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2    

 

2.1    

 

       

1995       [31]. 

   ( . differential evolution) — -

   ,   -

    (      

 )      , 

,    ,         [5]. 

   , . .     

,    . 

        

   .  

   f    

 

f(Х)→minХ                                                                                                  (2.1) 

 

     

 

Х=(x1, x2,…,xn) ∈ Rn                                                                                     (2.2) 

 

       

 L  H: 

 

lj ≤ xj ≤ hj,       j = 1,…,n                                                                              (2. 3) 

 

     ,    -

 .    G  NP  , 

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%9C%D0%BE%D0%BD%D1%82%D0%B5-%D0%9A%D0%B0%D1%80%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
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   .     

    : 

 

P(G) = Xi
(G),    i = 1,…,NP,    G = 1,…,gmax ,                                                (2.4) 

 

  NP     n  

(  ): 

 

P(G) = Xi
(G) = x i, j 

(G),    i = 1,…,NP,    j = 1,…,n.                                         (2.5) 

 

      -

    : 

  = 𝑥 ,  = 𝑟𝑎𝑛𝑑 ,  ×   – 𝑙 + 𝑙 ,    =  , … ,𝑁 ,    =  , … , 𝑛 , (2. 

6) 

 

 rand –  ,   ,  

   [0, 1]. 

        -

.     P(1),   -

 P(G+1)      P(G),   -

   P(G+1)=Ui
(G+1)=ui,j

(G+1), 

 

𝑢 , + = {𝑋 , + 𝐹 ∙ 𝑋 , − 𝑋 , , и (𝑟𝑎𝑛𝑑 , 𝑟) ∨ = ,𝑋 ,   , и ач ,                          (2. 7) 

 

  А,В,  = rand [1, NP], Ai ≠Bi ≠Ci ≠i; 

       D = rand [1, n], i=1,…,NP,  j = 1,…,n; 

       Cr ∈[0,1]  R; F ∈ [0,2] ∈ R. 
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 –        , . .  

   .      

 ,  . D –    

     ,  , ,  

         -

    . Cr  F –  -

,       ,    NP – -

 . F – ,    -

. Cr – ,     

.         -

 .       , -

   .       

   .  

       

    

 

𝑋 + = {𝑈 + ,  𝑓(𝑈 + ) 𝑓 𝑋 ,𝑋 , .                                         (2. 8) 

 

 ,     -

      .  ,    

 ,    . ,  -

       ,  

         . 

      ( )   -

     ,   -

   [19]. 

  [1, 5, 15,17,19, 26,27]     ,  -
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 ,     .   [1, 17]. 

,    ,     -

 .      [19]  

    ,  -

,   –       -

   ,      

       , -

        . 

     ,   [15, 26]  

 ,      ,   -

:     -    

   .       

,      ,  -

     .   

     ,     -

    .    

       ё  . 

   F,     

.         -

.      .  -

        ,   

           

  [17]. 

 

2.2       

 

      -

,    .    -

  ,   :  



34 
 

 ,  ,  , -

     ,    . 

    , -

   ,     -

 . 

     , -

  ,  ,   -

 ,      -

.       ,     

 ,      ,  

  .  

     , -

      .   -

  :  1000    1000 ,    721 -97. 

         -

       . 

   : , , , 

, ,    , , -

 , , ,    

  .   –    .  

      . 

     , -

        -

       . 

  –    , -

,  ,      . 

     

       .   

       -

,       -
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,      .   -

       ,  

      . 

        -

       ,  

      ,      -

. 

      -

 ,  (       

  )     

( )     ( ). 

     -

 ,    .   -

  .  –  ,  -

   ,       

  ,    .   -

    . 

       -

   .     -

    ,    -

, ,     ,  -

 ,    ,    

,     –  -

 .  , ,   -

       -

  –   [21]. 

         -

  ,    -

.   : 
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)    –  – η –  -

  ( , )      

,     

 

η = 𝑃   % ,                                                                                               (2.9) 

 

  –  ; 

        –   ( ); 

)   cosφ –   ( , 

),        

   

 cos𝜑 = 𝑃𝑆  % ,                                                                                       (2.10) 

 

 S  –   ; 

)   ,     -

;  

)  –  ; 

) ,   . 

  ,        -

  380/220     ,   

       .  

 

2.3    

 

2.3.1    

 

  2.1    ,  -

   , ,   . 
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 2.1 –    

 

       -

 380/220    .  1, 2, 

3 – ,  (  2.1),   – 

.     I – 20 ,  II – 30 .  

 

 2.1 -     

,    
  

1 2 3 

  7 14 10 

   𝜂 0,82 0,85 0,87 

  cos𝜑 0,9 0,88 0,92 

  

 tgφ 

0,48 0, 53 0,43 
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   (   -

)           

   . 

     , -

     .  

 

2.3.2    

 

      

  .  

      ,   , 

   .  

      : 

)   –  ,    . 

       ; 

)   –  ,   ,  -

 (       ).   -

,   .      

 ; 

)   – ,    (   -

).          -

  ,     -

  (const).  

    ,   –  -

   . 

     . -

     , -

   : 

 З = Е ∗ К +   . ,                                                                               (2.11) 
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 Е  –    – const (   0,1 -0, 

33    ); 

       К –     - const; 

        –   . 

        -

         𝑛. 

 = + 𝑛  .,                                                                                   (2.12) 

  

     

 = ∗ К + ∗ К
  .,                                                                   (2.13) 

 

 ,  –     % - const ; 

       К ,К  –     – const (    

   ). 

       -

  n: 

 𝑛 = ∗ ∆ . . + ∆ . .   .,                                                             (2.14) 

 

   –  1 *    – const (  2,5); 

       ∆ . . –      –  -

 ; 

       ∆ . . –      –  -

 . 

     ∆ . .: 
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∆ . . = ∑ −𝜂 ∗  Вч,𝑛=           

(2.15) 

 η  –  –     - const; 

        –    -   -

; 

       n -  – const. 

     ∆ . .: 

 ∆ . . = ∗ 𝑛 ∗ ∆ + ∗ ∆ ∗ ß ∗    ,          

(2.16) 

 

 ∆  –      – const; 

       ∆  –     – const; 

       n  –  – const; 

       8760 –     – const; 

        –      – const (10 %   -

   ); 

       β-  –   . 

 β    

 

β = 𝑆𝑆  ,                                                                                                      (2.17) 

 

 Sp-     –  -

 ; 

      S  –    –   

. 

      ∆     

  ∆  –  ,   -
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  .      -

: 

 𝑆 ∑𝑃𝑛  ∗ К  ,                                                                                               (2.18) 

 S  –    -   -

; 

      ∑  –    – const; 

       К  –    – const (   [0,7; 1,4]  

   ). 

    𝑆𝑝 

 𝑆𝑝 = √ 𝑝 + 𝑝   ,                                                                                (2.19) 

 

  –    –   -

; 

      Qp –    –   

. 

   Pp    -

  : 

 

Pp =  Кp * P   ,                                                                                    (2.20) 

 

 К -   –   -

 (  ,     = 1  n  -

  ); 

        –    (  ). 

    n , ,  : 

 𝑛 = ∑𝑃∑𝑛∙𝑃𝐻  .,                                                                                        (2.21) 
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  –   ; 

       n-      –   -

. 

   Qp,  : 

 

 𝑝 = , 𝑐    ,                                                                             (2.22) 

 

  n >10,  Q  = ∑ Q  ;    𝑝 = , 𝑐; 

       Q  –    –   -

. 

      Q ,  

   ,        

,        -

 ,     : 

 𝑐 = 𝐾и ∙ = 𝐾 ∙ ∑ tg𝜑   ,                                                        (2.23) 

 

 𝐾и –  ; 

        –   ; 

       tgφ –    –   -

.  

   1,    

   ,     -

   . 

 

2.3.3     

 

        -

   ,      -
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.        -

  , ,     -

 .       

 ,  ,   ( ), -

   , ,   , -

  .  

         

    .   -

    :   -

     ,  

   

 

𝑛 = 𝑛 η⃗ ,  ⃗ , 𝑆 , cosφ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗  , , 𝑛 , 𝑛                                                     (2.24) 

 

   Z,   

Z = { 𝑆 𝑃c s𝜑 ;  𝑆 𝑃c sφ ;  𝑆 𝑃 аη а ∗c s𝜑 ; 𝑆 𝑆 + 𝑆 +𝑆 ;   𝑆 𝑃 аη а ∗c s𝜑 ;  𝑆 𝑃c s𝜑 ; 𝑆 𝑆 + 𝑆 + 𝑆  ; cosφj  = 0,8; 

  𝑃𝑦 𝜂  ; 𝜂  ∈ [ ,  , ]}, 

  η⃗ ,  ⃗ , 𝑆 , cosφ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗   –    ( ); 

        , n , n  –   ( ); 

       S 5 –    5; 

       S 6 –    6; 

       S 7 –    7; 

       S 4 –    4; 

       S 3 –    3; 

       S 2 –    2; 

       S 1 –    1; 

        2 –    2; 
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        3 –    3; 

        1 –    1; 

        2 –     2; 

        1 –     1; 

       η  j,  j=1,2,3 – s    1, 2, 3; 

       η 1 –       1; 

       η 2 –       2; 

       cosφ1, cosφ2, cosφ3 –    1, 2, 3 -

. 

   –      

   ,     

  ,     

.      -

 

 η⃗ ∗,  ⃗ ∗, 𝑆 ∗, cosφ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ ∗ , , 𝑛 , 𝑛 .                                                          (2.25) 

 

З    

  D       

 Dk   ,   -

 ,      . 

 =     , 𝜂 , cosφ ,                                                                             (2.26) 

 

 k = 1,2,…,l; 

        k   –     ( ); 

       ηk –     ( ); 

       cosφ  –    ( ); 

       l –       . 
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       -

            -

.        

 

    = min𝑃    ≥ 𝑃   ∗        ,     = , , …𝑛 .                                             (2.27) 

 
        

     𝜂        -

 

 𝜂     = max 𝜂     ≥ 𝜂    ∗  𝑃     = 𝑃     
𝜂   ,    j = 1,2,…n .                                                   (2.28) 

 

         

      . 

З    

      𝑆      -

     𝑆     .  

       -

 .   

 𝑆     = min𝑆     ≥ 𝑆   ∗  𝑆     ,       =  , , … 𝑛 ,                                            (2.29) 

 

 𝑆     -    ( ). 

 ,       -

   : 

 < ,     > ,        =  , , … 𝑛 ,                                                              (2.30) 
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< 𝑆 ,     > ,          =  , , … 𝑛 .                                                          (2.31) 

 

 

 

2.3.4      

 

      ,  

    ,   -

  .  

      , 

 , ,    .  -

 2.2    .  

 

 2.2 –     

   

ID     ( ) 

Name    

nom,     

KPD     

cosφ    

Price,     

 

    ,  

,  ,       -

 ,   ,    2.3. 

 

 2.3 –     

   

ID     ( ) 

Name    
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S ,     

    

,       

,       

,     

       -

   .        

.        2.4. 

 

 2.4 –    

   

ID     ( ) 

Name     

S ,      

KPD      

osφ     

     

,        

,       -

 

,        -

 

Ca    

n     

 

         

     ,   -

,    .      

  ,   -

,  . 

 

2.3.5     
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      :   

   (2.24),  .   

    .  -

     ,  

  2.3.3.  

      -

 ,   – ,  -

    ,   . 

  ,      -

   ,    -

       .  

      

,  –      . -

     0,8, . .  -

    ,   , . . 

cosφ1 = cosφ2  = cosφ3  = cosφj = 0,8.     [2]. 

       (2.30)  -

 (2.31).       ( ) 

    ,    . 

   ,    2.3.3  

,       (  2.2) 

         

 2.3.2  .  
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 2.2 –      

 

         

,        -

 . 

 

2.4    

 

        : 

 ,  ,  ,  

 . 
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      , -

       .  -

 [1, 5, 15,17,19, 26,27] ,   ,  

 ,  ,     -

 .      -

     . 

    –  ,    

  :      , -

   .1  .2,   (  .1),   

 (  .2)  .  ,     -

  ,    ,  -

     . 

    ,    

 , ,     

. 

       -

      , -

  (2.27-2.29)    ,  

      . 
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3      

 

3.1     

 

      ,  

    ,   -

  .  

  3.1     -

 c  : 4 , 4 , 4 , 4 , , 3, , , -

2, 4, 2, 2 , 4, 4 , 4 , , , 2, 2,  

( )   ( ).  

 

 

 3.1 –   

 

    3, 6, 10, 20, 35, 110, 150, 

220, 330, 500, 750  1150   : ,  , , 

 ,       -

,  (  3.2).  

 

https://online-electric.ru/dbase/adkz.php
https://online-electric.ru/dbase/adkz.php
https://online-electric.ru/dbase/adkz.php
https://online-electric.ru/dbase/adkz.php
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 3.2 –   

 

      3.3.  

      .  

  

 

 3.3 –   

 

         

    ,  , -

  ,    . 

       -

,   ,  . 

 

3.2      

 

      -

 PHP, MySQL, Open Server.  

     .  -

        . -

      : -

; ; ; ; . 

  PHP  ,      -

 .    PHP   

 « ». « » PHP    ,  -
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.    .   « -

» PHP       .  

   ,    -

;       -

    .       

 ,      

    . ,   

      (  

      ).  -

        .  

      ,   

       -

.     ,     

    ,      

   .      -

    . 

    ,   -

      .   

      HTML,     -

    JavaScript, WML, XML   .  , -

        -

.         ,   

        -

.  ,        -

.     ,    

web- ,     . PHP 

    : Apache, Microsoft IIS, Netscape Enterprise Server, 

Stronghold  Zeus. 

SQL -    , -

  ,       , 
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     . -

:        ,  -

 ё   SQL-        

   .        

     SQL  

   « » .   SQL -

   ,      -

. ,    ,     -

 SQL- .  

      PHPMyAdmin. 

PHPMyAdmin —  - ,     

,    web-  PHP   -

 -     MySQL. PHPMyAdmin  

     ,       

 .          

SQL.  

OpenServer –   . Open Server  

    WAMP ,      -

  : 

- Windows —  ,      

  ; 

- Apache — web- ,  « »    

Open Server; 

- MySQL —      , -

        ; 

- PHP —     . 

         -

  Apache, PHP, MySQL   . 
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3.3    

 

   ,   -

         -

 .       -

,   ,  ,  -

   ,    -

,     .   

        

3.4. 

 

 

 3.4 –    
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3.4    

 

3.4.1        

 

        -

    ,   

:  ,   ,  ,  

 ,  ,   , -

 .        

3.5. 

 

 

 3.5 –     

 

3.4.2    

 

        -

.       3.6.  -
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  , ,    , 

    ,      

.        . 

 

 

 3.6 –     

 

3.4.3     

 

        

    .    

 :    1,2,3    -

 .      

 NP –  , Gmax –  ,  

 ,F –   , Cr –  -

.      [0, 1],  -

  [0,4, 1].    [0, 1], -

    0,5.    -

   3.7.  
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 3.7 –      

 

3.4.4    

 

        -

    ,   -

.       3.8. 
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 3.8 –     

3.4.5     

 

       

     ,    

 .       3.9. 

 

 

 3.9 –      

 

3.4.6    

 

      . 

  , ,      -

  ,    ,  -

 .       . 

      3.10. 
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 3.10 –     

 

3.4.7     

 

         

     ,   -

       .   

     , -

  ,    -

 .        

           , 

   ,  . 

      3.11. 
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 3.11 –      

 

3.4.8    

 

      

    , . .    -

 .      3.12. 

 

 

 3.12 –     
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3.5    

 

3.5.1    

 

         

 ,  ,   , -

    ,    ,  -

,     3.13.    « » -

  . 

 

 

 3.13 –    

 

        3.14,  

         -

.       -

,   ,  -

,   ,     -

,      [16],   

  .    -

     . .   
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      ,    

 – . 

 

 

 

 3.14 –    

 

       

 0.12,    100 . ., 

    6.4%    

4.3%   .     -

 3.14.    « ».     

 3.15   « ». 



64 
 

 

 3.15 –    

 

      -

     . 

 

3.5.2    

 

     ,    

       Open Server. 

    , : 

-     «OpenServer/domains», sapr.loc; 

-          -

 Open Server; 

-        «  » (  3.16). 

    ,    . 

 

 

 3.16 –  sapr.loc   «  » 

 

         .  
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В        

   ,    , -

   3.17.         

  «  » user, « » -  user,   « »,  

      – admin,  – ad123.  

 

 

 3.17 –   

 

      (  3.18).  

        

   . 

 

 

 3.18 –   

 

    :    

1,2,3     .    
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   NP –  , Gmax – -

 ,   ,F –  -

 , Cr –  .     -

 [0, 1],    [0,4, 1].  -

  [0, 1],     0,5. 

   « ».       -

  ,    – ,     

3.19,   F –    1   -

  . 

 

 

 3.19 –    

 

В   

      ,    

 ,    , 

        -

    ,    « » ( -

 3.18).       

   ,    –  



67 
 

  .   3.20      

 1      10    

– 4.  

 

 

 3.20 –    

 

      -

     ,      

   .   3.21  

    1      10  

  – 4.  

 

 

 3.21 –    
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 «  »    -

       CSV.    -

,     «   CSV»,     

result.csv    MicrosoftExcel (  3.22). 

 

 

 3.22 –   

 

  « »,     -

    (  3.23),   

  ,   

,     . 

 

 

 

 3.23 –     
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   .   

  ,      -

,      [16].  

       

. .   ,     

,       

  ,     – .  -

       « ».  -

       « »   

« »,     3.15. 

  

  – result.csv    3.24,   

      ,  -

 ,      . -

       MicrosoftExcel,   -

:  « » –     –     result.csv 

   –    « ».     

( ),         , 

    ,  « ».   –   

:  ,   ,  « ».   

,  « ».      

. 
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 3.24 –   
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      -

     ,    

   «  » –  

         

 .      -

,       -

        

.      

 ,     . 

     :  

1)        

   ; 

2)     ,   

       ; 

3)    «  »  -

  .  

        

    ,    -

      .  

       -

.       -

 . 
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 .2 –       (  Excel, ) 
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 .1 –     

Т п S о ,кВА 

п я е е 
о отк    оте ,кВт   Uк ,% Ixx,% 

    В   хх к      

Т -25/6 -

10 25 6; 10 0,4 0,17 0,6 4,5 3,2 

 

 .2 –      

Nопт n К  Sc S .т 

7 7 0,7 34,47327 3,1 

 

 .3 –   

оте  Акт е е кт е 

Холо то о ход  хх  Qxx 

  0,17 0,265141 

Ко отко о к я п  I о  к  Qк  

  0,6 0,1395 

Ко отко о к я п  у ке 
К  К ^2*Pк  К ^2*Qк  

  0,294 0,068355 

ол е поте  т Qт 

  0,464 0,333496 

 

 .4 –    

ощ о т  7 14 10 

Кпд 0,82 0,85 0,87 

поте  1,26 2,1 1,3 
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