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BaaHMoneilCTBHSI, aaaHCSIWHe or 6biCTpOT B rrpoueccax 

MHO*eCTBeHHOrO pO*lleHHSI 

p aCCMOTpeHbl B03MO*Hbl8 B38HMOneilCTBHSI, 38BHCSIWH8 OT 6biCTpOT 

B rrpoueccaX MHO*eCTBeHHOrO o6pa30B8HHH qaCTHU. 06Cy*naeTCSI ~H3HqeCK8Sl 
HHTeprrpeTaUHH TBKHX B38HMOll8RCTBHH H cpaBH8HHe C cyWeCTBYIOWHMH 

3KCI18pHM8HT81IbHbiMH llBHHblMH. 

fipenpMHT 061>e,ll}tHeHHOrO HHCTHTyTa $1,QepHbiX HCCJie,QOBaHHJi. 
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P2 - 8055 

Interactions Depending on Rapidities in 
Multiparticle Production at High Energy 

Possible interactions depending on rapidities in 
multiparticle production processes are considered. A phy­
sical interpretation of these interactions is given. 
A comparison with the available experimental data is made. 
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B nocne~Hee apeMg MeTo~w cTaTHCTuqecKOH MexaHHKH 
ycnewHo ucnonLJYIOTCJI ~m1 TeopeTuqecKoro aHanuJa BJau­
Mo~eBCTBHJI a~poHoB awcoKoH :mepruu. Cpe~u HHX cne~yeT 
OTMeTHTL npu6nu*eHue cnyqaiiHwx npoueccoa/I I H aua­
norHIO C !IJeBHMaHOBCKHM raJ OM /2, 3/, npe~nO*eHHhle He­
~aauo, HO Jaaoeaaawue Jacny*eHHoe npuJnauue. 06a no~­
xo~a JIBllJIIOTCJI 3KBHBaneHTHhlMH, TaK KaK KHHeTHqecKHe 
ypaBHeHHA ~nA 4JeBHMaHOBCKOrO raJa ll0~06HW ypaoHeHHAM 
l.lenMeHa- KonMoropoaa ~nA KacKa~a 3neMenTapHwx BJaHMO­
~eiicTBHB o npu6nu*eHHH cnyqaiiHwx npoueccoa. 

HJyqeuue BJaHMOCBJIJH 3THX no~xo~oo npe~cTaBnAeT 

nepoooqepe~HYIO Ja~aqy H JlonseTcA uenLIO Haweii pa6oTw. 
Mw noKa*eM, qTo B'u- ~ep- BaanLcoao npu6nu*euue ~ng 
!IJeHHMaHOBCKOrO raJa 3/ 3KBHBaneHTHO KOM6HHHpOBaHHOMY 
MeXaHHJMy o6paJOBaHHA BTOpHqHhlX qaCTHU B llpH6llH*eHHH 
cnyqauuwx npoueccoo. B 3TOM cnyqae co6cToeHHYB o6'heM 
qacTHU !IJeBHMaHOBCKOrO raJa onpe~enAeTCA BepOJITHOCTA­
MH aeTBJI~HXCJI npoueccoa. by~eT TaK*e o6cy~ena o6-
nacTL npHMeHHMOCTH BaH- ~ep- BaanLcoaa npu6nu*eHHA H 
BOJMO*HOCTb KpHTHqecKOrO llOBe~eHHJI 4JeBHMaHOBCKOrO ra­
Ja. AuanorHJI c 3THM raJOM ~nA npoueccoa MHO*eCTBeH­
HOB reuepauuu a~poHoB noJoonAeT paccMaTpuaaTL BTopuq­
uwe qacTHUY, o6paJoaanHwe a TaKoM nppuecce, KaK peanL­
HYIO *H~KOCTb HllH raJ B npOCTpaHCTBe 6wcTpOT BTOpHqHWX 
qacTHU. 3To BOJMO*HO acne~cTBHe oqeHL 6onLworo qucna 
cTeneHea cao6o~w a o6'heMe BJaHMo~eiicTBHA, a aw6op 
6WCTpOT B KaqecTBe nepeMeHHWX 060CHOBaH cy~eCTBOBa­
HHeM npH BWCOKHX 3HeprHAX MRCWTR6HOB HHBRpHRHTHOCTH. 
PaCCMaTpHBaJI CHCTeMy BTOpHqHWX qacTIIU KRK KRHOHJiqec­
KHB aucaM6m., MO*HO npe~CTaBHTb HOpMHpOBRHHOe pacnpe­
~eneuue ·DO MHOlKeCTBCHHOCTH - u n I an - ceqeHHe 

a inel 
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o6paJoBaHHJI n - qacTHU HeKoToporo copTa, o- inel = ~ an 
D 

- Ce'leHHe Heynpyroro BJaHMO.IJ.eHCTBHJII B BH.IJ.e CTaTHCTH­

'IeCKOH CYMMLI 

~- = Q = N n f d y. e-u ( !y i l) g 2n 0 ( y -? y i ) ' I 1 I 
n . 1 1 1 

a inel 1= 
r.IJ.e 

u ( { Yi l ) - 3HeprHJI BJaHMO.IJ.eHCTBHJI Me~y "qacTH:u;a­

MH" !lleHHMaHOBCKOrO raJa, N - COOTBeTCTBYIOII1;aJI HOpMH· 

pOBKa, g 2n- "HMnynLCHaB" 'laCTL, g- KOHCTaHTa CBJIJH, 

Y - nonuas 6LicTpoTa, k T =- l - WKana TeMnepaTyp. 

)J;ns npOCTOTLI paCCMOTpHM O.II.HOMepHLIH cnyqaa, no­

CKOllLKY cpe.IJ.HHH nonepe'IHLIH HMnynLC BTOpH'IHLIX 'laCTHU 

orpaHH'IeH H pacnpe.IJ.eneuue no He My I c TO'IHOCTLJO .IJ.O TaK 

HaJLIBaeMoro 3~elna "qaaKH" I He JaBHCHT oT npo.IJ.onLHoro 

HMnynLca. Ecnu aaecTH aKTHBHOCTL -z ,To MO~Ho nepeaTH 

K 6onLWOMY KaHOHH'IeCKOMY aucaM6nJO. Tor.IJ.a 6onLmas 

CTaTHCTH'IeCKaJI CYMMa il npe.IJ.CTaBnBeT C060H npOHJBO­

,T.\Bil1;YIO lilYHKI1;HIO pacnpe.IJ.eneHHJI no MHO~eCTBeHHOCTH. 
Bee TepMO.IJ.HHaMH'IeCKHe xapaKTepHCTHKH cHcTeMLI MoryT 

6LITL BLipa~eHLI qepeJ COOTBeTCTBYIOII1;He npOHJBO.IJ.HLie OT 

3TOH aenH'IHHLI. TaK, HanpHMep: 

a zq a z q 
I z= 1 121 

aq n 
I 
z=1 

f 
q 

a qen n 
a 

q 

H T • .IJ.. 

C 3KCnepHMeHTanLHOH TO'IKH JpeHHJI nepBLie HJ 3THX BenH­

'IHH npe.IJ.CTaBllJIIOT !llaKTOpHallLHLie MOMeHTLI pacnpe.IJ.ene­

HHJI no MHO~eCTBeHHOCTH, BTOpLie - KOppenB:u;HOHHLie na­

paMeTpLI fq , T.e. npOHHTerpHpOBaHHLie no BCeMy .IJ.Ony­

CTHMOMY !llaJOBOMy 06'beMy KOppen.R:u;HOHHLie lilYHKUHH. Ilo­

cne.IJ.HHe MoryT 6LITL cne.IJ.yJ0111;HM o6paJoM BLipa~eHLI qepeJ 
a, 

q 

f =q!~ (~ n.-1) !TI(#-L)ni 
q n· 1 1 ! 

I 

(-=.!)~ + 1 0 ( q-~ 
I I n i . 

lUi ) . 131 
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06pa THoe cooTHomeHHe nonyqeuo M10nnepoM I 4 I" 
3KcnepHMeHranLHLie .IJ.aHHLie B o6nacTH .IJ.O 400 F3B 

.IJ.aiOT OTllH'IHLie OT HYllJI JHa'leHHJI KOppellJII1;HOHHLIX napa­

MeTpOB H 6LICTpOe HX HJMeHeHHe C pOCTOM 3HeprHH, TaK, 

f q , no- BH.IJ.HMOMY, MOryT 6LITL npe.IJ.CTaBneHLI nonHHOMOM 

q ·cTeneHH OT Cpe.IJ.HeH MHO~eCTBeHHOCTH. 3TO OJHaqaeT 

HeH.IJ.eanLHOCTL !lleHHMaHOBCKOrO raJa* H BOJMO~HOe cy-

111;eCTBOBaHHe B HeM !llaJOBLIX nepeXO.IJ.OB. IlpOCTeHrnyiO BOJ­

MO~HOCTL Jl.llJI TaKOrO noBe.IJ.eHHJI !lleHHMaHOBCKOrO raJa 

.IJ.aeT BaH- .IJ.ep- BaanLcoao npu6nu~euue, B KoTopoM qac­

THULl, COCTaBllJIIOII1;He CHCTeMy, HMeiOT lilHKCHpOBaHHLie paJ­

MepLI ~~eCTKHH "Kop"l H BJaHMO.IJ.eHCTBYIOT C 6HHapHLIM 

noreH:u;HanoM. 06oJHa'la11 qepeJ a cpe.IJ.HIOJO 3HeprHJO BJaH­

MO.IJ.encTBHJI, a qepeJ b - paJMepLI "TBep.IJ.OH cep.IJ.:u;eBHHLI" 

'laCTHU, HJ COOTHOWeHHJI 111 nonyqaeM: 

a 
n 

a inel 

a n 2 

N e Y 
(Y-nb) 

n! 

n 

g 2n 141 

B 3TOM npu6nH~eHHH aenH'IHHLI a H b casJaHLI c .IJ.aBne­

HHeM H TeMnepaTypOH B KpHTH'IeCKOiJ TO'IKe, n03TOMY, 

ecnH nocTynHpoaaH !llaJOBLIH nepexo.IJ. 13 1, a
2
1e cao6o.IJ.,Lie 

napaMeTpLI MOryT 6LITL HCKnJO'IeHLI: a = 
64

-, b '-= S, 
g 2 = 4 e -1, 7S "" 0 ,69 5. 0.IJ.HaKO MeXaHHJM reHepa:u;HH BTOpH'I­

HLIX 'laCTHU B TaKOM npH6nH~eHHH OCTaeTCJI HeBCHLIM • 

.Jionee Y.IJ.06HLIM B 3TOM OTHOWeHHH BBnBeTCJI npu6nH~eHHe 
cnyqaaHLIX npo:u;eccoa 11 I cornacuo KOTopoMy MHo~ecT-

' 
BeHHaJI reHepa:u;HB a.IJ.pOHOB MO~eT 6LITL npe.IJ.CTaBneHa 

a BH.IJ.e KacKa.IJ.a "3neMeHTapHLIX" npo:u;eccoa o6paJoBaHHB 

O.IJ.HOH HllH HeCKOllLKHX 'laCTHU, npOHCXO.IJ.Bil1;HX cny'laHHLIM 

o6paJoM. Tor.IJ.a .IJ.nB HopMHpoaaHHOH aepoBTHOCTH o6paJo­

BaHHB HeKoToporo qucna qacTHU Mo~eT 6LITL JanucaHa 

cHcTeMa ypaaueHHH qenMeHa-KonMoropoaa. Ilpe.IJ.nonaras, 

'ITO B Ka~.IJ.OM 3lleMeHTapHOM aKTe o6paJyeTCJI TOllLKO 

O.IJ.Ha 'laCTHI1;a, HMeeM 3TY CHCTeMy B cne.IJ.yl0111;eM BH.IJ.e: 

* HJ COOTHOWeHHJI /1/ BH.IJ.HO, 'ITO H.IJ.eanLHLIH !lleHHMa­
HOBCKHH raJ COOTBeTCTBOBan 6LI nyaCCOHOBOH !llopMe 
pacnpe.IJ.eneHHJI no MHO~eCTBeHHOCTil, .IJ.llB KOTOporo f 2 = 0 • 
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dPn 2 2 2 2 2 
-- = -( g + g n) P + ( g + g n - g ) P 
d y 1 2 n 1 2 2 n-I '/5/ 

npu 3TOM Ha'laJILHhle ycnoauJI P n ( Y = 0 ) = o nO , r~e 

g ~ H g :j - KOHCTaHTbl CBJI3U HeBCTBJIII.\UXCH li BeTBJI-

IUHXC.H * npouecCOB COOTBCTCTBeHHO, a p n = ___ C!JJ__. 
0 in el 

OcHOBHble npHHUHflhl B npu6nuiKeHnu cny'laiiHhiX npo­

UCCCOB He «lJuKcupyiOT Bbl6opa npoCTpaHCTBa OCHOBHbiX 

nepeMCHHbiX, 3TO MOiKCT 6b1Th U 06bi'IHOC npOCTpaHCTBO, 

xax B pa6oTe /l I,, n npocTpaHCTBO 6wcTpoT, ucnonL3YCMoe 

3~ech. Cao6o~a Bbl6opa o6"LJICHJieTcJI TeM, 'ITO a peweHue 

CUCTCMLI /5/ BXO~JIT TOJlbKO n011HbiC BCpOJITHOCTU reHepa­

UHU ttaCTUUbl C nOMOIUhiO MCXaHU3Ma TOrO UJIU UHOrO Tuna 

B pe3ynLTaTe acero B3auMo~eiicTBBH KaK uenoro, a napa-

MeTpw g 2 U g 2 HMeiOT CMhiCll nnOTHOCTeH BCpOJITHOCTU 
1 2 

B COOTBeTCTBYIOIUeM npOCTpaHCTBe. 

KaK H3BeCTHO, peWCHHeM CUCTeMbl /5/ JIBJIJICTCJI pac­

npeueneHHe lloii:JI: 

p = 
( f 1 ) n 

n-1 ( l + k 

n f 
(2 

(l+~-) 
n+ ~ 

II 

f £2 
k=O n' 

1 

~-) 
f l 

/6/ 

O.nnaxo, ecnu npe~nono>KuTL, 'ITO aepoJITHOCTh aeTBHII.\HX­

CJI npou,eCCOB Mana, TO $aKTOpbl, CTOJIII.\He B ypaBHCHUJIX 

/5/ nepe~ p B p l , npB6JIB>KeHHO MO>KHO C'IBTaTb 
n n-

paBHhiMH, B peWeHBe CUCTCMbl flOJiy'laeTCJI B BU~C 0606ll\eH-

HOrO pacnpe~eneHuJI IIyaccoHa, KOTopoe MO>KCT 6h!Th npe~­

cTaaneno Bblpa>KeHBCM I 4/. 
TaKHM o6pa3oM, BaH-~ep-BaanLcoao npu6JIB>KeHBe a 

«lJciiHMaHOBCKOM ra3e COOTBeTCTBYCT O~HO'IaCTU'IHOH reHe-

"* Mo>KeT noxa3aTLCJI, 'ITO ~JI npaBBnbuoro yqeTa ae-T­
BJIIUBXCJI llPOUCCCOB He06XO~MO llpBHHMaTb BO BHHMaHue 
B03MO>KHOCTb 06pa30BaHHJI 3aMKHYTbiX llCTCJih, T.e. norno­
IUCHBJI 'laCTHU. TOr~a B ypaBHeHHB llOJIBJIJIIOTCH 'IJICHl-1, 
3aBBCJIII.\He OT P n+l J O~Haxo 3TO o6CTO.RTeJibCTBo, xax nen:o 
BH~eTb, He MCH.RCT o6mei 4lopMbl peweHHB /I/. 
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~ 

paUUB 'laCTUU, BKJia~ B KOTOpylO ~alOT KaK BCTBJIII.\HeCJI, TaK 

U HeBeTBJIIUUeCJI npouecCbl. llpH 3TOM C06CTBeHHble pa3Me­

pbl qacTuu «lJeiiHMaHoacxoro raJa nponopuuoHanLHbl nnoT­

HOCTB BepOJITHOCTU BeTBHII.\HXCJI npouecCOB. 

CpaaHeHue c 3KcnepuMeHTanLubiMU ~aHHbiMU a o6nacTu 

3Hepruii ~o 400 T3B noxa3blaaeT, 'ITO pacnpe,eneHue 

Iloii:JI/5 / u o6o6meHHoe pacnpe~eneHue IlyaccoHa 14 y~oa­
neTaopuTenLHO onucblaaroT o6my10 «lJopMy pacnpe~eneHuii 
no MHO>KecTBeHHOcTu. O~HaKo ~eTanLHoe cornacoaauue uo­

CTBraeTcJI TOJILKO a TOM cnyqae, ecnu axna~bl npoueccon 

pa3JIU'IHoro Tuna MeHJIIOTCJI c pocToM 3uepruu. Benuquubl 

TBep~oro "xopa" qacTuu «lJeiiHMaHoacxoro ra3a, onpe~eneH­

Hble U3 3KCnepuMeHTaJILHbiX ~aHHbiX no p p - B3aUMO~eii­

CTBHIO, npuae~eHbl B ma6A. J. XapaKTepHO, 'ITO B 06JiaCTU 

3Hepruii BbiWe 30-40 T3B 3Ta BeJIU'IUHa MCHJieT 3HaK 

u cTaHOBUTCJI oTpuuaTenhHOii. XoTJI oTpuuaTeJILHble 3Ha'le­

HHJI b HC 3anpeiUeHb'i, nOCKOJILKy 3TO - CKOpOCTh "'laCTHU", 

o~HaKo nony'leHHblii pe3yJILTaT BblrJIJI~UT Manonpuanexa­

TenLHbiM. 

CuTyauuJI pa~uxanLHO MeHJieTcJI, ecnu npHHJITL so auu­

MaHue, 'ITO BTOpH'IHble 'laCTHUbl, o6pa3YIOII.\UeCJI B npouec­

cax B3auMo~eiicTBHJI, xax npaauno, He npe~cTaBJIJIIOT co6oii 

e~UHOH CUCTeMbl. Cpe~u HUX MO>KHO Bbl~eJIUTb O~HY HJIU ~Be 

JlUUHPYIOIUUe 'laCTHUbl, KOTOpble HMeiOT UMflYJihCHble pac­

npe~eneHUH, CylUeCTBeHHO OTJIU'IHble OT TOrO >Ke ~JIJI ~pyrHX 

BTOpH'IHbiX 'laCTBU. Il03TOMY He06XO~UMO U3 BCeX o6pa-

30BaHHbiX 'laCTHU OT6upaTb JIU~upyiOII.\He H npHMeHJITb CTa­

TBCTH'IeCKUe MeTO~bl TOJibKO K OCTaBWBMCJI BTOpH'IHbiM. 

K CO>KaneHHIO, B HaCTOJIIUeC BpeMJI He Cyll\eCTByeT UOCTa­

TO'-'UO KOppeKTHOrO MeTo~a ~JIJI no~o6Horo pa3~eJICHU.ll. 

B xaqecTBe nepaoro npu6nu>KeHuJI K TaKoMy nouxo~y 

MO;.KHO npeunoJIO>KUTb, 'ITO BepOJITHOCTb o6pa30BaHUJI 11 -

BTOpH'IHbiX 'laCTHU onpeuenJieTCJI npOU3Be~eHHeM UBYX $aK­

TOpOB, O~HH H3 KOTOpbiX OnUCbiBaeT o6pa30BaHue ~BYX 
JIH~HPYIOII.\UX 'laCTHU, a BTOpOB - aepOJITHOCTb o6pa30BaHUH 

n- 2 OCTaJibHbiX * . Tor~a B Ka'leCTBe HOpMHpOBaHHOB 

* 0TMeTBM, 'ITO ~aHHbiB cnoco6 yqeya B03MO>KHOrO 
CylUeCTBOBaHUJI HeCKOJlbKBX MeXaHB3MOB MHO>KeCTBeHHOB 

reHepaUBB cne~yeT U3 MYJibTBllJIUKaTBBHO.CTH CTaTUCTU'Iec­

KOB CYMMbl CJIO>KHOB CUCTeMbl. 
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Bep011THOCTH HflH CTaTHCTH'IeCKOB cyMMbl BbiCTynaeT OTHO-

a 
weuue __ n_. B 3TOM cnyqae cornacue c 3KcnepuMeHTanL-

Q2 
HbiMH )l.aHHbiMH 3Ha'IHTenLHO ynyqwaeTc11. Bonee Toro, 
C06CTBeHIIbiH 06'beM 'laCTHIJ, !lleHHMaHOBCKOrO ra3a CTaHO­
BHTC11 llOCTOJIHHbiM /eM. ma6A. Jj, XOT11 H npeBbiWaeT B ,L\Ba 
pa3a 3Haqeuue, npe)l.no:>Keuuoe B pa6oTe /3/. Ilocne)l.Hee 
03HaqaeT: nu6o !lleBHMaHOBCKHB ra3 He HaXO)l.HTCil B KpHTH­
'IeCKOM COCTOJIHHH, nH60 3<W!eKTHBHaJI 06MeHHBaeMaJI TpaeK­
TOpH11 Pe)l.:>Ke o6na)l.aeT 6onee BbiCOKHM nepeceqeuueM. 

B 3aKmoqeuue OTMeTHM, 'ITO BnHJIHHe uecuurynspuo:H 
'laCTH llOTCHIJ,Hana B3aHMO)l.eBCTBHJI B !lleiiHMaHOBCKOM ra3e, 
XOTJI H He CTOflb cylll,eCTBeHHO no CpaBHeHHIO C CHHrynspHOB 
'laCTLID, uo ace :>Ke cKa3blaaeTCJI ua noae)l.eHHH KoppenJI­
uuouublx napaMeTpos. TaK, )l.ns 6uuapuoro B3aHMo)l.eiicTBHJI 
B fk no11BUIIIDTCJI 'lfleHbl BH)l.a: fk-1, 

B paMKax npu6nu:>KeHHJI cny.laiinblx npoueccoB noTcH­
IJ,Han COOTBeTCTBYCT )l.06anKe B npaay10 'laCTb COOTHOWeHHJI 
/5/ cnaraeMbiX BH)l.a 12 g 2 ( P - 2P 1 + p 2 ) PeweHHe 3 n n- n-
B 3TOM cnyqae MO:>KeT 6b1Tb nony'leHO 'lepe3 npOH3BO)l.Jilll,YIO 

~Q~: 2 
2 y 

n 
Q = ~ z p 

e 

n 

2 2 g y I - e-gl 
-g2 y + _21 g3Y + 3 2 z( z-l) _--;;-zy 

2 
-g l y 

1-z+z e ] 

2 g 
1 

y I -z+z e gl 

~ + o:di •/7/ 
g2 y g 2y 

l l 

KOTopa11 OTITH'IaeTC11 OT COOTBeTCTBYIDIIJ,eB !llYHKIJ,HH )l.ITJI 
pacnpe)l.eneHHJI /6/ uanH'IHeM 3KcnoueuuuanLuoro 4laKTopa 
H aenH'IHHoii noKa3aTen11 cTeneuu 3HaMeuarens /pa3nH'IHe 
ecTecTaeuuo HC'Ie3aer npu g 2 = 0 /. 

~H3H'IeCKaJI HHTepnpeTauJs 6uuapuoro B3aHMO)l.eiicTBH11 
)l.aeT B03MO:>KHOCTb reuepall,HH JlBYX'IaCTH'IHbiX KnaCTepOB. 

AaTopbl 6naro)l.apub1 yqacTHHKaM ceKIJ,HOHHoro 3ace)l.a­
HB11 ceccuu OJicl> AH CCCP H oco6euuo E.JI.~eiiu6epry 3a 
none 3Hble o6cy:>K)l.eHHJI. 
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