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BBE.llEHHE 

llPH ].I.eneHHH TmKenbIX fl].l.ep B03HHKaeT ,n.o 200 ocKonKoB, HMelOmHX 

o].l.Hy 06myIO 'IepTy: OTHoweHHe HX fl].l.epHorO ",apfl].l.a K KOnH'IecTBY HyKnO

HOB O'leHb 6nH3KO K TOMY )((e 3Ha'leHHIO, 'ITO H ].I.nR ].I.enRmerOCR R].I.pa. 

llOCKOnbKY H3 KanenbHOH MO].l.enH R].I.pa c,n:e].l.YeT, liTO 3HeprHR: aCHMMeT

pHn B 06naCTH ].I.eJIRmHXCR R].I.ep OK83hIBaeTCR 3aBhlWeHHOH no CPaBHeHHIO 

C 06nacThIO OCKOnKOB, TO R].I.pa, B03HHKaIOmHe B ].I.eneHHH, 6Y].I.YT HeHtpOHHO 

H36hlTOllHhlMH. TaKHe OCKOnKH OKa3hlBaIOTCJJ HecTa6HnbHhIMH, H nocne 

HcnapeHHR HeKOToporo KOnHlleCTBa HeiiTpoHOB HCnhlThlBaIOT ll-pacna].I. C ca

MhlM pa3HhlM BpeMeHeM )((H3HH ].I.OllepHHX R1J.ep. llPH nOCne].l.OBaTenbHOM 

11 -pacna].l.e H3MeHReTCR HX aTOMHbIH HOMep, BcnenCTBHe lIero MeHReTCR 

H 3apR].I.OBOe pacnpe].l.eneHHe, Ha6n1O].I.aeMOe B raMMa-cneKtpOCKOnHH 06ny

lIeHHbIX MHWeHeH. B CO'leTaHHH C HeBhlCOKOH TOIlHOCTblO raMMa-CneKTpo

CKOnHllecKHX ].I.aHHbIX B 3TOH 06nacTH fl].l.ep H3Y'IeHHe q,parMeHTauHH fl].l.ep

Horo 3apR].I.a B ].I.eneHHH OKa3hlBaeTCR 3aTpY].I.HHTenbHhIM. E1J.HHCTBeHHOH 

B03MO)((HOCTblO non}"leHHR: Ha].I.e:lKHhlX pe3YnhTaTOB RBnReTCR npHMeHeHHe 

Pa].l.HOXHMHlIecKHX MeTO].I.HK BbI].l.eneHHa, OrpaHHlIeHHbIX 06nacThIO 3KpaHH

POBaHHhlX H ].I.Onro:lKHBYIUHX fl].l.ep, BpeMR: )((H3HH KOTOPhlX 3HallHTenbHO 

npeBhlWaeT BpeMR :lKH3HH HX npe].l.WeCTBeHHHKOB. 

Cne].l.YJOmeH B03MO:lKHOCThIO onpe].l.eneHHR: 3apfl].l.OBOrO pacnpe].l.eneHHR: 

B ].I.eneHHH OKa3hlBaeTCR: npHMeHeHHe MeTO].l.HKH, OCHOBaHHOH Ha H3MeHeHHH 

y].l.enbHOH TOPM03HOH cnoco6HOCTH dE/dX ra30BhlX H TBeP1J.bIX BemecTB 

B 3aBHCHMOCTH OT R].I.epHoro 3apR].I.a OCKonKa. HCCJ1e].1.0BaHHR: B :nOH o6naCTH 

YK83hlBaIOT Ha OrpaHHlIeHHR:, n03BOnRIOmHe onpe].l.enRTb 3TOH MeTO].l.HKOH 

BhlXO].l.hl OCKOnKOB, aTOMHhlH HOMep KOTOPhlX He npeshlWaeT Z.'S:, 40 111 • 
llpHMeHeHHe peHTreHOBCKOro H3n}"1eHHR: npH onpe].l.eneHHH 3neMeHTHO

ro BbIXO].l.a OCKonKOB Hocm cKopee BCnOMOraTenbHhlH xapaKTep. BOnhwaa 

nnomOCTh MYnhTHnnemhlX cepHii H CnO:lKHhIH MeXaHH3M HX Boo6Y)((].l.eHHR: 

B npouecce BHyrpeHHeH KOHBepcHH Pa1J.HauHOHHhIX nepexO].l.OB 3atpy].I.HR:IOT 

KaK onpeneneHHe CaMoro ::meMeHTa, TaK Hero KonHlIecTBeHHoro BblXO].l.a, 

H xapaKTepH3YJOT B 60nhweH CTeneHH ].I.eq,opMauulO OCKonKOB, BXO].I.R:lUHX 

B H30TOnHllecKYlO uenOQKy. 

YHHBepcanhHOH MeTO].l.HKH onpe].l.eneHHR 3apfl].l.OBOro pacnpe].l.eneHHa oc

KonKOB ].I.eneHHR: B HaCTORmee BpeMR: He cymeCTBYeT. 

B pa60Te C].I.enaHa nOl:lblTKa HCnOnh30BaTh MeTO].I.HKy, OCHOBaHHYJO Ha 

H3MepeHHH Ml'HOBeHHOH 3MHCCHH raMMa-H3nyqeHHR H3 OCKonKOB ].I.eneHHR, 

~ A"!~"'~':-:: ..~~~:;c~~:, e. 
: ..1i..71,. ll'..• ;:' .• '.,\.' \ \ 1 
~ ' 1"'''',,'1'',q '~, -< ",.. .. , :'l , ",:• ~~"""""~',,,.... :."..:!J.cl... t 

6"':'::'J ,... !~..~ T !='u.a 

http:nepexO].l.OB
http:BhlXO].l.hl
http:fl].l.ep
http:MeTO].I.HK
http:fl].l.ep
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http:6Y].I.YT
http:fl].l.ep


)J)lH nonyqeHHH ,Il;OnOnHHTerrbHhIX CBe.D;eHHH 0 ~parMeHTa:QHH 3apMa H MacChi 

B npouecce ;o;erreHHH 236U pe30HaHCHhIMH HeihpoHaMH C 3HeprHeH OT 0,7 
;o;0363B. 

H30BAP~ECKOEPACnPE~llEHMEBhlXOllOB 

r AMMA-KBAHTOB 113 OCKOllKOB llEllEHHR 

He3aBHCHMhIH BhIXO;o; oCKonKOB KaK ~YHJ<lJ;HH HX H,Il;epHOrO 38PHJ];8 

npe.D;CTaBnHeTCH ;o;Byrop60A KPHBOA, HanoMHHaJOLUeA 3aBQCHMOCTh OT MaCChI. 

K8)I(,IJ;0MY OCKonKY C ,Il;aHHhlM MaCCOBhIM 'IHcnOM A COOT8eTCTBYeT HecKonb

KO H;o;ep H306ap,. BhlXO,ll; KOTOPhlX OnHChlBaeTCH H306apH'lecKHM pacnpe

,Il;eneHHeM. nOCKonbKY TOtUlhIe H O;o;H03HatUlhIe. npe;o;CTaBneHHH 0 MeXaHH3Me 

pacnpe;o;erreHHH sapMa B HaCTOHLUee BpeMH OTCYTCTByHlT, TO npH paCCMOT

peHHH SaBHCHMOCTH BhIxo;o;a OCKonKOB OT HX H;o;epHoro :;JapH,Il;a HCnOnh3yHlT 

~HOMeHOnOrH'IecKHe MO,ll;eJJH. 

B HaCTOHLUeA pa60Te npH onpe;o;eneHHH CBoAcTB 3apH;O;OBoro pacnpe

,Il;eJIeHHH HCnOnh3YeTCH MO;o;eJIb HeHCKIDKeHHoro 3apMOBoro pacnpe.D;eJIeHHH, 

BhI,Il;BHHYTaH aBTOPaMH 121, B KOTOpoA npeJ];DOnaraeTCH, 1IT0 pasphlB npo

TOHHhlX nap cnO:lKHoro Mpa npOHCXO;o;HT HacTonbKo 6hICTpo, 'ITO TennOBhle 

~YKTya:QHH HYKnOHOB He 6y;o;yr BnHHTh Ha pacnpe;o;eneHHe 3apH;o;a Me)K,II.Y 

JJ;BYMH OCKOnKaMH ;O;eJIeHHH. H3 :nora cne;O;YeT, 'ITO nnOTHOCTh sapMa Ha 

HYKnOH HCXO;O;Horo ,Il;eJIHLUerOCH R;o;pa Z t/A t 6y;o;eT COXP8HRThCH TalOKe 

H B 060HX OCKonK8X. Cne;O;OBaTenbHO, BepoHTHhIA 3apH;o; OCKOnKa Z MO:lKHO 

BhlpasHTb TaK: P 

Zt -
Zp --.(A +II_}, (1)

At Z A 

r,ll;e A f H Z, - COOTBeTCTBeHHO MaccoBoe H 3apH;o;oBoe 'IHCna ,Il;eJIRLUerOCH 

Mpa, 11- - cpe;o;Hee KOnH'leCTBO HcnapHBlllHXcR H3 R;o;ep H30TOnH'leCKOA 
A 

uenOqKH MrHOBeHHhlX HeATpoHoB, A z - Cpe;o;HHH aTOMHaH Macca H30TO

nH'IecKoA uenO'lKH, Bhl'lHcneHHaH npH nOMOLUH BSBeUlHBaHHH He3aBHCHMhIX 

BhlXO;o;OB OCKonKOB ;o;eJIeHHH Y (A I) : 

I At . Y(A I )
A ==_t_____ (2) 

Z I Y(A }
II 

r;o;e At - aTOMHhle MaCChi H30TonOB uenO'lKH. Y (A i) - HX He3aBHCHMhIH 

BhIXO;o;. BenwBlHa IIA BhNHcnHnacb aHaJIorHtUlhIM cnOC060M. 

HeHCKIDKeHHhlA MepHhIA 3apH;o; ZHA. (A 1},Il;JlR Ka)K,Il.oA MaCChI A I H30

TODH'lecKoA uenO'lKH MO:lKHO TaK:lKe BhNHcnHTh Ha OCHOBe COOTHOUleHHH (1) 

2 

KaK: 

ZHA. (AI) ==(A t +11,). Z, lA, ' (3) 

r,ll;e IIt - KOnH1lecTBO HcnapHB11lHXcH MrHOBeHHhIX HeihpoHOB npH 06pa

30B8.HHH OCKonKa C MaccoA At + lit' Bhl1lHcneHHhle BenH1lHHhl ZHII.(A.) 
npe.D;CTaBJIRlOT HaH60nee BepoHTHblA 3apH;O; Ka)K,Il.oA Hs06apH'lecKOA uenO'lKH 

C MaccoA A •. OrKnOHeHHe HaH60nee BepoHTHOrO aapH;o;a ~Z H30TOnH'lecKOA 

uen01[l(H OT HeHCI(8)KeHHOro MepHoro sapMa QCKonKOB, cocnmnmoLUHX 

H306apH1lecKYIO ueno'llKY Z (A 1) • Bhl1lHcnHnOCb H3 cne;O;YlOLUero BhIpIDKeHHH: 

7(A t +v1 ) ,Y(A t> Z, 
~Z == Zp - Z HJ113 (A t) == [ - (A 1 +111)]' A,' (4) 

IY{A t ) 
I 

CornacHo 3KcnepHMeHTaJIbHhIM J];8HHhlM. npe,ll;nOnaraeTCR. 1IT0 He3aBH

CHMble BhlXO;o;hI OT,Il;eJIhHhIX H306ap nO,ll;'IHHRIOTCH raYCCOBOMY pacnpe;o;e

neHHlO C J];HCnepcHeH (12 OKono HaH60nee BepoHTHOrO H306apH'lecKoro 

HeHCK8JlCeHHOrO 3apH;o;a Z "". (A). B 3TOM cnY'Iae pacnpe.D;eJIeHHe He3aBH

CHMhIX BhlXO;o;OB OCI<onI<OB H306apH'lecKoA uenO'lKH C MaccoA At MO)I(HO 

BhlpasHTlo ~pMYJloi 

6z 2 

2«(12 +1112)Y(AI,Z)-Yo·e (5) 

r;o;e 1/12 - nonpasKa mena):llD:a/4~ KoppeKTHpYIOLUaH uenO'lHcneHHOe H3Me

HeHHe JlJ];epHOro 3apH;o;a. Yo - HOPMHPOB01lHhIA ~aKTOp. He 3aBHCRI.I.lHA 

OT MacCbI H306apH'lecI<oi uenO'lKH. 

C nOMOlIll>lO H3nO)l(eHHOrO ~pMaJIH3Ma 6hInH npoaHaJIH3HPOBaHbI 

3I<CnepHMeHT8J1hHhle J];8HHhle no MrHOBeHHOi raMMa-3MHCCHH HS OCKOJlKOB 

,Il;eneHHH /81 ,Il;JlR nonyqeHHR ~H3H'1ecKHx XapaKTepHCTHK ;o;eneHHR a850~ Pe-
3ym.TaThI aHaJIH3a npHBO,u;aTCH B Ta6n.1 H 2 COOTBeTCTBeHHO ;o;JIR JlerKoi H 

TR)I(enoi rpynn OCKOnI<OB ,Il;eneHHR. Hapa;o;y co 3HaqeHHRMH MaCCOBoro 1IHcna 

H306apH'lecKoi uenO'IKH At H 1IHCJla HeHTpoHOB 11/41 • HcnapHBUlHxcR npH 

06pasOB8IDIH OCKOJlKa C Maccoi Al + IIi' ,Il;81OTCH BeJlH1IHHhI H306apHllef:!KOrO 

HeaCKUCeHHOrO JlJ];epHOrO 3apa;o;a. BhJ1IHCJleHHhle no ~opMYne (3). B Ta6nH' 

uax TaK)I(e npHBo;o;RTCR BenH1lHHhI peKOMeH,Il;OBaHHhlX He3aBHCHMhlX BblXO

,Il;OB Y T/;o;en/ 51 y. a T8K:lKe HHTeHCHBHOCTH MrHOBeHHhIX raMMa'KBaHTOB 

H3 OCKonKOB Y /,Il;eJI., npHBe,ll;eHHhle K O;o;HOMY aKTY ,Il;eneHHH /31 
• BenH

'lHHhI HaH60nee BepoRTHOrO sapMa Zp Hero OTKnOHeHHH ~Z 6hInH onpe· 

;o;eneHhI COOTBeTCTBeHHO ~opMYnaM (1) H (4). 
npHBe.D;eHHhle B Ta6nHUax pe3ynbTaThI no BhlXO,ll;aM raMMa-KBaHTOB 

H peKOMeH;o;OBaHHhIM He3aBHCHMhIM BhIXO;o;aM OCKOJlKOB ;o;eJIeHHH conOCTaB

3 
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Ta6JJUlIa 1 

Vi Z KA3 9neMeHT YYAen. % yY/Aen. % Z p ~Z 

88" 1,27 34,80 Kr 1,61± 0,10 1,75±O,16 35,59 ·0,79 

89 1,32 35,21 Kr 3,43±O,07 2,65±0,18 -"- .0,38 

90 1,35 35,61 Kr 4,39:: 0,40 -"- 0,02 

Kr 3,22±O,06 1,88±0,16 -"- 0,42 
91 1,41 36,41 

Rb 2,27± 0,05 1,69±0,29 36,43 -0,42 

Kr 1,66 ±0,07 1,67 ±O,29 35,59 0,82 

92 1,41 36,41 Rb 3,16± 0,10 1,78± 0,13 36,43 0,02 

Sf l,81±0,35 1,63±O,30 37,42 -1.01 

Rb 3,06 ±0,06 1,80 ± 0,13 36,43 0,39 
93 1,46 36,82 

Sr 2,57±O,64 l,24±O,l1 37,42 -0,60 

94 1,49 37,22 Sr 4,43±1,10 4,40±O,42 -"- -0,20 

95 1,52 37,62 Sr 4,47 ±1,20 2,2 ±O,25 -"- 0,20 

Sr 3,56± 0,90 3,40±O,36 -"- 0,60 
96 1,54 38,02 

Y 2,22±0,89 1,18±0,14 38,47 -0,45 

Sr 2,10 ±0,08 1,17 ±0,13 37,42 1,00 

97 1,55 38,42 Y 2~5±1~6 1~2±0~0 38~7 -0,05 

Zr 1,14± 0,13 0,50 ±0,06 39,51 -1,09 

Y 2,40 ±1,08 1,83 ±0,12 38,47 0,34 
98 1,56 38,81 

Zr 2,48 ±l,ll 2,69 ±0,25 39,51 -0,70 

99 1,56 39,20 Zr 3,65± 0,22 2,47 ±0,34 -"- ·0,31 

100 1,56 39,54 Zr 4,99 ±2,00 5,18± 0,20 -"- 0,08 

101 1,56 39,98 Zr 2,87 ± 0,17 2,29± 0,14 -"- 0,47 

102 1,57 40,37 Zr 2,02± 0,16 1,95± 0,16 -"- 0,86 
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Ta6JJUlIO 2 

Ai 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

Vi 

0,38 

0,49 

0,65 

0,85 

0,99 

1,07 

I,ll 

1,14 

1,17 

1,21 

1,23 

1,25 

1,27 

1,29 

1,31 

1,33 

ZKA3 

51,21 

51,65 

52,10 

52,57 

53,01 

53,43 

53,84 

54,24 

54,64 

55,05 

55,45 

55,84 

56,24 

56,64 

57,04 

57,43 

9neMeHT 

Sb 

Sb 

Te 

Sb 

Te 

Te 

I 

Te 

I 

Te 

I 

Xe 

I 

Xe 

Xe 
Xe 

Xe 

Os 

Os 

Sa 

Os 

Sa 

Os 

Ba 

Sa 

Ba. 

Ba 

Y T/Aen• % 

1,65±0,10 

2~2±0~3 

1,56 ±0,09 

2,18±0,32 

5,04 ±0,50 

6~1±1~5 

0,87 ±0,05 

3,12 ± 0,25 

3,09±0,10 

2,48±O,98 

3,32 ± 1 ,00 

1,51 ±0,60 

2,46±0,39 

2,99±0,60 

4,80±0,48 

4,15±0,33 

3,73 ±0,22 

2,20 ±0,23 

3,09±0,10 

1,50 ±0,30 

2,48±0,14 

3,42±1,02 

1,45±0,09 

3,80±0,40 

4,02± 0,36 

2,02±0,65 

0,84±O,50 

yY/Aen• % 

1,76±0,26 

1~7±0~6 

. 1,79± 0,28 

1,74±0,18 

1,84± 0,18 

5~4±0~2 

O,55±0,20 

2,26 ± 0,19 

1,20±0,15 

2,47±0,23 

1,81 ± 0,28 

1,38±0,14 

1,16±0,09 

l,38±0,16 

5,3 ±0,40 

2,86 ±0,20 

3,48 ±0,23 

1,47 ±0,12 

1,94 ±0,15 

0,94 ± 0,11 

1,87±0,16 

3,79±0,28 

1,09±0,13 

2,20±0,24 

4,72±O,33 

1,0±0,08 

l,60±0,64 

Zp ~Z 

51,71 ·0,50 

-"

52,51 

-0,06 

-0,86 

0,3951,71 

·0,4152,51 

0,06-"
53,45 .0,88 

52,51' 0,50 

53,45 -0,44 

52,51 0,92 

53,45 ·0,02 

54,40 .0,97 

0,3953,45 

54,40 .0,56 

·0,1654,40 

+0,2454,40 

0,6554,40 

55,61 ·0,56 

55,61 ·0,16 

56,43 -1,0 

55,61 0,23 

56,43 ·0,59 

55,61 0,63 

56,43 ·0,19 

-" 0,21 

-" 0,61 

-" 1,00 
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Ylt10·Z/geA. 

t 
IP....-r--. *+ 

4-H 

0.5 

-1 -.8 -.6 -.4 -.2 0 .2.4 .6 .8 1 

llZ(Aj) 

y1x10-2JgeA. 

--1-, 1 J f , 

-1 -.8 -.6 -.4 -.2 0 .2 .4 .6.8 1 

6 Z (Ai) 

PuC. 1. IbO(japU'IecKoe pacnpei)e.neHue 6blXooa Z(l.lI4Ma-K6QHT06. Y Y. 6 3a6UCUMOCTU OT 

OTKIlOHeHUJI 3apJlOa !fl OCKOIIK06. zoe 4 U H O(j03HQflQIOT 'IeTHoe UIIU HetieTHOe 'IUCIIO 

npOTOH06 U HYKIIOH06 60CKOIlKe. 

JIRJlHCb C BeJIHlIHHaMH 3apRnOBoro OTKJIOHeHHR 6.20 C U;em.1O onpeneneHHR 

xapaKTepHCTHK H306apHtieCKKX pacnpeneneHHH H paCCMOTpeHHR BOOMO)f(

HOCTH HX npHMeHeHHR npH onpeneneHHH He3aBHCHMbIX BhlXOnOB OCKOJIKOB. 

3aBHCHMOCTH BhlXOna raMMa-KBaHTOB OT OTKJIOHeHHR 3apRna OCKOJI

KOB nOKa3aHhI Ha pHc.1. PacnpeneneHHR BhIXOnOB npenCTaBJIeHhl nJIR Tpex 

OTnenbHblX rpynn, COOTBeTCTBeHHO qeTHOCTH aTOMHOrO qHCJIa H MaCChI 

OCKOJIKOB. TaK8R rpyrmHpoBKa naHHbiX no 3MHCCHH raMMa-KBaHTOB 6hlJIa 

OTMeqeHa B pa60Te 18/. 

C HCnOJIb30BaHHeM MeTOna HaHMeHbWHX KsanpaToB no 3KcnepHMeH

TaJIbHhlM TOqKaM npoBeneHhI rayccOBCKHe KpHBhle, napaMeTpbl 3TH pac

npeneneHHH, nOJIyqeHHhIe Ha OCHOBe naHHhIX no raMMa-3MHCCHH H3 OCKOJI

KOB H no peKOMeHnOBaHHhIM naHHhIM HE!3aBHCHMhIX BhlXOnOB Tex )f(e OCKOJI

KOB, npHBO,wtTCR B Ta6JI.3, rne HHneKcOM y H T OTMeqeHbI napaMeTpbl 

rayccOBOH KPHBOH MR raMMa-3MHCCHH H HE!3aBHCHMblX BblXonoB COOTBeT

cmeHHO. 

ll3 COnOCTaBJIeHHR naHHhlX CJIenYeT, ~o ,t'(HcnepcHH H306apHtiecKKX 

pacnpeneneHHH BblXOnOB raMMa-KBaHTOB H He3aBHCHMbIX BhlXonoB OCKOJI

KOB H8XO,t'(RTCR B xopoweM COrJIaCHH. Hano OTMeTHTb, ~o BeJIH'lHHa nHC

nepcHH corJIacyeTCR TaK)f(e C npRMhlM MaCC-CneKTpoMeTpHtlecKHM onpe

Ta(jllul4a 3 

rpynnbl OCKOJIKOB 

qeTHO-qeTH • qeTHO-HeqeTH. HeqeT. no Z 

4,96 4,07 3,0 

,t 2
17 0,39 0,53 0,33

T 

AY 
4,90± 0,14 2,44± 0,13 1,82 ±O,IO

0 


2 
 O,42±O,02 0,45 ±0,05 O,37± 0,06O'y 

K 1 1,68 1,65 

neneHHeM ee MR JIerKOH rpynnhl OCKOJIKOB 16/. B3aHMHOe COrJIaCHe BenH

qHH nHcnepcHH H306apHtlecKoro pacnpeneJIeHHR, nOJIyqeHHhlX B p83HblX 

3 KcnepHMeHT8X, H He60JIbWOH p836poc naHHhlX OT raYCCOBCKKX KpHBhlX 

Ha pHc.1 MOryT cny:>l<HTb nOnTBep)f(.t'(eHHeM B03MO)f(HOCTH npHMeHeHHR MrHO

BeHHOH raMMa-CneKTpOMeTpHH nM onpeneneHHR He3aBHCHMbIX BhIXonOB 

OCKOJIKOB neneHHR. npH paCCMOTpeHHH MaKCHMaJIbHblX 3HaqeHHH BhlXOnOB, 

. nOK83aHHhlX B Ta6JI.3, Me)f(.t'(y peKOMeH,t'(OBaHHhIMH A6" pe3)'JIbTaTaMH H no

JIyqeHHblMH Ha OCHOBe naHHblX no raMMa-3MHCCHH AJ' Ha6JIIOnaeTCR Xopo

wee cornacHe MR rpynn qeTHO-qeTHhlX OCKOJIKOB. <I>H3Ht1ecKHe npnqnHhl 

nora 06CY)f(.t'(aJIHCb B pa60Te / 3/ • B CJIyqae qeTHO-HeqeTHbIX H HeqeTHhlX no Z 
OCKOJIKOB Ha6JIIOnaeTCR p83HHu;a, B03HHKalOut8R BCJIenCTBHe P83JIHqIIH KX 

RnepHOH CTPYKTYPhl H, CJIenOBaTeJIbHO, 60JIee CJIO)f(Horo MeXaHH3Ma pacnana 

B036Y)f(.t'(eHHbIX COCTO.fIHHH. npH YCJIOBHH B3aHMHOro COOTBeTCTBHR nHcnep

CHH pacnpeneJIeHHR 3TOT HenocTaTOK HaCTORuterO MeTOnHtleCKOrO nonxona ~ 
MO)f(HO CKoppeKTHpoBaTb HeKOTopOH cneKTpoCKOnHtlecKoH nOnpaBKoH. 

Ee BenHtlHHa MR naHHhIX rpynn no qeTHOCTH OCKOJIKOB. BhfllHCJIeHH8R KaK 

OTHoweHHe peKOMeHnOBaHHOrO A ~ K 3KcnepHMeHTaJIbHOMY - A ~ BhIXO

naM, npHBeneHa B n6JI.3 non 0603HaqeHHeM K. TaK8R KOppeKTHpOBKa no

3BOJIReT no H3BecTHOMY BhlXony raMMa-KBaHTOB onpenenRTb He3aBHCHMhIH 

BhlXon OCKOJIKOB, H3yqaTb Q>parMeHTau;HIO 3apRna H MaCChI B npou;ecce 

neneHHR. 
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3nEMEHTHOEPACnPE~nEHHE 

B~XOnAOCKOnKOB~nEHHH 


3JIeMeHTHoe pacnpe,1J.eJIeHHe OCKOJIKOB .u;eJIeHHR, nonylfeHHoe KaK 

CYMMa He38.BHCHMhlX BhIXO.u;OB BCeX H30TOnOB .u;aHHoro 3JIeMeHTa, onpe.u;e

JUlJIOCb Ha OCHOBe CJIe.u;ylOmero BblpIDKeHH.A:: 

y y y (5) 

'\
Y(Z)=,IY (Au )+K H,I Y (Au H)+KH·,IY (AH).

A ... -1./ 1./ - A ... - A 

r.u;e "q" H "H" 0603Half8lOT lfeTHOe HJIH HelfeTHoe KOJIHlfecTBO npoTOHOB H HYK

JIOHOB B OCKOJIKe, K - CneKYpOMerpHqecKyIO nOlIpaaKy, nOK83aHHyIO B Ta6JI.3, 

y'l' - BblXO.u;hI raMMa-KBaHTOB 83 pa60ThI lSI. 
TIonylfeHHoe 3JIeMeHTHOe pacnpe.u;eJIeHHe npHBO.u;HTC.A: Ha pHc.2, r.u;e 

Ha OC.A:X OTJIO)l(eHhI BblXO.u; Y ( Z) 31IeMeHTa HerO aTOMHbIe HOMepa Zn H ZT 

;lUI.A: JIerKOH H TR)I(eJIOH rpynn OCKOJIKOB COOTBerCTBeHHO. B pacnpe.u;eneHHH 

Ha6JIIO.u;aerCR 3aMeTHaR MO.u;yJIRUH.A:, 3aaHC.A:lQaR OT TOro, KaKoe no lfer

HOCTH KOJIHlfecTBO lIpOTOHOB HMeerC.A: B OCKOJIKe. BH.u;HO, lITO BhIXO.u; OCKOJI

KOB C lfeTHhIM Z 60JIbWe no CP8.BHeHHIO C BblXO.u;OM H~UITHbIX no Z OCKOJI

KOB. 3m 03HaqaeT, lITO BhIXO.u; OCKOJIKOB C Hepa30PBaHHhIMH npoTOHHbIMH 

napllMH yaeJIHlfeH B Cp8.BHeHHH C BhIXO.u;OM OCKOJIKOB, npCITOHHbIe naphI 

20r 

: 10~·\1\1

- f · 


>- ",, I 

36 38 40 


20 

~ lo~/·VV 
>

t I I I I I ,
52 54 56 

KOTOPbIX 6bIJIH B npoqecce .u;eJIeHHR Pa30PBaHbI. Ha.u;o OTMeTHTh, lITO Ha6JIIO

.u;aeMoe OTJIHlfHe HaxO.u;HTC.A: B cor)IaCHH C pesYJIbTaTaMH pa60T 16.81 • TaKoe 

BJIHRHHe pa3pbIBa npoToHHbIX nap Ha MO.u;yJI.A:qHlO BeJIHlfHHhI 3JIeMeHTHOrO 

BbIxo.u;a OCKOJIKOB H83hIB8IOT lleTHO-HelfeTHhIM npCITOHHbIM 3qxpeKTOM, 

ycpe.u;aeHHaR no HecKOJIbKHM A BeJIHlfHHa KOTOporo 8( Z) npe.u;CT8.BJI.A:eT 

C060H MO.u;yJI.A:qHIO Bhlxo.u;a OKOJIO ax HOpMaJIbHorO pacnpe.u;eJIeHHR, H onpe

.u;eJI.A:eTC.A: BhlpIDKeHHeM 171 : 

( _l)Z+l 
8(Z) - _ [(la-1o) -3(12 -11)]' (6) 

r.u;e I n - JIOrapHcpM BblXo.u;a 3JIeMeHTa C MepHbIM 3apa.u;OM Z + n lIpH 

n = (0 +3). BenHlfHHa 8(Z) npe.u;cT8.BJI.A:er Tor.u;a BeJIHlfHHY npH Z+ 3/2. 

Cpe.u;HHe BeJIHlfHHbI, BbIlfHCJIeHHbIe no cpoPMYJIe (6), .u;JIR JlerKOH H TR)I(e

JIOH rpynn OCKOJIKOB COCT8.BJIRIOT (37,1±3,4)% H (34,2±1,9)% COOTBeT

CTBeHHO. CP8.BHHBaR 3TH 3HalfeHHR C peKOMea.u;OBaHHhIMH .u;aHRhIMH BbIXO

.u;OB,.u;JIR KOTOPhIX BeJIHlfHHbI 8(Z) COCT8.BJIRIOT (41,62±4,8)% H (32,3± 

± 4) %, MO~O rOBopHTb 0 xopoweM B3aHMHOM COrJIaCHH. Ha.u;o 3aMeTHTb, 

lITO 3TH 3HalfeHH.A: OKa3hm8lOTC.A: 38.BhIWeHHbIMH npH CpaBHeHHH C BeJIHlfHHOH 

B(Z)n (23,7± 0,7)%, nOJIYlleHHOH.u;JI.A: WHpClKOro Ha60pa OCKOJIKOB 

JIerKOH rpyfifibI 151. 3TO MO~O 06'b.A:CHHn. HCnOJIb30BaHHeM HaMH orpa

HHlfeHHoro no BbIXO.u;y Ha60pa OCKOJIKOB. 

H30TOHHOEPACTIPE~EnEHHE 

H30TOHHoe pacnpe.u;eJIeHHe, nOJIYlleHHOe nYTeM CYMMHpClBaHHR no cpop

MYJIe (5) Bcex He38.BHCHMbIX BhIXO.u;OB OCKOJIKOB .u;eneHHR C onpe.u;eneH

HhIM KOJIHlfeCTBOM HeHTpClHOB Nn, T ' nOKa3aHO Ha pHc.3. BHAHo, lITO BhI

XO.U; H30TOHOB B o6n:acTH MarHlfeCKoro lfHCJIa NT =82 B03paCTaeT. CJIa6yIO 

lfeTHO-HelfeTHYIO MO.u;yJI.A:qH1O MO~O Ha6mo.u;aTl> TomKO B rpynne T.fI)I(eJlhIX 

OCKOJIKOB. H3 nOKa3aHHOrO Hen&3.A:, no-BHAHMOMY, c.u;eJIaTb Bbmo.u; 0 BJIH.A:

HHH 060JIOllelfHbIX 3<PcpeKTOB Ha H30TOHHbIH BhIXO.u;. HeKOTopoe npeBbIwe

HHe npH N = 82 RBJI.A:eTC.A: CKOpee OTpIDKeHHeM BbICOKoro He38.BHCHMOro 

BhlXo.u;a 131Te, Ha lITO YK83hIBaeT H xo.u; COoTBeTCTByIOmeH 38.BHCHMOCTH npa 

.u;onOJIHHTenbHOM K HeMY N =60. 
n 

Cpe.u;HR.A: BeJIHlfHHa HeiiTpClHHoro lleTHo-HelfeTHOrO 3qxpeKTa Bn ,BhIlfHC

JIeHHaR no <PoPMYJIe 

ZrZ" ,IY(N,,) -,IY(NH) 
B = N N (7) 
, n 

,I Y (N 1./ H )PuC. 2. 3/1eMeHTHOe pacnpeOetZeHue 6blXooa OC/CO/l/c06 oetZeHlJJl. Y(Z) • o.f1R /le2/COU N • 
ZtI U'l':1PCetZou ZT zpynn OC/cO/lK06. 
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Puc.4. 3aSUCUMOCTl> (JUHepeNI4U/III6NOlO 

- ~ veTNo-N(!IIeTHO~O NeIlTf1ONHO~O ~KTa 

., IBIlI OT NeiiTPONNO~O IfUCIIIJ N+ JIM (JII" 

64 lIe~KUX (N ) U T.R1/IreIIWX (NT) zpynnn 
OCKOIIK08, 

r~e Y (N t.j ) H Y (N ") - BhIXO.z:u,1 OCKOnI(OB C lIeTHhIM H He&le'I1IWM KOJIJlllecT

BOM HeBTPOHOB 06eHX rpynn OCKOJIKOB, COCT8BJlfteT 8". n. T -(6,8 ±5,2) %. 
Ha PHC.4. nOK838Ha saBHCHMOcn. 

Y(N 1 )-Y(N 1+ 1 )
8 I = I__-:-:--:-~~---:-

n Y (Nt) + Y (N1+ 1 ) 

OT HeiiTpoHHoro lIHCJIa OCKOJIKOB N + JIM • )lJIR JIel'KOH rpYJDIbI 06Il.\8..f1 3a

BHCHMOcn. lIemO-Heqemoro 3IPIPeKTa OT N n HMeer xo~, COrJIacyH>IUHHcR 

10 

R 
u 


• 
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C aHaJIOrJlllHOH 3aBHCHMOCThlO, nOJIYlIeHHoH B pa60Te 16/. 3aBHCHMOCTh 

18T " I ~ TR:JKeJ10H I'PYIlIIbI OCKOJIKOB ~aeTcR BnepBhle. B o6JIaCTH NT = 

= (80+ 84) H ~OnOJIHHTeJ1hHOH K HeR N =(60+64) BeJ1H11HHa 18 ' I 3aMeTHOn n 
BhIwe, lIeM Ha COCe)U{HX Ytf8CTKax. TaKoe 3aBbIWetlHe, nO-B~OMY, B03HH

Kaer KaK CJIe.zl,CTBHe ynpaBJIRIOw;eH pOJIH HeHTpoHHbIX o60JIoqeK B npo

uecce IPparMeHTawm, aHaJIOmliHO C 3ap~oBhlM pacnpe~enetlHeM (Z T = 52/ 
Z n 40). B o6c~aeMoM pacnpe~eneHHH HaxO~TCR B nape OCKOJIKH C 

3aMKHyTOH (NT = 82) H ~ecpOPMHpOBaHHOH lUI (N n =60 + v ) o60JIoll
W 6 NKaMH, lITO O~OBpeMeHHO C npHCYTCTBHeM TaKQH :JKe KOM HHawm npoTOH-

HhlX o60JIolieK C03~er 60JIee KOMnaKTHYIO napy OmOCHTeJI&HO KYJIOHOB

CKOI'O B3aHMO~eHCTBHR. IIoCJIe,D;Hee 06CTORTeJIhCTBO npORBJIReTCR 60mwHM 

BhmenetlHeM KHHeTHlieCKOH 3HeprHH /61 H, CJle.zl,OBaTeJIhHO, 3aHH:JKeHHeM 

3HeprHH B036y~eHHR TaKOH CHCTeMhl. HMO, o~aKO, SaMeTHTh, lITO Be3lH

lIHHhl 8 npH N:52, 88 H 89 HeJIh3R ClIHTaTh npe~CTaBHTeJ1hHhIMH H3-3a MHn 
HHMaJIhHOrO KOJIHlIecTBa OCKOJIKOB, BXO~W;HX B HSOTOHHlIecKYIO CYMMY. 

Hs npHBe.zl,etlHhlX pe3YJIhTaTOB HeJIh3R C~MaT& IPHSHliecKHe BhIBO.z:u,1 

o MeXaHH3Me CnapHBaHHR HeHTpoHoB B npouecce ~eJ1etlHR, nOTOMY lITO 

nepBHlIHhIH lIeTHO-HelieTHhIH HeHTpoHHhlH 3IPIPeKT Ha6JIlO~aeTCR B 3KcnepH

MeHTe Y:JKe P83M83aHHhlM B CBRSH C HCnapetlHeM HS OCKOJIKOB ~eJIetlHR MrHO

BetlHhlX HeHTpoHoB. 

AHaJIH3 ~8HHhIX, npHBe~etlHhlX B pa60Tax/6.7.12-1141 , aBTOphl KOTO

phlX paCCMaTpHBaIOT ~eJIeHHe ~pyrHx ~ep C P83HOH no BeJIHlIHHe MHO:JKeCT

BetlHOCThlO MrHOBeHHhlX HeBTPOHOB (ii ..1,9 +10), TaK)f(e He ~aeT 0~H03Hali' 
Horo OTBeTa Ha Bonpoc 0 3aBHCHMOCTH Be.TlHlIHHhI 8 n OT KOJIHlIeCTBa Hcna

peHHbIX HeHTpoHOB HS OCKOJIKOB ~eJIEHHR. 

3AKJIIOlIEHME 

MCnOJIhSOBaHHaR B pa60Te MeTO~HKa, OCHOBaHHaR Ha H3MepeHHH MrHo

BetlHOH 3MHCCHH raMMa-H3JIYlleHHR HS OCKOJIKOB, nOSBOJIReT H3YUTh IPpar

MeHT8.Q.HIO sap~a H MaCChI B6JIH3H TOliKH p83phlBa. IIOJIyqeHHhIe TaKHM 06

P830M naPaMeTphl - ~cnepCHR HS06apHlieCKoro pacnpe~eJ1etlHR o£, BeJIH

1IHHbI qemO-HeqemOrO npoTOHHoro H HeHTpOHHoro 3qxpeKTOB - COI'JIacyroT

CR C pesyJIhTaTaMH, nOJIyqaeMhIMH ~pyrHMH cnoco6aMH, H MOryT OK83aThCR 

nOJIe3HhlMH npH paCCMOTpeHHH ~HHaMHqeCKHX XapaKTepHCTHK npouecca 

~eJIetlHR. 

ABTOPbl 6JIaro~pHhI JI.B.IIHKeJIhHepy, A.Bl1onOBY H B.M.I'l>YPMaHY 

sa BHHMaHHe K pa60Te H nOJIe3Hhle SaMeqaaHR. 
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PyKOI1HCIJ nOCTymma B m,naTe1IbCKHii OT,nen 
31 M8J1 1988 ro,na. 

Bor,nseJU. A.A. H .np. P15·88-385 
H3yqeHHe cpparMeHTSItHH sap.B'A8 H MacChi OCKOJIKOB 
DpH ,lJ;eJJeHHH 2Sau pe30HBHCBhlMH HeiTpOHaMH . 

npeaCT8BJIeBhl pe3ym.TaThl HCcne,D;OB8.HlfJI cpparMeHTSItHH sapJl,lJ;a 
H Macchi B npoItecce ,lJ;eJJeHHR 236U pe30HaHCBhlMH HeiTpOHaMH, no
.nytIeHBhle C Hcnom.sOBaHHeM MeTO,lJ;HKH, OCHOBaHHOH Ha H3MepeHHH 
Ml'HOBeHKOro raMMa·H3JIyqeHHJII H3 OCKOJIKOB ,lJ;eJJeHHR. npHBO,D;aTCR 
napaMeTphl pacnpe.u;eJJeHHR H306apHliecKHX BhlXO,lJ;OB H BeJIHIIHBhI 
1IeTHo-HeqeTHOrO ~eKTa ,IJ;JI1I JIerKOH H TR)KeJJOH rpynn OCKOJIKOB. 

Pa60Ta BhlnOJIHeHa B J1a60paTopHH HeiYpOHHOH CPH3HKH OHRH. 

Coo&qeMw 06MJ& 11liliiii0 iiIIC•••'.a ............een...... J1J6aa 1988 


nepeuo,lJ; O.C.BHHorpa.u;OBoH 

Dopel A.A. et al. P15-88-385 
The Stuc; of Fragment Charge and Mass Fragmentation 
under 2 U Fission with Resonance Neutrons 

2JI The results of the study of charge and'mass fragmentation during 
U fission with resonance neutrons are presented. 1he technique 

was used based on measuring the instant gamma-radiation from fission 
fragments. Parameters of isobaric yield distribution and the values of 
even-odd effect for a light and heavy fragment groups are presented. 

The investigation has been performed at the Laboratory of Neut
ron Physics, JINR. 
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