were determi
ned; values as high as 108 to 1011 were achieved. In the next, anionic co-

. lumn kurchatovium was sorbed, while the last, cationic, column retained the 
decay products of Ku. The lndentification of 211 1Ku (T11a a 65 s) was per
formed by observing its great-granddaughter 253Es (T11a·• 20 d), after the 

·latter (together with 253Fm) had been desorbed from the third column. In a 
24-hour- experiments some 2000 Ku atoms were produced; they were detected 
with-the efficiency as high as 25%. It has been shown for the first time 
that In HF solutions Ku -forms stable anionic complexes which are .sorbed on 
an anion-exchange resin, I.e., the element behaves similar to Zr and Hf, 
the members of the IVth group of the transition metals. The method opens· 
up the possibility of obtaining quantitative data on the properties of Ku 
In solutions. 

The investigation has been performed at the La-boratory of Nuclear 
Reactions, JINR. 
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