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In the last few years, the application of atmospheric-pressure glow discharges has been intensively investigated [1,2]. Although the stationary high-pressure glow discharge has a long history [3], from the traditional viewpoint not only the modeling but also the existence of such discharges cause some questions. This is, first of all, due to the fact that volume recombination leading to pinch-effect discharge and the development of ionization-overheating instability must be accompanied by the discharge change to the arc form [4]. A conventional condition for gas discharge plasma sustenance is ionization equilibrium, which lies in the fact that the number of particles generated at each plasma volume point is equal to the number of particles that were recombined or left as a result of diffusion [5]. We have shown that the phenomenology of the glow discharge has a different nature. Most electrons in the volume are generated on the cathode and pass in transit to the anode. At the same time, the number of ions leaving the anode, beginning with medium pressures, is sufficient to compensate for losses in the volume. In this case the losses in the total balance that takes into account particle flows passing along the electric current decrease with rising pressure and become negligible at atmospheric values. The emergence of an electric field in the plasma with current is directly associated with particle losses and is determined by the difference in the concentrations of counter flows. Therefore, plasma generation in the volume, as a result of both direct ionization at low pressures and stepwise processes at high pressures, can be directed to compensate for volume losses, and becomes inconsiderable in the total balance of particles beginning with pressures of several Torr and higher. In this case the distribution of the electric field and plasma concentration and temperature along the current is described by the mechanism of plasma transfer and gas heating presented in [6].

When analyzing experiments with atmospheric-pressure glow discharges physical mechanisms determining the current pinch cross-section, in addition to the discharge structure along the current, are of particular interest. In the gas-discharge tube, the plasma distribution along the cross-section is controlled by wall charges. When walls are absent, the diffusion Schottky solution cannot be used, because in this case boundary conditions need to be specified. From the mechanisms of transfer in the direction perpendicular to the current considered in [6], there remain two mechanisms based on thermal energy and the energy of electric interaction of plasma particles. Whereas the first energy type determines dissipative processes, the other one has a cumulative character and prevents the current pinch broadening of. By equating the plasma flow divergences determined by the particle energies, we obtain an expression for the current pinch radius.

The results obtained provide a qualitative explanation of experiments [7].
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