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,  

  

,  
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  -
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 220   220 224,38 1,99 

 220  -2 10 10,41 4,06 
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1 maxI  –  ,   , ; 

2 I  –    , . 

   -32144–2013 «    -

     »    -

   ,   ,   

 10 %        

 100 %     .    

 [30],         -

       1,05-1,1   

,        ,  

    0,9    .  

      -

. 

       -

  ,       110  . – 

-2,    -2 –  – / . 

       -95,7  

471 ,   110,6 %       5 0  

(425,7 ). 

      -

  .       -

       – 10 %, -

  – 4 %.       -

 23,42 ,  2,4 %    .  
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    .   -

     –    

   ( ,   

     )    . [36] 

       

 :  110  -2 –  – / .  

        

10-11.      5. 

 10 –        

  
 

, 
 

  
,  

 -
  -

, % 
 220   220 223,73 1,69 

 220  -2 10 10,5 4,96 

 110  -7 110 110,61 0,55 

 110   110 107,00 -2,72 

 110   220 112,72 2,47 

 110  /  110 104,90 -4,64 

 110  /  110 100,73 -8,43 

 110   110 110,99 0,90 

 110  -1 110 111,39 1,26 

 110   110 112,89 2,62 

 110   110 114,31 3,91 

 110   110 109,56 -0,40 

 110  -2 110 107,80 -2,0 

 110  -1 110 107,74 -2,06 

 110   110 107,45 -2,32 
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1 maxI  –  ,   , ; 

2 I  –    , . 

   110  -2 –  – /  

       .   -

/       (100,73 ). 

        

 110   – -2.   , -

      -240,  755,10 , . . 96,75 

%      5 0 . 

        28,29 

,  2,89 %    . 

   ,  «  »    -

  110  -2 –  – / .  -

           -

/ . 

1.2.4        

        -

  110   – -7. 

      -

     12-13,     

 6 

 12 –        

  

 

, 

 

  

,  

 -

  -

, % 

1 2 3 4 

 220   220 227,22 3,28 

 220  -2 10 10,46 4,60 
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  12 

1 2 3 4 

 110  -7 110 105,84 -3,79 

 110   110 106,82 -2,89 

 110   220 113,82 3,47 

 110  /  110 107,95 -1,86 

 110  /  110 112,55 2,32 

 110   110 112,57 2,34 

 110  -1 110 112,61 2,37 

 110   110 113,73 3,39 

 110   110 114,78 4,35 

 110   110 110,5 0,45 

 110  -2 110 108,42 -1,43 

 110  -1 110 108,34 -1,51 

 110   110 107,82 -1,98 
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1 maxI  –  ,   , ; 

2 I  –    , . 

        110   – -

7       . 

        110  . – 

-2,     110  -2 –  – 

/ .    441,96 ,   126,95 %  -

    20 0  348,15 . 

        23,21 

,  2,68 %    . 

1.2.5       

 

         

   110   – -7    

  :  110  -2 –  – / . 

        -

    110   – -7    14-15, 

     7. 

 14 –        

  
 

,  

  

,  

 -

  -

, % 

1 2 3 4 

 220   220 226,58 2,99 

 220  -2 10 10,57 5,67 

 110  -7 110 101,61 -7,63 

 110   110 102,63 -6,70 

 110   220 112,05 1,86 

 110  /  110 100,79 -8,37 
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  14 

1 2 3 4 

 110  /  110 97,13 -11,70 

 110   110 111,67 1,51 

 110  -1 110 112,00 1,82 

 110   110 113,64 3,31 

 110   110 115,11 4,64 

 110   110 108,84 -1,05 

 110  -2 110 105,73 -3,88 

 110  -1 110 105,61 -3,99 

 110   110 104,62 -4,89 
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1 maxI  –  ,   , ; 

2 I  –    , . 

         

 110   – -7      -

,   110  / .      -

 97,13 ,  11,7 %   . 

   110  -2 –  – /   

      .    

–   110  .163 – .129,    110   

 –  –  –  1( 2),  , 

       -150,  624,42 ,  

 133,81 %    474,75 . 

        30,70 

,  3,65 %    . 

:       110 

    ,   110  -2 –  – -

/   «  ».       

 ,        

.  ,      -

      . 
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2      

 
 

     , -

         .   

:      , -

  ,      -

 ,    ,   -

 .      

-  ,    -

        

.        

,        [11]. 

     [4]: 

–   ; 

–   ( )  

–        -

 ; 

–      ; 

–     ; 

–   ; 

    : 

2.1    

       -

      .    -

        -

,            -

.        -

. 
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      ,  

  ,     ,  

   . 

      -

  ,    ,  -

   ,      -

    .      

   .      

,         

         -

 . 

  [2]     -

   .   

     .   

     10 %,    -

      . 

      ,     

      . 

  ,    ,   

 .       

,         -

 .     

      .     

      

         -

 .    -

   ,       

          -

. 
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     -

  ,     -

.    ,      

      

      .     

     ,    

      .   

      , ,   

      ,  -

  .      -

     ,      -

 . 

    –   ,   . 

      -

 ,     -  .  -

        -

 ,          -

 . 

       -

   .    -

     . 

          

        

 .       -

,      ,   

     . 

      -

   ,       0,7 – 

1,6     .     

,  ,      . 



51 
 

  ,      

   , -     

 ,       , -

        . 

       , 

    ,    

 .   ,   -

,   . 

2.2     

       -

    ,    

 .      -

     ,   -

    ,    

 . 

    : 

–  ; 

– -   

– -      

    

–    . 

       -

   .    

        .  

-      -

   ,     -

 .  

     ,   -

  ,      -

  .    ,   .  
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  ,      . -

      ,  -

    .  

   (static synchronous compensator – 

)      , -

       .  

   –       , 

    ;     -

 ,  – .     -

       -   

 . 

       -

     ,       

,       . 

 , STATCOM   : 

-  ,    -

  ; 

-         ; 

-      . 

 ,      , 

     STATCOM,    -

 STATCOM        -

 . 

        

     -  -

 ( ). [15]      -

    .     

   ,  ,  -
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 ) 
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).  ,      -

   .     ,  

      [16]. 

2.3       

    :   -

   ,        -

.       -

 ,       -

  .       -

   . 

        -

      ,   -

    ( ,  , ), 

     . 

         

    AERO-Z, ACCC, TACS/ACS, GTACSR  

.       ,    

.        

   ,     -

  .     

  ,      . 

2.4    

      -

      . 

   ,      -

  .   [6]     

      , 

       , -

    .    
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   ,   ,  -

,   . 

     -

        -

         -

 . 

        -

     .   [27] 

       -

   :  ,  -

 ,  .  

      -

     .  

   16   ,      -

 ( , ,   ),      -

           

-   .        

   16  ( ,    -

)       [12]. 

  [28]        

       -

    ,      -

        .  

        -

        -

        -

   .      -

          -

 . 

 



57 
 

2.5      

      -

         -

  ,        

   .     -

,        

  ,      

. 

         -

          

     .    -

    5-20 %. 
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3      

   

 
 

       -

     ,   -

          

 . 

         

      110  -2 – 

 – / . 

3.1       -

 

        

     .  -

      ,  -

         

   .    1 -

   8. 

        110 

  220  -2. 

    110   220  -2 -

       -

-125000/220.  [37],    -

  ±6*2 %, . .    110  -

   96,8-123,2 ,     

 . 
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Óññóðèéñê-2

Óññóðèéñê-1 Óññóðèéñê/ò

Ìåæäóðå÷üå

Êîæçàâîä

ÓÊÔ

íà ÀÒÝÖ

íà 
Òåðåõîâêó

íà Äàëüíåâîñòî÷íóþ

 
 8 –   1 

3.2       -

  

      

      ,  

  380,  .     

  .  

       

    110  -1,  110  .  -

  2    9. 

       

0tg  ,     : 

 

m axQ Q  .  (6) 

 

  ,   -1  

. 1 2 1, 4 8Q  ,    – . 8 , 7Q  . 



60 
 

     10    -1  6 56-6,3-

4950 ,    – 2 56-6,3-4500 . 

Óññóðèéñê-2

Óññóðèéñê-1 Óññóðèéñê/ò

Ìåæäóðå÷üå

Êîæçàâîä

ÓÊÔ

íà ÀÒÝÖ

íà 
Òåðåõîâêó

íà Äàëüíåâîñòî÷íóþ

 
 9 –   2 

 

3.3       -

     

        

, . .       -

       -

  . 

        1  

 2, . .         

  -1   . 

  3    10. 
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Óññóðèéñê-2

Óññóðèéñê-1 Óññóðèéñê/ò

Ìåæäóðå÷üå

Êîæçàâîä

ÓÊÔ

íà ÀÒÝÖ

íà 
Òåðåõîâêó

íà Äàëüíåâîñòî÷íóþ

 
 10 –   3 

3.4        

       -

       -

  , . .     . 

  110  -2 –  – /  -

  : 

–    «  110  -2 – .»; 

–    «  110  . – » 

–    «  110  . – / ». 

   110  -2 –  – /  

         -

95/16   16,6 .  

  16  ,    110  -2 

–  – / . 
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 16 –     110  -2 –  – -

/  

 

 
 ,  

   

 -

 

  

 -

 

-2 – . 494,55 -95/16  

. –  412,65 -95/16  

. – /  328,65 -95/16  

 

     -95/16    Helsinki 

160.  

       

(Aluminium Compozite Core Conductor)   , -

   « - - ».   -

     ,    -

     .    

  (   )    

  ,     -

,    ,       -

  .  

         

  : 

–     , ,  -

   2 ; 

–      20-25 % ,    50–60 

% ; 

–       20-30 %; 
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–      (    -

       -

); 

–       ,  

        . 

      50 . 

        -

  Helsinki 160  -95/16. 

 17 –    -95/16  ACCC Helsinki 160 

 -95/16 Helsinki 160 

 , 2 111,33 181,7 

 , /  0,385 0,480 

 ,  13,5 15,65 

 , 2 15,91 28,0 

      

,  

330 813 

 , /  0,3007 0,1824 

  ,  33369 69000 

 

   ,       

     ,   -

           

   -95.          

,         

. 

  4    11. 



64 
 

Óññóðèéñê-2

Óññóðèéñê-1 Óññóðèéñê/ò

Ìåæäóðå÷üå

Êîæçàâîä

ÓÊÔ

íà ÀÒÝÖ

íà 
Òåðåõîâêó

íà Äàëüíåâîñòî÷íóþ

 
 11 –   4 

3.5       -

  

 5      -

  ,  110  -1   110  .   

  : 

–    110  ; 

–   110  . .  – . 

  – ,    -

     . 

   110      6  – 

« ».      

       -

 ,       . 

 3 ,     . 
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 12 –   6  " " 

    110     . 

  ,    ,   -

    . . .     -

   . 

  ,      –

110 /3150 2.       : , 

 - ,   -

,  ,  ,    

,   . .   18    

  – 110 /3150 2.  

 18 –   110  

     

1 2 3 

 , 

 
110 110/126 

   

  ,  
440 3150 
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  18 

1 2 3 

  -

 ,  
24,26 40 

 -

,  
65,188 100 

 , 2/  1489,06 4800 

  , 

 
24,26 100 

 

   110  . .  –    

   .     -

  ,   . 

 

maxiI I , (7) 

 

 i  – ,      -

; 

T  – ,       

,          

5832,    1,2; 

maxI  –  ,   , . 

 
2 2

max 3
ij ijP Q

I
U n

, (8) 

 

        

    . 
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2 2

max
18.2 15 0,124

3 110
I , 

 

1 1,2 0,124 0,149I . 

 

       

     -150/24. 

  5    12. 

Óññóðèéñê-2

Óññóðèéñê-1

Ìåæäóðå÷üå

Êîæçàâîä

ÓÊÔ

íà ÀÒÝÖ

íà 
Òåðåõîâêó

íà Äàëüíåâîñòî÷íóþ

Óññóðèéñê/ò

 
 13 –  5    
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4     -

 

 
 

4.1       

       

 . 

4.1.1    

       19-20, 

     10. 

 19 –        -

 1 

  

-

 -

,  

  

,  

 

  

, % 

 220   220 224,39 1,99 

 220  -2 10 10,01 0,13 

 110  -7 110 113,65 3,32 

 110   110 111,33 1,21 

 110   110 115,14 4,67 

 110  /  110 112,45 2,22 

 110  /  110 117,12 6,47 

 110   110 117,05 6,41 

 110  -1 110 116,75 6,14 

 110   110 118,41 7,65 

 110   110 119,89 8,99 

 110   110 114,69 4,27 

 110  -2 110 112,67 2,43 

 110  -1 110 112,59 2,35 

 110   110 112,14 1,95 
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1 maxI  –  ,   , ; 

2 I  –    , . 

     110   220  -2 

      .   -

 –   10   220  -2,   –  110  

. 

       -

      (  110  -2 

–  – / ),       . 

     110  . – -2, -

   521,17 ,   122,43 %. 

        -

 ,   24,08  – 2,47 %    (976 

). 

4.1.2    

       -

    (  110  -2 –  – -

/ ).  

     1   

 21-22,      14. 

 21 –        

 1 

  
 

, 
 

  
,  

 -
  -

, % 
1 2 3 4 

 220   220 224,05 1,84 

 220  -2 10 10,20 2,03 

 110  -7 110 112,57 2,33 
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  21 
1 2 3 4 

 110   110 109,92 -0,07 

 110   220 114,21 3,83 

,  110  /  110 110,77 0,70 

 110  /  110 114,74 4,31 

 110   110 114,30 3,91 

 110  -1 110 112,66 2,42 

 110   110 112,02 1,84 

 110   110 111,82 1,66 

 110   110 111,33 1,21 

 110  -2 110 110,06 0,06 

 110  -1 110 110,02 0,01 

 110   110 109,93 -0,07 
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1 maxI  –  ,   , ; 

2 I  –    , . 

     –  110   – 

-2      .  -

     110  ,   – / . 

       

   .   :  110  . – 

 (147,59 %    628,3 ),  110   – 

-1 (101,32 %    509,74 ),  110  . – -

-2 (213,45 %    908,67 ). 

    32,19 ,   3,29 %  -

 . 

         

,        

         -

  ,        

.        , -

         -

     . 

4.2      

4.2.1    

      -

   110  -1   110  . 
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 23 –        

 2 

  

 

, 

 

  

,  

 -

  -

, % 

1 2 3 4 

 220   220 225,18 2,35 

 220  -2 10 10,55 5,54 

 110  -7 110 112,98 2,71 

 110   110 110,36 0,33 

 110   110 114,60 4,18 

,  110  /  110 110,99 0,90 

 110  /  110 114,33 3,93 

 110   110 114,37 3,98 

 110  -1 110 114,45 4,04 

 110   110 115,26 4,78 

 110   110 116,13 5,57 

 110   110 112,75 2,5 

 110  -2 110 111,10 1,00 

 110  -1 110 111,04 0,94 

 110   110 110,77 0,70 
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1 maxI  –  ,   , ; 

2 I  –    , . 

       110  -

-1   110        

   .     -

   110  ,     110  . 

        

   110  . – -2.   , -

  ,  457,04 ,    7,36 %.  

    22,52 ,  2,3 %   

 . 

4.2.2    

       -

   –  110   – -7. 

 25 –        

 2 

  

 

, 

 

  

,  

 -

  -

, % 

1 2 3 4 

 220   220 224,80 2,18 

 220  -2 10 10,44 4,37 

 110  -7 110 103,49 -5,92 

 110   110 104,68 -4,84 

 110   110 112,87 2,61 

,  110  /  110 106,19 -3,46 

 110  /  110 112,19 1,99 

 110   110 112,3 2,09 

 110  -1 110 112,49 2,26 
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  25 

1 2 3 4 

 110   110 113,49 3,17 

 110   110 114,51 4,10 

 110   110 109,71 -0,27 

 110  -2 110 106,97 -2,75 

 110  -1 110 106,87 -2,85 

 110   110 106,12 -3,53 
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1 maxI  –  ,   , ; 

2 I  –    , . 

     (  110   – -

7)      .    

   110  -7,     220  -2. 

      . 

  :  110   – .163 (    585,9 , 

 100,9 %),  110  . 163 – . 129 (   586,4 , -

 101 %)   110  . – -2 (   510,6 , -

 119,9 %). 

    32,75 ,   3,35 %  -

 . 

      -

      ,   -

 .    (  110  -2 – 

 – / )   ,     

     . 

4.3      

4.3.1    

      

     . 

 27 –        

 3 

  

 

, 

 

  

,  

 -

  -

, % 

1 2 3 4 

 220   220 225,06 2,30 
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  27 

1 2 3 4 

 220  -2 10 10,14 1,36 

 110  -7 110 114,40 4,00 

 110   110 112,29 2,08 

 110   110 115,78 5,26 

,  110  /  110 113,69 3,36 

 110  /  110 119,13 8,3 

 110   110 119,12 8,29 

 110  -1 110 118,87 8,06 

 110   110 120,34 9,40 

 110   110 121,68 10,62 

 110   110 116,50 5,91 

 110  -2 110 114,15 3,77 

 110  -1 110 114,06 3,69 

 110   110 113,45 3,14 

 

  



  

89
 

 

 2
8 

– 
 

 
 

 
 

 
 

 
 

 
3 

 
 

 
  

m
ax

I
, 

 
I

 
 2

5 
0 C

, 
 

I
 

 -5
 

0 C
, 

 

m
ax

I I
,%

 

1 
2 

3 
4 

5 
6 

 2
20

 
 

-2
 –

 
 

-3
00

/3
9 

20
6 

68
0 

87
7,

2 
87

7,
2 

 2
20

 
 

 –
 

 
-4

00
/3

9 
25

2 
86

0 
10

70
,7

 
10

70
,7

 

 2
20

 
 

 –
 

 
-4

00
/6

4 
24

4 
86

0 
10

70
,7

 
10

70
,7

 

 1
10

 
 

 –
 

-7
 

-2
40

/3
2 

49
3 

60
5 

78
0,

5 
78

0,
5 

 1
10

 
 

 –
 

.1
62

 
-1

50
/2

4 
33

1 
45

0 
58

0,
5 

58
0,

5 

 1
10

 
 

 –
 

.1
63

 
-1

50
/2

4 
33

6 
45

0 
58

0,
5 

58
0,

5 

 1
10

 
.1

62
 –

 
.1

28
 

-1
50

/2
4 

33
1 

45
0 

58
0,

5 
58

0,
5 

 1
10

 
 

.1
63

 –
 

.1
29

 
-1

50
/2

4 
33

7 
45

0 
58

0,
5 

58
0,

5 

 1
10

 
 

. 1
28

 –
 

 
-1

50
/2

4 
75

 
45

0 
58

0,
5 

58
0,

5 

 1
10

 
 

. 1
29

 –
 

 
-1

50
/2

4 
81

 
45

0 
58

0,
5 

58
0,

5 

 1
10

 
 

. 1
28

 –
 

 
-1

50
/2

4 
25

7 
45

0 
58

0,
5 

58
0,

5 

 1
10

 
 

. 1
29

 –
 

 
-1

50
/2

4 
25

8 
45

0 
58

0,
5 

58
0,

5 

 1
10

 
 

-7
 –

 
 

-2
40

/3
2 

32
5 

60
5 

78
0,

5 
78

0,
5 

 1
10

 
 

 –
 

/
 

-1
50

/2
4 

11
8 

45
0 

58
0,

5 
58

0,
5 



90
 

 

 
 2

8 
1 

2 
3 

4 
5 

6 

 1
10

 
 

/
 –

 
/

 
-1

50
/2

4 
17

3 
45

0 
58

0,
5 

29
,8

 
 1

10
 

 
/

 –
 

. 
-9

5/
16

 
29

6 
33

0 
42

5,
7 

69
,6

 

 1
10

 
 

. –
 

 
-9

5/
16

 
22

7 
33

0 
42

5,
7 

53
,4

 

 1
10

 
 

 –
 

-1
 

-1
20

/1
9 

12
2 

39
0 

42
5,

7 
24

,2
 

 1
10

 
 

-1
 –

 
 

-2
40

/3
2 

32
9 

60
5 

78
0,

5 
42

,1
 

 1
10

 
 

 –
 

 
-2

40
/3

2 
42

7 
60

5 
78

0,
5 

54
,7

 

 1
10

 
 

 –
 

-2
 

-2
40

/3
2 

49
7 

60
5 

78
0,

5 
63

,7
 

 1
10

 
 

. –
 

-2
 

-9
5/

16
 

49
8 

33
0 

42
5,

7 
11

7,
0 

 5
00

 
 

 –
 

 
-3

*3
00

/6
6 

46
9 

20
40

 
26

31
,6

 
17

,8
 

 2
20

 
 

 –
 

-2
 

-3
00

/3
9 

39
1 

68
0 

87
7,

2 
44

,6
 

 2
20

 
 

 –
 

-2
 

-3
00

/3
9 

27
6 

68
0 

87
7,

2 
31

,5
 

 1
10

 
 

-1
 –

 
 

-1
20

/1
9 

16
9 

39
0 

50
3,

1 
33

,6
 

 1
10

 
 

 –
 

-2
 

-1
20

/1
9 

16
2 

39
0 

50
3,

1 
32

,3
 

 1
10

 
 

-2
 –

 
-1

 
-1

20
/1

9 
15

3 
39

0 
50

3,
1 

30
,4

 

 1
10

 
 

-1
 –

 
. 1

06
 

-1
20

/1
9 

87
 

39
0 

50
3,

1 
17

,2
 

 1
10

 
 

. 1
06

 –
 

 
-1

20
/1

9 
16

 
39

0 
50

3,
1 

3,
1 

. 1
06

 –
 

 
-1

20
/1

9 
75

 
39

0 
50

3,
1 

15
,0

 

 1
10

 
 

 –
 

-1
 

-9
5 

15
2 

42
2 

54
4,

4 
27

,9
 



91
 

 

 
 1

8 
–

 
 

 
 

 
 

3



 
 

92 
 

 

1 maxI  –  ,   , ; 

2 I  –    , . 

         -

     .    

    110  -2,     110  

. 

         110  

. – -2,   498 ,   117 %  -

    .     -

 23,48 ,  2,4 %   . 

4.3.2    

       -

   –  110  -2 –  

 29 –        

 3 

  

 

, 

 

  

,  

 -

  -

, % 

1 2 3 4 

 220   220 223,87 1,76 

 220  -2 10 10,34 3,35 

 110  -7 110 113,57 3,24 

 110   110 111,20 1,09 

 110   220 115,07 4,61 

,  110  /  110 112,4 2,19 

 110  /  110 117,31 6,65 

 110   110 116,99 6,35 

 110  -1 110 115,55 5,05 

 110   110 114,93 4,48 
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1 2 3 4 

 110   110 114,74 4,31 

 110   110 113,80 3,45 

 110  -2 110 112,07 1,88 

 110  -1 110 112,01 1,83 

 110   110 111,7 1,55 
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1 maxI  –  ,   , ; 

2 I  –    , . 

   110   – -2  -

    .      

 110  ,      / . 

       : 

 110  . – -2 (   872,68 ,  205 %)   

110  . –  (   589,89 ,  138,57 %). -

        

    .   -

  ,       -

  . 

     30,81 ,   

3,16 %. 

4.4      

4.4.1    

 31 –        -

 4 

  

-

 -

,  

  

,  

 

  

, % 

1 2 3 4 

 220   220 224,40 2,00 

 220  -2 10 10,38 3,82 

 110  -7 110 112,25 2,04 

 110   110 109,44 -0,51 

 110   220 113,96 3,60 

,  110  /  110 109,85 -0,14 

 110  /  110 112,60 2,37 
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1 2 3 4 

 110   110 112,56 2,33 

 110  -1 110 112,34 2,13 

 110   110 113,20 2,91 

 110   110 114,12 3,74 

 110   110 110,96 0,87 

 110  -2 110 109,64 -0,33 

 110  -1 110 109,59 -0,37 

 110   110 109,48 -0,47 
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1 maxI  –  ,   , ; 

2 I  –    , . 

     110  -2 –  – /  

        -

.        110  , 

     -2. 

       . -

        -

   .      110   – 

-7. 

    22,11 , 2,26 %   

. 

4.4.2    

       -

   –  110   – -7 

 33 –        

 4 

  

-

 -

,  

  

,  

 -

  -

, % 

1 2 3 4 

 220   220 224,02 1,83 

 220  -2 10 10,26 2,59 

 110  -7 110 102,34 -6,96 

 110   110 103,54 -5,87 

 110   220 112,19 1,99 

,  110  /  110 104,90 -4,64 

 110  /  110 110,48 0,44 

 110   110 110,49 0,44 
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  33 
1 2 3 4 

 110  -1 110 110,38 0,34 

 110   110 111,41 1,28 

 110   110 112,46 2,26 

 110   110 107,85 -1,95 

 110  -2 110 105,39 -4,19 

 110  -1 110 105,29 -4,28 

 110   110 104,68 -4,83 
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1 maxI  –  ,   , ; 

2 I  –    , . 

        

  .       

 -2,     -7. 

  ,     (  

110  . 162 – . 128,  110  . 163 – . 129,  110   – . 162, 

 110   – . 163).   (  110  -2 

–  – / )  .     

         

   ,      -
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       32,42 

,   3,3 %.      

 .  

4.5      

4.5.1    

 35 –        -

 5 

  
 

, 
 

  
,  

 
  
, % 

1 2 3 4 
 220   220 223,58 1,63 

 220  -2 10 10,45 4,53 

 110  -7 110 113,38 3,07 

 110   110 110,54 0,49 

 110   220 115,10 4,63 

,  110  /  110 110,99 0,90 

 110  /  110 113,94 3,58 
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1 2 3 4 
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1 maxI  –  ,   , ; 

2 I  –    , . 

      -

    .      

 110  ,      110  -1. 

       -

 .      110   – -

7 (   562 ,  75 %).   -

  . 

    22,8 ,  2,34 %   

.        .  

4.5.2    

       -

  –  110   – -7. 

 37 –        

 5 
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,  

 

  

, % 

1 2 3 4 
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   110   – -7    -

      .   

    220  -2,    -

   110  -7. 

     , -

    (  110   – .163,  110  .163– .129, 

 110  .162 – .128).    (  110  

-2 – / )     .  

    ,     -

,        

. 

       33,05 

,  3,38 %    . 

      5   

6. 

:         -

      4   5. 

       , -

    .    -

       ,  -

,     .  -

   1   2    

  ,     -

,    .  .  , 

   4,    -

  .  5,   -

 ,      .  

      -

    4   5. 
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5    -

     

 
 

    , 

   ,     -

   . 

5.1  

         -

: 

–   ( ) ; 

–    ( ) . 

 

K K K  . (9) 

 

      -

  6,51K ,  ,     2000  [36].  

      . -

      

 39 –  

     4, .     5, .  

 31131,86 147168,57 

-

  
- 416676,46 

 31131,86 563845,025 

 

 

 

 

5.2  
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. . W  . (10) 

 

     4   

5    .      41. 

 40 –  

    4, . .    5, . . 

. .  249,05 20417,15 

. .  1556,59 28192,25 

W  19333,74 595,65 

 21139,389 49205,05 

 

5.3     

        

    , -

   . 

        . 

     ,   

  , ,  , . . 

 -     . 

    ,  

    , ,  -

  . . 
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0 W  . (11) 
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0 P . (12) 
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      4   5 -

   . 

     24. 

 41 –  

 
   4, 

. .: 

   5, 

. .: 

 1617,52 20646,83 

 131,25 131,25 

 1748,72 20778,08 
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i iO WT , (14) 

 

 iW  –      , * ; 

T  –    , . / * . 
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  207,6 % 

  5: 

 

606723,39 21012,8 0,2 819280 0,748
563845iR . 

 

  74,8 % 

      . 

       

       

      ,      

  Helsinki 160      110  -2 – 

 – /      , -
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ÀÒÝÖ ÏÑ Óññóðèéñê-1

26,7
31,5

13,1
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Ï.Ï. Óññóðèéê

Xë3

Xñ3

14,6
12,4

 .1 -    

  :
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-1 - . . :
l _ 8.25

 - . . 
l _ 11.12

 - . . 

l _ 11.12

     -1,    

Ik3 1 13.1  

Ik3 14.6

Ik3 26.7

U 1 115

S 100
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I 1
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3 U 1
0.502
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X 1
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3 Ik3 U 1
0.019 . .

X 2
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3 Ik3 1 U 1
0.038 . .

X 3
S

3 Ik3 U 1
0.034 . .
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X 1 0.42 l _
S

U 1
2

0.035 . .

X 2 0.42 l _
S

U 1
2

0.026 . .

X 3 0.42 l _
S

U 1
2

0.035 . .

    1:

X 1
1

1
X 1 X 1

1
X 2 X 2

1
X 3 X 3

0.021 . .

     1:

Ik3 1
1

X 1
I 1 24.26

      1:

Ik2 1
3

2
Ik3 1 21.01

    1:

i 1 2 1.9 Ik3 1 65.188
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Imax 0.422 .

   

    :

Bk Ik3 1
2 2.5 0.03( ) 1489.06 2

    -110 II

I Q 2500

I 40

β 40 %

I 40

t 3 c.

        
 :

t 0.035 .

τ 0.01 t 0.045 .

   :

i τ 2 Ik3 1 e

τ
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ia
2 β I
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I 2 t 4800 2
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K 1.7 K 1.6

 4
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   , . .:

   , . .:

K 1100 16.6( ) 18260

 , . .:

K 6.36 16.6( ) 105.576
     , . . 
   .

K K K( ) K K 203251.83 . .

   :

    , . :

α 0.008

K α 1626.015

  , . .:

T 20

K
T

10162.591

   , . .:

   , :

P _ 2 90.16 Q _ 2 23.8

P _ 41.72 Q _ 6.72

P _ 46.2 Q _ 13.35

R _ 2 2.82 R _ 0.21 R _ 0.73
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2

1102
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ΔP _
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2 Q _
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1102
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P _

2 Q _
2

1102
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ΔPΣ ΔP _ 2 ΔP _ ΔP _ 2.197
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ΔW ΔPΣ Tmax 12083.588 *

cΔW 1.6 . / *

ΔW ΔW cΔW 19333.74 . :

 , . :
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Q1 ÂË1 ÂË2 Q4

Q5 ÂË3

ÏÑ Óññóðèéñê-2 îï. ÏÑ Óññóðèñéê/ò

Pí

ÏÑ Êîæçàâîä

     :

ω0
3.9
100

/ ωQ 0.03 /

ωQ. 0.14 /
ω0 . 2.9 /
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T Q 20T 13
T Q 8 8760 1.5 10 3 13.14T 15

365 24 8760

  -2 - .:

q1
ω0 15.01 T ω0 . 15.01 T ωQ T Q ωQ. T Q

0.076

   - .:

q2

ω0 1.1 T ω0 . 1.1 T
ωQ T Q ωQ. T Q

5.722 10 3

  -2 -  - / :

q3 q1 q2

ω0 1.1 T
ω0 . 1.1 T
ωQ T Q ωQ. T Q

0.006155

  :

q q3 0.006

    :

W 25 103 q 1347935.151 *

    , . ./ * :

0 0.8

    , . :

0 W 10 3 1.5 1617.522

      , . ./ * :

0 3.5

,    :

P 25 103

    , . :

0 P 10 3 1.5 131.25
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E 0.1

   16
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 2
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 -      110  . - 

   .:
    110 , . .:

K110 1100

   , 2: 

S 70

 , . / 2:

K 0.007

   , . / :

K 95

    :

K K110 11.12( ) S K 11.12( )
K 11.12( )

K K 147123.025

    110  . - 

 , . .:

K 2 6.36 1.1( ) K 45.544
     , . . 
   .

    :

  110 , . .:
K 11000 3 33000

    , 2:

S 500
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  , . :

K 7000

    , . :

K K K S K( ) K K 416676.456

 , . .:
KΣ K K K 2 563845.025

   :

    , . :

α 0.049

K α 20417.146

  , . .:

T 20

KΣ
T

28192.251

   , . .:

P _ 16.96 Q _ 9.2

R _ 2.2

  :

ΔP _
P _

2 Q _
2

1102
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ΔW ΔP _( ) Tmax 372.282 *
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   , . :
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 , . :
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ÏÑ Óññóðèéñê-2 îï. ÏÑ Óññóðèñéê/ò
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ω0
3.9
100

/ ωQ 0.03 /

     :ωQ. 0.14 /
ω0 . 2.8 /

T Q 20T 13
T Q 8T 15

365 24 8760

  -2 - .:

q1
ω0 15.01 T ω0 . 15.01 T ωQ T Q ωQ. T Q
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  -2 -  - / :
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ω0 1.1 T
ω0 . 1.1 T
ωQ T Q ωQ. T Q

0.005534

  :

q q1 q2 0.079

    :

W 25 103 q 17205694.25 *

    , . ./ * :

0 0.8

    , . :
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      , . ./ * :
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0 3.5

,    :

P 25 103

    , . :

0 P 10 3 1.5 131.25

    , . :
Σ 20778.083

 :

E 0.1

   2

2 E KΣ Σ 126367.634

  , %:

Δ
2 1

2
100 57.904 %
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