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ʆ ʢʦʤʧʘʥʠʠ çʕʥʃɸɹè 

ɿɸʆ çʕʥʃɸɹè ʷʚʣʷʝʪʩʷ ʵʢʩʢʣʶʟʠʚʥʳʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʙʳʚʰʝʛʦ 

ʉʉʉʈ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʘʥʠʡ: 

RTDS Technologies (ʂʘʥʘʜʘ) 

Manitoba Hydro International (ʂʘʥʘʜʘ) 

PONOVO POWER Co., LTD (ʂʅʈ) 
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PSCAD ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤ, ʪʦʯʥʳʤ ʠ 

ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣ ̫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʘʥʘʣʠʟʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

PSCAD ʩ ʤʦʜʫʣʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ EMTDCÊ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ 

ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʙʦʛʘʪʫʶ ʙʠʙʣʠʦʪʝʢʫ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣ ̫ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ 

ʵʥʝʨʛʦʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉ 1993 ʛʦʜʘ PSCAD ʫʩʪʘʥʦʚʣʝʥ ʙʦʣʝʝ ʯʝʤ ʥʘ 

42000 ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʙʦʣʝʝ ʯʝʤ 1600 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʟ ʙʦʣʝʝ ʯʝʤ 88 ʩʪʨʘʥ. 

 



4 ɺʨʝʤʝʥʥʘʷ ʰʢʘʣʘ ʧʨʦʮʝʩʩʦʚ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ 

10-7 10-5 10-3 10-1 101 103 105 ,c 

ʋʜʘʨʳ ʤʦʣʥʠʡ 

ʇʝʨʝʢʣʶʯʝʥʠʷ 

ʇʦʜʩʠʥʭʨʦʥʥʳʡ ʨʝʟʦʥʘʥʩ 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ɼʣʠʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ 

ʋʧʨʘʚʣʝʥʠʝ ʧʝʨʝʪʦʢʘʤʠ 

ʉʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

HVDC, FACTS ʠ ʧʨ. 

ʋʧʨʘʚʣʝʥʠʝ ʛʝʥʝʨʘʪʦʨʦʤ 

ʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘ 

ʋʧʨʘʚʣʝʥʠʝ ʪʫʨʙʠʥʦʡ 

ʏʘʩʪʦʪʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ɼʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ 

1 ʧʝʨʠʦʜ 1 ʩ 1 ʤʠʥ 1 ʯʘʩ 

1 ʜʝʥʴ 

ʀʤʧʫʣʴʩʥʳʡ ʧʝʨʝʭʦʜʥ. ʧʨʦʮʝʩʩ 

ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʥ. ʧʨʦʮʝʩʩ 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ɼʣʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ɼʠʩʙʘʣʘʥʩ, ʛʘʨʤʦʥʠʢʠ, ʠʥʪʝʨʛʘʨʤʦʥʠʢʠ, ʰʫʤʳ 

ʂʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʂʦʣʝʙʘʥʠʷ 

ʯʘʩʪʦʪʳ 

ʋʧʨʘʚʣʝʥʠʝ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ɺʦʟʤʫʱʘʶʱʠʝ ʩʦʙʳʪʠʷ ʠ ʷʚʣʝʥʠʷ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ  ʚ PSCAD/EMDTC 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ çʨʝʞʠʤʥʳʭè ʧʨʦʛʨʘʤʤʘʭ 
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ɺʳʙʦʨ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

çʈʝʞʠʤʥʳʝè ʧʨʦʛʨʘʤʤʳ 

ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʦʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

Å ɼʝʡʩʪʚʠʪʝʣʴʥʳ ʜʣʷ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

Å ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ (ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ) 

Å ʇʦʜʭʦʜʠʪ ʜʣʷ ʙʦʣʴʰʠʭ 

ʩʠʩʪʝʤ, ʢʦʛʜʘ ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ ʥʝ ʚʟʘʠʤʦʩʚʷʟʘʥʳ 

Å ʆʩʥʦʚʘʥʳ ʥʘ ʚʝʢʪʦʨʥʳʭ 

ʚʳʯʠʩʣʝʥʠʷʭ 

 

ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ PSCAD/EMTDC 

Åɼʝʡʩʪʚʠʪʝʣʴʥʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ 

Åʇʦʜʨʦʙʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʦʯʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ 

ʬʫʥʢʮʠʠ 

Åʀʩʩʣʝʜʦʚʘʥʠʝ ʛʘʨʤʦʥʠʢ 

Åʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʫʜʘʨʦʚ ʤʦʣʥʠʠ, ʧʨ. 

Åʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʤʘʰʠʥ 

Åʆʩʥʦʚʘʥʘ ʥʘ ʨʝʰʝʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 

()( ) ()www ILjRV ³+= () () ()ti
dt
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ɺʳʙʦʨ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

[I]  =  [Y][V] 
[I]: ͍̂ͦ͊͘͡Ύ ͙ͣ͊ͭͪͼ͊ ͍ͭͦͦ͟ 

[V]: ͍̂ͦ͊͘͡Ύ ͙ͣ͊ͭͪͼ͊ ͤ͊ͨͪΎ͔͙͚͗ͤ 
[Y]: ˿͙͔ͫͭͣͤ͊Ύ ͙ͣ͊ͭͪͼ͊ ͍͙͔͚ͨͪͦͦ͒ͣͦͫͭ 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (EMTP) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ɻ. ɼʦʤʤʝʣʷ (H.Dommel) ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ ʟʘʤʝʱʝʥʠʷ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʠʡ. 
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ɺʳʙʦʨ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ɺ ʦʙʟʦʨʝ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʩʪʠʪʫʪʘ IET (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

PSCAD ʫʢʘʟʘʥ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ (EMT) ʠ ʜʣʷ ʛʠʙʨʠʜʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

http://www.theiet.org/sectors/energy/resources/modelling-reports/papers.cfm
http://www.theiet.org/sectors/energy/resources/modelling-reports/papers.cfm
http://www.theiet.org/sectors/energy/resources/modelling-reports/papers.cfm
http://www.theiet.org/sectors/energy/resources/modelling-reports/papers.cfm
http://www.theiet.org/sectors/energy/resources/modelling-reports/papers.cfm
http://www.theiet.org/sectors/energy/resources/modelling-reports/papers.cfm


ɺʠʟʫʘʣʴʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ 
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ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʛʣʷʜʥʦ. ʆʥʘ 

ʦʬʦʨʤʣʷʝʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʢʘʢ ʧʨʠʚʳʯʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʚʦʡʩʪʚʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʜʝʣʠ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ 

ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ. ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ ʫʜʦʙʥʘ ʜʣ ̫ʘʥʘʣʠʟʘ ʠ ʧʨʦʚʝʨʢʠ. 



ʇʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ 
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ɼʣ ̫ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʠ 

ʥʘʛʣʷʜʥʦʩʪʠ, ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʤʥʦʛʦʩʣʦʡʥʦʡ: ʥʘ ʛʣʘʚʥʦʤ ʩʣʦʝ 

ʩʣʦʞʥʳʝ ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʚʠʜʝ ʫʢʨʫʧʥʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʚʭʦʜʷ ʚ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʜʝʪʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʦʙʲʝʢʪʘ 



ɹʠʙʣʠʦʪʝʢʘ ʢʦʤʧʦʥʝʥʪʦʚ 
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ʉʦʜʝʨʞʠʪ ʦʢʦʣʦ 300 ʢʦʤʧʦʥʝʥʪʦʚ: 

Åʇʘʩʩʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

Åʀʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

Åɺʳʢʣʶʯʘʪʝʣʠ 

Åʉʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ 

Åʊʨʘʥʩʬʦʨʤʘʪʦʨʳ 

Åʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ 

Åɺʃ ʠ ʂʃ 

Åʀʟʤʝʨʠʪʝʣʠ 

Åʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘ 

Åʕʢʩʧʦʨʪ ʠ ʠʤʧʦʨʪ ʜʘʥʥʳʭ 

Åʃʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

Åʌʠʣʴʪʨʳ  

Åʧʨ. 

ʂʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʠʤʝʝʪ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʚ ʩʧʨʘʚʦʯʥʠʢʝ 



ʂʦʤʧʦʥʝʥʪʳ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 
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Åɺʳʧʨʷʤʠʪʝʣʠ ʠ 

ʠʥʚʝʨʪʦʨʳ 

Åʊʠʨʠʩʪʦʨʳ, ʪʨʘʥʟʠʩʪʦʨʳ, 

ʜʠʦʜʳ, ʚʘʨʠʩʪʦʨʳ 

Åʋʧʨʘʚʣʝʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʠ 

ʪʠʨʠʩʪʦʨʘʤʠ 

Åʋʧʨʘʚʣʝʥʠʝ 

ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʠ 

ʪʠʨʠʩʪʦʨʘʤʠ 

ʢʦʤʧʝʥʩʘʪʦʨʦʚ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

Åʌʘʟʦʚʳʝ ʨʝʛʫʣʷʪʦʨʳ 

Åɺʩʪʘʚʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 



ʇʘʩʩʠʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ  
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ʄʦʜʝʣʠ: 

Åʂʦʥʜʝʥʩʘʪʦʨʳ, 

ʨʝʟʠʩʪʦʨʳ, 

ʨʝʘʢʪʦʨʳ 

(ʚʢʣʶʯʘʷ 

ʚʘʨʴʠʨʫʝʤʳʝ) 

Å RLC ʬʠʣʴʪʨʳ 

Åʌʠʢʩʠʨʦʚʘʥʥʳʝ 

ʥʘʛʨʫʟʢʠ 

Åʉʦʝʜʠʥʠʪʝʣʠ, 

ʧʨʦʚʦʜʘ, ʰʠʥʳ 

Åʈʘʟʨʷʜʥʠʢʠ; 

Åʈʝʘʢʪʦʨʳ ʩ 

ʥʘʩʳʱʝʥʠʝʤ 

Åɺʘʨʠʩʪʦʨʳ 



ʂʦʤʧʦʥʝʥʪʳ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ 

13 

ɺʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ʂʘʙʝʣʴʥʳʝ ʣʠʥʠʠ 

ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʝʡ ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 



ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ 

14 

ɻʨʫʧʧʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ  

(ʨʘʟʜʝʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ) 
ʄʥʦʛʦʬʘʟʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ɸʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʆʜʥʦʬʘʟʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 



ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ 

15 

ʇʨʠʤʝʨ ʤʦʜʝʣʠ ʩʠʥʭʨʦʥʥʦʡ 

ʤʘʰʠʥʳ ʩ ʚʦʟʙʫʜʠʪʝʣʝʤ, 

ʧʨʠʚʦʜʦʤ ʦʪ ʛʠʜʨʦʪʫʨʙʠʥʳ ʠ 

ʥʘʚʝʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʚʘʣʫ 

ʄʘʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ɺʦʟʙʫʜʠʪʝʣʠ 

ʄʘʰʠʥʳ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʠʧʘ 
ɺʦʟʙʫʜʠʪʝʣʴ 

ʉʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ 

ʄʦʜʝʣʴ ʚʘʣʘ 

ʛʝʥʝʨʘʪʦʨʘ 

ɻʠʜʨʦʪʫʨʙʠʥʘ ʈʝʛʫʣʷʪʦʨ 

ʛʠʜʨʦʪʫʨʙʠʥʳ 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʝʪʴ 

w - ʋʛʦʣ ʧʦʚʦʨʦʪʘ  

Tm ï ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 



ʂʦʤʧʦʥʝʥʪʳ ʤʝʭʘʥʠʯʝʩʢʠʝ 

16 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʘʣʦʚ 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨʳ 
ɺʝʪʨʦʪʫʨʙʠʥʳ 

ʇʘʨʦʚʳʝ ʪʫʨʙʠʥʳ 

ɻʠʜʨʦʪʫʨʙʠʥʳ 

ɼʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ 

(ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʧʨʦʧʫʩʢʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ) 



ʋʩʪʨʦʡʩʪʚʘ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ  

17 

ɼʠʩʪʘʥʮʠʦʥʥʘʷ ʟʘʱʠʪʘ 

 

ɹʣʦʢʠʨʦʚʢʘ ʧʨʠ ʢʘʯʘʥʠʷʭ 
 

 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʦʢʦʚʘʷ 

ʟʘʱʠʪʘ 

 

ʅʘʧʨʘʚʣʝʥʥʘʷ ʟʘʱʠʪʘ 

 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʟʘʱʠʪʘ 

 

ʊʦʢʦʚʘʷ ʦʪʩʝʯʢʘ 

ʄʦʜʫʣʠ ʚʳʯʠʩʣʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ʠ 

ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (I0,I1,I2) 

- ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ 
 

 

- ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ʥʘʧʨʷʞʝʥʠʷ 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ 

ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʳʱʝʥʠʷ 



ʃʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʵʣʝʤʝʥʪʳ ʜʣʷ  

ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

18 

ʃʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

ʕʣʝʤʝʥʪʳ ʉɸʋ 

ʇʨʠʤʝʨ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

 ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʬʨʘʛʤʝʥʪ) 



19 
ʕʣʝʤʝʥʪʳ ʟʘʜʘʥʠʷ ʘʚʘʨʠʡʥʳʭ 

ʩʦʙʳʪʠʡ 

ʕʣʝʤʝʥʪʳ 

ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʮʝʧʷʤʠ 

ʕʣʝʤʝʥʪʳ ʟʘʜʘʥʠʷ 

ʤʦʤʝʥʪʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʦʙʳʪʠʷ 

ʌʦʨʤʠʨʦʚʘʪʝʣʴ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʂɿ  

ɺʳʢʣʶʯʘʪʝʣʴ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʳʚʘ 

ʣʠʥʠ ʠʣʠ ʧʦʜʢʣʶʯʝʥʠʷ  

ʣʠʥʠʠ, ʠʩʪʦʯʥʠʢʘ ʠʣʠ 

ʥʘʛʨʫʟʢʠ 

ɼʣ ̫ ʟʘʜʘʥʠʷ ʚʠʜʘ ʠ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʡ (ʘʚʘʨʠʡ) ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 



ʕʣʝʤʝʥʪʳ ʩʦʟʜʘʥʠʷ ʩʮʝʥʘʨʠʝʚ 

ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠ 

20 

ʉʝʢʚʝʥʩʦʨʳ ʩʣʫʞʘʪ ʜʣ ̫ ʟʘʜʘʥʠʷ ʩʮʝʥʘʨʠʝʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʦʨʤʠʨʫʝʤʳʭ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʤʦʜʝʣʠ.   

ʇʨʠʤʝʨ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ɸʇɺ 

ʅʘʯʘʣʦ 

ɿʘʜʘʥʠʝ 

ʧʝʨʝʤʝʥʥʦʡ 

ʇʘʫʟʘ  

ʆʞʠʜʘʥʠʝ 

ʜʝʡʩʪʚʠʷ 

ʦʧʝʨʘʪʦʨʘ 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʚʳʢʣʶʯʘʪʝʣʴ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʂɿ 



ʕʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʴʶ ʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʝʝ ʩʦʩʪʦʷʥʠʷ 

21 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ 

ʕʣʝʤʝʥʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠ 

ʅʘʛʣʷʜʥʦʩʪʴ PSCAD ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʩʦʚʤʝʱʝʥʠʷ ʥʘ ʨʘʙʦʯʝʤ ʧʦʣʝ 

ʩʭʝʤʳ ʤʦʜʝʣʠ, ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʝ  ʁ ʠ ʵʣʝʤʝʥʪʦʚ ʦʪʦʙʨʘʞʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʜʝʣʴ 

ʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʝʝ ʨʝʘʢʮʠʝʡ. 



ʕʣʝʤʝʥʪʳ ʜʣʷ ʠʟʤʝʨʝʥʠʡ, 

ʵʢʩʧʦʨʪʘ ʠ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ 

22 

ʉʠʛʥʘʣʳ ʚ ʢʣʶʯʝʚʳʭ ʫʟʣʘʭ  ʤʦʜʝʣʠ ʠʟʤʝʨʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ: 

ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  ʌʫʨʴʝ, ʤʦʱʥʦʩʪʠ, ʨʝʘʣʴʥʳʭ 

ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ RMS, ʬʘʟ rʠ ʧʨ.) 

ʕʢʩʧʦʨʪ ʠ ʠʤʧʦʨʪ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʬʦʨʤʘʪʘʭ RTP, COMTRADE 



ʉʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʨʘʙʦʪʳ 

23 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʠʤʝʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʚ 

PSCAD ʩʦʙʩʪʚʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ. ʂʦʤʧʦʥʝʥʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ çʯʝʨʥʦʛʦ ʷʱʠʢʘè ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʨʘʙʦʪʳ, ʦʧʠʩʘʥʥʳʤ ʥʘ ʷʟʳʢʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (C++, 

Fortran, MATLAB/Simulink ʠ 

ʧʨ.).  



24 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

PSCAD 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʦʣʴʰʠʭ 

ʵʥʝʨʛʦʩʠʩʪʝʤ 

25 
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27 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʇʨʠʤʝʨ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʚ ɺʃ ʧʨʠ ʘʚʘʨʠʷʭ 
 

Plots at B3
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Relative Ground Permeability:

Ground Resistivity:

1.0

Earth Return Formula: Analytical Approximation
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ɻʝʦʤʝʪʨʠʷ  

ʦʧʦʨʳ ʃʕʇ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ 

28 

ʃʦʢʦʤʦʪʠʚ. ʄʦʜʝʣʴ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ ʥʘ ʙʘʟʝ ɸɼ 

ʊʷʛʦʚʳʝ ʧʦʜʩʪʘʥʮʠʠ ʩ ʣʠʥʠʷʤʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ 

ʇʠʪʘʶʱʘʷ 

ʧʦʜʩʪʘʥʮʠʷ 



ʇʨʦʚʝʨʢʘ ʨʘʙʦʪʳ ʈɿɸ ʧʦ ʬʘʡʣʘʤ ʘʚʘʨʠʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʚ PSCAD 

29 

COMTRADE ʬʘʡʣ 

ʋʩʪʨʦʡʩʪʚʘ ʈɿɸ 

ʄʦʜʝʣʴ ʘʚʘʨʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʈɿɸ 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʠʛʥʘʣʳ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

30 

ɼʇʊ ʩ 

ʚʳʭʦʜʦʤ ʚ 

ʚʠʜʝ 

ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ 

ʐʀʄ 

ʨʝʛʫʣʷʪʦʨ ʪʦʢʘ 

ʷʢʦʨʷ ɼʇʊ 

ʄʦʜʝʣʴ ʥʘʛʨʫʟʢʠ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʤʦʤʝʥʪʘ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʙʦʷ ʚ ʨʘʙʦʪʝ ɸʕʉ ʈʠʥʛʭʘʣʴʩ, 

ʐʚʝʮʠʷ, ʚʦʟʥʠʢʰʝʛʦ ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʩʙʨʦʩʘ ʥʘʛʨʫʟʢʠ 

ɸʕʉ ʠ ʤʝʞʜʫʬʘʟʥʦʛʦ ʂɿ 

31 

ʇʦʜʨʦʙʥʳʡ ʦʪʯʝʪ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʵʪʦʡ ʘʚʘʨʠʠ ʧʨʠʚʝʜʝʥ 

ʚ ʞʫʨʥʘʣʝ ñThe Pulseò. 

https://hvdc.ca/uploads/ck/files/newsletters/Pulse_Jul2009.pdf 

ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʧʦʜʩʪʘʥʮʠʷ 

ʕʥʝʨʛʦʙʣʦʢ ˉ1 ʕʥʝʨʛʦʙʣʦʢ ˉ2 ʕʥʝʨʛʦʙʣʦʢ ˉ3 ʕʥʝʨʛʦʙʣʦʢ ˉ4 

ʄʦʜʝʣʴ ʵʥʝʨʛʦʙʣʦʢʘ 

../../PSCAD/Материалы/The Pulse Журнал по применению PSCAD/Pulse_Jul2009.pdf
../../PSCAD/Материалы/The Pulse Журнал по применению PSCAD/Pulse_Jul2009.pdf
../../PSCAD/Материалы/The Pulse Журнал по применению PSCAD/Pulse_Jul2009.pdf
../../PSCAD/Материалы/The Pulse Журнал по применению PSCAD/Pulse_Jul2009.pdf
../../PSCAD/Материалы/The Pulse Журнал по применению PSCAD/Pulse_Jul2009.pdf
../../PSCAD/Материалы/The Pulse Журнал по применению PSCAD/Pulse_Jul2009.pdf
../../PSCAD/Материалы/The Pulse Журнал по применению PSCAD/Pulse_Jul2009.pdf
../../PSCAD/Материалы/The Pulse Журнал по применению PSCAD/Pulse_Jul2009.pdf


ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʟʝʣʴʛʝʥʝʨʘʪʦʨʘ ʩ 

ʠʤʠʪʘʮʠʝʡ ʧʨʦʧʫʩʢʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

32 

ɸʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ 

ɼʠʟʝʣʴʥʳʡ ʤʦʪʦʨ 

ʈʝʛʫʣʷʪʦʨ ʪʦʧʣʠʚʦʧʦʜʘʯʠ 

ʅʘʛʨʫʟʢʘ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʣʠʥʠʡ ʠ ʚʩʪʘʚʦʢ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ HVDC 

33 

ɺʳʧʨʷʤʠʪʝʣʴʥʘʷ 

ʧʦʜʩʪʘʥʮʠʷ 

ʀʥʚʝʨʪʦʨʥʘʷ 

ʧʦʜʩʪʘʥʮʠʷ 

ɹʠʧʦʣʷʨʥʘʷ ʚʳʩʦʢʦʚʦʣʴʪʥʘʷ 

ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʇʊ 



ʄʦʜʝʣʴ HVDC ʩʝʪʠ ʩ ʪʨʝʤʷ 

ʢʦʥʝʯʥʳʤʠ ʧʦʜʩʪʘʥʮʠʷʤʠ ʪʠʧʘ  VSC 
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ʤʦʱʥʦʩʪʴʶ  

ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʨʘʙʦʪʘ: 

ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ  ʯʘʩʪʦʪʦʡ ʠ 

ʥʘʧʨʷʞʝʥʠʝʤ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʝʨʭʙʳʩʪʨʳʭ ʧʨʦʮʝʩʩʦʚ 
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ʌʦʨʤʘ ʛʨʦʟʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ IEEE 

Std. 1243-1997 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʙʳʩʪʨʦʥʘʨʘʩʪʘʶʱʠʤʠ 

ʬʨʦʥʪʘʤʠ ʠ ʩ ʯʘʩʪʦʪʘʤʠ ʦʪ 10 ʢɻʮ ʜʦ 1 ʄʛʮ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʰʘʛʦʤ ʨʘʩʯʝʪʘ (20 ï 50) ʥʩ. 

 

ʂʦʤʤʫʪʘʮʠʠ ʃʕʇ ʠ ʫʜʘʨʳ ʤʦʣʥʠʡ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʘʭ 

ʚʘʢʫʫʤʥʳʭ ʠ ʵʣʝʛʘʟʦʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ 

ʂʦʤʤʫʪʘʮʠʷ ʙʘʥʦʢ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ 

ɸʇɺ ʥʘ ʣʠʥʠʷʭ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

 

 

 

 

 

 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʨʷʜʘ 

ʤʦʣʥʠʠ ʥʘ ʃʕʇ 

36 

ʄʦʜʝʣʠ: ʤʦʣʥʠʠ,                  ʦʧʦʨʳ ʃʕʇ,           ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ 

ʄʦʜʝʣʴ ʃʕʇ ʩ ʚʚʦʜʦʤ ʥʘ ʧʦʜʩʪʘʥʮʠʶ 

ɻʨʘʬʠʢʠ ʬʘʟʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʤʦʣʥʠʝʦʪʚʦʜʝ 
ʋʜʘʨ ʤʦʣʥʠʠ 



ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ 

ʇʨʦʪʦʢʦʣ 

ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ 

ʆʧʪʠʤʠʟʠʨʫʝʤʳʡ ʇʀ 

ʨʝʛʫʣʷʪʦʨ 

ʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ 

ʆʧʪʠʤʠʟʘʮʠʷ ʦʰʠʙʢʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʆʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 

37 



ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʴʰʝʛʦ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʃʕʇ 

ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ 

ʃʕʇ, ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 200 ʢʤ 

ʂʦʥʜʝʥʩʘʪʦʨ 

ʧʦʧʝʨʝʯʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ 
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ʇʨʦʪʦʢʦʣ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʊʨʝʭʬʘʟʥʳʡ ʢʦʤʤʫʪʘʪʦʨ 

ʅʝʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʟʘʤʳʢʘʥʠʷ ʢʦʥʪʘʢʪʦʚ 

ʂʦʤʧʦʥʝʥʪ ʧʝʨʝʙʦʨʘ 

ʧʘʨʘʤʝʪʨʦʚ 



39 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʪʝʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ  

ʛʝʥʝʨʘʮʠʝʡ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ 

Å ɺʝʪʨʦʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʠ 

ʢʦʤʧʣʝʢʩʳ; 

Å ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ; 

Å ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ; 

Å ɼʠʟʝʣʴʛʝʥʝʨʘʪʦʨʳ; 

Å ʂʠʥʝʪʠʯʝʩʢʠʝ ɻʕʉ. 

 

  



40 

ʆʩʦʙʝʥʥʦʩʪʠ ʥʦʚʦʡ ʚʝʨʩʠʠ  

Åʉʠʤʫʣʷʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʝʢʪʦʚ 

Åʇʦʜʜʝʨʞʢʘ ʢʠʨʠʣʣʠʯʝʩʢʠʭ ʰʨʠʬʪʦʚ ʚ ʟʘʤʝʪʢʘʭ 

Åʈʝʞʠʤ ʟʘʤʝʜʣʝʥʠʷ ʩʠʤʫʣʷʮʠʠ 

Å 32/64-ʙʠʪʥʘʷ ʚʝʨʩʠʷ 

Åʇʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʤʥʦʛʦʷʜʝʨʥʳʭ 

ʕɺʄ 

Åʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʙʝʩʧʣʘʪʥʦʡ ʠ ʧʨʦʙʥʦʡ 

ʣʠʮʝʥʟʠʠ ʯʝʨʝʟ çʦʙʣʘʯʥʳʡè ʩʝʨʚʠʩ 

Åʀ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʇʦʜʨʦʙʥʝʝ ʩʤʦʪʨʠʪʝ ʥʘ ʩʘʡʪʝ.  

 

 

ɺʝʨʩʠʷ PSCAD X 4.6  

https://hvdc.ca/knowledge-library/reference-material


ʆʙʥʦʚʣʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 

41 

ʅʦʚʘʷ ʚʝʨʩʠʷ PSCAD X4 ʠʤʝʝʪ ʦʙʥʦʚʣʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ. 

Åʉʦʚʨʝʤʝʥʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ ʩ ʤʦʜʥʦʡ ʣʝʥʪʦʯʥʦʡ ʧʘʥʝʣʴʶ 

ʫʧʨʘʚʣʝʥʠʷ Ribbon Control Bar, ʟʥʘʢʦʤʦʡ ʧʦ Microsoft Office 2010 

Åʈʘʙʦʪʘʝʪ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ MS Windows (XP, Vista, 7, 8) 

Å ʈʘʩʯʝʪ ʤʦʜʝʣʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʠʣʷʮʠʠ ʤʦʜʝʣʝʡ ʚ 

ʧʨʦʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ ʌʦʨʪʨʘʥ 

Åʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʤʥʦʛʦʷʜʝʨʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 
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ʇʨʠʤʝʥʝʥʠʝ PSCAD  

ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ 

Åɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʠʟʫʯʘʝʤʦʛʦ 

ʵʣʝʢʪʨʦʦʙʨʫʜʦʚʘʥʠʷ 

Åɼʝʤʦʥʩʪʨʘʮʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ 

Åɺʳʧʦʣʥʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ 

Åɺʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʢʫʨʩʦʚʦʤ ʠ 

ʜʠʧʣʦʤʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 
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ɼʦʩʪʦʠʥʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ PSCAD 

ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ 

Åʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʥʷʪʠʡ: 

Vʟʘʥʷʪʠʷ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤʠ ʠ 

ʠʥʪʝʥʩʠʚʥʳʤʠ; 

Vʫʩʠʣʠʚʘʝʪʩʷ ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʘʥʷʪʠʡ ʠ 

ʠʭ ʩʚʷʟʴ ʩ ʧʨʘʢʪʠʢʦʡ. 

Åʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʠ ʜʠʩʮʠʧʣʠʥ. 

Åʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʣʠʮʝʥʟʠʷ PSCAD ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʦ 

ʦʯʝʥʴ ʅʀɿʂʀʄ ʎɽʅɸʄ ʠ ʥʝ ʪʨʝʙʫʝʪ ʝʞʝʛʦʜʥʳʭ 

ʧʣʘʪʝʞʝʡ. 



44 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ  

ʚʥʝʜʨʝʥʠʷ PSCAD ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ 

Åʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʨʘʙʦʪʝ ʚ ʩʨʝʜʝ PSCAD.  

Åɽʞʝʛʦʜʥʳʝ ʩʝʤʠʥʘʨʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ PSCAD 

Åɹʝʩʧʣʘʪʥʳʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. 

Vʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʢʘʬʝʜʨʝ ʈɿʠɸʕ ʚ 

ʅʀʋ çʄʕʀè: 
1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ PSCAD 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ 220ʢɺ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ PSCAD 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ PSCAD 

Vʀʥʦʩʪʨʘʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʩʦʙʠʷ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ  
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ʇʦʚʳʰʝʥʠʝ ʠʥʪʝʨʝʩʘ ʩʪʫʜʝʥʪʦʚ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʰʠʭ ʩʠʤʫʣʷʪʦʨʦʚ 

Åʂʦʥʢʫʨʩ ʥʘ ʣʫʯʰʫʶ ʩʪʫʜʝʥʯʝʩʢʫʶ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ, 

ʚʳʧʦʣʥʝʥʥʫʶ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʤʫʣʷʪʦʨʦʚ PSCAD ʠ RTDS. 

ÅçPSCAD-ʦʚʩʢʠʡ ʢʚʘʨʪʘʪʣʦʥè ī ʩʦʨʝʚʥʦʚʘʥʠʷ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ 

ʩʪʫʜʝʥʯʝʩʢʠʭ ʢʦʤʘʥʜ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ PSCAD. 
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ʇʦʣʴʟʦʚʘʪʝʣʠ PSCAD ʚ ʈʦʩʩʠʠ 

ˉ ʇʨʝʜʧʨʠʷʪʠʷ, ʠʤʝʶʱʠʝ PSCAD ɻʦʜ ɺʠʜ ʣʠʮʝʥʟʠʠ 

1 ʆʆʆ çʀʅʊʕʂʆè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 2005 1 ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

2 ʆɸʆ çɺʅʀʀʈè, ʛ. ʏʝʙʦʢʩʘʨʳ 2008,2020 5 ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

3 ʅʀʋ çʄʕʀè, ʛ. ʄʦʩʢʚʘ  2013,14 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 25 ʤʝʩʪ + 1 ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

4 ʅɻʊʋ , ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 2013 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 10 ʤʝʩʪ 

5 ʊʇʋ, ʛ. ʊʦʤʩʢ 2013 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 25 ʤʝʩʪ 

6 ɸʤɻʋ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 2013 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 10 ʤʝʩʪ 

7 ʏʫʚɻʋ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ , ʛ. ʏʝʙʦʢʩʘʨʳ 2013 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 25 ʤʝʩʪ 

8 ʆɸʆ çʕʅʀʅ ʠʤ. ɻ.ʄ. ʂʨʞʠʞʘʥʦʚʩʢʦʛʦè, ʛ. ʄʦʩʢʚʘ 2014 1 ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

9 ʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 2014 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 25 ʤʝʩʪ 

10 ɿɸʆ çʈɸɼʀʋʉ ɸʚʪʦʤʘʪʠʢʘè ʛ. ʄʦʩʢʚʘ 2015 1 ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

11 ɸʅʆ "ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ" ʛ. ʂʘʩʧʠʡʩʢ 2015 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 10 ʤʝʩʪ 

12 ʀɻʕʋ, ʛ. ʀʚʘʥʦʚʦ 2015 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 10 ʤʝʩʪ 

13 ʂʫʙɻʊʋ, ʛ. ʂʨʘʩʥʦʜʘʨ 2015 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 25 ʤʝʩʪ 

14 ɼɺʌʋ ʛ. ɺʣʘʜʠʚʦʩʪʦʢ  2015 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 10 ʤʝʩʪ 

15 ʖʈɻʇʋ (ʅʇʀ) ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ  2015 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 10 ʤʝʩʪ 

16 ɸʋʕʉ, ʛ. ɸʣʤʘ-ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 2016 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 10 ʤʝʩʪ 

17 ɸɻʅʀ, ʛ. ɸʣʴʤʝʪʴʝʚʩʢ  2017 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 25 ʤʝʩʪ + 1 ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

18 ʂɻʕʋ, ʛ. ʂʘʟʘʥʴ 2017 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 25 ʤʝʩʪ 

19 ʈʂʉʉ, ʛ. ʄʦʩʢʚʘ 2018 1 ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

20 ʄʌʊʀ, ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ 2018 1 ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

21 ʆʤɻʊʋ, ʛ. ʆʤʩʢ 2018 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 25 ʤʝʩʪ 

22 ʊɻʋ, ʛ. ʊʦʣʴʷʪʪʠ 2019 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 10 ʤʝʩʪ 

23 ʆʆʆ çʉʂʈʄè, ʛ. ʄʦʩʢʚʘ 2019 1 ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

24 ʅɺɻʋ, ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ 2019 ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʥʘ 10 ʤʝʩʪ 



ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2018 ʛʦʜ ʣʠʮʝʥʟʠʝʡ PSCAD ʦʩʥʘʱʝʥʳ  

ʙʦʣʝʝ 42 000 ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ 88 ʩʪʨʘʥʘʭ. 

ʈʝʬʝʨʝʥʩ-ʣʠʩʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

PSCAD ʚ ʤʠʨʝ 

ˉ ʉʪʨʘʥʘ 
�F�c�q�`�h�b�c�[�m�i�]��
�������F�c�q�`�h�b�c�d ˉ ʉʪʨʘʥʘ 

�F�c�q�`�h�b�c�[�m�i�]��
�������F�c�q�`�h�b�c�d ˉ ʉʪʨʘʥʘ 

�F�c�q�`�h�b�c�[�m�i�]��
�������F�c�q�`�h�b�c�d 

1 ʉʐɸ 536 / 4106 16 ɼʘʥʠʷ 57 / 961 31 ʈʦʩʩʠʷ 21 / 281 

2 ʀʥʜʠʷ 461 / 7609 17 ʌʠʥʣʷʥʜʠʷ 56 / 443 32 ɻʨʝʮʠʷ 16 / 196 

3 ʗʧʦʥʠʷ 460 / 2701 18 ʇʦʣʴʰʘ 42 / 350 33 ʈʫʤʳʥʠʷ 15 / 355 

4 ʂʠʪʘʡ 429 / 2530 19 ʊʘʠʣʘʥʜ 41 / 809 34 ʉʣʦʚʝʥʠʷ 14 / 320 

5 ʖʞʥʘʷ ʂʦʨʝʷ 272 / 2090 20 ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ 41 / 166 35 ʂʦʣʫʤʙʠʷ 14 / 196 

6 ʂʘʥʘʜʘ 265 / 2811 21 ʊʘʡʚʘʥʴ 38 / 185 36 ʐʨʠ ʃʘʥʢʘ 13 / 268 

7 ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 186 / 1947 22 ʌʨʘʥʮʠʷ 37 / 156 37 ʀʥʜʦʥʝʟʠʷ 13 / 232 

8 ɻʝʨʤʘʥʠʷ 125 / 571 23 ʊʫʨʮʠʷ 36 / 529 38 ʐʚʝʡʮʘʨʠʷ 13 / 22 

9 ʐʚʝʮʠʷ 124 / 662 24 ʀʪʘʣʠʷ 35 / 492 39 ɹʝʣʴʛʠʷ 12 / 154 

10 ʀʩʧʘʥʠʷ 119 / 1256 25 ʆɸʕ 34 / 161 40 ɽʛʠʧʝʪ 10 / 332 

11 ɹʨʘʟʠʣʠʷ 108 / 1011 26 ʅʠʜʝʨʣʘʥʜʳ 32 / 299 41 ʏʠʣʠ 9 / 183 

12 ʄʘʣʘʡʟʠʷ 103 / 1163 27 ʉʠʥʛʘʧʫʨ 25 / 238 42 ʇʘʢʠʩʪʘʥ 8 / 138 

13 ɸʚʩʪʨʘʣʠʷ 88 / 1107 28 ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ 25 / 195 43 ʌʠʣʠʧʧʠʥʳ 8 / 17 

14 ʄʝʢʩʠʢʘ 67 / 389 29 ʅʦʨʚʝʛʠʷ 25 / 146 44 ʕʩʪʦʥʠʷ 7 / 212 

15 ʖɸʈ 66 / 917 30 ʀʨʘʥ 21 / 937 
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