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,Il;errem1e 237Np peooHaHcHI.IMII He:iiTpOHaMII [1-5] rrpeµ;cTaDIU[eT onpeµ;erreH
HhIH IIHTepec Jilli[ 4>II0.II~II µ;err~HlI.lI, T.aK UK cocTaBHoe µ;elllI~eeCJ[ .s:µ;po 238Np -
B OTlIH"'IIIe OT ropaoµ;o ~orree µ;eTalII>HO IIOY'{eHHhIX µ;err.s:~HXCJ[ HOOTOnOB ypaHa 
II nrryTOHilJ£ - JIBIU[eTc.s: He'Ie.T.HO ?,.He'!eTHhIM. He'IeTHOCTL no N II Z onpeµ;e
IU[CT rrry6oKo noµ;6ap1,epHhIH xapaxTep µ;erreHilJ£ aToro iµ;pa, nocKOlII>KY BhICOTa. 
6ap1,ep~ µ;erren~ 238Np upeB~~a~T ~Heprmo cB.s:oII HenTpoHa npHMepHo Ha 0,5 
MsB [6]. KpoMe Toro, an'iopa.MH pa6oThl [1] .6h!rra o6Hapy:lKena nepIIoµ;H'Ie-· 
cKa.s: Mo~ylli[n;IlJ£ c;~~HH.R AelleHII.lI u 1 

237Np II rpymmpoBaHHe 6orree CIIlILHhIX 
µ;errIITClILHhIX peooHaHCOB B T.H. KllacTephl, KOTOphle OTCTO.S:T µ;pyr OT µ;pyra 
npHMepHO. Ha 40 3B. YcTaHOBlleHO TaK:lKe, • 'ITO OTHOllleHIIe µ;elIHTClIJ,HhIX lllII
pHH r/ CIIlII>HhIX peooHaHCOB B n;eHTpax KllaCTepoB Ii:T/ peOOHaHCOB, pacno110:
:lKeHHhIX Me:lKµ;y KllaCTepaMH, COCTaDIU[eT BelilI'Ililly rrop.s:p;Ka 103• IlpII.0TOM -
Ha1I6011ee CIIlILHhle µ;e11IITC1II,Hhle peOOHaHChl IIMeIOT r J ~ 10-:-3 3B, a µ;rr.s: peoo:
HaHCOB Me)Kp;y KllaCTepaMII XapaKTCpHhl 'IpCOBhl'IaHHO Ma11hle OHaqeHIIJI r J ~ 
10-6 aB, KOTOphle .S:BIU[JOTCJ[ c11eµ;CTBIIeM noµ;6ap1,epHoro µ;e11eHilJ£ 237Np [1,2]. 
,Il;a111,Henl1lee yTo'IBeHHe OHaqeHHH u1 Me:lKµ;y K11acTepaMH, noIIcK p;elIHTClII>HhIX 
peOOHaHCOB C I'1 $ 10-7 .3B II IItlY'ICHIIC CTaTIICTH'IeCKIIX II µ;pyr:iix CBOHCTB 
TaKHX c11a6h1X peooHaHCOB _11pe,1:1CTaB.ILIIIOT HeCOMHCHHhlll IIHTepec. 

B .noc11eµ;Hee BpeM.R B. CB.ROH C o6cy)Kp;eHIICM npo61IeMhl TpaHcMy~an;HH Bhl
C.OKOaKTIIBHhIX II TOKCH"'IHhlX TpaHcypaHOBhIX IIOOTOnOB IIHTepec K 237Np ClllIJ,HO 
Boopoc. B pa6oTe [7] noKaoaHo, qTo,"Bhlropa.s:" B HenTpoHHoM none BhlcoKon 
n110THOCTII, Ka)Kµ;oe· paoµ;e1IHBweeCJ[ .s:µ;po B n;enoqxe 237Np ~ 238Np µ;o6anrr.s:eT 
~ 0,7 HCHTpOHa, JBelllI'IHBa.B:, TCM CaMhlM nrroTHOCTI, .norr.s:. Oµ;HaKO MOp;elIH
poBaH.IIe aToro npon;ecca Tpe6yeT OHaHH.R Bcero Ha6opa .s:µ;epHiiIX p;aHHiiIX µ;lli[ 
237Np II, B TOM 'IIIClle, CC'ICHW[ µ;e11eHilJ£ 237Np·HenTpOHaMII. 

lfoMepeHH.S: u, µ;lli[ 237Np npOBO/J;IIJUICI, Ha Heii:TpOHHhIX cneKTpoMeTpax no 
BpeMeHII npo11eTa B Cax11e [1,2] II Ox-PIIµ;)Ke [4], a TaK:lKe Ha HCHTpoHax noµ;
oeMHoro .s:µ;epHoro BOphlBa [3] II Ha CBIIHD;OBOM xy6e YHIIBepCIITeTa KIIOTO [5]. 
CpaBHCHIIe /J;aHHhlX, n01IY'{eH1.IX paoHhlMII rpyrrnaMII, noxaohlBaeT, qTo IIOMe
peHHhle B CaK11e oHa'!eHH.R u

1 
B cpeµ;HeM npIIMepHo B 3 paoa MCHLllle cooTBeT•: 

CTBYIO~IIX OHaqeHHH µ;pyrIIX aDTOpOB BO BCeM µ;IIanaooHe 0HeprHH HeHTpOHOB 
E. $ 104 aB. 8To no6yµ;II110 Hae npeµ;npIIH.RTL lIOMepeHIIe u1 

237Np µ;o E~ $ 500 
aB Ha HMnylILCHOM IICTO'IHIIKe HCHTpOHOB (IUIH) Ha 6aoe 6ycTepa IIBP-30 B 
Jla6opaTopIIII HenTpoHHon 4>II0IIKII HM. lI.M. <PpaHKa OII.HII, i:ciTophln'IIMeeT 
npOMC)KYTO'IHoe, no cpaBHCHHIO C IIIIH B CaK11e II KIIoTo, :mepreTH'ICCK~e pao-" . 
peweHHe. HII)Ke npIIBoµ;.s:Tc.s: peoym,TaThl IIOMepeHII.R u

1 
237Np HenTpoJiaMII B 

HHTepBa11e E. $ 500 · aB, no11y'!eHHhle B ,Il;y6He. 



Me'J:'_~~ H::iMepeHHH 

licnom.ooBanCH MeToµ; IIOMepeii:wr: u1 
237Np no OTHoniemno K a1 

235U. ,IJ,lU[ 
aToii n;errn B xa'IeCTBe µ;eTeKT<>pa aKTOB µ;eneHil.ll B MIIIIIeIDIX IIO HenTyHrui: n 
ypana npnMerumac1, MHorocnoiiH8.l[ nomma$OHH8.l['imMepa µ;eneHll.ll (K,IJ,). K,IJ, 
coµ;ep)Kana 12 MllllieHen: ll:3 237:Np II oµ;ny MllllieHb'lI:3 235U, KOTOpbie lIMClIII 0µ;11- 1 

HaK~Bblll µ;11aMeTp n TOllll\lIHY cn6J1 µ;elU[~eroc.ii: Bell\eCTB,a nopKµ;xa 1 Mr/ci12: 
,IJ,lU[ 11oroT0BneHil.ll ypanoBoii MllWCHII IICIIOJibOOBaJICJI ypan c o6orall\emieM ~ 
90 % TIO lIOOTOriy 235U. HeIITJHIIH noµ;BepranCH MHOroxpaTHOll 0":IlICTKe µ;rur CBe-·· 
p;eHil.ll coµ;ep)KaHll.ll 235U II 239Pu µ;o MlIHIIManbHoii BooMo:iKHoii xo~eiITpan;im. 
YpOBeHb' ee onpeµ;elU[lICH TeM'cflaxToM,·'ITO B o6nacTII EH ~ 1 K3B BelIII'IHHa <Tj 
)J;lU[ 235Un: 239Pu B OTµ;em.Ht.ix peOOHaHCaX: npeBbIWaeT u, )J;lU[ 237Np 6oniie 'IeM 
Ha TpII nopKµ;Ka; Coµ;ep,KaHIIe .239Pu oripeµ;elU[noc1, a - cnexTpoMeTpirlecKIIM 
MeToµ;oM II He npeBbIIIIaJIO 10-:-6- r/r. Onpeµ;eneHIIe coµ;ep)KaHIIJI 235U np0Bo
µ;nnoc1, no c'IeTy µ;eneHri B IIHTepBarre EH = 8,55~8,85 sB BO npeM.HIIponeTHOM 
cneKTpe µ;eneHil.ll 237Np, T.e, no IIpOJIBlleHIIIO HaII6onee cnm.Horo peaoHaHCa 235U 
npn EH = 8,8 sB. YcTaHOBlleHo, 'ITO xonn;eHTpan;H.l[ 235U B MaTep11ane HenTynII
eBI,IX MIIWeHeii 6blna Ha ypoBHe ~ 10-6 r/r. Ifoirnoe xorrn-.jecT»o 237Np 11_ 235U 
B cooTBeTCTBJIOll\IIX Mn11Ieru:x cocTaBIIlIO (33,8±3,4)·1019 11 (2,17±0,22)·1019 

Kµ;ep . .Il;lIJI Bbip;eneHll.ll HeiiTpoHoB paoHbIX aHeprnii, naµ;aro~ Ha MRIIIeHn, rin
non1,00BanCH MeTO)J; BpeMeHII np·oneTa. Onpeµ;eneHIIe noToxa HeiiTpoHoB·<I>(E.) 
c 0Hepr11eii E, npoB0µ;11nocb' no TpeM peooHaHcaM 235U np11 EH = 7;1; 12,4 · 
lI -19,3 •3B ! C peKOMeH)J;OBaHHbIMll OHa'IeHHJIMlI nlIOll\ap;en p;errnTellbHbIX pe
OOHaHCOB u;r,- 3aBIICIIMOCTb <J.>(E.) OT E, annpoKCIIMIIpOBanacb cpyiIKD;IIeH 
<I>(E,)~E,-0,9 [8].· 3Ha'IeHIIe u1(E;)(7) )J;lU[ 237Np npII aHeprlIII E;. onpeµ;enJ1noc1, 
no cnep;yroll\eii cflopMyne : 

u,(E;)(1} = ~. N(7). (u.r~
5
)) _ n(5}.E~

5
) (E;)0,9 

· 2 ' EN,<5) . nC7} J7) . E. . 
I wCJ 1 

(1) 

3µ;~cb Nf7) - 'IIIClIO µ;eneHIIii Jl)J;ep 237Np, a a.rW II EN}?) JIBlIJIIOTCJI IIlIO
ll\a)J;bIO peoo_HaH~a 23~U npII aHeprIIII E, II 'IIIClIOM µ;eneHIIii B npeµ;enax_aToro 
peOOH3.H~a .COOTBeTCTBeHHO. 8cflcfleK~IIBHOCTII pernCTpan;IIII OCKOlIKOB_ p;elleHll.ll 
HeIIT~ll.ll ~~7) II ypaH'7 E~5), a TaK)K~ 'IlIClIO Jl)J;ep HCnTynll.ll n<7) II ypaHa ~(5) 
onpeAelIJlnIIcb B cnen;IIarrbHbIX IIOMepeHm, KoTopbie onIIcaHbI_B pa6oTe [8]. B 
peoyn1,Tare, OHa'IeIDie cpeµ;Hero Ce'IeHil.ll:~eneHll.ll < u,(E1'E2)(7) .> B IIHTep
. nane aHeprlill ( E 1 , E2 ) pacc'IIITbIBanoc1, no cflopMyne; 

: . . . 

< u,(EuE2)<1) >= 1:6~lr6·-t Nf7>_. (E;)o,9, 
2 l £ E, 

l 
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~~ ·,f:,~:::~t;:~~~?::~~ :~~- ,Jfii~~(. 
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(2) 
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.. 
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rµ;e E; ~ aHeprll.ll HCHTpOHOB, COOTBeTCTBYIOll\a1l cepeµ;IIHe 0HepreTII'ICCKoro 
IIHTepnan~ ( E,, ~

2 
), a E, - aHeprll.ll OAHoro IIO Tpex onopHbIX peooHaHCOB 

235U 
np11 EH= 7,1; 12,4 II 19,3 sB._Ka,Kp;oe oHa'IeHiie < u1 (E,,E2 )C7) > JIBlU[

eTcJI cpeµ;HnM ·no TpeM oHa'IeHIIJIM E,. 

Ii1::JMepea11.s:, pe::JyJI1>TaT1>1, o6cy)K~ea:e:e 

lfoMepeHIIJI npoBO)J;IIlllICb Ha mrn ;a 6aoe 6ycTepa IIBP-30 JIH<t> OIUIII. 
c -qacTOTOH HeiiTpOHHbIX BCilbIIIICK 100 c·1 H nonymHpHHOll OKOJIO 4 MKC. 

IlponeTH8.l[ 6aoa µ;ni HeiiTpoHOB IIIIH paBHJ1nac1, 58,5 M. BpeMK IDMepeHlill · 

paBHJllIOCb 1042 'IaCaM. 
.. K.IJ; pa6oTana Ha cMeCII Ar(90%) II CH.(10%) npn p;aBneHlIII B 650 MM pT. 

CT. PaccTOJIHHe•Me)Kµ;y arieKTpO)J;aMII paBHJllIOCb 0,5 CM, pa6o":Iee HanpJl)KeHJie . 

- 400 B. 
. YcnneHIIe; qiopMnpoBKa II Bbip;eneIDie IIMnyn1,coB µ;eneHll.ll Ha q>OHC lIMilJllb

COB OT an1,cJia-'IaCTIID; ocymecTBlIJllIIICb :llICKTpOHHbIMII 6noKaMII q>IIpMLI POLON 
B c-ranµ;apTe KAMAK. IIMnyn1,cbI Aene:Eill.ll Kµ;ep 237N p II 235U, HeoaBIICllMO µ;pyr 
oT µ;pyra, nocTynanII Ha Bxoµ; 110Mep11Ten1,Horo Moµ;ylIJI Ha 6aoe II81?M. Pe- · 
oyn1,TaTbl noMepeHlill npeµ;cTaB_lIJllIIICb B Bnµ;e µ;nyx npe~umponeTHhIX:cnexTpon 
µ;eneHll.ll 237Np 11 235U cooTBeTcTBeHHO. Ilpon;eµ;ypa onpeµ;eneHll.ll II B'bl'IIITaHll.ll 
4>0Ha 110 :o·6~IIX cneKTpon aHanorn'IHa oriIIcaHHoii B pa6oTe (8]. · · 
. IIo qiopMyJiaM (1) II (2) HaMII 6bllIH paCC'IHTaHI,I OHa'IeHll.ll 
< u,(E,,E,)(7) >, KOTOpbie npeµ;cTaBlleHbl B Ta6Jimi;e BMeCTe C COOTBeTCTBy-

10mIIMII OIIIII6KaMII. 
Ornn6KII A < u

1
(E,,E,)(1) > BKlIIO'IaIOT B

0 

ce6.s: cTaTIICTII'IecKy10 011In6Ky 

CJMMbl µ;eneHIIll t.ENf7) B IIHTepnane. 0Heprnii ( E,, E2)' OIIIII6KII B onpeµ;eneHIIII 
BelIIl'IIIH Ef>, E~5), nC7), n<5) II OIIIII6KII_A(a.r, )(5) onopHbI_X peooHaHCOB 235U npn 

EH = 7,1; 12,4 II 19,3 sB. HaII6on1,ineii J1BlIJ1eTCJ1 011III6Ka AE~7) /E~
7
) ~ 14%, 

KOT0p8.l[ BMeCTe C OWII6KaMll t.nF> /nC7> II t.n(5) /nC5) orrpeµ;elU[eT B0:3M02KHYIO 
CHCTeMaTn"IeCKJIO OIIIII6Ky ~ 18% HallIIIX µ;aH

0

HbIX. Oµ;HaKO Me)Kizy xnacTepaMn 
µ;ennTellbHbIX peoonancon npII EH = 40 ; 119 11 200 sB, rµ;e nerrrr"IrrHa 
< a}1> > cTaHOBHTCJI nec1,Ma Manon, cyMMapH8.l[ oum.6xa A < a}1> > / < af > > 
noopacTaeT oa C'IeT CTaTIICTII'IeCKOH OIIIII6Kn, µ;ocTnraJI µ;o 50%. 

. _HapHcymce,1:1aHHhleTa6JIHIJ;hlilpe,1:1cTaBJieHhl BMeCTe c )J;aHHbIMII pa6oT 

[2,3,5], KOTOpble nony'IeHbl Ha OHa'InTellbH~ O,Tllll'IalOUOIXCJI rio CBOCMY 0Hep
reTJI'IeCKOMY paopeweHIIIO HCHTpOHHbIX CIICKTpoMeTpax - B paiioHe nepnoro 
KnacTepa 237Np nprr E. = 40 sB oHo nap1,npyeT oT ~ 4.lQ-2% [2] µ;o ~ 40% [5]. 
Ilo3TOMY cpaBHeHHe iaHHbIX pHCYHKa Mex,1:1y co6oii, KOT.opoe npIIBO)J;IITC.!I Hll:lKe, 
JIBlU[eTCJI Ka'ICCTBCHHhlM. 3Ha'IeHirn < af) > npn E. =='= 5,7; 40 ;, •· i20 ,;ri 
200 sB, noMepeHHbIC HaMII, np1wepHo B Tpn paoa Bblwe nenII..'IllH a,,-nony'leH
HbIX B CaKne (2], n B npeµ;errax owrr6oK cornacy10TcJ1 c µ;aHHbIMII YHnBepcrrTeTa 
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'I'a.<5nm:~a. YcpegHeHHoe ceqemie geneHHJI 237Np 

-. pe30HaHCHhIMH HeiiTpoHaMH B HHTepBaJie ::meprHH He~TP?HOB 

OT 3 go 500 3B - . 

8HepreTII'IeCI'1IB Ycp.ce'l.p;eneHllll 8HepreTH'IeCKim Ycp.ceq.µ;eneHllll 
IIHTepBan, . <u, > 

. ' ~' 

IIHTepBan, <u, > 
(3B) - (6apH) (3B) (6apH) 

3 - 4 . _0,022 ± 0,006 50 ~ _-60 . . 0,006 ± 0,002 
4 - 5 0,009 . ± 0,003 60_ - 70 0,005 . ± . 0,002 
5 - 6 0,055 ± . 0,010 :70 - 80 . . 0,002 - ± 0,001'. 
6 - 8 0,006 ± 0,002 80 - 90 -0,004 ± 0,002: 

8 - . 10 0,012 ± 0,003 90 - 100 -. : ,: · 0,004 ± 0,002 
10 - 15 0,008 ± 0,003 100 - 110 0,016 ± ,0,004 -
15 - 20 0,014 ± 0,004 110 - 130 0,16 ± 0,03 
20 - 25 0,023 - ±. 0,006 130 - 150 0,050 · ± 0,009 
25, :- 30 0,11 ± 0,02, 150 - 180: 0,013 ±· 0,003 
30 -,,35 0,35 · ± 0,06 180 ·- 240 . · 0,22, ±. 0,04 
35 - 40 1,64 ± 0,26. 240 -. 300 : I 0,091 _±', 0,017-
40 _:._ 50.-, • 0,34 ± 0,06 - 300. - _500, : 0,046. -± . 0,012 

1o·e· .... .,11 ,.,., ••B 
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103 - . ✓ 10 4 

CpaBHeHIIe OHa'IeHim a, µ;~ 237Np, IIOMepeHllhIX B Caxne [2], Ha Hen-:
TpOHax noµ;oeMHoro .Hp;epn:oro Bopma _ [3], Ha CBIIHD;OBOM :rcy6e YmmepCIITeTa 
KH0TO [5] :n B·HacTo.s:~e:ii pa6oTe: .- , . . . . 

·. - - - [2]; . - . '". [3]; : · · · · [5]; -- HaCTO~~a.H pa6oTa 
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B KIIOTO [5], a. TaK:iKe, c p;aHHhlMII, nony'i:elillliIMlI c IICilOJil,OOBaHlieM HeiiTpOHOB 
· noµ;oeMHoro .Hp;epHoro BapbIBa [3]. Me:iKµ;y:rmacTepHl>Ie oHa'IeHllll u1 , noJIY'IeHllble 

HaMII, npaKTH'IeCKII COBIJa)J;aIOT C µ;amn,n.m Caxne; XOT.S: MO:iKHO 6hlll0 02KHp;aTI,, 
'ITO OHII 6yp;yT B:I,I,Uie :lTlIX p;amm~ npm.repHO B Tpl{ paoa. 8TO IlpOTlIBO~e'Jlie 
MO:iKHo cH.HT:r.1ecnII npeµ;nono}KIIT:r., 'ITO BO Bpe~oneTHhlX cneKTpax µ;eneHill[ 
237Np, II0MepelIHhlX B Caxne, He coBceM xoppeKTHO }"IlITbIBanC.H <poH. 

ABTOphl paooThl [4] npep;nonara:roT, 'ITO 0aHII)KeHI1I,Je oHa'IeHllll uf> Caxne 
MoryT 6hlTI, cnep;CTBIIeM OIIIII60'IHOro onpeµ;eneHill[ KOllH'IeCTBa .s:p;ep 237Np B 
MIIUieH.s:X n<7) II KOHD;eHTpaI(IIII npm.receii 235U II 239Pu B HeilTYHIIeBhlX MlIWe
H.s:X • .il:pyra.H BO0MO:iKHa.H npII'IIIHa o6cy:iKp;aeTC.H B Haweii pa6oTe [8]. Ilpep;no
naraeTC.H, 'ITO aBTOphl pa60Thl [2] MOrllII 0aBhlCIITI, aqi<peKTlIBHOCTI, perIICTpa
D;lilI, e}7> OCKOllKOB µ;eneHllll 237Np raaoBhlM C~TIIll~OHHhlM p;eTeKTOpOM. 
O6e · npH'IHllhl, BMeCTe B0.HThle, MOrllII npIIBeCTII K · CIICTeMaTH'IeCKOMJ OaIIII
)KeHlIIO OHa'Ie~ a1 B aTon ya6oTe. 

3aKnroqeaue 

3Ha'IeHllll u,,- noJiy-CJ:eH1Thie B HaCTO.H~eii pa6oTe, ii:ap.s:µ;y c )J;aHIII,IMII p;pyrIIX 
aBTOpoB [3,5], MoryT oxaaaT:r.c.s: noneaHhlMII µ;rur yTo'JHeHill[ qiaiinoB on;eHeHHhlX 
p;aHHhlX ENDF /B-VI II 6onee TO'IHoro Moµ;enIIpOBaHill[ npon;eccoB Tpanc~yTa
D;IIII 237Np B IIeiiTpOHHOM none. 

B, 0aKllIO'IeHIIe aBTOphl C'IlITaIOT CBOID.I npII.HTHhlM p;onroM no6narop;apIITI, 
JI.B.IIIIKem,Hepa II B.M. <l>ypMaHa na nonenHhle o6cy)K)J;eHill[ II IIHTepec K pa- . 
6oTe. 
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roBe PAOBcKnii A.A. n AP• P3-93-440 

CeqeHne AeJieHHSI 237Np HeiiTpoHaMn c :mepmeii EHS 500 sB 

Ha HMITYJibCHOM nCToqHHKe HeiiTpoHOB Ha 6aae 6yCTepa lfBP-30 Olf.Sllf 
MeTOAOM BpeMeHH nponeTa npoBeAeHbl H3MepeHHSI ceqeHHSI AeJieHHSI 

(a1) 
237Np HeiiTpoHaMH B AHanaaoHe sHepmii HHX<e 500 sB. '3HaqeHHSI a1 B 

peaoHaHCHblX KJiaCTepax, nonyqeHHble B HaCToSim;eii pa6oTe, cornacyIOTcSI c 
AaHHbIMH H3 YHnBepcnTeTa r.Knoro (SlnoHHSI) H B 3 paaa Bhlme 3HaqeHnii, 
nonyqeHHblX B CaKJie (<l>paH~HSI). B TO :11<e BpeMSI Me:iJ<AyKJiaCTepHbie 3HaqeHHSI a, npaKTnqeCKH COBilaAaIOT co 3HaqeHHSIMH a,, H3MepeHHbIMH B CaKJie. 

Pa6oTa BblilOJIHeHa B Jla6oparopnn HeiiTpOHHOH cpH3HKH OlfSllf. 

IIpenpHHT 06Le;i11HeHHOl'O HHCTHT)'Ta llJlepHblX HCCJJe;iosaHHH. ,lfy6Ha, 1993 
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Measurements of the fission cross section of 237N pup to the neutron energy 
of 500 eV were performed by using a time-of-flight method. The HNR IBR-30 
booster was used as a pulse neutron source. The a1 values for the resonance 
clusters obtained in this work are consistent with the Kyoto University (Japan) 
data and are 3 times larger than the Saclay (France) data. On the other hand 
our a1 values for intercluster regions are the same as those measured in Saclay. 

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