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I, II, III, IV and V (fig. 6). To calculate the deflection angles using (7) in the intervals I and IV one needs the 
distances of closest approach rm to be numerically evaluated using (13) according to the approach described 
previously. For b < b0, the smallest positive root lying near distance where Φ r( ) = 0  was chosen as a solution. 
For b > b0, the largest positive solution of equation (13), being usually located to the right of the potential in-
flection point, was taken as rm. In intervals II and III near the point b = b0, where the orbiting occurs, the angle χ 
tends to negative infinity. Taking into account this asymptotic behaviour, the angle χ was found as a function 

−
−
c

b b2

0

2
 in interval II to the left of the critical point and as a function ′

−
c

b b2

0

2
 in interval III to the right of 

b = b0, where c and ′c  are positive coefficients determined for each value of E. In the interval V the angle χ takes 
negative values, slowly increasing tending to zero as b approaches infinity. Considering this tendency, a func-

tion of the form C
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+ +  was used as function χ b( ), where C6, C8 and C12 are coefficients determined 

for each value of E. 
For energies E > Ec, the integrals for deflection angles χ were calculated numerically exactly by using for-

mula (7) after evaluating rm according to (13). As for each value of E deflection angles χ b b( )  →→ +∞ 0 and 
are negative in the asymptotic region, so for curve-fitting was used the same function as for interval V (E < Ec). 
For energies E slightly larger than Ec in the vicinity of the minimum of the angle χ, where the function changes 
very rapidly, a more frequent step of b was used to obtain more points for the further interpolation. For the 
interpolation of the calculated χ points Hermite polynomials of third order were used.

The integrals Q El( ) ( ) for the scattering cross-sections were calculated according to (6) for l = 1 and l = 2. 

For energies E < Ec the values of Q El( ) ( ) were calculated as Q Q Q Q Q Ql l l l l l( ) ( ) ( ) ( ) ( ) ( )= + + + +I II III IV V , where Qi
l( ), 

i =1 5, , are integrals over b belonging to intervals I–V. Integrals Q Ql l
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,  and Q l

V
( ) were calculated numerically, 

integrals Q l
II
( ) and Q l

III
( ) were evaluated analytically. For energies E > Ec the values of Q El( ) ( ) were obtained as 

sum of two integrals over b in the intervals of numerically and analytically defined χ data.
Besides, the Q El( ) ( ) function values for all energies were interpolated by Hermite 3rd order interpolation 

method. To describe the scattering cross sections Q El( ) ( ) in the regions E → 0 and E → +∞ the curve-fitting 
functions of the form of A E el p k El l( ) −( ) ( )

 were applied with the coefficients A l( ), p l( ) ( )p l( ) > 0  and k l( )  being de-
fined separately for the discussing regions for different values of l.

The collision integrals Ω l s,( ) were calculated by substituting the obtained integrals for the scattering cross-sec-
tions Q El( ) ( ) into (5) for l =1 2, . The range of relative temperatures T * for these integrals was chosen to cor
respond to the real temperatures T from 5 to 3000 K for each of the gaseous media under study. As Q E1( ) ( ) 

Fig. 6. The dependence of deflection angle χ  
on impact parameter b: I–V are intervals


