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We examine the porous s t ruc ture  and the form and energy of binding moisture  to the cement 
stone and liquid portion of concretes  which are  hardened by heat t rea tment  in an e lec t ro -  
magnetic field, in a vapor medium, and under conditions of normal  humidity. 

Cement concretes  are  current ly  the basic construct ion material  and they represen t  typical capi l la ry-  
porous bodies. The engineering charac te r i s t i cs  of the concretes  therefore  depend in great  measure  on the 
interaction - in the broadest  sense of that word - of the cement and the cement stone with water.  The chem-  
ical interaction of the cement with water has been studied in detail,  whereas  the behavior  of the adsorbed 
and capil lary moisture within the cement stone, as well as the porous s t ructure  of the la t ter ,  have been the 
subject of considerably less  investigation. At the same t ime, the mic ro -  and macroporous  s t ructure  of the 
cement stone and the state of the weakly bound moisture  within the stone sigItificantly affect both the tech-  
nological proper t ies  of the concrete and the p rogress  of the chemical  react ions within the lat ter .  

Moreover ,  it is p r imar i ly  the capil lary and adsorbed moisture  that par t ic ipates  in the mass  t r a n s -  
fer  with the ambient medium in operational concrete s t ruc tures ,  i . e . ,  f rom an energy standpoint, the 
mois ture  is weakly bound to the cement stone. The forms and energy of this moisture  bond are  governed 
p r imar i ly  by the porous s t ruc ture  of the cement stone, and the formation of this s t ruc ture  can be controlled 
during the p rocess  of concrete  hardening. The nature of the result ing porosi ty ,  its magnitude, its depth, 
and the rate of cement hydration are  functions of the t empe ra tu r e -humid i ty  conditions of the process  in- 
volved in the consolidation of the cement and the hardening of the cement stone. 

We know that var ious forms of h e a t - m o i s t u r e  t reatment  are  employed to speed up the hardening of 
concrete .  

The Institute of Heat and Mass Trans fe r  of the Academy of Sciences of the Belorussian SSR has, in 
recent  yea r s ,  developed and introduced on an extensive scale an industrial  method for the h e a t - m o i s t u r e  
t rea tment  of concrete  in an e lectromagnet ic  field [1, 2]. Therefore ,  an integrated study of the proper t ies  
of concrete being hardened under these conditions is of considerable interest .  
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TABLE 1. The Chemical and Mineralogical Composition of P o r t -  
land Cement 

' ~TheoretiCal min- 
I eralogical corn- Chemical composition, % I Moduli 

kN ~1 position, % 

, P "~  
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T A B L E  2. C o m p o s i t i o n s  of the  I n v e s t i g a t e d  C o n c r e t e s  
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T A B L E  3. M o i s t u r e  Content  at  C r i t i c a l  Po in t s  on the  T h e r m o g r a m s  
fo r  the  D r y i n g  of C e m e n t - S t o n e  S p e c i m e n s  

Moisture content as a percentage of the weight of the dry cement stone 

r Final dry- 
v = "~ ing temp- total from 
'5 .~ = erature, 2nd point 

~ ~ of therm~- 
gram 

-I- 
105 

120 

maximum adsorbed moisture 
hygroscop- : 

single ic, from multilayer layer, 
3rd point from 4th from 5th 
on thermo- point on p.oint on 

thermo- gram thermogram gram 

7,5 5,6 [ 4,0 
6,7 4,1 ] 3,1 
5,7 4,0 2,7 

9,8 7,5 5,45 
7,9 6,35 4,85 
5,65 4,8 3,75 

most intensively bound 
moisture 

from 6th from 7th 
point on point on 
thermo- thermo- 
gram gram 

1,9 0,8 
2,4 1,5 

4,35 3,65 
2,8 2,35 

The  s t u d i e s  d e s c r i b e d  in th i s  p a p e r  w e r e  conduc ted  a long  two l i n e s :  the  c e m e n t  s tone  was  u sed  to 
s tudy  the  p o r o u s  s t r u c t u r e  and the f o r m s  and e n e r g y  of the  m o i s t u r e  bond; s p e c i m e n s  of c o n c r e t e  w e r e  used  
to s tudy c e r t a i n  of  the  t e c h n o l o g i c a l  p r o p e r t i e s  ( r e s i s t a n c e  to c o r r o s i o n ,  p e r m e a b i l i t y ,  f r o s t  r e s i s t a n c e ) .  

The  s p e c i m e n s  of  the  c e m e n t  s tone  and the  c o n c r e t e s  w e r e  m a d e  of P o r t l a n d  c e m e n t  (570 k g / c m  2) 
p r o d u c e d  at  t he  " B o l s h e v i k "  p l a n t  in V o l ' s k  ( T a b l e s  1 and 2). 

The  c e m e n t  s tone  was  p r o d u c e d  by  h a r d e n i n g  a c e m e n t  p a s t e  wi th  a w a t e r - t o - c e m e n t  r a t i o  of 0.326. 
C o r r e s p o n d i n g l y ,  the  l i qu id  p o r t i o n  of  the  c o n c r e t e s  exh ib i t ed  the  i d e n t i c a l  w a t e r / c e m e n t  r a t i o  ( inc lud ing  
the  m o i s t u r e  which  w e t s  the  s u r f a c e s  of the  c o a r s e  and fine f i l l e r s ) .  

S p e c i m e n s  made  of the  c e m e n t  p a s t e  and of c o n c r e t e  w e r e  s u b j e c t e d  to  h e a t  and m o i s t u r e  t r e a t m e n t  
in e l e c t r o m a g n e t i c  and v a p o r i z i n g  c h a m b e r s  fo r  p e r i o d s  of 4 + 4 + 3 + 3 h (holding t i m e  p r i o r  to  hea t  t r e a t -  
men t  + e l e v a t i o n  of t e m p e r a t u r e  to 80~ + i s o t h e r m a l  t r e a t m e n t  a t  80~ + r e d u c t i o n  in t e m p e r a t u r e  40~ 
wi th  the  r e l a t i v e  h u m i d i t y  of the m e d i u m  in the  c h a m b e r s  g iven  by  ~o = 85-90%. F o r  p u r p o s e s  of c o m p a r i -  
son ,  a t h i r d  b a t c h  of  s p e c i m e n s  was  p r e p a r e d  at  the  s a m e  t i m e  and t h i s  b a t c h  was  p e r m i t t e d  to  h a r d e n  u n -  
d e r  cond i t ions  of  n o r m a l  h u m i d i t y  (T = 18 4- 2oc,  ~0 = 85-90%).  The  s p e c i m e n s  which  w e r e  s u b j e c t e d  to the  
h e a t  and m o i s t u r e  t r e a t m e n t  w e r e  kep t  u n d e r  i d e n t i c a l  c o n d i t i o n s  p r i o r  to the  t e s t .  E a c h  of  t he  c e m e n t -  
s tone  s p e c i m e n  b a t c h e s  was  one month  old .  

The d i f f e r e n t i a l  a n a l y s i s  of the  w a t e r - a b s o r p t i o n  p r o p e r t i e s  of the  c e m e n t  s tone  was  c a r r i e d  out in 
a c c o r d a n c e  wi th  the  K a z a n s k i i  [3] me thod  of d r y i n g  t h e r m o g r a m s .  

The  t h e r m o g r a m s  fo r  a l l  of  the  s p e c i m e n s  w e r e  t a k e n  u n d e r  a b s o l u t e l y  i d e n t i c a l  cond i t i ons ,  wi th  a n  
a i r  p r e s s u r e  of 150 m m  Hg and an a i r  t e m p e r a t u r e  of 90~ in the  t h e r m a l  p r e s s u r e  c h a m b e r .  

The  s p e c i m e n s  r a n g e d  in t e m p e r a t u r e  f r o m  60 to 90~ d u r i n g  the c o u r s e  of the  r e c o r d i n g .  The f inal  
d r y i n g  s t a g e  fo r  the  s p e c i m e n s  w a s  a c c o m p l i s h e d  at  105 and 120~ In the  l a t t e r  c a s e ,  t h i s  f ina l  d r y i n g  
t e m p e r a t u r e  e n s u r e d  the  m o r e  s t a b l e  d e s t r u c t i o n  of the  c a l c i u m  h y d r o s u l f a t o a l u m i n a t e  which  f a c i l i t a t e s  
c o m p a r i s o n  of  the  e x p e r i m e n t a l  r e s u l t s  fo r  each  of the  s p e c i m e n s .  
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Fig. 1. T h e r m o g r a m s  f rom the drying of cement  s tones at a t e m p e r a t u r e  of 120~ (AT iS the t e m p e r a t u r e  
d i f ference  between sample  and a i r ,  ~ r is the t ime  of exper iment ,  sec):  I) cement  stone being s teamed;  
II) cement  stone under e l ec t romagne t i c  heat  t r ea tmen t  (E) and normal ly  humid sol idif icat ion (N). 

Fig. 2. Inc rement  of specif ic  heat  of mois tu re  evapora t ion  f rom cement  stone (L, J/kg} in compar i son  with 
f r ee  wa te r  at the same  t e m p e r a t u r e  v e r s u s  thei r  mois ture  content (W, %) (ver t ical  dashed l ines ,  maximum 
mois tu re  contents).  

The t h e r m o g r a m s  of the cement  s tones a re  shown in Fig. 1. The moi s tu re  contents at each cr i t ica l  
point of the t h e r m o g r a m s ,  which de te rmine  the di f ferent ia l  wa t e r - r e t a in ing  p r o p e r t i e s  of  the spec imens  
being invest igated,  a r e  shown in Table  3. 

The spec imens  subjected to s teaming yield a t h e r m o g r a m  (curve I, Fig. 17 that  is typical  of br i t t le  
po lycap i l l a ry -porous  bodies  (of the s i l i ca  gel type} with five c r i t i ca l  points.  

Curve II shows the t h e r m o g r a m  for  the cemen t - s tone  spec imens  which a re  hardened in the p roce s s  of 
e lec t romagne t ic  heat  t r ea tmen t .  The t h e r m o g r a m  for the cement  stone subjected to hardening under con-  
dit ions of no rma l  humidity is s i m i l a r  to that of the cement  stone which is hardened in the p r o c e s s  of e l ec -  
t romagne t i c  heat t rea tment ;  they are  the re fo re  conditionally ref lec ted  in the single curve II. 

Having analyzed Fig. 1 and Table  3, we should point out that  the mois tu re  contents at each of the 
t h e r m o g r a m  c r i t i c a lpo in t s  d iminish with t rans i t ion  f rom the N (normal} spec imens  to the S (steaming) 
spec imens .  After  e l ec t romagne t i c  heat  t r ea tmen t  (E) the cement  stone occupies  an in te rmedia te  posi t ion 
with r ega rd  to mo i s tu re  content. 

Of s ignif icance on the t h e r m o g r a m  is the isolat ion of an additional r ec t i l inea r  segment  (curve II) b e -  
tween points 6 and 7, which indicates the p r e sence  in E as well as in N spec imens  of the mois tu re  (in weak 
chemica l  bond) r emoved  at  the indicated t e m p e r a t u r e s .  It is significant that for  spec imens  subjected to 
s teaming no such segment  is noted on the t h e r m o g r a m .  

This fact  can be explained by the higher  degree  of cement  hydrat ion in the p roce s s  of e l ec t romagne t i c  
heat  t r e a t m e n t  and in the hardening of the cement  stone under conditions of normal  humidity,  as opposed 
to ord inary  s teaming.  

The fact  that this mois tu re  is chemical ly  bound and that it has entered  the la t t ice  of the c rys t a l  hy-  
d ra te s  is borne  out by the exper imenta l  data  on the record ing  of the t h e r m o g r a m s  for  the drying of spec i -  
mens containing approximate ly  5-8% calc ium hydrosulfa toaluminate  of the h igh-hydra te  fo rm (C3A.3CaSO 4 
�9 31H20), and these  t h e r m o g r a m s  also exhibit a r ec t i l inea r  segment  between points 6 and 7. 

The int r ins ic  energy for  the binding of the mois tu re  to the cement  stone was de te rmined  by the method 
of the specif ic  heats  of evaporat ion ( ene rgograms  of drying) developed by Kazanski i  [4]. The ene rgog rams  
were  r eco rded  at a constant  spec imen  t e m p e r a t u r e  of 80~ which made it poss ib le  to compare  the t h e r m o -  
graphic  and energographic  s tudies ,  s ince the spec imen  t e m p e r a t u r e  var ied  within the same  l imi t s  in the 
r ecord ing  of the t h e r m o g r a m s .  The a i r  t e m p e r a t u r e  ranged f rom a tmospher i c  to 40 mm Hg, and the final 
drying operat ion was c a r r i e d  out at 120~ 
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T A B L E  5. M o i s t u r e  Con ten t s  a t  the  C r i t i c a l  Po in t  of the  
T h e r m o g r a m s  fo r  the  D r y i n g  of C e m e n t - S o l u t i o n  S p e c i -  
m e n s  

Specimen 
designation 

HN 
HE 
HS 

FN 
FE 
FS 

Final drying 
tempera- 
ture, ~ C 

105 

" I05 

Moisture content as a percentage of the weight 
of the cement solution 

�9 . ]maximum ~------~yering 
total ,  ~ o m  ,_ _ o i c  I ~ - - ~ - 2 ~ ,  - -  
_ ~ .  /ny~rose p 'i ~ ~-t single hyer  

t i le zno t ~ r from the 3rd ~ ~ oint of the . I ~  ~ol from the 5th 
P | point on me l ~  o ~ [ . . 
thermogram/', iN H ~ ~ [ point on tne- 

/merm~ ~ ' ~  [ thermogram 
J 

5,0 4,2 3 , 3  2,8 
5,2 4,3 3,4 2,7 
5,1 3,8 2.9 2,4 

5,4 4,5 3,8 3,1 
5,7 4,4 3,4 2,7 
5,5 4,5 3,9 3,2 

F i g u r e  2 shows  the e n e r g y  for  the  b ind ing  of the  m o i s t u r e  to  the  c e m e n t  s tone  which  h a r d e n s  d u r i n g  
the c o u r s e  of the  e l e c t r o m a g n e t i c  h e a t  t r e a t m e n t  a s  a func t ion  of  the  m o i s t u r e  con ten t  of  the  c e m e n t  s tone .  
The v e r t i c a l  d a s h e d  l i n e s  show the m o i s t u r e  content  at  the  c r i t i c a l  po in t s  on the  t h e r m o g r a m s  fo r  tha t  
s p e c i m e n .  F o r  the  c e m e n t - s t o n e  s p e c i m e n  h a r d e n i n g  in the  p r o c e s s  of  s t e a m i n g  and under  cond i t ions  of 
n o r m a l  h u m i d i t y ,  the  e n e r g o g r a m s  a r e  s i m i l a r  in f o r m  and d i f f e r  only  in the  magn i tude  of the  m o i s t u r e  
b ind ing  e n e r g y  for  the v a r i o u s  f o r m s .  

If we e x a m i n e  the e n e r g o g r a m  in Fig .  2 we see  tha t  the r i s e  i n t h e  s p e c i f i c  h e a t  of e v a p o r a t i o n  b e g i n s  
n e a r  the  s e c o n d  c r i t i c a l  po in t  of the  t h e r m o g r a m .  The  c u r v e  i s  s m o o t h  in  f o r m ,  wi thout  b r e a k .  It is  v e r y  
i n t e r e s t i n g  tha t  the  i n c r e m e n t  in the  s p e c i f i c  hea t  of e v a p o r a t i o n  n e a r  the  c r i t i c a l  po in t s  6 and 7 a t t a i n s  a 
magn i tude  equa l  to  the  i n t r i n s i c  b ind ing  e n e r g y  of  the  c h e m i c a l l y  bound m o i s t u r e  ( c r y s t a l  h y d r a t e  wa t e r )  of  
the  p u r e  c a l c i u m  h y d r o s u l f a t o a l u m i n a t e  ( 0 . 8 8 . 1 0  -6 J /kg )  which  i s  shown in F ig .  2 by  the h o r i z o n t a l  d a s h e d  

l ine .  

On the b a s i s  of  the  r e s u l t i n g  e x p e r i m e n t a l  da t a  i t  i s  p o s s i b l e  to e v a l u a t e  the  n a t u r e  and magn i tude  of 
the  p o r o u s  c e m e n t - s t o n e  s t r u c t u r e .  

The  t h e r m o g r a m  s e g m e n t s  b e t w e e n  the  c r i t i c a l  po in t s  3 and 4 c o r r e s p o n d s  to  m i c r o c a p i l l a r y  m o i s -  
t u r e ;  the  s e g m e n t  b e t w e e n  po in t s  4 and 5 c o r r e s p o n d s  to  the  m o i s t u r e  a d s o r b e d  at  the  s u r f a c e  of  the  s o l i d  
c e m e n t - s t o n e  p h a s e .  

I t  i s  d i f f i cu l t  to c o m e  to any c o n c l u s i o n  wi th  r e g a r d  to the s p e c i f i c  s u r f a c e  of the  s o l i d p h a s e  on the 
b a s i s  of  the  m o i s t u r e  conten t  a t  poin t  5, s i n c e  th i s  m o i s t u r e  may  inc lude  not  only  tha t  a d s o r b e d  by  the  s i n -  
g le  l a y e r ,  but  a l s o  the  h y d r a t e  w a t e r  of the h i g h - h y d r a t e  compounds .  

A s  fo l lows  f r o m  T a b l e  3, the  hea t  t r e a t m e n t  of the  c e m e n t  s tone  in an  e l e c t r o m a g n e t i c  f i e ld  i m p r o v e s  
the  s t r u c t u r e  o f  the  p o r e  s p a c e  th rough  a s u b s t a n t i a l  i n c r e a s e  in the  v o l u m e  of m i c r o c a p i l l a r i e s  ( r  < 10 -5 
cm) in c o m p a r i s o n  to the s t e a m i n g  p r o c e d u r e ,  o r  even  r e l a t i v e  to the  h a r d e n i n g  p r o c e s s  u n d e r  cond i t i ons  
of n o r m a l  humid i ty .  C o n v e r s e l y ,  s t e a m i n g  in the m a n n e r  adop ted  h e r e  i m p a i r s  the  s t r u c t u r e  of the  p o r e  
s p a c e  in the  c e m e n t  s tone ,  i n c r e a s i n g  the m i c r o p o r o s i t y ;  the  p o r e  v o l u m e  is  r e d u c e d  in the  m i c r o c a p i l l a r i e s  
by 50-80% r e l a t i v e  to e l e c t r o m a g n e t i c  hea t  t r e a t m e n t .  

It is  not  wi thout  i n t e r e s t  that  we note the fo l lowing.  We know tha t  i f  the  s p e c i f i c  s u r f a c e  of the s o l i d  
p h a s e  is  i n c r e a s e d  in p r o p o r t i o n  to the  i n c r e a s e  in the  vo lume  of the  m i c r o c a p i l l a r y  p o r o s i t y ,  the  d i m e n -  
s i o n s  of  the  c r y s t a l  h y d r a t e s  r e m a i n  c o n s t a n t .  H o w e v e r ,  if the  s p e c i f i c  s u r f a c e  of  the  s o l i d  p h a s e  r e m a i n s  
cons t an t  o r  d i m i n i s h e s ,  which  is  the  c a s e  fo r  the  c e m e n t  s tone  a f t e r  e l e c t r o m a g n e t i c  hea t  t r e a t m e n t ,  in  t h i s  
even t  we find an i n c r e a s e  in the d i m e n s i o n s  of the  c r y s t a l  h y d r a t e s .  

T h e s e  r e s u l t s  f r o m  our  s tudy  of the p o r o u s  s t r u c t u r e  of c e m e n t  s tone  have e n a b l e d  us  to p r e d i c t  the  
r e d u c t i o n  in the  p e r m e a b i l i t y  and the i n c r e a s e  in the f r o s t  and c o r r o s i o n  r e s i s t a n c e  of c o n c r e t e  s u b j e c t e d  
to h e a t - m o i s t u r e  t r e a t m e n t  in an e l e c t r o m a g n e t i c  f i e ld .  

Suf f ic ien t ly  fu l l  c o n f i r m a t i o n  of th i s  was  a c h i e v e d  th rough  a s e r i e s  of e n g i n e e r i n g  s t u d i e s  on the 
a b o v e - d e s c r i b e d  c o n c r e t e s ,  h a r d e n e d  under  v a r i o u s  cond i t i ons .  
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The study into the f ros t  r e s i s t a n c e  of concre tes  was  ca r r i ed  out in accordance  with the GOST 4800- 
59 in synthetic  sea  wa te r  with a sa l t  concentra t ion of 34 g / l i t e r .  The impermeab i l i ty  of the concre tes  
to water  was de te rmined  in accordance  with GOST 4800-59 (at a p r e s s u r e  of 8.0 k g / c m  2) and on the bas i s  
of the ON-9-373-62 specif icat ion appl icable to concre tes  for  the shipbuilding industry (at a p r e s s u r e  of 
2.5 kg/cm2).  

Our s tudy into the Corros ion  r e s i s t a n c e  of conventional heavy concre tes  and its r e in fo rcemen t  (St. 3 
s teel ,  p ro tec t ive  coating of 10 ram) was ca r r i ed  out outdoors at the Sivashskoe Cor ros ion  Station of the 
NIIZhB, whose na tura l  br ine  is dist inguished by an exceptional ly high concentra t ion of chloride sa l t s  (up 
to 190 g / l i t e r  of C1-). The l a y e r - b y - l a y e r  content of chloride ions in the concre te  was de te rmined  by the 
F o l ' g a r t  method ( t i t ra t ion of the chloride ions with s i lve r  ni t ra te) .  

The r e su l t s  of this  invest igat ion a r e  shown in Table  4, f r o m  which we see that the data f rom the in- 
ves t iga t ion  into the wa te r  impermeab i l i t y  and co r ros ion  r e s i s t a n c e  of va r ious  concre te  f o r m s  coincide with 
those  of the t he rmograph ic  s tudies  and r evea l  a lower  pe rmeab i l i t y  for the E and N cemen t - s tone  spec i -  
mens .  

S imi lar  data  we re  a lso  obtained in our study of the f ros t  r e s i s t a n c e  of the concre tes .  In conclusion,  
the s e rv i ce  l i fe  and pro tec t ive  p r o p e r t i e s  of the concre tes  a re  improved  re la t ive  to the r e in fo rcemen t  
within the concre tes .  

The reduct ion in the f i l t ra t ion  coeff ic ients  of highly c o r r o s i v e  media  through conc re t e  designated E 
is explained by the improvemen t  in the s t ruc tu ra l  p r o p e r t i e s  of the cement  stone as  a r e su l t  of the r e d u c -  
t ion in the c ro s s  sect ions  of  the cap i l l a r i e s  and by the se l f - sea l ing  of the cement  stone as a r e su l t  of the 
i nc rea se  in the degree  of cement  hydrat ion.  

The r e a s o n  for  this  i nc rea se  in the degree  of hydrat ion in the p r o c e s s  of e l ec t romagne t i c  heat  t r e a t -  
ment  may poss ib ly  l ie in the f ac t  that g r e a t e r  amounts  of wa te r  a re  drawn into the chemical  bond than 
when the cement  stone is ha rdened  under different  h e a t - m o i s t u r e  condit ions.  This  probably  s e r v e s  also 
to explain the inc rease  in the s t rength  of such concre tes  with the p a s s a g e  of t ime  [5]. 

The r e su l t s  of the the rmograph ic  invest igat ions of cement  s tones conf i rm the r e su l t s  f rom the s tu -  
dies c a r r i e d  out on the liquid por t ion  of the concre te .  The s t ruc tu ra l  poros i ty  and dif ferent ia l  w a t e r - r e -  
taining p r o p e r t i e s  of the cement  solution (cement + sand + water)  r emoved  f rom spec imens  of var ious  
kinds of concre tes  subjected to annual t e s t s  at the Sivashskoe Cor ros ion  Station were  also de te rmined  by 
the method of t he rmograph ic  analys is  (the final drying t e m p e r a t u r e  was 105~ The moi s tu re  contents for  
the f i r s t  f ive c r i t i ca l  t h e r m o g r a m  points a re  shown in Table  5. 

The data of Table  5 conf i rm the r e s u l t s  obtained f rom our invest igat ion into the pe rmeab i l i ty  and r e -  
s i s tance  of the concre te s ,  indicating the growth in the volume of the m i c r o c a p i l l a r i e s  (given vi r tual ly  equal 
in tegral  porosi ty)  in the cement  solution of HE and FE concre tes  re la t ive  to HS, FS concre te s ,  and even 
FN concre te .  

Thus the r e s u l t s  achieved by var ious  methods show that the method of hardening the concre te  depends 
in cons iderable  m e a s u r e  on the porous  s t ruc tu re  of the cement  s tone,  its dif ferent ia l  wa t e r - abso rp t i o n  
p r o p e r t i e s  and, consequent ly,  on a number  of technological  p r o p e r t i e s .  

1. 
2. 

3. 
4. 
5. 

L I T E R A T U R E  C I T E D  

A.V.  Lulkov and S.G. Romanovski i ,  Ves ts i  Akad. Nauk BSSR, Ser.  F iz . -Tekhn .  Navuk, N092 (1966). 
S.G. Romanovsk i i  and L. Ya. Volosyan,  in: St ructura l  Therm . phys i c s  [in Russ ian] ,  I zd -vo  Energ iya  
(1966). 
M.F .  Kazanski i ,  Dokl. Akad. Nauk SSSR, 130, No. 5 (1960). 
V.M. Kazanski i ,  I nzhen . -F i s .  Zh . ,  4, No. 8 (1961). 
L. Ya. Volosyan and S.G. Romanovski i ,  Ves ts i  Akad. Nauk BSSR, Set .  F i z . -Ene rge t .  Navuk, No. 
i (1968). 

1097 


