
M E C H A N I S M  O F  D E S T R U C T I O N  O F  S E M I T R A N S P A R E N T  P O L Y M E R S  

B Y  A R A D I A N T  H E A T  F L U X  

Y u .  A .  B u e v i c h ,  O .  K .  E g o r o v ,  a n d  M.  I .  Y a k u s h i n  

We d e s c r i b e  e x p e r i m e n t s  on the d e s t r u c t i o n  of some  p o l y m e r s  in the  a i r  p l a s m a  of an e l e c t r o d e l e s s  
h igh - f r equency  d i s c h a r g e  in condi t ions  where  the r a d i a n t  heat  f lux i s  c o m p a r a b l e  with o r  exceeds  the  con-  
vec t ive  hea t  flux. Two d i f f e ren t  m e c h a n i s m s  of d e s t r u c t i o n  a r e  d i s c u s s e d .  

An a n a l y s i s  of the  b e h a v i o r  of v a r i o u s  t h e r m o p l a s t i c s  under  the combined  ac t ion  of convec t ive  and 
r ad i an t  hea t  f luxes  in a j e t  of h igh-en tha lpy  gas  i s  of c o n s i d e r a b l e  i n t e r e s t  for  s e v e r a l  app l i ca t ions  of m o d e r n  
technology .  

The e x p e r i m e n t s  we re  conducted  on a h i g h - t e m p e r a t u r e  g a s d y n a m i c  a p p a r a t u s  in which the gas  was 
hea ted  by  a high f r equency  e l e e t r o d e l e s s  d i s c h a r g e  by the method d e s c r i b e d  in [1]. The d i a m e t e r  of the 
work ing  p a r t  of the j e t  was 35 m m  and i t s  mean  ve loc i t y  was 20 m / s e c .  The work ing  gas  was a i r  at a t m o s -  
p h e r i c  p r e s s u r e .  The mean  en tha lpy  of the gas  was d e t e r m i n e d  by the ba l ance  method f r o m  the m e a s u r e d  
power  suppl ied  to the  d i s c h a r g e  and the a i r  flow r a t e :  The t e m p e r a t u r e  of the  j e t  was m e a s u r e d  s p e c t r o -  
m e t r i c a l l y  and was  a l so  ca l cu l a t ed  f r o m  the known mean  entha lpy .  Both methods  gave va lues  of 10,000- 
11,000 ~ K for  T in the work ing  p a r t  of the  jet~ 

The to ta l  hea t  f lux to the  f ront  s u r f a c e  of the i nve s t i ga t e d  s p e c i m e n s  was 1 - 1 . 2  k W / c m  2 in the d e -  
s c r i b e d  e x p e r i m e n t s .  The flux m e a s u r e d  by  a coppe r  f low- type  c a l o r i m e t e r  with a po l i shed  su r f ace ,  which 
s l i gh t ly  exceeded  the convec t ive  heat  flux, was only 0 . 4 - 0 . 5  k W / c m  2. The r a d i a n t  heat  f lux (the t h i ckness  
of the emi t t i ng  l a y e r  of the  p l a s m a  was 180 ram) was m e a s u r e d  by a r a d i a t i o n  t he rmoc oup l e  p rov ided  with 
a spec i a l  s y s t e m  f o r  d r awing  i n e r t  gas  (argon) th rough  the l ight  guide .  This  p r e v e n t e d  a bso rp t i on  of u l t r a -  
v io le t  r ad i a t i on  in the l ight  guide and a l so ,  in conjunct ion  with w a t e r  cool ing,  p rov ided  p ro t e c t i on  fo r  the 
t h e r m o c o u p l e .  The r a d i a n t  f lux was a l so  d e t e r m i n e d  f r o m  the i n c r e a s e  in heat  f lux to the f low- type  c a l o -  
r i m e t e r  when the r e f l e c t i ng  s y s t e m  of the  a p p a r a t u s  was changed so that  t h e r e  was no s c a t t e r i n g  of r ad i an t  
e n e r g y  to the s u r r o u n d i n g s  (in th i s  way we managed  to i n c r e a s e  the heat  f lux to the copper  c a l o r i m e t e r  by 
a p p r o x i m a t e l y  50%), and a l so  f r o m  the f lux to the s a m e  c a l o r i m e t e r  when i t s  su r f ace  was cove red  by a 
v a c u u m - e v a p o r a t e d  thin a luminum f i lm,  which r e f l e c t s  b e t t e r  in the  u l t r a v i o l e t  r eg ion  of the  s p e c t r u m .  All 
t h e s e  e x p e r i m e n t s  i nd i ca t ed  that  the  r ad i an t  f lux was 60-70% of the to ta l  heat  f lux to the f ront  su r f a ce  of 
the s p e c i m e n s .  

We inves t i ga t ed  c y l i n d r i c a l  s p e c i m e n s  of d i a m e t e r  12-30 m m  of two types :  with a f lat  end face  and 
with a s p h e r i c a l  nose  of the  s a m e  r a d i u s  as  the c y l i n d r i c a l  p a r t  of the  s p e c i m e n .  The convec t ive  heat  f lux 
to the  f ront  s u r f a c e  of s p e c i m e n s  of the second type  was,  depending on the s p e c i m e n  d i a m e t e r ,  1 . 5 - 2 . 5  
t i m e s  g r e a t e r  than the s p e c i m e n s  of the f i r s t  type  (the f i gu re s  given above r e f e r  to s p e c i m e n s  with a f la t  
f ront  face) .  This  c o r r e l a t e s  wel l  with pub l i shed  e m p i r i c a l  r e l a t i o n s  (see [2, 3], f o r  ins tance) .  A l t e r a t i o n  
of the shape  of the nose  of the  s p e c i m e n s  had p r a c t i c a l l y  no effect  on the  r ad i an t  hea t  f lux.* Some t ime  a f t e r  
the s t a r t  of the  e x p e r i m e n t  with s p e c i m e n s  of the  f i r s t  type  t h e i r  shape  b e c a m e  s i m i l a r  to s p e c i m e n s  of the 
second  type,  a s  was r e v e a l e d  by v i sua l  examina t i on  and by the s i m i l a r  r a t e s  of ab la t ion .  

*S imi la r  r e s u l t s  we re  r e p o r t e d  in N. Ao Anfimov and V. P .  S h a r i ' s  p a p e r  "Ca lcu la t ion  of a flow of r ad i a t i ng  
gas  in a shock l a y e r ,  " at the Th i rd  Al l -Un ion  Confe rence  on T h e o r e t i c a l  and Appl ied  Mechanics ,  Moscow, 
1968. 

Moseo.w. T r a n s l a t e d  f r o m  Zhurnal  P r i k l a d n o i  Mekhaniki  i Tekhn iehesko i  F i z ik i ,  Vol.  9, No. 4, 
pp.  72-79, Ju ly -Augus t ,  1968o Or ig ina l  a r t i c l e  submi t t ed  M a r c h  10, 1968. 
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Fig.  1 a, b 

The course  of the des t ruc t ion  p roce s s  was recorded  s imul t aneous ly  by two cine c a m e r a s :  One of 
them (1 f r a m e / s e c ,  sca le  1:1) was used for  subsequent  de t e rmina t ion  of the r a t e  of ablat ion,  and the second 
(96 f r a m e s / s e c ,  sca le  2:1) was used for  a detai led ana lys i s  of the des t ruc t ion  of the nose  of the spec imen .  
We used in f r a red  f i lms  sens i t i zed  in na r row spec t ra l  r anges  (Agfa-Infrarapid  750, e tc . )  and DS-5 color  
f i lm.  

The sur faces  of the s p e c i m e n s , a f t e r  the tes t s  ,were examined under  the mic roscope  and photographed 
at a magni f ica t ion  of 8-12, which enabled us to d i s t inguish  the most  i n t e r e s t i ng  regions  on the spec imens ,  
f rom the i n t e r i o r  and surface  of which thin f i lm- type  sect ions  were  cut. These thin sec t ions  were  examined 
in t r a n s m i t t e d  l ight  and photographed on a Nu un ive r sa l  mic roscope  at a magni f ica t ion  of 50-250 X. 

The r e su l t s  of the expe r imen t s  indicated two dif ferent  types of des t ruc t ion  of po lymer s  in a p l a s m a  
jet .  The f i r s t  type of des t ruc t ion ,  which is  c h a r a c t e r i s t i c  of organic  g lass  and polys tyrene ,  for ins tance ,  
involves  rapid py ro lys i s  and the r e l e a s e  of gaseous products  throughout the heated m a t e r i a l  and at i ts  s u r -  
face, which leads  to the fo rmat ion  of bubbles  throughout the spec imen .  A photograph of par t  of the front  
sur face  of a po lys ty rene  spec imen  af ter  subjec t ion  to the p l a sma  jet  is  shown in Fig.  1, a. The f igure  
c l ea r ly  shows the sur face  bubbles ,  which can have a d i a m e t e r  of up to 0.5 m m  or mor e .  The fo rmat ion  
of bubbles  is  accompanied  by the r e l e a s e  of solid pyro lys i s  products ,  p r i m a r i l y  carbon,  on the i r  wal ls  and 
combust ion  of these  products .  The carbon  coat ing is  also c l ea r ly  seen in  Fig .  1, a. A s i m i l a r  p ic ture  of 
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Fig.  2 

des t ruc t ion  is observed  in organic  g lass ,  in which bubble fo rmat ion  is  even more  pronounced and the bub-  
b les  t hemse lves  a re  a l i t t le  l a r g e r .  There  is  no doubt that  the ma in  m e c h a n i s m  of such des t ruc t ion  and 
bubble fo rmat ion  cons i s t s  in decomposi t ion  of the in i t ia l  ma te r i a l  due to the energy  of t he r ma l  f luctuat ions,  
i r r e s p e c t i v e  of the mode of heat supply - rad ian t  or  convect ive .  In fact,  bubbles  a re  fo rmed  on the f ront  
sur face ,  where  the rad ian t  heat flux plays  the ma in  role ,  and also on the side sur face  where  the convect ive 
or mo lecu l a r  flux p redomina t e s .  

The second m e c h a n i s m  of des t ruc t ion  is c h a r a c t e r i s t i c  of Teflon, polyethylene,  polypropylene,  and 
seve ra l  o ther  complex m a t e r i a l s  based  on these  po l yme r s .  The r ma l  decomposi t ion  of these  m a t e r i a l s  
leads  to the fo rmat ion  of a thin l aye r  with i n c r e a s e d  carbon content  on the i r  sur face  (see [1], for ins tance ,  
where a ve ry  s imple  explanat ion of this  effect was given)~ The th ickness  of this  l aye r  is  g rea tes t  on the 
side of polyethylene and polypropylene  spec imens ,  where it a t ta ins  a few tens of m ic rons ,  and is  l eas t  on 
the sur face  of Teflon spec imens .  Carbon does not appear  at all on the f ront  sur face  of Teflon spec imens .  
The f ront  su r face  of Teflon spec imens ,  however,  becomes  covered  with a network of fine c racks  with a 
length of hundreds  of m i c r o n s  and a th ickness  of 10 # or  l e s s  (Fig. 1 b). The walls  of the c racks ,  which 
are  0 . 1 - 0 . 3  m m  deep, a re  a lso coated with a carbon  f i lm.  Such c racks  a re  not found on the side sur face .  

Fig. 3 
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Fig .  4 

F ig .  5 

The bulk p r o p e r t i e s  of p o l y m e r s  which undergo  d e s t r u c t i o n  of the second  type  a r e  p r a c t i c a l l y  un-  
a l t e r e d .  D i r e c t l y  under  the ca rbon  l a y e r ,  however ,  t h e r e  i s  a thin l a y e r  of p o l y m e r  in which the bulk 
p r o p e r t i e s  a r e  s ign i f i can t ly  a l t e r e d .  A pho tog raph  in t r a n s m i t t e d  l ight  of a f i l m - t y p e  sec t ion  cut f r o m  a 
Teflon s p e c i m e n  is  shown in Fig .  2. The ex t e rna l  d a r k  r i ng  in F ig .  2 is  the ca rbon  l a y e r  (on the s ide  
sur face)  and a l so  the end face  of the sec t ion  pho tographed  at an acute  angle .  The f igu re  shows that  under  
the ca rbon  l a y e r  t h e r e  is  a l a y e r  which is  much m o r e  t r a n s p a r e n t  than the o r ig ina l  po lymer~  The th i ckness  
of th is  l a y e r  at the f ront  su r f ace  i s  0 ,3  ram,  and n e a r  the s ide  su r f ace  it r e a c h e s  1 . 5 - 2  ram.  This  l a y e r  
i s  p r e s u m a b l y  due to t h e r m a l  d e s t r u c t i o n  of the  p o l y m e r  at  the l eve l  of q u a s i c r y s t a l l i n e  fo rma t ions  and at  
the  m o l e c u l a r  l eve l ,  and t h e r e  is  a v e r y  d i s t i nc t  d e s t r u c t i o n  f ront .  The th inness  of the d e s t r u c t i o n  l a y e r  
at the f ront  su r f ace  is  ev iden t ly  due to the g r e a t e r  ab la t ion  at th i s  pa r t  of the  s u r f a c e .  Des t ruc t ion  l a y e r s  
of the s a m e  type,  but  m o r e  l i ke  the  o r ig ina l  m a t e r i a l  in t h e i r  op t ica l  p r o p e r t i e s ,  w e r e  o b s e r v e d  in s p e c i -  
mens  of o the r  p o l y m e r s  sub jec ted  to p l a s m a  ac t ion .  

An a n a l y s i s  of thin s ec t i ons  cut  f r o m  the d e s t r u c t i o n  l a y e r  of Teflon showed that  on the s ide  su r f ace  
th is  l a y e r  was v e r y  homogeneous .  The absence  of any cav i t i e s  o r  bubbles  f i l l ed  with ga seous  p y r o l y s i s  
p roduc t s  and the absence  of c r a c k s  ind ica t ed  that  the ene rgy  of t h e r m a l  f luc tua t ions  is  not suff ic ient  fo r  
b r e a k a g e  of i n t r a m o l e c u l a r  bonds  in the p o l y m e r ,  i . e . ,  f o r  p y r o l y s i s  p r o p e r ,  and hence,  the d e s t r u c t i o n  
and ab la t ion  of Tef lon (and a l so  of po lye thy lene  and s e v e r a l  o the r  p o l y m e r s )  a r e  e f fec ted  by  a p u r e l y  h e t e r o -  
geneous  m e c h a n i s m  in c o r r e s p o n d e n c e  with the e x p e r i m e n t a l  da ta  of [4] and the t h e o r y  of [1]. 
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Fig .  6 

On the o the r  hand, in the r eg ions  of d e s t r u c t i o n  l a y e r  a d -  
jo in ing  the f ront  su r f ace  t h e r e  a r e  n u m e r o u s  c a v i t i e s  f i l l ed  with 
g a s e s  and connected  with one ano ther  and with the ex t e rna l  su r f ace  
of the  l a y e r  by a s y s t e m  of fine c r a c k s  (see photograph  of sec t ion  
in F ig .  3)~ The dens i ty  of t he se  cav i t i e s  and c r a c k s  d e c r e a s e s  
r ap id ly  on p a s s a g e  f r o m  the f ron t  to the s ide  s u r f a c e ;  the m a x i -  
mum n u m b e r  of cav i t i e s  is  o b s e r v e d  in the reg ion  of the d e s t r u c -  
t ion l a y e r  c lo se  to i t s  i n n e r  bounda ry  with the u n a l t e r e d  m a t e r i a l ,  
but the c r a c k s  do not p a s s  through this  boundary .  The fo rma t ion  
of such cav i t i e s  c lose  to the f ront  su r f ace  and t h e i r  absence  f r o m  
the s ide  s u r f a c e  were  c h a r a c t e r i s t i c  of the o the r  i nves t i ga t ed  
p o l y m e r s  (see,  for  ins tance ,  the  photograph  of the  bubble  in the 
d e s t r u c t i o n  l a y e r  of po lye thy lene  in [1]). In p o l y m e r s  in which a 
f i lm  of me l t ed  m a t e r i a l  i s  f o r m e d  on the su r f ace ,  c r a c k s  a r e  
found only in the ca rbon  l a y e r ,  and not in the d e s t r u c t i o n  l a y e r .  
As an example ,  F ig .  4 shows a photograph  of such a c r a c k  in 
po lye thy lene ;  the t h i cknes s  of the ca rbon  l a y e r  in F ig .  4 i s  
a p p r o x i m a t e l y  50 #. 

The c ine  f i l m s  showed that  t h e s e  c r a c k s  a r e  f o r m e d  in 
the ab la t ion  p r o c e s s  and a r e  not in any way due to cool ing of the 
t e s t e d  s p e c i m e n .  Hence,  the a p p e a r a n c e  of c r a c k s  can obvious ly  
be a t t r i bu t ed  to the sp l i t t ing  effect  of hea ted  g a s e s  at high p r e s -  
s u r e s  in the  c a v i t i e s .  (In po lye thy lene  s p e c i m e n s  c r a c k s  a r e  
a l so  o b s e r v e d  in the  ca rbon  l a y e r  on the s ide  su r f ace .  This  is  
due to the high t h e r m a l  d i f fus iv i ty  of th is  l a y e r  and he t e rogeneous  
decompos i t i on  and gas  f o r m a t i o n  at the boundary  of the ca rbon  
l a y e r  and the d e s t r u c t i o n  l a y e r , )  A s i m i l a r  m e c h a n i s m  was sug -  
ges t ed  in [5], whe re  the  d e s t r u c t i o n  of t r a n s p a r e n t  p o l y m e r s  by 
a l a s e r  b e a m  was ana lyzed .  This  exp lana t ion  of c r a c k  f o r m a -  
t ion was c o n f i r m e d  by c o l o r  c i n e m a t o g r a p h y  of Teflon s p e c i m e n s  

Fig. 7 
immediately after the discharge was switched off. Frames il- 
lustrating cooling specimens showed random bursts of incandes- 
cent gas from the cracks; these bursts lasted hundredths of a 

second and occurred in a period of approximately 0.1 sec after the discharge was switched off. Cracks on 
the front surface of the specimens play an important role in the ablation of the destroyed material, since 
they facilitate its mechanical destruction - the chipping off of pieces of material and their removal by the 
encircling flow. This reduces the main practical characteristic of heat-shielding material - its effective 
enthalpy. This chipping-off process was observed repeatedly on eine films of ablation of different mater- 
ials, including Teflon and polyethylene. 

The total thickness of the carbon and destruction layers in the case of combined action of radiant and 
convective heat fluxes is, thus, significantly greater than the thickness of the layer of significant tempera- 
ture drop due to the effect of a convective heat flux alone on these materials. This latter layer is hundredths 
of a millimeter thick [4]~ This indicates that the actual temperature gradients in the surface region in the 
considered case are less than the gradients measured in [4]. This can be attributed to the increase in ef- 
fective thermal diffusivitity in the material due to absorption of radiant energy within the semitransparent 
material and not directly on its surface. The question of the interaction of the surface layer of a trans- 
parent body with radiation has been theoretically examined in connection with ablation problems in [6, 7], 
for instance, where it was shown that such absorption can lead even to a change in the sign of the tempera- 
ture gradient. 

The effect of the radiant flux in the considered experiments, however, does not consist merely of an 
increase in the effective thermal diffusivity. The results of these experiments clearly indicate that the 
presence of the radiant flux significantly alters the mechanism of destruction in comparison with situations 
where there is only a convective heat flux. In fact, it follows from the foregoing that thermal fluctuations 
by themselves cannot cause decomposition within Teflon or polyethylene. On the other hand, the energies 
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Fig~ 8 

of the u l t r av io le t  quanta emi t ted  by the p l a s m a  a re  quita suff icient  for the breakage  of seve ra l  chemica l  
bonds in the po lymer  and the r e l e a se  of gaseous products ,  which fo rm cavi t ies  and c racks .  Hence, it is  
na tu ra l  to a s s u m e  that the appearance  of cavi t ies  and the fo rmat ion  of c racks  a re  due to the rad ian t  c o m -  
ponent  of the total  heat flux. Direc t  exper imen ta l  evidence of this  a s sumpt ion  is  given in Fig.  5, which 
shows the front  su r faces  of Teflon spec imens  af ter  exposure  to the same total heat flux on the appara tus  
desc r ibed  above (a) and an e l e c t r i c - a r c  hea ter  (b), where the rad ian t  flux was only about 5~ of the total  
flux. As d is t inc t  f rom the spec imen  in Fig.  5 a, the spec imen  in Fig.  5b shows no c racks .  Careful  
mic roscop ic  examina t ion  of thin sec t ions  also conf i rmed the absence  of cavi t ies  and c racks  in the d e s t r u c -  
t ion l aye r  of a spec imen  subjected to the act ion of a convect ive heat flux alone.  

Spectral  curves  showing the f rac t ion  of rad ian t  energy  t r a n s m i t t e d  by 0 .3 - ram- th ick  f i lms of Teflon 
(curve 1) and polyethylene (curve 2) at 20 ~ C are  i l l u s t r a t ed  in Fig.  6. With i n c r e a s e  in t e m p e r a t u r e  the 
optical  p rope r t i e s  of these  po lymer s  change cons ide rab ly  and they become more  t r a n s p a r e n t .  F o r  ins tance ,  
when a Teflon f i lm was heated to ~ 400 ~ C it  became  much c l e a r e r  and v e r y  t r a n s p a r e n t ,  but on cooling it 
became  cloudy again.  The t r a n s m i s s i o n  curve of such a f i lm heated to 400 ~ C and then cooled in na tu ra l  
condit ions is  also shown in Fig.  6 (curve 3)~ F o r  compar i son  the same  f igure  shows the t r a n s m i s s i o n  
curve  of a polyethylene f i lm heated to 100~ and then cooled na tu ra l ly  (curve 4). Unfor tunate ly ,  owing to 
the lack of sui table  appara tus ,  the t r a n s m i s s i o n  curves  of hot po lymer  f i lms  could not be obtained.  The 
ava i lab le  data, however,  suggest  that such curves ,  p a r t i c u l a r l y  in the shor t -wave  par t  of the spec t rum,  
mus t  l ie  well above the curves  in Fig.  6, which were  obtained on SF-4 and P e r k i n - E l m e r  402 s p e c t r o m e -  
t e r s .  We note that the reduc t ion  in u l t rav io le t  absorpt ion  with t e m p e r a t u r e  i n c r e a s e  would explain why the 
m a x i m u m  n u m b e r  of cavi t ies  is fo rmed n e a r  the des t ruc t ion  f ront .  
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On the L u n d - t 0 0  a p p a r a t u s  we s i m u l t a n e o u s l y  conducted e x p e r i m e n t s  on burn ing  holes  in p o l y m e r s  
with an i n f r a r e d  L a s e r  b e a m  (X =10.5 p) focused  on the s u r f a c e  of the spec imen~ In e v e r y  ca se  we found 
a d i s t i n c t  d e s t r u c t i o n  l a y e r .  The re  we re  no ga se ous  cav i t i e s  o r  c r a c k s ,  however ,  in p o l y m e r s  which we re  
d e s t r o y e d  by the second  m e c h a n i s m  in t he  p l a s m a  jet~ This  is  obvious ly  due to the fact  that  the ene rgy  of 
the  t h e r m a l  f luc tua t ions  and the ene rgy  of the i n f r a r e d  quanta  a r e  not suff ic ient  fo r  the b r e a k a g e  of chemica l  
bonds  in these  m a t e r i a l s ~  On the o the r  hand, in the case  of burn ing  holes  in o rgan ic  g l a s s  (Fig.  7) and p o l y -  
s t y r e n e ,  w h e r e  the t h e r m a l  p e r t u r b a t i o n s  o r  the i n f r a r e d  quanta a r e  suff ic ient  fo r  in i t ia t ion  of d e c o m p o s i -  
t ion,  the d e s t r u c t i o n  l a y e r  shows a s y s t e m  of m i c r o c a v i t i e s ,  s i m i l a r  in many  r e s p e c t s  to the  c o r r e s p o n d i n g  
cav i t i e s  f o r m e d  by abla t ion ,  and fine c r a c k s  p a s s i n g  through some  of t he se  c a v i t i e s .  An a n a l y s i s  of thin 
s e c t i o n s  showed that  t he se  c r a c k s  a r e  i r r e g u l a r  channe ls .  These  channels  subsequen t ly  b e c o m e  l a r g e  
d i sk l ike  c r a c k s ,  which can a l so  be seen  in F ig .  7o In d e s t r u c t i o n  by a l a s e r  b e a m  the p rev ious  m e c h a n i s m ,  
involving abso rp t i on  of r ad i an t  e n e r g y  in a r e l a t i v e l y  t r a n s p a r e n t  d e s t r u c t i o n  l a y e r  and e s p e c i a l l y  on the 
d e s t r u c t i o n  f ront ,  is  s ignif icant~ 

The r e p o r t e d  m e c h a n i s m  of bulk  d e s t r u c t i o n  of t h e r m o p l a s t i c s  by a r ad i an t  f lux is  of i m p o r t a n c e  fo r  
app l i ca t i ons .  Hence,  an inves t iga t ion  of th is  m e c h a n i s m  i t s e l f  and the s p e c t r a l  compos i t i on  of the p l a s m a  
and opt ica l  p r o p e r t i e s  of the bounda ry  l a y e r  of hea ted  t r a n s p a r e n t  m a t e r i a l s  is  of def in i te  in t e re s t~  The 
s p e c t r u m  of the a i r  p l a s m a  used ,  obta ined  on ISP-30 s p e c t r o g r a p h s ,  is  shown in F ig .  8. The mos t  i m -  
po r t an t  s e r i e s  of l i ne s  a r e  ind ica ted  at  the edges  of the s p e c t r u m .  

ha conc lus ion  the au tho r s  thank L.  Mo Safonov and V. A. P o r o z o v  for  a s s i s t a n c e  in conduct ing the 
e x p e r i m e n t s  on the Lund-100 and e l e c t r i c - a r c  a p p a r a t u s e s ,  and V. M. Nikolaev,  Yu. A. P l a s t in in ,  and 
G. F .  Sipachev fo r  a s s i s t a n c e  in a n a l y s i s  of the  s p e c t r u m  of the  a i r  p l a s m a .  The au tho r s  a r e  a l so  g r a t e -  
ful to Ao A. Milovidov fo r  the  h igh -qua l i t y  c ine  f i lms~ 
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