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 ,       . 
   «      

 »  23.11.2009 № 261-  ( .  03.08.2018) 
        
   ,  
       

 , - ,   
 . 

      
(IEA)  2013       

  .   1 ,      
    13559  .    

.     2664 . .   
.    -    

   46 %.      
      ,  

 ,  . 

 

 1 –       2013  
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  ,       
       . 

      
       – , 

, , ,   .     
      

( ,        
 « »    ,    

«Ultralam»   ).       
    . 

      ,   
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      ,   
    . 

       
 ,      

 100°       300° .     
       

 ,       
    ,      
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    -30° .   « »,   
         

( ,    ,  
     ).  

      « », 
     (   

,    ,   
        

   , ,    
        

        - ) 
 « »,       

. ,     , 
,       

;     ,  , 
;    . 

     
   2. 



3 
 

 

 2 –      
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1   

1.1    

       ,  
    ,    

   .    
    20-50%   .  

       
    10-50%.  

,       
   .    

         
,       ,    

  .  ,   
    ,   

, , ,  ,    
    .   

        
 1.1. 

 
 1.1 –    

      
  

(°C)  

 
   

  
(>650 °C)  

   
 

 
  

 
   

  
   
 

 
  

 
  

 

1370–1650  
1370–1650  
1200–1250  
760–820  
930–1040  
650–980  

1300–1540  

1.  
   

  
2.    

 
   

 / 
   

3.   -
  

  

 (230– 
650°C)  

-   
  

  
 

 
  

   
  

   

230–480  
370–540  
320–590  
430–650  
230–590  
450–620  

1.  
   

2.   
/   

3.   
  

4.    
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  1.1 
      

  
(°C)  

 
   

 (230– 
650°C) 

   .  
  

 
 (30–230 °C)   ,  

 , 
   

. .  
 , 

 
 

   
   

   
 
  

 
 

 

70–230  
30–50  
70–250  
30–50  
70–120  
30–40  
90–230  
30–230  
120-180  

1.  
  

2.    
  

  
 
  

3.   
  

4.    
5.  

  
6.  

  

 
1.1.1   ( ) 

         
  .     

       ( ),  
         

     :  , , 
 ,   . 

   ( )     
 ( ) 

 

 1.1 –     
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  .    

          
.       

   120÷140°    
« »     .  

  —     
2   . 

 
1.1.2       

  ( ) 

        
  ,    ,  . 

     
,        (LiBr). 

 ,     60-90° . 
        

( ),    ( , )  
 5-15°      . 

 

 1.2 –    

1.1.3    ORC-    
 

       
  (ORC) —      

 .         
          

  ,      
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 ,   ,     —   
     . 
    ORC     

      (  
, ),        

    ,   
   . 

 

 1.3 –      ORC-  

       
    ,   
   ,     
-   ( )   

.         
  ,    .   

         
     ,  

  .  ORC-    
        

  . 
         

    . ,  —  
  ,     ORC- ,  

        
       

. 
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1.2   

        
 -1.  

 -1 –    ,   
  . 

  «  -1»    
«   ». 

  -1    (  
) « »,  2005    «  »,  

2006    «   »,    2007 
    «   

  ( -13)». 28  2012     
 «   »    «  

 ( -13)» 
  -1      

.          
 ,     .    

   ,       
  . 

 1.2 -     
   

 ,  485,9  

  1677 /  

   

   

  -10 , -320-140 

    -25-90, -60-90, -85-8,8, -57-130 

      . 
     -  , 

   9 600  ·    26   
  .    2015   2062 . 

· .,   - 2 894  .   , 
  - .   

     ,      
  .   ,  
.         
 .   ,   , 

 167 . 
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 1.4 –   -1 

 

 1.5 –   -1 

  -   ,   
   2  ,    
  146      (      

).     16 / . 
-1      

 (  «  -  »,  
«   — »,  «    », 

 «    »  .)     
  (      , , 

  ,   ё ). 
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-       , 

       
 ,     

.  

 

 1.6 –   -10  

 1.3 -    -10   
  

   110 / 2 

   100 / 2 

   510̊ ; 

 230 /  

   215 ̊  
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 1.7 –    -320/140 

 1.4 -    -320/140 
  

   150 / 2 

   140 / 2 

   540 0 ; 

 330 /  

   215 ̊  
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 1.8 –   -25-90/10 

 
 1.5 -     -25-90/10 

  

   25  

    90 / 2 

     500̊  

 .   8-13 / 2 

 .    1,2-2,5 / 2 

-   5 

 

 

 1.9 –   -60-90/13 
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 1.6 -     -60-90/13 
  

   60  

    90 / 2 

     535̊  

 .   8-13 / 2 

 .    1,2-2,5 / 2 

-   6 

 

 

 1.10 –   -65-90/13 

 
 1.7 -     -60-90/13 

  

   65  

    90 / 2 

     535̊  

 .   8-13 / 2 

 .    1,2-2,5 / 2 

-   6 
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 1.11 –   -85-8,8 

 
 1.8-     -85-8,8 

  

   87  

    450 /  

    90 / 2 

     535̊  

 .   8-13 / 2 

 .    1,2-2,5 / 2 

-   5 

 
     : 

1.   
2.   , 
3.   , 
4.     
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1.3    

1.3.4   

 ,    ,   
 - ,     
 ,  - ,       

-  «  ». 
  Rank   ,  

   ,    .   
    - : Rank®LT,  
     

/    80° ,     50 
, Rank®HT,     140° ,    

 100 ,   Rank®HT- ,    
    (    85°    

, ,     ), 
    140° . 

 

 1.13 – -   Rank 

  -        
   .      

 Keros Cerámica,      Rank®HT-
           

  ,     Ourense 
Hospita,       
Rank®HT- -         

     .  
  .1.10,     .1.14. 
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 1.10 –   
    R245fa 

  30.91  

  8 % 

 

 1.14 – HT- -   Rank   Ourense 

Hospita  - ,   
 - ,     

   –   ENERBASQUE.   
     :  HRU-5,  

  ,     
       

. 

 

 1.15 –    HRU-5  ENERBASQUE 
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   HRU-25,       
  85-95° ,      11,5 

 21,5 .  HRU-100    . 

 1.16 –    HRU-25  ENERBASQUE 

        
,   .1.17,    . 

 1.17 –   

 

 ,     
    . 

     ,    
   .      

  (   )      
,         , 

           HRU-
25. 
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 ,      
 ,  ENOGIA,  -   

  5-100 .         
    : 80-120° , 150-200°   200-

400° ,     .1.11. 
 

 1.11 –    ENOGIA 
   

  
80-120°  

  
150-200°  

   
 

200-400°  
  

  R245fa/R134a Novec 649   
 

 10  ENO-10LT ENO-20MT ENO-10MT/DE 
 20  ENO-20LT ENO-20MT ENO-20MT/DE 
 40  ENO-40LT ENO-40MT ENO-40MT/DE 
 100  ENO-100LT ENO-100MT ENO-100MT/DE 

 
      - . , 

  2013      -   5   
      ,   2015 

          
   -   10 ,   

         - 
  10    -  . 

        
Infinity Turbine,   ,     

-  ,    - .   
    : 6, 15  24 .  .1.18 

   ROT24. 

 

 1.18 – -   ROT24  Infinity Turbine 
    24  

 -    IT50.   
  60        
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     .  
   .1.19. 

 

 1.19 – -  IT50  Infinity Turbine 

     ,  
 - ,      

 . 
       

  . 
       

    ,    
 ,    ,   

  . 
   ,    
    ,    , 

          . 
       100 3. 
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 1.20 –   

      
     2 .    

   R245fa,      
   . 
   ,   .1.20 

:  –  ,    
;  ,       

      ; : 
,    –    .  

          
  . 

      , 
    .    , 

      ,   
   ,       

.        : 
       

 . 
  ,       

,      , 
        

 -    .     
     . 



21 
 

 

  –    ;   – ;   –  
    

 1.21 – T-s    

       ,   
 .     

     90-150 °    ,   
         
   .   ,  

      (3000-8000 
/ ).        

  .1.12. 
 1.12 –    

 R245-fa   
 

 ( ) 
.   

 
 (° ) 

 
 

( / ) 

  
( / ) 

.   
  

 (° ) 
905 100.9 6000 700 106.7 
870 99.9 5000 700 95.2 

     , .   
    2015 .   , ,  
,     ,   

  ,    .   
      :    

   6000 /       
 4200 / .       

    1800 /       
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 4000-6000 / .       
 ,      

   590 / %     
19 ° .     1.13.     

.1.22 
 1.13 –    

     
 

 
( ) 

.  
  

 
(° ) 

 
 

( / ) 

 
 

( / ) 

.  
   

 
 

(° ) 

.  
   

 
(° ) 

 
 

( / 2) 

670 82.5 6000 4200 100.4 88.1 590 
280 76.9 6000 1800 95.2 82.5 490 
400 75.4 5000 1800 94.1 80.7 497 
434 74.7 4500 1800 91.3 79.8 532 
395 72.7 4000 1800 90.4 77.8 508 

 

 

 1.22 – ,  – ,  –    
   

   670 ,      
 590 / 3       100,4 ° ,  

         88,1 ° ,   
    82,5 ° ,    32,2 ° . 

 ,        
      (  10 °     

 15 ).        .  
,    ,     , 

       . 
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     ,  , 
       

  [12].       
      , 

        
  . 

 1.14 –    
P ,  0.2 0.25 0.3 0.35 0.4 
P ,  1.2 1.4 1.5 1.7 1.9 
W ,  1104.3 1058.4 1021.2 1002.8 984.7 
W ,  90.1 92.9 94.0 97.0 99.7 

Q,  4958.0 4903.4 4856.0 4816.3 4780.0 
, % 20.5 19.7 19.1 18.8 18.5 

 
 .1.14        

   P  (  ) 0,2-0,4 . , 
         

   W     ,    
 .     W . 

          
, ,   ,    

Shijiazhuang Refining & Chemical Company  5   
   ,  .    

    - ,     
 ,        

 [5].    .1.15. 
 

 1.15 –   
        

R141b 3325  10,25 % 
 

  ,   Tsinghua University 
 -       

,   Hudong Heavy Machinery Co., Ltd. 
     :     

         
 [6].    .1.16. 

 1.16 –   
    

 
    

  
 

 90,8  21,3 % 

 
  

R245fa 10,3  5,2 % 
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 «EXERGY».      
   100   50  

 

 1.23 –   exergy 

     
   ,  , 

         
,     . 
    - ,  ,  

 ,      ,  
   ,      

    .   , 
      ,    

   ,   
      . 

 
1.3.5    

   «   . . »     
. -       (  100 

  5 ). 
       

   ,     
8...10° . 
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 1.24 –   -1500 

 1.17 –      «   . . 
» 
  

 
 

-400   -400      +50°  
 +65° . 

   ( ) -    
+12° . 

-500   -400      +50°  
 +65° . 

   ( ) -    
+12° . 

-750   -750      +35°  
 +61° .  

   ( ) -    
+13° . 

-1000   -1000      +10°  
 +54° .  

   ( ) -    
+17,5° . 

   «   . . »   
   ,        

   ,     
  .    

       ,  
  ,     . 

        
   . 

   «   . . » , , 
       5, 10, 

18, 25, 30, 50, 60 ,        
 . 
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ё        
  Scancool Heat. 

  « »    
     .  

        ,  
   .   , 

,       
,     .  

    ,   
    ,     
. 

 

 1.25 –   Scancool Heat 

  Scancool,  HP  HHP   
 1.18 
 1.18 –   Scancool,  HP  HHP 

  
 

  ˚  
,    

Fortum, Nokia, Pitkäniemi 
 

 2010 
 

74 0,3  3/-2˚  

Valio, Joensuu  2010 65 0,6   19˚  

Valio, Vaarala  2010 75 0,5 
  

5˚  

 , 
 

65 1,7 
 

  17˚  

Fortum, Ruokasaarioinen 
Sahalahti  2009 

63 1,4 
 

 0˚  
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2   

       
    ,     

  ,      
  ,      
    . 

 
2.1     

      
    .   

    2.1, 2.2, 2.3, 2.4   
 ,    . 

 
 2.1 –     

 
   

, 
/  

 
 , °  

 
 , 

 

 , 
,  

-25/90 102 

293-250 0,98 

58,45 

-60/90 200 114,608 

-65/90 155 88,82 

-100/130 600 309,55 

 
 2.2 –      

 
    

, /  
  

  , °  
  
 ,  

-25/90 4500 20-30 92 

-60/90 8000 20-30 165 

-65/90 8000 20-30 165 

 
 2.3 –     

  
 , 
/  

 , 
/  

 , °  

-10  42 272 168 

-10 2 43,8 283 168 

-320/140 67,84 439 140 
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 2.4 –     

 
   

, - , /  
 , , 

 

-25/90 100 59,9 

-60/90 120 63,2 

-65/90 130 65,16 

    ,     
  ,    .   

         
     ,   

. 
,         

   ,     
.        
.      ,    

    .    
,    – Scancool Heat   

,   1,7 .      , 
  54  94  ,     

     . 
        

    . 
 
2.2    -100-130/15 

 2.4 –      
  

 -100-130/15 
-   

 ,  100 
 ,  107 

  ,  12,75 
  , ℃ 555 

   , /  225 
   ,  1,18-2,06 
  , /  191,6 

   3 
  , ℃ 240 

 ,  1,45 
   
    

  +12 
  ,  127 

   ,  1127 
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 -100-130 –      
,      

  ,     
 .      

        . 
    ,    

.        
 . –       
.     ,      

 .     . 

 

 –  ,  –   ,  –  
,  – ,  –  ,  –  . 

 ,  –    

 2.1 –     -100-130/15  

     : = ( ) = ,  ℃ (2.1) 

 = ,  ,   ; 
      ∆ =  ℃. 

     , ℃: 

. = − ∆ = , − = ,  (2.2) 

     : 



30 
 

∆ = − ∙ 𝑣 ∙𝜂 ∙ 𝑣  (2.3) 

  –      , ; 
 –      , ; 𝑣  –   , / ; 𝜂 = ,  –  ; 𝑣 –     , / ∙ ; 

            
  ,   2,5 : = + ,  (2.4) 

= , + , = ,    

     , : = ∙ ,  (2.5) 

 = ,  ,   ; = ∙ , = , ∙ , =   

       , / : 𝑣 = 𝑣 + 𝑣 = , + , = ,  (2.6) 

𝑣 = , + , = ,   

         
, / ∙ : 

𝑣 = 𝑣 + 𝑣
 (2.7) 

𝑣 = , + , = ,   

      , ℃: 
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∆ = − , ∙ , ∙, ∙ , = , ℃  

      , ℃: = + ∆  (2.8) 

= , + , = ,   

       .  ∆ щ = −  (2.9) 

 =  ℃,     -1  
  ; ∆ щ = − , = ,   

      . 
      , ℃: 

∆ = ∆ щ𝑛  
(2.10) 

 𝑛 = ,    ; ∆ = , = ,   

 -2   , ℃: = − ∆  (2.11) 

= − , = ,    

 -3   , ℃: = − ∆  (2.12) 

= , − , = ,    

    ,    
  4℃. 

 -1   , ℃: 
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= + 𝛿  (2.13) 

= + =    

 -2   , ℃: = + 𝛿   (2.14) 

= , + = ,    

 -3   , ℃: = + 𝛿  (2.15) 

= , + = ,    

 
       . 

 -1    , : 

. = = ,   (2.16) 

 -2    , : 

. = = ,   (2.17) 

 -3    , : 

. = = ,   (2.18) 

       10%. 
  , : = . ∙ ,  (2.19) 

= , ∙ , = ,   

  , : = . ∙ ,  (2.20) 

= , ∙ , = ,   



33 
 

        
, : = ,  (2.21) 

     ,  
     : 6%   

   ,  – 82%   . = − ∙ ,  (2.22) 

= − , ∙ , = ,    

 -3   , : = −  (2.23) 

= − , = ,   

 -2   , : = − −  (2.24) 

= , − , = ,   

 -1   , : = − −  (2.25) 

= , − , = ,   

      
     ,   0,12 : = ( ) = ,  ℃ (2.26) 

      ∆ =  ℃. 
     , ℃: 

. = − ∆  (2.27) 

. = , − = ,   

     : 
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∆ = − ∙ 𝑣 ∙𝜂 ∙ 𝑣  (2.28) 

  –      , ; 
 –      , ; 𝑣  –   , / ; 𝜂 = ,  –  ; 𝑣 –     , / ∙ ; 

            
  ,   2,5 : = + ,  (2.29) 

= , + , = ,    

     , : = ∙ ,  (2.30) 

= , ∙ , = ,   

       
, /  : 𝑣 = 𝑣 + 𝑣

 (2.31) 

𝑣 = , + , = ,   

         
, / ∙ : 

𝑣 = 𝑣 + 𝑣
 (2.32) 

𝑣 = , + , = ,   

 ,     , ℃: ∆ = , − , ∙ , ∙, ∙ , = ,   



35 
 

       ,   
          , ℃: = + ∆  (2.33) 

= , ∙ , = ,   

     , : = −  (2.34) 

= , − , = ,   

        . .   
      , ℃: 

. = . + 𝛿  (2.35) 

. = , + = ,   

  ,      
2.5  2.6. 

         
       h-S ,   

 : 
1.         

  
2.   ,    

    ,  
        

3.   ,     
   ,   0,88, 
     ,   

      
. 

4.    ,    
 . 

5.          
   



36 
 

 

 2.2 –      

 2.5 –   ,    
    

    
 

   
 
 

 
 

  . 
 

 
 

,  
 

, ℃ 
ℎ , Д/  

 , 
 

, ℃ 
ℎ , Д/  

𝛿 , ℃ 
, ℃ 

, 
 

ℎ , Д/  

, /  

  

12
,7

5 

55
5 

34
87

 

         

  
 

 12
,1

1 

55
2,

5 

34
87

 

         



37 
 

  2.5 
    

 
   

 
 

 
 

  . 
 

 
 

,  
 

, ℃ 
ℎ , Д/  

 , 
 

, ℃ 
ℎ , Д/  

𝛿 , ℃ 
, ℃ 

, 
 

ℎ , Д/  

, /  

  
3,

95
 

39
1,

9 

31
96

 

0,
05

47
 

3,
59

 

24
4 

28
02

,5
 

4 24
0 

16
,2

35
 

10
39

,4
 

11
,4

3 

  

2,
46

 

33
1,

8 

30
86

 

0,
04

97
 

2,
24

 

21
8,

3 

28
00

,5
 

4 

21
4,

3 

16
,4

9 

92
2,

4 

10
,3

9 

  

1,
45

 

26
9 

29
70

 

0,
04

6 

1,
33

 

19
2,

6 

27
87

,2
 

4 

18
8,

6 

16
,7

45
 

80
8,

9 

9,
61

 

   

1,
45

 

26
9 

29
70

 

0,
00

62
 

    

15
8,

8 

0,
85

 

67
0,

5 

1,
29

 

   

1,
45

 

26
9 

29
70

 

0,
06

78
 

0,
51

 

15
2,

8 

27
49

 

4 

14
8,

8 

0,
6 

62
7,

2 

14
,1

7 

   

1,
45

 

26
9 

29
70

 

0,
00

97
 

    

10
4,

8 

0,
37

 

43
9,

6 

1,
46

 
  
 

1,
45

 

26
9 

29
70

 

0,
01

81
 

0,
12

 

10
4,

8 

26
83

,1
 

4 

94
,8

 

0,
12

 

39
7,

2 

3,
79

 

   

1,
45

 

26
9 

29
70

 

0,
02

89
 

0,
12

 

10
4,

8 

26
83

,1
 

4 

94
,8

 

0,
12

 

39
7,

2 

6,
04

 

 2.6 –       
 /  ,  , ℃ , /  

1 16,235 240 1039,4 
2 3,59 244 1056,7 
3 3,95 391,2 3196 
4 16,49 214,3 922,4 
5 2,24 218,3 935,8 
6 2,46 331,8 3086 
7 16,745 188,6 808,9 
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  2.6 
 /  ,  , ℃ , /  

8 1,33 192,6 819,2 
9 1,45 269 2970 
10 17 162,9 697,8 
11 0,85 158,8 670,5 
12 1,45 269 2970 
13 0,6 148,8 627,2 
14 1,45 269 2970 
15 0,51 152,8 644,4 
16 0,66 104,9 440,2 
17 0,37 104,8 439,6 
18 1,45 269 2970 
19 0,12 94,8 397,2 
20 0,12 104,8 439,2 
21 0,12 60 251,2 
22 0,12 40 167,6 

 
       . 

 -1: 

 

 2.3 –    -1 

   -1     : = ̅ − ̅ℎ − ℎ  (2.36) 

 ̅ –       -1, / ; ̅  –       -1, / ; ℎ  –    , / ; ℎ  –      -1, / ; = , + ,− , = ,   

 -2: 
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 2.4 –    -2 

   -2     : 

= ̅ − ̅ + ∙ (ℎ − ℎ )ℎ − ℎ  (2.37) 

 ̅  –       -2, / ; ̅  –       -2, / ; ℎ  –     -2, / ; ℎ  –     -1, / ; ℎ  –    , / ; = , − , + , ∙ , − ,− , = ,   

 -3: 

 

 2.5 –    -3 

   -3     : 
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= ̅ − ̅ + + ∙ (ℎ − ℎ )ℎ − ℎ  (2.38) 

 ̅  –     -3, / ; ̅  –       -3, / ; ℎ  –     -3, / ; ℎ  –     -2, / ; ℎ  –    , / ; = , − , + , + , ∙ , − ,− ,= ,  

 

 : 

 

 2.6 –     

        : 

= ̅ − + + ∙ ℎ − − − − ∙ ̅ℎ − ̅  (2.39) 

 ̅  –    , / ; ℎ  –     -3, / ; ̅  –      , / ; ℎ  –    , / ; 
 = , − , + , + , ∙ , − − , − , − , ∙ ,− , = ,  
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 : 

 

 2.7 –     

        : 

= ( − − − − ) ∙ ̅ − ̅ℎ − ℎ  (2.40) 

 ̅  –      , / ; ̅  –      , / ; ℎ  –    , / ; ℎ  –     , / ; 
 = − , − , − , − , ∙ , − ,− , = ,  

  ,      
    = , . 

 : 

 

 2.8 –     

        : 
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= ∙ ̅ − ̅ℎ − ℎ  (2.41) 

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

= , ∙ , − ,− , = ,   

    ,       
50%  ,   ,  = , . 

 

 2.9 –     

 
        : = ∙ ̅ − ̅ℎ − ℎ  (2.42) 

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

= , ∙ , − ,− , = ,   

 
 
 

  : 
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 2.10 –      

 
        : 

= ( − − − − ) ̅ − ∙ ̅ − ∙ ℎ − ∙ ̅ − + ̅ℎ  (2.43) 

 ̅  –    , / ; ̅  –    , / ; ℎ  –     , / ; ̅  –     , / ; ℎ  –    , / ; = − , , − , ∙ , − , ∙ , − , ∙ , − , , = ,  

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

    , / : = ∙ ℎ − ℎ + − ∙ ℎ − ℎ + − − ∙ ℎ − ℎ  (2.45) = − + − , ∙ − + , ∙ − = ,  
   , / : 

= ∙∙ 𝜂 𝑖  (2.46) 

= ∙, ∙ , = ,   

 , %: 
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= − ∙  (2.47) 

= , − ,, ∙ = ,   

      . 
    , / : = ∙  (2.48) 

= , ∙ , = ,   

    , / : = ∙  (2.49) 

= , ∙ , = ,   

    , / : = ∙  (2.50) 

= , ∙ , = ,   

   , / : = ∙  (2.51) 

= , ∙ , = ,   

   , / : = ∙  (2.52) 

= , ∙ , = ,   

    , / : = ∙  (2.53) 

= , ∙ , = ,   
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    , / : = ∙  (2.54) 

= , ∙ , = ,   

     , / : = ∙  (2.54) 

= , ∙ , = ,   

    , / : = − − − − − − − −  (2.55) = , − , − , − , − , − , − , − , − , = ,  
   , : = ∙ 𝑖 − ̅  (2.56) 

  –    , / ; 𝑖  –      , / ; ̅  –   , / ; = , ∙ − , = ,   

      
 = = ,  В . 

        
 = = ,  В . 

      , / : = ∙ 𝜂  (2.57) 

 =  Д /  –   ; 𝜂 = ,  –  ; = ,  ∙ , = ,   
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      , / : = . ∙ 𝜂  (2.58) 

 . =  Д /  –    ; 

= ,  ∙ , = ,   

     4%,  
 , : = − . . ∙  (2.59) 

  – ,    , ; . . –    , %; = − , ∙ =   

     , /( ∙ ): = ∙  (2.60) 

= , ∙ = ,   
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2.3    

       
    -25/90 ( . 2.11); -60/90 ( . 

2.12); -85-8,8/0,2 ( . 2.13); -100-140 ( . 2.14)    
         

 . 
 

 

 2.11 –   -25/90 

 

 2.12 –   -60/90 
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 2.13 –   -85/8,8-0,2 

     2.7 
 2.7 –    

 D -1, 
/  

D -
2, /  

D -
3, /  

D , 
/  

D -
1, /  

D -
2, /  

D -
3, /  

D , 
/  

D , 
/  

-25 12,7 13 5,4 9,3 0,559 - - 102 54 

-60 17,8 12,23 9,9 15,023 6,48 6,3 2,27 200 119 

-65 19 18,3 - 15,6 1,9 12,3 20,3 155 131 

-85 22,12 19,3 13,33 16,74 - - - - 300 
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2.4       

   ,   
,    2.8,   ё     2.14. 

 

 –  ,  –   ,  –  
,  – ,  –  ,  –  . 

 ,  –   ,  –  ,  – 
,  –   

 2.14–     -100-130/15   
. 

 2.8 –     
 , /     

 , 
 

 
  

, ℃ 

 
  

, ℃ 

150,81 1,45 196 60 

 
         

  192 ℃,   4 ℃. 
      : 𝜂 = ℎ − ℎℎ − ℎ  (2.61) 

 ℎ –   , / ; ℎ  –       , / ; ℎ  –      , / ; 
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  , / ,    
      1. ℎ = , 𝑥 = ,  (2.62) 

 =  ℃ –    ,   
      = ,    
,  𝛿 = ℃; 𝑥 =  –    ; 
 

     , / ,   
: ℎ = ℎ − ℎ − ℎ ∙ 𝜂 𝑖 (2.63) 

 ℎ  –         
 ; 𝜂 𝑖 = ,  –   ; 

 
      : ℎ = ( ,  ) = ,  (2.64) 

 = ,  Д / ∙ К–    ;  = ,   –     ; 
 
       , / : ℎ = , − , − , ∙ , = ,   

 
     , / ,   

: ℎ = , = ,  (2.65) 

 = ,   –     ,  
  , 𝑥 ; = ,  Д / ∙ К –     , 

    ( , 𝑥 ); 
 

    : 𝜂 = , − ,, − , = ,   
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     , :  = ∙ 𝜂  (2.66) 

  –       , ; 
 

      , , 
  : = ∙ ̅ . − ̅ . ∙ 𝜂  (2.67) 

 = ,  /  –  ; ̅ . = ,  Д /  –      
,    . , . ,  . =,  , . =  ℃; ̅ . = ,  Д /  –      
,    . , . ,  . =,  , . =  ℃; 𝜂 = ,  –  ; 

 
  ,       
, : = , ∙ , − , ∙ , =   

 
  , : = ∙ , = ,   

          
2.9. 

 2.9 –       

 
 , ℃ ,  

, 
/  

, Д / ∙К  

23 192 3,508 541,84 1,87 

24 55,14 0,133 477,4 1,89 

25 40 0,133 245,98 1,16 

26 40 3,508 248,77 1,16 
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 2.10 –        

 
   

, 
/  

 
. , 

 

 
 , 

 

   
\   

  
 \  

 
Δ,% 

-25 102 58,45 3,41 1,086 0.956 11,97 

-60 200 114,608 6,69 0,267 0.237 11,24 

-65 155 88,82 5,18 0,215 0.189 12,09 

-100 600 309,55 18,06 1,38 1.162 15,80 

 
2.5       

 

1 – , 2 – - , 3 – , 4 – , 5 – 
 . 

 2.15 –      

 2.11 –    
  
 1,2-2,5 / 2 

 120-140 
    8 

     1200 /  
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  140 ℃,   1 ℃. 

      : 𝜂 = ℎ − ℎℎ − ℎ  (2.68) 

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

      1. ℎ = , 𝑥 =  (2.69) 

 =  ℃ –    ,   
      = ,  /   
,  𝛿 = ℃; 𝑥 =  –    ; 
 

     , / ,   
: ℎ = ℎ − ℎ − ℎ ∙ 𝜂 𝑖 (2.70) 

 ℎ  –         
 ; 𝜂 𝑖 = ,  –   ; 

 
      : ℎ = ( ,  ) =  (2.71) 

 = ,  Д / ∙ К–    ;  = ,   –     ; 
 
       , / : ℎ = − − ∙ , = ,   

 
     , / ,   

: ℎ = , = ,  (2.72) 
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 = ,   –     ,   
 , 𝑥 ; = ,  Д / ∙ К –     , 

    ( , 𝑥 ); 
    : 𝜂 = − ,− , = ,   

     , :  = ∙ 𝜂  (2.73) 

  –       , ; 
      , , 

  : = ∙ ̅ . − ̅ . ∙ 𝜂  (2.74) 

 =  /  –  ; ̅ . = ,  Д /  –      
,    . , . ,  . =, / , . =  ℃; ̅ . = ,  Д /  –      
,    . , . ,  . =,  / , . =  ℃; 𝜂 = ,  –  ; 

  ,       
, : = , ∙ , − , ∙ , = ,   

  , : = , ∙ , = ,   
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2.6    -10 , -10 2, -320/140 

 2.12 ‒   
   ‒ 320 ‒ 140 

   1  
 =  /  

   = ,   
   =  ˚  

   =  ˚  
   . . =  ˚  

   . . =  ˚  
 

2.6.1     

      2.13. 
 2.13 ‒    

, 
 

 
   , % 

 
, %

 

 
 

, 
/

  
 

, ˚  
W   S  C   N  O  t1 t2 t3 

-
, 

 1 

40 13,2 0,3 33,5 2,2 0,5 10,3 44 

11
39

0 

11
70

 

12
70

 

13
60

 
 

2.6.2         

         
        . 𝛼 = ,   

       
: ∆𝛼   −      ∆𝛼   = ,   ∆𝛼     −      ∆𝛼     = ,   ∆𝛼   −      ∆𝛼   = ,   ∆𝛼ВЭК −       ∆𝛼ВЭК = ,   ∆𝛼В −      
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∆𝛼В = ,   
      

    : 𝛼" = 𝛼 + ∆𝛼  (2.75) 𝛼" = , + , = ,   

       
   : 𝛼"ВЭК = 𝛼" + ∆𝛼ВЭК (2.76) 𝛼"ВЭК = , + , = ,   

      
   : 𝛼В" = 𝛼"ВЭК + ∆𝛼В   (2.77) 𝛼В" = , + , = ,   

       
   ,     

     . 
 

2.6.3         

  , , / ,     
 ,    : = , + , ∙ + , ∙ 𝐻 − , ∙  (2.78) 

  –      , %, .  (2.13); 
 –      , %, .  (2.13); 𝐻  –      , %, .  

(2.13); 
 –      , %, .  

(2.13). = , , + , ∙ , + , ∙ , − , ∙ , = ,   

 , 3/ ,    : 

2 = , ∙ + , ∙  (2.79) 

  –       
  𝛼 = , 3/ , .  (6); 
 –      , %, .  (2.80). 
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2 = , ∙ , + , , = ,    

  , 3/ ,    : 

2 = , + , ∙
 (2.81) 

  –      , %, .  ( 2.13); 
 –      , %, .  (2.13).   2 = , , + , ∙ , = ,   

     , 3/ ,   
 :   2 = , ∙ 𝐻 + , ∙ + , ∙  (2.82) 

  𝐻  –      , % , .  
(2.13); 

 –     , %, .  (2.13); 
 –       
  𝛼 = , 3/ , .  (2.13).  2 = , ∙ , + , ∙ +  , ∙ , = ,  3/   

 ё   , 3/ ,   : = 2 +   2 +   2  (2.83) = , + , + , = ,  3/   

2.6.4       

 ,  ,     , 
    ,    2.14. 

 2.14 ‒ ё   , ё    
     

     
 

 
   

  
    

iα =α + α   

1,15 1,18 1,20 1,23 

  
   

  𝛼  
1,15 1,165 1,19 1,215 
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  2.14 

     
 

 
   

ё   ,
3 /  

2 2

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

0,800 0,801 0,802 0,803 

 ё  , 3/ , 
0 01,016 ( 1)V V V     

 
4,47 4,51 4,60 4,68 

ё   ё   

2 2
/RO ROr V V

 
0,14 0,139 0,136 0,134 

ё     

2 2
/H O H Or V V

 
0,179 0,177 0,174 0,172 

 ё   

2 2RO H Or r r 
 

0,320 0,316 0,311 0,306 

   
01 0,01 1,306αG А V     
 

5,72 5,78 5,89 5,99 

  
, / , 

/100А G   
 

0,022 0,022 0,0213 0,0209 

 
2.6.5        

    , /   
/ 3,    𝜗, ℃,   : 𝐻 =   2 ∙  2 +   2 ∙   2 + 2 ∙ 2 ∙ 𝜗 (2.83) 

     : 𝐻 = ∙ ∙ 𝜗 (2.84) 

      𝛼 >  𝐻 = 𝐻 + 𝛼 − 𝐻 + 𝐻  (2.85) 

   ,  2 ,   2 , 2 -  
 ,  ,      

 , /( ∙ К),      
4.3 [1]; 𝛼 –       

; 𝐻  –  , / . 𝐻 = , ∙ ∙ ∙ 𝜗 (2.86) 

  –  , / ,     4.3 [1]. 
      , % ∙ / Д : 



59 
 

= ∙ А  (2.87) 

 = ,  –  ,  ; А  –    А = А
 (2.88) А = ,, = ,   = , ∙ , = ,  % ∙ / Д   

     1,4% ∙ / Д ,   
  . 

      2.15. 
 2.15 ‒    𝜗, ℃ 

, Д /  
, Д /  

= + 𝛼′′ − ∙  
      

100 549,78 426,05     634,99 647,77 
200 1114,57 855,65     1285,70 1311,37 
300 1695,24 1290,74     1953,39 1992,11 
400 2326,80 1750,30     2676,85 2729,36 
500 2951,06 2210,16   3348,88 3393,08 3459,39 
600 3592,28 2680,66   4074,79 4128,40 4208,82 
700 4250,40 3160,43 4724,46 4819,27 4882,48 4977,29 
800 4923,39 3647,56 5470,52 5579,94 5652,90   
900 5608,96 4142,73 6230,37 6354,65 6437,50   
1000 6306,54 4643,38 7003,05 7142,35 7235,22   
1100 7015,44 5182,29 7792,78 7948,24     
1200 7733,84 5664,64 8583,53 8753,47     
1300 8462,50 6184,12 9390,11 9575,63     
1400 9196,61 6707,27 10202,70       
1500 9938,74 7232,85 11023,66       
1600 10687,11 7762,56 11851,49       
1700 11443,23 8293,82 12687,29       
1800 12201,34 8825,85 13525,22       
1900 12964,54 9364,63 14369,23       

 
2.6.6    .    

 

  , %,    
   : 𝜂 = − + + + +  (2.89) 

    , %,     
  t . .    : 
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= . −𝛼 . ∙ 0 ∙ −  (2.90) 

 𝐻 .  –   , / ,    
     𝜗 . = ℃,   2.15; 𝛼 . = ,  –     ; 

–     , %; 
–     , / . 𝐻 .  = 𝐻 + 𝐻 − 𝐻 ∙ 𝜗 . − = ,  Д /  (2.91) 𝐻 = ,  Д /   = ,  % (2.92) 

        (16): = , − , ∙ , ∙ − , = ,  %  

     .    
     . =   

     , %,     
  .  = ∙  (2.93) 

 – , / , ё    . = / 0,lg  (2.94) = / 0,lg = ,  %  

        (19): = , ∙ = ,  %  

ё     𝜑:  𝜑 = −  (2.95) 𝜑 = − , = ,   
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      , %  
   ,     ‒ 

     ,  А > , ∙ : , ∙ = ,  (2.96) А = ,  %  =  % (2.97) 

   , %,   
   (15): 𝜂 = % − , + + , +  , + = ,  %  

2.6.7        

      , / : В = ∙ ℎ −̅̅ ̅̅ + ∙ ̅̅ ̅̅ −̅̅ ̅̅∙𝜂  (2.98) 

 –     , / ; 𝜂 –      . В = ∙ , − , + , ∙ , − ,∙ , = ,  /   

       , 
/ : В = В − = , ∙ − , = ,  / = ,   /  (2.99) 

       
  υ =110℃ 

. = ,  Д /  

        
       

  υ =110℃ 

G .  = В ∙V  = 93.835 3/  = ,  /   

      : 

Q  = G . ∙(  - .  = 439,148∙(1435 – ,  = ,  В  

     .    
  2.16 b 2.17. 
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 2.16 –     -10 2 

  

 =  /  

   = ,   

   =  ˚  

   =  ˚  

   . . =  ˚  

   . . =  ˚  

   =1725,9 /  

   .0=193,28 /  

   Q . =15280 /  

Q2 9.5% 

Q3 0%% 

Q4 0.5 

Q5 0.587% 

Q6 0.149% 

   89,3% 

   3503,942 /  

   901,487 /  

   12,25  

    10,976  

   12,22 /  

   12,161 /  

   1725,94 /  

   193,28 /  

    110 ˚  

    1122,45 /  

    60,5 3/  

    283,39 /  

    
   110 47,5  
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 2.17 –     -10  

  

 =  /  

   = ,   

   =  ˚  

   =  ˚  

   . . =  ˚  

   . . =  ˚  

   =1725,9 /  

   .0=193,28 /  

   Q . =15280 /  

Q2 9.5% 

Q3 0% 

Q4 0.5 

Q5 0.587% 

Q6 0.149% 

   89,3% 

   3403,143 /  

   901,487 /  

   12,25  

    10,976  

   11,75 /  

   11,692 /  

   1725,94 /  

   193,28 /  

    110 ˚  

    1122,45 /  

    58,216 3/  

    272,451 /  

    
   110 

45,673  
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2.7       

 

 , 2 – , 3 – , 4 – - , 5 – , 6 
–  , 7 –  . 

 2.16 -       

  ,        
,      ,    -320/140. 

 2.18 –     
   

, /  
  

 , ℃ 
   

, ℃ 

121,96 168 30 

         
  168 ℃, 

      : 𝜂 = ℎ − ℎℎ − ℎ  (2.100) 

 ℎ –   , / ; ℎ  –  .     , / ; ℎ  –      , / ; 
  , / ,   

. ℎ =  (2.101) 

 =  ℃ –    , 
 

      , / , 
    : 
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ℎ =  (2.102) 

 ℎ  –         
  ; 𝜂 𝑖 = ,  –   ; 

      : ℎ = ( ,  ) = ,  (2.103) 

 = ,  Д / ∙ К–    ;  =   –     ; 
       , / : ℎ = ,   

     , / ,   
: ℎ = , = ,  (2.104) 

 = ,   –     ,   
 , 𝑥 ; = ,  Д / ∙ К –     , 

    ( , 𝑥 ); 
    : 𝜂 = −− , = ,   

     , : = ∙ 𝜂  (2.105) 

  –       , ; 
      , , 

  : = ∙ ̅ . − ̅ . ∙ 𝜂  (2.106) 

 = ,  /  –  ; ̅ . =  Д /  –      
 ̅ . =  Д /  –      
, 𝜂 = ,  –  ; 
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  ,       
, : = , ∙ − ∙ , = ,   

  , : = , ∙ , = ,   

2.8    

 2.19 –   
 

 

  
   , 

 

 
,

% 
 , 

 

-25/90 
  140 59,9 19,5 11,5 

-100/140  
 

293 86 21 18 

-10  
  

168 45,6 23 10,4 
-10 2 168 47,5 23 10,9 
-320/140 140 38,078 19,5 7,4 

 
     ,   

  -100/140      
     .     

        
      ,      

  .     ,  
,    . 

          
        ,   

     .    -
  ,   ё     

    ,   
         
  

        
  .      

 140-180˚    1,2-2,5 / 2,    
     .     

      . 
       ,  

     ,   
      . 
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2.9     

 

 2.17 – T-S       

   ,  T-S  (  2.16), 
        [10]: , 

  .   2.16   T-S  
   .    

      [11],    
       

.  ,        
   85% [12].       
         

    . . [15] , ,   
      ,   

.  , -      
        

,      [12]. 
,        

       
.  
         

    .  
     .  

        
      [15],   

      [13]. 
         50 

° .      
 ,     40 °  (  

,    ).    
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   ,      
 40 °     .     

   200 °      40 
°    .      

  .    ,  
      

,       
   [10].     
.  ,  ,   

   [13]. 
       

          
 .       

.       
    .   2.17  

 -       .  
    ,    

 ,      
 . 

 

 2.18 – T-H         
  

    ,   
 [31].        , 

       
  . 
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 2.19 - P-S        
  130˚  

 2.20 –     

h`3 h`4 
h`1 

 
 

T.  Rs Rl PREDICTOR  

1099,9 1333,3 268,4 

 

150 233,4 831,5 -156,5 21,9% 

1104,3 1324,2 268,4 140 219,9 835,9 -141,6 20,8% 

1108,8 1314,2 268,4 130 205,4 840,4 -126,9 19,6% 

1113,5 1303,4 268,4 120 189,9 845,1 -112,5 18,3% 

1118,6 1292,0 268,4 110 173,4 850,2 -98,4 16,9% 

1124,2 1280,0 268,4 100 155,9 855,8 -84,6 15,4% 
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 2.20 - P-S        
  130˚  

 2.21 –     

h`3 h`4 
h`1 

 
 

T.  Rs Rl PREDICTOR  

426050 425775 424820 

 

150 -276 1230 -91 22,4% 

426049 425787 424820 140 -261 1228 -84 21,3% 

426046 425801 424820 130 -245 1226 -78 20,0% 

426043 425815 424820 120 -228 1223 -71 18,7% 

426039 425829 424820 110 -210 1219 -64 17,2% 

426035 425845 424820 100 -190 1215 -57 15,6% 
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 2.21 - P-S       R141B 
   130˚  

 2.22 –     

h`3 h`4 
h`1 

 
 

T.  Rs Rl PREDICTOR  

534,5 473,7 233,1 

R141B 

150 -60,9 301,4 -93,7 20,2% 

529,5 472,4 233,1 140 -57,1 296,4 -86,9 19,3% 

524,0 471,0 233,1 130 -53,1 290,9 -79,9 18,2% 

518,2 469,4 233,1 120 -48,8 285,1 -72,9 17,1% 

512,1 467,8 233,1 110 -44,3 279,0 -65,7 15,9% 

505,8 466,2 233,1 100 -39,6 272,7 -58,4 14,5% 
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477,16 438,08 237,4 120 -39,1 239,8 -73,7 16,30% 
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474,72 441,26 237,4 100 -33,5 237,3 -58,7 14,10% 
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 (3.7) 

  [2]: 
21113 /K К
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    : 
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 ,      ,  
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  ,        
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  , : 
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t d

t
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    : 

12 3 3
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12 15370 3 3
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1 3 3 ;
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N ш
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    : 

1 2 2,75 0,020 2*0,006 2,782D D d x      
 (3.22) 

       : 
x 106 . 

   : 

1 2 2*43*0,025 2,15D m t    
 (3.23) 

     (   9617-79)   D=2200 . 
     : 

1 43 0,724
1,13 1,13 1,0
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n

D
D





  

 (3.24) 

1 43 0,001012
1,13 1,13 0,274
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d

d
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 (3.25) 
' 3

1 1( ; ) 0,001012 /d df P t    (3.26) 

203,05 0,001
1,13 1,13 0,339

0,949

G
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203,05 0,017
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ы

ы
ы

G
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  D  -   , / ; 
  -       , 3/ ; 
  -      , / ; 
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, ы  -     , / ; 
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2 4
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D
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2 4 3

l

l

D

   

  

 
       ,  

    5264-69- 18. 
     2  . 

 
3.2 ё    

  : 0=1,9   0t =140° ,   
: =0,21     : 0=100 /   
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  d  = const, ρ  = const.    
   ,     50 1/  (3000 

/ ).          
0 = 40 - 60 / . 

 
3.2.4  ё    
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1
0
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cos( ) 0,975 cos(16)
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2 1 ρ 2 1 0,05

X

   
  

   
 (3.29) 

 ρ  -     ; 
α1 -     ; 
φ -     

       
 : 

     hc = 529 / : 
  ,413 :  

 -      ; 

0C -     . 
P0 –    , P0=19   

  , / : 

 2 2
0 0

0 0
0,9 50

529 741,125
20002000 P

C
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c

  
    


 (3.30) 
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 57,14  , / 3 я     , / :
3,142 0,68 50 106,814Ku d n        (3.31) 

    / : 

2 2

0
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1 1 106,814
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2000 2000 0,481

u
h

X

          
    (3.32) 

   , : 

0 0

4 4 203
0,68 0,851

3,14 50 57,14
1 2 2G

d d
 

 
    

  
 (3.33) 
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     0,85 . 

    , : 

( ) / 2 (0,851 0,68) 2 0,0851 1
2l d d      (3.34) 

   , : 

0,68 0,085 0,7651 1
2d d l    

 (3.35) 

    , : 

0,085 0,007 0,0781 1
1 2l l      (3.36) 

      : 

   
1,8 1,8
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1 1 1 1 0,05 0,291
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T TK 1

d

d
 

                    (3.37) 

   ё   , / : 

   1 1 0,291 26,375 18,7010h h      
 (3.38) 
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      , / : 

3 32 10 2 18,701 10 193,3971tC h      
 (3.39) 

     : 
      -  
        

        
,  /( ∙ ). 

 

1 1 273,15 1331,687t tT t    (3.40) 

      529, / 3: 
     15,75, :  
     38,46, / 3: 

  ё , 2: 

83,33
0,077

0,978 38,46 201,2661
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G
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   , : 

2
0,8 1,6

1

z
z d

d d
d

    
 (3.45) 

    , : 

2 ( ) / 2 (1,6 0,8) / 2 0,4z zl d d      (3.46) 

   , : 

2 1,2 0,55 1,75z zd d l    
 (3.47) 

      , / : 

Z 3 3
2 2 10 2 1,903 10 61,69h      

 (3.48) 

 ∆h  /  -    , . 
  , : 

1 2 0,4 0,007 0,393Z Zl l      (3.49) 

 ∆= ∆1 + ∆2 –  , . I1 
    : 

   
1,8 1,8

0,8
1 1 1 1 0,05 0,542

1,2
z
T z

d

d
 

                    (3.50) 

     : 

1

z

cos 0,978 cos20
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2 1 0,5422 1 ρ
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э
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 (3.51) 

     H0, / : 
  : 

(1 ) / ) (100 (1 0,02) / 24,65) 40( α0 hZ H      
 (3.52) 

         
       

 ,  ,  3.3. 
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 3.3 –      
 

3.2.6  ё    

     , 
/ : 

2 2
0

0 0
*
0

50χ 25,25 0,9 26,375,
2000 2000

h h      
 (3.53) 

 h0 –      0 0 0,  ,  t i ; 

0 –       (    
  2), / ;    0 = 40-60 /c; χ0 – 
      .   α0 = 

80-110  χ0 
= 0,8-1,0. 

    , / : 

3,142 0,8 50 125,664u d n      
 (3.54)

 
      ё , / : 

     : 

1,8 1,8
1 1 (1 ) ( / ) 1 (1 0,05) (0,68 / 0,8) 0,291k kd d         

 (3.55) 

   1 1 0,291 26,375 18,701*
0h h      

 
(3.56) 

0,291 26,375 7,674*
0h h    

 
(3.57) 

      , / : 

3 32 10 2 18,71 10 193,3971tC h      
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     : 
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    : 1,575 ; 
    : 38,46 / 3; 

       , / : 

5 5
1
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1
193,397
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1

C
M
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1
83,33
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0,978 3,174 193,3971 1t 1t

G
F
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, :  
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1

1
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1
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1
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 (3.68) 

    : 
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 (3.69) 
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       , / : 
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1 1 1 1

2
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        (3.72) 
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2 2
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2
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a
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2

b
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   , 2: 

2
2 2
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2

2

0,133
arcsin arcsin 26,271

3,142 0,8 0,122э
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F

d l



  

   
 (3.82) 
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2

2
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0,957 0,011 0,957 0,011 0,954
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b

l
       

 
(3.83) 

      , 
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     ё , / : 
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2 2 2 2

2 2

2 cos

139,367 125,664 2 125,664 139,367 cos26,271 61,69
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2
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arctan 180 / 3,142 89,357

139,367 cos26,271 125,662

2

2

W

W u

 



  

 


   

   (3.86)
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2000 2000

2 2
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 (3.94) 

  
1 2

2
100

 


 
    

 
    2%. 

        
  : 

3 32 2
6 5

0

0,8 125,664
8 10 1 10 ,

0,08 2000 26,37520001

cpd u
K

F h
  



             
       (3.95)

 
   K   [2]. 

 
  , / : 

5 4
0 1 10 24,662 2,57 10h E        

 (3.96) 

        
 : 



88 
 

1

4
3

1,8

3,142 0,92 2,835 10 0,1113
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