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facnap~H A.n. ~ AP· 1 - 12797 
AHan~3 ce4eH~~ Heynpyr~x s3a~MOAe~cTs~~ 
pen~T~B~CTCK~X ~Aep C ~ApaM~ B paMKax npOCT~X 

reoMeTp~4ecK~x MOAene~ 

Ha ocHose AaHH~x c 2-MeTposo~ nponaHoso~ ny3~PbKOBo~ 
KaMepbl Jl83 011.RI1, o6ny4eHHO~ pen~T~B~CTCK~M~ ~ApaM~, a TaK
me AaHH~x APYr~x 3Kcnep~MeHTOB, nposeAeH aHan~3 ce4eH~~ 
Heynpyr~x B3a~MOAe~CTB~~ pen~T~B~CTCK~X ~Aep C ~ApaM~, cor
naCHO MOAen~ TBepAbiX C!)lep C nepeKpbiT~eM. noKa3aHO, 4TO y4eT 
Kp~B~3H~ nosepXHOCT~ B napaMeTpe nepeKp~T~~ ~Aep np~BOA~T K 
ny4weMy cornacosaH~IO AaHHbiX. 

Pa6oTa BbmonHeHa s Jla6opaTop~~ BbiCOK~x 3Hepr~~ 011.RI1 
~ T6~n~ccKoM rocyAapcTBeHHOM yH~sepc~TeTe. 

Coo6IUeHHe 06'bellKHeHHOl"O KHCTKTyTa llllepHbiX HCCnellOBSHKII, .Uy6Ha 1979 

Gasparian A.P. et al. 1 - 12797 
Analysis of Inelastic Cross Sections of the 
Interactions of Relativistic Nuclei with Nuclei 
in the Framework of Simple Geometric Models 

Based on the data obtained using the 2m propane 
bubble chamber (HEL, JINR) and on the data from other 
experiments, the analysis has been carried out of inelas
tic cross sections of the interactions of relativistic 
nuclei with nuclei according to the model of solid spheres 
with overlap. It is shown that taking into account the 
curvature of the surface of nuclei in the overlap parameter 
leads to a better agreement of the data. 

The investigation has been performed at the High 
Energy Laboratory, JINR and Tbilisi State University. 

Communication of the Joint Institute for Nuclear Reseorch. Dubna 1979 

© 1979 06r.eJ111H8HHbl/l IIHCTIIryT R/19pBblJC IICC09J10BBHIIJI Jly6HB 

B HacroHmefi pa6ore npoaoaHTCH aHanH3 Hey;ryrHx 
ceqeHHH B38HMOaefiCTBHH penHTHBHCTCKHX Haepl1 , 3Kcne
pHMeHT8nbHhlH M8TepHan nonyqeH C nOMOmbiD 2-MeTpOBOH 
nponaHoaofi ny3hipbKoaofi KaMephr JIB3 OM .HM, a pa6oqeM 
06'beMe KOTOpOH 6hinH noMemeHhl TpH nnaCTHHbl H3 T8HT8-
na12 I • .11 cnonb3oaaHbi pe3y nbTaTbi sKcno3HUHH KaMepbi a 

nyqKax Haep p, d, He, C npH P 0 - HMny nbce Ha HyxnoH -
2,2 H 4,2 faBle. HeKoropbre aaHHhie no ceqeHHHM a3aHMo
aeficTBHH nepeqHcneHHbiX penHTHBHCTCKHX Haep C HapaMH 
C H Ta ony6nHKOB8Hhi paHeell I. llnH aHanH3a Hcnonb30B8Hbi 

raK*e naHHhle npyrHx pa6or131• 
AHanH3 nonyqeHHhlX raKHM o6pa3oM aenHqHH Heynpyroro 

ceqeHHH B38HMOUefiCTBHH penHTHBHCTCKHX Haep npoaoaHnCH 
no <jlopMynaM: 

A A 2 1/.3 1/3 2 
a( i, t) = "Ro (A i + A t - b) , (1) 

A 2 [ 1/.3 1/J -1/3 -1/.3 2 
a( i'At)=rrR 0 Ai +At -{J(Ai +At )1, (2) 

raeR 0 -KOHCT8HT8 nponopUHOHanbHOCTH B Bhlpa•eHHH anH 

1/.3 
paaHyca Haep R = R0 A , Ai H At -Maccoabre qHcna Hnep 
nyqKa H MHilleHH, COOTBeTCTBeHHO, BenH'IHH8 b({J) Bb!pa
•aeT creneHb nepeKphlTHH HaepHhlX noaepxHocTefi npH HX 
B38HMOUeHCTBHH, ~OpMyna (1) nonyqeHa B MoaenH TBepahlX 
c<jlep c nepeKphlTHeM H3 npoCThlX reoMeTpHqecKHX coo6pa-

-141 u •eHHH H IllHpOKO HCnOnb3yeTCH nnH 8H8nH38 ceqeHHH 
B38HMOUeHCTBHH pa3nHqHbiX HUepl1 ,51, 

0TMeTHM 1 qro npH annpOKCHM8UHH ll8HHhlX no o6eH M <jlop
MynaM a KaqecTae cao6oaHhiX napaMeTpoa 6panHCb KaK 
R 0 , raK H b((J). Pe3ynbTaThi annpoKCHMaUHH aKcnepHMeH-

3 



TanbJ:-IbiX naHHhiX no ¢op l\·ry naM ( 1 ) H (2) nng senH'-IHH R 0 
H b(~) npHBelleHhl E Ta6n. 1 H 2. B nocnenHeA KonoHKe 

Ta6nHu yKa3aHa senH'-!HHa yposHeA nocTosepHOCTH (C.LJ, 
KaK BHllHO H3 npHBelleHHbiX B Ta6nHuax pe3ynbTaToB 

annpoKCH M BUHH, Bbipa)l(eHHe (I) ynosneTBOpHTenhHO onHCbi

saeT 3KCnepHMeHTanbHhle ll8HHhle B llOBOnbHO WHpOKOM 

llHana3oHe 3Ha'-!eHHi1 Ai H, oco6eHHO, At • OnHaKo no-

nyqaiomeecg npH aTOM 3Ha'ieHHe napar,:eTpa Ro 38BHCHT 

OT M8CCOBbiX 'iHCen CT8nKHB8!0lllHXC5I 5lllep, XOT5I tPH3H'ieC

KHH CMhlCn ero BBelleHH5! 38KnroqaeTC5I K8K pa3 B ero 

YHHBepcanbHOCTH . CymecTseHHo M eH5IeTC5I TBK )Ke napa M eTp 

b. TaKHM o6pa30M, B bi 5!En5IeTc5! He cosceM nonHa5! aneK

BaTHOC Tb COOTHOWeHH5! (1) C peanbHOH ¢ H3H'-!eCKon KapTH

HOH B38H M OlleHCTBH5!, 3TO MO)KeT 6biTb o6ycnosneHO Ter.: , 

'iTO ( ;opMyna ( 1) He y'-IHTbiBaeT H3MeHeHH5! ( ;opMbi pacnpe

neneHH5! fl llepHOH M aTepHH npH nepeXOlle OT nerKHX K T5!

)KenbiM 5IllpaM, T.e. He Y'iH Tb!BaeT KPHBH3Hbr nosep;: HoCTH 

5Illep B napaMeTpe nepeKphlTH5!, iletiC TBHTenbHC , KBK H3BeCT

HO, nnoTHOCTb HyKnOHOB B nerKHX Hllpax Hl\ l eeT ray CCOBCKOe 

pacnpeneneHHe C llOBOnbHO WHpOKO p83Mb!Tb! M Kpae M , C 

llpyroti CTOpOHhl, nnOTHOCTb HllepuoA M aTepHH B T5ImenhlX 

5Illpax onHCbiBaeTCH pacnpeneneHHe M <Pep M u. CnenosaTenhHo, 

B T5I)I(enhlX 5Illp8X llOn5I HyKnOHOB 1 H8X Oll5IlllHXC5I OKOnO IT O

BepXHOCTH, ropa3no M eHb r.:.: e, '-!e r,; s nerKHx. noa Tor·.Iy s se

nH'iHHe napa M eTpa nepeKpb!THH ll01\cHHHpyiO!llYIO ponb 6yne T 

HrpaTb 6onee nerKoe Hllpo. Vl r.: eHHo aTo H y 'iHTbi EaeTCH s 

HBHOM s nne B ¢opMyne (2), npHseneHHoti s pa6oTel6 I, rne 

b = ~(A-l/3 + A~ t/3) 
I t • ( 3) 

ToT ¢aKT, 'iTO B sapHaHTe Monem/61 n o B3aH l\: one f".cTBH5IX 

B hlllen5IeTC5I ponb ITOBepXHOCTHhlX HyKnOHOB, cornacyeTC5!
1 

H8/7HMep, C nOllXOllOM MOllenH fnay6epa, C OllHOH CTOpo

Hb! 
1, a T8K)Ke c C::opMoA pacnpenen,BHH5! nnoTHOCTH 5Illep

Hoti M 8TepHH B MOllenH M5IrKHX c¢ep 1 I 

Pe3ynhT8Thl COBMeCTHoti annpoKCHMaUHH 38BHCH M OCTH 

a ~, f (A i , At ) ang nerKoti (C) H T m :<enoti (Ta) M HLUeHeA 

npH P 0 =2,2 H 4,2 faBle Ha HyKnoH npencTasneHhi Ha 

pHC. 1 H 2, 

4 

Ta6nHua 1 

BenH'iHHbi napaMerpos R0 H b(~), nonyqeHHbie B pe3ynh

rare annpoKCHM8UHH Ce'ieHHH HeynpyrHX B38HMOlleHCTBHH 

no tiJopMynaM ( 1) H (2) Ha pa3Hb!X MHWeH5IX. 

~Jtelc'r- ~p
~~e .FIJU8 MYJra 
(A l. J At 

a (p,d.,He,C) p 

6 (al,He.C) p 

B (d...He .c) cl 
r (ci,He ,C) He. 
.n (p,d)4e,C) C * 

g~ 

H~ 
H~ 
H~ 
~r~ 

Ro 
Clm] ~(~) C.L. 

I,47+0,09 I,28+0,07 O,I2 
I,I3±P,06 0,~0,04 0,22 
I,28+0,I3 I,II+O,I4 0,43 
I,07;EQ,08 O,SQEO,OB 0,32 
1,57+0,04 I,2I+0,06 I 
I,32+0,03 0,62±Q,03 0,27 
I,56+0,04 I,27+0,09 I 
I,2~0,03 0,67;£0,06 O,I4 
I,65+0,22 I,47+0,29 I 
I,28I0,09 0,68±0,17 I 

e (ol,He.,C) C.,.. rr~~54+0,27 I,28+0,46 t 
(2) I,25;EQ,I2 0,6z.E0,28 I 

lit (pd. He,c) c •* rn 1,62+0,25 I,50+0,25 o,47 
I I (2) I,22±Q,IO 0,70±o,20 0,45 

a (d. He C) C * 'fiJ ~I~ I,45+0,34 I,2I+0,64 n 
I I 2 I,20±o,I5 0,55;EQ,36 

_,30 
0,25 

H (cl. He C,O)C (I) I,85+0,I6 I, 76;t0,23 0,2? 
\ I (2) I,4I+0,07 I,OO+O,I7 O,I3 

R ( H c o) c! ~I~ I,o8::o,23 2, Io::o,2? t e, 1 2 I.,55±0,II I,38±0,24 I 

)
r.. (f) I,32+0,30 O,GI:t.I,30 I 

JI (He,C,O \....(.( (2} I,22±o,o9 o,24,t0,67 I 

M ( H(Z,C,O) PA H~ 
H (p,d.,He,C )"10..""" g~ 
o (ci,He ,C)To.. ~ g~ 
rr (p,d.,He,C)Ta. ~,. g~ 

P (d, He ,c)Ta~* g~ 

I,32+0,30 
I,22;E0,09 
2,66+0,44 
I,40±o;I4 
2,62+0,66 
I,5J±O,I9 
2,50+0,48 
I,48IO,II 

2,52+0,58 
I,5I£0,I9 

0,6I+I,30 
0,24;£0,67 
3,93+0,48 
I,23±0,64 
3,95+0,96 
I,8~0,86 
3,71+0,70 
I,59;EQ,5I 

3,79+0,84 
1,88±0,70 

x) - .U.amrne c 2 M I1I1K npH Po = 2,2 ThB/c 
xx) - 'fe xe .namrne npx Po = 4, 2 raB/C. 

I 
I 
0,3? 
0,29 
0,27 
O,I8 
I 
I 

I 
I 
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Ta6mma 2 

BenH'IHHbi napaMe Tpoa R 0 H b(f3), nony 'leHHbi e npH annpo-
KCHM8UHH Ce'tJeHHH HeynpyrHX B38H MOneHCTBHH no ¢ opMy-

naM ( 1 ) H (2) anSI pa3HbiX nap MHllleHeH. 

BaaHMO~elc~e ~IJIY- Ro t(~) smpe. (Al A~ .na (~rnJ C.L. 

( p.d.,HQ 1C)(C' ,Tct) * (I) I,48±9,08 I,24±P,I6 0,6I 
a (2) I,32±9,05 O,?S±Q,II 0,80 

(<i,He,C)(C ,To.)~ (I) I,46±9,09 I,I5±9,2I 0,5I 
6 (2) I,33±0,06 · O,??±P,I5 0,56 

(He ,C )(C 1To..) -tit- (I) I,5f>±O,I4 I,3?;t0,32 0,35 B 
(2) I,4Iz0,09 I,09±Q,27 0,50 

(p,c!.,He ,C)Cc,Ta.) _.. ~ (I) I,49±9,06 I,33;tQ,I4 0,4I 
r (2) I,33;tQ,04 0,85;tO,IO 0,58 

"'"* (I) I,49±9,07 I,29;t0, I8 0,38 
.It (d.,He.,C )(C ,Ta) (2) I,35±Q,05 0,9I;t0,I4 0,38 

( He,C)(c ,TCl.) """* (I) I,58;t0,09 I,49;t0,2I 0,43 
e (2) I,42±9,06 I,I6±9,I8 I 

(C,O)(C ,Cu.). 
(I) I,2?;tO,II 0,89±9,43 0,3? 

Jt (2) I,24±9,06 0,3I±P,34 0,39 

(He,C)(Cu.,Tct) 
(I) I,36±P,2I 0,?8±9,89 0,13 

3 (2) 1,26±9,II 0,52;t0,66 0,13 

( .,..,. (I) 1,52±9,19 I,36;t0,62 0,29 
H (He 1C) Cu.To. ) (2) I,32;tO,IO 0,?9;t0,55 0,16 

( He 1C,O)(Cu I P~) 
(I) I,2I;t0,08 O,I2;t0,50 0,86 

R (2) I,2I;t0,06 0,14±9,41 0,88 

( c .0) ( Cu 1 p~) 
(I) I,3I;tO,II 0,34;t0,64 I 

JI (2) I,2I;t0,07 O,I8;t0,62 0,58 

x) .natiHHe c 2- M III1K npH Po =2,2 ThB/c 
xx) - Te ze .ttaHHue npH Po =4,2 raB/c 
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A~"·A~" 
P11c. 1. Ce'tJeHH51 Heynpyroro B3aHr.10netkTBH51 np11 P 0 = 
=2,2 f9B/c Ha HyKnoH D 381311CHI·.I OCTH OT a TOMHOrO neca 

Sinpa-cnapHna A i 11 Hnpa- r.1 HmenH At • 3KcnepHMeHranbHbie 
TO'IKH nony'leHbi Ha 2 M fi nK. CnnornHaH nHHHH - 3aDHCH
MOC Tb pac'tJeTHbiX HeynpyrHx ce'leHHti D pe3ynbrare annpoK
CHMBUIIH no ( .Opl\tyne /1/ (R

0
=(1,48:!:_0,08)¢M, b= 1,24:!:_ 

-t_0,16), r:.: rpHxosaHHaH nHHHH - no (,opMyne /2/ ( R 0 = 

= ( 1 132 :!:_ 0 105) ¢ M, b = 0, 7 5 :!:_11 ) • 

3aBHCHl\:OCTb Ha pHC . 1 COOTBeTCTByer annpOKCHM8UI111 
aenH'IHH ce 'tJ eimti np11 Hl\mynhcax HaneraiOlllHX Sinep Po = 
= 2 ,2 f98/c Ha nyKnOH, a Ha pH C. 2 - p O = 4,2 f9B/c 

Ha HyKnoH. Cnnon Hoti nHHHei'! HaHeceHbi 3BBHCHl\·· ocrH pac-

'leTHbiX ce'leHHti neynpyr11x B3aHMoneikTBHi1 or A
1(3 ~A 1(3 

D pe3ynbTaTe annpOKCHI ·aUHH no QJOpMyne ( 1) 1 lllTpHXOB8H
HOH nHHHeti - no ¢opMyne (2). 

06e cpOpl\iynhl ynosneTBOpHTenbHO OnHCLlB8IOT 9KCnepH-
MeHTanbHbie naHHbie, no cpopMyne ( 1): 

R 0 =(1,49 :!:_0,08) ¢M, b = 1,24 :!:_0,16 
R0 =(1,49 :!:_0,06) <P 1v1 , b = 1,33 :!:_0,14 

P 0 = 2,2 f9B/c 

P 0= 4,2 f9B/c 
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PHc. 2. Ce'!:eHH51 HeynpyrHx B38HMo.nei1craHii npH P 0 
= 4,2 f9B/c H8 HyKnOH B 38BHCHMOCTH OT 8TOMHOI'O aeca 

5I.llpa-cHap5I.ll8 A i H g.npa-MHllleHH At • 8KcnepaMeHranbHhie 
TO'IKH nonyqeHbi Ha 2 M TITIK. CnnornHaH nHHHSI - 38BHCH

MOCTh p8C'I9THblX Heynpyi'HX Ce'!:eHHH B pe3ynbT8Te annpoK
CHM8UHH no <iJopMyne (1) ( R 0 = (1,49:t_0,06)~M, b = 

= 1,32 ±_0,14). llirpHXOB8HH851 nHHHH- no <iJopMyne {2) 
( R 0 = (1,33:t_0,04)~M, b = 0,85±_10). 

a no ¢opMyne (2): 
R0 = (1,32±_0,05) ~M, f3 =0,75±_0,11 

R0 = (1,33:t_0,04)~M, {3=0,85±_0,10 

P 0 =2,2 f9B/c 

P 0 = 4,2 f9B/c. 

3aaHCHMOCTb ce'!:eHHSI OT Ai HAt, cornacHo (1) H (2), 

H3yqanacb H npH QHKCHpOB8HHh!X MHlll9HSIX C H Ta B OT.nenb

HOCTH .llnH rex :>Ke HaneTaiOlllHX 51./lep. 

M3 npoaeneHHOI'O aHanH3a cnenyer, '!:To: 
1) 3Ha'!:eHHe napaMeTpa R0 , nonyqeHHOe H3 (1), acerna 

6onbllle, '19M TO :>Ke 3H8'19HH9 1 nonyqeHHOe H3 (2). TipH'19M 

3Ha'!:eHHSI R 0 , nony'leHHhie no <iJopMyne (2), 6onee cTa-
6anhHhi, '!:eM nng <iJopMynhi ( 1) (eM. ra6n. 1 H pHc. 3a); 

a 

... 

) 
) 

~ 
R•l• 

t 
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Pac. 3. 3Ha'-leHHH rrapaMerpoa R 0 H b(f3), nony'!:eHHhie 

DpH arrn p OKCHM8Uiflf 3 KCDepH M9HT8nbHhlX aenH'IHH C9'19HHA 
HeynpyrHx B3aH MonencraH A no ¢op MynaM (1) H (2) a 3a

BHCH r>~ocrH Or l\l8CCOBOI'O 'IHCna MH!l:9 HH At • 0, • -Toq
KH, rronyqeHHhie c wcrronb30B8HHel\t naHHbiX c TITIK rrpH 
P 0 = 2,2 f 3Bic. /\,6 - P 0 = 4,2 f9B/c. 

2) 8HanOf'lf'IHOe 38KniO'I9HHe MO>I< HO cnenarh, ITO-BH.llH-
1\i OIII.:y, If OTHOCHTe nbHO CT86HnbHOCTH napa r,r eTpa {3 ( CM. 
pHC. 36); 

3) nnH TH}Kenorr MH i:..eHH, npH HCKniO'IeHHH H3 HaneraiO

mwx Hllep neATOH8 1 rrapa MeTp rrepeKp b!THSI b(f3) CT8HOBHTCH 
rrpaKTH'IeCKH Heorrpe.neneHHhl M, r.e. T9p519T ¢H3H'I8CKHA 
CMbiCn, If 3.ll9Cb ITpHM9HHM8 1\IOJlenb TBep.llblX c¢ep 6e3 
rrepeKpbiTHSI ( Cl\ i . ra6n. 1, peaKUHH A - M ) • TipoaeneHHaSI 

H8MH 8IIIIpOKCHM8UHSI .ll8HHblX .nng 9THX peaKUHA rrpH ¢HKCH
p0B8HHOM 3H8'19HHH b ({3) = 0 T8K}K9 npHBO.llHT, K XOpOllle My 

cornaCHIO (C.L. "' 1) , onHaKo 3Ha'-!eHHe R o no o6eHM <iJop

Myna M npH 9TOM HeCKOnbKO yMeHhrnaeTcg ( R 0 = 1,21 t. 
-:._ 0,02) <PM. ~aKr HHoro noaeneHH51 nng ne t:ToHa, ao3-

9 



MO:>KHO, o6'bSICHSieTCSI TeM, 'ITO pacnpeneneHHe smepHOH 

M8TepHH He COOTBeTCTByeT HH raycCOBCKOMy, HH ¢epMH

eBCKOMy; 

4) B cnyqae o6'bellHHeHHSI naHHhlX Ha pa3HhlX napax 

MHllleHeH ( T86JI. 2) HMeiOT MeCTO, B 06llleM, Te :>Ke TeH

JleHUHH. B cnyqae, Korna o6e MHllleHH TSI)!{eJihie H cpeJlH 

H8JieT8IOlllHX SIJlep OTCyTCTByeT JleHTOH, napaMeTp nepe

KpbiTHSI T8K)!{e TepSieT ¢H3H'IeCKHH CM biCJI ( CM. T86JI. 2, 

peaKUHH )1{ 0 3 0 K, JI). 

B aaKJI IO 'IeHHe MO)!{HO CKaaaTb, 'ITO B HCCJieJlOBBHHOM 

H8MH Jl0CT8TO'IHO lllHpOKOM HHTepBaJie M8CCOBhlX 'IHCeJI 

B38HMOJle i1CTBYIOlllHX SIJlep JlJISI OUHC81IHSI ceqeHHSI B38HMD

JleHCTBHSI XOpOlllO pa60T8eT UpOCT8SI rBOMeTpH'IeCK8SI K8p

THH8. Y'IeT KPHBH3Hhl nosepxHOCTH Sinep B napaMeTpe nepe

KphlTHSI npHBOJlHT K ¢H3H'IeCKH 6onee UOCJieJlOB8TeJibHOH 

KapTHHe. 

ABTOpbl Bb!p8)!{8IOT 6naronapHOCTb n. T .Axo6aJl3e, 

M.M. KyTaJIHSI H 3. CxHJI8Jl3e aa noMOlllb B pa6oTe, 

A.A. n)!<ypaesy - 38 ueHHbJe 38Me'I81HISI. 
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