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 –    ; 
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   : 
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   800  =  [ ]             = − ∙ =  
 

   ,  : = ∙  (3) 

  –   , ; 
 –     , , 

  400  .             = − =              = ∙ =  

  , : 
 = /  (4) 
            = = ,  

 –    , . 
  , : 

 = /  (5) 
 –   ( .  1).             = , = ,  

 
        

   ,  . ./ : 
 = ∙ + ∙ + − ∙ − ∙ ∙  (6) 

  –        :  
 -800-275: = , ,  -660-275 = ,    .3 

[13]. 
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   –    , ;  -800-
275 =  В   =  В ,    -660-275 =  В   =   . .3 [13].             = ,  

    ,  . ./ : 
 = − ∙ − ∙ + . ∙ . ∙  (7) 

 −   . .–       6–10 
,      ;  -800-275 − = , . =

,  -660-275 − = , . =     .4 [13].  −   . . –       6 – 10  
   .  − = , . =2            = ∙ ∙ + ∙ ∙ =  

    ,  . ./ : 
 = +  (8)            = , + = ,  

  , . ./ : = ∙ В ∙ −            (9)            = , ∙ , = ,  

  –  , ./ . . . ( .  1). 
 

    : 

 ё  ё       
 , . ./ : = ∙ ∙ Ф ∙ − , (10) 

           = ∙ , ∙ = ,  

  –  , ./  ( .  1); Ф  –       ( .  1). 
 

  : 

  , . ./ : 
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= К ∙ , (11) 

  –       ( . . 1); К –    , . ./ : 
 К = (К′ + К ∙ − ) ∙ 𝑖 ∙ , (12) 

 К′  К  –  ,     
   , . .;    .1 [13] 

 -800-275 К′ = , ,  К = , ;  -660-275 К′ = , , К = ,  𝑖  – ,   ;   , ; 
 –       ( .  1).            К = ( , + , ∙ − ) ∙ , ∙ =  = ∙ , = ,   

  
   : 

  , . ./ : = К ∙ ,            (13)             = ∙ , = ,  

  –        
   ( .  1). 

 
    : 

   : 
    ; 
       ; 
   ; 
    
  .  
   20 – 30 %     , 

  ,  ё   , . ./ : = , ∙ ( + + ) + , (14)            = , ∙ , + , + , = ,  

  –     , . ./  
 = ∙ , (15) 
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  , ./  : 
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 Д = Д − + Д ,  (31) 
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  , . .: 
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 = + = ,  (36) 

 
   DPP: 

 = + = ,  (37) 

 
    IRR: 
 



15 

= + − · − = % (38) 

 
       

  :    ,  
      1,3,   : 

    7,45 ,  – 11,82 . 

 3 – ё       
   

   
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

 
  

  
 

-1
07

62
7 

               

 
  

 
 

 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

10
00

3 

 

-1
07

62
7 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

16
19

6 

 

-1
07

62
7 

-9
14

31
 

-7
52

35
 

-5
90

39
 

-4
28

43
 

-2
66

47
 

-1
04

50
 

57
45

 

21
94

1 

38
13

7 

54
33

3 

70
52

9 

86
72

5 

10
29

1 

11
91

17
 

13
53

13
 

 

-1
07

62
7 

14
72

4 

13
38

5 

12
16

8 

11
06

2 

10
05

6 

91
42

 

83
11

 

75
56

 

68
69

 

62
44

 

56
77

 

51
61

 

46
91

 

42
65

 

38
77

 
 

-1
07

62
7

 

-9
29

03
 

-7
95

18
 

-6
73

50
 

-5
62

88
 

-4
62

31
 

-3
70

89
 

-2
87

78
 

-2
12

23
 

-1
43

54
 

-8
11

0
 

-2
43

3
 

27
28

 

74
19

 

11
68

4
 

15
56

1
 

1.2     

          
 ,    . 

  -  ,   
         

     .  
  ё     , 
   ,     
      . 



16 

      ,    
ё        

     .  
 ,        

      , 
   . 

         
    .     

       ,  
      . 

      
      .     

   –   ,   
   ,       
, ,   -  ,  , 
          

 . 
        

     .   
    , ,  
     .     
 . 
,       

   ,     
      ( ,    

 ,     ), 
       .  

,    ,    
    ,    , 

     . 
      

,       
 .         

-      ,    
( )          

 .       
        , 

    ,       
       . 
ё       

  ,      
        . 

   :     
30÷40%;  ё  , ,   

      20%;  ё   



17 

    ё      
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      -800-275 
   1.  

        
(   )     . 

      ( ) –   
.     – 4    – 5,  5  6    

 -8.         
.  

 
 4 –     -800-275 

 
ё       : 

  : 86%ЦВД
oi  ;  
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   : 
  : 94,9%ЦВД
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 ,  800 

,  27,5 
, °  580 

   ,  0,0035 

     9 

  ,  
 

1 = 8,256 
2 = 5,54 
3 = 2,6 

4 = 1,264 
5 = 0,62 

6 = 0,332 
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8 = 0,078 
9 = 0,023 
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  : 94,9%ЦВД
д  ; 

  : 97%Ц Д
д  . 

             0,99э  . 
 

       З = 1,2%  
        К =1,2%  

     = 1,1% 
 

      =0,98  

        = 2   
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         = 2   
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2.2      i-s  

  i-s   0А .  ё     
          

, : 
'

0 0 27,5 0,949 26,098.д
дP P       (38) 

      0P   1P , 

   ,   0 0'А В  .  
       “ ”  

, / : 

0 0 0
( ) ,дB A A B oii i i i      (39) 

  
0

3069,286Bi   /  -       
;  

0
3408,063Ai   /  -   ; 0.86д

oi  -  
      . 

0 0 0
( ) ,дB A A B oii i i i      𝑖 = , − , − , ∙ , = ,   

          = 9,5% 
        , : = ∙ ∆ ∙ 𝜂                  (40) = , ∙ − , ∙ , = ,   

Ц Д= 0,95–       .

0
( ) ,дD C C D oii i i i      𝑖 = , − , − , ∙ , = , 

  i  = 3602,265 /  –      
, 

iD0 = 3260,226 /  –     
 ; 

0
Ц Д

i = 0,88 –      
. 

 E         = 9,5% 
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 = , ∙ − , = ,   

0
( ) ,дF E E F oii i i i     𝑖 = , − , − , ∙ , = , 

  iE = 3642,872 /  –      
, 

iF0 = 3023,104 /  –     
 ;  

0
Ц Д

i = 0,88 –      
. 

  
        , 

 D’, , 

6 0,332 0,97 0,322.д
дP P       

 д Ц Д = 0,97 –       
. 

   G, / : 

0
( ) ,дG F F G oii i i i      

3097,476 (3097,476 2309,134) 0,84 2435,269.Gi       

   iF’ = 3097,476 /  –      
,  

iG0 = 2309,134 /  –       
   = 0,0035 ; 

0
Ц Д

i = 0,84 –     
. 

        2. 
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2.4        

   1,255К  . 

    , / : 

( ) ,Э

i э

W
D К y D

H 
   


 (41) 

  1799,95iH   - ,  , / ; 

0.99э  -  . 

       
 : 

0 k

i i 3443,68 2435,27 0,67
i i q 3408,063 2435,27 532,98

 
  

     

 q = 532,98 /   – ,     
 

 
 i  –       2, / ; 

800000
1,255 0,67 24,88 584,338

1799,95 0,99
D

       
 

2.5     

     0,5 %     , / : = , ∙ = , ∙ , = ,  (42) 

    , / : = , ∙ = , ∙ , = ,  (43) 

   , / : = , ∙ = , ∙ , = ,  (44) 

    , / : = , ∙ = , ∙ , = ,  (45) 

  , / : = + + + + , (46) 
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= , + , + , + , + , = ,   

. .  ,         
     , D  = G . 

 
2.6  ,      

2.6.1       
 

       ,   
        

: 
 

 5 -    

, 

 

 

 

   , %  

, % 

 

, /  

 
  

          

 
2  33 7,4 0,2 42,6 3 0,6 13,2 47 15280 1180 1210 1230 

 
  , , / ,      

,    : = , + , ∙ + , ∙ − , ∙    (47)  

 –      , % ( .  5); 
–      , % ( .  5); 
–      , % ( . . 5); 
–      , % ( . .5); = , , + , ∙ , + , ∙ − , ∙ , = ,   

 , 3/ ,    : = , ∙ + , ∙   (48) 

   –         = , 3/ ; 
–      , % ( .  5); = , ∙ , + , , = ,      

  , 3/ ,    : 
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= , + , ∙
     (49) 

   
 –      , % ( .  5); 

–      , % ( .  5). = , , + , ∙ , = ,   

     , 3/ ,   
 : = , ∙ + , ∙ + , ∙                                       (50)

   
  –      , %; 

–     , %; 
–        = , 3/ . = , ∙ + , ∙ +  , ∙ , = ,  3/  

 ё   , 3/ ,   : = + +                                                                                 (51)
    = , + , + , = , 3/  

2.6.2     

          
       . = ,   

       
: ∆ = , −     ; ∆ = , −      ; ∆ = , −     ;  ∆ ВЭК = , −      ;  ∆ В = , −     .  

 ,  ,     , 
    ,    6. 
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 6 ‒ ё   , ё     

    
 

 1 2 
2 

2 1 2 1 2 1 1 
 

, 
, 
 

  
   

 iα =α + α   

1,2 1,23 1,26 1,29 1,31 1,34 1,39 1,41 1,41 

  
   

   
1,2 1,215 1,245 1,275 1,3 1,325 1,365 1,39 1,39 

ё   ,
3 /  

2 2

0 00,0161 ( 1)H O H OV V V     
 

0,822 0,824 0,826 0,828 0,83 0,832 0,835 0,836 0,836 

 ё  , 3/ , 
0 01,016 ( 1)V V V     
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ё   ё  
 

2 2
/RO ROr V V
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ё     

2 2
/H O H Or V V

 
0,109 0,107 0,105 0,103 0,102 0,1 0,097 0,096 0,096 

 ё   

2 2RO H Or r r 
 

0,282 0,277 0,271 0,266 0,262 0,258 0,25 0,247 0,247 

   
01 0,01 1,306αG А V     
 

7,429 7,51 7,673 7,835 7,971 8,106 8,323 8,512 8,512 

 
2.6.3       
 

    , /   
/ 3,    𝜗, ℃,   : = ∙ + ∙ + ∙ ∙ 𝜗                                           (52) 

     : = ∙ ∙ 𝜗                                                                                              (53)
   

      > : = + − +                                                                          (54)
    

   , , ,  -   
,  ,       , 

/( ∙ К),      4.3 [1];  –   
    ;  –  , 

/ . 
      7. 
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3369,25 

4270,016 

5194,52 

6142,13 

7109,92 

8094,885 

9095,774 

10121,35 

11141,37 

12184,61 

13235,11 

14295,65 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6969,273 

7935,142 

8916,725 

9921,526 

10922,94 

11946,15 

12976,48 

14016,75 

15065,54 

16123,63 

17184,15 

18252,37 

19325,7 

20407,09 

21487,07 

22575,6 

 

547,618 

1099,8 

1659,035 

2249,722 

3344,535 

4062,196 

4688,31 

5324,771 

5968,278 

6660,953 

7280,934 

7562,354 

7948,63 

8621,058 

9296,569 

9977,47 

10660,28 

11344,12 

12036,63 

12729,89 

13428,21 

14125,2 

14826,42 

 

673,743 

1366,125 

2077,912 

2851,815 

3616,636 

4402,049 

5207,88 

6031,609 

6870,18 

7723,07 

8586,335 

9466,756 

10356,42 

11252,26 

12157,43 

13070,05 

13991,57 

14915,32 

15845,04 

16779,72 

17721,44 

18662,03 

19609,77 

, ℃ 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

2300 
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2.7     
 

  , %,    
   : 𝜂 = − + + + +                                                        (55) 

    , %,     
  t . .    : = . −𝛼 . ∙ ∙ −                                                                    (56)         . = , –   , / ,   
      𝜗 . = ℃,  

 7; 
–   , / ,    
  = ˚    7; . = ,  –     ; 

–     ,   [1] %; 
–     , / . 

= 54,762 /  = , %    

     : = , − , ∙ , ∙ − , = ,  %  

     .    
     . =   

    , %,     
  . = , %, .  >  / ;  

   
    

ё     : = −                                                                                                  (57)
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= − , = ,   

      , % : 
 ∙ , = ,   

. . А = , < ∙ , ,     : =     

   , %,    
  (15): 𝜂 = % − , + + , + , + = , %  

2.8      

      , / : В = ∙ ℎ −̅̅ ̅̅ + ∙ ℎ′′ −ℎ′ + ∙ ℎ′′ −ℎ′∙𝜂                                       (58)

    
    –     , / ; 𝜂 –      . В = , ∙ , − , + , ∙ , − , + , ∙ , − ,∙ , =,  /   

       , 
/ : В = В − = , ∙ − , = ,   /                              (59) 

        
 ,     . 

2.9     
 

         
 , . .    . 
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 3 -    

 
       

   Q ,   . 𝜗" = , , ℃ 

     Q , / ,   
  ,      Q ,  

 : = ∙ − − −− +                                                                          (60) 

  –     , / ; 
 –     , %; 
 –     , %; 
–     , %; 
 –      , / . 

     , / , 
  : 
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= ∙ + ∆ + ∆                                                                (61) 

   –   ; 
 –     , / ; ∆ = ,  –     ; ∆ = ,  –    ; 
 –   , / . 

        
    =    . = ,  Д /  = ,  /  

  : = − ∆ − ∆ = , − , − , = ,    

      –     . = , ∙ , + , + , ∙  , = ,  Д /  = ∙ − − , −− , + , = ,  Д /   

       
          

7,  =  = ,   

      
   (  ): =                                                                                                       (62)   –    , 1/( · ); = ,  –    , ; =  –      , , 

   . 

   , 1/( · ),   
    : = + +                                                                                (63)

   
   –      , 

1/( · ); 
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 –     (   .6  α ); 
 –        

  , 1/( · ); 
 –      ; 

 –      , 
 = ,  1/( · ). 

   , 1/( · ),    
: = , + ∙√ ∙ − − , ∙ ′′

        –    ; 
 –       ; 
 –     , ; ′′ = 𝜗′′ + = , + = ,  К –  

     . = , + ∙ ,√ , ∙ − − , ∙ , = , ∙   

        
 : = ′′ ,                                                                                               (64) 

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

  ,1/( · ),    
 (63): = , ∙ , + , ∙ , + , = ,  

   (62): = , ∙ , ∙ = ,   

 : = − − = ,   
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   Bu     
:Bu  ̃ = , ln , ∙ + +, ∙ − +                                                                             (65) ̃ = , ln , ∙ , + , +, ∙ , − , + = ,   

         
    .       

     ,   
    : = , − , (66) 

  = ,  – ,     
    .  = , − , ∙ , = ,   

   : = ∙ 𝜉                                                                                                         (67) 

 𝜉 –   ; 
 –   . = ,   

   𝜉    
   ,    : 𝜉 = ,   = , ∙ , = ,   

     , ,  
: 

 = ∙ ∙ √ ∙ 𝑉𝑎+V′′ + −, ∙ − ∙ ∙ ∙ ̃ , ∙ V′′ + ∙ 𝑎+                                                     (68) 

 
    -   , / ,      

  : = ∙ ( − ")                                                                                        (69) 
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 –    , / ; " –         / . = , ∙  , − , = ,    

 = , ∙ , ∙ √ , ∙ , +, + −, ∙ − ∙ , ∙ , ∙ ̃ , ∙ , + ∙ , + = ,   

 
     (   

), / 2: = ∙
                                                                                                        (70) 

      –    , / ; 
–  ,       

 , / ; 
–     , 2. = , ∙ ,, = ,   

          
 

 8 -     

  ,  ,  
              4679,146 37,652 
     2060,91  7,678 

-1 6077,9 1,707 
-2 2 5583,974 1,507 
-2 1 12733,202 3,379 
-2 15478,47 3,92 
-1 2 7412,79 2,389 
-1 1 19441,946 5,6 
    38977,267 4,91 
 108090,176 10,45 
 ( ) 25642,08 13,8 
 ( ) 20319,809 10,96 
 
2.10    

    
    -1: 
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1 1 1 1 1

1 1 1 1 1

1 1 1 1 2

( ' )

( ' )

( )

д

д д

д д д д

D i i G t t

D i t G t t

D t t G t t







    

    

    

 

1t   1дt  -  , Д /  

1D  -     , /  

1дt  -     , Д /  

1дt  -    , Д /  

1 1 1( , )д д дt f P t =1200,47 Д / , 
1дt =273,16 -      Д,          ВД-  ; 

  

1'i - f (P ; t' = ,  Д /  

 t' 1=305,63 -     ,   12 
      (  2) 

 
      -2  

-3: 

 
 

 

2 2 2 2 2

2 2 2 1 1 2 2 2

1 2 2 2 2 3

( ' )

( ( ' ) ( ))

( ) ( )

д

д д д д

д д д д

D i i G t t

D i t D t t G t t

D D t t G t t







    

       

     

 

2t   2дt  -  , Д /  

2D  -     , /  

2 2 2( , )д д дt f P t = ,  Д /  

1дt =229,315 -      Д,          ВД-  ; 
  

2'i - f (P ; t' = ,  Д /  

 t' 2=279,16 -     ,   12 
      (  2) 

 
 

 

3 3 3 3 3

3 3 3 1 2 2 3 3 3

1 2 3 3 3 3

( ' )

( ( ' ) ( ) ( ))

( ) ( )

д

д д д д

д д д

D i i G t t

D i t D D t t G t t

D D D t t G t t







    

        

      

 

3t   3дt  -  , Д /  
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3D  -     , /  

3 3 3( , )д д дt f P t =772,65 Д /  

3дt =181,98 -      Д,            ;  

3'i - f (P 3; t' 3)=2 ,  Д /  

 t' 3=235,315 -     ,   12 
     ; 

( ) 1000
756,19ДV P P

t
n

  
   / , 

         
     PTC Mathcad.   
    , /     , 

/ : 
 

1 33,96D   

2 42,428D   

3 35,658D   

1

2

3

1198

1063,646

900,152

t

t

t







 

1

2

3

1115,9

948,78

789,54

д

д

д

t

t

t





  
 

   : 
 

  D     , / , 
    : 

 = ∙ ∙ −𝑖 ∙𝜂 ∙𝜂                                                                              (71)  

 
    = ,  /  -     , 

 P = ,   -     ,  
  = = ,   -     ,  
 𝜂 = ,  –    , 



38 

 𝜂 = ,  -   , 
 𝑖 = ; 𝑖 ;  -    , / ,   
 = ,   –       . 
            𝑖 = ( ,  ;  , Д ; ,  ) = ,  

           = , ∙ , ∙ , − ,, ∙ , ∙ , = ,   
 

 : 

  : 

1 2 3( ) ,к ДG D D D G D D        

  : 

1 2 3 3 4( ) ,Д д Д Д к дG t D D D t D i G t D t             

 : 
кG –     -4, / ; 
ДD –     , / ; 

468,27

12,78
к

Д

G

D




 

    
 

-4: 
 5 5 4 4 5( )д к д дD i t G t t    

 
5 17,772D  /

 
 
 -5: 

 5 4 5 6 6 5 5 6( ( ) ( ))д д д к д дD t t D i t G t t      
 

6 13,228D  /  
 
 -6: 

 5 6 5 6 7 7 6 6 7(( ) ( ) ( ))д д д к д дD D t t D i t G t t       
 

7 20,06D  /  
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           -7: 
 5 6 7 6 7 8 8 7 7 8(( ) ( ) ( ))д д д к д дD D D t t D i t G t t        

 
8 21,741D  /  

 
-8: 

 '
5 6 7 8 7 8 9 9 8 8 8(( ) ( ) ( ))д д д к д дD D D D t t D i t G t t         

 ' '
8 ( 3) 4,186 120,578д Кt t     /  

9 19,296D   /  
 

    , / , 
           = − + + + + + + + = ,  
 

    :  D = + + + + + + + + + + =, + , + , + , + , + , + , +, + , + , + , = ,  /    

      . 
 

  : 

8

1
э i i i к э

i

W D h H D 


 
      


                                                                         (72)
 = , ⋅ , + , ⋅ , + , ⋅ , +, + , ⋅  , + , ⋅ , + , ⋅ , +, ⋅ , + , ⋅ , + , ⋅ , + , ⋅, ⋅ , = ,  В   

   ΔW : Δ = , % -    

2.11  -     
        

 
   , : = ∙ 𝑖 − ̅ + ∙ 𝑖′′ − 𝑖′ + ∙ 𝑖′′ − 𝑖′ + ∙̅ − ̅                                                                                                                 (73) 
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= , ∙ , − , + , ∙ , −, + , ∙ , − , + , ∙ , −, = ,   

  , : = ∙ 𝑖 − ̅ + ∙ 𝑖′′ − 𝑖′ + ∙ 𝑖′′ − 𝑖′             (74) = , ∙ , − , + , ∙ , −, + , ∙ , − , = ,   

   , / : = ∙𝜂                                                                                                         (75) 

    =  -    , / ; = ,∙ , = ,   

     9 %, [8]  
 , : = − , ∙                                                                                    (76) 

 = − , ∙ =   
 

  ,     
, : 

 = ∙                                                                                                (77) 
 

 = ,  –  ,    
 [8] = , ∙ =   

     , / : 
 = ∙ 𝐾 −                                                                                           (78) = , ∙ ∙ − = ,   

 
      , 

/( · ): = ∙                                                                                               (79) 
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= , ∙ = ,   

     ,  
      /     

 /     

 9 -      

 

 . /     

60% 50% 40% 
 

 

, /  15,26 19,789 24,317 42,428 

, /  12,67 16,507 20,338 35,658 

, /  7,835 9,643 11,39 17,772 

, /  5,832 7,177 8,478 13,228 

, /  8,84 10,884 12,856 20,06 

, /  9,585 11,796 13,933 21,741 

, /  8,507 10,47 12,366 19,296 

,  893 878 862 800 

, /( · ) 0,281 0,292 0,299 0,312 

     ,    
     , 

     ,     
     .     

   60/40. 

2.12     
 
2.12.1     
 

      
        6–8%, / : + % ∙ = , + % ∙ , = ,  /         (80) 

   -1500-330    
   ,   : 

  - 1500 /  
  - 3300  
   - 4700 /  
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2.12.2     
 

     2-3  ,  
 –   100 %-  ,    –  50 %- .  

           
ѐ   . 

 = ,  /              (81) 
 

    1000—95   2 .  
: 

 : 1000 3/ ; 
  : 95 . . .; 
  : 970 / ; 
  - 400 ; 

 
2.12.3     
 

       . 
     50%   

.      ,   
,     . 

  , / : 
 . . = ∙                 (82) 
 

 m -  , / ,   70 [8]; 
 -     , / ; 

 . . = ∙ , = ,   
 

   , / : 
 . . = , ∙ . .                (83) 
 . . = , ∙ , = ,   
 

    5-110 3  : 
  - 19200 3/ ; 
   - 10,5 . . .; 
   - 485 / ; 
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2.12.4    
 

     ,    
  ,     . 

-1:  1600-380-17,  1600 -  , ; 380 -  
   , ; 17 -    , . 

-2:  2000-380-40; 
-3:  1600-380-66; 
-4:  1900-32-6-1; 
-5:  1900-32-6-1; 
-6:  1900-32-6-1; 
-7:  1900-32-6-1; 
-8:  1900-32-6-1. 

 
2.12.5  
 

        
  -2800/185  : 

 - 7 ; 
 - 2800 / ; 

  - 150 ; 
 
2.13   ,     

 

2.13.1     

       
   ,   , 

 ,         
 ,    . 

     ,  
    .     

     3 . . . 
       10. 
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-  -  " - "; -  -  " - "; -  -  

" - " -  -  " -  " 
 4 -      

 10 -       

 
 

 
, d, 

 

 
 

  
  

Z2 

  
   

 
 
 

,  

 
 

, ,°  

 
 

, ,, 
/    

 36 30 18 1,1 - 1156,898 5 

-1 38 51 4,21 1,9 - 1066,713 6 

-2 2 50 27 4,21 1,4  925,98 7,5 

-2 1 42 16 3 1,9  817,896 6 

-2 38 78 3 1,9  735,617 6 

-1 2 50 27 4,21 1,4  640,516 7,5 

-1 1 42 16 3 1,9  527,74ё 7,5 

 32 78 2,5 1,9  376,21 7,5 
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  10 

 
 

 
, d, 

 

 
 

  
  

Z2 

  
   

 
 
 

,  

 
 

, ,°  

 
 

, ,, 
/  

 38 - 1,35 1,9 10,45 280,23 15 

 38 208 2,5 1,9  315,46 15 

 38 298 2,5 1,9  215,17 15 

 

2.13.1.1    

       
    ,    

    .     
  ,    . -     

     . ,     
 10 /  ( .  10),       

. 
 

2.13.1.2     
 
 

  , . . , 
  : 

 ∆ℎ = 𝜉 ∙ ℎ                          (84) 

 𝜉 -  ,   
 𝜉 = 𝜉 ∙                 (85) 

 𝜉  -  ,      
 𝜉 = 𝜉 ∙ ∙                (86) 

 
 𝜉  -       

  [2]; ,  -  ; 
 𝜉 = , ∙ , ∙ , = ,   
 𝜉 = , ∙ = ,   
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  ℎ  -  , . . ; 
 ∆ℎ = , ∙ , = ,   

2.13.1.3    
     

     
  , . . ,    

    ,   
(84), (85), (86): 
 𝜉 = , ∙ , ∙ , = ,   

 𝜉 = , ∙ = ,   
 ∆ℎ = , ∙ , = ,   
 
2.13.1.4    

     

     
  , . . ,    

    ,   
(84), (85), (86): 
 𝜉 = , ∙ , ∙ , = ,   

 𝜉 = , ∙ = ,   
 ∆ℎ = , ∙ , = ,   
 

2.13.1.5     
  

    , 
. . ,      

  ,   (84), (85), (86): 
 𝜉 = , ∙ , ∙ , = ,   

 𝜉 = , ∙ = ,   
 ∆ℎ = , ∙ , = ,   
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2.13.1.6    
     

     
  , . . ,    

    ,   
(84), (85), (86): 
 𝜉 = , ∙ , ∙ , = ,   

 𝜉 = , ∙ = ,   
 ∆ℎ = , ∙ , = ,   
 
2.13.1.7    

     

     
  , . . ,    

    ,   
(84), (85), (86): 
 𝜉 = , ∙ , ∙ , = ,   

 𝜉 = , ∙ = ,   
 ∆ℎ = , ∙ , = ,   
 
2.13.1.8    

 : = −′ −                (87) 

  -       , ; 

 -    ,  ( .  10) ′ = √ ∙ +               (88) 

  -       , ; ′ = √ ∙ , + , = ,   = , − ,, − , = ,    
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  , . .   : ∆ℎ = ∆ℎ ∙ ∙ ∙ +                       (89) 

 ∆ℎ  -        
, . . .; 

 -     [2]; 

 -      [2]; 

 -       ( .  10) ∆ℎ = , ∙ , ∙ ∙ + = ,   

2.13.1.9    

    (87), (88), (89)   
  ′ = √ ∙ , + , = ,   = , − ,, − , = ,   ∆ℎ = , ∙ , ∙ ∙ + = ,   

2.13.1.10     

    (87), (88), (89),   
 : ′ = √ ∙ , + , = ,   = , − ,, − , = ,   ∆ℎ = , ∙ , ∙ ∙ + = ,   

2.13.1.11    

     
            , 

. . .: ∆ℎ = ∆ℎ + ∆ℎ              (90) 

  ∆ℎ  -    , . . ; ∆ℎ = ∙ ∆ℎ′ ∙ ℎ              (91) 
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    -      [2],    
 k,     [2] k=0,2; ∆ℎ′  -     , . . . [2]; ℎ  -   , ; ∆ℎ = , ∙ ∙ , = ,   ∆ℎ  - ,       

   , . . : ∆ℎ = ∙ 𝜉 + 𝜉 ∙ ℎ               (92) 

    m=   -   ; 𝜉 , 𝜉  -         
[2],   : = , ∙∙                 (93)   -   , ;    

 -   , ;   

 -   , ; ,  -         . = , ∙ ,, ∙ , = ,   𝜉 = ,    𝜉 = ,   ℎ  -    , . . ., 
 [2] ∆ℎ = ∙ , + , ∙ , = ,   ∆ℎ = , + , =   

2.13.1.12    

       
   : ∆ℎ = ∑ ∆ℎ 𝑖 +𝑖= ∆ℎ   
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       ,    ,  
    ( .  4). 

     : 
 ∆ℎ = 𝜉 ∙ ℎ               (94) 

  𝜉  -    ,   
     (    90˚ 𝜉 = ,  

  45˚ 𝜉 = , ) ℎ  -  , . . .,     
         . 

        
          

 , ω =  /    ,    
: ∆ℎ = ∙ , = ,   ∆ℎ = , ∙ , = ,   ∆ℎ = , ∙ , = ,   ∆ℎ = , ∙ , = ,   ∆ℎ = ∙ , = ,   

       
   ( .  4) 

 " - ": 
 ∑ ∆ℎ 𝑖− = ∆ℎ +𝑖= ∆ℎ + ∆ℎ            (95) 
 ∆ℎ 𝑖− = , + , + , = ,   

 " -  ": ∑ ∆ℎ 𝑖− = ∆ℎ +𝑖= ∆ℎ             (96) ℎ 𝑖− = , + , = ,   

       . 
     , . . .,  ∆ℎ = ∙ ∙ ℎ                        (97) 
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      -   , = , ; 

 -   ,  = ; ℎ  -  , . . .,     
      [2]; 

 -  ,  

 " - ": ℎ − = . .;              (98) 

    . . -   , ˚ ; 

 -  , / ,  = ; ℎ − = ,   

− = , + , ∙              (99) 

     -  , / ; 

− = ,, + , ∙ , = ,   

 " -  ": ℎ − = .;              (100) 

     . -    , ˚  

. = 𝛼 ∙ . .+∆𝛼∙𝛼 +∆𝛼                        (101) 

      -     , = , ; ∆  -         
 , ∆ = , ; 

 -   , ˚ ; 

. = , ∙ + , ∙, + , =   ℎ − = ,   

− = + , ∙              (102) 

− = ,+ , ∙ , = ,   

   " - ", : 
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− = − + , ∙ −             (103) 

− = , + , = ,   ∆ℎ − = , ∙ , ∙ , = ,   ∆ℎ − = , ∙ , ∙ , = ,   

2.13.1.13    

 , . . . Δℎ =  

2.13.1.14     

        
.        

     : 

Δℎ = Δℎ + Δℎ                                                       (104) 

    Δℎ  -  , . . .; Δℎ = 𝜆∙𝑖 ∙ ℎ               (105) 

      -   ,     
  (  < , = , ;  ≥ , = , ) = , ∙ √              (106) 

     -     , /  = ∙ ∙ . . + ∆ ∙ ∙ +
          (107) 

  -    , / ; 

. . -   , / ; ∆  -         
 , ∆ = , ; 

 -     / ; 

 -    , ˚ ; = ∙ , ∙ , + , ∙ , ∙ + = ,   

 -     ,  15 / ; 
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= , ∙ √ , ∙ =   

       [2], : =   

i -    , i=0,02; ℎ  -  , . . .,     
, /       , ˚ ; ℎ = ,   Δℎ = ,∙ , ∙ , = ,   

    , . . .: Δℎ = 𝜉 ∙ ℎ               (108) 

    𝜉 -  , 𝜉 =  Δℎ = ∙ , = ,   

Δℎ = , + , = ,  

2.13.1.15   

 , . . .,     
,   ,     : ℎ = ± ∙ ∙ , − 𝜌 ∙ +       (109) 

     -    , ; 

g-   , g=9,81 / ; 

1,23 -      , / ; 𝜌  -      , 𝜌 = , ; 
 -     , ˚ ; 

  : = ′′ +
              (110) 

     ′′  -       , ˚ ; 

 -   , ˚ ; 
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= , + = ,   ℎ = − , ∙ , ∙ , − , ∙ , + = − ,   

   = +
               (111) 

      -    , ˚ ; 

 -   , ˚ ; = + = ,   ℎ = ∙ , ∙ , − , ∙ , + = ,   

     ∆ = ℎ + ℎ               (112) ∆ = , − , = ,   

2.13.1.16        

      , 
. . .,   : ∆ = ∑ ∆ℎ − + ∑ ∆ℎ −             (113) 

     ∆ℎ −  -     " - ", 
. . .,  : ∆ℎ − = ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ +∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ − + ∆ℎ − + ∆ℎ                  (144) ∆ℎ − = + , + , + , + , + , + , + , + , +, + , + = ,   ∆ℎ −  -     " -  ", 
. . .: ∆ℎ − = ∆ℎ − + ∆ℎ − + ∆ℎ                     (115) 

     ∆ℎ −  -  , . . .; ∆ℎ −  -    , . . .;  ∆ℎ  -   , . . .; 
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∆ℎ − = , + , + , = ,   ∆ = , + , = ,   

     , . . .,  
  : = ℎ′′ + ∆ − ∆              (116) 

     ℎ′′  -     , . . .; ∆  -    , . . . ( .  
112); = + , − , = ,   

2.13.1.17   .   
,     

      , 
    , 

    ,    
   . 

 , : 

 = ∙                         (117) 

      -    , = , ; 
 -  , /  

 = ∙ ( + ∆ ∙ ) ∙ +
           (118) 

     -    , / ; 

 -   , ; ∆  -         
 , ∆ = , ; 

 -    , ; 

 -    , ˚ ; 
 = , ∙ , + , ∙ , ∙ + = ,   = , ∙ , = ,   
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 ,        
    ,   

 , : =                (119)  

 = , = ,   

  ,      3 
. . .: = ∙               (120) 

     -    , = , ; 

 -      , . . .; = , ∙ , = ,   

       
   [2]. 

  -43    n=740 / ,  
 𝜂 = %. 

  , , : 
 = ∙ ∙ ∙ −𝜂                        (121) 

      -     , = , ; 
 = , ∙ , ∙ , ∙ , ∙ −, = ,   
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2.13.2    
 

 

 5 -       

2.13.3.1     

       
         
 : ∆ℎ = ∑ ∆ℎ 𝑖 + ∆ℎ𝑖=             (122) 

     ∆ℎ 𝑖 -  , . . .,   : ∆ℎ 𝑖 = 𝜉 𝑖 ∙ ℎ              (123) 

  𝜉 𝑖 -    ,   
     (    90˚𝜉 = ,  

  45˚𝜉 = , ); ℎ  -  , . . .,     
         ; ∆ℎ = ∙ =   ∆ℎ = , ∙ = ,   ∑ ∆ℎ 𝑖 = + , = ,   ∆ℎ  -     , . . .: 
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∆ℎ = ∙ ∙ ℎ               (124) 

      -  ,     = , ; 

 -    , ,  : = , ∙                         (125) 

     -  ,  = , ; = , ∙ , = ,   

 -   ,  = ; ℎ  -  , . . .,     
,  15 / ,    ; ∆ℎ = , ∙ , ∙ = ,   ∆ℎ = , + , = ,   

2.13.3.2   

       (  5) 
 . 

     , 
   ∆ℎ =  . . . [2] 

2.13.3.3   

     
 : ∆ℎ = ∆ℎ + ∆ℎ              (126) 

     ∆ℎ  -    , . . .; ∆ℎ = ∆ℎ ∙ + ∙                                (127) 

    ∆ℎ  -      , . . ., 
     , / ,   ˚ ; 

 -        ; 

 -    ; ∆ℎ = , ∙ + ∙ =   ∆ℎ  -     , . . .; ∆ℎ = 𝜉 ∙ ℎ               (128) 
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     𝜉 -    ,   
     (    180 ̊ , 𝜉 = , ;  

  90˚, 𝜉 = , )[2]; ∆ℎ = , ∙ , + , ∙ , ∙ = ,   ∆ℎ = + , = ,   

2.13.3.4     

      
        

 ,      . ∆ℎ = ∑ ∆ℎ 𝑖𝑖= + ∆ℎ             (129) 

     ∆ℎ 𝑖 -  , . . .,   : ∆ℎ 𝑖 = 𝜉 𝑖 ∙ ∆ℎ               (130) 

  𝜉 𝑖 -    ,   
     (    180 ˚, 𝜉 = ;  

  90˚, 𝜉 = ) [2]; ∆ℎ  -  , . . .,     
,  15 / ,    ; ∆ℎ = ∙ =   ∆ℎ = ∙ =   ∆ℎ = + =   ∆ℎ  -   , . . .; ∆ℎ = ∙ ∙ ℎ               (131) 

      -  ,     = , ; 

 -  , ,  : = , + , ∙               (132) 

 -   , , = ; ∆ℎ = , ∙ , ∙ = ,   ∆ℎ = + , = ,   
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2.13.3.5      

 , . . .,  : ∆ℎ = 𝜉 ∙ ℎ               (133) 

    𝜉  -    ,  𝜉 = ; ∆ℎ = ∙ =   

2.13.3.6  

         
: ℎ = ± ∙ ∙ , − , ∙ +            (134) 

       : 
    . 

 : = +
               (135) = + =   ℎ = , ∙ , ∙ , − , ∙ + = ,   

    =    ℎ = − ∙ , ∙ , − , ∙ + = − ,   

  , . . .,  : = ∑ ℎ                (136) = , − , = ,   

2.13.3.7      

        : 𝛥 = 𝛥 − − ℎ′              (137) 

     𝛥  -     , . . .; 𝛥 = ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ                   (138) 
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𝛥 = , + + , + , + = ,   ℎ′  -     , . . .: ℎ′ = ℎ′′ + ,  ′                        (139) 

    ℎ′′  -     , . . .; ′ -          
        , ; ℎ′ = + , ∙ =   𝛥 = , − , − = ,   

2.13.3.8    .  
 ,     

       , 
    ,  

         
 . 

    , . . .,   
  : 

 = ∙ 𝛥               (140) = , ∙ , = ,   
 

 , / : 
 = ∙                         (141) 
  

      -    , = , ; 
 -      , / ; 

 = ∙ ∙ − ∆ − ∆ + ∆ ∙ +
                  (142) 

     ∆  -     , ∆ = , ; ∆ = ,  -      
;  

 -   , ˚ ; = , ∙ , ∙ , − , − , + , ∙ + = ,  = , ∙ , = ,   
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 ,        

     ,  
  , / ,   : =                (143) 

 = , = ,   

 
       

[2]. 
   -31,5,    n=585 / . 

     𝜂 = ,  
  , ,   : 

 = ∙ ∙ ∙ −𝜂                (144) 

      -     , = ,  
 = , ∙ , ∙ , ∙ , ∙ −, = ,   

3   

3.1    

        
 , - ,    ; - , 

    ,     
           

. 
         

 .      ,   
,     ,  , 

  ,    . 
  ,       

( .  6).      ,    
 . 
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1 -  ; 2 - ; 3 -   

 6 -     

      
      . 

  , : 
 = 𝜆∙∙                                                                                                     (145) 

    -    [8]; 
 -   , /  [8]; 
 -  , /  [8]; 

 = , ∙ ∙, ∙ , =   

 
       , : 

 = √ ∙
                                                                                                     (146) 

 = √ ∙ , = ,   

 , : = ∙                                                                                                       (147) = , ∙ , = ,   
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3.2     

3.2.1  -   

        
 60 . 

      : = ,   /  

   , / : = ∙ ∙ , (148) 

    -  ; = , ∙ ∙ , = ,   

        
    [8].  : 

   1  - 30; 
  - 2790/1800 / ; 

  - 36 2 ; 

3.2.2   

    , / , : = ∙                                                                                                (149) = , ∙ = ,   

        
( )  ,    ,  . 

    : =                                                                                                    (150) 

      -    , ; 
 = , =   

 
  , / ,  

  : = ∙ ∙ ∙ 𝐾                (151) 
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      -  , ; 
 -  , / ; 
 -   , / ; 𝐾 - ,       

 [8]; = , ∙ , ∙ , ∙ = ,   

        
 , ,   : 

 = 𝐾 ∙ ∙ + ∙ ∙ + ∙ ∙∙ , ∙ 𝐾                                                                        (152) 

      -        , ; 
 -          

, ; 𝐾   - ,     [8]; 
 = ∙ ∙ , + ∙ , ∙ + ∙ , ∙∙ , ∙ , = ,  

 
,    , : 

 = 𝐾 ∙𝜂 ∙𝜂                                                                                                    (153) 

    𝐾  -   [8]; 𝜂  -   [8]; 𝜂  -   [8]; 
 = , ∙ ,, ∙ , = ,    
3.2.3  

     : 

 :    -500-6: 
  - 300 / ; 
   - 235 / ; 
   - 340 ; 
   - 500 ; 
   - 1200 ; 

 :     21-18,5 
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  - (500-600) / ; 
   - 490 / ; 
   - 900 ; 
   - 2100 ; 
   - 1850 ; 

   : 
 = ∙𝜏𝛾 ∙𝐾                                                                                                     (154) 

 = , ∙, ∙ , = ,   

 
        : 

  - 800 ; 
  - 2 ; 
     0,2  - 270 / ; 
   - 4,5 ; 

3.2.4   

        20  
    , : = ∙ ∙                                                                                             (155) = , ∙ ∙ =   

,   , : = ∙ ∙ℎ∙𝛾∙𝜑                                                                                                     (156) 

     -      ; ℎ -  , ; 

 - ,     ( ) 
   [8]; 

           = ∙ , ∙∙ , ∙ , = ,   

4    

  –      
 ,     . 
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   :      
   ,   ,  
,  ,    ; 

,    ,  
,    ;  ; 

   ,  
   ,   ; 

 ; ;   ; 
 -    ;  ;   

  : , , ,  
,    ,  ,  

, . 
      ,  

  .    
     . 
        

      .   
       

  ,      
 . 

    ,  ,    
 .     , 

,     . 

5    

      ,   
       .  

   ,  ,   
       .   

     ,   
,    –     

     .     
       

.        
       

 . 
       , 

  ,  ,  , 
  . 
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,    .    
,    ,   

   ,   .     
  ,     

, , ,    
.      

   .     
     ,   

 .      
       

   -  ,    
        , 

     . 

6    

         
      . 

      ,   , 
,      ,    

    , .   ,  
     ,    ,  

  .      
         

   . 
 ,        

          
    . 

 
6.1       

      : 

  , / : 
 = ∙ ∙ ∙ − 𝜂 ∙ − 𝜂                    (194) 

     -     , % ( .  1); 
 -    , / ; 𝜂 =  -      , [12]; 𝜂 = ,  -   ,   , [12]; 
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= ∙ ∙ , ∙ , ∙ − , ∙ − = ,   

      : 

            
, / : 

= ∙ + ∙ 𝑄 ∙ ∙ ( − 𝜂 )          (195) 

     𝜂 = ,  -      (  + 
) ; = ,  -      ; 

 -    ; = ∙ , , + , ∙ , , ∙ , ∙ − , = ,   

      : = , ∙ − ∙ 𝐾 ∙ ∙ ∙ − ∙ ∙ − 𝜉 ∙ ∙ ∙ ∙ 𝜉  

                 (196) 

 𝐾 = ,  - ,     1  
  , /  [12]; = , + , ∙ , = ,   = ,  - ,   ; =  - ,      

; 𝜉 = ,  - ,      ; = , ∙ − ∙ , ∙ , ∙ , ∙ − , ∙ , ∙ − , ∙∙ , ∙ ∙ , = ,   

   : = + + ∙ ДК𝑆ДК 𝑥           (197) = , + , + , ∙ ,, ∙ = ,   
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6.2     
 

       , 
: = √ ∙ ∙ДК𝑆 ∙ √ ∙∆              (198) 

 A=200 - ,     
    ; 

m -  ,     
   .  m=1,44   ; 
Z=1 -   ; = , /  -       
; ∆ =  ˚  -         

 ; 
 = √ ∙ , ∙ ,, ∙ √ , ∙ = ,   

 
    H=250 .    

: =  -      , /     
       = ∙ ∙∆ ∙                                                     (199) 

 
 D=9,6  -    ; 

 = ∙ ∙ ,∙ = ,   

 
 m      : 

 = , + , ∙√ + , ∙ √              (200) 

 = , + , ∙√ , + , ∙ √ , = ,   

 

       
 , / : = ∙ ∙ ∙ √ ∙∆         (201) 
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= ∙ , ∙ , ∙ √ , ∙ = ,   < ДК  ,     250 ,  
  . 

       
        : = + , ∙ ∙∙𝜑         (202) 

    = ,  - ,      
 ; =  -     10    ; = + , ∙ , ∙∙ , = ,   
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 3200 .      

    ,   
  ,    

.       ,    
   ,     
. 

       
: 

-    ; 
-   ; 
-  -     
-   ; 
-    ; 

    ,    
        

 .  
        

    ,   
,   100,2 . 

   ,    
       

,    - 202,95 . . .,   - 431, 552 . 
. .       : 

  -43    740 /     
-31,5    585 / . 

     ,     
  :   - 7,6 / , NOx - 415,29 / , 

SO2 - 570,82 / ,      250 . 
     ,  

 11,82 ,     . 
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