OES DIAGNOSTICS OF PLASMA OF FAST DISCHARGES IN STRONGLY OVERVOLTAGED
GAPS *
D.A. SOROKIN1, S.A. MINAEV2, M.I. LOMAEV1, V.S. RIPENKO1,
1Institute

of High Current Electronics, 2/3 Akademichesky Ave., Tomsk, 634055, Russia, SDmA-70@loi.hcei.tsc.ru, +79234052746
2National Research Tomsk State University, 36 Lenina Ave., Tomsk, 634050, Russia

Due to its unique properties, non-equilibrium low-temperature plasma (NLTP) is widely used in various
fields [1]. Currently, one of the most promising objects is dense NLTP. One of the most reliable ways to
create such a plasma is a diffuse discharge realized as a result of applying high-voltage pulses of both
polarities with a rise rate of 1013–1015 V/s to gaps filled with high-pressure gases and providing strong
overvoltage [2]. From the point of view of the practical use of any plasma object, it is extremely important to
know its basic parameters (electron concentration Ne and temperature Te; vibrational Tv, rotational Tr and gas
Ttr temperatures; reduced electric field strength E/N). However, it should be noted that due to the strong nonequilibrium of such a plasma, classical techniques are indispensable for its diagnosis. This study presents the
results of applying some methods of optical emission spectroscopy (OES), suitable for diagnostics of plasma,
obeying the radiational-collisional model. In the experiments, NLTP plasma was formed in “point-plane”
gaps filled with dense gases (helium, air, nitrogen, argon). Optical signals from the plasma passing through a
monochromator were recorded with detectors providing spectral and temporal resolution up to ~0.2 Å and
~100 ps, respectively. Using the method based on measuring a spectral distance Δλ between the forbidden
(447.0 nm) and the allowed (447.15 nm) components of the atomic helium line (Fig. 1a) and giving reliable
results in the range 1014–1016 cm-3 [3], Ne in diffuse discharge plasma was measured. Thus, for NLTP in pure
helium at a pressures of 0.5–4 atm, the average values of Ne are ~1014–1015 cm-3. This result is in good
agreement with that obtained with Stark method [4]. To determine Te and E/N, we used the method based on
measuring the ratio R391/394 of the peak intensities of the ionic (391.4 nm) and molecular (394.3 nm) nitrogen
bands [5]. Using the measuring complex, the time behavior of the intensities of mentioned bands in the
discharge plasma of atmospheric-pressure nitrogen at different distances L from the potential pointed
electrode along the longitudinal axis of the discharge gap was recorded. There are dependencies of Te and
E/N on L for one of the moments at the breakdown stage in Fig. 1b,c. However, it is worth pointing out that
these data refer to the time instants when the radiation intensity is sufficient for recording. At an earlier
stage, these values should be even higher. Then they decrease rapidly. The non-uniformity of the values
along the gap is explained by an increase in the electric field near the electrodes. In addition, using these data
we estimate the average velocity of the streamer (ionization wave) providing gap breakdown. It is ~109 cm/s.
These experimental data are in good agreement with the results of simulations [6].

Fig. 1. a) Spectral line of He I (447 nm). b, c) Dependencies of Te and E/N on L. N2, 1 atm. Gap width is 5 mm.
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INTERACTION OF HIGH-DENSITY CATHODE-SPOT PLASMA WITH A MAGNETIC FIELD*
M.M. TSVENTOUKH1, D.L. SHMELEV2 AND S.A. BARENGOLTS3,1
2

1 Lebedev Physical Institute of Russian Academy of Sciences, 53 Leninsky Ave., Moscow 119991, Russia
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3 Prokhorov General Physics Institute of Russian Academy of Sciences, 38 Vavilova st., Moscow 119991, Russia

Vacuum electrical discharge implies the plasma production from the electrode material [1]. The current
transfer over that plasma occurs with electron emission from the cathode accompanied by the plasma
production. It is commonly accepted that the emission and plasma production from the cathode occurs in
pulsed-periodic manner, similarly to the boiling. The key features of the single pulse arises from the
explosive-electron emission (EEE) event occurring in the micro volume within nanoseconds due to the Joule
overheating of the emission region. The current pulse producing by the EEE – ecton being accompanied by
the metal explosive plasma expanding outward the emission micro region at the cathode at velocities
reaching 5 – 20 km/s. The ensemble of the pulsed-periodically occurring EEE cells forms the cathode spot.
As there is an ignition of new EEE cells instead of the preceding ones, there is an apparent motion of
the spot. With the magnetic field applied to the vacuum arc discharge its cathode spot exhibit so-called
“retrograde” motion that is average drift motion in anti-amperian direction, B×I.
It has been shown that for the EEE-cell plasma the general parameters [2]

2  Te2
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 mec2e2 
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e2 2nR2

(with n > 1018 cm–3, radius R < 10 µm, Te ~ 1 eV, Coulomb logarithm Λ ~ 1, and   j

(3)
2me
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/ en < 1),

correspond to the range ωτ << 1 << β. This implies that the self-magnetic field of an EEE cell has no
influence on the dynamics of its plasma. However, new cells may arise some distance away from the
preceding ones. For this case, it is necessary to take account of the decrease in plasma density and in
magnetic field with distance. For the density decrease nrα = const (with α = 2 and 3) one may obtain that
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reaches 1 at about 10 µm, where unperturbed density is high-enough to ignite new EEE-cells.
Using the MHD equation for the plasma velocity vpl perturbed by an external magnetic field
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(where v1e ~(Te/Mi)1/2 is the electron drift (current) velocity [2]) for ωτ < 1 and the continuity equation in it its

simple form of a flux conservation law nv = const, one may estimate perturbed plasma density distribution,
and corresponding “velocity” of apparent retrograde motion of a cathode spot [3]:
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that increases both with I and B. The estimated values of vretr/Be ranging from a few to tens of m/(s T)
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(36)
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RAILGUN GAS SWITCHES IN OSCILLATORY REGIME OF DISCHARGE*
A.V. KHARLOV, E.V. KUMPYAK, G.V. SMORUDOV, N.V. TSOY 1
1
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Discharge of a capacitive storage on a load with unipolar pulse is employed for pumping of powerful
lasers and also for feeding of electromagnetic launchers, and pulsed high magnetic field facilities. Spark
gaps are often used to commute energy on a load. Triggered spark gaps with electrodynamical acceleration
of spark channel were developed and investigated by Kovalchuk and colleagues for the unipolar pulse mode
[1-3]. In some applications oscillatory regime (underdamped sinusoidal) has to be realized for the capacitor
bank discharge. In particular, it is valid for a pulsed electromagnetic forming (EMF) technology, which is
used for assembling welding, cutting, and forming the details of products in various branches of industry [4].
Spark gaps, developed for unipolar discharge, cannot directly be employed in under-damped (oscillatory)
regime, because at current transition through zero the arc channel could stop motion and ignite at initial place
on the following half period. This phenomenon was observed by investigating the moving spark behavior [5]
in the coaxial rotary switch. The conclusion drawn in [5] is that the re-ignition points are dependent on the
magnitudes of the current; it is shown that for the lowest current, the point of re-ignition is close to the point
of first ignition, but as the spark current increases, re-ignition after zero-crossing of the current is initiated at
the same point at which the spark was extinguished. Compact gas switch, intended for operation in
oscillatory (low damping) regime of discharge, was introduced in [6]. It is a two-electrode switch with
electrodynamic acceleration of a spark channel in planar geometry. New geometry of coaxial switch with
closed loop rotating arc has been implemented and investigated in this paper. Different operations regimes
have been investigated with wide variation in the current-voltage amplitudes and pulse duration (up to 3 ms).
Moreover, arc motion was investigated by use of optical and electrical probes depending on the current and
charge transfer and compared with simulations.
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EXPERIMENTAL ESTABLISHING OF PLASMA OPENING SWITCH VOLTAGE SCALING
S.V. LOGINOV
Institute of High Current Electronics SB RAS, 2/3 Akademichesky ave., Tomsk, 634055, Russia, loginov@oit.hcei.tsc.ru

It is theoretically generalized how the plasma opening switch voltage scaling depends on conduction
current [1]. The scaling experimental verification with the megaampere installation GIT-4 is presented. It is
found that the peak switch voltage dependence on the conduction current has a nonmonotonic profile: a part
of the voltage increase at the switch conduction current less than ~1 МА is replaced by the voltage decrease
at the further increasing of the current to the level more than ~1 МА. The change in scaling is due to a
different mechanism of magnetic field penetration through plasma: the switch operation regime with plasma
erosion dispersal is replaced by the regime of plasma aggregation under the strong magnetic field pressure
[2]. As a result, the pulse power arising on current interruption is restricted by the peak voltage reached at the
switch current of ~1 МА. The detected switch voltage scaling is also confirmed by the approximation of the
experimental data obtained with the megaampere facilities HAWK [3] and DECADE [4].
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ON THE NATURE OF CHARGED PARTICLE FLOW IN VACUUM ARC*
I.L. MUZYUKIN1, P,S. MIKHAILOV1,
1Institute

of electrophysics, Amundsena 106, Ekaterinburg, 620016, Russia, plasmon@mail.ru

Time resolving investigations of charged particles flows from the cathode region of the vacuum arc reveal
that the basis of charged particles flow is short -term bursts[1]. These bursts can form sequences of bursts,
groups of bursts with a relatively smooth waveform and superbursts. The Fourier analysis shown that ion flow
has a brown-like frequency law. This fact can serve as the evidence of fractal nature of the cathode spot[2].
However, the detailed analysis of ion and accelerated electron signals revealed that the fractal nature of charged
particle signal can reflect the fractal nature of plasma turbulences in discharge plasma. The wavelet analysis
of shows the self-similarity in ion flow time dependence (Fig.1).

Fig. 1. The “skeleton” picture of wavelet spectrum of ion flow from vacuum arc with copper electrodes

Also, the strong correlation between intensive charged particle flow appearance and arc discharge
parameter instabilities was revealed. Thus, the plasma instabilities can be considered as the cause of ion and
electron flow acceleration in the vacuum arc.
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STUDY OF THE ION PLASMA FLOW GENERATED BY VACUUM FLASHOVER DISCHARGE*
I.L. MUZYUKIN1, P.S. MIKHAILOV1
1Institute
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e-mail: gmgm01@mail.ru, 89617923844

The pulsed vacuum flashover discharge is widely studied but most works are connected with prebreakdown and breakdown phenomena [1]. The results of the plasma ion flow study for different pulsed
discharge parameters using small-sized ion detectors are presented in this paper.
A coaxial plasma source was used. The cathode was made of copper wire with a diameter of 1 mm, the
anode ring was made of brass with a diameter of 4 mm. Cathode–anode gap was 1 mm. A cable generator
with amplitude from 10 to 30 kV and pulse duration from 18 to 100 ns were used as a source of high-voltage
pulses. All studies were carried out at a pressure of 10-5 mm Hg.
Compact ion collectors were used to study the parameters of the ion flux and electron current. To
determine the spatial and temporal structure of the flow, the analyzers were installed at various angles from
0o to 60o. It was assumed that the ion flow from 60o to 90o degrees is insignificant. The analyzer has an inlet
10mm diameter, with 50µm net. The particle collector is made in the form of a copper spiral. When
measuring the flow of electrons, an additional retarding grid was installed in front of the collector. To
analyze the distribution of electrons, a negative potential from 0 to –90 V was applied to the retarding grid.
For each combination of parameters, an averaged waveform was obtained. It was also carried out numerical
integration over the angles to calculate the total ion current.
Typical ion density diagram is presented at Fig. 1. The main ion flow reaches the detector in 1.5 μs.
Almost all ionic current is distributed in solid angle up to 60o. The maximum current density is achieved at
an angle of 15o.

Fig. 1. Ion current density as a function of angle and time. Discharge duration 45ns, pulse amplitude 20kV.
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INVESTIGATION OF ELECTRON TRANSITION INTO RUNAWAY MODE IN
INHOMOGENEOUS ELECTRIC FIELD IN VARIOUS GAS MEDIA*
Y.I. MAMONTOV, V.V. LISENKOV, I.V. UIMANOV
Institute of Electrophysics, Amundsena Str. 106, Ekaterinburg, 620016, Russia,
E-mail: mamontov@iep.uran.ru, phone:+7(343)2678824

Transition of field-emitted electrons into the runaway mode is investigated in the region of enhanced
electric field determined by the configuration of a microtip on a cathode for various gas media composition
and pressure. The research is done using simulation of electron motion in the inhomogeneous electric field
with a help of the Monte-Carlo procedure in the 3D configuration. Calculations were carried out for nitrogen,
hydrogen and CO2:He:N2-mixture (1:1:3). It’s shown that passage through a relatively small region of the
enhanced field in the vicinity of the microtip may substantially facilitate electron transition to the runaway
mode. This effect enhances at pressures of greater than 10 atm. In our opinion, the resulting runaway
electrons may provide preionization of gas medium and formation of the initial stage of a volume discharge.
The results obtained are of interest for studies of the switching properties of ultrahigh pressure gaps and the
use of a volume discharge for lasers pumping.
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CURRENT-VOLTAGE CHARACTERISTICS OF THE HIGH-FREQUENCY ARC
DISCHARGE IN THE AIR.
A.F. KOKORIN
40 let komsomola 32a-41, Yekaterinburg, 620072, RF, a.f.kokorin@urfu.ru, +79089099061

The paper considers the results of a theoretical and experimental study of a high-frequency arc
discharge [1] in air at pressures above atmospheric. The model of this type of discharge allowed the
calculation of current-voltage characteristics and the energy balance of the high-frequency arc, depending on
the geometrical dimensions of the discharge chamber of the plasma torch for different pressures and flow
rates of the plasma gas.
The main dependences obtained by theoretical analysis of the high-frequency arc discharge are currentvoltage and current-temperature characteristics of the discharge. Due to the used theoretical model, the
calculated characteristics are applicable not only to the high-frequency arc, but also to high-voltage lowcurrent arcs of direct current.
The calculated current-voltage characteristics have a falling character. In this case, the degree of
inclination changes insignificantly with changes in pressure and gas flow rate, length of the discharge gap,
and diameter of the discharge tube.
An important feature of the arc discharge in air is the appearance of overheating instability associated
with the non-monotonic dependence of the thermal conductivity of air on temperature. The non-monotonous
nature of thermal conductivity is associated with the dissociation of nitrogen and oxygen molecules and has
two peaks: in the temperature range (3500-4500) K and (7000-10000) K. The position of the peaks depends
on pressure. With its increase, the peaks are shifted toward higher temperatures. As a result of overheating
instability, current surges and plasma temperatures appear, and loop-shaped sections appear on the currentvoltage characteristics of the arc.
Overheating instability was confirmed by an experimental study of the high-frequency arc discharge.
The current jumps were accompanied by a sharp rise in plasma temperature and radiation from the discharge
region. The active power of the discharge increased, but the reactive power of the discharge increased
especially strongly. This is due to both an increase in current and discharge inductance caused by a decrease
in the radius of the conductive zone.
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INVESTIGATION OF THE EXPANSION DYNAMICS OF THE NEAR-SURFACE LIGHT
EROSION PLASMA FORMED DURING THE EVAPORATION OF A MATERIAL BY
BROADBAND HIGH-BRIGHTNESS RADIATION *
A.V. PAVLOV1, YU.YU. PROTASOV1, V.D. TELEKH1, T.S. TSHEPANUK1
1
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The dynamics of the vapor-plasma flows formed at impact of magnetoplasma compressor (MPC) [1] –
[3] discharge radiation on targets of various materials with use of methods of a holographic interferometry
and schlieren photos is investigated.
The interaction of powerful broadband radiation with matter accompanies the processes on the walls of
fusion reactors [4], [5], the ablation of heat-shielding layers of aircraft [6], the processes in plasma
accelerators and electrodynamic devices [1], [7], in technological (photolithography, radiation hardening of
the surface) and photochemical processes [8] – [11]. This explains the interest in these studies.
The MPC discharge in gases (Ne, Ar) was used as a radiation source. The total energy input to the
discharge was up to 3.2 kJ, of which 40% was in the first half-cycle of current, the current maximum reached
160 kA, the half-cycle time was 6 μs. The discharge radiation energy was 1 - 1.5 kJ [2, 3], at the same time
in the vacuum ultra-violet spectral range (photon energy h more than 6 eV) were radiated about 50% in Ar
(h up to 16 eV) and 70% in Ne (h up to 21 eV). Targets were made of Al, Cu, Ti, Pb, C, PFTE in the form
of bars with dimensions of 30 mm by 50 mm and a thickness of 10 mm and were set the long side along the
discharge at a distance of 45 mm from the MPC axis. Also we used a PTFE target "witness", wich was
mounted symmetrically to investigation samples relative to the discharge axis. The diagnostics of gasdynamic processes over the targets was carried out using Schlieren-scheme and the method of two-exposure
laser holographic interferometry with temporal and spatial resolution 10 ns and 50 μm, respectively.
In the schlieren and interferogram photos, zones characteristic of the studied process radiation with
matter interaction are well visible: the gas-dynamic evaporation mode is realized (plasma piston mode), there
is a shock wave in the gas, the contact boundary between the shock-compressed gas and the vapor plasma.
The interferograms analysis indicates that the regime of developed evaporation is preceded by a regime of
diffusion evaporation. On the interferograms above the targets at different distances from the radiation
source (from the MPC), we observe 3 types of gas-dynamic perturbations: an acoustic wave, a simple wave
(Riemann wave), and a shock wave. Qualitative and quantitative description of processes in these zones is
discussed in the report.
The effect of the radiation spectral composition (the method of gas spectral cutoff of VUV radiation),
the targets materials, and the degree of surface treatment on the evaporation is shown experimentally
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MEASUREMENT OF PLASMA PARAMETERS IN AN ELECTRON SOURCE WITH A PLASMA
CATHODE BASED ON A LOW PRESSURE ARC DISCHARGE*
S.YU. DOROSHKEVICH, M.S. VOROBYOV, S.S. KOVALSKY, I.V. LOPATIN, N.N. KOVAL, S.A. SULAKSHIN
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In electron sources with a plasma cathode, the beam parameters (current amplitude, duration and
frequency pulses) are controlled by a corresponding change in the parameters of the emission plasma [1,2].
In this regard, it is necessary to investigate the processes occurring in the plasma cathode, which ultimately
determine the stability of the electron source as a whole.
In this work, in a source of electrons with a grid plasma cathode based on a low-pressure arc discharge,
parameters of the emission plasma were investigated depending on various conditions of its generation, for
which a cylindrical Langmuir probe of 0.3 mm diameter and 5 mm length was used. To measure the currentvoltage characteristics (CVC) of the probe, taking into account the peculiarities of the functioning of the
electron source (galvanic isolation from high accelerating voltage, the use of high-voltage cables with high
parasitic parameters, etc.), we used the scheme shown in Fig.1. To eliminate the influence of parasitic
parameters, the measurement circuit was located in the maximum proximity to the plasma generation space
in the vacuum chamber. Measurement of the probe CVC was carried out using a microcontroller (MC)
(voltage and current of the probe at resistances R2 and Rsh, respectively). Data transmission from the vacuum
side was carried out in a digital code in a pause between the generation of discharge current pulses through
the conductors of a high-voltage cable that supplies power to MC a 3.5V. The receiving MC, the 3.5 V
power supply and the source of the pulse potential bias of the probe were located in the high-voltage
electrostatic shield from the atmospheric side. Then the data was transferred to a computer using fiber-optic
communication channels.

Fig. 1. The measurement scheme of the probe characteristics of the emission plasma

Using the automated measurement system, spatial characteristics of the emission plasma were obtained
under different conditions of its generation (type of gas, operating pressure, discharge current amplitude,
resistance in the hollow anode circuit of a plasma emitter).
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GAS HEATING DYNAMICS IN A PULSE MICROWAVE DISCHARGE IN AIR*
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Progress in microwave electronics opened the possibility of initiation of an electrodeless microwave
discharge in free space in a wide range of external conditions. Initiation of a microwave discharge is a
convenient method of supplying energy to super- and hypersonic gas-dynamic flows for controlling their
characteristics.
In particular, studies aimed at investigation of the influence of a microwave discharge on shock wave
structures and streamlining of bodies by a supersonic flow, as well as at finding optimal parameters of the
discharge for achieving the strongest aerodynamic effect, were conducted in [1]. A special focusing system
representing a cylindrical paraboloid that allows localizing the microwave discharge in its focus was
proposed in [1]. The parameters of such a focusing system were used in the present study to perform
numerical simulations.

a

b

Fig.1. The spatial distribution of a) the intensity of the electric field generated by the microwave wave, b) the gas temperature at
different points in time.

The present work is aimed at computer simulation [2] of the spatiotemporal dynamics of a focused
pulsed microwave discharge in air under the conditions of the experiments carried out in [1].
The numerical experiments have demonstrated that two microwave discharges (plasmoids) appear in
the focusing system proposed in [5-7]. Information on the dynamics of the main plasma parameters in these
discharges (in particular, on the distributions of the electron density and electric field strength) was obtained.
The dynamics of neutral gas heating was analyzed. It is demonstrated that the maximum gas heating is
achieved in the microwave discharge excited in the focus of the system. The maximum temperature of 474 K
is reached in 3 μs for a deposited power of 200 kW, which agrees with the experimental data obtained in [2].
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KINETICS OF ELECTRONS AND IONS DURING THE FORMATION OF LOW-PRESSURE GAS
DISCHARGE *
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Low pressure gas discharge at high voltage is often used in lab and industry devices. A feature of this
discharge is that the electron mean free path is higher or comparable to the interelectrode gap. This leads to
the fact that only a small fraction of the electrons is able to ionize the gas, ions slowly accumulate in the gap
and distort the spatial distribution of the electric potential. At a more simplified level, this process is
described in earlier papers [1, 2].
The spatial and temporal structure, as well as the energy spectra of the plasma components are one of
the most informative characteristics of the gas discharge. To date, only theoretical modeling is able to
provide such information with sufficient time resolution.
Our paper presents a theoretical one-dimensional model of a low-pressure gas discharge. We considered
the process of plasma propagation from a cathode spot with a high density of injection current into a gap
with a spherical geometry filled with nitrogen. We were not interested in the nature and processes occurring
in the cathode spot, therefore the injection current is constant. The plasma included singly charged ions and
electrons, the both plasma components were described by the Boltzmann kinetic equations. The right side of
the equations took into account ionization and elastic collisions with gas atoms. The system of equations was
complemented with the Poisson equation.
For the first time, the results of a fully kinetic modeling of the initial stage of a low-pressure discharge
after its initiation by a cathode spot are presented. The complete dynamics of the electric field and the
distribution functions of electrons and ions in the gap are traced in time. The figure shows an example of
calculating the evolution of the potential distribution during the breakdown of a spherical diode (cathode
radius 1 mm, anode radius 51 mm) filled with nitrogen at a pressure of 10 Pa and an anode voltage of 10 kV.

Fig. 1. Spatial distribution of electric potential in the gap at different points in time. Cathode plasma density is fixed at 2·1011 cm-3.
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DISCHARGE FEATURES IN CROSSED ELECTRIC AND MAGNETIC FIELDS *
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The conducted studies expanded the set of phenomena and features that characterize the anomalous
self-sustained Hall EB discharge in a plasma accelerator with an anode layer (TAL). Some of the results
add to the known data while some of the conclusions may constitute the new findings.

Fig. 1. Dependence of ion density at the TAL output on the magnetic field induction at the anode: curve 1 – BzA /BrA  5%;
2 – 10%  BzA /BrA  15%; neon; Ud = 1100 V; P = 910–5 Torr.

In the case of 10%  BzA /BrA  15% (BzA, BrA – longitudinal and radial components of the magnetic field
induction, a so-called “optimal B” effect was observed as the nature of the change in n upon the increase in
magnetic field induction was fundamentally different: a certain value of B led to the maximum in the ion
density (Fig. 1, curve 2) unlike the minimum known from the early works (Fig. 1, curve 1).

Fig. 2. a – Dependence of ion density at the TAL output on the induction of the magnetic field at the anode: curve 1 – BzA /BrA  5%;
2 – 10%  BzA /BrA  15%; argon. Energy spectra of ions at the TAL output: Ud = 1100 V; P = 910–5 Torr;
b – neon, curve 1 – BrA  0.099 T, 2 – BrA  0.085 T; c – argon, BrA  0.099 T.

Parameters of the discharge in the process of growth of the magnetic field may change dramatically
(Fig. 2a, curves 1, 2), emphasizing the threshold nature of the processes in TAL plasma.
Upon refusal from the approximation of the RFA delay curves, it is possible to see the fine energy
structure of the spectra which is spatially limited, the estimate provides an axial size of the order of tenths of
mm, stationary regions of significant Ez – one or two (Fig. 2b, 2c) isomagnetic potential jumps (from ∼ 30%
to ∼ 80% of the total current) which induce ion density jumps. In the energy spectra, this is manifested as
peaks of the distribution function within narrow energy ranges. The isomagnetic jumps “move” with the
spectrum up or down along the energy subsequent to the changes in magnetic induction.
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SPECIES KINETICS IN Ar-S2 PLASMA OF THE PULSED PERIODIC DISCHARGE
S.V. AVTAEVA
Institute of Laser Physics SB RAS, 15B, Lavrentyeva pr., Novosibirsk, 630090, Russia,s_avtaeva@mail.ru

The problem of creating effective light sources is one of the old, but not lost its relevance. All known
light sources, such as incandescent, fluorescent, halogen, mercury, sodium, metal halide, xenon, sulfuric
lamps and LED lamps have, along with advantages, significant disadvantages [1]. One of the directions for
improving lighting systems is plasma lamps based on sulfur vapour radiation. Discharges in mixtures of
noble gases with sulfur vapors allow obtaining spectrum of radiation, close to solar; such spectrum is caused
by radiation of S2 dimers, which bands of the B 3 Σ → X 3 Σ system are approximately on equal distances from
each other and merge in a continuous spectrum in the wavelength range of 280-600 nm [2].
Here kinetics of charged and neutral species in Ar-S2 plasma of the pulsed periodic discharge is
studied. Species densities during voltage pulses were calculated using a global model of the pulsed-periodic
discharge in sulfur vapours – argon mixtures. The kinetic (0-D) model is based on solution of the kinetic
equations for plasma species and an equation of the electron energy balance. The kinetic scheme includes 33
reactions for 14 species: Ar, S2, S, Arr*, Arm, Ar**, S2*(B3Σu ), S*, S2+, S+, Ar+, S2-, S- and electrons. The
simulations were performed for experimental conditions of a longitudinal pulsed periodic discharge in
mixtures of argon and sulfur vapors that was studied in Institute of Electron Physics (Uzhhorod) [3].

Fig. 1. Dependence of species densities on time during the voltage pulse: a) neutral species, b) charged species; Umax=7kV, τP~10µs,
PAr=40 Torr, 2% S2 in Ar-S2 vapour mixture.

Figure 1 shows changing species densities in 0.98Ar-0.02S2 mixture during the voltage pulse. One can
see during whole time the principle charged species are positive and negative ions. All excited species are
formed at time intervals when electron energy high enough ~ 3-5eV. In the figure the first jump in excited
and charged species densities is caused by high field at pulse front. When pulse voltage falls, electrons and
emitting species densities fast decrease.
It is shown, that a breaking field E*/N, at which a transition from electronegative to electropositive
plasma takes place, increases with sulfur vapour fraction in Ar-S2 mixture. The discharge with
electropositive plasma is non-stable and can exist during short time in pulsed discharge. Under E/N<E*/N ,
when plasma is a bit electronegative, S2+ ions are primary positive ions in Ar-S2 plasma and under
E/N<<E*/N, when plasma becomes very electronegative, S+ and Ar+ are primary positive ions. In both cases
the negative ions S2- and S- are in commensurable amounts in the plasma. The strong radiation of
S2( B 3 Σ → X 3 Σ - transition) inheres for electronegative mode of the discharge.
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EMISSION AND LEVEL POPULATION IN NOBLE GASES AND THEIR
BINARY MIXTURES IONIZED BY ION BEAM*
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The main processes in the plasma created by electron or ion beams are similar to processes in a gasdischarge recombining plasma. Interest in the study of spectral-luminescent properties of low-temperature
plasma excited by ionizing radiation stems to the fact that such plasma is an active medium of gas lasers with
nuclear or beam pumping, scintillation detectors, as well as in spontaneous emission sources.
Research was held at the DC-60 heavy ion accelerator, 40Ar+7 ions accelerated to 70 MeV were used in
present experiments. Frequency of ion rotation is up to 16 MHz, duration of the beam is 18 ns. The
accelerated ion beam passes from evacuated transportation channel through 3 mm hole in the flange to
irradiation chamber. The emerging light radiation passes through quartz window and condenser lens and
focused on optical fiber. The beam falls on a compact spectrometer (QE65Pro or USB-2000+, Ocean Optics)
through the fiber.
The continuous spectra of pure gases were presented by the “third continuum” of Ar, Kr and Xe, the
weak band was observed in neon in the range of 200-370 nm. Strong bands of transitions of ArXe+ (with
maxima at 329 and 506 nm), KrXe+(491 nm), ArKr+(642 nm) were observed in the binary mixtures of noble
gases, having said that transitions from lower levels of heteronuclear ionic molecules are absent in Kr-Xe
and Ar-Kr. Week bands with maxima at 346, 349 and 545 nm, associated with transitions from Ar(2P3/2)+Xe,
are present in the Ar-Xe mixture.
In helium were observed bands of first negative system of nitrogen, 706.5 and 667.8 nm lines
comparable with them in intensity and weaker 501.6 nm, 587.5 nm, 706.5 nm, 728.1 nm lines. In other noble
gases prevails lines of 2p-1s transitions (Paschen notations).
Distribution of emission intensities by 2p-levels of atoms noticeably differs from flow distribution of
molecular ions dissociative recombination by levels, given in [1]. The significant part of the flow of Ar2+
dissociative recombination refers to the 2p9 level in argon, while about half of the radiation refers to 2p2 level
(table 1). The half of radiation occurs from 2p5 level in xenon, there is only 4% of the flow of Xe 2+ ion
recombination at this level. 19% of Kr2+ recombination flow goes to 2p2 level in krypton, less than 5% of 2plevel photons is emitted from this level. Apparently, population of atomic 2p-levels of noble gases happens
in cascade transitions from d-levels [2, 3], and the dissociative recombination of molecular ions with
electrons is not the major process in population of 2p atomic levels of noble gases.
Effect of additives of the electronegative gases (O2, CCl4) on luminescence spectra of argon and xenon was
investigated.
Table 1. Emission intensity distribution (in percentage) on the 2p levels of Ar in argon and Kr in krypton

Level
Ar, 80 kPa
27
Kr,
53
kPa
80

2p1
3.1
0.8
1.1
0.7

2p2
49.2
5.8
5.3
5.3

2p3
2.8
2.8
2.8
3.0

2p4
3.2
2.7
2.5
2.6

2p5
0
0
0
0

2p6
17.0
45.2
45.7
45.2

2p7
2.5
12.1
11.8
12.6

2p8
5.3
10.6
9.7
9.3

2p9
2.7
16.1
17.3
17.1

2p10
14.2
3.9
3.8
4.2
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PROBE DIAGNOSTICS OF THE PLASMA PLUME CREATED BY A MAGNETIC NOZZLE OF
AN INDUCTIVELY COUPLED PLASMA SOURCE*
A.I. SHUMEIKO1, V.D. TELEKH1, S.V. RYZHKOV1, V.V. KUZENOV1
1

Bauman Moscow State Technical University, 2nd Bauman str., 5, Moscow, 105005
telekh@bmstu.ru, +7 499 263 6299

In the last decades, a significant interest has been focused on the electrodeless methods of the plasma
accelerating [1-3]. One of these methods is application of a magnetic nozzle.
Plasma flowing through magnetic nozzles has been observed in many natural systems and is used in a
variety of terrestrial applications ranging from electric propulsion to plasma processing [4].
A magnetic nozzle, consisting of an applied convergent-divergent axysimmetric magnetic field,
constitutes the main acceleration stage of several advanced plasma propulsion concepts such as the Helicon
Plasma Thruster [5-7], the applied-field magnetoplasmadynamic thruster [8,9], the Variable Specific Impulse
Magnetoplasma Rocket (VASIMR) [10] and ,marginally, in the Diverging Cusped Field Thruster [11] and
coaxial magneto-plasma accelerator [12].
Similar to de Laval nozzles that convert random thermal motion into directed flow, magnetic nozzles
are used to redirect the motion and momentum of the plasma flowing through the nozzle. To this end, a
magnetic nozzle can be used to improve thrust efficiency and provide a means of controlling the plume
geometry and plasma energy distribution functions.
This paper presents the experimental and computational studies results on the plasma characteristics in
the plume created by the magnetic nozzle of the inductively coupled plasma source. The studies were carried
out under different parameters (including the types of feed gases, RF-power, types of inductors, etc.).
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A LIMIT VALUE OF THE VOLUME DISCHARGE IGNITION FREQUENCY
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1. Introduction
At the present time some laser technologies need the in the laser pulses, which generated at pulse repetition rates up to 10÷20 kHz with energy per pulse 10÷50 mJ and pulse duration 10÷50 nanoseconds.
Modern types of TEA–CO2 lasers work at the pulse repetition rates less than 1 kHz. Maximum value pulse
repetition rate depends from many factors. They are connected with the volume processes in gas mixture in
high speed gas flow between of electrodes and on the electrode surfaces. All of them influence on the volume discharge transition into the local one. The nature of this transitions are described in [1÷3]. Such local
discharges can not use for pumping of TEA–CO2 lasers.
The main goal of this work was determination of the limit value of the volume discharge ignition
frequency in dense gases especially in CO2–laser mixtures at atmospheric and superatmospheric pressures.
2. Results of theoretical and experimental investigations
The maximum pulse repetition frequency of volume discharge ignition is limited by the time of
smoothing of inhomogeneities of gas density, chemical composition and temperature in the discharge gap
and also thermal inhomogeneities on the electrode surfaces. The appearance of these inhomogeneities is conditioned by inhomogeneities of the volume discharge current density or by the forming of local discharges.
In the case of accumulating thermal inhomogeneities in gas or at the electrode surfaces volume discharge
transforms to the local one. The inhomogeneities in the discharge gap volume may be considerable decreased
or removed during several milliseconds at pause between the pulses by high speed gas flow, but it is necessary considerably more time for the smoothing of local thermal inhomogeneities on the electrode surfaces.
On the base of instationary heat–conduction equation and interrelations between geometrical dimensions of
cross–section of spark channel with time was obtained the next expression for maximum value of the volume
discharge ignition frequency in dense gases:
FMAX =B*[a/L*C*U],
(1)
where – В –constant, which depends from chemical composition and total pressure of gas mixture; а –
coefficient of electrode material temperature conductivity; L, C and U – inductance of the discharge circuit,
capacity of accumulating condenser and charge voltage.
The decrease of the local discharge current duration and consequently of the thermal inhomogeneities smoothing time can be attained by decrease of the capacity of accumulating condenser of the pulse
pumping generator. The realization of this condition when the preservation of high density of the pumping
energy is connected with the division of the discharge gap in several parts and simultaneous excitation of
volume discharge in these parts by the separate pulse generators. In this case the forming of the local discharge (it is always inevitable!) in separate part did not cause full development of the volume discharge into
local one because of negligible dimensions of thermal inhomogeneities on the electrode surface and consequently the fast cooling of it. In this work the electrode structure from three sections with 15 cm common
length was used for the increase pulse repetition rate of volume discharge and the for more stability operation.
The cross–section of discharge gap was 1.2*0.6 cm2. The volume discharge was excited by three
identical pulse transformers with simultaneous switching of thyratrons and careful agreement of which transformer with discharge section. The 200 mJ*cm–3 energy density stable volume discharge was realized with
pulse repetition rate up to 5 kHz for gas mixture CO 2:N2:He=1:1:8. The maximum pulse repetition rate for
electrodes without division in section was less 2 kHz for this conditions.
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MEASURING THE VELOCITY OF STREAMERS FORMED IN AN INHOMOGENEOUS
ELECTRIC FIELD *
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Diffuse discharges in gaps with an inhomogeneous electric field distribution are the simplest and most
common method to produce dense non-equilibrium low-temperature atmospheric-pressure plasma in atomic
and molecular gases. There are many scientific groups studying the discharge development in the
inhomogeneous electric fields [1–5]. However, the dynamics of the streamer development at different values
of the breakdown delay time and voltage pulse polarities is not fully studied.
The formation of positive and negative streamers in a point-to-plane gap filled with atmosphericpressure air has been experimentally studied using a Hamamatsu C10910-05 streak camera and a HSFCPRO four-channel ICCD camera. Nanosecond voltage pulses were applied across the gap. Waveforms of
voltage and discharge current pulses were also recorded. In addition, a dynamic displacement current
induced by a streamer when it propagates in the gap was measured with a sensor placed behind a grounded
grid electrode. The formation of a large diameter streamer was observed with the ICCD camera at various
amplitudes of nanosecond voltage pulses. The streamer originated in the vicinity of the pointed electrode. It
was like a ball at the initial stage due to the distribution of the electric field in the gap. The initial streamer
velocity was high, but it quickly decreased with an increase in its diameter. The minimum streamer velocity
corresponded to the maximum diameter. The streamer velocity increased when the streamer approached the
opposite electrode.
It was found that when the streamer appears in the vicinity of the pointed electrode, a current through
the gap increases rapidly. This current is induced by the streamer due to the redistribution of the electric
field. For this reason, we call it the dynamic displacement current. The value of the dynamic displacement
current correlated with the instantaneously streamer velocity. It was shown that the dynamics of the electric
field strength near the grounded grid electrode can be determined by integrating the dynamic displacement
current. At negative polarity, it is possible to investigate simultaneously the generation of runaway electrons
and the formation of the negative streamer. In particular, it was found that runaway electrons are generated in
the time interval covering the beginning of the electron emission from the pointed cathode and the crossing
by the streamer of approximately one third of the distance to the grounded anode.
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At present, discharges in electrolytes, i.e. the flow of electric current under the action of the applied
voltage in conductive liquids, are widely used in medicine, biology, echolocation, etc. [1, 2].
One of the features of the current flow in electrolytes is that the gas cavities occur in the gap already at
low values of the applied voltage. In the case when this voltage reaches a certain threshold value, which we
define as a critical voltage, a discharge ignites in the cavities and plasma appears [3, 4]. In [4] the results of
studies of the processes of formation and disappearing of gas cavities, as well as the occurrence of plasma in
them under conditions where the voltage applied to the interval is less than or equal to the threshold value are
presented. This work is devoted to these studies for voltage exceeding the threshold value.
The paper deals with the processes occurring in a three percent NaCl solution in water for the pin-plane
electrode geometry. The interelectrode gap is 1 cm. The pulse duration applied to the interval lies in the
micro and millisecond time interval, and the voltage amplitude is 800-3500 V. The maximum value of the
current is several kA. A set of data on the process of formation, development and degradation of gas cavities
is presented. The physical mechanism of evolution of these cavities is analyzed. Data on the formation of
gas-discharge plasma in cavities such as CCD camera photos, photoelectronic measurements of the time
interval luminescence, spectral measurements are presented. The forms of discharge combustion is
discussed. It is concluded that the formation of gas cavities and the occurrence of plasma in them has a
significant impact on the nature of the flow of current in the gap.
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High-voltage discharges in helium and its mixtures with oxygen for a long time are used to generate
electron beams (EB) in medium-pressure gases. Nevertheless, the question of the most important properties
of such discharges, in particular, the current-voltage characteristics, the efficiency of the generation of
electron beams, the mechanisms of electron emission from cold cathodes, and the effect of helium purity on
these parameters are debated up to this day. In this report, studies of the current – voltage characteristics and
the efficiency of generation of EB in discharges in helium and its mixtures with nitrogen and oxygen have
been conducted.
Studies were conducted in carefully outgassed cells with helium of purity no worse than 99.999%. It
turned out that under these conditions, the I – V characteristic with a pressure of more than 10 Torr, as the
voltage rises, realizes an exponential law of the I – V characteristic, then slows down its growth until a
falling portion is obtained, and at a voltage higher than 1.5 kV, the rapidly increasing characteristic with
current density I = Uy with the value of y = 5-15. The appearance of the current – voltage characteristics in
the initial region is explained by the exponential dependence of the Townsend multiplication factor α on the
voltage U. As U increases, the growth of α slows down, passes a maximum, and then α rapidly decreases.
The emission of electrons in the initial segment is carried out under the action of ions, metastable atoms and
photons and weakly depends on U. At U> 500-600V, electron runaway from the cathode fall region begins to
play a significant role, which, together with the fall of α, leads to a fall in the IVC. At U> 1.5 kV, an electron
beam is formed, the photo-illumination of the cathode by resonant VUV radiation is amplified, and the
current – voltage characteristic again acquires a rapidly increasing character. At U> 3.5kV, due to the
predominance of photoemission, the efficiency of generation of EBs reaches 85%.
The introduction of oxygen or nitrogen in small quantities (less than 2%) dramatically increases the
discharge current --- up to two orders of magnitude and, at a helium pressure of less than 4 Torr, increases the
efficiency of generation of EF. This increase is associated with a large value of <γ> - kinetic emission under
the action of fast molecular particles. In turn, the high value of <γ> is due to the interaction of fast heavy
particles with the surface layers of cathodes doped with these particles. The results obtained make it possible
to interpret from the unified point of view the entire diversity of the I – V characteristics in the discharges
both in pure helium and in mixtures with molecular gases and to determine the conditions for achieving
highly efficient generation of EB.
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Microwave and RF discharges along with high frequency methods of charged particles acceleration and
plasma heating are widely used in technology and fundamental researches. Self generation of
electromagnetic oscillations in the gas discharge circuit with a DC power supplier due to intrinsic
instabilities provides auxiliary possibilities to enhance the ionization, plasma heating and ion acceleration.
Very powerful auto-oscillations can be generated due to unstable plasma-surface charge exchange when а
non-equilibrium plasma interacts with negatively biased surfaces exhibiting enhanced secondary emission
which is especially large in presence of thin (5-10 nm) dielectric layers [1-5]. Due to a very fast dinatrone
feedback the frequency range of auto-oscillations can spread up to GHz range.
The main emphasis of this work is maid on studding of the discharge conditions when emissive layers
can be formed and exist on the electrode surface. The case of thin self-oxide dielectric layers uniformly
covering the electrode made of aluminum, beryllium, tungsten and tantalum is most interesting for practice.
The drastic change of the contact current voltage characteristic from the monotonous probe type with a very
low ion saturation current to the N-type in presence of emissive layers is illustrated by fig. 1a. The emission
current exceeds the electron saturation current by an order of magnitude due to a field tunneling of electrons
from the metal to the plasma through the dielectric layer. The resulting strong amplifying effect leads to the
autogeneration of electromagnetic oscillations in discharge circuit accompanying with increasing of plasma
density and power consumption from a DC supply. The example of a phase trajectory for alternating voltage
and current is presented in the fig. 1b. It demonstrates the evolution of auto-oscillations from a low
amplitude mode to a low current-high voltage mode and then to a high current mode with enhanced plasma
generation.

a)

b)

Fig. 1. N-type current-voltage characteristic of the aluminum electrode (a) and a phase trajectory for alternating voltage and current
(b) in auto-oscillating discharge regime.

The mode with high voltage pulses in relaxation regime with a large external inductance can provide
amplitudes of the order of 50kV and can be used for ion implantation. The high current mode in harmonic
regime of high frequency autogeneration is convenient for production of intensive plasma flows.
This work was supported by the Russian Science Foundation (project no. 17-12-01575).
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Currently, high-current switching devices based on low-pressure hollow-cathode pulsed discharge (socalled pseudospark switches) are widely used [1-5]. The design and principle of operation of these switches
are close to those of a classical hot-cathode hydrogen thyratrons. However, these devices do not have a hot
cathode. Therefore, pseudospark switches are often called cold-cathode thyratrons or thyratrons with a
grounded grid [6–8].
As in the case of classical thyratrons, a range of operating pressures of the switch corresponds to the left
branch of Paschen's curve. Under these conditions the electron free path for ionization is much in excess of the
electrode separation. For both self-breakdown of the main gap of the thyratron and for external discharge
triggering a considerable pre-breakdown electron current is required [6-8]. For the case of external triggering,
this current is provided due to a special trigger unit that is placed in the main cathode cavity. Various types of
the trigger units are presented, for example, in [2, 9, 10].
By now, the sealed-off metal-ceramic devices have been developed and manufactured. The first devices
have been described in the review [9]. Currently, these devices are commercially produced in the Pulsed
Technology Ltd. (Ryazan, Russia, http://www.pulsetech.ru). Different triggering methods have been employed
in these devices. In particular, in the thyratrons of the TPI type, the trigger unit is based on an auxiliary glow
discharge [2, 10].
The operation conditions of the auxiliary glow discharge substantially affect the thyratron characteristics
as a whole [10-13]. In particular, this concerns the breakdown voltage, the time delay of breakdown in the
main discharge gap with respect to the triggering pulse, and the pulse repetition rate. Therefore, considerable
attention is paid to the choice of the operating modes of the auxiliary discharge and the design of the electrode
system of the device.
In this report, we present results of studying the operation of the auxiliary glow discharge in sealed-off
thyratrons of the TPI series. The current-voltage characteristics were obtained and analyzed. A model of the
current sustainment in a hollow-cathode discharge was used for explanation of the discharge regimes.
Transition from hindered glow discharge to conventional hollow-cathode glow discharge is investigated.
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Hollow-cathode low-pressure glow-type discharges are widely used for different applications [1-5]. In
particular, such discharges are used for generation of charged particle beams, for surface modification, for
generation of extreme ultraviolet radiation, for generation of large volume plasmas and so on. One of the
applications is in the high-current switching devices (so-called pseudospark switches). The design and
principle of operation of these switches are close to those of a classical hot-cathode hydrogen thyratrons.
However, these devices do not have a hot cathode. Therefore, pseudospark switches are often called coldcathode thyratrons or thyratrons with a grounded grid [5–9].
As for the classical thyratrons, a range of operating pressures of the switch corresponds to the left branch
of Paschen's curve. Under these conditions the electron free path for ionization is much in excess of the
electrode separation. For both self-breakdown of the main gap of the thyratron and for external discharge
triggering a considerable pre-breakdown electron current is required [3, 8, 9]. For the case of external
triggering, this current is provided due to a special trigger unit that is placed in the main cathode cavity.
Various types of the trigger units are used in the switches [5, 8, 10-12]. One type of the trigger devices is
based on an auxiliary low-current hollow-cathode glow discharge. In the sealed-off thyratrons, that are
produced commercially, trigger unit consist of hollow cathode and ring anode. For reduction of auxiliary
discharge ignition and burning voltages, a special high emissivity tablet is used. It represents a cylinder that is
fabricated from powder materials by means of hot-pressing and sinter technology and is placed at the bottom
of the cavity of auxiliary discharge. Unfortunately, the tablet composition effects to the parameters of the
auxiliary discharge. In turn, the conditions of the auxiliary discharge burning determine the rating
characteristics of the switch itself [7, 10, 11].
In this report, the data on the regimes of the auxiliary glow discharge with a hollow cathode and hollow
anode are presented. As a distinct from the sealed-off thyratrons with the ring anode of a trigger unit, current
investigations were carried out with the demountable quartz chamber with modernized trigger unit without
high-emissivity tablet. The electrodes of the modernized trigger unit represent two cups, faced to each other
by open sides. During the experiments, current-voltage characteristics and the images of the discharge for the
different electrodes dimensions were obtained. Two discharge regimes were observed: the so-called hindered
glow discharge and the conventional glow discharge. A model of the current sustainment of a hollow-cathode
discharge [6, 12] was used for estimations of discharge parameters. The results of estimations agree well with
the experimental data.
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Electron-ion-plasma methods of surface hardening and improvement of consumer properties of
products are considered advanced due to high environmental friendliness and wide opportunities [1]. Surface
treatment of materials and products in a gas or gas-metal plasma at low pressure (≈ 1 Pa) has a number of
significant advantages, including low content of residual elements (e.g. oxygen), the ability to independently
adjust of all main operating parameters - ion energy, ion current density, working pressure, substrate
temperature. Adjusting the operating parameters in a wide range and the synthesis of the plasma medium
with the required saturability allow to form layers on the surface with the required structure and phase
composition, to find relatively low-temperature modes of material processing. Promising for practical
applications is the beam-plasma formations, which allows realize an ionic and electronic influence on
material surface.
A glow discharge with a hollow cathode [2] and its non-self-sustained form of combustion [3-4] with
external injection of electrons is promising for the generation of such beam-plasma mediums in large
vacuum volumes. The plasma synthesized in hollow cathode glow discharge with external electron injection
by the method of its generation can be attributed to beam-plasma formations. Beam-plasma formation (BPF)
is a plasma medium, for generation of which, firstly, it is necessary to have an electrode system providing
discharge self-maintenance in a certain range of operating parameters or discharge burning with some degree
of lack of independence and determining the degree of non-uniformity of plasma density. Secondly, it is
necessary to inject a beam of charged particles, for example electrons, into the discharge system, which is
significantly changes the characteristics of the discharge and plasma parameters and its composition and
moreover, the beam initiates additional plasma interactions near the substrate and makes physical and
chemical impact on the substrate surface. The objects treated in the plasma medium generated in non-selfsustained hollow cathode glow discharge are placed at cathode potential or a negative bias is applied to them
from a separate power supply.
The paper considers a generation of beam-plasma formation in a plasma source based on a low-pressure
(1 Pa) high-current (up to 450 A) non-self-sustained glow discharge with a hollow cathode of volume 0.2
m3. Research data are presented on the ignition stability of the discharge, on its main parameters, and on the
radial and azimuthal plasma inhomogeneity varying with pressure, discharge voltage and current, and anodeto-cathode area ratio at a plasma density of 1018 m–3 and ionization degree of 1 %. The beam plasma
formations synthesized in such electrode system of non-self-sustained glow discharge with a hollow cathode
are interesting both from a scientific and technical point of view.
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