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1• BaeneHHe 

HacToHwaH pa6oTa HanHeTCH nponomKeHHeM nporpaMMbi uay'leHHSI 

nan eKHX HeitTpOHOAel\>HUHTHbiX H30TOllOB Ha ycKOpHTenHX TSI>KenbiX HOHOB 

OHHI1, npH BbmonaeHHH KoTopoA paaee 6binH aaAneHbi HOBbie uaoTOllbi 

/1 2,3 4/ BOnbl\>paMa H peHHSI ' 1 • TaK KaK H H30T0llbl OCMHSI TaK>Ke AOCTaTO'I-

/5,6/ HO naneKO H3y'leHbl , TO HaM npeACTaBHnacb B03MO>KHOCTb H3y'laTb 

HpHAHH no reHeTH'IeCKO~ CBS13H C AO'IepHHMH H30TOllaMH 1 ynanHSICb OT no

nOCbl cTa6HnbHOCTH. 11ccnenyeMaSI HaMH o6nacTb H30Tonoa ( lr , A .. 180) 

HHTepeCH8 TeM 1 'ITO 
B TO apeMSI KaK 'IHCnO npoTOHOB 6nH3KO K MarH-

'leCKOMy, aeATpOHbl aanonHHIOT o6ono'IKY aanonoaHHy. llnH nony'leHHSI aeATpo

aonel\>HUHTHbiX H30TOllOB oco6eHHO yno6Hbl peaKUHH COCTaBHOrO S!Apa C 

TSI>Kenb!MH HOHaMH, TaK KaK OHH ·naiOT H30TOllbl C aTOMHblMH HOMepOM
1 

paB-

HbiM HnH MeHbWHM Bbi6paHHOMY 
( Z = 77) , 'iTO o6ner'iaeT paAHOXHMHIOo 

3 



171 
llanee, CHCTeMaTHKa nepHonoa nonypacnana (eM,, HanpHMep, ) noKa-

3biBaeT, '<ITO B o6naCTH B03MO)KHbiX llOHCKOB ( Ta6nuua 1) 0)KH.Qa9Mbl9 

nepHO.llbl .QOCTyllHbi .QIISI HaWeH 6biC!pOil: pallHOXHMHH - OHH nopSI.UKa 

H9CKOllbKHX MHHyT, 

2. MeTOAHKa 

HCUOllb30BaliHCb Clle.QyiDWHe peaKUHH COCTaBHOrO SI.Qpa C HCnapeHH9M 

HefiTpOHOB: 

t66 H ( 22,20 N ) 187-x,IB5-x I 
67 o 10 e, xn 77 . r. 

3KcnepHM9HTb! npOBO.llHIIHCb Ha yCKOpHT9lle Y -300. npHM9HSillaCb TOIICTaSI 

-2 
MHweHh I "'11 Mr.cM I H3 OKH CH ronhMHSI - ecTecTaeaaoro, TaK KaK 

oa MOHOH30Tonea. 3 aeprHsr HOHOB 
22 

Ne Bhi6Hpanacb "' 155 M sa, a 

20 
Ne .. 125 Msa. Ha TOIICTOA MHWeHH sTo o6ecne"<~Haano, KaK MO)KHO 

121 
paCC'<IHTaTb llOllb3ySICb MeTO,QOM 1 HCnapeHHe Heii:TpOHOB C '<IHCIIOM 

X = 4-8 H CO 3Ha'<IHT9llbHO M9HbWHM Bb!XO,QOM X = 3,9, '<ITO 03Ha'<I89T 

llOSIBII9HH9H30TOllOB C A = 183-179 H B03MO*HOCTh nosraneHHSI 

A = 184, 178 .QIISI 
22 Ne 1 a TaK)Ke X = 4-8 H C M9HbWHM Bb!XQ-

,QOM ~ = 3,7, '<ITO 03Ha'<I89T ll0SIBII9HH9 H30TOllOB C A = 181-179 H 

B03M0)KH0CTb llOSIBII9HHSI H30TOllOB C A = 182,178 ,QIISI 20 Ne 

HaaeCTHhie H30TOllhi 
188 Ir H 

182 Ir .unsr peaKUHH c 
2 2 

N e Hcnonbao-

BaliHCb .QIISI npoaepKH MeTO.llHKH B COOTBeTCTBYIDWHX OllbiTaX, a HX OTCYT

CTBHe HIIH yMeHbW9HHe npH HCllOllb30BaHHH 
20 Ne - ,QIISI KOHTpOIISI H nony

'<19HHSI 6onee '<IHCTbiX Ollb!TOB Ha HOBbie H30TOllhi. ToK HOHHOrO ny'<IKa ,QOC-

THrall 40 MKa, BpeMSI 06lly'<leHHSI '" 30 MHH. 

Pa.uHOXHMH'<IeCKH '<IHCTbiA HPH.llHH Bhi.uensrncsr MeTO.QOM aoccTaHoane

HHSI C llOMOWbiD HPH.llH9BOrO HOCHTeliSI, 8hi.QelleHHe npOBO.QHIIOCb 06bi'<IHO 

cnyCTSI 20-30 MHH nocne KOHUa 06lly'<leHHSI. 8 H9KOT0pb!X H3 OllbiTOB BCSI 

~ aKTHBHOCTb H3y'<lali8Cb Ha repM8HHeBOM raMMa-cneKTpOMeTpe C 4098-

4 ... 

' I 

' 
' 

. 

I ·" ' 

~\'~/ 
:.;;: .. I 

.); ---

Ta6nHua 1 

Ueno'<IKH pacna.ua H30Tonoa HCCne.uyeMOH o 

164 184 
Jr _lih_ Os (stable) 

.. 
163 09h 183 

9.9h 163 
Jr --'-'-- Os __!l_b Re .1.1L 

182 15 182 162 121h 182 
Jr __m__ Os _ll_h.. Re ..§..Q.J)_ \ 

181 27m 181 161 
Os ~ Re ...J.§Jl. ' 

1lll Os 1..?....m. 160Re ~ 18:1' 

1790s _!!!!._ 179Re .1.Q___rr 179, 

178 
~m 176Re 15m 178 

Os ' 
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171 
CHCT9M8THK8 nepHOaOB nonypacnaaa ( CM, 0 HallpHMep, ) llOK8-

'ITO B o6naCTH B03MO)!{Hb!X llOHCKOB ( Ta6mlU8 1 ) 0)!{HaaeMbl9 

,J aocTyllHbl anSI Hawen 6hiCTpon paAHOXHMHH - OHH ll0pSI.IlK8 

KHX MHHyT, 

2, MeToaHKa 

cneayiDWHe peaKUHH COCTaBHOPO 51llpa C HCnapeHH9M 

165 H ( 22,20 N ) 187-x,185-x I 
6 7 o 10 e , x n 77 . r • 

M9HTbl llpOBOaHnHCb Ha yCKOPHTene Y -300, npHM9H51naCb TOnCT8SI 

-2 I "'11 Mr,cM I H3 oKH CH ronbMHSI - ecTecTBeHHoro, TaK KaK 

H30ToneH. 3HeprHSI HOHOB 
22 

Ne Bbi6Hpanacb "' 155 MsB, a 

e "' 125 MsB. Ha ToncToii MHWeHH sTo o6ecne'IHBano, KaK MO)!{HO 

121 
aTb nonb3yHCb MeToaoM , HCUapeHHe HeiiTpOHOB C 'IHCnOM 

-8 H CO 3Ha'l:HTenbHO M9HbWHM BbiXOaOM X = 3,9, 'ITO 03Ha'l:aeT 

A = 183-179 H B03MO)!{HOCTb noSIBneHHH 

22 Ne , a TaK)!{9 X = 4-6 H C MeHbWHM BbiXo-

= 3,7, 'ITO 03Ha'l:aeT llOSIBneHHe H30TOUOB C A = 181-179 H 

HOCTb llOSIBneHHSI H30TOUOB C A = 182,178 JlnSI 20 Ne 

H30TOllhi 
188 Ir H 

182 Ir anSI peaKUHH c 
22 

Ne Hcnonhao-

npoBepKH M9TOaHKH B COOTB9TCTBYIDlUHX OllbiTaX, a HX OTCyT

nH YM9HbW9HHe npH HCITOnb30BaHHH 
20 Ne - anSI KOHTpOnSI H nony

onee 'IHCTbiX Ollb!TOB Ha HOBbie H30TOUb!, ToK HOHHOPO ny'l:Ka aoc

MKa, BpeMSI o6ny'l:eHHSI "' 30 MHHo 

aHOXHMH'IeCKH 'IHCThiA HpHaHA BbiaenSinCSI MeToaoM BOCCT8HOBJle-

0MOIUbiD HpHaHeBoro HOCHTenSI. BhtaeneHHe npoBoaHnocb o6hi'IHO 

20-30 MHH nocne KOHUa o6ny'leHHSI, 8 H9KOT0pb!X H3 OllbiTOB BCSI 

Ha repMaHH9BOM raMM8-Cll9KTpOM9Tpe C 4096-

4 

.--. 

Ta6nHua 1 

Ueno'l:KH pacnaaa H30TOITOB HCcneAyeMOH o6nacTH 

181. 181. 
Jr .l1.h.. Os (stable) 

.. 
183 183 9.9 h 183 

Jr 0.9h Os ....!1.__b Re _lUl. 

182 182 182 12Jh 182 
Jr ..!i.m... Os ..ll...!:!. Re ..§..QJ}_ W (stable) 

181 27m 181 181 
j , Os M.!!l Re ~ W ~ 

;1, 1~ 18o 18J ··· :;,;; I Os ~ Re ~ W (stable) 

17905 ~ 179Re _1Q_rrl 179W 3~ 2~~( 179Tc~ 

1780 ~m 178R. 15m 178W 21.5d 
s e- -
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-KaHanbHblM aHanB38TOpOM npH pa3p9W9HHB JlO 4 KSB B 'cy'BCTBBT9nbHOM 

s 
o61.eMe JlO 80 CM 1 KanH6pOB8HHOM no SHepi'HH B a6coniOTHOA aciMI>eKTH""nro .... 

HaMepeHHH npoBOJlHnHcb s Teqease Hecxon&KHX cyTOK JlnH HJleHTH~KaUBB 

no reHeTH'19CKOA CBH3B C JloqepHHMH H30TOn8MH C nepHOJl8MH JlO 24 '18COB, 

B JlpyrHx onbiTax npBMeHMCSI saseCTHbiA MeTOJl aaxonneHBH B BbiJlene

HBH JloqepHHX npenapaTOB OCMHH H3 BPHJlBH 'lepea onpeJleneHHble p8BHb19 

HHTepsanbl speMeHH, 3TH npenapaTbl Mbl H3yqanH T8KHM >Ke o6pa30M1 K8K 

H HPBJlH9Bbl9 npenapaTb1 1 npocne>KHB8.11 B HHX pacnaJl JlOqepHHX OCMB9Bb!X 

H peHH9BbiX H30TOnOB, no y6b1B8HHIO 8KTHBHOCTeA JlO'IepHHX W30TOnOB1 

9KCTpanonHpOB8HHblX H8 KOHeU BbiJleneHHH B nocne)lOB8T9nbHbiX JlO'IepHHX 

npenapaTaX, BOCCT8HaBnHB8nCH pacnaJl M8T9pHHCKBX HPHJlH9BbiX H30TOnOB 

C HX nepHOJl8MH, 

8 Onb1T8X TpeTb9I'O THna 6hln npeJlnO>K9H H npHMeHeH HOBbiA M9T0Jl 

BOCCT8HOsneHHH pacnaJla H nepBOJlOB MaTepBHCKBX H30TOnOB1 H83B8HHbiA 

HBMH 'sHnxoA'. PaJlHOXHMH'IeCxH 'IHCTbiA HPHJlHA s pacTsope pa3JlenMCH 

no o6'beMY Ha '19Tblpe paBHb19 '18CTH. Ka>KJl8.11 H3 HHX Jl9nHnacb Ha HPHJlH9-

BbiA H oCMBeBbiA npenapaT qepea speMH, xoTopoe soapacTano no nHaeAHo

MY 38K0Hy JlnH nocne)lyiOWHX 'laCTeA. .llanee BpHJlH9Bble H OCMH9Bble npena

paTbl Mbl B3Y'I8nH OnHC8HHbiM o6p830M1 npocne)I{HB8.11 B HHX pacnaJl Jl0'19pHHX 

OCMH9BbiX H peHH9BblX H30TOnOB H 9KCTpanonHpyH HX aKTHBHOCTb H8 KOHeU 

BbiJleneHBH. no y6biB8HHIO HX altTHBHOCTeA B nocneJlOBaTenbHblX HPHJlH9BbiX 

npenapaTaX MO>KHO BOCCT8HOBBTb pacnaJl M8TepHHCKHX HpHJlH9BblX H30TOnOB 

C HX nepHOJl8MH, H3MeHeHHe 8KTHBHOCTeA B nocne)lOBaTenbHblX OCMH9BbiX 

npenapaTaX MO>KeT cny>KHTb KOHTponeM K8'19CTB8 XHMB'I9CKOI'O p83JleneHHSI. 

Ba>KHoe npeBMymecTso MeTOJla 'sHnxH' aaxniO'IaeTcs s TOM, 'ITO OH He 

MO>KeT CHMynHpOB8Tb HanH'IB9 M8TepBHCKOI'O HPHJlH9BOI'O H30TOD8 H3-38 

nnoxoro XHMsqecxoro paaJleneHH.II JlO'IepHero OCMHesoro HnH peHHesoro, 

K8K 9TO MO>KeT cny'IHTbCSI npH HCDOnb30B8HHH M9T0Jl8 'HaxonneHHSI'. 

6 

I
··;· .. 
[' ~· 

: ~- : 
l .•. 
,'1·\~ ••. ·l ···J \(· 
>'ill$ 

,~1 

npH o6pa6oTKe cnexTpos onpeaensnHcb aaep 

Hble HHT9HCHBHOCTH I'8MMa-ny'leA Jy (KB8HTbJ/M 

onpeaeneHHSI nnomaaeA DHKOB (HMO), JleneHHSI H8 

MHH) H )leneHHSI H8 a6coniOTHbl9 a$4JeKTHBHOCTH) • 

MOCTH Iy OT BpeMeHH nocne KOHU8 p6ny'I9HHR.L 

H npenapaToB B paanH'IHbiX .onbiTax. Bcero 6biliO 

a cpeaaeM 2000-xaaan&HbiX cnexTpoB llnH pa3HbiX 

22 20 ' • 
( 5 - c Ne H 1 - c Ne ) • llane:e llnSI KB>Kll 

cTpoHnac& xpHBaSI pacnaJla H onpellemrncs ne·pHoJl 

0 
H HHTeHCHBHOCTb Iy B K!lHue ·o6ny'le,HHSI. B.o Mf 

T . 0 
no JlB9 KOMDOH9HTbl C pa3Hb!MH % H I~ 3'1' 

XOJlHbJe Ta6,1HUbl llnSI Hll9HTH<i>HK8UHH, 

3. HaeHTHdlHxauHH H3BecTabix Hac 

HlleHTH<i>HKBUHSI npoBOilHnac& nyTeM cpasaes 

HhiMH: 1) nepHOilOB T% ; 2) aaeprHA nHKOB E 
0 

HHTeHcHBHOCTel!: I y ( nonyqeHHbiX H3 ly "i 

<PaKTop). 06pamanocb BHHMaHHe Ha To, 'IT06bi I 

B p83HbiX ODbiT8X, 

A .. i 84 ae aa6mollaeTcs. 

A = 183, Peayn&TaTbi MO>KHQ YBHil9Tb s TB 

nsiOT co6oA cyMMSJlHhie Ta6nHUbi aa6niOJlaeMbiX 1 

• 183 ( (0,9 qac) H Os 12 '<lac) H3 pa3HbiX npenapaT 

9TCSI TOnbKO B HpHAH9BblX npenapaT8X (ll8HO CO( 

183 0 . S - B HpHJlH9BbiX H OCMH9BblX npenapaTa:X 

Ha6niOil89TCSI B ODbJTe C 
20 

Ne • K8K H llOn>KHO e 

7 



aanH38TOpOM npH pa3peweHHH .!lO 4 KSB II 'fYBCTBIIT91lbHOM 

CMS, KanH6pOB8HHOM no SHeprHH II a6con~THOI S~eKTHBHOCTK 

BO,!lHnRCb B T9'19HHe HeCKOnbKHX CyTOK ,!lnH H.!l9HTH¢gKaUBH 

oft CBH3H C .!lO'IepHHMH R30TOII8MH C nepHO.!l8MH .!lO 24 '18COB, 

0Ub!T8X npHMeHHnCH B3B9CTHbiA M9TO.!l H8KOnneHBH R Bbi.!lene-

npenapaTOB ocMHH H3 HPR.!lHH qepea onpeneneHHbie paaHbie 

MeHH, 3TH npenapaTbl Mbl H3y'lanH T8KHM lK9 o6pa30M 1 K8K 

penapaTLI, npocnelKHBSH a HBX pacnan noqepHHX OCMBeabiX 

OTODOB, no y6LIB8HH~ 8KTHBHOCTeA .!lO'IepHHX ti30TODOB1 

aHHbiX Ha KOHeU Bbl.!leneHHH B nocne.!lOB8T91lbHbiX .!lO'IepHHX 

·CCTaHaan&aancH pacnan MaTepHHCKHX HPH.!lHeabiX H30Tonoa 

TpeTbero THUS 6bJn npennolKeH H DpHM9HeH HOBbiA MeTO.!l 

H pacnana H nepHO.!lOB MaTepHHCKHX H30TOIIOB1 H83B8HHbiA 

o Pan&oXHMH'IeCKH 'IHCTbiA HPH.!lHA a pacTaope paanenMCH 

qeTLipe paaHLie qacTHo KalK.!lSH ua HHX nenHnacb Ha RPH.!lBe-

,JI npenapaT qepea apeMH, KOTopoe aoapacTano no nHHeiHo

nocneny~IUHX qacTelo llanee HPH.!lHeable H ocMHeBbie npena

anH OIIHC8HHbiM o6p830M1 npocne)KHB8H B HHX pacna.!l .!lO'IepHHX 

HHeBbiX H30TOIIOB H SKCTpanon&pyH HX 8KTHBHOCTb H8 KOHeU 

y6biB8HH~ HX 8KTHBHOCTel B nocne,!lOBaTenbHbiX HpHJlHaBbiX 

)KHO BOCCT8HOBHTb pacna,!l MSTepHHCKHX HpH,!lHaBbiX H30TOIIOB 

Ho l13MeHeHHe 8KTHBHOCTel B nocne,!lOBSTenbHbiX OCMHaBbiX 

lKeT cny)KHTb KOHTponeM K8'1aCTB8 XHMH'I9CKOrO paaneneHHHo 

YIUeCTBO MeTO.!l8 'aHnKH' 38Kn~qaeTCH B TOM 1 'ITO OH He 

POB&Tb HanH'IHe MaTepHHCKOrO HpH.!lHeBOrO H30TOII8 H3-38 

ecKoro paaneneHHH noqepHero ocMHeaoro HnH pea&eaoro, 

eT Cny'IHTbCH npH HCDOnb30B8HHH M9TO.!l8 'HaKOOneHHH'o 

6 
,-.: 

.lr. 
t~ 
:'<~·' , ~~r~,~t 

npu o6pa6oTKe cneKTpoa onpenemmucb saeprHH nHKoB Ey H a6con~T

Hbie HHTeHCHBHOCTH raMMa-nyqeil: ly ( KBBHTblfMHH) npenapaTOB ( nocne 

onpeneneHHH nnOIU8.!leil: IIHKOB (HMn), neneHHH H8 apeMH H3MepeHHH (HMO/ 

MHH) H neneHHH aa a6con~THLie scl>!lleKTHBHoCTH). OnpenenHnHcb aaaucH

MOCTH ly oT apeMeHH nocne .Koaua o6ny'leHHH .nnSJ: paaHbiX.: saeprHA Ey 

H rrperrapaTOB B paanH'IHbiX OIIbiT8X, Bcero 6blnb o6pa60T8HO OKOnO 250 

B cpenHeM 2000-KaHanbHblX cneKTpOB anSI pa3Hb!X nperrapaTOB B 6 OIIbiT8X 

22 20 • ' .. 
( 5 - c Ne H 1 - c Ne ) o llan~e ang; K8)K.!loro nu.~a c' saeprueA Ey 

cTpoHnacb KpHBBSI pacrraaa H orrpeaenstnCSI rre·puoa. nonypacrrana T ~ 
0 

H HHTeHCHBHOCTb ly B KbHUe o6ny'le,HHS!o Bo M~OrHX ·Cny'la'SIX BbiaenSJ:nHCb 

no aae KOMIIoHeHTbi c paaHbiMH T ~ H 1; . 3TH J:ia.HHLie caoaHnHcb a Hc

xo.!lHbie Ta6aHUbl ,!lnSI H.!leHTH!llHK8UHHo 

3. HaeHTHd>HKaUHSI H3BecTHbiX H3oTorroa 

HneHTH!llHKaUHSI npoaonunach nyTeM cpaaHeHHH c nHTepaTypHbiMH naa-

Hb!MH: 1) nepHO.!lOB 

HHTeHCHBHOCTeA .,.. 
T ~ ; 2) saeprHA IIHKOB E y ; 3) oTHOCHTenbHhiX 

0 
( nony'leHHbiX H3 ly yMHO:lKeHHeM H8 ITOCTOHHHbiH 

!llaKTOp) o 06pamanOCb BHHMBHHe Ha T0 1 'IT06bl I y OCT8BanHCb DOCTOSIHHbiMH 
~.I 

B p83Hb!X ODbiT8Xo 

A= l84 ae aa6monaeTcSI, 

A = 183. PeaynbT8Tbl MO)KHQ ya&neTI:i B -ra6nliu{lx 2,3o 0HH npencTaB-

nSI~T co6oA cyMM.apHbie Ta6nHUbl Ha6n~aaeMbiX H3BeCTHbiX H30TODOB 
,, . . . 

( ) 
1880 ( ' ) ' 183 0,9 qac H s 12 qac H3 paaHhiX rrpenapaTOB H onhiTOBo Ir 

188 
lr 

aa6n~na-

eTCH TOnbKO B HpHAH9BbiX rrperrapaTaX (.!l8HO COOTHOllieHHe HHTeHCHBHOCTei!:), 

188 Os - a HPHllHeBbiX H ocMHeBbiX rrpenapaTaXo KpoMe Toro A"" 183 He 

Ha6n~)laeTCSI B ODbiTe C 
20

Ne , K8K H )lOn)KHO 6b!Tbo 

7 



Ta6naaa 2 
181 /9/ 

lr • T ~ • 56±,15 MHH (saws JlaHHbie), 0,9 11ac • 
/9/ /10/ 

(a) - CCbinJta 1 (b ) - CCbinKa 1 .. 

:*I - saeepso assaranSIIlHOHHbJI DHK 

183Jr 

HAidH .AAt+tbiE .ANH£ (a)u(b) 

E,- (kPV) J,.. E,.. [ke~ J~ 

236 100 21.0 -
511"') 199 510 '? -

Ta6naua 3 

til 0. • 
/9/ 

T ~ • 12±.2 11ac (saw a JlaBHhle), 15 MIIB • 

/11/ 
(c) - CCbU1K8 

1830s 

HAWM .A.NH:£ .AN+fbiE ( c ) 

~ [keV) J,. E,. (keY) J,-. 

115 21 114,4 27 

. 1. 11 167,9 10 

312 100 311,8 100 

8 

~ 

Ta6naaa 4 
1821r. T~ • 15,5±,2,5 MHH (sawa JlaHHbie), 

/9/ ( b ) I (a) - CCbinKa 1 - CCbinKa 

182Jr 

HAI&JII1.AAHHbE I .AAHHbiE (b) I .AAHH 

E,[keV] I Jt& I E~[kitW] J_,. I E.,._[k.W] 
127 I 62 I 133:!:5 1X/ 

X/4 100 278t5 273 

Ta6naaa 5 
182 Os • T !1 = 21:!:,2 qac (saw a JlBHHhiE 

/9/ /12/ 
(a) - CCblnKa 1 ( d ) - CCbinKa 

181 
HHTeHCHBHOCTH npHHBJlne>KHT Re , 

BKnJO'I8eT HHTeHCHBHOCTb HexopOliiO pa: 

494 KSB 

182os 

HAW!;~ ~AHHbiE .AAHHbiE(a) .AAHI 

E_.[kiW] J~ E,{k~W] J,_ E,.(~ 
133 74 - - 130,8 

WI 830 180 7 180,.2 

263 166 263 1,4 2612 

m. 39 ., - - -r/4,3 

37~ - 379,2 
494 -

498 I 13-i - I - I 498,8 
511 1000 509,9 . 10 ~9 

9 



Ta6nsua 2 
8 ( ) /9/ Ir • T ~ = 56±_15 MHH saws .naHHhle , 0,9 '18C • 

/9/ /10/ 
a) - CChinKa t (b ) - CChlnKa '· . 

:*/- HaBepHO aHHHrHnHUHOHHhii UHK 

183Jr 

HAIIIVI AAt+tbiE .A.AH-IbiE (a) u ( b) 

E,. [kf'V) J,-. E.,. [ke'vi J,. 

236 100 21.0 

5tt"T 199 510 ? 

Ta6nHua 3 

Oa. 
/9/ 

T ~ • 12!,2 11ac (Haws ll&HHhle), 15 MHH • 

/11/ 
(c) - CCbU1K8 

eJ05 

HAW~ANM:£ .ANfibiE ( c ) 
I 
I 

~ [keV] J,. Et> (keV) J,-. 

115 21 114,4 27 

1&6 11 167,9 I 10 

312 100 381,8 I 100 

8 

.,.. 

182Ir • 

Ta6nsua 4 
/9/ 

T~., 15,5±.21 5 MHH (HaWK .QaHHhie), 15 MHH 

/9/ /10/ 
(a) - CCblnKa 1 ( b ) - CChinKa 

182Jr 

HA I&Jii1.aAHHbE .aAHHbiE ( b) .l1.AHHbiE (a ) 

E,[keV] J~ E~[k!PI] Jaa- E.-.[k~] I J,_ 

127 62 133±5 - 127 . -
-

274 I 100 I 278t5 I - I 273 . -

Ta6nsua 5 
18:1 ) /9/ Os • T ~ .. 21±.2 qac ( HawH .naHHbie , 22 11ac • 

/9/ /12/ 
(a) - CCbinKa 1 ( d ) - CCbinK8 t */ - '18CTb STOlt 

181 
HHTeHCHBHOCTH npHHa.nne>KHT Re , ** I - B03MO>KHO 

BKnJO'I8eT HHTeHCHBHOCTb HexopOIIIO p83peweHHOrO DHK8 

494 KSB 

18205 

HAW~ AAHHbiE I A.AHHbiE(a) .i1.AHHbiE (d) 

Er[ktll] J~ E,.(hl"] Jcf- E,.{keV) J~ 

133 11. - - 130,8 65 
15) 830 180 7 180,2 611) 
263 166 263 1, I. 2612 135 .. 
211. J9•1 - - 274,3 34 -- - 371,9 - 379,2 18 

- - - - 494 I. 

498 13"· - - 498,8 9. 

511 1000 509,9 10 m9 um 

9 

~---------------------------------



A = 182. PesynbTaTbi np~~:aeneHbi B Ta6n~~:uax 4,5, Ha6mo.aaeTcSJ 

182 
fr ( 15 MHH) - HaftJl9Hbl COOTHOlli9HHSI HHT9HCHBHOCTeft- H 182 Os 

( 22 'laC) 1 nepBb!ft - B 11pH,QH9BbiX npenapaTaX1 BTopoft - B HpHJlH9BbiX 

11 oCMH9BbiX npenapaTax. A = 182 H:a6niOJlaeTCSJ SHa'IHTenbHO cna6ee a OIIbi

Te c 
20 

Ne , KaK 11: JlOmKHO 6biTb, 

A = 181. PesynbTaTbi rrpKBeJleHbi a Ta6n~~:uax 6, 7, 11pHJlHii ae11saecTea, 

181 ( ) 181 
Ha6niOJl8IOTCSJ Os 105 MHH 11: Re ( 18 qac) a HPHJlHeBbiX 11 OCMII:e-

20 181 
Bb!X nperrapaTaX H B H9CKOnbKO pas cna6ee B OllbiTe c Ne , nnSJ Re 

HaftJl9Hbl OTHOCIIT9nbHbi9 IIHT9HCIIBHOCTH raMMa-IIHKOB, 

A= 180, PesynhTaTbi rrpKBeJleHbi a Ta6n11:ue 8, 11pHJlHft HellsaecTeH, 

180 ( ) 180 ( ) 
Ha6niOJl8IOTCH Os 25 MHH rrn10c Re 2,4 MIIH c o6mHM rrep11:o-

JlOM rrepaoro H30TOII8 B HpHJlH9BbiX H OCMII9Bb!X rrperrapaTaX, BKniO'IHT9nbHO 

11 B OIIbiTe c 
20 Ne • 

A = 179, PesynbTaTbi rrpiiBeJleHbi a Ta6nHuax 9,10, 11pHJlHA HeHsaecTeH, 

Ha6niOJlBIOTCSJ 
179 

Os ( 8 MHH) H 
179

Re ( 20 MHH) B HpHJlHeBbiX H OCMHeBbiX 

rrperrapaTax, BKniO'IHTenbHO H B OIIbiTe c 

A = 178 He aa6niOJlaeTcSJ, 

20 Ne 

BesJle OlliH6KII a orrpeJleneHHH Ey cocTaBnHIOT ±.1 xaa H Ha rrepeKpbiBaiO-

ll.lHXCSI IIHK8X JlO ::!;_2 KSB 1 a B J y - HB HHT9HCHBHbiX DHKaX 20%, HB cna6biX -

JlO 50%, 

4, J1geHTHdJHKaUHH HOBbiX H30TOIIOB 

Oaa npoBOJlHnacb: 1) rro y6bJBaHHIO aKTHBHOCTeA noqepHHX HSoTorroa 

a rrocneJloBaTenbHblX ocMHeBbiX rrperrapaTax rro XHMHH "aaxorrneHHe"; 2) rro 

y6biBaHHIO aKTHBHOCTeH JlO'IepHHX H30TOIIOB B rrocneJlOBaTenbHbiX HpHJlH9BbiX 

rrperrapaTax IIO.XHMHH "BHnKa"; 3) IIO B03paCTaHHIO IIHT9HCHBHOCTeA nHHHA 

Jl0'19pHHX H30TOIIOB B HpHJlH9BbiX rrperrapaTaX - TaM rJle STO B03MO)KH0 Ha-

6niOJlaTbi H 4) IIO IlpHMOMy Ha6nJOJl9HHJO IIHKOB HpHJlH9BOrO H30TOna, KOTO-

10 
..-

I ~-,~b,l 

'· 

1 tlUIUtUtl U 

181 
08 • ·T ~ • 104±.10 MHH ( HalliH_ .aaa. 

1131 
(e) - CCbinKa • :*I - npHHHTO 

1810s 

HAWH AAHHbiE .AAHHbiE( I 

E,[keV) J,. ~[keV] 
120 72 11810 
236 220*1 238,7 • 

Ta6nHua 7 
181 

Re. T ~ = 20±.2 'lac (aawH JlSHHhiE 
.. 191 I 1C 

( 8) - CCbinK8 , ( b ) - CCblnKa 

xoaaepcHOHHbiX nHHHA, ** I - 'laCTb 

182 0 DpHH8Jln9)KHT s • 

1811\le 

HAWIA .AAHHbiE .A.AHHbiE (a ) 1 

E,-(keVJ J.-. EK ficeV) 
110 66 109,9 
115 330 113 
11.4 20 144.3 
152 .I~ . - 154,4 .. 

166 ..• .21 16~9-.''• 
. 

·. ·'· 
. .. 197 ... - a .. 197"' 

·. ;.252' ' ; 3"8 ':\' . 252 . .. . iii. ',·· ·. 21'.fllll. 2% . '·"" 
-~96 -~ <, l8 ~.9.' 
')l - . ,. . 318,6 .J •. .•· ,., . . ' . 9--··;~ ' . 41.;_ 

1- ... '.360.-, ~---- .. 'f80 .· ,. 3b0,7 . > ~ ...... 
.. - . .2.356. . : . 1® . . - : ... _><;5,5 ' • -i 

408 12 408,7 
-- I-· __ .. ___ 1--· 

442 145 441,8 
---·· 

638 70 639 
·-

811. 510 . 822,6 

11 



82. PesynbTaTbi npnBeJleHbi B Ta6m1uax 4,5. Ha6mo)laeTcSI 

MHH) - HaHJl9Hbl COOTHOIII9HHSI HHT9HCHBHOCTeit- H 182 Os 

pBb!lt - B HpHJlH9BbiX npenapaTax, BTOpOH - B HpHJlH9Bb!X 

npeiTapaTax. A = 182 aa6moJlaeTcSI 3Ha'l:HTenbHO cna6ee B Ofibi

KaK H JlOmKHO 6b!Tb, 

PesynhTaTbi npHBeJleHbi B Ta6nnuax 8, 7. l1pHJlHlt HeHssecTea. 

181 ( ) 181 ( ) 
Os 105 MHH H Re 18 'lac B HpHJlH9BbiX H OCMHe-

H B aecxonbKO pas cna6ee B OfibiTe c 
20 Ne • LlnB 181 Re 

CHTenbHbl9 HHT9HCHBHOCTH f'aMMa-nHKOB, 

PesynhTaTbi npHBeJleHbi B Ta6nnue B. l1 PHJlHlt aenasecTeH. 
180

0 8 (25 MHH) nmoc 
180

Re (2,4 MHH) C o6IIIHM nepHo-

H30TOfia B HpHJlH9BbiX H OCMH9Bb!X ITpenapaTaX, BKnJO'l:HTenbHO 

20 Ne • 

PesynhTaTbi npHBeJleHbi B Ta6nHuax 9,10. l1pHJlHlt HeHasecTea. 
179 

Os ( 8 MHH) H 
179

Re ( 20 MHH) B HpHJlH9Bb!X H OCMH9BbiX 

KnJO'IHTenbHO H B OfibiTe C 20 Ne 

ae aa6nro)laeTcSI, 

IIJH6KH B onpeJleneHHH Ey COCTaBnSIJOT ±) KSB H Ha nepeKpbiBaJO-

JlO ±.2 xss, a B I y - aa HHTeHCHBHbiX nHxax 20%, aa cna6biX -

, J.1Jl9HTHdJHK8UHSI HOBbiX H30TOfiOB 

OJlHnaCb! 1) ITO y6biBaHH10 aKTHBHOCTelt JlO'l:epHHX H30TOfiOB 

nhHbiX OCMHeBbiX npeiTapaTax ITO XHMHH "aaxoiTneane"; 2) no 

HBHOCTelf Jl0'19pHHX H30TOfiOB B fiOCn9JlOBaTenbHbiX HpHJlH9BbiX 

XHMHH "BHnKa"; S) ITO B03pacTaHHIO HHT9HCHBHOCTelt nHHHlt 

OITOB B HpHJlH9BbiX ITpenapaTaX - TaM f'Jl9 STO B03MO:lKHO Ha

ITO ITpS!MOMy Ha6ni0Jl9HHIO fiHKOB HpHJlHeBOf'O H30TOITa
1 

KOTO-

10 

~ 

,. 

I ttUJIHUI;t U 

tal . I lSI 
Os • T ~ • 104±,10 MHH ( HaiiiH JlSHHbie), 105 MHH 

1181 
(e) - CCbinxa • :*I - npHHSITO 

1810s 

HAW~ AAHHbiE AAHHblE( e) 

Ev-[keV) J,_ ~[keV] ~ 
120 72 11810 64 
236 220*1 238,7 220 

Ta6nuua 7 
t8·t ( . ) · 191 

Re. T ~ = 20±.2 qac aawu JlaHHbie , 18 'lac 
•· 19/ 1101 

(a) - CCbinKS 1 ( b ) - CCbinKa , :*I - HHTeHCHBHOCTH 

xoasepCHOHH~IX nHHHA, ** I - 'l:aCTb sToA .HHTeHCHBHOCTH 

182 
npHHaJlne:lKHT Os . 

1811i'e 

-HAWH AAHHbiE AAHHbiE (a ) u (b) 

E,-[keV) J ... EK [keV) J •) 
K 

110 66 109,9 1000 
115 330 113 200 
11.4 20 1443 70 
152 i ... - 154,4 .. "12 
~~ .'• .21 16~9'' ' .'1. 12 

197"' 3.7 
.. " ,. 197 .. " - '8 •. 

';.252' ' ' '3'8 ~.' . 252 "35 ' ., : ;iii.,~· :" '. 27**1 . 2% ts 

~-

'.296: -: .. ~8' . 2.95,9 . 4 ' 
' :: ~9--- ;~ .'' -,4 .· ,. . 318,6 . .:. .•·. 

~· 
." . ' "· . 

'. · .. 360.-, .... •• • fBO ·· <" 3ti0,7 :· .. ~. ' 160:· 
' - . ..2.31i.6., ' .. : '• 1000. .... . ' .''l5,5 ·, ' ·2750 ....... 

408 12 408,7 2 --~·-- ... - t---- ·--442 145 4L1,8 13 
638 70 

---· 
639 J6 

" ' 

811. 510 . 822,6 0, .. 5 
. .-
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... 
. 1, 

Ta6nHua 8 
t 80 t 80 

Os + Re , T ~ = 24.:!:.2 MHH 

/6/ 
25 MHH COOTB, 2,4 MHH , ( f ) 

( H8WH Jl8HHbie) 1 

161 
- CCbinK8 

/5/ 
g ) - CChlnKa . 

18005 + 180Re 

HAWV1.AAH1biE aAHHbiE { f ) aAHHbiE{g) 

E:,_(ke'-'1 ]If E w-{ke~ Jv E~keV] Jlf 

104 30 104 31 104 20 

824 13 824 11 816 9 

~2 100 ~2 100 892 100 

Ta6nHua 9 

179 Os • /6/ 
T ·~ = 9.:!:.2 MlfH ( aawH JlllHHhte), 8 MHH 

< r ) /6/ 
- CCt.lnKa 

179os 

HAW~ AAHHbiE .AAHHblE ( f ) 

E,. ['-V] J_.. E,lteVJ Jl: 

16& 33 185,6 1\0 34 I 

218 100 •• 9 ,1fll 
3(f1 60 ' ( •. , IV. 24· 

N 591 N 80 ~. ·-· ? L_ 

12 

~.'1 

I .. 

l 
J 
Ji 

:~ 

I 
\,,! 

"' 

179 Re, 

< r 

Ta6nHua 10 

T ~ = 20.:!:.4 MHH ( H8WH Jl8HHb! 

/6/ 
- CCbinKa 1 ( g ) - CCblnl 

:*/ - B03MO)KH0 BKniO'laeT HHTeHCHI 

179Re 

----
HAUJVI AAHH!III .A.AHHbiE ( f ) AAHHI:£(g) 

E.L . J~ E~ J,. E,_ ~ 
120 29 120,1 n 119 19 
166 16 168,0 10 - -
189 25 189,1 2& 188 20 
222 19 222,1- 13 222 24 

·- r-- - ----242 12 242 12 
290 100 2900 100 290 100 
296 26 296,3 28 - -
m 18 30!1,1 21 - -
360 17 351 9 - -
402 25 40\7 26 405 26_j 
413 14.) '412 ~ - -
- - 415,6 38 418 38 
429 99 ~.2 Kl4 432 83 
465 22 4~9 16 --- -- r::::-
477 25 47'1.5 34_ 4a0 t-A--
496 22 498,6 25 5(1) 26 

13 



Ta6mrua 8 
180 180 

Os + Re , T ~ = 24.:!:.2 MHH 

/6/ 
25 MHH COOTB, 2,4 MHH , ( f ) 

( H8lllH Jl8HHbl8) 1 

/6/ 
- CCbinK8 

( g ) - CCbinK8 
/5/ 

18005 + 180Re 

HAWI-1 AAHHbiE aAHHbiE ( f ) ..6.AHHbiE(g) 
I 

t-.,. [ke'-1 11 E &4ke~ J, E~keV] Jw 

104 30 104 31 104 20 

821. 13 821. 11 816 9 

902 100 902 100 892 100 

To6nMua 9 

17 9Os , 
/6/ 

T •., = 9.:!:.2 MlfH ( na111M JlllHHhie), 8 MHH 

< r ) /6/ 
- CCblnKa 

179os 

HAWI!t ..6.AHHbiE ..6.AHHbiE ( f ) 

E,. (~V] J_.. E, l..V) J, 

166 33 165,6 "' 34 

218 109 1119 . ~ 
,., 

3(f1 60 ,., IV .. 24· 

N 591 ,., 80 ... ~- . .. ? 

12 
..-

~~~ 

t 

' It 

l 
1,/ 

II 
I 

.~---

179 Re, 

( f 

Ta6nHua 10 
/9/ 

T ~ = 20.:!:.4 MHH ( aa111H Jl8HHhie), 20 MHH 

/6/ /5/ /141 
- CCbinK8 1 ( g ) - CCbinK8 0 ( h ) - CCbinKa 

:*/ - B03MO:lKHO BKnl0'188T HHTeHCHBHOCTb 11HK8 415 K9B 

179Re 

----
HAIW1aAHHIIIE AAHHbiE( f) AAHHbE(g) aAHHbiE(h) 

E.,. J~ E~ J,_ Et- J,_ E,_ J,_ 
120 29 120,1 n 119 19 119,8 23 
166 16 168,0 10 - - 169,0 11 
189 25 189,1_ 2& 188 20 1&~5 lS --222 19 222,1 !~ 222 24 - -
242 

-- e- -
12 242 12 - - 241 8 

290 100 290,0 100 290 100 290.0 100 
296 26 296,3 28 - - 296,4 24 
m 18 309,1 21 - - D,7 17 
360 17 351 9 - - - -
402 25 40\7 26 405 26 40\1 20 
413 14*} 1.12 "~ - - - -
- - ~,6 38 418 38 414,6 35 
429 99 Ul,2 104 432 83 ~3 99 
465 22 4649 16 - - 1.&5 10 -- -- ~-
477 25 4Tl,5 34_ 480 J5 ~771 • -
496 22 498,6 25 500 26 498,2 13 

13 



I' 

I 

.,_ 
\1,, 

pbie npunUCbiBBnUCb eMy U3 Jl8HHbiX pOT8UUOHHblX nonOC JlO'IepHero OCMUe-

Boro U30TOn8
1 

nony'leHHblX no MrHOBeHHbiM raMMa-nyqaM U sneKTpOH8M 

KOHBepCUU aenocpeJlCTBeHHO B pea¥UURX - B OJlHOM. cnyqae. HneHTU$UK8UUH 
188 1811' 

no XUMUU 6bin8 npoBe)leHa U )lnR U3BeCTHblX U30TOnOB lr U .Jr 

JlnH nposepxu caMoil: xuMuu, 

KoHTponh no uasecTHblM uaoTonaM: 

A • 183. PeaynhTSTbi no xuMUHM "'aaxonneaue"' u •sunxa• noxaaaHbi 

aa puc. 1. 06a MeTona na~ B npenenax TO'IHOCTH sxcnepuMeHTa cosna

naiOmue peaynhTSTbl. Cpenaee scex sxcnepuMeHTanhHbiX peaynhTSTOB nnH 

nepUOJl8 Jr no JlBYM MeTOJl8M XUMU'IeCKOA o6pa60TKU nonyqanOCb npunu-188 

CbiB8HUeM OT)lenbHbiM 3HS'IeHUHM onpeneneH.HbiX BeCOB nocne oueHKU UX 

TO'IHOCTeft. Ha BCeX XUMU'IeCKUX onpeAeneHUA nonyqunoCb 3Ha'leHUe 50~ 
t.. 10 MUH, I<oTopoe xopowo· cosnanaeT c aaw~l\4. npRMbiM onpeneneaueM 

56~15 MUH U C nJtTepaTypHbiM 3HS'IeHUeM. 0,9 tiac. 

A = 182, f>eayriM'STbl no .XUMl!:'lecKi!:M onpen·eneHUHM fiOK838Hbl H8 

puc. 2. Cpenaee aJiaqeaue nng nepuon!i 
1811 lr ua xuMuqecxux onpenene

auA 15,0~1,5 MHH COBfi8)l8eT_ C HSWUM npHMbiM ortpeneneaueM 15,5~2,5 MUH 

U C nuTepaTypHbiM 3H8'1€HUeM 15 MUHo 
. ' 

HoBbie iJ3oTDnbi 

A ... 181, PeaynbTSTbi np xuMu'I~CKUM onpeneneauHM noxaaaHbi sa 
. -- . ' ' . : . ' 181 

puc. 3. 3nech aa~ntonaeT-CH u soapacTS:aue uareacusaocTeA Os B aeMHO-

rux cnyqaSIX
1 

OJlUH U3 KOTOpblX fiOK838H H8 puc. 6, Ha peaynbT8TOB XUMU

qeCKUX onpeneneHUil: U B03p8CT8HUil: MO)KHO 38KniO'IUTb1 'ITO Mbl aa6niOJl8eM 

181 HOBbiil: uaoTon lr c nepuonoM nonypacnana T ~ = 10~2 MuH. HaTe-
17/ 

peCHO OTMeTUTb
1 

'ITO no CHCTeMaTHKe JlnH STOrO H30TOn8 0)KH)l8eTCR 

nepuon ,. 7 MUHo 

14 

183Jr 

~~~--------------------------------------

!I 

2 

1JI 

!1 •. 

2 

33min 

!d 
SSmin 

~ 
53mir 

~ 
·'l -------- 4!lmir 

11 ---~;;--7c...:...,_:O_ 
1 1 n ]0 :>C .o l.f'! &0 

Puc. 1. Pacnall 188 lr no y6~>ma'UIII' IIIITPih'IIIIIWC 
ll3~6apOB1 (H)- B XHMIIII" 1111KOTin€'1111P" 1 (B)
H '," 

1 
B ',"- 03H8'1810T ptl3111>le OTII>ITI>Io 

15 



,1sanHCb eMy H3 ll8HHbiX pOT8UHOHHbiX nonoc ll0'19pHero OCMHe

a, nonyqeHHbiX no MrHOB9HHbiM raMMa-nyqaM H aneKTpOH8M 

enocpellCTBeHHO s peaxuHRX - B OllHOM cnyqae. HlleHTH~HKaUHR 

ma npoBelleHa H llnR H3BeCTHbiX H30TOnOB 
188 Ir u· 18ll Ir 

H C8MOit XHMHH, 

PeaynbTSTbi no XHMHRM 'uaxonneuue' H 'sunxa' noxaaaHbi 

MeTolla 11a~ B npe11enax TO'IHOCTH axcnepHMeHTa cosna

nbT8Thi. CpellHee scex axcnepHMeHTanbHbiX peaynbTaToB llnR 

Ir no llBYM MeTOll8M XHMH'IecxoA o6pa.6oTKH nonyqanocb npHnH-

ITllenbHbiM aHa'leHHRM onpeaeneHJihiX secos nocne oueuxH HX 

'Ha scex XHMH'IeCKHX onpe)leneuHA nonyqunocb aaaqeuue 50:!:, 

oTopoe xopowo cosnaaaeT c Halli~l\4 npRMbiM onpeaeneuHeM 

C n.HTepaTypHbiM 3H8'ieHH.eM 0,9 <iac. 
82. PeaynbT8Tbi no XHMH'iecxiJM onpea·eneHHRM noxaaaHbi aa 

nepHol1~ 182 lr · H3 XHMH'ieCKHX onpeaene-

MHH COBn8ll89T C H8lliHM npRMblM OiipeaeneHHeM 15,5:!:,215 MHH 

15 MHH. 

.no XHMH'ieCKHM ODPl'JLteneHHRM DOK83~Jibl Ha 

. ' . 1810 
b Ha6nlbLtaeTCR H 803paCT"e;HHe HHTeHCHBHOCTel S 8 HeMHO-

Xo Ol1HH H3 KOTOpb!X nOK838H H8 pHC, 6, H3 peaynbT8TOB XHMH-

JleneHHit H B03p8CT8HHA MO)KHO 38KniO'IHTb1 'ITO Mbl Ha6niOLt8eM 

181 Ir c nepHOAOM nonypacnaaa 

171 
T ~ = 10:!:,2 MHH, HHTe-

DO CHCTeMaTHKe LtnR STOrO H30TOD8 0)KRJl8eTCR 

14 

...... 

183Jr 

1~ 
r-------------------------------------~ 

~ 

2 

1~1 

~ 

2 

1d 
33min 382 keV

183Qi (6) 

183 . 
55min 115 kll Os (H) 

~ 53min 382 keV
183

0s (IS') 

~ 
• ~4~m'" 115 keV

183
0s(&") ·'I 

,.)....___ __________ _ 
1 10 )0 ]C .o '.'"'! tiO [ ,. r~ 

PHc. 1. Pacnall 
188 lr no y6~>ma•imn IIIITt>Jh'III\IIO<'Tl'li .1111111:• .:."~<'f';Jn:\ 

B3~6apOB1 (H)- B XHI\.11111" JI(IKOTin€'11IIP" 1 (B) -I' :\11\11111 '1'11.'111..!', 

H,', • B ',,- 03H8'1810T pt131lbl€' OTIJ,JTJ,J, 

15 



~ 

·'I 

182 
Jr 

~~------------------------· 

5 

2 

2 
10 

5 

I 

.1 
5~ 

2 

18 
~ 

Pac. 2. Pacnan 

H3o6apoB. (H) -

15min 133 o,w..JI'20IJBI 

,~·, 
16min 511 ~20s (H') 

~~ 17min l63JlOsrHl 

""' '"" 14m in 1110 ktN182o ( . -1,Hl 

15min 263ktN1820s (&") 

" ""-
1~5min 180ktN1820s(6'l 

~ 
12 m1n 133 ktN1820slll'l 

:0 20 30 '0 [mon] 

182 Ir no. y6b1BSHHJO HHT8HCHBHOC!]'el nHHHI noqepHHX 

B XHMHH "aaxonneaae" •· (B) - ~ XHMHH "Banxa" •. H ', "• 
B', "- 03HaqaiOT pa3Hbl8 onbiTbi. 

16 

A • 18Q. Pe3yn&TaTili no XHMaqecxuM onpel 

pac. 4. Ha6monaeTCsr a B03pacTaHHe HHTeHCBBHoc· 

qaeB noxa3as sa pac. 6. B HpBAH8BbiX npenapaTa 

c saepruel ISS xsB H T ~ • 8 MHH. 3Ta sseprag 

AY IS2,2 X9B Me)l(.lly pOT8llBOHHbiMB ypOBHSIMB l8 

nancsr aenocpencTBeaso B.peaxuaa no MrHOBeBHbiJ 
/8/ 

H8M XOBB8pcHB • CooTB8TCTByJOmBI nepexon B 

JtoTopbll sa6monancsr aaMa JtaJt 127 xsa npa pacn. 

110 0 /8/ CnenyJOmeMy nepexony B a • no naBHbiM • 

xoTopaa ae 6yneT xopowo pa3peWaT&ca oT 2781S 

274 xsB1 aa6nJOnaeMoro saMa npa pacnane 1811 lr 
18/ 

BRIO 9HeprHH C ll8BHbiMR H nepBOA8 - C ll8BHI 

xnJO~aeM1 ~To nepexon ISS Jt98 Mo•so npanacaT& 
+ + 

OR CBH38B C nepeXOllOM 2 ... 0 M8Qy YPDBBHMR 

nonocbl 
1100. • Ha ocsoaasau naBBbiX XHM&qecxax 

sal a npaMoro sa6n~esaa nepexona ISS xsa Mbl 

naew BOBbll B30TOn 
110 lr c T ~ • 615±.,115 MR 

ll88TCH • 4 MRS. 

A • 179. Pe3yllhT8Tbl XBMB~ecxax onpenen4 

113 BBX 381tBJO'I88M1 ~TO S86nJOA88M HOBbll B30TOil 

no CBCT8M8TBit8 D*Rll88TCJI • 2 MBSo 

ABTO~bl C~BT8JOT npBHTBbiM llOBrOM 6narOl18) 

npenocTaanesae apeweBB sa ycxopaTene a asawas 

secsrsa a ero rpynny 38 nonnep~y R RHTepec. M 

C. Hnaeay a M • .Q.apoaol 38 nowom& npa nposen• 

xe pe3ym.TaTOB. 
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Pacnaa 182 Ir no. y6biB8HHIO HHTeHCHBHOCTel nHHHI llO'IepHHX 

• {H)- B XHMHH 'HaKonneHHe', (B)- E! XHMHH 'BHnKa',.H',"• 
3H8'1810T pa3Hb19 OnbiTbi, 

16 
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A • 18Q .. Peayn&T8TI?J no XHMH"lecxHM onpeaenea&srM noxaaa&bl ua 

pRe. 4. Ha6moaaeTcsr a 8oapacTauae HBTeHCHBHOCTeA 180 0 8 - OllHH Ha cny

qaeB noxa3aH sa pee. 6. B Hp&a&eBbiX npenapaTax aa6niOaaeTcsr a n&x 

C 8Hepr&el 1S8 K88 H T ~ • 8 MRH, 3Ta 8Hepr&H COOT89TCTByeT nepexo-
1110 • llY 182,2 K88 Me)l(lly pOT811ROHHbiMH YPOBHSIMH Os 0 KOTOpbil ua6mo-

aancB aenocpeacT8euso B peaxii&R no MrHOBeBHhiM raMMa-ny"laM H snexTpo· 
18/ l /8/ 

HaM KOH8epc&R • CooT88TCT8YIOIIIRI nepexoa B 82 0s - 8TO 126,9 KSB 

xoTophll aa6nJOllancB HaM& xax 127 K88 np& pacnaae lr Ta6n. 4 • 182 ( ) 

1110 /8/ 
Cneay10111eMy nepexoay 8 Os • no aaHHbiM , oTBe"laeT 8HeprHsr 276,S Kl 

182 KOTOpaB He 6ytleT XOpOWO p83peW8TbCH OT 278,8 K88 0s 0 HnR OT nRK8 

182 ( ) 274 Ksa, ua6nJOnaeMoro saMa np& pacnaae lr Ta6n. 4 • no co8naae-
/8/ 

HRIO 8HeprHH C ll88Bb1MR H nep&Oll8 - C ll8HHhiMH p&C, 4 R 6 Mbl 38-

Kni0"18.8M0 'ITO nepexoa 133 11:88 MOMOIO npan&caTb pacnaay 180 lr & 'ITO 
+ + 

OR CBSI38B C nepeXOllOM 2 _. 0 M8>KllY YP08HHMH OCH08HOI pOT811ROHHOI 

nonOChl 
180

0s • Ha OCH088HHH ll8HHbiX XHMH1f8CKHX ORpeaeneHHI
0 

803p8CT8-

HHI & npguoro aa6nioaeaaB nepexoaa ISS 11:88 Mbl 3aKnJO"laeM, 'ITO aa6nJO

aaeM BOBhll B30TOn UO lr C T ~ ,. 6,~1,5 MHB, ITo CHCT8M8TRK8 OlKR

ll88TCSI • 4 MRBo 

A • 179. Pe3yn&T8Tbl XRMB'IeCKHX onpeaenea&A noxaaasbl aa pac. 5. 

H3 BBX 38Kni0'188M0 'ITO 886nl0ll88M 808bll R30TOD 171 1r C .T ~ • 4;!:.1 MRRo 

no CRCT8M8TIIIte OlKHll89TCJI • 2 MRB. 

A8Topbl C'IBTaJOT np&aT&biM aonroM 6naroaapHTb r.H. cllnepoaa 38 

npeaocTaaneaae apeuen sa ycxopaTene R 8B&Mau&e 11: pa6oTe, IO.U. Ora

aecaaa a ero rpynny 38 noD.lleplKII:y a &sTepec. Mbl 6naroaapabl TaxlKe 

C. Hn&eay a M. lllK8poBOI 38 nouom& np& npoBeaeu&& onb1T08 & o6pa6oT-

11:9 pe3yn&T8TOBo 
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'\.- • 181 0) 
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181 
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~ .. . .J81 . ~ 8,3min 120ktlf Oa(H) 

.. 18b 0 

101 
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, '&;'min 2~&keV _i(HJ 1 
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PH e. 3. Paenaa 
18 1 Ir no yobiBaHHJO HHTeHeHBHoeTei!: nHHHI!: llO'IepHHX 

H306apos. (H)- B XHMHH "HaKonneHHe", (B) - B XHMHH "sHnKa", 8', ", 
NB '," oaHa'laJOT paaHbie onbiTbij * - B nepHOll saeeeaa nonpasKa , 

Y'IHTb!B810lll8SI TO, 'ITO HHTeHeHBHOeTH ll0'19pHHX H3008pOB OTHeeeHbl HB 

pueyHKe K KOHUY oony'leHHSI 0 Toraa KaK HX HY*HO OTHeeTH K KOHUY XHMH'Iee

Koro paaaeneHHH. 

18 .,-

180Jr 
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s 
• 180_ 

6,9 min 902 keV - ""Q! 
• 180 

7,lmin 8:.Kktll Os+l 
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;. 

.a 

5 

2 
... 180 

6,3 m1n 104keV Os+ 

. ql~on 104keV18~+.B! 
10 
~0~--~.ft---------------------------lu 20 JO 40 so [mi 

P 180 
He. 4. Paenaa .Ir no y6biBaHHJO HHTeHeHBHOeTei!: 11 

POB. (H) - B XHMHH ' H8KODneHHe" 1 (B) - B XHMHH 

03H8'1810T p83Hble 0Db!Tb11 :* - eM. DOJIDHeb K pRe. :J 
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aqa!OT paaHbie OIIbiTbij * - s rrepHOJl saeceHa rrorrpaBKa , 

g TO, qTo HHT9HCHBHOCTH J]oqepHHX H3008pOB OTH9C9Hhl H8 

OHUy o6nyqeHHR 1 TOrJ]a K8K HX HY*HO OTH9CTH K KOHUY XHMHqec-
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180Jr 
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• 180_ • 
6.9min 902krN -~+Re(B) 

5 .. 180 • 
7,1min 8XktV Q!+~(B) 
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~ 

101 • .180 • 

\ 6,7~~k~ ~~·~HJ 

6,7min 821. krN Q!+~l 

... 1110 • 
6,Jm1n 104keV Os+~H) 

• 181L • 
Qlmm 104krN ~·~(HJ 

10 20 JO 1.0 50 (min) 

PHc. 4. PacnaJJ 
180

Ir no yobiBaHHIO HaTeacHsaocTef!: nHHHf!: JJoqepHHX Haooa

pos. (H) - B XHMHH • H8KOIIJI9HHe"', (B) - B XHMHH "'BHJIKa"', 8','; 8', "
oaaaqaiQT p83Hbl9 OIIbiThlt :* - CMo fiOJlfiHCb K pHc. 3. 

19 



.., 

II.J 

,J Jr 

I ' ' 
5I 1\\ I 

- I 

I \ 

21 \ ' - .~1 ' 
·' ~ r ' 

\ 

I - 5I I I \ 

"l 

51 

,., \\\\\ 2L ·! . 
\ 

• I 'L \ 

'5,Lmm 2L]kP'/79R ( •. - 10 \ 

21 • -""' \\ • \\ ~9 mm 4 79 kt!VI79R •. I \ 
' ' \ ' .. !!(H· \ 

S,Sm1n 290ktN~-(H,') \ Om' 181 

. -" I ,. '" " 

,ol "'m'" ,,,..,"',(H. ~ -
\ I! ) 

5I \ ~:.:::~::"' \.· 

~~ ~·~'"'"'"'·~~lk'i ... \ 
21 l1mm 591 kell 179 , \ • 0•011 

1,9 ,mio ,.,,.J~Q;.,·, \ 
3,7 mm mkPI']gR!! • \ 

' __ \Ho " \ . .. 
0 3,5 min 16bk•V \7!10 ( ' \ 

10 
20 

sHJ " " so I ~~ I 
\ 

- • 5mm""J< 
10 

·~ 

180 
8]1.k!!V ~t-~ 

0 30 60 90 120 

PHc. 5. Pacrrall 179 Ir rro y6biBaHHIO HHTeHCHBHOCTeft nHHHft aot~epHHX 
H306apOB. (H) - B XHMHH "HaKorrneHHe" 1 (B) - B XHMHH "Bl!nK8"' 1 H ', " 1 

B ', " osHa'laiOT pa3Hbie OIIbiTbl 1 * - eM. IIOlliiHCb K pHc. 3. 

181' 180 
PHc. 6. Pacrraa Ir H Ir rro sospacTaHHIO HHTl 

llO'IepHHX Hso6apoB B HPHllHeBbiX rrperrapaTax. 

20 

21 



II"" 
Jr 

,61 
\ \ I - I 

\ 

51 \ \. \ I :- ~~~ \ 
\ 
\ 

51 \ 
\ 

21 \. '-.\ \\. I 

.. 
-

5,1 min 21BkPV rl:lllijB) 

I 

I • 
"l 

,;t 
. i " 

\ 
\ 
\ 

51 v•\ \.\ \. \. \. 

'>.'~'" 2']kP111'79R ("· 

21 

• _!'. H1 

\\. \\ ~9mm 4 /gk@VI79R ., 

\ 

' "\ \. • ~ _!(H; 

\ \ ... Smin 181.k. 

5,5mtn 290kPVfl\ ( • " _!.H) 

ldl 

5,,min 120k!'VI79 " ~ ~ ~~I 

51 

\ ¥moo~b&k~,~~~'l 
, J..9mrn IB9kPV RP(H'' 

o\! 

~ \ ~,:o,,,,...,~~~~-, 

\ 

21 

\. 

llmrn 59lki!W1790 , 

\ 

2 • .w •ttl ,9 min 2111k 7!1- , 

\ 

• Os(Hl 
3,7 mtn mk.J'I!IR. ' 

\ 

10-

' __ \Ho 

\ 3,5~in 16bkpV1790 ( ' 

... 

0 10 

\ 

20 

_j,H) 

30 '0 

\ 

50 (mtn] 

\ 

.. \ 

10 

<I 5mrn IIOJ[ 

·~ 

~ '" 236kl# Os 

180 
8/,keV ~t~ 

0 30 60 90 120 150 [mrnJ 

181. 180 
PRe, 6. Paena.n Ir H Ir no B03paeTaHHJO HHTeHeHB.HoeTeft nHHHii 

Paena.n 179 Ir no y6biBaHHJO HHTeHeHBHOeTeA nHHHH .no<repHHX 

(H) - B XHMHH "HaKonneHHe .. , (B) - B XHMHH "BHnKa .. , H ', " 1 

03Ha'laJOT pa3Hbl9 OnbiTbi 1 * - eM, IIO.!lnHeb K pRe, 3, .!l0'19pHHX H306apOB B HpH.!lH9BbiX npenapaTaX, 

20 

21 

.,...., 



.(fl1i,) 

n H T e p a T y p a 

1. I. Demeter, Kim Hon Sil, E. Nadjakov, N.G. Zaitseva.· Physics 

Letters, :!:2. 47, 1965. 

2. H. neMeTep, H.r. 3aAuesa, KHM XoH CHn, E. Ha.tvKaKos, RoepHaSI 

rfJHaHK8 1 ~ 231, 1988. 

Preprint JINR E-2360, Dubna, 1965. 

3. E. Nadjakov, N. Nenov, D. Hristov, G. Pfrepper, N.G. Zaitseva, 

C.R. Acad. Bulg.Sci., ~ 533, 1967. 

nperrpHHT OHfiH P-2910, ny6Ha 1988. 

4. E. flaJl>tWKOS, E. Eoqes, r. nrflperrrrep, X. PaHqes, T. Kyuaposa, H. HeHos, 

B.H. <l>oMHHbiX, M.H. <l>oMHHbiX, c. EaKap.tl:IKHes. nperrpHHT OHfiH 

8-4008, ny6Ha 1988. 

5. E. H. EomiCilo B.H. fynos, E.A. rsoanes, n.M. KpH>KaHCKHH, E.c. YcH

Kos. Has. AH CCCP cep.rflHa., 21, 59, 1988. 

E.H. EcnHes, B.H. fynos, n.M. KpH>KllHCKHH, E.c. YcHKos. flnepHaSI 

rfJH3liKll L 720, 1988. 

8. P. ApllbT, K.fl. fpoMos, H.r. 3aAuesa, nH LfyH XH, 3. ManeK, r. My

aHOIIb, X. lliTpycHbiH. Has. AH CCCP cep. q,Ha., ~ 703, 1970. 

nperrpHHT OHfiH P8-4835, ny6Ha, 1989. 

7. P. ApnbT 1 3. ManeK, f. MyaHonb, X. lllTpycHbiH. Has. AH CCCP cep. 

qma., ~ 1232, 1989. nperrpHHT OHfiH P8-4234, ny6Ha 1988. 

B. J. Burde, R.M. Diamond, F.S. Stephens. Nuclear Physics A92, 

306, 1967. 

9. C.M. Lederer, J.M. Hollander, I. Perlman. Table of Isotopes. 

6-th ed., New York, 1968. 

10. E.C. n>Kenerros, n.K. neKep, B.o. Ceprees. CxeMbl pacrrana Pll.llHOaKTHS

Hb!X Hnep. A ;::100, MocKsa 1983. 

11. A.H. AxMa.ll>KaHos, P. Epona, B. BaniOcb, H. 3sonbCKH, tt MonHap, 

3.B. PbiH.llHHa, n>K. CanoMes, A. XpbiHKeSH'I. Has. A H CCCP cep. qma., 

~ 740, 1970. 

22 

12. A.H. AxMan>KaHos, P. Epona, B. BaniOcb, 

fl. CTbi'IeHb, B.H. <l>oMHHbiX, A. XpbiHKes~ 

Has. AH CCCP cep. <fJHa., ~ 777, 1970 

ny6Ha 1989. 

13. A.H. AxMan>KaHos, P. Epona, B. BaniOcb, 

nperrpHHT OHfiH P8-5017, ny6Ha 1970. 

14. K.J. Hofstetter, R.Y. Daly. Phys.Rev., 

PyKorrHcb rrocTYITHna 

11 <flespam 

23 



fl H T e p a T y p a 

lrn<>t<>r, Kim Hon Sil, E. Nadjakov, N.G. Zaitseva.·· Physics 

:!:.2. 4 7' 1965. 

MeTep, H.r. 3aiiueaa, KHM Xoa CHn, E. Haa:lKaKoa, RaepaaSI 

JINR E-2360, Dubna, 1965 •. 

, N. Nenov, D. Hristov, G. Pfrepper, N.G. Zaitseva, 

Bulg.Sci., ~ 533, 1967. 

OHRH P-29 10, Jly6aa 1966. 

KOB, E. Eoqea, r. n!flpennep, X. Paifqea, T. Kyuapoaa, H. Heaoa, 

M.H. <l>oMHHbiX, c. EaKapll:lKHeB. npenpHHT OHRH 

1968. 

B.A. fBo3nea, n.M. KpH:lKaHCKHii, B.c. YcH

AH CCCP cep.$H3., ~ 59, 1968. 

n.M. KpH:lKaHCKHii, B.c. YCHKOB. HaepH8SI 

720, 1968. 

, K.H. fpoMoB, H.r. 3atiueaa, flH lfya XH, 3. ManeK, r. My

X. lliTpyCHbiii. H3a. AH CCCP cep. 41H3., ~ 703, HHO. 

T OHRH P6-4635, Jly6aa, 1969. 

, 3. ManeK, r. My3HOnb, X. lllTpyCHbiii. H3a. AH CCCP cep. 

1232, 1969. npenpHHT OHRH P6-4234, Jly6Ha 1968. 

e, R.M. Diamond, F.S. Stephens. Nuclear Physi~s A92, 

J.M. Hollander, I. Perlman. Table of Isotopes. 

York, 1968. 

n.K. neKep, B.o. Cepreea. CxeMbl pacnaaa pallHOBKTHB

p. A ;::too, MocKaa 1963. 

B. BanJOcb, H. 3aonbCKH 1 11. Monaap, 

Jl:lK. CanoMea, A. XpbiHKeBH'I. H3a. AH CCCP cep. cfJH3., 

1970. 

22 

.,...: 

12. A.H. AxMall:lKBHoB, P. Epoaa, B. BanJOcb, H. 3aonbCKH, 11. Monaap, 

R. CTbi'I9Hb 1 B.H. <l>oMHHbiX, A. XpbiHKeBH'I, B.M. UynKo-CHTHHKoa,. 

H3B. AH CCCP cep. $H3., ~ 777, 1970. npenpHHT OHRH 6-4471 

Jly6aa 1969. 

13. A.H. AxMaa:lKaHoa, P. Epoaa, B. Ban10cb, H. 3aonbCKH, A. Monaap. 

npenpHHT OHRH P6-5017, Jly6aa 1970. 

14. K.J. Hofstetter, R.Y. Daly. Phys.Rev., 152, 1050, 1966. 

PyKonHcb nocTYnHna B H3llaTenbCKHii oTaen 

II cfleapang 1971 roaa. 

23 


