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AcTaT - HecTa6~nbH~~ TRmen~~ ranoreH - ~HTepecH~~ o6beKT 
~ccneAoeaH~~ AflR RAePHOH ~~3~K~, paA~ox~M~~ ~ 6~onor~~. Bo3-
MOmHo, 4TO B MeA~U~He HaHAYT np~MeHeH~e B Ka4eCTBe 3~eKT~B
H~X paA~DTepanesTr4eCK~x ~ ~MMyHonor~4ecK~x cpeACTB npenapaTbl, 
COAep>Ka~~e 211At f '
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0AHH H3 nyTeH nony4eH~R ADnro>K~BY~~X ~30TOnOB acTaTa AflR 
paA~OXHM~~ ~ 6Honor~~ - RAePH~e peaKu~~ 

2098'( n) 211. ( la,2 '1\tTI!:f'7,24) 

H 

209 . 2IQ 
B1(a, 3n) At( T 1; 2= 8,3 4 ). 

/pHC.1/. 0THOC~TeflbHO 6onbWHe KOflH4eCTBa acTaTa MO>KHO C~HTe-
311pOBaTb B 3THX peaKU~RX np~ o6ny4eHHH M~WeHeH HOHaM~ 4 He 2+ 
/36 M3B/ Ha ~30XPOHHOM UHKnOTPOHe Y-200 na6opaTOPHH RAePH~X 
peaKUHH OHRH. HcXOAR 113 3TOH eo3MO>KHOCT~ 6~na HaMe4eHa nporpaM
Ma pa6oT c actaToM, AnR peanH3aUH11 KoTopoH Tpe6oeanacb xopowo 
eocnpo~3BOA11MaR MeTOA~Ka nony4eH~R 411CT~x npenapaToe 3neMeHTa 
e~coKOH YAenbHO~ o6beMHOH aKT~BHOCTH. 

OnT~ManbH~M cnoco6oM e~AeneHHR acTaTa ~3 BHCMyTa, no-HaweMy 
MHeH~~, RBnReTCR A~CTI1nnRU~R 3fleMeHTa 113 pacnnaeneHHOrO Me
Tanna/~/. H3 ra3oeoH ~a3~ acTaT aAcop611poeancR Ha nnaTI1He 
~ cepe6pe/ 4,S~KOHAeHC~poeanCR Ha CTe~e rn11 3aMOpO>KeHH~X pacT
BOpax np~ TeMnepaType Y.<11AKoro a3oTa .6 • norno11.1ancR a pacTeo
pax Na2so3 ~n~ NaOH/7~ ll11 OAHa ~3 H3eecTH~x MeTOA~K, K co
maneHH~, He YAOBneTBOpRna HaW~M Tpe6oeaHHRM K Ka4eCTBY nony4eH
HbiX npenapaTOB, B~XOAY acTaTa, TPYAOeMKOCTI1 H T·A· no3TOMY M~ 
6~n11 B~HY>KAeHbl pa3pa6oTaTb C06CTBeHH~H eap11aHT MeTOA~KI1, B KO
TOpOM 11CnOflb30BanH A~CTI1nflRUI1~ acTaTa ~3 BI1CMyTa B aTMOC~epe 
reni1R/S/ a co4eTaH~I1 c aAcop6u11eH 3neMeHTa Ha cepe6pe/ 4/113 
ra3oeoro noToKa H nocneAY~Y~ neperoHKY acTaTa e He6onbW11e 
o6beM~ pacTeopoe 3aAaHHoro cocTaea a ·3anonHeHHO~ B03AYXOM 
aMnyne. 

HacTOR~aR pa6oTa noceRll.leHa on11caHH~ AeTane~ MeTOA~KH ~ aHa
nH3Y nony4eHH~X pe3yflbTaTOB. 

MHweHH 6~n~ npHroToeneH~ eaKYYMH~M /- 10 Top/ Han~neH~eM 
BHCMyTa /TeMnepaTypa 1000-1300°C I Ha Macci1BH~e MeAH~e noA
no>KKH, 4TO co3Aaeano ~AeanbH~H TennoeoH KOHTaKT Me>KAY MeTan
naMH. noeepXHOCTb, noKp~TaR BHCMYTOM, HMena $OpMy 3nnHnca 
nnoll.laAb~ 6 cM2. HoH~ 4 He 2+ /36 M3B/ HaneTanH Ha MHWeHb noA 
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Puc.2. CxeMa KOHCTPYK~HH ronoB
KH I!p06HHKa AJlH o6n)T'leHHH BHC
MyTa II)T'lKOM a -~aCTH~ yCKOpHTe
nH Y-200. I - cnon BHcMyTa,2 -
MeAHaH IIOAJlO~a, 3 - I!p06HHK. 
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yrnoM 45°, 6naroAaPR 4eMy npo6er a -4acTHU e e~cMyTe 6bln OKano 
150 Mr/cM2 np~ TOn~HHe cnoR MeTanna 100-110 Mr/cM2. TaKHe yc-
noei1R o6ny4eHI1R TeopeTH4ecK~ no3eonR~T nony4aTb AD 
3 MK~/MKA·4 210 • 21 At. B npenapaTe AOn~H~ TaK>Ke 6~Tb He-
6onbw~e KOfl~4eCTBa 209 At, KOTOPbiH o6pa3yeTCR npH Ea2 34 M38. 

~1~weHH np~ o6ny4eH~~ 6bln~ 3aKpenneHbl Ha npo6HHKe, KOHCT
PYKU~R ronOBK~ KOTOporo CXeMaT~4eCK~ nOKa3aHa Ha pHc.2. 3~
$eKT~BHbiH OTBOA Tenna OT MHWeHI1 o6ecne4~BanCR BOARH~M oxna>K
AeHHeM ee BHyTpeHHe~ nonOCT~: np~ MaKC~ManbHOM B HaWI1X 3KC
nepHMeHTaX TOKe HOHOB OKano 15 MKA nocne 10-M~HYTHOH 3KCno-
3~UHH cno~ BHCMyTa He ~Men B~A~MWX ~3MeHeHH~. ,, .- - .. ,_.,,..,.,.,c .... n.yov ••ci-'CIJauu o "Y uuJOy"1t::HHUI1 MI1WeHI1 Ha4~Han~ c Tll.la-
TenbHO~ OTMbiBK~ ee noeepXHOCTH OT cneAOB B03MO>KHbiX opraH~4ec

KHX 3arpR3HeH~~ 4eT~pexxnop~CT~M yrnepOAOM H aueTOHOM. 3TO 
6~na 06R3aTenbHaR onepaUHR, 6e3 KOTOpO~ M~ He MOrnH A06HTbCR 
BOcnpOH3BOA~MOCT.H pe3YnbTaTOB. npoMWTaR MI1WeHb 3arpy>Kanacb 
B np06HpKy H3 Hep>Kaee~ll.le~ CTan~ C reoMeTp~4eCKOH Te$nOHOBO~ 
KPbiWKO~. 4epe3 KpbiWKY no ueHTPY npo6~pKH npOXOAHna CTeKnRH
HaR Tpy6Ka, 3aKaH411Ba~UiaRCR UHn~HAP114eCKO~ BOPOHKOH C BHYTPeH
HI1M AHaMeTpOM Ha 1-1,5 MM 6onbwe A~aMeTpa MI1WeHH. BopoHKa 
HaKp~eana MHWeHb TaK, KaK 3TO noKa3aHO Ha PHC.3 . 8 np06HpKy 
nOAaBan~ ren~H CO CKOpOCTb~ 100 Mn/M~H H nocne 10-15 -MHHyT
HO~ 0TMbiBKI1 OT B03AYXa noMell.lanH ee B TPY64aTy~ ne4b, rAe 
MHWeHb Harpeeanacb AD- 560°C. noTOK renHR B y3KOM 3a3ope Me>KAY 
BOpOHKOH H M~WeHb~ HCKn~4an AH$$Y3H~ napOB acTaTa B npo6HpKy 
H YHOCHn HX B Tpy6Ky, rAe acTaT aACOp6HpoeanCR Ha cepe6pRHOH 
$Dnbre. AnR 3To~ uenH a Tpy6Ky eKnaA~ean~ ABe pa3AeneHH~e TaM
noHoM H3 Keapueeo~ eaT~ nonocKH cepe6pRHOH $DnbrH pa3MepoM 
0,01x5x50 MM. 0HH 6~nH pacnono>KeH~ e TeMnepaTypH~X 30Hax 
370-230°C H 230-130°C /pHc.3/. 4epe3 10 MHHYT nocne Ha4ana 
Harpeea M~WeH~ aCTaT Ha4HHafl HCnapRTbCR H3 BHCMyTa, a 4epe3 
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PHc.3. a/ llpHoop AnR AHCTHJIJIR
~HH acTaTa H3 pacrrnaBneHHoro 
BHCMyTa. I - CTeKJIHHHaa Tpy6Ka 
C ~HnnHHgpH~eCKOH BOPOHKOH, 
2 - Te~10HOBaH KpbMKa, 3 - rrpo
OHpKa H3 Hep~aBero~eH CTanH, 
4 - cepeopaHaa 41onhra, 5 -
~HJIHHgpH~eCKaa rre~h. 6/ fpagHeHT 
TeMITepaTypbl B CTeKJIHHHOll Tpy6Ke 
C ~HJIHHgpHqecKOH BOpOHKOH. 

4eTeepTb 4aca nocne Ha4ana A~c
T~nnR~~~ aKT~BHOCTb Ha y4aCTKe 
Tpy6K~ c cepe6poM nepecTaeana 
HapacTaTb. Becb acTaT, ~3ene-
4CHHWA ~3 ra3oeoro noToKa ce
pe6poM, HaXOA~flCR Ha nepBOH 
nonoe~He H~mHeA nonocK~ ~onbr~. 

AKT~BHOCTb eepxHeH - KOHTpOnb
HOH - nonocKH ~onbr~ 6wna Ha 
4eTWpe nOPRAKa MeHbWe. 

np~ Bbl6paHI'IbiX HaM~ ycnoe~RX A~CT~nnR~~~ acT aT' no-eHA~MOMy' 
npaKTH4eCK~ nonHOCTb~ ~cnapRnCR ~3 pacnnaeneHHOrO B~CMYTa. 
B o~TaBWHXCR KOponbKax MeTanna raMMa-cneKTpanbHWA aHan~3 He 
o6Hapym~ean n~HHA. xanaKTPn~~v ~no u~~~~~~= ~=~=7=. 

npenapaTw aAcop6~poeaHHoro Ha cepe6pe acTaTa cnym~n~ HCXOA
HbiMH AflR np~rOTOBneHI-111 acTaTCOAepmai.IIHX BOAHWX pacTBOPOB 
pa3nH4HOro 3aAaHHoro cocTaea. ,llnR :noro e 3aKpbiTOM o6beMe -
B TOflCTOCTeHHOH CTeKnRHHOH aMnyne /pHc.4a/acTaT HCnapRnCR C 
cepe6pa ~ norno1.11ancR e pacTeope. 4To6w npeAoxpaH~Tb pacTeop 
OT HarpeeaHHR, aMnyna ycTaHaBnHeanacb e rHe3AO oxna~AaeMoro 
BOAOA wTaTHea. BepxHRR 4acTb aMnynw c npenapaToM acTaTa Harpe
eanacb AO 500°C e Tpy64aToA ne4H. H3MeHeHHe TeMnepaTypw no 
ee AflHHe noKa3aHO Ha pHc.46 . 3a 30 M~HYT AHCTHnnR~HH B 3aMKHy
TOM 06beMe 95-98% acTaTa KOHAeHC~poeanOCb B BOAHOM paCTBOpe. 
TaKHM cnoco6oM 6wnH nony4eHw l.llen04HWe, HeATpanbHWe ~ KHcnwe 
pacTeopw acTaTa o6beMoM 30-100 MKn 1-1 YAenbHOA aKT~BHOCTb~ AO 
1000 MKH/Mn, B KOTOpWX 3neMeHT HaXOAHflCR B ~OpMe acTaTHAa, 
rHAPaTHPOBaHHWX aTOMOB acTaTa, OAHOBaneHTHOrO KaTHOHa H xnop~A
HWX KOMnneKCOB. 

aHCTHnnR~H~ acTaTa B 3aKpWTOM 06beMe Heflb3R npHMeHRTb AflR 
nony4eHHR ero opraHH4eCK~X paCTBOpoB, TaK KaK npOHCXOAHT nHpo
fll-13 napoe pacTeopHTeneA Ha HarpeTOM cepe6pe. B Tex cny4aRx, 
KOrAa AflR nocneAY~LIIHX CHHTe30B Tpe6oeanHCb 6e3BOAHWe paCTBOpW 
3neMeHTa, AHCTHnnR~H~ npOBOA~nH B cyxoA aMnyne. AcTaT KOHAeH-
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PHc.4. a/ CxeMa ycTpolicTBa AnR 
rreperoHKH acTaTa c cepeopa B 
BOgHbiH paCTBOp B 3aKpbiTOM OO'he
Me. I - CTeKJIHHHaa aMrryna, 2 -
Tpyoqa Taa rreqh, 3 - cepeopa
Haa 41onhra, 4 - CTeKJIHHHbiH ma
PHK, 5 - BOgHbiH paCTBOp, 6 -
oxn~ae~1 BOAOH mTaTHB. 
5/ H3MeHeHHe TeMrrepaTypbi B 
TpyoqaTm1 rreqH. 

c~poeancR Ha cTeKne xonOAHOA 
4aCTH aMnynbl, OTKyAa CMWBan
CR, Hanp~Mep, 6eH30flOM, 6poM-
6eH30nOM Hn~ aMHHaMH/ 9 ,10/, 

Pa3pa6oTaHHWA HaM~ eap~aHT 

MeTOA~K~ cyxoA nepepa6oTKH e~c-
a 0 MYTOBOH M~WeHI-1 COCTOHT ~3 npe-

AeflbHO npOCTbiX onepa~~A, KOTOpWe nerKO BWnOnHR~TCfl /B TOM 
4~Cne H OTnaAKa aMnyn/ C nOMOI.IIb~ A~CTaH~HOHHOro ~HCTpyMeHTa 
3a 6HOnOr~4eCKOH 3ai.IIHTOH. ,llnR nony4eH~fl He06XOAHMWX npenapa
TOB acT aT a Tpe6yeTCfl He 6onee ABYX 4aCOB. 3aMeTHble nOTep~ 
acTaTa B npo~ecce BWAeneH~R H KOH~eHTPHPOB8HHRCBfi38HW nHWb C 
HenonHWM ero HcnapeHHeM c cepe6pRHOA ~onbrH H He npeewwa~T 
["0/ ..,.u. 

Ka4eCTBO nony4eHHWX npenapaToe acTaTa AenaeT Hx HCKn~4H
TenbHO YA06Hb1MH AnR npoeeAeHHfl pa3nH4HbiX 3KCnepHMeHTOB, B TOM 
4Hcne no CHHTe3y acTaTopraHH4eCKHX coe~HHeHHH c HX nocneAy~
UieA XpOMaTorpa$H4eCKOA HAeHTH~HKa~HeH/ -II/ H no H3y4eHH~ 
3neKTpO~OpeTH4eCKOH nOABHmHOCTH HOHOB acTaTa B CB060AHWX 
3neKTponHTax1 12~ 

Mbl nonaraeM, 4TO Hawa MeTOAHKa npHrOAHa TaKme 1-1 AnR nony-
4eHHR MeAH~HHCKHX npenapaTOB acTaTa, HanpHMep, CTepHnbHWX 
acTaTCOAepmai.IIHX ~H3HOnOrH4eCKHX paCTBOPOB. 

B 3aKn~4eHHe aeTopbl npHHOCRT rny6oKy~ 6naroAaPHOCTb M .ayna
Ky, A.C.my4KOBOA H r.ao6epeH~ 38 TeXHH4eCKY~ nOMOI.IIb B npo
BeAeHHH 3KCnepHMeHTOB H·~OpMneHHI-1 pa60TW. 
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Ao6epeH~ B. H AP· nony4eHHe npenapaTos acTaTa s pacTsopax 
3aAaliHOro COCTasa C B~COKOH YAefibHOH /o6oeMHOH/ aKTHBHOCTb~ 

P6-82-93 

B~AeneHHe acTaTa H3 o6ny4eHHOrO anb$a-4aCTH~aMH BHCMyTa npOBOAHfiOCb Me
TOAOM OTrOHKH H3 pacnnasa MHWeHH B TOKe renHR. H3 ra30BOH $a3~ acTaT ynas
fiHBancR H oca~AancR Ha cepe6pRHY~ $Onbry. 

AnR nony4eHHR npenapaTos acTaTa nocneAHHH HcnapRncR c cepe6pRHHOH $OnbrH 
B paCTBOp~ 3aAaHHOrO COCTaBa. 6~nH nony4eH~ ~en04Hble, HeHTpanbHble H KHCn~e 
pacTsop~ acTaTa o6oeMoM 30-100 MKn c YAenbHOH aKTHBHOCTb~ AO 1000 MKH/Mn. 

Pa6oT~ B~nonHeHa B na6opaTOPHH RAePH~X npo6neM OH~H. 

OpenpHHT Q6~eAHHeHHOrO HHCTHTyTa AAePH~X HCCfieAOBaHHH, 4y6Ha 1982 
Doherent7 V. et al. Prenaration of A~tatine of Hinh Ph-R?-Q~ 

Specific Activity in Solutions of a Given Composition 

Separation of astatine has been carried out by distillation from molten 
metallic bismuth irradiated with a-particles, it helium flow. Astatine has 
been adsorbed from the gas phase onto a silver foil and then distilled 
Into solutions of a given composition. By this method alkaline, neutral and 
acidic solutions of a specific activity up to 1000 mCi/ml (37 GBq/ml) in 
a volume of 30-100~f could be obtained. 

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

Preprint of the Joint Institute for Nuclear Research. Oubna 1982 
nepeBOA O.C.BHHOrpaAOBOH. 


