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l.BBe)leHHe 

UaHHaR pa6oTa npe)leTaBnReT eo6oil qaeTb Heene)lOBaHHll ITO KOHeTpyK

UHH H XapaKTepHeTHK8M HeHTpOHHb!X )leTeKTOpOB 1 RBnRIO!UHXeR B8lliHOll eoe-. 
Taaaoil qaeThiO 9KenepHMeHTanhaoro o6opyaoaaHHR Rllepaoil ~H3HKH; Heene-

llOBaHHR npeeneaoaanH uenh: Bo-nepBhtx, anR aaaaaaoro eoeTaBa H paaMe

poa )leTeKTOpa onpe)lenHTh BpeMR lliH3HH HeilTpOHOB H 9~~eKTHBHOeTb )le-

TeKTOpa - 9TH )lBe XapaKTepHeTHKH RBnRIOTeR B38HMOHeKn!OqaiOIUHMH llpyr 

.llpyra, T8K ~TO, yMeHblliBSI BpeMSI )KH3HH HeiiTpOHOB, npHXO.llHTCSI MHpHTbCSI .,. 

e yMeHbl!IeHHeM 9~~eKTHBHOeTH; BO-BTOpbiX1 nyTeM HeKOTOporo H3MetJeHHR 

pa3MepOB 1 eoeTaBa H KOHCTpyKUHH )leTeKTOpa Bbi6paTb OITTHManbHhle Xa

paKTepn:eTHKH (aaeeb ITO~RTHe OITTHManbHOeTH npHMeHHM0 1 KOHeqao, TOnh

KO K onpeaeneaaoil rpynne aKenepn:MeHTOB), 

2, 4>H3HqeeKOe o6oeHOB8HHe )leTeKTOpa 

HMeiOTeR llHeKH Tpex eopToa: a) na nonnaTn:neaa - Dh ; 6) n:a 

KallMHR - Cd ; B) H3 HHllHR - In • UnaMeTp aneKoB - D 0 (eM )tj Ton-

IUHHbl )lHeKOB: H3 nonn:aTnneaa - t I (eM) 1 H3 K8llMHR - t 2 (eM) 1 H3 HH

llHR - t a (eM ). Ha an:eKoB aa6npaeTeR un:nHHllp, B KOTopoM 'enon: qepe-
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JlYIOTCSI TaK: nonnaTJmeH - KaJlMHii - nonnaTnneH 

KaJlMHii - IIOnH:3THneH - HHJlHii H T.Jl., 

HHJl~~· nonnaTnneH -

n 

~. t 
1 

, e • 
1=1 

rne r - o6maH nn:nHa unnnnnpa. 

HeiiTpOHhi aneprnn E 0 nanaroT neprreHAHKynHpno K Topuy unnnnnpa, 

paauoMepno no rrnoruann n nanee 3aMeAnHIOTCSI a nonnaTimene n norno

maroTCH B KaAMHH H HHAHH, rrpn'leM rrpn 3axaa Te neiiTpona a nornoTnTene 

p0JK)l810TCSI '18Tb!pe I"8MMa-KB8HTa, pa3n8T8101HHXCSI U30Tp0IIHO 11 )leTeKTH

py!OiliUXCH C IIOMOIHb!O KpHCTannOB !10Jll1CTOI"O HaTpUSI lWH JKU)lKOCTHhiM )le

T8KTOpOM 6onblllOI"O o6beMa. BpeMSI, npollle)llllee oT axona HeiiTpoHa B ne

TeKTOp no nornomeHnH, HBnHeTCH aaJKHoii xapaKTepucTnKoii. Uenbro pac'le

TOB SIBnHeTCSI nony'leHHe I"HCTOI"paMMhl BpeMeH JKH3HH HeiiTpOHOB H cpe)lH8I"O 

BpeMeHH JKH31IH JlO 3aXBaTa T 

T = (~rl) TIOI"nOTUBlllHXCSI ' ~ ) f 1 (E 0 ,D 0 ,tl't 2 ,t:.P-t 1 , 

N nornoTnBlllHXCSI 

rne r 
1 

- apeMSI 6nyJKAaHnSI neiiTpona B unnunnpe no 3aXBaTa. B GonblllHHCT

Be cnyqaeB yMeHbllleHHe BpeMeHII JKH3HH HBnHeTCSI IIOnOJKHTenbHhiM <jlaKTO-

pOM. 

0THOUI9HH8 'IHCna no;:;nOIHeHHhlX HeiiTpOHOB K 'IHCny IIa)la!OIHHX (Be

pOHTHOCTh llOI"nomeHHSI HeiiTpOHOB B UHnHHJlpe) eCTb a!fl<jleKTHBHOCTb £ 

)leTeKTOpa, paBHaSI: 

€ 
N. rrornoTHBlllHXCSI 

f2(Eo,Do,tl,t2,ta .~tl). 
N' ynaamnx 

EonblllaSI a<jJ!jleKTHBH~CTh SIBnHeTcH JKenaTenhHoii, T.K. rro3aonHeT coKpaTIITb 

BpeMH :3KCIIepHM8HTa. 
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3. MeTOJlHKa pac'leTa 

ITpnMeHHnacb CTaHAapTHaSI MeTOAHKa npocneJKHBaHHSI 

TpOHa C MOMeH~a BXO)la B )leTeKTOp JlO I"H6enn HeiiTpOHa I 

HapyJKy. Pac'leThi npo;.;onnnncb Ha MalllnHe .M-20 (E3CM

nncb npo6er HeiiTpOHa, Bhl6op SIApa AnH CTOnKHOB81IHSI H X 

neiiCTBHSI: ynpyroe pacceHHHe nnn nornomeHne. B cnyqae, 

3hii"phiBaHnH npo6era HeiiTpou nepelllen B APY~YIO cpeny, H 

axona n npo6er orrpenenSincH 3aHoao a Hoaoii cpene. 

Ce'leHHH B3aUMOAeiicTBHSI c SIApaMH B 3aancnMocTu o 

6 • • /1/ B nHCb Ta nnUeH, B3SITOH H3 H3BeCTHhlX HCTO'IHHKOB • e. 

AHHaT HeiiTpoHa, ero aHeprnn H apeMeHH JKU3HH. CnenyeT 

ecnn rrpo6er HeiiTpoHa MHOro 6onbllle TonmnHhi cnoea, nyq 
/2/ 

MeTOAHKY <jJHKTHBHb!X SIAep . 0 T.K. Ha OAHO CTOnKHOBeHHE 

3hii"phiBaTh HeCKOnbKO npo6eroa. 

DnH orrpenenennH TO'IKH axona HeiiTpoHa B AeTeKTop, 

AnHHhi rrpo6era n T.A. HyJKHa rrocnenoaaTenbHOCTb cny'laii. 

paBHOMepHO pacrrpeneneHHhiX B HHTepaane (0,1) • Ha OCIIOB 
/4/ 

Horo MeToAa JleMepa nnH MalllHHhi M-20 HaMH 6hm no 

cny'laiiHhiX 'IUCen l Y 1 l B KOAax M-20 reHepaTop HMeeT 

B l 00 0000 0000 

a+1 0 54 0111 y 

a+2 0 13 a y 

n+3 0 13 b a 

a+4 0 23 a 0000 

3necb (a ) - pa6o'laSI H'leiiKa, ( y) - anpec O'lepenHc 
~ . . 

'lncna n pe3ynbTaTa. Ha'lanbnoe Y
0 rrepen pa6oToii 3aChin 

Yo 6epeTCSI H3 Ta6nnUhi cny'laiiHhiX 'IHcen. TaK, nnH Yo = 

Ha nepnona nocnenoaaTenhHOCTn lyt }, ynoaneTBopSIIOIHeii 
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- IIH~IIfi 1 noniiSTIIneH -

lllpHO K TOpUy U!IniiH~pa, 

riolmaTrme.He II norno-

uefiTpoHa n nornoTIITene 

'I U30TpOllHO 1i ~eTeKTII-

llll Hill! )!{l!~KOCTHbiM .Qe-

'T BXO~a Heil:TpOHa B ~e

pUCTIIKOfi, UenbJO pactte-

3HII HeiiTpOilOB II cpe~Hef'O 

E 0 ,D0 ,t 1 ,t 2 ,t 3 ,St 1 ), 

.no 3axnaTa. B 6onblllHHCT

nono)!{nTenbHhiM 4JaKTO-

'IIIcny na~amnm:x ( ne- -

Tb s<!JcpeKTIIBilOCTb ( 

',K, ll03BOnlleT COKpaTUTb 

3, MeTO~IIKa pac'leTa 

ITpiiMeHHnacb CTaH~apTHaH MeTo~HKa npocne)!{IIBaHIIll TpaeKTopnn Hefi

TpoHa C MOMeHTa BXO~a B ~eTeKTOp ~0 I'H6enn HefiTpOHa linn BhiXO~a ero 

Hapy)!{y. P ac'!eTbi npono.nnnHCb ua Mallin He . M-20 ( E3CM-4). P a3hii'phiBa

nncb npo6er HefiTpoHa, Bbi6op H~pa ~nH CTOnKHOBeHnll n xapaKTep B3anMo

neficTBHH! ynpyroe paccellHI!e nnn nornOIJ19HI!e, B cnyqae, ecnH nocne pa-

3b!I'pbiBaHH.ll npo6era HefiTpoH nepelllen B .npyryro cpe.ny, Haxo~Hnacb TO'IKa 

nxo~a 11 npo6er onpe~en.HncH.3aHono B Honofi cpe~e. 

CetteHnll B3aHMo~eficTBHll c .H~paMH n 3aBHCI1MOCTH oT aHeprHH ~ana-
/1/ 

nHCb Ta6n!!Uefi 1 B3llTOil: 1!3 II3BeCTHhlX IICTO'IHI!KOB , BencH C'leT KOOp-

~liHaT Heil:TpoHa, ero aHeprHH 11 npeMeHH )!(J!3HH. Cne~yeT ynoMHHyTb, 'ITO 

ecnH npo6er Heil:TpoHa MHoro 6onbllle TOiliUI!Hhi cnoen, ny'lllle npHMeHHTb 
/2/ 

M9TO~I!KY $1IKT!!BHb!X ll~ep 1 T,K, Ha O~HO CTOnKHOB9HI!e np!!XO~HTC.ll pa-

3b!I'pbiBaTb HeCKOnbKO npo6eron, 

anll onpe~eneHHH TO'IKH BXO~a Heil:TpOHa B ,ll9T9KTOp 1 ~n.ll Bbl'IHCneHHll .. 
~nnHhi npo6era n T.~. HY)!{Ha nocne~onaTenbHOCTb cny'lail:HbiX queen I y 

1 
I , 

paBHOMepHO pacnpe~eneHHbiX B HHTepnane (0, 1), Ha OCHOBe MO~H4JIIU!!pOBaH.;. 

Horo MeTo~a neMepa 
/4/ 

~nH MallliiHhi M-20 HaMn 6hrn nocTpoeH· ;eHepaTop 

cnyqafiHbiX 'IHCen I Yt I B Ko~ax M-20 reHepaTop nMeeT nn~: 

B 00 0000 0000 0003 

n+1 0 54 0111 y a 

n+2 0 13 a y a 

n+3 0 13 b a a 

n+4 0 23 a 0000 y 

3~ecb (a)- pa6o'lall H'leil:Ka, (y)- a~pec oqepe~Horo cnyttail:uoro 

'!Hcna n pe3ynbTaTa, Ha'lanbHOe Y
0 

nepe~ pa6oToil: 3aCbrnaeTCll B ( Y) ; 

Yo 6epeTc.ll 1!3 Ta6niiUhi cnyttail:HbiX 'lncen, TaK, ~n.ll Yo = 0,931281846 .nnii

/3/ Ha nep!!o~a nocne.nonaTenbHOCTn ly, I, y~onneTBOpHIDIJleil: cncTeMe TeCTOB , 
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"' 0,4 x 106 • B3SIB H3 T86nHUbl cny'I8MHbiX 'IHCen ApyrHe ~!l'I8nhHble y 0 , 

MO)I{HO rrony'I8Tb HOBble IIOCneAOB8TenbHOCTII IICeBUOCny'I8llHbiX 'IHCen, eCnll 

B K8KOii:-nH60 38A8'Ie Tpe6yeTCSl 6onblliee KOnH'IeCTBO !IX. 

Cyub68 Heii:TpoH8 B AeTeKTope rrpocne*HB8n8Cb B KoopAHH8THoii,cHc

TeM~ XY Z ( och Z H8IIp8BneH8 rro ocH UIWHHAP8). CxeM8 p8C'IeT8 cne-

AYIOW8SI: 

1. EepeTCSI H8'I8nhHblii: Heii:TpoH c aHeprHeii: E .o • KoopAHH8Thl TO'I-

Kll BXOA8 

x 
0 

.. R yy;. cos211y
2 

y
0

=R.Jy
1

sin21Ty 2 , 

z
0

= 0, 

I'Ae R "'Do fl. , H8Ilp8BnSiiiWHe. KOCIIHYCbl eo ,.Q , mo .. 0 , n = 1 • 

2, B 38BIICIIMOCTII OT cpeAbl II 9Hepi'Illl H8XOAIITCSI Ce'IeH!le k II 

6 
u /2/ 

Bbi'IHCnSieTCSl rrpo er HeHTpOH8 

3, OrrpeAenSIIOTCSl HOBble KOOpA!IH8Tbl IIO rrpo6ery; IIpOBepSieTCSl, rrepe

wen nil Heii:TpOH ll3 A8HHOft CpeAhl B ApyryiO (AnSI 38A8HHOI'O ~IIKC!Ip0B8H

HOI'O p8CIIOnO)I{eHHSl cnoeB TeKyllillll BOCbMep!I'IHhlll HOMep enOS! SIBnSieTCSl 

IIp!I3H8KOM COpT8 cpeAbl i B H8lli9M cny'I8e ABe rrocneAHII9 B0CbM9pll'IHbl9 

Ull~pbl ,01 II 11, cny)I{8T Ilp!I3H8KOM IIOnH9THn9H81 10 - K8AMHSI ll 00 - HH-

AHSI). 

4. Ecnn opeA8 HOB8SI, orrpeAenSIIOTCSl KOOPAHH8Tbi rrepeceqelinSI Tp8eK

Topnn c 6nH)I{8Hllieii: rro H8IIp8BneHHIO rrnocKOCTbiO p83Aen8 cpeA n rrpOH3~ 

BOAHTCSI CM9H8 HOM9p8 ~p~Ahl H8 HOMep cneAYIOIIl9ll nnH IIp9AhiAYIIl9M. 
/ 

llpOB9p519TCSI
1 

Bblllien nn Heii:TpOH 38 rrpeAenhl AeTeKTOp8 1 Bbi'IHCnSieTCSl 

BpeMSI };(U3Hil j 
~TI= 

~~ rl 
v 

6 

rr 
I I , ..... 

i 

J!l 
a, 

CB513b CKOpOCTH II 9H9pr'IIII H9HTpOH8 IIpllHIIM8n8Cb p8BIIOM 

4 -
V = 1,384 • 10 y E r M ] 

L--cei{ 

rAe E -B aB. 

5. EcnH cpeu8 .cT8p851, rrpOH3BOAHTC5I rrpoBepK8J Bbiwe 

38 rrpeAenbl A9T9KTOp8 I II pac'leT B381IMOA9HCTBII51 (p8CC9SIH 

Ill91IU9), llpii p8CC9SIH!IIl orrpeAenSieM HOBble H8IIp8BnSIIOIIlll9 

AYIOIIlliM o6pa3oM: a3HMYT8nbllhiii: yron X"" 211y3 . , yron p1 

cost/!= 
Ay; +1 

.JA2 +2Ay~ +1 

TOI'A8 HOBble KOCHHyChl Bblp8)1{810TC51 qepe3 CT8pb19 IIO ~Opt 

e 1 + I = e 1 COS t/J + .j 1- f · : sin t/J COS X , 

m = m cos t/J - ~ ( C m cos X - n sin x 
I +I I -} 1- f l I I I 

n =n costfr-
1+1 I · 

sin t/1 ( C n cos X + m 
1 
sin X ) • 

I I 
-}1- C2

1 

HoB8SI cKopoCTb 

vl+l =Vi 

rAe y: = 2 y 4 
-1 i IIPII 

.J A 
2 

+2A y ~ + 1 

A+ 1 

v < 2200 [ ...l:L..;. ] 
1 ceK 

B9C 51Ap8, H8 KOTOpOM IIpOH30llinO paCCeSIH!le) • 

6. nnSl 38A8HHOM H8'I8nbHOii: 9Hepruu E 0 

.CT8THCTUK8 IIO ''IHCny IIOI'nOIIl9HHbiX Heii:TpOHOBo 

VI+ I ;:;VI 

H86Hp8eTC 

-T8KHM o6p830M 1 orrpeAeneHue c II T A9T9KTOp8 

' 
u I 

p8C'I9T8 cny'I8liHOI'O IIpOU9CC8 M9TvAOM CT8THCTU'IeCKHX II• 

TOA MoHTe-K8pno). 

P860'IaSI rrporpaMMa cocTaBneH8 B KoAaX MalllHHhi M· 

1 



yrae Ha'lanhHhie y 0 , 

)cnyqaiiHbiX qacen, ecna 

BO IIX, 

:b B KOOpAHH8THOii CHC

' CxeMa pacqeTa cne-

~ 0 

to"'O , n"' 1 ·• 

lHTCSI Ce'leHHe ~ H 

)ery; nponepSieTcSI, nepe-

3a.UaHHOI'O lPHKCHpOBall-

HOMep enoS! SIBnSieTCSI 

:ne.unae BOCbMepH'lHhie 

l0 - K8.UMHSI H 00 - HH-

raThi, nepece'leHHSI TpaeK-

383.Uena cpe.u n npoua

lii unu npe.uhr.uymeii. 

lKTOpa, Bhl'lHCnSieTCSI 

il 
1-t 

CBSI3b cKopocTH a auepraa ueiiTpoua npHHHManacb panuoii 

v = 1,384 • 10 
4 

..; E r M 
L ----ceK""" 

rne E -B an. 

5. Ecna cpena .cTapaSI, npon3BOilHTCS'I npoBepKaJ BbiUien nu a:eiiTpOH 

38- npen~nbr .ueTeKTopa 
1 

H pac'leT B3aHMO.UeiicTBHSI ( pacce~mue anu norno

Uieime). Opa pacceSIHHH onpe.uenSieM HOBbie a:anpaBnSIIOUIHe KOCHHYCbi cne

.uyroUIHM o6pa3oM: a3HMyTanhl!biii yron X .. 2rry 3 , yron pacceSIHIISI 

rust/!= 

TOI'A8 HOBble KOCHHyCbl Bblp8)K810TCSI qepe3 CT8pb!e llO !lJopMynaM 

£ 1 + 1 = £ I ros t/J + '1/ 1- C · ~ sin t/J cos X , 

sin t/J 
m I +I = m I ros t/1 - ..; ~ ( e I m I cos X - n I sin X ) ' 

sin t/1 __ ...:__ ( e In I cos X + m I sin X ) • 
'1/1- £21 

n =n cost/J-
1+1 I · 

HonaSI cKopoCTh 

vl+l =VI 

rae r: = 2y 
4 

-1 ; npH V 1 < 2200 [ c::K ) Vl+l ;::y I (A- 8TOMHhiM 

aec SI.upa, ua KOTopoM npouaoUino pacceSIHHe). 

6. nnSI aa.uauuoii uaqanhHOii auepi'HH E 0 a:a6upaeTCSI a:eo6XO.UHM8SI 

CT8THCTHK8 no 'lHCny nornomeHHhlX HeiiTpOHOB, 

n r .ueTeKTOpa ecTb npnMep 

~- ( 
pacqeTa cnyqafiHOI'O npouecca MeTv.UOM CT8THCTH'leCKHX HCllh!T8HHii Me-

TaKHM o6paaoM, onpe.ueneuue 

TO.U M OHTe-Kapno). 

Pa6o'laSI nporpaMMa cocTaBneHa B Ko.uax MaUIHHhi M-20. 
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4. PeaynbTaThi pac'leToB 
1,, 

P ac'leThi npoBeneHbi nnn HecKonbKHX Ha6opoB TonmHH · aaMennnromHx 

H nornomaromHx cnoeB c paaHoli cyMMapHoli TonmHHoli. C'Ie'l' Bencn nnn paa

HhiX Ha'lanbHbiX SHepi'Hll HeliTpOHOB. Pac'leT npoiionHnCSI no nepBbiX ·,100 llOI'

nomeHHH HeHTpOHOB. 3TH paC'leThl U03BOnHnH npocnenHTb 38BHCHMOCTb Be-

pOSITHOCTH nornomeHHSI HeliTpOHOB E li HX BpeMeHH *H3HH T OT SHep-

I'HH HeliTpOHOB H xapaKTepHCTHKH cpenhi. B peaym~TaTe ycTaHoaneHo, 'ITO 

c yMeHbiiieHHeM TonmHHhi cnoeB npH coxpaHeHHH o6meli TonmHHhi 6noKa 

npOHCXOnHT cymeCTBeHHOe yMeHbiiieHHe BpeMeHH *H3HH HeHTP_OHOB B Cpene. 

YMeHbiiieHHe TonmHHbi OT 0,2 no 0,01 CM npHBOnHT K TpeXKpaTHOMY COKpa

meHHIO BpeMeHH *H3HH. Tip!i 9TOM BHnHo, 'ITO yMeHbiiieHHe TonmHH cnoeB 

Ha BenH'IHHy MeHbiiie 0,05 CM HecymeCTBeHHO BnHSieT. Ha E 1i T 

H a pH c. 1 H 2 npHaeneHhi B Ka'leCTBe npHMepa aaBHCHMOCTH c H 

T OT Ha'lanbHOH SHepi'Hii HeHTpOHOB nnSI HeCKOnbKHX 6noKOB. 

B uenoM pac'leThi noKaaanH, 'ITO anonHe B03MO*HO coanaHHe HeliTpoH

Horo neTeKTOpa OUHCaHHOI'O anecb THna C Bh!COKOH s¢¢eKTHBHOCTbiO ( c 

= 25% npH E = 1 KSB, npH ycnoBHH, 'ITO s¢cpeKTHBHOCTb pei'HCTpau HH 

y -ny'leH 3aXBaTa 50%) li ManhiM BpeMeHeM. *H3HH ( T < 1 MKCeK) • 

AaTophi Bhipa*aiOT 6naronapHOCTb
1 

H.IO. lliHpHKOBoli aa noMomb B pa-

6oTe. 

n 1i T e p a T y p a 

1. D. Hyghes, R.Sal;lwartz. Neutron Cross Sections, BNL-325 

(1958). 
I 

2. B.l1. Ko'IKHH' A.E; ·nonoB, l1.l1. lllenOHUeB. npenpHHT OH.HH,P-744, 
,./ . 

.Uy6Ha,1 961 • 

8 

3. H.M. Co6onb. TeopHSI aepoSITHOCTeli H ee npHMeHeHIIH, 

1958. 

4. A.Rotenberg. Journal of the Assotiation for Com 

p.p. 75-77. January 1960, vol. 7, No.1; 

R.R. .Coveyov. J. of ACM, p.p. 72-74, January 

PyKonHCb nocTynHna B HanaTe 

15 HIOnSI 1969 rona. 
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3 TOniUHH. 38M9Jln.II!OIUHX 

moii. C'leT Benc.II Jln.II paa

•JlHnc.II JlO nepBbiX 100 nor-

:neJlHTb 38BHCHMOCTb Be-

iHH )l{!i3HH T 

bTaTe ycTaHOBneHo, 'ITO "--

•6meii TOniUHHhi 6noKa 

:H3HH HeHTpOHOB B CpeJle, 

T K TpeXKpaTHOMY COKpa-

iHblU9HH9 TOniUHH cnoeB 

;reT Ha € H T 

'Pa 38BHCHMOCTH € H 

1bKHX 6nOKOB, 

IMO)I{HO C03Jl8HHe HeiiTpOH

H acjlcjleKTHBHOCTbJO ( · E 

:BHOCTb pei'HCTpau HH 

HH ( T < 1 MKCeK), 

IHKOBOH 38 ITOMO!Ub B pa-

ections, BNL-325 

·- " .. 

3. VI.M. Co6onb. TeopH.II Bepo.IITHOCTeii H ee npHMeHeHII.II, T. III , Bhm. 2, 

1958. 

4. A. Rotenberg. Journal of the As satiation for Computing Machinery, 
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