
   
  

  
«   » 

  
 

   
 

 
 

  
 

   . .  
  ,  

 

«       »                             2020 . 
 

  

 
13.03.01 –    

 –    
   Ц 

 
 
 
 
 

 
 
 

 2020 

  , . . .    . .  
  ,    ,   ,  

      . .  
    ,   ,  

.       . .  
    ,   ,  

      . . Ш  
    ,   ,  

06.07.20

06.07.20

07 июля

07.07.20



   
  

  
«   » 

  
 

   
 

 
 

  
 

   . .  
  ,  

 

«       »                              2020 . 
 

 

 

  

 4    

    

 

07 июля



 

 

 

 

    
 , ,  

 16 ‒ 02   ( ) 13.03.01 
     

   
 

      
 Ц 

    № 746/   27  2020  
  . . , , . . ,   

 , , , ё      

      –  Ц;  
 ‒ . ;  –   ;   

 175 / ;   – 110  
     .   

  .   . 
  .   .   

.  . 
    

 1.     -110/120-130-5  
 2.    
 3.    
 4.    

 

     . .  
       

   
 

   
. .  

       

     

 «21      2020 . 



2 
 

 

     «   
 »  75   , 10 

   4   . 
 ,  , , 

,  , ,  
 . 

       . 
      

   ,     
       

. 
    ё     
   .  

       
    .  

  , 7   ,  
  . 

 
 

 

  



3 
 

 
 

 ................................................................................................................... 7 
1    .  .................................................... 8 
  1.1   ............................................................................ 8 
  1.2    ........................................................................ 9 
  1.3    ............................................................. 12 
  1.4    ( )  ................................. 12 
  1.5     .......................................................................... 13 
  1.6     ....................................................... 14 
2    ................................................................... 16 
  2.1     .................................................... 16 
  2.2     .............................. 17 
3    ....................................................................... 18 
  3.1 -   ........................................................... 18 
  3.2  ..................................................................................... 19 
    3.2.1  -500-140-1 ................................................................... 19 
    3.2.2     ............................................... 22 
    3.2.3     ................................................ 22 
    3.2.4      ........................ 23 
4   ................................................................................................... 24 
  4.1    ................................................................................. 24 
    4.1.1         ................ 24 
    4.1.2       ...................................... 26 
    4.1.3      i-s  ................... 28 
    4.1.4       ....................... 29 
    4.1.5       .................. 30 
    4.1.6     ........................................................................ 31 
    4.1.7     ...................................... 32 
    4.1.8    ( )  .................................................... 35 
    4.1.9   ..................................................................................... 37 
    4.1.10    ( )  ................................................. 38 
    4.1.11  -     .......... 41 
  4.2   ..................................................... 45 
    4.2.1   .............................................................. 45 
    4.2.2  .................................................................................................. 45 
    4.2.3   ............................................................................ 45 
    4.2.4    ................................................................... 46 
    4.2.5    ................................................................. 46 
    4.2.6    ............................................................ 46 
    4.2.7    ........................................................................... 47 
  4.3    ...................................................... 49 
    4.3.1    ...................................................... 49 
    4.3.2   ............................................................................. 49 



4 
 

    4.3.3  ................................................................................................... 51 
    4.3.4   ................................................................................... 52 
    4.3.5     ................................ 52 
    4.3.6     ....................................................... 53 
    4.3.7  ...................................................................................... 56 
    4.3.8  ............................................................................................ 58 
5    .............................................................................. 60 
  5.1       ....................................... 60 
    5.1.1     ....................................................... 60 
    5.1.2     .......................................................... 61 
    5.1.3     .......................................................... 61 
  5.2     .................................................................... 62 
6   ........................................................................................................ 65 
  6.1   ........................................................................ 65 
  6.2   ............................................................................................. 65 
7   ......................................................................................... 67 
  7.1     .............................................................................. 67 
  7.2     .............................................................................. 68 
  7.3   .................................................................... 68 
  7.4      ........................................................ 69 
  7.5   ............................................................................................. 69 
  7.6       ............ 70 
  7.7     ................................. 72 

 ............................................................................................................ 74 
   .................................................................. 75 

 
  



5 
 

 
 

 –  ,    
        

 ,       
   ,     

   .  
        
  .     

      , 
    ( ),  

   ,   
( ),       .  

         
         

        
   .  
      

     -110/120-130-5 , 
        

 .  
 

  



6 
 

1    .  
 

     : .  
   . 

      
 . 

      
 (   - )   ( -54-
- - )  .    

        . 
. 

 –      ,    
       , 

    .      
.  ,  ,    

        - ,   
  19 ,  ,     

. 
      

         
 .      
,       (  

  ),    
   .     

 ,   ,   
  .     

       . 
  : 

1.     -40 °  
2.     -8,8 °  
3.    225 . 
4.      –   
5.      –   
6.    1,5 /  
7.       

  77% 
8.        
 67% 

 
1.1   
 

 .  99%  ,   
        

 ,         
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 5  -     -54 -
- .    «  »  

«  ( -13)».  
     1% 

,      (  
    ) 

  ,    
  .     .  

 
1.2    
 

  — 25  1997 .       
   .  ,   

  ,   .  
  -     .  

    ,   .  
    85 , 

   - 330,4 / .  
   :  

1. 5    720 /  ( . 1.);  
2.     85 , 

   150,4 / .  
3. 2     =100   

  D=3,0    =250     
D=9,6 ; 

4.  :  №1, №2  3000 ,   №3, 
№4  3000  3   70  3   12 ;  

5.   ( )    
 420 / :  

6.      :  -   
      №1, №2  №3  

2000  ;  
7.          

( ) №1-5  250     №6  1000  ;  
8.   : 
-   , ,   

 ,  2680  (      
 ).   34,5 .    1,86 

. ; 
-    ;  
- :  
-   .  
9.   :  
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-  ,   , 
  1-   2-    -  ;  

-    .    ;  
-   72 ,   2600 ;  
-    . 
 

     
       1. 

 
 

 1 –      
    

№  

  /  
G   

   
 , / , 

( ) 

, 
/  

T ax, 
° . 

1 -420-140 2 140 560 420 
2 -75-39  39 440 75 
3 -75-39  39 440 75 
4 -74-39  39 440 75 

01 -85/105-130/13-1  128 555 150,4(85) 
– -2600-70-8   16500-20000 

 
       

 1. 
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 1 –      
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1.3    
 

   , .    1548 
  : 

-    (  ) 
-   .  (   ) 
- . « » 
- . « » 
-. . « » 
-. . « » 

   ,    
: 

- . «  » – 45   
- . 
 

     .   .   
   2. 

 
 2 –      

№  

    
    

/  

  
 

max 
 

1 .  237,5 167,8 33,9 32,9 
2 .   4,7 4,1 0,6 0,0 

 
1.4    
 

        
       

 (  , , ,   
-2,    )    

(   ).      
         

 . 
 .    ,  

,   .  
  3    
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 3 –    
  , .  

« » 22,1 
« » 2 
« -4» 10 
«   » 200 
« » 36,4 
«  -10» 31,5 
« » 13 
« » 25,4 
« -2» 5,9 
« , » 73 
« » 38 
«  » 5,3 
« , -1, » 8,5 
« -2» 20,3 

  « . » 100 
« - » 90 
« , -2» 9 
« -1» 1,8 
« » 0,9 
« » 0,9 
« - » 4,5 
«  » 13,5 

 712 
  

    3,    – 712 . ,  
 41,44%    . 

       : 
– 800,4 .   2021 .; 
– 888,8 .   2022 .; 
– 977,2 .   2023 .; 
– 1147,1 .   2024-2028 .; 
– 1365,5 .   2029-2033 .. 
 
1.5     
 

     .  
   ,    

  ,     
  . 

      –   
 .      
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   .   
       

    . 
       

«  ».   2020 .    
     «  » (  ): 

  ( ) – 27,47 (  ( ) );   
( , %)   – 4,2% (   ). 

   ,     ( )  
   ( . .)   27,47 . . 

         
 . .      . 

         
   . .   , 

 2. 
  

 
 2 –      

 
  ,      
       , 

     ,   
      .    , 

       
   . 

 
1.6     
 

    ,  
  , : 

 = · % , (1.1) 
 

  –   ,  712 .  ( .  1.4). 
 = · % =    
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      , / : 
 
Q = · , (1.2) 
 

  –        
  ,  160 /( * ); 

 –  ,     (1.1). 
 
Q = · = , ·  ,  /    

 
        

  , / : 
 
Q = · , (1.3) 
 

  –        
,  275 /( * );   –    ,  18286 . 

 
Q = · = , ·  ,  /    
 

   , / : 
 
Q = Q + Q  , (1.4) 
 

 Q  –  ,     (1.2); 
Q  –  ,     (1.3). 
 
Q = , + , = ,  ,    
 

       ( . 
 1.4),         

  (1.1), (1.2), (1.3), (1.4).      
5.  
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2    
 
2.1     
 

      .    
 4. 

 
 4 –      

 2020 2021 2022 2023 2024-28 2029-33 
 

, 
/  

224,1 237,7 242,5 248,2 261,9 277,6 

 
    4,   ,   

   2020 .  2033 .  53,5 / ,   
23,87%    . 

      
     5. 

 
 5 –      

  
 
 

. 
 

 

2021 2022 2023 
2024-
2028 

2029-
2033 

 
 
 

/  330,4 330,4 330,4 330,4 330,4 330,4 

 
 
 

/  318 318 318 318 318 318 

 
 

 
/  299 299 299 299 299 299 

-
  

  
 

/  198,1 200,7 200,7 200,7 208,6 210,4 

 
 

  
/  73,381 82,5 91,6 100,7 118,2 140,7 

 
( ) 

 
 

 

/  26,7 15,8 6,7 -2,4 -27,8 -52,1 
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2.2     
 

 6 –      ,  
    

№  ( )    

  
 

 
 

01 -420-140 2 04.1997 . 2027 . 
02 -75-39-  11.1978 . 2016 . 
03 -75-39-  12.1979 . 2018 . 
04 -75-39-  01.1981 . 2018 . 
05 -75-39-  01.1985 . 2014 . 
01 85/105-130/13-1M 1997 . 2030 . 

 
  6 ,     -75-39-  

    35         
   .    ,   

  ,       
  ,       
,         

    . 
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3    
 
3.1 -   

 
      -

     -110/120-130-5M  -135-
130. 

  
 7 – -   
  

-
 

-
 

 

 
 

 
 

 
  

/   
-

 
-

  

 
 

 
 
-

 
 

-110 6,7 418,39 83,68 110,95 183,90 796,91 
-135 6,7 473,49 94,70 172,59 222,23 963,01 

 
 8 – -   
-  

 
-110/120-130-5M -135-130 

.    
.  / *  

161,65 206,69 

.    
  

/ *  
334 452 

  
, 

./ *  
1,36 1,35 

  
, ./  

515,79 527,93 

  ,  
. 467,45 539,5 

   
 

2090,02 2103,56 

 
    7  8,   ,   

      ,  
     -110/120-130-5  .  

    .     
 -110/120-130-5 . 
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3.2   
 

      -110/120-130-
5M   -500-140-1.    : 

        ,  
    ,      

        
,    ,    

 ,       
,   .  
 
3.2.1  -500-140-1 
 

 -500-13,8-560  ( -500-140-1)     
          

        8 . 
 - ,    
, ,     ,  
 , -      

, 
       

   .        
   . 

          
   . 

          
.           

  ,        
 100    ,     

 . 
   , ,    

       
  .  

       
  ,    

 . 
    .  

,       
. 

    10,26 11,26 . 
  12    

,       . 
    16   

.       
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.       
.        

         
 .        

  . 
          

   ,  
. 

       . 
      
 . 

        
     . 

   -500-13,8-560    
 9 

 
 9 –    -500-13,8-560  

 , /  500 
     

     , 
 ( / ) 

13,8 (140) 

    , °  560 
  , °  230 
  , °  171 

 ( )    
, % 

91,34 

 ( )    
, % 

90,0 

  , /  86,2 
  , /  46,0 

   
,  . . 

2,51 

   
,  .  

204 

, /  300 
ё   ,  3,77*  

  ,  51 
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 3 –    -500-13,8-560  
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3.2.2     
 

 10 –     
      
      . . -  

  /  420 
    15 

   /  420 
   % - 

 -   . 3 
   .  2 

    /  134,2 
   /  15,2 

       
  (    

)  

/  119 

     
  

/  340 

 (+) /  (-)  /  +80 
 

    10,   ,     
   ,     

 . 
 

3.2.3     
 

 -420-140    , 
   .     

:  
-    
-    -900/5000; 
-    2000/2590/730   , 

  
-      -160/850  
 

         
,   -500-140-1    

. (    -420-140  69,2 
/ ,    -500-140-1  86,2 / ) 
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3.2.4      
 

    -    
 .       

 ,      (  ─ 
 ). 

    :  
-  ,   , 

  1-   2-    -  ;  
-    .    ;  
-   72 ,   2600 2;  
-    . 

 ,   ,  
16500-20000 / .       

 -85/105-130/13-1  – 8000 / ,   -110/120-130-5  – 16000 / . 
      24000 / .  , 

  -2600-70-8      
  . 
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4   
 
4.1    
 
4.1.1        ё  
 

 -110/120-130-5 .      – 
  ,      .  

      
:  0,6 – 3,0 / 2,  0,5 – 2,0 / 2.  
    :   –  ё  

  ,   –  ё    
 .        

        
 .  

    ,   
    , ,  .  

  
 11 –   -110/120-130-5  

   

 ,  110 

    
,  

120 

   ,  12,8 

   , º  555 

    (  
 ), /  

441 

     
 , /  

460 

    (  
  ), /  

175 

   , /  184 

   , /  16000 

      
, º  

20  

     
, º  

232 
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  4     . 
 

 
 

 4 –    -110/120-130-5  
  

  12        
 . 

 
 12 –      

, .   

   -3,  3,32 

   -2,  2,28 

   -1,  1,22 

   ,  1,22 

   -4,  0,57 

   -3,  0,223 

   -2,  0,101 

   -1,  0,037 

   , % 84,5 

   , % 88,2 

   , % 87,6 

 , % 98 
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    . : 150/70 C. 
 
4.1.2    
 

ё         5. 
 

 

 5 –     
 

  , / : 
 

G =
*Δ

, (4.1) 

 
  –   ,  297,48 /   

345,97 ; 
Δ𝑡 –    (150 º )     (70 º ); 

 –  ,  4,186 /( ∗ º ). 
 

G = ,  ∗, · − = ,   

 
 -  : 

 = , (4.2) 

 
  –  ,     (4.1); 

 –    ,  175 /    
203,53 . 

 = ,  = ,   
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 𝑡 = 𝑡 +

G ∗  , (4.3) 

 
 𝑡  –    ,  70  ; 

 –  ,     (4.2); 
G    –  ,     (4.1). 
 𝑡 = + ∗, ∗ , = ,   

 
        

       ,   
 𝑡 = 𝑡 + −

, (4.4) 

 
 𝑡   𝑡  –  ,     (4.3). 

 𝑡 = + , − = ,   

 
    ,  : 

 𝑡′ = 𝑡 + ϑ, (4.5) 
 

 𝑡  –  ,     (4.3); ϑ –  ,     5  . 
 𝑡′ = ,  + = ,06  
 

      , :  
 ′ = 𝑡 =0,   
 

 ё      (  = 0,95)  
    ,  

 = ′, , (4.6) 

 
 ′  -    , . 

 = ,  , = ,   
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    ,  : 
 𝑡′ = 𝑡 + ϑ, (4.7) 
 

 𝑡  –  ,     (4.4); ϑ –  ,     5  . 
 𝑡′ = ,  + = ,   
 

      , :  
 ′ = 𝑡 =0,   
 

 ё      (  = 0,95)  
    ,  

 = ′, , (4.8) 

 
 ′  -    , . 

 = 0, , = ,   

 
4.1.3      -S  
 

 ,    «  h-S   
  »    6. 

           
  13. 

 

 
 

 6 –      
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     (  555    
 12,8 ) h0  3486,507 / .  ,   

  2182,763 / . 
 

 13 –       

  
 

,   
  

, /  
 , 
/  

1 239,546 3155,115 1035,355 
2 219,108 3077,67 939,523 
3 187,852 2942,355 801,83 
4 156,838 2799,315 661,845 
5 123,688 2647,979 519,473 
6 99,884 2532,828 418,611 
7 73,994 2399,606 309,757 
 
4.1.4        
 

      (    
) , / : 

 = G ∗∆ ∗ℎ 𝑖−̅̅ ̅̅ , (4.9) 

 
 G    –  ,     (4.1); ∆𝑡  –           

 ,  ; ℎ 𝑖 –       , / ; 𝑡 ̅̅  –      , / . 
 = , ∗ , − , ∗ ,, − , = ,    
 

   , :   
 = ∗ ∆𝑡 ∗ , (4.10) 
 

 G    –  ,     (4.1); ∆𝑡  –  ,     (4.9). 
 = , ∗ , − , ∗ , ∗ , = ,    
 

      (    
) , / : 
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= G ∗∆ ∗ℎ 𝑖−̅̅ ̅̅ , (4.11) 

 
 G    –  ,     (4.1); ∆𝑡  –           

 ,  ; ℎ 𝑖 –       , / ; 𝑡 ̅̅  –      , / . 
 = , ∗ , − ∗ ,, − , = ,   

 
   , :   

 = ∗ ∆𝑡 ∗ , (4.12) 
 

 G    –  ,     (4.1); ∆𝑡  –  ,     (4.11). 
 = , ∗ , − ∗ , ∗ , = ,    
 
4.1.5       
 

     
   

   : 
 

y = ℎ 𝑖−ℎ𝑘𝑖ℎ −ℎ𝑘𝑖 , (4.13) 

 
 ℎ 𝑖 –     3; ℎ  –   ,  3493,089 / ; ℎ𝑘𝑖 –  ,   ,  2182,763 / . 

 

y = , − ,  , − ,  = ,    

 
   : 

 

y = ℎ 𝑖−ℎ𝑘𝑖ℎ −ℎ𝑘𝑖 , (4.14) 

 
 ℎ 𝑖 –     3; ℎ   ℎ𝑘𝑖 –  ,     (4.13). 

 

y = , − ,, − , = ,    
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, /  
 𝑖 = ℎ − ℎ𝑘𝑖, (4.15) 
 

 ℎ   ℎ𝑘𝑖 –  ,     (4.13). 
 𝑖 = , − , = ,   
 

   K  = 1,168,     
, / : 

 = 𝐾Р · э𝑖·𝜂эм
+ · + · , (4.16) 

 
 Hi –  ,     (4.15); 

э –   ,  110 ; 
 –  ,     (4.13); 
 –  ,     (4.14); 
   –     ,  

  (4.10)  (4.11) . 
  = 0,98 –  . 
 = , · ∗, · , + ,   ∗ , + , ∗ , = ,   

 
4.1.6     
 

     0,5 %     , / : 
 
D  = 0,005∗D0 (4.17) 
 

 D0 –  ,     (4.16). 
 
D  = 0,005 ∗ ,  = 0,678  
 

       1%,  
    / : 

 
D  = 0,01∗ D0, (4.18) 
 

 D0 –  ,     (4.16). 
 
D  = 0,01∗ ,  = 1,355 
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     1,1 %, / : 

 
D  = 1,1%∗D0, (4.19) 
 

 D0 –  ,     (4.16). 
 
D  = 1,1% ∗ ,  = 1,491 
 

     (       
   (1,2%)    (1,2%)) , 

/ : 
 
D  = (1,2%+1,2%)∗D0 (4.20) 
 

 D0 –  ,     (4.16). 
 
D  = (1,2%+1,2%)∗ ,  = 3,252 
 

   ,    (4.17) – (4.20),  
  , / : 

 
D  = D0 + D  + D  + D  + D   (4.21) 
 

 D0 –  ,     (4.16). 
 
D  = ,  + 0,678 + 1,355+ 1,491+ 3,252= 142,277 
 

    1,5 %      
  , / : 

 = , % ∗ , (4.22) 
 

  –  ,     (4.21). 
 = , % ∗ , = ,   
 

  ё   (4.21)  (4.22),     
 = + = , + ,  = ,  (4.23) 
 
4.1.7     
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ё        
  7. 

 

 
 

 7 – ё      
 

       , /  
 ′ = ∗ ̅ − ′̅

, (4.24) 

 
  –  ,     (4.22); 𝑡̅  –   ,    

        1563,013 / ; 𝑡′̅  –   ,     
,        0,7 

   697,143 / ; 
 –     0,7 ,  2065,606 

/ . 
 ′ = ,  ∗ ,  − ,, = ,   

 
      , /  

 ′ = − ′ , (4.25) 
 

  –  ,     (4.22); ′  –  ,     (4.24). 
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 ′ = , − , = ,   
 

       , /  
 ′′ = ′ ∗ ′̅ − ′′̅̅̅̅

, (4.26) 

 
 ′  –  ,     (4.24); 𝑡′̅  –  ,     (4.24); 𝑡′′̅  –   ,     

,         
0,12    439,299 / ; 

 –     0,092 ,   
2243,759 / . 

 ′′ = ,   ∗ , − ,,  = ,   

 
ё       , /  

 ′′ = ′ − ′′ , (4.27) 
 

 ′  –  ,     (4.25); ′′  –  ,     (4.26). 
 ′′ = ,  − , = ,   
 

   ,   , 
  , /  

 = ′′ + + , (4.28) 
 

 ′′  –  ,     (4.27); 
 –  ,     (4.19); 
 –  ,     (4.20); 

 = ,  + , + , = ,   
  

       
     , º  

 𝑡′ = 𝑡 + ′′ ∗ ′′ −
х в

, (4.29) 
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 𝑡  –        ,  30 

º ; ′′  –  ,     (4.27); 𝑡′′  –         
,  𝑡 𝑡′′̅̅ ̅  = 104,784 º ; 𝑡  –   ,   .   

,  60 º . 
 𝑡′ = + ,   ∗ ,  −, = ,   

 
4.1.8 ё     
 

      8.  
 

 
 

 8 –      
 

    -1: 
 ∗ ℎ 𝑖 − 𝑡�̅� ∗ , = ∗ 𝑡̅ − 𝑡̅ , (4.30) 
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 ℎ 𝑖  𝑡�̅�  –    3   №1; 

 –   ,    (4.23); 𝑡̅  –     ; 𝑡̅  –       -2. 
  (4.30)     

 = ∗ ̅ − ̅ℎ − ̅𝑑 ∗ , = , ∗ , − ,, − , ∗ , = 6,456 

 
    -2: 

 ∗ ℎ 𝑖 − 𝑡�̅� ∗ , + ∗ 𝑡�̅� − 𝑡�̅� ∗ , = ∗ 𝑡̅ − 𝑡̅ , 
 (4.31) 

 
  –      , / ; ℎ 𝑖, 𝑡�̅�   𝑡�̅�  –    3   №1  2; 

 –   ,    (4.23); 𝑡̅  –       -2; 𝑡̅  –       -3. 
  (4.31)    : 

 = ∗ ̅ − ̅ − ∗ ̅𝑑 − ̅𝑑ℎ 𝑖− ̅𝑑 ∗ ,   

 = , ∗ , − , − , ∗ , − ,, − , ∗ , = 8,96 

 
      , 

/  
 𝑡̅ = 𝑡̅ + ΔP ·V

η
, (4.32) 

 
 𝑡̅  –      ; 

ΔP  –     (     
 = 0,7      = 17,92 ); 

V –   ,  0,001392 3/ ; 
η  –  ,  80%. 
 𝑡̅ = , + , - , * ·0,001, = ,   

 
    -3: 
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′ ∗ ℎ 𝑖 − 𝑡�̅� ∗ , + + ∗ 𝑡�̅� − 𝑡�̅� ∗ , = ∗ 𝑡̅ − 𝑡̅ ,  (4.33) 
 

    –        , 
, / ; ℎ 𝑖, 𝑡�̅� , 𝑡�̅�   𝑡�̅�  –    3; 

 –   ,    (4.23); 𝑡̅  –       -3; 𝑡̅  –  ,    (4.32). 
 

  (4.31)    : 
 ′ = ∗ ̅ − ̅ − + ∗ ̅𝑑 − ̅𝑑ℎ 𝑖− ̅𝑑 ∗ ,   

 ′ = , ∗ , − , − , + , ∗ , − ,, − , ∗ , = ,   

 
4.1.9 ё   
 

        9. 
 

 
 9 –    

 
        

 
 { D + D + D' ∗ �̅�𝑑 + D'вт ∗ h'вт + х в ∗ 𝑡′̅  + ′

к ∗ �̅� + D'' ∗ h 𝑖 = ∗ �̅�
D + D + D' + D'вт + х в + ′

к + D'' = (4.34) 
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 , , D'  –    ,     
,    (4.30), (4.31)  (4.33), , / ; ℎ 𝑖, 𝑡�̅� , 𝑡�̅�   𝑡�̅�  –    3; 

 –   ,    (4.23); 𝑡̅  –       -4; 𝑡̅  –      ; 
D'  –  ,     (4.24); 
h'  –      0,7     
  ; 

D''  –     ,   ; ′  –   ,   , / . ′   D''     ,   
  Mathcade Prime    

   : 
 
D'' = 2,331 /  
 ′′  = 115,469 /  
 
4.1.10 ё     
 

     10. 
 

 
 10 –     

 
  ё       
        

      : 
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{  
   
  
   
  ∗ ℎ 𝑖 − 𝑡�̅� ∗ , = ′′′

к ∗ 𝑡̅ − 𝑡̅′′′ к = ′′ к + ′ + +′′′
к ∗ 𝑡̅ = ′′ к ∗ 𝑡̅ + ′ + ∗ 𝑡�̅� + ∗ 𝑡̅′ _′ ∗ ℎ 𝑖 − 𝑡�̅� ∗ , + ∗ 𝑡�̅� − 𝑡�̅� ∗ , = ′′ к ∗ 𝑡̅ − 𝑡̅′′ к = ′

к + ′ + + ′′′′ к ∗ 𝑡̅ = ′
к ∗ 𝑡̅ + ′ + ′′ ∗ 𝑡�̅� + ∗ 𝑡̅′ _′ ∗ ℎ 𝑖 − 𝑡�̅� ∗ ,  +  ′′ ∗ ℎ′′ − 𝑡�̅� = ′

к ∗ (𝑡̅ − 𝑡̅ )′
к = +′

к ∗ 𝑡̅ = ∗ 𝑡̅ + ∗ 𝑡�̅�∗ ℎ 𝑖 − 𝑡�̅� ∗ , = ∗ 𝑡̅ − 𝑡̅′+ э + +  =   
   

 

   
(4.35) 

 , ′ , D' , D  –     , / ; ℎ 𝑖, 𝑡�̅� , ℎ 𝑖, 𝑡�̅� , ℎ 𝑖, 𝑡�̅� , ℎ 𝑖, 𝑡�̅� –    3; 
 –   ,    (4.23); 𝑡̅  –       -4; 𝑡̅  –       -3; 𝑡̅  –       -2; 𝑡̅  –       -1; 𝑡̅  –         -

1, / ; 𝑡̅  –         -
2, / ; 𝑡̅  –         -
3, / ; 

D''  –  ,     (4.26); ℎ′′  –      0,12     
  ; ′′′  –   ,   , / ; ′′  –         -2, 

/ ; ′  –         -1, 
/ . 

    Mathcade Prime   
    : 

    -4: 
 

 = 7,583 /  
 

        -3: 
 𝑡̅  = 507,069 /  
 

        -2, /  
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 ′′
к = 64,39 /  

 
        -2: 

 𝑡̅  = 411,561 /  
 

    -3: 
 ′  = 2,309 /  
 

    -2: 
 ′  = 0,61 /  
 

        -1, /  
 ′

к = 14,053 /  
 

        -1: 
 𝑡̅  = 294,493 /  
 

    -1: 
 

 = 0,602 /  
 

      -1: 
 

 = 14,655 /  
 

   : 
 

 = 6,23 /  
 

  : 
 = | − | ⋅ % ≤ %, (4.36) 

 
 W –   ,  110 ; 

 – ё   ,     
 = ∑ D ∗ H= ∗ ηэ , (4.37) 
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 – D  –    i-   , / ; H  –   i-   , / ; ηэ  –   ,  98%. 

 = 109,953  
 

    ё   
 = | − , | ⋅ % = , %  

 
   (4.36). 

 
4.1.11 ё  -     
 

  ,  
 
Q = D0 ∗ (h0 − 𝑡̅ )+ ∗ (𝑡̅ − 𝑡̅ ) (4.38) 
 

 D0 –    , / ; 
h0 –   , / ; 

 –   , / ; 𝑡̅  –   , / .  𝑡̅  –       , / . 
 
Q = ,  * , − , ) + , ⋅ ,  −,  = ,   
  

   , / : 
 B = QQ ∗η

, (4.39) 

 
  Q  -      ,  29300 / ; 

Q  –  ,     (4.38); 
η  –  ,  0,913. 
 B = ,  * ∗ , = ,   
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ξ = h −h i
h −h i · 1 + ∗ h −h

h −h i , (4.40) 

 
 h  –        3, / ; 

h  –   ,  ,  / ; 
h i –  ,   ,  2182,763 

/ ; 
 – ,      130 / 2 
 0,4. 

    
 

ξвс = , − ,
,  - ,

· + , ∗ , - ,
, - , = ,   

 
    

 

ξнс = , − ,
,  - ,

· + , ∗ , - ,
, - , = ,   

 
    ,  

 
Q = D0 ∗ (h0 − 𝑡̅ ) (4.41) 

 D0 –    , / ; 
h0 –   , / ; 𝑡̅  –       , / . 
 
Q = ,  * , − , = ,   

 
     ё   , 

 
 ∆Q = Q ∗ ( − ξ ) + Q ∗ ( − ξ ), (4.42) 
 

 Q   Q –    ,   
 (4.10)  (4.11) , ; 

ξ   ξ  –  ,     (4.40)     
  . 

 ∆Q = , ∗ − , + , ∗ − , =122,915  
 

    ,  
 
Q = Q − Q , (4.43) 
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 Q –  ,     (4.41); 

Q  –    ,  203,525 . 
 
Q = , − ,  = ,   

 
   ,  

 
Q = % ∗ Q , (4.44) 

 
 Q –  ,     (4.41). 

 
Q = % ∗ ,  = ,   

 
 ё  ,    (4.41) – (4.44)  

       
 : 

 

K = Q +∆Q +Q

Q +∆Q +Q +Q
= , + , + ,, + , + , + , = ,   (4.45) 

 
     , /  

 

B = B ∗ K ∗ W
W−W

, (4.46) 

 
 B  –  ,     (4.39); 

K  –  ,     (4.45); 
W –    , 110 ; 
W  –     ,  5%  

  , ; 
W  –   ,  91%  W, . 
 

B = , ∗ , ∗ ,
110− , = ,   

 
     , / : 

 
B = B − B ,  (4.47) 
 

 B   B –  ,     (2.46); 
 
B = , − ,  = ,   
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      , 
/ · : 

 

b = B
W

·3600, (4.48) 

 
 B   W –  ,     (4.46). 

 

b = ,   , * ·3600 = ,   

 
      , / : 

 

b = B
Q
· , (4.49) 

 
 B  –  ,     (2.48); 

Q  –  ,     (2.45). 
 

b = ,  ∗ = ,   
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4.2     
 

4.2.1   
 

      -
       
.    , 
     , :  

 ( / );    ( ),   ( )  
  ( ²).         
     14. 

 
 14 –   

   
  

 

-1 -450-230-25 

-2 -450-230-35 

-3 -450-230-50 

-1 -350-16-7-III  

-2 -350-16-7-IV  

-3 -350-16-7-IV  

-4 -350-16-7-IV  

 
4.2.2  
 

         
G’”ok = 415,69 /     -500  :  

1.  0,7 ;  
2.  – 500 / ; 
 
4.2.3   
 

       , 
            . 

    G  =1032,131 /   3715,673 / .  
-5000-3,5-8-I  :  

1.    5000 2; 
2.    8000 / ;  
3.     3,5 ;  
4.       8 ;  
5.    85 . 
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4.2.4    
 

      
        5%, /  

 
G = G ·1,05 = , ·1,05 = ,  (545,874 / ) (5.1)  
 

 G  -     , / . 
     40% ,   

   , : 
 = ·1,4 = , ·10 = 17,  (5.2)  
 

  –   , . 
 1      100%   

  -580-185/200     : 
1.  – 580 3/ ; 
2.  – 18,15 /19,62 ; 
3.   2985 / ; 
4.   – 5000 . 
 
4.2.5    
 

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

       
 , / :   
 ax =    
 

      50-150  . . 
 2  a 10 -5 3  : 

1.  – 160 3/  
2.  – 123 . . . 
3.   960 /  
4.  – 100  
 
4.2.6    
 

    , / : 
 D = m ∙ max, (5.3) 
 

  m –  , / . 
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ax =  –      , /  
 D = ∗  =   

 
     , / : 

 D = , ∙ D , (5.4) 
 

  D  –  ,     (5.3). 
 D = , ∙ =   
 

   2-87      
  50%   : 

1.  – 7560/13320 3/ ; 
2.  – 8,2/15,2 . . .; 
3.   585 / ; 
4.  – 80/87 %. 
 
4.2.7    
 

     .   
         50%   

       . 
   , / : 

  = c𝜌 , (5.5) 

 
 G  –   , / ; 𝜌 –   , / 3. 

  = ,. = ,   

 
       

  0,8 ;     . 
        :  

   ,  –  . 
  -1     
          

 , : 
 = Δ + Δ + , (5.6) 
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 Δ , Δ = ,  –    
, ; = ,  –        , . 

 =  ,  + ,  +  , = ,    
 

         
     0,3-0,5 . 

     – -2000-100  
: 

1.  – 2000 3/ ; 
2.  – 0,98 ; 
3.   3000 / ; 
4.   – 640 ; 
5.  – 85 %. 

     – -2000-140  
: 

1.  – 2000 3/ ; 
2.  – 1,37 ; 
3.   3000 / ; 
4.   – 905 ; 
5.  – 84 %. 
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4.3    
 

          
   . 

 
 15 -     2  

  , %   
 V , % 

  
Q , /  Wp Ap Cp Sp Hp Op Np 

33 7,4 42,6 0,2 3,0 13,2 0,6 47 4068 

 
      -110/120-130-5    ё   

   -500-13,8-560    
: 

1.   500 /  
2.  P0=13,8  
3.  t0=560 ºC 
4.    171 ºC 
5.   91,34% 
 
4.3.1    

 
     (150,767 / )   

  -  .  
 : 

1.    1  – 30; 
2.   – 2790/1800 / ; 
3.   – 2*36 . 
 
4.3.2   
 

      -500-13,8-560  
 , / : 

 B =  ∙  𝑖 −   +  ∙  (𝑖 −  ) ∗  η  (6.1) 

 
  –   ; 

 –   ; 𝑡  –   , / ; 𝑖  –   , / ; 𝑖  –   , / ; 
 –     ( . . 15), / ; η  –  ,  91,34%; 
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B = ,  ∙  , − ,   + ,  ∙  , − ,  ,  ∗  , = ,    
 

  (6.1),       
  -420-140- 2,   19,265 / . 

    , / : 
 B = (B + ) ∙ = ,  +  , ∙ =,  ,  /    (6.2) 
 

        
,    ,  .  

    , / : 
 B =  (6.3) 

 
 T = 21  –     . 

 B = , = ,    
  

      
, / : 

 B = b ∙ c ∙ γ ∙ kα, (6.4) 
 

 b –  , ; c = ,  –  , / ;  
  = 0,85 –   , / 3; 

аK = 345 –     35º. 
 B = ∙ , ∙ , ∙ = ,   

 
        

    , : 
 W = ∙ ∙ + ∙ ∙ + ∙ ∙∙ , ∙ k  (6.5) 

 
 k =  –  ,     ; l =  –        

, ; c –  ,     (6.4) B = ,  –   , / ; 
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H =  –         
 , ; k = ,  – ,    . 

 W = ∙ ∙ , + ∙ , ∙ + ∙ , ∙∙ , ∙ , = ,    
 

      (  
  )    

 , : 
 W . = , ∙ W + , ∙ B  (6.6) 
 

 W  –  ,     (6.5); B  –  ,     (6.4). 
 W . = , ∙ ,  + , ∙ , = ,   
 

,    , : 
 Wэ = ∙ + .ηэ ∙η , (6.7) 

 
 зK =1,25 –  ; 

эд = 0,97 –  ; 
 = 0,97 –   . 
 Wэ = , ∙ ,  + ,, ∗ , = ,   

 
4.3.3  

 
       

       
       .   

       3-3   
: 

–  – 125-180 / ; 
–  – 0,9 ; 
–   – 25 ; 
 

   , 3 
 V = ∙τγ∙K , (6.8) 
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   = 4 -       ,   
; B  –  ,     (6.3); 

зK = 0,8 -  ; 
  = 0,85 –   , / 3. 
 V = ,   , ∙ , = ,   

 
          

  0,8 ,  2 .     0,2  
270 3/ ,   – 4,5 . 

 
4.3.4   
 

        20  
    . 

,   ,  
  , 2: 

 F = ∙ ∙∙φ∙γ , (6.9) 

 
 n  –      ; B =  B + = , + , = ,   –   

 , / ; 
h  –  , ; 

= 0,77 –   , / 3. 
 = 0,8 – ,    ( )   

. 
 F = ∙ ∙ ,∙ , ∙ , = ,   

 
4.3.5     
 

       
     .  

   ё . 
  , / : 

 B = , ∙𝑛 , (6.10) 

 
   -    ; 
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B  –  ,     (6.1); 
 B = , ∙ , = ,  ,  /   

 
  1500/1910/740   : 

–  – 23,4 / ; 
–   – 740 / . 

 
4.3.6     
 
 = , · + , ∙ + , ∙ − , ∙ , (6.11) 
 

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

 = , · , + , ∙ , + , ∙ − , ∙ , = ,   
 
‒    , 3/ : 
 = , ∙ + , ∙ , (6.12) 

 
  –        

 = , 3/ ; 
 –      , %. 

 = , ∙ ,  + , ∙ , = ,   

 
‒     , 3/ : 
 = , · + , ∙

, (6.13) 

 
  –      , %; 

 –      , %. 
 = , · , + , ∙ , = ,   

 
‒     , 3/ : 
 = , ∙ + , ∙ + , ∙ , (6.14) 
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  –      , %; 

 –     , %; 
 –        

 = , 3/ . 
 = , ∙ + , ∙ + , ∙ , = ,   
 
‒       (  = ), 3/ : 
 = + + = , + , + , = ,  (6.15) 
 

       = ,  
   

 V . = + , ∙ (α − ) ∙ V , (6.16) 
 

  –  ,     (6.15); V  –  ,     (6.10). 
 V . = , + , ∙ , − ∙ , = ,   

 
     , / ; 

 B = B ∙ −q
, (6.17) 

 
 B  –  ,     (6.1); q  –     ,  1%. 

 B = , ∙ − = ,   

 
     , 3/  

 V = B ∙ V ∙ α − ∆α − α . + α ∙ t +
  (6.18) 

 

 α = ,  –     ; V = , –   , 3/ ; ∆α = ,  –    ;  α . = ,  –     ; α = ,  –     ; t =  –   ; 
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B  –  ,     (6.17). 
 V = ,  ∙ , ∙ , − , − , + , ∙ + = ,    

 
    , 3/  

 V = 𝛽 ∗𝑧 , (6.19) 

 
 = ,  –  ; V  –  ,     (6.18); =  –   ; 

 V = , ∗ ,   = ,  (228,885 . 3/ ) 
 

     , 3/  
 V = ∆α + ∆α ∙ V , (6.20) 

 

 ∆α = ,  –    ; V  –  ,     (6.10); ∆α = ,  –     (      
    82,764 ). 

 V = ,  + , ∙ , = ,   

 
 , 3/ : 

 V = B ∙ (V . + V ) ∙ t +   (6.21) 

 

 = ,  –   , / ; V .  –  ,     (6.16); 𝑡 =  –    , ℃;  V  –        , 3/ . 
 V = ,  ∙ ,  + ,  ∙ + = ,   

 
   , 3/  

 V = 𝛽 ∗𝑧 , (6.22) 
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 = ,  –  ; V  –  ,     (6.21); =  –  ; 
 V = , ∗ ,   = ,   (463,657 . 3/ ) 
 

 2    -24-11   : 
  – 275/220 . 3/ ; 
  – 83 %; 
   – 740/590 / ; 
  – 630/320 ; 

 2   -26 2  : 
  – . 475 3/ ; 
  – 83 %; 
   – 744 / ; 
  – 790 . 
 
4.3.7  
 

  16   . 
 

 16 –   

  , % 

  SiO2 55,2 
  Al2O3 23,0 
  Fe2O3 13,0 
  CaO 32,4 
  MgO 7,2 
  K2O 1,6 
  Na2O 1,6 

 
    (   )  
 -   .     

 (  20 - / ),          
15 – 20 %     1 %  ,   

 ( ) .       
,      (  75%).    

     . 
 -  ,      , 

        . 
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   ,  99 %. 

  ,      ( / ), 
  : 

 M = , ∙ B ∙ α ∙ A + , ∙ q ∙ Q
 , (6.23) 

 
 B = ,  –    , / ; A = ,  –    , %;  α = ,  –  ,  ; q =  –    , %; Q = ,  –   , / . 

 M = , ∙ ,  ∙ , ∙ , + , ∙  ∙ , = ,   

 
   ( / ),      

,   : 
 M ы = M ∙ −η

 , (6.24) 

 
 M = ,     –  ,   , / ; η =  –   , %. 

 M ы = , ∙ − = ,   

 
       , 3/ : 

 = B ∙ (V . + V ) ∙ 𝜐 +
  (6.25) 

 

 = ,  –   , / ; V .  –  ,     (6.16); 𝜐 =  –   , ℃;  V  –        , 3/ . 
 = ,  ∙ ,  + ,  ∙ + = ,  (843014,2 /  

 
   , 2: 

 = 𝑤   (6.26) 
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 𝑤 = ,  –  , / ; 

 –  ,     (6.25). 
 = ,  , = ,   

 
        

   2-76-12-6-3. 
 

 17 –   2-76-12-6-3 

  

, 3/  887760 

  , 2 246,6 

 , 2 21360 
 ,  17820 25940 19910 

 ,  550,25 

 
4.3.8   
 

  -  ,   
     , 

     ,    
  ,       50 ,  

   ,        
      . 

        
.        

.   ,    ,  . 
   ,     

. 
    , / ,   , 

  : 
 M . = , ∙ B ∙ A + q ∙ Q ∙ − α ∙ − η

,  (6.27)  

 
 B = ,  –     , / ; A , α , q , Q   –  ,     (6.23);  η  –  ,     (6.24). 

 M . = , ∙ , ∙ , + ∙ , ∙ ( − , ∙ − ) = ,   
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 ,      , /  

 M = ∙ M .  (6.28) 
 

 M .  –  ,     (6.27). 
 M = ∙ ,  = ,  ,  /    

 
  , / : 

 Q = Mγ + Mγ + Mγ , (6.29) 

 
 M , M , M  –   ,   , / ; γ = , , γ = , ,  γ =  – ,   ,   , 

/ 3. 
 Q = ,  , + ,  = ,   

 
       5 -8  

 100 – 230 3/ ,      0,36-
0,28 ,  10,5 – 13 ;   1450 / . 
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5.    
 
5.1       
 

       
      -500-140-1.    

     ,  
     -  

  . 
 
5.1.1     

 
    (     

),          
, / : 

 = , ∙ ∙ ∙ А + ∙ , ∙ − η  (7.1) 

 
  = + = +  =  –    

 , / ; A , α , q , Q   –  ,     (6.23);  η  –  ,     (6.24). 
 = , ∙  ∙ , ∙ , + , ∙ , ∙ − , = ,   

 
  ,      

,   ,   , / : 
 = , ∙ ∙ ∙ А ∙ − η  (7.2) 

 
  −  ,     (7.1), / ; A , α  –  ,     (6.23);  η  –  ,     (6.24). 

 = , ∙ ∙ , ∙ , ∙ − , = ,   
 

  ,      
         

 ,       , / : 
 = −  (7.3) 
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 −  ,     (7.1); −  ,     (7.2). 
 = ,  − ,  = ,     
 
5.1.2     
 

   ,     
 ,   , / : 

 = , ∙ ∙ ∙ − 𝜂′ O ∙ − 𝜂′′ O  (7.4) 
 

  −  ,     (7.1), / ; = ,  –       , %; 𝜂′SO = ,  –    ,     ; 𝜂′′SO =  –   ,     
   ; 

  
 = , ∙ ∙ , ∙ − , ∙ − = ,   

 
5.1.3     
 

       , 
   ,   : 

 𝐾 = , ∗ +  (7.5) 

 
 =  –   , / ; 

 𝐾 = , ∗ + = ,   

 
 ,       

     
 = , + , ∗  (7.6) 
 

 = , −       , %; 
 = , + , ∗ , = ,   
 

   ,     
     ,    

,   , / : 
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 = . . ∗ 𝐾 ∗ − ∗ ∗ − ∗ ∗ ∗ ∗ ∗  ∗ − 𝑛𝑛𝑘 ∗ 𝑘𝑛   (7.7) 

 

 . . =  ∗ Q = , ∗ , = ,   –   , 
/ ; = ,  –  ,     (7.1), / ; 𝐾 − ,    , 

   (7.5); 
 −  ,     (6.23); 
 − .  (7.6); 
 = − ,    

          
   ; 

 −    , % (   
,  − ∗ = ); 

 − ,   ;   
 = , ; 

 − ,   ;   
 = ; 

 − ,     
,     ; = ; 

 −   ,    .  
( . .   ,  = ); 
 , 𝑘 −      , / ; ( . . 

  ,  − 𝑛𝑛𝑘 = ; 
 𝑘𝑛 −  ,        

 𝑘𝑛 = , . 
 = , ∗ , ∗ − ∗ , ∗ , ∗ ∗ , = ,   

 
5.2     
 

     , / : 
 = ∙ К𝑆К + + ∙ К𝑆К  (7.8) 

 
  –   ,     (7.7);  –   ,     (7.4);  –   ,     (7.1); 
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К  –     , / ; К  –     , / ; К  –     , / . 
 = ,  ∙ ,, + , + ,  ∙ ,, = ,   

 
      , : 

 H = √ ∙ ∙ ∙M √ ∙∆ , (7.9) 

 
 A =  – ,     

   (  )   ; F =  – ,    
; m = ,  –  ,    

    ; M –  ,     (7.8); V = ,  /  –    ,   
 (6.21)       = ,  / ; C = ,  –     , / 3;  ∆T = ,  –  ,      

  , ° ; n =  –    . 
 H = √ ∙ ∙ ∙ ,, √ ,   ∙ ,  = ,   

 
        250 , 

    .    
,      , 

       :  
   -420-140 2,    -500-13,8-560 . 

 ,      . 
     , : 

 Hэ = H + ∆H = H + , ∙ ∙ων ∙φ  ,  (7.10) 

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

 Hэ = + , ∙ , ∙∙ , = ,   
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6.   
 
6.1   
 

       
           

 .         
100 %,        , 

   18: 
 

 18 –      
   % 

-   2,5÷12,5 
    0,5÷0,8 
    
  

1,4÷3,5 

  
 

0,7÷1,0 

  2÷6 
    

  
4÷7 

 
 ,       
   10÷30 %. 

 
6.2   
 

       
       . 

       , 
     (  ─  

).  
    . 

      
       (5.4), / : 

 =   
 

  , : 
 = G ∙ c ∙ 𝑡  −  𝑡    (8.1) 
 

 G –    , / ; 
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c = ,  –   ,  ∙ °  ; 𝑡  − 𝑡   = 11 –       , ° ; 
 = ∙ , ∙ =   
 

   , : 
 =    (8.2) 

 
 G –    , / ; =  –    , ∙  ; 

 = =   

 
     -2600-70  

 : 
1.   –2600 ; 
2.   – 16,5-20 . / ; 

3.   – 6-8 ∙  ; 
4.   – 71 ; 
5.    – 5 ; 
6.     – 37,9 . 
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7.   
 
7.1     

 
    , . .    

       , / : 
 = −   (9.1) 
 

 =  –    , . 
 = − =   
 

     , : 
 э = −  (9.2) 
 

 =  –  , . 
 э =  − =  
 

     , : 
 =  ∙  (9.3) 
 

 =  –   , . 
 =  ∙ =    
 

     , / : 
 э = э ∙ э ∙    (9.4) 
 

 э –  ,     (4.48); =  –   ,   э  –  ,     (9.2); 
 э =  , ∙ ∙  = ,   
 

      , / : 
 = ∙ ∙  ∙ ,   (9.5) 
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  –  ,     (4.49); =  –  , / ;   –  ,     (9.3); 
 =  , ∙ ∙ ∙ ,  = ,   
 

   , / : 
 = + э (9.6) 
 

  –  ,     (9.5); э –  ,     (9.4); 
 = , + , = ,     
 

  , . ./ : 
 =  ∙ ∙ −  (9.7) 
 

  =  –     , / ;  –  ,     (9.6); 
 =  ∙ ,  ∙ − = ,   
 
7.2     
 

 ё  ё       
 , . ./ : 

 = , ∙ ∙ ∙ Ф ∙ −  (9.8) 
 

  = 1 –  , ./ ; Ф =  –      , / ; 
 –  ,     (9.4).  

 = , ∙  ∙ ∙ ∙ − = ,   
 
7.3   
 

  , . ./ : 
 = 𝐾 ∙   (9.9) 
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 𝐾 =  –       
, . ; = ,  –  , %; 

 =  ∙  , % = ,   
 
7.4      
 

  , . ./ : 
 =  ∙  % (9.10) 
 

  –  ,     (9.9) 
 = ,   ∙  % = ,   
 
7.5   
 

   :  
–    ;  
–       ; 
 –   ; 
 –     
–  . 
 

    , . ./ : 
 =  ∙   (9.11) 
 

  –  ,     (9.8); =  30,4% –   . 
 = , % ∙  , =  ,    
 
     20 – 30 %    

 ,   ,  ё   , . ./ : 
 = ,  ∙  + + +   (9.12) 
 

  –  ,     (9.8);  –  ,     (9.9);  –  ,     (9.10);  –  ,     (9.11); 
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= ,  ∙  , + , + ,   + , = ,   
 
7.6       
 

 19 –       
        

   848,02  631,78 24,26 126,36   1630,42 
     568,60 24,26 113,72   706,59 

.    63,18 20,80 12,64 338,20  434,81 
  848,02  1263,56 69,33 252,71 338,20  2771,82 

 
        , . . 

  . 
   , . : 

 э/э =  ∙   э (9.13) 

 
  – .  19; э –  ,     (9.4);  –  ,     (9.6). 

 э/э = , ∙   ,, = ,   

 /э = −  э/э  (9.14) 
 

 , э/э   –  ,     (9.13) ; 
 /э = ,  − , = ,   
 

   , . : 
 э/э =  ,   
 /э =    
 

 , . : 
 э/э =  ∙   э/э+ э/э  +  (9.15) 

 
   – .  19; 
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э/э ,  –  ,     (9.13); = э/э –  . 
 э/э = , ∙   ,  + ,, + , = ,   

 /э = −  э/э  (9.16) 
 

   – . . 19; э/э  –  ,     (9.15); 
 /э = , − , = ,   
 

 20 –      
 /  /  

   1020,17 610,26 
   706,59   

.  321,27 113,54 
   2048,03 723,80 

 
    , / * : 

 

э.э = Ээ/э   (9.17) 

 
 Ээ/э   – .  20 ; = ∙ э = ∙ ∙ , = ,  –   / ,  
* / ; 

 э.э = ,  , = ,   

 
    , / : 

 

.э = Э/э   (9.18) 

 
 Э/э   – .  20 ; = ∙ = ∙ ∙ − = ,  –   / ,  

/ ; 
 .э = ,  , = ,   
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7.7     
 

         
,  : 

 = э ∙ + ∙ , (9.19) 
 

 э,   –      ; 
,  –  ,     (9.17)  (9.18).  

   , . : 
 = − , (9.20) 
 

   –  ,     (9.19).  –        
 , . .  

     20% , . : 
 = ∙ , , (9.21) 
    –  ,     (9.20). 

 , . : 
 = − , (9.22) 
    –  ,     (9.20); –  ,     (9.21). 

  , . : 
 𝑡 = 𝑡 + , (9.23) 
  𝑡  –  ,     (9.22);  –    t-  . 

    , . : 
 𝑡 = − + 𝑡, (9.24) 
 

  , . : 
 𝑡 = 𝑡 / + , (9.25) 
    –  , 10%; 

    , . : 
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 𝑡 = − +  𝑡, (9.26) 
 

       
 

 21 –    
 -

 
-
 

 

 
 

 
( ),  

 

 
-
 
, 

  

-
 
 

 ( ), 
  

  
,   

0 1,000 -18944,0 -18944,0 -18944,0 -18944,0 

1 0,877 4325,1 -14618,9 3794,0 -15150,0 

2 0,769 4347,4 -10271,5 3345,2 -11804,9 

3 0,675 4369,6 -5901,9 2949,3 -8855,5 

4 0,592 4391,8 -1510,1 2600,3 -6255,2 

5 0,519 4414,0 2903,9 2292,5 -3962,7 

6 0,456 4436,3 7340,2 2021,1 -1941,6 

7 0,400 4458,5 11798,7 1781,8 -159,8 

8 0,351 4480,7 16279,4 1570,8 1410,9 

9 0,30 4503,0 20782,4 1384,7 2795,6 

10 0,270 4525,2 25307,6 1220,6 4016,3 

11 0,237 4547,4 29855,0 1076,0 5092,3 

12 0,208 4569,6 34424,6 948,5 6040,7 

13 0,182 4591,9 39016,5 836,0 6876,8 

14 0,160 4614,1 43630,6 736,9 7613,7 

15 0,140 4636,3 48266,9 649,5 8263,2 

 
      

   :     4,3 , 
 – 7,1 . 
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       . 

     
  -110/120-130-5    -500-13,8-560 , 
       

  ,      
  –  -75-39- . 

       
,  -  . 
      

( , , ,  , 
   , ).   

      , 
 , .     

,      . 
        

  ,  , .   
   ,   

        
.  

       
      . 

        
 ,     
.      4,3 .  
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