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1.1      -
 

      ,  
       50 . 

          
.  

      -
   50     -
   -50-130/13.  

     ,   -
    -45-15,  . 

1.2    

1.2.1   ,   -
 

      -
     -45-15. 

    -  -
,     , . ./  [3]: 

э = + + + + , (1) 

 –   ; 
  –    ;  

 –    ; 
–     ; 
–  ; 

 
1.2.2 ё     

       
       0,27  . ./( ∙ )  

0,27  . ./( ∙ ). 
          -

         , 
.  . ./ : 
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э = + э, (2) 

   –         , 
.  . ./ . э–      , .  

. ./ . 
     , .  . ./ : 

э = э + . ы , (3) 

  . ы  –   , ∙ . 

. ы = 𝑁 + , (4) 

    𝑁  –   , ;   –     , ; 

. ы = , ∙ ∙ + ∙ − = , .  

э = , ∙ , = ,  

      , .  . ./ : = э ∙ , (5) 

   –        , . . = 𝑁 ∙ ∙ − , (6) 

  𝑁  –   , / ;   –      , / . = ∙ ∙ ∙ − = , ,  = , ∙ , = , , 

э = , + , = , . 

  , . ./ : = Ц ∙ э ∙ − , (7) 

  Ц –   , ./  . .,   - . 
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= ∙ , ∙ − = ,   

1.2.3     

        -
 , . / : = 𝑁 ∙ ∙ ФЗ ∙ − , (8) 

   –  , ./ ; ФЗ  –      , . (   - ). = ∙ ∙ ∙ − = , .  

1.2.4   

  , . ./ : = 𝐾 ∙ , (9) 

   –      ;  6,7%; 𝐾–     , . . 𝐾 = 𝐾 ∙ , (10) 

  𝐾  –      -45-15  
 , . .; 

–       
  ; 

–      -
   . 𝐾 = ∙ , , = , ,  = , ∙ , = , .  

1.2.5     

  , . ./ : 
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= 𝐾 ∙ , (11) 

   –        
  . = , ∙ = , ,  

1.2.6   

   : 
–    ; 
–       ; 
–   ; 
–    
–  . 

   20 – 30 %     -
,   ,  ё   , . ./ : = , ∙ ( + + ) + С Ц, (12) 

  С Ц –     ,   
 30%     , . ./ . С Ц = , ∙ , = , ,  = , ∙ , ∙ , ∙ , + , = , . 

  , . ./ : 

э = , ∙ , + , + , + , = , .  

1.3       -
 

     , ∙ : 

. = . ы ∙ − . , (13) 

  . ы  –   , ∙ ; 

. –       
 . 
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. ы = , ∙ − , = .  

  , ./ ∙ : 

э = э. , (14) 

э = , ∙ = , . 
 

  , ./ ∙ : 

э = э. ы , (15) 

э = , ∙ = , . 
 

   , ./ : = , (16) 

= , ∙ = , . 
1.4      

      -
 ё    ,   
 ,      ё  -

 .     , 
     , -

  . 
   NPV, . .,   

: 𝑁 = ∑ [Дэ/э += ] ∙ + , − 𝐾, (17) 

  Дэ/э –    , . ./ ; Д /э–     , . ./ ; 

–  , . ./ ; 



10 
 

𝐾 –  , . ./ ; 

 –  . 

   , . ./ ,   
: Дэ/э = , ∙ − э ∙ . ∙ − , (18) 

  э  –    , ./(  
); 

. –       ,  ; 

–      , ./(  ). = ∙ ∙𝑁 + э∙ .. , (19) 

   –   , ./  (  ),   -  -
 448782,75 ./  (  ); 

э–    , ./(  ),   -  -
 1,59 . ./ . 

= ∙ , ∙ + ∙ ,, = , . Дэ/э = , ∙ , − ∙ , ∙ − = , .  

    , . ./ : Д /э = Ц − ∙ , (20) 

  Ц  –        575.00 ./ ; 

–    , ./ ; 

–        , .  Д /э = − , ∙ , ∙ − = , . (21) 

        
 -     1. 



 1 –      

 -
/  

0 1 2 3 4 5 6 7 8 9 10 

   
 -

 , 
. . 

-2671 0 0 0 0 0 0 0 0 0 0 

   
 -

, . . 
0 473,47 473,47 473,47 473,47 473,47 473,47 473,47 473,47 473,47 473,47 

 
, . . 

0 178,95 178,95 178,95 178,95 178,95 178,95 178,95 178,95 178,95 178,95 

   
/ , . . 

0 189,4 189,4 189,4 189,4 189,4 189,4 189,4 189,4 189,4 189,4 

   
/ , . . 

0 180,03 180,03 180,03 180,03 180,03 180,03 180,03 180,03 180,03 180,03 

  
, . . 

-2671 473,47 473,47 473,47 473,47 473,47 473,47 473,47 473,47 473,47 473,47 

 -
 + ,  

1 0,909 0,826 0,751 0,683 0,621 0,564 0,513 0,466 0,424 0,385 

  
  

, . . 
-2671 -2197,44 -1723,97 -1250,40 -777,03 -303,56 169,92 643,39 1116,86 1590,33 2063,80 

 
 , . 

. 
-2671 430,43 391,30 355,73 323,39 293,99 267,26 242,97 220,88 200,70 182,54 

 
  

 , 
. . 

-2671 -2240,48 -1849,18 -1493,46 -1170,07 -876,08 -608,82 -365,86 -144,98 55,82 238,36 



          
, ,       

. 
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2.1   -50-130/13 

    -50-130/13  
        

16-      50000 .  
(50 ).    3000 / . 

       , 
   2. 

 2 –    

   

 ,  50 
   , /  480 

   , /  485 

  , ℃ 555 

  ,  ( / 2) 12,75 (130) 
    -

,  ( / 2) 
0,686 (7) – 2,05 (21) 

   №3,  ( / 2) 3,63 (37) 

   №2,  ( / 2) 2,16 (22) 

   №1,  ( / 2) 
   -

 
   ,  

( / 2) 
0,686 (7) – 2,05 (21) 

 
  ,    -

 1790 / ,      , -
    1100, 1800, 2250 / . 

   .     
   ,     -

,        4-   -
,    ,     

.        -
     4-  . 

       
,        -

  4-  .    ,    
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  ,    
 100 / 2. 

        -
  (  4-  ). 

       , 
       . 
    ,  
   ,   -
        -

  . 
    ,   

 ,      
  . 

    ( ),   
   .    -

,        -
    . 

   ,   2-  , 
  ,      10%  

12 %  3000 / .,    , -
    .    -

        3030 / . 
   ,  -

   ,     -
. 

   : 
1)      3300÷3360 / ; 
2)        

3420÷3480 /  (       
11 ); 

3)         1,2   -
   1,7 ; 

4)         0,3 / 2; 
5)         

5,5 / 2;   
6)       500  ; 
7)         

470     20 ; 
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8)      11,2 . -1. 
   -50-130/13    1. 

 

 1 –    -50-130/13 

2.2      -
 -50-130/13 

   ,   -
 1      ,   , 

-      -420-140, 
         

  -50-130/13   -60-2. 
  3      -

 ,     .  
       -

  .  
      -50-130/13 

   2. 
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 2 –     

2.2.1   

       
0,6 – 0,8         D0 = 485 / .  

  -  (  120 3 )   
   – 500 (  

 500 / ).       . 
       3. 

 3 –     

   

 , /  111,1 
 ,  0,69 
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  3 

   

  ,  1,0 
 , 0  164,2 

 

2.2.2   

      -580-185-2. -
     4. 

 4 –    

 -580-185-2 

, 3  580 

   ,   6,7 
   ,  206,7 

  ,   2980 

  , 3  130 – 430 

 
       

/  – 4000 (   – 430 – 200),  4000 . -
       6000 . 

2.2.3   

      
 ,     ,    

     ( ) №1, 2, 3, -
        105 % 

     . 
      , 

  ,    -
         

. 
       -3, 2  -1 

  -7 .       -1  
 -300. 

     ,   
       -1,   

     -3,       
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 ё         
 .       

     ( )    -
      ,  . 

  ( )    5. 

 5 –     

 
-500-230-

50 
 № 3 

-500-230-
30 

 № 2 

-500-230-
44 

 № 1 

  , 2 500 500 500 
  , /  178 178 178 

  ,  20,6 23,8 15,3 
  , 0  400 400 400 
   -

  ,  
0,11 0,24 0,24 

  ( ),  9300 9300 9300 
 ,  2260 2260 2290 

 
2.3    -45-15 

        
    -45-15   -

 .    ,  
108 / ,    37,5 .  

       , 
   6. 

 6 –    

   

 ,  45 
   , /  300 

  , ℃ 275 

  ,  ( / 2) 1,47 (15) 
    , 

 ( / 2) 
0,18 (1,82) 

   ,  ( / 2) 0,18 (1,82) 

  ,  ( / 2) 0,006 (0,06) 
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   -45-15    3.  

 

 3 –    -45-15 

2.4     

      
  7. 

 7 –     -50-130/13  -
45-15 

      

  ,  э =  
  ,  𝑥 =  

   , 
 

=  

 8 –    -50-130/13: 

      

  ,   = ,   
  ,℃ 𝑡 =  

   ,   ы = ,  
    , 

: 
–   
–   
–   

 
 = ,  = ,  = ,  
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  8 

      

   -
 : 

ηoi = 83% 

   : η = 94,9% 

 
 9 –     -45-15: 

      

  ,   = ,   
  ,℃ 𝑡 =  

  ,   = ,  
    , 

: 
–   

= ,  

   -
 : 

ηoi = 85,2% 

   : η = 95% 

 
  э = , . 

      (    ) 
 5 %. 

      2 %. 
        5 %. 

       𝜗 =  ℃. 

       𝜗 =  ℃. 

    = , . 
    𝑡 =  ℃. 

        0,02 
   ;   – 0,012    . 

     0,01    ;  
 – 0,02    . 

    . -   130/70 ℃. 
   -50-130/13    

-45-15    4. 
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 4 –    -50-130/13   
 -45-15 

2.5      -50-130/13  
  -45-15 

2.5.4       

         -
     - .   

      5.    -
   .     -

ё   IV   .     
         -

 .   130/70.  
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 –  ;  –   

 5 –     

  , / : = 𝑎𝑥С ∙∆𝑡 = , ∙ − = , . (22) 

  С  –  , /( ℃); ∆𝑡 –       , ° . 

 : = 𝑎𝑥 = = , . (23) 

     ,  : 𝑡 = ,  (24) 

     -
, / : 𝑡̅ = ,  (25) 
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2.5.5       -215-130  
i-s  

         
        

 ( .  7). 
    i-s      -

 .         
       , : ′ = ∙ = , ∙ , = , . (26) 

      ′    
    ,   . 

        , / : 𝑖 = 𝑖 − (𝑖 − 𝑖 ) ∙ 𝑖 = − − , ∙ , =, , (27) 

 𝑖 =  –   , / ; 
 𝑖 = ,  –       -

, / . 
ηoi = ,  –      

 С        
  , : = ∙ = , ∙ , = , . (28) 

  , / : 𝑖 = 𝑖 − (𝑖 − 𝑖 ) ∙ ηoi = , − , − , ∙ , = , .(29) 

 i = 3016,3 /  –      -
 ;     

0
i Д = 2168,4 /  –     ;  

oiη
И = 0,852     -

   . 
      ,   

i-s      . 
        6. 
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 6 –      -50-130  -45-15  i-s 

 

  . . 3: 
        -

 ,  2 , / : ∙ 𝑖 − 𝑡 ∙ С = ∙ 𝑡 − 𝑡 ∙ С . (30) 
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 ∙ (𝑡 − 𝑡 ) ∙ С = ∙ 𝑡 − 𝑡 + ∙ С . (31) 

  =  – ,℃; 
 𝑡 с =117,4 –     , ℃;  

дt = 70 –     , ℃; 

сt –  ,       
, ℃. 

  ,    , , 
: = ,  /c 𝑡 = ,  ℃  

  , : = ∙ ∆𝑡 ∙ С = , ∙ , − ∙ , = , . (32) 

2.5.6      

        
   -1. 
      -1    

 : = ,  . 
           

-1 , : = ∙ , = , ∙ , = , . (33) 

   , ℃: 𝑡 = , .  

   , / : 𝑡̅ = , .  

        
, ℃: 𝑡 = 𝑡 − 𝜗 = , − = , . (34) 

    , / : 
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𝑡̅ = 𝑡 ∙ = , ∙ , = , . (35) 

    -1 (  i-s )  
, / : 𝑖 = , .  

     , / : ℎ = 𝑖 − 𝑖 = − , = , . (36) 

      , 
     10. 

 10 –     

 
 

-1 -2 -1 
- 
 

 
 
-

 

-
 

 -
 ,  

3,63 2,16 1,6 1,6 0,182 0,182 0,006 

 , 
/  

3197,8 3079,6 3016,3 3016,3 2656,3 2656,3 2240,6 

   
, 

 
3,447 2,05 1,52 0,7 0,173 0,173 0,006 

 
 -

 ,   
241,68 213,637 198,924 164,953 115,687 115,687 36,16 

 -
  -

, /  
1045,58 914,355 847,548 697,143 485,466 485,466 151,494 

  
 , 

  
239,68 211,637 196,924 164,953 111,687 115,4 36,16 

   
, 

/  
1003,32 885,912 824,324 690,49 467,52 463,336 151,366 

 
, 

/  
315,2 433,4 496,7 496,7 856,7 856,7 1311,4 
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2.5.7       

    : = 𝑖 −𝑖𝑖 −𝑖 = , − ,− , = , . (37) 

   𝐾 = ,  (   
),     , / : = 𝐾 ∙ э𝑖∙𝜂э + ∙ = ,  ∙ , ∙ , + , ∙ , =, , (38) 

 𝑖 = ,  –    , /  ( . 
 9). 

2.5.8     

     0,5 %     , / : 

э = , ∙ = , ∙ , = , . (39) 

    , / : = , ∙ = , ∙ , = , . (40) 

   , / : = ∙ = , ∙ , = , . (41) 

    , / : = + ∙ = , + , ∙ , = , . (42) 

  , / : = + э + + + = , + , + , + , +, = , . (43) 

  , / : = ∙ =  , ∙ , = , . (44) 



28 
 

  , / : = + = , + , = , . (45) 

2.5.9     

       
 7. 

 

 7 –       

    : 

′ = ∙ 𝑡̅ −𝑡̅′ = , ∙ , − ,, = , , (46) 

 𝑡̅  = ,  –       =,  , / ; 
 𝑡̅′ =717,48 –   ,   , 

/ ;  

дt = 70 –     , ℃; 
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=2050,023 –     = ,  . 

    , / : ′ = − ′ = , − , = , . (47) 

   ,   : = ; + + = , + , + , = , . (48) 

       
     , ℃: 𝑡′ = 𝑡 + ′ ∙ 𝑡′ −𝑡 = + , ∙ , −, = , . (49) 

 𝑡′  = ,  –    , ℃; 

 𝑡 =  –   ,    . -
     , ℃;  

2.5.10     

      8. 

 

 8 –      

    -3 : 
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∙ 𝑖 − 𝑡̅ ∙ = ∙ (𝑡̅ − 𝑡′̅ ), (50) 

,    -3, /c: = ∙ 𝑡̅ −𝑡′̅𝑖 −𝑡̅ ∙𝜂 = , ∙ , − ,, − , ∙ , = , . (51) 

    -2 : ∙ 𝑖 − 𝑡̅ + ∙ 𝑡̅ − 𝑡̅ ∙ = ∙ 𝑡 ′̅ − 𝑡′′̅̅ ̅ , (52) 

,    -3, /c: = ∙(𝑡 ′̅ −𝑡′′̅̅ ̅̅ )−𝐷 ∙ 𝑡̅ −𝑡̅ ∙𝜂𝑖 −𝑡̅ ∙𝜂 =, ∙ , − , − , ∙ , − , ∙ ,, − , ∙ , = , . (53) 

    -1 : ∙ 𝑖 − 𝑡̅ + + ∙ 𝑡̅ − 𝑡̅ ∙ = ∙ 𝑡′′̅̅ ̅ − 𝑡̅ , (54) 

,    -3, /c: = ∙(𝑡′′̅̅ ̅̅ −𝑡̅ )− 𝐷 +𝐷 ∙ 𝑡̅ −𝑡̅ ∙𝜂𝑖 −𝑡̅ ∙𝜂 =, ∙ , − , − , + , ∙ , − , ∙ ,, − , ∙ , = , . (55) 

 𝑡̅  = ,  –       -1,  
      , / ; 𝑡̅ = ℎ + ∆ ∙∙𝜂 = , + − ∙ 5∙ ,, ∙ = , , (56) 

   ∆  –       ,    = ,  –    , /    = ,  –   

2.5.11   

         9. 
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 9 –     

       -
  : 

{ = + + + +∙ 𝑡̅ = + + ∙ 𝑡̅ + ′ ∙ 𝑖′ + ∙ 𝑖 + ∙ 𝑡̅   (57) 

 𝑖 = ,  Д /  –      -
; 

 𝑡̅ к = ,  Д /  –     
 . 

    : 
  –   ,   , / ; 

  –     , / . 
    ( .  10)   

(57) : 

{ , = , + , + , + +, ∙ , = , + , + , ∙∙ , + ∙ , + ∙ ,   (58) 

  ,   : 
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{ = ,  /= ,  / .    

2.5.12      

       
10. 

 

 10 –     

     : 𝑡̅ = 𝑡̅ − ∙ С = , − , = , , (59) 

 𝑡̅ = ,   –      , / ; 
 =  – , ℃. 

       -
        -

: 
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{  
  
   
 ∙ (𝑖 − �̅� ) ∙ = − ∙ �̅� − �̅�

( − ) ∙ �̅� = ∙ �̅� + ∙ �̅�
∙ �̅� = ∙ �̅� + ( − ) ∙ �̅�− = +

 (60) 

 𝑡̅  –       , / . 𝑡̅  –          , / . 
  : 
  –    , / ; 

 𝑡̅  –       -
       , / . 

  –     , / ; 
 𝑡̅  –       -

 , / . 
    ( .  10)   

(60) : 

{  
  
   
 ∙ , − , ∙ , = , − ∙ , − �̅�

( , − ) ∙ �̅� = , ∙ , + ∙ ,
, ∙ �̅� = ∙ , + ( , − ) ∙ ,, − = , +

 (61) 

 
  ,   : 

{  
  = ,  /𝑡̅ = , Д /𝑡̅ = ,  Д /= ,  /   
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2.5.13     

    , / : = − ( э + + ) = , − , + , + , =, . (62) 

    , / : = − ( + + + + + ) = , − , +, + , + , + , + , = , . (63) 

  ,       -
    , ,   . 

2.5.14     

 , : 

э = ∑ 𝑖 ∙ ℎ𝑖 + ∙ 𝑖Σ ∙ э𝑖= , (64) 

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

  : | э− ээ | ∙ % = | − , | ∙ % = , %. (65) 

  , ,  -
      . 

2.6  -   

   , : = ∙ 𝑖 − 𝑡̅ + ′ ∙ 𝑖′ − 𝑡̅ + ∙ 𝑡̅′ − 𝑡 ′̅ = , ∙    ∙ − , + , ∙ , − , + , ∙, − , = , .    (66) 

    , : Σ = ∙ 𝑖 − 𝑡̅ = , ∙ , − , = , . (67) 
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     , : э = − Σ = , − , = , . (68) 

  , : = ∙ 𝑖 − 𝑡̅ + ∙ (𝑡̅ − 𝑖 ) = , ∙ −− , + , ∙ , − , = , . (69) 

   , / : = ∙𝜂 = ,∙ , = , , (70) 

 =  –    , / . 
     4,5 %,  -

 , : = э − , ∙ э = − , ∙ = , . (71) 

  ,     
, : 

ээ = ээ ∙ э = , ∙ = , . (72) 

 ээ = ,  –  ,    -
   .  

      : 𝜉 = 𝑖 −𝑖𝑖 −𝑖 ∙ + 𝐾 ∙ 𝑖 −𝑖𝑖 −𝑖 = , − ,− , ∙ + , ∙ − ,− , =, . (73) 

        -
 , : ∆ э = ∙ − 𝜉 + = , ∙ − , + ,, =, . (74) 

        
, : = , ∙ э = , ∙ , = , . (75) 
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    : 𝐾э = э + +∆ ээ + +∆ э + Σ = , + , + ,, + , + , + , = , .(76) 

     , / : 

э = ∙ 𝐾э ∙ э− ээ = , ∙ , ∙ ,− , = , . (77) 

     , / : = − э = , − , = , . (78) 

      , 
/  : 

э = э ∙ = , , ∙ = , . (79) 

      , / : = 𝑎𝑥 ∙ = , ∙ = , . (80) 

       
 [7]: ээ = эээ ∙ = , ∙ = , . (81) 

      : ээ = э ∙ = , ∙ = , . (82) 

2.7        

2.7.1   

       -
       -

.    , -
     , :   
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( / );    ( ),   ( )   
 ( ²).         

      ,  
    ,    -

 .        
10. 

 
 11 –       

( ),  ( )    ( ). 

  :  
– -3  -775-265-45,  775 –  -

 , 2, 265 –     
, , 45 –    , ; 

– -2  -700-265-3; 
– -1  -425-230-23; 

  :  
–   -36,  12,7    -

 , ; 2,3    ,  

2.7.2  

       -800  
:  7 ;  – 800 / . 

  :  113 3  7 . 

2.7.3   

       , 
            . 

     G =696,767 / . -1300-3-8-I  
:    2000-3000 / ;   

 3 ;       8 ;    
29,6 / . 
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2.7.4   

     .  
    -    -

       . 
        50 % -

 . = ∙ , =
, ∙ , = , . (83) 

  –   , / . 

   1250-100   1250 3/ ,  0.98 , 
  1500 / ,  415 . 

2.7.5   

     -
         6-8%, / : = ∙ , ∙ , = , ∙ , ∙ , = , . (84) 

 вG  -     , / . 

     30-50 % ,  -
    , : = ∙ , ∙ = , ∙ , ∙ = , . (85) 

     -720-185/200  -
: 

–  300 / ; 
–  : 160  . .; 
–  : 1450 / ; 
–   : 230 . 

2.7.6   

        
.       242 / ,  

  160 . . . 
    12 -9 4  2 . (  
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),  : 
–  300 / ; 
–  : 160  . .; 
–  : 1450 / ; 
–   : 230 . 

2.7.7   

      .  
     , / : = ∙ ∙ , = ∙ , ∙ , = , . (86) 

         
-87  : 

–  9000-13320 / ; 
– : 15-22,4 . . .; 
–  : 730 / ; 
–   : 200–400 . 
–  80–87 %. 
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       -
       .    -

,        
  :   (   -

 ( 2),  , , ё  ),   (  
,  ,   ,  -

   ,  ),   (  -
 ,   ,  ,   

    ё ,     ). 
       , -

     . 
      -

  .  
      

        -
.        -
   :      14  

    . 
   ,       

ё ,    .     -
  :  ё  ,      

 ,     ,  
  ,  ,   , -

 .  
,   ,   

  , , ,   .  
  ,   ,  

,     ,     -
   ,  ,     -

,    .      
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   ,      .  

  ,   ,    
       -

   ,      .  
  -  ,      -

, ,    . 
  ,      -

     ,  -
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   .        
  , ,      

       -
,   , ,     

, ,      . 
        : 

1)     ( ); 
2) ,      ; 
3)     ,   

       
      (  -

   ( )  ,  
,     ( )  -

); 
4)     ; 
5)       -

   ,    -
   ; 

6)     ; 
7)   - . 

3.2    

   ,     
,   ,    -

    . 
          

  : 
1)    –      -

 ,     ; 
2)   –      

    ,    ; 
3)   ; 
4)  ; 
5) ; 
6) ; 
7)   (  , ). 

        
  . 

       
 .     ,   
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.     ,  ,  
 ,      . 

,    ,    -
,    ,     -
          

  .        1,5 . 
    .   ё   

       . 
   . 

    - ,    
 .        -

.        -
   12. 

 

 
 – ;  – ;  –  ;  – ;  – -

. : I –    ; II  – ,   ; III – 
   ; IV  –  ; V –     ; 

VI –  ; VII –   ; VIII –  ; IX  –   
      ; X –   ; XI 

–  ; XII –     
 

 12 –        

     ,   
,       -

 . 

 12 –      

 , % 

   -
 , /  

, ∙ 𝑁э 
 , /  100 

    -
, /  

10975 

   , /  60,528 

   , /  , ∙ % ∙  
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  12 

 , % 

    
;     

  ; 
  , /  

% ∙  

 
   , 3/ : = , ∙ 𝑁э = , ∙ , = , . (87) 

    , 3/ : = , ∙ % ∙ = , ∙ % ∙ = , . (88) 

   , 3/ : = + + + + + % = , + + , +, + , + % = , . (89) 

       -
       ,  200,3 

3/ . 
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4.1   

    -45-15,   -
     -50-130,   

,   .    -
     .    

     ,  
    5 ,    . 

  ,    .  

4.2    

 -      -
,     ,      

  =  /      =  / .  
       
 :  /  №1  60- -1   -

    =  / ,  /  №3, 5  -
2-6200-III        =  /    -

 /  №6  -2-12000-I      
 =  / .       

   12. 
      -

 ,       
        -

  ,      -
,           
,  :  .№3  26000 /    .№2 

   /  .№6 ( -185/220-130)      /  .№5 
( -100/120-130),  .№1, 2   26000 /  

 -1  /  .№1, 3 ( -60/75-130/13, -100/120-130)     
 /  .№5( -100/120-130),     

   . . = −  / .  
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 12 –       

4.3     

         . 
- ,    , -  
,  ,  ;  

13000 /     1600 .    

4.4   

        -
 ,       

    ,   . 
      

  13 

 13 –     

      

 ,  =  

 , /  =  

  , ℃ ∆𝑡 =  
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  13 

      

  , % 𝜑 =  

 ,  = ,  

 ,  = ,  

  ,  ℎ = ,  

 
   3      -

  𝜗 = , ;  , ;  ,  /     -
.  

 : 𝜗 = , . 
 , / ∙ : = = = , . (90) 

  , / : λ = ∙𝜗 ∙𝜌∙𝜌 = ∙ , ∙ ,, ∙ = , , (91) 

 𝜌 = ,   –  , / ; 

 𝜌 =   –  , / .  

         -
.        : 𝑡 =  –     , ℃; 𝑡 = ,   –   -

  , ℃.  
     ,  

  : ℎ =  / ;   -
 (𝜑 =  %)  ,        -

      : 𝑡 = 27,3℃. 

 : ℎ′′ =  / ; ℎ′′ = ,  / ; ℎ′′ =  
/ . 

 ,    , / : ℎ = ℎ + ∆t∙λ = + ,, ∙ , = , . (92) 
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 ,    , ℃: = + (𝑡 − ) ∙ ℎ −ℎℎ′′ −ℎ = , + , − , ∙ , −− = , (93) 

 = 𝑡 = ,   –       -
, ℃. 

   ℎ ,      
,   : 𝜑 ы = , . 

   ∆ℎ       ; -
       

  𝑡 .  
  ∆ℎ     -

 , / ∙ : 

𝑥 = ∙ , ∙ , = , ∙ , ∙ , , = ,  (94) 

   – ,   , ℃; ∆ℎ = ∙𝜌 ∙ ∙∆𝑡∙𝐾𝛽∙ 𝑥 ∙ℎ = , ∙ ∙ , ∙ ,, + , + , ∙ , = ,  (95) 

   –  , Д / ∙ ℃ ; 

 𝜌 =  –  , / . 

  ∆ℎ     ,   ℎ′′, ∆ℎ , ∆ℎ  Д / : ℎ′′ = ℎ′′ +ℎ′′ − ∙ℎ′′ = + , − ∙ = − ,  (96) 

 ∆ℎ = ℎ′′ − ℎ = − , = ,  (97) 
 ∆ℎ = ℎ′′ − ℎ = , − = ,  (98) 
 ∆ℎ = ∆ℎ −∆ℎ∆ℎ −𝛿ℎ′′∆ℎ −𝛿ℎ′′ = − ,5, 9, 75 = ,  (99) 

   ∆ℎ    ,  -
        -

   . 
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      . 
     -

   ,     -
     ,  

     
      -

   : 
   (    ), : = ∙𝜌 ∙𝑣 = ∙ , ∙ , = ,  (100) 

   –  , / ; 

 𝜌  –  , / ; 𝑣  –  , / . 
  , : ℎ = ℎ ∙ ∙ ∙ = , ∙ ,∙ , ∙ , = ,  (101) 

 ℎ  – ,    -
 ,    ,   

, / ; 

  –   , ; 
  , : = 𝐹∙ ∙ + = , ∙ , ∙ , + ,, = ,  (102) 

   – ,  ,  , -
    ; 

   ,   -
  , / : 𝑔 = ∙ ∙ ∙ + = , ∙ , ∙ ∙ , + , =,  (103) 

      
 ,      
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,   ,      -
     . 

   ,     
        , 

: = ( + , ∙ ℎ ) ∙ 𝜌 − 𝜌 = , + , ∙ , ∙ , − , =,  (104) 

   .   
    , 

 : 

 =  𝐾 ∙ − + − ∙ ∙ = , ∙ − , + , − , ∙ ∙, = ,  (105) 

 𝐾, , , ,  –     -
 

    -
 : 

 =  ∙ ℎ = ,  (106) 

  : 

′ = 𝐾 ∙  ∙ 𝑣 ∙ 𝜌 +𝜌 = , ∙ , ∙ , ∙ , + , = , (107) 

      ,  
     . 

        14. 
 

 14 –      
 

    

  , /  
 

1,0 
 

1,2 

1.  , / ∙ : =  
8,125 8,125 
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  14 

    

  , /  
 

1,0 
 

1,2 

2.   , / : λ = ∙ 𝜗 ∙ 𝜌∙ 𝜌  

 
0,516 

 
0,619 

3.  ,    
, / : ℎ = ℎ + ∆𝑡∙ λ 89,25 84,979 

4.  ,    
, ℃: = + 𝑡 − ∙ ℎ − ℎℎ′′ − ℎ  

26,85 26,298 

5.   , / ∙ : 𝑥 = ∙ , ∙ ,  
2613,897 2613,897 

6.  ∆ℎ    : ∆ℎ = ∙ 𝜌 ∙ ∙ ∆𝑡∙ 𝐾 ∙ 𝑥 ∙ ℎ  
26,042 28,646 

7.  ℎ′′: ℎ′′ = ℎ′′ + ℎ′′ − ℎ′′
 

-1,25 -1,375 

8.  ∆ℎ : ∆ℎ = ℎ′′ − ℎ  
19,75 24,021 

9.  ∆ℎ : ∆ℎ = ℎ′′ − ℎ  
32 30,5 

10.  ∆ℎ    : ∆ℎ = ∆ℎ − ∆ℎ∆ℎ − ℎ′′∆ℎ − ℎ′′ 26,658 28,513 

11.    (    -
), : = ∙ 𝜌 ∙ 𝜗  

 
 

0,687 

 
 

0,573 

12.   , : ℎ = ℎ ∙ ∙ ∙  

 
17,143 

 
17,143 

13.   , : = ∙ ∙ +
 

 
1,073 

 
0,894 

14.    , -
    , / : 𝑔 = ∙ ∙ ∙ +  

 
221,914 

 
221,914 

15.    ,  = + , ∙ ℎ ∙ 𝜌 − 𝜌  
 

25,229 
 

19,933 

16.    -
 : 

 = 𝐾 ∙ ( )− + − ∙ ∙  

 
5,46 

 
5,46 
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  14 

    

  , /  
 

1,0 
 

1,2 

17.    -
  : 

 =  ∙ ℎ  

 
35,49 

 
35,49 

18.   , : ′ = 𝐾 ∙  ∙ 𝜗 ∙ 𝜌 + 𝜌
 

 
22,564 

 
32,605 

 
       -
  ,       -

   .      -
        

  𝑡 . 
      13. 
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     𝜗 = ,  / ,  -
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