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DOnbWHHCTBO T8K H83~Bae~X ~HKnOTpOHH~X H30TOnOB, y c n e WHO 
npHMeHAeM~X B pa3nH4H~X o6naCTAX HayKH H TeXHHKH, npOH3BOAHT
CA Ha yCKOPHTeJ1AX 3apAIKeHH~X 4aCTH~ cpeAHeH 3HeprHH / 1, 2/ . 

8 CBA3H C 6onbWHM cnpOCOM Ha 3TH H30TOn~ HaMeTHnCA e~e OAHH 
nyTb HX nony4eHHA, a HMeHHO: HCnOnb30BaHHe /a 4a~e - yTHnH-
3a~HA/ ny4KOB 4aCTH~ B~COKHX 3HeprHH Ha HCCneAOBaTenb CKHX 
ycKOPHTenAx / S- f> / . B HaCTOA~ee epeMA Ha cHnbHOT04H~x ycKopH
TenAx nnaHHpyeTCA npOH3 90ACTBO HaH6onee ~eHH~X H30TOnOB / Ha
npHMep, HOAa-123, HHAHA-111, rannHA-6] H AP-f B KOnH4eCTeax, 
AOCTHf"81011tHX HeCKOnbKO COTeH KIOpH B rOA / S,7/'. 

DOnbWaA Macca o6ny4aeM~X MHWeHeH, a TaKIKe WHPOKHH AHana 3 0 H 
npOAYKTOB AAePH~X peaK~HH, o6ycnoBneHH~e B~COKOH 3HeprHeH 
4aCTH~, 3Ha4HTenbHO ycnOIKHAIOT B~AeneHHe H nocneAYIOIItYIO 04HCTKy 
nony4aeM~X npenapaTOB, n03TOMY nOHATHO CTpeMneHHe HCCneAOBa
TeneH pa3pa60T~BaTb TaKHe MHWeHH, B~AeJ16HHe He06XOAHMOf"O npo
AYKTa H3 KOTOp~X MOIKHO npOBOAHTb ceneKTHBHO H nO B03MOIKHOCTH 
6e3 H3MeHeHHA XHMH4eCKOH ¢Qp~ MaTepHana MHWeHH, TO eCTb HC
nonb30BaTb MHWeHH MHOrOKpaTHO. K H8CTOA~eMy epeMeHH HaKOnneH 
AOCTaT04HO 60nbWOH on~T B pa3pa6oTKe TaKOf"O POAa MHWeHeH, oco-
6eHHO e ceA3H c paaeHTHeM TaK Haa~eae~x ISOL * -ycTaHOBOK, 
HCnOnb3yeM~X AnA nony4eHHA H HCCneAOBaHHA 04eHb KOpoTKOIKHBy
~HX paAHOHYKnHAOB / BI .CneAyeT OTMeTHTb, OAHaKO, 4TO paspa6oTKH 
MHWeHeH AnA 3THX y c TaHOBOK HanpaaneH~ B nepayo 04epeAb Ha AO
CTHIKeHHe M8KCHM8nbHO 6~CTP~X B~AeneHHA H 04HCTKH paAHOHyK.nHAOB 
/ 3a eAHHHU~ HnH AalKe AeCAT~e AOnH CeKYHA/, n03TOMY B HHX npH
MeHAIOTCA, KaK npaaHno, a~coKOTeMnepaTypH~e MeTO~. BwAeneHHe 
IKe H 04HCTKa H30Tonoe, Hcnonbaye~x e peweHHH nPHKnaA~X 3a
Aa4, MOryT 3aHHMaTb /6e3 cy~eCTBeHHWX . nOTepb 3a C4eT pacnaAa/ 
HeCKOn b KO 4aCOB, n03TOMy OCHOBHOH 3aAa4eH pa3pa60TKH cnoco6oe 
nony4eHHA 3THX H30TOnOB AOnlKHO 6~Tb o6ecne4eHHe MaKCHManbHoH 
HaAelKHOCTH, ceneKTHBHOCTH H npOCTOTW. 

Uenbo HaCTOA~eH pa6oT~ ABnAnocb onpeAeneHHe cocTaea paAHo
aKTHBHWX H30TOnOB TannHA H HX B~XOAOB B MaCCHBHoH MHWeHH H3 
MeTannH4e CKOH pTyTH, o6ny4eHH~ npoToHaMH c 3HeprHeH 660 M3B. 
npHMeHeHHe MeTannH4eCKOH PTYTH B Ka4eCT8e M8TepHana MHWeHH 
HMeeT, Ha HaW B3rnAA, TO npeHMy~eCTBO, 4TO BWAeneHHe H30TOnOB 
TannHA H3 6onbWHX KOnH4eCTB pTyTH He npeACTaBnAeT TPYA8 H MO-

• ISOL - Isotope Separator On-Line. 
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~eT npOBOAHTbC~ A0CTaT04HO fi~CTPO H nonHO npH KOMHaTHOH TeM
nepaType / 9,10 / , HeAOCTaTKOM 3TOH MHWeHH MO~eT 6~Tb cpaBHHTe nb
HO HHSKOe ce4eHHe o6pasoBaHH~ HSOTonoB TannH~ Ha nporo Hax 
B~COKOH 3HeprHH, OAHaKO O~HAanocb, 4TO BKnaA peaK~HH (p,xn) 
6yAeT HeCKOnbKO yBenH4eH Sa C4eT yMeHbWeHHR 3HeprHH npOTOHOB 
no Mepe npoxo~AeHH~ ~x 4epes Macc~BHy~ MHWeHb. 

3KCnEPHMEHTAnbHAR 4ACTb 

MaccHBHa~ MHWeHb npeAcTaBnRna cof.oH 8 sanonHeHH~x pTyTb~ 
KOHTeHHepOB HS Hep~aBeiO\IIeH CTan~ C BHYTPeHH~M AHaMeTpOM 20 MM 
H AnHHOH 50 MM, KOTOp~e T~aTenbHO yCTaHaBnHBanHCb no OCH B~

BeAeHHOrO ny4Ka npOTOHOB c~Hxpo~HKnOTPOHa OHRH. Me~AY coceA
HHMH KOHTe HHepaMH, a TaK*e nepeA nepB~M ~ sa nocneAHHM noMe
~anHCb 9 Ha fiOpOB an~M~HHeB~X $Qnbr AHaMeTpOM 20 MM ~ BeCOM 
4,40 7xi0-2 r Ka~A~H , cny~a~~x MOHHTopaMH ny4Ka. BpeM~ o6ny4e 
HHR MHWeH~ COCTaBnRnO 600 C. 

XHM~4ecKa~ o6pa60 TKa Ha4~Hanacb cnycTR 5 4acoe nocne KOH~a 
o6ny4eH~R. PTyTb HS KOHTeHHepOB nepenHeanacb B TepMOCTOHKHe 
XHM~4eCK~e CTaKaH~. KOHTeHHep~ npOM~BanHCb ABYMR nop~~RMH 
no 4 Mn pas6aeneHHOH (4M) yKcycHoH KHcnoT~. OpoMbiBH~e pac T
BOP~ san~BanHCb B COOTBeTCTBy~e COAep~a~e pTyTb CTaKaH~, 
8 KOTop~x npH TeMnepaType =70°C npoBoAHnacb 3KCTpaK~HR npoAyK
TOB RAepH~X peaK~HH B Te4eHHe 1,5 4aCOB npH Henpep~BHOM nepe
MeW~BaH~~ PTYTH ~ paCTBOpa. no Mepe HcnapeHHR paCTBOpOB A06aB
n~nHCb CBe~He nop~HH 4M YKCYCHOH K~CnOT~ C TeM, 4T06~ COOT
HOWeHHe 06beMOB PTYTH H pacTBOpa COCTaBnRn0~2. 8 yKCYCHOKHC
n~H pacTBOP nepeXOART B 3T~X ycnoB~RX npaKTH4eCKH nOnHOCTb~ 
HSOTOn~ ~en04H~X, ~en04HOSeMenbH~X, peAKOSeMenbH~X 3fleMeHTOB 
~ TannH~. 4aCTH4HO HSeneKa~TCR TaK~e HSOTOn~ MHOrHx APYr~x 
3neMeHTOB, TaKHX, KaK ranoreH~, TeXHe~HH, peHHH, Tennyp , ~Wb
RK, CypbMa , ra~HHH H AP·, OAHaKO KOnH4eCTBeHHO B~XOA HX B pacT
BOp He onpeAenRncR. 

Hs BOAH~X paCTBOPOB /06beMOM- 8 Mn/ nocne HX OTAeneHHR OT 
PTYTH npOBOAHnac b COp6~H~ HSOTOnOB TannHR, a TaK*e ~en04H~X , 
~en04HOSeMenbH~X ~ peAKOSeMeflbH~X 3neMeHTOB Ha npeABapHTenbHO 
npOM~T~H 4M yKCyCHOH KHCnOTOH KaTHOHHT Dowex 50 x 8 /2 r B03-
AYWHOCYXOH CMOn~. 200-400 Mew/. Copfi~HR HSOTOnOB TannHR H peA
KoseMenbH~x 3n eMeHTOB Ha KaTHOHHTe Sa 15 MHH /BOA~HaR 6aHR/ 
npaKTH4eCKH KOflH4eCTBeHHa, TaK KaK onpeAeneHH~e HaMH K03~~
~HeHT~ pacnpeAeneHHR yKa3aHH~X 3neMeHTOB B 3THX ycnOBH~X co 
CTaBn~~T -103 H - 10 4 Mn/r CMOfl~ COOTBeTCTBeHHO / pHC. 1/. 

OpoBOAHflOC b TaK~e nO BTOpHoe H3Bne4eHHe npOAYKTOB ~AePH~x 
peaK~HH H3 PTYTH npH TeX *e yCnOBHRX, 4TO H nepBa~ 3KCT paK~HR, 
OAHaKO 3Ta Onepa ~H~ OKa 3anac b HeHY*HOH, TaK KaK paAHOa KTHB-
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KOHUEHTPAUHfl WKCI.ICHO~ KHC/\OTbl, MO/\bf i\HTP 

P~c. 1. KoH~eHTpa~HOHH~e saBHCHMOCTH K03~~HeHTOB 
pacnpeAeneHHR TannH~ ~ naHTaHa Me~AY KaTHOHHTOM 
Dowex50x8 H BOAH~MH pa CTBOpaMH YKCYCHOH KHcnOT~. 

HOCTb paCTBOpOB OT BTOpOrO H3Bfle4eHHR COCTaBHna MeHee 1% no 
OTHOWeHH~ K paAHOaKTHBHOCTH paCTBOPOB OT nepBoro HSBfle4eHH~. 
PaCTBOp~ OT BTOPOH 3KCTpaK~HH 06beMOM - 8 Mn HCnOnbSOBanHCb 
AnR nepBOH npOM~BKH KaTHOHOOOMeHH~X CMOn, KOTO~e 3aTeM OKOH-
4aTeflbHO npoM~BanHCb TaKHMH ~e 06beMaMH pas6aBneHHOH YKCYCHOH 
KHCflOT~ H AHCTHflflHPOBaHHOH BOA~· Ko3~~HeHT 04HCTKH paAHO
TannHR OT PTYTH Ha AaHHOM 3Tane KOH~eHTPHPOBaHH~ COCTaBnReT 
6onee 10 8 • 

HsMepeHH~ y-Hsny4eHH~ paAHOaKTHBH~x HSOTonoB, cop6HpOBaH
H~x Ha KaTHOHHTax, npOBOAHflHCb C HCnOflb30BaHHeM Ge(Li) -Ae
TeKTOpa /c 4YBCTBHTeflbH~M 06beMOM 27 CMS H pa3peWeHHeM -3 K38 
Ha nHHHH 1332 K38/ B Te4eHHe I MeC~~a, sa KOTOpwH ~nO npoBe
AeHO 13 cepHH H3MepeHHH. 06pa6oTKa nony4eHH~x r: - cneKTpoB ocy
~ecTBnRnacb no nporpaMMaM 300C-1 1 111 H SlMP3G I 

21 COOTBeTcT
BeHHO Ha 38M "MHHCK-2 11 H 63CM-6. 

PE3YnbTA~ H 06CYJAEHHE 

AHanHs pesynbTaTOB o6pa6oTK~ y - cneKTpoe noKasan , 4TO Ka
THOHoo6MeHH~e CMOn~ COAep~aT KpOMe HSOTOnOB TannKR H peAKOSe-
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PHc.2. A6conOTH~e 
aKTH8HOCTH HeKOTOp~X 
paAHOaKTH8H~X H30TO
noe, o6pa3o8aBWHXC~ 
npH o6ny4eHHH MaCCH8-
HoH PTYTHO~ MHWeHH 
npOTOHaMH C 3HeprHe~ 
660 H3B /no~cHeHHe 
8 TeKCTe/. 

MenbH~X 3neMeHT08 
TaK*e H30Ton~ ~eno4-
H~x H ~eno4H03eMenb 

H~x 3neMeHT08 H ra~HH~. 

Ha PHC.2 . npeACTa8-
neHa cxeMa on~Ta H 
AaH~ a6conOTH~e aK
TH8HOCTH, nepeC4HTaH
H~e Ha KOHeU o6ny4e
HH~, HeKOTOp~X H30TO
n08 TannH~ H 167 Tm. 
o6pa3o8aewHxc~ 8 Mac-

P::5~~~ CHBHO~ PTYTHO~ MHWeHH , 
An All AIJ 1114 AIS A1t "" All Alt a TaK*e 24Na,o6pa30-

8a8Weroc~ 8 anOMHHHe8~X MOHHTOpax, AKTH8HOCTb 167Tm xapaKTepH-
3yeT KyMyn~TH8H~~ 8~XOA 3TOrO H30TOna, a aKTHBHOCTb 24Na, 
KpoMe Toro, MO>KeT fiwTb o6ycno8neHa H peaKuHe~ 27 Al(n, a) 24 Na 
Ha fiwcTp~X He~TpoHax i 1S~ npH OnpeAeneHHH a6conOT~X aKTH8HOCTe~ 
Y4HT~8anHCb OWH6KH onpeAeneHH~ nno~aAe~ ¢oTOnHK08, OWH6KH ne
peC4eTa HHTeHCH8HOCTH y-H3ny4eHH~ Ha eAHHYO reoMeTpHO H3Mepe
HH~, OWH6KH npHH~T~X K03~UHeHT08 caMOnorn~eHH~ y - ny4eH 
8 o6pa3UaX H OWH6KH HCnOnb3yeMO~ 3aBHCHMOCTH a6conOTHO~ 3CWleK
TH8HOCTH AeTeKTOpa OT 3HeprHH y - ny4eH. 6~nH Y4TeH~ TaK>Ke 
OWH6KH 3Ha4eHHH a6conOTHOrO 8~XOAa y-KBaHT08 npH pacnaAe on
peAen~eM~X paAHOHYKnHA08 H OWH6KH HX nepHOA08 nonypacnaAa 1141 . 

~aHH~e, npeACTaeneHH~e Ha pHC.2, n0380n~OT OTMeTHTb no
CTO~HCT BO H30TOnHoro COCTa8a paAHOTannH~ no BCeH TOn~HHe 
MHWeHH, KOTOpOe MOlKHO OxapaKTepH30BaTb cneAY~HMH COOTHOWe
HH~MH aKTH8HOCTe~ HeKOTOp~X H30TOnOB TannH~, o6pa308a8WHXC~ 
8 KalKAOM KOHTei1Hepe, a HNeHHO: 198'11 / 202'11 ,.20()() , 198'11/ 202'11 .. 

• 400 • 199n)!02.n. .. 220 • 2oon1202n .. 50 H 201'1'1/ 202'1'1 .. 8• 5 . 

KaK H OlKHAanOCb, aKTH8HOCTb paAHOTannH~ 8 ne~~X n~TH KOHTei1He
pax /340 r/cM 2/ naAaeT npHMepHo 9 5 pas, 8 TO 8peM~ KaK aKTH8~ 
THBHOCTb 187 Tm,o6pa3oeaeweroc~ e peaKUHRX rny6oKoro pac~enne-
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HHR, - 6onee 4eM B 300 pa3. ~aHH~e PHC.2 noKa3~BaOT TaK>Ke, 4TO 
6onee 95% Hapa60TaHH~X paAHOTannH~ H paAHOTynnH~ nPHXOAHTC~ 
COOTBeTCTBeHHO Ha nepe~e 5 H 2 KOHTeHHepa, 

B Ta6n. 1 npHBeAeH~ B~XOA~ H30TOnOB TannH~ H 167 Tm no AnHHe 
MaCCHBHoH MHWeHH, OTHeCeHH~e K HHTeHCHBHOCTH ny4Ka npOTOHOB, 
BXOA~~HX B MHWeHb. HHTeHCHBHOCTb /TOK/ npoTOHOB paCC4HT~BanaCb 
e npeAnono>KeHHH, 4TO ce4eHHe peaKUHH 27 AI(p,3pn) 24 Na AnR E = 
= E60 H3B paeHo 10+1 MHnnH6apH 1 15~H coiJaan~na 1h65x10 11p/~ 
HnH 26,4 HA. CyMMapH~e B~XOAW 201 '11, 2 TI H 1 7 Tm Ha ecei1 
MaCCHBHoH MHWeHH COCTaBHnH 3,42; 0,46 H 1,35 MKH/MKA 4aC. 

B Ta~n.2 npeAcTaeneH~ An~ cpaeHeHH~ pacc4HTaHH~e e~xoA~ 
yKa3aHH~X B~We H30TOnOB, o6pa3yO~HXCR npH o6ny4eHHH pa3nH4H~X 
MaCCHBH~X MHWeHeH npOTOHaMH C 3HeprHeH 660 H3B, a TaK>Ke eec 
MHWeHeH e npeAnono>KeHHH, 4TO nno~aAb nonepe4HOro ce4eHH~ ny4Ka 
npOTOHOB COCTaBn~eT 5 CM2, AnR pac4eTa HCnonb30BanHCb 8~4HC
neHH~e no MOAH~UHPOBaHHoi1 e pa6oTe 1161¢opMyne PyAcTaMa 1 111 

Ce4eHH~ o6pa30BBHH~ PBAHOHYKnHAOB B 6eCKOHe4HO TOHKHX MHWe
H~X, a TBK>Ke nony4eHHa~ B pa60Te / 18/3BBHCHMOCTb 3CWleKTHBHOrO 
Ce4eHH~ 06pa30BaHH~ PBAHOHyKnHAa OT TOn~HH~ MHWeHH. HolKHO OT
MeTHTb npHeMneMoe cornacHe pacc4HTaHHoro no 3MnHpH4eCKHM ~op
MynaM / 16,18/ H 3KCnepHMeHTanbHOrO B~XOAOB 167Tm B MaCCHBHOH 
PTYTHOH MHWeHH, ~aHH~e Ta6n.2 nOKa3~BaOT TaK>Ke, 4TO An~ Ha
pa6oTKH paccMaTpHeaeMWx H30Tonoe npeAn04THTenbHee peaKUHH rny-
6oKoro pac~enneHH~ c ~cnonb30BaHHeM e Ka4ecTee MaTepHana MH
weHei1 Pb H Ta. 0AHaKo npH o6pa6oTKe 3THX MaccHBH~x MHWeHeH 
MoryT B03HHKHYTb cepbe3H~e 3aTPYAHeHH~ . HanpHMep, e TPaAHUHOH
H~x 11M0Kp~X11 MeTOAaX An~ nony4eHH~ 6e3HOCHTenbH~X paAHOHYKnH-

Ta6nHua 1 

B~xoA HeKOTOp~x paAHOHYKnHAOB no AnHHe MaCCHBHOi1 pTyTHOH 

MHWeHH, MKH/MKA·4 

Puxo-
Howep KOH!81H8p8 W8CCMBHO~ p!JTHOA WM WeHM Cy1111a 

HYK.IQ I 2 .5 ' 5 6 ? 8 

~l 18,.506 
1 ,049 

+6, 991 
~.8511 

16·4?9 
,415 

t6,154 
, 256 

+1,442 
!0,17.5 t&·m ,0.50 

t.8,122 
,014 t8·10S ,on 

22,89 
- 2,BO 

20X,l t!J,088 
,158 

tb,023 
,138 

+0,5?6 
~.068 t8· m ,044 

0 255 to:o:sr t8·0601 ,OO?I 
t8·0248 ,0034 

+0,0214 
~.002? 

+3,42 
!(),45 

2~1 t8,166 
,023 

t8,B8 ,018 
.o.o?O 
~.009 

t8·045.5 
,<X>60 t8·0~ ,0039 t8·00598 ,ooos- t8·00251 

,00035 
t8·00218 ,00031 

+0,459 
!(),061 

1&7,. t8,9TI 
,129 

+0,311 
!0,041 t8·0S46 ,00?4 

t8·0074? 
,00122 t8·00302 ,000?2 t8·00I64 ,00034 

t8 ,00IOI 
,00018 t8·00096 ,00018 tb·.55 ,18 
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AOB Tpe6yeTCR OAHOKpaTHOe ~ CnOnb30BaH~ e 60nbW~X KOn~4eCTB 04eHb 
4~CT~X Be~eCTB, pereHepa~~.A KOTOP~X 3 a4aCTY~ HeB03MO~Ha B na-
6opaTOPH~X ycnOB~.Ax; np~ 3TOM 06oe~ paCTBOPOB MOryT AOCT~raTb 
HecKonbK~x n~Tpoe. HeAeCTPYKT~BH~e ~e e~COKOTeMnepaTypH~e Me
TOA~. aHanor~4H~e ~cnonb3ye~M Ha ISOL -ycTaHOBKax, n~6o 
AO c~x nop He pa3pa6oTaH~, n~Go 04eHb cno~H~ e annapaTypHOM 
o¢opMneH~~. B TO ~e epeM.A 04~CTKa 100 Mn PTYT~ /1360 r/ nepeA 
o6ny4eH~eM ~ nonHoe ~3ene4eH~e ~3 Hee ~30Tonoe Tann~R ~ peAK0-
3eMenbH~x 3neMeHTOB He npeACTaBnR~T TPYAa, 4TO noKa3aHo e AaH
HOH pa6oTe, TaK M<e, KaK ~ nocneAy~~~e KOH~eHTp~poeaH~e ~ 04~cT

Ka yKa3aHH~X 3neMeHTOB Ha ~OH006MeHH~X KOnOHKax CO CpaBH~Tenb 

HO Man~M ceo60AH~M o6oeMOM. CneAyeT yKa3aTb, 4To oKOH4aTenbHa.A 
04~CTKa M~KpOKOn~4eCTB paA~OTann~.A MeTOAaM~ ~OHHOrO 06MeHa 
3Ha4~TenbHO o6ner4eHa 6narOAaPR cy~eCTBOBaH~~ ABYX ycTOH4~-

BbiX B BOAH~X paCTBOpax BalleHTH~X ¢QpM 3TOrO 311eMeHTa / 19 1.npeA
CTaBnReTCR ecTecTeeHH~M MHOroKpaTHOe ~cnonb30BaH~e OAHOH ~ Toi1 
~e Macc~BHOH PTYTHOH M~WeH~. Heo6xoA~MO,OAHaKo, e~e pa3 noA-
4epKHYTb, 4TO 3TO npe~My~eCTBO MaCC~BHOH pTyTHOH M~WeH~ MO~eT 
6~Tb cy~ecTBeHH~M TOnbKO e cny4ae cpa eH~TenbHO 6onbw~x nonepe4-
HbiX Ce4eH~H BbiBeAeHHOrO ny4Ka npOTOHOB.np~ o6ny4eH~~ ~e MHWe
HeH Ha BHyTpeHHeM ny4Ke npOTOHOB C~HXpO~~K110TPOHa ~n~ ~e Ha Bbi
BeAeHHOM ny4Ke npOTOHOB, KOrAa nonepe4HOe Ce4eH~e ny4Ka CO
CTaBn.AeT HeCKOnbKO MM 2 . npeAn04T~TenbHee np~MeH.ATb B Ka4eCTBe 
MaTep~ana M~We Hei1 Pb •1 Ta. 

B 3aKn~4eH~e aeTop~ e~palt<a~T 6naroAapHOCTb npo~. K.R.fpo
MOBy ~ npo~. B.A.XanK~HY 3a noc TO.AHH~H ~HTepec K AaHHOH pa6o
Te ~ P.RA ~eHH~x 3aMe4aH~i1, e~>~cKa3aHH~>~X np~ ee o6cylf<AeH~~. 
a TaKlf<e A. M.03epoey ~ o.A.An~KOBy 3a nOMO~b B ocy~ecTBneH~~ 
3Kcnep~MeHTa ~ np~ o6pa6oTKe peaynbTaToe. 
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