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BnepBble BnHSIHHe COC·TOSIHHH nepeXO/lHOI'O 51/lpa Ha pacnpeneneHHe pe-

amf3y;omeil:cg aHepr-1111 npH neneHHH Me)KJlY E k -cpenHeil: KHHeTH"lecKo:fi 

aaepr-neA ocKonKoB H E * -cpenHeil: aa:epr-uefi Boa6y)KJleHH51 ocKonKOB 6hmo 

/1/ 
npe/lCKa3aHO B.H. AHnpeeBbIM H 8KCnepHMeHTanbHO o6Hapy>KeHO B aHepr-e-

TH"leCIWH aaBHCHMOCTH Ek ll E * 
/2/ 

H p -Heil:TpoHaMH • 

npu nene1mu U -233 H U -235 s-

AHanOI'H"lHbie acpcpeKTbI, no-BH/lHMOMY, ·non)KJibl HMeTb MeCTO H npu Ile-

neHmr TOnbKO S -JiefiTpOHaMH B 3aBHCHMOCTH OT peanuayeMOI'O COCT051Hll51 

nepeXO/lHOI'O 51/lpa. 

KpHTepneM BOS6y)KJleHH51 OCKOnKOB, no COBpeMeHHbIM npeACTaBneHHSIM, 

51BnSieTC51 KOnH"leCTBO ucnycKaeMb!X Heil:TpOHOB H y -KBaHTOB Ha aKT Ae-

neJIH51, TTpu 8TOM "lHCno y -KBaHTOB cna6o 3aBHCHT OT AH npaKTH"leCKH 

He aaBHCHT OT 8HepI'Hll B3aliMO)leHCTBYIOIUHX Heil:TpOHOB. T aKHM o6pa30M, 

MO)KHO C"lHTaTb, 'ITO B03MQ)KHOe H3MeHeHHe cpeAHeI'O "lHCna Heil:TpOHOB Ha 

aKT AeneJIHSI ii I no COBpeMeHHbIM npe/lCTaBneHHSIM, nonHOCTblO onpeAe-

m1eT H3MeHeHHe E * 
TaK KaK BenH"lHHa v ur-paeT Ba)KHYIO ponb B SIAepaoil: aHepr-eTHKe, 

/3 4/ 
ro eme B nepBbIX pa6oTax ' 6hmo noKaaaHo, "ITO ee H3MeHeHH.II B6n11a11 

TennoBOH aaepI'HH He npeBb!llianH 1 % npu TO"lHOCTH (0,6➔ 1 )% An51 u -235 

Ii Pu -239, a B pe30H8HCHOH o6naCTH aaepI'HH )lnSI Pu -239 M8KCHManbHble 
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•I 

H3MeHeHng v OT pe30HaHca K pe3oHaHcy gocTuranu 13% npu ToqHOCTH 
/5/ . 

(3➔5)% • BeCbMa Manbie, HO BnonHe 3aMeTHbl9 B 8KcnepHM9HTe 

H3MeHeHug OT pe3oHaHCa K pe3oHaHcy E k 

/6,7/ 
TaK)Ke Ha6nroganucb B pa6o-

Tax • 

Co3gaBIIIagcg cuTyauug cTuMynupoBana H3MepeHng Bap1rnuua V ,nng 

U -235 ll Pu -239 co 3HaquTenbHO nyqmeH ToqHoCTbID u B 6onee lliH-

pOKOM mrnna30He SHeprutt B3aHMOgeHCTBYIDllillX pe3oHaHCHbIX H9HTpOHOBo 

TTpegBapuTenbHbie gaHHbie STHX H3MepeHHH coo6manucb aBTOpaMH B pa6o

/8,9,10/ 
Tax • 

l13MepeHug 

l13MepeHng 6binH npoBegeHbl MeTogoM BpeMeHH nponeTa C HMnynbCHbIM 

6bICTpb!M peaKTOpOM O11.Hl1 B KaqecTBe HCTOqHUKa pe30HaHCHbIX HeHTpo-

/11 / 
HOB • Pa3pemeHue COCTaBngno - 60 HCeKIM. 

,Ung perucTpauuu HeMTpoHoB geneHng ucnonb30Bancg )KllgKOCTHb!H 

CUHHTHnngunoHHb!H geTeKTOp o6'l>9MOM 500 nuTpOB C BBegeHHbIM B paCTBOp 

/12/ . 
KagMHeM, nogo6Hb!H onucaHHOMY B • TTpu ucnonb30BaHHOH KOHU eHTpauuu 

KagMug cpegHee BpeMg )Kll3HH H9HTpOHa go 3aXBaTa B geTeKTOpe T coc-

TaBngno - 8 MKCeK. 11MnynbCbl OT KaMepb! geneHng unu MI'HOB9HHbIX 

. /12 / . 
y -ny'leH geneHng OTKpbIBanu BpeM9HHb!9 BOpOTa Ha BpeMg (2➔3);:- I 

qucno 3aperucTpupoBaHHbIX HMnynbCOB geTeKTopa 3anoMHHanocb Tpnrrepa

MH ll no OKOHqaHHH perncTpauuu BM9CTe C M9TKOH "a¢<lJeKT" nepeHOCHnOCb 

/13/ 
Ha MHoroMepHbIH aHanu3aTop C naMgTbID Ha MarHHTHOH neHTe • ,Ung H3-

MepeHug ¢oHa BopoTa OTKpbIBanucb BTopuqHo qepe3 BpeMg 5i" nocne Mo

MeHTa gene Hug ll qucno 3aperucTpupoBaHHbIX HMnynbCOB C M9TKOH "¢oH" 

TaK)K9 nepeHOCHnOCb Ha MHOI'OMepHb!H aHanu3aTop. TTocne STana HaKonne

Hllg npOH3Bogunacb copTHpOBKa HH¢0pMaUHH C llOMOII!bID naMgTH HHTerpnpy

IDIUero THna. YcTpOHCTBO OT6opa MHOroMepHOI'O aHanu3aTopa ll03BOnuno 

nonyqaTb BpeMeHHbie cneKTpb!, OOOTB9TCTBYIDIUH9 perucTpauuu o, 1,2 •.. HM

nynbCOB Ha aKT geneHug oTgenbHO gng a¢¢eKTa u ¢oHa. 
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8 KOHl18 K8)KJl0I'O llHKna H3MepeHHfi C llOMOIIlblO CHCT8Mbl CB.H3H BC.SI 

HH<i>opMallH.H ( cyMMapHa.H HHcf>opMallH.H BKmo'Iana H8CKOnbKO COTeH MaCCHBOB 

no 2048 'mcen B Ka*JlOM) nepeJlaBanacb Ha 8BM "MHHCK-2". ITepBH'IUa.H 

o6pa6oTKa BpeMeHHb!X cneKTPOB, BKm0'I8lOIU8.H T8KH8 npoCTb!e onepallHH KaK 

COPTHpOBKa H cyMMHpOBaHH8 HJl8HTH'IHhIX cepnfi, BB8Jl8HHe HeKOTOpb!X no

npaBOK, nony'IeHH8 cyMM OTC'I~TOB B onpeJleneHHb!X 8HepI'8TH'IeCKHX I'pana-

11ax H T.Jl,, llpOBOJlHnacb C acnonb30BaHH8M Bbl'IHCnHTenbHOfi CHCT8Mbl C 

BH3yanbHb!M KaHanoM CB.H3H B BHJl8 OCllHnnoI'pacf>a co CBeTOBblM KapaHJla-

/14/ 
IIIOM • OKOH'IaTenbHa.H o6pa6oTKa HHcf>opMallHH npoBOJlHnacb Ha 8BM 

M-20. 

OCHOBHbl8 H3Mepe1IH.H Bapaa11afi V OT peaoHaHca K peaoHaHcy 6b1-

nil'. npOB8Jl8Hbl C HCllOnb30BaHHeM peI'HCTpallHH MOMeHTa JleneHH.H no MI'H0-

/12 / -5 
B8HHbIM y -.ny'IaM JleneHH.H TonmHHbl o6pa3110B COCTaBn.HnH 8,3•10 ; 

-4 -3 
4,3•10 2,1 •10 .HJlep/6apH Jln.H U -235 (060I'aIUeHae 90%) H 

-3 
2,8•10 .Hllep/6apH Jln.H Pu -239 (o6oI'aIUeHae 98,3%). ITpoBepKa aTofi 

MeTOJlHKH H3MepeHHfi 6hma npoBeJleHa C noMOIIlblO MHOI'ocnofiHofi HOHH3a-

/15/ • 
llHOHHOfi KaMepbi Jln.H Jl8T8KTHpOBaHH.H aKTOB JleneUH.H , COJl8p)KaIUeH OKO-

no 1 I' u -235. O6a MeTOJla H3MepeHHfi JlaBanH xopOIIIO COI'nacylOIUHeC.H 

/16/ 
peaynbTaTbI. MeTOJlHKa H3MepeHHfi V ll0Jlpo6Ho onacaHa B • EnoK-CXe-

Ma H3MepeHHfi npHBeJleHa Ha pac. 1. 

O6pa6oTKa 

B o6meM cny'Iae Jln.H Ka*JlOI'O peaonanca B npeJlenax anepI'eTa'IeCKHX 

I'paHHll o6pe3aHH.H paCC'IHTbIBanacb BenH'IHHa ( V £ n ) I B COOTB8TCTBHH C 

Bbipa)K8HH8M 

7 

(~ 
m+k m+k n!o n (N nj -<,>I IJ)nj -F 
I ( V € n )j I nj (1) = = n I 

l=m l=m 7 
Q I (N -<,) <I> -F 

n=O nl I nj nj 
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PHc. 1. EnoK-CXeMa H3MepeHHH H o6pa60TKH 9KcnepHMeH
TanbHbIX ll8HHbIX: 1. HMnynbCHblH 6bICTpb!H peaKT0P, 2, Kon
nHM8T0PhI. 3,4. O6'!>eMbl )Kff/lK0CTH0l"'0 CUHHTHnnsnmoHH0l"'0 
neTeKTopa. 5. HccnenyeMhie 06paaub1 Hmr nenHTenbaasi KaMe
pa. 6. <t>oTOYMHO)KHTenH, 7. 3neKTpOHHaSI annapaTypa pel"'HCT
paUHH aefiTpOHOB, 8. MaoroMepHbIH aaanH38T0p C naMSITbIO 
Ha Mal"'HHTH0H neaTe. 8. KoaTponbHOe aanHCbIBaIOIUee ycTpofi
CTB0. 10. KoaTponbaoe nepec'leTaoe ycTpoficTBo, 11. 3BM 
"MHHCK-2 ". 12. CBeToBofi Kapaanaw, 13. 8BM M-20, 
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rne NnJ - •mcno cny-qaea perncTpaunn n HMnynbCOB neTeKTopa; 

ell nJ - 'IHcno cny'laea peI'HCTpaUHH n ¢oHOBbIX HMnynbCOB OT 

ny, nn -npoueccoa B o6paaue n peaKTOpHoro ¢oHa ("nepe

MeHHh1ii ¢oH") nn.H Toro JKe 'lncna neneHnii; 

F nJ - 'IHCno cny'laea perncTpaUHH n 

3aHHb!X C ¢oHOM o6paaua H pannoaKTHBHb!M ¢oHOM noMe

IUeHH.H ( "nocTOSIHHb!H ¢oH") nn.H TOI'O JKe apeMeHH H3Mepe-

HHSI, 'ITO H Nnj 

WI - nonpaBO'IHbIH Koa¢¢uuneHT Ha a¢¢eKT 3HepreTH'l8CKOI'O CMe

rueHH.H npn peI'HCTpauHH nepeMeHHOI'O ¢oHa MeTO]lOM aa

nepJKaHHb!X coananeHnii; 

Q - nonpaBO'IHb!H Koa¢¢mrneHT, Y'IHTh!BalOIUHH npOC'l0TbI, CBSI

aaHHbI8 C paapeillarorunM BpeMeHeM KaHana peI'HCTpaUHH H8HT

pOHOB neneHHSI. 

TaKHM o6paaoM, aHaMeHaTenb Bb1paJKeHHSI (1) npencTaansi:eT co6oii 

'IHCnO aapeI'HCTpHpOBaHHb!X 8KTOB neneHHSI, a 'IHCnHTenb - COOTBeTCTByro

ruee 'IHCno aapeI'HCTpnpoaaHHb!X H8HTPOHOB. 

HeTpyJlHO noKaaaTb, 'ITO 'IHCno aapeI'HCTpHpoaaHHb!X aKTOB neneHHSI 
HCT. 

CBSI3aHO C HCTHHHb!M 'IHCnOM aKTOB neneHHSI B o6paaue N, COOTHOllle-

HHeM 

7 llCT. 

I (NnJ -wl ct,nl -FnJ )=N f {I-Co )Bo' 
n=l 

(2) 

I'Jle 8 O - Beposi:THOCTb He aapeI'UCTpnpoaaTb HH OJlHOI'O ¢oHOBOI'O UM-

nnsi: pacnpeneneHnsi: aeposi:T

HOCTH ~cnycKaHHSI HeiiTpOHOB Ha aKT neneHHSI no aaKOHY ITyaccoHa. 

B cepH.HX H3MepeHHH C HOHH38UHOHHOH KaMepoii neneHH.H B Ka'leCTBe 

o6paaua aHaMeHaTenb BhrpaJKeHHsi: (1) npencTaamm co6oii npocTo 'IHcno 

OTC'leToB KaMepb1 aa BhI'leToM ¢oHa B npenenax paccMaTpnaaeMoro peaoHaHca. 
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BenuquHa 11 IlOCTOHHHOI'O ¢oHa" anH 60lll>lliHHCTBa peaoHaHCOB He npe

Bb!lliana - 3% ( U -235) H - 10% ( Pu -239) OT nonHoro cqeTa no pe

aoHaHcy. MaKCHManbHaH BennqnHa "nepeMeHHoro ¢oHa" aocTHrana - 5% anH 

HeKOTOpb!X CHnbHbIX pe30H8HCOB Pu -239 B H3MepeHHHX C TOnCTbIMH o6paa

U8MH. 

Bb1pa)KeHue anH nonpaBoqHoro Koa¢¢uuneHTa <u 1 6bmo nonyqeHo B 
/17 / . 

pa6oTe aBTOPOB B npeanonO)K9HHH nopeHUeBoil: ¢opMbl H3MeHeHHH cqeTHOil: 

aarpy3KH B npeaenax peaoHaHca: 

.. 

<ul 

E2-E1 

J 
E 1-EI 

~-El 1 
2 c 2 -2 2 c 2 2 c 2, - - 1 

[ E 1 +( 2 ) ] dE
1 
I J l[(E

1 
+~) +(2 ) ][E

1 
+(2 ) JI dE1 I, (3) 

E ... E 
1 I 

rae E 1 , E 2 - rpaHHUhI o6peaaHHH pace Ma Tp1rnaeMoro peaoHaHca, ~ - aa-

aep)KK8 npH H3MepeHHH ¢oHa H C - annapaTypHaH lliHpHH8 pe30H8HC8 Ha 

nonOBHHe BblCOTbI B aneKTpOHBOnbTax. 

Koa¢¢uuneHTbl <u I anH Ka)Kaoro pe30H8HC8 paccqHTbIBanHCb Ha 3BM. 

BennqHHbl <u I ne)Ka T B npeaenax OT 1 ao 1, 1 H TOnbKO anH pe30H8HCOB 

npH 9HeprHHX 40➔80 9B <u1 BoapacTaeT ao BennqHHhI 1,3. 

PacnpeaeneHHe BepoHTHOCTH perucTpauHH Heil:TpoRa aeneHHH B npeaenax 

BpeMeHHOI'O OKH8 CXeMbI nponycKaHHH HMeeT 9KCilOHeHUH8nbHb!il: xapaKTep. 

3TO IlPHBOaHT K TOMy, qTo aa)Ke npH cpaBHHTenbHO ManoM qucne perHCTpHpye

MbIX Heil:TpOHOB B03MO)KH0 HanO)K9HHe aByx HMnynbCOB B npeaenax paaperna10-

IIJero BpeMeHH aneKTp0HHOil: annapaTypbI, Bep0HTfl'.0CTb KOToporo npH aocTa-
T 

ToqHo rnHp0K0M 0KHe cxeMhI nponycKaHHH T paBHa k == 2 r 9 J £ 2 (t) d t 
0 

rae r 3 - paaperna10mee BpeMH aneKTpOHHoil: annapaTyphr, f ( t ) - HopMH-

poBaHHoe pacnpeaeneHHe BpeMeHH )KH3HH ueil:TpoHa B aeTeKTope. 

3KcnepHMeHTanbHO onpeaeneHHaH BenuqnHa k = 0,083:!:..0,004 npu 

T =20MKCeK H T 9 =0,25MKCeK. TionpaBoqHb!il: K09¢¢HUH9HT B Bb!pa)KeHHH (1) 
k 9KCil. 

Q==l- 2 (v£ 0 )1 
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Kamaag cepng naMepeHnfi, xapaKTepnayeMag TonmnHofi o6paaua n £n , 

o6pa6aTbIBanacb B COOTBeTCTBHH c cliopMynofi ( 1). nng conocTaBneHHR Ha6o

pa 3Ha'leHnfi (v£ n) 1 B paann'IHbIX cepngx naMepeHnfi paccMaTpnBanacb Be

nn'IHHa (vfn ) 1 /<(v£n)1> , rae 'lepea < •••••• > o6oaHa'leHo ycpeaHeHne 

no BCeM nccneaoBaHHbIM peaoHaHcaM. 3Ta BeJIH'IHHa B paayMHOM npeanono-

meHHH noCTORHCTBa n OT peaoHaHca K peaoHaHcy COOTBeTCTByeT Bapna-

UHHM v
1 

30HaHCaM, 

OTHOCl:fTenbHo <v
1 

> - cpeaHero no BCeM nccneaoBaHHbIM pe-

CTaTHCTH'lecKaH own6Ka 011peaengnacb B COOTBeTCTBHH C Bb!pameaneM 

(4) 

7 

X [n~ 

rae o6oaHa'leHHH TaKne me, KaK B (1 ). B CTaTHCTH'leCKYIO own6Ky v, /<vi> 

Kamaofi cepnn BKnIO'lanacb H own6Ka Benn'IHHbI .<ii1 > 

nng Kamaoro peaoHaaca OKOH'laTenbHaR Benn'IHHa ii
1 

/<ii
1 

> nony'la

nacb KaK cpeaHeB3BeweHHag no BCeM cepHRM H3MepeHHH, TaK KaK CTaTHCTH

qecKaH TO'IHOCTb OTaeJibHb!X cepHfi 6bma aeoanHaKOBa. OaaaKO B3BeWeHHOe 

cpeaaee Mano OTnH'laeTCH OT npoCTOI'O cpeaaero, H CTaTHCTH'leCKag OWH6Ka 

6nH3Ka K BenH'IHHe cpeaHeI'O OTKnOHeHHHo OTcIOna cneayeT ang pacnpeaene

HHR 8KcnepnMeHTaJibHb!X 3Ha'leHHfi, noa'IHHHIOIIIHXCH HOpManbHOMY 3aKOHy, 

'ITO BnHRHHe MeToaH'leCKHX OWH60K Ha peayJibTaTbl He 6bmO onpeaenHIOIIIHM. 

TTpH o6pa60TKe 6bmO caenaHO npeanonomeHHe, 'ITO cneKTP MI'HOBeHHb!X HefiT-
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POHOB H BepOHTHOCTb neneHHH 5es HCnycKaHHH HefiTpOHa He HSMeHIDOTCH 

cymecTBeHHo OT pesoHaHCa K pesoHaHcy. 

PesynhT8Tbl H oocy,KneHHH 

3Ha'leHHH v 1 / <v, > nnH OTnenbHbIX pesoHaHCOB U -235 H 

IlOK838HbI Ha pHCo 2 H 3. 

Pu-239 

ITpH BHHMaTenbHOM paCCMOTpeHIIH MO,KHO saMeTHTb, 'ITO 3Ha'leHHH 

ii1 /<i71 > nnH pasnn'IHbIX pesoHaHCOB K8K U -235, TaK H Pu -239, 

rpynnnpyIOTCH OKOno nByX 3Ha'leHHfi, onHo HS KOTOPbIX 6onb11Ie, a npyroe 

MeHbwe enHHHUbio ITpu HopManbHOM pacnpeneneHmr BenH'IHH r71 / <ii 1 > 

a Ka,Knofi rpynne nonHoe pacnpeneneHHe Morno 0bITb npencTaBneHo a Bline 

cyMMbI nByx pacnpeneneHHfi raycca. OnncaHne aKcnepHMeHTanhHoro pacnpe

neneHHH cyMMOfi nByX pacnpeneneHHfi raycca Ha 8BM MeTonoM HaHMeHbWllX 

KBanpaTOB nano cnenyromne sHa'leHHH cpenHnx ii I I <11-; > nnH cooTaeTcT·By-

IOIUHX nByX rpynn U -235. 

PHIO 

0,984;!:_D,006 ll 

0,97±,0,01 H 1,013±,0,007 

1,006±,0,008 
2 

X =1,59). 

2 
( X =3,45) H Pu -239 

, .UoBepHTenbHaH BepOHTHOCTb TaKOI'O pasneneHHH Ha nae rpynnbI no KpHTe• 
2 /18/ x Ha ypoBHe 0,75 nnH U -235 H 0,9 nnH Pu -239 • 

Ha pHc. 2,3 npHBeneHbl TaK)Ke xapaKTepHCTHKH OTHOCHTenhHOI'O Bb!Xona 

• M /M 
191 

OCKOnKOB CHMMeTp.H'IHOH MaCCb! C A H pesynhTaTbl npHMOI'O nnH 
/20/ /21 / 

Pu -239 H KOCBeHHOI'O nnH U -235 onpeneneHHH CllHHOB, .UnH 

nonyqeJIHH MaTeMaTH'leCKOfi xapaKTepHCTHKH CBH3H Me)Kny STHMH aenH'IHHaMH, 
o /1722/ 

a TaK,Ke napaMeTpaMH peSOHaHCOB r n • f' t H Uo rt I paCCMaTpHBan-

CH KOS<p<pHUHeHT KOppenHUHH r (a I b I) Me,Kny HaoopaMH BenH'IHH a I H b I 1 

rne a I cooTBeTCTByeT Haoopy ~ / <ii
1 
> , B b 1 - nocnenoBaTenhHbIM 

HaoopaM 3Ha'leHHfi ~/MA I g (cTaTHCTH'leCKHii CllllHOBb!it <paKTOp, paB-

Pu -239 H 0,44 H 0,56 nnH Hblfi 0,25 n 0,75 nnH 
/23/ 

H ( a0 rr ) I • p aCC'IHTaHHbie 3Ha'leHHH r ( a1 b I ) 

10 
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Ta61IHua 1 
3HatJeHHSI Koa<f><f>HuneHTOB KoppeJISIUHH r( ~ 

1 
b 

1
) .QJISI 

H Pu -239 

r(a b I ) V -235 

VI OTHOCHTeJihHbiii: 

<v~ > 
Bb!XO.Q OCKOJIKOB 0,42±.0,16 
CHMMeTpH'IHOii: 

MaCCbI, Mc/MA 
V1 

CllHH ypOBHeii: 
0,34±.0,18 

----, 
<vi> ( g -<f>aKTop) 0,50±.0,17 (.Qo 20 8B) 

~ I <v1 >, rfl 0,46:!:_D,16 

;;I I <i\ >, ro 
nf - 0,11±.0,20 

v; /<v1 >, (uOrf )I -0,07±.0,20 

U -235 

Pu -239 

-0,59±.0,14 

0,84±.0,08 

-0,56±.0, 15 

-0,02±.0;22 

0,04±.0,22 

Xopowo BH.QHo, 'ITO 3HatJeHHSI v1 /<v~ > KoppenHpy10T c Benn'IHHaMH 

M 
0
/M A .Qnst U -235, aHTHKoppem1py10T .QJISI Pu -239 H B o6oHx cnyqa-

SIX KOppenHpyIOT C g • OTCyTCTBHe KOppenSIUHii: Me)K.Qy ½ / <i7i > H r n~ 

H (e7o rf )
1 

IlO.QTBep)K.QaeT BbIBOJ:! 0 TOM 1 'ITO CHCTeMaTH'IeCKHe OWH6KH B 

8KCnep.11MeHTanhHb!X .QaHHbIX, CBSI3aHHbie C ytJeTOM <f>oHOB ( MaKCHMaJibHOe 

r r O ) BJIHSIHHe Ha pe30HaHCbl C MaJibIMH (10 f H n H B03MO)KHbIMH npOC'JeTa-

MH npH H3MepeHHSIX C TOJICTblMH o6paauaMH.(MaKCHMaJibHOe BJlHSIHHe Hape-

r r O ) 
30HaHCbl C 6onhWHMH C1 0 f H n I He 6bIJIH cymeCTBeHHbIMH. 

B Ta6JIHUe 2 IlpHBe.QeHbl TaK)Ke Cpe.QHeB3BeWeHHble 3HatJeHHSl i71 /<v1 > 

npH pa3.QeneHHH pe30HaHCOB u -235 H Pu -239 Ha .QBe rpynnbI a COOT-

BeTCTBHII C BeJIH'IHHaMH g H M/M A • 

Bee MeTO.Qbl pa3.QeneHHSl .QaIOT OCHOBaHHSl c.QenaTh O.QH03Ha'JHbiii: Bb!BO)l 

0 HaJIH'IHH pa3HHUbl B cpe.QHeM 'IHcne Heii:TpOHOB Ha aKT .QeneHHSI .QJISI .QBYX 

rpynn peaoHaHcoa. Ha KoppensruHH aenHtJHH ii1 I <v
1 

> H g cne.QyeT, 

'ITO I'pynnaM pe30HaHCOB C 60JibWHM .II MeHhWHM 3Ha'IeHIISlMH j;I /<vi > MO)!{-

- + + 
HO npHilHCaTh ClllIHbl 4- H 3 .QJISl U -235 H 1 H 0 ,QJISI Pu -239. 
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Ta6nm1a 2 

CpeJlmi:e 3H8'l9HHSI J1 / <v1 > H Ir JlnSI JlBYX rpynn YPOBHeH U -235 
H Pu -239 

Cnoco6 paaJ:1eneHHH YpaH -235 ITnyToHHfi -239 

fpynna 1 fpynna 2 fpynna 1 fpynna 2 

CyMMa JlBYX pacnpeJleneHHfi 
faycca (MHK) 1,008;!:_0,008 0,984;!:_0,008 1,013;!:_0,007 0,974;!:_0,010 

ITo cnHHy 
( g -q,aKTOp ) 1,005;!:_0,002 0,990±.0,002 1,014±.0,003 0,977;!:_0,005 

ITO 0TH0CHTenhH0MY Bb!X0AY 
.-1. 

- OCK0nK0B CHMMeTpH'IH0H Mac-

"' CbI ( Mc/MA ) 1,007;!:_0,002 0,990;!:_0,002 1,007:t.0,003 0,973;!:_0,008 

ITO BenH'lHHe <rf > U-235 <rf > Pu-239 

iii l<ii'1 > 31;!:_3 70;!:_8 50;!:_8 432;!:_85 



-
06Hapy)KeHHe CilHHOBOH 38BHCHMOCTH B V YK83bIBaeT Ha HanH'lJHe 

rny60KOH CBSI3H M0)KllY llBYMSI rrocneaoBaTenbHbIMH CT8l(HSIMH rrpouecca aene

HHSI: rrepeXOl(HbIMH COCTOSIHHSIMH Mpa rrpH KpHTH'l0CKOH ae4>opMaUHH, C Ol(HOH 

CTOpOHbI, H MOMeHTOM paaaeneHHSI Ha l(Ba OCKOnKa H HX paaneTOM, C llPY-

¢lH3H'leCKaSI KapTHHa H3MeHeHHSI rronHOH SHeprnn MPS B rrpocTpallCTBe 

' aecl>opMaUHH MO)K0T 6b!Tb rronyqena B paMKaX KarrenbHOH MOt:tenn C Y'l~TOM 

BnHSIHHSI o6onoqeK 6ea KOHKpeTH3aUHH crreKTpa H rrpnpot:thl aennTenbHbIX Ka

/24/ 
nanoB 

06bI'IHO B rrpouecce aeneUHSI MO)KHO ycnOBHO Bblt:tenHTb KBa3HCTaTH'leC

KyIO CTal(HIO B OKpeCTHOCTH cet:tnOBOH TO'IKH H H9KBa3HCTaTH'l9CKYIO - rrpH 

, paaaenennn siapa na ocxonxn n paaneT ocxonKOB rroa aeficTBHeM xynonoB

CKHX cnn OTTanKHBaHHSI. 

Ha KBa3HCTaTH'l9CKOH CTallHH llBH)KeHHe Mpa rrpOHCXOllHT TaKHM o6pa30M, 

'ITO B Ka)Kl(b!H MOMeHT BpeMeHH SHepreTH'leCKOe COCTOSIHHe SIBnSieTCSI HaH

HH31IIHM. Tiocne ceanoBOH TO'IKH Ha'IHUaeTCSI H9KBa3HCTaTH'lJeCKasi' CTal(HSI, 

xapaKTepnay10maSICSI 6bICTpb!M OCB060)Kl(9HH9M snepI'HH xonneKTHBHbIX CTerre

nefi CB060llbl H 4>opMHpoBaHHeM nyKnOHHb!X o6ono'leK B OCKOnKax. Ha STOH 

CTat:tHH rrpoHCXOllHT o6pa30Banne III9HKH M9)KllY 6yaymHMH OCKOnKaMH, HO 

sneprHSI Boa6y)Kl(9HHSI HX BHyTpeHHHX CTerrenefi CB060llbl COOTBeTCTByeT snep

I'HH B036Y*ll9HHSI Bcero siapa. 3ToT rrpouecc aaxaH'IHBaeTCSI paaaenenneM 

Ha OCKOnKH. B MOMeHT paapbIBa 1IIeit KH rrepBoHa'lJanbHaSI cl>opMa OCKOnKOB 

aanexa oT paBHOBecHofi. B peaynbTaTe o6Mena sneprnfi Me*llY xonneKTHB

HbIMH H nyKnOHHbIMH CTerreUHMH CB060llbl rrpoHCXOllHT narpeB Sil(epnoro Be

meCTBa, rrpn'I~M narpeB aon*eH 6h1Tb TeM 6onb1IIe, 'lJeM 6onbllle OTKnonenne 

cpopMbl OCKOnKa OT paBHOBeCHOH B MOM9HT pa3pb!B8 llleHKH, 

KnneTH'lJeCKaSI SHepI'HSI OCKOnKOB, rrpno6peTaeMaSI B peaynbTaTe Kyno

HOBCKOI'O OTTanKHB8HHSI, orrpeaensieTCSI B OCHOBHOM paCCTOSIHHeM M9)Kl(y 

ueHTpaMH 6yaymnx OCKOnKOB, 
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TaKHM o6pa3oM, KHHeTnqecKag 9HeprliH OCKOnKOB .ueneHHH xapaKTepnayeT 

.ue¢opMaunro nepexo.uaoro gapa nepe.u ero paapbIBoM, a saeprnst Boa6y)K.ueHHH 

OCKOnKOB - HX .ue¢opMaUHIO B MOMeHT paapbIBa. 

TaK KaK B npe.uenax sHepreTnqecKoil: ruenn cneKTp nepexo.uHhIX cocTost

HHil: ( KaHanoB) .uenstruerocg g,upa HMee r CXO.UC.TBO co cneKTpOM CTa6HnbHbIX 

.ue¢opMnpoBaHHhIX st.uep npn sHeprmr Boa6y)K.UeHHH, paBHOil: c 1 "' E - E r°> 
( E -9HeprHH CBSI3li Heil:TpOHa B COCT8BHOM gape, E ;1> - BbICOTa i -Toro 

6apbepa aeneHHH). TO Kaaanbr, COOTBeTCTByIOIUHe onpe.ueneHHb!M KOM6HHaUHHM 

CllHHa li qeTHOCTH, MoryT OTnnqaTbCSI Bb!COTOil: 6apbepa H, BO3MC')KHO, COOT

BeTCTBYIOIUeil: 9Heprneil: Boa6y)K.ueHHH KonneKTHBHbIX li BHyTpeHHHX CTeneneil: 

CB060.[lbI. 3To npe.unono)Kenne cornacyeTCSI C KOCBeHH.bIMH .uaHHb!Mli O BblCOTe 

6apbepoB .ueneHHSI, cne.uyIOIUHMli li3 BepOSITHOCTeil: .ueneHHH qeTHo-qeTHb!X coc-

/17 22/ 
TaBHb!X gaep I • B 9TOM cnyqae npn B036y)K.[leHHli BHyTpeHHHX CTeneHeil: 

CB060.[lbl MO)KHO BOCllOnb3OB8TbCH llOHHTHeM TeMnepaTypbr g,uepHoil: )Kff.[lKOCTH, 

KOTOpag 6y.ueT 3aBHCeTb OT EI • Ha Teoplili ¢epMli-)Kli.[lKOCTli BSI3KOCTb 

H.UepHoil: )Kff.[lKOCTli "' T - 2 
• ITpHHHMag TaKyIO 38BHCHMOCTb BH3KOCTH OT 

TeMnepaTyphr, nonyqaeM, qTo ,ung BblCOKone)KaIUHX nepeXO.[lHb!X COCTOHHHii 

(Manbre E 1 } llpli cnycKe SI,Upa C 6apbepa H3-38 6onbWOil: BSI3KOCTH weil:Ka 

He 6y.ueT pa3pbIBaTbCH .uo Manoi!: TonruHHbI n,cne.uoBaTenbHO, 6onbWOil: .unHHhr. 

3To npHBe.UeT K 6onbWOil: .ue¢opMaUHH o6pa3yIOIUHXCSI nocne pa3pb!Ba weil:KH 

OCKOnKOB, a, 3HaqnT, 6onhweil: 9HeprHH liX B036y)K.[leHHH li MeHbweil: KHHeTH

qecKoil: 9Heprnn, H3-38 6oru,woro paCCTOHHHH Me)K.UY ueHTpaMH OCKOnKOB B 

MOM9HT paa.uenennst. ilnst Hli3KOne)KaIUHX COCTOHHHil: ( 6onbWlie EI ) paapb!B 

weil:KH npoHCXO.[lHT npn 6onbWHX TonmnHaX weil:KH n npHBO.UHT K o6paTHOMY 

peaynbTaTy. 

B paCCMOTpeHHOii MO.[lenH 9Heprng £ I CBSI3aHa C B036y)K.[leHH0M BHyT-

penHHX CTeneaeil: CB060,ub1 B ce.unoBoil: ToqKe. Airanornqffbril: peaynhTaT MO)KeT 

6bITb nonyqea H npn npe.unono)KeHHH, qTo c 1 CBSI3aHa C KHHeTnqecKoil: 

9Heprneil: KonneKTHBHblX CTeneHeil: CB060.UbI .uenstruerocg gapa, HO BpeMSI .UBH-
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)K9ffHSI OT CeJlnoeofi TO'IKH JlO TO'IKH paspb!Ba eenHKO no cpaeHeHHIO C xa

paKTepHb!M HyKnOHHbIM epeMeHeM. TOI'Jl8 sa c~~T "TpeHHSI .. ' T.e. o6MeHa 

9Heprne:fi M9)KJlY KonneKTHeHbIMll H HyKnOHHbIMll CT9II9HSIMH ceo60JlbI, T8K)K9 

6yJleT npOHCXOJlHTb HarpeeaHHe SIJl9pHOI'O eemecTea e npouecce CK8Tb!B8HHSI 

C noTeHUJianbHOI'O 6apbepa K TO'IK9 paspbIBa. 

/1 2/ 
B pa6oTaX ' JlnSI o6'hSICH9HHSI eOSMO)KffblX KoppennpoeaHllblX HSMeHeHHtt 

e II H Ek 6binH CJlenaHbl pasnn'IHbie anbTepHaTHeHbie npeJlnOnO)K9HHSI OT-

HOCHTenhHO npHpO/lbl JlenHTenhHbIX KaHanoe H epeMeHH cnycKa C eeplllHHbl 

IIOTeHUHanhHOI'O 6apbepa JlO MOMeHTa paSJleneHHSI. B KOHe'IHOM HTOI'e nonyqea

/25/ 
Hhle pesynhT8Tbl aaanOI'H'IHbl paCCMOTp9HHbIM eb1111e. B pa6oTe JlenaeT-

CSI KOHKpeTHOe npeJlIIOnO)K9ffH9 0 IIPHPOJle KaHanoe C k =2, CBSIS8HHb!X C KO-

ne6aHHSIMII rroeepXHOCTH SJJlpa e HanpaeneHHII, neperreHJlHKynSipHOM OCH CHM

M9TPHII SI/lpa. C'!HT89TCSI, 'ITO TOnhKO 9TH KaHanbI, cna6o CBSIS8HHbi9 C OTHO

CHTenbHbIM JleH)K9flHeM '18CTeii SI/lpa B HanpaBneHHH pasneTa OCKOnKOB, He 

Jl8IOT eKnaJla B Ek • B aToM cny'lae npn Jleneam1 qepes HHSKone*aIUHe 

Kananb1 ( K =0,1) aaeprHSI eos6y*JleHHSI ocKonKoe ( H v ) Jl0n)KJI8 6h!Tb 

M9Hbllle, a E k - 6onh111e, '19M npH JleneHHH qepes ebICOKOne)KaIUHe KaHanhI, 

I'Jle JBKnaJl KaHanoB C 6onb111HMH K SienSieTCSI onpeJlenSIIOIUHM. 

KaK cneJlyeT HS ebilll9HSnO)KeHHOI'O, Ilpijeneqeuue pasnH'IHbIX MOJleneil: 

e paMKax Kananoeott Teop1rn noseonsi:eT Ka'lec'reeHHO o6'bSICHHTh o6uapy)KeH-

HyIO CllHHOBYIO SaeHCHMOCTb II JlnSI 

/26/ 
I1cnonhsysi HSeecTHbie Jl8HHbi9 

U -235 H 

o eenH'IHHe 

Pu -239. 

d11/ dE Jlnsi U -235 

n Pu -239 e o6naCTH HeCKOnhKHX Mae, MO)KHO OUeHHTb acpcpeKTHeHyIO pas-

HOCTb B ebICOTe 6apbepoe JleneHHSI Ha OCHOBe IIOnY'IeHHbIX 6.11 • JlnSI nepe

- - + H + 
XOJlffbIX COCTOSifIHH SI/lpa 4 n 3 u 1 H O , paBHyIO 6. E .i. =0,33+0,16Mae 

9'1' -

H 0,93±.0,27 Mae, COOTeeTCTeeHHO. 3TH SH8'19HllSI 6. E acp cornacyIOTCSI C noc-

neJlHHMH onpeJleneHHSIMH nono*eHHSI Kone6aTenhHhIX ypoeue:fi U -236 H 

Pu -240 HS auanHsa ( d , pf ) H ( t, pf 9KCIIepHMeHTOe, KOTOpbie 

Jl8IOT eenH'IHHY 6.E cp OT 0,15 JlO 0,5 Mae Jlnsr U -236 II oT 0,7 JlO 1,4 
9 

/27/ 
Mae Jlnsr Pu -240 
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/6/ 
B pa6oTe npOB0Jl0Hl,I OTHOCHTenbHbl0 H3MepeHH.II B o6naCTH aHep-

rufi HH*e 9 aa Jln.lI u -235. B. Ka'<I0CTB0 KPHT0PH.II E k B OT)lenbHbIX 

peaoHaHcax HCllOnb30Banocb OTHOW0HH0 BblXO)la OCKOnKOB H3 TOnCTOH MHwe

HH ( 6onbWHii: BKna)l OCKOnKOB C 6onhweii: KHH0TH'<I0CKOH aHeprHeii:) K BbIXO

JlY OCKOnKOB H3 TOHKOii: MHW0HH (aecb cneKTp OCKOnKoB). 8TOT MeTOJl, KaK 

6 
/6,7,28/ 

6 OTMetJaeTC.II B pa OTaX 1 0 naJlaeT Bb!COKOH '<IYBCTBHTenbHOCTbIO K 

H3M0H0HHIO Ek OCKOnKOB B aaBHCHMOCTH OT TOnIUHHbl MHW0HH H aneKTpOHHblX 

noporoB perHCTpamm OCKOnKOB (acficfieKT M0*0T JlOCTHI'aTb 30-40%). nn.11 

u -235 Ha6nIOJla0TC.II '<I~TKa.lI aHTHKOppenSIUH.II Bb!XO)la ii H E k OT 

pe30HaHCa K peaoHaHcy r =-0,74±,0,14), '<ITO ll0JlTB0P*Jla0T peanbHOCTb 

npeJlCTaBn0HHOil BbIWe CB.II3H M0IBJlY COCTO.IIHH.IIMH nepeXOJlHoro .IIJlpa, MOMeH

TOM pa3)leneHH.II H paaneTa o6pa30BaBWHXC.II OCKOnKOB. 

Ha puc. 4 noKaaaHa aaBHCHMOCTb V OT nonHoil KHH0TH'<I0CKOil 8Hep-
252 

rHH OCKOnKOB gn.11 cnoHTaHHoro )leneHH.II er (aHanOI'H'<IHa.lI 38BHCHMOCTb 

/29/ 
JlOn*Ha 6bITb Jln.lI U -235 H Pu -239) • Xopowo BHJlHO, '<ITO OCKOnKaM 

V 
lt,o 

3,o 

1.,0 

___ ....,__-'-!-__,__~_;~- 0 
180 200 220 

EKH3b 
Pac. 4. 3aBHCHMOCTbV OT nonHofi KHHeTH'<Ie-

252 Cf CKOH 8HeprHH OCKOnKOB )leneHH.II )lnSI , 

BHH3Y - pacnpe)leneHHe cyMMapHoii: KHH0TH'<I0-

CKOH aHeprHH. 
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C 6onbW0H KHH0TH'<I0CKOH 

aHeprueii: COOTB0TCTByeT M8Hb

wa.11 aHepI'H.II B036Y*Jl0HH.II. 

0TCIOJla, Y'<IHTbIBa.lI peaynbTa-

/6 7 28/ 
Tb! pa6oT ' ' , cne)lyeT, 

'<ITO He06XOJlHMO OCTOPO*HO 

llOJlXOJlHTb K HHTepnpeTaUHH 

peaynbTaToB H3MepeHHfi v 
B COBllaJl0HH.IIX C HHTerpanb

HblMH HOHH3aUHOHHbIMH KaMe

paMH, COJl0p*aIUHMH OTHOCH

T0nbHO 6onbwoe KOnH'<I0CTBO 

Jlen.11meroc.11 H30Tona. EcnH 



o6cy:lK.QaeMa.H Bblllle CB.H3b Me:lK.Qy JI H Ek .Qn.H pasnnti:HbIX KaHanoB ge-

neHH.H cnpaBe.QnHBa, TO H3MepeHH.H B COBila.QeHH.HX C HHTerpanbHblMH KaMepa-

MH .QeneHH.H MoryT npHBeCTH K yMeHbllleHHIO a¢¢eKT~ B V nnH .Qa:lKe K 

H3MeHeHHIO ero 3HaKa. 8To, no-BH.QHMOMY, MO:lKeT 6b!Tb O.QHHM H3 BO3MO:lKHbIX 
/30/ 

06~.HCHeHHfi HecornacH.H HalllHX pesynbTaTOB H pesynbT8TOB pa60Tbl • Cne-

.QyeT TaK:lKe IlPHHHM8Tb BO BHHMBHHe yrnoBOe pacnpegeneHHe HefiTpOIIOB B na-

6opaTopnofi CHCTeMe Koop.QHHaT, KoppennpoBaHHoe c HanpaBneHHeM pasneTa 

OCKOnKOB 0 

B 3aKnroti:eHHe aBTOpbi Bb!pa:lKaIOT rny6oKyIO IlpH3HaTenbHOCTb npo¢ilc

copy <I>.n, llJanHpo, B,H. A11.t:1peeBy sa nno.QOTBOpHbie o6cy:lK.QeHH.H, H. B. Knp

IlH'IHHKOBy H r.H. CMHpeHKHHY sa npe.QOC~aBneHHe Ha BpeMSI H3MepeHHfi o6-

pa3UOB H KaMepb1, r.n. )KyKoBy, IO,I1. KonhrHHy, T.C. A¢aHacbeBofi sa 6onb-

111YIO IlOMOIUb npH H3MepeHH.HX H o6pa6oTKe. 
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.1 :,iuuo .1v•jJ•• .._,u .,1..1.un .._.nn, .annvo .1,., 11.n.coa 1.1• 

OTHOCIITenhHbJe 113MepeHIISI V np11 AeneHIIII U -235 II Pu -239 
pe30H8HCHbIMII HeiiTpOHSMII 

O6aapy)1rnHa CilllH0B8SI 38B11CIIM0CTb B BbIX0Jle cpei:mero 'lllCna Ml'H0BeH

HbIX HeiiTpOHOB Ha .aKT AeneHIISI AnSI U -235 11 • Pu -239 B o6naCTII :crnepr11ii 

B38l!MOJleiicTBYIOlUIIX HeiiTp0H0B 1 ➔40 3B II 5➔85 3B, C00TB8TCTB8HH0, 

IlpenpHHT 06be,llHHeHHoro HHCTHTYTa 3,l{epHblX HCCJle~OBaHHA. 
,lzy&la, 1970 

Ryabov Yu.V,, So Don Sik, Chikov N,, Janeva N. 

Relative IVIe5.surements of v in the U-235 
Fission by the Resonance Neutrons 

P3-5297 

andPu-239 

The spin dependence is found in the yield of average number 
of prompt neutrons per fission act for U-235 and Pu-239 in the 
energy region of interacting neutrons of 1-40 eV and 5-85 eV, res
pectively, 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1970 


