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Synopsis    Problems connected with the investigation of the excitation cross section of electron levels of atoms  
and atom ionization by electron impact were solved by finding phase shifts based on the solution of the Calogero 
equation. The results of the investigation of these elementary processes (their cross sections) were used to calcu-
late the kinetic coefficients of ionization and recombination. Based on the effective interaction potential of parti-
cles of a nonideal semiclassical plasma, elementary processes are studied: electron capture, ion excitation and 
ionization. 

To solve the actual problem of realizing 
thermonuclear controlled fusion (TCF) with in-
ertial confinement, as well as to study the pro-
cesses taking place in astrophysical objects 
(white dwarfs, the Sun, the bowels of giant 
planets, etc.), reliable data on the physical char-
acteristics of a nonideal semiclassical plasma 
arising on Earth and in the Cosmos in many 
processes associated with the heating and com-
pression of matter are needed. A nonideal dense 
plasma is observed, for example, when the tar-
get substance is compressed by a high-power 
laser radiation in nuclear fusion, in nuclear ex-
plosions, at supersonic motion of bodies in 
dense layers of planetary atmospheres, at im-
pact of high-intensity energy fluxes on the sur-
face of various materials. 

The Saha equation allows us to determine the 
number of particles of different types per unit 
volume for the case when the plasma is in a 
state of thermodynamic equilibrium. In the gen-
eral case, the composition of the plasma is de-
termined on the basis of the so-called ionization 
kinetics equations. These equations describe the 
rate of change in the number of particles 
(growth or decrease) in a certain state (free, 
bound, etc.), due to various reactions.  

 In the work, we used the original potential 
for interaction between an electron and an atom 
that we developed earlier in [1–5]. This effec-
tive potential takes into account the quantum 
mechanical effect of diffraction at small dis-
tances, because of which it has a finite value at 
distances close to zero. 

10-2 10-1 100 101

0

1

Io
ni

za
tio

n 
de

gr
ee



 (1)
 (2)
 (3)
 (4)

Figure 1. Dependence of the degree of ionization of a 
hydrogen plasma on the coupling parameter for various 
values of the density parameter. Solution of the kinetic 
equation of ionization 1) 10sr  ; 2) 5sr  ; solution of 
the Saha equation 3) 10sr  ; 4) 5sr  . 

The calculated dependences of the ionization degree 
on the coupling parameter for different values of the 
density parameter are shown in figure 1.  
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