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1.      

 

1.1.   

 

1.   – . . 

2.   – 6. 

3.    –  

4.    – 56 .   

5.  : ,  : 320. 

6.  ,     . 

7.   –  1. 

8.  – ,   150/70. 
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 1 –   

 

 

1. 1.2.     

 

      

    : 

  ; 

       

      ; 

      

; 



9 
 

       ; 

      

 (   )  ,    

; 

     .   

        

     ,      , 

 . 5.10 [1],    ,   

,   10.1 [2]. 

                      

 1. 

         J-

D .     J-D    

 ,         

  t  = -39       φ=74%, 

     ,    

   ,    , 

        t  = 26 

      φ=55%,    

  ,     

   (  2). 
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 2 –       

 

 

    

 1 

   t , °    

I , /  

 

 φ, % 

 -39 -39,2 74 

 26 55,8 55 

 

2. 1.3.     

 

       

   . 5.2 [1]      -

 2 [3]        .   

   -      

         

   ,   –   

  .   , 

      30-60%.    

          

 +30°          

0,4°          
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 30° ,       

0,1 /        .  

,          

   0,5 /      5 [1]. 

    – ,      

 ,   3 .   

      [3]     

 2. 

 

   

 2 

   t , °   

 φ, % 

  

( ) v, 

/  

 20-21 45-30 0,2 

 23-25 60-30 0,15 

 

        

   (  3).     : 

.1 – 𝑡х =  ° ; 𝜑х =  %; 

.2 – 𝑡х =  ° ; 𝜑х =  %; 

.3– 𝑡х =  ° ; 𝜑х =  %; 

.4– 𝑡х =  ° ; 𝜑х =  %; 
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 3 –    

 

     ,   

  :     .  

        

,      .   

         

,     ,     

 ,     .   

     3. 

 

    

 3 

   t , 

°  

 

 φ, % 

  

( ) v, 

/  

 21 35 0,2 

 23 55 0,15 

 

   3   J-D   

 t    t  (  3). 

 

3. 3.    

 

  ,     

  ,   ,    

 ( 02).       

,   .  ,     

  ,        
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 (    )     (    

). 

        

     ,    

.          

       .  

 

4. 3.1.    

 

      

     . . 

       

       3.  

   100%     50%  

. 

 

5. 3.1.1.     

 

      ,   , 

  .    .   

   +9,200.  24·36=864 2.  

. 

1.   ,  ,   

 1, : Я = 𝑞я · ; (1) 

 q   –   ,   , /  [6]; – 

   . 

  Я =79·320=25280, , 
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  Я =93·320=29760, ; 

2.   ,  ,   

 2, : = 𝑞 · ; (2) 

 q   –   ,   , /  [6]; 

n –    . 

  =147·320=47040, , 

  =149·320=47680, ; 

3.  ,  ,    

3, /  

W  = W · N; (3) 

 N –    ; W  –  ,  

 , / . 

  

W  = 99· = , /  = 31,5, / . 

  

W  = 83· = , /  = 25,9, / . 

4.   ,  ,  

  4, /  𝐶 = ∙ , (4) 

 m  –   ,   , /  

[6]; n–      1. 𝐶 = 45·320 = 14400, / . 

 

6. 3.1.2.     
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      ,   ,  

    .    . 

     +9,200,   +4,500. 

 42 9=378 2.  . 

2.   ,  ,   

 1, : Я = 𝑞я · ; (1) 

 q   –   ,   , /  [6]; – 

   . 

  Я =79·160=12640, , 

  Я =93·160=14880, ; 

2.   ,  ,   

 2, : = 𝑞 · ; (2) 

 q   –   ,   , /  [6]; 

n –    . 

  =147·160=23520, , 

  =149·160=23840, ; 

3.  ,  ,    

3, /  

W  = W · N; (3) 

 N –    ; W  –  ,  

 , / . 

  

W  = 99· =  /  =15,840, / . 
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W  = 83· =  /  = 13,280, / . 

4.   ,  ,  

  4, /  𝐶 = ∙ , (4) 

 m  –   ,   , /  

[6]; n–      1. 𝐶 = 45·160 = 7200, / . 

 

7. 3.2.     

 

 = · ∙ 𝑞 ∙ , (5) 

 E – , , [4]; F –   , 2; q  –  

 [5]; n  –   ,   [5]. 

 = 75·864·0,067·0,45=1954, . 

 = 75·378·0,067·0,45=855, . 

 

8. 3.3.     

 

     , 

  .       

          . 

 

9. 3.4.     

 

        

   .  ,    

  ,       
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  .     

,        .  

   Q  = 0,        

. 

    Q , ,      

      ,      

 . = 𝑞 ∙ ∙ 𝑡 − 𝑡 , (6) 

 𝑞  –    (  0,036 / 3° );  –  

, 3; 𝑡   𝑡  –     . 

 = , · · ( − − )/ = , , ; 

 х = , · · ( − − )/ = , ,  . 

          

 .  

 

     

 4 

  
  

 

 Я,  ,  ,    

 29,76 47,68 1,95 0 17,17 

 25,28 47,04 1,95 0 0 

 

     

 5 

  
  

 

 Я,  ,  ,    
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 14,88 23,84 0,855 0 2,06 

 12,64 23,52 0,855 0 0 

 

        6. 

 

 

      

 6 

  

 

 

, t , 

°  

   

Я ,  ,  W, /  𝐶 , /  

 21 14,54 32,46 25,9 14,4 

 23 27,23 48,99 31,5 14,4 

 

      

 7 

  

 

 

, t , 

°  

   

Я ,  ,  W, /  𝐶 , /  

 21 7,27 16,23 13,28 7,2 

 23 13,6 24,5 15,84 7,2 

 

10. 4.    

 

       

      , 

      , /  
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7. 𝜀 , = ,
, (7) 

 –     , ;  – 

  , / . 

1.  

   𝜀 = , ∙ , = , / ; 

  𝜀 = , ∙ , = , / . 

2.  

   𝜀 = , ∙ , = , / ; 

  𝜀 = , ∙ , = , / . 

 

11. 5.     

 

       

     ,    

  ,       

.    ,    

 (  ) ,     

        

.       

   .  
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    " - ", 

" - ", " - ", "  "  " "  

" ".         

    [8, 9, 10].    

      [11].    

   " "    

  [11]. 

  « - »    

  (  4).   ,   

     .  

      

,     .    , 

  , ,   .   

       . 

 ,  ,    

     .  ,  

 ,    ,  

       .  

      .  

       

   . 

       

        . 
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 4 –     « - » 

   

 

12. 6.   

 

        

     1  ,  

   1 3        

  1 3  .    

     , 

         

,    . 

        , 

    ,    

      . 

 

13. 6.1.    

 

    .     

          

         (   

   ,   ) [12]. 

   I-D      

     8. 
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 8 

 

 

 

 

 

 

, t , 

°  

 

 

, t , 

°  

 

 

, I , Д∙℃ 

 

 

, d , /

 
 

21 22 37 5,9 

 23 25 49,5 9,8 

 
 

21 22 37 5,9 

 23 25 49,5 9,8 

 

14. 6.2    

 

    4   t   t   1-3 0 ;  

   4 ,  t   t   3-6 0 .  

  t  ,      

       

 ,     .   

 ,          

 . 

  ,   4    

 ,    :  

t  = t  – 4 = 21 – 4 = 17, ; 

  : 

 t  = t  – 4 = 23 – 4 =19, . 

       8,  

        

   –       

 9. 
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𝑖 = 𝜌 ∙ ∙ , (8) 

  –    1 , 3/ [1];  –  

; 𝜌 –  , / 3. 𝑖 = , · · = , /  –  ; 𝑖 = , · · = , /  –  ; 𝑡 , = 𝑡 , − Я,∙  (9) 

  𝑡 = − , ∙ = ,  °  

𝑡 = − , ∙ = ,  °  

 

        

  ,        

 15 °     13 °       

 . 

𝑖 = Я− = , ∙ − = , /  –  ; 

𝑖 = Я− = , ∙ − = , /  –  . 

 

        

 ,      ±1°   

 .      6.1. 𝑡 = − , ∙ = , , °  –  ; 𝑡 = − , ∙ = , , °  –  ; 

        13°  

   12 °      .  
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𝑡 = 𝑡 + Я∙ = + , ∙ = , , ℃ ∆𝑡 = , − = , ℃ < ℃ − . 𝑡 = 𝑡 + Я∙ = + , ∙ = , , ℃ ∆𝑡 = , − , = − , ℃ < ℃ − . 

    I-D ,   

     8. 

 

   

 9 

 

 

 

 

 

  

, 

t , °  

 

 

, I , Д∙℃ 

 

 

,  

d , /  

 
 

13 24 2,8 

 15 26 3,4 

 
 

12 23 2,6 

 13 24 2,8 

 

15. 6.3.   

 

        

,    .     

, /  [1]. 

    

,Я = , Я𝑡 − 𝑡 , (10) 
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 Я –     ; t  –  

 ; t  –   ; – ё  

 . 

    

, = ,𝐼 − 𝐼 , (11) 

 –     ; I   I  – 

     . 

    = ·𝑑 − 𝑑 , (12) 

 W –   , / ; d   d  –  , 

     , / . 

    = − , (13) 

 M –     , / ;   –  

2  ,       

/ 3 . 

 2   ( )    

 ,     .   

      11 [12].  

   0,9 / 3. 

 :     (  

,    . .) – 3,7. 

 ( )  

      

          7.3 [13] 

/ . 
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𝑖 = 𝜌 ∙ ∙ , (14) 

  –    1 , 3/ ;  –    

 ; 𝜌 –  , / 3. 

       

   ,     = 𝐼 −𝐼 = − , (15) 

    5 %,     ё  

    .  

       

     .   

     , 

     ,  

,  ,       

 (Gmin>G 2), ,      

    . 

 

16. 6.3.1.     

 

  GЯ = , ·· − = , / ; G = , · − = , / ; GW = , ·, − , = , / ; G O = , − , = , / . 

  Я = , ·· − = / ; = , ·, − = / ; 



27 
 

= , ·, − , =  / ; 

𝐶 = , − , =  / . 

     15, ∆ = − · =7% ∆ = − · =22,4%. 

         

 10. 

     (    

 ,   )    

 . 

Я К, = ∙ ∙ (𝑡 , − 𝑡 , ), (16) 

К, = ∙ (𝐼 , − 𝐼 , )/ , , (17) 

К, = ∙ (𝑑 , − 𝑑 , )/ , (18) 

  

Я К = · , · − = , ; 

К = · −, = , ; 

К = · , − , = , , / . 

  

Я К = · , · − = , ; 

К = · , −, = , ; 

К = · , − , = , , / . 

    ,   

     ,    

Я Д, = Я, − Я К, , (19) 

Д, = , − К, , (20) 
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Д, = , − К, , (21) 

  

Я Д = − =  ; 

Д = − = ; 

Д = , − , =0 / . 

  

Я Д = − = −  ; 

Д = − = −  ; 

Д = , − , =5,6 /  = 134,4 / . 

 

 

  

 10 

 

 

  

 G, /  

Я, /  , /  , /  
𝐶 , 

/  

𝑖 , 

/   

 
 

45184 9533 7400 

5760 

9600 

9800 

 
5819 8988 8354 9600 

 

17. 6.3.2.     

 

  Я = , ·· − = , / ; = , · − = , / ; 
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= , ·, − , = , / ; 

𝐶 = , − , = , / . 

  Я = , ·· − = , / ; = , ·, − = , / ; = , ·, − , = , / ; 

𝐶 = , − , = , / . 

     15, ∆ = − · =4,7, % ∆ = − · =5,13%. 

         

 11. 

     (    

 ,   )    

 . 

Я К, = ∙ ∙ (𝑡 , − 𝑡 , ), (16) 

К, = ∙ (𝐼 , − 𝐼 , )/ , , (17) 

К, = ∙ (𝑑 , − 𝑑 , )/ . (18) 

  

Я К = · , · − = , ; 

К = · −, = , ; 

К = · , − , = , , / . 

  

Я К = · , · − = , ; 
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К = · , −, = , ; 

К = · , − , = , , / . 

    ,   

     ,    

Я Д, = Я, − Я К, , (19) 

Д, = , − К, , (20) 

Д, = , − К, , (21) 

  

Я Д = − = − , , ; 

Д = − = , ; 

Д = , − , = − , , / . 

  

Я Д = − = − , ; 

Д = − = − , ; 

Д = , − , = − , ,  /  = -308,64, / . 

 

  

 11 

 

 

 

 

 G, /  

Я, 

/  
, /  , /  

𝐶 , 

/  

𝑖 , 

/   

  
2908 4494 4284 

2570 
3840 

4100 

 4900 4770 4525 3840 
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18. 6.3.3.     

 

      ,   1 

 BALLUBD15N  15 /   2  

BALLUBD60U  60 / ,     

  135 / ,    .  

 

  

 12 

 

 

  

 G, /  

Я, /  , /  , /  
𝐶 , 

/  

𝑖 , 

/   

 
 

48091 14027 11684 

8330 

13080 

13900 

 
10719 13758 12879 13080 

 

19.  

20. 7.    

 

      

      .  

       

 . 

       

        

I-D .        

  . 
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   . 

        I-D 

  ,    –  

t     –  t      . 

 .        1.  

    I-D     t   = -39° , 

φ = 74%   t   = 26° , φ = 55%. 

      2   

        I-D   

t =21 °  t  = 23 ° . 

  ,    

         

 .          

    .      

. 

    . 

21.  

22. 7.1.  .   

 

  ,     

 .        

:     ,   

         

         

 . 

        

    .     
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 :  ,     

. 

 

23. 7.1.1.    .   

     .   
 

 

      I-D    

       . 

  𝑡    𝑑     

  φ=60%, . .     5 ̊   

        𝑡 К  

     .   𝑡 К  

     𝑖     𝑑    𝑑 .     𝑡 К  

        

 (     ).  𝑡  - 𝑡 К    

       (  

). 

 𝑡 К - 𝑡 К       

    .  𝑡 К -𝑡     

       (  

). 

     I-D   

 .  𝑡   -𝑡      1 ˚   

. 
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 13  

 , t, °C 
, 

d, /  

, I, Д ∙℃  

 -39 0,3 -39,2 

 21 5,4 34,9 

 13 3,1 21 

 

 

 5 –       

      .   

 

 

  ,  : 
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-         

  

К = ∙ , ∙ (𝑡 К − 𝑡 ) = ∙ , ∙ ( , − − ) = ,  ; 

 

(22) 

-         

  

К = ∙ , ∙ (𝑡 − 𝑡 К ) = ∙ , ∙ − , = = ,  ; 
(23) 

-       

Щ = К + К = , + , = ,  ; (24) 

-         

К = ∙ 𝑑 − 𝑑 = ∙ , − , = , / =36,14 

/ ; 
(25) 

  

  

 14 

 , t, °C 
, 

d, /  

, I, Д ∙℃  

 31 13,6 66 

 23 9,7 47,8 

 15 7 32,9 

 

1  – (     ), 

   

  𝑡    𝑑     φ90% [12]  

  .      𝑡    .  𝑡  – 

       (   
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).   – 𝑡        

  .  К    

  – 𝑡     φ 100%    

    𝑡 .  

  ,  : 

-         

  

К = ∙ , ∙ (𝑡 − 𝑡 ) = ∙ , ∙ − = = , , ; 
(26) 

-    

К = ∙ (𝐼 − 𝐼 )/ , = ∙ − , / , = = , ; 
(27) 

-       

Щ = К = , , ; (28) 

-      

К = ∙ 𝑑 − 𝑑 = ∙ , − = , /  

=62, 55, / . 
(29) 

 

 

 6 –       
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  –     . 

   

 

2  –    7 

  𝑡      𝑡      

 φ100%.  𝑡 - 𝑡      

    (   ).    

         

 𝑡 .     , ,  

       .  

 

 

 7 –       

       

 

24. 7.1.2.  .     
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, . .       

. 

          t 1  

(   )        

   d 1 .   t  

       , . . 

     . 

        

  "  " 𝑑 c .  8 

 

 

  

 15 

 

 , t, °C 
, 

d, /  

, I, Д ∙℃  

 -39 0,3 -39,2 

 21 5,4 34,9 

 17 3,4 26 

    



39 
 

 

 8 –     .  

     

 

  ,  : 

     ,  = ∙ (𝐼 К −𝐼 ), = ∙ , − , / , = , ; (30) 

        

,  

К = ∙ , ∙ (𝑡 − 𝑡 ) = ∙ , ∙ − − = = , ; 
(31) 

       

Щ = + К = + = , ; (32) 

       

К = ∙ 𝑑 − 𝑑 = ∙ , − , = , / = 

=43,09, / . 
(33) 
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25. 7.2       

  

 

     (   

      )   

      . 

 ,      

. 

     I-D   

,  ,       

  .       

      I-D .  

   G1    t1, d1, i1  G2  

  t2, d2, i2,      G  

    . 

 , / ·°  𝑖  = 
𝐺 𝑖 +𝐺 𝑖𝐺 ; (34) 

 ,  𝑡  =
𝐺 +𝐺𝐺 ; (35) 

 , /  𝑑 =
𝐺 +𝐺𝐺 . (36) 

 

26. 7.2.1.       

    .  
 .     

 

        tх =–17° . 
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  tх   tх   . 

   : , ° ; , 

/ ; , / ,   50  50. t = ∙ − + ∙ = , , ° ; d = ∙ , + ∙ = , , / ; i = ∙ − + ∙ = . , / . 

    (  ). 

    t        dc   

   tх  tх ,   

      .   tх ,  tх       

  (  ). 

        

      : 

–         

 ,  Qх = G ∙ c ∙ tх −  tх / , , (1) Qх = ∙ , ∙ (− − − )/ , =   

–         

  Qх = G ∙ c ∙ tх −  tх / , , (2) Qх = ∙ , ∙ − , / , = . 

–       ,  Qх = Qх + Qх , (3) Qх = + = ,  

–     ,  Qх = G ∙ iх −  iх / , , (4) Qх = ∙ − , / , =  
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–    , /  Gх = G ∙ dх −  dх , (5) Gх = ∙ , −  ,  = /  

 

27. 7.2.2.       
      . 

     

 

        

        

    ,    

.     

(  ). 

   –   𝑡   𝑡 .   t , 

      . 

  t   𝑡      

    (  ).  

       ,  

 .  10 
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 10 –        

.      

 

     . ,   

   ,     

       

   . 

 

 

 

  

 16 

 

  

,    

 

  

,   

 

   

 , 

 

 

  

 

,  

 

 

 

 

 

. 

 

 

 

. 

 

, 

/  

 

.  

 

5 

8 

- 

 

242531 

212531 

- 

- 

- 

- 

- 

30,4 

- 

22,05 

5,5 

16,5 

6 

7 

24520 

- 

- 

- 

85330 

- 

- 

- 

- 

- 

- 

- 

6 

- 

9 

10 

- 

- 

198395 

- 

- 

- 

- 

- 

11,76 

- 

5,99 

- 

- 

- 

 

:         

, . .    . 

 



44 
 

28. 8.  

 

       [11], «  » 

  .    

     ,   

  ,        

   35 . 

 

 

29. 8.1.   

 

       

,   [12]    ArtkosCFSelAir, 

    11. 
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)  ; )   

 11 –     

 

  ,          

     ±1° ,    

  ±0,07 / [1]. 

 ,     

 : 

-  Ø315  - 6   ; 

-  Ø160  - 3   . 

 

30. 9.     

 

        

     .   

   ,   

 .      . 

      : 

    –  ,  

 ( ); 

    –   

(  ),    ,  

. 

    1- 2:   95-70 . 

      

. 

 

31. 9.2.      
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  ,    11,  

   

 

 

 11 –    

       

  10704-91.    

.      

   ω=1,0 / ,     

   Ø57 3,5 DN50 . 

  DN (   )  

      . 

        

 Danfoss. 

 ё         

, 3/  

К = 𝐺·𝜌 = · = , , 3/  (37) 

      

 



47 
 

𝑣 = 𝐺К√∆ = ,√ , = , , 3/  (38) 

    К  –      ; ∆  

–    ,  0,03,   ,  ∆ ≥∆ ∙ ,  (  ),  ∆  –   . 

    VR 3 Dy=50; 𝑣 =40 

3/ .   ,    

AMV 435,  24v.     7,5   

1 . 

    

   𝑣 = · 𝐺Кy = · , = ,  /  < 3,5, /  – .   (39) 

   𝛥 = , ∙ 𝑍 ∙ х − = , · , · , − , = , , 

 
(40) 

   .   

      . = 𝐺𝑚𝑎𝑥÷ = , = , , 3/  (41) 

,  ,    

   .    , 

 ,  . = ,   (  ). = , · + = , · , + , = , ,  (42) 

     MAGNA1 25-40. 

 



48 
 

 

 13 –  MAGNA1 25-40 

 

  

 14 –    2 
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  10704-91.    

.   ,   

   ω=1,0 / ,     

   Ø32 2,8 DN25 . 

  DN (   )  

      . 

        

 Danfoss. 

 ё         

, 3/  

К = 𝐺·𝜌 = · = ,  3/   

      

 

𝑣 = 𝐺К√∆ = ,√ , = ,  3/   

    К  –      ; ∆  

–    ,  0,076,   ,  ∆ ≥∆ ∙ ,  (  ). 

   VRB3 Dy=25; 𝑣 =10 3/ .  

 ,    AMV 435, 

 24v.     7,5   1 . 

    

   𝑣 = · 𝐺Кy = · , = ,  /  < 3,5 /  – .    

   𝛥 = , ∙ 𝑍 ∙ х − = , · , · , − , = ,  
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   .   

      . = 𝐺𝑚𝑎𝑥÷ = , = ,  3/   

,  ,    

   .    , 

 ,  . = ,   (  ). = , · + = , · , + , = ,    

     ALPHA2 25-40 130. 

 

 

 15 –   ALPHA2 25-40 130 

    -    

  14. 
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  -  , 

    " "     

   

 17 

 

   

. -1 

   

. -2 

1 

F =1,59 2, DN50, G= 13440 
3/ , t =-39 oC, t =13,5  oC, 

Q=236,34 , 1- 2=95-70 oC, 

G =7975 / , ∆ =5,5  

F  = 0,55 2, DN32, G=13440 
3/ ,  

t =6 oC, t =16 oC, Q=45,02 , 

1- 2=95-70 oC, 

G =1874 3/ , ∆ =15,2  

2 

  

 VRB3, DN50, =  3/ , max=16 , 

Tmax=130 oC. 

∆ = 2,7  

 AMV435, 24v. 

   

 7,5   1 . 

  

 VRB3, DN25, = 3/ , max=16 , Tmax=130 oC, 

∆ = 7,6  

 AMV435, 24v. 

   

 7,5   1 . 

3 

  

MAGNA1 25-40 

7,6 3/  /, 9,84 , 230  

  

ALPHA2 25-40 130 7,6 3 / /, 

22,8 , 230  

4 

  DN25,  = ,  3/ , max=16 , 

Tmax=110 oC 

  DN25, = ,  3/ , max=25 , 

Tmax=110 oC 

5 

  FVR-D, 

DN50,  =  3/ , max=25 

, 

Tmax=130 oC 

  FVR-D, DN25,  = ,  3/ , max=25 , 

Tmax=130 oC 
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6 

    

Jip Premium WW DN50,  =  3/ ,  

max=40 , Tmax=180 oC 

   Jip Premium 

WWD N25, =  3/ ,  

max=40 , Tmax=150 oC 

7 

   

BVR-CDN50, = ,  3/ , 

max=10 , Tmax=90 oC 

   

BVR-CDN25, = ,  3/ , 

max=10 , Tmax=90 oC 

8 

  ( ) 

BVR, DN15, =  3/ , 

max=40 , Tmax=110 oC 

  ( ) BVR, 

DN15, =  3/ , max=40 

, Tmax=110 oC 

9 

   61, IP33, 

 -30+15 oC, 16 , 440  

Tmax=120 oC 

   61, IP33, 

 -30+15 oC, 16 , 440  

Tmax=120 oC 

10 

   

 ESM-11, IP32, 

0-100 oC. 

   

 ESM-11, IP32, 0-

100 oC. 

11 
   

ESMB-12, IP54, 0-100 oC. 

   

ESMB-12, IP54, 0-100 oC. 

12 

  PS-3,  

0,6-6 , 3 , 220  

Tmax=70 oC 

  PS-3,  

0,6-6 , 3 , 220  

Tmax=70 oC 

32.  

33. 10.      

 

      

    . 

       

        

 ( ). 
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   ,   

     . 

 : 

1.     ( ) ,   

      

 .       

  .    

,      ,     

.       L, 3/ ,   l, 

. 

2.     , 2, 

   = · , (43) 

: L –    , 3/ ;  –   

, / ,  = 5 / . 

  ,     

    .  

3.   , / ,     

     = ·  (44) 

4.    R     

  R  V  𝑑𝑣.     

     . 

5.    , ,    ∆ = ·  ·  (45) 

6.      ( . . .)  

 . 
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 1 

 90 ° = 0,35·2=0,7; 

  = 0,08; 

 = 0,08;  

=0,86. 

 

 2 

  = 0,4; 

 = 0,08; 

=0,48. 

 

 3 

  = 0,4; 

 = 0,5; 

 90 ° = 0,35·2=0,7. 

=1,6. 

 

7.      𝑍 , ,   

: 𝑍 =  · P  (46) 

8.        , ,   

: 

 = ·  · + 𝑍 (47) 

         

     . 

 

 18 –    
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№   
-

 
 

L, 3/

Д  
-

 d, 

Д  
-

             
L, 

 
я 
         

U, /

Д -
 

 
 

P , 

У я 
я 

 
  
R, /

я 
я 

  
 

R* L, 

К -
 
 

я, К

 
я 

 -
 -

я 
z, 

щ я 
я 

я 
  
R*L+Pz, 

 
,

1 1500 0,47 10,00 2,40 3,60 0,17 1,70 0,86 3,10 4,80 4,80

2 9000 0,89 18,00 4,00 10,00 0,25 4,48 0,48 4,80 9,28 14,07

3 11760 0,89 8,00 5,30 17,56 0,44 3,52 1,60 28,09 31,61 45,68

58 103,68Р ш а яя
 

34.  

 

 16 –   

35.  

36. 11.  

 

       

  ,  -   ( ) 

 .       

        .  

         

  ,        

    . 
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37. 11.1    

 

       , 

        

 . 

       . 

            

 15%  .  = , ∙ ( К + ) = , ∙ + = ,  ≈ ,   (48) 

: Q  –  ,   . 11(  

   )  

 

 

38. 11.2.   

 

       

  SyScroll Air CO S   Systemair. 

 :    SyScrollAir CO S 

   R 410A. –     

.  

• 3 : STD ( ), HT ( ), HPF (  

 ).  

• 2    : BLN(     

 ), SLN (     ). 

• 6 ;  

•  ; 

•     . 

      . 
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39. 11.3.     

 

  , ,    

      (  

  1,5 )    

 (       

). = • 𝑡• • ∆𝑇 , (49) 

     –   , ;  –   

 , 2 ;  𝑡 –    

, 1,5 ; ∆𝑇 –   , 5 . 

         3 / . = ∙ ,∙ ∙ = , . 

   SyScrollAir CO S, ,   

       

 ,   . 

         

  ,      

     𝑡 =  + ,     

       +8 , 

         +34 .  

       +5      

   +34     

 ,   =98,1 ,   

 . 

       

( )    =15,7 3/  (4,4 / ). ,   

  55%     
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 3,4 /( · )   ρ=1,042 / 3  

       

 = ,− К 𝜌,                                                                                           (50) 

 = , ·, − , = ,    . 
 

    , ∆ = 17,7 .   

   5-20%. ∆ = 1,2·17,7= 21,24 .     

 ( =  . 

 

40. 11.4.   

 

      

( 1- 2)   ,     55%-   

  .  6-10 ° .    

   (  ),     

   ,    

    .   , -

   ( )    . 

     (6-10 ° )    

 (7-13°   . 6  +6 ° .)   

 ( 11- 21).    

   Ridan. 

 = ,  

     (   55%) 6-

10  =  (  ); 

      ( )   
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 +6  =  (  );  

    2,96 . . .=29,6 =0,3 ;  

    0,8 . . .=8,042 =0,08 ; 

 ё    70,15 ; 

 ё    70,15 . 

 

41. 11.3     

 

      ё    

      =  . 
     ( ) К =  . 
      К = ,  . 

  (  D 100)  20  =  

. 

 ё   , = + , + =  ,  .(71) 

 ё  -  = - , = − ,  =291,85 .       (51) 

    Systemaier HPT. 

 
1 –   ( - ); 2 – ; 3 –  

; 4 – ;5 –  ; 6 –  ; 7 – 

 ; 8 –   ; 9 –  
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 ; 10 –   ;11 –  ;12 – 

 ;13 –   

 18 –   SystemaierHPT: 

 

     ,   

   . 

   A.  ё   

 300 . 

 

 19 –    Systemaier 

HPT 

 

42. 11.3.1      

 

     tW = +6  

∆ К=17,7 = 0,18 . . . 

      ∆ =2,96 . . . 

       ∆ =5,31 =0,54 

. . . 

   = , ∆ К +∆ + ∆ =1,1(0,18+2,86+0,54) = 3,94 . . . 

  . 

 

43. 11.4     
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,       

 ( )       

. 

    7-13 .  

  GW= 15741 /  =4,4 / . 

    ∆ = 17,7 . 

       

PPRSPN10.      1,22 / .  

 [18]   4,4 /    Ø90 8,2.  

 R=11 / . 

  DN (   )  

        . 

 

 

1 – ; 2 – ; 3 –   ; 4 – 

 ; 5 – : 6 – ; 7 –  ; 8 –   

 20 –     ( -3): 

 

 

        

 Danfoss. 
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𝑣 = ,√ , = ,  3/ .          (57) 

   TRV-3 Dy=65; 𝑣 =63 3/ .  

 ,    DN.RU, 

 220v.     3   1 . 

      . 𝑣 = · , = ,  /  < 3,5 /  – .  

 

  -   

19 

    3( -3)    

1 

F =1,59 2, DN65, G=11740 3/ , t =26oC, t =14oC, =91,8 , 

11- 21=7-13oC, 

G =15741 / , ∆ =78,3  

2 
  FVF, DN65, =  3/ , 

max=16 ,Tmax=130oC 

3 

  TRV-3DN65, =  3/ ,  

max=25 ,Tmax=200oC. 

 DN.RU 220 .  

    3  1 . 

4 
BVRDN65, =  3/ , max=40 , 

Tmax=180oC 

5 
 ( ) BVR, DN32, =  3/ , 

max=40 , Tmax=110oC 

6 
 

BVR-CDN65, =  3/ , max=10 , Tmax=90oC 
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44. 12     

 

 

      .  

  1- 2    ,  11-

21       (  

). 

 1- 2  55%     

 6-11 ,    (  ). 

 11- 21     8-13 ,   

 PN10 (  ). 

 

 

  

 20 

№ 

-

 

G, 

/  

L, 

 

v, 

/  

D, 

  

R,  

/  

R·l,  

 

∑

ξ 
Z* Rl+Z 

ΔH,  

 

Δ , 

 

 1-    

 7375 41 0,914 50 220 9020 - 
315

7 
12177 12177  

ΔP          6000 18177  

ΔP          2700 20877 0,2 

ΔP =8-7-0,2=0,8  

 2-   

 1474 43 0,69 25 300 
1290

0 
- 

451

5 
17415 17415  

ΔP          100 17515  

ΔP          7600 31115 0,31 
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ΔP =8-7-0,31=0,69  

11- 21 (    ) 

 15741 20,5 0,852 65 110 2255 - 790 3045 3045  

ΔP          20000 23045  

ΔP          29571 52616  

ΔP

 
        17700 70316 0,7 

: 

*-     c      

 II .21 [7] 

 

  : 

  1-   

    

𝑣 = ,√ , = ,  3/  

   USVDy =40; 𝑣 = 10 3/   

    0,8 . 

  2-   

    

𝑣 = ,√ , = ,  3/  

   USVDy=20; 𝑣 = 2,5 3/  

    0,69 . 

      .  

      

      11- 21  

    . 

,  ,   , . . . 

ΔP =1,1·(17,7+29,6)=47,3 =4,8 . . .     
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  , 3/  = , = , · =  / =17,3 3/ . 

    MAGNA3 40-120 F.    

 Grundfos Product Center. 

 

 

 21 –  MAGNA3 40-120 F 

 

 

 

45.  

  

http://product-selection.grundfos.com/#/%D0%91%D1%8B%D1%81%D1%82%D1%80%D1%8B%D0%B9%20%D0%BF%D0%BE%D0%B4%D0%B1%D0%BE%D1%80?qcid=19568857
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Ч  

       –  

    . 

      : 

-      ; 

-    ; 

-   . 

      

  ,      

 . 
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46.   Ч  

 

1.  60.13330.2012 ,    

.    41-01-2003. .01.01.2013. - 

:  , 2012. – 76 . 

2.  131.13330.2018  .  

  23-01-99*. .01.01.2013. - :  , 

2012. – 108 . 

3.  30494-2011    .  

  . :  30494-2011    

.    . -   

30494-96; . 01.01.2013. - : ,2013. – 20 . 

4.  2.2.1/2.1.1.1278-03 "    

,       

 " (    15  2010 ). – . 

15.06.2003. – :  , 2010. – 26 . 

5. , . .       

   : .    / . . , 

. .   . – : , 1985. – 208 . 

6.  2.91   2.04.05-91    

   .- .  01.01.1993.- : 

, 1993. – 34 . 

7.  .  -  

. .3.    . .2. /  . 

. .   . . . – : , 1992. – 416 . 

8. , . .      

 / . . . – : , 2006. – 640 . 
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9.   .   .  2-  . . 2. . 

. . , . . , . . , . . .  . 

. . . . - : , 1976. – 439 . 

10.  2.91   2.04.05-91     

.- .  01.01.1993.- : , 1993. – 48 . 

11.   " ".     

  / : , 2008. – 218 . 

12. . . , . . .    

 [  ]- .- .   

  . - : . . - . 2019. – 121 . 

13.  118.13330.2012*    . -

   31-06-2009 (   N 1, 2). -

.09.01.2014. - :  , 2014. – 71 . 

14. II -12-77 «   »  , 1977. – 133 . 

15.  21.602-2016     

 ( ).      

,   ; . 01.07.2017. – : 

, 2017. – 31 . 

16. 3-804       

. - :  , 179. – 206 . 

17. , . .    

:    / . . , . . , 

. . ;  . . . . – .: , 1985. – 367  

18.  40-101-96.      

  .- . 04.09.1996.- :  , 

1997 – 33 . 

19.  4.2-07-2014   .  

  ,      

.- .22.12.2014.- :  , 2014. – 60 . 



  

       

 а   
 
 а  PR 160 К  
 а  . . 11760 m?/h а . а 1.0  . / 0.8  

. 
 3.27 m?/s .  .  
  а а а .  а .    

 
 а а  . . 0 m К  .  
 Velocity in air tunnel 2.06 m/s И  .  (35 

/ ?) 
 / 50  
 

 Energy Efficiency Class : D  
 
 К а а   EN 1886 
  а : а  2A - D1 (PR & TR)  : а  T2(PR) / T4(TR) 
 . К а : а  B/B - L2/L2 (PR & TR)   : а  TB2(PR) / 
TB3(TR) 
  а  : а  F9 (PR & TR) а  EUROVENT № 
04.12.068(PR) / 07.01.337(TR) 
 
 

 
 
   
 
 
 
     .  .150  ( . ) 
 
 ая а: 24611 Euro 
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 а . я 1 а: 1322 mm   : 321 kg 
 (1)  я я 
 а     а . а а  а  . а    а а . 
 . . . 11760 m?/h   7 Pa . 

 11.9 Nm 
 3.27 m?/s 
 
 (2)    а 
 Ха а   а   -  
  .            
11760 m?/h 592 x 592 4 
  G4 3.267 m?/s 
  . 1.486 m? . 

 150 Pa 
 . 

 96 Pa 
 
 (3)  П ая я 100mm 
 
 (4)    а 
 Ха а   а   -  
   .   11760 m?/h 592 x 592 4 
  F5 3.267 m?/s 
  . 1.486 m? . 

 200 Pa 
 . 

 124 Pa 
 
 (5)  В а а  
 Ха а   Э  
              
11780 m?/h   
  Cu/Al 3.267 m?/s  0 % 
 .  2.6 m/s .  -39/74 °C/%r.H. t 

./ .   150/70 °C 
  . 1.28 m? . 

 13.5/1 °C/%r.H.  7375 l/h 
 /  4/48 . 

. 86 %  0.7 m/s 
 . . . 2.5 mm  . 208.6 kW   5.5 kPa 
  DN50  . 69 Pa . . 0 °C 
 
 
 
 а . я 2 а: 1622 mm   : 192 kg 
 (6)  а  
 а   Э  
     11760 m?/h   
 . 3.267 m?/s t ./ . 8 °C 
 . .  13.5/5 °C/%r.H. 
 4324 l/h 
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 .  2.1 m/s .  8/42 °C/%r.H.  
 0.55 kW 

  
. 1.59 m?  55

 % 
  . 61 Pa 
 
 а . я 3 а: 2422 mm   : 652 kg 
 
 (7)  В а а  
 Ха а   Э  
    

 11760 m?/h   
  Cu/Al 3.267 m?/s  0 % 
 .  2.6 m/s .  5.5/60 °C/%r.H. t 

./ . 95/70 °C 
  . 1.28 m? . 

 16/30 °C/%r.H.  1474 l/h 
 /  1/7 . 

. 120 %  0.9 m/s 
 . . . 2.5 mm  . 41.7 kW   15.2 kPa 
  DN25  . 16 Pa . . 0 °C 
 (8)  В а  
 Ха а   Э  
    

 11760 m?/h   
  Cu/Al 3.267 m?/s  0 % 
 .  2.6 m/s .  26/55 °C/%r.H. t 

./ . 7/12 °C 
  . 1.28 m? . 

 11/98 °C/%r.H.  15741 l/h 
 /  8/68 . 

. 0 %  1 m/s 
 . . . 2.5 mm  . 91.8 kW   17.7 kPa 
  DN65  . 58.1 kW . . 0 °C 
  53.6 l/h 
  . 257 Pa 
 
 (9)  В а а  
 Ха а   
  .    11760 m?/h 
 .  2.5 m/s 3.267 m?/s 
  . 1.33 m? . 

 10/90 °C/%r.H. 
  2 .  16/60 °C/%r.H. 
  . 24 kW 
  . 35 Pa 
 А а  - 1x     ( . ) 
 
 (10)  П  я   а 
  Э а   
  ADH 400 L Rated Power 5.5 kW   11760
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 m?/h 
   400/690V-3ph-50Hz 3.267
 m?/s 
  .    IP55  . .  .
 690.4 Pa 
     PTO  

 89.6 Pa 
  1120 /  Rated Speed 1455 /  . 

 96 Pa 
  63 % Rated Current 11.4 A  

 876 Pa 
 Shaft power 4.55 kW . 

 6.35 kW 
 SFP4 1944 W/(m?/s) 
 
  а 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz . 
 Lw .   . 82 dB 87 dB 82 dB 82 dB 81 dB 79 dB 77 dB 72 
dB 86 dB(A) 
 Lw .   . 84 dB 89 dB 84 dB 83 dB 81 dB 79 dB 77 dB 72 
dB 87 dB(A) 
 Lw  66 dB 68 dB 57 dB 57 dB 52 dB 53 dB 45 dB 33 dB 60 dB(A) 
 Lp* 49 dB 51 dB 40 dB 40 dB 35 dB 36 dB 28 dB 16 dB 43 dB(A) 
 Lw   78.4 dB 81.8 dB 75.3 dB 73.8 dB 71.8 dB 69.5 dB 64.3 dB 58.8 
dB 77 dB(A) 
 Lw   78.9 dB 81.9 dB 72.9 dB 65.9 dB 58.9 dB 59.9 dB 59.9 dB 60.9 
dB 71 dB(A) 
 * . . .. .  . 2   . . . 
 
 а . я 4 а: 1322 mm   : 244 kg 
 
 (11)  Д  500mm 
 
 (12)  Ш  
  . 200 mm -  . 4 . 

 6 m/s 
  . 600 mm  . 25 Pa 
 
  а 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 
  5 7 11 17 22 19 17 11 
 
 (13)  В  а 
        . а  
 . . . 11760 m?/h 
 3.27 m?/s 
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47.   

  SyscrollAir CO 105 S 
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48.   

 

  Syscroll CO 105 S 
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49.   
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50.   
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