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Koshcheev L. A.

The history of NIIPT – STC UPS: 1945–2015.
A brief historical review of the development of NIIPT – STC UPS over period of 1945 to 2015 

is given.
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 621.311.1
. . , . . , . . , . . , 
. . , . . 

      
   

     «  »    
    ( )   ,   -

         
,        -
 ,        

,         
,          

( )      ,    
  6 (10) –35–110 ,       6 

 10 ,    35    .

 :  «  »,    , -
   .

      –     
 ,       

    ,    
        

 ,      
  .

  -  ,  ,  
     (  ,  -
-       . .).    

     . 
        

 2007     (      
    ).

 2008           -
        

         
    2020 .

 2009        
   .

  2010       -
   ,      

      ,   
  .

 2010     ,     
 ,  .  2010      

38 ,        (3 -



          21

 , 6  ).       -
  -      

  .      ,    
      .  ( -

)        (    
     )  - -

    ,   , -
        .

       -
,         -

     - , 
   .

 ,     , ,  
    -     
   (  2010 )     (  2012 ).

       100     
,     -2,  -2,  -

 ,      (  ).

       -
        

 :
1.        -

.     /     -
,       

  .
2.         

  .
3.         -

         -
  ( ).

4.         
  .

5.       -
.

6.      ,  
  .

        -
        -

      .  , 
 ,        

  :
1.        ( )  .
2.    .
3.      , -

 ,        



6 (10) –35–110      35   -
 .

4.       .
5.       -

   .
6.       ,  -

       .
7.    ,     -

   6 (10)  35 .
8.      ,  

 .

      
  ( )   

        RastrWin 
          

( )   ,          
     (  ,  , 

    ).     -
     28      

4    ,  32  .    
       -
  – , ,    .  , 

     10-     320  
    RastrWin.

        2020 .   
  2008 .    2009 .      -

   ,       
,       , -

   –    ( )   
     « » ( ).   

         [1] 
(   ),      

,       -
,         

   ,   .  
    2010 .      .

         
:

         
 (  110   );

    ;
   –       
,          -

 ;

22 . . , . . , . .   .



          23

            
 ;
     .

        -
,        /   

        .  
   220        

 .   110   -
,      – .     

 110 ,       
 ,      , -

,     110 ,   ,  , 
   . 
  ,      

        -
    ,    -

   .       
        

        .
       -

          
       . -

          
  .

       
    

         -
        , -

          
  -2,      -2  -1 

 ,      -2  
 (  « -1»).
        -

        ( . ), 
   .

         -
      «  – 

 – »  «  – - -  – », -  
   .   220–110  ( ), 
   750    –    

        .
,          

          
 - .



       ,  
 «  »,  « -1»,  « -2»,  « » (  

),  «  „ “»,  « »,  «  », -
   .

     . , ,  
  -2       «  „ -

“» .         
    .

         -
    .    

          -
   ,    1987 .  

     -  
         

   .   -
-         

  ,       
    .

      
  

         -
        

         -
         , 

       . 
         1150   -

        -
         .

           
 2020        -
   500  «  – »   ,  

  500  .

     
 

         -
      .  

   ,  ,     -
  ,     -

 ,    «  ».
      -

 ,           
,      [2–7].   

24 . . , . . , . .   .



          25

     ,         -
       

 ,         -
 .       

    [8–10].       
     .  

         -
  :     , -

         
,      .

         
 ,       -
        -

     ,       
     [8].    

  (  )    -
         

          -
 ,       [11].   

     ,  , 
 ,     -

   [4].      -
  ,      .

        
      , -

     ,   
  ,      

    .  ,  
       

        
    ,    

 .      -
      ,   

  .
        -

           
         

.         
    .

     
   

         
      ( ) « ».  -
  , , ,     



      ,      -
       

   ,     . 
         
       ,  -

 (  )  .    
          -

     .   -
              

   ( ,        
 ,    ,  ).    

 ,         -
       ,  

   ,       
   .        

         
 .

  « »     ,   -
     :

1.    –     -
,       (  « »).

2.    –      
    ,    -

  ,       , 
        -

     (  « »).
3.  –     , , -

    (  « »).
4.   –       -

         
   RastrWin (  « »).

      – -
     ( ,  -

  ),   –       
  (   , ,   -

)   –   ,  , , 
       .   -

        -
          

     . ,       
         -

     , ( ) ,  
,    .

 . 1    ,    
      ,   

26 . . , . . , . .   .



          27

      , , 
 .      

         
  .

. 1.    « »

       ( -
  )    .    

  « »       , -
,  ,  .     
        .

    : « », « » 
( ,   ), « »  « ». 

           
   .

      C#  -
  Model View Controller, Entity Framework, LINQ.   

    Microsoft SQL Server.   -
   ,    -

  «  »,     [12].
           -
.

       
  ( )    

  
       ( ,  

   )        
     -       



   .      -
. 

            -
,    . ,   

,   110–220     100  -
   110    20   220 ,  ,   

 .   -       -
  20  .

          -
             . 

        , 
        

  RastrWin [13].        -
        

            
  . 

 ,        -
          ( -

 ),       
   .     

 ,        
 ,           

 . 
     -    -

 -       -
 ,   .
 ,        -

       -
   .    
   ,     -

 ,         RastrWin 
  .

 ,        
           

         [14].

,      
  6(10)–35–110 ,   

    6  10 ,  
  35    

         -
       ,  -

   - .    
           

.    2011–2015 .    30 .   

28 . . , . . , . .   .



          29

         -
, ,       -

    -  (2013), -  
       , 

  -       
(2014).

          
 « »        

      ,  
 ,          

 . 
 ,       

   110      , 
     .     

   (     )   
   110      

63–80 .         
2,5–4 ,     6(10)/0,4   

.      110/10(6)    
80         , 

   100 -      
  6(10)      ,   -

   6(10)      .  
      -

: 330/220/110/35/10/6/0,4 .        
       

  .
         
 « »      -

 [15,16]       35 . 
          

  6(10) ,    35    
 35/0,4 .       

 ,   330/35 ,   
 .       35 , 

         
6(10) ,      -

 35/6(10) .
 ,         

-       
 6–35   « »    , -

     .    -
   10   « »   110     

      -   
  .



     
,    

   «  » «   » 
      ( -

    ,    
,        -

 ).
         -

  ,    .  
,        -

       ( )   
   (  ,     ) 

 ,      
     

 ,        
.

        :
       -

;
    , , -

       -
.

         
( -7  «  », . )    

       : 
 « »,  « »,  « -11»,  «  -
 »,  « »,  «  »,  « 4- »,  

«    »,  «  »,  « », 
 « »,  « ».

-7        , 
        , -
       ,  

,  .
 2015  -7        -
    –       

        .    
   ,   ,  «  

».

 
1.   ( )    

    (    15  ).  
      «  » 24.12.2009,  486.

30 . . , . . , . .   .



          31

2.  . .,  . .,  . .   -
    //  . 2012.  7. . 5–10.

3.  . .,  . .     -
     . – : 
    , 2014.

4.  . .      -
     //  . 

. 2012.  6. . 27–38.
5.  . .,  . .    -

   //  . . 2014. 
 2. . 96–106.

6.  . .     -
 . – ,   - , 2002.

7.  . .,  . .,  . .,  . .   -
        

 // -   . 2013.  2. . 44–51.
8.  . .,  . .,  . .   -

 . – .: , 1981.
9.  . .   . – .: , 1969.

10.   . .    . – .: 
, 1986.

11.   17330282.27.010.001-2008 « .   ». 
   «  »  17  2008  289.

12.    « »    -
    (  « »).    

     2014614010  14.04.2014.
13.   . .,  . .      

      //   -
 . – . 2010.  64.

14.   . .,  . .    -
  ,   //   
. . 2013.  4.

15.    . .,  . .,  . .,  . ., -
 . .        -

    330     
  35     // . -

  . 2014.  6 (27).
16.    . .,  . .,  . .,  . .  -

         
     // . 2015.  1 (48).

  ,   ,   
     -    -

  (  «  »).
AbakumovSA@nsk.so-ups.ru



  ,      -
 -      (  «  »).

E-mail: brilinskiy@ntcees.ru

  , . . ,     -
    -      

(  «  »).
E-mail: vagin@ntcees.ru

  , . . , ,    
   -      

(  «  »).
VishtibeevAV@nsk.so-ups.ru

  , -  . , ,   
     -    -

  (  «  »).
E-mail: smolovik@ntcees.ru

  , . . , ,    
    -     

 (  «  »).
E-mail: shargin@ntcees.ru

Abakumov S. A., Brilinskiy A. S., Vagin V. P.,Vishtibeev A. V., Smolovik S. V., Shargin Y. M.
The solution of power systems development scienti  c and practical problems in STC of the 

UPS.
The main activities in the  eld of the power systems design and development of JSC «STC UPS» 

and its branch of  ces in Moscow and Novosibirsk are described in the paper: perspective computer 
models of UPS of Russia actualization, development of the power plant power distribution schemes 
and large power objects exterior power supply schemes, power system states of the prospective 
power objects research, development of UPS of Russia capacity adequacy indicators methodology 
calculation, information system for perspective UPS of Russia computer models maintenance, 
creation of models for short-circuit current determination and development of measures for limitation 
of short-circuit currents, city power grids 6(10)–35–110 kV design and reconstruction, neutral ground 
connection in power grids of 6–10 kV and advanced 35 kV voltage class application for city power 
supply research.

Key words: JSC «STC UPS», power systems design and development, perspective computational 
schemes of IPS.
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Garaev U. N., Lochanin E. K., Rossovsky E. L.
Features of modeling of synchronous direct and quadrature axis machines.
Existing synchronous direct axis excitation machines not always allow to fully solve the problems 

of stability and reliability in steady and transient modes of power supply systems. These machines are 
able to work only in small areas of reactive power consumption, that is associated with a violation 
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of their stability. Much better technical characteristics has synchronous direct and quadrature axis 
excitation machines (SM DQE), especially in the conditions of reactive power consumption. SM 
DQE dynamic stability little depends on the mode of reactive power and signi  cantly higher than 
the traditional synchronous generators, which in the modes of reactive power consumption demand 
signi  cant reduction of the load. The existence on the SM DQE rotor of two  eld windings allows 
under certain control laws of excitation systems to ensure independent control of electromagnetic 
moment and stator voltage.

Key words: Modeling synchronous and asynchronous machines, calculations of transient regimes, 
excitation control systems.
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Bliznyuk D. I., Berdin A. S., Kovalenko P. Y., Cherepov A. S.
Instantaneous state parameters during electromechanical transients.
Estimation of magnitude, frequency and phase values of steady-state regime parameters (current 

and voltage) is an urgent problem nowadays for dynamic processes study in non-linear systems (in 
power systems in general as well as in generators particularly). Modern phasor measurement units 
provide measurements of 50 Hz sampling rate (one measurement point per 20 ms) according to the 
IEEE 37.118-2005 standard. To date there is a number of methods employed for state parameters 
calculation. These techniques are based on the assumption of signal parameters permanence. It is in 
con  ict with non-linear characteristics of electrical systems equipment. Existing approaches to state 
parameters estimation with sampling rate equal to fundamental frequency don’t allow to precisely 
calculate state parameters values at the arbitrary time points during transients. In order to overcome 
the shortcomings of these methods improved Hilbert transform is proposed based on the assumption 
that signal magnitude and frequency may vary.

Key words: canonical Hilbert transform, improved Hilbert transform, instantaneous state 
parameters, state parameters, transients.
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P – , 78 –301 1091 –475 –475 1097 1091

 750/330  41,6
39,0

70,1
63,4

60,6
56,8

22,3
22,2

39,1
33,9

59,8
56,8

50,4
50,1

60,6
56,5

P – , 1896 1850 1897 1018 1018 1896 1783 1898
P – , 289 –380 1090 –544 –544 1088 360 1091
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Odintsov M. V., Frolov A. I.
Application of PTDF matrix for study the maximum current load of network elements.
In paper proposed an algorithm of determination of the most dif  cult balance situation for power 

network elements with the accounting of de  ned limits of active and reactive power and constraints 
on controlled cross-sections. The method allows  nding the most current carrying load for each 
network element in normal and post fault state.

Key words: power system, PTDF matrix, simplex method.
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 –   – »,   . 1,   Simulink 

   MATLAB [4].
        

SimPowerSystems,      ( . 2).
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m
A
B
C

Tm

Permanent Magnet
Synchronous Machine 1

-K-
pu->N.m 1

0
Beta 1

-K-

rad/s->rpm 1 n_g1 (rpm)

Me_g1 (N*m)

v+
-

Uab_g1

Pe_g1 (W)Product12

Mm_g1 (N*m)

Generator speed (pu)
Pitch angle (deg)
Wind speed (m/s)

Tm (pu)

Wind Turbine 1
Pm_g1 (W)Product1

-1

-1''

-1

-1'

i+ -
Id Id (A)

Pd (W)

+

_
m

Battery

Bat

-K-

rad/s->pu 1

v+
-
Ud

Ud (V)

Product3
i+ -

Ia_g1

Uab_g1 (V)

Ia_g1 (A)

Pbat (W)Product4

Wind (m/s)

A B C

no-load 1

v (m/s)

Wind

A
B
C

+

-

Rectifier

i+ -
Iload Iload (A)

Uload (V)

Pload (W)

v+
-

Uload

Product6

+
R

mA
B
C

Tm

Permanent Magnet
Synchronous Machine 2

-K-

pu->N.m 2

0
Beta 2

-K-

rad/s->rpm 2

n_g1 (rpm)1

Me_g1 (N*m)1

v+
-

Uab_g2

Pe_g1 (W)1Product7

Mm_g1 (N*m)1

Generator speed (pu)
Pitch angle (deg)
Wind speed (m/s)

Tm (pu)

Wind Turbine 2 Pm_g1 (W)1Product2

-K-

-1''1

-1

-1'1

-K-
rad/s->pu 2

i+ -
Ia_g2

Uab_g1 (V)1

Ia_g1 (A)1

Wind (m/s)1

A B C

no-load 2

v (m/s)

Wind1

Continuous
Ideal Switch
No Snubber

powerguiA
B
C

+

-

Rectifier1

<Rotor speed wm (rad/s)>

<Electromagnetic torque Te (N*m)>

<Current (A)>
<Voltage (V)>

<SOC (%)>

<Rotor speed wm (rad/s)>

<Electromagnetic torque Te (N*m)>

. 2.         
  Simulink    MATLAB

     .

1.  Wind Turbine.
       . 

       (  . .),  
   (  )    (  / ).  -

      (  . .).   
   :

 
3,

2p
AP C v ,

 
(1)

 P  –   , ;
Cp –     ( );
 –   (    – 1,225 / 3);

A – ,  , 2;
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v –  , / ;
 –  ;
 –  .

 Cp        
   .       

 .        
        :

 
R

v
ω⋅λ = ,

 
(2)

  –   , / ;
R –  , ;
v –  , / .

  Simulink      -
 :

 
( )

5

2
1 3 4 6, i

c

p
i

cC c c c e c
−

λ⎛ ⎞
λ β = ⋅ − ⋅β − ⋅ + ⋅ λ⎜ ⎟λ⎝ ⎠

,
 

(3)

 
3

1 1 0,035 ,
0,08 1i

= −
λ λ + ⋅β β +  

(4)

   c1–c6  : c1 0,5176, c2 116, c3 0,4, 
c4 5, c5 21, c6 0,0068.

 . 3   Cp = f( )      . 
   . 3,    (Cp max = 0,48)    

  0     8,1.

. 3.   Cp      
     

 (   0

 (   5

 (   10
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2.  Permanent Magnet Synchronous Machine.
       

    ( ).      
 ,   ,  ,   -

 .        
(  ),   .   A, B, C   

  .    m     
10 :

–    (isa, isb, isc);
–      d  q (id  iq);
–      d  q (ud  uq);
–      ( r);
–     ( );
–   (Me).

      ,  
  (         ):

 
( )

1 ;

1 ;

1,5 ,

q
d d d r q

d d d

d r
q q q r d

q q q q

e q d q d q

Ld Ri u i p i
dt L L L

L pd Ri u i p i
dt L L L L

M p i L L i i

⎧
= ⋅ − ⋅ + ⋅ ⋅ ω ⋅⎪

⎪
⎪ λ ⋅ ⋅ ω⎪ = ⋅ − ⋅ − ⋅ ⋅ ω ⋅ −⎨
⎪
⎪ ⎡ ⎤= ⋅ ⋅ λ ⋅ + − ⋅ ⋅⎪ ⎣ ⎦
⎪⎩  

(5)

 id  iq –      d  q, ;
Ld  Lq –     d  q, ;
ud  uq –      d  q, ;
R –    , ;
p –   ;

r –    , / ;
 –    ,    , ;

Me –  , .
       -

:

 

( )1 ;

,

r e r m

r

d M F M
dt J
d
dt

⎧ ω = ⋅ − ⋅ ω −⎪⎪
⎨
⎪ θ = ω
⎪⎩  

(6)

 J –      , 2;
F –  , ;
 –   ;

Mm –  , .
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3.  Universal Bridge.
       -

  ,    .   
A, B, C     ,     – 

    .

4.  Battery.
      -

  .     –    -
 ,    m     3 :

–    (state of charge – SOC);
–   (ib);
–   (Ub).

5.  Series RLC Branch.
      .  -

           -
   ,      

   .

6.  Wind (   ).
       

.         .

3.  
          

 ,   [5, 6].    -
    . 1.

 1
    

  
   

 
 (2 .)

  – 3  
   – 3 /  

   – 11 /  
   – 25 /  

    – 48  ( )

  
 (1 .)

    – 48  ( ) 
   – 600  

    – 6000  
(   5 ) 
    

 – 180  (0,3 )*

*      ( )    -
    ( )    ( ) (  ,     – -

 ),   0,3  (   0,3    ) –   , 
  ( )   3,33 .
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    .

)

5 /

3 /

7 /

9 /

6 /

4 /

8 /

10 /
11 /
12 /
13 /

SOC  100

SOC 

M

M

)

3,4 /

3,0 /

3,8 /

4,2 /

3,6 /

3,2 /

4,0 /

4,4 /
4,6 /
4,8 /
5,0 / SOC  20 SOC  100M

M

. 4.     (M )    
      (M ) 

     : 
)     3–13 / ; )     3–5 /
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  ,      
          4–4,5 /  

(     83–98 / )     -
  (    ) ( . 4,   4, ).  ,    

   (    ),      
   .

 . 5          
           -

 SOC 80     11 / ,       .

. 5.       (U )    
   (U ): )   0–6 ; )   5,2–5,6 

)
U

U

) U

U

–

–

–

–

–

–

–
–

–
–
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   . 5    ,     -
   ,        
     (5,42 ).     
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Andreev R. V.
In  uence the electrical parts of wind turbine on its energy characteristics.
Mathematical model of the stand-alone electrical complex on the base of wind turbine are 

described in the article. Using the developed model of the system „wind turbine – generator – 
recti  er – storage battery – load“ start mode of wind turbine are investigated and range limit of 
possible parameters steady modes of wind turbine are de  ned. By analyzing the starting mode 
condition, at which wind turbine starts to give power, are formulated.

Key words: stand-alone electrical complex, wind turbine, mathematical model, start mode of 
wind turbine.



 621.316 
. . , . . , . . , . . 

    
    

    
 

         
        2012     

       ( )  -
         

(  )  .      ,   
          

            
            
       . 

          -
            

           
       ( ) 220  .

 :   ,    
   ,   .

 220  ,    ,     
   220       ,   

 -        -
.     ,        

  100        
      66 .

     220       
         

:   –  1 (  –  -1 ( -293)   –  
-1 ( -296))      –      

(  220   – ,  220   – /    
  / ;  220   – / ).     

       , -
   1. 

1.           
        -

,    ,       -
  ( ).        



96 . . , . . , . .   .

     ,   -
 ( )        .

   ,      
    ,    -
         

   ( )    .
         -

     220  ,    
.

       -
        .   -

       ,  
     .

         -
   .
         -

     . iR     . iR     
 ,   .

          -
     .      

         
        -

 ,     .      -
       ,  

         
   .

2.   

        ,   
     ( )    -

  / :
   ( );
       ;
      ;

       ;
       .

     /   -
        -

   1.   /      
   ,      .

        ,  
       .

      1     
       / .



    97

     ,     ,  -
   /   ,   -

    ,       /
           . 

         -
    – D . ,   , -
    – D ,       .

     /     
  ,     .     

   /       
 .

2.1       

   220      ,   -
    220  ,       

  .
           -

         
    ( )  .   

     ( ) /  . 
          , 
          

   220  .
          /   -
           

.         -
           

    .      -
    ,     -

       .
      220       -

   :
      – 0,05 ;
       – 1 .

3.         
  

  /       
       (P .   P . ), 

       . 
        -

  ,       
    .      

       
    ( )    ,     :



 R _    D   – D . ; (1)

 R _    D   – D . , (2)

 R  , R   –       
           -

;  1

n
ii

DD  –     , 
      ;  1

n
ii

D D  –  
   ,       

; D . , D .  –       
  ,       . -

       .
  -   (     )    

     /  ,  
     .

 
 

  
 

0, 0
1, 0

R
TC R ,

 
(3)

 
 

  
 

0, 0
1, 0

> =  ≤ 

R
TC R .

 
(4)

        -
           

    ,           
       ,   

  .      
  .

 /       
( )    :

 .  .  min (P .  , R  ); (5)

 .  .  m  (P .  , –R  ), (6)

 .  .  –        
   ; .  .  –      
     ; P .   –   -

       ,   -
   ; P .   –     

     ,    
  .

         
    P ,        

   P .     -
    ,    

  ,      -
     .

98 . . , . . , . .   .



    99

    4.      

         
 ( ),         

   .       
    ( ,  ),     

     :   .

4.1        
        

          
         

( )      .    
            

          -
      .   

        . -
        ,  

      :
«    ».
«     ».
«   ».

           
  .

 5.     
   

            -
   ( ),       
   .       -
        .

       -
   .      

      .
            -
         , 

         -
  .

    /   ,  -
       / ,   -

  .         :
    ;

    ;
    ;
 : «  »  «  ».



         
 . 1.

. 1.     

6.          
 

    ( )   -
        -

.        « »    
  ( )      

    ,   .     
   ,       -

 /  .

100 . . , . . , . .   .



    101

7.      
   /

      220       /
     , :

    (   220  )  -
 / ,       

  ;
   (   220  )   /

. 
      .  /  
   ,       / : 

     .      /
   :    . 

 /     ,      -
  /    /   /

.    /   /    -
      . -   

        /  
  . 2.

. 2.     /



8.      
   

       -
     ,   / , 

    /      :
    ;

,        / , 
     ;

       , -
    ;

  .
      /     -
       ,  

         (  -
).         -

     .      
    /    .   

    .

9.     
        

         ,   
.   (   )   

 :
           

/  P /P .         -
   /  P /P ,   -

 ,    ;
           -

        -
.           

       , 
         

 .

10.       
     

    ( )   -
,           

  :         -
     ,   – 

  ,      .   , 
       ,  

102 . . , . . , . .   .



    103

           -
    .      , 

  ,      , 
        . 

  ,        , 
      220      .

      ,    -
    ,       -

  ,      .  
           

 .         
  ,   :  –  

      ,  –   -
          . 

       
 ,       ,  

  .    ,    
  . 

        
        -

    .         
           -

           
      .   

      :

 
.

( )( ) min , 
2 ( )

ControlRange tt V
t t

V , (7)

 V . (t) –         
; V  –         ; 

ControlRange(t) –       -
 ( / )        -

 ; t (t) –         
     .

       -
       ,   (7). 

,          
50 .        6  (   

              
      ,  

 ).      300 .    
    .        -

 ,    4 / .     -
          

,   ,     



     . 3   4.  . 3    
           -

    ,   . 4    
        .

t, c

4

2

0

      

0 1 2 3 4 5 6 7 8 9 10 11  12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

t, c

80
60
40
20
0

   

0 1 2 3 4 5 6 7 8 9 10 11  12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

t, c

  
60
40
20
0
0 1 2 3 4 5 6 7 8 9 10 11  12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

. 3.    ,   , 
       

        
  

4

2

0

      

0 1 2 3 4 5 6 7 8 9 10 11  12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 t, c

   60
40
20
0
0 1 2 3 4 5 6 7 8 9 10 11  12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 t, c

60
40
20
0

  

0 1 2 3 4 5 6 7 8 9 10 11  12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 t, c

. 4.    ,   , 
        

        

104 . . , . . , . .   .



    105

    ( . 3)      
 300 .  13-        

  – 50 ,       
  -        

 20 .         
 6   19-  ,     . 

      76 ,   26   -
       . 

       -
      ( . 4) ,    

     7-  .   -
   ,  50 ,   16-  . 
        

 22-  .          
53 ,  ,   3 . 

   ,      
 ,        

  .

11.        

        ( ,  
)   .   ,       

        -
,    .    

          
  ,    . ,  
     –  0,15 . 

           1 , 
      .  

   ,   ,    
 .   . 5        

( )   1 /  ( ,  )     -
          

. 
     (  )  -

    ,      
  .

         , -
,          

        (1 ). 
         

  1  (  ). 
           

     ,     ( ,  0,1 ),   



      ,     ,   
      1 ,    -
   ,     

 . 5.

. 5.         
     T   

  

 ,        -
           

     . 
        -

  ,       
         

 .        -
   .       

,          
 .

        
      ,    

         
    .

        
      , / ,   -
  .

106 . . , . . , . .   .



    107

          -
       /  ,  , 

     ,    
       ,   
   .

   /   -
  ,       

     .

 
1.     220     . -

 3. – ., 2011. .  2200300-30.0011- 1.3
2.   59012820.27.100.003-2012.      

   .   . . 05.12.2012 /  «  
». – ., 2012.

3.         ( )  / 
 «  ». – ., 2010.

4.         ( )  / 
 «  ». – ., 2010.

5.         
   /  «  ». – ., 2005.

  ,      -
     «   -

» (   «  » « »).
E-mail: voloshin-mv@so-ups.ru

  ,       
-      «   

» (   «  » « »).
E-mail: demidov-aa@so-ups.ru

  ,    -
     «   -

» (   «  » « »)    . 
E-mail: nikishin-ka@so-ups.ru

  ,      -
     «   -

» (   «  » « »).
E- mail: titaevskaya-na@so-ups.ru

Voloshin M. V., Demidov A. A., Nikishin K. A., Titaevskaya N. A.
Algorithms development for HVDC back-to-back link control from centralized load 

frequency control system.



In order to optimize and improve an ef  ciency of load frequency control (LFC) in the Uni  ed 
power system (UPS) of Russia the feasibility study for a possibility and necessity of HVDC back-
to-back link use was carried out in 2012 in relation to the centralized LFC system of Interconnected 
power system (IPS) of East. In a framework of this study it was found that the use of HVDC back-
to-back link as LFC system regulating object improves an ef  ciency of LFC due to the greater 
in  uence of a power change of the HVDC back-to-back link on power  ows in a number of controlled 
transmission lines than a corresponding change in the active power of regulating hydroelectric stations 
is IPS of Siberia and IPS of East.

The purpose of developing the algorithms for HVDC back-to-back link control from centralized 
LFC system was to use the non-synchronous HVDC back-to-back link at 220 kV Mogocha substation 
as a control object for LFC in the IPS of East.

Key words: HVDC back-to-back link, load frequency control, automatic generation control.
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Abakumov S. A., Arestova A. Yu., Wishtibeev A. V., Glushenko E. A., Erantseva O. N.
The application of automation separation of power system for transient stability saving 

under lengthy three-phase faults.
In article the short characteristic of structure of automatic unloading in case of close short circuits 

and the analysis of limitation delivery of total available capacity of Tom’-Usinsk power plant is 
presented. The basic principles of construction of automatic unloading in case of close short circuits 
and its realization on the basis of microprocessor devices are represented.
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circuits.



 621.315
. . , . . , . . , . . , 
. . , . . 

     

        -
    ,   ,   
       ,   

   ,       
. ,    ,  ,  -
 , . .        .

 : ,  , ,  , 
,  .

    ,    -
   ,      -

.
 [1] . .      [2]    

      ( )    
 ( ), . .   ,    -

 ,      ,  , 
   ( ).     
  ,      

      , . .      -
      ,  . .  [3, 4].
         

    ,    
 ,          

     .

1.         
  
      ( )   

    .   ,  
     10   ,     
          .

          -
 ,           

   .   30–40      
   (   ,   , 
  ,     ) 

       .     -
             , 



      119

        , -
       . 

   ,      
    ,      

2009 .   330/220/110   « »  . - ,  -
     (   

  ),        
    .   6    330/220/110  

 « »   20   . -
         ,  

       (  )  
     - .   

     « »      
       [5, 6].

         -
        -

         
        

 .
         ,  -

 ,    :  -
      ,   

,            -
 ,      ,  

         -
    .    ,    -

  (   ,    
  ,      

,   ),    
    ,   .   
       ,     

          
   (     

,   ,     ).
      -     

,       
     [7].  ,      

 «  »  2008–2012 .  « »     
 (   «  »)   ,   -

       [6, 8, 9].
      -

         ,  
,        

     ( )    
   [8].



      , 
       , -

 (   ), ,     ( ) 
 ,      -

      .  
         -

 ,         
  ,    ,  

       ,  
         

  .
        , -

       ,   
    (     , )  -

    (n) –       
100    (n ),        
(n ),  .      

  ( ),    ( )  
        ( ) -

 .  ( )     . 1.

 

 
   

 
  

  

  
 ( )  

  

  

, 
, 

 
  

,  
, 

  
 

  
  

 

 
:

; n
; n

  
  

 

 
:

;
n; 

. 1.  ( )  

        -
      ,  

. .   40  ,        

120 . . , . . , . .   .



      121

 500    –   800 .       
         220   .
         -

         
   ,      

[10].            -
   ,  ,  

         
     ,    
       .  . 2  -

   ,    
    1000 :   (U ),   

 ( )     ( ).  . 2 ,   
          

.          -
       [1]:

 

1 Kn m F
C K

,
 

(1)

 n –     100    ; m –    
100   ; ¯  –       ;  
K  –           
   ;  –    

; F –    .

. 2.     , 
        1000 : 

1 – U ; 2 – ; 3 –  

      ¯    
       ( . 3).  K   C   -

         
 (U )    .

 . 4        
   1000     .    

     (Ū   P (U )  0,5) 
     .  -

     : C
U

.  C   
     10–15 .



150 

140 

130 

120 

110 

100   
1 2 3 4 5 6 7 8 9 10 11 12 13 

0  

    
 0,001 
 0,002 
 0,005 
 0,01 
 0,02 
 0,05 
 0,10 

 0,20 

 0,60 
 0,70 

 0,95 

 0,80 

 0,98 
 0,99 
 0,995 
 0,998 

 0,90 

 0,50 
 0,40 
 0,30 

 15  20  25  30  35 

 U ,  

 40 

. 3.     
(¯)     1000 

. 4.   
    

 : U  –  
  1  (716 )

     (1)      
      :

 

1 ( )K nF F x
C K m

. (2)

   K    : 
1

1
K

x
.    (  100      1 ), 

  ,  K   ,    (2) n  0,1. 
         
        

 L

LK K
U K

, (3)

 L –    , ; L –    -
     .

       
      ,      .

2.        
    

        -
 (   ).

 . 1   [11]     -
          

.

    

–

122 . . , . . , . .   .

P(U )0,998



      123

         -
,          

,     .
         -

       ,  
    .    

        0,01 , 
    ,    

          
       .

 1 
    
   

     
t, c

1,5–3,0 0,0001–0,05
 

  1,3–1,5 0,05–5,0

        -
      «  -

  » ( . 1).     
  1       -

    (  )  , 
       .    

  ( )      
       -

.
    ,  . . , 
  ,           

         
     .

         
      . 

         -
, . .   ,       

  ,       
    ,    .

        
    ,     

        -
  .   ,  ,   

  50 -       
       ,  



  ,    
 (  50 -       

 50 -   ,     
).        

  ,   ,    
,      .   

     ( . )     
:

 

. . .
.

U U
U U

, (4)

 U .  –     ;
U  –  ;
U .  –     ;
U  –  ;

 –  ;
 –  ;

.  –     .
     (  )   

    (     110–750 ) 
 [12]      ,  
 . 2.

 2 
   ( -7,  2.5)

  , 110–220 330 500 750

  3,0 2,7 2,5 2,1

    ,   
       [17],   

 .      ( ) ( . 3).

 3 
      

1 2 3 4

. 2,45 2,35 2,25 2,15

  .  (   4)    
        , 

       (   « -
  »).

      [14, 15]   
    .     -

     . 4.

124 . . , . . , . .   .



      125

 4 
      

 
-

 
  -

 
  

 
 

14× 6-

 -
 -
  (U ), 

  
 

 -
 -

 (U )

  -
  

   
 ; -

  -
  8–10 ; 

  -
 0,01–1 

U
U

 
 

5× 16- ;
15× 16-

 
 (U ), 

  
 

 -
 -

 (U )

  -
  -
 «  – »  

 ; -
   

 8–10 ; 
  -
 0,01–1 

U U

    ,   , -
   ,      .  

       -
      ( -  ).
         -

    .   
      -

    .  ,  
       -

      .   
         

      
,    0,5U50  –  , -

     .
        

:      ,   
 ( . 5–8).

      
(  )  [16].        -

    .    
     ,   -

  ( ) 3  9 .
 50 -    (U50 )    
 (   )     [16] 

(  ).



 

. 5.    
  -

 : 
 –  ; 

 –  ; 
 –  

. 6.    
  : 

-1 –   -
 U   1200 ; -2 –  

  U   600 ; 
 –  ;  – -
 ;  –  ; 

 –  

 

. 7.   -
  : 

U p –  ; 
Uk –  

. 8.   -
   :

U p –  ; 
Uk –  

    : ,   
 ,      (8–10 ), 

         (  , 
  12     3    ).  

   ,   ,      
 (     10–15 ).    4–5.  
    .    , 
    .  ,  -
 ,       

60      0,02–0,5 .
 . 9  -     

   .
-        

    . 10.
       -

  .       
  0,03  0,3       30–40   -
           .

 . 11       : 
 1     (  ),   2 

2 1

 500 

-2-1

126 . . , . . , . .   .



      127

   .    
  . ,    0,05   

     7 ,   0,1    3 .

U50

U50 .

U50 .

1

2

U50 % 

1

2

U50 % 

0,01 0,02 0,03 0,05 0,07 0,1 0,2 0,3 0,5 t, c

350

300

250

200

150

 

U50

500

400

300

200

100

0

1

2

3

4

1

2

3

4

0,02 0,03 0,04 0,05 0,07 0,1 0,2 0,3 0,4 t, c

500

400

300

200

100

0

. 9. -   
    

:
1 – 14× 6- , 3 ;
2 – 14× 6- , 10 

. 10. -   
   -

 :
1 – 15× 16- , 3 ; 
2 – 15× 16- , 9 ;
3 – 5× 16- , 3 ;
4 – 5× 16- , 9 

0,01 0,02 0,03 0,05 0,07 0,1 0,2 0,3 0,5 0,7
1

1,1

1,2

1,3

1,4

1,5

1,6

1,7

t,

1

2

. 11.      :
1 –   ; 2 –   

1

2

0,01 0,02 0,03 0,05 0,07 0,1 0,2 0,3 0,5 0,7 t, c

1,7

1,6

1,5

1,4

1,3

1,2

1,1

1

U50 %,

U50 %, 



         -
      .  ,   
,    ,     -

.  ,     -
  10 ,       

   .     
      .    

          
   ( . 9  10), . .   ,    

       .
,        -

   ,   -  
  

 
. . (1 )aU U

t
, (5)

 U .  – 50 -       -
, ;

U .  – 50 -       , ;
t –  , ;
a –       .

       (5)  U . , 

 
1 a

t
. (6)

     ,       -
   (  9 )   ,    

      .  
      U   0,5U50 %     -

   . 11.       
     (6),  a  0,08   

   a = 0,12     [17].
  (6)      ,   

    (   ),  -
          

 .
        ,  , 

       .   -
          

    .
   -7   ( . 2)   
    ( . 3),     

        
   ,   110–220    4  

  ( . )   ( . 5).   ,  

128 . . , . . , . .   .



      129

   ,   .     · .   
         
  , . . .  1.

 5 
      

t, c
( . 2) ( . 7)

.

( . 3)
.

(  4)
0,03 3,0 1,70 2,45–2,15 1,40–1,20
0,05 3,0 1,53 2,45–2,15 1,25–1,10
0,1 1,5 1,32 2,45–2,15 2,10–1,90
0,5 1,5 1,07 2,45–2,15 1,70–1,50
1 1,5 1,02 2,45–2,15 1,60–1,40

    .   -   (   -
,   ,      

 , ,     
 . .) ,          -

        
(     ,    -  

  ).

 
1.  . .,  . .  «   »    

     //  . . 17, 1971.
2.  . .,  . .    (  , 

     ). .: , – . ., 
1979.

3.  . .,  . .        -
 . – , 1973.

4.  . .,  . .        -
 . – .: , 1983.

5.  . .,  . .,  . .,  . ., -
 . .,  . .      -

,   ,      
   //  . 2010.  64.  

6.     .   
 «  »  56947007-29.240.059-2010.

7.   . 7-  .,  1.9.
8.         -

     .    «  ». 
 56947007-29.240.058-2010.

9.       . -
   .    «  ». 

 56947007-29.240.133-2012.



10.  . .       
    .    -

 110–1150  / .   , 1989.
11.  . .  .     -

    / . . , . . , . . -
. 2-  ., .  . – .: , . ., 1990.

12.   . 7-  .,  2.5.
13.  . .       -

      //  . 
2006.  61.

14.  . .,  . .    
      -

,      //  . 
. 27, 1978.

15.  . .,  . .,  . .,  . .  
      -

   //  . 1979.  8.
16.  10390-86.     3 .  -

     .
17.  . .,  . .    .  

   /  . . . , . . . – .: -
, 1985.

  , . . ,    -
        -

 (  « »).
E-mail: vladimirsky@niipt.ru

  ,        
-        -

  (  « »).
E-mail: orlova@niipt.ru

  ,       
-        -

  (  « »).
E-mail: pechalin@niipt.ru

  , . . ,      
-        -

  (  « »).
E-mail: solomonik@niipt.ru, solomonik_evgeni@mail.ru

  ,       
 -        

  (  « »).
E-mail: timofeeva@niipt.ru

130 . . , . . , . .   .



      131

  ,        
-        -

  (  « »).
E-mail: yakovleva@niipt.ru

Vladimirsky L. L., Orlova E. N., Pechalin D. S., Solomonik E. A., Timofeeva O. V., Yakovleva T. V.
Reliability control of external insulation of electrical equipment.
Modern system for reliability control of external insulation of electrical equipment is described.  
Experimental data, obtained in NIIPT, on dielectric strength line insulation under pollution 

under direct, alternating voltage and switching surges pulses typical for the HVAC and HVDC are 
summarized. 

It is shown that the external insulation is determined,  rst of all, by normal operating conditions, 
i.e, operating voltage in conjunction with moisture of dirty insulation.

Key words: electrical equipment, external insulation, pollution, operating voltage, overvoltage, 
choice of insulation.
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Methodical and practical aspects of lightning protection at NIIPT
The main trends of lightning protection research activities at JSC «NIIPT» are reviewed. The 

results of these projects became the base for proper energy industry methodical and guidance 
documents development, as well as for 110–1150 kV OHL lightning protection schemes design and 
modernization, including the OHL passing through the dif  cult environments areas.
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Lubkov A. N., Privalov I. N.
Bench testing of power cables and cable accessories in the high-voltage testing complex of 

JSC «NIIPT».
In the article the main results of bench testing of power cables for voltage 6–330 kV of various 

design (with impregnated paper insulation, oil-  lled with paper-oil insulation of high and low pres-
sure, with XLPE) cable and cable accessories that have been made in the high-voltage testing of 
complex of JSC «NIIPT» over the past 30 years are given.
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According to the results of years of research and bench tests the mathematical models of insulation 
aging and methods bench endurance test power cables and cable accessories of various design have 
been developed or re  ned, effective methods of diagnostics of cable lines of various design under 
 eld conditions have been developed also.

According to the results of bench tests also con  rmed operational reliability and conformity of 
power cables with XLPE insulation and cable accessories manufactured by different manufacturers, 
including foreign, domestic requirements and international standards.

Key words: bench testing, power cables, cable accessories, testing complex, aging, life test, 
methods, the dielectric loss tangent, insulation.
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Balyberdin L. L.
Andrey Vladimirovich Posse as an innovator in the theory and practice of powerful valve 

converters ( n the 100th anniversary of the birth).
A. V. Posse was an outstanding scientist, the theorist and practician  simultaneously, the powerful 

generator of new ideas in converting engineering. He left the great scienti  c inheritance in mono-
graphs, articles, reports and inventions form. Development of power semiconductor electronics and 
its application to electric power industry, in particular, to HVDC transmissions and back-to-backs, 
in electrotransport and in industry fell on his lifetime. A. V.Posse’s theoretical works on powerful 
converters opened a way to fast application of achievements of power electronics to the speci  ed 
 elds of engineering. As a good organizer and a scienti  c chief of large collectives of people, he 

made a signi  cant personal contribution to creation many objects with application of converters.

Keywords: HVDC back-to-back, load frequency control, automatic generation control.
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