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Using of full electro dynamical conditions on a streamer surface, an analytical research of a problem of locally flat ionization front stability is carried out. This locally flat front corresponds to some site of a surface of a streamer. The electro dynamical boundary condition, which is taking into account of a full electric current continuity (a displacement current and a conductivity current) on border, is included [1]. The solution of a stability problem of an initial stationary locally flat front is derived in local system of coordinate, and is relevant for the any chosen site of a streamer (it can be both the head and a lateral surface of a streamer). The characteristic equation which, is generalized all before known results, includes new effects. Borders of area of an anode directed streamer surface instability could be established from the solution of this characteristic equation. 

The mechanism of the instability of multidimensional perturbations is associated with the fact that the perturbation of the surface results in the perturbation of the streamer surface potential and in the emergence of an additional electric field directed along the normal to the streamer surface. Behaviors of the instability increment are caused by several effects. The first effect is associated with the motion of the ionization front along the front normal with the electron drift velocity. The second effect is caused by the fluctuation of the ionization source, namely, of the Townsend coefficient, and by the increase in the number of electrons and transport of these electrons at the unperturbed drift velocity to the region before the wave front. The inclusion of fluctuation of the ionization frequency gives an additional contribution to the instability increment, which is also directly proportional to the wave number and does not change the conclusion about the possibility of the infinite rate of rise of perturbations. The perturbation of the streamer surface charge results in a third effect, namely, the emergence of conduction currents flowing along the non-uniform surface of the ionization wave and tending to smooth out the non-uniformity in the distribution of the electric potential. The presence of conduction currents along the wave front during its deformation leads to the stabilization of instability at high values of the wave number. The increment of instability development is limited from above by the condition (imax (  (i   ( 0.
The new hypothesis that the criterion of a streamer surface instability leads to the streamer branching is stated. Therefore, the criterion of the streamer branching could be received. From our results it follows that short streamers with a low electron concentration are stable until their length comes to exceed the inverse value of the Townsend coefficient ((E-). As length of the streamer grows up, i.e., the electron concentration n(t) and streamer length Ls(t) increase, an instability develops and at Lscr < Ls the streamer will branch, i.e. the second branches will be formed. 


Lscr  = (2)1/2((dln(((E))/dlnE)--1(1/((E-)).
Here ((E) is the Townsend coefficient, E is the electric field strength on the streamer surface.

This criterion allows explaining some experimentally observable features of branching process. It is shown, that, when growing short streamer achieves to the critical size, the secondary branches could be formed. The suggested mechanism is also valid under the effect of the processes of radiation transfer and photo ionization of excited atoms before the wave front. This criterion makes it possible to explain some experimentally observed features of the branching process. 
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