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 16  ,    
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 2  , 2  /   
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 2     

 (RS-232, RS-422, RS-485, , Ethernet, Profibus DP)  

 : Modbus RTU, ASCII, DNP 3.0  

: 

       . 6  
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.   PM175. 
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   30 /300 /3000  (Flex Sensor). 

1.5.2     Fluke 1736 
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1.5.3       

-UF2C 

 

 

 1.4   -UF2C 

  : 

      

; 

    ; 

   ,  ,   

     ; 



 

19 

     

 ,     ; 

      

. 

 :     

,       

    ,  

  ( ),     

,  ,    

 . 

     ,  

,     

      

    . 

   ,    . 

 : 

    ; 

  ; 

   ; 

   ; 

 ; 

 . 

     – 1 . 

  : 

 RS-232; 

 RS-485. 

  



 

20 

1.6     

 

       

   ,    

,     .  

    ,  [20].  

        

         

  .  –    

. 

 

1.6.1  COMTRADE 

 

 COMTRADE (    Common Format for Transient Data 
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).         
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        , 

           

      COMTRADE,     
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     , , 
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1.6.2  PQDIF 

 

PQDIF (   Power Quality Data Interchange Format) -  

,       

.       

 ,  ,     

PQDIF         

  .  PQDIF   

 [33]      

 .       

     IEEE ( . Institute of 

Electrical and Electronics Engineers;     

). [33]    1996    IEEE 

P1159.        2002   

     2003 .  

 
 1.1 -  ,      

 COMTRADE  PQDIF 

  COMTRADE PQDIF 
 
 

 
ASCII 

 
 

    (1,2  4 ) 
    (1,2  4 ) 

  (1,2  4 ) 

- 
  (4  

  8   
) 

- 
  (8  

  16   
) 

- 
  (1  ASCII  2 

 Unicode) 
-   (12 ) 

- 
  

 (GUID) (16 ) 
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  COMTRADE PQDIF 

 

  - 
  

 

  -  , 
,   

  
- ,   . 

  - , 
, , ,  

 
 –  

  - 
 , 

 , 
   . 

 
 

  
- ,   . 

  
  - , 

, ,   . 

  
 -time, val 

   - time, val, 
min, max, avg 

ID    ID  
 

        

COMTRADE,     , 

   ,        

   ,     

,  ,   . 

 

 1.2 –    , 

  PQDIF 

  ,  
 PQDIF 

SATEC 

ISKRA 

Dranetz-BMI 

Power Monitors (PMI) 

PSL Power Standards Labs 

Schneider Electric/Square D 

SoftSwitching Technologies 

Electrotek Concepts 
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    PQDIF    

    ,      

    –   . 

 

 1.3 –   PQDIF  

 
 

   

 
  

 
   

 
  

 
   

 
 

  ,       

.   ,     

     .  

   PQDIF   

 .         

  (Record). 

 

 

 1.5 –      PQDIF   

         

   .  

       

    : 
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 1.6–      PQDIF   

 
       :  

 (  ),   (   )  

  (Collection). 

     («Scalar»  «Vector»)  

      PQDIF .   

      1.4. 

 

 1.4 -   PQDIF  

  
BOOL1 1    
BOOL2 2     
BOOL4 4     
CHAR1  ASCII  
CHAR2   Unicode  
INT1 1   
INT2 2    
INT4 4    
UINT1 1      
UINT2 2       
UINT4 4       
REAL4 4     
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REAL8 8    
COMPLEX8 4      
COMPLEX 
16 8      
DT   

GUID 
16    

 
 

    ,     

   ,     

    .  

 

 1.5 -      PQDIF 

    

  
Dranetz-BMI, PML, RPM, Square D, 

Sentry 

  8010,7100,Omega,ION,DL8000,3P 

  
/ /  

 

  , ,  

 

        

 (Container record),       

 (Data Source records).     (Data Source 

record)      (Monitor Settings)   

  (Observation records). 
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 1.7 –      PQDIF  

 

      :  (Tag),  

 (ID),  (Channels). 

       

PQDIF.   PQDIF  ,   

 . ,      

 ,   .    

 ,    .  PQDIF 

       ,    

 ,      ,     

. 
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  (GUID).   ID 

      GUID   

    . 

       ,  

   .     

  ( ,  )   

( ,  -N). 

       . 

   ,   , , 

     . ,   

      .   

     .   

     . 

  ,     

      PQDIF .  

         

 ,    .  ,  

     ,   

 . 
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    ,  

     .   
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   ( )   
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 ; 

    . 

    : 

  ; 

   ; 

     ( ); 

     ( ); 

 web- ; 

  . 
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 -     

 2.1. 

 2.1.  -   

   

      

  ,    

     . 

        

   (NTP),       

GLONASS, GPS.       

 . 

     

    ,   

     .   

    .  

       

 ,     2.2.  
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 PIK –     ; 
 SG  SX –    ; 
 QF –  ,      

 ; 
 TA –  ; 
 EVK.x –   . 

 2.2      

     -  

,       

 .       

  RS-485 (  ).   

      

 ,    -  
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(master-slave) Modbus RTU.      

       1.3. 

       «G»  

  LabVIEW.    -   

 ,     

 ,  LabVIEW   

.    LabVIEW   

: 

       

   ; 

       

;  

      

      LabVIEW. 

 

 2.3.     

 

         

      

,     .      

        

   ,      

.          
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   ODBC,    

UDL.  

 

 

 2.4.   LabVIEW   

         

  MySQL.   MySQL  

    ,  , 

GPL-   .  

         

 ,    PQDIF 

(Power Quality Data Interchange Format)   1996   

 IEEE P1159 [33].   

       

      ,  

     –   . 

 2.1 –      

 
 

   

 
  

 
   

 
  

 
   

 
 

  ,     . 

        

 : 
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 .   -   ; 
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  , ,     

.  

      . 

        . 

          

.        

       

,         

  .   

 

 2.5.       
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 2.6.       

  

  ,     

     .   

     ,  

   ,     

 .       

    2.7.  

 

 2.7.       

 

  web-    Apache HTTP.  

  Apache :  ,  

, , ,   

 

   1

 
  1

  
 1

  
 2

...

 
 n

...

   2

...

  n
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.         

 XML ,   POST  GET   TCP/IP . 

    web- ,  

   .    (  

)    web- .   

 web-        

PHP.        

 HTML       CSS.  

      , 

   JavaScript.      

       AJAX- , 

         

   .  

Web-       

      .   

    (   

 ,  ,      

  JPG, PNG, PDF).  web-    

          

 .  
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3. А      
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3.1 -    
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  2000 .     

   400 .   
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   ,    

   -  ,  . 

    8-30  22-00.    

    ,  

. 

  3.1       

   .    ,  

       .   

         35 ,  

    15 .     

        

,       .  

       ,   

       . 

 22-00    ,    

     . 
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 3.1.      

    -   

   3.2.  [19]     

 10%   .    

    ,     

  .      

     . 

 

 3.2.      

  3.3    3, 5  7-   

     .   

   3-         

 .  ,   3-  

    20%    

.  
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 3.3.    : 3, 5  7-  

 

  3.4    3, 5  7-   

     . 

  3, 5  7-    

     [19].  
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 3.4.    : 3, 5  

7-   

       

   3.5.       

,   3- , 5- , 7-   11-    , 

  ,         

      ,  

   .    

     16%. 
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 3.5.       

  

  3.6      

     .  [19]  

      

 0,4     8%.    

        

3,24%.      

   .   
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 3.6.      

   

 3.7.   3- , 5-   7-     B  
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 3.8.      

 3.9.      
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3.2   

     ,   

2004 .  

     

 630  .     

   . 

   – ,   

 .     , 

    .    

     , 

  ,     – 

   . 

    -  ,   

   -  , 

     .    

      . 

        6 

      

  0,4  –        

3 . 

     07:00  22:00,   

   –  08:00  18:00.   

   ,      

  ~8:30        ~18:00.  

      

 .     

    ,   
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    [19].    

       

.  

      : 

 , , ,  , 
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 3.11.      
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  3-   (  30%   ),  

 5  7 . 
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   ). 
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49 
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   [19].   7    

        

(     ). 

 



 

52 

 

 3.21.    : 3, 5  

7-   

 



 

53 

 3.22.       

   

 

 3.23.      

    

 

 3.24.   3- , 5-   7-       



 

54 

 

 3.25.      



 

55 

 

 3.26.      

  



 

56 

А  

       

 -     

    0,4 . 

     : 

      

-   ( ); 

     ; 

       

   ; 

        

 ,     ; 

  1      

. 

    ,   

      

   .    

   [3, 11, 12].      

      

 .       

  30%.        

 ,   .   

      100%  [7, 8].   

         2 

– 2.5      . 

     , 

   .     

     –  ,    



 

57 

.  ,       

       

  . 

  [19]    

   .  

     

    [19].  

   ,     , 

   .    

   [34, 35].     

         

.     [33],   

       

          

 .     (100 < Isc / IL < 1000)  

        

 15%.      n < 11  

  12%    IL.    

,      , 

   [21]   , 

  .   

   ,   60 – 90 , 

    .   

       . 

        

 .       

.  ,      

  ,    ( , )  

.  



 

58 

,     , 

  ,     

    .    

     

 ,     

   .  

  



 

59 

 АЩ  

   

 -   

   

   

    

     

 

  ,  

   

     

     

    

   

   

COMTRADE Common Format for Transient Data Exchange for Power 

System 

GLONASS Global Navigation Satellite System 

GPS Global Positioning System 

IEEE Institute of Electrical and Electronics Engineers 

NTP Network Time Protocol 

PQDIF Power Quality Data Interchange Format 

 

  



 

60 

 

   

 

1 , .     / . , 

. , . ; .  . –  : , 1990. – 320 . 

2 , . .   : . 2-  . / . . . 

– -  :  « », 2006. – 432 . 

3 , . .      

    / . . , 

. . , . . ; . . . - . – , 2012. – 

138 . 

4 , . .     / 

. . , . . , . . . –  : , 

2004. – 214 . 

5 , . .         

 . / . . , . . , . . , 

. . . //  . – 2014. – № 2. – . 22-25. 

6      ./ 

. . , . . , . .  [  .] ;   

. . . – : , 2003. – 768 . 

7 , . .      

. – 4-  . / . . . – : , 

1994. 

8 , . .  .  .  

:     / . . . – 

: , 2009. – 456 . 

9 , .      / . , . 

; .  . – : -XXI, 2008. – 336 c. 



 

61 

10 .- ., . .       / 

. . .- .; .  . – .: , 1990. - 584 ., . 

11 , . .      

  0,4 . / . . , . . , 

. . . //    .  

  . 2013, № 1, . 107-120. 

12 , . .        

   380 . / . . , . .  

[  .]  //  , № 5, 2013, . 39-44. 

13    / . . , . . , 

. .  [  .];  . . . . – :   

, 2006. – 320 . 

14 , . .,  . .     

  / . . , . . . – , 

«  », 2006, 210 . 

15   51318.14.1-2006 (  14-1:2005)   

 .  ,    

 .  .    

. – . 2007 –  : , 2007. – 90 . 

16  23875-88   .   

. – . 1989 –  :   , 2005. – 

16 . 

17  30804.4.7-2013    

.        

        

    . – . 2014 –  : 

, 2014. – 41 . 

18  30804.4.30-2013  .  

  .    



 

62 

  . – . 2014 –  : 

, 2014. – 68 . 

19  32144-2013  .   

 .      

   . – . 2014 –  : 

, 2014. – 19 . 

20  33073-2014  .   

 .      

     . – . 2015 – 

 : , 2015. – 52 . 

21  30804.3.2-2013    

.     

       16  (   

).    . – . 2013 –  : , 

2014. – 43 . 

22  153-34.0-15.501-00       

       

.  1.    . – . 2001 

–  :   , 2001. – 44 .  

23  153-34.0-15.502-2002       

       

.  2.    . – . 2002 – 

 :   , 2002. – 32 . 

24  4.2 07 2014.   .    

,      . – 

  4.2 07 2012;  . 30.12.2013. – , 2013. – 60 . 

25 Akagi, H. Active harmonic filters / H. Akagi. // Proceedings of the IEEE. 

Vol. 93, 2005, No. 12, pp. 2128-2141.  



 

63 

26 Bagheri, P., A Distributed Filtering Scheme to Mitigate Harmonics in 

Residential Distribution Systems / P. Bagheri,  W. Xu, T. Ding.  // IEEE 

transactions on Power Delivery, vol. 31, No. 2, 2016, pp. 648 – 656.  

27 Davis, E. J. Harmonic pollution metering: theoretical considerations / 

E. J. Davis, A. E. Emanuel, D. J. Pileggi. // IEEE Trans. Power Del., vol. 15, no. 1, 

pp. 19-23, Jan. 2000. 

28 De Lima Tostes, M. Impacts over distribution grid from the adoption of 

distributed harmonic filters on low-voltage customers. / M. De Lima Tostes, U. 

Bezerra, R. Silva. // IEEE transactions on power delivery, vol. 20, No. 1, 2005, pp. 

384 – 389. 

29 Dugan, R. Electrical power systems quality / R. Dugan, M. McGranaghan. // 

McGraw-Hill, 2002. 

30 Gruzs, T. A survey of neutral currents in three-phase computer power systems. 

/ T. A Gruzs. // IEEE trans. on industry  applications. 1990, Vol. IA-26, No. 4,  

pp. 719-725. 

31 Hu, C-H. Survey of harmonic voltage and current at distribution substation in 

northern Taiwan / C-H. Hu, C-J. Wu, Y-W. Chen. // IEEE trans. on Power 

Delivery, Vol. 12, No. 3, 1997, pp. 1275-1281. 

32 IEEE Std. 1459-2010. IEEE standard definitions for the measurement of 

electric power quantities under sinusoidal, nonsinusoidal, balanced, or unbalanced 

conditions. 

33 IEEE Std. P 1159.3. Recommended Practice for the Transfer of Power Quality 

Data. – 2003. 

34 IEEE Std. 519-1992. IEEE Recommended Practice and Requirements for 

Harmonic Control in Electric Power Systems. – 2014. 

35 EN 50160. Voltage characteristics of electricity supplied by public electricity 

networks. – 2015. 

36 Karimi, H. An adaptive filter for synchronous extraction of harmonics and 

distortions / H. Karimi, M. Karimi-Ghartemani, M. Iravani // IEEE transactions on 

power delivery, Vol. 18, No. 4, 2003, pp. 1350-1355. 



 

64 

37 Khadkikar, V. Enhancing power quality using UPQC: a comprehensive 

overview. / V. Khadkikar // IEEE transactions on Power Electronics, Vol. 27, No. 

5, 2012, pp. 2284- 2297. 

38 Key, T. Analysis of harmonic mitigation methods for building wiring systems / 

T. Key, J-S. Lai // IEEE trans. on Power Systems., Vol. 13, 1998, No. 3,  

pp. 890-897. 

39 Koval, D. Power quality characteristics of computer loads / D. Koval, , C. 

Carter. // IEEE trans. on industry applications, Vol. 33, No. 3, 1997, pp. 613-621. 

40 Lai, J.-S. Effectiveness of harmonic mitigation equipment for commercial 

office buildings / J.-S. Lai, T. Key. // IEEE trans. on Industry Applications, 1997, 

Vol. 33, No. 4, pp. 1104-1110. 

41 Liew, A-C. Excessive neutral currents in three-phase fluorescent lighting 

circuits. / A-C. Liew. // IEEE trans. on Industry applications. 1989, Vol. IA-25, 

No. 4, pp. 776-782. 

42 McBee, K. D Evaluating the Long-Term Impact of a Continuously Increasing 

Harmonic Demand  on Feeder-Level Voltage Distortion / K. D. McBee, 

M. G. Simões. // IEEE trans. on Industry  Applications, 2014, Vol. 50, No. 3, 

pp. 2142-2149. 

43 Piel, J. Experimental Measurements of Energy Consumption Changes in a Wye 

Distribution System Serving Multiple Computer Loads as Various Harmonic 

Solutions are Applied. / J. Piel, M. Lowenstein. // Proceedings of IEEE 11th 

International Conference on Harmonics and Quality of Power (ICHQPS). 

September 12-15 2004, pp. 294-298. 

44 Pomilio, J. Characterization and compensation of harmonics and reactive 

power of residential and commercial loads. / J.  Pomilio, S. Deckmann. // IEEE 

transactions on Power Delivery, vol. 222, No. 2, 2007, pp. 1049-1055. 

45 Rodrigues, P. Current harmonic cancellation in three-phase four-wire systems 

by using a four-branch star filtering topology. / P. Rodrigues, I. Candela, A. Luna, 

[et ] // IEEE trans. on Power Electronics, Vol. 24, No. 8, 2009, pp. 1939-1950.  



 

65 

46 Watson, N. Implication for distribution networks of high penetration of 

compact fluorescent lamps. / N. Watson, T. Scott, J. Hirsch. // IEEE transactions 

on Power Delivery, Vol. 24, No. 3, 2009, pp. 1521-15281.  



 


