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BnopHH B.A., nonoa IO.n. P3 - 10775 

CHnOBhie <jlyHKUHH Y -nepexonoa MelKllY KoMnayHa-cocroHHH>lMH 
B peaKUHSIX (n, ya) H (n,yf) 

OnucaHHe cpeaHHX aepOHTHocreil y -nepexoaoa MelKllY KOMnayHa
cocroHHHHMH B l'epMHHaX p8JlH8UHOHHh!X CHnOBhiX iflyHKQHil, p83BHTOe 
paHee nnSI peaKUHH (n, ya). o6o6ll!aeTCSI Ha cny'!ail peaKUHH (n, y f). Hal•-
aeHo BblpalKeHHe, CBSI3bJB810ll!ee ll!HpHHY r y f C CHROBOH iflyHKUHeil. 

H3 9KCnepHMeHTanbHhiX aaHHhJX no peaKUHH (n, y f) paCC'IHTaHhJ 3Ha'!e
HHSI CHnOBb!X iflyHKUHil llRSI 235U , 239pu, 241 Pu, KOTOpb!e Cp8BHHB8101'CSI 
c CH,IOBLIMH ¢YHKUHHMH MHf'KHX y -nepexoaoa B o6nacru A-150, an>1 

CRy'laSI peaKUHH (0, ya), H C CHROBblMH iflyHKUH>lMH >l<eCTKHX y-nepeXO):lOB. 
noK838HO, 'ITO CHnOB8SI ¢YHKUHSI MSif'KHX y-nepeXOllOB B npenenax Oll!H60K 
COBDaaaeT C CHROBOil ¢YHKUHeil lKeCTKHX Ml -nepeXO!lOB, H He 06HapylKHBaeT 
38BHCHMOC1'H OT 81'0MH0f'O Beca Sl!lpa. 

Ha OCHOB8HHH nocnenHefl H C y'leTOM DOCTOSIHCTBa CHnOBOH ¢YHKUH1i 
Y -nepeXO!lOB MelKJlY KOMnayHJl-COCTOSIHHSIMH cnenaHLI OUeHKH WHpHH 

I'yf nng ll!HpoKoro Kpyra nenSill!HXCSI Hnep, 

Pa6ora BbiTIOnHeHa B na6oparopn11 HeilrpOHHOli ¢H3HKH OH5HI. 

Coo61QeHBe 061.e,AHHeHHOrO HHCTBTYT& •.AepHWX BCCJie.AOB&HHi. ,ZJ,y6Ha 197 7 

Vtyurin V.A., Popov Yu.P. P3 - 10775 

Strength Functions of Gamma-Transitions between 

Compound States in the Reactions (n.ya) and (n.yf) 

Averaged probabilities for y -transitions between com

pound states described in radiation strength function 
terms and developed earlier for the reaction(n,ya) are gene

ralized for the case of the reaction(n,yfi.Values of strength 
functions for 235 U , 239pu, 241 Pu have been calculated from 

experimental data of the reaction ~.yf) and are compared 

with strength functions of soft-transitions in the region 

of A- 150, with those for the reaction (n,ya). and for 

high energy transitions. It is shown that the soft-tran

sition strength function coincides within the limits of 

errors with that of high energy-transitions and does not 

depend on an atomic weight of a nucleus, On the basis of 

the latter and assuming the constancy of strength func
tion of y-transitions between compound states widths 

are presented for a wide range of fissionable nuclei. 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 
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BBE,4EHHE 

)l.n.R noHHMaHH.R MexaHH3Ma pacna.u.a HeiiTpoHHbiX pe3o

HaHCOB H, B l.JaCTHOCTH, Hal.JallbHOH CTa)J.HH HCDYCKaHH.R Kac

Ka)J.OB y -KBaHTOB DpH pa)J.HaUHOHHOM 3aXBaTe HeHTpOHOB, 

a TaK)I(e CllO)I(HbiX .!J.BYXCTyneH'IaTbiX peaKUHH THna ( n, yn' ) , 

( n, y a ) , ( n, y f) H )J.p. HeofiXO)J.HMO 3Ha Tb 3aKOHOMepHOCTH 

y -nepeXO)J.OB Me)I()J.y 8biCOKOB03fiy)I()J.eHHbiMH KOMDayH)J.-CO

CTO.RHH.RMH .R)J.ep lnepeXO)J.bl THDa c~c' 1. 
B HacTo.Rmee opeM.R npH H3y'leHHH peaKUHH ( n, y) H 

( p, y ) HaKonneHa 6onbllla.R HH<iJopMaUH.R o oepo.RTHOCT.RX 

)l(eCTKHX y -nepeXO)J.OB Me)I()J.y CllO)I(HbJMH IKoMnayH)J.-cO

CTOHHHHMHI H cpaBHHTenbHO npocTbiMH HH3Kone)l(aJUHMH 

cocTOHHHHMH HJJ.ep lnepeXOJJ.bl c~ s I I eM. HanpuMep,/
1 

•
2 I I. 

O.u.HaKo npocTa.R 3KCTpanonHUHH cooH:cTB TaKHX y- ne

peXO)J.OB Ha nepeXO)J.bl C ~ c' MO)I(eT npHBeCTH K OlliHfiO'IHbiM 

3aKniO'IeHHHM. 

)l.eno B TOM, 'ITO ne pe XO)J.bl C ~ S onpe.u.enHIOTC.R B 3a

MeTHOD CTeneHH nepeKpbiTHeM ManOKBa3H'IaCTH'IHbiX KOM

DOHeHT BOllHOBbiX <iJyHKUHH, 'ITO CBH3aHO C CyJUeCTBeHHbiM 

npeo6na.u.aHHeM nocne.D.HHX B KOHe'IHOM cna6ooo36Y)I(JJ.eH

HOM COCTOJIHHH .R)J.pa, B TO BpeMH KaK y - nepeXO)J.bl c~ C' 

MOryT 6b1Tb ofiycnooneHbl MHOrOKBa3H'IaCTH'IHblMH KOMDO

HeHTaMH BOllHOBbiX <iJyHKUHH BbiCOKOB03fiy)I()J.eHHbiX Ha'lanb

HOrO H KOHe'IHOrO COCTO.RHHH .R)J.pa. 

B CBH3H C 3THM H3y'leHHe nepeXO)J.OB c~ C' HHTepeCHO 

eme H DOTOMY, 'ITO MO)I(eT )J.a Tb HH<iJopMaUHIO 0 MHOrOKBa3H

l.JaCTH'IHbiX KOMDOHeHTaX BOllHOBbiX <iJyHKUHH, He06XO)J.HMYIO 

)J.ll.R cpaBHeHH.R C npe)J.CKa3aHH.RMH HHTeHCHBHO pa3BHBaiO

JUeHC.R nonyMHKPOCKODH'IeCKOH TeOpHH .R)J.pa/3/. 
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K CO*aJieHHID, BM~eJieHHe HH~HBH~yaJILHMX y-nepexo
~OB Me*~Y KOMnayH~-COCTOJIHHJIMH H ~a*e HX ycpe~HeH
HLIX cneKTpOB C llOMOmLID cpe~CTB COBpeMeHHOH 3KCnepu
MeHTaJILHOH Y -cneKTpOCKOllHH BeCLMa CJIO*H01 41, ll03TO
MY 3KcnepuMeHTaJILHMe pe3yJILTaTM Kpa:HHe Mano~ucneH
HLI ls-7 I. 

B HacToHme:H pa6oTe c~enaHa nonLITKa c noMomLro 
CTaTHCTH~ecKoro no~xo~a K onucaHHID BepOHTHOCTeH: y -
nepeXO)l.OB Me*~Y KOMnayH~- COCTOJIHHJIMH, ycpe~HeHHLIX 

no fiOJILlliOMy ~HCJIY KOHe~HMX COCTOJIHHH, COllOCTaBHTL 
CHJIOBLie dJyHKli,HH y - nepeXO~OB B peaKU,HJIX ( n, ya) H ( n, yf). 

PA,4HAaHOHHhiE CHJIOBhiE C/JYHKI.jHH 

XapaKTepHLIMH oco6eHHOCTJIMH MeTo~a uccne~oBaHHJI 
MJirKHX y-ny~eH npH llOMOmH ~BYXCTyneH~aTMX peaKU,HH 
(n, Y a) , ( n, y f) JIBllJIIDTCJI MHoro~ucneHHOCTL I 10 3 -10 4 I 
HH~HBH~yanLHLIX y -nepexo~oB, ~aromux BKna~ B cneKTp, a 
TaK*e TO, ~TO paCCTOJIHHe Me*~Y OT~ellLHLIMH y -nHHHJIMH 
3Ha~uTenLHO MeHLllle 3HepreTu~ecKoro pa3pellleHHJI uc
llOJIL3yeMOH annapaTypLI. 

3TO o6ycnaBllHBaeT He TOllLKO eCTeCTBeHHOCTL, HO H 
ueo6xo~HMOCTL ycpe~ueuuoro onucauuH pa~uau,uouuoro 3Ta
na BLillleynOMJIHYTLIX peaKU,HH. )l.nH OllHCaHUJI cpe~HHX Be
poHTHOCTe:H y - nepexo~oB pa3nH~HLIX MYJILTHnonLHOCTeH: 
(£) CTaTUCTU~eCKaJI TeOpHJI npe~naraeT ~OBOllLHO y~o6-
HOe llOHJITUe pa~Hali,UOHHOH CHllOBOH dJyHKli,HH 

1 ry i 

111 s (£) = --<---> 
Y D; F 2£+ 1 

'yj(i) 

r~e ['. - napu,uanLHaH lllupuua y- pacna~a B cocTOJIHHe 
j ; il';~ i (i) - 3HepruH cooTBeTCTByromero nepexo~a. a 
D i - cpe~uee paccToHuue Me*~Y pacna.n.aromuMucH cocToH
HHJIMH c o.n.uuaKOBLIM cnuuoM. Ycpe~HeHue 3~ecL MO*eT 
npOHJBO~HTLCJI KaK no Ha~anLHLIM COCTOJIHHHM lpe30HaHCLI 
C ~aHHLIM CllHHOMI, TaK H no KOHe~HLIM. Pa~HaU,HOHHLie 
CHllOBLie dJyHKU,HH, onpe~eJieHHLie TaKHM o6pa30M, B 06lll,eM 
cny~ae HBllJIIDTCH dJyHKU,HJIMH aTOMHOrO Beca Jl~pa, npu~eM 

4 

BH~ 3aBHCHMOCTH OT A onpe~enHeTCJI MYJILTHnonLHOCTLID 
y -nepexo~oB. 

)l.aHHoe onpe~eneHue By ocHoBaHo Ha BM~ucneHHH Be
poHTHOCTe:H y -nepexo~oB B npu6nu*eHHH Ba:HcKondJal81 . 
)l.nH El -nepexo~oB cylll,eCTByeT anLTepHaTHBHMH no~
xo~, npe~nonararomu:H, ~To BepoHTHOCTL y -nepexo~oB 

Onpe~eJIJieTCJI ruraHTCKHM ~HllOJILHMM pe30HaHCOM. llpH 
3TOM 3aBHCHMOCTL l y OT 3HeprHH ~aeTCJI dJopMyJIOH Jlo
peHTU.a I 9 I, u JaBHCHMOCTL pa~uau,uoHHOH lliHPHHLI oT 
3Hepruu oKa3LIBaeTCJI 6onee CHJILHOH I - F 5 npu F = 
= 678 M3B H - F~ npu Ey = 273 M3B/ KpoMe Tdro, 
HHOH oKa3LIBaeTcH u 3aBHCHMOCTL Sy oT aToMHoro Beca. 

3KcnepHMeHTaJILHMe ~aHHMe 0 llOBe~eHHH CHJIOBMX dJYHK
li,HH B lliHpOKOM ~Hana30He aTOMHMX BeCOB nony~eHLI B oc
HOBHOM npu H3y~eHHH *eCTKHX Y -ny~eH lnepexO~LI C-> S 1. 
)l.nH E1 -nepexo~oB Hauny~lllee onucaHue 3KcnepuMeHTa 
~aeT no~xo~ c y~eTOM ruraHTCKoro ~unonLHoro pe3oHaHca, 
cornacHo KOTopoMy Sy - A 813 19 ~ 3KcnepuMeHTaJILHLie 3Ha
~eHHJI CHJIOBOH dJyHKli,HH ~JIJI Ml -nepexo~oBI21 B OCHOBHOM 
He npoTHBope~aT cne~yromeH: H3 npu6nu*eHHJI Ba:HcKond>a lsi 
He3aBHCHMOCTH ee OT aTOMHOrO Beca H~pa. llOCKOllLKY B 
lliHpHHLI ~BYXCTyneH~aTMX peaKU,HH ( n, yu ) H (n, y f ) MoryT 
~aBaTL BKna~ MJirKHe y -nepexo~LI pa3JIH~HOH MYllLTHllOJIL
HOCTH, TO ~llJI llOJiy~eHHJI 3Ha~eHHH CHROBLIX dJyHKU,HH Heo6-
XO~HMO 3HaTL COOTHOllleHHe HX BKJia~OB. 

llepBH~HMe MHrKHe y -nepexo~M Ha~anu H3y~aTLCJI 

CpaBHHTellLHO He~aBHO. 0CHOBHLie pe3yJILTaTM llOJiy~eHM npH 
uccne~oBaHHH peaKu,uu ( n, y a) I 4• 5( H3MepHJIHCL 3HepreTH
~eCKHe cneKTpM a -~aCTHU, H3 peaKU,HH ( n, ya), O~H03Ha~HO 
CBJ13aHHMe CO cneKTpaMH nepBH~HMX y-ny~eH, nOCKOJILKY 

Eya = Fa
0

_- Ey , r~e Eya - 3HeprHJI a -~aCTHU.M, uc
nycKaeMOH nocne BMJieTa y -KBaHTa, a Fao - 3HepruH 
npHMOro a - nepexo~a B OCHOBHoe cocTOJIHHe ~o~epHero 

H~pa. Ha puc. 1 npuBe~eH 3KcnepuMeHTaJILHMH a -cneKTp, 
nony~eHnw:H H3 ~auuwx pa6oTM IIOI. CnnolliHMe nHHHH -

pac~eTHMe cneKTpM, HOpMupoBaHHMe Ha nnoma~L 3Kcnepu
MeHTanLHoro, nony~eHHMe B npe~nono*eHHH npeo6na~aHHJI 
Fl -nepexo~oB, ~JIJI KOTopwx ucnonL30BanacL runoTe3a 
o ruraHTCKOM ~unonLHOM pe3oHaHce, u Ml -nepexo~oB, 
pa~uau,uoHnaJI lliHPHHa KoTopwx npuHuManacL nponopu,uo-
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uanLHOH E3 . Mo:>Kuo BH,IJ.eTb, 'ITO nocne,IJ.uee npe,IJ.nono)l(e

HHe D03BO_ti'.lleT ,IJ.OfiHTbCJI 3Ha'-IHTeJibHO nyqrnero cornaCHJI C 

3KCUepHMeHTOM. 0TCIO,IJ.a cne,IJ.yeT, 'iTO HJIH npeofina,IJ.aiOT 

Ml-nepexo,IJ.bi, unu ueo6xo,IJ.HMO npe,IJ.nonO)I(HTb, 'ITO ,IJ.n.ll nep

BH'-IHLIX MJirKHX y - nyqeii rHraHTCKHH ,IJ.HUOJibHbiH pe30HaHC 

ue urpaeT cymecTseuuoii ponu. 

KpoMe TOrO, Mbl MO:>KeM HCKJIIO'iHTb H3 paCCMOTpeHHJI 

}' - H31IY'ieHHe BbiClliHX MynbTHllOJibHOCTeH, UOCKOJibKY 3a

BHCHMOCTb ero pa,IJ.HaUHOHHOH lliHPHHbl OT E y ell.l,e CHJibHee, 

t.teM B nepsoM cnyqae. 

Cpasueuue lliHPHH 1 ya , H3MepeHHLIX B pe3ouaucax 
143 Nd, HMeiOll.I,HX pa3HbiH COHH, TaK:>Ke ,IJ.aeT yKa3aHHe Ha 

npeo6na,IJ.auue Ml -nepexo,IJ.OB /S/. Ha sepo.IITHOe npeo6na

,IJ.aHH~ Ml -nepexo,IJ.os a peaKI.I,HH 2 35U (n, y f) yKa3biBa

nocb u B pa6oTe /II /HMeiOTCJI TaK:>Ke ,IJ.aHHLie o npeuMymecT

BeHHOM sKna,IJ.e M.ll:rKux Ml - nepexo,IJ.oB a (n, y) - peaKI.I,HH /I 2/ 
TaKHM o6pa30M, HMeromuec.~~: B uacTOJill.l,ee speMJI 3K-

6 

cnepuMeHTanLHLie ,IJ.aHHLie yKa3LIBaiOT ua npeo6na,IJ.auue 

MynLTHnonLHOCTH Ml ,IJ.nJI y - nepexo,IJ.oB MC)I(.IJ.Y KoMnayu,IJ.

COCTOJIHHJIMH. ll03TOMY Mbl npHHJIJIH 'ITO nepeXO)J.bl C--> c' 
HMCIOT MynLTHnonLHOCTb Ml. Tor,IJ.a, auanH3Hpys ,IJ.aHHbie 

H3 peaKI.I,HH ( n, ya ) , nonyqaeM 3Ha'iCHHe pa,IJ.Hal.I,HOHHOH 

cunosoii IPYHKI.I,HH ,IJ.nJI Ml -nepexo,IJ.OB H3 cne,IJ.yromero 

Bbipa)l(eHHJI I 4/ : 

cc 2rrlya ly ( Bn) 
S y <M 1) = ---'--.--'---

D ;\ E 1f a< E3 T >. 
i Y Y af J r. i=o 

/2/ 

r,IJ.e lya -rnupuua(n,ya) peaKI.I,HH,Iy<Bn) H Di- cooT

BeTCTBeHHO nonuas raMMa-rnupuua npu 3Hepruu CBB3H 

HCHTpOHa B n H paCCTOJIHHe Me)I(,IJ.y HCXO,IJ.HbiMH KOMnayH,IJ.

COCTOJIHHJIMH, HMeiOll.I,HMH O,IJ.HHaKOBbiH CllHH, a Ey - 3HeprH.II 

y - nepexo,IJ.a H Ta f - npouuuaeMOCTb noTeuuuanbuoro 6apbe

pa ,IJ.JI.II a- t.taCTHI.I,bl C opfiHTaJibHbiM MOMeHTOM f, HCDYCKae

MOH H3 npoMe)l(yTO'iHOrO COCTO.IIHH.II BCJie,IJ. 3a y - KBaHTOM. 

l.J.ucno HHTepsanos ycpe,IJ.HeHH.II B Bbipa)l(eHHH /2/ j = :~ym '~ 
max 1\Ey 

onpe,IJ.enseTc.ll rnupuuoii o6nacTH 3HeprHH Eymax ua Ko-

Topyro npHXO,IJ.HTCJI OCHOBHOH BKJia,IJ. peaKI.I,HH ( n, ya ) , co

CTaBJIJIIOll.l,eH, npaKTHt.tecKH, 1,5-2 M3B u3-3a 6LICTporo 

CUa,IJ.a DpOHHI.I,aeMOCTH UOTeHI.I,HaJibHOrO 6apbepa )J.JI.II BTO

pH'IHbiX a - t.taCTHU. 

Pe3ynLTaTbi uccne,IJ.oBaHH.II peaKI.I,HH ( n, y f ) 3Hat.tuTenLHO 

Tpy,IJ.Hee UO,IJ.,IJ.aiOTC.II HHTepnpeTal.I,HH BBH.II.Y 6onbllieH CJIO)I(

HOCTH /no cpasueuuro c a -pacna,IJ.oM/ ,IJ.enuTenLnoro JTana 

peaKUHH. B cymuocTH, K uacTO.IIll.l,eMy speMeHH nonyqeHLI 

TOJlbKO nepBbie, B OCHOBHOM KOCBeHHble, 3KCDepHMeHTanb

Hbie ,IJ.aHHbie 0 lliHpHHaX peaKI.I,HH ( n, y f ) )J.JI.II 23S U 
1 
I!, I 1 ' , 

241 Pu /13/ , 2.19pu/14/ CucTeMaTH3al.I,H.II ux H o6cy)I(.IJ.CHHe B 

CBB3H c ,IJ.pyrHMH pe3ynLTaTaMH ue nposo,IJ.unucb. Haii,IJ.eM 

npu6nu)l(euuoe Bbipa:>Kenue ,IJ.JIJI pa,IJ.uauuouuoii cunosoii IPYHK

l.I,HH B cnyqae peaKUHH (n, y f). lllupuua O,IJ.Horo KacKa,IJ.a 

y- f H3 uaqanbHOrO COCTO.IIHH.II i qepe3 npoMe:>KyTO'iHOe 

COCTO.IIHHe CO CllHHOM H t.teTHOCTbiO J 77 
H npoeKI.I,HeH k MO

)I(CT 6LITb npe,IJ.cTasneua B BH,IJ.e 
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i,.fK i,.fK .fK 
[' =l \\ y f y f /3/ 

r,IJ,e OTHOCHTeJILHaJI BepO.IITHOCTb ,IJ,eJieHHJI HJ npoMe:>KyTO'I

HOrO COCTOJIHHJI 

rr 
'1\.J K 

f 

J rr K 
[' 

f 

I ' .J"K I' .J"K 
y + I 

/4/ 

J"K J"K 
3,IJ,eCb lf H f' y - COOTBeTCTBeHHO ero ,IJ,eJIHTeJILHaJI 

H nOJIHaJI raMMa-wHpHHhl. IlOCKOJibKY nOJIHaJI raMMa-wH

PHHa CJia6o JaBHCHT OT xapaKTepHCTHK COCTOJIHHJI H 3HeprHH 

BOJ6y:>K,IJ,eHHJI B paccMaTpHBaeMOH 06JiaCTH, Mbl MO:>KeM 

JaMeHHTb ee Ha cpe,IJ,HIOIO pa,IJ,HaiJ,HOHHYIO WHPHHY JaxaaTHLIX 

COCTOJIHHH ['y ( B n ) H npe,IJ,CTaBHTb Bbipa:>KeHHe /3/ B BH,IJ,e 

i, 1" K r~ J"Kr( K 1" K 
ryr = _c_<B_> -- < 1- w r >. /5/ 

Y n 

IlpocyMMHpyeM BKJia,IJ,bl O,UHHO'IHbiX KaCKa,IJ,OB, 06Jia,IJ,aiOIIJ,HX 

O.IJ.HHaKOBLIMH JHa'leHHJIMH J" K B ManoM HHTepaane 3Hep

ruii npoMe:>KyTO'IHhlX coCTOJIHHii ~ E y L, r ,IJ,e MO:>KHO npe

He6pe'lb JaBHCHMOCTbiO f'fJ" K H 1~, J"K OT 3HeprHH. 

Ycpe.IJ.HHB npaayw qacTL cyMMLI no npoMe:>KyTO'IHLIM co

CTOJIHHJIM, nOJIY'IHM 

r,IJ,e 

8 

. J rr K 
I' 

I' 
yff\ F.y j 

= L 
L\E y j 

. rr r·I, .J K 

y f 

/6/ 
rr ,rr rr rr 

__ 1_ N J K < I' i, J K> < I, J K ( 1 _ \\ J K) > F 
I' ( B ) j y j f f · i 
Y n 

Ni =~ Ey pf K - 'IHCJIO ypoaueii B -M HHTepaane. 

\ 1 
. I 

\I 
·l 

rr rr 
<r..JliJ(r;J K(1-WJ K)>· 

IlonpaBO'IHhlii 4JaKTop F = Y f f J MO:>KHO 

· < [' i, .1" K > < [' J" K(1 _ uJ "K )> 
Y · f n f · 

nOJIO:>KHTb paBHbiM e,IJ,HHHIJ,e B CHJIYJ TOrO, 'ITO raMMA H ,IJ,e-

JIHTeJibHhle WHpHHbl .IJ.BYX :nanoB peaKIJ,HH 4JnyKTYHPYIOT He

JaBHCHMO. 

BhlpaJHB ,IJ,eJIHTeJILHYIO wupuuy B Bbipa:>KeHHH /6/ qepeJ 

npouuuaeMOCTL 6apbepa ,IJ,eneHHJI 

1 
F =--

f rr 
2rrp J K 

PJ"K ,r.IJ.e PJ"K 
E EJ" K 

=[ 1+exp(---J-)]-l /7/ 
1'lwJ K 

u cpe.IJ.HIOIO raMMa-rnupuHy <I' i • f K > 
nony'IHM Y 

- qepeJ /1/, 

i, J rr K D. cc' rr 
= ---' --- Sy (Ml);\ E . < E3 >. < P rr U-W J K)> l' ' yfi\fyj 2rr f' ( B ) Y l Y J J K I 

y n 

/8/ 

IlOCKOJibKY HJ 3KCnepHMeHTa Mbl nonyqaeM CYMMapHyiO f' y f, 
npOCYMMHpyeM BKJia,IJ,bl nepeXO,IJ,OB no BCeM CnHHaM H 'leT

HOCTJIM npoMe:>KyTO'IHbiX COCTOJIHHH, noJiy'leHHbiX nyTeM 

Y -pacna,IJ,a, HCXO,IJ,HOrO BO BCeM HHTepBaJie 3Hepruii BOJ-

6y:>K,IJ,eHHJI. Tor,IJ,a 

''IKCn D· cc' . imax 3 r"K 
[' ~ I S (Ml)~E. L <E Prr <1-W' )> 

y f 2 rr I' (B ) y Yl . y J K I i 
y n fK.J=O 

OTKy,IJ,a 

, 
cc 

sY <Mu = 

3Kcn 

2rr S,r S, (Bn) 

jmax 3 TK 
Di ~ Ey L < E y P p K <1- W r ) > · 

.J"K,j=O l 

/9/ 

/10/ 

BepxHHii npe,IJ,eJI cyMMHpoBaHHJI j = Eym a~ KaK H B cnyqae 
max ~E 

peaKIJ,HH (n, ya ), 
/eM. puc. 1/. 

y 
onpe,IJ,eJI.IIeTCJI BeJIH'IHHoii E 2 M3B 

Ymax 

$ 



PACIJET CHJIOBh/X C/JYHKIJ.HH 
AJIR P EAKIJ.HH ( n , y f) 

Bbipa)l(euue I 10/ noJBOJIJieT pacc'IHTa Tb cunoayiO dJyuK

UHIO KaK B npeAnOJIO)I(eHHH OAHOrop6oro 6apbepa AeJieHHJI, 

TaK u AByrop6oro. Mbi nonbJoaanucb AByrop6biM 6apbepoM. 

llapaMeTpbi 6apbepoB E r H tiw, ueo6xoAHMbie AJIJI pac

'leTa npoHHUaeMOCTeH, H JaBHCHMOCTH BepOJITHOCTH Aene

HHJI OT 3HeprHH B036Y)I(AeHHJI 6biJIH B3JITbl HaMH H3 pa6o

Tbl /I 5/, rAe H3 3KCnepHMeTaJibHbiX AaHHbiX no ( d, p f ) 
peaKUHH onpeAeJIBJIHCb napaMeTpbi AByrop6oro 6apbepa. 

B 3TOH pa6oTe npHBOAJITCJI cpeAHHe no J
11 

K JHa'leHHJI na

paMeTpoa, no3TOMY npu pac'leTe no <iJopMyne /10/ Mbi 

nOACTaBJIJIJIH cpeAHHe npOHHLJ.aeMOCTH H BepOJITHOCTH Aene

HHJI, C'IHTaJI, 'ITO B peaKLJ.HJIX (d,pf) H (n,yf) AaiOT BKJiaA 

B cpeAHeM OAHH H Te )l(e npoMe)l(yTO'IHble COCTOJIHHJI. fi03-

TOMY 3KcnepuMeuTaJibHbie wupHHbi I' y r npu pac'leTe TaK)I(e 

ycpeAHJIJIHCb no JaXBaTHbiM COCTOJIHHJIM, a BMeCTO J)i 

6panocb cpeAuee paccTOJIHHe Me)I(AY peJouaucaMH. 

HcnoJihJOBauue npeAnOJIO)I(eHHJI o AByrop6oM 6apbepe 

o6ycnaanuaaeT ABa Tuna peaKLJ.HH ( n, y f): "MrHoBeHHhie", 

KOrAa nocne HCnycKaHHJI Y-KBaHTa HAeT AeJieHHe CKB03b 

o6a 6apbepa, u "JaAep)l(aHHbie", KOrAa nocne npoXO)I(AeHHJI 

nepBOro 6aphepa HAPO OKa3biBaeTCJI B OAHOM H3 COCTOJIHHH 

BTOpOH JIMbl H AeJIHTCJI C nepHOAOM nonypacnaAa COOTBeT

CTBYIOIUero H30Mepuoro COCTOJIHHJI. llo3TOMY 3KCnepHMeH

TaJibHOe 3Ha'leHue l'yr 6yACT JaBHCeTb OT MeTOAHKH HJ

MepeHHH. CpeAH HJBeCTHbiX 3KcnepuMeHTaJibHbiX AaHHbiX 

K H3MepeHHJIM "MrHOBeHHOH" peaKLJ.HH ( n, Y f) MO)I(HO OTHe-

CTH TOJihKO pe3yJibTaTbl pa60Tbl /II/. , 
('(' 

llorpewuocTh Aauuoro MeTOAa pac'leTa S Y onpeAenH-

eTCJI B OCHOBHOM HeonpeAeJieHHOCTJIMH napaMeTpOB 6apbe

pa, KOTOpble MOryT H3MeHHTbCJI B nOJITOpa-ABa paJa. He

KOTOpble HeTO'IHOCTH BHOCJITCJI TaK)I(e Ja C'ICT dJaKTH'ICCKOH 

JaMeHhi npu pac'leTe cpeAuero oT npoHJBeAeHHJI a awpa)l(e

HHH /10/ np,oHJBeAeHHeM cpeAHHX p H (1-\\f ) H ly (Bn) 
BMeCTO I}J ~ Bn- Ey ) H, KpoMe Toro, Ja C'leT ynoMHHyToro 

BbiWe npeAnOJIO)I(eHHJI 0 npHMeHHMOCTH AaHHbiX no peaKLJ.HH 

( d, p f) AJIJI onucaHHJI AenuTeJibHoro 3Tana peaKUHH ( n, y f) • 

PacC'IHTauuwe uaMH paAnauuouuwe cunoawe liJYHKUHH 

10 

t 
A 

t 
l 

S'V '(Ml) MJirKHX y -nepeXOAOB npHBeAeHbl Ha puc. 2. ,lJ;JIJI 

CpaBHeHHJI 3AeCb )l(e npHBOAJITCJI AaHHble no CHJIOBbiM <iJyuK

UHJIM )l(eCTKHX Ml -nepexoAOB /o6oJHa'leHbi KBaApaTHKa

MH/, nepec'IHTaHHbie H3 pa6oThi/ 2/ no <iJopMyne ~ = KMI I0-6
. 

MO)I(HO BHACTb, 'ITO OTMe'laBWaJICJI pauee B pa6oTe/6/6nu-

30CTb sec, ( Ml) H sc; (Ml) B paiioue peAKHX JeMeJib B npe

AeJiaX OhiH60K HMeeT MeCTO H B o6naCTH TJI)I(eJibiX JIAep, 

H noBeAeuue S yc '< Ml) ue npoTHBope'IHT O)I(HAaeMoH H3 

npu6JIH)I(CHHJI BaiicKon<iJa He3aBHCHMOCTH sy ( Ml ) OT 

aToMuoro aeca. 

Ha OCHOBaHHH noCJieAHero H C y'leTOM nOCTOJIHCTBa 

S~c'(Ml) = 24.10-9 6hiJIH paCC'IHTaHbl WHpHHbl lyf AJIJI wu

poKoro Kpyra AeJIHIUHXCJI JIAep. fioJiy'leHHble BeJIH'IHHbl 

f'yf npHBCAeHbl B ma6/1Uije, r,!J.e 1.)/ - WHpHHbl "MrHo-

BeHHOH" (n, y f ) - peaKLJ.HH, a r; f - "JaAep)l(aHHOH". 

3AKJIIO IJEHHE 

Ou.euuaaH pe JYJibTa Tbl nepBbiX uccneAOBauuii MBrKHX 

Y -nepeXOAOB, OTMeTHM, 'ITO BeCbMa HHTepeCHOHnpeACTaB

JIJieTCJI 6JIH30CTb scs H sec, nOCKOJibKY npHpOAa KOHe'l-
~ y y 

HbiX COCTOJIHHH }' - nepeXO.IJ.OB B 3TH X CJiy'laJIX CHJibHO OT-

JIH'IaCTCJI. 

HaAeeMCH, 'ITO nocneAYIOIUHe uccneAoBaHHH peaKUHH 

( n, ya) noJBOJIJIT nony'IHTb JHa'leHHB Syc AJIJI 6onee wu

poKoro Kpyra JIAep, 'ITO AaJIO 6hi B03MO)I(HOCTb CYAHTb 0 

npH'IHHe 6JIH30CTH CHJIOBbiX <iJyHKLJ.HH H CTeneHH 06IUHOCTH 

nony'ICHHbiX pe3yJibTaTOB. 

XoTJI o6JiaCTb aTOMHbiX BCCOB, B KOTOpOH MO)I(HO Ha6niO

AaTp peaKLJ.HlO ( ll, y f), y)l(e H norpeWHOCTH npH Bbi'IHCJICHHH 

Sfc cpaaHHTCJibHO aeJIHKH, nonyqeuuwe peJyJibTaTbl o~

HOCHTCH K HOBOH o6naCTH JIACP, a TO'IHOCTb 3Ha'leHHH S 'V 
MO)I(CT 6biTb 3Ha'IHTCJibHO yny'lrneua C noJiy'ICHHCM AaHHbiX 

0 6apbepax ACJICHHJI AJIB COCTOJIHHH C pa3JIH'IHbiMH CnHHaMH 

H 'ICTHOCT JIMH. 

B JaKJIIO'Ieuue aBTopbl Bbipa)l(aiOT 6naroAapuocTh 

B.H.~ypMaHy Ja HHTepeCHbiC H nJIOAOTBOpHble AHCKYCCHH 

u H.C.Menuxoao8 Ja noMOIUh B o<iJopMneuuu ny6nuKauuu. 
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