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 1.1 ё   -   
     

 

1.1.1   ,    
 

  ё   a  a   
   ё  ,  ./ : э = + + + +   (1) 

   – ,    ; 

           – ,      ; 

           – ,  a    
; 

           –    ; 

           – ,   a . 

a) ё    . 
 

    , . .    
       , / : = −   (2) 

 T  –    , . 

   800  = ,   200  =    .2 [10]. 

   ,  : = ∙  , (3) 
  –   , ; 

 –     , , 
  400  . 

  , : э = /   (4) 
 –    , . 

  , : = э /   (5) 
 –   ( .  1). 
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   ,  . ./ : = ∙ + ∙ + − ∙ − э ∙ ∙  , (6) 

  –        :  
 -800-330: = , ,  -200-330 = ,   . .3 [10]. 

   –      
      ;   -800-

330: = , , = , ,  -200-330 = , , = ,    
.3 [10]. э    –    , ;  -800-330 э =  В   =  В ,    -200-330 э =  В   = В    .3 [10]. 

    ,  . ./ : = − ∙ − ∙ + . ∙ . ∙   (7) 
 −   . .–       6–10 

,      ;  -800-330 − =
, . = ,  -200-330 − = , . =    . .4 [10]. −   . . –       6 – 10 

    .  − = , . =2. 

    ,  . ./ : = +   (8) 
 

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

  –  , ./  . . ( .  1). 

b)    . 
 

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

  –  , ./  ( .  1); 

 –       ( .  1). 

 

 



12 
 

c)  . 
 

  ,  ./ : = ∙ , (11) 
  –       ( .  1); 

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

   , . .;   . .1 [10] 
 -800-330 ′ = , , = , ;  -200-330 ′ = , , =,  𝑖– ,   ;   , ; 

 –       ( .  1). 

d)     . 
 

  ,  ./ : = ∙ ,      (13) 
  –        

   ( .  1). 

e)  . 
 

      : 

    ; 
       ; 
   ; 
    
  . 

 

       20 – 30 %   
  ,   ,  ,  

 ,  ./ : = , ∙ ( + + ) + , (14) 
  –     , . ./  = ∙ ,  (15) 
  –   ,  ( .  1); 
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   ё     
  : . = / э, (16) 

 
1.1.2    . 

 

     ,  : = ∙ − , (17) 
  – ,      

   ,    -
800-330 = %,      -200 [10]. 

  , ./  : э = э/ , (18) 
 

      
, ./  : ыэ = э/ э, (19) 

 

       ,  
. ./  : ы = / , (20) 

 
       ,  . ./  : = / , (21) 

 
     = ,  
   ,  : = / − , (22) 

 
    , : = / , (23) 

 
      ( , ) 

         
400  , / .   -  
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 (4) – (21).        
2. 

 2 –    

  -800-330 -200-330 
    

, /  
7622 7791,38 

    
,  

7222 7391,38 

    
,   

11555200 11826217,48 

  ,  1516,033 1517,858 
  ,  758,016 189,732 

      
    

 , . . ./  
3637015,68 3784115,74 

    
, . . ./  

4400 2560 

    , . . ./  3641415,68 3786675,74 
  , . ./  6444,5 6701,58 
   , . ./  117,65 378,14 

 , . ./  1991,27 2048,66 
 , . ./  29869,1 30730,03 

   , . 
./  

1493,45 1536,5 

    , 
. ./  

35,76 114,96 

 , . ./  756,24 907,62 
    

, % 
59,65% 57,91% 

 , . ./  10803,12 11572,53 
     
,   

11092992 11092992 

  , 
./  : 0,974 1,043 

  , 
./   

0,935 0,979 

     
  ,  . /   

0,315 0,320 

     
  ,  . ./   

0,328 0,341 

 



15 
 

1.2       
   . 

 

      
  ,    

       
,   . 

     ,  ./ : Э . . = − ∙ , (24) 
  –      

 , ./   ( .  2); 

  –      
   , ./   ( .  2); 

  –      , 
  ( .  2). Э . . = , − , ∙ = − ,   

 
 ,      

        -800 
   -200. 
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    ,    
 NOx,     ё   . 

  

       
    ,  

 ё ,  .   4 ё  
   . 

 4 –    

  
Siemens SST-6000 - :  300  1200  

- : 46,5 % (  
 : 48 %)   

- : 50  60  
-   :  330  /  
4786   .   
-   :  610 °C /  
1130 °F 
-    

   
:     

630 °C /  1166 °F 
 -800  , : 800  

  ,  ( / 2):  
23,5  

  , ° : 540  
Hitachi Hitachinaka 1  , :  

1000  
  ,  ( / 2):  

24,5 
  , ° : 600 

:  43,78% 
       Siemens SST-6000, 

   ё     , 
        

 ,         – 
    .     
      33    610 ֯C   

 (  630 ֯C).    10  . 

  Siemens  SST-6000    
     1200 ,   

    53,7%.   SST-6000   
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   (HP),    (IP)  
     (LP)  50  60 . 

    2015      488  
  Siemens SST-6000.    SST-

6000      100 000 .   
       

   .    
 .    Siemens  

     ,   
 . 

         
 .      

  ,     
      

 (NERC).      
 ,       

     :   
,   ,   ,  

,     . 

  SGen-3000      
  .      

  ,      . 

        
Siemens     ,   

  54,4%.       
      1000  1350 . 

   

 ,        
,        

     ,  
   800  –   

(     1-2%),       
    .       

.      1. 
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 1 –     

 5 -   ё   

  
   P0,  33 

  , ֯C 610 
   

 ( ), ֯C 
630 (630) 

    P , 
 

0,004 

    8 
   

  ,  
P1 -8 8,5 
P2 -7 5,43 
P3 -6 2,3 
P4 ,  1,52 
P5 -4 0,51 
P6 -3 0,35 
P7 -2 0,19 
P8 -1 0,03 
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 ,    : 

1. ё         
 ,   ,  

  ё . 

2.      
       

      . 

3.   ё      
    . 

4.      ( ё   
,    , ё  ). 

5.    . 

6.    . 

7. ё       . 

8.  3D-   ,   
    . 
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3. ё  . 

3.1        
 

     ё    -
  .   ё    

  130/70,       125 
.         2. 

 
 2 –     

 
  , / : 

G = Q
·Δ

= , · − = ,  (25) 

    ,  : = + = + =   (26) 

      
, / :  ¯ = ,  

      , :  ′ = =0,  

      , :  ′ = , · =0,           (27) 
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    ,  : = ( ) = ,                                   

      
, / :  ¯ = ,  

3.2      i-s  

   : 
     : 

        P0 = 33 ; 
       t0 = 610  ; 
 
       h-s  ( . 3)  

 0.  ё        
       , : 

P0
' = P0·η = ·0,95 = ,  (28) 

      P0
'    P1  

  A0B0.     
    « »  , / : 

iB = iA0 − (iA0
− iB0)·ηoi = − 3451 − · , =  (29) 

,   
0Bi =  /  –       

;  
 

0Ai =  /  –   ;  

 ηoi = 0,882     
   . 

 « »        ∆ =, %         , : 
 

P′ = P ·(1-∆ )·η = , ·(1-0,095)·0,95 = ,         (30) 

 
, η = , %       . 

   « », / : 

i = i − (i − iД )·ηoi = 3 − 3720 − · , =      (31) 
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,    i =  /  –     ; 
 iД =  /  –      

 ; 
 ηoi

Д= 0,842     
    . 

          
 ё    ,  « ’», : 

 
 P′ = P ·(1-∆ )·η = , ·(1-0,095)· , = ,         (32) 

 
, η = ,        . 

   «F», / : 

i = i − (i − iF )·ηoi = − 3763 − 2402 · , =      (33) 

,    i =  /  –      ; 
 i =  /  –      

 ; 
 ηoi

Д= 0,892     
    . 

 
      (    

) , / : 
 В = В⋅𝛥 В ⋅ В𝑖 − − ⋅𝜂 = , ⋅ ⋅ ,− , ⋅ , = ,  .          (34) 

     , / : 
 

= В ⋅ 𝛥 ⋅ В − В ⋅ ( − − − ) ⋅ 𝜂(𝑖 − − ) ⋅ 𝜂 = 

= , ⋅ ⋅ , − ⋅ , − ⋅ ,− ⋅ , = ,  .         (35) 

 
   , :   

 В = В ⋅ − ⋅ В = , ⋅ − ⋅ , = .      (36) 
 

   , : 
 = В ⋅ − ⋅ В = , ⋅ − ⋅ , =  .      (37) 
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 3 –     i-s  
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3.3      
 

а   а ия ( ВД8).    
 8,5 .     5 %,   

  , : 

ВД = , ⋅ , = ,  

   ,  : 

t  = 295,661 

    , / : 

ít  = 1321 

       ё  , 
 : 

t  = t  - ПВД  = 295,661 - 2 = 293,661 

  , / : 

пвt = t ·  = 293,661·4,186 = 1310 

    (  i-s ), / : 

i  = 3108 

      , / : 

h = i0 - i  = 3451 – 3108 = 342,853 

         . 
    6. 

 
 
 
 
 
 
 
 
 
 
 
 



2
7 

 

 6
 – 

 
 

 
 

 

0,004 

2549 

0,004 

28,962 

121,35 

28,962 

121,35 

2011 

1 

0,03 

2813 

0,029 

68 

284,3 

64 

267,6 

1747 

 

0,19 

3175 

0,181 

121 

507 

117 

491 

1385 

2 

0,19 

3175 

0,181 

117 

491 

113 

474 

1385 

3 

0,35 

3333 

0,333 

137 

576,7 

134 

559,5 

1227 

 

0,35 

3333 

0,333 

137 

563,5 

134 

561,5 

1227 

4 

0,51 

3441 

0,485 

150,6 

635 

146,6 

617,8 

1118 

 

1,52 

3266 

0,7 

165 

697
 

165 

697 

796,6 

 

1,52 

- 

1,444 

28,96 

121,4 

- 

- 

796,6 

6 

2,3 

3371 

2,185 

216,9 

929,36 

214,9 

920,16 

691,6 

7 

5,43 

3622 

5,159 

265,9 

1164 

263,9 

1154 

440,89 

8 

8,5 

3451 

8,057 

295,66 

1321 

293,66 

1310 

342,85 

 

,  

𝑖 , 
/  

− я,  

,   

̅ , /  

′ ,   

′̅, /  

ℎ , /  
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 3.4       
 

  ,  ,  
  ,     .  

 
      

    : 

y = 𝑖 −𝑖𝑘𝑖 −𝑖𝑘+ = −− + = ,  (38) 

      : = 𝑖 −𝑖𝑖 −𝑖𝑘+ = −− + = 0,  . (39) 

    : = 𝑖 −𝑖𝑖 −𝑖𝑘+ = −− + = 0,  (40) 

ё        
 K  = 1,217.      
,      , / : = 𝐾 · ( 𝑖 · 𝜂 + · + · + · ) = , · ⋅ , + + , · , + , · , + , · , = ,   (41) 

    Hi = 2011 /  –  ,  ;  
   = 0,98 –  . 
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3.5     
 

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

    , / :  =  ,   =  ,  , =  ,  (43) 

   , / :  =   =   , =  ,  (44) 

    , / :  =  ,   =  ,  , =  ,  (45) 

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

ё  ,       
, / : = = ,  
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 3.6 ё  ё ,      

 3.6.1  ё      

          
 ,   ё   .  

- -  .      
: 

 7 –    

   , % 
 
, 

V , % 

 
, 

Q , 
/  

 
 

, °C 
W  A  S  C  H  N  O  t1 t2 t3 
33 7,4 0,2 42,6 3 0,6 13,2 47 15280 1180 1210 1230 

 

  , 3/    1   
   :  = , ∙ + , ∙ + , ∙ − , ∙ , (47) 

  –      , %, ( .  7); 
  –      , %, ( .  
7). 
  –      , %, ( .  7); 
  –      , %, ( .  7); = , ∙ , + , ∙ , + , ∙ − , ∙ , = , .   

 , 3/ ,     : = , ∙ + , ∙ ,  (48) 

  –   (71); 
 –      , %, ( .  7). = , ∙ , + , ∙ , = , .  

  , 3/ ,    
: = , ∙ + , ∙

,  (49) 

  –      , %, ( .  7); 
 –      , %, ( .  7); 
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= , ∙ , + , ∙ , = , .  

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

  –   (71); 
  –     , %, ( .  7). 

 –      , %, ( .  7); = , ∙ + , ∙ + , ∙ , = , .  

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

  –   (73); 
  –   (72); 
  –   (74). 
 = , + , + , = , . 
 

3.6.2      

 ё          
    ,  = , .   

      : ∆ = ,  –     ; ∆ = ,  –     ; ∆ = ,  –     ; ∆ ВЭ = ,  –     ; ∆ В = ,  –     . 
 

 8 –   ,     
    

   
 

 

 
,  

1 1 2 2  
, 
, 
 

    
  ′′ = + ∑ 𝑖 1,2 1,23 1,26 1,29 1,32 1,34 1,4 

   
    

α  
1,2 1,215 1,245 1,275 1,305 1,33 1,385 
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  8 

  , 3/ , = + , −  0,822 0,823 0,825 0,827 0,829 0,831 0,835 

  , 3/ , = + , −  5,731 5,794 5,921 6,047 6,174 6,279 6,511 

    = /  0,139 0,137 0,134 0,132 0,129 0,127 0,122 

    = /  0,143 0,142 0,139 0,137 0,134 0,132 0,128 

   = +  0,282 0,279 0,274 0,268 0,263 0,259 0,250 

  , /  = − , ∙ + , ∙ ∙  7,427 7,509 7,671 7,834 7,996 8,132 8,430 

  , /  = ∙/ ∙  0,010 0,009 0,009 0,009 0,009 0,009 0,008 

 

3.6.3       

         
 ,  / ,    ϑ, °C,  

 : = ∙ ∙ 𝜗,  (52) 

        
   ,       

 2200 ℃, / : = ∙ ∙ 𝜗 = , ∙ ∙ = , 
 =  Д / ∙  – ё     2200 ℃. 

 = ∙ = ∙ , = .         (53) 

  ,        
   ё     : 

𝑖 = + 𝑖 −  ∙ ∙ 𝜗𝑖− , ∙𝜗𝑖         (54) 

        : 𝜗𝑖 = ∙ 𝑖+ 𝛼𝑖−  ∙+ , 𝑖+ 𝛼𝑖−  ∙            (55) 
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3.7        

 q2,        , 
%,        ,    

    ,  : = − ∙ ° −
,  (56) 

  –   , / , = + . −  ∙ ∙ 𝜗 .− , ∙𝜗 . , (57) 

. = + , −  ∙ ∙ − , ∙ =   

  –     . 
 ° –   , / ,   

   t  = 40°C   : 

° = ∙ ∙t− , ∙t ,  (58) 

° = ∙ ∙− , ∙ = , .   

  –     / ,  
  ( .  7); 

 –      , %,  
       ,   ,  

     ,  = ,  [ ]. = − , ∙ , − , = ,  %.  

      q3, %,    
 .  ,   = . 

     q5, %,   
          

   .      
     : 

= ,
lg ,  (59) 

  –    563,129 / . 
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 ,   ,   q5 
    : = ∙ ,  (60) 

 –   , / , = ,  / ; 
  –   , / . 

= , ,lg , = ,  %.   = , ∙ ,, = ,  %.   

   ,  ,   
      

: = − ,  (61) 

  –   (84). = − , = , .   

      q6, %,   
: = ∙ ∙

,  (62) 

  –     , %, ( .  7). 
  –    , / , ( .  7); 

 –  , / ,     
  [1],  ё   : = ; 

 –     : = − ,  (63) = − , = , .   = , ∙ , ∙ = , .   

  , %,    
   : 
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𝜂 = − + + + + , (64) 𝜂 = − , + + , + , + , = , . 

3.8      

   B, / ,     
 ,       

         : = ℎ − ̅ + ℎ′′ −ℎ′ + ℎ −ℎ′ + э ℎ′′ э −ℎ′ э + э ℎ′′ э −ℎ′ э∙𝜂 , (65) 

 –   , / ; 
 –   , / ; ̅  –   , / ,    

      : ̅ = , , ̅ = ; 
 ℎ  –   , / ,    

      : ℎ = , .   –   , ,  – 
  ,°C,ℎ = . 

 э , э  –    ,   
 . 

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

     q4  
     B , / ,    

         
: = ∙ − ,  (66) 

  –   , /  (89); 
 –      , %. 

          = , ∙ − , =  

          3.9  ё   

        ё 
         

      𝜗′′ = ℃.  



36 
 

  Mathcad    ,  
        – 71,7 . 

ё   ё    . 
     Q , / : = ∙ − − −− + ,  (67) 

  –   , /  ( .  7); 
  –      , %; 
  –      , %; 
  –     , %; 
  – ,      , / : = ∙ ° + ∆ + ∆ ∙ ° , (68) 

  –   ; 
 ∆  –     ; 
 ∆  –     ; 

 –   ; 
 °  –   , / ,    

  t  = 300°C, ° = ; 
 °  –   , /  ( .  82); = − ∆ − ∆ ,  (69) 

  –   ; 
 ∆  –     ; 
 ∆  –     ; = , − , − , = , .  = , ∙ + , + , ∙ , = .  

    , / : = ∙ − − , − ,− , + = .  

  Q    ( )  
    𝜗 ,o .     : 

  𝜗 = ∙ 𝑄+ 𝛼 − ∙+ , 𝑄+ 𝛼 − ∙ = ∙ + , − ∙+ , + , − ∙ = , (70) 

      
   (  ): 
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= ∙ ∙ ,  (71) 

  –    , , = , ; 
  –     , ,: = , ∙ ,  (72) 

  –   , 3; 
  –     , 2 = , ∙ = , .   

  –    , 1/( · ): = ∙ + ∙ + ,  (73) 

  –    ,    8  α
; 

 –      ,  
  = , ; 

  –      ; 
  –       : = , + ∙√ ∙ − ∙ − , ∙ ′′

, (74) 

  –       ,   
 3; 

 ′′ –        , , ′′ = 𝜗′′ + = + =  𝐾; = , + ∙ ,√ , ∙ , − ∙ − , ∙ = , ,  

  –        
  , 1/( · ): = ∙( ′′∙ ) , ,  (75) 

 𝜌  –      , / 3, 𝜌 =
; 

  –    , ,   
 = ; = ∙ ∙ , = , .   
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= , ∙ , + , ∙ , + , = , .  = , ∙ , ∙ , = , .  

    : = − − = − − , = , ,   (76) 

       
 : ̃ = , ∙ , ∙ + +, ∙ − + ,  (77) 

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

         
    .      

       : = , − , ∙ ,  (78) 

  –      
   : = ℎℎ ,  (79) 

 ℎ  –   , , ℎ = ; 
 ℎ  –  , , ℎ = , . = , = , .   = , − , ∙ , = , .  

   : 

э = ∙ ,  (80) 

  –     ,  
        

   ,     =, [1]; 
  –   ,   = , . 

э = , ∙ , = ,    
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      , °C: 𝜗′′ = + ∙ ̃ , ∙[ , ∙ − ∙𝜓э ∙𝐹 ∙𝜑∙ ∙𝑉 ] , − , (81) 

  –    , , = 𝜗 + = + = ; 
  –     , 2; 
 э  –    ; 
  –     , / ; 
  –   ; 
  –      1  : = − ′′𝜗 − 𝜗′′ ,  (82) 

 ′′ –    , / ,   
 78        𝜗′′ = °C: 

 ′′ = + , −  ∙ ∙ − , ∙ = .  = −− = , .  𝜗′′ = + , ∙ , , ∙[ , ∙ − ∙ , ∙ ∙, ∙ ∙ , ] , − = , .  

          
   ,   1 °C: | 𝜗′′ − 𝜗′′ | <  °C,  (83) | , . − | = ,  °C <  °C.  

   ,       , 
°C,    𝜗′′ = . 

 
  ,      

 , / : = ∙ − ′′ ,  (84) 

  –   ; 
  –     , / . 
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= , ∙ − = .  

     (   
), / 2: = ∙∙ ,  (85) 

  –     , / ; 
 –  ,      

 , / ; 
 –    , = , ; 

  –     , 2; 

          = ∙ ∙ , = , .  

  ё   ё  ,  
    . 

 9 –     

 F, 2 h,  z1 z2 
2 9411 2,8 124 40 
1 26000 4,2 124 106 

 5991 2,6 288 20 
 47010 4,9 444 200 

2 51670 3,24 191 100 
2 2008 0,324 191 10 

1 13760 2,592 191 30 
1 3990 0,72 191 6 
 4742 3 40  

 9060 71,7   

 

 

 

 

 

 

 



4
1 

 
 

 4 –     
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3.10 ё    

  ё   ,    
       ё    50%  20% 

.      
    ,  

        
    . 

3.10.1 ё     

   -8     , / : 

ВД = ∆ ВД∙ ∙ ̅ ВД − ̅ ВДℎ − ̅ ВД ∙𝜂 = , ∙ , ∙ −− ∙ , = ,          (86) 

    -7 , / : 

ВД = ∆ ВД ∙ ∙ ( ̅ ВД − ̅ ВД ) − ВД ∙ ( ̅ ВД − ̅ ВД ) ∙ 𝜂(ℎ − ̅ ВД ) ∙ 𝜂 = 

= , ∙ , ∙ − , − , ∙ − ∙ ,− ∙ , = ,           (87) 

  

     -6   
  ё      , / : ̅ = Д̅ + ∆ ∙𝜂 ∙ ,              (88) 

 ∆  –         , 
, ∆ = − = , − = , − , = , ; 

 V –  ё  , = ,  / ; 

 𝜂  –  ,  𝜂 = , . ̅ = , + , ∙ ,, ∙ = , . 
     -6 , / : 

ВД = ∆ ВД ∙ ∙ ( ̅ ВД − ̅ ) − ВД + ВД ∙ ( ̅ ВД − ̅ ВД ) ∙ 𝜂(ℎ − ̅ ВД ) ∙ 𝜂 = 

= , ∙ , ∙ , − , − , + , ∙ − , ∙ ,− , ∙ , = ,          (89) 

 3.10.2 ё   

  ё     Mathcad   
   (  ё      

): 
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  : 

G = (D + D + D ) + D + G  (90) , = , + , + , + D + G  

  : G ∙ t̅Д = D ВД + D ВД + D ВД ∙ t̅ ВД + D ∙ h + G ∙ t̅ Д ′ (91) , ∙ , = , + , + , ∙ + D ∙ + G ∙ ̅′ Д  ∙ ̅ Д′ = ∙ ∆ Д ∙ ̅ Д + ∙ − ∆ Д ∙ ̅ э ′′ (92) ∙ ̅ Д′ = ∙ , ∙ , + ∙ − , ∙ ,  

   , , / : 

G = ,  

       D = ,  

          , 
/ : ̅ Д′ = ,  

3.10.3 ё     

           
 , / : 

      = ∙ ∙ −𝑖 ∙𝜂 ∙𝜂 = , ∙ , ∙ , − ,, ∙ , ∙ , = , .   (93) 

 3.10.4 ё     

   -4     , / : 

Д = ∆ Д∙ ∙ ̅ Д − ̅ Дℎ − ̅ Д ∙𝜂 = , ∙ , ∙ , − ,− , ∙ , = ,          (94) 

    -3 , / : 

Д = ∆ Д ∙ ∙ ̅ Д − ̅ Д − Д ∙ ( ̅ Д − ̅ Д ) ∙ 𝜂(ℎ − ̅ Д ) ∙ 𝜂 = 

= , ∙ , ∙ , − , − , ∙ , − , ∙ ,− , ∙ , = ,          (95)
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    -2 , / : 

Д = ∆ Д ∙ ∙ ( ̅ Д − ̅ Д ) − Д + Д ∙ ( ̅ Д − ̅ Д ) ∙ 𝜂(ℎ − ̅ Д ) ∙ 𝜂 = 

= , ∙ , ∙ , − , − , + , ∙ , − ∙ ,− ∙ , = ,          (96) 

  ё        
   -1 , ℃: ′ Д = + = , + = ,  

    -1 , / : ̅′ Д = ′ Д ∙ , = ,  

     -1 , / : 

  

Д = ∆ Д ∙ ∙ ( ̅ Д − ̅′ Д ) − Д + Д + Д ∙ ( ̅ Д − ̅ Д ) ∙ 𝜂(ℎ − ̅ Д ) ∙ 𝜂  

= , ∙ , ∙ , − , − , + , + , ∙ − , ∙ ,− , ∙ , = ,             (97) 

  

    , / : D = G − (Dэ + D + D + D + D ) = = ,  − , + , + , + , + , = ,  (98) 

    : 

       D = D - D ВД + D ВД + D ВД + D + D Д + D Д +D Д +D Д +D = , − , + , + , + , ++ , + , + , + , = ,  (99) 

   : W = ∑ Di · Hini= · ηэ   (100) 

800000 = 800954 

  : = | − | ⋅ % = | − | ⋅ % = , % 

    2 %,  . 
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3.11 ё  -   

   , : 
 

Q = D ·(h0 −  ̅ ) + D ·(h'' − h' ) + 2·(h'' − h' ) = = , ⋅ − + , ⋅ − + , · −
) =             (101) 

  
    , : 

 
Q = D ·(h − ̅ ) + D ·(h − ̅ ) = , · - , + , · - - =              (102) 

 
      , :  
 

Q = Q − Q = − =       (103) 

 
  , : 

 
Q = ℎ − ̅ + ℎ′′ − ℎ′ + ℎ − ℎ′ + э ℎ′′ э −ℎ′ э + э ℎ′′ э − ℎ′ э == , − + , − +, − + , , − + , − =        (104)  
 

   , / : 
 B = Q ·η = · , = ,         (105) 

 
     5 %,  

 , :   
 

W = W − e ·W = − 0,05· =      (106) 
 

  ,     
, :   

 
W = e ·W = 0,05· = ;         (107) 

 
 сн

ээe  = 0,05      
. 

     , : 
 
Q = , · Q = , · =        (108) 
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  : 

 

ξ = h − ̅
h0− ̅ + · 1 + · h0+ −h

h0+ − ̅ = 0,         (109) 

 

ξ = h − ̅
h0− ̅ + · 1 + · h0+ −h

h0+ − ̅ = 0,         (110) 

 
 𝐾 = ,   - ,   . 

 
        

 , : 
 

ΔQ = [Q ·(1 − ξ ) + Q ·(1 − ξ )]· Q
Q

        (111) 

 
ΔQ =[ · - , + · - , ]· =  
 

       
 : 

 

K = Q +ΔQ +Q

Q +ΔQ +Q +Q
= + ++ + + = ,      (112) 

 
               , / : 
 

B = B·K · W
W−W

= · 0, · − = ,      (113) 

 
  , / : 

 

B = ·K · W
W−W

= , · 0, · − = ,     (114) 

 
    , / : 

 
B = B − B = − , = ,         (115) 
 

  , / : 
 
B = − B = , − , = ,        (116) 
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     , / · : 
 

b = B
W

·3600 = , ·3600 = 0,          (117) 

 
      , 

/ · : 
 

b = B
W

·3600 = , ·3600 = 0,        (118) 

 
      , / : 
 

b = B
Q

· = , ·106 = ,                     (119) 

 
      , / : 

 

b = B
Q

· = , ·106 = ,                     (120) 

  

     , 
   ё    -800-240     

        ё   .   
9  ,      

    .    
     ,   

 ё      , 
   –   . 

 9 –    

 
  

 Siemens 
SST-6000 

  -800-
240 

b , / ∙  0,574 0,731 

b , / ∙  0,301 0,381 

b , / ∙  7,883 59,168 

b , / ∙  4,128 30,836 
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 3.12   ё    

3.12.1    

  
      
        5-8%, / : 

 = · , · , = , · , · , = ,       (121) 
 

 G  -     , / . 
      30-50% ,  

    , : 
 = · , · =            (122)
   

 a e   -1500-330  e  
e  (2   ):       

                                           
  – 1500 /  
  – 3300  
   4700 /  

 
3.12.2    

 
 ,     a a   

o  2-3   ,       
a      100%,     

      50 %-  
.      

, / :  = , . 
      50-150 . . . 

ae  2 o e a  a o a -1000-25  : 
  – 1000 3/  
  – 95 . . . 
   970 /  
  – 400  

 
3.12.3    

 
     (   

 = ), / : 
 = · · , = · , · , = ,       (123) 
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   10-145      

: 
  – 74000 3/  
  – 17,8 . . . 
   333 /  
   – 4000  
  – 84 % 

 
3.12.4    

 
     o   a . 

 ,  3    ,    
  50 %  ё  . 
 

   , / : 
 = · , = , · , = ,          (124)

           
   -1250-100  : 

  – 1250 3/  
  – 98 . . . 
   1500 /  
   – 415  
  – 82 % 

 

3.12.5   
  

         
      

 ,    
ё  .   5    

 ,    Ince B.   
   " "     

   ,    . 
      .   

        ,  
         

          
    . 
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 5 –     

 
      , 

   .   6   
  ,     

   .     
        

         
.    -1  -2    
   . 
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 6 –  -1  -2 

 
3.12.6   
 

 o o  e e  o  ae   a e   o , 
a      e   o   o   o . 

  o    G =497,7 / . -800-3-8-I  
:    2000 / ;    

3,9 ;       8,8 ;    20,01 
. 

 
3.12.7  

  
   ( ),   

  ,      
           

   .    
        

       5   
 ( / ) . 

        
 ё       

    ,   
 CEGB.   

         
       ( .7). 

    ,     
          

 ,    
    ,   . 

      
   ,     

     ,    
  (    ).  
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1-2°C   .  ,    
       

,     . 
 

 

 7 –   

3.13  ё   ,  
  

        
      . 

         
,     ( .  10). 

 
 10 –       

  

  
 

, d,  

 
  

  
 z2,  

 
 
 

,  

 
 

, ϑ , °C 

 
 

, ω , /  

 
 

36 – – 1049 9,935 

 
 1 

36 6 – 968,646 11,891 

 
 1 

36 30 – 816,982 10,667 

 
 2 

36 10 – 681,681 9,542 

 
 2 

36 110 – 585,225 8,72 

 32 20 – 471,593 8,672 

 40 – 4,441 286,668 10 
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  10 

  1 32 106 – 227,575 2,119 

  2 32 40 – 384,093 3,768 

 
3.13.1     
 

        
   : 
    (     

 ,  , 
   ,   ) 

   (       
,       . ); 

     (   ,     
   ,       

  ). 
 

  7      . 

h''т
Δ hшпп

Δ hкпп1

Δ hпп1

Δ hкпп2

Δ hпп2

Δ hвэк
Δ hв п Δ hтэ1

Δ hтэ2

Δ h у

Δ hдт Hдт

Δ hм

Δ hм

 

 7 –       

  ё ,       
      ℎ′′ (-20÷-40 ).  ℎ′′ = − . 
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3.13.1.1     
 

     
    ,      

 ,   ё   .      
   .     

 . 
  ,   ,  

 ё        10 / .   
      10 /  ( .  

10),    ∆ℎ = . 
 
3.13.1.2   -1  
 

 -   , .,    
,       : ∆ℎ = ∙ ∆ℎ ,  (125) 

 ∆ℎ  –  , . . ,    3 [2] 
         

 ( .  10), ℎ = , ; 
  –  ,      

    ,     : = ∙ ,  (126) 

  –      ,  ( .  10); 
  –  ,     , 

   𝜎 = , 𝜎 = , = −− ,     
;   𝜎 > 𝜎   < < , : = ∙ 𝜎 ∙ ,  (127) 

  –      
  , = ,  [2]; 

 𝜎  –  , 𝜎 = ,   = ,  [2]; = , ∙ , ∙ , = , ; = , ∙ = , .   

  -   , : ∆ℎ = , ∙ = , . 
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3.13.1.3   -1  
 

 -   , .,    
,       : ∆ℎ = ∙ ∆ℎ ,   

 ∆ℎ  –  , . . ,    3 [2] 
         

 ( .  10), ℎ = , ; 
  –  ,      

    ,     : = ∙ ,   

  –      ,  ( .  10); 
  –  ,     , 

   𝜎 = , 𝜎 = , = −− ,     
;   𝜎 > 𝜎   < < , : = ∙ 𝜎 ∙ ,   

  –      
  , = ,  [2]; 

 𝜎  –  , 𝜎 = ,   = ,  [2]; = , ∙ , ∙ , = , ; = , ∙ = , .   

  -   , : ∆ℎ = , ∙ = , . 
3.13.1.4   -2  
 

 -   , .,    
,       : ∆ℎ = ∙ ∆ℎ ,   

 ∆ℎ  –  , . . ,    3 [2] 
         

 ( .  10), ℎ = , ; 
  –  ,      

    ,     : 
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= ∙ ,   

  –      ,  ( .  10); 
  –  ,     , 

   𝜎 = , 𝜎 = , = −− ,     
;   𝜎 > 𝜎   < < , : = ∙ 𝜎 ∙ ,   

  –      
  , = ,  [2]; 

 𝜎  –  , 𝜎 = ,   = ,  [2]; = , ∙ , ∙ , = , ; = , ∙ = , .   

  -   , : ∆ℎ = , ∙ = , . 
3.13.1.5   -2  
 

 -   , .,    
,       : ∆ℎ = ∙ ∆ℎ ,   

 ∆ℎ  –  , . . ,    3 [2] 
         

 ( .  10), ℎ = , ; 
  –  ,      

    ,     : = ∙ ,   

  –      ,  ( .  10); 
  –  ,     , 

   𝜎 = , 𝜎 = , = −− ,     
;   𝜎 > 𝜎   < < , : = ∙ 𝜎 ∙ ,   

  –      
  , = ,  [2]; 
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 𝜎  –  , 𝜎 = ,   = ,  [2]; = , ∙ , ∙ , = , ; = , ∙ = , .   

  -   , : ∆ℎ = , ∙ = , . 
3.13.1.6      
 

   -  , 

. . .,   0,1<φ<1,7 (  = −′ − , ′ = √ ∙ + ): ∆ℎ э = ∆ℎ ∙ ∙ ∙ + ,  (128) 

 ∆ℎ  –      , [2],  
         
, ∆ℎ = , ; 

  –     , = [2]; 
  –    , = [2]; 
  –       ( .  10). ∆ℎ э = , ∙ ∙ ∙ + = , . 

3.13.1.7     
 

     
            

. 
   , 2: = ∙ ∙ ,  (129) 

  –   ,  ( .  10); 
  –    . = , ∙ , ∙ = , .  

       , 2: = ∙ ,  (130) 

  –   , ; 
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  –   , . = ∙ = .   

 , ,   : ∆ℎ = ∙ ∆ℎ′ ∙ ℎ ∙ ,  (131) 

  –     , = [2]; 
 ∆ℎ′  –      , 

. . ./ , ∆ℎ′ = ,  [2]; 
 ℎ  –   , . ∆ℎ = ∙ , ∙ , ∙ = ,   

,        
  , : ∆ℎ = ∙ + ы ∙ ℎ ,  (132) 

  –       
  ( = = ); 

   ы  –        
,  = 0,26  ы = , [2],      

   ,         
: = , = , ; 

 ℎ  –  , , ℎ =  [2]    
     . ∆ℎ = ∙ , + , ∙ = ,   

     
, : ∆ℎ = ∆ℎ + ∆ℎ ,  (133) 

 ∆ℎ  –  , ,   ; 
 ∆ℎ  – ,      

    , : 

          ∆ℎ = , + , = ,  
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3.13.1.8   -1 
 

   -  , ,  
 

  0,1<φ<1,7 (  = −′ − , ′ = √ ∙ + ): ∆ℎ Э = ∆ℎ ∙ ∙ ∙ + ,   

 ∆ℎ  –      , [3],  
         
 ( .  10), ∆ℎ = ; 

  –     , = [2]; 
  –    , = , [2]; 
  –      . ∆ℎ Э = ∙ ∙ , ∙ + = .  

3.13.1.9   -2 
 

   -  , , 

  0,1<φ<1,7 (  = −′ − ,  ′ = √ ∙ + ): ∆ℎ Э = ∆ℎ ∙ ∙ ∙ + ,   

 ∆ℎ  –      , [3],  
         
 ( .  11), ∆ℎ = ; 

  –     , = [2]; 
  –    , = , [2]; 
  –      . ∆ℎ Э = ∙ ∙ , ∙ + = .  

3.13.1.10    
 

       
       :  ∆ℎ = ∑ ∆ℎ 𝑖 + ∆ℎ𝑖= ,  (134) 

 ∑ ∆ℎ 𝑖𝑖= –    , .; ∆ℎ  –  ,  
     : 
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∆ℎ = ℎ ,  (135) 

  –   ,     
  , = ,    90°; ℎ  –  ,     

(  13)          
   : ∆h , .  

       
       . 

   10÷15 / .  =  / . 
   90°   : 

 ∆ℎ = ∙ =   
 

   90°  :  
 ∆ℎ = ∙ =   

 
  ё       
. 

 ∑ℎ = ∆ℎ + ∙ ∆ℎ = + ∙ =  (136) 
 

   i-   ,  . ., 
  : 

 ℎ𝑖 = λ ∙ э ∙ ℎ  (137) 

 λ –  ,  λ = , ; 
  –   , ; 
 э –   ,  э =  ; 
 ℎ –  , . . . 
 

        
, : 

       

− = , + , ,  (138) 

  –   , / ; 
 

       : 

 ",cpf     / 2cp   
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− = D+ , ,  (139) 

 D –   , / ; 
 

− = ,, + , ∙ , = ,  , 
 

− = ,+ , ∙ , = ,  . 
 

  ℎ , ,       
         10 

/ , ℎ =  
         

     : 𝜗 = α ∙𝜗 +∆α∙α +∆ ,  (140) 

  –      
; 𝜗  –   , ° ; 

  –   , ° ; ∆  –        
  . 

 
  ∆   0,01   10 : ∆ = − + − ∙ , ,  (141) ∆ = , + , ∙ , = , .  

 
      

 𝜗 = , ∙ + , ∙, + , = ,  ℃. 

 
          

    10 / , ℎ = . 
   

 ℎ = , ∙ , ∙ = ,  ., 
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∆ℎ = + , = ,  . 
   
3.13.1.11     
 

    , ,  
   .  
      2-152-9-6-5. 

      
  ∆ℎ =  . 

 
3.13.1.12     
 

      
       . 

    , 3/ : = ∙ ∙ + ∆ ∙ ° ∙ 𝜗 +
, (142) 

  –     , / ; 
  –   , 3/ ,    3  

; 
 ∆  –        

  , ∆ = , [2]; 
 ° –   , 3/ ; 
 𝜗  –    , °C: = ∙ ∙ , + , ∙ , ∙ , + = .  

    , : = , ∙ √ ∙𝜔 ,  (143) 

  –     , 3/ ; 
  –      , / ,  

   8 ÷ 30 / ,    =  = , ∙ √ ∙ = , .  

      , .: ∆ℎ = 𝜆∙𝑖 ∙ ℎ ,  (144) 
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 𝑖 –     ,    
 𝑖 = , ; 

 ℎ  –  , , ℎ =  [2]     
       ; 

  –   ,    
    ,   >  ,  = , . ∆ℎ = ,∙ , ∙ = , .  

    , : ∆ℎ ы = ы ∙ ℎ ,  (145) 

 ы  –  ,   ы = ; 
 ℎ  – –  , , ℎ = [2]     

       ; ∆ℎ ы = ∙ = .   

   , : ∆ℎ = ∆ℎ + ∆ℎ ы ,  (146) 

 ∆ℎ  –  , ; 
 ∆ℎ ы  –     , ; ∆ℎ = , + = , .   

 
3.13.1.12   

 , ,     , 
  : ℎ = ± ∙ ∙ , − 𝜌 ∙ 𝜗 + , (147) 

  –    , ; 
  –   , 2/ ; 
 𝜌  –      , / 3,  

  𝜌 = , ; 
 𝜗  –      , °C. 

 
            

 –       (    
H   H  ).     (   ), 

 ё    .         
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     .   -  
,         

  ,    – . 
  ,   ё ,   

: =  ,    , =   [3]. 
    , : ℎ = − ∙ , ∙ , − , ∙ , + = − , .  

    , : ℎ = ∙ , ∙ , − , ∙ , + = .  

   , : = ℎ + ℎ ,  (148) = − , + = , .  

3.13.1.13        
 

    -  (  
 ), : 

 ∑ ∆ℎ − = ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ э + ∆ℎ ++∆ℎ + ∆ℎ ,  (149) 

 ∆ℎ  –   ,  
( .  3.13.1.1); 
 ∆ℎ ,  –   ,  ( . 

 3.13.1.2); ∆ℎ ,  –   ,  ( . 
 3.13.1.2); 

 ∆ℎ э  –   , . ( .  
3.13.1.3); 
 ∆ℎ  –  ,  ( .  
3.13.1.4); 
 ∆ℎ  –  , ( .  3.13.1.7); 
 ∆ℎ  –  ,  ( .  3.13.1.8). 

  ∑ ∆ℎ − = + , + , + , + , + , +, + , + = .  
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           : 

 ∑ ∆ℎ − = ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ э + ∆ℎ Э ++∆ℎ Э +∆ℎ + ∆ℎ ,  (174) 

 ∑ ∆ℎ − = + , + , + , + , + , + ++ , + = .  

       (  ), 
/ : = ∙∙ ∙ ,  (150) 

  –     , %. 
  –  ,   ; 
 𝜌  –      , / 3,  

  𝜌 = , ; 
  –          

 , 3/ : = , ∙ ,∙ , ∙ , = , .   

      , 
: ∆ = ∑ ∆ℎ − ∙ + + ∆ℎ , (151) 

 ∑ ∆ℎ −  – c     - , .; 
 ∆ℎ  –     -  , 

; 
  –      . ∆ = ∙ + , + , = ;  

     , .: = ℎ′′ + ∆ − ,  (152) 

 ℎ′′ –     ,  ( .  3.13.1.1); 
 ∆  – c       

, ; 
  –    , ; = − + − , = .  
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3.13.1.14   .   
,     

 
      , 

    , 
    ,    

   . 
        

 ,   ,   
      

   ,  :   = , , 
  = , . 

 
  , : = ∙ ,  (153) 

  –    ; 
  –      , . = , ∙ = .   

 , 3/  –    
   ,    : = ∙ ,  (154) 

  –    ; 
  –      , 3/ : = ∙ + ∆ ∙ ° ∙ 𝜗 +

,  (155) 

  –     , / ; 
  –   , 3/ ,    3  

; 
 ∆  –        

  , ∆ = , [2]; 
 ° –   , 3/ ; 
 𝜗  –    , °C. = ∙ , + , ∙ , ∙ , + = .  = , ∙ = .   
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 ,   ё    ,  
  ё     , 

     , . 3/ ,    
     , 

    : = ∙
,  (156) 

  –  , 3/ . = = , .   

    ( , . 3/ )   
( , )    : -31,5    

 =490 / .     𝜂 =, . 
   , : = ∙ ∙ ∙ −𝜂 ,  (157) 

  –     ,   
 = , ; 

  –   , . 3/ ; 
  –   ,  . .; 
 𝜂  –  . 

= , ∙ , ∙ ∙ −, ∙ , = , . 
3.13.2     
 

     ё     ё  
   . 
 

  8      . 
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h''т

Δ hв п

h'т

Δ hм1

Hв1

Hв2

Δ hкалор ф Δ hм2

Δ hм1

 

 8 –       

3.13.2.1      
 

  ,   ,   
         

   . 
  , : ∆ℎ 𝑖 = 𝑖 ∙ ℎ ,  (158) 

  –    ,   
         90° 
 = ; 

 ℎ  –  , ,ℎ =  [2]    
,    =  / ,    
 , °C. ∆ℎ = ∙ = .   

    , : ∑ ∆ℎ 𝑖 = ∆ℎ ,  (159) ∑ ∆ℎ 𝑖 = .   

    , : ∆ℎ = ∙ э ∙ ℎ ,  (160) 

  –  ,     
 = , ; 
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  –    , , , = , ∙∙ = , ∙ =  [2],    H    
 ; 

 э –   , ,   
   1,5  3 ,     э = ; 

 ℎ  –  , , ℎ =  [2]    
,    =  /     
 , °C. ∆ℎ = , ∙ ∙ = , .  

 , : ∆ℎ = ∑ ∆ℎ 𝑖 + ∆ℎ ,  (161) 

 ∑ ∆ℎ 𝑖 –    ( .  184); 
 ∆ℎ  –     , . ∆ℎ = + , = , .  

3.13.2.2    
 

    :  
  - .       

 .     , 
   : ∆ℎ = . 

 
3.13.2.3    
 

   , ,   : ∆ℎ = ∆ℎ ∙ + ∙ ,  (162) 

 ∆ℎ  –      , , ∆ℎ =
 [2]; 

  –        , =  
  –    , m = 2. ∆ℎ = ∙ + ∙ = .  

    , : ∆ℎ = ∙ ℎ ,  (163) 
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  –   ,    
 = , + , + , = , ; 

 ℎ  –  , , ℎ =  [2]     
   ; ∆ℎ = , ∙ = , .  

 , ,   ,  
    ,    

  : ∆ℎ = ∆ℎ + ∆ℎ ,  (164) 

 ∆ℎ  –    , ; 
 ∆ℎ  –     , . ∆ℎ = + , = .  

3.13.2.4      

      
        

 ,      . 
      ,  
  . 

  , ,   : ∆ℎ 𝑖 = 𝑖 ∙ ℎ ,  (165) 

  –    ,   
         90° 
 = ; 

 ℎ  –  , , ℎ =  [2]     
   , °C. ∆ℎ = ∙ = .   ∆ℎ = ∙ =    

    : ∑ ∆ℎ 𝑖 = ∆ℎ + ∆ℎ ,  (166) ∑ ∆ℎ 𝑖 = + = .   
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.       

   . 
  , : ∆ℎ = ∙ э ∙ ℎ ,  (167) 

  –  ,     
 = , ; 

 э –   , ,   
   1,5  3 ,     э = ; 

 ℎ  –  , , ℎ =  [2]     
   , °C. 

  –  , ,     
  : = , + , ∙ ,  (168) 

  –  , / ; = ,, + , ∙ , = .   ∆ℎ = , ∙ ∙ = ,   

   , : ∆ℎ = ∑ ∆ℎ 𝑖 + ∆ℎ ,  (169) 

 ∑ ∆ℎ 𝑖–   ; 
 ∆ℎ  –   , ; ∆ℎ = + , = , .   

3.13.2.5        
 

 , ,        
   : ∆ℎ = ∙ ℎ ,  (170) 

  –    , 
   = ; 

 ℎ  –  , , ℎ =  [2]    
. 
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∆ℎ = ∙ = .   

3.13.2.6    
    , ,   

: ℎ = ± ∙ ∙ , − , ∙ + , (171) 

  –   , ; 
  –   , 2/ ; 
  –      , °C; 

       . 
 ,        

   .     ,   
         

       (H 1, ё   
ё  ).    = + = + = °C.  

   : ℎ = , ∙ , ∙ , − , ∙ + = ,   

     ,   ё  -   
  .  ё     

       
       (H 2,   

).    = = .    , , 
   : ℎ = − ∙ , ∙ , − , ∙ + = − ,   

  , ,   : = (∑ ℎ 𝑖𝑖= ),  (172) = , − , = − ,  

3.13.2.7        

    , , 
  : ∆ = ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ + ∆ℎ , (173) 

 ∆ℎ  –  , ; 
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 ∆ℎ  –  ,   3.13.2.2; 
 ∆ℎ  –  , ; 
 ∆ℎ  –    , ; 
 ∆ℎ  –  , . ∆ = , + + + , + = .  

     , , (  
 ): ∆ = ∆ − − ℎ′ ,  (174) 

 ∆  –     , ; 
  –   , ; 
 ℎ′  –       , ,   

 : ℎ′ = ℎ′′ + , ∙ ′,  (175) 

 ℎ′′ –     ,  ( .  3.13.1); 
 ′ –         

         , ; ℎ′ = − + , ∙ = , .   ∆ = − , + , = .  

3.13.2.8     .  
 ,     

 
       , 

    , 
    ,    

   . 
        

 ,   ,   
      

   ,  :   = , , 
  = , . 

 , ,     : = ∙ ∆ ,  (176) 

  –    ; 
 ∆  –      , . = , ∙ =    
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 , 3/  –   
    ,    : = ∙ ,  (177) 

  –    ; 
  –      , 3/ : = ∙ ° ∙ − ∆ − ∆ + ∆ ∙ ∙ +

, (178) 

  –     , / ; 
  –   , °C; 
  –     ; 
 ∆  –    ; 
 ° –   , 3/ ; 
 ∆  –     ; 
 ∆  –      ; = ∙ , ∙ , − , − , + , ∙ + = , .  = , ∙ , = ,    

 ,   ё     , 
   ё     

,      , . 3/ ,  
       
,     : = ,  (179) = , = , .   

    ( , . 3/ )   
( ,  . .)     : 

–31,5    = 585 / .   
    𝜂 = , . 

 
    , : = ∙ ∙ ∙ −, ∙𝜂 = , ∙ , ∙ ∙ −, ∙ , = , (180) 

  –     ,   
 = , ; 

 𝜂  –   . 
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4.   

 4.1 ё     

       
     .    

 ( , )     
   .     

 ,      
.        . 

     
  .     

   -   .  
         

 . 

       .  
 ё   ё  . 

1

3

2
2

 

(1 –  , 2 – , 3 –  ) 

 9 –    

   –   
      . 

     , 2: = 𝜆∙∙𝜈 ,              (181) 

  –   ; 
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 –   , / ; 

  –  , / ; 

 𝜌  –  , / 3. 

= , ∙ ,, ∙ , ∙ , = ,  

    , : = √ ∙ = √ ∙ ,, = ,          (182) 

   o   o , : = ∙ = ,, ∙ , = ,          (183) 

 

4.2     

4.2.1    
 

ё       e  Bp=131 / .  
     , / : 

 = B ∙ ∙ , = ∙ ∙ , = , ,        (184) 

 n –    . 
 

         
  .  

    : 
    1  – 30; 
   – 2790/1800 / ; 
   – 2 36 . 

 
4.2.2   

    , / : 
 = ∙ = , ∙ = ,         (185)
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 ,    ,  .  

  
    , / : 

 = = , =          (186)

      
 T =21  –    . 

      
 , / : 

 = ∙ ∙ ∙ 𝐾 = ∙ , ∙ , ∙ =        (187)
        

 b–  , ; 
       c –   [7], / ; 
       ϒ -    [7], / 3; 
       Ka= 320 – ,      
[7]. 
  

        
    , : 

 = 𝐾 ∙ ∙ + ∙ ∙ + ∙ ∙∙ , ∙ 𝐾 = ∙ ∙ , + ∙ ∙ + ∙ ∙∙ , ∙ = ,  (188)

              
 Z=50 -        

, ; 
H=5 -         

              , ; 
Kz=1 - ,     [7];  
K1=515 - ,    [7].  

 ,    , : 
 э = 𝐾 ∙𝜂э ∙𝜂 = , ∙ ,, ∙ , = ,           (189) 

 K =1,25 -   [7]; 
       𝜂э =0,95 -   [7]; 

       𝜂 =0,95 -    [7] 
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          4.2.3      
 
      .  

      
          

.          
  :  

 
  

   -500-6 
  – 300 /  

   – 235 /  
   – 340  
   – 500  
   – 1200  

 
  

   -21 18,5 [7]  : 
  -  500-600 / ; 
   
                       – 1850  
                       – 2100     
    - 490 / ; 
    - 900 ; 
  – 76,4 . 
 

   , 3: 
 

          = 𝑎 ∙𝜏∙𝐾 = ∙, ∙ , = ,          (190)

  𝜏=10 -       , 
  ; 

                  𝐾 =0,8 -   [7] ; 
          =0,85 –    [7] . 
 
           

  800 ,  2 .     0,2 
 - 270 3/ ,   – 4,5 . 



79 
 

4.2.4   
         20  

    , / : 
 
 = ∙ ∙ = , ∙ ∙ =        (191) 
  

,   ,  
  , 2 : 

 = ℎ∙ ∙ = ∙ , ∙ , = ,           (192) 

  h -  , ; 
=0,8-0,9 - ,    ( ) 
  ,  0,85[7]. 

 
4.2.5     
 

   ,  ,  
8 - , ё     

  3  ,      
 ,   .     

  8 - .  , 
     – ,   

. 
 

   , / : 
 = , ∙ 𝑝∙ ,∙𝐾 = , ∙ ∙ ,∙ , = ,          (193) 

  n -    ; 
                   K -     [7]. 
   3400/900/490   : 

  – 84 / ; 
   – 490 / . 
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5.    

    ( )   
        

  .      
o  a  a  a  o , o 

(  o  )    , 
,     , 

 ,    ,  , 
.  

 ,        
         

,  ,  , , 
, ,  , -  

, , ,     , 
   , , , , 

/  ,     . .  

        
 ,    .  

       
. 

       №2  . 
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(1 -  , 2 –  , 3 –  , 4 – , 5 – 
, 6 – , 7 – , 8 – , 9 – , 10 – , 11 – 

 , 12 –  , 13 –  , 14 – 
) 

 10 –   
 

 6.     

 ,       , 
   . 

    ё  , ,    . 
      –    –  
  ,           

 . 

       
    ,    

.  ,      
     . 

       , 
  ,  ,  , 
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  .       
   ,    .  

   ,   
 ,      , 
  .       

,     , 
, ,    .  

      
  .      

    ,    
.  

       
        

-  ,      
      ,   
   .  

       №3  
. 

 

(1 – , 2 – , 3 – , 4 – - , 5 – , 6 – 
 , 7 – , 8 – , 9 –  ) 

 11 –    
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7    

      , 
      

    .     
        

          
        

        
 . 

          
   ,     

    ё      
 (     50831-95),    
      
   . 

         
  ё      (   

  ),  (    ), 
   ё       

,        
  (     ). 

7.1       

        
  –     .     

   ё  ,     
-       ё.  

  
 , / : 

 = ∙ ∙ + ∙ , ∙ ∙ ( − 𝜂 ),                (194) 

 𝜂  –     ,   𝜂 = , ; 

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

 
  , / : 

            = , ∙ 𝐾 ∙ ∙ ∙ ∙ ∙ −        (195) 

 𝐾 = ∙+ = ∙+ = ,  - ,     

. 
      B -    , / ; 
      = ,  -  ,   

    . 
      = ,  -  ,    
( ). 
 = , ∙ − ∙ , ∙ , ∙ , ∙ ∙ ∙ − , = ,
      
   , / : 
 = ∙ ∙ 𝑝 ∙ ∙ − 𝜂′ ∙ − 𝜂′′ ∙ −      (196) 

 𝜂′  -   ,       
,   0; 

      𝜂′′  -   ,    , 
 0,2. 

 k – ,     
 ,  k=0,8 = ∙ ∙ , ∙ ∙ − ∙ − , ∙ − , = ,  

 
 F -  ,    

   ; 
     F=1 -    
     F=2 -   
  

   , / : 
 = + ДД + ∙         (197) 
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 F -  ,    
   : F=1 -   , F=2 -  

. 
 = , ∙ + , ∙ ,, ∙ + , ∙ = ,  

 
       

 .        
,        

   . 
  
        , / : 
 = ∙ = , ∙ = ,         (198) 

 n –  . 
 
 7.2 ё    
 

      , : 

           = √ ∙ ∙Д ∙ √ ∙∆                     (199) 

 A=200 – ,     
  (  )   ; 

m= 0,9 –   ,   
     ; 

N= 1 –  ; 
–    ,   , 3/ ; 

 ∆t –  ,       
 ,° , ∆ = 𝜗 − = , − = , ; 

  М –   , /  (  ё   
,        – 

 ); 
 = √ ∙ , ∙ ,, ∙ √ ∙ , = ,   
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     H=200 . 
 
        , : = , ∙ √ ∙𝜔 ,  (200) 

  –     , 3/ ; 
  –      , / ,  

   8 ÷ 25 / ,    =  

                                             
 

         
= , ∙ √ ∙ = ,  

 
    , : 

 э = + ∆ = + , ∙ ∙𝜔∙             (201)                   

  d0=8,44  –   ; 
     ω0=30 /  –     ; 
        υ=5 /  –     10    ; 
        φ=1,63 – ,      

 ; 
 
           , : 
 

  э = + , ∙ , ∙∙ , = ,  

  
7.3 ё        

 
        . 

     ,   -
369-74.  
        

         
       x , 

     : 
 

 = ∙ ∙ ∙∙ √ ∙∆ ,            (202) 

 A – ,     
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     , / ∙ ∙ / ,  
 A=200; 

 M –        
 , / ; 

 −   , 3// ; 
 ∆ −   ,   

 Т       Т , : 
 H –      , , H = 200; 

 m  n –  ,    
     ,  ё    

   m=0,9; n=1.   ё   
  m     ,  

    f, / 2∙ ,  : 
 

 = , + , ∙√ + , √ ;                (203) 

 = ∙ 𝜔 ∙∙∆ = ∙ ∙ ,∙ , = , ,        (204) 

 = , + , ∙√ , + , √ , = , , 

    n,    
 ,    : 

 

 = , ∙ √ ∙∆ = , ∙ √ ∙ , = , ,          (205) 

    > ,   n = 1, 

  = ∙ , ∙ , ∙∙ √ ∙ , = , ; 

        
        (  

     )   , , 
  .  , ,   : 

 
 = ∙ ,    (206) 

 d –  ,      , 
  > ,    d,   : 
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  = ∙ √ ∙ ( + , √ ),    (207) 
 

 = ∙ √ , ∙ ( + , √ , ) = ,  
  

     F ,    
  : = − ∙ ∙ = − ∙ , ∙ = , . 

     , / ,   ,  
  > ,    ,   

: 
 = ∙ ( + , √ ) = , ∙ ( + , ∙ √ , ) = , .    (208) 

       
, / 3,       

 u, / ,      ,  
  : 

 = ∙ ,             (209) 

 −  ,      
,   ,  ,  

 = , ∙ + , ∙ − , ∙ = , ∙ , + , ∙, − , ∙ , = , ,          (210) 

 = , ∙ , = ,  

        
       : 

 = ∙              (211) 

  –  ,      . 

   = ∙ − ∙ + ∙  

 <  = ,, ∙ +  
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 >   = , ∙ + , ∙ +  

        
 y        : = ∙              (212) 

  –  ,       
u   : = ( + , ∙ ∙ )∙ + , ∙ ∙          (213) 

 ё     Mathcad,   ё  
  ,    12, 13. 

 

 12 –  e  e  e      
    X       
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 13 – e  e  e  e      
   Y         
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 8      
      

       
     .   

  ,       ,  
ё      .  

     . 
         

,     ,   
        

,    ,   
 . 

        
   2   800 ,    

     .     
    . 

 11 –   

  . ,   №  -  
 ,  

13441,05 

1 ё  2 
2  -31,5  4 

3 
  

–31,5 
4 

4  2 
5   2 
6  -500-6 2 

7 
 -

21 18,5 
2 

8 
  

3400/900/940 
10 

  

8960,7 

9 
 Siemens 

SST-6000 
2 

10   
-1500-330 

4 

11   
-1000-25 

4 

12  
 10-145 

4 

 



92 
 

  11 

13   -
1250-100 

6 

 
14  Ince B 6 
15  Ince B 8 
16   

-800-3-8-I 
4 

17  CEGB 2 
  

2986,9 

18  2 
19   2 
20  

 
  

2 

 995,6 
 995,6 

  ( ) 995,6 
   1493,45 

 29869 
 

         
(40%), ./  : э = + ∙ э = + , ∙ , = , , (214) 

 
       , . 

.: В = э ∙ = , ∙ = , , (215) 
 

  , . .: = , ∙ .    (216) 
 

  (    ), . 
: Д = В − э −            (217) 

 

     20% , . .: = Д  , , (218) 
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 , . .: = Д − , (219) 
 

  , . .: Д = + ,  (220) 
 

    , . .: Д = Д − + Д ,   (221) 
 

         
. 

  , . .: ДД = Д 𝑡+ 𝑡,  (222) 

  –       =  %. 

    , . .: ДД = ДД − + ДД ,  (223) 
 

    15 . ё   
       

   12. 

    NPV: 
 = ∑ 𝑘+ 𝑘 − ∑ 𝑘+ =   (224) 

 
   DPI: 

 = |∑ +𝑟 | + = ,   (225) 

 
  , : 

 = + , = ,   (226) 

 
   DPP, : 

 = + ,, = ,  (227) 
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   IRR: 
 = + − ∗ − = %  (228) 

 
         

  :    ;  
,      1,3;   

:     5,9 ,  
– 9,4 . 
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 12 – ё          

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

 
( . .) 

-29869 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

  29869 27879 25887 23895 21904 19912 
1792
1,5 

1593
0 

13939 11948 9956,4 7965 5974 3982 1991 

  27878 25887 23895 21904 19912 17921 
1593

0 
1393

8 
11947 9956,4 7965 5974 3983 1991 0 

  28873 26882 24890 22899 20908 18917 
1692

5 
1493

4 
12943 10952 8960 6969 4978 2986 996 

  737,21 745,97 754,73 763,49 772,25 781,01 
789,7

8 
798,5

4 
807,30 816,06 824,82 833,58 842,35 851,11 859,87 

  635,2 591,4 547,6 503,8 460,0 416,2 372,4 328,6 284,8 240,9 197,1 153,3 109,5 65,7 21,9 

 
 

 2948,8 2983,9 3018,9 3054,0 3089,0 3124,1 
3159,

1 
3194,

2 
3229,2 3264,2 3299,3 3334,3 3369,4 3404,4 3439,5 

 -29869 4940 4975 5010 5045 5080 5115 5150 5185 5220 5256 5291 5326 5361 5396 5431 

  -29869 -24929 -19954 -14944 -9898 -4818 297 5448 
1063

3 
15853 21109 26400 31725 37086 42482 47912 

 -29869 4491 4112 3764 3446 3154 2887 2643 2419 2214 2026 1854 1697 1553 1421 1300 

 -29869 -25378 -21266 -17502 -14056 -10902 -8014 -5371 -2952 -738 1288 3142 4839 6392 7813 9112 
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 1600 ,     800 .    

       
.     (   -

 )       
    ,   

  ,   .  
,      , 

     -   
  ,     .   

  ё       Siemens SST-
6000,     . 

       
 :  

-    ;  

-   ;     

-  -    ;  

-   ; 

- ё      

- ё    ;  

-      ; 

-        
.    

ё    ,     
          

      
         
    -800 (   -67).      

  -800      
   0,381 / ∙ ,   

     0,301 / ∙ ;       
         

30,836 /   4,128 / . 

       
     (  ,  

  4,439 ,      – 2,8  8,2  
),          
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   .   ё    SolidWorks  
 3D-  . 

   ,    
      ё   

    ,    -
283,1 . . .,   -557,6 . . .      

    :   –31,5  
   740 /     -31,5   

 585 / . 

      
       

,    CEGB,    
 ё  . 

ё     ,   
       
    55,96  (    

  ),   – 223,8 . 

 ё        
   ё    , 

   1,9 /    ,     
  .  ,  ё  

ё    ,  ,    
 ,  6,351 / ,   

        
 0,162.    ё    , 

,    2       
200 . 

ё       
 ,   1,31,     

 .      
  5,9  9,4  ,     

,   . 

  



98 
 

   

1. , . .      
  / . . , . .  //   

-      
 . – 2018. – . 69-71. 

2. , . .     (   
   ) :   / . . , . . , . . . 

 :  , 2005. – 96 . 

3. , . .    (  
 ) :   / . . , . . , . . . 

 :  , 2006. – 152 . 

4. , . .      
 / . . , . .  //  . – 

2006. – № 9-10. – . 3–14. 

5. , . .     / . . 
, . .  //    . – 2015. - № 1. 

6.  , . .    
 -       [ ] / . 

. , . .  // . - 2014. - № 1. - . 44-50. 

7. , . .       
   / . .  [  .] //  

   . – 2017. - № 1. – .72-
82. 

8. , . . -    
      -  
 / . . , . . , . .  //  

. – 2011. - №1-2. – . 28-37. 

9. , . .  1000       
  / . . , . . , . .  // 

 . – 2003. - № 11. – . 69-74. 

10.     . -
      : 

-   [  ] / .: . . -
, . . , . . .– : . . - , 2014. 

11. Lignite-fired Niederaußem K aims for efficiency of 45 per cent and more 
// NS Energy Staff Writer. – 1999. 

12. Leyzerovich, A. S. Steam turbines for modern fossil fuel power plants / 
Alexander S. Leyzerovich. – UK : The Fairmont Press, 2008. – 537 . 



99 
 

13. Nicol, K. Application and development prospects of double-reheat coal-
fired power units / Kyle Nicol. – IEA Clean Coal Centre. – 2015. – 81 . 

 

 

 



 
 

   
  

  
«   » 

  
 

   
 

 

  
  

 _______       . .    
 ,  

«01»  2020 . 
 

 
  

 

       13.03.01 –        
    

  1600      
 

 
  

 
 
 
 

                           24.06.2020       , . . .                      . .  
                                         ,                          ,                        ,   
 

                        24.06.2020                                                       . .  
                        ,                                                                                        ,  

.                    01.07.2020                                                . .  
                                            ,                                                                    ,  

                 01.07.2020                                       . .  
                                                       ,                                                                   ,  

 
 

 2020 


