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Spatial orientation of point defects can occur  during surface formation in a solid. The average tensor  of 
elastic dipoles [1], on whose orientation the dia- and paraelas t ic i ty  are  based [1, 2], can be viewed f rom the 
point of view of the mechanics of a continuous medium as a tensor  state parameter ,  i.e., an analog of the us-  
ual sca lar  concentration of dissolved substance. The idea that sca lar  quantities (concentration and the chem- 
ical potential) are  inadequate for describing deformation of solids in the diffusion theory, but corresponding 
tensors  must  be introduced, is stated in [3, 4] (see also [5, 6]). As state pa ramete r s  of a nonideal solid solu- 
tion, the tempera ture  T, the entropy s, s t ress  tensor  a, deformation e, chemical  potential ~, and concentra-  
tion c, for  which a coupled sys tem of equations is obtained in [3, 4], are  chosen. 

The purpose of this paper is to construct  a two-dimensional analog of the sys tem of equations indicated 
taking into account the specifics of surface phenomena, modeling the thin nea r - su r face  layer  by a surface hav- 
ing intrinsic state pa ramete rs .  

1. Balance Equations. For  the mater ia l  volume il lustrated in the figure, the following equations are  
valid: conservation of mass  

conservation of the defect density tensor 

= O; (1.2) 
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where p is the density; P = pc, defect density tensor;  v, velocity; F, vector  of mass  forces;  el and e2, three-  
dimensional s t r e ss  tensors;  cr, a two-dimensional s t ress  tensor  on the surface;  E = u + (I/2)v2; u, internal 
energy density; q, heat flux vector;  s, ~?, j ( s )  density, formation, and flux of entropy; t, time; n, external 
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Fig .  1 

n o r m a l  to the s u r f a c e ;  N, o u t e r  n o r m a l  to the c o n t o u r  F ,  t angen t  to the s u r f a c e  I~ ( see  F ig .  1). The i n d i c e s  1 
and 2 i nd i ca t e  q u a n t i t i e s  r e l a t i n g  to the two m e d i a  in con tac t ;  q u a n t i t i e s  wi thout  i n d i c e s  a r e  c h a r a c t e r i s t i c s  of 
the s u r f a c e .  

The t r a n s i t i o n  in Eqs .  ( 1 .1 ) - (1 .5 )  to the  l i m i t  with the vo lume  V c o n t r a c t e d  to a po in t  on the s u r f a c e  I; 
[7, 8] a s s u m i n g  that  the v e l o c i t i e s  on the s u r f a c e  a r e  equa l  l e a d s  to the l o c a l  equa t ions  

dp/dt + 9Vz" v = 0 ;  (1.6) 

pde/dt = - - V z - J ' +  n i"J i  + n~.J~; (1.7) 

pdv/dt ---- pF + V~,tr - -  n i . a i  - -  n2.a~; (1.8) 

pdE/dt " p F ' v  --7 v z ' q  + Vz-(a .v)  + n i .q i  + n2"q2 - -  n i . cq .v i  - -  ns.a2.v2; (1.9) 
T(S) pas/at = ,n - . s('!i + . , : .  s(?) + . 3 .  (1. lO) 

w h e r e  J = WP is  the r a n k  3 d e f e c t  f lux t e n s o r ;  w is  the d i f fus ion  ve loc i ty ;  ~7 Z i s  the s u r f a c e  nab la  o p e r a t o r .  

The c o n s e r v a t i o n  of i n t e r n a l  e n e r g y  fo l lows  f r o m  Eqs .  (1.8) and (1.9) 

pdu/dt -~ - - v z ' q  + (VzV) : a  + n i ' q i  + n~.q2. (1.11) 

2. Condi t ion  of  L o c a l  E q u i l i b r i u m .  F o l l o w i n g  [3, 4] and us ing  as  a b a s i s  the p r i n c i p l e  of  l oca l  au tonomy  
of  the s u r f a c e  p h a s e  [9] ,  we s h a l l  w r i t e  the cond i t ion  fo r  l o c a l  e q u i l i b r i u m  in the f o r m  �9 

du = Tds + 9-1~ : de + ~ : de. (2.1) 

The equa t ions  of  s t a t e  a r e  def ined  by  the equa t ion  

T = (Ou/Os) .. . . .  , = p(Ou/Oe) . . . .  i~ -~ (Ou/Oc)s,e. (2.2) 

If we i n t r o d u c e  the g r a n d  p o t e n t i a l  d e n s i t y  

c o =  U - -  Ts - -  r : e, 

then i n s t e a d  of Eqs .  (2.1) and (2.2) we ob ta in  

do) ---- - - sdT  + p - l a  : de - -  e : dq~; (2.3) 

s = --(Oo)/OT)e,v~ a ----- p(ao)/0e)T,~, e = --(0o)/0(p)T, ~. (2.4) 

In the t h e o r y  of  s u r f a c e  phenomena ,  the d e n s i t i e s  c a l c u l a t e d  p e r  uni t  s u r f a c e  a r e a  a r e  u s u a l l y  u sed :  
u*  = pu, w* = pw, s *  = os .  Then Eqs .  ( 2 . 1 ) - ( 2 . 4 )  a r e  r e w r i t t e n  in the f o r m  

du* = Tds* ~ (a - -  o)*a) : d e + r : dP; (2.5) 

( O u , ]  [ O u * ) =  + ( 0 u * ]  ; (2.6) 
T = t 0--g~/~,P' r = ~-g-e--J,,.g (r co* a t ' -~-s ,* , r  

do)* = - - sadT  q- ( ( r - - c o , a )  : de - P : dff,; (2.7) 

s* = --(Oo)*lOT)e,,, e = -L(O~*/O@T,e, (2.8) 

= co*a + (0~0*10e)r,r 

w h e r e  a is  the  m e t r i c  t e n s o r  on the s u r f a c e  Z.  

The equa t ions  of  s t a t e  fo r  the  s t r e s s  t e n s o r  (2.6) and (2.8), coupl ing  the s u r f a c e  s t r e s s  t e n s o r  with the 
s u r f a c e  d e n s i t y  of  the g r a n d  po t en t i a l ,  have the f o r m  of  the  H e r r i n g  equa t ion  [ 10] and,  in p a r t i c u l a r ,  e m p h a s i z e  
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the important role of the quantity c0* in studying surface phenomena in solid solutions. 

We shall expand the density of the grand potential ~o* in a series with respect to the natural variables 
in the vicinity of the equilibrium state (indicated by the index 0), retaining quadratic terms: 

, poC O~ - ~KO tr e--  poLO tr �9 -~ (0* ~ (D O - - - ~ 0  

~- + (tr e) g ~ (tr 0 )  2 --  7K (tr e) (tr q)) -]- ,ue: e -  Do,(//): (]) ~- 2~ e :  

Different ia t ion  of e x p r e s s i o n  (2.9) leads  to the spec i f ic  f o r m  of the equat ions  of s ta te  

(2.9) 

�9 C 8 +  ~// t r e - ~ t r ( P ,  
8 ~ o  Po " 

-~ ~0 -~ ~K tr e~ a, ~ = 2~te ~- 2~ @ 
Po ] 

Po 

+ - - -  + a ,  

(2.10) 

where  | = T - To; @ = q~ - ~0; X,/~, K a r e  the two-d imens iona l  coeff ic ients  of e las t ic i ty ;  C is the heat  
capaci ty;  fi is the coeff ic ient  of t h e r m a l  expansion;  ~/ is the coef f ic ien t  of diffusive expansion;  D and v a r e  
coeff ic ients  c h a r a c t e r i z i n g  the m a s s  content;  ~ and ~ desc r ibe  the c r o s s  effects  be tween diffusion d e f o r m a -  
tion and heat  conduct ion,  r e spec t ive ly .  

In the expansion (2.9) and in equat ions  of s tate  (2.10),  fo r  the su r f ace  s t r e s s  t en so r  a ,  a cons tan t  t e r m  
co~, which is impor t an t  in s tudying su r f a c e  phenomena,  is included. The need to include t e r m s  of  this kind was 
emphas ized  in [11].  

3. F o r m a t i o n  of En t ropy  and the Sys tem of Equat ions .  Simultaneous ana lys i s  [12] of the condit ions of  
local  equ i l ib r ium and the conse rva t i on  equat ions spec i f ies  the e x p r e s s i o n  for  the flow and gene ra t ion  of en-  
t ropy  ( compare  with [ 13]): 

The phenomenolog iea l  equat ions,  including C u r i e ' s  p r inc ip le  and s y m m e t r y  of phenomenolog ica l  coef -  

f ic ients  LI2 : L21, IV[12 = M21, a r e  wr i t ten  in the f o r m  

q = L q v z / T ,  J = -~L.rv~ r (3.1) 

nl" qi = 'L i i (  l I T ' -  l / T i )  + Li~( l I T  - -  t /T~) ,  n 2. q2 = 

= L i2 ( I /T  -7 t /T~) .-}- L ~ ( i / T  =- I/T'~)~ n i . J  i =- - - M ~ ( ~ / T  - -  

- - ~ i / T ~ )  - -  Mi~(cp/r  - -  ~2/T2)~ n~.J2 ------M~2(,~/T - -  (h /T i )  - -  Mn( ' ,~ /T - -  t J T ~ ) .  

Using Eqs.  (1.7) and (1.11),  a f t e r  l inea r i z ing  and neglect ing the coupling effects  in the equat ions of the 
p r o c e s s  (3.1) ,  we obtain a s y s t e m  of equat ions cons i s t ing  of the following equat ions  of mot ion  (1.8),  g e n e r a l i z -  
ing the wel l -known Lap lace  equat ion [ 14] for  l iquids,  re la t ing  the jump in p r e s s u r e  to the su r f ace  tension;  the 
equat ions  of s ta te  (2.10); equat ion of heat  conduct ion 

, 00  ' ' l ' g w ~  Otr(l)  

diffusion equat ion 

a +  K O t r e  ~, o tr q, 2p0v oa ~ oe o'O , : Mhz(I)  = pou --gT"- V/- - -  2~V/" + Pot -~" a -t- '/ ~ a - -  h i . J 1  - -  n2.J2; 

condi t ions  for  the type of exchange a c c o r d i n g  to Newton 's  law 

ni ;q~  = a d O ~  - -  O),. n~.J~ = e~((I)~ " @),: i = t ~  2; .  

kinemat ic  
Vi '~-- Y2 ~--- V 

and geometric condit ions 

(3.2) 
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where  A is the coefficient  of t he rma l  conductivity; M, coefficient  of mass  conductivity; o~, h e a t - t r a n s f e r  coef-  
ficient; e, m a s s  t r a n s f e r  coefficient;  u, d i sp lacement  vector;  the s u p e r s c r i p t  s in Eq. (3.2) indicates the s y m -  
me t r i c  par t ,  while the subsc r ip t  IJ indicates the fact  that the sur face  component  of the spat ial  t ensor  VGu is 
taken. 

Thus, a closed s y s t e m  of equations is obtained, descr ib ing  sur face  phenomena in e las t ica l ly  polarizing' 
solids,  which, in pa r t i cu la r ,  can be viewed as genera l ized  boundary conditions for  the spat ia l  s y s t e m  of equa- 
tions proposed in [3, 4]. 
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