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Bse.n.eHHe, KaK H3BeCTHO, Bblpa)KeHHSI .!J.JISI aana3,AhlBalOUJ.HX Hanp.si:)KeHHO

CTeH 3JieKTpoMarHHTHOro DOJl.11 JJ.BH)KYUJ.efOCSI aapMa COCTO.!IT H3 ABYX tJaCTeH 

(cM., HanpnMep, ( I )) . Ilep~aSI («cKopocrHaSI»)· · t1acrh aasucuT nuw& oT cKo

poCTH H He 3aBHCHT OT ycKopeHHSI; BTOpaSI («yCKOpHTeJihHaSI») tJaCTb JIHHeHHO 

3aBHCHT OT ycK0peHHSI •. KoHetJHO, il>H3H1{CCKH. Mbl He MO,KeM pa3JIHtJHTb 3TH 

t1acTH nonSI. BHPTYaJihHhle <l>oroHhl, o6paayiow.ue nOJie JJ.BH)Kyw.erocSI aapMa, 

«He 3HalOT», KaKOH tJaCTH OHH COOTBeTCTBYIOT, T.e. KB3HTbl DOJISI «He DOMH.!IT» 

MexaHH3Ma CBOero ucnycKaHHSI. Il03TOMY pellb MO.lKeT uiiTH TOJlbKO O KOJIHtJeC

TBeHHOM pa3JIHtJHH BKJla,AOB 3THX CJiaraeMhlX. IlocKOJibKY npu 3TOM nOTOK 

3Hepmu DOJISI y61,1aaeT C pacCTOSIHHeM, KaK R-4 H R-2 
COOTBeTCTBeHHO, TO 

TOJlbKO BO BTOJ)OM CJiyqae HHTerpan no c<j>epe pa,Auyca R 6yJJ.eT KOHetJHhlM u He 

aaBHC.!IUJ.HM OT R. A 3TO, KaK yTBep.)K.!J.aeTCSI (CM., HanpuMep, (2 )) , 03HatJaeT 

H3JlytJeHHe CBeTa. O,AHaKo, c J)OCTOM CKOpoCTH aapMa PeJIHTHBHCTCKOe 

YBeJIHtJeuue DJIOTHOCTH 3Hepmu DOJISI (cKa.lKeM, 8 30He cpopMHpoBaHHSI H3Jly

tJeHHSI) 6yJJ.eT KOMneHcupoeaT& OTMetteHHhlH cnaJJ.. TaKHM o6paaoM, AJI.11 

peJISITHBHCTCKHX tJaCTHl( CTaHOBHTCSI B03MOJKHblM H3JlytJeHue 3a CtJeT «CKOpocT

HOH t1acru» nOJisr. K0Het1Ho, . npu 3TOM Heo6xoJJ.HM ew.e euewHuii: arenT 

(HanpnMep aroM), tJTOOhl «BblpBaTh» <pOTOH H3 coeoKynHOCTH BHPTYaJihHhlX 

ICBaHTOB «DOJISI conpoBO)KJJ.eHHSI» aapMa, Xopowo H3BecTHblM npHMepoM 3,Aecb 

MO)KeT CJIY.lKHTb TaK Ha3hlBaeMoe nepeXOJJ.HOe H3JlytJeHHC (3 ), KOTOpoe 

B03HHKaeT, KOr,Aa tJaCTHl,\a nepeceKaeT rpaHHL\Y JJ.BYX cpe,A C pa3JIHtJHblMH 

0DTHllecKHMH xapaKTepHCTHKaMH. 

HH)Ke C YlleTOM CKa3aHHOro Mbl paCCMOTpHM C C,l:(HHblX D03Hl(HH TaK)Ke 

H3Jlyt1eHue lJepeHKoea u u3Jlyt1eHHe HH,ice ttepeHK0BCKoro nopora. 

BeKrop noitHTHHra «c1mpocTHOH ttaCTH» 3JICKTpoMarHHTHoro non.11 

JJ.BH)KYW.erocS1 co CKOpoCTbID /Jc aapMa HMeeT BUA 
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Ilpn 6onhmnx cKopocr11x i:in11 HHTeHCHBHOCTn 11anyqeum1 B 3neMenT Tenecuoro 
yrna 6yJJ.eM nMeTh [ 4 I 

e2pcny - 4 sin20 
lV !l!! 2 6' 

c 4;,rR . (1 - {Jn cos 0) 
(4) 

Yron, OOJl. KOTOpblM HHTeHCHBHOCTb nanyqeHHSI MaKCHMaJibHa, COCTaBnSieT 

(vl + 24{3
2
n

2 -1) 1 
omax e arccos 4ifn ➔ ,f5y. (5) 

KaK BHJl.HO, JJ.nSI peJISITHBHCTCKHX qacrim. 0 oqeub Man: nopSIJJ.Ka nonOBHHhl 
. max 

OTHOmeHHSI 3Hepnrn nOKOSI qaCTHU.bl K ee nOJIHOH 3Hepmu. TaKHM o6pa30M, BCe 
H3Jlyqeuue cocpeJJ.OTOl{eHO B oqenb Y3KOM KOHyce .BOKpyr HanpaBneHHSI Jl.BH)Ke
HHSI qaCTHU.bl, B npeJ].ene /Jn ➔ 1 3TO H3Jlyqeuue MO)KeT CJIY.lKHTb npSIMblM u.ene

yKaJanneM qacTHU.bl, Kouequo, 3TOT cpaKT SIMSleTCSI npSIMb[M CJieJJ.CTDHeM roro 
(CM., uanpuMep, [S )), tjTQ none peJISITHBHCTCKOro aapSIJJ.a BblTSIHYTO BnepeJJ. (a 
He C.lKaTO) B HanpaMeHHH Jl.IlH)KeHHSI. YrnOBOe pacnpeJJ.eJieHHe HJnyqenHSI [4] 
JJ.nSI MaJiblX yrnon MOX<HO onucaTb npn6nn.JKeHHOH cpopMynoii: 
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CneJJ.yeT OTMeTHTb, l{TO o6cy)KJl.aeMoe H3Jlyqeuue 3Hal{HTeJibHO cna6ee 

nanyqeHHSI aa Cl{eT <<YCKOPHTeJibHOH qaCTH>> nonsi: WC - y-2wy. 
H3JZy'lenue l/epemcooa. KaK CJieJJ.yeT HJ cpopMynhl (1), npu {Jn ~ l nnoT

HOCTb nOTOKa 3Hepmn nonsi pe3KO B03pacTaeT, l{TO BeJJ.eT K 3Hal{HTeJibHOMY 
pocry BHJl.HMOro Il3nylleHHSI. IlpeJJ.blJl.Ylll.ee yCJIOBHe oauaqaeT, llTO CKOpocTb Ja
pSIJJ.a npeBI>1maeT cKopocTb pacnpocrpanenm1 3neKTpoMarnHTHhlX BOJIH B cpeJJ.e. 
KaK Mbl JnaeM, OTBellaIOllJ.ee 3TOMY cnyqaro HJnylleHHe 6blJIO OTKpbITO lJepeu
KOBblM [ 6 ]. CneJ].yeT OOJl.llCpKHYTb, llTO qepeHKOBCKOC H3nyqeune B COOT
neTCTDHH C BblCKa3aHHblMH coo6pa.lKCHHSIMH cocpeJJ.OTOl{CHO HMeHHO B o6nacru 
cos 0 < l / /Jn, nOCKOnbKY npu MeHbillHX yrnax 3nCKTpoMarHHTHOe none y 

Jl.BHX<YllJ.erocsi aapSIJJ.a nonpocry oTcyTCTByeT. KcraTu, JJ.pyrasi paanOBHJl.HOCTh 
o6cy)KJJ.aeMoro («CKOpocTHOI"O>>) HJJiyl{eHHSI, q>aKTHlleCKH OTBeqaroiu.asi cnyqaro 
{Jn < l, TaK.lKe xopomo H3BCCTHa H HOCHT Ha3Bauue nepeXOJl.HOI"O 113nyqeunsi. 

IIepexoiJnoe U3Jly'lettue. Ilepeoe na6JIIOJJ.eune 3Toro !IBJieirnsi - cneqeuue 
aHOJJ.a nOJl. JJ.eiiCTDHeM 3JieKTpoHOB - CBSl3blBaIOT C pa6oroii JIHJIHCHq)CJibJJ.a (7 ], 
ony6nuKonauuoii B 1919 r. Teopusi 3Toro SIBJICHHSI 6b1Jla paapa6ornna ruua6yp
roM u <l>paHKOM (3 ). Cornacuo eii HHTCHCHBHOCTb H3Jlyl{CHHSI Ha eJJ.HHHU.Y Te
JICCHOf'O yrna H eJJ.HHHU.Y yrnonoii tiacTOTbl, B llaCTHOCTH* npn n = I, HMeeT BIIJl. 

* )].JIii OOJlbllIHX CKOpocTeil " MaJiblX yrnoe. 
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w 4;;r2c (I - {Jn cos 0)2 
Ono OTJIHllaeTCSI K03Q><PHU.HeHTOM 1 /2 OT Bblpa)KCHII.SI, KOTOpoe CJieJJ.yeT H3 
nonyqeuuoii pauee cpopMyJibl TaMMa (8 ). Cornacuo (7) BMecTo (3) nMeeM 

0 - -l 
max-Y 

CJieJJ.yeT OTMeTHTb, l{TO ynOMSIHYTOC CBOHCTDO HanpanJieHHOCTH BnepeJJ. 
nonsi J)CJISITHBHCTCKOro aapSIJJ.a, B 'IaCTHOCTH, OObSICHSleT 3MnnpuqecKoe 
npaBHJIO Jl.JISI OTblCKaHHSI nanpanneHHSI OnTHllCCKOro nepeXOJl.HOI"O H3JiyqeHIISI, 
ucnyw;eHHOI"O «Ha3aJJ.» npu BJieTe llaCTHIJ.1,1 B CPCJJ.Y, CornaCHO HeMy (9, c.16) 
H3Jlyqem1e «HJJ.CT» no HanpaBJieHHIO CKOpocTH llaCTHU.bl H OTpaX<aCTCSI OT 
nonepXHOCTH, KaK OT aepKana. 

H3Jly'le1tue ltU)Ke 'lepelllC06CKOlO nopoca B raae TaK.lKe Jl.OCTaTOl{HO H3DeCT
HO. Ha 3KCnepnMeHTaJibHl,IX pa6oT, KacaIOW,HXCSI paccMaTpHBaeMOH npo6neMbl, 
oTMeTHM [ IO, 11, 9 ] (cM. TaK.lKe [ 12 )) • · 

CneJJ.yeT noJJ.qepKHYTb, llTO q>aKTHlleCKH HHTCHCHBHOCTb o6cy)KJl.aeMOI"O H3-
nyqeHHSI (KaK, BnpollCM, H TOpM03HOro) onpeJJ.eJISleTCSI «q>aKTOpoM aana3,!\h1Ba
HII.SI>> " = 1 - {Jn cos 0 B anaMeHaTene COOTBeTCTnyrow;ux cpopMyn. OlleBHJJ.HO, · 
tjTQ npu Ja,!\aHHOH BeJIHllHHe CKOpocTH H3JlyqeHHC 6yJJ.CT 3Hal{HTeJihHee B 6onee 
IlJIOTHOii cpeJJ.e · (c 6onhmHM noKaJaTeneM npenoMJiemrn). Huaqe ronopsi, KaK 
Y)KC OTMCl{aJIOCb [ 13 I, YBeJIHl{eHne n MO)KHO TpaKTOBaTb KaK 3<pq>CKTHBHOe 
yBenm1eHue cKopocTH. C JJ.pyrou cTopoHw, nanyqenne n cpeJJ.e c MaJihlM iioKaaa
TeJieM npenoMJieHHSI, T.e. HH)KC qepeHKOBCKOro nopora, 6yJJ.eT 003TOMY, B 
o6w;eM, CJia6ee nepeXOJl.HOro H3JIYlleHHSI. 

3aKJ110'lenne. lil3Jlyqenne qepeuKoBa, nepexoJJ.uoe H3Jlyqem1e u uany
qeuue B raae HH;>Ke qepeHKOBCKOro nopora cyTh pa3Hble CTOpoHbl OAHOI"O H TOI"O 
::>Ke SIBJICHHSI "OOHCWBalOTCSI, B o6w;eM, OJI.HOH cpopMyJioii. 3ro H3nyqeuue o6yc
JIOMeHO <<CKOpocTHOH llaCTblO>> 3JICKTpoMarHHTHOro . OOJISI (3ana3,!\b1Barow;ux 
uanpSl)KeHHOCTeH) peJISITHBHCTCKOro aapSIJJ.a. HMeHHO BblTSIHYTOCTb nonsi Bne
peA n uanpaBneuuu Jl.BH)KeHnSI qacrnu.w o6ycnaBnunaeT COOTBeTCTByrow;yro ua
npaBneuHOCTb H3JlylleHHSI. 

IlPHJIO)KEHHE 
(BeKrop IlonHTHHra «cKopocTuoii qacrn» noJIH 

cornacuo o6w,enpunS1TblM npeJJ.CTaMeHHSIM) 

CorJiaCHO o6w,enpHHSITblM npeJJ.CTaBJICHIUIM 3JICKTpHtieCKOe none ABH)Ky
w;erocsi aapSIJJ.a KaK 6bl «CilJIIOW,HBaCTCSI>> no HanpaBnCHHIO Jl.BIDKeHHSI (CM., 
uanpnMep, [ 14))' llTO onncwBaeTCSI H3BCCTHOH cpopMynou 
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3AeCh R - paCCTOSIHHe OT TOIIKH uafunoAeHHSI IlOJISI AO aapS1Aa s MOMeHT ua6JIIO
AeHHSI. C ylleTOM q>opMyJibl AJISI uanpsi.x<eHHOCTH MaruHTHOro IlOJI.11 

H = n[flE] (Il.2) 

AJISI IlOTOKa ::meprnH DOJISI 6yAeM HMeTb 
2/3 -4 . 0 S(S) = e cny sm . • (Il.3 ) 
4;rR 4 (1 - {32n2 sin20)3 

Ha OCHOBaHHH (fl.3) MaKCHMYM HHTeHCHBHOCTH H3JlylleHHSI AOJI::KeH 6blJI 61,1 
npHXOAHThCSI ua a max= ;r/2, a npH {3n > l «qepeHKOBCKHH yroJI» COCTaBHJI 61,1 

arcsin(l//Jn). BOT K KaKHM CTpaHHblM peayJI&TaTaM MOJKHO. npHHTH, eCJIH He 
OTKa3aThCSI OT o6menpHHSITOH KaprHHbl DOJISI ABHJKy~erocsi aapS1Aa, OnHpa10-
meucS1 ua ueKosapuauTuoe nousiTne - c0Kpameuuy10 AJIHHY ( 15 ]. 
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CTpeJibU.OB B.H. 
J.13JlylleHHe, o6yCJIOBJieuuoe «CKOpocTHOH llaCTblO» 
JJieKTJ)OMarHHTHOro IlOJISI ABH.x<ymerocSI aapSIJ].a 

JI,2-94-244 

J.13Jly11euue llepeuKosa, nepexoAHoe H3Jly11euHe u n3Jly11euHe B raae uuxce 
qepeHKOBCKOro nopora paCCMaTpHBaIOTCSI KaK pa3HOBffAHOCTH OAHOro SIBJ1eum1. 
3ro (ueropM03HOe) H3Jiy11euHe o6yCJIOBJieHO <<CKOpocTHOH 11aCThlO>> JJieKTpo
MarHHTHOro IlOJISI peJISITHBHCTCKOro 3apS1Aa, HanpaBJieHHOCTb H3Jiy11eHH.ll sne
peA OTpa)KaeT COOTBeTCTBYIO~YIO uanpaBJieHHOCTb IlOJISI (ero aana3Ab1BalO~HX 
uanpmKeuuocreu). 

Pa60Ta s1i1nOJiueua s Jla6opaTopnH BblCOKHX Jueprnu OI1SII1. 

Coo6w_em1e 061,e;:11meHHOl'O HHCTHT)'Ta SIAepHbIX HCCJieAOBaHHH. Jfy6Ha, 1994 

flepeBOA asropa 

Strel'tsov V.N. JI.2-94-244 
The Radiation Conditioned by the «Velocity Part» 
of Electromagnetic Field of a Moving Charge 

The Cherenkov radiation, the transition radiation and the radiation in gas 
below the Cherenkov threshold are considered as varieties of one phenomenon. 
This (nonbrake) radiation is conditioned by the «velocity part» of the electro
magnetic field of a relativistic charge. The forward direction of the radiation 
reflects the corresponding direction of the field (its retarded strengths). 

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