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Oooana~nM nnoTnocTb aMnccnn neATponoa .p(; ~E) • Torna, ecnn HMeeT MeCTo 

naoTponnH aneMenTapllbiX ganemrA, To <jlynxnnH r/1 y)loaneTaopHeT unTerpanbiiOMY ypaane-

IIHIO 

(1) 

rne f - OUTlf!IBCKOe paCCTOSUIHe MB)f{Jly -; 
.. , 

n r , 

6( :E, >E') = v (E') .I 1 ( :E') .s (E)~ I .<:E') .U ( :E, E') +:I 
1 
(E') W (E,:E'). 

B oomeM cny~ae 6(E;E') HanHeTCSI TaKlKO <jlyiiKIIHefi npOCTpai!CTaeHHblX ·xoopnHHaT. V 

cpennee ~ncno nel!Tponoa na ·onno nenenne; If, Ie , Ii - MaKpocxoiin~ecxne a<jl<jleKTHa

Hbte ce~eHIHI nenennH, ynpyroro n neynpyroro pacceiiHHH. nonnoe MaKpOCKOnH'Iecxoe ce~e

nne ~ooana'IUM 'lepea I . 

Torna MOlKHO onpenenHTb auaqenne MaTepnanhnoro napaMeTpa B 

O)lHOpO,IlHOA Cpene. npennonOlKHM, 'ITO pacnpenenenne nnOTHOCTH 9MHCCHH neATpOHOB MOlKIIO 

aanncaTb a anne i (E) exp liB z) • noncTanoaKoA aToro BbtpalKeHHH a ypaanenne ( 1) nnH 

o/J nony'IHM HHTerpanbnoe ypaane11ue 

1/J(E} = fdE'-6 (:E, E') o/J (E'}, 

~ = 6(:E, E') B ·I arctg JL , 
ICE') 

KoTopoe BbrpalKaeT ycnoaue nnH onpenenenna napaMeTpa B • Benn'luna 

(2) 

B nonlKHa 

ObiTb Taxon, 'ITOObi nepaoe coocTaenHoe ana'lenne ypaanennH (2) obrno paauo 1 • B paoo-

Te111TaKof! MoTon ncnonbaoaancH nnH 'lncneaablx paC'IeToa aHa~eHnA B a onnoponnoA 

CMOCH U 235 H U 238 

Uenbro uacTomueA CT8TbH HanHeTCSI pemeune oonee cnolKUOA aana'IH, UMOHHO onpena

nenue aenn'IHHbi B a · reTeporeunoA cncTeMe, naoopalKeauof! ua puc. 1. 

Cpena ( 1) H (2) OopaayeT CHCTOMY H3 OOCKOIIO'IIIb!X nnaCTIIH TOnWHIIOf! a 
1 

H a
2 

COOTaeTCTaOHIIOo BaeneM 000311a'leHHe a= a 1 +'a 2 • .Qng TaKof! CHCTOMbl Yf.' lB-

HOHHe ( 1 ) nn>I k -oro cnoa a cpene 1 npnoopeTaeT ann: 

3 



r/J (:E, z +ka)~ ~fdE'·Il 1 (E,:E') I 
Jt'-

a, 
f dz';E

1
(II (z'-z)+ Ia(k'-k)l}r/J(E',·z'+k'al+ 

o I 

(38) 
a• 

+·~ f dE' ll
2
(:E,:E') I f dz'·E (II z'-I z +Ia(k'-k)+·I a ll r/J(E',z'+k'a+a), 

, 0 1 2 1 1 1 1 
It_ .. 

0.~ z -~ a
1 

H nono6HLIM JKe o6p830M a cpene 2 

r/J (:E, o: + ka+a~= ~ f d:E' ll 1(E,:E'·), I 
k -=: .. oo 

a, 
[ dz'E

1
(II 1z'-I.f +Ia(k'-k)-I 1a 1 1}if.(Cil',z'+k'a)+ 

(36) 
, co a

2 

+ ~ r dE'·Il2(E~E'} I f dz'·E <II ( z'-z)tl:a(k'-k)ll "' ( E',z' + k'a +a I). 
, 0 1 2 

k -=-oo 

0.< z .< a • 
- - 2 

HaneKCbl 1 H 2 03H8'18JOT, 'ITO Hnepable aenH'IHHhl B3HTbJ nm1 cpenht 1 H 2 cooTaeTCTBeH-

ao. BaeneHhi T8K2Ke cnenytomae o603H8'1eHHSI I a =I 1 a 1 +I 2 a 2 
H .. 

.. a • at 
E

0 
(z ) = f d t t e 

CymaocTb H8wero M9TOil8 nna onpenen~HHH M8TepH8nbHoro n8p8MeTp8 

a TOM, 'ITO Mbl npennon8r8eM r/J a aane: 

r/J ( :E, z + k a) = r/J( I) ( z, :E) 
lit Ba 

e 

•> lkBa 
r/J (:E, z +·ka+a1).= J ( z, 'E) e 

0 < z < a,, 

0.< z .::;a
2

, 

B 

.f;P.> ( z, E ) = I 2f + 1 
--2-

2 (fl.) 
r/Jf (:E) pf ( 2z - a!! ) . fl.= 1.4 

f= 0 ap. ap. 

rne pf - nonHHOMbl ne2K8Hilp8. 

38KnJO'I80TCSI 

(48) 

(46) 

C <jJH3H'IOCKOil TO'IKH 3peHHH yp8BHOHHSI (48) H (46) Bblp82K810T p83nOJKOHHe <jlyHKUHH 

"' 
H8 llBO '18CTH. llepB8H '18CTb elk B a OUHCbiB80T rpy6oe UOBOilOHIIO itnOTHOCTII r/J 

a BHne, cooTaeTCTaytomeM peweHHIO nna onaoponaoll cpenhl. BTop8SI qacTb onHcbtaaeT TOH

Kyto CTpyKTypy nnoTHOCTll r/J , y'IHTbiBAIOWYIO H901lHOPOilHOCTb Cpellhlo llpu STOM npen-

nonar8eTr.H, 'ITO Ea.<< 1 (STO ycnOBHe B 6onhWHHCTBO cny'iaOB BbinOflHSIOTCH), 'ITO ll89T 

B03MOlKHOCTb Bbi6Hp8Tb CTyn9H'i8Tblil BHil <jlyHKUHll ( 48, 6) • 

llOUCT8BHM Tenepb Bblp8lK9HliH (4) B yp8BHOHIIH (3) H HHTerpnpyeM ITO z B OT-

llOflbiiLIX Cp91l8X (O,a 
1 
), ( 0, a 

2
) • Ecn11 orpaHH'iliTbCH TOflbKO ayneBLIMII MOMOHT8MH, llfl>l 

T8KIIX MOMOHTOB nony'il!M CIICTeMy yp8BHOHIII\ B Blllle: 

4 

:':1~·~ 
~~· '.·. '.r 

'(;'' 1 

l 

l! 
;:t 

!': 
1',' ,, 
\' 
;j 

" ' '. 

(I) (I) (2) 
•1• (E) = f D ( 'E ··E' B ) •1• ('E') d E' 11- f D ( 'E ··E' B)·'· (E'' dE'· ~ o I 1 . ' . ' "Yo . . . 12 . 1 . I 'Y' o 1 

(5) 
( 2) . (I) · (2) 

rp
0 

(E) =f D
21

(E,E',·B)r/J
0 

(:E')dE'+fD
22

(E,·E',·B )r/J 0 (E'·)d:E', 

rne, H8npHMep, 

1 
a 1 a 

n, = - ~I (:E, :E') I f dz f I dz'· E (I I z'- zl) + 
I 2a

1 
o o I I 

·!Ban at a 1 
00 

iDan a, a, 

I e f dz f. dz' E
1 

[ I
1
(z'-z )+nia]+ I e f dz f dz' .. E [I (z~z)+ni<iJI. 

I I 
p.=l o o 11= t 0 0 

npyrne KOS<jJ<j>HUHOHTbl ll810TCH UOil06HblMH Bblp82KOHHHMII. 

I 

CymecTBOB8Hlle aeTpnananbaoro nonoJKnTenbHoro peweaHH cncTeMhl ypaaaeanll (5) 

n8eT ycnoane nnH onpeneneHHHinap8MeTp8 

'i80 OllHOpOilHOil Cpellbl (2) • 

B nono6HO TOMy, K8K STO nen8eTCH II B cny• 

BhiwenanoJKeHHhlll MOTOil nonpo6aee onnchmaeTCH a pa6oTe
121

, rne oa ncnonbayeTCH 

B , ao n nnH onpenenennH nepno-ae TOnbKO nnH onpeneneanH M8Tepnanbaoro nap8MeTp8 

118 T a 6ecKoae'IHOil nnocKoll peweTKe. B pa6oTe
121 

14/ 
M8KpOCKOntl'lOCK8H 8Hll30TpOUllH HOOilHOpOilHOil CpOilbl 

T8KlKe H3Y'i89TCH T8K H83biB80MBH 

u noaeneHne aenH'lliH B n T 

npn npenenbHOM nepexone a .. 
I 

0 • a 
2

-+ 0 , ..J!..1 = c:onst. 
a2 

lloK8JKeM np8KTII'!ecKoe npnMeaeane BhtwenanoJKeanoro MeTOil8 118 qncnennoM p8C'leTe 

KOIIKpOTHOil 381l8'lll 0 H8XOlKilOHllll M8Tepll8nbHOrO n8p8MeTp8 B B U110CKOI\ peweTKe, 

' 216 u 2113 ...... COCTOHIUell ll3 qepenyiODlHXCH nn8CTHHOK U ll C p83nH'lHblM KOS'I''t'HUHOHTOM 

o6orameanH. 

rne 

nnH qncneHHOro p8C'!OT8 yno6HO npnaeCTH KOS<jJ<jlnUHOIITbl K BRAY 

D
11 

= ll
1
(:E, :E'-) [ _1_ 

II 

D
22 

= ll
2
CE. E'.)[ _1_ 

I• 

v- AI] 
Ia I 

~ A2 ], 

2 a 2 

D = Ll ( E, E' ) _A __ • 
12 • I I a 

0
21 

= '\( E, :E') 

I 2 2 

Sa 

A -- . 
III 2 a I 

S a 
·-'-' 

z(l-e • )(1 

. I 2 a 2 

- e • )(1 -e ) cos Ba 

A = f dz • __ a ~-2~a 

1- 2 e • cos Ba + e • 
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II 

A 1 =fdz 
0 

I 

A2 =f dz 

0 

_:S 1·a 1 _:S~a 2 _:Sa _:Sa+:E:P-:1 
1-e-"-)[1-(e • +e • )cosBa+e •] z ( 

. -z..a:---- - -: 2Aii 
1 - 2 e • cos B a + e • 

_ _:S2a2 li 1 a 1 :Sa lia+li 1a 1 
z ( 1- e-.-) [ 1 -( e--.-+ e-.-) cos B a + e ·----z--r 

a 2ia 
1 -2e"-y- cosBa +e·-.-

t>,. v ( E') ::£
6

, ( :E') .S( E ) +-::£ 1 (:E'-) ·w (:E, ·E') +:S (E'-) ll(E -:E') = p. .,. p. ep. 

=Op. ( E,:-E') + :S"'' ( E").ll(:E -:E'). 

3necb Mhl npuasmii U (:E, :E') .,1) ( :E -:E'), 'ITO OTBe'laeT npennonmKeauro o TOM, 'ITO npii ynpy~ 

rOM pacceSIHUK Hei!TpOHOB HB smpax ypaHa 9HeprH!I Hei!TpOHOB He U3MeHSieTCSI. npii TpaHC

<jlopMBUUH KOS<jl<jluuHeHTOB TBK;>Ke HCnOnb30BBnOCb npeAUOflO;>KeHHe B a.<< 1 •' 

'-iTOOhl Hai!TH HeTpiiBHBllbHOe peme!IHe CHCTeMhl CJ), pB3AenHM 9HeprHIO HeHTpOHOB 

no N rpyrrnaM. nycTb HeHTpOHBM E 
K 

• Ot5oaaa-K -rpynnhl COOTBeTCTByeT 9HeprHSI 

'IHM TBK)I{e 
(fl.) 

f t/Jo (:1!) dE = t/J ql> OK 
K 

(rAe HHTerpHpOBBHHe npoHCXOAHT B 

f 0 p. (:E, ;E ,g) dE 
K 

unTepsane 

K{j 
=0,. • 

K , {J = 1, 2, •• ;; N , 

saeprni! rpynnhi 

p. = 1.2 ; 

K 

H 3BMeHHM CHCTeMy (5) CHCTeMOll 2N nuqellHhlX ypaBHe!IHll, KOTOpyro CUMBOllii'leCKH 

MO)I{Ho aanucaTo B BUAe: 

T(B)X=X, 

(

oK fJ f3 -" K 
l - a + 2- el a 

T(B)= 

rc{J {3 K " 
0

1 
c +l: 81C 

( 
(I)) 

t/JOK 
X= £i'1 • 

.p<3> 
~ 

a2 

ll rep {J " 
K{3 ' O 2 b + l; 62 

ll 
K{J ' 

K{3 ,S K 
0 2 d + :s.2 d 

:. '·•) 
/)Kf:j 

K 
a (B) ? - a (::£")2 A I ( E K' B), 

1 I I 

bK(B)= A(Erc,B) 

~K _I,K a 
I 2 1 

6 

" 1 
"(B)=-'"'K 

d ::£ 2 
1 ·A ('E 

a 

2
(::SK )2 2 - rc' B ) , 

c"(B)-~b (B), 
a 2 

2 

rAet aanpuMep 1 < = l; 1 ( :E K) ' , 

K 

::£ .1= ::£ .1 ( E ") 

'•P - [: 
All !I .K = {3 

AIISI K=/{3 

/1/ 
KaK y)l{e paHbme OTMe'lallOCb, paoOTB COAepl!G!T UOApOOHble 'lHCneHHh!e peaynbTB-

2U U8 
Tbl AnSI Ol!HOpOtiHOil CMeCH U H U • nnst Toro 'lTOOhl HM8Tb B03MO;>KHOCTb 

CpBBHHTb nony'leHHhl8 H8MH peaynbT8Tbl 
1 
nepBOHB'l8llbHhle UOCTOSIHHble OhinH B3SITbl TeMH me, 

/1/ 
'ITO H B paOQTe • 

EhtnU cnenaHhi pac'leThi Anst reTeporennoi! pemeTKH 
u2u 

II 

328 
u c ot5oramenn-

eM 10, 20 H 30% (nanpHMep, AnSI a = 1 CM, noA ot5oramenneM 10% nonpaayMeaaeTC!I 
235 

U , HHA8KC 2 - cpeAy a 
1 

=0,1 CM u a 2 =0,9 CM). HnneKc 1 ot5oaHa'laeT cpeny c 
2M /1/ c U • TaK )l{e KBK H B pat5oTe Mbl paanennnn sneprnro nei!TpoHoB rro 16 rpynnaM. 

Bepxnue rrpenenhi sneprui! HMe!OT 3Ha'leHHSI 0,02; 0,05; 0,09; 0,14; 0,20; 0,28; 0,40; 

0,70; 0,90; 1,20; 1,60; 2,20; 3,00; 4,20; (Mss). 3neprHSI Hei!TpOHOB, COOTBeTCTBY~ 

mast K8)1{l!Oll rpynne, stsnsteTcst cpeAHefi snepruei! sTofi rpynnhi 38 ncKnto'leHHeM nocneAHei! 

rpyrrnhi, AnSI KOTOpoi! cpennee 3H8'lenne Ohtno npHHSITO p8BHhiM 4,60 Mss. 

CneKTP aei!Tpoaos neneaast ohm B3SIT B anne: 

S (:E)= y _2_ eJP (..:E ) sin h/2E , 
rrf 

( E. B ennannax Msa) 

8 38BHCHMOCTb V OT 9HeprHH HeliTpOHOB B BHAe: 

v= 

3necb 

rne 

2,47 + 0,125 :E till It 

2.41 + 0,125 E nnst 

235 
u 

u238 

-W ( E, :E') = K uP. (E) E eJP I 2V a (E'- E) I 

K - HOpMHpOBO'lHblli U~ - s<jl¢eKTHBHOe CO'l8HHe OOpB30B8HHil COCTBBHOrO Sitlpa, 

K09<jl<jJHUH8HT, H a = 13 MsB. 3Ha'leHHSI BCOX s¢q,eKTIIBHhlX Ce'leH!li! TBK)I{O B3SITbl UO ABil

HhlM p8t5oTh/
1 1

• 
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flpn paC'iOTO CHB'i8l18 BblOHpSJIOCb HOKOTOpOO 3H8'iOHHO B 1 • 3aTeM c noMoiUbiO 

HTepaindt C lliOObiM IIS'iSllbllbiM BOltTOpOM. Bbl'iHCllliJIOCb nepBoe COOCTBOHHOO 3HS'ioHHO. I'(B I} 

n cooTaoTCTByromnll: cooCTBonn&tii BoltTop MaTpHUbt T(B~ • Hcnollh30aanc.st HTepanuonn&tii 
/3/ 

MeTon, npuaenennblii B _ 

X 
n+t 

T x·n ; 
I'D -

x* 
n+l 

_1_ T* 
1' .. 

x* 
D 

I' = 
D 

( Tx
11

, x! .) 

(X n '·x*n 

rne T*- MaTpnna, · Tpancnonuponannag K MaTpune 1 0Ka3htaaeTcH, 'iTO nn.st B 
1 
< B ~ 

HMOOTCH I' ( B I ) >I' ( B 2) Hcnollh3Y.II eTo nepaBeHCTBO n MeTon regula falsi MH na-

XOJUIJIH TSKOO 3118'iOHHO B 
1 nnsi KOTOpOI"O I'(B)= 1 C TO'iHOCTb!O no 'iOTblpeX neC.IITH'i-

HhtX 3HaKoa. HnTerpanbl A, A
1

, A
2 

paCC'IHTbiBanuc& qucneHno. ,Ung pac'ieTa onnoro 

3Ha'leHHH B ohmo neo6xonnMo npoaecTn oT 15 no 20 nTepannii. 

Pac'ieT&t npoaonunuc& na C'loTno-pemaromnx Mamnnax "Sirius" u M-20. 

"lncnennhte pe3yllhTBTbl: 

o6otamenue a_cM B CM 
-1 

30% 0,01 0,1817 

0,1 0,176 

0,169 

20% 0,01 0,137 

0,1 0,130 

0,126 

10% 0,01 0,0654 

0,1 0,0612 

0,0555 

2 0,0481 

Mbt y6enunuc& Ha onbtTe, 'ITO 6ollbmag TO'IHOCT& B pac'ieTe I' ( B ) npuaonuT K naMene-
-4 -5 /1/ 

nnsM num& nop.IIllKB 10 - 10 • Ann cny'la.st onnoponnoii cMecu aaTopht paooT&t npu-

BOn!IT 3HS'IOHH5I: 

o6oramenue 

-1 
B CM 

30% 

0,185 

20% 10% 

0,144 0,0682 

Ha nonyqennhtX pe3yllbTaToB aunno, 'iTo npn nepexone K onnoponnoii cMecu (T.e. 

a .. 0 , ~ =-const ) na:11n ana'lenus B npuonuJKaroTCH K anaqenneM ·s nnH onno-

ponnoro _ c:y~aH, 'ITO nonTBeplKnBeT TeOpeTH'IOCKHO 38KJIIO'IOHHH paoOTb/
21 

o i1HTepeCHO 

8 

OTMOTHTb 1 'ITO C yBOnH'lOHHOM I"OTepOI"OHHOCTH (c pOCTOM a 

HUe B 

) YMOHbUlBOTCH 3HS'le-

floCKOilbKY HCllOllb30B8HHble HSMH rpynHOBble KOHCTSHTbl MOryT nO HOKOTOpOii CTene-
/1/ ( . 

HH OTJIH'iSTbC.II OT rpyllllOBbiX KOHCTSIIT, HCUOllb30B8HHblX B pBOOTO H8llpUMep1 B paoo-
/4/ 

TO 3H8'IOHH5I e<j><j>eKTI'lBHbiX CO'IOHI'lii nBIOTCH B Bl'lno l"pa<j>HKS, a HO 'IHCJIS, 'ITO 38-

TpynH.IIOT TO'iHOO B0Cnp01'13Benenne rpynnOBbiX KOHCTSHT npn llOBTOpOIIHH pSC'ieT~B), Heoo-

B 
. /1/ 

XOllHMO 3118'iOHH.II , 38l'IMCTBOB81!Hble ll3 paoOTbl , Op8Tb llpl'l Cp8BHOHHH TOilbKO 

OpHellTHpOBO'iHO. 

TaKJKe HOOOXOnHMO OTMOTHTb, 'iTO llOJIY'iOHHbiO HSMH 'iHCJIOI!Hble p_e3yllbT8Tbl MOI"YT 

HMOTb OTHOCHTOllbi!O OOJlbUlYIO OUlliOKy, llOCKOllbKy_ Mbl B pa3JIOlKOHHH (4a, 6) orpaHH'll'lJIHCb 

TOJlbKO nyJIOBbiMH MOMOHTBMHo 3TO OOCT05ITOllbCTBO npHBOAI'lT, no-aHnHMOMY, K TOMY, 'ITO 

u o"!en& ManellbKOe H3Menenne roTeporennocTn cpen&t (nanpnMep, npu H3Menenuu pa3-

Mep_a .II'lOiiKH OT 0,1 nO 0,01 CM) llpHBOAUT K 38MOTHOMY H3MOHOllli'O BOJlH'lu'Hbl MBTepUSilb

HOI"O napaMeTpa B • 3To ooCTO!ITellbcTBO KaJKeTC.II neCKOJI&KO YAllBIITeJI&HbiM. C · Apyroii 
. . 

CTOpOHbt, neooXOAIIMO llMOTb B BHAY TOT <!>aKT, 'ITO AJIHHbl CBOOOnHOI"O npooera neiiTpOHOB, 

npoXOAHllliiX B no"!TH napannellhHOM nanp aanenun c rpannneii cocennnx .II"'eeK, MoryT ObiT& 

O'lellb oollbmnMH, cnenoaaTeJ1bno, ABJKe MaJiertbKOe 1'!3Menenue reTeporennocTn MOJKeT 

llpHBOCTI'l K CyllleCTBOHHbiM ll3MOHOHI'l.IIMII 3H8"10HUJl: TBKHX AJIHII CBOOOAHOI"O np0001"8 HOftTpo-

·aoa. • 

B CB.II3H·C 9THMH BOllpOCSMH npeuCTSBJI!IOT HHTepec TSOJIHUS, B KOTOpOft HpllBOAOHbl 

9HepreTH"'OCKHO CllOKTpbl neftTpOHOB B p83JIH"!HbiX cpenaX _1_ t/J(I) (E) H _1_ t/J (2) (E) 
a o a o 

(npnaenenHhte K eAnnune_ nnnnht). Peayn&TBTht a Taonune itpu~_enenht nnsr. 20% 6oorame-

nu.st a = 0,1 eM (oea nopMupoaKn). Bunuo, "'TO cneKTpbt a o6onx cpenax a aToM cny"!ae 

llO'ITH COBTIBnBIOT1 'ITO OTBO'lSOT <j>H3H'lOCKI'lM npeACTBBJIOHHSI.Mo 

K _1_ r) (EK) _1_ J2)(EK) 

1 a 1 0,0~11 aa.oB74 
2 0,492 0,493 
3 1,044 1,046 
4 1,293 

. 
1,295 

5 '2,179 2,182 
6 2,343 2,346 
7 2,277 2,279 
8 1,656 1,656 
9 1,208' 1,207 
10 0,969 0,967 
11 0,872 ' 0,868 
12 0,715 0,710 
13 0,572 0,565 
14 0,443 0,437 
15 0,316 0,310 
16 0,223 0,219 

9 



JlnTepaTypa 

1. M;Feix, P.Nicourd, !.Valentin. Co'mptesrendus•Acad. Sci.,··244,-2502(1957). 

2. L.Trilifaj, J.Cerm~. P/2101,. Second Int. Conf. on Peaceful Uses of Atomic Energy (1958). 

3. !i·Mapex. "::exocnosanxnl! MaTeMaTn'lecxnl! JKypaan 1b 87 (1962). 

4. A. Bal!aoepr, E. Bnraep. ct>nan'lecxan Teopnn smepnbiX peaKTopos, 675, MocKsa, 1961 
(nepeson c anrnnl!cKoro). HlfJI. 

L 
_L_ 

I 

PyKonncb nocTynnna B nanaTenbCKHl! oTnen 
28 OKTS!Opl! 1965 r. 

l 

2 
-··· --f.-

tl.z 2 
«.t I 

y 
2 
I 

Pnc. 1, 

10 


