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PaCCMOTpV1M 3neKTpOHHO-V10HHYIO ra30BYlO CV1CTeMY, HaXOARUlYIOCR 
B 6eCKOHe4HO 60nbWOM 06beMe. nOnOmV1M, 4TO B cpeAHeM AaHHaR CM

CTeMa KBa3MHe~TpanbHa 14 OAHOpOAHa B npOCTpaHCTBe. TorAa, KaK 
V13BeCTHO, B TaKO~ CV1CTeMe B03MOmH~ nna3MeHHWe BOnHW, OTKpW

/
TWe B 1928 r. fleHrMIOPoM!I . KV1HeTV14eCKaR TeopV1R 3TV1X Kone6aHMA 
6b1na C03,QaHa BnaCOBblM '2,3', KOTOp~A nOnY4V1n AV1CnepCV10HHOe ypaei
HeHMe AnR C06CTBeHHbiX nna3MeHHbix BonH. Ha OCHOBaHI<1V1 Ha~AeHHO

ro ypaBHeHMR BnaCOB npeACKa3blBan HapRAY C neHrMIOPOBCKIIIMM Bon
HaMV1 eUle OAV1H BI<1A nna3MeHHb/X BOnH, $a30BaR CKOPOCTb KOTOPWX 
6nM3Ka K TennOBOA CKOPOCTV1 4aCTV14 '~J. OAHaKO, KaK nOKa3anM 
AanbHeAwMe V1ccneAoBaHMR, npM HepenRTMBV1CTCKMX TeMnepaTypax 
3TOT BV1A BonH He peanM3yeTcR BBMAY CMnbHorO"3aTyxaHMR 141. $OP

ManbHO nna3MeHHoe AV1cnepCMOHHoe ypaBHeHMe MMeeT M APyrMe pewe
HMR, KOTop~e npV1 HepenRTMBMCTCKMX TeMnepaTypax $M3M4eCKM He MH

/TepeCHbl M3-3a 60nbwoA MHV1MOA 4aCTM KOMnneKCHoA 4aCTOTbl'5 . He
AaBHO B pa60Tax'S, 7 I 6blno nOKa3aHO, 4TO B cny4ae OAHOMepHoA 

nna3M~ npM penRTMBV1CTCKOA TeMnepaType HapRAY C neHrMlOpOBCKMMM 

BonHaMV1 B nna3Me Mo~eT CYUleCTBOBaTb eUle OAMH BMA cna603aTyxalO
UlMX BonH. CneAyeT OTMeTV1Tb, 4TO YKa3aHHaR OAHOMepHaR nna3MeH
HaR MOAenb paCCMaTpMBanaCb B pRAe CTaTeA /8 10', cornaCHO KOTO

pblM TaKaR CMCTeMa Mo~eT 6b1Tb peanV130BaHa npM Hanlll4V1M CMnbHoro 

BHeWHero MarHV1THoro nonR. 
l.\enblO HacTORUlel:1 pa60Tbi RBnReTCR V1ccneAoBaHllle BnlllRHIIIR paAMa

41110HHoro TopMomeHIIIR 3apRAOB B KonneKTMBHOM none BonHbl Ha 3aTY
xaHllle HOBoro BMAa nna3MeHHol:1 MOAbl, 06Hapy~eHHoA B 16, 7/, KaK 143

BeCTHO, B cnY4ae penRTMBIIICTCKOA nna3MbI paAMa41110HHoe 3aTyxaHllle 
nna3MeHHblX BonH npeBblwaeT 3aTyxaHllle 3a C4eT KynoHoBcKIIIX CTonK
HOBeHIIIA '11'. 

PaCCMOTpMM penRTIIIBMCTCKoe KIIIHeTM4eCKoe ypaBHeHllle BnaCOBa 
C Y4eTOM paAMalllllOHHoro TopMomeHMR 3apRAOB 112,13/: 
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42 e 
+ - --(F.. Uj)(FiIDu ) n 	 /2/3 m2 CO IJ m U , 

f - BocbMHMepHaR $YHK4HR pacnpeAeneHHR, CBR3aHHaR C ceMHMepHoH 
COOTHoweHHeM 

/3/f f(x i , ul,U2,u3)28(uo)0(uiui - 1), 

F ni 
- TeH30p 3neKTpoMarH~ITHoro nonR, onpeAenReMblf1

w 

1-13 ypaBHeHHH
w 

MaKCBenna: 

iaAn 	 a2Aini aAF = 417 Je uif d 4u • /4/ 
aX i aXn aXnaXn 

flHHeapH3YR cHcTeMy YPaBHeHHH /1/-/4/ OTHOCHTenbHO OTKnOHe
HHH aT KBa3HpaBHOBeCHoro COCTORHHR H Hcnonb3YR CTaHAapTHy~ 
npo4eAYPY peweHHR nonY4eHHoH CHCTeM~ ypaBHeHHH /5 ! AnR $YPbe
rapMOHHK B03My~eHHH 3neKTpoMarHHTHoro nonR HaxoAH~ cneAy~~ee 
AHcnepcHoHHoe ypaBHeHHe: 

214	 , 21 +!. 17e (~ ~[(l - l-r u j ) f 0 (~ )] d 3u 0, /5/
L ka ua ko au l 3 0me 

rAe fo(~) - HeBo3My~eHHaR TpexMepHaR $YHK4HR pacnpeAeneHHR 4a
CTH4 no CKOPOCTRM, ka - 4eT~pexMepH~H BonHoBoH BeKTop (k a 
= ko,k I , 0,0), CYMMHpoBaHHe nOApa3YMeBaeTcR no COPT aM 4aCTI-1~ 
/3neKTpOHaM H HOHaM/, L - KOHTYP HHTerpHpOBaHHR, ro = e 2/me 2 
KnaCCH4eCKHH paAHYC 3neKTpOHa /HOHa/. 

6YAeM nonaraTb, 4TO TennOBOH pa36poc 4aCTH4 nna3M~ HMeeTCR 
TonbKO BAonb OCH x /BAonb BHeWHero MarHHTHoro nonR/ H nOA4H
HeH 	 penRTI-1BHCTCKOMY 3aKOHY MaKCBenna /pacnpeAeneHHe ~THepa
CHHra /MI /, TO eCTb /71 

/6/fo(~) '" n(2K l (a exp(-a u )0(u 2 )0(u 3 ),o

rAe 	 KI(a)- $yHK4HR MaKAOHanbAa /lo/ , o(u n ) - $YHK4HR ,llHpaKa, 
a me 2/T. t - TeMnepaTypa. 

YpaBHeHHe /5/ 6e3 Y4eTa paAHa4HOHHoro TOpMOll<eHHR B ynb'Tpa
penRTHBHCTCKOM TeMnepaTYPHOM npeAene (a « 1) HccneAOBaHO 
B pa60Tax 16,71, rAe 6blno nOKa3aHo, 4TO B 3TOM cny4ae ypaBHeHHe 
/5/ MOll<HO B~pa3HTb 4epe3 H3BeCTHY~ cne~HanbHY~ $YHK4H~. no
Kall<eM, 4TO B HaweM cnY4ae AHcnepCHOHHoe ypaBHeHI-1e /5/ npH YC
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nOBHI-1 /6/ B~pall<aeTCR 4epe3 Te lI<e caM~e cne4HanbH~e $YHK4HH. 
,lleHcTBHTenbHo, y41-1T~BaR paBeHCTBO 

a 2 ' ,2 afo-[0 i-rkuJ)f] (l - 1 - r k ua )-- + 
0au l 3 0 j 	 3 0 a au I 

/1/ 

+(~ +~_~ afo), 
a au1 a u I au 1 

BMeCTO ypaBHeHHR /5/ HaxOAHM 

2 	 1
'" 4 17e (I ,2. (u0 U (H o d 3 ++.:..-- I-l-r u 


me 2 3 0 k 0 a L ka U a k 0 au l 


/8/ 
2 

+ 	!. 417e ( _ i 2 l) ( U ul ~ d3u o. 

m e 2 3 ko LOa u I 


npOBeAeM HaA nocneAHHM cnaraeM~M B /8/ 4en04KY npeo6pa30BaHI-1H: 

a 	 au I d3ur 	 2K ( ) J u luI exp ( au) d 1 
(Ju l 1 a 	 0 U = 

a2-a -au(u~-l)exp(-auo)dul a (I _) (e °du 1", 
2K 1 (a ) 2K 1 (a) aa 2 

/9/ 
a 2 

a K~) da2 K 1(a) 2a + K 2 (a)/K l (a). 

TaKHM 06pa30M, nOCneAHee cnaraeMoe AI-1CnepCHOHHOrO ypaBHe
HI-1R /8/ B~pall<aeTCR 4epe3 cne4HanbH~e $YHK41-11-1 - Kv(a) -$YHK41-11-1 
MaKAOHanbAa. ,llpyroH I-1HTerpan B /8/ COBnaAaeT C aHanorH4H~M I-1H

.. 	 TerpanOM I-1a pa60T~ 17/, B KOTOPOH OH B~pall<eH 4epea cne41-1anbHy~ 
$YHK4H~ - E 1(z) - I-1HTerpanbHy~ nOKa3aTenbHy~ $YHK41-1~ MHHMoro 
aprYMeHTa. B peaynbTaTe AnR ynbTpapenRTHBI-1CTCKOH OAHOMepHOH 

.... 	 nnaaM~ (a « 1) HaXOAI-1M cneAy~ee AHCnepCI-10HHOe ypaBHeHHe: 
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i .2 2 	 2k i u a:l (d 	 a 1 
1 +~(l+i~ro 2k 2 c2 Kl(a) IK 1(u) ; [J(a) -J(-a)]3 koa 

+ 	 i77t'}(-Imw)8(-Re uJ .~ kc)(a 2 1 )'12 exp( aa)! /10/ 

2 2 K2 (a) ),
" i -	 r ~(2a +.:.. 3 	 0 2w K 1 (a ) 

c a c~rAe w~= 417e2 n/m - nJla3MeHHaR 4acToTa, k Ik i, (I) 


= k c I (k2 C 2 _ (1)2) ,/, 0 (x) - (j)yHKL\VlR XeBVlcalllAa, 


exp (a a ) I 1n [ ( a 2 - 1) '/2 -I a 1 [ E 1 (a a ) In ( 2 a ) J(a) a 

/11/ 
(a 2	 1)'/2 

+ 	(]n ~ + C) exp(-a an!. 
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B 06JlaCTVI (j)a30B~X CKopOCTeA BOJlH wk, 6JlVl3KVlX K CKOPOCTVI CBe

Ta, KorAa la I» 1, ypaBHeHVle /10/ MO~HO ynpocTVlTb VI CBeCTVI 

K BVIAY 

+ 	 ~(l + i~ro 'P(z) 
3 ko (1 


/12/ 

" . 2 	 ro (d ~ ( K (a) ) 
- .:.. 1- -- 2a .. ,


3 CM K 1 (a) 


rAe z £la, 

'P (z) z E 1 ( z) exp ( - z ) z E 1 ( z ) exp ( z ) 2 
/13/ 

+ i 217() (- 1m z.) z exp ( z). 

PaCCMOTpVlM ypaBHeHVle /12/ B 06JlaCTVI 3Ha4eHVlIII BOJlHOB~X BeK

TOPOB, YAOBJleTBOpR~~VlX HepaBeHCTBY 

2 2 2 /1
k C 	 « w p la • 

TorAa 	ypaBHeHVle /12/ B nepBoM npVlMeT BVIA 

/15/'P(z) 	 0, 

rAe AJlR npocToT~ npeHe6peraeTcR BJlVlRHVleM VlOHHOIII KOMnoHeHT~, 

TaK KaK mj me' CJleAOBaTeJlbHO, Bonpoc 0 cy~ecTBoBaHVlVI C06CT

BeHHo~ nJla3MeHHo~ MOAbl B 06JlaCTVI /14/ CBOAVITCR K Bonpocy 0 cy

~eCTBOBaHVIVI KopHelll TpaHCL\eHAeHTHoro ypaBHeHVlR /15/. COrJlaCHO 
pe3YJlbTaTaM pa60T ~.7! ypaBHeHVle VlMeeT KOMnJleKCH~III KopeHb: 

/16/
Zo X 	 t iy 7,467 7,092· i . 

.llaJlee, nOJlaraFi z Zo nz, rAe i!\zl </ 2: 0 , VI JlVlHeapVl3YR 

ypaBHeHVle /12/ OTHOCVlTeJlbHO n z , B cneAY~lI1eM npVl6JlVl~eHVlVI Haxo

AVIM 

j\ z 	 Ax -l. 

rAe 

<p"
.1x 	 b Ay 	 b /17/

2 	 4>,2. cb"2 

3AeCb 

4>' 	 Rei 'P(z)] <pI' Imr~ z 2 'P(z)1 /18/ 
dz z Zo 	 dz Z = Zo 

r 2
.2 ob 1- (2a ... K 2 (a)/K 1(a». /19/

3 cw 

~3 (j)OPMYJl /16/-/19/, npVlHVlMaR BO BHVlMaHVle 0603Ha4eHVlA z aa, 
AllA 4ac TOTbl KOlle6aHVlA (1)' = Re (JJ VI AllR AeKpeMeHT a 3aTyxaHVlR Y 

1m (tl 	 HaXOAVlM 

(I) 	 kc 11 a 2 .-lX_ ..A-X)2 -...J..L..2...Q.~) 21• /20/
2 «x 	 AX)2 -\-(y . ny)2)2 

yAy) 
y ---- kc. /21/ 

)2 
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~cnonb3YR Ta6n~4~ 3Ha4eH~~ AnR $YHK4~~ E l (z), AnR npO~3BOAHO~ 


$YHK4~~ '1'( Z) B T04Ke Z Zo HaXOA~M 


r 0 UJ 2 
y 	 O,5.1O-2 a 2 kc + O,9·1O-3 a . --p. /22/

C 

BTopoe cnaraeMoe B B~pa~eH~~ /22/ npeACTaBnReT co6o~ paA~a4~OH
Hoe 3aTyxaH~e nna3MeHHOH BonH~, a nepBoe - 6ecCTonKHOB~TenbHoe 

3aTyxaH~e naHAay. OTMeT~M. 4TO paA~a4~OHHoe 3aTyxaH~e paCCMOT
peHHO~ nna3MeHHO~ MOA~ He 3aB~c~T OT BonHOBoro BeKTopa nna3
MeHHOH BonH~ ~ AnR w~pOKoro Knacca napaMeTpOB nna3MeHHOH cpe
A~ MHoro MeHbwe 3aTyxaH~A naHAay. H3 nonY4eHHoro B~pa~eH~A /22/ 
cneAyeT TaK~e, 4TO paA~a4~OHHoe 3aTyxaH~e AaHHoro B~Aa BonH 
B O,9.10-3a pa3 MeHbwe paA~a4~OHHoro 3aTyxaH~R neHrM~pOBCK~X 
BonH B xonoAHoH nna3~e 113! 
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BoronroooB H.H./Mn./, llonHKOB ll.A., P17-87-128 
TaceB M.A • 
PaAH~HOHHoe saTyxaHHe HOBoro BHna 
nnaSMeHHhlX BonH B penHTHBHcTCKOH 
oAHoMepHoH nnaSMe 

HccneAoBaHO AHcnepcHOHHoe ypaBHeHHe AnH nnaSMeHHhlX 
BonH B penHTHBHcTCKOH oAHoMepHoH nnaSMe C yqel'OM PaAHa
UHOHHOI'O TOpMO)l{eHHH sapmKeHHblX qaCTHU. llOKasarjO, 'ITO 
BcneAcTBHe TOpMO)l{eHHH SapHAOB HsnyqeHHeM B KOnneKTHBHOM 
none BonHbl BTOPOH BHA nnasMeHHblX KoneoaHHH HMEleT AononHH
TenbHoe saTyxaHHe B ynbTpapenHTHBHCTCKOM TeMnepaTypHoM 
npeAene, KOTopoe OKaSaJ10Cb MeHbwe aHaJIOI'HqHOro saTyxaHHH 
nnaSMeHHhlX BonH npH HepenHTHBHCTCKOH TeMnepaType. 

PaOOTa BbInOnHeHa B naoopaTopHH TeOpeTHqeCKOH <pHSHKH 
OllilH. 

npenpHHT 061>eJlHHeHaOrO HHCTHT)'Ta RJlepHhlX HCCJleJl08aHHH . .lly6aa 1987 

nepeBOA aBTopoB 

Bogoliubov N.N. (jr.), Polyakov P.A., PI7-87-128 
Tassev M.A. 
Plasma Wave Radiative Attenuation 
of a New Kind in Relativistic One-Dimensional 
Plasma 

The disper~ion law for plasma waves in relativistic . 
one-dimensional plasma is investigated taking into accound 
radiative damping of charged particles. This kind of plas~ 
rna oscillations is shown to undergo an additional atten
nuation in ultra-relativistic case due to radiative bra
king of charged particles in the collective field of the 
wave. This extra attenuation is proved to be less than 
one at nonrelativistic temperatures. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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