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l,BaeJJ.eHHe 

B HacToRwee apeMR B aaJJ.a~ax pacceRHHR ~acTHU 6onhwon aHeprHH 

WHpOKO HCIIOIIb3yeTCR TaK H83biB8eMOe 9HKOH811bHOe HIIH BblCOK09HepreTH

/1 2/ 
~eCKOe IIpH6mDKeHHe ' , OTO IIpH611H)KeHHe OCHOBhiBaeTCR Ha $H3H~eCKHX 

rrpeJJ.IIOnO)KeHHRX, ~TO IIpH 60nbWHX 9HeprHRX paCCeHBaeMhie ~aCTHUbl HCIIbl-

TblB8JOT He6onbWOe OTKnoHeHHe B o6naCTH Jl9~i:cTBHR CHIIOBOro IIOIIR H MO)K-

HO orpaHH~HTbC91 IIpH611H)KeHHblM Bbl~HCIIeHHeM TOIIbKO H3MeHeHHR $a3bl BOn

HOBOH <iJyHKllHH, a y>Ke OTCJOJJ.a H8HTH If aMIIIIHTYJJ.Y pacceRHHSI, 

B JJ.aHHoil pa6oTe HCcneJJ.yeTCSI aMIInHTyJJ.a rroTeHUHanbHoro pacceRHHSI 

IIpH 6onbWOll 9HeprHH ~aCTHll Ha OCHOBe HHTerpallbHOro ypaBHeHHSI JliiSI 

aMIIIIHTY Jlbl, 

B paaJJ.ene 2 BBOJJ.HTCH J 0 - rrpeJJ.CTaBneHHe JJ.nH aMIIIIHTYJJ.hi pacceHHHH. 

flony~eHO HHTerpanbHOe ypaBHeHHe JJ.IISI "noKallbHOH" aMIInHTYJJ.hi', H3 KOTo

poro cneJJ.yeT BbiCOKOaHepreTH~ecKoe rrpH611H)KeHHe (paaJJ.en 3). 

HccneJJ.OBaHHe IIpHHSITbiX B pa3JJ.ene 3 IIpH611H)KeHHH IIpHBOJJ.HT K HC

rrpaaneHHJO cyweCTBYJOWeH aMIIIIHTYJJ.bl 9HKOH811bHOrO IlpH611H)KeHHR IIpH TeX 

)Ke ycnoBHRX rrpHMeHHMOCTH ( paaJJ.en 4). BoaMO)I{Hbie H3MeHeH.HR JJ.H$$epeH

UHanhHoro Ce~eHHR IIpH paCCeSIHHH BIIepeJJ. 06Cy)KJJ.8JOTCSI Ha IIpHMepe Kyno

HOBCKOrO B38HMOJJ.eHCTBHSI, 
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2, J o -npe.QCT8Bll9HH9 8MTIJIHTY.Qbl 

3aTIHW9M 8MTIJIHTYAY paCC9stHH51 '18CTHUbl H8 TIOT9HUH8JI9 V ( f) B CJI9-

AYJOW9M BH.Qe: 

1 -1;,- 3 2p. 
f(fJ),----fe U(r)'P_ (r)d r, U(r),--.,V(r), 

4rr Po t." 
(I ) 

I'.[l9 

iplr-r' 1· 
'P (-;: ) "' e I "Por 1 e 

- -r;-- f -=----U(r ')'P (r') d 
3
r , 

I r -r 'I 
(2) 

-iit)r 
BseAeM ¢YHKUHJO ¢(r) "'e 'P(r) w aarrwweM ypasHeHwe ( 1) s sw.Qe: 

1 lq;- - 3 - - -
f(O) =- --fe U(r) ¢(r)d r, q "'Po-p' (3) 

4rr 

p 
0 

, p -H8'18JlbHbi:i! H KOH9'1HbJ:i! HMTIYllbCbl '18CTHUbi. ct>yHKUHst ¢ (r) 

YAOBJI9TBOpsteT CJ19llYIOW9MY HHTei'p8llbHOMY ypaBH9HHJO: 

1- _,1 
lp r-r (--,-

1 e 1 Po·•-•> 3 
¢(f) "" 1- - f _ _ e U ( r ') ¢(r. ')d r · • ( 4 ) 

4rr lr-r'J 

Y'ITeM Terreph, 'ITO 

i'Q;" 3 r > J e U(r)d r = U(q)=-4 rr 
0 

JJ(qp)x(p pdp, (
5

) 

rAe 

X ( P ) "' - f- j U ( v p 
2 

+ z
2 

) d z , _.., 
(6) 

J0 ( x) -UHJIHHAPH'IeCKast !jlyHKUHst Eeccenst. Tor.Qa ypaBHeHHe ( 3) MO)KHO 

!Ipe.QCT8BHTb B BH.Qe: 

4 

,. 

\i-\. 

t
. 
'· 

' ' 

1'\ 

' 

~·~t.~ 

1{r 

\ ''·:· 
;$' 

,j 
• 

1 3 l(q-r;; ) 3 I r r ' 

f(O)---fd rfe U(r)d rfe ¢(r')d 8 

4rr · 

"" "'f M (qp) x(p)pdp, 
0 

I'.[l9 IIOJI0)1{9HO 

M(qp)"' fJ0 (p lfi -;i)¢(r)d r, 

a T8K)K9 

¢(7),8(r) IP,-'1' -p'-<8 JU(I;_;•I)¢(;') •• ,. (2 17) 3 

KaK BH.QHO H3 ypaBHeHHSI (8), (7) H (9), B rrepsoM rrpH6JIH)KeH 

(0) - - (0) fO) "" . 
¢ ( r) ,8(r'), M (qp)=l 0 (qp), (O),fJ0 (qp) x(p 

0 

, noKallbHaSI" SMIIJIHTY.Qa M YAOBJ19TBOpS1eT cne.QyJOIUeMy HHTeJ 

ypaBH9HHJO: 

(0) 1 "" J ( 1- -
M(qp)=M (qp)+-;:-rfp'dp'x(p') f o p q-rJ)M(p'r) 8 

2rr o · I -
1
2 2 • d r • P o-r - p -1 8 

DnSI rrony'leHHSI ypaBHeHHSI (10) cne.QyeT IIOACTaBHTh (9) B (8) 

!jlopMyny (5), 0TM9THM, 'ITO H9TIOCpe.QCTB9HHbiM npeo6pa30B8Hii 

'IJI9H8 HT9p8UHOHHOI'O pSI.Qa, IIOJiy'leHHOI'O H3 ypaBH9HHS1 (10), I 

38Th rrpe.QCT8BHMOCTb 8MIIJIHTYJlbi paCC951HHS1 B BH.Qe: 

"" f(e), f J (qp)lpx(p)+f1(p)+ ... ldp 
0 0 

/3/ 
B COI'JI8CHH C 06IUHM Tpe60B8HH9M K 8MTIJIHTYJl9 • ct>opMallb 
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2, J o -npeLICT8BJieHH8 aMTIJIHTYLlbl 

8MTIJIHTYLIY pacceHHHH 'l8CTHUbl Ha TIOT8HUH8JI8 V ( r) B CJie-

1 -lpr 3 2p. 
---fe U(r)'V_ (r)d r, U(r).,--2 V(r), (I) 
4 TT PO 1\ 

tp I• _,, 1 
1 e 

- -
4
-- f -=---U(r ')'II (r') d 3 

, 

" I r -r, I r (2) 

-tiijr 
10 cp(r) ~ e IJI(r) H 38TIH!U8M ypaBH8HH8 ( 1) B BH.Qe: 

~- _
1_Je 1

q-;- U(r)¢(r)d 3 r, q ~P"o-P• (3) 
4rr 

JibHbiM H KOH8'IHbiM HMIIYJibCbl 'l8CTHUbl. <l>yHKUHSI cp (r) 

CJI8LIY!Olll8MY HHTerpaJibHOMy ypaBH8HH!O: 

1- _,1 lp r-r ( __ ,_ 

1 I p ,r -r) 

r) = 1- -- f e e 0 U(r ') ¢(r')d 3 r · 
4" I ;:--r'l (4) 

'ITO 

lqr 3 r ) d 
e U(r)d r = U(q)=-4 rr 

0 
J

0
(qp)x(p P p, 1 (

5
) 

( ) 1 "" _/ 2 2 
X P = - - f U ( v p + z ) dz , 

2 -oo 

(6) 

H'lecKaH cpyHKUHSI EeccenSI, Torna ypaBHeHHe ( 3) MO*HO 

BHLie: 

4 

.,.__ 

~-!1 

t ' ' . 

.' 
;-"~~ 

',.li, 

X 

\ 1 
:gi 

f 

1 3 t{q-7;; > 
f ( 6) -- - f d r f e 

477 

3 
1 r r ' 

U(r) d r fe ¢(r')d a-r, 

= J M (qp) x(p)pdp, 
0 

rae IIOJ10)1(8HO 

M(q p)= f J0 (p lfi -;-l)<f>(r)d r, 

a T8K)Ke 

¢(r)=B(r) . 
1•,-'1' -p'...;• J U(l ~-;"I)¢(;') •• , ' 

(2 77) 
3 

(7) 

(8) 

(9) 

KaK BH.QHO H3 ypaBHeHHSI (8), (7) H (9), B nepBOM npH5JIH)KeHHH HMeeM: 

(0) - - (0) 10) "" 
¢ ( r) =B(r'), M (qp)=J 0 (qp),r (6),fJ

0
(qp) x(p)pdp. 

0 

"floKaJibHaSI" aMnJIHTyaa M yaoBneTBOpSieT cneayiOUleMy HHTerpanbHOMY 

ypaBH8HHIO: 

(O) 1 "" · J o (pI q -i' I ) M( p 'r) 3 
M(qp) ... M (qp)+-;:;-r-:

2 
fp'dp'x(p') f 

1 
__ 

12
. 2 ,

8 
d r. (10) 

77 o p 0 -r --::, p -I 

nnSI TIOJIY'l8HHSI ypaBH8HHSI (10) cneayeT IIO.QCT8BHTb (9) B (8) H y'leCTb 

cpopMyny (5), 0TM8THM, 'ITO H8IIOCpe.QCTBeHHbiM npeo5pa30B8HH8M K8)KJ:l0I'O 

'IJieHa HTepaUHOHHOI'O pSIAa, nony'leHHOI'O H3 ypaBHeHHSI (10), MO)KHO IIOKa-

38Tb npeACTSBHMOCTb 8MTIJIHTY.rlbl paCC8SIHHSI B BHAe: 

f(6)= J J (qp)lpx(p)+f
1
(p)+ ••• ldp 

0 0 

/3/ 
B COI'JI8CHH C 06UliiM Tpe50B8HH8M K 8MTIJIHTyAe , <PopMaJibHOil TIOACTa-
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I 

HOBKOH M( q P ) =Jo ( qp) r( P) nonyqHM ,nnH HeH3BeCTHOH ~YHKUHH r(p) 

cne.nyiOwee ypaaueuue: 

1 -- - - ' 
r(p)=1+ ::"2 1 fp'dp'x( ') f Jo(plq-ri)Jo(p'r) r(p) 3 

2rr J
0

(qp)o P 
1 
__ 12 

9 d r 
Po -r -p" -io 

(10') 

Henocpe,nCTBeHHbiM BbiqucneHHeM B pa3/lene 4 IIOK838HO, qTQ C TOqHQCTb!O 

AO qneHOB "'q 2 HHTerpan He 38BHCHT OT q , D03TOMY, OCTaBnHH nepBbii!: 

qneu pa3no)KeHHH no q , nonyqaeM 

r( p) = 1 + ~ f G ( p, p ') r( p' ) d p', 
2rr o 

( 11 ) 

G(p ,p ') =p'x(p ')f Jo (pi~ ....T!) Jo (p 'IP"o_-rl) a 
9 9 

0 T, 

r·-p·-io 
(12) 

8 IIpHHHTOM IIpH6nH)K9~HH 3a,naqa OTbiCKaHHH 8MIInHTY/lhl paCC9HHHH CBOAHT

CH K peweHHIO HHTerpanhHOrO ypaBHeHHH ( 11) C MPOM ( 12) H nocne.nyiO

Wei!: UO/lCTaHOBKOH r ( p )B ypaaue HH9 ( 7). 

3. Dp116nu)Keuue 6onhwoii auepr1111 

PaccMoTpHM HHTerpan, axo.nHilli:!H B H.npo G( p, p ') 7 

,., J0 (plpo-ri)Jo (p'liio-r!) d 3 r. (13) 
G( p , p ' ) = f 

2 
2 • " 

T _ p -I u 

Dpeue6peraH rnaBHhiM 3uaqeul:!eM I:!HTerpana, nonyqaeM 

~ t)<'l - --3 
G(p,p'),irrfo(r"-p")J

0 
(plp

0 
-ri).J

0
(p' lp

0 
-rl) d. r 

·> TT 
=irr • f J 0 (ppy'2(1-ros0)) J (p' p y'2(1-rosO)sinOde. 

0 0 

6 

I' ~ 

.:1 
'J'm'.hlll: 

~·~· 
'I 

:# I; 
·,' .. ~1 j':l~' 
·,:~ '~· 
('~;,j; 
'.t ... \ ·J· ·:~l':i 

·~!.\ 

·~u· ~~ 
'·II 
'j, !1' 

·\!\\ 

'}l\ 
'·'l :.:,) 

/i: 

~ 

j 

nocne no.ncTauoBKI:! w =1"2pv'1~nonyq~:~M: 

2 2p 

G ( p, p ') = i-;-j J
0 

( pw) J 
0 

( p 'w) w d w "' 
rr 2 1 1 

- [ - 8( p-p , ) + 0( -
p p p 

Dp1:1 6onhwoil: auepri:!H c ToquoCThiO .no qneuoa 0( ::\-) HMeeM OK 
p 

.nns R.npa ypaaueHI:!H (11): 

2 
G( P ,p ') = i -"- x(p) B(p -p '). 

p 

Anre6paHqecKoe ypaaueuHe, nonyqeuuoe H3 (11) c no.ncTauoaKc 

WaeTCSl B SlBHOM BH.ne: 

r(p) 
i 

-- x(P) 
2p 

nnSI aMnnHTYllbl paCC9SlHHSl rronyqaeM !lJopMyny: 

f(O)= fJ (qp)x(p)r(p)pdp = f J (qp) x(p) pdf. 
0 0 0 0 i 

1- --x(p) 
"" 2p 

x(p)= -fU(y'p2+z
2

)dz, q=2psinL. 
0 2 

3To 4JopMyna 6hma nono)KeHa a ocuoay 6onhworo TeopeT1:1qe1 
/2/ 

.noaaHHSI pa6oThi • Dp11 ycnoBHI:! I x (p) I « p 4JopMyna ( 16 

B H3B9CTHYIO 4JopMyny fnay6epa 
/1/ 

4. OueuKa oT6pomeHHhiX cnaraeMbiX, Y cnoBHe 

IIpHM9HHMOCTH 

1, Dp11 BhiBO.ne 4JopMynhl ( 16) Mhi npeue6peran1:1 rnaBHhll 

HHTerpana (13), nnSI OUeHKI:! Bbipa)KeHI:!Sl 

7 



Jo(qp) C(p) noJiy'IHM AJIH H8H3B8CTHOH ~yHKUHH t(p) 

H8HH8! 

J (!._)Ip'dp'x(p') I Jo(p\q--;:\)J (p'r)1( ,_ 
o qp fl 

0 
P) 3 IPo -r\2 -p2 -ia d r. (10') 

hiM Bbl'lf!CJ18Hf!8M B pa3AeJie 4 TIOK838H01 'ITO C TO'IHOCTbJO 

HHTerpan He 38Bf!Cf!T OT q , Do3TOMy, OCT8BJIHH nepBhl~ 

q , nonyqaeM 

f'(p)~l + ~ JG(p,p')l(p' )dp
1
, 

2 7T 0 
( 11 ) 

G(p,p')~p'x(p')I Jo(Piib_;I)Jo(p'lp0 ..:-rl) 3 

2 0 

il r. 
r -p·-ia 

(12) 

f!6Jlf!)K8HHH 38A8'18 0TbiCK8HHSI 8MTIJIHTYAhi pacceSIHHSI CBOAHT

HHTerpaJihHOrO yp8BH9HIISI ( 11) C MPOM ( 12) II TIOCJiellyJO

KOH t(p )s ypaBH9HHe (7). 

3. Dpu6nu)KeHne 6onhmoi1 sHepruu 

HM HHTerpan, BXOllSiillHH B MPO G(p,p'), 

"' J ( ,- -G(p ,p ') ~I o P Po-r\)J0 (p'\p 0-ri} 3 

2 

d r 
r - p 2 -i a . 

(13) 

naBHhiM 3Ha'leHHeM uHTerpana, nonyqaeM 

)"'irrfa(r~-p~).J0 (p\p
0 

-;:-\).J
0
(p' \p

0 
_;\) d~r 

7T 

-irr ~I .J
0
(ppy2(1-ros0)) J (p' py2(1-rosO)sinOdO. 

0 0 

6 

.,,f# 

'.',_'·' 
/l : \ 1~, 

Y:. \ ~: 
·.,h ~ .. ' 

'·\ i\ 

·,'j~;'.·:· ,,:-

'(\' ·,~:1 
I_, 
',i 

l 
'_·.•_-~,. J } :i 

~f 
' ~ 

,J!I 

lj, 

ff 
II 

j 

Docne TIOllCT8HOBKII W ~J"~yi~TIOJiy'IHM: 

2 2p 

G(p,p')= iTJ J
0

(pw)J 0 (p'w}w dw"" .:C. [ !_a( p-p , ) + O( - 1 
) ]. 

p p p 
(14) 

Dpu 60Jihill0~ 9Hepri'!H C TO'IHOCThJO llO 'IJleHOB 0( ~) UMeeM OKOH'I8TenhHO 
p 

AJIR Hllpa ypaBH9HIISI (11): 

2 
G( p , p ' ) "" i - 77

- X ( p) a ( p -p ' ) • 
p 

(15) 

Anre6pauqecKoe ypaBHeHne, nony'leHHOe 113 (11) c noacTaHOBKOH (15), pe-

ill89TC Sl B SIB HOM Bllll9! 

i(p) 
1 - _i- x< P ) 

2p 
nnSI 8MTIJlHTYllbl pacCeHHIISI TIOJiy'laeM ~OpMyny: 

f(fJ), jJ (qp)x(p)t(p)pdp = r J (qp) x(p) pdp' 
0 0 0 0 i 1- --x(p) 

2p 

2 . e 
q"" p Sin-. 

2 

00 

x(p)~ -IU(yp2 +Z
2

)dz, 
0 

(16) 

3TO ~OpMyna 6hin8 TIOJIO)K9H8 B OCHOBY 60JihillOrO TeopeTH'I9CKOrO UCCJie

/2/ 
aoaaHnSI pa60Tbi • Dpu ycnoBHH \ x (p) I « p ~opMyna ( 16) nepexoauT 

B 1'!3B9CTHYJO ~OpMyJiy fnay6epa 
/1/ 

4. OueHKa oT6pomeHHbiX cnaraeMbiX, Y cnoaue 

npHMeHI'lMOCTII 

1. Dpu BbiBOlle ~opMyJihi ( 16) Mbi npeHe6peranu rnaBHbiM 3Ha'leHneM 

UHTerpaJia ( 13), nng OUeHKI'l Bblpa)KeHI'!SI 

7 
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1 00 2;;'2/p'dp'x(p')f'(p') f Jo (PlPo-;-I)Jo(p'lpo-rl> a - d r 
r - P 

( 17) 

MO)KHO BOCITOnb30B8TbCSI nepBbiM npHOnH)KeHHeM AnSI f', ( f'(p) "'1) HnH npH-

HSITb, 'ITO BbinOnHSieTCSI ycnOBHe 

cna6o 38BHCHT OT p H IT09TOMY 

1 :x I R « p • Bo aTopoM cnyqae f'( P) 
p ~~ 

38ITHWeM ( 17) npHOnH)KeHO KaK -p-f' ( p ), 

rAe 

00 

t. ( p ) ~fp'dp'x(p')f 
277 0 

Jo < P I ii o --;: I )J o < P' l Po -rl > 

2 2 
r - P 

d 3r • 

(18) 

AMnnHTYAY pacceSIHHSI a sTOM cnyqae nerxo nony'IHTb, y'IHThiBaSI (17), 

(18) B ypaBHeHHH (11): 

00 

f(O) = f J0 (qp) 
0 

x(p) 
pdp. (19) 

t.( P)- .!.. x( P ) 1- --~p. 2p 

BHAHO, 'ITO y'leT t. H3MeHSieT AeitcTBHTenbHYIO qacTb aaaMeHaTenSI 

ITOAHHTerpanbHOI"O Bbip8)KeHHSI ( 16) 1 a 0 3H8'1HT1 H AeJ:I:CTBHTenbHYIO H MHHMYIO 

t. 
qacTH aMnnHTYAhi pacceSIHHSI, LlooaaKa -- MO)KeT ObiTb cywecTaeaaoit npH 

p 
pacceSIHHH aa Manbie yrnhi a cnyqae, KOrAa t. cna6o aaaHCHT oT saeprHH, 

B Ka'leCTBe npHMepa Bhi"'HCnHM t. AnSI KynoaoacKoro aaaHMOAeitcT

BHSI, B sTOM cnyqae 

00 y 
J (pr)x(p) pdp=-,-, 
o r i 

2p 2 
Y = ± -

2
-Z e , 

h 
(20) 

/4/ 
/l -npHBeAeHH8SI M8CCa. noACT8BHM (20) B (18) H y"'TeM, 'ITO 

0 

oo J (pu) 
f-0- du=-

77
-[is J (pz)-H (pz)], Imz/=0, 

2z o o 

s =sign ( Imz), 

8 

I"Ae Ho (X) - 4JyHKUHSI CTpyae. nocne HecnO)!(HbiX npeo6paaoaaHHH 

y 1 dy 1T 1 
t.( p) .. -- fH 0 ( 2p p y) --"' r y + 0 (-,.). 

2 '0 y p 

2. YcnOBHe npHMeHHMOCTH OCHOBHOJ:I: 4JopMynhi ( 19) HaitAe 

nopSIAOK OTOpOWeHHbiX HHTerpanoa B ( 10), PaCCM8TpHB8eMbiH ~ 

I "' f 
J0 (plq -ri)J 0 (p 'r) 

1- - 12 2 • "' p - T -p -I u 
0 

3 
d r 

. e 
paano)KHM no CTeneHSIM sm 2 • npe)!(Ae acero aocnonbayeMc 

J 0 (pl-q-rl)=l0 (pq)J0 (pr)+ 2£ J Jpq)Jm(pr)rosm ¢ " 
m=l q r 

rAe, aanpHMep, 

ros¢" 
qT 

y cos e r y 1-l Sin (IT. sin cpT 

Y = sin ...fL 2 . 

npH cyMMa a (23) HC"'eaaeT, Llanee HMeeM y =0 

d 

dy 
(J (ay)cosm¢,. 

m qT 
= 4- ( J 

1 
(a y)- J (a y )) rosm 

~ m- m+l 

d 
+ J (a y ) --( ros m ¢ " ) , 

m d y q T 

a"' 2 p p, , m I= 0, 

TaK 'ITO nepB8SI npOH3BOAH8SI CYMMbl B (23) npH y "'0 H HHTel"pl 

( 22) A8CT Hynb, 

AHanorH'IHO AnSI aTopoii npoH3BOAHOlt nonyqaeM: 

n2 { df(Jm(ay) rosm¢q1- )!y,o., 
a cos e ; 

r 
2 2 q 

..E...2 ( cos e sin - ¢ 
T T 

9 

-1 ) ; 
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'dp'x(p')f'(p') f Jo (PIPo-;-I)Jo(p'lpo-rl) a 
- d r 

r - P ( 17) 

OB8TbCSI nepBbiM npn6nnMeHHeM .llnSI f',(f'(p) ==1) nnn npn-

HSieTcSI ycnosne I~IR« p • Bo BTopoM cny'lae f'( p) 
dp N.._p) 

T p H noSTOMY 3annllleM ( 17) npn6nnMeHo KaK -,-r ( p ), 

I P2 fp'dp'x(p')f 
217 ° 

J0 (PI P0 -ri)J0 (P'lil
0
-;:-l) 

2 2 
r - P 

d 3r • 

(18) 

eSIHHSI B STOM cny'l:ae nerKO nony'IHTb 1 Y'IHTbiB8SI ( 17) 
1 

H (11): 

x(p) "" 0) ~ f Jo (qp) 
0 

pdp. 
( 19) ~(p )_..!.. x(p ) 

1- p 2p 

y'leT ~ H3MeHSieT .lle:licTBHTenbHyiO '18CTb 3H8MeHaTenSI 

0 Bbipa:lKeHHSI (16), 8 1 3H8'1HT1 H .lleli:CTBHTenbHYIO H MHHMYIO 

~ 
1 pacceSIHHSI, .Qo6asKa -- MO:lKeT 6biTb cywecTseHHoll: npn 

p 
nbie yrnbi B cny'lae, KOI'.lla ~ cna6o 38BHCHT OT sHeprnn, 

npHMepa Bbi'IHCnHM ~ .llnSI KynOHOBCKOI'O B38HMO.lleli:CT-

'lae 

"" y 
f J (pr)x(p) pdp~-,-' 

o o r 
2/l 2 

Y "'+ --Z e 
- h 2 ' 

/4/ Sl Macca. f10.llCT8BHM (20) B (18) H y'ITeM, 'ITO 

du,~[is J (pz)-H (pz)], Imzj.O, 
2z o o 

S=sign(lmz), 

8 

~· 

(20) 

I'.lle H0 ( x) - <PYHKUHSI CTpyse, ITocne Hecno:lKHbiX npeo6pa30BaHHi!: nony'laeM: 

y 1 dy 1T 1 
~(p) ""---fH 0 (2ppy) -== -r-Y+ 0(-,). 

2 0 y q p (21) 

2, Ycnosne npHMeHHMOCTH OCHOBHOll: <jJopMynbi (19) H8H.lleM, OUeHHB8SI 

ITOpSI,llOK OT6pOllleHHbiX HHTerpanos B (10), PaCCM8TpHB8eMblH HHTerpan 

I "' f 
Jo ( p lq - ri )J 0 ( p, r) 

3 --------------d r 
1- - 12 2 P - r -p - i 8 

0 
(22) 

. (} 
pa3nO:lKHM no cTeneHSIM sm 2 

, ITpe:lK.lle scero socnonh3yeMCSI <jJopMynoll: 

J 0 (plq-r!).,J0 (pq)J0 (pr)+ 2I J .Jpq)Jm(pr)rosm ¢" 
m==l q r 

I'.lle, HanpnMep, 

ros¢ " = y cos 0 r -
qT y' 1-y2 sin 0 sin ¢ 

T T 

Y = sin ..1L 2 • 

ITpn Y ::0 cyMMa B (23) HC'Ie3aeT, .Oanee HMeeM 

d 
- (Jm(ay)cosm¢,. 
d y qT 

= 4- ( J (a y)- J (a y)) rosm ;,:, m-1 m+l 

d '·• 
+ J ( a y ) --( ros m ¢ ,. ) , 

m d y q T 

a::2pp, • m f 0, 

(23) 

¢,. 
q T 

TaK 'ITO nepBaSI npOH3BO.llH8SI CYMMbl B (23) npH y = 0 H HHTerpHpOB8HHH B 

( 22) .ll8CT Hynh, 

AHanorn'IHO .llnSI BTopoif npOH3BO.llHOll: nonyqaeM: 

{

arose; 
- T 
- 2 2 0 T ( cos 0 r sin • ¢ r 

m"' 2. 

.d2 
---:-2(J m(ay) rosm¢,. )I 

dy qr Y'"o 
m ~1 

- 1 ) ; 

' 
9 

/ 



~~ 

OTKy.Qa cneayeT OKOH'IaTeJibHOe Bb!pa>KeHHe .QJ!Sl ( 22) 

l(y)=Jo(ay)I Jo(pr )J o(P 'r) 

liJ-rP-p 2 -i8 

dar- a2y2 I ~(~r!Jo(p'r) dar+ ... 
4 IP _,.,. -p2 -i 8 

0 

CXO.QIIMOCTb pa3JIO:>KeHHSl 38BIICIIT B OCHOBHOM OT 3Ha'IeHIISl Benii'IHHbl 

a y = p q, II03TOMY B Ka'IeCTBe ycnOBIIH rrpuMeHUMOCTH .QnSl 8MIInRTy.Qhl ( 19) 
. {) 1 R 

MO:>KeT cny:>KUTb ycnoBue sm T << PR, rae -xapaKTepHbiil: nuaeii:Hbiil: 

pa3Mep paccenBaiOIUej;\ cucTeMhlo 

l1HTepeCHO OTMeTIITb 1 'ITO IIMeeM T8K:>Ke 

d Jo (pi q --r! >Jo (p 'r) 
dT l I - - ? 2 I p -r r -p -iS 

0 

dar I =0. 
{)=17 

3TO o6CTOHTenbCTBO MO:>KeT OKa3aTbCSl B8:>KHblM IIpll 0TbiCK8HIIII 8MIIniiTY.Qbl 

pacceSIHIIH rrpu 6onbwux yrnax paccestaust. 

5. 06Cy:>KAeHUe 

npoBe.QeHHOe 3.QeCb IICCne.QOB8H119 8MIIniiTY.Qbi pacceSIHIIH Ha OCHOBe 

IIHTerpanbHOI'O ypaBHeHHSl (10) B OCHOBHOM BOC1Ip0113BOAIIT peaynbT8Thl 

/112/ 
BbiCOK03HepreTU'IeCKOI'O IIO.QXO.Qa o 

YKa3aHHOe B paa.Qene 4 OTnii'III9 1 OAH8KO~ MO:>KeT 6b!Tb CyiUeCTBeHHbiM 

IIpll yrnax pacceSIHIISl1 YAOBneTBOpH IOIUHX ycnOBIIIO 1Ip11M9HIIMOCTII tjlopMyn'>Io 

B qacTHOCTu, sTa rrorrpaBKa uaMeHHT wupuay 11 tjlopMy .nutjlpaKuuoaaoro 

IIIIKa paCCeSIHHSl qaCTIIU BIIepe.n. 3TO MO:>KHO nef'KO IIOHSITb 1 3aiiUCaB tjlopMy

ny ( 19) rrpu6nu:>KeHHO B cneayiOIUeM Bnae: 

10 r 

~ 

)( ( p) 

f( {))"" -i p f J0 ( qp ) [ e 
-,-

l + L'1 -l]pdp. 

3Ta tjlopMyna crrpaBe.nnuBa rrpu I x(p) I« P 11 cneayeT ua tjlopM 

"' Benu'IUHa u aaaK ·,1 aaBRCHT oT Bhi6paaaoro rroTeauuana 

"" 
( IIOTeHU118Jl IIpiiTH:>KeHHH) tjlaKTOp 1 + ,1 rrepeMeiUaeT AlltjlpaKUII< 

MYMb! C9'!9HIISI HaneBO ( Ce'!eHne BIIepe.n B03paCTaeT) • 06paTH~ 

"" 
II MeeT MeCTO II pH ,1 > 0 ( IIOTe HUH an OTTaJlKIIB8HHH) • 

npu KyJlOHOBCKOM pacceHHIIII '!aCTIIU paCC9SlHII9 6y.neT lip 

stjltjleKTIIBHO a a st.npe c 6onbWHM Z ( K < 0 1 HarrpuMep, .nnst 

"' 
IIJlll C M9HbilliiM Z ( L'l> 0 1 AJ!H II0311Tp0HOB) IIO Cp8BH9HII 

"' 
eM L'l=O tjlOpMyJia fnay6epa). 

XoTst tjlopMy~hl Tnrra (19) rrpuMeHRMhl rrpu Manhlx yrnax 

/5/ 
IIX illllpOKO IICIIOJ!b3YIOT KaK AJIH o6pa60TKII 3KCIIepuMeHTa 1 

. /2/ 
TeopeTU'IeCKIIX uccneaoBaauj;\ • YcrrewHoe rrpuMeHeHue sTux 

rrpu 6onhwux yrnax1 nHor.na aapywaiOIUIIX .na:>Ke ycnoBHe qR < 1 

MOMY CBH3aHO C TeM 1 'ITO OHII L{aiOT rrepBOe rtpu6nu:>KeHUe IIpll 

9Hepf'IIHX 1 a IICIIpaBJieHIISl 1 BHOCIIMhie Bb!CIUIIMII IIOpSIAKaMH, Man 

ABTOp Bbipa:>KaeT rny6oKyiO 6naro.napaocTb rrpotjl. B.r. Cc 

rrpo¢. X • .H. XpucTOBYI .Q -py JI. r. 3acTaBeHKO II .n-py E.H. K. 

o6cy:>K.neaue II KpiiTHKY pa60Thl. 

JI u T e p a T y p a 

1.R.Glauber. Lectures in Theoretical Physics, 1958. N; 

2. R.Blankenbecler., M.L.Goldberger. Phys. Rev., 126, · 

3. E.Predazzi. Ann. Phys., .}§1 228 (1966). 
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OKOH'I8T9JlbHOe Bblp8:>KeHHe /lJlSI ( 22) 

Jo (pr )J o (p 'r) 

1 j) -rP -p 2 -i o 
dar- a2 y 2 J Js(pr)Jo(p'r) 

4 Iii ..;1 2 -p2 -i o 
0 

3 
d T + •. • 

eHHH 38BHCHT B OCHOBHOM OT 3H8'19HHH B9JlH'IHHbl 

B Ka'leCTBe YCJIOBHH IlpHM9HHMOCTH llJlSJ. 8MIInHTy!lhl (19) 

ycnoeHe sin f « p 
1
R , f'!le R -xapaKTepHbiii: JIHHeii:Hbiii: 

IOIUeii: CHCT9Mhlo 

OTMeTHTb, 'ITO HMeeM T8KMe 

Jo (pJ q --rl) Jo (p 'r) 
- - ? 2 lp -r 1"-p -io 
0 

d3 
r I = 0. 

e=rr 

TBO MOMeT OKa3aTbCH BBMHbiM IlpH 0Tb!CK8HHH 8MIIJ1HTY!lbl 

x yf'nax pacceHHHsr. 

5. 05CYM!l9HHe 

3/leCb HCCJ19!lOB8HHe 8MIIJ1HTY!lbl pacceSJ.HHsr Ha OCHOBe 

aBHeHHH (10) B OCHOBHOM BOCIIpOH3BO!lHT pe3yJlbTaTbi 

/1 2/ 
OI'o rroaxoaa ' • 

paaaene 4 OTJlH'IHe, OllH8K01 MOM9T 5b!Tb CYII!9CTB9H.Ffb!M 

HH, YllOBJleTBOPHIOII!HX YCJlOBHIO IIpHMeHHMOCTH QJOPMYJl'>I. 

IlOIIpaBKa H3M9HHT lliHpHHy H QJOPMY llHQJpaKUHOHHOI'O 

THU BIIepea. 8To MOMHO Jl9I'KO IIOHHTb
1 

38IIHC8B QJOpMy

HHO B CJ1e!ly!Oll[9M BH!le: 

10 

.;18 

f( e)., -i p f Jo ( qp ) [ e 
~ 
I+~ 

-l]pdp. 

8Ta ljlopMyna crrpaeeanHea rrpa Jx(p)J« P H cneayeT H3 ljlopMyJlhi (19). 
"' 

BenH'IHHa H 3HaK tl 38BHCHT OT Bhi5paHHOI'O IIOTeHUHana. npH tl < 0 
"' 

( IIOT9HUHan IlpHTSI.MeHHsr) QJ8KTOp 1 + tl rrepeMeiiiaeT JlHQJpaKUHOHHbie MHHH-

MYMbi ce'l:eHHsr Haneao ( ce'leHHe enepea eoapacTaeT). 05paTHasr KapTHHa 

"' 
HM99T MeCTO IIpH tl > 0 ( IIOT9HUHan OTTanKHBaHH.H) • 

npH KynOHOBCKOM pacce.HHHH '18CTHU pacCe.HHHe 5yaeT IIpOHCXOilHTb 

"" 
9QJQJ9KTHBHO Ha 5I!lpe C 50JlblliHM Z ( tl < 0 , H8IIp!iMep, !ln.H 9Jl9KTpOHOB) 

( ;> 0 HnH C MeHblliHM Z 
, ansr II03HTpOHOB) ITO cpaBH9HHIO CO cnyqa-

"' 
eM tl.,O QJOpMyna fnay5epa). 

XoT.H ljlopMynhi THrra ( 19) rrpHMeHHMhi npH ManhiX yf'nax pacce.HHH.H, 

!51 HX lliHpOKO HCIIOJlb3YIOT KaK JlJlH o5pa50TKH <IKCIIepHMeHTa , TaK H llJ15I 

. 12/ 
TeopeTH'IeCKHX Hccne~oBaHHii: • YcnemHoe rrpHMeHeHHe <~THX ljlopMyn 

IIPH 50JlblliHX Yf'JlaX, HHOI'!la HapymaJOIIIHX !laMe ycJIOBHe qR < 1 , IIO-BHilH

MOMY CBH38HO C TeM, 'ITO OHH Jl810T rrepeoe ripH5JlHMeHHe IIpH 50JlhlliHX 

9Hepi'H5IX1 a HCIIpaBJleHH.H, BHOCHMhie Bb!ClliHMH IIOP5IIlKaMH, MaJlbi. 

A sTop BhipaMaeT f'ny5oKyJO 6naf'oaapHOCTh rrpoljl. B .r. C onoeheey, 

npoljl. X • .H. XpHCTOBy, ll -py J1. r. 3acTaBeHKO H ll-py B.H. KanHHKHHY aa 

o5cyM!leHHe H KpHTHKY pa60Thl. 
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