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nonyqenue CfieKTpOMeTpHqecKHX npenapaTOB 
168

Tm 

lf ccneaoaanacb B03MO>t<HOCTb nonytteHH H cneK rpoMerpu1..1eCKHX 

npenaparos 168 Tm, o6pa3yJOwerocH npu o6nyqenHH 3p6H!I nporonaMH 
c 3HeprHeii oKono 100 M3B. Pa3pa6orana MeTOilHKa asyxcraaH!"II!oro 

3KCTp8KUHOHHD-XpOM8TOrpa<fHPIBCKOrO paaneneliHH M8Kp0- H MUKpOKOnHlfCCTB 

3neMeHTOD C nocnenyKHllHM KOHUBHTpHpOBBHHCM H 0'-IHCTKOil TynHH 118 

KBTHOHHTHOti MHKpOKOnOHKe, ll03BOnstiOW8B Bhl[lenHTb 85+90% pllHHC>-

rynHH1 npaKTH'-IeCKH CB060llHOrO OT aarpH3HeHHi~ apyrHMH naHTBHHllll~IH, 

H3 MHllleHH sec oM 1,8 r. CeqenHH o6pa3oBaHH!I 168 Tm H 167 Tm " peaK-
UHHX Er(g xn) Tm cocraBn!IJOT 4,0!_0,4 H 8,8!_0,9 M6apH, cooTBeTCTBenno. 
B&txon 1 Bfm no cpaaHSHHIO c ero BbtxoaoM na raHrana, o6nyqeuuoro 
nporoHaMH 680 M38, ysenuquBaeTCH B 7-10 pa3, a ornocHT<>nbno 1H7Tm-
B 50-70 pa3. 

Pa6oTa Bh!llOJlHeHa B na6oparopHil !IJlepHbiX 1Ip06JieM 011 Hll. 

npenpHHT 06bellHHeHHOf'O HHCTHTyTa HllepHbiX HCCJl€1lOB8HHii, Lly6na 1979 

Lebedev N.A., Han Hen Mo, Khalkin V.A. 12 12239 

Production of Spectrometrical Preparations of 168 Tm 

The possibility to produce the spectrometrical prap.>rations 
of 168Tm from erbium target irradiated by protons with the energy 
of about 100 MeV has been investigated. Methods of two-stage 
extraction chromatographic separation were developed for macro
and microquantities of these elements with following concentration 
and purification of thulium by using the cationic microcolumn. 
These allow one to extrilct from the wrget 8:'>-CJO"/o of radiothuliurn 
practically free from the contamirDtion of another lanthanyds. 
The values of cross-sections for the 168 Tm and 167 Tm formation 
in the Er(p,xn)Tm reactions obtained are 4.0.:!:_0.1 and 8.8.:!:_0.9 mb, 
respectively. The yield of 168 Tm compared with that one from 
tantalum irradiated by protons of GoO l\1eV increases by 
7 - 10 times and, relatively, of 167 Tm by ~0 - 70 times. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

C nOMOJllbiO MeTO.UOB B,UepHOH cneKTpOCKOnHH XOpOWO HJy'feHbl 

CBOHCTBa 60llbWHHCTBa HeHTpOHO.Ue$HIJ,HTHbiX HJOTOnOB TyllHB 1 ' 

O.nHo HJ HCKnro'feHHH - HaH6onee .nonrmKHBYlliHH TynHii-168 I T 1 ,2 

= 85 em./. B peaKIJ,HBX paciii,enneHHB TaHTana npoToHaMH 660 M:JB 
168 

ceqeHHe o6pa3oBaHHR Tm, no HaWHM onpe.neneHHRM, oKono 
16~ 

0,5 M6, "'TO Ha ,nBa nopB,nKa MeHbWe ce"!eHHB 
1 

'J'm IT 1 2 = 
'2 I = 9,25 eJH./ TaKoe COOTHOWeHHe Ce'feHHH He no3BOllBeT nony-

'fHTb, .na)f(e nocne 3neKTpoMarHHTHOH Macc-cenapaiJ,HH, npenapaTbi 

168 Till, .UOCTaTO'fHO 'fHCTbie H HHTeHCHBHbie .UllR H3MepeHHR cneKT" 

poB 3lleKTpOHOB BHyTpeHHeH KOHBepCHH. 

0THOCHTellbHble Bb!XO.Ubl lliSTm .UOll)f(Hbl 6b!Tb 3Ha'fHTellbHO 

Bb!We npH ero o6pa3oBaHHH B B.nepHbiX peaKIJ,HRX f~1 ( p, x n) Tm 

3TOT nyTb nony'feHHR HYKllH.Ua, B npHHIJ,Hne, HeCKOllbKO CllO)f(Hee, 

"!eM H3 TaHTana, BClle.UCTBHe He06XO.UHMOCTH pa3,neneHHB MaKpo

H ynbTpaMHKpOKOllH'feCTB .UBYX COCe,UHHX pe,UK03eMellbHbiX 3lleMeH

TOB lp.3.3.l. Ho HMeiOIII,HHCR nonO)f(HTellbHbiH Onb!T Bbi,UeneHHR 
':31 

Tep6HR HJ ra,UOllHHHR H npoMeTHB H3 HeO.UHMa ' MeTO.UOM 

3KCTpaKIJ,HOHHOH xpoMaTOrpa$HH C .UH- 12- 3THnreKCHnl OpTO$oc

$opHoii KHcnoToii I ,l1.23r<I>KI B Ka'feCTBe cTaiJ,HoHapHOH $a3bi 

no3BOnBeT c.nenaTb Bb!BO.U 0 TOM, "'TO aHanorH"!HaB MeTO.UHKa 

MO)f(eT C ycneXOM npHMeHBTbCR H .UllR Bbi.UeneHHB pa,UHOTYllHB H3 

o6ny'feHHOrO npOTOHaMH 3p6HB. 

HacTOBIII,aR pa6oTa nocBBIII,eHa Bb16opy onTHManbHbiX ycnoBHH 

nonyqeHHH npenapaToB 

CTH, c o6oraiii,eHHeM 

pa,UHOTYllHR Bb!COKOH y,nenbHOH aKTHBH0-
6 

no OTHOWeHHIO K 3p6HIO nopB,UKa 10, H 

MHHHMallbHb!MH noTepRMH npH pa3,neneHHH. 

MHweHb .nnR 6oM6ap.nHpoBKH npoToHaMH HJroToBnBnH HJ nna

cTHHOK MeTallllH'feCKOrO 3p6HB MaCCOH 1,5-1,6 Z C paJMepaMH 

0,6x10x30 MM:1• Co.nep)f(aHHe TynHB B 3p6HH 6blno He 6onee 

3 



2·10-4 ~. 06ny"'eHHe npoao,D;HnH BHYTPH aaxyyMHOaKaMepbiCHHxpo

uuxnoTpoHa OHJIH npoToHaMH c JHepruea oxono 100 M:JB. Ton

uuiHa MHWeHH no HanpaaneHHJO nyqxa cocTaBmma :..: 10 z/cM!!.. 

06ny"'eHHhla Jp6Ha pacTaopJmH a 5 MA 6M HCI , pacTaop 

pa36aan.llnH ,D;O 50 MA 0,1M HCl H cop6upoaanu H3 Hero naHTa

HH,D;hl Ha "6onLWOa" 3KCTpaKUHOHHOa xpoMaTorpai!>H'IeCKOa KOnOH

Ke /2,6 CM x 40 eM/ 14
/ Cop6eHT co,D;ep)l(an 0,6 z Hepa36aa

neHHOa ~23r4»K Ha rpaMM ru,D;pol!>o6H3HpoaaHHoro cunuxaren.11 

Mapxu KCK-2,5. Ha JToa xonoHxe rrpu JJIJOHpoaaHHH pacTaopaMH 

COn.IIHOa KHCnOThl OT,D;eJI.IInaCL OCHOBHaJI "'aCTb MaTepHaJia MH

WeHH, a l!>paKUB.II, CO,D;ep)l(aiUa.ll TyJIHa H HeCKOJILKO MHnJIHrpaMMOB 

3p6H.II, IIO,D;Bepranacb IIOBTOpHOMY paJ,D;eneHHIO Ha aHanorH"'HOa 

"Manoa" KOnOHKe /0,6x17 CM; paJMep 3epeH CHnHKareJI.II 

50 ~10 MKM/. 

0KOH"'aTenLHa.ll O"'HCTKa OT CJie,D;OB 3p6H.II H KOHUeHTpHpOBa

HHe TynH.II BhiDOnH.IIJIBCb Ha xpoMaTorpai!>H"'eCKOa MHKpOKOnOHKe 

/2x100MM/, JaDOJIHeHHOa KaTBOHHTOM ~ayJKC 50x8 /20-25 MKM/. 

3nJOeHTOM cny)I(Hn 0,1M pacTaop a -oxcHHJo6yTupaTa aMMo-

HH.II C pH= 4,7. 

3JIJOeHTbl H3 3KCTpaKUHOHHO- XpOMaTorpai!>H"'eCKHX KOJIOHOK CO-

6HpanH OT,D;enLHhiMH l!>paKUH.IIMH DO 0,15 CB060,D;HOrO 06'beMa KO-

noHKH. Co,D;ep)l(aHHe Jp6H.II B Ka)l(,ll;oa l!>paKUHH onpe,D;enHnH THT-

poBaHHeM ,li;H3THneHTpHaMHHDeHTayKCYCHOH KHCJIOTOa H HH,D;H

Ka TopoM ApceHaJo I I I 
151

, Pa,D;HoaKTHBHbiM HH,D;HKa TopoM nose-
167, 

,D;eHH.II TynH.II B MO,D;enLHbiX paJ,D;eneHB.IIX cny)I(Hn fm, Bbi,D;eneH-
' I Hhla H3 TaHTaJia, o6ny"'eHHOrO npOTOHaMH 660 M:JB. G . 

Pa,D;HOilyKnH,D;Ha.ll "'HCTOTa, H30TODHbla COCTaB npenapaTa TYJIHJI 

H a6conJOTHble ce"'eHB.II o6paJoBaHH.II 167 Tm H 168 Tm paccqu

TbiBanucL BCXO,ll;.ll H3 pe3ynLTaTOB H3MepeHH.II raMMa-cneKTPOB 

pa,D;HOTynH.II H 24 Na, CH.IITbiX Ha CDeKTpOMeTpe C nonynpOBO,D;

HHKOBbiM Ge(Li)- ,D;eTeKTopoM. CneKTPbl o6pa6aTLIBanucL Ha 3BM 

"MHHCK-2" no nporpaMMe 3IIOC-1 171 . 

IlpH onpe,D;eneHH~ a6COJIIOTHbiX Ce"'eHHa o6pa3oBaHH.II H30T0-
24 

BOB TynH.II DOTOK DpOTOHOB paCC"'HTbiBanC.II DO aKTHBHOCTH Na , 

o6pa30BaBWerOC.II, B anJOMHHBeBOa l!>onLre, o6epHyTOa BOKpyr 3p-

6HeBOa nnacTHHKH. Ce"'eHHe peaKUBB 27 Al(p ,8pn) 24 Na 6Lino 

DpHH.IITO paBHhiM 1•10-26 CM2 18/ 

IlocxonLKY nepHo,D; nonypacna,D;a 
168 

Tm npaKTH"'eCKH He Haxna-

,D;hiBaJI orpaHH"'eHHa Ha DpO,D;On)I(HTenLHOCTb ero OT,D;eneHH.II OT 3p-

6H.II, pa3,D;eneHHe 3neMeHTOB Ha "60nLWOa" KOnOHKe DpOBO,D;HnH 
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:::C 06heM 3lliOara ( q!fCllO CB060J.lHb!X 06beMOB) 

Puc. 1. 3A10UpOBUHUe MUKpOKOAU'IeC111B 3p6U.R U MUKPOKOAU'IeC111B 
myAu.R pac111aopaMu HCl, Pa6o'la.R 111eMnepa111ypa 60:!:.2" C, KOAu
'leC111BO :Jp6u.R 1,5 z, cKopoc1tlb :JAIOUpoaaHu.R 1,25 cM/MuH I • -
4,0M, > -3,5 M, 8 - 3,0 M/. 

npH ODTHMaJILHO HB3KHX CKOPOCT.IIX JnJOHPOBaHH.II /:.:. 1,2 CM/MUH/, 

'ITO D03BOnHJIO DOJIY"'HTL 6onee "'eTKHe rpaHHUbi 30H BbiMhiBaHH.II 

MaKpo- H MHKpOKOJIH"'eCTB ,D;BYX COCe,D;HHX naHTaHH,li;OB ,ll;a)l(e DpH 

Jarpy3Ke eMKOCTH "60JILWoa" KOnOHKH 30~ /H3 pac"'eTa o6pa3o

BaHHJI coe,D;HHeHB.II Er IH /~23r4»K/ I /. 
2 3 

PeJynLTaTbl pa3,D;eneHB.II 1,5 z Jp6H.II H MHKpoxonH"'eCTB TYJIH.II, 

rrpH ux JJIJOHpoaaHHH pacTaopaMH HCl paJnH"'HbiX KOHUeHTpauua, 

DOKaJaHbl Ha pUC. 1. B ODTHManLHOM cnyqae, npH HCDOnLJOBaHHH 

4M HCl npouecc paJ,D;eneHH.II npo,D;on)l(aeTc.ll oxono ,D;Byx qacoa. 

B 400 MA JnJOeHTa, co6paHHoro nocne "'eTaepToro coo6o,D;Horo 

06'beMa, CO,D;ep)I(HTC.II He MeHee 95~ TYJIH.II H 3.; 5 MZ 3p6H.II. 0T,D;e

neHHe MHnnHrpaMMOBhiX KOnH"'eCTB 3p6H.II OT TYJIH.II Ha "ManeHL

KOa" KOJIOHKe OCyiUeCTBn.IIJIOCb DpH JnJOHpOBaHHH JneMeHTOB 

4 ,8M HCl CO CKOPOCTLIO ""2 CM/MUH.Iinaro,D;ap.ll Manoa 3arpy3Ke 

cop6eHTa Jp6ueM /He 6onee 4~/ so l!>paKUHJO, co,D;ep)l(aiUyJ06onee 

95~ HaHeCeHHOrO Ha KOnOHKY TynH.II, nona,D;ano 50±10 MKZ 3p6H.II 

I puc. 2/. TaxHe xonu"'eCTaa He Bhl3hiBaJOT JaTpy,D;HeHHa Ha 3aKnJO-
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Puc. 2. 3A~upoaaHue 3p6uR u MUKpoKoAu~ecma myAUR pacmaopa
MU HCl Pa6o~aR meMnepamypa 60!:_2~C, KOAU~ecmao 3p6UR 4 MZ, 
cKopocm& 3A~upoaaHUR 2 cM/MUH ;-- -4,8M, •-4,5 M,• -4,0 M/. 

qQTCDbHOM JTane nonyqeHHH npenapaTa pa~HOTYDHH - xpoMaTo

'rpa~uqeCKOM KOH~CHTpHpOBaHHH H oqHCTKC OT ~ne~OB Jp6HH Ha 

KaTuouoo6Meuuoii MHKpoKoDOHKe I puc. 3/. 
Ilo ~aHHbiM MO~CDbHbiX OnbiTOB B pe3YDbTaTe TaKOB Tpex

CTa~HHHOB oqHCTKH H3 MHWCHH Bbi~CDHDOCb 85 90* TYDHH, npaK

THqCCKH CB060~Horo OT 3arpH3HCHHH Jp6HCM. 06beM CO~Cp*a
mero yynuii pacTBopa cocTaBnHn 0,1 0,12 MA. Auanu3 raMMa

cneKTpa npenapaTa pa~HOTYDHH noKa3aD OTCYTCTBHC DHHHH, Ko

TOpbiC MO*HO 6biDO 6bl npHnHCaTb ~pyrHM JDCMCHTaM. 
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Puc. 3. cf>opMbl KpU6biX 3A10Up06UHUR MUKPOKOAU~ecma myAUR U 3p-
6UR npu pa30CACHUU Ha MUKpOKOAOHKC. CMOAU ,4ay,JKC 50x8, 
pa6o~aR meMnepamypa 2S' C. CKopocm& 3AK>upoaaHUR 45 c/Kan. 
Pa3Mep ~acmUij CMOAbl 25730 MKM j2x100 MM/, /1- 6e I J<~r , 
2~ 100 MKZ Er , 3-250 MKZ Er , 4-500 MKZ Er /. 

Ceqeuus o6pa3oBaHHH io'l Tm H i
68 Tm B peaKUHHX pacmen-

neHHH Jp6HH npoToHaMH "" 100 M3B, nonyqeHHbie no pe·JyJib

TaTaM Tpex onpe~CDCHHH, paBHbl 8,8±0,9 M6 H 4,0±0,4 M6, COOT-
I()!; 

BCTCTBCHHO. Cne~OBaTCDbHO, B ~aHHOM cnyqae BbiXO~ Tm oT-

HOCHTCDbHO 
16

-
1'fm nOBblCHDCJI MHHHMYM B 50 paJ no cpaBHCHHIO 

c TaHTaDOBOH MHWCHbiO, o6nyqeHHOH npOTOHaMH 660 M3B. Ilocne 

Macc-cenapa~HH pa~HOTYDHJI, Bbl~eneHHOrO H3 Jp6HH 4CpC3 ABC 

6 6 tHI:l,l' 
ue~enu nocne o nyqeHHJI, biDH nonyqeubl npenapaTbi m 

npaKTHqecKH He CO~ep*aBWHC ~pyrHX H30TOnOB JDCMCHTa, H yc

DCWHO HCDODb30BaDHCb B JI~epuo-crreKTpOMCTpHqecKHX HCCJICAo

BaHHJIX CBOHCTB JTOrO HYKDH~a. 

Bb/B0,4bl 

)J,ByxcTa~HiiHaJI JKCTpaK~uouuo-xpoMaTorpa~uqecKaJI MeTo-

~HKa OT~CDCHHJI MHKpOKODHqeCTB TYDBJI OT MaKpOKODH4CCTB Jp-

6BJI C DOCDC~YIOU\BM KOH~CHTpHpOBaHBCM TyDHJI Ha MHKpoxpoMa

TOrpa~aqecKOH KaTBOH006MCHHOH KODOHKC, ll03BODJICT Bbi~CDHTb 
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85-90tfo TYJIHll H3 3p6HeBOH MHIUeHH BeCOM 1,5-1,6 Z. IlpenapaT 

pa~HOTYJIHll npaKTH~eCKH CB06o~eH OT Jarpli3HeHHH ~pyrHMH JiaH

TaHH~aMH. 
167 168 

Ce~eHHll o6pa3oBaHHll Tm H Tm B peaKllHliX i<~f (p. xn) Tm 

C npOTOHaMH 100 M3B COCTaBJIJieT 8,8±0,9 H 4,0±0,4 M6, COOT

BeTCTBeHHO. 
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