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1    

  

        

.      – ,     

  ,  ,    

,     [1].      

,    , ,    . 

         , 

   ,    

,   ,   .    

   : ,     [2]. 

       

     ,  , 

,       

[2]. 

 

 1 -    



7 
 

      , 

      

.      : 

, , , ,     .   

       

  ,         

    . 

       

   ,   

    .   

         

      1. 

 1 -        

  

  

,% ,% 

/  /  

 

 
43,15 10300 0,2 1 

 40,61 9750 1,2 1,5 

 , 

/ ³ 
33,5 8000 0 0 

  27-29 6450-6950 1-3 10-35 

  15-25 3600-6000 0,2-3 25-40 

 

 
18 4300 0,01 1 

  

 
14,51 3500 0,02 4 
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  : 

   ; 

    (   ); 

          

 ; 

    ,    – 

;  

    ,        

; 

      ; 

   ; 

       –   

 ,   .  ,   

    ;  

    . 

  ,   , 

,   ,         

      .  

   2018 ,     

     (  50   

)   (33 ) [3]. 

   : 

  0,06%; 

   2%; 

   5%; 

   1% 

   9%. 
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 2 -      2018  ( ) 

  : 

 :    ; 

  : ,   , , , 

, , , , ; 

  :   ; 

  :   ; 

  : , ,  , , , 

. 

        

   ,    2010   

«Dr x»      .     

 4 ,      2 , 

  ,         2021 . 

   3 906  ( ) [4]. 
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 .          

, ,          

 . , ,  2019 ,   , 

 ,  « »      

,        25 ,  1,5  

   ,       

    [5].      

       ,  

      -  [6].   

 , , ,     . 

         

,         

    .     

        .   , 

         

 , , «  », «  »  « -

». 

2     

 

       

     .   

      : -

     .   

     -  

.    ,   

 ,       

,    .    

 . 
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    « »    8000 

.       [7]. 

 2 -    

   

  , . 251 

       0,92, °  -47 

    , °  -9,8 

 

 2.1     

  

     , ,   

 : 

𝑎𝑥 =  ∙ ∙ ∙ (𝑡 − 𝑡 )                                                                             .  

  –    , / ³∙ . 

  [8]; 

  –   , ³; 𝑡  –     , ° .  

 [8]; 𝑡  –    , ° ,   

     2; 

 –  ,     

: 

= , + 𝑡 − 𝑡                                                                                                .  
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 2.2     

 

    , ,   

 : 

𝑎𝑥 =  ∙ ∙ (𝑡 − 𝑡 )                                                                                    .  

  –    , / ³∙ . 

  [8]; 

  –  ,     (2.1); 𝑡  –  ,     (2.1); 𝑡  –  ,     (2.1). 

 2.3     

 

       , : 

=  , ∙ ∙ + ∙ 𝑡 − 𝑡∙ , ∙                                                               .  

 m –  , ; 

 a –    , / .   [9]; 

 b –      ,  25 /  

 1  [10]; 

 𝑡 , 𝑡   –     , , ° . 

  [9]. 

  –  ,  4,19 / ∙ . 
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2.4    

 

  ,     ,   

 ,    3. 

 3 -        

 

 

, 

 

 

  V, 

³

t вн, 

°  

q o, 

 

q в, 

 

a, 

/  

  2900 580000 18 0.953 0 65 

-

  
10 18000 18 0.5 0.106 4.5 

 3 7500 18 0.5 0 60 

 2 11200 14 0.372 0.453 1.3 

 8 1600 16 0.406 0.814 3.4 

  4 18800 20 0.442 0.128 10 

 2 7400 20 0.442 0.128 10 

 3 45000 16 0.383 0.081 5 

 1 9000 20 0.419 0.325 65 

  6800 25 0.325 1.164 100 

  150/70 , °  

 

   ,     

     ,     

 . 



14 
 

   , :  =  𝑎𝑥 + 𝑎𝑥 +                                                                                     .  

  ,      4. 

 4 -    

 
 

 
 

,  

 
  

, 
Q ,  

  
 

, 
Q ,  

   
 

, 
Q ,  

  8000 31,561 - 2,305 

-

  
40 0,514 0,124 0.004 

 40 0,214 - 0,011 

 400 0,229 0,309 0,034 

 400 0,036 0,082 0,036 

  400 0,483 0,161 0,045 

 200 0,190 0,063 0,022 

 1600 0,966 0,23 0,154 

 40 0,219 0,196 0,012 

 80 0,135 0,57 0,032 

,  34,548 1,736 2,654 

 

       (2.5)  

, :  =  . + , + , = ,  

     ,    

  38,9 
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2.5     

 

   -   

       ,  

     ( . ). 

    , . ,   

: 

= ∙ 𝑎𝑥 ∙ , ∙ 𝑡 − 𝑡 .𝑡 − 𝑡 ∙ ∙ −                                                  .  

 24 –          

 , ; 

 𝑎𝑥 –     , ; 

 0,86 –      / ; 𝑡  –     , ° ,   3;  𝑡  –  ,     (2.1); 

 𝑡 .  –       , 

° ,   2; 

 –   , .,   2. 

    , . : 

= ∙ ∙ (𝑡 − 𝑡 . ) ∙ 𝑎𝑥 ∙ ,𝑡 − 𝑡 ∙ −                                            .  

  -  ,     (2.6); 

  -   , ; 𝑡  –  ,     (2.6); 



16 
 

𝑡 .  –  ,     (2.6); 𝑡  -  ,     (2.1); 

𝑎𝑥 -     , ; 

0,86 –  ,     (2.6). 

     , . : = [ ∙ ∙ , ∙ ] ∙ − + 

                    + [ ∙ ∙ , ∙ 𝑡 − 𝑡 .𝑡 − 𝑡 ∙ ∙ − ] ∙ −           .  

 24 –       , ; 

  –      , ; 

0,86 –  ,     (2.6); 𝑡  -   ,     (2.4); 𝑡 .  –      , ° .   

15 ° ,  [11]; 𝑡  -  ,     (2.4); 

 – ,      

         , 

  0,8 [11]; 

 350 –        .  

    , . : 

 = + + ∙ ( + ) ∙ ( + )                                 .  

 7 – ,      , % 

[12]; 
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2 – ,     , % [12]. 

     5. 

 5 -     

 , .  

 76,535 

 1,927 

 17,273 

 104,485 

 

        

  104,485 . ,   437,457 . . 

 

2.6    

 

      38,9 . 

    ,    ,  

    ,  2  - -20 

 23,26  .    

     .   

     . 

- -20-150 –  ,    

.        150 ° , 

   ,    . 

      . 
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 ,   ,   

  Ø60×3,5    64 ,     

Ø219x10 .      ,  

 ,      

.     .    , 

    [13]. 

   ,   -   

,      ,  

  -2,7/6,5.     

  ,        

.    .  

      .  

     ,     

 .         

20-25 .       40  [13]. 

       

,           

         [14].  

        

      [15].  

       

   – - -20-150 .  ,  

  ,     

   ( ).     

   50 ,     

   .   - -20   

   ,     -

    [16].
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 3 -   - -20-150 



20 
 

 

 4 -   - -20-150 



21 
 

3       
 

    ,   

 ,      ,   

   .    

   .    

  . 

3.1    

 

          2 

     2.  ,    6, 

   30,    .    

 ,   6,   ,    

      9    4.  

        

  ,      

   1      [17].   

   ,    1, 

  12       

 2. 

     ,    ,  

    2,    2,    

 1   ,    1.  

     ,    

   .  

        3, 

   3,      4,   

       5. 
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1 –  ; 2 –  ; 3 –   ; 4 –   

; 5 – ; 6 –  ; 7 –   ; 8 – 

  ; 9 –    ; 10 – 

; 11 –  ; 12 –  ; 1 –   

     , ; 6 2 –     

   , ; 5 –     

 , ; 6 –      

, ; 3 –  ; 6 –   ; 

30 –   ; 0 –     

. 

 5 -     

     ,    ,  

    2,    2,    

 1   ,    1.  

     ,    

   .  
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        3, 

   3,      4,   

       5. 

  ,      

6,    8,9  11,     10 

      .  

      30,  

    8,      

7,        .  

          

 5.         

 9,       4,   

   10. 

       6.   

       105 ° , 

 [17]. 

 6 -        

   
 

 

     34,548 

     1,736 

     2,654 

    °  150 

    °  70 

    °  105 

   °  60 

   °  5 
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3.2      

 

      , / : 

= + ∙(𝑖 − 𝑖 ) ∙ 𝜂                                                                                           .  

 ,  –      , , , 

  6; 

 𝑖  –     , / ,   

,  [18]; 

 𝑖  –     , /  [18]; 

 𝜂  – ,      , 

 0,98 [17]. 

      , / :  

= , + , ∙, − , ∙ , = ,  

    , / : 

= ∙𝑖 − 𝑖                                                                                                      .  

  –     , ,   6; 

 𝑖  –   , /  [18]; 

 𝑖  –   , /  [18]. 

       , / : 

=  , ∙, − , = ,  
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      , / : =  + = , + , = ,                                       .  

        . 

     , / : =  ∙ , = , ∙ , = ,                                                   .  

  0,02 –       [17]. 

       , / : 

. =  ∙ , = , ∙ , = ,                                                         .  

  1,2 –   ,       

 [17]. 

      , / : 

. = ∙ , ∙ , = , ∙ , ∙ , = ,                            .  

      – 

   ( .8   5), ° : 

𝑡′′ = ∙ ∙ (𝑖′ − 𝑖′′ ) ∙ 𝜂 + 𝑡′                                              .  

  –      , / : = , ∙ = , ∙ , = ,                                                      .  

       10%  

.  [17]. 𝑖′  –       , 

  [18],  104 ° ,      

 [17], / ; 
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 𝑖′′  –     ,   [18],  

70 ° ,  [17], / ; 

  –  ,  4,19 / ∙ ; 𝜂  – ,   ,  

 0,98  [17]; 𝑡′  –     ,  38 °  [17]. 

    , ° : 

𝑡′′ =  ,, ∙ , ∙ , − , ∙ , + = ,  

       ( . 

9  ),    ° : 

𝑡′′ = ∙ ∙ (𝑖′ − 𝑖′′ ) ∙ 𝜂 + 𝑡′′                                                  .  

 -     ,   6%   

  , / ; = , ∙ = , ∙ , = ,                                                   .  𝑖′  –       ,   

    , / ; 

 𝑖′′  –       ,  

  130 ° ,  [1], / . 

 ,  ,   , , ° : 

𝑡′′ = ,, ∙ , ∙ , − , ∙ , + , =  
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    ( . 4   5)   

 : ∙ 𝑖′ − 𝑖′′ = . ∙ 𝑖′ − 𝑖                                                .  

      , ° : 

𝑡′′ = 𝑖′′ = 𝑖′ − . ∙ ∙ 𝑖′ − 𝑖                                            .  

 𝑖′′  –     , / ; 

 𝑖′  -     ,  𝑖′′   

         ( .9  

 5), / ; 𝑖′  –    ,   [18]  40 

°   [17], / ; 

.   -  ,    (3.5). 

      , ° : 

𝑡′′ =  ,, − ,, ∙ , ∙ , − , = ,  

      ( . 10  ), / : 

= ∙ 𝑖′ − ∙ 𝑖′′𝑖                                                                   .  

  –  ,    (3.8); 𝑖′  –       , / ; 

 –  ,    (3.5); 𝑖  –       , / ; 



28 
 

𝑖′′  –  ,   ,   𝑡′′  

 95 ° ; /  [18]. 

   , / : 

= , ∙ , − , ∙ ., = ,  

   , / : ′ = + = , + , = ,                                                  .  

      : 

∆ = ′ −′ = , − ,, ∙ % = %                             .  

   3%,     

. 

    , / : 

= ∙ (𝑖 − 𝑖 )𝑖 − 𝑖 = , ∙ , − ., − . = ,          .  

  𝑖  –     ,  [18]  70 ° ; / . 

      , / : = − ′ = , − , = ,                                           .  

  -  ,    (3.3). 

    , / : 

′ = + ′ + + =                                                             = , + , + , + , = .  

  -   ,    (3.10). 
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        , 

/ : 

′ =  ′ − − − = − , − , − , =         .  

  -  ,    (3.13). 

         

 , %: 

∆ =  − ′ ∙ % = , −, ∙ % = , %                      .  

   3%,    . 

,    ,    

 . 

 

3.3      

 

3.3.1    

 

   , : = , ∙ ∆ + ∆                                                                                       .  

  ∆  –     , .   80 [19]; 

 ∆  –   , .  25,5,   

 [13]; 

   , : = , ∙ + , =  

   , ³/ : = , ∙ , ∙ ( ′ + )                                                                               .  



30 
 

  ′   –         

  , , / . 

   , ³/ : = , ∙ , ∙ + , = ,  

     3 ,     

, Wilo Atmos GIGA-B 100/315-200/2.   . 

         7.  

 7 -        

  

 , ³/  451,8 

   ,  123,5 

    
 ,  

194,8 

    , % 83,09 

 

 

 6 -     Wilo Atmos GIGA-B 100/315-200/2
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3.3.2     

 

    , : = , ∙ (ℎ + ∆ + ∆ )                                                                     .  

  ℎ  –    , ,   

10  -   ; 

 ∆ –    , ,  40  

[19]; 

 ∆  –    , .  15  [19]. 

  , : = , ∙ + + = ,  

     , ³/ : = , ∙ , ∙ .                                                                                              .  

 .  –    , / . 

    , ³/ : =  , ∙ , ∙ , =  

     2 ,     

, Wilo Atmos GIGA-B 32/240-15/2 (  7). 

 8 -         

  

 , ³/  22,58 

   ,  82,66 

    
 ,  

11,57 

    , % 47,7 
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 7 -      Wilo Atmos GIGA-B 32/240-15/2

 

3.3.3    

 

   , : = , ∙ (∆ + ∆ )                                                                              .  

  –    , ,  20  [19]; 

 –        

      , ,  5  

[19]. 

  , : = , ∙ + = ,  

   , ³/ : = , ∙ , ∙ ′                                                                                           .   
  ′  –   , / . 
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    , ³/ : = , ∙ , ∙ , = ,  

     2 ,     

, Wilo Atmos GIGA-B 32/125-3/2 (  8). 

 9 -      

  

 , ³/  20,4 

   ,  28,5 

    
 ,  

2,71 

    , % 67,2 

 

 

 8 -      Wilo Atmos GIGA-B 32/125-3/2
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3.3.4    

 

   , : = , ∙ ∆                                                                                                      .  

 ∆  –   , . 

    , : = , ∙ , =  

  , ³/ : = , ∙ , ∙                                                                                              .  

  –    , / . 

   , ³/ : = , ∙ , ∙ , =  

     4 ,     

, Wilo BM-B 80/315-15/4.   . 

  .      

    10.  

 10 -       

  

 , ³/  130 

   ,  29,5 

    
 ,  

15,8 

    , % 72 



35 
 

 

 9 -     Wilo BM-B 80/315-15/4 

        

 ,    ,    .

 

4     

 

    .    -

 ,       

   . 

 

 4.1    

 

    ,     

    ,    . 
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      ,   

   .    

  «  »,      

  .  

      -  

 -   .     

      .  

 11 -    

  
  , %  , 𝑸 , 

/  W  A  S  C  H  N  

-  
 

33 7,4 0,2 42,6 3 0,6 15,28 

  5,6 0,7 0,01 48,1 5,8 0,6 18 

4.2     

 

  ,      

 , ³/ : = , ∙ + , ∙ + , ∙ − , ∙                        .  

   –      , %; 

 -      , %; 

  –      , %; 

  -      , %. 

      , ³/ : 

= , ∙ + , ∙                                                                                    .  

   –      , %. 
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  , ³/ : 

= , ∙ + , ∙                                                                             .  

  –  ,     (4.1); 

   ,    (4.1). 

  , ³/ : 

𝐻 = , ∙ + , ∙ + , ∙                                             .  

   –     , %; 

  -  ,    (4.1). 

   , ³/ : = + + − ∙ + 𝐻 + , ∙ − ∙                   .  

  α –       ,  1,51 [20]. 

         

12. 

 12 -    

 
   , 

³/    , ³/  

 –   
 

4,153 4,52 

 –   
 

3,286 3,58 

 –   
 

0,796 0,898 

𝐻  –    0,809 0,786 

 –   
  

7,043 7,6 
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4.3    

 

 1 ³     [20]   

 ,    ϑ = 160 ° . 

 13 -    

 , / ³ 

 , RO2 283,4 

, N2 208,6 

 , H20 243,4 

 213,4 

 

   , / : = ∙ 𝜗 + ∙ 𝜗 + 𝐻 ∙ 𝜗 𝐻                                    .  

  𝜗 , 𝜗 , 𝜗 𝐻  –  1 ³  , 

  ,  ,   13, / ³; 

  -    , 3/ ,  12.  

 , / : = ∙ 𝜗                                                                                                          .  

 𝜗  –  1 ³ ;   14, / ³; 

 -   , 3/ ,  12. 

  , / : = + − ∙                                                                                           .  

  –  ,    (4.5). 
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  ,     

 𝑡  = 30, /  [20]: 

= ∙                                                                                                      .  

   –    100 ° , /  [20]. 

       14. 

 14 -    

 
   , 

³/  
  , ³/  

    1108 1191,6 

   886,3 964,6 

   
 

1560 1686,38 

   
 

256,9 289,4 

4.4    

 

        

   .   -  

.  

       

  , %: 𝜂 = − + + + +                                                             .  

   –     ,    

 , %: 

= − ∙ ∙ −                                                                        .  
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  –   , / ; 

  –      ; 

  –     ,    5 % 

[20],        0,5 %. 

  -       0; 

  –     ,  1,5% [20]; 

  –   , : 

= ∙ ∙ ∙ 𝑡                                                                                       .  

  –     ,  0,15 [21]; 

  –  ,   0,9 / ∙  [22]; 

  -      , %; 

 𝑡  –  ,   600 °  [22]. 

       = 3,9 %,     

         

 . 

      : 

 82 %  -  ; 

 91%   . 

    ,    , 

  .        

  . 
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4.5    

 

     -  

,     .   

      ,     

       .  

        

        . 

       

  .  

= ∙ + ∙∙ , ∙ 𝜂                                                                             .  

   –   , . ; 

  –  ,    (4.12); 

 238,85 –    /   / ; 

  –       -

 ,   2% [11]; 

 𝜂  –   , %. 

   , . . : 

= ∙                                                                                                      .  

 7000 –   , / . 

        

   15. 
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 15 -    

    

, . .  35450,5 27208,4 

 . .  18482,7 16710,7 

 

   ,        

  ,    ,    . 

 

 5     

 

         

        . 

   ,     .  

 

5.1    

 

 ,   , / : 

= ∙ ∙ − 𝜂 ∙ [ − ∙ + ]                                 .  

   -    , / , : 

= ,                                                                                                          .  

𝜂  –  ,   90 % [20]; 

  –      , %; 

  -      , %. 
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5.2     
 

    , / : 

= ∙ ∙ ∙ 𝜇𝜇                                                                                   .  

   –      , %; 

 𝜇 , 𝜇  –   SO2  S,    2. 

 

5.3     
 

   ,   , / : 

𝑥 = , ∙ ∙ 𝑘 ∙ ∙ ∙ − ∙ − ∙                                .  

   – ,        

     ,   1 [20]; 

 𝑘 – ,       

  , : 

𝑘 = , ∙+                                                                                                               .  

    –     , 

/ . 

  – ,    

  ,  0,01 [20]; 

  –    ,   20 [20]. 

   , / : = , ∙ 𝑥                                                                                                                                           .  

 



44 
 

         
16. 

 16 -      

 

  

  , /     , /  

 13,5 1,032 

  SO2 4,5 0,17 

  NO2 1,36 1,26 

 

 

 10 -      

   ,     

,     ,      

  13 ,      26,5 .
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 5.4     
 

          ,  

   .     

      .  

 

5.4.1      

 

  , : 

= √ ∙ ∙ ∙ ∙К − ∙ √ 𝑧∙ ∆3                                                                          .  

  – ,    ,  

200   [20]; 

  – ,       

 ,   2     1 –  

  [20]; 

 ∆  –      ϑ = 160 °    

    13    , 

 𝑡  = 24 °  [23],   : ∆  =  𝜗 − 𝑡 = − =                                                                          .  

m  n –  ,    

    ; 

 М –   , / ; 

  –      

 ,   [24], / ³; 
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  –    , / ³; 

 z –   ; 

 –    , ³/с: 

=  ∙ + − ∙ ∙ 𝜗 +                                                               .  

  -    ,  (5.2) / ; 

  -    ,  (4.5), ³/ ; 

 -   ,  (4.1), ³/ ;  

 –      ,  ,    (4.5); 𝜗 –  ,    (5.8). 

    , ³/ : 

= , ∙ , + , − ∙ , ∙ + = ,  

     ,     

      . 

  , / ³: = , ∙ К = , ∙ , = ,                                                          .  

   : =    ; 

 𝜔 =  /        [20]. 

     , : 

= √ ∙∙ 𝜔 = √ ∙ ,∙ = ,                                                                 .  
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 [20]: = ,  . 

   : 

= , + , ∙ √𝑓 + , ∙ √𝑓3                                                                       .  

 𝑓 – ,   : 

𝑓 = ∙ 𝜔 ∙∙ ∆                                                                                                .  

 ∆  –  ,    (5.7). 

 𝑓 : 

𝑓 = ∙ ∙ ,∙ = ,  

   : 

= , + , ∙ √ , + , ∙ √ ,3 = ,  

      : 

= , ∙ √ ∙ ∆ = , ∙ √ , ∙ = ,                                         .  

  –    ,  ,    (5.9). 

 >    =   

      (5.7), : 

= √ ∙ , ∙ ∙ ,, − . ∙ √ , ∙3 =  
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       ,   

    . =    ; 

 = ,      . 

   , / 3: 

𝑖 = ∙ ∙ ∙ ∙ ∙ √ 𝑧∙ ∆3                                                                      .  

   , / 3: 

𝑖 = ∙ , ∙ ∙ , ∙ ∙ √ , ∙3 = ,  

  , / 3:  = 𝑖 + = , + , = ,                                                         .  

 : = ,   ≤  К = ,   

        

.         25 .

 

5.4.2      

 

       .  

     .      

   ,    

    . 
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     , / : 

= + ∙ ( КК ) = , + , ∙ ( ,, ) = ,        .  

     , , / ³, 

: = , ∙ К = , ∙ , = ,                                                        .  = , ∙ К = , ∙ , = ,                                               .  

       (5.9), ³/с: 

= , ∙ , + , − ∙ , ∙ + = ,  

   : =    ; 

 𝜔 =  /        [20]. 

    , ,   (5.11): 

= √ ∙∙ 𝜔 = √ ∙ ,∙ = ,  

        

 [20]: = ,  . 

  , 𝑓,     (5.12), (5.13) 

 (5.14), .  

: 

𝑓 = ∙ 𝜔 ∙∙ ∆ =  ∙ ∙ ,∙ = ,  
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  : 

= , + , ∙ √𝑓 + , ∙ √𝑓3 = , + , ∙ √ , + , ∙ √ ,3 = ,  

      : 

= , ∙ √ ∙ ∆ = , ∙ √ , ∙ = ,  

 >    =  

  , : 

= √ ∙ ∙ ∙ ∙К − − ∙ КК ∙ √ 𝑧∙ ∆3                               .  

     , ; 

= √ ∙ , ∙ ∙ ,, − , − , ∙ ,, ∙ √ , ∙3 = ,  

      , 

 . 

   : = ,   –   ; = ,   –    . 

       , / : 

𝜔 = ∙∙ = ∙ ,∙ , = ,                                                                     .  
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 : 

  𝑓 : 

𝑓 = ∙ , ∙ ,, ∙ = ,  

  : 

= , + , ∙ √ , + , ∙ √ ,3 = ,  

    n: 

=  , ∙ √ , ∙,  = ,  

  >    =   

      , : 

′ = ∙ √ ∙1∙ 1 = , ∙ √ , ∙, ∙ =                                               .
   . 

   :  =   –   ; = ,   –    . 

  : 

  𝑓 : 

𝑓 = ∙ , ∙ ,∙ = ,  

  : 

= , + , ∙ √ , + , ∙ √ ,3 = ,  
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    n: 

=  , ∙ √ , ∙ = ,  

  >    =   

     , : 

′ = ∙ √ ∙∙ = ∙ √ , ∙, ∙ = ,                                                   .  

         =      = ,  . 

      SO2  

NO2   (5.15). 

     , / 3: 

𝑖 = ∙ , ∙ ∙ , ∙ ∙ √ , ∙3 = ,  

     , / 3: 

𝑖 = ∙ , ∙ ∙ , ∙ ∙ √ , ∙3 = ,  

: 

  SO2 , / 3: =   𝑖 + = , +  , = ,                                         .   
  NO2 , / 3: =   𝑖 + = , +  , = ,                                      .  
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: = ,   ≤  К = ,                   
= ,   ≤  К = ,                   

          

  .         

   11 . 

 17 -    

      ,  

  25 

 11 

 

  ,     ,  

            

,   .  

 

 6     
 

 6.1    
 

        

        . 

    𝑡 =  ° . 

        

  ,   .  
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      , 3/ : 

=  ∙ ∙ − ∆ − ∆ + ∆ ∙ 𝑡 +                          .  

  –   , / ,  (5.2); 

  –   ,    1  

, 3/ ,  (4.1); 

  –     ,  1,3 [20]; 

 ∆  –     ,  0,1 [20]; 

 ∆ , ∆  –        

,  0 [20]; 𝑡  –   , ° . 

   , 3/ : 

   : 

= , ∙ , ∙ , − , − + ∙ + = ,  

   : 

= , ∙ , ∙ , − , − + ∙ + = ,  

  , 3/ : 

=  ∙ ∙ ℎ ∙                                                                     .  

      ,    1,05 

[20]; 

 ℎ  –      ,  101325 

 [20]. 
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   ,    , 

  , : =  ∙ ∆                                                                                                 .  

  –    ,  1,1 [20]; ∆  –      , , : ∆ =  ∆ −                                                                                              .  ∆  –    ,   

1900  [20]; 

  –  ,  0  [20]; 

  ,    , : = , ∙ =  

         . [16] 

     (6.2), 3/ : 

  : 

=  , ∙ , ∙ ∙ =   
  : 

=  , ∙ , ∙ ∙ =   
       18. 

 18 -      

   
 𝑸 , 

3/   
  𝑯 ,  

 23380 2090 

 19573 2090 
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       , 

  [25]. 

        -15 -750. 

      19. 

 19 -     -15 -750 

  

, 3/  14000-60000 

,  1200-2400 

 , % 85 

 , /  750 

 ,  37 

 

       ,  

     .   

  60%  (  ),    

,       40% (  

).          [16]. 

    , 3/ : ′ =  ∙ , = ∙ , = ,                                              .  

   , 3/ : ′′ =  ∙ , = ∙ , = ,                                                .  

        -

11,2 -1000.       20. 
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 20 -     -11,2 -
1000 

  

, 3/  7000-31000 

,  900-2400 

 , % 83 

 , /  1000 

 ,  18,5 

 

 6.2   
 

         

.  

  , 3/ : 

=  ∙ ∙ ℎ ∙                                                                     .  

      ,    1,1 

[20]; 

 ℎ  –  ,    (6.2); 

  –    ,  (5.9), ³/ ; 

     , : =  ∙ ∆                                                                                                  .  

  –    ,  1,1 [20]; 

 ∆  –      , , : 
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∆ = ℎ′′ + ∆ −                                                                                  .  ∆  –     ,   

2500  [20]; 

 ℎ′′  –      ,   

20  [20]; 

  –  , , : 

=  ∙ . ∙ ( , − ∙ ∙ + 𝜗)                                            .  

  –     ,  

 1,  [20]; 

  –   ,  1,293 / 3 [20]; 

  –   , ; 𝜗 –   ,  ,    (5.8). 

  , : 

   : 

=  ∙ . ∙ ( , − ∙ , ∙ + ) = ,  

  : 

=  ∙ . ∙ ( , − ∙ , ∙ + ) = ,  

     , : 

  : ∆ =  + − , = ,  
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 : ∆ =  + − , = ,  

  ,    , : 

   : = , ∙ , = ,  

   : = , ∙ , = ,  

    (6.7), 3/ : 

  : 

=  , ∙ , ∙ ∙ =   
  : 

=  , ∙ , ∙ ∙ =  

       21. 

 21 -     

   
 𝑸 , 

3/   
  𝑯 ,  

 64486 2665,2 

 53567 2716,7 

 

       [25]. 

           

-17 -1000.       22. 
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 22 -    -17 -1000 

  

, 3/  25000-115000 

,  2100-4500 

 , % 85 

 , /  1000 

 ,  132 

6.3   
 

  ,        

   7 . [26].   ,   

     .       

     .   

       ,     

     .      

   .  

   -       

 = %,     .  

       

 ,     60 ° ,    ,  

      .  

         

.        

  ,      . 

        

   .  
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-    613 3,     920  .  

       

   .  

           

  .    -     

      . 

 

7    
 

        

,       .   

        .  

        : 

1.   ; 

2.    

3.    

4.   ; 

5.    ; 

6.  ; 

7.  ; 

8.    ; 

9.     ; 

10.   

         

,      . 
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7.1     
 

   ,   

  .       , 

       .  

    , : = ∙                                                                                                 .  

   -    , . . ,  15; 

  -      ,  -    

 1800   ,     – 6500 / . 

 

7.2    
 

    , : 

Э = ∙ Э                                                                                                                                       .  

 Э -       2022  , 

 4,57 / ∙  [27]; 

  –       , 

∙ , : = ∙ ∙ 𝑘                                                                                                                            .  

  –      ,  8400 ; 

 𝑘  –     

,  0,75 [12]; 

  –   , .   

      23. 
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 23 -     

 
 

  

  

-  
 

, 
 

-  
 

, 
 

  Wilo 
Atmos GIGA-B 
100/315-200/2 

2 389,6 2 389,6 

   
Wilo Atmos GIGA-B 

32/240-15/2 

1 11,57 1 11,57 

  
Wilo Atmos GIGA-B 

32/125-3/2 

1 2,71 1 2,71 

 

 

Wilo BM-B 80/315-15-

3 47,4 3 47,4 

 -17 -

1000 
1 132 1 132 

  

-15 -1000 
1 37 - - 

  

-11,2 -1000 
- - 2 37 

  

  
2 26 2 26 

 2 2,2 - - 

  2 1,5 2 1,5 

   4 60 2 30 

 2 52 - - 

  

 
- 403 - 403 
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    ,    

,        [11]. 

     : 

 = ,  ; 

 = ,  . 

      , ∙ : 

  : = , ∙ ∙ , =  

  : = , ∙ ∙ , =  

 

7.3    
 

 

     .  

    « ». 

   , .: = ∙                                                                                                 .  

  -   ,   22,69 ./ 3 [27]; 

  –    , 3, : = ∙ ∙ . + ∙ − ∙ .                                       .  

  –   , ,  2; 

 .  –         , 

/ ,  (3.5); 
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.  –      , / ,  (3.6). 

   , 3: = ∙ ∙ , + ∙ − ∙ , = ,  

 

7.4    
 

 

     , .: 

. = . ∙ .                                                                                          .  

 .  -     , ./ 3,  14,2 [27]; 

 .  –   , 3.   20%  

   , 20      [17]. 

 

7.5     

 

         

  . 

 , .: = ∙ ∙                                                                                          .  

 –   ,   58988,7 [12]; 

  –  .         

     – 42  [12].
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 7.6   
 

  –      ,  

   ,      

  .   30  

   [12]. 

   , .: = , ∙                                                                                                                                   .  

 

7.7    
 

 

      

   . , .: 

= 𝐾 ∙ А + 𝐾 ∙ А                                                                     .  

 𝐾  –    ,    

  154,548 . . [12]; 

 А  –     ,  2 % [12]; 𝐾  –      ,   

   213424,5 . . [12]; 

 А  –   ,  6% [12]. 

 

7.8    
 

     .  

15        1    

 . 
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   , .: = 𝐾 ∙ , + (𝐾 + 𝐾 ) ∙ ,                                                     .  

 

7.9      
 

        

  ,      . 

  , .:  = 𝑘 ∙ 𝑘 ∙ ∙ + ∙ + ∙         .  

 , ,  –   ,     , 

, / ; 

 , ,  -     ,     

, , ./ .  15,1  , 45,4     

138,8    [28]; 

 𝑘  –   ,   1,68 [12]; 

 𝑘  –     ,  1,08 [12]. 

 

7.10   
 

   ,      : 

, ,  ,  ,    . . 

    20       

,     , .: = , ∙ + +                                                                          .  
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       24. 

 24 -    

  

, . . 

, % 
 
 

 
 

   63810,9 176854,3 177,15 

   33540,94 31116,74 -7,2 

   2479 2479 0 

   310,25 310,25 0 

     29730,3 29730,3 0 

  8919,09 8919,09 0 

  

 
15896,44 15896,44 0 

   26862,04 26862,04 0 

    

  
34,021 11,4 -66,5 

   10909,17 10909,17 0 

  192491,9 303101,78 57,46 
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 11 -    

   ,      , 

      ,    

  7,2 %,        

66,5 , ,  177,15 %    ,  

       57,46 %.  

 

7.11     
 

    , ./ : 

=                                                                                                      .  

  –    , . .; 

  –    , . ,  5. 
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    , ./ : 

  : 

= ,, = ,  

   : 

= ,, = ,  

        

 , ./ : 

= ∙ ( + )                                                                                     .  

  –  ,  30 % [12]. 

   ,     

, ./ : 

= , ∙ ( + ) = ,  

   ,    , 

./ : 

= , ∙ ( + ) =  

      ,  

    1,57 ,       

 .          

.  
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Ч  
 

       « »  

    ,   .  

    .   

       - -20, 

 23,26  .      

  ,    –   - -20   

   .   

   ,    .  

   -   

     .   , 

    ,     

       . 

         

     .  

       

: ,    .     

,        ,  

   .        

  ,      .  

        ,  

    ,    . 

  ,    ,   

  ,        

. ,   ,     , 

  ,      . 
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