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1. KaK H3BecTHO, MHOrHe anercrpor-rar-aarnsie npoueccsr, npOHCXO,n;H

II.J;He npn B3aMMO,n;eH:CTBHH 6hICTphIX 3apmKeHHhIX xacruu C Bem;eCTBOM, paasrr
phIBalOTCH B õonsuroü npOCTpaHCTBeHHOH: 06naCTl1 azions HMnynhcoB qaCTHlJ,. 

):(nHHa 3TOH: 06naCHI, OHa Ha3hIBaeTCH ,n;m'IHOH: KorepeHTHOCTI1 I1nI1 ,lJ,JIHHOH: 

<POpMl1pOBaHHH H3nyqeHI1H, 6hICTpO pacrer C pOCTOM 3Heprl111 qaCTI1lJ,. 
/ 1I flOHHTl1e ztmnrsr <pOpMl1pOBaHI1H 6hInO BBe,n;eHO H.M.<1>PaHKOM npn 

paCCMOTpeHHH 113nyqeHI1H paBHOMepHO ,n;BI1)f(yllJ,erOCH OClJ,l1nnHTOpa B npe
noranaiouieã cpene. OH orrpenennn ee KaK OTpe30K nYTI1, C rcoroporo 
nce aornrsr 113JIyqaroTCH OClJ,IDInHTOpOM (I1CTOqHHKOM) B rpaae. 

B ,n;aJ1hHeH:WeM O Ka3aJIOCh, tITO zirnnra <pOpMl1pOBaHI1H arpaer B8)KHllO 

porn, B npoueccax 113nyqeHI1H 6bICTphIX qaCTI1lJ, (CM., aanpar-rep, 12, 3 ). 

3HaHI1e 3TOH: Benl1lillHhI n03BonHeT ne .rom.xo npencraaars ce6e KaQeCT

aemrsre oc06eHHOCTI1 KapTI1Hbl 113nYQeHl1H, HO 11 C xopoureá TO'QHOCThlO 

OlJ,eHI1Th KOnl1QeCTBeHHO TaKl1e xapaKTepl1CTHKI1 113nYQeHI1H, KaK cneKTp, 

yrnoaoe pacnpenenenae, nornn.re rrorepn 11 T~. 

POCT nrraasr <POpMl1pOBaHI1H C YBenl1QeHl1eM 3Heprl111 HaBOJJ:I1T na MhIcnh 

O ee B03MO)f(HOH: CBH311 C ztpyroã BroKHOH: xapaKTepl1CTI1KOH: - penHTI1BI1CT

CKOH: ,n;nI1HOH:, onpenenatouieã, B QaCTHOCTI1, nponorrsasre paasrepsr 6hICTpO

,n;BI1)1(}'llJ,I1XCH 06õeKTOB. Yxaaamn.re Benl1QHHhl arpaior nce ôorrsuryro pons 
npa onHCaHI1H B3aI1Mo,n;eH:CTBHH: QaCTI1U BhlCOKHX snepr-aü. HI1)f(e MhI 11 aa
TpOHeM 3TI1 BOnpOChI. 

2. PaCCMOTpl1M ,n;BH)f(eHl1e 6hICTpOH: 3apmKeHHOH: QaCTI1lJ,h1 anorrs npa
MOH: nl1HI1I1. B KroK,n;OH: TOQKe caoero n~TI1 QaCTI1lJ,a 113nYQaeT nnOCKYlO aorr
HY QaCTOThI co C BonHOBhlM aexropovr k . Ilpa 3TOM pa3HOC'Fh <pa3 Ó, <;6 nonn, 
113nYQaeMhlX QaCTI1lJ,eH: non yrrror-t e K ee I1MnynhCY, B MOMeHThI BpeMeHI1 

t 11 t + r/ v ôyner paana 

ó,cjJ úJ -
r k I' cose, (1)v 

rne Y - npoüneaasrã nyrs, a v - ee CKOpOCTh. ,llnI1Ha <POpMI1POBaHIDI f f 

orrpenerraerca KaK paCCTOHHl1e, na KOTOpOM ó'<;6 =1. Torna rrerrco BH,[.(eTh, 

tITO 

r f
v 

(2) 
co (1- v cose) 

TaKI1M 06pa30M, no orrpeneneamo E f - 3TO nrnura nYTH, C KOTOpOH: B TOQ

KY Ha6nlO,n;eHHH BonHhl~,UXWVIT c-",~a;'~?cntIO q,a3, ae 60JILIlleif ", TO 
OI; , ' .. , ,,,I.,;;' i>""lill'yT \ 

". ..{ .'. l· \'~llt ~.' l'~,\;o- ' ~ h"'"tX .:H.'.• :..j,i031Uoi 
s=.u:.... 1t'j,11<~Tf=H" 
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ecrs c BOJIHOBOM TOqKH 3peHHH O,u,HOBpeMeHHO: BMeCTe c TeM Ef - qHC

JIeHHaR Mepa CneKTpaJIbHOrO H yrJIOBOrO pacnpenenenaa H3JIyqeHHH. 3TH xa

paKTepHCTHKH H3JIyqeHHH nponOpUHOHaJIbHhI xnanpary ,nJIHHhI <POpMHpO

BaHHH. 

OTMeTHM TaK}Ke, ~o K diopr-ryne (2) MO)l(HO npHMTH, eCJIH TpaKTO

aars ,u,JIHHY <POpMHpoBaHHH KaK paCCTOHHHe, na KOTOpOM nponcxonar 

"OTphIB" rporoaa OT aarrynarouiero ero sapana. 
Haure paCCMOTpeHHe 6hillO qHCTO KJIaCCHqeCKHM, TO ecrs MhI CqHTaJIH, 

qTO 3apH)I(eHHaR xacrana ,u,BH)I(eTCH paBHOMepHO, H ae yqHThIBaJIH, nanpar-rep, 

ornasa, B03HHKaro~eM npa H3JIyqeHHH KBaHTa. B KBaHTOBOM reopaa BeJIH

qHHa, HMelOmaR CMhICJI ,u,JIHHhI <POpMHpOBaHHH, BBO,u,HTCH 141 na OCHOBe 

MaTpHqHOrO 3JIeMeHTa, conepacaniero nozr 3HaKOM mrrerpana no npocrpan

CTBeHHhIM Koop,u,HHaTaM MHO)l(HTeJIb exp(i.qr) , rne q - nepexreaasrã HM
..... ..... -'+ .......... .....
 

'!]YJIbC,	 q = Po - P - k 'P H P - HMnYJIbChI sapana no H nOCJIe H3JIyqeHHH,
Q

k - HMnYJIbC asnyseaaoro <}lOTOHa. 

3KcnOHeHTa onpezienaer 3<p<peKTHBHOe saaseaae r, aaocsuree OCHOB

HOM BKJIa,n; B MaTpHqHhIM 3JIeMeHT. IIpH BhICOKHX 3HeprHHX npouecc H3JIY

qeHHH paasrr-psmaerca B,u,OJIb HMnYJIbCa uacrmrsr, n03TOMY cymecraeaasr 
2 

~ úJffi	 . 
q =P -p-k~-- (3)"o 2E E ' o 
rne E o H E' - 3HeprHH 3JIeKTpOHa zto H nOCJIe H3JIyqeHHH, fi - ero Macca. 

Orcrona cnenyer, qTO ,D;JIHHa <pOpMHpOBaHHH <poTOHa onpenenaerca BeJJH

lIHHOM 

e f = 2E oE (4) 
fi 2úJ 

3. IIOCKOJII;>KY ncé qaCTHUbI ofinanaior BOJIHOBhIMH CBOMCTBaMH, TO 

nOHHTHe ,u,JIHHhI <POpMHpOBaHHH MO)l(eT 6hITb BBe,u,eHO, B qaCTHOCTH, H ,u,JIH 

npoueccos HcnyCKaHHH nHOHOB, TO ecrs B CHJIbHhIX B3aHMo,u,eMCTBHHX. 

Ha OCHOBaHHH (1) H (2) ,lJ,JIR ,u,JIHHhI <pOpMHpoBaHHR ,u,OCTaTOqHO Me)1)leH

aoro nHOHa c 4-HMnYJIbCOM p i (E ,p ) Haií,u,eM 
17 17	 17 

E Po =~	 (5)
f .......... i 17 

E o E 17 - PoP 17 Po P i 
. ..... 

rne p 1 (E o ' p o) - 4-HMnYJIbC naneraroutero anpona (E o » E 17) • 

~ cnyxae MHO)l(eCTBeHHoro pO)K,u,eHHH nHOHOB npa BhICOKHX aaeprn

RX MbI py,u,eM HMeTb ,u,eJIO c HeH:oTopOM 3<p<peKI'HBHOM ef • B OTJIHqHe OT 

npouecca H3JIyqeHHH <POTOHOB 06pa3YlOmHecH nHOHhI MorYT HMeTb CKOpO

CTH, 6JIH3KHe K CKOpOCTH ABH)I(eHHH aanerarourer-o anpoaa, H "OTphIB" 

MO)l(eT nponcxonars na 3HaqHTeJIbHhIX paCCTOHHHHX. KpOMe Toro, MhI 6y,u,eM 

HMeTb CJIyqaH "OTphIBa" H3JIyqaTeJIR OT csoero H3JIyqeHHR. 

..
 

C npyroã CTOpOHhI, ,D;JIHHa <pOpMHpOBaHHH BTOpHtIHhIX qaCTHU BBO,u,HT

CR, B qaCTHOCTH, na OCHOBe napTOHHOM Mo,u,eJIH CTpoeHHR a,u,pOHOB HJIH 

npyrax C006pa)l(eHHM (CM., nanpavrep, 0630p/5/). TIpH 3TOM B nepaor-r 

cnysae Ef - EM- 2 , rne E - 3HeprHH anpoaa, M- ero Macca. 

4. To, qTO xaparcrepasyrourae B3aHMo,u,eMcTBHH qaCTHU BhICOKHX anep

rHM npononsnsre paCCTORHHR H, B q~CTHOCTH, oõcyacnaesnae ,u,JIHHhI <pop

MHpOBa~IDl paCTYT c YBeJIHqeHHeM 3HeprHH, CTaJIO yzce qeM-TO npHBhlqHhIM 

(CM.,	 HanpHMep/5/). TIpH 3TOM BnOJIHe eCTeCTBeHHO zryr-rars , qTO yno~	 MHHYThle npononsasre paCCTORHHH ,u,OJI)l(HhI onpenenarsca, oc06eHHO B CHJIb

HhIX B3aHMo,u,eMCTBHRX, npo,u,OJIbHhIMH paavrepaxra CTaJIKHBaIDmHXCR qa

CTHU. Ho npononsnsrá paswrep HYKJIOHa (anpa} MHrneHH nOCTORHeH, a CO

rJIaCHO TpaAMUHOHHhIM npe,nCTaBJIeHHHM nponortsnsrã pasvrep nanerarome

ro aztpona na OCHOBaHHH <POPMYJIhI nopeaneaa COKpameHHR CTpeMHTCR K 

HYJIlO C pOCTOM 3HeprHH. YKa3aHHhle <paKThI rpynao cornacoaars Me)l(,ny 

C060M. TIo naurer-ry MHeHHIO, nyrs YCTpaHeHHH OTl"ieqeHHOM Tpy,u,HOCTH CBR

3aH c npHMeHeHHeM KOHuenUHH peJIRTHBHCTCKOM ,u,JIHHhI/ 61 H BhITeKaID

meM H3 nee "<POPMYJIhI y,u,JIHHeHHH" • 

TIpOCTaR H HarJIH,lJ,Ha.H HJIJIIOCTpaUHH sroro OCHOBhIBaeTCR na cospe

MeHHOM npe,u,CTaBJIeHHH 'B3aHMo,u,eMCTBYlOmeM qaCTHUhI B nane 06JIaKa 

BHPTYaJIbHhIX KBaHTOB. ,llJIR HYKJIOHa, nanpasrep, paasuie MhI rOBOpHJIH 

o nHOHHOM 06JIaKe, a B nocnezmee BpeMR - o COCTaBJIRIOI.UHX ero naproaax, 

OTO)l(,lJ,eCTBJIHeMhIX ceüsac c KBapK~H H rJIIOOHaMH. 

B CHCTeMe nOKOR HYKlIOHa 8 3<p<peKTHBHoe ("ycpeAHeHHOe" no npe

MeHH) BHPTYaJIbHOe 06JIaKO oõpaayer crpepy pazrayca P. o ' B 8-cHcTeMe 

HYKJlOH (ero nenrp anepnaa) ,u,BH)I(eTCR co CKOpOCTblO v H 3aHHMaeT no

CJIe,u,OBaTeJIbHO nOJIO)KeHHH O H O' (CM. PHCYHOK). IIo Ha6JIlO,neHHHM H3 

8 nercoropaa acnyuteaaaa BHPTYaJIbHaR nacraua a no MOMeH'ra aoaapame

HHH rrpoãner paccroaaae ! a = (1 - v/u) eOy, a cHMMeTpHqHaR eM qaCTH

ua d - ~ d = (1 + viu) Eoy. 3,u,eCb eo - paCC:'O'HHe, npoãneaaoe qaCTH

uaMH, a u _- HX CKOpOCTb B 8 y0 , 

paCCTOHHHe E = EoY' B oõparasrx 
+v/u)E oY HJ d= (1-v/u)Eo Y 
TaKHM 06pa30M, COOTBeTCTBYlO

utee ceãsac paCCTOHHl1e COCTa

BHT CHOBa Eo y. BOJIee.Ioro, ,H,JIH 

Ka)l()J;OM qaCTHUhI ea = ed = 

='e oy. 3TOT pe3YJIbTaT MO)I(HO 

csarars ente O,u,HHM npOHBJIeHH

eM peJIHTH~HCTCKOH "<POPMYJIhI 

.1
i,1	 Ilpocrpancreeuuo-epeuennas KapTU

na àeuscenun eupryansuux COCTae
IlJlI0U4UX uytcnona. 

= (1 - v 2) 1 2. Ilpa 3TOM, cpezmee 

aanpaaneaaax 6y,u,eM HMeTb e = (1 + 
.....a 

b 
-· --- ~.~.._.--'

......... 
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YWlHHeHHR" * • Ha pHCYHKe noKa3aHhI nynf ABfDKeHHR H ApyrHx qaCTHU. 

B ueJ10M )l(e B S -CHCTeMe 06J1aKO BHpTyanbHbIX KBaHTOB 6YAeT HMeTb <llqP

My 3J1J1HnCOHAa BpameHHR, BbITRHyToro B HanpaBJ1eHHH ABH)l(eHHR 

npeACTaBJ1eHHaH KapTHHa n03B0J1ReT CAenaTb KaqeCTBeHHoe 3aKJnO

qeHHe, qrO YKa3aHHbIH 3J1J1HnCOHA 6YAeT $aKTHqeCKH onpeAeJ1RTb Ty 06

J1aCTb, rAe npOHcxoAHT B3aHMOAeHCTBHe KOHTHTY3HTOB HYI<:J10Ha C npo6

HOH qllCTHueH (MHllleHblO) KOTOPYlO WlR npocToTbI CqJ1TaeM TOqeqJ10H. 

l1PH 3TOM, qTO oco6eHHO cymeCTBeHHo, xapaKTep "OTpbIBa" pO)l(AeHHOH 

qaCTHUbI 6YAeT 3aBHCeTb OT "MeCTa ee po)l(Aemrn:". nYCTb, HanpHMep, ::na 

peJ1RTHBHCTCKafI qaCTHI:\a ABH)l(eTCR Bnepe.u. OqeBHAHO, qTO ecnH OHa pO

AHJ1aCh B6J1H3H TOqKH "0", TO, qT06bI "OTopBaTbCR" OT f1YI<:J10Ha, eH HY)l(HO 

npOHTH paCCTORHHe nopRAKa ero npOAOJ1bHOrO pa3Mepa, TO eCTb 2 r - 2 eo /7* 
TaKHM 06pa30M, npH yqere KOHeqHOCTH pa3MepOB HYI<:J10Ha AJ1HHa 

$OpMHpOBaHHR BTOPHqHbIX peJ1RTHBHCTCKHX (A« Y ) qaCTHU, no CyTH 

AeJ1a, 6YAeT onpeAemITbCR penRTHBHCTCKOH AJ1HHOH. 
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OrpeJILQOB D.H. P2-87.;812 
Jtmma 4JoPMHpOBIlHBJI H pelUl'lDHCTCIWI MHHa 

06p8.Ul8eTCJI BHHM8.HBe Ha B09MOlK.Hy1O CBe}' .tUIHBhI CPOPMBpO. 
B8HHJI c penJlTHBHCTCKOii ,ttJIHHoii. HMeHHOpocr ,IUUDU.I 4»oPMBpO• 

• 

~ 

• 


B8BIIJI C yBe.JIlPIeHHeM 3Hepnm a.u:O;ZUITCJI B COOTBeTCTBHK C BhlTe
K8I0lQeii Il3 KOHQ~ peRJlTHBHCTCKOii ',ttJIIIHJ.I "cpopMyDoA YJVIH
HeHBJI" JtJm 1lpOAonJ.H&P[ pa3MepQB.OTMetI8.eTCJI, lITO npH yqere KOHeri" 

HOCTH pa3MepoB aJIeMeHTapHhIX 1J8.CTHQ AJIHHa q,OPMllPOB8HIIR MO)DT 
tP8.KTiIIIeCKH OnpeAeJIJITIoCJI perulTJlBJlCTCKOii AlDIHoii. 

Pa60n BbIDOnH~ B J1a60paTOPO BhlCOXHX 3IIeprHii OHRH. 

Coo6w._Me O61.e.Iuuretutoro ilHcnnyrI. lQleplllolS HCCIIeAOBUIIII. lb'- 1987 

nepeaOA O.C.BeaOrp8J1OBoii 

Strel'tsov V.N. P2-87-812 
Formation Length and Relativistic Length 

A possible connection of formation length with relativistic length 
is pointed to. Namely. growth of formation length with increasing 
energy u in accordance with the "elongation formula" for longitudinal 
dimensions following from the concept of relativistic length. It is 
noted that taking into account the finiteness of dimeDSions of ele
mentary particles the formation length could be in fact determined 
by relativistic length. 

The investigation has been performed at the Laboratory of High
Energies, .JINR. 
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