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ElflH-442(49)-80 

A.Ts.AMATUNI, S.S.ELBAKIAN, E.V.SEKHPOSIAN 

SOLITON EXCITATION IN NON-ISOTHERMAL ELECTRON-ION 

PLASMA BY ELECTRON BUNCH WITH GIVEN PARAMETERS 

The problem on the excitation of stationary solitary waves 

(solitons) in the electron-ion "non-isothermal collisionless 

pla8lll8 by the given external electron bunch is precisely 

solved. It is shown that solitons in such plasma may become 

excited by the electron bunch only provided the definite va­

lues of electron velocity and density, with only one of these 

parl!!.llletera p~ing free. 
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BosMOlKHOCTb ~PMH.POBBHHH aneKTpOHHblX crycTKoB; ABHJKYI:\HXCH 

B IlJIB.3Me Ha 3HaqHT8JibHble ;paccTOJIHHH 6ea CYlll9CTBeHHblX A8~0pMa­

~R HCCJI8AOBaJlaCb B p.R,D,e ;pa60T [I-3] . 
B ;pa6oTax ~-6];paccMoT;peHo soa6y)l(,U.eHHe TaKHMM cryCTKa.\W 

;pa.aJIHqHbJX THIIOB CT~OHB,pHlilX HeJI.MHeAHblX BOJIH B rrJiaaMe. 

B HacTOJlll~elt pa6oTe CTaBHTCH H TOtniO pewaeTcH aa,n.aqa o sos 

6YJK,D.eHHH 38,lJ,aHHblM BHeWHHM cryCTKOM SJieKTpOHOB CT~OHB,pHb!X 

yeAHff9HHh1X BOJIH (COHHTOHOB) B aJieKTPQHHO-HCHHOlt H9H30TeVMHqec­

KOR 6ecCTOJIKHOBHT9JibHOlt nnaaMe. Iloxaaa.HO, qTO COJIHTOHbl B TaKoR 

llJiaaMe MO!'yT B036YJK,D.aTbCH crycTKOM SJieKT~OHOB JIHWb II.PH onpeAe­

JieHHblX 3HaqeHHHX CKO;pOCTH H ITJIOTHOCTH 3JI9KTP0HOB B HeM,npHqeM 

cso6oAHblM HBJIHeTC.H HHWb OAffH Hs 3THX na.pa.MeT;pos. 

Il:pe,u,rronaraeTcR, qTo aJieKTpoHHl>IA crycTOK, ABHJKyll\HAcH BAOJib 

OCH l co CKOpOCTblO v., . HMelOll!ldi 6eCKOH9'fIBb!e ;paaMe;pbl B Ha -

npasJI6HHHX, nepneHAffKYHH;pHbIX OCH l • np0Tflllt9HHOCTb Q BAOJib 

°l H llOCTOHHHYJO llJIOTHOCTb ;pacnpeAeJieHHH 3JI9KTpOHOB n g 1 

IlPOHH3b!BaeT aJieKTpOHHO-HOHHYJO !1JI8.3M,Y c XOJIO,!l.HblMH HOHB.MM HrOpH­

qffMH aJieKTpOHaMH. BHyT;pH crycTKa, nocne onpeAeJieHHoro s;peMeHH 

penaxc~H, ycTBHaBJIHsaeTcn: noJie E = 0 HJIH nocTOHHHbIR no-

TeH~aJI tp = lf 6 , qTo ecTb ycnoaHe ~aBHOBecHH crycTKa. 
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Hcxo,IJ,Ha.R Ce.MOCOrJiaCOBaHHaH CHCTeMa YlJaBHeHM~ ,U.BmKeHH.fi H Hen~­

p~BHOCTH AJl.fi HOHOB Ill ypaaHeHH.fi IlyaccoHa HMeeT BH,n.: 

'dU;. .. U.t ~ : - 'Cllf , 
at az a~ 

'OnL 0 
at + a-i l tii. u.;.) = O. 

'O?.~ 
~ : ttc. + rt..g - n.. al ~.I 

EJ (Z) = { ~ 

rte= ng (et~).- El (i! -a.>'J, 
npH 1. < 0 1 

npH"l'> 0, 

(I) 

r,n.e 11.i. ' Llt - TIJIOTHOCTH H CKOpOCTH HOHOB, a rte -nJIOTHOCTb 

3JleKTpOHOB nJia3~, OTIHCblBaJlliia.RC.fi <5oJib1'4aHOBCKHM pacnpe,n.eJieHH~M 

c yqeTOM aaxBaTa aJieKTpoHOB B noTeHI.{HaJibffYKl HMY (CM.HHJ!te IPoPMY­
JIY (5n Bee aeJIHtUiHbT a (I) npe,n.cTaaJieHbt a. <5eapaai.iepHhTX e,11,HHK­

qax: DJIOTHOCTK H3MepRIOTC.fi B e,11,HHHI.\ax paBHOBeCHOil f!JlOTHOCTH ane··­

B. e,eyIHHI.\ax 
TpOHOB H HOHOB 11. e 0 ::: 11. i. 0 ; q1mpocTH 

Vs= he/ mi. , r.n.e Te - sJieK· 
JCKOpOCTllI llIOHHO'I'O 5BYKS 

T,POHHrul 1'eMnepaTY1Ja, lnL - Macca HOHa; ,D,JllllHb! H3M6,P.fl10TC.fi B 

~,11,HHKl.\ax ,D,JIHHbl .n.e<5aencKoro pa.,eyiyca a. e =- \J s / CJ pt , ( CJp i. • 

4' H3Mep.ReTCR B 0,11,HHH-

1\alC Te /e ,a noJie E - B e.D,HHKI.\!iX Vs 11\.~ C.Upi. 

IloJie Ill llOT0Hl\RaJI B <5espasMepHblX e,D.MHH48X. CB.R3aHb1 o<5bl1Ut"1M COOT-

HOHHa.R IIJiasMeHHa.R qacToTa). IloTeHI\RaJI 

HOWeID!eM E = - a 4' I a l. 
Ilpe,t1,110JioJKeHHe E =- 0 H ~ =- !-!' r, ,. con.~t 

npHBO,uJIT K ycJIOBHm He~TpaJibHOCTH 

tteg + rtr, - rt.t6 .,. 0, 

4 

~ 

BHyTpH crycTKE 

(2) 

I 
I 

I" 

r11.e rteG H rt. i. f1 - YCTBHOBHBillH0C.fi llJIOTHOCTH 3JI0K'l'lJOHOB H 

HOHOB iiJ1a3~t.I:; BHYTPi1 crycTKa, rtr, - 38AatfHasi BHeWH.fiR TIJIOTHOCTb 

3JleKTpOHOD CI'YCTKa. 

,IJ,JI.fi H8.XO)!(,ll,0HlllJ'l CTa.qHOHa.pHb!X peweHHA CHCT0Mb1 (I) B BH,11.e 

ye,IJ.HHeHHLIX BOJIH, aaBV.CJ'llqi'IX 0'1' KOO.{l,D,HHaT H BpeMeHH Kaxl=l-Y& i:: I 

TIOTpe<5yeM lp: 0 , Lp' = 0 ' 11.i. = 1 llpTri 2 - "± 00 • • 

Tor.n.a ne~Bble .IJ.Ba ypasHeH1r1a: c1r1cTeMbl (I) npHBO)J,llT K cJte,DyJOiql'!M 

BhJ:P8.lK0HHJ'lM 

HJIH 

v,, 
t1.i. = Vg - LLi. 

( Vr, - Ui.) ~ V,,'a 
-2-- + lf= T 

1 . 
n.·= - - 1 

l V1 -e. lf /Vg~· 

Ui.,"' Vti ( 1 - J 1 - 2. ~ / V &a 
1

). 

(3) 

(4) 

(;;I) 

(4 ') 

lfa (4) CJie,nyeT tp = v.,a /2- ( Vr, - Ui. )a/2 > 0 • IloTeHQHa.JibHM 

3He.pI'HH 3JieKT,POHOB ·a TaKOM noJie eCTb u:. - tp <:: 0 ' T.e. 

no OTHOllieHHD K 3Jl0KTpOHaM TIOJie HMeeT x~aKTe.p TIOTeH~TriaJibHOM 

i!Mbl H qacTb 3Jl6KT,POHOB MO~eT 6b!Tb 3axeaqeHa B 3Ty .f!My. 

Y CJIOBH.ff TaKoro saxBaTa no.u.po<5Ho npoaHaJIH3ff.POBaH1>1 s .paoo-

Te [?] (cM.Ta.IOKe [8) H [9) ) , r,IJ.e DOJtyqeHbt cflopMyJibl /J,JUI DJIUT­

HOCTH 3JieKT,POHOB c yqeTOM saxBaTa ( (5e3 HaJillltDIR BHewHero cryc'l·­

Ka 3JieRT,POHOB) 

Re= e
41

[ 1- ct> (.fi.fJ] + 2 JI..' 
<P (~) = Jsr te-x'd x . 

5 
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l~!-iT8!'~11,POB:ume nocJie,ll.He!'O H3 ypaBHeHHil HCXO,ll.Hott CMCTeMbl (I) 

BHe cryCTKa c YlleTOM (3) 111 (5) Lqll'IBO,JJ,HT R ~.YIOIJ.\eMy COOTHOille-

1rn10: 

lf'~ a 
y-=-Vr, [1-.J1-C.lf'/Vr,2 ]+ F (lf), (6) 

r,IJ.e 

llD' 4 3/2 
F'(41)=ei,o(1-<P({lf')]-1+2"9f + 3 8 lf · (7) 

I 

y CJIOBll1£l lp = 0 npv.:eo.r;.eT :IC YtJaBHOHHIO• ,rvrn on.pe,11,eJieHH.fi MHltCJ!iMa.Jlh· 

Hero s11a.'tlernrn Cf= tp,.,, (VG) 
a 

UOJljl'tU1Tb DblPaJY.r)H>ie ,ll,JISI V f, 
• Ha SToro *e ypaBHeHHR MO~Hc 

' KaK tflYHltl,\MH OT lf' m 

~ i 
Vg ""2 

FC!(4'111) (8) 
F ( lf rn) - lf m • 

a 
YcJIOBH.li lf m < V 6 / 2 H l.f111 < f (~m) CJie,IJ,Y!JiqHe H3 (3) H 
(8) oaHatzanT 

lf m < F' { lfm) ~ 2 c.p,,, / 

'tlTO COBIT~eT c YCJIOBHeM .pa60TN [
7] H n.pHBO,JJ,HT K CJie,11,YJ0111ID4 or­

,PaHHtleHHRM Ha tfrn H VG . 

0 < tprn ~ 4, 79 ; I< ·Vf, < 3, I. 

PerueHne ~anHeHH.fl (6) a HORBHOM a111,n.e ,11,aeTCR a1.ipaJKeHHRMH 

lf'ni - J d<f 
t-a. = lp J2f F (~)--- v,,a [ 1-ff.. £<p /Vv/· ] 

(9) 

6 

I 
I 

r . -

fl.PH r Si!:a 1 111 

cp.., 

~=-1 d<f 
qi J 2. { F ( r.p) - v ga [ 1 - J 1 - 2. <f I v /] ) 

,.,, 

(IO) 

rqm?!:: 0 

YcJIOBHe He!liJe,PhTBHOCTM noTeHI.\Ha.Jia Ha r.paHm.19 co crycTKOM 

oaHa'tlaeT, 'tlTO II.pH i! = 01 a. CJ' = cp,.., =- <pf, • 3Hati:eHH.fl )Ke 

YCTaHOBHBlll111XC.fI BHyT.pn crycTKa IlJ!OTHCCTeil 3JI9KT,POHOB 111 HOHOB 

IIJI8.3MH rte f, H n t g , a T8.Kllt0 HOHHblX CKO.pOCTett U i. (; ,JJ,aIOTC.fI 

BhlpaJKeturRMH (3), (4), (5) fl.PH tp = <pg • PaccMaTpHaaeMoe 

.peu;eHHe B BH~e BOSCiY)K,IJ,eHHO!'O crycTKCM CORll1TOHa B03MOJKHO He 

l'l.PH Bcex 3H8.Qeffil.fIX BHeWHHX na,paMeT.pOB v,, H ng . 3a,u.aB Vg, 
Mb! c IlOMOll{blO (6), (3), (4) H (5) onpegeJIReM 3HaqeHHff BeJIHQHH 

<.p 1 11.t 1 Ui. t (!.e) XB,p8.KT9,PH3YJOiqHe COCTO.fIHHe IlJI8.3Mbl. IlpM 

3TOM 3H8.Q9HHR 11.6 OII.peAeJ!SIIOTC.fI yCJICBHeM HettT,PaJibHOCTH (2). 

,[\orrycTHMbte Ha6opb! na,p na,pa.MeTpoa BHemHero nyqKa t"l.t, H Vg fIO] 
rpalflHqecKll1 npegcTaBJieHl>! Ha .pHc.I. Ka.K CJie,D.YeT H3 3Kcne.pHMeHTOB, 

MOHOSHe.preTHtniOCTb nyqKa .flBJUl:0TC.fl CYilleCTBeHHblM ~aKTO,POM ,ll,JI.fI 

BoaCi~eHHR COJIHTOHOB BHellJHHMH IlYllKa.MH 3JI0KT,POHOB. IlpHBeAeH­

Hbre .pacqeTbl IIOKa3b1BaJOT' QTO CTa.qHOHa,pHa.R: Ka,pT11Ha c 06.pa3osa­

HHeM COJIHTOHa BH91UHHM IlYllKOM Ha,pR,D.Y c MOHOSHe:preTMQHOCTblO T,P8· 

CiyeT e111e H OII.peAeJieHHOe 3Ha'tleHHe IlJIOTHOCTef:i :rneK'-,iiOHOB IIY1lK8.. 

_B CJ1Y11ae MaJih!X c.p"' = <.f g < < 1 nOJIY11eHHb!e o611{fl!e tflo:p-

MYJihl ynpoll{al>TCR. IloJiara;r B Bb1Pa.JK0HHRX (2), (3) ' (4), (5)</>g<<f 

H BOCilOJlb30BaBWHCb pasJio~eHHeM 

. 2. 2 !> f s 
cp (~):::-!Sf~ - ~Jlf ~ + S./3f ~ I ~ << 1, 

(II\ 

7 
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~ 

nonytmM: 

4 
ns =- 1sff 

c.p "'/2 6 , 

16 1/2 
11 i. s :: 1 + </'g ( 1- 15 Ji' c.p 6 ) 

I., 1/2 . net :: 1 + lpg (1- 3.[i.;" lf>g ) 

8 f(2) 
Ui& = lJ>r, t 1- 1s$' I.Pg • 

(I2) 

(I3) 

(!4). 

(!5) 

}!HTeI':pH_pOBilliHe Xe ypaBH0HMJl (6) Iq)Hi MBJiblX <pg (a CJI0,D.OBaTOJib• 

HO H If ) rq:JHB0,11,HT K CJl6,D,Yllll!0MY Bb\P8.lll'.0HHIO JJ,JlS{ n:po!l>HJIR BOJIHbl : 

-Ii [ i ( qi,)''~ - ] lp "' lf'g ch 15 5f ( l - a.) ) (!6) 

qTO cosna,u.a.eT c peayJibTaTOM, n:pHB6A0HHblM B [7] c TOA :paaHHqeA, 

qTo B ( I6) <.J'g Bb\PBJKaeTCJl Tenepb qe:pea n~ru.teTphl BHeWHero 

crycTKa aJieKT,POHOB Vg HJIH 11.g ~o,PMyJI8.MH (2) HJIH (8). 

Ha {5) cnepyeT, qTo uaxcHMSJJbHOe qecno aJieKT:pOHOB nnaaMh!, 

aaxsaqeHH&IX B noTeHQHSJJbHYIJ SfMY, ecTb 

ma.x 2 r.--. 
rte ~ = {j' " c.p& (I?) 

CJie,IJ.OBaTeJibHO, BM6CTO HaTlt:t.JlbHOI'O nyrnca C UJIOTHOCTblO n g B 

nJiaaMe ABHllteTc.11 nyqoK c 11J10THOCTbll n g + rte ?ia.x 

MaKCHMaJI&Hoe aHaqeHHe KoaqxpHL\H0HTa yeeJU1qeHH.R I!JIOTHOCTH ,u.BHJltYIJ{e­

ro~.Jl B nnaaMe lll"tlKa pasHo 

8 

. •. 

·t 
I 

K : n. 

rno.." n.r, + rte Ja.~ 
ng 

= 1'+ 
lllG.ll ne ~a.x 

rti 
(IS) 

Ilp1o1 Ma.JrbO: CJ'g K n. = 1 + 1s/2. <pg H MOllteT . 6b!Tb 3Ho,qJ~-

T6JlbHO <501ibwe 6,11,HHHI,\bl.· llpH 11.pOH3BO;JbHl:IX 3HaqeH>1RX <.pg KOaif'!~H­

qHeHT ysenn~eHHll nnoTHOCTH 

Kn.= 1+ h ~fig 
g !ii" . I 

(!9) 

I'lJ,e n£ Orq:J6ACJIJl0TCJl COOTHOIU9HY.9M (2), 

r,prul>HK 3T011 B0JIHQMHh! Kax il>YHIO.~HH Vg TaKJKo n.pMBe,n.cH Ha 

,PMC.I. 

8JieKT.pMqecRoe none B nJiaaMe p,aeTcs Bb\PruKeHMeM 

E .. !W \20) 

I'A0 lj>'2 
on:pep,eJI,R.0TCll ypaBH0HK0M (6) ~ ilpK M8,llhlX l.f,,,· ' OOJib-

3YRCb (!6), MOJllHO no.nyqKTb cne,u.y~~ee BLl,p8.llt0HHe AJIH MaKCHMa.Jib-

BOro 3HaqeHMll IE ma.x I B .pa.aMe.pHblX e.D,11H1"L\8X 

Gli J ~5i Q-o K Te. 
I E ma.x I .. 1 e 5 ,/ 3 .fir 

B ot:SuteM cJiyqae He Ma.ni.'X. lp g 

( 
e tpg )s;,, 
1<Te · 

(2!) 

BhNKcJieH11e xatm1cTeprnT1rm 

COJIMTOHa, KOTO,Pbl~ ecTeCTBeHHO Ha.aBaTb Bb!HYlf'.,U,eHHb?M (llpK ng: 0 

COJIKTOH OTCYTCTsyeT); n:poHaBe,n.eHo qHcJieHHO • PeayJibTUTL! ~acqe­

TOB rq:>e,D.CTaBJieHbl Ha ,PHC.2-6 COOTB0TCTB0HHO ,JVUi BeJIHq1!H n~ , 
rte , rte. :ita.x , Ut , 'f H E KaK <f!YHKL\Hl'. 1- Q ;cnrm.Ba 

OT crycTRa, rq:>H OII.:pe,n,eJieHHbIX aHa.tieHMHX nap na.p&MC'l'.,:..•JB Vg :1 

9 
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11.s. CJiena OT cr·ycTKa KRf>Tl1Ha 6yp,eT cv.MMeTp11trnoi:i n;p1r1ae,r.eHHD!M 

rpaipmmM ,n;JtH acex Be.1111t:1li!H, BHyTptt ;Ke crycn~a. BEm11-qv1Hi,1 n:pli!HH­

MD.IOT COCTBeTCTByroiqHe MaKcHMaJibHl,,;(l 3Hatlel·U1H (nOCTO.flHHb!€). IlpH 

paccMOTlJ€Hl1H ti.pej\CT8BJieHnhlX He. ;p11c.2-6 ;pe3yJ!bTllTOB Dl1jl,HO, t:ITC! 

~JJ.ti:eC'!BeliHO 1{8,pTlr!Ha Mf:l.JIO MeH.R:e·rCJ'I QPH H3MeHeHvU! na.pa.M6'l';p0B 

v 6 ·11 n..g B ,a,onycTl1MblX n:ps.n.e;rax - c ,PO CT GM v tJ ( .H 11..g ) 

11MeeT Moc·ro B03pacTD.HHe MaKCliMa.JlbHblX 3Hlit19HHti Bcex xa.paKTepHC­

TMK coJIHTOHa 11 11x oo;ree KPYTO~ cna,a, c pocToM l 

B saRJUOt1eHHe Bb!PruKaeM oJiarO,IJ.a,pHOCTb A.C.AMc5a.pcyMl'iHY su 

noMO~b a t:111cJieHHblX pact:ieTax. 

I(.,_,~, n, 

" 

3 

2 

1 

f 2 .3 Vt, 

PHc. I ['p$KH Ko~eHT& yseuqeHH11 DJIOTHOCTH nyqm Kn. , 
llOTe~BJI& 3• r.JIOTHOC'l'H cryCTxa n.,, K8K ~A CKOpoc­

'l'H Vg • Bos6y-.o.eHHe coJIR'l'OH& BOSMomto npH sH&'leHH.flX 

ng II V&, COO'l'Be'l'CTByuqKX TO'IJWI rpa4MKS. p,1Ul flg (Vg) , 

IO 

.,.--

flt 

5 

J 
2 

v,.,,.o, n,.4.41. 11;_ .1,79 

/ ?.·2.5.JJJ!.~:!!!,_(l.i!!!!!!•f.27 
/ /-'-a_f.7, n, ·~?! 

2 !J * 1!-a 

PHc.2 ~K 3UHCDOCTH IlJIOTHOCTH HOHOB 11J1&3MH ni. 
( BHe CI'YCTKa) J1,1IR Tpex 11a.p 3Ha'leHHR v g H n., . 

rte, n, ..... 

2 

---

Vi•!J.O, n,•4.i/9 

4 v1 • e.s. n1 • 4.01 
/ 

// , v,. f. 1. n, • !>. 1s ,, 

~ =-.... -.......... ; 
- 1· ... --------- -:::::.::- __ 

- ... - - - - -- -=--- - - ----
2 ~ " 5' 

"" OT~-Q 

~-a 

Pac.3 .PpaiplKH 3aBHCHllOCTH llOJIHOA 3JleKTPOHHOA llJlOTHOCTH ne H 

nJioTeocTH sa.xaaqeHHYX B 110TeHq11&1.1&ffYI> SfJ1Y aneKTpoHoe 

nf. ' 3Q.( OT i- a. • A1JII 'l'peX 3H&'leHHA na,p Vg H n,,. 

II 

'I 



u, 
3 

V1•!>.0, n,. "·"' 

•f.7, n,.3,19 

2 .3 4 ~-a 

Piie. 4 ~K pacnpeAeJleHIUl CKOpoCTJI JIOHOB l1Jia3lllil u, BHe 

cryCTKa p,1U1. Ti>8X 3HaQeHJdt Da.p Da.paMeTPOB . V f, K n' • 

Pl 

I! 

Va. &.o. l!t•4.s 

Vp 2.5. l!f •,,Of 
/ 

Ve• t1, n,. &.71 

!l " 2-a 

P11c.5 r.pa4'n&K 3aBKCIDIOC.TK DOT8Hqil8Jla lJ' ( ~ )eHe CI'yCTKa(cnpaea OT 

Hee) np11 T~X 3H8.Q6HJUCC na.p Vg JI n~ 

I2 

E 

ff~ a 

Pllc.6 3J1eKTpllllecxoe noJie B IlJI8.3Me cnpasa OT crycTKa AJlSf. Tex 

•e sHaqeHJIA· Vg 11 rtr, • 

13 
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