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1   
1.1   

       -
   ,      

    ,      
   .         

,      ,   
     . 

       
  2017 .  2028 .    726 817 2,   

       47,784 / .    
 ,       

    . 

1.2    

       ,   
 .       

 ,      27    
-   .      

,      21 / . 

        
   –  - . 

1.3 я    

   1998        
 1237,655 . .      (  

 )   ( ) .    
: 
  – 227,773 . ; 
   – 135,492 . ; 
   – 579,762 . ; 
   – 132,321 . ; 
  – 143,674 . ; 
   – 18,633 . . 

        
   . 

    237,423 .  (19,2%),   : 
   – 225,116 . ; 
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   – 11,65 . ; 
   – 0,655 . . 

      : 
  – 0,767 . ; 
   – 170,011 . ; 
   – 36,487 . ; 
  – 27,101 . ; 
   – 2,846 . ; 
  – 0,211 . . 

   94,8%    
 . 
     18,4%    , 

      ,   -  – 34,5%, 
  – 35,2%,  – 42,2%.    1997 .   

   2,8% (6,408 . ). 
      1998    
  №2-  ( )   1384 , 

,  . 
       1000,232 

.    (    1042,499 . ),   
: 
  – 226,795 . ; 
   – 132,646 . ; 
   – 409,751 . ; 
   – 95,834 . ; 
  – 116,573 . ; 
   – 18,633 . . 

        200  
  ,     

  .  ( ) ,   
, , , ,   ,  

  .       
       . 
 ,      

 ,   : 
  – 392,360 . ; 
  – 199,259 . ; 
   – 173,184 . ; 
   – 3,257 . ; 
   – 232,172 . . 
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   1997     
     38,700 . ,    

   ,    10,87 . , 
     ,   -

   17,573 . ,     
  .  1998     109 

 ,   237    
.       

   30,793 .   1,529 .  .  
   .     

      40,822 . . 
 1993  1998 ,      

   102,468 . ,   9,3%   
.        

   . 
   1998      

  3,992 .   ,   80,0% 
   .     

   – 92,3%,    – 88,7%. 
        

   – 36,5%, -   – 
32,7%,       – 35,2%,  

 – 18,3%,  – 6,2%.    
  ,    -  

      .  
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2 я  

2.1   
 

        -110, 
- ,    -59   -260-240. 

           -
,      .    

 23,5    545 °     , 
            

  . 
         

     .   
      0,7 .    

    ,    
.  
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2.2    

     ,   
  [2,3] : 

-   =  ; 
-      =  ; 
-       = ; 
-       𝑘 = , ; 
-       

  = , /( ∙ ); 
-   𝜂 = , ; 
-    𝜂 = , ; 
-       

    = ,  /( ∙ ); 
-    𝜂 = , ; 
-       𝜍 = , ; 
-        

        = ,  
/( ∙ ); 

-    = , ; 
-    𝜂 = , . 

 

 
 

 –  ,  – ,  –  , 

 –  . 
 

 1 –    
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 2 –    
 

2.2.1      

       1,   
   3  4. 

 1 –    

 
- 
- 
 

 
. 
. 

 

1 2 3 4 5 

 
 

  
 

  - 4 7 10 13 16 

 
  

 
̅  

𝑘−𝑘 −  - 0,485 0,743 0,93 1,08 1,208 

  
 

 
 

∙ ∙ ̅𝜂  /  190,52 291,52 364,85 423,77 
473,6

3 

 
  

 
 +   476,63 576,63 649,24 707,57 

756,9
4 

 
 

  
 

Σ ∙ − 𝜍  - 3,8 6,65 9,5 12,35 15,2 

  
 

 
 

 Σ[ − 𝑐 ∙𝜂 ∙ ] 𝑘−𝑘 - 1,785 1,952 1,904 1,768 1,596 

  
 

 
 

 ∙ ∙ − −𝑘𝑘∙ 𝜂  

/  152,55 174,12 168,2 150,25 124,9
5 
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  1 
 

 
 

  ∙ 𝜂  
/  155,67 177,67 171,63 153,32 127,5 

 
 

  
 

 −  
 961,31 941,7 947,08 963,4 986,4 

 
, 

  
 

  
 
 

 ∙ ∙ −  /  1064,8 1064,8 1064,8 1064,8 1064,
8 

 
 

𝜂  ∙ 𝜂
 

- 0,142 0,162 0,157 0,140 0,116 

 

 
 3 –    . 

 

 
 4 –  𝜂   . 

152,5569461

174,120892
168,205246

150,2576807

124,9535287

94,12034462

0
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140

160

180

200

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

𝐻е

𝜋к
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0,157179019

0,140407957
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0,087950547

0
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0,14

0,16

0,18
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2.2.2      

       
     = .   

  . 

     : 

𝜂 = ∙( 𝑘−𝑘 − )− , (1) 

 = ,  К −      ; =  К −      ; 𝑘 = , −      . 

 𝜂 = , ∙( , − − )− , = , . 

     , / : = 𝜑 ∙ ∙ ∙ 𝑘−𝑘 − ∙ 𝜂− , (2) 

 𝜑 = , −        
 ; 

 = ,  / ∙ К −     
   . = , ∙ , ∙ , ∙ ( , −, − ) ∙ , − = , . 

   , : 
 = + 𝑐 , (3) 

 = , + ,, = , . 

      , : 
 = +

, (4) 
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= , + , = , . 

 

          
    [1]: 

 ′ = ,  / ∙ К ; 

 𝑘′ = , . 

      , / : 
 ′ = , ∙ , ∙ ( , −, − ) ∙ , − = , . 

 

    , : 

 ′ = , + ,, = , . 

 

      , : 

 ′ = , + , = , . 

 

       , 
     . 

       
: 

 = − , ∙− ′ , (5) 

 =  К −       . 
 = − , ∙− , = , . 

 

      : 
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Σ = ∙ − 𝜍 , (6) 

 𝜍 = , −      . 

 Σ = ∙ − , = , . 

    , / : 
 = 𝜂 , (7) = ,, = , . 

 

      : 
 = Σ[ − 𝐻𝑐 ∙𝑇 ∙𝜂 ] 𝑘−𝑘, (8) 

= ,[ − ,, ∙ ∙ , ] ,− , = , . 

 

    , / : 
 = ∙ ∙ − −𝑘𝑘 ∙ 𝜂 , (9) 

= , ∙ ∙ ( − , − ,, ) ∙ , = , . 

 

     , : 
 = − 𝑐 , (10) = − ,, = , . 

 

       
 , : 
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= +
, (11) = , + = , . 

 

         
    [1]: 

 ′ = ,  / ∙ К ; 

 𝑘′ = , . 

       , 
/ : ′ = , ∙ ∙ ( − , − ,, ) ∙ , = , . 

      , : ′ = + ,, = , . 

      , : ′ = + , = , . 

       , 
     . 

   : 
 = ′ ∙ 𝜂 , (12) = , ∙ , = , . 

 

,   , / : = ′ ∙ ′ ∙ − − , (13) 

 = , −     ; 

 = , −   . = , ∙ , ∙ − , − , = , . 

 ,       , 
/ : = 𝑐 ∙ ∙ −𝜂 − , (14) 

 = ,  / ∙ К  −     
    ; 
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 𝜂 = , −   . = , ∙ ∙ − ,, − , = , . 

  : 𝜂 = , (15) 𝜂 = ,, = , . 

    : = , (16) = , = , . 

 

 

2.3   -  
 

    : 
-       =  /ч; 
-        =,  ; 
-        𝑡 =° ; 
-       

 ∆ = ,  ; 
-        . =,  ; 
-        𝑡 . =° ; 
-       

 ∆ . = ,  ; 
-     . . = ,  / ; 
-        𝑡 . . = ,  ° ; 
-        𝑡 . . =  ° . 

        
,      =  /

    [3]: 
 = , %; = , %; = , %; = , %; =, %; = , %; = , %; = , %; = , %. 

 
    , : 

 . = + ∆ , (17) 
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. = , + , = , . 
 

      , : 
 . = , ∙ . , (18) . = , ∙ , = , . 
 

     , : 
 э . = , ∙ . , (19) э . = , ∙ , = , . 
 

     , °C: 
 э ы = ( э . ) − °C, (20) 

 ( э . ) = , °C −      
. 

 э ы = , − °C = , . 
 

    , : 
 . = . + ∆ . , (21) . = , + , = , . 
 

      , : 
 . = , ∙ . , (22) . = , ∙ , = , . 
 

     , : 
 э . = , ∙ . , (23) э . = , ∙ , = , . 
 

        
  .  

      , 3/ 3: 
 

 = , ∙ [∑ + ∙ ], (24) = , ∙ [( + ) ∙ , + ( + ) ∙ , + ( + ) ∙ 



20  

 ∙ , + + ∙ , + + ∙ , + + ∙ , + + ∙ 
 ∙ , ] = , . 
 
   , 3/ 3: 
 
 = , ∙ + , ∙ , (25) 
 = , ∙ , + , ∙ , = , . 
 
   , 3/ 3: 
 
 = , ∙ + ∑ , (26) 
 = , ∙ , + ∙ , + ∙ , + ∙ , + ∙ , + ∙ , + ∙ 
 ∙ , + ∙ , = , . 
 
    , 3/ 3: 
 

 = , ∙ ∑ + , ∙ + , ∙ , (27) 

 = −   . 

 = , ∙ ∙ , + ∙ , + ∙ , + ∙ , + ∙ , + 

 + ∙ , + ∙ , + , ∙ + , ∙ , = , . 

 
    , 3/ 3: 
 
 = + + , (28) 
 = , + , + , = , . 
 
      : 
 

 = , (29) 

 = , , = , . 

 
    : 
 

 = 𝑅 , (30) 

 = , , = , . 

 
    : 
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 = 𝐻 , (31) 

 = , , = , . 

 
 
      : 
 

 = − ∙
, (32) 

 = , −     . 
 = , − ∙ ,, = , . 

 
        , 

/( ∙° ): 
 
 = , + , ∙ 𝑡 . . = , + , ∙ , = , ; 
 = , + , ∙ 𝑡 . . = , + , ∙ , = , ; 
 = , + , ∙ 𝑡 . . = , + , ∙ , = 
 = , ; 
 = , + , ∙ 𝑡 . . = , + , ∙ , = , . 
 
       , / : 
 

 ℎ . . = ∙ + 𝑅 ∙ 𝑅 + 𝐻 ∙ 𝐻 + ∙ ∙ . ., (33) 

 = ,  /  −     . 
 ℎ . . = , ∙ , + , ∙ , + , ∙ , + , ∙ , ∙ ,, = , . 

 
        , 

/( ∙° ): 
 
 = , + , ∙ 𝑡 = , + , ∙ = , ; 
 = , + , ∙ 𝑡 = , + , ∙ = , ; 
 = , + , ∙ 𝑡 = , + , ∙ = , ; 
 = , + , ∙ 𝑡 = , + , ∙ = , . 
 
       , / : 
 

 ℎ = ∙ + 𝑅 ∙ 𝑅 + 𝐻 ∙ 𝐻 + ∙ ∙
, (34) 

 

 ℎ = , ∙ , + , ∙ , + , ∙ , + , ∙ , ∙, = , . 
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       .  

      :  
 
 . . ∙ ℎ . . − ℎ = ∙ ℎ . − ℎ′ , (35) 

 ℎ . = ℎ , 𝑡 = ,  /  −    
  ; 

 ℎ′ = ℎ′′( . ) = ,  /  −      
. 

  
      : 
 
 . . ∙ ℎ − ℎ = ∙ ℎ′′ − ℎэ , (36) 

 ℎ′′ = ℎ′ = ,  /  −      
; 

 ℎэ = ℎ э , 𝑡э = ,  /  −      
. 

 
     : 
 
 . . ∙ ℎ − ℎ = ∙ ℎэ − ℎ , (37) 

 ℎ = ℎ + ∆ℎ −      ; 
 ∆ℎ = ∆ ∙𝑣𝜂 = , ∙ ,, = ,  / ; 

 ℎ = , + , = ,  / . 
 
     :  
 
 . . ∙ ℎ − ℎ = . ∙ ℎ . − ℎ′ , (38) 

 ℎ . = ℎ( . , 𝑡 . ) = ,  /  −    
  ; 

 ℎ′ = ℎ′′( . ) = ,  /  −      
  . 

  
      : 
 
 . . ∙ ℎ − ℎ = . ∙ ℎ′′ − ℎэ . , (39) 

 ℎ′′ = ℎ′ = ,  /  −      
  ; 

 ℎэ . = ℎ( э . , 𝑡э . ) = ,  /  −      
. 

 
     : 
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 . . ∙ (ℎ − ℎ ) = . ∙ ℎэ . − ℎ . , (40) 

 ℎ . = ℎ + ∆ℎ −      ; 
 ∆ℎ = ∆ ∙𝑣𝜂 = , ∙ ,, = ,  / ; 

 ℎ . = , + , = ,  / . 
  
    ,    : 
 ℎ = ,  / ; 

 ℎ = ,  / ; 

 ℎ = ,  / ; 

 ℎ = ,  / ; 

 ℎ = ,  / ; 

 . = ,  / . 

  

2.4    

2.4.1   
 

        
  2  3. 

 
 2 –     

 
  -59 

  , ,  
 = 980 /  

   = 24  
   𝑡 = 545°C 
   𝑡 =263°C 
   𝜗 = 150 °C 
   𝑡 =5°C 
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 3 –    
 

 
 

2.4.2          
   я   

   α     
 ,         

  .       
    1,15  1,2 [4].   

  α  = 1,2. 
      ,  

 ,     Δα ,    
     .   

     ,   
,       
 [4].          
     Δα = 0,04. 
       ,  

   ,  D > 89 /      
0,05 - 0,07 [4].       : Δα  = 
0,06. 

    ,   
   Δα  = 0,03 [4]. 

       Δα  = 0,02 
[4]. 

      Δα  = 
0,03 [4]. 

, 
 

 
   , % 

 
,V

, %
 

 
 

, Q
, 

/
  

 
, ˚  

W   S  C  H  N  O  t1 t2 t3 

  

, 
 

11,5 15,9 0,4 56,4 4 1,9 9,9 40,5 

21
90

0 

11
60

 

13
10

 

14
40
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   : 

.′′ = + ∆ , (41) 

.′′ = , + , = , .  

       
    : 

.′′ = .′′ + ∆ , (42) 

.′′ = , + , = , .  

       
    : 

.′′ = .′′ + ∆ , (43) 

.′′ = , + , = , .  

       
   : ′′ = .′′ + ∆ , (44) ′′ = , + , = , .  

       
   : ′′ = ′′ + ∆ , (45) ′′ = , + , = , .  

        
 : 

э′′ = ′′ + ∆ э  (46) 

э′′ = , + , = ,    

       
   : ′′ = э′′ + ∆  (47) ′′ = , + , = ,  
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2.4.3      

      , 3/ ,  
  ,       ( . 

 3). 
  , 3/    1   

   : ° = , ∙ + , ∙ + , ∙ − , ∙  (48) 

  –      , %, ( .  3); 
  –      , %, ( .  3); 
  –      , %, ( .  3); 
  –      , %, ( .  3). ° = , ∙ , + , ∙ , + , ∙ − , ∙ , = ,   

 , 3/ ,     : ° = , ∙ ° + , ∙ , (49) 

  –      , %, ( .  3). ° = , ∙ , + , ∙ , = ,   

  , 3/ ,     
: = , ∙ + , ∙

, (50) = , ∙ , + , ∙ , = ,   

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

  –     , %, ( .  3). ° = , ∙ + , ∙ , + , ∙ , = , .  

  , 3/ ,     : ° = + ° + ° , (52) ° = , + , + , = , .  
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 4.          

      α ,   
         .   4  

          
      .  

,    ,   :  = 
0,95. 

 
 4 –   ,      

   
 

    
   

.
 

.
1 

.
2 

 
2 

 
1 

  
   

 iα =α + α   

1,2 1,23 1,26 1,29 1,32 1,35 1,37 1,4 

  
   

   
1,2 1,215 1,245 1,275 1,305 1,335 1,36 1,385 

ё   ,
3 /  

2 2

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

0,698 0,699 0,702 0,705 0,708 0,71 0,713 0,715 

 ё  , 3/ , 
0 01,016 ( 1)V V V     

 

7,468 7,556 7,731 7,907 8,082 8,258 8,404 8,55 

ё   ё  
 

2 2
/RO ROr V V

 

0,141 0,14 0,136 0,133 0,131 0,128 0,126 0,123 

ё     

2 2
/H O H Or V V

 
0,093 0,093 0,091 0,089 0,088 0,086 0,085 0,084 

 ё   

2 2RO H Or r r 
 

0,235 0,232 0,227 0,223 0,218 0,214 0,211 0,207 

   
01 0,01 1,306 αG А V     

 

9,864 9,977 10,203 10,428 
10,65

4 
10,87

9 
11,06

7 
11,25

5 

  
, / , 

/100А а G   
 

0,015 0,015 0,015 0,014 0,014 0,014 0,014 0,013 

 

2.4.4      я 
 

    ( )   
    :  -   ( ) 
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  2200 °     ,  –   
      . 

      2200°C   
, / : 

 
 = ∙ ∙ 𝜗 , (52) 
 

 = ,  / ∙ °C  −   ; 
 𝜗 = °C −   . 
 
 = , ∙ , ∙ = , . 
       , / : 
  
 = ∙ , (53) 
 = ∙ , = , . 
 
        2200°    

 α  , / ( 3): 

. = + − ∙ , (54) 

. = , + , − ∙ , = , . 

  , / : = . ∙ 𝜗− , ∙𝜗 , (55) 

 𝜗 −   2. = , ∙ − , ∙ = , . 

   , / : 

 = ∙ ∙− , ∙ , (56) 

 = , −   ; 

 𝑡 = ° −   . 
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2.4.5    .     

     q2, %,    
       , 
 : = − ∙ ° −

,  (57) 

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

  ( .  3); 
  –      , %,  

        [1]:   , 
      ,  = . = , − , ∙ , − = , .  

      q3, %,    
 .    ,  = . 

     q5, %,   
          

   .      
     : 

= 𝐷 ,
 ,  (58) 

  –   . 

= , ,, = , .   

 ,   ,   q5 
    : = ∙ ,  (59) = , ∙ ,, = , .  

         
      .   , 

   ,    
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  ,     
.     ,  ,  

       
: 𝜑 = − ,  (60) 𝜑 = − , = , .  

         
q6 ,%,       ,  А > , : , ≯ , ,  = . 

  , %,    
   : 𝜂 = − + + + + , (61) 𝜂 = − , + + + , + = , .  

   B, / ,      
,         

       : = ℎ − ̅ + ℎ − ̅∙𝜂 ,  (62) 

 = ,  /  –    . 
 ℎ  –   , / ,    

       [5]: ℎ = 𝑓 , 𝑡 .   –   , ,  𝑡  –  
 , °C. : ℎ = , ; 𝑡̅  –   , / ,    

       [5]: 𝑡̅  = 𝑓 , 𝑡 .   –   , ,  
: = ,   𝑡  –   , °C, 

: 𝑡̅ = , ; ℎ  –   , / ,    
       [5]: ℎ = 𝑓 , 𝑡 .   –    , ,  

: = , ,  𝑡  –   , °C. 
: ℎ = , . = , ∙ , − , + , ∙ , − ,∙ , = ,   
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     B , / ,   
         

  : = ∙ − , ∙ ,  (63) = , ∙ − = , . 

2.5    

2.5.1        ё  

      -  
  -260-240   : 

   W = 260 ; 
    Q =  ч⁄ . 

    -260-240   
 5.    ,      

  .      
.  
        

( ),       ( ).  
   –   .     –  

   ( )    .   
  .       

 –   ( ),     
 –     ( ),   

   . 
      

  . 
    -260-240    5. 

 5 –    -260-240 

  W ,  260 
   Q x,  555,556 

    Q ,  406,994 

  : 
 P0,  

 t0, °C 

 
23,5 
540 

    P ,  5,8 
 

     – 9; 

  : 
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P1 = 5,62 ;  
P2 = 4,06 ;  
P3 = 2,5 ;  
P4 = 1,72 ;  
P5 = 0,976 ;  
P6 = 0,395 ;  
P7 = 0,284 ; 
P8 = 0,093 ; 
P9 = 0,027 . 

ё       -260-240: 

ηoi = , %;  

ηoi = 91,5%; 

ηoi = 90%; 

ηoi = %.  
    ; α  = 2,0%; 

  ; α  = 1,1%; 
   ; α  = 1,0%; 
   ; α  = 0,5%; 

   ; t . . = 30 ; 
      ; t  + t  = 15 

C; 
   : 0,98η  . 

      ; ϑ = 3 . 
      ; ϑ  = 2 . 

    130/70 C. 
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2.5.2       

        6. 

ПС-1

СН

П

ПС-2

П К

 

 6 –     

 
  , / : 

G = Qmax

·Δt = ,, · − = ,  (64) 

 : 

 = Q
Qmax = ,, = ,  (65) 

    ,  : 

 t . = t . . + Q∙G + ϑ, (66) t . = + ,, ∙ , + = , . 

      , 

/ :  

 t̅ . = ,  

       , :  P . . = 0,1  

          

  , :  P′ = . ., = 0, . 

    ,  : t . = t . . + t . − −t . . + ϑ, (67) 
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t . = + , − − + = , . 

      , 

/ :  

 t̅ . = ,  

       , :  P . . = 0,  

          

  , :  P′ = . ., = 0, . 

 

2.5.3   я   i-s  

   : 

     : 

        P0 = 23,5 ; 

       t0 = 540 ; 
 

  i-s   0,   7.  ё  
         

    , : 

 P' = P ·η = , · , = ,  

      P'    P  
  A0B0.     

    “ ”  , / : iB = iA − iA − iB ·ηoi , 

 iB = ,  /  –       

;  iA = ,  /  –   ;  ηoi = ,       

  . 
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iB = , − , − , · , = , . 

 “B’“     , : = P · − ∆P ·η , (68) = , ∙ − , ∙ , = , . 

         P  
  BC0.      

   “C”  , / : iC = iB − iB − iC ·ηoi , (69) 

 iB = ,  /  –    , 

i = ,   /  –      “ ”; 

ηoi = 0,      

   . iC = , − , − , · , = , . 

 “C’“     , : = P · − ∆P ·η , (70) = , ∙ − , ∙ , = , . 

         P  
  CD0.      

   “D”  , / : iD = iC − iC − iD ·ηoi , (71) 

 iC = ,  /  –    ; iD = ,   /  –      “ ”; 

ηoi = , −     

    . iD = , − , − , · , = , . 

         P  
  DE0.      

   “E”  , / : iE = iD − iD − i ·ηoi , (72) 
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 iD = ,  /  –    ; i = ,   /  –      “ ”; 

ηoi = 0,84      

   . iE = , − , − , · , = , . 

  . . 2.5.2: 

       ,  

, / : 

      , / : D = . .⋅Δt ⋅− ̅ . ⋅η , (73) 

D = , ⋅ , ⋅ ,, − , ⋅ , = , . 

   , : Q = G . . ⋅ Δt ⋅ , (74) Q = , ⋅ , ⋅ , = , . 

      , / : D = . .⋅Δt ⋅− ̅ . ⋅η , (75) 

D = , ⋅ , ⋅ ,, − , ⋅ , = , . 

   , : Q = G . . ⋅ Δt ⋅ , (76) Q = , ⋅ , ⋅ , = , . 
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P0=23,5 Па
P 0=22,302 Па

t0=540

ПВД1
i1  = 3027,336 /

A0

B0

B

C0 C

B 

ПВД2
i2  = 2962,661 /

i3  = 2838,246 /

ПВД3
i4  = 2769,65 /

i5  = 2671,414 /

P0 =3,68 Па

P2=4,06 Па

P3=2,5 Па

P4=1,72 Па

P5=0,976 Па

P6=0,395 Па

P7=0,284 Па

P8=0,093 Па

Pк=0,0058 Па

П Д4
i6  = 2526,897 /

П Д3
i7  =2500,492 /

П Д2
i8  = 2347,174 /

i  = 2068,695 /

i0 = 3339,259 /

аэратор

P1=5,62 Па

i0  = 3422,124 /

ТП

C 

P9=0,027 Па

П Д2
i9  = 2223,607 /

D0

D
D 

E0

E

 7 –      -260-240  i-s  
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2.5.4      

   (  3).     5,62 
.    5%,     , 
: 

 P = , ⋅ , = ,  (77) 

   ,  : 

 t  = 268,075 

   , / : 𝑡̅ . . = 1175,319 

      ё  ,  : 

t  = t  - ПВД  = 268,075- 2 = 266,075 (78) 

  , / : 𝑡̅ . . = 1165,171 

   (  i-s ), / : 

h1= 3027,336 

      , / : 

h = h0 - h1 = 3339,259 – 3027,336= 311,923 (79) 

      .  

   6. 
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 6 –     

 

 
 

, 
 

 
, 

/
 

  
 

, 
 

  
 

, 
/

  
 

 
, 


  

 
 

, 
/

 

 
, 

/
 

3 5,62 3027,336 268,075 1175,319 266,075 1165,171 311,923 

2 4,06 2962,661 248,208 1076,988 246,208 1067,317 64,675 

1 2,5 2838,246 202,392 863,19 200,392 854,188 124,415 

 1,72 2769,65 202,392 - 164,953 697,143 124,415 

5 0,976 2671,414 155,041 654,054 152,041 641,095 98,235 

4 0,395 2526,897 141,324 594,887 138,324 582,03 144,517 

3 0,284 2500,492 129,943 546,145 126,943 533,36 26,405 

2 0,093 2347,174 96,18 402,99 93,18 390,359 153,319 

1 0,027 2223,607 65,538 274,332 62,538 261,777 123,566 

 0,0058 2068,695 35,543 - 35,543 148,916 154,912 
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2.5.5       

    : 

  : 

y = hi−hh −h , (80) 

y = , − ,, − , = , , 

y = , − ,, − , = , , 

y = , − ,, − , = , . 

   K  = 1,064     

, / : D = K · эi·ηэ + y · D + y · D + y · D + , (81) 

 Hi= 1270,563 /  –   ; 

 = 0,98 –  ; D −      , / : D = ∙ − ∙𝑣𝜂 ∙𝜂 ∙ , D = , ∙ − , ∙ ,, ∙ , ∙ , = , . 

 D = ,  · , ⋅ , + , · , + , ∙ , + , ∙ ∙ , + , = , . 

  , / : G = D + Dэ + D + D + D + G , (82) 

 Dэ = , ∙ D −    , / ; 

 D = , ∙ D −     , / ; 

 D = , ∙ D −    , / ; 

 D = , ∙ D −     , / . 
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G = , + , + , + , + , + , = , . 

 

2.5.6     

      8. 

П Д-1П Д-2П Д-3

D1,h1

Gп ,tпн

D2,h2 D3,h3

t''пt'пtп

tн3
tн2

tн1

 

 8 –      

 
    -3: 

D ⋅ h − �̄� . . 3)·η = G ⋅ �̄� . . 3 − �̄� . . 3). (83) 

   -3, / : D = G ⋅ ¯ . . 3− ¯ . . 3)h − ¯ . . 3)·η , (84) 

D = , ⋅ , − ,, − , · , = , . 

    -2: 

D ⋅ (h − �̄� . . ) ∙ 𝜂 + ∙ (�̄� . . − �̄� . . ) = = G ⋅ �̄� . . − �̄� . . ). (85) 

   -2, / : D' = G ⋅( ¯ . . − ¯ . . )− ∙( ¯ . . − ¯ . . )(h − ¯ . . )·η , (86) D' = , · , − , − , ∙ , − ,, − , · , = , . 

    -1: 

 D ⋅ (�̄� . . − �̄� . . ) ∙ 𝜂 + D + D ⋅ (�̄� . . − �̄� . . ) = = G ⋅ �̄� . . − �̄� . . ) (87) 

   -1, / : 
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D = G ⋅ ¯ . . − ¯ . . )− D' +D ⋅( ¯ . . − ¯ . . )( ¯ . . − ¯ . . )·η
, (88) 

 �̄� .  -       -1,   ё  

 ё   , / : 

 �̄� . = �̄� . . + ΔP ·Vη = , + , · · ,, = ,  

 ΔP –       , ;  

V = 0,001 3/  –    ;  η  = 0,8 -  . D = , · , − , − , + , · , − ,, − , · , = , . 

2.5.7   

        9. 

Gп ,tп

D5,t5

Gок4,tп .ПНД5
D1,D2,D4

Д

 

 9 –    

 
  : 

 

G = G + D + D + D' + D , (89) , = G + D + , . 
  : G ·t̄ . .=G ·t̄ . +D ·h ·η + D + D' + D ·t̄ . . , (90) , · , = G · , + D · , · , + , · , . 
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  , , / : 

 G = ,  

 D = ,  

2.5.8     

ПНД-5 ПНД-4 ПНД-3 ПНД-2 ПНД-1

П

ОЭ

 к
он

де
н

ат
о

ДН-2

КН

ДН-1

D 3 D6 D 7 D 8

D

Gок

Gок2 Gок1

D 4

Dк

D9

 

 10 –      

 
 -1: 

 : t̄ . э . = t̄ + ΔP ·V
η

= , + , · ·0,001
0,8

= ,  (91) 

    -1: D ⋅ (h − t̄ . ) ⋅ η + D′ ⋅ (t̄ . − t̄ . ) = G ⋅ (t̄ . − t̄ . ), D = ⋅(t̄ . −t̄ . )′ ⋅(t̄ . −t̄ . )⋅η. 
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 -1: t̄ = t̄ . + ΔP ·V
η

= , + , · ·0,001
0,8

= ,  (92) 

     1: G + D + D′ = G  (93) G ⋅ t̄ . + D + D′ ⋅ t̄ = G ⋅ t̄ .  (94) 

    -2: D′ ⋅ (h − t̄ . ) ⋅ η = G ⋅ (t̄ . − t̄ . ) (95) 

 -2: t̄ = t̄ . + ΔP ·V
η

= , + , · ·0,001
0,8

= ,  (96) 

     2: G + D + D = G  (97) G ⋅ t̄ . + D + D ⋅ t̄ = G ⋅ t̄ .  (98) 

    -3: D′ ⋅ (h − t̄ . ) ⋅ η = G ⋅ (t̄ . − t̄ . ) (99) 

 -3: t̄ = t̄ . + ΔP ·V
η

= , + , · ·0,001
0,8

= ,  (100) 

     3: G + D′ = G  (101) G ⋅ t̄ . + D′ ⋅ t̄ = G ⋅ t̄ .  (102) 

    -4: D ⋅ (h − t̄ . ) ⋅ η + D′ ⋅ (t̄ . − t̄ . ) = = G ⋅ (t̄ . − t̄ . ). (103) 
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 -4: t̄ = t̄ . + ΔP ·V
η

= , + , · ·0,001
0,8

= ,  (104) 

     1: G + D′ + D = G  (105) G ⋅ t̄ . + D′ + D ⋅ t̄ = G ⋅ t̄ .  (106) 

    -5: D′ ⋅ (h' − t̄ . ) ⋅ η = G ⋅ (t̄ . − t̄ . ) (107) 

   ,  , : D′ = , / ; 

D = , / ; 

D' = , / ; 

D' = , / ; 

D = , / ; G = , / ; G = , / ; G = , / ; G = ,  / ; G = ,  / ; t̄ . = , / ; t̄ . = , / ; t̄ . = , / ; t̄ . = , / . 

    : 

D = D + D' + D + D4 + D + D + D' +D +D' + D = ,  

 D′ =  

  : 
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W = ∑ D · H= · ηэ , (108) 

 W = ∙ , + , ∙ , + , ∙ , + 

 + , ∙ , + , ∙ , + , ∙ , + 

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

  : δ = | − | ⋅ % = | , − | ⋅ % = , % (109) 

    2 %,   . 
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2.5.9  -    

 

    . 

   , : 

Q = D − D ∙(h0 − t̄ . . )+ D − D − D1 − D'2 ∙ ℎ − ℎ ), 

Q = − , ∙ , − , )+ − , − , − − , ∙ , − , ) = , . 

     , :  Qэ = Q − Q = , − , = ,  (110) 

   , /  B = D ·(h0−t̄ . . )·η = ,  (111) 

  : = h -hh -h · +К· h -hh -h = ,  (112) 

= h -hh -h · +К· h -hh -h = ,  (113) 

 K = , − ,   . 

         

, : ΔQэ = Q · − +Q · − ∙ Q
Q

= ,  (114) 

       

 : Kэ = Qэ +Q +ΔQэQэ + , ∙Q +Q +Q = ,  (115) 
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    , / : Bэ = B·Kэ· Wэ− , ∙WэWэ− , ∙Wэ, (116) 

Bэ = , · , · − , ∙− , ∙ = , . 

    , / : B = B − Bэ + ∙ , , (117) 

B = , − , + ,∙ , = , . 

     , / · : bэ = BэW · , (118) 

bэ = , · = , . 

      , / : b = BQmax · , (119) 

b = , , · = , . 

  -    : 

   , /  B = D · ℎ −t̄ . . )·η = ,  (120) 

    , / : Bэ = B·Kэ· Wэ− , ∙WэWэ− , ∙Wэ, (121) 

Bэ = , · , · − , ∙− , ∙ = , . 

    , / : B = B − Bэ + ∙ , , (122) 
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B = , − , + ,∙ , = , . 

     , / · : bэ = BэW · , (123) 

bэ = , · = , . 

      , / : b = BQmax · , (124) 

b = , , · = , . 

3      

        

,          

 -    .  

 , / : M = B ∙ − η ∙ ( − q ∙ A ∙ + q ), (125) 

 B = ,  –   , / . 

M = , ∙ ( − ) ∙ (( − ) ∙ , ∙ , + ) = , . 
  : M = , ∙ B ∙ S , (126) M = , ∙ , ∙ , = , . M = M + M = ,  

        

.        

,         
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  . 

-      , : 

H = √A∙ ∙ ∙ ∙ √ ∙∆ , (127) 

 A = – ,     

  (  )   ; F =  – ,    ; m = –  ,    

    ; M = ,  –    , / ; V = ,  –    ,   , 
3/ ; C = ,  –    , / 3;  ∆T =  –  ,       

 , ° ; n =  –    , / ; 

H = √ ∙ ∙ ∙ ,, ∙ √ , ∙ = ,  

     180 .
 

    , : Hэ = H + ∆H = H + , ∙ ∙ω
V ∙φ , (128) 

 d = ,  –   , ; ω =  –     , / ; = ,  –     10    , / ; φ = , – ,      

  [3]; Hэ = + , ∙ , ∙, ∙ , = ,  
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4 я  

  , / : M = , ∙B∙ ∙А +q ∙ Q, ∙( -η ), (129) 

 B = , −   , / ; Q = , −    , / . M = , ∙ , ∙ ( , ∙15,9+ ∙ ,, ) ∙ − , = ,  

 , / : M = , ∙ ∙α ∙ ∙ − η , (130) M = 0,01∙ , ∙ 0,95∙15,9∙ − , = , . 
   , / : K = , ∙ N ∙ ∙ ∙ ϑ ∙ , (131) 

 N = ∙
Q

= ∙ ,
21,9

= , −     , 

/ ; 

 = , ∙ 𝑎 + , = , ∙ , + , = , −  

      ; = , ∙ 𝑎 + , = , ∙ , + , = , −  

      ; 

 ϑ = , ∙ √ − = , ∙ √ − = , −  

       

  ; = , ∙ + , = , ∙ , + , = , −  

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

   , / : 
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M = K ∙ B ∙ Q , (132) 

 B = , −    , / . M = , ∙ , ∙ , = , . 
      , / : M = ∙ B ∙ S ∙ − η′ ∙ − η′′ , (133) 

 η′ = , −   ,      

; η′′ = ,  –   ,   . M = ∙ , ∙ , ∙ − , ∙ − , = , . 
 ( )        

    , / 3: C = А∙. ∙α′ ∙ , ∙ − 𝜂 ∙𝑍
, (134) 

 =0,521 – ,     

; 

 ′ = , −       ; 

 , −     ; 

 Z=0,8 – ,    

 ( )     . 

C = , ∙ ,e . ∙ , ∙ ( ) , ∙ ( − ∙ , ) = ,  

      α=1,4, 3/ : V = V + , ∙ − ∙ V , (135) V = + , ∙ , − ∙ , = , . 

   ( ) , / : M = C ∙ B ∙ V , (136) 
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M = , ∙ , ∙ , = , . 

5 я  

5.1   

  –      
 ,     . 

       
   :  ,    
   ,   ,  
,  , ,  
  ,    

 ,   ;  ; 
;   ;  ; 

    : , ,   
 . 

    ,  ,    
 .      

 :    
   ;  

     ,   
    . 
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 11 –   . 

5.2    

    ,     
  .   ,  .  
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    ,     
,      . 

 –       
,      

.        , 
 ,  ,     

. 

 
 12 –    
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