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The  conditions under  which the  superequ i l ib r ium chemica l  pumping of the l a s e r  levels  of CO 2 
molecules  occu r s  In a gasdynamic  l a s e r  based on products  of the reac t ion  CO + N20 a r e  e s -  
tab l i shed  exper imen ta l ly .  

The use  of exo thermic  reac t ions  to  c r ea t e  the ac t ive  medium for  a gasdynamic  l a s e r  (GDL) opens up 
the poss ibi l i ty  in pr inc ip le  of obtaining addit ional  superequ l l lb r ium pumping of the GDL through the energy  
of chemica l  t r a n s f o r m a t i o n s .  The theore t i ca l  p r e r equ i s i t e s  for  the  c rea t ion  of such a chemica l - -gasdynamic  
l a s e r  (CGDL) a r e  laid out in [1]. In a CGDL one can use  cer ta in  exothermlc  reac t ions  having a cons iderab le  
r e l e a s e  of energy  into v ibra t iona l  deg rees  of f r e e d o m  of the type of recombina t ion  r eac t ions ,  which occur  
efficiently under  the conditions of low gas  t e m p e r a t u r e s  which a r e  typica l  of GDL [2], o r  exchange r eac t ions ,  
for  which v ibra t iona l  exci ta t ion of the reagents  is e s sen t i a l  to ove rcome  the ac t ivat ion b a r r i e r  [3]. 

An i nc r ea se  in the genera t ion  power  of a CO 2 GDL through chemica l  reac t ions  during the oxidation of 
carbon monoxide by oxygen was obse rved  in [4]. Genera t ion  was obtained in [5] during the superson ic  mixing 
of carbon bisulf ide with par t i a l ly  d i ssoc ia ted  oxygen. The p r e l i m i n a r y  resu l t s  of an invest igat ion of the s u p e r -  
sonic chemica l  pumping of a CO2,GDLonproduc t s  of the reac t ion  CO + N20 a r e  p resen ted  in [6]. 

A s y s t e m a t i c  c o m p a r a t i v e  invest igat ion of the  ampl i f ica t ion fac to r  and the v ibra t ional  t e m p e r a t u r e s  of 
CO 2 in an expanding s t r e a m  of CO + N20 reac t ion  products  and of an iner t  compar i son  mix tu re  is c a r r i e d  out 
in the p re sen t  r e p o r t  in o rde r  to study the influence of chemica l  reac t ions  on the cha r ac t e r i s t i c s  of v ibra t iona l  
energy  exchange in reac t ing  mix tu res  based on carbon monoxide and ni t rous oxide. The choice of the speci f ic  
composi t ion of the reac t ing  mix tu re  for  this invest igat ion was based on the r e su l t s  p resen ted  in [9], where  we 
found an i nc r ea se  in the ampl i f ica t ion  fac tor  and the v ibra t ional  t e m p e r a t u r e  of the a s y m m e t r i c  mode of CO 2 
upon a cons iderable  (up to  70%) dilution of the reac t ing  mix tu re  with hel ium.  React ing mix tu re  1 had the fo l -  
lowing init ial  composi t ion:  0.05 N20 + 0.25 CO + 0.7 He. The composi t ion  of the compar i son  mix tu re  2,0.05 
CO 2 + 0.05 N 2 + 0.2 CO + 0.7 He, co r responded  to the final products  of the chemica l  reac t ions  in mix tu re  1. 
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Fig. 1. Dependence of amplif icat ion 
fac tor  K 0 on the gas  t e m p e r a t u r e  T o 
ahead of the nozzle: 1) mix tu re  1; 2) 
mixtu re  2. 
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Fig. 2. Vibrational t empera tu res  T 3 Ca) and T 2 {b) of carbon 
dioxide as a function of t empera tu re  T o ahead of the nozzle.  
Notation same  as in Fig.  1. 

The range of var ia t ion of the gas t empera tu re  T O in the prenozzle  region ~ s  1500-2800~ The p r e s s u r e  
P0 was kept within the l imits of 5.2 +0.5 arm. 

The t empera tu re  dependences K0(T0) of the amplification fac tor  in the f i rs t  s t r eam cross  sect ion at 
a dis tance of 140 mm f rom the cr i t ica l  c ross  sect ion of the nozzle for  mixtures 1 and 2 a re  presented in 
Fig.  1. The principal  feature  of the dependences K0(T0) shown in Fig.  1 is the considerably higher ampl i -  
f ication fac tors  in the react ing mixture 1 than in the inert  mixture 2 in the region of t empera tu res  T O = 
1600-2200~ The maximum value of K 0 for the react ing mixture is 0.43 m -1 at T o = 1900~ The maxi-  
mum value of K 0 for  the compar ison  mixture is reached at the same t empera tu re  T O and is 0.28 m -1. At 
higher t empera tu res  ahead of the nozzle (T O ~ 2200~ the amplification factors  for the react ing mixture 
and the compar i son  mixture coincide. An analysis  of the kinetics of the chemical  t ransformat ions  in the 
react ing mixture  showed that the reac t ion  CO + N20 a t  T O ~ 2200~ cannot proceed fully beyond the re f l ec -  
ted shock wave before the moment of rupture of the prenozzle  diaphragm (~50 #sec) and occurs  part ial ly 
within the nozzle.  At a t empera tu re  T s ~ 1000~ beyond the reflected shock wave (which corresponds  to 
T O ~ 1500~ with allowance for  heat release)  the carbon dioxide content in the s t r e a m  of react ion products 
of mixture  1 dec reases  markedly owing to the s t rongly incomplete react ion.  This l e a d s t o a s h a r p d e c r e a s e  
in the amplif icat ion fac tor  in mixture  1 at T O ~ 1600~ (curve 1, Fig.  1). 

The dependences of the relat ive population inversion AN = (N001--N100)/Nco on T o for  mixtures 1 and 
2 a r e  analogous to the corresponding functions K0(T0). The maximum value of A~ in the reacting mixture 
1 is reached at T o = 1800-1900~ and is 4.0-4.5%. The maximum value of the re la t ive  population inversion 
in the compar i son  mixture 2 does not exceed 3.3% {T o = 2000~ 

The measurements  of the CO 2 vibrational t empera tu res  showed that the increased  values of the am-  
plification fac tor  and the population invers ion observed in the react ing mixture in compar ison  with the 
chemical ly  iner t  mixture  at T o = 1600-2200~ a re  connected with the considerable inc rease  in the popula- 
tion of the upper l a se r  level of the CO 2 molecules (the t empera tu re  T 3 of the a symmet r i c  vibration mode) 
in mixture 1 in compar ison  with that in mixture 2 (Fig. 2a). The vibrational t empera tu re  T 3 of the carbon 
dioxide in the tes t  mixtures as a function of the t empera tu re  ahead of the nozzle is presented in Fig.  2a. 
The gas t empera tu re  T .  at the c r i t ica l  c ross  section is s h o ~  by a dashed line. The genera l  cha rac te r  
of the dependence of T 3 on T O is the same  for  mixtures 1 and 2: The vibrational t empera tu re  of the a s y m -  
metr ic  mode of CO 2 increases  with an increase  in To, with the difference T , - - T  3 also increasing owing to 
the degradation of the conditions for  the "freezing in" of the vibrational  energy (v3) of the CO 2 molecules 
and those of N 2 and CO at high gas t empera tu res .  The values of T 3 in mixtures 1 and 2 a lmost  coincide at 
T O ~ 2200~ In the region of t empera tu res  T o = 1600-2200~ the vibrational t empera tu re  T 3 in the r e a c -  
ting mixture 1 considerably exceeds the value of T 3 for  the inert  compar ison mixture 1, while at T o = 1600- 
1800~ the value of T 3 in the react ing mixture exceeds the t empera tu re  T ,  in the cr i t ica l  c ross  section of 
the nozzle.  For  the react ing mixture 1 the vibrational  t empera tu re  T 3 increases  f rom 1420 to 1500~ as 
the t empera tu re  in the prenozzle  space is ra i sed  within the limits of 1600-2700~ For  the comparison 
mixture  2 the value of T 3 var ies  f rom 1200 to 1550~ in the same range of values of T 0. 

The vibrat ional  t empera tu re  of the lower l ase r  level {T2, combined mode -- symmet r i c  vibrations 
of the CO 2 molecule) for  the react ing mixture in the region of t empera tu res  T o = 1600-2100~ is somewhat 
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TABLE 1. Values of Induction Period,  Tin d [7], Charac ter i s t ic  
Time of Consumption of Nitrous Oxide, TN~ O ={[KI~co + K 2 + (K 4 + 
K5)~ 0] [M]} -~, and Concentration ~0 of Atonnc Oxygen in Mixture 1 
at "Hot Plug. " Charac te r i s t i c  Times of Occurrence  of CO + O Re-  
combination,  r r e c * =  (K3~ 0 [IVl]2) -1, of Reduction in Transla t ional  
Tempera ture ,T~ = h ,  (c,  tan ~)-1, and of V--T Relaxation of A s y m -  

met r ic  Mode of 'C02, rv3 = (P,Q23*) -I  (~N2 + ~CO~/~CO ~ at Cri t ical  
Cross  Section of Nozzle.  c , ,  P , ,  Velocity of Sound affd P r e s s u r e  
at Cri t ical  Cross  Section; h , ,  Height of Crit ical  Cross  Section; ~p, 

Aper tu re  Half-Angle of Nozzle; Q23, Probabili ty of Vibrational 
Relaxation in P r o c e s s e s  of the Type CO2(v3) + M -* CO2(P 2) + M + 
AE at T = T .  (times r expressed in ~sec) 

I~C vs 

1500 
1750 

2OOO 

2256 

25O0 

r~, K Tin d 

870 
I120 1050 
1380 148 
1630 41,4 
1890 16,4 

2369 
625 
280 
106 

24,3 

7,32.10-4 
9,4.10-a 

0,1 
0,26 
0,76 

5,67 
7,69 
9,1 

12,8 
15,8 

3,24 
3,02 
2,83 
2,77 
2,64 

2,56 
2,14 
1,68 
1,32 
1,01 

higher than the corresponding values for  the inert  compar ison mixture  (Fig. 2b). The values of T 2 for  the 
react ing and inert  mixtures  coincide at T O ~ 2200~ Increas ing with an inc rease  in the t empera tu re  ahead 
of the nozzle ,  the vibrat ional  t empera tu re  T 2 of the combined mode exceeds the t ranslat ional  t empera tu re  
T of the gas (dashed line of Fig.  2b) by more  than 3 t imes  for  both mixtures .  

In the entire range of t empera tu res  T o investigated the amplification fac tors  for  mixtures 1 and 2 at 
the second c ross  section of the s t r e a m  at a distance of 350 mm f rom the cr i t ica l  c ross  section of the noz-  
zle a re  about half as la rge  as at the f i rs t  c ross  sect ion.  

The inc rease  in the values of the amplification fac tor  K0, the population inversion AN, and the t e m -  
pe ra tu re  T 3 of the a symmet r i c  mode of C02 vibrations in the react ing mixture 1 in compar ison with the 
values of the same  pa rame te r s  in the inert  mixture 2, observed in the t e s t s ,  indicates that superequi l ibr inm 
chemical  pumping of the vibrat ional  levels of the C02 molecules --  products of the chemical  t r a n s f o r m a -  
tions occur r ing  In the nozzle --  takes place under the conditions of the present  work. A prolonged induction 
period,  compris ing 0.05-1.0 msec  (Tind, Table 1), is t r aced  when the react ing mixture  1 is investigated in 
the region of t empera tu res  T o = 1500-2200~K; when it ends there  is a sharp inc rease  in the intensity of the 
IR emiss ion f rom the prenozzle  space and f rom the gas s t r eam simultaneously with the appearance of a m -  
plification of the radiat ion of the tes t  l a se r .  

The charac te r i s t i c  t ime of occur rence  of the chemical  t ransformat ions  in the react ion CO + N20, 
determined f rom the t ime rNO ~ of dec rease  in the nitrous oxide concentrat ion,  is 0.1-0.6 msec  under 

these conditions (see Table 1). The measurements  of the amplification and radiation pa ramete r s  of the 
supersonic  s t r e a m  in the present  work were made over  the t ime interval  of 0.0-0.3 msec  f rom the moment 
of ignition of the mixture .  The incompleteness of the chemical  t ransformat ions  in the prenozzle  space and 
the high content of act ive par t ic les  (O atoms) in the react ing mixture (Table 1) c rea te  the conditions for  the 
occur rence  of the individual s tages of the chemical  react ion in the expanding s t r eam.  

The incompleteness  of the chemical  react ion at a low t empera tu re ,  and the appearance of NO and 02 
molecules in the composit ion of the final products at high t empera tu res  [8] as well, lead to the fact  that the 
concentrat ion of C02 molecules in the supersonic  s t r eam of the reacting mixture 1 proves to be lower than 
that in the compar ison  mixture  2. A calculation of the t empera tu re  T o in the react ing mixture under the 
assumption that the chemical  t ransformat ions  a re  complete and without allowance for  the appearance of 
NO and O~ as final react ion products gives values of T o which a re  overstated by 50-150 ~ in compar ison  
with the actual gas t empera tu re  at the "hot plug."  Allowance for  the enumerated factors  can only lead to 
an increase  in the observed difference in the amplification factor  K0, the relat ive population inversion AN, 
and the vibrational  t empera tu re  T 3 in the react ing and inert  mixtures  1 and 2. 

The increased  values of K0, AN, and T 3 obtained for  the react ing mixture 1 at  a t empera tu re  T O 
2200~ a r e  evidently due to the formation of vibrationally excited molecules during the occur rence  of the 
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individual s t ages  of the chemica l  reac t ions  in the vibrat ional ly  nonequi l ibr ium s t r e a m  as the gas moves 
through the nozzle .  The fo rmat ion  of v ibra t ional ly  excited CO 2, N2, and CO molecules  can occur  in the 
following reac t ions :  

k, 
CO+N20_~COz+Nz+87.3 kcal/mole, 

/16 
O-+.NzO---~Nz+ Oz + 79,3 kcal/mole. 

CO+ O-'- M--~COz ~- M + 12 5 kcal/mole., 

(21 

(3) 

A cons ide rab le  pa r t  of the  chemica l  energy of reac t ions  (1)-(3) can be r e l e a sed  into v ibra t iona l  
deg ree s  of f r eedom [2, 3]. 

Under  the exper imen ta l  condit ions,  which co r re spond  to i nc reased  values of the ampl i f ica t ion  factor ,  
in the reac t ing  mix tu re  1 the concentra t ions  of a tomic  oxygen and carbon monoxide in the p renozz le  space  
a r e  0.1-0.3 and 20%, r e s pec t i ve l y ,  while the concentra t ion  of ni trous oxide molecules  does not exceed 0.5- 
1.0%. A compar i son  of the r a t e s  of occu r r ence  of the reac t ions  (1), (2), and (3), made  using the  equi l ib-  
r i u m  constants  K 1, K 5, and K 3 (Table 1 of [8]) under  the assumpt ion  that  T = T . ,  shows that  under  these  
conditions the recombina t ion  reac t ion  (3) is dominant .  The c h a r a c t e r i s t i c  recombina t ion  t i m e  under  the 
conditions of the c r i t i ca l  c r o s s  sec t ion  of the nozzle ,  r r e  c *  , is p resen ted  in Tab le  1 for  mix tu re  1. In the 
reg ion  of t e m p e r a t u r e s  T o = 1700-2200~ the value of T~e c is  6.0-9.0 psec .  This  value has the s a m e  o rde r  
of magni tude as the c h a r a c t e r i s t i c  t imes  of gas  cooling, 7~,  and the re laxat ion  t ime  of the a s y m m e t r i c  mode 
of v ibra t ions  of the CO~ molecu les ,  r* in the c r i t i ca l  c r o s s  sect ion of the nozzle  (Table 1). Rapid f reez ing  93,  
in of the reac t ion  (3) occu r s  in the c r i t i ca l  region of the nozzle owing to the drop in gas  density.  

It is pos s ib l e  that  the inc reased  values of the ampl i f ica t ion  fac to r  K 0 and the v ibra t iona l  t e m p e r a t u r e  
T 3 in the reac t ing  mix tu re  1 r eco rded  in the p re sen t  work  a r e  due to the fo rmat ion  of v ibra t ional ly  excited 
molecu les  during the occu r r ence  of the recombina t ion  reac t ion  (3) in the region of the nozzle  near  the c r i -  
t i ca l  c r o s s  sec t ion .  If the en t i re  energy  effect  of the recombina t ion  reac t ion  (3) of 125 k c a l / m o l e  is d i s -  
t r ibuted  into the v ibra t iona l  deg rees  of f r e edom of the products  of the chemica l  t r an s fo rma t ions  then this 
may explain the obse rved  supereqn i l ib r ium v ibra t iona l  excitat ion of the CO2, N 2, and CO molecu les .  In 
fac t ,  one recombina t ion  act  (3) can lead to the exci tat ion of n ~ 18 quanta of the a s y m m e t r i c  mode of c a r -  
bon dioxide.  Then,  with a l lowance for  the re la t ionsh ip  of the  c h a r a c t e r i s t i c  t imes  T* , r * ,  and r~ , the rec  T 
i n c r e a s e  in the re la t ive  population invers ion  in the s t r e a m  at T o = 2000~ due to chemica l  excitat ion ~s 

' T* ( T~ ~ = 18.0.1 1.68 n~~ / v__~ ) - - ~  1.2%. AN 
~co, + ~n, + ~co \ X~rec / 0.05 -- 0.05 + 0.2 9.1 

The excess  of the r e l a t ive  population invers ion  in the react ing  mix tu re  1 in compar i son  with that  for  the 
ine r t  mix tu re  2 r e co rded  in the p r e s en t  work is 0.3-1.0%. 

In the  h i g h - t e m p e r a t u r e  reg ion  (T O ~2250~ the ignition delay r ind,  the c h a r a c t e r i s t i c  t i m e  r N O of 
2 

o c c u r r e n c e  of the chemica l  t r an s fo rm a t i ons  in the CO + N20 in te rac t ion  (Table 1), and hence the t i m e  of 
ex is tence  of high concentra t ions  of a tomic  oxygen do not exceed the rup tu re  t i m e  of the p renozz le  diaph- 
r a g m  (~50 psec ) .  This  r e su l t s  in the equi l ibr ium of the concentra t ions  of the molecules  in the p renozz le  
region and, in this connection,  the  absence  of superequi l tb r lum chemica l  pumping of the v ibra t ional  deg-  
r e e s  of f r eedom of the  carbon dioxide molecu les .  

The a g r e e m e n t  of the values  of the ampl i f ica t ion  fac to r  in the reac t ing  mix tu re  1 and the compar i son  
mix tu re  2 in the second s t r e a m  c ross  sect ion indicates  the absence  of supereqn i l ib r ium pumping of CO 2 
v ibra t ions  in the s t r e a m  between the f i r s t  and second working c ross  sec t ions .  

Thus ,  measu r ing  the CO 2 v ibra t ional  t e m p e r a t u r e s  and using compar i son  mix tu res  made it poss ib le  
to es tab l i sh  the fact  of the exis tence  and the main  mechan i sms  of the superequ i l ib r ium chemica l  pumping 
of the v ibra t iona l  levels  of CO 2 molecules  in a gasdynamic  l a s e r  based on the products  of the reac t ion  of 
carbon monoxide with ni t rous oxide. 

1. 

L I T E R A T U R E  C I T E D  

A. S. Biryukov,  Kinet ics  of Phys ica l  P r o c e s s e s  in Gasdynamic  L a s e r s ,  Proceedings  of the Phys ics  
Inst i tute ,  Academy of Sciences of the USSR [in Russian] ,  Vol. 83 (1975). 

1423 



2o 

3. 

4. 

5. 

6. 
7. 
8. 
9. 

Par t i c l e  Exci tat ion in Chemical  Kinetics [in Russ ian] ,  Collection of Ar t i c les  (edited by A. A. Borisov),  
Mir ,  Moscow (1973). 
I .  S. Zaslonko,  S. M. Kogarko,  and Yu. V. Chirkov,  Zh. I>rikl. Mekh. Tekh.  F i z . ,  No. 2 (1973). 
N. G. Basov ,  Y. V. Groshev ,  E.  P. Markin ,  A. N. Oraevsk i i ,  A. K. Piskunov,  and D. S. Shapovalov, 
Kvantovaya E l e k t r o n . ,  3 ,  1154 (1976). 
A. S. Bashkin,  N. M. Gorshunov,  Yu. A. Ktmin, Yu. P.  Neshchemenko,  A. N. Oraevsk l i ,  V. N. 
T o m a s h e v ,  and N. N. Yuryshev ,  Kvantovaya E l e k t r o n . ,  3,  463 (1976). 
N. N. Kudryav tsev ,  S. S. Novikov, and I. B. Svetl tchnyi ,  Dokl. Akad. Nauk SSSR, 231, No. 5 (1976). 
R. I. Soloukhin, Dokl.  Akad. Nauk SSSR, 194, No. 1, 143 (1970). 
N. N. Kudryav t sev ,  S. S. Novikov, and I. B. Svetl ichnyi ,  I n z h . - F i z .  Zh . ,  35, No. 4 (1978), 
N. N. Kudryav t sev ,  S. S. Novikov, and I. B. Svetl ichnyi ,  I n z h . - F i z .  Z h . ,  35, No. 5 (1978). 

AN A P P R O X I M A T E  M O D E L  O F  A N  E L E C T R I C  A R C  

IN T R A N S V E R S E  M U T U A L L Y  P E R P E N D I C U L A R  

A E R O D Y N A M I C  A N D  M A G N E T I C  F I E L D S  

A .  F .  B u b l i e v s k i i  UDC 537.523.5 

Expres s ions  a r e  obtained for  the  c h a r a c t e r i s t i c s  of an e lec t r i c  a r c  in t r a n s v e r s e ,  mutual ly 
pe rpend icu la r ,  a e rodynamic ,  and magnet ic  f ie lds .  

T h e r e  a r e  quite a few r epo r t s  devoted to the invest igat ion of an e lec t r ic  a r c  balanced by aerodynamic  
and magnet ic  fo rces  or  moving under the action of an external  magnet ic  field.  Among them,  however ,  t he r e  
a r e  few theore t i ca l  solutions which admit  of p rac t i ca l  use .  The concept of the impe rmeab i l i t y  of the co re  of 
an a r c  [1], s t rengthened in such a way that  the  a r c  column i t se l f  is t r ea t ed  as a solid cyl indr ica l  body, can 
t h e r e f o r e  turn  out to be admiss ib l e .  The  exper imenta l  invest igat ions of the wake,  the f requency of coming 
off of vo r t i ce s ,  the heat exchange,  and the r e s i s t a n c e  p resen ted  in [2] indicate that  the flow over  the co re  of 
an a r c  is s i m i l a r  to the flow over  a heated cyl indr ica l  body. Indi rec t  considera t ions  about the high v iscos i ty  

�9 and low densi ty of the a r c  column in compar i son  with the envelope a l so  point to the impermeab i l i t y  of the a r c .  
The gas  densi ty in the cen t ra l  core  c o m p r i s e s  s e v e r a l  pe rcen t  of the densi ty of the f r e e  s t r e a m ,  so  that  when 
the veloci t ies  in the co re  and in the s t r e a m  do not d i f fer  too much about 10% of the gas can pass  through the 
a r c .  

The model  of an a r c  as a solid cyl indr ica l  body natura l ly  r equ i res  a cautious approach ,  s ince  the r ea l  
phys ica l  p ic ture  will d i f fer  f r o m  this ideal ized scheme .  

We note that  for  such a model  as a whole it doesn ' t  m a t t e r  whether  the a r c  is under  s t e ady - s t a t e  condi-  
t ions with equality of the  resu l tan t  ae rodynamic  and magnet ic  fo rces  or  moves  under  the action of the magnet ic  
f ield.  In the l a t t e r  case  the veloci ty ,  except  for  the ini t ial  per iod ,  must  be  se t  in such a way that  it co r responds  
to a balance of these  fo r ce s .  

We a s s u m e  that  the p rope r t i e s  of the  a r c  do not va ry  in the axia l  d i rec t ion ,  although it is well known that  
its cha r ac t e r i s t i c s  a l so  depend on the  in te re lec t rode  d is tance .  Such a dependence is p r i m a r i l y  due to the in-  
f luence of the  a r c  sect ions  near  the e lec t rodes .  In the middle par t  of the a r c  column the var ia t ions  of i ts  p ro -  
pe r t i e s  a r e  sl ight [2]. 

Let  us wr i te  the equation for  the energy  balance  in the e lec t r ica l ly  conducting zone of the d i scharge ,  
allowing only for  conductive heat t r a n s f e r  in the rad ia l  d i rec t ion.  

1 d ( d__SS~ (1) r + ~r: ~ = 0 ,  
r dr k ,~r J 

A. V. Lykov Inst i tute of Heat and Mass Exchange,  Academy of Sciences of the Be loruss ian  SSR, Minsk. 
Trans la ted  f r o m  Inzhenerno--Fizicheski i  Zhurnal ,  Vol. 35, No. 6, pp. 1012-1018, D e c e m b e r ,  1978. Original  
a r t i c l e  submit ted  Decem ber  26, 1977. 

1424 0022-0841/78/3506-1424507.50 �9 1979 Plenum Publishing Cbrpora t ion  


