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The possibility of using nanosecond capillary discharges to create conditions suitable for enhancing spontaneous plasma emission in the soft X-ray range was first demonstrated in the late 1980s [1]. Interest to such discharges increased significantly after the achievement of the laser effect on transitions of neon-like argon ions in the plasma of a capillary discharge [2]. In the following decades, significant efforts were made to optimize discharge-based X-ray laser technology for various industrial and scientific applications.
A critical technological aspect of gas-discharge X-ray lasers is the preionization of gas inside the capillary, which increases the efficiency of the transfer of electrical energy to the plasma, ensures the stability of plasma compression at the main stage of the discharge, and also reduces the electrostatic load on the capillary. For these purposes, current pulses of significantly longer duration and lower amplitude, compared to the main pulse, are usually used. In a number of experimental studies, a significant sensitivity of the X-ray laser radiation intensity to the parameters of preionization schemes was observed [3-5]. Interpreting these results in terms of equilibrium plasma does not allow one to explain all the observed dependences.
In this work, a theoretical study of the mechanisms of the influence of plasma, formed at the preionization stage, on the main nanosecond capillary discharge was carried out. The formation of such plasma under conditions similar to those typically used in gas-discharge X-ray lasers was obtained as a result of self-consistent numerical calculations. The dynamics of the discharge was studied in detail, starting from the stage of gas breakdown, which occurs via the ionization wave mechanism, and ending with the formation of a self-sustaining column of cold nonequilibrium plasma. Possible mechanisms of the influence of the parameters of the initial plasma on the main stage of the discharge are analyzed.
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