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In the present work the non self-consistent theory of the discharge sustained by SW. In the approximation of
the set field analytical ratio for EEDF are found. The approached distributions of discharge parameters, such as plasma
density, spatial diffusion coefficient, frequencies of elementary processes (excitation, ionization, etc.), and quantities of
inelastic processes are received. It is shown, that under certain conditions the contribution to them from bounce elec-

trons can become determining.
PACS: 52.50-b; 52.80 Pi; Dg.52.25. Fi.

1.INTRODUCTION

In the theory of the discharge sustained by sur-
face waves (SW), effects of spatial nonlocality and
nonequlibrity are essential. The full system of the equa-
tions is self-coordinated, (it is resulted in [1]) and can be
strictly solved only numerically. However in the given re-
port we want to reveal influence of anomalous skin-effect
on the discharge characteristics. Therefore we shall con-
struct the phenomenological kinetic theory - electron en-
ergy distribution function (EEDF) we shall find in ap-
proximation of the set field. For this purpose we shall
present fields distributions in a modelling kind. We
choose distributions of potential of a spatial charge field
as, close to observed on experiment:
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where: @, - a wall potential of the discharge chamber;

d - thickness of a plasma layer;

At the description of nonequilibrium and nonlo-
cal plasma the most convenient method simplifying re-
search of the kinetic equation (KE) is nonlocal approach
[2,3]. Within the framework of this method all particles
are separated on the flying and trapped. The last make os-
cillations inside the potential hole created by a field of a
spatial charge. By virtue of that basically collision be-
tween themselves (without the change of energy), it is
possible to count their movement collisionless. Therefore
EEDF of trapped electrons depends only on full energy

2

8=W+e¢S(X) (here w=% - electron kinetic en-

ergy), that has experimental confirmation [4]. This fact al-
lows transferring the KE - the six-dimensional equation in
patrician derivatives - in the one-dimensional ordinary
differential equation (ODE). Such simplification is
achieved by averaging the equation on the cross-section
accessible to particles with energy ¢ :
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where such designations are entered: 8(/;, I - excitation
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potentials on k power level and shock ionization. of neu-

tral atom from the basic condition accordingly; v Py vw"

- frequencies of excitation on k power level and the shock
ionization, average on cross-section section, accordingly;
the badge 4 means procedure of averaging on the cross-
section section accessible to particles with energy ¢ .
The power diffusion coefficients are determined as the
D8=DX+DZ+Dql ,
first two composed describe the diffusion due to anomalous
skin-effect on the bounce electrons which obvious kind is re-
sulted in [1], and the third composed corresponds to the qua-
sylinear diffusion arising in a vicinity of a point of a plasma
resonance, determined according to [5].

2. BASIC ASSUMPTIONS

sum of three composes: where

However to find analytical solutions of the equa-
tion (2) without simplifying assumptions is not probably.
Therefore we break space of energy into ranges, in each
of which the kind of the collision integral becomes sim-
pler. So the second composed in the left part (2) describes
change of the EEDF due to elastic collisions, and the right
part of this equation - due to inelastic collisions. Thus the
first and the third composed in the right part take into ac-
count return of electrons in low-energy area as a result of
inelastic collisions (excitation and shock ionization ac-
cordingly).

We enter a threshold of inelastic processes - po-
tential of excitation on the lowest allowed power level

€1 . In the energy range €<¢ inelastic processes are

insignificant, therefore it is possible to put the right part
of the KE (2) equal to zero. The solution of the received
equation is determined by the following ratio:

66 I'Problems of Atomic Science and Technology. 2005. Ne 1. Series: Plasma Physics (10). P. 66-68



K V.e), e
fole)=C fexp[fdg | _dg , (3)
D.(e) D,(¢)
where constants of 1ntegrat10n are defined at the solutions
sew together.

But here it is necessary to insert one more energy
range 0 <& <( kTI) , where (kTI) is a small power

scale of wane EEDF. This scale of wane is numerically
equal to the energy which remaining at the electron after
inelastic impact. Therefore it is necessary to take into ac-
count the first and the third composed in the right part (2).
The solution of the received equation:
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With the account of (4) the EEDF (3) it is valid in the

energy range (KT ,)<&<g&, . The following power
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tential of the chamber. In this energy range it is neglected
by elastic collisions (the second composed in the left part
(2)) and the electrons returning in the area of small ener-
gy after inelastic processes (the first and the third com-
posed in the right part (2)). But also in this case we re-
ceive the equation with variable coefficients. For possibil-
ity of its solution we shall simulate dependence of fre-
quency of inelastic processes on energy as degree func-
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range- €,<€<¢&, ,where &,=—eP . -isa wall po-

tion: vi”el(g )= VO[ Then with
the account of (1) the solution of KE in this energy range
is determined by the following ratio:
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where K (x),7 (x) - McDonald's and Bessel cylin-
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drical functions of the second kind about g accordingly;
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the EEDF in inelastic area is defined by the following ra-
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tice, that the EEDF as (5) coincides with subintegral dis-
tribution function in (4).

; the power scale of wane of
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At the energies £€>> &, nonlocal approach is not ap-
plicable, since it is limited on the field value by the condi-
tion eE l<e 1
solve not KE (2), and to solve the kinetic equation in view
of spatial gradients. But the electrons energy should ex-

ceed potential of a wall on small size for an opportunity
sew together received solutions with received by means

. In this energy range it is necessary to

of nonlocal approach. For the same reason it is possible to
neglect dependence of the coefficients in KE from energy

. The solution for EEDF
in the energy range €&, has the following kind:
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and to take their values at £=¢&,
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the wane EEDF in tail area.

where: (kT2)=d

(the coefficient of spatial

diffusion is following ratio-

Carrying out the sew
together of the solutions (4) - (7) in the points €=¢&,

also €=¢&, we find values of the constants of integra-
tion:
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And value of a constant C| is defined by the value of the
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plasma density on the axis of a layer. Having de-
fined ratio for EEDF, we can [6] define in the standard
image distributions of the discharge characteristics. So
with the help of a ratio:
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it is possible to find spatial distribution of the plasma den-
sity. By means of a ratio:
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coefficient of spatial diffusion. By means of a ratio:
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distributions of the frequency of inelastic processes. And

a ratio:
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Where N, - concentration of neutral atoms; ¢
sections of inelastic processes (excitation, shock ioniza-
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tion, etc.). And included in the ratio (8) - (11) EEDF are
defined according to (4) - (7). EEDF is determined
through the coefficient of power diffusion, and in plasma
of the low pressure there is a contribution from anoma-
lous skin-effect on the bounce electrons. As shown in [1]
in the collisionless limit the contribution from the bounce
electrons at least is not less, than the contribution from the
quasylinear diffusion. It means that in the field of low
pressure vary EEDF. And it conducts to change of all dis-
charge characteristics.

3. CONCLUSIONS

The non self-consistent theory of the discharge sus-
tained by SW is constructed. Solutions for EEDF in ap-
proximation of the set field various power ranges of ener-
gy are received. With the help of this ratio discharge char-

acteristics are found. From them the contribution given by
the bounce electrons follows, that under certain conditions
can become dominating.
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BJAUAHUE AHOMAJIBHOI'O CKUH-D®PEKTA HA PA3PAA NIOAAEP-
"KUBAEMBI IOBEPXHOCTHBIMU BOJTHAMU

H.A.A3apenxos, Bnaoumup B. I'yugun, Banepuii B.I'yuwjun

B nmanHO# paboTe mocTpoeHa HecamMOCOTIacOBaHHAs TeOpHUs paspsaa, moaaepxkusaemoro [1B. B mpubmmke-
HUU 33JaHHOTO TOJI HaiileHb! aHanuTHdeckue pemenns a1 OPOD. [TomydueHsl MpUONMKEHHBIC pacTIpEIEICHUs pa3-
PAOHBIX XapaKTEPUCTHK, TAKAX KaK IUIOTHOCTH IDIa3MBI, KOA(GOHUIIMEHT MPOCTPAaHCTBEHHOHN anddy3un, 4acTOTH dJe-
MEHTapHBIX MPOIECCOB (BO30YKICHUS, HOHU3AIUU U T.II.) U KOJUYECTBO HEYIPYTHX IMpoleccoB. [lokazaHo, 4To mpu
OTIpENIeIICHHBIX YCIOBHSX BKJIAJ] OT bounce 3JeKTPOHOB MOXKET CTaTh OTMPEACIISIOIINM.

BIIJINB AHOMAJIBHOI'O CKIH-E®EKTY HA PO3PA/, IO NI ATPUMY -
€TbCA NIOBEPXHEBUMMU XBUJISIMU

M.O.A3apenkos, Bonooumup B. I'ywun, Banepiiu B. I'vujun

B nawiii po6oTi MoOyIOBaHO CaMOY3ro/DKEHY TEOpilo po3psay, 1o miarpumyersest [1X. YV nHaOmmxeHHi 3a-
JAHOTO TI0JIA 3HaiineHo aHaniTiyHi pimenHs it @PEE. OtpuMano HaOIMKEHI PO3MOAITH XapaKTePUCTHK PO3PSAY, Ta-
KHX SIK TYCTHHA IJIa3MH, KOe(iIlieHT POCTOpoBoi audy3ii, 4aCTOTH eIeMEeHTapHUX MPOIeCiB (30yIKeHHS, 10Hi3amii Ta
iH.) Ta KUTBKOCTI TporieciB. [lokazaHo, 0 3a MEBHUX YMOB bounce eIeKTPOHU MOXYTh BiIirpaBaTH BUSHAYHY POJIb.
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