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nonyqeHo onBcaHae nonHhiX ce'leHali aaaaMoAeil:craaii p, p, ,;t , K+ c 
llpOTOHOM B BRAS 

a (s) = z,R 2 (s), 
tot 

I'Ae a<jlljleKTHBHbiH p8AHYC R(s) eCTb 

n Sp~ A 
R(s) = l: 1 + R(lns/s) 

i= 1 - 2 2 0 
(ys - ll i) + sri 

C<jlopMynapoaaH KpHTepHli acHMDTOTH'lecKoro noaeAeHHH H nony'leHa 

QUeHKB 3H8'leHHH 3Hepi'HH ~pyaccapa, 0nHC8HHe llOATBep~ABeT TeopeMy 
noMepaH'lyKa, 

Pa6ora Bblnonnena B na6oparopHH TeopeTH'lSCKOH <jJH3HKH 0115111. 

npenpHHT 061>ellHHeKHOrO HHCTHTyTa SillSpHbiX HCCnellOB8HHil. lly6H8 1978 

Drenska S., Mavrodiev S.Cht. P2 - 11159 

Effective Radius and Total Cross Sections of 
Hadron-Hadron Interactions of Elementary Particles 

Total cross sections of ji, p, "+,K+ interactions with a proton 
have been described in the form 

atot (s) = 2TTR2 (s), 

where the effective radius R(s) is 

n ¥ 2 
A 

R(s) = l: 1 + R(ln s/s ) 
i= 1 - 2 2 ° (ys- llj) + sri 

The asymptotic behaviour criterion has been formulated and 
the Froissart energy value has been estimated. The description 
confirms the Pomerantchyuk theorem. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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BBE~EHHE 

llpo6neMa fiOCTpOeHHB TeOpHH CHllbH~X B3aHMO~eHCT· 
BHH JneMeHTapH~x qacTHU npe~cTaansercs ceiqac cno:>KHOH 

npo6neMOH H fi03TOMY ecTeCTBeHHO, Haps~y C 061l.{HMH 

TeopeTHqecKHMH npe~cTaaneHHBMH, n~TaTbCB pewaTb npe~

aapHTenbH~e 3a~aqH 06 3BpHCTHqecKOH CHCTeMaTHKe 3lle • 

MeHTapH~x qacTHU Ill H 3KcnepHMeHTanbH~X p;aHH~x HX 

B3aHMO~eHCTBHH. 

Bo3MO:>KHOCTb nocTaHOBKH 3a~aqH 06 3BpHCTH" 

qeCKOH CHCTeMaTHKe 3KCnepHMeHTallbH~X ~aHH~X 0 B3aH

MO~eHCTBHBX a~pOHOB OCHOB~BaeTCB Ha npe~nOllO:>KeHHH 
0 KBa3HfiOTeHI.{HallbHOM xapaKTepe a~pOH·a~pOHH~X B3aH· 

MO~eHCTBHH 121, 06 H~ee "reoMeTpH3al.{HH" penBTHBHCT· 

CKOH ~oyxqacTHqHoH npo6neM~ 131 H cne~yroll.{eH orcro~a 
KBaHTOBO·MeXaHHqeCKOH HHTepnpeTal.{HH pellBTHBHCTCKOrO 

aHanH3a cl>ypbe I 41. 
0TMCTHM, qTo 3aBHCHMOCTb fiOTeHI.{Hana B3aHMO~eHCT· 

BHB OT 3HeprHH CTallKHBaiOII.{HXCB a~pOHOB MO:>KHO HHTep

npeTHpOBaTb TaK: 

3HeprHB eCTb Ta nepeMeHHaB, oenHqHHa KOTOpOH BBllB· 

eTCB MepOH OTKllOHeHHB reOMeTpHH npOCTpaHCTBa OTHOCH· 

TellbH~X HMfiYllbCOB H KOOp~HHaT OT 3BKll~OBOH reoMeTpHH. 

l.J.enbiO HaCTOBII.{eH pa6oT~ BBllBeTCB OfiHCaliHe p , p, 

rr-, rr +, K -, K+ -npoTOHH~x nonH~x ceqeHHH c noporoa~x 
3HeprHH B BH~e 

2 
a tot (s) = 2rrR (s), /1/ 
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r.ne 

R(s) 
n p~ (s) 
I 

1 
+ R (In sl s ) , 

i= 1 - 2 2 0 
(y's -p.) +r. (s) 

121 

1 1 

p. ,r.- HeHJBeCTHble ~YHKI{HH KBa,npaTa HHBapHaHTHOH 
1 1 

3HeprHH S, n • HeHJBeCTHOe 'IHCJIO. 
Onpe,neneHHe 3HatfeHHJI napaMeTpOB, OT KOTOpbiX JaBH· 

CHT 3«WleKTHBHWH pa,nHyC, CBO,nHTCJI K peweHHIO nepeonpe
,neneHHOH CHCTeMbl HeJIHHeHHbiX anre6paH'leCKHX ypaBHe
HHH. 3Ta cHcTeMa pewaeTcJI c noMOlllbiO perynJipHJoaaHHwx 
HTepal{HOHHbiX npoueccoB 151 lnporpaMMa COMPIL - C401, 
F421 161 H3 6H6nHoTeKH cTaH,napTHWX nporpaM:w OHJIH, 
peanHJOBaHHaJI Ha 3BM CD06500I. ,AnJI nonytfeHHJI 
rpaciiH'leCKOH HHcilopMallHB Ha AHCnnee HCnOJI.b30BaJICJI Jl3biK 
"SIGMA, I 7 I . . 

B § l KopoTKo npaae,neHw npe.nnono)KeHHJI H coo6pa)Ke
HHJI, npHBOAJIIllHe K cilopMyJiaM Ill, 121, H ,naHblpeJyJI.bTaTbl 
peweHHJI "o6paTHoii:" Ja,na'IH 181, 

0TMeTHM, 'ITO nony'leHHoe onacaHHe no~TBep)KJI;aeT 

MO,neJib MaKCHMaJI.bHOrO pOCTa DOJIHWX Ce'leHHH /91, 
B §2 Ha ocHoae nony'leHHoro JIBHoro aa,na 3cllclleKTHBHoro 

pa,nayca BJaa:wo.ne:iicTBHJI cllopMynapyeTCJI ycnoaae acHMnTo
TH'leCKoro noae,neHHJI B c:wwcne npe,nena Cl»pyaccapallol a 
Haxo,nHTCJI 3HatfeHHe a,npoH- a,npoHHoii: cilpyaccapoacKoi: 3Hep
rHH I3HeprHH, Ha'IHHaJI C ICOTOpoi:,DOJIHWe Ce'leHHJI BbiXOAJIT 
Ha acHMnTOTHICY I. Ha:ii,neHHOe onHcaHHe npH 6onLwHx 3Hep
rHJIX no.nTaep*,llaeT Teope:wy Ilo:wepaH'IyKal 111, 

$1. OCHOBHJJE HPE,IUIOJIO)J(EHHJI, METO,l{ 
H f/HCJIEHHJJE PE3YJihTATJJ 

3BpHCTH'leCKaJI CHCTeMaTHICa CTpOHTCJI cne.nYJOillHM 06· 
pa30M: 

Ill. IlOJI.b3YJIC.b aHanorHeH C HepeJIJITHBHCTCKOH KBaHTO • 
BOB MeXaHHICOH, CTpOHM B npOCTpaHCTBe OTHOCHTeJI.bHOH 
peJIJITHBHCTCICOH ICOOp,nHHaTbl aMnJIHTYAY IKBa3HnOTeHI{Hanl. 

II2. C noMOlll.biO penJITHBHCTCICoro aHanHJa ~yp.be Haxo
.nHM aMnJIHTy,ny B npOCTpaHCTBe OTHOCHTeJI.bHbiX HMnyn.bCOB. 
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II3. CpaBHHBaJI c 3KcnepHMeHTOM, T.e. pewaJI "o6paT
Hyro" Ja,naqy, BbiJICHJieM BH,n HeHJBeCTHbiX ciiYHKllHH H Haxo
.IUIM 3HatfeHHJI napaMeTpOB. 

II4. IlpoaepJieM cornacoaaHHOCTb nonyqeHHoro peweHHJI 
c YTBep)K,neHHJIMH o6lllHX TeopeM, a TaK)Ke ero npe,ncKaJa
TenbHble B03MO)KHOCTH. 

Ill-Il4 HCnOJib3YIOTCJI nocne,noBaTeJibHO ,nnJI OnHCaHHJI 
pacwHpJIIOillerocJI Kpyra 3KcnepHMeHTOB. IlpH 3TOM nonyqa
eM BCe 6011bWee nOHHMaHHe ciiHJH'leCKOrO CMbiCJia C,nenaHHbiX 
B Ill npe,nnOJIO)KeHHH. 

IlpHMetfaHHe . B II3 pewarolllee JHatfeHHe HMeiOT KpHTepHH 
nporpaMMHoro KOMnneKca COMPILI6~ c noMOlllbiO KoTopwx 
MO)KHO Bb16paTb "nyqwyro" H3 ABYX ciiYHKllHB. 

OnHweM KOHKpeTHYIO peanHJallHIO npaaHn Ill-II4, KOTo
paJI npHao,nHT K cllopMyne I 11. Ilpe.nnoJIO)KHM, 'ITO KBaJH-
noTeHI{Han a r - npOCTpaHCTBe HMeeT BH,n 

-fll (s)r -p. 
2

(s)r 
A (s)e A (s)e 

1 2 
+ ---------V(s,r) 

2 2 2 2 R 1(s)+r R
2
(s)-r 

r.ne !\ 1(s), !\2 (s), fl 1(s) ,fl 2 (s),R 1(s), R2 (s) -HeHJBecT
Hble ciiYHKI{HH. 0TMeTHM, 'ITO A1(s) H ~ (s) HMelOT CMbiCJI 
KOHCTaHT B3aHMO,neHCTBHJI, a ciiYHKllHH fll (s), fl

2 
(s), R 

1
(s), 

R2(s) ,nOJI)KHbl 6b1Tb CBJIJaHw c 3cllclleKTHBHbiM pa,nHycoM 
B3aHMo,neii:cTBHJI. PenJITHBHCTCKHH o6pa3 ~ypbe npe,nnono
)KeHHoro KBaJHnoTeHu.Hana no nepe,naHHOMY HMnynLcy /4/ 
ecTb aMnnHTy,na pacceJIHHJI. CpaBHeHHe c 3KcnepHMeHTanL
HbiMH ,naHHbiMH no ynpyroMy npOTOH- npOTOHHOMy pacceJI· 
HHIO noKaJano 1121 , 'ITO aMnnHTy,na HMeeT BH.n T(s,t, A,R(s)), 
r.ne A- Ha6op napaMeTpoa, a R(s)=R +R/sAl+R(lnslsJA-
3cllclleKTHBHbiH pa,nHyC B3aHMO,neii:CTBHJI. bocne,nHee YTBep)K· 
,neHHe cne,nyeT H3 CBOHCTBa reoMeTpH'leCKOrO CKeHJIHHra/13/, 
a TaK)Ke H3 OnTH'leCKOH TeopeMbl, KOTOpble npHBOAJIT K cilop
Myne 111. 

B pa6oTe 181 napaMeTpbl R 
0

, R 1, A 1, R ,A 6wnH Haii:
.neHw KaK ciiYHKI{HH KBaHTOBbiX 'IHCeJI B3aHMO,neHCTBYJOlllHX 
a,npoHoa B o6nacTH 3HeprHH s ~ 10 T3B 2 • IlonyqeHHoe 
peweHHe npe,ncKaJwaano npH 3HeprHJIX nopJI,nKa 200 -:
-:-300 T3B 2 nepece'leHHe .nn• nonHwx cetfeHHH npoueccoa 
THna qacTHUa-qacTHlla H aHTH'laCTHlla-qacTHlla. 
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AHanorH'IHble npe,IJ;cKa3aHHJI 6blnH nony'leHbl Ha ocHo:ee 
MO,IJ;enH Pe,IJ;)Ke B pa6oTe I 141. 

AHanH3 KoppenJIUHOHHbiX JaBHCHMOCTei Me)K,ZJ;Y napa
MeTpaMH npH pa3llH'IHbiX 3Ha'leHHJIX 3HeprHH llOKaJan, 'ITO 
TaKoe nepece'leHHe MO)KeT 6b1Tb cne,IJ;CTBHeM Toro, 'ITO 
BllHJIHHe pe3oHaHCHOH o6naCTH js ::; 10 raB 2 I ,IJ;llJI npo
ueccos qacTeua-qacTHUa B aHTH'IaCTHUa-qacTHUa onHCbiBa
eTcJI B 3c1KlleKTHBHOM pa,IJ;Hyce TOllbKO O,IJ;HHM "pe,II;)KeBCKHM" 
qneHoM BH,IJ;a R / s A1 • 

Ilo3TOMY ecTeCTBeHHO nonbiTaTLCJI onecaTb nonHble 
Ce'leHHJI C noporOBbiX 3HeprHH B TepMHHaX 3c1KlleKTHBHOrO 
pa,IJ;Hyca. 

0CHOBbiBaJICb Ha HaWeH rnaBHOH ~H3H'IeCKOH rHllOTe· 
Je I 2-41 - "3~eKTHBHaJI qacTHUa B 3c1KlleKTHBHOM KBa3Hno
TeHUHallbHOM none" - npe,IJ;llOllO)KHM, 'ITO 3cW>eKTHBHbiH pa,IJ;H
yc HMeeT BH,IJ; /2/. 

HeHJBeCTHble ~YHKUHH H HeHJBecTHble napaMeTpbl MO)K· 
HO HaUTH, pewaJI o6paTHYIO 3a,IJ;a'ly 

2 
aexpt ( s) = 2rrR (s), 

tot 
expt u - -

r.l!_e . a tot (s) - JHa'leHHJI nonHbl' ~;'leHHH,IJ;llJI p, p ,rr+, 
K+-npoTOHHoro sJaHMO,AeicTBHJI ln • qecno 3KcnepeMeH
TanLHbiX TO'IeK, KOTOpOe 6blll0 HCllOllb30BaHO ,IJ;llJI 3THX npo· 
UeCCOB, COOTBeTCTBeHHO paBHO 143, 131,500,326,254,144. 

IlOllb3YJICb yKa3aHHbiMH B03MO)KHOCTJIMH nporpaMMbl 
/56' . . 2 2 

COMPIL • I ' Mbl HaWnH *' 'ITO l<s)=Sp~ H r .(s) = sr . ' 
1 1 1 1 

r,IJ;e pi' r i - napaMeTpbl, a n= 7. Hai,IJ;eHHble 3Ha'leHHJI napa-
7 2 

MeTpos npe,AcTasneHbl s 111a6A. 1- 6. IlapaMeTp R = ~ _F_i_, 
0 i=11+f'2 

1 

r,Ae p . , f' . · 3Ha'leHHJI napaMeTpOB COOTBeTCTBYIO~ero 

npouec~a. lseJ,AO'IKOH OTMe'leHbl napaMeTpbl, o6~He ,IJ;nJI 
o,IJ;eoro H30ToneqecKoro MynLTHnneTa. Ha puc. 1- 6 npese
,IJ;eHbl 3Kcnepe:ueHTam.Hble ,AaHHble H nony'leHHoe onecaHHe 
nonHblX ce'leHHH, 34xl>eKTHBHblH pa,IJ;Hyc, a TaK)Ke ero cTpyK
Typa. 

* Cnocol)iij>eM:-eHeHHJI nporpaMMbl COMPIL I K Ja,IJ;a'laM 
THna HaweB: onecaH 6onee no,IJ;po6Ho B pa6oTe sl. 
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I! 

2 
) 

4 
5 
6 
7 

(mb) 

Ta6AUlla 1. AH111unpo111oH· npoiiiOH 

g (1101/'+) t:. (raB) r (OeapaallepBaR} 
+ 1,8929 t 0,0081 0,0196 t 0,0047 0,0259 - 0,012) 

0,1917 t 0,0857 1,9198 t 0,04)2 0,1115 t 0,0)0) 
0,2104 t 0,1171 2,2672 t 0,0)09 0,1984 t 0,0415 
0,210) t 0,1150 2,7916 :t 0,0296 0,24)1 :t 0,048) 
0,)464 t 0,1041 ),8160 ! 0,0764 0,)262 ! 0,05)6 
0,6)15 :t 0,1114 6,4937 :t 0,1)62•) 0,6151 :t 0,0643*) 
0,8842 t 0,0882 15,0292 :t 0,)446•) 1,1628 t 0,0)12•) 

R0.0,906to,)5) (110 1/2) 

A.0,9993to,oo30•> 
a.o,242&to,0023 ( 110 1/2)*) 

ANTIPROTON, PROTON-PROTON TOTAL CROSS SECTIONS 

34!e 
zee 
1M 

~~ 
30 
2& .. 
~: 
3. 

2. 

1 . 

---·------ ·-

a (s)=2rrR2 (s) 
tot 

2 
Sp i A 

R(s) = ~ + R(ln sis ) 
- 2 2 ° 

(,.js-p..) + sr. 
1 1 

s(GeV 2) 

Puc. 1. 3KcnepuMeH1/IQAbHble oaHHble u zpa(JuK noAHOZO 
Ce\leHUJI a)0 t (s) /M6/ QHIIIUnpOIIIOH" npOIIIOHHOZO 63QUM0" 
oeuc111eu.11 eepxHJIJI Kpuea.11/ {aK (JyHKliUJI Keaopa•a uHea
puaHIIIHOU 3Hepzuu S /TaB /. .BHU3Y npueeOeH zpa(JUK 
a(Jf/JeKIIIUeHozo paouyca eaau,wooeuc111eu.11 R(s), , a 111aKxe 
ezo c•PYK•ypa. 
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Ta6AUfla 2. I1po111ow npo111oH 

II! .P ~·oi/~~ ,... (reB) r ~083i83118iH8H) 

0,0222 ± 0,004) 1,9691 ± 0,0020 0,0282 ± 0,0040 
2 0,0419 :!; 0,0100 2,2055 :!; 0,0041 0,0586 :!: 0,0078 
) 0,2580 :!; 0,0551 2,)606 :!: 0,0361 0,2104 :!; 0,0226 
4 0,2716 :!; 0,2022 2,9249 :!; 0,0619 0,)051 :!; 0,1056 
5 0,4427 :!; 0,2098 ),9992:!; 0,1514 0,4555 t 0,0980 ) 
6 0,52)4 :!; 0,1296 6,4931 :!; 0,1362*) o,6151 1 o,o64)• 
1 0,9221 t 0,06)'1 15,0292 t 0,)446•) 1,1628 t 0,0)12•) 

&.0,24~.002) ( 110 1' 2>*) ao.o.a'56to. 'M2 t 110 1/2) 
A.0,99931o,oo)O•> 

PROTON-PROTON TOTAL CROSS SECTION 

(mb) ~:~"- -=-·-atot (s) = 2rrR2(s) 

30 

2t:' 

Sp? 
R(s) = ~ 1 + R(ln s/s )A 

- 2 2 ° Vs-p..) + sr. 
1 1 

10 

s(GeV 2 ) 

Puc. 2. 3KcnepuMeH1tlaAbHbae oaHHbae u zpa¢uK noAHozo 
ce~eHUJI a tot (s) /M6/ npo1/IOH- npOIIIOHHOZO 63QUMOOeUC1116UJI 
/eepXHJI.JI KpU6aJI/ KQK ¢YHKfiUJI K6aOpa111a UH6apuaHIIIHOU 
3Hepzuu s /F3B 2/. BHU3Y npueeoeH zpa¢uK 3¢¢eKIIIUBHozo 
paouyca e3au.Mooeuc1/IBUJI R(s), a 1/laKJICe ezo CIIIPYK111ypa. 
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II! 

1 

2 
) 

4 
5 
6 
1 

(mb) 

Ta6Aufla 3. rr- - npomoH 

f. (1101/4) 1- (raB) r ~083p83118fH•) 

o, 107) ! 0,0006 1,2204 ! 0,000) 0,0651 ! 0,00) 
0,1188:!: 0,0012 1,4981 :!; 0,0004 0,0952 :!: 0,0008 
0,0)51 :!: 0,0005 1,6800 ! 0,000) 0,0))2 ! 0,000) 

0,0641 ! 0,0028 1 ,84)0 ! 0,0008 0,0819 :!: 0,0022 
0,2560 ! 0,0166 2,1819 ! 0,00)9 0,242) ! 0,0087 

o.5992 ! o,0525 
+ •) + •> ),))47 - 0,0212 0,58)1 - 0,0)26 

0,9055 ! 0,0710 + •) + •) 
8,)81) - 0, 1)97 1,2014- 0,0406 

+ •) R.0,1814- 0,0024 
+ •) A-0,9996 - 0,004) 

R0.0,696 :!; 0,087 

PI-PROTON TOTAL CROSS SECTION 

S(>t 

4oi' 

'"' 20 

10 

s. 
4. 
3. 

---------- 2 
a (s) = 2rrR (s), 

tot 

R(s) 
s 2 

= ~ -- pi 
(-vls-1/.) 2---:-2 + R (ln s/s )A 

rl + sl . d • 
1 

s(GeV 2 ) 

Puc. 3. 3KcnepuMeH111QAbHble oaHHble u zpa¢uK nOAHOZO 
ce~eHUJI a tot ( t) I M6/ rr- - npomoHHOZO e3auMooeucmeuJI 
/eepXHJIJI KpueaJI/ KaK ¢YHKfiUJI Keaopama uHeapuaH111Hou 
:mepzuu s/F:JB 2/. BHU3Y npueeoeH zpa(JuK :J¢¢eKmueHozo 
paouyca e3auMooeilcmeuJI R(s), a maKJICe ezo cmpyKmypa. 
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1 
2 
) 

4 
5 
6 
1 

II! 

(mb) 

Ta6Aulla 4. 77 +- npomoH 

J' (110!/4) f-t. (reB) r {Oeap83116j)HBR) 
+ + + 0,107) - 0,0010 1,22)) - 0,000) 0,0494 - 0,000) 

o,tot4 t 0,0024 1,3233 t 0,0021 0,0862 t 0,0013 
0,0676 t 0,0017 1,6700 t 0,0001 0,08)1 t 0,0014 
o,0906 t o,oooe t,8993 t 0,0004 o,0849 t o,ooo5 
0,1958 t 0,0122 2,)490 t 0,0020 0,2185 t 0,0064 

+ + •> + •) 0,586) - 0,0508 ),))47 - 0,0212 0,58)1 - 0,0)26 
0,9176 t 0,0109 8,)81) t 0,1)97•> 1,2014 t 0,0406•) 

L0,1814 t 0,0024 ( 110 112>•> A-0,9996!o,004)•) 
80.0,672 t 0,082 ( 110 1/2) 

100 

se 
<Wl-
3e 
c-e 

s. 
~-
3. 

e. 

Pt -PROTON TOTAL CROSS SECTION 
·-·--- --··- ---- ------------~ 

2 
a tot (s) = 277R (s) , 

Sp2 
__ 1 

(vs-tJ. _ )2-----:2" + R(ln s/s )A 
1 + sl . o · 

1 

2 
s(GeV ) 

Puc. 4. 3KcnepuMeH.aAbHbJe oaHHble u zpa(JUK noAHOZO 
ce'leHUJI ·atot (s) /M6/ 77+ -npo•oHHozo e3aUMooeuc•euJI 
/eepXHJIJI KpU8aJI/ KaK t/JYHKIIUJI K8aopa•a UH8apUOH111HOU 
3Hepzuu s/F3B 2 /. BHu3y npueeoeH zpa(JuK 3(Jt/JeK11UBHozo 
paouyca B3auMooeuc•euJI R(s). a •a~exe ezo c11pyK11ypa. 
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• 
1 

2 
) 

4 

5 
6 
7 

Ta6AU11a 5. K--npomoH 

p (tlfJI/4) 

o, 10)8 ! 0,00)1 
0,0411 t 0,0024 
0,0419 t 0,0014 
0,0)24 t 0,0011 
0,5421 _! 0,0281 
0,566) t 0, 109) 
0,5412 t 0,1468 

r- (raB) r (6esJB81118JII. ~ 

1.48)6 t 0,0015 0,0619 ~ o,uu1, 
1,6985 t 0,0010 0,0528 t 0,0022 
1,8146 t 0,0006 0,04)1 t 0,0010 
2,0640 t 0,0006 0,057) t 0,0011 
2,))10 t 0,0092 0,4))1 ! 0,0158 
4,9226 t o,11oo•> o,7006 t 0,0943•> 

11,4578 t 0,)851•>. 1,1793 t 0,1192•) 

a-o, 1941 t o,0052 ( M6 112>•> 
R0.0,600!o, 140 ( M6 112)•) 

A-0,9998 t o,oo)6•> 

K -PROTON TOTAL CROSS SECTION 

(mb) "'c' 
4·~ 

2'l 

., 
s. 
4 

sp2 
- 1 
(-Is )2---2+ R(ln s/s )A 
v -tJ.. +sr o , 

I i 

s(GeV2) 

Puc. 5. 3KcnepuMeH111aAbHble oaHHble u zpa(JuK noAHOZO 
ce'leHUJI a tot (s) /M6/ K-- npomoHHozo 83auMooeucmeuJI 
/eepXHJIJI KPUBaJI/. KaK t/JyHKIIUJI K8aopa111a UH8apuaH111HOU 
:mepzuu s /F3B 2 /. BHu3y npueeoeH zpa(JuK 3(x/jeKmueHozo 
paouyca e3auMooeucmeuJI R (s), a ma~exe ezo cmpy~emypa. 
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Ta6Auf.la 6. K+- npomoH 

» p (IICSI/4} }'- (r&B) r (de.!J)UIIeSII•} 
+ + + 1 0,098) - 0,0051 1,5208 - 0,0014 0,0978 - 0,0044 

2 0,1000! 0,010) 1,85)2 ! 0,00)5 0,1210 ! 0,0066 
) 0,14)5! 0,0298 2,1694! 0,0126 0,19)0! 0,0207 
4 o, 2,)7)8 :!; 1,8847 0,2)05 :!; 0,8)15 
5 0,)865 :!; 0,0659 2,9879 :!; 0,0428 0,4)22 :!; 0,0497 
6 0,49)):!; 0,1109 4,9226:!; 0,1100•) 0,7006:!; 0,094)•) 
7 0,7000:!; 0,1418 11,4578 :!; 0,)851•) 1,179):!; 0,1192•) 

..0,1941 :!; 0,0052 ( 11CS 1/ 2)•) A-0,9998 1 0,00)6 
Jl0.0,5)):!; 0,167 ( IIC! 112) 

K+ -PROTON TOTAL CROSS SECTION 
(mb) 13~--=-~=.::_-----:----~-----:J 

2,0 

10 

. -1. 

3. 

a. 

R(s) 

I 2 
a tot (s) = 2rr R (s), 

= :I, sp1 
(y's-u.)2 r2 + R(ln s/s )A 

r
1 

+ S . o 
1 

s(GeV 2 ) 

Puc. 6. 3KcnepuMeHmaAbHble oaHHble u zpat/JuK noAHOZo 
ce'leHUJI atot (s) /M6/ K + - npomoHHozo e3auMooeilcmeu.R 
/eepxH.RJI Kpuea.R/. KaK t/JyHKf.IUJI Keaopama uHeapuaHmHou 
3Hepzuu s /r3B 2 /. BHu3y npuaeoeH zpatjJuK 3t/JtjJeKmueHozo 
pac)uyca e3auMooeucmeu.R R(s), a maKxe ezo cmpyKmypa. 

12 

' J 

§2. ACHMIITOTHKA cPPYACCAPA, TEOPEMA 
IIOMEP AHT.JYKA 

Ha puc. 7-9 npe,ncTaBJieHo onHcaHHe 3KcnepHMeHTaJIL

HLIX ,naHHLIX ITO ITOJIHLIM ceqeHHJIM ,nJIJI pacceJIHHJI qaCTHD; 

H aHTHqaCTHD; Ha npOTOHe. 

(mb) ~""" 

?00 

20 
70 

60 

S0 

'10 

30 

(mb) aoo 

!.0'1' 
7'1' 
!10 
70 
,;e 

S0 

'10 

30 

20 

1"' 

ANTIPROTON, PROTO~PROTON TOTAL CROSS SECTIONS 

Puc. 7 s(GeV2) 

- + 
PI ,PI -PROTON TOTAL CROSS SECTIONS 

I-

Puc. 8 s(GeV2) 
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- + 
(mb) K ,K -PROTON TOTAL CROSS SECTIONS 

?l~ 

60 

~0 

40 

30 

20 

1oJI · . . . . 1 < ~ ' ,., ~ j" ~ . I • too ell ell • • ' 2 0 3 0 

Puc. 9 s(GeV2) 

BH.IJ.HO, qTo Haii,IJ.eHHoe perneHHe I eM. ma6A. 1- 61 xoporno 

OllHCblBaeT JKCllepHMeHTaJibHble ,IJ.aHHble. 3HaqeHHe BeJIHqH

Hbl 

x2= 1 
th 

m [aexpt(s)- a (::;)J 
tot tot 

I--------
m- n i= 1 A2. 

t 

,IJ.JIB HYKJIOHOB, llHOHOB 

COOTBeTCTBeHHO. 

H KaOHOB - 1 ,133, 1 ,010, 1,060 

Ha puc. 10 npe,D.cTasneHa JKCTpanoJIBUHB HMeiOJ.UHXCB 

JKCnepHMeHTaJibHbiX ,IJ.aHHbiX, llpHqeM JKCllepHMeHTaJibHble 

3HaqeHHB noJIHhiX ceqeHHii coe,IJ.HHeHbl JIHHHBMH. BH.D.HO, qTo 

.D.JIB scex npoueccos IKpoMe pp I noJIHble ceqeHHB H3Me

peHhl snnoTh .IJ.O s - 500 I F3B 21, a ,IJ.JIB pp - .D.O s = 

= 4000 I F3B 21. 
H3 puc. 1-6, KaK H H3 rllopMyJihl 121, BH.IJ.HO, qTo 

J4MbeKTHBHhlii pa,D.Hyc BBJIBeTCB cyMMOii "J4MbeKTHBHhiX pa

.D.HYCOB", llOCJie,IJ.OBa TeJihHO OTKpbiBaiOJ.UHXCB C yBeJIHqeHHeM 

JHeprHH "KaHanos" * H "rllpyaccaposcKoro" qneHa. 

*liOJibiliOH HHTepeC npe,D.CTaBJIBeT BbiBCHHTb, 06MeHOM 
KaKHX KBaHTOBbiX qHceJI xapaKTepH3yiOTCB "KaHaJibl". 
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EXPT. DATA AP,P,PI- ,P.I+, I{""" ,K+ -PROTON TOTAL 

(mb) 
200 

CROSS SECTIONS 

tf:'O 
')0 

'" :c 
.;;i~ 

;0 

40 

3l) 

20 

<mbl 
1,. I I . . .... '''"- . . . . 'ic\t>i . . .... ·,·t'um . I . r. 

s(GeV 2 ) 

Puc. 10. 3KcnepuMeHmaAbHt.re oaHHbre OAJI p, p,rr+,K+
npomoHHbiX nOAHbiX Ce'ieHUU. 

HaqHHa.ll c JHeprHH s =100 F3B 2 , rllpyaccaposcKHii 

qneH ,IJ.aeT OCHOBHOH BKJia,IJ. B J4MbeKTHBHbiH pa,IJ.HYC, qTO 

MO)I(HO HHTepnpeTHpOBaTb KaK HaqaJIO nepeXO,IJ.HOrO pe?KHMa 

nepe,IJ. BbiXO,IJ.OM Ha aCHMllTOTHKY. 

r,IJ.e 

fipH 8-> oo HaH,IJ.eHHbiH 34MbeKTHBHbiH pa,D.HYC HMeeT BH,IJ. 

A 
R ( s) = R + R (ln s/ s ) . 

"" 0 0 

n 

Ro I 
i= 1 

2 
pi 

1 + wf 
0qeBH,IJ.HO, qTo, cpaBHHBa.ll llOJIHble ceqeHHB, llOJiyqeH

Hble c noMOJ.UbiO Haii,IJ.eHHoro pa,D.Hyca, H ero acHMllTOTHqe

CKOe Bblpa)l(eHHe R
00 

( S) , MO)I(HO OUeHHTb JHeprHIO Cl»pyac

capa IT .e. JHeprHIO, llpH KOTOpOH BblllOJIHBeTCB TeopeMa 

Cl»pyaccapa I 1011. 
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Ha puc. 11 rrpe,ncTaaneHo Hawe orrucaHBe rronHhiX ce

t.IeHHH. 

(mb) .JIJQ 

100 

~" jC 
7•) 

t3L) 

50 

40 

3C 

20 

AP,P,PI- ,PI+ ,K- ,K + -PRO'IDN 'IDTAL CROSS SECTIONS 

<gevU.2 l 

L'rW- ·I ·I .· .. ''I' , lA I I I "r'dJ0 I I I I · 't'ouo ' 
s(GeV 2) 

Puc. 11. Teopemu'lecKaJI KapmuHa p , p , rr + ,K + - npomoHHbiX 
noAHbiX ce'leHUU. 

Ha puc. 12 rrpe,ncTaBneHO Hail,neHHOe OIIBCaHHe BIIllOTh 

no s =10 6 T3B 2 . 
CpaaHeHBe rroae,neHHH HerrpepbiBHbiX H nyHKTHpHbiX nHHHH 

Ha pucyHKe rroKa3hiBaeT, '-ITO ,nnH acex pa3nHt.IHhiX rrpoueccoa 
Bblxo.n Ha acHMIITOTHKY rrpoucxo,nHT rrpu o,nHoil H Toil ~e 
:meprHH. 

Ecnu rrpHHHTh 3a KpHTepuil o,nHH rrpoueHT H MeHbWe 
/'-ITO COOTBeTCTByeT COBpeMeHHblM 3KCIIepHMeHTanhHblM 
B03MO~HOCTHM/, TO MO~HO BH,neTh, '-ITO 3HeprHH <l>pyaccapa 
ne~HT B HHTepaane s = 10 5 

-:- 10
6 T3B2 unu ys = 

300 ..;- 1000 T3B, HllH 10-16 -7 10-17 
CM. 

EcnH COIIOCTaBHTb 3TO 3Hat.IeHHe 3HeprHH <l>pyaccapa 
c 3Heprueil yHHTapHoro rrpe.nena ,nnH cna6hlx B3aHMo.neilcT
BHH /16/, TO 3HeprHIO <l>pyaccapa MO~HO HHTeprrpeTHpOBaTb 
KaK 3HeprBIO, IIpH KOTOpOH Hat.IHHaeT IIpOHBllHTbCH HOBaH 

cTpyKTypa MaTepuu*. 

*B03MO~HO, 3TO CBH3aHO C Cyii.I,eCTBOBaHHeM !llyH,naMeH
TanbHOH ,nnBHhl/ 17/, 

16 

(mb) AP,P,PI-,PI+ ,K-,K+ -PROTON FROIASSART ENERGIES 
100r---------------------------------------~ 
90 
ao 
?0 

..;., 
C:('\ 

40~ 

3C' 

20~ 

• WE+07 

s(GeV2) 

Puc. 12. IIoAHble ce'leHuR aopoHHbJX eaauMoOeucmeuu 
/cnAOWHbJe AuHuu/, ux acuMnmomu'lecKoe noeeOeHue jnyHK
mupHbJe/. 

H3 puc. 13 BB.D:HO, '-ITO rronyqeHHOe OIIBCaHBe cornacy
eTCJI C TeopeMOH lloMepaHt.IyKa 0 IIOllHLIX a,npou-a,npOHHhiX 
cet.IeHB.Ilx. 

CoapeMeHHLie 3KcrrepBMeHTanbHLie .naHHLie B rronyqeu
uoe OIIBCaHBe TaKOBLI, '-ITO MO~HO IIpe,ncKa3aTb 3Hat.IeHBJI 
3Hepruu lloMepaut.IyKa JVI.Il p, .p, rr + B K +ua rrpoToHe rrop.ll,nKa 
- 105 

, 2.10 2 , 10 3 TaB 2 COOTBeTCTBeHHO. 

HerrpoTBBopet.IHBOCTb uail.neuuoro uaMB orrucaHB.Il 3Kc
rrepBMeHTanbHLIM ,naHHLIM BB,l\Ha B3 TOrO, '-ITO ,nll.ll pacce.ll
HBJI rr+ Ha IIpOTOHe rrpe,nCKa3aHHOe 3Hat.IeHBe 3HeprBB llo
MepaHt.IyKa coBrra.naeT c y~e ua6nro.naeMhiM 3Hat.IeHBeM 
/eM. puc. 8, r,ne 3KCIIepBMeHTallbHLIH KOpB,nop OWB60K 
.nayx rrpoueccoB rrpu 3HeprB.IIX, 6onee 200 T3B 2 , BMeeT 
uerrycToe rrepeceqeuue/. 
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(mb) 
AP,P,PC,PI+ ,K-,K+ POMERANCHUK ENERGIES 

Er 
'"'t 
t::"·.) j_ 

40 

>:~ 

?~) 

s(aev2) 

Puc. 13. CnAoWHbae Kpueble Ha pucyHKe npeoc111aeAJUOIII 
HUJICHUii Kopuoop owu6oK oAJI p, rr-, K- - npoiiiOHHbiX noAHbiX 
ce'leHuii, nyHKIIIUpHbae - eepxHuii Kopuoop owu6oK OAJI p, 
rr+, K +- npoiiiOHHbax noAHbiX ce'leHuii. 

4>H3HqECKA.R HHTEPIIPET~H.RIIOJIY{jEHHOFO 
OIIHCAHHJI 

C yBeJIHqeHHeM 3HeprHH CTOJIKHOBeHH.II a)J.pOHOB OTKpbl· 

BaeTC.II BCe 60JibWee qHCJIO KaHaJIOB. 3TH KaHaJibl MO>KHO 

OITHCaTb' npH6JIH>KeHHO aMITJIHTy)J.aMH THna 6peiTa·Bar

Hepa. Ka>KJJ.blB TaKoi KaHan xapaKTepa3yeTC.II o6MeHOM 

onpe)J.eJieHHblX Ha60pOB KBaHTOBblX qaceJI, KOTOpble HaM 

ITOKa He H3BeCTHbl. C yBeJIHqeHHeM 3HeprHH K 3THM KaHa

JiaM npa6aBJI.IIIOTC.II KaHaJibl C )J.OITOJIHHTeJibHblM po>K)J.eHHeM 

qacTHUbl"aHTHqacTHUbl. 

MO>KHO ITOCTaBHTb B COOTBeTCTBHe Ka>K)J.OMY H3 qJieHOB 

CYMMbl B 3cWJeKTHBHOM pa)J.HyCe COBOKYITHOCTb BCeX TaKHX 

KaHaJIOB, xapaKTepH3YIOIUHXC.II onpe)J.eJieHHblM 06MeHOM /no

Ka He H3BeCTHblX/ KBaHTOBblX qacen. 

18 

3KcnepHMeHTaJibHO 3TO MO>KHO npoBepHTb, ycTaHOBHB 

CyiUeCTBOBaHHe KJiaCTepOB B 06JiaCTH 3HeprHH OKOJIO Ka>K

)J.OrO H3 MaKCHMYMOB cooTBeTCTByiOIUei CTPYKTYPbl 3cWleK

THBHoro paJJ.Hyca. 

C yBeJIHqeHHeM 3HeprHH HaqHHaiOT B3aHMO)J.eBCTBOBaTb 

".IIJJ.pa" a]J.pOHOB,H HX BKJia)J. B 3cWJeKTHBHblB paJJ.HYC eCTb 

~pyaccapOBCKHB qJieH. 

PaBeHCTBO K03cW!HUHeHTOB norapH~MaqecKoro pocTa 

pa3JIHqHblX npoueccoB: pp, pp,rr+p ,K+pMO>KHO cqaTaTb 

ITO)J.TBep>K)J.eHHeM TpeXKBapKOBOB MO)J.eJIH a)J.pOHOB/ 18/. 

3AKJIJO{jEHHE 

- -
llonyqeHO OITHCaHHe ITOJIHblX ceqeHHB p, p ,rr+ ,K+ ·npo-

TOHHblX B3aHMO)J.eBCTBHB C noporOBblX 3HeprHii B BH)J.e 

atot(s) = 2rrR
2 (s), 

rJJ.e 3cWleKTHBHblB paJJ.HYC R(s) ecTb 

R(s) 
7 

~ 
i= 1 

2 
Sp i 

( v-;- " ) 2 2 + R (ln s/ s l 
ri + sr. 0 ' 

1 

A = 1,00± 0,04. 

HaiJJ.eHHbli BHJJ. 3cWleKTHBHoro paJJ.Hyca no3BOJI.IIeT c~op
MynapoBaT& YCJIOBH.II BblXO)J.a Ha aCHMITTOTHKy B CMblCJie 

TeopeMbl Cllpyaccapa. 3To noBeJJ.eHHe ocyiUeCTBJI.IIeTc.ll B 

o6nacTH 3HeprHH s =10 5 -:-10 6 F3B 2 , T.e. vs = 3007 
+1000 F3B /10-16 710-17 CM/ O)J.HOBpeMeHHO ,D;Jl.ll ITOJIHblX 

ceqeHHB pacce.IIHH.II HYKJIOHOB, KaOHOB Ha npOTOHe. 

llonyqeHHoe onacaHHe ITOJJ.TBep>KJJ.aeT TeopeMy lloMe

paHqyKa )J.Jl.ll ITOJIHblX ceqeHHB a)J.pOHHblX B3aHMO)J.eHCTBHB. 

Ha ocHoBe nonyqeHHOB CTPYKTYPbl 3cWleKTHBHoro pa
,D;Hyca B3aHMO)J.eHCTBH.II, ITO"BH)J.HMOMy, MO>KHO ITOCTpOHTb 

aTOMHOITO)J.06HyiO MO)J.eJib a)J.pOHOB. 
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AaTophl 6naro.napHhl II.H.Jioromo6oay, B.P.rapce
aaHHWBHnH, B.H.JICypaaneay, A.H.KBHHHXH,n3e, B.r.Ka
,nJ.IweacKoMy, B.A.MaTaeeay, M.)J,.MaTeeay, B.A.MeJ.Qe
p.a:Koay, P .M.Mup-KacHMOBy, A.H.CucaK.a:Hy, JI.A.CMopo
.nHHCKOMY, n.A.CnenqeHKO, H.T.To.nopoay, P.H.~ayCTOBY 
H )J,.B.lliHpKOBY 3a MHOroqucneHHhle KpHTHqecKHe o6cy~
,neHH.H, a TaK~e n.AneKCaH,npoBy H )J,.Kapa,n~OBY 3a llOMOJ.Qb 
npu qucneHHblX pacqeTax. 
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