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.                  
       

  
; 

       
,   

; 
       

;        
      

  
( )   

.    
              

  
,    

, 
, 
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5         

 5.1 

. 

a. 

. 
. 

: , , , , 
 ( ) . 

o

. 
, 

, , 
. 

.  220 V , 
 380 V. 

, 
: . 

. 
, 

. 
: , , , 

. 
, 

 (  – ). 
* 

. 
, 

. 

. 

.  
* 

, . 
, . 

. 
:  – . 

. , , 
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. 

 ( )   

. 
. 

. 

.  ( .5.1)  

. 
. 

,  (
) 

. 
. 

                                        
.5.1    

. 
:  ( ) 

 ( ,  ( .5.2) , 
, .). 
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.5.2    

, 
 1   

 1m3  . 
, , 

, 

. 

.  

5.2 

( , ). 

, 
: 

-
-
-  ( ) 
-   
- . 
    

, , 
. 

    ( ) 
. 

   1 . 
 1m3 . 

/ g ( ), . . /m3 ( ). 
         : , 

,  : . 
. 

    : , , , 
( ) . : , 
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, , , 
, , , . 

 5.2.    

, , , 

, 
, , 

, 
. 

 5.2

5.2.1 

5.2.1.1   

. 

18850 / g . 
, 

, 
( , , .).  

, 
m3. 

   ( , ), 
. . 

.
. 5.3   . 

 : 

. 
 12500-20500 / g. 

. 
, 

. 
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( ) . : , 
, . 

 16800  21000 / g . 
, 

. 

. 
 65  320 . 

.  
 31400  35500 

/ g.  
   18%  33% 

.  

e
 ( ). 

.  95%, 
 36000 / g. 

: , , , 
, , , .  

. 
. 

.  
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                                         . 5.3

5.2.1.2  

: , , 
.  

. 
 400° . 

 ( , 
).    30480 / g. 

, 
, , 

.  

500-700° . 
, . 
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 26000 / g. 
.  

. 
 18-

33%  700 -1200° . 
, , . 

 33500 / . 
 . 

5.2.2 

 (
) 

, , 
.  

. 
6

, . 
   3000  9000 

, ( .5.4) .   
, , 

.  
. 

 ( .5.5). 

.5.4

.
, 
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: , , 
: , . 

, . 
: , 

, 

                       
                                   .5.5

, 
, , . 

          - ,
, 

. 
: 

:  (  40-200°C), 
 (  160-200°C),  (  200 - 300°C), 

 (  300-350°C),  350°C. 

. 
: 

 -  40-180°C, 
. 

 -  70 
 ( ); 

 -   , 
  . 

. 

, , 
, , 
. 
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 5.2.3 

: . 

            5.2.3.1   

. 
: , , , 

 H2S; , 
. 

 ( )  65%  95%. 
, 

. 
. 

, 
. 

:  
- 

;  
- ; 
- 

,   
- 

. 

5.2.3.2      

. 
: 

-
-
-
-
- , . 

( ) C2H2  (CaC2)  
: 

                  CaC2+ 2H2O –> C2H2 + Ca(OH)2 

 3000 ° . 
 1,5 

“ “. , , 
, , . 

 ( 2) 
, 
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. 
. 

 142351 / g, , 
, , . 

1,5 . 

. 

, 
. 

. , 
, 

, . . . 
: 

, , . 

: 

1. ? 
2. ? 
3. ? 
4. , 

? 
5. ? 
6. ? ? 
7. 
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, 
,   
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.  
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6 

6.1 

 XIX 
. , 

. 
, 

. 
, 

. 
, 

, , , , 
. 

, 
: ; , ; 

; ; ; ; ; ; 
; 
, : , , . 

, : 
, : , , 

. : 

       

:       : 
 ( )             

                       

 ( , , ) 

. 
, . 

, 
. , 

. 
, . : , , 

, , . 
, , 

. 
. 

: , , , , 
, . 

, . 
. : , 

. 
 – , 

. 
. 
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, 
, . 

. , 
. 

:  (
.);  ( , ); 
 ( , );  ( ); 

. 

, . 
, , , , , 

. 
, 

, ,  “ ”, 
“ ” ( ),  (

), . 
. 

 8  80 mm. 
. 

, . 
,  8 mm. 

, , 
. . 
, , 

. . . 

 ( , , , , 
),  ( , , , , 

.) 
. 

, 
. 

, 
. 

o 
. , 

 0,6 . 
, 

. 
, 

 m3,  m2, 
.  ( , ) 

,  m3  ( 1  10 
=  6 m3). 

. , 
, 

,  ( ). 
. 

. 
, , 

. 
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3%  (
). 

: 

1. ? 
2. ? 
3. ? 
4. ? 
5. ? 

6.2 

. 
, 2800 . 

, 

. 
, . 

, , 
. 

, . 

, , 
. 

 ( , 
, , .) . 

. 
  : 

-
-

6.2.1 

. . 
          ( ) –  ( 3) –  ( 3MgCO3) 

( .6.1)  1200° , 
 ( 2)   ( ): 
3  + 2 – Q  

. 
. 
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: 
I – 98 %, II – 95 %   III – 90 %.  “ “ 

 (  8 ),  (  25 
)  (  25  ) 

. 
. 

 50 . ( ). 
( )   
                       

 + 2O ( )2 + Q 

, 
. 

. 
( )2  , . . I-  98%, 

II – . 96%  III – . 92%. 
 10 %. 

. 
. 

, 
, , . 
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             .6.1    

 (CaSO4*2H2O) 
, : 

                  4 * 2 2O  CaSO4 * 0,5H2O + 1,5H2O 
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   .6.2   

T  110 – 180 ° ,  (800° ) 
 “ “ 
. . 

, : 
“ “ . . 

, , 
. 

 9% H2O    15% . 
. 

.  9%, 
 10%. 

. , 
 3%  10% . 

 ( )  “ “. 
 28 , . 

5% . , 
, 

. 
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                  .6.3            

 2 . 
 50 . 

. 

.  2% ( ). 
. 

6.2.2 -

,  18 . 
. . 

 “ “ , 
. 

 1848 . 
.  – , 

. 
. 
, 

, . . 
,  – . 

, 
. , , 

, . 

,   
1,8 – 2 : 1 . . 
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2 2 3 2 3

% 1,8 2 :1
%SiO  % l O  %Fe O

CaO = −
+ +

.  
: , , , 

, , . 
, 

, . 
, 

1450°  - 1500° . 
, . . . 

. , 
. 

, 
: 

          ) 
,  1400  1500° .  5% 

. 
- . 

) , 
. 

1650° . 
 (-15° ), 

. 
, 

  . , 
. 

, , 
. 

. , 
, 

; . 
. 

, , , 
, , . 

 “ “. 
 KN/cm2  28 

. 
, 

. . 
 15-20%,  50%. ( .6.4)

. 
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                              .6.4

 50 , 
. . 

. 
 ( ). 

 1. 
)  ( ); 
) ; 
) ( , ). 
: 

. 
 10 .  (  4900 

/cm2) , . 
, 

 ( , , ). 
(  100 cm3

 150°C. 

: ,  20cm3

20°C . 
, .  

 30 , . 

, .          
     6.5. 



                                                                                                                            78       

            

  
            .6.5

 “
”  : 

.......................................8 
...................................25 

......................................  25 

: 

1. ? 
2.   ? 
3.   
    ? 
4. ? 
5. ? 
6. ? 
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6.3 

, 
,  13000 . 

 6000 . 
, 

. 
. 

, . 
, . 

- . 
, .  

, , 
, . 

, 
, , 

. 

.6.6

, , 
.   

           , a - . 
, 

. . 
 ( ), 

. 
, 

a , . 

. . 
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, 
. , 

. 
, 

, .  
, 

. 

: 

                                                

                                        

       
                                                                              

        
  

, 
. 

, 
, .  

6.3.1   

( .6.7) 
. . 

 ( ). 

. , 
 (

). 
 ( a  70-80°C), 

 1000°C 

       
                  

.6.7
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. 
, 

. 
, 

 (
80°C).  950°C. 

, , 
, , 

. 
, 

  . , 
( ),  , , , 

. . 
 (

 5%), 
 (

, , 
). 

. 

 25 
( , ) 

 (  60  100 p/cm2), 
. 

, 
. 

 ( ), 
.  

. 
,  ( 

) . 
 ( , .). 

, 

. 

 1 

, 
.  

: . 
, , , 

, . 

 2 

( , , , ). 
.  ( ) , 

.  
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: 

1. ? 
2. ? 
3. ? 
4. ? 

6.3.2 

, , 
. 
, . 

, 
. . 

, 
. , 

. 
1100 -1300° , . 

. 
 ( ).  

, 
. , 

. 
 900-1000°C. 

( .6.8 ) , 
.  

. 
. 

, 
. 

.  
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                                    .6.8  

: , 
, , . 

 ( , 
). 

: , 
( , , .). 

, , 
. 

: 

1.   
    ? 
2. ? 
3. ? 
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6.3.3  

 ” ” 
, . , 

(618-909),  15 
, . . , 

,  1710 
,  19 

.  
. , 

. , 
  . 

, 
.  

: 
, .  

.
, . , 

. . 
. 

, . 
 ( ) 

.  “ ”  (3  2 
) . 

, 
( . 6.9) , , 

.
. 

, ( . 6.10), , 
, . 

, . 

                                   
. 6.9        . 6.10

                                                                
                                                                         

, 
. , 

. 
, 

, . 
, . 
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. 
.

.6.11. 
, , . 

  , 
. 

. 
. 

  
. 

              
       .6.11

, 
, .

.  1130  1150°C, 
 800  900°C. 

: , . 
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 (25%), (30%) (45%). 
 ( ). 

  . 
. 

,  (30%), , 
,  (  50%). 

. 
. 

, .  (“ “) 
 900°C 

 1400°C. , 
, . . . 

    

   .6.12

. 
, 

( .6.12). 
, , 

. 



                                                                                                                            87       

: 

1. ? 
2. ? 
3. ? 
4. ? 
5. ? 

6.3.4 

, . 
 ( , , 

, ). 
, , 

, 
. 

, . . , 
. 

, . , 
. . 

- . 

 1580°C . 
, 

,  “ “. 
  

: 

   , 
,   ; 

, 
;   

. 
           

, , , , , , . 
. . . 

 800°C . 
, 

 (
). 

 ( ). 
. 

  
 6.1 
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°C
1640 – 1790 : 

-   
  
-
-

, 
 94-95%  

iO2

1690-1730
-   

-   
  
-
  

2000-2800 
 MgO

  
l2O3  46%  

( , 
)

2800 
1840

-   
  

 25%  
Cr2O3

1650-1900 - -
  
-   
  

85% 
1800 -

  

95% 
3800 -

  

 6.1
,, 

: 
1. -  92%; 
2. –

; 
3. – . 

, 
, , 

, , . 
, .   m3; m2

. 
, 

. ,  (
) 
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: 

1. ? 
2. ? 
3. ? 
4. 

. 
, . 

? 
: 

I : -  ( ,   
                        ) 
                     -  ( , , ,    
                       , , , , ). 

II : -  ( iO2) 
                           -  ( l2O3  SiO2 ) 
                           -  (  SiO2 

III : - 1580 °C – 2000 °C 
                                            - 2000 °C – 3000 °C 
                                            -  3000 °C 
      5.   
          ? 
      6. ? 

6.4 

, 
, 

, , . 

, . 
 ( ), 

. 
, 

. 
. 

 ( , , , , 
) . 

 (  0,5 
 0,5  Na2O)  3  (SiO2). 

, 
, 

, . 
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 (  SiO2, .), 
 – 3  – l2O3*2H2O, , 

 (  – Na2CO3, 2CO3, 
Pb3O4). 

 ( ), 
, . 

,  (
, ). 

 ( ) . 
, ; 

 – . 
( .6.14) . 

, , 
.  1400  1500°C. 

-
. , 

, , . 
,  200-300°C. 

. 
 ( ),  ( .6.13) 

 ( . 6.15 ). 

                     
                             .6.13

, . 
, , , , , , 

. 
 (

) . . , 
. ( , 

 25% ). 
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                                 .6.14

: 
-
-

 - . 
. 
, 

. 
( Na2O * CaO * 6 SiO2 ) 

, . 
. 

 ( 2  * CaO * 6SiO2)  (
)  ( 2CO3).  “

“, . 
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                           . 6.15
                                             

.  CaO 
 PbO. 

. 
. 

. 

, , , 
, . 

, , 
. 

                             
.6.16

1- 
2- 
3- 
4- 
5- 
6- 
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          , : ,( .6.17)   
, , , 

, , , , . 
 (

) . 

. 
, , , 

, , , . 
 (I, 

II, III)  , . 
, 

. : , 
, , 

. 
           

. , , 
, , 

. 

              

          

                  .6.17    

  
“ “. 
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. 

. ( ). 
, 

. 
. 

, 
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: 
1. ? 
2. ? 
3. : 

: 

:  
- :  ____________ 

           - : 
, ___________ , _______________  

           : 
- ____________ ____________  

: ___________  ___________ 
- : 

  _______   _______   _______ 

4. ? 
5. . 

: 

1. : 
        - : , _____  ,  _____  
                   ( . , ) 

         - _______ : .: , , . 

2. ________  

- 
      -  ___________ 
      -  ___________ 
      -  ___________ 
      -  ___________ 

  
                 3. 

                       - _____________  

                       - _____________ 

6. :     
      ? 
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  7 TEMA 

-
-

-
-
-

-
-

-

-

     
, 

, 

. 
     

. 
     , 

. 
     

, 
. 

     

, 
. 
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7 

. 
, , , , . 

,  75% 
. 

7.1 

. , 
, . 

: 
1.   -

( ), , 
, . 

2. . 
3. , 

, . 
4. , 
 ( ). 

5. , , 
. 

 ( ). 
6. 

. 
7. : 
, , , , . 
8. 

– , , 
. 

1. 
, 

, . 
, 

. , 
 30% , 

 2% . 

, 
. 

                                                
1

. 
, , : , 

, , , , . 
. 

  
. . 
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, , 

: 
1.  – , , , , 

, 
2, 

: 
-  3,8 g/cm3 

- a  3,8 g/cm3 

-
-
-

: 
 950° , 

 951  2000°  2000° . 

( ), °

 (Cd) 
  (Pb) 
 (Zn) 

 (Sb) 
 (Mg) 
 (Al) 
 (Sr) 

 (Ca) 
.

321 
327 
419 
630 
651 
660 
757 
851

 (Ag) 
 (Au) 
 (Cu) 
 (Ni) 

 (Pt) 
 (Cr) 

 (V) 
.

960,8 
1063 
1083 
1453 
1769 
1890 
1900

 (W) 
 (Mo) 

 (Os) 
 (Ru)

3380 
2550 
2700 
2450 

 7.1
7.2 

, 
. 

, , 
. 

, 
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. 
: 

1.  – , 
, 

 ( , .). 
2. . 

 ( ) 
( ). 

3.  – . 
 ( ) , 

 ( , ). 
, 

, 
  

,  ( ) 
, . 

4.  – , 
 ( ), 

, 
, 

. 
 ( ), 

. 
 5.  – . 

( .7.1) : , , 
, . 

. 
. 

. 

                       
                                        .7.1

7.3 
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: 
-
-
- . 

, 
 ( , , , 

.). 
, 

. 

. 

,  ( , 
). 

                  t 
eS + O2    MeO + SO2 

                

eO + C    CO   CO2 +  Me 

                                                                

, 
. , 

, 
. 

, , , 
. 
, 

. 

7.4 

7.4.1 

, 
. 

 ; 
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  Fe3O4  45-
70% . . 

, , , , , 
, . 

  Fe2O3

 40-60%. 
, . 

, , , , . 
  Fe2O3*H2O   

 30-45%. 

. , 
. , , , 

, , , . 
Fe O3 

 30-40%. , 
. , , , , 
, ,   . 

 (FeS)  40-
50%. 

, 

. 
, 

: 
- , , 

, 
- , 

. 

(CaCO3)  (
). 

 „ “ . 
: 

. 

, 
. , 

 1145°C. 
, 

.  3,7 
4,2%. 

. 
, 

.  1200°C. 
. 

. 
   3,5%  4%. 
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 1,7%. 
 ( , , , ) 

, : 
. 

 0,06%,  0,07%, 
 1,5%. 

, . 

, . 
  

 15-20 . 
. , , 

. 
. 

,  2,5% 
 0,5%. 

, 
, . 

.  
- . 

, 
, , 

. 
, 

. 
, 

. 
, 

. 

 : 

1. - 
, ( .7.2), .  
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                     .7.2  

2. –
 1,1% 

. , , 
. 

 ( ). 
3.   - 

, 
. . 

: , 
, , , , , , .  

, 
: 

) , 
 5%   

) , 
 5%. 

, 
: 

- -  13%. 
  

.  
- -  25%, 

. 
- -  12%  1,2 . 

, 
, .  

: 
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0. 
1. 
2. 
3. 
4. 
5. 
6.

    
    
    
    
    
    
    

   
   
   
   
   
   
   

 7.2

: 

1. ? 
2. ? 
3. ? 
4. ? 

7.5   

, 
, , 

. 
, 

, : 
1. ( , , , .) 
2. ( , , , .) 
3. ( , , , , ). 

7.5.1  

, 
. 

. 
: 

(Cu2S) – , 
.  50% 

. 
(CuFeS2) – 

. , 
. 

 15%. -
. 

(Cu2O) – 
. 

, 
: , , , . 

 0,4  5% , 
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 18-
25%. 

:  ( ) 
 ( ). 

. 
( ) , 

 1350-1400 ° . 
, 

. 
, 

. 
. 

 99,3%, 0,3% S 
. 

(99,99%)  ( ) 
 : 

-
-

( .7.3 ) 
 (  )
, 

. 
. 

 99,95% ( ). 

                     . 7.3   . 
                          . 
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, 
 CO2

. , , 
, 

. , 
. 

, . 
 1083° . 

, , 
, , , 

. 
, , 

( .7.4) . 
 99,0  99,9% 

, ,  99,95% 
. 

                      .7.4  

, , 
.  

 : , 
, , . 

 –
80%. 

: , , .  
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, . 
, , , 

, . 
, 

:  (80%  20% ),  (91% 
 9% ),  (75%  25% ). 

 - , 
. 

- . 
 55-80%,  20-45%. 

. 
  900-1000°

. , 
, , 

( .7.5) . : 
, , , , 

 (85%  15% ) .  

                 
                        .7.5

( )  (
 60%,  20%  20%). 

, , 
. 

 80%, 
, , . 

. 
, , 

, .  ( ). 
  

: 

1. ? 
2. ? 
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7.5.2 

, 

. 
, 

.  
,   

 150. 
, . 

 (PbS) – ,    4-12% . 

, , . 
. 

( - ). 
 (PbCO3) - , 

, . 
, 

, 
,  40-80%  14%-16% .  

, 

(3%) (10%). - 
 700-900°

.  

 ( ), 
. 

  99,99%. 

. 
327°C,  1100°C. , , 

. 
,   .  

, 
. 

, , , , 
. 

 (
), , 

, 
, 

, , , 
. 

, , 
 99,9%. 
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, 
.  0,5% 

;  14 - 23%  2% 
,  12-15% 

 3-5% . 

: 

1. ? 
2. ? 

7.5.3 

. 
  V , 

VIII, I , 
. 

, 
, , 

. , 
, , . 

(ZnS) ,  2 
12%. , 

. 
. 

 (ZnCO3)  3% . 
, 

, . 

, . 
 (  2  12%) 

 45  60% . 

. 
. 

. 

 1200  1300°   
. 

, 
.  98  99%. 
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 ( ), 
. 

 (99,995%) 
. 

,  99,99%. 
-

. 

Zn  + H2SO4 --> ZnSO4 + H2O 

, 
 99,99%. 

,  419°
 905,4° . 
,  100  150°

. 

, . 
, . 

 50% 
, , , . 

 ( ). 
, , ,  kg ( ). 

. 

: 

1. ? 
2. , ? 

7.6 

: , , 
. 

 ( , 
, ). 

, , 
. 

. 
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7.6.1 

, . 

     

                                 .7.6  

( .7.6)   
. 

. 
, 

, . 
, , , , 

. 
: 

. 
, 

. 
, 

. 
, 

-
, 

 ( ) 
, . 

, , 
, 

. 
, 

, . 
. 

, . 
-

 450°
. 

 ( ) , 
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. 
, , 

. 
 99,999%. 

          19,3
g/cm3.  1063 ° ,    2677 
2900 ° . , 

 2000 m  . 
, , , 

. 
, , 

, , 
, . 

                            
                                .7.7   

            

,   
, . 

 ( ), 
, , 

, 
.  

 “ ” , 
. 

  ( /1000). 
, . 

: 
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I     950  (950/1000) 
II    840  (840/1000) 
III   750  (750/1000) 
IV   585  (585/1000) 

. 
, , , , 

. 
            . . 

 (1/1000) 2 . 
 24  1000 0/00 ( ). 

, 22  22 
. 

, , . . 
 22 . 

 W (Worse),  B (Better). 
,  W2 

2 ,  B1 
, . 

 1  ( ) = 4  ( ), 
.  12,,1  12 

 1 . 

: 
 -  99,96% 
 -  99,905%  

7.6.2 

, , 
, 

. , 
, . , 

: , 
, . 

. 
, 

, , 
. 

, 
. 

. 

. 
, , 

. , 
                                                
2     1  = 1/24 = 41,666 0/00  
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, , 
. 

, 
. 

. 

,  960°
 1980° . , , . 

. 
, . 

, 
. 

. 
, , , 

, 
. 

. 
, 

. 
, , . 

. 
: 

I             950  (950/1000) 
II            900  (900/1000) 
III           800  (800/1000) 

: 
 –  99,99% , 
 –  99,60% . 

, , , 
. 

, 
.  220 dwt 

( ) 
1dwt = 1/240,  a  1  dwt=24 gr. ( ). 

 W (Worse = ), 
 (Better =  ). 

,   W 8,,4 
 8  4  10,,3 

 10  3 . 
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: 

1. , 
? 

2. 
? 

3. ? 
4. ? 
5. 

? 
6. , 

? 
7. ? 

7.7 

, 
, 

. 
r .   

: 

1. 
 2. 

7.7.1 

. : 
; ; 

. 
: , 

, , , . 
 1. , 

. 

. 
 2. 

, 
 ( , ) , 

. 

 ( ) . , , 
. , 

, . 
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 3. , 

. 
 ( , , , .                      

4. 
, . 

, 
. , 

. 
. 
 ( , 

), , , , . 
         5. 

. 
 5-13mm.  

 H2SO4,
. 

          ( .7.8)  , , , 
, 

, 
, , , , 

. 

                                        .7.8   

7.7.2 
  

. 
 ( , .), 

, , , , 
. 
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, , . 
, 

 ( , .). 

 750-900°  40-90 . 
, 

. 
, 

. 
. , 

, . 
, 

, . 

 500-600° . 
, 

. 
, 

, 
. 

, , 
. 

7.8 

, 
, . 

, , 
, , 

. , 
, . 

, , . 
, , 

. . . 
, 

. 
, 

, 
. : 

 -
 -

, 
, 

 ( ). 

, 
. : 
, , . 
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, 
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. 
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. 
. 

, , 
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: 

1. ? 
2. 

. 
3. ? 
4. ? 
5. ? 
6. ? 
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    8  
    

••••
•••• -
•••• -

•••• -
•••• -
•••• -
•••• -
      ( ) 
••••

           -
     -
     -
••••

••••
••••
••••

••••
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, 
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, 
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, 
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8     

8.1 

. 

, . 
, 

.  3/4 
. 

 58-65%, 
35 . . a

 96% .   

, , 
 ( , , , 

.) . 

 2:1 
: 

                                    2H2+ 2 2H2

     . 
, - . 

 0,1MPa  100° .,  0° . 
     , 

 +4° .  1g/cm3. 

      
 10%, 

, 
. 

     
. 

: - ; 
- , . 

,  : 
-
-
-   

, 
, 

, . 

. 
, , , , 

. 
, , , 

. 
. . , 

, , 
.  
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, . 

, , 
, 

, 
o . 

, , 
.  

8.2 

                                  

                    .8.1

. 
, 

. 
. 

 100  200 , 
( , , ) . 

a
 7  15° . 

, , 
 ( ) 

, . 

, ,
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. 
. 

8.2.1  

: 
, . 

, 
. 

  
, 

. 
 ( ), . 

  
,   

   ( 50%). 

8.2.2    

 : , , 
. 

. –
, . 

. 

. 

, 

. 
, 

,   ( ), 
 0,5mg/l , 

  S 2, 

, 
, 

. 
.- 

 ( - 3) 
– . 

,  98%, 
, 

. 

.  
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8.3 

. 

, 
, , . . 

, , , 
,     , 

, 
. , 

, 
, , 

.  
, , 

. 

, 
, . 

  

. 
  

: , 
.  

   ( ) 
(MgSO4),  (MgCl2)   CaSO4 

, 
. 
( )

 Ca(HCO3)2  Mg(HCO3)2 . 

. 
  , 

, . , 
. 

. 
 1 .  1 dm3  10 mg CaCO3

. . 7,19 mg MgO. 
 1 . ja  1 dm3  10 mg CaCO3 

1 .  vo 0,7 dm3  10 mg CaCO3 

 60 . 
. 
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: 
................    0°      4°  

...........................      4°             8°   
............        8°          12°    
.............     12°           18°    

..............................      18°          30°    
............                          30°    

8.3.1 

, 
. 

: 

1.
2.  ( - ) 
3. - ( ) 

1. -   
. 

 105-110° ., 
  

 CaCO3, 
: 

                                        T° 
Ca(HCO3)2  CaCO3    +  CO2 

                

, 
 30% * ( )

. 
, . 

2.  ( - ). 

 2-3mg/ /lit.  
  

( )2,  Na2CO3, 
 Na3PO4 

3. - .   

, 
.  

: 

            2(R)Na  +  Ca(HCO3)2    (R)Ca  +  2NaHCO3   

 2(R)Na  +  Mg(HCO3)2    (R)Mg  +  2NaHCO3   
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1- ; 2- ; ; ; ; 
6- ; 7- ; 8-

; 9- ; 10- ; 11-
; 12- ; 13- ; 14-

; 15-
               

. 8.2

 (  15 ) 
. 

 10%
.    

8.4 

 ( ) 
. . , 

. 

. 

. 
  

, , 
, , 

, , . 
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, 
. 

, : , , 
. 

. 
, 
. 

: 

1. ? 
2. ? 
3. ? 
4.      

? 
5. , 

? 
6. 

? 
7.  “ ”? 

8.5      H2SO4 

. 
, 

. , 

. 
, 

II 
. 

VII 
. 

: 
, , , , 

. 
 SO2

3. 3

 H2SO4  “ ” ( ). 
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, 
 1,84 g/cm3 (15°C)  10,45°C 

,  296,2°C.  450°C 
 SO3 . 

. 
, , . 

, : 
–  (  – ). 

,  ( ) . 
: 

 ( ) , , 
, , 

, , 
, , 

. 

, 

   75% 
( ) 

, , . 
 93% 

. 
. 

, . 

. 
. 

8.6    HCL 

 ( ) , 
. . 

(HCL), .           
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 HCL 

            
            

.8.3  HCL 

: 
, 

( .8.3). 
 1.

 92-93% . 
: 

I.  : NaCL + H2SO4 NaHSO4 + HCL (  150-300°C) 
II. : NaCl + NaHSO4  Na2SO4 +HCL (  500-550°C) 

 28%. 
 2.  HCL 

: 

RH + Cl2  = RCL + HCl 
R- 

, . 
 3. 

  
. 

. , 
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, 
. 

Cl2 + H2  2HCl + Q 

, 
. : 

 0°C  525 
, 

 (  18°C  451,2 , 
 42,3% ). 

Cl2 + H2  2HCl + Q 

, 
 1,19 g/cm3. 

. 
, , 

, . 

, 

, , , 

 1 . 
: 

 -  ( ) 
 -  ( )  38%, 
 -  “ ”  22-25% 

 “ ” – 

8.7    HNO3 

. 

. I . 
, 

. 
  
  

: 
 1. , 
 2. , 
 3.  (  8.4). 
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. 
 900°C 

 10% . 

4NH3 + 5O2  4NO  + 6H2O + Q 
  

: 

2NO + O2  2NO2 + Q 
  

 45-60%. 
 92,5% , 

 97-99%. 

 8.4   
                                                         

  
, 

. 
.  86°C, 

 - 42°C , . 
 68°C 

. 
, 

.  

, 
, , 

. 
: 

 - , 
 -  ( ) 
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, 

. 

, 

, 
. 

. 
, 

, 
, . 

: 

1.  H2SO4? 
2. 

? 
3. 

? 
4. ? 
5.   ? 
6. ? 
7.  

? 
8. 

? ? 

8.8      NaOH 

 ( ) 
, :  ( 

)  ( ), 
. 

. ,   
, 

, 
. 

Na2CO3 + Ca(OH)2  CaCO3 + 2NaOH 

 (310 
 315 g/l), . 

: 
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, .  NaOH 
. 

1-
2-  NaCl 
3- ( ) 
4-
    
     NaOH 

. 8.5

, 
, , 

 – . , 
 HCl . 

, 
, 

. 

,                          
( .8.6), . 

 322°C. , 
. , 

. 
, , 

, , , 
. 
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                        .8.6 -

, 

,  1,2  5 kg 
 50  100 kg 

, . 
: 

, , 
. 

: 
-  99,8% , 
-  98,0% , 
-  96,6% . 

, , . 
 “ ” – . 

8.9    NaCL 

. 
. 

, 
. , 

, , , 
. 

, 
, , 

. 
. 

. 
. 

. 

. 

.   
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, 
 25%. 

 CaCO3   CaSo4, . . 
, 

 95  97% . 

. 
, , 
, . 

                 

                   .8.7  

,  801°C 
 1440°C.  ( ). 

, . 
: , , 

, , ( ) 
. 

                               

.          .8.8

 0,0008  0,0011% 
. 

. 
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 ( , , 
). 

 3% 
. 

  
  

. 
50%  20%. 

, 
, , 

. 

8.10  ( )  
Na2CO3 

. 
, 

, 

. 
 1790 , 

 H2SO4, CaCO3

. 
. 

:  (300  305 g/l), 
3. 

, . 
2

3. 

   3  CaO + CO2  

, 
 160 

 180° ,  ( ). 

   t=160 - 180°
                   2NaHCO3     Na2CO3 + H2O + CO2 
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 ( ) , , 
 98,5  99,0%  851 - 853° . 

, 
.  10 

. 
: , 

, , , 
, , 

. 

, 

 ( , 
 98,5%  1% ,  98% 

 1% )  Na2CO3*10H2O. 
 50 

,  250  500 . . 
, 

 50  55%  15° . 
  

: 

1. 
 NaOH? 

2.  NaOH ? 
3. ? 
4. ? 
5. ? 
6. ? 
7. ? 
8.  NaCl  NaCO3         

? 
9.  NaCl  Na2CO3? 

8.11 

   

, 
. 

, , 

. 
   , 

, , 
, ,  – . 
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   : . 
: , , 

. : , , , 
. 

    ( ) 
 ( ) 

 ( ). 
     :  (

), , , , . 
   , 

: , , , . 
: 

   - , 
,  NaNO3 

   - ,  ( ) 
 ( , ). 

8.11.1 

   , , 
. 

. 

   
    (NaNO3) -  - 

  (
), , ,  ( ), K . 

    47-60%, 
, . 

   
, , 

 94-97% 
, 2%  2%. 

, 
. 

   , 
, . 

200° ,  1000° . 
   

.  
    ( N 3)

. 
, . 

, 
. 

   
. 
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   , , 
. 

. 
   

.  98% . 
 16,1%. 

    - Ca(NO3)2

 (CaCo3) . 
, 

.  
    17% , 

. 
.  

    - KNO3

 98%  2% .  
   

.  
   

 ( , ), 
.   

 - NH4NO3

, ,  34,8%. 
.  

   
. 

. 
 25°  55%. 

   
: , , 

. 
   

. 

8.11.2 

   
. , 

.  

      

       - Ca3(PO4)2.   
. 

, , , 
, , , , , , , . 

    P2O5(
)  26%-36%, , 

, , . .  
   , 

. 
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    - Ca5(PO4)3F. -
. 

, , , , . 
( )  39-40% 
P2O5

.  

               

   : 
, , 

o   P2O5. 

: , 
, , , .  

 - Ca(H2PO4)2  , 

 65-86%  60  70° . 
: 

, 
. 

. 

.  20 , 
.  

.  P2O5  16-
21%. 

, 
 , . 

, 
 P2O5  48-55%. 

1000 km. 
 - CaHPO4 e  2% 

,  ( ) 
.  

, , 
. 

, 
 P2O5  40%. 

. 

,  P2O5  18-23%,  2% 
. 

 (
)  50 kg. 

.  

 10-14° , 
 60-65%. 
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8.11.3  

a , 
 ( , ) 

 (N, P ),  (N, K ), 
 (P, K ). 

, 

                

   .8.9 
. 

, 
: 

 - (NH4H2PO4)
.  

 54% P2O5  26%  ( .8.9).  
. 

8.12 

 ( ) 
, , , , 

, . 
 ( , , ) , 

, . 
. 

, , 
, .  

: 
1. - 
2. - 
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3. - 
4. - 
5. - 

6. - 

7. - 

8.  - .   
: , 

. , 
, 

. 
, . 

, 
, 

. 
, 

, . 
  

. , 
: , 

. 

, . 

, 
. , (

), “ ” ( ), 
( ), “ ” ( ), 
“ ” ( ). 

  , 
. 

. , 
, , 

. : “o ”, ” ”,  
“ ”. 

, : “ ”, 
“ ”,  “ ”. 

  , 
, . , 

. 

. 
, , 

, . 
 “ ” , , , 

. 
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, 
. 

8.13 

 ( )  1862 , 

. 

. 
, . 

, , 
, . 

. 
, , , , 

. 
, 

: 
1. ? 
2. , : 

                                            
_________ 
_________           

_________                       ________           
                                         ________                N                    P 
                                         ________           ________       ________ 
                                                                    ________       ________ 

3. ? 
4. ? 
5. ? 
6. : 

: 
-                      - 
-                         - 
-                       - 
- 



                                                                                                                            146       

, , 
, . 

 ( ). 

 ( , ) 
, , . 

  
. , 

, . 
, 

. : 
, 

, , 
, 

, ,
 ( ), 

. 

. , , 
, 

. 

.  
, 

( ) ,  ( ). 
, 

. 

 ( ) 
, , . 

. , 
, , , 

 ( .8.11). 
, 

, . 
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: 

- 

- 

                     8.1

       .8.10   
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       .8.11
   

 (PVC) . 

 – PVC ( - - ). 
 (PVC). 

,  (C2H2) 
. 

 – . 

, , , . PVC 
, . 

, 
 ( , , 

) , 
. 

 ( .8.11) 
. 

, . 

.   

, , , 
. 

, , , 
, . 

, 
, 

.  PVC, , , 
: , , , , 

, , . 

: , , , 
, . 
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, , , . 
, , . 

, , 
. 

 1. 

. (  5-6 
). 

    

  

, 
. 

oj
  

n 4 

PVC 
, , HCl 

AgNO3 
, 

.
KMnO4 

, 
. 

FeCl3 

        8.2

: 

1. ? 
2. ? 
3. 

? 
4.   ? 
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8.14 

. 
( ) , 

. 
.  

 ( ) , . . 

 nCH2  =  C  -  CH  =  CH2               [ - CH2 – C = CH – CH2 -]n 
                          l                                                       l 
                        CH3                                                                        CH3 

              :                   : 

-
. , 

. 
, , , 

.  100° . 
 “ ”, . . , 

. 
.  

. 
,   

. 
.  

.   
, 

. , 
. 

, , 
,  , 

.  

. 
. 

:  
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                                                                                              S 
                                                                                              l       
(-CH2  - C = CH – CH2 - )n                                        -CH2 – C – CH – CH2 - 
              l                                        +ns                                  l       l 
           CH3                                                                            CH3   S                                                 

                CH3                                    t=140°C                           CH3      

              l                                      ( ~3% C)                            l       l 
(-CH2  - C = CH – CH2 - )n                                        -CH2 -   C -  CH – CH2 - 

                                                                                               l 
                                                         S 

      -

    

             .8.12

. 
-

, , 
, .  

, 
. 

- , , , 
, . 

( .8.13), -
, , , 

.  
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   .8.13

   
: 

1. , -
? 

           ! 
2. 

? 
3. ? 
4. ? 
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8.15 

, 
, , 

.  

.  
a

, ., 
.  

 ( .8.14)
- . , , 

, , 
. 

         
.8.14

  
           

, , , , , 
.  

 ( KOH, Na2CO3, NaOH ) 
, , , . 

. 
 ( ) , 

. 
( .8.15)  

, . 

) 

) ;

) 

) 
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, , 
, , .  

.8.15

. , 
, , 

, 
. 

, 
  , , 

. , 
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a
. 

, , . 
. 

, .  

, 
, 

. , , 

, , , 
, .  

, 
, , , , , . 

, 
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, 

 12  30%.  
, 

, .  

, . 

8.16 

. , 
, , 

. , 
.  

: , , , , 
, , . 

. . 
: , , 

. 
, . 

   4%, 
- ,  90%. 

, 
.  4-6% 

,  2-4%. 

.  

         

                                              .8.16

, 
. 

, 
.  ( .8.16) 

.    
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2. ? 
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. . . 

, 
. 

, 
, 
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. 

, 
. 
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 (1856 ., 

) 
, . 

, 
3 . 
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1.  .                                          
                                                                               , , 1964. 

2.  .                                   
                                                                               , ,1997 

3.                                      
                                                                               , ,2000. 

4.  .;        II a 
                                                                               , 
                                                                               , , 1999. 

5.  .;        II a  
                                                                               , 

 1996 

6   .;        II a 
                                                                               , 
                                                                               , , 1991. 

7.  .; .        
                                                                         ,  
                                                                          „   
                                                                          “,  1984. 

8.  .                               

                                                                         , , 1984. 

9.   . . .  
                   , , 1989                                

. 
      

10. . .                         
.                                  , 

                                                                  , 1992 
                                                                      

11. .                                       
 , , 1963. 

12. .                                           
,  , 1980. 

13. .                                             
, , 1962 

                                                                  . 
14. .                                    

                                                  , , 1969. 

15. . .                  
  

                                                               , , 1979. 

16. .
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17. . .                   
, , 1976. 

18. . .       

19. .                                  
 . , 1981. 

20. .                                

, 1969 

21. .                              -
, 

                                                                           , 2002. 
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