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BBEllEHI1E 

Ga-67, O.uJ1H H3 HaJ160Jlee limpo KO HCnOJlh3YIOIlJ,HXCR B anepnoã Me.uH

UHHe pa.uJ10HYKJlH.uOB, nOJlY4alOT B npOMhlWJleHHOM MaCWTa6e, 06JlY4aH, KaK( 

npaaarro, oõoraureansre J130TOnhI UJ1HKa npOTOHaMJ1 HJlH nearpoaaxra HJ13
1KOH 3HeprHJ1 I - 8 ': B nOCJle.uHJ1e roru.r nOHBHJlaCh B03MO)J(HOCTh xpyrmo

MaClilTa6HOH Hapa60TKJ1 aroro pa.uJ1OHY xnana HU YC KOpHTeJlHX cpennax 

3HeprJ1H npa 06JlY4eHJ1J1 ôonee TH)J(eJlhIX, 4eM ranrruâ , 3JleMeHTOB /9- I 2 " 

J1 XOTH Hapa60TKa Ga-67 na TaKJ1X y,cTa.HOBKaX, KUK LAMPF H TRIUMF 
MO)J(eT .uOCTJ1raTb COTeH KIOpJ1, panaoxavravecxoe nr.uterreane er-o J13 3Ha

4J1TeJIbHhIX KOJlH4eCTB (no xunorpar-n-ra H ôorree) r-ra repnana MHIlleHJ1 npert

CTaBJlReT Tpy.uHYIO 3a,IJ,a4Y' I 3 '. Ycneuraoe peurenne TaKHX sanan, na aaur 

B3rJlH.u, MO)J(eT 06eCne4J1BaThCH npJ1MeHeHJ1eM' BhlCOKOTeMnepaTypHhIX 

MeTo.uOB, OCHOBaHHhIX na YJleTY4HBaHHJ1 npo.uYKTOB anepasrx peaKUJ1H J13 

MaCCJ1BHhIX MJ1WeHeH, 41'0 n03BOJlHeT MHorOKpaTHO HCnOJlb30BaTb r-iarepaan 

MJ1WeHJ1' ~ 4 '15 I. 

HaH60Jlee nonxoziauiar-r MaTepJ1aJIOM nrin C0311aHHH MaccHBHoH r-nnue

HJ1 MHoroKpaTHoro HCnOJlb30BaHHH (MMMI1) nrra nOJlY4eHJ1H Ga-67 na yc

KOpHTeJlHX cpennax 3Hep~J1H, na naur B3rIlR.u, HBJlHeTCH repMaHJ1H, O,IJ,HaKO, 

KaK OTMe4arrOCb B paõorax ' 16.17 " aar-iernoe YJIeTY4J1BaHJ1e raJIJIHH H3 

MaCCJ1BHOH repMaHJ1eBOH MJ1WeHJ1 B BaKYYMe ne Ha6JIIO,IJ,aJIOCb naxce npa 

rer-meparype OKOJIO 1450 K, xorna CKOpOCTh J1CnapeHJ1H car-tor'o MaTepmlJIa 

MJ1WeHJ1 CTaHOBJ1TCR aecsr-ra BhlCOKOH (~0,1 Mr/cM2 c) li 8 '. Cnenyer non

4epKHYTb, 41'0 paspaõorxa r-rerozia õsicrporo Bhl.ueJIeHJ1H rarrJIJ1H H3 r-ep

MaHJ1eBOH MMMH xpaáae aeoõxonar-ra ne TOJlbKO c T04KJ1 3peHJ1H nOJIY4e

HJ1H BhICOKoaKTHBHbIX npenaparon Ga-67, HO H pa3BJ1TJ1H MJ1WeHeH ISOL 

(Isotope Separator on-line)-YC1'aHOBOK /19 '. KpOMe Toro, HY)f(HO OTMeTHTb, 

41'0 OTHOCJ1TeJIbHO BhICOKHH BbIXO,IJ, 6 7 Ga J1 Ha6JIlO.uaeTCH ripa 06JIY4eHHH 

npOTOHaMJ1 c 3HeprJ1eH asnue 60 M3B / 2 o I repMaHJ1eBOH MJ1weHJ1.11JIH YBe

JIH4eHHH nsrxona Ga-67 J1 CHH)KeHHH 3arpH3HeHHH nponyrcra J130TOnOM 

Ga-72 3aMaH4J1BO HCnOJIb30BaTb B 31'OM CJIY4ae repMaHHH, oôorameamaã 
JIerKJ1MJ1 J1301'OnaMH (A = 70 J1 72), O,IJ,HaKO 31'0 TaK)Ke rpeõyer paspafior

KJ1 cnocoõa MHorOKpaTHoro J1CnOJIb30BaHJ1H MaTepJ1ana MJ1WeHH 6e3 ero 

cynrecraemn.rx noreps.
lri Paaee HaMH 6bmo noKa3aHO /2 1 .22 " 41'0 CKOpOCTH YJIeTY4HBaHJ1H 

MHKpOKOJIH4eCTB J1H.uJ1R J1 TaJIJIHR H3 MaCCJ1BHhIX COOTBeTCTBeHHO OJIOBHH

HOH H CBJ1HUOBOH MHweHeH 3Ha4HTeJIbHO YBeJIJ14HBaeTCH npH nOHH)KeHHbIX 

.uaBJIeHHHX (0,4 -;- 4,0 TIa) napoa nJIàBJ1KOBOH KHCJIOTbl (PH o~ PH F) • 
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KOJIl1qeCTBa raJIJII1H KaK aaanora liH,lI,I1H 

30BYlO <pa3Y YKa3aHHOrO asnue COCTaBa 

qeM B YCJIOBI1HX BhICOKOrO BaKYYMa. C 

)KeHI1H, a TaK/Ke ou,eHKI1 KOJIl1qeCTB li 

11 TaJIJII1H 6Y,lI,YT BhI,lI,eJIHThCH B ra

11 ,lI,aBJIeHI1H 3Haql1TeJIbHO ôsrc'rpee, 
lJ,eJIbIO rrpoaepxa 3TOrO rrpennorro

ql1CTOThI Ga-67, KOTOphI,H MO)KeT 

6hITb norryuea na <t>a30TpOHe OI1HI1 11 lJ,I1KJIOTpOHe Y-24D (I1HI1 AH YCCP) 

npn 06JIyqeHI111 repMaHI1H, 11 6hIJIa rrponenena HaCTOHlIJ,aH paõora, 

3KCTIEPI1MEHTAJIbHAH tIACTh 

B paõore I1CrrOJIb30BaJICH BhICOKOql1CThlH repMaHI1H (,lI,JIH norrynpoaon

HI1KOBhIX ,lI,eTeKTopOB), KOTOphIH 06JIyqaJICH na lJ,I1KJIOTpOHe Y-240 (I1HI1 

AH YCCP) 11 <pa30TpOHe OI1HI1 rrpOTOHaMI1 c snepr-neà 65 11 650 M3B COOT

BeTCTBeHHO. Ksapneaaa annaparypa, B KOTOpOH rrpOBO,IJ;I1JIOCb I1CCJIe,lI,OBa

nae asrcorcoreraneparypaoro BhI,lI,eJIeHI1H MI1KpOKOJIl1qeCTB raJIJII1H B ra

30BYlO diaay 113 repMaHI1H 11 pacnpenenenae JIeTyql1X COe,lI,I1HeHI1H raJIJII1H 

B repr-roxpowarorpadnorecxoã KOJIOHKe (TXK) , 6hIJIa TaKOH xce, KaK B na

IllI1X paHHI1X paõorax, rzte rrpOBO,lI,I1JIOCb 113YQeHI1e BhI,lI,eJIeHI1H I1H,lI,I1H 11 TaJI

JII1H COOTBeTCTBeHHO 113 OJIOBa/ 2 1 
, 11 CBI1HlJ,a/ 2 

2 '. I'aaora-pearearor-r CJIY)Kl1

JII1 napsr KOHlJ,eHTpl1pOBaHHOH rrJIaBI1KOBOH KI1CJIOThI (p H F::::::: p H O)· Ha
2 

rpeaanae armaparypsr 06eCrreQl1BaJIOCb 3JIeKTpOrreQaMI1 COrrpOTI1BJIeHI1H, 

npaver-r BpeMH ,lI,OCTI1)KeHI1H 3a,lI,aHHOH rer-meparypsr B rrpenenax 1275-;

-;- 1475 K COCTaBJIHJIO r-reaee 10 MI1H. Onpeneneane KOJIlfqeCTB BhI,lI,eJII1B

uteroca pa,lI,110raJIJII1H 11 YJIeTYQI1BlllerOcH MaTepl1aJIa Ml1llleHI1 rrpOBo,lI,IDIOCb 

raMMa-crreKTpOMeTpl1QeCKI1 c 01ll116KaMI1 He,60JIee 10%, npl1QeM B rrOCJIe,lI,HeM 

cJIYQae I1CrrOJIb30BaJICR 6 9 Ge, 06pa3y.IOIIJ,I1HCH npa 06JIYQeHI111 repMaHI1H 

'Y-KBaRTa~11 c aaepraeã 18 -;- 21 M3B na MI1KpOTpOHe MT-22. 

PE3YJIbTATbI 11 OECy~.uEHI1E 

Ha pnc.I rrorcaaam.r rexrneparypnsre 3aBI1CI1MOCTI1 YJIeTYQI1BaHI1H ·Ga-67 

113 pacnnaaa MeTaJIJII1QeCKOrO repMaHI1H MaCCOH '" 1 r, BhI,lI,ep)KaHHOrO B Te

QeHl1e 1 saca B BaKYYMe (~ 5'10- 3 TIa) 11 B arsrocdiepe napoa KOHlJ,eHTpl1

pOBaHHOH rrJI~BI1KOBOH KI1CJIOThI (", 1,3 TIa). Ha pnc.Z npencraaneasr teM

rreparypm.re 3~BI1CI1MOCTI1 I1CnapeHI1H caraoro MaTepl1aJIa Ml1IlleHI1 - repr-ra

HI1H B BaKYYMe 11 rrpl1 ,lI,aBJIeHI1HX rrapa KOHlJ,eHTpl1pOBaHHoH rrJIaBl1KOBOH 

KI1CJIOThI 0,4 11 4,0 TIa. BI1,lI,HO, QTO B rrp11cYTcTB1111 rrapon peareara acnape

aae repMaHI1H yxreasuraerca B 2-3 pasa rro cpaBHeHI1IO c QI1CThIM BaKYYMOM, 

a BhI)J,eJIeHl1e Ga-'67 YBeJII1QI1Bq.eTCH npawrepno na nopaziorc (T '" 1400 K) . 

YQI1U>IBaH TO, QTO 30Ha a,lI,cop6lJ,1111 MI1KpOKOJII1QeCTB raJIJII1H 11 30Ha 

KOH,lI,eHCalJ,1111 repMaHI1H (CM. pac.S) rrepercpsmarorca TOJIbKO QaCTI1QHO, 

K03<p<PI1lJ,l1eHT OQI1CTKI1 67 Ga OT MaTepl1aJIa Ml1llleHI1 COCTaBJIHeT >105 6e3 

cyuiecrneaaor-o YMeHbllleHI1H ero oômero XI1MI1QeCKorO asrxona. OTMeTI1M, 

• QTO r~JIJII1H OKOHQaTeJIbHO CMhIBaeTCH rrpaKTI1QeCKI1 rrOJIHOCTbIO CJIa6hIM 
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Puc.1. TeMnepaTYPHble 3a8UCUMOCTU 

YJleTYilU8aHWl ,2MJlWl-6 7 8 8aKYYMe (1) 
U npu nOHlVKeHHOM àa8JleHUU 

("'1,3 na) napoe KOH14eHrpup08aHH01J 

Ma8UK080U KUCJlOTbl (2). 

Puc.3. Tepuoxpossaroepauua 2QJlJlWl, 

euôenenuoeo 8 Za308YIO rfia3Y U3 06

nysennoeo nporouauu eepuauus. 
Iluauerp K8ap14e80U TXK 7 MM. 

paCTBopOM COJIHHOH .KI1CJIOThI 

(0,05 -;- 0,1 M) c rroBepXHOCTI1 30HhI 

xsapueaoã TXK, HaXO,lI,I1BllleHCH 

rrpa resrneparype 500 -;- 300 K. 

TIPI1HI1MaR' BO BHtiivÚuHtE: Bü3

MO)KHOCTb rrOJIYQeHIDI 3HaQI1TeJIb

HhIX KOJIlfqecTB Ga-67 na <pa30TpO

He OHHH, MhI rrpOBeJII1 pan srccne

pl1MeHTOB c O,lI,HOH 11 TOH )Ke repwra 

Hl1eBOH MI1111eHblO (CM. Ta6JI.1). 
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Puc.2. Teunepatypuue 3a8UCUMOCTU uc

napenus eepuanun 8 8aKYYMe (1) U npu 

nOHlVKeHHblX õaeneuusx napoe KOH14eH

T[Jup08aHHou nAaeUK080u KUCJlOTbl: 

0,4 na (2) U 4.0 na (3). 
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Ta6Jlu14a 1. lleTblpexKpaUtOe euôeneuue MU "KpO"KOJlU~eCT8 2aJl/lUR
 

U3 eepscanueeoú MUUWHU staccoú 13,1 2. J/.a8JleHUe napoe HF +
 
+ H20 (1:1) "'1,31la. Teuneparypa (1375 ± ·10) K 

Zlara BblCOTa cnça 
pacrrnaaa, MM 

15.05.87 9,6 
28.05.87 12,1 
16.06.87 10,5 
22.06.87 ~1,0 

BpeMH BbI,ll,en~H;ml, 4 Bsrnenenae 
ranrma, % 

2,0 
1,0 
1,0 
1,0 

97,3 ± 2,3 
80,0 ± 3,5 
87,4 ± 2,6 
83,9 ± 2,8 

TaThI 3TOH raõrrar..J;hI n03BOJlHlOT pa3YMHo YBenH4H.Th TOnIlJ,I1HY repMaHl1eBOI1 
MI1111eHI1,ll,O 20 MM (10,6 r/ cM2 ) . 

,1J,nH pacuera Hapa60TKH Ga-67 H ero pa,ll,1101130TOnH0I1 411CTOTbI MbI npo
aerrn 113MepeHI1H ce4em'i1i 06pa30BaHI1H pnna 1130rorrOB rannaa B TOHKOI1 
repr-ranaeaoã MI1WeHH, o6nY4eHH0l1 na q,a30TpoHe OI1HI1 npOTOHaMI1 c anep
rl1el1 650 M3B (CM. Ta6n.2). Onpeneneaaa npoaonunacs na nBYX r-crreKTpo
MeTpax c I1cnonh30BaHHeM Get Lij-neretcropon. Hcnorn.soaaao 5 He3aBI1CI1MO 
06nyqeHHhIX MI1111eHPI1 TOnIlJ,I1HOI1 ~ 0,6 r/cM 2, npnuer-r BpeMH 06nY4eHI1l1 
ae npeasuuano 15 MI1H. Ceueaae 06pa30BaHI1H 24 Na B anlOMI1Hl1eBhIX MOHH
ropax rrpl1HHTO paBHbIM 10,0 M6. B Ta6n.2 BKnlOQeHO Ce4eHI1e 06pa30BaHI1H 
Zn-72, coziepxcanae xoroporo ,ll,On)KHO YQHTbIBaThCH npa 06nY4eHI111 panao
1130TOnHO-QI1CTOrO cnanoreaaor-o Ga-67, a I1MeHHO - npa onpenenenaa OnTI1
MaJlhHhIX CooTHOllleHl111 BpeMeHI1 Hapa60TKI1, OXna)K,ll,eHI1H MI1111eHI1, XI1MI1
xecxor-o :BhlneneHI1H H Bh1nep)KKI1 nonyaeaaoro .npenapara. Ilpn 3TOM B nYQ-' 
iuer-i cnysae 06IlJ,1111 BbIXO,ll, Ga-67 ynonneraoparensnoâ 411CTOTbI6yneT 
COCTaBnHTh nl1111h 25-30% 01' nepBOHa4aJ1hHO napaõoraaaor-o ero KOnl14eCTBa 
B MI1111eHI1. 

AHaJIOrl14HOe nonoxceaae B03HI1KaeT 11 npa Hapa60TKe Ga-67 B r-epr-ta
Hl1eBOI1 MI1111eHI1, 06nYQeHH0l1 na UI1KnOTpOHe Y-240 rrpOTOnaMI1 c aaeprneã 
65 M3B. BbIXOnhI 66 Ga, 6 7Ga 11 72 Ga B MI1111eHI1 TOnrn;I1HOI1 4,5 r/cM2 co
CTaBnHlOT no aauinr-r 113MepeHI1HM npar-tepao 4,1, 1,7 11 3,2 MKI1/MKA'Q 
na ROHeu rcparrcoapexreaaoro 06nY4eHI1H, 41'0 npnaoziar K He06xonl1M0l1 
asmepacxe npenapara Ga-67 B Te4eHI1e nenena, aa C4eT 4ero nel1CTBI1TenhHbII1 
BhIXO,[( CHI1)KaeTCH no ~ 400 MRKI1/MRA'4 11 cTaHoBÍ-iTcH HI1)Ke, 4eM. npa 
I1crronh30BaHI111 neHTpoHOB c saeprneà 16M3B 11 MI1111eHI1 113 060rameHHO- . 
ro Zn-66/ 2 3 ', 

TIOBhICI1Th BhIXOn Ga-67 11 cyuiecraeaao CHI1311Th conepscaaae B nponyx
Te Ga-72'rr03BOnI1T, KaR YRa3hIBanOCh nsnue, npar-reneaae B Ra4eCTBe MHO
rorcparnoro I1cnonh30BaHHH MaTepl1aJ1a MI1111eHI1 repMaHI1H, oêorautenaor-o 

Ta6Jlu14a 2. CelJ,eHUR o6pa30BaHUR paouoHY"KJ1UOOG, onpeôensuoiuux 
8blXOO U paàuousoronuvto lJ,UCTOTY CnaJl02tmH020 Ga-67 npu 

UCnOJlb308aHUU Ge-MUUleHU 

_._------

Pan110HYicnan Oepl10,ll, Ce4eHHe 06pa30
nonypacnana,x BaHI1H, M6 

1f'a.'1nl1l1-66 9,3 11,32 ± 0,2,6 
I'anrraã-ô? 78,3 25,96 ± 0,14 
rannl1l1-72 14,1 11,76±0,26 
UI1HK-72 46,5 0,602± 0,004 
rannl1l1-73 4,9 9,53 ± 0,13 

pOM nepCneRTI1BHOrO nnH n0311TpoHHOH 3MI1CCHOHHOH roxror-parpaa Ga-68, 
MHoroRpaTHoe ai.mcnenae xoroporo MO)KHO peanasoaars , acnorn.aya cno
c06, 113nO)KeHHbIH B naHHOI1 paõore 11 HBnHIOIlJ,I1HCH õorree npenno-rrnrens
HhIM B cnysae HI13ROH ynem.noü aRTI1BHOCTH Ge-68, 4eM npenrroaceam.re 
.paHee, aanpaxrep, B pa60Te!2 4 '. . 

JlHTEPA TYPA 

1.	 KpaCH06 HH Uàp. - H30TOnbl 8 CCCP, 1972, N°27, c.11-14. 
2.	 Helus F. Maier-Borst W. - Radiopharm. and Labelled Compounds, v.I, IAEA, 

Vienna. 1973, p.317-324. 
3.	 Chaudhri M.A. - IEEE Trans. on Nucl. ScL, 1979, NS-26, No. 2, part 1. 

p.2281-2286. 
4.	 Qaim S.M. _.Radiochimica Acta, 1982, 30, 3, p.147-162. 
5.	 Waters s.L., Silvester D.J. - Radiochimica Acta, 1982.30,3, p.163-173. 
6.	 Lagunas-Solar M.C - IEEE Trans. on Nucl. Sá. 1983. NS-30, NO.2, p.1805-1808. 
7.	 Ilsunpuee Il.Il. Buxoõ paàUOHYK/luà08 (3 peaKI4WIX c npOTOHaMU, àcútponauu, 

a/lbfPa-lJaCTulJ,aMU U eenueu-S, M.: 3Hep20aTOMu3àaT, 1986. 
8.	 Handbook on Nuclear Activation Data. Technical Reports Scries, No. 273, IAEA, 

Vienna, 1987. 
9.	 Dropesky B.J., Bhcn HA. LA-5120-PR, 1972. 

10.	 Grant P.M. et ai. - i. Label. Comp. and Radiopharm., 1979, 16. 1, p.212-213. 
11.	 Grutter A. - /JARI, 1982,33,9, p.725-732.

] 12. Grant P.M. et ai. - IiARJ, 1982,33,6, p.415-417. 
13.	 Thomas K.E. - Radiochimica Acta, 1983, 34, 3, p'.135-138. 
14.	 Ravn NL. Proc. of 3rd Intern. Conf on Nucl. Far [rom Stability, 1976, Gcneva, 

CERN 75-13, p.22-29. 

nerRI1MI1 1130TOnaMI1 (A = 70· 11 7'2). TIpl1 3TOM B TaKOH MI1111~HI1 MO)KeT 15. H0820poà08 A.d>. OH51HP6-85·201, Ilyõna, 1985. 

6bITh 'narconneao ,ll,OCTaTOQHOeROnI1QeCTBO Ge-68, HBnHlOrn;erOCH reneparo

4	 5 
~, 



Op 
:1 

16. Talbert w.L. Proc. of Int. Conf on the Prop. of Nucl. Far frorn the Region of Beta1\ 
Stability, 1970, Geneva, CERN 70-30, v. 1, p.l09-141. 

17. Kluge n-: Isolde User's Cuide, CERN 86-05, Geneva, 1986.	 I 

18. JbUlMaH c. Hayunue OCH08bl BaKYY.MHOU rexnuxu. M.: JflI, 1950.	 
'1 
\ 

19. Bjornstad T. et ai. CERN-EPj86-130, Geneva, 1986. 
20. Horiguchi T. et aI. - !JARI, i983, 34, 11, p.1531 -1555. 
21. HOB~Opoà08 A.<P. Uõp. - PaàuoxUMUJI, 1987, 29, 2, c.254-258. l}
22. H08~Opoà08 A.<P. Uõp. - PaàUOXUMUJl, 1987, 29, 4, c.549-554. 
23. Neirinckx R.D. - !JARI, 1976,27, 1, p.1-4. 
24. Lambrecht R.M - Radiochimica Acta, 1983, 34, 1, p.9-24. tI' 

I· 

'i, 
I 

r 
, ~ 

t 

1
 
. ~ 

• 
"! 
j 
il 

;t 
I> 
I, 

:t 
..,
,'0 
~ . 
. J 

l 

11 
: i 
il 

1\ 
q 

' {~
 
l;
/1!
 

PYKonl1Cb	 nocrynana B 113,naTeJIbCKHH OT,neJI 
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HOBropo,n;OB A.~. 11 ,n;p. P6-87-879 
IlPOCTOH MeTo,n; BbICOKO'I:eMnepaTypHoro BhI,n;eJIeHI151 
raJIJIH51-67 H3 MaccHBHoH repMaHHeBoH MHmeHH 

Ilpe,ll;J10JKeH xe ron KOJIHQeCTBeHHoro BhI,n;eJIeHH51 B ra30BYIO li>a
3Y raJIJIH51-67 113 06JIYQeHHOrO npOTOHaMH repMaHHR. MaccoH 
10-15 r. MeTo,n; npOCT H OCYmeCTBJI51eTC51 BhI,n;epJKHBaHHeM pac
nnaBa 06JIYQ~HHOrO repMaHH51 npH (1373 ±10) K B aTMocli>epe 
rtap on TIJIaBHKOBOH KHCJIOThI (p HF "" PH20) npn HX nOHHJKeHHOM 
AaBJIeHHH (-1,3 Ila). 

Pa60Ta BhlIlOJIHeHa B Jlaõoparopna aneprrux np06JIeM üM5.lM. 

Ilpenpaar Oõsenaaeeaoro HHCTHTy,.a H.n.epHblX HCCJIe.n.OBaHHH. ,lJ,y6Ha 1987 

IlepeBO,n; O.C.BHHorpa,n;oBoH 

Novgorodov A.F. et a1. P6-87-87~ 

A Simple Method for Hí.gh-r'I'empe'rat.u're Separatíon 
of Gallium-67 from a Massive Germanium Target 

A method for quantitative gas-phase separation of gal
lium-67 from 10-15 g of proton-irradiated germanium is 
proposed. The method is simple and consists in keeping the 
1373 ± la K irradiated germanium melt in hydrofluoric acid 
steam (PHF = PH o) at a lower pressure (-1.3 Pa ) , 

2 

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