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A numer ica l  calculation is made of the integral  radiation of CO 2 molecules in the 2.7- and 4.3- 
~m bands and of CO molecules  in the 4.7-~m band when the vibrational  t empera tu res  signifi- 
cantly exceed the rotat ional  and translat ional  t empera tures .  

The development of modern nonequilibrium physicochemical  kinetics led to the creat ion of rel iable opti- 
cal  diagnostic methods for  the mechanism and kinetics of the e lementary  p roces se s  in vibrationally nonequilib- 
r ium chemical ly  reac t ing  fluxes of molecu la r -gas  mixtures.  

Extensive - and in many cases  e x h a u s t i v e -  information on the distr ibution of individual chemical  com-  
ponents over  the vibrat ional  degrees  of f reedom may be obtained on the bas is  of measurements  of the ins tanta-  
neous radiat ion intensi t ies  in the corresponding v ib ra t iona l - ro t a t iona l  bands. However, for  the d i rec t  de termin-  
ation of instantaneous populations ( tempera tures)  of the vibrat ional  energy levels,  it is neces sa ry  to establish 
theoret ical ,  calculational  relat ions of the radiat ion and absorpt ion cha rac te r i s t i c s  in the chosen region of the 
IR spec t rum with a nonequil ibrium distribution of molecules  over  the vibrational  levels.  Note that this ap- 
proach  to the determinat ion of the vibrat ional-dis t r ibut ion pa rame te r s  is associa ted  with difficulties of apply- 
ing tradit ional  methods of measur ing  the vibrational  t empera tures  of optically thin layers ,  introducing impur i -  
ties which radiate in the visible spec t ra l  range, and convert ing intensities and so on to the conditions cha rac -  
ter is t ic  of thermodynamica l ly  nonequil ibrium gas flows [1]. 

A method of measur ing  vibrational  t empera tures  of carbon dioxide on the basis  of theoret ical  relat ions 
of the radiat ive cha rac t e r i s t i c s  of the medium with the distribution of molecules  over  the vibrational  degrees  
of f reedom was rea l ized experimental ly  and theoret ical ly  in [1, 2] for nonequilibrium supersonic fluxes con- 
taining CO2, and also theoret ical ly  in [3, 4] for  carbon dioxide in the active medium of CO 2 lasers .  The 
method descr ibed  in [3] allows only the vibrational  t empera ture  of the a symmet r i c  mode of CO 2 to be de te r -  
mined, and requi res  it to be assumed that the t empera tures  of the remaining modes equal the translat ional  
tempera ture .  

In measur ing  the vibrational  t empera tu res  of CO 2 in accordance with [1, 2], simultaneous recording of 
the spontaneous and st imulated radiation intensity of the investigated medium is necessa ry .  

Below, a method based on measurements  of the spontaneous IR radiation intensity is developed for  the 
measu remen t  of the instantaneous vibrational  t empera tu res  of radiat ing molecules  in the conditions of thermo-  
dynamical ly  nonequilibrium supersonic  fluxes. To this end, there  is a theoret ical  considerat ion of the radia-  
tion p rocess  of a molecular  gas in the given conditions, and spect ra l  and integral  (over the band) radiation 
intensit ies Iw for  widely distr ibuted molecules  active in the IR range (carbon monoxide and dioxide in the 
4.7-, 4.3-, and 2.7-~m bands) are  calculated. The calculations are  made for conditions in which the v ibra-  
tional t empera tu res  cons iderably  exceed the t ranslat ional  and rotational t empera tures ,  as is charac te r i s t i c  
for  vibrat ionally nonequilibrium supersonic  fluxes. 

The distr ibution of CO molecules  over  the vibrat ional  levels is assumed to be of Boltzmann type, with 
the vibrat ional  t empera ture  T~. According to [5, 6], the distr ibution of CO 2 molecules over  the vibrational 
levels is descr ibed  by two vibrat ional  t empera tu res  T~ and T~ determined by the populations in the a sym-  
met r ic ,  symmet r i c ,  and deformational  modes.  

The radiat ion intensity of a homogeneous isotropic  medium of molecular  gas due to transi t ions f rom the 
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quantum s ta te  ,~' to ,~", neglect ing sca t t e r ing  of the radiat ion,  is de te rmined  by the re la t ion  [7 ] 

I,~do~= 2hc2r 3 1--exp(--K,.,X) do), (1) 
g'N"Ig"N'-- I 

where  ~0 is  the wave num ber  of the t rans i t ion;  I ~  (a tm -1- era- l ) ,  absorp t ion  coeff ic ient  for  the t rans i t ion  ~" 
to ~ ' ;  X (a tm" e ra ) ,  opt ical  path length; 1~', g" and N',  g ' ,  populat ion and s ta t i s t i ca l  weight of the upper  and 
lower  level ,  r e spec t ive ly .  

The radia t ion  intensi ty  for  the v i b r a t i o n a l -  ro ta t ional  t r ans i t ion  ($i + k iS j  J~' ~ diOjJ' ) m a y  be writ ten,  
in the absence  of t he rm odynam i c  equ i l ib r ium between the v ibra t iona l  and t r a n s l a t i o n a l - r o t a t i o n a l  deg rees  of 
f r e edom accord ing  to Eq. (1) ,  in the f o r m  

l~i tli;i t~ i,i = -~o ~ , (2) 

__ i , j  where  A~ j 1 - exp  (-K~0 X )  is the s p e c t r a l  absorp t iv i ty ,  and 

,,~J= 2hc~3 lexp [ ~ O~ k, / T~ q_ ( h~__~ ) (~176 "i T~ 1} - I  (3) 

is  a l imi t  function. The s u p e r s c r i p t s  i and j denote c h a r a c t e r i s t i c s  of the act ive  (radiat ing)  and pass ive  
mode,  r e spec t ive ly ;  ,~, v ibra t iona l  quantum number ;  k, change in v ibra t iona l  quantum number s  in the t r an s i -  
tion; J,  ro ta t ional  quantum number ;  J" - J '  = 0 + 1; v* i, Sj, se t  of v ibra t iona l  quantum number s  of the act ive 
and p a s s i v e  modes;  05, T$, and T r ,  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  of the mode,  the v ibra t iona l  t e m p e r a t u r e ,  and 

w~ ' j ,  wave num ber  at  the c en t e r  of the band of the given v ibra t iona l  t ransi t ion.  the ro ta t ional  t e m p e r a t u r e ;  

In conditions of the rmodynamic  equi l ibr ium,  the l imi t  function c o r r e s p o n d s  to the P lanck  blackbody 
radia t ion  function. 

The v i b r a t i o n a l - r o t a t i o n a l  bands  a r e  de t e rmined  by the se t  of t r ans i t ions  ($i + ki ~i ~ ~i$j ), the v i b r a -  
t ional  components  of the band, where  the quantum n u m b e r s  of the act ive  a n d p a s s i v e  modes  take values  of 0, 1,2,  etc.  

In l o w - p r e s s u r e  conditions (Pt  = 10-1-10-4 a tm) ,  c h a r a c t e r i s t i c  for  t he rmodynamica l ly  nonequi l ibr ium 
superson ic  f luxes,  the dis tance between adjacent  ro ta t ional  components  of the band exceed the width of the in- 
dividual l ines by 1-3 o rde r s  of magnitude [1]. In the given condit ions,  neglect ing the over lap  of rota t ional  
l ines ,  the spec t r a l  radia t ion intensi ty  of the band is de t e rmined  by  summing  ove r  the quantum number s  of the 
ac t ive  and p a s s i v e  modes  

I~ --:- ~_j Jli'i t.~r'~'i 
. .  " ' ~  ~ " (4) 
t , !  

The impor t an t  f ea tu re  of the radia t ion  of an at tenuated v ibra t iona l ly  nonequi l ibr ium molecu la r  gas  is the sha rp  
change in radia t ion  intensi ty  o v e r  the spec t rum.  The low rota t ional  t e m p e r a t u r e s ,  p rac t i ca l ly  coinciding with 
the t rans la t iona l  t e m p e r a t u r e  ( T r  = T = 100-400~ [5, 6]) a r e  due to the i nc rea sed  population of the low ro t a -  
t ional  leve ls  and, hence,  the high radia t ion  ene rgy  in t rans i t ions  between these s ta tes .  On the other  hand, at 
low p r e s s u r e  (P t  = 10-1-10"4 a tm),  the degree  of broadening of the ro ta t ional  l ines  is negligible,  and in the 
in te rva l s  be tween adjacent  l ines the gas  p r ac t i c a l l y  does not radia te .  

The c h a r a c t e r i s t i c  s pec t r a l  range  of the change in rad ia t ion  intensi ty  fo r  the given values  of p r e s s u r e  
and t e m p e r a t u r e  ~xr = 10-2-10 -4 c m  -1 [1]. In p rac t i ce ,  to ensu re  the n e c e s s a r y  sens i t iv i ty  of optical  s y s t e m s  
in condit ions of high t ime  resolut ion,  i t  is n e c e s s a r y  to r e c o r d  radia t ion  in s p e c t r a l  ranges  c o m p a r a b l e  with 
the width of the v i b r a t i o n a l - r o t a t i o n a l  band (100-500 era- l ) ,  including a cons iderab le  number  of rota t ional  
l ines.  There fo re ,  to ca lcu la te  the radia t ion  in the v i b r a t i o n a l - r o t a t i o n a l  band, it is n e c e s s a r y  to ave rage  
values  of Ir in the s p e c t r a l  r ange  /xw = 1-10 e m  -1 >> A ~ ' .  The c h a r a c t e r i s t i c  spec t r a l  range  of l imi t - func-  
tion va r ia t ion  exceeds  50-100 c m  -1. Taking into account  that the sha rp  f requency  dependence of Ir is mainly  
de t e rmined  by  the absorp t iv i ty  Ar the ave raged  radia t ion in tens i ty  may  be wr i t ten  in the f o r m  

< I~ > = .~. < Af;; ~ ~ .  (5) 
r 

The absorp t iv i ty  (A~J> is ave raged  on the bas i s  of the band model  [7, 8 ]. The ave raged  absorp t iv i ty  of 
the 4.3-t~m band of ca rbon  dioxide in conditions of d i sequ i l ib r ium between the v ibra t iona l  and t r a n s l a t i o n a l -  
ro ta t iona l  d e g r e e s  of f r e e d o m  was de te rmined  in [1, 4, 9-11] .  In the p r e s e n t  work,  in accordance  with the 
above  assumpt ions ,  the calcula t ion of the radia t ion  intensi ty  is ba sed  on the nonover lapping- l ine  model ,  ac -  
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cording to which ( A~: > = Wid//dd / , where Wij  = [1 --exp (-- K~':X)] do) is the equivalent linewidth; d J is the 

distance between adjacent rotat ions lines in the vibrat ional  component of the band [8]. 

For  the conditions of thermodynamical ly  nonequilibrium supersonic  fluxes, there may be significant 
coll isional  and Doppler mechanisms of spec t ra l  line broadening. The line contour is descr ibed by the Voigt 
function when both these broadening mechanisms a re  taken into account [7 ]. The equivalent width for  the 
Voigt line contour  may  be determined with an e r r o r  of not more  than 8% using the dependence [12] 

Wv = IW~ + W ~ -  ~WL �9 Wo/$X)Z] j/2, (6) 

where WL = WL(UL), WD = WD(UD) are  the equivalent linewidths with pure ly  coll isional and Doppler con- 
+| 

tours;  S = S K~do is the integral  absorption coefficient of the line. The dimensionless  pa rame te r s  UL = 

SX/21rTL , u D = SX/~ / lrTD charac te r ize '  the optical path length at the line center  with coll isional and Doppler 
contours;  7L  and 7D are  the corresponding halfwidths of the line. 

The integral  absorpt ion coefficient of the line corresponding to the rotational t ransi t ion J '  ~ J~' and 
belonging to the vibrat ional  component of the band ~' ~ ~" in thermodynamical ly  nonequilibrium conditions is 
given by the re la t ion [7] 

So, j ,~O, , j , ,  = N o , j ,  t -Do,j ,~o.  J .  S o , ~ . ~ . ( R j , ~ j , , )  2 1--go'~t'No":"/go"j',No,j, (1--go,lVo,,/go',No,), (7) 
No, o9, ~o" 1 - -  go'N~"/go"No" 

where Rj,--*j" is the ro ta t ional - t rans i t ion  matr ix  element; S~ ,~0"  is the integral  absorption coefficient of 
the vibrat ional  t ransi t ion (~ '  ~ ,)") [6, 7] 

2 S o , ~ " - -  8re No, o)o,o..~o,.o.(l__g~,No./go,,N~,), (8) 
3hc P 

fl,~,~0" is the v ibra t ional - t rans i t ion  matr ix  element.  In pract ice ,  the value of S~,~O" is determined on the 
basis  of Eq. (8), taking account  of experimental  measurements  of the absorption coefficient of the band in 
normal  conditions (Pt = 1 atm, T = 293~ In normal  conditions, the integral  absorption coefficient of the 
whole band is de termined by the vibrational  t ransi t ion 0 ~ 1 in the f i r s t  excited state 

So"~o" = So~1. 
Ot 

The distr ibution of molecules  over  the vibrational  levels, in the absence of equilibrium between the vi- 
bra t ional  degrees  of f reedom in the harmonic  approximation, may be written in the form. 

~.i Z,l N~'i = Q~ge  1-[ exp (-- 08/To ), (9) 
i,] 

where Q~ = Q,~(T~ j) is the vibrational  s ta t is t ical  sum. Rapid rotational relaxation leads, in the conditions of 
molecu la r  l a se r s ,  to the es tabl ishment  of equil ibrium between the t ranslat ional  and rotational degrees  of 
f reedom [5, 6 ]. Therefore ,  the distribution of molecules  over  the rotational levels is of Boltzmann type, with 
the t empera tu re  Tr = T: 

'Ti']f~--I (2J -~ 1} exp (-- E': "I (Y)/kT), 

where Qr = (k/hc) (T/B0) is the rotational s ta t is t ical  sum; B0, rotational constant; Eir ' j  (J) ,  rotational energy. 
At low gas tempera tures ,  the anharmonici ty  of the molecules,  expressed in cm -1, is comparable  with the width 
of the vibrat ional  component of the band. The rotat ional- l ine spect ra l  distr ibution in the vibrational compo-  
nent of the band is l a rge ly  determined by the interaction of the vibrations and rotations of the molecule. To 
take these fac tors  into account, the vibrat ional  and rotat ional  energy  must  be determined using the empir ical  
relat ions [7 ] 

( )] E~ i = h . vi.i ~" ' /+  2 ] ~',i'; i'<i" 
(11) 

t,] 

where vi, j, ~ i , j ,  c~i,j a re  empir ica l  constants charac te r iz ing  the frequencies of normal  molecular  osci l la-  
tion, the anharmonism ,and interaction of var ious types of vibration, and the interaction between the molecular  
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vibration and rotation, r espec t ive ly ;  ri ,  j a re  the multiplici t ies of the degeneracy  of the corresponding mode 
[13]. 

Thus, Eqs. (2)-(11) allow the radiat ion and absorpt ion of the molecular  gas to be calculated in condi- 
tions of disequi l ibr ium between the vibrat ional  and ro t a t iona l - t r ans l a t iona l  degrees  of freedom. 

Calculations were  ca r r i ed  out fo r  three v ib ra t i ona l - ro t a t i ona l  bands: the basic  4.7-~m band of carbon 
monoxide and the "paral le l"  (corresponding to t ransi t ions  between vibrat ional  s tates with the same polar iza-  
tion index of the deformational  mode l) 4.3- and 2.7-~m bands of carbon dioxide. The 4.3-~m band is formed 
by t ransi t ions within the a symmet r i c  mode A)  3 = 1, and has a s t ruc ture  s imi la r  to the bands of diatomic 
molecules.  The 2.7-~m band of CO 2 is fo rmed by the t ransi t ion (A~ 1 = 1, A~ 3 =1) and (A~ 2 = 2, A~ 3 = 1) f rom 
levels associa ted  with Fe rmi  resonance.  

For  CO 2 molecules ,  the modes 1, 2, and 3 co r respond  to symmet r i c ,  deformational ,  and asymmet r i c  
osci l lat ion types. In the 4.3-~m band, mode 3 is active and modes 1 and 2 a re  passive;  in the 2 .7-gm band, 
modes 1 and 3 or  2 and 3 are  active. 

In the case  of diatomic molecules ,  the dependence of the integral  absorption coefficient of the rotational 
lines in the vibrat ional  component of the band on the rotat ional  quantum number  may be t ransformed,  depen- 
ding on the wave number,  using a re lat ion derived f rom Eq. (11): 

m'-~ B~/~ ~ 1/a V S~ ~ ~ (o~ - -  r B~ = B 0 - -  a (~ ~- 1), (12) 

m'  = J '  + 1 for  the R branch and m '  = - J '  for  the P branch.  

Fo r  the CO molecule,  ~ = - 1 . 7 5 . 1 0  -2 cm -1 [6]. In the CO 2 molecule,  the symmet r i c  type of oscil lat ion 
reac t s  mos t  s t rongly  with the rotation: I~ 3] > ] a t I, l a2 ]( ~l = - 5 .8 .10-4,  ~2 = +4.5-10 -4, ~ = - 3 . 0 7 . 1 0  -3 cm -1) 
[7]. Hence, Eq, (12) is also valid for  carbon dioxide, with ~ = ~3 and ~ =~3. The rotational Constants B 0 of 
the CO and CO 2 molecules  a re  1.91 and 0.393 cm -l, respect ively .  

In the CO 2 bands corresponding to deformat ional -mode polar izat ion index l > 0, the Q branch is present.  
In conditions charac te r i s t i c  fo r  thermodynamica l ly  nonequil ibrium supersonic  fluxes (u L, u D >> 1), the rad ia-  
t ion  intensity of the whole Q branch cor responds  to the radiat ion of one rota t ional  line of the P and R 
branches  [14]. Therefore ,  the radiat ion in the Q branches  of the CO2-band vibrat ional  components is d i s re -  
garded  in the p resen t  work. 

The vibrat ional  states o f  COg with 1 _> 1 are  doubly degenerate ,  g~ = 2. In the vibrational state of CO 2 
cha rac t e r i zed  by the deformat iona l -mode  polar izat ion index l = 0, rotat ional  levels  with a definite par i ty  of 
the quantum number  J are  populated. Therefore ,  in t ransi t ions  between vibrat ional  s tates with l = 0 half the 
rotat ional  lines a re  absent f rom the s p e c t r u m ,  and the remaining lines have double the intensity. Accordingly,  
t ransi t ions  f rom each level of the multiplets of symmet r i c  and deformational  CO 2 modes (vibrational states 
with ~12 = ~2 + 2~1 = const) a re  considered separa te ly  in the presen t  work. 

For  carbon-monoxide molecules ,  the square  of the ro ta t ional - t rans i t ion  matr ix  element ( R j , ~ j " ) 2  is 
propor t ional  to I m'  I in the f i r s t  approximation,  for  the "paral le l"  COg bands, ( R j , ~ j , , )  2 is proport ional  to 
I (m ' )  2 - (l ' )21 : t i n '  I [7]. In the harmonic  approximation,  the square  of the v ibra t ional - t rans i t ion  matr ix  

~2 ,, is proport ional  to (~' + 1) for  CO and ( ~  + 1) for the 4.3-~m band of CO 2 [7]. For  the 2.7- e lement  ~ , _ ~  
#m band, which is a superposi t ion of two types of vibrational  transit ion,  the square  of the matr ix  element is 
de termined by the t ransi t ion with the least  change in the number  of vibrational  quanta, i.e., A~t = 1, A,~ 3 = 1, 
and hence is propor t ional  to (~1 + 1) (~3 + 1) [15]. The effect  of the interact ion between vibration and rotation 

on the mat r ix  elements  is neglected. 

The coll is ional  half-widths of the rotat ional  lines of the CO and CO 2 molecules  are  assumed to be the 
same , within the l imits  of each band (4.7, 4.3, and 2.7 ~m) and to cor respond  to the measuremen t  of 7L in 
t ransi t ions  to the f i r s t  vibrat ionally excited state of these molecules.  Extrapolat ion of TL over  the t empera-  
ture  is achieved by means of the theoret ical  dependence ~/L ~ T-1/2. Nitrogen is assumed to be the component 
mainly responsible  for  the line broadening of the CO and CO 2 broadening. In accordance  with [15], 7L = 0.06 
cm - t  for  Pt  = 1 atm and T = 293~ for the 4.7-~m band, and TL = 0.07 cm -t for  the 2.7-~m and 4.3-~m bands. 
The radiat ion of isotopic CO and CO 2 molecules  is neglected. 

The integral  absorption coefficients assumed in the calculat ions are  as follows; 273 atm -t" sec -2 for the 

4.7-~m band of CO [16], 2700 for  the 4.3-~m band of CO 2 [7], and 25.7 and 39.3 for  the 2.7-~m band for the 
t ransi t ions  (00~ ~ 02~ and (0if0 ~ 10~ respec t ive ly  [17]. 
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Fig. 1. Exper imental  (continuous curve)  and 
calculated (present  work, dashed curve)  val-  
ues of the spec t ra l  absorptivity.  Experimental  
va lues  of (Ar } are  taken f rom [20] for  the 
4.3-/~m band (Pt = 0.0622 atm, X = 0.475 a tm.  
cm) ,  f rom [18] for the 2.7-~m band (Pt = 
0.921 atm, X = 1.17 a t m - e r a ) ,  and f rom [19] 
for  the 4.7-~m band (Pt  = 1.0 arm, X = 20 
a tm-  era). The equil ibrium gas tempera ture  
is 1200~ w.  10 "~, em -l. 
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Fig. 2 Fig. 3 

Fig. 2. Radiation intensity of CO s and CO v ib ra t iona l - ro ta t iona l  
bands with different ac t ive-mode tempera tures .  The optical path 
length X = 10 -2 atm" ore, p r e s s u r e  Pt  = 5" 10 -2 atm, tempera ture  
T~ = 500~ T = 300~ I, W/s r .  cm2; T, ~ 

Fig. 3. Radiation intensity as a function of v ibra t ional  t empera -  
ture ~ a n d g a s t e m p e r a t u r e  T. The mass  path length Xp = 1.12. 
10 -s g / c m  z, which cor responds  to X = 10 -z arm" cm at T = 300~ 
T~ = 1500~ Pt  = 5" 10 -z atm; curves  1 and 3 a re  for T = 300~ 
and curves  I '  and 3' for ~ = 500~ 

The averaging interval  for  the absorptivi ty is 5 cm -i. In the calculation, the vibrational levels of modes 
with quantum numbers  up to 5-20 are  considered.  The contribution to the radiation made by rotational levels 
with a population amounting to 10 -~ of the population for a maximum-populated rotational level of the basic 
vibrat ional  state is taken into account. 

The resu l t s  of compar ing  the calculated spec t ra l  absorpt ivi ty for  the 4.7-, 4.3-, and 2.7-#m bands of the 
CO and CO z molecules  in conditions of thermodynamic  equil ibrium with the experimental  data of [18, 19] are  
given in Fig. 1. The go.od agreement  of exper iment  and calculation indicates that the sys tem real ized here for  
the determinat ion of the spec t ra l  absorpt ivi ty and hence the radiat ive charac te r i s t i c s  of the gas is cor rec t .  
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Fig. 4. Dependence of radia t ion 
in tens i ty  of 4.3- (1), 4.7- (2),  and 
2 .7 -~m (3) bands of gas  on Pt~ 
a tm,  X = 10 -2 a t m - s e c ,  T = 
3 0 0 o K ,  : 1500"K,  

500~ 

This  al lows cons ide ra t ion  to p roceed  to the rad ia t ive  c h a r a c t e r i s t i c s  of gases  in conditions where  the rmody-  
namic  equi l ib r ium is absent .  Some r e su l t s  of the p r e s e n t  inves t iga t ions  a r e  shown in Figs.  2-4. 

In Fig. 2 the in tegra l  rad ia t ion  intensi ty  of the 4.3- (1), 2.7- (3), and 4 .7-~m (2) bands is shown as a 
function of the v ibra t iona l  t e m p e r a t u r e s  T~ and T~ cha rac t e r i z i ng  the ac t i ve -mode  population. It  follows f r o m  
these  r e su l t s  that the radia t ion in tens i ty  of v ibra t iona l ly  nonequi l ibr ium gas  depends sha rp ly  on the ac t ive-  
mode v ibra t iona l  t e m p e r a t u r e s .  Change in the v ibra t iona l  t e m p e r a t u r e s  of CO 2 (T~) and CO (T~) f r o m  600 to 
1500~ leads to change in the radia t ion  intensi ty  I by a l m o s t  two o r d e r s  of magnitude.  

The dependence of the in tegra l  rad ia t ion  in tens i ty  of the 4.3- and 2 .7-~m bands on the v ibra t iona l  t e m -  
p e r a t u r e  of s y m m e t r i c  and deformat iona l  CO 2 modes  (curves  1 and 3, r e spec t ive ly )  is shown in Fig. 3, to- 
ge ther  with the dependence of the in tegra l  rad ia t ion  in tens i ty  of the 4.3-,  4.7-,  and 2 .7-~m bands on the t r a n s -  
la t ional  t e m p e r a t u r e  of the gas  (curves  1', 2' ,  and 3 ' ) .  

The radia t ion  intensi ty  of the 2 .7 -~m band depends sha rp ly  on the v ibra t iona l  t e m p e r a t u r e  of the s y m -  
m e t r i c  and deformat iona l  CO 2 modes ,  which a r e  act ive  in the given case .  The dependence of the radia t ion in-  
tens i ty  of the 4.3-/~m band, fo r  which the s y m m e t r i c  and deformat iona l  modes  a r e  pass ive ,  on the v ibra t iona l  
t e m p e r a t u r e  T~ is s ignif icant ly  weaker .  With i n c r e a s e  in the t e m p e r a t u r e  ~ T~ f r o m  100 to 1000~ the r ad i -  
ation in tens i ty  of the 4 .3-~m band r i s e s  by a f ac to r  of ~ 4. This i n c r e a s e  is de te rmined  by the appearance  of 
new s p e c t r a l  l ines  in the 4 .3-~m band, co r respond ing  to the exci ted s ta tes  of the s y m m e t r i c  and deformat iona l  
modes .  

It  follows f r o m  the data of Fig. 3 that  the radia t ion  in tens i ty  of the v i b r a t i o n a l - r o t a t i o r m l  bands is 
p r ac t i c a l l y  independent of the t r ans la t iona l  and hence the ro ta t ional  t e m p e r a t u r e .  This impor tan t  conclusion 
allows the deviat ion of the ro ta t ional  d is t r ibut ion f r o m  the rmodynamic  equi l ibr ium to be d i s regarded .  

In Fig. 4 the radia t ion  intensi ty  of the given bands is shown for  d i f ferent  gas p r e s s u r e s .  A c h a r a c t e r i s -  
tic f ea tu re  of r e a b s o r b e d  radia t ion is a s t rong  dependence on the gas  p r e s s u r e s .  It is evident  f r o m  the d a t a  
of Fig. 4 that  for  an opt ical  path length X = 10 .2 a tm"  sec  the re  is s ignif icant  r eabso rp t ion  of radia t ion in the 
4.3- and 4 .7 -~m bands.  

The data  given in Figs.  2-4  allow the radia t ion in tens i t ies  of the 4.3-,  2.7-,  and 4 .7-~m bands to be  c o m -  
pared ,  and allow the extent  to which the i r  rad ia t ion  af fec ts  the gas  p a r a m e t e r s  to be  de te rmined .  The main  
conclusion of this  work  is that  the dependence of the rad ia t ion  in tens i ty  of the v i b r a t i o n a l - r o t a t i o n a l  bands in 
t he rmodynamica l l y  nonequi l ibr ium conditions is de t e rmined  main ly  by the v ibra t iona l  t e m p e r a t u r e s  of the ac-  
t ive and, to a l e s s e r  degree ,  pa s s i ve  modes .  This  a s s u r e s  the re l i ab i l i ty  and high accu racy  of the expe r i -  
menta l  method of de te rmin ing  v ibra t iona l  t e m p e r a t u r e s  on the b a s i s  of r eco rd ing  the I_R-radiation intensi ty  of 
the v ibra t iona l ly  nonequi l ibr ium gas.  
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