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A sufficiently r igorous  der iva t ion  of the v ib ra t iona l - ene rgy  relaxat ion equation for a d issocia t ing gas is possible  
only for the model of s ing le -quan tum t rans i t ions  in a harmonic  osc i l la tor ;  in this case ,  it is not difficult to obtain 
[1,2] 

ds i s ~  * dn 
d t -  }- " + ~  -~F (1) 

Here  e is the v ibra t ional  energy per  unit  volume of the gas,  e ~ is the equi l ibr ium value of e, T is the re laxat ion  t ime,  
E* is the average  v ib ra t iona l  energy lost  dur ing  each molecular  d issocia t ion,  and n is the number  density of 
molecu les .  In a descr ip t ion  of the re laxa t ion  p rocesses  in intense shock waves in a gas,  the anharmonic i ty  and thus 
mul t iquantum t rans i t ions  and d i ssoc ia t ion  become impor tant .  To de te rmine  whether Eq. (1) can be used in this case,  
we mus t  examine the sys tem of kinetic equations for the number  of molecules  x i at each v ibra t ional  level under  the 
assumpt ion  that t r ans i t i ons  i ~ j  a re  poss ib le  between any two levels ,  and that t r ans i t ions  i - * d  a re  possible  f rom any 
level  to the d issocia t ion  cont inuum: 

d--1 d i 

dx~ --7, ~, Pj{(T)xj--Z ~P{j(T)x~-[- ZPa~(T)xa~. i =  0, t, 2 . . . . .  d - - t  (2) 
dt 
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i dx d =Z ~ Pja(T)x~--Z ~ -Pdj(T) xd ~ (3) 
2 dt 
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Here x d is the concent ra t ion  of d issocia ted  a toms,  Z is the col l is ion frequency,  and Pij(T) and Pjd(T) a re  the 
p robabi l i t i e s  for the cor responding  t r ans i t ions .  Solving sys tem (2), (3) numer i ca l ly ,  and calculat ing e = ZEixi(t) (El is 
the energy of the i - th  level) and n = Zxi(t), we see that Eq. (1) can be approximately sat isf ied in oxygen even at very  
high t e m p e r a t u r e s ,  up to T = 20 000 ~ K. The probabi l i t ies  Pij(T) and Pjd(T) used in the solution were  de te rmined  
within the f ramework  of c l a s s i ca l  mechanics  by a var ia t ion  of the ini t ial  col l is ion condit ions (different molecu la r  
or ien ta t ions  and different  osc i l la t ion  phases) for an O2-Ar mixture .  

The i n t r amolecu l a r  potential  was calculated by the Rydberg -Kle in -Rees  method for the r ea l  molecule  with an 
account  of anharmonic i ty .  The i n t e rmo leeu l a r  potential  used was a sum of exponential  t e r m s  cor responding  to the 
repu ls ive  forces  between the incident  a toms and the atoms bound in the molecule ,  with the p a r a m e t e r s  obtained f rom 
the e las t ic  sca t te r ing  of molecu la r  beams (some of the detai ls  of the dynamica l -p rob lem formula t ion  a r e  descr ibed  

in  [3]). 
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The quantity E*, given by 

i 
E* = ~ (EPdiEixa ~ (t) -- EP~dEix ~ (t)) (4) 
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is  found f rom a solut ion of Eqs.  (2) and (3) to be independent  of the t ime  and to be E* = D - 1.3kT (D is the  d i s soc i a t i on  
energy) ;  acco rd ing ly  the d i f f e rence  D - E* is app rox ima te ly  equal to the ave rage  t h e r m a l  energy of the s y s t e m ,  
r e g a r d l e s s  of the extent  to which the s y s t e m  dev ia t e s  f rom equi l ib r i tun .  Since the quantity r in Eq. (1) changes only 
v e r y  s l ight ly  (Fig .  1), Eq. (1) may  be a s s u m e d  sa t i s f i ed .  This  r e s u l t  is  c lose ly  a s s o c i a t e d  with the fact  that  the 
devia t ions  f rom a Bol tzmann d i s t r ibu t ion  of m o l e c u l e s  among l eve l s  as  the s y s t e m  a pp roa c he s  equ i l ib r ium a r e  
impor t an t  only at  those  l eve l s  w h e r e  t h e r e  a r e  r e l a t i v e l y  few molecu l e s .  
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The va lues  of r we re  found accord ing  to Eq. (1) a t  t e m p e r a t u r e s  up to 10 000 ~ K (Fig .  2), f rom shock- tube  
e x p e r i m e n t s  in which the populat ion changes  in the lower  l eve l s  of the oxygen molecu le  w e r e  s tudied ( f rom the UV 
abso rp t ion  s p e c t r u m  of the gas behind the shock front) .  The a g r e e m e n t  between e x p e r i m e n t  and ca lcu la t ion  c o n f i r m s  
the conc lus ions  r e g a r d i n g  the use  of Eq. (1) to solve  the c o r r e s p o n d i n g  h i g h - t e m p e r a t u r e  gas dynamic  p r o b l e m s .  
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