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1. BBEllEHI1E 

8KcnepHMeHTaJIbHaH yCTaHOBKa .l(JIH 06Hapy)l(eHHH MaJIoyrJIOBOrO 

pacceHHHH nOJIHpH30BaHHbix HeHTpoHoB nonpofino onHCbIBaeTCH B ' pafio
Te / 2/. C nerrsro nOJIy'IeHHH CBH3H Me)K)J;y ¢YHKUHeH pacceaaaa S(K) H H3

MepeHHbIM cnercrposr nenOJIHpH3auHI1 D(A) ziocraro-nro arcparue nepesac
JIHTb Te 'IaCTH cnercrpor-ierpa nOJIHpH30BaHHhIX HeiITpoHoB, xoropsre pacno
JIO)l(eHbI B HanpaBJIeHHH pacnpocrpaaeaaa rrysrca y Me)l(.l(y BhIXOnOM nOJIH

pnaaropa H BXOnOM aaanasaropa: • 
- Ilepezt 06pa3UOM HaxOnHTCH crraarpnarmep, KOTOpbIH n03BOJIHeT 

neperaeaao H3MeHHTb nanpaarrenae nOJIHpH3auHH P00 nanaroutero nyuxa 
B ± Z -nanpasneaae. 

2. TEOPETI1l1ECKAH OCHOBA 

UeJIb nanaoa pa60TbI COCTOHT B OTBeTe aa aonpoc: B03MO)lffi:O JIH 06Ha

PY)l(HTb MaJIoyrJIOBOe pacceaane HeHTpOHoB, eCJIH npeueccaa CnHHa 3aBHCHT 

OT rpaexropaa HeHTpOHa BO BHeUlHeM MarHHTHOM nOJIe? Ilposepxa TaKoH 

B03MO)l(HOCTH npOBOnHJIaCb C nosroursro MOneJIHpOBaHHH na 8BM H sxcnepa
MeHTaJIbHO. 

lIacToTa JIapMOpOBCK9H npeueccaa UJ 
L 

HeHTpoHHoro COMHa S B O.nHO

pOAHOM MarHHTHOM nOJIe B, HanpaBJIeHHOM rrepneanaxynapao K aanpaarre
HHIO cnaaa , COCTaBJIHeT UJL = T/ B ,rne 1/ rHpoMarHHTHOe OTHOllleHHe HeiIT

pona. 3a BpeMH npe6bIBaHHH t HeHTpoHa B MarHHTHOM nOJIe npoacxonar 
rrpeueccaa Yl yron t/J = UJ L t . TaK KaK BpeMH npefisraaaaa t nponopnao
HaJIbHO E - 2 , TO H3MeHeHHe 3HeprHH npa pacceanaa (.~E'; 0) npaaomrr 
K H3MeHeHHlO yrrra rrpeueccaa Ha!1t/J .8TOT 3¢¢eKT HCnOJIb3yeTcH B MeTOne 

HeHTpOHHoro cnHHOBoro 3xa / 1/ .l(JIH 06Hapy)l(eHHH MaJIeHb~X H3MeHeHHH 

3HeprHH rrpa pacceHHHH. -. 

KaKoe-TO H3MeHeHHe HMnyJIbCa aeirrpoaa Ap npa ynpyroM pacceaaaa 
(!1E =0) MO)l(eT npasonars K aHaJIOrH'IHOMY H3MeHeHHlO yrna npeueccaa 
t1t/JTorna, xorna JIapMOpOBCKaH 'IaCTOTa 3aBHCHT OT yrrra pacceaaaa () , T .e. 

xorna HeHTpOH npOXOAHT xepea aeonaoponaoe MarHHTHoe nOJIe B (e) . 
8TOT 3¢¢eKT MO)I(HO HCnOJIb30BaTb .l(JIH 06Hapy)l(eHHH MaJIoyrJIOBOrO pac

ceHHHH nOJIHpH30BaHHbIX HeHTpOHOB npa npHMeHeHHH meJIeBOH reOMeTpHH 

nY'IKa. CneKTpaJIbHOe pacnpenenenae nOJIHpH3auHH rtpoxonnutero xepea 
aeonaopozmoe MarHHTHoe nOJIe nOJIHpH30BaHHOrO HeHTpOHHoro nY'IKa aa
BHCHT OT HHnHBHnYaJIbHblX TpaeKTOpHH HeHTpOHOB nOCJIe pacceaaaa. 

© , 061>emmeHHhu'i mtCT~T mlep,HhIX HCCJIenOBaHIDI lly6Ha. 1988 
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_ 3a 06pa3UOM na B03MO:IKHO 60nbWOM paCCTOmU1H OT oCSpU:lun noa
crsyer HeO,lJ.HOp0,lJ.HOe MarHIITHoe none B (0), uonpunJtCUUlOO nopnOH,UHI(yx
nHpHO K HanpaBneHHIO nonHpH3aIJ,HH Z 11 1<: Hnnpnnll0ltHltl PI\OnpOCTpaHeHI1.R 

nymca Y. 
; Ifynorc nonHpH30BaHHbIX Het'lTpOHOn MO)lmO npOAOTnnMTb D nane cynep-

n03HIJ,HH nayx nOJIHOCThlO nonHpH30BllHHblX tlUCTl1llllltlX nY~KOD C HHTeHCl1B

HOCTHMH 

± 1 (1)I 0 (,\) == "2I 0 rrx )[ 1 ± P 00 (,\) 1 • 

~ ~	 ~ ~ 

3HaK "+" cooTBeTcTByeT cnyuaro 8 t1" Poo ,H ~JIIQ1(" .tl ""' H' ~ P . cI>yHKIJ,HH 

f(,\) ormcsmaer pacnpe.rr.eneHMO Mut<COOl1JIn pont<TolllthlX HethpoHoB 11 10 

- HX HHTeHcHBHOCTb, 
PerHcTplipyeMafl lleTeI<TOpOM HHTOtlCHI1t10tlTh nponopuHoHanbHa z-

KOMnoHeHTe cnana. ll03ToMY HHTOI1CMnnOOTH o~()m( 'mCTHQHblX nytIKOB 

HMelOT KOJIe6aTenhHyIO CTpyI<:TyPy nocno npOXO)K,l\nmm Ho~hpOHOB sepea 

HeO,lJ.HOpo,lJ.HOe MarHlITHOe none B x(fJ) :, 

+ 11- (,\) = "2 1 r (,\) (1 ±P 00 (,\) ] OOBl/J (A, 1<) t	 (2)
0 

.. 
MO,lJ.ynb BeI{TOpa paccesaaa /( BbltlHCnnOTCJl 1~JtH OilOlfh MMhIX yrJIOB pac

ceHHHH (J no epopMyne 

(3)
,\ K = 2rrf) • 

Yron npeIJ,eCCHli f B Heo,lJ.HOpo,gHOM none COCTo.nnnOT 

(4)t/J ('\, K) = C,\ JB x «(J) ds :::: c,\ B s (,\ t K) ,
 
s
 

rne B ('\, K)	 0603HaQaeT HHTerpan no TpaeKTOpHH Hoi1Tpona (B TnM) OT 
s 

nona B x(A), noCTOHHHaH eCTb 

C ee 4,63214.10 4 A-I rn- I Til- 1 
,	 (5) 

a + 
ecnn ,\ nO,lJ.CTaBJIHeTCH B A. 3KcTpeMYMbi HHTeHcHBHocTeH 1-(,\) nOHBJIH-

IOTCH npa ,g;TIHHax norm 

rri	 (6) 
'\i --- , i :::: 1,.. 2,3
 

cBs
 

llOpO)K,ll;eHHOe ,06pa3IJ,OM pacceHHHe B 3neMeHT d: aexropa pacceHHuH ~ 
rrponcxornrr c Bepo~THoCTblO 

dW ::::S(K)dK/L\K,	 (7)
s 

2 

rne S (K) 0603HatIaeT cPYHKlI,HIO pacc~HHIIH nns ynpyroro B33.l1Mo,geHCTBl1H 

II L\K - lIMelOllJ,HHCH B axcnepavrerrre nnanaaon no K • LJ.nfI pacceaaaa B 3JIe

MeHT d K nOJIyqaeTCH npapaurenae qaCTHtIHbIX nytIKOB: . 
+ +
 

d I ; (,\) = I - (,\ ) S (K) dK/~K •
 (8) 

TaKHM 06pa30M, normaa HHTeHCHBHOCTb pacceaaasix aeirrpouoa COCTaB(I 
JIHeT 

± + 1
I s (,\):::: I 0" (,\) --- f S (K ) cos t/J (,\ , K ) d K • (9)

~K !S.K 

BepOHTHOCTb roro , tITO B 3neMeHT dK paCCeHHl1H He npoacxomrr , TaKOBa: 

dW = fl - S (K )] d K / L\ K •	 (10)ns • 

TaKHM 06pa30M, rrOJIHaH lIHTeHCHBHOCTh nepacceaaasrx HeHTpoHoB palma 

+ + 1	 ' 
I ~s (,\) :::: I~ (,\)	 ---. f [1 - S (K)1 cos t/J (,\, ¢ ) dK . (11) 

~k ~. . 

,lJ,nH aepacceaansrx HeHTpoHoB yron npeueccaa t/J B CJIa60H CTeneHH 3aBHCHT 

OT aneprypaoro yrJIa ¢ '+ + 
I1HTeHcHBHoCTlI I~('\) H I;s(i\) ypaaneaan (9) H (11) H3MepHIOTcH 

B axcnepar-renre C 06pa311,0M na nYTII nysxa. B sxcneparaeare 6e3 ofipasua 
(rroxasarens 0) H3 3T~ro acneztcrane S (Kh: 0 HMeeM 

+ .+ + 
I~ (,\) :::: 0 I~so (,\) = I~ ('\)cost/J(,\,¢). (12) 

IIOJIHaR HHcPopMall,lIH 0 npouecce paCCeHHl1H rrOJIytIaeTCH npa npHMeHeHHH 

cnaadmannepa, C nO~llJ,blO xoroporo B03MO:IKH0 nepeaopauaaars aanpaa

JIeHHH nOJIHpH3aUMli POD nepen pacceaaner-r. 113MepeHHaR HHTeHCl1BHOCTb 

6e3 ,geHCTBHH cnanrpnarmepa I 1 H C ero ,geHCTBl1eM 12 panna 

I 1,2(,\):::I:('\)p,n +I~('\)n,p +1:s ( '\) p ,o +1:s ('\ ) n ,p ·	 (13) 

1

Ilorcaaarena up" H "n " 0603HatIaIDT, tITO B <PYHKUIiH 11,2 ('\ ) BXO,gfIT rro
 

r-repe HM06HOCTH TOJIbKO cooTBeTcTBYIOllJ,He "nOJIO:IKHTeJIbHble" H "OTpH


narerrsasre" 3HatIeHlIH BbIpa:IKeHHl1 (~,os (,\) .
 
B cnercrpe BpeMe,HH nporrera 11 (,\) peracrpapysorca KaK rrOnO:IKHTeJIb

nsre ,gOJIl1 OT I~ H I ~s ,TaK H orpauarensasre norra OT I;; M I;;s' B cnercrpe 
BpeMeHH nporrera '12 (,\) Ha060pOT peracrpapyerca orpauarensnsre norm 

1+ + - OT s H I os.1I nOJIO)I(H:TeJIbH.ble norra OT Is H r ns ' 
YpaBHeHHH (9), (11) M (12) norrysem-r ,gJIH aeirrponaoro rrysxa B,gOJIb 

OnTMtIeCKOH oca cnercrpoxrerpa. LJ.JIfI peansnoro nyxxa HeHTpoHoB HHTeH
+ +	 

CHBHOC1,H Is	 11 I~s onpenerrrnorca KaK cpennae BeJIHtIHHbI no <}>yHKUHHM 

3 



pacnpe,IJ,eJIeHIUI g(Z) B ,IJ,H:ana30He lllH:pH:HbI nyxxa 6.z 1'1 h( r/J) B naanasose 
aneprypst rrynxa ~dJ. Tor'na B ypaBHeHH:R:X (9) I (11) H (12) nOflBnflIOTCft L 

cJIe,IJ,yJOlUHe HHTerpaJIhI: 

1<2 
(14)

_1_ r [1 - 8 (I< ) ] d I< ,U (A)
o K2- Kl I< 

1 

1 + Z 0 + cPo (15)
U =± __ I r g(z) r h(¢)OOBI~(A.rp)dcpdZ\p,n 

10. 20(A) 4z o<P 0 - z o - ¢ 0 

+zo + cPo 
(16)1 g(z) r h(¢)U(A)dcp<11'\II,n'

U l,2(A) ± 
4z <Poo -Zo - cPo 

"/(e
1 r s (/C) OOS t/JC\, K) d K 1. (1 7)
 

U(A)
 
2 (1<2 - K 1) +1<1

-K 2 

CHCTeMa ,IJ,Ha¢parM, paCnOITOil(eHHan ncnocpOJ1.CTneHHO nepen .r:r.eTeKTO

pOM, n03BOITHeT perHCTpau,mo acex Het{TpOHon. ieoropsie npOXO,IJ,HT na
 
paCCToHHHH: zn OT onTHtIeCI(OH OC" B ,U.Hana30I-IO Z~ln ~ z D s z ~ax . BCJI~,IJ,

CTBHe sroro npenem-i HHTerpH:pOBaHliR 1<1' I< 2 sunacnr He TOJIbKO OT A no
 

¢OpMyne (3), HO H OT Z H d»: 
(18) 

I< 1,2 = I< 1,2 (At z, <p). 

<1>YHK~HH U(A) BBO,IJ,H:naCb KaK COKpameHHe, M: ee nEUl.O nO)1.CnUJH:Th B ypaB

HeHH:e (16) nepen BhInOnHeHH:eM H:HTerpH:poBaHliFI. Pa3,UeneHHe H:HTerpH:pO

BaHH:H no K B rraa .D;H:ana30Ha Tpe6yeTcH, noror-ty sro npa npHMeHeHH:H uia

poxoro nytIKa nrra HeHTpOHHOH TpaeKTOpl1:H: C I<OopUHHaToi11 z 1= 0 ro-uca


H
BCTpetIH na nnoCKOCTH nerercropa 3aBH:CH:T or 3HaI<:a yrna pacceHHH (3 •
 

HCnOJIb3yH ypaBHeHHH (14-17), cneKTphI BpeMeHH nponeTa (yp. 13)
 
,IJ,JIH 060H:x pe:>KMMOB ,IJ,ei1:cTBH:H Cnl1HcPJIl1rmepa B 3KcnepHMeHTe C 06pa3u,oM
 

B03MO)KHO npe,IJ,CTaBI1Tb cne,IJ,YJOlUl1M 06pa30M: 

(19) fA) 
1 = 1~(A)[Ul,2(A)+UO(A)Ul0.2dX)] +

1,2(A) 

+ 1'0 (A)[ U (A) + UO(A)U20.1dA)]'.
2,1 

H:3 ypaBHeHI1H (14) H (16) crre t
B 3KcnepHMeHTe 6e3 06pa3~a (8 (K) == 0) 

nyer 
(20) 

u0 (A) == 1,' U1 (A) == 0, U 2 (A) == 0 . 

Cnexrpst BpeMeHH: nporrera ' nonyuarorca B 3KCnepH:MeHTe 6e3110 120 
ofipasua H3 ypaBHeHI1H (19) npa npHM~HeHI1I1 ypaaaeaaii (20) : 

+ 
(A) U20 ,10 (A). (21)110 •20 (A) =1 0 (A)U 10• 20 (A) + Ia 

ITo onpeneneamo, nOJIHpI13a~I1H nyxxa netrrponoa nOCJIe ero npOXO)K)J.eHH:H 
uepea MarHIUHoe nOJIe COCTaBnHeT 

B 3KCnepH:MeHTe 6e3 ofipasua: 

Po (A) U10 (A) - U20 (A) 
---= ------ (22) 
Poo (A) UlO (A) .+ U 20 (A) 

B 3KCnepH:MeHTe C 06pa3~oM: 

U (A) - (A) - U20 (A)]PtA) 1 U2(A) + UO(A)[U lO ------------------ (23)
Poo (A) U1(A) + U2(A) +UO(A)[U10 (A) + U 20(A)] 

Cnexrpsr nOnHpH:3a~1111 Po (A) 11 P(A) HOPMI1POBaHhI na nOJIHpH3auHJO ~O(A) 

npar-ioro nyxrca (arccnepuwterrr 6e3 ofipaaua 11 6e3 Heo,IJ,HopO,IJ,Horo MarHHT
Horo nOJIH) . 

Pasaocrs 060HX HOpMl1pOBaHHhIX CneKTpOB nOJIHpH:3auI1H 0603HatIaeT
CH KaK crtercrp AenOJIHpl13aUHH O(A): . 

Wi (A) - U 10 (A) - U20 (A)W2(A)
D(A) = ---------- (24)

Wi (A) + W
2

(A) U 10 (A) + U 20 (A) 

rne BBO,IJ,HJIOCb co xpaineaae 

=U 1,2(A) + Ua(A) U10,20 (A).W1,2(A) (25) 

H3MepeHHaR zienonapasanaa 0 (A) CO,IJ,epJlGiT HH<popMa~Hlo 0 CBOi1:CTBax: 
pacceanarena 8 (K). ITPH OTCyTCTBHH MaJIoyrJIOBOrO paccennaa D (A) ;: O. 
Paanaum,re <pyHKUHH paccermaa 8(1<) no cPopMyJIe (17) ,IJ,OJI)KHbI npHBO,IJ,HTb 
K pa3JIHllHhIM cnercrpar-r ztenonapasanan O(A) . 

3. 4HCJIEHHOE PEIllEHHE 

.II:JIH onpe,IJ,eJIeHHH cnexrpa ,IJ,enOJIHpH3a~HH D( A) Tpe6yJOTcH BhItIHCne
HI1H 'rpexxparnstx I1HTerpaJIOB no cPopMYJIaM (16). ITOCKOJIbKY <PYHK~HH: 

g(z), h(cf;) , 8(K) 11 B (\ K) np0I13BOJIbHhI, a npenensi aarerpaposas 
HHH nepevteanst, TO He06xo,IJ,HMO QHCJIeHHOe HHTerpHpOBaHl1e. 

Ha pHC. 1 H306paJKeHbI .r:r.eHCTBYJOllJ,He 06nacTH no I< .u.JIH ,IJ,Hana30Ha 
,IJ,JIHH BOJIHhI 1 A::; ~ ::; 6 A. 

4
 
5 



__ 

Puc. 1. Otinactu no K OAR ouanasoua 
A,A OAUH eonuu 1:::; A s 6 A, «oropue .MOJl(

6 no peMU306aTb npu OaH1tOU UOMeTpuu 

cnetapouetp« CflH-I.5 

PacceHHHe HeHTpOHOB C nnHHOH 

BonHbl A == 5 A MO)KeT, HarrpHMep, 

npoHcxo,UHTh TonhKO B o6nacTH 

8 . 10 -4A-1 < K < 6· 10 -3A-1 • 

a nnH A = 21 - B-06nacTH 2'1(f3Ai
 
~ K ~ 1,6 . 10 -2A-1. I1TaK, npene


o
 nsi I1HTerpHpoBaHHH K l' K 2 qyBCTBH

TeJIbHO 3aBHCA:T OT A, B MeHbllleH 

CTeneHM Ta~()l<::e H: OT Z H ¢. 
,z::t;nH BblqHCneHH:H HHTerpanoB no Ha3BaHHbiM npliqliHaM acnonsayerca
 

MeTO.u Moare-Kaprro. ,z::t;nH Ka)l(}J.OrO IGUHUla cnexrpa BpeMeHH nponera
 
(r.e . .unH onpe.ueneHHhlx .unHH sonast A) C rtor-touisto rsaeparopa cnyqaHHbIX
 

tUiCen N paa npOH3BO,IJ,HTCH Ha60p nepeMeHHblx z . ¢ Ii K , TaKHM o6pa30M,
 

tITO npa ,IJ,OCTaTOtIHO 6onhllloM N 06pa3ylOTcn pacnpeneneHHH g(z) H h (¢), a
 

TaK)Ke paBHoBecHoe pacnpenerreaae no K • C 3THM cnytIaHHbIM uafopor-r na

pasrerpoa BbIqHCnHeTCH aaaseaae nO,IJ,bIHTerpanbHoro BbIpa)l(eHl1R
 

(26)
lnt (A, K, Z. ¢) = g(z) h(¢) S(K) cos t/J (A, Id . 

O,IJ,HOBpeMeHHO onpe,IJ,enRIOTCH TaK)Ke OCTaJIbHbIe nO,UbIHTerpan:bHhIe nsrpa

)KeHHH ypaBHeHHH (i4) H (15) C TaKl1M )l(e Ha60pOM napaMeTpOB.
 

Yron npeneccaa no <popMyne (4) 3aBHCHT OT 3HaqeHHH nona B s (A, K) ,
 

icoropoe, B CBOro osepens , MO)l(HO BbIpa311Th I(aK <PYHKUl1lO paCCTORHl1R
 

rpaetcropan HeHTpoHa OT OnTHqeCKOH OCH B MarHH:THOM none. 113 reOMeTpHH
 

pacceHHHH cne.n;yeT
 

zina HepacceRHHhIX HeHTpOHOB:
 

(27a)
 
z F = z + b tg ¢,
 

}J.JIH pacceRHHbIX HeHTpOHo'B: 

A	 (276)
z F = z + (b - p) tg ¢ + P .tg(¢ + - K ) ,
 

2"
 
rne	 p = paCCTOHHMe MarHl1T - 06pa3eQ, b = paCCTOHHHe MarHIiT - BhIXO.u 

'i~ 
nOnHpl13aTopa. 

113 acex Int B snaneaae COOTBeTcTByroIIJ;erO mrrerpana BXO,IJ,HT TOJIbKO 

're, ,IJ,nH KOTOpbIX HeHTpOH, xapaKTep113yeMblH napaMeTpaMH Z, ¢ , K , no

nanaer aa ,IJ,eTeKTOp, T.e. rcorna paCCTOHHl1e zD TOqKH BCTpeqH OT OnTl1QecKoH 
I 

OCH	 HaXO,UHTCH B ,IJ,l1ana30He I 

Z min < [z I < z max (28) I. 
D - n ' - 0 ' II 

I 

6 

Puc.	 2. f!>YHKl{lfu ll' 1.2 U D 63a6UCUMOu 

'·0.1

··0 

.L L ...LL.l__..L..l__....LL. I I I I I

1 2 3 4 5

p.r··--··	 DIAl1,2
CTU OT A. JJ.OAR paccenuuux HeuTpoH06 

COCTa{JAReT 10%. B = 6.10 -5 TA, 0,04 0-2eo
 
z == 1,5 .10-2 M, N= 2 .10 3,
 

FH 

0,02 

KOTOphIH OnpeneJIHeTCH CHCTeMOH 

naadiparr-r nepen nerercropor-r. 
113 reOMeTpHH paCCeRHl1R cnenyer ° 

.n;JIR aepacceaansrx HefnpoHoB: 

z D =	 z + (b + d) tg ¢ , (29a) 

,IJ,JIRpacceaaasrx HeHTpoHoB: 

A z D = z + (b - p) tg ¢ + (p + d) tg(¢ + ~K),	 (296) 
t 

rne	 d = paCCTORHl1e MarHl1T - nerercrop. 
TOqHOCTl1 BhIQl1CJIeHHH <PYHKIJ;l1H Lb, U20 , U1 11 U2, KOTOpaJI ynoaU10, 

JIeTBOpHeT acewr Tpe6oBaHHHM, MO)I(HO .n;oCTl1rHYTb C N::::: 5 . 10 3 . 

Ha pHC. 2 H306pIDKeHhI <PYHKQl1l1 U 1 (A) 11 U2 (A) , rcoropsre conepscar 
<PYHKQI1IO paCCeHHl1R S(K) , a TaK)I(e cnercrp .n;enOJIHp113aJ..u·m D(A) . IlTo6hI 

BOCnpl1RTl1e 11306pQ)l(eHHH He HCKQ)I(aJIOCb 60nbllUiM tIl1CJIOM KOJIe6aHl1lf, 

HcnOnb30BaJIOCb vraneasxoe aaaseaae B s = 6 . 10 -5 TnM npn norryumpaae 
nOJIH Z FH = 0,015 M B z -aanpaaneaaa. Pe3YJIbTaT rtorryxea C N = 2 .10 3. 
SToro 3HaqeHl1R nocrarosao, QTo6hI, C O.n;HOM CTOpOHhI, ofiecnevarr, TOtIHOCTb 

11306pa)l(eHl1R a, C .n;pyroH - noxaaars CTaTI1CTHtIeCKHe <PJIYKTY3.Ul1l1, ztaaae
MhIe MeTo.n;OM Morrre-Kaprro. Hecsiorpa aa TO, qTO B 3TOM nparaepe pac
ceHBaIOTCR ronsxo 10% ncex Hel1TpOHOB npar-roro nyxxa, B03HIiKaeT 3<p<peKT 

nenonapaaauaa nopanxa 20%. 
Ilpa BhlIIOJIHeHHH arccnepawierrra neofixonar-ro nsrfipart, aMIIJIl1TY.n;y 

B 80 = B s (0) Ii rpazmenr aB s! az neonaoponaoro MarHl1THorO nona TaK, 

tITo6hI )J;JIH <pH311QeCKl1 mrrepecnoa )J;JIHHhI aonasr A B03HHKaJI HaH60nblIIHlf 

3<p<peKT nenonapaaauaa. 06pa6oTKs' H3MepeHHhIx AaHHhIX OKa3bIBaeTCR 

Ha1160nee npOCTOI1, xorna aarerpan no nYTH HelfTpoHa B nOJIe JIl1HemlO 

yxrensuraerca C paCCTOHHl1eM zFOT OnTIitIeCKOH OCl1: 

ZF 
B 8 (z F) = B so [1 - -- ], (30)

zF'H 

rne	 zFHo603HaQaeT rrorrymapaay nOJIR. 

113 <popMynhI (4), npn HcnOnb30BaHHl1 reOMeTpl1tIeCKOrO COOTHOmeHl1R 

Z F = P () H nOnCTaHOBK~ ypaaaeaaa (3) C nOMOIUblO .n;l1<p<pepeHIJ;HpOBaHIiH, 

cnenyer 

7 





I 
i Puc. 3. Heotixoouuoe IIUCIIO OTClJeT08 I 

10 5 L 
8 «anane cnetctpa BpeMeHU nponeta 8 sa
BUCUMOCTU OT a6col1JoTHOU olUu6KU oeno
J1JlpU1al{UU ~Du OTUCXOOHOU nonspusauuu 
Po OJ1Jl P00 = 0,8. 

110" 

{ 

H3MepeHHH ,nOCTaT04HO rrormoe 4HCnO ~ 
KaHaJIOB 200. TaKHM 06pa30M, B 
Ka)f()J.OM axcnepar-terrre aano perncr
papoaars npar-repno 10 8 HMnynbcoB, 
4TO na cnexrporaerpe nonHpH30BaH
HbIX Hel1:TpOHOB CTIH-1 rpefiyer ape
MeHH H3MepeHHH npar-iepao 10 xa

·COB. 'I'axoe BpeMH H3MepeHHH cpaa

'Ol 

Pao =0.8

" "-

PO.09~: 
II ., I HHMO C 3aTpaTaMH rtna npyrnx 

o 0.01 0.02 0.03 i,. 0 3KcnepHMeHToB. 

4. :pE3YJIbTATbI BbJl.IHCJIEHMI1 

JJ.nH BbI4HCJIeHHH oxcaztaeraoro 3<p<peKTa ,nenOJIHpli3aUHH D (A) no 
diopxryrre (24) paaaaaarracs npor-par-rr-ia, KOTOpaH n03BonHeT TOqHO onpene
JIHTb <PYHKIJ;HH Uo , U10 ' U 1 H U2 C nOMOI.IJ;blO MeTo,na Monre-Kaprro,U20 , 
yqHTbIBaH reor-rerpmo pacceaana H napaxrerpsr neonaoponaoro MarHHTHO
ro nOJIH. C nOMOI.IJ;blO 3TOH nporpaMMbI HCCJIe,nOBaJIaCb 3aBHCHMOCTb neno
JIHpH3aIJ;HH D(A) OT anna <pyHKUHH pacceaana, OT reOMeTpHqeCKHX napar-rer
pOB arccnepar-reara HOT napar-rerpoa nOJIH. 

JJ.JIH onpeneneaaa qYBCTBHTenbHOCTH <PYHKI.J;HH D(A) K H3MeHeHHlO 
napavrerpon <pyHKUHH S (K) acerna HcnOnb30BaJIHCb TpH paanauasrx <PYHK
UHH pacceaana rnna <pyHKUHH Jlopenua: 

AO 
S(K) = -~~-I _ A 2 (34)1 

1 + 4 ( A )
 
2
 

rne A 0 0603HaqaeT ar-rrtrnrryzry, A 1 - nOnO)KeHHe ar-mmrrynsr H A2 nony
lllHPHHY KpHB,OYl: S (K ) • 

Ha pHC. 4 H306pa)KeHbI 3TH TpH <pyHKUHH· pacceanaa. A xmmrryztsr 
BbI6paHbI TaK (0,256, 0,162, 0,182), qTO )l;JIH acex rpex cnyxaea BO acesi 
naanasoae ,nJIHH nornrsr 1 A. < A <6 A. B cpenaer-i pacceasarorca 10% nanaro

I.IJ;HX HeHTpoHoB. AMnJIHT~,n~ A o ztpyr OT npyra C,nBHHyTbI aa 0,0025 A.- 1 

10 

~6(A)'%1 -. 1 1Sr

I i 
I ioJ\ 

(\ 1. + 
\ I \ 

I

i 
... I, I, " I \ I, X \ 

I 
I 

1\
\ 

\ .I 

, I
I I

I'
" 

I 

" \0.1 ~: \ . " 
\
\ 

\\ .
 
\ \
 2 3 4 5 ).,A 

\' 
\, .,......... 

3 

Puc. 5. Cnetctpansnue pacnpeoenenus 
ueiitponoe on» tpex if)YHKllUU S (K) • 

.'""""'-.-....-.--.. 
---. .. 

0.005 0.010 

Puc. 4. Tpu pasauunue if)YHKllUU pacces
HUJl S(K) , on» KOTOpblX ooa» paccesu
nux ueiitpouoe COCTa8ilJleT 10%, ucnons
syeuue oanee 8 pacuetax. 
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D[AI 

0.20 

0.15 

O'f 
I 

I 
3 
I 

i 

x • 4.57.10-3 Tn I	 " 

/
I 

"	 0.2 

3	 2 1'" 0.1 I II" 
~ 

.	 I 
/ / I " 0.1 

/" ~,/~/ 
~~ 

2 3 4 5 A.A 
o 

Puc. 8. AMMUTyObl OenOIlJlpU3al/UU D(\) Puc. 

OIlJl Tpex fPYIlKl/UU S(K) '. . X = OIlJl 

i : ,.I ., 
0.10 t .1/, 

16
./ 

..J I' 
1 

~p! 
i,' • 

2.8 3.63.2 2	 5 A,A 

0.05 ~ .' p	 C.1 

DIAlPuc. 6. Ilenonnpusauus D(A) OIlJl tpex ol.i\l 

0.3~	 x ~ 3./,3 10-3 TJIfPYIl Kl/UU S (K ) OIlJl A = 3,4 A. 
-3 T /.- ..........
X=3,75 ·10 n. 

0.3.I \
I /,.~- ..., \ 

Puc. 7. AMMuTyObl oenonnpusauuu 
iD(A i ) OIlJl tpex fPYIlKl/UU S (K) .. . X 0.2 
. 

4,57.10-3 Til. I 
.i ," 

DIAl I 

-3 
x=2.29·10 TJI 

r:: 
,I 

, I

V''/L 

/I
./

//
// 

3 / 2"1 
./ ~
 

././ ,,/"
 

/./ ~ ...... ""
 
,-.,,-.,,-" 

2 3 4 5 A,A 
9.	 Aunnutyou OenOIlJlpU3al/UU D(A i) 

rpex fPYIlKl/UU S(I(). x. = 
= 3,43· 10-3 Til .	 2,29 . 10-3 Til, 

Ha pHC. 73TH aIVInJIHTyp;bI p;enOJIRpH3aIJ;HH H306paJKeHbI B 3aBHCHMOCTH 
pacceaaaa pasnasaste CBOHCTBa 06pa3UOB npHBOp;RT K 3KCnepHMeHTaJIbHO 

OT A. OTHoIlleHHe X = 4.57 . 10 -3 Tn naer ~t/J = TT P;JIR A ::::: 2,5 A ( I -H 
xopomo H3MepReMbIM H3MeHeHHRM cnercrpa D(A ). YBeJIHqeHHe cpenaero 

MaKcHMyM). MHHHMyM <PYHK~HH D (A i) P;JIR A <= 3,3 A COOTBeTcTByeT 
3HaqeHHR K (CM. pHC..4) npHBoP;I1T K YBeJIHqeHHRM aMnJIHTyp;bI H nJIOI.I.J;a,IJ;H 

~rfr = 2TT • Taxyro pa3HOCTb yrna npeueccaa 3KcnepHMeHTaJIbHO HeJIb3R 06
naxa <pyHKUHH D(A) aa MeCTe A <= 3,4 A. 

sHapyJKHTb. BTOpOH MaKcHMyM MR A :::: 4,4 A COOTBeTcTByeT ~l!~ =7 3tr. He
COOTHOIlleHHR aMnJIHTyp; COCTaBJIRIOT 

nOJIb30BaHHble TpH cPyHKUHH pacce-

RHHR H B 3TOM npar-tepe npaaonar K8 1 : 82 : 8 3 = 1, 00 : 1,35 : 1,67 . 2.5
3HaqHTeJIbHbIM pa3HHuaM, cnexr

PaJIbHbIX pacnpenerreaaa D (Ai)0, /-"',\ 
COOTHOIlleHHR llJIOI.I.J;ap;eH nHKOB COCTaBJIRIOT /Ha pHC. 8 H 9 npencraanensr V / 

cnercrpansmae D(A i ) pacnpenerreaaa /' <">,: 8 2 : 8 = 1,00 : 1,21 : 1,30 . . / "81	 2.03	 D(A i) npa 60JIee HH3KHX aanpa / / , ,. I 
JKeHHOCTRX nOJIR C X = 3,43· ".3H3MeHeHHe aMnJIHTyp; na 30 -7- 60% H llJIOI.I.J;ap;eH aa 20 -7- 30% MOJKHO 
.10-3 TJI H coornercrnenno 2,29· /' I 

. Ionpenerrars C OIllH6KOH ~D::::: 0,01, cooraercraeaao ~D/D ::::: 5%, TaK KaK 
. 10 -3 TJI. IIoJIoJKeHHe HaHJIyqIlleH /'

/ 
/ 

I 

OHH npensnnaror CTaTHCTHqeCKHe <pJIyKTyauHH H3MepeHHblx P;aHHbIX aa 1.5 
./

./ "206JIaCTH H3MepeHHR npa 3TOM CABH
nopRp;oK.	 • ,raIOTCR K 60JIee BbICOKHM MHHaM 

OnHCaHHbIH asnne cnocofi H3MepeHHR 6) npOBepRJICR npn 60JIee BbICO
". 
,,"

BOJIH A = 3,5 A H COOTBeTcTBylOT //
KOH HanpRJKeHHOCTH nOJIR 8 . 10 -3 TJI 11 C TaKOH JKe npOTRJKeHHOCTblO B 

"",/2	 . 4 5,0 A . 3<p<peKT p;enOJIRpH3aIJ;HH P;JIRY-HanpaBJIeHHH 4 .10 - M. H3 3THX p;aHHbIX cnenyer B = 3,2 .10- TJIM.
 
2


C	 60JIbilleH nOJIyIllHpHHoH Z FH == 7 • 10- M C03p;aH npH6JIH3HTeJIbHO TaKoH 

JKe rpanaear nOJIR, KaK B npasiepe a). B pe3YJIbTaTe 60JIbillOH HanpRJKeH

Puc. 10. K03fPfPUl/UeIlT YCUIlellUJl V OIlJl


HQCTH nOJIR B naanasoae 1 A :s A :s; 6'1.. B03HHKaIOT acero 12 KOJIe6aHHH, 
tpex fPYIlKl/UU S(K) 8 3aBUCUMOCTU OT 

min '-3H H3 cnexrpa D(A) MOJKHO H3BJIe% 24 aMnJIHTyp;bI D(A i) B TOqKaX Ai axcne
0

zD . B 0 = 6 .10 Til A = 3,5 A ,
pHMeHTaJIbHbIX 3HaqeHHH. 

Z FH = 7 . 10 -2 M. 

A= 3.5 A 
B =60 Oe" ...' , ... '" 

1.0 

13 
12 



10% paCCeJlHHhIX nefrrponoa YBeJIHlIHBaeTCH na 30%. C nOMOIl.J,blO peryrra

pOBaHHH HanpH)KeHHOCTH nOJIH' acerna MO)KHO yCTaHaBJIHBaTb 06JIaCTb HaH

60JIbilieH lIYBCTBHTeJIbHOCTH na xcenaevryro ~JIHHY BOJIHhI A, npauevr xya
CTBHTeJIbHOCTb K pa3JIHlIHhIM cPyHKU;HHM pacceaaaa COXpaHHeTcH. 

C 3THMH napar-rerpar-m nOJIH (KaK na pHC. 8) HCCJIe~OBaJIOCb BJIHflHHe 

HH)KHerO npenerra HHTerpHpoBaHHH K 1 (KOTOphIH pearrasyerca zraadiparwroa 
nepen ~eTeKTopOM C Z ~ln > 0) na 3cPcPeKT ~enOJIHpH3aU;HH. _ 

Ha pHC. 10 H306pa)KeH K03cPcPHUHeHT yCHJIeHHH V = 0/ (1 - U 0 ) 

r.e. MaKCHMaJIbHaH, na ,~OJIlO pacceaaasrx HeHTpoHoB HOpMHpOBaHHaH neno
JIHpH3aU;HH, B 3aBHCHMOCTH OT Z ~in. <l>yHKU;HH pacnpe~e;:teHHH g(z) H h (¢) ~ 
npH 3TOM TaK nO~rOHHJIHCb K 3KCnepHMeHTy, liTO B nJIOCKOCTH ~eTeKTOpa 

norrysaerca H3MepHeMOe HHTerpaJIbHOe pacnpenerrenae no HHTeHCHBHOCTH 

B z -HanpaBJIeHHH. K03cPcPHU;HeHT yCHJIeHHH V ,paCTeT C YBeJIHlIeHHeM z~in 11 

~OCTHraeT MaKCHMaJIbHOrO 3HalleHHH npa z ~ln "" 4 . 10-3 
M (3TO COOTBeT

crayer 3KpaHHpOBaHHlO npaxroro ny-nca ua 25%). . 
TaK KaK lIHCJIO OTClIeTOB YMeHblllHTCH C pOCTOM Z ~ln , He06xo~HMO 

HaHTH KOMnpOMHcc Me~y K03cPcPHU;HeHToM yCHJIeHHH H lIHCJIOM OTClIeTOB. 

B .u;aHHoM cnyxae MO)KHO 6hillO 6hI B arccuepar-renre HCnOJIb30BaTb anaseaae 
z~m "" 3,4' 10-3 

M.
 

,UJIH xaacnoro KOHKpeTHoro axcnepar-rexra yCJIOBHH MO)KHO acerna
 
yCTaHaBJIHBaTb	 TaK, liTO K03cPcPHU;HeHT yCHneHHH V "" 2. B CpaBHeHHH co 

3HalleHHeM O(A) MH Z ~in = 0 naxce 
~OCTHraeTCH V "" 3. 1-'13 pHC. 3 MO)KHO 

C~eJIaTb BhIBO~, liTO B 3TOM crrysaeo ~_.. 
BpeMH H3MepeHHH CHH3HTCH aa nopa
~OK MH ~OCTH)KeHHH TaKOH »ce OT

+0.1 ~ 
HOCHTeJIbHOH 01llH6KH. 1-'13 pHC. 10 
BH~HO, xro MH pa3JIHlIHhIX cPyHKU;HH 

pacceanaa noJiYllaIOTCH paananasreI 

°1 crrercrpansm.re pacnpenenenaa yCHJIe

HHH V, 3TO MO)KHO ~OnOJIHHTeJIbHO 

HCnOJIb30BaTb J1.JlH onTHMH3auH11 lIyBi 
I	 CTBHTeJIbHOCTH MeTo~a. 

-0.1 [ 
TaK KaK H3MepHeMhIH '3cPcPeKT 

~enOJIHpH3aU;HH 3aBHCHT OT reor-rer

1 pHH pacceaaaa, HCCJIe~OBaJIaCb ero
 

+0.1\ B r ,
 3aBHCHMOCTb OT JIHHeH;Horo pacumpe
HHH 'nparaoro nysnca B Z -HanpaBJIeHHH 

npa z £jin = 5 . 10 -3 MHZ r;ax= 

.~
 =2·10-2 
M .
 o 

Puc. 11. Cnetctpsi oenonspusauuu D(A) 
OIlJl tuupunu nystca a) 3 MM, 6) 6 MM,

-0.1 
8) 10 MM, 2) 15 MM. Hcnonssoeanu cjJyHK

6 0 uus paCCeJlHUJl N°2 U napauetpu ouacjJpa23 4 5 
j\.A Mbl z Di~ 5 MM, zT>ax= 20 MM. 

2 3 4 5 6 2 

Ha 'pHC. 11 H306pa)KeHhI cnercrpsr ~enOJIHpH3au;HH O(A) .IJ.JIH pacuiape
HHti nysnca 3, 6, 10 H 15 MM. ):(OJIH pacceannsrx aeiirponon COCTaBJIHeT 10%. 
I1cnoJIb301;3aJIaCb cPyHKU;HH pacceanarr N~2 pHC. 4. 

BH~HO, liTO MaKCI1MaJIbHhle 3HalleHHH aMnJII1TY~ ,n:enOJIHpH3aU;HH ~O 

pacuiapeaaa 10 MM Mano H3MeHHlOTCH H liTO OHI1 COCTaBJIHlOT 60JIbille 10%. 
TaKHM 06pa30M, Ka)KeTCH B03MO)KHhIM HCnOJIb30BaTb OTHO~HTeJIbHO pacunr
peHHbIH nysorc, liTO nsrronao OTpa)KaeTCH na CTaTHCTHKe sxcnepar-reara. 
C 113MeHeHHeM pacurapeaaa rry-nca, O~HaKO, 3HatmTeJIbHO H3MeHHeTCH 06

JIaCTb ,n:JI11HhI BOJIHhI HaH60JIbilleti lIYBCTBHTeJIbHOCTI1. Ha nparcrnxe neofixo
~HMO YllHThIBaTb 3TOT cPaKT BMeCTe C BhI60pOM HanpH)KeHHOCTH, rpanaeara 
nOJIH 11 reOMeTpHH ~HacPparM. 

5. 3AKJU04EHI1E 

Teoperirsecxoe pac<::MoTpeHl1e npoxoxczteaaa nyxxa nOJIHpH30BaHHhIX 

reruroasrx HeHTpoHoB lIepe3 neonaoponnoe MarHHTHoe nOJIe noKa3hIBaeT , 

liTO cnercrpsr nOJIHpH3aU;HI1 Po (A) H P (A) , asr-repeansre C nOMOIl.J,blO r-rerona 
BpeMeHI1 nporrera B srccnepavtenrax 6e3 ofipaaua H COOTBeTCTBeHHO C 06pa3

U;OM, ~OJI)KHhI OTJIHlIaTbCH npyr OT zipyra. Crpyrcrypa nonyxaer-roro cnercrpa 
,n:enOJIHpH3aU;HH 0 (A), HBJIHlOIl.J,erOCH pe3YJIbTaTOM pacceaana HeHTpoHoB, 

3aBHCHT OT cPOPMhI cPyHKUHH pacceanna S (K ) • I1cnoJIb30BaHHe rrpeueccna 
cnnaa B aeonnopornror-r nOJIe orrcpsraaer B03MO)KHOCTb 06Hapy)KeHHH MaJIO

yrJIOBOrO pacceaaaa HeHTpoHoB H 6e3 npOCTpaHCTBeHHoro OT,n:eneHHH pacce

HHHhlX H nepacceamrsrx aeirrponoa. nO~Xo~HmHH BhI60p ~l1acPparMbI ne
pen zierexropovr, C noxioutsro KOTOpOti MO)KHO KaK cPHKcHpoBaTb p,eHcTBylO

mHH ~Hana30H no K, TaK 11 3KpaHHpOBaTb uerrrpansnyro sacn, npar-ioro nyx
rca, asrasraaer yCHJIeHHe 3cPcPeKTa ~enOJIHpH3aU;HH. 

Ilpn reoperasecxor-r paccr-rorpenaa npennonaranocs, liTO HetiTpoHHbIH 

cnan HeanHa6aTHlIeCKH npOXO~HT lIepe3 rpaaauasre 30HhI HeO.IJ.HOpO~Horo 

nOJIH H liTO MO)KHO BhIlIHCJIHTb yrOJI npeueccaa W ~JIH KaiI<~OH: rpaercropna 
HeHTpOHOB H3 cpenaea HanpH~eHHOCTH nOJIH. O~HaKO aa nparcrmce xoaes
HaH KpyTH3Ha cPpOHTa npeueccaoaaoro nOJIH H HeH36eil<Hhle nOJIH B03Myme

HHH npHBO~HT K TOMy, liTO HeHTpOHHhIH crnnr npoxorurr lIepe3 spauraiouree
CH MarHHTHoe nOJIe, icoropoe yxce 6e3 pacceaaaa aa ofipaaue MOiKeT rrpn
BO~HTb K ,n:enOJIHpH3auHH nyxxa. B TaKOM crrysae cooTBeTCTBeHHO yMeHb

lllHJICH 6hI O)KH,n:aeMhIH 3cPcPeKT .IJ.enOJIHpH3aU;HH. n03TOMY ,n:JIH peaJIH3au;HH 

MeTo~HKH nOJIe3HO nO~TBep~HTb 0)K~aeMhn1 3cPcPeKT ~enOJIR:pH3aU;HH 

C noxroun.ro MO~eJIHpOBaHHH axcnepar-rerrra B HaH60JIee peaJIHCTHlIecKHx 

yCJIOBHHX HCnhITaHHH. 3TO rpefiyer BhIlIHCJIeHHH yrrra npeueccaa r/J nOCJIe 

npqxo~eHHH xepes nOJIe C nOMOIl.J,blO peureana 'ypaBHeHHR .IJ.BH)KeHHH crnnra 

C B = B (t) B~OJIb HH,n:HBH~yanbHoH rpaercropaa B 3TOM nOJIe. Pe3YJIbTaThI 

raxoro MO~eJIHpOBaHHH axcnepnr-rerrra npe~CTaBJIRIOTCH B p~60Te /2/. 
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, The Way of Discovery of Small Angle Scattering of Polarized 
Thermal Neutrons. Theoretical Establishment 

The theoretical establishment of possible evidence of small ang
le. scattering of polarized thermal neutrons is derived. After scattering 
the neutron beam covers an inhomoneous magnetic, in which the 
'precession angle depends on the change of neutron impulse. By means I 

ot. the time-of-fli?ht method it is possible to measure a depolarization 
spectrum D(A), which contains the informatiol1. on the small angle 
scatteringvThe relationship between the scattering function S(,.:) and 
th~ -measurable depolarization spectrum D(A) is derived. The results 

,lof ,research of the influence of scattering parameters, magnetic field 
parameters and geometrical. parameters on the depolarization spect
rumare discussed. 

PyKonHcb nocTynHJIaB H3)J.aTeJIbCKHH OT)J.eJI 
• J The investigation has been performed at the Laboratory of Neu

28 )J.eKa6pR 1988 rona. tron Physics, jINR.. 
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