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In the low pressure region, when the electron mean free path is larger then the discharge size, electron dynamics
becomes nonlocal and nonequilibrium. In the present work, the self-consistent set of the equations, which take into ac-
count anomalous skin-effect, is received. It consists of the kinetic equation for electron energy distribution function
(EEDF), nonlocal Maxwell equations and the equations of ion hydrodynamics. In expressions for power diffusion,
"bounce" electrons are taken into account, which are responsible for anomalous skin - effect. The determining role of
these effects in maintenance of the discharge sustained by surface waves are predicted in the low pressure region.
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1. INTRODUCTION

The plasma sources sustained by surface wave (SW),
such as surfatron, waveguide, Ro-box et al, are intensive-
ly investigated in connection with numerous technologi-
cal applications [1].

The basic problem in the theory is to connect external dis-
charge parameters (electric fields intensity, wave frequency,
pressure and a kind of gas, the geometrical sizes, etc.), with in-
ner ones (plasma density distribution, electromagnetic fields,
frequencies of ionization and recombination, diffusions, elec-
tron energy distribution functions (EEDF), etc.).

The occurrence of simplifying approach - the so-
called nonlocal approach (see reviews [2, 3]) became sig-
nificant achievement in this direction.

Electrons in this case are separated into flying and
trapped ones. Big part of these electrons is closed and
makes oscillations between points of turn. EEDF of such
electrons depends only on full energy [2].

The nonlocal approach has been offered in the works
[4,5] for the discharges sustained by surface wave and
contains analytical, numerical and experimental results. In
paper [6], the account of a plasma resonance is added in a
vicinity of a point, where dielectric permittivity of plasma
addresses in zero. Radial component of electric field is
"swelled" that leads to possibility of linear and nonlinear
mechanisms of acceleration of the tail electrons. Their ex-
istence corresponds to occurrence of additional quasylin-
ear diffusion that has as a result of the change of kinetic
equation and discharge parameters as well.

The mean free path A sharply grows at low pressure
(p < 10mTorr ) that excludes the possibility of Ohmic
heating, so that Landau mechanism takes place only for
longitudinal waves. It agrees with paper [7] that energy
absorbed by plasma depends on the dissipation mecha-
nism. Absorbed energy is determined in nonuniform plas-
ma by a ratio:

Py = 41 (e D, (e)aJ;#de NG)

Hence, a question on the SW dissipation mechanism
in the field of low pressure appears.

In this case the dominating mechanism of the SW dissi-
pation can be the mechanism of resonant interaction of
waves with plasma on the anomalous skin-effect appearing
atd << 1 ,whered is depth of the skin -layer [8].

The abnormality is provided in a layer (or the cylin-
der) by the "bounce" electrons. The resonant interaction
of such particles with a field takes place under condition

of Q pounce = — = 0 . Similarity of electrons interaction
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with changing fields at the border, has allowed the authors
[9] to name the arising heating as stochastic.

2. SYSTEM OF EQUATIONS
Let's consider the nonuniform plasma layer of thickness
d in which it is propagated HF electromagnetic SW with
components of fields £x> £, H, . EEDF in such conditions

is nonlocal and nonequilibrium [6]. The kinetic equation in
this case is similar to [10] and has the following form:
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where the following notations are entered: EZ,I are the

excitation potentials on k power level and shock ioniza-
tion of neutral atom from the basic condition, according-

ly; v, ,: " are the frequencies of excitation on k power

level and the shock ionization, average over cross-section,
accordingly; the badge 4 means procedure of averaging
over the cross-section accessible to particles with energy

€ .The coefficient of power diffusion is:
Dy = Dyt Dy + Dy 3)

where:
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G.1(x,x)= ch(® , - 0 (x)chd (x)sh™ 10, ;
Gy (x,x )= ch® (x)ch(® , - 0 (x ))sh™'0 . ;
G(x,x)= ch(®, - 0 (x))shd (x)sh™ o, ;

Gy (x,x )= - chd (x)sh(® , - © (x ))sh™lo, ;
0 (x)= f%(-i[w -k
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Obviously, that the equation (1) to within designa-
tions coincides with the equation (21) works [6]. The dif-
fusion coefficients (3) generalize resulted in (25) - (28),
that is equivalent to the account of the bounce electrons. It
should be noted, that at £, - 0 we have limiting transi-

tion to results of [10], and at V >> Q we have limiting
transition to results of [6].

Maxwell equations have nonlocal character since a
plasma conductivity is nonlocal:
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However, if it is possible to take out intensity of a
field from the integral (it can be made provided that the
electron power mean free path is small in comparison
with characteristic scale of inhomogeneity), then it is pos-
sible to proceed the results of local theory.

For closing of the equations (2) - (4) it is necessary
the equation for ions by known way [10] to reduced to a

kind (5) - (6):
A Ol 5
X
a ©

0
i

So, the system of the equations (2)-(6) generalized
nonlocal approach for the discharge sustained by surface

waves in the field of the low pressures. Comparing the
quasylinear diffusion [6] with the diffusion (3) we receive
relation of the quasylinear and bounce diffusion coeffi-
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From this relation follows, that in the collisionless limit
(when the condition A >>d occurs, the diffusion with
account for bounce movement at least is not less than the
quasylinear diffusion.

3. CONCLUSIONS

On the basis of the estimations received from the re-
quired equations (2) - (6), it follows that in electron dy-
namics of the plasma sustained by SW, in low pressure
range, nonlocal and nonequilibrium effects are essential.
SW energy dissipation it is caused by the stochastic heat-
ing, corresponding to anomalous skin-effect. It is possible
to assert, that the physical picture is much more difficult,
than it seemed earlier.
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cients which has the following order

MOJUPUKALNNA HEJTOKAJIBHOT'O MTOJAXOJA JJI51 OITMCAHUS PA3PAL0B, HOJJEPKUBAE-
MBbIX TOBEPXHOCTHBIMM BOJTHAMH B OBJIACTH MAJIBIX TABJIEHUI

H.A. A3apenxoe, Braoumup B. I'vugun, Banepuit B. I'yujun

B obmacti HU3KMX aBJICHHH, KOT/Ia JUTMHA CBOOOTHOTO TIpoOera 3J1eKTPOHOB OOJIbIIIE pa3Mepa paspsiza, NeKTPOHHAs -
HaMMKa CTaHOBHTCS HEJIOKAIBHOM M HepaBHOBECHOH. [lomydeHa camMocoriiacoBaHHasi CHUCTEMa YpaBHEHMH, YUUTHIBAIOIAst aHO-
MasTbHBIN CKMH-0(Q(eKT. OHa COCTONT M3 KNHETHYECKOTO YpaBHEHUS TSl (PyHKIMN PACIIpeIeNICHNs] JJIEKTPOHOB I10 SHEPTHSIM,
HEJIOKAJIGHBIX YpaBHEHHIT MakcBeluia 1 ypaBHEH!I MOHHOW THIAPOJMHAMUKU. B BeIpaxkeHus 111 SHepreTrdeckoit tuddysun
yUTeHBI “bounce” 3JIeKTPOHBI, OTBETCTBEHHBIC 3a aHOMATbHBIH CKUH-3(ekT. [Ipenckasana onpenersitonias poiib 3Tux 3hdek-
TOB B OIPEJIEIICHUH TIapaMeTPOB Paspsizia, MOIEPKUBAEMOr0 OBEPXHOCTHBIMU BOJIHAMH B 00JIACTH HU3KUX JIABJICHHH.

MOJUPIKAIIS HEJTOKAJIBHOI'O MIAXOAY AJIs OMUCY PO3PAAIB, O MIATPUMYIOTBCSI
MNOBEPXHEBHUMMU XBUJISIMU B OBJIACTI HU3bKUX TUCKIB
M.O. Azapenkos, Bonooumup B. I'ywyun, Banepiii B. I'yujun
B ofmacTi HU3BKHX THCKIB, KOJIM IOBYKHHA BUTHHOTO ITPOOITY €IEKTPOHIB OiTBIIa 32 po3Mip po3psy, eNEKTPOHHA THHAMIKA
CTa€ HEJIOKAIBHOIO Ta HEPIBHOBa)KHOIO. OTpUMaHa caMOy3ro/pKeHa CUCTEMa PIBHSHB, sSIKa BPaXOBY€ aHOMAJIbHUN CKiH-E(EeKT.
BoHa ckitaaeThest 3 KIHETHYHOTO PIBHSHHS UL PyHKIIT pO3IIOAUTY €IeKTPOHIB 110 €HEPrisiM, HEJIOKAIBHUX pIBHAHE MaxcBema
1 pIBHSHB 10HHOI TinpoaMHaMiKK. Y BUpasax s eHepretiuHoi audysii BpaxoaHi “bounce” eekTpoHH, 1110 BIANOBIIAIOTH 32
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aHOMaIbHHI cKiH-edexT. [lepenBiniena nmpoBinHa posb 1MX eeKTiB y BU3HAUCHHI HapaMeTpiB po3psiay, IO MiITPUMYIOTHCS
MOBEPXHEBUMH XBIJISIMH B 00J1aCTI HU3bKMX THCKIB.
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