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The comparison of experimental results, the dependency of the coefficients on the degree of decomposition of
NP strongly coupled plasma with the calculated for various theoretical models. None of the existing theoretical
models do not fully describe the experimental results in the range of the degree nonideality of 0.1...5.
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INTRODUCTION

The recombination processes of dense nonideal
plasma (NP) are poorly understood. This is the subject
of theoretical work [1-6]. Experimentally, we can
determine only the coefficient of decay (Ky). At a
pressure of 100...10 000 at and temperatures
(7...50)-10° K. ionization processes are comparable to
the recombination. Therefore, only the difference of
their decay rate can be determined, and from it calculate
the recombination coefficient. In [7] were determined
decay rates and recombination of hydrogen plasma at
concentrations of 2:10" > N, > 3-10" cm”®  and
temperatures (3.7...64)-10° K. In [8-11] shows the
results of experimental studies of K4 of NP, depending
on the temperature, electron density and the degree of
nonideality. But it is not a comparison with various
theoretical models.In the theoretical works [1, 4, 5]
were given the corrections to classical formula for
coefficient of triple recombination Pitaevskii-Gurevich
[12].

In [2] were given the formula for K, in the NP
obtained in the approximation of nearest neighbor and
the cell model. It is assumed binary recombination
mechanism. The formula in various models differs only
in the coefficient near the Coulomb logarithm — A. In
[3] examines the impact of microscopic fields on the
recombination coefficient in the NP, as in [1]. In [1]
considered the ratio K, of the NP to K, in ideal plasma
and its dependence on concentration n. at different

temperatures under the condition "non-realization of
levels." According to the results of this work, reduction
of K, can be up to two orders of magnitude. In the
experiment [8, 9] is observed a difference of up to 6
orders of magnitude. Therefore, the study of the
experimental dependence of Ky were continued and
their result are presented in this paper. We also give the
comparison of experimental with calculated K4 NP for
various models.

RESULTS AND THEIR DISCUSSIONS

Studies of K4 of NP were conducted in the decay of
the plasma of pulse discharge in water (RWI).
Capacitance of the capacitor bank 14.5 pF, inductance
discharge circuit 0.47 uH. Battery voltages was varied
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from 3 to 37kV. The maximum currents reached
200 kA discharges with a rise time of 4 us. The length
of the discharge gap was 10...100 mm. The discharge
was initiated by an exploding wire diameter of
20...500 microns. The brightness temperature was
measured experimentally and was (5...50)-10° K. The
electron concentration in the NP was varied from 2:10'7
to 10% cm™. The electron density was measured by
different methods and calculated by the pressure and
temperature in the channel. As noted by RWI than
recombination is intense ionization and must be taken
into account when calculating the coefficient of
recombination.

Decay coefficient determined by the formula:

dn32=&-b—(x-ni* 1)
dt-n; n

e

If we neglect the ionization, the Ky coincides with
the K.= a-n;. Experimentally, the decay rate can be
determined by the formula

j— dne

¢ dt-n 2)

where n, — the concentration of electrons; ¢ — ionization

coefficient; n; —ion concentration; n, —the
concentration of atoms;o -n; =K; recombination
coefficient. If no additional input of energy in the
plasma channel, and the electron concentration
decreases with time, then calculating the concentration
of electrons in the course of time, determine K. Let us
consider the dependence of Ky of different plasma
parameters. Fig. 1 shows the dependence of K,. the
temperature obtained by the authors for several modes
of the discharge and taken from [7].

Regardless of the temperature the same values
coefficients of decay obtained for the same values of the

electron densityn,. In this case the temperature varies
from 7000 to 64000 K, which is almost an order of
magnitude. According to the classical Ky should
decrease for the same values n., and this change of
temperature in ~ 3-10* times. But, as seen in Fig. 1, this
does not happen. Consequently, such a parameter as the
temperature is not critical for the recombination
processes in the NP. It should be noted that at the
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beginning of the decay rate increase is consistent
allocation of lines H,,, Hg, H, of the continuous spectrum
of radiation.

Consequently, there are new levels that possible
recombination of electrons. Another factor favoring an
increase in the recombination process is the reduction of
the optical thickness of the continuous spectrum;
therefore, the radiation from the plasma channel is
beginning to emerge not only from the surface, but also
from the volume, which leads to an increase in the rate
of cooling of the plasma channel. Both of these factors
contribute to an increase in the rate of decay of the
plasma channel. In Fig.2 shows the experimental
dependence of Ky on the time and the comparison with
classical and formulas for the NP [2].
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Fig. 1. The dependence of T the K, decay coefficients
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Fig. 2. Progress in time K, decay coefficients

In [2] takes into account nonideality of plasma, and
the recombination process is a binary (only the collision
of electrons and ions). In [6] it is assumed that three-
body recombination occurs, and then there is a electron-
electron-ion collision. At the same time also takes into
account ionization processes. A good agreement with
[2] obtained only with a decrease in the electron density
ne to values of 10'7 em™ (ionization taken into account
in the calculations of [6]). At high values n. of the
electron density n,, the difference amounted to
5...6 orders of magnitude. In [6] first time takes into
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account the ionization processes and the opacity of the
emission lines of hydrogen in the Lyman series.

The experimental dependence of Ky on the degree of
nonideality of the plasma at ' =0.2...4.5 (Fig. 3).
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Fig. 3. The dependence of the decay coefficient of the
plasmas nonideality degree

First K, values decrease sharply with increasing I" from 0.1
to 0.3 on the three orders, and then start to increase almost an
order of magnitude, are the maximum and an increase in I"
from 2 to 4.5 has been a slow decrease of the decay the
order. Qualitatively, the experimental results agree with
those calculated theoretically in [4]. But there are
quantitative differences. For I' < 1, the experimental values
of K4by 2 orders of magnitude lower than the theoretical,
and at I = 4 are the same. At " > 4 theoretical values of the
recombination rate becomes smaller than the experimental.

The values of the recombination coefficients
obtained by the formulas given in [3], were several
orders of magnitude higher than the experimental
values. But the calculated values are parallel to the
experimental one. In this paper we considered only the
effect of electric micro field NP.

Comparison with the calculated values of [5] shows
that the well described the experimental results on the
decay of NP with values of I" > 0.5. It should be noted
that in [5] the calculation was performed for ultra cold
plasma. For small values of r there is a greater
discrepancy than estimated by theory [4]. It should be
noted that the degree of nonideality parameter I' is
ambiguous; it depends not only on the n,, but also on
the plasma temperature T. Experimentally, the unique
dependence of Ky was obtained only on the electron
concentration in the NP [11]. None of the known
theoretical work does not describe the experimental
dependence of K4 on the plasma nonideality degree I'.
Apparently, I' is not unique parameter to describe its
effect on the rate of plasma decay.

Some theoretical calculations do not take into
account the effects of "non-realization of" levels of
atoms in strong micro fields NP. Accordingly, there is
no level to which it would be possible recombination of
electrons. The experimentally observed sharp increase
in the rate of decay of the hydrogen-oxygen plasma with
the advent of the hydrogen emission lines H,, Hg, H,.
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CONCLUSIONS

The temperature is not unambiguous parameter to
describe the Ky NP. Theoretical dependences of the
plasma decay coefficient of the degree of nonideality
published in [3-5] satisfactorily describe dependence the
K4 for the plasma nonideality degree, if it is greater than
unity. At low the plasma nonideality degree is not an
acceptable theoretical description of such dependences.
Unambiguous experimental dependence of K is the only
on the electron concentration n, [11].
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O BJIMSIHUU CTENNEHU HEUJIEAJIBHOCTHU ITVIASMbI HA KO®OUIIUEHTHI PACITA JIA

0.A. ®eooposuu, JI.M. Boiimenko

[IpuBeneHo cpaBHEHHE SKCIIEPUMEHTAIBHBIX PE3yIbTATOB 3aBUCHMOCTEH KOA(PPHUIINEHTOB paclaga HeuAeaTbHO’
wra3Mel (HIT) oT crenenn HenpeanbHOCTH TUTa3MbI C PACUETHBIMH 10 Pa3HBIM TEOpPETHYecKUM MojensaM. Hu oxgna u3
CYIIECTBYIOIINX TEOPETHUECKIX MOJIEIECH HE ONMMCHIBAET MOTHOCTHIO AKCIIEPHIMEHTABHBIE PE3YIIbTATH B AUANIA30HE

crenenn Hennpeanpaoctu 0.1...5.

ITPO BIJIUB CTYIEHSA HEIAEAJIBHOCTI IVIASMHA HA KOE®IIIEHTHU PO3MALY
0.A. ®eooposuu, J.M. Boiimenko

[TpuBeneHO TOPIBHSHHSA EKCIICPUMEHTAIBHUX pE3yJbTaTiB 3aJIe)KHOCTEH KoedillieHTIB po3nany HeijealbHOT
rra3mu (HIT) Bix cTyrmeHs HeimealmbHOCTI INTa3MH 3 PO3PAXYHKOBHUMH 32 Pi3HHUMHU TEOPETHUIHUMH MojensmMu. JKomHa
3 ICHYIOUMX TEOPETUYHHX MOJEIed He ONNCYE IMOBHICTIO €KCIEPUMEHTAbHI PE3yNbTaTH B Jialma3oHi CTYIEHS

HeimeansHocTi 0.1...5.
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