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ApxHnOB B.A. H AP· P13 - 12466 

~H3H4eCKH~ nycK peaKTOpa ~6P-2. ~3MepeHHe 

cneKTpa He~TpOHOB yTe4KH 

npeACTaBneH~ peaynbTa~~ H3MepeHH~ cneKTpa He~TpOHOB 
yTe4KH peaKTOpa ~oP-2. ~3MepeHH~ npOBOAHnHCb Ha nosepx
HOCTH aaMeAnHTen~ /5 eM H2 0 I Ha6opoM aKTHBal.IHOHHbiX AeTeK
TopoB H Ha paCCTO~HHH 8 M OT 3aMeAnHTen~ C nOMOmb~ cneKTpO
MeTpa DOHHepa. npHBOAHTC~ cpaBHeHHe 3KcnepHMeHTanbH~X peaynb 
TaTOB c pac4eTH~MH. YcTaHosneHo, 4TO nnoTHOCTb noToKa Ten
noBbiX He~TPOHOB c 3HeprHe~ E < E cd Ha nosepxHOCTH aaMeA
nHTen~ COCTaBn~eT 3•10 6 He~Tp./CM 2 C Ha 1 BT MOmHOCTH peaK
TOpa. Ha OCHOBe H3MepeHHOrO cneKTpa B~4HCneH~ MOmHOCTb 
nornomeHHO~ H 3KBHBaneHTHO~ A03 He~TPOHOB. Ha paccTo~HHH 
8 M OT 3aMeAnHTen~ MOmHOCTb 3KBHBaneHTHO~ A03~ He~TpOHOB 
pasHa 50 M63p/4 BT. 

Pa6oTa s~nonHeHa B 0TAene paAHal.IHOHHO~ 6eaonacHOCTH H 
paAHal.IHOHH~x HccneAOBaHH~ O~R~. 

Coo6meHHe 06bellHHeHHOr'O HHCTHTyTa HllepHbiX HCCnellOB8HHll, .lly6H8 1979 

Arkhipov V.A. et al. P13 - 12466 

IBR-2 Reactor Physical Start-Up. The Results 
of Measuring the IBR-2 Leakage Neutron Spectrum 

The results of measuring the IBR-2 leakage neutron 
spectrum are presented. The measurements of spectrum were 
carried out on the surface of the moderator (5 em H20) by 
means of activation detectors and 8 m far from moderator 
using a Bonner spectrometer. Comparison of experimental re
sults with calculation data is given. It is found that on 
the surface of moderator the flux density of thermal neut
rons withE < Ecd equals 3·10 6 n/cm sec Wt. From the measured 
neutron spectrum th~ absorbed and equivalent dose rates were 
calculated. 8 m far from moderator the equivalent dose 
rate equals 50 mrem/hour Wt. 

The investigation has been performed at the 
Department of Radiation Safety, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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BBE,l{EHHE 

/ 1 2 / 
PeaKTop HliP-2 • pacnonaraeTCJI a ueuTpanLnoii 'laCTH 6uo-

norH'IeCKOB 3amHThl, BhlllOnHeHHOH B BH~e ~BYX KOHl{eHTPH'IeCKHX 

6eTOHHhlX Koneu I puc. 1/. l:lepe3 6uonoruqecKyiO 3amHTY npoxo~JIT 

14 ropH30HTanLHhlX H 3 HaKnOHHhlX KaHana ~nJI BhlBO~a HeiiTpOHHhlX 

ny'IKOB. ~nJI Ol{eHKH pa~Hal{HOHHOH onaCHOCTH, KOTopyiO npe~cTaB

nJIIOT co6oii ueiiTponnhle ny'IKH peaKTopa, a TaK>Ke ~nJI npoeKTHpoa

KH 3amHThl OT HaBe~eHHOH B 3KCnepHMeHTanLHhlX YCTpOHCTBaX aK

THBHOCTH, ueo6xo~HMO 3Hanue 3HepreTH'IeCKoro cneKTpa ueiiTpo

uoa. KpoMe Toro, 3Hanue cneKTpa ueo6xo~HMO npu ~H3H'IeCKHX 

H Me~HK0-6HonorH'IeCKHX HCCne~OBaHHJIX, B cnyqae pa~Hal{HOHHOH 

aaapuu, a TaJ<>Ke ~nJI npoaepKH pac'leToB no Bhlxo~y H3 peaKTopa 

ueiiTpouoa pa3nH'IHhlX 3Hepruii. C 3TOii uenLIO B nepuo~ ~H3H'IeCKoro 

nycKa HliP-2 6e3 TennouocuTenJI npoao~unocL H3Mepeuue 3Hepre

TH'IecKoro cneKTpa ueiiTpouoa a ny'IKe N92. CneKTP H3MepJinCJI ua 

noaepxuocTH 3aMe~nHTenJI /TO'IKa A ua puc. 1/ H 3a auewnHM 

KOnLUOM 6uonorn'lecKoii 3amHThl /To'IKa li ua puc. 1/. 
CneKTp ueiiTponoB ny'IKa .N!2 ~opMHpyeTcJI cne~y10muM o6pa3oM: 

neiiTpOHhl ~eneHHJI H3 aKTHBHOH 30Hhl npOXO~JIT 'lepe3 ~BYXCTeHHhlH 

CTanLHOH KOpnyc peaKTOpa, BOnL~paMOBhlB OTpa>KaTenL B CTanLHOH 

o6ono'IKe H nona~aiOT B BO~Jiuoii 3aMe~nHTenL Tonmuuoii 50 MM. 

K npowe~wHM 3aMe~nHTenL ueiiTponaM ~o6aanJIIOTCJI ueiiTponLI, 

pacceJIHHLie CTeHKaMH KaHana, KOTOpLIH ~OpMHpyeT ny'IOK. 

1. H3MEPEJiHE CllEKTPA HEIJTPOHOB 
HA llOBEPXHOCTH 3AME,l{JIHTEJI.Jl 

H3MepenHJI npoao~unncL B HMnynLCHOM pe>KHMe pa6oTLI peaK

Topa HliP-2 ua MomuocTH -300 B• c noMomLIO ua6opa aKTHBa-
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QHOHHbiX ,lleTeKTopoa /ma6A. _1/. H3Mep.lmHcb nnoTHOCTb noToKa 

TennOBbiX HeiiTpOHOB H cneKTp yTe'IKH npoMe>KyTO'IHbiX H 6biCTpbiX 

HeHTpOHOB. ~ng perHCTpaQHH HeHTpOHOB 6hlnH HCfi0llb30BaHbl cne

,llyiDIQBe peaKQBB: 

63 64 197 198 v Cu ( n. y ) Cu, Au (n , y) Au - ,lleTeKTOpbi TennOBbiX ueHTpouoa; 

115 In(n )116m! 197A ( ) 19'8A 139 L · ( )140 L , y n , u n , y u , a n, y a. 

55 56 63 64 23 ,24 
Mn(n ,y ) Mn, Cu(n, y ) Cu . Na(n ,y J Na . 

164 Dy (n , y i 65 Dy - ,lleTeKTOpbl npoMe>KyTo'IHbiX ue8TponoB; 

103 Rh(n ,n ' )103mRh , 115In(n,n ' )115m1n , 3 1P(n ,p f lsi , 32 s (n ,p)32 p , 

56 Fe (n,p )56Mn, 27 Al (n, a f 4 Na - ,lleTeKTOpbl 6biCTpbiX neuTpOHOB. 

.. , 

X Kl KN XIII Jtl'i 

Puc. 1. EuoAozuttecKaJI 3aUiuma peaKmopa HEP- 2. 

4 

AeTeKTop 

Cu 

Au 

.., 
In 

La 

Mn 

Na 

Dy 

Rh 

p 

Ta6Aul/a 1 

~eTeKTOpbl HeHTpOHOB 

MaTep~an ~ cocTas AeTeKTopa 

2 

1. ~onbra /rOCT 5638-51/, 
TOnii\~Ha 0,1 

2. -"-"-"-"-"-"-"-

1. <l>onbra 
2. -"-"-"-"-"-" 

1. MeTann /00/ 
2. OK~Cb ~HA~~ /0,05 %/, 

6eH30~Ha~ K~cnoTa 

3. OK~Cb ~HA~~ /0,0593%/, 
6eH30~Ha~ K~cnoTa 4. _,,_,,_,,_,,_,,_,,_,,_,,_ 

5. _,,_,,_,,_,,_,,_,,_,,_,,_,,_ 

1. OK~Cb naHTaHa /1,363%/, 
6eH30~Ha~ K~cnoTa 

2. _,,_ .. _ .. _ .. _,,_,,_ .. _11_11_ 

1. YrneK~cn~~ MapraHe~ /1,3%/, 
6eH30~Ha~ K~cnoTa 

2. YrneK~cn~~ MapraHe~ /1,57%/, 
6eH30~Ha~ K~cnoTa 

1. A30THOK~cn~~ HaTp~~ 

Bee, r 

3 

0,2106 

0,2135 

0,0213 
0,0172 

0,7400 
0,3208 

0,6200 

0,5760 
0,6178 

0,3892 

0, 3756 

0,2584 

0,4690 

1, 1336 

1. maseneBOK~cn~~ A~Cnpo3~~ 0,3356 
/2,2%/, 6eH30~Ha~ K~cnoTa 

2. YrneK~cn~~ A~cnpo3~~ /2,764%/, 0,8300 
6eH30~Ha~ K~cnoTa 

<!>on bra 0,0600 

1. <!>OC<!>OpHOK~Cn~~ OAH03aMell\eHH~~ 0,7160 
aMMOH~~ 

2 • _tt_tt_tt_tt_tl_tl_lt_tt_tt_l 1_ I I_ 0,9090 
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s 

Fe 

Al 

llpoOOIIJICeHue ma611. 1 

2 

1. Cepa /80 %/, nonHBHHHnos~A 
cnHpT /20%/ 

2. _,,_,,_,,_,,_,,_,,_,,_,,_,,_,,_ 
3. _,,_,,_,,_,,_,,_,,_,,_,,_,,_,,_ 

MeTann /Kap6oHHnbHoe 
)l(eneao A-2/ 

MeTann /A-999, 
roCT 11069-64/ 

3 

0,5282 

0,6346 
0,5668 

2,5620 

1 '5130 

Me~H~e ~eTeKTop~ HJ JOHHoro aKTHBaUHOHHoro cnexTpoMeT

PB'Iecxoro asapHiiHoro ~oJHMeTpa 3ACA~A13 1 H JonoT~e ~eTeKTo
p~ 06nyqanHCb KaK B Ka~MHeBOM 'lexne TOniUHHOB 1 MM, TaK H 6e3 

~ ~ / 4 / 
Ka~MHJI. Po~HH, H3 aBapHHHOro ~03HMeTpa rHE.AC ' o6ny'lanCJI 

B 60pHOM lj!HnbTpe. Bee OCTanbH~e ~eTeKTOpbi ofinyqanHCb B Ka~

MHeBOM 'lexne TOniUHHOB 1 MM. 
Pacnono)KeHHe ~eTeKTopoB Ha noBepxHOCTH JaMe~nHTenJI BO 

BpeMJI o6ny'leHHJI noxaJaHo Ha puc. 2 . ~nHTenbHOCTb o6ny'leHHJI 

COCTaBnJina 1 '1. 
6opH.IU 
f/JUII•mp 

r0 (HEMCI g 
88988 
988§8 

§888@ 
9§8§8 

Kau~tue&N. 
'ltJttJ/1 

u.. A.J. 

Puc. 2. PacnolloJICeHue oemeKmopoe Ha noeepxHocmu aaMeOIIUIIIell~ 

eo epeM~ o611yt~eHu~. 

6 

" 

... 

AKTHBHOCTb po~HeBOrO ~eTeKTOpa H3MepJinacb C llOMOIUbiO 

O~HOKaHanbHOrO cneKTpOMeTpa MJirKOrO raMMa-HJny'leHHJI C KpH

CTannOM Nai(Tl ) pa3MepoM 20x1 MM. CneKTPOMeTp perHcTpH

poBan raMMa-xBaHThl c JHeprHeii 20 K3B, HcnycxaeMhle HJoMepoM 

Rh -100m . AKTHBHOCTb cepH~X, ljlocljlopH~X H Me~H~X ~eTeKTOpOB 

HJMep•nacb c noMOIUbiO TopuoBoro 6eTa-c'leT'IHKa CliT- 13 16 1 • 

rpa~yHpOBO'IH~e KOJijlljJHUHeHT~, CBJIJ~BaiOIUHe CKOpOCTb C\.feTa N 

c aKTHBHOCTbiO A JTHX ~eTeKTopoB, 6~nH nony'leH~ o6ny'leHHeM 

HeBTpOHaMH C JHeprHeB 14 Af3B. AKTHBHOCTb OCTanbH~X ~eTeK

TOpOB onpe~enJinacb c noMOIUbiO raMMa- cneKTpoMeTpa c KpHcTannoM 

Na i(Tl ) paJMepoM 63x63 MM C B~BO~OM HH!j!OpMaUHH Ha 128-xa

HanbH~B aHanHJaTOp HMnynbCOB. 3ljJijleKTHBHOCTb perHCTpaUHH c(E) 

raMMa-xBaHTOB c JHeprHeii E onpe~engnacb JKcnepHMeHTanLHO 

C llOMOIUbiO Hafiopa o6pa3UOB~X raMMa-HJny'laTeneii: rpa$H'IeCKHM 

cnoco6oM 1n1 . AKTHBHOCTb ~eTeKTopoB onpe~en•nacb no ljlopMyne: 

A = __ s_:_! 
(~ t- t M )r(E) 

/1/ 

r~e s - 'IHcno HMnynLCOB B nHKe nonHoro nornoweHHJI raMMa-xsaH

TOB C 3HeprHeii E ; ~ t - BpeMJI H3MepeHHJI; t M - CYMMapHOe MepT

BOe BpeMJI aHanHJaTopa; k - nonpaBKa Ha caMonornoweHHe B ~e

TeKTOpe , onpe~enJieMaJI npHfinH)KeHHO H3 COOTHOWeHHJI: 

k = ~ 
1-:=-/Ld . /2/ 

r~e J1 - KOJijlljJHUHeHT ocna6neHHJI raMMa-KBaHTOB; d - TOniUHHa 

~eTeKTopa. 

C uenbiO yTO'IHeHHJI aKTHBHOCTH ~eTeKTopa HJ JonoTa nposo

~Hnocb ~ononHHTenLHOe HJMepeHHe Ha ycTaHOBKe 6eTa- raMMa

coBna~eHHii. BnHJIHHe no6o'IH~x peaxuHii: npH Bcex HJMepeHHJIX 

BCKniO'IanOCb nyTeM aHanHJa KpHB~X cna~a aKTHBHOCTH. Ha OCHOBe 

BJMepeHH~X aKTHBHOCTeii ~eTeKTOpOB paCC'IBT~BanHCb aKTHBaUHOH

H~e HHTerpan~: 

At 
A e· P 

n(1-- e- Ato 
/3/ R = J a (E)¢(E) dE 

Em i n 

r~e a(E) - Ce'leHHe peaKUHH; cp (E) - cneKTp Heii:TpOHOB; A - aKTHB

HOCTb ~eTeKTopa B MOMeHT'HJMepeHHJI; n - 'IBCno Jl~ep B ~eTeKTOpe; 
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A- nOCTO.IIHHa.ll pacna,na; to - BpCM.II o6nyqeHH.II; tp - BpCM.II, npo

we,nwee oT xoau;a o6nyqeaa.11 .no aaqana HJMepeHH.II. 

H~HHH npe.nen HHTerpupouaHH.II B ~opMyne /3/ onpe,nen.lleTC.II 

YCllOBH.IIMH o6nyqeHH.II: ,D;ll.ll ,D;~TCKTOpOB, KOTOp~e o6nyqanHCb 

B Ka,D;MHCBOM qexne, E mtn paBH.IICTC.II rpaHHqHOH 3HeprHH Ka,D;MH.II 

Ecd , Emin = Fed .. 0,6 3B; ,nn.11 ,neTeKTopou, o6nyqeHHbiX 6e3 

xa,nMH.II, E min= 0. 

3aaqeHH.II axTHBau;uoaa~x HHTerpanou, paccqaTaHHMe no ~op

Myne /3/, npuue.nea~ B ma6A. 2. 

8 

Ta6Aulla 2 

AKTHBaD;HOHHhle HHTerpanhl, C -
1 

PeaKLIHR 

197A ( ) 198A u n,y u 

63 64 Cu(n .y) Cu 

115 In (n , y ) 116 mIn 

139 L ( )140L a n, y a 

55 Mn(n, y) 56 Mn 

23 Na(n,yf4Na 

Dy(n,y)Dy 

103Rh (n,n,) 103m Rh 

115 In (n ,n ' ) 115 min 

31 p ( n • p )3 1 Si 

32S( n,p)32p 

56 F'e (n ·, p )56 Mn 
27 Al ( n , a )

24Na 

,lJ.eTeKTOP AKTHBal.IHOHHbl~ 
HHTerpan 

At:-1 1, 5 ·1 o- 13 

Au-2 2,5.10 - 13 
Cu-1 7' 2 ·10 - 16 
Cu-2 4' 7 ·1 0 ·· 15 
In-2 3,8 ·10 - 13 
In-3 3,8.10- 13 

In-4 4, 2 ·1 o- 13 

ln-5 3, 6 .1 o- 13 

La-1 2,8 ·10- 15 

La-2 2,7·10 - 15 

Mn-1 2,2.10- 15 

Mn-2 2,3·10 - 15 
Na-1 3,7.10 - 17 

Dy-2 6,0·10 - 14 

Rh-2 4, 1·10- 16 

In- 1 8, 5. 1 o- 17 

P-1 1,6·10-17 

P-2 1,6·10- 17 

S-1 2,3·10-17 

S-2 2,2 ·10- 17 

Fe-1 3,8·10-19 

Al-2 2,9 ·10- 19 

\ 
I ' 

1.1. H3MepeHue nAomHocmu nomoKa menAoez,rx HeiimpoHoe 

llnOTHOCTb nOTOKa TennOB~X HCHTpOHOB Ha nouepXHOCTH 3aMe,n

llHTCll.ll onpe,nen.11nacb MCTO,D;OM Ka,D;MHCBOH pa3HOCTH no aKTHBHOCTH 

MC,D;H~X H 30llOT~X ,D;CTCKTOpOB. PacqeT nnOTHOCTH noTOKa Tenno

BbiX HeHTPOHOB npouo.n;Hnc.ll ,cor nacHo 17 ( no ~opMyne: 

Ro ~, cd) 
'1> ~ ---- (1 - -- ' 

ctJgGT red 
/4/ 

r.ne R0 - aKTHBau;HOHHbiH HHTerpan ,nn.11 OTKPMToro o6pa3u;a; a 0 -

ceqeHHe aKTHBau;HH HeHTpoaaMH c 3HeprHeH 0,025 3B; g - napa

MeTp BeCKOTTa, yqHTbiBaiOUIHH OTKllOHeHHe ceqeHH.II peaKD;HH OT 

JaKoHa 1/ v ; GT- K03cMJHu;HeHT caM03KpaHHpOBKH o6pa3u;a; F cd 

norrpauxa Ha nornoUieHHe aa.n;Tennou~x ae8ipoaoa a xa,nMHH; r 1 -, Cl 

Ka,D;MHeBOe OTHOWeHHe, I' d =R I R d ; R - aKTHBaD;HOHHhlH HHTer-
c: 0 c cd 

pan .nn.11 o6paJu;a, 3KpaHapoaaHHoro xa,nMHeM. 

Cpe,naee 3HaqeaHe nnOTHOCTH nOTOKa TennOBhlX HeHTpOHOB Ha 

noaepxaocTH JaMe,nnaTen.ll, nonyqeaaoe c noMOILibiO Me.D;HhlX H Jono

TbiX ,neTeKTopou, oxaJanocb paBHMM /3,0±0,2/-106 Heiimp./cM 2c Bm, 
/ 8 / 

qTo rrpHMepHo a 2 paJa npeu~waeT pacqeTHYIO aenuquHy . 

1.2. BoccmaHoeAeHue cneKmpa HaomenAOBI>IX HeiimpoHoe 

)J;acMJepeHu;HallbHbiH cneKTp Ha,nTennOBbiX HeHTpOHOB paccqHTbi

Banc.ll no pe3yllbTaTaM H3MepeHH.II aKTHBHOCTH pe30HaHCHbiX ,ne

TCKTOpOB MeTO,D;OM B~qHTaHH.II BKna,na 1/v -qaCTHceqeHH.II/7 / . Bxa

qecTBe ,neTeKTOpa C ceqeHHCM, no,nqHH.IIIOILIHMC.II JaKOHY 1/ v, HC

nonb30BanC.II .nucnpo3HH. PacqeT ,nH~~epeau;uanbaoro cneKTpa rrpo

ao.nunc.ll npa cne.nyiOILIHX npe.nnocbmxax. 

1. 3HepreTHqecKa.ll 3aBHCHMOCTb ceqeHH.II peaKD;HH aKTHBaD;HH 

peJoaaacaoro ,neTeKTopa npe,ncTaBn.lleTC.II B au.ne: 

a(E) = a 1/v(E) ' ~ a r(Y)(E), 
p /5/ 

llv r(P) v 

r.ne a - 1/ v , a - axna.n B ceqeaue peaxu;HH, o6ycnoaneHHhlH 

y -M peJOHaHCOM. e 
2. 3HepreTHqecKa.ll JaBHCHMOCTb a r( ) (E) OnHCMBaeTC.II ~op

MYllOH .lipe8Ta- Buraepa ,nn.11 HJonHpoBaaaoro pe Joaaaca. 
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llpH o6nyqeHHH ~eTeKTOpa B Ka~MHH aKTHBaUHOHH~H HHTerpan 

Red CB.If3aH C ~ullJ!lJepeHUHanbH~M cnexTpOM HeHTpOHOB cp (E ) 

cne~yJOIUHM COOTHOWeHHeM: 

R = f a(E) cp(E)dE =Rllv+ Rr 
cd E 

cd 

/6/ 

E 
v Rllv r 

r~e cd - 3HeprH.If Ka~MHeBOH rpaHHU~; H R - COCTaBn.IIJOIUHe 

aKTHBaUBOHHOrO HHTerpana, o6ycnOBneHH~e 1/v -qaCTblO ceqeHHJI 

H BCeMH pe30HaHCaMD COOTBeTCTBeHHO. Hcnonb30BaHHe ~HCnp03HJI 

B xaqeCTBe 1/v - ~eTeKTOpa COBMeCTHO C pe30HaHCH~MH ~eTeKTO

paMH n03BOn.lleT B~~enHTb pe30HaHCHYJO qaCTb aKTHBaUHOHHOrO 

HHTerpana, KOTOpa.ll CBJJ3aHa C ~H~epeHUHanbHOH nnOTHOCTblO 

nOTOKa HeHTpOHOB q>(E
0

) npH 3HeprHH OCHOBHOrO pe3oHaHCa E 0 

COOTHOWeHHeM: 

2 1 Dy ¢(E
0

) =- -- (R --F1R d. )F 2 • 
TT C a c cd c 

y 0 

/7/ 

r~e ry - pa~HaUHOHHa.ll WHpHHa OCHOBHOrO pe30HaHca; a3 - ce

qeHHe o6pa3oBaHH.If cocTaBHoro .11~pa npa 3HeprHH HeHTpoHoB E 0 

llonpaBoqH~e K03~HUHeHT~ F1 H F 2 , a TaK)I(e ·3HaqeHH.If I'y H a3 
B3.11Tbl H3 pa60T 15 •71 . Pe3ynbTaT BOCCTaHOBneHHJI cneKTpa npe~
CTaBneH Ha puc. 3. llorpeWHOCTb BOCCTaHOBneHHJI 30-40~. 

1.3. BoccmaHo8AeHue cneKmpa ymet~Ku 6r.rcmpr.rx HeumpoH08 

C no8epXHOC111U 3QMeOAU111eA.R 

CnexTp yTeqxa 6wcTp~x HeHTpOHOB c noBepxHOCTH 3aMe~nHTe

n.lf BOCCTaHaBnHBanC.II no pe3ynbTaTaM H3MepeHHH aKTBBHOCTB 

noporOBbiX ~eTeKTOpOB. liwno HCnOnb30BaHO ~Ba MeTO~a BOCCTaHOB

neHHJI cnexTpa: MeTo~ cTaTBCT&qecxoii peryn.llp&3aUBB a "3xcnpec

cuwii" MeTo~. 

BoccTaHoBneHae cnexTpa MeTo~oM cTaTHCT&qecxoii: perynJJ
/ 9 / 

pa3auuu npoBo~unocb no nporpaMMe BONNER . npe~Ha3HaqeHHoii: 

~n.lf peWeHHJI CHCTeMbl ypaBHeHBB BB~a: 

J a i (E)¢ (E) dE R i + c i' i= 1,2, ... ,m, /8/ 

10 

'f(£) 
w• 

' tO' 

1 .. ID'" 

I ' !D' 

10 I 

n• to 

n• 10 

n• to 

iD n• 

0! ID 

iO • 

10 ' 
n• jO 

' ~ 
"'-

~ 

~ 
iV 

\ 

I I 

~ 
~ r 

I'-. 
~ ~ 

1\. 

0~ 

""' 
~ 

"N ,\ 

~ 

I I I 
1\ . 

1o·• 1o ·• 10·• 10-s 10-~ w·J w·• Jo-• 10' IO' £ 

Puc. 3. ,4u¢¢epeHijUQAI>HI>Ie cneKmpr.r HeumpoHo8 8 nyt~Ke N~ 
/Heilmp./cM 2 c M3B B•/, E - 3Hepzu.R HeilmpoHo8 /M3B/, 1 -
pact~e111HI>IU cneKIIIp HQ no8epXHOC111U 3QMeOAU111eA.R l S I , 2 - cneKIIIp 

HeU111POH08 8 nyt~Ke /8 M 0111 3QMeOAU111eA.R/, A - pe30HQHCHI>Ie 
oe111eKmopr.r; • - nopozo81>1e oemeKmopbl, 8occmaH08AeHue cneKmpa 
MeiiiOOOM C1110111UC111U'IeCKOU pezyA.RpU3QijUU; 0 - nopOZ08ble OemeK

IIIOpbl, 80CC111QH08AeHUe "3KCnpeCCHI>IM" MeiiiOOOM; • - cneKmpo
Memp bOHHepa. 

3~ecb m - xonaqecTBO ucnon~o3yeMwx peaxuuii axT&Bauaa; a 1 (E) -

3HepreTaqecxa.ll 3aBBCHMOCTb ceqeHH.If i-peaxuuu; R,- axT&Ba

UBOHH~ii BHTerpan; l i- norpeWHOCTb B3MepeHBJI aKTBBaUHOHHOrO 

HHTerpana. 

"3xcnpeCCH~ii" Me TO~ BOCCTaHOBneHHJI cneKTpa He:ii:TpOHOoflO / 

OCHOBaH Ha 3KCnOHeHUHanbHOB annpOKCBMaUHH cneKTpa Ha OT~en~o

H~X 3HepreTaqecxux BHTepBanax. Tax xax xonaqecTBO ucnon~o-

3yeMwx noporoB~x ~eTexTopoB HeBenuxo /Bcero 6/, 6~no B~6paHo 
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Taxoe pa36BeHBe· paccMaTpBBaeMoro ~Bana3oHa JHeprBH, npu xo

TopoM rpaHBUbl HHTCpBaJJOB COBITa~aiOT C JclMlleKTHBHbiMH noporaMH 

peaxnufi /ma6A. 3/: 

0,7 + 1,2 M3B 

1,2 + 2,3 M3B 

2,3 -o 3,0 M3B 

3,0 + 6,4 M3B 
-... 6,4 M3B. 

Pe3yJJbTaT BOCCTaHOBJJCHBR CITCI<Tpa YTC"'KH HCHTpOHOB C no

BCPXIIOCTB 3aMe~JJBTCJJR npe~CTaBJJCH Ha puc. 3. llorpeWHOCTb 

BOCCTaHOBJJCHHR CITCJ<Tpa "3KCnpeCCHbiM" MCTO~OM HC npCBbiWaCT 

30~ /paC"'CT OWB60K npOBO~BJJCR B COOTBCTCTBHB C MCTO~BKOH, 

B3JJO)I(CHHOH B 
1 71 /. 

Ta6AU'tla 3 

HHTerpanbHaR nnoTHOCTb noToJ<a 6blcTpblx HCHTpoHoB <I>E ·Hp<jJ 
c 3Heprue8 6onbwe E.1cjJcjJ Ha noBepxHOCTH 3aMe~JJHTCJJR npB 

MOil.IHOCTB peaKTopa 300 Bm 

PeaK~~R aKT~sa~~~ 3~~eKT~BH~~ nopor liiHTerpanbHaR 
E 'Hj;cjJ , M3B nJ10THOCTb nOTOKa 

<I>E 'lljJcjJ 
Heihp./cM2

· c 

103 Rh (n, n , ) 103 mRh 0,7 4' 4 ·10
8 

115 In ( n , n , ) 115m In 1 '2 3' 0 .1 0 
8 

31P(n,p) 31 Si 2,3 1 ,6 ·1 0 8 

32 32 
S(n,p) P 3,0 7' 9 ·1 0

7 

56 56 
Fe(n,p) Mn 6,4 6 '9 ·1 0

6 

27 Al (n , a )24 Na 7,4 3' 5.10 6 
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2 . H3MEPEHHE CIIEKTPA HEitTPOHOB B IIYIIKE KH2 
3A BHEmHHM KOHh~OM EHOHOrHqECKOit 3AmHTM 

CneKTp HCHTPOHOB 3a BTOpbiM KOJJbUOM 6Bonoruqecxo8 3all.IBTbi 

/Toqxa I> Hapuc .1 I B3Mep.IIJJC.II cneKTpoMeTpoM l>oBHepa H 6opHbiM 
16 ! . 

C"'CT"'HKOM CHM -14 B xa~MHH H 6e3 Hero. B cneKTpoMeTpe l>oH-

Hepa HCnOJJb30BaJJHCb nOJJH3THJJCHOBbJC WapOBbiC 3aMC~JJHTCJJH ~Ha

MCTpOM 5,08; 7 ,62; 12,4; 25,4 H 30,48 CM, B UCHTpe KOTOpbiX 

ycTaHaBJJHBaJJCR ~CTCKTOp TCnJJOBbiX HCHTpOHOB - KpHCTaJJJJ Lil(E u). 

H3MepeHH.II npoBo~HJJHCb B cTanuoHapHoM pe)I(HMe pa6oTbl peax

Topa npu MOil.IHOCTH - 60 Bm. 06pa6oTKa pe3ynbTaToB H3MepeHHH 

OCYil.ICCTBJJ.IIJJaCb MCTO~OM CTaTHCTH"'CCKOH perynRpH3aUHH no npo-

rpaMMC BONNER , B KOTopyiO ~ns yTO"'HCHH.II cneKTpa Ha BepxHeH 

rpaHHUC 3HCpreTH"'CCJ<OrO ~Hana30Ha BBO~BJJaCb ~OnOJJHBTCJJbHa.ll 

HH$OpMaUH.II B BH~C CC"'CHHH H aKTHBaUHOHHbiX BHTCrpaJJOB nopo

rOBbiX ~CTCKTOpOB H3 )I(CJJC3a H aJJIOMHHH.II, 06JJy"'CHHbiX Ha nOBCpX

HOCTH 3aMC~JJHTCJJR. 3Ha"'CHH.II aKTHBaUHOHHbiX HHTCrpaJJOB nepe

C"'HTbiBaJJHCb C Y"'CTOM MOil.IHOCTH peaKTopa B paCCTO.IIHH.II 8 M OT 

ITOBCpXHOCTH 3aMC~JJHTCJJR ~0 TO"'KH I), B KOTOpOH H3MCp.IIJJCR 

CnCKTp HCHTpOHOB. C ITOMOil.lbiO pO~HCBOrO ~CTCKTOpa ycTaHOBJJCHO, 

'iTO Ha paCCTORHBH 8 M OT nOBCpXHOCTH 3aMC~JJHTCJJ.II nJJOTHOCTb 

noTOKa 6blcTpbiX HCHTPOHOB ocna6n.11eTC.II B 2,4·10
3

pa3 . 

AB$$epeHnHaJJbHbiH cneKTP HCHTPOHOB B TO"!Ke I> 3a 6uonoru

qecxo8 3all.IHTOH, aoccTaHOBJJCHHbiH no nporpaMMe BONNER, npe~

cTaaneH Ha puc. 3 /I<pHBa.ll 2/. 

3. MOIJ{HOCTh ,[f03b/ B IIYqKE HEP-2 

llporpaMMa BONNER Hap.II~Y C BOCCTaHOBJJCHHCM ~HclMllepeH-

nuanbHoro cnei<Tpa HCHTpOHOB npoH3BO~HT Bbi"'HCJJCHHe pa3JJH"'HbiX 

$yHKUHOHaJJOB H, B qacTHOCTH, Bbi"'BCJJCHHC MOil.IHOCTH norJJOil.ICHHOH 

H JI<BBBaneHTHOH ~03 . B ma6A. 4 npe~cTaBneHbi pe3yJJbTaTbl BbJ

qucneHBR BbiWCyi<a3aHHbiX MOil.IHOCTCH ~03 Ha nOBCpXHOCTH BO~.II

HOrO 3aMe~JJBTCJJR B 3a 6BOJJOrH'iCCI<OH 3all.IHTOH B ny"'KC .N'22, 

npuae~eHHble I< MOil.IHOCTH peai<Topa 1 Bm. TaM )I(C npe~cTaaneHo 

3Ha"'CHBC MOil.IHOCTB J<CpMbl Ha noaepXHOCTB 3aMC~HTCJJR H Ha 

paCCTORHHRX 4 H 8 M OT HCrO, Bbi"'HCJJCHHOC no aJ<THBHOCTH pO~HC

BOrO ~CTCJ<TOpa B3 ~03BMCTpa rHE.AC C BCnOJJb30BaHHCM ~030BOH 

"'YBCTBBTCJJbHOCTB, B3RTOH H3 pa60Tbl I 
121 . 

13 



CD 
(') 

.tJ t- ~ .... 
t- CD 0 

u ~ ~ 

0 :;; :r ~ . 
I l:'-. 

~ r-.. 
:fC.<t 0 ~ 

0 Q) f1l 1\ ~ 

~ :.: c. Cil 

CD "" (') 0 
~ ~ 

r<"' 
>:S: -.c ...rJ 
0 ~ ~ 

I 0 ~ 

t- 1\ 
I Cil 
Q) 

CD "" 1:; 
f1l (') 0 

m t- ~ ~ 

:S:CD 
m ~ ~ 

N 
:i! 
Q) 
;.: 

~ 
:r' 
>. 

c:s = 

:.: :r ~ ~ 

<'>'- ~ 
N 

c. 
.tJ (') 

CD t-10 
(') u 

0 ~ ~ 
I :;; 00 
:fM 10 

I 

0 0 
~ <:[ ~ 

CD 
::t Ill ::s 
~ 

M 
0 

~ 
1::1: 

Ill ... 
(,) 

0 = 5I' 
0 
~ 

(') .... 
~ 0 

"':'" 
~ r<"' 

:;; ...rJ ...rJ 
(") ~ ~ 

0 0 ~ 

<:[ 1\ 
r.:J 

>:S: 
0 CD 
I (') .... 
I ~ 0 
Q) ~ 

:r ~ 

0 t- ~ N 
I:; CD 0 ~ 

L 1\ N 
0 Cil 
c :r 
'- CD 

.tJ <:[ (') 

t- f1l ~ 
u c. 00 
0 

10 I 
:r I 
0 1\ 
~ Cil 

lJ; 
s 
I 
Q) 
c. 
Q) .tJ lJ; 
l: t- 1:; 
(") u Q) 
:s: 0 t-

I :s: 
0 X 1:; 
t- C.<:[ 
u Q) Q) 
Q) m l: 
~ 0 f1l 

c (") 

14 

"" C') 

I I 
0 0 

:- ~ 

00 0 
~ ~ 

N r-.. 

"" I 
0 
~ 

I ...rJ 
~ 

r<"' 

"" I 
0 

I ~ 

r<"' 
~ 

~ 

"" I 
0 

I ~ 

...rJ 

..:1"~ 

C') 

b 
~ 

I . 
0 
~ 

~ 

C') 

I 
0 
~ 

I 
0 

~ 

~ 

C') 

I 
0 
~ 

I 0 
~ 

...rJ 

I 
0 lJ; 0 lJ; 
I 1:; I 1:; 
X Q) X Q) 
C.t- c. t-
Q) s Q) s 
m 1:; m 1:; 
0 <:[ 0 <:[ 
c Q) c Q) 

l: l: 
t- f1l t- f1l 
0 (") 0 (") 

l: :s: l: s 
t- t-

~ u 00 u 

BbiBO,l(bl 

I. HJMepeHa nnoTHOCTb noToxa TennoBbiX HeihpoHOB ('E < E c d) 

Ha llOBepXHOCTB BO.IVIHOrO 3aMe,nJIBT8Jlll B npe,nnOJIOJK8HBB BX IIOJI

HOH TepManuJauuu. B pacqeTe Ha 1 Bm MOIUHOCTB peaxTopa oHa 

pasHa /3,0±0,2/·10 
6 

Heilmp./c.w 2c 

2 . liJMepeH cneKTp H8HTPOHOB Ha IIOBepXHOCTH BO,nliHOro Ja

Me,nJIBT8Jlll. B o6nacTB npoMeJKyToqHhiX :mepruii: Heii:TpOHOB Ha6mo

.naeTCll x.opowee cornacue c pacqeTHhiM crrexTpoM. B o6nacTH 

E >Q,l M3B pacqeTHbiH cnexTp rrpeBhlwaeT BJMepeHHbiii: a 3 paJa. 

3. HJMepeH crrexTp Heii:TpoHoB B rryqxe peaxTopa Ja BHeWHBM 

KOJibUOM 6BOJIOrBqecKOH Jall{BTbl /Ha paCCTOliHBH 8 M OT 3aMe,n

JIBT8Jill/. llJIOTHOCTb IIOTOKa 6hiCTpbiX Heii:TpOHOB YM8HbWaeTCll 
3 

B 2,4·10 pa3 DO cpaBH8HBJO CO 3HaqeHH8M Ha IIOBepXHOCTH 3aMe,n-

JIHT8Jlll . 

4. Ha OCHOBaHHB H3MepeHHbiX CII8KTpOB H8HTpOHOB paccqHTbi

BaJIHCb MOll{HOCTH OOrJIOll{8HHOH H 3KBBBaJI8HTHOH ,no3 H8HTpOHOB. 

3a 6HOJIOrHqecKOH Jall{HTOH peaKTOpa MOll{HOCTb 3KBBBaJieHTHOH 

,n03bl B Heii:TpOHHOM rryqxe COCTaBJilleT - 50 M63p/'l Bm . 
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