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BaeaeHIIe 

HacTomuee coo6weHn e ~mnHeTCSI npoaon>KeHIIeM u11xna pa6oT no 11ay 'l e HIIJO a xcTpax

UIIOHHbiX CBOllCTB TpaucypaHOBblX 3 ii9M9HTOB np11 nOMOU!II p a cnp e!!9i!RT9ilbHOii XpOMBT Orpa

<j>llll c o6paweHHbiMII <j>aaaMII 
11 

•
2 

•
31

• B Ka'!eCTBe axcTpare HTa 6bina IICnonbaoaaHa cMe Cb 

T e Tpa6yTIInrnno<j>oc<jlaTa (T6f<l>) II TeTpa6yTnnn11po<j>oc<jlaTa (TBn<l>) B OTH OW9 HIIII I: I. 

B MoneKyne 3TIIX anKIIn<jloc¢aTOB IIMeeTCSI no a a e BKTIIBHbi X rpy nnhi P = 0 • OaHaxo M 9>KI!Y 

HilMI! cywecTayeT HeKoTopoe paanll'llle a cTpyKType Mon e xyn . E cn11 a TBn<l> CBSI3 b M e>KI!Y 

rpynnaMII P ~ 0 ocywecTBnSieTCSI qepe a Kllcnopo;~Hbill MO CTIIK, To a TBf<l> a Ta C BSI3b 

np!IMBSI, T,e, ~ p - p~ "/ , ... 
Ha OCHOB8HHH npe.oaapHTGnbHbiX Oil b!TOB MO)KHO c.uen8Tb 38KnJOq e HH9, YTO IIpH IIOMOWH 

0, I M pacTaopa aToro aKCTpareHTa a xnopo¢opMe 113 c o oTaeTCTBYJOllliiX cpa!! 3KCTpar11pyJOT

CSI xnopll!!bl II HHTp8Tbl cneayJOllliiX MeTannoa: Fe(lll) , Zr(IV), Nb( V), Mo( VI), Sb( V), Ilf(IV), 

Ta( V), 1'/(VJ/4/, Tb(IV).Pa(V).U(IV,VI) , Np(IV,VI),Pu(IV,Vl) 11 ap. 

B nepaol! 'IBCTII pa6oTbi 
131 

6hina 11ccneaoaaHa 3BBIICIIMOCTb KOa<j><jJHulleHTOB pacnpe-

aeneHIIH He KOTOpbiX pei!K03eMenbHbiX ( P m , Eu , Tb , Tm ) 11 TpaecypaHOBbiX ( Am , Cm , 

Cf Fm II Md ) aneMeHTOB OT KOHU9HTPBUIIII 830THOii KIICiiOT bl , B pa6 oT e n11pca
1 5 1 

npllaeaeHbi I!BHHbie no Koa<j><j>HulleHTBM paaae neHII51 peaKoae MenbHbiX aneMeHTOD B CIICT e M e 

1!11 - (2 - aTI!nreKCHn) <j>oc¢opH851 KIICnoTa - HCIO, ' paBHbiB 2,44:!),15. noa TOMy npe!!CT8 Dil51-

nocb IIHTepeCHbiM CpBBHHTb K03<P<!>IIUIIBHTbl p831!Bii9HII51 !!il51 HBKOTOpbiX TpBHCypaHOBbiX a ne-

MBHTOB B CIICTe M e T6f<I>-T6n<l>- IIC10
4 

pa6oTb/
31 

C .0 8HHb1MH, nonyqeHHbiMH B nepaoA: l.IB C TH 

B KattecTee Taep.a.oro HOClfTenfi opraHHttOC l~0 1 .. L ¢a3bt a nanHht X aKcnepHMe nTa x Hcnonb

aoaancg <j>TopnnacT - 4 . Bbi6o p <j>To pnnacTa - 4 casraaH c TeM, 'ITO npH l!iiiiTenbHOli p a6o-

Te li8 KOnOHK9, 38p51lKBHHOfl rl!l!p0¢06113 llpOBBHHbiM Clli!IIKBre neM, HB IIC'Kiii0'19 HB B 03MOlK-

HOCTb COp6UHH aneMeHTOB, YTO OC06eHHO B8)KH0 IlpH pa60T9 CO CYHTBHHbiM KOnHqe CTBOM 

BTOMOB, 3TO MOlKHO 06'b51CHIITb TBM, 'ITO np11 l!iiiiT9ilbHOH pa60T9 B CllilbHO K OHUBHTpll-

pOBBHHbiX KIICiiOTBX HapywaeTCSI TIOiiiiMepHBSI nn ei!KB I!IIMBTiiill!lll<i!OpCIIiiBHB, 3 8KpenneHHBSI 

HB 38p1!8X ClliiHKare nSI. np11 3TOM o(5pa3yJOTCSI BKTHBHbi e BI!COp6UIIOHHbiB UB HTpbl, 



3KCn e pHM9HTBnhH8H qaCTb 

B on htTax n:cnonh30Banncb cne.nyiOmne peaKTHBbi H pa.nHoaKTHBHhie H30TOllbi: 

CM9Cb T9Tp8DyTI<IlrHIIOcPOCcP8Til H T9Tp8DYTHiliiHPOcPOCcP8T8 B OTHOWOHHH 1 : 1, XllOpH8S! KHCil0-

152,154 241 244 252 
Til (x,'l.) H p8Llii08KTllBH b19 ll30TOIIbl Eu Am ,Cm ,Fm Fm 

... 
Md 2 "

6 
• CJmTe3 1!30Tonoa ¢ epMHS! u MeHneneausr ocywe cTansrncsr Ha 300-C8HTHMe TpoaoM 

UI!Kil0TpOH8 n8oOp8TOpHH srn e pHbiX p 8 8KUHI!. 06ny'181l8Cb 3 8KI!Cb-OKCI!b yp81!8 (U 3 08 ) 1!01!8-

MH H 9 0H8 - 22. n8p8M8 Tpbl o 6ny 'I 8 HI!S! ( 3 H e prHS!, TOK, Bp 8 M>!) , a T8KlK8 KOilH'18CTBO HCIIOilb-

3Y8M h1X B Ollbi T8X 8TOMOB ct>e pMUSl H M 8 H}l 8n8BlHI 6binH T8KHMif >K8, K8K H B Up8Jlbl.OYIU8H 

13 1 
pa6oTe 

MeTOUHK8 p860TbJ 

CTeKI!>lHH8>l KOnOHKa UH8Me TpoM 2,5 MM H unHHOfi 150 MM H8nonH>ln8Cb nopowKoo6-

p83HbJM <!>Topnn8CTOM -4 (pa3 M e p 3epeH nop>!UKB ~ I MHKpOH8), cycneHUHpOB8HHbiM a 

1.f 8 T l>tp e xxnopHCTOM yrn e po.ne . nocne 38UOnH8 HHSl KOnOHK8 llpOMbiB8n8Cb 3TJinOBbiM CnHpTOMa 

a 3aTe M a o !lon anH y.uaneunn cnen on cct •. BbJCOT8 CTon68 <!>TopnnacTa-4 COCTaBnsrna 

100 MM. Ha aepxmo 1o 'IBCTb uocnTen>l Hauocunocb 0,25 Mn CMecu T6f<P-T6n<P. CnycT>l 

H 9 CKOilbKO MHII Y T KOil OHK8 npOMblB8li8Cb B OUOH Llll>l y uane HH>l ny3b!pbKOB B03Uyxa H H3 D biTK8 

3 KCTp8r8HT8 . 

n e p eu K8 lKLlbiM OnbiTO M npOBOLli!I!8Cb K81lHOpOBK8 KOilOHKI! npl! nOMOlllH p8UH8KTI!BHbiX 

n3oTonon n e 3n>l u nn HaTpHS! un>l onpeue n eHH>l cao6ouuoro o6'beM8 . B HeKoTophiX cny'I8>!X 

n e ni!'IHH8 cao 6ou noro o6'beM8 npoae p>!nacb MeTOUOM THTPOB8HHS! a30THoll xncnoTbi, cyTh 

KOTOpOrO COCTO>lll8 B Cll9LlYJOW 8 M, nouroTOBil8H!I8S! K p83Ll81l9HHIO p8Lli!08KTI!BHblX H30TOIIOB 

KOilOHK8 npOM biB81l8Cb U IICTHilllHpOB8!1HO H BOUOI\, 38T9M B 1!88 BHOCI!IlOCb Ortp8U81l9HH09 KOnH

'1 8 CTBO 830THOfi KH CnOTbl H'3B8 CTHOii KOHU8HTp8UHI! I! rtpOBOUHn8Cb ee 31!10UH>l . 0TU81!bl!bl8 

K8 111!H THTpOB 8 n l! p 8CTB OpOM NaOH • npH rtpHM9H8HHH B K8'18CTB9 3KCTpareHT8 CMOCI! 

T6f<P-T6n<P n enH'IHH8 cno 6 ou11oro o6'beMa coarr8n8n8 a rrpenenax owH6KH orthJT8 c aenu'lu

Holl, orrp enenenuoli npn noMowu p8UH08KTHBHOro ue3HS!. 

nocneny!Oll!I<e one p8UHH no p83neneHI!JO CMecn p8unoaKTHBHbJX H30Torroa H p8UHOMeT

pH'18CKHe H3MepeHHS! rtpOBOUHilHCb CIIOCODOM, OnHC8HHbiM B np8Ub1UYW9l! p8DOTe/
3
/. 

06cyJKgeHHe p e3ynhT8TOB 

0CHOBHbl9 pe3ynbT8Tbl, IIOilY'I8HHbl8 B H8CTO>IW9l! p8DOT9 0 rtpHB9U9Hbl 1!8 pHC. 1-5, 

H8 pHC. 1-2 nOK838HO M9CTOIIOnOlK9HH9 nHKOB 8 MepHUH>I H K!OpHS! no OTHOWOHHIO K K8nH-

6pOBO'IHOMy :;,neMeHTY nn>1 TS!lKe nbiX aKTHHH/lOB. BH.UHO, 'ITO K03<jxpHuHeHT p83 uenenHH nnsr 

n8pbi Am - Cm paaeR enHHHne. H8 puc. 3-5 rrpHaeneHbi nonoJKeHHS! rrHKOB Fm20 ~ H 

4 

266 256 
Fm +Md TIO OTHOW8HI 

6,9M . npu ya e nH'IOHHH KOHl 

TI03>K9, 1.fTO YK83b1B88T H8 I 

B T86nuue I npeucTaJ 

8M8pHUH51, KIOpHH H eapOUH! 

KHCnOTbl. 

P 8c 'leT aenu'IH H D 

r ue s - cao 6 oUH b JH o 6'beM 

B T86nuue 2 npeucT aJ 

Eu - Am , Eu -( Fm , Md ) 

6,3 M no 6 ,9M. 3 T8 o6n8c 

B CBH3JI C T8M 1 1.fTO TipH 6c 

KOHU8 HTp8UIIH Bh! W8 6,9M F 

H8 o c HOB8!1HH p e 3 y m ,.· 

Tp8HCyp8H OBbiX 3 1l8M8HTOB 

xpoMaTorpa<!>uu c o6p8W8HH 

M O>KHO c.a.enaTb cnenyiOmn e 

I. H 8 u6o nbwne K o:;,q,.p 

0 u H8K o Ko:;,<jlq,uuueu' b' pa3)1 

a cucTe Me T6f<P-TBn<P- E 

2. Ha o CHOBBHMH M HO 

y paHOBbiX 3 n 8M8HTOB MO>KH 

opr8HH'I 8 CKOil cP83 b l >!Bil >l8 T 

TH1.f 8 CKH O,llHH8 KOBbi M p a3Mc 

K o n o HKH. OaHaK o npH pa3a ' 

HOC HTen eM HBn >!OT C>l <!>Top n 

AaTop bl n p !!HOC HT 6nt 

f.H.<Pne poay 3 8 ITOCTOS!HHO• 

H8YK l1plKH CT8p br, B. A 

aotl H B.Eo'!K o a y 38 n oM • 

TpOH8 38 npOB8/l9HH8 o 6ny· 

38 n J06e3Jioe npeuocT aaneu 

c q e T8 OC KOnK OB .a.eneHHH C" 



H08KTHBHbi€ H30TOilbi: 

'HOlli9HIIII 1 : 1, XliOpHa>! KIICIIO-

em" .. 202 
, Fm F 

... 
' m 

!IIC>! Hll 300-CaJJTIIM9TpOBOM 

acb-OKCHb ypaH8 ( U3 0 8 ) lfOHa-

.111 >Ke , KBK n s npenhio.ywel:t 

I MM HanOIIH>!llllCb nopOll!K006-

•Ha), cycneHnllpOBaHHbiM B 

JOMbiBBn8Cb :3THnOBbiM CllHpTOM 1 

on6a <jJTopnnacTa-4 cocTaBnHna 

:Mecn TEf<I>-TED<I>. CnyCTH 

ny3b!pbKOB B03llYX8 I! H36biTK8 

KH npn noMOlllH paanaKTHBHbiX 

beMa, B HeKOTopbiX cnyqanx 

Hill! a30THOfl KI'ICIIOTbl, CyTb 

eHHID paaHoaKTHBHbiX H30Tonoa 

! BHOCHnOCb OITpe.aeneHHO€ KOnH-

naCb ee 3IIIOUIIH, 0Tll9llbHbl9 

I 9CTB8 aKCTpareHT8 CM8CH 

tenax owu6KH OllbiTa c aeniPiH-

'BBHbi X B30TOnOB H paaHOM9T-

191lblllYlll9ll pa6oTe
131

, 

e, npnaeaeHbl Ha puc . 1-5, 

OpRSI no OTHOW8HHIO K KBllB-

<03<jl¢HUH9HT pa3ll9l19HH>! lll151 

>K8HHH llHKOB II 

2!16 2~6 

Fm +Md no OTH0lli9HIIIO K 9BpOni!JO np11 KOHU9HTpaUHII XIIOpHOfi KIICIIOTbl OT 8,3M llO 

8,9M, Dp11 yBeiiH'I9HIIII KOHU9HTpaUHII XIIOpHOll KIIC:IIOTbl <jlepMHll II M9Hll9II9BIIll BbiMbJBaJOTC>! 

n03>Ke, 'ITO yKa3biBaeT Ha B03paCTaHHe IIX K03<jl<jli!Uif9HTOB pacnpeaeneUH>!, 

B Ta6nnue 1 npeacTaaneHbi pe3ynbTaTbi cTaTn'leCKoll 11 anHaMn'!eCKoll 3KCTpaKunl! an>t 

8M9pHlUISI 1 KlOpHH H eBpOIIHSI, QlepMHH H M€H.O,eneBHSl B 38BHCHMOCTH OT KOHU9HTp8UHH XnOpHOA 

KHCnOTbl • 

D = 
P- s 0 Eu ---' 

p -s 
Eu 

rne s - ceo6onHhifl o6'heM Kononxn, P - MeCTorrono>KeHHe nHKa s Kannnx. 

B Ta6nnue 2 npeacTaaneHbi K03<jl<jlnuneHTbi pa3aeneHHH anH cneayJOlllliX n ap 3IIeMeHTOB: 

Eu-Am Eu -( Fm , Md ) , ( fm,Md) -Am B o6naCTH KOHU e HTpBUH:ii xnopHOti KHCnOTbl OT 

8,3 M no 8,9M, 3Ta o6nacTb (8 ,3-8 ,9M) KOHUeHTpaUHII XIIOpHOH KIICIIOTbl 6bJIIa Bb!6paHa 

B CBH3H C TeM, Y.TO npH 6onee HH3KHX KOHU9HTp8UHHX KHCnOTbl 

KOHU9HTpaunn Bblll!e 8,9M Fm+ r.!d BbiXO.UHT p83MbiTbiM ITHKOM. 

Ha ocHoBaHHH pe3ynbTaToa no pa3aeneHHJO 11 nccneaoBaHHJO 3KCTpaKuHOHHhiX caolicTa 

TpaHcypaHOBbiX 3IIeMeHTOB (Am , Cm , Cf , Fm 11 Md ) MeToaoM pacnpeaenuTeiibHOll 

xpoMaTorpa<jlnu c o6pa1UeHHbiMII <jla3aMH a cncTeMax TEf<l>-T En<I>-HNO 8 ·, TEf<l>-TEn<I>-HCIO 4 

MO>KHO caenaTb cnenyJOlllHe BbiBOllbi, 

I. HaH6onbllll!e K03<jl<jJHUfl'eHTbi pacnpcneneHnH nonyqenbi a cncT eMe TI3f<l>-TEn <I>- HCI0
4

• 

OaHaKo K03<jl<jlnuneH'l;bi pa3neneHHH B CHCTeMe TEf<l>-TEn <I>- HNO 8 

a cucTeMe TEf<l>-TEn <I>- HCI0 4 • 

H9CKOnhKO 6onbW9, 1.J:€M 

2. Ha OCHOBBHHH MHOf'OY.HCn€HHbiX OITblTOB ITO pa3neneHHlO Cl19llOBbiX KOllHqecTB TpaHC-

ypaHOBbiX 8l18M8HTOB MO>KHO Cll8l18Th Cl18llY10WIIfi BblBOll : llYtiWH:M TBepabiM ~OCHT8l18M llllSI 

opraHHqeCKOA <jl83bl HBIIH9TC51 rnnpo<jlo6H3HpOBaHHblll CllliHKarenb, 3To o6ycnaBIIHBa9TCH npaK-

TII'!9CKII onHHBKOBbiM pa3MepoM 3epeH Si 0 2 11 paBHOMepnoli yrraKOBKoll no ace I! ann He 

KOIIOHKH . 0nHaKO npH p83ll9l19HIIH MaKpO-MaKpO- lilli! MaKpO-M11KpOKOIIII'I9CTB Hai!IIY'Illii!M 

HOCHT9l19M HBIIH9TCH <jJTopnnaCT-4. 

AaTopbi npnnocnT 6naroaapHOCTb 'IIIeHy-KoppecnoHaeHTY AH CCCP npo<jleccopy 

f.H.¢>nepoay 3a nOCTOHHHOe BHIIMa!IHe H 06CyM<Il9HU9 pe3yiibTaTOB, llOKTOpy XliMH'I <?CK!iX 

HayK 11p>KH CTapbi, B . A. EpMaKoay 3a noMOlllb rrpn o6pa6oTKe p e3ynbTaTOB, 3.KHo6ncxo-

BOll II 8,60'!KOB y 3a nOMOlllb B BblllOIIH9HIIH 3KCnepHM9HTOB, rpynne 3KCnnyaT8UIIIf UHKIIO

TpOHa 3a llpOB9ll9HH9 06IIy'I~HHll, a TaKlK9 6naroaapnT UOKTOpa XII~H'!eCKIIX HayK TOB,A1oapo 

38 nJ06e3HOe npenocTaaneHHe 3KCTpareHTa, B.n. DepenbirHHa 3 8 rroMOlllb a ocaoeHHH M<?Toaa 

cqeTa OCKOllKOB U8l18HHH CT8Kl10M. 

5 
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1. M . Tay6e, E. fayaab, K.A. faapHnoa, .H. Man&r, H.BpaHAIIITeTp, BaH TyH-CeH, 
Nucleonika, 7-8, 479 (1962) . 

2, H.BpaHarnTeTp, BaH T yH-ceH, K.A .faapHnoa, E.fayaab, .H,Manbr, M.Tay6e, OperrpHHT 
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4, !,Mikulski,. 'l',Modro, K e rnenergie (e rreqaTH J. 

5, 'l',B,Pierce, R ,S,I-bbbs, AERE- R4358 ( 1963 ), 

logC Log DE• 

0,80 0,65 ) 
(0,67)x 

0,81 0,80 ) 
(0,78Qx 

0,84 1,45 ) 
(1,43)x 

PyKorrHCb rrocTyrrHna e H3A8TenbCKHli oTaen 
27 H!OIISJ 1964 r, 

Ta6nHu a 

LogO Am logDFm + Md 

0 ,45 ) 
(0,459)x 

0,525 

(0,525)x) 0,750 

( 1,125) x ) 1,225 

x) llaHHble 110 CT8TH'tBCKOli 3KCTp8KUHH. 

T a6nHua 2 

{J - K031jl, K oHu .HCI0 4 Koau. HCI0 4 K oHu. HCI04 
paaaeneHHst 6,3M 6,5M 6,9M 
--

DEu 

DAm 
1,44 1,54 1,3 

~ 1,25 1,06 1,16 
DFm+Md 

DFm+Md 1,18 1,44 - 1,1 o-.:-
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PHC, I , nonOJKBHHe IIHK8 



lWTeTp, BaH TyH-CeH. 

R.Manbl, M.Tay6e. rlpenpHHT 

li1HH 71569, ny6Ha, 1964. 

, H3Jl8TenbCKHII OTJ:ten 
1964 r. 

logO Fm + Md 

0,525 

0,750 

1,225 

K oHu. HCIO• 
6,9M 

1,3 

1,16 

- 1,1 

Cs 

50 
-c Eu 
8 
~ 

\() 
) 

E 
~ 
0 

~ 25 l: 
-o 

~ 
:J 
(.) 

~ 
c5 

r/o 
0 

0 10 i!.O .30 "lO so 

PHc. 1. nono>KeHHe nHKB Am
24 1 

H8 xpOM8TOrpaMMe B CHCTeMe TEf<J>-TEn<J>-6,3M HClO,. 

7 
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Ha xpoMaTorpaMMe a CHCTeMe T6r<l>-T 6 !1<1> - 6,3M HCIO •. 
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PHc. 3. llono>t<eHHe nHKC 
T6r<I>- T6!1<1>- 6 
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252 206 258 
PHc, 3, flono>KeHHe nHKOB Fm H Fm + Md H8 xpoMaTorpaMMe a CHCTeMe 

TBf<l>-TBfl<l>- 6,3M HCIO, • 

1CTeMe T6f<l>-T6fl<I>-6,3M HCIO •. 

9 



UNnJNin 

f3 io( 

4 

fed) 

5 
~ 

1 
~ 
CJ 

0\ 

2 

1 
~ 
6 

3 

2. 

1 

0 

Cs 

1C eo 30 40 
D8'6eN e tamJN:J. 

232 238 256 
PHC. 4. nonolKeHHe ITHKOB Fm " Fm +Md H8 xpoM8T Of'p8 M M e B CHCT eMe 

TBf¢>-TBn¢>-6 ,5M HCIO •• 

10 

t-

wm /Nin 

f3 j ~s 
800+8 

Fm2. 

2D 40 

I 
I 
I 

PHc . 5. nonolKeHKe ITKH 

TBf¢>-TBn <1:>-6, 



12 

3 

:pOM8TOrp8M M e B CIICT e Me 

w-m /Nin 
f3 oL 

Cs 
800 8 

\() 

b 
~ 

ClO 
:::> 
E: 

.1J. 
0 

~ 
~ 
E a 
0 
l: 
E: 

C) 

15 

Eu 

0 . 
F, 252. ~ ~ ao rn / 

~ I 
I § 

~ 

I .a 
I 16 z 
I 

0 I 5(5 
I 

" I 
I 
I 

0 

I 

2D l.fO 60 80 100 120 140 160 180 

. 056iil'f b I:OMSl.:t. 

2~2 266 2 :S6 
Pnc. 5 . nonmKeHI< e lll!KOB Fm H Fm +Md H e x p oMaT o rpaMMe B Cl!CT e Me 

TBr<t>-TBn<t>- 6 ,9M . HCIO • . 

II 



' t OJ::>H -ct>US~ -ct>JSJ 
PW + Ul,{ • Ul:) • na I<UU :)liO{ .LO a lloJ '!.L::>OI'IH::>HGe£ '9 '::>Hd 

6'0 SS'O SL'o 1.'0 

•' ,·o- ... 
·" I'N +ILid • .,. n3 + 

0 

to 

9'0 


