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nony"'eHHe UHKnOTPOHB~ MHWeHeA H3 TpaacnnyTOHH9BhlX 

H peAK03eMen&H~ aneMeH~OB aneKTPOOC8*A9HHeM H3 H306yTaHOna 

B pa6oTe s3yqancH nponecc aneKTPOOCB~AeHHH TpaacnnyToaseB~ 
s peAK03eMen&BhlX aneMeHTOB B3 H306ynnoBoro cnspTa. HabeHhl ycnoBHH 

IAnH nony"'eHHH TOnCT~ (Ao' 2 MI"/c~) UHKnOTPOHH~X MHWeHeil: H3 9THX 

aneMeHTOB, yCTOA"'HB~ nps o6nyqeHHH ycxopeHHhlMH MHOI'038pHAHhlMH 

HOHSMH H90H8 H KHCnOpOASo noKS38HO, "'TO He6on&mse Ao68BKH 9THnOBOI'O 

cnspTa (1-5)% noAaBn~T nponecc ra30BhlAeneHHH nps aneKTPOOCa*AeHHB 

TpaHcnnyTOHH9BhlX H peAK03eMen&HhlX aneMeHTOB. 

-t:" 

llpenpHHT 06he~HeHHOrO HHCTHTyTa SAep~X HCCAeAOBBHHI. 

,Izy6sa, 1973 

Korotkin Yu.S. P6 - 7400 
Formation of Cyclotron Targets from 
Transplutoniurn and Rare-Earth Elements by 
Electrodeposition from Isobutyl Alcohol 

The process is studied of electrodeposition of trans
plutonium and rare-earth elements from isobutyl alcohol. 
The conditions are found for formation of thick (up to 
2 mg/cm 2 ) cyclotron targets from these elements stable 
when bombarding by accelerated multiply charged Ne and 0 
ions. It is shown that small impurities of .ethyl alcohol 
(l-5%) suppress the process of gas generation in electro
deposition of transplutoniurn and rare-earth elements. 

Preprint. Joint Institute for Nuclear Researeh. 
• Dubna, 1973 
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,D;mr npose,lleHHH PH.Ila · 3KcrrepHMeHTOB Ha rryqKax ycKo
peHHLIX MHoro3apH.IlHLIX HOHOB · ·Heo6xo,lliiMLI U:HKJIOTPOHHLie 

· MHWeHH · H3 · TpaHcmiyToHneal.IX · I TII31 H pe,llK03eMenLJILIX 
3neMeHTOB I P33l- TOniU:HHOH. ilo 1. _Mz/cM:t .3TH· MHWeHH 
,llOIDKHLI o6na,llaTL ·aLICOKOH MeXaHHqecKOH H pa,llHaU:HOHHOH 
yCToifqHBOCTLIO, ·a ·f'ak>Ke paBHOMepHOCTblo CJIO.fi .. IIO BCeH 
IInOID:a,llH. lf3rOTOBJieHHe ni.KHX MHWeHeH 'HLCTO OCIIO>KH.fleT~ 
C.ll BLICOKOH y,llenLHOH ai<THBHOCTL}O rrpnM:eH.fleMLIX H3oTorios. 
H qpe3BLJqaHHO MaJILIMH KOJIHqecTB~Mll HeKOTOpLIX HJ HHX. 
3Tll YCJIOBHH He Il03BOJI.IIIOT IIPHMeHHTL MeTO.r(L(cy6JIHMaU:Hii 

·a sai<YYMe, 3JieKTPOPll;CII~rm!lm.R n 3JieinpoManiHTHoii cEma~ 
paU:HH, BBH.UY HX HeKOJIHqecTBeHHOCTH.' . _·. ·~- . 
· Illnpoi<o ·pacrrpocrpaueu MeTo.n Muorocnoiiiroro Hauece· 

HHH H3 .. B.113KHX opraHnqecKHX·· paCTBOpOB. C.· rrocne,nyroru:HM 
BLI>KHraHHeM opraHHqeCKOH• OCHOBLI' /1/ • MeTO,Il IIPOC'r . B 

. HCIIOJIHeHHH, HO o6na,naeT ·P.R.llOM cyru:ecTBeHHbiX ue.r(ocTaT"' 
KOB: MHOrOCJIOHHOCTL HaHeCeHHH aeru:ecnia lue 6onee 20· 
50 MKZ/CM 23a ·o,nHH CJIOHI; qTO BJieqeT 3a C060H 60JILWHe 
3aTpaTbl BpeMeHH, CIIO>KHLIH rrpou;ecc pereHepan;HH OTXO,IlOBA. 
H ·Heo6paTHMLie. rroTepn H30Torroa ... OH HerrimMeHHM rrpH 

· HaHeceHnn ua. rro.nrio:>KI<n 1-onru:nuoii ~eHee 5 M.KM · n~- 3a .·. 
IIX Manoii MeXaHnqecKOH rrpoqHOCTH. Tiep_CIIeKTHBeH B 3TOM. 
OTHowemm;MeTO.ll.3Jrei<Tpooca>K,neHHH H3 .opraunq'ecKnx pacT.: 
aopnTeneii. lfMeeTCH- p11.n pa6oT no rronyqeunro ToncTbiX 
cnoea TII31J P33 H3 aonuLrx /'J- 4 /n ao.nuo-opraHnqeci<HX . 
p~c:raopoa 4• 5~ 3neKTpooca>K.neHne TII3u P33 n~ ao,nuhiX 
pa~TBOpOB IlpHBO,UHT:•, K . OCa:>K,neHHIO Ha -KaT(),ne Tpy,nHo· 
pacTaopiiMbiX. ru.npooi<nceii, T.K. rrpn 3TOM rrponcxo,nnT TaK 
Ha3LIBaeMLIH "3Jiei<TpOIIHTHqecKHH. rH.llP()IIII3" .B IIPHKaTOJl• 
HOft 06JiaCTH, r ,ne."3aC1.JeT pa3 PH.lla HOHOB ~o,nopo,na , IIpOHC ~ 
XO,UHT HaKOJIJieHHe , ru,npOKCHJILHLIX -HOHOB . H _ C03,UaiOTCH.-. 
YCIIOBH11 ,niJ11 o6pa30Baimfl: runpoOKHCII MeTaJIJia/2•4•6•7/ • 
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llonyqeHHLie TaKHM o6pa30M cnou P33 oTnuqae:r Hepan
HoMepHOCTL CUOJI H3 • 3a -CHHLHOrO BLI,I:{eneHHJI BO.!{OpO.!{a 
B npou:ecce 3neKTpooca:>K.!{eHHJI, a TaK>Ke_ olJeHL HH3KaJI 
MexaHH'IecKaJI npo'iHOCTL, .!{a:>Ke nocne npoKanuaaHHJI npu 
BLICOKOH TeMnepaType. lfHor.na 3neKTpooca:>K.!{eHue npono-. 
.!{JIT H3 KOHUeHTpHpOBaHHLIX paCTBOpOB 3lleKTponHTOB llpH 
HH3KHX 3HalJeHHJIX pH~2~S/, 'ITO IT03BOUJieT nonyqaTL CHOU_ 
.zio 1 MZ/CM 2 C .IlOBOHLHO BLICOKOH npO'IHOCThJO, HO ITHOXOH _ 
panHoMepHoCTLJO cncu1 /eM. puc. 9a HacTOJim;eii pa6oTLI/. _-_ 

B-npaKTHKe pR.na na6opaTop:Hii npuMeHHeTCJI 3neKTpo~ 
oca)l(.!{eHHe H_3 no.nHo-cnupTOBhiX pacTnopon /J,s( .HanH'IHe 
CB060.!{HOH BO.IlLI B paCTBOpax Bhl3biBaeT lJaCTH'iHOe OCa>K-
.!{eHHe · MeTanna B BH,Ile rH.IlPOOKHCH HUH B BH.!{e rH.!{pOnH-
30BaHHLIX.KOMITneKCOB P33 H Tll3 c MoneKynaMu cnHpTa. 
TaK KaK" ru.!{pOOKHCH o6pa3yiDT aMop$Hhie oca.!{KH 6e3 'IeTKO 
Bbipa:>KeHHOH KpRCTannH'IeCKOH CTpyKTyphl, TO. llpH HX npo
KanHBaHHH o6pa3yJOTCJI OKHCHI.Ie cnoH P33 H Tll3 c 6onh
niiiM KonH:qecTBOM cTpyKTypHhlx .!{e$eKTon·, He ycrpaHReMhiX 
,I:{aULHeHWHM npoKaUHBaHHeM npH ~OITYCTHMLIX. TeMnepaTy~ 
·pax, _'ITO -He MO>KeT He CKa3aTbCJI_ Ha MeXaHH'IeCKOH H pa~ 
.!{HaUHOHHOH npO'IHOCTH o6pa3yJOIU;HXCH- cilo_eB. . 

3neKTpooca:>K,neHHe H3 'IHCThiX . CllHpTOBbiX paCTBOPOB 
.!{On>KHO CBeCTH ·K MHHHMYMY KOHH'IeCTBO 3UeMeHTa, OCa:>K· 
,I:{eHHOrO B BH.!{e rH.!{pOOKHCH, 'ITO, B, CBOIO O'Iepe.!{L, .!{On>KHO 
·npHBeCTH. K yBenHlJeHHIO MeXaHH'IeCKOH,H_pa.!{HaU:HOHHOH yc..: 

TOH'IHBOCTH. Tll3 H P33 cym:ecTBYJOT B 'IHCThiX cnHpTo?tiX/ 
pacTnopax a BH.!{e conLBaTOB onpe.!{eneHHoro cocTana 14 

H o6pa3YJOT_ npH, OCa:>K.!{eHHH Ha KaTO.!{e KpHCTannH'IeCKYJO 
cTpyKTypy, KOTopaJI · npH npoKanHaaHHH nerKo nepexo,I:{HT 
B KpHCTaHJIH'IeCKYJO CTpyKTypy OK.HCH P33 H.Tll3. 

B HacTOJim;eii pa6oTe c.nenaHa nonhiTKa nonytieHHJI cnoen. 
P33 H Tll3 c yK~3aHHhiMH ·caoiicTaaMH MeTo.!{oM 3neKT

pooca>K.!{eHHJI H3 CITHpTOBhiX paCTBOpOB. 

3KcnepuMeH11raA&HaJl 'lacm& 

~nJI pa6oThi B Ka'iecTne pacTBOPHTenJI 6I.m Bhi6paH 
H3o6yTHUOBhiH CITHPT, KOTOphiH He. CMeWHBaeTCJI C ·ao.!{OH, 
o6na.naeT HaH6onee BhiCOKoii pa.nHau;iloHHoii yqToii'IHBOCThJO · 

4 

I 

l 
'I 
I 

-I 
I 

ti 

'· i 
t 

} 
l 
j-

·--

I-

f, 

I 

I: 

I. 

I 

.I 
-1 .. 
t 

:1 ; 
~-~ 

~· •' 

·. 
B p.s:.!{y _ ~ITHpTOB' C4_ -Ca /B/ H'HMeeT .!{OCTaT<l'iHO BblCOKYJO 
paCTBOpJIIOIU;YJO CITOC06HOCTh no OTHOttleHHIO K- HHTpaTaM 
P33 u Tll3. PaHee H3o6yTHJIOBhiii cnHpT c ycnex.oM·npH.: 
MeiiRnCJI 1i :A.Tao3.neahiM H 10·. T. qy6ypKoin;.IM npH 3JieKT
pooca>K,neHHH ypaHa;_ HenTyHHJI H nnyTOHHH/9/.cnllpT nepe
rmiJrnc.s: _a K:BapuenoM ann~ paTe, .!{JIH paGoThi ··or6HpanacL 
<lJpai<UHH c TO'I,~<oii KHneHHH 108,4°C: ~nH npHroTonneHHJI " . 
pacTBopon npHMeHHnH JiHTpaTLI P33/XIJ/H Tll3.· B cnyq:ae 
C ,Tll3 HHTpaTbl ITOrlyt{anH ynajmaaHHeM HX paCTBOpa- B· · 
a3oTHoii I<HcnoTe. IIepecywHaafiHe conH npHBO.!{iiT K CHH>Ke
HHIO ee · pacTnopHMOCTH- B H3o6yTaHone npaKTH<tecKH :.!{o 
HYJIH, • no3TOMY 6e3 ·. · onpe.nenemihlx HaBhiKOB OKOH
'iaTenhHOe ynapHBaHHe a30THOKHCJioro pacTndpa nyq
we-. -- npOBO,IlHTh B ~- 3KCHI<aTope; 'PacTBOpHMOCTh- B 
CnHpTe cny>KHT ' TaK>Ke Jq)HTepHeM '-iHCTOThl - comi.i. · ·' 
llpHCYTCTBHe . HepaCTBOPHMJ;>IX- npHMeceii . qacn) CHH· -.; 

>KaeT· paCTBOpHMOCTb caMOH COUH, 'ITO yKa3hiBaeT.Ha Heo6-
XO.!{HMOCTh nepeOlJHCTKH•_BelliCCTBa. 3TOT <lJaKT .!{OCTaTO'IHO 
Ba:>KeH, TaK. KaK npHMeCH. B 60JihWHHCTBe CJiy'IaeB YMCHh
rnaJOT-. npotiHOCTh oca»<.neHHLIX cnoea. ,ll;JIJI 3Jiei<Tpooca,K.!{e
HHJI . npHMCHJIHCJI npH60p, npe,n-JIO>KCHHbiH _ B pa6o:re /10/.:H , 
noi<a3aHHhiH Ha ·puc. 1 . . AHo.n npe.o;cTaBJIHJI co6oii lmaTHHo-
BYJO nonoci<_y /pa6oqaJI 'nnoma.ri~> Q ,25· CM 2j . . · - · 

B I<a'ieCTBe no.nno»<ei< Hcnonb30BaJIHCL aJIJOMHHHii, nna
THHa, 3onoro, THTaH, TaHTan,-aaHa.o;Hii. Tonm:imarro.o;nOii<KH--· 
,O_T .. 5 .!{0 20 MKM, - . • - .· • · . -

Kai< H3BeCTHo Itt/, npe.o:aapHTeJI~>HaH o6pa6oTI<a no.!{~ -

HO>KKH HrpaeT 60JihiiiYIO pOJih llpH ITOJIY'iCHHH npO'iHbiXCJIOCB, 
qT06hi H36e>KaTb H36HpaTeJihHOrO paCTBopeHHJI HeKOTOphiX 
yqaCTKOB llOBCpXH~CT~~ He~6~0.!l:~MO npaBHJib~O ITOJJ:06paTh 
cocTaB :weKTPOJIHTa.' AJIIOMHimeBhie no.o;rro»<i<H rrpe.!{cTaBJIH-
JIH c~6~Ii n~nuponaunyw <lJonHy. llcp(;!ii. pa6oToii ona rrpo
MLmanach- I<oirueHTpilponamiOii -a3o:rnoii KHCJIOToii. ·Bo.o;oii; 
CITHPTOM 'UJI~ auel-o~or.L flyqrnne pe 3YllbTaThl ·6hinli noli~ ·
'-JCHhl ITI)H CJie,IlyiOuie4f ~6pa6oTKe aJIIOMliiiHC~biX llO,IlJIO:>KCK _I'J/ • 

. An~Muuuii o6pa6aTLman·cH .10 M:nnyT B pacl'nopc:/nec:•I./ · 
5NaCI_ +. 2K 2 Cr2 0 7 + 3NaCIO~ · + 1/20 n~ypnncynL<lJaia 
Ha;rpnH _J · _90 H2 0 npn 83° C. ITocne npoMLIBKn o6pa3eU_ · 
o6pa6aThmann 25o/o pacraopoM HN03 n Te'lenne 1 ceKyH.O:hi, 

· BTopu•m'o ·.npoMbiBa.JJII crrnpTOM n IieMc.nncnno ,npoao.nnnn · 
:O,L. ':-, c • ., • • • ·, • -, ... 

OCa:>K,IlCHHC •. nnJI THTaHOBhiX,'o TaHTaJIODbiX H .. _BaJia.o;neBLIX .-... ,... . . ' . 
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no.IJ;nomeK raKJKe. npnMemmocb .IJ;Ba cnoco6a .Hx.npe.IJ;aapn-
Tenbnoii: o6pa6oTKH /13/. . .· • . . . · · , 

Ilepabiii: -- npoMhiBanne . cnnpT.OM /nan on/, RN03 
cnnp'roM, npoKannaanne npn 600 ° C, ciioaa cnnpT. · 

BTopoii: 'aapHaHT._ o6pa6oTKa. B I.QenoqnoM. paCTBope 
/KOH 2:350 2/A/ npH 80°_C, JJH6o .noc.TOfl:HHbiM TOKOM Ha 
ano.IJ;e. BpeMfl: o6pa6oTKH - 30-60 ceK. 3Ta o6p.a6oTKa. 
C03.IJ;aeT Ha noaepXHOC.TH THT~Ha .6a pxa THCTYro nneHKY Cepo- . 
ro IJ;BeTa, B K/;TOpOH 06Hapy:>KeHbl OKHCJJbl THTaHa, B '!aCT-·, 
HOCTH, PYTHJJ l3/, nOBbilllaiOI.QHH · TBepJJ;OC.Tb H3JJeKTpO~. 
ConpOTHBJJeHHt~ noaepXHOCTH.- .[{anee nO.IJ;JJOJKKa o6paGaTbi
B~CTCfl: · a pacTaopax KonuenTpnpoaannhiX KncnoT ~ HCI jy.IJ;. ·. 
Bee 1,19/, ll ,ll;p. - npH·HOpMaJJbHOH TCMnepaType nepeMen-

-HbiM TOKOM /2:9,005 a/cM2/ B TeqeHHe 1-.3 MUH. Ilo.cne 
npOMbiBaHHfl: BO,ll;OH H .BbiCYliiHBaHHfl: nOD:JJOJKKH rOTOBbl K pa-
6oTe. 

Oca.IJ;KH, nonyqenHhie na non:noJKKax, npollle.IJ;liiHX TaKyiO 
cnomnyiO o6pa6oTKy, oTnnqannci> 6onee BhiCOKoii: npoq- • 
HOCTbiO, qeM npH npOCTOH o6pa60TKe nO.IJ;JJOJKeK . .[{nfl: 6onb
llleii: qacTH npaKTHqecKnx 3a.IJ;aq .IJ;ocTaToqno npocToii· o6-. 
pa6oTKH nO,ll;JJOJKeK no n'epBOMY BapHaHTy. 

. IIonyqe.HHhie nocne 3·ne:K-TpoocaJK.IJ;eHHfl: cnon npocyliiHBa- · 
JJHCb no.IJ; HmppaKpacHOH naMnoii:, 3aTeM npoKaJJHBaJJHCh npH 

· 600-700°C, oxnam.IJ;annch n npoMhiaanncb 3THJJOBbiM cnnp..; 
TOM. 

Pe3yAbmambz u o6cyJICoeHue 

OnbiTbi no· ~neKTpoocam.IJ;eHHIO P33 H TII3 na no.IJ;JJOJKKH 
H3 , 30JJOTa H nnaTHHbl He .IJ;aJJH y.IJ;OBJJCTBOpHTeJJbHbiX pe-' 
3YJJbTaToB. Bhrxo.zl 3JJeMeHTa, ocam.IJ;ennoro na 3TH no.IJ;
no:>KKH, KOJJe6aJJCfl: B npe.IJ;enax i 0- 30o/o, llOJJyqeHHbie CJJOH 
HMenH BH,ll; nopOliiKa C Kpaii:He Hll3KOH an:re3Heii:. IloJJOJKH
TeJJbHbiC pe 3YJJbTa Tbi 6bmH nonyqenbi na no.IJ;noJKKax H3 aniO-. 
MHHHfl:, THTana, TaHTana H u;npKOHHfl:. Ha puc. 2 npe.IJ;cTaa
neHbi KpHBbiC OCaJK.IJ;eHHH ra.IJ;OJJHIIHH Ha pa3JJHqHbie no.IJ;
JJOJKKH npH HanpH:>KeHHHX OT 20 ,ll;O 600 8. 06'heM paCTBOpa 
ap acex onhrrax paaen 5 .MA, 1\0HU:eHTpau;nH ra.IJ;onminH .,. 
oT 170 .IJ;_o 300 MK2/MA. :8 npe.zlenax 3THX ·Konu;enTpaunii: 
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KPHBbie ocaJK.IJ;eHHH npaKTHqecKH· O.IJ;HHaKOBLI .IJ;JJJI aniOMHHne-
_BLIX no.IJ;nomeK. BonLTaMnepnLie 3aBncnMOCTH .IJ;JJJI npou;ecca 
ocam.IJ;ef!:HH_ na aniOMnnnii: noKa3aHbl .Ha puc. 3. Hymno 
OTMeTHTL, qTonpH KOHUCHTpaUHH ra.IJ;OJJHHHH BLillle 50MK2/MA 

cTaHOBHTCH 3aMeTHbiM ra3oBbi.IJ;enenne. Ilpli BBe.IJ;eHHH a 
.pacTBop H3oTona . 244 Cm I> 10 8 a--pacnaooe/JtiuH./ nnTen
cnanocTL ra30Bbi.IJ;eneHHH nOBLilllaeTCH~ B HeCKOJJLKO pa3. 
Bennqnna TOKa B npouecce :meKTpoocaJK):(enHJJ 3aancH:T OT . . ~-

. KOHUeHTpaUHH paCTBOpCHHOrO BCI.QCCTBa, HanpJJiKeHHH H 
pa.IJ;HaUHOHHOH narpy3KU /puc. 4,5/. 

·HylKHO OTMeTHTh, qTo nO.IJ;06HaH pa.IJ;HaUHOHHaJI Harpy3-
Ka He: MOiKeT HBHTbCH -npif'-IHHOif: Ha6mo.IJ;aeMOH HHTeHCHBHO
CTH r·a30Bhi,ll;CJJeHHH . .[{JJ.H KpHBLIX "ToK-Bpe~u"(V=const) , 
nonyqenHbJX na. pacTa'op[tX 4HCTLIX coneii: P33, xapaKTepH'o 
yaerrnqemre ioKa ao aper-renn .zio n()CToximoii: BeJJH4HHLI~ 
BLixo.IJ; TOKa. 1ia • nnaTo roaopnT o6 oKonqannn ocaJK.r(eimJI 
paCTBOpeHHOro BCUlCCTBa. 4TO HBJJHeTCH MeTO,ll;OM KOHTpOJJH 

-· · 3a npouec·cor.f 1JJCKTpooca>K~enHH. HyiKHO OTMeTHTL, qTo 
.IJ;JIH OCUJK,IICHHR yparia (Vf) · H nnyTmiHH (IV)' japaKTepHa • · 
HHCIIa,UaiOUlUH 3UBHCHMOCTb TOKa OT BpeMeHH / 9 • . ' . · 

. ·:B· uaWH.X Onb~TaX jpuc.. 6/ CHH:lKe~He BCJJHqHu~~:TOKa' 
na6~IO.IJ;aeTCH TOJJhKO npH n:o6aaneHHH B pacT.BOp .KHCJJOTLI 
HJJU IIOCTOPOHHHX HOHOB /nanp., Ag·+, . S2 :"7 H T.n./.· BepoHT_
rio; BBe.IJ;eHHe H2 0 npHBOJIHT K 3JJeKTPOJJHTH4eCKOMy rH~po,;.' 
JJH3Y :Ronoa · P33, KaK 3TO yKa3hiBanoci' BLillle .. Ilpn nony-. 
tiennn. nnTpaToa P33. n TII3 y!Jap~a~nneM nx ~ HN03 , 
cao6onnaH Kncnoni. qacrnqno 3axaaTbiBaeTcH KpHcTannaMn 
conn H 3TO npoHBJJHeTc.H ·na KPHBbiX ''ToK-apeMH'~ He6onL
mnM cna.IJ;OM B uaqane np_oue_cca 3JJeKTpoocaJK.IJ;eHHH I puc. 7/. 

· lloKa3aHil:aH 3aaHCHMOCTb IIonyqena rrpH 3JJeKTpoocaiK.IJ;e'HHH 
200 MKz 246 c~+ '10 MK2 242 cml==io11 a· -qacTnu a M:itnyTy/ 
H3 H3o6yTanona c 1o/o jno. o6'beMy/ nanona . .[{o6a'anenne 
nanona BbiJBaHO 'TeM, qTo B ero npHCYTCTBHH / .. lo/o/ He 
npOHCXO.z:iHT Bbi.IJ;eiieHHH BO,ll;Opon:a .IJ;aiKe npH ,ll;OBOnLiiO Bbi- • 
COKHX pa.IJ;HaU~OHIIhiX narpy3KaX /ciapHJiHCb Onhl'fLi' CO ·••· 
100 MKZ 242 Cm ;;.;10 12 a -qacTHU H 3:io '? 'ocKoni<OB cnon-· 
Taniioro .IJ;eneHHH B MHHYTY/. Bnoime B03MoiKHo; ~To B 
.z:(aHHOM. cnyqae 3THnois~IH cnupT. HrpaeT ponL J<aTO,ll;HOrO 
.IJ;enonJJpH3aTopa, . T.e. c2 H 5 OH ·aoccianaanHBae:rcH )o' 
paCTBOpH.MLIX coe,UHHeHHH Ha KaTO,ll;e' :npH · .. 6onee HH3KOM 

• ~ 4· ,. ••• : -
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KaTO.IJ:HOM noTeHunane, qeM, HanpHMep, ·noHhi ao.nopo.na, 
~.nar.o.n~pH .-"lJeMy-_ ·BhiXO.II · BO.IIOPO.IJ:il· .· pe 3KO YMeHbiiiaeTCH. 

.· ·'· He6onhmne .no6aBKH /=-1 o/o/ 3Tnnoaoro cnnpTa y.no6Hhr 
n· TeM, "lJTO . HHTpaThr P33·' n Tll3 · pacTBOPHIOTCH B HeM 

• ropa3.IJ:O Jierqe,. iieM B J!306yTH.llOBOM CllHpTe. 3neKTpOOCIDK
.IJ:eHHe P33 H Tll3 . . H3 cMecn n3o6yTaHomi. -n 3TaHomi. 
3aMe.nnHeTCH B .IJ:Ba pa3a· npH co.nep)J(aHHH. 3TaHona 5o/o. 
KnHeTHKa 3neKTpooca)f(.IJ:eHHH aecoBhiX' KonnqecTB KIOPHH 
H3 H3o6yTaHona · ·noKa3aHa Ha .•puc. 8; . .-oca)J(.IJ:eHHe . 95o/o 
KIOpHH .nocTnraeTCH 3a 35 ·MUH. PaaHoMepHoCTh·oca)J(.neH"' 
HOrO CJIOH KIOpHH Onpe.nenH.llaCb ·no OCKO.llKaM CllOHTaHHOrO 
.neneHHH Ha .neTeKTopax H3 I)JocdlaTHoro c_TeKna jpuc.9/. )J;nH 
MaKCHMa.llbHOrO 'HCllQ.llh30BaHHH B I)JH3H"lJeCKHX 3KCllepHMeH~ 
Tax pe.nKoro_H3oTona. KIOpHH-246 oii ·HaHocnncH Ha MHHH~ 
Ma.llbHYIO nnorua.IJ:b•. C.llO)J(HOH KOHI)JHrypaUHH.· 3TO .IJ:OCTHra~ 

.llOCh T.eM, "lJTO·llO.IJ:.llO)J(Ka HaKphiBanacb TetP.llOHOBOH ~'MaCKOH'' 
Heo6xo.nnMoii I)JopMhr. . MniiieHH · H3 KIOPHH, H3roToBneHHhre 

. Ha.pa3nH"lJHhixno.nno)J(Kax; noKa3aHhi Ha -puc. 10. 
· -;.llpn npoKann:J;3aHHH cnoH, nonyqeHHoro nocne 3neKTpo

oca)J(.neHHH, ero.-aec ,yMeHhiiiaeTcH npHMepHo B .naa pa3a,: 
3TO He CKa3hiBaeTCH Ha npO'-IHOCTH C.llOeB C KOHe'IHOH Ton
IUHH,OH ·_.n·o: '{ A:fZ/cM 2 • CocTaB coe.nnHeHiln, ~ ait:.ne KoTophrx 
P3:}_~· H, Tll3 OCa)J(.IJ:8:IOTC~. H'a no;:r:m1)J(K): ,npH 3.llel<Tponu3'e,' 

· n · coyTaB .cqe.nnHe~nJi, KoTopr..re .rronyqaroTcH npu npocTOM 
ynap:Iisam,m pac'-raopa conn a II3o6yniHone, , . HecK.onhKo 
oTn~~~IOTCH, i<aK ;no:. an,tiHo ,H3 TepMorpaanMerpnqecKnx 
.IJ:aHHhiX /puc. lJ/. 113BeCTHO, 'Il'O P3,3,o6pa3yiOT KOMITneK
Chi C .IJ:BYMH .·HJJH Tp'e~H ¥;O.lleKynaMu: CT{HpTa •.. Conoc~aB
neHHe pe3y.llhTaTOB, npe_ii'cTasneHH~~X Ha pu_c. 11, H JJ;HTe- . 
paTYPHhrx . .naH:1Jhrx /14/ no3i3onHe'J:' cqnmTh, 'ITo 3neKTpo-. 
oc~)J(.neii.ne • · P33 :rr ... Tll3 npoll:cxo.nnT ·a BH.IJ;e .nu~q-jji.Ba-r:oa. 

• • ,: -· .. i ' • 

. . TaKH~ o6pa:}OM, onTitManhHhiMH ycnoBHHMH .nnH_nony-:, 
"lJeHHH .TO.llCThiX ·/JI..O -2 M2/CM/ llpO'-IHhiX C.llOeB TpexBai:IeHT· 
·HhiX P33 n Tll3_. ~3neKTpooca)J(p;euneM .HX.H3,H3o6yTaHona 
HB.llHIOTCH cne.nyrorune: HanpH)J(eHHe ()OOe; ·.KOHUeHTpa,uHH .. 
no :MeT~JI;JIY. =-300 MKZ/M/1; .T.~MnepaTypa· 20-.l5° C; BpeMH. -; 
40 .MUH; non.JJO)J(KH -, aniP~HuUH, _TH,TaH, TaHT_an, BaHa.IJ:Hii; 
TeMnepa-rypa- npoKa.imaaHHH. "'·· 600-7.00° C; o6'heM pacT· 
BOpa. -: 5'.:.} MA;: IT.ll~~a.uh Ka;._o~a _,- 0~25 MM 

2
; p~C,Cl'OHHHe 

aHO.l\_a,OT :r<;aTO.IJ:a i-:-,-}5 •J\!M., ·1·.; . ·• .. • ·.·; ,:-':._;;:.·;:,-;.:>• . 

8 

.· 

f. 

~ 

' I 

r ~ 

j ~-

Hy:lKHO OTMeTHTh, "lJTO B03MO:lKHO nonyqeHHe TaKHM 
MeTO.IJ:OM cnoeB P33 H Tll3 .no 10 M2/CM 2 .• HO HX npO"lJHOCTh 

n ' ' • • • 

oqeHh HH3Ka. 
MnweHH H3 KIOpnH-246, H3roToaneHHhre 3neKTpooca:lK-

.neHHeM H3 H3?6yTaHona, Bhi.IJ:ep)J(HBarox o6nyqeHHe IIY"lJKOM 
TH)J(e.llhiX yCKOpeHHbiX MHOr03apH.IJ:HbiX HOHOB KHC.llOpOJI..a 
H HeOHa 9. cyMMapHOH HHTeHCHBHOCThlO 5.10

11 
HOHOB • 

Bbreoobl 

1. 1-lJyqancH npouecc 3neKTpooca)J(.IJ:eHHH TpaHcnnyTo
HHeBhiX H pe.rtK03eMe.llhHbiX. 3.lleMeHTOB H3 H306yTH.llOBOrO 

CllHpTa Ha pa3.llH'IHhie llO.IIJlO)f(KH. . 
2. IToKa3aHo, 'ITO He6onhwHe .no6aBKH 3Tnnoaoro cnnpTa 

no,naB.llHIOT npouecc ra30Bhi.IJ:eneHHH npn 3neKTpooca)J(.IJ:eHHH 
TpaHCll.llYTOHHeBhiX H pe.ITKC:iJeMe.llhHhiX 3.lleMeHTOB H3 H30· 
6yTH.llOBOrO CllHpTa, 'ITO ll03BO.llHeT nonyqaTh paBHOMepHbie 

en on. 
3. Onpe.rrenenhr onTnMaJlhHhie y·cnoBHH .nnH nony'IeHHH 

TO.llCTblX /.ITO 2 M2/CM 2 / Uii:KJlOTpOHHhiX MHWeHeH H3 _3THX 
3.lleMeHTOB, ·YCTOH'IHBbTX npH o6nyqeHHH ycKopeHHhiMH MHO-

ro3apH.IJ:HhiMH HOHaMH. ~ 

ABTOP npU3HaTenen aKaneMiiKY r::.H.<I>nepoBy 3a nocTa-
HOBKY -Ja.rra'IH n qneny-KoppecrronnenTy AH qccP 11.3aape 
3a llOCTOHHHOe BHHMaHHe H ITO.II.IIep)J(KY pa60Tbi. 

Jlunepanypa 

1.· T.H.XAe6HUK08, E.II.JlepCVII08. A3, 9, 5, 406 /1960/. 
2. E.K.llenpriit, H.C.E_v6brpeea. 311eKnpoxuMUJl, 2,12, 1471 

/1966/. . 
3. Moelnar Therald a a/11; Selekta Chim., 20, 3 (1961) . 
4. P.G.Hansen. J.lnorg. Nuc/.Chem., 17, 34, 232 (1961). 
5. J.E.Evans, R. W.Longheed, M.S. Coops, R. W.Hoff, E.K.Hufet. Preprint 

UCRL, 73121, ·July (197/); 
6. Ko Roy;· Nuc/eoniks, /5, l, 72, 74 (1957). 

· 7. · Ko Roy. Nuc/eoniks, 14, 7, 74 (1956). . 
8. C.JI.llrueJKer.pwii. MexauuaM paoual.lucm1lo-xuMu'leCKUX 

peaKI.IUU. rocXUMU3oam, MocKea /1962/. 
9. E.A.Teoaoee, /0. T.l.J_v6ypKoe. PaouoxuMUJl, 5, 6, 712 
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10. 'R.F.Mitchel. Anal. Chern., 32, · 326 (1960). , 
11. Suy Bellows. Tool and Manufact.Engr., 61, 3, 66 (1968). 
12. Frank The_odore, Murray 'Goldwasser. 

·namrdtm ClliA, 148-6.21, 3287179. 
13. R.Piontelli', · cf>pa 1llJ. name 11m, C 23b; 1522633Z 
14. K.E.JllJUMUpcKuii, H.A.Kocr:zpoMuna, 3.A.llieKa, 

H.K.,I(aeuoenKo, E.E.Kpucc, B.H.EpMoAenKo. XuMUJl 
KoMnAeKC1lbiX coeounenuii peoKo3eMeA&1lbiX :JAeM~nmoe. 
148, HayKoea oyMKa, Kuee /1966/. · 

PyKonUCb nocnynuAa 8 U30ameAbC1<UU omoeA 
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PHc. I. 3ne~~ponHTHttecKax x'tteH:Ka. 1 - aao,IJ;, 2- cTeKnxa
aax 060JIOttKa aHO,IJ;a,. 3 ';.; Te$JIOHOBLIH ,IJ;HCK H Te$JIOH.OBOe 
KOJILUq •. 4 - npH)KHMHLie KOJILI~a H3 Hep)K1:iBeiOI.QeH C~aJ'!H, 
5 - CTeKJIHHHLIH HJIH-KBapueBLIH·KOpnyc; 6.-~ KaTO,IJ;. : ' 
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Jol. // ~ 
~ 
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<U 
~ 

~ 'tO 
<::l 
\J 
~ 

~ 20 

0~ 
: -~ ' . ~ ··. 1 

I I I I 

1~ 20 3~ ItO so 60 lfUHYTII 

PHC. 2. 3aBHCHMOCTh BhiXO,Ila ra,IlOJIHHHH /cTa6./ OT HallpH· 
)KeHHH H Ma TepHaJia llO,IlJIO)KKH. 1 • "600 e, KaTO,Il • amo· 
MHHHH, 2 -· 600 e, KaTO.Il • THTaH, 3 • 600 e, KaTO,Il
amDMHHHH, 4r1/o 3TaHOJia, . 4 • "600 e, KaTO.Il • BaHa,IlHH, 
5 - 300 e, KaTO.Il - aJIIDMHHHH·, 6 · 100 e, ·KaTO,Il - anroMH-

. HHii:, 7 - 20 e, KaT.O.Il - anroMHH~ii:. 

MQ 
c11z 

It 

3 

l 

1 

0 

2 

. 3 
.. ~: .... .-.. ~ 

r .-. 

/00 200 300 ltOO soo 600 ~0/lbT 

PHc.~;· 3aBHCHMOCTh ITJIOTHOCTH TOKa OT HaiT'pH)KeHHH H KoH· 
ueHTpaUHH ra,IlOJIHHHH /cTa6./. 06'heM 3JieKTpOJIHTa 5 Mil, 
KaTO.Il • aJIIDMHHHH. 1. [Gd)- 0,330 MZ/Mil, ra30Bhi,IleJieHHe. 
2. [Gd] - 0,250 MZ/Mil, ra30Bhi,IleJieHHe. 3. (Gd] • 
0,133 MZ/Mil, 244 Cm - 2;10 7 a /MUH, .ra30Bhi,IleneHHH HeT. 
4. (Gd)- 0,040 MZ/Mil, ra30Bhi,IleJieHHH HeT. . 

···12 
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/0 20 30 lfO IYUHYT61 
·. '-< -~·· •• · ... • :,.· ~ ;·. .•• .... ' <! ~-

P:Ifc; .4~':BJIHHHHe pa.niiauHOHHoii: ·Harpy3KH.' Ha nnoTHOCTh 
TOKa.· 06neM 3JieKTpon'HTa - H) Mil, KaTo.n - anroMIIHuii:, 
KOHUeHTpauHH ra.nonuHux ~ 0,250 MZ/Mil. 1. AKTHBJroc.Tu 
Ii:eT, .300 e .. 2.: 241Am - '108 .. a/MUH, 300 · ~; 3. 244 Cm .. -
108' afMriH, ·10 2 · oci<:o.hl<:oa'cno'HTaHHoro, .ne:ru~mix/MHH, 300 e. 
4:_) ~44 em: 7 ;·7.}0.~ a?Mun: "2,5. ~02 OCK.CITOHT . .n.e.ri./MU~.' 
~qg;, ~.": ?.· AKTHBH?CTH HeT '· 6Q0 e. . . . 

'· . -·.-
·' ··! < 

,:, 
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PHc. ~: 3aBHCH~~cT~ rrnoTH6CTH ToKa rrpH 3neKTpooca*
.D;eHHH HTH!p6mr H caMapHH oT'MaTepHana KaTo.D;a H rrnoiQa
.D;H aHO.D;a. 1. lfTTep6Hii ~ 0,200 MZ/MA, KaTO.D; - amoMH· 
HHH, aHo.D; - 0,25 eM 2, 600 e. 2. CaMapHii - 0,130 :Mz/MA, 
KaTo.D; ·- THT.aH, aHo.n ~ 0,25 eM 2, 600 .e. 3. CaMapHil: -·> 
0,130 MZ/MA, KaTO,il ~ amOMHHHH, aHO.D; - 0,25 CM 2, 600 e. 
4 •. ·CaMapHH - .0,130 MZ/MA, KaTO.D; - amOMHHHH, aHO.D; -
0,50 CM 2, 600 e., en oil: Hey.D;OBneTBOpHTenhHhiH. 

14 

J¥q6 
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' 10. 20 30 I(O .JO HUH!IT61 

PHc. 6 .. BnHHHHe KHcnoTHOCTH H rrpHMeceii Ha rrnoTHOCTh 
TOKa. 06'heM 3.JieKTpOITHTa - 5 Mli, KaTO.D; - aniOMliHHH, 
600~a. 1. KiopHii-246 ·- 0,600 Mz/.MA, ra.D;onHiiliii/ci'a6J-
1,6 MZ/MA., 'KaTo.n - THTaH, pH= 1,s.··2~ ra,IJ;OJlHHHH ~· 
0,400 MZ/MA,. 3neKTpOnHT ... HaCbiiQeH CepoBO.IJ;ppo.z:i:OM. 3 . 
CaMapH:ii - o .. soo · Mz/.MA, PH = 1 ,5. 4. llrn!p6Hii -

.0,800 MZ/MA, pH= 1,5. 5. Cepe6po - 0,019 MZ/MA, 
3neKTponHT HaChill{eH cepOBO.D;OpO.D;OM, pH= 1 ,5. : 

15 

.. 



··: 

. "-,· 

*-2.2 
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lDonu c,l_t1•2'f2. 
I~ C~HsDH 

1001'11(2 Cmltt (~601} 

/00MI<~.lmoi!tt 
2'/. C~ HsOH 

/0 20 30 
Q~~~._~~~~~~~~~~~~~~~--~~~ 

1(0 50 tiO 10 10 !lO 0 
JYUH!ITIJI 

Pnc. 7: 3aBHCHMOCTL TIITOTHObTH TOKR'OT KOHQeHTpRQHH 
KIOpHJI, pa,nnaQHOHHOH Harpy3KH H ;n:o6aBOK 3THITOBOrO cnnp· 
ni. 06'be_M 3ITeKTpOITHTa· -- 5 MJl,- lGiTO.IJ: - THTRH, lliTO~R.IJ:L 
RHO,na - •0,25 CM 2,-o-600 8, ~- 460_ 8, ...... 600·-8. 
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Pnc. 8. KnHeTnxa 3ITeKTpooca)K,neHnJI KropnJI.. 06'LeM 3nexT-. 
pOITHTa - 5 MJl, lliTOil(R.IJ:L RHO.IJ:R ~ 0,25 CM 2, KRTO.IJ: - THTaH, 
HanpJI)KeHne - 600 8, .... lOOo/o H3o6yTaHon, xropnii-244 -
20 MK2/MJZ,-().. 2o/o 3TaHona + 98o/o H3o6yTaHona, KIOpnii- 246-
40 MK2/MJl. -
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Puc. 9. PaBHOMepnocTI. cnoeB I<IOPJLH-246,-244, 2"42 
/0,500 MZ/CM 2j. BepXHHii 'p:iJ:cyHoi< '- pe3yJibTaTbl pa6o~ 

·Thi I 5/; HH:>KHHii ·pncynoi< - ~aini:hie narneii pa6oThi, I<pHBhie 
I<a:>K~oro pncyni<a .rroi<a3biBaiOT paBHOMepnocTh no pa3HhiM. 
~HaMeTpaM. 

• 

18 
:-·~ 

Puc. 10. Murnenii U3 u3oTorroB I<IOPHH na pa3JIH'IHhiX rro~
JIO:>KI<ax /5 MK/. CrrnornnaH MUIIIeHh - 2 M2/cM2 (Cm+Gd). 
CrrpaBa - I<acceTa ~JIH_ 3apH~I<H MUIIIeneii . 
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Y CJIOBHH 06MeHa 
IIperrpHHTbi H coo6~eHHJI OIUHI paccbmaiOTCJI 6ecrrnaTHO, Ha ocHoBe 

B3aHMHOrO OOMeHa, YHHBepCHTeTeM, HHCTHTyTaM, na6opaTOPHJIM, 
6H6JJHOTeKaM, HaylJHbiM rpyrrnaM H OT~eJJbHbiM yqeHbiM 6onee 50 CTpaH. 

Mbi O)KH,IlaeM, 'ITO .rronyqaTeJJH H3~aHHH OIUUI 6y~yT caMH rrpoxB

JJllTb HHHUHllTHBY B 6ecrrna THOR nOCbiJJKe rry6JJHKaUHH B )];y6Hy. B nopJI,IlKe 
o6MeHa rrpHHHMaiOTCJI HaylJHbie KHHrH, *YPHaJJbl, rrperrpHHTbl H HHOrO 

BH~a· ny6JJHKaUHH no TeMaTHKe OIUIIL 
E~HH.CTBeHHbiH BH~ ny6JJHKaUHH,KOTOpbiH HaM npHCbiiiaTb He cne.ny

eT,- :no perrpHHTbl I oTTHCKll eTa Teii, Y*e ony6nu:KoBaHHbiX B Hayt.t:HbiX 

*YPHanax/. · 
· B px~e cnyqaeB Mbi caMH o6pa~aeMcJI K nonyt.t:a TeJJJIM HaliJHX H3.Ita-

HHH C npOCb60H 6ecnJJaTHO rrpHCJJaTb HaM KaKHe-nH60 KHHrH HJJH. 
BblnHCaTb ~Jill Haiiieii 6H6JJHOTeKH uaylJHbie )KypHaJJbl 1 H3~aiO~HeCll B HX 

CTpaHaX • 

OT,ueJihHble 3anpochi 
113~aTeJJbCKHH OT~eJJ e)KerO,IlHO Bb!IIOJJHlleT OKOJJO 3 QQQ OT~eJJbHbiX 

. 3arrpOCOB Ha Bb!CbiJJKY npenpHHTOB H coo6~eHHH OIIHH. B TaKHX 3a
npocax cne.nyeT o6x3aTeJJLHO yKa:ibiSaTb · HH~eKc 3anpaiiiHBaeMoro 

H3,IlaHHll. 

A.upeca 

ilHCbMa IIO BCeM BOnpocaM06MeHa ny6JJHKaUHllMH, a TaK)Ke 3anpo

Cbl Ha 9T~eJJbHble H3.ItaHHJI cne~yeT HanpaBJJllTb no a,npecy: 
101000·MocKea, . r 

FifaeHbiU nO'I111QM111, n/Jf 79. 
. H30amellbCKUii om0e11 

06'be0UHeHHOZO UHC111U111Y111a. 
JIOepHbiX UCC/IeOoeaHUii. 

A~pec .nnx rrocbiJJKH Be ex ny6nHKaUHH B nopx.nKe o6MeHa, a TaK)Ke 
~JUI 6ecnnaTHOH. no,nrrHCKH Ha HaylJHbie )KypHaJJbl: 

101000 MocKea, 
·rAaeHblii no'lmaMm, n/.11 79. 
llay'IHo-mexHU'IeCKaJJ 6u611uome1<a 
06'be0UHeHHOZO UHC111U111Y111a 
JJOepHbiX UCC/IeOoeaHuii • . 
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