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A s p e c t r a l  method for  de te rmina t ion  of local  t e m p e r a t u r e s  in an emit t ing volume is d i scussed .  
The p rob lem of r econs t ruc t ion  of e m i s s i v i t y  in the case  of a medium of a r b i t r a r y  configuration 
is solved by regula r iza t ion .  

In a number  of t he rmophys i ca l  p r o b l e m s ,  it is  often n e c e s s a r y  to de t e rmine  t e m p e r a t u r e  f ields within 
an emit t ing volume of p l a s m a  or  of a h i gh - t empe ra tu r e  gas  flow. The use of the methods of emiss ion  and ab -  
sorpt ion  spec t roscopy  makes  it  poss ib le  to obtain the n e c e s s a r y  p y r o m e t r i c  informat ion  without introducing 
pe r tu rba t ions  in the t e s t  medium.  The p rocedure  for  finding the t e m p e r a t u r e  T(x, y) a f t e r  de te rmina t ion  of 
the emi s s iv i t y  e(x, y) and absorp t iv i ty  ~(x,  y) has been developed sa t i s fac to r i ly  [1, 2], but genera l ly  the s ea r ch  
for  these  functions is  a complex inve r se  p rob l em.  Actual ly,  i t  i s  n e c e s s a r y  to de te rmine  the coeff icients  of 
the r a d i a t i o n - t r a n s p o r t  equation f rom values I(S) of the solution of this equation measu red  on the botmdary of 
the volume.  The main resu l t s  in this p rob lem were  obtained with r e fe rence  to the pa r t i cu l a r  case  of axial  s y m -  
m e t r y  where the p rob lem becomes  one-d imens iona l .  If the absorp t iv i ty  is  negligibly sma l l ,  (optically thin 
l ayer ) ,  the p rob lem reduces  to a solution of the Abelian in tegra l  equation [1] 

R 

i I (x) = 2 e__,(r) rdr (1) 
l, r 2 - -  x z 

x 

where  R is the radius  of the emit t ing volume.  However ,  cases  with e l l ipt ical  s y m m e t r y  in e (x, y) can a lso  be 
reduced to such an equation. Let  the or ientat ion of an e l l ipse  with s e m i a x e s  a and b be cha rac t e r i zed  by the 
p a r a m e t e r  t: 

x 2 yZ lz 
, b < a ,  (2) 

a z  ' b 2 a 2  

xE [--  a, a], YE [-- b, b], t~ I0, a]. 

Making m e a s u r e m e n t s  along the y ax i s ,  we obtain 

b / l - ~ -  a 

a V N - - x 2 '  (3) 
0 x 

i . e . ,  once again an Abelian equation but with r e spec t  to the i so l ines  of an e l l ipse  r a t h e r  than a c i r c l e  as in 
Eq. (1). A deficiency of such a t r e a t m e n t  of e l l ip t ical  s y m m e t r y  is  the need for  p r e l im ina ry  exper imenta l  
de te rmina t ion  of the or ientat ion of the t es t  e l l ipt ical  object  in the l abora to ry  coordinate  sy s t em.  

A la rge  amount  of work was devoted to solution of the Abelian equation by var ious  methods including the 
use  of regu la r iza t ion  of one kind or another  [3-6]. A compar i son  was made [7] of a number  of methods with 
r e s p e c t  to the in tensi f icat ion of the expe r imen ta l  e r r o r s  in them.  

In the gene ra l  ea se ,  the l a ck  of s y m m e t r y  in the p rob lem is  e x p r e s s e d  in the fo rm of an in tegra l  equa-  
t-ion of the f i r s t  kind: 
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Fig.  1. Model functions e( r ,  0), I (x ' , 0 ) ,  and resu l t s  of the r e c o n s t r u c -  
t ion of e ( r ,  0) (a =2 .7 ,  b =3 .7 ,  d =0 ,  B = 1 ,  a =2.5) .  Coefficients of 
var ia t ion:  1) 5; 2) 10; 3) 15%. 

Fig.  2. Function e(r ,  0) and r e su l t s  of i ts  recons t ruc t ion  by r e g u l a r i z a -  
t ion ( p a r a m e t e r s  s a m e  as in Fig.  1). 

I (x', t) = i e (x, y) d~', (4) 

where the l abora to ry  r e f e r e n c e  f r a m e  (x', y ' )  is  rota ted by an angle ~ with r e s p e c t  to the coordinate  s y s -  
t em (x, y) fixed in the object .  

To solve this  equation,  expansions  in t e r m s  of var ious  s y s t e m s  of or thogonal  polynomials  [8-11] or  
the Radon t r a n s f o r m a t i o n  [12-13] were  used but subsequent  regular iza t ion  was not p e r f o r m e d .  

The p r e s e n t  work cons ide rs  an a lgor i thm for  regu la r iza t ion  of the solution of Eq. (4) based on an 
expansion of the input data  vec to r  in a genera l i zed  F o u r i e r  s e r i e s  in t e r m s  of a spec ia l  s y s t e m  of o r thog-  
onal polynomials  [14] which a r e  invar ian t  with r e s p e c t  to rota t ion l~y l imi ta t ion of summat ion  in a c c o r d -  
ance with the d i sc repancy  pr inc ip le  [15]. 

T r a n s f o r m i n g  to the po la r  coordinate  s y s t e m  x = r cos  0, y = r  s in0 ,  we wri te  the function sought in 
the f o r m  

e(r, 0) ---- w i n ( -  1) ~ (m-}- 2k)! 

m • [Bm+2k (a  cos m0 -t- D~+2k (~) sin m0] (ar)mL~ " (&-rZ). 

He re ,  w o = 0 . 5 ,  w m 

encing the r a t e  of convergence  of the s e r i e s ,  and 

(5) 

= 1 (m ~ 0); L~(~2r 2) are generalized Laguerre polynomials; a is a parameter influ- 

B~+2~(~)=~cos rn~  [l(x', ~)Hm+2k(~zx')+Y(x', .~--~)H,,+~(--=x')ldx' ,  

D~=+~k(a)= [ sinm~-~j [I(x', ~)H.~+zk(ax')--I(x ' ,  = - -~ )Hm+~(- -ax ' ) ldx ' ,  

where  Hm+2k(aX') a r e  He rm i t e  polynomia ls .  

In the following, we cons ider  cases  where  the function I (x ' ,  ~) i s  s y m m e t r i c  with r e spec t  to ~ = 0 
( symmet ry  plane) so  that  the las t  exp re s s ions  s impl i fy  to 

D~-,~2k (~) = O; 

(6) 
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B~m+2k (a) = 2 S c o s m ~  l ( x ' ,  ~.)Hm+za(ax')dx'; (7) 

e (r, O) = exp ( - -  aZr z) w m (ar) m cos mO "(m + 2k)! B~m+2k (~z) L"; (cr (8) 
rn~O k~O 

m 
The coef f ic ien t s  Bm+2k((X ) in the F o u r i e r  expans ion  a r e  d e t e r m i n e d  with included e r r o r  because  of the e x -  
p e r i m e n t a l  na tu re  of the funct ion I (x ' ,  4) and hence  the p r o b l e m  of  s u m m i n g  the s e r i e s  (8) is  an i m p r o p e r  
p r o b l e m  [161. 

One of the  s tab le  methods  fo r  s u m m a t i o n  of the F o u r i e r  s e r i e s  is l imi ta t ion  of the n u m b e r  of t e r m s  
in the s e r i e s  compa t ib le  with e x p e r i m e n t a l  e r r o r .  Subst i tut ing the s e r i e s  (8) in Eq .  (4) and c a r r y i n g  out 
s imp le  t r a n s f o r m a t i o n s ,  we obtain as  an e x p r e s s i o n  f o r  the d i s c r e p a n c y  

K 

h (x', ~) I (x', ~) - -  n 3,,2 exp (--  a2x '2) [0.5 Z z~ (~zx') C~ (a) 
k = 0  

M K 

X )] 19) ~r m -~ cos tag '~ (o,x')Cm+:k(o* ---~ ~ Z m ' - 2 k  , 
m=. I / ~ :  0 

where  

rn t 12 r z =2~ (ax)  - 2 -m-2~ [k! (m -i- k)!] - l '  H,,,+2k (ax) ,  
rtt t~\ l l  / 2 D m  Cm~-~k(v:)=, [(m g- 2k ) ! ] - lma[k! (m + ~ m  L,n+2k(a). 

( l o )  

The a l g o r i t h m  fo r  r e g u l a r i z a t i o n  was c o n s t r u c t e d  on the bas i s  of a s e a r c h  fo r  values  of K and M such 
that  IIA(x' ,  ~)~ Z 2 =52, where  5 is  the n o r m  of the e r r o r  of a g iven funct ion I (x ' ,  4). The a l g o r i t h m  given was 
appl ied to  the mode l  funct ions  

e (r, O) = 2B exp I - -  rZ (a 2 sin 2 O + b 2 cos z O) - -  b2a m] ch (2t~rd cos 0), 

2B V-~- ( (11) aZt~x'2--b'd 2 sin___.__~ 2 0 ) 
I (x' ,  ~) 

I f  a z cos z 0 + b z sinzO - exp ~,-- bZd z a z cos z 0 + b 2 sin z 0 / 

a 2 cos 2 g + / ~  sin 2 g ' 

which sa t i s fy  Eq .  (4) exac t ly .  

F igu re  1 shows the g e n e r a l  f o r m  of the funct ions E(r, 0) and I (x ' ,  0), and F ig .  2 p r e s e n t s  so lu t ions  
obtained M t h  the s c h e m e  d i s c u s s e d  above .  To r educe  the consumpt ion  of mach ine  t i m e ,  a d i s c r e p a n c y  
c r i t e r i o n  in the f o r m  II A(x ' ,  0)II = 6~ was used .  E x p e r i m e n t a l  e r r o r s  were  s imula ted  by a n o r m a l  r a n d o m  
p r o c e s s  with coef f i c ien t s  of va r i a t ion  of 5, 10, and 15%. 

As shown by the f i g u r e s ,  the a l g o r i t h m  developed shows l i t t le  in tens i f ica t ion  of e x p e r i m e n t a l  "noise"  
and can be r e c o m m e n d e d  fo r  ana lys i s  of  s p e c t r a l  m e a s u r e m e n t s  in a t h e r m o p h y s i c a l  e x p e r i m e n t .  

NOTATION 

I (x ' ,  ~), r e c o r d e d  rad ia t ion  in tens i ty ;  e ( r ,  0), loca l  emi s s iv i t y ;  t ,  p a r a m e t e r ;  a ,  b, m a j o r  and m i n o r  
s e m i a x e s  of e l l ipse ;  Bm+2k(a) ,  Dm+2k(a,), coef f ic ien ts  of g e n e r a l i z e d  F o u r i e r  s e r i e s ;  A(x ' ,  4), d i s c r e p a n c y  

m ( a x ' ) , s p e e i a l p o l y n o m i a l s ~ K ,  1imlt of s u m m a t i o n  of function;  B,  cons tan t  coeff ic ient ;  a ,  s ca l e  f ac to r ;  Zm+zk 
s e r i e s  o v e r  k; M, l imi t  of s u m m a t i o n  of s e r i e s  o v e r  m.  
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T H E  T E M P E R A T U R E  D E P E N D E N C E  OF TI IE  T H E R M A L  

C O N S T A N T S  OF C O M P O S I T E  P O L Y M E R  M A T E R I A L S  

V.  I .  S t r a k h o v ,  S.  I .  L e o n o v a ,  
a n d  A. N.  G a r a s h c h e n k o  

UDC 536.21 

We developed a method for determination of the thermal-conductivity temperature dependence 
of organic and fiberglass plastics at temperatures  up to 1000~ from thermocouple measure-  
merits by solving the inverse heat-conduction problem. 

In the region of temperatures  exceeding the minimum temperature  of thermal  decomposition of compo- 
site polymer mater ia ls ,  the macros t ructure  and the chemical composition of the material  change and the the r -  
mal effects of the physicochemical transformations appear. These factors depend crucially on the rate and 
conditions of heating and as a resul t ,  the traditional methods of measuring the thermal  constants [1] are large-  
ly inapplicable since these are  based on the solution of the heat equation without taking into account the features 
mentioned above. The determination of the thermal  constants in this temperature  region is made possible 
using the temperature  measurements  in heating conditions close to those occurring in real  situations by the 
method of the inverse heat-conduction problem (IHCP). 

The mathematical model describing the heat propagation in the composite polymer materials at high 
temperatures  should describe all relevant features of the process ,  and at the same time be sufficiently simple 
from the point of view of practical  applications. These requirements are satisfied by the heat equation written 
in the form 

F Ot 0 (. O~x ) Ot 
= + Ox 

F , :  ( I - -  D c~~ ~- po ( 1 - -  Kmc)Q -~t ; G ::  c I 

Xbd 

dx. 

(1) 

The majority of the physical parameters  appearing in the heat equation (1) (X, Kmc, f ,  Q, P0, 02, cl) can 
be determined by existing methods. To determine the specific heat c 2 and the thermal  conductivity X it is neces-  
sary to use IHCP. 
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