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CALCULATION OF RADIATIVE ENERGY TRANSFER 1N SPECTRAL LINES 
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We have  proposed [1] a method for ca l cu la t ing  the rad ia t ive  heat  
transfer via  spect ra l  l ines with a l lowance  for reabsorption on the as- 

sumption of Ioca l  t he rma l  equ i l ib r ium.  Here we g ive  results for some 

examples .  

1. The method [1] of averaging  the  absorption coef f ic ien t  has been 

tested for various t empera tu re  distributions ( 1 - 3  in Fig. 1), 2 being 

more rounded than the curve  1 of [1],  while  3 has no discont inui ty .  

Figures 2 -8  g ive  the results, the solid l ines being exac t  solutions, whi le  
the dashed l ines  represent  solutions from averaging [1] the absorption 
coeff ic ients  via  

Avj Avj 

The numbers on the curves g ive  the number of in tervals  into which 

the spect ra l  range ZXu was d iv ided.  For distr ibutions 1 and 2, d ivis ion 

of Au into three parts (c i rc les  in Figs. 2 and 3) g ives  very near ly  the 

exac t  result,  whi le  for dis t r ibut ion 8 i t  is suff ic ient  to d iv ide  the in te r -  

va l  into two parts (c i rc les  in Figs. 4 and 5). 
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2. We have discussed [i] a method of considering a system of spec- 

tral Lines with a c o m m o n  lower state (oi" group of c lose ly  spaced states); 

such a sys tem may be considered v ia  a s ingle  set  of m e a n  absorption 
coeff ic ients ,  the  ent i re  range of absorption coeff ic ients  for the group of 
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l ines  being divided into parts, within each  of which the absorption co-  

e f f ic ien t  varies  by approx ima te ly  the same factor (Fig. 6). The num-  

ber of parts is chosen on the basis of the permiss ib le  error [1] .  The end 

values  of the range in  the absorption coef f ic ien t  are de te rmined  from 

the de ta i l ed  parameters  of the problem.  The divis ion should be per- 
formed for a t empera tu re  s ign i f ican t  for the format ion  of the r ad i a t i ve -  
transfer charac ter i s t ics .  
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The above divis ion defines ce r ta in  frequency ranges, which are re-  

ta ined for or_her tempera tures .  The absorption coef f ic ien t  is averaged  

over each in terval ,  and the resul t ing values  for the strongest l ine  in the 

group are used to c a l c u l a t e  the  hea t  transfer for a l l  l ines in the group. 

If a l l  l ines in  a g i v e n  range of absorption coef f ic ien t  have  r.he shape 

A (V) 
kv -- (v - -  v0) m ' (2.1) 

then  i t  can be shown tha t  the  (k) of (1.1) wi l l  be dependent  m a i n l y  on 

the boundary values  of k v, but very l i t t l e  on m.  The  rule becomes  
approx imate  i f  the re la t ionship  is more  gene ra l  than tha t  of (2.1). 
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The entire group of lines is then described by <kl), @2>, ete; the 

equilibrium radiation density corresponding to a given (l,-j) is, for a 

symmetrical line, of the form 

2 (uvj~ (*) - .  u , , f A v f  2) ~ - - .). (2.2)  

Here @j  is the equ i l ib r ium spect ra l  d e n s i v  of the radiant  energy 

at  the l i ne  center ,  and Au! i) is the  range of f requencies  for l ine  i co t -  
] 

responding to </,i). 

This has been tes ted by ca l cu la t ing  the rad ia t ion  transport in a sys- 

t e m  of two resonance l ines  of At; the l ine previously e x a m i n e d  (v 0 = 

= 2.86 �9 1012 sec -1, osc i l la tor  strength 0.2) was t aken  with the l i ne  u 0 = 
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2.81 l0 ta ~* = ' see , oscillator strength O.u5. Figure 7 shows both lines 
for 20 000 ~ K; the black rectangles on the abscissa indicate the fre- 
quency reglo;ls used in the calculations, while the arrow shows the 
range of absorption coefficients taken into account, The K v of Figs, ? 
and 8 have the dimensions cm "~, 

Figure 8 shows the K~ for these lines at the corresponding frequen- 
cies as functions of T; curve 1 is for v - v01 = 10 ~a see "~, while curve 
2 is for u - ~0~ ~" 0,5 �9 lu ta sec ~ ,  The initially identical absorption 
coefficients dive,go fo~ T -~ 12 000 ~ K, and they differ by a factor of f  our 
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at 6000 ~ K. Figures 9 and l0 show qAu and div qAv derived from dis- 
tribution 2 of Fig, I for these li~es individually (curves 1 and 2), for the 
sum (curve 1 + 2), and the energy transport i~ the two lines on using 
the absorpt/,on coefflnient for the line with f = 0,2 (dashed line). It is 
cleat that a difference occurs ouly over a narrow range and in any case 
is slight, Distribution 3 gives eveu less difference. 

3, The P~ dgfusion ~pNoxima~ioa has [1] been prepared with the 
exact solutlol], with ~ndieatien of the possible error. Calculafiom for 
other temperature distxibu~tous gave approximately the same results. 
The mo~e exact method of description of the t~an_sport was considered 
via the Pa apNo• i~ the spherica!-ha~monics method [2 -4] .  
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This appro• in the planar ease gives an integral expression anal- 
ogous to the solutlon in approximation Pl. Computations show that the 
e~ror of p~ is about half of that of Pp F~gure !1 reproduces Fig, 3 ot 
[1], the dot-and-dash line representing the P3 solution, (Here the plas- 
ma composition at high temperatures was used in more aceuxate form 
than in [1] ; the calculations for Fig, 11 were performed with the for- 

met  composition. ) The dimensions in Figs. 9-11 are as m Figs. 2-5 ;  
the numbers within circles are the distribution nmnbers of Fig. 1. 
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4. This method, being numerical ,  is applicable to spectral lines 
of any shape and to an arbitrary temperature distribution in the gas. 
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We are indebted to L. M. Vetlutskaya for assistance with the cai-  
culadons, 
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