
1 

 

    
   

   
«   »  

 
-  

 
«     » 

  

 
 

 

   

 _______  .  
                                                                                                                                         ,  

« ___ » ______ 20 ___  

 
 

  
 

20.03.02 «   » 
    ( ),  

 
        

  

 

  
 

 

 

  ________       ______________      . .  
                                                                   ,           ,              ,  

                        ________                                            . .  
                                                                          ,                                                                            ,   

 
              ________                                        . .  

                                                                 ,                                                                 ,  

 
 
 
 

 2019 

 



2 

 

 

 

    : «  

      »  

68   , 32 , 10 , 2 , 20 

 , 5   . 

 ,  ,  

, , , ,  , 

,  ,  , 

 . 

        

   . 

        

  .     

        , 

.  

    ,    

  ,       

       ,  

      .  

        

. 

 
 

 

 

 

 

 



3 

 

 

 

 ................................................................................................................... 5 

 1.         
...................................................................................................................... 6 

1.1    ...................................................................... 8 

1.2         .............................. 10 

1.3     ................................................................. 12 

1.4    ........................................................ 15 

1.5     .............................................................. 16 

1.6  .     ....................... 17 

1.6.1   ........................................................................... 17 

1.6.2   ........................................................................ 18 

1.6.3   .................................................................................. 18 

1.6.4  ................................................................................................... 19 

1.6.5   .......................................................................... 20 

1.6.6   ............................................................................. 20 

1.7     ............................................. 21 

 2.        
. .......................................................................................................... 23 

2.1   ....................................................................................... 24 

2.2   .................................................................................... 28 

2.3     ..................................................................... 30 

2.4        .................. 31 

2.5       .............................................. 33 

2.6   KMnO4 ....................................................................... 34 

2.7   ........................................................................................... 35 

2.8    ............................................................... 38 

2.9   ......................................................................................... 42 

2.10   ............................................................................................ 48 

2.11    Birm ....................................................... 53 



4 

 

2.12    ................................................................................ 56 

2.13      ............................................ 57 

2.14    ............................................................................ 60 

2.15   .......................................................................... 61 

2.16     ...................................................................... 63 

2.17   ..................................................................................... 64 

2.18   .................................................................................... 65 

 ............................................................................................................. 66 

   .................................................................... 67 

  ........................................................................................................ 69 

  ......................................................................................................... 72 

 

 

  



5 

 

 
 

        

  ,      

 ,     ,   

 .       

    .   ,  

       . 

      . 

     ,    

     ,    

   .     

         , 

    . 

         

      

.  

       

,  1  ,   0,2  1,5  ,   

         . 

       

    ,     

.   

   ,    170 

       

 .         

    .  

 

 



6 

 

 1.       
   

 

      

 ,    ,  , 

 . 

   ,    

,       

 .      ,   

  . 

         

 .      , 

     ,     

    .   

  .      , 

  ,    , 

, . 

       

       

. 

        : 

       

,    .     

          : 

  . 

   ,  , 

     , , 

,      ,  

    .  



7 

 

 -        

75%   ,   87%     ,  

    30 . 

        

      1.1. 

 

 1.1        

 

 

 

  

  

min max 

  8,0 23,0 

     

    

  2,5 17,5 

  5,0 8,0 

  /  52,0 600,0 

  0,05 1,0 

  0,2 4,0 

  26,0 184,0 

5  30,0 196,0 
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,   ,        25-  

. 

 ᶥ   ᶥ   ᶥ ,  ᶥ   

ᶥ ,  ᶥ   ᶥ  .  ᶥ   

ᶥ   ᶥ   ᶥ 4 ( , ᶥ , 

, ᶥ   4 ᶥ ). 

ᶥ   ᶥ   ᶥ  (  ᶥ   

ᶥ ) –  ᶥ  (  ᶥ ). 

- ᶥ     ᶥ   ᶥ  

 70° ᶥ   ᶥ .  ᶥ   ᶥ  

 ᶥ   ᶥ ,    – ᶥ  

 ᶥ     ᶥ .  ᶥ   

ᶥ    , ᶥ -  ᶥ ,  ᶥ   

ᶥ  , ᶥ   ᶥ   ᶥ ,  ᶥ  

. 

  ᶥ   ᶥ   ᶥ   96° 

ᶥ     ᶥ    .  

   

1.2         
 

 ᶥ    ᶥ   ᶥ  , 

   .  ᶥ   

ᶥ   ( ᶥ - )   ᶥ     

ᶥ . 

  ᶥ   ᶥ    

 ᶥ   ᶥ    . ᶥ  

 ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ   ᶥ    ᶥ     ᶥ . 
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 ᶥ     ᶥ   ᶥ , 

 ᶥ   ᶥ  . ᶥ -  ᶥ    

  - ᶥ   ᶥ -  ᶥ   ᶥ  , 

ᶥ  , ᶥ    ᶥ  , ᶥ  2. 

 

 

 2        

 

 ᶥ   ᶥ   ᶥ ,  

ᶥ   ᶥ ,  ᶥ   ᶥ  , 

, .          

  ,   ,    . 

ᶥ   ᶥ   ᶥ  , ᶥ   ᶥ  

 ᶥ  , ᶥ   ᶥ .       

 ,    ,    , 

. 

 ᶥ   ᶥ   ᶥ  , 

ᶥ     ᶥ ,       

 .  ᶥ   ᶥ   ᶥ  40,   ᶥ  

 ᶥ  27 , ᶥ   ᶥ   ᶥ  , ᶥ  

   2. 
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ᶥ  2   ᶥ     ᶥ   

ᶥ   ᶥ  ( 0) 

ᶥ  20,2 

 54,3 

 56,1 

ᶥ  57,1 

 64,7 

ᶥ  77,0 

 78,4 

ᶥ   82,4 

ᶥ   97,4 

 ᶥ  100,7 

ᶥ   118,1 

ᶥ  121,5 

 ᶥ  131,0 

 144,6 

ᶥ   108,0 

ᶥ  161,0 

 

1.3    я 
 

 ᶥ   ᶥ   ᶥ  .  ᶥ   ᶥ  

 ᶥ     ᶥ   ᶥ    

 ᶥ  , ᶥ   ᶥ   ᶥ   ᶥ  

, ᶥ   ᶥ . 

 ᶥ   ᶥ   ᶥ  , 

ᶥ   ᶥ   ᶥ  , ᶥ  3. 
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 3  ᶥ   ᶥ   ᶥ   

ᶥ   

 

ᶥ     ᶥ   ᶥ  

, ᶥ  4. 

 

 

 4  ᶥ   ᶥ  : 1  ᶥ ; 2   

ᶥ ; 3   -1; 4  ; 5  ᶥ ; 6  ; 7  

ᶥ ; 8  ; 9  ᶥ ; 10   ᶥ -2 
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  ᶥ   ᶥ    3 : 

 t ᶥ  0  68° ; 

 t  78 ᶥ  85° ; 

 t ᶥ  85° . 

ᶥ   ᶥ   755 ᶥ . . ᶥ .,   ᶥ  

 ᶥ  78,3° .  

  ᶥ   ᶥ   68° ,  ᶥ   ᶥ  

 ᶥ .  ᶥ  , ᶥ   ᶥ   

ᶥ   ᶥ   ᶥ     ᶥ   ᶥ  

 ᶥ . 

 ᶥ   ᶥ  , ᶥ   ᶥ  

  .1.2,  2. 

ᶥ   ᶥ   ᶥ   t ᶥ  78°   85° ,  

ᶥ   ᶥ   ᶥ  , ᶥ   ᶥ   ᶥ  

 ᶥ   ᶥ  . 

ᶥ   ᶥ   ᶥ  , . .1.4. 

ᶥ   ᶥ   ᶥ   

ᶥ ,  ᶥ   85° ,  ᶥ   ᶥ   ᶥ . 

 ᶥ   ᶥ   5. 

 

 

ᶥ  5   ᶥ   ᶥ   ᶥ  
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1.4    
 

ᶥ     ᶥ   ᶥ   ᶥ  

 ( ᶥ  , ᶥ );  ( ᶥ  ); 

ᶥ  ᶥ  ; ᶥ   ᶥ ,    

 6( , ). 

 

.    .  

ᶥ  6  .      ; .   

  

 

ᶥ  , ᶥ   ᶥ   

ᶥ  , ᶥ   ᶥ  . ᶥ  

 ᶥ  , ᶥ   ᶥ   

ᶥ .  ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ   ᶥ .  ᶥ ,  ᶥ    . 

ᶥ   ᶥ   ᶥ     ᶥ   30 

ᶥ ,  ᶥ   ᶥ   ᶥ    

. ᶥ   ᶥ   ᶥ   ᶥ   ᶥ  , ᶥ  

  . 

ᶥ   ᶥ   ᶥ  , ᶥ   

ᶥ   ᶥ   12 ᶥ   ᶥ   ᶥ   ᶥ  . ᶥ   

ᶥ   ᶥ   ᶥ   ᶥ , 
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 ᶥ   ᶥ  , ᶥ -  ᶥ   ᶥ .  

ᶥ   ᶥ   ᶥ  , ᶥ   ᶥ  

. 

ᶥ   ᶥ   ᶥ   ᶥ ,  

ᶥ   ᶥ   ᶥ   (1-2 ᶥ  1-7   ). 

ᶥ   ᶥ     ᶥ  . ᶥ   

ᶥ   ᶥ   ᶥ  . 

 

1.5 я    
 

    -    

    .    

,    . 

 ᶥ   ᶥ   ᶥ   ᶥ  , 

ᶥ , , ᶥ  , ᶥ  , 

ᶥ ,   . ᶥ   ᶥ   ᶥ  

, ᶥ   ᶥ  , ᶥ   ᶥ   

ᶥ   ᶥ   ᶥ . 

 ᶥ   ᶥ ,  ᶥ   

ᶥ   ᶥ  , ᶥ   ᶥ   ᶥ   ᶥ  

, ᶥ   ᶥ   ᶥ . 

 ᶥ   ᶥ   ᶥ , 

 ᶥ   ᶥ   ᶥ   ᶥ  , ᶥ  

 ᶥ   ᶥ   ᶥ   ᶥ  

 ᶥ . 

 ᶥ   ᶥ   ᶥ   

ᶥ    , ᶥ   ᶥ   ᶥ  

 ᶥ   ᶥ   ᶥ   ᶥ  

. 
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1.6  .  я   
 

1.6.1 ᶥ   
 

ᶥ   ᶥ   ᶥ     

ᶥ   ᶥ   ᶥ   ᶥ   – 

ᶥ   ᶥ  .  ᶥ   ᶥ   

ᶥ   ᶥ   ᶥ   ᶥ  ,   

 7. 

 

 

 7     

 

ᶥ   ᶥ     ᶥ  

: ᶥ ,   . ᶥ   ᶥ  

 ᶥ ,  ᶥ   ᶥ  . 

ᶥ   ᶥ   ᶥ ,  ᶥ  

   ᶥ ,  ᶥ   ᶥ   ᶥ : , 

ᶥ ,   . . 

 ᶥ   ᶥ  , ᶥ   ᶥ   

ᶥ   ᶥ . 
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1.6.2   

 

 ᶥ   ᶥ   ᶥ  

. ᶥ   ᶥ   ᶥ  : 

ᶥ ,  ᶥ   . . 

ᶥ   ᶥ : 

  ᶥ ; 

  ᶥ  ; 

 ᶥ    . 

 

1.6.3   

 

   ᶥ   ᶥ   ᶥ .  

ᶥ   ᶥ ,  ᶥ   ᶥ  , 

ᶥ     ᶥ ,     8. 

 

 

 8        

 

 ᶥ   ᶥ   ᶥ  .   ᶥ  

- ᶥ -  ᶥ .  ᶥ   ᶥ ,  
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ᶥ     ᶥ   ᶥ   

ᶥ , . 

ᶥ   ᶥ   ᶥ   ᶥ ,  

ᶥ   ᶥ   ᶥ  . 

 

1.6.4   

 

 ᶥ   ᶥ  . 

ᶥ   ᶥ     

ᶥ     ᶥ .  ᶥ  

   ᶥ     ᶥ   

ᶥ   ᶥ ,  ᶥ  . ᶥ   

ᶥ   ᶥ  ,   ᶥ   ᶥ  

 ᶥ .  ᶥ   ᶥ   ᶥ . 

     .  ᶥ  30 

. ᶥ  : ᶥ , ,   

  9. 

 

 

 9    

 

ᶥ  , ᶥ     ᶥ  1 . ᶥ   ᶥ  

 ᶥ .  ᶥ   ᶥ  

 ᶥ   ᶥ   ᶥ . 
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   ᶥ . 

 ᶥ : 

 ; 

 ᶥ ; 

 ; 

 ᶥ   ᶥ  ; 

 ᶥ  . 

 

1.6.5   

 

ᶥ   ᶥ     ᶥ . 

 ᶥ : 

 ; 

 ᶥ   ᶥ ; 

  ᶥ ; 

  ᶥ -  ᶥ ; 

  ᶥ   ᶥ  ; 

 ᶥ     ᶥ ,   . 

ᶥ   ᶥ   ᶥ   ᶥ  , ᶥ   ᶥ  

 ᶥ .  ᶥ   ᶥ   ᶥ .  ᶥ  

 ᶥ   ᶥ   ᶥ   

ᶥ  . ᶥ   ᶥ   ᶥ   

ᶥ   ᶥ   ᶥ . 

 

1.6.6    
 

 ᶥ   ᶥ   ᶥ . 

 ᶥ  , ᶥ   ᶥ   ᶥ   ᶥ     

ᶥ  . 
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ᶥ   ᶥ , ᶥ   ᶥ  

 ᶥ .  ᶥ   ᶥ  , ᶥ  

, ᶥ   ᶥ   ᶥ  , ᶥ   ᶥ   

ᶥ   ᶥ ,       10. 

 

 

 10    

 

 ᶥ   ᶥ   ᶥ   

ᶥ   ᶥ ,  ᶥ   ᶥ . 

 

1.7     
 

 ᶥ   ᶥ     ᶥ  

 ᶥ  , ᶥ   ᶥ   ᶥ     ᶥ  

 - ᶥ  .  

ᶥ   ᶥ   ᶥ ,  ᶥ   

ᶥ   ᶥ   ᶥ   ᶥ  , ᶥ  

 ᶥ  ,  ᶥ   ᶥ , 

 ᶥ     ᶥ .  

ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ      ᶥ   ᶥ   - ᶥ  

. 
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  ᶥ   ᶥ   ᶥ   

ᶥ     ᶥ   ᶥ  

 ᶥ  . ᶥ  , ᶥ   

ᶥ  , ᶥ   ᶥ  , ᶥ  

 ᶥ    ,   

   11. 

 

 

 11  ᶥ   ᶥ   ᶥ   

 

 ᶥ   ᶥ   ᶥ , 

 ᶥ   ᶥ   ᶥ   ᶥ  

  . 
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ᶥ  2.  ᶥ     ᶥ  
 ᶥ . 

 

 ᶥ   ᶥ  , ᶥ   ᶥ   

ᶥ   ᶥ  , ᶥ  , ᶥ   ᶥ   

ᶥ   ᶥ ,  ᶥ   ᶥ ,  

ᶥ   ᶥ   ᶥ   ᶥ     

ᶥ   ᶥ  . 

ᶥ   ᶥ   ᶥ :  

     ᶥ   ᶥ , 

 ᶥ     ᶥ    , 

ᶥ   ᶥ  (1),  ᶥ   ᶥ   

ᶥ  ,  ᶥ ,  ᶥ   (15), ᶥ   

ᶥ   ᶥ  , ᶥ   ᶥ   ᶥ  

 ᶥ  (2)  ᶥ   ᶥ   (3), ᶥ   

ᶥ   ᶥ ,  ᶥ    

 ᶥ   ᶥ   (4), ᶥ   

ᶥ   ᶥ  (15),    (9). ᶥ  ᶥ   ᶥ  

     ᶥ   (11), ᶥ  

 ᶥ  (10). 

, ᶥ   ᶥ   (4), ᶥ   

ᶥ  (15)    (5),   ᶥ   ᶥ  

 5 ᶥ .   ᶥ     (6), ᶥ   

ᶥ   ᶥ   ᶥ  . ᶥ ,   , 

ᶥ    (1)     (7), 

ᶥ   ᶥ   ᶥ  (8),  ᶥ    

. 

        

   12. 
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 12         

 

 

2.1  я  

 

ᶥ   ᶥ   ᶥ    

 ᶥ ,  ᶥ   ᶥ  . 

ᶥ   , ᶥ     ᶥ  

 ᶥ ,  ᶥ   ᶥ   ᶥ   ᶥ . 

 ᶥ   ᶥ   ᶥ  , ᶥ   

ᶥ   ᶥ   ᶥ .  

, ᶥ   ᶥ  , ᶥ   

ᶥ   ᶥ ,  ᶥ   ᶥ   ᶥ . 
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 ᶥ  : ᶥ ,  ᶥ   ᶥ  

. .  ᶥ ,  ᶥ   . . ᶥ   ᶥ  

 ᶥ     ᶥ . 

 ᶥ   ᶥ   ᶥ   ᶥ  

 ᶥ ,  ᶥ    

 ᶥ  ᶥ ,  ᶥ   ᶥ ,  ᶥ   13.  

 

 

ᶥ  13   ᶥ     

ᶥ  : 1  ᶥ   ᶥ ; 2   ᶥ ; 3  

 ᶥ ; 4   ᶥ ; 5  ᶥ   ᶥ  

 

 ᶥ   ᶥ  ᶥ    

ᶥ   ᶥ   ᶥ .  ᶥ  

 ᶥ   ᶥ :  ᶥ  

    ᶥ  . ᶥ   ᶥ  

 ᶥ ,  ᶥ   14. 
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 14   ᶥ   ᶥ   ᶥ   

 

ᶥ   ᶥ  , ᶥ   ᶥ  

 ᶥ  , ᶥ   ᶥ  , ᶥ   

ᶥ   ᶥ  3. 

 

 3  ᶥ   ᶥ  

 
ᶥ  

 

ᶥ   

ᶥ , /  
 

ᶥ , /  

 ᶥ  ≤ 500 ≤ 5 

 

 ᶥ . 

 ᶥ   ᶥ  Kav 

 

  Kav = 𝑎  − 𝑖𝑎  − 𝑖 ,          (2.1.1) 

 

 𝑎   ᶥ   ᶥ   ᶥ , / ; 

      𝑖    ᶥ    , ᶥ / ; 

 𝑎  ᶥ ,  ᶥ   ᶥ   

ᶥ , / . 
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Kav = 580  180
250  180

= 5,7  

 

 ᶥ   Wz 

 

Wz = 0,5·qw·tz ·Kav ,               (2.1.2)
    

ᶥ  qw   ᶥ  , 3/ ;  

       tz  ᶥ   ᶥ , . 

 

Wz = 0,5·50·1,5·5,7 = 213,5 3. 

 

ᶥ   ᶥ , n = 2. 

 ᶥ  , H = 1,5 .  

 ᶥ   ᶥ   ᶥ   

 

F = 
W

n∙H
 ,           (2.1.3)

   

  

F = 
,, ∙ =  . 

 

ᶥ   ᶥ ,  ᶥ   ᶥ  B 

= 8 . 

ᶥ   ᶥ   

 

L = 
𝐹

 ,          (2.1.4) 
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L = 
72
8

=  . 

 

 ᶥ   10 . 

 ᶥ   ᶥ  , ncan = 4. 

ᶥ  ᶥ   ᶥ   

 

 bcan = 𝑎 ,                                 (2.1.5) 

  𝑏 𝑎 = =  . 

 

Q ᶥ  = n·L ·q  ,                                   (2.1.6) 

 

  L    ᶥ , ;  

       q    ᶥ , 3/ . 

 

L  = L  0,2,                       (2.1.7) 

 

L  = 10  0,2 = 9,8 . 

 

q  = 8 3/ . 

   

Q ᶥ  = 4·9,8·8 = 313,6 3/  = 5,23 3/ ᶥ .                   (2.1.8) 

 

2.2   

 

   ᶥ     ᶥ  

 ᶥ ,  ᶥ ,    15. 
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 15  ᶥ   ᶥ  06-230 

 

 ᶥ  : 

 ᶥ    55 3/ ; 

 ᶥ   0,25 ; 

 ᶥ   50 ; 

 ᶥ   ΔP ( ᶥ )  80 ; 

 ᶥ   90 ; 

 ᶥ   7 ; 

 ᶥ   50 ; 

 ᶥ    242×190×203 ᶥ . 

  ᶥ   ᶥ  16 

 

 

 16   ᶥ   ᶥ  60-230 
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2.3    я 
 

 ᶥ   ᶥ   ᶥ   ᶥ ,  

ᶥ   Grundfos NS,   ᶥ   ᶥ  

, ᶥ   ᶥ  . ᶥ  

 ᶥ   ᶥ  ,     17. 

 

 

ᶥ  17 –   Grundfos NS  

 

ᶥ    ᶥ   ᶥ  18. 

 

 18  ᶥ   Grundfos, ᶥ  NS 13-18 
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 ᶥ : 

   max 8 ᶥ ; 

  ᶥ   220-240 , 50 ᶥ ; 

  ᶥ   F; 

  ᶥ ,   max 20  . 

ᶥ   ᶥ   ᶥ  : 

 ᶥ   ᶥ  ; 

 ᶥ   ᶥ   ᶥ ; 

  ᶥ   ᶥ . 

 

2.4     я   
 

ᶥ   ᶥ   ᶥ  , ᶥ   

  ᶥ   ᶥ   ᶥ ,     19. 

 

 

 19  ᶥ   ᶥ   ᶥ   

 

ᶥ   ᶥ   ᶥ  

 

D = √ ∙𝜋∙𝜐,                        (2.4.1) 
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D =√ ∙ ,, ∙ ,  = 0,17 . 

 

 q  ᶥ  , / . 

ᶥ   ᶥ   ᶥ  100 . 

ᶥ   ᶥ  

 

D = = ,  .           (2.4.2) 

 

 ᶥ   ᶥ  50 . 

ᶥ   ᶥ     

 

h 1 = 
𝜐· ,                                                                                                (2.4.3) 

 

h 1 = ,∙ , = ,  . 

 

ᶥ     ᶥ  

 

h ᶥ 2 = 
𝜐· ,           (2.4.4) 

 

h ᶥ 2 = 
,∙ , = ,  . 

 

 ᶥ   ᶥ   

 

h = 
𝜐  ·𝜐 · ,           (2.4.5) 
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h = 
, ∙ ,∙ ,  = 0,03 . 

 

2.5  я я    
 

 ᶥ   ᶥ  , ᶥ   

ᶥ .  ᶥ   ᶥ   ᶥ :  

1.  ᶥ  , ᶥ   ᶥ  

   ᶥ  .   ᶥ :  

ᶥ ,  ᶥ   ᶥ     ᶥ  

, ᶥ    ᶥ  ; 

2. ᶥ   ᶥ ,  ᶥ  

 ᶥ   ᶥ ,  ᶥ   ᶥ   

ᶥ ,  ᶥ   ᶥ . 

 ᶥ  , ᶥ   ᶥ   

ᶥ   ᶥ   ᶥ .  

 ᶥ   ᶥ ,  ᶥ  

 ᶥ   ᶥ  ,  ᶥ  20. 

 

 

 20  ᶥ   ᶥ  : 1  ᶥ  ; 2  ᶥ  

 ᶥ ; 3   ᶥ   ᶥ  ; 4  ᶥ     

- ᶥ ; 5  - ᶥ ; 6  , ᶥ   ᶥ  
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 ᶥ   ᶥ  , ᶥ   ᶥ  

 ᶥ ,  ᶥ   ᶥ .  ᶥ    -

ᶥ ,  ᶥ ,  ᶥ   ᶥ   ᶥ . 

 ᶥ   ᶥ  , ᶥ   ᶥ  ,  

 ᶥ   ᶥ  - . 

 

2.6   KMnO4 

 

 ᶥ    ᶥ ,  ᶥ  

 ᶥ .  ᶥ  - ᶥ    

 ᶥ . KMnO4  ᶥ   ᶥ , ᶥ  , 

ᶥ , .        4. 

 

ᶥ  4   KMnO4   

    

ᶥ , °  10 20 25 30 40 50 65 

ᶥ , /100   4,22 6,36 7,63 9 12,5 16,8 25 

 

  ᶥ   ᶥ  KMnO4,  ᶥ   

ᶥ   ᶥ   ᶥ  , ᶥ   ᶥ   ᶥ  

   ᶥ   ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ  . 

ᶥ   ᶥ   ᶥ ,  ᶥ   ᶥ  

 ᶥ  ,   ᶥ   ᶥ   

ᶥ   ᶥ ,  ᶥ   ᶥ   ᶥ   

ᶥ  ,   ᶥ   ᶥ   ᶥ . 

 KMnO4 ᶥ   ᶥ   ᶥ   

ᶥ   ᶥ   ᶥ   ᶥ   ᶥ   ᶥ  ,  

 Birm. 
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ᶥ   ᶥ ,  ᶥ   ᶥ  , 

ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ   ᶥ  

 

3Mn2+ + 2KMnO4 + 2H2O = 5MnO2 + 4H+                                                                       (2.6.1) 

 

, ᶥ   ᶥ ,  ᶥ   

ᶥ ,  ᶥ   ᶥ  300 2  ᶥ  1  ᶥ . 

 ᶥ   ᶥ  , ᶥ   

ᶥ   pH = 8,5. 

ᶥ   ᶥ   ᶥ  KMnO4  ᶥ  

 ᶥ ,  ᶥ   ᶥ ,  

 

2.7  я 
 

ᶥ ,  ᶥ   ᶥ   ᶥ  

   ᶥ ,  ᶥ   ᶥ   ᶥ   ᶥ  

 ᶥ  . 

ᶥ       ᶥ   

ᶥ  , ᶥ  1  2 . 

  ᶥ   ᶥ   ᶥ   

ᶥ : , ᶥ ,   . 

ᶥ   ᶥ   ᶥ   ᶥ  , 

ᶥ   ᶥ  , ᶥ  21. 
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 21  ᶥ  : 1  ᶥ   ᶥ  ; 2  ᶥ  

 ᶥ  ; 3  ᶥ  ; 4  ᶥ  

 

 ᶥ   ᶥ   ᶥ ,  

ᶥ   ᶥ   ᶥ .  ᶥ   ᶥ  

 ᶥ ,  ᶥ   ᶥ  3  9. 

ᶥ   ᶥ   ᶥ  

 

Q  = 50 3/ ,  q ᶥ  = 0,0139 / . 

 

 ᶥ   ᶥ ,  ᶥ  

 ᶥ   ᶥ   ᶥ  

. 

ᶥ  , ᶥ  υ  = 0,6 /  

 

f  = 𝜐 ,                                                                                                      (2.7.1) 

 

f  = 
, ,  = 0,023 2. 

 

 ᶥ     ᶥ  H = 0,4 . 
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ᶥ   

 

 b  = 𝐻 ,                                                                                                       (2.7.2) 

 

b  = 
, ,  = 0,057 . 

 

ᶥ     ᶥ ,  ᶥ   ᶥ   ᶥ , υ  

= 1 / . 

 

hc = 
𝜐𝜇 · · ,                                                                                                  (2.7.3) 

 

hc = , ∙ ∙ ,  = 0,13 . 

 

ᶥ   ᶥ   Σhc = 0,39 . 

 ᶥ   ᶥ  : 

ᶥ   

 

f .  = 0,5 · 𝜐 ,                                                                                               (2.7.4) 

 

f .  = 0,5· ,
 = 0,006 2. 

 

ᶥ   ᶥ   ᶥ   

 

h2 = 0,4 + hc ,                                                                                              (2.7.5) 

 

h2 = 0,4 + 0,13 = 0,53 . 
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ᶥ    

 

h  = 0,53 - 0,13 = 0,4 .                                                                              (2.7.6) 

 

ᶥ   

 

b  = 
.ℎ ,                                                                                                     (2.7.7) 

 

b  = 
, ,  = 0,015  = 1,5 ᶥ . 

 

 ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ . 

 ᶥ   

 

f1,3 = 𝜐 ,                                                                                                       (2.7.8) 

 

f1,3 = 
,

 = 1,4 2. 

 

2.8   я 
 

 ᶥ  ᶥ   ᶥ   ᶥ  

   ᶥ   ᶥ   ᶥ  . 

  ᶥ ,  ᶥ   ᶥ  

 ᶥ   ᶥ   ᶥ . 

   ᶥ   ᶥ  6  30 ᶥ ,  ᶥ  

 ᶥ   ᶥ  . 
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  ᶥ   ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ ,  ᶥ   ᶥ  , ᶥ   ᶥ   

ᶥ .  ᶥ   ᶥ   ᶥ  , 

0,1 /   0,05 / ᶥ  . 

ᶥ   ᶥ   ᶥ  , 

ᶥ   ᶥ   ᶥ  -  ᶥ  

 22. 

 

 

ᶥ  22   ᶥ   ᶥ   

ᶥ  : 1 ᶥ  ; 2  ᶥ   ᶥ ; 3 

  ᶥ  ; 4  ᶥ  ; 5  ᶥ  

 ᶥ ; 6   ᶥ  ; 7  ᶥ ; 8   ᶥ  

 ᶥ  ; 9  ᶥ  ; 10  ᶥ   

 

ᶥ     

 

hc = 0,06 · 𝜐 ,                                                                                             (2.8.1) 
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hc = ,  ·  = 3,84 

 

ᶥ  𝜐 −  я     . 

   ᶥ  : ᶥ   0,8 ; ᶥ      

0,5×0,5 . 

 ᶥ     ᶥ  

. 

ᶥ  , D = 4 , Q ᶥ  = 50 3/ . 

 ᶥ   ᶥ  

 

fk = 
 ∙ ∙ 𝐻 ∙  ,                                                                                              (2.8.2) 

 

fk = 
 ∙ ∙ ,  ∙ = , , 2. 

 

ᶥ  t   ᶥ    , 15-20 ᶥ ; 

      𝐻    ᶥ , ;  

      H0  ᶥ   ᶥ   ᶥ , 4 - 5 ;  

      N  ᶥ   ᶥ     

ᶥ , N = 4. 

 

H1 = 0,9 · H0 = 3,6                                                                                      (2.8.3) 

 

ᶥ   ᶥ  

 

dk = 1,13 ·√  = 1,05                                                                                  (2.8.4) 
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ᶥ   ᶥ  

 

q  =  ∙ ,                                                                                              (2.8.5) 

 

q ᶥ  =  ∙  = 0,0085 3/ ᶥ . 

 

 ᶥ   d  =100 . 

ᶥ   ᶥ   0,8 / ,   ᶥ  

0,8 - 1 / ᶥ . 

 ᶥ   ᶥ  , ᶥ  . 

ᶥ   

 

0,2 · dk = 0.2 · 1,05 = 0,21 .                                                                      (2.8.6) 

 

 ᶥ   ᶥ   0,5   ᶥ  . 

ᶥ   

 

dc = 1,13 ·√𝜇 ∙ 𝜐  ,                                                                                      (2.8.7) 

 

dc = 1,13 ·√ ,,  ∙ , = , ≈ 70 . 

 

ᶥ   

 

lc =  · ctg · ,                                                                                         (2.8.8) 

 

lc =  · ctg · °
 = 160 . 
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ᶥ   ᶥ   ᶥ  

 𝜐 = ,  ∙  ∙ 𝜇  ,                                                                                       (2.8.9) 

 𝜐 = ,  ∙ , ∙ ,  = ,  / . 

 

 ᶥ  

 

hc = 0,06 · 𝜐  ,                                                                                           (2.8.10) 

 

hc = 0,06 ·2,462 ≈ 0,36 . 

 

2.9   
 

 ᶥ   ᶥ   ᶥ   ᶥ , 

 ᶥ   ᶥ   ᶥ ,  ᶥ  

 ᶥ   ᶥ   ᶥ .  ᶥ  

 ᶥ ,  ᶥ   ᶥ  . 

ᶥ   ᶥ   ᶥ : 

   ᶥ  : ᶥ   ᶥ  ; 

 ᶥ   ᶥ :  ( ᶥ   ᶥ  

 ᶥ ),  ( ᶥ   ᶥ   ᶥ  

 ᶥ ),  ᶥ  (  ᶥ ), 

, ᶥ ; 

  ᶥ   ᶥ  : ᶥ , 

, ᶥ , ; 

 ᶥ   ᶥ   ᶥ  : ᶥ   

ᶥ ; 
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  ᶥ   ᶥ :  ᶥ   ᶥ , 

, ᶥ . 

 ᶥ   ᶥ   ᶥ   ᶥ  

  ᶥ  .  ᶥ   ᶥ   ᶥ  

 ᶥ     ᶥ ,  ᶥ   ᶥ ,  

23. 

 

 

 23  ᶥ   ᶥ    ᶥ : 1  

ᶥ ; 2   ᶥ ; 3   ᶥ ; 4   

ᶥ ; 5   ᶥ  ; 6  ᶥ   

 

ᶥ   ᶥ  , ᶥ   

ᶥ  , ᶥ   ᶥ   ᶥ   ᶥ  

 ᶥ   ᶥ   ᶥ  . 

ᶥ   ᶥ   ᶥ  

 ( ᶥ ),  ᶥ   ᶥ   

 

Э = 100 · 
 - 

 ,                                                                                      (2.9.1) 

 

Э = 100 ·  − = % 
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ᶥ  −   ᶥ   ᶥ   ᶥ  , 

ᶥ   ᶥ , / ; 

        −   ᶥ   ᶥ    

 ᶥ , / . 

 ᶥ   ᶥ   ᶥ ,  ᶥ  

 ᶥ   - ᶥ  , ᶥ  

 ᶥ   ᶥ  5. 

 

 5       

 ᶥ  

 

ᶥ  , ᶥ . 
3/ ᶥ  

 ᶥ , % 

: 

   - 

ᶥ   

2  20 60  65 

 

ᶥ   ᶥ    

 =   ∙ 𝐻  ∙  𝐾 ∙ 𝐾  ∙  𝐻ℎ ,                                                                              . .  

 

ᶥ  Hset   ᶥ    , ;  

      Kset  ᶥ   ᶥ   ᶥ  ; 

       tset   ᶥ ;  

       h1  ᶥ  , 0,5 ; 

          ᶥ  n = 0,25. 

    Hset    Kset 

   6,    tset   
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 ,       7,   

 ,    24. 

 

 6  ᶥ   ᶥ   

ᶥ   

ᶥ  

 

ᶥ , Kset 

 ᶥ  

 ᶥ , 

Hset,  

ᶥ  

 ᶥ  𝜐 , /  

: 

    - 

ᶥ   

0,65 2,7  3,8 2u0  3u0 

 

 7  ᶥ   ᶥ  

ᶥ  

, % 

ᶥ   tset, ,  ᶥ  h1 = 500  ᶥ  

 ᶥ  , ᶥ /  

200 300 400 

60 7200 3600 2700 

 

 

 

ᶥ  24   ᶥ   n2 ᶥ   ᶥ  

 ᶥ   ᶥ    ᶥ   ᶥ : 

1    = 50%; 2    = 60%; 3    = 70% 
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 ᶥ   ᶥ  tset 

 

tset = 
− − ∙ −−  = 1728 .                                                   (2.9.3) 

   =   ∙ ∙ , ∙ ,  ∙ , , = ,  / . 

 

 ᶥ   

 

Dset = 4 . 

 

 ᶥ   n 

 =  ,  ∙ 𝐾  ∙  ∙   ,                                                                          (2.9.4) 

 

ᶥ  𝑞  -  ᶥ   ᶥ , 3/  

 =  ,  ∙ ,  ∙  ∙ , = ,   

 

 5 ᶥ   

ᶥ   Dn 

 =  ∙  √ , ,                                                                                      (2.9.5) 

 =  ∙  √ ,  = 2,8 . 
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 ᶥ   Hn 

 𝐻 =  ∙ 𝐻 ,                                                                                                (2.9.6) 

 𝐻 =  ∙ =   . 

 

ᶥ   ᶥ   Н  

 

Н  = Нset + H2 +H3,                                                                                    (2.9.7) 

 

Н  = 3 + 0,3 +0,5 . 

 

 H2 - ᶥ   ᶥ   ᶥ   ᶥ   ᶥ  

, ᶥ  0,3 ; 

       H3 - ᶥ   ᶥ  0,5 . 

ᶥ   ᶥ   Н  

 𝐻 = , ∙  · 𝛼,                                                                                  (2.9.8) 

 𝐻 = , ∙  · ° = ,     
 

ᶥ   ᶥ  Н 

 

Н = Н  + H  ,                                                                                              (2.9.9) 

 

Н = 3,8+ 2,38 = 6,18   

 

 ᶥ  Qmud,  ᶥ   ᶥ   
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𝑄 = ∙ −− ∙ ,                                                                      (2.9.10) 

 𝑄 = ∙ −− · ∙ = ,   3/ . 

 

ᶥ  𝑄 −    , 3/ ᶥ ; 

       pmud -  ᶥ ,  94 - 96%; 

       𝛾 - ᶥ  , ᶥ  1 / ᶥ 3. 

 

2.10   
 

 ᶥ   ᶥ   ᶥ ,  ᶥ  

 ᶥ   - ᶥ  , ᶥ  

 ᶥ   ᶥ .  ᶥ   

ᶥ   ᶥ   ᶥ   ᶥ  . 

ᶥ   ᶥ  : 

 ᶥ   ᶥ : , ᶥ     ᶥ   

ᶥ  ; 

 ᶥ  : ᶥ , , ᶥ   ᶥ  - 

; 

 ᶥ   ᶥ  : ᶥ   

( ᶥ  , ᶥ , , ᶥ  , ᶥ  ) 

ᶥ   ( ᶥ ,  ᶥ  ). 

    ᶥ   ᶥ  , ᶥ  

 ᶥ     ᶥ ,  ᶥ   

ᶥ   ᶥ   ᶥ  . 

ᶥ   ᶥ   ᶥ :    

ᶥ .  ᶥ   ᶥ   ᶥ  

 ᶥ  ,   ᶥ   ᶥ  . 
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    ᶥ   ᶥ  , 

ᶥ   ᶥ   ᶥ   ᶥ ,  ᶥ  

 ᶥ . 

 ᶥ   ᶥ   ᶥ  

   ᶥ   25. 

  ᶥ ,  ᶥ   ᶥ ,  ᶥ   ᶥ  

, ᶥ   ᶥ   ᶥ   

ᶥ   ᶥ .  ᶥ   ᶥ   ᶥ  , ᶥ   

ᶥ   ᶥ   ᶥ   ᶥ ,  ᶥ   

ᶥ     ᶥ  . 

 

 

ᶥ  25   ᶥ  : 1  ᶥ   ᶥ ; 2 

  ᶥ  ; 3  ᶥ     ᶥ ; 4   

ᶥ ; 5   ᶥ  ; 6  ᶥ  ; 7  ᶥ  

 ᶥ  

 

 ᶥ   ᶥ   ᶥ   ᶥ  

 ᶥ   ᶥ   ᶥ   ᶥ  80 - 90%  

ᶥ  ᶥ  75 - 80%. 

 ᶥ   ᶥ   ᶥ   ᶥ  

 ᶥ  Birm.  ᶥ   ᶥ ,  
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ᶥ   ᶥ   ᶥ ,  ᶥ   ᶥ   

ᶥ ,  ᶥ   ᶥ   ᶥ   ᶥ . 

 ᶥ    ᶥ   ᶥ   

ᶥ  , ᶥ   ᶥ    2.11. 

 

 8  ᶥ   ᶥ   ᶥ   

ᶥ 
 

ᶥ  

 ᶥ  

 
ᶥ

 

 ᶥ , 

/ ,  ᶥ  

 
ᶥ

,  
w

, 
/

·
2 

ᶥ
 

 
ᶥ

, t
 

 

ᶥ
 

, 
, 

 
 

 
ᶥ

 

 ᶥ  

, d, ᶥ  

,  
υ

 

, υ
ᶥ 

min max 

1 2 3 4 5 6 7 8 9 10 

 

ᶥ
 

 - 
ᶥ

 

 - 
B

ir
m

 

 

1 

 

 

 

3 

 

 

 

2 

 

1,8 

 

 

 

6 

 

 

 

32 

 

1 

 

 

 

1-1,5 

 

 

 

0,45 

 

 

 

 

 

6-7 

 

 

 

 

 

7-8 

 

 

 

 

 

ᶥ  

16-18 

 

 

 

 

 

7-8 24 
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 9  ᶥ   ᶥ  

 ᶥ   

ᶥ   

ᶥ  ᶥ  

ᶥ  

 ᶥ  

 

 

ᶥ  

 ᶥ    

 ᶥ  

 

75  80 80  90 

 

 ᶥ   ᶥ  , ᶥ   ᶥ  Q  

 𝑄 = , ∙ 𝑞 ,                                                                                         (2.10.1) 

 

ᶥ  𝑞    ᶥ   ᶥ  , 3/ . 

 𝑄 = , ∙ =   2/ . 

 

ᶥ   ᶥ   ᶥ   n 

 = ,                                                                                                      (2.10.2) 

 =  = 1 

 

ᶥ   ᶥ  F  

 

F =
Q  ∙(1+m)

υ  ∙ - n · t4
60 - 0,06· n w1t1+ w2t2+ w3t3

,                                                (2.10.3) 

 

ᶥ  m  , ᶥ   ᶥ   ᶥ   

ᶥ ,  0,003 - 0,005; 
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       w1  ᶥ , /( · 2) ᶥ   ᶥ   ᶥ  

 t1, ᶥ ; 

       w2   ᶥ  , /( · 2)  ᶥ   - 

ᶥ   t2, ᶥ ; 

       w3   ᶥ , /( · 2) ᶥ  t3, ; 

       t4  ᶥ   ᶥ   ᶥ   ᶥ ,  20 

ᶥ ; 

          ᶥ   ᶥ   ᶥ  , .  

 𝐹 =  ∙ + , ∙ −  · − , · · + · + · = ,  2. 

 

 ᶥ   N 

 

N = 0,5 · √𝐹 ,                                                                                           (2.10.4) 

 

N = 0,5 · √ , = ,  ≈ 7 ᶥ  

 

 7 ᶥ   

ᶥ   ᶥ   F1 

 𝐹 =  𝐹 ,                                                                                                    (2.10.5) 

 𝐹 =  , = ,  2 

 

ᶥ     7×4 .  ᶥ  ᶥ   

ᶥ  Np = 1. 

 ᶥ   ᶥ   7: 

ᶥ   5; 
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  1; 

ᶥ   1. 

 ᶥ   ᶥ   υ ᶥ  

 𝜐 =  𝜐 ∙− 𝑝,                                                                                             (2.10.6) 

 𝜐 =  ∙− =  / . 

 

 ᶥ   ᶥ   ᶥ   8. 

ᶥ   ᶥ   ᶥ  - ᶥ   

ᶥ .  ᶥ   ᶥ   ᶥ ,  ᶥ   

ᶥ   ᶥ ,  ᶥ     ᶥ  , 

ᶥ   ᶥ   ᶥ  . 

 

2.11    Birm 
 

 ᶥ  , ᶥ   ᶥ   ᶥ  

 ᶥ   ᶥ , ᶥ   ᶥ ,  ᶥ   

ᶥ   ᶥ   ᶥ .  ᶥ   ᶥ   

ᶥ  Birm,  ᶥ   ᶥ   ᶥ , 

 ᶥ   ᶥ  . ᶥ   ᶥ  ᶥ  

, ᶥ   ᶥ    ᶥ   ᶥ   ᶥ  

ᶥ   ᶥ  . 

ᶥ  Birm  ᶥ   ᶥ   

ᶥ   ᶥ     ᶥ .  

ᶥ   ᶥ   ᶥ    

   ᶥ .  ᶥ   ᶥ  

 ᶥ  . 
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ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ  . 

ᶥ    Clock Corporation ( ᶥ ). 

 ᶥ   ᶥ  , ᶥ   ᶥ   ᶥ -

   ᶥ ,  ᶥ  , ᶥ   

ᶥ   ᶥ   ( ᶥ ),  ᶥ  

 ᶥ   ᶥ  (  0,005% ᶥ  ) ᶥ  , 

ᶥ   ᶥ .  ᶥ   ᶥ  ᶥ    

 ᶥ  ᶥ ,  ᶥ     

ᶥ , , ᶥ    ᶥ  , ᶥ  

    .  

 

 

ᶥ  26   Birm 

 

ᶥ  ᶥ  : 

 ᶥ   , ᶥ - ; 

 ᶥ    0,7-0,8, / 3; 

 ᶥ    2, / 3; 

 ᶥ     = 2,7; 

 ᶥ    0,42-2,0, ᶥ ; 

  ᶥ   0,6, ; 
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 ᶥ   ᶥ  75-90, ; 

 ᶥ     ᶥ   8,5-12, / ; 

  ᶥ   ᶥ    25-30, / ; 

 ᶥ    25-40%. 

ᶥ  : 

 ᶥ    5-40 ° ; 

 pH  ᶥ   6,8-9  ᶥ  : 8,0-9,0  ᶥ   ᶥ ;  

6,8-8,5   ᶥ   ( ᶥ  ˃ 8,5  ᶥ  

 ᶥ  ); 8,0-8,5  ᶥ   ᶥ  

  . 

ᶥ   ᶥ   ᶥ   ᶥ   27 ( , ). 

 

 

     ).                                                            ). 

ᶥ  27  .  ᶥ     ᶥ ; .  ᶥ   ᶥ  

 ᶥ  . 

 

ᶥ  , ᶥ   ᶥ   ᶥ  

   2030 ᶥ ,  ᶥ   ᶥ  , ᶥ   ᶥ  

 ᶥ .  ᶥ   ᶥ ,    ᶥ   

ᶥ   ᶥ   ᶥ   35%. 

ᶥ   ᶥ   ᶥ   ᶥ . 
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2.12    
 

  ᶥ   ᶥ ,  ᶥ    . 

 𝑊 ЧВ = 𝑊АК + 𝑊 ,                                                                               (2.12.1) 

 

WAK   ᶥ   ᶥ  3  ᶥ  . 

 𝑤АК = ∙ 𝑞 ,                                                                                             (2.12.2) 

 𝑤АК = ∙ =   3. 

 

WCOS  ᶥ   ᶥ   ᶥ   ᶥ . 

 

WCOS = W  + W ᶥ ,                                                                               (2.12.3) 

 𝑊 = ∙𝜔∙ · ∙𝐹 ,                                                                                (2.12.4) 

 𝑊 = ∙ , ∙ ,  · ∙ , = ,  3. 

 𝑊 = К ∙( − ) ∙ %,                                                                        (2.12.5) 

 𝑊 = , ∙ − ∙ % = ,  3, 

 

WCOS = 10,8+3,8 = 14,6 3, 

 𝑊 ЧВ = + , = ,  3. 
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ᶥ   

 𝐹 ЧВ = ЧВН ,                                                                                              (2.12.6) 

 𝐹 ЧВ = , = ,  2. 

 

ᶥ   5×3 . 

 

2.13   я я  
 

ᶥ   ᶥ   ᶥ   ᶥ  

 ᶥ   ᶥ  . ᶥ   ᶥ  

   ᶥ  , ᶥ   ᶥ     

ᶥ ,  ᶥ  .   ᶥ  , ᶥ  

 ᶥ  . 

ᶥ    ᶥ   ᶥ  

, ᶥ    , ᶥ   

ᶥ ,  ᶥ   ᶥ . 

 ᶥ   ᶥ  : 

 ᶥ   ᶥ   ᶥ ; 

  ᶥ  ; 

 ᶥ   ᶥ   ᶥ . 

 ᶥ     ᶥ  

. 

ᶥ   ᶥ  

 𝐹 = ∙𝜅∙ ⁄, ∙ ∙ ,                                                                             (2.13.1) 
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 𝑄   ᶥ   ᶥ  , 3/ ; 

      𝛼 − ᶥ   ᶥ   ᶥ -1; 

      𝜅 −   ᶥ   ᶥ ,  2500 

ᶥ · / ᶥ 2; 

        ᶥ    1  ᶥ   ᶥ ,  ᶥ -  

ᶥ  , ᶥ  ≤3 ( . . - ᶥ   ᶥ  330); 

      0  ᶥ    1  ᶥ ,  ᶥ -  ᶥ ,  ᶥ ; 

 ᶥ   ᶥ   ᶥ  

 ᶥ  - ᶥ  0 = 1000 ( . . ᶥ -  ᶥ  1); 

        −   ᶥ   ᶥ ;  

ᶥ :  ᶥ   ᶥ   ᶥ  0,9  

ᶥ  0,75; 

       0 −  ᶥ   ᶥ ,  ᶥ  

 ᶥ  , ᶥ  - ᶥ     

ᶥ  , ᶥ  0,9. 

             𝐹 = · , ∙ ∙ −, ∙ , ∙ , = ,  В . 

 

 ᶥ   n 

 = 𝐹𝐹 ,                                                                                                     (2.13.2) 

 

ᶥ  F  − ᶥ   ᶥ   ᶥ  4500-5000  

ᶥ . 

 = , = ,  В . 

 

 n = 3. 
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ᶥ   ᶥ   − , , ᶥ   ᶥ   ᶥ  10. 

 

 10      2,5 

 

ᶥ
 

 

ᶥ
, 

 

ᶥ
 

 

ᶥ
 

, 
ᶥ 

,  

 
ᶥ

 
 

ᶥ
, 

 ᶥ  

 ᶥ ,  

 
 

ᶥ 
 

ᶥ
 

, F
 

-2,5 2500 2500 220 850 3,4 125 50-75 

 

ᶥ   ᶥ   ᶥ  

 𝑆 = ∙ ,                                                                                                   (2.13.3) 

 

 N− ᶥ   ᶥ  , ᶥ . 

 𝑆 = ∙ = ,  В · / 3. 

 

 ᶥ   ᶥ  

 ℎ = ,  ·  · 𝑄 ,                                                                                (2.13.4) 

 

 m −  ᶥ     ᶥ ; 

      Q1 −  ᶥ   ᶥ   ᶥ  , 3/ . 

 ℎ = 0,00002· 3· 1202 = 0,95 . 
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 ᶥ   ᶥ   ᶥ   

ᶥ   ᶥ  - ᶥ -1,  ᶥ   ᶥ  

   ᶥ   ᶥ ,  ᶥ   

ᶥ   ᶥ   ᶥ  -2,5   ᶥ . 

 ᶥ   ᶥ  , ᶥ     

ᶥ   ᶥ  28. 

 

 

 28  ᶥ - -1, ᶥ   ᶥ  

 

2.14  я  
 

  ᶥ     ᶥ ,  ᶥ  

 ᶥ   ᶥ ,  ᶥ   ᶥ   ᶥ  

 ᶥ .  ᶥ   ᶥ  , ᶥ   

ᶥ   ᶥ   ᶥ   ᶥ  . ᶥ   

ᶥ   ᶥ  . 

ᶥ   ᶥ   ᶥ  , ᶥ   

ᶥ    .  

ᶥ   ᶥ   ᶥ ,  ᶥ   

ᶥ  . 
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2.15  я 

 

 ᶥ  , ᶥ   ᶥ   ᶥ   

ᶥ   ᶥ ,  ᶥ   ᶥ   5 ᶥ .  ᶥ  

 ᶥ   ᶥ    , ᶥ   

ᶥ  . 

ᶥ   ᶥ     ᶥ , 

 ᶥ   ᶥ  29. 

 

 

 29 – ᶥ  . 00:  – ᶥ   Ø100;  –  

ᶥ   Ø100;  – ᶥ   ᶥ  Ø100;  – ᶥ  

 Ø25; 1 – ᶥ  ; 2 – ᶥ  ; 3 – ᶥ  ; 4 – 

ᶥ   ᶥ ; 5 –  ᶥ ; R1 – ; R2 – 

ᶥ ; A0 –  ᶥ  

 

 ᶥ     ᶥ   

ᶥ  D/H = 1,5. 
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 ᶥ   

 𝐹 =   ∙ ,  ∙ 𝑝 ∙ ,                                                                                            (2.15.1) 

 

ᶥ  β –  ᶥ   ᶥ   ᶥ , β = 1,5; 

      N –  ᶥ , N = 1; 

      Vp –  ᶥ   ᶥ , Vp = 0,6 / ; 

      W  – ᶥ  . 

ᶥ   

 𝑊 =   · ∙  ∙ 


,                                                                                      (2.15.2) 

 

ᶥ  𝑄  –  ᶥ  , 𝑄 = ,  3/ ; 

       n – ᶥ   ᶥ , n = 5. 

 𝑊 =  , ∙ ∙ =  ,  3, 

 𝐹 =  , ∙ ,, ∙ , ∙ = ,  2. 

 

 ᶥ  

 = √ ∙𝐹𝜋 ,                                                                                                 (2.15.3) 

 = √ ∙ ,, = ,  . 

 

 ᶥ   ᶥ   ᶥ  100 . 
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ᶥ   ᶥ     50˚ ᶥ   ᶥ  

 

 ℎ = ∙ − ,                                                                                        (2.15.4) 

 ℎ = ,∙ , =  ,  . 

 

2.16     

 

ᶥ   ᶥ   ᶥ   ᶥ   Grundfos 

PF1  30, ᶥ   ᶥ   ᶥ ᶥ ,  

ᶥ   30. 

 

: 

ᶥ  30 – Gdundfos PF1 – 30 

 

 ᶥ :  

  – ᶥ ; 

  ᶥ  – ; 

 ᶥ   – 34 ; 

  ᶥ  – 2,4 3/ ; 
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  ᶥ   – 0-40° ; 

  ᶥ  –  +50° ; 

  – max 6 ᶥ ; 

  – 1×220-240 , 50 ; 

 ᶥ   – 0,47 ᶥ ; 

  ᶥ  – 5 ; 

 ᶥ  / ᶥ  – max 20  ᶥ . 

 

 

 31 – ᶥ   Gdundfos PF1–30 

 

2.17   

 

ᶥ   ᶥ ,  ᶥ   ᶥ   Alfa 

Laval Aldec G2-45, ᶥ  32. 

ᶥ   ᶥ   ᶥ     ᶥ  

 ᶥ   ᶥ  , ᶥ   ᶥ   

ᶥ   ᶥ .  ᶥ  , ᶥ  

  . ᶥ   ᶥ   ᶥ  

 ᶥ   ᶥ . 
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 32  ᶥ   Alfa Laval Aldec G2-45 

 

 ᶥ : 

  ᶥ  – 2300 ; 

 ᶥ   ᶥ  – 11-37 ; 

 ᶥ   ᶥ   – 5,5-11 ᶥ ; 

  ᶥ   ᶥ . 

 

2.18 я  

 

 ᶥ   ᶥ  , ᶥ   ᶥ   ᶥ . 

 ᶥ ,  ᶥ   ᶥ ,    

ᶥ   ᶥ   ᶥ ,  ᶥ   ᶥ   ᶥ .  

ᶥ   ᶥ  , ᶥ   ᶥ   

ᶥ . 
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 ᶥ   « ᶥ  2» 

 

  ᶥ   ᶥ   ᶥ ,  ᶥ  

. ᶥ   ᶥ   ᶥ   ᶥ  

   ᶥ . 

 ᶥ   ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ  .   ᶥ   ᶥ   

ᶥ  ,  ᶥ        1.  

 

ᶥ  1   ᶥ     ᶥ   

ᶥ   ᶥ  ( 0) 

ᶥ  20,2 

 54,3 

 56,1 

ᶥ  57,1 

 64,7 

ᶥ  77,0 

 78,4 

ᶥ   82,4 

ᶥ   97,4 

 ᶥ  100,7 

ᶥ   118,1 

ᶥ  121,5 

 ᶥ  131,0 

 144,6 

ᶥ   108,0 

ᶥ  161,0 

 

ᶥ   ᶥ    ᶥ   ᶥ  

. 
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  ᶥ   ᶥ ,  ᶥ  3 ,   

ᶥ   ᶥ   ᶥ . 

 ᶥ   ᶥ :   . 

  ᶥ   ᶥ   ᶥ   ᶥ  

, ᶥ  1.  ᶥ   ᶥ   ᶥ ,   

 ᶥ  . ᶥ   ᶥ   ᶥ  

 ᶥ  , ᶥ   ᶥ  . ᶥ   

ᶥ   ᶥ     ᶥ . 

 

 

 1  ᶥ   ᶥ  : 1  ᶥ ; 2   

ᶥ ; 3   -1; 4  ; 5  ᶥ ; 6  ; 7  

ᶥ ; 8  ; 9  ᶥ ; 10   ᶥ -2 

 

ᶥ   ᶥ    ᶥ  2 (   

 ),  ᶥ  , ᶥ   ᶥ  

, ᶥ   ᶥ . 

, ᶥ   ᶥ  , ᶥ     ᶥ -2. 

 ᶥ   ᶥ  100  ᶥ .  

 ᶥ     2. 
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ᶥ  2    

№  ᶥ ,  
ᶥ , 

°  
ᶥ  , ᶥ  

0 4(  ᶥ ) 48 - 

1 16 76,5-78,4 71 

2 5 78,5-80 20 

3 3 80 ˃ 9 

 

 ᶥ ,  ᶥ   ᶥ   76,5  78,4° ,  16 

ᶥ   ᶥ  71  ᶥ .  

 ᶥ   ᶥ   ᶥ   ᶥ ,  

ᶥ  . 

ᶥ   ᶥ ,  5 ᶥ ,  ᶥ  

78,5  80° , ᶥ  20  ᶥ  20%  ᶥ . 

 ᶥ   ᶥ   ᶥ   ᶥ  

, ᶥ   ᶥ    . 

  ᶥ   ᶥ   ᶥ ,  

ᶥ   ᶥ ,  ᶥ    . 

 

 

 

 

 

 

 

 

 

 

 

 



72 

 

ᶥ   

 

ᶥ   ᶥ   ᶥ   ᶥ   

 

ᶥ   ᶥ   ᶥ   ᶥ  

 ᶥ   ᶥ  .   ᶥ   ᶥ  

 ᶥ   ᶥ  . ᶥ   ᶥ  

 ᶥ   ᶥ   ᶥ   ᶥ  

  . 

ᶥ   ᶥ  , ᶥ   ᶥ   

ᶥ   ᶥ ,  ᶥ   ᶥ   ᶥ   ᶥ   

ᶥ , , ᶥ   . . 

       ,  1. 

 

 

ᶥ  1    ᶥ  

 

ᶥ   ᶥ   ᶥ  50  ᶥ  

 ᶥ . 
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 ᶥ   ᶥ   ᶥ  300  ᶥ ,  

ᶥ     ᶥ  . 

ᶥ  : ᶥ  3,5 , ᶥ  11,5 . 

ᶥ   ᶥ   ᶥ   ᶥ    

 ᶥ .  ᶥ   ᶥ   ᶥ ,  ᶥ  

  KMnO₄, ᶥ   ᶥ  ,  2. 

 

 

 2   2,   KMnO₄ 

 

ᶥ ,  ᶥ   ᶥ  , ᶥ   ᶥ  

   ᶥ   ᶥ   

ᶥ  3.  
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 3     

 

 ᶥ   ᶥ   ᶥ .  ᶥ ,  ᶥ  

, ᶥ   ᶥ   ᶥ   5 ᶥ ,  ᶥ  

 ᶥ  . 

ᶥ  100  ᶥ   ᶥ  0,02  ᶥ . 

 ᶥ   ᶥ ,    ᶥ . 

 ᶥ   ᶥ   ᶥ   ᶥ  

,  ᶥ   ᶥ  . ᶥ   ᶥ   ᶥ  

 KMnO₄  . 
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