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BBE,I:\EHHE 

f~Apo 11 '7sn oco6eaao mnepecao reM, trro a ero HeHTpoHHhiX ceqeHHR:X 

Ha6moAR!OTCH 3<jl<jleKThi HecoxpaHeHHH 'leTHOCTH - P-He'leTHble 3<jl<jleK

Thi /)- 4/, paBHO KRK H P-'leTHbie 3<jl<jleKTbl /5/ HHTep<jlepeH~HH HeifrpOHHbiX 

s- " p -BOJIH. p -BOJIHOBOH pe30HRHC c 3HeprHeil Ep ~ 1,33 3B HrpaeT rnaa

HY!O ponh B o6bHCHeHHH 3THX 3<jl<jleKTOB. Ero napaMeTpbi coo6IUeHbi a pa-

6oTax 14 ' 51. 0AHaKO 1\Jlfl aHanH3a 3KCnepHMeHTanbHh!X Ha6JI!OAeHHH He06-

XO.UHMO 3Ha.HHe x.apaKT8pHCTHK H S ~BOJIHOBOrO HeifrpOHHOrO CetteHHR B .o6-

naCTH pe3oHaHca .H HlnKe. HeKoropbie pe3ynLTRTLI ,I:VIH ceqeHHR p8,II,HaUHOH

Horo 3RXBaTa H BbiXOAa y -KBaHTOB B npHMOM nepeXo)le 9325 K3B nonyqe

Hhl a /3 • 6/. HacroRw;aR pa6ora noceJun;eHa neTanbHOMY Hccne.noeaHHIO HeHT

poHHLIX CelleHHfi: ll7Sn H -y-eneKTpOB 3RXBRTa renJIOBbiX Hei:frpOHOB Ha HM

JIYJibCHbiX HeiiTpoHHhiX JIY'IKRX peaKTopa HBP-2. 

1. 3KCllEPI1MEHTbl 

HeiirpoHHble nyq~<:U. H3MepeHHH npoBOAHJIHCh MeTOAOM npeMeHH npo

ncra Ha HMnyJihCHOM peaKTope HBP-2 171 c MCnOJih30BaHHeM annaparyphi 

H3MepHTeJibHOrO ~eHTpa flH<l> /8 -10~ ,I:\JIHTeJibHOCTb HMnyJibCa MOIUHOCTH 

peaKTopa 215 MKC npH 'laCTaTe 5 r~ orpaHH'lHBaeT o6naCTb AOCTYnHbiX no 

pa3peUieHH!O 3HeprHil Hei!TpOHOB BeJIH'lHHOH. - 5 38 Ha npOJieTHOH 6a3e 

39 M' (9-i\ KaHan HBP-2). llpHMep cne:;<Tpa HeiiTpoHon, xapaKTepaoro AJIH 

3T0~o; BaKyyMHpoBaHHOro KaHana, rroKa3aH aa pHc. 1. CneKTp nonytJ:eH npH 

perHcTp~HH y-JIHHHH HHKMJI 9,0 M3B 1\eTeKTopoM NaJ(Tl). IliHpHHa Ka

Hana apeMeHHoro KoAHPOBIUHKa 64 MKC. B cneKTpe npHCYTCTBY!OT pe3oHaHc

HLie, 3nmennoeLie H reWioB:bie aefrrpoHLI. llylloK a Mecre pacnono)l(eHHH 

o6pa3~a HMen MaKCHManbHhiH 1\HaMeTp 6 CM. fuMepeHHH C eiUe 6onee MeA

JieHHblMH, XOJIO,JJ,HhiMH HeifrpOHRMH C 3HeprHei% ,no 0,5 M3B npOBO)J.lU]HCb 

Ha 6age 24,6 M Ha 5-M Kaaane, CHa6»CeHHOM H30rHyThiM 3epKaJihHhiM Heittpo

HOBO,UQM, Ha BhiXO,ne ropH30HTMLHOro OKHa aeibpOHOBO~ nyqoK KOJIJIH

MHpoaanCJI Ao pa3Mepon 1x5 eM. TaKoil HeiiTpoHOBOA· xoporno O'lHIUaeT 

ny11.0K OT 3UHTennOBhiX H 6hiCTphiX HeittpOHOB, a TaKme y-KB~TOB H3 pe

aKTOpa, HO OCTRBJIReT £l»oH H3·3a caTeJUIHTa MOIUHOCTH 8 o6naCTH 10,5 -;

-;- 11 A. C noMOmh!O CBHH~onoro <jlHnhTpa ToniUHHoil 20 eM <jloH 6bm ycTpa

aea u;eHoi% 4-KpaTHOi% noTepH none3HOH: HHTeHCHBHOCTH. ):l;e:ifCTBHe £l»HJibTpa 
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Puc. 1. CneKTp ueHTpouuoro nyqKa Ka

uana N29, npo¢lun&Tpoaaauoro qepe3 

6 CM Pb H 5 CM Al. HH)I(HHH WK8Jl8 -

AJIHH& aonubt ueHTpoua A , aepXHHH -

3HeprH.R B 3B. no aepTHKanu OTJIO)f(eHbt 

OTClleTbl ,D;eTeKTOp8 C 3¢l¢leKTHBHOCTblO 

< (A) =' (A0) AI Ao s OTHocuTen&H&•x 

e.a.HHuu:ax. 

'· I 

1(1 A,l 
Puc. 2. CneKTP ueihpouuoro ny'iKa K&· 

uana N25 noCJie $uJibTpau:uu 'iepe3 

20 eM Pb. illupHHa KaHana KO,Z:Uipoa

WJIKa 128 MKC. no aepTHK8JlH OTJIO· 

)f(eHbt OTC'ieTbt )l;eTeKTOpa - 6opuoro 

C'ieT'iHKa, c 3$¢leKTHBHOCTbto f (A) = [ 1-
-exp(-0,07.\)l,rne As A. 

OCHOBaHO Ha pa3JIH'IHH IIOJlHbiX Ce'leHHft ,llJIH JIOJie3HbiX (a = 2 6) H ¢lOHO

BbiX (a = 11 6) HefrrpOHOB. flpHMep c<j>opMHpOB8HHOI'O TaKHM CIIOC060M 
crreKTpa /18H Ha pHc. 2. OH rrorryqeH c rroMoUII>IO 6opHoro cqerqHKa. 

H3Mepei<UR. C H30TOIIHoii MHWeHLIO oJ1osa (91% 117sn) 6hmH Bbmorr
HeHbi H3MepeHHR IIOJIHOrO Ce'leHHR, CelleHHH paCCe.RHHR H •y-cneKTpOB pa,nHa

I.J;HOHHOrO 3aXBaTa He:HTpOHOB. )ln:R IIOJIHbiX Ce'leHHfl npHMeiUIJIHCb o6pa31.lbl 

TOJII.liHHOH 3,5 • 1022 H 1,37 • 1022 II,IIep/CM 2. ,[IOTeKTHpOBaHHe llpOBOAH
JIOCb BF3 rrporropi.IHOHMhHhiM cqeTqlfKOM. ,ll,nR ycTpaHeHHR rreperpy3oK 
H3MepeHHR 6hrrrH c)1eJiaHhi rrpH pa6oTe HBP-2 Ha noHH>KeHHoii MOI.liHOCTH
~oH B TeJIJlOBOft o6naCTH onpe,lleJIHJICH HHTepnonHpOBaHHeM OT yqaCTKOB 

BpeMHnponeTHOro cneKTpa Me)K)ly HMnyn&caMH peaKTopa. B pe3oHaHCHm1: 

o6rraCTH <j>oH H3Mep!IJICII C IIOMOUII>IO ponHeBOI'O <j>HJibTpa B TOqKe Eo= 
= 1,25 3B. CeqeHHe pacceRHHR H3MepliJiocL B 4"-reoMeTpHH. ,[lereKTopoM 
cny>Kmta QHJIIIHnplfqecKaR c6opKa nponopi.IHOHMLHhiX cqeTqlfKOB CHM-17. 
TorrmHHa Hccne.n.osasrnerocR o6pa.1.1a 6•ma pasHa 7,0-1021. Rnep/cM 2, 
a ,!l;JlJI HOpMHpOBKH HCI10Jlh30BaJICJI 3KBHBaJieHTHhlft pacceHBQTeJlh H3 BaHa

)1Hfi. l13MepeHHR c o6pa3I.IOM H 6e3 Hero qepe):(OBarrHCh. y-KBaHThi PMHai.IH
OHHoro 3aXBaTa xorroAHhiX HeiiTpouos pemcTpHposarrHCh Oe ( L!) -nereKTO
poM Ha 5-M KaHane peaKTopa. Ha 9-M KaHane neTeKTopoM NaJ ( Tl) pemcr
pHpoaanHCh y-KBaHTbl pa,IlHai..J;HOHHOrO 3aXBaTa pe30HaHCHbiX H TeJIJIOBbiX 

HefrrpoHOB. C noMOUII>IO nsyx KPHCTannoB NaJ ( Tl) pa3MepoM 200x200 MM, 
c TenecHhiM yrnoM o63opa -Ha ,n;ereKTop 0,6%, H3MepHnac& TRK)Ke yrnoaa.fl 

3aBHCHMOCTh BbiXO,D;a ,y-KBaHTOB B nepexo,n;e 9325 K3B B o6naCTH 3HeprHft 
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HeifrpOHOB B6JUi3H p -pe30H8.HCa . .D,.11R 3TOrO H3MepRJIHCh aMITJIHTY)l.Hhie 

cneKTphi so speMeHHhiX OKHax. Mcnonh30BancR aMnnHTynHhiii KOnHpoa

IUHK H8 1024 KaHaJJa/9/ ll 6JJOK BpeMeHHb!X OKOH 1!01 B CTaH)I.apTe 

KAMAK. <l>oH H3MepRJICR c noMOIUhiO 3KBHeaneHTHoro 12c pacceHsaTenR 

H pe3oHaHCHoro Rh <jJHJJbTpa. 

2. PE3YflbTATbl 

HeUrpoHHbW celleHUR. llonHbie HeiiTpOHHbie ce1.1eHHR (TOliKH) H cetJ:eHRR 

pacceHHHR (KpyJKKH) Ha 117sn noKa3aHhi oo pHc. 3. CeqeHHe pacceHHHH a 

pe30HaHCHOft o6JiaCTH COCTaBHJIO seJIHlJHHy 4,45 + 0,25 6, HeonpeneneHHOCTb 

KOTopm1 o6ycnoaneHa ~PoHOBhiMH ycnosHRMH 3KcnepHMeHTa. Ha6nrona

eTCR pOCT TIOJIHOrO CelleHHR 3a ClleT yBeJIHlleHHR CelleHHR 3aXBaTa C yMeHh· 

llleHHeM 3HeprHH HefiTpOHa. Pa3}Jh18bl B naHHbiX HH')Ke 20 M3B CBR3aHbl C 

HeperynRpHbiM xapaKTepOM pe3yJibTaTOB B 3TOfl o6naCTH, 38.BHCeBWH'x OT 

KOHKperHoro o6pa3u.a. Cho npoHcxonHT H3·3a Toro, liTo nmrna BOJIHbi Hefrr

poHa CTRHOBHTCJI Jnecb COH3MepHMOti C Me>KllJIOCKOCTHbiMH paCCTOHHHRMH 

dhk f. H a H3MepeHHRX npoHBJJHIOTCH KorepeHTHhie 3<jJ<jJeKTbi. HHJKe rPaHH

Qbi Ep3rra npH A> 2dmax nonaraeM 

(1) 

rne ainc - nocTOfiHHoe HeKorepeHTHoe cet~eHHe pacceRHIDl H ayt - cet~eHHe 

38XBaTa B Tei1JlOBOii TOqKe (A= 1,79 A). no 3TOii <jJopMyJJe o6pa6aTb!BaJJHCb 

.. 
·, 

. ' . 

'· 

···' 

PHc. 3. llonuoe neihponnoe ce11eHHe (Toq

~ KH) H C'elleHHe pacceRHHR (KpymKH) 117sn 8 

3aBHCHMOCTH OT' 3HeprHH Heih'pOHa B 3B. 

PHc. 4. llonuoe ueihpounoe cet~euHe 11 7Sn a~ 
3aBiiCHMOCTH OT AnJUihl BO!lHiol neifTpoua , 

ll)lR A> 6 A. _ _L ___ ...L.._ __ ~_l ___ .. ....L. __ 

6 e 10 12 ~. 
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Ta6ni!Qa 1. HeiiTpoHHbie ceqeHIIH 1130TOna II 7sn 

10-3 0,95 + 0,25 
0,025 4,45 + 0,25 
5,00 4,45 + 0,25 
1,33* 4,45 + 0,25 

1/V 
1,07 + 0,05 

1/V 
0,148 + 0,007 

* 3Hepnt.R p ·pe30H8HC8, 

** Pe3yn&TaTbl pa6oT I 4, 6( 

"y (P)**, 
6 

1,8 + 0,2 

(s) (p) ••, "yi ' "y; 
M6 M6 

4,44 + 0,66 8,6 + 2,3 

nonHhie cet~eHHR a o6nacrH A > 6 A (pHc. 4) MH HJBJJetJeHJui seJIH.tJHHhi 

cetJeHHH 3axaara no MHK. llonylfeHbi 3Hat~eHHR a.yt = 1,07 + 0,05 6 H a inc= 

= 0,95 + 0,25 6. YKaJaHHhie OlllH6KH - CHCTeMaTHllecKHe, OHH nonytJeHbi H3 

paafipoca pe3yJibT8TOB H3MepeHHtf, BbinOJlHeHHbiX B pa3HbiX yCJlOBHRX. 

Hoaoe JHatJ:eHHe oyt cymecraeHHo yrol£HHer pe3yJILrar pa6or /3 • 61. Pe-
3YJ1Ltar ,!J.JlR an , HaCKOJlhKO HaM H3BeCTH0 1 RBJlReTCR rrepBbiM H3MepeHHeM 

3toH BeJIHliHHbi a yKa3aHHOH o6nacn1 3Heprm1:. OH orcyrcrayeT s H3aecr-' 
HOM arnace CelJeHHii I ill. PeJyJihTaT ,li,JlR a. IIOCJIY)f(HT nepaoft 3KCnepH-mc 
MeHTaJibHOH OI.J,eHKOft CIIHH-HeKorepeHTHOrO CelleHHfl pacceHHilR 117Sn• . 
3TH ceqeHH.FI aKTHBHO H3MepHJJHCb B ITOCJie}l,HHe rOJ],bl pa3JIHqHbiMH MeTO}l,a

MH }l,JIR MHOrHX R}l.ep /12/. ,U.riR y}l.OfiCTBa ITOCJie}l.yiOIL'(ero HCITOJJb30BaHHR 

pe3yJibTaTbl }l,JIR ITOJIHbiX H napu;HaJibHbiX ceqeHHii npHBe,IJ;eHhi B Tafin. 1, 
Kyna TaK>Ke BKnroqeHa aenHqHHa ceqeHHH 3axaata ayi nna npaMoro nepe

xona. 

TaMMa-cnel<Tpbl u napt~uanbHble ce'l.eHUR 3axeara. BhiXO}l,hi y-KaaHToB 

tennoaoro 3axsaTa HeihpoHOB, H3MepeHHbie Oe ( L i )-neTeKTopoM, cny>KHJJH 

HCXO,IJ,HOi% HH¢lopMau;Heii ,!J,JIR onpe,!J,eJieHHH afiCOJJIOTHhiX HHTeHCHBHOCTeif: 

I Y, Bhipa>KaeMhiX a qHcne KBaHTOB Ha 100 3axaatJeHHhiX HeiiTpoHoa. 3TH 

HHTeHCHBHOCTH onpe.n;eJlRJJHCb nyTeM HOpMHpOBKH Ha H3BeCTHhie BeJlHlfHHhl 

IY (E) 113/ AllH o6pa3QOB Ni , Cl , Fe , 113MepeHIIH c KOTOpbiMII npoBOII.IIlliiCb 

TaK IKe, KaK H C HCCne.n;yeMhiM o6pa3UOM 117Sn . llOCKOJlhKY npH 3aXBaTe 

TeiTJJOBhiX Heif:TpOHOB >KeCTKHe nepeXO,!J,hl B 118Sn HJJ.YT H3 COCTORHHH C 

J TT = t+ Ha B036y)I(,!J;eHHhle COCTORHHR IIOJ10)1(HTeJibHOi% qeTHOCTH (CM., Ha

~pHMep/61), OHM HMeroT MYJibTHITOJibHOCTb Ml. nonyt~eHHhie pe3yJJbTaTbl 

co6paHhi a ta6n. 2, r.u.e so stopoH ctpoKe npHseneHhi TaK)I(e 3Heprrm B03-

6y)I(,!J;eHHhiX ypoBHeii Ef , Ha KOTOpbie H.D;er COOTBeTC'i'BYIOLUHii nepeXO,lJ,, 

a 8 Tperbei% - COHHhl H qeTHOCTb 3THX ypoaHeii 161, 
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Ta6nm1a 2. I1HTeHcHBHOCTii npHMbiX M1-nepexoAOB B 11Bsn np" 
3aXBaTe TeJDlOBbiX HefrrpOHOB 

Eyi• 9325 8095 7565 7269 6996 6925 6414 
IoB 7281 

Er ' 0 1230 1760 2056 2329 2400 2911 
K3B 2044 

J" 
I 

o+ 2+ o+ o+ (2+) 1 + (2 +) (2+) (2+) 

ly 3,0:;: 0,5 0,36:;: 0,1 $ 0,1 0,60:;: 0,15 0,4:;: 0,1 $0,1 1,27 :;: 0,2 

Ta6JI1illa 3. YIHTeHCiiBHOCTii BTOpli'!HbiX y -nepexo110B B 118sn noc-

ne 3axaaTa Tennoa&Ix HeittpOHOB 

Ey 1099 1230 1447 1506 2044 

K3B 

Ei I 2329 1230 2677 2736 2044 

K3B 

Er ' 1230 0 1230 1230 0 
K3B 

ly ' 10,3 :;: 1,2 48,0:;: 8,0 1,35:;: 0,15 2,21:;: 0,24 2,5 :;: 0,3 

B pe3yJibTaTe IIJIH 8 liCCJieiiOBaHHbiX M1-nepeXOIIOB nonyqeHo cpe~~Hee 

JHa'leHiie napllliaJihHOii umpliHbi <fyj(M1)> = 0,8:;: 0,4 M3B. B omli6Ky 

<[yi > BKJllOtieHa HOOnpe,o;eJieHHOCTh, CBH3a.HH8.H C noprep.-rOMaCOBCKHMH 

<jJJiyKTyaQiiHMii, llOJiy'leHHaH liH<jJOpMaQiiH Heo6XOIIIiMa )IJIH liHTepnpeTa

QIUi 34>cPeKTOB HecOXpaHeHH.FI lleTHOCTH B HHTerpaJibHhlX y-nepeXO,IJ,aK 0J10· 

Ba 114• l &/; llaHHbie Ta6n. 2 .IJ;JlR ITpRMOrO nepexo,na B OCHOBHOe COCTOHHHe 

6biJIH HCITOJ1h30BaHhl rrpH ITOJlylleHHH BeJIHtiHHhl napUHa.rJhHOrO CetieHHR 

ay I ( 8) , BKJIIO'IeHHOH B Ta6JI. 1. 
flOMH¥0 :>KecTKHX 6hi1IH H3MepeHbl TaK:>Ke H HeKOTOpbie MRI'KHe, BTOpHli

Hhie y-nepexo,n~»I a 11Ssn rrocne 3axaaTa Tennoa&tx HeirrpoHOB. I1x IIHTeH

CHBHOCT}'I npHae,neHbl B Ta6n. 3, 
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PHC. 5. 3uepreTH'-!eCKaR 38BHCHMOCTb ce,JeuuH 

3axaaTa ay i (En) c BbJneTOM y ·KaauTa c 

E yJ = 9325 K3B. 

06pa111aer Ha ce6R BHHMaHHe cHna nepexom> 1230 K3B ( E2 nepexo)l 
C 2 + Ha 0 + H3 1-ro B036y)f(,z:teHHOfO B OCHOBHOe COCTOHHHe 118 So) : OKOJIO 
50 ·y-KBaHToB ita 100 3axaat~eHHLIX aetfrpoaoa, .n;e.rraroruaa ero ot~eHh y,D;o6-
HbiM ,ll;JIR KllJIH6pOBOK B HCCJie,J:lOBaHHRX C y -KBRHTRMH pa.n;HaUHOHHOrO 
3B.XBaTa HetfrpOHOB . 

.[(.nR npRMOrO nepexo)la 9325 K3B H3MepRilCR He TOnhKO a6conJOTHbiH 
BbiXO)J; Y-KBRHTOB, HO H 3H6preTHt:lecK8.R 3aBHCHMOCTb. CoOTBeTCTBYIOIJ.J;He 
pe3yJibTRTbl IIOKR3aHhl Ha pHC. 5. Bo BC6M HCCJI6)J;OBaHHOM HHTepsane. 3Hep
fHti, KpOMe 06JiaCTH p -p630HaHCa, 3HepreTHtJ6CKaR 3aBHCHMOCTb napL1;113.Jlb
H0fO C6li6HH.R ay i ( S) OKa3aJiaCb B rrpe,neJiaX TOt:IHOCTH H3MepeHI:n'i: B COrJia
CHH C 3aKOHOM 1/V. 

3AKJIIO'IEHHE 

HacTORIIJ;He H3MepeHHR He:ifrpoHHbiX cet~eaHH: H3oTonoa 117Sn a o6nacTH 
0,5 M3B + 5,0 3B BbiiiOJIHeHhl C UeJlbiO ITOJIYli6HID1 BeJIHliiDI, He06XOAHMLIX 
AJJR aaanH:m P-tleTHhiX H P-HetJeTHLix 3QlQleKroa a HefrrpoHHbiX cet~eHRRx 
onosa. 0CHOBHbie pe3ynLTaTbi npe)lCTaBneHbi B Ta6n.1 H 2. Ce'!eHHe a

0 
(S)B 

prooHaHCHoH•o6nacTH H cet~eHHe ainc H3MepeHbi anepBbie. TollHOCTb onpe
)leneHHR CeqeHHR Uy ( 8) yny'IIIIeHa C 25% )l0 5%. C HaiiiHM pe3yilbTaTOM CO
rnacyJOTCR 3Ha'leHHR H3 pa6oT 13,61 , HO He H3 pa6oTbi Ill!. Dpo)leMOHCTpH
poaaH 3aKOH 1/v MH napUHaJILHOfO CetleHHR ayi(S), COOTB6TCTBYIOIJ.J;ero 
npRMOMY nepexo)ly c E y 1 = 9325 K3B. 

HaKoaeu, a cneKTpe y-KBBHTOB 3axaara rermoBhix HeH:rpoHoB o6aapy
:>KeH pRJJ; npRMbiX nepexo.n;oa H onpe.n;eneHLI HX HHTeHCHBHOCTH. 3TH Ml
nepexci.n;LI B OCHOBHOM OKR31lJlHCh CJIR6LIMH. 0,D;HaKO HHTeHCHBHOCTL nepe
XO)la C E y i = 6414 K3B TOilhKO B TpH pa3a cna6ee nepexo)la C Ey i= 9325 K3B. 
Depexo)l c Eyi = 6414 K3B Ha6nJO)lanCR !6! H s p-pe30HaHce c EP =1,33 3B. 
TaKHM o6pa30M, OH MO:>KeT IIOCJiy>KHTb erue O,nHHM 06"b6KTOM ,ll;JUI HCCJJe,D;O
Ba.HHi::f P-lleTHLix 3QlQleKToa a Het:'rrpoHHhiX cet~eHHRx-onoaa. 

Mbi npHHOCHM 6naro)lapHOCTb B.D.An<jJHMeHKOBY H JI.B .DHKenLHepy 
3R none3HOe o6cy)K}leHHe pe3yJihTaTOB H ITOCTOHHHhlfJ: HHTepec K pa6ore H 
B.r.CHMKHHY •a 6onLIIIyJO noMOlUh B pa6oTe Ha HeiiTPOHHOM nyqKe. 
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