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A method is developed for  the expe r imen ta l  de te rmina t ion  of the v ibra t iona l  t e m p e r a t u r e s  of 
a s y m m e t r i c  and combined s y m m e t r i c  modes  of carbon dioxide,  based on the s imul taneous  r e -  
cording of the spontaneous and s t imula ted  radia t ion c h a r a c t e r i s t i c s  of the CO + N 2 0  reac t ion  
products  under  gasdynamic  l a s e r  (GDL) conditions. 

The detai led invest igat ions [1-4] of the kinet ics  of the v ibra t iona l  re laxa t ion  of mix tu res  containing C O  2 -  

N 2 p e r f o r m e d  in r ecen t  y e a r s  in connection with the development  of gasdynamic  l a s e r s  (GDL) pe rmi t t ed  the 
study of the fundamental  dependences of the re laxa t ion  p r o c e s s e s  on the the rmodynamic  p a r a m e t e r s ,  the m i x -  
bare composi t ion ,  the flow gasdynamics  for  chemica lequ i l l b r ium o f f lowsbe lng  cooled. At the s ame  t ime ,  
f r o m  both the viewpoint of invest igat ing the fundamental  s ingular i t ies  of the influence of v ibra t ional ly  exci ted 
pa r t i c l e s  on the p r o g r e s s  of chemical  reac t ions  [5], and the viewpoint  of invest igat ing the poss ib i l i ty  of p r o -  
ducing highly efficient  chemica l  gasdynamic  l a s e r s  [6], the invest igat ion of the chemica l ly  reac t ing ,  l a s e r -  
act ive gas media is of in te res t .  

The r e su l t s  of a s y s t e m a t i c  invest igat ion of the ampli fying and radiat ion c h a r a c t e r i s t i c s  of v ibra t ional ly  
nonequi l ibr ium expanding fluxes of products  of the reac t ion  between ni t rous oxide and carbon monoxide diluted 
by ni t rogen and hel ium a re  desc r ibed  in a s e r i e s  of pape r s  exposed by this methodological  paper .  Such m i x -  
tures  have been successfu l ly  used to produce the working body of CO 2 gasdynamic  l a s e r s  [7, 8]. 

An invest igat ion of the ampl i f ica t ion of the population invers ion  and the v ibra t iona l  t e m p e r a t u r e s  of the 
CO 2 molecule  las ing leve ls  as a function of the gas t e m p e r a t u r e  in the space ahead of the nozzle and of the 
composi t ion of the chemica l ly  reac t ing  mix tu re s  and the iner t  compar i son  mix tu re s  has  been p e r f o r m e d  at  the 
wavelength }, = 10.6 ~m. Bes ides  the genera l  invest igat ion of the influence of the reac t ing  mix ture  composi t ion 
and its initial t e m p e r a t u r e  on the m e c h a n i s m  of population invers ion  fo rmat ion  in the reac t ion  p roduc t s ,  the 
main purpose  of the r e s e a r c h  was to find the conditions under  which superequ i l ib r ium chemical  pumping of the 
v ibra t iona l  deg rees  of f r e edom  of the CO 2 molecu les ,  the products  of chemical  r eac t ions ,  would be observed .  

A single expe r imen ta l  and theore t ica l  method was used in this se t  of pape r s .  The scheme of carbon d i -  
oxide gas re laxa t ion  with two v ibra t iona l  t e m p e r a t u r e s  T 3 and T 2 [3] was used to desc r ibe  the kinetics of the 
v ibra t iona l  energy  exchange.  These  t e m p e r a t u r e s  cha rac t e r i ze  the Bol tzmann dis t r ibut ion over  the v ibra t ional  
leve ls  within the a s y m m e t r i c  and s y m m e t r i c  CO 2 modes ,  respec t ive ly .  The pr inc ip les  for  the m e a s u r e m e n t  
of the v ibra t ional  t e m p e r a t u r e s  T 3 and T 2 of  CO 2 molecules  in mix tu re s  with N 2 and CO are  elucidated in [9]. 

Le t  us br ief ly  examine r e su l t s  on the kinet ics  of chemical  t r ans fo rma t ions  in the mix tu res  invest igated.  
Accord ing  to [10, 11], p r o g r e s s  of the reac t ion  in the mix tu re  CO + N20 can be cha rac t e r i zed  by a per iod of 
induction over  whose extent  abrupt  ignition of the mix ture  occurs .  The durat ion of the induction per iod is 
desc r ibed  by the e m p i r i c a l  re la t ionship  [10] 

ArT, [NzOI_I = 3.47. i01~ exp [ 256oo ] 
R T  ' 

(1) 

T r a n s l a t e d  f r o m I n z h e n e r n o - F i z i c h e s k i l  Zhurnal ,  Vol. 35, No. 4, pp. 581-590, Oc tober ,  1978. Original  
a r t i c l e  submit ted  N o v e m b e r  25, 1977. 
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w h e r e  [NzO] is  the  n i t r o u s  ox ide  (N20) c o n c e n t r a t i o n  i n m o l e s / c m  3. L e t  us  u s e  the a n a l y s i s  of c h e m i c a l  
t r a n s f o r m a t i o n s  in a CO + N20 m i x t u r e  p e r f o r m e d  in [12], a c c o r d i n g  to which the fo l lowing f ive  e l e m e n t a r y  
s t a g e s  a r e  e s s e n t i a l  

a, (2) 
NzO + CO--~CO 2 + N2 + 87.3 kcal/mole 

NzO + M~-~ N2 + O + M - -  38 kcal/mole (3) 
h3 

CO + O + M-+ CO 2 + M + 125 kcal/mole (4) 
h4 

N20 -b O-+  2NO + 36 kcal/mole (5) 

NzO + O - ~ N  2 + 02 + 79.3 kcal/mole. (6) 

Values  of the T h e  r a t e  cons t an t s  of the p r o c e s s e s  (2)-(6),  r e c o m m e n d e d  in [12-20],  a r e  p r e s e n t e d  in T a b l e  1. 
cons t an t s  k 2, lq,  k 5 ob ta ined  by d i f f e r e n t  au tho r s  a r e  in s a t i s f a c t o r y  a g r e e m e n t .  The  m e a n  of the quant i ty  kl 
f r o m  [12], [13] was  u sed  to compute  the c h e m i c a l  t r a n s f o r m a t i o n s  in r e a c t i o n  (2), and the e s t i m a t e  of k 3, equal  
to 1015 c m  6 �9 m o l e  -2 .  s e e  - l ,  a v e r a g e d  f r o m  the data in [13, 17, 18], was  u sed  f o r  r e a c t i o n  (4). A c c o r d i n g  to 
[21], if  the me thod  of q u a s i s t a t i o n a r y  c o n c e n t r a t i o n s  of  ac t ive  p a r t i c l e s  is  u sed ,  then we obta in  f o r  the r e l a t i ve  
content  of  a t o m i c  oxygen  

~0 [O] k2[k3 3co [M]~_(k~+ks)]- ' ,  (7) 
[MI L %o J 

w h e r e  [M] is the to ta l  n u m b e r  of  m o l e c u l e s  p e r  uni t  vo lume.  

1138 



TABLE 2. Ratios between the Rates  of Consumption of the Nitrous 
Oxide Molecules in React ions (3) and (2) and Atomic Oxygen in (5), 
(6), and (4) for  Different Gas Tempera tu re s  T. P r e s s u r e  P W a s A s -  
sumed to Equal 5.0 a tm,  while the Ratio of the Concentrations Was 

~CO/~N20 = 5 

T. oK 1000 1300 1800 [ 1900 2800 

d [N~Oh 
d [N~O]2 

d [O]~§ 
d [Oh 

1,6.10-5 

2,5.10-4 

0,3.10-3 

0,021 

1600 1700 

0,13 0,23 

0,14 0,19 

0,45 0,79 

0,41 0,61 

2200  2500 

1,77 3.19 5,66, 

The comparat ive effiency of the p r o g r e s s  of e lementary  stages (2)-(6) for  the typical experimental  con-  
ditions of this paper is presented in Table 2. For  moderate  t empera tures  T O -< 1700-1800~ the rate of con-  
sumption of the N20 molecules  because of d i rec t  interaction with CO (2) essent ial ly  exceeds the rate of thermal  
decomposit ion of the nitrous oxide (3) d[N20]3/d[N20]2 << 1. Hence, for T O -<1700-1800~ the chemical  t r ans -  
format ion  scheme in the mixture of carbon monoxide and ni trous oxide can be reduced approximately to the 
react ion of d i rec t  exchange interact ion between these molecules (2). Since the quantity hence is (d[O] 5 + 
d[O]6)/d[O4] << 1, the atomic oxygen being formed because of thermal  dissociat ion of the nitrous oxide (3) is 
consumed mainly in the recombination react ion (4). There fo re ,  the es t imates  made pe rmi t  the cons idera -  
tion that the react ion products  fo rm a mixture of carbon dioxide and nitrogen molecules ,  the basis of the work-  
ing mixture of a CO 2 gasdynamic l a se r ,  during the oxidation of carbon monoxide by nitrous oxide at the t em-  
pera ture  T O < 1700-1800~ At higher  t empera tu res  T o = 1800-2500~ the efficiencies of the p rog re s s  of the 
thermal  dissociat ion react ion for N20 (3) compared to exchange react ion (2), and the oxidation react ions of the 
N20 molecules  by atomic oxygen (5) and (6) compared to the recombinat ion react ion (4) are  sharply elevated 
(Table 2). This resul ts  in an increase  in the content of nitrous oxide and molecular  oxygen in the CO + N20 
react ion products .  Thus,  if es t imates  are  ca r r i ed  out by means of (7) for the atomic oxygen concentrat ion,  
then we obtain the value of 0. 1-0.3 for  the magnitude of the initial nitrous oxide concentrat ion AT O or  ~NO ~ 
~O2 ~ 1.0-3.0% for the nitrous oxide and molecular  oxygen concentrat ions at T o = 1800-2500~ for  typical con-  
ditions of this r e sea rch .  The carbon dioxide content in the react ion products hence diminishes to 0.7-0.8 of 
that computed by means of (2)-(4). According to [22], admixtures of molecular  oxygen in such quantities do 
not influence the magnitude of the population inversion in CO 2 + N 2 + He (H20) mixtures .  Analysis  of the rate  
constants of vibrational  energy exchange with the part icipat ion of nitrous oxide [3] shows that 1-5% of the NO 
molecules do not a l te r  the mechanism of population inversion format ion in the CO 2 + N 2 + He mixture in 
pract ice .  The use of mixtures  with a cer tain excess  of carbon monoxide in this paper  permi t s  a sharp reduc-  
tion in the molecular  oxygen content in the react ion products  because of its consumption in the oxidation of the 
CO molecules.  

Comparison mixtures  f rom inert  components were  formed for react ing mixtures  on the basis of the 
relat ionships 

a NzO -v, ~ CO + ~? N 2 ~- 6 He--~ ~CO~ § (~ q- ~) N 2 q- (8 - -  a) CO q- 6 He (8) 

Comparing the vibrat ional  nonequilibrium p a r a m e t e r s ,  the gain coefficient,  the population inversion,  and the 
vibrational  t empera tu res  of ~ the carbon dioxide lasing levels in an expanding react ing mixture and in a chemi-  
cally inert  compar ison mixture ,  permi t s  clarif icat ion of the role of the chemical  t ransformat ions  in v ib ra -  
tional energy exchange. 

The use of a chemical  nonequilibrium gas mixture with an elevated content of active par t ic les  to 0.1- 
0.4%, oxygen a toms,  in gasdynamic l a se r s  can resul t  in a substantial  change in the mechanism for  population 
inversion formation.  In par t icu la r ,  such a change is due to the efficient p rog re s s  of exothermal  react ions with 
a significant yield of vibrat ionally excited par t ic les  of the react ion products  in the expanding flow. An example 
of such a react ion is the recombination of CO and O (4) examined in [6]. 

The vibrational  nonequilibrtum flux of chemical  react ion products  in a mixture of carbon monoxide and 
nitrous oxide was experimental ly  investigated in this r e s e a r c h  on an apparatus of the type of a pulsed gasdyna- 
mic l ase r  in a shock tube. Chemical react ions were rea l ized in the investigated mixtures  in the shock r e -  
flected f rom the tube endface. The p a r a m e t e r s  of the tube used were :  inner d iameter ,  94 mm; length of the 
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Fig. 1. Optical d iagram of the exper i -  
mental setup. 

low p re s su re  section,  5.0 m. A flat wedgelike nozzle with a cr i t ical  section height of h.  = 1.5 ram, 80 mm 
length, and~ = 22.5 ~ halfangle was placed on the tube endface. The divergent par t  of the nozzle made the 
transit ion into a rectangular  channel of constant section (expansion section). The degree of flow expansion 
is h/h, = 33. The degree of puri ty of the gases used was the following: ni trogen of special  puri ty with not less 
than a 99.5% content of the main component,  medicinal nitrous oxide 99.6%, technical carbon monoxide sub-  
jected to careful  drying,  nutritive carbon dioxide purified by triple distil lation f rom the solid state with r e -  
covery of the middle fract ion [23]. 

The se r ies  of experiments  descr ibed in this paper  were conducted in such a way that the p re s su re  behind 
the reflected shock P5 remained constant,  while the tempera ture  T 5 var ied within broad limits.  The values of 
P5 and T 5 were  determined on the basis of measurements  of the incident shock velocity.  These measurements  
were  accomplished by two piezoelec t r ic  sensors  of 500-ram length and an e lect ronic  chronometer  F-599. The 
e r r o r s  in determining the gas tempera ture  behind the ref lected shock, due to inaccuracy in measur ing  the time 
of passage of the shock over  the base segment ,  do not exceed 20-30~ Let us note that according to [24] the 
inhomogeneity in the tempera ture  along the length in the "hot plug" can reach 100~ Additional heating of the 
gas in the region ahead of the nozzle behind the ref lected shock can be computed in the case of investigating 
chemically react ing mixtures  f rom the resul ts  on the thermal  effects of react ions (2)-(4) under assumptions 
about the constancy of the p r e s s u r e ,  P5 = Po = const [11] and the completeness of execution of the chemical  
t ransformat ion  

A T =  ~.2o; To = T5 + AT. (9) 
c~ 

where Cp is the mean value of the specific heat of the gas mixture in the tempera ture  band 075, T 0 + AT), and 
Q is the thermal  effect  of the react ion (2) or (3), (4). For  the value @20 = 0.05 charac te r i s t i c  for  this r e -  
search ,  the tempera ture  r i se  AT was 450-650~ 

Taking account of the progress  of react ions (5) and (6) at high tempera tures  T o ~ 2200~ resul ts  in a 
30-80~ diminution in heating of the gas in the region ahead of the nozzle. For  T o >- 2500~ significant d i s so -  
ciation of the carbon dioxide accompanied by a tempera ture  drop can occur  in the "hot plug. " Computations 
pe r fo rmed  permi t  making the deduction that for  T o ~ 3000~ the degree of carbon dioxide dissociat ion 
in the t ime interval  t = ( 0 - 0 . 3 )  �9 10 .3 see which cor responds  to and measures  the amplifying and emiss ion 
proper t ies  of the s t ream,  does not exceed 20% with a corresponding ~ d = l  - ~ C O 2 / ~ O  reduct ion in the 
tempera ture ;  hence, the influence of carbon dioxide dissociat ion on the change in the ch~micaI composit ion of 
the mixture and the reduction in the t empera tu re  T O is neglected. F o r  T 0_< 2000~ underreac t ion  of the mix -  
ture CO +N20 in the space before  the nozzle and the reduction in the t empera tu re  T O compared to the rated 
values,  which is due to this,  a re  possible.  This reduction was determined by means of the diminution in the 
IR radiation intensity f rom the space before the nozzle for  the react ing mixture as compared with the chemi-  
cally inert  compar ison mixture and did not exceed 100-120~ 
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Fig. 2. Typical  osc i l lograms:  a) iner t  mixture 0.05 CO 2 + 
0.05 N 2 + 0.2 CO + 0.7 He; P0 = 5.3 arm; T o = 2000~ b) r e a c t -  
ing mixture of the initial composition 0.05 N20 + 0. 25 CO + 0.7 
He ;P0  = 5 . 1 a t m ; T 0 = 1 7 9 0 ~  (T 5=1160~ A, F,  B, C, r e -  
spectively,  are  the t imes of ref lected shock a r r iva l ,  react ing 
mixture ignition, per turbat ion a r r iva l  on reflect ion f rom the 
contact sur face ,  and rarefact ion wave ar r ival .  

Values of the p r e s s u r e  and gas tempera ture  in the working section of the supersonic  s t r eam were  c o m -  
puted f rom relat ionships for one-dimensional ,  isentropic ideal gas flow. The influence of vibrational  r e laxa-  
tion p rocesses  on the supersonic  flow pa rame te r s  was taken into when using the effective adiabatic index Yef 
in the form 

~,cp~ _ 5/2R~He~ • 7 /2R (~CO, -'- ~ .~ _L~ ~CO) ~- 3R~co~ (10) 

Total f reezing of the vibrations of the N 2 and CO molecules  as well as of the a s y m m e t r i c  mode of the CO 2 (v3) 
vibrations and thermal izat ion of the symmet r i c  CO 2 modes were  assumed.  The gas tempera ture  T in the 
supersonic  s t r eam under investigation (under the conditions of this research)  was (0.1-0.2)T o. The total e r r o r  
in determining T,  due to inaccuracy in the obtained values of T o and the simplified taking account of the influ- 
ence of the vibrat ional  energy exchange,  did not exceed 20-40~ and did not influence the resul ts  of measur ing  
the vibrational  t empera tures  T 3 and T 2. 

The optical d iagram of the apparatus is presented in Fig. 1. The gain coefficient was measured  in two 
sections of the s t r eam at 140 and 350 mm f rom the plane of the cr i t ical  nozzle section. An LG-23 power-  
stabilized e lec t r ica l  discharge CO2 lase r  1 was used as source of probing radiation. The constancy of the 
radiation intensity and its measuremen t  during the experiment  were  checked by using a re fe rence  photores is tor  
2. The photores i s to rs  3 and 4 recorded  changes in the l ase r  radiation intensity during passage of the active 
section into the gas s t r eam in the f i r s t  and second working sections.  Extract ion of the needed spec t rum range 
in the gain measuremen t  channels was pe r fo rmed  by the d ispers ion  f i l ters  5 and 6 with the passband k = 10. 6 + 
0.6 ~m. 

The IR radiation intensity in the CO 2 4.3 pm and CO 4.7 gm bands was measured  in the f i r s t  s t r eam sec 
tion. The flat 7 and spherical  8 m i r r o r s  focused the gas radiation on the sensor  of the photores is tor  9. Spec- 
t rum se lec t ionwasby  the d i spe r s ionf i l t e r  10 with thepassband 1=4.75 -~ 0.6 gin.  The absorpt ive cuvette 11 was 
filled with a mLx~re  of ni t rous oxide and carbon dioxide in a I : 1 rat io for  a total  p res su re ,  equal to the a tmospher ic  
value. Use of a cuvette permi t s  the es tabl ishment  of the possible influence of absorption in the cold, near-wal l  
layers  of the s t r eam on the resul ts  of measur ing  the spontaneous radiation intensity in the v i b r a t i o n a l - r o t a -  
tional 4.3 ~m CO 2 and 4.7 btm CO bands. 

Calibration of the IR radiation recording  diagram was ca r r i ed  out by measur ing  the carbon monoxide 
radiation intensity (the 4.7 ~m band) behind the incident shock being propagated in pure CO and the mixture 
CO + I~ 2 (0.1 -< ~CO -< 1.0). To do this,  a connecting section assur ing the smooth passage of the cylindrical  
shock tube section into the 50 x 80 mm rectangular  channel of the expansion section was mounted on the shock 
tube endface in place of the nozzle. The optical d iagram for ]tl radiation intensity measuremen t  during cal i -  
bration was kept the same as in the tests  with the supersonic  flows under investigation. 
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Fig. 3. Resul t s  of m e a s u r i n g  
the durat ion of the induction 
per iod  in the  mix tu re  CO + N20: 
1) data  f r o m  [10]; 2) th is  paper ;  
3) f o r mu la  (1) log(Tf[N20]), 
m o l e .  s e c / c m  3. 

The carbon monoxide IR radia t ion intensi ty behind the incident shock was computed by means  of s e m i -  
e m p i r i c a l  fo rmulas  [25, 26]. The e r r o r  in ca l ibra t ing  the r e sponse  of the optical  s y s t e m  in this r e s e a r c h ,  de-  
t e rmined  by means  of the sp read  in the exper imen ta l  r e su l t s ,  did not exceed +15%. The constancy of the r e -  
cording s y s t e m  response  was  checked during execution of the expe r imen t s  by means  of the radia t ion of a s t an -  
dard  blackbody 12 at  the t e m p e r a t u r e  T = 1800 • 10~ 

Determina t ion  of the durat ion of the exis tence of unper turbed  conditions in the "hot plug" and of the delay 
in ignition in the reac t ing  mix tu re s  was ca r r i ed  out by record ing  the IR radia t ion intensi ty in the ~ = 4.6-5.2 
~m spec t rum range  by the pho to re s i s to r  13. The spec t rum select ion in this channel was accompl ished  by the 
absorp t ive  cuvette 14 filled with a N20.CO 2 = 1:1 mix tu re  at  a tmosphe r i c  p r e s s u r e ,  and by the f i l t e r s  15 and 
16, 

P h o t o r e s i s t o r s  with a G e - A u  based senso r  cooled by liquid ni t rogen were  used in this r e s e a r c h .  Af ter  
p reampl i f i ca t ion  the s ignals  f r o m  the pho t o r e s i s t o r s  were  de l ivered  to a f i v e - b e a m  osci l lograph C1-33 17. 
T ime  resolu t ion  of the optical  channels was not m o r e  than 10 ~sec.  

A typical  o sc i l l og ram obtained for  the unreac t ing  mix ture  CO 2 + I{ 2 + CO + He is r e p r e s e n t e d  in Fig. 2a. 
Curves  I -V a re  r e co rds  of the IR radia t ion intensi ty f r o m  the space ahead of the nozzle (I), the ampli f icat ion 
of the t e s t  l a s e r  radia t ion (I), and the IR radia t ion intensi ty (III) in the f i r s t  sect ion of the s t r e a m ,  the r a d i a -  
tion ampli f icat ion of the t e s t  l a s e r  in the second s t r e a m  sect ion (IV) and the intensi ty of the r e f e r ence  beam of 
l a s e r  radia t ion dur ing the e x p e r i m e n t  (V). The constant level  of IR radia t ion intensi ty during 0.5 m s e c  f r o m  
the t ime of shock ref lec t ion  (the sect ion A - B ,  Fig. 2a) co r re sponds  to the unper turbed  s tate  of the gas in the 
"hot plug" at  which the ampl i fy ing and radia t ion p rope r t i e s  of the superson ic  s t r e a m  were  m e a s u r e d  in this 
r e s e a r c h .  Ignition of the reac t ing  CO + N20 mixture  (point F) in Fig. 2b r e su l t s  in an abrupt  inc rease  in the 
radia t ion intensi ty f r o m  the space ahead of the nozzle because  of the r i s e  in the t e m p e r a t u r e  T O and f rom the 
s t r e a m  at  the same  t ime  as the appearance  of a gain in the probing radiat ion.  Resul t s  of m e a s u r i n g  the delay 
in ignition in the mix tu re  CO + N20 + He + N 2 at the t empe ra tu r e  T s = 1000-1350~ (Ps = 5.0-20.0 a im ,  ~ O  = 
0.05-0.65) a r e  in good a g r e e m e n t  with the resu l t s  of ext rapola t ion,  accord ing  to the dependence (1), of the 
data [10] obtained at  h igher  t e m p e r a t u r e s  T5 (Fig. 3). 

The v ibra t iona l  t e m p e r a t u r e s  of the "asymmetr ic  T 3 and s y m m e t r i c  (combined) T 2 modes  of carbon d i -  
oxide, and t he r e fo re ,  the upper  (001) and lower  (100) working leve ls  of the las ing t rans i t ion  in this molecu le ,  
we re  de te rmined  by the gain coeff icient  K 0 and the spontaneous radia t ion intensi ty of the molecu les  CO 2 (4.3 
gin) and CO (4.7 gnU) m e a s u r e d  in test .  The re la t ive  population invers ion  of the carbon dioxide las ing levels  
/AN = (NO0 i-NI00)/~NCO2 was calculated on the bas is  of m e a s u r e d  values  of the gain coeff icient  K 0 accord ing  to 
[26, 27], where  NCO 2 is the densi ty of CO 2 molecules .  

The e r r o r  in m e a s u r i n g  the gain coeff icient  and the re fo re  the re la t ive  population invers ion  is de te rmined  
under  the exper imen ta l  conditions of this r e s e a r c h  by mainly  the shift  in the generat ion f requency  within the 
l ines of ac t ive  medium ampl i f ica t ion of the probing CO 2 l a s e r ,  and is +0, -20-30% [28]. This  uncer ta in ty  can 
re su l t  in a r i se  in the m e a s u r e d  value of T2 by 40-50~ as compared  to i ts  actual  value for  W 2 = 400-600~ 
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Generation in the probing l a se r  was assumed at the line P20. The appearance of the lines P18 and P22 in the 
generation spec t rum does not affect the resul ts  of measur ing  the vibrat ional  tempera ture  T 3. The assumption 
of generation at the line P18 resul ts  in a r i se  in the computed value T 2 ~ 7-8% and to a reduction of 20-30% in 
AN as compared with the assumption of generation at the line P20. The maximum relat ive e r r o r s  in m e a s u r -  
ing the quantities T 2 and AN for the appearance of the line P22 in the generation spec t rum have the same mag-  
nitude but opposite sign. The cal ibrat ion accuracy  +15~ achieved in this r e sea rch  for  the optical sys tem r e -  
sponse corresponds  to the e r r o r  in determining the tempera ture  T3, which does not exceed +50~ for T 3 = 1000- 
1500~ and T 2 • 20-30~ for  T 2 = 400-700~ Possible uncertaint ies  in the concentrat ions of the radiating com-  
ponents of the CO 2 and CO molecule components do not exer t  noticeable influence on the resul ts  of measur ing  
the  vibrational  t empera tu re  T3, and at modera te  t empera tu res  T O ~ 1800-2000~ on the resul ts  of 
measur ing  the quantities AN and T 2. A diminution by 20-30% in the carbon dioxide content in the r e -  

action products  at T O = 2000-3000~ as compared  with the computed value f rom (8) in t roduces  a s y s t e m -  
atic e r r o r  in the measurement  of the quantities T 2 and AN in this range of t empera tures  T 0. The values of 
T 2 obtained from tes ts  under the assumption about the composit ion of the react ion products  determined f rom (8) 
turn out to be exaggerated by 5-7%, and of LXN are reduced 20-30% as compared to the actual values of the v ib r a -  
tional t empera tu re  of the lower lasing level of CO 2 and the population inversion in the s t r eam under invest iga-  
tion at T O = 2000-3000~ 

The method descr ibed for the measuremen t  of the vibrational  energy exchange charac te r i s t i c s  in gas 
mixtures  containing CO 2 was tested in exper iments  with the well-known mixtures  CO 2 + N 2 + He (H20). Good 
agreement  between the resul ts  obtained and theoret ical  and experimental  data of other authors was established.  
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