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»    .  № 6, « », , -

  « »     -
          -
     . 
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1   

1.1   

 

 1.1 –  №7  .  

 № 7   « -   -
»    -   -
. 

    206,6 / .  -
 –   ,   –   .  

     №7 
 100 %   ,    

-    . 
        1962 

.  1975      ,      
       . 

        -
   -  30-150  34,8  (30 / )   

     20/13  20 /   -
.         -
   ,     

  13 / 2  6 / 2,       
   200-7-15 −3 .,     .  

    № 7   5  -
  .   №1 ( 400), №2 ( 500), №3 ( 400) 
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   ,   
    «   ».  №4 ( 400)  №5 

( 600)      .  
  –    105-70º , 115-70º . 

1.2   я  №7 

    20/13  -  30-150 -
   1.1  1.2 .  

 1.1 –      20/13 

  
    

, /  20 
     
     ,  1,3 

     , °  200 
 (   / ), % 92 / 90 

  (   / ), 3/  / /  1840 / 1400 
 

 1.2 –     -  30-150 

  
    

 , /  30 
     
 ,  2,5 

    /   , °  70 / 150 
 (   / ), % 91 / 90 

  (   / ), 3/  / /  4360 / 3580 
 

   2     40-13/7  
  -60-13/7.      -
 1.3. 

 1.3 –    40-13/7   60-13/70 

 

-
-

 G, 
/  

 
 

 P1, 
 

 -
-

  P2, 
 

 
  

t1, °  

 
-

  
t2, °  

 
-

  
 t=104 

° ,  
-40-

13/7 
40 1,3 0,7 200 165 2 

-60-
13/7 

60 1,3 0,7 200 165 2 
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        -200-7-15, -
     1.4. 

 1.4 –   -200-7-15 

  
  , 2 200 

 :  
  ,  0,69 
   ,  1,47 

    , °  400 
  :  

 , °  70 
 , °  150 

  , /  400 
 ,  37,2 

    4 
 

1.3   я 

1.3.1       

 -      -
  –   .  

        
       . 

      
   .     -

     ,  -
      , -

  -    .  

1.3.2   -   
    

1.3.2.1        

    ,  -  -
    .       , 

  ,     . -
      ,     -
. 

1.3.2.2      

    ,   
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   ,  ,     -
         -

  ,     . 

1.3.3        
 

          -
,         .   
     ,    , 

       .  

1.3.4   

  5   20/13   2    40-
13/7    -60-13/7  : 

 : 200°  
 : 1,3  

  : 100 /  

,      .  -
    ,    , 

       ,    -
.     ,  :  
          -

   ; 
 ,    ,  -

. 
       -

   .    ,     -
.  

     .   -3-
1,33/0,6    «  –  ».  

    1.5. 

 1.5 –   -3-1,33/0,6 

 
 

 

   
  

 

 
-

 
  °  /   

-3-1,33/0,6 3000 1,3 200 108 0,6 
 

        
 1.6. 
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 1.6 –   2-4-2 

  
 ,  4000 

  (cos φ) 0.8 
 ,  6300 

 , % 96 
  -50-3000 
  -3 
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2 я  

2.1   -3-1,33/0,6 

       
   -3-1,33/0,6   «  –  
». 

 2.1 –     

    
  -3-1,33/0,6 

   N ,  3 
    P0,  13 

    t0, °C 200 
   P ,  6 

  n, /  3000 
 

2.1.1   

2.1.1.1       
  

       -
 .      -

,     . -
       .  

    0, / ,   
  0, t0  k   А0  А t ( .2.1): = 𝑖 − 𝑖 𝑡, (2.1) 

 𝑖 = ,  –    , / , 
 𝑖 𝑡 = ,  –       -

  , / . = , − , = ,  

          -
 , : 𝑃′ = 𝑃 ∙ , ÷ , , (2.2) 

 𝑃 =  –    ,  ( .  2.1). 𝑃′ = ∙ , = ,  
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         , 
: 𝑃′ = 𝑃 ∙ [ + ∙ ], (2.3) 

 𝑃 =  –   ,  ( .  2.1); 
 = ,  –    ,   -

  [1]; 
 =  –     . 𝑃′ = ∙ [ + , ∙ ] = ,   

i0

Akt

ikt

0А0

k

h 0

h 0

 

 

A k

  
0А0

=1,3 
=1,264 

=2807,675 /

kt

 
=

1
41

,4
71

 
/

ikt=2666,204 
/ =0,6 

=0,612 

=
1

37
,8

78
 

/

=2669,797 
/

 
Ak

ik=2702,649 
/

h i=
1

05
,0

26
 

/

 

 2.1 –    

 𝐴′         -
.  𝐴′ − 𝐴 𝑡′      -

, /  ( . 2.1): ′ = 𝑖′ − 𝑖 𝑡′ , (2.4) 

 𝑖′ = ,  –    𝐴′ , /  ( . . 2.1); 
 𝑖 𝑡′ = ,  –    𝐴 𝑡′ , /  ( . . 2.1). ′ = , − , = ,  

      , / : 

′ = 𝑁 ∙′ ∙𝜂 э , (2.5) 
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 =  –   (2.1); 
 ′ = ,  –   (2.4); 
 𝜂 э = ,  –   ,    

         1 
  [1]. 

′ = ∙, ∙ , = ,   

2.1.1.2   

        -
  ℎ = ,  / .   -

 ,       -
 / 𝑡 = , ÷ , ; : / 𝑡 = , . 

   ℎ    H–S 
  𝐴′  ( . 2.1). 

 , / : = √ ∙ ℎ ∙ , (2.6) 

 ℎ = ,  –  , / . = √ ∙ , ∙ = ,  

 , / : = ∙ 𝑎 𝑡, (2.7) 

 = ,  –   (2.6); 

 𝑎 𝑡 = ,  –    . = , ∙ , = ,   

  , : = ∙∙ , (2.8) 

 = ,  –   (2.7); 
 =  –  , /  ( .  2.1). = ∙ ,, ∙ =   
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  , / : ℎ = − 𝜌 ∙ ℎ , (2.9) 

 𝜌 = ,  –  ,     
  𝜌 = , ÷ , ; 

 ℎ = ,  –  ,     (2.6). ℎ = − , ∙ , = ,   

     , / : 

𝑡 = √ ∙ ℎ ∙ , (2.10) 

 ℎ = ,  –   (2.9). 

𝑡 = √ ∙ , ∙ = ,  

   , 2: = ′∙ 𝑡𝜇 ∙ 𝑡, (2.11) 

 ′ = ,  –   (2.5); 
 𝑡 = ,  –      , 3/ ; 
 = ,  –     ; 
 𝑡 = ,  –   (2.10). = , ∙ ,, ∙ , = ,   

       -
 .        -

, . .   = . 
  , : = ∙𝑑 ∙si э , (2.12) 

 = ,  –   (2.11); 
 =  –   (2.8); 
 э = ° -    . = ,, ∙ ∙si ° = ,   
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2.1.1.3    .   
. 

     : 𝜂 𝑖 = , − ∙ −′ ∙ √𝑃′∙ ′ , (2.13) 

 ′ = ,  –  ,     (2.11); 
 𝑃′ = ,  –   (2.2); 
 ′ = ,  –        

 𝐴′ , 3/  ( . . 2.1). 𝜂 𝑖 = , − ∙ −, ∙ √ , ∙, = ,   

   , / : ℎ𝑖 = ℎ ∙ 𝜂 𝑖, (2.14) 

 ℎ = ,  –  ,     (2.9); 
 𝜂 𝑖 = ,  –   (2.13). ℎ𝑖 = , ∙ , = ,  

   -3-1,33/0,6      -
,  ℎ𝑖      . 

    : = 𝑁э ∙𝑖∙𝜂 ∙𝜂 , (2.15) 

 =  –  ,     (2.5); 
 𝑖 = ℎ𝑖 = ,  –   (2.14); 
 𝜂  –  ,    1 [1]: 𝜂 = , ; 

 𝜂  –   ,    1 [1]: 𝜂 =, . = ∙, ∙ , ∙ , = ,   
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2.1.2     

     -
,     ,   -
   ,      -

      : 𝜌 = 𝜌′ + 𝜌 + 𝜌′′, (2.16) 

 𝜌 = ,  –  ,     (2.10); 
 𝜌′  -      ; 
 𝜌  –    ; 
 𝜌′′ -      . 

  (2.16)        
: 𝜌′ = 𝜌 = 𝜌′′ = , (2.17) 𝜌′ = 𝜌 = 𝜌′′ = , = ,   

    ,   -
 ,       , / : ℎ = − 𝜌 ∙ ℎ∗ , (2.18) ℎ = 𝜌′ ∙ ℎ∗ , (2.19) ℎ = 𝜌 ∙ ℎ∗ , (2.20) ℎ′ = 𝜌′′ ∙ ℎ∗ , (2.21) 

 𝜌 = ,  –  ,     (2.9); 
 𝜌′ = 𝜌 = 𝜌′′ = ,  –   (2.19); 
 ℎ∗ = ℎ = ,  –  ,     (2.14). ℎ = − , ∙ , = ,  ℎ = − , ∙ , = ,  ℎ = , ∙ , = ,  ℎ′ = , ∙ , = ,   
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 H–S , . 2.2,     
1 2 1 2 1 2 1 2,  , , , , , , .t t t tV V V V     𝑃  6,4  𝑡 0,285 3/  𝑃  6,31  𝑡 0,289 3/  𝑃′ 6,214  𝑡′  0,293 3/  𝑃′  6,12  𝑡′  0,297 3/  

t

А1

=1,264 

=2807,675 /

h 0

А0

P0

i0

h
с

hI
h

hII
=

1
37

,8
78

 
/ =
1

29
,6

06
 

/
=

2
,7

58
 

/
=

2,
75

8 
/

=
2,

75
8 

/

А2t

P1=0,64 =0,631 P2 P 1 =0,621 

А2

=0,285 V1

=0,289 2tV

=0,293 V 1t

=0,297 V 2t

=
9,

97
5

=
6,

08
6

=
1,

91
4

h i
=

1
08

,8
6 

/

h

h

h c

=0,664h'

=6,465h

=0,13h

=2,572h

=0,612  2

=1,212h

 

 2.2 – H-S-      
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      , / : 

𝑡 = √ ∙ ℎ ∙ , (2.22) 

 ℎ = ,  –   (2.18). 

𝑡 = √ ∙ , ∙ = ,  

       , / : = √ ∙ 𝑃 ∙ 𝑡 ∙ , (2.23) 

 𝑃 = ,  –   2.2; 
 𝑡 = ,  –   2.2; 
  –  .   : = , + , ∙ , (2.24) 

 = ,  –       . = , + , ∙ , = ,  = √ , ∙ , ∙ , ∙ = ,  

   : 

𝑡 = 𝑡, (2.25) 

 𝑡 = ,  –   (2.22); 
 = ,  –   (2.23). 

𝑡 = ,, = ,   

    , 2: = 𝜇 ∙ , ∙√𝑃∗ ∙𝑉∗ , (2.26) 

 = ,  –   (2.15); 
 = ,  –      -

; 
 ∗ = ,  –   H-S- ; 
 𝑃∗ = ,  –   H-S- . 
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= ,, ∙ , ∙√ , ∙, 9 = ,   

   , °: ∠ э = sin ∙𝑑 ∙ , (2.27) 

 = ,  –   (2.26); 
 =  –  ,     (2.12); 
 = ,  –   (2.12). ∠ э = sin ,, ∙ ∙ , ∙ , = ,   

   1t,  α0 = 90 º  α1    -
 ,     –   1t    

 b1,  (  XI) [1]. 

   -90-12  
  1t  0,8 

  b1,  0,057 

 ⁄     : = , − , ∙ , (2.28) 

 = ,  –  ; 
 = ,  –  ,     (2.27). = , − , ∙ ,, = ,   

       
   (2.26): = ,, ∙ , ∙√ , ∙, 9 = ,   

   : 𝜑 = , − , ∙ , (2.29) 

 = ,  –  ,     (2.28); 
 = ,  –  ,     (2.28). 
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𝜑 = , − , ∙ ,, = ,   

     , / : = 𝜑 ∙ 𝑡, (2.30) 

 𝜑 = ,  –   (2.29); 
 𝑡 = ,  –  ,     (2.22). = , ∙ , = ,   

  𝑡 > ,          
    δ.        -

     : ∠ = (∠ э + ∠𝛿) = 𝑖 ( 𝑖 ∠ э ∙ 𝑡 ∙ 𝑡), (2.31) 

 ∠ э = ,  –   (2.27); 
  –   ,   , / : 

= √ + ∙ ∗ ∙ 𝑃∗, (2.32) 

 = ,  –   (2.24); 
 ∗ = ,  –   (2.26); 
 𝑃∗ = ,  –   (2.26). = √ ∙ ,, + ∙ , ∙ , = ,   

 𝑡 = ,  –  ,     (2.30); 
 𝑡 = ,  –  ,     (2.23); 
 = ,  –         

 𝑃 = ,  .    H-S- . ∠ = 𝑖 𝑖  , ∙ ,, ∙ ,, = ,   

  , : = ̅ ∙ , (2.33) 

 ̅ = ,  –  ; 
 = ,  –  ,     (2.29). = , ∙ , = ,  
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  : = ∙𝑑𝑡 , (2.34) 

 =  –  ,     (2.27); 
 = ,  –   (2.33). = , ∙, = , =   

  : = ∙𝑑
, (2.35) 

 =  –  ,     (2.34); 
 =  –   (2.34). = , ∙ = ,   

    , / : ∆ℎ = 𝑡 − 𝜑 , (2.36) 

 𝑡 = ,  –  ,     (2.32); 
 𝜑 = ,  –  ,     (2.30). ∆ℎ = , − , = ,   

 ch       1  , -
       , . 2.2. 
    , / : = ∙𝑑 ∙
, (2.37) 

 =  -  ,     (2.35); 
 = –  ,     (2.8). = , ∙ ∙ = ,   

         , 
/ : 

= √ + − ∙ ∙ ∙ cos , (2.38) 
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 = ,  –   (2.30); 
 = ,  –   (2.37); 
 = ,  –   (2.31). = √ , + , − ∙ , ∙ , ∙ cos , = = ,   

      , °: ∠ = 𝑖 ∙si
, (2.39) 

 = ,  –  ,     (2.38); 
 = ,  –  ,     (2.38); 
 = ,  –   (2.38). ∠ =  𝑖 , ∙si ,, = ,   

       -
 , / : 

𝑡 = √ ∙ ℎ ∙ + , (2.40) 

 ℎ = ,  –   (2.19); 
 = ,  –  ,     (2.38). 

𝑡 = √ ∙ , ∙ + , = ,   

     , / : = √ ∙ 𝑃 ∙ 𝑡 ∙ , (2.41) 

 𝑃 = ,  –   2.2; 
 𝑡 = ,  –   2.2; 
  –  .   : = , + , ∙ , (2.42) 

 = ,  –         . = , + , ∙ , = ,  = √ , ∙ , ∙ , ∙ = ,   
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     : 

𝑡 = 𝑡, (2.43) 

 𝑡 = ,  –   (2.40); 
 = ,  –   (2.41). 

𝑡 = ,, = ,   

    , : = + ∆, (2.44) 

 ∆= , .∆ = ∆1+∆2 –  , .I.1. [1]; 
 = ,  –  ,     (2.29). = , + , = ,   

   b2, : = ,  

     : = , − , ∙ , (2.45) 

 = ,  –  ; 
 = ,  –   (2.45). = , − , ∙ ,, = ,   

     , 2: = ∙ 𝑡𝜇 ∙ 𝑡, (2.46) 

 = ,  –  ,     (2.26); 
 𝑡 = ,  –  ,     (2.41); 
 = ,  –   (2.45); 
 𝑡 = ,  –  ,     (2.43). = , ∙ ,, ∙ , = ,   
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        , 
°: ∠ э = sin ∙𝑑 ∙ , (2.47) 

 = ,  –   (2.46); 
 =  –  ,     (2.37); 
 = ,  –  ,     (2.45). ∠ э = sin ,, ∙ ∙ , = ,   

   2t,  1β  2β     -

 (  XI, [1]),     –   2t  

   b2, : 

     -26-14  

  2t  0,65 

  b2,  0,026 

     : 𝜓 = , − , ∙ , (2.48) 

 = ,  –  ,     (2.45); 
 = ,  –  ,     (2.47). 𝜓 = , − , ∙ ,, = ,   

       , / : = 𝜓 ∙ 𝑡, (2.49) 

 𝜓 = ,  –   (2.48); 
 𝑡 = ,  –  ,     (2.46). = , ∙ , = ,   

       , / : = √ + − ∙ ∙ ∙ cos э , (2.50) 

 = ,  –   (2.49); 
 = ,  –  ,     (2.38); 
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 ∠ э = ,  –   (2.47). = √ , + , − ∙ , ∙ , ∙ cos , =  = ,  

          
(     ), °: ∠ = ∠ = 𝑔 ∙si э∙c s э − , (2.51) 

 = , –  ,     (2.50); 
 ∠ э = ,  –  ,     (2.50); 
 = ,  –  ,     (2.50). ∠ = ∠ = 𝑔 , ∙si ,, ∙c s , − , = ,   

    , : = ̅ ∙ , (2.52) 

 ̅ = ,  –  ; 
 = ,  –  ,     (2.48). = , ∙ , = ,  

    : = ∙𝑑𝑡 , (2.53) 

 =  –  ,     (2.47); 
 = ,  –   (2.52). = , ∙, = , =   

  : = ∙𝑑
, (2.54) 

 =  –  ,     (2.53); 
 =  –   (2.53). = , ∙ = ,   
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      , / : ∆ℎ = 𝑡 − 𝜓 , (2.55) 

 𝑡 = ,  –  ,     (2.49); 
 𝜓 = ,  –  ,     (2.49). ∆ℎ = , − , = ,   

        2  
 –     , . 2.2. 

      , / : 

𝑡 = √ ∙ ℎ ∙ + , (2.56) 

 ℎ = ,  –   (2.20); 
 = , –   (2.50). 

𝑡 = √ ∙ , ∙ + , = ,  

       , / : = √ ∙ 𝑃′ ∙ ′ 𝑡 ∙ , (2.57) 

 𝑃′ = ,  –   2.2; 
 ′ 𝑡 = ,  –   2.2; 
  –  .   : = , + , ∙ , (2.58) 

 = ,  –       . = , + , ∙ , = ,  = √ , ∙ , ∙ , ∙ = ,  

   : 

𝑡 = 𝑡, (2.59) 

 𝑡 = ,  –   (2.56); 
 = ,  –   (2.57). 

𝑡 = ,, = ,   
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    , 2: = ∙ 𝑡𝜇 ∙ 𝑡, (2.60) 

 = ,  –  ,     (2.46); 
 ′ 𝑡 = ,  –  ,     (2.57); 
 = ,  –      

; 
 𝑡 = ,   –  ,     (2.59). = , ∙ ,, ∙ , = ,   

  , : = + ∆, (2.61) 

 ∆= , . ∆ = ∆1+∆2 –  , .I.1. [1]; 
 = ,  –  ,     (2.48). = , + , = ,   

   , °: ∠ э = sin ∙𝑑 ∙ , (2.62) 

 = ,  –   (2.60); 
 =  –  ,     (2.53); 
 = ,  –   (2.61). ∠ э = sin ,, ∙ ∙ , = ,   

   1tM ,  0α ( . 35)  1α    -

   « »,     –   t  
   b ,  (  XI) [1]. 

   -35-25  

  t  0,6 

  b ,  0,025 

  ⁄     -
: = , − , ∙ , (2.63) 
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 = ,  –  ; 
 = ,  –  ,     (2.62). = , − , ∙ ,, = ,   

       -
    (2.60): = , ∙ ,, ∙ , = ,   

   : 𝜓 = , − , ∙ , (2.64) 

 = ,  –  ,     (3,63); 
 = ,  –  ,     (2.63). 𝜓 = , − , ∙ ,, = ,   

      , / : = 𝜓 ∙ 𝑡, (2.65) 

 𝜓 = ,  –   (2.64); 
 𝑡 = ,   –  ,     (2.60). = , ∙ , = ,  

  , : = ̅ ∙ , (2.66) 

 ̅ = ,  –  ; 
 = ,  –  ,     (2.63). = , ∙ , = ,  

  : = ∙𝑑𝑡 , (2.67) 

 =  –  ,     (2.62); 
 = ,  –   (2.66). = , ∙, = , =   
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  : = ∙𝑑
, (2.68) 

 =  –  ,     (2.67); 
 =  –   (2.67). = , ∙ = ,   

    , / : ∆ℎ = 𝑡 ( − 𝜓 ), (2.69) 

 𝜓 = ,  –  ,     (2.65); 
 𝑡 = ,   –  ,     (2.65). ∆ℎ = , − , = ,   

         , 
/ : 

′ = √ + − ∙ ∙ ∙ cos э , (2.70) 

 = ,  –   (2.65); 
 = ,  –  ,     (2.50); 
 э = ,  –   (2.62). ′ = √ , + , − ∙ , ∙ , ∙ cos , =  = ,  

      , °: ∠ ′ = 𝑔 ∙si э∙c s э − , (2.71) 

 = ,  –  ,     (2.70); 
 э = ,   –  ,     (2.70); 
 = ,  –  ,     (2.70). ∠ ′ =  𝑔 , ∙si ,, ∙c s , − , = ,   
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       -
 , / : 

′ 𝑡 = √ ∙ ℎ′ ∙ + ′ , (2.72) 

 ℎ′ = ,  –   (2.23); 
 ′ = ,  –   (2.70). ′ 𝑡 = √ ∙ , ∙ + , = ,   

     , / : ′ = √ ∙ 𝑃′ ∙ ′ 𝑡 ∙ , (2.73) 

 𝑃′ = ,  –   2.2; 
 ′ 𝑡 = ,  –   2.2; 
  –  .   : = , + , ∙ , (2.74) 

 = ,  –         . = , + , ∙ , = ,  ′ = √ , ∙ , ∙ , ∙ = ,   

     : ′ 𝑡 = ′ 𝑡′ , (2.75) 

 ′ 𝑡 = ,  –   (2.72); 
 ′ = ,  –   (2.73). 

𝑡 = ,, = ,   

    , : ′ = + ∆, (2.76) 

 ∆= , .∆ = ∆1+∆2 –  , .I.1. [1]; 
 = ,  –  ,     (2.64). ′ = , + , = ,   
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   2b  : ′ = ,  

     : ′ = , − , ∙ ′′ , (2.77) 

 ′ = ,  –  ; 
 ′ = ,  –   (2.76). = , − , ∙ ,, = ,   

     , 2: ′ = ∙ ′ 𝑡𝜇′ ∙ ′ 𝑡, (2.78) 

 = ,  –  ,     (2.61); 
 ′ 𝑡 = ,  –  ,     (2.73); 
 ′ = ,  –   (2.77); 
 ′ 𝑡 = ,  –  ,     (2.75). ′ = , ∙ ,, ∙ , = ,   

        , 
°: ∠ ′ э = sin ′∙𝑑 ∙ ′ , (2.79) 

 ′ = ,  –   (2.78); 
 =  –  ,     (2.68); 
 ′ = ,  –  ,     (2.77). ∠ ′ э = sin ,, ∙ ∙ , = ,   

   ’2t,  1β  2β     -

 (  XI, [1]),     –   2t

   2b  : 

     -55-35  

  2t  0,5 

  2b ,  0,026 
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     : 𝜓′ = , − , ∙ ′′ , (2.80) 

 ′ = ,  –  ,     (2.78); 
 ′ = ,  –  ,     (2.79). 𝜓′ = , − , ∙ ,, = ,   

       , / : ′ = 𝜓′ ∙ ′ 𝑡, (2.81) 

 𝜓′ = ,  –   (2.80); 
 ′ 𝑡 = ,  –  ,     (2.78). ′ = , ∙ , = ,   

    , / : ′ = √ ′ + − ∙ ∙ ′ ∙ cos ′ э , (2.82) 

 ′ = ,  –   (2.81); 
 = ,  –  ,     (2.70); 
 ∠ ′ э = ,  –   (2.79). ′ = √ , + , − ∙ , ∙ , ∙ cos , = = ,  

   , °: ∠ ′ = 𝑔 ′ ∙si ′ э′ ∙c s ′ э − , (2.83) 

 ′ = , –  ,     (2.82); 
 ∠ ′ э = ,  –  ,     (2.82); 
 = ,  –  ,     (2.82). ∠ ′ = 𝑔 , ∙si ,, ∙c s , − , = − ,   

          -
  ( . 2.3). 
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α
1=11,981

β1 =17,556
α1
' =28,569

β2=15,981

α2=29,891
β1
'=86,778

β2
'=46,203

 1:4,5

U=157,538

U=157,538U=157,538

U=157,538

 

 2.3 –     

    , : ′ = ′̅̅̅̅ ∙ ′ , (2.84) 

 ′̅̅̅̅ = ,  –  ; 
 ′ = ,  –  ,     (2.80). ′ = , ∙ , = ,  

    : ′ = ∙𝑑𝑡′ , (2.85) 

 =  –  ,     (2.79); 
 ′ = ,  –   (2.84). ′ = , ∙, = , =   

  ′ : ′ = ∙𝑑′ , (2.86) 

 =  –  ,     (2.85); 
 ′ =  –   (2.85). ′ = , ∙ = ,   

      , / : ∆ℎ′ = ′ 𝑡 ( − 𝜓′ ), (2.87) 

 𝜓′ = ,  –  ,     (2.81); 
 ′ 𝑡 = ,  –  ,     (2.81). ∆ℎ′ = , − , = ,   
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   , / : ∆ℎ = ′
, (2.88) 

 ′ = ,  –   (2.82). ∆ℎ = , = ,   

 h  h      2 , .2.2. 
  , / : = ℎ∗ , (2.89) 

 ℎ∗ = ,  –  ,     (2.21). = ,  

   : 𝜂 = ∙[( ∙c s + ∙c s э )+( ′∙c s ′+ ′∙c s э′ )]∙ , (2.90) 

 = ,  –  ,     (2.83); 
 = ,  –  ,     (2.40); 
 ∠ = ,  –   (2.39); 
 = ,  –  ,     (2.51); 
 ∠ э = ,  –  ,     (2.51); 
 ′ = ,  –  ,     (2.72); 
 ∠ ′ =  ,  –   (2.71); 
 ′ = , –  ,     (2.83); 
 ∠ ′ э = ,  –   (2.79); 
 = ,  –   (2.89). 𝜂 = , ∙ , ∙c s , + , ∙c s ,, ∙ +  + , ∙ , ∙c s , + , ∙c s ,, ∙ = ,   

     : 𝜂 = −∆ℎ −∆ℎ −∆ℎ −∆ℎ′ −∆ℎ
, (2.91) 

 = ,  –  ,     (2.90); 
 ∆ℎ = ,  -   (2.36); 
 ∆ℎ = ,  –   (2.55); 
 ∆ℎ = ,  –   (2.69); 
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 ∆ℎ′ = ,  –   (2.87); 
 ∆ℎ = ,  –   (2.88). 𝜂 = , − , − , − , − , − ,, = ,   

   𝜂     1,5%. 
         

 : 𝜉 = 𝐾 ∙ 𝑑 𝑎 , (2.92) 

 𝐾 = , ∙ −  –  ; 
 =  –  ,     (2.86); 
 = ,  –   (2.27); 

 𝑎 = , –  ,     (2.7). 

𝜉 = , ∙ − ∙ , ∙ , = ,   

  , / : ∆ℎ = 𝜉 ∙ , (2.93) 

 𝜉 = ,  –   (2.92); 
 = ,  –  ,     (2.91). ∆ℎ = , ∙ , = ,   

        -
 : 𝜉 = ∙𝑑 ∙𝛿э ∙ √𝜌 + , ∙ 𝑑 ∙ 𝜂 , (2.94) 

 –   , : = + ′ , (2.95) 

 =  –  ,     (2.92); 
 ′ = ,  –  ,     (2.80). = + , = ,   
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 𝛿э  – : 𝛿э = √𝛿𝑎 + , ∙𝑧𝛿𝑟 , (2.96) 

 𝛿 = ∙ −  –  , ; 
 =  –    ; 
 𝛿𝑟 = , ∙ −  –  . 𝛿э = √( ∙ − ) + , ∙( , ∙ − )

= , ∙ −    

 = ,  –  ,     (2.92); 
 𝜌 = ,  –  ,     (2.17); 
 = ,  –  ,     (2.44); 
 =  –  ,     (2.95); 
 𝜂 = ,  –  ,     (2.91). 𝜉 = , ∙ , ∙ , ∙ −, ∙ √ , + , ∙ , ∙ , = ,    

  , / : ∆ℎ = 𝜉 ∙ , (2.97) 

 𝜉 = ,  –   (2.94); 
 = ,  –  ,     (2.93). ∆ℎ = , ∙ , = ,  

   : 𝜉 = ∙ 𝑎 ∙ ( , ∙ + , ∙ − ), (2.98) 

 𝑎 = ,  –  ,     (2.92); 

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

  , / : ∆ℎ = 𝜉 ∙ , (2.99) 

 𝜉 = ,  –   (2.98); 
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 = ,  –  ,     (2.97). ∆ℎ = , ∙ , = ,    

  , / : ℎ𝑖 = − ∆ℎ − ∆ℎ − ∆ℎ − ∆ℎ′ − ∆ℎ − ∆ℎ − ∆ℎ − ∆ℎ , (2.100) 

 = ,  –  ,     (2.99); 
 ∆ℎ = ,  –  ,     (2.91); 
 ∆ℎ = ,  –  ,     (2.91); 
 ∆ℎ = ,  –  ,     (2.91); 
 ∆ℎ′ = ,  –  ,     (2.91); 
 ∆ℎ = ,  –  ,     (2.91); 
 ∆ℎ = ,  –   (2.93); 
 ∆ℎ = ,  –   (2.97); 
 ∆ℎ = ,  –   (2.99) ℎ𝑖 = , − , − , − , − , − , − , −   − , − , = ,    

  : 𝜂 𝑖 = ℎ𝑖, (2.101) 

 ℎ𝑖 = ,  –   (2.100); 
 = ,  –  ,     (2.100). 𝜂 𝑖 = ,, = ,   

  , : 

𝑖 = ∙ ℎ𝑖, (2.102) 

 = ,  –  ,     (2.78); 
 ℎ𝑖 = ,  –  ,     (2.101). 

𝑖 = , ∙ , = ,    

 
  



38 
 

3 я  

         -
 . 

3.1   , я    

    -   
    , . ./ : 

э = + з + + + , (3.1) 

  –   ,     0; 
 з  –    ; 
  –    ; 
  –     ; 
  –  . 

    , . .    
       , / : = − , (3.2) 

  –    , / .    -
  .2  [3]     : = . = − =  

 , · : = ∙ , (3.3) 

 =  –  , ; 
  –     , . -

    , . .  350      (3.2). = ∙ =  

3.1.1     

       -
, . ./ : 

з = ∙ ∙ з ∙ − , (3.4) 

 =  –  ,     (3.3); 
 =  –  , ./ ; 
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 з =  –      , ./ . 

з = ∙ ∙ ∙ − = ,   

3.1.2   

  , . ./ : = ∙ ∙ − , (3.5) 

  –  ,   , 
. : = ∙ К, (3.6) 

 = ,  – ,    ; 
 К –    , . ./ : 

         -
  ,     , -

   ,    . 

 ,       3.1. 

 3.1 –    

   .,  ,  ,  
 403 677 600 1 403 677 600 

 
  - . 
      3.2. 

 3.2 –    

 ,  
 -  –  659 390 

 –   105 000 
,  764 390 

 
     1800 6000 4000  И =

  [6]. 

     , : К = И + И + И , (3.7) 

 И =  –   ; 
 И =  –   ; 
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 И =  –    К = + + =  = , ∙ =  = % -   . = ∙ , ∙ − = ,  

3.1.3      

  , . ./ : = ∙ , (3.8) 

 = ,  –   (3.5); 
 = % -     . = , ∙ , = ,  

3.1.4   

   : 
    ; 
       ; 
   ; 
    
  . 

   20 – 30 %     , 
      , . ./ : = , ∙ ( + + з ) + , (3.9) 

 = ,  –  ,     (3.8); 
 = ,  –   (3.8); 
 з = ,  –   (3.4); 
  –     , . ./ : = ∙ з , (3.10) 

 = % -   . = , ∙ , = ,  = , ∙ , + , + , + , = ,  
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 , . ./ : 

э = , + , + , + , = ,  

3.2     

       ,  
        -

 .  
  , ./ · : 

ыэ = э∙
, (3.11) 

 э = ,  –   (3.1); 
 =  –  ,     (3.4). 

ыэ = , ∙ = ,   

3.3      

         ,  -
   ,   ,   ,   -
  .     , . .: = ( э − ыэ ) ∙ ∙ − , (3.12) 

 э = ,  – ,    №7    
  ; 

 ыэ = ,  –   (3.11); 
 =  –  ,     (3.11). = , − , ∙ ∙ − = ,  

   , . .: Д = − , (3.13) 

 = ,  –   (3.12); 
  –      , 

. .: = ыэ ∙ ∙ − , (3.14) 

 ыэ = ,  –  ,     (3.12); 
 =  –  ,     (3.12). 
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= , ∙ ∙ − = ,  Д = , − , = ,   

     20% , . .: = , ∙ Д , (3.15) 

 Д = ,  –    (3.13). = , ∙ , = ,  

       -
   ,  .   -

  10  (t = 0 – 10).    -
        3.3. 

 , . .: 

𝑡 = Д − , (3.16) 

 Д = ,  –  ,     (3.15); 
 = ,  –   (3.15). 

  , . .: Д 𝑡 = 𝑡 + , (3.17) 

 = ,  –  ,     (3.11). 
    , . .: Д И𝑡 = Д И𝑡− + Д 𝑡, (3.18) 

         -
.  

  , . .: ДД 𝑡 = Д 𝑡+𝑟 𝑡, (3.19) 

 = % -  . 
    , . .: ДД И𝑡 = ДД И𝑡− + ДД 𝑡, (3.20) 

   , . .: 𝑃 = ∑ Д 𝑡+𝑟 𝑡𝑡= − , (3.21) 

 = % -  ,     (3.19); 
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  –     ( ). 
  : 𝑃 = 𝑁𝑃| | + , (3.22) 

  –  ,     (3.21). 
  : 𝑃𝑃 = 𝑃𝑃 + Д И𝑡𝑃𝑃Д 𝑡𝑃𝑃+ , (3.23) 

 𝑃𝑃 –  ,       -
  ; 

 Д И𝑡𝑃𝑃 –       𝑃𝑃 ; 
 Д 𝑡𝑃𝑃+  –        𝑃𝑃. 

  : 𝑃𝑃 = 𝑃𝑃 + ДД И𝑡𝐷𝑃𝑃ДД 𝑡𝐷𝑃𝑃+ , (3.24) 

 𝑃𝑃 –  ,      
   ; 

 ДД И𝑡 𝑃𝑃 –       𝑃𝑃 ; 
 ДД 𝑡 𝑃𝑃+  –        𝑃𝑃. 

 3.3 –       

-
  

 
0 1 2 3 4 5 6 7 8 9 10 

, . .  22 22 22 22 22 22 22 22 22 22 Д , . . -170 34 34 34 34 34 34 34 34 34 34 Д И, 
. . -170 -137 -103 -69 -35 -1 33 67 101 135 170 ДД , . . -170 31 28 26 23 21 19 17 16 14 13 ДД И, 
. . -170 -140 -112 -86 -63 -42 -23 -5 11 25 38 𝑃  38,36 𝑃  1,22 𝑃𝑃 5  𝑃𝑃 7  4  
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    3.3    , 
    3.1. 

 

 3.1 –    

      -
   ,    ,   𝑃 > , 

   1,22,  :   
 5 ,  – 7  4 . 
 ,       

  . 
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4   

       
   . 

4.1    

     ,  , 
     -

-9961  : 
  -961; 
       US 800. 

-400(      ); 
    -  (  

 ); 
   -55 (     

 ). 

4.2 я    

   , ,   -
       ,  

    .      -
       01   12.2.3007.0-

75.        10 . -
       . 

       -
   12.3.019-80,    – «    
   »   -

  1000 .    ,  -
        «  

     ». 
         

 .      -
       . 

4.3  я 

      « -
   »,    -

  . 
    ,      , -

  . 
       : 

     ; 
    ,   ; 
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       ; 
        ,   

 5 «  ...» 
   ,     . 

4.4    я   

4.4.1    -  

       
 100 ,       -
    . 

    ,   
 .         

.      -
  . 

   . -
       -

 . 

4.4.2   -55 

     -  
,        -

,    .    -
  ,     -

 (  ).    
     ,  -

 .      
,        . 

4.4.3      US 800 

-    US800   
    (   )   -

,   . US800     
,          

 15  2000   : 
     5000;  
     12 / ; 
       6,3 ; 
    40   150 0 ; 
        3%  . 
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