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1  p 

 

1.1     

 

p c    cc  c  

 , c     c   

c   c c  , c    

.  c  p  –  c   

 c  , c     c   

. . 

 c  p c   c  

c  c , ,   

,  ,     

p  ,    .   

  , c    cc   

c p c  -   p   c  

 [1]. 

  c        

:  

 c  – p  ,    c   

,        ;  

  p  – c  ,      

; 

  p   –    c  , 

 ,  c  c ;  

  p      –   

  c   ;  

 c p -  ;  – ;  

  – p   [2]. 
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p     c ё  c  ,   

c ё    30 % ,     

.  c     c c  ё  p  

        

   -  « ».     

   -    ё    

p - p    ё  (   10–15 %).   

 -c         

6–8 %          1000 º  

(   p    c   ) 

[3,4]. 

Ж c  c . p      

        

 .   p     

     16–17 %.     

      c    

    .    

  c   p    

   ,      

    c    3–4 %    

     10 .     

   12–48    c     

  [3, 4]. 

c  . c      

    8–12 %,  c   

c   (15–40 ). 

c   ,     , 

   ,    

,   .    

     30 %   
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,     c  c  

 .  c     

    50–100°  ,   c  

 [3, 4]. 

     

   –c   c    

,        , 

     ,     

 c ,    .  

       , 

    .     

 ,        

,    , c    

c  ,      .  

       1,5–2  

 ,  c   c     

   2–2,5  . C  , 

   ,  25–30 %  c  

  .       

           

       

   ,   

,  c  c  c  . 

 

 

     20–28 %.  

   c        

 2–5 %,        

,       c   . 
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      ,  
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      .  
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   , c   c .  
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   450–650 °      

    .    850 

° , ,     ,   

 c      , . .  

      Si 2– l2 3. 

      , 

  .    1050 °    

    .     

   .      

,   c , ,  ,   

.         

  ,       

    .   c  1000 °  

       

 .       

 .        

       c   ,   

   c    c   ,  

   ,  .   

    c .  

     ,  

  , c   c   

      .    

       ( , 

  c  ,      

)       

.       

   c  .    
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 Si 2– l2 3,    1150 °      

c       ;      

c   . 

       

   c .      

,     c    

 .   ,     

.     , 

      

 ,      573 ° . 

 c  c     

   .      

     .     

   .     

     ( ) ,   

   ,     

   (  ).     

         

 ( )   600–800 º  [5,6]. 

 

1.2 C  ,    

  

 

  c     

 . 

c  .  – , c     

 ,    ,       

   ;    .  

       SiO2,  

  (    1700 ° ).  
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     .    

   ,      

.     :   

  .  

        . 

    c   ,  

 –    c .   

   – 50–65 %,    80–85 % [7]. 

.         

     .  

  c     

(3 g ×4Si 2× 2 ). 

    ,   

 ,        

      

  .    , - .  

  900 °   ,  1530 °  

 [3, 8].  

 .     ,  

      .  

   : 

    ( ) 2 × l2 3×6SiO2;  

    ( ) Na2O×Al2O3×6SiO2; 

 ; 

  [3, 8]. 

.  p       

 .  

  . . . ,    

    ,      
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 ,   p  : «  

   ,     

,    p   ,   

   ,     p  

» [9]. 

 p c   p  p  p  

 p  .  p     

  p    .  

  ,     ,  

.        

p  ,       , 

,  , ,   . 

  p     c   c . 

   c  p    , 

  . 

   c  p  –   1580 ° . 

   ,    ,  

     .    

c     . ,    

 ,  p ,      -

  p . 

   c   1350  1580 ° .  

c     p ,  , , 

   ; c        

  p ,   ,  

  . . 

   p   1350 ° .   

   c :    , , 

 , , p    . .  p   

c  , ,    . 
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p c  ( )   c  

 c   p  , .  

p  ,   ,   . 

   p c      

p      5 .     

 p  (   p   5  50 )   (  50 

  3 ).         

 p   c    p ,  p   

 1.1 [3, 10]. 

 1.1 –       

   
    , % 

 10   1  
  85  60 

  40  85  20  60 
  40  20 

 

  p c      – 

  , , ,   

 .        

     p :     

(   1 %),   (  1  5 %)    (  5 %). 

    c  p  :  

  (  2 ),  c  (  2  5 )   p  

(  5 ). 

c  c  .    p  , 

       .  , 

   , :  ( 12 3),  (SiO2),  

 (F 2 3),   ( ),   (N 2 ),   ( g ) 

   ( 2 ).      

c  p    c    .  

 c  ,      
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. p  c  c  (  c ) , p  

 –    60–78 %. 

         (F ),  

(FeS2)    .  c      

       ,   

 .  

 c   (      )  

   25 %.     

  ,      . 

 c        , 

      ( g 3)   ( g 3× 3). 

     p      

 (S 3).         ,  

 c    .    

   ( 2 )   (N 2 ), p   , 

     p    

.  p  ,  , ,   ., 

  c      c     

. 

          

   c ,    .    

   . ,     

,   l2 3, c    , 

       . 

p     SiO2  80–85 %  12 3  6–8 %   

   .   ( 3) 

 ,         

  ,  c    .  

 c p       ,    

, . .    p  . p c   
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    ,  ,     
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  . p  ,  , 

      1  10 %.     

,   .     1000 °   

    ,  p    

p        ,  

 p       p . 

     ,   

         . 

 ,    ,   

,  .     p  

  - . 

 p   c  p    
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,   p    c   , 

    5 . 

 p       c   . 
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 . 
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,    . , c  p c , 

  c . 

 -       , 

  . 

  ,  p  ,   

      .     

    ,   p   

  .  c    

c    p        

   25 %   c  ,  c  

  c   [8, 11]. 

 

1.3 , c    c   

 

      –  

 ,     ,   

,   . 

,    ,    

 : ,   .  

 ,     

  (  28 %) , c ,    

     (  15 %),    

 , . . c  .    

  ,     c ,  

  c  (  2–6 %). 

B        

  –   ,  , 

, ,  ,  .     

  ,       c , 

   .   c   
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 c   ,  , c   

c  [12]. 

         

    .   

  ,  ,    . 

  ,      

,     ,    ,   

  (   ).       

  . 

        

  .  ,   

        

 ,     .  

        

  ( ) –   , ,  

,   .   ,   

 ,     (0,1–0,3 %) -

 , , -  ;   

  –    . 

          

        .  

        ,  

     ,    

. 

        

  . 

  [13]      

      -  

  69,85–79,32 . %,     

   – 7,26–10,83 . %,  – 8,36–
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22,38 . %, -   0,5–5,0 . %.  

      , 

  40,7–44,2%   0,29–0,32 

/( · ),     4,5–8,3 ,    

31–46 ,   20,3–21,6%. 

  [14]      c .%: 

   76–79,  1,0–1,5,     

 0,5–0,9     . , 

    ,    

    . 

       

  .      

      , 

    ,    

 ,  - , 

  -     

 .      

         

 .    ,  

    .    

  ,   ,   

 ,     .  
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Lab Center XRF-1800 Shimadzu (Japan). 

 XRF-1800      

,  ,      XRF. 

  ,      

  ,      

    .     

- ,           

 - . -      

 ,     θ. 

    ,  

   ,    2θ.  

     ,   

         

.  

 

2.3     

 

  

      2.1 [16]. 

     : 

     ,                                                                                                        (2.1) 

 
  m –  , ; 

      V –  , 3. 
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     , 

 7025-91[17]. 

       ,    

   .   ,  ,   

      50     

.            

 2 .        4 .  

    ,     

            

 OHAUS.     0,1 . 

   : 

 

B=
                                                                                               (2.2) 

 

 m1 –  ,  , ; 

        m –   , . 

 

  

  (%)     

     :        ,                                                                                              (2.3) 

   – , / 3; 

       B  – , %. 
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      -  , 

 .     .  

        ,    

    .     

  ,    –  .  

   ,     

   :  30 ,  

 6 – 6,5 . 

        

.        :  

–   –    

 ,       

     ;  

–   –    -  

         ;  

–     –     , 

     ,     

  .  

      , 

    .  

     0,1 .   

   :  
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 D0 –   ;  

D1 –   ;  

V0 –   ;  

V1 –   .  

2.4      

 

     

    .  

 ,    .  

       

   .    
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   ,   , 

     ,     

 ,       90º.   
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 ,     ( , ,  
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3   

 

3.1       

      

.       

,   .   , 

   ,  ,    

 , . 

       3.1,  

 ,    3.2   

    [18],    

     .  

 

 3.1 –     

 
, . % 

SiO2 Al2O3 TiO2 Fe2O3 FeO CaO MgO SO3 Na2O K2O . .  
 

 
 

64,71 14,03 0,77 5,14 1,59 3,41 1,9 0,39 1,45 2,19 5,42 

 

 3.2 –    

      
 , / 3 1,77 
  12,0  

, °   1350 
 

 ,       

   . 

      

    ,  

,    ,   ,    
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,         

 ,      ,    

 –  ,    

. 

       

,     -   

 .      

   - .  

 -      

  . 

    ,   

  .      

   12–25 /   .     

      ,   

         

     ,    -

     . 

       

      ,   

       -  

  . 

  - ,    

«   »    3.3 

  3.1  3.2        

 . 

 3.3 –   - ,  

 
 , % 

+ 2,5 - 2,5 + 1 - 1 + 0,5 - 0,5 + 0,4 - 0,4 + 0,2 - 0,2 
-

 
14,4 36,5 21,6 5,8 12,2 9,2 
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, - , -  

. 

 

 3.4 –      

 
, . % 

SiO2 Al2O3 TiO2 Fe2O3 FeO CaO MgO SO3 MnO P2O5 
« » 

 
  

 
 

44,00 13,02 3,28 5,81 9,70 7,09 6,14 1,28 0,16 2,19 

 

       

    ,      

     .  

   3.4,    « »   

        FeO  Fe2O3.  

  Fe2O3       

 ,        -

 .   FeO    

,        

(  ),      

    [19–21]. 

       

      100 . 

        

  Fe2O3    , 

   .    

       0,071  1,0 . 

   ,     

   , , , , 

, ,    [22]. 
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  [22]     

    50-100 º ,    

     .     

 180-300 º       

,    350-600 º     

  ,      

975 º  –   . 
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щ      
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 ,  10 %.    
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       35 ; 
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, %
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 0  50 %,    17,0  13,0%,    

   30,5  20,5 %. 
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 . 
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    50 .% 
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     950  1100 º   

      ё    

 .       

   . 

   1050-1100 º    
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 3.7 –       

  

950 º  
 

  
, . % 

  , % 

0% 0,1 
5% 0,99 
10% 1,1 
20% 1,32 
30% 1,71 
40% 2,01 
50% 2,18 

1050 º  
 

  
, . % 

  , % 

0% 4,71 
5% 4,95 
10% 5,13 
20% 5,4 
30% 5,9 
40% 6,24 
50% 6,54 

1100 º  
 

  
, . % 

  , % 

0% 7,01 
5% 7,38 
10% 8,74 
20% 9,01 
30% 9,57 
40% 10,82 
50% 11,48 
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 ,    , ,   

       

  ,     

     50 . %    

     1100 º . 
 

3.4        

 

        

   5 %.       

    . 

  3.8     

. 

 

 3.8–   , . % 

 
 

  
 
 

 
 

 
 

 
  

 
 
 

1 95 5 0 10 
2 90 5 5 10 
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4 75 5 20 10 
5 65 5 30 10 
6 55 5 40 10 
7 45 5 50 10 
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