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s .... ..,. 
.otic a011eat effect ia polarization at ... 11 aacl• ba..,.on

erinc is considered. For electroaacaetic contribution to the 

tterinc aaplitade we ha•• (S) with ki .... tics in (1). For , \. 

-aass aaplitade (6) we baYe (7a) and (8) and also the la-

in (7b). For a aaall-aacl• caae we baYe (11) and (12) for 

of neutral and cbarced b • ..,..... xa the case of neutron 

yperon scatteriac we haYe (13) for the total aaplitade 

- badronic aaplitud .. ). 
s-waYe neutron-nucleus scatteriac new experiaeata on Wolfea

.eter A. aeasur011ent with the iaitial polarized neutron beaa 

intereatinc at aaall aacl ... A.a ia ahowa in (17), (18) and 

sureaent of the A. paraaeter ia the ceaditiona of lachair'• 

periaent ci•es a poasibility of direct reconatruction of the 

the acatteriac aaplitude(not only the modul).When (14) is 

e scattering aaplitude relation (21) is Yalido For the neutron 

, say, o.s MeV, the atoaic acreeaiac becoaea iaportant. In 
aation (23) is Yalid for the acatteriac aaplitade. In this 

her inYestication of neutron-electron acatteriac becoaes 

high energies where badronic aaplitudes are eaaeatially 

e polarization P 
0 

becoaes close to 100~ at ... 11 t M in 

(28). The Yalue and the sica of polarization at ... 11 t ia 

the Yalae and the sica of the baryon aacaetic aeaeat. This 

deteraiaatioa of byperoa aDd anti-neutroa aacaetic 

arization effects in ... 11 aacle charged baryoa-nucleons 

net polarization effect ia atroacl7 reduced ia Yalue when 

neutral baryon scattering due to tbe effect of aoa-spin 

charge-charge iateractioa. See (31)-(36) for aaplitud .. , 

on and polarization effects when relatiYe pbaaes of badronic 

gentic aaplitudea are neglected (see Beth./
4

/ and /l/in this 

For the polarization of scattered protona at ... 11 aacles 

we haYe (39) and (40). At hip eaern there is a ... 11 

Yal where polarisation effects due to aacaetic aoaeat later

not aaall. The difference in the electroaacaetic iateraction 
a and pnetona, e.g., giY .. riae to the non-... 11 Yiolation of 
ediction for polarisation effecta at ... 11 t eYeD wbea baryona 
·red by nacleona with aero iaospia. '!he aaalocona atateaeat is 
the polarizationa of nacleona and byperoaa in the fraae of the 

,try. 
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1. BaeJleHHe 

np11 ll0Bbllli9HHII TO"'HOCTH 3KCll9pHM9HT8nbHbiX HCCn9JlOB811Hll nonSipH-

38UHOHHbiX SIBneHHH H pacnpoCTp8119HHH HX B o6naCTb ManbiX yr·noB paCCCSI

HHSI (ManWX 3H8"19HIIH KB8Jlp8T8 nep9Jl8HHOrO HMllYflbC8 - t ) CT8IIOBHTCSI 

Cy!lleCTB9HHbiM BnHliiHHe, H8pS11lY C CHflbHblMH, T8K>Ke H 3fl9KTpOM8riiHTIIbiX 

naaHMOJleiicTBHii. CaMo HccneJlOBaHHe nonSipH38UHOHHbiX SianenHii npH ManbiX 

SIBnSieTCSI "'yBCTBHTenbHbiM MeTOilOM onpeJl9fl9IIHSI 8Mlli.HTYil CHflbllbiX 

B38HMOJl9HCTBHH ( "8/lpOHHblX 8MllnHTYA") npH M8flbiX 
, 8 T8Ki:<e IlpHr'OAIIO 

AnSI H3Bfl9"19IIHSI HH<jJOpMBUHH 0 B38HM0Jl9HCTBHSIX, COAep>~<8lli9HCSI B AHarpaM

M8X OAHOllHOIIHOrO (OAH06030HHOr'O)H 0/lHO<jJOTOHHOr'O 06MeHa. 

nnSI pacceSIHHSI ·MeJlneHHbiX ( "' 1 Mas) HeiiTpOHOB 6eccnHIIOBblMH SIA

paMH aneKTpOMarHHTHbl9 a<jJ<jleKTbl B nonS1p!f38UHH 6binll anepBbl9 paCCMOTpe

Hbl B 1948 rOAY illBHHrepoM /1/. KaK 6binO noKa3aHo HeJlaBHO /2/, (eM. 

T8K*9 / 3 /) npH o6o6rueHHH 9TOr'O p8CCM0Tp9HIISI AnSI paCC9SIHHSI 6eCCllHH0-

BbiX M930HOB HyKnOH8MH yqeT, H8pSIIlY C aApOHHbJMH, BKn8A8 OAHO<jJOTOHHOH 

llHBrpaMMbl npHBOJlHT K 38M9THbiM a<jJ<jJeKT8M, KOT0pb19 He06XOilHMO Y"'HTbi

B8Tb npH CT8THCTH"'9CKOH o6pa6oTK9 peaynbT8TOB Y*e npoaeAeHHbiX 9KCne-

pHM9HTOB npH Bb!COKHX 9HeprHSIX. 
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B aacrosnueit paoore paccMaTpusaeTcSI BnHSIHHe sneKrpoMarHHTHbiX 

saauMolleiicTBHit Ha nonSipuaaunoHHbie siflifleKTbi npu ynpyroM pacceSIHnu 

HyKnoaos u rnnepoaos oeccnuaosbiMH SlllpaMH. Oocy)l(llaeTcSI B03MO)I(Hocrb 

H3MepeHHSI napaMeTpos nosopoTa cnuaa npu pacceSIHHH aa Manbie yrnbi 

HeitTpOHOB C SHeprHSIMH OKano 1 Mss H onpelleneHHSI lleitCTBHTenbHOit 'ISCTH 

BllpOHHOit BMnnuTyllbl Bnepel{, C03_qBHHSI nonS1pH30BSHHbiX ny'IKOB HeitTpOHOB 

BbiCOKHX aaepru:ii H onpet:leneHHSI MaranTHbiX MoMeHros runepoaos. KpaTKo 

oocy)l(.z:laeTcSI BnHSIHHe KynoHOBCKoro saanMOlleitcrsuSI, KOTopoe llnSI pacceSI

HHSI MellneHHbiX 3SpS1)1(9HHb!X 08pHOHOB CHnbHO YM9HblliaeT BnHSIHHe CnHHOB0-

38BHCSilli9£'0 sneKTpOMaf'HHTH0£'0 B38HMOll9HCTBHSI Ha nonSipH38UHOHHbi9 SIBne-

HHH npu ManbiX yrnax pacceHHHH. 

2. AMnnnTYna sneKTpoMarHHTHOI"'o saanMoneHcTBH« 

C v'leTOM CnHHa oapHoHa 

PaccMoTpeaue BKnaAa OAao¢oTOHHoit nuarpaMMbi B HHBapnaHTHhie aMn

nnTYAhi Obi.r.o npoBeAeHo B 12,31. (CcbmKu Ha 121 AaJOTCSI nanee KaK aa 

pa6oTy /1
1

). 3Aecb AOCTaroqao aanucaTb aMnnnryAy u Bbipa)i(eHHH AnSI 

Ha6nJOAaeMbiX senn'IHH B cncTeMe noKOSI 6eccnuaosoro SIApa. 

Ecnu 0003H8'1HTb qepea M H m MBCCbl oapuoaa H H.Qpa, qepea k -

3-nMnynbc B c.u.M., qepea P L ( q L 
3-nMnynbC B CHCTeMe nOKOH SIApa 

( oapuoaa), 'lepea T L- KHHeTuqecKyJO, a 'lepea E L nonay10 saepruu 

08pHOHa B CHCTeMe nOKOSI HApa, TO nel'KO ybeAHTbCSI B TOM, 'ITO ( 0 
yron pacceSIHHH B c.u.M.) 

2 
s = ( M + m) + 2m T , 

L 

2 2 2 2 2 sk = m p = M q , 
L L 

2 M T -I 2 L 
k /p = [( 1 + -) + 2-] 

L m m 

4 

m 2p 2 

-t/ 4M 
2 

= 
2 

L sin 2
0 I 2, 

M s 

(s -u)/4m = E + t/4m. 
L 

( 1 ) 

1,,~1 • 

' 

J ~ 

tli 

\! • I 

1/ 
'I 

J 
.-.\·~ 

.;~l;'i 

+ 

Yfa (1) H iflopMyn paOOTb! 1 (15,1) H (16,1) HM991\; 

da 
0 

dt 

4 4 
m p L 

--r 
4M s 

1 

1 fi TT 

M2 2 

2 2 
m p L 

[( 1 + 2 

M 

m 

I B 1 2 
sin 2 0 

m 2 p 2 

(1 + L . 2 
M 2 s s'n 0/2) 

p2 20 ,2 
sin -) I A I · 

s 2 

AnSI Anifliflepeauuanbaoro ceqeauSI pacceHHHH aenonSipnaosaJ 

H 

p 
0 

da
0 -dt 

sin 0 f m (A ' B*) 

16" ..,;-;-

AnSI nonS!puaauuu, B03HHKaJOweA npu pacceHHHH aenonSipuac 

6apuoaos ( nnu AnSI BKnaAa B neso-npasy10 aCHMMeTpuJO CE 

nonS!puaosaaaoro ny'IKa 6apuoaos). 

KaK cneAyeT ua (1) u (21,1), HHBapnaHTHaSI aMnnnT~ 
AeneHHBSI B ( 14,1), HOpMHpOBaHa ycnOBHeM 

fm A' (0) 
k.J-;
M 

a 
tot 

mPL 
-a 

M tot 

BKnaA OAHo$oroaaoro o6Meaa s HHBapnaHTHbie aMnnu1 
B 

nnSI ynpyroro pacceSIHHSI nono)l(nTenbHo-3apSI)i(eHHOI"'o •• 
¢aKTOp8MH G E 

iflopMiflaKTopoM 

B BHAe 

H G M B KynoaosCKOM none Ze /r 6eccnua' 

F, KaK cneAyer ua (29,1) u (28,1), MO)I(I 
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eA pa6oTe paCCMaTpHBaeTCH BnHHHHe aneKTpOMarHHTHhlX 

Ha nonHpH3aUHOHHbie acpcpeKTbl npH ynpyrOM pacceHHHH 

epOHOB 6ecCTIHHOBblMH HJlpaMH, 06cy:lK)laeTCH B03MO:lKHOCTb 

MeTpOB TIOBOpOTa CTIHHa TipH pacceHHHH Ha Manhie yrnhi 

eprHHMH oKono 1 MaB H onpeaeneHHH aeAcTBHTenbHoA qacTH 

TYJlhl BTiepeJl, C03~aHHH nonHpH30BaHHbiX nyqKOB HeATpOHOB 

IRA H onpeaeneHHH MarHHTHhiX MoMeHTOB rHnepoHoB. KpaTKO 

nHHHHe KynOHOBCKOrO B3aHMOJle8CTBHH, KOTOpoe JlnH pacceg-

3apH:lKeHHbiX 6apHOHOB CHnbHO yMeHblllaeT BnHHHHe CTIHHOBO-

eKTpOMarHHTHOrO B3aHMOJleHCTBHH Ha nonHpH3aUHOHHbie HBne-

yrnax pacceRHHH. 

nHT 

C y,eTOM CTIHHa 6apHOHa 

eHHe BKna)la OJlHOcpOTOHHOll JlHarpaMMbl B HHBapHaHTHbie aMTI

poBe)leHO B /2,3/, (CCbinKH Ha / 2 / )la!OTCH aanee KaK Ha 

)leCb JlOCTaToqHQ 3aTIHCaTb aMnnHTYJlY H Bbipa:lKeHHH JlnH 

enHqHH B CHCTeMe TIOKOH 6eCCTIHHOBOrO HJlpa, 

HaqHTb qepes M H m MaCChi 6apHoHa H SIJlpa, qepes k -

.u.M., qepes P L ( q L - 3-HMTiynbC B CHCTeMe TIOKOH HJlpa 

es T - KHHeTHqecKyiO, a qepes E L nonHyiO aHeprHH 
L ' 

TeMe TIOKOH HJlpa, TO nerKO y6e)lHTbCH B TOM, qTQ ( 0 

H B C,U,M,) 

2 
+ m) + 2m T 

L 

2 2 
2 m p L 2 

-t/ 4M "' sin e I 2 , 
M 2 s 

2 2 M 2 2 m p L "' q L 
(s -u)/4m = E + t/4m. 

L (1) 

M T -1 
L 

[(1 + -) + 2ml . m 

4 

;~\~!~ 
\;'. 

\ 

.,,~.··.· ···''i 

' 
,~· 
')::· 

/:{',. 

' , I 

ij 

.f 

!13 (1) H cpopMyn pa60Tbl 1 (15,1) H (16,1) HMeeM 

da
0 

dt 

4 4 
m P L 

+ 4 
4M s 

M 2 m 
2 

1 

16rr 
2 2 

m p L 
[( 1 + M 2 

I B 1 2 
sin 

2 e 

(1 + 
m 2 p 2 

L 2 
M 2s sin 0/2) 

P 2 2 e 
sin -) I A '1 2 

+ 
s 2 

(2) 

)lnH JlHcpcpepeHUHanbHOrO ceqeHHH pacceHHHH HenonHpH30BaHHbiX 6apHOHOB 

H 

p 
0 

da
0 

d t 

sin e I m (A 'B*) 

16rr J7 
(3) 

)lnH nongpH3aUHH, B03HHKaiOllleA npH pacCeHHHH HenonHpH30BaHHOrO nyqKa 

6apHOHOB ( HnH ang BKna)la B neBo-npaByiO aCHMMeTpHIO ceqeHHH pacceHHHH 

nongpH30BaHHOrO nyqKa 6apHOHOB), 

KaK cneayeT H3 (1) H (21,1), HHBapHaHTHaH aMnnHTyJla A' , onpe-

aeneHHaH B ( 14,1), HOpMHpOBaHa ycnOBHeM 

/m A' (0) 
kJ7 

M 
a 

tot 

mPL 
---a (4) 

M tot 

BKnaa OJlHOcPOTOHHoro o6MeHa B HHBapHaHTHhie aMnnHTYJlhi A ' H em 

B •• ang ynpyroro pacceRHHH nono:lKHTenbHo-sapg:lKeHHoro $epMHOHa c «PopM

B KynoHOBCKOM none Ze /r 6eccnHHOBoro siapa c cPaKTopaMH G 
E 

$op M$aK TOp OM 

B BHJl9 

H G 
M 

F 0 
KaK cneayeT H3 (29,1) H (28,1), MO:lKHO npeJlCTaBHTb 
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I 

~-

411Ze 
2 

B11Ze 
2 s-u m. A' "' F 'G "' F'G -(E + t/4m) ... t 2M B t B M L 

811 Ze 
2 

(5) B "' FG ... 
t M 

G "' F + -- F ; ·c "' F + F. 
B 1 4M2 2 M 1 2 

"' EcnH npeJlCTaBHTb aMrrnHTyJly pacceHHH.H a c.u.M, M a BHJle 

w'* M w = w'*[M + M (;,it)) w , 
0 1 

(6) 

f'Jle w = w, H w' 
W p' ""LlBYXKOMITOHeHTHbie CITHHOpbi 6apHOHOB JlO H 

rrocne pacCeHHHH, TO JlnH CITHH-op6HTanbHOA aMrrnHTYJlhl (nepeXOJlSI B } 

K yrnaM pacceHHHH 6apHoHa) 

M =-if sin 0 
1 2 (7) 

H3 (5) HMeeM 

... Z e 
2 

1 (G - G ) 
m M B - i ·sin 0 F I - (E + t/ 4m) + 

v' s t M L ( 1 - t/ 4M 2 ) 

M 

+ ( v' s + M )G M I ( E - M) ' (7 a) 

f'Jle E -nonHaH aHeprH.H 6apHoHa a c,u.M, 

6 

' 

~' 

1
~~~.·. 
' 
' . 

' 

. 

1'

;·.\ 

, .. ~ ·\ 

; .. 1·,, 
! ., 

,, 

'.,., t 
f 
t 
\ 

··.-J.· 
~ 

B rrpe.Qene ManbiX :iiHeprHA, KOl"'Jla E + t/4m::: M , 
L 

(7 a) nony'IHM 

em 

M = - i sin 0 ( E - M) 2 1 
2 Z e F (G _ - G ) · 

M 2 B 

LlnH pacceSIHHSI aapHMeHHb!X lf!epMHOHOB (7 B) COJlep~ 
rronOBHHKy, 

C ITOMOWbiD (5) JlnH BKna.Qa OJlHOifJOTOHHoA JlHarpaMM 

M
0 

HMeeM 

Mem Ze2 
0 = + - t 

F 2m E (G - ~ G ) , 
L B 4M M tv's 

r.Qe YJlepMaHbi nHwh caMbia CHHrynHpHbie no t 'ineHbi, . 

npeJlCTaBHB rrpH MBnbiX t lf!opMif!aKTOpb! 6apHOHOB B 

G 
Bn 

1 2 1 2 3 ll, 
~ -tR ;;-t(R +--) 

6 Bn 6 1,. 2 M 2 

G ~ 1 2 _ 1 2 
= 1 + - t R = 1 + - t (R + 

6 Mn 6 2" Mn 
/p. 

II 

Jln.H HeATpanbHbiX H B BHJle 

G 
Bp 

• 2 3 ll~ 
R = 1+-(R +---

2
) 

Bp 6 1P 2 M 

2 
1 + 

6 

R 2 

--1.!!.; 
ll , 

' - .. 2 
G /M = 1 + - R t 2 2 

= 1 + -- ( R + ll, R ) Mp p 6 Mp 
6/lp 1P P 2P 
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471Ze 
2 s-u 

·c 
F 2M 

811 Ze 
2 

FG 
M 

+ -- F 
4M2 2 

E! 

·c 
M 

811 Ze 
2 

F'G 
E! 

F + F • 
2 

m. 
-(E + t/4m) 
M L 

"' 
rrpeJlCTaBHTh aMIIliHTyJlY pacceSIHHSI B c.u.M. M B BHJle 

= w'*[M + M (;,ii)] w , 
0 1 

(5) 

(6) 

Wp H w' = W p' ""!lBYXKOMIIOHeHTHbie CIIHHOpb! 6apHOHOB JlO H 

CeSIHHSI, TO JlliSI CIIHH-op6HTallhHOA aMIIliHTYJlhl (rrepeXOJlSI B 1 

acceSIHHSI 6apHOHa) 

M =- if sin (J 
1 2 

(7) 

eeM 

i sin (J 

z e 2 (G - G ) 
m M E! 

-~~ F I - (E + t/ 4m) 
2 

+ 
..; s t M L ( 1 - t/ 4M ) 

M )G M I ( E - M) ' 
(7 a) 

OliHaSI 9HeprHSI 6apHOHa B C.U.M. 

6 

' 
\ 

.i .. ·.· .. ;.·~ .· .. 
)·. 

;~'.'. ... : ','~· 

:!,'{. ,itl., 
,l~t~ 

... 

' ~~. 

~:~:, 

B rrpeJlene MallhiX aueprHA, KOrJla EL + t/4m ~ M , ..js + M it m, H3 

( 7 a) rrony'IHM 

2Ze 2 
em 

F (G - _.!_ G ) . M = - i sin (J ( E - M) (7 B) M 2 E! 

nnSI pacceSIHHSI aapSI)I{eHHhiX <iJepMHOHOB (7 B) COJlep)I{HT TOMaCCOBCKYIO 

IIOliOBHHKY • 

C IIOMOlUhiO (5) JlliSI BKllaJla OJlHO<iJOTOHHOA JlHarpaMMbl B aMIIliHTYJlY 

M
0 

HMeeM 

em 
M =+ 

0 

Ze 
2 

t..; s 

t 
F 2m E (G - --2 G ) , 

L E! 4M M 

r.Qe yJlep)l{aHhi nHlllh caMbie CHHrynSipHhie no t 'lneHhi. · 

npeJlCTaBHB IlpH M8llb!X t <iJopM<iJaKTOpbl 6apHOHOB B BHJle 

1 2 1 2 3 P.,. 
G =-tR =-t(R +--) 

E!n 6 E!n 6 1 n 2 M 2 

2 

(8) 

1 2 . 1 2 R 
G II' ;;;1+-tR ;;1+-t(R +--1.!!.) (9) 

Mn " 6 Mn 6 2 11 p. 

" 

JlliSI HeATpallhHhlX H B BHJle 

G 
E!p 

2 3 p. ~ 
R = 1 +- (R +2 --2) 

ep 6 1 P M (10) 

2 
1 + 

6 

2 
· 'G /M ;; 1 + - R 

Mp p 6 Mp 

t 2 2 
- 1 + - ( R + p.' R ) 

6p.p 1P P 2P 
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JJ.JIH 38p5i.lK8HHbJX '18CTHU, IlOJiy'IHM H3 (7a) H (8) 

em Ze 2 

1 2 11, 
F 2m E (- R - --) 

L 6 En M2 

M 
on \rs-

M em 2Ze
2 

t 2 
i sin (J ( E - M) F 11 [ 1 + - ( 

11 
R 

n 6 n Mn 
In 

1 R 2 
l En )] 

( 11 ) 

JJ.JIH :3JI8KTpOM8f'HHTHOf'O BKJia.Qa B 8MllJIHTYJJ.hi pacceSIHHSI Heil:TpaJibHbiX, H 

2 
2Ze EL em 

rl.... R 
2 

6 Ep 

2 
F+2FZe E M 

/1/J 
---;-M2) 0/J 

L 

M 
em 2 

(12) 2Ze 
- i sin e (E - M) F [ 

11 
fJ 

t 2 1 2 
1/2 + - ( 11 R - - R )] 

6 fJ /1 fJ 2 Ep 
ip 

IJ.JIH 8MIIJIHTYJJ. pacceSIHHH 38pH:I!CeHHbJX 5apHOHOB, 

3, PacceSIHHe Heil:rpoHos H Heil:rpanbHhiX rHrrepoHos 

05CYJJ.HM BH8'18JI8 paCC8SIHHe HeftrpOHOB H Heil:rpaJibHbiX f'HIIepOHOB, 

B (2) H (3) IIOJJ. A' H B H8JJ.o noHHM8Th CY\MM8pHyro 8MnnuryJJ.y. OrHocH-

T8JihHh!8 ~83b! 8/J.pOHHbiX A' 
b A, 

em H 

H B 
h H 8J18KTpOM8f'HHTHbiX 8MIIJIHTYJJ. 

B em B TOM IIpH5JIH.lK8HHH, B KOTOpOM OHH p8CCMOTp8Hbl B/4,5,2/, 

o5p8W8IDTCH B aynb, DoaroMy JJ.JIH p8cceHHHH HeifrpanbHhiX 8/J.POHOB cyM-

M8pHbJ8 8MIIJ1HTY/J.hl MOJKHO Ilp81J.CT8BHTh B BHJJ.e 

A' A' + A' 
h em B = B b + B em 

f'JJ.e A' 
em 

(13) H B em /J.8IDTC51 B (5), 

8 

·( 
f 

'I·.\ I ·1 

' 

i/'t 

.zl!JE:' 

·~ 
~1. 

,

1; 

' . 

II 

T8K K8K BOIIpoc 06 OTHOCHTeJibHOH ~838 8/J.pOHHOH 

8MIIJIHTYJJ. CB5138H HerrocpeJJ.CTBeHHO TO'IHOCTbiD, C KOTOpo 

JJ.8il:CTBHTeJibHhie '18CTH 8/J.pOHHbiX 8MIIJIHTyJl, OTMeTHM, '11 

IIpOCTOI"O CJIO.lKeHHH 8MIIJIHTYJl 
B CJIY"'8e, KOI"Jla CHJibHOt 

He 38BHCHT OT CIIHHa H :3~~KTHBHO JlHWb B S - COCTOHI 

IlpOJJ.eMOHCTpHpOB8H8 rrepeXOJlOM K YCJIOBHID YHHTapHOCTH 

II8PllHaJihHhiX · ·BOJIH8X, 

BaaHMOJJ.eil:craHe M8f'HHTHoro MOMeHT8 6apHoHa c Kl 

6eCCIIHHOBOI"O 51/J.pa Jl8eT BKJ18Jl B CIIHHOBO-op6HT8JlbHyiD a 

Il8PllH8JlbHOe paano.lKeHHe KOTOpoA H8'1HH8eTcg C p - BOnJ 

CneJJ.oaarenbHo, ycnoaHe YHHrapHoCTH S - MaTpHuhl a s 

( B COCTOHHHHX C l 2:, 1 ) BKJIIO"l:aeT JlHWb 8JlpOHHyiD ( aneK 

BMIIJIHTy.Qy, TaKHM o6paaoM, a aToM cny"l:ae CHJihHhie H aa 

Ha :3JI8KTpOM8f'HHTHhie B38HMOJJ.eACTBHH 0K83bi88IDTCH S~~eJ 
HHHX B pa3JIH"l:HhlMH l 1 H cPa3a 8MIIJIHTYJlbi :3J18KTpOM8f'HHTHC 

CTBHH He HCK8.lK8eTCH a<fxPeKTOM CHJibHbiX B38HMOJleACTBHA, 

EcnH orpaHH"'HThCH pacceHHHeM HeATpoHoa H Heil:Tpan 

TH.lK8JihiMH HJJ.P8MH C HJJ.epHoA 8MIIJIHTyJJ.oA F
0 1 

He 38BHC.II 

H OIIyCTHTb B ( 11) H ( 12) HeCHHI"YJI.RpHhie IIpH t..., 0 cnar 

MapHyiD 8MIIJIHTy~ paCC8HHHH MO.lKHO IIp9JlCT8BHTb B BH.Qe 

M i y ...... 
F + ~ (un), 

0 (J 

Ze 2 

y 
M ll, n 

IlOHBJI8HHe B CYMMapHoA 8MIIJIHTyJJ.e CIIHHOBOA 38BHCHMC 

J19HHOA :3JI9KTpOM8f'HHTHbiM B38HMOJJ.eil:craHeM, IIpHBOJlHT K IIO 

Heil:TpOHOB 

p ((}) 
0 

lm F 
on -I Fon I 

2y 

1 + r 2 • 
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Hb!X '18CTHU, IIOJiy'IHM H3 (7 8) If (8) 

2 1 2 lln 
F 2m E (- R - --) 

L 6 En M 2 

( 11 ) 

2 2 t R 2
Ze [1+--(/1 Mn 

Fll,. 6 n 
_.1 R 2 
2 En )] (}(E-M) 

BKJI8.[(8 B 8MIIJIHTYJ1bl paCCeHHlfH Heil:Tp8JibHbiX, If 

(}_ R 2 

6 Ep 

llp 
-:;M2) 

2 
F + 2 F Ze E 

L 

2 ( 12) 
2 Ze t 2 1 2 

1/2 + - ( 11 R - - R )] 
6 I> 111> 2 Ep 

·n 8 (E - M) --- F [ 11 P 

pacceHHHSI 38pH)!CeHHbiX 5apHOHOB, 

3, PacceHHHe Heil:TPOHOB If aeil:TpaJibHhiX rnnepoaos 

BH8'18Jie paCCeHHHe HeHTpOHOB H HefiTp8JibHhlX PHITepOHOB, 

ITOJl A, H B H8J10 IIOHHM8Tb cyMM8pHyJO 8MITJIHTYJ1Yo IOTHOCH-

bl 8JlpOHHbiX A' 
b 

H B 
b 

H aJieKTpOM8PHHTHbiX 8MITJIHTYJ1 

em B TOM llpH5JIHMeHHH 1 B KOTOpOM OHH p8CCMOTpeHbl B/4,5,2/, 

B HyJib. Il03TOMy JlJISI paCC8HHIHl Heil:Tp8JibHbiX 8Jlp0HOB CyM-

HTYJlhl MQ)KHO npeJ1CT8BHTb B BHJle 

, + A, 
b em B = B b + Bem 

(13) 

B em J18JOTCH B ( 5), 

8 
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TaK K8K BOllpOC 06 OTHOCHTeJibHOA ~aae 8JlpOHHOA If 3JieKTpOM8PHHTHOH 

8MIIJIHTYJ1 CBH38H HenocpeJlCTBeHHO TO'IHOCTbJO, C KOTOpoA MOMHO onpet:~eJIHTb 

Jleil:CTBHTeJibHbie '18CTH 8JlpOHHb!X 8MITJIHTyJ1, OTMeTHM, 'ITO B03MOMHOCTb 

npOCTOPO CJIOMeHHH 8MIIJIHTYJ1 B cnyqae, KOPJ18 CHJibHOe B38HMOJ1eACTBHe 

He 38BHCHT OT CITHH8 H a~~KTHBHO JIHWb B S - COCTOHHHH, MOMeT 6hiTb 

llpOJ1eMOHCTpHpOB8H8 nepeXOJlOM K YCJIOBHIO yHHT8pHOCTH S - M8TpHUbl B 

napUH8JlbHblX · ·BOJIHaX, 

BaaHMOJleAcTBHe MSPHHTHoro MOMeHTa 6apHOHa c KynoHOBCKHM noneM 

6eCCITHHOBOPO HJlpa J18eT BKJI8J1 B CITHHOBo-op6HT8JlbHYJO 8MITJIHTYJ1Y M 
1 

napUH8JibHOe p83JIOMeHHe KOTOpoit H8'1HH8eTCSl C p - BOJIHhl ( l ? 1 ) , 

Cnet:~OB8TeJibHO, yCJIOBHe yHHT8pHOCTH S - M8TpHUhl B s - COCTOSIHHH 

( B COCTOSIHHSIX C l ~ 1 ) BKJIJO'IaeT JIHWb 8JlpOHHyJO ( aneKTpOM8PHHTHYJO) 

8MllJIHTYllY, TaKHM o6pa30M, B STOM cny'lae CHJibHhle H 38BHCSIIUHe OT CITH-

Ha aneKTpOM8PHHTHhle B38HMO,IleitCTBHSI OK83biB810TCSI a~~eKTHBHhiMH B COCTOH

HHSIX B p83JIH'IHblMH l t H cPa38 8MllJIHTYllbl aneKTpOM8PHHTHOPO B38HMOJ1eil:

CTBHSI He HCK8M89TCSI a~eKTOM CHJibHh!X B38HMO,IleitCTBHA, 

EcnH orpaHH'IHTbCSI paccesrHHeM HeATpoHOB H aeATpaJibHhiX rHnepoHos 

TSIMeJihiMH SlllP8MH C SIJlepHOit 8MllJIHTylloit F
0 

, He 38BHCSIIUeit OT CIIHHa 

H onyCTHTb B ( 11) H ( 12) HeCHHrynsrpHble npH t ... 0 cnaraeMhie, TO CyM-

M8pHyJO 8MllJIHTY~ pacceHHHSl MOMHO npe,llCT8BHTb B BH,Ile 

M 
i y ...... 

F + --"- ( un), 
0 (} 

(14) 

Ze 2 

y 

" 
( 14a) M P.,. 

TioRBneaHe B cyMMapaolt aMnnHTylle cnHHosoA 38BHCHMOCTH, o6ycnos

neaaoA 3JieKTpOM8PHHTHbiM B38HMO,IleitCTBHeM, npHBOllHT K llOJISlpH38UHH 

HeitTpOHOB 

p (0} 
0 

/m F 
Olt 

(15) 
2y 

1 + r 2 • IF on I 
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ll 
rae 

a 

y 

() n 

M 

()/() n 
M 

IYn 1/IFon I- ( 16) 

yron p8CC9HHHH HefiTpOHOB, npH KOTOpOM HX nongpH38UHH nocne p8CC9HHHH 

nepBOHaqanhHO HenongpH30B8HHOI'O nyqKa M8KCHM8nhH8 H paBHa 
max 

p =-fmF /IF I· on on 0 

.llnH HefirpanbHbJX I'HnepOHOB $OpMynhi ( 14)- ( 16) OCT810TCH cnpaBet~nH-

Bb!MH npH 38M9He M8I'HHTHOI'O MOM9HTa HefirpoHa Ha M8I'HHTHbJil: MOM9HT 

Heil:rpanhHoro rHnepoHa ~ 
y 

4. noaopor cnHHa npH pacceHHHH nonHpH3oaaHHbiX 

HegrpOHOB H Ae8CTBHTenbH8H qaCTb HU9QH08 BMnnHTYUbJ 

nocKOnhKY H9A8BHO nongpH38UHH PHAOM HAep Heil:rpoHOB C 9Hepi'HHMH 

0,6 - 1,6 M9B npH HX pacceHHHH Ha Manbie yrnbi 1, 75-15° 6hma H3yqeHa 
/6/ 

9KCnepHM9HTanbHO , npencraBngercg CB09BpeMeHHbiM 06paTHTh BHHM8HHe 

Ha B03MOlKHOCTH, CBH38HHbie C H3yqeHHeM 9n9KTpOM8I'HHTHbJX 9$$eKTOB B 

napaMerpax noBopora cnHHa A H R • KaK noKa3aHo HHlKe (eM, raKlKe/3/), 

9KcnepHMeHranhHoe onpeueneHHe napaMerpa Bonh$eHrureil:Ha A npH ManbiX 

yrnax pacceHHHH, Hapgny c P , no3BOnHr onpeaenHrh aeil:craHrenhHyJO 
0 I 

qacrh aMnnHryahi Fon no BenH,HHe H 3HaKy, 3neKrpoMai'HHTHhie 9$¢leKTbi 

B napaMerpe R ManbJ, 

... EcnH Ha 6eccnHHOBhie HApa na.naer nyqoK Heil:rpoHoB c nonHpH3aUHeil: 
p 

, ro nocne pacceHHHH, aMnnHry.na Koroporo .naHa B (14), nonHpH3a

/1/ 
b 

UHH nyqKa, pacceHHHoro Ha yron () , paBHa 

10 
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·'1:~1~~ 
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' 
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( 

' .·.1:·•,:'' 

1 
.. 

.\ 

' 
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' , 

'il'f'': .~; 
,4..' ' 

i 
::·. f 

:,.' .. ;; ;, 
" ! 

. ' 

d (T ... 

--P 
do 

2 ... 

IF on I ph + 

2 
·y ~ ...... -+ -+ 

--n[2n(P n)-P] + 
()2 b b 

-+ 2yn -+ -+ 
+ 2n y f m F / () - -- ReF [n P ] 

n on () on b 

r.ne 

n 
·+ ... -+ -J. 

[ k k '] I I[ k k '] I 

a 

du 

do 

du 
0 

do 

... ... 

{1+PbPo) H 
du

0 

do 
IF 

OJ 

llnH napaMerpoB Bonb$eHwreil:Ha A H R ( onp 

HnH B /S/) HM99M 

H 

du
0 

do 

duo 

do 

A 

R 

[ 2 
Re Fon 2 
-- y cos () - ( y - 1) sin () ] ( 1 + y 

I Fon I 

ReF 
on 

. 2 ] y s£n () + ( y - 1) cos () ( 1 + [2---

I Fon I 

11 



n 

M 

IYn 1/IFon I- ( 16) 

g HeHTpOHOB, rrpH KOTOpOM HX ITOngpH38UHR ITOCne paCC9RHHR 

H9ITOnRpH30B8HHOrO nyqKa M8KCHManhH8 H paBHa 

-JmF /IF I· on on 

TpanbHbiX rHIT9pOHOB cpopMynhi (14)-(16) OCT8IOTCR CITpaBeJJ.nH-

9H9 MarHHTHOrO MOM9HTa H9HTpOHa Ha MarHHTHhiH MOM9HT 

rHnepoHa 11. Y • 

• OoBopoT cnHHa npH pacceHHHH nonRpH30B8HHbiX 

H9HTpOHOB H neHCTBHT9nhH8R qaCTh RJJ.9QHOH 8MITnHTYJJ.b! 

y HeJJ.aBHO nongpH38UHH pRJJ.OM HJJ.ep H9HTpOHOB C 3HeprHHMH 

npH HX pacceHHHH Ha Manhie yrnhi 1,75-15° 6hma HayqeHa 

/6/ 
hHO , npeJJ.CTaBnRSTCR CB09Bp9M9HHblM o6paTHTh BHHM8HHe 

H, CBH38HHbl9 C H3yqeHH9M sneKTpOMarHHTHb!X scpcpeKTOB B 

Bopora cnHHa A H R • KaK noKaaaHo HH)Ke ( CM, TaK)Ke/3/), 

hHoe onpea.eneHHe rrapaMerpa BonhcjleHwTeHHa A npH ManhiX 

HR, HapHJJ.Y C p , I!03BOnHT onpea.enHTh JJ.9HCTBHTenhHYIO 
0 \ 

JJ.hi Fon no BenHqHHe H 3HaKy. 3neKrpoMarHHTHbi e scpcpeKTh! 

R Manhi, 

6eCCITHHOBbl9 RJJ.pa naa.aeT rryqOK HeHTpOHOB C nonRpH38UH9H 

cne pacceHHHR, aMrrm!Tya.a KOToporo a.aHa B (14), nonHpHaa

/1 I e ceHHHoro Ha yron , paBHa 

10 

l!,,;'IIJ.'."" 

' ,, ... ;! ·1- i 

~:'"' 

'~ 

• .I f. 

I,. 

' 
' \ 

~ .. ··1.··:.::.··:. 

·~\i 
,' ' 

' 

l .. · 
~- ! 

' .. ~.·~', 
;1( " 
fJ't '. 

2 

~; 
Jo 

2 -+ ·y n -+ -+ -+ -+ 

IF I P +-[2n(P n)-P] + 
on b (/ b b 

-+ -+ 2yn R F 
e on [n P b ] ' + 2; y Jm F /e -n on fJ 

ra.e 

a 

da 

do 

da 
0 

do 

..... ... ..... 4 

n = [ k k '] I I [ k k '] I , 

-+ -+ 

(1+P
6

P
0

) H 
da

0 

do 

(17) 

2 2 2 
IF 1 + y le 

on 11 • 

.OnH napaMeTpOB BonhcpeHwTeliHa A H R 

HnH B 
181 ) HM99M 

(onpea.eneHHe eM. B 
171 

H 

da
0 

do 

da
0 

do 

A 

R 

[ 2 
Re F

0
n 2 2 -1 

- y cos fJ - ( y - 1) sin e] ( 1 + y ) (18) 

I Fon I 

ReF on 2 2 -1 
y sine+ (y - 1) cos fJ] (1 + y ) (19) [2---

I Fon I 

11 



I __ 

npH O=OM 

2 
ReF ReF O 

A (0 J = on ( 1 _ ~), 
R (0 ) = 0 --

on 
M I Fon I 2 M M IF 

on 

TaK 'ITO H3y'l:eHHe napaMerpa A npeJlcrasnHeTcH npeJlnO'l:THrenbHbiM, .On.11 

Re Fon onpeJleneHHH 
MO>KHO H3MepHTb BBepX-BHH3 BCHMMeTpH!O ce-

'18HH.II pacce.IIHH.II HeifTpOHOB Ha JlOnonHHTenbHO:lt MHW8HH C Bb!COKO:li non.~~pH-

3YJOWe:lt cnoco6HOCTbJO, ecnH npH nepsoM pacceHHHH Ha'l:anbHbiil ny'l:oK 6bm 

npOJlOnbHC nonHpH30S8HHb!M, ... ... ... 
E cnH Ph = Ph k 0 ( k 0 -cosnaJlaer c HanpaaneHHeM naJlaJOwero ny'l:Ka), 

... 
ro, KaK cneJlyer Ha ( 16), KOMrroaeara non.HpHaauHH P nocne nepsoro pac-

ceHHHH no HanpaaneHHJO seKropa s = [; k: J 

...... 
(P s)_. 

•o 
2y OP ReF 

n b on 
2 2 2 

IFIO+yn on 

ReF on 

I Fon I 

nponopUHOHanbHa Re F on 

2y 

2 
( 1 + y ) 

(20) 

Yrnoaa.11 aasHCHMOCTb s (20) coanaJlaer c yr~oaoa aaBHCHMocrb (15) JlnH 

P0 • lleaa.11 'l:acrb ( 20) Jlaerc.11 KOM6HHBUHe:lt A cos (} + R sin (} • Ha ( 15) 
H (20) CneJlyer COOTHOWeHHe 

fm Fon p 
on -ReF on A cos (} + R sin (} (21) 

Koropoe HMeer Mecro npH cnpaBeJlnHsocrH ( 14) JlnH aMnnHTYJlbi pacceHHHH. 

B ycnOBH.IIX 3KCnepHMeHra KyWHHpa H Jlp. 16 I MOJlynb Re F on OKa-

3bisaercH conocrasHML:M c fm Fon • .On.11 .IIJlpa ypaaa 
IRe F I /I F I 

on on 
M8H.118TC.II OT 0,6 JlO 0,4 fipH H3MeHeHHH 3HeprHH HeifrpOHOS OT 0,6 JlO 

1 ,6 Maa • .On.11 HJlpa Pb IReFoni/IFon I = 0,67 npH aaeprHH Heitr-
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poHOB 0,84 Mas. CneJlOBarenbHO, B o6nacrH aHeprH:lt He:ltr 

cnellyer O*HJlaTb aHa'l:HTenbHoro a~¢eKra JlnH napaMerpa , 

aHaKa A npH ManbiX yrnax pacceHHHH noaaonHr onpeilenHr~o 

Hay'l:eHHe HapHJlY c du0 I do , P
0 

H napaMerpos B 

noaaonHT noJlo:ltrH aKcnepHMeHranbHo K onpeJleneHHJO BKnaJl 

aaaHMOJlelcTBHI B aMnnHTYJlY F on • 

5. Manbie aaeprn H aiOMHoe <~KpaHHposaaw 

DpH yMeHbWeHHH aaeprHH He:ltrpoaos HH*e 0,5 Mas M 

aMnnHTYJlbl F yMeHbWaercH, 8MfinHTyJla F on CTaHOBH1 on 

Jl9ICTBHTenbHOif, npH <!TOM fiOn.HpH 38UH.II ~ YM9HbW89TCSl 

<~HeprHH, a 3Ha'l:eHHe napaMeTpa A crpeMHTCH K eJlHHHue. 

DpH yMeHbWeHHH 3HeprHH HeiTpOHOS CTBHOBHTC.II 38Me 

B9HHblM a~~eKT 3Kp8HHpOS8HH.II KynOHOBCKOrO fiOn.ll .IIJlpa arc 

HBMH, 

B npeae6pe*eHHH a~KTaMH <~KpaHHposaHHH cnHH-op61 
/9/ TyJla M 1 s ( 7 a, a) He o6pawaerc.11 s Hynb npH (} ... 0 

EcnH annpoKCHMHposarb a~eKT <~KpaHHpoaaHHH aaMeHc 

I -K r noreHuHana .IIJlpa Ze /r Ha Ze r e , aro npHSOJlHT 
2 2 

B nponararope <PoroHa Ha 1 I ( q + K ) • B aMnnHryJle ( 1 

38M9H519TC.II Ha 

2 2 2 
y 0/((} +K /p) 

n L 

AMnnHryJla (22) o6pamaerc.11 B aynb npH 0 ... 0 , 

EcnH Jln.H TH*enbiX HJlep npHHHTb paJlHyc aneKrpoRHoro 

1 -s -113 
a = - = 0,53 • J0 Z CM, 

K 

PBBHbiM 

TO a~eKTQMH 3Kp8HHpOS8HH.II MO*HO npeHe6peqb /1/ npH 6 

'ITO Jlaer Jln.ll pacce.HHH.II MeJlneHHbiX HeifrpOHOB .11Jlp8MH 

0 = 4· 10- 4 /- 1-r-a v L 

rJle "T L -. B Maa, 

13 
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()M 

ReF 2 

on () 

R(8M) = ()MlF Re Fon (1 _ -fJ, 
on I Fon I 

H3y'ieHHe rrapaMeTpa A rrpeacTasnsreTCSI rrpelliiO'iTHTenbHbiM. nnsr 

Re Fon MO)KHO 113M9p11Tb BBepX-BHif3 8CIIMM9Tpll10 ce-

8CCeSIHifSI Hei1:TpOHOB Ha llOIIOnHHTenbHOI1: Mlllli9Hif C BbiCOKO:ll IIOnsrpH

CIIOCOOHOCThJO, ecn11 np11 rrepsoM paccesrHHH Ha'ianhHbii1: rry'ioK 5bm 

HC nonHplf30B8HHbiM. ... ... ... 
n11 P b = P b k 0 ( k 0 -cosnaaaeT c aanpasneaHeM rraaaJOmero ny'iKa), ... 
cneayeT 113 ( 16), KOMnoaeaTa nonsrpHaauHH P nocne rrepsoro pac-

... ... ... 
no aanpaBneHHJO seKTopa s = [n k

0
] nponopUHOHanbHa Re F on 

F 

2y eP ReF 
n b on 

2 2 2 
IFIO+yn on 

ReF on 

I Fon I 

2y 

2 
( 1 + y ) 

(20) 

aasHCHMOCTb B (20) cosnaaaeT c yr~osol1: aaBHCHMOCTh (15) ansr 

esasr 'i8CTh (20) aaeTcsr KOMOHH8UHel1: A cos{}+ R sin {} • Ha (15) 

COOTHOllleHHe 

p 
on 

on A cos {} + R sin () (21) 

II MeeT MeCTO IIpll crrpaBe)lnHBOCTII ( 14) ansr 8MIInHTYllbi pacCeSIHIISI. 

ycnOBifSIX aKcnepHM9HT8 KylliHHpa II ap. 16 I Moaynb Re F on OKa-

SI COIIOCT8BifMh:M c 1m F • nnsr Slllpa ypaHa IRe F I I I F I 
on on on 

Sl OT 0,6 AO 0,4 Ilpll lf3M9H9Hiflf aHepi'Iflf Hei1:TpOHOB OT 0,6 AO 

• nnsr Slllpa Pb IReFoniiiFon I 0,67 Ilpll aHepi'IIII He11:T-

12 

' J' 
~~ 

' J :j 
.. ; .. f ., 

; ,~ 
... ~-

'ul 
;!:' l 
. { .\ 

~ 
\ ... ~ ; 

~, I 

'.· 
~~-, 

J 
~~ 

l 
l 

poaos 0,84 Mas. CneaosaTenhHO, B o6nacTH aaepr11A ae:liTpoHoB 0,5- 1,5 MaB 

cneAyeT O)!{lfll8Th aaa'IHTenbHOI'O acfl!lleKTa ansr rrapaMeTpa A • HaMepeHHe 

3H8K8 A Ilpll ManbJX yrnax pacceHHIISI II03BOnHT onpeaenHTb 3H8K ReF on 

Hay'leHHe aapsray c da
0 

I do , P
0 

H napaMeTpos Bonh!lleHmTel1:aa 

rroasonHT noao:IITH aKcnepHMeHTanbHo K onpeaeneHHJO BKnaaos paanH'IHhlX 

saaHMOlleiCTBHA B aMnnHTYllY F on • 

5. Manhle aaepi'HH u aToMHOe aKpaauposaaue 

npu yMeHbllleHIIH aHepl"'HII HeATpOHOB HH)!{e 0,5 Mas MHHM8SI '18CTb 

aMnnHTYllbi F yMeHblllaeTCSI, aMnnuTylla F on CT8HOBHTCH, B OCHOBHOM, on 
aei1:CTBHTenbHO:ll. npH aTOM nonsrpH 38UHSI ~ yMeHblli89TCSI C yMeHbllleHH9M 

aaepruu, a aaa'leHHe napaMeTpa A cTpeMHTCH K eauauue. 

npu yMeHbllleHHII aHepl"'llll He:liTpOHOB CT8HOBIITCSI 38MeTHbiM H CyllleCT

B9HHbiM scflcfleKT 9Kp8HHpOB8HHSI KynOHOBCKOI'O nonsr SlllP8 8TOMHbiMH sneKTpo-

H8MH. 

B npeae6pe)!{eHHH scflcfleKT8MH sKpaauposaausr cnua-op6HTanbaasr aMnnH-
191 

Tyaa M 
1 

s ( 7 a,s) ae o6pamaeTcsr B aynb npu {} ... 0 

Ecnu annpoKCHMHposaTb scflcfleKT SKpaauposaaust aaMeao:ll KynoaoscKoro 

I I -K r 2 
noTeauuana SlllP8 Ze r aa Ze r e , STO npHBOllHT K aaMeae 1 lq 

2 2 
s nponaraTope cfloToHa aa 1 I ( q + K ) • B aMnnHTyae ( 14) ·Y,. I 8 

38MeHSieTCSI H8 

2 2 2 
y (}I((} +K lp) 

n L (22) 

AMnnHTyaa (22) o6pamaeTcsr s aynh npu 8 ... 0 • 

Ecn11 ansr Tsr)!{enbiX sraep npuasrTb paaHyc sneKTpoaaoro sKpaauposaRHH 

paBHbiM 1 -s -J/3 
a = - = 0, 53 • J0 l CM, 

K 

TO scpcpeKTaMH sKpaauposaausr MO)!{HO npeae5pe'lb 11 I npu 8 » {} =1 I Ka, 

'ITO )laeT )lnSI paCC9SIHifSI Me)lneHHbiX Rei1:TpOHOB Slllp8MII p b 
8 = 4·10- 4 I- 1-T-a v L 

rae T L - B Mss. 
13 



C Y'I9TOM aneKTpOHHOI'O 3KpaHHpOB8HifH )lnH 8MITnHTYJlbl paCCeHHifH 

Heti:TpOHOB BM9CTO (14) rrony'IHM 

"' M F + on 

i y () 
n ...... 

(() 2+ () 2} (an). 
9 

(23) 

nplf 9Hepi'HHX H9HTpOHOB "' 1 Mas ManhJe () iff 4. 10-2 3H8'11fTenbHO npe

Bb!W8JOT (} 9 = 4 • 10-4 ( aneKTpOM8I'HifTHOe B381fMOil9HCTBif9 ClfHI'ynSipHO) If 

lfMeeT M9CTO KapTHHa WBifHI'epOBCKOI'O paCC9HHifH, 

nplf 3Hepi'IfHX H9HTpOHOB 1 98 If M9HbWe B o6naCTif ManbiX yi'nOB 
2 2 

pacceHHifH {} 
9 

» () 

y/() =>y()/() 
3 

2 y () 2 ore; « y/o 
3 

If aneKTpoMai'HHTHoe aaaHMOJleiicraHe nepecraer 6biTb CHHI'ynHpHbiM, B 

3TOH o6naCTif 3Hepi'HH 

M 

If 

da 
0 

do 

Fon 

da __ o p 
do o 

Yn () 2 -+-+ 

+ i o(e) (an) 

2 

IF I on 

3 

y 2 
+ n 

()2 

() 4 
(-) 

()3 

y.. () 2 

-o- r-0 J 2 Jm F 
3 on 

14 

da 
'0 

-- (A cos () + R sin ()) 
do 

y - .. () 
-()-(-) 

()3 

2 

nocKOnbKY rrplf ManbiX 3Hepi'IfHX H9HTpOHOB 

2 Re F
0

,. 

!m F .<< Re F on 

Hbie aiflifJeKTbi rrpH H3MepeHHH noaopora crrHHa 6onee 3aMeTH 

H3MepeHHH P 0 • CooTHoweHHe (21) ocraeTcH cnpaaeanHBhi 

3KpaHHpOB8HifH B Blf)le (23), 

OnpeJleneHHe Re F on rrp11 npoae)leHHif nonSipH38UHOHHbiX 

IT03BOnHT ITQ-HOBOMy ITOJlOHTif K lfCCne)loBaHHJO H9HTpOH-aneH 

MOJl9ftCTBHH, nplf 3TOM Tpe6yeTCH TlllaTenbHbiH aHanH3 aTOM 

B8HKH, 

6, nonHpH3aUHH Hei!TpOHOB Bb!COKHX 3f!9Q:r'Htl: 

npu paCC9HHHif Ha Manbi9 yrnhi THM9nbiMH H)lpaMH H9H 

3Hep:r'HH HanH'IHe B3aHMOil9HCTBifH Ma:r'HHTHO:r'O MOM9HTa Hel!; 

HOBCKHM ITOneM HJlpa ,ilPHBOillfT K B03MOMHOCTH C03Jl8HifH ITOl 

ny'IKOB HefirpoHoa, 

npu 3H9pi'HHX 'laCTHU BbiWe 1-2 faa MOMHO npe)lrrOnOM 

HaH 8MITnHTylla Fon He 38BifCifT OT CITHHa (Ho 3aBHCHT llH~ 

IT0Jl06HbiM o6pa30M OT yrna paCC9HHHH) H ilplf ManbiX 

ReF « !m F 
on on 

B 9THX ycnoaHHX JlnH Kaaapara nepeaaHHoro HMnynbca t M 

CpaBHHBaJOTCH B C9'19Hiflf BKna)lbi CHnbHbiX If aneKTpOMa:r'HifTH 

BHil, a nonHpHaauHH P 
0 

llOCTHraer MaKCHMyMa, )laaaeMOI'o 

OUeHKY 

15 
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M 9n8KTpOHHOI'0 9Kp8HHpOB8HHSI llnH aMnnHTYilbl paCCeSIHHSI 

ecro (14) nony~HM 

on 

i y () 
n + _, _, 

( () 2 + () 2 ) (an) . 
9 

(23) 

aeii:rpoHOB ~ 1 M9B Manbie () !!! 4 • 10-2 3HB'iHTenbHO npe

= 4 • 10-4 (9neKTpOM8I'HHTHOe B38HM01l8HCTBH8 CHHI'ynsqJHo) H 

K8pTHH8 lliBHHI'epOBCKOI'O pacceSIHHSI. 

pi'HSIX Heii:TpOHOB 1 9B H M8Hblli8 B o6naCTH MSnbiX yrnoB 

2 2 
» () 

2 y () 2 
8(8} « y/0 

9 
()/() 

9 

I'HHTHOe B3aHMOil8HCTBHe nepecraer 6biTb CHHrynHpHbiM. B 

H 9Hepi'HH 

Fon 

0 p 
0 

+ i 
Yn () 2 

ore-J r;;) 
9 

2 

IF I on 

2 
yn 

+ --2-

() 4 
(-} 

()9 () 

Y n () 2 
-()- (-{}) 2 Jm F 

9 on 

14 

da ·o --(A cos() + R sin()) 
do 

yn _!__) 
- -()- ( ()9 

2 
2 Re F0 n (25) 

nocKOnbKY npH ManbiX 9Hepi'HSIX Heii:TpOHOB ]m F on.<< Re Fan' 9neKTPOM8I'HHT

Hbl8 94J4JeKTbl npH H3MepeHHH nOBOpOTa CUHH8 6onee 38M8THbi, ~eM npH 

H3MepeHHH P 
0 

• CoorHorneHHe (21) ocraeTCSI cnpaBeJlnHBbiM H npH yqere 

9KpaHHpOB8HHSI B BHJle (23). 

OnpeJleneHHe ReF on npH npoBeJleHHH nonSipH38UHOHHbiX9KcnepHMeHTOB 

n03BOnHT no-HOBOMY nOJlOHTH K HCCn81lOB8HHID H8HTpOH-9neKTpOHHOI'O B38H

MOJl8ftCTBHSI. DpH 9TOM rpe6yercSI rmarenbHbiH aaanH3 aroMHoro 9KpaHHpo-

B8HHSI. 

6 • 0onSipH38UIISI HejiipOHOB Bb!COKIIX 9Hep1'11H 

Op11 pacce.SIHIIII aa Manbie yrnhi ISI)I{enhiMII MPBMII Hei!:rpoHOB BbiCOKIIX 

9Heprlli!: H8nll'ill8 B3811M01l8i!:CIBII.SI M8I'HIIIHOI'O MOM8HT8 H8HTpOH8 C Kyno

HOBCKIIM noneM .S!Ilp8 npiiBOJlHT K B03MQ)I{HQCIII C031l8HIISI non.Sip1130B8HHbiX 

ny~KOB HeHipOHOB. 

Op11 9Hepr11.SIX ~acr11u Bbillie 1-2 f9B MO)I{HO npellnonO)I{IITb, ~ro Mep-

Ha.SI aMnniiTyJla F on He 3aBIICIII or cn11Ha (Ho 38BHCIIT Jlii4JpaKUHOHHO 

no)lo6HbiM o6pa30M or yrna pacce.SIHIISI) 11 np11 ManbiX 

ReF « !m F on on 

8 9TIIX ycnOBIISIX llnSI KB81lp8T8 nepeJl8HHOI'O 11MllynbC8 t M , npll KOIOpOM 

CpaBHI!B8IDTC.SI B ce~eHIIH BKn81lbl CllnbHblX II 9neKTpOM8I'HHTHbiX B3811M01l8HCT

BHH, a nonS1pii38UII.SI p 
0 

JlOCTIII'88T M8KCIIMYM8, ll8B88MOI'O ( 15), nony'iaeM 

oueHKY 
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I e "'I 
M 2 

2 2 
4rriJ. Ze /Me h/Me 2 

~ ( ) . 
0 tot 

Ecna npHHHTb, 'ITO 

TO 

A 

It M I ----M2 

0 tot 
o A 2h 

0 

z 2 4 2 -:-r- ( "ll e /Me 
2 1, 

A 413 n/Mc 2 
) . 

ao 

TaK, ansr HeltTpoaoa c pL = 5 faa o 
0 

;; 40 M6 H JlJIH smpa 

I I YJ 
t _ _8 Pb- -8 _ , 
~ == 4,55 10 1 (J M == 0,8610 = 8, 

M 

rae 

A TOMHoe <~KpaaapoaaHHe cTaHOBHTCH cymec TBeHHblM npH 

It a I YJ 

-,- == 

h/Me 

a 
tb -6 

4Z • 10 

It I .< .. 

(26) 

(27) 

(28) 

Pb 

Ita I' 

(29) 

'ITo ansr H.llpa P b cocTaansreT ..j I t 3 liM • 1, 7. 1 o-5 H llnH HeATpoaoa c 

PL ==5fsa/c o•J·JO-~TBKKBK ReF •. << I•F ,HccneaoaaHHenapa-
3 0 Oft 

MeTpoe BonbcfleHwTeAHa aaTpyaHeHo. 

TaK K8K WBHHI"epOBCKOe pacceHHHe npHBO.IlHT K CHJibHOA ITOJIHpH38UHH 

HeltTpOHOB rrpH pacCeSIHHH Ha M8Jible YI"Jibl, y'leT STOI"O scflcfJeKTa Heo6XO.IlHM 

ITpH aHanHae pa3HOI"O poaa "nO:lKHblX 8CHMrMeTpHit", OC06eHHO KOI".Ila C 

ITY'IK8MH HeATpOHOB ITPOBO.IlHTCSl SKCnepaMeUTbi ITO npoeepKe p - H ·r -HH

B8pH8HTHOCTeA, 

16 

7. P accesrHae HeliTpanhHbiX rnnepoaoa H B03MO:lK 

onpeaeneang HX M8I"HHTHbiX MOMeHTOB 

Do'ITH ace o6wne 38KJIIO'IeHHH, OTHocsrwnecsr K pacces 

ocTaiOTcsr cnpaaeanHBhiMH ansr ynpyroro paccesraasr HeliTpa~ 

B cany sneKTpoMai"HHTHhiX scflcfleKToa, o6cy:lK.IlaBwHxcsr BhiWe 

0 HHH Ha paccMaTpnaaeMhie aaecb MBJihie yrnh1 A -, l: 0 - n 

llYT nonsrpaaoaaHHhiMH. KaK H::.eecTao, xopownM aaanHaaTop< 

rHnepoaoa sransreTcsr HX pacnaa. DosToMy npn nann'IHH neno 

ITY'IKOB I"HITepoHOB He ITOH8Jl06HTCSl ITpOBO.IlHTh BTOpoe pacce: 

na6JIIOJJ.aTh acnMMeTpHIO npoayKTOB pacnaaa rnnepoaoa, 

DocKOJihKy 3Ha'leane yrna paccesrHHH I"Hnepoaoa y 

(J M 
KOTOpOM ITOJIHpH38UHSl p o Heii:Tp8JibHb!X 6apHOHOB /l0CTHI"89T 

38BHCHT K8K OT 8/lpOHHOH 8MITJIHTYJlhl F O y 
1 

TBK H OT M8I"fl 

Ta rnnepoaa ll Y 

y 
(J 

2 
lllyiZe /M 

M 
IF OY I 

To onpeaenenHe 
y 

() M ITpH CT8THCTH'I9CKOil: o6pa60TKe ll8HHh!X 

pacceHHHSl HeliTpaJihHb!X I"HITepOHOB H HX ITOJISlpH38UHH IT03BOJI 

IMHHhie 0 M8I"HHTHOM M OMeHTe. 0TM9THM, 'ITO 3H8K p O B 0 

0ITpeJJ.eJISl9TCSl 3H8KOM M8I"HHTHOI"O MOM9HT8
1 

TBK 'ITO OK83b!B, 

Hh!M OITpeJJ.eJIHTh H 3H8K M8I"HHTH0f'O MOM9HT8 I"HITepOHOB, 

B o6nacTa BhiCOKHX ~meprHA rHnepoaoa, rae 

2 
4 rr IlL Y I Ze /M y 

(J 
M 

PL 0 tot 

Re F
0

Y .« 

H 0WH6Ka B 1J. y OITpeaensreTCSl ITOMHMO OWH6KH B (J M TO'IHOC 

a TaK:lKe TO'IHOCThiO onpeaeneansr HMITyJibca rHnepoaa PL. B 
JleHHbiX 3KCITepHMeHT8X C f'HITepOH8MH Bh!COKHX SHepi"Hfi 6biJIO 

17 
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2 2 
4 TTil Z e /Me h/Me 2 

( ) 
a tot 

Tb, 'ITO 

a tot 
a A 2h 

0 

2 21 2 z 4rrll e Me h/Me 2 

4h ( ) . 
ao A 

J:InH Heil:TpOHOB e p L = 5 fsB 

,55 IQ-3 • 
PI> 

8111 0,8610-3 

a O ;; 40 M6 H JJ.11H HJJ.pa 

' 3. 

3Kp8HHpOB8HH8 eTaHOBHTeH eymeeTB8HHbJM npH I' I 

h/Me dJ -6 
4Z • 10 a 

(26) 

(27) 

(28) 

Pb 

.< .. I 'a I• 

(29) 

pa Pb eoeraanHeT vI t 3 1/M .. 1, 7. 1Q-5 H JJ.nst aeATpOHOB c 

sale 8 "'3 ·10-~TaK KaK ReF .« ]lfl F 1HccneJJ.oaaHHe napa-
3 Oil Oil 

1lblj>eHmTeil:Ha 38TpyJJ.HeHO, 

K8K WBHHreposeKoe paeCeSIHHe npHBOJJ.HT K CH1lbHOil: ll011SipH38UHH 

npH paeeeHHHH aa M81lbJe yrnbJ, yqeT aToro alj>lj>eKTa aeo6xoJJ.HM 

ae paaaoro poJJ.a "nmKHbJX aeHM!MeTpHil: .. , oco6eaao KOrJJ.a c 

eil:TpOHOB npOBOJJ.HTeH 9KCnepHMeiJTbl no nposepKe p - H ·r -HH

Teil:, 

16 

7. PaeeeHHHe ael!:TpanbHbJX rHnepoaos H B03MO)KHOeTb 

OnPeAeneHHH HX MarHHTHbiX MOMeHTOB 

flo'ITH see o6mHe 38K11IO'leHHH, OTHOeHmHeeH K paeceHHHIO Hel!:Tp0HOB1 

oeraiOTeH enpasennHBbJMH nnH ynpyroro paeeeHHHH aeil:TpanbHbiX rHnepoaos. 

B eHny sneKTpoMarHHTHbiX s!j>lj>eKTOB, o6ey)KJJ.8BillHXeH Bbiille, npH paeeeH-

HHH Ha paeeMaTpHsaeMbJe 3JJ.eCh M81lbie yrnhi A 
0

-, I 0
- H E

0
-'!aeTHUbi 6y-

AYT nonHpHaosaHHbiMH. KaK H:EeCTHO, xopolllHM aaanH3aTopoM nonHpH3aUHH 

rHnepOHOB HB11HeTeH HX paena):l, flosTOMY npH H811H'IHH Hell011S!pH30B8HHbiX 

ny'IKOB rHnepOHOB He nOH8A06HTeH npOBO}:lHTb BTOpOe paeeeHHHe. lloeTaTO'lHO 

Ha611IOA8Th aeHMMeTpHIO nponyKTOB paenana rHnepOHOB, 

flocK01lhKY 3Ha'leHHe yrna paeeeHHHH r~:~nepoaos 
y 

(} Ill B (16), npH 

KOTOpOM ll011S!pH38UHH p O HefiTp811bHbiX 6apHOHOB }:lOeTHraeT MSKCHMyMa, 

38BHeHT KSK OT aApOHHOil: 8Mll11HTYAbi f O y, TSK H OT MarHHTHOro MOMeH-

Ta rHnepoHa ll Y 

y 
(} 

2 
illyiZe /M 

Ill IF OY I 

To onpeaeneHHe 
y 

(} Ill npH eTaTHCTH'leeKOil: o6pa60TKe }:laHHhlX 0 Ce'leHHH 

paeceHHHH Heil:Tpa11bHb!X rHnepOHOB H HX ll011HpH38UHH ll03B011H9T ll011Y'lHTb 
y 

A8HHbl9 0 MarHHTHOM M·OMeHTe. 0TM9THM, 'ITO 3H8K p o B o6naCTH (}"" (} Ill 

onpenenHeTeH 3H8KOM MarHHTHOrO MOM9HT8 1 TaK 'ITO OK83b!B8eTeH B03MO)K-

Hb!M onpe}:le11HTb H 3H8K MarHHTHOrO MOMeHTa rHnepOHOB, 

B o6naeTH BbieOKHX aaeprHA rHnepoaos, rne 

2 

y 
4 rr Ill I Z e /M y 

(} 
Ill 

PL a tot 

R e F 
0 

y .« I m F 0 y 

(30) 

H OlllH6Ka B iJ. y onpeJJ.e1lSieTeH llOMHMO OlllH6KH B (}Ill TO'IHOeTbiO a tot 

a TaK)Ke TO'IHOCThiO onpeneneHHH HMnynhea rHnepoHa P L • B y)Ke npose-

AeHHb!X aKenepHMeHTaX e rHnepOH8MH BbieOKHX 3HeprHA 6b!1IO }:lOeTHrHyTO 

17 



llp /p 5% li ·flu/ U ;ff 1-3%, TaK 'ITO an!i! onpeaeneHH!i! Maf"HHTHb!X MO-

MeHTOB I"HnepOHOB, CKaMeM, C 10% TO"iHOCTbiO aocTaTO'IHbl 3KCnepHMeHTbi
0 

KOTOpbie noasonnnn onpeaenHTb (}AI c npoueHTHolt TO'IHOCTbiO, 

LlnR A o 

MepeHHfi asyx 

Maf"HeTOHOB 0 a 

a A 
p ((} 

0 

-I"HnepOHOB Maf"HHTHblfi MOMeHT paseH no peaynbTaTaM 

/10/ 
H3-

rpynn fl. Ao 
A 

a 
tot 

(} 
A 

M 

- u n 
tot 

< 0 

=;;..0,67 :!:_ 0,06 H -0,73 :!:_ 0,18 RaepHbiX 

A 
3 0

n, 
, TaK 'ITO (} B paaa MeHbWe AI 

AI 

EcnH Op!ieHT!iposaTbcR Ha yKaaaHH!i! SU 
3 

-CHMMeTpH!i, To nongpH

aauliR E
0 

-rlinepoaos aonMHa 6biTb oTp!iUaTenbaolt, a nonRpHaauHR I 0 

E I 
I"HnepOHOB - nonOM!iTenbHOfi np!i (} = (} AI H (} = (} M COOTBeTCTBeHHO, 

BoaMOMHOCTb onpeaenHTb senli'lliHY H aaaK MarHHTHbiX MoMeHTos npH 

H3y'leHlili nonRpHaaulili (H ce'leHnA pacceRHH!i!} s ynpyroM pacceRHHli 6ap!i-

OHOB !i!JlpaMH Ha Manbie yrnbJ "' (}AI 
npeacTasnReTcR oco6eaao aaMaH'Ili-

BOlt ang SHTliHefiTpOHOB li aHTHI"linepOHOB 1 ny'IKH KOTOpbiX MOI"YT 6b!Tb C03-

aaHbl Ha COspeMeHHbiX YCKOpHTen!iJ.X, 

Ecnli np!i pacnpocTpaaeHlili MeToaa "Me'leHbiX aeltTpoaos" 1111 aa 

aHTHHefiTpOHbl TO'IHOCTb onpeaeneHli!i! liMnynbCa aHT!i6apHOHS OCTaHeTC!i! 

"' ( 0,5 - 0, 7) %, TO npli H3y"ieHHli nongpH38UHH no a ManbiMH yrnaMH MOMHO 

aOCTH'Ib TO'IHOCTH B HeCKOnbKO npoueHTOB an!i! senli'lliHbi Maf'HliTHOI"O MO-

MeHTa aHT!iHeATpoHa fl. _ ==- fl. • CsgaaHHoe c H3MeHeHHeM aaaKa Mar-
n n 

HHTHOI"O MOMeHTa (no CpasHeHHIO C HefiTpOHOM) li3MeHeHHe 3HSK8 

·I YCTSHOBHTb 3KCnep!iMeHTanbHO, no-sliaHMOMY, npome. 

8. PacceSIHHe nporoHos H aapSIMeHHbiX rHnepoHos 

p n 
0 

OpH paccMorpeHHH pacceSIHHSI aapSIMeHHbiX 6apHoHos Heo6xo.nHMO 

Y'leCTb BnHSIHHe He 38BHCS1Wef"O OI CnHHa CHHI"ynSipHOI"O no nepe.nasaeMO

My HMnynbcy KynOHOBCKOI"O (aap!i!Jl-38p5!1l) B38HMOaeltcisHSI, EcnH y"ieCib 

(5), (7) H (8) H npeHe6pe'lb a<IJ<IJeKIOM OIHOCHienbHOlt <IJa3bi aapOHHb!X 

H aneKipOMSI"HHIHbiX SMTinHrya, TO an!i! BMnnHTyabl pacceSIHHSI npOTOHOB !illl

PBMH Ha Manbie yrnbi nony"iHM ( CM. TaKMe /4/) 

18 

rae 

a 

M (OJ"" F 
# op 

8 
c ·y 

-~' ( .... (} an} + -- + 
(} 

F -!i!JlepHaSI aMnnnTy.na pacceSIHHSI npoToHos !illlPBM 0, 

8 
c 

y , 

2 

11~ 

Ze 
2 

Ze 2 

Me 2 

Me 2 (fl.,- I/2) 
-I6 

Z·3,5•10 CM, 

Y'ler orHocnrenbaolt <PaabJ aapoHHoA H aneKTpoMaf"HHIHo:lt 

na pa6oibi Bere 141 H na (60.1). 

C nOMOWbiO ( 31) anSI Ce'leHHSI pacceSIHHSI HenongpH30 

d a /do 
0 nonSipHaaunn P H napaMeTpos Bonb<PeHwTe:ltJ 

0 

HMeeM 

da
0 

do 
IF 1

2 
+ 

op 

da __ o p 
d 0 0 

a2 
c 

2 
y +2a ReF 

p c op 
(j4 + 

r, 
2-

0 
!m F 

op 

(} 2 
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H 
!:J.a/ a iiff 1-3%, TaK 'ITO /].liS!. OIIpeJJ.elleHHS!. MarHHTHbiX MO-

pOHOB, CK8)!(9M, C 10% TO'IHOCTb!O /lOCT8TO'IHhl 9KCIIepHMeHTbi, 

BOlliiliH OIIpeJJ.eliHTb 8 M C IlpOUeHTHOfi TO'IHOCTb!Oo 

0 -rHIIepOHOB M8rHHTHhlfi MOMeHT paBeH IIO pe3yllbT8T8M H3-

/10/ -x rpyrrrr 11 Ao -0,67 :!:.. 0,06 H -0,73 :!:. 0,18 S!.JJ.epHbiX 

A - n A n 
a a = a t t , TaK 'ITO 8 B 3 paaa MeHbWe 8M " 

fut o M 

A 
8 (J < 0 

M 

OpHeHTHpOBaTbCSI. Ha yKa3aHHS!. SU 3 -CHMMeTpHH, TO IIOliSJ.PH

-rHIIepOHOB JJ.Oli)!(Ha 6hiTb OTpHUaTellbHOfi, a IIOliS!.pH3aUHS!. :£
0 

-

E: :£ 
IIOJIO)!(HTellbHOfi IIpH 8 = 8 M H 8 = 8 M COOTBeTCTBeHHOo 

)!(HOCTb orrpeJJ.eliHTb BeliH'IHHY H 3HaK MarHHTHbiX MOMeHTOB IIpH 

JIS!.pH3aUHH (H ce'leHHfi pacceSJ.HHS!.} a ynpyroM pacceS!.HHH 6apH-

yrnhi = 8 M rrpe/lCTaBliS!.eTCS!. oco6eHHO 3aMaH'IH-

HHefiTpOHOB H aHTHrHrrepOHOB, IIY'IKH KOTOpbiX MoryT 6b!Tb C03-

speMeHHbiX yCKOpHTeliS!.X. 

rrpH pacnpocTpaHeHHH MeToJJ.a "Me'leHhiX aefiTpoaos" 
1111 

Ha 

hi TO'IHOCTb OIIpeJJ.elleHHS!. HMIIYllbCa aHTH6apHOHa OCTaHeTCS!. 

, 7) %, TO rrpH H3y'leHHH IIOliSJ.PH3aUHH IIO/l MallhiMH yrnaMH MO)!(HO 

HOCTH B H9CKOnbKO IIpOUeHTOB /].liS!. BeliH'IHHhl MarHHTHOrO MO-

HefiTpoHa 11 _ = - 11 • CsSJ.aaHHOe c H3MeHeHHeM aaaKa Mar-
n n 

MeHTa (no CpaaHeHHIO C HefiTpOHOM) H3MeHeHHe 3HaKa 
1 

9KCIIepHMeHTallbHO, IID-BH/lHMOMY, rrpowe. 

8. PacceSIHHe nporouoe u 3apa>KeHHbiX runepouoe 

p n 
0 

aCCMOTpeHHH pacceS!.HHS!. aapSJ.)!(eHHbiX 6apHOHOB He06XO/lHMO 

S!.HHe He 3aBHCS!.Wero OT CIIHHa CHHryngpHOrO IIO rrepeJJ.asaeMO

y KynoaoacKoro (aapS!.Jl-aapS!.Jl) saaHMOJJ.eficTBHS!.. Ecnn yqecTb 

(8) H rrpeHe6pe'lb a!IJ!~JeKTOM OTHOCHTellbHOfi 4Ja3bl aJJ.pOHHbiX 

arHHTHbiX aMIIliHTYJl, TO /].liS!. aMIIliHTY/lbl pacCeS!.HHS!. rrpOTOHOB S!.Jl

llbie yrnhi nony'IHM (eM. TaK>Ke 14!) 

18 

rJJ.e 

a 

·Y 
roJ F 

M • op , 
a 

c 
+ -- + 

8 

, .... 
-

8
- (an) 

F -S!.JlepHaSJ. aMnnnTyJJ.a pacceSJ.HHS!. npoTOHOB S!./lpaMH 
0/1 

a 
c 

y , 

2 

t3~ 
Ze 2 

Me 2 

Ze 
2 

Mc2(tt,-II2) 
-16 

l • 3, 5 • J0 CM
0 

( 31) 

(31 a) 

(31 6) 

Y'leT OTHOCHT9llbHOfi 4Ja3bl aJJ.pOHHOil: H 9li9KTpOMarHHTHOfi 8MIIJIHTY/l S!.CeH 

na pa6oTbi BeTe 141 H H3 (60.1). 

C IIOMOWb!O (31) /].liS!. Ce'leHHS!. pacceS!.HHS!. H9IIOliSJ.PH30BaHHbiX rrpOTOHOB 

d a I do nonSJ.pnaauHH P H napaMeTpos Bonb!IJeawTefiHa A H R 
0 0 

HMeeM 

d a
0 

do 
IF 1

2 
+ 

ot> 

da __ o p 
do o 

a2 
c 

84 + 

r, 
2-

8 
!m F 

2 y +2a ReF 
, c 0/1 

8 2 
(32) 

(33) 
0/1 
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da 
o A a 2 

- ( I F + -c I - y 2 I 0 2 ) sin 0 -
op 02 p .(34) do 

2y 

- - 0 ' ( Re F + a 10 2 
) cos o 

Of> C 

da ac2 2 2 2y, ac 
--

0 
R = (IF + -I - y I 0 ) cos 0 - -- (ReF + ---;:})sin 0 (35) do op 0 2 p 0 op O ' 

a 

~ 2~ 2 
_.:.JL(A cos 0 + R sin 0) =---(ReF· + a IO ) . 

do 0 op c (36) 

B npaaotl 'l8CTH (33) OTCyTCTByeT HHTepcpepeHIIHH Me>KJly a H y H3-38 
c , 

Toro, "'TO <fla3bi 3THX B91lH'lHH COBll8JlaiOT. flo cpaBH9HHIOC paCC9SIHH9M HetlT-

POHOB M9HS19TCSI 3HaK DOilS!pH3aUHH npH MallbiX yrnax paccesrHHg (pop > 0 ), 

a ee B91lH'lHH8 CHilbHO YMeHbW89TCSI H3-38 OOilbWOf'O BKilaJla B (32) Kyllo-

HOBCKOf'O B38HMO.IletiCTBHSI DpH M81lb1X yrnax paCC9SIHHHo 

BaeaeM yron pacceHHHH 0 P , npH KOTopoM a ( 32) cpaaHHBaiOTcg 
M 

BKilallbl F 

' 0 
M 

Of> 2 H cnaraeMoro, oopaTHO nponopunoHallhHoro 0 

( Y 
2 

+ 2 a ReF ) ~ p c op 

IF op I 

a TaK*9 wKYilOHOBCKHtlw Yf'Oil paCC9SIHHSI 

0 " 
c 

I ac I 

V IF op I 

20 

(37) 

(38) 

LlnH pacceHHHH nporoHoa c aHeprnell: = 1 Mas Ha SIJ 

da I do :; a 2 I 0 4 
0 c 

nOilS1pH3a llHSI 

a 
4 

fm F 
- f" 1 op 3 p ;;; - ( 1.1 - 1 12 ) 0 

op 2 I (Ze 2 1Mc 2) 

OOpaTHO nponopUHOHallbHa 3apsray Hllpa l • flpH MallblX 3Hej 

T 2 fm Fop 3 
L 0 P ~ 2(1.1 - li2)(M""";2) (Ze21Mc2) op p 

MHO*HT91lb nepea 0 MaCWTaoa 5 • 10-4 npH 
2 _ 

TIMe ;:;; 10 

30M, DpH M81lbiX 3H9Pf'HSIX B3aHMO.IleACTBHe Maf'HHTHOf'O MO~ 

c KynosoacKHM noneM gapa npHBOilHT K aeCbMa Manoa nonsr 

CBSI3H C 3THM CT8HOBHTCH, DD-BHilHMOMy, DOHSITHblM pe3yllb1 

MeHTa 1121. 

flpH B03pacTaHHH 3Hepf'HH DpOTOHOB DOilS!pH3aUHH pop 
2 

TaK "'TO npn {3 L = 0,5, Z • 80, 8 • 0,1 H fm Fop 5 

~ . 
Pop :I 1%. flpH OOilbWHX yrnax paccesrHHV. CKa3biBaiOTCH acp 

<flaKTopoa. 

flpH ll81lbHetlweM pOCTe SHeprHII: pOilb KYilOHOBCKOf'O 83 

YMeHbwaeTCiil ( a c = ; I /3 ~ ) H DOHBilSieTcg oonaCTb MallblX 

<flopM<fJ8K1'0pbl ewe He CKa3biBai01'CH, HO DpH 

1 » 8 » 8c 

MOJKHo Dpelfe6pe'l& BKnaaoM a 18 2 
a (31 ). B aToll: o!SnaCTJ 

c 

p ;& 
op 

]m F •I 

IF ·1 
op 

21' .. 
8 

0T¥,eTHW To HHTepeq;~oe ooC"fOHTellbCTao, 'ITO 3Ha'ieHHH P 
0 

HHK HeiTpOHOB H RpOTOH08 Ha onHOM H TOM *e 6eCCRHROBOM 
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ac 2 2 - ( I F + - I - y 2 I e ) sin e -
o(J e2 (1 

.(34) 

( Re F + a /e 2 
) cos e 

Of> C 

ac 2 2 2 2y, a., 
( I F + - I - y I e ) cos e - -- ( Re F + --::2) sin e ( 35) 

o(J e 2 , e O(J e ' 

2y 2 

A cos e + R sin e) = - ___! ( Re F · + a I e ) . e o(J c 
(36) 

(33) OTCyTCTByeT HHTepcpepeHUHSl Me>KO.Y a H y H3-38 c , 

!fla3bi 3TH X senH'IHH cosnao.aJOTo no cpasHeHHJO c pacce.9HH9M HeAT-

HHeTcH aaaK nonstpnaaunH npH ManbiX yrnax pacce.9HH.9 ( P o(J > 0), 

CHnbHO yMeHblli89TCH H3-38 6onblliOrO BKnao.a B (32) Kyno-

F 

(1 

ManbiX yrnax pacce.9HH.9, 

M yron p8CC9HHHH 0 p 1 npH KOTOpOM B (32) Cp8BHHB810TCSl 
M 

0(1 

2 
H cnaraeMoro, o6paTHO nponopuHoHanbHoro e 

( Y 2 + 2 a Re F ) % 
(1 c o(J 

IF 0(1 I (37) 

"KynoHOBCKHA" yron pacCeSlHHSl 

, 1 a., I 

c ..; IF 0(1 I 
(38) 
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.llnH pacce.9HHH npoTOHOB c aaeprHeA = 1 Mas Ha smpe Pb npH 

da/do:.a
2 /e 4 

0 c 

nonHpH38 JlHSl 

p 
0(1 

3 
4 

f3 1 ( - I /2) --- ~-~, 
2 

o6paTHO nponopUHOH8nbH8 aapsmy SlO,pa Z o npH ManbiX 3HeprHSlX 

T 2 /m F o(J 3 
L e 

p = 2(/l - I/2)( Mc2) (Ze2/Mc2) o(J (1 

(39) 

(40) 

MHO>KHTenb nepeo. e M8ClliTa6a 5. 10-4 
npH 

2- -3 
T /Me ;;; 10 • TaKHM o6pa-

30M
1 

npH ManhiX 3HeprHSlX B38HMOO.eACTBHe MarHHTHOrO MOMeHT8 npOTOH8 

c KynoHOBCKHM noneM smpa npHBOO.HT K secbMa ManoA nongpH38UHHo B 

CBSl3H C 3THM CTSHOBHTCSl, no-BHO.HMOMy, nOHSlTHbiM peaynbTST 3KCnepH

MeHT8 /1 2 /o 

npH B03p8CT8HHH 3HeprHH npOTOHOB nongpH38UHSl p o(J ysenH'IHB89TCSl, 

TSK 'ITO npH {3: = 0,5, z - 80, 8 - 0,1 H /m F o(J 5 10-12 CM 

1 . 
p o(J :i 1 %o npH 6onblliHX yrnaX paCCeSlHH9. CK83biB810TCSl a!flcPeKTbl !flopM-

!flaKTOpOBo 

npH o.anbHeAmeM pocTe 3HeprHA pOnb KynoHOBCKoro B38HMOO.eACTBHSl 

2 
YM9HbW&eTCH ( a c: = I I {3 L ) H noHBnSleTCO:H o6naCTb ManhiX e ' KOro.a 

!flopMciJ81tTOpb1 ewe He CK83biB8JOTCH, HO npH 

1 » (J » 6., 

MO>KHo npeae15peqb BKnao.oM a I (J 
2 

B ( 31) o B a To A ol5naCTH yrnos 
c 

p " 0(1 

fm F., 
IF "I 0, 

21J • .. 
(J 

0T¥9T.HM TO HHTep9C!l09 o6CTOHT9nbCTBO, 'ITO 3H8'leHHSl p O 

(41) 

o.nR paccea-

HH51 Hel1'p0HOB H npOTOHOB R8 OltHOM H TOM >Ke 15eccnHROBOM smpe C RY-
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neBbiM 1!30Cl1HHOM (Koraa 
F = F ) saMerHo ornH'I:aiDTCH us-sa on op 

Man1~x aneKrpoMarHHTHhlX a~~eKroa B o6nacra Manhlx yrnoa pacceHHH~ 

3To llpHBOL!HT K 38M8THOMy Ka~yWeMyCH "HapymeHHID" CneaCTBH~ H30TOllH-

'18CKOH HHBapaaHTHOCTH anH llOnHpH38UHH p 
0 rrpa Manhlx yrnax pacceHHHH, 

AHanOI'H'IHOe YTBepX(i!8HHe OTHOCHTCH K COllOCT8BneHHID llOnHpH38UHH 

nO HOB H rarrepOHOB B p8MK8X SU J -CHMM8TpHH, 
HyK-

B CBH3H c ( ;j4) H ( 35) OTMeraM, 'ITo H3MepeHae A cos (} + R sin (} 

B o6cy>~<aaiDmaxcg ycnoaaHx rrosaonHer orrpeaennTh Re F + a I U 2 , T,e, 
op c 

aeOcrnarenhHYID 'lacrh cyMMapHo~ aMrrnuryahl pacceHHHH (KaK as-sa cnnh-

lli>IX, T8K H H3-38 3neKTpOM8I'HHTHb!X B38HMOL!8HCTBHH), 

Dpa BhiCOKax 3HeprHHX rrporonoa a 3apHX(8HHhrx rarrepoHoa, Koraa 

B ( 32) MO>I<Ho rrpeHe6peqh BKnaaoM a I(} , rronHpa3aUHH P .. rrpa 2 4 

(} c- OM 
c o, 

fm F 2a ReF 
op -~ p (0 ") op [I c 

+ ] ( 42) 
op M 

IF I y2 
0/J 

" 
nonox,nrenhHa, a aorronHurenhHbr~ (no cpaaHeHHID c He~rpoHaMa) MHo~urenh 
a (42) 6nasoK K eanHaue rrpu 

IRe Fop I « 2 2 
Ze I Me 

TaKHM o6pa3oM, accneaoaaHne nonHpH3auuu a pacceHHHH penHTH-
1 

BHCTCKHX 38pH~8HHb!X 6apHOHOB HL!p8MH Ha M8nbre yrnbJ TBK~e COaep~HT 

HH~OpM8UHID H 0 HaepHblX 8Mllnaryaax H 0 M8I'HHTHb!X MOM8HT8X 38pHMeH

HbiX I'Hl18pOHOB, HO Tpe6yeTCH TWarenhHbl~ yqer KynOHOBCKOI'O B38HMO

ae~CTBHH, llOHCK ycnOBH~, B KOTOpbiX ero BKnaa HeBenHK !lpH 38i!8HHO~ 

TO'IHOCTH BenH'IHH, a T8KMe y'IeT 3~~8KT8 OTHOCHTenhHO~ ~83bl aapOHHO~ 
!21 H 3neKTpOM8I'HHTHO~ 8Mrrnarya 
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0TM8THM, 'ITO ang llHOH-!lpOTOHHOI'O pacceHHHH llpH 

rugx aHanorn'I:H:bie :::lneKTpoMarHnTHhie 3~~eKrhr rrpHaenu 1 

HOMy B03p8CT8HHID l10nHpH3BUHH B 77 + p pacceHHHH llpH 

aaMe K B03HHKHOB8HHID MaKCHMyMa B p ( TT- p) llpH - t 
0 

ABTop 6naroaapeH ID.A. AneKcaHapoay, C.M. Bnne 
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I! II OM ( KOf'tl8 F = F ) 3aMeTHo ornHqaroTcH H3-3a on op 

[JOM8f'HHTHI>IX 3cjlcp8KTOB ~ o5naCTH ManbiX yrnOB p8CC8HHHH. 

T K 38M8THOMY K8*YWBMYCH "HapyweHHID" cnetlCTBH~ H30TOITH-

H8HTHOCTH tlnH ITOnHpH38UHH p 
0 

rrpu ManbiX yrnax pacceHHHH. 

yTBBp)!<tlBHHB OTHOCHTCH K COITOCTaBnBHHID ITOnHpH38UHH 

OIIOB B paMK8X SU J -CHMMBTpHHo 

HyK-

H c ( 04) H ( 35) OTMeTHM, qTo H3MepeHHe A cos(} + R sin (} 

2 HXCH ycnoBHHX rrosBonHer orrpeaenHTh Re F + a I 0 , T.e. 
op c 

ID qaCTh CyMM8pHoA 8MITnRTYtlhl paCCBHHHH (KaK H3-38 CHnb-

3-38 3neKTpOM8f'HHTHhlX B38HMOtleACTBHA). 

OKHX 3HeprHHX DpOTOIIOB H 38pH)!<BHHbiX f'HITepOHOB, K0f'tl8 

2 4 
o rrpeHe6peqh BKnaaoM a I(} 

c , rronHpH3aUHH P o(J rrpu 

lm F 2a ReF 
__ o_(J [/ c OIJ -~ 

l + 
( 42) IF I y 2 

OIJ 
p 

8 !lOITOnHHTBJihHhlA (no Cp8BHBHHID C HeATpOH8MH) MHO*HTBnh 

K B!lHHHUe DpH 

OIJ I <<.. 
2 2 

Ze /Me 

30M, HCCnBJJ.OB8HHB ITOnHpH38UHH B paCCBSIHHH pen~TH-

5apHOHOB H!lp8MH Ha M8Jlbl8 Yf'J!b! T8K*B COJJ.BP*HT 

0 H!!BpHb!X 8MITnHTYtl8X H 0 M8f'HHTHb!X MOMBHT8X 38pHMBH-

HO Tpe5yeTCH TlliaTenbHb!~ Y'IBT KynOHOBCKOl"'O B38HMO-

K ycnoBH~, B KOTOpb!X Bf'O BKnaJJ, HBBBnHK ITpH 38JJ.8HHOit 

HH, a T8KMe Y'IBT a¢J¢JeKTa OTHOCHTBnhHOit <jla3b! 8JJ.pOHHOit 

/2/ 
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0TMBTHM, 'ITO JJ.nSI. ITHOH-ITpOTOHHOl"'O pacceHHHH rrpH Bb!COKHX 3Hep

f'HSI.X aaanorH'IHbie aneKTpoMarHHTHhie 3cpcpeKTbi rrpHBenu 121 K saaqHrenh

HoMy B03p8CT8HHID ITOnHpH3BUHH B 17 + p pacCeHHHH rrpH M8JibiX t H 

tl8M8 K B03HHKHOBBHHID MaKCHMyMa B p ( 17-P) rrpH- t = 2•10-
3

(f3B/c) 2 • 
0 

AsTop 5naroaapeH IO.A. AneKcaaapoBy, C.M. 6HneHhKoMy, 

c.c. repwre~Hy, B.H. fpH50By, B.n. flro5owuuy, M.Y!. nonropeUKOMy, 

n.A. Cnusy 38 rrone3Hbl8 o5cy*!l8HHH. 
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·y CJIOBMS 06MeHa 

npenpiUITb! H coo6meHHH OMHM paCCb!J1810TCH 6ecnnaT 

HMHOro 06MeHa,yHHBepCHTeTaM, HHCTHTyTaM, na6opaTOpl 

H8Y'IHbiM rpynnaM H OTAeJibHLIM Y'l'eHbiM 6onee 50 CTpaH 

nony'laTeJISIM H3D8HHH OMHM npeaocTaBJIS!eTCSI B03M0) 

SIBHTb HHHUH8THBy B 6ecnnaTHOH nOCbiJIKe rry6Jil!KilUHM B 

06MeHa npHHHM810TCSI Hay'I'Hbie KHHrH, )KYPH81ILI, npenpH 
ny6JIHK8UHH no TeM8THKe 0115!11. 

EDHHCTBeHHhlH BHA ny6JIHK8UHA, KOTOphlH HaM I1pl!Chl 

8TO peiTpHHTbl ( OTTHCKil CTaTeif t y)Ke OITy6nHKOBBHHb!X B H 

H PS!Ae CJiy'l'aea Mbl CBMil o6pamaeMCH K Hay'I'Hb!M Y'l 

6onee KpynHhlM nony'laTeJISIM H8lliHX H3DBHHR - C ITpOCb60 

CJ18Tb HaM K8KHe-JIH6o KHHrH HJIIl BbiiTHCBTb DJISI HaiDeR 611 

)KypHaJibi1 H3DaJOII.!HeCSI B HX CTpaHax. 

0 T,QeJibHhle 38DpOChl 

HanaTenbcKHH oTaen e)KeroaHo BbiiTOJIHHeT ORono 3000 
cos .Ha BbiCbi1IKY H3DaHl!H OHHH. B TBKl!X 3arrpocax cneL 
YK83biBaTb HHQeKC 3anpaii.!HBaeMoro H3D8HHSI. 

A.Qpeca 

nHCbMa ITO BCeM BOITpocaM 06MeHa rry6JIHKB!IHSIMH
1 

a 

oTaenhHbie H3naHHH cneayeT HanpaBJISITb no aapecy: 

MocKBa, 

TnaBHbiH flD'lTaMr, n/s:r 79. 
HaaarenbCKHil oraen 

06oB£1HHBHHoro HHCTHTyTa 

s:raepHbiX nccneaoBaHnii. 

Aapec DJISI nOChlJIKH Bcex rry6JIHKaUHA B nopS!DKe 06ME 

6eCITJ18THOH noanHCKH Ha Hay'I'HLie )KYPHBJILI: 

/ 

MocKBa, 

TnaBHbiH llD'lTaMT, n/s:r 79. 
Hay'lHD-TexHII•IeCKaH 6n6nJioTeKa 

06oB£11IHBHHOro lfHCTHTyTa 
HaepHbiX HccneaoBaHHil. 
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