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1. B CBOe BpeM.sI Ha OCHOBaHHH IlOTeHJ.J;HaJia JIHeHapa - BnxepTa 6hIJI yCTa

HOBJieH 3cpcpeKT <<peJI.sITHBHCTCKOI"O, J:I:aJibHOJ:I:eHCTBH.sI» IlOJI.sI (CM., HanpnMep, 

[1 ]) . OH 3aKJIIOtiaeTC.sI B TOM, l!TO C pOCTOM CKOPOCTH 3ap.sIJ:I:a ero none BCe 6onee 

BbIT.slrIIBaeTC.sI BnepeJ:I: n J:I:eHCTByeT Ha Bee 6oJibIIIHe paCCTO.sIHH.sI. 

BbITeKaIOIIIee H3 cpopMyJihl J:I:JI.sl 3JieKTPHtieCKOI"O IlOTeHI.J;HaJia <p (C03J:I:aBae

MOI"O Jl:BH)KYIIIHMC.sl co CKOPOCTbIO {3c 3ap.sIJ:I:OM e) Bhlpa)KeHHe Jl:Jl.sl 3KBHTOTeHI.J;H

aJibHbIX KpHBbIX HMeeT BHJ:I: 

R = el</> = ___ a __ 
1 - /3 cos ~ 1 - /3 cos ~ • 

(1) 

3J:I:eCb R - 3ana3J:I:hlBaIOIIIee pacCTO.sIHHe, ~ - yroJI Me)KJ:I:y BeKTopaMH R H j!. 
QqeBHJl:HO, l!TO cpopMyJia (1) npeJ:I:CTaBJI.sieT co6oft IlOJI.sipHoe ypaBHeHHe 3JIJIHn..: 

ca C <pOKaJibHbIM napaMeTpOM a H 3KCI.J;eHTPHCHTeTOM {3. Ilpn 6oJibIDHX CKOpo-

CT.sIX (/3 ➔ 1), B qacrHocTn, 6yJ:I:eM HMeTb -

R = a I + f3 = 2rrv2 
II l _ {32 -, ' 

(2) 

r)l;e y - JIOpeHI.J;-cpaKTOp. 
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IloBeJ:I:eHHe npOJ:I:OJibHblX H nonepetIHbIX pa3MepoB 3JieKTPOMarHHTHOI"O no

JI.sl npOTOHa H 3JieKTpoHa C pOCTOM HX 3HepmH npeJ:I:CTaBJieHO B Ta6m1I.J;e. 3a HC-

XOJ:I:HbIH B3.sIT aTOMHhli-i: pa3Mep 1 A, T.e. paccTOsrnne, KOTopoe OTBetiaeT o6pa3o

BaHHIO npocTei-i:mei-i: CB.sI3aHHOH CHCTeMhl, HanpHMep, H3 yKa3aHHbIX tiaCTHI.J;. 

KaK BHJ:I:HO, npn 3Hepmtt npoToHa E = 10 T3B npoJ:I:OJibHhlH pa3Mep non.si co-
p ' 

CTaBJI.sieT 2 CM (nonepel!HbIH - 2 MKM); Jl:Jl.sl 3JieKTpOHa C 3Hepmei-i: Ee = 50 r3B 

R II = 2 M, R .L = 20 MKM. KcTaTH, H3BeCTHbIH peJI.IITHBHCTCKHH poCT HOHH3aI.J;H

OHHhlX noTepb o6yCJIOBJieH HMeHHO paccMaTpHBaeMbIM 3cpcpeKTOM. ,ll,JI.sI KOCMH

qecKHX tiaCTHI.J; cpaBHHTeJibHO He60JibIDOH 3Hepmn E = 103 
T3B npOJ:I:OJibHhlH p 



pa3Mep 110JI51 AOCTnraeT oqeHh 6onbmoft BennqnHhl - 200 M (R .L = 0,2 CM). Ta

KHM o6pa30M, MO)KHO CKa3aTh, qTo 3JieMeHTapHhle qaCTHII,hl npno6peTaIOT 

CBOHCTBa MaKpOCKonnqecKHX OOI>eKTOB. TeM caMhIM B KaKOM-TO CMhICJie CTaHO

BHTC51 YCJIOBHhIM (OTHOCHTeJihHhIM) caMo AeJieHne Ha MHKpo- H MaKpOoOI>eKThl. 

EOJibme Toro, npn 60JiblIIHX 3Hepnrnx CTaHOBIITC51 Bep05ITHhIM o6pa3oBaHIIe 

(po~eHne) aTOMOB MaKpOCKOnnqeCKHX pa3MepoB. 

· CneAyeT o6paTHTh BHHMaHne, qTo npu 3Heprn:u 1016 
3B y KOCMnqecKott qa-

CTHU.hl · (npOTOHa), TOJibKO BXOA51III;eH B aTMOCq:>epy, none y)Ke AOCTHraeT noBep

XHOCTH 3eMJin. Ilpn E = 1018 
3B npOAOJihHhltt pa3Mep cocTaBJI51eT 2 · 105 

KM, 

T.e; 3Ha4nTeJihHO npeBhlmaeT AHaMeTp 3eMJill. Jl:JI51 KOCMnqecKIIX qacTHII, MaK

CHMaJibHOH 3Heprn:JI 1020 
3B npoAOJihHhltt pa3Mep noJI51 (2 · 109 KM) 6yAeT y)Ke 

3HaquTeJibHO 60JiblIIe paCCT05IHJI51 OT 3eMJIJI AO CoJIHII,a. 

2. CneAyeT TaK)Ke noAqepKHYTh, qTQ 3AeCh Mhl JIMeeM q:,u3uqecKoe om,51c

HeHue mupOKO H3BeCTH0ro, HO He COBCeM nOH5ITHOro, pocTa AJIHHhl q:>OpMnpoBa

HH51 H3JiyqeHH51 npn BhICOKHX 3Heprn:5Ix*. 

HanOMHHM, qTo nOH51THe AJIHHhl (nyTn) q:,opMnpoBaHH51 (KorepeHTHOCTH) 

6h1Jlo BBeAeHO ct>paHKOM [2] npn paCCMOTpeHHH H3JiyqeHH51 paBHOMepHO ABH

)KyIII;erorn ocu,HJIJI51Topa B npenoMJIYIOIII;ett cpeAe. OH onpeAeJIHJI ee KaK oTpe

. 30K nyTH, C KOToporo BOJIHhl H3JiyqaIOTC51 HCTOqHJIKOM, B q:>a3e. CooTBeTCTByIO

III;a51 q:,opMyJia (AJI51 n = 1) HMeeT BRA 

l - ).{3 
I - I - /3 cos fJ ' 

(3) 

rAe). - AJIHHa BOJIHhl H3JiyqeHH51, fJ - yron Me)KAY HanpaBJieHH51MH ncnycKa

HH51 BOJIHhI n ABH)KeHH51 3ap51Aa. JJ:pyroft (He3aBHCHMhitt) BhIBOA q:,opMynhl (3) 

npnBeAeH B IlpnJIO)KeHnn. 

KaK CJieAyeT H3 npocTOro cpaBHeHH51 Bhlpa)KeHHH (3) H (1)' Bee oco6eHHO

CTH noBeAeHH51 AJIHHhl q:>OpMnpoBaHH51 nonpocTy OTpa)KalOT noBeACHIIe nOJI51 

ABH)KyIII;eroC51 3ap51Aa. Ilpn 3TOM caMo H3JiyqeHne MO)KHO TpaKTOBaTh KaK «Bhl-

6nBaHne>> KBaHTOB «rrOJI51 conpoBo~eHH51» 3ap51Aa. 

IIPHJIO)KEHHE 

(CB513h AJIJIHhl q:,opMHpoBaHII51 c pa3MepaMn no.irn ABII)Ky~eroc51 3apYAa)· 

Ha OCHOBaHIIH BeKTOpHoro noTeHu,nana JiueHapa - BuxepTa HMCCM aHa
JiomqHyIO (I) BeJinqnHy · 

R = e/3 = af3 
A A(l - {3 cos fJ) 1 - /3 cos fJ • 

(Ill) 

*ECJIH y•teCTh, 1IT0 comacHo conpeMeHHhIM npe,1cTanneHHS1M sneKTpwiecKoe none ,1nmKyll\erocsi 3a

psi,1a HMeeT qJOPMY CJKaToro SJimmco11,1a npall\eimsi. 
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Tenepb Mbl XOTIIM o6paTIITb BHHMaHue Ha CJICAYIO~ee. I13JiyqeHue ABH)Ky~e

roc51 3ap51Aa no cyTII ACJia npeACTaBJI51CT npeBpa~em1e BHPTYaJibHbIX KBaHTOB B 

peaJibHhIC. IIpu 3TOM Ha OCHOBamm 3JICKTPOMaruHTHOH KOHCTaHThl CB513H OTHO

IIICHHC 3Hepmu B3aIIMOAeHCTBH51 ABYX 3ap51AOB e2 /). Ha paCCT051HllH )., nepetto

CllMOro BllpTyaJihHhIM qJOTOHOM, K 3HCprttH po~eHHOI"O (peaJibHOro) KBaHTa C 

AJIHHOH BOJIHbl). COCTaBJI5ICT a/2.n . .D:ettCTBHTCJibHO: 

~ _ e2•1 he 
2.Jt-). ;.· (II2) 

IlOACTaBJI5151 B (Ill) COOTBCTCTBYIO~ee COOTHOIIICHHC ]:IJI51 HMnyJihCOB 

(eA = a he/).), 6yi:1eM HMCTh 

R = e2{3 = f3). 
I (a lic~).)(l - f3 cos fJ) 1 - /3 cos fJ • 

(II3) 

TaKHM o6pa30M, nonyqeHHhle COBepIIICHHO pa3HhIMH nyT51MH Bhlpa)KCHH51 

(I13) n (3) nOJIHOCTblO COBnaAalOT. CJieAyeT noAqepKHYTh, qTQ noBeAeHHC KaK 

pa3MepoB nOJI51, TaK H AJIHHbl q:>OpMHpOBaHH51 no cy~eCTBY onpeACJI51eTC51 «q:>aK

TOpOM 3ana3AhIBaHII51>> K = 1 - /3 cos fJ. 3TOT )KC q:>aKTOP B OCHOBHOM onpeACJI51-

eT H caMy HHTCHCHBHOCTb «CKOpOCTHOro» (KaK, BnpoqeM, H TOpM03HOro) H3Jiy

qeHH51. Ilo3TOMY qeM 6oJiblIIC AJIIIHa q:,opMHpOBamrn, TCM 60JiblIIC Bep05ITHOCTb 

ncnycKaHII51 q:>OTOHOB HMeHHO _B AaHHOM HanpaBJICHHll. 
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3auo; lJTO IlOJie CBepxpeJISITHBHCTCKHX_ 3apSIAOB AOCTHraeT MaKpOCKOilHlieCKHX 
pa3Me~OB (uanpHMep, npH E~ = 50 f3B1~,;;, 2 M·r 3TO SIBJieirne -CJIY%HT nep-: 

~onpHlIH~oii Haii';~;uoro~3uaqHTeJihHO~ poc;~ A.iiH!Ihl cp~pM~poaatt-HSI H~JI-y
qeuHsr nptt BblCOKHX 3HeprHSix: : . -

ri;~ed on the equation of Uenafd..:::.Wiechert equipotentials; it is showri that' 
. t~efiel~ ofs~pe~elativistic.c~~l"gei_rea~~es macro_scop!c·size~!(e.g'.·,R1(==~2 m _ -- ·-

~ai 
1

E e· = 50. Ge Y> .;This pheno~enon serves an inithilcaus_e of _the k~owri con_- -
sicl~r~ble growth of forniati~n length at high energies. . . 
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