
N O T A T I O N  

a,  empi r i ca l  p a r a m e t e r  taking account of nonuniform sect ions oriented para l l e l  and perpendicular  to 
the  gene ra l  d i rec t ion  of heat flow in the model;  b, empi r i ca l  p a r a m e t e r  taking account of the fact that  only a 
par t  of the su r f ace  of the solid f r a m e  is wetted and contr ibutes  to the diffusive heat t r a n s f e r  due to evaporat ion 
and condensat ion of mois tu re ;  ms ,  m w ,  mL,  m L p ,  volume concentra t ion of the solid component,  liquid, and 
pores  with d ry  and wet wal ls ,  r e spec t ive ly ;  h, effect ive t h e r m a l  conductivity of mois t  m a t e r i a l s ;  hS, hW, 
~'L, h i D ,  t h e r m a l  conductivity of the  solid component,  liquid, d ry  a i r ,  and a i r - - v a p o r  mix tu re  (diffuse c o m -  
ponent); hdry ,  hsa ,  t h e r m a l  conductivity of d ry  porous and comple te ly  mois t  ma te r i a l ;  6, diffusion coeff i -  
cient; P, to ta l  p r e s s u r e  of the mix ture ;  PD, sa tu ra ted  vapor  p r e s s u r e ;  RD, un ive r sa l  gas constant;  r ,  heat 
of evapora t ion .  
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T H E R M A L - C O N D U C T I V I T Y  R A N G E  F O R  A C O M P O S I T E  

H A V I N G  K N O W N  R A N G E S  I N  P A R A M E T E R S  F O R  

T H E  C O M P O N E N T S  

So G .  Z h i r o v  UDC 536.21 

The known ranges  in t h e r m a l  conductivity for  the components  may  be used to  d e t e r m i n e  the 
range  in t h e r m a l  conductivity for  a composi te ;  fo rmulas  have been der ived for  the dis t r ibut ion 
coeff ic ients ,  which provide  detailed values in each case .  

T h e r e  a r e  p resen t ly  many different  methods of calculat ing t h e r m a l  conductivit ies for  composi tes  in 
t e r m s  of the known conductivit ies of the components ; these  methods fo rm the subject  of s e v e r a l  rev iews  [1-4]. 

in these  methods it is a s sumed  that  the t h e r m a l  conductivity and the deg ree  of filling a r e  known exactly,  
whereas  in any m e a s u r e m e n t  t h e r e  is always s o m e  exper imenta l  e r r o r ,  and the final sp read  is governed by 
the  e r r o r  of m e a s u r e m e n t  as well  as by var ia t ions  in the  p rope r t i e s  of the m a t e r i a l  i tself .  In ei ther  case ,  
the  measu red  value for  the t h e r m a l  conductivity is to  be t r ea ted  as a r andom quantity, one of the c h a r a c t e r i s -  
t i c s  being the ma themat i ca l  expectat ion (most likely value) and another  being the s tandard deviat ion.  

In this connection it is of in te res t  to  de t e rmine  how the sp read  in the t h e r m a l  conductivity for  each of 
the components affects  the sp read  in the s a m e  for  the compos i te  for  var ious  proport ions of the components .  

Fu r the r ,  a r e a l  compos i te  a l so  has a degree  of filling in a finite volume that  may a lso  be considered as 
a r andom quantity, which deviates  to  s o m e  extent f rom the mean  value .  T h e r e f o r e ,  the  t h e r m a l  conductivity 
of the compos i te  should va ry  even within the volume of a s p e c i m e n .  We show below that in ce r t a in  instances 
one can de t e rmine  in s i m p l e  fashion the sp read  in the t h e r m a l  conductivity of the composi te  as a function of 
the  sp read  in the deg ree  of fil l ing. 
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F ig .  1. T h e r m a l - c o n d u c t i v i t y  d i s t r ibu t ions  : a) compos i t e  with a 
n o r m a l  d i s t r i bu t ion  for  the  t h e r m a l  conduct iv i ty  of the  f i l le r ;  b )  
fi l led m a t e r i a l  with a n o r m a l  d i s t r ibu t ion  for  the d e g r e e  of fi l l ing 
in s p e c i m e n s  of f ini te  s i z e .  Mean d e g r e e s  of f i l l ing:  1) 0.3; 2) 
0.5; 3) 0.7. 

The  t h e o r y  of p robab i l i ty  [5] shows that  if a r a n d o m  quanti ty Y is a funct ion of ano the r  r a n d o m  quanti ty 
X, namely ,  Y = ~(X), then  the  d i s t r ibu t ion  for  Y is defined by 

fl (y) = i [4 (y)] !4' (y)], (1) 

w h e r e  r = x and fl(Y) is the  d e s i r e d  dens i ty ,  f(x) is the  d i s t r ibu t ion  for  x, which is r e l a t ed  to  y by y = ~0(x) 
or  x = r and I~'(y)l is the  abso lu te  value of the  de r iva t i ve  of r with r e s p e c t  to  y.  

T h e r e f o r e ,  the  d i s t r ibu t ions  for  the  conduct iv i t ies  of the  components  can be used with the  r e l a t ionsh ip  
be tween  the se  conduct iv i t ies  and the  conduct iv i ty  of the  compos i t e  in conjunct ion  with (1) to  def ine  the  d i s t r i -  
but ion for  the  conduct iv i ty  of the  c o m p o s i t e .  This  enables  one t o  def ine  the  m e a n  t h e r m a l  conduct iv i ty  and the  
s t anda rd  devia t ion .  

This  is the  s i m p l e s t  when the  t h e r m a l  conduct iv i ty  of the  compos i t e  is l inear ly  re la ted  to  the  conduc t iv i -  
t i e s  of the  componen t s ;  fo r  example ,  s e v e r a l  f o rmu la s  [6-10] a r e  ava i lab le ,  which can  be r e p r e s e n t e d  in one 
of the  fol lowing f o r m s  : 

k = a 1 + blkl, / (2) 
k a~ + b~k 2 J 

Usual ly ,  t h e r m a l - c o n d u c t i v i t y  m e a s u r e m e n t s  for  the components  can  be r e p r e s e n t e d  as n o r m a l  d i s t r i b u -  
t ions ,  the  d i s t r i bu t ion  for  component  i t ak ing  the  f o r m  

(k~) = 1 exp [ (k~ - -  k,o)2 ] (3) 
' 0 . 2  " l/-2n ~.~ L 2 ~,~ 

If k is l inea r ly  dependent  on ki ,  the d i s t r ibu t ion  for  ~ wil l  a l so  be of n o r m a l  fo rm,  whose  m e a n  and 
s t a n d a r d  devia t ions  a r e  defined by 

ko = a~ + b~k01, (4) 

a~ = a ~  Ib~!. (5) 

If  a l inear  r e l a t i onsh ip  does not apply,  it is poss ib le  to  d e r i v e  an  e x p r e s s i o n  for  the  d i s t r ibu t ion  for  the  
composi t ' e  only in c e r t a i n  p a r t i c u l a r  c a s e s .  As an  example ,  we cons ide r  the  d i s t r ibu t ion  for  a compos i t e  in 
which the  m a t r i x  has a cons tan t  t h e r m a l  conduct iv i ty  while the  f i l le r  has a n o r m a l  d i s t r ibu t ion ,  for  which p u r -  
pose  we use  the  f o r m u l a  of [11] fo r  m a t r i x  s y s t e m s ,  which takes  the  f o r m  

P 
- -  ---- I -I- I ( 6 )  

3 ~ 1 

933 



We t r a n s f o r m  (6) to get 

p _ _ _ .  
(7) 

Then 

p 

We subst i tu te  (7) and (8) into (1) to get f(h) for  this case :  

X l - -  ~ T Z -  - --~'2o 

-3 -~--i - 1  exp/ 2ex~ 

This  is c l ea r ly  not a no rma l  dis tr ibut ion;  Fig.  l a  shows the dis t r ibut ion given by (9) for  var ious  de -  
g r ee s  of filling when k I = 1 W / r e .  ~ k20 = 0.5 W / m  .~ and ~h2 = 0.2 W / m  "~ 

(s) 

(9) 

T h e r e  a r e  a l so  no e s s e n t i a l  difficult ies in defining the dis t r ibut ion of k when hi has a normal  d i s t r ibu-  
t ion, but the express ion  then becomes  ve ry  c u m b e r s o m e  and is not given he re .  

It is a l so  of in te res t  to consider  the ea se  where  the f i l ler  is unevenly dis t r ibuted over  the volume of the 
composi te ,  provided that  we can a s s u m e  that the deg ree  of filling for  spec imens  taken f rom different  points 
will have a no rma l  d is t r ibut ion:  

1 [ 
/ (P) ---- V_~clv exp 

If  (6) is used,  with },2/~1 = v  and ~/X i = 7 ,  w e g e t  

~p(7) = p = 7--I 
2+7 

Then 

(P - -  PoP 
2~---~p : ] "  (i0) 

2 + v  
' v - -1  

2 + v  3 

I~P ' ( ? ) l -  ] ~ _  l] " (2+ 7) ~ 

2+.v__v, 3 1 dxp - -  2 + 7  v - - 1  . 
/(7) = J r - -  It ( 2 +  V)------~'V-~crp 2(/~, 

( i i) 

(12) 

(13) 

Figure  lb  shows graphs  for  this function for  P0 = 0.3, 0.5, 0.7; ~ p  = 0.2; and v = 5. 

Then  these  fo rmulas  allow one to define the d is t r ibut ion  of the t h e r m a l  conductivity for  a compos i te  if 
the p a r a m e t e r s  of the no rma l  d is t r ibut ion a r e  known for  each of the components ,  toge ther  with those  for  the 
deg ree  of fi l l ing. These  dis t r ibut ions  allow one to ca lcu la te  the mean  and s tandard  deviations of the t h e r m a l  
conductivity of the compos i te .  

Analogous formulas  can be der ived when other working fo rmulas  a r e  employed,  and a l so  when the d i s -  
t r ibut ions for  the t h e r m a l  conductivity or degree  of filling a r e  not no rma l .  

NOTATION 

2% effect ive t h e r m a l  conductivity of composi te ;  ~1, 2~2, t h e r m a l  conductivit ies of ma t r ix  and f i l le r ;  hi ,  
t h e r m a l  conductivity of i - th  component;  P, degree  of filling; f(y), d is t r ibut ion densi ty  of r andom quantity Y; 
al ,  a2, bl,  b2, coefficients dependent on speci f ic  formula ;  Y0, mean  value of y; ~y, s tandard  deviat ion of y .  
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CONTACT LESS METHOD OF DETERMINING THE 

COEFFICIENT OF THERMAL DIFFUSIVITY OF LOCAL 

DOMAINS OF SURFACE LAYERS AND THIN FILMS 

K. G. Gartsman, To T. Dedegkaev, 
A o D. Terekhov, and I~~ Mo Sher 

UDC 536.2.023 

A method is proposed for  measur ing  the coefficient  of t h e r m a l  diffusivity of mic rosec t ious  of 
su r f ace  l ayers  and thin f i lms .  T h e  coefficient  of t h e r m a l  diffusivity is calculated f r o m  the t ime  
dependence of the heat flux emit ted by the heated s u r f a c e .  

The  poss ibi l i ty  of de te rmin ing  the physica l  p a r a m e t e r s  cha rac te r i z ing  mic ron  regions of su r f ace  layers  
of bulk spec imens  and thin f i lms is impor tan t  in the minia tur iza t ion  of technical  appa ra tus .  

X - r a y  s p e c t r u m  e l ec t ron -p robe  mic roana lys i s  [1] is extensively used at this  t i m e .  In pa r t i cu la r ,  this 
method is used to inves t iga te  semiconduc tor  ma te r i a l s  and t h e r m o e l e c t r i c  subs tances ,  which pe rmi t s  obtain-  
ing data about the micro inhomogene i ty  of the subs tance ,  the composi t ion  of the  shallow phases ,  the i n t e r m e -  
dia te  l aye r s ,  the behavior  of the doping impur i t i e s ,  e tc .  [2]. Knowledge of only the r e su l t s  of an x - r a y  s p e c -  
t r u m  mic roana lys i s  is insufficient for  an es t imat ion  of the ro le  of the  micro inhomogene i t i e s ,  the shallow 
phas es,  and the in te rmedia te  layers  in semiconduc tor  i n s t rumen t s .  Knowledge of the physical  p a r a m e t e r s  of 
the  mic rodomains  under  invest igat ion,  pa r t i cu la r ly  the t he rmophys i ca l  p rope r t i e s ,  is a l so  impor tan t .  

We used an e lec t ron  beam x - r a y  m i c r o a n a l y z e r  of MS-46 type in combinat ion with a high sens i t iv i ty  in-  
f r a r ed  radia t ion  de tec tor  to de t e rmine  the coefficient  of t h e r m a l  diffusivity of su r f ace  or f i lm m i c r o s e c t i o n s .  
Since the d i ame te r  of the e lec t ron  b e a m  of ins t ruments  of the type mentioned equals approx imate ly  1 #m,  the 
measu red  values of the coefficient  of t h e r m a l  diffusivity will c h a r a c t e r i z e  a domain s e v e r a l  microns  in s i z e .  
The  crux  of the method is the following. 

A cyl indr ica l  sec t ion  of radius  a and thickness  l (Fig. 1) of the su r f ace  of the spec imen  3 under inves t i -  
gat ion is exposed to the a x i s y m m e t r i c  e lec t ron  b e a m  1 whose densi ty is normal ly  d is t r ibuted .  

Heat will be l iberated at the s i t e  of e lec t ron  beam incidence on the su r f ace  being invest igated,  par t  of 
which will be d iss ipa ted  in the  subs tance  and par t  of which will be radia ted  by the su r f ace  into surrounding 
space .  It may be cons idered  that  the quantity of energy being radia ted  is negligible compared  to the quantity 
which is d iss ipated within the subs tance .  
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