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Bo KHM TxaHb H AP. P3 - 12755 
YcpeAHeHHble no peaoHaHcaM ce4eHHR peaK[lHH (n, a). 

I . MeTOAHKa H3MepeHHH H o6pa6oTKH 

PaccMaTpHBaiOTCR 'npo6neMbl HCCJleAOBaHHR a -pacnaAa KOMnayHA-co
CTORHHH RAeP. PaHee nony4eHHble AaHHble o a-pacnaAe OTAeJlbHblx HeHT
POHHbiX pe30HaHCOB OXBaTbiBaiOT HHTepean OKOJ10 300 38. B HaCTOR~eH pa-
60Te, c [leJlbiO cy~ecTBeHHoro pacwHpeHHR HccneAyeMoro HHTepeana 3Heo
rHH HeHTpOHOB, paccMaTpHBaiOTCR B03MOlKHOCTH noJ1y4eHHR CpegHHX xapaK
TepHCTHK a -pacnaAa nyTeM H3MepeHHR nOJlHbiX H nap[lHaJlbHbiX Ce4eHHH 
peaK[lHH (n, a) Ha HeHTpOHax c 3Hepr!<1eH AO HeCKOJ1bKI-1X AeCRTKOB K3B' 
ycpeAHCHH~>~x no 6onbwoMy 41<1C11Y peaoHaHcoe. Opr-1BOARTCR · OCHOBH~>~e B~>~palKe
HHR A11R CBR31<1 cpeAHHX Ce4eH!<1H C napaMP.TpaMI-1 pe30HaHCOB, nony4eHHble 
c y4eTOM oco6eHHOCTeH peaK[lHI-1 (n,a). ~aeTcR o6aop onpo6oeaHHbiX 
MeTOA1<1K 1<13MepeHI-1R cpeAH1<1X Ce4eH!<1H peaK[ll-11-1 (n,a) B Kl-111031leKTpOHBOJ1bT
HOH o6naCTI-1 3Heprr-1H HeHTPOHOB. 

Pa6oTa BblnonHeHa B Ila6opaTopHH HeHTPOHHOH $-13HKI-1 OH!H1. 

Coo6weHKe 06LeauHeHHoro KHCTKTyTa SJaepHbiX KccneaoeaHKA. lly6Ha 1979 

Vo Kim Thanh et al. P3 - 12755 
(n,a) Reaction Cross Sections Averaged over Resonances 
I. Measurement and Procession Methods 

Alpha-decay of nuclear compound states is discussed. Earlier data 
on alpha-decay of separate neutron resonances cover an energy inter
val of about 300 eV. In order to make the investigated energy inter-
val broader the present paper considers a possibility of obtaining 

the average characteristics of alpha-decay by measuring the total and 
partial cross sections of the (n,a) reaction with neutrons >lith 
an energy of upto dozens of keV averaged over a large number of reso
nances.Principal relationships between the average cross-sections and 
neutron r e sonance parameters are given taking into account pecul iari-
ties of the (n,a) reaction in the keV neutron energy range are 
reviewed. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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BBEilEHHE 

PeaKUHSI (n , a ) Ha peaoHaHCHhiX HeiirpoHax ycrreumo HC

cneayeTCSI B Hameii: na6oparopHH y)i{e 6onee aecSITH neT /l, 2 / • 

flpH 8TOM anSI 6onhliiHHCTBa H3ytJ:eHHhlX C ee IIOMOIUb!O Mep 

aHaiia30H 8HeprHi1: B036y)!{aeHHSI COCTaBnSin BCero 200-300 aB. 

TioaroMy peaKUHIO ( n, a ) yaaBanocb aa6moaarh B nyqrueM 

cnyqae B 30 peaoHaacax (Haororrw caMapHSI), anSI ocranhHhlX 

)!{e SI.Aep 'IHCno 3aperHCTpHpOB8HHhlX pe30H8HCOB COCTaBnSinO 

or HeCKOnbKHX ao aecSITKa eaHHHU (eM. 131 ) • Manoe '!Hcno 

pe30H8HCOB IIpHBOaHnO K 6onbliiOH rrorpeliiHOCTH B OIIpeaene

HHH CpeaHeH a -liiHpHHhl <f' a> H, TeM 6onee, OCT8BanCSI OT

KphlThlM BOIIpOC 0 ee IIOBeaeHHH B 38BHCHMOCTH OT 8HeprHH 

B036y)!{]:{eHHSI SI]:{pa. 3aecb Mbi, pa'ayMeeTCSI, He rOBOpHM 06 

8HepreTH'leCKOH 38BHCHMOCTH a -liiHpHHbi, CBSI38HHOH C H3-

MeHeHHeM 1IpOHHU8eMOCTH KynOHOBCKOrO 6apbepa - pa, 8T8 

aaBHCHMOCTb nerKo y'IHTbiBaercSI. B cyiUHOCTH, HHTepecHo 

IIOBe.AeHHe IIpHBe.AeHHOH a - lllHpHHhi, KOTOpaSI CBSI38H8 C Be

pOSITHOCTb!O cjJOpMHpOB8HHSI a -qaCTHUbl Ha IIOBepXHOCTH Siapa. 

B HameM cnyqae, Koraa aHeprHSI Boa6y)!{aeHHSI MeHSieTCSI Ha 

30 K8B, 38BHCHMOCTb!O pa (Ea) B rrpeaenax 10% MQ)!{HO IIpe

He6pe··ib. 

CraTHCTH'leCKaSI reopHSI rrpeacKa3b!Baer He3aBHCHMOCTb 

<f' a > or Ea , B KnacrepHoi1 MoaenH a -pacrraaa He HCKniO

qaeTCSI B03MO)!{HOCTb CyiUeCTBOB8HHSI a -KnaCTepHbiX ypOB

HeH, KOTOphle, cjJparMeHTHpySICb B HeKOTOpOi1 8HepreTH'leCKOM 

o6naCTH IIO KOMII8YH.A-COCTOSIHHSIM, MOryT IIpHBeCTH K no
K8nhHOMy yBenH'leHHIO cpeaHei1 a -liiHpHHhl. 

3KcrrepHMeHTanhHhle CBe]:{eHHSI 0 38BHCHMOCTH CpeaHeM 

a -liiHpHHhl OT 8Hepr1111 B036y)!{]:{eHHSI T8K)!{e MO)!{HO rrony

'IHTb 113 a -CIIeKTpOB, Cp8BHHB8SI BenH'IHHY IIpHBe.AeHHOH 

a -liiHPHHhi anSI rrepexoaoB Ha paanHtJ:Hhie Boa6y)!{aeHHhie 

COCTOSIHHSI. 0aHaKO, Bo-IIepBbiX, TO'IHOCTb OIIpeaeneHHSI 
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cpe.nHeH a -ll!HpHHbl 113 9THX .naHHhiX Mana acne.llCTBHe orpa

HHqeHHOro ~HCna pe30HaHCOB, .nng KaM.llOrO H3 KOTOpb!X H3-

MepeHO no HeCKOnbKY a -nepeXO.llOB, BO-BTOpbiX, 

pa3nH~He npHpO.llhl COCTOHHHH .llO~epHero H.llpa MOMeT noanH

HTb Ha npRae.neHHYIO a -lli11PHHy. B ~acTHOCTH, nonyMHKpo

CKOnH~ecKaR TeopHH npe.ncKa3hlaana ycHneHue npuae.neHHOH 

aepOHTHOCTH a -nepeXO.llB B O.llHO<fJOHOHHOe COCTORHHe no 

cpaBH8HHIO C aepOHTHOCTb!O nepeXO.lla B OCHOBHOe COCTORHHe 

.noqepHero H.llpa /4/, Bonpoc o TOM, 38BHCHT nH npHae.neH

HaR a -UJHpHHa OT KOHeqHorO COCTOHHHH, npe.llhl.llYlUHMH 

HCCne.noaaHHRMH /2/ He pell!eH. 

Pell!eHHe acex 9 THX 3a.na~ Tpe6oaano HCcne.noaaHHH 

cneKTpOB a -~aCT11U 113 peaKUHH ( n, a ) B 6onee ll!HpOKOH 

o6naCTH 9HeprHH HeHTpOHOB. DoCKOnbKY B HaCTORlUee BpeMH 

HeT .llOCTBTO~HO CBeTOCHnbHhlX HeHTpOHHhlX CneKTpOMeTpOB, 

n03BOn5II01UHX H3M8p51Tb a -cneKTpbl OT.llenbHbiX HeHTpOHHb!X 

pe30HaHCOB B KHnosneKTpOHBOnhTHOH o6naCTI1, B flHcf> 6binH 

Ha~aThi uccne.noaaHHH a -cneKTpoa, ycpeaHeHHhJX no 6onhll!O

MY ~11cny pe3oHaHcoa. B HBCTORmeH: pa6oTe aHanH3HpyiOTCH 

B03MOMHOCTH nony~eHHH HH¢0pMBUHH H3 TBKI1X 2 KCnepHMeH

TanbHhlX .llBHHhlX 11 .ll88TC51 0630p HCITOnh30BaHHhlX HBMH Me

TO.llHK 113MepeHI151 cpe.llHHX ceqeHHH peaKUH11 (n,a ). 

CB.H3b CPEllHVIX CELJEHVIH PEAKUVIVI (n, a) 

C DAPAMETPAMVI PE30HAHCOB 

TeopHH ycpe.nHeHHhlX no pe3oHaHcaM ceqeHHH HeH:rpoHHhlX 

peaKUHH H, B ~BCTHOCTH, pBJJ.HaUHOHHOrO 3aXBaTa,6hlna .ne

TanbHO pa3pa6oTaHa OKOnO .llBYX .ll8CHTHneTHH H838Jl/5,6/, 

BHOBh aepHyThCH K 9TOMY aonpocy Hac 3acraaHnH HeKoTo

pbie oco6eHHOCTH peaKUHH ( n, a ) • Bo-nepBbiX, Manag aeni1-
~HHa ceqeHHH ( B ny~llleM cny~ae COTHH, a KaK npaBHnO -

.ll 8 C5ITKH MHKpo6apH) Tpe6yeT .llnH nony~eHHH npHeMneMOH 

CTaTHCTHqeCKOH TO~HOCTH p8Cll!Hp8HH51 y~aCTKOB Bp8M5IIIpo

neTHOro cneKrpa, no KOTOpbiM ocymecrangeTCR ycpe.nHeHHe, 

(~En-En), T.e. OKa3b!BaeTC51 HeB03MOMHbiM nonb30BBTbC51 

npH6nHMeHHHMH, c.nenaHHhiMH a pa6oTax 15 •6 1. DosToMy npH 

onpe.neneHHH cpe.nHero ce~eHHH npuxoaRTCH y~HThiBaTb H3Me

HeHHe nOTOKB H8HTpOHOB H Cpe.nHero ceqeHHH peaKUHH HB 
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HCCne.nyeMOM HHTepaane ( CM. npHno:>K8HHe 1). 3TO o6CT051-

TenbCTBO TaKMe npHBO.llHT K TOMy, ~TO BKna.n pe30HaHCOB C 

pa3nH~Hb!X y~aCTKOB HCCne.nyeMOrO HHTepaana OKa3biBa8TC51 

HepaBH03Ha~HbiM, H 9~8KTHBHOe ~HCnO pe30HBHCOB, onpe.ne

nHIOlUee norpelliHOCTb cpe.nHeR a -ll!HpHHbl ( CB513aHHyiO C K0-

He~Hb!M ~11CnOM pe30HBHCOB), OK83biBaeTC51 M8Hblll8 HX ITOnHO

ro ~ucna Ha 11ccne.nyeMOM HHTepaane (eM. np11noMeHue 2). 
Bo-aTopblX, a oTnu~ue oT nonHoH: pa.nuauHOHHoi1 lliHPHHhl, 

a -lliHPHHa Cl1nbHO 4JnyKTyl1pye T OT pe30HaHCa K pe30HBHCy, 

~TO Tpe6yeT .llOnOnHHTenbHOrO paCCMOTp8HH51 M8 TO.ll0B pac

~eTa <flaKTOpa ycpe.llH8HH51 (eM. np11nOM8HH8 3). 
PeanbHhle ycnoa1151 npoae.neHHH sKcnepuMeHTa no3aonH~T 

npHHHTh cne.nyiOmHe npe.nnonoMeHHH, ynpomaiOmue 3a.na~y 

HaXOM.ll8HI151 CB513H M8M.lly Cpe.llHHMH ceqeHHHMH 11 pe30HaHC

HblMI1 napaMeTpal\m: 

1. £tat << 1 - o6pa3eu TOHKHH (3aecb n 0 - TonmuHa o6-

pa3ua no ny~KY HeHTpOHOB B H.lliCM 2 ' at - nonHoe ceqeHHe 

B3ai1MO.ll8HCTBHR HeHTpOHOB C R.llpaMH o6pa3ua). 

2. <ra > nocTOHHHa a npe.nenax HHTepaana ycpe.nHeHHH. 

3. ~En >>DJrr- Ha 11HTepaane ycpe.llH8HI151 HaXO.llHTCH .llOCTa

TO~HO MHOrO pe30HaHCOB (3.ll8Cb O' rr -cpe.llHee paCCTORHHe 

M8M.llY pe30HaHCaMI1 CO CnHHOM .J")~ 
4. DoTOK $(En) HBnReTCH nnaaHoH: ¢YHKUHei1 8Hepr1111 HeH:

TpoHoB, TO eCTb ecnu HHTepaan ycpe.llH8HH51 pa36HTb Ha TaKHe 

yqaCTKH ~E i , qTo E >>~Ei >.> 0 TO noTOK Ha KaM.llOM 113 HHX n n n rr• 
MOMHO CqHTaTh nOCTORHHblM. J 

. DonH08 ceqeHHe peaKUHH (n, a ) an~t npe.llCTaBHM KaK 

cyMMY napu11anbHhiX ceqeHHH a -pacna.na pe3oHaHCHbiX co

CTORHHH: CO CnHHOM H ~eTHOCTb!O J rr Ha KOHeqHoe COCTORHH8 

f .[J.OqepHero Rapa~ 
J" 

a n,at l 
J", f 

a n,af 

Cpe.nHee napuHanhHOe ceqeHHe ~eaKUHH ( n, a ) Ha H~Tep
aane sHepruH: He:iirpoHOB ~En onpe.nenHeTCH BbipaMeHHeM 

" <aJ 
n,af 

" ( $(En)a J (E )dE 
~E n,af n n 

> = ---~-------------------
($(En)dEn 

~En 

(1) 
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VI CXOASI H3 npennonmKeHHH 2-4, Bbipa)!{eHHe (1) MO)!{HO 

IIpHB8CTH (eM. rrpll:n0)!{8HH8 1) K BRAY 17 

<f'J >(E ) 
J" r 

J" ac 
<a > = g <-----> 

n,ar J" D rr 
J 

2 n n r <I>(E )X ----------·F(E )dE . n J" n n 
~En <f' >(En) · · 
-------------------------------~--. 

2 I <I>(En )dEn 
~En 

(2) 

J" 
3necb g JTT - CTBTHCTH~eCKHH ¢aKTOp, <f'af > -COOTBeTCT-

BYIOWBSI CpeAHSISI a -WHpHHB nepexoaa B KOHe~HOe COCTOSIHHe 
JTT JTT 

f, A -anHHa BOnHhi HeiirpoHa, <f' > H <f' n > -cpen-

HHe 3H8'18HHSI IIOnHOH H H8HTpOHHOH WHpHHhl, 9HepreTH'I8CK8SI 

38BHCHMOCTh KOTOpbiX H3BeCTHB, a 

rn ra <f'> 
F(E ) = < -------> --- -----------

n r <f' > <f' > n a 

(3) 

-¢aKTOp ycpeAH8HHSI anSI peaKUHH (n,a ) . (3necb H HH)!{8 Mhl 

OIIyCK88M HHaeKC J 17
, eCnH 9TO He IIpHBOaHT K HeaopaayMe

HHIO). 

KaK rroKaaaHo B npHnO)!{eHHH 3, npH ycnoBHH <f'a > << <f'y > 
¢ aKrop F He aaBHCHT or ~Hcna creneHeii: CBo6oAhi vr pac

rrpeaeneHHSI noprepa-TOMBCa anSI WHpHHbl f'j
17 

H C OTH0-

2 <f'a > f -4 -8 
CHTenbHOH TO'IHOCThlO ~ =(1+--)---- (~l/ =10 ;. 10 

1/f 1/f <r. > f 
anSI 6onbWHHCTB8 Siaep) COBrranael C ¢aKTOpOM ycpeaHeHHSI 

anSI peaKUHH ( n, y ) , CM,, HarrpHMep, !7 I. TaKHM o6paaoM, 

ecnH H3BeCTeH IIOTOK Heii:TpOHOB, HHTerpanhi B BblpB)!{eHHH (2) 
nerKO Bbi~HCnSI10TCSI1 H, 3HBSI CpeaHee Ce~eHHe, MO)!{HO H8HTH 

cpeaHIOIO a - WHPHHy. YlaMepeHHhie nnomaaH a -IIHKOB, raK 

)!{e KBK H nony~aeMbie H3 HHX <a > H <f' > aa)!{e B cny-n,ac a1 • 
qae rrpeHe6pe )!{HMO Manoii: 9KCIIepHM8HT8nbHOH IIOPpeWHOCTH 

SIBnSIIOTCSI cny~aHHbiMH BenH'IHHBMH BCneaCTBHe KOH8'IHOCTH 

'IHCna pe30H8HCOB HB HHTepBane ~En. KaK IIOK838HO B IIpH

nO)!{eHHH 2, ¢nyKryaUHH, HanpHMep, BenH'IHHhi <f'a f > orrpeae

nsno rcSI X 2 pacrrpeaene HHeM, 9¢¢eKTHBHOe '!Keno crerreHeii: 

CB060abi KOTOpOPO B blp8)!{ 8eTCSI ¢opMynoi1 n15, 8 COOTBeTCT

BYlOlllBSI OTHOCHrenbHBSI aHcnepCHSI (HOpMHpOB8HH8SI Ha cpe~ 
Hee 3Ha~eHHe) 
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D 
<f'a f > 

2 

llr 
(4) 

HenocpencrBeHHO H3 9KcnepHMeHranhHoro ce~eHHSI BenH~H-
Hy cpenHeH napUHBnhHOH a -WHPHHhl MO)!{HO nony'IHTh TOnb

KO AnSI a - nepeXOAOB Me)!{AY COCTOSIHHSIMH, OAHO H3 KOTOpb!X 

HMeeT HyneBOH CIIHH. TaKHe ABHHbie MOPyT 6b!Th rrony~eHhl 

H3 a -CIIeKTpOB, H HHOPAB - AnSI SIAep, y KOTOpb!X BenHKO 

paCCTOSIHHe Me)!{AY OCHOBHbiM H B036y)!{AeHHbiMH COCTOSIHH

SIMH noqepHero SIApa, aa)!{e B cny~ae, ecnH H3MepeHbi ronh

KO IIOnHbie Ce'IeHHSI, IIOCKOnhKY IIepexoabi B B036y)!{AeHHble 

COCTOSIHHSI y HHX CHnhHO ocna6neHbl ( H8IIpHMep, y 123Te H 

143Nd B-102 paa). 

B apyrHX cny~aSix, Korna B03MO)!{eH BKnan HeCKOnhKHX 

pa3nH'IHhlX yrnOBhlX MOM8HTOB AnSI rrepeXOAB B OAHO KOHe~-

HOe COCTOSIHHe, CpeAHIClO rrapUHBnbHYlO a -WHpHHy AnSI K8)!{-

AOPO H3 HHX MO)!{HO BhiaenHTh, HCIIOnh3YSI nHWh orrpeaeneH

Hhle reoperH~eCKHe rrpearrono)!{eHHSI, HarrpHMep, rHrroreay cra

THCTH'IecKoii: TeOpHH 0 paBeHCTBe BenH'IHH cpeaHeH IIpHBe-

aeHHOH a -wHpHHbi anSI Bcex KaHanoB a -pacrraaa. B cny-

qae a -rrepexoaOB HB OAHH KOHe~HbiH ypOB8Hb aaHHOe IIpen

IIOnO)!{eHHe rrpeacTaBnSieTCSI paayMHbiM BBHay CnOX<HOCTH 38-

XBBTHbiX COCTOSIHHH. Torna AnSI KOH8'IHOPO COCTOSIHHSI MO)!{HO 

38IIHC8Tb 

<f' ~ TT > = 2<y: > :l P a o f ' (5) 
f f f(J") 1

' 

H CpeaHSISI IIpHBeaeHHBSI a-WHpHH8 pacnaaa B COCTOSIHHe 

f MO)!{eT 6hlTb Bhl'IHCneHa Ha OCHOBe H3MepeHHOPO nap-

UHBnbHOPO ce~eHHSI: 

D <a J" 

<y a2 > = --~~---~·ac > f -------
g J" :l p . 

e ( J ") a e . f 

I <I> (En )dEn 
~En 

--------------------------.(6) 
2 <f' n > r <I>(E )A ------F(E )dE . n <f'> n · n 

~En 

EcnH rrpH H3MepeHHH cpeaHHX ce'!eHHH He yaaercSI BhlAenHTh 

napuHanhHhie a -nepexonhi, rrony~eHHOe nonHoe ce'!eHHe 

II03BOnSieT onpeaenHTh TOnhKO BenH'IHHY 
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['a 
<---L> = ~ g 11 

D J 11 J 
J 

J11 

f'ar 
< ---->. 

D 11 
J 

(7) 

B rex cny'iaSIX, Korna He ynaeTCSI pa3nenHTb a -rpyiTnhr, 

COOTBeTCTBYJOIUHe <i>HKCHpOBBHHbiM KOHe'iHblM COCTOSIHHSIM, 

B <t>opMyne (7) Heo6XOllHMO no6aBHTb CyMMHpOBBHHe no f • 

METOnbi l13MEPEHJ.HI CPEnmiX CE4EHI1H PEAKUI1l1 (n,a) 

3ana'ia H3MepeHHSI ycpenHeHHWX no pe30H8HC8M Ce'ieHHH 

peaKUHH ( n, a ) B KHnoaneKTpOHBOnbTHOH o6naCTH 9HeprHA 

HeHTpOHOB npenoSIBnSieT OITpeneneHHbie Tpe60B8HHSI KBK K HC

TO'iHHKY HeHTpOHOB, TBK H K a -cneKTpOMeTpy. nocKOnbKY 

O*HllBeMwe BenH'iHHW Ce'ieHHH COCTBBnSIJOT B nyqrneM cny
'iBe COTHH MHKpo6apH, TO, HCXOllSI H3 pa3yMHOrO BpeMeHH 

H3MepeHHH., npH HCITOnb30B8HHH B Ka'-leCTBe a -cneKTpOMeT

pa HOHH38UHOHHOH KaMepw, HMeJOIUeH 50%-a<t>¢eKTHBHOCTb, 

HHTerpanbHbiH noTOK HeHTpOHOB Ha o6pa3eU non*eH COCTaB

nSITb 10 6 -10 
7 

H/C npH cpaBHHTenbHO ManoM <t>oHe OT y
nyqeil: H 6biCTpbrx HefiTpoHoB. OueHKa B03MO*Hocrell: HarnHx 

HCTO'iHHKOB HeHTpOHOB Bb!SIBHna cnenyJOIUHe OCHOBHbie MeTO

llbl HCCnenoaaHHH: 1) HCnOnb30B8HHe B KB'ieCTBe HCTO'-IHHKa 
HefiTpOHOB peaKUHH 7Li(p, n) 7Be B6nH3H nopora !9 1 , 2) HC

cnenOBBHHSI cpenHHX Ce'ieHHH ( n, a ) Ha nyqKaX KB83HMOH0-

9HepreTH'ieCKHX HeHTpOHOB, nonyqaeMbiX C flOMOlllb!O SinepHbiX 
<PHnbTpoB Ha peaK Tope BBP-M 1101 ( ITpoaonHMhre HBMH B co

rpynHH'ieCTBe c 11 Hl1 AH YCCP) H 3) HCITonb30BBHHe B Ka

qecrae HCTO'iHHKB HeHTpOHOB BpeMSinponeTHOrO CITeKTpOMeTpa 

Ha 6a3e HMnynbcHoro peaKTopa l1EP-30 B 6ycrepHoM pe*H
Me Ill!. Bo3MO*HOCTH, aHanorH'iHbre ITonyqaeMbiM ITPH HC

ITonb30BaHHH Merona apeMeHH nponera, ITpencraBnSieT nnSI 
H3MepeHHSI ycpenHeHHbiX Ce'ieHHH peaKUHH ( ll, a ) TBK*e 

CITeKTpOMe TpHSI ITO BpeMeHH 38MenneHHSI HeHTpOHOB B CBHH
ue ( CB3) 11 21. 

CnenyeT CKa3aTb TaK*e o6 oco6eHHOCTSIX HOpMwpoBKH 
CpenHHX Ce'-leHHH. l1cnonb3 0BBnHCb TpH OCHOBHWX MeTona. 

nnSI HCTO'-IHHKB HeHTpOHOB nepaoro THna - MeTOll npSIMOrO 

H3MepeHHSI ITOTOKa KBK ITpH ITOMOIUH HeHTpOHHOro ITOTOKOMep9., 
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HMeJOIUero nOCTOSIHHYJO a<t><i>eKTHBHOCTb B HCCnenyeMOM llHana-

30He 9HeprHH, TaK H napannenbHO - nyTeM H3MepeHHSI 8KTH
B8UHH Sinep 

7Be, HaKaiTnHBBJOIUHXCSI B nHTHeBofi MHrneHH. B 

H3~tepeHHSIX Ha CKBHllHeBOM <i>HnbTpe HOpMHpOBKB npOBOllH
naCb no peaKUHH 6 Li(n, a) T, ce'ieHHe KOTopoll: xopowo 

H3BeCTHO, a ee 9HepreTH'ieCK8SI 38BHCHMOCTb 6nH3Ka 9Hep

reTH'ieCKOH 38BHCHMOCTH H3MepSieMbiX Ce'ieHHH peaKUHH 

(n, a). npH HCITOnb30B8HHH MeTOll8 BpeMeHH nponeTa npH

MeHSinBCb HOpMHpOBKa ITO onopHOMY pe30H8HCy B aneKTpOH

BOnbTHOH o6naCTH. nocKOnbKY BblXOll a -'iBCT~ B pe30H8HCe, 
na~aMeTpW KOTOporo H3BeCTHW, OnHCWBBeTCSI/13/ BWPB*e

HHeM 

k k 2 1 J
11 

. k k k 
Na = no<I>(Eo)Ak -2-g £a·ti13M_f' n 1 a / f' ' 

a awxon a -'-laCTHU B aHepreTH'ieCKOM HHTepaane 

cornaCHO BWPB*eHHJO (1), MO*HO 38ITHC8Tb KBK 

TO 

N = < a > n l a · t113 J 
af n,af 0 ~E 

<I>(E )dE , 
n n 

<a ._, 
n ,ar 

Nar 

Nk 
a 

n 

<I>(Ek)A2 krkrk 
0 kg J11 n a 

---------------------------
21 k J <I>(En)dE n 

~En 

~En, 

(8) 

TBK KBK a<t>!lJeKTHBHOCTb KaMepbl l a H BpeMSI H3MepeHHfi 

~3M. OllHH8KOBW. 

PaCCMOTpHM OCHOBHWe npH'iHHW norpeWHOCTeH B H3Me

peHHSIX, ITpOBOllHMbiX pa3HbiMH MeTOllBMH. nnSI nepaoro HC

TO'iHHKa HeHTpOHOB OCHOBHYJO norpeWHOCTb naeT HeTO'iHOe 

OITpeneneHHe HX ITOTOKa. 8 H3MepeHHSIX, ITpOBOllHMbiX Ha 

¢HnbTpax, rnaBHOH ITpH'-IHHOH ITOrpeWHOCTH SIBnSieTCSI IDCTH

pOBKa K8Mepw HB ny'-IKe H HeOllHOpOllHOCTb TOniUHHW nHTHe

BOH MHrneHH. B Merone apeMeHH nponera cymecraeHHaH 

OWH6Ka B03MO*Ha H3-38 HeOITpeneneHHOCTH xona HeHTpOHHO

ro nOTOKa KBK <i>YHKUHH 9HeprHH HeHTpOHOB, a TBK*e Torna, 
Korna oiTopHwM pe3oHaHCOM cny~HT pe3oHaHc npyroro 
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~neMeHTa, H BCneaCTBHB HBTOqHOCTH ODpeaeneHHH COOTHO

lliBHHH DOTOKOB, Da)lalOIUHX Ha Ka)KJlYlO H3 MHWBHBll. 

KpoMe yKa3aHHhrx, cyllleCTBYlOT H o6ruue nns scex 

MBTOAOB HCTOqHHKH SKCDBpHMBHTanbHhlX norpelliHOCTefi, 

HaDpH Mep, Manasz CTaTHCTHKa OTC"leTOB a -"laCTHU. 

KparKHe xapaKrepHCTHKH ynoMHHYThlX MeroauK Hccne

aosaHHH CpeJlHHX ceqeHHll peaKUHH (n,a) B KHnoaneKTpOH

BOnbTHOll o6naCTH SHeprHfi HefirpOHOB DpH HCDOnb30BaHHH 

aeTeKTOpOB 6onblll0ll nnoruaJlH (HOHH3aUHOHHhlX KaMep) DpH

BeJleHbl B ra6n~ue. (~En -atjltjleKTHBHaH lliHpHHa HHTepsana 
ycpeaHeHHH; umln -oueHKa HH)I{Hero npenena H3MepeHHH ce
"!eHHH u(n,a)] .n.a 

Meron 
En 

(KaB) 

ti(p,n)7Be 30 

¢HnbTpbl 

Ha BBP-M 

YIEP-30+ 

+J1Y3-40 

CB3 

2 

2 4 

55 

144 

l~~ 
20 

~En 

(KaB) 

52 

0,6 

3,5 

4 

15 

0,5 

5 

10 

Ta6nHua 

DoTOK 

Ha MH

llleHb 

Hie 

2. 10 
7 

5. 106 

6 ··106 

10
7 

10
7 

2. 105 
2. 105 

min 
10

6 
un,a x 

(6) 
(npH Ea "" 
"" 10 MaB) 

5 

40 

4 

20 

30 

200 

PaapellleHHe 

a -cneKTpo

Merpa (MaB) 

0,7 

0,4 

0,4 

0,4 

0,7 

DpeacrasneHHbie B nocnenHei1 crpoKe ra6nHUhi oueHKH 
c a enaH hl Ha OCHOBe napaMeTpos nepsoro CB3, aanyweHHoro 

B a KcnnyaraUHlO 6onee 20 ner Haaaa 112 1. HecoMHeHHo, 5o

ne e WHpOKHMH B03MO)K HOCTHMH o6naaa10r cospeMeHHhle CB3 
Ha 6 aae M OWHhlX HCTOqHHKOB HefiTpOHOB. 

10 
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CpaBHHBaH paanH"'Hhie MeTOJlHKH, Heo6xonHMO npHHHMaTb 

BO BHHMaHHB PHil OC06eHHOCTei1, He OTpa)KeHHhlX B Ta6nH

ue - HanuqHe tPOHa OT 6biCTpbiX H TeDnOBbiX HBHTpOHOB, 

KOTOpblll MO)KeT 3aBhiJllaTb H3MepHeMOB ceqeHHB, tjJOHbl OT 

conyrcrsylOIUHX raMMa-nyqefi, BnHHlOlliHX aa aHepreTHqec

Koe pa3pellleHHe, a raK)Ke DOCTOHHCTBO paapellleHHH DO 

SHBpPHH a -qaCTHU B pa3nHqHbiX AHaDa30HaX SHepPHH 

HBHTpOHOB. 

3aMeTHM, qro HaH6onee HH3KHM tPOHOM OT CODyTCTBylO

WHX H3ny"!eHHll o6naaaer MBTOJlHKa Ha HefiTpOHaX OT peaK

UHH 7Li (p,n) 7Be , HO, K CO)KaneHHlO, OHa He D03BOnser cy

rueCTBBHHO ysenH"'HBaTb DOTOK HefiTpOHOB, "'TO BhlHy)KaaeT 

DpHMBHHTb 11
TOnCTb! B

11 o6pa3Ubl H orpaHHqHBaTbCH H3Mepe

HHHMH TOnbKO nonHhlX ceqeHHllo 

EonbwHMH nepcneKTHBaMH o6naaaer MeTOJlHKa snepHhlX 

¢Hnbrpos, DOCKOnbKy DOTOKH, DpHBBJleHHhlB B ra6nuue, MO

ryr 6hlTb ysenH"!eHhl Ha 1-2 DOpHJlKa npOCThlM ysenHqeHHBM 

aHaMerpa ¢Hnbrpos. 

0TMBTHM, "'TO MeTOAHKH BpeMBHH nponera H speMeHH 

3aMeaneHHH o6naaaro r cyrueCTBBHH.blM npeHMYIUBCTBOM DO 

CpaBHeHHIO C OCTanbHbiMH, D03BOnHH H3MepHTb ceqeHHSI 

O)lHOBpeMBHHO B HBDpephlBHOll DOCneaosarenbHOCTH SHep

reTH"'BCKHX HHTepsanos, "'TO, C OJlHOi\ CTOpOHbi, YMBHbill&

er OTHOCHTenbHy W norpeWHOCTb H3 MepeHHH aHepreTH"!eCKOll 

3aBHCHMOCTH Ce"!eHHll, a C apyrofi - D03BOnHeT BhlHBHTb 

noKanbHhle H3 MeHeHHH ceqe HHH B oraenbHhlX HHTepsanax, 

KOTOp b!B M OPnH 6 b! Bb!3 b!BaTbCH a -KnacrepHbiMH ypOBHHMH. 

. 3KcnepH MeHranbHbre peaynbraTbi nns peaKuHi1 147Sm(n,a)144Nd 
H 123Te (n, a) 120Sn, nony"!eHHblB MBTOJlOM BpBMBHH 

nponera, npH Boaszrcs so sropoi1 qacrH pa6orbr 111 I. 

DPYIJ10)f<E H Y': E 1 

B brBoa ffi op MYnht ana cpennero ceqeHHH 

Pac c MorpHM Bhlpa * BHHe nns cpenHero napuHanbHoro 
ceqeHHH pe aKUHH (n, a) Ha HHrepsane ~En 

J" J" 
f <I>(En)un a/En)dE n (<l>u a )~E 

J " ~En ' n, f n 
<u n, a f > = ------ --------- - - --- --- = ---------------- . ( n .1 ) 

J <I> (E n)dE n f <I> (E n)dE n 
~En ~En 
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Paao6beM BeCb HHTepBan aHeprH!i Hef!TpOHOB ~En Ha 
. 1 

yqacTKH ~E 1 , TBKHe, 'iTO D << ~E n << En ( aHanorli'iHO 
n 

TOMy, KaK aTo nenanocb B HccnenosaHHHX cpenHHX ceqe-
- ) /61 T HHH paOH8UHOHHOrO 38XB8T8 HeHTpOHOB , orna TIOTOK 

H8 K8*00M yqaCTKe MO*HO C'iHT8Tb TIOCTOHHHhlM H BhlH8CTH 

aa 3HaK HHTerpana 

(<l>a i" )A = I. <I>(Ei) [ a J" (E )dE n,af uE . n .. n,ar n n 
n 1 ~E~ 

(TI.2) 

TipHHHM85I, 'iTO Ce'ieHHe peaKU!ili OTIHCbiB88TCH <!JopMyJJoii 

EpeATa-BHrHepa nnH H30n!1posaHHoro peaoHaHca, 11 npe

He6peraSI HHTep<!JepeHUHOHHbiM!i 3 ¢ QeKT8MH, TIOJJY'iliM 

(eM. /5,61): 

J" 

J" ) 
(<I> a n,af ~En I. <I> (E i ) I. _!_A 2 

i . n q 2 ri 
1n -~~L-) 

gJ"( ---1 ri 

- -!.I.<I> i 2 1 1J" 
2 i (En)Ai g J" < --~--~!._ -, J" 1 · i · ni 

= ( n .3) 

1T • 

rne n J = ~E 1 
/ DJrr - cpenHee 'i!iCJJO pe30H8HCOB CO CTIHHOM 

1 n 
11 'i8THOCTb!O J 17 Ha i- yqaCTKe. 3aMeHHH CpenHee OT npo-

r 1J" 
H3B808HHH < --~-!!-_.!_ > npOH3B808HH8l\1 cpeOHHX, TIOJlY'iHM: 

1 

J 1T ) 

(<l>an,ar ~En 

J" 
. g <1 ><1 '. 

1 1 2 J" n a f i i 
=-I.<I>(E )A. -----·------------ F(E )~E •(TI 4 ) 

2 i n 1 D <1 > n n • 
J" 

rne 1 1 <1 > i i n a ,, _________ _ 
F(E n ) = < __ f ____ i <1n > i <1a >i 

-<!JaKTOp 

<1 J" > 
ar 

TIOJJY'iHM 

ycpenHeHHSI nnH peaKUHH (n, a) • C'iHTaH 

He 38BHCHW8H OT 3HeprHH HeHTpOHOB BeJJH'iHHOR, 

J" ) 
(<l>an,ar ~En 

12 

1 
2 

g <1 > · 
J 17 

J17 i 2 n 1 i i 
------ <1 > I.<I>(E )X.------F(E )~E (TI.5) 
D J" ar i n 1 <1 >i n n 

. ri 

HJJH, B HHTerpanbHOH QOpMe, 

J" 
J" 1 1ar 

(<I> a ) ~ = -- g rr < ----- > J 
n,ar En 2 J D 

17 
~ 

2 <1n >(EJ 
<I>(E )X -------F(E)dE (n.6) 

n <f'>(~) n n 
J En 

Torna Bhlpa•eHHe nnH cpenHero ceqeHHH npHMeT BHO 

J" 
2 

<1 >(E ) 

1 
J" J" ar <a > = g < - ---- > 

[ <I> (E n)A __ E ____ E_F(E n)dE n 

~En <1 > (En) (n.7) 

n,af D 
J" 

. - - -------------------------. 
2· J <I> (E n)dE n 
~En 

TIPI1flO)KEHI1E 2 

OueHKa nHcnepCHH cpenHeA a -wHpHHbJ, CBH3aHHOH 

C KOH8'iHhlM ~HCJJOM pe30H8HCOB Ha HHTepBaJJe 

ycpenHeHHH 

/ 14/ u 

B pa6oTe pacc M aTpHBaJJHCb CBOHCTBa panpeneneHHH 

TIOJJHOH a -WHpHHbl, HBJ1H!OW8HCH CYMMOH BKJ1800B n:apU!i8Jlb

HbiX KaHanos a -pacnana "c ". H a ocHosaHH H Toro, 'iTO 

<!JnyKTyaUHH napUH8JlbHOH a -WHpHHbl OTIHCb!B8!0TC5I pacnpe

neneHHeM x 2 c 'iHCJJOM cTeneHeA cso6onhi v = 1 H cpenHHM 

3Ha'ieHHeM S c , 6 b iJJO noKaaaHo, 'iTO pacnpeneneHHe non-
Hoi a -WHpHHbl T8K* e TIOO'iHHHeTCH 38KOHY X 2 CO cpen-

HHM 3H8'i8HH8M 

< Sc >= I.Sc, 
c 

a <!J¢ eKTHBHhlM 'iHCJlOM CT e neHeH CB0600hl 

(I. s )2 
c c 

v -
I. (Sc)2 
c 

( n.s) 

(n.9) 

H OTHOCHT8JlbHOH OHCnepCHeH, OTipenenHeMOH Bhlpa•eHHeM 

Dv = -~ (TI.lO) 
v 

3anHW8M TIOJJHyJO a -WHpHHy pacnana B KOH8'iHOe COCTOHHHe 

f B BHOe 

1T 2 
1 J = 2 I. paf,rYa f,r 

af f(J 17 ) 

(TI.ll) 
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rae p a f, f- nOCTOSIHHble Kos<f>qJHU!ieHTbl, a y ~ f,f <f>nyKTy!ipy
JOT no aaKoHy x 2 • Toraa, licxoaSI !i3 npeanonmKeH!iSI cTa
TiiCT!iqecKow TeOp!i!i 0 paBeHCTBe Cpe~HiiX np!iBeaeHHb!X 

Ullip!iH, Bb!pa)KeH!ie D .9 MO)K HO np!iBeC!'Ii K BHay 

vf 

( :i Pae r) 2 

f J 17 • ___ :_{ __ } __________ _ 
};. p 2 

f(J") af,f 

(D.12) 

Depe xoaSI K HarneMy cnyqaJO, noacTaBHM Bhlpa)KeH!ie (D.ll) 

B ( D.3) li nonyq!iM nnowaah a -cneKTpa, li3MepeHHoro Ha 
li rnepBane ~En 

Na = B :i ci> (E ~)A 2 
:i 

f i 1 r . 
1 

_ l p 2 
0 ao yao 

r Tj 

J" n 
g ----- };. p 2 

ri rri f(J") af.rYaf,f 

(D.13) 

rn 
DocKonbKY <jJnyKTyaU!iSIMii oTHorneHiiSI -r-- MO)KHO npe-

He6pe qb B ~Hny TOrO, qTo rn =r (l~n » I' a+ ry ) , TO KOS<jl
( :liUiieHTbi Pao cyTh He<f>nyKTyapyrowa e BenaqHH hr. Toraa, 

OTBne KaSICb OT 9 KCnepH MeHTanbHOH norpeWHOCTH BenHqHHbl 

Na f, npHMeM, no aHanor!iH c peaynbTaTOM pa6oTbi 1141 

qTo Na r noaqHHSieTCSI X 2 -pacnpeaeneHHIO c s<t><f>eKTHBHbiM 

q(icnoM CTene Hew CBo6oabi 11 f r · 
' i 2 r n1 2 

l P o rgJ" l Cl>(E )A . l ----- ) 
(J")at, i n 1 ri rri 

llc ~ (D.14) 
};. f>2 2 };. i 2 2 rri 2 

0 17 
a f,r g J" . (Cl>(En)Ai ) I ( --~-- ) 

t .(J ) 1 r · r 1 ri 

HnH, B HHTerpanbHOH (jlop Me, 

<I' >(E ) 

t 2 n n 2 
( :i, g 2

77 
:£ p [ ( Cl>(En) X ------- F(En )dEn] 

1 J 77 J f(Jrr)a Y. ~En <r >(En) 
11 r = - -- - - ------------· · - -------- - - - ---- - ----·----- - ---- - - < n 15) 

DH };. g3rr:i p2 2 <I'n >(En) 2 .• 
J" J f f' a E.r f [Cl>(E )A - --- - - ---F(E )] dE 

( ) ~E n <r>(E ) n n 
n n 

14 
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DPI1 nO)KEHI1E 3 

cPaKTOQ __ YQI)e,!:lHeHHSI B. cnyqae peaKUHH (n, a) 

ct>aKTop ycpeaHeHHSI F paccqaTaH H aaTa6ynapoBaH
1
fnSI 

peaKUHH (n, y) ' rae r y nonaraeTCSI noCTOSIHHOH ( CM. I). 
B cnyqae peaKUHH (n, a) <f>nyKTyHpyeT He TOnhKO HewTpOHHaSI, 

Ho H a -rnHpHHa, nos ToMy TOqHbiH pacqeT F npeacTaBnSI-

e T 6onee cno)KHYJO Ma TeMa TaqecKyro aaaaqy. 06waw noaxoa 
K TaKOMY pacqeTy pa3BHT B /7/. B TO )Ke BpeMSI ManocTb 

BenaqHHbl cpeaHeH a -WHpHHbl no CpaBHeHHJO C y -WHp!i-

HOH noaBonSieT nonyqHTb ynpomeHHoe Bbipa)KeH!ie anSI <t>aK
Topa F 

06mee Bhrpa)KeHHe anSI ¢ aKTopa F B HarneM cnyqae, 

KOraa npeanonaraeTCSI, qTo r y -nOCTOSIHHaSI, a r ~ H 

r a <f>nyKTYHPYJOT no 3aKOHy x2 C qacnoM CTeneHeH CB0-

6oahi V = 1 H v 3cp¢ COOTBeTCTBeHHO, 6yaeT HMeTb BHa 
(eM. B/7/): 

rnra <r > coco X· y Rt(x)Rv(Y) dxdy 
F = < - - - - -> -------- = r r -----...,----------------

r <ra ><rn > 0 0 A X + c y + B 
(D.16) 

rae I ' ' r n H ra -COOTBeTCTBeHHO nonHaSI, HeHTpOHHaSI H 

a -rnHpHH br, 

HeW CB060abr 

Rv (x) 
V H 

2 - X pacnpeaeneHHe c qHcnoM cTene-

<rn > 
A= 

<r y > <r a > r n r a 
B = - ----, c = ------, X = -----, y = -----

<r > <r > <rn > <ra > <r> 

!inH, noacTaBnSISI B SIBHOM Bliae <f>yHKUHH R 1 (x) H Rv (Y) 

F 

rae z 

co co v / 2 -t 
v 'h -z t e 

---------------- ( z e ·1 ( --- ------ dt I dz, 
2r<{-)r<~-+ 1)C 0 0 D(z) + t 

X 

2 
t = 

vy 

2 

{n,l7) 
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a D(z) 
(2Az + B)v 

-------------- --
2C 

( OTMBTHM, 'ITO D > 
( z)-

Bv 
2C 

=~ <1y ~ = 104 --o- 10 8 ); 1(-}) H ['(~ + 1) - f'a MMa- cpyHKUHH 
2<1 > a 

OT COOTBBTCTByiDmHX apryMeHTOB. 
~HTerpan, CTOHmH A B ¢ Hryp Hhl X CK06KaX, Bhlpa*aB TCH 

'I ep e3 BhlPO* DBHHyiD f'HITBp f'BOMB TpH'IBCKyiD cpyHK UHID / } 5 / 

oo v/ 2 -t v/ 2 
t e I -------- dt = D(Z ) 

oo v/ 2 -D(z )u 
u e r ----------------

0 1 + u 0 D (Z ) + t 
(f1.18) 

v/ 2 v v v 
D ['(--+ 1)'1'(1 + -

2 
, 1 + -

2
-, D ) · 

( Z) 2 ( Z) 

Ti p !i 6onblllliX D (Z ) cpy HKUHH 'I' orrp eaen He r cH aC H MrrroT~-t
'IBCKH M Bbrpa * BHHBM ( cM,/16/): 

-1- !:'- <i- + 1) - 2 

'1'(1 + ~-, 1+-/f,D(z) ) = D (z) 
2 

(1+--------+ o \O (z) I ). (f1.19) 

D (Z) 

T aKH M o6p a3 0M, HHTer pan, CTOHmHA B <mr yp Hb!X CK06KaX 

Bbrp a*BH!i51 (f1,17), C 

['( 1 + _!I_) 

<fa > 
OTHOC HTBnbHOH TO'IHOC TbJO !J. <( 1 + ~)-r--

- 2 <• > 

paaeH 2 - --------- . y 

Toraa Bbrpa*eHHe anH <JaKropa 
D(z) 

F rrpH MeT BHD 

<f'> oo X 1/2 e-X/2 d 
F = ---=-==- r ------------~ 

y 2rr 0 <1 n > X+<1 > ' 
(f1,20) 

y 

TO BCTb B Ha lll e M CHy'Iae OKa3 bJBaeTCH He3aBHCHM biM OT 
'IHCna crerreHeA c ao6oabi Ka Hana a -pacrraaa, 11 c roq-
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