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YcTaHasnHsaeTC S! c yqeTOM cnHH-op6HT8JlbHoro B 38HMOAeAc TBHS! CBS!3b Me)!{Jly aMnnHTy.aa

MH S!Ae pHOrO pacce S!HHS! H napaMeTp8MH 0606IUeHHOA AHrppaKUHOHHOJt TeOpHH JlJlS! pacceS!HHS! 

/ 1/ 
'18CTH U BbiCOKOl! SHeprHH H8 8TOMHbiX S!Jlp8X 1 p83BHTOit rpel!Ae£?OM H rnaccrOJlbJlOM • napa-. 
M9Tpbl o6o6IUeHHOl! AHcpp8KUHOHHOl! MOA9JlH onpe.aenS!JOTCS! H3 3H8'1eHHll 8MnJlHTYA paCC9S!HHS! 

121 
npoTOHOB Ha S!Apax yrnepo.aa, nony'leHHbiX a pa6oTe ; o6cy)!{Jl8JOTCS! cnHHOBbie scpcpeKTbi, 

L.S. Azhgtrey, S.B. Nurushev 

DETERMINATION OF THE PARAMETERS OF GENERALIZED 

NUCLEAR DIFFRACTION MODEL AT 660 !\lEV 

Abstract 

In the present investigation a relation between the nucleon-nucleus scattering amplitudes and the parameters of 

th e generalized diffraction mode 111 has been used . By using the experimental results from 
121 the parameters of 

this model have been determined at 660 MeV. The influence of the spin-orbital interaction on the value of the opaci -

ty function is discussed . 



I. Bse.geaHe 

.ilJJSI aHaJJH3a .gaHHblX no SI.gepHOMy pacceSIHHIO CHllbHO B3aHMO.geACTBYIOWHX 'laCTHU npH 

111 
Bb!COKHX SHeprHSIX rpeA.gepOM H rnaccrOllb.OOM 6biJJa npe.OJJO.>KeHa 0606WeHHaSI .gHcppaK-

UHOHHaSI MO.geJJb Sl.Opa. 3Ta MO.Oellb SIBJJSleTCSI .gaJJbHel\WHM o6o6weHHeM MO.geJJH •qepHOA ccpe

pbl•, OTBe'laiOweA noJJHOCTbiO Henpoapa'lHOMy SI.gpy. KaK HasecTHo, aMnJJHTy.ua pacceSIHHSI aeA

TpanbHbiX 6eCCnHHOBbiX 'laCTHU Ha S!.gpe CO CnHHOM Hyllb HMeeT BH.g; 

.. 
1(6)=~ I (TJ

0
- 1)(2£+ l)E; (cosO), 

21ke=o [ [ 

TJ r r -To A pacceSIHHOA BOJJHbl CBSI38H8 C 

C OOTBeTCTBYIOWHM cp830BblM CLlBHrOM 8 e COOTHOWeHHeM 

T] e = exp ( 2 i8 e) . 
Mo.genb .. qepaoA ccpepbi .. xapaKTepHa yeTCSI cne.gy!OWHMH npe.unono.>KeHHSIMH OTHOCHTeJJbHO 

KOScpcpHUHeHTa pacceSIH HSI: 

TJ = e 
0 npH e < L IMaKCHMaJJbHOe nornoweHHel. 

npH e > L lsoaMyWeHHe OTCYTCTByeT/. 

napaMeTp L , TaKHM o6paaoM , yKa3biBaeT 'lHCJJo noJJHOCTbiO nornowa!OWHXCSI napuHaJJbHbiX 

BOll H. 

XapaKTepHbie qepTbi o6o6weaaoA AHcppaKuHOHHOA Mo.oenH nerqe scero npocne:OHTb, 

paCCM8TpHBaSI KOScpcpHuHeHT Henpoapa'lHOCTH Sl.gpa 

{3(f)=1-TJ'(f), 

r.ge T] (f) -Mo.Oyllb KOMnlleKCHOi! 8MnJJHTy.O bl f -ToA pacceSIHHOA BOliH bi: 

TJp = TJCf)exp[i¢(f)], 

a ¢ (P) -cpaaa KOScj:>Q:>HUHeHTa pacceSIHHSI. npe.unoJJaraeTCSI, '!TO SIBJJSleTCSI HenpepbiB-

HOA MOHOTOHHOA cpyHKuHeA 1 n118BHO H3MeHSIIOWel\CSI OT M8KCHMaJJbHOrO 3 Ha'leHHSI B cepe-

AHHe SI.opa .go Hynes oro aHa'leHHSI sae SI.upa I CM. pH c. 1 I; B o6weM cnyqae nornoweaHe s 

cepe.OHHe Sl.gpa He SIBJJSleTCSI nOJJHblM; pea llbH8Sl 'laCTb aMnJJHTY .Obi paccestHHSI OT11H'lH8 OT Hy-

TaKHM o6paaoM, o6o6weaaaSI .oHcppaKuHOHHaSI Mo.genb xapaKTepHayeTcSI cne.oy10WHMH 

napaMeTpaMH: Henpo apa'lHOCTbiO SI.gpa {3 
0 

npH M811b!X f ; 'lHCliOM CHllbHO norJJOW810WHXCSI 

napuHallbHblX BOliH L , KOTOpOe COOTBeTCTByeT nOJJOBHHe BbiCOTbl pacnpe.geJJeHHSI {3 ( f) 

o6nacTbiO 2 !J CHllbHOrO H3MeHeHHSI {3 (e) 1 COOTBeTCTByiOWeA .OHcpcpy3HOCTH Kp8Sl Sl.gpa. 

¢aaa ¢(f) nonarae TCSI pasaoA n oc ToSIHH OA s e nH'lHHe npH TJ (e) < 1 I T.e. sayTpH SI.opal H 

pas Hoi! HYJJIO npH TJ (f) = 1 IT .e. BHe g.gpa l . napaMe Tp bl MO.OeJJH rpeA.oep H rnaccrOllb.O 

onpe.geJJSIIOT H3 cpeHOMeHOJJOrH'leCKOrO aHaJJH3a nOJJHbiX Ce'lQHHA H Ce'leHHA norliOWeHHSI npH 

pacceSIHHH HeATpOHOB BhlCOKHX 3HeprHA Ha pa3JJH'lHhlX Sl.Opax. 

npe.UCTaBJJSleTCSI HHTepeCHblM onpe.geJJHTb napaMeTpbl o6o6weHHOA AHcppaKuHOHHOA MO

.geJJH Sl.Opa H3 .08HHblX no .gHcpcpepeHUH811bHOMy Ce'leHHIO pacceSIHHSI H n011SlpH38UHH. 3TOT nyTb 

npHBO.OHT K YTO'lHeHHIO napaMeTpOB MO.OeJJH, a HCnOJJb30B8HH e .08HHblX n 0 nOJJSlpH38UHH n03BO-
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121 
nSieT paccM o i-peTb cnHHOBbie acpcpeKTbi. B pa6oTe H3 .aaHHbiX no .aHcpcpe p eH uHanbHOMY ceqe -

HHIO H nonSipH38UHH B pacceSIHHH npoTOHOB Ha yrnepo.ae npH aHeprHH 660 M as 6binH onpe.aene

Hhi 8MnnHTY.llhl SI.aepHOr'O pacceSI HHS!. 8 H8CTOS!WeA pa6 o Te, HCnOnb3ySI CBS!3 b Mem.ay 8MnnHTy

.ll8MH H cp838MH SI.llepHOr'O paCCeSIHHS!, Mbl Oi!pe.aemlnH napaMe Tpbl o6o6weHHOA .llHcpp8KUIWHHvl! 

MO .aenH S!.llpa. npH 8TOM Y'IHTbiBaeTCS! cnHH-op6HT8nbHOe B 3 8HMO.aei!CTBH e , 'ITO npHBO.llHT K 

K upacwenneHHIOu K08cpcpHUHeHT8 Henpo3p8'1HOC TH S!.llp8. 

2. CsSI3b Mem.ay aMnnHTy.aaMH H cba3 8MH 

Sige pHOr'O p8C CeSI HHS! 

MaTpHua pacceSIHHSI '18CTHUhi co cnHHOM 112 Ha SI.llpe co cnHHOM Hynb HMeeT BH.ll: 

M (8) = g(8) + h(8)an 

r.ae an -npoeKUHSI onepaTopa cnHHa Ha HOpManb K nnocKOCTH pacc eSIHHSI . He 38BHCSI W8SI H 

38BHCS!W8S! OT CnHH8 8MnnHTY.llbl SI.QepHOr'O pacceSIHHS! g(8) H h(8) onpe.aenSIIOTCS! B bipameHHS! -

MH: 

+ 

h(8) = 1 i 
rr e= o 

1 11 

e
210

:- e 
210

;; l P 1 (cos 8) l t P. • 

3.aeCb 0 f H 0 e - cpa30Bbie C.llBHr'H napUH8nbHbiX BOnH, C OOTB e TCTBYIOWHe COC T OS!HHS!M C non-

Hb!M yrnOBbiM MOMeHTOM KOnH'!eCTB8 .llBHmeHHS! j = e + '(2 H j = e - '(2 COO T BeTCTBe!IHO . 

Bhrpam e HHSI I 1 I npe.ac TasnSI IO T co6oA pa3nomeHHSI aMnnHTY .a SI.aepHoro pacc eSIHHSI no no

nHHOM8M nem aH.apa. J.1cnOnb3ySI OpTOr' OH8nbHOCTb n o nHHOM OB n em aH.apa H p eW8S! ypasHeHHS! 

11/ OTHOCHTenbHO 8MnnHTY.ll -TO!% napUH8nbH O i% B OnHbi, CO OTBeTCTBYIOll.I H X .llBYM B03M0)!(Hb!M 

OpH eHT8UHS! M CnHH8 pacCeSIHHOA 'l8C THUbl OTH OCH T e nbHO Op6 I!T8nbHOr'O MOMeHT8 , MO)!(HO n on y'IHTb: 

, a+ + 1 +z 
7J+ =e e=l+ik fg(x)P (x)dx+ _ k _ fll(xJP/(x)dx, 

e -J e e+l-1 
/2/ 

+ 1 1 
I !J (X) 1' r (X) dx . 

- 1 

AMnnHTY.llbl SI.aepH Or'O pacceSIHHS! g(8) H 11(8) B o6naCTH ManhiX yrnos paccellHHS! 8 

IMeHbWHX yrna n epsoro .ll11cppaKUHOHHorv MI1HHMyMal MOmHo npe .a c TaBHTb s BH.ae: 

3.aec b g (0) 

k2 a2 
a = .:..:..___::2_ 

2 2 
S!.llpO, a H 

I 
a 

2 

Horo pacceSIHH51 . 

k 

g ( x) g(O) 
a(x-J) 

e ' 

h ( x) h 1(x) v~= h 1(0) y l-x2 
U(x-t) 

e 2 

h'(O)- aMnnHTY.ll h i pacceSIHuSI s n e p e.a , :;: ~cos O 

131 

-s o nHOBOe 'ii1Cn O Han e T 8lOWer o npOTO H Cl B CHC T eMe UeHTpa M8CC npOTOll -

-pa.Q Han bH bi e napaMeTpbl cp0 pM cp8KTO p OB 1 OTH OC Sllll HXCSl K 8MOni!TY.ll8M S!.ll ep-
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rio.aaamlloli.laH 'IBCTb .at~cppnKUII OHHoro pacceHHHH cocpe.aoTo<JeHa B o6nacTH yrnoa .ao 

nepBOr'O .ll!icpp8KUiiOHH0r'O MliHiiMYM8, no8 TOMy COOTH Oli.leHH H /3/ 6e3 60J1bli.!OI! Oli.l!i6K!i MO>KHO 

0 
pacnpocTpaHRTb ua BCIO o6nacTb yrnoa OT 0 .ao rr • /CornacHo oueHKe , 8TB npoue.aypa BHo-

C HT B aenn<JIIHY Tf 
0 

Oli.!H6Ky JI C 6onee 1 / a I. 

noaCT8BJ1HSI Bbipa>KeHHH / 3/ B cpopMyJlb! /2/ 11 Bblf!OJliH!H HI!Ter'p!ipOB8!ilie, 8 TBK>Ke Y'lliTbi-

B8H TOT cpaKT, 'ITO 
+ 

Tfp 
1Hx) H h(x) B o6lllCM cny~:ae KOMnneKCitbi, nony<JHM: 

Rer/ =1-klg (O)e-a1,fE_ 1. (a)- L h' (O)e-a, j 27!._1n (a)l, 
f nl a 1 t + y, 1 a2 nR a 2 '- + y, 2 

+ 
1mTf e klg (O)e-a1J2ii1n (a)+ Lh' (O)e-a 2 /2Tirn (a 2 )l 

nR a r+y, 1 a ni a t+•ll 
1 2 2 /4/ 

-
R e71 p 1 - k l gnl 

.La -
( 0) e 1 ..;~ 1 (a ) + e + J h I ( 0) e -a 2 ,f 2rr 1 (a ) l 1 

a f + Y, 1 a n R a f +y, 2 
1 2 2 

1mTf-=klg (O)e-a~o.j2"1 (a)- f+1h' (O)e-a2jEl (a)l r nR a1 C+•;, 1 a2 nl a2 f+y, 2 

3 .aecb 1 (a) - cpyHKUIIH 6eccenH MHHMOr'O apryMCI!TB C nonyuen b!M HH.OeKCOM, AnaJlOr'li'l-

r + v. 
iib!e B b!pa>KOH!HI ner'KO I!OJlY 'IHTb H B TOM CJly<Jae, K0r'.ll8 peaJlbHb!e li MHHMb!e '!8CTii 8MIIJ11iTY.ll 

g ( 8 ) li h (8) xapaKTepH3Y!O TCfl cpOpMcp8KTOp8Mii CO CBOiiMii pa.aHaJlbHb!Mii napaMeTp8Mii, 

BaeaeM cpynKUHIO 
Fn (a) = e-ay2rra 1n (a) 

t r_ + y, 

J3i, !p8 >K8 HH H / 4/ T0r'[l8 MO>KHO nepenHCBT b B BH.ae; 

¢yHKUliH 

ReTf;= 1-klf&nr (0) Fr (a 1 )- ~hn'R(O)Fe (a 2 )l, 
1 a2 

1mTf + = k LL l1 ( o) F (a ) + r a, nR r I ~ 
h 

nl 
(O)Fp(a 2 )l, 

2 

-
R eTf r 1-k! Lt~ a ,;..> nl 

I 

(0) Fp (a
1

) -' ~ h~R(O) Fp (a 2 )l, 
(.( ' 

2 

- r , 
lmTf =k!Lg (O)Fr(a1 )-_2__!_h 1 (0)F.(a)l. p a nR 2 n r 2 

1 a2 

f ( a ) ya oane TB Opn e T peKyppeHTHOMY COOTHOli.leHH!O 

r 
F (a) = F (a)- J!_~_lr (a). 

P+1 r-, a P 

flpl! 3 H8'l e HIHIX a » 1 / npa 660 M 8B a ~ 70/ C TO'IHOCTb!O .00 <JJleHOB nopH.llKB 

F (a) = 1 , F (a) = 1 - _L 
o 1 a 

/5/ 

-2a 
e 

B cny y ae OTCyTCTBIISI CnHH- o p6HT8JlbHOr'O B 3 81!M OUe i!CTBiiH COOTHOli.!CHiiH /5/ ynpOli.l8!0TCH: 

R e Tf p = 1 - ! gn 1 ( 0) Fp (a) 

1mTf p = ~ gnR(O) F1, (a) 

llpH f "' 0, 'ITO B KJ18CCH4 e CKOi! Tp8KTOBK e COOTBeTCTByeT npOXO>K[leHH!O '18CTiiU b! <Jepe3 

UC IITpanbHYIO o6naC Tb H,ll pa, HCI!OJ1b3YSI OnTH4CCKYIO TCOpeMy 
g 

1 
(0) = (ka ) / 4rr , nony<JHM 

n t 
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CBSI3b Me:lKAY KOScPcPHUHeHTOM Henp03p8'iHOCTH A1ISI ueHTp81IbH~A 061IaCTH S!Apa {3 0 

ce'ieHHeM pacceSIHHSI a 1 

/3=1-ITJ/
2 

0 0 

4a(O) 
k 2a 4 • 

npH STOM nonyqaeTCSI Bbipa:lKeHHe: 

3. napaMeTpbl o6o6I.UeHHOA AH1:JpaKUHOHliUM MOAeliH 51 Apa 

npH aaeprHH 660 ~as 

Koact>ct>HuHeHT aenpo3paqaocTH HApa 

f3 ± re; 
If ct>aaa KOScPcPHUHeHTa pacceHHHSI cp !(f) ' , 

+ 
tg¢-(f) 

± 
Im 11 e 
Re11{ 

6hl1IIf paCC'iHTBHhl A1IS! 3H8'ieHHA 8MU1IHTYA HAepHOrO pacceHHH SI 

• -13 -13 
gn R(O) = (-4, .45 ± 0,39)·10cM, gn 1 (0)= (13,41 ±0,40)·10cM, 

I • -13 
hnJ0) = (-St10)·10 eM, 

1 -r3 
hnl (0) = (29,1 ± 7,2) • 10 CM 

If paAHBllbHbiX iiapaMeTpOB 
-13 -13 

a 1 = (2,02 ± 0,0.3) •10 CM 1 a 2 = (2, .32_± 0,1.3)• 10 CM 

I U011Hb!M 
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UOlly'ieHHbiX B pa6oTe / 3HB'ieHHSI 8MU1IHTyA B3S!Tbl B CHCTeMe UeHTpa Mace / . Ha pHC. 2a noKa-

38H8 38BHCHMOCTb KOScPcPHUHeHTa Henp03p8'iHOCTH {3 ( e ) OT e • CnnOI.UHBSI 1IHHHSI COOTBeTCTByeT 

KOScPcPHUHeHTy {3 (e) 1 Bbl'ilfClleHHOMy 6e3 y'leTa CUHH-op6HT81IbHOrO B38HM OAeACTBHSI, WTpHXOBbie 

+ 
1IHHHH - KOScPcPHUHeHTBM {3 (e) If {3 (e) 1 npH Bbl'ilfClleHHif KOTOpblX CUHH-op6HT81IbHOe B38HMO-

AeACTBHe y'iHTbiBanocb. BHAHO, 'ITO yqeT cnHa- o p6HT81IbHoro B3aHMOAeACTBHSI npHBOAHT K Npac

I.UenneHHIO N KOScPcPHUHeHTB Henp03 pa'!HOCTH S!Apa Ha ABB KO.ScPcPHUHeHTa {3 +(e) H {3 -(e) 1 COOTBeT

BeTCTBYIOI.UHe B38HMOAeACTBHSIM C p831IIf'!Hb!Mif OpHeHTBUHS! M if CUHHB H81IeT810I.Uero npOTOHa OTHo-

CHTellbHO Op6HT81IbH OrO MOMeHTa K01IH'leCfBa ABH:lKeHHSI. nplf 3H8'leHHSIX e , 6nH3KHX K 0, Ta-

KOe paci.UenneHHe OTCyTCTByeT. 3TO COOTBeTCTByeT H8r1ISIAHOMY npeACTBBlleHHIO 0 TOM, 'iTO U01ISI

pH38UHSI SIB11SieTCSI noaepXHOCTHbiM ScPcPe KTOM, npoTOHbl CO CUHHOM 1 napanllellbHbiM op6HT81lbHOMy 

MOMeHTy, HMeiOT 601IbWHA paAHYC B38HMOAeACTBHSI C S!ApOM, '!eM npOTOHbl CO CUHHOM, aHTHnapan

nenbHbiM op6HT81lbHOMY MOMeHTY, noaTOMy OHH pacceHBBIOTCSI no-pa3HOMY, 'ITO If npHBOAHT K B03" 

/3/ 
HHKHOBeHHIO U01IS!pH38Uiflf, 3TOT cPBKT anepBbi8 OTMeTHll <t>epMH 1 KOTOpbiJl A1ISI . OUHCBHHSI U01IS!pW 

38Uiflf HYK1IOHOB BBen, KpOMe UeHTp81IbHOrO UOTeHUH8118 1 AOU01IHHTe1IbHOe CUHH-op6HT81IbHOe B3alf-

MOAeACTBHe Ha Kpa!O S!Apa, 

Ha pHc, 26 noKa3aHa aaBHCHMOCTb cos¢ (P) OT , npH'leM, KaK 11 paabwe, cnnow-

H8SI lllfHI!SI OTHOC:HTCSI K C1IY'l810 1 KOrAa CUHHOBb!Mif ScPcPeKT8Mif npeHe6peranOCb. ¢838 cp (e) 113-

' 
MeHSieTCSI OT -200° B cepeAHHe S!Apa AO 0° Ha Kp810 S!Apa, npH'leM OH8 61IH3K8 K HY1110 y:lKe B 

HB'Iane AHcPcPY3HOA 06118CTH KpaSI S!Apa, 

KaK BHAHO H3 p11c, 2a, {3 (f) yMeHbWaeTCSI B AB8 paaa npH L }4. 3TOMy 3H8'leHHIO 

op6HT81IbHOrO MOMeHT8 B KB83HK118CCH'leCKOM npH61IH:lKeHHH MO:lKHO COUOCT8BifTb 3H8'leHHe iJ 8AHyca 
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nnpa yrn e pona T/. ::.1:_:: 2,4.10-13 CM . J.lH¢¢Y3HMI o6nacTb Kp851 Hnpa 11M ee T · wHp11HY 26.,10, 
k 13 

YTCJ C OOTBe T CTByeT TOnll.lHHe OOBepXH OCTHO r O CnO Sl t:: 2~ :: 1, 8 ,10- CM. 3TH OUeHKI1 COrnacy-

k /4/ 
IO TC$1 C Jl8HH blMI1 , nonyYeHHb!MI1 113 ilpyrHX 9KC nepH MeHTOB 

3 JJa Y 8 HI!e K0 9cp ¢ H U11eHT8 He np03 p8Y!l OCTI1 B cepeJl HHe S1Jlp8 (3(1 OK83bll38e TCSl paBHblM 

(i
0 

~ 0 ,84. 3 Ta B e nHYHHa xopowo corn a cy e T c n co 3 H8YeHHeM (3 
0 

= 0,89, nony'leHHbiM B 

I 1 I 
pa6o T e Jl!IH 3 He prHH 700 M9B. 

!\ BTo p l>l A b l pa n<aio T 6naronapHOCTb C.M . 611 neHbK OMY 11 M.r. Mewep5IKOBY 3 8 pHJl none3-

ll bl.\ 38Me Y8!l l!i1. 
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Ko9¢tp HUH e HT Henpo3p8'JHOCTI1 ( B ) 11 KOCHHyC ¢a3bl K03cp¢11UI1eHT8 l7 £ ( 6 ) B 3 8B11 C I1-

M OC TI! OT e ' Bbl'liiCneHHble JlnH HJlpa yrnepona no Jl8HHbiM pa6oTbl ! 2/. CnnoWHble nHH11H o T-

II OC IHCH K (3 (f) 11 COS cp (f ) , Bbl'lHCneHHblM 6e3 y'leTa, 8 WTpHXOBble - C y qeTOM C TII1H- o p6H-

T8nLH OrO 133 811M OJleil:C TBH5!, 

• 


