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Empirical formula of the coefficient decay dependence of strongly coupled plasma from the electron density in the

range from 10" to 10** cm™ is given. The dependence of the coefficients of the decay of NP from the temperature in the
range from 7x10° to 45x10° K and the degree of nonideality of plasma I' in the range from 0.2 to 3 was also

experimentally studied.
PACS: 52.80.-s

INTRODUCTION

Recombination processes in a nonideal plasma (NP) is
studied too little. This is due to the complexity of the
theoretical description of processes in nonideal plasmas
[1-3]. Most theoretical models which are valid for an ideal
plasma, in dense (nonideal) plasma does not work. In
describing the dense plasma is also not true
representations of solid state physics. Theory of NP is
developed insufficiently, not only because of the
complexity of calculations of such plasma, but also
because of the lack of reliable experimental data from the
properties of the NP and the relationship of its properties
with the main parameters of the plasma. The experimental
results obtained are also very difficult. Nonideal plasma,
under laboratory conditions, exists a very short time — the
nano- and micro- and milliseconds. No equipment to
measure the basic parameters of the NP for such a short
time. There are no methods for measuring the parameters
of the NP. In the NP can only be measured the time
variation the brightness temperature (Ty,) of the surface
layers of plasma. But with measuring the Ty, at different
wavelengths can be obtained by the difference in the
values of Ty, to 2 times [4]. This may indicate about the
radiation no equilibrium NP. The electron concentration
from the broadening of hydrogen lines H, (656.3 nm) can
be measured only below to values N, < 10" c¢m™. This
requires the adjustment of the contour lines H, [5]. In
dense inhomogeneous plasma there is always the
reabsorption which reduce the intensity contours
reabsorbed lines. Correction of the reabsorbed contour
lines H, is very time-consuming and uncomfortable
procedure. At higher concentrations (N, > 4x10" ¢cm™)
H, line (656.3 nm) by the influence of microscopic fields
of the plasma in the spectrum can not be realized [6]. In
recent years, effort have been attempted to determine the
concentration of electrons in the plasma on the effect of
outage of lines under the influence of microscopic fields
of the plasma, the so-called non-realization of the effect
of lines, or on the effect of "gap" in NP [8].This made by
the lines of hydrogen and tungsten. This can be done for
other compositions of plasma where atoms and ions are
sufficiently rich in line emission and absorption spectra.
The results of theoretical work on recombination [1-3] —
are contradictory. Experimental verification is required
for theoretical work on recombination that has appeared

in recent years. This paper studies the influence of various
plasma parameters on the rate of decay of coupled plasma
and obtaining an empirical formula for the dependence of
the decay rate of NP on the electron density.

RESULTS AND DISCUSSION

In recent years have appeared several experimental
studies on the decay of NP [7-9]. They presented the
results of dependences of the decay of the NP from time.
It is of interest to determine the dependences index of the
decay from various parameters of the NP: temperature,
electron density, the degree of nonideality of plasma
pressure, the concentration of atoms in the NP, etc. In
most theoretical work with the estimation of
recombination coefficients use two basic parameters -
electron density and temperature of the plasma [1, 2]. In
[3] gives such a dependence from the nonideality
parameter of plasma I'. I (Ratio of potential to kinetic
energy of the plasma) is written as

'=(4xN,/3)" (& 1 k-T),
where T — plasma temperature, N, — electron density, k& —
Boltzmann constant, e - electron charge.

In [10, 7] have mentioned that direct measuring the
recombination coefficient of the plasma is very difficult
because in addition to the recombination processes are
processes thermal ionization. Experimentally, we can
determine only the coefficient of plasma decay.

It can be seen in Fig. 1 that there is no unique
dependence of the decay coefficients of the hydrogen-
oxygen plasma from the temperature in the range
(20...50)x10° K. When the temperature of the plasma in
the channel is reduced from 20x10° to 8x10° K, the decay
coefficient increases from 3x107° to 1072 cm?/s. At the
same chart for comparison is adduced the results taken
from [10]. The decay coefficients value is given for the
temperature 50x10° K, when the electron density is
2x10"7cm™, requisite value the decay coefficients is
10"? cm’/s. The decay coefficients value at the same
temperature is received approximately 10°cm’/s at
concentrations of electrons 5x10"...10%" cm™ by authors
of this paper. The horizontal shape of the curve of the
decay coefficient from temperature can apparently be
explained by high values of ionization at high
temperatures. Therefore, most likely, the temperature is
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not the most important parameter is the NP of which
depend on the coefficients of decomposition. The
dependence of the recombination coefficient from
temperature in all theories of theoretical studies is the
same, proportional to ~ T, Experimentally, the strong
dependence of the decay from temperature in the NP is
not observed.
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Fig. 1. Dependence of the decay rate of strongly coupled
plasma on the temperature

Fig. 2 shows the results of determining the
coefficients of plasma decay in depending on the
concentration of electrons. Chart based on a double
logarithmic scale.
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Fig. 2. Dependence of the decay rate of strongly coupled
plasma on the concentration

It is seen that with decreasing concentration of electrons
in the NP from 7x10*' to 2x10" cm™ the decay
coefficient increases almost linearly from a value of
3x10™"* to 1x107"% em’/s.

The plasma temperature was equal to (8...11)x10°K at an
electron density N, = 7x10?'...10* cm™ for tungsten
plasma and decreased from 50x10° to 7x10° K at
concentrations of N, = 5%10%...10" ecm™  for the
hydrogen-oxygen plasma.

Considering that the almost linear dependence of the
decay coefficient from the electron density in the NP
experimentally was obtained, an empirical formula for
this dependence was picked up and has the form:

K =4,9-10°(N,)'? =4,9-10°N, 75

dN,
dt - cm” decay rate of NP, N, (cm™)

e

where K =

— electron concentration in the NP. This formula describes the
experimentally obtained dependence of the decay coefficient
of NP from the electron density in the range of 10" cm™< N,
< 10%cem™. Temperature range (7...50)x10° K.

Data were obtained for the hydrogen-oxygen plasma
in the range of electron densities 10'...10*' ¢cm™ for
tungsten in the range of 10%...10* cm™.

The charges value of ions and temperature were not
considered. The experimental data of the decay
coefficients was obtained of the three modes of
discharges. In plasma tungsten is possible second
ionization, but it was not considered in the empirical
formula.

Some variation in the coefficients of the decay in the
concentration range of electrons 5-10"...10*' cm™ can be
attributed to a significant ionization of neutral atoms at
high temperature hydrogen-oxygen plasma
(T = (40...50)x10° K).

A comparison of experimental results with theoretical
calculations of [1-3] is given.

At comparing the experimental values of the decay
coefficients with theoretical work [1] in which is
supposed to triple-recombination mechanism (electron -
electron - ion), a big difference at high concentrations of
electrons were received

With decreasing the concentration of electrons occurs
convergence of experimental and theoretical results.

In a theoretical paper [2] predicted a reduction in the
decay coefficients with increasing electron concentration.
Qualitatively this is consistent with experimental results.
But it is assumed binary recombination (electron-ion), but
not triple.

In [3] shows the dependence of the recombination
coefficient (decay) in depending on the degree of the
plasma nonideality I'. According to this work should
exhibit a maximum in the ratio of recombination

'=0,6...1,2.
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Fig. 3. Dependence of the decay rate of strongly coupled
plasma on degree of nonideality

Fig.3 shows the experimental results of the
dependences of the decay coefficient in depending on the
degree of the plasma nonideality I". The experimental
values of the decay coefficients from the degree of plasma
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nonideality have really a small peak in the region I' =
0,4...2. The region with the degree of nonideality T’
0,6...1,5 yet we have not been investigated. From this
dependence follows that nature of the decay process
change at I' = 0,3. Perhaps, the binary recombination at
large N, with a decrease in N, (N, < 5x10" ecm?) is
transformed into a triple.

CONCLUSIONS

Almost linear relationship (on a double logarithmic
scale) the plasma decay coefficient from the electron
density for the NP was discovered. An empirical formula
for this dependence was obtained. A small maximum the
decay coefficients for the degree of nonideality of plasma

'~0,6...1,5 experimentally observed that agrees
qualitatively with the results of [3].
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OSMIIMPUYECKAS ®OPMYJIA 3ABUCUMOCTH KOSPOPUIUEHTOB PACIIAZIA
HENJAEAJIBHOMU IIVIA3MBI OT KOHIHEHTPALIUU 3JIEKTPOHOB

0.A. ®eooposuu, JI.M. Boiimenko

[puBomurcs smnupudeckas (GopMmysia 3aBUCUMOCTH Kod(h(HUIMEHTOB pacnana HeunpeanbHoit mazmel (HIT) or
KOHIICHTPALIMH YJIEKTPOHOB B auanasone or 10" 1o 10% cm™. MccnenoBaHbl Takke SKCIEPUMEHTATBHBIE 3aBHCHMOCTH
xoaddurmenToB pacnaga HIT ot Temmeparypsi B quamasone (7x10%)...(45x10%) K u crenenn HemmeansHOCTH miasmbl I B

nuanasose ot 0.2 7o 3.

EMIIPHYHA ®OPMVYJIA 3AJIEXKHOCTI KOE®ILIEHTIB PO3IALY
HEILJEAJIBHOI IVIA3MH BIJI KOHHEHTPALII EJIEKTPOHIB

0.A. ®eooposuu, JI. M. Boiimenko

HaBomuthcst emmipuaHa GopMyma 3aieKHOCTI KoedilieHTiB po3many HeineanbHOi miasmu (HIIT) Bim koHmeHTparmii
€JIEKTPOHIB B Jiama3oHi Bif 10" no 102 em™. JocaimkeHo TakoXK eKCIIEpUMEHTANIBbHI 3aJIeKHOCTI KOeiieHTIB po3mamy
HII Bix Temmepatypu y miamna3oHi (7><103) ...(45><103) K ra crymento HeineansHOCTI ma3mu [ B giamazowi Bix 0.2 1o 3.
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