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1. BBEJlEHl1E 

0AHHM H3 rnaBHblX npenRTCTBHH B reHepallHH csepXCHJlbHblX 3JleK
TpH4eCKHX noneA B CHJlbHOT04HblX peilRTHBHCTCKHX 3JleKTpOHHblX ny4-
Kax, B 4aCTHOCTH, npH pe30HaHCHOM AOnnepoBCKOM B3aHMOAeHCTBHH 
ny4Ka H BOI1Hw 11 • 21 , RBJlReTCR 3aXBaT 3JleKTpOHOB noneM BOJlHW H 
HapyweHHe npH 3TOM rHAPOAHHaMH4eCKOro xapaKTepa B3aHMOAeAcT
BHR. npH BblpaBHHBaHHH cpeAHeA CKOPOCTH 3JleKTPOHOB H ¢a30BOH 
CKOPOCTH BOJlHbl poCT nOilR npeKpautaeTCR, npoHCXOAHT nepexoA B 
HeJlHHeHHWH pemHM C H3MeHeHHeM KaK ¢a30BOH CKOPOCTH BOilHW, TaK 
H CKOPOCTH 3JleKTPOHOB, ny40K nepeXOAHT B KHHeTH4eq<yK> CTaAHIO, 
xapaKTepHylO AilR 4epeHKOBCKoro B3aHMOAeHCTBHR'. 3To o5CTORTenb
CTBO npHBOAHT K orpaHH4eHHIO MaKCHMailbHWX 3JleKTPH4eCKHX noneA 
B \P3n (penRTHBHCTCKHX 3JleKTPOHHblX nY4Kax C 5oJlbWHM TOKOM) se
JlH4HHOH nopRAKa 200-300 KB/CM. 

B AaHHOH pa5oTe Ha OCHOBe aHaJlH3a 3THX $H3H4eCKHX TPYAHo
CTeA pe3oHaHCHoro AOnnepoBCKOro B3aHMOAeAcTBHR npeAnaraeTCR 
npUHijUn ecmpe~Ho20 oeuxeHUR pe~RmueucmcK020 3~eKmpoH
Ho20 nywKa U E-eo~WtJZ., ¢a30BaR CKOPOCTb KOTOPOH TaKme 5JlH3-
Ka K C. npH 3TOM orpaHH4eHHR Ha poCT nOilR, CBR3aHHble C 3axsa
TOM 3JleKTpoi-loB BOJlHOH, B cyuteCTBeHHOH ·CTeneHH CHHMalOTCR, H 
MaKCHMaJlbHoe 3JleKTPH4eCKOe none MomeT B npHHL!Hne AOCTHraTb 3Ha-
4eHHH, Ha HeCKOilbKO nOPRAKOB BeJlH4HHbl 56JlbWHX Tex' KOTOpble 
xapaKTepHbl AilR nonyTHOro ABHmeHHR ny4Ka H BOJlHbl /pe30HaHc C 
MeAJleHHOH H 5blCTpoA neHrMIOPOBCKHMH, HanpHMep' MOAaMH ny4Ka/. 

2. K11HEMATl1KA B3Al1MOJlE~CTB11R PEnRTl1B11CTCKOro nY4KA 
C BCTPE4HO~ nPOJlOnbHO~ 3nEKTPOMArHl1THO~ BOnHo~ 
/E-BOnHO~/ 

8 OCHOBY paCCMOTpeHHR nonomHM rHAPOAHHaMH4eCKOe onHcaHHe 
3JleKTPOHHoro nY4Ka Hero B3aHMOAeACTBHR C nPOAOilbHOH 3JleKTpo
MarHHTHOH BOJlHOH, pa3BHTOe B npeAblAYutHX pa5oTaX /l, 21 • 

B o5uteM CJly4ae I1106oro B3aHMHoro HanpasneHHR CKOPOCTeA 3JleK
TPOHOB ~ H ¢a30BOH CKOPOCTH BOJlHW f HHTerpan ypasHeHHH ABH
meHHR 3JleKTpOHOB HMeeT BHA: 

y~ + ¢ = Const = -y~ , 
'V""-!l~ ..., 

06bE·:nn·EHH':''7 MHCT'~T!:lT 
9.0.EP· bl' ::ccm::;! 3/, 

6Vl6fl:-'101'EK~ 
"--'-
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me 2 eu d¢ .,. k np114eM E = Ez = - -·-, 'I' = - eut + kz; w, - 4acToTa 11 
evy d 1" 

BOJlHOBOH eeKTop BOilHbl lk = kzl, y = (1-v2le2)-½ , y~ -
Ha4allbHOe 3Ha4eH11e ,y'. 

I 
, e 

s <!>oPMYJle 1 / ·Ye - pem1Tl1Bl1CTCKl1H ct>aKTOP 3JleKTPOHOB B c11-
CTeMe OTC4eTa, AB11my~eHCR C <!>a30BOH CKOPOCTb~ BOilHbl, B Aallb

' HeHWeM AM KpaTKOCTl1 ens /Cl1CTeMa nOKOR BOilHbl/. ScI1eACTBl1e 
3aKoHa npeo6pa3oeaHl1R 3Hepr1111-11Mny11bca 11MeeM 

Y; = YYe(1-f3f3e), /3 = vie, /3e = Vele 

11 AI1R CKOpOCTl1 

13; = 
f3e - /3 
1- /3/3/ 

/2/ 

13/ 

113 <!>OPMYilbl /1 / B11AHO, 4TO no Mepe pocTa noTeH1.111ana BOI1Hbl ¢ 
MOmeT HaCTynl1Tb MOMeHT,KOrAa ny40K Bens OCTaHOBl1TCR, T.e, 
nPOl130HAeT 3aXBaT 3JleKTPOHOB BOilHOH. 3To 3Ha4eH11e o6o3Ha411M 
¢s: 

¢s = Yo' - 1, /4/ 

3Ha4eH11e ¢s orpaHl1411BaeT pocT nOilR BOilHbl 11 MaKCl1MallbHOe 3IleK
Tp114ecKoe none, reHep11pyeMoe e P3n, nocKOilbKY AI1R nonyTHoro 

➔ ➔ I , I AB11meH11R lvettv ee1111411Ha y0 He o4eHb ee1111Ka Hanp11Mep, AilR 
6blCTPOH BOilHbl np11 /3 - 1, /3 > f3 e' ·Y~ = ·Y·Y O ( 1 - f3o) 11 EM- y o<1-f3J/. 

HHoe nonomeH11e 6yAeT AI1R BCTpe4HOro AB11meHl1R ny4Ka 11 BOilHbl 
➔ ➔ 

I vet .i. v I, Kor Aa 

f3 = f3z =-1/3 I. /5/ 

H3 <!>oPMYilbl o6paTHoro npeo6pa_30BaHl1R CKopoCTl1 
/3;-jpj 

/3 e = T:;:-1 /31 /3 : 
B11AHO, 4To np11 /3~= I /31 /3 8 = 0, •Y~ = y , T.e. ny4oK ocTaHae1111-
eaeTcR B na6opaTOPHOH Cl1CTeMe KOOPAl1HaT, 4TO COOTBeTCTByeT 
3Ha4eHl1~ noTeH1.111ana nOJlR BOilHbl 

'PocT = Y; - ·Y = y(2y0 - 1). /6/ 

no Mepe AallbHeHwero pocTa nOilR BOJlHbl B YCI10B11RX AOnnepoBCKoro 
pe3oHaHca' 11 np11 3Ha4eH1111 noTeH1.111ana 

¢ 8 = ·Y·Y O ( 1 + I /3 I /3 0 ) - 1 

2 

171 

i~i __ :_. 
I,,, 

, 

] 

npo11CXOAl1T 3aXBaT 3JleKTpOHOB BOilHOH. np11 penRTl1B113Me ny4Ka 11 
BOilHbl B na6opaTOpHOH Cl1CTeMe OTC4eTa np11 BCTpe4HOM AB11meH1111 
11MeeM 

y' .,. 2 yy » 1. 
0 0 /8/ 

8/ 
.. 2 .. 

ct>opMyna / - aHanor 113eecTHoro 3¢¢eKTa Y a YAaPHoM ycKope-
H1111 S.H.SeKcnepa 11 B MeToAe BCTpe4HWX ny4KOB; see OHl1 11Me~T 
OAHY 11 TY me Kl1HeMaTl14eCKY~ npl1pOAY· 

TaKl1M o6pa30M, pel1RTl1B11CTCKl1H ¢aKTOP 311eKTPOHOB e_ens MO
meT 6b1Tb eecbMa ee1111K, ropa3AO 6onbwe, 4eM AI1R nonyTHoro AB11-
meH11R. nepeXOA K np11H1.111ny BCTpe4HOro ABl1meHl1R ny4Ka 11 BOilHW 
no3eonReT oTOAB11HYTb oa.11e1Co eeepx no no.mo saxeam 3.11e1C
mpo11.oe 60.IIH.OU 11 TeM caMblM coxpaHl1Tb Aame np11 04eHb C11Ilb
HblX nonRx KBa311I111HeHHOCTb npo1.1ecca pe3oHaHCHoro AonnepoecKoro 
B3a11MOAeHCTBl1R ny4Ka 11 BOilHbl, r11APOA11HaMl14eCKoe era on11caH11e, 
6wcTpoe HapacTaH11e nonR np11 pe3oHaHce 11 T.A. TeM caMwM e np11H-
1.111ne OTKPblBaeTCR B03MOli<HOCTb AOCT11meHl1R 04eHb OOilbW11X 311eKTp11-
4ecKl1X noneH a P3n. 

3. OUEHKA MAKCHMAJlbHOro non~ SOJlHbl 

S CBR311 C KBa3111111HeHHblM xapaKTepoM npo1.1ecca B3al1MOAeHCTBl1R 
ny4Ka C BOilHOH np11 YCI10B1111 

¢ ~ 0,5¢ 8*, /9/ 

01.1eHKY MaKCl1MallbHOro nonR BOilHbl MOmHO npoaecT11, 11cnoI1b3YR 
npeAnonomeH11e O rapMOH114HOCTl1 /MOHOXPOMaT114HOCTl1/ BOI1Hbl 

i(-<ut+kz) 
¢ - I¢ le 

Hcnollb3YR CBR3b MemAY E 11 ¢, a TaKme <!>oPMYilbl /8/ 11 /9/, nony-
4aeM 

211me 
2 2 7TV 

IE IMBKC :; Yo' A=--. /10/ 
eA (l) 

*3aMeTiw, 'lTO Ha KBasnnnHettHOH CTaAHH I¢ $ 0,5¢s I He AOCTH-. 

raeTCH H gHa'leHHe nonH ¢OCT' Mano oTnH'lalOJl\eecH OT ¢ s IlPH r: >> 1. Bonpoc O TO'lHOM BbmonHeHHH ycnoBHH /9/ eCTb BOnpoc 

CKopee 3KCnepHMeHTanbHbJH /B TOM 'lHCne H C TO'lKH 3peHHH cne~n

anbHoro BbJBOAa CHCTeMbl li3 pegoHaHca IlPH AOCTH)KeHHH /9//' He

)KenH TeopeTH'leCKHH. HennHenHaH TeopHH/1/ IlO3Bon.HeT H npeBbJ

CHTb nopor /9/. 
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8 Ka4eCTBe Hnn~cTpa4HH B03bMeM 

Y
0

= 10, >-= 3 CM. 

TorAa HMeeM: 
7 

E MBKC = 10 8/CM. 
/11/ 

➔ 

C noMOll.\b~ Hecn0>KHoro aHanH3a ypasHeHHfl MaKcsenna divE = 411p = 

411J~ 
=~MomHo noKa3aTb, 4TO Anfl nony4eHHfl TaKoro nonfl Heo6xo-

11a v 0 
AHM ~OK 3neKTPOHHoro ny4Ka nopflAKa 1 00 KA I J.., = 40 KA I , T. e. 
n :::: 2-10 lS CM-S. 

e 0AHHM H3 samHeiiWHX aonpocoa B CBfl3H C paCCMOTpeHHblM npHH-
4HnOM BCTpe4Horo ABHmeHHfl ny4Ka H aonHbl npH AOnnepoBCKOM pe-
30HaHCHOM B3aHMOAei1CTBHH flBnfleTCfl 3HepreTHKa 3Toro B3aHMO
Aei1cTBHfl' T. e. o6MeH 3HeprHei1 MemAY nponeTHblMH 3neKTPOHaMH 
H E-aonHoii. 

AHanH3, KOTOPWH MW 3AeCb He npHBOAHM /3TO npeAMeT cne4~anb-
HOH pa6oTw/, noKa3WBaeT, 4TO C y4eTOM HenHHeHHWX 3¢¢eKTOB B 
paMKaX ycnOBHfl /9/ ny40K o6MeHHBaeTCfl 3HeprHei1 C aonHoii. 
npH 3TOM penflTHBHCTCKHH ¢aKTOp ABHmeHHfl 3neKTPOHOB MeHfleTCfl 
cna 6o I Lly

0 
/ Ye << 1 I , a nepeAaBaeMafl MOll.\HOCTb MomeT AOCTHraTb 

coTeH MeraaaTT H 6onee. 
PaccMoTpeHHblH npo4ecc MOmeT npeACTaBHTb HHTepec Anfl 3¢¢eK

THBHoro ycKopeHHfl 3apf1meHHblX 4aCTH4 AO caepXBblCOKHX 3HeprHi1, 
a TaKme Anfl reHepa4HH 3neKTpoMarHHTHoro H3ny4eHHfl 6onbwoi1 
MOll.\HOCTH B caHTHMeTpOBOM AHana30He. 

B 3aKn~4eHHe aaTop ab1pamaeT r11y60KY~ 611aroAapHOCTb K.A.Pe
weTHHKoaoii 3a o6cymAeHHfl H KOHCTPYKTHBHble 3aMe4aHHfl. 
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0 reHepa~HH caepXCHnbHb~ 3neKTPHl!eCKHX 
none~ B penHTHBHCTCKHX 3neKTpOHHb~ IlYl!KaX 
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IloKa3aHo, l!TO nepeXOA K npHH~Hny BCTpel!Horo ABIDKeHHH 
nyl!Ka H BOnHbl CHHMaeT OCHOBHYIO TPYAHOCTb pe30HaHCHoro 
AonnepoBCKoro B3aHMOAeHC_TBHH, CBH3aHHYIO C 3axBaToM ~neK
TpOHOB BonHoH, H Il03BOnHeT reHepupoBaTh OlJ'.eHb CHnbHble ne
peMeHHble 3neKTPHl!eCKHe nonH B CHnbHOTOlJ:HI,~ penHTHBHCTCKHX 
3Jl'.'eKTpoHHb~ IlYl!Kax, IlOPHAKa 107 B/cM. 

Pa6oTa BbmoJmetta B J1a6opaTopuu BbICOKHX 3HepruiI OIDIH. 

Coo6~eHHe 061,e.o;HHeHHoro HHCTHTyTa R,D;epHblX HCCJie,D;OBaHHH. ,lly6ea 1989 
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Bonch-Osmolovsky A.G. 
On the Generation of Very High Electric 
Fields in Relativistic Electron Beams 

P2..:i89-83 

It is shown that the introduction of the principle of 
opposite beam and E-wave motion overcomes the basic diffi
culty of the resonance Doppler interaction connected with 
the wave capture of electrons and allows one to generate 
very high electric fields of the order of 107 .V/cm in re~ 
lativistic electron beams. 

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