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hat all multiple-scatterin~ contributions 

ns of charge-exchange-type processes from 

in a simple closed expression (17). This 

from quasiclassical one (18) by including 

cc~ions in the attenuation factor cr-(see 

stwwn in the Fig., is the ratio of ~q. 07) 

·or cross-sections of: 

of charge mesons, 

hanc.;e, 

by protons from Al27, its mattel'-density 

ssian. 
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1. B pstlle cnyqaea JlnSJ uayqeHHSI aaaHMO/leii:cTBHSI 6biCTpbiX 'iaCTHU c 

HyKnOH8MH npHXO/lHTCSI HCnOnb30B8Tb Sl/l9pHbl9 MHIII9HH. HanpHMep, HCCne­

/lOB8HH9 B38HMO/l9HCTBHSI KOpOTKO~HBYIIIHX 'i8CTHU-pe30H8HCOB C HyKnOH8MH 

B03MO>KHO TOnbKO B TOM cnyqae, ecnH HyKnoH, H8 KOTOpOM p0~/l89TCSI peao-

HaHC, H HyKnOH, H8 KOTOpOM OH paCC9HB89TCSI0 pa3JleneHbl paCCTOSIHHeM 

MeHbiiiHM HnH cpaBHHMbiM C p&Cna/lHOH JlnHHOH HeCT86HnbHOH 'i8CTHUbi. llnSJ 

6onbiiiHHCTB8 H3B9CTHbiX pe30H8HCOB 9TO ycnOBHe BbinOnHSI9TCSI, eCnH o6a 

HyKnOHa HaXO/lSITCSI B 0/lHOM H TOM ~e Sl/lpe. Ce'ieHHSI MHOI'HX Heynpyi'HX 

npOU9CCOB B38HMO/l9HCTBHSI C'll86HnbHblX 'iaCTHU C HyKnOH8MH CiinbHO y6biB8-

~T C pOCTOM 9H9pi'HH, H noaTOMy 9KCnepHM9HTanbHOe H3Y'i9HH9 T8KHX npouec­

COB npH O'i9Hb BbiCOKHX aHepi'HSIX0 no-BH/lHMOMY t TaK~e noTpe6yeT HCnOnb-

30B8HHSI SUlepHbiX MHIII9HeA. llOCKOnbKY MHOI'OKpaTHbie nepepaCC9SIHHSI B SI.llpe 

HI'pa~T CyiiieCTBeHHy~ ponb, TO H906XO/lHM HX KOppeKTHbiii: y'i~T, npH 8HanH-

3e 'SUl9pHbiX" /l8HHbiX C UenblO nony'i9HHSI HH!llOpM8UHH 06 aneMeHTapHbiX 

aaauMolleAcTBHSIX. Hu~e, a paMKax o6IIIeA Teopuu Heynpyr-Hx npoueccoa Ha 

/1/ 
Sl/lpax , paccMoTpeHbi npoueccbi THna nepeaapSI/lKH ( !lloTopo~JleHHe aapg~eH-

HbiX M930HOB, nepeaapSI/lKH 17- H K -MeaoHoa, pO~/leHue Heii:TpanbHbiX 

6apHOHHbiX peaoHaHCOB npoTOH8MH Ha Sl/lpaX) H nony"'eHbl KOMn8KTHbl9 Bblpa­

:IK9HHSI JlnSl HX JlH!jxpepeHUHanbHbiX C9"19HHA, npocyMMHpOB8HHbiX no KOH9'iHbiM 
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cocTOSJIHHIM SJJlpa. CpaBHeHI!e nony"leHHLIX pesynbTaToB c pesynhTaTaMI1 npo­

/2/ 
croro KBa31!Knaccl1'ieCKoro paccMoTpeHI!SJ AnSI TaKI!Xnpoueccos TI03B~ 

nSJeT ycTaHOBI!Th npe11enLI np11MeHI1MOCTII nocne)lHero, '.-

~~ ,, 
2, noll npoUeCC8MII TI1TI8 nepe3apSJJlKI1 Mbl 6y)leM TIOHHM8Tb peaKUI111 

l+ A -.2+ A·' (1 ), B KOTopux Ha"!anbHaSJ (1) n KOHe"iHaSJ (2) "iaCTHUbi pa3nH-

"iaJOTCSl 38pSlilOM 11n11 CTpaHHOCTbiO, 

BBIIIlY roro, "iT03neMeHT'IpHbie 'hepe3apSJJlKH" l+N->2+ N' (2) na 

pa3Hl>IX nyKnonax HJlpa A npi!BOJlSJT K pa3nH'iHbiM cocToSJHIISJM HJlpa A' 

OHII He 6y11yT IIHTep¢ep1!pOB8Tb• no3TOMY CB"iBHHB npOUBCCa (1),npocyM-

MllpOBai!Hoe ·no nceM KOHe"iHLIM cocTOSJHIISJM Slllpa A' , pasno cyMMe ce-

"ieHIIil 3neMeHTapHhrx npoueccos (2), Ka)I<Jloe H3 KOTOpbiX ocna6neno norno­

weHI!eM "iaCTl!U 1 11 2 SJJlepnoil MaTepueil, Y"ieT 3Toro nornoweHHSJ, KaK H3-

/3/ 
BBCTHO 1!3 Te0p1111 fnay6epa 1 3KB11BaneHTBH yqeTy BCBB03M0)1(Hb!X nepe-

paccemmii "iaCT!lU 1 11 2 nyKnonaMI! Hllpa. AMnmnyAa F~,m nepe3apSJJlKll 
J 

Ha i -OM HyKnOHe Slllpa, COII[JOBO;t\J..\8eMOH nepepacceSJHl!BM "il.lCTl!Ubl 1 

1!8 rn IIYKJ101WX H llepepl.lCCBSllllieM "i8CTI1Ubl 2 1!8 f HyKnOHaX, M0)1(8T 

. ( /4/) 
6brTh npeACTaunena n BUlle CM,, Hanpu Mep, 

F ~,m ( k 1 • k 2 ) = 
J 

i k l 

2rr f 
i (k - _,. _,. 

(' l k 2) b 
d2h ¢* Cr't ... r'Alx 

r 

r m --Jo ......,. -+ _,. ---Jo -+ -Jo 

X J j, (b,r 1 ••• rA 1)cp
1 

(r 1 ••• rA)dr 1 ••• drA' 

e C,m -> -. -. f+m r ( h • r •.. r ) = (-1 ) n 
I A k= I 

r22(b-; )8(z -z )x 
i+ k j + k j 

~~liz. _,.-+ m _,.-+ 
X e J J 

12 
(b- S j ) fl f'11 (b- S i ) {j ( Z j - Z i), 

i= I 

4 

' 

( 3) 

(4) 

...... 

rae 

1 
.... 
k I H 

~ 
k 2 ecTh HMnynhCbi naneTaiOlll' 

Slilp8 "i8CTI1U COOTBBTCTBBHHO, 

npo~JHnl1pyiOllll18 cpyHKUI1H 

l f f (~) · ui<h--:) 
xy e r (h-;l= 

xy 
2 TTj k 

npellCTaBnSJIOT co6oi\ ilBYMBpHbiB cpypbe-o6pa3bi 

• 

pesapSlilKH Ha OTilBnbHblX HyKnOH8X1 
cp I ( ;) 

cpyHKUHH HaqanhHOrO 11 KOHB"iHOrO Slllpa, a 

2 2 

~,, 
rn2-rnl 

2k I 
k I - k2 = 

ecTh npoaonbHaSJ nepeaa"la HMnynbca. 

nonHaSJ 8Mllm!Tylla F l nepe3apHilKH H~ 

BCBB03MO)I(Hb!X nepepaCCBSIHHH, ll88TCSI CYMMOi 

Fl !. 
e, m 

F C,m 
j 

CyMMHposaHHe B (7) npoH3BOilHTCSI no seeM K 

npH"ieM C + rn 2 A- l , TaK KaK B paccMaTpHB 

ilBMCTBy'BT C K8)1(Jlb!M HyKnOHOM He 6onee OilHC 

CB'iBHHB nepe3apS!IlKH "i8CTHULI 1 Ha onpeaenel 

B ~IIKCHpOBaHHOB KOHB"iHOB COCTOSIHHB ll88TCSI 

/:ibr (7). CyMMHPYH c noMOlllhiO ycnor.nSI nonH< 

TOSI'iHSIM Slllpa, K KOTOpbiM · MOlKBT llpHBOilHTb n 

Tip!!llBM K paCCMOTpBHHIO BL!p8lK8Hl!H BHil8 
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Ap8. Cp8nHeHne rronyqeuawx pesynhT8TOB c pesynhT8T8MH rrpo­

n; 
8Ccuqecxoro p8CCMOTpeHHSI AJISI Taxux rrpoueccoB IT03B~ 

nTh rrpeaenLI rrpuMeHHMOCTH rrocneaaero, \ 
rrpoueccaMH THIT8 rrepe38pSIAKH Mhl 6yAeM ITOHHM8Tb pe8KUHH 

(1), B KOTO[JI~X H8q8l1bH8SI (1) H KOHeqaag (2) q8CTHUhl p83l1H-

OM HliH CT[J8HHOCTbiD, 

oro, qro 3l1eMeHT'lpHbie 'hepesapSIAKH" 1 + N-> 2 + N' (2) H8 

H8X SIA[J8 '\ IT[JHBOASIT K p83l1HqHbiM COCTOSIHHSIM SIApa A' 

yT uurepqJepupon8Tb,, Do3TOMy ceqeHHe rrpouecca (1 ) 1 rrpocyM-

0 BCeM KOHC'fliLIM COCTOHHHSIM Sit:1p8 A' 1 paBHO cyMMe ce-

T8pHbiX rrpoueccon (2), K8fi<Aoe us KOTOpbiX ocna6neHo rrorno­

IU 1 H 2 SIAC[Jl!OH M8Tepuei1., YqeT 3TOf'O ITOf'JIOmeHHSI1 K8K H3-

/3/ 
f nay6ep8 1 3KBHB8liCHTeH yqeTy BCCB03MOfKHbiX rrepe-

1 H 2 uyxnoHaMH HApa, AMrrnuTyA8 F~,m rrepesapSit:1KH 
J 

IYKliOI!C 5!/lpa, COIIJ!OBO;J(/l8BMOH rrepep8CCei'IHHeM qacTHUbl 1 

I!UX II IIepepaccemll1el\1 q8CTI!Ubl 2 H8 f HyKJIOH8X, MOJKeT 

14/ 
1neua u niiAe (eM,, H81IpuMep

1 
) 

2 ) = 
i k 1 

2rr 

~ _, _, 
i (k 1- k 2 ) b ( _, -· ) J t• d 2 b ¢ ; r 1 • • • r A x 

!' m _,. ---+ ---+ ---+ ---Jo -+ -Jo 

i' (b,r 1 ... rA)¢i (r 1 ... rAldr1 ... drA, 

r f+m _, _, 
.. r ) = (-1 ) ij r (b- S ) {)( Z - Z ) X 

A k= 1 22 i+k i+k j 

11'\llz. _, m _, _, 
J I'12(b-s'i )U r11 (b-si)O(zi -z ;), 

i= 1 

4 

~ 

( 3) 

(4) 

_... 

,. 

-... 
r.Qe k 1 H ~2 eCTb HMITylihCbl H8JieT810mei1. 118 Sit:1pO H BbJJierammeil 

1 
' 

Ht:1p8 qaCTHU COOTBCTCTBCHIIO, 

Dpo~mnupymmue cpyHKUHH 

J f ( ~) ~ I g (b- ";,>) d 2 1'\ I 

xy 
rx y ( b-; ) = 1 x,y=1,2 1 (5) 

2 TTj k 

npet:1CT8BJISIIDT C060i1. t:1ByMepHbJe ¢ypbe-o6p83b! 8MnJIHTYt:1 pacceHHHSI H ne-

pe38pSit:1KH 118 OT):leJibHbiX HYKJIOH8X1 cp I ( ;) H cp r (;) - BOJIHOBhie 

<f>yHKUHH HaqaJihHOrO H KOHeqHoro Ht:1pa, a 

2 2 

!\II 
m2- m1 

2k 1 
(6) k1-k2= 

eCTb npOt:10JibH8SI nepet:18qa HMnyJibC8, 

DonHaSI aMnJIHTyt:1a F1 nepesapSit:1KH H8 .i -M HyKJIOHe, C yqeTOM 

BCCB03MOfKHbiX nepepacceSIHHH 1 t:18eTCSI cyMMOH BCeX Bblp8JKeiiHH (3) 

FJ I 
e, m 

F C,m 
j (7) 

CyMMHpOB8HHe B (7) npon3BOt:1HTCSI no nceM KOM6HH8UHSIM rrepep8ccegnuii 1 

npuqeM e + m::: A -1 , TaK K8K B p8CCM8TpHB8CMOH TeOpHH q8CTHU8 B38HMo-

t:1CHCTI3yeT C K8fKt:1hiM HYKJIOHOM He 6onee onlforo p838, LlHqJq,epeHUH8llbHOe 

ceqeHue nepesapSit:1KH q8cTuuw 1 Ha orrpet:1enen11wii yron c rrepeXOt:10M Sit:1pa 

B ~HKCHpOB811110e KOf!eqHoe COCTOHHH~ A8eTCSI KB8t:1p8TOM MOt:1YJISI 8MITJIHTy­

Ahl (7), CyMMHpyg C TIOMOmbJO ycJIOBHSI ITOJIHOTb! no BCCM KOHeqHbiM COC-

TOSI'iHSIM Sit:1p8 1 K KOTOpb!M · MOlKeT npHBOt:1HTb nepe38pSit:1K8 H8 

nput:1eM K p8CCMOTpeHHID BhlpaJKeHHH BH/:18 

5 
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..... 

..... _, -+ -+ 

fd -> ->1 (-> ->)12 2 2 r 
1 

, , • dr A cp I r I , • • r A d b I d b 2 

I (b 1 - b 2) (k 1 - k 2 ) 
e x 

fm -+ -+ -+ f"m"' -+ -+ -
xrj• (b 1.,r 1 ... rA)(ri' (b2,rl'"rA))* 

(8) 

EyneM HCITOJih30BaTh o5bl'1Hoe npencraBneHHe nn11 KBanpara MOAYJIH 

BOJIHOBOH ljlyHKUHH HApa-MHWeHH: 

A p(r-> ) 
1cp (r\12= n _n 

1 
n= I A 

fp(i')dr'= A, 
(9) 

rne p ( t) - ITJIOTHOCTh pacrrpeneJieHHH HAepHOH MaTepHH 1 a A - aroM-

HhlH HOMep, npH 9TOM HHTei'~HpOBBHHH ITO KOOpAHHBTBM OTAeJihHhlX HyKJIOHOB 

pa3A9JISI!OTCSI
1 

If BblpalKeHHH (8) rrpHHHMBIOT BHA: 

rne 

-> 
->-> ... ---> 

fdb db d IL\(b 1-b) 
I 2 z e 2 

-> 
!..w(b1 
A 

b
2

,z)x 

-> 
X (b 1 , z) £-k 

X [ ) 
A 

X*(b->
2
,z) £'-k __ ;_____] 

A 

Y*(b2 z ) m :.n 
X [ ' ] 

Ub 1• b 2. z) 

A A 

6 

-> 
Y(b 

1
, z ) m-n 

X 

A 

k V(b 1 ,b~,z) ]n 
] [-----

A 

• 

(10) 

I 

!j 
I 

t' i 

I ) 

• 

. .... 

-> -> ..., 
W(b1,b2 , z ) = f p (z, s ) r 12 ( ~ I-s 

z "" -> 
X (b, z ) = - f d z ' f p (z', s ) r 

11 
-oo -oo 

"" f d z' f 
-> 

Y( b , z ) p(z',;)L • 
z 

z 
-> -> 

d z' f p (z ', 1 U( b 
1 

, b 2 • z ) = f 
-oo 

VCb ):
2

,z )= f dz' f p(z',s-> 
z 

HeHyneBhle crerreHH BenHqHH U 

HyKJIOHOB, nepepacceSIHHe H8 KOTOpb!X yq 

, f",m" 
'F , ecrh o5wHe, 

CeqeaHe rrepeaapSIAKH Ha j -M HYI 

CeSIHHH rronyqaeTCH CyMMHpOBBHH9M BCeX 

rrpOCTOTbl ITOCJieAHHX CBOAIITCS1 K rrpocrot 

AHT K cnenyiOWeMy peaynhTary: 
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(

..... ..... 2 2 i(-+ _, -+ -+ 
I rl ... r )[ d b d2b bl-b2)(kl-k2) 

A I 2 e X 

e ... ... ... 
X f.'m (bl,rl ... rA 

J 

£, .I ..... --1> , 

)[f_'m (b2,rl ... rA)]*. 
J 

(8) 

IICnonbaoeaTb o6~qHoe npet.tcTaeneHHe t.tnH KBat.tpaTa Mot.tyng 

KUIIH Ht.tpa-M!HUeHH: 

-> 2 A 

[¢1(r)[ =ll 
n=l 

f p (?) d r' = A , 

p( ;n) 

A 

- nnOTHOCTb pacnpet.teneHIIH Ht.tepHOH MaTepHH 1 a 

(9) 

A - aTOM-

pii BTOM HHTer?IIPOBaHIIH DO KOOpt.tHHaTaM OTt.tenbH~X HyKnOHOB 

II B~pa~eHIIH (8) DpiiHIIMaiDT BIIt.t: 

... 
-> A -> -> 

b d 
I L\ (b - b ) 

2 z e I 2 
1 .... .... 
-W(h

1
, b

2
,z)x 

A 

.... 
• z) f-k 

I ] 
!A 

X*(b ... 
2

, z) f'-k 

----1 

.... 
Y(b I • z ) 

A A 

m-n 

X 

.... 
h2 • z ' m -n Ub 1• b 2 , z) k V (b I• b~ , Z ) ] n 

] [-----
A A A 

6 

...... 

( 10) 

I 

\. 

r. 
'I~ 1 

• 

,...- ... 

-+ ..... CXJ -+ -+ ..... ...,. -+ ..... 

W(b
1

,h
2

,z)= J p(z,s)f 12 (b 1 -s)f1~ (b 2-s)ds 

-+ z OQ ..... -+-+ 
X (b , z ) = - J d z ' f p (z ' , s ) r 

11 
(h - s ) d s , 

-oo -oo 

... 
Y( b , z ) 

00 

d z' I 
..... .......... -+ 

p(z',s)f 22 (b-s)ds, I 
z --0() 

z 00 
-+ -+ -+ -+ ...... ) ... I p(z',s)f

11
(h 1-s)ft

1
(h 2 -s ds, 

... ... 
U( h 

1 
, h 

2 
, z ) J d z' 

00 00 

VCb 
1
,b

2
,z )=I dz' I p(z',s ... )f

22 
(b1 -s ... )f2~ (b: -;) d s .... 

z -oo 

H eay neabte cTeneHII aenHqHH U II V B03HIIKatoT, ecnH cpet.tii 

F fm 
HyKnOHOB 1 nepepaCCeHHIIe Ha KOTOpb!X yqHTbiB810T 8MDnHTYtlbl ' II e, , 

F ,m , ecTb o6m11:e • 

CeqeHHe nepeaapMKII Ha .i -M HyKnoHe Ht.tpa c yqeTOM acex nepepac-

ceHHHli: nonyqaeTCH CyMM!ipOB8HHeM BCeX Bblp8)KeHIIfi ( 10) 0 KOTOpOe BBIIt.IY 

npOCTOTbl nocnet.tHHX CBOtl!ITC~ K npOCTOfi KOM61IH8TOpHOfi 38t.taqe II DpiiBO­

t.IHT K cnet.tytomeMy peaynbTiny: 
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""' 

dal 

dt 

I I ----
4 IT A 

.... 
f dzd 2 b d 2 b ii\(bl-b'2) 

1 2 e x 

X w (b .... I • b .... 2 • z ) [ I + X (b .... I• z) X* (b .... 2t z ) 
+ A A + 

\ 
( 11 ) 

+ 
Y(bl ,z) 

A 
+ 

Y*(b .... 
2
,z) 

A 
+ 

U(b .... 1 • b .... 2 • z) 

A 
+ 

V(h 1,b2,z) l A-1. 

A 

HaKOHeu, cyMMupoBaHue Bcex BeJHI'UIH da l I d t no BCeM HYKJIOHaM, Ha Ko-

TOpbiX M0)1(9T npOU30HTif nepesapHilK81 CBelleTCH K YMH0)1(9Hifl0 BeJIII'IHHbl 

( 11) aa '111cno npoTOHOB Z nu6o Ha '!Hcno Hei1TpoHoB N = A - Z 

B 38BIICUMOCTU oT sapHilOBOH CTPYKTYPhi IICcnenyeMoro npouecca. 

3. PaccMOTpuM nepesapHilKif Ha cpenHux 11 TH)I(eJibiX Hllpax (A>> I). 

Y'IUTbiBaH, 'ITO B aToM cny'lae paaMepbi Hllep R CyiUeCTBeHHO 60Jib!U9 

PBAIIyca aneMeHTapHoro aaauMOilei1cTBUH d , IIOJIY'IUM: 

I 
-+ ..... -+ -+ -+ -+ -+ 

f r II ( b 1 - S ) p ( s, Z ) d S = p (b , Z ) f r 11 ( b I - S ) d s = 

( 12) 

a1 ( I - i a 
1 

) p ( b .... , z ) 
2 

8 

'1.1 .1 . 
' .. rr 

··:: ,,; . ·.··:\A~' 

l 
i,:i' 

. ·,~~. 

.. l ...... ~ .• 
· .• ·~.~ ... ·'. .··? 
lh·' ·, 
'11! 1 I 

l•'•u' 

~!\ 
.) 
':l 
{~ ,· 

1 .. :~ 

:.~.:l'iv 
''f\ 
!.r; , 

¥~ 
' I' 
\ 
,I 

\II 

'\ 

.......... 

·• 

I 
!' 

.... 
.... .... .... ) ( -+ f r 1 1 < b 1 - s > r 71 < b 2 - s P s • z > 

-> b I+ b2 
n11(bl-b2 )p( ,z) 

II T •ll• 

rAe 

n11<f3> 
fl£

11
( ;)!2 ei,i~ 

k 2 d 2 l 

0 (0) = a
1 0 - ITOJIHOe ynpyroe Ce'leHUe 1 

11 ~ L 

HyKJIOHOMJ 

tot 
a 1 = a1 

HOM, 

- ITOJIHOe Ce'!eHHe B3811MOAe 

a 1 = Re f 11 ( 0) I Im f 11 (0) • 

0 OCKOJihKY B9JIII'IHH8 

-+ -+ -+ -+ 

W(b l'b 2 ,z)"" 0 1/f3)p(B, 2 

-> -> 
-+ -> -+ 

(f3=b1-h2. 

-> b 1 + b2 

2 
B = 

cymeCTBeHHO OTJ11f'IH8 OT HYJIH JIIf!Ub B 06J18Cl 

TO BeJIU'IIfHbi X(bl'z), X*(b
2
,z), Y(b 1 , 

HO 38M9HifTb C TO'IHOCTbiO llO 'IJieHOB ITOpHAK8 

9 



-+ 

I I ----
4 rr A 

f dzd 2 b d 2 b i!\(bl-;2 l 
I 2 e X 

I • b~ • z ) [ I + X (b ... l. z) ----+ 
A 

X* (b ... 
20 

z ) 

A 
+ 

( 11 ) 

,z) Y*(b ... 2,z 
+ + 

A 

U(b ... ,, b~, z) 

A 
+ 

V(h lob2,Z) l A-1. 

A 

\ 
I 
\ 

MMHpoBaHHe Bcex BenH"!HH da J I d t no BCeM HyKnoHaM, Ha Ko-

T npOH30HTii nepeaapSUIKa, CBe.QeTCSI K YMHOlKeHH!O BenH"'IiHbi 

0 npOTOHOB Z nw6o Ha "!Hcno HeiirpoHOB N = A - Z 

TH oT aapSI.QOBoii crpyKTypLI wccne.QyeMO!"'o npouecca. 

MOTpHM nepeaapSI.QKH Ha cpe.QHHX H TSI.>!<enLIX SI.Qpax (A>> I). 

TO B 8TOM Cnyqae pa3Mepbi SI.Qep R cymecrBeHHO 6onbllle 

eHTapHOI"'O B381iMO.QeHCTBHSI d , nonyqwM: 

- ; ) p ( s7 z ) d s p (b-+, z ) f f' 
11 

( b-+ 
1 

- s-+) d s-> = 

( 12) 

a, 
( I - i a 

1 
) p ( b-+, z ) 

2 

8 

...... 

.,,1 I~' 

·,; , f 
I} j • 1 

I ··~\ ' ,,,,.,, 

.·.·,,, 

f 
·,::.~ 

'r• 
·;·,, 

I ,, 
u_. 

·~ 

;~~~-··· .. ,,_' 

-~', 
'I 

fl: 

'. 
\I' 

I, 

..--

J 

... 
~ ~ ~ -+ ) f f' I I ( b I - S ) f' tl ( b 

2 
- S ) p ( S , Z 

! 

(13) 
-+ h,+h2 

n,l(bl-b2)p( 2 ,z) 

If T • .Q. 

l"'.Qe 

fl II ({3) f I f 
11 

( !\-+ ) 
1
2 e i ,i ~ 2 

k 2 d !\ ( 14) 

fl II (0) = a I e f - non Hoe ynpyl"'oe Ce"!eHHe B381iMO.QeHCTBHSI "18CTHUbl C 

HyKnOHOM, 

a = a tot 
I- I - nonHoe Ce"!eHHe B381iMO.QeiiCTBHSI "18CTHUbl 1 C HyKnO-

HOM, 

a 1 = Re f 11 ( 0) I lm f 
11 

(0) . 

00CKOnbKY BenH"!HHa 

w < i: "b ... 2 , z > "' n 12(;) P o3. z > 

... ... ... 
(f3=b,-b2, 

... 
B= 

b ... ,+ b2 
2 

cymeCTB9HHO OTnH"!Ha OT HynSI nHlllb B o6naCTH 

TO BenH"!HHbl xo;1,z)' X*(b ... 2,z). Y(b1,z) 

{3 :::_ d , a d « R 

,Y*(b'2,z) B ( 11 ) MOlK-

HO 3aMeHHTb c TO"'HOCTbiO .QO "'neHOB nopSI.QKa d/ R BenH"!HHaMH X ( 8, z ), 

9 
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X *(B' z) • 

... 
Y( B, z) 

... 
,Y*(B,z) • TaKaS! saMeHa no3BOJI51eT sam1caTi~ 

~OCT0 51-

\ 
Ce'leHHe nepe3ap51AKH Ha 51Ape 1 npocyMMHpOBaHHOe no BCeM KOHe'IHbiM 

HH 51M SlAp a B BHAe: 

I da l --=--
d t 4 TT 

Wl 
A 

f d ~ d ; e 1 3. r3 0 
12 

( i3) X 

~I 
r\ 

... l ... ... 
X p ( B 'z ) d z I l + - ( ( 0 22 ( f3 ) - a 2) f p ( z'' B ) d z ' + 

A z 
'I 

I 

! I 

! ' 

.... z . -+ -+ A- 1 

+W
11

(f3)- a;l
1
) f p(z',B)dz']l 

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

0
12 

(fj)p(B,z)dz df3dB x = _!__ Z(N) J el ~ f3 

4rr A 

... z ... 

X exp ( ( n 11 ( f3 ) - a 1 ) J p ( B . z ' ) d z ' + 
- 00 

+(0 22 (~)- a
2

) jp(z',B)dz ']= 
z 

10 

,f'l 

l Z(N) ----
... l;; {3--> --> 

f df3 e 012 ({3) >< 

/ 
lrr A 

X N [a - 0 
I 11 

( {3-->) ' a 2 - n 22 ( ~ ) ] 

B ( 15) 
- --> -

--> 
-a 2 T(B) -a1 T 

e -e 
N(a

1
,ci

2
)=fdB 

a 1- a2 

TaK Ha3hlBaeMwe a¢¢eKTHBHhle 'IHClla HYKJIO 

--> - ... 
T(B)= f p(z,B)dz, 

... 
a 1 =a 1 - 0 11 ( f3 ) ' a 2 =a 2- 022 ( r: 

llo CHX nop npeAfiOJiaraJIOCb 1 XOT51 BTO HHr 

'ITO fillOTHOCTH pacnpeAelleHH51 npOTOHOB e 
OAHHaKOBbl 1 p (b, Z )=p (b, Z) 1 a Ce'!eHHl P n . 

c npoToHaMH u HeilTpoHaMH paBHbi, B o6me 

Bbin0llH51lOTC511 BbipalKeHHe ( 15) MOAH¢HUHp: 

da l 
dt-=~ 

Z(N) 

A 
f n 12<;>e~K~ 

... 
xpp(n) (B,z) exp I (0 11 ,p(~)-a1 P )Z/A 

11 



Y( B, z ) , Y* ( s"""', z ) , TaKaS! 3aMeHa rro3BOJIHeT Garrnca~~ 
e3apSit:1Kif Ha S!t:1pe, rrpocyMMHpOBaHHOe !10 BCBM KOHB'IHbiM ~OCTOSI-

\ . 
B Bnae: 

l 
417 

Z(N) f d (3_, d ~e ,s_p 0 (;)x 
-- 12 

A 

l .... ~ .... 
d z I I + - [ ( 0 22 ({3 )- a 2 ) f p ( z', B) d z ' + 

A z 

z 
-> A-1 

) - a;) 
1

) J p ( z ', B ) d z '] l 

.... .... 

J e' ~ {3 
.... .... -> 

012 ({3)p(B,z)dz d{3dB X 

A 

-· z -> 

11({3)-a1)J p (B,z')dz'+ 
-"" 

)- a
2

) fp(z',B)dz ']= 
z 

10 

.,... 

l 

B (15) 

• 17 

Z ( N) 

A 

.... ,;{3.... -> 

f d{3 e 0
12 

({3) X 

x N[a
1
-0

11 
<l), a2 -0 22 (~)]. 

- -+ - -+ 

.... 
N(a 1 ,a

2
)=fdB 

e-a2T(B) -e-a1 T(B) 

- -
a I- a2 

TaK H83hlBaeMhle s~~eKTHBHhle 'IHCJia HYKJIOHOB, a 

-> .... 

T(B)= f p(z,B)dz, 
-"" 

-> 

at=a,-011 ({3), 
- .... 

a 2 = a 2- 022 ( f3 ) 

( 15) 

( 16) 

no CHX rrop rrpenrronaraJIOCb 1 XOTSI 3TO Hlfrae ClleUH8JlhHO He OrOB8pHBaJIOCb
0 

'ITO Ill!OTHOCTH pacrrpeneJieHHSI IlpOTOHOB p ( b , Z ) If HeiJ:TpOHOB p n <i::, Z) 
- p 

OllHHaKOBbl 1 p (b, z )=p (b, z) 1 a Ce'leHHH B381fMOneiJ:CTBHSI 'laCTHU } H 2 P n . 

c rrpoToHaMn n HeiJ:TpoaaMn paBHhl, B o6meM cnyqae, Korna sTn ycnoBHH He 

Bbil10l1HHIOTCSI 0 BbipalKeHHe ( 15) MOlllf~HUHpyeTCSI CJlBllYJOWHM 06pa30M! 

~-- __ 1_ Z(N) .... ,;{.ji .... 
dt - 4

17 
-A- f o,2({3)e d{3dBdzx 

.... z -> 

X p ( ) ( B ' z ) exp I ( 0 1 I ( ~ ) - a 1 ) z I A J p ( B ' z ' ) d z ' + 
P n ,p P P 

-oo 

11 



II 

,.. 

z 

+ (0 u)f3)- aln )NIA J 
-oo 

p (B,z')dz'+ 
n \ 

(17) 
00 ... 

+ (0 22 • p ( f3 ) - a 2p ) Z I A J p p ( B, z ') d z ' + 
z 

... 
+ W 22,n(f3 )- a2 n) NIA 

00 ... 

J Pn(B,z')dz'l 
z 

npoHHTerpHpOB8B BWpameHHe (17) no , HeTpyUHO nony'IHTh, 'ITO OTHO-

rneHHe nonHoro ce'leHHR nepeaapHUKH Ha HUpe K nonHoMy ce'leHH~ nepeaa­

pHUKH H8 CB050UHOM HyKnOHe HBnHeTCH QJYHKUHeH nH!llb nonHhlX HeynpyrHX 

Ce'leHHH (a 1n = atot -a el ) 
B38HMOUeHCTBHR '18CTHU 1 H 2 C HyKnOH8MH, 

3TOT pe3ynhT8T HMeeT npoCTy~ HHTepnpeT8UH~, 8 HMeHHO: ynpyraR 

'18CTb B381!MOUeHCTBHR '18CTHU 1 H 2 C HyKnOH8MH MO)[\eT H3MeHHTb nHlllb 

yrnOBWe pacnpeaeneHHR BWneTa~lllliX H3 HUpa '18CTHU, 110 He MO*eT H3MeHHTb 

x/ 
BenH'IHHbl IIX nonHoro Bb!XOU8 H3 HUp8 

4. Ecnu B Bbipa*eHHH ( 17) npeuetSpe'lh 1enH'IHH8MH 0 11 H 0 22 , 

·I 
TO nony'IHTCH H3BeCTHblll KB83HKnacCH'IeCKHll peaynhT8T UnR Ce'leHHR nep€-

/2/ 
aapAAKH (eM, ): 

._, 
~=~ Z(N) 

d t d t A 
I Pp(n)(B,z)dz dB x 

x/ 
ABTOpbl 5narouapRT 38 8TO 38Me'la!lHe H.II. neTpoBa. 

1 2 

1' 

.... 

.i,X f'Xp [- a, l . n 

( 

rue 

N 
a2nA 

00 

1 
z 

z 

~ I 
A _ oo 

p (B,z')dz'-a
1 

Z/A 
n P 

p (B,z')dz'- a
2 

Z/A J p 
n P P 

d ao 

d l 

dai+N->2+N 

dt 

z 

nouo5Hoe npeHe5pe*eHHe,KaK Y*e OTMe'lanocb B 

norpe!llHOCTb nopRUKa £ =a P.l /a "'0,1-0,2 B Bl 
' tot 

ce'leHHR npu ManhiX nepeuaqax t < 0,1 ( GeV_ )2 

- e 
nepeua'lax s!jJ!jleKT nepepacceRHHH BJJcwell KpaTHO 

H8l\IH 0 ll H 0 22 , CT8HOBHTCR Cy!lleCTBeHHi 

o5nacTH nepeua'l ucnonb30BaHHe npocroro KB83Hl 

MO*eT OKil38ThCH HeKoppeKTHhJM, Ha puc. npHE 

nH'IHH da I d t , pacc'IHTaHHblX no !jlopMyne ( 15) 

ropoll nono*eHo PP=Pn=P alp= aln 

1 OTBe'laeT npoueccaM nepeaapHUKH rr- A ·• rr 0 A' 

KpHB8H 2 - npoueccaM QJOTOPO*UeHHH 38pH~eHHW 

y:\_,p±A' H, H8KOHeU, KpHB8H 3 - npOUeCC 

HyKnOHHOll H305apbl npOTOH8MH p + .\ _, f\1° + <\ '• 

JJ.llQ.H;;epeHUI!a;JbiiL:e) B3811MOUeHCTBHR p -Me30HC 

paBHblMH 7r -Me30H-HyKnOli,HblM Ce'leHHRM, a ce 

5apw C HyKnOH8Mll - paBHWMH HyKnOH-HyKnOHHWN 

9KCnOHBHUH8nbH8R 38BHCHMOCTb aMnnHTyJJ. OT HHB 

' ~ 2 
f ( ~..!. ) = f ( 0) e- a; 

2 l c napaMeTpOM Hal 

OnoTHOCTb pacnpeueneHI!H HUepHOH MaTepHII Bbt5Hp 

13 



z 

({3)- a
1

n )N/A J p (B,z ')dz '+ 
n \ 

(17) 
4 4 

({3)-a 2P)Z/A J pP(B,z')dz'+ 
z 

4 4 

n(f3)-a2n)N/A J Pn(B,z')dz'l 
z 

osas swpameHHe (17) no , HeTpyJJHO nonyqHTb, qTO OTHO-

o ceqeHHH nepeaapHJJKH Ha Hnpe K nonHoMy ceqeHHID nepeaa­

HyKnoHe HBnHeTCH ¢yHKUHeil nHWb nonHWX HeynpyrHX 

- a el ) B38HMO)leilCTBHH qaCTHU 1 If 2 C HyKnOH8MHo 

nbTaT HMeeT npOCTYID HHTepnpeT8UHID, a UMeHHO: ynpyrag 

ilCTBHH qaCTHU 1 li 2 C HyKnOH8Mii MO/KeT 1i3MeHHTb nUWb 

peneneHHH BbineT8IDWIIX 1i3 Hnpa qaCTHU, HO He MO/KeT 1i3MeHI!Tb 

x/ 
nonHoro Bbtxona ua Hnpa 

1i B Bblp8/K8Hiili ( 17) npeHe6peqb IBnliqlfH8MH {l 11 H {}22 • 

g 1i3BeCTHblil KB83HKnaccHqeCKiiA pe3ynbT8T nng ceqeHHH nepe-

d ao 

d l 

Z ( N ) 

A 

'4 

J Pp(n)(B,z)dz dB x 

TOphi 6naronapHT 38 9TO 38MeqaHI!e Hollo neTposa. 

1 2 

....... 

"r 

• n 

)

!X ('Xp (- a. 

rne 

N 
a2nA 

00 

1 
z 

z 

~ J p (B,z')dz'-a
1 

Z/AJ 
A n P 

-oo -oo 

... 

p (U,z ')dz' -
p 

( 18) 

p (B,z')dz' 
n 

a 2 Z/A J p (B,z')dz 'J. 
p p 

d ao 

d l 

dai+N-.2+N 

dt 

z 

11-31 
noao6Hoe npeHe6pe/KeHHe, K8K y/Ke OTMeqanOCb B nurepaType , BHOCHT 

norpewHOCTb nopHJJKa c =a ei / atot ,O,l-0,2 B senHqHHy LI.HqlltlepeHUHanbHoro 

0 I ( GeV )2 O · ceqeHuH npu ManhiX nepeaaqax t < • --- o JJHaKo npH 6onbillliX 
- e 

nepeaaqax a¢!jleKT nepepacceHHHA B~>ICilleA KpaTHOCTH, onuc~>maeMbiX senHqu-

H8l\IH 0 1 I H n 22 , CT8HOBHTCH CYillBCTBeHHbiM, If 1109TOMY B 9TOil 

o6nacTH nepeaaq Hcnonb30BaHue npocroro KB83HKnaccHqecKoro paccMorpeHHH 

MO/KeT OK.'l38TbCH HeKoppeKTHbiM, Ha puc, 1 npHBeJJeHbi OTHOI!leHH.H H se-

nHqliH da/ dt , paccquraHHbiX no !jlopMyne (15) H no <jlopMyne (18), s Ko-

TOpoil nonO/KBHO PP=Pn=P a 1P = a 1 n a2p = a2 n o KpHB8H 

1 oTseqaeT npoueccaM nepeaapHJJKH rr- A • rr 0 A' , rr-A -.p 0 A' H Tollo, 

KpHsag 2 - npoueccaM QJOTOpOiKHeHHH aapmKeHHI>IX Me30HOB y A ... rr ± A', 

yA-.p±\' H, H8KOHeU, KpliB8H 3 - npoueccy pO/KQBHHH HeilTpanbHOH 

HyKnOHHOil H306apbl 11Jl0TOH8Mll p + ;\ -. 1\0 
+ t\ 'o CeqeHHH (nonHbie H 

illlqJ<>epeHUll8.!bHL;e) B38H MOJlBilCTBHH p -M830HOB C HyKnOH8Mll nonara.llllCb' 

paBHbiMll Tl -Me30H-HyKnO!i,llbiM CeqeHHHM, a ceqeHHH B38llMO)leHCTBllH H30-' 

68pbl C HyKnOH8Mll - paBHbiMll HyKnOH-HyKnOHHblM 0 npeJlnonaranacb T8K/KB 

9KCnOHBHUH8nbH8H 38BHCHMOCTb 8MilnHTyJl OT HHB8pll8HTHOA nepenaqll 

• 2 G V 
f(t!, )= f(O) e-a; 2 t!l c napaMeTpoM HaKnoHa a=IO(-e __ )- 2 

o 

- e 
nnoTHOCTb pacnpeJJeneHHH HJl8pHOil M8T8pliH Bb!6Upanacb B BllJle 

13 



!I -

p <:) = 

0THoweHHH R 

A npH A·> 20 

l 

" 812 r 8 
0 

-r2lr2A2I8 
e o 2 ro = 0,88 F 2. , rae 

B 9TOft MOJlenH noqTH He 38BHCSIT OT 8TOMHOI"O HOMepa 

PeaynbTaTbi pacq~Toa, npHaea·eHHbie Ha pHcyHKe, oTHo-

CHTCH K A= 27 (AI ) • KaK BHllHO, npellCKa3aHHH KnaccHqecKoft TeopHH no-
/2/ 

rnoweHHSI H npeJlCK838HHSI TeOpHH MHOI"OKpaTHOI"O pacceSIHHSI llpH nepe-
2 

aaqax t = 0,5 (fsa/c) CHnbHO paanHqaiOTCH. TeM caMbiM owH6Ka, aao-

CHMaH a onpeaeneHHe aenuqHHbi d q 01 d t B peay.:n,TaTe- HllepHbiX H3Me­

peHHft dq I dt c ucnonbaoaaaueM !jlopMyn THna (18) aMecTo (17) cTaHOBHTCH 

cpaBHHMOft c caMoft uaMepHeMoft aenHqHaoft npH oonbWHX nepeaaqax t • 

Ecnu llH!jl!jlepeHuuanbHbie ceqeHHH po>KJleHHH peaoaaacoa d q of d t HaaecT­

Hbi H3 ITpS!Mb!X H3MepeHHft Ha HyKnOH8X1 TO HX pO>KJleHHe H8 Slllpax npu ManbiX 

nepeaaqax t -s_ 0, l noaaon:HeT onpeaenHTb nonHbie ceqeHHH HX aaaHMO-
d (1 0 

aeftCTBHH c HyKnoHaMH ( dq I d t = -- N ( q
1
, q 2 ) ) , a Hayqeaue HX pO>KlleHHH 

dt 
npu 6onbWHX nepeaaqax aec(!T TaK>Ke HH!jlopMaUHIO o JlH!jl¢epeHUHanbHbiX ce-

qeHHHx ynpyroro pacceHHHH peaoaaucoa Ha ayKnoaax. 

ABTOpbl npH3HaTenbHbl n.H. flaiTHllYCY H 4. Usp9HY aa HHTepec K pa6oTe 

H o6cy)KJleHHSI, 0JlHH H3 aBTOpOB ( c.r.) 6naroaapHT c.r. MaTHHSIH8 a a o6cy>K-

JleHH.W, 

flHTepaTypa 

1. J,Formanek and J.S.Trefll, Nucl.Phys., § 155 (1967); 

~ 165 (1968); 

K.S. Kolbig, B. Margolis. Nucl. Phys., ~ 85 (1968), 

2, O.Kofoed-Hansen and B.Margolis. Nucl.Phys., Ell, 455 

(1969). 

14 

~ 

I 
8, R.J. Glauber, High Energy Phys. ar 

(North-Holland Pub!, Camp. Amsterc 

R,G. Glauber, G. Matthiae. Nucl. Phy 

(1970). 

4, C.P. reaopKSIH, A.B. Tapacoa, 4. Usp9H, 

llyfua, 1971. 

PyKOITHCb ITOCTynHna B H3ll8 

18 anpenH 1971 1 
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)= 

R 

1 

77 3/2 r 3 
0 

e 

-r2/r2A2/3 
0 

' l"'.lle 
2 r o == 0,88 F 

2 
• 

B 3Ton MO,llenH noqTH He 38BHCRT OT BTOMHOI"'O HOMepa 

·> 20 • PeaynbTBThi pacq~Toe, npHBe.ll·eHHhie Ha pHcyHKe, oTHo-

27(AI) • KaK BH.llHO, npe.llCKa3aHHR KnaccuqecKoA TeopHH no-

" npe,llCK838HHR TeOpHH MHOI"'OKpaTHOI"'O pacceRHHR llpH nepe-

2 
(raa/c) CHnbHO paanHqaroTCR. TeM caMhiM OIIIHOKa, BHo-

eneHue eenHqHHhi d u 0 / d t B peay.;n,TaTe- R.llepHhiX H3Me-

t C HCIIOnb30B8HHeM «flopMyn THll8 ( 18) BMeCTO ( 17) CTBHOBHTCR 

CBMOH H3MepReMOA BenHqHHOA npH UOnblliHX nepe,llaqax t • 

!jJ!jlepeHuHanbHhie ceqeHHR pO>K.lleHHR peaoHaHCOB d u of d t H3BeCT­

H3MepeHHA Ha HyKnOH8X1 TO HX pO>K,lleHHe HB R.llp8X npH MSnhiX 

rroaeongeT onpe.11enHTb nonHhie ceqeHHR HX B3aHMo­

du 
MH ( du I d t"' --0 N ( u 1, u

2 
) ) , a HayqeHHe HX pO>K.lleHHR 

dt 
nepe.11aqax HeCl!T TBK>Ke HH!jJOpMBUHIO 0 .llH<fKjlepeHUHBnbHbiX ce-

pe30H811COB HB HyKnOHBXo 

npH3H8TenbHbl n.H. nanH.llYCY H l..f. UapaHy 38 HHTepec K paooTe 

R. O.llHH H3 BBTOpOB (c.r.) onaro,llapHT c.r. MaTHHRHa aa oocy>K-

nuTepaTypa 

J.S.'I'rem. Nucl.Phys., ,!g 155 (1967); 

Nucl. Phys., ~ 85 (1968). 

en and 8,Margolis. Nucl. Phys., 811, 455 

~. 

I 
R.J. Glauber. High Energy Phys. and Nuclear Structure. 

(North-Holland Publ. Comp. Amsterdam, 1967), p. 311 ; 

R.G. Glauber, G. Matthiae, Nucl. Phys., 821 , 135 

(1970). ' 

4. C.P. reeopKRH, A.B. TapaCOB, l..f. UapaH. llpenpHHT Ol1Hl1, P2-5604, 

.Oylila, 1971. 

PyKonHCb nocTynuna B H3.llaTenbCKHAOT.llen 

18 anpenR 1971 ro.11a. 
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Y CJIOBJUI O«l 

npenpHHTbl H coo6weHHSI Ql1.s:JI1 p8CCbin8 
HMSoro o6MeHa,yHHB9pCHT9T8Mt HHCTHTYT8~ 

S8Y'IHblM rpynnaM H OTLienbHblM Y'I9Hb!M 60 

nony'laTenSJM H3Ll8HHII: 011.HI1 Dp9LlOCT8Sl 

HBHTb HHHUH8THBY B 6ecnnaTHOII: ITOCblnK9 n 

06MeHa npHHHM810TCSI H8Y'IHbl9 KHHrH, :lKyp} 
ny6nHK8UHH no TeMaTHKe OHHH. 

ELIHHCTB9HHbiii: BHLl ny6nHK8UHA1 KOTOpb 

9TO penpHHTbl (OTTHCKH CT8Tel 1 y:lKe ony6nH 

H PSIL19 cny'I89B Mel C8MH 06p81Il89MCSI 

6onee KpynHbiM nony'laTensrM aawHx H3.ll8HH~ 
Cn8Tb H8M K8KH9-nH60 KHHrH HnH BbliTHC8Tb 

:1Kypaancl1 H3Jl8101IlH9CSI B HX CTp8H8Xo 


