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The important and topical questions of methods for modeling the 
operation modes of large electric energy systems (EES) and power connections (EO) 
with the purpose of selecting the most effective for use in distributed regime simulator 
systems are investigated. Conceptual, external and internal schemes of a database 
(DB) for storage and quick access to the parameters of power systems and the results 
of modeling their operation have been developed and implemented. The results of 
computational studies of methods for calculating the steady-state operation of large 
EES and examples of the application of the developed methods are presented. The 
ways of creation of modern professional system of continuous training and advanced 
training using the network of virtual scientific and training centers of modern 
electronic system of training and training of operational dispatch personnel in power 
engineering are suggested. 

        
    ,  '  ,   

-  .      
     '    

,    ,       
 ,       . 

        , 
       

 ,  ,    
  [1],     ,  

    (   ) 
-      . 



95 

 ,  , '    ,  
   . 
 

    , '    
,       ( )  

           
.    ,  ,    

'   , ,    
    [2]. 

       
    -  .   

       
 .       

        
         

   ( ),  . 
   ,         

       
, ,  ,  

    ( )     
 .          

, '   , ,     
.      . , ,  

1%    ,       
 '         
,    . 

 
.      

    '   ,  
         

         -
   .    

       
        [1, 6, 7, 9]. 
  '       

         
         , 

       
( )    [2, 3, 10]. 

       
          

'  ( ),  '    .   , 
        : , 

,  ,    – 



96 

  .       
           

      ,    
 . 
         

        
/   ( ).       

     ' ,   
  ,     , 
      .    

  -  ,   '   
 ,         
.        

         
        

     (   
)  . 

   '     
,      . 
       '   

     . 
         

       
         

'   . 
        

    ,    
        

. 
  '    ,    

 ,      
        

      . 
'          

  .       
" " ( )  "  " ( ).   

        . '  
      

  ,  ,    
   .     

       '  
( ,  ,    ),  

,   ,       
,        .   



97 

     '    
       , ,   

,         
   ,   '    .  

       
        

 -  . 
       

   ( )      
 '      ,    
 ,    .  

      
  ,      –  

       . 
       

,           
   .    

     ,    
     . 
 [1, 2, 3],   -    t   

    -     f    
        

( / )   fs tI )( : 

 fsfssfs tUYtI )()(    (1) 

 fssY  –    f-    ; 

fs tU )(  – -   ; fs tI )(  – -  

 . 
     ,   (1)  
        )(tI s   

    )(ˆ tUs : 
 

 )(ˆ,)()( tUtUYtS sssss    (2) 
 

 )(tSs  –    . 
 (2)       , 

       .  
  (2)      

: 



98 

 

ji

kj

ji
j

ji

kj

ji
j

jiii YUUYUS
11

2 ˆ   (3) 

 
2

iU  –     i, k –     
 i, i –    . 

      iS    
    .       

 . 

 

kj

ji
j

ijjiijjiji

kj

ji
j

jiii bgVVgVP
11

2 )sincos(  (4) 

 
)sincos(

11

2
kj

ji
j

ijjiijjiji

kj

ji
j

jiii gbVVbVQ  (5) 

   i iii jQPS ,  jiij . 
     ,   

      000 iii jBGY . 
 (4)  (5)   : 

0
2

11

2 )sincos( ii

kj

ji
j

ijjiijjiji

kj

ji
j

jiii GVbgVVgVP  (6) 

0
2

11

2 )sincos( ii

kj

ji
j

ijjiijjiji

kj

ji
j

jiii BVgbVVbVQ  (7) 

        : 
'''

iii jUUU ,   – '''ˆ
iii jUUU ,    

)sin(cos iiiii VjVU ,     

)sin(cosˆ
iiiii VjVU , 

 2''2' )()( iii UUV  –   . 
   i-      : 

'

''

i

i
i U

Uarctg . 

 



99 

     (6,7)   
       

         
 f-       : 

 )()()(
11

tStStS f

mf

f
Íf

mf

f
Ãf ,   (8) 

 
mf

f
Ãf tS

1
)(  –    f-  ; 

mf

f
Íf tS

1
)(  –   

  f-  ; )(tS f  –      f-  , m – 
 . 

  (8)  ,  ,    
      ( )   

        
 -  .     

   .  
    fssY     

  fs tS )(       ,  

fs tU )(  – . 

      (6, 7)  
   f-   fs tU )( .  ,  

      f-     
    fs tU )(      t. 

     f-      
       

 )(tSs ,    (2): 
 

 )()(ˆ,)()( tStUtUYtS ssssss   (9) 
 

       
          . 

      [3, 4, 5, 8],  
     (6, 7)       

. 
         

   -   - .   



100 

 -        
      .     

     . 
   -     

       
    (6, 7)      

 .        
        

       
    ' ,     

 .       
       , 

,  0.01 ,        
'        .   

        
      . 

    -     
      

  .     
        

. 
-         

       ,  
    ,  , 

' ,    . .     
     ,      

    -      
       , 

'    . 
          

      [4, 10]. 
         

    ,      
   .    

        
     .     

       
        

( )   ,     (9). 
    ,    '   

 ,        .  
 ,   ,      

    ,  ,   
,   , –  .  



101 

       
       ,   

       ( )   
 .       

   ,  . 
       

     1  3 ( . 1, . 2). 
       

     ( . 1)   ( . 2). 
 

 
. 1.    

     
 

. 2    
      '  

 
 

    1       2 
 

  
 

 
 

 
 

 

( )sS t

1 1  
 

P1,Q1, f1,… 

2 2  P2,Q2, f2,… 
3 10  P10,Q10, f10,…

4 3  
 

P3,Q3, f3,… 

5 5  P1,Q1, f,… 

6 7  P5,Q5, f5,… 

7 11  P11,Q11, f11,…

8 4  P4,Q4, f4,… 

9 12  P12,Q12, f12,…
 

    
/

 

1 2 5 y R,X.K,… 
2 2 3 y R,X.K,… 
3 3 5 y R,X.K,… 

4 3 7 y R,X.K,… 

5 5 7 y R,X.K,… 

6 1 3 y R,X.K,… 

7 10 3 y R,X.K,… 

8 1 10 y R,X.K,… 

9 7 10 y R,X.K,… 

10 2 11 y R,X.K,… 
11 5 4 n R,X.K,… 

12 4 12 y R,X.K,… 
 

 



102 

        
        

,    ,  s , 1 , 2 ,  –  ( ) 

    ,  , v  –  ( )    
. 
 

   

s     
1  v  2  

1 8 3  1 6 4 
4 2 2  3 7 4 
4 3 5  2 1 5 
4 4 6  6 9 3 
2 10 7  5 5 6 

 
  -        

    '   kE : 

kkkkkk ZIZIZIE ...2211 , 

 1kZ , 2kZ   . . –    -   1- , -   2-   . . 

; kkZ  –   -  ; 1I - kI  –  . 
        
       . 

    kI     
   -    

       
     . 

       
    .  

          
   .      

 ( )    .    
        

,     –       
 ,          
   . 

,     (3)  (   )  
 /     ,  , 

    .    
         



103 

     . ,    
      (6, 7),  

     .  
     '  ,   40 . 50 

,   ,     , 
    .      

       
      

    '    .   
3         

       '    
  . 

 
 3 

   
  

'   
/  

 ,  
 

-
 

 
 

1.   600/900 0.045 0.067 
2.   700/950 0.053 0.078 
3. -   600/700 0.075 0.089 
4.   500/600 0.078 0.097 
5.   4500/5000 0.46 0.96 
6.   680/800 0.058 0.078 
7.   900/1200 0.23 0.68 
8.  

 
17000/20000 23,18 3,92 

 
 -   ,   

,        
     .   

        
    .  . 3 

       
. 

     
        

       
 ,      

. 

 



104 

 
 

. 3.        
 

 ,    , 
            

       
      .   

      
        '   

      
. 

     
     -  

        
        

-   ( )     
. 

      
      

       '   
 . 

 
1.  . .,  . .     

     // . -    
: . . . – .:  . – 2017. – .  48, .52-58. 

2. Jianwei Wu. Simple technique to determine the Givens-Rotation matrix in the two-source 



105 © . . , . . , . .  

ICA problem for skewed sources // IEEE Electronic Letters, vol. 52, 8, 2016. – P.613-615. 
3.       : , 

,  (PDF Download Available). Available from: https://www. 
researchgate.net/publication/292960505_Mirovoj_rynok_komputernyh_trenazerov_dla_obu
cenia_operatorov_tendencii_vyzovy_prognozy. 
4.  . .,  . .,  . .,  . .   

    //  . . . . .: 
: , 2008. – C.256. 

5. Gurieiev V., Sanginova O. Simulation and study of modes for full-scale mode simulator 
for Ukrainian energy systems, 2016 2nd International Conference on Intelligent Energy and 
Power Systems (IEPS’2016), June 7-11, Kyiv, Ukraine, pp. 97-100. 
6. V. Dozortsev, V. Nazin, A. Oboznov, S. Gutsykova, A. Mironova. Evaluation of the Process 
Operator Knowledge Formation Resulting from Computer-Based Training // In Proceedings 
of the ECEC'2015-EUROMEDIA'2015-FUBUTEC'2015 Conference (Lisbon, Portugal, 
April 27-29, 2015). Pp. 118-123. 
7. Dozortsev V.M., Nazin V.A. New Approach to Training of Technical Systems Faults 
Diagnostic Skills: Use of Probabilistic Models // 13th IFAC Symposium on Information 
Control Problems in Manufacturing, Moscow, 2009. Pp.701-706. 
8.  .      ( ) / . . – : 

, 1972. – 544 . 
9. Operator Training Simulation Global Market Research Study. Market Analysis and 
Forecast through 2017. ARC Advisory Group. 2012. 
10.  O. .,  .O.,  . .     

    ,      
 //    , 1(124), 2016. – 101-107. 

 
 22.02.2018 . 

 
 
 

 621.791:669.2/8:621.643:620.179.1 
 

. .  

. . ,  
. . ,   

 

 
 Developed and implemented a set of mathematical models and the 

means of their computer implementation, allowing to predict the kinetics of the stress-
strain state of welded aluminum pipe elements with three-dimensional defects. Criteria 
for the initiation of macro destruction are proposed. The peculiarities of the influence 
of such defects on the structural state under the effect of internal pressure are 
considered. 


