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Heap npeayaraeMoil METOJMUECKOW 3aMETKM — COINOCTaBUTH pa3Buthle A.A. BnacoBeim u JIJI. Jlanmay moaxo-
JIbl K pacnpOCTPaHEHMIO AJIEKTPOMAarHUTHBIX BOJIH B ropsyeil paspexenHoi miuazme. bonee monmyseka Hazan A.A. Biacos
u JI.JI. Jlannay, ucrosnp3ysi METO/I KHHETHUECKOTO YPaBHEHHUS, [T0OKA3aJi, YTO — B COOTBETCTBUU C MPUHIIUIIOM IPUYUHHOCTHU —
COOCTBEHHBIC BOJHBI PABHOBECHOM I1a3MbI JIOJKHBI 3aTyXaTh, JaXKe €CIIH OMHAPHOE B3aMMOJICHCTBHE YaCTHUI] TPEHEOPEKUMO
cabo. OmHako noiroe Bpems OMHM30CTh MHOHEPCKHX Teopuil A.A. Bmacosa u JI.JI. Jlangay npencrapisiiack HEJOCTaTOYHO
OYEBHUIHOM.

UtoOBI MUHIMHU3UPOBATh PACXOXKIICHHS B IMOJX0/IaX K KHHETHUCCKUM 3 (deKTaM 3aTyXaHus—HapacTaHWs BOJH B Oec-
CTOJIKHOBHUTENHOM IIJIa3Me, TaHHAas 3aMEeTKa BMECTO METOJa KHHETHYECKOTO YpaBHEHHS MpeasiaracT 0oJiee mpoCcToil MeTox —
OCHOBaHHBI Ha WCIOJIb30BAaHUM DJIEMEHTAPHBIX YPAaBHCHUW JIBMXKCHHUS DJCKTPOHOB. [l OJHOPOMHOM TUIa3Mbl C OCECHUM-
METPUYHBIM PACIPE/ICICHUEM DJICKTPOHOB 110 HEBO3MYIIICHHBIM CKOPOCTSIM BBIBEJICH WHTEIPAl, IIPUTOIHBII JUIS TOTO, YTOOBI
paccuuTarh AUAIEKTPUUYECKYIO TPOHUIIAEMOCTb IIa3Mbl M, COOTBETCTBEHHO, ITOJIYYUTh JUCIIEPCHOHHOE COOTHOLIEHHE /1T ca-
MOCOTJIACOBaHHOW NMPOJOJIBHOIN BOJHBEL. B yacTHOCTH, €ciiu CKOPOCTHOE pacHpeeIeHUe OMUCHIBAETCS JTOCTATOUYHO IUIaBHOM
¢dyHKImel, To — B cootBercTBHU ¢ Teopueid JI.J[. Jlanmay — HHKPEMEHT WM IEKPEMEHT BOJHBI ONPECISCTCs MPOM3BOIHON
oT (pyHKIUM pacrpenecHUs dJICKTPOHOB B TOUKE UX YEPEHKOBCKOTO CHHXPOHH3MA C BOJHOM.

B kadectBe mpocTteiiield MOIenu pacCMOTPEHO PACIpOCTPaHEHHE BOJHBI B IUIa3Me, TI€ MCXOIHOE pachpeieiieHue
JNIEKTPOHOB 110 CKOPOCTSIM OMKChiBacTcs pyHkuuei Jlopenna. J[ekpeMeHT BOIHBI B 3TOM CIy4ae COBIAJACT C ICKPEMEHTOM,
KOTOPBI OBUT IMOy4eH B cBoe BpeMs A.A. BiacoBbiM, a Ipu 4epeHKOBCKOM CHHXPOHHU3ME Ha «XBOCTE» (YHKIHU pacrpere-
JIEHUS 3TOT AEKPEMEHT UMEET BEIMUYHMHY, KOTOpas cooTBeTcTBYyeT acumnroruke JI.JI. Jlannay.

Takum 06pa3oM, POBEICHHBIH aHAIN3 MOATBEPIHUI B3aUMHOE corllacue Teopuil A.A. Biacosa u JI./1. Jlannay.
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Aim of this methodic note is to collate approaches of A.A. Vlasov and L.D. Landau to the propagation of electromag-
netic waves in hot rarified plasmas. Over half a century ago, A.A. Vlasov and L.D. Landau used the kinetic equation to show
that — in accordance to the causality principle — electromagnetic waves propagating in equilibrium plasmas should decay even
if the binary interaction between particles is negligibly weak. However, for a long time, the pioneer theories of A.A. Vlasov
and L.D. Landau were regarded as not quite congenial.

To reduce misconceptions in approaches to the kinetic effects at the wave propagation in non-collision plasmas, the
paper submitted proposes to duplicate the method of kinetic equation with a simpler method — based on using elementary
electron motion equations. The theoretical model represents a homogeneous plasma where the primary distribution of electron
velocities is axis-symmetric; the longitudinal electric wave is propagating along this axis. The electron motion equations are
used to derive an integral related to the plasma dielectric permittivity which is included into the wave dispersion equation.
In particular, if the electron velocity distribution function is sufficiently smooth, the increment or the decrement of the wave
is determined with derivative of the primary distribution function at the point of Cherenkov synchronism between electrons
and the wave (the asymptotic solution of L.D. Landau).

The simplified approach is illustrated with a wave propagation in a plasma where the electron velocity distribution
is approximated with a Lorenz function. In this case, the wave decrement coincides with one obtained in the old paper
of A.A. Vlasov; and at the Cherenkov synchronism at the «tail» of the function the wave decrement corresponds to the
asymptotic theory of L.D. Landau.

Thus, the simplified analysis has confirmed that the theories of A.A. Vlasov and L.D. Landau are mutually consistent.
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PaccMOTpHM OTHOPOHYIO IIa3My, B KOTOPOH HCXOAHOE CKOPOCTHOE PACIpEIClICHUE HICKTPO-
HOB OCECHMMETPHUYHO OTHOCHTEIHHO HAMpPaBICHHUs z. PacmpeieneHne 3JIeKTPOHOB MO CKOPOCTAM U
MPOIOJIBHBIM OTHOCHTEIBHO 3TOTO HArpaBieHHsi OyJIeM OnuchiBaTh QyHKImeH f(v) ¢ HOPMHPOBKOM
fj;o f(v)dv = 1, npunse, uto B snemente odbema AV Haxomsires N (AV') gactun. Cremyst meto-
JIOJIOTMM TPUHIMIA OpUYMHHOCTU [1, 2], momelcTByeM Ha 3Ty IUIa3My HpPOJOIBHOM 3JEeKTpHUYeCcKOn
BONHO# F,(2,t) = Ege "% pacrymeit Bo BpeMenn

Imh=0, h>0, Imo>0. (1)

I[Ipu t = —00 BJIEKTPOH JBHUIAJICS PABHOMEPHO C MOCTOSHHOM CKOPOCTBIO v, @ TIPH ¢ > —00 K UCXOTHOM
HEeBO3MyIEeHHON koopuuHare z(0) = 2 + vt mosiBuIICS 106aBOK Az, YIOBICTBOPSIOMH yPABHCHHIO
%Az
ot?

e m u (—e) — Macca | 3apsi 3MeKTpoHa. B muneiiHOM 1o monto E, npuOnmkeHnn u3 ypaBHeHus (2)
uMeeM

m

== _eEz(Z(O)vt)a (2)

e, (20 t)

Ay = 22 0
- m(w — hv)?

)
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B okpecTHOCTH NPOU3BOJIBHON TOYKH YCPEIHUM CMEIIEHUS Az N0 HEBO3MYILIEHHBIM CKOPOCTSAM 3JIEK-

TPOHOB
—+o00 E
(Az) = / FAzdo = 27, (4)
— 0 m
“+oo d
L / _fdv 5)
oo (00— hv)?
OTKYI[a JJIA I[PIBHCKTpPI‘ICCKOﬁ HpOHI/IHaeMOCTI/I I1J1a3MBI nonyqaeM
e=1-0w)Z, (6)
Ame?N
w? = —. (7)

CamMocomniacoBaHHON IJIA3MEHHOM BOJIHE COOTBETCTBYET AUCIIEPCUOHHOE ypaBHEHuE [1,2]
g(w, h) = 0. (8)

B gactaocTH, cormacHo (5)—(8), «xononHas» — f(v) = d(v—0) — oqHOpOAHAs ITa3Ma KostebneTcst
C 4acToTo W = wy, [1].

CornacHo [2], dopmynst (5), (6) cripaBeuMBEL U TpW HapymeHnH ycioBus (1), ecim mon wH-
terpajiioM (5) moapasymeBaTh €ro aHATMTHYECKOE MPOJODKEHHE B 0OJIACTb C MPOU3BOJIBHBIMH KOM-
IUVICKCHBIMH 9acTOTaMH . B 4acTHOCTH, €ciu pachpe/esieHne JIEKTPOHOB IO CKOPOCTSM OIUCHIBA-
eTCsl TOCTATOYHO IUTaBHOM (yHKIwme# f(v), a MHAMas COCTAaBJISIOIIAs YaCTOThI O JOCTATOYHO Maja
(|Imw| — 0) [3], To kKoHTYp uHTEerpHpoBanus B Gopmyine (5) mpu yciosuu (1) MoxHO nedopmupo-
BaTh K BHUJY, H300pakeHHOMY Ha puc. 1. COOTBETCTBEHHO

1 [ df fdu L[t dfjdv . imdf
Z=—r | Ay o YR, Y 9
h/oo o— o'’ h/oo o—h™ TR, 2

}
v
Y14
o/h
@)
v 1
o/h “ !
L 1 \ Q -iV /
\ 4
. \\ ///

Puc. 1. Konryp unTerpnpoBanus (5) B KOMIUIEKCHOH mioc-  Puc. 2. KonTyp uHTerprpoBanus (5) B KOMILIEKCHOH ILIOC-
xoctd v Ipy Imw — 0 KocTH v U1 QyHKUuH pactpenenenus (12) npu ycnosuu (2)

Fig. 1. The contour of integration (5) in the complex plane Fig. 2. The contour of integration (5) in the complex plane v
vat Imw — 0 for the distribution function (12) under the condition (2)
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T7Ie B MPaBOi YacTH MHTErpall OepeTcsl B CMBICIE TIaBHOTO 3HAYEHHUS, a BTOPOE ClIaraeMoe MpeiCTaB-
JIIeT CO0OM TOMYBBIYET OTHOCHTEIHHO TOYKH YEPEHKOBCKOTO cMHXpoHU3Ma [3]. B wactHOCTH, ecnm
YepEHKOBCKUI CHHXPOHM3M UMEET MECTO Ha «XBOCTE» CKOPOCTHOTO PACIPENETICHHUs HIEKTPOHOB, TO

7z L md (10)
w?  R2dv|,_, Ih
¥ MCIIEPCHOHHOE ypaBHeHHe (8) CBOAUTCS K BUIY
> df
~ 2 . 11
) mp+12h2dv o (11)

B crarbe [4] pacnpenesneHne 3MEeKTPOHOB MO CKOPOCTSIM B PAaBHOBECHOH IUIa3Me OBIJIO alpOKCHUMHUPO-
BaHO JIOPCHIIEBOU (hYHKIIHECH

f0) = (12)

(v2+V2)’
rie V — cpejHsisi BeMUMHA CKOPOCTHU JIEKTPOHA. B 3TOM citydae uHTErpHpoBaHue (5) MOXKHO IOIIOJ-
HHUTh WHTETPHUPOBAHHEM IO OECKOHEYHOM IOTYOKPYKHOCTH B KOMIUICKCHOM TUIOCKOCTH ¥ — KaK 3TO

MoKa3aHo Ha puc. 1, u nockonbKy GyHkuus (12) umeer Berder B momoce v = —i/V, u3 (5) monydaem
Z = ! (13)
(w4 ihV)?’
Y M3 TUCIICPCHOHHOTO ypaBHEeHH (8) — B cormacuu ¢ [4] — uMeeM
w = o, —ihV. (14)

B mpeznene, korga 4epeHKOBCKUI CHHXPOHU3M 0 = hv UMEET MECTO Ha «XBOCTE» JIOPEHIIEBa pacipe-
nenenust (12), MOXHO HaJEAThCS, UTO AucIiepcuonHoe cooTHornenue (14) cosnaner ¢ (11). U geiictBu-
TEIBHO, TIOCKOIIBKY B 3TON aCUMIITOTHUKE

2V h3
A (15)
dv v=w/h T Op

10 (11) crpemutcs k (14) — moaxoas! [3] u [4] 0OKa3BIBAIOTCS BO B3aUMHOM COTTIACHH .

Bubanorpadguyeckuii cnmcoxk

1. Jlanoay JIJI., Jlugpwuy E.M. DnexTponuHamMuKa CIDIONIHBIX cpen. M.: Hayka, 1992,
2. Jlugpwuy EM., Illumaesckuii JI. duzndeckas kuaernka. M.: @mmarimr, 2001.

3. Jlanoay JI[. O xonebanusx snekrpoHHoi miaa3mel // JKOTD. 1946. T. 16. C. 524.
4

Bracos A.A. Teopusi BUOpaIMOHHBIX CBOWMCTB AJIEKTPOHHOTO Tra3a M ee MPHIIOKEHHUs // YdeHble
3amucku MI'Y mm. M.B. JlomoHOCcoBa. ®du3uka. 1945, Ne 75.

5. Hugenvo 3., Poynanoc /. HenHeliHbIe BOTHBI, COMUTOHHL U Xaoc. [lep. ¢ anmi. nox pexn. E.A.
Kysunenosa. M.: ®usmariur, 2005. 478 c.
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pacmpeznenenus (12) ObIIO MOTYYEHO — METOIOM KHHETHYECKOTO ypaBHeHUs — B kaure [5]. ledekrom dynkimm (12) aBusercs
PaCXOIMMOCTb SHEPTETHYECKOro HHTerpana | j;o v2 fdv; Ho, Kak TOBOpHII B cBoe BpeMsa A.A. Pyxanse, 5ToT 1ed)eKT Jerko

yCTpaHuTh 3aHyneHueM ¢yHkuuu f(v) mpu v > T, TOe U — ZOCTATOYHO GonblIas BeMMYnHa — Toraa u3 (5)—(8) momywaercs
2

qactora ® = twp(1 — &) — ¢hV, kotopast ipu & = Mayo ormmgaercs ot (14).

mpV
3nh293 K1
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