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Model kinetic description for PLASMA
V.V. Belyi

IZMIRAN, Troitsk, RF, sbelyi@izmiran.ru
As it is well known Balescu collision operator for plasma satisfy general properties: conservation laws and  Boltzmann’s H-theorem. The Balescu kinetic equations cannot be resolved exactly except for Maxwell molecules. In this case  the eigenfuctions of the collision operator are Hermite polynomials. In all other cases, the modeling approach  is used.  The most widely used model kinetic equation, especially in the case of discrete simulation of plasma dynamics, is the Bhatnagar, Gross and Krook (BGK) model equation [1] is the deviation of the distribution function (d.f.) from the Maxwellian d.f.  whose parameters are the moments of the d.f. The advantage of the BGK model is that the solution of the kinetic equation reduces to that of a system of algebraic equations. A weak point is that the model implies that the Prandtl number equals 1. A more grave situation arises in the case of many-component systems. According to the Gross and Krook (GK) model [2], the collision operator has the form of the deviation of the d.f. from a “mythical” exponent:
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were the parameters 
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 are related linearly to the d.f. moments:
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Coefficients 
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 are chosen in such manner that both conservation laws and balance equations for the momenta and energy for each component hold valid. Since the number of equations that should be satisfied by the  parameters of the model is less than the number of unknown parameters, there is an arbitrariness in the choice of parameters. Therefore there exist various modifications (see, for example, [3]) of the collision model which correctly describe relaxation of the five moments. But, probably, the most dubious point of the GK model is the complicated exponential dependence on the d.f.  
A consistent derivation of the model linearized collision operator for a multicomponent system is presented [4]. In these results an ambiguity in the choice of coefficients is eliminated, in contrast to the BGK type models. A technique for reconstruction of  the model collision integral form based on a known expression for the model linearized operator is proposed. It is shown that the model collision integral 
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 does not contain a complicated exponential, that is common for the BGK type integrals. Boltzmann’s H-theorem is proved for our model..
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