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The question of t he rma l ly  insulat ing a hot  dense p lasma  in sy s t ems  with high ~ = 8ap/i!2 >> J is cons idered .  
The ma jo r  difficulty with such s y s t e m s  is that two p rob lems  mus t  be cons idered  s imul taneous ly ;  that of equi-  
l i b r ium (maintaining the plasrna p r e s s u r e  a t  102 a r m < p <  108 a tm  by means of the walls) and the p rob lem of cool-  
ing a c r o s s  the magnet ic  field ( thermal  insulation) [1]. Among such sy s t ems  a re  the 0-pinch, mul t i t rap  sy s t ems  
with high ~ [2], 0-pinch s y s t e m s  with a l iner  [3], etc.  The p rob lems  of p r e s s u r e  maintenance and t)aermal insu- 
lat ion in such s y s t e m s  has been well studied. The basic  p a r a m e t e r  determining the c h a r a c t e r  of p r e s s u r e  
maintenance  and insulation is the r a t io  of the gas p r e s s u r e  near the walls Pw (p lasma p r e s s u r e  at  wail) to the 
p r e s s u r e  of the p l a s m a  at the cen te r  P0: } = Pw/P0. Two sepa ra t e  cases  may  be dist inguished: }<<1 and }~  1. 
For  ~ 0 the p l a sma  is total ly cut off f r o m  the walls (c lass ica l  0-pinch) and the p rob lems  of p r e s s u r e  ma in -  
tenance and t he rma l  insulat ion have been studied deeply in exper imen t s  with 0-pinch s y s t e m s .  The case  0 < 

< 1 ("gas insulat ion n) has been studied in g r ea t  detail ,  a t  l eas t  theore t ica l ly .  The major  pa r t  of the p l a s m a  
p r e s s u r e  is t r a n s f e r r e d  to the wails through a "magnet ic  i n t e r l aye r "  with t / ~  Vs-~;p0, and the p l a sma  is cooled 
by magnet ized t he rm a l  conductivi ty a c ro s s  the magnet ic  field [2]. The case  of pure ly  nnonmagnetie confine-  
ment  n (} = 1) was cons idered  in [3]. 

1. Ideal ly Conductive Liner .  Cons idera t ion  of a s y s t e m  the l iner  of which p o s s e s s e s  good conductivity 
is poss ib le  only at modera t e  p l a s m a  p r e s s u r e  and magnet ic  field va lues ,  e .g . ,  in mul t ibreakdown t raps  [4, 5] or 
in 0-pinches  with a l iner  n~  1017r10i8 c m  -a,  H ~  105-106 G. Various  modes of p la sma  cooling in s y s t e m s  with 
ideal ly  conductive l iners  were  cons idered  in [2, 6, 7]. At p re sen t  we a re  in teres ted  in the case  of a p l a sma  
pinch of r e l a t i ve ly  smal l  r ad ius ,  where the s y s t e m  l i fe t ime may  be es t imated  f r o m  the t he rma l  conductivity.  
As follows f r o m  [7], if the p r e s s u r e  of the p l a s m a  near  the wall  is maintained bas ica l ly  by the wall (fl(r , R )  > 1) 
then 

R ~ 
"cz -~ xoS}/a , 

where  R is the s y s t e m  rad ius ,  • 60 a re  the t he rma l  diffusivity and degree  of hot p l a sma  ion magnet iza t ion in 
the cen te r .  If fl(r ~R)<< 1, i .e . ,  when between the hot p l a sma  with fl>> 1 and the wall  there  is a magnet ic  in te r -  
l ayer  with fl<<l, then 

pR ~ 

where  p, T, u l  a re  the p r e s s u r e ,  t e m p e r a t u r e ,  and magnet ic  t r a n s v e r s e  t he rma l  conductivi ty of the hot p l a sma .  

We will consider  the p rob lem of the initial  cooling s tage:  due to what p r o c e s s e s  and over  what t ime 
per iod this magnet ic  conf inement  is fo rmed.  Cooling of a rap id ly  heated p l a sma  located in contact  with a cold 
wall  has been studied many t imes ,  both theore t ica l ly  [8-10] and exper imen ta l ly  [11]. However ,  it is des i rab le  
to consider  this question again, since the theore t ica l  studies [8-10] did not consider  all  phenomena s imul t ane -  
ously. Thus,  [8, 10] ignored radia t ion;  and [9], t h e r m o - e m f ,  while the resu l t s  of the expe r imen ta l  [11] a r e  
ambiguous .  

As was noted above,  in order  to de te rmine  the magnet ic  field dis tr ibut ion H it is n e c e s s a r y  to consider  
the equations of heat  t r an s f e r  and p r e s s u r e  balance.  

The equation for  the magnet ic  field has the f o r m  (using the notation employed in [12]) 

ott  1 o ( r u H ) =  i o r c~ oH , ck 

where the functions fo and fT for  conductivi ty and t h e r m o - e m f  have the r e spec t i ve  f o r m s  
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~,/~x (x) = i -- .6"4t6x~ + ~,8~7 1~ (x) = x(l.5x ~ + 3.053)/A, 
A 

A = x ~ + 14.79x z Jr 3.77, x = ((o~)~. 

We will es t imate  the charac te r i s t i c  t imes:  T~, cooling t ime;  "ro~ magnetic field diffusion t ime; ~'T, magnetic 
field t he rmo-emf  generation t ime;  TR, radiant  coohng time. The time T~ must  naturally exceed the Lawson 
time - 

x~ ~ (.nzr)/n, (n~)  ~ 10 ~ era- sec 

The dependence of fT on x = (WT)e for purposes of es t imat ion may be approximated by: 

0.8x, x ~ 0 . 3 ,  
f T ( x ) =  0.23, 0 . 3 ~ x ~  t0, 

1.5/x, x ~ t 0 .  

As was noted in [10], in the hot region with (WT)e>>l , 

0 0 "~,/'~. = 4/~o < < i .  

~r~ ~ V/-~___/ Since now T~ ~ >>i, in the region with (w~-)e>>l diffusion and the rmo-emf  may be neglected, and it 

may be assumed that the magnetic field is f rozen in the plasma.  The effect of t he rmo-emf  must  be considered 
at (WT)e ~ 1. In this region fT ~ 0.23 and 

A~I-~-72 / ~ %  = ]/ % ~ \e%p-'-/|--~Io' ~o 8uPo/H~o 

(the index 0 indicates values a t  the center) ,  so that the t ime for increase  of the magnetic field to H = ~ may 
be est imated as 

, - -  A~ 2 ( ~ o ~  

1018 1019 where A is the charac te r i s t i c  s ize of the region with (W~)e ~ 1. For  charac te r i s t i c  pa rame te r s  n0~ - 
em-3,fl0 ~ 102, ~ is grea ter  than T s = R/vTi , the p r e s s u r e  equalization time, so we may take 

H 2 p + ~-  -- const (r). 

The ra t io  of the field generat ion t ime T~ to the sys t em lifetime ~ is small  

so that after the shor t  time T T in the region with (WT)e ~ 1 a magnetic field H ~ ~ is generated and forms a 
thin magnetic in ter layer  (magnetic confinement). The magnetic field flux @ in an ideally conductive liner is 
eons erved 

dO ( c ~ OH ek~ o r a l  ~ R  
= o ,  = ~  

OT OH O-7 ----- "~7 = 0 at  r = 0 because of cyl indr ical  symmet ry .  

Thus, magnetic field t h e r m o - e m f  generat ion causes a redis t r ibut ion  of the field flux ~. If conventional 
diffusion were  absent,  this would mean that the field in the region with 

r  t o {ok. or~ 
r "~T~'7l '~r)  <0.  

would decrease ,  while in the region with r  0 it would increase .  Of course  in rea l i ty  upon increase  of the field 
in the wall region,  r e v e r s e  diffusion begins into the hot plasma region,  so that equilibrium is established 
between magnetic field t he rmo-emf  generation, diffusions and convective field t ransfer .  

Consequently, as a resu l t  of magnetic field generat ion near the wall, there  develops a magnetic field HR, 
the p re s su re  of which compensates  the plasma p r e s s u r e  

H~ ~ 8upo. 

Two cases  a re  possible here :  The p lasma is a lmos t  completely  cut off f rom the wall (n~ (( no, (r ~ l); or 

between the hot p lasma and wall there is a dense cold wall p lasma with p re s su re  p < < ~  a_nd(~T)e]R ~. i. Real i -  
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za t ion  of one or  the other  c a s e  depends on the p r e h i s t o r y  of the cool ing  p r o c e s s .  In the s i tua t ion  cons ide red  
h e r e  the s ta te  with the cold dense  wal l  p l a s m a  near  the wal l  is r e a l i z e d ,  with the magne t i c  field H ~ cons t  (due 
to the a b s e n c e  of t h e r m o - e m f ,  (w~)e<<l and low conduc t iv i ty  o of the wall  p l a sma) ,  and consequen t ly ,  nT ~ cons t .  
Thus D it  can  be expected tha t  the dens i ty  n fal ls  off as T -1 f r o m  the wall  to the r e g i o n  with (WT)e ~ 1, while 

n ((co'O~ ~ l--) = r R ~ 30, 

s i nce  in the c a s e  c o n s i d e r e d  T((wT)e ~ 1) ~ 300 eV, while  the wall  t e m p e r a t u r e  was  taken  equal to 10 eV (T R = 
10 eV). 

Consequen t ly ,  upon sudden c on t a c t  be tween p l a s m a  and wal l  or  r ap id  hea t ing  of the p l a s m a  to t h e r m o -  
nuc lea r  t e m p e r a t u r e s  T ~ 10 4 eV over  a t ime  zT <<x~ a magne t i c  conf inement  is f o rmed ,  and over  the t ime ~-~< 
the p l a s m a  is cooled by magne t i c  t h e r m a l  conduct iv i ty .  This a p p a r e n t l y  explains the a g r e e m e n t  of the c a l c u -  
la t ions  of [2, 13] with the e x p e r i m e n t  of [11] a f te r  t>w~lli (for t<w~ili the t h e r m a l  flux on the wal l  is de t e rmined  
by " l eakage  H of ions with a t h e r m a l  flux q ~ nkTivTi  [13]). 

To v e r i f y  the va l id i ty  of these  app rox ima t ions  n u m e r i c a l  ca lcu la t ions  w e r e  p e r f o r m e d  for  cool ing  of a 
ho t  magne t i zed  p l a s m a  located  in c on t a c t  with a cold wal l  in cy l ind r i ca l  g e o m e t r y ,  in a m a n n e r  s i m i l a r  to [2] : 

a ( H~) On l O  Mn~t  = 2nkT + -t- (rvn)= O, Or -gff ' ~ -7- ~ 
i i a [ r~ (~ aT] (i.I) 

3nk-~  + 2nkT 7 ~ (rv) = -I- 

OH ck OTOH 

W +---;  - ~ Or [ ~ O ~ - -  T ' - f f '~7  " 

The bounda ry  condi t ions  for  s y s t e m  (1ol) have  the f o r m  

O...TT:0H 0, v = 0 for r = 0, T --~ TR, u : 0 for r : R, Or Or = 

4 ~  -~r -~ T -- 4n~ t Or ,=s+o" 

The l a s t  b o u n d a r y  condi t ion  impl ies  cont inui ty  of the tangent ia l  e l ec t r i c  field c o m p o n e n t  on the p l a s m a - l i n e r  
boundary ,  with o/ be ing the l iner  conduct iv i ty .  The ini t ial  condi t ions  a r e  tha t  at  t = 0, H = H0, 

v =- O, 2nkT + ~ = 2nokT o _.[_ H~o 
FK" 

The ini t ia l  t e m p e r a t u r e  d i s t r ibu t ion  has the f o r m  

w h e r e  the c h a r a c t e r i s t i c  d imens ion  & at  which the t e m p e r a t u r e  i n c r e a s e s  f r o m  T R to T ~  T O is much  less  
than R, A,,tl ~ 10 -2. The quant i ty  TR, the wall  t e m p e r a t u r e  ( t e m p e r a t u r e  of p l a s m a  near  the wall) ,  was va r i ed  
f r o m  i to 10 eV, but s ince  T t (the t e m p e r a t u r e  c o r r e s p o n d i n g  to ( w r ) e ~  1) is of the o r d e r  of 100 eV, the so lu -  
t ion  depended only s l igh t ly  on v a r i a t i o n  of T R over  this r a n g e ,  The initial magne t ic  field was taken cons tan t  
a long  the r ad ius  

H(~ = O) = Ho = VS:Zpo/fto. 

F i g u r e s  1-4 p r e s e n t  r e s u l t s  of ca lcu la t ions  for  the typ ica l  c a s e :  
To = f0 ~ eV, no = i0~Scm -s, Ho = iO ~G , 

~o = 80 ,  R = 5 cm, A = 5" 10 - 2 R .  

C h a r a c t e r i s t i c  t imes  a r e :  

"~,~ ~-. tO-4R ~, see, ~o ~ O.iB~, sec, 

T~ ~ 2"I0-3R~, sec, Tr ~. 4.10-s see, 

In the calculation the magnetic confinement is formed after t~ 7 �9 10 -8 sec, which agrees approximately with the 

e s t i m a t e .  

F i g u r e  1 shows the t e m p e r a t u r e  d i s t r ibu t ion  T and p l a s m a  dens i ty  n at  va r ious  t i m e s ,  with t e m p e r a t u r e  
m e a s u r e d  in units  of 100 eV; dens i ty ,  in units  of 1018 c m - 3 ;  and magne t i c  f ield,  in units  of 103 G. N u m b e r s  
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above the cu rves  co r respond  to t imes  t, m eas u red  in units of 10 -6 sec .  F igures  2-4 show fl = 81rp/H2p magnet ic  
field H, and (wT} e as functions of the m a s s  coordinate  m for  var ious  t imes .  

It is evident  that  by the t ime  t ~ 0.076 #sec  the fl value at  the wall  becomes  equal to unity, and the mag-  
netic field in this reg ion  has increased  intensely.  The magnet ic  in te r l aye r  appears  not only because  of field 
generat ion,  but a lso  due to radia t ion ,  s ince  the sc int i l la t ion t ime of a l ayer  with T ~ 3 0 0  eV {(~0~}e~ 1} TR ~ 0.1 
#sec  is c o m p a r a b l e  to T~. However  the influence of this effect  is at tenuated to a s ignif icant  degree  by the 
quite la rge  conduct ive heat  flux in the region.  It is c l ea r  f r o m  Fig. 4 that  the p l a sma  tends to leave the cooling 
r e g i m e  with (~0T}e g r e a t e r  than unity eve rywhere .  In the cen te r  the t e m p e r a t u r e ,  magnet ic  field, and p l a s m a  
densi ty  change insignif icantly over  this t ime  per iod.  

After  fo rma t ion  of the magnet ic  conf inement  the solutions a r e  s i m i l a r  to those obtained in [2], where the 
width of the magnet ic  in t e r l aye r  is quite l a rge .  P l a s m a  cooling is a l so  descr ibed  by the e s t ima te  ~ ~ PIt2 / •  

which, as has been  indicated,  i s  comple te ly  natural ,  s ince  the hot p l a sma  is in essence  cut off f r o m  the wal ls .  
For  compar i son ,  calcula t ions  were  p e r f o r m e d  with a l iner  having poor conductivity,  the conductivi ty of the l iner  
m a t e r i a l  co r re spond ing  to the conductivi ty of the p l a sma  near  the wall  a t  a t e m p e r a t u r e  of the o rder  of 10 eV. 
As would be expected,  the magnet ic  field rap id ly  pene t ra tes  through the l iner ,  magnet ic  conf inement  is not 
es tabl ished,  and the p l a sma  cools rapid ly .  

2. Sys tems  with Nonmagnetic Confinement.  In s y s t e m s  where  the p l a s m a  p r e s s u r e  is maintained not by 
iner t ia ,  but d i r ec t ly  by the wal ls ,  the ach ievemen t  of high p l a sma  densi t ies  r equ i red  for reduct ion  of total s y s -  
t em energy  is poss ib le  only with nonmagnet ic  conf inement ,  where  the magnet ic  field s e rve s  only to r educe  
t h e r m a l  conductivity,  s ince  m e g a g a u s s  f ie lds  cannot be  mainta ined fo r  longper iods .  The poss ib i l i ty  of achieving 
such a var ian t  was  cons idered  in de t a i l i n  [3], where  the poss ib i l i ty  of ex is tence  of a s t a t ionary  cooling wave was 
demons t ra t ed .  For  appl icable  s y s t e m s  with rap id  ene rgy  introduction and Q ~ 10 MJ a solution is poss ib le  only 
a t  v e r y  high p r e s s u r e s  (p~  108-109 atm).  In propaga t ion  of a s t a t iona ry  cooling wave it is n e c e s s a r y  that  the 
magnet ic  field c a r r i e d  off f r o m  the cen te r  by the p l a sma  flux which genera tes  the t h e r m o - e m f  not accumula te  
along the wall,  but pass  f r ee ly  through a "d ie lec t r i c"  l iner .  

We will now cons ider  the poss ib i l i ty  of model ing such a s y s t e m ,  i .e . ,  achieving nonmagnetic conf inement  
with a quas i s t a t iona ry  cooling wave in a device with m o d e r a t e  p a r a m e t e r s :  p ~ 106-10 ~ a tm,  T ~ 1 keV. Such 
t e m p e r a t u r e s  can  be r eached  in 0-pinches  with a l iner  with a l iner  ve loc i ty  V~ ~ 106 cm/ sec ,  length L ~ 10 cm,  
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and energy level Q ~ 1 MJ. We will es t imate  the requi red  pa r ame te r s ,  using the quasis ta t ionary equation 

(5/2)p div v = div (• T) - -  QR, 

where  QR is the volume radiat ion power. 

Since the width of the cooling wave I w is smal l  in compar i son  to the sys t em radius R, the planar problem 
may be solved. For  the est imates  we will a s sume  that the magnetic field H is constant  along the radius ,  since 
H changes significantly only a t  (W~)e--- 1. System energy losses  a re  determined by the region with (W~)e ~ 1, 
where  demagnetizat ion of the plasma commences .  Since heat is supplied to this region mainly by ~hermal con-  
ductivity, by neglecting the work of compress ion  in compar i son  to the conductive thermal  flux, we obtain 

_ _  d r  ( 2 . i )  d (x~zz)=QR- 
dx 

Considering that in this reg ion  braking radiat ion is more  signif icant  than recombinat ion radiat ion,  we take 
QR = an24"~'. We multiply both sides of Eq. (2.1) by ~dT~dx, and integrating over f rom R to ~ (where R is the 
wall coordinate where the flux q(R) = ~d T/dx ~ 0, and r cor responds  to the reg ion  with (Wr)e ~ 1), we obtain 

R 

Consider ing that ~ = ~r | andp| = 1, where | = T/T0, p = n/n 0 (where ~e0, To, no a r e  the nonmagTaetized 
e lectron thermal  conductivity, t empera ture ,  and density of the plasma in the hot region),  we obtain an est imate  
of the thermal  conductivity flux into this reg ion  neces sa ry  for maintaining the quas is ta t ionary  state 

q (~) = V• V T o  0~, 

where | = T1/T0 is the t empera tu re  of the plasma in the reg ion  with (w~-)e ~ 1. Since q(~) must  compensate  the 
work of p lasma compress ion  in the wall region by the hot p lasma flux, the expansion velocity V e of the hot 
reg ion  can be determined f rom the condition 

"-~" Po -~x dx = Tz q ~,  q (~). 
o 0 

Est imat ing  dv/dx ~Vi/~, we obtain 

where 

3 L 0 
vi = T ~ O .  

3__ ~eO T _ -  

The hot plasma cooling (flow-out) time is then 

"r i 

3 
T P| R R 

-5-povin vi 

As was noted in [3], such an es t imate  agrees  well with numer ica l  calculations.  The attainable plasma p r e s s u r e  
in a 0-pinch with liner is equal to 

p = ApzV~, 

where Pl is the liner density, A ~ 1 (a s imple  determinat ion of the efficiency of energy  t ransfer  f rom the liner 
to the p lasma ~with considerat ion of l iner compress ib i l i ty  was per formed in [14]). F r o m  these est imates we 
obtain the following pa ramete r s  for the sys t em modeling that of [3]: initial pa ramete r s  : T = 30 eV, n = 5 �9 1018 
cm -3, R = 5 cm,  H = 5 kG, fi = 6" 102, V l = (0.5-1.0). 10 G c m / s e c ,  Pl=3 g/cm3; final pa rame te r s :  T = 103 eV, 
n = 1021 cm -3, R = 0.3 cm,  H = 103 kG, fl = 102. The final pa rame te r s  were obtained with the assumption of 
adiabatic compress ion  of the p lasma by the l iner,  bu t  with considerat ion of magnetic flux losses ,  which com-  
pr i se  ~ 30%. The plasma energy Qp = 0.25 MJ, which with an actual  efficiency ~ ~ 0.2 cor responds  to Q ~ 1-1.5 
MJ. 

Thus, in 0-pinches with a liner with the technologically achievable pa ramete r s  Q ~ 1 MJ, ~ ~ 106 c m / s e c ,  
one can conduct experiments  s imulat ing a sy s t em with nonmagnetic confinement [3] if the plasma cooling t ime 
(or t ime for flow to the walls) is of the order  of or larger  than the inertial t ime ~i ~ R/Vt.  
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To ve r i fy  these  cons idera t ions  numer ica l  calculat ions were  p e r f o r m e d  for  cooling of a 0-pinch p l a sma  
with initial  p a r a m e t e r s  co r respond ing  to the final ones for a l iner  conductivi ty ~/ = Om and a/>>Om. The min i -  
m u m  conductivi ty a m was taken equal to the conductivi ty of the nea r -wa l l  p l a sma  with T = 10 eV. T h e  c h a r a c t e r  
of d is t r ibut ion over  m a s s  of t e m p e r a t u r e ,  p l a sma  densi ty ,  and magnet ic  f ield w e r e  the s a m e  a s  in See. 1. 

F igures  5, 6 p r e s en t  the r e su l t s  of calcula t ions  for  n o = 1021 c m  -3, T O = 103 eV, (wT)e0 ~ 17, T R = 10 eV, 
H 0 = 0.9 MG,/30 = 100 for  a poor ly  conducting l iner .  The sca les  of the quanti t ies in Figs .  5, 6 a r e  the s a m e  as 
in Figs .  1-4. F igu re  5 shows the d is t r ibut ion of t e m p e r a t u r e  T and p l a sma  densi ty  n over  mass  at va r ious  
t imes .  F o r  t ~ 0.15 #sec  the t e m p e r a t u r e  a t  the center  of the s y s t e m  d e c r e a s e s  to 0.7T 0. A cooling wave 
moves  through the p l a s m a  f r o m  the wall  to the cen te r .  The r a t e  of p l a sma  flow to the wall is 105 cm]sec-< Vp-< 
106 cm/ sec .  Since the l iner  is a poor  conductor ,  as shown in Fig. 6, the magnet ic  field c a r r i e d  off f r o m  the 
cen te r  and genera t ing  a t h e r m o - e m f  is s t rong ly  diffused in the l iner  H R ~ 0.2H 0, and cor responding ly  ~R ~ 5f10, 
with growth in fl r e t a r d e d  by the p r e s s u r e  drop upon cooling. The c h a r a c t e r i s t i c  magnet ic  field peak is fo rmed  
in the reg ion  where  (WT)e~ t ,  where  a ba lance  is es tabl ished between field genera t ion and field diffusion into 
the cold wall  l ayer  of p l a s m a  and l iner .  

in the case  of a h igh-conduct ivi ty  l iner ,  where  o/ is equal to the conductivi ty of copper  under no rma l  con-  
dit ions,  numer i ca l  calcula t ions  show that  a f t e r  the t ime  in which the t e m p e r a t u r e  a t  the center  drops  to 0.7T 0 
for  a p l a s m a  with initial  conditions s i m i l a r  to those of Figs .  5, 6 the magnet ic  field a t  the wall  i nc reases  in- 
tense ly  and r e a c h e s  ~ 2H0, while /3 fa l ls .  Although magnet ic  conf inement  is not achieved in this r e g i m e ,  n ev e r -  
the less  the a p p r o p r i a t e  "poor"  conductance l iner  mus t  be provided in model expe r imen t  and in the t h e r m o -  
nuclear  s y s t e m  of [3]. 
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L A S E R  C O L L I S I O N A L  P U M P I N G  O F  H F  M O L E C U L E S  
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Y u .  A .  C h e r n y s h e v ,  a n d  V .  G.  Y a k u s h e v  
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The effect  of IR l a se r  r ad ia t ion  on molecules  can r e s u l t  in the product ion of s t rongly  nonequi l ibr ium 
molecu la r  gas s ta tes  because  of the se lec t ive  ' hea t ing"  of the v ibra t iona l  degrees  of f r eedom.  R e s e a r c h  to use 
v i b r a t i o n a l - t r a n s l a t i o n a l  nonequi l ibr ium occur r ing  during the absorp t ion  of l a s e r  r ad ia t ion  for its effect  on 
chemica l  p r o c e s s e s  has r e c e n t l y  been p e r f o r m e d .  As a ruled the poss ib i l i t ies  of s t imula t ing  and control l ing 
reac t ions  r e l a t e  p r i m a r i l y  to the high r eac t iv i ty  of v ibra t iona l ly  excited molecu les ,  as well  as to the fo rma t ion  
of h igh-ac t iv i ty  p a r t i c l e  concentra t ions  during nonequi l ibr ium d issoc ia t ion  caused by "heat ing" the molecu la r  
v ib ra t ions .  At  this t ime  a suff ic ient ly  l a rge  number  of papers  devoted to both the d issoc ia t ion  of molecu la r  
gases  and to l a se r - induced  chemica l  r eac t ions  (e.g.,  [1, 2], as well  as the su rveys  [3, 4]), havebeenpub l i shed .  
Let  us note that  the p roof  of the se lec t ive  act ion of l a s e r  rad ia t ion  on the p r o g r e s s  of a p roces s  is not indis-  
putable in many  of the r epo r t ed  c a s e s .  Hence,  fu r ther  r e s e a r c h  in this a r e a  is expedient.  

Var ious  aspec t s  of v ibra t iona l  kinet ics  have been examined in a number  of theore t ica l  paper s  (cf .  [5-10]), 
for  s y s t e m s  of anharmonic  osc i l l a tors  under conditions of a s t rong  deviation f r o m  equi l ibr ium (finding the 
v ibra t iona l  d is t r ibut ion  function and the energy  re laxa t ion  r a t e ,  de te rmin ing  of the ene rgy  d iss ipa t ion  of the 
v ib ra t iona l  degrees  of f r eedom,  es t ima t ing  the nonequi l ibr ium dissoc ia t ion  r a t e s ) .  

Because  of the lack of quant i ta t ive data on the r a t e  constants  of all  the poss ib le  r e l axa t ion  p r o c e s s e s  for 
the ma jo r i t y  of m o l e c u l a r  s y s t e m s ,  the theore t ica l  comprehens ion  n e c e s s a r i l y  r e m a i n s  at a quali tat ive 
level .  

An analys is  of the p r o c e s s e s  occur r ing  during the inser t ion  of s ignif icant  quanti t ies of energy  during 
l a s e r  exposure ,  and the de te rmina t ion  of the l imi t  energy  capac i ty  of the v ibra t iona l  degrees  of f r eedom,  the 
total  energy  capaci ty ,  as well  as the c o m p a r i s o n  of theore t ica l  and exper imenta l  r e su l t s ,  a re  p e r f o r m e d  m o r e  
convenient ly  on model  s y s t e m s .  Small  a toms and, espec ia l ly ,  d ia tomic  molecu la r  gases ,  can be model  s y s t e m s  
s ince  the re laxa t ion  p r o c e s s e s  ( r o t a t i o n a l -  t rans la t iona l  ( R -  T), v i b r a t i o n a l -  t rans la t iona l  ( V -  T), v i b r a t i o n a l -  
v ib ra t iona l  (V-V)  exchanges) have been studied to g r e a t e s t  deg ree  for s m a l l - a t o m  molecu les ,  and the s t r u c t u r e  
of the energy  levels  of these  molecules  is s imple .  

At  this t ime,  an expe r imen ta l  invest igat ion of the v ibra t iona l  pumping of HF molecules  because  of 
r e s o n a n c e  absorp t ion  of HF l a se r  rad ia t ion  by HF molecules  in the low vibra t iona l  s ta tes  and subsequent  pump-  
ing in the high s ta te  in col l is ions of v ib ra t iona l ly  excited molecules  has been p e r f o r m e d .  For  b rev i ty ,  we will 
l a t e r  denote such a p roce s s  l a se r - induced  co l l i s ioaa l  pumping (LCP).  A pulsed HF l a se r  with ~ 10-J  r ad i -  
a t ion energy  and a pulse durat ion of 2 ~sec  a t  the foundation [11] was used in the expe r imen t s .  The s p e c t r u m  
cons is ted  of 20 l ines of the f i r s t  four v i b r a t i o n a l - r o t a t i o n a l  HF bands.  About 10% of the l a s e r  pulse  energy  
was concent ra ted  in the 1 - 0  band, about  80% in the 2 - 1  band, while the r e s t  of the ene rgy  was dis t r ibuted 
between the 3 - 2  and 4 - 3  bands.  The 1--0 band s t a r t ed  with an intense P8 line, and the mos t  intense lines in the 
the 2 - 1  band w e r e  Pr and Ps. Singular i t ies  a s soc ia ted  with the spec t r a l  compos i t ion  of the rad ia t ion  r e s u l t  in 
the p r o c e s s  of l a s e r  energy  absorp t ion  being s t a r t ed  by the HF molecules  populating the ro ta t iona l  ha l f - l eve l  
J = 8 of the v ibra t iona l  ground s ta te .  Consequently,  a sma l l  f rac t ion  of the molecules  being pumped a r e  ini-  
t ia l ly  in r e s o n a n c e  with the l a se r  r ad ia t ion  (a f rac t iona l  p a r t  of ~10 -3 of the total  number  of molecules  is in the 
ini t ial  s t a t e  a t  the J = 8 level).  The total  r ad ia t ion  intensi ty  (the mean  during a pulse) was I ~  0.5 MW/cm 2 (6.5.  
1024 photons /cm 2. sec) and could be inc reased  by focusing to I ~ 10 MW/cm 2 (1.3 �9 1026 photons /cm 2" sec) .  Fo cu s -  
ing was p e r f o r m e d  by a lens with a 50 -cm focal  length. A cy l indr ica l  zone of 6 m m  d iame te r  was exposed a t  
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