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The ro le  of nonresonance v ibra t ion  exchange p r o c e s s e s  in g a s - d y n a m i c  l a s e r s  i s  examined.  
The condi t ions under which these  p r o c e s s e s  de t e rmine  the k ine t i c s  of v i b r a t i o n a l - l e v e l  
populat ions  a r e  e lucidated.  Detai led cons idera t ion  is  given to re laxa t ion  in CO2-HC1 and 
C O - N  2 m i x t u r e s .  It is  shown that the ini t ia l  p r e s s u r e s  may  be ve ry  cons ide rab le .  The use 
of chemical  r e ac t i ons  in expanding gas  flows enab les  these  p r e s s u r e s  to be i n c r e a s e d  st i l l  
fu r ther .  

It was shown in [1-3] that  nonresonance  v ibra t iona l  exchange played an impor t an t  pa r t  in chemical  and 
e l e c t r i c a l - d i s c h a r g e  l a s e r s ,  and a lso  in the p r o c e s s  of nonequil ibr ium d i s soc ia t ion .  This  effect  mus t  also 
be allowed for  in g a s - d y n a m i c  l a s e r s ;  dur ing the d i s p e r s i o n  of gas  m i x t u r e s ,  p r o c e s s e s  of nonresonance  ex-  
change lead to a cons ide rab le  r ed i s t r i bu t i on  of the populat ions  of the v ibra t iona l  l eve ls ,  and al so to a change 
in the effect ive r e l axa t ion  t imes .  Thus in the case  of a m i x t u r e  of g a s e s  in which the m o l e c u l e s  const i tute  
ha rmon ic  o s c i l l a t o r s  with d i f fe ren t  v ibra t iona l  quanta E A and E B, on cooling the gas  r ap id ly  the effect ive 
r e l axa t ion  t ime of the energy  of the o s c i l l a t o r  with the ~ n a l l e r  quantum E B may  i n c r e a s e  ve ry  substant ia l ly  
a s  a r e su l t  of nonresonance  exchange [2], the extent  of th is  effect  depending on the ra t io  between the cooling 
r a t e  and the ve loc i ty  of v i b r a t i o n a l - t r a n s l a t i o n a l  t V - T )  re laxa t ion .  

In the p r e sen t  inves t igat ion we shall  cons ider  the p r a c t i c a l  p o s s i b i l i t i e s  of g a s - d y n a m i c  l a s e r s  a f te r  
making  careful  a l lowance for nonresonance  exchange effects .  In o r d e r  to analyze the k inet ic  c h a r a c t e r i s -  
t i c s  of the p r o c e s s e s  we shall  use a sys tem of equat ions  r e p r e s e n t i n g  the balance  of the v ib ra t iona l  e n e r g i e s  
for  a m ix tu r e  of g a s e s  in which the m o l e c u l e s  a r e  s imula ted  by two v a r i e t i e s  of ha rmon ic  o s c i l l a t o r s .  In 
each  of the components  we shall  a s sume  a Bol tzmann d i s t r ibu t ion  of the populat ions  among the l eve l s ,  each 
with i t s  own v ib ra t iona l  t e m p e r a t u r e  (the gene ra l  case  of these  equat ions  and the i r  l i m i t s  of appl icab i l i ty  
w ~ e  cons ide red  in [4]). 

The g a s - d y n a m i c  l a s e r  i s  s imula ted  by a long, na r row sl i t  with a half-width R0, through which the 
gas  m ix tu r e  under cons idera t ion  flows into empty space from a r e s e r v o i r  of l a rge  volume,  so that the d i s -  
p e r s i o n  of the gas  leaving the s l i t  may  be r e g a r d e d  as  being l imi ted  to a plane,  a lmos t  p a r a l l e l  channel 
(model of a plane nozzle with a c r i t i c a l  c r o s s  sect ion of width 2R 0 and a smal l  mouth angle).  The flow in 
the channel is  r e g a r d e d  as  s teady,  th is  assumpt ion  being val id  for  t i m e s  t sa t i s fy ing the condition t j  >" t >" t 2. 
Here t 2 i s  the t ime r equ i r ed  for the leading edge of the t r ave l l i ng  wave to p a s s  from the s l i t  to the point 
under  cons idera t ion ,  t~ i s  the t ime  r equ i r ed  for  a subs tant ia l  change to take p lace  in the gas  p a r a m e t e r s  
( ini t ial  p r e s s u r e  P0 and t e m p e r a t u r e  T 0) in the r e s e r v o i r .  F o r  the one -d imens iona l  case  under  c o n s i d e r a -  
tion, in which the t e s t  substance flows out into empty space,  for  l a rge  va lues  of t the dens i ty  fa l l s  in ac -  
cordance  with an N ~ t -1 law [5]; in the c r o s s  sect ion of the sl i t  N = N O = P0/kT0. 

The densi ty  d i s t r ibu t ion  m a y  be approx imated  by the following r e l a t ionsh ip :  

N =NoRo/ ( t lo - l -vo t )  (u .... co V z I ( ~ - - I ) )  

where  v 0 i s  the max imum poss ib le  veloci ty  of the gas  for  s teady outflow into a vacuum, c o i s  the veloci ty  
of sound in the unper turbed  gas  (for P0, To), 3/ i s  the ad iaba t ic  index. The foregoing e x p r e s s i o n  quite ac-  
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curately re f lec t s  the change in density at large d is tances  (x ~ 10R 0) from the slit, while at shor ter  d is tances  
it d i f fers  from the exact values by a factor  of 2-3 t imes  [5], and so const i tutes  a sat isfactory approximation 
when considering the kinetic cha rac t e r i s t i c s  of inversion in the vibrational levels  of the molecules .  Usually 
gas -dynamic  l a se r s  are  charac te r ized  by values of R 0 ~ 0.1 cm, while invers ion o c c u r s  in these at a dis-  
tance of x~ 2 cm from the slit; the vibrational  degrees  of freedom of the gas  molecules  are then still p rac -  
t ical ly in equilibritma with the t ranslat ional  degrees  of freedom up to x ~ 1 cm. Fo r  the two-dimensional  
case of the outflow of gas from a slit into vacuum (without assuming the existence of any limiting plane- 
paral lel  channel) there  is a sharper  change in the p a r a m e t e r s  of the mixture  (density, velocity, t empera-  
ture);  however,  the qualitative behavior of the resu l t s  about to be presented r ema ins  intact. 

On the assumption that molecules  A may  be formed as a resul t  of chemical  reac t ions :  for the flow 
model  under considerat ion the system of equations takes the form 

d8 B 

dt  

dt - ~ r  Qlo~ *:a (eB -4- t)exp 1 

�9 1 I d N 4 \  

eB--e0131~ ~ Qlo~ eA(e;3 ~ - t ) e x P l - - - -  
"~VT 

E A - -  E B 

d t  - -  ('~ -- I)!(R~ + v0t 

(el ~ r l x i / ( l  - - x l ) '  %1 = r l z o l / ( l  - - X o i ) '  x i  : exp(--Ei/Ti), 
r-# i) 1-1 tn i  BAr ~ DiA tkt ~ (1 --- XOi)) 

X o i ~ e x p ( ' - - E i  I T ) ,  t 'VT]  : : t - - l O " B  --10 : ' A J  

(1) 

Here r i is the multiplici ty of degenerat ion of the osc i l la tor .  Q10 ~ is the velocity constant of one-quantum 
, ( i ) ,  

exchange between the osc i l l a to r s  A and B, I~-VTJ is the v ib ra t iona l - t r ans la t iona l  relaxation t ime of the osc i l -  
lator ,  tdNA/dt) , is the rate  of change of the density of the A molecu les  as  a resul t  of chemical react ions ,  X 
is the proport ion of the chemical react ion energy pass ing into the vibrational  deg rees  of freedore, expressed 
as  the nmnber of quanta E A relat ing to one A molecule,  and W de te rmines the  influence of the vibrational r e -  
laxation and the chemical  reac t ions  on the changes in gas t empera ture .  

Generally speaking, the rate  of d ispers ion (lateral motion) in the steady outflow condition is smal le r  
than the velocity of the leading gas l aye rs  v 0. t towever,  this difference (which is very  considerable in the 
t ransient  case) does not play any ma jo r  par t  in the kinet ics  of development of an inverted population under 
steady- state conditions. 

The rate  of exchange of the quanta between A and B ( V - V  exchange) usually exceeds the veloci t ies  of 
the p r o c e s s e s  determining the populations of the levels.  A quasi-  stead3- state distr ibution is thus es tab-  
lished in the system; this distr ibution "follows" the V - T  p r o c e s s e s  and other p roces se s  slower than V-V,  
while the vibrational energ ies  are  related by the equation [2] 

eB t2) 
E A (e B .-- l ) e x p ( A E / T ) - - e  B 

If T B e E B and E A > EB, then by using (1) and (2) we obtain an equation for the change in e B in the form 
[2] 

( / / d ~ - -  4eB eB--%n~ r~'rl ;' a--trAr " (~--I)AET~ dT'dt -- ~Z~'lj'7" - - c x p ( - - h E / T ) , ~  ,it ],J 

(a  = i ..[- '~a e x p  ( - -  hE~T),  3 a == N A ] NB)  ( 3 )  

Within the range of applicability of Eq. (3), the cooling of the gas for the case of AE > 0, together with 
the effects  of chemical reac t ions  involving the formation of v ibrat ional ly-exci ted A molecules ,  inc reases  
the effective relaxat ion t ime ~-. The following condition must  then be satisfied: ~( > e B exp (-AE/T)~10- 1 (for 
E B -3000~ AE ~ 500~ T ~ 1500~ If, however,  unexcited molecu les  (X = 0), or  molecu les  which have 
been insufficiently excited, are  formed,  then the energy per par t ic le  falls, being redis t r ibuted among the 
newly formed par t ic les ,  and the vibrational t empera tu re  T B diminishes.  
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A change in z a lso t akes  p lace  on mix ing  two nonreac t ing  g a s e s .  Thus  if fo r  s impl ic i ty  we put AE = 0: 
then for  r~T > ~B T we shall have T< ~B T and conve r se ly .  

Let  us  examine  the condi t ions  under  which non re sonance  exchange  p lays  a substant ia l  ro l e  in the 
ope ra t ion  of a g a s - d y n a m i c  l a s e r .  It fol lows f rom s y s t e m  (1) that  a q u a s i - s t e a d y - s t a t e  d i s t r ibu t ion  (2) o c -  
c u r s  on sa t i s fy ing  the condition 

. _  ( , = B ,  A;v~ 1 -  N A `  d t ].. "r~,~.=Qlo~ Nn) ) 

(4) 

Usual ly ,  in o r d e r  to i n c r e a s e  non re sonance  pumping into m o l e c u l e  B , w e  use ~A > 1, so that rX)~= Q,~' 
N B. F o r  the m a j o r i t y  of r ea l  m i x t u r e s  the condit ion (~'VV~VT)<< 1 is  usual ly  sa t i s f ied  ove r  a wide r ange  
of  t e m p e r a t u r e s .  Let  us t r a n s f o r m  the f i r s t  t e r m  on the le f t -hand ~de  of (4): 

1 dT )-l) 
\ 

Here  T 2 i s  the c h a r a c t e r i s t i c  ga s  cooling t ime.  Condit ion (4) t akes  the fo rm 

• + t5) 

For the model based on the adiabatic expansion of gas into space, if we neglect the term W/k in (1), 
and assume a chemical reaction taking place in accordance with the equation 

K 
C + M - - - ~ A + F  

we obtain  

r a ( 7 - - t )  , K N C C N M  ~ 

1~'~, i ..3 A NBo "~ Qlo~ ~ 

where  K is  the ve loc i ty  constant  of  the chemica l  r eac t ion ,  NC~ and NM~ a re  the initial dens i t i e s  of the o r i g -  
inal  subs tances .  T h u s  Eq. (3) i s  appl icable  o v e r  the r a n g e s  of  t e m p e r a t u r e s  and d e n s i t i e s  fo r  which the 
fol lowing condit ion is  sa t i s f ied :  

, y ~ o > >  max  lftQ l!,01 , ~AQ 10,,l [6) 

An analogous re la t ionship  i s  obtained when the reac t ion  involves t r ip le  col l is ions '  (g rea te r  initial 
densi t ies:  

K' 
C + :t l -4-G--+ A ~ G 

Here the reac t ion  ra t e  i s  K'Nc NMN G (in the case of a binary reac t ion  it was  KNcNM), and for  initial 
d e n s i t i e s  g r e a t e r  than 102~ cm -3 the condit ion of  type (6) m a y  not be sa t i s f ied ,  so that  Eq. (3) will no 
longer  be valid.  

At the same t ime,  in o r d e r  to ensu re  an ef fec t ive  use of  the m e c h a n i s m  of non re sonance  exchange,  it 
is  e s sen t i a l  that  the c o r r e s p o n d i n g  influx of  e n e r g y  into the B mo lecu l e  should be no l e s s  than the lo s s  of 
e n e r g y  by v i r tue  of  V - T  re laxa t ion .  Then we obtain f rom (3) 

�9 + (71 

o r  
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t dT _~_+ I (d~A I 
max {:'VAPIo A, :YnPl0 B} ~ -~- - ~ -  ~ \ - ~ - / .  

L e t  u s  a s s u m e  tha t  m a x  {NAP10 A NBP10 B} --- NBP~0B; then  f o r  the  p r e s e n t  m o d e l  of  the  c h a n g e s  t ak ing  
p l a c e  in the  g a s - d y n a m i c  p a r a m e t e r s  we find tha t  f o r  

o . o" 

cond i t ion  (7) a l w a y s  ho lds .  

L e t  u s  c o n s i d e r  a c a s e  in which  t h e r e  a r e  no c h e m i c a l  r e a c t i o n s .  H e r e  

�9 o 

1 ,",' ;~ # o  a E  ~ ( 9 )  

Ql0Ol ' ~  Vo ('y - -  l )  ~ T p l o  B 

If AE m 0, we have  the u sua l  V - T  r e l a x a t i o n  of  the  A+ B s y s t e m  with  a c h a r a c t e r i s t i c  t i m e  

(• 1: - - (1  

If we a s s u m e  tha t  c o n d i t i o n s  (9) a r e  s a t i s f i e d  and t ake  AE ~ E l / 2 ,  r e l a x a t i o n  i s  so r e t a r d e d  tha t  a r i s e  
in T B m a y  o c c u r ,  the  m a g n i t u d e  of  t h i s  r i s e  be ing  d e t e r m i n e d  by the v e l o c i t y  of  the  V - T  t r a n s i t i o n s .  

On a l l owing  for  n o n r e s o n a n c e  e x c h a n g e ,  the  r e l a x a t i o n  p r o c e s s e s  and the  e f f i c i e n c y  of  a g a s - d y n a m i c  
l a s e r  depend  v e r y  s u b s t a n t i a l l y  on the p a r t i c u l a r  m i x t u r e s  and c o n d i t i o n s  e m p l o y e d .  We sha l l  now c o n s i d e r  
the  p a r t i c u l a r  f e a t u r e s  c h a r a c t e r i z i n g  the two m i x t u r e s  C O - N  2 and CO 2 -  HC1. 

L e t  u s  f i r s t  c o n s i d e r  the  C O - N  2 m i x t u r e  and u s e  Eq. (,3) to d e s c r i b e  the  b e h a v i o r  of  the  v i b r a t i o n a l  
t e m p e r a t u r e  fo r  CO. It f o l l o w s  f rom Eq.(6) tha t  the  r a t e  o f  V - V  e x c h a n g e  b e t w e e n  CO and N 2 i s  not v e r y  
high;  h o w e v e r ,  i t  i s  h i g h e r  than the v e l o c i t y  of  the  V - T  p r o c e s s e s .  Hence  up to a c e r t a i n  s t age  of  cool ing  
Eq. (3) r e m a i n s  a p p l i c a b l e .  

F o r  the so lu t ion  of (3) we r e q u i r e  an a n a l y t i c a l  e x p r e s s i o n  for  the  p rob~ lb i l i t i e s  Pl0 e n t e r i n g  into TVT. 
It  w a s  shown in [TJ that  for  d i a t o m i c  m o l e c u l e s  an e x p r e s s i o n  of the  fo l lowing  fo rm y i e l d e d  good a g r e e m e n t  
wi th  e x p e r i m e n t :  

Plo "~ A T  exp ( - -  BT-'~) (10) 

w h e r e  A and B a r e  c o n s t a n t s  depend ing  for  any p a r t i c u l a r  p a i r  of  co l l i d ing  m o l e c u l e s  on the e n e r g y  d e f e c t  
and the r e d u c e d  m a s s  of the  c o l l i s i o n  ~. S ince  in the c a s e  u n d e r  c o n s i d e r a t i o n / ~  i s  the s a m e  for  a l l  t h r e e  
p a i r s  ( N 2 - N  2. N 2 - C O ,  and C O - C O ) ,  we have  P~'z-N2 = P~  T2-CO and pICO-N2-- p C O - C O  The  r e l a x a t i o n  t i m e s  

TVT thus  have  the  f o r m  

r,,X,.o" r " ',.=f~o) ('1 ;-,3.,,':)Alexp(-- BtT-, .  0 

�9 ! 7'  ~r , l  , 
( ~ ) - '  -= T~ ,%-o2 ( ' - : t ~ ' , )  A~,~xp( - ~Z- ' " )  

(11) 

Us ing  the coo l ing  m o d e l  u n d e r  c o n s i d e r a t i o n  and Eq. (11), we m a y  i n t e g r a t e  Eq.(3)  on the a s s t u n p t i o n  
tha t  (e~- 1)/a d e p e n d s  v e r y  l i t t l e  on t e m p e r a t u r e .  The  r e s u l t  of  the i n t e g r a t i o n  i s  i l i u ~ r a t e d  in F i g .  1, which 
r e p r e s e n t s  the v i b r a t i o n a l  t e m p e r a t u r e  TCO and the m e a n  s t o r e  of  v i b r a t i o n a l  quanta  ~:CO p e r  CO m o l e c u l e  
a s  func t i ons  of the  g a s  t e m p e r a t u r e  for  a CO:  N 2 = 1 : 1 0  m i x t u r e  expand ing  into vacuum t these  d a t a  r e l a t e  
to a t e m p e r a t u r e o f T 0 =  2000~ R01~O~ 5" 1019 cm -2, A 1 : : 4 " 1 0  -~2, A2= 7 . 8 . ] 0  -~2, B~= 195.2, B 2 = 217.8).  
We see  that  the  s t o r e  of  v i b r a t i o n a l  e n e r g y  (and hence  TCO) i n c r e a s e s  wi th  f:~lling g a s  t e m p e r a t u r e ,  whi le  
no such e f fec t  o c c u r s  in p u r e  CO. T h i s  r i s e  i s  due to the e x i s t e n c e  of  a n o n r e s o n a n c e  e x c h a n g e  p r o c e s s ,  
which  fo r  the  weak  V - T  r e l a x a t i o n  of the  C O - N  2 s y s t e m  l e a d s  to the d e v e l o p m e n t  of a c o n ~ d e r a b l e  d i f f e r -  
e n c e  be tween  the v i b r a t i o n a l  and g a s  t e m p e r a t u r e s � 9  In any r e a l  c a s e  t h e r e  wi l l ,  of  c o u r s e ,  be no u n l i m i t e d  
g rowth  of TCO, s i n c e ,  s t a r t i n g  f rom a c e r t a i n  g a s  t e m p e r a t u r e  (in the  p r e s e n t  c a s e  ~ 800~ cond i t i on  (6) 
wi l l  no l o n g e r  be  s a t i s f i e d ,  and Eq.  (3) cannot  be u sed  for  ~ a l l e r  T. At such t e m p e r a t u r e s  the r o l e  of  co l -  
l i s i o n s  i s  so weak tha t  the  v i b r a t i o n a l  e n e r g i e s  in the  two m o l e c u l e s  wi l l  no l onge r  v a r y  and wi l l  p a s s  out  
to the  " f r o z e n "  v a l u e s  (b roken  c u r v e s  in F i g .  1). 
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On increas ing NCO ~ to values of the o rde r  of 1022 cm-3, the  range of applicability of Eq. (3) expands 
considerably in the low-tempera ture  direction,  and g rea te r  values of the "frozen" TCO* (Fig. 1) may be ob- 
tained. Such large values of the initial densi t ies  are  quite possible for a C O - N  2 mixture in view of the very  
low rate of V - T  relaxation, as indicated by Eq. (9). It should be noted that for densi t ies  of >1021-1022 cm -3, 
t r iple coll isions may play an appreciable part  in vibrational relaxation. However, this que.~ion has not yet 
been studied, and there is no information as to the c r o s s  sections of the p rocesses .  The resu l t s  agree  with 
experimental  data [8, 9]. Thus a relationship of the (2) type was obtained for a C O - N  2 mixture  in [8], and 
experimental  re la t ionships  were given for the vibrational tempera ture  s in the N 2 anal CO as functions of the 
initial gas -dynamic  pa ramete r s ;  from this resul t  it is  c lear  that for mix tu res  with large fiN2, TCO.  may 
great ly  exceed T 0. Generation was obtained for the CO of a C O - N  2 mixture  in [9]. The p a r a m e t e r s  em-  
ployed were T o ~ 2000~ andP0~ 100-250 arm, in agreement  with Eq. (9). 

Let us apply the same type of consideration to a CO 2-  IIC1 mixture .  We shall assume that the temp- 
e r a t u r e s  of the deformation (shear) and symmetr ica l  vibrat ions  of CO 2 are close to the gas tempera ture ,  
which is certainly true for high T, when the relaxation ra tes  are  high. Thus, in the same way as before 
we shall consider  two osci l la tors:  the a symmet r i c  vibrat ions of CO 2 and the HCI molecule.  It is  well known 
[10] that HC1 re laxes  quite strongly; however, even in this case V - V  exchange takes place fas ter  [ l l l .  We 
may  therefore  make use of Eq. (3); the t ime ~vOz cor responds  to the time required  for the energy of the 
a symmet r i c  mode to pass to all the remaining vibrations of CO 2. We obtain analytical express ions  for  

pHC1-HC1 and pCO2-CO2 on the basis  of the experimental  data of [12] in the form of Eq. (10), and assume 
that P CO2-CO2 ~ PC O2-HC1, pHC1-CO2 ~ apHC1-HC1 -io ~--20 [ii]. In the temperature range 700-2000~ by using 
the results of [I0] we have 

while for CO2 from [12] 

l)UCl-UCt : 7.2.t0_, ~ T exp (-- 58.3 1'-'~) cm3/sec 
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p~o~-co, = 1.2.t0_a~ T ex I) (--38.3 T-', ') cm~/sec 

Substituting these express ions  into Eq. (3) and integrating, we obtain aCO as  a function of the gas  
t empera tu re  (Fig. 2, curve 1; the resul t  is  given for a mixture  of CO2: tICI= 1: ]0, To= 2000~ R0 = 0.1 can, 
N~O2= 10 ~7 can-a). We see a slight r i ~  in TCc~ (curve 2). which does not occur  in the pure gas.  However, 

" ] 2  " . 
in view of the re la t ively  high rate of V - T  relaxat ion the r i se  in the vibrational t empera tu re  is fair ly small,  
while on increas ing the pa rame te r  110N~202 above ~ 5. t0 ~7 cm-2 ,no  r i se  occu r s  at all and TCO z fal ls  to 
TCO* , the value of which is determinc~ by the specific value of RoN~O 2- 

Nonresonance exchange "operates"  m o r e  effectively if vibrat ional ly excited HC1 molecu les  are  fo rmed 
as a result  of a chemical reaction;  the mos t  important  links in this react ion include the p r o c e s s e s  

H~ + Cl 72 HCI + II (12) 

K 

H + Clo 7: HCI* + CI (13) 

Let us assume that conditions conducive to the effective format ion of atomic chlorine are  provided 
(for example, by means  of ul traviolet  radiation, decomposing the C12). Then react ion (12) vdll take place 
vigorously,  with the formation of the ~[ required  for (I3), so that the H and C12 concentra t ions  may be r e -  
garded as only weakly dependent upon tempera ture ,  in this case the equilibrium of react ion (13) is moved 
to the right,  and the equation determining the change in the density of HCI* takes the simple form 

( d:VHC, ] =: N ONc, ;K (. 220 ~" 
dt / .  i ao + ~ot ) 

(14) 

in the temperature range 700-2000~K the velocity constant of reaction (13) is excellently approximated 
by K= 2.8" 10 -1~ cm3/sec. On these assumptions we obtain 

?J c ~ . : \ ' H % \ : C ~  . K P .  ~ ,' R , ,  R .  
i .A'Hcl v I t. 

3iHcl (t) = L ,:o \ 1r + ~,:t no i -  v,,t (15) 

( d ~ H c l  ' /  / I t ,~  .\'z 
- - j - ~ - ] .  - D i Ir ~- vet I (D , - .'VH~ OK / NcO" ) (16) 

Substituting (15) and (16) into (3) and integrating with respec t  to t empera ture ,  we obtain the resul t  
given in Fig. 2 (curves  3 and 4; the calculat ions are  per formed for a mixture  with/?i~C1 = 10 with T o = 2000~ 
R0= 0.1 ern, NCO2= 10 ~'7 crn -~, X = 0.2, D= 2. 107). As in the case of the C O - N x m i x t u r e ,  the r i se  in the ~d- 
brational t empera tu re  as  a resul t  of nonresonance exchange is limited by the increasing value of 7VV (bro- 

T * ken curves  in Fig. 2). Any increase  in the initial density 1~CO 2 leads to a fall in CO, �9 However, in the 
present  case this density may be 5-10 t imes  higher than in the absence of a chemica l  react ion.  Thus for 

o 
RoNco~-~5 �9 10 18 cm -2 there is no r i se  in the vibrational  t empera ture ,  but the value of T'CO 2 ~ T  0 is high 

enough to obtain m~ inverted population between the different  vibrational modes.  For  RoN~()2~ I0 I~ ern -2 
there  is no inversion,  and in o rde r  to obtain the lat ter  it is  necessary  to increase  the intens'i~y of the chemi- 
cal react ion (for example,  by increas ing the pa rame te r  D). 

It should be noted that in the present  case, in which the react ion involves the part icipat ion of atomic 
and molecu la r  hydrogen which may also acce le ra te  vibrational relaxation, the vahm of TCO 2 will be some-  
what lower than that given in Fig. 2. However, the quasi-equil ibriuln density of these components  is quite 
low, since they take par t  in a chain of react ions ,  and the corresponding cor rec t ions  are  small.  

Thus we have established the l imits  of applicability of Eq. (3) and indicated the range of variat ion 
of the p a r a m e t e r s  within which the mechanism of nonresonance exchange "operates"  effectively,  so that in 
a number of eases  it allows ext remely  high in(tiM p r e s s u r e s .  The use of chemical reac t ions  in expanding 
gas  flows enables u~ to increase  the density stilI further .  On the basis  of the re la t ionships  here obtained 
we may choose a mixture  of molecules  for which the principal  mechanism determining the vibrational temp-  
e ra tu re  is nonresonance exchange (here, however,  we must  know the probabil i t ies  P and Q). 

The authors  are  grateful  to B. F. Gordiets  for d i scuss ions  and useful advice. 
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