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1. Baeneane 

flpOilOmK8H HCCn9JlOB8HH9 KOpOT~O)KHBYlllHX HefiTpOHOJl9_tPHUHTHbiX H30TO-

: noB Hf- Ta- w- Re- Os • KOTOpb!9 npoBOilHTCH B naoopaTopHH Hll9pHbiX 

npooneM Ol1Hl1 no nporpaMMe ".HCHAIT IT" 
11

-
61

, Mhi nayqann pacnan 

aefiTpouone!f>nuHTHhiX naoTonoa HpHilHH. HaoTonhi HpHilHH c MaccoBbiMH qnc

naMH A < 182 no aaqana HalllHX nccnenoaaanfi ae ObinH naaecTHhi, a nnH 

naoTona c A = 182 ohm naaecTea TOnhKO nepnon nonypacnana - T ~ = 

= 15 

A -:> 

171 
MHH • flpenaapnTenhHbie ll8JIHbl9 0 pacnage H30TDnOB HpHilHH C 

/8,9/ 
182 onyonHKOB8Hbl B • 

flocne OKOH'I8HHH H8lll9fi paoOTbl H8M CTBnH H3B9CTHbl peaynhT8Tbl 

/10/ . 182 
rpynnhi Haonhne no nayqeanro pacnana lr • PeaynhTaTbi aTnx 

HCCn91lOB8HHfi B OCHOBHOM CornaCyiOTCH C H8lllHMH- Jl8HHbiMH. 

3KcnepHM9HT8nbH8H M9TOilHK8 

llnH nony'I9HHH p81lH 08KTHBHblX H30TOITOB HpHilHH HCnonb3DB8nHCb 

llB9 pa3nH'IHbl9 M9TOilHKH: 

TOpHH 

169Tm 
69 

1. Ha BbiB91l9HHOM ny'IK9 THmenbiX HOHOB YCKOpHT9nH Y -;-300 naoopa-

ggepHhiX peaKuHfi Ol1Hl1 nayqanncb nponyKThi cnenyromnx 

16 
0 

182 
lr E 78 Mas•, 

169 
Tm ( 

16 
0 4n 

8 'Jn 77 l6o 69 8 ' 

3 

peaKunfi: 

181 lr 
77 



·'' 

169 16 180 
E 160 = 94 M:m; 69 Tm ( 8 0, Sn ) 

77 
lr 1 E 

160 
= 121 Msa; 

16.9T. ( 16 0, 7n ) 178/r I E 16 i= 140 Ma·a; 175Lu ( 12 C, Sn) 182/r 
69 . 8 77 . 01 . 71 6 . 77 

. . Be = 81 M sB. BpeM.!I o6nyqemm cocTaBn.!lno 015 - 510 MHH1 a naMepeHH.!I 
12 I 

Ha'InHannch cnycT.!I 5 ceK - 5 MHH nocne KoHua o6nyqeHn.!l. Ha pnc. 1 no-
' 182 181 180 178 

KaaaHbi raMMa-cneKTpbi naoTon,oa lr 1 /r 1 /r 1 /r 1 nony-
169 . 16 

qeHHbiX B peaKUH.!IX Tm ( ;0 1 xn ) , J:ln.!I yKa3aHHbiX Bbillle sHeprnit . 8 
. 16 i . • 

HOHOB 0 .TonmHHa MHllleHH B ~THX SKCnepnMeHTaX COCTaBn.!lna 4-5· MI'fCM2. 
178 180 . 

!if30TOITbl fr H fr HJl9HTHcpHuHpOBanHCb C ITOMO!Ilb!O M9TOJlHKH "in -

.beam " cneKTpoMeTpnn •. CooiaeTcTByroma.!l ycTaHOBKa onncbiBaeTc.!l a1 111. 

11 ·~ lifaoToiTbi npnnn.11 nony'Ianncb TaK)Ke B peaynbTaTe rny6oKoro 
• . i 
pacmenneHn.!l .!IJlep aonoTa Ha BbiBeJ::teHHOM nyl!Ke npoToHoB c .sHeprneft 

660 M sa Ha cnHxpounKnoTpoHe 1la6opaTopnn .!IJlepHbiX npo6neM Olif .Hlif. Tipo

non)KnTenbHOCTb o6ny'IeHH.!I M9TannH'19CKOI'O 30nOTa B9COM 215-510 I' COC

TaBn.!lna 0 15-3 MHHo <f>paKUH.!I HpHJlH.!I OT)len.!lnaCb XHMH'19CKHM M9TOJlOM OT 

O.CTanbHbiX ITpOJlyKTOB peaKUHH H MaKpOKOnH'19CTBa B91Il9CTBa MHlll9HHo lifa

MepeHH.!I Ha'IHHanncb qepea 310 - 3,'5 'MnH nocne KOHUa o6nyqemm. 

TipH o6enx HCITOnb30B8HHbiX M9TOJlHK8X H3MepeHH.!I ITpOBOJlHnHCb C 

ncnonhaoBaHneM 6onbllloro qncna npenapaTo~ nn.11 nony'IeHH.!I nocTaTO'IHOit 

CT8THCTHKH. 

nn.11 H3Y'19HH.!I raMMa-cneKTpOB ITpHM9H.!InHCb! 

}, faMMa- CIT9KTpOM9Tp C JlByM.!I CM9HHbiMH 'Ge ( Li) - Jl9'1,'9KTOpaMH 

C 'IYBCTBHT9nbHhlMH o6~eMaMH 6 H 13 CM3 H SHepreTH'19CKHM pa3p9lll9HH9M 

4-5 KsB raMMa-nepexona c sHeprnell: 1333 KsB n 2048-KaHanbHbiti aMnnn

TYJlHbiH aHannaaTop. 

2. faMMa-cneKTpoMeTp c TpeM.!I cMeHHbiMH KoaKcnanbHbiMn Ge ( Li) -
. 3 

JleTeKTopaM H C 'IYBCTBHTenbHbiMH o6~eMaMH 31 101 38 CM H SHepreTH'19CKHM 
• ! 60 . 

paapellleHHeM 315 - 4 15 KaB nn.11 raMMa-nepexona Co c sReprneti 

1333 KsB n 4096-KaHanbHbiti aHannaaTop. 
·,... 
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Pnc. 1. faMMa-cneKTpbi 
169Tm( 160, xn ). 



, E 16 = 121 Ma:e; 
0 

''Lu ( 12 C, Sn) 182/r 
'I .6 · 77 

0,5 - 5,0 MHH1 a HaMepeJ:IHSJ 

ua o5ny<~eJ:IHSJ. Ha pnc. 1 no-

T 1801 1781 
r , r , r , nony-

nst yKaaaJ:IJ:IhiX :Sbiiiie aJ:Ieprnfi 

l:ITaX COCT~Bmm~ 4-5· MI"ICM2, 

C noMOIIIbiO M9TOllHKH "in -

"CTaJ:IOBKa .OnHCbiB89TCSJ B/ 11/, 

~ B peaynbTaTe rny5oKoro 

Ke npoToJ:IoB c _aHeprnefi 

~epHbiX npo5neM OI1 HI1. ITpo

)nOTa B9COM 2,5-5,~ I" COC-

:b XHMH'I9CKHM M9TOllOM OT 

:TBa B91Il9CTBa MHIII9HHo I1a

:ne KoJ:Iua o5nyqeJ:Inst, 

3M9p9J:IHSJ npOBOllHnHCb C 

:nSJ nonyti9l:IHSJ llOCTaTO'Il:IOfi 

MH · "Ge ( Li} - .tl9'J:9KTopaMH 

HepreTnqecKHM paapemenheM 

H 2048-Kauanbllbifi aMnnn-

H KOaKcnanbl:IbiMH Ge ( Li) -
3 

10, 38 CM H Sl:I9pi"9TH'I9CKHM 
60 

Qa Co c aueprnefi 

1 
l 

N 
•••o. 

·~· 

1811r ~ 221,1 

f-.:··· 
5·1ol •.. 

5•10 

.,,.,_··-......... 1.: . . 
- .. : ......... 1-.··-·. 

181o. 
1",8 

I 

20 u 10 eo 100 120 140 160 
KQHQAW 

N 

5·1ol 

5·102 

1801r 
132,2 

I 

169Tu(16 0 5 11ao 1 69 a • " 77 r 

1801, 
276,3 

I 

40 60 10 100 120 140 160 
KQHCIAW 

Puc. 1, faMMa-cneKTpbi naoTono:e HpHllHSJ, nonyqeJ:IUbiX B peaKuHstx 
I69Tm( 160, xn ). 
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fp8JlY1IpOBK8 raMM8-CIIeKTpOMeTpOB IIpOH3BO.IlHli8Cb C IIOMOtnbiD Kan:n:-
226 1.33 I IOm 60 

6poBo'<IHhiX rrperrapaToB . Ra , Ba , Ag '· Co • 3aeprnn f8MMa-

rrepexoaoB orrpeaennnucb MeTO.IlOM O.llHOBpeMeHHoro naMepeHnn ncTO'<IHUKa 

npnaun n rpaaynpoBO'<IHhiX rrperrapaToB: 22 Na ·.• 54 Mn , 6° Co ·, 88 Y 
137c· 201

8
. 

06 6 
. . 

S H £ o pa OTK8 Jl8HHbiX IIpOBO.IlHli8Cb C IIOMOIIlbiD IIOliY8BTOM8 -

TU'<IeCKOll: CHCTeMhl H8 OCHOBe H3MepuTellbHOro ueHTpa n.fliT, 3BM-

/12/ 
MHHCK-22, 3BM- cnc 1604A H rrporpaMMbl "faMMa-n1"' . • 

HaMepeane raMMa-raMMa-coerraaemrii: rrponaeoannocb c ucrronhaoea..;.. 

an eM aayx · ·ce ( L i) - aeTeKTopoB c "<IYBCTB:n:TenhHhiMH o6'heMaMn 20 n · 25 cM3 
/13/ .. 

Ha .llBYXMepHoM aaanuaaTope • Paapemaromee BpeMn arrrrapaTyphi coc-

. T8BliHliO 2 t "' 140 HCeK. 

I78lr 

o6ny"<IeHneM 

3Kcrrep:n:MeHTanbHbie peaynhTaTbi 

178 169 16 178 
• HaoTorr lr 6bm rrony"<IeH B peaKuun Tm ( 0, 7n) lr 

. 69 8 77 
16 

MeTann:n:qecKoro Tynnnn noaaM:n: 0 c MaKCHMBllbHoll: aaeprneft 

140 M 9B B Te"<IeHne OT 0,5 - 1,0 MHH. I13MepeHHH raMMa-ciieKTpOB H8'<IHHa

liHCb qepea 5 ceK_rrocne Koaua o6ny"<Ieann. HaeHTn~:n:Kaunn aToro·naoTona 

npOH3BO.IlUli8Cb no raMMa-nepexO.Il8M1 pa3pHlK8ID!llUM ypOBHU Bp81Il8TellbHOll: 
178 + + + + 

nOliOCbi OCHOBHOrO COCTOHHUH JlO"<Iepaero .51Jlp8 Qs 6 - 4 - 2 - 0 

1 1 
I 14/ · I78l .. 

c aHeprnnMu 363, 1; 266, 1; n 3 ,6 KaB • Ilepuoa nonypacnaaa r , 

onpeneneHHbill: no aTUM raMMa-nepexonaM, cocTaBnneT. T ~ = (0,5:!:.,0,3)Mua. 

Ha puc. 2 noKaaaaa Kpuean cnaaa HHTeacueaocTu nepexoaa c aaepruell: 

266, 1 KaB, a Ha puc. 3 uao6pa)KeH y"<IaCTOK raMMa-cneKTpa c Bbiillenepe-
, 178 178 . 

qucneHHhiMH rrepexonaMn B .s~npe Os , npn pacnane lr • Ilony"<IeHaoe 

aaaqeaue rrepuona rronypacnana xopolllo cornacyeTcn co aaa"<IeaneM, nony

"<IeHHhlM IIO CHCTeMaTHKe nepUO.IlOB IIOnypacrrana Jl8HHOH o6naCTU H)lep, rrp:n:
/3/ 

Be)leHHOll: B pa6oTe 

6 

N 

5·1o2 

N 

169r,d'6o,xnl 185:• II 

tet 1, . 
E r 227, 7_ K>~ . 
Ttlz"'·8~UH 

4 8 12 16 2 

169ym t•6o,xn: 

t78,, 
E1 • 266,1M>I 
r,

12 
• o.~ .. uH 

2 3 4 

Puc. 2. 1. Kp:n:Bhie paCI 
no y6biB8HUID HHTeHCHBHO 

Iili[r· (227,7 KSB); 180 J 

nony"<IeHbi no peaKuun I6S 

TOIIOB 182 ~r t 18 I Jr t Il 

XO.IlOB H30TOnOB 182 fr 

IlpenapaTbi rrony"<IeHbl B 1 



3BOAHnacb C noMOIIIbiD KanH-
60 

g' • Co .• 3neprHH raMMa-

Horo H3MepeHHH HCTOqHHKa 

54 Mn , 60 Co , 88 y 

' C fiOMOIIIbiD nonyaBTOM8 -

ueHTpa mm, 3BM
. -, /12/ 

faMMa-ll1 • 

DH3BOAHnOCb C HCnOnb30B8~ 

nbHbiMH o6'beM8MM 20 M . 25 CM3 

1ee BpeMH annapaTyphi coc-

>esynbTaTbi 

eaKUHH 169Tm ( 16 0 7n) 178lr 
69 8 ' 77 

:J c MaKCMManbHotl: aneprHell: 

!HMH raMMa-cneKTpoB · naquna

~HTM~MKaUHH aToro·usoTona 

~mHM ypoBHH BpamaTenbHOfi 

178 0 6+ 4+ ' + + 
s - - 2 -0 

. 178 
nepHOA nonypacnaaa Jr , 

TasnneT __ T Yz "' (0,5:t_0,3)MHH. 

:TH nepexoaa C aHeprHefi' 

MMa-cneKTpa · c Bhiiiienepe-
178 . 

18Cnaae fr • nonyqeHH09 

yeTcH co snaqenHeM, nony-

l aaanotl: o6nacTH Haep, npH-

N 

4 6 12 16 20 24 26 t[MuH] 

2 3 4 5 6 

A.u (p, 3p.y nl lr 

2 6 1(J 14 16 22 26 30 t[HuHj 

2 

Au (p,3p,ynl lr 

180,, 

Et• 132,2 •>b 
T112: 1,5 HUH 

3 4 5 6 

181 181 180 178 
PHc. 2. 1. KpHBbie pacnaaa HSOTonoB Os, lr, lr, lr, nocTpoeHHhie 
no y6hiB8HHID HHT9HCHBHOCTH raMMa-nepeXOAOB 1810s (144,8 K9B) .. 

181
/r· (227,7 K9B), 180

/r (276,3 KaB), 178 /r (266,1 K9B). IlpenapaTbl 
nonyqeHbi no peaKUHH 169T ( 16 0, xn )l·U-xn lr. 2. KpHBbie pacnaaa Hso-

TonoB 182 ~r 1 
181 fr 1 

180 /r no y6b!B8HHID HHT9HCHBHOCTH raMMa-nepe-
XOAOB H30TonoB 182

/r ( 126,8 KaB), 181 Os ( 144,8 K9B) 180 Jr ( 132,2 K9B). 
IlpenapaTbl nonyqeHbl B peaKUHH Au ( p' 3 p 'r n ) • 

7 



. 
N 

I 169 16 178 
10L.~ · 69 Tu ( 

8
0, 7n) 71 1r 

.31 .... ~ . 

5·10 ~· ·'·/ -~~..._:.. 1781r 
.. - :· 266,1 . : ._...,.,. ~. ............... I 
_ .. ._. I ·- ···'·- . ~ . . ' -· .. . . ,.. -. . . 

178+1801 • ~ .... _._ ....... • ••. 
r . . ~ 

131,6+132,2 - ... ·t.:: ~-\ 1781r .. 
. • ·.. • .... ,..-:-..·.·.. . 3631 

"""' • • I· 

~~ -· • I 
I 
... - . . 

103 ~ • ~. ·.--... --. ·-. • f\ ; 
1801 ' ~Jt. r ..., .. · .. . 
276,3 :-.. - .... . ... .. ,.... 

~ 
.... -·· 5·102 . . ..... 

L.O 60 80 100 120 1L.O 160 180 
KOHQAbl 

Pnc. 3. Y"'aCTOK raMMa-cneKTpa H30TonoB npHilHH
1

, nonyqeHHbiX B peaKunn 
169Tm ( 16 0 , 7n ) 178 lr , H3MepeHHbiH qepe3 5 ceK nocne KOHua o6ny-· 

qeanH. llpoJlon~nTenbHOCTb H3MepeHHH 45 ceK. HaTepsan Me~llY H3MepeHHH

MH 15 ceK, 

180 . 
[r , llo CHCTeMaTHKe nepHOilOB nonypacnalla, npoBeJleHHOH B 

. 131 180 
pa6oTe , nepnoll nonypacnalla JlnH lr o~nllaeTcH paBHbiM 4 MHH. 

3ToT n3oTon npHilHH Mbi nonyqann oonyqeaneM MeTannn'l:ecKoro Tynnnn 

noHaMn 1.
6 0 c aaeprnett 121 Mas. HlleHTn$nKaunH npon3BOilHnacb no 

Cfi81lY HHTeHCHBHOCTH raMMa-nepeXOilOB C 9HeprHHMH 276,3 ll 13 2, 2 K9B 1 

8 

pa3pH~8IOUlllX ll3BeCTHyiO I 

Hbill: TaKHM o6paaoM nepnc 

3To aaaqeane ae cornacy• 

nonyqeHHbiM JlnH nepnolla 
/8,9/ 115/ : 

B ll aBTOpbl. nJ 

Tll'IHYIO MeTOilHKY 1 TO eCTI 

onbiTbi1 ncnonb3yiOmne llP~ 

LlnH aToll: uen» aa s: 

CHHXpOUHKnOTpOHa n.Rll 0] 

naoTonoB npnllHH, nonyqea 

Tn$nunpoBaH 18 0 lr TaK~e 

llepnoll nonypacnalla nony· 

cosnaJlaeT co 3Ha'l:eaneM, 
181 ' 

lr • HaoTon npn! 

no reHeTH'l:eCKOH CBH3ll C 

1810s ( T,; 
11 72 

105 Mllll 

llpenapaTbi, collep~amne , 
169 16 181 

69 
Tm ( 

8 
0 , 4 n ) 77 

TynrinH c aneprnett noHOB I 

rnyooKoro pacmennennH H 

0,5 ..: 3,0 MnH). HaMep~lii 

nocne Koaua o6ny'l:eHHH, E 

nony"'eHl!bie no aTnM MeTI 
18 J 

nepnoll nonypacnalla h 

pexolla c aneprnett 144,8 

= ( 5,0 ::!:, 0,3) MHH, 'ITO HI 

yobiBal!HH nnTencnBHOCTH 



. ... . . - ' 

~-1'*".-1\·.· .. .. 
17Bir, 
363,1 •• . I . , .. -.. , .. . . . -.·:-. ·-. . 1\.; .. ,. ' 

r· .... • •• 
3 . ... • •.. :. ...... . 

. -....... .... .... 
I ' o 

t.O 160 180 
KQHQAbi 

HSI
1

, nony'IeHHbiX B peaKUUU 

1 5 ceK nocne KoHua oony

~HTepaan Me~AY U3MepeHUR-

:naaa, npoaeaeHHofi B 

ClfASeTCH paBHbiM 4 MUH. 

MeTannuqecKoro Tynnu& 

[UR UpOU3BOAUII8Cb UO 

URMU 27613 U 13212 K9B1 

p83pR~8~lliUX U3BeCTHy~ UOIIOCY OCHOBHoro COCTOHHUH 
180 Os • 11aMepen-

Hbifi TaKUM oopaaoM nepuoa nonypacnaaa paaen - T~ = ( 115 :!:. 011) Mun. 

3To auaqenue He cornacyeTcn co ana'IetmeM 'T~ = (615:!:. 115) MUll 1 
/15/ 

nony'IeHHbiM anR nepuoaa nonypacnaaa aToro uaoTona B o 00CKOIIbKY 
/89/ /15/ ' 

B 1 U aBTOpbl UpUMeHlmH AIIH nony'IeHim U30TOUOB HpHAUH HAeH-

TU'IHY~ MeTOAUKY1 TO eCTb pe8KUUU C TH~enbiMU UOH8MU 1 HSMU UOCTaBneHbl 

OUbiTbi1 UCUOIIb3y~mue Apyry~ MeTOAHKy, nony'IeHHH U30T.OUOB UpUAURo 
I 

nnn STO!f uenjf H8 BbiBeAeHHOM ny'JKe npoTOHOB C anepruefi 660 M 9B 
I 

cunxpOUUKIIOTpOHa n.Hn 011.HI1 oonyqanocb MeTannuqecKoe 301IDTO. Cpeau 
I 
I 

uaoTonoB HpUAUH1 nony'IeHHbiX · B peaKuuu rnyooKoro pacmennenuR 1 obtn uaen-
1 '180 

TU<jlHUUpOB8H 180 /r TSK~e frO pa3pRAKe ypOBHefi OCHOBHOro CDCTDRHUH Os • 
I 

nepuoa nonypacnaaa nony'IeH paBHbiM 'T ~ = 115· MHH ( CM. puc. 2) 1 'ITO 

! /8 9/ 
coanaaaeT co aHa'IeHueM 1 nony'IeHHbiM B; paooTax 1 

• 

181 
lr • 11aoTon upuauR c MaccoBbiM 'IUcnoM A = 181 uaenTucpuuupoBaH 

' 181 . /5116/ 
no reaeTu'JecKolf canau c aoqepHUM uaoTonoM Os ( · Tl-f = 21 7 MUH) 

/5,16/ i /16 17/ 
u 

181 
Os ( T ~ 105 MUll) , pacnaa KDToporo xopowo uccneAoBaH • • 

181 I . 

OpenapaTbi 1 coaep~amue . lr , ObtnU nony'IeHbi ABYMH nyTnMu': B peaKuuH 
I 

169T (160 ) 1811 
69 

m 
8 

, 4 n 77 r Upll UCU01Ib30B8HUII MUllieHU MeTSIIIIU'IeCKOrO 

Tymiun C aHepruelf UOHDB 94 MaB (BpeMH oony'IeHHH - 5 MUH) U B peaKUHIJ 

rnyooKoro pacmenneaun Ha MeTannuqecK~M aonoTe (apeMH oonyqenun 

0 15 _; 3,0 MHH) • J13MepeH1iH H8'IUH81IUCb iB nepBDM cny'Iae 'Je~ea 2 MUH 

nocne KOHU8 oony'IeHUH1 BD BTOpOM qep~3 31 5 MUH. KpHBble pacnaaa 1 

. nony'IeHHbte no aTuM MeToAuKaMI Haoopa~enbi aa puc; 2. B oooux cny•ranx 
18 I . i 

nepuoa nonypacnaaa lr onpeaeneH no cnaay HHTeHCUBHDCTU raMMa-ne-
18 1' · · 

pexoaa c aHeprueii: 144,8 KaB ·B nape 
1 
Re II oKaaancn paBHbiM 'T ~ 

! /8 9/ 
= ( 510 :!:. 013) MUH1 'ITO HSXOAUTCH B cornacuu C 1 

• Oo xapaKTe py 

yobiBanun HHTeHcHBHOCTH nuHufi raMMa-riyqelf MO~Ho OTHecTu 21 

9 
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1!3 l!a6moJlaeMbiX B raMMa-cneKTpe nepexoJlOB K pacnaJly aToro H30Tona 

(eM. Ta6n.· 1). · 0JlHl! 1!3 yqacTKOB raMMa-cneKTpa, H3Mepel!l!biit l!a cnaJl 
181 ' 

Hl!Tel!cHBl!ocTeit raMMa-nepexoJlOB lr, noKa3al! .l!a pHc. 4. ABTOpbi pa-

/151 181 
6oTh! npHBOJlstT Jlnst lr nepHOJl nonypacnaJla T ~ = ( 10 ±. 2) Mill!, 

'!TO paCXOJliiTCSI C HaWHMII Jlal!l!b!MIIo Tio CHCTeMaTHKe nepHOJlOB rronypacna-
181 . 131 

Jla nepHOJl rronypacnaJla Jlnst lr O>KHJlancst T11 "' 7 MHH • 
/2 ' 

18 2 · 18 2 ( . . ) · · 17 I 
lr • H3oTon lr T ~ = 15 MHl! 6bm oTKpbiT B pa6oTe · • 

. . 182 
B }{aWHX OITb!Tax [r nonyqancst, KaK, H Jlpyrne H30TOnbi 1IpHJliiH1 JlByMH 

nyTHMH npn · o6nyqel!HH MHWel!eit H3 MeTannnqecKoro TynnHH I! moTeUHH 

T.st>KenbiMH. HOHaMH1 a TaK>K9 B peaKUIIII rny60KOI'O pacmerrnel!HH npOTOHaMH 

HJlep 3onoTa. B peaKunn rny601coro pacmenneHHH ycnosHH aKcnepnMel!Ta 
' . 

OCTanHCb T9MH >Ke 1 '!TO OITHCaHbl B nyl!KTe 2. J13Mepel!HH raMMa-cneKTpOB 

l!a'!Hl!anHCb qepe3 5 MHH B nepBOM II 3,5 MHl! BO BTOpOM cnyqae nocne 

Koaua o6ny'!eHHH. B Te'!eane 10 nepnoJlOB rronypacna)la Mbi l!a6moJlann 

3a cna)lOM Hl!T9l!CHBHOCTH raMMa-nepeXOJlOB C aHeprHHMH 126,8 II 273,0 KaB. 

182 
Ha ocl!ose aTnx H3Mepel!Hft onpeJlenel! nepHOJl rronypacnaJla h , KOTo-

17 101 
pbtft paBfiHncH T ~ = ( 15 ±. 1 ) Mill! B cornacHH c ' • Tipn pacna)le 

1821 
T 6bin0 IIJl9HTH!jJHUIIpOBaHO 64 raMMa-nepeXOJlOB ( CM. Ta6n. 2) 1 OJll!aKO 

. 18 2 
TOnbKO 13 1!3 l!IIX pa3M9Ul9l!bl B npeJlnO>K9l!HOti: l!aMH CX9Me pacna)la [f 

' 191 
(eM. pnc. 5) , n pa3Meweane B cxeMe pacnaJla nepexoJlos· H ypoBl!H B 

pHJle cnyqaes noJlTBep>KJlaiOTCH H3Mepel!HHMH raMMa-raMMa-cosnaJlel!Hft, 

· 6 a B . 182 
pe3ynbTaTbi KOTOpbiX npnse)lel!bi B Ta nHue "'• o36y>KJlel!Hbte ypoBl!H Os 

. + + + 
C 9l!9pi'IIHMII 126,8 (2 ), 399,8 (4 ) II 793,0 (6 ) K9B H3B9CTHbl 1!3 peaK-

UHft C TH>KenbJMII HOHaMH 1 I'Jl9 Ol!H HHTepnpeTHpyiOTCSI KaK poTaUHOHHaH 

1s2 0 I 141 
nonoca OCl!OBHOI'O COCTOSIHHH S • Bse)leHHbJe HaMH ypOBHH C 9Hep-

I'HSIMH 890,5; 1038,8; 1 ]90,2 H ]353,0 K9B MOI'YT 6hJTb JlH1epnpeTHpOBaHbl 

KaK qnel!bi spamaTenbHoii rronor.bJ raMMa-Kone6a1 em .. noro cocTOHHIISJ ( K" = 

JO 

3Hepru r&KIQ 
r aJIIIB."'.IJq 1 

Er 
. JtaB 

1' 

(49,0.;to,s) 

93,0,!0,7 

108,0,!0,6 

185,:3.±0,7 

227,7.±0,6 

2:32,0,!0,7 

309,0;!:0,7 

319,0.±0,7 

352,0,!1,0 

700, 6.±0,8 

873,0.±0,6 

r 



K pacnany aToro H3oTona 

:Tpa, HaMepeHHblft na cnan 

3aH .Ha pHc. 4. ABTOpbl pa

tcnana T ~ == ( 10 ±. 2) MHH, 

!MaTHKe nepnonon nonypacna-
. 7 /3/ 
T~"' MHH . • 

2 
' . . 171 

r) 6bin OTKpblT B pa6oTe • 

/THe H30TOnbl HpHnHH, nByMH 

!CKOrO TynnHH I! niOTeUHH 

:oro pacmenneHHH npoToHaMH 

msr ycnoBHR aKcnepHMeHTa 

HaMepeHHR raMMa-cneKTpoB 

no BTOpoM cny!Jae nocne 

ypacnana Mhl Ha6monanH 

aHeprHS!MH 126,8 H 273,0 KaB. 
' . 182 

nonypacnana . lr , KOTo-

. · 17,101 n 
CHH c • pH pacnane 

onon (eM. Ta6n. 2), onHaKo 
182 

: miMH cxeMe pacnana /r 

nana nepexonon,· H ypoBHH B 
. ' . 

aMMa-raMMa-connanennftl 
, . . . .. · U2 

Boa6y.lKneHHbie ypoBHH Os 
+ 

( 6 ') K9B H3BeCTHbl H3 peaK-

PYIDTCH KaK.poTaUHOHHaH 

!IeHHble H8MH ypOBHH C aaep

'YT 6M~b J!H'T epnpeTHpOB8Hbl 

la1 enhnoro cocTOS!HHS! ( K " == 

11 
~ 

Tadnqa I 
3Heprxa ra¥Ma-Utp8XO,I;OB H OTHOCITt••awe IHTIBCIBHOCTI 

raMMa••yqel, B03HIK&D~xx npa pacnax8 I8IJp 

Er 
It 

Et o~[ OTH. 
lt3B 8,1;18. KaB 8,1;18. 

(49r0.±0,8) ,..600 II80, 0,±0, 6 23.±5 

93,0,±0,7 49,±5 II9I, 5,±0, 6 23,±5 

108,0,±0,6 196,±20 1347,0,±0,6 37.±4 
. 185,3,±0, 7 61.±6 1380,0,±0,6 23.±5 

227,7,±0,6 li4ti5 1528,0,±0,6 .60,±6 

232,0,±0,7 69,±7 1566,0,±0,6 25,±5 

309,0,±0, 7 37,±6 1592' 0,±0, 8 17.±2 
319,0,±0,7 100.;!:10 • 1640, 0,±0, 6 100,±10 

352,0,±1,0 5.±1 1646,0,±0,6 50,±5 

700,6,±0,8 34.±4 1714,0,±0,8 13.±2 

873,0,±0,8 18.±2 

II 



Ta.C!JJJUta 2 
3Beprll Dlpi~O~OB I OtBOCit8JI~BH8 IBtiBCIBHOCtl I 
raJDI8.-JJY1111, aoaBDUIIIX up• pacnue 182 It" 602,Qt0,8 

Balli »BBY8 »uuwe paeloru 7107 6:31, 7z0,6 

E.r K8B IK' E! JtaB I¥" 6:3B~Bz0,6 
64B,Oz0;6 ors.e~ ora. eJt.• 
690,0z0,8 

I 2 3 71t7,Q±0,8 
126,8zO, 7 84!. 8 127,3z0,:3 BO,OzO,I. ;i 749,2zO,a 
137,0!_0,5 3,2z0,6 136,2,t0,2 I,l,tO,I 763,4,t0,3 
I42,3z0,5 I,7,t0,5 I4i!,6,t0,2 2,2,t0,1. 779,9,t0,7 
155,0,t015 I,:3z0,4 154, 7,t0,2 I, 7,t0,1 ' 790,Iz0,4 
1~7,0z0,5 I,4,t0,2 166,0!_0,2 1,5,t0,1 8:38,0!_0, 7 
181,6z0,5 2,2z0,4 . l79,8,t0,2 2,7,t0,2 890,8z0,4 
227,7,t0,5 26,t3 228,2,t0,3 I,5,tO,I' 912,3z0,4 
236,0!_0,5 5,4zl,l 236,3,t0,3 21,0,ti,O 9:3:3,0!_0,8 
252,0!_0,5: 2,5,t0,3 252,0,t0,3 2,0!_0,1' 939,0,t0,8 
26'l,O,t0,5 2,:3z0,5 264,8,t0,4 1,3,t0,2' 953,0!_1;0 
273,0!_0,4 'IOO 27:3,0!_0,2 IO<¥>,t4P 977,1z0,8 
282,0!_0, 7 l,lz0,2 281,5,t0,5 I,l,t0,1 999,9z0,5 
289,4,t0,6 2,2,t0,3 . 269,0,t0,3:. 2,5,t0~1. I033,4z0,6 
295,0!_0,8 0,45,tO,IO 295,3,t0,3 2,6,t0,1 I063,9z0,4 
307,0,t0,8 0,6,tO,I 306,8,t0,2 0,7,t0,1 IIIO,O,tO, 7 
334,0,t0,5 2,4,t0,2 335,8,t0,2 2,8,t0,1 IIIB,Oz0,6 
344,0,t0,5 3,11!, 0,4 343,2,t0,3 O,BI,tO, IO 1121,4,t0,6 
352,0!_0,6 1,0!_0,2 351,6,t0,3 O, 7,tO,I ''·•...._ 

393,0z0,5 5,5,t1,0 393,1.:!:,0,2 7,4.:!:,0,4 . 1158,0!_0,8 
397,0!_0,7 2,4.:!:,0,2 I II60,7zo,a 
401,0!_0,8 ' 0,8,t0,2. 400,0.:!:,0,3 1,1,t0,4 -.:,...· 1217,6z0,6 

405,0.:!:,0,5 0,8,t0,1 1227,8.:!:,0,8 
415,0.:!:,0,7 I,I,tO,I lfl5,0.:!:,0,3 1,3.:!:,0,1 1252,0!_0,8 
430,0,t0, 7 2, 7,t0,3 430,0.:!:,0,4 217,t0,1 1265,8,t0,6 
433,0!_0,7 2,0!_0,3 432,7.±0,4 2,2.±0,1 1375,0.±0,6 
465,0!_0,8 0,7,t0,1 1164~ 7.:!:,0,4 0,6,t0,1 15116,0!_0,6 
481t,0!_0,8 0,9,t0,1 ,a3,.7z0,5 1,2.±0,1 
492,0.:!:,1,_0 01 1J.±012 I 1652,o.i,0,6 
498,0!_0,8 2,1.±0,2 498,0!_0,4 1,1.:!:,0,2 
546,0.:!:,0,7 O, 7.,t0,1 545,5.,t0,5 ' 
549,.§!0, 7 1,0.:!:,0,2 549,2.±0,3 0,8.:!:,0,2 
559,0.,t0,9 0,4.,t0,2 
581,9.±0,7 2, 7.±0,9 581,0.,t0,5 1,5.±0,1 

12 



i 

I. 
t 
[ 

Tat1.a~~ta 2 
.I 
' i 

HCIBHOCtll 

I 
I 2 3 4 

162 [jt-
6a2,0,!0,8 0,9,±0~3 ~,3,±0,:3 1,0,±0,3 

aaawe pat1otw 7I07 631,7,±0,6 1,53,±0,20 632,0,!0,5 2,0,!0,1 

E! JtaB IK" 638,8,±0,6 2, 7.±Q,3 638,5;£0,5 2,:3,±0,1 

OTH.eJt.• 648,0,±0,6 I, 7,±0,2 9t7 ,O.;t_O, 5 1,8,±0,1 

' 690,0,±0,8 1,1,±0,2 600,2,±0,2 0,8,±0~1 
3 ! 

l 747,0;!,0,8 0,62~0,20 747,1,±0,2 0,9,±0,1 
I 

3,±0,3 80,0,±0,1 ' .. ~ 71J9,2,±0,8 1,0,±0,2 '150, 0,!0' 2 1,6,±0,2 
2,±0,2 1,1,±0,1 

. I 763,1J,±0,3 12,0,±1,0 764,J.t0;2 I3,0,±IIO 
6,±0,2 2,2.±0,I. I 779,9,±0,7 I,53~0,20 '719,9~0,3 I;6,±0,3 
7,±0,2 I, 7,±0,I I 790,I,±O,IJ 10,2,±I,O '1'90, D.t<>, 3 7,3,±0,I 
0;!,0,2 I,5,±0,1 I 838,0,!0, 7 I,4,±0,3 837,8.!;0,3 I ,0,±0, I 
6,±0,2 2,7,±0,2 

I 
890,8,±0,4 15,0,!I,5 890,9,±0,2 13,2,±0,6 

2,±0,3 I,5,±0,I 9I2,3,±0,1J 23,0,±:3,0 912,3,±0,2 20,2,±I,IJ 
3,±0,3 21,0,±1,0 9:3:3,0,±0,8 0,7,±0,I 932,5_!0,2 0,9,±0,1 
0,±0,3 2,0,±0,1' 939,0,±0,8 I,8,±0,3 938,9,±0,2 3~5,±0,4 

6,±0,4 . - 1,3.;t0,2' 953,0,±I;O I,4,±0,2 
O.;t0,2 ·· 10<¥>,±4P 977,1,±0,8 I,6,±0,2 m,I.;t0,2 1,4,±0,1 
5,±0,5 1,1,±0,1 999,9,±0,5 3,J,±i3~4 999,1,±0,2 3;5,±0,3 
0,±0,:3.·· 2,5,±0~1. 103:3;4,±0,6 2,:3,±0,4 IOl2,9_t0,3 2,0,±0,2 
3,±0,3 2,6,±0,1 I06),9,±0,4 5,0,±1,0 1063,J.t0,3 5,1,±0,3 
6,!0,2 0,7.;tO,I IIIO,O,±O, 7 I,3,±0,2 mi,Q!0,4 1,I,±O;I 
B,±0,2 2,8,±0,1 III8, 0,±0, 6 5,9.;t1,0 
~.±0,3 0,81,±0,10 ll21,4,±0,6 1,0,±0,2 1121,4,±0,4 1,0,!0,2 
5,±0,3 0,7,±0,1 ID0,),!0,5 1 13.;tO,I 
[,±0,2 7,4.;t0,4 ) . II 58, 0,!0, 8 2,6,±0,4 

r II601 7,±0,8 0,7,±0,3 1Ifi0,±015 3,2,±0,2 
J+0'3 1,1,±0,4 12I7,6,±0,6 :3,4,±0,3 1218,±1,0 3,:3,±0,2 
- I. / 

),±0,5 0,8,±0,1 I227,8,±0,8 0,8,±0,3 J.227' 0,±0, 3 1,3,±0,2 
),±0,3 · 1 13.;t011 1252,0,±0,8 3,2,±0,3 125I,6;!0,3 4,4,±0,4 
),±Q,4 2,7,±0,I 1265,8,±0,6 2,.5,±0,3 1266,2,±0, 5 3,6.!Q,2 
7,±0,4 2,2,±0,1 1375, 0,±0, 6 2,4.;t0,3 
7,±0,4 ' ·o,6+0,1 

' - 1546,0,±0,6 2,7.!0,4 
7,±0,5 1,2,±0,1 1~10,±1,0 1,4,±0,2 

>.±0,4 
1652,o.±0,6 5,8,±0,6 

1,1,±0,2' 
),±0,5 . 

!,±0,:3 0,8,±0,2 

),!0,5 1,5,±0,1 
13 



TaCS.nx~a 3 

0tHOCKT8.D&HH8 HHT8BCHBHOCTH raMMa-EaMMa-COBDaA8HH~ 
npx pacna.w;e 182lr-

Cosna..euae · CosnMeaxe c 
Ei C J'l26, 8 Jt3B c /273,0 

J:3B 

ofu!G. oJf.~. 
-

126,8 100 aJ 

273,0 100 8} 

)9),0 ..!22 II,4 

763,4 16,9 

790,0 8,5 9,6 

912,2 19,4 

aJ - HllteHCIBHOCTL COBD8A8HHII npllHHTa 3a 100 

14 

'f 

l 
I" 
\ 
I 

'•\ 
i 

N 
3·104 

10, 

5·103 

103 

5·103 

59,0 

I 
: 69,0 

:( I IBI1r 

. o 93,0 I 

ll 
12 

! J'\• . 1811r 

10~0 
j .o . I \ ' , .... ,.. v ' . 

I o\ 0 i o;: . ... . ~-,~ I ... L9,0 . .-r ., . I • 

1811r · I " . 

59o0 

6 

.103,0 118,0 
+1eo05 1&1o5 

I BORe 

]\ 

103,0 . 

_ ...... .: l I . 
I , 1· 

,9,0 ~ .. ,0: ' "' , .. ,, ,., ,r> ~,J, 
5·102 

93,0 ' 
181Jr 10800 

1811, 

470 SID 

PHc. 4. faMMa-cneKTp Hpi 
nocne KoHua o6ny~eHHH. n 
Me)KJ:ty H3MepeHHHMH } MHJ 



ma,ll;eHHe c 
(273,0 
·r ortf.ii. 
100 aJ 

Il,4 

9,6 

3a 100 

N 
59,0 

I 
re105 
1LL,8 

:. 69,0 182tr I •1 I 126,8 

! 1\' 1811, :~~b !180tr~ • 93,0 I ,132,2 

-A, .i v· 1 \ i \ I ,s,. 182 
"":( ' 1 ', f 1821r 273~~ 

· 0 _;.} .• ;~ \ :1/ 1 17905 181tr 227,7 182, 1 

~~~~r ·. l ·, ' ! tA J 165,6 185,3 179osJI81tr 18Ltr~80tr 

.~.7 59,0 

I 182tr 161os 
69,0 126,8 '"·8 

103 0 118 0 • 1 I I 218,9 232,0 26_L,8 276,3 181,, 

•teo0' tet 0' ·. ·1 • ( I 11 ' ! 1~~o319,o s s • .. . A . ,8, . 
160R ~ ·~·- :: • ' ',A 0; \ • 182tr · : • -·~. \... .. ·.. . I .,238.U . • 2970 I 

. .~, .... .,........ ·.· t .. :~~... •• ••. : 0 I. i I 

} ~6.~ ·.··•·.;· .. •!Jv ... :;,.J.,.)j\.~ 
IB21r 2810 .• -

1ei• 307,0 7 
18Ltr 182tr 

: +180Re I 162tr ~ 
\

1 160os :~~~~s! , 

_ .... j"".. J lOr ,.. I 18~~~~~3,0 
L9,0 ~ • \,. \ . 181+182tr I I 

103 181 1, :·., •• •; ··1·• ~,'-·' : .. 227,7 .~ 
93.0 , ~-' ~ 1 J j1e21, 

5 •10 2 161tr 108,0 · •• ~236,0 ' 182•18Ltr 181tr 131,1 --,, •A·•" I 281 0 

180tr , ·. "'.•.:.,:, '· ..•. :·..._·:·,..-·.'\: .. .! ·: .. ~:)\ j . I ' . 

m~ .~ ... . .. A:.:·".::·--.. -~.·-:···:.:·:: ... 

470 510 550 590 630 670 710 75
°KaHQUI 

PHc. 4. faMMa-cneKTp HPHllHeBoti ¢paKUHH, HSMepeHHbiti qepes 3,5 M:im 

nocne KOHU8 o6ny'IeHHHo llpOllOn*HTenbHOCTb HSMepeHHH 7 MHH. MHTepBan 

M9*Jly HSMepeHHHMH 1 MHH. 

15 



~ ~·-

5• 2 

,. 2 

3• 2 

2" 2 

6• 0 

,. 0 

2• 0 
o• o 
Ir K 

~~ 
.::;.9 
0"'!, 

• CJ) 

:;::.,.___ ----
01 "' ~ d ~---------r-r-a;-.::::. 0 

,..; - .. r-: -
"' 8 l!l ;;; r--·~_,: __ _ 

~'j,C!~ ·~ 
::}cr~1'!--t 

I ~~~~-~ '-.L-Hr--. c::i' ,., c;; U> 

~:e~0'--
1 I, I "!, ,., 

CJ) 

-.l.-+-,---,'i',Gl- --
1 I ~ 

0 
MN 
~~ 

I I I I I I i:l-1 I I I ~ 

"' ~ 

' 1e2 05 
76 106 

182 
Pnc. 5. CxeMa pacna.na Ir 

182Jr 
77 105 

(2-)~ISm;, 
~5,7 MeV 

1353,0 ~0.7 

119~2 ">,7,0 

1038,6 .,.0.5 

690,5 lil.O 

793,0 ~2.8 

399,8 ~39,0 

126.8 ~3\3 

0 

E,keV E•ll "I• 

.?:7,6 

lJ6,5 

>6,4 

ilt6,4 

ill7,1 

ilt6,2 

~6.1 

logft 

1131 

+ = 2 ) npn 880,5 KaB. 3Ta naTepnpeTaunH cornacyeTCH c peayn&TaTaMn, 
/18/ 

nony~eHHblMH B peaKUHH H npHB9.1l9HHhlMH B pa6oTe Ha OCHOBSHHH 

HSlllHX 3KCnepiiM9HT8llbHbiX .ll8HHbiX .llliH CniiHa II ~eTHOCTII OCHDBHOI'O qoCT0-
182 

HHIIH Ir Mhl npennaraeM aaa~eHIIe I" = 2-. 

B aaKmo~eHIIe aBTOpbi c~IITaiOT cBoiiM npiiHTHbiM .nonroM no6narona

piiTb K.H. fpoMoBa, P. Apn&Ta II B.r. KaniiHHnKoBa aa IIHTepec II noJl

.nep:>KKY pa6oTbi. 

16 
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1821r 
77 105 

12-1~\Sml' 
~5,7 MeV 

1:11) 

1,0 ~0.7 .~7.6 . 

2 ':-1,0 ~6,5 

\6 "?10,5 ia.6.L 

1,5 ~11.0 llt6,L 
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