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Summary 

The total cr:Jss sections of U -233, U- 235 and Pu-23~the fission 
and radiative capl ure cross sections of U-235 and Pu-239 were measured 
by the time-of-flig'1t meth:x:i with time resolution of 40 and 55 'ffi using 
the JINR pulsed f,~st reactor. The liquid boron scintillation detector 
was used to detect the resonance neutrons is the measurements 
of the total cross sections by the transmission method, The measurements 
of the total cross sections and that of fission and radiative capture 
by the self-indica ;ion method were carried out using a large cadmium
loaded liquid scir tillation detector, 

The parameters g1 , [' , r; and [' for 78 levels of U-235 32 levels 
of Pu-239 and th ~ para~eters gi ,1 for 

0

13 levels of U-233 wer~ calculated by 
the area method. n 

In recent y<!ars the investigations of resor1ance neutron interactions 
with fissionable ruclei by the time-of-flight method using the pulsed neutron 
spectrometer are being developed/1,2,3/, They are stimulated both by 
growing demands to the accuracy of the partial neutron cross section 
measurements and by the possibility of comparing different experimental 
characteristics of the interaction process inself, and, in particular, of the 
fission process, Nith the theoretical nuclear models, 



Viccne,llOB8Hii51 B381iMO.lleil:cTBii51 pe30H8HCHbJX Hei1 TpOHOB C aen51IIIIiMiiC51 

51.llp8Mii B rrocne.llHHe r'O.llbl liHTeHCiiBHO pa3BiiB8!0TC51 118 liMITynbCHLIX He.ii

/1 ,2 3/ 
TpOHHbiX CITeKTpOMeTpaX ITO BpeMeHii rrponeTa 

1 
, 0HH CTHMynHpyiOTC51 

He TOnbKO pacTylllliMii Tpe60B8Hii51Mii peaKTOpHOH ~li3~Kii B OTHOIIIeHiili TO'I-

HOCTH 1i3MepeHHH rrapUHanbHbiX HeHTpOHHbiX Ce'leHHH, '10 li B03MO)KHOCTb!O 

COITOCTaBneHH51 pa3nH'IHhiX 9KCITepHMeHTanbHblX XapaKl epHCTHK C8MOr'O rrpo

Uecca B38HMO.llei!:CTBH51 1 li B '18CTHOCT1i rrpouecca ae.r: eHH 51 1 C TeopeTH'IeC-

KHMH 51.llepHbiMH MO.llen51MH. 

CTpeMneHHe K ITOCT8HOBKe 9KCITepHMeHTOB B yC10Bii51X M8KCHManbHOi1 

pa3peiii8JOIIIeH CITOC06HOCTH rrpHBO.llHT K Or'paHH'IeHH!O JionyqaeMOi1 HH~OpMa-

UHH, T8K K8K H3-38 He.llOCT8TO'IHOH CBeTOCHnLI, COITyT:::TBYJOIIIeH B!,ICOKOMy 

pa3peiiieHH!0 1 06LI'IHO li3Mep51!0TC51 TOnbKO rronHhle 3~~eKTHBHLie Ce'leHH51 

/1/ 
B38HMO.lleHCTBii51 Hei1Tp0HOB • 3To IT03BOn51eT H3Y'I<ITb BOITpOChi, CB5138H-

HLie TOnbKO CO CT8THCTHKOH ypOBHeti:, orrpeaeneHHeM 'leHTpOHHOH CIWOBOH 

~yHKUHH H ee 3HepreTH'IeCKOM 38BHCHMOCTH. 

B aaHHo.ii pa6oTe, KOTopa51 51Bn51eTC51 rrpoaon)KeHJ!eM rrpoBO.llHMLIX B 

Jla6opaTopHH Hei1TpOHHofi C:m3HKH OVIHVI HccneaosaHHH HefiTpoHHLrx pe3o-

/4,5,6/ 
HaHCOB aen51IIIHXC51 51.llep , ocymecTBn51eTc51 TeHaeHUH51 6onee nonHoro 

H3y'leHH51 CBOUCTB B036y)K.lleHHbiX ypOBHeH rrpH yMepe.IHOM pa3pellleHHH rry-

TeM H3MepeHH51 nonHblX li rrapUHanbHb!X Ce'leHHH B38H v10.lleiicTBii51 pe30H8H

CHl>IX Hei!:TpOHOB C aen51IIIHMHCH 51!lp8MH. 
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MeTOLIHKa H3MepeHHil 

l13MepeHH51 61 InH npOB8L18Hbl MeTOLIOM BpeMeHH nponeTa C HMTiynhCHbiM 

171 
6bJCTpb!M peaKTOpO >1 0!1fll1 B Ka'leCTBe HCTO'lHHKa peaoHaHCHbiX Hell-

TPOHOB. DponeTHOe paccT051HHe (L) cocTaBnmw 1010 M. BpeMeHHhie 

CTI8KTpb! perHCTpH~OBanHCh 4096-KaHanbHb!MH aHanH3aTOpaMH C lliHpHHaMH 

lH 
KaHanoB 8 H 16 MJ< ceK. 3To o6ecne'IHBano paapeweHHe -"' ( 40 .. 55) HceKIM. 

L 

1 • .ilene H He H p a AHa U H 0 H H bl H 3 a X BaT • .iln51 perHCTpaUHH aK-

TOB JJ.eneHH51 H paDHaUHOHHOrO aaXBaTa HCTIOnh30BanC51 lliHAKOCTHb!H CUHHTHn

nHUHOHHbiH JJ.eTeKT )p o6'beMOM 500 n UHnHHLlpH'leCKOH cpopMbl Ha OCHOBe 

Tonyona C JJ.06aBKE MH napa-TepcpeHHna H DQDOD. C TIOMOIUhiO o6e3BOllieH-

HOrO M8THnOBOro o;TIHpTa B paCTBOp 6bin BBeLieH npOTIHOHOBOKHCnbiH KaJJ.MIIH 

B KOnH'l8CTB8 1 o6eCTI8'IHBaiOIU8M OTHOlli8HHe 'IHCna 51Ll8p KaJJ.MI!51 K 'IHCny 

HLiep BOJJ.Opoa.a, paBHoe 0,004. 11 ccneLiyeMhiH o6paaeu noMemancg B ueHT

pe 6aKa B reoMeTpHH 1 6nH3KOH K 4 1T 

DpHHUHTI peracTpaUHII OCHOBaH Ha TOM cpaKTe, 'ITO JJ.eneHH8 COTipOBO*-

LiaeTC51 I!CTiyCKBHH•~M MrHOB8HHblX )' -nyqeit H H8HTpOHOB 1 a pa.QHBUHOHHbiH 

aaxBaT - TOnhKO y -nyqeil. 

Peri!CTpaUHH aKTa LieneHH51 COOTBeTCTByeT 38L18P*8HHOe COBTI8Ll8HHe 

LlBYX C06biTIIH: 1) HCTIYCKaHH51 MrHOB8HHbiX y -nyqeil LieneHH51 1 cpHKCHpyJO

IUHX MOM8HT Lienei-IH51 1 H 2) 38XBaTa K8LlMH8M OLlHOrO H3 38MeLinHBllii!XC51 

HeiJ:TpOHOB LieneH~ 51 1 cpHKCI!pyJOIUero CaM cpaKT LieneH1!51 H LiaJOIUero B peaynh

TaTe KaCK8Ll B CpeLIH8M H3 'l8TbipeX y -KB8HTOB C TIOnHOi1: 8HeprHeH 

"' 9,2 MaB. Bpe~~ ;I, paaLien51JOIUee 8TH co6hiTH51, onpeLien51eTC51 cpeLIHHM Bpe-

MeHeM *H3HH He~TpOHOB B Ll8T8KTOpe LIO 38XBaTa H paBH518TC51 "' 8 MKCeK. 

PaLIHaUHOHHl>IH aaxBaT HeilTpoHa o6paauoM conpoBO*LiaeTC51 HCnycKa-

HH8M HeCKOnhKHX y -KBaHTOB C TIOnHOH 8HeprHei1:, paBHOH 8H8pr!iH CB513H 

HeHTpOHa B o6pa::.OB8BllieMC51 51Llpe. DOLlp06Hbie CB8Ll8HH51 0 KOHCTp}'KUHH 

181 
LieTeKTopa H ero xapaKTepHCTHKaX npHBeLieHbl B pa6oTe aBTOpOB • Ta-
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KHM o6pa30M 0 aanep~aHHOe COBITaJ(eHHe COOTBeTCTBO~ano aKTy neneHHH, 

H 9Ta HH~OpMaUHH HaKaiTnHBanaCb OJ(HHM H3 BpeMeHHhlX aHanH3aTOpOB. 

AKTbi 6ea corrpoBo~AaJOmero HMrrynbca perucTpupoBamfcb ApyrHM BpeMeH

HhiM aHanu3aTOpOM. DocneAHHH liH~OpMaUHH BKniO'!an.l C06b!TiiH, OTHOCH1111ie

CH K paAHaUHOHHOMy 3aXBaTy HeH'l'pOHOB o6pa3UOM 0 l.eneHHIO, He 3aper'HCT

pupoBaHHOMy B AenuTenbHOM KaHane, u, HaKOHeu, ~oiy. 

DoCTOHHHblH ~OH, C03AaBaeMb!H paAUOaKTiiBHOCTbiO ITOMe111eHHH, KOCMii

'!eCKHM H3ny'!eHUeM li ecTeCTBeHHOH y -aKTiiBHOCTbiO o6paaua, He 3aBHCiiT 

OT BpeMeHH 1i Y'!liTbiBaeTCH AOCT8TO'!HO TO'!HO B li3MepeHHHX 6e3 pa6oTaiO-

mero peaKTopa. 

ilnH liCKniO'!eHHH ~OHa OT peuuKnli'!HhlX HeATpOHOB B o6naCTii 9HeprHA 

AO 20 9B H3MepeHHH ITpOBOAHnHCb C ITOMemeHHblM B ITY'!OK KaJ(MHeBblM 

qmnbTpOM ( n a th = 22,4), a Bblllie 20 9B - C 6opHblM ¢iWbTpOM ( n ath 
Cd H 

15). 

ilnH y'!eTa ~OHa, CBH3aHHOr'O C pacceHHHeM HeJiTpOHOB rryqKa Ha KOn

nHMaTopaX, 3arnylliKaX Hel!TpOHOBOAa, KOHCTpyKUHOHt h!X MaTepuanax AeTeK

TOpa H T,A,, a TaK~e ~OHa 3aiTa3AhiBa!OlliliX HeHTpOHllB peaKTOpa, HeHTpOH

HhlH ny'!oK rrepeKphlBancH ~unbTpaMH ua cepe6pa H ~o6anbTa c TonwuHaMH 

-3 -3 2,9•10 Hnep/6apH ( n a 
0 

= 5,3 J::tnH E 
0 

= 5,2 as) H 2,8·10 HJ:tep/6apH 

( n a0 = 11 ,0 J:tnH E0 132 9B) cooTBeTCTBeHHO, C 'leT AeTeKTopa B peao-

HaHcax, npuHaane~amux 9THM uaoTorraM, rrpuHHMancsl paBHbiM ~oHy ua-aa 

nonHOr'O BhiBe!leHHH li3 ITY'!Ka HeHTpOHOB COOTBeTCTB/IOlllliX 9Heprufi. 

Bxnaa B axcrrepuMeHTanbHhiii cnexTp panuauuo1:Horo aaxBaTa HefiTpo-

HOB OT ITOTeHUH8nbHOr'O pacceHHiiH HCCneayeMbiM 1i3(>TOITOM, UpHMeCHMH li 

yrraKOBKOlt o6pa3Ua onpeaenRnCR 1i3 OTAenbHbiX H3MepeHHH C HAeHTH'!HblMH 

o6paauaMu U -238 H CB!iHUa, 

nng yMeHbllieHHR BKnaaa noTeHUHanbHOr'O paCCE•RHHR Me~.oy '!YBCT-

BHTenbHblM 06beMOM .QeTeKTOpa H o6pa3UOM ITOMelllalCH UHnHHJ:tpH'!eCKiiH 

6 
~HnbTp ua nopowKa Li F TonmuHOH 3 eM ( n a = 8,4 .onR 

na 

5 

E = 10 9B 



H n U = 2,6 iWH E = 100 3B ) • llnH yMGHbl.lleHHH pacceHHHH HeHTpOHHO-
nu 

1'0 ITY'!Ka Ha B03ilyXe BHyTpeHHHH IlpOiiOJlbHhiH KaHaJI aeTeKTOpa 

OTK8'UIB8JICSI ilO i18I,JieHIISI 1 MM lfg. 

llnH orrpeaeneHH~ <jloHa cnyqaAHwx coarraaeHHB ripH perHcTpaUHH aene-

HHA Hcrronb3oaancg METOil 3aaep~aHHwx coanaaeHHA. BeJIH'IHHa 3aaep~KH 

COCTaBJIHJ18 40 MKCeK, 'ITO B 5 pa3 rrpeBLilUaeT cpGJll·ICB BpeMH ~H3HH HBH-

/6/ 
TPOH8 iiO 3aXB8T8 B ~eTeKTOpe, KaK OTMB'IaJIOCb B pa6oTe 8BTOpOB , 

3TOT MeTOil AOCTaTO'IJ!O TO'IHO Y'II1TLIBaeT <jloH B TOM CJiyqae, KOP[Ia arrnapa

TypHaH IlOJIYillHpHHa pe30HaHC8 rrpeBhllUaeT BBJ111'IHHY 3aA~P/KKH 6onee 'IBM B 3 

pa3a ( H113K03HepreTI1'l eCKHe pe3oHaHcbr). Ecnu 3TO ycnoaue He BhiilOJIHHJIOCb, 

TO 3KCI19pHMeHTaJibHaH Kpi!BaSI <jJOHa YMHO~aJiaCb Ha cjlaKTOp k,,ll-(r/2f>t) 2 ]-~ 

rne 2 8 - anrrapaTypH.lH IlOJIYl.UHpHHa pe30HaHCa, r -3JieKTpOHHaH 3anep~Ka 

rrpH 113MepeHHI1 <jloHa. 

8KJI8ilhl BCeX paCCMOTpeHHhlX <jJOHOB C'IHT8Jli!Cb CTaTHCTI1'IeCKI1 

He38BHCHMhiMH 11 C {MMHpOBaJIHCb, 'ITO, I10-B11A11MOMY 0 cnpaaeAJIHBO , 

TaK KaK IlpOC'IeThl H3-3a HaJio~eHHSI I!MllyJibCOB B rrpeaenax MepTBO

ro Bp9MBHI1 perHcTpllpy!OI.UHX CI1CTBM He npeBbll.USJIH ( lt• 3)% 11 Y'II!Tbl88Jli!Cb 

/9/ 
rrpH o6pa6oTKe • 

B 3aBHCI1MOCTH OT ycnoanil 3KCrrepHMeHTa ( H30Torr, o6I.Uee KOJIH'IeCT

ao HccnenyeMoro 113JTorra 11 T,a.) rroporn per11cTpau1111 y -nyqeft aeneHHH 

H paanauHOHHoro 3a:~BaTa Bhi6HpanHCb paBHbJMH (0,3t- 0,9) M3B B pe/KUMe 

coarraneHnfi, a HeifTI oHoa aeneHI1SI - (0,8 .. 1,5) M9B n pe~HMe cyMMHpoaa-

/8/ . 
HHH • DpH aToM a¢c,;eKTHBHOCTH perHCTpauHu aKTOB aeneHHH H pa!ll1a-

/8/ 
UHOHHOI'O 3aXBBTa, H3Mepe!IHb!B MeTOilOM, OllHC.:lHIIb!M B pa6oTe , COC-

T8BnHnH OT 65 flO 3)% 11 OT 30 AO 15% COOTBBTCTBBHHO. 

TaKHM o6pa3o .1, nocne y<IeTa <jloHa cqeT B KaHane, perHcTp11pyJOrueM 

pailH8UHOHHblH 38XBitT, OnpeaeJIHnCH TOnbKO 8KTaMH p8ili18UHOHf!Ol'O 38XBaTa 

H aeneHH>IMH, He 3EperHCTpHponaHHhiMH n aeJIHTenbHOM KaHane. C<IeT ami 

OA!!Of'O KaHana Bpe}!BHHO!'O a!I!1JIH3aTopa MO~eT 6b!Tb rrpertCTaBJieH B cne-

6 



(KaHan JleneHFii) ( 1 ) 

~N 1 
(t)=[N 1 (t)+..!.~N I (t)]t 

y 0 ( 0 

(KaHan paJlHalHOHHOrO 3aXBaTa), 

rJle 
I N, - nonHoe qHcno aKTOB JleneHHH B -TOM KaHane ~peMeHHOrO 

aHanH3aTopa 3a BpeMH t N 1 
- nonHoe qHcno aJ:ToB paJlHaUHOHHOro 

0 

3aXBaTa B j -TOM KaHane BpeMeHHOrO aHanH3aTopa ~a BpeMH 0 l f 

a~$eKTHBHOCTb perHCTpaUHH aKTOB )leneHHH, l - a4~eKTHBHOCTb perHCT-
0 

paUHH aKTOB paJlHaUHOHHOrO 3aXBaTa, W - 3~~eKTHBBOCTb, C KOTOpOH B 

KaHane pa)lHaUHOHHOrO 3aXBaTa perHCTpHpyJOTCH aKTbl 1 OT!iOCHIUHeCH K Jlene

HHIO, 3Ta BenHqHHa nopHJlKa (0,1 t- 0,3) H onpe)lenHeTC ~ C TOqHOCTbiO He 

Xy.lKe (2+-3)% 
181 

2, f1 p 0 nyC K a H He, B H3MepeHHHX nponyCKaHHH HCIIOnb30BanCH .lKHJl-

/10/ 
KOCTHbilt CUHHTHnnHUHOHHblH 5opOCOJlep.lKaiUHH )leTeKTOp 0 HM810IUHH 3~-

~eKTHBHOCTb perHcTpaUHH HeiiTpOHOB 40% JlnH En = 100 aB rrpH co5cTBeH

HOM ~OHe OKOno 20 HMn/ceK, <I>OH B H3MepeHRHX orrpe! enHnCH C IIOMOIUbiO 

nepeKpb!BaJOIUHX nyqoK ~HnbTpOB H3 Cepe6pa H K06anb1'8, 0 KOTOpblX CKa-

3aHO Bblllle, l13MepeHHH 0 KaK 05htqHo, BenHCb qepeJlyJOUlHMHCH KOpOTKHMH 

cepHHMH c o5paauoM R 6e3 o5pa3ua. 

BcH HH~OpMaUHH, nonyqeHHaH B H3MepeHHHX Jlenelutii, paJlHaUHOHHhiX 

3aXBaTOB H nponycKaHHH0 OT)lenbHblMH CepHHMH nepe)laBanaCb IIO Ka6en10 

Ha aneKTpOH!iyJO BblqHcnHTenbHYIO MaliiHHy ( 3BM), r)le xpaHHnBCb Ha Mar

HHTHOlt neHTe. flo OKOHqaHHH H3MepeHHH BCe CepHH OJlHOrO THna C MarHHT-

HOlt neHThl BBOJlHnHCb B naMHTb 3BM, CyMMHpOBanHc,, HCnpaBnHnHCb Ha 

npocqeThi 3a cqeT MepTBoro BpeMeHH perHcTpHpyJOrueii annapaTyphi H o6pa-

5aTbJBanHCb B COOTBeTCTBHH C OIIHChiBaeMOH HH.lKe npOI:eJlypoH, 

7 



06pa6oTKa H pesvnbTaThi 

ITpHMeHHTenbH) K npoBeAeHHhiM HSMepeHHSIM .HSBeCTHhiH MeTOA nno

• /11/ 
ll{8JleH nOSBOn IeT nonytiaTb CBSISb Me)I(JlY CyMMapHbiM tiHCnOM OTCtie-

TOB AeTeKTOpa no I.CeMy peSOH8HCy 0 He S8BiiCSiillliM OT pasperneHiiSI Heft-

rpoHHoro cneKrpoM 3Tpa no BpeMeHH nponeTa, c napaMeTpaMH aroro peso-

HaHca. 

nnSI cnytiaeB pei'IiCTp8Uiili AeneHHH li paAHBUHOHHbiX 38XB8TOB MO)I(HO 

3anHC8Tb: 

l N I ,n ( E ) l _!!_A ( n • [' ,g [' • ~ ), 
1 r 0 f [' E

0 
D n (2) 

[' l [' 

( E : l c -
0

- (l + -"-"-)A ( n , f' , g f' , ~ ), 
·o [' c [' E 

0 
o n 

c c 

(3) 

naAaiOillliX Ha BCIO nnomaAb o6pasua sa BpeMSI HSMepeHHfi, onpeAenSieMoe 

/8/ 
MeTOAOM 1 onHC8HHt>IM B pa6oTe ; l, l , l ,l - nonHaSI, AenHTenbH8SI 0 r c n 

nonHaSI paAH8UiiOHiaSI li HefirpoHaaSI llllipliHhl paccMaTpHBaeMoro ypoBHSI; 

lr ,£ c • c n - a<jJ<jleKTiiBHOCTii perHcrpauHH aKTOB AeneHHSI 1 paAH8UiiOHHoro sax-

Bara li HefirpOHHO:'O pacceSIHHSI; A, - nnomaAb npoBana HaA KpHBOH npo-
2Eo . 

nycKaHHSI; n 
0 

- ronmHHa (SIAl eM ) AeTeKTOpHoro o6paaua; ~ - AOnnne-

pOBCKaSI llllipHHa; g - CT8TiiCTHtieCK1iH <jlaKTOp, p8BHh!H (2J+l)/2(2J+l) 1 

I'Ae J - CnHH CCCTBBHOI'O SIApa, a J - CnliH 51Ap8-MiillleHH. 

Yls ABHHbiX ao nponycKaHHIO onpeAenSinHCb nnomaJlli npoBana HaA Kpli-

BOll nponyCK8HiiSI1 KOTOpb!e SIBnSIIOTCSI T8K)I(e <jlyHKUiieH napaMeTpOB peao-

H8HC8 gf' 
n 
. [' • /l. H n 

T 

A "' f ( g r I [' I ~ • n ). 
g o T 

0 

2 
SIAICM 0 T.e. 

(4) 

8 



/12/ 
i-13MepeHHSI CaMOHHJlHKaUHH , B KOTOpblX HCITOilb30BanCSI )lenHTenb-

HblH KaHan JleTeKTOpa, HMeiOIIlHH HH3KHH ypoBeHb {jloHa, IT03BOnSIIOT rronyqaTb 

BenH'lHHY 

A( n +n )-A(n ) 
S(DT)=--~--~T ____ ~T~-

A (n ) 
D 

IN
1
(n+n) 

I D T 

I N ( n ) 
I D 

exp( n a ) , 
T P (5) 

I'Jle n T H n - TonniHHhi nponycKaiOmero H AeTeKTOf:Horo o5paauoB, a 
D P 

Ce'leHHe ITOTeHUHanbf!OI'O pacceSIHHSI, orrpeAenSieMOe ITO :IpOITYCKaHHIO MeMAY 

pe30H8HC8MH. 

nnSI HaXOMAeHHSI rrapaMeTpOB gf n H r Ha 38 1\11 MeTOAOM H8HMeHb-

IIIHX KBaApaTOB peruanacb CHCTeMa ypaBHeHHH BHA-3 (4) H (5), OporpaMMOH 

o5pa50TKH BBOAHnHCb ITOrrpaBKH Ha KpbinbSI pe30HaHCOB B rrpeAITOJIOMeHHH, 

'ITO Ce'leHHSI B5nH3H pe30HaHCa OITHChlBBIOTCSI {jlopMynoil EpeilTa-BHrHepa 

AnSI H30nHpOB8HHOI'O ypOBHsi 5e3 Y'IeTa s!jl!jleKTOB HHTep pepeHUHH, 

CneAyeT OTMeTHTb, 'ITO HCITOnb30BaHHe ABYX THITCB H3MepeHHH AnSI 

onpeAeneHH Sl g r n 11r yMeHbiii8eT BepOSITHOCTb CHC"eM8TH'leCKHX OIIIH-

5oK, ITOCKOnbKY B 3THX 3KCnepHMeHT8X HCTO'lHHKH OIIIHe OK pa3nH'lHbl, KpoMe 

TOI'01 AnSI K8MAOI'O THITa 3KCITepHMeHT8 H~MepeHH Sl 5biJJ H npoBeAeHbl C HeC

KOnbKHMH o5pa3U8MH, 'ITO AaeT B03MOMHOCTb HCITOnb30B8Tb 3Hil'lHTenbHO 

5onbruee 'lHCno ypaBHeHHH, 'leM 'lHCnO HeH3BeCTHblX rrapaMeTpOB 1 'ITO TaK-

Me yny'lruaeT HaAeMHOCTb rrony'leHHb!X pesynbTBTOB, 

1. Y p a H- 235, 8 H3MepeHHSIX HCITOnb30BanHCb o5 )83Ubl ypaHa B BHAe 

MeTannH'leCKHX rrnaCTHH H OKHCH-38KHCH, HaHeCeHHOH H~ aniOt~HHHeByiO {jlonb-

2 
I'y rrnomaAbiO 250 CM , o5orarueHHhie HCcneAyeMhlM H3<•TOITOM AO 90%, Ton-

IUHHbl o6pa3UOB ITpHBeAeHhl B Ta5n, 1, 

4>oH B KaHane AeneHHH COCTBBnSin ( 0,3 f- 3) %, B KaHane paAHBUHOHHo

I'O 38XB8Ta - (8t- 20)% OT C'leTa B pe30H8HCe 8,78 3B AnSI YK838HHblX TOn

IUHH o5pa3UOB, 4>oH rrpH H3MepeHHH rrporryCK8HHSI OITpeAI~nSinCSI B OCHOBHOM 

C05CTBeHHbiM !jJOHOM AeTeKTOpa, 

9 



Ha p11c. 1,2 nn5' 11nmocTpauH11 rrpHBeAeHbi yqacTKH aKcrrepi1MeHTanbHhrX 

CITBKTpOB rrporryCK8H11!!, CaMOHHAHKaUHH H CeMeHCTBO KpHBbiX, ITOCTpOeHHbiX 

Ha o..::HoBaHHH ypaBHBHHH (4), (5) nnH ypoBHH rrpH E
0 

= 19,3 aB, l1crronb-

30BaHHe BhlpaMBHHH (2), (3) nnH cny'laH "TOHKOro" o5pa3Ua (ycnOBHH 

f <<f H l <<1 BbJITOnHH!OTCH 
n 0 n c 

orrpenenHTb BBnH'lHHhl a l o . r 

)lnH BCeX ypOBHBH 

a l H a=~ 
o c l~r 

ypaHa-235) IT03BOnHeT 

, llorrrrnepOBCKaH lliHpHH8 

rrpHHHManacb paBHoli L'l. =0,02lly'E. AHanorH'lHhre pac'leTbi rrapaMeTpoB ypoB-

HBH H30TOITOB U -234 = 5,19 aB) HU-238 ( E 0 = 6,68 aB), rrpH-

CyTCTBY!OlliHX B o6paauax, ITOKa38nl1 1 'ITO HCITOnb3yeMbiH MBTOJl o6pa60TKH 

HBnHeTCH nocTaTO'lHO HaneMHhiM, B Ta6n. 2 nnH cpaBHBHHH rrpHBeneHbi rrony-

'lBHHbiB B H8CTOHWBH pa6oTe rrapaMeTpbl 3T11X ypOBHBH H rrapaMeTpb1 1 ·B3H
/ 13/ 

Thie 113 "ATnaca Hell: rpoHHhiX ce'leHHA" • BHnHo, 'ITO peaynbTaThi xopo-

wo cornacy!OTC H Mell~JlY co6oli, 

B Ta6n. 3 rrpHEeneH rronHbrli Ha6cip rrapaMeTpoB ypoBHeli ypaHa-235 

( KpOMB CIT11Ha) B 3HE preTH'lBCKOH o6naCTI1 2+- 50 3B, llenHTBJlbHaH lliHp11Ha 

6hrna rrony'leHa 113 B,rpaMBH11H 1 1 =1/0+a) , a rronHaH panHaUHOHHaH -

H3 , llnH ypOBHBH C HBH3BBCTHOH rronHOH lliHpHHOH 

panHBU110HHaSI w11p11H 1 rrp11H11Manacb rrocTOSIHHoil H paBHOH <1
0 

> = 43 Maa 

( <1 > - cpeJli!BB 3ia'IBHI1e, rrony'leHHOe ITO 34 ypOBHSIM C 3KCrrepHMBHTanb
c 

HO orrpeneneHHOH paJmaUHOHHOH lliHp11HOll)' a 11 = 10 I a. 

YpoBHSIM, nnH KOTOpbiX g r n HBB03MOMHO 6hin0 OIIpB)lenHTb H3 H3-

MepeHHH rronHbiX CB' BHHH, rrpHITHCbiBanocb 3Ha'leHHB a 1 =a 1 +a 1 
o o r o o 

• rne 27i'X' 0 TaK KaK a[' «ai,H gf' ,(a 1 +a 1 )/4rr1. 2
0 On 0 n 0 c 0! 

Ha BonHbi HBHTpoHa rrp11 aHeprHH E 
0 

• 

2, 0 n y T 0 H H J! -239, 8 H3MepeHHSIX HCITOnb30Bani1Cb MBTannH'lBCKHe 

o6pa3Ubi rrnyTOHHH c conepMaHHeM rrnyTOHHSI-239 97 ,5%, TonwHHhi o6pa3UOB 

rrpHBeneHhi B Ta6n. 1, OcHOBHhrM HCTO'IHHKOM <jloHa HBnSinocb crroHTaHHoe 

neneHHe Pu- 240 , Ipl1cyTCTBYJOWero B o6paaue. YpoBeHb <jloHa BO BpeMeH-

10 



Hh!X CIIeKTpax A8118HH51 H paAH8UHOHHOrO 3aX8aTa He rpe8hllli8JI COOT88TCT-

88HHO 15 H 30% OT C'leTa 8 pe30HaHce rrpH E 
0 

"',83 88 !11151 HCIIOllb-

3yeMhiX T011ll!HH o6pa3U08, H a p11c. 3 A1151 H111liOCTpauH 1 rrpH8eAeHhi yqacToK 

8KCIIepHM9HT81lbHOrO CIIeKTpa CaMOHHAHKaUHH 11 rrporry<:KaHI1e !11151 yp08H51 

rrpH E 0 = 7 ,83 88, 

¥13 8blpa)K9HHH (2,3) MO)KHO orrpeAell11Tb 891111'1Hthl r, /r , rc /r 

H, Cll9A08aTellbHO, r 
r H 

c 
, 3Ha51 113 113MepeH11H rrponycKaH1151 g rn 

11 r 
llnH C11a6bJX yp08H9H ( r < r ) g r 

n c n 
OIIp9A91l51~0Cb TaK )1(9, KaK 11 

A11H ypaHa-235. B Ta6n. 4 rrpH8eAeHhi rrapaMeTphi yponHeil rrnyTOHI151-238 

B 8HepreTH'leCKoil o6nacTI1 5~85 88, Vlcrro11b3o8aHHa51 8 pac'leTax norr~11e

poBCKa51 ll!HpHHa paBHa t. = 0,0208 yE 

3, Y p a H -233, B H3MepeH1151X 11CIT01lb308anucb o5pa3Uhi ypaHa-233 B 

8HA9 OKHCI1-3aKHCH, HaHeCeHHOH Ha all!OMHH1198YIO <j:Jom,ry, T011lli11Hhl o6pa3-

UOB yKa3aHhl B Ta611, 1, 0II11CaHHyiO M9TOA11KY 113MepeH11H aKT08 A9119H1151 

11 paA11aUHOHHOrO 3aX8aTa H9B03M0)KH0 6wno IIp11M9H511b B AaHHOM Clly'lae 

H3-3a 8biCOKOrO QJOHa )1(9CTKOrO y -H31ly'leHH51 AO'lep.IHX IIpOAYKT08 paA110-

aKTHBHOH ueno'IKI1 pacnana ypaHa. ITo8TOMY naHHhie <• rrapaMeTpax psma 

CH11bHhiX H XOpOll!O pa3pellleHHhiX pe30HaHC08 ypc. 'lf.-2( 3, IIpH89A9HHb!e B 

Ta6n,5, COA9p)KaT T011bKO II011Y'l9HHhl9 H3 11.3MepeHHH rrporryCKaHI151 891li1'111Hhl 

grn H r B 8HepreTI1'19CKOH 0611aCT·! 0,5;.20 88, Ha PHC. 4 IIOK838Ha 

-4 
KPHBaSI rrporrycKaHI151 o6pa3Ua ypaHa-233 ( n = 4,8·10 51AI6apH) B HC-

T 

C119AOB8HHOH 0611aCTH 8Hepruil. V!CII011b3088HH851 B paC'!eTax AOIIII1IepOBCKa51 

ll!HpHH8 pa8Ha t. = 0,0212 y if':' 
VIH<j:JopMaUH51, rrony'leHHa51 !11151 U-233 8 HaCT051lll iX H3MepeHH51X, HM99T 

orpaHH'l9HHhlH xapaKTep 11 H9AOCTaTO'!Ha !11151 IIpOBOAHI1hlX H11)1(9 o6Cy)I(Jl9HHH, 

3TI1 o6cy)I(Jl9HH51 KacaiOTC51 8 OCH08HOM C80HCT8 ypo 3Heil U -235 11 Pn -239. 

11 



06CY)I(Ae HH SI 

1. HeiiTpOHHhie mHpHHhi 11 CHnOBbie <jJyHKllHH. B ceqe-

HHSIX U -235 H Pa-~:39 ITOATBep)I(AeHO HanH'iHe cna6bJX ypOBHeii COOTBeTCT-

BeHHO ITPH E 1 = !1,7; 10,65; ll,05; 21,85; 22,4 aB 11 11,5; 49,6; 

58,6; 63,4; 69,9 9H, 06Hapy)l(eHHbiX B pa60T8X 8BTOpOB 
/4,6/ 

ITpH pac'IeTe 38)1(HOii AnSI TeopHH SIApa BenH'IHHhi - CHnoBoii <jJyHKllHH 

S
0 

, OITpeAenSI~Jli~H BepOSITHOCTb "ITpHnHIT8HHSI" B Ce'ieHHH o6pa30B8HHSI 

COCT8BHO~O SIApa, ~CITOnb308anCSI MeTOA OITpeAeneHHSI M8KCHM8nbHO ITp88AO

ll7/ 
ITOA06Ho~o 3Ha'ieHH ~ S 

0 
, ITpeAnO)I(eHHbiii 8 pa6oTe • IT onyqeHHbie 

3H8'ieHHSI CHn08b!X cpyHKllHH AnSI U -233 ,235 H Pu -239 pa8HSI~TCSI COOT8eT-

, ( ( +0,90 ) -4 (1 29 +0,54 )·10-4 (1 43 +0,68 )·10-4 
CT8eHHO SO = 1 ,3,1 _

0
,39 .1 0 j , _

0
,29 II ' _

0
,
34 

• 

0mH6Ka o6ycnoBneLa 8 OCH013HOM CT8THCTHKOH 'iHCna Ha6n~A8eMbiX yp08Hel\, 

CpeAHee paCCTOSIHHe Me)I(AY yp08HSIMH (6e3 p83AeneHHSI ITO CITHHy) COCT88-

JISieT AnSI U-235<11>"' 0,63~0,05 aB H AnSI Pu-239<D> = 2,68~0,25 88, 0mH6-

Ka 8bi'IHCnSinacb AJSI paciTpeAeneHHSI paccToSIHHii Me)I(AY ypo8HSIMH ITO BHr

nepy H T8K)I(e 388~ Cena 8 OCH08HOM OT 'iHCna paCCMaTpH88eMb!X yp08Hell, 

PacctiHTaHHhie S 
0 

AnSI U-235 H Pu-239 co~nacy~TCSI 8 ITpeAenax omH60K 

CO 3Ha'ieHHSIMH 0 ITcnyqeHHbiMH H3 aHanH38 cpeAHHX Ce'ieHHll ITO~nomeHHSI Hell

/14/ 
TpOHOB 8 o6naCTH 9HeprHii 0,3-30 K88 , 3KCITepHMeHTanbHb!e paCITpe-

2 
AeneHHSI ITpH8eAeHFbiX HeiiTpOHHbiX lliHp!!H XOpOlliO OITHCbiB8~TCSI )( -pac-

ITpeAeneHI!eM C 'iHCnOM CTeiTeHeti C8060Abl v 
n 

Ha v 6wna ITony'IeHa H3 COOTHOWeHHSI 
n 

2g r 0 

< ( n 

<2gr 0 > 
( 6) 

n 

H pa8HSinacb 1 ,0 ~(I, 1 AnSI U-235 H 1 ,2 ~ 0,1 AnSI Pu -239 , a cpeAHHe 

ITpH8eAeHHWe HeHTJOHHWe WHpHHhl 

0,84+0,21 Ma8 coor8eTCT8eHHO, 

12 



2, n 0 n H a 51 p a JJ. H aU H 0 H H a 51 lll H pH H a. CpeJJ.H~ e 3Ha'!eHH51 nonHOH 

paJJ.HaUHOHHOH ll!HpHHbl <r 
0 

> paBH5110TC51 43:!:_2 MSB JJ.n 1 U -235 (34 ypOBH51 

c onpeJJ.eneHHbiMH paJJ.HaUHOHHbiMH ll!HpHH8MH) H 41+2 M9B JJ.n51 Pu-239 (29 

ypoBHeii). TaK KBK nonHa51 paJJ.HaUHOHHa51 ll!HpHHa JJ.n51 Ka*Aoro ypoBH51 51B

n51eTC51 CyMMOH 6onbll!Oro 'IHCna napUHanbHblX ll!HpHH 1 TO cneJJ.yeT O*HJJ.aTb 

JJ.OBOnhHO y3Koro pacnpeJJ.eneHH51 paJJ.HaUHOHHbiX ll!HpHH C•THOCHTenhHO cpeJJ.

Hero 3Ha'IeHH51 no BCeM paccMaTpHBaeMbiM ypoBH51M, B cooTBeTcTBHH c ¢op

Mynoi1 (6) SKCIIepHMeHTanbHhle pacnpeJJ.eneHH51 IIOnHhlX paJJ.HaUHOHHhlX llllipHH 

OIIHCbiBa!OTC51 
2 

)( -pacnpeJJ.eneHH51MH c v c"' 30 JJ.n51 U-235 H V 80 JJ.n51 
c 

Pu-239. CneJJ.yeT OTMeTHTh, 'ITO y3Koe pacnpeJJ.eneHHe JaJJ.HaUHOHHhiX ll!HPHH 

JJ.nH Pu -239 xopoll!O cornacyeTCH c npeJJ.CKa3hiBaeMhll\1 TeopHeH 3Ha'!eHHeM 

v , 100 
1161

, Ho JJ.nH U-235 3aMeTHo MeHhllle npE>JJ.CKa3hiBaeMoro. Eo-
a ~ 

nee ll!HpoKoe pacnpeJJ.eneHHe nonHhlX paJJ.HaUHOHHhlX ll!HpHH JJ.n51 U-235 MO*eT 

6h!Th CBH3aHO, B qaCTHOCTH, C TeM, 'ITO cpeJJ.HHe paJJ.HiiUHOHHbie ll!HpHHbl 

OTnH'Ia!OTC51 JJ.n51 JJ.BYX CIIHHOBblX COCTOHHHH, 

3. D. en H Ten h H a 51 lll H pH H a. npH JJ.eneHHH 'IeTHO-'IeTHblX COCTaBHbiX 

51/J.ep pe30HaHCHbiMH HeHTpOHaMH SHeprHH CB513H HeHTpOia He3H8'IHTenhHO 

(Ha 1 .. 1,5 MsB) npeBhi!llaeT HaHHH3lliHH JJ.enHTenhHbiH II)por. B STOM cny

qae KBaHTOBbie COCTOHHHH IIepexOJJ.HOrO HJJ.pa IIpH KpHTH'IeCKOH JJ.e¢opMaUHH 

(KaHanbr) B OCHOBHOM COOTBeTCTBYIOT KOnneKTHBHbiM JJ.IIH*eHHHM, TaK KaK 

H3-3a HanH'IHH SHepreTH'IeCKOH !llenH KaHanbi HyKnOHHOil H KOnneKTHBHOH 

npHpOJJ.bl pa3JJ.eneHbi TaK*e aa BenH'IHHy nop51JJ.Ka 1,5 MsB. l.JHcno JJ.ocTyrr

HhiX KaHanOB B IIpeJJ.enax SHepreTH'IeCKOH !llenH orpaHH'IeHO 110 CIIHHY ( j) 

H 'IeTHOCTH ( 17 ) H MO*eT 6b!Th CBH3aHO C ITOBeJJ.eHH 3M JJ.enHTenhHbiX 

ll!HpHH pe30HaHCHhlX ypoBHeH, 

TaK, cpeJJ.Hee 3HaqeHHe JJ.enHTenhHOH lliHpHHbi y):<e coJJ.ep*HT HH<jlopMa-

UH!O 0 XapaKTepHCTHKaX JJ.enHTenbHblX KaHanOB cornaCHO H3BeCTHOH cpopMy

/18/ 
ne Eopa-YHnepa 

13 



J 1' 1/ 
< [' J7t > <U > I p (E' E I' E I ) ' ==---271 1=1 t curv 

I'Jle 

I 

P(E,E,' ' E i 
2rr(E

1 
....;E) -1 

) "' [ l + exp 
El 

] (7) c;:ur·· 

CUI'V 

3.Qecb 
I 

E t - Bwcora 6apbepa -TOI'O KaHana .QeneHHR, OTC'IHTaHHaR OT 

OCHOBHOl'O COCTORHI:R COCTaBHOI'O R}lpa, E I - rrapaMeTp, xapaKTepH3yiO-
curv 

!I(Hit KpHBH3Hy BeplliHHbl rrapa6onhl 1 arrrrpOKCHMHPYIOIIleit QJOpMy 6apbepa 

( E 1 ., 0,6 MsB), P(E,EI ,E I 
curv f curv 

na, TaKHM o6paaoJv, BenH'IHHa ( v 

- IIpOHHU8eMOCTb 

v 
I P( E,E 1 

, E1 

I 1=1 t curv 

-TOI'O K8Ha-

), 

Ha3biBaeMaR "'IHCnC M OTKpb!Tb!X KaHanoB", IIO CBOeit QJH3H'lJeCKOit CYllUIOCTH 

XapaKTepH3yeT "cT•meHb OTKpb!TOCTH" KaHanOB .QeneHHR H TOnbKO B cnyqae 

IIOnHOCTbiO OTKpb!TI IX KaHanOB ( 1IpOHHU8eMOCTb K8MJlOI'O KaHana paBHa 1) 

KaHanOB, 

KpoMe TOI'O, H3 C8MOI'O BHJl8 CTaTHCTH'IeCKOI'O pacrrpeneneHHR nenH

TeJibHbiX lllHpHH MO ~HO TaKMe H3Bne'lb HHQJOpMaUHIO 0 'IHCJie KaHanoB, JlaiO

IIlHX BKna.Q B IIpOUECC JleJieHHR COCT8BHOI'O RJlp8 C Jl8HHblMH KOM6HH8UHRMH 

CIIHH8 H 'lJeTHOCTH, TaK K8K H3 OI'paHH'IeHHOCTH 'IHCna OTKpb!TbiX KaHanoB 

cnenyeT Bb!BO.Jl 0 HanOM 'IHCne CTeiieHeit CB060Jlbl CT8THCTH'lJeCKOI'O pacrrpe

JleneHHR nenHTeJibHbiX IllHpHH H 1 CJieJlOBaTeJibH0 1 06 HX CHJlbHbiX QJJIIOKTya-

UHRX OTHOCHTeJibHC cpenHei'O 3Ha'lJeHHR, 

TaK, rrpHMeHnHHe BblpaMeHHit (6, 7) K CHCTeMe ypoBHeit 6ea paanene

HHR IIO CIIHHY .Qae1 CJieJlyiO!llHe 3Ha'lJeHHR JlJIR "CTeiieHH OTKpblTOCTH" KaHa-

nOB ( V ) 
3QJ 1 

I 'IHCJI8 OTKphlThlX KaHanoB (v 

= 0,57:0,14; ( v = 4,6:0,8 .QnR U-235 H 

( v 3QJ ) 2 l,o:o,2 AnR J:>u-239. 

14 
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nony'leHHoe 'iHCno OTKpb!TbiX KaHanoB Lin.H u -235 H Pu-239 HaXOLlHTCSI 

/19/ 
B xopoiiieM cornacKK c npeLino)KeHHoA B paooTe c:teMoA ypoBHeA ·nepe-

xoLIHoro .Slllpa ·npK KpKTK'IeCKOH Lie~OpMaUHK, H3 KOTOpoi cneLiyeT, 'ITO B 

npeLienaX 3HepreTH'IeCKOH IIIenH HeCKOnbKO ypOBHeH COCTBeTCTBYIOT COCTOSI-

- - ) + + 
HH.HM 3 H 4 ( U-236 H TOnbKO LIBa ypoBHSI - COCTO£HH.HM 0 H 1 (Pu-240), 

npH'IeM nocneLIHHH ne)KKT Ha 100-200 K3B BbJIIIe 3HeprHK CBSI3H HeHTpOHa, 

4, C n H H bl y p 0 B He H, 0LIHHM H3 OCHOBHbiX BOnpOCOB 1 H3y'iaeMbiX 

MeTOLiaMH HeHTpOHHOH cneKTpOMeTpHH, SIBnSieTCSI BOnpoc 0 CnHHOBOH 3aBHCH

MOCTH napaMeTpOB .HLiepHb!X ypOBHeH, 3HaHHe CnHHOB ( H napaMeTpOB) .Qen.sr

IIIHXCSI .HLiep OCOOeHHO Ba)KHO noTOMy, 'ITO no3BOn!WO Ol>I SKCnepHMeHTanbHO 

onpeLienHTb cneKTp ypoBHeH (KaHanos) nepeXOLIHoro .srxpa 11 H3y'laTb CBOH-

CTBa npouecca ·· LieneHHSI, HLiymero 'lepe3 KaHanhi c onr: eLieneHHhiMH cnHHOM 

H qeTHOCTblO, npSIMOe onpeLieneHHe g -~aKTOpa H3 K:IMepeHKH pe30HaHC-

HOrO pacceSIHH.Sl HeHTpOHOB HMeeT orpaHH'IeHHOe npKMeJieHKe K3-3a ManOR 

BenH'IHHbl r no CpaBHeHHIO C rf H r Lin.sr 6o.IbiiiHHCTBa yposHeH 
n 0 

U-235 H Pu-239 H Manoa pa3HHUbi B senH'IHHe g (9/16 H 7/16) LinSI 

LlBYX CnKHOBhiX COCTOSIHHH U-235 , noaTOMY npeLICTaB.I.HeT HHTepec KOCBeH

HaSI KH~OpMaUKSI 0 cnHHOBOH 3aBHCHMOCTH napaMeTpOB ypOBHeH Lien.HIIIHXCSI 

/5/ 
.Hllep. KaK y)Ke OTMe'lanocb B paooTe aBTopos , no-BHLIHMoMy, cneLICTBH-

eM CnKHOBOH 3aBHCHMOCTH r, .srsn.sreTc.sr LIByrop6ocT:, B pacnpeLieneHHK 

r, (pHC, 5), npH'IeM XapaKTep pacnpeLieneHH.Sl rf He 

H3MeH.sreTC.Sl B SHepreTH'IeCKOH OonaCTH LIO 30 SB H LlO 50 SB H, cneLIOBa

TenbHO, He SIBnSieTCSI CneLICTBKeM CKCTeMaTK'IeCKHX llOI'peiiiHOCTeH, KOTOpb!e 

MornH Obi B03HHKHYTb c yxyLIIIIeHHeM aHepreTH'IeCKoro pa3peiiieHHSI, 3To 

pacnpeLieneHHe MO)KHO paCCMa TpHBa Tb KaK Hano)KeHHe JlBYX nepeKpbiBaiOIIIHX

C.Sl pacnpeLieneHHH co cpeLIHHMH <r > = 87+ 20 Mas u <r > = 26+6 M3B, 
·tt- f2-

3Ha'leHKSI < r, ·> no LIBYM rpynnaM ypoBHeH xopoiiio ccrnacyiOTCSI c Teope-

TH'IeCKHMH OUeHKaMH CnKHOBOH 3aBHCKMOCTH CpeLIHHX I:IHpHH LieneHH.Sl Lin.H 

/20/ • . 
U-235 11 no3son.sriOT ycnosHo npKnKcaTb rpynne c <r, > 1 cnHH 
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HOlt CBSI3H Me>Klly napaMeTp8MH r O r 
n f " r 0 

OrllenbHOI'O ypOBHSI, 

Bee 9TH CIIOC06bl paCII8ll8 COCTOSIHHil COCT8BHOI'O Slllpa C'IHT810TCSI He38BH-

CHMb!MH 1 H COOTBeTCTByJOIUHe !UHpHHbl OT ypoBHSI K ypo 3HIO cfl.ti!OKTyHpy!OT 

T8K>Ke COBepmeHHO He38BHCHMO, 

.OnSI CHCTeMbi, COllep>KameA "m " nap 3Ha'leHHif I~l 'r bl llBYX cny-

'lai:Hb!X BenH'IHH1 K09cPcflHUHeHT KOppenSIUHH OllpeQenSieTC ;I CneQyJOIUHM o6j:B-

30M 
1251• 

m· 

[m I r r 
1-t al bl 

ab 
(8) 

I'lle r r 
al ' bl 

n106I>Ie napbt napuuanbHbiX mupuH -·~oro ypoBHSI, Pac-

C'IHT8HHbie .B COOTBeTCTBHH C Bbipa>KeHHeM (8) r ab f:8BHbl! 

.U-235 r (2g r 0
' r 

n f 
- -0,04 ~0,18; 

r(2 g r o. r • o,40 t. o,34 ; 
n o 

r ( r, ' ro ) - 0,11 + 0,26 ; 

Pu -239 r ( r 0
' r ) - 0,30 + 0,29 ; 

n . f 

r ( r 0 
' r ) -- 0,09 + 0,5 1 ; 

n o ~ 

r ( r ' r ) - 0,03 ±. 0,61. r o 

YK838HHble OIUH6KH BKni0'1810T K8K 9KCIIepHMeHT8nbffble OIUH6KH H3Mepe-

HHSI napaMeTpOB ypoBHeft~r I' ~r , T8K H CT8THCTH'IECKHe OIUH6KH 1 CBSI38H-
a bl 

Hbie c senu'IHHOA m • TaKHM o6pa3oM, MO>KHO yTBepJKllaTb, 'ITO B npelle-

nax OIUH60K r • 0 H OTCyTCTByeT K8K8SI-nu6o CBSI3b Me>KllY BbiXOllHblMH 

K8HanaMH paCII8ll8 COCTOSIHHft COCT8BHOI'O Slllpa, 'ITO IICllTBep>Kll8eTCSI TSK-

/27/ Ill 
>Ke B pa6oTe 3TO llpOTHBOpe'IHT Bb!BOllY pa60Tb! , B KOTOpOft Ha6-

17 



HOA CBSI3H M9)1(Jly napaMeTp8MH r O 
n 

r 
f 

11 r 
0 

CTJlenbHOrO ypOBHSI, 

Bee STH CfiOCOfibi p8Cfi81l8 COCTOSIHHA COCT8BHOrO S!Jlp8 C'IHT8IOTCSI H938BH

CHMbiMH, H COOTB9TCTBYIOinH9 IUHpHHbl OT ypOBHSI K ypCBHIO 4J1IIOKTYHPYIOT 

T8K)K9 COBepiUeHHO He38BHCHMO, 

llnH CHCT9Mbl 0 COJlep)K8JneA "m , nap 3H8'1eHHM ):I t r bl llBYX cny-

'18itHbiX BenH'IHH, KOS~4JHUHeHT KOppenSIUHH onpeaenHeTC Sl cneayiOinHM 06p!-

30M 
1251

· 
m 

[m I r 
a! 

r 
bl 

r J 
bl 

ab 
(8) 

rae r r 
al ' bl 

ni06llte napbi napuHanbHbiX IUllpHH -roro ypoBHH, Pac-

C'IHT8HHble .B COOTBeTCTBHH C Bblpa)KeHHeM (8) r ab )l8BHbi: 

.U-235 r (2g r 0
• r 

n f 
- -0,04 +0,18; 

- 0,40 t.. 0,34 ; 

r ( r, ' ro ) - 0,11 + 0,26 ; 

Pu -239 r ( r 0
' f' ) = 0,30 + 0,29 ; 

n f 

r ( r 0 
' r ) -- 0,09 + 0,5 1 ; 

n o ~ · 

r ( r ' r ) - 0,03 :1:.0,61 . ,. 0 

YKa38HHbte OIUH6KH BKniO'I8IOT K8K SKCnepHMeHTSnbHbie OIUH6KH H3Mepe

HHSI napaMeTpOB ypOBHeA~r al' ~r bl, T8K H CT8THCTH'IOCKHe OIUH6KH, CBSI38H-

Hble c senH'IHHOA m • TaKHM o6pa3oM, MO)KHO yTaepKilSTb, 'ITO B npeae-

nax OIUH60K r • 0 H OTCyTCTByeT K8K8H-nH60 CBSI3b Me)KJlY BblXOJlHbiMH 

K8H8n8MH p8Cfi81l8 COCTOSIHHA COCT8BHOrO S1Jlp8, 'ITO ITOJlTBep)KJl8eTCSI TaK-

6 
1271 3 6 

11 1, B KOTopo"' Ha6-)Ke B pa OTe , TO npOTHBOpe'IHT BbiBOilY pa OTbl n 
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monaeTCSI KOppenSIUHSI MeliUIY r 0 H r f A•1SI U-235 ( r .. 0,65). B 

/25/ 
pa6oTe TaK:lKe IIOKa.3aHO, 'ITO IIpH OTnH'I810llleMCSI OT Hynsr K03QJQJHUHeH-

Te KOppenSIUHH Me)!(ny pa3nH'IHbiMH lllHpHHaMH MO)!(HO cnenaTh Bb!BOA 0 cpen-

HHX pe30HaHCHbiX rrapaMeTpax nnsr ABYX CIIHHOBbiX CHCTeM COCTaBHOf'O SIA

pa, .nnsr TaKOf'O BbiBOAa ieOOXOAHMO 3H8Tb AOCTBTO'IHO TO'IHO rrapaMeTpbl 

6onbmoro 'IHCna ypoBHeil (He MeHee 100) u 6biTh ysepeHHbiM, 'ITO B pac

CMaTpnsaeMOH 3HepreTH'leCKOH o6naCTH HeT IIpoiiyllleHHbiX pe30H8HCOB 1 TBK 

KBK 3TO IIOCnenHee OOCTOSITenbCTBO M0)!(€T IIpHBeCTH K IIOSIBneHHIO nO)!(HOH 

0 /26/ 
KOppenSIUHH Me)!(AY r n H ' r f , KBK 3TO OTMe'lanOCb B pa6oTe , 

KaK IIOKa3aHO Bbillle, Hen :>CTaTO'IHbie TO'IHOCTb H KOnH'IeCTBO 3KCIIepHMeH-

TanbHblX ABHHbiX IIOK8 eure He II03BOnSIIOT OU8HHTb TBKHM M8TOAOM pa3HHUY 

cpeAHHX IIapaMeTpOB ABY IC CllHHOBbiX CHCTeM, IIpHHHM8SI BO BHHM8HHe, 'ITO 

3Ta pa3HHU8 1 IIO-BHAHMO!Ay, HeBenHKa (nnsr <2 gr~ > H <r 
0 

> ), 

B aaKnJO'IeHHe asTcpbi Bbrpa)!(aiOT 6naroAEipHOCTh rrpoQ:J. ct>.n. Warrupo 

aa BHHMaHHe K pa6oTe, 11.B. Kuprrn'IHHKOBY H IO,C. 3aMSITHHHY aa o6paa

Uhi, A.E. norrosy 3a rrpen:>cTasneHHYIO B03MO)!(H0CTb rrposeneHHSI H3MepeHHH 

Ha aei!TpOHHOM neTeKTopa, 10.11. Konruay u T .C. AQ:JaHacbeso.H aa IIOMOlllh 

B H3MepeHHSIX, 

n H T e p a T y p a 

1. A.Michoudon et al, Nucl,Phys,, ~ p.545 (1965), 
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IAEA, Vienna, SM 60/1 6 (1965). 

3, H. Derrien et al, Proceedings of Conference on Nucl, Data for 

Reactors (Paris), 1AEA, Vienna, 2, p. 195 (1967). 

4, BaH illH-AH, BaH lOH··'IaH, E • .nepMeHn)!(HeB, lO,B. Psr6os, AToMHasr 
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YpaH-233 
(TOJIDUIHa 
H;D;6!'"6apH) 

YpaH-235 
(TOJiutHHa 
H;nep/6apH) 

ilJiyTOHH~-239 

(TOJlutHHa 
H;nep/6apH) 

IlapaMeTpH 
[I3] 

HacTOHIIlaH 
J,a6oTa 

• Ta6mn.ta I 

XapaxTepecTHKH o6paa~o:a ypana-233, YJaHa-235 H 
nJiyTOHHH-239 

.neJieHHe, 
pa;ztH~HOHHfll~ IlponycKaHHe CaMOI/IH;D;IIIK~fl 

aaxl!aT 

2,5.ro-4 

4,9.10-4 

?,r.ro-4 

9,7.10-4 

8,3r.ro-5 4,27.ro-4 "t, = 2,I4.ro-3 

4,27 .ro-4 2,I4.ro-3 -3 h.r= 2,27 .ro 
2,14.10-3 I,3o.ro-2 -4 

-2 2,20.10-2 
11.r = 4,27 .IO 

1,30.10 
-2 2,20.10 

2,85.ro-4 -4 ~ = 1,28.10-3 2,85.10 
5,8s.ro-4 5,B8.ro-4 l?r = 2,85.ro-4 
8,8.10-4 I,28.I0-3 l?r = 5,8s.ro-4 
I,28.ro-3 2, ?o.ro-3 -3 

-3 
"r = I,42.IO 

2.70.10 

Ta6utta 2 

11apaM6Tpfll peaoHaHCOll {')' -234 Ill r.J ··238 

YpaH-234 (E
0

= 5,I9sB) YpaH-258 (E = 6,68sB) 
0 

r = 29±.b MSll r = 27 1 5±.2 1 0 MSll 
~ = 41 1±.0 1 5 MSll ~ = 1,52:!:,0,02 Mall 
r:. = 25:!:,6 MSB re = 26:!:,2 MSJ3 

r = 29,4;t4 1 7MSB I' = 27,5i2 1 3 MSB 
r:a. = 31 88±.0,35 M::JB ~ = 1,49±.01 03 MSB 
r;. =25,5±.4 1 7 MSB re = 26,0;t2 13 MSll 
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'I 

TadDil& 3 

llapaMeTpl:ll ypo:aaea ypaaa-235 
. 

E. ~b 
s;.q s;.t; o;,r S:,(IJ+/Z) ~~~ 

L ?;a,!> H 3h 

0,29o*.tO ,OIO 0,0032.,t0,0005 
I,I3s*±O,OIO O,OI54jO,OOII 
2,026.,t0,004 .I,47.,t0,05 4,I.,t0,6 4,94,±0,49 5,57,±0,60 0,0077j;0,0008 
2,84,±0,02 1,15.±0,03 0,3S.,tO,I4 

.. 
I,5,±0,3 0,0033.:i:0,0007 

3 t 136.±0 '006 7 ,9.±0 ,6 2,6.±0,4 .. 12,27.,t0·j54 IO,S.,t0~8 0 ,0296.±0 ,0013 
3 '584.±0 t 006 I0,3,±0,5 6,4j;O, 7 19 ,01.±0 ,65 16,7j0,9 0,0524jO,OOI8 
4,8I.±0,01 2,6,±0,2 16,8,±0,9 16, 7.±<), 7 I9,4.f0,9 0,0616j0,0026 
5,45 2,1j0,3 4,0,±1,3 4,8,±0,9 6,1,±1,4 0 ,023,±0 ,003 
5,82 I,6j0,5 I,O.±O, 7 2,6.±0,9 0 '0121:0 t 004 
6,20.±0,01 4.±1 2,2,±0,8 6,3.±1,2 6,2_±1,3 0 ,0298.±0 ,0055 
6,40.±0,01 II,5.±0,4 53.±5 47 ,1.±3,3 65.±6 0 '232,±0 '016 

I : •. 
7 '095,±0 'OI5 9,I,±Q,4 I3..:i:I 20,5j0, 7 22;I,±I,O O,III6.±0,0036 
8 t 77.±0,02 I06.±4 58.±5 I82,0,±5,3 I64,±6 I,228,±0,036 
9,30,±0,03 13,1,±0,5 6,8,±0,9 I8,3,±0,8 . 20.±1 O,I3Ij0,006 
9,73.±0,08 4,3.±1,0 2.±I 6,3.fi,4 0,047.±0,0I5 
10,20.±0,03 4,6.±0,6 4,0.±0,8 8,4,±0,8 8,6.±1,0 0,066j0,006 
10,65.±0,06 ""' 2. -I ... 3. ... 0,025 
n,o5· "'I ---2 "-3 "" 0,026 
II,66.±0,04 IO 13.±0 ,; 63.±5 67 ,6.±2, 7 73.±5 0 ,606,±0 ,024 
I2,39,±0,04 47.±2' 85.±5 I24,9.±3, 7 I32.±5 I ,190.±0 ,035 
I2,82.±0,04 3 ,1.±0 ,4 1,9.±0,6 3 ,8,±0 ;6 5,0,±0,8 0,037.±0,006 
I3 '28.±0 t 05 3 ,0.±0,5 2,6.f0,8 5 ,3.±0 ,6 5,6.±0,9 0 '054.±0 t 006 
I3,67j0,10 3, 7.±I,5 I,5.f0,8 5 ,2j2,1 0 ,055.±0 ,023 
I3 '98.±0 '05 30.±7 7.±3' 37,±8 0,40,±0,09 
I4,50.f0,06 7,3,±1,9 8;7.±2,T 9, 7.±1,3 16.±3 O,I08,±0,0I4 
I5,42,±0,05 I0,4,±0,L I2.±1 I9,9.±0,8 22.±1 0 ,236j0 ,OIO 
I6,08j0,05 9,6,±0,3 20.±2 28,I.±I,I 29t6.±2,0 0,348.±0,0I4 
I6,66j0,06 I3 '7.±0 ,t 9.±1 2I,7.±0,8 22,7.±1,2 0 ,278,to,Ol3 
16,9,±0,1 ;..I ..... ·3 ,.., 4 ,.., o,os . 
18 ,05,±0 ,06 17~3.,t0, ~· 9.±2 27 ,2,±1,6 26,3,±2,1 0,378,±0,022 
18,6,±0,1 ---3 ..... 2 - 5 - o,o? 
19,30,±0~05 II2.±4 90,±10 223,0.±7 ,8 202.±Il 3,310,±Q,II6 
20,lot0,08 3,5.±1,3 2,5.±1,4 6,0.±l,9 o,o9,±o,o:r 
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I' r; t; ot t .P3b 
135.±8 100,±8 35.±3 0,3S 1,81 
I57.±II II5.±IO 42.±5 0,37 1,78 
S7.tl4 15.±5 42.iS 2,8.±0,3 0 ,64.±0 ,05 

I8ti,±48 I43.;t48 43.f2 0 ,3,iO ,I I,88.±o ,IS 
I29.±I7 97.±18 3l,iiO 0,33.±0-~08 I,84,iO,II 
80.±7 49.±7 3I:f6 0,62:f0,09 I,SI,.i0,08 
29;8,±6,S 3,9.±I,O 2S,9.±3,6 ~.±0;9 ' 0,33.±0,04 
70±20 24,±7. 46.±I6 I, 9,±0 ,4 0 ,84.±0 ,I2 
IIO.t3S 67.±34 43.±2 0,64,t0,30 I ,49,i0 ,27 
I32.±24 8S.±24 47.±I7 O,SSjO,IS I,S7.±0 ,IS 
63.±11 II.±3 5z.±IO 4,6,t0,6 0 ,44.±0 ,OS 
S3.±4 22.±4 3I.i6 I,4,i0,2 I,02:f0,09 
IIS±IO 76.±IO 42.±7 O,S5,±0,07 I,S7,i0,07 
I72.±S6 Il5,t44 57.±20 O,SO,i0,09 I,63,i0 ,IO 
I37,i60 94.;t60 43.±2 0,46.±0,27 I,67.±0,3I 
88.±13 47fi4 4I.±9 0,87.±0,13 I,31,i0,09 

"' 1.29 ""86 43.±2 ,.,.,. 0 ,S "'I,63 
...,. 65 ""22 43,t2 ""2 "" 0,81 
66,t7 9.±1 S7,t7 6,20,t0,67 0,34,t0,03 
66.£6 24±4 42.±S 1,8.±0,2 0,87.±0,06 
8S.±23 52.±19 33.fl4 0,63,tO,I6 I,50.±0,IS 
12l,tl4 6S.±20 S7.±I9 0 ,87.f0 ,22 1,3I,iO,IS 
I45,;t4I I0.2,±4I 43.±2 0,42,iO,IS I, 72.±0,II 
230.±98 Ilil7,i98 43.±2 0,23,iO,II I,98,i0 ,18 
62,t10 28±'7 34,±8 1,2.±0,2 I,II.±O,IO 
99±17 47±10 52fii I,I.±O,I I,I6f0,06 
44,±IO I4.±4 30.f8 2,I.f0,2 o, 79.±0,0S 
93±I9 5S.t1S 38.±II 0,7,i0 1I I,44.±0,09 

"" 57 - 14 43.±2 .. "" 3 "" 0,61 
I4I±l3 94.±2I 47:fi4 O,S,±Q,I 1,63.±0 ,II 

""'liS "" 72 43.±2 ,.._ 0,6 "" 1,53 
I04.±6 S8.±7 46.±6 0,8,±Q,I I, 36.±0 , 08 

lO~,t29 6I.±29 43,t2 0,7.:f0,3 !,44±0,62 
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llpOlOXKeaxe ra6~x~Y 3 --
E. :JC 

o;,q 6;,1;_ o;,r 6;(1}+/;) 11~ 
L .5"" a... (J H 3~ . 

20 '62.±0 '06 5,8.±0,8 l0,4.±2,2 16,2.±2,3 0,25.±0,04 
. 21,13.±0,05 33.±! 53.±10 87,2,±5,5 86.±10 1,418.±0,090 
21,8.±0,1 ~ 1 "' o,o~ 

111 22,4.±0,1 - I "" 0,02 

~: 22 '99.±0 '06 13,0.±0,:• 16.±3 24,2.±1,8 29.±3 0,428.±0,031 
23,43.±0,15 4,5.±0,9 26.±8 30;5,t8,1 0,55.±0,14 

(j 23,68.±0,07 30.±? 19.±5 50, 7.±9,3 49.±9 0 '924,±0 ~ 169 
1", 24,25.±0,07 7,5.±3,0 10±5 17,9.±3,0 17,5.±5,8 0,334±0,056 

I~ 24,41,±0,15 3,9.±1,5 3,9.±1,9 7,8.±~,4 0,14,±0,04 

~ 25 '16.±0 '16 7 ,4.±2 ,5 4,1.±1,8 II,5.±3,1 0,22.±0,06 
25,56.±0,10 II.±4 20.±9 31,9.±9,5 3!.±10 0,628.±0,188 

I 25 ,84.±0' 15 3,0.±1,5 2,4.±1,5 5,4.±2,1 O,II.±0,04 
' 26 ,55.±0 ,07 15.±3 6 ,2.±2 ,o 21,8.±3, 7 21,2,±3,6 0,446.±0,076 
'. 

27 '16.±0 '07 3,9.±1,6 4,6.±2,1 8,5.±2,6 0,18.±0,06 1!1 

1 
2.7,86.±0,07 18.±2 8.±2 26,6.±3,1 26.±3 0,570.±0,066 
28 ,45.±0 ,09 4,6.±1,0 3,2.±1,2 7,8.±1,5 0,17.±0,03 
28,85,:1:0,09 2,0.±0 '7 2,7.±1,3 4,7.fi,5 0,10.±0,03 
29,69.±0,09 3 ,O.fO ,6 5,3,;t1,4 8,3.±1,5 0,19.±0,03 
30 ,55.±0 ,20 4,1.f0,9 5,4.±2 ,o 9,5.±2.2 0,22.±0,05 
30,86.±0,10 6 ,8.±1 ,5 8,6.±3,4 16 ,4.±3 '7 0,40,±0,09 
32,10.f0,09 38.±5 42,±6 . 74,1.±6,5 80.±8 1,83,±0,16 
33,58.±0,09 26±5 41.±6 72,0.±7 '7 67.±8 1,86.±0,20 
34,45.±0,14 3l.f5 48.±12 80.±13 2,12.±0,34 
34,9.±0,2 13.±4 21.±9 34.±10 0,9,±0,3 
35,il?.±0,10 IO?.t20 58.±17 165.±2.6 4,76.±0,54 
38,40,:I:O,II 13,±4 9.±4 22,±6 0,66.f0,18 
39,47.fO,II 39,:1:6 47.±II 91,6.±Il,9 86.±13 2, 78.±0,36 
39,9;!0,2 8.±3 5,0.±2,5 13.±4 0,401;0,12 

40 '50.±0 '15 I2.±4 5.±3 17.±5 0,53.±0,16 
41,!5.±0,2 7.±3 9.±4 16.±5 0,51.±0,16 
41,5.±0,2 4;0.±1,5 3,0.±1,7 7 ,0.±2,3 0,22.±0 ,07 
4I,8.f0,2 !7.±5 22.±8 39.±!0 1,3.±0,3 
42,2.±0,3 4,0,11, 7 3,Q±1,7 7 ,0.±2,4 0,23,±0,08 
42,7.±0,3 2 ,Oj;O ,8 2,8.±1,4 4,8.±1,6 0 ,15.±0,05 
43,4.±0,~ 6.±2 6 ,6,.±2 ,5 12.,6.±3,3 0,42.±0,II 
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f7 IJ ;; ot t r...Q ~ t 
67.±6 2Lf.±5 43.±2 I,8.±0,3 0,87±0,09 
82j;I6 32j;IO 50.±9 I,6j;0,3 0,94.±0,11 

"' 1B6 "' 143 43.±2 ..; o;3 "' I,88 
"" I86 "" I43 43.±2 ..., 0,3 "" I,88 

77±I8 35.±II 42j;I3 I,2_±0,2 I,II,:tO ,IO 
50.±3 7.±2 43.±2 5,8j;I,4 0,36.£0,07 
III±32 68±24 43j;I7 0;.§3fO,II [' 4-9_7.±Q. 274 
9I±28 39.£20 52.±24 I,33f0,45 I,05j;0,20 
86j;I5 43.±1§ 43.±2 I,0_±0,3 I,22.fO,I8 
I21±25 78.±24 43.±2 0,55.±0~I5 I,57f0 ,I5 
74±38 26.fi8 48j;f9 I,8.±0,5 0,87j;O,I6 
97.±23 54.£22 43.±2 0,8.±0,3 I,36j;0,23 
I29.±48 92.f4I 37.±20 0,4j;O,I I, 74j;O,I2 

79.±11 36.±IO 43.±2 I,2_±0,3 I,II_±O,I5 
96.±22 66.±20 30j;I2 0,45.±0,10 I,6Bj;O,I2 
I04±20 6Ij;20 43.±2 0,7±0,2 1,44_±0,I7 

74±13 3Ij;I2 43.±2 I,4_±0 ,_5 I ,02_±0 ,2I 
67.±6 24.±5 43.±2 I,8.£0,3 0,87.±0,09 
76.±I2 33.±I2 43.±2 I,3.±0,4 I,06.fO,I8 
74.±IO 3I.±IO 43.±2 I,4.±0,4 I,02fO,I7 
I20±I2 57.±IO 63.±IO I, 10,±0 ,IS I,I6.±0 ,083 
58±7 22.±5 36.±7 I, 6,±0 ,3 0,94.±0 ,II 
72±7 29.±7 43.±2 I ,5_±0 ,3 0,98.±0,I2 
70.±IO 27.±9 43.±2 1,6.f0,5 0,94.±0,18 
183.±36 II9,±3I 64.±20 0,54±0,10 . I,59fO,IO 
I04_±20 61±20 43.±2 0,7±0,2 1,44.±0,41 

98.±II 45.±9 53.±10 I ,2_±0 ,2 I,II_±O,IB 
II5,±27 72.±27 ~3.±2 0,6f0,2 I,53fO,I9 
151.±46 108,±45 43.±2 0,40±0,15 I,74fO,I9 
76,±10 33,±10 43.±2 I ,32.±0 ,35 I,05f0,16 

108±29 65.±28 43.±2 0,66.±0,26 I,47f0,23 
76+9 33+9 43.±2 1,3.±0' 3 I,06_±0,I4 - -. 
100±26 57.±25 43.±2 0, 75,±0,30 1,39.±0,24 

74±II 31.±10 43.±2 1,4,±0,4 I,02_±0,I7 

72.±9 29.±9 43.±2 I,5_±0,4 0 ,98.±0 ,16 

25 
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E . .:7C 
6;1f O.JZ ~rr s;, rr; + r;_ J ~~ 

'- , s- a.. p J-7" ~t 

43 ,9.±0 ,2 9.±3 7.±3 16_±4 0,54±0,I3 
44,6ffi,2 12.±5 4.;t2 16.±6 0,55.±0,21 
45,0.:!;0,3 6,0.±2,5 2,2.±1,5 8,2.±3,0 0 , 30.;!:0 , II 

45,8.±0,2 5.±2 8,5.±4,2 I3,5.±4,5 0,48.±0,16 
47,06_±0,14 23.±5 27.±7 50.±8 1,8_±0 ,3 
48 ,OOj;O ,IS 10.±3 16.±6 26.±7 I ,01:0,3 
48 ,3.±0 ,2 12.±5 10.±6 22.±8 0,8.±0,3 
48,6.f0,2 6,0±2 5 3,0.±1, 7 9.±3 0,3.±0,1 
49,3.±0,3 7.±2 I3.±5 20.±6 0,8.±0 ,2 
50,2.±0,3 4,0.±1 ,5 6.±3 10.±3 0,4±0,1 

26 



r IJ ~ cL t t.-U 5) t 

79.±II 36.±!1 43.±2 !,2.±0,3 I,II.±O,I5 
!23.±41 80.±41 43.±2 0 ,54.±0 ;25 1,58.±0,26 
15!,.±59 108.±59 43j;2 0 ,4.±0,2 I, 74.±0 ,25 

68.±9 25.±8 43.±2 !,7.±0,5 0,90.±0,!7 
79,.±9 36.:t8 43_±2 I,2.f0,2 I,II.±O ,IO 
70.±8 27.±8 43.±2 1,6.±0,4 1,53.±0,24 
97,.±23 54.±23 43.±2 0,8.±0,3 I,36.:t0,24 
129.±38 86.f38 43.±2 0,5.±0,2 1,63.f0,22 
67.±7 24.±6 43.±2 1,8.±0,4 0,87_±0,!2 
70.±8 27.±8 43.±2 1,6.±0,4 0,94.±0,15 
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r If /Z t e.-L-1 ;;) t 

79.tii 36.±II 43.±2 1,2_t0,3 I,II.±0,15 
I23.±41 80,±41 43.±2 0 t 54.t0 ,· 25 I ,58,:t0 ,26 
15!.±59 108.±59 43.±2 0,4.±0,2 I, 74.±0 ,25 

68.t9 25_t8 43_±2 I,7_t0,5 0,90_t0,17 
79.±9 36,:t8 43.±2 1,2_±0,2 I,II.±O,IO 
70.±8 27;t8 43.±2 1,6.±0,4 I,53_t0,24 
97.±23 54.±23 43.±2 0,8.±0,3 I,36,:t0,24 
129.±38 86.±38 43.±2 0,5;t0,2 I,63.f0,22 
67.±7 24.±6 43.±2 I ,8.±0 ,4 0,87.±0,12 
70.±8 27jf3 43.±2 1,6_±0,4 0 , 94.±0 , IS 
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_E-=-'~'-a-::-& ______ lj...;./._r ___ --:-.e--¥...1_r,__;_, .,_~_8 __ r:.;;_, ..u_._s--·~7J;~;s--~-:;;j-
o,296* 0,6I±.0,01 0,108±.0,004 102±.II 62±.2 40±.10 
7,83±.0,01 0,526±.0,015 1,23±,0,03 
Iu,Sf±.0,G2 
II,5 
II,91±,0,02 
14,36±.0,02 
14,75±,0,03 

"' 15,47±.0,06 
0> 17 ,69±.0,03 

22,33±,0,04 
23,9±_0,1 
26,31±.0,06 
27,3 
32,4±.0,1 
35,6±. 
41 ,68±.0,12 
44, 60±.0, 12 
47,92±,0,15 
49,6 
50,18±,0,16 
52,8±,0,2 

" ,...,,.,,. . " r-tl." 
u 1 IIO~Ut~'-

0,73 
0,41±,0,03 
0,59±,0,05 
0,43±,0,03 
0,95±.0,08 
0,5Q±.0,03 
0,57±,0,03 
0,37+0,08 -. 
0,58±,0,04 
0,32±,0,14 
0,68:t,0,06 
O,I3±.0,03 
0,200+0,015 
o:162t0,015 
0,89t,0,06 
0,91 
0,38!0,03 
0,16±,0,02 

"" rn.n T"\ 
C..tV..J'!.,Vt+L.. 

0,41 
1,43±,0,08 
0,88±,0,05 
2,44:!:,0,10 
0,87:t,0,06 
2,58±,0,04 
3,14±,0,06 
0,12±,0,02 
2,25:t,O,II 
0,14±,0,10 
0,42:!:,0,02 
0,48±,0,08 
5,93:t,0,33 
7 ,63±,0,29 
3,01:t,0,17 
1,3 
4,35:t,0,25 
12,4:!:,0,4 

68±.7 
101:!:,8 
81±.8 
761±,52 
92±.7 
120±.10 
67:!:,12 
81:t,9 
41:t,10 
141:t,15 
52:tii 
78±.I3 
52±.8 
273±,39 

46;t!+-

IIO 
28±.5 
6Q±.10 
35±,6 
723:t,IIO 
47±.6 
68±,9 
25:!:,10 
47:t,8 
I3±.8 
96:!:,18 
7:t,3 
16±!+-
8:!:,2 
243.;t51 
460 
29,!.5 
10:t,3 

39,8;t4,0 
>:a >: Lc. n ,_ , .... .!-..... ,_ 

41 
38,6:!:,7 ,o 
40,1±.7 ,0 
43,6.;t7,0 
37 ,1.;t6 
43,4.;t6 
48,4.;t7 
42,0.;t17 
31 ,8:!:,6 
27,9,t.12 
44, 7:!:,9 
44,5.;tii 
56,1:!:,10,5 
36,4.;tl2 
26, 7.;t6 
41 
43, 7±.7 
40,6:!:,7 

.. .. ' 
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t0 
CD 

E. a& 
" 1 

0,296* 

7 ,83±.0,01 
10,97±.0,02 
II,5 
II,91±.0,02 
14,36±.0,02 
14, 75±.0,03 

.., 15,47±.0,06 
CX> 17,69:!;.0,03 

22,33±.0,04 
23,9±.0,1 
26,31:!;.0,06 
27,3 
32,4:!:,0,1 
35,6:!;. 
41,68:!:,0,12 
44, 60:!:,0, 12 
47,92±.0,15 
49,6 
50,18:!:,0,16 
52,8:!:,0,2 

55,9;t0,4 

57 ,8;!:.0,2 

58,6;!:.0,4 

59,6:!;.0,2 

61,7±0,2 

63 ,4±0,2 

66,2::!:,0,2 

69,9 

75,6;!:.0,3 

82,7:!:.0,3 
85,7:t,0,4 

t;/r 
0,6I:t.O,OI 

0,526±.0,015 
0,776:!;.0,042 
0,73 
0,41:!:,0,03 
0,59:!:,0,05 
0,43:!:,0,03 
0,95:!;.0,08 
0,50:!:,0,03 
0,57±.0,03 
0,37:!;.0,08 
0,58:!;.0,04 
0,32:!:,0,14 
0,68:!;.0,06 
0,!3:!:,0,03 
0,200+0,015 
o:I62t0,015 
0,89,t0,06 
0,91 
0,38f.0,03 
0,16:!:,0,02 

0,43±0,03 

0,86;!:.0,05 

0,94:t.0,06 

0,72:t.0,03 

0,76±0,05 

0,69:t.0,04 
0,62;t0,04 

0,48 

0,53±,0,05 

0,58±0,07 

0,9I:t.0,07 

.~, t;, , M!!l8 r: .M !!1~----~7J:-:;;~--~ ~ ;~-

0,!08:!;.0,004 102:t.II 62±.2 40:!:,10 

I ,23±.0, 03 87±.6 46±f!- 39, 8±f!-, 0 
2,69:!;.0,::2 189±.19 147:!:,23 39,3±.6,0 
0,41 IIO 41 
1,43±.0,08 
0,88±0,05 
2,44:t.O,::o 
0,87:!;.0,06 
2 ,58±.0' 1)4 

3,14±.0,1)6 
0,12±.0,02 
2,25:t.o,::r 
o,14:t,o,::o 
0,42:!;.0,02 
0,48:!:,0,08 
5,93:!:,0,:13 
7 ,63±.0,:~9 
3,0I:t.0,::7 
1,3 
4,35:!;.0,:~5 

12,4:!;.01 lf 

68±.7 
10I:t.8 
81±.8 
761:!:,52 
92±.7 
120j;.10 
67:!;.12 
81:!:,9 
41:!:,10 
141:!:,15 
52:!:,II 
78±.!3 
52±.8 
273±.39 

77±.8 
63:!:,9 

ITpo~oJseHKe ra6~HUH 4 

2,43!:,0,21 67±.10 

9,37t0,41 467:t.II6 

3,91:!:,0,48 760:!:,222 

12,8:!:.1 ,4 187±.20 

1,4E±.0,3I 210;!:.39 

8 ,4;!.0,6 156:t21 

18,36:!:,0,87 136:t18 

2,9 

36, E·:t.l ,8 I54:t19 

6,8j~0,9 124±.36 

38 ,' 7:!:,5 ,4 881±.249 

28.±,5 
60:!:,10 
35±.6 
723:t.IIO 
47±.6 
68±.9 
25:!:,10 
47:!:,8 
I3:!:,8 
96:!:,18 
7:!:,3 
16;t4 
8:!:,2 
243.±,51 
460 
29,!5 
10:!:,3 

29±.6 

402f123 

7I4:t,254 

I35:t20 
160;!:.40 

108±21 
84±,17 

40 

82:t.IB 

72±30 
8G2:t,288 

38,6:!:,7,0 
40,1±.7,0 
43,6±.7,0 
37 ,1±.6 
43,4±.6 
48,4±.7 
42,0±.17 
31,8:!:,6 
27,9.t,12 
44, 7:!:,9 
44,5±.II 
56,1±.10,5 
36,4±.12 
26, 7±.6 
41 
43, 7±.7 
40,6:!:,7 

35,6±.8 

55,6:t.I7 

42,1±.15 

39,2±.6 

48,5;!:.12 

39,6±8 
33, 7:t,7 

41 
35,4:!:,8 

45 ,2;!:.19 

40,3:!:,15 
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E • 3B .ft r, 
1 

MSB r' MSB lo , 
' 

I,79;tO,OI 0,35:!:,0,04 330;t50 

2,32;t0,02 O,I7;t0,04 60;t20 

3,68;t0,.02 O,I3;t0,02 220;t40 

4,82±,0,03 0,25;t0,07 600;t280 

6,85;t0,04 0,6I±,O,I2 I70;t60 

I0,50f.0,06 I ,5;t0,3 270;t90 

12,85±,0,08 1,3±,0,4 340;ti20 

13,9±,0,1 0,33;t0,07 380±,!30 

15,5:t,O,I 0,84±,0;34 200;t60 

I6,6;t0,2 I,I6;t0,25 650±,!30 

18,2±,0,2 0,26;t0,09 200±.50 

19.0±,0,2 1,6±,0,3 300;tl30 

20,6:t,0,2 1,3±,0,2 450;tiiO 
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OueHKH cpeAHHX xapaKTepacTHK ypoBBe« lf -235 HI'V-239 AnH 
AByx CllHHOBHX COCTOHBHA COCTaBHOrO H~pa 

. ' ' ' j 3 
I s ~to· 'i ( r, )oMI*l ( r; > tM.l (v.,)l (fr: ~A <.n > sl 0 

O,I02;t0,023 87;t20 0,42 42;t2 I,26+0,IO +0,32 
I - O,?I -O,I? 

O,II5;t0,025 26;t6 I O,I3 43;t2 1 ,26t,O,ro0,81 +0,36 
-O,I9 

0,5I±.0,2I 290±.IOO O,I9 45;t3 E ,26t,I,I4o,GO -t0,44 
-O,IB 

r+ r·49:t.O,II I 45t,I5 0,088 43;t2 3 , 78;t0 ,44I, 
22 

-t0,7I 

l -0,3I 
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