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PacceHHHe 'laCTHUbi Ha ael!TpoHe rrpH BbiCOKHX sHeprHRX arrepea orrHcblsaeTcSI 

TaK HS3biBaeMblM HMIIynbCHblM IIpH6nH)[{eHHeM ( Ol!HOKpSTHOe pacCe!IHHe) /1/. 

CymecTaeHHOH qepTol! sToro rrpH5nH*eHHR RBnHeTC!I TO, 'ITO rronHoe ceqeaHe 

B3BHMO!lei!CTBHSI " -Me30HOB C nei!TpOHOM He 3aBHCHT OT CIIHHOBOrO COCTOBBKR 

nel!TpoHa. 

Y'leT MHOrOKpaTHOrO paCCeSIHHSI 'lBCTHUbl Ha HyKnOHaX BHyTpH !!llpa I!pRBO,IlRT 

-- K llBO!IKOrO pona 3qxpeKTSM: BO-IIepBbiX, H3MeHSieTC!I He 3BBHCSIIHB!I 0T CIIHHS 'lBCTb 

Ce'!eHII!I, BO-BTOpblX, IIOSIBn!leTCSI 3SBIICHMOCTb Ce'leHH!I OT BblCTpOeHHOCTH neiiTpOHa. 

TaKHM o5paaoM, rronHoe "- d Ce'!eHHe paBHO: 

x/ 

a =a +a +lla+a 
7Td rr p 7Tn a I 

rne s - CIIHH nel!TpoHa, a K -HMrrynbc rrana10mero " -Me30Ha B na5opaTOpHOH 

CHCTeMe. 

BenH'lHHa 8 a B na<jlpaKUHOHHOM rrpH5nH*eHHH arrepa&Ie oueHeHa fnay5epoM 

(s<jJ<jleKT fnay5epa) /2,3/. HaMH B TOM )[{e IlpH5nH)[{eHHH Bbl'lHCneHa BenH'lHHa a I • 

KpoMe Toro TaK)[{e B rrpH5nH*ei!HH fnay5epa B pal!oHe peaoHaHca ~ !3 aaMR pac­

C'lHTaH aKnan naofiHoro pacceHHH!I c y'leTOM crrHHa, T.e. aaaHCHMOCT& rronHoro 

"-d Ce'!eHH!I OT BblCTpOeHHOCTH neHTpOHa. 

8 rrpH5nH)[{eHHH fnay5epa aMrrnHTyny yrrpyroro 

HH!I BIIepen MO)[{HO 3BIIHCBTb B BHlle/3/: 

" - d ( HnH k - d ) pacceR-

x)EcnH BBeCTH HeiipHBOllliMble TeH30pb! T JM , TO 3Ty <jlopMyny MO)[{HQ 3allJI-

CaTb B BHne: 

a =a +a + 
1Td 7Tp 7T n 

a 
3 

3 



I 

l, 

li 

1 ... ... ...... t 2) 
F (O}cf (O}+f (0)+ JS(q)-Sp(otf(q)ot f (-q)]d q, 

sd zp zn 
2 11 

K 2 I zp 2 zD 

... ... 
rae S (q} - !jlopM!jl8KTOp JleltTpOHa, E , E - BeKTOpbl nonSipH38URH )leltTpOH8 

I _, 2 

B B8'18nbHOM H KOHe'lHOM COCTOSIHHSIX, 0 - M8TpHU8 Dayne, fXN- 8MTinRTYJl8 

pacceSIBHSI rr ( k } - Me30HOB H8 HY KnOH8X. 

11cnonb3YSI onTH'leCKYIO :reopeMy, nony'lHM Bb!palKeHRe JlnSI rr -d - ce'leHRB: 

2 
o =o +o +.--JS(q)Rel 

1 
2 

Sp[d; f (q);;" f (-q)]}d 12
l q. 

1 rrn 2 rrn 
nd np rrn K 2 

linea BRJla: 

2 1 ... .. .. .. ( 2) 
'Re!-Sp[ot f (q)ot f (-q)]ld q 

2 I rrp 2 rrn (1) K2 f S(q) 

BHpa~aeT BKn8Jl JlBOltHOrO pacceSIHHSI 11 -Me30H8 H8 HyKnOH8X BHyTpH )leltTpOHB 

B HMDynbCHOe npa6nHJKeHRe. 

~==~~;;:~----,_'_,_~-'~~~ _____ :. 
~ 

PHc. 1. BKnaJl JlBOAaoro pacceSIHRSI B 'rr- d -aMnnHTYJlY• 

llocne BblTIOnHeHHSI aecnOJKHblX, HO rpOM03JlKHX npeo6p830B8HRlt BbipalKeHHe ( 1) npH-

BHM8eT BH)l: 

2K 
4 II' ( 2 2 -- f S (q) a 1 a 2 t - n b 1 b 2 
K2 o 

<; i< >2 
K2 

<<;K>2> 
ol . (2) 1 q dq • l>o + 

K2 

4 

• 

~ 
~-:1 I 

'1. 
II 

'I 

.'\ 
:'', 

~ 

I 

s 
I( 
I 

'I 

i~;r 
.l 

I 

~ 

3)leCb 8 I, a 
2 

H b I, b t- CTIRH-He38BRCHMbie R CTIIIH-38BHCHMble 8MTiniiT 

nOHHOrO paCCeSIHHSI COOTBeTCTBeHHO, 

<c-:x>2> 
-----= 1-

K 2 

~ ~ 2 

< •* (S K) 
n = 

K2 

• > ... 
1\'. Kx 

CymecTayeT aoapaJKeaee no noBOJlY Toro, 'lT.O B paAoae peaoaaaca Bbm 

nynbcaoe npe6nHJKeaee. B nonb3Y aToro roaopHT pa6oTa/4/, rJle 

BKn8Jl JlBOHHOrO pacCeSIHHSI B oonaCTH pe30H8HC8 L\ 
33 

yMeHbWaeT 

aa 40%. OnHaKo aKcnepHMeHTanbHbie naHHbie /5/ yKa3hiBBIOT, 'lTO T 

He npeBOCXOJlHT lt>~. J..l.nSI TOrO 'lTOObl TIOHS!Tb 3TO npOTHBOpeqHe, a: 

nsollaoro pacceSIHHSI a o6nacTH peaoaaaca 1"1 33 , c yqeTOM noaeJl 

!jlyHKUHH )leltTpOH8 B OKpeCTHOCTH HynSI. 

rne 

HHSIX. 

J..l.nSI 3TOrO 6epeM M0JlH!jJHUHpOB81IHYIO BOnHOBYIO !jlyHKUHIO JleJ 

(I) 1/J(r)=y 
af3(f3+ a 

2 
({3-a) 

-ar -{3r 
e - e 

!Z = v rn B B - aJiepreSI CBS13H neii:Tpoaa, f3 - napaMeTp aa 1 

EyneM C'lHTBTh, 'lTO cnHH-38BHCHMbie H cnHH- aeaaBHCHMbie aMnm 

cSIT OT yrna paccel!I!HSI. Torna B paAoae peaoaaaca 1"1 33 
MOlKH< 

palKeHHSI )lnSI lio H 0 I BHJla: 

32 " 
l>oe ---2 -

K 

(a+f3lf3 
2 

,( f3- a\ K 

a 14 K K -- ( arctg- ~ arctg-
~ a f3 

1 
+-

5 

3 3 
4a 3 + 4{3 -(a+f3) a 4 a 3 4 1 
----------- ( -- + -- --+ -- -

3 
K 

K 3 . K 3 5 

3 5 2 2 3 

-(_L+~-{3-+~ L )In~+ [ ~+....!.. ~+-~-~ 
K 3 K 3 5 K 5 (3 2 K 3 K 

3 
20 K 

5 



1 .. .. .... ( 2) 
)+ f (0) + fS(q)-Sp[ut 

1
f (q)ut f (-q)]d q, 

xn 
2 11 

K 2 zp 2 zn 

.. 
OpM¢aKTOp A8HTpOHa, l 

.. 
' l - BeKTOpbl nonHpH38!liiH aeATpOHa 

KOH8'1HOM COCTOHHHHX, u - MaTpnua ITaynn, fxN- aMnnBTyaa 

k ) - Me30HOB Ha HY KnOHSX. 

H OIITH'IeCKYIO :reopeMy, nony'IHM Bb!palKeune AnH fT -d - Ce'leHHH: 

2 1 
+u +.--fS(q)Rel-

tTn K 2 2 
sp[a: f (q);; t (-q>Jid< 2 ,q. 

1 17'n 2 1Tn 

a: 

2 1 .. .. .. .. ( 2) 
fS(q) Rei-Sp[ut

1
f (q)ut f (-q)]ld q 

2 1Tp 2 rrn (1) 

A ABOAuoro pacceHHHH 1T -Me30Ha Ha HyKnoaax BHYTPII AeATpOHa 

'" K' 
' ' " 

1. BKnaa ABOi!.Horo pacceHHHH B 

d.. 

I<, 

11- d -aMnnnTyay. 

HHH HeCnOlKHbiX, HO rpOM03AKHX npeo6pa30BSHHA BbipalKeHHe ( 1) npn-

(q) [ a I a 2 l 2 - n 2 b I b 2 
<; i< >2 

K2 

<(;K>2> 
U I l q dq • Bu + 

"(2) K2 

4 

• 

I~ ·,}1 ll~•''• 
';-,1' 

·~~-~ 1\ ),I 

I 
.II· 
,. 

'1, 

I 
( ,, 

~~ 

1: 

jl 

! 
I 

.~-.r· ',I 

'.l 'I 

) ,.# 

3aeCb 8 I' 8 2 H b I' b t- CITHH-He38BHCHMbie H CITIIH-38BHCHMbl8 SMITnHTYAbi ITHOH-HyK­

nOHHOrO paCCeHHHH COOTBeTCTBeHHO, 
... .... 2 -1' ... 2 

< ( t K) > < t* (S K) t > .. .. -+ 
-----: 1- n: Kx K". 

K2 K2 (2') 

CymecTeyeT eoapalKeHHe no noeoAy Tore, 'IT_o e palloue pe3ouauca BhrnonaseTc 11 HM­

nynbcaoe npn6nBlKeHHe. B nonbay aToro roeopnT pa6oTa/4/, rae noKaaaao, 'ITO 

BKnaa ABOHHoro paccesans B oonacTn peaoaaaca 1.\ 33 yMeHbwaeT ceqeune no'ITII 

aa 40%. OaaaKo aKcnepnMeHTanbHbie ASHHbie 15! yKa3hiBSIOT, 'ITO TaKaH non;weKa 

He npeBOCXOJlHT lb%. J.lnH TOrO 'IT06bi ITOHHTb 3TO npOTHBOpeqne, Bbi'IH CnHM BKnaA 

nsoAaoro pacceHHHH B o6nacTH peaoaaaca A 
33 

, c y'leTOM noseneHnH eonaoeoA 

¢YHKUHH JlellTpOHS B OKpeCTHOCTH Hyng. 

J.lnH 3Toro 6epeM MOJlH<jJHUHpOBSHHyiO BOnHOBYIO <jlyHKUHIO ael!TpOHa. llyCTb 

(I) 1/1 (r) = V 
af3(f3+ a 

2 
( f3- a) 

-ar -f3r 
e - e 

rAe !1 : v m B B - aueprnH CBH3H AeliTpoua, f3 - napaMeTp ua ManbiX paccTO'II-

HHHX. 

EyneM C'IHTaTb, 'ITO cnua-aaeHCHMbie a cnau- He3aeacnMbie aMnnnTyAhi ue aasa-

csrr oT yrna pacceSI!fHSI. Torna B paAoue peaouauca A 
33 MOlKHO nony'IHTb Bhl-

palKeHHSI nng l:iu H u 
1 

BHJla: 

32 1T 
liue ---2-

K 

(a+{3)f3 

2 
( {3- a) 

a 

K 

14 ( -_, K 
-- llrctg-~ arctg ~ 2K 

2 arct&--)+ 
15 a f3 a+ f3 

1 
+-

4a
3

+4{3
3

-(a+{3)
3 

a 4 a 3 4 a 5 a 2+if(S) 
--------- _ (- + -- --+- --) ln ----

5 3 
K K 3 . K 3 5 K5 a 2 

3 5 22 3 5 2 • .2 
-( _p_+ ~ L + ~ L) ln ~ + [ ~ + __!__ ~ + _1_ (a+f3.l_]ln~~K 

K 3 K
3 

5 K
5 f3 2 K 3 K

3 
20 K

5 
(a+f3) 2 

5 



I 

I' 

1) 

a -- l61r 
I -­

K2 

(a+ f3 ){3 

(f3-a)2 

a 8 K K -I -- (arctg- + arctg- -2 arctg 
K 15 a f3 

-""=--)­
(l + f3 

1 

10 

3 )3 5 2 2 
4a 3 +4f3 -(a+f3 2 a3 2 a a +K 
-----,..----- + ( -- -- + -- ---) In + 

K3 3 K3 5 Ks a2 

2 f3 3 

+(---+ 
3 K 

3 

5 2 2 
2 f3 f3+K 

----)In----
5 Ks {32 

3 5 

f _.!.._ (a+ {3) + _1_ (a+ {3) 

6 K 
3 

40 K 
5 

lin 
(a+f3)2 

l. 

C noMOIUbJO <t>opMyn .( 3) H ( 4) CJle/laHa 'IHCileHHaH oueHKa. Mbi Sbi6HpanH a •45 Mas, 

{3 c 5 a H K =310 Mas. TorJla oueHKa noKaaana, 'ITO sKIIBJl JlSOliHoro paccei!HHII 

S palloHe ~ 33 pe30H8HC8 COCT8SI1519T OK0/10 5%. 

npH JlpyrOM lKe Sb!60pe napaMeTpa {3 ( {3 = 7 a ) T8KOll SK/18Jl OK838/IC51 pas-

HbiM 9%. 

TaKHM o6paaoM SHJlHO, 'ITO non Hoe ce'!eHHe ynpyroro rr- d paccei!HHII O'leHb 

'IYSCTBHT91lbHO K llOB9Jl9HHIO BOIIHOBOll <\>yHKUHH H8 M81lbiX p8CCTOSIHHIIX. 

Bbi'IHCIIHM Tenepb ce'!eHHe (a 
1 

) Ha BbiCTpoeHHOM JleliTpOHe np11 BbiCOKHX 

aaeprHIIX BnepeJl. npeJlCT8BI15151 BOIIHOBYIO <\>yHKUIIIO Jl9l1Tp0H8 B 06IUeM BI!Jl9 

e-ar 
(II). .p (r ) = N cp ( r ) 

2 3 (l 
f'Jl9 N ~ --- HOpMHpOBO'IHbil!: K0:3<\><\>HUH9HT, KOTOpbil!:, K8K llOK83811 CMOp0JlHH-

41T 
CKHl!:/6/, He'lySCTSHTelleH K ll0S9Jl9HHIO SOIIHOBOl!: <\>YHKUHH Ha M8/lb!X paCCTOHHHSIX, 

C rpaHH'IHbiMH yCIIOBHIIMH: 

cp(O)=O, 

cp( ... )=l. 

HpaanaraH cp(r) B OKpeCTHOCTH HYIIH B pHil, 
a2 

nony'!HM BbipalKeHHe Jl/111 ( a ) 
I 

C TO'IHOCTb!O JlO '!119HOS nops:IJlK8 --K-2-

a 
I 

16 IT 
2 N 

2 

-------
K2 K 

2 a cp '2 (0)- cp '(O)cp"(O) a
2 

+ K
2 

_ _;_ ___ _:_ _ _.:____.:__ I B ( I) (In - 2 l + 
K 3 a2 

(5) 

n 
2 .. (-1) 

--- l. B(n)(l) 
+ I 

n=l n(n+1)! 

6 

• 

3JleCb B (cos 9) • b,,. (cos 9) b,, (cos 8), P,ri> (l) npoH3BOJlHa 

no yrnaM pacceHHHH npH aaaq:eaHH q -0. 

J1cnollb3YH COOTHOWeHH!I 

2 a cp'(O)- cp"(O) =-2m ( v(r) r ](0) cp'(O), 

1 
cp'(O)·-

2m f v(r) r 2 dr 

<\>opMyny (5) MOlKHO nepenacaTb B SHJle 

8 ,2 N2 
a~----

1 K2 K 

(v(r)r](O) a2 + K 2 "" ( n) ( 
B(l)(ln---2]+! B (l)-

a2 n=l n ( 3 2 2 
mK (fv(r)r dr) 

TaKHM o6paaoM, H3MepeHHe sellH'IHHbi a 1 
noasonHeT nony'IH~ 

UHJO 0 CTpyKType Jl9J!:TpOHa Ha M8/lb1X paCCTO!IHIISIX HIIH 0 HyK/14 

T9HUHalle Ha M8/lbiX pacCTOHHHSIX. 

3aMeTHM 0 'ITO B Clly'!ae npHMOyf'OilbHOl!: !!Mbl B911H'IHH8 a I 

CTSHe (6a) II (5). 

ABTOp RCKpeHHe,6narOJlapeH npo<\>eccopy fl.H. flanHJlYCY H 

MHOf'O'IHC/leHHbl9 ll01193Hbl9 o6CylKJl9HH!I H llOCTOSIHHYIO nOMOlllb 

n a T e p a T y p a 

1. G.F.Chew. Phys. Rev.,_§Q_, 196 (1960). 

2. R.GlauberPhys.Rev., 100,242 {1955). 

3. V.Franco and R.Glauber.Phys.Rev., 142,1195 (1966): 

4. H.Pendleton. Phys. Rev., 131, 1833 (1963). 
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.6fT 

K2 

8 K K (a+ f3 ){3 ...!!.... 1 __ ( arctg- + arctg - -2 arctg 
({3 _a )2 K 15 a f3 

2K ) -

3 3 
4 a 3 + 4 f3 - ( a + {3) 2 

I +(-
K 3 3 

5 2 2 
2 f3 f3+K 

+----)In----
5 K5 {32 

a 3 2 a 5 

--+-----)In 
K 3 5 K 5 

3 5 
f _!___ (a+ {3) + _1_ (a+ f3) 

6 K 
3 

40 K 
5 

a+ f3 

2 2 
a + K 

+ 
a2 

lin-----·-· 

(a+(3)2 
!. 

cpopMyn (3) 11 (4) cnenaHa 'II!CileHHaH oueHKa. Mbi Bhi61!panH a •45Maa, 

K =310 Mas. Tor.na oueHKa rroKaGana, 'ITO BKna.n .naol!Horo paccesrHHH 

~ 33 pe30H8HC8 COCTBB/IS!eT OK0/10 5%. 

pyrOM JKe Bb!6ope rrapaMeTpa f3 ( f3 = 7 a ) T8KOll BKIIBA OK838/ICS! paB-

o6pa30M BIIAHO, 'ITO ITO/I HOe Ce'!eHHe yrrpyroro 1T- d pacceSIHIIH o'!eHb 

HO K IIOBe.QeHHIO BOIIHOBOll cpyHKUIIII 118 Mallb!X paCCTOS!HIIS!X. 

C/IIIM Terrepb Ce'!eHHe ( U I ) Ha BbiCTpOeHHOM A9llTpOH9 I!pll Bb!COKIIX 

rrepe,n. npeACTaBIIS!S! BOIIHOBYIO cpyHKUIIIO .Qel!TpOHa B 06IUeM BRAe 

3a 

4tr 

e-ar 
(II). 1/J(r) = Ncp(r) 

HOpMHpOBO'IHblll KOacpcpHUH9HT, KOTOpb!ll, KaK IIOK83a/l CMOpOJliiH-

ie'lyBCTBIIT9119H K IIOB9ll9HIIJO BOIIHOBOH cpyHKUIIII Ha Mallb!X paCCTOSlllliS!X, 

Mil YCIIOBIIS!MH: 

cp(0)=0, 

cp(oo)=l, 

cp(r) a OKpeCTHOCTII Hy/IH B psr,n, IIOIIY'IIIM BbipalKeHHe Jl/IS! ( a ) 
I a2 

10 no '!lleHoB rropHJlKa 
K2 

16 tr 
2 N 2 2 a rP ' 2 (0)- cp '(O)cp"(O) a

2 + K 2 

_____ ...:___..:_...:.._ I B ( I) (In - 21 + 
K 3 a2 (5) -------

K
2 

K 

n 
(-1) .. 2 B(n)(l) + ! ! 0 

n= 1 n(n+l)! 

6 

.. 

3.necb B ( cos (J ) - b,n (cos (J ) brr., (cos e) • {>,~ (1) rrpoH3BOJlH8S! D -ro rropsr.cuca 

rro yrnaM paccesrausr npH GHa'!eHHH q -0. 

HCI!QI!b3YK COOTHOW9HHK 

2 a rp'(O)- cp"(O) =-2m [ v(r) r ](0) rp'(O), (6a) 

cp'(O) .. - (6a) 

2m J v(r) r 2 dr 

ljlopMyny (5) MOlKHO neperracaTb B BRne 

[v(r) r] (0) 8rr
2 

N
2 

(1 .,____ 2 
1 

K
2 

K mK
3

(Jv(r)r 2 dr) 

n n 
2+ K2 "" (n) (-1) 2 

B(l}[ln-a ___ 2]+! B (l}-----
a2 n=l (7) I. 

n(n+1)! 

TaKHM o6pa3oM, H3MepeHHe aenH'!HHbi u
1 I103BOIIS!eT nony'IHTb HOBYIO HH«jlopMa-

llHIO 0 CTpyKType .Qeli:Tpoaa HB Mai!biX paCCTOS!HHS!X HIIH 0 HyKIIOH-HYKIIOHHOM no-

TeHuHane Ha M81Ib!X paCCTOl!HIIl!X, 

3aM9THM, 'ITO B Clly'lae I!pliMOyronbHOl! liMb! B91IH'IIIH8 u
1 

paBHa HynJO BCIIe.Q-

CTBHe (6a) H (5). 

ABTOP HCKpeHHe 6narouapeH rrpocpeccopy ~.H. nanHnycy H A.B. Tapacoay 38 

MHOrO'!HC/leHHbie IIOII93Hble o6cyJKJl9HHS! H IIOCTOl!HHyJO IIOMOIUb B pa60Te. 
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4. H.Pendleton. Phys. Rev., 131, 1833 (1963). 
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