
  77    4 2017

    

   
 

 621.31

  , . . , 
E-mail: sbelov-@mail.ru

  
E-mail: petrov_ps@inbox.ru

    –   . . , . , 49, 
, 127550,  

   
   35-220 

  35-220      .   -
   ,         

     ,     .  
         -

  ,          -
  ,          

.          8 . 
         -

 :   ,  ,  -
  .    .   , 

     :  – 16,2%,  
 – 31,2%      – 20,6%.  -

   –   .       
      2017-2018 .      

          2009-2016 . -
  ,  12 .      -

 –     2…3      .  
      ,      

   ( ).       
 35-220       ,   -
  .

 :  , , , ,  -
, ,  .

.     -
    

,     
   35-220 ,  -
     -

   ( ).  -
      

     -
     

    -
     . 

     -
    

  .   
    -

  ,    -
 (     , 

      
 , ,  , ,  
 .)    (  

    
) [1-2].



78    4 2017

    

  –  -
      

    35-220  -
 .

  .    
    35-220   -

  Microsoft Excel 2016, Statistica 12 -
    .

 .   -
       

     

      -
  2009-2015 .    2016 . 

  ( . 1)    
  .

    -
    35-220    

   2016 .   -
 1.     -

    2016 .  -
     

( . 1, 2).

. 1.      35-220  
   2009-2016 .

 1
       35-220  

    –  2016 .

 
  

   

 2016 24 14,9 16,4 15,0
 2016 15 12,5 14,9 13,7

 2016 12 10,3 13,3 12,2
 2016 8 9,0 12,6 11,0

 2016 9 8,9 13,3 9,7
 2016 8 9,2 11,1 10,5

    -
    

,    
.  ,    -

     -

.    -
,   ( ), -
    ,  

 -     [3-4].  -
   Microsoft Excel 2016.



  79    4 2017

    

 2
        35-220  

    –  2016 .

 
,%    

  

 2016 37,9 31,5 37,5

 2016 16,5 1,0 8,4

 2016 14,4 10,7 1,7

 2016 12,7 57,1 37,2

 2016 1,4 47,6 7,6

 2016 14,4 39,3 31,4

 ,% 16,2 31,2 20,6

    
     

.       
    

,     -
     
 2009-2015 .

  –   ( -
   ), 

. .     
 .     

     . 
 ARIMA     

 ,      -
 .    

     -
   (   

   ). ,  -

 (     
),    -

      -
   .     

    -
  [5-6].

  ,   -
 2,    

 .   -
     -
    , 

    . 
      

      
35-220     2009-2016 .   

   2017-2018 .   
Microsoft Excel 2016.   -

   ( . 2).

  
 

 
 

 
 3

5-
22

0 

. 2.       35-220  
.   2017-2018 .



80    4 2017

    

    -
     -

     . 
    Statistica 12. 

     -
     

( . 3).

     
,     -

 ,  ,     -
 .    -

   ,  12.  , 
    ,  

  12.   12 ,   .

. 3.      
  35-220     2009-2016 .

 ,     -
 ,    .  -

      -

      ( . 4). 
    -

    .

. 4.       
  35-220     2009-2016 .



  81    4 2017

    

      -
   .   ( . 4) -

,      -
 12,    . -
 ,     , 

 6  24 .    
     ,  -

 ,     12 -
    ,   

  6  24.    -
,     

  ,  12 -
.

     -
 ,    

    ,  
      

35-220 .    -
     

 2017-2018 .    -
      -

      
35-220 ,  12 .   

  ,  -
    . 

 ,   -
,     -

   2…3     -

 .      -
  ,   

      
( ).

 ,   
     

35-220   .   2017-2018 .   -
 .

 

1.  . .,  . . -
  . .: , , 

2015. 656 .
2.  . .,  . . . 

 . .: -   . . -
, 2009. 119 .

3.  . .,  . .,  . ., 
 . .  : -

. .: -   . . , 2011. 
143 .

4.  . .,  . .   
. .:   , 2002. 480 .

5.  . .  . -
 . . 2. .: - , 2001. 

432 .
6.  . .,  . .,  . . 

.  . .: , 2007. 
504 .

  14.05.2017

FORECASTING EMERGENCY DISCONNECTIONS IN POWER 
NETWORKS OF 35-220 KV

SERGEY I. BELOV, PhD (Eng), Associate Professor
E-mail: sbelov-@mail.ru

PAVEL S. PETROV
E-mail: petrov_ps@inbox.ru

Russian State Agrarian University – Moscow Agricultural Academy named after K.A. Timiryazev, 
Timiryazevskaya str., 49, Moscow, 127550, Russian Federation

The reliability of the 35-220 kV network is of great importance for consumers. Often, these electrical 
networks are mutually redundant, but there can also be cases of simultaneous coincidence of two emergency 
situations on the main and backup lines, which con  rms the importance of the reliability forecast. The results 
of predicting the number of emergency outages in electrical networks represent a kind of important information 
for power engineers, the analysis of which leads to taking additional measures to increase the reliability of pow-
er networks, as well as obtaining information on timely replacement or upgrading of the applied equipment. 
The authors have analyzed statistical data on the number of outages in Moscow for 8 years and considered the 
most effective ways of forecasting the number of emergency outages in electric networks, such as the interpola-
tion of time series, mathematical expectation, autoregression of the integrated moving average. A comparative 
analysis of the data has been also carried out. As a result, it has been found that the forecasting methods have 
the following errors: interpolation – 16.2%, mathematical expectation – 31.2% and autoregression of the in-
tegrated moving average – 20.6%. The authors have found the interpolation of time series to be most accurate 
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method. With the help of this method, they have made a forecast of the number of emergency outages in Mos-
cow for 2017-2018. Using one-dimensional Fourier analysis and autocorrelation analysis of data on the number 
of emergency outages for 2009-2016, they have also determined the presence of seasonality equalling to 12 
months. of The seasonality analysis of the accident occurrence has revealed a regularity – an increase in the 
number of accidents in 2…3 times in summer as compared to winter. This is due to heavier operating conditions 
of the networks caused by heat and an increased load on the power network (air conditioners). The long-term 
assessment of the reliability of 35-220 kV electric power networks will make it possible, if necessary, to apply 
various measures aimed at reducing the number of failures.

Key words: electrical networks, reliability, forecasting, seasonality, emergency shutdown, interpolation, 
mathematical expectation.
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