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1     
 
1.1      

 

        
        

   .     
    . 

           
    .    

   ,   .  
       

, ,      . 
 

1.2     
 
1.2.1  

 
 Ewarton Works WINDALCO     

   Bayer , ,  
    (   ).   

 Ewarton Works   :   
"sterling" (  )     . 

          
 41,37 .        

 41,37      ,      
  . 

        
6,0  (TG No. 1)  ,      

 (TGNo.2  G № 3),      
,      

.      № 1,     № 2  
№ 3    10 .  
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 ,         

      
. 

  WINDALCO     - 6,895   2 413 
,   .     2,413 ,  6,895 
  . 

       
. 6,895    ,  ,  
; 2,413    ,   , 

  - .   ,    
6,895 ,   2,413   : ,   

  . 
 

1.2.2     

 
         

   .   « - »    « ».   
 « »    ,     

     .   « - »  
       ,   

   .    « »  
.  
   1 .      

,  ё      ,   
 4,5.         

  ,      6.    
 .  

         
 ,    6  8,2.     

  ,   ,  .  
       . , 

    ,    
         
   .     
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,     , ,  
     .       

  . 
 

1.2.3     
 1 –     

   
( ) 

  
( ) 

  (  
) 

2,9 55 

 (  ) 2,62 80-90 
  ( ) 41,368 350-400 
  ( ) 6,895 2,413 6,895 

( ) 
2,413 
( ) 

250 190 
 

 2–      

  1  2  3 

       

 6,895 2,413  6,895 2,413 6,895 2,413 
2019 19% 26% 55% 47% 53% 66% 34% 
2018 31% 21% 49% 49% 51% 65% 35% 

 

 3–          /  

   ( / )  ( / ) 

 

 
1 

 
2 

 
3 

 
4  

 
1 

 
2 

 
3 

 
4  

. 68 68 60 50 247 65 55 58 38 216 
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1.2.4     

 
       

        
    ,   . 

    ,    
,   ,      

 ,      Windalco PI 
,       . 

 

.=190°
=2,413 

.=250°
=6,895 

.=350°
=41,369 

. . =80°
 

. =2,62 

. . =55°
 . =2,9 

1

2

3

4

5

7

8

 
 100%

G

  40%

 
G . .

  15%  
 

 =2,4 

 
 1-       TG №1   1 
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.=190°
=2,413 

.=250°
=6,895 

.=350°
=41,369 

. . =80°
 

. =2,62 

. . =55°
 

. =2,9 
1

2

3

4

5

7

8

 
 100%

  40%

 
G . .

  15%  
 

 =2,4 

 
 2-       TG №2, №3   2, 3 

 
 

 
 3-   
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 4-     
  0 1 2 4 5 

,   41,37 2,413 6,895 6,895 2,413 
t,   350 126,25 164,34 250 190 

h, /   3090,1 2515,4 2697,6 2954,5 2848,5 
 

1.3       
  - SWOT-  

 
       

   . 
S.W.O.T.  

Strengths ( , ) 
  ,  
    
    

Weaknesses ( , ) 
      
     

Opportunities ( ) 
   
    
    . 

Threats ( ) 
   
     -      
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1.4   

 
1.4.1    

 
        

   ,      . 
     ,   -  

 .  
 

1.4.1.1   
 

        
.       

 ,      
 .       

 ,    ,   (  
  )   . 

  -      
   .   

      ,  
. ,   ,    

 ,  ,     ,  
   .   ,    

       ( ) . 
   -        , 

   .  ,     
    ,    

    ,     
    .    , 
      ,  

   ,   ,   
 . 

 -    (  )  
    .     
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    .    
  .       
  ,     

     .  
 ,      

   ,    
 .     ,   

  . 

-       
         

    . 
      -  

       
 . -       

     ,    
  . 

       (  4  5). 
     ,   , 2,413 , 

 -6,895 ,      ,  
 . 
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.=190°
=2,413 

.=250°
=6,895 

.=350°
=41,369 

. . =80°
 . =2,62 

. . =55°
 . =2,9 

1

2

3

4

5

 
 100%

  40%

 
G . .

  15%  

 =2,4 

 
=2,413

D =7,115 /

t =80°
=49,63 

   

t =122,25°

h =513,374 /

7

8

 
 4-       TG №1  

  1   
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.=190°
=2,413 

.=250°
=6,895 

.=350°
=41,369 

. . =80°
 . =2,62 

. . =55°
 . =2,9 

1

2

3

4

5

 
 100%

  40%

 
G . .

  15%  

 =2,413 

 
=2,413

D =25,677/38,815 /

t =80°
=49,63 

   

t =122,25°

h =513,374 /

7

8

 
 5-       TG №2, №3   2, 

3   
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2.   
 

       
    

 
 
2.1   
 
2.1.1      

 
    : D = k ∙ ( Wэi∙ ηэ + ∙ D ) 

 
 k -  ,   ,   

  1; Wэi-    ( 1= 6000  
2,3=10000) ; -   ; ηэ -  , 

   (0,98), –    
   ( = −− = , − ,, − , =, ; D -       (D = , , D =,  D = , ) 

 
        

        
. 

 W = D ∙ ∙ ηэ  

 W -   i -   , ; D -    i -
  ; -    i –  . 

 
     (Wэ)   

(W )      .   
   (δ),     
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  (      
 = , %). 

 = |Wэ − WWэ | ∙ % < , %,   .  
 

 k -  . (k = k ∙ э  

 
  1= 6000  

 D = ∙ ( , ∙ , + , ∙ , ) = ,   

 
   D = , ∙ = ,    W = , ∙ , − , ∙ , =   

 
    D = , ∙ − , = ,    W = , ∙ , − , ∙ , =   

  ∑ W = W + W = + =  

 = | − | ∙ =  

 k = ∙ =  

 
 

  2= 10000  
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 D = ∙ ( , ∙ , + , ∙ , ) = ,   

 
   D = , ∙ = ,    W = , ∙ , − , ∙ , =   

 
    D = , ∙ − , = ,    W = , ∙ , − , ∙ , =   

  ∑ W = W + W = + =  

 = | − | ∙ =  

 k = ∙ =  

 
 

  3= 10000  
 D = ∙ ( , ∙ , + , ∙ , ) = ,   

 
   D = , ∙ = ,    W = , ∙ , − , ∙ , =   

 
    D = , ∙ − , = ,    W = , ∙ , − , ∙ , =   
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 ∑ W = W + W = + =  

 
  = | − | ∙ =  

 k = ∙ =  

 
 
 

2.1.2      
 

 1 
       : G = G , = , = ,   

 
      : D = D , = , =  

 
         D = (GD ) − = ,  

 
 2-    

 D  = D + D + D = , + , + ,= ,  G = D  ∙ + D = , ∙ + , = ,   

 



21 
 

2.1.3    
 

        
  ,       

 .     
 ,       

,      ( ). 
         

,         
,       ,  

   .   
        

 ,    G . 
 

  40% 
h =230,474 /

 
h =230,241 /

  15%  
h =326,08 /

  100%
G =167,669 /

   
 

  
 h =2848 

/

 
 6-     

 
 D + , ∙ G + G + , ∙ G = G  D ∙ h + , ∙ G ∙ τ + (G ∙ τ ) + ( , ∙ G ∙ τ ) = G ∙ τ  

 
 D -    ; G -   ; G -  

 ; τ -   ( ,   ; τ - 
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  , ; τ -    , ; τ -    ( ,  ; h -  

  . 

 
 1 

 D + , ∙ , + G + , ∙ , = ,  

 D ∙ + , ∙ , ∙ , + (G ∙ , )+ , ∙ , ∙ , = , ∙ ,  
 D = ,   G = ,   

 
 2-   

 D + , ∙ , + G + , ∙ , = ,  
 D ∙ + , ∙ , ∙ , + (G ∙ , )+ , ∙ , ∙ , = , ∙ ,  
 D = ,   

 G = ,   

 
 

2.1.4   
 

         6,895  
  : ∑ D = D + D + D = , + , + , = ,  
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       ∑ D = D + D + D = , + , + , = ,  

 
  D     ,    

       1  2,413   
   2. D = + = ,  

  52-      23-    
2,413 . 

    D = D ∙ D = , ∙ , = ,  

 
         2,413  
  : D , = ∑ D − D − D = , − , − ,= ,  

 
 

2.2   

 
 

 2.2.1       

 
      

  .    ,  , 
  ,      , 

  . 
 D ∙ h − h′ ∙ η = G ∙ t′̅ − t̅  
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 G -        
 , / ; t′̅ , t̅ -      

       , / ; h , h′ -
  , / ; η -    

.  
 
 
 

  2,413 : 
 

2.2.2    

      
  .    ,  , 

  ,      , 
  . 

 D ∙ h − h′ ∙ η = G ∙ t′̅ − t̅  
 

 𝐺 -        
 , / ; 𝑡̅′ , 𝑡̅ -      

       , / ; ℎ , ℎ′ -
  , / ; 𝜂 -    

.  D ∙ , − , ∙ , = , ∙ , − ,  D = ,  

 
        

, D i = D ∙ Wэi∑ Wэ 
 

  1  6000 : D = , ∙ + + = ,   
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  2  3  10000 : D , = , ∙ + + = ,   

 
   2,4    : D , = D , − D = , − , = ,  

 
       

2,413    : D , = D , − D = , − , = ,   

 
2.2.3      2,413      

 

 
    : D = k ∙ ( Wэi∙ ηэ + ∙ D ) 

 
 k -  ,   ; Wэi-  

  ( 1= 6000  2,3=10000) ; -   ; ηэ -
 ,    (0,98), –  

     ( = −− =, − ,, − , = , ; D -       (D =, , D = ,  D = , ) 

 
        

        
. 

 W = D ∙ ∙ ηэ  
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 W -   i -   , ; D -    i -
  ; -    i –  . 

     (Wэ)   
(W )      .   

   (δ),     
  (      

 𝜀 = , %). 
 = |Wэ − WWэ | ∙ % < , %,   .  
 

 𝑘 -  . (k = k ∙ э  

  1= 6000  
 D = , ∙ ( , ∙ , + , ∙ , ) = ,   

 
  D = , ∙ = ,    W = , ∙ , − , ∙ , =   

 
    D = D − D − D  D = , − , − , = ,    

 W = , ∙ , − , ∙ , =  ∑ W = W + W = + =   

 = | − | ∙ = ,  
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k = , ∙ = ,  

 
 

  2= 10000  
 D = , ∙ ( , ∙ , + , ∙ , ) = ,   

 
   D = , ∙ = ,    W = , ∙ , − , ∙ , =   

 
    D = D − D − D  D = , − , − , = ,    

 W = , ∙ , − , ∙ , =  ∑ W = W + W = + =   

 = | − | ∙ = ,  

 k = , ∙ = ,  

 
 

  3= 10000  
 D = , ∙ ( , ∙ , + , ∙ , ) = ,   
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D = , ∙ = ,    W = , ∙ , − , ∙ , =   

 
    D = D − D − D  D = , − , − , = ,    W = , ∙ , − , ∙ , =   ∑ W = W + W = + =   

 = | − | ∙ = ,  k = , ∙ = ,  

 
2.2.4      
 

 1 
       : G = G , = , = ,   
      : D = D , = , =  

 
         D = (GD ) − = ,  

 
 2-    

 D  = D + D + D = , + , + ,= ,  
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G = D  ∙ + D = , ∙ + , = ,   

 
 
2.2.5   

         2,413  
  : ∑ D = D + D + D = , + , + , = ,  

 
       ∑ D = D + D + D = , + , + , = ,  

 
  D     ,    

       1  2,413   
   2. D = + = ,  

  52-      23-    
2,413 . 

 
    D = D ∙ D = , ∙ , = ,  

 
         2,413  

  : D , = ∑ D − D − D = , − , − ,= ,  

 
 

  6,895 : 
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D ∙ , − , ∙ , = , ∙ , − ,  D = ,  

 
        

, D i = D ∙ Wэi∑ Wэ 
 

  1  6000 : D = , ∙ + + = ,   

 
  2  3  10000 : D , = , ∙ + + = ,   

 
 

2.2.6      6,895      
 

 
    : D = k ∙ ( Wэi∙ ηэ + ∙ D ) 

 k -  ,   ; Wэi-  
  ( 1= 6000  2,3=10000) ; -   ; ηэ -

 ,    (0,98), –  
     ( = −− =, − ,, − , = , ; D -       (D =, , D = ,  D = , ) 
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. 
 W = D ∙ ∙ ηэ  

 W -   i -   , ; D -    i -
  ; -    i –  . 

 
     (Wэ)   

(W )      .   
   (δ),     

  (      
 𝜀 = , %). 

 = |Wэ − WWэ | ∙ % < , %,   .  
 𝑘 -  . (k = k ∙ э  

 
  1= 6000  

 D = , ∙ ( , ∙ , + , ∙ , ) = ,   

 
  D = , ∙ = ,    W = , ∙ , − , ∙ , =   

 
    D = D − D − D  D = , − , − , = ,    W = , ∙ , − , ∙ , =  
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∑ W = W + W = + =   

 = | − | ∙ = ,  

 k = , ∙ = ,  

 
 

  2= 10000  
 D = , ∙ ( , ∙ , + , ∙ , ) = ,   

 
   D = , ∙ = ,    W = , ∙ , − , ∙ , =   

 
    D = D − D − D  D = , − , − , = ,    

 W = , ∙ , − , ∙ , =  ∑ W = W + W = + =   

 = | − | ∙ = ,  

 k = , ∙ = ,  

 
  3= 10000  
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 D = , ∙ ( , ∙ , + , ∙ , ) = ,   

 
   D = , ∙ = ,    W = , ∙ , − , ∙ , =   

 
    D = D − D − D  D = , − , − , = ,    W = , ∙ , − , ∙ , =   ∑ W = W + W = + =   

 = | − | ∙ = ,  

 k = , ∙ = ,  

 
 
 

2.2.7      
 

 1 
       : G = G , = , = ,   

 
      : D = D , = , =  
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         D = (GD ) − = ,  

 
 

 2-    
 D  = D + D + D = , + , + , = ,  G = D  ∙ + D = , ∙ + , = ,   

 
2.2.8    

 
       
    ,    

G . 

  40% 
h =230,474 /

 
h =230,241 /

  15%  
h =326,08 /

  100%
G =173,858 /

   
 

  
 h =2848 

/

 
 

 7-     
 D + , ∙ G + G + , ∙ G = G  D ∙ h + , ∙ G ∙ τ + (G ∙ τ ) + ( , ∙ G ∙ τ ) = G ∙ τ  

 



35 
 

 D -    ; G -   ; G -  

 ; τ -    ( ,   ; τ - 

  , ; τ -    , ; τ -    ( ,  ; h -  

  . 

 1 
 D + , ∙ , + G + , ∙ , = ,  

 D ∙ + , ∙ , ∙ , + (G ∙ , )+ , ∙ , ∙ , = , ∙ ,  
 D = ,   G = ,   

 
 2-   

 D + , ∙ , + G + , ∙ , = ,  D ∙ + , ∙ , ∙ , + (G ∙ , )+ , ∙ , ∙ , = , ∙ ,  
 D = ,  G = ,   

 
 

2.2.9   

         6,895  
  : 
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∑ D = D + D + D = , + , + , = ,  

 
       ∑ D = D + D + D = , + , + , = ,  

 
  D     ,    

       1  2,413   
   2. D = + = ,  

  52-      23-    
2,413 . 

 
    D = D ∙ D = , ∙ , = ,  

 
         2,413  
  : D , = ∑ D − D − D = , − , − ,= ,  
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3    
 
3.1     
 

 6,895 : 
 

G =43,4645 /
t2' =t =80 

h =334,949 /

t1'' =t1' =164,344
=694,489 /
D =6,199 /

t1'' =t1' =174,344  
h =2786 /
D =6,199 /

t1'' =90
 ' =377,1 /
D =6,199 /

t1' =249,764  
h =2954 /
D =6,199 /

G =43,4645 /
t2'' =165,913 

h =695,174 /

 
 8 –      

 
        

,      .   
    ,    
     ,     

     : D ∙ t̅ − t`̅ ∙ n = G ∙ h − h  D ∙ h′ − t̅ ∙ n = G ∙ h − h  D ∙ h − h′ ∙ n = G ∙ h − h   

 D  –    , / ; t̅ −  , / , 

f ( , t ’); t`̅ −      , (t ’ ∙ 4,19) / ; n −    (0,98); G −    
 , (G      4) / ; h − 

    , / ; h −    
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  , / , f (t ’); h′ −      
 , / , (t1 ’’); h −     

, /  (t2 ’’∙4,19); h −      
, / ; h −     , / .  D ∙ , − , ∙ , = , ∙ h − ,  D ∙ − , ∙ , = , ∙ , − h  D ∙ , − ∙ , = , ∙ h − ,  D = ,    h = ,    h = ,      

      
     

    .     
     

      
 .    
       

      .  
       ( ),  
  ( )     ( ). 

       , 
  : 

  : 

 Q = D ∙ h − h′ ∙ n                                                 

 Q = , ∙ , − ∙ , =    
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  : Q = D ∙ h′ − 𝑡̅ ∙ n                                                  Q = , ∙ − , ∙ , =   

 

  : Q = D ∙ t̅ − t`̅ ∙ n                                                    Q = , ∙ , − , ∙ , =   

 
3.1.1      
 

   
                                                             

       
  : 

 ∆t = ∆ −∆, ∙   ∆t∆t = , − ,, ∙  ,, = ,  ℃  

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

                                                                         
   

 
       
  : 

 ∆t = ∆ −∆, ∙   ∆t∆t = , − ,, ∙   ,, = ,  ℃                       
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 ∆t = t′′ − t′ = , − , = ,  ℃ –  
  ; ∆t = t′ − t′′ = ,  − , = ,  ℃ –  
  . 

 
   

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

 ∆t = t′ − t′′ = , − , = ,  ℃ –  
  ; ∆t = t′′ − t′ =  − = ℃ –    

. 
 

       
: 

 

 Fэ = i∙i∙∆                                                                                                 

 Q  –      , ; k − 
  (    k=50,  
 k=2400,   k=500) 

 
      : 

 Fэ = ∙∙ , = ,  2        

 
      : 

 Fэ = ∙∙ ,  = , 2          

 
      : 
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 Fэ = ∙∙ , = , 2       

      

    : Fэ = ∑ Fэ = ,  + , + , = ,=  2 
 

       .  
   ,    : Fэ = ,  2   Fэ = ,  2   Fэ = ,  2 Fэ = ∑ Fэ = ,   + , + , = ,=  2 

 
                                                                                        
3.1.2     

  
       

    .     
 : 

 t = ′ + ′′ = , + , = ,  ℃           t = ′ + ′′ = + , = ,  ℃                                                                        

 
   t = ′ + ′′ = , + = , ℃  

 
     : 

 ϑ = f(P , t ) = , 3/            ϑ = f(P , t ) = ,  3/ . 
          

   ϑ = f(P , t ) = , 3/  
 

      : 
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p = ϑ = ,  = , / 3                                                                           p = ϑ = ,  = ,  / 3                                                                            

 
   p = ϑ = , = ,  / 3 

 
       

 : 
 V = D ∙ ϑ = , ∙ , = ,  3/                                                         V = G ∙ ϑ = , ∙ , = ,  3/                                                              
 

   V = G ∙ ϑ = , ∙ , = ,   3/  
 

     : w = ∙ √ϑ = ∙ √ , = ,  /                                           

 𝑤 = ∙ √𝜗 = ∙ √ , = , /              
 

       
 𝑤 = ∙ √𝜗 = ∙ √ , = , /         
                                 

        𝑑 =,  ,    0,002 .    𝑑 =,  . 
 

     : 
 n = ∙π∙ ∙w ∙                                                                                              

 n = ∙ ,, ∙ , ∙ , ∙ , = ,   

 n =   
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: 
 l = эπ∙ ∙ = ,, ∙ , ∙ = ,                                                       

 
 : 

 z =                                                                              
    l′ = = , = ,    

 
         

 ,  : N = n ∙ z = ∙ =                                              

 
3.1.3    
 

    t    t=(1,25÷, d .      t = , ∙ d = , ∙ , =,  . 

  (m)    : m = √ ∙N− − = √ ∙ − − = ,                              

 m =             

   (m)   N` : N` = + m + m = + ∙ + ∙ =       

 N<N’    .  

      : 
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D = D′ + d + x                                                                                    

 D′ -        
       , D′ = ∙ m ∙ t = ∙ ∙ , = , ; x -     

  ,    6 . 
 D = , + , + ∙ , = ,  . 
 

  9617-79      
   ,    :  

 D = ,  . 
 

  ( )     ( )  
 :              

 D = , ∙ √ ∙ω                                                                                    

 D = , ∙ √ ,, ∙ , = ,   

 
       
   ,   : D = , ∙ √ ,, ∙ , = ,    

        
  ,   : 

 D = , ∙ √ ,, ∙ , = ,   

 
3.1.4    
 

    ( )  
        

      : 
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 S = π ∙ D − N ∙ d                                                                              

 S = , ∙ , − ∙ , = ,   

 
    ( ), / ,  

    : ω = = ,, = , /                                                                      

 V −    , 3/ . 

     25÷30 / .  
   : S′ = ω = , = ,               

 ω −     , / . 

       
 . 

       -
    ,    

 : S′ = S = S = S   

    D , ,   
    ,     

   : S = π∙ ∙ − , ∙ y              

 y −    . 

  D , : 
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 D = √ ∙π∙ − , ∙ dt = √ ∙ ,, ∙ − , ∙ , ,, = ,   

             D , ,      
   : S = π ∙ D − D                                               

 D ,  : 

 D = √D − ∙π = √ , − ∙ ,, = ,   

      h, ,  
        

      : S = π ∙ D ∙ h −                                               

 h, : 

 h = π∙ ∙ −dt = ,, ∙ , ∙ − ,, = ,   

 

3.1.5     
 

       
    .  

 
        
 𝑎 , /( 2⋅ ) 𝑎 = N ∙λ
  

 d  –   , ; λ  –   
  ( ), 0,684 /( ⋅ ), f(P  , t ); Nu  –  ,  
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Nu = , ∙ Re , ∙ Pr , = , ∙ , ∙ , , = ,  
 

 Re = ω ∙ν = , ∙ ,, ∙ − =  -  ,   

 ; ν  –   , 2/ ; Pr = ν = , ∙ −, ∙ − = , -      

  t . 𝑎 = , ∙ ,, = , ∙ ∙К  

 
    𝑎 = , ∙ ,, = , ∙К  

 d  –   , ; λ  –   
  ( ), /( ⋅ ), f(P  , t ); Nu  –  , 

 Nu = , ∙ Re , ∙ Pr , = , ∙ , ∙ , , = ,  
 

 Re = ω ∙ν = , ∙ ,, ∙ − =  -  ,   

 ; ν  –   , 2/ ; Pr = ν = , ∙ −, ∙ − = , -      

  t . 
 

        
  𝑎 , /( 2⋅ ),        

       : 𝑎 = N ∙λ
  

 d  –   , ; λ  –   
  ( ), /( ⋅ ), λ  = f(P  , t ); Nu  –  . Nu = , ∙ Re , ∙ Pr , ∙ −− , ′ ,
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Nu = , ∙ , ∙ , , ∙ , − ,, − , , ,, , =,   

 
 l′ –     , ; d  –   

, ; s1 , s2 –        , ;  Re = ω ∙ν = , ∙ ,, ∙ − =   –  ,   

 ; ν  –   , 2/ ; Pr = ν = , ∙ −, ∙ − = ,  –  ; a  –  

, 2/ ; k, m – ,   
   k = 0,6, m = 0,35. 

 𝑎 = , ∙ ,, =  ∙К   
 

    
 𝑎 = ,  ∙ ,, = ,  ∙К  

 d  –   , ; λ  –   
  ( ), /( ⋅ ), λ  = f(P  , t ); Nu  –  . 

 Nu = , ∙ Re , ∙ Pr , ∙ −− , ′ ,
  Nu = , ∙ , , ∙ , ∙ , − ,, − , , ,, , = ,   

 
 l′ –     , ; d  –   

, ; s1 , s2 –        , ;  Re = ω ∙ν = , ∙ ,, = ,   –  ,   

 ; ν  –   , 2/ ; Pr = ν = ,, ∙ − =  –  ; a  –  

, 2/ ; k, m – ,   
    k =0,35, m = 0,6. 
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      ( /( 2⋅ ) 

  𝑎 = , B′∆ ∙ ′ ,   

 B′ = + t − , ∙ t = + ∙ , − , ∙ , =
 –   ,  ts(P ) –  

 , ° ; l′ –    , ; ∆t  – 
     , ° . 𝑎 = , , ∙ , , = ∙К  

 
 

  k , /( ⋅ )   : 
 k = ∙ a ∙d + ∙λ ∙ dd +a ∙d   

 d , d , d -  ,     
; λ  -      

(  40 /( ⋅ )). k = , ∙ ∙ , + ∙ ∙ ,, + , ∙ , = ,  ∙К  k = , ∙ ∙ , + ∙ ∙ ,, + ∙ , =  ∙К  k = , ∙ , ∙ , + ∙ ∙ ,, + ∙ , =  , ∙К  

 
      : F = ∙i∙∆ i  

 
 Qi –  , ; k i –   , 

/( 2⋅ ); ∆t  –    ° . F = ∙, ∙ , = ,    F = ∙∙ , = ,    
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F = ∙, ∙ , = ,    

 
 ,%   : F = | i− эi | ∙   F = | , − ,, | ∙ = , %    F = | , − ,, | ∙ = , %   F = | , − ,, | ∙ = ,  %  

 
      6,895 ,   

700,721 2,    -700-29-7,   
 . 

 
 

 2,413 :  

G =41,917 /
t2' =t =80 

h =334,949 /

t1'' =t1' =126,25
=530,39 /
D =3,214 /

t1'' =t1' =136,25  
h =2736,655 /

D =3,214 /

t1'' =90
 ' =377,1 /
D =3,214 /

t1' =189,775  
h =2848 /
D =3,214 /

G =41,917 /
t2'' =124,255 

h =520,628 /

 
 9 –    

 
        

,      .   
    ,    
     ,     

     : 
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D ∙ t̅ − t`̅ ∙ n = G ∙ h − h  D ∙ h′ − t̅ ∙ n = G ∙ h − h  D ∙ h − h′ ∙ n = G ∙ h − h   

 D  –    , / ; t̅ −  , / , 

f ( , t ’); t`̅ −      , (t ’ ∙ 4,19) / ; n −    (0,98); G −    
 , (G      4) / ; h − 

    , / ; h −    
  , / , f (t ’); h′ −      

 , / , (t1 ’’); h −     
, /  (t2 ’’∙4,19); h −      
, / ; h −     , / .  D ∙ − , ∙ , = , ∙ h − ,  D ∙ , − ∙ , = , ∙ , − h  D ∙ − , ∙ , = , ∙ h − ,  D = ,    h = ,    h = ,      

      
     

    .     
     

      
 .    
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      .  
       ( ),  
  ( )     ( ). 

       , 
  : 

  : 

 Q = D ∙ h − h′ ∙ n                                                 

 Q = , ∙ − , ∙ , = ,    

 

  : Q = D ∙ h′ − 𝑡̅ ∙ n                                                  Q = , ∙ , − ∙ , =   

 

  : Q = D ∙ t̅ − t`̅ ∙ n                                                    Q = , ∙ − , ∙ , = ,   

 
3.1.6      
 

   
                                                             

       
  : 

 ∆t = ∆ −∆, ∙   ∆t∆t = , −, ∙  , = ,  ℃  

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

                                                                         
   

 
       
  : 

 ∆t = ∆ −∆, ∙   ∆t∆t = , −, ∙   , = ,  ℃                       

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

 
   

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

 ∆t = t′ − t′′ = , − , = ,  ℃ –  
  ; ∆t = t′′ − t′ =  − = ℃ –    

. 
 

       
: 

 

 Fэ = i∙i∙∆                                                                                                 
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 Q  –      , ; k − 
  (    k=50,  
 k=2400,   k=500) 

 
      : 

 Fэ = , ∙∙ , = ,  2        

 
      : 

 Fэ = ∙∙ ,  = , 2          

 
      : 

 Fэ = , ∙∙ , = , 2       

      

    : Fэ = ∑ Fэ = ,  + , + , = ,=  2 
 

       .  
   ,    : Fэ = ,  2   Fэ = ,  2   Fэ = ,  2 Fэ = ∑ Fэ = ,   + , + ,  = ,=  2 

 
                                                                                        
3.1.7     

  
       

    .     
 : 

 t = ′ + ′′ = , + , = ,  ℃           t = ′ + ′′ = + , = ,  ℃                                                                        
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t = ′ + ′′ = , + = , ℃  

 
     : 

 ϑ = f(P , t ) = , 3/            ϑ = f(P , t ) = ,  3/ . 
          

   ϑ = f(P , t ) = , 3/  
 

      : 
 p = ϑ = ,  = , / 3                                                                           p = ϑ = ,  = ,  / 3                                                                            

 
   p = ϑ = , = ,  / 3 

 
       

 : 
 V = D ∙ ϑ = , ∙ , = ,  3/                                                         V = G ∙ ϑ = , ∙ , = ,  3/                                                              
 

   V = G ∙ ϑ = , ∙ , = ,   3/  
 

     : w = ∙ √ϑ = ∙ √ , = ,  /                                           

 𝑤 = ∙ √𝜗 = ∙ √ , = , /              
 

       
 𝑤 = ∙ √𝜗 = ∙ √ , = , /         
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        𝑑 =,  ,    0,002 .    𝑑 =,  . 

 
     : 

 n = ∙π∙ ∙w ∙                                                                                              

 n = ∙ ,, ∙ , ∙ , ∙ , = ,   

 n =   
 

      
: 

 l = эπ∙ ∙ = ,, ∙ , ∙ = ,                                                       

 
 : 

 z =   
      l′ = = , = ,                                                                  

 
         

 ,  : N = n ∙ z = ∙ =                                              

 
3.1.8    
 

    t    t=(1,25÷, d .      t = , ∙ d = , ∙ , =,  . 
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  (m)    : m = √ ∙N− − = √ ∙ − − = ,                              

 m =             

   (m)   N` : N` = + m + m = + ∙ + ∙ =       

 N<N’    .  

      : D = D′ + d + x                                                                                    

 D′ -        
       , D′ = ∙ m ∙ t = ∙ ∙ , = , ; x -     

  ,    6 . 
 D = , + , + ∙ , = ,  . 
 

  9617-79      
   ,    :  

 D = ,  . 
 

  ( )     ( )  
 :              

 D = , ∙ √ ∙ω                                                                                    

 D = , ∙ √ ,, ∙ , = ,   

 
       
   ,   : 
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D = , ∙ √ ,, ∙ , = ,    

        
  ,   : 

 D = , ∙ √ ,, ∙ , = ,   

 
3.1.9    
 

    ( )  
        

      : 
 S = π ∙ D − N ∙ d                                                                              

 S = , ∙ , − ∙ , = ,   

 
    ( ), / ,  

    : ω = = ,, = , /                                                                      

 V −    , 3/ . 

     25÷30 / .  
   : S′ = ω = , = ,               

 ω −     , / . 

       
 . 

       -
    ,    

 : 
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S′ = S = S = S   

    D , ,   
    ,     

   : S = π∙ ∙ − , ∙ y              

 y −    . 

  D , : 

 D = √ ∙π∙ − , ∙ dt = √ ∙, ∙ − , ∙ , ,, = ,   

             D , ,      
   : S = π ∙ D − D                                               

 D ,  : 

 D = √D − ∙π = √ , − ∙ ,, = ,   

      h, ,  
        

      : S = π ∙ D ∙ h −                                               

 h, : 

 h = π∙ ∙ −dt = ,, ∙ , ∙ − ,, = ,   
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3.1.10     
 

       
    .  

 
        
 𝑎 , /( 2⋅ ) 

 𝑎 = N ∙λ
  

 d  –   , ; λ  –   
  ( ), 0,678 /( ⋅ ), f(P  , t ); Nu  –  ,  

 Nu = , ∙ Re , ∙ Pr , = , ∙ , ∙ , , = ,  
 

 Re = ω ∙ν = , ∙ ,, ∙ − =  -  ,   

 ; ν  –   , 2/ ; Pr = ν = , ∙ −, ∙ − = , -      

  t . 
 𝑎 = , ∙ ,, = ∙К  

 
        

  𝑎 , /( 2⋅ ),        
       : 

 𝑎 = N ∙λ
  

 
 d  –   , ; λ  –   

  ( ), /( ⋅ ), λ  = f(P  , t ); Nu  –  . 
 Nu = , ∙ Re , ∙ Pr , ∙ −− , ′ ,
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Nu = , ∙ , ∙ , , ∙ , − ,, − , , ,, , = ,   

 
 l′ –     , ; d  –   

, ; s1 , s2 –        , ;  Re = ω ∙ν = , ∙ ,, =   –  ,   

 ; ν  –   , 2/ ; Pr = ν = ,, = ,  –  ; a  –  

, 2/ ; k, m – ,   
   k = 0,6, m = 0,35. 

 𝑎 = , ∙ ,, = ,  ∙К   
 

    
 𝑎 = ,   ∙ ,, = ,  ∙К  

 d  –   , ; λ  –   
  ( ), /( ⋅ ), λ  = f(P  , t ); Nu  –  . 

 Nu = , ∙ Re , ∙ Pr , ∙ −− , ′ ,
  Nu = , ∙ , , ∙ , ∙ , − ,, − , , ,, , = ,   

 
 l′ –     , ; d  –   

, ; s1 , s2 –        , ;  Re = ω ∙ν = , ∙ ,, = ,   –  ,    

; ν  –   , 2/ ; Pr = ν =,, ∙ − =  –  ; a  –  
, 2/ ; k, m – ,   

    k =0,35, m = 0,6. 
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      ( /( 2⋅ ) 
  𝑎 = , B′∆ ∙ ′ ,   

 B′ = + t − , ∙ t = + ∙ , − , ∙ , =
 –   ,  ts(P ) –  

 , ° ; l′ –    , ; ∆t  – 
     ,° . 

 𝑎 = , , ∙ , , = ∙К  

 
 

  k , /( 2⋅ )   : k = ∙ a ∙d + ∙λ ∙ dd +a ∙d   

 d , d , d -  ,     
; λ  -      

(  40 /( ⋅ ). k = , ∙ , ∙ , + ∙ ∙ ,, + ∙ , = ,  ∙К  k = , ∙ ∙ , + ∙ ∙ ,, + ∙ , =  ∙К  k = , ∙ , ∙ , + ∙ ∙ ,, + ∙ , =  , ∙К  

 
      : F = ∙i∙∆ i  

 Qi –  , ; k i –   , 
/( 2⋅ ); ∆t  –    ° . F = , ∙, ∙ , = ,    F = ∙∙ , = ,    F = , ∙, ∙ , = ,    
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 ,%   : F = | i− эi | ∙   F = | , − ,, | ∙ = , %    F = | , − ,, | ∙ = , %   F = | , − ,, | ∙ = ,  %  

 
      2,413 ,   

292,379 2,    -350-16-7,   
 . 

 

3.2       

3.2.1      

 6,895 : 

      S, , 
  : S = ∙∙σ ∙ − +                                                                                σ −   , 136 ; − , 

    , 0,004 ; − 
 .   20 ; 

 S = , ∙ ,∙ ∙ − , + , = ,   

 

3.2.2       

      : 
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S = ∙∙σ ∙ − , +                                                                                 σ −   , 136 ; − , 
    , 0,001  − 

 ; R −   , ; 

 R = = ,∙ , = ,    H = , ∙ D −    

, .   20 . S = , ∙∙ ∙ − , ∙ + , = ,    

       : h = , D = , ∙ , = ,                                                     

 

3.2.3      

        
: 

S = , ∙ K ∙ D √σ ∙                                                                     

 K − ,    , K = , ÷ ;  D = D −   , ; σ −   

, ; −   = , − , ∙ =, − , ∙ ,, = , .                                                                       

S = , ∙ , ∙ , √ ∙ , = ,    

 

3.2.4    
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     , 
: = , ∙ S = , ∙ , = ,                                                                                          S −  , . 

   , ,   : D = D + ÷                                                                      D = , + ∙ , = ,   D = , + ∙ , = ,    D = , + ∙ , = ,    

 

3.2.5       

     , ,   : 

d = , √ ∙σ                                                                                     

 P −      , ; n −   
 ; σ −   , ;  

 4 ,    200 0    

 P = , + , ∙ P + , ∙ D                                     
 P = , + , ∙ + , ∙ , = ,   

 d = , √ , ∙ = ,   

      S , ,  : S = , ∙ d = , ∙ , = ,                                                           
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      : z = π∙
                                                                                                  D −       , ;  D = D + d + , = , + , + , = ,  ;  

 D −   , ;  
 D = D + S + b + u = , + ∙ , + ∙ , + ∙, = ,    

 D −   , ; S −  , ; b − 

 , ; u = = ∙ , = , −    
      ;  

 z = , ∙ ,, = ,  

 z =   

 

3.2.6   

        
: h = , + ∙ √D S                                                                  S −     , ; S = S + =, + , = ,  ; S −  , ; − , . 

  h = , + ∙ √ , ∙ , = ,   

 

3.2.7    
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  : F = , D + S + D                                               F = , ∙ N d − d                                                                     

 F = , , + ∙ , + , = ,  2 

 F = , ∙ , − , = ,  2 

     ,    
 . ∆t = t − t                                                                         .      ∆t = t − t                                                                                   ∆t = , − = ,  ℃  ∆t = , − = ,  ℃ 

     : P = ∙∆ − ∙∆∙ + ∙                                                                         

 E = , ∙ , E = , ∙ −     
 , ; 𝑎 = , ∙ − , 𝑎 = , ∙ − −  

     ,1/0 . 

 P = , ∙ − ∙ ,  − , ∙ − ∙ ,, ∙ ∙ , + , ∙ ∙ , = ,  

,        
,  : σ = t + ∙∙ + ∙                                                              
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σ = t + ∙∙ + ∙                                                                     Q −  ,        
  , ;  Q = , D + N ∙ d ∙ P + , ∙ N ∙ d ∙ P       Q = , , + ∙ , ∙ , + , ∙ ∙ , ∙ 

 ∙ = ,   

 σ = ,  , + , ∙ ∙ ,, ∙ ∙ , + , ∙ ∙ , = ,   

 σ = ,  , + , ∙ ∙ ,, ∙ ∙ , + , ∙ ∙ , = ,   

        
: D = , ∙, −√σ = , ∙ ,, −√ , = ,    

 D  –    , ; [ ] –  
    , . 

         S  
  : P = ′∙ ∙∆ − ∙∆′∙ + ′∙ + , ∙ ∙ −β ∙∙S   

 l′ –    ; 𝑎 = , ∙ − , 𝑎 = , ∙− −       ,1/0 ; 
∆t  = t −t  –       

  , ° ; ∆t =t −t –    
     , ° ; E , E  – 

     , ,   E = , ∙
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, E = , ∙  ; F , F  –    

    , 2; β = = ,, = , −  

;   k- k = , ∙ −ββ − ∙ β−β ∙ −β = , ∙ − ,, − ∙ ,− , ∙ − , =− ,    P = , ∙ , ∙ − ∙ ,  − , ∙ − ∙ ,,, ∙ ∙ , + ,, ∙ ∙ , + , ∙− , ∙ − , ∙ ,, ∙ ∙ , = − ,   

  

    ∆  :  ∆ = , ∙ ∙ −β ∙ ∙∙ =  , ∙− , ∙ − , ∙− , ∙ ,, ∙ ∙ , = ,   

     : 

𝑧 = ′∆ ∙ |a ∙ ∆t − a ∙ ∆t | − P ∙ ( ∙ + ∙ )   

𝑧 = ,, ∙ (| , ∙ − ∙ ,  − , ∙ − ∙ , | − − , ∙
, ∙ ∙ , + , ∙ ∙ , ) =   

 

 2,413 : 

      S, , 
  : S = ∙∙σ ∙ − +                                                                               
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 σ −   , 136 ; − 

,     , 0,004 ; −  .   20 ; 

 S = , ∙ ,∙ ∙ − , + , = ,   

 

3.2.8       

      : S = ∙∙σ ∙ − , +                                                                                 σ −   , 136 ; − , 
    , 0,001  − 

 ; R −   , ; 

 R = = ,∙ , = ,    H = , ∙ D −    

, .   20 . S = , ∙∙ ∙ − , ∙ + , = ,    

       : h = , D = , ∙ , = ,                                                     

 

3.2.9      

        
: 

S = , ∙ K ∙ D √σ ∙                                                                     
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 K − ,    , K = , ÷ ;  D = D −   , ; σ −   

, ; −  = , − , ∙ =, − , ∙ ,, = , .                                                                       

S = , ∙ , ∙ , √ ∙ , = ,    

 

3.2.10    

     , 
: = , ∙ S = , ∙ , = ,                                                                                           S −  , . 

   , ,   : D = D + ÷                                                                      D = , + ∙ , = ,   D = , + ∙ , = ,    D = , + ∙ , = ,    

 

3.2.11       

     , ,   : 

d = , √ ∙σ                                                                                     
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 P −      , ; n −   
 ; σ −   , ;  

 4 ,    200 0    

 P = , + , ∙ P + , ∙ D                                     
 P = , + , ∙ + , ∙ , = ,   

 d = , √ , ∙ = ,   

      S , ,  : S = , ∙ d = , ∙ , = ,                                                           

      : z = π∙
                                                                                                  D −       , ; D = D + d + , = , + , + , = ,  ;  

 D −   , ;  D = D + S + b + u = , + ∙ , + ∙ , + ∙, = ,  ; 
 D −   , ; S −  , ; b − 

 , ; u = = ∙ , = , −    
      ;  

 z = , ∙ ,, = ,  

 z =   

3.2.12   

        
: 
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h = , + ∙ √D S                                                                  S −     , ; S = S + =, + , = ,  ; S −  , ; − , . 

  h = , + ∙ √ , ∙ , = ,   

 

3.2.13    

         
  : F = , D + S + D                                               F = , ∙ N d − d                                                                     

 F = , , + ∙ , + , = ,  2 

 F = , ∙ , − , = ,  2 

     ,    
 .       28 0. ∆t = t − t                                                                         .      ∆t = t − t                                                                                   ∆t = , − = ,  ℃  ∆t = , − = ,  ℃ 

     : P = ∙∆ − ∙∆∙ + ∙                                                                         
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 E = , ∙ , E = , ∙ −     
 , ; 𝑎 = , ∙ − , 𝑎 = , ∙ − −  

     ,1/0    . 

 P = , ∙ − ∙ ,   − , ∙ − ∙ ,, ∙ ∙ , + , ∙ ∙ , = ,  

,        
,  : σ = t + ∙∙ + ∙                                                              

σ = t + ∙∙ + ∙                                                                     Q −  ,        
 , ;  Q = , D + N ∙ d ∙ P + , ∙ N ∙ d ∙ P       Q = , , + ∙ , ∙ , + , ∙ ∙ , ∙ 

 ∙ = ,   

 σ = ,  , + , ∙ ∙ ,, ∙ ∙ , + , ∙ ∙ , = ,   

 σ = ,  , + , ∙ ∙ ,, ∙ ∙ , + , ∙ ∙ , = ,   

:   σ < σ =    
          

 2,413 . 

3.3    
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.     -   

  .  ,  ,  ,  
.     ,    

        ,  
   ,       

.     :     
,     ,      , 

    ,     
  . . 

 
 

   
    5 8-    .  40000 
  ,      . (20000  

 ). 
 
 

      
 

 
: 

      .  
    ,  .   , 
        

    .     
 ,       

  .      
    ,     

    . 
 

: 
       .  

     ,     . 
       . 
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    ,  
   . 

 
 :  

      ,   
,          

   .    
   ,    .   

 
  :  

 - ,  ,  ,   
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4    
4.1  -   

4.1.1   

 
   , : 

 Q = D ∙ i − t̅  

 D −     / ; i −    / ; t̅ −     / . 
 Q = ,  ∙ , − , =   Q = , ∙ , − , =   Q = , ∙ , − , =   

 Q = Q + Q + Q = + + =   

 
     , : 
 Q 𝑖 = (D ∙ i − 𝜏 ) + (D ∙ i − 𝜏 )  

 D −          6,895  / ; D −          2,413  / ; i − 
   / ; i −    / ; 𝜏 − 
  / . 

 Q , = D ∙ i − 𝜏 = , ∙ , − , =   Q , = D ∙ i − 𝜏 = , ∙ , − ,=   
 Q = + =   

 
      , : Qэ = Q − Q   
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 Q −     ; Q −    
  . 

 Qэ = −  =   

 
   , :  

 Q = D ∙ i − t̅   
 D −    / ; i –  , 
/ ; t̅ −     / . 

 Q = , ∙ , − , =   
 
   , / : 

 B = ∙   

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

 

 B = ∙ , = ,   

  
  : 

 

𝑖 = −− ∙ + K ∙ −−   

 i −    / ; i −    
/ ; i −    / ; K − ,   

    K = , . 
 

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

  
       ѐ  

 , : 
 ∆Qэ = [Q , ∙ −  , + Q , ∙ −  , ] ∙   

 Q , ,Q , −     ; 

 , ,  , −   . 

 ∆Qэ = [ ∙ − , + ∙ − ] ∙ =   
 
      , : 

 Q . . = , ∙ Q   

 Q −      

 Q . . = , ∙ =    

 
        

 : 
 Kэ = э +∆ э + . .э +∆ э + . .+   

 Qэ −       ; ∆Qэ −        ѐ  
  ; Q . . −       ; Q = Q −      . 

 

 Kэ = + ++ + + = ,  

 
      9%,  

 , : 
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 W 𝑖 = Wэ𝑖 − e . ∙ Wэ𝑖  
 Wэ −   ;  e . = , . 

 W = − , ∙ =    W   = − , ∙ =   

 W = W + W   = + ∙ =   

 
    ,     

, : 
 Wээ. . = eээ. . ∙ Wэ𝑖  

 Wэ −   ; eээ. . = , −   
    . 

 Wээ ,. . = , ∙ =    Wээ ,. . = , ∙ =   

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

 
     , / : 

 Bэ = B ∙ Kэ ∙ э− ээ. .  
 B -   , / ; Kэ –    

     ; W - 
  ; Wэ −   

(6000+10000+10000=26000 ); Wээ. . –   , 
   . 

 Bэ = , ∙ , ∙ − = ,    
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      , / : 
 B = B − Bэ  

 B -    / ; Bэ −     
 / . 

 B = , − , = ,    

 
       

     Э =   

 Q −     /  Q =  ; Q −   /  Q =  . Э = = ,   

 
       , 

/(  ): 
 bэ = Bэ ∙   

 Bэ −      / ; W -  
, . 

 bэ = , ∙ = ,  . .

  

 
      , 

. . /(  ) bэ = эЭ = ,  , = ,  . .


   
   

      , / ∙ : 
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b = B ∙   

 B −      / ; Q −    
  . 

 b = , ∙ = ,  ∙   b = , ∙ − = ,, ∙ − = ,  . .
  

 
      , 

. . /( ): b = Э = , , = ,  . .


  

   
4.1.2   

 
  6,895 : 

 
   , : 

 Q = D ∙ i − t̅  

 D −     / ; i −    / ; t̅ −     / . 
 Q = ,  ∙ , − , =   Q = , ∙ , − , =   Q = , ∙ , − , =   

 Q = Q + Q + Q = + + =   

 
     , : 
 Q 𝑖 = (D ∙ i − 𝜏 ) + (D ∙ i − 𝜏 )  
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 D −          6,895  / ; D −          2,413  / ; i − 
   / ; i −    / ; 𝜏 − 
  / . 

 Q , = D ∙ i − 𝜏 = , ∙ , − , =   Q , = D ∙ i − 𝜏 = , ∙ , − ,=   
 Q = + =   

 
      , : Qэ = Q − Q   

 Q −     ; Q −    
  . 

 Qэ = −  =   

 
   , :  

 Q = D ∙ i − t̅   
 D −    / ; i –  , 
/ ; t̅ −     / . 

 Q = , ∙ , − , =   
 
   , / : 

 B = ∙   

 Q −    ; Q −    
 /  Q =  ;  −   , ( = , ). 
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 B = ∙ , = ,   

  
  : 

 

𝑖 = −− ∙ + K ∙ −−   

 i −    / ; i −    
/ ; i −    / ; K − ,   

    K = , . 
 

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

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

  
       ѐ  

 , : 
 ∆Qэ = [Q , ∙ −  , + Q , ∙ −  , ] ∙   

 Q , ,Q , −     ; 
 , ,  , −   . 

 ∆Qэ = [ ∙ − , +  ∙ − ] ∙ =   
 
      , : 

 Q . . = , ∙ Q   

 Q −      

 Q . . = , ∙ =    
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 : 

 Kэ = э +∆ э + . .э +∆ э + . .+   

 Qэ −       ; ∆Qэ −        ѐ  
  ; Q . . −       ; Q = Q −      . 

 

 Kэ = + ++ + + = ,  

 
      9%,  

 , : 
 W 𝑖 = Wэ𝑖 − e . ∙ Wэ𝑖  

 Wэ −   ;  e . = , . 
 W = − , ∙ =    W   = − , ∙ =   

 W = W + W   = + ∙ =   

 
    ,     

, : 
 Wээ. . = eээ. . ∙ Wэ𝑖  

 Wэ −   ; eээ. . = , −   
    . 

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

 
     , / : 

 Bэ = B ∙ Kэ ∙ э− ээ. .  
 B -   , / ; Kэ –    

     ; W - 
  ; Wэ −   

(6000+10000+10000=26000 ); Wээ. . –   , 
   . 

 Bэ = ,  ∙ , ∙ − = ,    

 
      , / : 

 B = B − Bэ  
 B -    / ; Bэ −     

 / . 
 B = , − , = ,    

 
       

     Э =   

 Q −     /  Q =  ; Q −   /  Q =  . Э = = ,   

 
       , 

/(  ): 
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bэ = Bэ ∙   

 Bэ −      / ; W -  
, . 

 bэ = , ∙ = ,  

  

 
      , 

. . /(  ) bэ = эЭ = ,  , = ,  . .


   
 

        , / ∙ : 
 b = B ∙   

 B −      / ; Q −    
  . 

 b = , ∙ = ,  


  

 b = , ∙ − = ,, ∙ − = ,  . .
  

 
      , 

. . /( ): b = Э = , , = ,  . .
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  2,413 : 
 

   , : 
 Q = D ∙ i − t̅  

 D −     / ; i −    / ; t̅ −     / . 
 Q = , ∙ , − , =   Q = , ∙ , − , =   Q = , ∙ , − , =   

 Q = Q + Q + Q = + + =   

 
     , : 
 Q 𝑖 = (D ∙ i − 𝜏 ) + (D ∙ i − 𝜏 )  

 D −          6,895  / ; D −          2,413  / ; i − 
   / ; i −    / ; 𝜏 − 
  / . 

 Q , = D ∙ i − 𝜏 = , ∙ , − , =   Q , = D ∙ i − 𝜏 = , ∙ , − ,=   
 Q = + =   

 
      , : Qэ = Q − Q   

 Q −     ; Q −    
  . 
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Qэ = −  =   

 
   , :  

 Q = D ∙ i − t̅   
 D −    / ; i –  , 
/ ; t̅ −     / . 

 Q = , ∙ , − , =   
 
   , / : 

 B = ∙   

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

 

 B = ∙ , = ,   

  
  : 

 

𝑖 = −− ∙ + K ∙ −−   

 i −    / ; i −    
/ ; i −    / ; K − ,   

    K = , . 
 

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

 , = , − ,, − , ∙ ( + , ∙ , − ,, − , ) =  
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       ѐ  
 , : 

 ∆Qэ = [Q , ∙ −  , + Q , ∙ −  , ] ∙   

 Q , ,Q , −     ; 
 , ,  , −   . 

 ∆Qэ = [ ∙ − , + ∙ − ] ∙ =    
 
      , : 

 Q . . = , ∙ Q   

 Q −      

 Q . . = , ∙ =    

 
        

 : 
 Kэ = э +∆ э + . .э +∆ э + . .+   

 Qэ −       ; ∆Qэ −        ѐ  
  ; Q . . −       ; Q = Q −      . 

 

 Kэ = + ++ + + = ,  

 
      9%,  

 , : 
 W 𝑖 = Wэ𝑖 − e . ∙ Wэ𝑖  

 Wэ −   ;  e . = , . 
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 W = − , ∙ =    W   = − , ∙ =   

 W = W + W   = + ∙ =   

 
    ,     

, : 
 Wээ. . = eээ. . ∙ Wэ𝑖  

 Wэ −   ; eээ. . = , −   
    . 

 Wээ ,. . = , ∙ =    Wээ ,. . = , ∙ =   

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

 
     , / : 

 Bэ = B ∙ Kэ ∙ э− ээ. .  
 B -   , / ; Kэ –    

     ; W - 
  ; Wэ −   

(6000+10000+10000=26000 ); Wээ. . –   , 
   . 

 Bэ = , ∙ , ∙ − = ,    

 
      , / : 

 B = B − Bэ  
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 B -    / ; Bэ −     
 / . 

 B = , − , = ,    

 
       

     Э =   

 Q −     /  Q =  ; Q −   /  Q =  . Э = = ,   

 
       , 

/(  ): 
 bэ = Bэ ∙   

 Bэ −      / ; W -  
, . 

 bэ = , ∙ = ,  

  

 
      , 

. . /(  ) bэ = эЭ = ,  , = ,  . .


   
 

        , / ∙ : 
 b = B ∙   

 B −      / ; Q −    
  . 
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 b = , ∙ = ,  


  b = , ∙ − = ,, ∙ − = ,  . .
  

 
      , 

. . /( ): b = Э = ,  , = ,  . .


  

 

4.2  -    

 
4.2.1   

 
       : 

 ИΣ = И   
 И  –        

  . И = Bэ ∙ Цэ + B э ∙ Ц э  
 

  Bэ = bэ ∙ W ∙ τээ  –     , Bэ = , ∙ ∙ =   .
; B э = b э ∙ Q ∙ τ э  –   

   , B э = , ∙ ∙ =   .
; 

b   b  –        
    , W –   

   60%, Q –      
60%, τ –     , (  7500 ./ ) Цэ  Ц э –  

 ,      
 (  8 . / ).  И = ∙ + ∙ = , ∙  ы .   И =  .   
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      ИΣ = И =  .    
 

4.2.2   

 
  6,895 : 

       : 
 ИΣ = И + И + И . . + И  

 И  –        
   

 И = Bэ ∙ Цэ + B э ∙ Ц э  
  Bэ = bэ ∙ W ∙ τээ  –     , Bэ = , ∙ ∙ =   .

; B э = b э ∙ Q ∙ τ э  –   

   , B э = , ∙ ∙ =   .
; 

b   b  –        
    , W –   

  60% , Q –      
60%, τ –     , (  7500 ./ ) Цэ  Ц э –  

 ,      
 (  8 . / ).  И = ∙ + ∙ = , ∙  ы .   И =  .  

 И  –    И = К ∙ = ∙ , = ,  .  
   –    ,  –  

     (6,7%). 
 И . .–     И . . = ∙ И = , ∙ , = ,  .  
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   –      (25%) , И  – 

  . 
 

  И = , ∙ (И + И . .) = , ∙ , + , = ,  .  

 И  –   ; И . .–     

 
    ИΣ , = И + И + И . . + И  ИΣ , = + , + , + , =  .  

 
   ∆ИΣ = ИΣ − ИΣ , = − = ,  .    

 

  2,413 : 
       : 

 ИΣ = И + И + И . . + И  

 И  –        
   И = Bэ ∙ Цэ + B э ∙ Ц э  

  Bэ = bэ ∙ W ∙ τээ  –     , Bэ = , ∙ ∙ =   .
; B э = b э ∙ Q ∙ τ э  –   

   , B э = , ∙ ∙ =   .
; 

b   b  –        
    , W –   

   60%, Q –      
60%, τ –     , (  7500 ./ ) Цэ  Ц э –  

 ,      
 (  8 . / ).  И = ∙ + ∙ = , ∙  ы .   И =  .  
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И  –    И = К ∙ = ∙ , = ,  .  
   –    ,  –  

     (6,7%). 
 И . .–     И . . = ∙ И = , ∙ , = ,  .  

   –      (25%) , И  – 

  . 
 

  И = , ∙ (И + И . .) = , ∙ , + , = ,  .  

 И  –   ; И . .–     

 
    ИΣ , = И + И + И . . + И  ИΣ , = + , + , + , =  .  

 
  ∆ИΣ = ИΣ − ИΣ , = − = ,  .    

 

4.2.3    

 
  (   Pay-Back Period) —  

,   ,  ,  , 
   .    (   

,   ),       
        

 . 
       
 (𝐸 ),        

.        
   . 
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       ,   
 t-    ,     

  𝑎 𝑡 ,     
 𝐸  : 𝑎 𝑡 = + E  

  t –   (t = , , … T ; T –  . 
 

       t-   
  :  

  ∆И = ∆ИΣ ∙ 𝑎 𝑡  
 ∆ИΣ −    , 𝑎 𝑡 −  

. 
  ,     NPV 

(net present value) NPV = ∑ ∆И= − K. 
     𝑡,    NPV 

 . 
 

      5  6. 

 5-      6,895  
t 0 1 2 3 

 
  

a(t)  1 0,91 0,83 0,75 
          
          
K .  10       
Δ Σ   5,23     
Δ t  0 4,75 4,32 3,93 
NPV -10 -5,25 -0,93 2,99 

 

 6-      2,413  
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t 0 1 2 3 4 
 

  
a(t)  1 0,91 0,83 0,75 0,68 
            
            
K .  10         
Δ Σ   3,31       
Δ t  0 3,013 2,74 2,49 2,26 
NPV -10 -6,99 -4,25 -1,76 0,51 
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     Ewarton  

Windalco  .     
        

 . 
       3 , 

    6 ,    –  10 .  
 SWOT-       , 

    .     
   .  

          
    2,413   6,895 .     

,   ,    6,895 , 
     ,        
 2,413 . 
     ,    

.       
  .       

  .  
-         

  2,413   6,895 .      
  , .   0,069 . . /( × )  ,  

  .   0,07 . . /( × ).    
      1,188  

  1,137 . . /( × )  6,895   1,162 . . /( × )  
2,413  . 

 -      
      ,  

        
.     3,31  .  2,413  

 5,52  .  6,895     3-4 . 
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1.  «Windalco PI» 
2.      /  .   . /  / 

. 2015 
3.    /  .   . /  / 19  1972 
4.    /  .   . /  / 23 

 1969 
5.    /  .   . /  / . 1992 
6.   /  . . /   /  . 2011 
7.  -   7-   /  . .,  . ., 

 . .,  . . /  / . 2011 
8.        / 

 . . /  / . 2001 
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      6,895 ,   

700,721 2,    -700-29-7   3.1. 
 

 
1— ; 2 —  ; 3 — ; 4—  ; 5—  

; 6—  ; ,  —     ; 
-  ;  —   ;  —   . 

 .1-    -700-29-7 
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      2,413 ,   
292,379 2,    -350-16-7   3.1. 

 
 

 -   ;  -   ;  -  
 ;  -    ;  -  ;  - 

  ;  -    

 .2-    -350-16-7 



 

   
  

   
«   » 

 

  
 

 

   
 

 

 
  

                       . .  
« 03 »      07      2020 . 

 

 

   
13.03.01 «   » 

 

      Ewarton 
 Windalco   

 
 
 

 
                         03.07.2020         . . .    . . Ш    

         ,       ,                            

                                 , 02.07.2020                           Ш. .      
         ,       ,      

                    03.07.2020    . .  
,       ,           

                            03.07.2020    . . Ш   
,     ,             

             

 

 

 2020 



 

   

  
   

«   » 
 

  
 

 

   
 

 

 
  

                       . .  
« 03 »      07      2020 . 

 
 
 

  
 Ы  Ц   

     
 

  



 

     Ш -   
                          ( , ,  ) 
  

 16-01     ( ) 13.03.01 
                  

   
 

   :    
   Ewarton  Windalco   

 
   : 746/   27  2020  

 
 : . . Ш , , . . ,  « » 

                                                        ( , ,    ) 

  я :    6    10 , 
 :    Ewarton  Windalco . 

Ewarton, St. Catherine, Jamaica, West Indies                                                                                  

  :  
-      ; 
-           ; 
-    ; 
-    . 
 

  :  
- : 41,369    
- :      
-    
-    2,413   6,895  
 
                               __________              . . Ш   
                                                                                                         ,           
  

                                                      Ш. .     
                                                                                                                                     ,         
 

« 14 »      06      2020 .       



 

  

       "  
     Ewarton 

 Windalco   "  102 ,    9 , 
6 , 8 .     4 .  

    ( )    
    Ewarton  Windalco 

. 

     ,     
    -  .  

        
 ,   .   

      . 
      . 


