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6yrpoa B.H., KaMaHMH B.B., KapaMftH C.A. Pll-80-418 
BpeMA npoTeKaHM~ peaK~MM ,qeneHM~ ~AlP ypaHi•238 
nOA At!ACTBMeM MOHOB r811M~-ft ,. 

Ha6n~eHw M KonM~CTBeHHO MIY~BHW TaHeiWe MMHMMYMW 
a yrnoawx pacnp8AeneHM~X ocKonKoa ,qene"""• ~K~ npM 
o6ny4eHMM MOHOKPMCTBMM~8CKCIA MMIIIeMM U0 I ny .. ~ MOHOB 
4He npM 3HeprHM 23, 25, 26, 28, 30, 33, 35 Mt8~ BpeMeHHBII 
38AeP*Ka Co6WTMA ,qeneHM~ o8H8PY*MB8aTC~ npM P8CcMoTpeHMM 
M3MepeHHWX Ben~4MH rny8MHW M PBIHOCTM rny8MH ' Te"'8Wx 
HMHMMyMOB )( 16 H 6)( • 3HepreTH~aCK811 IBIM~Tio )( 1&0° 
M 6)( COOTBeTCTByeT peayn~T8T8M MOA8n~HorO ptc..ete nPM 
aw6ope napaMeTpoB Ha OCH088 ,qpyrHX 3KCnepM~Tan•~· 
A8HHWX. 

Pa6oTa awnonHeHa 8 lla8opaTopHM "AePHWX :P.q!Q&tdi. OMftM. 

Bugrov V .N., Kaman In V .V., Keremlan S,A. · . Pl$~40~416 

Duration Time of the Fission of Uranlu•~~ 
Nuc 1 e I Induced bx.:Hell um-4 ian I . 

1. BBE,llEHHE 

BpeMeHa npoTeKaH~R peaK~~~ AeneH~R RAeP ~3MepR~TCR c no
M~b~ 3~eKTa TeHeH np~ ~cnonb30BaH~~ MOHOKP~CTann~4eCK~X M~
weHeH. 3Kcnep~MeHTanbHO ~ccneAOBaHa o6nacTb cpaBH~TenbHO He-
6onbwHx 3HeprHH B036ymAeH~R COCTaBHoro RAPa <10 M38 B peaK
~HRX nOA AeHCTB~eM HeHTpOHOB H npoTOHOB 11·51 H o6naCTb 3Hep
rHH eoa6l*AeH~R > 40-50 M3B B peaK~~Rx noA AeHCTB~~M TRmen~x 
HOHOB / G· I . CornaCHO 3T~M H3MepeH~RM Ha6n~AaeMOe Bpe,..R npoTe
KaH~R peaK~~~ pacnaAa COCTaBHOro RApa, HMe~ee nopRAOK BenH-
4HHbl r ~ 10- 5c e6n~3~ nopora ~cnycKaH~R HeHTpoHa, yMeHbwaeTCR 

AOCTaT04HO pe3KO C pOCTOM 3Hepr~H B03firmAeHHR ~ B o6naCTH 
E*> 40-50 M3B cTaHoBHTCR paeH~M -/10-1 

- 10-18 
/c ~ He cHnbHo 

aaBHCRli.IHM oT E*. TaKOH xapaKTep aaBHCHMOCT~ r 3¢q;(E *) MOmHo 
npoBep~Tb 3KCnep~MeHTanbH~M ~ccneAOBaHHeM BpeMeHH npoTeKaH~R 
peaK~HH AeneH~R B npoMemyT04HOH o6nacT~ 3HeprHH B036ymAeH~R 
10 M3B < E * < 40 M3B. HaMepeH~R e 3TOH o6nacTH CAenaH~ nHWb AnA 
HeKOTOP~X 4aCTH~X cny4aee 19"111,0AHaKO peaynbTaT~ 1111,eepORTHO, 
yKa3~Ba~T Ha 3aMeAfleH~e CKOpOCTH y~BaHHR $YHK~HH lnr3¢~E*) 
np~ 3Ha4~TenbH~X 3Hepr~RX B036ymAeH~R. 

B HaCTORllleH pa6oTe ~aMepeH~ epeMeHa npoTeKaHHR peaK~HH 
AeneH~R RAep np~ o6ny4eH~~ MOHOKPHCTanna U02 ~OHaM~ 4He 
c 3HeprHRMH 23, 25, 26, 28, 30, 33, 35 M3B. npeABap~TenbH~e 
peaynbTaTbl I-13MepeHHH C006ll.leHbl paHee 1 121 • ,[lnR npaBHflbHOI •Tep
npeTa~~H AaHHbiX BblnOnHeH pac4eT, y4~Tb1Ba~HH ponb MHOIHX BeT
BeH AeneHHR B $QpMHpoeaH~H H3MepReMbiX napaMeTpoe TeH~. B nHTe
pa Type ony6nHKOBaH 191 peaynbTaT HCCneAOBaHHR 3TOH peaK~~~ nr H 

OAHOM 3Ha4eHH~ 3HeprH~ HOHOB - 25 M38. 

2. MO,llEnbH~A PAC4ET KOMnOHEHT TEHEBOrO M~HHMYMA 

CocTaBHOe RAPO c MaccoBbiM 4HcnoM A H ~CXOAHoH 3HeprHeH E* 
HCnyCKaeT nocneAOBaTeflbHO HeCKOflbKO HeHTpOHOB, np~4eM Ha CTa
A~RX nocne HCnycKaH~R KamAOrO H3 H~X RAPO MOmeT pacnacTbCR 
nyTeM AeneH~R. EcnH ~aeecTHa aaBHCHMOCTb epeMeH~ m~3HH OT 
3Hepr~~ B036ymAeH~R AflR KamAOro H3 OCTaT04HbiX RAep C MaCCOBbiM 
4HcnoM A-x H 3Hepr~eH Ux, rAe x - 4Hcno ~cny111eHHbiX HeHTPOI10B, 
TO HMeeTCR B03MOmHOCTb Bb14HCflHTb rny6HHY TeHeBOrO MHH~yMa )( 
AflR OCKOnKOB KamAOH BeTB~ AeneHHR . H, C y4eTOM BepORTHO~TeH 
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p~~. a/ 3aB!IIeHMOeTb Bpe
MeHH >KH3HM eoeTaBHWX .RAep 
OT 3HeprMH ~036ymAeHHR! 
L'i - 239 u ' 0- 236 u 11-4( 

flHHIIIM - 3KenoHeHTW, npo
BeAeHHWe no 3KenepMMeHTanb
HWM T04KaM, IIIX napaMeTpW 
AaHw s TeKeTe. 6/ 3KeTpa
noilRLIH.R BeJ1M4~H T K M30TOnaM 
nnyTOHMR. 

seTae~, ~x sKnaA s Ha6n~Aae
MYIO BeJ1~4~HY X• a TaK>Ke 6.x. 
HeKoTopwe 3KeTpanonR~~OHHwe 
Ol.leHKvt <i>YHKLI~~ r(U x, A-x) 
MO>KHO eAenaTb Ha OeHOBe 
3Kenep~MeHTanbHbiX 3Ha4eH~~ 

I 1·41 r , nony4eHHbiX AilR RAeP 
23Su ~ 239 U. 3Kenep~MeHTanb
Hwe T04K~ np~seAeHw Ha pvte.1a, 
SHAHO, 4TO no HHM AJll'l Ka>K
AOro RApa MOW.HO nposeeTH 

-(U-UJ/L'iU 
3KenoHeHTY Slt!Aa r(U)~r0 e , 
npvt4eM napaMeTp L'iU ""2, 9 5 M3B. 
CMe~eHHe see~ ¢YHKLII.1!.1 r(U) 
AJlH pa3HbiX eoeTaSHbiX HAep 
MOlKeT ObiTb soenpo~t~aseAeHo 

SKI1~4eH~t~eM S ro eOMHOlKit!TeJl.R 

(Bn+Br)/2T T 
BHAa e , rAe "" 
""0,55 M3B. noene noA6opa 
a6eon~T!.13HPY~~ero napaMeTpa 
nony4eHW npHMWe IlMHHH Ha 
p111e. 1a, AOeTaT04HO 6nH3Kit!e 
K 3KenepMMeHTanbHWM AaHHWM. 
C noMO~b~ npMBeAeHHWX swwe 
npoeTbiX (j>OpMyJl oeyllleeTSJleH 
nepeXOA K eoeTaBHWM RAPaM 
nnyTOHMH- 242, 241, 240, 
239, 4TO M noKa3aHO B BHAe 
Illt!Hit!~ Ha p1.1e. 16, npOAOillKeH
HbiX H B 06JlaCTb 3Ha4eHM~ 

I -16 -17 
r = 10 - 1 0 / e, XOTH XOA 
r(U) s 3TOM AManaaoHe He noAT
sepmAeH 3KenepMMeHTailbHWMH 
T04KaM~, 

Bbi4Hen~t~M Tenepb sepo.RTHOeTM o6paaosaHIIIH KoHe4HbiX npOAYKTOB 
peaKLIHi1 HenapeHIIIR X- He~TPOHOS p ::m 1.1 AeJleHIII.R noene HenapeHIII.R 
X -He~TpOHOB p xnf S paelleTe Ha OAHO eoeTaSHOe RAPO. EenH 

1113BeeTHa (j>yHKl.liiiR Bepo.RTHOeTM AeJleHIII.R OeTaT04Horo RApa noene 
111enapeHMR X-Hei1TpOHOB S 3aBIIIeiiiMOeTM OT ero 3Heprillill S030YmAeHHR 

R r (U x), TO HeTPYAHO nony4111Tb p xn ill p xnf B BIIIAe 

E*-2: 
p = f XR (U ) dW d u . I 1 I 

xnf f x dU x ' 
0 X 

p 
xn 

Bnx+J dW 
f [ 1 - R (U )] -dU s eny4ae 

f x dU X 
0 X 

(Bf<Bn)x+1 /2/ 

2 

.,. 

Bnx+l +€y dW 
P = f --dU s eny4ae (Br> B +£ ) 1 • /3/ 

xn 0 dUx x n y x+ 

noeneAHee swpameHMe /3/ no (j>opMe eosnaAaeT c peaynbTaToM pa-
6oTbl I 131 Ailfl eny4aR HeAeilRU~HXefl fiAep, OTJ1M4~fe, OAHaKO, eoeTo
MT S TOM, 4TO y4eT KaHana AerieHM.R M3MeH.ReT pacnpeAeileHMe .RABP 

no oeTaT04HOi1 3HeprMIII B036Y>KAeHMfl ~. 3aAaqy MO>KHO ynpo-
dUx 

ennb, eenM AilH eny4aH B r< B n <i>YHKL\11~ Rr (Ux) npi1Hf1Tb a eTy-

neH4aTOM BvtAe: Rr=O np111 Ux<(Br)x+l; Rr=l np11 
1 

(Br)x+l -s_Ux<Bnx+l +~ VI Rr= • ,.., "-,~=constnpl-1 Ux;::_Bnx+l+~. 

TorAa: 

dW 
(E*-I - U ) 2x-1 

--- = ------:;-x __ x ____ _ 
dU E*-2: e 

x I( T x '2x) (2x-1) !T 2x 

E*-2: -u 
- J X 

'I' 

x-1 
(1-2: P 1 ) 

i=O 

x-1 r 
rr (1+ _r ) _ 

i=O [' 
1 

n 

/4.' 

x-1 
( 1- 2: p.) E*-2: -~ 

1 E*-2:x-Br I( .;+1 ,2x) 
P = [I( 2x) -------] 

xnr E* I T ' 
I( ,; x, 2x) (l+rr;rn)x 

E*-2: - B r 
I (--,f--,2x) 

p =[1- ]-
xn E*--l · 

I(-T-~,2x) 

x-1 
( 1- l p. ) 

!= 0 1 

x-1 r n (1 + __ r) i 

i=O [' n 

i=O 
1 

x-1 [' 
n (1 + _r). 

i= o r 1 

n 

/51 

/6/ 
1 z 

3geCb I(z, m) = --- f 
(m-1)! o 

t m-1 e -t dt - HenonHafl raMI-1a-(jlyHKL\I-1R; 

X 

2:x = l Bni; Ri BepOHTHOeTb 1-1enapeHVlfl -Hei1Tp<;:JHOB, 
i= 1 . 

Bbi4HeneHHa~ no C!JopMyne pa6oTbl 113 flpVl aat-leHe e y Ha ~, e Y- no-
npasKa ,y4111TbiBaiOt~;aR 3(jl¢eKTI-1BHy~ KOHI<ypBHl.IMIO KaHailOB HenyeKaHI-1Tl 
raMMa-ny4ei1 M He~TPOHOB B o6naeT~ 3HeprMi1 B036ymgeH~A OT Bn 

.AO B n + ( y; ~ - nonpasKa, paBHaR 1-iHTepsany 3Heprl'11'1 soa6yJKAe-
HI..Ul S o6nacn1 U> B?Br, Ha KOTOpOM BeJ1V141-1Ha l pe3KO B03paeTaeT -
Tal<, 4TO l / l f goeTI-lraeT Haeblll\eHi-1H~ Cny4ai1 n B C > B n eJlOlKI-Jee 

Aill'l nony4eHI1A aHan~TI14eeKoro peweH~R. CneAyeT oTMeTMTb, 4To 
(j>opMyna /6/ OTJ1114aeTefl OT nony4eHHOi1 S pa6oTe 114l 8 eBA3111 C 
YT04HeHMeM Bbi4MeneHHH sepOJHHOeTei1 o6pa30BaHMfi npOAYKTOB 
(HI, xn) -peai<L~Mi1 /eM. 1131 I. Eem1 ·HseecTHa (j>yHf<l.ll-i.R 

rr 
R f (U ) = , TO no tjlopMynaM /1/ 11 /2/ to~oryT 6btTb nony4eHbl 

x rr+r +r ______________ n_ y 

* <i>opMYilbl nony4eHbl B np1116m-tmeHV1~1 Manoro yrnosoro MoMeHTa 
eoeTaBHOrO f!gpa. 
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P1-1c.2. Bepo.ATHOCTI-1 .QeneHM.A 
nocne HcnapeHM.A He~TpoHoB 

Pxnr s aaBI-1CI-1MocTH oT Hc
XO.QHO~ 3Hepr!-111 B036y>K.QBHI-1R 
COCTaBHOro .A.Qpa 242pu, 

pacc4HTaHHble no ¢opMynaM 

'/1/, /4/. 

6onee T04H~e peaynbTaT~, 4eM 
no ¢opMynaM /5/, /6/. Pac

dW 
npe,qeneHI-!e -- MO>KHO np~-1 

dUx 
3TOM C41-!TaTb np~-!6nH31-!TenbHO 

pasH~M /4/. B Ka4ecTse ¢YHK
~~-~~ Rf (U ) s6nH3!-1 6apbepa 

,qeneHI-!.A iE*=/5-7/ MsB/ 6blni-1 
B3.AT~ Bepo.ATHOCTM ,qeneHM.A 

.A,qep nnyTOHI-l.A- 242, 241, 

240, 239, M3MepeHH~e B peaK
~M.AX ,qeneHH.A npo,qyKTOB np.A
MbiX peaK~~-!~ C MOHaM!-1 reni-!.A 

M so,qopo,qa 1 15~npH 3HeprM.AX 
soa6ym,qeHI-!.A E*>10 MsB seni-1-

4MHa Rr (Ux) npi-!HI-!Manacb 
" r r 

paBHOI-1 , r,qe oTHowe-
lr rr+r 

HMe f tfblnO nony4BHO 
n ' 

1-13 CI-ICTeMaTI-IK!-1 ·pa60Tbl /16/ 

1-1 C41-!Tanocb He 3aBMC.A~I-IM 

OT 3Hepri-IM B036y>K.QBHI-!.A. 

B npoMemyT04HO~ o6nacTM 3Hep
rMM B036ym,qeHI-!.A ¢YHK~I-l.A 
Rr(Ux) aaMeH.Anacb nHHe~Ho~ 
¢YHK41-1B~~ COB.QMH.AD~e~ onpe-
.QeneHH~e 8~we 3Ha4eHI-!.A 

Rf(U X)*· nocTpoeHHa.A Ta-
KHM o6paaoM COCTa8Ha.A ¢YHK~I-l.A Rf(U ) noKaaaHa .Qn.A npMMepa Ha 
p1-1c.2 8 Ka4eCTBe sepo.ATHOCTM ,qeneH~.A .A.Qpa 242 Pu 6ea Mcnape-
HMR He~TpOHOB p f ""R f (U 0) . napaMBTPbl B , B , r I r npi-IHM-

on ( n n r ' 
MaBWI-!BC.A B paC4BTB Ha OCH08B ,qaHHbiX pa6oT 115 ,16 /, npi-!BB.QBHbl r 
B Ta6n. 1. An.A nposepKM T04HOCTM onpe,qeneHM.A napaMeTpos ~ 

6bm c,qenaH pac4eT sepoHTHOCTH o6paaosaHI-1R npo.QyKTOB 238 U~He, x~) 
- peaK~I-1~. HcnonbaosaHbl ¢opMymJ /2·, 4/, 3Ha4eHMR Pi Bbi411CnR-
nl-1cb no ¢opMyne pa6oTbl 113-flp!-1 BbJ6ope napaMeTpos T = /0,7-0,9/ MsB 
.Qn.A x oT 2 ,qo 4 1-1 ( = 1, 5 MsB. PeaynbTanJ pac4eTa cpaBHI-1BaDT
c.A Ha PI-1C. 3 C 3KCnepi-!MBHTanbHbiMI-1 T04KaMI-1, nony4eHHbiMM no ,qaH-

* TaKo~ BbJ6op cpyHK~H~ R (U ) 
eTCH Ha npi-!Mepe H30Tona 239piJ x. 

B KOTOPbiX nony4eHbl Beni-141-!Hbl Rf 
30HB 3Hepri-1~ B036y>K,QBHMR. 

4 

'3 

B o6nacTH u < 30 MsB no,qTsepm.Qa
peaynbTaTaM~ M3MepeHM~ /21,22/ 

8 CpaBHMTenbHO WMPOKOM ,QMana-

Ta6.rn1~a 1 

HcnonbsosaHH~e s pac4eTe 3Ha4eHI-!.A napaMeTpos, BS.AT~e 
no ,qaHHbiM pa6oT 115 •16 • 1B/ 

X 0 I 2 3 _j 
A - X 242 24! 24.0 239 

B, (M3!3) 6,30 5,4! 6,53 5,62 

B J (M3B) 5,65 6,25 5,00 6,43 

rn , 
r 0,80 0,?3 0,62 0,4D i 

I I I 

, T (MaB) 0,9-0,U 0,8- 0,? 0,? - 0,61 0.6- 0,5 I 

Wx(-150/ 1,200-1,100 1,225--1,114 1,260-1,133 1,303-1, 160J 
vvx (S'OOj - -~ 

HWM pa6oT 117·l9/, B KO~Op~X M3MepeHO CB4BHHB o6pa30BaHH.A, COCTaB
HOrO R.Qpa H KYMYnJHI-!BHbiB CB4BHVIR o6pa30BaHM.A M30TOnOB 
240

•
2

3
9

,2
38 

Pu B peaK~I-1111 238 u + 4 He·. npi-1BB,qBHbl T04K~1 s6n!-13H 
MaKCHMYMOB ¢YHK4H~ B036ym,qeHMR H30TOnOB, TaK KaK B 3TO~ o6na
CTI-1 BbiXO.Q f.130TOnOB, no-BM.QVIMOMY, MailO HCf<a>KeH BKJ1a,QOM np.AMbiX 
peaK~~-!~, np~-!BO.Q~~I-IX K TOMY >Ke I-130TOny nocne pa.QI-!OaKTI-IBHOrO 
pacna,qa. Pac4eT YAOBneTBOPMTe!lbHO oni-!CbJBaeT 3KCnepi-1MeHTanbHbre 
3Ha4BHMR p xn B6nf.13M Mai<C~MYMOB ¢yHK~M~ B036y>K.QBHMR, 4TO 
nO.QTBepm,qaeT npaB!-InbHbl~ Bbi60p BenM41-!H rn /rf . C MCnOJ1b30BaHMCBM 

$yHK~M~ Rf(Ux), nocTpOeHMe KOTOpbiX onMCaHO BbiWB, Bbi4McneHbl 
BepORTHOCTM BeTBB~ 3MMCCMOHHOrO ,qeneHI-!R nocne MCnycKaH~t~H OT 
.QO 3 He~TPOHOB COCTaBH~M H.QPOM 242pu B 3aBMCMMOCTH OT ero 
3HeprMH B036ym,qeHHH, 3TM ,qaHHWB npHBe,qeH~ Ha pMC.2. 

nocne Toro KaK nonylleHbl ¢YHKL\MM r (U x. A-x) ~xnf (E *), 
MO>KHO npMCTynMTb K Bb!4MCnBHMIO rny6J.1Hbl TeHeBoro MI-IHMMyMa X 
H paaHOCTM rny6MH .QByx MHHHMyMos ~x=x 900- x 150°. Paano>KMM 
BBJ1MllMHbl X M ~X Ha KOMnOHBHTbl, COOTBeTCT BYD~I-IB pa3HbiM BeT-

k k 
BRM ABneHM.A: X = 2: X ; ~X = }; ~X , r,Qe k - MaKCHManb-

x=O xn x=O xn 
HO B03MO>KHOB llHCnO MCny~eHHbiX He~TpOHOB ~10 ABneHMH npM ,qaHHO~ 
3H_epri-~H soa6ym,qeHMfl E *. MmKHO nony4MTb cne,qyD~Me ¢opMyJ1bl .Q!l.A 
Bei1M4MH X 1

500 
M ~X : 

xn xn 

5 



il"t\ ' 
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1'1x 
10-1 

2n 

10-2 

10"1 

X 

1w 10""1 

10-2 

10"3 

-3 ' 
10 L__ 20 " 

10 20 4o 30 E•!M•&l 

P~c.3.BepoRTHO~T~ o6pasosa
H~R npo,QyKT08 peaK4~~ 
238 U( 4He, xn) 8 saa~c~-
MOCT~ OT 3Hepr~~ B036ym,QeH~R 
COCTaBHOrO R,Qpa, paCC4~TaH-· 

Hble no ¢opMynaM /2/, I 4!. 
3Kcnep~MBHTaiJbH~e T04K~ no
IJy4eHbl no ,Q3HHbiM pa6oT I 1?·19l 

,QIJR npO,QyKT08 peaK4~~ 
240pu _ • • 239pu _ 1'1. 

238Pu -0. 

10 15 

P~c.4. a/ Pacc4~TaHH~e no 

¢opMyne /8/ sen~4~Hbl 1'1xxn 
~ f'1.x 8 3aB~C~MOCT~ OT 3Hep-
r~~ 8os6ym,QeH~R cocTa8Horo 
R,qpa 242 Pu. 6/ To me, 4.To 

~ Ha p~c.4a, .QIJH aen~4~H 
00 0 

X 15 ~ x 150 8bl4~cneHHbiX 
xn ' 

no ¢opMyne /7/. 

X 150° 
xn 

Ax(l +0,8A) E*-~ 

X x150o(U ) ~ R (U ) dU 
X X dUX f X X 

It .. -.:.. f 
~::0 p xn~ A(l + 0,8Ax) o 

171 

1'1. _ -~......:... ___ l_+._O_,s_A __ 
X xn - k 

( ~ P ) ( 1 + O,SA ) 
x=O xnf x 

X 

E*-~ 
X 0 A dW 

x f tl'1x - x 150 c_;;.. -1)] -R (U ) ctu 
0 X X A dUX f X X 

18! 

6. .., 

' 

~'} 
i 

f 

(: 

f· 

! 

~ i. 

'I ,, 
!I 

II' . 
·~ /• 

1 
I 

l 
; I 

t 
~ 

I• 
q . 
' ;·t 

dW 
r,qe pacnpe,qeneH~e dU 8bi4~CIJReTCR no ct>opMyne I 4! •. BXOARI.ll~e 

• X 150° 
s Q>opMyiJbl C!>YHK4~~ 1 x x .~ 1'1x x . npe.QcTa8nRtoT co6o~ 
rny6~Hy ~ pa3HOCTb rny6~H TeHe8biX M~H~MyMOB ,QIJR X -SO~ KOMno
HeHTbl ,QeiJeH~R, B3RTO~ B OT,QeiJbHOCT~ OT ,qpyr~X. 0H~ MOryT 6b1Tb 

Bbi4~CIJeHbl C ~CnOIJb30B3H~eM C!>OPMYilbl ~3 pa60Tbl 
151 

r rc r c 
2 c 2 --- ---

2D(v.Lrx) [1-(1+-r_c_)e-v.J.rx_!.(~) e v.l.rJI]+e V.tfx, 
X = 

X r 8 v.l r x 2 v.J. r x • 19/ 

r,Qe napaMeTpbl p , r0 , r c Xap
0
aKTep!113Y

0
10T MOHOKp1;1CT3I1I1, OH~ 6bii1~ 

B3RTbl paBHbiM~ D = 2,5; r0 = l,SA; rc =0,4A. BpeMH r x ,xapaKTep~sytO
U\ee nonHyiO speMeHHYIO sa,QepmKy co6biT~~ ,QeneH~R seTs~ x, np~H~
Manocb np~6n~meHHO paBHWM 

x-1 
r =r(U_,A-x)+ ~ r(E*-~.-2iT,A-i) 

X X i=O I 

tl>yHK4~~ r(U,A) npe,QcTasneHbl Ha p~c. 1. 

B Q>opMynax /7/, !8!, KaK ~ s pa6oTe 141 ,y4TeHo ~sMeHeH~e 
BKJla,qa pa3I1~4H~X 8eTBe~ 8 TeHeSO~ M~H~MYM Sa C4eT ~3MeHeH~R 
yrnosoro pacnpe,QeneH~R ocKonKos ,QeneH~R c ~sMeHeH~eM x np~ 

,QaHHO~ Ha4aJlbHO~ ~keprM~ 8036ym,QeH~R. napaMeTp 
w (150°) 

A=--~. 

W(l50°) 
W(90°) 

X W/90°) 

a A - cpe,qHee 3H·a4eH~e ,QilR BCeX KOMnOHeHT np~ yYeTe 

BeC08 pxnf' npe,qnonarar.OCb, 4TO yrnoBoe pacnpe,qeneH~e 
geneH~R MomeT 6b1Tb om1caHo ¢opMyno~ W(e) = 1+ a cos2e. 
IJeHHOe 3Ha4eH~e aH~30TpOn~~ OCKOIJKOB 8 peaK4~~ 238 0 + 
6b:no B3RTO ~3 3Kcnep~MeHTa 1181• MsMeHeH~1e aH~soTpon!-1~ c 

OCKOI1K08 
4~c-

4He 

ysen~-

4eH~eM 4~CI1a X npo~CXO,Q~T Sa C4BT yMeHbWeH~A TeMnepaTyp~. 
Bw6paHH~e 3Ha4eH~R TeMnepaTyp~ ~ napaMeTpos aH~3oTpon~M 8 sa

BMC~MOCT~ OT X np~Be,QeHbl· B Ta6n. 1 • YKa3aHHble ,QIJR Kam,Qoro X 
~HTep8aJibl ~3MeHeHI-1R napaMeTpos T ~ Ax cooTBeTCT8yiOT ~HTep8any 
3Hepr~~ 6oM6ap,Q~PYIOI.ll~X ~OHOB. 

Ha p~c. 4 npe.QCTa8neHbl Bbl4~cneHHble no <!JopMynaM /7/ ~ !8! 
--- 0 

338~C~MOCT~ X 150 ~ /'o,.X OT 3Hepr~~ B036ym,QeH~R COCTa8-xn XQ 
Hor:o 

0
R,Qpa 8 CIJy4aRX X= 073. i)~,QHO, 4'!'0 ,QIJR KalK,QOrO X 8ei1~4~Hbl 

X 150 ~ f'1.x ~MeiOT MaKCMMYMbl, nonomeH~fl KOTOpbiX OTJl~4aiOTCfl 
xn xn 

7 



1"0° 
Ha "'4 M3B. CyMMapHble 31-fa'-leH~fl x " ~ L'..x a o6uteM yMeHbl!laiOTCR 

C poCTOM E* ~ ~MeiOT OCo6eHHOCT~ T~na M~H~MYMOB B o6naCT~ Ha

llO*eH~fl M8KC~MYMOB COCeAH~X KOMnOHeHT. 3~KBH'-I~BaR OnvtCaH~e 
paC'-IeTa, 3aMeT~M, 4TO OTHOC~TeJlbHa,.R ~HTeHC~BHOCTb MBKC~MYMOB, 
COOTBeTCTBYIOU\~X pa3HbiM X, 4YBCTB~TenbHa rnaBHbiM o6pa30M K Be-

Jlvt4~HaM .Ii_(A-x) , a W~PI-1Ha MaKC~MyMOB - K HaKJlOHy ¢yHK~~f:i rn 0 

r(U x). Pasn~l!~e ¢opMbl MaKc~MyMoB a x 150 ~ a t..x onpeAeiJ.ReT-

C.R BVIAOM <!JYHK~~~ r(U x), KOTopafl B np~H~1-1ne MomeT 6b1Tb 6onee 

cnomHof:i, 4eM 3KCr.OHi3HTa Ha p~c.l. CTporo roaopR, 3Ha4eHI-1.R x150o 

VI L'..x OnpeAeJlf!IOTC.R BCeM Ha6opoM napaMeTpOB, BI<Jli04eHHbiX B pac-

4eT. Mx BW6op CAeJlaH Ha OCHOBe 3KCnep!-1MeHTaJlbHWX AaHHWX HaVI6o

Jlee pa~VIOHaJlbHbJM cnoco6oH, no3TOMy pesynbTaTbl p~c~ ~>~oryT co

CTaB~Tb OCHOBy Aflfl noH~MaHV!fl pesynbTaTOB 3KCnep~HeHTa, B KO-

TOpOM aem14HHbl x 1500 
VI L'..x ~sMepRIOTCR HenocpeACTBeHHo. 

3. 3KGnEPMt1EHT M PE3YJlbTATbl 

MeTOAVIKa npoBeAeHMfl 3Kcnep~MeHTa Mallo OTJIM4arracb OT MeTOAM

K~, onVJcaHHoi1 a pa6oTax 
171• MoHoKp~cTanrrVJ4ecKaf! M~weHb ABYOK~c~ 

ypaHa /ecTeCTBeHHoro ~soTomwro cocTaea/ o6rry4anacb ny4KOM 

~OHOB 4
He+ 1 l\~t<noTpoHa Y-200 Jla6opaTOPVII1 .RAePHbiX peaKL111M 

OMRM c Ha4aJlbHOi1 3Hepr~ei1 35 M3B. noH~meHvte 3Heprvt~ VIOHOB 

npoH3BOAI1rrocb c noMOil\biO aniOMI1H~eBbiX <jlonbr. 0cKOIJKI1 AeneH11R 

peri1CTpHpoearrVJcb CTeKIJRHHbiMM TpeKOBbiMVI AeTet<TopaMH. Op~eHTa

~~.R MOHOKp!t!CTanna 6bJJla Tat<OBa, 4T-O B HanpaaneHHf!X 90 ° M 150 ° 

no OTHOWeHHIO K ny4t<y MOHOB Ha6Jli0Aall~Cb OCeBble TeHI-1 <11 0 >,t<pi1-

CTaJ1JlOrpaQJV14eCt<aFJ ocb < 111> 6bJJla HanpaeneHa no HOpMank I< no

aepxHoCTI-1 MOHOKp!-!CTaJliJa. Db1Jll1 BblnOJlHeHbl Tpl1 cepV111 o6ny4eHVJM 

npM 3HeprHRX, nepe4V1CIJeHHWX a Ta6n.2. B t<amAof:i cep111-1 o6ny4an

Cfl onpeAeJleHHWM y4aCTOI< MOHOKP11CT8IJJla, Ka4eCTBO TeHeBof:i t<ap

THHW 6WJ10 pa3Jli14HWM B pa3HWX cepHRX 06IJy4eHI1.R. 

CTet<JlflHHbJe .QeTei<TOPbl o6pa6aTbJBaJ1HCb M npocMaTpMBaiJHCb no 

CXeMe, Ol1HC8HHOM a/7/ • bblll11 nony4eHbl TeHeBble 1411HHI-IYMbl, rny6HHa 

KOTOpbiX onpeAeJl.RIJaCb ABYMH cnoco6aMM: no T04KaM AHaMeTpaiJbHOrO 

ct<aHVIposaHM.A MI1HI-1MyMa H no AaHHbtM nonHero npocMoTpa ero tleHT

panbHoi1, o6naCTH C Ha6opOM Mai<CHMaJlbHO B03MOlKHOM CTaTHCTHKH 

OTC4eTOB. /lVIaMeTpan bHbiM npoCMOTp· OCYil\eCT BJl.AIJC.R ,(!Jl.A Kam,qoro Te

Hesoro 1411HVIMyMa AB8m.Qbl: B HanpasneHHM, 6nH3KOM I{ niJOCKOCTH 

peat<~HH, .H B n04TH nepneH,ql-lKYll.APHOM HanpaBIJeHHH Aml HCI<Jll04eHHfl 

BIJH.RHHR yrnosoro pacnpe,qeneHHR OCKOIJKOB Ha pesynbTaT. Yrnosa.R 

WHpMHa MVIHVIMyMOB B ABYX HanJ;>aBIJeHHHX Ot<a3anacb 6nH3t<Of1 11 He

CHJlbHO OTIJH4atoll!ef1CH .QJlfl ocef1 < 110 > , Op!-!eHT11POB8HHbiX nOA pa3-

HbiMVI yrnaMH K ny4Ky. Ha pHc.5 .Qllfl npHMepa noKa3aHbl pe3yiJbTaTbl 

npOCMOTpa TeHeBbiX MMHVIMYMOB .Qll.R 3HeprMI1 VIOHOB 25 t13B, nony-
4eHHble B 1-A cepVIH o6ny4eHHi1. B pe3yiJbTaTbl HSMepeHHH senV14MH 

8 ., 
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Ta6n1-1~a 2 

PesynbTaTbl HSMepeHI-111. Benl1llV1Hbl r s¢¢ nony4eHbl 1-13 

3KcnepMMeHTaJlbHbiX M pac4eJHbiX L'..x C npi1MeHeHI1eM 

¢opMyllbl /9/ 

lor.&ep E E• 450° 
I'!. f. T 3Q:><p IO -!'/ c} 

pepHH (~B) (MaB) f. 
3Kcnepi!M. oactieT. 

I 23 1?,6 0,36I4:t0,0Il9 O,OO?:t0.029 < 2,04 2,?4 
2 23 !?,6 0,5368:t0,0200 0,039:0,04? 2,09 2,?4 
I 25 !9,6 0,3?I?:tO,OIOI 0,039:0,023 2,00 2,5? 
3 25 !9,6 0,3?50;:0,0096 O,O?I:t0,020 2,56 2,5? 
2 26 20,6 0, 5065:!:0, 0 II5 0,008:!;0,024 <1,84 2,3? 
2 2U 22,6 0,4924:tO,OI20 0,035:!:0,024 I,e3 I,e6 
3 2B 22,6 0,3?50:tO,OI20 0,025:!:0,024 1,64 1,86 
I 30 24,5 0,3401:!,:0,0068 0,0Itl:t0,014 1,43 1,59 
2 33 2?,5 o,4?23:o.ofso O,OII:0,024 <!,69 1,52 
3 33 2?,5 0,3414:!,:0,0000 0,050:0,0Itl 1,92. 1,52 
I 35 29,4 0,32??:!,:0,0154 0,04I:t0,03? 1,?2 1,44 
2 35 29,4 0. 4334±0' 0084 O,OI0:0,02I <I, 5'7 1",44 

~-

X 90° , X 150° , L'..x BBOA1111V1Cb nonpaBK!-1 no MeTOAVIKe, Oni-!CaHHOH 

s
171

.B Ta6n.2 np11seAeHbl AaHHbl_e acex M3MepeHV1i1. 

/l.nH KOHTPOIIH T04HOCTI1 3Ha4eHI1M 3HeprMI1 110HOB, Haf:iAeHHbiX 

c HcnonbsosaHHeM Ta6nVII.l HopTt<IJH¢¢e 1-1 WvtnnMHra 120~ npoHSBO.QMIJOCb 

onpeAeiJeHI1e 3HepreTV14eCKOM 3aBI1CI-1MOCTI1 BWXOAa OCKOIJKOB, KOTO-

poe CpaBHHBaJlOCb C HMeiOil\11MHCfl .Q8HHbiMH /1 7 ,1S/ no <!JYHI<l\MII1 B03-

6ymAeHMfl AeiJeH11R a peat<~II1H 238 U + 4 He. BbJXOA ocKonKoa ycpeA-

HRllCR no yrny Ha HHTepaane oT 80° AO 165°.PesynbTaTbl not<a3anV~, 
4TO T04HOCTb onpe,qeneHH!l 3Hepr!-!VI 4aCTH4 6bJIJa He xyme +0 ,3 M3B. 

Ha p1-1c.6 np11aeAeHw 3Ha4eHI1.R L'..x a saBII1CMMocTH oT iHeprHVI 

HOHOB ~ B cpaBHeHi-111 C paCC4V1TaHHbiMVI 3Ha4eHMfiMI1. Ha PII1C. 7 
pacc4HTaHHble 3Ha4eHHR x 1500 

cpaBH11BaJOTC.R c 3Kcnep~MeHTa.il'b=" 
HWMI1 BeiJH411HaMV1, 1-13 3KOnepHMeHT8IJbHWX 3Ha4eHMM x 150 BW4TeHa 

MeTOAI14eCKa.A COCTBBIJ.AIOil\a.R rny6HHbl TeHVI X~500=XJ~g;,-XMeT." 
napaMeTp )(MeT. .ABJlfleTCH nOCTOHHHOf1 BeJ1111411HOM .Qll.R t<amAOf1 ce

pHH o6ny4eHHf:i, ero 4V1cneHHoe 3Ha4eHHe noA6Hpanocb .QIJR H811IJy4-

wero cornacoeaHHH To4eK c pac4eTHoi1 Kp11soi1. 
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P1-1c. 5. TeHeBb1e MHHI-lMYMbl B yrnosoM pacnpe.QeneHHH 

OCKOnKOB .QeneH!-lJ'I, COOTBeTCTBYI01l\He KpHCTannorpa

cjJI-14eCI<~IM OCJ'IM < 11 0 > MOHOKp!-iCTanna U02, Opl-leHTI-1-

poBaHHbiM no.q yrnaMI--1 90° 1-1 150° K ny4Ky. • - pe

aynbTaTbl .Q!-laMeTpanbHOro CKaHHpOBBHWJ'I, 0 - KOnb-

~esoro CKaHHpOBBHI-lR, 900 150° 
!/J1/2 =1,9o;.!jJ112 =2,0o. 

4. 06CYl!{,[\EHI1E PE3YnbTATOB 

Paa6poc 3KcnepHMe~TanbHwx aHa4eHH~ ~x. noKaaaHH~x Ha p1-1c.6, 

He BbiXO.QHT aa npe.Qenbl cpe.QHe~ norpeLUHOCTI-1 onpe.QeneHHJ'I 3TW_x __ 

Be!1H4HH, TeM He MeHee OH He J'IBJlJ'IeTCR MaJlbiM. no3TOHy MO>KHO ro

BOpi-!Tb 0 HanHlll-11-1 1-fnl-1 OTCYTCTBHW COrnaC!-lfl Me>K.QY 3KCnepi(IMeHTOM 

W pacl!eTOH TOnbKO B 0611\WX 4epTax, Kat<!-le-n!-160 TOHKHe OC06eHHO

CTI1 B llOBe.QeHI111 ~X Tpy,QHO BbiHBI1Tb np11 HMeiOUie~ MeCTO norpew

HOCTI-1. CpasHeHHe AaHHbiX, npi-!BeAeHHbiX Ha p1-1c.6, noasonfleT c,Qe

naTb BbiBO,Q 0 COOTBeTCTBI-11-1 3KCnepHMeHTanbHOrO, llOBe,QeHWfl ~X 
pacc4HTaHHoMy. Mo»<Ho, npas.Qa, swcKaaaTb npe.Qnono»<eH!-le, 4TO 

s o6nacTH /23-25/ M3B 3KCnepHMeHTanbHble aHallei-!Hfl ~X HecKonbKo 

MeHbWe paCC411TBHHbiX. 3TO 03Ha4aeT, liTO BKnBA KaHana ( 4 He, lnf) 
8 llOJlHOe Ce4eHI-1e ,Qe!leH!-lfl MeHbWe, 4el·i 110 paC4eTy. noHH>KeHt-~e 

sKna.Qa KaHana ( 4He, · 1nf) Mo»<eT npoHao;:1n1 sa c4eT 4eTHo- He-
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0.01 
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-0.02 
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P1-1c.6. PeaynbTaTw H3MepeHHR 

BenH4HH ~X B CpaBHeHHH C pac-

4eTOM, • - 1-R cepHf! o6ny-
4eHH~, 0 - BTopafl, ~ 
TpeTbR, 

X'tso"J 
0,15 

0,10 

0.05 f 

f 
opo _ ~------' 

20 25 30 35 E{M>~' 

PHc.?. To »<e, 4TO 1-1 Ha p1-1c.6, 

AJll'l sen 1-1 411 H X 150°. 
T 

4eTHQ;:1 BapHa~!-11-1 OTHQ
r 

weHH;:1 r B peaynb-
r 

TaTe llOBbiWeHHfl 3HeprH~I 

CBfl3H He~TpOHa .Qnfl 4eT

HOrO flApa. 

PaccMoTpeHwe PI-le.? 

noKaawsaeT, 4To M3Me

peHHble 3Ha4eHHfl X ~50° 
AOCTaT04HO xopowo corna

cy~TCfl C pac4eTOM. 

C OAH0;:1_CTOPOHW, 3TO 

06of!CHReTCfl MeHbWe;:1 

norpeWHOCTb~ M3MepeHHR 

X 150°, 4eM ~X· C .Qpyro~ 
CTOPOHW, HB,QO HMeTb 

8 BHAY, 4TO ,Q!lfl H3ylleH

HOrO AHanaaoHa 3HeprH;:1 

HOHOB 4 He rnaBHbli:i 

BKnaA B senl-141-lHY X ~50° 
/B OTni-14~1e OT t\x/ 
cornacHo pHc.4 .Qa~T 
seTBH ,QeneHHfl ( 4 He, 2nt) 
M ( 

4 He, 3nf). no3TOMy 

MO>KHO npe.QnOnO>KHTb, 4TO 

p~c4eT HecKonbKO aasw

waeT BeJ1H4HHy BepOJ'ITHO

CTI-1 Plnf , a AnR sen~-1- : · 

41-lH p2nf 1-1 Psnr ,QaeT 

3Ha4eHHfl, 6nH3KHe K pe

a!lbHbiM. 

B o6u~eM COOTBeTCTBI-1e 

pac4eTHwx 1-1 3Kcnep~MeH

TanbHWX 3Ha4eHM~, llp!-1-

Be,QeHHWX Ha PHC,6,7, 

f!BnfleTCR HennOXHM, cne
AOBaTenbHO, pac4eT 

1-1 aano»<eHHwe a HeM cjJH-

31-14ecKHe npe.QCTaB!leH!-lfl B ~enOM npaB!-lJlbHO • OllHCbiBa~T npo-

~eCC. Heo6XOAI-1Mo ·aaMeTMTb, 4TO peaynbTaTbl pac4eTa Mano-

4yBCTBHTenbHbl K llOBe,QeHH~ <tJYHKI~I-11-1 r( U X) B 06JlaCTH $ 1 0-17C. 

no3TOMy COOTBeTCTBHe paC4eTa 1-1 3KCnepMMeHTa He f!BnR-

eTCJ'I llOATBeP»<AeHHeM 3KCilOHeH~HaJlbHOro XOAa $yHK~HH 

r(U) llPH BCeX 3Ha4eHHflX (U). 0Ho CKOpee llO,QTBep»<.QaeT npaBHnb-

HOCTb onpeAeneHHfl $YHK~H~ r(Ux) B AHanaaoHe 3Ha4eHH~ 
/3·· 10--

16
- 3 .1 0-17 I c. EcnH 3KcnepHMeHTa!lbHble 3Ha4eHHR ~X o6-
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pa6oTaTb s npocTeHweM np~6n~~eH~~ OAH03KcnoHeH~~anbHoro spe
MeHHoro pacnpeAeneH~H pacnaAa, TO MO~Ho nony4~Tb 3Ha4eH~H 3$
$eKT~BHOH BpeMeHHOH 3aAep~K~ co6~T~H AeneH~H r3 ¢¢. , KOTOp~e 

np~BeAeH~ a Ta6n.2. B cny4aHx, KOrAa norpewHoCTb ~3MepeH~H 
npesblwaeT nony4eHHOe 3Ha4eH~e 6.x, AaeTCH sepxHHH rpaH~~a r3 ¢¢ . 

TaK~M o6pa3oM, 3Kcnep~MeHTanbHO onpeAeneHo speMH npoTeKa-
H~H peaK~~~ AeneH~H HAeP 238U nOA AeHCTB~eM ~OHOB 4He 
C 3Hepr~ea::i OT 23 AO 35 M3B. 3Kcnep~MeHTanbHble pe3ynbTaTbl YAOB
neTBOP~TenbHO on~CbiBaiOTCH MOAenbHbiM paC4eTOM np~ Bbi60pe napa
MeTpOB Ha OCHOBe ony6n~KOBaHH~X 3KCnep~MeHTanbHbiX AaHH~X. 
Pac4eT BKnl04aeT Bb14~cneH~e nap~~anbHbiX KoMnoHeHT sen~4~H x1500 

~ 11x, COOTBeTCTBYIO~~X BeTBHM AeneH~H nocne ~cnapeH~H HeCKOnb
K~X Hea::iTpOHOB. 
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