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B paGore [1] B.E.3axapopeM BLUBHHYyTA HHTepecHas
rEnoTesa O BO3MOXHOCTE XO/UIANCa JIeHrMIOPOBCKHX KoneGanmft,
npEBoAsmero ¥ mx appeKTHBHON MECCHmAImMHA, DTa rHEOOTEe3a 06~
cyxnanacs B pame paGor (2-4] , comepxammx DONBITEM AHAE-
THYECKOr0 H WHC/IEHHOro peieHus npoGnembl, Ha ochose mpo-
BeACHHLIX. HCC/TeAoBaHA MOXMHO CHEJATH BBLIBOA, YTO KONIANC
KaX BOSHHKHOBCHHE 34 KOHEYHOe BpeMd 06IACTHE C OCOGeH =
HOCTLIO SJIEKTPUIECKOro MNOJId, comepxamell KOHEYHYIO SHEPrHIO,
MOXXeT pea/m30BaThCH JHIR IPE KAKAX—TO CHEIHABHBLIX HA ~
qanbHbIX YCJIOBMSX, XJACC KOTOPHIX TOXA He ompepeneH. B To
Je BpeMs OYEBHIHO, YTO H B OTCYTCTBEE KOJIANCA NPH CAMO-
$OXyCHpOBKE JIGHMMIOPOBCKHX KOJGGaHAH BOIMOXHO AOCTHKEHHE
CTONb MAILIX MacmTaGop, NpE KOTOPHIX CTAHOBATCH CYmECTBEH-
M sartyxanne Jlanpay, Ilna onpefelieHEst XpUTEpHEB 3TOr0 Me-—
XaHA3Ma OUCCHNAIEA HeoOXOOMMO 3HAHAE 3aKOHOMEPHOCTe# mpo=
pecca camohokycuporrr. Hmxe ofcyxnaoTcs HEXOTOpHE OCOGeH-
HOCTH CAMOGOXYCHPOBKM HEOAHOMEpPHBIX KosieGaHui, -

PaccMOTpaM 3SBOMMONHIO TPEXMEPHEX CHepAYeCKA CEMMET=
PHUHLIX CTCSMAX pacnpenesieRmi xonebGammii, xoTopele B obmem
cnyuae obnanaloT nABymMa MacmTabaMd - mHp HOH OGNACTH JIOKA—
misammt nons (, E ee paccTogHEeM no ueHtpa R . Camo~
poaneicTeHe oaHoMacmTAGHEIX pacnpenencHmi ( a~R )a XQTO~
pble MOr'yT BOSHAKATBL B ClIydae H30TPONHOY TypGy/leHTHOCTH,
651710 MCCIIeAOBAHO HAMH B [2] , T'le DOKAa3aHo, 4TO “CXI/IONLIBA-
REPOY TaKEX pacupefe/eHAll NpenaTCTBYeT HAKON/ICHHE .SO3MYyIIe—
HUA WIOTROCTH B uerATpe P = 0. B pesyawtare mpomcxomat
pasbHen¥e OullaCTH JIGHMMIOPOBCKHX KojleGaHHfi Ha yaKHe Chepr—
gecKue CloH (nayxmacm'ra&ibxe), KOTOpble CaMOBOKyCHpPYIOTCH
KaK B ORHOMEPHOM ciydae Ge3 H3MEHEHRES KOOPAHHATHEI MAKCH—
MKMAa. AHAQJOTHYHBIe YWCISHHBIE PeayIhTaThl HOIYYCHBI H B [4]



CamModoxycupoBka AByXMAaCIITAGHBEIX paclpefelleHdit Tana
ONHOMEPHBIX COJIMTOHOB XCClenoBalach B [3,4} , TpugeM pe-—
¢ /NbTaThl YHCJICHHBIX ”9KCIIe PAMEHTOB” IPOTABOPEYAT, HA Hep-—
Bbil B3rN1gN, KONUYECTBEHHOMY aHA/H3Y, NOKA3LIBAIOMEMY BO3-
MOXHOCT: “no3ByEROBOro” koananca. Hwxe sToT Bompoc pac—
cMoTped Goslee OeTallbHO.

IlpennonoxaM, kax.d B [3] , 9TO pacupefesiefue 3JI€KT—
PMYECKOro IO/ B BO3MYMISHHE INTOTHOCTE miaamer™/ mo ¢op-
Me GNH3KO K paCHpefle/IeHHI0O B OJHOMEPHOM COJIMTOHE

- Am (b) t +0(D)rs 12
A(r’n-ch{j‘[r‘(n jt,.dt)]}expuoﬁdt Hrgor ] (1)

Q
) 2
iy 42

0«<R, Am, Q. R _p 4, . ‘fz- Men/eHnsie GpyHKUMM BpeMe—
HH, 3nech, 13K H B [1 » HCHOIIL30OBaHH GespasMepHble Ne—
peMeHHbIe

-4
F= rls,,dq—, tu=w,,t/39 , A=E(16qtNTe/53) /f (2)

T M
n=3g%’l, 2_1.__3_:. A gt d el
_ e*T, m " S p2ge " By
YpapuenHe ONg MEAVIEHHLIX AMIUIMTYA HOMYYMM C NOMOMIBIO
YCPeNHEHHOro BapPAAUMORHOrO NpUHIENA [5) , MCHOIL3ys Bhipa—
XeHHe NS JArpaHXEAHA Hcxonurx ypasHemmit (mapaGomu—
YEeCKOro yPaBHEHHS A/ AMIUIATYAbI HOJS KOMeGaHMH W BOMHOBO-
ro — O/ BO3MYMeHAH# IJOTHOCTH). B pesynmbTate EMeeM Clie—

Oyiomee ypaBHEHHe [l HHTErpalbHLIX KPEBbIX HA (GasoBoil mioc-
KOCTH » R , omuCHBalome# ABHXeHHEe KBAIECOIMTOHA

_W [ wN 58%- 4 22| _ " (3)
3 3 K 8% (‘ Rz)gnq “R ] Conét.

js'ro [ PennoIoKeHne, Booﬁme I'OBOpY, NPOTHBOPEYHT 3AKOHY
COXpaHeHdd HOMHOO YMC/IA YaCTHHN, HO AJS Y3KOro COJIH. OH&
(0 <<R ) orxmoneuns mamsr,
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3necs W=43J lAlzdl" 4&An 2“ Qz)/-no:man

SHEeprus KBASHCOJHTOHA, xo'ropaa rx laonarae'rcx Coxpars, =
mefice, wupuna commroma Oy=R%(4— I, Xora
cootHomenme (3) Heckombko o-r:mqae'rcn OT AHAJIOTHYHOr'0 COOT—
HOenus paGoThl [3] , KAYeCTBEHHbIC BBLIBOAbL, CleAyomHde H3
asanuaa STHX COOTHOINEHHH, COBNAAAaloT.

Heo6xonaMeiM yciioBEeM caMOGOKYCHPOBKH II€ pPBOHAHYAIIBLHO
TIOKOSmerocs KBaSUCONM,OHA SBISeTCd TpeGopamhme <) .
Xapax'rep caMOPOKYCHDOBKM 34BHCHT OT Be/M4HHb! NIapameTrpa

=J] /W Ecmz ol <) , mm mavamenas xoopnmuara coma—

TOHA RO Q X p (a)k( ’5 7 )1/ 2, COJIATOH Ha4YUHaeT IlBHl"aTbCH K

HeHTPY, YCKOp4sSCh, B HOCTHaeT KOOpPAHAATHI me&’( )

B KOTOpPOli ero yCKOpEHHEe R —=~ 00 . Ycnoems npnmexmmoc'm
annabaTHYecKoro OIMCAHWE NPH 3TOM HADPYyMAoTCH, U HeoOXoAW--
MO WHTErpApOBATHL TOYHLIC ypaBHeHus. [lanee, KBASHCOMMTOH
OCTaHaB/IMBAaeTCd U H3TyyaeT 3BYK, Kak HaAGmoZanoCh B YUCHER'-
HOM 2KCcHepuMeHnTe {4}, B XKOTOpOM OBIIO BBIIONHEHO YCJIOBHE
ol <4{ . Ec/m xe B HavanesHOM COCTOSHAR & >1 (wm

R RKP (W) ), TQ *BASHCONUTOH OBHXETCS K LEHTPY ,C AO3BY—
xosoﬁ CKOPOCTBIO R <{ , npuuem npum R-—»O R— 4 [Q} .
Onsago NOC/HeOHHH pPeXdM HEeYCTOPYUB OTHOCIITENILHO agw'ranb—
HBBIX BOSMyulenm#t |8 | H B pesynbiare MOAY/ISOAOHHON HEYCTOMN—
9HBOCTH Y3KHi Chepuveckmii Cloil noixeH pasbuBaThCa HA Che—
pA9eCKM CHMMeTPHYHbIe ooHOMAcHmITaGHbIe pacupenelleHdd C Xa—
pakKTepHbHIM paaMepoM (| A (W / 16 x)/! SBOJ/OOUKS KOTOPBIX
on@caHa Bble,

Taxam 06pa3oM, XOTH CTalMOHAPHBIC TPEXMEpPHbLIE pacIHpe—
AesleHUs JIGHI'MIOPOBCKHX KofllefaHH# He CYmMeCTBYIOT, B Iponec—
Ce SBOMIOUMH MPOUSBOJBHLIX CHePHYESCKH CHMMETPHYHBIX pacCHpe—
nenenuit o6pa3yioTCs HeCTANMOHAPHBIE S2XBAYEHHLI® pacmpenelie—
mug (¢ mapamerpoMm o <1 ), KOTOphIE, HO~BUOMMOMY, yCTONIH~
BBl OTHOCHTE/ILHO asMMyTa/LHbLIX BO3MYMEHHH B Clafo aaTyxa—
10Tt/ H3-3a MOTeph SHEPrWH HA HATYYeHHe HOHHOr'O 3BYEA. Mom=—
HO MOCTPOHTBL TPEeXMEPHYI0 MOAeNb CHILHCY JeHrMIOPOBCKOH
TypOy/IeHTHOCTE KAK rasa TAKHX HEeCTALMOHADHEIX .KBAIHYACTHI.

+
) Ouepnano, BpeMs XU3HH KBA3WYACTHN C MACHTAGAME HOpSN-
K4 neGaeBCKOro pagdyca Malo.
—-— 5 ——



Bonee cioxHbEM gBINFETCS HCCHEAOBAHHAE CAMOBO3feHCT-
BHY NBYXMEPHBIX M TPeXMEPHbLIX HECHMMETPHAYHLIX pacnpeneie—
Eut JJeHrMIOPOBCKEX Koje6GanH@l. IIpy caMOBO3neNCTBHR TAKHX
pacnpeneneHnaii HeH3GeXKHLIM SBISETCH NePexod Ha “CBepxapy-
KOBYI0” CTamd™, OpH KOTOpOH BO3IMYmEHHH INIOTHOCTHA HE yCHe—
BaPT BLIHOCHATLEC M3 06G/laCTHE CHALHOro monad., [lockoilkrky B
HACTOSIIee BpeMd OTCYTCTBYIOT DPe3yibTaThl, CBHAETEILCTBYIO~
mue B NOMb3y 06pasoBaHWd Ha STO CTagum 38 KOHEYHOe Bpe—
MSl CHHT'YJISPHOCTH . 3/IeKTPAYECKOro Hoiad, & JIOKAIM30BAHHLIX
aBTOMOAEJLHELIX ”CBePX3BYKOBOBIX” pelleHHH CKOHCTPYHpPOBATDL
He ynaerca [2] , BONPOC 0 BO3MOMHOCTH KOWIANCA HECHMMET-
PAYHEIX pacnpefenieHnl NnasMeHHLIX KolleGaHdii ocTaeTcd NOKa
OTEPBITEIM,
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SELF~-FOCUSING OF LANGMUIR OSCILLATIONS
A.G.Litvak, G.M.FPraiman, A.D.Yunakovskii
Radiophysical Research Institute(NIRFI),
Gorkii, U.S.S.R. ‘

An interesting hypothesis proposed by Zskharov
(4] on the collapse of the Langmuir oscillations as a
dissipation mechanism has been iﬁvestisated recently in
some papers [2-4] both analytically and numerically. It
has been established that the collapge (as the formation
of the region, during the finite time, with the singula-
rity of the electric'field containing nonzero energy)
may be realized under some special initial conditions
only. The class of such conditions is not yet determined.
At the same time it is evident that in the absence of
collapse the usual Self-compression (or self-focusing)
may bring the Langmuir oscillations to so small scales
at which an effective Landau damping Jjoins in. To deter-‘
mine the criteria of the dissipation mechanism the regu-
larity of the self-focusing process is to be known. Some
peculiarities .f self-focusing of monone ~dimensional osci-
llations are discussed below,

Let us consider the evolution of three-dimensional



spherically-symmetrical standing distributions of oscil-
lations which in the general case possess two scalesg
the width of the field localization region @ and its
interval up to the centre R o The self-action of one-
scale distributions ( @ ~ R ) which may arise at iso-
tropic turbulence has been investigated by us in [2],
where it is shown that the storage of density perturba
tions in the cemtre r —={  prevents from the "collapse"
of such distributions. As & result, the Langmuir oscil-
lation region is splitted into the narrow spherical lay-
ers ( double-scales) which self-focuses without varia-
tion of the maximum coordinate as in a one-dimensional
case. The similar numerical results are obtained in [4)

Self-focusing of two-scale distribution of one-di-
mensional soliton-type is considered in [3,4] , the
results of numerical "experiments" contradict at first
the qgantitative analysis,revealing the possibility of
"gubsonic" collapse. Below this question is considered
in more detail.

Let us assume as in [3] that the distribution of

the electric field and the plasma density perturbationﬁ)
is similar in form to the distribution in one-dimensio-

nal soliton .

t
Am (t) . )
ch{Zr- Qe [ Rat)] i [ gt A

A(rt)=

+) This assumption contradicts ir general the conserva-
tion law of full particle number, but for a narrow
soliton ( Q<< R ) the de(&gzions are small.



A 2
n(rd) = T

a=<R Am,@ R, p 4,, ¢, areslow time func-
tions. Here, as in [1,2] , the dimensionless variables

are used:
fa="/3raNg b= O 5y An(wmwe/sg\ )
(2
fn Te M I
" 33 9*'e‘T m u' A"“z_a— ar

Equation for slow amplitudes is obtained by the
averaged variational principle {5]  using the expres—
sion for Lagrangian & of the initial equations ( the
parabolic equation- for the oscillation field amplitude,
and the wave one— for the density perturbations). As a
result we have the following equation for the integral
curves at the phase plane R , R descridbing the motion

of quasi-soliton:

3 -\'—:—K—w— )2 (15b‘2 1 11&’]4 Const . (®

165 (1-R%)*R*

2 .
Here W=4JTIP‘:|A| dr = 4RAmWRY(4- Rz ),/2 is the
full energy of quasi-soliton which is supposed to be con=-
served, the soliton width is Q = (153’) R U R ) .

Though the relation (3) differs in some way from the si-
milar relation of paper [3] the qualitative conclusions,
following from the asnalysis of these relations, coincide.
The necessary condition for self-focusing of the
initislly rest quasi-soliton is the requirement, that

V< 0. The charscter of téxe self-focusing depends on



the parameter value & =|J|/W . If or<'/{‘ c;s tl}};
initlal soliton coordinate R°> Rkp” (ﬂs‘) (Tﬁ'x)

the soliton begins to move to the centre accelerating
and reaches the coordinate Rmin(x) = R"P in which
its acceleration R — o< . The applicability con-
ditions of the adiabatic description are violated in
this case and the exact equations are to be integrated.
Further,the quasi-soliton stops and radiates the sound-
wave, a8 observed in numerical experiment% } where the
condition =1 is fulfiled, If in the initial sta-
te x~{ (or R, =< R“P (W) ) the quasi—sol:f.ton )
moves to the centre with the subsonic velocity R<4{ ,
at R~ O,ﬁ"’;—ﬂ—bl. This regime is yet unstable rela-
tive to the azi:nuth perturbations[61and due to the modu-
fation instability the narrow spherical layer must be
splitted onto the spherically-symmetrical one-scale dis-
tributions with the characteristic size Q ~ (W/iﬁa)'/"
the evolutioan of which is desctibed above.

Thus, though the stationary three-dimensional dist-' .
ributions of Langmuir oscillations do pot exist in the
process of evolution of the arbitrary spherically-sym-
metrical distributions, the nonstationary trapped distri-
butions ( with the parameter X< ] ) are formed, which
are apparently stesble relative to the azimuth pertur-
bations and attenuate*) weakly due to the energy radia-.
tion losses of the ion sound.Three-~dimensional model of
strong Langnuir turbulence as the gas of these nonstatio-

+) Apparently the life time of quasi-particles with the
scales of the order o§1‘311abye radius is small.




nary quasi-particles may be constructed. )

An investigation of the self-action of two and
three dimensional nonsymmetrical distributions of Leng-
muir oscillations is the more complex. The transition
to the “supersonic" stage, at which .as density pertur-
bations fail to escape the strong field region, is inevwi-
table gt the self-action of such distributions. As the
results are absent in the present, t\hat testify in fa-
vour -of the formation of the electric field simgularity
during the finite time at this stege the localized aut:. -~
model “supersonic" solutioms cannot be comstructed tou !
Therefore, the problem to collapse the nonsymmetrical
distributions of plasma oscillations remains opened for
the time being. \
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