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.OBBHHH .Ily6aa, 1989 

Hccne,D;oBaHHe raMMa-cneKTpoa npH 3axBaTe TennoBLIX HeHTpoHOB Heo6-

xo,D;HMO KaK ,li;Jl.FI ,D;aJibHeHwero pa3BHTH.FI TeopHH .FI,D;pa, TaK H ,li;Jl.FI llpHKJla,D;· 

HhiX QeneH:11 1 . Onpe,D;eneHHhie Tpy,D;HOCTH B03HHKa.IOT npH H3MepeHHH cneKT

poa ,D;JI.FI .FI,D;ep c MaJihiMH (MeHee 10 M6) ceqeHH.FIMH pa,D;H~HOHHoro 3axaa

Ta, 'ITO xapaKTepHo ,D;JI.FI nerKHX .FI,D;ep. HanpHMep, ,D;o CHX nop He 6bm H3Me

peH raMMa-cneKTp oT 3axBaTa TennoBbiX HeHTpOHOB H3oronoM 6opa 1 1 B 

(co,D;epmaHHe a ecTecTBeHHOH cMecH 80%), HMeJOI.Qero Tennoaoe ceqeHHe 

oKono 5 M612 1• 3HaHHe raMMa-cneKTpa .FI,D;pa-npo,D;yKTa 1 2 B, a qaCTHOCTH, 

Hy)I(HO ,li;Jl.FI paC11eTa ero llOJI.FipH3aQHH B OCHOBHOM COCTO.FIHHH npH 3axBaTe 

llOJI.FipH30BaHHbiXHeHTpOHOB. 

HaMH 6hmH C,D;eJiaHhi H3MepeHH.FI cneKTpoa raMMa-KBaHTOB npH pa,D;Ha

QHOHHOM 3axaaTe TennoBhiX HeHTpoHOB a Be, 11 B H C. llepBbiH H nocne,D;HHH 

3JleMeHTbl HCCJie,D;OBaJIHCb a 13 ' 4 I, 'ITO ll03BOJIHJ10 HCllOJlb30BaTb HX B Ka

qecTBe CTaH,D;apTa ,li;Jl.FI onpe,D;eJieHH.FI a6cOJIJOTHOrO BbiXO,D;a raMMa-KBaHTOB 

npH pacna,D;e KOMnayH,D;-cocTO.FIHH.FI 12 B. 

3KcnepHMeHT npoBO,D;HJlC.FI Ha HMllYJibCHOM 6biCTpOM peaKTOpe 

HBP-2 151 , pa6oTaBWeM Ha MOI.QHOCTH 2 MBT c qacTOTOH 5 rQ. HcnOJib30-

BaJICH nyqOK TenJIOBbiX HeifrpOHOB C llOTOKOM ~·106 CM- 2 ·c- 1
, c<PopMHpO

BaHHbiH H 011HI.QeHHbiH OT peaKTOpHbiX raMMa-KBaHTOB H 6onee 6biCTpbiX 

HeHTpOHOB H30rHYTbiM 3epKaJibHbiM HeHTpOHOBO,D;OM16 1• 3HeprH.FI Heifrpo

HOB onpe,D;eJIHJlaCb MeTO,li;OM BpeMeHH llpOJieTa. 06pa3eQ HaxO,li;HJlCH Ha 

paCCTOHHHH 24 M OT aKTHBHOH 30Hbl peaKTOpa. llepe,D; o6pa3QOM ny110K 

KOJlJlHMHpOBaJICH ,li;O nonepe11HOrO ceqeHH.FI 3x5 CM. llpH 3TOM BCe HCllOJlb· 

30BaHHbie o6pa3Ql>I c 3anacoM nepeKpbiBaJIH nonepeqHoe ceqeHHe nyqxa, 

,llJIH llO,D;aBJieHH.FI cPOHa OT pacceHHHbiX B o6pa3Qe HeifrpOHOB llOCJie,D;HHH 

llOMei.QaJICH B Tpy6y H3 6 LiF ,D;HaMeTpOM 9 CM, ,li;JlHHOH 0,5 M H TOJII.QHHOH 

CTeHKH 0,8 CM. 

B KaqecTae o6pa3QOB 6hmH HcnoJib30BaHbi: 1) nnacTHHa H3 npeccoaaH

Horo MeTaJIJIH11ecKoro nopowKa 6epHJ1JlH.FI, 2) nopowoK :meMeHTapHoro 

6opa c o6orai.QeHHeM 99,5% no H30Tony 11 B H 3) peaKTOpH011HCTbiH rpa

cPHTOBhiH nopowoK. Toni.QHHbi o6pa3QOB npHBe,D;eHhi B Ta6nHQe. 

raMMa-KBaHTbl OT o6pa3QOB perHCTpHpOBaJIHCb llO,ll; yrJIOM 90° K llY11KY 

HeH:TpoHoa c noMOIQbJO CQHHTHJIJI.FIQHOHHOro ,D;eTeKTopa NaJ(Tl), HMeawero 

pa3Mepbl p20x20 CM H yCTaHOBJieHHoro Ha paCCTO.FIHHH 30 CM OT o6pa3Qa. 

CneKTp raMMa-KBaHTOB aHaJIH3HpoBaJICH aMMHTy,D;HbiM KO,D;HpOBIQHKOM 

Ha 1024 KaHaJia, pa6oTaBWeM BO BpeMeHHOM OKHe, KOTOpoe Bbipe3aJIO H3 

lla,D;aroi.Qero cneKTpa HeHTpOHOB yqacTOK C 3HeprHeH OT 6,6 H ,li;O 119 M3B. 

b ···-·?1 ·· .. , .. tCnrryl 1 
.)1:\..U ti' l.~..lJitud. 
6HSJI.__,:·;·?.:HA - . 
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•• 
Ta6nulla 

06pa3eu p, r-cM- 2 at' 6 a
1

, M6 A, 10- 4 * J -I 
'c fi 

Be 3,6±0,1 6,16±0,01 7,6±0,8 11,4±1,3 34,4±0,8 1,13 

10 3840±9 500±200 

B -- 0,86±0,06 
11 4,84±0,04 5,5±3,3 1,72±1,03 1,46±0,06 0,43 

c 0,87±0,06 4,744±0,005 3,53±0,07 1,67! 0,12 2,02±0,33 0,39 

* llpu Bbl'IUCilenuu A eeeaena nonpaeKa na omu11ue cpeaneil3Hepzuu ucnoll&3oeanno

zo cneKTpQ HeUTpOH08 OT 3HepZUU TeTIII080U TO'IKU 

llpH 3TOM Cpe,IUIHH 3HeprHH 3THX HeiffpOHOB 6bma paBHa 17,4 M3B. <l>OHOBbie 
ycnoBHH He no3BOJIHJIH Ha6mo.naTb cna6bie raMMa-nepexo,nhi c 3HeprHeu 
MeHbWe 1 M3B. 

06pa60TKa noJiy'lleHHbiX aMDJIHTY,D;HbiX cneKTpOB Ocyi.UeCTBJIHJiaCb 
c noMOI.UbiO nporpaMMhi ACTIV 171 Ha 3BM PDP-11/70. Bhmo nonyt~eHo 
YAOBJieTBOpHTeJibHOe onHCaHHe Bcex Ha6JIIO,D;aBWHXCH nHKOB rayccOBCKOH 
<f>opMOH JIHHHH. llpHMepoM MO)I(eT CJiy)I(HTb pHc.1, Ha KOTOpOM H306pa)l(eH 
yqacToK 3KcnepHMeHTaJihHoro cneKTpa ,nJIH 6epHJIJIHH, co,nep)l(amero DHKH 
OT H3BeCTHhiX raMMa-nepexo,noa c 3HeprHeu 2589,9 (HoMep KaHana 100), 

3343,3 H 3367,4 K3B (KaHaJI 131). 

N 

0s~o---------g~o----------~,2Lo--------~,so· 
A 

Puc.]. YIIOCTOK aMnrtUryOHOZO CneKTpa ZQM

MQ·K8QHT08 U3 peaKijUU 9 Be(n, 'Y). To'IKU 

- 3KCnepUMeHTQ/l&H&Ie oaHH&Ie; CTIJIOUJHOJI 

IIUHUJI - rftuT MeTodoM HQUMeHbUJUX KBad

paT08 no zaycco8CKOU MOOeiiU r? = 1,19 
Ha oony crenen& ceo6od&1). N - UHTeH· 

CU8HOCTb, A - HOMep KQHQ/10 QHQ/lU3QTOpa. 

B 6epHJIJIHH H yrnepo,ne HaMH Ha6niO,naJIHCb ace H3BecTHhie nepexo,nbi 
c 3HeprHen BbiWe 1 M3B. B 12 'B cor nacHo H3BecTHou cxeMe ypoaHeH: 18 1 

(pHC.2) npH pacna,ne KOMnayH,D;·COCTOHHHH C 3HeprHeH 3369,0 K3B nOMHMO 
npHMOro E1-nepexo,na B03MO)I(Hbi cne,nyiOI.UHe KaCKa,D;Hhie raMMa-nepexo,nbi 
c 3HeprHeH: BJ:.Iwe 1 M3B: 1670 (E1), 1699 (M1 + E2), 2419 (E1), 2626 
(E1) H 2720 (M1 + E1) K3B. HH o,nHH H3 3THX nepexo,noa, KpOMe npHMoro 
(pHC.3), HaMH He Ha6JIIO,D;aJICH. 
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Puc.2. Cxe.Ma ypoeneu .Rdpa 1 2 B. 
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Puc.3. Y11aCTOK aMnrturyonozo cneKTpa 

ZaMMa-Keanroe U3 peaKijUU 1 1 B(n, 'Y). 
To'IKU - 3KCnepUMeHTQ/l&H&Ie oaHH&Ie; 

CnllOUJHQJI /IUHUJI - rftuT MeTOOOM HQU

MeHbUJUX K8adpaT08 ('X_'! = 1,51). 

.llnH oueHKH napuHaJihHoro BKJia,na npHMoro raMMa-nepexo,na B cet~eHHe 
pa,D;HaUHOHHOrO 3aXBaTa 1 1 B HCnOJib30BaJIHCb nHKH C 3HeprHeH 3343,3 
H 3367,4 K3B ,D;JIH 6epHJIJIHH ( COOTBeTCTBYIOI.UHe BbiXO,D;bl raMMa·KBaHTOB 
Ha 100 3axBaTOB paBHbl 33,0 H 11,3, no ,D;aHHbiM/3

/, H 28 H 15, no ,D;aH· 
HbiM/4 1) H 3684,5 K3B ,D;JIH yrnepo,na (BbiXO,D; 31 KBaHT Ha 100 3axBa-

' TOB 141
). llpaKTH'lleCKOe COBna,D;eHHe 3HeprHH BCeX 3THX nHKOB HCKJIIO'llaJIO 

Heo6xo,nHMOCTb aae,neHHH nonpaaoK Ha 3<f><f>eKTHBHOCTb ,neTeKTopa. B 3TOM 
cnyt~ae Bhixo.n Ia raMMa-KBaHTOB npHMOro nepexo.na ,D;JIH 12 B paBeH 

Ja Ai (1 + fi) 
Ia =li. -·-·---

J i Aa (1 +fa) 
(1) 

r.ne li - BhiXO,n raMMa·KBaHTOB B paHee yKa3aHHhiX nepexo,nax .nnH i = 10 Be 
HJIH 1 3 C; Ji - CKOpOCTb C'lleTa raMMa-KBaHTOB B COOTBeTCTBYIOI.UHX nepe
XO,D;aX .nnH i = 1 0 Be, 1 2 B HJIH 1 3 C; fi - nonpaaKa Ha 3axBaT nocne nepaoro 
H nocne.nyiOI.UHX pacceHHHH HeHTpoHOB B o6pa3Ue; 

A.= 
I 

ni • a'Yi 

(~ ni · atj)i 
J 

· [1-exp(-~ ni · ati )i 1, 
J 

(2) 

lli H a'Y.i - nJIOTHOCTb H,D;ep H TeDJIOBOe Ce'lleHHe pa,nHauHOHHOrO 3aXBaTa 
MH i = 

9 Be, 1 1 B HJIH 1 2 C cooTBeTCTBeHHo; ni H a tj - DJIOTHOCTb H nonHoe 
TenJIOBOe cetJeHHe ,D;JIH j-H30TOna B i-o6pa3Ue COOTBeTCTBeHHO . .llaHHbie no 

3 



Cet~eHIDIM B3HTbi H312 1• llonpaBKa fi 6biJia paCCliHTaHa npH6JlH3HTeJlbHO 
no MeTo.n.y pa6oTbi 19 1 .u.nH 6ecKoHetiHoro nnocKoro o6pa3ua 6e3 yt~eTa 
H3MeHeHHH 3HeprHH uenTpOHOB npu MHOrOKpaTHOM pacceHHHH. Heonpe.u.e
neHHOCTbiO nonpaBKH H ,!J,IDKe ero caMOH MO:>KHO npeue6pellb npH HCll0Jlb-
30BaHHH yrnepo,!I,Horo CTaH,!I,apTa BBH.D.Y 6nH30CTH napaMeTpoB o6pa3UOB. 
Bee ueo6xo.n.HMbie .n.nH pact~eToB .D.aHHbie cae.n.eHbi B Ta6nuue. 

B HTore nonyqeu BbiXO.D. IB raMMa-KBaHTOB c 3Heprueu 3369 K3B .n.nH 
1 1 B - 18 ± 10 Ha 100 3aXBaTOB npH HCUOJlb30BaHHH 6epunnueBOrO CTaH
,!I,apTa (npu 3TOM .n.nH Be BeJlHt~HHa Ii B (1) 6panacb paBHOH 0,44) u 22 ± 13 
,!J,nH yrnepo.n.uoro cTau.n.apTa. Ornu6Ka B onpe.n.eneuuu IB B ocuoBHOM 
o6ycnoaneua ueonpe.n.eJieHHOCTLIO B 3KcnepuMeHTanbHOM 3Hat~euuu cet~eHIDI 
a

1 
.u.nH 1 1 B. B3aerneuuoe cpe.n.uee 3Hat~euue IB OKa3anocb paBHbiM 20 ± 8 

raMMa·KBaHTOB Ha 100 3aXBaTOB. 

ABTOpbi nonL3YIOTCH cnyqaeM no6naro.n.apHTL B.B.HnTua 3a npe.u.ocTas
neuuyro B03MO:>KHOCTb H3MepeHHH Ha nyt~Ke TennOBbiX HeHTpOHOB H B.B.CKOH 
3a llOMOll.U> B H3MepeHHHX. 

llJfTEPATYPA 

1. J[eMuooe A.M. - MeroObl ucc11eiJoeaHW1 U311y'leHUJI JIOep npu paOua/4UOHHOM 3a
xeare reMOBbiX HeurpoHoe. M.: rocaroMu3oar, 1963. 

2. Mughabghab S.F. eta/.- Neutron Cross Sections. N.Y.:AcademicPress, 1981, v.1, 
part 1. 

3. Jurney E. T. - In: Proc. Third Inter. Symp. on Neutron Capture Gamma-Rays Spec-

troscopy. N.Y.: Plenum Press, 1979, p.461. 
4. Jarczyk L. eta/.- Helv.Phys.Acta, 1961, v.34, p.483. 
5. AHaHbee B.Jl. u dp. - A3, 1984, r.57, c.227. 
6. KopHU/108 B. B. u op. - OHJIH, P 13-80496, Jly6Ha, 1980. 
7. Zlokazov V.B. - Nuci.Instr.Meth., 1982, v.199, p.509. 
8. Ajzenberg-Selove F. - Nucl.Phys.A, 1985, v.433, p.46. 

9. DraperJ.E.- Nucl.Sci.Eng.,1956, v.1, p.522. 

4 

PyKonucb nocTynuna B H3.D.aTenbCKHH oT.n.en 
12. MaH 1989 ro.n.a. 

~. ~ II,,JJ.JI I I I Ill 

:';-" 

Tapaa IO.B., mapanos 3.H. 
HsMepenHH cneKTpa I'aMMa-nyqeii, HcnycKaeM&IX 
OPJI 3&xBaTe TenJ!OBblX HeifrpoHOB RJ1paMH 6opa-11 

I~ I I I!. I 

P3-89-334 

HsMepeH&I cneKTp&I raMMa-nyqe~ npH pa.nHallHOHHOM sax.saTe Te-
WIOBbiX neifrponos B. Be, 1 1 B H C. B Be H C Ha6ntoJ1811HCit 
H3BecTH&re nepeXOJ1bl c 3HeprHeii B&twe 1 M3B. 3TH 3neMeHTbl Hcnon&· 
30BaJIHCb B KallecTBe CTaH.[l8.pTa .[lJlfl onpe.tteJteHHR a6cOJliOTHOI'O 
B&IXO.ll& raMMa·KBaHTOB npH pacna.ne KOMnayHA-cOC1'oRHHR 1 2 B. 
B l(QTOpOM Ha6Jno.[laJICR TOJlbl(O npRMOQ nepeXO.[l B OCHOBHOe COCTOII•· 
HHe' C BbiXOAOM 20± 8 I'&MMa·l(BaHTOB Ha 100 38X.B8TOB. 

Pa6oTa B&moJIHena B Jia6op~TopHH neiiTpoHHoH $H3HKH OH.AH. 

Coo6uuale ~IDI81111oro HHC'I'HTJ'I'a .IU\epHwz HecJIGoMHIIA. ,ny6aa 1989 

llepeao.tt aBTOpoB 

Taran Yu.V., Sharapov Eh.l. 
The Measurements of Gamma-Spectra Emitted 
on Radiation Capture of Thermal Neutrons in 1 1 B 

P3-89-334 
'1"-

The paper reports on the measurement of gamma-spectra emitted 
on radiation capture of thermal neutrons in Be, 11 B and C. The Be 
and c spectra have shown all the known transitions with energies 
above 1 MeV. These elements were used as a standard to determine 
absolute gamma-yield following the decay of the 1 2 B compound 
state, where we observed' only a direct transition to the.ground state 
with a yield of 20±8 gamma-quanta per 100 capture events. · 

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