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1   

       
  

       
    ,    

,     
-       .  

      , 
          

 ,   .   
    Excel.     

      :  

1.        
.  

2.      , 
. .           

      .  

3.       .  

     
        

     З э    
    З э  .  

       
   :  

1 : (2) -60;  
2 : (1) -120.  

    .   
   1.1. 

 1.1-    

    

     
    

  , / : 
)   
)    

 
0 

200 
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  1.1 

    

     0 
     

 
0,85 

     
, / : 

)   
)    

 
 
0 

3350 
   120 

    
 , /  

5500 

    
  , /  

5500 

  , /  240 
   , % 93 

   , /  7200 
   , ./ . . . 4345 
   / , ./ .× . 1,85 
    118 

     
, ./  

633108 

  2 
    (  %  ), % 30,4 

 1.2 –     

 
№ 

 

  ,  
. . · . 

  
 

, 
. . 

-
  
 , 
. . 

  
  

 

  
 (-)  

  (+) 
1 612 48 88,52 ,  
2 612 48 88,52 ,  

      : Э = З − З , (1.1) 
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 З −     ; 

      З −     . Э = , − , = , .   

      , %: З − ЗЗ ∙ = , − ,, ∙ = , .  
(1.2) 

. .     2-      
 5 %,       

.  

      ( )  
        

( ),        
 ,      .  

     1.3–1.12. 

 1.3 –      
 

№
 

 

  

 
 

 
, 

/
 

 
 

 
 

 
 

 
 

 
 

, 
/

 

 
 

  
 

 
   

 
, 

 

 
 

 

 
 

, 
 

 
 

 

1  60 2 0 0 200 0,50 120 
2  120 1 0 0 105 0,53 120 
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 1.4 –          

№
 

 

 
 

 
 

, 
/

 

 
 

 
, 

/
 

 
 

 
 

, 
/

 

   
  

 
 

, /  

 
 

 
 

 
 

, 
/

 

 
 

 
, 

/
 

-  
 

 

 
 

 
, 

/
 

    
  

1 434 0 100 0 121,1 13,0 568,1 1,96 2 11,9 
2 480 0 95 0 115,0 14,4 609,4 2,10 3 260,6 

 1.5 –        

№
 

 

 , . . 
    -

 
  

-
 

 

 
-  

 
-  

 
 

 
 

1 18,0 9,0 16,0 8,0 9,31 60,31 11116,58 
2 20,0 00,0 16,0 8,0 9,31 61,31 11234,58 

 1.6 –  -   

№
 

  
-
 

, %  

-
 

 
 

 
 

 
 

 

-
 
 
, 

. 

  
 

  . 
 

 

-
 
-

 
  

 
-

 
 , 

. . 

1 6,7 744,81 148,96 276 455,72 404,85 1754,34 
2 6,7 752,72 150,54 276 455,72 407,69 1766,67 
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 1.7 –      

№
 

 
 
-

   
  . 

 . ., . 
 

-
 

 
-

   
 . 𝑎𝑥, 

.  

      
  
 . , 

. 
 

 . , 
. 
  

     
 

 
 
 

, 
. 
 

  
 

, . ., 
/  

1 670 268 576 2  60 576 3600 94 
2 670 268 576 1  120 575 3600 94 

 1.8 –       

№
 

 

      ( . . . .)   
  

 
 

, . 
. 

       
 

 
,  

   
 

 ( . = 
155,94 

/ ) 

   
  

( . = 
159,13 

/ ) 

  
  

( . = 
159,13 

/ ) 

  
 

( . = 
162,37 

/ ) 
1 0,00 0,00 90,38 15,05 105,42 474,41 
2 0,00 0,00 90,38 15,05 105,42 471,41 

 1.9 –     

№
 

 

 
 

  
  

 
 

 

 
 

  
  

  

     
 
 

-
 . 

 
 

   
, 

/  

     
  

 

 

 
 

-
 

 
, 

/  

1 660 0 660 2  60 660 5500 5500 
2 660 0 660 1  120 660 5500 5500 
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 1.10 –         
 (k  1) 

№
 

 

  

 
   

, 
/

 

 
  

 
, 

/
 

 
  

 
 

, 
/

  
 

, 
 

 
 

, 
/

·
 

 k
1 

 
 

 
 k

1,
 

. 
.

.
. 

1 2  60 5500 0 3600 0 120,36 1 79,44 
2 1  120 5500 0 3600 0 250,44 1 165,2 

 1.11 –         
       

№
 

 

       
  

 
, 

. . . 

 
 

 
  

, 
. 
. 

 
 

 
 

k 1, 
/ ·  

 
k 2 

 
k 3 

  
  . 

 
b,  

/ ·  

1 79,44 1,00 1,02 81,19 365,34 839,75 
2 165,2 1,00 1,02 168,9 760,14 1234,56 

 1.12 –        
     

№
 

 

 
  

  , 
. ·  

    
 

  
  

, 
. ·  

   
 

     

. 
·  

%  
 

. 
·  

% 

1 660 47,85 7,25 2  60 48 7 612,15 
2 660 47,85 7,25 1  120 48 7 612,15 

       
  

       
      . 



13 
 

     
      

       . 
       

 . 

       
   1.13. 

 1.13 –      

    
 

 
 

    
 , . ·  

612 612 

     
, .  

670 670 

     Э , . . . . 
186,61 274,32 

    
 э, . . . . 

81,19 168,9 

    
  , . . . . 

105,42 105,42 

  , . 
.  

2594,09 3001,22 

   , . . 839,75 1234,56 

 , . . 744,81 752,72 

    , . 
. 

455,72 455,72 

   , . . 148,96 150,54 

  , . . 404,85 407,69 

       
     1.14. 
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 1.14 –       
(  ) 

 
 

 , . .  
, 

. 
. 

  , 
. . 

U  U  U  U  U   /   /  

   839,75 372,41 159,50 74,48  1446,14 621,43 824,70 
 , 

 
 335,16 159,50 67,03  561,70 561,70  

  
 37,24 136,71 7,45 404,85 586,25 345,45 240,80 

   839,75 744,81 455,72 148,9 404,85 2594,09 1528,5 1065,5 
  , ./ ·  2,4971 
  , ./  1451,37 

         
  (  ), . .: 

э/э = ∙ эээ = , ∙ , , = , .  

(1.3) 

/э = − э э⁄ = , − , = , . (1.4) 

       
     , . .: 

э/э = ∙ э/э + .э/э+ . ,   (1.5) 

э/э = , ∙ , + ,, + , = , .  

/э = − э э⁄ = , − , = , . (1.6) 

   , ./ · : 

ээ = ээ = , = ,  
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   , ./ : 

э = э ∙ = , ∙ = , .   (1.8) 

       
     1.15. 

 1.15 –       
(  ) 

 
 

 , . .  
, 

. 
. 

  , 
. . 

U  U  U  U  U   /   /  

   1234,6 376,36 159,50 75,27  2035,69 1242,9 792,77 
 , 

 
 338,72 159,50 67,74  565,97 565,97  

  
 37,64 136,71 7,53 407,69 589,57 409,92 179,65 

   1234,6 752,72 455,72 150,5 407,69 3001,22 2218,8 972,42 
  , ./ ·  3,6246 
  , ./  1590,30 

         
  (  ), . .: 

э/э = ∙ эээ = , ∙ ,, = , .  

(1.9) 

/э = − э э⁄ = , − , = , . (1.10) 

       
     , . .: 

э/э = ∙ э/э + .э/э+ . ,   (1.11) 

э/э = , ∙ , + ,, + , = , .  
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/э = − э э⁄ = , − , = , . (1.12) 

   , ./ · : 

ээ = ээ = , = , .   (1.13) 

   , ./ : 

э = э ∙ = , ∙ = , .   (1.14) 

  1.14  1.15 ,    
     ,  . 

   , . .: Э = ∙ ( ээ − ээ) + ∙ ( э − э), Э = ∙ , − , + ∙ , − ,= − , . 
(1.15) 

      ,   
     

 . 

     
  

      
    ,  

  ,       
 . 

    ,  
    ,   

 (  1.16). 

  , . .: 
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ДД = ([( э э⁄ − э ) ∙ + + э⁄ − ∙ ]∙ + , ) − 𝐾.   (1.16) 

 𝐾–   , . .;  −   , ./ ;  э −   , ./  .;  −      , ;  −    , ;  −  ;  э⁄ −       ./ ;  э э⁄ −    ∙   ё   , 
./ ∙ . 

 1.16-      

   
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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26

 

-6
53

5,
11

 

-5
00

7,
16
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0,
79
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27
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4

 

41
55
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0

 

56
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5
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1
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26
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      NPV: 

= ∑ + − ∑ + = , .   (1.17) 

   DPI: 

          = NPV|∑ + | + = , .   (1.18) 

   IRR: 

= + − ∙ − = , %.   (1.19) 

   PP: 

=  + ,, ∙ =    я .   (1.20) 

   DPP: 

=  + ,, ∙ =    я .   (1.21) 

      ,    
,        

  0, ,   > ,  :   
  8   3 ,  – 13   7 . 

 ,    120   .   
    . 
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2   

     -60-130,  
      2.1.   

     .   
       . 

       
, ,     .  

    -   .  
    -   -1     

 .      , 
      .  
        

    ( )   ( ). 
     . 

      -  
 ( ),     -   
  ( ),      

 

       , 
  . 

2.1      

  2.1     -60-
130. 

 2.1-    -60-130 

   

  э,  60 

   𝑎𝑥,  116300 

    ,  46520 

   ,  13,0 

   𝑡 , °  555 

   , ,  0,0035 

     7 

   , /  8000 

   𝑡 , °  20 



20 
 

  2.1 

   

    , : 
 
 
 
 
 

 
3,41 
2,177 
1,128 
0,529 
0,272 

    𝜂 𝑖 Д 0,845 

    𝜂 𝑖 Д 0,876 

 
  𝜂э = 0,98; 

    𝑡 = 30 ° ; 
       ∆𝑡э + ∆𝑡 =  

°C; 
    𝜂 = 0,98; 

       𝜗 Д = 3 °C; 
       𝜗 Д = 5 ° ; 

    .   150/70 ° . 
 

 
 2.1-     -60-130 
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  ,          
  .  

 ,    -240-13,8-560   
: 

  – 240 / ; 
   – 13,8 ; 
   – 560 ℃; 
    – 230 ℃; 
    – 145 ℃; 
   – 93 %. 

   -240-13,8-560    , 
,   ,  -  , 

      .   
 .  

  ,    . 
 .     

      .  
    . 

2.2       i-S-  

        2.2. 

  i-S-   ′ .      
        , , 

: ′ = ∙ 𝜂 , (2.1) 

 𝜂 = , −     . ′ = , ∙ , = ,  . 
 

     ′  𝑖 =  / . 

     .    
     , / ,  ,  𝑖 = 𝑖 − 𝑖 − 𝑖 ∙ 𝜂 Д (2.2) 
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 𝑖 = 3096,7 /  –       
     . 𝑖 = − − , ∙ , = ,  Д / .  

  i-S-   .     
, , : ′ = ∙ 𝜂 ,                                                  (2.3) 

 𝜂 = , −     . ′ = , ∙ , = ,  . 
 

 
     .    

     , / ,   𝑖 = 𝑖 − 𝑖 − 𝑖 ∙ 𝜂 Д, (2.4) 

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

     .    
     , / ,   𝑖 = 𝑖 − 𝑖 − 𝑖 ∙ 𝜂 Д, (2.5) 

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

     .    
     , / ,   𝑖 = 𝑖 − 𝑖 − 𝑖 ∙ 𝜂 Д, (2.6) 

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

     .    
     , / ,   𝑖 = 𝑖 − 𝑖 − 𝑖 ∙ 𝜂 Д, (2.7) 

 
 𝑖 = ,  /  –       

     . 𝑖 = , − , − , ∙ , = , Д / .  

     .    
     , / ,   𝑖 = 𝑖 − 𝑖 − 𝑖 ∙ 𝜂 Д, (2.8) 

 
 𝑖 = ,  /  –       

     . 𝑖 = , − , − , ∙ , = ,  Д / .  

           i-S-   .     
, , : = ∙ 𝜂 ,                                                  (2.9) 

 𝜂 = , −     . = , ∙ , = ,  . 
 

     .    
     , / ,   𝑖 = 𝑖 − 𝑖 − 𝑖 ∙ 𝜂 Д, (2.10) 

 𝑖 = ,  /  –       
     . 𝑖 = , − , − , ∙ , = ,  Д / .  
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  i-S-   .     
, , : = ∙ 𝜂 ,                                                  (2.11) 

 𝜂 = , −     . = , ∙ , = ,  . 
 

     𝐾.    
     , / ,   𝑖𝐾 = 𝑖 − 𝑖 − 𝑖𝐾 ∙ 𝜂 Д, (2.12) 

 𝑖𝐾 = ,  /  –       
   . 𝑖𝐾 = , − , − , ∙ , = ,  Д / .  
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0 0
,i0 = 3487 /

t0 = 555 °C

t0 = 552,46 °C
,

B0

B

D0

D

E0

E

F0

F

G0

G

3096,7 /

3097 9 /

2934,3 /

2774,1 /

2652,5 /

3215,32 /

3112,42 /

2954,53 /

2667,8 /

2793,96 /

H0

H2536,2 /

2550,58 /

I0

I2452,25 /

2462,1 /

K0

K
2058,1  /

2106,97  /

1

H1

I1

 

 2.2-       i-S-  
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2.3       

        2.3. 

  , / ,   : 

= 𝑎𝑥∙ ∆𝑡,  
(2.13) 

 
 = ,  Д / −  ; 

 ∆𝑡 −        . 

= , ∙ − = ,  / .  
 

t

t

t

t

t

t
P 

P 

 

-  ; -   ; -  ; - 
  ; -    

 2.3-      

    , : 

К = 𝑎𝑥 − = − =  . (2.14) 

 : 

= 𝑎𝑥 = = , .  
(2.15) 

   , °C,      
: 
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𝑡 = 𝑡 + ∙ ,  
(2.16) 

 𝑡 =  °  –    . 

𝑡 = + , ∙ , =  ° .  
 

   , °C,      
: 

𝑡 = 𝑡 + 𝑡 − 𝑡∙ ,  
(2.17) 

 𝑡 =  °  –    . 

𝑡 = + −, ∙ , =  ° .  
 

 
      𝜗 =  ° ,  

       
, ° : 𝑡 = 𝑡 + 𝜗 = + = . (2.18) 

       
, / : 𝑡̅ = , . 

     , : ′ = , . 

           
  5%, : 

= ′, = , .  
(2.19) 
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      𝜗 =  ° ,  
       

, ° : 𝑡 = 𝑡 + 𝜗 = + = . (2.20) 

       
, / : 𝑡̅ = , . 

     , : ′ = , . 

          
   5%, : 

= ′, = , .  
(2.21) 

 
      , / : 

= ∙ ∆𝑡 ∙𝑖 − 𝑡̅ ∙ 𝜂 ,  
(2.22) 

= , ∙ − ∙ ,, − , ∙ , = ,  / .  
 

      , / : 

= ∙ ∆𝑡 ∙ − 𝑡̅ − 𝑡̅𝑖 − 𝑡̅ ∙ 𝜂 ,  
(2.23) 

= , ∙ − ∙ , − , ∙ , − ,, − , ∙ ,= ,  / .  
 

 
   , : 
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= ∙ 𝑡 − 𝑡 ∙ , (2.24) 

= , ∙ − ∙ , =  . 
 

 

   , : = ∙ 𝑡 − 𝑡 ∙ , (2.25) = , ∙ − ∙ , =  .  

 

2.4      

        
   -7.     3,41 . 

   5%,     : 

Д = , ∙ , = ,  . (2.26) 

   , °C: 𝑡 = , . 
   , / : 𝑡̅ = , . 

       , °C: 𝑡 = 𝑡 − 𝜗 Д = , − = , . (2.27) 

  , / : 𝑡̅ = 𝑡 ∙ = , ∙ , = , . (2.28) 

   (  i-S- ), / : 𝑖 = , . 

      -7, / : ℎ = 𝑖 ∙ 𝑖 = − , = , . (2.29) 
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      . 
    2.2. 

 2.2-     

 
 

  

 
 

, 
 

 
, 

/
 

 
 

 
, 

 

 
 

 
, °

 

 
 

 
, 

/
  

 
 

, °
 

 
 

 
, 

/
 

 
, 

/
 

-7 
 

3,410 3215,32 3,24 238,16 1028,77 235,16 984,38 271,69 

-6 
 

2,177 3112,42 2,068 214,08 916,39 211,08 883,581 374,59 

-5 
 

1,128 2954,53 1,072 182,92 776,14 179,92 753,145 532,48 

 
 

1,128 2954,53 0,7 164,95 697,14 164,95 690,481 532,48 

-4 
 

0,529 2793,96 0,503 152,06 614,16 147,06 615,593 693,05 

-3 
 

0,272 2667,80 0,258 128,45 539,79 123,45 516,762 819,43 

-2 
 

0,136 2550,58 0,129 106,88 448,17 101,88 426,47 936,43 

 
 

0,136 2550,58 0,129 106,88 448,17 96,88 405,54 936,43 

-1 
 

0,077 2462,65 0,073 91,04 381,34 86,04 360,163 1024,36 

 
 

0,077 2462,65 0,073 91,04 381,34 81,04 339,23 1024,36 

 
 

0,0035 2106,97 0,0035 26,67 111,83 26,67 111,83 1380,04 

       

     
 (   ): 

= 𝑖 − 𝑖𝑖 − 𝑖 ,  
(2.30) 

 𝑖 = ,  /  –       ; 
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𝑖 = ,  /  –      . = , − ,− , = , .  
 

     
 (   ): 

= 𝑖 − 𝑖𝑖 − 𝑖 ,  
(2.31) 

 𝑖 = ,  /  –       ; 𝑖 = ,  /  –      . = ,  − ,− , = , .  
 

 
      : 

= 𝐾 ∙ ( э𝑖 − 𝜂э + ∙ + ∙ ),  
(2.32) 

 𝑖 = 𝑖 − 𝑖  –    , / ; 𝐾 = , −  . 

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

     0,5 %     , / : 

э = , ∙ = , ∙ , = , . (2.33) 

 
      1 %     

, / : = , ∙ = , ∙ , = , . (2.34) 
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     1,1 %     , / : = , ∙ = , ∙ , = , . (2.35) 

    , / : 

= + ∙ , (2.36) 

 = ,  % −       ; = ,  % −       . = , + , ∙ , = ,  / .  

  , / : = + э + + + , (2.37) 

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

    1,5 %    , / : = , ∙ = , ∙ , = , . (2.38) 

     , / : = ∙ = , + , = , . (2.39) 

     

       
 2.4. 
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2

1

G

D 

G 

t t'

t

t

t'

_

G  t' 

D  

 

 2.4-      

         
         

, / : 

′ = ∙ 𝑡̅ − 𝑡̅′ , (2.40) 

 𝑡̅ = ,  /  –       =,  ; 𝑡̅′ = ,  /  –   ,   
; = ,  / -       = ,  . 

′ = , ∙ , − ,, = ,  / .  

      , / : 

′ = − ′ = , − , = , . (2.41) 
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, / : 

′′ = ′ ∙ 𝑡̅′ − 𝑡̅′′ , (2.42) 

 𝑡̅′′ = ,  /  –   ,   
; = ,  / -       

 = ,  . 

′′ = , ∙ , − ,, = ,  / .  

 ,    , / : 

′′ = ′ − ′′ = , − , = , . (2.43) 

 

   ,   , / : = ′′ + + = , + , + , = , . (2.44) 

       
     , °  

𝑡′ = 𝑡 + ′′ ∙ 𝑡′ − 𝑡 , (2.45) 

 𝑡 =  °  –        ; 𝑡 =  °C –   ,    
     . 𝑡′ = ,  °  –       

. 

𝑡′ = + , ∙ , −, = ,  ° . (2.46) 
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      2.5. 

 7  6

D7 i7 D6 i6

t' G  t

t 7 t 6

___

__

D5 i5

 5

t 5

_

t''
_

 

 2.5 –      

    -7: ∙ 𝑖 − 𝑡̅ ∙ 𝜂 = ∙ 𝑡̅ − 𝑡̅′ , (2.47) 

      -7, / : 

= ∙ 𝑡̅ − 𝑡̅′𝑖 − 𝑡̅ ∙ 𝜂 , (2.48) 

 𝑖 = ,  /  –      ; 𝑡̅ = ,  /  –        
-7 (        ); 𝑡̅ = ,  Д /  –       -7; 𝑡̅′ = ,  /  –       -7. 

= , ∙ , − ,, − , ∙ , = ,  / .  

    -6: ∙ 𝑖 − 𝑡̅ + ∙ 𝑡̅ − 𝑡̅ ∙ 𝜂 = ∙ 𝑡̅′ − 𝑡̅′′ , (2.49) 

 𝑖 = ,  /  –      ; 
 𝑡̅ = ,  /  -        

-6 (        ); 𝑡̅′′ = ,  Д /  –       -6. 
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      -6, / : 

= ∙ 𝑡̅′ − 𝑡̅′′ − ∙ 𝑡̅ − 𝑡̅ ∙ 𝜂𝑖 − 𝑡̅ ∙ 𝜂 , (2.50) 

= , ∙ , − , − , ∙ , − , ∙ ,, − , ∙ , == , . 
    -5: ∙ 𝑖 − 𝑡̅ + + ∙ 𝑡̅ − 𝑡̅ ∙ 𝜂 = ∙ 𝑡̅′′ − 𝑡̅ , (2.51) 

 𝑖 = ,  /  –      ; 𝑡̅ = ,  /  -        
-6 (        ); 𝑡̅ = ,  Д /  –       -5. 

      -5, / : 

= ∙ 𝑡̅′′ − 𝑡̅ − + ∙ 𝑡̅ − 𝑡̅ ∙ 𝜂𝑖 − 𝑡̅ ∙ 𝜂 , (2.52) 

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

   

        2.6. 

t к G к D в  i'в  

D7+D6+D5

G в t в 
_

_Dд i3 

 

 2.6-    
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    : = + + + ′ + + , (2.53) 

  : ∙ 𝑡̅ = + + ∙ 𝑡̅ + ′ ∙ 𝑖′ + ∙ 𝑖 + ∙ 𝑡̅ , (2.54) 

 𝑖′ = ,  /  –      
; 𝑡̅ = ,  /  –       
. 

     : , = , + , + , + , + + , 
, ∙ , = , + , + , ∙ , + , ∙ , + ∙ , + ∙ , , 

  , : = ,  / ; = ,  / . 

     

       
 2.7. 

 2  1

Dк

Dэж+D +Dх. .в

D1 i1D2 i2

t'ПНД1t''ПНД1t''ПНД4G к

t 2 t 1

_ _

__

__
t'ПНД2

 3

D3 i3

 4

D4 i4

t'ПНД4 t''ПНД2

_
t
__

t''ПНД3

_

D  в  i  в  

D к

G  t  
_

 

 2.7-      
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    -4: ∙ 𝑖 − 𝑡̅ ∙ 𝜂 = ∙ 𝑡̅ Д′′ − 𝑡̅ Д′ , (2.55) 

 𝑖 = ,  /  –      ; 𝑡̅ = ,  /  –        
-4; 𝑡̅ Д′′ = ,  /  –       
-4; 𝑡̅ Д′ = ,  /  –       -4. 

        -4, / : 

= ∙ 𝑡̅ Д′′ − 𝑡̅ Д′𝑖 − 𝑡̅ ∙ 𝜂 , (2.56) 

= , ∙ , − ,, − , ∙ , = , . 
 

    -3: ∙ 𝑖 − 𝑡̅ + ∙ 𝑡̅ − 𝑡̅ ∙ 𝜂 = ∙ 𝑡̅ Д′′ − 𝑡̅ , (2.57) 

 𝑖 = ,  /  –      ; 𝑡̅ = ,  /  –        
-3; 𝑡̅ Д′′ = ,  /  –       -

3. 
        

, / : = + , (2.58)            = , + , = , . 
   , / : ∙ 𝑡̅ = ∙ 𝑡̅ + ′ ∙ 𝑡̅ Д′′ , (2.59) 

  𝑡̅ Д′′ = ,  Д /  −       
-2. 
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      -2, / : ′ = − , (2.60)            ′ = , − , = , . 
  (2.57),    , / :            , ∙ 𝑡̅ = , ∙ , + , ∙ , ,            𝑡̅ = , . 
    (1.53), : 

           ∙ , − , + , ∙ , − , ∙ , = , ∙ , − , ,            = , . 
    -2: ∙ 𝑖 − 𝑡̅ + + ∙ 𝑡̅ − 𝑡̅ ∙ 𝜂 == ∙ 𝑡̅ Д′′ − 𝑡̅ Д′ , (2.61) 

 
 𝑖 = ,  /  –      ; 𝑡̅ = , /  –        

-2; 𝑡̅ Д′ = ,  /  –       -2. 
     (2.59):                 ∙ , − , + , + , ∙ , − , ∙ , = , ∙ , − , , 

    -2, / :            = , . 
    -1: ∙ 𝑖 − 𝑡̅ + ′′ ∙ 𝑖′′ − 𝑡̅ +  +  + ∙ 𝑡̅ − 𝑡̅∙ 𝜂 = ′ ∙ 𝑡̅ Д′′ − 𝑡̅ Д′ , (2.62) 

 𝑖 = ,  /  –      ; 𝑡̅ = ,  /  –        
-1; 𝑡̅ Д′′ = ,  /  –       -1; 

       



40 
 

𝑖′′ = ,   Д / −        
  . 

      𝑡̅ Д′ = (𝑡 + ∆𝑡 э− ) ∙ = , + ∙ , = ,  Д / − 
    -1; 𝑡 = ,  ℃ −  

  ; ∆𝑡 э− =  ℃ −    
     . 

      (2.60):                 ∙ , − , + , ∙ , − , + , + , + , ∙ , − , ∙ ,= , ∙ , − , , 
    -1, / :            = , . 

    , / ,  : = ′ − ( э + + . . . + + + + + ′′ ), (2.63) 

= , − , + , + , + , + , + , + , + ,= , . 
    : = − ( + + + + + + + ++ ), (2.64) 

= , − , + , + , + , + , + , + , + , + ,+ , = , . 
      . 

     : 

= (∑ 𝑖 ∙ 𝑖𝑖= ) ∙ 𝜂э , (2.65) 

= [ , ∙ , + , ∙ , + , ∙ , + , ∙ , + ,∙ , + , ∙ , + , ∙ , + , ∙ ,+ , ∙ , + , ∙ , + , ∙ , ]∙ , = ,   = ,  . 
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  : 

= | − | = | − , | = , . 
   2 %, ,    

 . 

  -     

   , : = ∙ 𝑖 − 𝑡̅ + ′ ∙ 𝑖′ − 𝑡̅ + ′′ ∙ 𝑖′′ − 𝑡̅ +∙ 𝑡̅′ − 𝑡̅ , (2.66) 

 𝑖 = /  –   ; 𝑡̅ = ,  /  –       ; 𝑖′ = ,  /  –        
  ; 𝑖′′ = ,  /  –        
  ; 𝑡̅′ = ,  /  –        

   ; 
 = ,  /  –    ; ′ = ,  /  –        

 ; ′′ = ,  /  –       
  ; = ,  /  –    . = , ∙ − , + , ∙ , − , + ,∙ , − , + , ∙ , − ,= , . 

    , : = ∙ 𝑖 − 𝑡̅ + ∙ 𝑖 − 𝑡̅ , (2.67) 

 = ,  /  –      ;          = ,  /  –      ; 𝑖 = ,  /  –       
; 
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𝑖 = ,  /  –       
; 𝑡̅ = ,  /  –       

 ; 𝑡̅ = ,  /  –       
 . = , ∙ , − , + ,∙ , − , = , .  

     , : 

э = − = , − , = , . (2.68) 
 

   , : = ∙ 𝑖 − 𝑡̅ + ∙ (𝑡̅ − 𝑡̅ ), (2.69) 

 = , /  –   ; 𝑖 = ,  /  –      = ,  
   𝑡 =  °C; = ,  /  –   ; 𝑡̅ = ,  /  –   . = , ∙ , − , + , ∙ , − ,= , . 

  , / : 

= ∙ 𝜂 , (2.70) 

 =  /  –    ; 𝜂 = ,  –    . = ,∙ , = , .  

     9 %,   
, : = э − , ∙ э, (2.71) 
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= − , ∙ = , 
 

  ,     
, : 

ээ = ээ ∙ э, (2.72) 

 ээ = ,  –  ,    
. 

ээ = , ∙ = .  

       
: 𝜉 = 𝑖 − 𝑖𝑖 − 𝑖 ∙ ( + 𝐾 ∙ 𝑖 − 𝑖𝑖 − 𝑖 ), (2.73) 

 𝜉 = 𝑖 − 𝑖𝑖 − 𝑖 ∙ ( + 𝐾 ∙ 𝑖 − 𝑖𝑖 − 𝑖 ), (2.74) 

 
 𝑖 = , /  –      ; 𝐾 = ,  – ,      . 𝜉 = , − ,− , ∙ ( + , ∙ − ,− , ) = , . 

   𝜉 = , − ,− , ∙ ( + , ∙ − ,− , ) = , . 
         

, : 

∆ э = [ ∙ − 𝜉 + ∙ − 𝜉 ] ∙ , (2.75) 

∆ э = [ ∙ − , + ∙ − , ] ∙= , .  

     , : 
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= , ∙ , (2.76) 

= , ∙ , = , .  

       
 : 

𝐾э = э + ∆ э +э + ∆ э + + , (2.77) 

𝐾э = , + , + ,, + , + , + , = , .  

     , / : 

э = ∙ 𝐾э э − ээ , (2.78) 

э = , ∙ , ∙ − = , .  

       
, / : 

К = К∙ 𝜂 , (2.79) 

К = ∙ , = , . 
К = ∙ , = , . 

 

 

     , / : = − э + К, (2.80) 
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= , − , + , = , .  

      , 
/( · ): 

э = э ∙ , (2.81) 

э = , ∙ = , .  

      , / : 

= 𝑎𝑥 ∙ , (2.82) 

= , ∙ = , .  

        (  
  ), / : 

= − э ∙ , (2.83) 

= , − , ∙ = , .  

    

2.12.1    

      
         6-8%, / : = ∙ , , (2.84) 

= , ∙ , ∙ , = , .  
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     30-50 % ,  
    , : = ∙ ∙ , , (2.85) = ∙ , = .  

     -320-180/200  
: 

  – 320 3/ ; 
  – 180/200 ; 
   – 2970 / ; 
   – 3000 . 

2.12.2    

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

        
, / : = + + + . . == , + , + , + , = , . (2.86) 

      50-150 . . . 

     10 -5-3  : 

  – 220 3/ ; 
  – 120 . . .; 
   960 / ; 
  – 122 . 

2.12.3    

         
8000 3/ . 

      ,     , 
3/ , : 

= = = . (2.87) 
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    24 -4000  : 

  – 4000 3/ ; 
  – 16,5 . . .; 
   – 585 / ; 
   – 198 ; 
  – 90%. 

2.12.4    

     .   
   2  ,    50%-  

. 

  , / : 

= ∙ , = , ∙ , = , . (2.88) 

   :   -800-70   -
800-100  : 

  – 800  800 3/ ; 
  – 0,68  0,98 ; 
   – 1500  1500 / ; 
   – 190  275 ; 
  – 81  80%. 

2.12.5   

     = , /   
     -320  

:  7 ,    320 / . 

 :  -100 (   100 3). 

2.12.6    

      , , 
    ,     

. 

-7: -350-230-36-I,  350 -   , 2; 
230 -     , ; 36 -  

  , . 

-6: -350-230-21-3. 
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-5: -350-230-21-3. 

  : 

-4: -200-16-7-I,  200 -   , 2; 16 
-     , ; 7 -    

, . 

-3: -200-16-7-I. 

-2: -100-16-4-I. 

-1: -100-16-4-I. 

2.12.7    

       , 
         . 

    = ,  / .   
  -200-7-15  :   

  400 / ;    0,78 ;     
  1,57 ;     6,763 . 

2.12.8      

       
  .       116,3 ,  
    - -35-150 ( - -30)   

 ,  : 

  – 35 ; 
    – 150/70 ℃; 
    – 255 ℃; 
   – 83 %. 

  - -35-150 ( - -30)    
    150 ℃,    , 

       , 
    . 

    ,  
,   .      

   .   
,   ,   , 
  U-    .     . 

   ,    . ё  - -
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30-150 ( - -35-150)   ё  ,   
    ,   . 

    

2.13.1       

         
 ,    2.3. 

 2.3 –    

  
, 

, % 

 
 

, 
/         

9 14 0,4 3,8 1,8 62,8 8,2 33 23260 

 
     , / ,   : 

= 𝑖 − 𝑡̅ + (𝑡̅ − 𝑡̅ )∙ 𝜂 , (2.89) 

 = ,  /  –   ; 𝑖 = ,  /  –      = ,  
   𝑡 =  °C; = ,  /  –   ,  1,5%   ; 𝑡̅ = ,  /  –       ; 𝑡̅ = ,  /  –   ,    

      = ,  . =  /  –   ; 𝜂 = ,  –   . 

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

 
2.13.2     

   , / : = ∙ ∙ + К ∙ ∙ , = , . (2.90) 
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,    ,  . 

   , / : 

= = , = , . (2.91) 

      
, / : = ∙ ∙ ∙ 𝐾𝑎, (2.92) 

 = ,   –  ; = ,  /  –  ; = ,  / 3 –   ; 𝐾𝑎 =  – ,     = ° 
  . 

 = , ∙ , ∙ , ∙ = , .  
 

 ( )        
    : 

= 𝐾 ∙ ∙ + ∙ ∙ + ∙ ∙∙ , ∙ 𝐾 , (2.93) 

 𝐾 =  – ,    ; =   –        
; =   –         

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

 

,    , : 

э = 𝐾 ∙𝜂э ∙ 𝜂 , (2.94) 
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 𝐾 = ,  –     ; 𝜂э = ,  –  ; 𝜂 = ,  –  . 

э = , ∙ ,, ∙ , = , .  

 

2.13.3     

      
.        

          
 .       

 -19   : 

  – 67-105 / ; 
   – 800 ; 
  – 1000 ; 
  – 7,2 ; 
    – 1000 / ; 
   – 125 . 

        . 

   , 3: 

= , ∙ ∙ 𝜏𝐾 ∙ , (2.95) 

 𝜏 =   –      ,   
; 𝐾 = ,  –   . 

= , ∙ , ∙, ∙ , = , .  

          
  400 ;  3,2 .     0,2 

 – 35-80 3/ ;  - 1 . 
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2.13.4      

        24 
      .     
   ,     . ,   

 ,        
( - ). 

,   ,  
  , 2: 

= ∙ + К ∙ ∙∙ ℎ ∙ 𝜑 , (2.96) 

 
 ℎ = ,   –  ; =  −       ; =  −      ; = ,  / −      ; К = ,  / −     ; 𝜑 = ,  – ,     

( )   . 

= , ∙ + , ∙ ∙∙ ℎ ∙ 𝜑 = , . 
 

 

2.13.5      

        
      ,   

  ,     > %. 
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1 –   , 2 –   , 3 –  , 4 –  
, 5 –  , 6 –  , 7 – , 8 – 
 , 9 –  , 10 –  , 11 –  , 12 

–   , 13 –   , 14 –  . 

 3.1 –        
 ( )    

2.13.6        

 , / : 

= 𝐾 ∙ ∙ ,∙ 𝐾 , (2.97) 

 𝐾 = ,  –    ,   
 ; 𝐾 = ,  –  ; =  –    . = , ∙ , ∙ ,∙ , = , . 

 

 

         
   -1000/950/980   6,6 /    

 980 / . 

2.13.7      

      .  
    . 
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,    ,     
       . 

  , 3/    1    
  : = , ∙ + , ∙ + , ∙ − , ∙ , (2.98) 

  –      , %, ( .  3.1); 
 –      , %, ( .  3.1); 
 –      , %, ( .  3.1); 
 –      , %, ( .  3.1). 

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

  , 3/ ,     
: = , ∙ + , ∙ , (2.99) = , ∙ , + , ∙ , = , .  

 
   , 3/ : 

= , ∙ + , ∙ , (2.100) 

= , ∙ , + , ∙ , = , .  

 

   , 3/ : = , ∙ + , ∙ + , ∙  (2.101) 

  -     , %, ( .  3.1). = , ∙ , + , ∙ + , ∙ , = , .  
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    , 3/ ,    
 : = + + , (2.102) = , + , + , = , .  

 

     , 
3/ : 

= ∙ ∙ − ∙ ( − ∆ − ∆ − ∆ ) ∙ 𝑡 + , (2.103) 

 =  –     ; = ,  –   ; ∆ = ,  –   ; ∆ = ,  –    ; ∆ = ,  –       ; 𝑡 =  ℃ –   . 

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

 

  ( 3/ )    
  = , : = ∙ ∙ = , ∙ , ∙ = , . (2.104) 

      
    =  .   
    = , ; = ∙ = , ∙ = , . (2.105) 

     -24-11   
: 

  – 275/220 . 3/ ; 
  – 3900/2450 ; 
   – 740/590 / ; 
  – 400/200 . 



56 
 

2.13.8    

     , 
   (  )  ,   

    . 

          
    , 3/ : 

       , 3/ : = + , ∙ ( − ) ∙ , (2.106) 

 = ,  –      ;  = ,  –       . 

= , + , ∙ , − ∙ , = ,  

 = , + , ∙ , − ∙ , = , . 
 

 

    , 3/ :  = ∆ + ∆ ∙ , (2.107) 

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

 = , + , ∙ , = , .  

 
 , 3/ : = ∙ − ∙ ( + ) ∙ 𝑡 + , (2.108) 

 𝑡 =  ℃ –   ; 𝑡  =  ℃ −    ; 𝑡 =  ℃ -    ;  = ,  % −     . = , ∙ − ∙ , + , ∙ + = ,  
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 = , ∙ − , ∙ , + , ∙ + = , . 
  ( 3/ )    
  = , : = ∙ ∙ = , ∙ , ∙ = ,  

 = ∙  ∙ = , ∙ , ∙ = , . 
 

(2.109) 

       
  = ,  .     

  = , ; = ∙ = , ∙ , = , . (2.110) 

    -26 2  : 

  – 475 . 3/ ; 
  – 4600 ; 
   – 774 / ; 
  – 790 . 

      -21  : 

  – 138 . 3/ ; 
  – 5480 ; 
   – 980 / ; 
  – 262 . 

2.14  

      
.       .   

          
.         

. 

         
   ,   , 

 10    ,  
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 ,    , / ,   
 = , ∙ ∙ ∙ + , ∙ ∙ , 

 

(2.111) 

  : 

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

  : 

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

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

 

(2.112) 

 =  –   ; =  –    ; =  –    . 

= , ∙ , ∙ + , ∙ ∙ = , . 
 

       
  ( / ),    : = [ , ∙ ∙ ∙ + , ∙ ∙ ] ∙ ( − − 𝜂 ), 

 

(2.113) 

  : 

 = [ , ∙ , ∙ , ∙ + , ∙ , ∙ ∙ ] ∙∙ ( − − , ) = , . 
 

  : 
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 = [ , ∙ , ∙ , ∙ + , ∙ , ∙ , ∙ ] ∙∙ ( − − ) = , . 
 

  , : 

𝑐 = (  ∙ +  ∙ ) ∙ ∙ , (2.114) 

 =  –   ; =  –    ; =  –     . 

𝑐 = , ∙ + , ∙ ∙ ∙ = , .  
 

  , 3: 

𝑐 = ,  ≈ ,  3. 

       400 3. 

3    

3.1   

      160 /    
     

.  

   ,   , 3/ : = ∙ − ∙ + ∙ 𝜗 +
 (3.1) 

 =  % –    ;  = ,  % –     ; 𝜗  =  °  –    ; 𝜗 =  °  –   . 

= , ∙ − ∙ , + , ∙ + = ,  

 = , ∙ − , ∙ , + , ∙ + = , . 
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   , 2: 

= , (3.2) 

 = ,  /  –  . 

           = = ,, = ,  

       1-40-7,5-4-
3 (  3.1),        

 -512- -2-(6 8) (  3.2).    
     3.1  3.2.  

 3.1 –     

   

  , 2 81,9 

  ,  2,65 

 ,  
 

 
 

 
13,44 
12,2 
15,4 

,  172,2 

  , % 99,6 

 

 

 3.1 –     
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  (    A) 
     

      , 
  ,      

  .  

 - -     
;    -   ,  

   .   - ,   
. 

       
(  )    (  ,   

       ). 
   ё   300 .  
    – ,   

   . 

 3.2 –      

   

  48 

  2 

 , 3/  133000 

 ,  
 

 
 

 
6050 
6450 
6470 

,  31400 

  , % 94 
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 3.2 –    -512 

  - 512     , , 
,   , .     

 (  ),  10 %      
    94 %   1300 

,       " ".   
    92 %   

1100 . 

  - 512       
512 ,       

    ,       
 . 

       , / : = , ∙ ∙ ∙ + , ∙ ∙ , (3.3) 

 = ,  –  ,  ;  = ,  –  ,  ; =  % -    . = , ∙ , ∙ ∙ , ∙ + , ∙ , ∙ ∙ ∙ == ,  

 = , ∙ , ∙ ∙ , ∙ + , ∙ , ∙ ∙ ∙ == , . 
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  , / ,      
: 

ы = ∙ − 𝜂 , (3.4) 

 𝜂 = ,  % -  ; 𝜂 =  % -   . 

ы = , ∙ − , = ,  

 ы = , ∙ − = , . 
 

 

3.2          

      , / ,     
    : 

= ∙ ∙ + , ∙ ∙ ∙ ( − 𝜂 ),  

(3.5) 

= ∙ , ∙ + ∙ ,, ∙ , ∙ ∙ − , = ,  

 = ∙ , ∙ + ∙ ,, ∙ , ∙ ∙ − , = , . 
 

       F,  
      .   = : = , ∙ = ,  /  

 = , ∙ = ,  / . 

  , / : = +  = , + , = , . (3.6) 
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      , / : 

= ∙ ∙ ∙ ∙ ∙ − 𝜂′ ∙ − 𝜂′′ , (3.7) 

 
 −  ; 𝜂′ = ,  –   ,      

; 𝜂′′ =  –   ,   . = ∙ ∙ , ∙ , ∙ ∙ − , ∙ − = ,  

 = ∙ ∙ , ∙ , ∙ ∙ − , ∙ − = , . 
 

   , / : = +  = , + , = , . (3.8) 

       NO2, / ,  
 : 

= , ∙ ∙ 𝐾 ∙ ∙ ∙ ∙ − ∙ − ∙ ∙ , (3.9) 

 =  –   ,   
         

; 𝐾 = ∙ +⁄ = ∙ , + ,⁄ = ,  – , 
     1    , 

/ ; 
 = ,  – ,    

         ; = ,  – ,   ; =  % -        
. = , ∙ ∙ , ∙ , ∙ ∙ , ∙ ( − ) ∙ − , ∙ ∙ ,= , . 
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NO2, / ,   : 

 = ∙ − ∙ ∙ ∙ 𝐾 ∙ 𝑟 , (3.10) 

 𝐾  –         
, / ; 𝑟 –  ,    

 ,         
,    . 𝑟 = − , ∙ √ , =  % -  

  . 𝑟 = − , ∙ √ = , . 

        , 
/ : 𝐾 = , ∙ − ∙ ∙ ( + , ∙ − ) ∙ √ ∙ 𝑟 , (3.11) 

 =  % -     –   
    6 ; 𝑟 = ,  –    , / 2. 𝐾 = , ∙ − ∙ , ∙ ( + , ∙ − ) ∙ √ , ∙ , = , . 

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

= ∙ − ∙ ∙ , (3.12) 

  –      , / ; = ,  –     , / . 



66 
 

     , / ,   
 = ∙ ∙ , (3.13) 

 = ,  –       
, %; =  – ,      

   ,     
   . = , ∙ ∙ , = , .  

= , ∙ ( − , ) ∙ ∙ , = , . 
 

      , / : 

= + + ДКДК ∙ + ДКДК ∙ ,  
(3.14) 

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

.        
,   ,     

     . 

3.3     

       
, : 

= √ ∙ ∙ДК ∙ √ ∙ ∆𝑡,  

(3.15) 

 =  – ,     
    ; 
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 –  ,     
    .  =    ; =  –   ; = ,  3/  –       ; ∆𝑡 = ,  °  –        

  . 

= √ ∙ , ∙, ∙ √ , ∙ , = , .  

 

    =  .   
 : 

     , / : 

= ∙∙ ,       (3.16) 

 = ,   –    . 

= ,, ∙ , = , .    

= ∙ ∙∆𝑡 ∙ , (3.17) 

= ∙ , ∙ ,, ∙ = , .  

 

 m      f: 

= , + , ∙ √ + , ∙ √ , (3.18) 

= , + , ∙ √ , + , ∙ √ , = , .  

       
 , / 3: 
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𝑎𝑥 = ∙ ∙ ∙ √ ∙ ∆𝑡, (3.19) 

𝑎𝑥 = ∙ , ∙ , ∙ √ , ∙ , = , . 
𝑎𝑥 < ДК ,     120 ,  

  . 

       
        : 

э = + , ∙ ∙∙ 𝜑 ,   
(3.20) 

 =  –     10    ; 𝜑 = ,  – ,      
 . 

э = + , ∙ , ∙ ,∙ , = ,  .    

4   

4.1      

  –       
 ,     . 

       
   :      
   ,   ,  
,  ; ,   

 ,  ,  , 
 ,    ;  

;    , 
    ,  

  ( );  ; ;   
;  -  ;  ;   

   – , , ,   
 ,  ,  , 

. 
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    ,  ,    
 .     ,   

  .       
 2. 

    

        
 .     ,  

,          
.  

       ,  
, , ,          

.   ,  ,     
 .  

      :   
,      ,   

(   ),      ,   
  ,     

. 

        3. 

      

      
    4.1. 

 4.1-     

 , % 
     100 

 , ,  
    

3 

      1,7 
    0,8 
       

  
0,1 

      , 3/ ,   
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 = ∙∆𝑡 ∙ ∙ , , (4.1) 

 = ,  /  –     ; = ,  /  –       
 = ,  ; ∆𝑡 =  °C –        

; = ,  /( ·° ) –  .  

 = , ∙ ,∙ , ∙ , = , . 
         

 11524,95 3/ . 

   , ,    
, 3/ :  = , ∙ = , ∙ ,  = , . (4.2) 

         , 
3/ :  = , ∙ = , ∙ ,  = , . (4.3) 

     , 3/ :  = , ∙ = , ∙ ,  = , . (4.4) 

          
, 3/ :  = , ∙ = , ∙ ,  = , . (4.5) 

    , 3/ :  = + + + + , (4.6)  = , + , + , + , + , = , . 
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.         

    .     
       

 , ,   ,  .  

         
          

,       -   
     , 

    .     
        

     .      
       

     25-50   40   
      .  

   ,    .   
        10-40   

  .    
        , 

  .    
     4. 

       4.1. 

 

1-  ; 2- ; 3-  ; 4- ; 
 ; 6-  ; 7-    

 4.1-    
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         10-40   
    .     

            
  ,        

 .     ,  , 
  .      

  ,    .  

   :  

    /   ,   
   . 

   = ∙ ∙ 𝑡 − 𝑡  ,  𝑡   𝑡 -  
    , ℃;  —   

, Д /  ∙  ° .  
   / , /  ∙ ,   —  , 

    . 

   .    
-   𝑡 − 𝑡  =   −  ℃: = ∙ ∙ 𝑡 − 𝑡 , (4.7) 

 =  /  -     ; 

 = ,  Д / ∙ ℃  –   . = ∙ , ∙ = .    

   , 2: = э ∙ , (4.8) 

 = ,   /  −   . 

= ∙ , = .    

  , 3/( 3∙ ): 

= = = , . (4.9) 
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 -3200-73   : 

   – 81 ; 
  – ; 
   – 20-26 . 3/ ; 
   – 3200 2; 
   – 6-8 3/( 3∙ ); 
    – 10 .  
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         . 
   120     200 / . 

         . 

        
-50/60 -130     -240-13,8-560 . 

     : 

        
    ; 

        
; 

  -    ; 
     ; 
   ,   ; 
     ; 
   ,     ; 
      . 
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