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I. BBE,QEHHE 

BpeMR npoTeKaHHR peaK~HH AeneHHR RAeP oKono ypaHa H3MepeHo 
C nOMO~b~ 3$$eKTa TeHe~ KaK npH 3HeprHH B036YmAeHHR COCTaBHO
ro RApa a6nH3H 3HeprHH CBR3H He~TPOHa IE* =5-1 0 M3B/ 1 -;~aK H 
a o6nacTH E*= 15-50 M38 15-~1 B~RCHeHo, 4TO a nocneAHeM cny-
4ae 3aMeTHbl~ BKnaA B 3$$eKTHBHY~ BpeMeHHY~ 3aAepmKy C06b1TH~ 
AeneHHR Aa~T aeTBH AeneHHR nocne HcnycKaHHR HecKOnbKHX He~T
POHOB . .QnR KOnH4eCTBeHHOrO BOCnpOH3BeAeHHR pe3ynbTaTOB 3KCne
PHMeHTOB MOmHO npHMeHHTb MeTOA o6paTHO~ 3aAa4H npH OnHCaHHH 
pacnaAa RAep B WHpOKOM AHana30He OT HCXOAHO~ 3HeprHH B036ym
AeHHR AO 3HeprHH CBR3H He~TpoHa Bn.TaKHe B~4HcneHHR MoryT 
6b1Tb BblnOnHeHbl B CTaTHCTH4eCKOM nOAXOAe • .QnR npaBHnbHOrO Bbl-
6opa napaMeTpoa pac4eTOB aecbMa none3HO noAaeprHYTb aHanH3y 
pe3ynbTaTbl, HMe~UIHeCR AnR o6nacTH E* a6nH3H Bn , a HMeHHO -
apeMR npoTeKaHWR peaK~H~ 235 •238 u (n,f) /1-4/ npw 3HeprHw Hei1T-
POHOB Ens 5 M3B,'·ce4eHHR H y-cneKTpbl (n,y) -peaK~~-~~. raMMa
wwpwH~ H nnOTHOCTb He~TpOHHbiX pe30HaHCOB. 

AHam13 4aCTW 3TWX pe3ynbTaTOB, BblnOnHeHHbl~ a pa6oTe 191 c HC-
nnn ... -::anc::.u•A'=~~ ~".~;?,'=~~~ -;:::;;~~~!-:-.::.:.: M.,-;;: ;-;,-;~-;-;~v~•~• JtJvcn~;, n""'cJJ' IIU-

3BOnwn YAOBneTaopwTenbHO onwcaTb apeMR npoTeKaHwR peaK~w~ (n.D 
np~-1 En <5 M38, T. e. npw E * ~ 1 0 M3B. 0AHaKo npwMeHeHwe MOAenw 
$epMH-ra3a AnR 6onee BbiCOKHX 3Heprwi1 B036YmAeHWR npHBOAWT K 
3Ha4WTenbHOMy pacxomAeHW~ pe3ynbTaTOB Bbi4WCneHI-1~ C 3KCnepwMeH
TanbH~MW pe3ynbTaTaMw, nony4eHHbiMI-1 Ha ny4Kax TRmenblx HOHoa1101 

H WOHOB 3He /S/, 8 HaCTOR~ei1 pa6oTe pewaeTCR 3aAa4a Ha OCHOBe 
aHanw3a ce4eHwR w y-cneKTpa peaK~I-IW (n, y), a TaKme onl-!caHI-!R 
apeMeHw mH3HW cocTaBH~x RAeP a o6nacTI-1 E*~10 M38, onpeAenwTb 
OCHOBH~e napaMeTp~, BXOAR~We B CTaTWCTI-14eCKHe paC4eT~, W npo
W3BeCTW TeopeTI-14eCKY~ 3KCTpanonR~W~ apeMeHW mi-13HI-1 RAep B o6-
naCTb E*= 15-50 M38. 

II. OCHOBHbiE $0PMYJlbl H nAPAMETPbl 

nonHaR nnoTHOCTb COCTORHI-1~ B036ymAeHHoro RAPa Ha WHTepaan 
Tennoaoi1 3HeprHW B036ymAeHWR U W 3aBWCHMOCTb RAepHO~ TeMnepa
Typ~ T OT U 3anWCb1Banwcb B o6o6~eHHOM BWAe cneAy~~WM o6pa30M: 

u1-m 
P (U) = CP A (U) exp -------- , I 1 I 

ct (1-m) -=~-~~ .. ro ( ·~·: ,•'·•• :h .·. ;.1 ,,.. r··.: ·•. '! I :'. _,[ ~·. ~'L r",1·~!· l 
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T(U)=C tUm. /2/ 

B LfaCTHOM cnyLfae m=0,5 !)}opMyllbl /1/, /2/ coenaAa~T c <f>opMynaMH 
MOAellH ~epMw-ra3a. nnoTHOCTb YPOBHeH C onpeAelleHHbiM CnWHOM j 
CBR3aHa C nOilHOH nllOTHOCTb~ COCTORHHH p (U) BblpameHHeM /!1/ · 

P. =p(U) (2j+1) exp- (j+l/2!2 • /3/ 

J 2V2;v 3 2v 2 

rAe v 2,. -w) , J - TBePAOTenbHbiH MOMeHT 11Hep~11W RAPa. 

B pacLfeTe w11p11H pacnaAa cocTaBHoro RAPa 11cnonb3oeanacb non
HaR nnoTHOCTb COCTORH11H p(U) BMeCTO, B006~e rOBOpR, He06xo
AHMOro CYMMI1POBaHI1R BKilaAOB B WI1PHHbl OT COCTORHI1H C pa311H4Hb1MI1 
KBaHTOBbiMI1 L111c11aM11 B paMF<ax ~opMa11H3Ma Xay3epa-~ew6axa I eM. , 
Hanp., 191/. 3To npeAno11omeHwe cy~eCTBeHHo ynpo~aeT Bbi411C11eHI1R. 
0Ho HenpHMeHI1MO npw Ma11b1X 3Hepri1RX HeHTpOHOB, HO yme np11 En= 
= 3-5 M3B op6HTa11bHbtH MOMeHT HeHTPOHa AOCTHraeT Bemt411H 3-41i, 
H B pacCMOTpeHHe AOilmHbl AeHCTBI1TenbHO BKil~LfaTbCR COCTORHI1R 
npaKTI14eCK11 CO BCeMI1 cni1HaMH 11 11X npoeK~I1RMH. nocK011bKY ~e11b 

pacLfeTa COCTOWT B TeopeTI14eCKOH 3KCTpanonR~I1H WI1PI1H pacnaAa 
B o6naCTb AOCTaTOLfHO 60ilbWI1X 3Hepri1H, TO 11CnOI1b30BaHI1e n011HOH 
n110THOCTH cocTsRHI1H AOnmHo fibiTb YAOBneTBOPHTenbHbiM. B 3TOM 
npw6nHmeHI111 HeHTPOHHaR WI1PHHa 3anHCbiBaeTCR B BHAe: 

2/3 E*-~-B ..-. A -1 _. . n 
• n= -- pc ~c.. ·-LlcJI I £P (l!;~-tsn-L\D-f)d£+(1.!:*-Bn-L'.J~ 1,1'+1 

11k0 0 D K011. 

rAe k0=8,65 M3B np11 ceLfeHHH o6paTHoro npo~ecca nor11o~eHHR HeHT
poHa crinv =2,98, cy6cKpl1nT C OTHOCHTCR K pacnaAa~~eMyCR RAPY, 
D - K A04epHeMy RAPY, .1 - 3Hepri1R cnap11aaH11R, ~ K011.- cyMMa 
4HC11a K01111eKTI1BHbiX ypoeHeH AOLfepHero RAPa, pacnonomeHHbiX npH 
Ma110H 3HeprHI1 B036ymAeHHR ~.1 D• 

Ce4eHwe (n,y) peaK~11H a cTaTHCTHLfeCKOM nOAXOAe AaeTCR 
BblpameHHeM: 

v =v (E )P.cr -1 
ny c n y T , /5/ 

rAe r T- nonHaR WHPHHa, r: -LfaCTb paAWa~I10HHOH WHpHHbl, co
OTBeTCTBY~~aR ~11KCa~I1H KOHeLfHOrO npOAYKTa (n,y) peaK~I111, pas
HaR npw61111meHHo: 

c -1 E*-.1c 3 
ry ""CYpc (E*-L'.c) f £ S(f)pc(E*-L'.c-f)d£. 

E*-Bf(n)(fy) 

!6! 

3AeCb He Y4HTliBaeTCR BepORTHOCTb ~11KCa~HI1 KOHe4HOrO npOAYKTa 
(n,y) peaK~1111 a pe3y11bTaTe 11CnycKaHI1R ABYX 11 6onee y-KeaHTOB, 

2 

OAHaKO OHa MHOro MeHbwe BepORTHOCTH, COOTBeTCTBY~~eH HcnycKa
HH~ OAHOrO y-KBaHTa. HHmHHH npeAen HHTerpHpOBaHHR paeeH 

E*-Bn-£y a cnyLfaeBn<Br WH E*-Br B cnyLfae B,<Bn. fy 
Y4HT~BaeT HHTepean 3HeprHH HeHTpOHa, Ha KOTOPOM KOHKypeH~HR 
APYrwx KaHanoe pacnaAa cocTaBHoro RApa, KpOMe y-pacnaAa, npe-
He6pemwMa. S(f) - cwnoeaR ~YHK~HR 3neKTPOMarHHTHoro pacnaAa. 
nonHaR paAHa~HOHHaR WHpHHa B~LfHCilRilaCb no ~OpMyne; 

E*-~c 
r =Cyp- 1 (E*-~c) ( £3S(f)p (E*-.1 -£)d£. /7/ 

y c 0 c c 

B ~opMynax /6/, /7/ Y4HT~BaeTCR TOilbKO 311eKTPH4ecKoe AHn011b
Hoe H311y4eHwe. nonHaR w11p11Ha pacnaAa cocTaBHoro RAPa onpeAe-
nRnacb 113 COOTHOWeHHR rT=(rn+ry)(l-Pr )-; 1 rAe Pr- Be-
PORTHOCTb AeneHI1R RApa, B3RTaR H3 3KCnepi1MeHTa. BpeMR mH3HH 
cocTaBHOro RApa T ='h r .;1• 

Pe3ynbTaTbl pacLfeTa onpeAe11R~TCR Bb16opoM noKa3aTe11R cTeneHw 
3H~preTH4eCKOH 3aBHCHMOCTI1 TeMnepaTypbl RAPa m,BHAa npeA3Kcno-
HeH~Ha11bHOH ~YHK~HH nnoTHOCTH ypoeHeH A(U) w CHilOBOH ~YHK~HH 
3neKTpoMarHHTHoro pacnaAa S (£). 4a~e scero a IJI1TepaType HC
nonb3yeTcR 3Ha4eHHe m=0,5, OAHaKo MOAellb ~epM~o~-ra3a He oni1-
CbrBaeT r(E*) npH E* > 20 M3B. f{poMe Taro, AllR aHa11113a pa311114-
Hb1X pe3ynbTaToe HCn011b3yeTcR s PRAe cny4aee np116n1-1meHHe no
CTORHHOH TeMnepaTYPbl. no3TOMy paCLfeTbl 6b!nl1 BbtnOilHeHbl AllR Tpex 
-=-a..a-=-u~...,,A.~ m = n c:n. n 7C:· n ?c n .......... " ........ - ........................ _. ··-- ............ - • ......... ... -, .... ~7 _7_,, -7-~- ~.,... .... ,.., .... ,,._,,_.,,_,,"'"' .. , ..... ,., ... ,, .... ,, 'YJ 111'"4" 1TlA..I.\VJ 

no11araeTCR paBHOH 1 111111 pa311114HbiM CTeneHRM U OT u-l/2 AD u-2, 

CHnoeaR ~yHK~HR S(£) 6epeTcR 111160 paeHoH 1, 111160 11cnonb3yeT
CR/12/ c11noeaR ~YHK~HR rHraHTCKoro AHn011bHoro pe3oHaHca S (£)= L, 
T.e. ~YHK~HR nopeH~a. AnR HaH6o11ee o6oCHOBaHHOro Bbl6opa ~YHK-
~11H A (U) "' S(£) 6brnl1 CAe11aHbl npeABapHTe11bHble pacLfeTbr a He-
CK011bKI1x aapwaHTax. OnHcaHwe pa3m14HbiX 3KcnepHMeHTa11bHbiX AaH-
HbiX np11 pa3HOM Bbl6ope f, A(U) ,S(£) oxapaKTepi130BaHo a 
Ta611. 1 3HaKOM /+/ KaK YAOB11eTBOpHTellbHOe H 3HaKOM /-/ KaK 
HeYAOB11eTeopHTe11bHOe. CoAep>Ka~aRcR a Ta611H~e rpa~a '•n11oTHOCTb 
ypOBHeH 11 

- 03Ha4aeT noBeAeHI1e n110THOCTH YPOBHeH B 0611aCTI1 Ma
nbiX 3HeprHH B036YJKAeH11R npw YC110BI1H a6co~TI13a~HI1 ~YHK~I1H pj(U) 
s o611acTH HeHTpoHHbiX pe~oHaHcoe. B rpa~e 11BpeMR JKW3HH11 noApa-
3yMeeaeTCR r(E0 ) npw En= 1-5 M3B. 1-13 pe3y11bTaTOB Ta6n~-t~bl 
cneAyeT, LITO Ha116onee 611aronp11RTHaR B03MOJKHOCTb onwcaHI1R 3Kcne
pwMeHTanbHbiX pe3y11bTaToB C03AaeTCR npw Bb16ope A (U)= 1 , S(£) 
= La+~, rAe a "' b - nepBbiH H BTOPOH MaKCI1MYMbl pac~en11eHHoro 
rHraHTCKoro AHn011bHoro peaoHaHca. 

A6co11~TH3Hpy~~l1e napaMeTpbr C p , C y , Ct onpeAe11R~TCR nyTeM 
npHBR3KI1 K 3KCnepHMeHTa11bHbiM pe3ynbTaTaM no nnoTHOCTH HeHTPOH
HbiX pe30HaHCOB <0>-,

1 paA11a~I10HHOH WHPI1He ry(B n) 11 BpeMeHH JKH3-
HH COCTaBHOro RApa npH onpeAe11eHHOH 3HeprHH r(E:) COOTBeTCT
BeHHO. k1x LfHCJleHHble 3Ha4eHHR npi1BeAeHbl B Ta611. 2. 
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Ha6op 3Mn~p~4eCK~X CBeAeH~~ 0 CBO~CTBax RAeP 236 • 239u np~
BeAeH B Ta6n.3. nocKOnbKY nOnHOe Ce4eH~e Heynpyr~x B3a~MOAe~cT
B~~ He~TpOHa AOBOnbHO cna6o MeHReTCR B o6nacT~ En0, 3-10 M3B, 
TO np~6n~>KeH~e a inv = const, no-B~A~MOMY, BHOC~T He6onbWYIO 
norpewHOCTb e pe3ynbTaT. AaHHWe o eepoRTHOCT~ AeneH~R RAeP 
236 ·239u no pe3ynbTaTaM 113- 15·19/ noKa3aHbl Ha p~c.·l. TaK~M 
o6pa3oM onpeAeneHbl ece een~4~Hbl, BXOAflll\~e e pac4~ 

3aAa4e~ BWnonHeHHWX pac4eTOB RBnflnOCb BW4~cneH~e $YHK~~~ 
r(E*) , anyCE*) ~ cneKTpa y -ny4e~ paA~a~~OHHoro 3axeaTa 
pe30HaHCHOrO He~TpOHa AnR COCTaBHbiX RAeP 23B,239U np~ Tpex 
3Ha4eH~flx napaMeTpa m = 0, 50; 0, 35; 0, 25 ~ cpaeHeH~e 3ntx pe-
3ynbTaTOB c 3Kcnep~MeHTanbHWM~ AaHHWM~. nocKOnbKy BW4~CneH~e 
cneKTpa y-ny4e~ (n,y) peaK~~~ ~MeeT ceo~ oco6eHHOCT~, TO 
OHO on~cweaeTcR e OTAenbHOM naparpa$e. 

III. rM1MA-CnEKTP (n,y) PEAKL.VH1 

CocTaBHoe RAPO, o6pa3oeaHHoe nocne 3axeaTa pe3oHaHCHoro 
He~TpoHa, ~MeeT 3Hepr~IO Bo36Y>KAeH~R . E*"' B n • OcHOBHbiM B~AOM 
pacnaAa 3TOrO COCTORH~R RBnReTCR 3neKTpOMarH~THOe ~3ny4eH~e. 
nocne ~cnycKaH~R nepeoro y-KBaHTa o6pa3yeTCfl OCTaT04HOe fiA
po, xapaKTep~3}'eMoe BepORTHOCTHbtM pacnpeAeneH~eM OCTaT04HO~ 
3Hepr~~ B036Y>KAeH~R. npo~CXOA~T ~cnycKaH~e BTOporo y-KBaHTa, 
cneK-p KOToporo oTn~4aeTCfl OT cneKTpa nepeoro y-KeaHTa ~ 

T n nnrnPnf"'IR.:lT~Mt..Lif"\,:=. tArM\JrV!:IL-IIAP. .,,_IJ'D.:lLITt"\Q ftA annhn1,:. ~nanna . . 
3neKTPOHOB KOHBepc~~/ npOAOn>KaeTCR AO nonHoro AeB036Y>KAeH~R 
RAPa. B 3Kcnep~MeHTax no ~3y4eH~IO y-cneKTpoe (n, y) peaK~~~ 

~3MepReTCR cyMMapHw~ cneKTp. no3TOMy pac4eT AOn>KeH eocnpo~3-

BOA~Tb 3HepreT~4ecK~~ cneKTp ecex noKoneH~~ y-KeaHTOB n (d = 

"" = I n. (£). 
i=l I 

OcHoeo~ AnR pac4eTa $YHK~~~ ni (£) RBnReTCR $OpMa 

cneKTpa 3neKTpoMarH~THoro ~3ny4eH~R RAPa c $~Kc~poeaHHO~ 3Hep-
r~e~ eo36Y>KAeH~fl N (£ ,E*). $yHK~~R N (£ ,E*) np~H~Manacb pae-
HO~ *: 

N (f ,E*) =p ~ 1(E*-~c) £3 
S(f) Pc(E *- 1"1

0 
-c). !8/ 

rAe S(f)=La. + L b - c~noeaR $yHK~~R paclllenneHHOro A~nonbHoro 
r~raHTCKoro pe3oHaHca, napaMeTpw KOToporo np~BeAeHbl e Ta6n.3. 
Pac4eT y -cneKTpa (n. y) peaK~~~ np~ ~cnonb30BaH~~ nnoTHOCJ~ 

ypoeHe~ no MOAen~ $epM~-ra3a ~ c S( f)= 1 on~caH e pa6oTe 
2?1 

*nocKonbKY A~nonbHwe y-KeaHTW o6naAaiOT He6onbw~M yrnoewM 
MOMeHTOM f= 1, TO B AaHHOM cny4ae ~CnOnb3yeTCR 6eccn~HOBOe 
np~6n~>KeH~e AnR nnoTHOCT~ ypoeHe~. 
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B o6nacT~ Manwx 3Hepr~~ eo36Y>KAeH~R ~3ny4al0ll\ero RAPa cTaT~c
T~4ecKaR $OpMyna /8/ He MO>KeT 6b1Tb np~MeHeHa. no3TOMY· C4~Ta
eM, 4TO RAPO, AOCT~ral()lllee E*~G. nepeCTaeT ~3ny4aTb, T.e. 
BKnl04aeM B pac4eT no CYll\eCTBY TOnbKO CTaT~CT~4eCKyiO 4aCTb y
cneKTpa. Ben~4~Ha G np~H~Manacb paeHo~ 1,5 M3B An~ 239U ~ 
2 M3B AnR 236u. 

MaTeMaT~4ecKoe paccMo~peH~e AaeT peKyppeHTHwe cooTHoweH~R, 
no3eom:tl0ll\~e Ha~T~ cneKTP y -KeaHTOB (i+1) -ro noKoneH~R n i+l(f) 
~ pacnpeAeneH~e OCTaT04HbiX RAep no 3Hepr~~ B036Y>KAeH~R Ui+1 
nocne ~cnycKaH~R (i+l) -ro y-KeaHTa W i+t (U i+l ), ecn~ ~3B.eCTHO 
3TO pacnpeAeneH~e AnR t -~ CTyneH~ wi (U i ). CooTHOWeH~R ~MeiOT 

B~A: 

n 1(f)=C(Bn)N(£,B n): 

W1(U1) = C(Bn)N(Bn -U1 , Bn): 

Bn 

ni+l(c)= ( C(Ui)Wi(Ui)N(£,Ui)dUi 
G,£ 

Bn 

Wi+l(Ui+1 )= ( C(Ui)Wi(Ui)N(Ui-Ui+l ,Ui)dUi 
G,Ui+l 

C(E*)= [t.(-uN(f,E*)dd-1• 
0 

/9/ 

/10/ 

/11/ 

/12/ 

/13/ 

3Aecb ~cnonb3oBaHo npeAnonomeH~e o eA~HCTBeHHOM KaHane pacnaAa 
RAPa - KaHane 3neKTPOMarH~THoro ~3ny4eH~R. HHTepean ~3MeHeH~R 
een~4~H U i cocTaenReT L'1c:::. U i ~ B n • H~>KH~e npeAenbt ~HTerp~po-
eaH~R e $opMynax /11/ ~ /12/ paBHbl Ha~6onbweMy ~3 ABYX 4~cen: 
G ~f B /11/ ~ G ~ ui+l B /12/. $yHK~~~ nj(f) AaiOT 4~Cno 
y-KBaHTOB i-ro nOKOneH~R Ha eA~H~4HW~ ~HTepean ~X 3Hepr~~ 

Anfl CTaT~CT~4eCKO~ 4aCT~ cneKTpa. no3TOMY n&) MO>KHO cpaBH~
BaTb c ~3MepeHHwM 1211 Y-cneKTPOM (n, y) peaK~~~ v(£), Ha p~c.2 
noKa3aHw pe3ynbTaTw pac4eTa ,1nR fiAeP 236 •239u, np~BeAeHTa'K-
>Ke 3Kcnep~MeHTanbHW~ cneKTP 211 v(f) RAPa 23 9o. Pac4eTbl 
CAenaHbl np~ BW6ope $yHK~~~ nnOTHOCT~ COCTOfiH~~ p(E*) C m = 
= 0, 50 ~ m = 0, 25, APYr~e napaMeTpw 3T~x $YHK~~~ np~BeAeHw 
B Ta6n.2. $yHK~~fl ll (f) BKnl04aeT B Ce6R CneKTPbl y-KBaHTOB OT 
nepeoro AO 4eTeepToro noKoneH~~. 6wcTpoe HapacTaH~e 3Kcnep~-
MeHTanbHO~ $YHK~~~ v(f) e o6nacT~ ManbtX 3Hepr~~ £ S 1,3 M3B 
CBR3aHO C BKnaAOM HeCTaT~CT~4eCKOH 4aCT~ CneKTpa, KOTOpaR He 
BKniO~eHa e pac4eT. B o6nacT~ £ > 1,5 M3B o6a eap~aHTa pac4eTa 
6n~3K~ K 3KCnep~MeHTanbHOMY pe3ynbTaTy. 
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Puc. 2. Pacc'IHTaHHhle raMMa-cneKTpbi (n, y) peaK~HI1 p;mr 
c;;c:raBHbiX ap;ep 2 39 U I a/ u 236u I 6 I . KpHB&Ie: I -
!1pH Bb!6ope napaMeTpa !1JlOTHOC TH COC TORHHH ffi = 0, 50; 
2 - m= Q, 25. IlpHBep;eH TaKlKe H3MepeHHbiH / 2l/ y-cneKTp 

peaK~HH 238u (n, y). 

IV. 06CYmAEMWE PE3YflbTATOB 

j 

Ha p~e.3,4 noKaaaHo epaaHeH~e peaynbTaTos pae4eTa e 3Kenep~· 
MeHTanbHbiM~ AaHHbiM~ no speMeH~ r(E*) npoTeKaH~.A peaKI..I~~ (n,f) 
~ no <I>YHKI..I~~ so~6YlKAeHvt.A (n, y) peaK~vt~ a 0 y(E*). 3KenepwMeH-
TanbHble 3Ha4eH~.A r B3.ATbl vt3 pa6oT 11 - 41, 3Ha4eH!.1.A any- no 
enpaB04HWKY/l 3~a TaKlKe e vtenOI1b30BaHWeM KOMnvti1.AI..IHH 3KenepwMeH
Ta!1bHbiX peaynbTaTos, eoAep>Ka~e~e.A a pa6oTax /6,9/ . PeaynbTaTbl 
pvte.Z-4 npvtBOA.AT K BbiBOAY 0 TOM, 4TO Ha oeHoBe seex 3Kenepvt
MeHTanbHbiX pe3yi1bTaTOB 3aTPYAHWTe!1bHO oey~eeTBHTb OAH03Ha4Hbl~ 
BbiOOp <IJYHKI..IWH nnoTHOe1)1 eoeTO.AHWJ4. Bee Tp~ ~eno!1b30BaHHble <I>YHK· 
~~~ p(E*) e m"' 0, 50; 0, 35; 0, 25 np1>1 eOOTBeTeTBYIO~e~ a6eomo
TJ.13al..l~~ napaMeTpos AaiOT AOeTaTo4Ho 6n~3KJ.1e peaynbTaTbl a o6na
eT~, rAe ~MeiOTeR 3Kenepwo1eHTanbHble T04K~ *. HeKoTopoe paexo>KAe
Hvte MelKAY pae4eTOM ~ 3Kenep~MeHTOM 8 o6naeT~ HeOOI1bW~X 3Hepr~~ 
HeMTpoHa /eM. p~e.3,4/ B03MOlKHO, eneAyeT npMn~eaTb HeT04HOeT~, 
eB.A3aHHO~ e !.1eno!1b30BaH~eM eyMMapHo~ nnoTHOeT~ eoeTORH~~ p(U) 
a <!JopMynax Afi.A w~p~H. 6onee eTpor~e Bb14~eneH~.A e np~MeHeH~eM 
<!JopMan~aMa Xayaepa-<l>ew6axa, sepo.ATHo, yny4waiOT on~eaH~e r(E 0 ) 
~ any (En) a o6naeT~ En< 2 M3B. 0AHaKo 3To YT04HeH~e ey~eeT-
BeHHo He ~3MeH~T noBeAeH~.A o6ey>KAaeMbiX <IJYHK~~~ AfiR 6onbW~X 
3Hepr~~. PeaynbTaTbl pae4eTos Afi.A o6naeT~ En~ 5 M3B noasonRIOT 
eAenaTb ABa cy~eeTseHHbiX BbiBOAa: 

1. BpeMR lK~3H~ eoeTasHoro 1'1APa np~ E * ~ 1 0-15 M3B Mo>KeT 
enylK~Tb AOeTaT04HO 4yBeTB~TefibHbiM KP1>1TepMeM AI1.A Bb16opa OCHoa-

* Bap11aHT m= 0,50 HeyAoBneTBOPI1TenbHo onweblsaeT r(E*) /eM. 
i)J.1e. 3/' OAHaKO BKI1104eHJ.1e npeA3KenoHeHTbl A (U)"' u-2 YI1Y4WaeT 
Oili1'C'aH!.1e 191 . 
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PHc. 3. CpasHemfe pacc'IHTaHHbiX H H3MepeHHbiX 3Ha'IeHHH 
BpeMeHH )I(H3HH COCTaBHblX R,[lep 239U /a/ H 236U /6/ 

a 3aBHCHMOCTH oT 3HeprHH B036yJKp;eHHR. KpHBbie I, 2, 3 -
pe3yJibTaT pac'IeTa npu Bbi6ope 3Ha'IeHHH napaMeTpa m = 
= 0,50; 0,35; 0,25 COOTBeTCTBeHHO. 3KcnepHMeHTaJibHble 
TO'IKH B3RTbl !10 gaHHbiM pa60T /1-4/. 

En,MlB 

6n[·t---~-. . ._~ .. 1' ;, 
b -- - -1()•2 

'r--~~-___:__· __:__· . .,-J 

-~.,-< 

m-J~ 

.. t __ "'t-- ~ ,-"u ""' ~ 

.,-6 -------.,-1 ---~" 
s - --~, ----e,M38-~-'-"-- ~o.,-• 

PHc. 4. CpasHeHHe pacc'IHTaHHbiX 
~epeHHbiX ¢yHK~HH B036yJKp;e
HHR peaK~Hii (n, ~) B crry'Iae co
CTaBHbiX Rgep 23 U H 2360. KpH
Bble I , 2, 3 - pe3yJibTa T pac'Ie Ta 
npH Bbi6ope 3Ha'IeHHH napaMeTpa 
ffi= 0,50; 0,35; 0,25 COOTBeT
CTBeHHO. 3KCIIepHMeHTaJibHbie TO'I
KH B3RTbl Ha OCHOBe KOMIIHJIRI.I;HH 
gaHHb!X a pa6oTax 16 ·9,13/. 
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HbiX napaMeTpOB $YHKI.l,lo1111 nJlOTHOCTH COCTORHIIIH B 3aBII1Cii1MOCTii1 OT 
3HeprHH B036YlK.QeHHR. H3MepeHHble 3Ha4eHHR r (E n> a peaK[lHH (n,f) 

npH En< 5 M3B He,QocTaTo4Hbl .QJll'l OAH03Ha4Horo Sb16opa napaMeT
poa $YHKI,4HH p (E*). 

2. Hr.t O.QHH 1113 eapr.taHTOB BblnonHeHHbiX pac4eToB He onHCblsaeT 

,QaHte a o6li!HX 4epTax noee,QeHH.R u ny a o6nacnt 6onbWHX 3Hep
rHi1 HeHTPOHOB. 3TO 06D.RCHReTCfl BKJla,QOM HeCTaTHCTH4eCKOrO Me
xaHH3Ma B Ce4eHHe peaK~Hii1. 

Oo nepBOMY BbiBO,Qy CJle,QyeT ,QOfiaBHTb, 4TO 113MepeHHfl /7 ,S,tO/ 

yKa3biBaiOT Ha HeOOXO,QHMOCTb Bblfiopa napaMeTpa m 6J1HlKe K ffi=·O, 25, 
4eM K m= 0,50. HeKoTopaR HH<fJOpMa[lHR o aenH4HHe m MOlKeT 6b1Tb 
1i13BJ1e4eHa H3 cneKTpOB KHHeTH4eCKOH 3HeprHH npO.QYKTOB R,QepHbiX 
peaK[lHH. 0,QHaKO Ha KHHeTI14eCKyiO 3HeprHIO 4aCTH[l BJ111RIOT TaKlKe 

KYJlOHOBCKHH 111 [leHTpo6elKHbiH 6apbepbl noTeH411ana B3aHMO,QeHCTBHR, 
CKOpoCTb H3Jly4al0ll!ero OfiDeKTa B na6opaTOPHOH CHCTeMe 111 APYrHe 
$aKTOpbl, 4TO 3aTPYAHReT onpe,QeneHHe R.QepHoii TeMnepaTypbl. Oo3-

TOMY MOIKHO CKa3aTb, 4TO H3MepeHHe BpeMeHH npoTeKaHHR H,QepHbiX 
peaK411H C nOMOll!biO 3$$eKTa TeHeH B o6naCTI1 cpe,QHIIIX 3Ha4eHHH 

3HeprH~ E*~10-15 M3B .c~aeT cyll!eCTBeHHYIO 111H$opMa4HIO, KoTopyiO 
3aTPYAHHTenbHo nony4HTb APYrHM MeTo.QoM. 

$yHK411111 B036YlK.QeHII1.R (n,y) peaK411H HeO,QHOKpaTHO o6cylK,QaJ1111Cb 
B JlHTepaType, T~YAHOCTH HX OnHCaHHR B CTaTII1CTH4eCKOM nO,QXO,Qe 
1113BeCTHbl, eM. , HanpHMep, /22,23/. B pa6oTe 1231 npRMbiM MeTO.QOM 

,QOKa3aHO, 4TO C pOCTOM 3HeprHH HeHTpOHa Ce4eHII1e 06pa30BaHII1R 
V -KR;:tHTnR nnPnPn&...~t"'\ AL.Irt""HI'01~ ~u'='~!'""u• .. ~~":! ~~5~~~:::':.~, "' ....... ,,. ,..., .............. ....... 

fibiTb no CTaTHCTH4eCKOH MO,QeJlH, a, HanpOTII1B, pacTeT 111 ,QOCTHra
eT MaKCHMyMa npH En ,. 1 0 M3B. noBblllleHHaR /Ha MHOro nopR,QKOB 
BeJ111411Hbl/ BepOHTHOCTb 111CnycKaHHH BbiCOK03HeprH4HbiX Y -KBaHTOB 
Be,QeT, B KOHe4HOM C4eTe, K yBeJ1H4eHHIO Ce4eHII1R o6pa30BaHHH npo

AYKTa (n,y) peaK4HH. AnR o6DRCHeHHH 3Toro $eHOMeHa npli1BJ1eKaiOTCR 
npRMble 111 nonynpHMble MexaHii13Mbl 3axaaTa HeiiTpoHa, Hanpii1Mep, Me
xaHH3M aaneHTHoro aaxaaTa. Op111 3TOM aepoRTHOCTb 6blcTporo pa

.QI'Ia41110HHoro nepexo.~:~a oKa3braaeTCR HeconocTaBHMO BbrcoKoii no cpaa
HeHHIO C aepORTHOCTbiO 3JleKTpOMarHHTHOrO R,QepHOrO H3Jly4eHHH B 
KBa3111CTa41110HapHOM npr.t6J111lKeHHH. 

AnR noHHMaHHR xo.c~a $yHK[lHH ao36YlK.QeHHH (n,y) peaK4HH, aoa
MOIKHO, 6biJ10 6bl none3HO paCCMOTpeTb CJle.QYIOli!YIO HHTepnpeTa4HIO: 
(n,y) peaKI,4HH npOII1CXO,QHT 4epe3 CTa,QHIO o6pa3oBaHHR COCTaBHOrO 
R,Qpa, a ee HeOfibi4HaR $yHK4HR B036ylK,QeHII1R 06DRCHHeTCH OC06eHHO
CTRMH 3JleKTpOMarHHTHOro pacna,Qa H,Qpa. npe,QCTaBII1M ce6e rHraHT

CK111H pe30HaHC KaK BXO,QHOe COCTORHHe BO B3ai'IMO,QeHCTBI111 y-KBaH
TOB C R.QPOM. DYAY411 B036YlK,QeHO, 3TO COCTORHHe 111MeeT cpaBHHMble 
BepORTHOCTH pacna,Qa KaK C nornoll!eHHeM B036YlK,QeHHR R,QpOM, TaK 
H B B03Bpall!eHHeM y-KBaHTa BO BHeWHee npOCTpaHCTBO. TaKOe BXO,Q
HOe COCTORHHe ,QOJllKHO HMeTb ,QOCTaT04HO CHJlbHOe 3a4enneHHe C 

10 

ypOBHRMH COCTaBHOrO R,Qpa H, CJle,QoBaTeJlbHO, MOlKeT B036ylK,QaTbCR 
111 B o6paTHOM nopH,QKe 3a C4eT 3HeprHH B036YlK,QeHII1R COCTaBHOrO 

RAPa. OpH 3TOM aepORTHOCTb nepe.Qa4111 3HeprHII1 cocTaBHoro 

R,Qpa BXOAHOMy COCTORHHIO - rHraHTCKOMY pe30HaHCY - MOlKeT onpe
,QeJlRTbCR HeCTaTHCTH4eCKHMH $aKTOpaMH, TaK KaK CHJlbHOe 3a~en
JleHHe era C YPOBHRMH COCTaBHOrO R,Qpa 03Ha4aeT, no-Cyll!eCTBy, 
3Ha4HTeJ1bHYIO npHMeCb BOJlHOBOH $YHK[lHH BXO,QHOrO COCTORHHJ'I B 
BOJlHOBbiX $YHK[li'IRX ypOBHeH COCTaBHOro l'I,Qpa. H3 3TOH CXeMbl cne

,QyeT, 4TO 3JleKTPOMarHHTHOe H3Jly4eHHe R,Qpa, KpOMe 00~4HOrO 
CTaTHCTH4eCKOrO np04eCca, aepORTHOCTb KOTOporo onpe,QeJ1ReTCJ'I 
$OPMYJ10H /7/ C CHJ10BOH $yHK4HeH, B03MOIKHO, paBHOH e,QHHH4e, 
npoHCXO,QHT TaKlKe 3a C4eT B036YlK,QeHHR B COCTaBHOM R,Qpe BXO,QHO
ro cocTORHHR - rHraHTCKoro peaoHaHca - 111 ero nocne.QYIOII!ero pac
na.c~a c H3Jly4eHHeM BbiCOK03HeprH4Horo y-KeaHTa. TaKHM o6pa3oM, 
B03HHKaeT lKeCTKOe HeCTaTHCTII14eCKOe H3Jly4eHHe, eepOHTHOCTb KO
TOporo perynHpyeTCR $YHK4HeH rHraHTCKOrO ,QHnOJlbHOrO pe3oHaHCa. 

Boo6ll!e HHTepnpeTa[lHH rHraHTCKHX peaoHaHcoa R.QepHoro $OTo

nornoll!eHHR KaK BXO,QHbiX COCTORHHH 06CYlK.QanaCb B JlHTepaType /CM., 
Hanp. ,124,25/ /, OHa He npOTHBOpe4HT 3KCnepHMeHTaJ1bHbiM $aKTaM, 

CBOHCTBaMII1 BXO,QHOrO COCTORHHH ,QOJllKHbl o6na,QaTb, HanpHMep, co

CTOJ'IHHR T111na C06CTBeHHbiX 3JleKTPOMarHHTHbiX KOJ1e6aHHH B 06DeM
HOM pe30HaTope, 3anonHeHHOM ,QH3JleKTPHKOM/26 ~0HH MOryT npHBJle-

., .... """'"'" -··---··--·"''4'"' ............. ,.., . ...,,,_.....,_, , ·-n-'"''' • ••• ..... • • _, .. ,,, .. ,..._ .... .....,., ,.._.,,_...,.., • 
n ...... 
••l""r' Ll'!:lTLr"C'J D IJ':"''IIO,-."T"nn. ,....r"'ol""\,...,.,..,~ 

- ·-- ---·-- --~--·-·· 

$OTOOOtJ10ll!eHHH npoHCXOAHT 3aXBaT naAaiOll!ero y-KaaHTa Ha BXO,Q
HOe COCTOJ'IHHe /r111raHTCKII1H pe30HaHC/ H pacna,Q OOCJle,QHero C BQ3-
6ylK,QeHHeM ypOBHeH COCTaBHOrO R,Qpa. A B (n, y)-peaK4Hii1 - B036ylK

,QeHHe rHraHTCKOro pe30HaHCa 3a C4eT era CBR3H C BOJlHOBbiMH $YHK-
4Hl'IMH COCTaBHOrO R,Qpa 111 pacna,Q C H3Jly4eHHeM BbiCOK03HeprH4HOro 
y -KaaHTa. TaKaR cxeMa npo4ecca B np111H4Hne He npoTHBope4HT 

OCHOBHbiM OC06eHHOCTRM peaK4111H (n, y) H ( y ,n). 

TaKHM o6paaoM, H3 npo.~:~enaHHbiX .QnR R.Qep 2.36 •239 u pac4eToa 

CJle,QyeT, 4TO OCHOBHble napaMeTpbl $YHK4HH nJ10THOCTI1 COCTORHHH 
R,Qpa B 3aBii1CHMOCTH OT 3HeprHH B036YlK.QeHHR onpe,QeJlRIOTCR HeOA
H03Ha4HO npH aHaJ1H3e Ha6opa AaHHbiX no WHpHHaM pacna,Qa COCTaB
HOrO R.Qpa a o6nacTII1 E * $ 1 0 M3B, nnoTHOCTH HeHTPOHHbiX pe3o
HaHCOB H Y -cneKTPY (n,y) peaK4111111. o6J1bWaR RCHOCTb MOlKeT 
6b1Tb BHeCeHa np111 onHCaHII1H BpeMeHH npoTeKaHHR peaK4HH ,QeJleHHR 
R,Qep B o6naCTH E * >- 1 0-15 M3B. noee,QeHHe $YHK4111H B036ylK,QeHHR 

(n, y) peaK4HH, B03MOIKHO, yKa3biBaeT Ha CYll!eCTBOBaHiile HOBOrO 
MexaHH3Ma HeCTaTHCTH4eCKOro lKeCTKOro y-H3Jly4eHHR COCTaBHOrO 

R.Qpa. 
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<=:::: 

t{apaMAH {;.A. P4-82-6{) 
OnpeAeneHHe napaMerpoa craTHCTH4ecKoro pac4eTa Ha ocHoae aHanHaa ce4eHH~ 
M WHPHI-i B (n,y)H (n.f) peaK4HAX Ha RApaX 235U H 238 0. 

C 4Cflb~ OnMCaHHR B CTaTHCTH4eCKOM noAXOAe apeMeHH npoTeKaHHR peaK4HH 
AeneHHA BblnonHeH aHanH3 3KcnepHMeHranbH~X AaHH~x o pacnaAe cocraaH~X RACP 
236,2390 B 06naCTH 3HeprMH B036Y~AeHHR 60nbWe 3HeprHH CBR3H HeHTPOHa. 
B~4HcneH~ aaBHCHMOCTH apeMeHH mM3HH cocTaBHMX AACP or 3HeprHH aoa6Y~AeHHA, 
l)lyHK4HH B036Y~AeHHR (u,y) pedK4HH H raMMa-cneKTp~ paAH34MOHHOro 3BXBaTa 
He~rpoHa. CAenaH B~BOA o B03MO~HOCTH onHCaHHR 6onbWHHCTBa 3KcnepMMeHranbH~x 
AaHH~X B o6naCTM En s; 5 M38 npH pa3HOM S~6ope OCHOBHt.IX napaMeTpOB nnOTHO
CTH COCTORHHH. 00BCAeHHC l)lyHK4HH B030Y*AeHHR (n,y) peaK4HH He aocnpOH3BO
JIHTCR pac4eTOM, 4TO, B03MOlKHO, yKaa~aaer Ha CY!IIeCTaoaaHHe HecranH:TH4eCKoro 
~eCTKOf"O y-H3ny4eHHR COCTaSj,jOrO RApa,. 

Pa6ora a~nonHeHa a fla6oparopHH RAePHWX peaK4H~ OMH~. 

OpenpHHT 06beAMHeHHOrO HHCTHTyTa RAePH~X HCCneAOBaHHH, ~y6Ha 1982 

r-..,-u£-OV 

Statistical Calculation Parameter Determination by Analysing Cross 
Sections and Widths in the {n,y) and (n,f) Reactions on 235(] and23Su Nuclei 

Experimental data on the decay of 236 •239 U compound nuclei in the 
excitation energy region higher than neutron binding energy are analysed 
in order to describe at the statistical approach lifetimes in fission reac
tions. Dependences of the compound nuclei lifetimes on excitation energy, 
excitation functions of the (n, y) reactions and gamma-ray spectra in the 
neutron radiative capture are calculated. The main part of experimental 
data in the En~S MeV region is described satisfactorily with different 
choice of the basic level density parameters. The behaviour of the ~.y) 
reaction excitation function is not reproduced by calculations, that possib
ly points to the existence of unstatistical hard gamma-ra~iation emitted 
by a compound nucleus. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JlNR. 

Preprint of the Joint Institute for Nuclear Research. Oubna 1982 

nepeBOA O.C.B~HorpaAOBOH. 


