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Dpii paccMoTpeHIIII B3aiiMoneil:cTBIISI ::meMeHTapHbiX 'IBCTIIU c srnpaMII 

38'l8CTYIO IICIIOnhsyeTCSI IIpn5nii:>KeHne 1 B KOTOpOM 8MIIniiTYA8 T8KOI'O ~38llMO

AeHCTBIISI rrp~ncTaBnsreTc~ B BIIne cyM!-1hi aM~n~TYll B3aiiMoneil:c;.BIISI qacTn-
' ' 

Ubi c Ka:>KnhrM II3 HyKnonoB srgpa. 3To TaK nasbmaeMoe rrpn5nii:>Kenne · on-

lloKpaTnoro pacceSIHIISI 1 nasbmaeMoe TaK:>Ke IIHorna IIMrrynhCHbiMo l1sBecT!io 1 

OllH8K0 1 'ITO s¢¢eKTbi IIOCneAOBaTenbHOI'O pac;:c~~HHSI qacTIIUbi aeCKOnbKIIMll 

HyKnoHaMn - MHOI'OKpaTHoe paccesrHne - nrpaiOT ,· Boo5me roBopsr 1 cymecT

BeliHYIO ponh 1 B psrne cnyqaeB llB:>Ke rrpeBOCXOllSI s¢¢eKTbi OllHOKp8THOI'O pac

CeSIHIISio 'MnoroKpBTHOe pacceSIHHe 77 · -Me30HOB ll HyKnOHOB nerKHMH srgpaMH 

- 5 '/3-11/ 
rrpn BbiCOKHX sneprnsrx HHTeHCHBHO nccnenoBanocb B,~enou cepnn pa oT 

.. 11 2/ 
B paMK8X TeOpllii fnay5epa 1 

•.. • 

. Dpii rrpi:>Me:>KyTO'IHbiX 8Heprnsrx ponb AByKpaTHOI'O paccesrHHSI BO B38HMo·-

112/ 
neil:cTBHII HyKnonoB c neil:TpoHoM n3y'lanach 3BepeTTOM o Yrrpyrue 77d-pac-

cesrniie c y'I~ToM s¢¢eKTOB rrepepacceHnnsr rrpn snepriisrx 77 -MesoHOB no 
' ' 113 14/ 

300 M 9B paccMaTpHBanoch B. pa5oTax 1 o 

B nacTosrmeil: pa5oTe IIsyqaeTcsr BKnag aMrrnnTyn nByKpaTnoro pacce

SIHIISI B C8'18HH8 KB83IIyrrpyroro p8CC8SIHIISI 77 -Me30HOB ll8HTpOH8MH II Ce'le

HIIe rrep~sapsrnKII 77 -MesonoB na neil:rponax B Toil: :>Ke o5nacTII. snepriiiio 

§ 1. CTpyKTypa ce'leHIISI rrpoueccoB · 77 d .... 77 NN 

B IIpii5nJI;>KeHIIII llByKpa THOI'O p'acCEHIHHSI 

. ' 

0CHOBHhl8 MeTOllhl paC'I~Ta C8'18HIIH IIpOUOCCOB TIIIIa ~d->~NN· II HC-
' 

.rronhsyeMbre rrpii5nii:>Kennsr rrponeMoHCTpiipyeM Ha rrpnMepe · rrpouecca. KB83II

yrrpyroro paCCeSIHIISI IIIIOHOB neil:TpOHBMH rrd->77pn 



npe)K)l9 BC9r01 IIpHHHM8.1I BO BHHM8HHe1· 'ITO. HyKnOHhl B Jl9HTpOH9 B. OC

HOBH';>M IIOKO.IITC.II1 6yneM rrpeHe6peraTb 3aBHCHMOCTbiO aMIInHTYll 17 N -B3aHMO

Jl9HCTBII.II1 BXOJlSIIDIIX B BbipaJK9HII9, JlnSI MaTpii'lHOrO aneMeHTa peaKUllii 

17 d->17 pn 1 OT IIMIIynbCOB HyKnOHOB B Jl9.i1TpOH91 To9o 6yneM C'IIIT8Tb1 'ITO 

paCC9.1IHH9 (II rrepepaCC9.1IHIIe) IlpOIICXOJlHT Ha IIOKO.IIIDIIX~.II HyKnOH8Xo KpoMe 

TOr0
1 

B paccMaTpHB89MOH o6naCTII 9Hepriiit MOlKHO rrpe'He6p9'lb KIIH9TII'l9CKOH 

9H9prii9H HyKnOHOB IIO cpaBH9HHIO C KHH9TII'l9CKOH 9Hepriieit IIIIOHOB BCIOJlY 

5 aHepreTH'l9CKHX 3Ha~eHaTenSIX (rrporraraTo~ax) .n aaKoHe coxpaHeHH.II aHep

riiii1 'ITO cooTBeTCTByeT paccMoTpeHIIIO rrpoueccoB rr d -> 11 NN B cTaTH'lec-

KOM rrpn6nHlK9HllHo : 

C y'leToM cnenaHHbiX aaMe'laHIIii aMrrniiTyna F 

-> 17 + p n , HaiipllM9p1 BKniO'l8IOID8.1I a!jl!jleKThl JlByKpaTHOrO 

+ 
rrpouecca rr d -+ 

pacce.IIHH.II B ·n.c. , ·, 

38IIHCbiB89TC.II B Bllll9 

F<k.q .... ji' • .t>=r <C.if> <1> <.t> +f u<'.<i><P <ji'>-
" n 

1 fn(k-p,q)fp(l{:k-p)rp(~)d-;; 
-~( J _, -> -> 

277) , (k- p -IJ. )[, {k)-, (i~-p- !J. )+iO j 

1 f P ( k -.n'. lf ) f n (';ft..~ ) ¢ { ;\ ) d L\' 
- (2 17 'f J dk'- tl- ii ) [ £( k) - f ( k-; - i) + j 0, j. 

( 1) 

__ 1_ J r cp (k-p, <t >r cnot.l-r > <1> <X Jd X 
(217 )

2 
, < k'- -p - g H, (k > - , < tt- p_,-K > + i o 1 

B !jlopMyne ( 1) Benii'lllHhi fen 1 f cp 
rrpencTaBn.IIIOT f 

n fp 

aMrrniiTYllhi rrpouecco.B 11 + n -+ "+ n 1 11 +p ->rr+p 1 rr+n-> 11 °p , rr 0 p -+rr+n 

cooTBeTCTBeHH01 HopMIIpoBaHHhie ycnosiieM I £1 2 
= __.4.£__ ; 

. . ; dQ q 

- $ypbe-o6pa3bl BOnHOBOH $y~KUllH 

B9nii'liiHbl 

I ¢ t1. ) neilTpoHa, ¢ lp) I ¢ b\J 

H0pMnpoBaHHhl9 Ha 9]lllHIIUY 1 

JI¢<K>I 2 dK'=l: ( 2) 

4 

. 

.I 

I 
r 
I 
l 

j..:., 

HaKOHeU, k ,· 'q. - _IIMIIynbChl 11 -M930H8 JlO II IIOCne pl 

B CT8TII'l9CKOM Ilpii6niilK9HIIII I q 'I= I k-1 ; p. n - lll 

II H9HTpoHa B KOH9'1HOM COCTO.IIHRH; dk)= yk 2 +m; 
C HMIIynbCOM k-> II Tollo 

·PaccMoTpnM nn!jJ!jlepeHunanbHoe ce'leHne 

·da + + 2 -> -> -> -> -> ->. 
- ( TT d ... TT p n ) =I I F I a ( p·+ n + q - k ) d p d n • 
dQQ . 

BKnan aMrrnnTyJl onHoKpaTHoro pacceSIHll.II B ce'leHIIe (3) 1 

BnanbHO n paBeH 

da 2 2 ... ... 
-

1 ~ = I f I + I f I + 2 Re f f * S ( q - k ) , dO P n P n 
Q 

rne 

-+ -+ -+ 2 
S(~) =f¢*(~-:-A)cp(A)dA=fl¢(1)1 e 

... _, 
I k r 

d-; 

- !jlopM!jlaKTOp Jl9HTpOHa. 

lloBOnbHO IlpOCTO rrony'lUTb Bb!p8lK9Hli9 AnSI llHTep!jJE 

0JlHOKp8THOrO II JlByKpaTHOrO paCC9.1IHll.IIo 

PaccMoTpiiM1 HarrpiiMep, llHTep!jlepeHuniO rrepsoro 11 

MhiX aMrrniiTYllhi F B ( 3): 

--1 -.2Refl8(p+n--q-k)</>'~'ltt) f* (k,q) x 
( 217)2 . • . . . p 

r o:'--p,-qH "tk'.'i-'P> <1> <tJ. .. )d tJ._, ._, _, 
xf n _, }dp·dn 

d k:. p_,- !J. ) [ f ( k)- f ( k-p - & ) + i 0 

_· 2 Re _, _, f ( _, _, _,) . _, 
= - (2TT) 

2 
f I </> "< n )f" ( k, q' > f n q + n • q r " < k , q + it ) <I 

d<i+n--....:sn , (k}-, <ii-~ 

5 



lyKnOHbl B JlSHTpOHS B OC

b!O 8MIInFITYJl TT N ~B38l!MO

Horo aneMeHTa peaKurtu 

.-.e. 6yneM C'Il!T8Tb, 'ITO 

Himl!xcsr HyKnouax. KpoMe 

npe.He6pe'Ib KimeTH'IecKofi 

t aHeprl!efi Ill!OHOB, BC!OilY 

3~KOHe coxpaHeHl!H ::mep

" d .... TT NN- B CT8Tl!'ISC-

l8 F 
. + 

npouecca rr d -> 

lTHOrO pacceHHl!H B n.c. ; t 

: )d tS' 
-> -> 
n-A)+iOJ. 

._, ... )·J 
•-p""7A +iO 

' 'y~ ' 

( 1) 

fen , f cp Ilp9JlCT8BnHIOT 

'1 rr+n-+ rr 0 p , rr 0 p ->TT+n 

da • =--. dO'! · 
1nHOBOil: !JlYf!KUllll neil:TpoHa, 

( 2) 

I 

• I 
l 

l 

, .... 
H8KOHeU, k I q. - l!MIIynbCbl TT -M930H8 JlO II IIOCne pacceHHIIHj 1Ipii'I9.M 

B cTaTII'!ecKoM npii6nii>KeHIIII I q I= I k_,l p, ii - uMrrynhCbi · npoToHa 

II Heil:TpOH8 B KOH9'IHOM COCTOHHIIII; £ (17.) = y k 2 + m ; 
. k ... 

- 9HeprHH IIHOH8 

C IIMIIynhCOM II ToJlo 

PaccMoTpiiM lliicpcpepeuuiianhHoe ce'!eJiue 

-da + + 2 ... ... ... -> ... .... 
-- ( TT d -> rr p n ) = f I F I o ( p·+ n + q - k ) d p d n • 
dOq 

( 3) 

BKnaJl 8MIIniiTYil OllHOKp8THOro pacceHHHH B C9'!9liiie (3) Bbi'IIICnHeTCH TpH-

BIIanhHO H paBeH 

da 
-

1 
'-
1 = I f I 2 

+ I f I 2 
+ 2 Re f f * S ( q-> - k ) , dO P n P n 

q 

rae 

cpOpMcp8KTOp aeil:TpOHa • 

->-> 
I k r 

~-; 

(4) 

( 5) 

lloBOnbHO 1IpOCTO nony'IHTb Bb!pa>KeHIIe JlnH IIHTepcpepeHUIIH 8MIIniiTyll 

OllHOKp8THOrO II JlByKpaTHOrO paCC9HHHH. 

PaccMoTpHM, HanpuMep, HHTepcpepeHuuro nepaoro u ~peTbero cnarae

MhiX aMnniiTYJlhi F · B ( 3): 

--
1 -2Re (lo(p+n-1)-k)<f>*tD') f* (k,q) x 

( 2tt)2 . . . . . p 

-+-+-+ -+-+-+ -+ _.. 

xf _f_::.n_(...;.k_-_P__,·~q_)_f~P-(_k_,·_k_-_P_)_<f>_(_A_)_d_A ___ 1 dP, d [; = 

c< k-: p""- K > [ ( < k' > - ( c r-r - ~ > + , o 

( 6) 

=·- 2Re_fl¢*(;)r (k,ij)J fn(q+n,q'~~~k,q+;;)¢·(!\)d~ -ldii'. 

(2tt)
2 

p dq+n""-EH c (k}- c (q+ii'-~)+10 J 

5 



i > 

i 

DocKOnhKY BemPIIIHhl cp th ) cp (X) noaonbHO 6biCTpO y6biB8IOT c pOCTOM 
4 

CBOH£ apryMeHTOB1 OCHOBHOH BKnan B HHT9I'pHpOB8HH9 IIO dn d ft.. ·· B (6) 
I 

naeT o6nacTb ft..~, ; z 0 
... 

38BHCHMOCTbiO OT n aMrrnwr.yn DosTOMy 6yneM npeHe6peraTb B (6) . ... ... 
, a B nponaraTopax _yqTeM nHlllb rrepBbie cTerreHH ManhiX aenuquH, n , ft... f 

..... ..... ..... '..... ..... ..... ..... -1 
I c (q·+n- ft..) [c(k)- dq-+n- ft.. )+iO] l 

.. 
--(~ ... 

I( 
... )'[-> ... qn-!t..) · -1-

( q r( k) - d q ) - + i 0] l =. 
c( q) 

( 7) 

... -1 

=-[q(~-1'1 )-iO 

3TO II03BOnHeT IIpencTaBllTb (6) B Bllll9 

2 Re I If ( C f) 12 r ( ...... ) I ¢ * (~) ¢ (,~) d ;. d ; 
P ' n q,q --I 

(2:d q(n ... _S)-iO 
l. .(8) 

HeTpynHo y6ennThcH, qTo 

I ¢*(i0¢(K)dttdi 
--2-.I. ..,.,.. . . 
(2rr ) a Cii - 1'1 ) - i o 

( 9} 

= _i_ I \''¢ c; > 1
2 

dr- = .!... < --.:\ > d 
lql r2 q r 

TaKHM o6pasoM, yqn:ThiBaSI ( 9) n: paaeHCTBO q = k , nnSI ( 8) · · nonyqn:M 

-1m f ( q ... , q) I f ( k ... , q) 12 
_l < ..L ; .. 

n . . . k r 2 d, 

( 8') 

DpuMeHSISI aHanorn:qHhie npu6nn::lKeHn:SI nnSI Bhiqn:cneHn:SI ocTanbHhiX qneaoa 
. . 

n:HTepiPepe}uinn: aMrrimiyn_ onHoKpaTHoro n .n.BYKf!_aTHoro, pacceHHHH, rronyqnM 

J:WH cyMMhi. 'aTHX qnelioa·· 

6 

:I 

I 
i 
I 
l 

i' 
I 

... 

·d·a 
---'1,~2- . I . I d'O = k <7>d_ lm I fn (q,q) If P (k~ q) 

q 

2 

.+ 

....,_..,. ..... - -+ 2) 
+ r < q ... , q>> I r < k , q > I 2 + r < k • k > I r < k, q> > I + 

p n p ~ n .. 

+ 
.-+-)> -+~ 2 . -+-+ -3>-+ ..... --+ 

fAk,k )If (k,q)l + fcJq,q)f cn(k,q)f*p(k,q)+ 
p . . 

..... ..... -+ ..... -+ ..... 

+ f ( k, k )£ ( k ' q ) f * ( k ' q ) }. 
en cp n 

da 
Depei!:neM Tenepb K Bhiqn:cneHH:IO BKnana B 

dOq 

nayKpaTHoro ·pacceSIHitH (3-e, 4-e n: 5-oe cnaraeMhie 

KB 

B 

BKnan, HarrpnMep, KBanpaTa TpeTbero . cnaraeMoro 

ll9HitH IIepeMeHHOil; ltHT9I'pllpOB8HHH l = k- p · BM9CTO ii 
l ~ ¢ * ( ;.. 1 )f * ( k ' f )f * <f ' ~) d t 1. 

I di I I p n . 
. 4 -+-+ "-+ -+-+ 
(2rr ) E ( e . -ft.. ) I ( ( k ) - E ( e - ft.. 1 ) - i 0 ] 

rn < e .q~H Jk, r> ¢ <K 2 >d ~ 2 _ 

xi ~----- l· 
c <e - A 2 )[ dk > - c <e ;_ 1'1 2 ) + i o l 

CHoBa yqnThiBaH , qTo .ocHOBHOH BKnan. B Hf!Terpanhi 110 
... ... ... 

o6naCTb. f'1 z 0 1 . pasnO:lKUM Bennqn:Hhi c ( e -ft.. ) IIO 
1,2 ' ' . 

n: yqTeM nn:lllb HaH6onee cnHrynHpHbie rro S 1,2 qneHhl 

I d t- X 1 ) d t - K2 ) [ d k ) - c<t - A 1 ) - i 0 ][ d k ) - ( d 

-+ -+ _. -+ -1 ..... ~ ..... -+ 

= [c (f-!t..
1
)--c(£ -·!t..

2
)+iO] ld f-!t.. 1 )c U-L'1 2 )] 

-+ ..... .-+ -t . -+ __. ..... 
x 1 [ c < k > - c u - ft.. 1 >- i o] - [ c (k >- c < e -ft.. > + i o J 

.2 ' ·:· 

7 



\' 

ICTpO y6biBaiOT C pOCTOM 
. ~ 

Bamre no dn d 11 . B (6) 

>10CTblO 'oT n .... 
:enn Manbrx BenH'-IHli ; 11. 

' 

i)d.J:d1 

Ll)-iO 
J. 

( 7) 

,(8) 

(9) 

;·~ 

~ k' , nng ( 8) · nonyttnM 

( 8') 

::neHH51 OCTanbHblX ttneHOB 

THOrO. paCC951HH51 1 rronyttHM 

', 

·da 
---'1 '-2-~..!.<~>d Imlfn(q,q) I fP (k~cj) 

d'O k. r 
q 

+ 
2 

( 10) 

da 
llepeli:Jl9M T9IT9pb K BblttHCn9HHIO BKnana B KBaJlpaTa aMITnHTYilbl 

dOq 
JlByKpaTHoro ·pacce51HH51 ($-e, 4-e n 5-oe cnaraeMhie B (1)). 

BKnan, nanpnMep, KBanpaTa TpeTbero cnaraeMoro ns ll) nocne BBe

Jl9HH51 nepeM9HHOli: HHTerpHpOBaHH51 l ~ k- p BM9CTO p saiTHCbiBaeTC51 KaK 

l ... 

. (2" > 4 J d f I J 
., 

(ttl _,.~ .... ~-+-+ 

fn (e ,q )f P(k, E) cp (/12)d A 2 
X f ---=;---=;_ -· .._, ~----- j • 

( (e - 11 2 ) [ dk ) - ( (e - /12 ) + i 0 ] 

... ... 
C HOBa Y'-IHTbiBa51 1 'ITO OCHOBHOli: BKnaJl B HHTerpanbl 110 d ~ 

1
. 1 d /1 

2 
Jla9T 

-+ -+ -+ -+ 
o6naCTb /1 · ,; 0 1 pasnO:lKHM B9nHttH~bl E (. f -/1 ) ITO CT9IT9HSIM /1 1,2 . 1,2 
n yttTeM nH!IIh nau6onee cnnryn51pHbre no S 1, 2 qneHbr: 

I 
-+ -+ -+ -+ -+ -+ -+ -+ -+ -+ ...:1 

d f-111)df' -/12) [dk )-df -/11 )_jO Hdk)-dC -112 )+i,O]J = 
...... 

ld f-/1 1 )E(t~/1 ... 2 )]-
1·x 

7 



f. 
l 

/ 

-} -} -1 1-} . -,.-} . -} ·-1 

,[r <ii 2 -~ 1 )+iOJ ( <e ){[dk)- df )-iOJ -I ,, 

-> -> -1 
-[dk)-df>+iOJ I-

-} -} ... -1 -1 -} . -+ -+ 

=lf(~z-~d+iO) £ (f)2rri8[£(k ).-£(f))_ 
( 12) 

. -fo ..... -+ - 1 -+ 2 -+2 

=[f(~2-~1hi0) 4rri8(k - e ) • r 

C y'IeTOM ( 12) li ( 9) Bb!p82K9Hli9 ( 11) 1 KBK H9TpynHO y6.ennTbCSI 1 M02K9T 

6biTh. rrpencTaBneao B Bnne: 

f d no I £* < k, r > I 2 I r < i 
L P '· n 

1 1 .. 
,- <-2- 'il 
4rr r. 

q >1.2. ( 11 1
) 

CTpyKTYPY• BBonSI BMeCTO rrepeMeHHb!X liHTerpnpoBaHliSI p ., n 
4 ~ ..... e =·k- P ~=k-R' - :HMIIynbCbl 

TOSIHHSIX 
1
-rrony'IuM, aarrpuMep 1 nnSI BKnana 

1T 
-Mesoaa. B npoMe2KyTo'IHbiX coc

liHTepcp~peaunn.:rpeTbero n '!e~Bep-

· Toro ,cnaraeMbiX cpopMyny Bnna 

2 Re -> -> rp * (~ 2) f / ( 'i: ,C )f * (£ 'q) d X 2 
--

4 
f8tf+m->-q-k)l f n 

(2rr) 

X 

' -i' '"i> -fo • ' _. _,. . 

d(+~2)[.t:(k)-£(f+~2)-i0 1. 
( 13) 

r <;,lf>r (k,nl'>¢<i 1 )d~ 1 P n -> 
xf ldf dirt. 

( < ~ + K 1 H d k ... >- ( <nl' + s 1 > + i o 1 

8 

: 
l 

J' 
1\ 
' 

f, 
,l( 

I 
\:( 
1 i,, 

Hcao
1 

'ITO cymecTBeHHaSI o6nacTb • uaTerpnpoBaHHSI B ( 13) o 

paBeHCTBBMII ~-> ,0 1 £ ( f) = £ (k->) 
. . 1,2 . 

1 ( <ni >~ ( (t > ITo~ 

. 2KeHHO 3aMeHUM ( 13) Ha 

~ -+ ·-.. c- · · 2 2 2 2 ~- -+ ~ _. 
2Rei[JoU+ m-k-q)o,(k -flo(k-_m )f*p(k,f )f:(e,q] 

.............................. -+ ............... 2 ~ 2 
X f p(m, q )f

0
(k, m) d m df ]( fo ( f +m.-k -q )o(k - f JO(k -m 

l .. -+ ~· -+ ~· 

.xI --c J a ( e + m -k -q) X 
(217 ) . .. 

q;* (~· 2) ' cf> ( !!,.->! ) d'!!.->1 
-> -> 

d!!. 2 dm df 

X ---------=--~~--~----~----------------~----_.-... -+-+ "-+ _.-+ -+ -+-+. 

dm+!!. 1 h<f+!!. 2 H£,(k)-,£(m+!!. 1)+i0 ][£(k)-£ (f +!!.2 )-'i 

Bbtpa2Keaue B nepBbiX· ¢urypHbiX cKo5Kax B ( 13') Mo2KeT 

B BIIne 
.. 1 . ... ... ... 
--f£* (k,a+hH* <a~b. q>)f (a---b,q)f (k,a-hl 

2rr P n P n · 

... 
rne-;.=k+q -2- I 

... I k-q I ; 
b = 2 

... 
v - enliHII'IHblll I 

........ 
KOCTII 1 opoToroHanbHOH BeKTOpy k + q Bbtpa2Keane Bci · BT 

CK06KaX B ( 13 1
) nocne npn6nii2K9HHOH 38M9Hbl 

..... -+ ..... i 

I ( -> [ . ... -1 
2£·m+~ 1 ) £(k}-£(m +~ 1 )+i0)1 

"' I C( (m ... ~ 1 > + 'd k ... > H ( ( k ... )- dill + -:;_ 1 ) + i o J1 :- 1 
= 

l 
. 2 -> -> 2 · -1 1 

= k ·-(m·+~~) ·+ iO) ' 

li .• 
..... ...... -+ ...... -+ -1 

e + ~ 
2 
> [ ( (k >- ( < e + ~2 > -to 1 1 . 2£ 

2 ... ... 2 -1 
=[k -U+~ )-iO) 

2 

9 



·-1 
I] 

(12) 

rpyJlHO y6_ellliTbCH 1 MOlKeT 

( 11') 

neane BKnana KBanpaToB 

IH:epiflepeHUIIII TpeTberO 

IeTBepTbiM-n 'leTaepToro 

nbKO ~Tnli'!HYIO. OT ( 11 1
) 

... ... 
IliH ·p ,, n rrepeM~HHbie_ 

. ~ npoMe)l{yTO'!HhiX coc

Hunn.:rp~Tnero II'l~~Bep-, 

X 

~ )-iO'l: 
2 .. 

( 13) 

.Hcao, 'ITO cymecTBeHHaH o6nac;b IIHTerpnpoaaHIIH B ( 13) onpeJlens:~eTcH ... ... ... 
paaeHCTBBMII ft.. ,{) 1 £ ( f ) = £ ( k ) 

1 • ~ • t. 2 ~ 

. )l{e~HO 3aMeHIIM ( 13) Ha 

noaToMy rrpn6nn-

-io -+ ....... 2 2 2 2 -+ -+ -+ 
2Rel[JoU+ m-k-q)o(k -e)o(k-m )f*p(k,e )f~(e,q ... ) X 

1 -+ -'1.-+ ....... 

_X I -. --r J 0 ( e + m. -k -q ) X . 
(2rr) · · · ' 

X --... - ... -_-,..-:---,..·---... __;_- -+ ,..:------,...,----..,,..--,,..,...-----l , 
dm+~ 1 h(£+~ 2 H€,(k)..,.€(m+~ 1 )+i0 ](f(k)-€ (£ +~2 )-'iO] 

Bntpa)l{eHne B nepBhiX- ¢nrypHbiX CKo6Kax B ( 13') MO)I{eT 6n!Tb . sanncaao 

B BIIJle 

1 ... ... ...... )f ( ... ,... ... ) (... ... ... ... --f£* (k,a+b)f* (a-+b, q a-b,q f k,a-b)dv, 
211 P n P n .. 

-J> -J> 4 -+ 

... k+q ... b --1-k-q I v ... r)le a ~ -.-
2
- , 

2 
;:; - eJliiHlPHibtti BeKTOp B nnoc-;: 

-+ .... 
KocTn,· opoToroHanbHoii: BeKTopy k + q • Bntpa)l{eune no BTopniX ¢\IrypHhiX 

cKo6Kax a ( 13') nocne rrpn6nn)l{eHHOii: saMeHhi 

-+ -+ -+ -+ -1 
I 2 d- Dr +1'1 ) [ d k ) - c ( m + ft.. 1 ) + i o l I 

l 
. 2 ... ... 2 . -1 ' 

= k -<m-+1'1
1 

> -+ iO 1 , 

II .. ' ' 
-J> ,4 ....... -J> -J> 

I 2 c < c + "" > [ c (k ) - c < e + "" ) - i o 1 ,- 1 

2 2 

2 ... ... 2 -1 
""[k -(C +1'1 )-iO] 

2 
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~ ( 
I 
I 
! 

n Heciio*HhiX npeot5pa3oBaHnil: npe.ncTaBmteTCSI KaK 

-2 -~ ~ . 2 
R (jk+qi)=JI¢(r)l 

sin (lk+q""'l r') 

lk;qlra 
d;. 

.,. 

. ( 14) 

flpn ycnoBnn I k: ~ I r d << l ,_ r.ne . r d - xapaKTepnoe paccTOSIHne B neii:T-

-2 . l 
pone, R = < --r > • Ecnn 

r d 
lk+;lrd 

I k+ ql r d 

- 2 277 2 · 2 
>> l I TO R =--1¢(0)1 • 

I k~ iii 
. B ot5meM cny"'ae npon3aonbHhiX neot5xohnMa KOHKpeTHaSI Monenb 

BOnHOBOit (jlyHKUllll cp t r ) nnSI Bhi"'ncnennSI Benn"'HHhi R _., 

flpoBe.nennoe Bbiille paccMoTpenne no3BOnSieT 3anncaTb Bbipa*enne nnSI 

BKnana KBanpaTa 8MIInHTY.Ubi llByKpaTHOI'O pacceSIHH~ B Ce'L!eHHe ( 3): 

da 1 1 ~ ~ 2 ~ ~ 2 
_...:_::_ =-<- > J d n e [I f < k, e ) I I f U • q ) I + 
d!Jq 477 r 2 d P n 

--+--+ 2 -+ -+ 2 
+If(£ ,q)l If (k, n1 +If 

P n 

( ~ 2 
cp l • q) I 

~ ~ 2 
If (k, n1 + 

en 

-+ _.-+ -+ _,. 

+ 2 Re If* ( e , -q ) r * ( k , e ) f . (£ , q) f Ck. , e) l l + 
n . p cp en 

( 15) 
~ ~ . 1 -2 ~ ~ ~,... ~ 

,+--R fdv 2Re{f*(k,a+b)f (a+b,q)x 
277 · n P 

x [ f (a~-b~,;)f 
n 

.-+_,--+ ................ -+_,.-+ 

(k,a-b)+f (a-b,q)f (k,a-b)]J 
p cp en 

i 
A llnSI cyMMapHOI'O BKna.na OllHOKpaTHOI'O H llBYKPBTHOI'O pacceSIHHSI HMeeM 

da da da da 
-- t77 d ~ 17 pn) = 

1•1 + 12 + _2.2 

d!J dO d!J d!J 
(16) 

q q q ·q 

10 

3aMeTHM 1 'ITO ecnn, B ¢opMyne .nnSI aMnnnTy.Uhi ,nByKpa'l 
. ~ . -1 

B ( 1) nponaraTopbi [" ( k ) ..:. " ( x ) + i 0 ] aaMeHnTJ 

'I8CTSIMH - i 17 0 [€ (f)- ( (it)) , 1 K8K 8TO HHOI'Il8 .nenaeTCSI I 
. I 14 15/ . ·. . . • · · 

HHH .UByKpaTHOI'O pacceSIHHSI 1 
1 TO llnSI BenH'IHHbi ~-1,. 

d!J 
q 

Bbipa)Kenne, . coBna.natmuee c ( 10), a .nnSI BenH"'HHhi d a2 : · ao· 
q 

HI:Ie 1 OTnH'I8IOIUeeCSI OT ( 15) MHO)KF!TeneM 1/2. 

'+ 
§ 2. C eqenne peaKunil: 17 d ~ 17 + p n n 

17+ d ~17 °pp B ·OKpeCTHOCTll 33-pe30H8HC8 

113 ( 4) H ( 10). BHilH01 'ITO OTHOCHTenbHbiil: . 

noro pacceSIHHSI B ce'L!eHne npouecca 11 d ~ 17 p n 

_!__ < __!__ > lm f (0 o) = .1_ < l. > a tot 
k . r 2 d . 1T N_- • 417 r 2 d 1T N 

ll MO)KeT .UOCTHI'8Tb 3H8"1HTenbHOil: BenH'IllHbi npn 8Hepi'HSIX1 

H8HCHbiMe 

PaccMoTpnM peaKunn 17 d ~rr.' N N B oKpecTnocTn !). 

By.neM npenet5peraTb BKna.noM B aMnnnTy.Uhi 17 N 

Bcex napunanbHbiX Bonn 38 ncKniO"'eHneM pe3oHaHCHoil:. 

Tor.na B ( 1) 

fp=3f 0 -= 
3 

Jcp=:l_fcn .=faa• · '-/2 . yT 

faa 

~ ~ ~) 

i a (kx q sino a a ( k) e 
1 oaa<k) 

QnSI · ce"'eHHSI npouecca 77+ d ~ 11 + p n . B 8TOM cny"'a' 

y,cpe.nnenn~ n cyMMnpoBannSJ _no pnnHOBhiM nepeMeHHbiM: 

da 1,1 a aa(k) 

~ 
{ ~(3cos2 0+l)~'l(Ucos 20+•l•)S·(q-k)] 

·9 9 dO q 
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:a:K 

( 14) 

.TepHoe paCCTOSIHHe B neiiT-

-2 21T 2 · 2 

R "'--1¢(0)1 . 
I k .. + iii 

1 TO 

wnnMa KOHKpeTHast Monenb 

IHbl R -~ 

T aarrncaTb BbipMKeHne nnst 

Hirst B ce'leHire (3): 

, ~ ) I 2 + 

.. 2 
k. e) I + 

I+ 
( 15) 

~ -J ~ 

,a-b)]! 

KpaTHoro paccestHHst nMeeM 
'f ' ~ 

( 16) 

3aMeTirM 1 'ITO ecnli' B ¢opMyne nnst aMIInliTYJlbl JlByKpaTHOrO pacc~SI~liSI 
.. -1 

B ( 1) nponaraTOpbi [ £ ( k ) ..:.. £ (X. ) + i 0 ] aaMeHirTb liX. MHliMbiMli ... .. 
'18CTS!Mli - j ITo ( € ( k ) - € (x ) ) 1 KBK 9TO liHOrJla nenaeTCSI IIpli paCCMOTpe-

I 14,15/ 
Hlili nsyKpaTHoro paccestHlist , TO nnst senir'IHHhl 

da · · dn-l-,.2---- . rrony'IHTCSI 
q 

da2 2 

dQ~ 
Bbtpa)K9Hli91 .· COBII8Jl810III9e C ( 10), a JlnSI Benli'lliHbl 

}{lie 1 OTnli'IBIOIIIeSCSI OT ( 15) MHO)KliTeneM 1/2, 

§2, CeqeHire peaKUliH IT-:1- d .. IT +p n li 

IT+ d -+IT 0pp B ·OKpecTHOCTli 33-pe30H8HC8 

l13 ( 4) Ii ( 10 )• BliUHO, · 'ITO OTHOCllTenbl!blH . BKnaJl UByKpaT-

l!OrO pacces:rHirSI B ce'leHire npouecca 7T d .. 7T p n paBeH npirMepHo • 

l . 
- < _1_ > . Im f (0 o ) =. L < 1... > a tot 
k· r2 d. TTN ... 477 r2 d TTN 

Ii MO)K9T JlOCTirraTb 3H8'1liTenbHOH Benll'lliHbl IIpll 9Hepr!ISIX1 6nn::JKHX K peao

HBl!CHbiM, 

PaccMoTpliM peaKUlili IT d -+IT; N N B oKpecTl!OCTli /1 33 ·- peao!IaHca.· · 
'·' 

EyaeM npeHe6peraTb BKnaJlOM B aMitnllTYJlhi 7T N B3.aliMOJlei'icTBliSI, 

Bcex napuiranbBhlX Bona aa IiCKnro'leHneM peaoHaHc&oi'i. 

Toraa B ( 1) 

3 3 
f p = 3 f n ·= -=J cp =-fen .= f 33 , y2 . vr 

( 17) 

k 
~>in o 33 (k)e 

Qns:r. ce'lel!ns:r npouecca IT+ d .. 7T + p n . B aToM cnyqae nony'IRM no,.cne 

y_cpeaae.Hn~ n cyMMirpoBa&n~ no pnnHOBbiM nepe_MeHHbiM: 

I 5 ( 2 ) · , 1 ( . 2 ) ·(.. .. ) I' - 3cos 8+1 +- Hcos ·(9+'1' S· q-k , 
9 9 

11 

.. ~ ' 

( 18) 

' . 

•'· 



aa1,2 =-t33(kJ._)
2 <~>d .!Q_(3cos 

2 
0+1 ), 

dO 4rr r 27 
q 

. "~' 

dG·2,2 

--=( 
dQ Q 

a33 (k) 

--;r;-
2 1 17 2 -2 

) I<~ >d 
135

- (3 +cos 8) +R [ 945+1180cos8+ _ 

2 3 . 4 5 
+ 2118 cos (J + 1756 cos (J + 145 cos (J] ---

20736 
I. 

r 

( 19) 

( 20) 

B (18), {19), (20) a 33 (k)=?- sin 2 8 33 (k) - nonHoe ce"'eHIIe 

- B3aiiMoneii:cTBII51, a 0. - yron pacce51HII51 rr -Me3oHa. 

06o6memre pe3ynbTaToB § 1 Ha cny<raii: npouecca nepe3ap51AKII rr + d-> 

.... rr 0 pp He rrpencTaBn51eT cymecTBeHHofi TpynnocTir. IToaToMy rrpiiBeneM niimb 

"1-
71 p 

oKOH<raTenbHoe Bhlpameniie nng ce<reHII51 aToro rrpouecca B paccMaTpiiBaeMofi 

o6nacTII aHeprlifi : 

da · a (k) 
2 2 -> -> 

_
1
_·1-= 33 [L(3cos8+1)--1-(l1cos 8+1)S(q-k) ], 

'·-···< .. d!l q. 
4rr 9 27 · 

da1,2 
0. 

dO q 

da a (k) 
~= (-3-3-)2 
dO a 4rr. 

-2 
<r > d 

l:l!i 

2 -2 
( 3 +cos () ) - R [ 945 + 1180 cos() + 

2 3 4 1 
+ 2118 cos e + 1756 cos e + 145 cos e l ---- 1. 

62208 

( 21) 

( 22) 

( 23) 

· Ha piicyHKe rrpencTaBnenhr 3Ha<reHII51 ce<reHIIfi npoueccoB rr+ d ->1T + p. n 

II 71 + d .... 71 ° p p rrpii pe3oHaHcHofi aneprlili ( k = 300 MaB), Bhi<riicneH:.. 

HhiX c y"'eToM nByKpaTHoro pacce51HII51 ( crrnoiiiHbte niiHIIII) II 6e3 y"'eTa 

da da ---= 1,1 ( nyHKTIIpHbl9 niiHIIII) o 

d!l d!l 
q q 

12 

.lln51 Bhi<riicneHII51 Benii<riiH S (q-k ). , R -
2 (jq+ k I ) II 

IIOnb30Banacb S - BOnHOB851 XIDnbT9HOBCK851 ~yHKUII51 J 

¢ (r)= va(a+f3)f3 (e-ar -e-f3r 

. 2rr(f3-a) 2 r 
. -1 

c a = 0,23.2 f 
-1 

BKnanoM D - BDnHI f3 = 1,202 f 

6peranii.-KaK BIInHo IIa piicyHKa, y<reT nByKpaTnoro pacce51Hl 

H51eT Benii<rliHY ceqeHII51 peaKUIIII rr d ..... rr · N N • 

3KcrrepiiM8HTanhHOe II3y"'eHIIe aTIIX peaKUIIfi OhtnO Obi Ill 

B9pKII Haiiiero IIOHIIMaHII51 IIpOU9CCOB1 IlpOliCXOA51llliiX B nei 

. B3aiiMOA9llCTBliii C. HIIMII aneM9HT8pHblX "'aCTIIU. 

ABTOpbl BbipamaroT 6naronapHOCTb n.YI. naniinycy 3a 

ooTe II none3Hhre o6cymneHII51. OniiH II3 Hac (iJ.U.) 6naro; 

3a IIOMOlllb IIpii npoBeneHlili Bhl"'liCneHlill Ha 3BM. 

flHTepaTypa 

1. R.J. Glauber. Phys.Rev., 1.00, 242 (1.955). 

2. V. Franco and R. J. Glauber. Phys.Rev:, 1.42, 

3. · V. Franco and. E. Coleman. Phys.Rev.Lett., 1.7 

4. R.H. Bassel and C. Wilkin. Phys.Rev., 1. 74, 1. 

5. c. Michael and. C. Wilkin. Nucl.Phys., B1.1., 9 

6. W. Czyz and L. Lesniak. Phys.Lett., 24B, 227 

7. J •. Pumplin. Phys.Rev~, 1.73, 1.651. .. (1.968). 

B._ D.R. Harrington. Phys.Rev.Lett., 21., 1.496. (1.9~ 
8. G. Alberi, L. Bertocchi. Nuovo Cim., 61A, 20. 

10. c. Wilkin. Phys.Rev._Lett., ;J;L 561. (1.966). 

11. J •. Vander Velde. Phys.Rev., 1.73~ _1.544 (1.968) 

12. A. Everett.· Phys.Rev., "1.26, 831. (1.962 ). ' 

13. H.N. Pendl~ton. Phys.Rev., 1.31., 1.833' (1.963). 

14. C. Carlson. Preprint SLAC-706, Stanford. 

15. M.M. Sternheim. Phys.R;;v.,. 1.35,. B91.2 .(1.964) 
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(19) 

-2 
[945 + uso cos e + . ( 20) 

8 
(k) - IIOl'IHOe ceqeane 

liSI .. TT -M930H8o 

l9CC8 nepe38pstllKII TT +d .... 

r.,noaToMy npMBeaeM nMIIIh 

•ue.cc8 B paccM8Tj:mBaeMoti 

l)S(q-k)], ( 21) 

( 22) 

945 + uso cos e + 

( 23) . 

u • + d + 
:nn IIpoueccoB TT .... " p n 

k "' 300 M sa), Bhl'mcnea-

awe nnann) II 6e3 ytJATa 

.... . 2 . -+ 

nmi Bbl'IliCneaiiSI Benii'IliH SCq-k)' R- (jqi.kj) 'n <r-2
>d liC-

IIOnh30Banach S - BOnHOB8SI xronbT9HOBCK8SI ¢yHKUliSI A9tiTpOH8 

cp (r)= va(a+/3){3 (e-ar -e-{3r ) 

.· 2TT(f3- a ) 2 
r 

-1 
c a = 0,232 f ' {:3 = 1,202 f 

-1 
• BKn8noM D - BOnHhi Bcrony IIpeae-

6perann. K8K Bnnao n3 pncyaKa, ytJeT nByKpaTHoro p8ccestHHSI 3aMeTHo Me

HSieT Benn'Il!HY cetJeHnsi pe8KUHII " d .... TT N N • 

3KciiepnMeHTanbHoe II3ytJeHne aTnx pe8KUl!ti 6binO 6bi none3HO nm1 IIpo

BepKH Hamero IIOHliM8HliSI IlpOU9CCOB, IIpOliCXOilSIIIIliX B nerKliX SIIlp8X IIpli 

. B38liMOA9tiCTBHli C. HliMli aneMeHT8pHb!X 'I8CTliUo 

ABTOpbl Bb!p8:lK8IOT 6narOll8pHOCTb n.YI. nan·nnycy 38 BHHM8Hli9 K p8-

6oTe .II IIone3Hb!9 o6cy:lKll9HHSio Oana li3 H8C ( II.u.) 6narOll8pliT n. nop:lKa 

38 IIOMOIIIb IIpH IIpOB9ll9Hlili Bb!'IHCneHIIti Ha 3BM. 

nrrTepaTypa 

1. R.J. Glauber. Phys.Rev., 1.00, 242 (1.955). 

2. V. Franco and R. J. Glauber. Phys.Rev~, .1.42, 1.1.95 (1.966) • . 

8. · V. Franco and E. Coleman. Phys.Rev.Lett., ];Z 827 (1.966). 

4. R.H. Bassel a;,d C. Wilkin. Phys.Rev., 1.74, 1.1.79 (1.968). 

5. C. Michael and. C. Wilkin. Nucl.Phys., B1.1., 99 (1.969) • . ~- .. 

6. w. Czyz and L. Lesniak. Phys.Lett., ~. 227 (1.96'¥'). 

7. i. Pumplin. Phys.Rev~, 1.73, 1.651. .. (1.968). 

B. D.R. Harrington. Phys.Rev.Lett., 21., 1.496 (1.968). 

9. G. Alberi, L~Bertocchi. · Nuovo Cim., 61A, 203 (1.969). 

10. c. Wilkin. Phys. Rev.Lett., !:7.., 561. (1.966). 

11. J •. Vander Veld e. Phy£?.•Rev., 1. 73( .1.544 (1. 968). 

12. A. Everett. Phys.Rev., 1.26, 831. (1.962 ). · 

18. H.N. Pendleton. Phys.Rev., 1.31., 1.833' (1.963). 

14. c. Carlson. Preprint SLAC-706, Stanford • . ' ... 
15 •. M.M. Sternheim. Phys.Rev., 1.35, B91.2 ·.(1.964). 
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