
where  

p = P/4al"~; ~l = [lzVo/'~h; [12=[:t2vo/'~h~.. 

A solution of the nonlinear  s y s t e m  of equations with r e spec t  to the va lues  of/~l,/~2, c, h, co r r e spond ing to  
a min imum evaluat ion of (3.3), can be obtained by succes s ive  approximat ions .  We l imi t  ou r se lves  to the f i r s t  
approx imat ion .  De te rmin ing  IZl,/~2, h f r o m  a min imum of the evaluat ion of (3.3) with c = 0, we  find 

p ~ 2 - b ( l - k X ) / 2 V ~ ,  ~ - - - ~ = 1 ,  h=Vaza~. .  
* * 

Determin ing  o f r o m  the condition of a m i n i m um of the evaluat ion of (3.3) with the va lues  found for ~l,  ~2, h, 
we obtain 

p ~ l l /6 n u (i -k ~,)/2[/~,--', c = --2VM(I -k  )~). (3.4) 

In the case  of an ideal  r ig id ly  p la s t i c  medium,  the p r o b l e m  under considerat ion with I >- 0.5 has  solutions 
(Fig. 3) analogous to the solution of Hi11 and Prand t l  for  the i m p r e s s i o n  of a single punch [1]. According to 
these  solut ions 

p = t -~ •/2. (3.5) 

The dashed line in Fig. 4 co r r e sponds  to an evaluat ion of (3.4) and the solid line to the value of p 
accord ing  to (3.5). The d i f ference  between the evaluat ion and the value of p accord ing  to (3.5) with 0.5 -<X -< 2 
does not exceed 12%. The cons iderab le  d i f ference  with l a r g e r  va lues  of h is  explained by the fact  that,  in this 
ease ,  a continuous p las t i c  zone i s  not fo rmed  in the su r face  l aye r  of  the medium and, consequently,  the 
condition a t +  a 2 = l c o r r e s p o n d s  poor ly  to the actual  p ic ture  of  the deformat ion.  In this case ,  a be t te r  eva lua-  
t ion can be obtained by a s suming  that ,  in the region a t +  a2< x - - l ,  the ve loc i t i es  a r e  equal to zero ,  and d e t e r -  
mining a 2 f r o m  the condition of a minimum of the evaluation.  
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P r o b l e m s  of t h e r m a l  conductivity,  e las t ic i ty ,  and the v i s c o s i t y  of mul t iphase  solid m a t e r i a l s  have solu-  
t ions  in the fo rm of expansions with r e s p e c t  to mult ipoint  moments .  However ,  the use  of these  solutions is  
l imi ted  by the difficulty in de te rmina t ion  of the mult ipoint  momen t s ,  giving the r andom field of the p a r a m e t e r s ,  
which a r e  the s ta r t ing  point for  a theore t i ca l  invest igat ion.  Out of the exis t ing quanti ta t ive methods of s t a t i s -  
t ica l  e x p e r i m e n t  [4, 5], the mos t  p romis ing  is  op t i c a l - s t r uc tu r a l  ana lys i s ,  based  on the s to rage  of a signal,  
obtained f r o m  the output of a pickup of the optical  densi ty,  with scanning of the s t ruc tu re .  Subsequent auto-  
ma ted  introduction of the r ecord ing  of the signal into an e lec t ron ic  compute r  would make it  poss ib le  to use  
any given a lgo r i thms  for calculat ion of the p a r a m e t e r s  of the s t ruc tu re .  

Fo r  jus t i f i ca t ion  of the expe r imen ta l  method of de te rmin ing  mult ipoint  momen t s ,  le t  us  consider  the 
s t a t i s t i ca l ly  homogeneous  r andom fields A in the space  of the Car tes ian  coordinates  X i. The mult ipoint  
m o m e n t s  a r e  de te rmined  as  a r e su l t  of ave rag ing  

( A ( X ) A ( X ' ) A ( X " ) . . . > =  M(X' - -  X, X"  - -  X . . . .  ). (1) 

Fo r  a compos i te  medium,  the ass ignment  of the random field of  the de te rmin ing  p a r a m e t e r s  is  r e p r e -  
sented in the f o r m  of independent c h a r a c t e r i s t i c s ,  r e la t ing  to the physica l  p r o p e r t i e s  of each phase  separa te ly ,  
and the g e o m e t r y  of the dis t r ibut ion of the phase s  in space .  Let  A i be some phys ica l  p a r a m e t e r ,  cor responding  
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Fig. i 

Fig. 2 

to the i - th  phase,  for  example,  the t ensor  of the elast ic  moduli, the density,  the d ie lec t r ic  permit t iv i ty ,  etc.  
The geome t ry  of the phase is given by the function ~i ,  taking on the value 1 in the region of space occupied by 
the i - th  phase and the value 0 in the remaining region. The random field of the p a r a m e t e r  A for  an (N+ 1)- 
phase medium can be r ep re sen t ed  in the fo rm 

_10, ~ i ,  (2) A =  A,~:§ (A, - -  ho) z~ (X), zi• i 1. 

Substitution of express ion  (2) into relat ionship (1) shows that the multipoint moments  of the field A a re  
exp re s sed  by a l inear  combination of mixed mult icomponent  moments  of the geomet r ic  s t ruc tu re s  ~i .  Thus,  
the investigation of the geomet r i ca l  s t ruc tu re  can be made independently of a determinat ion of the physical  
p a r a m e t e r s .  The possibi l i ty  of the complete  ass ignment  of the random s t r u c t u r e  in the fo rm of de termined 
cha rac t e r i s t i c s  is  contained in the conditions for the existence of the cha rac t e r i s t i c  functional [6] 

/ .N (X)O,(X)'dX]*. (3) (I) (0): = \ e x p  [ ~ ,  ; ~1 
1 /  

The expansion of the functional (3) in a s e r i e s  with respec t  to hmctionals of the n-th: o rde r  is  given by 
n-point  moments .  In this  sense,  the ass ignment  of n-point  moments  can be adopted as an overa l l  r e p r e s e n t a -  
tion of the va r i e ty  of random s t ruc tu res .  The ass ignment  of n-point  moments  is the most  complete and ob- 
ject ive c r i t e r ion  of the d iscr iminat ion  of the s t ruc ture .  The universa l i ty  of the represen ta t ion  of the random 
s t ruc tu re  in tile fo rm (3) o r  by n-point  moments  consists  of the fact that any given s ta t is t ical  cha rac te r i s t i c s  
can be exp re s sed  in t e r m s  of  the p a r a m e t e r s  of the n-point moments .  

Let  the image of the s t ruc tu re  of some phase be r ep resen ted  on a b lack- t ransparen t  photo-pla te ;  he re  
va lues  of ~(X~, X2) = 1 cor respond  to the t r ansparen t  regions of the image.  F igure  1 shows the scheme of a 
unit  for  invest igat ion of plane s t ruc tu res .  A para l le l  beam of light C f rom the a rea  of the c ros s  section S 
pas se s  through the photo plates  I, lI, HI, which have identical  images  of the s t ruc ture .  The light flux, r ecorded  
by a photometer ,  is propor t ional  to the a r e a  of the t r ansparen t  region in the plates .  With complete superpos i -  
t ion of the images  of the s t r uc tu r e  on plates  I-III,  the absorpt ion of light, inhomogeneous over  the area ,  takes 
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place only in the plate I. In this  case,  the a rea  of the t r ansparen t  region, r e f e r r e d  to the a rea  S, coincides 
with the rat io  of the light fluxes for  the b lack- t ransparen t  and t r anspa ren t  plates;  he re  the ra t io  is  equal to 
the concentration, of the t r anspa ren t  regions.  

Let  the plate I be fixed, while pla tes  II, III move in the di rect ions  (X~, X~) and (XI~ X~'). In this case,  for  
all the plates  the t r anspa ren t  region co r responds  to the region for which the equality 

(X,, X,) ~ (X;, X~)~ (X~, X D = t. 

is sat isfied.  The a rea  of this region is equal to 

S ~  = ~ ~ (Xl, X,)~ (X;, X'~),~ (X;,  ~ )  dX,dX,.  

Postulat ing the ergodic i ty  of the homogeneous s t ruc ture ,  the mathemat ica l  descr ip t ion can be calculated 
by averaging over  the a rea .  

For  a th ree -po in t  moment ,  we obtain 

M,  (X;  - -  X, .  X'~ --  X,.  X] - -  Xx. X i - - X , )  = S ~ S  - i  

The ra t io  Slyl s - l ,  r e c o r d e d  by the photometer  as  the rat io of the light fluxes with different  combinations 
of the shifts  of the plates ,  m e a s u r e s  a function of four var iab les .  For  a th ree -d imens iona l  i so t ropic  s t ruc ture ,  
M s is de te rmined  by the mutual a r r angemen t  of th ree  points. The re fo re ,  the investigation of one flat slide in 
th ree  photo-pla tes  i s  sufficient for  m e a s u r e m e n t  of M s as a function of th ree  var iab les ,  charac te r iz ing  the 
mutual  a r r angemen t  of th ree  poin ts  of  any given plane of the space.  With the m e a s u r e m e n t  of four-point  
moments ,  four photo-pla tes  are  used; he re  not only with identical  images ,  but also with photography of sect ions 
in the planes X~ = eonst  at  d i f ferent  dis tances ,  which a r e  small  in compar i son  with the cha rac te r i s t i c  d imen-  
sions of the inhomogenei t ies  of the s t ruc ture .  For  measu remen t  of moments  of the n-th o rder ,  new sect ions 
a re  not requi red .  Depending on the coordinates  of the points at  which the m easu rem en t  is being made, a packet  
of plates  is  made up for  i l lumination. With invest igat ion of mixed moments  of an N-phase medium, photos 
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a re  made of one slide with the absorption regions ~i, ~4j, which can be obtained using special etching methods, 
making it possible to separate out for photography individual phases from an N-phase set. The analogy 
between the light flux and the absorption of light, averaged over the area,  with a shift of the photo-plates and 
multiplication of the functions ~ at different points, enables an experimental investigation of more general 
s t ructures  than those indicated above. 

In an experimental investigation of a structure,  the dimensions of the photographic image (Fig. 2) and 
cross  section of the beam, were equal, respectively,  to 81 x 111 mm ~ and S=45 x 46 mm 2. The spacing with a 
shift of the photo-plates was equal to 0.5 rnm. A ~-107 semiconductor photoelement and an R-307 potentiomL 
eter  were used. The results of measurement  of a three-point moment as a functio~ of M2(X , Y), where 
X=X~ - X I ,  Y=X~ - X  2, are  shown in Fig. 3. 

An investigation of the structure of the distribution of martensite in steel Khl2M [7] was made by 
numerical  methods. After the application of a square grid, values of the function ~=0,  1 were introduced into 
the computer. In Fig. 4 the resul ts  of calculations [7] of a normalized two-point correlation function are 
compared with the experimental data obtained, whose values are  marked with crosses.  The graduation along 
the X and Y axes in Figs. 3, 4 is 5 �9 10 -S mm and is equal to the mean diameter of a martensite needle. 

The structure in question has only an insignificant anisotropy, which is the resul t  of the asymmetrical  
character  of M3CK, Y) ~ Ms(Y, X)~ Large-scale  inhomogeneity was observed in the experiment; therefore,  
the results of the measurements  were averaged over values obtained with a parallel shift of the source of 
light (see Fig. 1). The order  of the deviation was 2-5%~ 
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