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npHMeHeHHe llOBepXHOCTH0-6apbepHbiX KpeMHHeBbiX lleTeKTOpOB 

nnSI H3Mep8HKSI KHH8THtt8CKHX 3HeprHii ~CKOnKOB neneHHSI 

B HeliTpOHHbiX pe30HHHCHX 

Ha aelirpoHHOM BpeM!IIlponeTHOM cnerpoMerpe peaKropa 11EP-30 npo

aeneua 3KCOepHM8HTanbH8SI npoaepKa B03MO*HOCTH H3MepeHHSI KHH8THqeCKHX 

aaeprHli OCKOilKOB neneHHH llllH HeliTpOHHbiX pe30H8HCOB 3 H 8 a8 C npHMeHe

HHeM llOBepXHOCTHo- 6apbepHbiX KpeMHHeBbiX JleTeKTOpOB H M8llleH8 83 

ypaaa-235. 

nony'JeHHhie pe3yllbT8Tbl llOKB3biB8IOT, 'JTO HH BbiCOKOilOTO'JHbiX HMilYilbC 

HbiX HCTO'JHHKHX HeliTpOHOB, OllHHM 83 KOTOpblX SIBilHeTCSI HOBblli HMfiynhCHblli 

6biCTpbiH peaKTOp 116P-2, B03MOlKHO ocyweCTBileHHe 83MepeHHSI KHHeTH'JeCKHX 

aaeprHll OCKOilKOB neneHHSI B BbiJleneHHbiX pe30H8HC8X. npellCTHBileHHbie 

pe3ynbT8Tbl ll03BOilSIIOT cnenaTb BbiBOll 0 B03MOlKHOCT8 llpHMeHeHHSI ll0Jl06-

HbiX Si -JleTeKTOpOB H HCilOilb3yeMOH aneKTp08HK8 B BHlle COCTHBHOH 'JHCTH 

anaparyphi nnH MHoronapaMeTpH'JeCKHX 83Mepeaull npouecca neneHHH B pe3o

aaacaoll o6nacrH aaeprHH aelirpoaoB, 

Pa6ora Bbmonaeaa B na6oparopHH HeliTpOHHOll cjl83HKH 011HI1. 

Coo6WeHHe 06hellHHeHHOrO HHCTHTyTa SlllepHbiX HCCilellOB8H8l!, lly6aa 1979 

Ba~lav T,P, et al, 

Applixation of Surface Barrier Silicon Detectors 
of Measuring Kinetic Energies of Fission 
Fragments in Neutron Resonances 

3 - 12231 

The experimental measurement of kinetic energy of fission 
fragments for 3 and 8 eV neutron resonances with the help of 
a Si -semiconductor detector and bombardment of 235 U target has 
been carried out in a neutron time-of-flight mass spectrometer at th< 
IBR-30 pulsed reactor, The obtained results indicate that it is pos
sible to carry out measurements of kinetic energy of fission fragmer•
ments for individual resonances with the help of a high stream 
pulsed source, such as a new IBR-2 pulsed reactor, 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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3xcnepBMCHTanLHbiC ,D;aHHbiC 0 BapBal{HB KBHCTH'ICCKOB 3HeprBH 

OCKOnKOB ,D;eneHBJI B pe30HaHCHOB o6naCTB 3HeprBB HCBTpOHOB 

CO.D;Cp:lKaT l{CHHYIO BHf!lopMal{BIO 0 CBJI3B 3TOB BenB'IBHbl C KBaHTOBO

MeXaHH'ICCKBMB xapaKTepBCTBKaMB pe30HaHCHbiX COCTOJIHHB.D;enJI

Il(CrOCJI JI.D;pa. 0HB MOryT TaK:lKC 6biTL DOnC3HbiMB .D;nJI paC'IeTa 

3HepreTB'ICCKOrO 6anaHCa .D;eneHHJI B,COOTBCTCTBCHHO, .D;nJI DOBbiWe

HHJI TO'IHOCTB JI.D;CpHbiX ,D;aHHbiX, He06XO.D;BMbiX ,D;nJI peaKTOpHbiX 

paC'ICTOB. 0:lKB.D;aCMble BapHal{BB KBHCTB'ICCKOB 3HeprHB OCKOnKOB 

.D;eneHBJI B HeiiTpOHHbiX pe3oHaHcax He6onLwBe no senB'IBHe. Pe3ynL

TaTLI B3MepeHHB, npoBC.D;CHHbiX HC.D;aBHO /l,2f, paCXO.D;JITCJI cyll(CCT

BCHHbiM o6pa30M. Bee 3TO npe.D;'LJIBnJieT O'ICHL BbiCOKBe Tpe6oBaHBJI 

K TO'IHOCTB B3MepeHBJI KHHCTB'ICCKOB 3HeprHB OCKOnKOB C yKa3aH

HOB l{enLIO. 

MeTO.D;B'ICCKB B3MepeHBJI KHHCTB'ICCKBX 3HeprBB OCKOnKOB ,D;ene

HBJI B HCBTpOHHbiX pe30HaHCaX O'ICHL ycnO:lKHJIIOTCJI TCM, 'ITO 

.D;nJI XOpoweif C~CKTpOMCTpBB OCKOnKOB HC06XO.D;BMO BCDOnL30BaTL 

TOHKBC CnOB .D;CnJIII(CrOCJI BCII(CCTBa. COOTBCTCTBCHHO TaKBC B3Me

peHBJI MO:lKHO npOBO.D;BTL TOnLKO Ha BbiCOKODOTO'IHbiX BMnynLCHbiX 

BCTO'IHBKaX HCBTpOHOB, O.D;HBM B3 KOTOpbiX JIBBTCJI HOBbiB BMnynLC

HbiB 6LicTpblii peaxTop HEP-2 tJI. B CBJI3B c 6onLWBMB MeTO.D;B'Iec

KBMB Tpy,D;HOCTJIMB npB DOCTaHOBKe ,D;aHHOB 3a,D;a'IB none3Hb1MB 

npe.D;CTaBnJIIOTCJI BCCne.D;OBaHBJI B3MCpBTenLHOB MCTO.D;BKB Ha peaKTO

pe HEP-30 B ycnoBBJix, 6nB3KBX K peanLHOMY 3KcnepBMeHTy. 

Ha HCBTpOHHOM BpeMJinponeTHOM CDCKTpOMCTpe Jla6opaTOPBB 

HeiiTpOHHoii WB3BKB OHJIH. I ):\y6Ha/ 6Lina npose.D;eHa 3KcnepBMeH

TanLHaJI nposepxa B03MO:lKHOCTB B3MepeHBJI KBHCTB'ICCKOB 3HeprBB 

OCKOnKOB ,D;eneHBJI B Bbi.D;eneHHbiX HCBTpOHHbiX pe30HaHcax,. ,J:\nJI 

CDCKTpOMCTpBpOBaHBJI OCKOnKOB npBMCHJinBCL DOBCpXHOCTH0-6apL

epHble Si - .D;eTeKTOpbl, B3roTosneHHble B HHCTBTyTe JI.D;epHbiX Be

cne.D;osaHBB H JI.D;epHoii 3HepreTBKB Iionrapcxoii AH. H3MepeHBJI 
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nposO,nHllHCb B peaKTOpHOM pe)I(HMe Ha rrponeTHOH 6aJe 75 M 

lwHpHHa BCIIbiWKH - 80 MKCI. HJMepHTellbHaH arrrrapaTypa, pacrro

llO)I(eHHaH Ha HeilTpOHHOM IIY'IKe, COCTOHna H3 KaMepbl, B KOTOpOH 

uaxo.nunHcb MHWeHb HJ .nenx~erocx se~ecTsa 235U H Si -,neTeK

Top, rrpe.nycHnHTenx H crreKTPOMeTpH'IecKoro ycHnHTenJI I puc. 11. 
HMIIYllbCbl C BbiXO,na yCHllHTenJI rro,nasanHCb B HJMepHTenbHbiH 

ueuTp llH«ll, r.ne rrposo,nuncJI aMrrnHTy,nHbiH amtnHJ B ,nsyx speMeH

HbiX OKHaX. 

~ • 
~-- --[~f 
., 2 

6 7 --[] 
Puc .1. Cxe.wa 3KcnepuMeHIIa 0.11.11 U3MepeHu.ll KuHellu~ecKux 3Hepzuii 

OCKO.IIKOB Oe.lleHU.II 6 HeiillpOHHbiX pe3oHaHcax. 1 - QKIIUBHQJI 30HQ 

HEP- 30, 2 - KO.II.IIUMa11op, 3 - ceUHIIOBa.ll 3QJI#UIIa 0.11.11 OelleKIIOpa, 

4 - ypaHoea.ll .wuweHb, 5 - Si - OelleKIIIOpbl, 6 - npeoycUAullle.llb, 

7 - YCU.IIUIIe.llb, 8 - QHQ.IIU3QIIIOp. 

AenHTenbHble MHWeHH HJ ypaua-235 6blnH rronyqeubl MeTo,noM 

3neKTpOpaCIIbllleHHJI ypaHHn HHTpaTa Ha II030llO'IeHHYIO lcnOH 30no

Ta HMeeT TO~HHY ~0 MKZ/c.w 2 I nneHKY Konno,nHH c Ton~HHOH 
20 MKZ/CM 2. Ton~HHa aKTHBHOrO CllOJI MHWeHH COCTaBnHeT 

30 MKz/c.w2 c rrno~a,nbJO 30 c.w 2• YpaHoBbiH cnoil pacrronaraeTcH 

Ha paCCTOJIHHH 3-4 CM OT ,neTeKTOpa. 06beM KaMepbl HerrpepbiBHO 

OTKa'IHBanC.II 4JopBaKyyMHbiM HaCOCOM. KonnHMaUHH HeBTPOHHoro 

rry'IKa H pacrrono)l(eHue KaMepbl Ha rry'IKe rro,n6HpanHcb TaKHM 

o6pa30M, 'IT06bl ,neTeKTOp 6bln Ja~~eH IIO Mepe B03MO)I(HOCTH 

OT rrpHMoro rrorra,naHHH ueilTpouos. Anx Ja~Tbl ,neTeKTopa oT 
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raMMa-nyqeil BCIIbiWKH peaKTOpa H TeiinOBbiX HeHTpOHOB IIY'IOK 

6bln rrepeKpbiT cnoeM CBHHUa 110 CMI H Ka,nMHJI. 

AeTeKTop, c KOTopbiM rrposo,nHnHcb HJMepeHHJI, HJroTosneu HJ 

KpeMHHH n -Tuna c corrpOTHBneHHeM oT 850 .no 950 O.w/c.w. 
AKTHBHaH IIOBepXHOCTb ,neTeKTOpa COCTaBnJleT 15,2 CM 2 l,nHaMeTp 

paBeH 44 MMI. KOHCTpYKUHH ,neTeKTopa IIOKaJaHa Ha puc. 2. 

8biiipHMllJIIO~HB KOHTaKT IJOllOTOI H BTOpOH KOHTaKT IJa,nHHH, 

H3 anJOMHHHHI HaHeCeHbl nyTeM HCIIapeHHJI B saKyyMe 10 ' 5 
MM pill C111. 

b 
AL Si. (n) 

Au. 

3 "If 

a 

Puc.2. KoHCrtiPYKIIU.II Si - oe11eK110pa. a u 6 - (JuKCaiiOPbl, 1 u 2 -
zaiiKu, 3 - OIOpaAIOMUHUii, 4 - •e(JAoH. 

8b1BO,nbl JneKTpo,nOB c,nenaHbl H3 TOHKHX Me,nHbiX HllH 30llOTbiX 

IlpOBOllOK, IIpHKperrneHHbiX cepe6pHHOH naCTOH. «llHKCaTOpbl "a" 

H "6" o6eciie'IHBaiOT MexaHH'IeCKYIO IlpO'IHOCTb BbiBO,nOB. linaro,napJI 

HM MO)I(HO HJ6e)l(aTb CMe~eHHJI H Bpa~eHHJI waH6bl H Te$nOHOBbiX 

Konen rrpu JaKpy'IHBaHHH raeK 1 H 2. Ha ,neTeKTop rro.nasanocb 

HaiipJI)I(eHHe OT 40 ,no 50 B, IlpH 3TOM TOK ,neTeKTopa B BaKyyMe 

6bln 4,6 MKA, eMKOCTb OT 1500 .no 2000 net>. 
HMrrynbCbl c ,neTeKTopa no,nasanHcb Ha Japx,no'IYBCTBHTenbHbiH 

rrpe,nycHnHTenb c rroneBbiMH TpaHJHCTopaMH l.nsa TIS-751 ua sxo,ne. 

XapaKTepuoil oco6eHHOCTbiO TaKoro llY .IIBnJleTCJI BOJMO)I(HOCTb 

ycTOH'IHBoil pa6oTbl c ,neTeKTopaMH, HMeJO~HMH 6onbWYJO eMKOCTb, 

.no 10000 net>, c xopowHM paJpeweHHeM no 3HeprHH /4{Co6cTseu

uoe 3HepreTH'IecKoe paJpeweuHe cneKTpOMeTpH'IecKoro TpaKTa 

C HCIIOllb30BaHHeM CTaH,napTHOrO CIIeKTpOMeTpH'IeCKOrO yCHllHTenJI 
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npHqlx:::2000 n4> cocTaan.ano 80-90 K3B. B H3MepeHH.axnpHMeH.an

c.a TaiOKe cneKTpOMeTpH'IeCKHB YCHHHTenb THDa NE 5259 C ,II,BYM.B 

HHTerpHpyiOIUHMH H O,II,HOB ,II,HcPcPepeHUHpyromeii ueno'IKOB. 

3aepreTH'IecKoe pa3peweHHe onHcaaaoro TpaKTa, onpe,11,eneaaoe 

npH H3MepeHHH a -cneKTpa ecTeCTBeHHOH aKTHBHOCTH ypaHOBOH 

MHWeHH, COCTaBn.BeT 112 K3B. BpeM.anponeTHbiB HeBTpOHHbiB cneKTp, 

nony'leHHblii aa nponeTHoii 6a3e 75 M B peaKTopHOM pe)I(HMe, noKa-

3aH Ha puc. 3. lliHpHHa KaHana 16 MKC. Ha pHCYHKe OTMe'leHbl 

apeMeHHble OKRa, B KOTOpbiX nonyqeHbl aMDHHTY,II,Hble cneKTpbl 

H4 

... 
tl. 

t9.~8 

e.n 

tOO 

6.02 

.aoo 100 1'\ 

Puc.3. BpeMJmpoAeiiiHbliJ HeiJmpoHHbiU cneKmp, noAyt~eHHbliJ Ha npo

AeiiiHOiJ 6a3e 75 M 8 peaKIIIOpHOM peJICUMe. 

OCKOHKOB ,ll,eneHH.B. CaMH cneKTpbl KHHeTH'IeCKHX 3HeprHB OCKon

KOB ,ll,eneHH.B DOKa3aHbl Ha puc. 4: KpHBa.B "a" COOTBeTCTByeT rpyn

ne pe30HaHCOB 3 3B, a KpHBa.B "6" - pe30HaHCY 8 3B. llonHoe 

BpeM.B H3MepeHH.B, COOTBeTCTBYIOIUee pe3yHbTaTaM, DOKa3aHHbiM 

Ha puc. 4, - 28,5 t~acoe. llpH 3TOM B o6nacTH 3 3B HaKonneHo 

9000 OCKOHKOB H ,II,H.B pe30HaHca 8 3B - 29000 OCKOHKOB, CKO

pOCTb C'leTa COOTBeTCTBeHHO ,II,H.B 33B - 5 UMn./MUH, ,II,H.B 8 3B-

17 UMn./MUH. )l.aHHbiB ,ll,eTeKTOp HaXO,II,HHC.B Ha HeBTpOHHOM ny'IKe 
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6onbwe 15 cymoK, npH'IeM ero napaMeTpbl 3a 3TO speM.a He H3Me

HHnHcb cymecTBeHHbiM o6pa3oM. 

llonyqeHHOe B 3HepreTH'IeCKHX pacnpe,ll,eneHH.BX OCKOHKOB, DOKa-

3aHHbiX Ha puc. 4, oTHoweHHe nHK-nposan ·• 9~10. 0Ho cnerKa 

N, 
200 

/00 

0 

Nf 

600 

'tOO 

200 

0 

50 100 " 

50 100 n 

Puc.4. CneKIIIpbl KUHelllut~ecKux 3HepzuiJ ocKOAKoe oeAeHu.R. Kpuea.R 

"a" COOIIBeiiiCIIIBYelll pe30HQHCY 3 3B, Kpuea.R "6" - pe30HQHCY 

8 3B. 

yxy,II,Wanocb B npouecce H3MepeHHii. B npoMe)l(yTO'IHbiX pe3ynbTa

Tax, BbiBe,ll,eHHbiX nocne 7,5 'laCOB H3MepeHHB, 3TO OTHOWeHHe 

paBH.BeTC.B 11 ~12 B MO)I(eT 6b1Tb yny'IWeHO nyTeM ,II,ODOnHHTenbHOH 

CTa6HHH3aUHH 3HeKTpOHHOrO TpaKTa. 

llony'leHHble pe3ynbTaTbl DOKa3b1BaiOT, 'ITO npH DOMOIUB ODH

caHHOrO TpaKTa B03MO)I(HO ocymecTaneHHe aa peaKTope H.li P- 2 
H3MepeHH.B KHHeTH'IeCKHX 3HeprHB OCKOHKOB ,ll,eneHH.B B Bbl,ll,eDeH-
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HbiX Heii:TpOHHbiX pe30HaHCaX. 0ITHCaHHaJI annapaTypa B COCTOJIHHH 

o6ecneqHTb He06XO,II;HMYIO ,II;JIJI :HOB D;eJIH CTaTHCTHKy H 3HepreTH

qecxoe pa3peweHHe. IlpH ITOMOID;H ,D;BYX TaKHX CITeKTpoMeTpHqecKHX 

TpaKTOB MOJKHO OCyiD;eCTBHTb H ,II;ByCTOpOHHHe H3MepeHHJI KHHeTH" 

qecKHX 3HeprHH OCKOJIKOB ,D;eJieHHJI, T.e. ITOJiyqHTb pacnpe,D;eJieHHe 

KHHeTHqecKHX 3HeprHH OCKOJIKOB ,II;JIJI Bbi,D;eJieHHbiX yqacTKOB Mac

COBOrO pacnpe,D;eJieHBJI B TeM CaMbiM ITOBTOpHTb H3MepeHHJI TH· 

na/1,2/. Ilpe,D;CTaBJieHHble pe3yJibTaTbl IT03BOJIJIIOT C,D;eJiaTb BbiBO,II; 

0 B03MOJKHOCTB npHMeHeHHJI ITO,D;06HbiX Si - ,D;eTeKTOPOB H HCITOJlb" 

JyeMOH 3JieKTpOHBKB B BH,D;e COCTaBHOH qaCTH annapaTypbl ,D;JIJI 

MHoronapaMeTpHqecxHx H3MepeHHii: npou;ecca ,~~;eneHHJI B peJoHaHc

HOH o6naCTB 3HeprHB Heii.TpoHoB. IlpoBe,D;eHHe TaKHX B3MepeHHii: 

Ha cyiD;eCTBYIOID;HX B HaCTOJIID;ee BpeMJI HMflYJibCHbiX HeHTpOHHbiX 

HCToqHHKax npe,~~;cTaBJIJieTcJI oqeHb TPY,D;HbiM. 
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