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Ca3 (PO4)2 +3H2SO4 = 2H3PO4 + 3CaSO4 + Q2 
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 Ca3 (PO4)2 + 2H2SO4 + 2H2O = Ca (H2PO4)2 + 2CaSO4 * 2H2O+ Q  

ў : 

CaCO3 + H3PO4 = Ca HPO4 + CO2 + H2O + Q4 

Ў  ( ) 

, : 

 NH3 + H3PO4 = NH4 H2PO4 + Q5  

 2NH3 + H3PO4 = (NH4)2 HPO4 + Q6 
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ё  1400        ў , 
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Matt King, Michael Moats, William G. Davenport Sulfuric Acid Manufacture: analysis, control 

and optimization Elsevier, , 2013. pp. 3-7 
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ў   600-650 C      ў .    
  650 C  S 2  S 3    . 

S 2 + ,5 2 = S 3 + Q 
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Ў     ,  ,    
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2
A.Nielsen. Ammonia: Catalysis and manufacture. Springer USA 2011. pp.5-7 
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   ,    ў  
   (4  2   ) : 

N2( )+3 2( )=2 NH3 ( )+9,02  

    - ’    

      ў  . 
   , % ( )     (1-

100 )       
 

 

 

 

 

1.1-  

     . 
. 0C ,  , ,  

  1 10 30 60 100 

325 598 10,38 - - - - 

375 648 5,25 30,95 - - - 

400 673 3,85 24,91 - - - 

450 723 2,04 13,25 35,5 53,6 69,4 

500 773 1,20 10,40 26,2 42,1 - 

600 873 0,49 4,53 12,84 24,04 31,43 

700 973 0,23 2,18 7,28 12,60 12,87 



  ў  ,     
 ,      .  
 ў    . 

 C 2+CN2+CNH3=100 % ( )  ( ).  
          

 : 
N2 = N2*  / 100;  

2 = 2*  / 100;  
 N 3 = N 3*  / 100;  

. . 0= N2*C
3

H2* 2
 / 2

NH3*10
4
: 

 :  

C
3

H2 : N2 = 3 : 1 = 3  

yoki H2 = 3 N2 
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  20-40      
  .     

ў  ,   ,     , 
  ё    .   

     (110-120° )   
 (   ё   42-46% 2 5  

ў   .      
  . 
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(   17-24 1

 ё  1000-1450 / )   
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ё        ў  

 :     ў ;  
    ;    

.    - , , ё   
   ў . 

 ў  ў      
 ў  .  ў    ў   

 ё .  10700    
12090  ў    ў  . 

  
 4.8.  .  

 



ё    ё   ў   
 .  

    1    ў  
  ё   3      

  ў      , ё   
     ў   . 

Ў    - ,  ў  
 ў     ў ,  ё  

     ў    
    ў . 

" - ё " -     ё 
ё         

  ё      -  
 ў     ў  

.    ё   
 ў       

. 
Ў  ё ё      

 100    ў  ё    
 ў      .   

 -   ё , 400    
 ,        

  . 
  ё ё     

Ў  6     ў   
       ё  

 ў       . 
Ў     ё   ў  

      ё   
    . 

Ў      " " 
     12    

       
.   " "    

 "  "     5 
  ў        

 .      
 ё      ё  ў  

  . 
      2014 

 " "  -     
 50  ў     , 

" "      50   ё  
      . 



ё    , ў  , 
ў           

 . Ў   ў    .   
     ў      

  .    ё  , 
       .  ё  

 ў       . 
,        

   -  .   ё  
 ў  ў    ў   

ў  . ё     ё    
ў . 

ё    ё , ,  , 
,      ё . 

ё    – ё      
     ў  . 

   .       
ў    ё    , ё   

, ў    ў   ў .  
ё         . 
,      .  ,   

         
. 

ё  , ,  .  ё   
     ё    

.   ё    
 ў     . 

 

4.2.    ў     ё  
 ў    . 

 

ё     ў ,  0,28…3,0 
 ў   . ё    ў  
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       ў   
 ў   1*10-4

%  .     
.   15     ў , 

        . 
 

 
 

  (FeWO4)    (MnWO4)  
      . 

         
ў          – 

  .      
20%   ў ,  , 80%   ў    

. ў      
.   ,  ё  -   ў  . 

   7,1 – 7,9 / 3,  5 – 5,5   
.   WO3    76,3 – 76,6 %   
.    . 

     (CaWO4)  . 
 -   ў ,  5,9 – 6,1,  4,5 – 5  . 

     (CaMoO4), ў   
       . 

   1%  ў  ў ,   
  ў .    . 

    .   
:   ё   – WO3H2;  – CuWO4H2O; 



 – PbWO4;  – 3PbWO4*PbMnO4;  – 

Fe2O3*W O3*6H2O;  – WS2. 

   ,   
 ў ,   55-60% WO3 ў . 

 

 
 

      
 ,  , ,   

   ё    . 
      

   ў  .     
     70%  ,  

    ё     
( )  ў       ў .    

     ў  ў  ў ,  
ё     – ,  , ; 

  –  ,  ,  ; ў  
   –  ё , ,     

 ў . 
 ё    9-10   . 

        
 ў   . 

 ў        
ў .       

      .   
     ё   
   ў      

ё   . 
     



      
 3-  ў ,        

  . 
       

  . 
   ў   ё  ,   

ё ,  3-       
,   ё     ,    

  ў . 
       

: 
1)  ; 
2)    ; 
3)    . 

     . 
     ё    
,    ё     

   .    
        

.      . 
     ( , ў  ) 

ў       ў    
   ё     .  

      
       .  

        
 : 

2FeWO4 + 2Na2CO3 + 1/2O2  2Na2WO4 + Fe2O3 + 2CO2 

3MnWO4 + 3Na2CO3 + 1/2O2  3Na2WO4 + Mn3O4 + 3CO2 

   , 2    Mn  Fe  
.  ё  800-900 

0   .    
      10-15%  

       ё   
 1-4%   .  
   , , ,    

       , :  
SiO2 + Na2CO3= Na2SiO3 +CO2 

Ca3(PO4)2 + 3Na2CO3= Na3PO4 + 3CaCO3 

As2S3 + 6Na2CO3 + 7O2= 2Na3AsO4 + 3Na2SO4 + 6CO2 

MoS2 + 3Na2CO3 + 2O2= Na2MoO4 + 2Na2So4 + 3CO2 



 

, , , 

ў , 

.    
     .  

 

 
 

 
   ў  ё    

 

)  . 
        

HCl ў  .  ё    
  –    ў    ё  

     ё   
.  pH –8-9 ў     

,  

 

Na2SiO3 + H2O = H2SiO3 + 2NaOH 

 

   H2SiO3 ў       
 .  

 

 



)     

        
 .       - 

          
    : Mg(NH4)PO4*6H2O  Mg(NH4)AsO4*6H2O 

 20 0
     0,053  0,038%     

  Mg++
  NH4

+
   ,    

 . 
ў  : 

Na2HPO4 + MgCl2 + NH4OH = Mg(NH4)PO4 + 2NaCl + H2O 

NaHAsO4 + MgCl2 + NH4OH = Mg(NH4)AsO4 + 2NaCl + H2O 

 

 ў  , ў  ё  ў   

   ў   NH4OH ў     

 .    ў  ё      

  ,  MgCl2 , NH4Cl  NH3   

 ў     .  

)   

      0,3 /  

ў  ў ,   ё ,  ў     

  ё   . 

   ё     

   ў ,    MoS2  

   ў      

,    – 2,5-3      

 MoS2  ў  ,  

NaMoO4 + 4Na2S + 4H2O = Na2MoS4 + 8NaOH 

Na2MoS4 + 2HCl = MoS2 + 2NaCl + H2S 

 ё    . Na2S  ў  
ў ,  =3   (     

  ).  1-2   ў   
    ў      1%   

  ў  . 
       

 ў  . 
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IV.    

1- :   ў  ё  ё   
  

 :     ў  
 ё ,        

. 
 

ё  ё     

 ,    ў  
 ў    ў  : 

  +   + ...=   +   +...(1) 
      

    . ё   
        

ў .  
 , ў      ,  

 ў   ў    .  ў   
    ,     

  . 
  ,       

ў ,    ў   ў : 
 J  +  J  + ...=  J  +  J  +...j = 1, ... , ,(1 ) 

 ;  
j-  j-    ; 
  –  . 
 (1 )  j-     0  

 ў  ,      . 
    ё ,    

  . 
 ё    ў    

  ,     
  ў  : -  

  = - , (2) 
  = - +1, (2 ) 

 : -    ; 
-  ; 
-   ё   . 

    ў   ў  : 
NI = NJ + N ¡  (3) 

 ; NI –   ; NJ –  
; 

 



N ¡  – / -  ў  ; 
I –   ; 
J –  .  
    ,   

   ў    .  
   ў  ё  (    

 ,  ў  ).  
 

  : 
 

 

 

 
 

 
 

 
3
 %  

3
 % 

N1    N4    

N2    N5    

N3    N6    

:    :    

 : N1,N2,N3-  , N4, N5, N6- , ў   
 . 

     . 
      , ў  

, - ё  ё   ў   . 
     . 

1- . 60 /  -    ў  
 ё  ў    .  

  0,95.    =1,5. 

 /   . 
: ё   S+O2=SO2.   

6010
3/24=2500 . S-  :  25000,95=2375 . 

 2500-2375=125 .  O2  : 
237522,4/32=1663 3.    16631,5=2495 3, ё  3560 . 

  N2  : 249579/21=9350 3ё  11700 . 
 ў  SO2  : 237564/32=4750  ё  1663 3

. 

 O2   16630,5=831 3 ё  1187  

 1-  .  
1-  

  ё  ў    

   

     

 
3
  

3
 

S 2500 - S 125 - 

O2 3560 2495 SO2 4750 1663 

N2 11700 9350 O2 1187 831 

   N2 11700 9350 

 17660 11875  17760 11875 



 

2- .   1  2.8 .   ў . 
  ё   76% H2SO4  , 1   
 ў  ё   ё    . 

.  : 
SO2r+ 0.5 2r+ 2 = SO4+ 223 315  /  

 

223 315/98∙1000 ∙ 2.8 = 6 380 400 /  

  ў   ё   . 
 76%  H2SO4     

   {30, . 127, . . 76}  

 

395, 54 ∙ 2800 = 1 107 500 /  

 

  ё    : 
 

6 380 400 + 1 107 500 = 7 487 900 /  

 

3- .       
 . ё    : 

 

SO2. . . . . . . . . . . . . . . . . .4610 

O2. . . . . . . . . . . . . . . . .1920 

N2. . . . . . . . . . . . . . . . .20000 

H2O . . . . . . . . . . . . . . . . . .286 

¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯  

 . . . . .26816 

 

   76% H2SO4  4% HNO3  
 800C   ў . ё    76% 

H2SO4  0.04% HNO3 ў . 1     560  HNO3 

,   SO2   0.4. 
        

. 
Е .     ё   

: 
(4610·0.4·98)/64=2800 /  

   ў   , :  
 560   1 . . 

 

04.04

100560




=15150* 

   SO2  14150·2.8 =39600 

  1670 / 3   : 39600/1670=23.7 3/ . 



   1   ў  
  . 

 ё  (4%)   ё  (0.04%)  
HNO3 ,    ў  ў  

    4-0.04    , 
  ў   , ё    

0.001%  . 
  

ё    

% 

SO2. . . . . . . . . .4610H2SO4 . . . . . . . . . . . 3010076 

O2. . . . . . . . . .1920HNO3 . . . . . . . . . . .15804 

N2. . . . . . . . . . 20000H2O. . . . . . . . . . .7920 20 

H2O . . . . . . . . . . 286 

¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯  

 . . . . .26816 . . . . . . . .39 600100 

 

 ё      1 .  
 ў   0.5  H2O   .  ,  

ў  0.5·2.8=1.4    ў . 
  286  H2O  . 

 80
0C  76% H2SO4    PH2O  ў    

    (PH2O=1399.6 ) 
V PH2O 

VH2O=---------- 

101323-PH2O 

 

 V =VSO2+VO2+VN2+VNO—   , 3,  
ё      : 
 

SO2 4610·0.6 =2770 / ;VSO2= (2770·22.4)/64=970 3/ ; 
VN2 = (20000·22.4)/28=16000 3/  

 

VN  . 1  N2O3 ,  2  NO3  
;  2 NO  ў . 39600    

  SO2  : 
 

 
632

00040403960064





= 806 /  

 

 NO  ў : VN  = (806·2·22.4)/64= 565 3/ . 
ё     . 

 4610  SO2  ,    2770 
 , 1840  SO2 ,  NO3 ў - ў    806  



 ; SO2       
(    ў ). 

   ў      
: 


64

1680627704610 

= 259 / . 
 ё    1020 /    ,   

    : 
1920-259 = 1661 / ; VO2= (1661·22.4) =18 695 3/  

 ё      

 V  = 970 + 1600+656+1160 = 18 695 3/ . 
  . 
 ў      ў : 

76% H2SO4 .........................................1 400 

   .............214 

............................................... 

......1614 

ё    286   ,     
   : 1614-286  

   = 1328 / . 
  



 

 ё   : 
 

 ё   
 

SO2. . . . . . . . . .2 777970H2SO4. . . 30100 +2800 =32900. . . 

O2. . . . . . . . .1 6611160 HNO3 . . 0.0004(39600+2800) =17 . . 

N2. . . . . . . . . . 2000016000 

N 760565H2O. . . . . . . . . . .7920 +1400= 9320 

H2O . 214 265¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯  

 . . . 25405 18 960 . . . . . . . .42 237 

 

      

 

SO2. . . . . . . . .4610 

O2. . . . . . . .1 920. . 

N2. . . . . . . . . . 20000  

H2O286 

39600 

 1 328 

 67 744 

 

SO2. . . . . . . . .2 770 

O2. . . . . . . .1661. . 

N2. . . . . . . . . . 20000  

H2O214 

N  760 

 ё  42 237 

67 642 

 

 : 
 

100
67744

6764267744




= 0.15%  

 

11.78- . ў     ,  
   : N2– 81., 2 – 6.5, N - 6.25  N 2- 6.25%. 

   : 
  831 790 / .   12.19% HNO3 

 13580 3.39% “-“ 

186 650 1.1% 

ў   ё      H2O3 -0.78% 

   : 
N2 48 500·0.81=39 285 49 100 

O248 500·0.065=3152 4550 

N  48 500 ·0.0625 = 3 031 4 020 

N 2. 48 500 ·0.0625 =30316 125 

48 50063 835 

 

:   N : N 2     
 . 

  ў        
 



100

)78.025.625.6(48500 

= 5690 3/  

 

Ё   
N  5960/2 = 2845 3/  ё  3810 3/  

N 2 5960/2 = 2845 3/  ё  5840 

   : 831 790 +13690+ 186 650 

=1 032 120 / . 
 

 : 
%05.10

1032120

011.01866500339.0136801219.0831790




ё N2O3 ў  6.06% 

       
N2O3 ў  : 

(1 032 120·6.06)/100 = 62600 / . 
   : 1032 120+3810 

+5840=1041770 / . 
  : 

100
1041770

5840381062600




 =6.83% N2O3ё  11.5%HNO3 

 

 

1 032 120 

 

 N2. . . . . . . . . . 49 100 

O2. . . . . . . .5 550 

N 4 020 

. N 26 165 

 1 095 955 

 

1041 7700 

 

 N2. . . . . . . . . . 49 100 

O2. . . . . . . .4 550 

N 254.5 

. N 2390 

 

1 096 064.5 

 : 
 

100
5.1096064

10959555.1096064




= 0.01% 

     
   ,      
 

     –    – Qr ; 

  – Q  ;  - Q
;   

 – Q    .  ў : 
Q  =Qr+ Q + Q . +Q + Q  

 

 

 



   : 
 

Q = Q̀r +Q̀  + Q̀  

 

 Q̀r, Q̀ , Q̀ - ,   ў    
 , / . 

     . 
3. NH3      ў  - ё   

  

 1200  N 3     ў   N2  H2 

   .   - ё  
  . 2:N2=3:1 ў ,   

    n=3% ( ) ў . 
 ў           N2  

H2       .    
.         . 

 . 
   NH3     ё .  

3H2+N2=2NH3+Q 

ё  ў  H2  N2     : Ar, Kr, 
He, Xe   ў . NH3    

ё      

1.      . 
m2=m1( / )/24 =1200/24=50  NH3/  

2.  50       ў  
   .    

    ў     
: 

3H2+N2=2NH3+Q 

   2   . 
m3=m2( / )/2*17=3,82  2/  

3.  ў ё  2    . 
V 2=(m3 / *22,4 3*1000)/6 =98784 3

 2/  

4. N2     . 
VN2=V 2/3=32928 3

N2/  

5. 2    . 
V 2=V 2(1+(% /100%))=101747,52 3

 2/  

6.  NH3    N2    
. 

VN2=VN2(1+(%/100%))=33915,84
3 
N2/ . 



 

2–  :     
      

 :    ў   ё , 
       . 

 

  ё    

 

       . 
   , ў     

  :CaCO3, Mg(OH)2, NaClNa2CO3MgCO3, 

(NH4)2CO3MgCO3.   ,   ў  
   ё   ў   ё  

  . 
      ў ,  

    .   
   ё    

     ў  .   
   ў  . SO4

2-   
    . 

CaSO4+Na2CO3Na2SO4+CaCO3 

   ё  ё   ў   
 ,     ў    . 
       
 . 
  ё  ў      

      3-5  ў  
ў  .   ў     
ў ё   ў   . 

 ё   ,    
ё  ,    . 

    ё  , 
 ў     . ,  

    ў  ё     
.       ё  

   ў   .    
ё  12-20

0   ў .    
 ў  ў  ў  ё     ў .   

  ў  200   ў ,   
 120   ў . 



  ў    . 
        

    .   
          

 . 
   ў   ё  

      . 
ў   ў    ё   

,  ў   ў    ў  ё  
  ў .  
 ў      ў  

      . Mg(OH)2  
3   ў  ,    ў  

 ( )2  ў    ў   . 
Mg(OH)2    ў       

 ў      
,  

Na2CO3+Ca(OH)22NaOH+CaCO3 

 -    , Mg(O )2  
ў     . 

    ў  ў ,  
 ( )2     .   

ў     
ў  ,   ў     ,  

  .  ( )2  Na2CO3 

 ў      . 
      ў  

ё .   22-25 . . Na2CO3   60-75 . .  

   ў . 
 ў   ( )    
 ў       . 

     3  g( )2  
  ў  ё  .   

  ў   .    
,  ў  ў .    ў  

ў  ў  .   ў    

 ў ё      . 
 ё    ў   , 

   ў    .  
, ё   ў   (  
) ў . ў     . 



ў         
 . 

 

   

  g         
 ў .    ў  ў   

   ў .   ў    
      .  

  ў  ў   ё     
  .  

 

 – 4. -        
  :  

1-    ; 2- ; 3 – ; 4- 

; 5 –  ; 6 –     
; 7 –      ; 8 – 

; 9 –    . 
  ( )2 ё  g( )2 ў .  
 Na2CO3 ё    3  ў . 
       ў  

       
ў .   (100-110 . . Na2CO3)  (1) 

 .    ў   
 (9).       (7) 

.       
 (8)  ў . 

     (6)   (2) 
.     .  
  (3) .  3  g( )2  

 ў .  ё   



   ў    ,   
     (4) .  

  (  5  ) ё   
        (5) . 

       «  »  
.      

ў , ў    (8)  . 
       (2) 

.    ў     
         

. 
 № 1. 

 6,71  CaSO
4
, 0,63  MgCl

2
  0,33  CaCl

2
  

ў  1 3          
. 

  10%  

 

 : 

         
: 

MgCl
2
+ Ca(OH)

2
= CaCl

2
+ Mg(OH)

2
 

CaCl
2
+ Na

2
CO 3  = CaCO 3 + 2NaCl 

CaSO
4
+ Na

2
CO 3 = Na

2
SO

4
+ CaCO 3  

Ca(OH)
2
+ Na

2
CO 3 = CaCO 3 +2NaOH 

 

Mg(OH)
2

 ў    ў  Ca(OH)
2

. (  
 ў ) 

(0,63 · 74) /95,2 = 0,49  

  -74  95,2 Ca(OH)
2
  MgCl

2
  . 

Ca(OH) 2   10%    : 

0,49 · 1,1 = 0,54  



 ,  

  ў   ў  CaCl
2

 CaCO 3  ў    

(0,63 · 106) /95,2 = 0,7  

106 - Na
2
CO 3    . 

   CaCl
2
  CaCO 3  ў  : 

(0,33 · 106) / 111 = 0,32  

111 - CaCl
2
    

  CaSO
4

 CaCO 3  ў   

(6,71 · 106) / 136 = 5,22  

[136 - CaSO
4
    ] 

  ў       

Ca(OH)
2
   : 

74

10649,054,0  = 0,07  

  : 

0,7 + 0,32 + 5,22+ 0,07 = 6,31  

1 3      95%   : 

(6,31 · 100) / 95 = 6,64  

   

№ SO4 MgCI2  CaCI2 

1 6,55 0,51 0,23 

2 6,57 0,52 0,25 

3 6,59 0,53 0,26 

4 6,61 0,54 0,27 

5 6,63 0,55 0,28 



6 6,65 0,56 0,29 

7 6,67 0,57 0,31 

8 6,69 0,58 0,32 

9 6,71 0,59 0,36 

10 6,73 0,61 0,34 

11 6,75 0,62 0,35 

12 6,77 0,64 0,37 

13 6,79 0,65 0,38 

14 6,81 0,66 0,39 

15 6,83 0,67 0,41 

16 6,85 0,68 0,42 

17 6,87 0,69 0,43 

18 6,89 0,71 0,44 

 

 

 

3–  :      
 ў       

 

 :  - ё     
ё   .     

  .  
 

1.  - ё     ё  
     

 

  
ё    ў : 

 

Ca5(PO4)3F + nH3PO4 + aq = 5Ca(H2PO4)2 + (n-7)H3PO4 + HF + aq (1) 

 

5Ca(H2PO4)2 + 5H2SO4 + aq = 10H3PO4 + 5CaSO4*2H2O + aq (2) 

 

 : 



 

Ca5(PO4)3F+5H2SO4+nH3PO4+aq = 3H3PO4+5CaSO4*2H2O+nH3PO4+HF+aq (3) 

    ,  % : 
2 5 = 25,0;  = 33,3; MgO = 1,6; F2 = 6,0 (F = 3,0); Al2O3 = 0,8; Fe2O3 = 

1,0; K2O = 0,6; Na2O = 0,8; SiO2( .) = 2,0; 2 = 8,7;  = 

19,2; 2  = 1,0 ў       = 

0,98;   = 0,98; 2 5  3 4  ў  0,98 0,98 = 0,96; 

   ў  20% ; :  = 3:1 (     

);   5000 / ; 3 4  2 5 = 21%;  

 (92% )   (    gO ) 

  ў  100%      

   . 

  : 

20833
96,025,0

5000



m

/  

: 2 5 = 5208 / ;  = 6937 / ; F2 = 1250 / ; 

MgO = 334 / ; Al2O3 = 167 / ; Fe2O3 = 208 / ; K2O = 125 / ; Na2O = 167 

/ ; SiO2 = 416 / ; CO2 = 1813 / ;   = 4000 / ; 2  = 

208 / . 

 ў   : 
2 5 + 3 2  = 2 3 4   (4) 

 + H2SO4 = CaSO4 + H2O  (5) 

Fe2O3 + 2H3PO4 = 2FePO4 + 3H2O  (6) 

Al2O3 + 2H3PO4 = 2AlPO4 + 3H2O  (7) 

CaF2 + H2SO4 = CaSO4 + 2HF  (8) 

MgO + H2SO4 = MgSO4 + H2O  (9) 

6HF + SiO2 = H2SiF6 + 2H2O  (10) 

4HF + SiO2 = SiF4 + 2H2O  (11) 

Na2O + H2SiF6 = Na2SiF6 + H2O  (12) 

(4)  ў  3 4 : 

7068
142

98298,052081

43



POHm

 /  

 :  
1950

982

18370681

2






OH

m

 /  

: 142, 98  18 – 2 5, 3 4    ; 0,98 – 

  . 
(5)  ў  H2SO4 : 

11892
56

9898,069371

42



SOHm

 /  

 ў aSO4 : 
16500

98

136118921

4



С SOm

 /  

 ў   : 
2184

98

18118922

2



OHm

 /  



 98; 56  136 – H2SO4, CaO  CaSO4  . 
(8)  ў  H2SO4 : 

1538
78

9898,012502

42



SOHm

 /  

 ў  CaSO4 : 
2132

98

13615382

4



С SOm

 /  (CaSO4*2H2O  2696 / ). 
 ў  HF : 

628
98

2021538



HFm

 /  

 98; 78; 136  20 – H2SO4, CaF2, CaSO4, HF   
. 

(9)  ў  H2SO4 : 
818

40

983343

42



SOHm

 / .  10021

4
MgSOm

 /   ў . 
 ў   : 

150
98

188183

2



OHm

 /  

 40; 98  18 – MgO, H2SO4  2    . 
(5), (8)  (9)  ў     

  : 
14248818153811892

42
SOHM

 /  

 CaSO4   : 
18632

4
CaSOM

 /  ё  23564 /  CaSO4*2H2O (    4932 / ) 
(6)  ў  H3PO4 : 

250
160

98298,02082

43



POHm

 /  

 ў  FePO4 : 
375

982

1512250

4






FePO

m

 /  

  ў   : 
70

982

1832504

2






OH

m

 /  

 160; 98; 151  18 – Fe2O3, H3PO4, FePO4  H2O   
. 

(7)  ў  H3PO4 : 
255

102

98298,01673

43





POH
m

 /  

 ў  AlPO4 : 
317

982

1222255

4






AlPO

m

 /  

  ў   : 
90

982

1832555

2





OHm

 /  

 102; 98; 122  18 – Al2O3, H3PO4, AlPO4  H2O   
. 



(10)  (11)  ў    ё  20%  
  ў .  15%  SiF4  5%   HF  

ў .   80% H2SiF6  . 
  ў  HF  (SiF4 ): 

9415,062815,01

4
 HFmSiF  / . 

HF  : 
3005,0282 HFm  / . 

  ў    : 
1243094 HFM  / . 

  HF : 
5041246283 HFm  / . 

(10)  ў   HF: 504 / . 
SiO2  : 

252
206

605041

2





SiOm

 / . 
 ў  H2SiF6 : 

605
60

1442521

62



SiFHm

 / . 
 ў   : 

151
60

1822526

2



OHm

 / . 
(11)  ў  HF : 

941 
HF

m
 / . 

 SiO2 : 
5,70

204

60942

2






SiO

m
 / . 

 ў  SiF4 :
122

60

1045,70

4





SiF
m

 / . 

 ў   :
42

60

1825,707

2



OHm

 / . 

(12)  ў  H2SiF6 :
390

62

1441672

62



SiFHm

 / . 

(13)  ў  H2SiF6 :
200

94

1441253

62



SiFHm

 / . 
 62; 94  Na2O  K2O   . 
H2SiF6   : 590200390

62


SiFH
M

 /  

  : 155906054

62
SiFHm

 / . 
 SiO2 : 943224163

2
SiOm

 / . 

 ў  Na2SiF6 :
506

62

188167
62





SiFNa

m
 / . 

 ў  K2SiF6 :
326

94

246125
62





SiFK

m
 / . 

(12)  (13)  ў   ў    : 



69
144

185508

2



OHm

 / . 
(5)(13)   ў    : 

275669421519070150218476543 82

2
 mmmmmmmM OH  / . 

(6)  (7)  ў     : 
5052552503

43

2

4343


POH
m

POH
m

POH
M

 / . 
    : 

656350570689

43
POHm

 / . 
(5), (8)  (9)  ў  H2SO4   : 

142488181538118922

42

31.

424242
 SOHSOH

м м
SOH

m
SOH

mmM
 / . 

 ё  92%    : 
15490

92,0

14248


 /  ў . 

  : 15421424815487
9

2


OH

m
 /  ў . 

 :     
ў   ў     (    

56%  ) ў : 
25443

56,0

142484

42
SOHm

 / . 

  : 
11195142482544310

2


OH
m

 /  ў . 
,     : 

99531242111959

2

10

2

11

2


OH
m

OH
m

OH
m

 / . 
    11195 /     208 

/   ,  (5), (6), (7), (9), (10), (11), (12)  (13)  
 2756 /    ў .   : 14159 /  

  . 
(4)  ў  H3PO4  ў  : 1950 /   

.  ў    14159 – 1950 = 12209 /  
.    : 4932 /    . 

: 12209 – 4932 = 7277 /   . 
 ў   : 

2 5 = 5208*0,02 = 104; 

 = 6937*0,02 = 138,7; 

F2 = 1250*0,02 = 25; 

Al2O3 = 167*0,02 = 3,3; 

Fe2O3 = 208*0,02 = 4,1; 

SiO2( .)= 416-(252+70) = 94. 

: 366 /    . 
  3812 /     . 

, ў    : 366 + 4000 = 4366 /  
ў . 



    ё   
 

(      ў   ) 
ё   /  ё   /  

:   ў :  

2 5 5208  23564 

 6937   4000 

CaF2 1250   366 

MgO 334    
 

692 

Al2O3 167    
 

832 

Fe2O3 208   1002 

K2O 125 H2SiF6 15 

Na2O 167 H3PO4 6563 

SiO2( .) 416 H2O 7277 

CO2 1813 : 44311 

  4020   

H2O 208  :  

: 20833 SiF4 122 

  14248 HF 30 

   
 

11195 CO2 1813 

: 25443 : 1965 

 : 46276  : 46276 

   . 
 ў   : 510498,05208   / . 
 ў   : 10451045208   / . 
      : 

10202,05104   / ; P2O5 = 143 /  

(6)  (7)  ў    : 
m

2
 + m

3
 = 250 + 255 = 505 /  ё  360 /  P2O5 

  : m2
 + m

3
 + m

4
 = 141 + 505 = 646 /  ё  

5208 – (104 + 102 + 360) = 4642 /  P2O5 

   : 
64994,14642

43
M

POHm
 /  

21%  P2O5   : 
22105

21

1004642%21

43



POHM

 /  
15606649922105

2
OHM

 /  

 

P2O5   

ё  /  ё   /  % 



 

  5208    ў  4642 89,13 

 5208     102 1,96 

    104 2,0 

     
 

360 6,91 

   5208 100,0 

 

       

   

 :   3:1     
  .        

   ў .    
 . 

  :  = 3:1,    , 
 ,      

  ў .   : 
23564 + 4000 + 366 + 692:2 = 28276  28280 /  ў . 

   ў  
: 113120428280.. m  /  

  ў     : 
8484028280113120.. m

 /  ў . 
 ё      

      (50%),  : 
28280

50

5028280..

. 


m
 /  ў . 

    130 /  (   
 )  ,  

: 56430)1302828028280(113120 m
 /  

 P2O5  (21%   ):
11850

100

2156430%21

52



OPm

 /  

    P2O5 

:
5939

)13056430(

118502828..

52






OP

m

 /  

 ё    P2O5 : 
17789593911850..

52


OP
m

 /  

     P2O5 : 
58371025939..

52
OPm

 / , 
 102 /  –    P2O5 . 

     P2O5 : 
71364645280583717789..

52
OPm

 / , 



 464 –      P2O5; 5280 

–    P2O5 . 
21% P2O5       : 

34000
21

1007136..

43



POHm

 / . 
    : 

,/4030980276120585)340002544320833()55001965113120(

)()( ..
........ 4342

к

mmmmmmm POHSOHи



 

 

 ..m
-  ў  ; ..m

-   ; иm  - 

 ; 42SOHm
- 56%    ; 

..

43POHm
- 

   . 

  :
%5,14

40309

1005837..

% 52



OPm

 P2O5 

  1:8 ў   
 ў  : 9049608113120.. m

 /  ў . 
 

   

 

 /   /  

 20833   
 ў  

1023980 

  (56% ) 25443   1965 

  40309  1025945 

   34000   

 
 ў  

904960   

 1025945   



 

4- :       . 
KCl – NaCl- 2   . 

     

 . 5% NaCI, 20% KCI   75% 2    1000   

ўғ .  ё    1    ў  

,    ўғ   ў    . 

. NaCI – KCI – H2O  1000    

      ( )  

. (5 ).   ў      

 k ў   ў  . d    KCI  

 ў , ў       dE  

ў  ў .       1  

.    1    NaCI   ў . 

  ў    1    NaCI  

     

 

 

 

 

 

 

 

 

 

 

- 5. NaCI-KCI-H2O -  
100

0    . 

  1  ў  
   ,  

    . 
       

,    f  

 ў .   
    

  : 16,85% 
NaCI, 21,75% KCI  61,40% 2 . 

 3   : 
 100    

  .  
 

 

 

2.1.1. Ў    . . ў    

  1 , NaCI   ў   (5 ). 

      1  2   

   ; 



100    16,85  NaCI + 21,75  1 + 61,40  2  . 100 

     ў   5  NaCI + X   1+ 

Y  2  . 

 , ў     : 

 = 5
85,16

75,21 = 6,45  1 

Y = 5
85,16

40,61
 = 18,2  2          ў . ў     75-18,2 = 

56,8 . 

  ў  1    20-6,45 = 13,55 . 

    

5  NaCI + 6,45  KCI + 18,2  2  = 29,65 . 

2.1.2.    . 

 D   ў  ў    : 

ў       (    + ). 

   

ў             = Df 

        fA 

Df  fA     ё    

     (   ў   

     ў ) ў  . 

Df   = 46-20  = 0,568. 

fA        46 

  100   ў   . 

100*0,568 = 56,8  

 f   (   +  1)  

100 – 56,8 = 43,2  

 f    : ў    1 

 (  ). 

   

    = Ef    = KCI   



            Bf           

ў   ў ,  

fE  = 0,457 

fB 

 ў     KCI   

к55,13
457,1

457,0*2,43
  

2.2.2. Ж ё     ё   

 ё     . 100  D 

 =  KCI + Y H2O + Z  . 

       ў  

ў  . 

5  NaCI + 20 KCI + 75 2  = 1 + 2  + Z(16,85%NaCI + 

21,75%KCI + 61,40%H2O). 

      : 

NaCI ў  5 = 16,85Z 

KCI ў  20 =  + 21,75Z 

H2O ў  75 =  + 61,40Z 

    ў    = 13,55;  = 

56,84; Z = 0,2955. 

  D  100   ў  56,8 2  

ў , 13,55  1 ў      100*0,2965 = 29,65  

 . 
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3–  :    ,  
        

 
 : ,      

 ў   ё ,      
    . “EXCEL”  ё  

 ё   . 
 

          
ё   . 

 - ё  ё       
  ё    .  

         
.  
.      (  ): 
  :  

 -      15%,  

-       40% 
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   -30%  

  - 15% (  100%) 
1   ё  ё   : 

 
  % 

SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O TiO2 

 
 

51,66 33,37 0,86 0,73 0,9 1,47 0,4 1,43 

 

(  
) 

57,30 26,91 1,10 0,46 0,45 0,74 0,48 0,39 

 

 

 

94,2 2,79 0,18 0,39 0,3 1,2 0,2 - 

 77,52 12,50 0,36 0,70 0,20 4,27 4,25 0,10 

 

   - 15% 

SiO2 : 

ё   ў  SiO2  
 -51,66 %   . 

51,66  100%  ,  
 15 %   
 : 

51,66– 100% 

 – 15 % 

= 51,66
. 
15 / 100=51,66

.
0,15 = 7,75 

Al2O3 : 
ё   ў  Al2O3  

 –33,37%   . 
33,37  100%  ,  

  15%   
 . 

33,37 – 100% 

 – 15% 

=33,37
.
15 / 100=33,37 

.
0,25 = 5,01 

Fe2O3: 

ё   ў  Fe2O3  
-0,86%   .  

0,86  100%  ,  
  15%   
 . 

0,86– 100% 

 – 15% 

= 0,86
.
0,15 = 0,13 

: 
ё   ў    

-0,73%   .  
0,73   100%  ,  

  15%    
 . 

0,73 – 100% 

 – 15% 

= 0,73
. 
0,15 = 0,11 

MgO: 

ё   ў  MgO  
-0,9   .  0,9   

100%  ,    
15%    

. 
0,9 – 100% 

 – 15% 

= 0,9. 
0,15 = 0,14 MgO 

K2O: 

ё   ў  K2O  
-1,47%   .  

1,47   100%  ,  
  15%    
 . 

1,47 – 100% 

 – 15% 

= 1,47
. 
0,15 = 0,22 
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Na2O: 

ё   ў  Na2O  
-0,4%   .  0,4 

  100%  ,  
  145%    
 . 

0,4 – 100% 

 – 15% 

= 0,4
. 
0,15 = 0,06 

 

TiO2: 

ё   ў  TiO2  

1,43 %   .  1,43   
100%  ,    
15%     

. 
1,43 – 100% 

 – 15% 

= 1,43
. 
0,15 = 0,21 

 

 MS EXCEL     
 .      
    ё     

  ў .   
 MS EXCEL         
 1  (   )  2  (  ё  
ё  )  ў : 

 
    3  ў . 3 

  ё     . 
    ў  fx    

ё  ё  ё    ( , 
 – ў , -  ).  

  SiO2    15  = (A2;B7) 
  ў ; Al2O3  15  = (A2; 

7) ; Fe2O3  D15  = (A2; D7) 
; CaO  E15  = (A2; E7) ; 

MgO  F15  = (A2; F7) ; K2O  G15 
 = (A2; G7) ; Na2O  H15  

= (A2;H7) ; TiO2  I15  
= (A2;I7)  ,    

.      ё     
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     ў    3 
 (  ё  ) ё  ў : 

 
19    ў  : = (B15:B18); 

= (C15:C18)  . ., 20   100 %    
  =B19/J19*100;  =C19/J19*100  . .  
  . 

      
     ,  RO, RO2 

,R2O3    ў .  4    
  :   3-  20   

 , D       
  ў , D35  CaO+ MgO+K2O+Na2O=0,071 

  , E   0,071  1      
   :   

4  (  ў ) 
 



176 

 

 
  ў  4    

  ё  ў : 



177 

 

 
    ў   

 ў : 
=  (F27+F28) / (F31 + 3*(F29+F30))  

= 1,71 

MS EXCEL      –   ё  
 ё     ў   1, 2 

 ў  ,      
     .    

       ў  
. 

 

    . 
      

   ё     .  
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  ў ,   ў  

,  ё    ў .     
       . 

  ў     1,1-1,3 , 
   1,68-1,75 .    

ў   , ,     
    ў   .   

       
ё       

 ў  ,    SiO2  
 71,51 %, SiO2    60  .   

71,51:60=1,1918.   ў      

. 
-

 

 

 

  

 

 

 

R2   R  
 

 
1  

 

%  

SiO2 60 72,70 1,212 Na2O  -        0,377 

K2O –          0,316 

CaO –          0,1505 

MgO –        0, 1575   

 = 1 

17,01 

TiO2 80 0,43 0,005 0,08 

Al2O3 102 21,30 0,209 2,93 

Fe2O3 160 0,75 0,005 0,07 

CaO 56 0,60 0,011 Al2O32,93 1 

MgO 40 0,45 0,011 Fe2O3                       0,07 

K2O 94 2,11 0,022 SiO2                         17,01 

Na2O 62 1,66 0,027 TiO2                          0,08 

   = 0,071   

 

R2   R    1   ,  
  .  

 

Na2O              0,38   

K2O                0,31 Al2O3            2,93 SiO2         17,01 

MgO              0,16 Fe2O3               0,07 TiO2              0,08 

CaO                0,15   

 

      
  .      . 

)(3 32222

22

OFeOAlONaOKMgOCaO

TiOSiO
K k 
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ё      ў  
      : 

                                                    17,01+ 0,08 

=----------------------------------= 1,71 

1+ 3
.
 (2,93+ 0,07) 

,  ё      1, 
71  .  ў  ў  ё     , 

    -    
   .      

    . 

 

1-   

  ё    . 
  :  

 – 55% 

 ( ) – 10 % 

 - 15% 

 20 % 

2-   

  ё    . 
  :  

 (   ) – 35% 

  – 35 % 

 ( ) – 30 % 

3-   

  ё    . 
  :  

 – 50% 

 ( ) – 25 % 

  - 25% 

4-   

  ё    . 
  :  

  – 25 % 

 ( ) – 25 % 

 ( ) – 32 % 

  – 18 %. 

 

 ё  ё   1-  . 
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1- . 
        

ў   ё  ё   
 ё  SiO2 Al2O3 Fe2O3 TiO2 MgO CaO K2O Na2O SO3 . .

. 

1 2 3 4 5 6 7 8 9 10 11 

 
 

 
  

61,77 24,94 0,36 0,1 2,05 0,3 0,9 0,37 0,48 8,85 

 

 

 

56,2-

58,5 

 

21,4-

28,0 

1,4-1,8 

 

- 0,3-0,4 

 

0,5-0,8 

 

   10,4-

11,0 

  

 

 

55,7 

 

29,0 

 

1,0 

 

0,35 

 

0,5 

 

0,7 

 

0,5 

 

1,0  11,3 

  
 

 

48.3 

 

36.1 

 

1.0 

 

 0.3 

 

0.2 

 

0.6 

 

0.5 

 

 12.8 

 

ё  

51,6 

 

 

11,8 

 

 

 

2,20 

 

 

 

0,7 

 

 

 

2,9 

 

11,5 

 

 2,0 

 

 13,0 

 ё  44,4 

 

 

9,1 

 

2,8 

FeO 

1,6 

Fe2O3 

0,6 2,7 

 

17,2 

 

0,9 

 

2,6 

 

10,6 

CO2 

0,1 

P2O5 

5,5 

 

ё  

57,7 

 

15,2 

 

0,6 

FeO 

2,7 

Fe2O3 

0,5 

 

 

2,6 

 

 

3,7 

 

2,1 

 

1,1 

 

4,1 

CO2 

4,8 

 

ё  

56,9 

 

17,0 

 

3,3 

FeO 

3,2 

Fe2O3 

0,8 

 

2,9 

MgO 

2,6 

CaO 

 

1,5 

 

2,2 

 

1,3 

CO2 

0,3 

P2O5 

0,1 

MnO 

5,9 

 

ё  

53,8 

 

9,9 

 

1,1 

FeO 

3,6 

Fe2O3 

0,5 

 

3,2 

 

12,3 

 

1,5 

 

1,3 

 

8,9 

CO2 

0,1 

P2O5 

0,1 

MnO 

2,0 

 

ё  

60,7 

 

19,4 

 

0,7 

FeO 

4,3 

Fe2O3 

0,2 

 

2,0 

 

 

2,2 

 

1,3 

 

3,2 

 

2,3 

CO2 

0,1 

P205 

0,1 

MnO 

1,9 

 

  

97,2 

 

 0,03 

FeO 

0,16 

Fe2O3 

0,003 

0,06 

 

- -  0,28 

Na2O+ 

K2O 
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Cr2O3 

 

 

 

 

97,2 

SiO2 

0,68 

iO2 

0,3-1,6 

Al2O3 

 

0,03 

FeO 

0,20 

Fe2O3 

0,003 

Cr2O3 

- - -     

 

 

 

89,0 

 

 

 

0,6-5,2 

Al2O3 

 

0,03 

FeO 

0,36 

Fe2O3 

0-1,9 

Cr2O3 

0,20 

 

      

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

 

 

 

73-97 

 

 

1,4-4,7 

 

0,14-

2,7 

 

-       

 

 

 

94,2 2,79 0,18 - 0,3 0,39 1,2 0,2       0.546 

C    -     57,2  42,8 

  

 

 

1,5 

 

0,8 

 

0,1 

  

20 
 

31 

 

- 

 

0,1 

 
46,5 

  

(  ) 
73 1,88 0,12  4,00 6,00 1,00  14   

  
  

 

 

73.23 

 

15,41 

 

0,08 

  

0,31 

 

0,70 

 

5,72 

 

3,20 

  

- 

  

 

98,73 0,63 0,0032    0,11 0,06  0,14 

 

- 

 

 

83,6-

88,2 

 

3,0-6,5 

 

0,62-

0,88 

 

   6,8 

Na2O

+ 

K2O 

   

 

- 

 

 

76,0 

 

 0,93 

Fe2O30

,15 

FeO 

0,10 

 

  4,9 

 

2,7 

 

  

 

 

 

71,2 

 

15,7 

 

0,95 

 

0,2 

 

  3,9 

 

0,25 

 

  

 
-

70 

35,46 1,18 42,51 - 0,74 - 0,36 0,1  19,65 

-

 
  

75,2 19,10 0,3 0,1 0,15 0,04 0,2 3,5  1,41 
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-

-

 
  

68,9 21,5 0,04 0,3 0,3 0,2 7,2 0,6  0,26 

-  

- 

 

 

52,0-

68,0 

 

 1,0-5,2 

 

- - 8,5-

13,8 

 

    

 

 

62,3-

76,6 

 

 1,12-

2,8 

 

- - 4,8-8,1 

 

    

 

 

62,1-

71,5 

 0,8-3,2 

 

- - 6,6-

10,5 

 

    

 

 

60,0-

68,3 

SiO2 

2,0-4,8 

Fe2O3 

 - - 7,3-

11,8 

 

    

 

 

76,2-

87,0 

 

 0,22-

3,2 

 

- - 2,04-

9,33 

 

    

 

 

81,7-

91,9 

 

 0,40-

1,15 

 

- - 3,24 

 

    

 

 

97,6 

 

 0,1 

 

- - 0,2 

 

    

 

 

 

83,74 

 

5,59 

 

0,73 

 

0,23 

 

0,69 

 

2,78 

 

1,17 

 

2,14 

 

0,09 

 

3,07 

 49-50 

 

15-16 

 

20-28 

 

- 6-6,5 

 

9-11     

 60-61  15-16  6,5-7,0 

 

 2,0-3,5 

 

5,5-7,0  

 

 7-8,5 

Na2O+ 

K2O 

  

 49-50 

 

11-13 

 

5-15 

 

 7-9 

 

4-5 

 

 4 

Na2O+ 

K2O 

  

 

 

45,45-

59,47 

 

7,35-

13,76 

 

2,44-

4,90 

 

 2,94-

4,60 

 

3,53-

15,01 

 0-4,80 

Na2O+ 

K2O 

1,42-

4,42 

11,40

-

18,08 

 

 

 

2,14-

2,28 

 

0,62-

0,67 

 

0,34-

0,35 

 

 0,84-

0,85 

 

53,8-

54,3 

 

 - 0,03-

0,84 

 

40,57

-

40,99 

 

 

62,88 

 

15,52 

 

3,04 

FeO 

1,47 

Fe2O3 

 2,09 

 

2,54 

 

 6,88 

Na2O+ 

K2O 

0,10 

SO3 

4,48 

 

 

6,16 

 

1,56 

 

1,36 

 

 1,56 

 

37,91 

 

 0,96 

Na2O+ 

K2O 

51,03 

 

 

 

 

 

 

 

 

26,40-

33,00 

 

3,24-

6,98 

 

 

4,16-

8,16 

 

 9,54-

15,25 

MgO 

3,04-

4,19 

BaO 

3,05-

19,26-

25,25 

CaO 

 

0,81-

1,62 

 

0,05-

0,57 

 

 

0,08-

0,15 

P2O5 

0,70-

1,16 

SO3 

13,60

-

17,20 
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4,25 

PbO 

- 

- 

 

 

43,49 

 

2,86-

2,88 

 

0,68-

0,71 

 

- 2,18-

2,22 

 

45,44.4

5,62 

 

  1,54-

1,61 

P2O5 

2,32-

2,45 

 73,96 

 

11,55 

 

3,93 

 

 0,85 

 

3,76 

 

 2,14 

Na2O+ 

K2O 

1,36 

SO3 

- 

 

 

15,64 

 

0,24 

 

0,12 

 

 0,45 

 

0,61 

 

0,28 

 

0,48 

 

0,18 

 

82 

 

 

 

86,48 

 

1,33 

 

0,64 

 

 1,93 

 

3,36 

 

1,57 

 

2,09 

 

0,45 

 

1,68 

 

 

1,50-

4,38 

 

0,30-

1,22 

 

 

0,10-

0,56 

 

 0,28-

1,0 

 

51,25-

54,0 

 

0-

0,15 

 

0-0,15 

 

0,05 

P2O5 

40,84

-

42,90 

 

 

43,12 

 

20,78 

 

0,52 

 

0,44 

 

0,30 

 

0,42 

 

 5,56 

Na2O+ 

K2O 

21,38 

SO3 

7,52 

 

 

24,83 

 

34,17 

 

0,42 

 

  0,06 

 

5,90 

 

1,16 

 

33,45 

SO3 

- 

 

 

14,07-

15,92 

 

0,09-

1,11 

 

0,22-

0,69 

Fe2O3 

0,47 

 

0,06 

 

0,06-

1,15 

 

27,26-

33,48 

 

0,20 

 

0,10 

 

0,2-1,7 

P2O3 

35,8-

41,99 

SO3 

8,04-

17,40 

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

 

ў  

55,60 

 

22,60 4,95 

Fe2O3 

1,15 

FeO 

0,91 

 

2,20 

 

9,10 

 

1,20 

 

0,44 

 

0,02 

P2O5 

1,09 

SO3 

0,74 

 

ў  

47,94 

 

13,06 

 

5,70 

 

 1,02 

 

23,08 

 

 - 2,40 

 

6,80 

 

 

 

22,90-

23,47 

 

6,31-

7,48 

 

0,71-

0,81 

 

 0,89-

2,02 

 

66,55-

68,17 

 

 - 0,99-

0,13 

 

- 

 

 

 

 

22,0-

22,14 

 

4,89-

5,13 

 

4,32-

4,38 

 

 1,65-

1,75 

 

65,25-

65,63 

 

 0,37-

0,71 

Na2O+ 

K2O 

0-0,84 

SO3 

- 

 

 

 

 

20,04 

 

5,34 

 

4,04 

 

 2,27 

 

65,15 

 

 - 0,10 

S03 

0,84 

 

- 

 
 

 

 

20,68 

 

4,52 

 

4,05 

 

- 1,73 

 

65,92 

 

  2,15 

S 3 

0,70 

 

 

 

 

 

28,95-

29,23  

1,72 

 

3,60-

3,68 

 

- 0,84 54,76-

55,36  

 

  1,85-

2,05 

P2O5 

0,32-

0,50 
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2,01-

2,20 

SO3 

 

 

7,50 

 

2,07 

 

0,84 

 

 1,17 

 

47,24 

 

0,49 

 

0,94 

 

0,20 

 

39,53 

 

 

9,86 

 

3,54 

 

0,96 

 

 0,71 

 

45,24 

 

0,62 

 

0,95 

 

- 37,91 

 

 

37,22-

50,46 

 

1,00-

3,33 

 

0,64-

0,80 

 

0,06-

0,08 

 

1,00-

3,95 

MgO 

0,07-

0,09 

MnO 

40,50-

42,89 

 

 0,19-

0,84 

Na2O+ 

K2O 

0-0,10 

 

2,52-

12,50 

 
 

51,25-

51,86  

 

19,70-

21,01  

 

14,64-

15,64 

 

0,65-

1,22 

 

0,32-

0,65 

 

0,60-

0,74  

1,39-

1,70 

 

0,10-

0,30  

 

0,11-

0,24  

6,70-

9,01 

 

 

- 

 

-

 

27,90 

 

0,10 

 

0,12 

 

 0,30 

MgO 

0,01 

MnO 

0,30 

 

 31,03 

Na2O+ 

K2O 

0,10 

 

0,12 

  53.0 

 

32.6  

 

1.5  0.7 0.6  

 

0.3 2.7  

 

  

 
 

61.6 

 

24.7 

 

0.8 

 

 0.7 

 

0.8 

 

2.9 

 

0.2 

 

  

  

55.1 

SiO2 

32.3 

Al2O3 

 

0.8 

Fe2O3 

 0.6 

MgO 

0.6 

CaO 

 

2.1 

K2O 

0.3 

Na2O 

  

 
 

58.8 

 

21.7 

 

9.3 

 

 0.6 

 

0.6 

 

1.9 

 

0.9 

 

  

 
 

62 

 

24.3 

 

2.6 

 

 1 

 

0.8 

 

2.5 

 

0.3 

 

  

-  
 

57.6 

 

29.2 

 

2.95 

 

 0.9 

 

0.2 

 

 

-    
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4–  :   ё     
     

 

 :    ў    
       

 

1-   

  ё   ў  : 

  

 

 , .% 

SiO2 Al2O3 CaO MgO Na2O 

72,0 1,40 7,50 3,50 15,60 

 

  ў      
  (  ё  ё   7 –  

). 
2-   

“ ”      ў  ё   
: 

“ ” 

 

 

 , .% 

SiO2 Al2O3 2 3 CaO Na2O 

81,0 2,0 12,0 0,5 4,5 

 

        
 (  ё  ё   7–  ). 

3-   

    ё   ў  
: 

  
   

 , .% 

SiO2 Al2O3 CaO MgO Na2O 

72,5 0,90 12,60 1,00 12,50 

  ў       
  (  ё  ё     ). 

 

4-   

ё-   ё   ў  : 
ё-

 

  

 , .% 

SiO2 Al2O3 CaO MgO Na2O 

72,00 1,50 10,00 2,50 14,00 

  ў       
  (  ё  ё   1  ). 
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1                                                       
   ў  - ё  ё  

 

 

 ё   

 

 
 

                     .% 

 Si 2 Al2 3  g  2  N 2   Fe2 3 . 

ў . 
  

 

27501-

77 

94,2 2,79 0,39 0,3 1,2 0,2       0,18 0.546 

  
 

27501-

77 

97,2 

 

  0,06 

 

- 0,28 

Na2O+ 

K2O 

 0,03 

FeO 

0,16 

Fe2O3 

0,003 

Cr2O3 

 

 

 

  

27501-

77 

97,2 

SiO2 

 

0,3-

1,6 

Al2O3 

 

- - -   0,68 

iO2 

0,03FeO 

0,20 

Fe2O3 

0,003 

Cr2O3 

 

  

 

27501-

77 

98,73 0,63   0,11 0,06  0,0032 0,14 

 

  

27501-

77 

89,0 

 

0,6-

5,2 

Al2O3 

 

     0,20 

TiO2 

0,03 

FeO 

0,36 

Fe2O3 

0-1,9 

Cr2O3 

 

 

  

27501-

77 

 

73-

97 

 

1,4-

4,7 

-     0,14-2,7 

 

 

  

 

23172-

79 

1,5 0,8 31 20 - 0,1  0,1 
46,5 

 23172- 3,2 2,57 27,06 19,62    0,53 47,77 
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79 

  

(  ) 
111-90 73 1,88 6,00 4,00 1,00  14  0,12  

  
  

13431-

77 

73.23 15,41 0,70 0,31 5,72 3,20 - 0,08 - 

   
 

13431-

77 

65,57 19,54 1,63 0,18 10,03 2,01  0,32 0,72 

 
ё  

 0,40 97,90 0,35 -    0,05 1,29 

      65,74    34,26 

 -   - - - 57,20 -  42,80 

ў   1,47  53,90 -    0,60 43,9 

ў  
 

       99,4 

b3 4 

0,02 0,59 

         97,4 

ZnO 

 0,26 

 

И .  ё    ў     
   (%): 

SiO2—71,0; 12 3—1,5; —8,5; Mg —3,5; Na2O—15,5. 

       ў  - ё 
 :  SiO2  , Na2O   , CaO  

MgO –  ,  CaO    – ў    Al2O3  
  ё  ў        

ў : 
2  

 ё  ё   

 

- ё 
 

 % 

SiO2 Na2O CaO MgO Al2O3 Fe2O3 . .  

 98,95 - 0,58 - 0,64 0,13 0,11 

 - 57,20 - - - - 42,80 

ў  1,47 - 53,90 - - 0,60 43,9 

 3,2 - 27,06 19,62 2,57 0,53 47,77 

 ё  0,40 - 0,35 - 97,90 0,05 1,29 

        
  .      
     ў . 

 SiO2    .   
  : 
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 — ; 
 — , 

   —z; 

 —t 

ў  —q. 

 

  SiO2    , 100  
   0,9895  SiO2  .   SiO2 ў  
(0,0147 q),  (0,032 )   ё  (0,064 z) 

 .  
100     71    SiO2 ў   
.  SiO2    ў  : 

 

71=0,9895 +0,0147q+0,032 +0,064z.                     (1) 

 

          
  : 

  

8,5= 0,539q + 0,2706  + 0,0058 + 0,0035z.  (2) 

 

 Al2O3   
1,5=0,979z +0,0257 +0,0064                          (3) 

  MgO  

                          3,5=0,1962                                           (4) 

Na2O   
                                             15,5=0,572t                                           (5) 

   ,  : 
 =71,09,  =17,84,  z=0,60,  t=27,10,  q=6,08. 

 ё  3,2%   ,    
   ў :  

27,10 1,032=27,97 . . 
 , 100 .       

    ў :  
71,09 

 17.84 

  0,60 

 27,97 

ў  6,08 

 

                     123,58 .  

 

       
. 
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                 %SiO2= 100

95,9809,71

 =70,34;                      

                                      %CaO = 100

58,009,71

 = 0,41;      

                                     %Al2O3 = 100

64,009,71 x

= 0,46; 

                                   %Fe2O3 = 100

13,009,71 x

= 0,092; 

   :                                                     

                                     %SiO2 = 100

2,384,17 x

=  0,57; %   

                                     %CaO = 100

06,2784,17 x

= 4,83%; 

%MgO = 100

62,1984,17 x

= 3.50 % 

                                   Al2O3 = 100

57,284,17 x

=0,46  % 

                                    Fe2O3 = 100

53,084,17 x

=0,095% ; 

  : 

                                    SiO2 = 100

40,060,0 x

=0,0025% ; 

  CaO = 100

35,060,0 x

=0,002% ; 

                                   Al2O3 = 100

9,9760,0 x

=0,59% . 

C   : 

                                    Na2O = 100

2,571,27 x

=15,50%. 

ў  :             

                                    SiO2  =   100

47,108,6

=0,09% 

                                    CaO = 100

9,5308,6

 =3,28% 

                                    Fe2O3 = 100

6,008.6

=0,036% 

   3 -         
.  

3- .      
       ў      

- ё 

  

100 

. 
 
 

 % 

SiO2 Al2O3 CaO MgO Na2O Fe2O3 ∑ 
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-  

 

 71,09 70,34 0,46 0,41 - - 0,092 - 

 27,84 0,57 0,46 4,83 3,50 - 0,096 - 

 
ё  

0,60 0,002 0,59 0,002 - - - - 

 27,97 - - - - 15,50 - - 

ў  6,08 0,09 - 3,28 - - 0,036 - 

 . 
  

%(  
ў ) 

123,58 71,00 1,50 8,51 3,50 15,50 0,21 100,

2 

100  
 

  

- 70,86 1,50 8,49 3,49 15,45 0,21 100 

 
  

- 71,00 1,50 8,50 3,50 15,50 - 100 

 
  

- 0,14 0,0 0,01 0,01 0,05 - - 

 

      : 
123,58 .  - 100 .  ; 
100 .  -  .  ; 

                          = 58,123

100100

=80,91%. 

   ў  ў ,     
ў  : 100-80,91=19,09%. 

 100 .      . 
    ў   : 
   71,09 .  - 17,84 .   

   100 .  -  .   

                                 = 09,71

84,17100

= 25,09 . . 
       ( . 

): 
 ...........................100,00 

 ....................25,09 

ё  ...................0,49 

 ..........................39,34 

ў  .............................8,57 
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1.    ў  . 
2.   ё   ў     ё . 
3.       . 
4.       

  . 
5.     ё     

ў     . 
6.  ё   ў      

. 
3-  

  SiO2+MgCO3+Na2CO3    
ё    ў  ё  ў   ў : 

 

ё   ё    

1.  
 ў  

1. 100
 - 950-

1150°  
; 

 

300° : 
1) MgCO3+Na2CO3          MgNa2(CO3)2 

2) MgCO3MgO+CO2 

340-620° : 
1) ___________________________________ 

 

______° : 
   ў  : 

1) Na2CO3 +SiO2          Na2SiO3+CO2 

 

500° : 
gO  SiO2   : 

1) 

 

______° : 
  : 

1)  

 

450° -900° : 
  ў : 

1) 

2) 

 

______° : 
    ў : 

 



194 

 

 

1100-1200° : 
 

 

2.   
ў  

 

 

1150-

1250°  

    (    
60-70%): 

 

3.  
( ) 

 

________

________

______°  

1    4   
 ў  .  ў  

 : 
1)  ё    - MgCO3, 

CaCO3, Na2CO3, Na2SO4, b3 4  
    

); 
2)  

3) 

 

ё   ў : 
1)     

ё  . 
2)  

      3) 

4.  
(ў

) 

 

________

________

______°  

      
  ё  ё  

 : 
1)  .  
2)    ё   

     
 . 

6. 

C (
) 

 

________

________

______°  

    
_________°   ,  104

 -

___      
 . 

  : 
SiO2,_____,_______ 

  : Li2O, 

K2O,____, _____, _____ 

   

• « »  - ё  104
 - 4 

.
10

8
   

  (250-300 )   ў  . 
• «  » - ё  104

 – 4 10
8
   

   (250-500 )   ў  .



195 

 

 

5–  :     ё  
  ё  ў  

 

 :    ё  

     ё  ў . 

 

     ё  ў . 
 

        
 -2 . -2     
      , SO3H   

 . 
     (La+3)  (Lu+3

) 

  ,       
 .      -   

        .  
         . 
  ё       

       
     . 
      

          
.   ( )     

,   ( )   
 ( ) .        
  .  -   . 

     ,     . 
     . 

( )3-
 + [ ]3+

  H[( ) ] 
{H[( ) }/{[ ]3+

 * ( )3-
} 

         
      ( ).   

  -        2,4 
  . ,      

       .  –  
          

 ,      .  
ё      . 

  NH4
+
 ё  Na

+
(NH4

+
 ё   Na

+
- )   

 .    Cu
2+

-  . 
 Cu

2+
 -        , 

     . 
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    .   ( )  

 4-8,5      .    NH4OH  

. 
    –    , 

      –     
       
  .     3   ,   

  . 
 

     

       . 

     ,   
   . ё     

 3     .  
      (II)   

  .  –   SO4
2

  -1  
    .  

  0,15-0,6  .    
   [ 4 13]

2
   ( )  

.      20%   . 
   1  1   5   

.       . 
   SO4

2
 –  . 

   - 1  ReO4

  . 

   15-40 /  ReO4
  10-20 /   .  

   (  0,1-0,8  )   
  Re    . 

   N 2 3     
 .  ,  1%  N 2 3    

 ,    .  
N 2 3  90        ,   

   .   
 200-400 /    ,    

   .     
I ,     . 

      . -

17 -    . 
 

: 
1. “  ”  “ ё     ” 

ё  “ ”  ё  . 
2. “  ”  “ ”  
. 
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3. “  ”  “ ”  
. 

4. “  ў  ”  “ ” 

 . 
 

 : 

 

1.  ё       
; 

2.       ; 
3.  ў       ? 

 

 

V.   

 

  ё     
ё    .   

 ў  . 
 

 
 

  , ў ,  
,  ў   ё  

   ,  ,  
    ў  ў . 

    . 
 

 

1-ке  

2-ке  

Ке  ж  о қ л   топ қл : 
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3-  

e    “ ” -   
    ё ў   ў   

      . 
  e    ў  ў  “ ў ”  

“ ”     , ў     -

   . “ ”   
       . 
     ё    

     ё   . 
  e   ё     16-20 %  

   ў .    e  
ё   .        

  e ,      
e    . 

        
 . e  e    e  

 ў      ў . ў ,  ё   
   ў    e   

ў  .   ё   ў , e  
ё      ,  

e ,    ,   
      ў . 
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  e        

    150 / 2
  e  ў    

    e    .  
: 

1)         
   - ?      

 e . 
2)     e    

  - ?      
 e . 

3)      e    
  - ?   e . 

4) e     e    
  - ?   e . 

    e  ў   
: 



200 

 

“ e  e    e  ” e  
  ў ,     

e . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-  

Ў e o     . 
e    “ ”   ( ) 

   .    ё   
 , , ў      . 

Ў e       59% , 24% 
ў  (II) , 16%  (I) , 1%   . s2 3-

  Ni2 3-    ў . 
 100%     ў  ( s2 3  0,1-0.5%, 

Ni2 3-0,01-0,02 ). 
  ў   ў :    30% 

  ў  , 50-60%   9-12 %   .  
   e  1,565  ў .  

   17-27% ў  , 1-5%  , 12-17 

%    , 55-65% e  (IV)-  . 
   e  1,535-1,560  ў . 

        13%  ў  
(II)- , 3-8%     2%   (III)-  ў . e  

 e     ў    ў .  
 75-77% e  (IV)- , 5-7 %    , 

e  
e  

  
e  

 

 e  
  e  

 

  
  

 e   

ё   
   

   

  
 -ў   
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1-3%    14-18%    ў .  
   e e  1,480-1,500  

ў . 
    ё    ё   

       . 
     ў       

e e ,    ё      e  
.   , e e , , , e   

e e ; u 2, Fe 2, B2 3, P2 5, s2 3, BeF2     
. 

       e e ,  
    e  .  2, e 2, e 2, 

3, W 3, B 2 3, l2 3, G 2 3, C , g , N 2 , 2   . 
         

   e .     
e e  . e   ў    e  
 ё     . 

 
. Ш   e e    

  ҳ   ў  :  
1-  ҳ   e e ; 2-  ҳ   ; 3- 

 ҳ   e ; 4-  ҳ   e ; 5-

 ; 6-  ё   .  
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: 
1)   ў , Ў e    ў  

   ў ? Ў e   ў   
  - ?  e . 

2) e  ў ,    ў   Ў e  
  e   .   e  

ў   . 
3)          

 ,    ё   
 e . 

4)      e e  e ,  
      - ?  

  e . 
 

5-  

e   ,  Ў e    
. 

  ё , e      -  
e   , -    ў  

 ў     e  ў   
.       

  ў  , ў     .  
e  ё- e       

 ў     e    e  
- ў  e     , e e  

   ,    ў  
ў  , ў       

 ў  ў    e .     
e     e     

Ў e  e   e     
    , “ - ё ”  

  e  , e   
2-  ё   , e  “ ”  

  ,  “  ” 

  e , “ e  - e ”   
      .   

 , e e  ё      

   ў  ў ,    ё  
  .  e , e , , 

    ў  e     
  -   ў  ў ,   ў  ,  

         
e   ў    ў . 

e     e    
  ў  . ,   
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 e e   ў .      
   3-4    e . 

 ,     
   . ,  

     ё     
  5-6  ў ,   e  

  e  . 
e   ё      
  ў .        

ё   ,    ў .   
-    . e   ў   ў ё  

e   .  ,     
  ,     ,    

ё        . 
e     ў .    

  ў  : 
1.   -   ўғ ; 

2.   - ,   ; 
3.  e   -   ; 
4.    - ,   ; 
5. e    -   ; 
6.   -   ; 
7. ё  -   -   ўғ  ; 
8. e e   -  e e e ,   ў ғ  

; 
9.   - e  , , ,  e , 
  ; 

10. e   - e    ; 
11. e      ; 
12. e   ў  ў  ; 
13. e e  e  ў  ; 
14. e  e  ; 
15. ў  e     -  

ў   ; 
16.  e    . 
 

: 
1)   ў , Ў e      

 - ?  e . 
2) e       e  ё  

ў    .   e  ў  
 . 

3)        e  
 .  
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4) e      e  ,  
Ў e      . 
 

 

6-  

 

    

2001   ғ-     
    . ё   

ў .       
 ў  .      -

       
.   ё    ў  ў   

    ў       
      ў . 

:  

1.      ё  ё  ё   

  ў  

2. у у о  е  э  ло  о  т қ л д ? 

3. Ў оқ  т к д    к ё  л л   қдо  

 оғл к? 

4. Хо ё  ёқ  е к  қ  ту д  е к л  те л ? 

5. Ў оқ  д  то л  у у  қ  о л  қўлл л д ? 

6. Ў оқ  к ё  к л д  то л  у у  қ  о л д  

о д л л д ? 

7. у о л  ту л   л  о тл   л д  о т? 

8. Ў оқ  д  то л  о л  кет  кетл .  

9. Хо ё  ёқ  у у  қ  ў оқ  қўл ? 

10. Кол ед  ёқ  ў оқл  қ  д , ул  лл   

к л  д  о т 
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8.  -  

“     ё  ” 

.     «     
»     .   ў  

  .      -

ё      31,5%    
  ( . .)  1,5-2,0%   

.     ; 1-25,0-32,5% , . .-3,0-

6,5% ў  .    1     

,      
.  . .   ё   

      
  .      

250 - 300     (   1  -2500-3000 )  .  
 ,  ё         
   . 
   :    

 ё   ё   . 
    ў    . 

   

     2010   ё 
     . 

   .     ў   
        .  

           
    Na-      

  .     .    
 60-80   Na-     “ ”   
  .        

         
.   Na-       

 ( )       
   .     Na-   

           
  ё  Na-      ,  

 6700  300    ,     
 Na-          

    . 
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      15      . 
        

 .         
          

  . – ё    , 
            

          
  .  
    Na-     ё   ,  

  Na-   ё  .   
  ,          

             . 
 ё   ў        

  .     ё   
     .    

     ё   ,   
      .     
        . 

          
      ,    

86%    85%     .   
         

     3     
       .  

       
      

       ў  
   .       

ў  ў . 
  

 

  1.         ў ? 

  2.        ? 

  3.     ў ? 

  4.         
 ? 

  5.  ё    ў ? 

6.      ? 

7.  ё      ў ? 

7.    ў  ? 
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8.        ў  
.  ? 

9.        
  ? 

10.     ? 

11.        ? 

12.         ? 

 ? 

12.      ? 

13.      ? 

 

 

“   ё  ”  

1.     

   
1.    ў     ё 

 ў   . 
2.    ё    . 
Ў    : 
    ў     ё 

 ;  
 ё  ў  ; 

  ,     . 
2.        

    ў   ў  : 
    : 

  ё   ё ; 
   : 

-   ў ; 
-   ,   ; 
-     ў  ,  
   ў ; 
- ў     ў ,   ; 
- ў     ,  

,    . 
  ў ғ  : 

-  ў ; 
-  ў ; 
-   ў ; 
-     ў . 
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1-  

         ў  
  ў  

     

1.    
 

  
 

   . “   ё  
”      
       ў  

   ў   . Ў  
    . 

2.   
  

      ў  
.    ў   . 

    ў  ,   
  ў    .  

    ў . 

3.  
  

 

      
 .  : ғ 

 - ъ   -

ё  ў   ғ   ё  
. 

     . 
1.  ё     

 ? 

2.  ў     
 ё   ? 

3.      
  ? 

4.     ? 

5.      ? 

6.      
  ? 

7.      

8.    
 ? 

9.     ё  
   2 5     

 %    ? 

4.  
  

  
 

  
. 

      
     

ў .      
ў  ,   .  

    .  
ў .     ё  

  . 
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2-  

“  ”  ў  

  
 

 
  

  

   
 

1.  
 1  

2 5  
   

 
  

  2,5-3 

 . 
 

2.  
  

2 5   
  63-

65%   
. 

3.  
  

  
  

1.  65-

70%  2 5 

  
,  

 
   

  
  

ў . 
2.  

 ё  
35%   

ў  

 

 

3.  16-

18% 2 5  4-6 % 

 ў  
 

 

 
  

2 5   
  

   
  2 5 

   
ё  

. 
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3-   
   ё     

ў (      
 ) 

        
ў  

 
ў  

  
  
  

 . 
1  

 
  

  
 ў  

. 2  

  
 
  

ў  . 
2  

 
. 

5  

     

 

4-         
ў  

 
ў  

  
 

. 2  

 
ў   

 .1  

 ў  
   

.2  

 
.5  

     
 

 

 
 

 

 

VI.  Ъ   

       

   ў   ў    
        

  (  )  ё . 
  (  )     ў   

ё   ў   ў    
ё . 

 ў   ё    
 : 

-   ё  ў    ; 
-  ё   ў    ё ; 
-       

 . 
,   ё     

     ў -   
“  ”    . 

  ў    ў  ё   
ў  :   ,  ,  

, , ,     ў  
.    ў      

  . 
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 ъ  : 

1.  ў   ў   

2.   ё       

3.     

4.       

5. ў      

6.  ў  ,    

7.     

8.         

9.  ў  ,     
10.    ў , ,    

11.    ,    

12.      

13. ў     

14. 4.   ў  

15.       

16.      

17.     

18. ў      

19.      

20.        

21. ё    ё . 
22.   .  
23.   . 
24. ё      . 
25. ё       ў  . 
26.  . 
27.  . 
28.    . 
29.      . 
30.   . 
31. . 
32.    . 
33. 4    . 
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 ё    : 
1. “   ё  ”  “  

   ”  ў    
ё . 

2. “   ё  ”  “  
 ”  ў    ё . 

3. “   ё  ”  
“     ”  ў  

  ё . 
4. “  ў  ”  “   

 ”  ў    ё . 
5. “  ў  ”  “   

 ”  ў    ё . 
6. “  ў  ”  “   

  ”  ў    ё . 
7.   ё      

“EXCEL”  . 
8.      . 
9.   ё      “EXCEL” 

     . 
10.    , Ў   

  . 
11.        

. 
12.       . 
13.     ,  ё  

“EXCEL”  . 
14.     ,  

  “EXCEL”  . 
15. - ў      , 

  “EXCEL”  . 
16.       ,  

 “EXCEL”  . 
17.     ,   

“EXCEL”  . 
18.     .  

.   ў      ў   
 . 

19.   ё      . 
20.    . 
21.      

22.       . 
23.   ё  ё   . 
24.   ё   ў  

25.     . 



213 

 

26. "     "  "  
  "   ў    

 

27. "     "  
"     "   ў  

   

28. "     "  "  
   "   ў  
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VII.  

 

 Ў    Definition in English 

 
 

, , ,  
  

phosphorus, potassium, 

calcium, magnesium and 

sulfur, 

 
ў  

   ў   
  

   
ў .  ў  

  , 
 ў   

  
   

  
  ,  

 ў    
. 

their elements in the 

structure of plant and 

animal waste. Such 

fertilizers primarily deaf, 

as well as plants and 

animals out of wastealso 

includes products derived 

from the processing of 

green fertilizers . 

 
ў  

  ў   
 ё   

   
  

  . 
 ў   

,   
. 

The organic matter in the 

soil and air or nitrogen 

fertilizers mineralized 

microorganisms pigeon-

fed drugs. such fertilizers 

include soil azotobakterin 

nitragini. 

ў -

ў  
 

ў   

ў   
 ў  

ў .   

ў  ё    
ў  : , , 

, , , 
,  

 ( , 
, , , ) 

. ў - ў  
 ў ,  

,  (  ё )  
 ( ў  ё ) ў  

ў . 

plants intended for direct 

feeding fertilizers. for the 

life of the plants they 

contain important 

elements: nitrogen, 

phosphorus, potassium, 

magnesium, sulfur, iron, 

as well as trace elements 

(molybdenum, copper, 

zinc, cobalt). the direct use 

of fertilizers, in turn, 

simple (one defended his) 

and complex (double) is 

divided into fertilizers. 

 ў   ў  
 : , 

, , ,   

oziqluvchi plants in the 

structure of elements: 

nitrogen, phosphorus, 



215 

 

  ў  
ў .  

potassium, magnesium, 

iron, fertilizers, and one of 

the others. 

ў   ё  (    
) 

ў  ў . 
  

ў  —  , ( )-
,    

   
.  ў  

  ,  
  ў  

. 

ess than normal (in grams 

and kilograms per hectare) 

used in fertilizers. 

microelements - boric 

acid, copper (2) sulfate, 

ammonium molybdate, 

and other technical salts. 

agriculture also water-

soluble, water-insoluble 

micro fertilizers are used. 

 
ў  ў ў . 

ў
ў

ў . 

ў
, 

ў . 

contains at least two 

elements pigeon feed 

fertilizers. secondary 

complex fertilizer and the 

tertiary complex fertilizers 

types. as well as the 

structure of complex 

fertilizers, micronutrients, 

pesticides and growth 

supplements also can be. 

 
 

ў  

ў    
 ў , 

    
 , 

,  , 
 ,  , 

   . 
  ў  
  ў , 
   

 . 
  

   
  
  

 . 

plants mainly fertilizers 

uzlashtiradigan cations, 

anions in the solution 

increases the acidity of the 

soil, for example, 

ammonium sulfate, 

ammonium nitrate, 

potassium chloride, 

potassium sulfate, and 

others. physiologically 

acidic fertilizers 

ammonium nitrogen 

fertilizers, including urea 

can also enter. 

nitrifikatsiyalovchi 

bacteria, ammonia, nitric 

acids increase the acidity 

of the soil as a result of the 

action. 
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ў  

 ў  

 ў  
   
  

 . , 
 ў  ,  

    

anion build fertilizer plants 

collected without their 

alkali cations in the soil 

environment. for example, 

such as fertilizers, sodium, 

potassium and calcium 

nitrate 

 

   
 . 

  

  - %  
  

 .  
   

  ( ) 
 ў   
    
    

   
    

   

feature substance 

absorbing moisture from 

the air. hygroscopic 

widely preferred 

expression gigroskopiklik 

point. water-soluble salts 

are hygroscopic point (k) 

on a saturated salt 

solution, with the 

temperature of the water 

vapor pressure of partsial 

the same pan enriched by 

the rate of heating of the 

water vapor pressure 

  
 

  
ў   
ў    

   
. 

As a result of the shedding 

of the transplanted 

material collection playing 

with the horizontal 

surfaces of the corner. 

ё  
ё   

   
  

 ў ,   
   

 -   
. 

ores, salts, based on the 

melting temperature 

coefficient, melting and 

crystallized salts with Yuli 

series separated 

   potassium chloride 

    sodium chloride 

     langbeynitium salt water 

ў       
  

a mixture of potassium 

chloride and ground 

sylvinite 

  
  

  ё  
   

   
ё  .  

air bubbles and mineral 

particles stick to the 

selected individual 

components, allowing 

flotatsiyasiga chemical 

compounds. 
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ў   
 

    
    

ў  ё  ,  
  ў   

  .  

a certain amount of pulp 

properties on the pulp to 

help the formation of air 

bubbles stable foam layer-

forming substances. 

 -   
  ё  

 . 
  – 

  , 
  

 ё   
  

. 

The organic matter in the 

solid-liquid phase surface. 

The aim of the collectors 

of mineral surface 

gidrofoblash to improve 

the stability and speed of 

the particles of air bubbles 

adhere. 

 

 
  

     
,   ,  

 ,    
,   

 , , 
, ,  . 

eramics, refractory 

ceramics, porcelain and 

faience, glass and 

ceramics, enamel coatings, 

asbestos, binders, cement, 

gypsum, magnesia, liquid 

glass 

 
 
 

 

(Field of silicate 

materials 

technology) 

   : 
1.   ў   

 ё  
; 2.   

 ё  ; 
3.   ё  

. 

It consists of 3 parts – 1. 

The technology of 

ceramics and refractories, 

2. Technology of glass and 

glassceramics. 3. 

Chemical technology of 

binders. 

 
  

(Technology) 

 

K  - ё   
 ў     

   ў  
  

   
ё  . 

Is the collection of 

techniques, skills, methods 

and processes used in the 

production 

of goods or services or in 

the accomplishment of 

objectives, such as 

scientific investigation. 

 
 

(Cement) 

,  ё    - 
    ё  

  . 
    . 

Cement, gypsum or lime 

putty - a mixture of the 

binder with water or other 

liquid. Once cured, it is 

called the stone. 

 
 

(Masonry 

 ,    
ў  ( )  

.  

A mixture of binder, water 

and fine aggregate (sand). 

https://en.wikipedia.org/wiki/Skill
https://en.wikipedia.org/wiki/Good_(economics)
https://en.wikipedia.org/wiki/Service_(economics)
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mortar ) 

 
 

( oncrete) 

    
ў    

(    ў  - 
,  ё   )  

   
.   

  , ў  
    - 

  . 

The artificial mixture of 

the binder material with 

water and an inert 

aggregate (fine and coarse 

aggregate – sand, gravel). 

The solidified mixture is 

called concrete, with metal 

reinforcement – reinforced 

concrete. 

 
 

(hydraulic lime) 

1756   .  
   

6-25%  ў    
   

Established in 1756 by D. 

Smith new waterproof 

binder – limestone with 6-

25% clay 

 

(cement) 

   
, ,   

 ё    
   

     
 ,   
. 

Artificial inorganic binder 

which, in contact with 

water, aqueous salt 

solutions and other liquids 

forms a plastic mass, 

which then hardens and 

turns into rock substance. 

 
 

 
 

(hydraulic 

binders) 

     
 ў   

.  , , 
    

; 

Harden only in air and dry 

environments. Includes 

lime, gypsum, caustic 

magnesite and others. 

 
 

 

  ,  
     
.   

   
,   

 

Harden not only in air but 

in a moist environment 

and in the water. Includes 

all cements, hydraulic 

lime. 

 
 

 
(acid proof 

binders) 

K    
.   

,    
,   
   

  . 

Used in acidic 

environment. Include 

cements on the basis of 

liquid glass, bases, 

phosphoric acid and its 

salts. 

- ё    

(Raw materials 

for Portland 

cement) 

    A mixture of limestone 

and clay 
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 1450-1480 °  

   
   
. 

Semi product obtained by 

heatingof limestone and 

clay to 1450-1480 °C  

temperature. 

 

, ,   
  ў   

 

Alite, belit, tricalcium 

aluminate and calcium 

aluminoferrite 

  
 

ў     
 , , 

  ў   
ё  . 

Multi-stage processes of 

grinding, mixing, firing on 

the basis of dry and wet 

methods 

  
 

 

    Rotary and shaft kiln 

 

(cement) 

    
  . 

Cement is produced by 

fine grinding of clinker 

and gypsum. 

 

(Solidification 

of cement) 

   
ё  - , 

    
 ё   

Three-stage process of 

hydration consists of 

dissolution, colloidization 

and solidification 

processes. 

  

   
   

 - ,  , 
    

  ў   
 ё   

ў . 

Partial or complete loss of 

form of cement products 

under the influence of 

water and mineral 

substances – water, salts 

solutions, acids and 

organic substances. 

  keramike (  
keramos) –   

From ancient Greek 

(keramos) - clay 

 
 

  ё    
  

   
 , ,  

     
  

The product of high 

temperature calcination of 

a mixture of natural clay 

and other minerals 

 
 

  ў  
 , ў   
  , 

 1580°    
ў   . 

The product obtained by 

ceramic technology and 

used in the furnaces and 

high temperature furnaces 

construction, it’s fire 
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resistance not less than 

1580°C 

 
 

O   ё    
 ў  , 
    

ў     
   

    
. 

The high-temperature 

product of the calcination 

of clay or mixture of clay 

and special additives used 

in construction. 

 
 

 

   
 ў ,  ў , 

,   
( , , )  

  

A conductor, 

semiconductor, insulator 

or a product with special 

properties (magnetic, 

optical, electrical) 

obtained by ceramic 

technology. 

-

ў  
 

 

  ў  
, ,     

    
    

Thin ceramics obtained by 

ceramic technology from 

clay, kaolin, quartz and 

feldspar 

 
 

 

    
   

   
 ў   

   . 

Materials like bricks and 

tiles obtained  from fine 

and coarse ceramic mass 

 
 

 

O   ,  
   ў  

     
   . 

The product made by 

firing from ordinary clay 

and used for construction 

of walls and partitions. 

 
  

, ,  
   

 

Ceramic porous materials, 

such as expanded clay, 

aggloporite, gravel 

-

 
 

   
 , ,  

 . 

Tub, sink, toilet bowls and 

other products obtained by 

ceramic technology 

 ў  ў  
   

ў   , 
  
,  ё   

    
  . 

Standard size rectangular 

artificial stone, obtained 

by molding, calcination or 

steam treatment of mineral 

materials. 

     
,  ё  

Used as a building 

material, chemical 



221 

 

, ў  250,   120 
  65 ,  4 

. 

synthetic material, it’s 

height 250, width 120, 

thickness 65 mm, weight 4 

kg. 

  ё  
  

 

 88   
. 

The thickness of the bricks 

parallelepiped is 88 mm. 

  O   ў   
   

   . 

The product with 

dimensions of 

conventional brick, 

covered with the solution 

on it’s surface. 

  
 

  -  
  ,  

 

Types of cellular or 

hollow bricks, efficient 

brick  

 

     
    

  . 

Equipment used for high-

temperature firing of 

bricks on trolleys. 

  ё   
   
    

  ў  
. 

An apparatus for 

conducting various 

processes upon heating 

and under the pressure 

above atmospheric. 

 
 

      
 ё    

( )   
ў     

 . 

Homogeneous 

composition and dense-

sintered or fine structure 

products obtained by 

ceramic technology. 

  
  

 ,  , 
 ,  , 
, -   
-  . 

Semi porcelain, hard ware, 

clay ware, lime ware, 

majolica, sanitary 

construction and sanitary 

ware. 

  
  

ў ,   
 , -

    
. 

Household, decorative, 

electrical porcelain, 

titanium-magnesia and 

other special masses 

 
 

 

,   
ў , , 

 ,  
  . 

Thin, pure color, clear, 

stone, dense-sintered, 

waterproof. 

 , ў   , 
     

The material obtained by 

heat treatment of kaolin, 
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,   , 
, , ё  

  ў  
. 

refractory clay, feldspar 

and sand mixture, it’s 

dense, durable, chemically 

resistant. 

    1350  
 . 

The mass is sintered at a 

temperature of 1350 

degrees. 

    1250-1280 

  . 
The mass is sintered at a 

temperature of 1250-1280 

degrees. 

    (III) 
 ў    

ё  , 
   

  . 

Contains aluminum oxide 

(III), which ensures the 

plasticity of the mass, 

during firing it forms the 

mullite mineral. 

   ,  
  , 
  ,  
 ё    

 ў   . 

Rock, containing 

potassium, sodium oxides 

in its composition, during 

the firing of porcelain 

contributes to the 

formation of the glass 

phase. 

Ў   
 

   
  

  
. 

Used as the plastic 

component in the 

porcelain. 

    
ў    

. 

At the porcelain mass acts 

as a filler. 

   ў    
   

ў ,    
    

 . 

Transparent body called 

obsidian or volcanic glass, 

formed in nature under the 

natural processes 

influence. 

  , ,   -

ё     
  ў    

 . 

The amorphous material 

obtained by melting and 

fast cooling of the batch of 

sand, soda ash, ammonium 

nitrate and other raw 

materials. 

 ё     
  

   
   

Amorphous solids 

obtained by quenching the 

melt irrespective of the 

chemical composition and 
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 ў    
   
   

  . 

the solidification 

temperature. 

 
 

 

,   
  ,   

ў ,   
 ў ,  

. 

Isotropic, small coefficient 

of thermal expansion, low 

conductivity, without a 

specific melting point, an 

unstable state. 

 
 

 

     
ў      

  ( , 
, ,   

),  ( , 
, , , 
 )   

ё   (  
) 

Elements (sulfur, 

selenium, arsenic, 

phosphorus and carbon), 

oxides (silicon, 

germanium, boron, 

phosphorus and arsenic) 

and other chemicals 

(beryllium fluoride) 

capable upon melting and 

cooling to form an 

amorphous substance. 

 

   
 , 
   

  ( , , 
 )   

.  

Oxides (titanium oxide, 

tellurium, selenium), and 

other compounds which in 

the presence of glass-to 

easily form a glass phase. 

 
 

 ё    
  

    

Preparation of the 

homogeneous melt by heat 

treating of various 

components mixture. 

 
 

   
    
    

    
  . 

A transparent body with a 

length and width greatly 

exceeding their width 

obtained in the form of flat 

sheets from high-

temperature melt. 

   ,  , 
 ,   , 

ё   , 
 ,  

,   , 
 . 

Window, display, photo, 

color, polished, embossed, 

rolled glass, float glass. 

 
 

   
 , ё  

The structural building 

elements made of glass, 
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. 

construction glass with 

selective passage of light 

and heat. 

ў  
 

  
  ,  

  , 
  , 

  
 ў   

 . 

Heat insulation glass, 

sound-insulating material, 

filter, porous glass, foam 

glass used for technical 

purposes. 

 
(Adits) 

 ў   
  

Horizontal openings that 

allow access to a mine 

 
(Alloying) 

 ё  
  

Combining or modifying 

metals 

 
(Autocatalyst) 

 ё   
 ў    

 

Device to clean up internal 

combustionengine exhaust 

gases 

  
(Basic magmas) 

  ў  
  

Molten rock low in silica 

 
(Bauxite) 

   Main ore of aluminium 

ё  

(Biofuels) 

Ў   
  ё  

Man-made fuel derived 

from plant material 

  
(Black smoker) 

 ё  
    

   
   

A seafloor vent emitting 

mineral-rich,volcanically 

heated water 

 
 

(Block caving) 

   
  
  

A method for mining 

massive, steeplydipping 

orebodies by undercutting 

the orebody andblasting it 

down into galleries 

 
 (By-

product) 

   
   

   

A secondary material 

produced as a result ofthe 

treatment of an ore rich in 

a prime mineral 

 (Calcined) 

   
   

ў  

Subjected to a heat 

treatment that drives 

offvolatile matter and 

causes thermal 

decomposition 

 
(Carbide) 

 
  

ў     

A compound of carbon 

and a less 

electronegativeelement 
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(Carbonatite) 

   
   

An intrusive or extrusive 

igneous rock rich 

incarbonate minerals 

 
(Cavitation) 

 ё   
  

    
ё  

A process where bubbles 

in liquids collapse,which 

can lead to erosion of 

engineered components 

inthe liquid, such as 

propellers or turbine 

blades 

 
(Chalcogenides) 

  
   

Binary compounds 

consisting of one of 

thechalcogen elements, 

those in group 16 of the 

periodictable, plus one 

other element 

CIGS , , ,  Copper Indium Gallium 

(Di) Selenide 

 
(Comminution) 

  
ё  

The process of breaking 

into smallparticles 

 
(Concentrate) 

  
 ў   

ў    
ў   

The product that results 

when ore iscomminuted 

and the gangue removed 

ў  
 (Co-

product) 

    
  ў  

ў   

A material produced in a 

process where morethan 

one valuable product 

results 

 
(Ductile) 

   
ў   

The property of a metal 

allowing it be drawn 

outinto thin wire 

 
(Electrowinning

) 

   
  ў  

    

A process for recovering 

metals by passingan 

electric current through a 

solution containing 

themetal 

 
(Evaporites) 

ў    
  ў  

ў  

Sediments resulting from 

the evaporation ofsaline 

waters 

 (Flux) ў     
  
  , 

 ё  
ў   

A substance added in the 

smelting process 

tofacilitate the purging of 

impurities and lowering 

themelting temperature of 
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the slag 

 (Fly ash)   
 ў  ё  
ё   ў   

Fine residue resulting 

from the burning 

ofpulverized coal, usually 

in power stations 

ў  
 

(Froth flotation) 

  
,   

  ў  
   

Process for separating ore 

from ganguethat exploits 

the property of relative 

attraction of finelyground 

materials to water 

 
 

(Gangue) 

   
  

Valueless material 

associated with ore 

 
 

ў  
(Heapleaching) 

  
    

   
  

.  ў   
ё   ё  

   
 

A process for 

concentrating ore by 

runningleach solution over 

heaps of comminuted run-

of-minematerial. The 

leachate, the resulting 

liquid, is collectedand the 

metal extracted by 

chemical or 

electrowinningprocesses 

 
(Hydride) 

   A hydrogen-bearing 

compound 

 
(Hydrometallur

gical) 

  ё  
  

ё  

Processes to concentrate 

metals thatinvolve 

aqueous chemicals, 

including leaching 

andsolution 

 
ё  

(Hydrothermal 

(process)) 

   
 . 

   
ў    
ў  

The circulation of water 

drivenby igneous activity. 

The term is normally used 

whendescribing processes 

that carry minerals in 

solution 

 
 

(Ion exchange) 

  
 ё  

Process that concentrates 

metals fromsolution 

ISL    ў  
  

,   ё  
  , 

 ё   

Abbreviation for in-situ 

leaching, a mining 

methodwhere an element 

or material is extracted 

using aqueoussolutions or 
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dilute acids 

 
 

(Scarce metal) 

1976    
  ў ,  

   
   

 

A term that was 

introduced by B J Skinner 

in 1976 to determine 

geochemically scarce 

elements within the earth’s 

crust, i.e. these elements 

that contribute less than 

0.1% of weight to the 

earth’s crust 

  
(Smelting) 

  
   

   
ё  

A process of extracting 

metals from ores by 

heating in the presence of 

a reducing agent 

 
(Spodumene) 

  
 

A lithium-aluminium-

silicate mineral 

 
(Stearate) 

   ё  
 

A salt or ester of stearic 

acid 

 
  

(Tailings pond) 

  ё   
   ў  

   

A storage site for waste 

materials resulting from 

mineral processing 

 
 

ў  
(Leaching) 

   
    

A process for extracting 

metals by solution 

inaqueous media 

 
(Native) 

    
 ў   
,     

 

An element that occurs 

naturally in its free stateas 

a mineral, e.g. gold or 

copper 

  
(Noble metal) 

  
   . 
   

 .  , 
, , , 

, ,   
  

Also called precious 

metal, a metal that 

ishighly resistant to 

corrosion and oxidation. 

Technically the electrode 

potential is greater than 

zero. Elements that fulfill 

these properties are gold, 

silver, platinum, 

palladium, rhodium, 

iridium, osmium and 

ruthenium 

  
(Outcrop) 

   
 

The area over which a 

particular rock unit occurs 

at the surface 
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 (Ore)    
 ў   
  

A mineral containing 

metal in quantities that 

make its extraction 

profitable 

 (Oz)    (Feinunze) = 31.1 

. , ,   
    

   

ў  

Troy ounce (Feinunze) = 

31.1 grammes. Generally 

used for trade and 

reporting of noble metals 

like gold, silver, platinum 

etc. 

 
(Pegmatite) 

   
   

A very coarse-grained 

igneous rock, usually with 

granitic composition 

 (PGM)    
  

Abbreviation for platinum 

group metals 

 
(Photovoltaics) 

ў  ё  
ё    

 ў  

The conversion of light 

into electricity using 

semiconductors 

 
 

 
(Platinumgroup

metals) 

, , , 
,    

(PGM) platinum, 

ruthenium, rhodium, 

palladium, osmium and 

iridium 

 (REE) ё   ,   
 ў  –  ё  

  ( ) - La, Ce, 

Pr, Nd, Pm, Sm, Eu  Gd.  
ё    ( ) – 

Y, Tb, Dy, Ho, Er, Tm, Yb  Lu 

Rare Earth Elements are 

divided into two 

categories on the basis of 

atomic structure. Light 

group rare earth elements 

(LREE) – La, Ce, Pr, Nd, 

Pm, Sm, Eu and Gd. 

Heavy group rare earth 

elements (HREE) – Y, Tb, 

Dy, Ho, Er, Tm, Yb and 

Lu 

  ё   
   -

  ( -

 “ ” – ,  ё  
 ; “ ” – 

,   ) 

Collection of means and 

methods of 

implementation of 

industrial processes (from 

the Greek "techne" - art, 

skill, craft; "logos" - the 

knowledge) 

 e   ё  
 e  ё   

e   , 

The substance is not 

deducible from the final 

product, the substance is 
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ў    
   

introduced to start the 

reaction medium or 

process to speed up the 

process 

 ё   
 ё , , -

ё     
    

 e  
 

Merging into the overall 

production technology and 

getting the same product 

from different raw 

materials, plants and 

processes 

   ў  ў , “ ” –  
 “ ” –   

 ,  
  

-   
    

  ў  
 ў   

ў  

In Greek, "Pur" – fire and 

"lysis" – splitting. It is 

used to obtain products 

with a smaller molecular 

weight, which are formed 

by cleavage of organic 

compounds at high 

temperature 

  45.0°   , , 
   
    

ў     
   

  ё  
     

Compound which is 

liquid, boils in 45°C 

temperature, is used to 

introduction allyl group 

into molecules, and main 

raw material in 

epichlorohydrin 

production 

  59.4°  , , 
   

 40–60°  Cu2Cl2 

  
   

,  
   
    

      

Compound which is 

liquid, boils in 59,4°C 

temperature, produced 

with hydrochlorination 

with participation of 

Cu2Cl2 catalyst in 40 – 

60°C, important monomer 

in production synthetic 

resin with oil resistance 
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