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AHA~eeecKH ~- H AP-

CeeTOCHnbH~~ a -cneKTPOMeTp AnR pa6oT~ 
B HMnynbCH~X nOnRX H3ny4eHHH 

13 - 12458 

OnHc~eaeTcR ycoeepweHcTeoeaHH~H eapHaHT ceeTOCHnbHOro a -cneKT
poMeTpa AnR HCcneAOBaHHR peaK4HH (n,a). 

AanbH~Hmee pa3BHTHe HccneAOBaHHH peaK4HH (n,a) noTpe6oeano cy
~ecTeeHHoro yeenH4eHHR nno~aAH o6pa34a npH coxpaHeHHH npHeMneMoro pa3-
peweHHR no 3HeprHH a -4aCTH4 H xopowHx neperpy304H~x xapaKTepHCTHK 
cneKTpOMeTpa. 3Ta 3aAa4a 6~na peweHa nyTeM nepeXOAa K 4HnHHAPH4eCKO~ 
reOHeTpHH KaMep~ 8 C04eTaHHH C KOnnHMa4HeH ny4Ka HeHTpOHOB 8 BHAe KOnb 
4a, 3ac8e4H8aewero o6pa3e4 H Many~ AOn~ (-15%) pa6o4ero o6oeMa KaMe
p~. YcnewHoe npHHeHeHHe onHc~eaeHoro cneKTPOMeTpa e HccneAOBaHHRX pe
aK4H~ (n,a) H (rr,ya) Ha pe30HaHCH~X HeHTPOHaX H B H3HepeHHRX cpeAHHX 
nap4HanbH~X Ce4eHHH peaK4HH (n,a) B KHn03neKTPOHBOnbTHOH o6naCTH 3Hep
rH~ He~TPOHOB Ha HMnynbCHOH peaKTope H6P-30 AeHOHCTpHpyeT npeHHy~eCT8a 
TaKOrO a -cneKTPOHeTpa no cpa8HeHH~ C HCnOnb30BaBWHHHCR paHee. 

Pa6oTa ~nonHeHa e fla6opaTOPHH He~TPOHHO~ ¢H3HKH OHRH. 

Coo6weHoe 06be.JHHeHHoro HHCl'Ml'yTa RllepHbiX MCCnel!O&ftHHA. nytsHe 1979 
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Andrzejewski J. et al. 

High-Efficiency a -Spectrometer for Investigations 
in Pulsed Radiation Fields 

An improved high- efficiency a -spectrometer for (n.a) investi
gations is described. 

Study of (n.a) reaction being continued required to increase 
further the sample area without violation of a -enern.y resolutior. 
and ·overload characteristics of the spectrometer . It was achieved by 
introducing a chamber of cylindrical geometry and collimation of the 
neutron beam in~ form of a ring enclosing the sample and partly 
(-15%) the working area of the chamber. The use of the described 
spectrometer in experiments on (n,a) and (n,ya) reactions with 
resonance neutrons as well as for the measurement of partial cross 
sections of (n.a) reaction in keV neutron ene~gy region with the 
IBR-30 pulsed reactor proved it being preferable to the earlier em
ployed spectrometers. 

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

Communication of the Joint Institute for Nuclear Research. Dubno 1979 
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CneKTPOMeTpB.II a -qacTBQ, B03HBKaiOIQBX B peaKQBB (n, a) 

BJIB ( n, y a) ua pe,nKo3eMeJibHbiX B T.II)KeJibiX 3JieMeHTax npu 

BCnOJib30BaHBB BMnyJibCHOrO BCTO'IHHKa HeHTpOHOB, o6na,naeT pg

,D;OM oco6euuocTeH. CneQBiiJB'IHbiMB qepTaMB TaKoro 3KcnepBMeu

Ta .IIBJI.IIIOTC.II B OCHOBHOM: 

1/ Mana.11 nnoTHOCTb noToKa ueATpouoa /no cpaaueuu10 c noTo

KaMB 3ap.II)KeHHbiX 'laCTBQ/ B MaJia.ll BeJIB'IBHa Ce'leHBH a ( n , a ) 

B a(n. ya) ua 3TBX 3JieMeHTax. 

2/ liOJibWOH IIJou KOHKYPBPYIOJ.QeH peaKQBB (n , Y ) /B JIY'IWBX 

CJiy'la.IIX COOTHOWeHBe Ce'leHBH COOTBeTCTBYIOI.QBX peaKQBH 
-5 

a(n,a/a(n ,y )"'lO /. 
3/ lleperpy3Ka ,neTeKTOpa B 3JieKTpOHHOrO yCBJIBTeJibHOrO TpaK

Ta B MOMeHT BMnyJibCa MOIQHOCTB peaKTOpa. 

Cne.noaaTeJibHO, no.IIBJI.IIIOTC.II .nononHBTeJibHhle Tpe6oaaHB.II K 

.neTeKTopy: 

1/ llJIOJ.Qa,D;b MBWeHB ,D;OJI)I(Ha 6b1Tb B03M0)KH0 60JibWe, TaK 

KaK yBeJIB'IeHBe KOJIB'IeCTBa .II,D;ep BCCJie,nyeMoro o6pa3Qa 3a C'leT 

TOJIIQBHbl MBWeHB Be,D;eT K yxy,nWeHBIO pa3peWeHB.II no 3HeprBB 

a -qacTBQ; 

2/ ~eTeKTOp ,D;OJI)KeH 6b1Tb MaJIO 'IYBCTBBTeJieH K IIJouy CJia6o

BOHB3BPYIOJ.Qero B3Jiy'leHB.II B 6biCTpO BOCCTaHaBJIBBa Tb cnoco6-

HOCTb K pa6oTe nocne neperpy3KB B MOMeHT BMnyJibCa MOIQHOCTB 

peaKTopa, T .e. ueo6xo.nBMO cae.neuue K MBHBMYMY o6'beMa KaMephl, 

06JiyqaeMoro nOTOKOM HeiiTpOHOB B y -Jiy'leH B3 peaKTOpa. 

3/ llapaMeTpbl cneKTpoMeTpa ,noJI)I(Bbl y,nep)KBBaTbC.II ua no

CTO.IIHHOM ypOBHe B Te'leHBe HeCKOJibKBX COT 'JaCOB B3MepeHBH; 

4/ llpeo6pa30BaHBe 3HeprBB a -qaCTBQ B aMnJIBTy,ny BMnyJibCa 

.D;OJI)KBO 6b1Tb JIBHeHHbiM B BHTepaane 3HeprBH Ea .no 10 M3B. 

3 
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06'beMa KaMepbl pe3KO yBeJIB'IHBaeT "MepTBOe" BpeMJl ~eTeKTOpa 

B ycBJIBTeJibHOrO TpaKTa. 

Cpe~HJIJI BOHB3aUHOHHaJl KaMepa ICHKI 16 1 
o6ecne'IBBaeT xo

powee pa3peweHue no En u Tpe6yeT no~KJIJO'IeHBJl TOJihKO ~Byx 

npe~yCBJIBTeJieii:, HO npB 3TOM n03BOJIJleT pa6oTaTb C MBWeHblO, 

B 6 pa3 MeHLweii: no nnmua~u. 'leM :SHK. Oco6oro BHBMaHBJl 3acny

)I(BBaeT 3~ecb npuMeHeHue IUeneBoro KOJIJIBMaTopa u pacnono)l(eHue 

MBWeHH no~ yrJIOM- 4°K HanpaBJieHBJO ny'IKa. 3TO n03BOJIJleT o6-

Jiy'laTb Heii:TpoHaMB BCJO MBWeHb B TOJlbKO He60JibWYJO 'laCTb non

HOrO o6'beMa KaMepbl. TaKBM o6pa30M, yMeHbwaeTcx npocTpaH

CTBeHHblii: 3apx~, B03HHKaJOIUBH B pa6o'leM ra3e B MOMeHT BMnyJib" 

ca MOIUHOCTB peaKTOpa, B neperpy3Ka CTaHOBBTCJl MeHbWe. 

0TJIB'IBTeJibHOH qepTOH Haweii KaMepbl IQHKI JlBJIJleTCJl reo

MeTpBJl BbiCOKOBOJlbTHOrO 3JleKTpO~a, Ha KOTOpOM paCnOJIO)I(eHa 

MBWeHb. 3TOT 3JieKTpo~ C~eJiaH B cl>opMe 60KOBOH noBepXHOCTByce· 

'leHHOrO KOHyCa C yrJIOM npB BepWBHe 2£ = 2 X 2°17 ', ~BaMeTpOM 

280 MM CO CTOpOHbl BXO~a HeHTpOHHOrO ny'IKa B 240 MM - C npo • 

TBBOnOJIO)I(HOH. KonneKTOp B CeTKa BMeJOT UBJIBH~pB'IeCKYJO cl>opMy, 

BX ~BaMeTpbl COOTBeTCTBeHHO 10 B 100 MM. ,lJ;JIBHa Ka)I(~OrO 

3JleKTpO~a - 500 MM. llpBMeHeHBe BbiCOKOBOJlbTHOrO 3JleKTpO~a 

B TaKOM BB~e B COOTBeTCTBYJOIUero KOJlbUeBoro KOJIJIBMa TOpa ~aeT 

B03MO)I(HOCTb aHanorB'IHO, KaK u B CHK, o6ny'IBTb HeiiTpoHaMB 

JIBWb - 15~ o6'beMa KaMepbl . Cnoco6 ycTaHOBKB KaMepw Ha 

ny'IKe, noKa3aHHbiH Ha puc. 1, npBBO~BT K TOMy, 'ITO TOJIIUBHa 

5 

6 

Puc. 1. CxeMa KaMep&l U KOAAUMQijUU ny'IKQ HeilllpOH06. 1 - KOAAU

MQ1110p, 2 - Kopnyc UOHU3QIIUOHHOU KaMep&l, 3 - CeiiiKa, 4 - co6u

pa10UIUU 3AeKIIIpo(), 5 - KaAu6p060'1HbiU UCIIIO'IHUK, 6 - MUUieHb. 

6 

MBWeHu ~JIJI a -qacTBU lpaBua ~eii:CTBBTeJibHOii TOJllUBHe d I oT

JIB'IaeTcx OT TOJIIUBHbl 3TOH )l(e MBWeHB ~JIJI ny'IKa Heii:TpOHOB d n 

Ha cl>aKTOp ctgt (dn=d- ctg£ .. 25d). 

HEKOTOPblE HAPAMETPM KAMEPbl 

YKa3aHHble BbiWe pa3Mepbl BhiCOKOBOJihTHoro 3JieKTpo~a ~aJOT 

B03MO)I(HOCTb pa60TaTb C MBWeHJIMB nJIOIUa~blO ~0 3600 CM 2 , npB 

3TOM eMKOCTb KOJIJieKTOpa OTHOCBTeJibHO 3eMJIH COCTaBJIJleT JIHWb 

13 n<l>. KaMepa, KaK npaBBJio, HanonHxnach cMeCbJO 92~ Ar u 

8~ CH4 no~ ~aBneHBeM 1,5-2 amM. 

,D;nx ynyqweHBJl pa3peweHHJl no Ea B KaMepe npuMeHeHa 

UBJIBH~pB'IeCKaJl CeTKa. 0Ha 3KpaHHpyeT KOJIJieKTOp OT nOJIO)I(H" 

TeJibHOrO 3apx~a BOHOB, B03HHKalOIUBX B npoMe)l(yTKe BbiCOKOBOJlbT" 

Hhlii 3JieKTpo~ - ceTKa. Ko3cl>cl>uuueHT He3KpaHupoBKB cocTaBnxeT 

1,5~. 3KcnepBMeHTaJibHO npoBepeHO, 'ITO npBMeHeHBe CeTKH B Ha

weii KaMepe ynyqwuno pa3peweHue no Ea B 6 pa3 no cpaBHeHBJO 

C KaMepoii, B KOTOpOH pa3Mepb1 BbiCOKOBOJlbTHOrO 3JieKTpO~a 

B KOJIJieKTOpa TaKBe )l(e, KaK B Haweii, HO HeT CeTKB. 

llpOBepKy JlHHeHHOCTB npeo6pa30BaHBJl 3HeprBB a -qaCTHU B 

aMnJIBTy~y BMnyJibCa H pa3peweHHJl no 3HeprHH a -qaCTHU Mbl 

npoBenu n 'pu noMOIUB BCTO'IHBKOB a -qacTBU: 
147 Sm I E a 

238 235 . 
= 2,23 M3BI, U I Ea =4,18 M3BI, U I Ea = 4,40 M3BI, 
234 U I Ea = 4,76 M3BI, 224 Ra IHeCKOJihKO rpynn a-qacTBU, 

MaKCBMaJibHax 3Heprux 8,78 M3BI. llpeo6pa3oBaHBe 3Hepruu a

'laCTHUbl B aMnJIBTY~Y HMnyJibCa MO)I(HO C'IHTaTb JIHHeHHbiM C TO'I

HOCTblO ~0 1~. Pa3peWeHBe no 3HeprHH a ·'laCTHU lwupHHa nHKa 

Ha nOJIOBBHe ero BbiCOTbii COCTaBJIJleT 65 K3B npu E a = 6,05 M3B 
/puc. 2/. llHK 8,78 M3B HMeeT HCKa)l(eHHYJO cl>opMy lywupeHHe 

B CTOpOHy BbiCOKBX 3Hepruiil, noTOMY 'ITO nepHO~ nonypacna~a 

H30Tona 
212

Po, ucnycKaJOIUero a -qacTHUbl TaKoii 3Hepruu, cocTaB

nxeT 3x10-
7 

C, H, CJie~OBaTeJibHO, HMnyJibCbl OT a -qacTH~ HaKna-
212. p-212 

~biBalOTCJl Ha HMnyJibCbl OT {3- 'laCTHU H3 pacna~a 81 _ _. Po. 

llOJiy'leHHOe 3Ha'leHHe pa3peWeHHJl 06yCJIOBJieHO K03cl>cl>HUHeHTOM 
• 

He3KpaHHpOBKH CeTKH, a TaK)I(e MaJIOH BeJIH'IHHOH eMKOCTH KOJIJieK· 

TOpa, KOTOpaJl B 3Ha'IHTeJibHOH CTeneHH onpe~eJIJleT COOTHOWeHHe 

CHrHaJia K WYMY. 

7 
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Puc . 2 . CneKmp a - 'IUC111Uij U3 UCIIIO'IHUKa /Ea = 5,68 8, 78 M3B/. 
N k - HOMep KaHaAa UHUAU3U1110pa aMnAumyc}bf UMnyAbCOB, N a -
'IUCAO 0111C'Ie11106 6 KaHaAe. 

CymecTBeHHbiM ycnoBHeM .nm1 HJMepeHHH, npoBO.ZJ.HMbiX Ha 

clloHe cna6oHOHH3Hpyromero HJny'leHHJI, JIBnJieTCJI Manoe BpeMJI 

C06HpaHHJI JneKTpOHOB B KaMepe. ,IJ,ng "Me.nneHHOro" .neTeKTOpa 

BepOJITHOCTb Hano:lKeHHH ManbiX HMnynbCOB, npOHCXO.ZJ.JitnHX OT Y -

KBaHTOB, 6onbWaJI, 'ITO npOJIBnJieTCJI KaK pOCT WyMOB, a cne.noBa

TenbHO, npHBO.ZJ.HT K ywapeHHIO nHKa OT a -qaCTHU. Hawa KaMepa 

n03BOnJieT nony'laTb BpeMJI HapacTaHHJI HMnynbCOB OT a -qaCTHU 

JHepraeil 4,5 M3B nopg.nxa 0,8 MKC. 3To .naeT BOJMO:lKHOCTb 

ycneWHO HJy'laTb peaKUHH ( n, a ) H ( n, ya) Ha HeiiTpOHHbiX ny'IKaX 

peaxTopa HEP-30. 

llpH pa6oTe Ha HMnynbCHOM ny'IKe HeHTpOHOB paJpeWeHHe no 

3HeprHH a - 'laCTHU 6E a H3MeHJieTCJI B 3aBHCHMOCTH OT BpeMeHH 

Jana3.ZJ.b1BaHHJI OTHOCHTenbHO HMnynbCa MOIUHOCTH peaKTOpa. TaKaJI 

JaBHCHMOCTb COCTaBnJirotneB pa3peWeHHJI, Bbi3BaHHOB TOnbKO nyq

KOM HeHTpOHOB, OT 3HeprHH HeBTpOHOB, nOKa3aHa Ha pUC. 3. 

06ny'leHHe npOH3BO.ZJ.HnOCb Ha 6a3aX 31 H 85 M, C nHKOBOB Mom

HOCTbiO peaxTopa, pa6oTaromero B pe:lKHMe 6ycTepa, 15 MB• 

H 'laCTOTOH HMnynbCOB 100 rij. BH.ZJ.HO, 'ITO .nng nponeTHOro pac

CTOJIHHJI ~ = 85 M B o6naCTH 3HeprHB HeHTpOHOB HeCKOnbKHX COTeH 

3B, a TaK:lKe B KHn03neKTpOHBOnbTHOH pa3peWeHHe no Ea yxy.n

waeTCJI C pOCTOM 3HeprHH HeiiTpOHOB; .ZJ.nJI ~ = 31 M · YXY.ZJ.WeHBe 
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Puc. 3. 3aeucuMOCIIIb cocmaeA.RIOfllei1 pa3peweHu.R KaMep&l no 3Hep

zuu n - 'IUC111Uij 6 E a /K3B/, 6bi36UHHOU U3Ay'leHUeM peaK1110pa 
HEP-30 0111 epeMeHu 3ana3c}bteaHU.R omH'ocumeA&Ho uMnyA&ca MOUI
Hocmu peaK1!1opa T /MKC/, UAU 3Hepzuu HeumpOHOB EN /3B/ c}A.R: 
1/ npoAe111HOZO paCCIIIOJIHUJI ~ = 31 M; 2/ npOAeiiiHOZO paCCIIIOJIHUJI 
p = 85 M . 

paJpeweHHJI BH.ZJ.HO y:lKe npa E n - 1 3B. Ha puc. 4 noxaJaH aMnnu

TY.ZJ.HbiH cneKTp a -'laCTHU, HcnycxaeMbiX JI.Zl.POM CaMapHJI B peaKUHH 
147

Sm ( n,a) B pe3oHaHce npu E n= 18,3 3B. 

B HJMepeHHJIX Mbl nonb30BanHCb 3apJI.ZJ.O'IYBCTBHTenbHbiM npe.n

ycanuTeneM Polon -1001 H ycanaTeneM c aKTHBHbiMH cllanbTpaMH 

Polon -1101 . Co6CTBeHHble wyMbl npe.nycanaTeng TaKOBbl, 'ITO 

.naroT BKna.n B pa3peweHae no E a -40 K3B /wapaHa r eHepaTopHoro 

nHKa Ha nonOBHHe ero BbiCOTbl/ . 

PerHCTpaUHJI HHcilopMaUHH C KaMepbl npOH3BO.ZJ.Hnacb H3Mepa- . 

TenbHbiM Mo.nyneM Ha 6a3e 3BM "3nexTpOHHKa", o6ecne'IHBaro

tnHM B03MO:lKHOCTb nony'IHTb .ZJ.BYXMepHble cneKTpbl aMnnHTy.na -

BpeMJI I 1 024x4096 xaHanoB/ . 

llpH nOMOmH 3TOB KaMepbl H JneKTpOHHOH annapaTypbl Bnep 

Bble 6blnH HJMepeHbl pe3oHaHCHble napaMeTpbl peax u aH 123Te(n,ya) 

B pe3oHaHce 2,334 3B1 1 :~apaMeTpbl peaKUBH (n, a) B HeCKOnbKBX 
123 I 12 / 

pe3oHaHcax Te , a TaK:lKe BJMepeHbl cpe.nHBe ce'leHHJI 
123 120 147 144 /131 / napuBanbHble B nonable/ peaKUBH Te (n,a) Sn H Sm(n,a) Nd . 
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Puc. 4. CneKmp a - 'laC111UII U3 peaKIIUU Sm ( n , a) 6 pe3oHaHce 
18,3 3B. Nk - HOMep KaHaAa aHaAu3amopa, Na - 'lUCAo omc'le1II06 
6 KaHaAe, E a - 3HepzuJI a- 'lUC111UII /M3B/. 

Bo scex :JTBx pa6oTax 6biJIB nony'leHbl :JHepreTB'IeCKBe cneKTpbl 

a -'laCTBU B oT.nenbHbiX pe3ouaucax / 11 ·12/ HJIB B BHTepsanax :JHep-
- / 13 / rBB HeBTpOHOB 

linaro.napH 6onbwo8 cseTocune u xopoweMy pa3peweuuro no 

Ea MO>KHO npoBo_nBTb Ha UBJIHH.npu'leCKOB KaMepe TaK>Ke HCCJie.no

BaHBJI eCTeCTBeHHbiX a -B3Jiy'laTeJieB, B TOM 'IHCJie o6na.naJOIUBX 

60JibWBMB BpeMeHaMH >KB3HB. IIpH 3TOM nyTeM yBeJIB'IeHHJI reo

MeTpB'IeCKBX pa3MepoB KaMepbl nJIOIUa.nb MHWeHB MO>KHO yBe

JIB'IBTb B HeCKOJibKO pa3 6e3 cyiUeCTBeHHOro yxy_nweHBJI pa3pe

weHBJI no Ea . 

B 3aiCJIIO'IeHBe aBTOpbl C'IBTaJOT CBOBM npHJITHbiM .nonroM Bbl

pa3HTb 6naro.napuocTb IO.II .IIonoBy 3a ueuuble coBeTbl u nocTOHH

uoe BHHMauue x pa6oTe, K .,n:oneuxoMy 3a no.nroTOBKY :JJieKTpouuou 

annapaTypbl, C.MapuuoBoil 3a co.neilcTsue npu nycxe B3MepuTeJibuo

ro MO_nyJIJI Ha 6a3e 3BM B B.A . BopoHKO - 3a noMOI.Ub npu BCCJie

.noBaHBB xapaxTepHCTBIC _neTeiCTOpa. 
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