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be sa t is f ied,  w:here Z r is the ro ta t ional  pa r t i t ion  function. Condition (16) is r ea l i zed  for  a l a rge  f rac t ion  of 
:absorption bands,  wi th  the except ion of the f a r  wings cor responding  to l a rge  j .  

The quanti ty W 0 c h a r a c t e r i z e s  the m a x i m u m  ra te  of energy  input into the s y s t e m .  Since all the energy 
in t roduced changes into t r ans la t iona l  degrees  of f r eedom,  it is poss ib le  to cons ider  W 0 as the l imit ing ra te  
of v ib ra t iona l  re laxat ion .  
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The  c h a r a c t e r i s t i c s  of gasdynamic  l a s e r s  based  on mix tu re s  of carbon monoxide with n i t r o -  
gen and ine r t  gases  w e r e  inves t iga ted  and the populations of v ibra t ional  levels  of CO m o l e -  
cules ,  the gain of the mix ture ,  and the genera t ion  power  were  de te rmined  in [1-8]. But the 
p a r a m e t e r s  of a gasdynamic  l a s e r  (GDL) in the op t imum emiss ion  mode have not been de-  
t e r m i n e d  up to now. The diff icult ies  in calculat ing the op t imum energy  c h a r a c t e r i s t i c s  a r e  
connected with the complexi ty  of the calcula t ing model and the l a rge  n u m b e r  of p a r a m e t e r s  
of the sy s t em .  The ene rgy  c h a r a c t e r i s t i c s  of a CO gasdynamic  l a s e r  a re  ca lcula ted  and 
op t imized  in the p r e s en t  r epo r t  on the bas i s  of a s imple  model .  

1. Calculat ing Model. Let  us cons ider  the e scape  of a b inary  gas mix tu re  r  +~NN2 (r  and CN a re  
the m o l a r  f rac t ions  of  CO and N2, respec t ive ly)  f r o m  the fiat supersonic  nozzle  of a gasdynamic  l a s e r  having 
a c r i t i ca l  c r o s s  sect ion with a height h ,  and an initial  a p e r t u r e  ha l f -angle  ~ .  At a degree  of expansion S0/S, 
the expanding par t  of the nozzle  changes into a p l ane -pa ra l l e l  sect ion where  the opt ical  r e s o n a t o r  is mounted.  

We make  the following as sumpt ions ,  pe rmi t t ing  a s impl i f ied  calculat ion of the ene rgy  c h a r a c t e r i s t i c s  of 
a CO gasdynamic  l a se r :  

1. Los se s  of v ibra t iona l  ene rgy  as a resu l t  of V - T  p r o c e s s e s  occur  main ly  in the initial  sect ion of 
superson ic  e scape  n e a r  the c r i t i ca l  c r o s s  sect ion of the nozzle.  

2. The t ime  the gas spends in the r e sona to r  exceeds  the c h a r a c t e r i s t i c  t ime  of es tab l i shment  of a quas i -  
s teady dis tr ibut ion of molecu les  o v e r  the v ibra t iona l  ene rgy  leve ls .  

3. We cons ider  a p l ane -pa r a l l e l  F a b r y - P e r o t  r e s o n a t o r  which f o r m s  a nondiverging light flux in a 
geome t r i ca l  t r e a t m e n t .  
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The jus t i f ica t ion of a ssumpt ions  1 and 2 e m e r g e s  f r o m  the following model  of the physica l  p r o c e s s e s  
o c c u r r i n g  in a CO GDL. 

With gas flow in a Laval  nozzle  the f reez ing  in of the v ibra t iona l  e n e r g y  of the gas occurs  in the ex-~ 
panding sect ion of the nozzle  in some  c r o s s  sect ion S~ not known in advance.  Above the f r eez ing - in  c r o s s  
sect ion the gas  is in a s ta te  c lose  to t he rmodynamic  equi l ibr ium,  while below the c r o s s  sect ion S 1 the v i b r a -  
t ional  t e m p e r a t u r e s  of the n i t rogen and carbon  monoxide molecu les  exceed the t rans la t iona l  t e m p e r a t u r e  of 
the gas .  As the gas moves  down f r o m  c r o s s  sect ion S 1 in the expanding sect ion of the nozzle  a quas i s teady  
dis t r ibut ion (cor responding  to the f rozen - in  energy  Ef and the t rans la t iona l  t e m p e r a t u r e  T of the gas  in the 
given nozzle  c ro s s  section) of  the molecu les  o v e r  the v ibra t iona l  levels ,  d i f fer ing in genera l  f r o m  a Bol tzmann 
distr ibut ion,  is fo rmed  in the gas  under  the conditions of the v ibra t iona l  nonequi l ibr ium of the anharmonic  
molecu les .  With a d e c r e a s e  in the p r e s s u r e  and t rans la t iona l  t e m p e r a t u r e  of the gas,  the ra te  of v i b r a t i o n a l -  
v ibra t iona l  exchange fal ls  sharp ly ,  and at s o m e  c r o s s  sect ion S 2 > S 1 the c h a r a c t e r i s t i c  t ime  ~0 of expansion 
of the gas s t r e a m  becomes  c o m p a r a b l e  with the c h a r a c t e r i c  t i m e  T V of es tab l i shment  of  a quas i s t eady  d i s -  
t r ibut ion of the molecules  o v e r  the v ibra t iona l  levels  ~'V [9, 10]: 

~ L = s ,  = c~ N t .  

In this  c r o s s  sect ion the f r eez ing - in  of the dis t r ibut ion of the molecu les  o v e r  the v ibra t iona l  levels  
occur s ,  i .e . ,  at S > s 2 the d is t r ibut ion function F of the molecu les  ove r  the v ibra t iona l  levels  is deteirmined by 
the r e s e r v e  of v ibra t iona l  ene rgy  Ef of the gas and by  the t rans la t iona l  t e m p e r a t u r e  T(S2) at the  c r o s s  sect ion 

$2, 

F = F[Ef~S~),  r(S~)l--- F[T~(S~), Tic(S~), T(S~)I, 

where  T1N and TiC a re  the v ib ra t iona l  t e m p e r a t u r e s  of the  f i r s t  levels  of n i t rogen and Carbon monoxide m o l e -  
cules,  which a r e  not equal to each  o the r  in genera l .  

In the p r o c e s s  of expansion the t r ans la t iona l  t e m p e r a t u r e  of the gas  decl ines ,  while the ra t io  of  the v i -  
b ra t iona l  to the t r ans la t iona l  t e m p e r a t u r e  of  the molecu les  i n c r e a s e s .  In the p r o c e s s  the lo s ses  of v ibra t iona l  
energy  can grow, genera l ly  speaking,  owing to the rapid  deact ivat ion of molecules  at high v ibra t iona l  l eve l s .  

Es t ima t ing  calcula t ions  which were  made  showed that  when shor t  nozzles  (q~ ~ 30 ~ h .  "~ 1 mm) a r e  used 
the working gas is in sl ight nonequi l ibr ium (T1N/T "< 6, T I c / T  - 6) in the region of S l < S fo r  a p r e s s u r e  p .  < 
1000 a tm and a t e m p e r a t u r e  T . <  2000~ In this  ca se  the l o s se s  of v ib ra t iona l  ene rgy  as a resu l t  of V -  T and 
V - V  p r o c e s s e s ,  dependent on effects  of  the a n h a r m o n i s m  of the molecules ,  do not exceed  10%. 

In o r d e r  that the losses  of v ibra t iona l  ene rgy  in the p lane~para l | e !  sect ion of the nozzle  in the r e s o n a t o r  
region also be smal l  in c o m p a r i s o n  with the ene rgy  lo s ses  above  the c r e s s  sect ion Si it is n e c e s s a r y  that the 
condition of slight nonequi l ibr ium be sa t i s f ied  in this  region.  This  condition is a s s u r e d  by an efficient optical  
r e s o n a t o r  which l imi t s  the high population of the upper  v ibra t iona l  levels  Of the molecu les .  

The amount of ene rgy  E of s t imula ted  emis s ion  ex t r ac t ed  f r o m  the r e s o n a t o r  pe r  unit m a s s  of gas  is 

E = n(E~ - Er), ( 1 . 1 )  

where Ef is the frozen-in vibrational energy at the entrance to the resonator; E r is the residual vibrational 
energy of the molecules at the exit from the resonator; ~ ~ t/(2a +t) is the coupling coefficient, determining 
the ratio between the extracted energy and the energy absorbed by the mirrors in the resonator; a and t are 
the coefficients of absorption and transmission of the resonator mirrors, respectively (a, t<< 1). 
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The  f r o z e n - i n  v i b r a t i o n a l  e n e r g y  w a s  c a l c u l a t e d  by  n u m e r i c a l  i n t e g r a t i o n  of t he  s y s t e m  of  d i f f e r e n t i a l  
equa t i ons  of  v i b r a t i o n a l  k i n e t i c s  [11], w i th  e x p e r i m e n t a l  v a l u e s  of  t he  r a t e  c o n s t a n t s  of  the  r e l a x a t i o n  of  v i -  
b r a t i o n a l  e n e r g y  of  CO and N 2 m o l e c u l e s  [2, 12-14]  b e i n g  u s e d .  

F r o m  an a n a l y s i s  of  the  r e l a x a t i o n  equa t ions  i t  fo l lows  tha t  f o r  a gas  m i x t u r e  of  a g iven  c o m p o s i t i o n ,  
hav ing  a t e m p e r a t u r e  T ,  and  a p r e s s u r e  p .  at  t he  c r i t i c a l  c r o s s  s e c t i o n  of  the  nozz l e ,  the  f r o z e n - i n  v i b r a -  
t i o n a l  e n e r g y  p e r  uni t  m a s s  of  gas  i s  a func t ion  of  the  two p a r a m e t e r s  T .  and z = p , h , / t a n  ~0. 

T h e  r e s i d u a l  e n e r g y  E r of  a m i x t u r e  of  a g iven  c o m p o s i t i o n  r  +r i s  a func t ion  of t he  v i b r a t i o n a l  
t e m p e r a t u r e s  T1C and TiN and the  t r a n s l a t i o n a l  t e m p e r a t u r e  at  the  ex i t  f r o m  the  r e s o n a t o r :  E r  = E r ( T 1 c ,  T1N, 
T) .  The  v a l u e s  of  T1C and T1N a r e  found f r o m  the  cond i t i on  tha t  the  c o n v e r s i o n  of  v i b r a t i o n a l  e n e r g y  o f  the  
CO m o l e c u l e s  into e n e r g y  of  s t i m u l a t e d  e m i s s i o n  in  t h e  r e s o n a t o r  unde r  c o n s i d e r a t i o n  t a k e s  p l a c e  so long a s  
t h e  m a x i m u m  ga in  of  the  m e d i u m  on v i b r a t i o n a l - r o t a t i o n a l  t r a n s i t i o n s  at  the  exi t  f r o m  the  r e s o n a t o r  u n d e r  
the  cond i t i ons  of  a l o w - i n t e n s i t y  l ight  f i e ld  does  not  f a l l  to s o m e  l i m i t i n g  v a l u e  c~ 0 d e t e r m i n e d  by the  r e s o n a t o r  
p a r a m e t e r s .  At the  ex i t  f r o m  the  r e s o n a t o r  one can  w r i t e  

a ( r l c ,  T, pl) = a 0 = (27z + t)/2, (1.2) 

ONIT~N - -  OclTm = (ON - -  Oc)IT, 

w h e r e  | and  @C a r e  the  c h a r a c t e r i s t i c  t e m p e r a t u r e s  of t he  N 2 and CO m o l e c u l e s ;  Pl is  the  gas  p r e s s u r e  in 
the  r e s o n a t o r  r eg ion ;  a = a / L ;  { ' = t / L ;  L i s  the  length  of  t he  a c t i v e  zone  of  the  r e s o n a t o r  a c r o s s  the  s t r e a m .  

D e t e r m i n i n g  T1C and  TiN f r o m  (1.2), one can  ob t a in  an e x p r e s s i o n  f o r  the  r e s i d u a l  v i b r a t i o n a l  e n e r g y  
of the  gas  in  t he  f o r m  of  a func t ion  of  f o u r  p a r a m e t e r s  

E r = E r (T, t, a, p~). (1.3) 

The  ga in  of t he  P b r a n c h  of  the  v i b r a t i o n a l - r o t a t i o n a l  t r a n s i t i o n  n - ~ n - l ,  J - i - - *  J i s  

Yn,J--I Yn--l,J ) 
~z = AvBG \27~- - ~ 2] + 1 ' 

w h e r e  A = e o n s t ;  v i s  t h e  t r a n s i t i o n  f r e q u e n c y ;  Yn,g- i  and  Y n - l , J  a r e  t he  popu la t ion  d e n s i t i e s  of  t he  u p p e r  and 
l o w e r  l e v e l s  of  the  t r a n s i t i o n ;  R i s  a m a t r i x  e l e m e n t  of the  t r a n s i t i o n ;  G is  a f o r m  f a c t o r ;  n and J a r e  t he  v i -  
b r a t i o n a l  and  r o t a t i o n a l  quan tum n u m b e r s  c o r r e s p o n d i n g  to t he  t r a n s i t i o n  at  which  the  ga in  of the  m e d i u m  is  
m a x i m a l .  

The  p o p u l a t i o n s  of  t he  v i b r a t i o n a l  l e v e l s  of  c a r b o n  d iox ide  and n i t r o g e n  m o l e c u l e s  w e r e  c a l c u l a t e d  f r o m  
the  s o l u t i o n  of  t he  s y s t e m  of  k i n e t i c  equa t ions  [2, 3, 15, 16] f o r  60 v i b r a t i o n a l  l e v e l s  of  CO and N 2 m o l e c u l e s  
on the  b a s i s  of  the  a s s u m p t i o n  tha t  a q u a s i s t e a d y  d i s t r i b u t i o n  of  the  m o l e c u l e s  e x i s t s  a t  the  ex i t  f r o m  the  
r e s o n a t o r .  

M i x t u r e s  of  CO +N 2 wi th  r  =1 ,  0.5, and 0.1 in the  r a n g e  of  v a r i a t i o n  of the  t r a n s l a t i o n a l  t e m p e r a t u r e  
f r o m  100 to 500~ w e r e  c o n s i d e r e d .  
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The values of the probabil i t ies of V - V  and V - T  p rocesses  used in the calculations a re  taken f rom [2, 
12-14]. 

The resul ts  of calculations of the populations Yn of the vibrat ional  levels of CO molecules (r =1) at 
T I c / T  = 6 a re  presented in Fig.  1. Curves 1-4 cor respond  to t ransla t ional  gas t empera tu res  T =100, 200, 300, 
and 450~ respect ively .  A calculation made in [16] for a t empera tu re  of 450~ is given for  compar ison 
(curve 5). 

Using an expression in the form of (1.3) for  the residual  vibrational  energy and represent ing the t r ans -  
lational t empera tu re  and p r e s s u r e  of the gas in the form T =T , f l (S0 /S , )  and Pl =P* f2(S0/S *) under the a s sump-  
tion of a constant adiabatic index ~ =1.4 for  the f rozen- in  s t ream,  we find that for  a mixture  of the given com-  
position the energy  of s t imulated emiss ion extracted f rom the resona tor  (Eq. (1.1)) is determined by the value 
of six pa rame te r s :  

E ( r , ,  z, So/S , ,  Pl, 7, a-) ~l (t, a-) [Ef(T,,z) --  Er(Y,, So~S,, pit-- a-)]. (1.4) 

In calculating E we ignored the kinetics of the V - V  and V - T  relaxation p rocesses  and the interaction of 
molecules  with the e lec t romagnet ic  field of emission,  and there fore  the length of the resona to r  along the 
s t r eam does not enter  into (1.4) as a p a r a m e t e r  of the problem.  

In calculating the emiss ion  energy of a GDL we consider  two var iants :  

1. The length of the GDL resona to r  is not l imited by the conditions of the problem; the p r e s s u r e  in the 
resona to r  region is g r ea t e r  than 40 mm Hg. The charac te r i s t i c  distance l in which a quasis teady distribution 
of the molecules over  the vibrational  levels is formed,  which de termines  the length of the resonator ,  will equal 
30 cm in pure carbon monoxide at Pl =100 mm ttg and T =300~ and will equal 300 cm at Pl =100 mm Hg and 
T =160~ At Pl =200 mm Hg the value of l is 1 and 1.5 m, respect ively .  

2. The length of the resona to r  is l imited. No conditions a re  imposed on the p re s su re  in the resonator .  

2. A GDL with a High Gas P r e s s u r e  in the Resonator  Region. When Pl > 40 mm Hg the number  of pa r am-  
e ters  being optimized can be reduced to one, since at these p r e s s u r e s  the gain of the medium is determined 
mainly by the collisional mechanism of broadening of spect ra l  lines and hence does not depend on pl, and t he r e -  
fore Pl is not an independent pa rame te r .  

We take T .  and z as the free p a r a m e t e r s .  We set the pa r ame te r  a = a / L  as equal to 10 -4 1 /cm,  which 
cor responds ,  for  example, to a resona tor  with m i r r o r s  having a coefficient of absorption of 1% and to an active 
zone with a size of 1 m ac ross  the s t ream.  

We will seek the maximum of the function E ( T . ,  S0/S. ,  pl, t', a) with respect  to the pa rame te r s  ~ and 
S0/S,. 
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The calcula t ions  show that ,  within the f r a m e w o r k  of the model  under  cons idera t ion  with al lowance only 
fo r  the col l is ional  m e c h a n i s m  of broadening of spec t r a l  l ines,  with an i nc rea se  in S0/S , the spec i f ic  energy  
of s t imula ted  e m i s s i o n  p e r  unit m a s s  of gas,  with fixed z and T , ,  e m e r g e s  into a sa tu ra t ion  sect ion,  reaching 
a m a x i m u m  E , ,  as S 0 / S , - -  oo 

We l imi t  S0/S,  to values  at which E(z, T , ,  a,  S0/S,) =0.9 E , , .  We designate  this  value of S0/S, as 
(S0/S,) 0 and cal l  i t  the op t imum value .  In the case  of S0/S , < (S0/S,) 0 and Pi > 40 m m  Hg the ene rgy  will de-  
cl ine sharp ly ,  while when S0/S,  > (S0/S,)  0 the va r ia t ion  in E, found with al lowance fo r  both the col l is ional  and 
the Doppler  m e c h a n i s m  of line broadening,  does not exceed 10%. 

The r e su l t s  of a calcula t ion of the specif ic  ene rgy  E, opt imized with r e spec t  to the p a r a m e t e r s  ~ and 
S0/S,  , a r e  p r e sen t ed  in Fig.  2a, b i n t h e  f o r m  of a fami ly  of in te rsec t ing  curves  of E =f[(S0/S,)0] with T ,  = 
const  and z =cons t  fo r  b ina ry  m i x t u r e s  of CO +N 2 with r  =0.1, 0.5, and 1. The number s  by the l ines a r e  the 
values  of T ,  and of z, a tm . c m .  Each value of E co r r e sponds  to an opt imum value of t" lying in the in terva l  
of 10 -~ c m - l <  ~ < 10 -2 cm -1, with the ene rgy  having a weakly e x p r e s s e d  m a x i m u m  (within l imi ts  of 10% v a r i a -  
tion of E) in this  in te rva l  of t .  

Using tile g raphs  of Fig.  2, for  any set  of p a r a m e t e r s  T . ,  z we can find the op t imum degree  of expansion 
(S0/S,) 0 and t h e  co r respond ing  value of the emis s ion  energy.  

In compar ing  the r e su l t s  of  the calculat ion fo r  different  CO concent ra t ions ,  one can see  that with a de-  
c r e a s e  in r  the region of equal energ ies  shif ts  toward s m a l l e r  (S0/S,)0, and it p roves  poss ib le  to make  a 
CO gasdyaamic  l a s e r  with not ove r l y  high degrees  of expansion (~ 100) and without the addition of iner t  gases ,  
which i nc r ea se  the 7 of the mix tu re .  

In the region of 0.1 -< r  - 1 with T ,  = const  and z =const  (z ~ 0) the specif ic  ene rgy  E grows with a de-  
c r e a s e  in r This  is explained by the fact  that with dilution of the mix tu re  by n i t rogen the v ibra t ional  energy  
lo s ses  n e a r  the c r i t i ca l  c r o s s  sec t ion  of the nozzle  dec r ea se  and Ef i nc r ea se s ,  while the res idual  energy  de-  
c r e a s e s .  With a f u r t he r  d e c r e a s e  in r  (r < 0.1) the function E r begins to grow, s ince  the quantity a de-  
c r e a s e s ,  and the ene rgy  E will decl ine.  

The m a x i m u m  speci f ic  ene rgy  of emi s s ion  pe r  unit m a s s  of gas is  r eached  at r  ~ 0.05-0.1. In ca lcu la t -  
ing the op t imum p a r a m e t e r s  of a CO GDL requ i red  to achieve the m a x i m u m  values  of the emiss ion  energy  W 
p e r  unit vo lume of medium in the r e s o n a t o r  we employ  the following c i r cums t ance .  The quantity W is p ro -  
por t ional  to the p r e s s u r e  p , ,  

W = pl E = p,(:I)(z, T , ,  Y, S o / S , )  , (2 .1)  

where  Pl is the gas  densi ty in the r e s o n a t o r .  

An analys is  of the function @(z, T , ,  S0/S , ,  ~) = W / p ,  (the specif ic  energy  f r o m  a unit volume at p ,  =1 
atm),  in con t ras t  to the function W, allows one to not i nc r ea se  the n u m b e r  of independent p a r a m e t e r s  of the 
p r o b l e m .  The t rans i t ion  f r o m  r to the op t imum values  can be accompl i shed  fo r  concre te  va r i an t s  of the ca l -  
culat ion.  

An ana lys i s  of (2.1) shows that  for  each set  of values  of the f r ee  p a r a m e t e r s  z and T ,  the re  is a degree  
of s t r e a m  expansion S0/S.  at which the function @ is maximal ,  i .e. ,  

cI)(zl T,,  -s S o / S , ) / O ( S o / S  , )  = O. (2.2) 
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F r o m  the condition (2.2) one can find the op t imum values  of  S0/S,  as a function of the p a r a m e t e r s  z and T , .  

The function �9 (z, T ,  ) op t imized  with r e spec t  to the p a r a m e t e r  SO/S, at r C = 0.1 and ~ = 2 �9 10 -3 is shown 
in Fig.  3 in the f o r m  of in te r sec t ing  c u r v e s  SO/S, =cons t  and z =const .  The number s  by the l ines c o r r e s p o n d  
to the values  of S0/S,  and of z, a tm  - c m .  

It should be  noted that  a d e c r e a s e  in the ca rbon  monoxide concent ra t ion  in the range  of 0.1 -< r C -< 1 leads 
to an i n c r e a s e  in the specif ic  ene rgy  ~ ,  while the co r respond ing  op t imum degree  of expansion d e c r e a s e s .  

When the p a r a m e t e r  T ,  is va r i ed  with z =const  t he r e  is a t e m p e r a t u r e  at which the ene rgy  �9 is max imal ,  
with ~ m a x  being the l a rge r ,  the h igher  T ,  and the s m a l l e r  z. 

j,3. A GDL with a Resona to r  of L imi ted  Length lQ. In compar ing  the c h a r a c t e r i s t i c  t i m e  of red is t r ibu t ion  
of molecu les  o v e r  the v ib ra t iona l  leve ls  with the t ime  of pa s sage  of the gas  s t r e a m  through a r e s o n a t o r  of 
length l 0 we find a re la t ion  l imit ing the region of p r e s s u r e s  and t e m p e r a t u r e s  of the gas  inside the resona tor :  

z(pl, T) - -  ~(T,, p , ,  So~S,) <~ to. (3.1) 

We will  s eek  the m a x i m u m  of the function E with r e spec t  to the t h r e e  p a r a m e t e r s  ~, p , ,  and  S0/S , . The 
p a r a m e t e r s  T ,  and 6 = h , / t a n  ~o of the p rob l em a r e  kept f r e e .  In this~case Eq. (1.1) will  a p p e a r  as follows: 

E(t, a, 6, r , ,  p , ,  SO~S,) = 

= ~l(t, a)[Ef(6, T, ,  p , )  - -  Er(T, ,  So~S,, p , ,  t. a)l. 

An ans lys i s  shows that  a m a x i m u m  of the function E is  r eached  both within the p ,  - S 0 / S ,  region and at 
the l imi t  (3.1). In the ca se  when the m a x i m u m  of E is r eached  at the l imit  of the p ,  -S0 /S  , region it turns  out 
that f o r  the va lues  of the f r ee  p u r a m e t e r s  of the p rob l em under  cons idera t ion  the ca lcula ted  value of the func-  
t ion E using Eqs .  (1.2) and (3.1) exceeds  the m a x i m u m  value of the energy  found without the use of (1.2) and 
(3.1). This  r e su l t  is obtained f r o m  an ana lys i s  of  the s impl i f ied  kinet ics  of the p r o c e s s e s  in the r e s o n a t o r  
region and needs  a m o r e  r igorous  foundation. 

The r e su l t s  of  a calcula t ion of the speci f ic  e m i s s i o n  energy  of a CO GDL and of the op t imum p r e s s u r e  
p ,  as a function of the two f r e e  p a r a m e t e r s  T ,  and 6 a r e  p re sen ted  in Fig .  4. The numbers  by the l ines a r e  
the va lues  of 5,  cm.  

The emi s s ion  ene rgy  decl ines  with a d e c r e a s e  in the t e m p e r a t u r e  T ,  and with an i n c r e a s e  in 6,  while 
the op t imum p r e s s u r e  grows with a d e c r e a s e  in t e m p e r a t u r e .  

The co r respond ing  va lues  of the op t imum degree  of expansion of the  nozzle  ha rd ly  depend on T ,  and a r e  
equal to SO/S, ~ 200, 120, 90, and 65 fo r  5 =0.02, 0.2, 1, and 5, r e spec t ive ly .  

The deg ree  of sens i t iv i ty  of  the quantity E to a d e p a r t u r e  of  the p a r a m e t e r s  p ,  and S0/S , f r o m  the op-  
t i m u m  values  P*op and (S0/S,)op f o r  T ,  =2000~ and dif ferent  5 is i l lus t ra ted  by Fig .  5, where  the nu mb er s  

by the l ines a r e  the re la t ive  d e c r e a s e  in E, while n = S o / S , / ( S o / S , ) o p ;  the m a x i m a  of E with r e spec t  to the 
the p r e s s u r e  and the  deg ree  of expansion of the nozzle  a r e  smooth .  The e m i s s i o n  ene rgy  d e c r e a s e s  by  20% 
when p ,  and S0/S,  a r e  chosen as di f fer ing f r o m  the op t imum values  by 5-10 t i m e s  and by 1.5-2 t imes ,  r e -  
spec t ive ly .  

In the region of high t e m p e r a t u r e s  and p r e s s u r e  ( T ,  > 2500~ p ,  > 500 aim) the ca lcula ted  energy  c h a r -  
a c t e r i s t i c s  of a c o  GDL can p rove  to be  ove r s t a t ed ,  s ince the p resen t  model  does not take into account a p o s -  
s ible  additional channel of deact iva t ion  of v ib ra t iona l  ene rgy  connected with V - T  re laxa t ion  on the d issoc ia t ion  
products  of the ini t ial  molecu les  and in t r ip l e  co l l i s ions .  
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