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B mocrnegsee BpeMd IMPOKO OGCYXAAIOTCH BOSMOXHLIC POMMEMbI
'CHNBHOR JIeHrMIOPOBCKO# TypOy/NeHTEOCTH [1-6] , pealEayeMule TpH
[IOCTATOYHO GONBLIIOM OTHOMEHHH IVIOTHOCTH SHeprus Bomx W K
IIOTHOCTH TEN/IOBORX SHEPrdH NNasMbl

W 2 ’ o
'm’(k?‘de) . (l)

3necs N , T ,» Yde - nmorrOCTH, TeNmeparypa W AeGaenckmit
pandyc SMexTpoHoB. B Cliyuae BLIIONHEHHS HepaBeHCTBA 1) nosip—
I9eTCH BO3MOXHOCTL HE/MHEOHHOr'O CTOXA SHEPI'HH IISHI'MIOPOBCKOHA
TypOylIeATHOCTH B MeJIXHe Macmrabhl, )

' B namHo#f paore HCClenyiOTCS AMHAMAYECKHUE DPEMEMEI OJHO-
MepHOl JIeErMIOPOBCKO#l TypOy/IeHTHOCTH, KOr[a ONpeaeNidionMM SB—
NEeTCS B3AHMOASHCTBHE COASMPOBAHHEIX IPOCTPAHCTBEHHEIX I'8PMO-—
HUE. AWanoruunble BONpPOCH! pacCMaTpuBamuch B paGorax [2,8] ;
30eCh NPUBOAATCH HEKOTOpPhIe HOBLIC PO3Y/LTATHI JHCIIOHHOI'O CYe~
TA, & TAKXKe AHAJMTHYECKHE BBLIPAXKEHMS , NOIBOJALIOMME ONEHATh
OCHOBHLI® NapaMeTpsl TypOyneHTHOCTH. Ucxomr as cmcTema cocrourt
#3 mapabo/myecKoro ygaauem ong AMIUTATYQBI NONE Nila3MeHHLIX
xone€amai E(%,t)el® H BOTHOBOI'® ypaanexmz QIS MANTLIX BO3-
MyImeHAl IJIOTHOCTH IUIA3MbL,

B onnomeprtom ciydae 3aTa cEcTeMa npn aanamaom B miasme
BHEUMIHEM OAHOPOAHOM enempmecxom none E=E eXp(wb. .) aMeeT
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3necn BBeneHH 6e3paauepnbxe NePeMEHHEEIR :&M= x(3ry, V0 ) ;-
t - t 3-2 A1° - E” “63'NTQ/39) ;53‘ n=3 6n/~d: 9 R
3,, Te/(-*R))- (M/M)u2 ' Te =T *~ Temnepatypa
@KTPOHOB ¥ HOHOB, {{ - napame'rp nono6us (6easpasmepras CKO-

pocTh sByxa), [~ KosbdHmMeHT, PBeleHHbIt ANE yRo6CTRA BEI-
aucnennst ( ' = 071), Ag=tnst, Q=w — —Wp . Cacrema ypashe-
mait (2), BoSme rosopd, He KOHCEPBATHBHO. 32 HCKFOYCHHEEM ciTy—-
¥as HyNeBOJ pacCTpOkH 2 =0 m omuchBaeT Kax MOAMGHIMPOBAH—
Hble pacmajbl, TAK X MOAYIAIMONHYI0 HEYCTOHYHBOCTL B.IasMe.
Ypasrerns (2) npg R = 0 COOTBETCTBYIOT TAKXKE ¥ 3ajadge € Ha=
qa/ILHEIMA YC/IOBHGME B OTCYTCTBHE BHEIIHEr'o HCTOYHHKA, eCIH
non A MOHEMATE AMIUMTYAY N/a3MEeHHBIX KOJMeGaHdil 3a BHIYe-—
TOM sanam-xoﬁ B HAYa/ILHBEIE MOMEHT OQHOPOAHOHX COCTABIMIOMEd HO=-
nz A, . Cucrema (2) pemwanace ma 3BM c meproguzeckmMi xpae-
BbIMM YCJIOBHSMHA,

YucnerRble SKCOSPAMEHTHI NPOBOAHIECEH NPH AOBOILHO LIFAPO=
KoM HaGope sHaueHHfi mapaMeTPOB X HAJANLHLIX YC/IOBHN 3aadm.

OGCcynEM pellleHHe 3a0a9d ¢ HAYA/IBHLIME YCIOBHEMH B OT-—
Cy'°CTBHE BHEMHEro UCTOYHHXA (.Q 0) Hawanwuoe none npen-—
CTaBILIOCkh B BUAE CYMMBI OQHOPOIHOTI'O -BHICOKOYACTOTHOrO OIS
OTHOCHTENBHO GOMbOX amMATYA! A, ® OPOCTPaHCTBEHHO epro—~
OUYEeCXUX XPpaTHBIX M'APMOHHK C Manoﬁ SHepraeil ' Npou3BONBHBEIME
HayanpREME Gasami, TunmuHEe pe3y/lbTATH PEMIeHHd NPABSACHEI
na puc, l-3, Cmawana OpOMCXOART sxcnoaennnanbﬂbm poc'r npoc'r-
PAHCTEOHALX FEDMOHAK IO/, SO0TSETC :
CH/ILHOY KBASHNS PHOAMYSCKAM PEKUMOM OTHOCHTE/ILHO Hexo'ropor‘o
CTanMOHAPHOT'O YPOBHY (pnc. 2) Ha o¢acse macomermg ¢opmMmEpyeT-
o maepcanbnuﬂ cnex'rp IPOCTPAHCTSEHARIX MAcIITaGoB Ila3MeH-
Aex o | Aqy|? ~ k2 (prc. 8) ¢ peaxmm oBpesammem npE HexoTO-
PoM K yoy «
) BaxHble XApAXTepHCTAKA DOIICHAS ML caywad HaYanbHOX 3ana—
g1 / Moryr 6prrb HalileHbH B AHANMATHYECKH, NpH MCIOILBOBANAH HH=—
TErpajios ABHXEHHS cnc'r?be (2) ( Q =0)

};A A dx “(4)

P T 2 n? v
3,= j {|L1\ +nIA1+A°| + Zey-ldx, (9)

%r + =0

+)Ciona xe oTmobmTCS cnyqaﬁ C OTIMRHOR OT Hyns HAKAWKOH A#* 0
opa Hyaesofi orcrpoixe =0 B 1 s
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Ilepeelft MHTErpas HOSBONSLT, ougﬂn'rb cBer X{ CPeaHio IIOTHOCTh
SHEPrA¥E BOIMYMEHAS (W T S- IA ‘ d:)‘.

W= bA (8) -

i3 BTOPOro MOXHO HOJYYATH CTPOIYI0 ONSHKY Mg MAKCHMAILHON
ammn'rynm moas Komebammit

M= 20 okl @

Ha (6) 4 (7) SHAYeHHe MAKCHMAJ/LHOIO BOMHOBOI'O HHCHA B CIEKT-
pe AeHrMIODPOBCKMX BOJIH '
292
.kmax~ e - Aoe . (8)
ko " min 2
Peay/imTaTh! YACJIGHHOr'O CHETA IO NOPHAKY BEANIHHE! COTVIACYIOT—
ca ¢ ouenxamu (8)-(8).

B ciyuae, KOrna SEeprEs J; IOMHOTO HOJIS He COXPAHSeTCH,
HanpEMep, NpA NapaMeTPUYSCKOf HEeYCTONYMBOCTH B mojie BHeuniei
pomsr ¢ Q ¥ 0, onenxn (8) n (7) me cnpasenmmBun, Onsako wic-
JeHHLIe pacqe'rm § KOHETHOM NPOMEXYTKe BPEMeHH

~ B (M/m)u (TQI(TQ"‘"I,E)) gcanne'renbcmyxo'r. 9TO B 3NECH pasBETHE
HEeYCTOAYUBOCTH NPOUCXOAAT AHAIOTHYHO, T.e. Ha HEKOTOpPOH CTa~
[AA ACTOWHAK Xak Oh “oTr/mowaercs”, B B famsHefieM pacnpenc-
JlegAe TONY ¥ IVIOTHOCTL SHEPrHH BOIH oc:mmmpyxo'r OKOJIO Cpef—
HEX BeJYHH,
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ON DYNAMIC REGIMES OF PLASMA TURBULENCE

A.G.Litvek, V.Yu.Trakhtengerts,T.N.Fedoseeva,
G.M.Fraiman

Radiophysical Research Institute,Gorkii,U.S.S.R.

Recently, the possible regimes of strong Langmuir
turbulence have been widely discussegih_‘.s] They are rea-
lized at sufficiently great ratio of the wave energy
density W to the density of the thermal plasma ener—

: 2

& _‘il{f_e. > (k‘ r de ) ) D
Here N ,To, My, are the density, temperature and
Debye radius of electrons. If inequality (I) is fulfiled
the possibility of nonlinear energy sink of Langmuir ture
bulence into the small scales appears.

The dynamic regimes of one-dimensional Langmuir ture
bulence, when the interaction of the phased spatial har-~
monics prevails,are investigatgd in this paper. Some new
results of numerical calculations as well as the analyti-
cal expressions permitting to estimate the main parame-
ters of turbulence are given. The initial system consists

" of a parabolic equation for the field amplitude of plasma



sord
oscillations £ (x tye'“s

small plasma density perturbations.
In one-dimensional case this system at the given ex-

and a wave equation for

ternal uniform electric field £ =E exo {iw,}) iss
-5 gé' Mi— nA,-nA.exp{iQt } ,
2 2 2 2 2 . 5y (@
1 an _G_? ”aafa + A, ::z{A,e‘gt+u.c.$

The dmensionless varisbles are derived hered X,=X(3r, f?
o= 044189 & A= E, o167 NTe/3¢) ;0= 3 Bl e i
9'(‘5/(T¢+Tt},";— ua Te and T, are the
temperature of electrons qnd ions, U is the parameter
of similarity ( dimensionless velocity of sound), [' is
the coefficient, derived for the simplicity of calcu.a=-
tions ([ =01), Aj=const , Q=w, -, , e
system of equations (2) is generally nonconservative

( with the exception of zero deviation Q=0 ) and
describes both the modified decays and the modulational
instability in plasma. Equations (2) at Q=) correspond
also to the problem with the initial conditions’ without
the excernai source if A‘ is assumed to be-the ampli-
tude of plasma oscillations minus the initial uniform
field component A, .

System (2) is solved ( with the pericdic boundary N
conditions) by the electronic computer. The numerical ex-
periment is made at sufficiently wide range of parameters
and the initial conditions. :

Let us discuss the solution in the abgsence of -the ex=-
ternal source ( @ =0 ). The initial £ield is represen-
ted as the sum uf the un;ifno_m h.2.field with a large emp-



litude A, and spatially periodic multiple harmonics
with small energy and arbitrary initial phases. Pigures
1-3 give the typical results of solutions. Firstly there
occurs an . exponential increase of 'spatial field harmo-
nics corresponding to the formation 'of the strong non-
linear plasma waves ( Fig.I). Then, the increase turns
into the quasi-periodic regime relative some stationary
level (Fig.z). The universal wave number spectrum
'Aml ~ (Fig.3) with sharp cut off at some Kmax 18
formed at the saturation phase. '

Important solution characteristics for the case of
initial problem ( R =C ) may be analytically found

using. the im:egrals of system (2):
=[ 14, +4, 14 dx ;

€, 2
g {'—f—' A e L

2
On OV (5
TR 0 . :
The f£irst integral permits to est:imate the mean density
of plasma wave energy (W j IA ‘2 dax )
W€ A, ©

The strict.estimation for the maximum amplitude of A,
may be obtained from the second integral: - '

- Aaar I \)
£ ‘ ! !
Lo s 2 letlae )l
From (6) and (7) the.value of the maximum wave number
in the spectrum of Lansmuiér waves :k H
; ~ 2 : (8)

“o 11 min



The results of numerical calculation agree with estima=-
tions of (6)=(8) over the order of wvalue.

When the energy  J, of the total field is not
conserved ( 2# [ ), estimations of (6) and (7) are
not valid. Yet, the numerical calculations ( at the fi-
nite interval of time [~ 5 u.z ‘7{'—%— L )

etl; W
testify that in this case the development of instability
occurs similarly, i.e. at some stage the source is
Bwitched off" as it were and later on the field distri-
bution and the energy wave density oscillate near the

mean values.
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