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ȷˊŬɔɞɟŮɨŮŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ Ůɝ ɞɚɞəɚɐɟɞɡ ɐ 

ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ, ɔɘŬ Ůɛˊɞɟɘəɧ ůəɞˊɞɑ. ȺˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬŰɨˊɤůɖ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ ɔɘŬ 

ůəɞˊɧ ɛɖ əŮɟŭɞůəɞˊɘəɧ, ŮəˊŬɘŭŮɡŰɘəɐɠ ɐ ŮɟŮɡɜɖŰɘəɐɠ űɨůɖɠ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɜŬ 

ŬɜŬűɏɟŮŰŬɘ ɖ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ əŬɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ Űɞ ˊŬɟɧɜ ɛɐɜɡɛŬ. ȺɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ 

ɢɟɐůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɔɘŬ əŮɟŭɞůəɞˊɘəɧ ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞɜ ůɡɔɔɟŬűɏŬ.  

 

 

 

Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ Űɞ ɏɔɔɟŬűɞ ŮəűɟɎɕɞɡɜ Űɞɜ ůɡɔɔɟŬűɏŬ 

əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɟɛɖɜŮɡŰŮɑ ɧŰɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɘɠ ŮˊɑůɖɛŮɠ ɗɏůŮɘɠ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ 

ɄɞɚɡŰŮɢɜŮɑɞɡ. 
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ȺɡɢŬɟɘůŰɑŮɠ 

 

ȷɟɢɘəɎ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ əŬɗɖɔɖŰɐ ɛɞɡ, əɨɟɘɞ ȽɤɎɜɜɖ ɀ. ɄɟɞɡůŬɚɑŭɖ ɔɘŬ Űɖɜ 

ŮɡəŬɘɟɑŬ ˊɞɡ ɛɞɡ ɏŭɤůŮ ɜŬ Ŭůɢɞɚɖɗɩ ɛŮ ɏɜŬ Űɧůɞ ŮɜŭɘŬűɏɟɞɜ ŬɜŰɘəŮɑɛŮɜɞ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖ 

ůŰɐɟɘɝɐ Űɞɡ ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ. ȼ ůɡɜŮɟɔŬůɑŬ ˊɞɡ ŮɑɢŬ ɛŬɕɑ Űɞɡ ɐŰŬɜ ŮɝŬɘɟŮŰɘəɐ, ɧˊɤɠ Ŭəɟɘɓɩɠ 

əŬɘ ɖ əŬɗɞŭɐɔɖůɖ Űɞɡ. 

Ⱥˊɑůɖɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ůɡɜŮɟɔɎŰɖ Űɞɡ əɡɟɑɞɡ ɄɟɞɡůŬɚɑŭɖ, ɆŰɏűŬɜɞ ɁŰɎɚɚŬ ɔɘŬ 

Űɖɜ əŬŰŬɚɡŰɘəɐ ɓɞɐɗŮɘŬ Űɞɡ ůŰɞ əɞɛɛɎŰɘ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ. 

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɘŰɏɟɤɠ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ əŬɘ ɧɚŬ ŰŬ əɞɜŰɘɜɎ ɛɞɡ ɎŰɞɛŬ 

ˊɞɡ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ ɛŮ ůŰɐɟɘɕŬɜ əŬɘ ɛɞɡ ŭɑŭŬɝŬɜ ˊɞɚɚɎ ˊɟɎɔɛŬŰŬ ɛŮ ŰŬ ɞˊɞɑŬ ɗŬ ˊɞɟŮɨɞɛŬɘ 

ůŰɖɜ ɕɤɐ ɛɞɡ. ɉɤɟɑɠ ŬɡŰɞɨɠ ŭŮɜ ɗŬ ŮɑɢŬ əŬŰŬűɏɟŮɘ ŬɟəŮŰɎ Ŭˊɧ ŬɡŰɎ ˊɞɡ ŮɑɛŬɘ ˊŮɟɐűŬɜɞɠ 

ůɐɛŮɟŬ. 
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ɄŮɟɑɚɖɣɖ 

 

ɇɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ŬˊɞŰŮɚŮɑ Űɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ŮɟɔŬůɑŬɠ, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ɛɘŬ ɘůŰɞɟɘəɐ 

ŬɜŬŭɟɞɛɐ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ űŰɎɜɞɜŰŬɠ ůŰɞ ůɐɛŮɟŬ əŬɘ Űɞɡ ůəɞˊɞɨ Űɖɠ 

ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ɇɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ ŮɑɜŬɘ ŬűɘŮɟɤɛɏɜɞ ůŰɘɠ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ Űɤɜ ˊɚɞɑɤɜ. ɆɖɛŮɑŬ ŬɜŬűɞɟɎɠ Űɞɡ Ůɜ ɚɧɔɤ əŮűŬɚŬɑɞɡ ŮɑɜŬɘ ɖ ůɨɔəɟɘůɖ Űɤɜ 

ɖɚŮəŰɟɘəɩɜ ŭɘəŰɨɤɜ Űɖɠ ɝɖɟɎɠ ɛŮ ŮəŮɑɜŬ Űɤɜ ˊɚɞɑɤɜ, ɞɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɖɜ ŭɞɛɐ Űɞɡɠ ɧˊɤɠ 

əŬɘ ɖ əŬŰŬɜɧɖůɖ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ŬɜŬɔəɩɜ Űɞɡɠ. Ⱥˊɑůɖɠ ɔɑɜŮŰŬɘ ŮəŰŮɜɐɠ ˊŮɟɘɔɟŬűɐ Űɤɜ əɨɟɘɤɜ 

ůɡůŰɖɛɎŰɤɜ ˊɟɧɤůɖɠ  ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰŬ ˊɚɞɑŬ, Ůɜɩ ŮˊɘůɖɛŬɑɜɞɜŰŬɘ əŬɘ ɞɟɘůɛɏɜŬ 

ůɨɔɢɟɞɜŬ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɓŮɚŰɑɤůɖɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ŬəɞɚɞɡɗɞɨɛŮɜŬ Ŭˊɧ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ Ŭɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. 

ɇɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ŮɛˊŮɟɘɏɢŮɘ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ ɔɜɩůŮɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ 

ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ˊɘɗŬɜɩɜ əɘɜŭɨɜɤɜ ˊɞɡ ˊɘɗŬɜɩɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

ŬɚɚɎ əŬɘ Űɤ ˊɟɞɖɔɛɏɜɤɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ ɏɢɞɡɜ ɤɠ ůəɞˊɧ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ 

əɘɜŭɨɜɤɜ. ȷɜŬɚɡŰɘəɎ ˊŮɟɘɔɟɎűɞɜŰŬɘ əŬɘ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɧɚŮɠ ɞɘ ˊɘɗŬɜɏɠ ŭɘŬŰŬɟŬɢɏɠ ˊɞɘɧŰɖŰŬɠ 

ɘůɢɨɞɠ ˊɞɡ ŮɜŭɏɢŮŰŬɘ ɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŮ əɎˊɞɘɞ ůɨůŰɖɛŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, Ůɜɩ 

ˊŬɟŬɗɏŰɞɜŰŬɘ əŬɘ ŬɜŰɑůŰɞɘɢŮɠ əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ  ɛŮ ɓɎůɖ ŰŬ ˊɟɧŰɡˊŬ ŭɘŮɗɜɩɜ ɞɟɔŬɜɘůɛɩɜ. 

ɇɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŮɢɜɘəɏɠ əŬɘ ɛŮɗɧŭɞɡɠ ɛŮŰɟɐůŮɤɜ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ , ɛŬɕɑ 

ɛŮ ŰŬ əɡɟɘɧŰŮɟŬ ˊɟɧŰɡˊŬ ɞɟɔŬɜɘůɛɩɜ ˊɞɡ ɡˊŬɔɞɟŮɨɞɡɜ Űɞɡɠ əŬɜɞɜɘůɛɞɨɠ ˊɞɡ ŭɘŮɝɎɔɞɜŰŬɘ ɞɘ 

ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰɟɐůŮɘɠ ɟŮɡɛɎŰɤɜ əŬɘ ŰɎůŮɤɜ. ȼ ˊŬɟŬˊɎɜɤ ŬɜɎɚɡůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɧůɞ ůŮ 

ɗŮɤɟɖŰɘəɧ ˊɚŬɑůɘɞ ɛŮ Űɖɜ ˊŬɟɎɗŮůɖ ˊɘɜɎəɤɜ ɧůɞ əŬɘ ůŮ ˊɟŬəŰɘəɧ ɛŮ Űɖɜ ŮˊŮɝɐɔɖůɖ ŭɘŬűɧɟɤɜ 

ɞɟɔɎɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ. 

ɇɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ ɏɢŮɘ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ ˊŮɟɘɔɟŬűɐ Űɖɠ ŮɟɔŬůŰɖɟɘŬəɐɠ 

ŭɘɎŰŬɝɐɠ ɧˊɤɠ ŮɑɜŬɘ ůɐɛŮɟŬ. ɈˊɎɟɢŮɘ ɚŮˊŰɞɛŮɟɐɠ əŬŰŬɔɟŬűɐ Űɞɡ ɔŮɜɘəɧŰŮɟɞɡ əɡəɚɩɛŬŰɞɠ ɧˊɤɠ 

əŬɘ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑɤɜ ˊɞɡ Űɞ ŬˊŬɟŰɑɕɞɡɜ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ Űɞɡɠ. 

ɀŬɕɑ ɛŮ Űɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŭɘɎŰŬɝɖɠ ˊɟɞůŰɏɗɖəŬɜ ŮɘəɧɜŮɠ Ŭˊɧ Űɞ ŮɟɔŬůŰɐɟɘɞ ɔɘŬ 

ŭɘŮɡəɧɚɡɜůɖ Űɖɠ əŬŰŬɜɧɖůɖɠ. Ⱥˊɑůɖɠ əŬŰŬɔɟɎűɞɜŰŬɘ əŬɘ ɚŮˊŰɞɛɏɟŮɘŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ŮˊɞˊŰŮɑŬɠ əŬɘ ŭɘŬɢŮɑɟɘůɖɠ ɘůɢɨɞɠ SCADA ɧˊɤɠ əŬɘ Űɞɡ Űɟɧˊɞɡ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ. ɇɏɚɞɠ, ɔɑɜŮŰŬɘ 

ŮəŰŮɜɐɠ ˊŮɟɘɔɟŬűɐ Űɞɡ Űɟɧˊɞɡ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ sag generator. 

ɇɞ ɏəŰɞ əŮűɎɚŬɘɞ ŮɑɜŬɘ Űɞ ˊŮɘɟŬɛŬŰɘəɧ ŰɛɐɛŬ Űɖɠ ŮɟɔŬůɑŬɠ. ɄŬɟŬɗɏŰɞɜŰŬɘ ŰŬ ˊɟɧŰɡˊŬ ɛɏůɤ Űɤɜ 

ɞˊɞɑɤɜ ˊɟɞɏəɡɣŬɜ ŰŬ testing points ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ Űɖɜ sag generator ɧˊɤɠ Ůˊɑůɖɠ 

əŬɘ ɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ əɎɗŮ ɛɏŰɟɖůɖɠ. ȷɜŬűɞɟɎ 

ɔɑɜŮŰŬɘ Ůˊɑůɖɠ əŬɘ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŮˊɘŭɧůŮɤɜ Űɖɠ ŭɘɎŰŬɝɖɠ ɛɏůɤ ŰŮůůɎɟɤɜ əɚɎůŮɤɜ. ɇɏɚɞɠ 

ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ŰŬ ɔɟŬűɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɧɚɤɜ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬəɞɚɞɡɗɞɨɛŮɜŬ Ŭˊɧ Űɞɜ 

ůɢɞɚɘŬůɛɧ Űɞɡɠ. 
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ɆŰɞ ŰŮɚŮɡŰŬɑɞ əŮűɎɚŬɘɞ Űɖɠ ŮɟɔŬůɑŬɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ əɨəɚɤɛŬ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɏůɤ Űɞɡ ŮɟɔŬɚŮɑɞɡ Űɖɠ Matlab. ɄŮɟɘɏɢŮɘ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŰɛɖɛɎŰɤɜ əŬɘ subsystem ůɡɜɞŭŮɡɧɛŮɜɖ ɛŮ print screens ŮɘəɧɜŮɠ . 

ɇɏɚɞɠ ˊŬɟŬɗɏŰɞɜŰŬɘ ɖ ˊɟɞůɞɛɞɘɩůŮɘɠ Űɞɡ əɡəɚɩɛŬŰɞɠ Űɖɠ Matlab əŬɘ Űɞ əŮűɎɚŬɘɞ 

ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛŮ ɏɜŬɜ ůɡɔəɟɘŰɘəɧ ůɢɞɚɘŬůɛɧ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ ɛŮ Űɘɠ 

ˊɟɞůɞɛɞɘɩůŮɘɠ 
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Abstract 

 
Power quality constitutes a field of constantly increasing interest for electricity companies and end 

users. In this thesis, power quality events, variations and standards are examined. Specifically, 

emphasis is placed on the topics of ship installations and marine technology. 

In addition, experimental tests are performed using an IPC sag generator device in a real 

experimental configuration and the respective results are presented and analyzed. 

In the next stage, a simulation model is developed with the purpose of generating outcomes that 

approximate experimental measurements. The above model is designed using the graphical 

environment of Matlab Simulink and the simulation waveforms are quite satisfactory. 

Furthermore, a detailed discussion on the comparison of experimental and stimulatory results 

takes place. 

Finally, possibilities of future work are recorded. 

 

 

Keywords: power quality, sag generator, Matlab/Simulink, voltage sag, voltage swell 
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ȾŮűɎɚŬɘɞ 1ɞ ȺɘůŬɔɤɔɐ 

 
ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ŬˊɞŰŮɚŮɑ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ŬɜŰɘəŮɑɛŮɜɞ ŮəŰŮɜɐɠ ɛŮɚɏŰɖɠ, ŭŮɜ 

ŬɜŬɘɟŮɑ Űɞ ŮɜŭɘŬűɏɟɞɜ ˊɞɡ ɡˊɐɟɢŮ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɐ Űɖɠ Ŭˊɧ ˊɟɧŰŮɟŬ ɢɟɧɜɘŬ. ɀɞɜɎŭŮɠ ŬɜɎ Űɞɜ 

əɧůɛɞ ŮɟɔŬɕɧɜŰɞɡůŬɜ ɔɘŬ ŭŮəŬŮŰɑŮɠ ɛŮ ůəɞˊɧ Űɖɜ ɓŮɚŰɑɤůɖ Űɞɡ ŰɞɛɏŬ ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɧɠ ůɐɛŮɟŬ 

ɤɠ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ. ȼ ˊɟɤŰŬɟɢɘəɐ ŬɜŬűɞɟɎ Űɞɡ ɧɟɞɡ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ůɡɜŬɜŰɎŰŬɘ ůŮ ɛɘŬ 

ŭɖɛɞůɑŮɡůɖ Ůɜɧɠ Ɏɟɗɟɞɡ ˊɞɡ ˊɟŬɔɛŬŰŮɡɧŰŬɜ ɛŮɚɏŰŮɠ ŰŮɢɜɘəɩɜ ˊɟɞŭɘŬɔɟŬűɩɜ Űɞɡ ɜŬɡŰɘəɞɨ Űɤɜ 

ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ Űɖɠ ȷɛŮɟɘəɐɠ ŬɜŬűŮɟɧɛŮɜŮɠ ůŮ ŮɜŮɟɔŮɘŬəɏɠ ˊɟɞŬˊŬɘŰɐůŮɘɠ əŬɘ 

ɖɚŮəŰɟɞɜɘəɞɨɠ Ůɝɞˊɚɘůɛɞɨɠ. ȼ ɖɛŮɟɞɛɖɜɑŬ ɐŰŬɜ Ɂɞɏɛɓɟɖɠ Űɞɡ 1968 əŬɘ ɞ ůɡɔɔɟŬűɏŬɠ Űɞɡ 

Ɏɟɗɟɞɡ ɐŰŬɜ ɞ H.H. Kajihara. ɉɟɞɜɘəɎ ŬəɞɚɞɨɗɖůŬɜ əŬɘ ɎɚɚŬ ŮˊɘůŰɖɛɞɜɘəɎ ɎɟɗɟŬ ˊɞɡ 

ŬɜŬűŮɟɧɜŰɞɡůŬɜ ůŰɖɜ ůɢŮŰɘəɐ ɞɟɞɚɞɔɑŬ ɏɢɞɜŰŬɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɖ ɏɜɜɞɘŬ ȭȭhigh power qualityȭȭ 

ɜŬ ŬˊɞŰŮɚŮɑ ɏɜŬɜ ůŰɧɢɞ ɔɘŬ Űɖɜ ɓɘɞɛɖɢŬɜɑŬ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ůɡůŰɖɛɎŰɤɜ Űɞɡ 1970, ɞ ɞˊɞɑɞɠ 

ɐŰŬɜ ɎɛŮůŬ ůɡɜɡűŬůɛɏɜɞɠ ɛŮ Űɞɡɠ ɧɟɞɡɠ ȭȭsafetyȭȭ(ŬůűɎɚŮɘŬ), ȭȭ reliability ȭȭ(ŬɝɘɞˊɘůŰɑŬ) əŬɘ 

ȭȭlow initial and operations costsȭȭ (ɢŬɛɖɚɧ Ŭɟɢɘəɧ əŬɘ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ). ɀɘŬ Ŭˊɚɐ ɛŮɚɏŰɖ 

Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ŭɖɛɞůɘŮɨůŮɤɜ ˊɞɡ ŮɛˊŮɟɘŮɑɢŬɜ Űɞɡɠ ɧɟɞɡɠ ŮɑŰŮ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ(power quality) 

ŮɑŰŮ ˊɞɘɧŰɖŰŬ ŰɎůɖɠ(voltage quality) ŬɜɎ ŰŬ ɢɟɧɜɘŬ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɜŭŮɘəŰɘəɐ Űɞɡ ŬɡɝŬɜɧɛŮɜɞɡ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ. ɇɖɜ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ɛŮŰŬɝɨ 1969-1984 ŮɑɢŬɜ əŬŰŬɔɟŬűŮɑ 

155 ˊŮɟɘˊŰɩůŮɘɠ ŮˊɘůŰɖɛɞɜɘəɩɜ Ɏɟɗɟɤɜ Ůɜɩ Űɞ ŭɘɎůŰɖɛŬ 1985-1996 ɞ ŬɜŰɑůŰɞɘɢɞɠ Ŭɟɘɗɛɧɠ ɐŰŬɜ 

2051. 

ɄɟŬəŰɘəɎ ˊɞŰɏ ŭŮɜ ɡˊɐɟɝŮ ɏɜŬɠ ɝŮəɎɗŬɟɞɠ ɞɟɘůɛɧɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ɞ ɞˊɞɑɞɠ ɜŬ ŮɑɜŬɘ 

Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜɞɠ. ȹɘŬűɞɟŮŰɘəɞɑ Ɏɜɗɟɤˊɞɘ ŮɟɛɖɜŮɨɞɡɜ Űɞɜ ɧɟɞ əɎˊɤɠ ŭɘŬűɞɟŮŰɘəɎ, Ŭˊɧ Űɖ 

ŭɘəɐ Űɞɡɠ ɞˊŰɘəɐ ɔɤɜɑŬ. ȳůɞɘ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɖɜ ˊɟɞůŰŬůɑŬ ůɡůŰɖɛɎŰɤɜ ŰŬɡŰɑɕɞɡɜ Űɖɜ 

ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ɛŮ Űɖɜ ŬɝɘɞˊɘůŰɑŬ. ȳůɞɘ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɞɜ ůɢŮŭɘŬůɛɧ ɖɚŮəŰɟɞɚɞɔɘəɞɨ 

Ůɝɞˊɚɘůɛɞɨ ŰŬɡŰɑɕɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ɛŮ ůɡɔəŮəɟɘɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŰɎůɖɠ Űɞɡ 

ŭɘəŰɨɞɡ ɧŰŬɜ ɞ Ůɝɞˊɚɘůɛɧɠ ɚŮɘŰɞɡɟɔŮɑ əŬɜɞɜɘəɎ. ɀɑŬ ɔŮɜɘəɩɠ ŬˊɞŭŮəŰɐ Ůəŭɞɢɐ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ŮɑɜŬɘ ɖ Ůɝɐɠ: ȼ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ŬűɞɟɎ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŬɜɎɛŮůŬ ůŰɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ əŬɘ Űɞɡɠ 

ˊŮɚɎŰŮɠ Űɤɜ ŮŰŬɘɟɘɩɜ ɖɚŮəŰɟɘůɛɞɨ. ȼ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŮɑɜŬɘ Ŭɛűɑŭɟɞɛɖ: Űɞ ŭɑəŰɡɞ ŮˊɖɟŮɎɕŮɘ Űɞɡɠ 

ˊŮɚɎŰŮɠ ɛɏůɤ Űɖɠ ˊŬɟŮɢɧɛŮɜɖɠ ŰɎůɖɠ ,əŬɘ ɞɘ ˊŮɚɎŰŮɠ Ůˊɘŭɟɞɨɜ ůŰɞ ŭɑəŰɡɞ ɛɏůɤ Űɞɡ ɟŮɨɛŬŰɞɠ. Ƀɘ 

ˊŮɚɎŰŮɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŰŮɚɘəɞɑ əŬŰŬɜŬɚɤŰɏɠ ,ˊŬɟŬɔɤɔɞɑ ɐ əŬɘ ŰŬ ŭɨɞ. ȰɜŬ ˊɟɧɓɚɖɛŬ ůŰɖɜ 

ˊɞɘɧŰɖŰŬ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ ɡˊɎɟɢŮɘ , ɧŰŬɜ ŭɘŬŰŬɟŬɢɗŮɑ ɖ əɡɛŬŰɞɛɞɟűɐ Űɖɠ ŰɎůɖɠ ,ɖ əɡɛŬŰɞɛɞɟűɐ 

Űɞɡ ɟŮɨɛŬŰɞɠ ɐ ɖ ůɡɢɜɧŰɖŰŬ Űɖɠ ŰɎůɖɠ. 

ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ ɚɧɔɞɘ ɔɘŬ Űɞɡɠ ɞˊɞɑɞɡɠ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ɏɢŮɘ ɚɎɓŮɘ Űɖɠ 

ůɖɛŮɟɘɜɏɠ Űɞɡ ŭɘŬůŰɎůŮɘɠ, ɢɤɟɑɠ ɜŬ ŮɑɜŬɘ ɝŮəɎɗŬɟɖ ɖ ɢɟɞɜɘəɐ ˊɟɞŰŮɟŬɘɧŰɖŰɎ Űɞɡɠ . Ƀ əɡɟɘɧŰŮɟɞɠ 

ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ɖɚŮəŰɟɘəɞɑ Ůɝɞˊɚɘůɛɞɑ (ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ əŬɘ Űɖɜ ɟŬɔŭŬɑŬ Ŭɨɝɖůɖ Űɖɠ 

ɢɟɐůɖɠ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ) ˊŬɟɞɡůɘɎɕɞɡɜ ɘŭɘŬɑŰŮɟɖ ŮɡŬɘůɗɖůɑŬ ůŰɘɠ ŭɘŬŰŬɟŬɢɏɠ ŰɎůŮɤɜ. ȰɜŬɠ 

ɘŭɘŬɑŰŮɟŬ əŬɗɞɟɘůŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ŮɑɜŬɘ Űɞ ŬɜŬˊŰɡůůɧɛŮɜɞ Ůɡɟɨ ˊɚɐɗɞɠ ˊɟɞŰɨˊɤɜ ˊɞɡ 

əŬɗɞɟɑɕɞɡɜ Űɖɜ ůɢɏůɖ ɛŮŰŬɝɨ ˊŬɟŬɔɤɔɞɨ əŬɘ əŬŰŬɜŬɚɤŰɐ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. 

ɇŬ ˊŬɚŬɘɧŰŮɟŬ ɢɟɧɜɘŬ , ɞɘ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ŬɜŰɘɚŬɛɓɎɜɞɜŰŬɜ Űɞɡɠ əŬŰŬɜŬɚɤŰɏɠ ŬˊɞəɚŮɘůŰɘəɎ 

ɤɠ ȭȭűɞɟŰɑŬȭȭ, ůɢɏůɖ ɖ ɞˊɞɑŬ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŭŮəŬŮŰɑŬ ɏɢŮɘ ŬɜŬɢɗŮɑ ůŮ ůɨɛɓŬůɖ 

ˊŬɟŬɔɤɔɞɨ/əŬŰŬɜŬɚɤŰɐ ɚɧɔɤ Űɖɠ ɗɏůˊɘůɖɠ ŬɜŰɑůŰɞɘɢɤɜ ˊɟɞŰɨˊɤɜ ŬɚɚɎ əŬɘ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɖɠ 
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ɏɜɜɞɘŬɠ Űɞɡ ŬɜŰŬɔɤɜɘůɛɞɨ ůŰɘɠ ŮɜŮɟɔŮɘŬəɏɠ ȭȭůɡɜŬɚɚŬɔɏɠȭȭ. ȰɜŬɠ Ŭəɧɛɖ (ˊŮɟɘůůɧŰŮɟɞ 

ˊɟŬəŰɘəɧɠ) ɚɧɔɞɠ ɔɘŬ Űɖɜ ŮɝɎˊɚɤůɖ Űɞɡ ŮˊɘůŰɖɛɞɜɘəɞɨ ˊŮŭɑɞɡ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ŮɑɜŬɘ 

ˊɟɧůɓŬůɖ ˊɞɡ ɡˊɎɟɢŮɘ ˊɚɏɞɜ ůŰɖɜ ȭȭɛɏŰɟɖůɖȭȭ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. ȼ ŭɡɜŬŰɧŰɖŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ 

əŬɘ Űɖɠ ɔɟŬűɘəɐɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ŰɎůŮɤɜ ŭŮɜ ɗŮɤɟɞɨŰŬɜ ŭŮŭɞɛɏɜɖ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŭŮəŬŮŰɑŮɠ 

əŬɘ əŬŰɎ ɛɑŬ ɏɜɜɞɘŬ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ůɡůəŮɡɩɜ ɓɞɐɗɖůŮ ůŰɖɜ Ɏɜɗɖůɖ Űɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ.  

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɖ ŭɘŮəˊŮɟŬɑɤůɖ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɞəɘɛɩɜ 

ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ůŮ Ůɝɞˊɚɘůɛɧ ŮɟɔŬůŰɖɟɘŬəɐɠ ŭɘɎŰŬɝɖɠ ɛŮ ɢɟɐůɖ ůɡůəŮɡɐɠ sag generator, 

ůŰɞɢŮɨɞɜŰŬɠ ůŰɖɜ ŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ əŬɘ ŰŬ ɧɟɘŬ ŬɜŰɞɢɩɜ 

Űɖɠ Ůɜ ɚɧɔɤ ŭɘɎŰŬɝɖɠ. ȺˊɘˊɟɞůɗɏŰɤɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɏɜŬ ɔɟŬűɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɞ ɞˊɞɑɞ Ŭűɞɨ 

ɡˊɞɓɚɐɗɖəŮ ůŮ əŬŰɎɚɚɖɚŮɠ ˊɟɞůɞɛɞɘɩůŮɘɠ, ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ŮɑɜŬɘ ɛɘŬ ɘəŬɜɞˊɞɘɖŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ŭɘɎŰŬɝɖɠ əŬɘ ˊŬɟɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɛŮɚɚɞɜŰɘəɩɜ ŭɘŮɟŮɡɜɐůŮɤɜ ůŮ 

ɗɏɛŬŰŬ ˊɟɧɓɚŮɣɖɠ əŬɘ ŮɝŬɔɤɔɐɠ ɏɔəɡɟɤɜ ŬˊɞəɟɑůŮɤɜ. 
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ȾŮűɎɚŬɘɞ 2ɞ ȼɚŮəŰɟɘəɎ ŭɑəŰɡŬ ˊɚɞɑɤɜ 

 

ȽŭɘŬɘŰŮɟɧŰɖŰŮɠ Űɤɜ ɆɡůŰɖɛɎŰɤɜ ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ ůŰŬ ˊɚɞɑŬ 
ɇɞ ůɨůŰɖɛŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Ůɜɧɠ ˊɚɞɑɞɡ ɏɢŮɘ əɎˊɞɘŮɠ ɞɛɞɘɧŰɖŰŮɠ ŬɚɚɎ əŬɘ ŬɟəŮŰɏɠ 

ŭɘŬűɞɟɏɠ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ůɡůŰɐɛŬŰŬ (ŭɑəŰɡŬ) ɝɖɟɎɠ, ɧˊɤɠ ɛŮŰŬɝɨ Űɤɜ Ɏɚɚɤɜ Űɞ ɧŰɘ: 

 ¶ ŮɑɜŬɘ ůɡɔəŮɜŰɟɤɛɏɜɞ ŭɑəŰɡɞ ůŮ ˊɞɚɨ ɛɘəɟɧ ɢɩɟɞ ŬɜɎ ɛɞɜɎŭŬ ɘůɢɨɞɠ (ůŮ ůɨɔɢɟɞɜŮɠ 

ɜŬɡˊɖɔɐůŮɘɠ ɛŮ ɖɚŮəŰɟɘəɐ ˊɟɧɤůɖ, ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ űŰɎɜŮɘ ŰŬ 40-80 ɀW ůŮ ɏəŰŬůɖ 

ɛŮɟɘəɩɜ ŭŮəɎŭɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ ɛɏŰɟɤɜ), 

 ¶ ɖ ŭɘŬɜɞɛɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɔɑɜŮŰŬɘ ɛɏůɤ ůɡůŰɐɛŬŰɞɠ ŭɘŬɜɞɛɐɠ (əŬɚɤŭɘɩůŮɘɠ, 

ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ, ŭɘŬəɧˊŰŮɠ əɚˊ) ˊɞɚɨ ˊŮɟɘɞɟɘůɛɏɜɞɡ ɛɐəɞɡɠ (Űɖɠ ŰɎɝɖɠ Űɤɜ 50 ɏɤɠ Űɞ ˊɞɚɨ 

1000 ɛɏŰɟɤɜ), 

 ¶ ŭŮɜ ŭɘŬɗɏŰŮɘ Űɖɜ ŮűŮŭɟŮɑŬ Ŭˊɧ ŭɘŬůɨɜŭŮůɖ ɛŮ ɎɚɚŬ ɔŮɘŰɞɜɘəɎ ůɡůŰɐɛŬŰŬ (ˊŬɟɎ ɛɧɜɞɜ Űɘɠ 

ɛɞɜɎŭŮɠ ŮəŰɎəŰɞɡ ŬɜɎɔəɖɠ), 

 ¶ Űɞ ŭɑəŰɡɞ ɔŮɑɤůɐɠ Űɞɡ ŮɑɜŬɘ əŬŰɎ əŬɜɧɜŬ ŬɔŮɑɤŰɞ,  

¶ ŭɘŬɗɏŰŮɘ ɡˊɞůɡůŰɐɛŬŰŬ ůɡɜŮɢɞɨɠ əŬɘ ŮɜŬɚɚŬůůɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ ůŮ ŭɘɎűɞɟŮɠ ůɡɢɜɧŰɖŰŮɠ 

ɚŮɘŰɞɡɟɔɑŬɠ, (ɖ ɔɜɤůŰɐ çɓɘɞɛɖɢŬɜɘəɐ ůɡɢɜɧŰɖŰŬè Űɤɜ 50 ɐ 60 Hz, ŬɚɚɎ əŬɘ ŬɡŰɐ Űɤɜ 400 Hz ɔɘŬ 

ŮɝŮɘŭɘəŮɡɛɏɜɞɡ Űɨˊɞɡ əŬŰŬɜŬɚɤŰɏɠ, ɧˊɤɠ ˊ.ɢ. ɧɟɔŬɜŬ ɜŬɡůɘˊɚɞȶŬɠ, ɟŬɜŰɎɟ, ɞˊɚɘəɎ ůɡůŰɐɛŬŰŬ 

əɞə), 

 ¶ ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ əŬŰŬɜŬɚɩɜŮŰŬɘ Ŭˊɧ ɖɚŮəŰɟɘəɞɨɠ əɘɜɖŰɐɟŮɠ 

(ŮɑŰŮ ɤɠ əɨɟɘŬ ˊɟɧɤůɖ ŮɑŰŮ ɤɠ ɓɞɖɗɖŰɘəɎ ɛɖɢŬɜɐɛŬŰŬ). Ⱥˊɘˊɚɏɞɜ ŮəŰɧɠ Ŭˊɧ ŰŬ ŭɡɜŬɛɘəɎ űɞɟŰɑŬ 

Űɤɜ əɘɜɖŰɐɟɤɜ ɡˊɎɟɢŮɘ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ ɛɖ ɔɟŬɛɛɘəɩɜ űɞɟŰɑɤɜ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ 

ˊŬɚɛɘəɎ űɞɟŰɑŬ ɞˊɚɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɐ ůɡůŰɖɛɎŰɤɜ ˊɚɞɐɔɖůɖɠ. 

 ¶ ɖ ŮəŰŮŰŬɛɏɜɖ ˊɚɏɞɜ ɢɟɐůɖ ŭɘŬŰɎɝŮɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ əɡɟɑɤɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ 

əɘɜɖŰɐɟɤɜ əɨɟɘŬɠ ɐ ɓɞɖɗɖŰɘəɐɠ ˊɟɧɤůɖɠ ŮɘůɎɔŮɘ ɜɏŬ ŬɡɝɖɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɘɧŰɖŰŬɠ 

ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ. 

 

ɄŮɟɘɔɟŬűɐ Űɤɜ ůɡůŰɖɛɎŰɤɜ ˊɟɧɤůɖɠ 
ɆŰɘɠ ŬəɧɚɞɡɗŮɠ ŮɜɧŰɖŰŮɠ ɗŬ ɔɑɜŮɘ ˊŬɟɞɡůɑŬůɖ 4 ŭɘŬűɞɟŮŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɟɧɤůɖɠ. 

ũŮɜɘəɧŰŮɟŬ, əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ˊɟɞŰŮɘɜɧɛŮɜŬ ůɡůŰɐɛŬŰŬ ɘůɢɨɞɠ ɏɢŮɘ ŰŬ ŭɘəɎ Űɞɡ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ əŬɘ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞ ɔɘŬ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ůɡɜɗɐəŮɠ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞ Űɨˊɞ 

ˊɚɞɑɞɡ. ȺɝɎɚɚɞɡ ɞɘ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ ɏɜŬ ůɨůŰɖɛŬ ŮɝŬɟŰɩɜŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɞɜ Űɨˊɞ Űɞɡ ˊɚɞɑɞɡ, Ŭɜ 

ˊɟɧəŮɘŰŬɘ ŭɖɚŬŭɐ ɔɘŬ ɛɘəɟɧ ɔɘɧŰ ŮɑŰŮ ɔɘŬ ɛŮŰŬűɞɟɘəɧ ˊɚɞɑɞ ɛŮɔɎɚɞɡ ɧɔəɞɡ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ 

ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɖ Ŭˊɧŭɞůɖ 

(əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ŬɜɎ ɛɞɜɎŭŬ ɛɖɢŬɜɘəɐɠ ŮɜɏɟɔŮɘŬɠ), ɖ ŭɡɜŬŰɧŰɖŰŬ Ůɚɘɔɛɩɜ, ɖ ŰŬɢɨŰɖŰŬ 

Űɞɡ ůəɎűɞɡɠ əŬɘ ɞɘ Ůɜ ɔɏɜŮɘ əŬŰŬɜŬɚɩůŮɘɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ˊɚɞɑɞɡ. 
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ũŮɜɘəɎ ůŰɞɘɢŮɑŬ 

ȼ ɖɚŮəŰɟɞˊɟɧɤůɖ Ůɜɧɠ ˊɚɞɑɞɡ ɞɟɑɕŮŰŬɘ Űɞ Ůɑŭɞɠ ŮəŮɑɜɞ Űɖɠ ˊɟɧɤůɖɠ ůŰɞ ɞˊɞɑɞ ɞɘ ɎɝɞɜŮɠ Űɞɡ 

ˊɚɞɑɞɡ əɘɜɞɨɜŰŬɘ Ŭˊô ŮɡɗŮɑŬɠ (ɐ ůˊŬɜɘɧŰŮɟŬ ɛɏůɤ ɛŮɘɤŰɐɟɤɜ) Ŭˊɧ ɖɚŮəŰɟɘəɞɨɠ əɘɜɖŰɐɟŮɠ əŬɘ ɧɢɘ 

Ŭˊɧ ɎɚɚŮɠ ɛɖɢŬɜɏɠ ɧˊɤɠ diesel, ŬŮɟɘɞůŰɟɧɓɘɚɞɡɠ əŬɘ ŬŰɛɞůŰɟɧɓɘɚɞɡɠ (ɀȺȾ). ūɡůɘəɎ ɞɘ ɀȺȾ 

ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ɡˊɎɟɢɞɡɜ ůŰɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ ɖɚŮəŰɟɞˊɟɧɤůɖɠ, ŬɚɚɎ ŬɜŰɑ ɜŬ əɘɜɞɨɜ Ŭˊô 

ŮɡɗŮɑŬɠ Űɞ Ŭɝɞɜɘəɧ ůɨůŰɖɛŬ ɛŮ Űɖɜ ɏɚɘəŬ əɘɜɞɨɜ ɖɚŮəŰɟɘəɏɠ ɔŮɜɜɐŰɟɘŮɠ, ˊɞɡ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ 

ŰɟɞűɞŭɞŰɞɨɜ Űɞɡɠ ɖɚŮəŰɟɘəɞɨɠ əɘɜɖŰɐɟŮɠ ˊɟɧɤůɖɠ, ɔɜɤůŰɏɠ əŬɘ ɤɠ ȭȭprime moversȭȭ (əɘɜɖŰɐɟɘŮɠ 

ɛɖɢŬɜɏɠ Űɤɜ ɖɚŮəŰɟɞɔŮɜɜɖŰɟɘɩɜ). ȼ ˊɟɞɤůŰɐɟɘŬ ŮɔəŬŰɎůŰŬůɖ ůɡɛˊɚɖɟɩɜŮŰŬɘ Ŭˊɧ əɎˊɞɘɞ 

ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ɔɘŬ Űɞɜ ɢŮɘɟɘůɛɧ Űɖɠ, ŭɖɚŬŭɐ Űɖɜ əɟɎŰɖůɖ-Ůəəɑɜɖůɖ, Űɖɜ ŬɡɝɞɛŮɑɤůɖ ůŰɟɞűɩɜ 

əŬɘ Űɖɜ ŬɚɚŬɔɐ űɞɟɎɠ ˊŮɟɘůŰɟɞűɐɠ Űɤɜ ɖɚŮəŰɟɘəɩɜ əɘɜɖŰɐɟɤɜ. 

ȼ ɖɚŮəŰɟɞˊɟɧɤůɖ ŬɟɢɘəɎ ŮűŬɟɛɧůŰɖəŮ ɛŮ ɖɚŮəŰɟɘəɞɨɠ əɘɜɖŰɐɟŮɠ (ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ), ɞɘ 

ɞˊɞɑɞɘ ŮɑɢŬɜ əŬɘ ɏɢɞɡɜ ŬəɧɛŬ ŮɡɟŮɑŬ ɢɟɐůɖ. Ʉɚɏɞɜ ɖ ɖɚŮəŰɟɞˊɟɧɤůɖ ŮűŬɟɛɧɕŮŰŬɘ ɛŮ 

ůɨɔɢɟɞɜɞɡɠ əŬɘ Ŭůɨɔɢɟɞɜɞɡɠ əɘɜɖŰɐɟŮɠ, ɛŮ Űɞɡɠ ˊɟɩŰɞɡɠ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ 

Ŭˊɧŭɞůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ŭŮɨŰŮɟɞɡɠ (96 ï 98% ɏɜŬɜŰɘ 92 ï 95%). ȷəɧɛŬ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ 

ɏɢɞɡɜ ɞɘ ůɨɔɢɟɞɜɞɘ əɘɜɖŰɐɟŮɠ ɛɧɜɘɛɞɡ ɛŬɔɜɐŰɖ (ˊɎɜɤ Ŭˊɧ 98%) ɞɘ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜ ɛɑŬ 

əŬɘɜɞɨɟɘŬ əŬŰɖɔɞɟɑŬ ůɨɔɢɟɞɜɤɜ əɘɜɖŰɐɟɤɜ. ȼ ŮɡɟŮɑŬ ŬɜɎˊŰɡɝɖ əŬɘ ɡɘɞɗɏŰɖůɖ ɢɟɐůɖɠ Űɤɜ 

ůɡůŰɖɛɎŰɤɜ diesel ï electric ůŮ ˊɚɞɑŬ ɏɔɘɜŮ Ŭˊɧ ŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1980 ɛŮ Űɖɜ ɏɟŮɡɜŬ 

əŬɘ Ŭɨɝɖůɖ Űɖɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ ˊɟɞɖɔɛɏɜɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ. ȺɝɎɚɚɞɡ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ 

ůŰŬŰɘəɎ ůɡůŰɐɛŬŰŬ ˊŬɟŬɔɤɔɐɠ ɘůɢɨɞɠ, ŰŬ ůɡɔəŮəɟɘɛɏɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛŮŰŬɓɚɖŰɧ űɞɟŰɑɞ ɚɧɔɤ 

əŬɘ Űɖɠ ɛŮŰŬɓŬɚɚɧɛŮɜɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ ˊɚɞɑɞɡ, ŬɚɚɎ əŬɘ ɛŮŰŬɓɚɖŰɐ ůɡɢɜɧŰɖŰŬ ɚɧɔɤ Űɖɠ 

ɛŮŰŬɓŬɚɚɧɛŮɜɖɠ ŰŬɢɨŰɖŰŬɠ Űɖɠ ɏɚɘəŬɠ. ɀŮ Űɖ ɢɟɐůɖ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ ɏɔɘɜŮ ŮűɘəŰɐ ɖ 

ŮɔəŬŰɎůŰŬůɖ ɛŮŰŬŰɟɞˊɏɤɜ ůɡɢɜɧŰɖŰŬɠ, əŬɗɘůŰɩɜŰŬɠ ˊɘɞ ŬˊɞŭɞŰɘəɐ Űɖɜ ɛŮŰŬűɞɟɎ ɘůɢɨɞɠ. 

 

 

 

 

 

 

 

 

 

 
ɳʽˁˈ˄ʰ 1: Diesel-electric propulsion plant 
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1 ȾɘɜɖŰɐɟŬɠ Diesel ï ȺɜŬɚɚŬəŰɐɟŬɠ 

  

2 Ⱦɨɟɘɞɠ ˊɑɜŬəŬɠ ŭɘŬɜɞɛɐɠ 

  

3 

ɀŮŰŬŰɟɞˊŮɑɠ ŰɟɞűɞŭɞůɑŬɠ (ˊɟɞŬɘɟŮŰɘəɎ): ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ 

Űɨ́ ɞ Űɞɡ ɀ/Ɇ  

  

4 ɀŮŰŬŰɟɞˊŮɑɠ ůɡɢɜɧŰɖŰŬɠ / ɔɟŬɜɎɕɘŬ ɛŮŰŬɓɚɖŰɐɠ ŰŬɢɨŰɖŰŬɠ 

  

5 ȾɘɜɖŰɐɟŮɠ ɖɚŮəŰɟɞˊɟɧɤůɖɠ 

  

6 

ɀŮɘɤŰɐɟŬɠ (ˊɟɞŬɘɟŮŰɘəɎ): ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ Űɤɜ 

ɖɚŮəŰɟɞəɘɜɖŰɐɟɤɜ ˊɟɧɤůɖɠ  

  

7 ɆɨůŰɖɛŬ ˊɟɧɤůɖɠ / ɄɟɞˊɏɚŮɠ 

  

 

ɆŰɞɡɠ ůɨɔɢɟɞɜɞɡɠ əɘɜɖŰɐɟŮɠ ɛɧɜɘɛɤɜ ɛŬɔɜɖŰɩɜ Űɞ ŰɨɚɘɔɛŬ ŭɘɏɔŮɟůɖɠ Űɞɡ ŭɟɞɛɏŬ Űɞ ɞˊɞɑɞ 

ŭɘŬɟɟɏŮŰŬɘ Ŭˊɧ ůɡɜŮɢɏɠ ɟŮɨɛŬ ŬɜŰɘəŬɗɑůŰŬŰŬɘ Ŭˊɧ ɛɧɜɘɛɞɡɠ ɛŬɔɜɐŰŮɠ ɞɘ ɞˊɞɑɞɘ ˊŬɟɎɔɞɡɜ Űɞ ɑŭɘɞ 

ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ˊɞɡ ůŰɟɏűŮŰŬɘ ůŰɞ ɢɩɟɞ ůɨɔɢɟɞɜŬ ɛŮ Űɞɜ ŭɟɞɛɏŬ. ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ŬɡŰɐɠ Űɖɠ 

əŬŰɖɔɞɟɑŬɠ əɘɜɖŰɐɟɤɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ɏˊŬɘɝŮ ɖ ŰŮɢɜɞɚɞɔɘəɐ ˊɟɧɞŭɞɠ ˊɞɡ əŬŰɏůŰɖůŮ ŭɡɜŬŰɐ Űɖɜ 

əŬŰŬůəŮɡɐ əɟŬɛɎŰɤɜ ȭȭɛɞɜɑɛɤɜ ɛŬɔɜɖŰɩɜȭȭ. 

ȯɚɚɞɘ Űɨˊɞɘ əɘɜɖŰɐɟɘɤɜ ɛɖɢŬɜɩɜ ŮɑɜŬɘ ɞɘ əɘɜɖŰɐɟŮɠ Ŭɝɞɜɘəɐɠ ɟɞɐɠ, ůŰɞɡɠ ɞˊɞɑɞɡɠ ɖ ɤűɏɚɘɛɖ 

ɛŬɔɜɖŰɘəɐ ɟɞɐ ŮɑɜŬɘ əŬŰɎ Űɖɜ ŬəŰɘɜɘəɐ ŭɘŮɨɗɡɜůɖ, ŭɖɚŬŭɐ ɧˊɤɠ ůŰɘɠ ůɡɜɐɗŮɘɠ ůɡɛɓŬŰɘəɏɠ 

ɖɚŮəŰɟɘəɏɠ ɛɖɢŬɜɏɠ, ɞɘ ˊɞɚɡɓɎɗɛɘɞɘ əɘɜɖŰɐɟŮɠ ŮɔəɎɟůɘŬɠ ɟɞɐɠ (transverse flux motors) əŬɘ ɞɘ 

ˊɞɚɡɓɎɗɛɘɞɘ əɘɜɖŰɐɟŮɠ Ŭɝɞɜɘəɐɠ ɟɞɐɠ (axial flux motors). Ƀɘ ˊɟɩŰɞɘ ɏɢɞɡɜ ɛɧɜɘɛɞɡɠ ɛŬɔɜɐŰŮɠ 

ůŰɞ ŭɟɞɛɏŬ, ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞɡɠ əŬŰɎ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɖ ɛŬɔɜɖŰɘəɐ ɟɞɐ ɜŬ ɟɏŮɘ ɛɏůŬ ůŰɞ 

ŭɘɎəŮɜɞ ůŮ ŭɘŮɨɗɡɜůɖ Ůɜ ɛɏɟŮɘ əŬŰɎ Űɖɜ Ŭɝɞɜɘəɐ ŭɘŮɨɗɡɜůɖ əŬɘ əɡɟɑɤɠ ŮɔəɎɟůɘŬ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ 

Űɖɠ ɛɖɢŬɜɐɠ Ůɜɩ ɞɘ ŭŮɨŰŮɟɞɘ ɏɢɞɡɜ ɛɧɜɘɛɞɡɠ ɛŬɔɜɐŰŮɠ ůŰɞɜ ŭɟɞɛɏŬ, ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞɡɠ əŬŰɎ 
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Űɟɧˊɞ ɩůŰŮ ɖ ɛŬɔɜɖŰɘəɐ ɟɞɐ ɜŬ ɟɏŮɘ ůŮ ŭɘŮɨɗɡɜůɖ ˊŬɟɎɚɚɖɚɖ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ Űɖɠ ɛɖɢŬɜɐɠ 

(Ŭɝɞɜɘəɐ). 

 

ɆŰɖɜ Ŭəɧɚɞɡɗɖ ŮɘəɧɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɧɚŮɠ ɞɘ ŬˊɩɚŮɘŮɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŮ ɏɜŬ ůɨůŰɖɛŬ Diesel ï 

Electric. 

 

 

 

 

 

 

 

 

ɄɚŮɞɜŮəŰɐɛŬŰŬ 
 

ɇŬ əɡɟɘɧŰŮɟŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɖɚŮəŰɟɘəɐɠ ˊɟɧɤůɖɠ, ůŰŬ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ əŬɘ ɖ ŭɘɎŭɞůɐ Űɖɠ 

ůŰɘɠ ŮűŬɟɛɞɔɏɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ, ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ: 

 

V ɆɡɜŮɢɐɠ ɛŮŰŬɓɞɚɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ ˊŮɟɘůŰɟɞűɐɠ Űɖɠ ɏɚɘəŬɠ əŬɘ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ ˊɚɞɑɞɡ. 
 

V ũɟɐɔɞɟɖ Ŭˊɧəɟɘůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɢŮɘɟɘůɛɩɜ əŬɘ ŭɡɜŬɛɘəɐɠ ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ ůəɎűɞɡɠ. 
 

V ɉŬɛɖɚɐ ůŰɎɗɛɖ ɗɞɟɨɓɞɡ əŬɘ əɟŬŭŬůɛɩɜ. 
 

V ɃɘəɞɜɞɛɑŬ əŬɡůɑɛɞɡ, əŬɗɩɠ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ Ůˊɘɚɞɔɐ Űɤɜ ɛɖɢŬɜɩɜ ˊɞɡ ɗŬ ɚŮɘŰɞɡɟɔɞɨɜ 

ɏŰůɘ, ɩůŰŮ ɖ əɎɗŮ ɛɘŬ ɜŬ ɚŮɘŰɞɡɟɔŮɑ əɞɜŰɎ ůŰɞ ɓɏɚŰɘůŰɞ ůɖɛŮɑɞ. 
 

V ȺɚŮɡɗŮɟɑŬ ůŰɖɜ ŰɞˊɞɗɏŰɖůɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɛɖɢŬɜɖɛɎŰɤɜ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ, 

ˊɞɡ ˊɟɞůűɏɟŮɘ ŮɡŮɚɘɝɑŬ ůŰɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ ůəɎűɞɡɠ əŬɘ Ůɝɞɘəɞɜɧɛɖůɖ ɤűɏɚɘɛɞɡ ɢɩɟɞɡ. 
 

V Ʉɚɐɟɖɠ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ɟɞˊɐɠ ůŰɟɏɣɖɠ ůŮ ɧɚɞ Űɞ űɎůɛŬ ɚŮɘŰɞɡɟɔɑŬɠ. 
 

V ȺɡəɞɚɑŬ ŬɡŰɞɛŬŰɘůɛɞɨ. 
 

V ȷɡɝɖɛɏɜɖ ŬɝɘɞˊɘůŰɑŬ (ˊɞɚɚɎ ůɡůŰɐɛŬŰŬ ůɡɜŭŮŭŮɛɏɜŬ ˊŬɟɎɚɚɖɚŬ) əŬɘ, Ůˊɞɛɏɜɤɠ, 

Ŭɡɝɖɛɏɜɖ ŬůűɎɚŮɘŬ. 
 

ɳʽˁˈ˄ʰ 2:ɮˉ˗˂ʶʽʶˌ ˃ʶˍʰˍˊˇˉʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ 5ƛŜǎŜƭ ς Electric 
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V ɄŮɟɘɞɟɘůɛɧɠ Űɤɜ ŮəˊŮɛˊɧɛŮɜɤɜ ɟɨˊɤɜ ŭɘɧŰɘ: 
 

Ŭ. ɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɓ. 

ɘŭɘŬɑŰŮɟŬ ɞɘ Ůəˊɞɛˊɏɠ ɁɃx ŮɑɜŬɘ ŬɘůɗɖŰɎ ɢŬɛɖɚɧŰŮɟŮɠ ɧŰŬɜ, ˊ.ɢ., ɏɜŬɠ ɛŮůɧůŰɟɞűɞɠ 

əɘɜɖŰɐɟŬɠ Diesel ɚŮɘŰɞɡɟɔŮɑ ɛŮ ůŰŬɗŮɟɏɠ ůŰɟɞűɏɠ, ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ůŰŬ ɜɏŬ ůɡůŰɐɛŬŰŬ 

ɖɚŮəŰɟɘəɐɠ ˊɟɧɤůɖɠ. 

 

V ɄŮɟɘɞɟɘůɛɧɠ Űɞɡ əɘɜŭɨɜɞɡ ɟɨˊŬɜůɖɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Ŭˊɧ ŬŰɡɢɐɛŬŰŬ ɧˊɤɠ ŬɡŰɎ Űɤɜ 
ŭŮɝŬɛŮɜɧˊɚɞɘɤɜ, ɢɎɟɖ ůŰɖɜ ŰŬɢɨŰŮɟɖ Ŭˊɧəɟɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬŰɎ Űɞɡɠ ɢŮɘɟɘůɛɞɨɠ 

əŬɘ Űɖ ŭɡɜŬɛɘəɐ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ůəɎűɞɡɠ. 

 

ɀŮɘɞɜŮəŰɐɛŬŰŬ 

 

ü Ɉɣɖɚɧ əɧůŰɞɠ Ůˊɏɜŭɡůɖɠ 

 

ũɑɜŮŰŬɘ ɖ ˊɟɞůˊɎɗŮɘŬ ɜŬ ɛŮɘɤɗŮɑ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɖɜ ɡˊɎɟɢɞɡůŬ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ 

ɖˊŮɘɟɤŰɘəɩɜ ɖɚŮəŰɟɘəɩɜ ŭɘəŰɨɤɜ (Commercial Off The Shelf ï COTS), ɤůŰɧůɞ Űɞ ɡɣɖɚɧ 

əɧůŰɞɠ Űɤɜ əɘɜɖŰɐɟɤɜ əŬɘ Űɤɜ ŭɘŬŰɎɝŮɤɜ Ůɚɏɔɢɞɡ Űɞɡɠ ŭŮɜ ŭŮɑɢɜŮɘ ɜŬ ˊɟɞůˊŮɟɜɘɏŰŬɘ ŮɨəɞɚŬ. 

 

 

ü ɈɣɖɚɧŰŮɟŮɠ ŬˊɩɚŮɘŮɠ ůŰɞ ůɨůŰɖɛŬ ɛŮŰɎŭɞůɖɠ Űɖɠ əɑɜɖůɖɠ 

 

ȷˊɞŰŮɚŮɑ ˊɟɧɓɚɖɛŬ ŮɘŭɘəɎ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ůɡɛɓŬŰɘəɎ ɛɖɢŬɜɘəɎ ůɡůŰɐɛŬŰŬ. Ʉ.ɢ., ůŮ 

ůɡɛɓŬŰɘəɧ ůɨůŰɖɛŬ əɘɜɖŰɐɟŬ Diesel ɛŮ ɏɚɘəŬ ɟɡɗɛɘɕɧɛŮɜɞɡ ɓɐɛŬŰɞɠ, ɞɘ ŬˊɩɚŮɘŮɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɛŮŰɎŭɞůɖɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 4%: 2% ůŰɖɜ ɏɚɘəŬ əŬɘ 2% ůŰɞɜ ɛŮɘɤŰɐɟŬ, ɧŰŬɜ ɖ ɏɚɘəŬ 

ɚŮɘŰɞɡɟɔŮɑ ůŰɞɜ ɓɏɚŰɘůŰɞ ůɡɜŭɡŬůɛɧ ŰŬɢɨŰɖŰŬɠ/ɓɐɛŬŰɞɠ. ɆŮ ŮɔəŬŰɎůŰŬůɖ ˊɟɧɤůɖɠ Diesel - 

Electric, Űɞ ůɨůŰɖɛŬ ɛŮŰɎŭɞůɖɠ ˊɟɞəŬɚŮɑ ŬˊɩɚŮɘŮɠ 7 - 8%: 3% ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ, 2% ůŰɞɡɠ 

ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ əŬɘ ɛŮŰŬŰɟɞˊŮɑɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ 2 - 3% ůŰɞɡɠ ˊɟɞɤůŰɐɟɘɞɡɠ ɖɚŮəŰɟɞəɘɜɖŰɐɟŮɠ. 

Ⱥˊɞɛɏɜɤɠ, ɞ ɞɚɘəɧɠ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɞɠ ůŰɞ ůɨůŰɖɛŬ ɖɚŮəŰɟɘəɐɠ ˊɟɧɤůɖɠ ɛɧɜɞɜ 

ɧŰŬɜ əɎɗŮ ɛɖɢŬɜɐ ɚŮɘŰɞɡɟɔŮɑ ůŮ ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ əŬɘ Ůˊɑ ɛŮɔɎɚŬ ɢɟɞɜɘəɎ 

ŭɘŬůŰɐɛŬŰŬ ůŰɖ ɓɏɚŰɘůŰɖ ˊŮɟɘɞɢɐ. 
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ü ɄɟɞɓɚɐɛŬŰŬ ˊɞɘɧŰɖŰŬɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

 

ȰɜŬ ˊɟɧɓɚɖɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŮəŰŮŰŬɛɏɜɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɤɜ ŭɘŬŰɎɝŮɤɜ ɖɚŮəŰɟɞɜɘəɩɜ 

ɘůɢɨɞɠ ŮɑɜŬɘ ɧŰɘ ŮɛűŬɜɑɕɞɜŰŬɘ ˊɟɞɓɚɐɛŬŰŬ ˊɞɘɧŰɖŰŬɠ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ əŬɗɩɠ ˊɏɟŬɜ Űɤɜ 

ɢɟɐůɘɛɤɜ ůɡɢɜɞŰɐŰɤɜ ŬɜŬˊŰɨůůŮŰŬɘ əŬɘ ɛŮɔɎɚɞ ˊɚɐɗɞɠ Ŭɟɛɞɜɘəɩɜ ůɡɜɘůŰɤůɩɜ ɟŮɨɛŬŰɞɠ əŬɘ 

ŰɎůŮɤɠ. Ƀɘ Ŭɟɛɞɜɘəɏɠ ŬɡŰɏɠ ŬűŮɜɧɠ ˊɟɞůŬɡɝɎɜɞɡɜ Űɖ ůɡɜɞɚɘəɐ əɡəɚɞűɞɟɞɨůŬ ɎŮɟɔɞ ɘůɢɨ ůŰɞ 

ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ ŬɚɚɎ Ůˊɘˊɚɏɞɜ ŭɖɛɘɞɡɟɔɞɨɜ ˊɟɞɓɚɐɛŬŰŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ůɡɛɓŬŰɧŰɖŰŬɠ. 

ȰŰůɘ ɞ çɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧɠ ɗɧɟɡɓɞɠè ˊɞɡ ˊŬɟɎɔŮŰŬɘ ŮˊɖɟŮɎɕŮɘ ŬɟɜɖŰɘəɎ ɧɚŮɠ Űɘɠ ŮɡŬɑůɗɖŰŮɠ 

ɖɚŮəŰɟɞɜɘəɏɠ ŭɘŬŰɎɝŮɘɠ ḯ ɟɤŰɑůŰɤɠ ŰŬ əɡəɚɩɛŬŰŬ Ůɚɏɔɢɞɡ Űɤɜ ɑŭɘɤɜ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ ï 

Ůɜɩ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ůŰɟŬŰɘɤŰɘəɩɜ ŮűŬɟɛɞɔɩɜ ŬɡɝɎɜŮɘ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 

ɡˊɞɔɟŬűɐɠ Űɤɜ ˊɚɞɑɤɜ. ɇɏɚɞɠ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɞɘ Ŭɟɛɞɜɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ Űɤɜ ɖɚŮəŰɟɘəɩɜ 

ɛŮɔŮɗɩɜ ɜŬ ŭɘŮɔŮɑɟɞɡɜ ɘŭɘɞůɡɢɜɧŰɖŰŮɠ ɖɚŮəŰɟɞɛɖɢŬɜɘəɩɜ ŰŬɚŬɜŰɩůŮɤɜ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ 

űŬɘɜɧɛŮɜŬ ůɘŭɖɟɞůɡɜŰɞɜɘůɛɞɨ ůŰɞɡɠ ŭɟɞɛŮɑɠ Űɤɜ ůɨɔɢɟɞɜɤɜ ɔŮɜɜɖŰɟɘɩɜ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ. ȼ ůŮɘɟɎ ŬɡŰɐ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ɚɧɔɤ Űɖɠ ˊɚɐɟɞɡɠ ɛŮŰŬŰɟɞˊɐɠ ůŮ ŮɝɖɚŮəŰɟɘůɛɏɜŬ 

ůɡůŰɐɛŬŰŬ ˊɚɞɑɞɡ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɛŮ ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ŬɜŬɚɨůŮɘɠ əŬɘ ɛŮɚɏŰŮɠ əɡɟɑɤɠ əŬŰɎ Űɖɠ 

űɎůɖ Űɖɠ ůɢŮŭɑŬůɖɠ Űɞɡɠ ɖɚŮəŰɟɞɚɞɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ. 

 

ɆɨůŰɖɛŬ ˊɟɧɤůɖɠ AC 

ɆŰɖ ůɖɛŮɟɘɜɐ Ůˊɞɢɐ ɡˊɎɟɢŮɘ ɏɜŰɞɜɖ ůɡɕɐŰɖůɖ ɔɘŬ Űɖɜ ŬɜɎɔəɖ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ CO2 əŬɘ 

ɚɞɘˊɩɜ ŬŮɟɑɤɜ. Ʉɟɞɠ ŬɡŰɐ Űɖɜ əŬŰŮɨɗɡɜůɖ ŮɑɜŬɘ əŬɘ ɖ ŮűŬɟɛɞɔɐ Űɤɜ ɖɚŮəŰɟɞəɘɜɖŰɐɟɤɜ ůŮ 

ɡɓɟɘŭɘəɎ ɞɢɐɛŬŰŬ ŬɚɚɎ əŬɘ ůŮ ˊɚɞɑŬ ˊɘɞ ˊɟɧůűŬŰŬ, ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɘɠ Ůəˊɞɛˊɏɠ ŬɡŰɏɠ ɚɧɔɤ Űɖɠ 

ɢŬɛɖɚɧŰŮɟɖɠ ɢɟɐůɖɠ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ. ȼ ŰɎůɖ ŬɡŰɐ ŮɘŭɘəɎ ůŰŬ ɛŮɔɎɚŬ ˊɚɞɑŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ŮˊŮəŰŬɗŮɑ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ. ɇŬ ůɡɔəŮəɟɘɛɏɜŬ ůɡůŰɐɛŬŰŬ ůɡɜŬɜŰɩɜŰŬɘ ŮɘŭɘəɎ ůŮ 

ˊŬɔɞɗɟŬɡůŰɘəɎ ɐ ůŮ ŮɟŮɡɜɖŰɘəɎ ɤəŮŬɜɞɔɟŬűɘəɎ ˊɚɞɑŬ, Ůɜɩ ɏɢɞɡɜ ɡɘɞɗŮŰɖɗŮɑ əŬɘ ɔɘŬ ɢɟɐůɖ ůŮ 

ɛŮɔɎɚŬ əɟɞɡŬɕɘŮɟɧˊɚɞɘŬ ˊɞɡ ŭɑɜŮŰŬɘ ɏɛűŬůɖ ůŰɞ əɧůŰɞɠ ŬɚɚɎ əŬɘ ůŰɖɜ Ŭɗɧɟɡɓɖ ɚŮɘŰɞɡɟɔɑŬ. 

ȷɜ əŬɘ ɞɘ ˊɘɞ ŬˊɞŭɞŰɘəɏɠ ŮűŬɟɛɞɔɏɠ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ɛɖɢŬɜɩɜ ŮɑɜŬɘ ůŰɖɜ əɚɑɛŬəŬ ɘůɢɨɞɠ 100 

MW, ɞɘ ˊɘɞ ˊɟɧůűŬŰŮɠ ɏɟŮɡɜŮɠ ɧɛɤɠ ůŰɞɜ ŰɞɛɏŬ ŮůŰɘɎɕɞɡɜ ůŮ ɢŬɛɖɚɧŰŮɟŬ Ůɨɟɖ ɘůɢɨɞɠ Űɖɠ 

ŰɎɝŮɤɠ Űɤɜ 10 MW. ȰɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ůɨůŰɖɛŬ ˊɟɧɤůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.4. ɇɞ 

əɨɟɘɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ Ůɜ ɚɧɔɤ ŭɘɎŰŬɝɖɠ ŮɑɜŬɘ ɧŰɘ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜŮɘ Ůˊɘˊɚɏɞɜ ɛŮŰŬŰɟɞˊɏɠ 

ŮɜɏɟɔŮɘŬɠ, ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɘɠ ŬˊɩɚŮɘŮɠ əŬɘ ɛŮɘɩɜɞɜŰŬɠ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ 

ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ ůŮ ůɢɏůɖ ɛŮ ŰŬ ůɡɛɓŬŰɘəɎ ůɡůŰɐɛŬŰŬ Diesel ï Electric. ȰŰůɘ ŮɝɞɘəɞɜɞɛŮɑŰŬɘ 

ɧɔəɞɠ, ɛɎɕŬ əŬɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, Űɞ ɞˊɞɑɞ 

ůɡɜŭɡɎɕŮŰŬɘ ɛŮ ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ. 
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ɳʽˁˈ˄ʰ 3:ʅ˔ʹ˃ʰˍʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˋˎˋˍʺ˃ʰˍˇˌ ˉˊˈ˖ˋʹˌ !/ 

 

 

 

ũŮɜɘəɧŰŮɟŬ ɧůɞɜ ŬűɞɟɎ ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ ŰŬ ŭɡɞ ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ 

ůɨůŰɖɛŬ ˊɟɞůűɏɟŮɘ əŬɚɨŰŮɟɖ əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ əŬɘ ŮɚŮɡɗŮɟɑŬ əŬŰɎ Űɞ ůɢŮŭɘŬůɛɧ Űɞɡ, ɛɘŬɠ 

əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ əɎˊɞɘŬ ɘŭɘŬɑŰŮɟɖ ŬˊŬɑŰɖůɖ ɔɘŬ ŭɘŬŰɐɟɖůɖ ůɡɔəŮəɟɘɛɏɜɖɠ ůɡɢɜɧŰɖŰŬɠ ɐ ɔɘŬ Űɖ 

ŭɘŬŰɐɟɖůɖ Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ ˊɟɞɠ ŰŬ ŰŮɟɛŬŰɘəɎ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ůɨůŰɖɛŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɛŮŰŬŰɟɞˊŮɑɠ AC-DC-AC, Ůɜɩ ůŰɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ ˊɚɐɟɞɡɠ ɘůɢɨɞɠ ɡˊɎɟɢŮɘ 

ŭɡɜŬŰɧŰɖŰŬ ŭɘŬŰɐɟɖůɖɠ ůŰŬɗŮɟɐɠ Űɖɠ ŰɎůɖɠ AC ůŰŬ ŰŮɟɛŬŰɘəɎ. 

 

ɄɚŮɞɜŮəŰɐɛŬŰŬ 

ɈɘɞɗŮŰɩɜŰŬɠ ɏɜŬ ůɨůŰɖɛŬ ˊɟɧɤůɖɠ ȷC ɏɢŮɘ ŬɟəŮŰɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɧˊɤɠ: ȷˊɚɞˊɞɑɖůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ˊɟɧɤůɖɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ ˊɞɚɨˊɚɞəɞɡ ɛŮɘɤŰɐɟŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

Űɖɜ əɑɜɖůɖ Űɞɡ ˊɚɞɑɞɡ. 

(1) ũɘŬ ˊŮɟɘˊŰɩůŮɘɠ ˊɚɞɑɤɜ ˊɞɡ əŬŰŬɜŬɚɩɜɞɡɜ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ŮɜɏɟɔŮɘŬɠ, ɡˊɎɟɢŮɘ 

ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ ůŰŬ ɞɘəɞɜɞɛɘəɎ əɧůŰɖ ůɡɜŰɐɟɖůɖɠ əŬɘ ŮˊɘůəŮɡɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

ɕɤɐɠ Űɞɡ ɛɖɢŬɜɩɜ. 

 

(2) ȺɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ɗɞɟɨɓɞɡ Ůˊɑ Űɞɡ ˊɚɞɑɞɡ. 

 

(3) ȸŮɚŰɘɤɛɏɜɖ Ŭˊɧŭɞůɖ əŬɡůɑɛɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŰŬɝɘŭɘɩɜ, ɚɧɔɤ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ 

ůɡɜŮɢɞɨɠ ŭɘŬŰɐɟɖůɖɠ Űɖɠ ˊŮɟɘůŰɟɞűɘəɐɠ ŰŬɢɨŰɖŰŬɠ. 

 

ɀŮɘɞɜŮəŰɐɛŬŰŬ 

ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ŮɑɜŬɘ: 

× Ɉɣɖɚɧ Ŭɟɢɘəɧ əɧůŰɞɠ, ŮɘŭɘəɎ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ůɡɛɓŬŰɘəɎ ůɡůŰɐɛŬŰŬ ˊɟɧɤůɖɠ ˊɞɡ 

ɓŬůɑɕɞɜŰŬɘ ůŮ ɛɖɢŬɜɏɠ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ. 
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× ȷɡɝɖɛɏɜŮɠ ŬˊɩɚŮɘŮɠ ɛŮŰŬŰɟɞˊɐɠ ŮɜɏɟɔŮɘŬɠ 

 

× ɀŮɔŬɚɨŰŮɟɞɠ ɧɔəɞɠ ůɡůŰɐɛŬŰɞɠ ɚɧɔɤ Űɞɡ ɛŮɔŬɚɨŰŮɟɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ əɨɟɘɤɜ ɛŮɟɩɜ Űɞɡ. 

 

ɆɨůŰɖɛŬ ˊɟɧɤůɖɠ DC 

 
ɆŰɖɜ Ŭˊɚɐ ɛɞɟűɐ Űɞɡ Űɞ DC ŭɑəŰɡɞ Ůˊɑ Űɞɡ ˊɚɞɑɞɡ ŮɑɜŬɘ ɛɘŬ ŮˊɏəŰŬůɖ Űɤɜ ɐŭɖ ɡˊŬɟɢɧɜŰɤɜ 

ˊɞɚɚŬˊɚɩɜ DC ůɡɜŭɏůŮɤɜ ůŮ ɧɚŬ ŰŬ ůɡůŰɐɛŬŰŬ ˊɟɧɤůɖɠ, Űɞ ɞˊɞɑɞ ɘəŬɜɞˊɞɘŮɑ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 

80% Űɖɠ ɖɚŮəŰɟɘəɐɠ əŬŰŬɜɎɚɤůɖɠ ɘůɢɨɞɠ ůŮ ˊɚɞɑŬ ɖɚŮəŰɟɞˊɟɧɤůɖɠ. ȼ ŮˊɏəŰŬůɖ ŬɡŰɐ ůɖɛŬɑɜŮɘ 

ɧŰɘ ɛˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɧɚŬ ŰŬ ŮɝŬɟŰɐɛŬŰŬ Űɤɜ ɡˊŬɟɢɧɜŰɤɜ ɖɚŮəŰɟɘəɩɜ ˊɚɞɑɤɜ, 

ɧˊɤɠ ɔŮɜɜɐŰɟɘŮɠ AC, ŬɜŰɘůŰɟɞűŮɑɠ, əɘɜɖŰɐɟŮɠ ə.ɚˊ. ȹŮɜ ŬˊŬɘŰɞɨɜŰŬɘ ˊɚɏɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ əŬɘ 

ɎɟŬ Űɞ ůɨůŰɖɛŬ ɘůɢɨɞɠ əŬɘ ˊɟɧɤůɖɠ ŮɑɜŬɘ ˊɘɞ ŮɡɏɚɘəŰɞ. Ƀɘ ɓŬůɘəɏɠ əŬɘɜɞŰɞɛɑŮɠ Űɞɡ DC ŭɘəŰɨɞɡ 

Ůˊɑ Űɞɡ ˊɚɞɑɞɡ ŮɑɜŬɘ ɞ ůɢŮŭɘŬůɛɧɠ əŬɘ ɞ ɏɚŮɔɢɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɟɞůŰŬůɑŬɠ əŬɘ ɖ 

ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɖ ŮɜŮɟɔŮɘŬəɐ ɟɞɐ. 

Ƀ əɡɟɑŬɟɢɞɠ Űɨˊɞɠ ˊɟɤŰŮɨɞɡůŬɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ ˊɟɧɤůɖɠ ŮɑɜŬɘ ɖ ɖɚŮəŰɟɘəɐ 

ɞŭɐɔɖůɖ. ɄɟŬəŰɘəɎ əɎɗŮ ůɡůəŮɡɐ ˊɟɧɤůɖɠ ˊɞɡ ŮɔəŬɗɑůŰŬŰŬɘ ůŮ ɜɏŬ ˊɚɞɑŬ ɞŭɖɔŮɑŰŬɘ Ŭˊɧ 

ɖɚŮəŰɟɘəɧ əɘɜɖŰɐɟŬ. Ƀɘ ůɡůəŮɡɏɠ ɞŭɐɔɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ŮɑɜŬɘ: 

 

Å DC ɛŮŰŬŰɟɞˊŮɑɠ ɔɘŬ əɘɜɖŰɐɟŮɠ DC, 
Å ȾɡəɚɞɛŮŰŬŰɟɞˊŮɑɠ ɔɘŬ AC əɘɜɖŰɐɟŮɠ, ůɡɜɐɗɤɠ ɔɘŬ ůɨɔɢɟɞɜɞɡɠ əɘɜɖŰɐɟŮɠ, 
Å ȷɜŰɘůŰɟɞűŮɑɠ ˊɖɔɐɠ ɟŮɨɛŬŰɞɠ ɔɘŬ AC əɘɜɖŰɐɟŮɠ (ůɨɔɢɟɞɜɞɘ əɘɜɖŰɐɟŮɠ), 
Å ȷɜŰɘůŰɟɞűŮɑɠ ˊɖɔɐɠ ŰɎůɖɠ ɔɘŬ AC əɘɜɖŰɐɟŮɠ, ŭɖɚ. Ŭůɨɔɢɟɞɜɞɡɠ, ůɨɔɢɟɞɜɞɡɠ əŬɘ 

əɘɜɖŰɐɟŮɠ ɛɧɜɘɛɤɜ ɛŬɔɜɖŰɩɜ.  

 

 

ɄɚŮɞɜŮəŰɐɛŬŰŬ 

Å Ȱɤɠ 20% Ůɝɞɘəɞɜɧɛɖůɖ əŬɡůɑɛɞɡ Ŭɜ Ŭɝɘɞˊɞɘɖɗɞɨɜ ˊɚɐɟɤɠ ɧɚŮɠ ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ əŬɘ Űɤɜ ɛɖɢŬɜɩɜ ɛŮŰŬɓɚɖŰɐɠ 

ŰŬɢɨŰɖŰŬɠ.  

Å ɀŮɘɤɛɏɜŮɠ ŬɜɎɔəŮɠ ůɡɜŰɐɟɖůɖɠ ɔɘŬ ˊɘɞ ŬˊɞŭɞŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ  

Å ȸŮɚŰɘɤɛɏɜɖ ŭɡɜŬɛɘəɐ Ŭˊɧəɟɘůɖ, əɎɜɞɜŰŬɠ ɢɟɐůɖ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ, ˊɟɎɔɛŬ Űɞ 

ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ɢŬɛɖɚɧŰŮɟɖ 

əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ.  

Å Ʉɘɞ ŮɡɏɚɘəŰɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ɖɚŮəŰɟɘəɩɜ ůɡɜɘůŰɤůɩɜ.  

Å ȹɘŬɗɏŰŮɘ ˊɚŬŰűɧɟɛŬ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰɖɟɑɕŮɘ ŭɡɜŬŰɧŰɖŰŮɠ ŬɜŬŭɘɎŰŬɝɖɠ ɔɘŬ 

ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ ůŮ ɛŮɚɚɞɜŰɘəɏɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ. 
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Å ɄɟɞůŰŬůɑŬ əŬɘ ŬůűɎɚŮɘŬ. ȼ űɘɚɞůɞűɑŬ Űɖɠ ˊɟɞůŰŬůɑŬɠ ɓŬůɑɕŮŰŬɘ ůŰɞ ůɡɜŭɡŬůɛɧ 

ŬůűŬɚŮɘɩɜ Űɐɝɖɠ əŬɘ ŮɚŮɔɢɧɛŮɜɤɜ ŭɘŬəɞˊŰɩɜ. Ⱥɜ ůɡɜŰɞɛɑŬ, ɞɘ ŬůűɎɚŮɘŮɠ Űɐɝɖɠ ŮɑɜŬɘ 

ŮɝŬɘɟŮŰɘəɎ ŰŬɢŮɑŮɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ Ŭˊɞɛɧɜɤůɖ Űɤɜ ŬɜŰɘůŰɟɞűɏɤɜ, ůŮ 

ˊŮɟɘˊŰɩůŮɘɠ ůɞɓŬɟɞɨɠ ůűɎɚɛŬŰɞɠ. 

 

  

ɀŮɘɞɜŮəŰɐɛŬŰŬ 

Å Ʉɟɧɤůɖ: Ⱦɨɟɘɞɠ ɐ ɓɞɖɗɖŰɘəɧɠ əɘɜɖŰɐɟŬɠ ˊɟɧɤůɖɠ ůŰɖɜ Ůəəɑɜɖůɖ əŬɘ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ 

ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ ůŮ ůɨɕŮɡɝɖ ɛŮ ŰŬ ɖɚŮəŰɟɞɜɘəɎ ɛŮŰŬŰɟɞˊɐɠ ɘůɢɨɞɠ. 

Å ɀŮŰŬɓŬɚɚɧɛŮɜŮɠ ɡˊŮɟŰɎůŮɘɠ əŬɘ ɡˊŮɟɟŮɨɛŬŰŬ. 
Å ȷɟɛɞɜɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ Ŭˊɧ Űɖ ɢɟɐůɖ ůɡůəŮɡɩɜ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ. 

  

ɄɟɞɖɔɛɏɜŬ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɓŮɚŰɑɤůɖɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ 

 

ɈˊŮɟŬɔɩɔɘɛɖ ɛŬɔɜɖŰɘəɐ ŭɘɎŰŬɝɖ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ (SMES) 

ȺɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ɜŬ ŬˊɞɗɖəŮɨŮŰŬɘ ɖ ˊŮɟɑůůŮɘŬ ŮɜɏɟɔŮɘŬɠ əŬŰɎ Űɘɠ ɩɟŮɠ ɧˊɞɡ ŭŮɜ 

ɡˊɎɟɢŮɘ Ŭɘɢɛɐ ɕɐŰɖůɖɠ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɜɨɢŰŬɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŮɟɑůůŮɘŬ ŮɜɏɟɔŮɘŬɠ ɖ ɞˊɞɑŬ 

ɛˊɞɟŮɑ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ůŮ ɛˊŬŰŬɟɑŮɠ. ȼ ŮɜɏɟɔŮɘŬ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ 

ˊŬɟŬɔɤɔɐ ɡŭɟɞɔɧɜɞɡ, ɛɏůɤ ɖɚŮəŰɟɧɚɡůɖɠ, Ůɜɩ ɡˊɧ ɎɚɚŮɠ ůɡɜɗɐəŮɠ, Ŭˊɚɩɠ əŬŰŬůŰɟɏűŮŰŬɘ. ɇɞ 

ɡŭɟɞɔɧɜɞ ɛˊɞɟŮɑ ɜŬ ůɡɛˊɘŮůŰŮɑ əŬɘ ɜŬ ŭɘŬɜŮɛɖɗŮɑ ɛŮ ŭŮɝŬɛŮɜɏɠ, ŮɑŰŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ 

əɡɣɏɚŮɠ əŬɡůɑɛɞɡ. 

ɀɘŬ Ɏɚɚɖ ŭɡɜŬŰɧŰɖŰŬ ŮɑɜŬɘ ɖ ɡˊŮɟŬɔɩɔɘɛɖ ɛŬɔɜɖŰɘəɐ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ (SMES), ɖ ɞˊɞɑŬ 

ŬˊɞɗɖəŮɨŮɘ ŮɜɏɟɔŮɘŬ ůŮ ɛɞɟűɐ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, Űɞ ɞˊɞɑɞ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɖ ɟɞɐ ůɡɜŮɢɞɨɠ 

ɟŮɨɛŬŰɞɠ ůŮ ɏɜŬ ɡˊŮɟŬɔɩɔɘɛɞ ˊɖɜɑɞ. ɇɞ ˊɖɜɑɞ ŬɡŰɧ ɓɡɗɑɕŮŰŬɘ ůŮ ɡɔɟɧ ɐɚɘɞ əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ 

Űɞɡ ɛŮɘɩɜŮŰŬɘ ɛŮ əɟɡɞɔɞɜɘəɏɠ ɛŮɗɧŭɞɡɠ əɎŰɤ Ŭˊɧ Űɖɜ əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ ɡˊŮɟŬɔɤɔɐɠ. ȼ 

ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůɗŮɑ ɔɘŬ ɜŬ ɓŮɚŰɘɩůŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ůŮ əɟɑůɘɛŬ űɞɟŰɑŬ, 

ˊŬɟɏɢɞɜŰŬɠ ŮɜɏɟɔŮɘŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɓɡɗɑůŮɤɜ ŰɎůɖɠ əŬɘ Űɤɜ ůŰɘɔɛɘŬɑɤɜ ŭɘŬəɞˊɩɜ ɘůɢɨɞɠ 

ůŰɞ ůɨůŰɖɛŬ. ȰŰůɘ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ ɖ ɘůɢɨɠ Űɞɡ ŭɘəŰɨɞɡ əŬɘ ɎɟŬ ŬˊɞűŮɨɔɞɜŰŬɘ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ 

űɞɟŰɑɞɡ. ȼ Ŭˊɧəɟɘůɐ Űɞɡ ůŰɘɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ɘůɢɨɞɠ ŮɑɜŬɘ ŬəŬɟɘŬɑŬ əŬɘ ɏɢŮɘ ŬˊŮɟɘɧɟɘůŰɞɡɠ 

əɨəɚɞɡɠ ŮˊŬɜŬűɧɟŰɘůɖɠ. ɇɏŰɞɘŬ ŮɔəŬŰɎůŰŬůɖ ɡˊɎɟɢŮɘ ůŰɘɠ ȼ.Ʉ.ȷ. əŬɘ ɏɢŮɘ ŭɡɜŬŰɧŰɖŰŬ 

ŬˊɞɗɐəŮɡůɖɠ 30 MJ, ɛŮ ůəɞˊɧ ɜŬ ˊŬɟɏɢŮɘ ɏɚŮɔɢɞ ůɡɢɜɧŰɖŰŬɠ əŬŰɎ ɛɐəɞɠ Űɤɜ ɔɟŬɛɛɩɜ 

ɛŮŰŬűɞɟɎɠ ůŰɖ ŭɡŰɘəɐ ŬəŰɐ. ɇɏŰɞɘŬ ŮɔəŬŰɎůŰŬůɖ ɡˊɎɟɢŮɘ Ůˊɑůɖɠ ůŰɖɜ ȽŬˊɤɜɑŬ, ɖ ɞˊɞɑŬ ɛŮŰɟɎ Űɖ 

ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ɔɟŬɛɛɐɠ ɛŮŰŬűɞɟɎɠ.  

ɇɞ ůɨůŰɖɛŬ SMES ɛˊɞɟŮɑ ɜŬ űɞɟŰɑůŮɘ əŬɘ ɜŬ ŮəűɞɟŰɑůŮɘ ɘůɢɨ ɏɢɞɜŰŬɠ ɔɟɐɔɞɟɖ Ŭˊɧəɟɘůɖ ɩůŰŮ 

ɜŬ ŬˊɞɗɖəŮɨůŮɘ ŮɜŮɟɔɧ ɘůɢɨ, ŬɚɚɎ əŬɘ ɜŬ ˊŬɟɏɢŮɘ ɎŮɟɔɞ ɘůɢɨ, ɛŮ ůŰɧɢɞ Űɖ ɛŮɑɤůɖ Űɖɠ 

ŭɘŬəɨɛŬɜůɖɠ ŰɎůɖɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖ ɛŮŰŬɓɞɚɐ Űɞɡ űɞɟŰɑɞɡ ůŰɞ ůɨůŰɖɛŬ. ȷɡŰɧ Űɞ ůɨůŰɖɛŬ 

ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɡˊŮɟŬɔɩɔɘɛɞ ˊɖɜɑɞ, Űɞ əɟɡɞɔɞɜɘəɧ ůɨůŰɖɛŬ əŬɘ ɏɜŬ 
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ůɨůŰɖɛŬ ɟɨɗɛɘůɖɠ Űɖɠ ɘůɢɨɞɠ. ȰɜŬ Ŭˊɧ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɞɡ ŮɑɜŬɘ Űɞ ɛŮɔɎɚɞ əɧůŰɞɠ 

ŮɔəŬŰɎůŰŬůɖɠ Űɞɡ. 

ɇɞ ˊɖɜɑɞ ŮɑɜŬɘ Űɞ əɨɟɘɞ ɛɏɟɞɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ SMES Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŬˊɞɟɟɞűɎ əŬɘ ɜŬ 

ŬˊŮɚŮɡɗŮɟɩɜŮɘ ɘůɢɨ ɛŮ ɓɎůɖ Űɖ ɕɐŰɖůɖ ɘůɢɨɞɠ. Ƀɘ ŭɨɞ Űɨˊɞɘ ˊɖɜɑɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ůɡɜɐɗɤɠ ŮɑɜŬɘ Űɞ ŰɞɟɞŮɘŭɏɠ əŬɘ Űɞ ůɤɚɖɜɞŮɘŭɏɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ŰɞɟɞŮɘŭɐ ˊɖɜɑŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŬˊɞɗɐəŮɡůɖ ɛɘəɟɐɠ əŬɘ ɛŮůŬɑŬɠ əɚɑɛŬəŬɠ, Ůɜɩ ŰŬ ůɤɚɖɜɞŮɘŭɐ ůŮ ɛŮɔɎɚɖɠ 

əɚɑɛŬəŬɠ. ɇɞ ˊɖɜɑɞ ůɡɜŭɏŮŰŬɘ ůŮ ɏɜŬ ůɨůŰɖɛŬ ɛŮŰŬŰɟɞˊɐɠ ɘůɢɨɞɠ. ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɞ ɞˊɞɑɞ ŮɚɏɔɢŮɘ Űɖ ɟɞɐ ɟŮɨɛŬŰɞɠ Ŭˊɧ əŬɘ ˊɟɞɠ Űɖ DC 

ɔɟŬɛɛɐ. ɇɞ ˊɖɜɑɞ ŬɟɢɑɕŮɘ Űɖ űɧɟŰɘůɖ əɎɗŮ űɞɟɎ ˊɞɡ ɖ ɘůɢɨɠ Ůɝɧŭɞɡ Űɞɡ ŬɜɞɟɗɤŰɐ ɡˊŮɟɓŬɑɜŮɘ 

Űɖɜ ɘůɢɨ ŬɜŬűɞɟɎɠ əŬɘ Űɞ ˊɖɜɑɞ ɗŬ ŮəűɞɟŰɑɕŮŰŬɘ ɧŰŬɜ ɖ ɘůɢɨɠ Ůɝɧŭɞɡ Űɞɡ ŬɜɞɟɗɤŰɐ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ɘůɢɨ ŬɜŬűɞɟɎɠ. ɇɞ ɟŮɨɛŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖ űɧɟŰɘůɖ əŬɘ Űɖɜ ŮəűɧɟŰɘůɖ 

Űɞɡ ˊɖɜɑɞɡ ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɞ Űɖɠ ŰɎůɖɠ əŬŰɎ ɛɐəɞɠ Űɞɡ ˊɖɜɑɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŮəűɧɟŰɘůɖɠ. ȷɡŰɧ űŬɑɜŮŰŬɘ ůŰɖ ˊɟɩŰɖ ůɢɏůɖ, ɧˊɞɡ Űɞ Is ŮɑɜŬɘ Űɞ əɟɑůɘɛɞ ɟŮɨɛŬ əŬɘ Po ŮɑɜŬɘ ɖ 

ůŰŬɗŮɟɐ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ɧŰŬɜ Űɞ ůɡɜŮɢɏɠ ɟŮɨɛŬ ˊɚɖůɘɎɕŮɘ Űɖɜ əɟɑůɘɛɖ Űɘɛɐ. ɇɞ ɟŮɨɛŬ ɗŬ 

ŮəűɞɟŰɑɕŮŰŬɘ ɏɤɠ ɧŰɞɡ űŰɎůŮɘ ůŮ ɛɘŬ əɟɑůɘɛɖ Űɘɛɐ. ɇɧŰŮ, Űɞ ůɨůŰɖɛŬ ŭŮ ɗŬ ŮəűɞɟŰɘůŰŮɑ 

ˊŮɟŬɘŰɏɟɤ əŬɘ ɖ ˊŬɟŬɔɧɛŮɜɖ ɘůɢɨɠ ŮɑɜŬɘ ůŮ Ŭˊɧəɟɘůɖ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ. ɇɞ ˊɞůɧ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɞ ˊɖɜɑɞ, ESMES, ŮɑɜŬɘ Ůɡɗɏɤɠ ŬɜɎɚɞɔɞ Űɞɡ ɟŮɨɛŬŰɞɠ DC, ɧˊɞɡ L 

ŮɑɜŬɘ ɖ ŬɡŰŮˊŬɔɤɔɐ Űɞɡ ˊɖɜɑɞɡ. 

 

)Ó   (2.1) 

Ὁ ὒ   (2.2) 
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ȾŬɗɩɠ ɖ ˊŮɟɑůůŮɘŬ ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ ˊŮɟɜɎ Ŭˊɧ Űɞ ɡˊŮɟŬɔɩɔɘɛɞ ˊɖɜɑɞ, ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ 

ˊɖɜɑɞɡ ŬɡɝɎɜŮŰŬɘ, ŬɚɚɎ ɖ ɗŮɟɛɞəɟŬůɑŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɢŬɛɖɚɐ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ 

ɗŮɟɛɘəɧ ˊŮɟɑɓɚɖɛŬ ɐ ɡɔɟɧ ɐɚɘɞ. ȰɜŬ əɟɡɞɔɞɜɘəɧ ůɨůŰɖɛŬ ŭɘŬŰɖɟŮɑ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ 

ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɓŮɚŰɘɩɜŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ɡˊŮɟŬɔɤɔɐɠ. 

ɇɞ ůɨůŰɖɛŬ ɟɨɗɛɘůɖɠ ɘůɢɨɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 12 ɔɏűɡɟŮɠ ŭɘŬŭɞɢɘəɩɜ ˊŬɚɛɩɜ ɛŮŰŬŰɟɞˊɏɤɜ 

DC/AC ɐ ɛŮŰŬŰɟɞˊɏɤɜ DC/AC. Ƀ ŬɜŰɘůŰɟɞűɏŬɠ ɗŬ ˊɟɞəŬɚɏůŮɘ ŬˊɩɚŮɘŮɠ ˊɟɞɠ əɎɗŮ əŬŰŮɨɗɡɜůɖ, 

ŬɚɚɎ ɞɘ ŬˊɩɚŮɘŮɠ ŬɡŰɏɠ ɛˊɞɟŮɑ ɜŬ ɛŮɘɤɗɞɨɜ ůɡɜŭɏɞɜŰŬɠ Űɞ ůɨůŰɖɛŬ SMES ŬˊŮɡɗŮɑŬɠ ůŰɖ 

ɔɟŬɛɛɐ DC. ȯɟŬ, ŮɚɏɔɢɞɜŰŬɠ Űɞ ɛŮŰŬŰɟɞˊɏŬ DC/DC ɖ ŬˊɞɗɖəŮɡɛɏɜɖ ŮɜɏɟɔŮɘŬ ɛˊɞɟŮɑ ɜŬ 

ɛŮŰŬűŮɟɗŮɑ ŬˊŮɡɗŮɑŬɠ ůŰɞ ůɨůŰɖɛŬ Űɞɡ ŭɘəŰɨɞɡ. 

Ɇűɧɜŭɡɚɞɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ (Flywheel) 

ɇɞ Flywheel ɚŮɘŰɞɡɟɔŮɑ ɤɠ ůɨůŰɖɛŬ Ŭɨɝɖůɖɠ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ ŭɘəŰɨɞɡ, əŬɗɩɠ ɛɏůɤ 

Ůɜɧɠ əɘɜɖŰɐɟŬ ɛŮŰŬŰɟɏˊŮɘ Űɖɜ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ůŮ əɘɜɖŰɘəɐ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɖɠ 

ˊŮɟɘůŰɟɞűɐɠ Ůɜɧɠ ůűɞɜŭɨɚɞɡ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ ɔŮɜɜɐŰɟɘŬ əŬɘ ɖ ɞˊɞɑŬ ɛŮŰŬŰɟɏˊŮɘ 

ɝŬɜɎ Űɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ ůŮ ɖɚŮəŰɟɘəɐ, ɧˊɞŰŮ ŬˊŬɘŰŮɑŰŬɘ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

ůɨɔɢɟɞɜŬ ɖɚŮəŰɟɞɜɘəɎ ɘůɢɨɞɠ, ˊŬɟɏɢŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɟɨɗɛɘůɖ ŰɎůɖɠ əŬɘ ůɡɢɜɧŰɖŰŬɠ Űɖɠ 

ɘůɢɨɞɠ Ůɝɧŭɞɡ. 

 

 

 

ɳʽˁˈ˄ʰ 4:ʅ˔ʹ˃ʰˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ˋˎˋˍʺ˃ʰˍˇˌ ʰˉˇʻʺˁʶˎˋʹˌ {a9{ ˋˎʸʶˎʴ˃ʷ˄ˇ ˃ʶ ˃ˇ˄ˍʷ˂ˇ ʰ˄ʶ˃ˇʴʶ˄˄ʺˍˊʽʰˌ 
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ɀŮ ɓɎůɖ Űɖɜ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ űɎůɖɠ űɧɟŰɘůɖɠ, ɞ ɛŮŰŬŰɟɞˊɏŬɠ 3 

ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŬɜɞɟɗɤŰɐɠ Ůɜɩ ɞ ɛŮŰŬŰɟɞˊɏŬɠ 2 ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŬɜŰɘůŰɟɞűɏŬɠ. ȾŬŰɎ Űɖ ɛŮŰŬŰɟɞˊɐ 

Űɖɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɖɚŮəŰɟɘəɐ, ɖ ɖɚŮəŰɟɘəɐ ɛɖɢŬɜɐ ɚŮɘŰɞɡɟɔŮɑ ɤɠ əɘɜɖŰɐɟŬɠ ˊɞɡ 

ŬˊɞɟɟɞűɎ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ŮˊɘŰŬɢɨɜɞɜŰŬɠ Űɞɜ ɎɝɞɜŬ. Ƀ ɟɧŰɞɟŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ 

ŮˊɘŰŬɢɨɜŮɘ Űɞɜ ɎɝɞɜŬ ɏɤɠ ɧŰɞɡ űŰɎůŮɘ ůŮ ŮˊŬɟəɐ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ. ȳŰŬɜ ɞ ɟɧŰɞɟŬɠ ŮɑɜŬɘ 

əŬŰŬůəŮɡŬůɛɏɜɞɠ Ŭˊɧ ŬɜɗɟŬəɞɜɐɛŬŰŬ ɖ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ŰŬ 100000 

rpm, Ůɜɩ ɧŰŬɜ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɞɠ Ŭˊɧ ɢɎɚɡɓŬ űŰɎɜŮɘ ůŰŬ 10000 rpm. 

ȳŰŬɜ ŮˊɘŰŮɡɢɗŮɑ ɖ ŮˊɘɗɡɛɖŰɐ ŰŬɢɨŰɖŰŬ, ɞ ɎɝɞɜŬɠ ŬˊɞůɡɜŭɏŮŰŬɘ ŬɚɚɎ ůɡɜŮɢɑɕŮɘ ɜŬ ˊŮɟɘůŰɟɏűŮŰŬɘ 

ɚɧɔɤ Űɖɠ ŬŭɟɎɜŮɘŬɠ Űɞɡ ůűɞɜŭɨɚɞɡ. ȼ ˊŮɟɘůŰɟɞűɐ ŬɡŰɐ ŭŮɑɢɜŮɘ ɧŰɘ ɖ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ˊɚɐɟɤɠ ůŮ əɘɜɖŰɘəɐ, ɖ ɞˊɞɑŬ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɖɜ ˊŮɟɘůŰɟŮűɧɛŮɜɖ ɛɎɕŬ. ɇɞ 

ůɨůŰɖɛŬ ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ˊŮɟɑɓɚɖɛŬ əŮɜɞɨ ɩůŰŮ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɞɨɜŰŬɘ ɞɘ Űɟɘɓɏɠ ɚɧɔɤ 

Űɞɡ ŬɏɟŬ. ȾŬŰɎ Űɖɜ ŬˊɞűɧɟŰɘůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɖɠ ˊŮɟɘůŰɟŮűɧɛŮɜɖɠ ɛɎɕŬɠ, ɞ əɘɜɞɨɛŮɜɞɠ ɎɝɞɜŬɠ 

ɗŬ ˊŬɟɎɝŮɘ ɟɞˊɐ ɔɘŬ ɜŬ əɘɜɐůŮɘ Űɖɜ ɖɚŮəŰɟɘəɐ ɛɖɢŬɜɐ, ɖ ɞˊɞɑŬ ŰɩɟŬ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɔŮɜɜɐŰɟɘŬ. 

ɆŰɖ ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ, ɞ ɛŮŰŬŰɟɞˊɏŬɠ 2 ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŬɜɞɟɗɤŰɐɠ əŬɘ ɞ ɛŮŰŬŰɟɞˊɏŬɠ 3 ɤɠ 

ɳʽˁˈ˄ʰ 5:ɮˊ˔ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ CƭȅǿƘŜŜƭ 
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ŬɜŰɘůŰɟɞűɏŬɠ. ȼ ɟɞɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ůɡɜŮɢɐɠ, ŭɘɧŰɘ ɏɢŮɘ ŬˊɞɗɖəŮɡŰŮɑ ůŮ ɛɖɢŬɜɘəɐ əŬɘ ɧɢɘ ůŮ 

ɢɖɛɘəɐ ɛɞɟűɐ. 
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ȾŮűɎɚŬɘɞ 3ɞ Ʉɟɞůɏɔɔɘůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ 
 

ɆɖɛŬůɘɞɚɞɔɑŬ ɄɞɘɧŰɖŰŬɠ Ƚůɢɨɞɠ 
Ƀ ɧɟɞɠ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ŬɜŬűɏɟŮŰŬɘ ůŮ ɏɜŬ Ůɡɟɨ ˊɚɐɗɞɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ɔŮɔɞɜɧŰɤɜ 

ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŮ ɏɜŬ ůɨůŰɖɛŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ (ɆȼȺ). ɄɟŬəŰɘəɎ ŮɛˊŮɟɘɏɢŮɘ 

ɞˊɞɘŬŭɐˊɞŰŮ Ŭˊɧəɚɘůɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɘŭŬɜɘəɐ əɡɛŬŰɞɛɞɟűɐ , ŮɑŰŮ Űɖɠ ŰɎůɖɠ (voltage quality) , 

ŮɑŰŮ Űɞɡ ɟŮɨɛŬŰɞɠ (current quality). Ƀɘ ˊŬɟŬˊɎɜɤ ŬˊɞəɚɑůŮɘɠ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɤɠ űŬɘɜɧɛŮɜŬ 

ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ŬɚɚɎ əŬɘ ɤɠ ŭɘŬŰŬɟŬɢɏɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ. ȷˊɞŰŮɚŮɑ ɏɜŬ ɕɐŰɖɛŬ ɛŮ ůɡɜŮɢɩɠ 

ŬɡɝŬɜɧɛŮɜɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɘɠ ŮŰŬɘɟŮɑŮɠ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘůɛɞɨ, ɔɘŬ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ 

ɖɚŮəŰɟɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ əŬɘ ɔɘŬ Űɞɡɠ əŬŰŬɜŬɚɤŰɏɠ. Ƀɘ əɡɟɘɧŰŮɟɞɘ ɚɧɔɞɘ ˊɞɡ əŬɗɘůŰɞɨɜ Űɖɜ 

ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ɘŭɘŬɘŰɏɟɤɠ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɞɘ Ŭəɧɚɞɡɗɞɘ: 

¶ ɖ ŬɡɝŬɜɧɛŮɜɖ ɢɟɐůɖ ůɡůəŮɡɩɜ ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ ɖɚŮəŰɟɞɜɘəɎ ɘůɢɨɞɠ əŬɘ ŮɑɜŬɘ 

ŮɡŬɑůɗɖŰŮɠ ŬɚɚɎ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ ŭɘŬŰŬɟŬɢɏɠ, 

¶ ɞ ŬɜŰŬɔɤɜɘůɛɧɠ ˊɞɡ ŮˊɏűŮɟŮ ɖ ŬˊŮɚŮɡɗɏɟɤůɖ Űɖɠ ŬɔɞɟɎɠ ŮɜɏɟɔŮɘŬɠ, 

¶ əŬɘ ɞɘ ŭɘŬɟəɩɠ ŬɡɝŬɜɧɛŮɜŮɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŮ ŬɝɘɞˊɘůŰɑŬ. 

ɇɧůɞ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ŰɎůɖɠ ˊɞɡ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɞ ŭɑəŰɡɞ əŬɗɩɠ əŬɘ ɖ ˊɞɘɧŰɖŰŬ ɟŮɨɛŬŰɞɠ 

ůŰɖɜ ɞˊɞɑŬ Ůˊɘŭɟɞɨɜ ɞɘ əŬŰŬɜŬɚɤŰɏɠ ůɡɜɘůŰɞɨɜ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ əŬɜɞɜɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ɏɢɞɡɜ ɛŮɔɎɚɖ ɞɘəɞɜɞɛɘəɐ ůɖɛŬůɑŬ. Ƀɘ ŮŰŬɘɟɑŮɠ ɖɚŮəŰɟɘůɛɞɨ ůŮ 

ɧɚɞ Űɞɜ əɧůɛɞ əŬɚɞɨɜŰŬɘ ɜŬ ŬˊɞŭŮɑɝɞɡɜ ɧŰɘ ɖ ˊŬɟŮɢɧɛŮɜɖ ɘůɢɨɠ ɘəŬɜɞˊɞɘŮɑ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ 

ŮəŮɑɜŮɠ ˊɞɡ ŮɔɔɡɩɜŰŬɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ˊŮɚŬŰɩɜ-űɞɟŰɑɤɜ Űɞɡɠ ɢɤɟɑɠ ˊɟɞɓɚɐɛŬŰŬ. ɄŬɟɎɚɚɖɚŬ 

ɞɘ əŬŰŬɜŬɚɤŰɏɠ ˊɟɞůˊŬɗɞɨɜ ɜŬ ŮɝŬůűŬɚɑůɞɡɜ Űɘɠ əŬɚɨŰŮɟŮɠ ůɡɜɗɐəŮɠ ɔɘŬ ŰŬ űɞɟŰɑŬ Űɞɡɠ ɩůŰŮ 

ɜŬ ˊŮɟɘɞɟɑůɞɡɜ ɞɘəɞɜɞɛɘəɏɠ ŬˊɩɚŮɘŮɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ˊŬɟɞɢɐ 

ɖɚŮəŰɟɘəɐ ɘůɢɨɞɠ.  

ɀŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɛŮŰɟɖŰɘəɩɜ ůɡůəŮɡɩɜ ŮɔəŬɗɑůŰŬŰŬɘ ůŰɞ ŭɑəŰɡɞ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

əŬŰŬɔɟɎɣɞɡɜ Űɘɠ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ , ɩůŰŮ ɜŬ ŮɜŰɞˊɘůɗɞɨɜ ŰŬ 

ˊɟɞɓɚɐɛŬŰŬ əŬɘ ɜŬ ůɡɚɚŮɔɞɨɜ ɞɘ əŬŰɎɚɚɖɚŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ɚɨůɖ Űɞɡɠ. ɇŬ ɞűɏɚɖ Ŭˊɧ Űɘɠ 

ɛŮŰɟɐůŮɘɠ ŮɑɜŬɘ ˊɞɚɚŬˊɚɎ əŬɗɩɠ ŬɡɝɎɜɞɡɜ Űɖɜ ɔɜɩůɖ ɛŬɠ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

Ⱥˊɑůɖɠ, ůɡɜŰɎůůɞɜŰŬɘ ˊɟɞŭɘŬɔɟŬűɏɠ Ŭˊɧ Űɞɡɠ Ŭɟɛɧŭɘɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ ˊɟɞɠ Űɞ 

ˊŬɟɧɜ ɤɠ ˊɟɞŰŮɘɜɧɛŮɜŬ ɧɟɘŬ. ȼ ˊɟɧɓɚŮɣɖ ˊɎɜŰɤɠ ŮɑɜŬɘ ɧŰɘ ůŰɞ ɎɛŮůɞ ɛɏɚɚɞɜ ɗŬ ɘůɢɨůɞɡɜ ɤɠ 

ŭŮůɛŮɡŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ŮɛˊɚŮəɞɛɏɜɞɡɠ ɛŮ Űɞ ůɨůŰɖɛŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ũɘŬ 

ɜŬ ɚŮɘŰɞɡɟɔŮɑ Űɞ ɖɚŮəŰɟɘəɧ ůɨůŰɖɛŬ ŬŭɘɎəɞˊŬ əŬɘ ɔɘŬ ɜŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ɖ ɓɏɚŰɘůŰɖ ɞɘəɞɜɞɛɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ , ŬˊŬɘŰŮɑŰŬɘ ɜŬ ɟɡɗɛɑɕɞɜŰŬɘ ůɡɜŮɢɩɠ ˊŬɟɎɛŮŰɟɞɘ ɧˊɤɠ ŮɑɜŬɘ ɖ ɘůɢɨɠ, ɖ ŰɎůɖ əŬɘ ɖ 

ůɡɢɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ. 

ȼ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ, Űɧůɞ ůŰɖ ůŰŮɟɘɎ ɧůɞ əŬɘ ůŰɖ ɗɎɚŬůůŬ, ɏɢŮɘ ɛŮɔɎɚɖ ůɖɛŬůɑŬ ɔɘŬ ŰŬ 

ŭɘɎűɞɟŬ ůɡůŰɐɛŬŰŬ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜŮɟɔŮɑŬɠ. ɇŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŮɑɜŬɘ 

ˊɞɘəɑɚŬ ɛŮ ɎɛŮůɖ ŮˊɑˊŰɤůɖ ŬəɧɛŬ əŬɘ ůŰɖɜ ɑŭɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɆȼȺ. ɆŰɖ ůŰŮɟɘɎ ɏɢŮɘ ɐŭɖ 

ɔɑɜŮɘ ůɡůŰɖɛŬŰɘəɐ ɛŮɚɏŰɖ əŬɘ Űɡˊɞˊɞɑɖůɖ Űɤɜ ɆȼȺ ɛŮ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ, Ůɜɩ ŬɜŰɑɗŮŰŬ 

ůŰɖ ɗɎɚŬůůŬ, Űɞ ˊŮɟɘɓɎɚɚɞɜ ŮɛˊɞŭɑɕŮɘ Űɖ ɜŬɡˊɖɔɘəɐ ɓɘɞɛɖɢŬɜɑŬ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ůŰɞɜ ŰɞɛɏŬ ŬɡŰɧ. 
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ɋůŰɧůɞ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɔɑɜɞɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɤɜ ɆȼȺ ˊɎɜɤ ůŮ 

ˊɚɞɑŬ Űɧůɞ ɔɘŬ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ɧůɞ əŬɘ ɔɘŬ Űɖɜ, əŬŰɎ Űɞ ŭɡɜŬŰɧɜ, 

ɓɏɚŰɘůŰɖ ŬɜŰɘɛŮŰɩˊɘůɐ Űɞɡɠ. 

 

ȹɘŬŰŬɟŬɢɏɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ 
Ƀɘ ŭɘŬŰŬɟŬɢɏɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ : ŭɘŬəɡɛɎɜůŮɘɠ əŬɘ 

ůɡɛɓɎɜŰŬ. ȼ ŭɘŬəɨɛŬɜůɖ ŮɑɜŬɘ ɛɘŬ ɛɘəɟɐ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ ɖɛɘŰɞɜɞŮɘŭɐ əɡɛŬŰɞɛɞɟűɐ əŬɘ 

ůɡɛɓŬɑɜŮɘ ůŰɖ ɛɧɜɘɛɖ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ. 

ɇɞ ůɡɛɓɎɜ ŮɑɜŬɘ ɛɘŬ ɛŮɔɎɚɖ Ŭˊɧəɚɘůɖ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰŬɜ Űɞ ɛŮŰɟɞɨɛŮɜɞ ɛɏɔŮɗɞɠ 

ɝŮˊŮɟɎůŮɘ əɎˊɞɘɞ ɧɟɘɞ əŬɘ ůɡɛɓŬɑɜŮɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛŮŰŬɓŬŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ ɐ ůűŬɚɛɎŰɤɜ. 

 

 

ɆɡɛɓɎɜŰŬ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ 

1. ȹɘŬəɞˊɏɠ (Interruptions) 

ɀɘŬ ŭɘŬəɞˊɐ Űɖɠ ŰɎůɖɠ ȭȭvoltage interruptionȭȭ (ȽȺȺȺ Std 1159) , ŭɘŬəɞˊɐ 

ŰɟɞűɞŭɞůɑŬɠ ȭȭsupply interruptionȭȭ (ȺɁ 50160) ɐ ŬˊɚɎ ŭɘŬəɞˊɐ ȭȭinterruptionȭȭ (ȽȺȺȺ 

Std 1250) ŮɑɜŬɘ ɛɘŬ əŬŰɎůŰŬůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ ŰɎůɖ ŰɟɞűɞŭɞůɑŬɠ ˊɟɞůŮɔɔɑɕŮɘ Űɖɜ Űɘɛɐ 

ɛɖŭɏɜ. ȭȭɄɟɞůŮɔɔɑɕŮɘ Űɞ ɛɖŭɏɜȭȭ əŬŰɎ ŰŬ ˊɟɧŰɡˊŬ ȽȺC ɛŮŰŬűɟɎɕŮŰŬɘ ůŮ Űɘɛɐ ɛɘəɟɧŰŮɟɖ 

Űɞɡ 1% Űɖɠ ŭɘŬűŬɘɜɧɛŮɜɖɠ ŰɎůɖɠ, Ůɜɩ əŬŰɎ Űɖɜ ȽȺȺȺ ɛɘəɟɧŰŮɟɞ Űɞɡ 10% (ȽȺȺȺ Std 

1159).  

ȾŬŰɎ əŬɜɧɜŬ ɞɘ ŭɘŬəɞˊɏɠ ɞűŮɑɚɞɜŰŬɘ ůŮ ůűɎɚɛŬŰŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ůŰɞɘɢŮɑŬ 

ˊɟɞůŰŬůɑŬɠ. ɀɘŬ Ɏɚɚɖ ˊŮɟɑˊŰɤůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɘŬəɞˊɏɠ ŮɑɜŬɘ ɧŰŬɜ 

ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ŭɘŬŭɘəŬůɑŮɠ ˊɟɞůŰŬůɑŬɠ ɢɤɟɑɠ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ əɎˊɞɘɞ ůűɎɚɛŬ (protection 

mailtrip). Ƀɘ ŭɘŬəɞˊɏɠ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ 

ŮˊŬɜŬəɚŮɘɩɛŮɜɤɜ ŭɘŬəɞˊŰɩɜ (reclosers) əŬɘ ŮˊŬɜŬűɞɟɎ Űɞɡ ŭɘəŰɨɞɡ ɛŮŰɎ Ŭˊɧ ůűɎɚɛŬ. ȼ 

ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮɑɜŬɘ ůɡɜɖɗɘůɛɏɜɖ ůŮ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ əŬɘ ŮűŬɟɛɧɕŮŰŬɘ ŭɘɧŰɘ ɛŮɔɎɚɞ 

ˊɞůɞůŰɧ Űɤɜ ůűŬɚɛɎŰɤɜ ŭŮɜ ŮɑɜŬɘ ɛɧɜɘɛŬ əŬɘ ŮɝŬɚŮɑűɞɜŰŬɘ ɛŮŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ˊɟɞůŰŬůɑŬɠ. Ƀɘ ŭɘŬəɞˊɏɠ ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ ɓɡɗɑůŮɤɜ 

ŰɎůɖɠ (ɧˊɞɡ ɖ ŰɎůɖ ɔɑɜŮŰŬɘ ɛɖŭɏɜ) əŬɘ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡɠ ůŰŬ űɞɟŰɑŬ ɘůɢɨŮɘ 

ɧŰɘ əŬɘ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ɓɡɗɑůŮɤɜ ŰɎůɖɠ. 

 ɆɖɛŬɜŰɘəɐ ŮɑɜŬɘ əŬɘ ɖ ŭɘŬɢɩɟɘůɖ ɛɘŬɠ ŭɘŬəɞˊɐɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ŮɎɜ ŮɑɜŬɘ 

ˊɟɞəŬɗɞɟɘůɛɏɜɖ ɐ ŰɡɢŬɑŬ. ȼ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ŭɘŬəɞˊɐɠ ůɡɛɓŬɑɜŮɘ ˊɟɞűŬɜɩɠ Ŭˊɧ 

ˊŬɟɏɛɓŬůɖ ɢŮɘɟɘůɛɞɨ ůɡɜŮˊɩɠ ɛɏůɤ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ˊŬɟɎɔɞɜŰŬ əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɟɞɓɚŮˊɧɛŮɜɖ ɛŮ ŬˊɩŰŮɟɞ ůəɞˊɧ ɜŬ ˊŬɟɗɞɨɜ ˊɟɞɚɖˊŰɘəɎ ɛɏŰɟŬ. ɀɘŬ 

ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ Ůˊɑůɖɠ ɓɞɖɗɎŮɘ ůŰɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɛɘŬɠ ŭɘŬəɞˊɐɠ ŮɑɜŬɘ ɖ 

ŭɘɎɟəŮɘŬ Űɖɠ. ȾŬŰɎ ŰŬ ˊɟɧŰɡˊŬ IEC , ɛɘŬ ŭɘŬəɞˊɐ ŮɑɜŬɘ ɛŮɔɎɚɖɠ ŭɘɎɟəŮɘŬɠ (long 
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interruption) ɧŰŬɜ ɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮɑɜŬɘ ˊɎɜɤ Ŭˊɧ 3 ɚŮˊŰɎ. ɃˊɞɘŬŭɐˊɞŰŮ ŭɘŬəɞˊɐ ŭɘɎɟəŮɘŬɠ 

ɛɘəɟɧŰŮɟɖɠ Űɤɜ 3 ɚŮˊŰɩɜ ɗŮɤɟŮɑŰŬɘ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬ (short interruption). ũɟŬűɘəɎ ɞɘ 

ŭɘŬəɞˊɏɠ ŬɜŬˊŬɟɘůŰɞɨɜŰŬɘ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ: 

 

ɳʽˁˈ˄ʰ 7Υ ʅ˔ʹ˃ʰˍʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ɲʽʰˁˇˉʺˌ 

 

2. ɈˊɞŰɎůŮɘɠ (Undervoltages) 

Ƀɘ ɡˊɞŰɎůŮɘɠ ɤɠ űŬɘɜɧɛŮɜŬ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŭɘɎɟəŮɘɎ Űɞɡɠ, ŮɑɜŬɘ ɔɜɤůŰɏɠ ɛŮ 

ŭɘɎűɞɟɞɡɠ ɧɟɞɡɠ. ɀɘəɟɐɠ ŭɘɎɟəŮɘŬɠ ɡˊɞŰɎůŮɘɠ ŬˊɞəŬɚɞɨɜŰŬɘ ɓɡɗɑůŮɘɠ (voltage 

sag/voltage dips). Ƀɘ ˊɟɞɖɔɞɨɛŮɜɞɘ ɧɟɞɘ ŬɜŬɔɟɎűɞɜŰŬɘ ůŰŬ ˊɟɧŰɡˊŬ IEC. ɀŮ ɓɎůɖ Űɖɜ 

ȽȺȺȺ , ɧˊɤɠ əŬɘ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ŮˊɘůŰɖɛɞɜɘəɎ ɎɟɗɟŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ əɞɛɛɎŰɘ Űɖɠ 

ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ , ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɧɟɞɠ ɓɨɗɘůɖ (voltage sag). ɀŮɔɎɚɖɠ ŭɘɎɟəŮɘŬɠ 

ɡˊɞŰɎůŮɘɠ ŬɜŬűɏɟɞɜŰŬɘ ŬˊɚɎ ɤɠ ɡˊɞŰɎůŮɘɠ (undervoltage). ɋɠ ɓɨɗɘůɖ ŰɎůɖɠ 

ŬɜŬűŮɟɧɛŬůŰŮ ůŰɞ űŬɘɜɧɛŮɜɞ Űɖɠ ɛŮɑɤůɖɠ Űɞɡ ɛŮɔɏɗɞɡɠ əŬɘ Űɖɠ ŮɜŮɟɔɞɨɠ Űɘɛɐɠ Űɖɠ ŰɎůɖɠ 

, ɖ ɞˊɞɑŬ ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ɛɘŬ ŬɜŰɑůŰɞɘɢɖ ŮˊŬɜŬűɞɟɎ Űɖɠ, ɨůŰŮɟŬ Ŭˊɧ Űɞ ˊɏɟŬɠ ɛɘŬɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ. ɀŮ ɓɎůɖ ŰŬ ˊɟɧŰɡˊŬ IEC, ɓɨɗɘůɖ Űɖɠ ŰɎůɖɠ ɞɟɑɕŮŰŬɘ ɖ 

ɝŬűɜɘəɐ ɛŮɑɤůɖ Űɖɠ ŰɎůɖɠ ɛŮŰŬɝɨ 90% əŬɘ 1% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ Űɖɠ Űɘɛɐɠ ɛŮ ŭɘɎɟəŮɘŬ 

ɛŮŰŬɝɨ 10ms əŬɘ 1 min . ɀŮ ɓɎůɖ Űɖɜ ȽȺȺȺ , ɛɘŬ ɓɨɗɘůɖ ŮɑɜŬɘ ɖ ɛŮɑɤůɖ Űɖɠ ŰɎůɖɠ ůŰɞ 

ŭɘɎůŰɖɛŬ 90% əŬɘ 10% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ. Ƀɘ ɓɡɗɑůŮɘɠ ŰɎůŮɤɜ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɚɧɔɤ 

ůűŬɚɛɎŰɤɜ ůŰɞ ŭɑəŰɡɞ ɐ ɚɧɔɤ Űɖɠ ůɨɜŭŮůɖɠ ɛŮɔɎɚɤɜ əɘɜɖŰɐɟɤɜ. ȸɨɗɘůɖ Űɖɠ ŰɎůɖɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ Ůˊɑůɖɠ əŬɘ əŬŰɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ɛŮŰŬůɢɖɛŬŰɘůŰɐ ůŰɖɜ ˊŮɟɘɞɢɐ əɞɟŮůɛɞɨ 

Űɖɠ əŬɛˊɨɚɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ, ɚɧɔɤ Űɤɜ ɛŮɔɎɚɤɜ ŬůɨɛɛŮŰɟɤɜ ɟŮɡɛɎŰɤɜ ˊɞɡ 

ˊɟɞəŬɚɞɨɜŰŬɘ əŬŰɎ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ. 

ɇɞ ŮɜŭɘŬűɏɟɞɜ ɔɨɟɤ Ŭˊɧ Űɘɠ ɓɡɗɑůŮɘɠ ŰɎůŮɘɠ ŮůŰɘɎɕŮŰŬɘ əɡɟɑɤɠ ůŰŬ ˊɟɞɓɚɐɛŬŰŬ ŰŬ 

ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɞɨɜ ůŮ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ůɡůəŮɡɩɜ. ȼɚŮəŰɟɞɜɘəɞɑ ɡˊɞɚɞɔɘůŰɏɠ, əɘɜɖŰɐɟŮɠ 

ŮɚŮɔɢɧɛŮɜɖɠ ŰŬɢɨŰɖŰŬɠ (adjustable speed drives), ůɡůŰɐɛŬŰŬ Ůɚɏɔɢɞɡ (PLC,RTU) ŮɑɜŬɘ 

ɘŭɘŬɑŰŮɟŬ ŮɡŬɑůɗɖŰŬ. ȾɎˊɞɘŮɠ ůɡůəŮɡɏɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɏɝɞɡɜ ŰɎůɖ əɎŰɤ Ŭˊɧ 90% Űɖɠ 

ɞɜɞɛŬůŰɘəɐɠ ɔɘŬ 1 ɐ 2 əɨəɚɞɡɠ. Ʉɞɚɚɏɠ ɖɚŮəŰɟɞɜɘəɏɠ ůɡůəŮɡɏɠ əŬɘ əɘɜɖŰɐɟŮɠ 

ŮɚŮɔɢɧɛŮɜɖɠ ŰŬɢɨŰɖŰŬɠ ŭŮɜ ɚŮɘŰɞɡɟɔɞɨɜ  ůɤůŰɎ ɔɘŬ ɓɡɗɑůŮɘɠ ŰɎůɖɠ əɎŰɤ Ŭˊɧ 70% ɔɘŬ 

ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 100 msec (5 əɨəɚɞɘ). ũɘŬ Űɞɡɠ ŮˊŬɔɤɔɘəɞɨɠ əɘɜɖŰɐɟŮɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ 

Űɖɠ ˊŰɩůɖɠ ŰɎůɖɠ ɛŮɘɩɜŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůŰɟɞűɩɜ Űɞɡɠ əŬɘ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ɛŮ 

ɛŮɔŬɚɨŰŮɟɞ ɟŮɨɛŬ. ȺɎɜ ɖ ɓɨɗɘůɖ ŰɎůɖɠ ŭɘŬɟəɏůŮɘ ŬɟəŮŰɎ, ŰɧŰŮ ŮɜŭɏɢŮŰŬɘ ɜŬ űŰɎůɞɡɜ ůŮ 

ɏɜŬ ůɖɛŮɑɞ ɧˊɞɡ ůŰŬɛŬŰɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ (stalling). Ƀɘ ŬɚɚŬɔɏɠ ŬɡŰɏɠ ůŰɞ ɟŮɨɛŬ ŬɚɚɎ 

əŬɘ ůŰɖɜ ɟɞˊɐ Űɞɡ əɘɜɖŰɐɟŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊɟɞůŰŬůɑŬɠ Űɞɡ 

əŬɘ ŰŮɚɘəɎ ɞ əɘɜɖŰɐɟŬɠ ɜŬ ŬˊɞůɡɜŭŮɗŮɑ. Ⱥ́ ɑůɖɠ, əŬŰɎ Űɖɜ ŮˊŬɜŬűɞɟɎ Űɖɠ ŰɎůɖɠ ɞ 
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əɘɜɖŰɐɟŬɠ əŬŰŬɜŬɚɩɜŮɘ ɛŮɔɎɚŬ ɟŮɨɛŬŰŬ ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ŰɎůɖ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ 

ŭɖɛɘɞɡɟɔɐůŮɘ ˊɟɞɓɚɐɛŬŰŬ ůŮ ɓɘɞɛɖɢŬɜɑŮɠ ɛŮ ˊɞɚɚɞɨɠ əɘɜɖŰɐɟŮɠ. 

 Ƀɘ əɨɟɘɞɘ ˊŬɟɎɛŮŰɟɞɘ ɛɘŬɠ ɓɨɗɘůɖɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

1) ɄɚɎŰɞɠ (magnitude) 

ȺɑɜŬɘ ɖ ɢŬɛɖɚɧŰŮɟɖ RMS Űɘɛɐ Űɖɠ ŰɎůɖɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ɛɘŬɠ ɓɨɗɘůɖɠ. 

2) ȹɘɎɟəŮɘŬ (duration) 

ȼ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞɠ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ RMS Űɘɛɐ Űɖɠ ŰɎůɖɠ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ 0,9 

p.u.  

3) ɀŮŰŬˊɐŭɖůɖ űɎůɖɠ (Phase-angle jump) 

ȼ ŭɘŬűɞɟɎ űɎůɖɠ Űɖɠ ŰɎůɖɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ůɡɛɓɎɜŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ŬɜŰɑůŰɞɘɢɖ ˊɟɘɜ Űɞ ůɡɛɓɎɜ. 

4) ɀɞɟűɐ (shape) 

ɄŮɟɘɔɟɎűŮɘ Űɖɜ ȭȭůɡɛˊŮɟɘűɞɟɎȭȭ Űɖɠ RMS ŰɎůɖɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ 

ůɡɛɓɎɜŰɞɠ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ɛɞɟűɐ Űɞɡɠ, ɞɘ ɓɡɗɑůŮɘɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ɞɟɗɞɔɤɜɘəɏɠ 

(rectangular) əŬɘ ɛɖ ɞɟɗɞɔɤɜɘəɏɠ (non- rectangular). ȼ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ  Ŭˊɧ RMS ŰɎůɖ ůŰŬɗŮɟɐ, Ůɜɩ ɖ ŭŮɨŰŮɟɖ Ŭˊɧ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɖ. 

5) ɆɖɛŮɑɞ ɏɜŬɡůɖɠ (Point-on-wave of sag initiation) 

ȷɜŬűɏɟŮŰŬɘ ůŰɖɜ Űɘɛɐ Űɖɠ űɎůɖɠ ŰɎůŮɤɠ, Űɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ ɝŮəɘɜɎŮɘ Űɞ 

ůɡɛɓɎɜ. 

6) ɆɖɛŮɑɞ ŮˊŬɜŬűɞɟɎɠ (Point-on-wave of voltage recovery) 

 

ȷɜŬűɏɟŮŰŬɘ ůŰɖɜ ůŰɘɔɛɘŬɑŬ űɎůɖɠ ŰɎůŮɤɠ, Űɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ ɞɚɞəɚɖɟɩɜŮŰŬɘ 

Űɞ ůɡɛɓɎɜ. 

 

ɀɘŬ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ˊŬɟŬɛɏŰɟɤɜ ŮɑɜŬɘ ɖ Ůɝɐɠ: 
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ɳʽˁˈ˄ʰ 8: Voltage Sag Characteristics 

ȳůɤɜ ŬűɞɟɎ Űɘɠ ɓɡɗɑůŮɘɠ ŰɎůɖɠ ɚɧɔɤ Űɖɠ ůɨɜŭŮůɖɠ ɛŮɔɎɚɤɜ əɘɜɖŰɐɟɤɜ 

ˊɟɞəŬɚɞɨɜŰŬɘ ɚɧɔɤ Űɤɜ ɛŮɔɎɚɤɜ ɟŮɡɛɎŰɤɜ ŮəəɘɜɐůŮɤɠ əŬɘ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɘɜɖŰɐɟɤɜ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ (ŬŭɟɎɜŮɘŬ, Űɟɧˊɞɠ 

Ůəəɑɜɖůɖɠ əŰɚ) əŬɗɩɠ əŬɘ Ŭˊɧ Űɖɜ ɘůɢɨ ɓɟŬɢɡəɨəɚɤůɖɠ. 

ũɘŬ ɓɡɗɑůŮɘɠ ŰɎůɖɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ ůűɎɚɛŬŰŬ, Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŰɎůɖɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ ůűɎɚɛŬŰɞɠ Ŭˊɧ Űɞ űɞɟŰɑɞ, Űɘɠ ŭɘŬůɡɜŭɏůŮɘɠ Űɞɡ ŭɘəŰɨɞɡ 

əŬɗɩɠ əŬɘ Űɞ ˊɧůɞ ŭɡɜŬŰɧ ɐ ŬůɗŮɜɏɠ ŮɑɜŬɘ Űɞ ŭɑəŰɡɞ (ɘůɢɨɠ ɓɟŬɢɡəɨəɚɤůɖɠ). Ƀ Űɨˊɞɠ Űɞɡ 

ůűɎɚɛŬŰɞɠ əŬɘ ɞɘ ůɡɜŭŮůɛɞɚɞɔɑŮɠ Űɤɜ ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ ɛŮŰŬɝɨ Űɞɡ ůűɎɚɛŬŰɞɠ əŬɘ Űɞɡ 

űɞɟŰɑɞɡ ŮɑɜŬɘ Ůˊɑůɖɠ əŬɗɞɟɘůŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ ŰɎůɖɠ. ȼ ŭɘɎɟəŮɘŬ 

ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞ ˊɧůɞ ɔɟɐɔɞɟŬ ɗŬ ɚŮɘŰɞɡɟɔɐůŮɘ Űɞ ůɨůŰɖɛŬ ˊɟɞůŰŬůɑŬɠ Űɞɡ 

ŭɘəŰɨɞɡ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞɛɞɜɤɗŮɑ Űɞ ŰɛɐɛŬ Űɞɡ ŭɘəŰɨɞɡ ɧˊɞɡ ŮɛűŬɜɑůŰɖəŮ Űɞ ůűɎɚɛŬ. 

Ƀɘ ɢɟɧɜɞɘ ˊɞɡ ɡˊŮɘůɏɟɢɞɜŰŬɘ Ůŭɩ ŮɑɜŬɘ Űɧůɞ ɞ ɢɟɧɜɞɠ ŮɜŰɞˊɘůɛɞɨ Űɞɡ ůűɎɚɛŬŰɞɠ (ŭɖɚŬŭɐ 

ɞ Űɨˊɞɠ ˊɟɞůŰŬůɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ: ɖɚŮəŰɟɞɜɧɛɞɘ ŬˊɞůŰɎůŮɤɠ, ŭɘŬűɞɟɘəɐ 

ˊɟɞůŰŬůɑŬ, ɖɚŮəŰɟɞɜɧɛɞɘ ɡˊŮɟŮɨɛŬŰɞɠ, ŬůűɎɚŮɘŮɠ əŰɚ) əŬɗɩɠ əŬɘ ɞ ɢɟɧɜɞɠ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɤɜ ůɡůəŮɡɩɜ ŭɘŬəɞˊɐɠ Űɞɡ ɟŮɨɛŬŰɞɠ (ŭɘŬəɧˊŰŮɠ ɘůɢɨɞɠ, ŬůűɎɚŮɘŮɠ əŰɚ). 

 

3. ɈˊŮɟŰɎůŮɘɠ (Overvoltages) 

ȳˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɡˊɞŰɎůŮɤɜ, ɏŰůɘ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ɡˊŮɟŰɎůŮɤɜ, ɡˊɎɟɢŮɘ ŭɘŬűɞɟŮŰɘəɐ ɞɜɞɛŬŰɞɚɞɔɑŬ ɛŮ ɓɎůɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ŮəɎůŰɞŰŮ 

ůɡɛɓɎɜŰɞɠ. ɈˊŮɟŰɎůŮɘɠ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɤɠ ȭȭtransient overvoltagesȭȭ , 

ȭȭvoltage spikesȭȭ ɐ əŬɘ ȭȭvoltage surgesȭȭ. Ƀ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞɠ ɧɟɞɠ ɔɘŬ Űɞ ˊŬɟŬˊɎɜɤ 

űŬɘɜɧɛŮɜɞ ŮɑɜŬɘ ȭȭvoltage swellȭȭ. ɀŮɔɎɚɖɠ ŭɘɎɟəŮɘŬɠ ɡˊŮɟŰɎůŮɘɠ ŬˊɞəŬɚɞɨɜŰŬɘ ŬˊɚɎ 
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ɡˊŮɟŰɎůŮɘɠ (Overvoltages). Ýɠ ɡˊɏɟŰŬůɖ ɞɟɑɕŮŰŬɘ ɖ Ŭɨɝɖůɖ ůŰɖɜ RMS Űɘɛɐ Űɖɠ ŰɎůɖɠ ůŮ 

ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 110 % əŬɘ ɔɘŬ ŭɘɎɟəŮɘŬ ɛŮɔŬɚɨŰŮɟɖ Űɞɡ Ůɜɧɠ ɚŮˊŰɞɨ. 

ɈˊŮɟŰɎůŮɘɠ ɞˊɞɘɞŭɐˊɞŰŮ Űɨˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŮɝŬɘŰɑŬɠ əŮɟŬɡɜɩɜ (əŬɘ ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔɐůɞɡɜ ůŮ ůűɎɚɛŬŰŬ), ˊɟɞɓɚɐɛŬŰŬ ůŮ ŭɘŬəɧˊŰŮɠ ɘůɢɨɞɠ, ɎɚɚŬ űŬɘɜɧɛŮɜŬ ŭɘŬəɞˊɐɠ, 

ůűɎɚɛŬŰŬ (ɓɟŬɢɡəɡəɚɩɛŬŰŬ) əŬɘ ɚɧɔɤ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬɠ. 

ȹɘŬəɧˊŰŮɠ ɘůɢɨɞɠ ˊɞɡ ŭɘŬəɧˊŰɞɡɜ ˊɟɧɤɟŬ Űɞ ɟŮɨɛŬ Űɞ ɞˊɞɑɞ ŮɘůɏɟɢŮŰŬɘ Ŭˊɧ 

ŬɡŰɞɨɠ (ɧɢɘ ůŰɞ ůɖɛŮɑɞ ɧˊɞɡ Űɞ ɟŮɨɛŬ ɔɑɜŮŰŬɘ ɛɖŭɏɜ) ˊɟɞəŬɚɞɨɜ ɛŮɔɎɚŮɠ ɡˊŮɟŰɎůŮɘɠ. ɇɞ 

űŬɘɜɧɛŮɜɞ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰŮɑ ɧŰŬɜ ŭɘŬəɧˊŰŮɠ ɘůɢɨɞɠ ˊɟɞůˊŬɗɞɨɜ ɜŬ ŭɘŬəɧɣɞɡɜ ɛɘəɟɎ 

ŮˊŬɔɤɔɘəɎ ɟŮɨɛŬŰŬ əŬɘ ŮɜŭɏɢŮŰŬɘ ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ˊɟɧɓɚɖɛŬ Űɤɜ ŮˊŬűɩɜ Űɞɡ. Ƀɘ 

ɡˊŮɟŰɎůŮɘɠ ŬɡŰɏɠ ŮɑɜŬɘ ŰɡˊɘəɎ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ űŰɎůɞɡɜ ůŮ ɛɏɔŮɗɞɠ 3 

űɞɟɏɠ Űɖɜ ɞɜɞɛŬůŰɘəɐ Űɘɛɐ. ɈˊŮɟŰɎůŮɘɠ ɛŮɔŬɚɨŰŮɟɖɠ ŭɘɎɟəŮɘŬɠ ŮɛűŬɜɑɕɞɜŰŬɘ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ ɛɞɜɞűŬůɘəɩɜ ůűŬɚɛɎŰɤɜ ůŮ ŬɔŮɑɤŰŬ ŭɑəŰɡŬ ɐ ŭɑəŰɡŬ ɔŮɘɤɛɏɜŬ ɛɏůɤ ůɨɜɗŮŰɖɠ 

ŬɜŰɑůŰŬůɖɠ. Ƀɘ ɡˊŮɟŰɎůŮɘɠ ůŰɖɜ ɢŮɘɟɧŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɘůɞɨɜŰŬɘ ɛŮ Űɖɜ ˊɞɚɘəɐ ŰɎůɖ Űɞɡ 

ŭɘəŰɨɞɡ, ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɘɠ ɡɔɘŮɑɠ űɎůŮɘɠ əŬɘ ŭɘŬɟəɞɨɜ ɧůɞ ŭɘŬɟəŮɑ Űɞ ůűɎɚɛŬ. 

ɈˊŮɟŰɎůŮɘɠ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ ŬɚɚɎ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ůɖɛŮɘɤɗɞɨɜ əŬŰɎ 

Űɖɜ ůɨɜŭŮůɖ ˊɡəɜɤŰɩɜ ůŰɞ ŭɑəŰɡɞ. ɇɞ ɛɏɔŮɗɞɠ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ɛɏɢɟɘ əŬɘ 2 űɞɟɏɠ 

Űɖɜ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ əŬɘ ŬɡŰɧ ŮɔəɡɛɞɜŮɑ əɘɜŭɨɜɞɡɠ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ ŬɚɚɎ əŬɘ Űɖɜ 

ŬůűɎɚŮɘŬ ɖɚŮəŰɟɞɜɘəɩɜ ůɡůəŮɡɩɜ. ɄŮɟɘˊŰɩůŮɘɠ ɏɢɞɡɜ əŬŰŬɔɟŬűŮɑ ɧˊɞɡ ŮɝŬɘŰɑŬɠ ŰɏŰɞɘɤɜ 

ɡˊŮɟŰɎůŮɤɜ ůɖɛŮɘɩɗɖəŬɜ ɓɚɎɓŮɠ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ŰɛɖɛɎŰɤɜ ůɡůəŮɡɩɜ ɧˊɤɠ Ŭɝɞɜɘəɞɑ 

ŰɞɛɞɔɟɎűɞɘ əŬɘ əɘɜɖŰɐɟŮɠ ŮɚŮɔɢɧɛŮɜɖɠ ŰŬɢɨŰɖŰŬɠ. ȼ ůɨɜŭŮůɖ ˊɡəɜɤŰɐ ˊɟɞəŬɚŮɑ ɛɘŬ 

ŰŬɚɎɜŰɤůɖ ɛŮŰŬɝɨ Űɞɡ ˊɡəɜɤŰɐ ˊɞɡ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ əŬɘ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȼ ŰŬɚɎɜŰɤůɖ 

ŬɡŰɐ ɛŮŰŬŭɑŭŮŰŬɘ ůŰɞ ŭɑəŰɡɞ əŬɘ ŭɘŬɛɏůɞɡ Űɤɜ ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ ,űŰɎɜŮɘ ůŰɞɡɠ 

əŬŰŬɜŬɚɤŰɏɠ. ȯɚɚŮɠ ɡˊŮɟŰɎůŮɘɠ (ˊɢ ɚɧɔɤ əŮɟŬɡɜɩɜ), ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɡɣɖɚɧŰŮɟŮɠ 

ůɡɢɜɧŰɖŰŮɠ, ŬɜŬəɚɩɜŰŬɘ ůŰɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ, ɏɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ Űɞɡ ɟŮɨɛŬŰɞɠ ɧɛɤɠ 

ˊŮɟɜɎŮɘ ůŰɞ ɡˊɧɚɞɘˊɞ əɨəɚɤɛŬ əŬɘ ŭɖɛɘɞɡɟɔŮɑ ˊɟɞɓɚɐɛŬŰŬ ůŰŬ űɞɟŰɑŬ. 

ȳŰŬɜ ůɡɜŭɏɞɜŰŬɘ ˊɡəɜɤŰɏɠ ůŰɞ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɖɠ ŰɎůɖɠ, Űɞ 

űŬɘɜɧɛŮɜɞ ŮɜŭɏɢŮŰŬɘ ɜŬ ˊŬɟɞɡůɘɎůŮɘ ŭɡůɛŮɜɏůŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɞ ŭɑəŰɡɞ Űɖɠ 

ɢŬɛɖɚɐɠ ŰɎůɖɠ ŮɝŬɘŰɑŬɠ Űɖɠ ˊŬɟɞɡůɑŬɠ ŮəŮɑ ˊɡəɜɤŰɩɜ ɢɤɟɖŰɘəɐɠ ŬɜŰɘůŰɎɗɛɘůɖɠ 

(űŬɘɜɧɛŮɜɞ ůɡɜŰɞɜɘůɛɞɨ). ȼ ŰɎůɖ ŮəŮɑ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ɏɤɠ əŬɘ 3 űɞɟɏɠ Űɖɜ ɞɜɞɛŬůŰɘəɐ 

,ŮɘŭɘəɎ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ Űɞ űɞɟŰɑɞ ŮɑɜŬɘ əɡɟɑɤɠ əɘɜɖŰɐɟŮɠ əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ ŬɟəŮŰɐ 

ŬˊɧůɓŮůɖ Ŭˊɧ ɤɛɘəɎ űɞɟŰɑŬ. 

ȼ ˊɟɞůŰŬůɑŬ ɡˊŮɟŰɎůŮɤɠ (surge arresters) ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ ŰŬ ˊŬɟŬˊɎɜɤ. ȼ ŰɞˊɞɗɏŰɖůɖ ˊɡəɜɤŰɩɜ ɛŮ ŭɡɜŬŰɧŰɖŰŬ ŮɚŮɔɢɧɛŮɜɖɠ ůɨɜŭŮůɖɠ ůŮ 

ŮˊɘɚŮɔɛɏɜŮɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɞɟɑůŮɘ ůŰɞ ŮɚɎɢɘůŰɞ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ Űɘɠ 

ɡˊŮɟŰɎůŮɘɠ. 

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɡˊɏɟŰŬůɖɠ əŬɘ ɡˊɧŰŬůɖɠ , Űɞ ɞˊɞɑɞ ˊɟɞəɚɐɗɖəŮ ɚɧɔɤ ɓɟŬɢɡəɡəɚɩɛŬŰɞɠ 

Űɨˊɞɡ L-L ŮɑɜŬɘ Űɞ Ůɝɐɠ: 
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ɳʽˁˈ˄ʰ 9: Sag and Swell graphs 

  

Ⱥɜɩ ɞɘ RMS Űɘɛɏɠ Űɞɡɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

 

ɳʽˁˈ˄ʰ 10 : Sag and Swell RMS graphs 
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ɀɘŬ ˊɘɞ ɝŮəɎɗŬɟɖ ŮůŰɑŬůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɨɞ ůɡɛɓɎɜŰɤɜ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ: 

 

 

 

4. ɇŬɢŮɑŬɠ ŰɎůɖɠ ůɡɛɓɎɜŰŬ (Fast voltage events) 

ɈˊɎɟɢɞɡɜ ůɡɛɓɎɜŰŬ ŰŬ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ŰɎůŮɤɜ əŬɘ ŮɑɜŬɘ ˊɞɚɨ 

ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ , ŰɡˊɘəɎ Ůɜɧɠ əɨəɚɞɡ ɐ əŬɘ ɚɘɔɧŰŮɟɞ. ɇŬ ˊŬɟŬˊɎɜɤ űŬɘɜɧɛŮɜŬ 

ɞɜɞɛɎɕɞɜŰŬɘ ɛŮŰŬɓŬŰɘəɎ ɐ ɛŮŰŬɓŬŰɘəɏɠ ŰɎůŮɘɠ (transient, transient overvoltage, wave 

shape faults). O ɧɟɞɠ ȭȭɛŮŰŬɓŬŰɘəɎȭȭ ŭŮɜ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ˊɚɐɟɤɠ ůŰɖɜ ˊŮɟɑůŰŬůɖ əŬɗɩɠ 

Ůɝ ɞɟɘůɛɞɨ ɞɟɑɕɞɜŰŬɘ ɤɠ ɛŮŰɎɓŬůɖ ɛŮŰŬɝɨ ŭɨɞ ɛɧɜɘɛɤɜ əŬŰŬůŰɎůŮɤɜ (steady state). 

ɆɡɜŮˊɩɠ ŭɘŬəɟɑɜŮŰŬɘ ɛɘŬ ůɨɔɢɡůɖ ɛŮŰŬɝɨ Űɞɜ ɧɟɤɜ fast voltage events əŬɘ notching. ɇŬ 

ŰŬɢŮɑŬɠ ŰɎůɖɠ ůɡɛɓɎɜŰŬ ɛˊɞɟɞɨɜ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ ůŮ 2 ɞɛɎŭŮɠ. ɇŬ ŮɝŬɘɟŮŰɘəɎ 

ŰŬɢŮɑŬ ɛŮŰŬɓŬŰɘəɎ űŬɘɜɧɛŮɜŬ Ŭɘɢɛɐɠ, impulsive transients (ˊ.ɢ. əŮɟŬɡɜɞɑ) əŬɘ ŰŬ 

ɛŮŰŬɓŬŰɘəɎ űŬɘɜɧɛŮɜŬ ɛŮ ŰŬɚŬɜŰɩůŮɘɠ, oscillatory (ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ ŭɟɎůŮɘɠ 

ŭɘŬəɞˊŰɩɜ). ɆɢɖɛŬŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ transient űŬɘɜɞɛɏɜɤɜ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

¶ Impulse 

 

ɳʽˁˈ˄ʰ 11: Impulse graph 
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¶ Oscillatory 

 

ɳʽˁˈ˄ʰ 12: Oscillatory graph (a) 

 

ɳʽˁˈ˄ʰ 13: Oscillatory graph (b) 

 

 

 

ȹɘŬəɡɛɎɜůŮɘɠ ŰɎůɖɠ əŬɘ ɟŮɨɛŬŰɞɠ 

1. ȹɘŬəɡɛɎɜůŮɘɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ ˊɚɎŰɞɡɠ ŰɎůɖɠ (voltage frequency/magnitude 

variations) 

 

ȳůɞɜ ŬűɞɟɎ Űɞ ˊɚɎŰɞɠ Űɖɠ ŰɎůɖɠ , ɏɔəŮɘŰŬɘ ůŰɘɠ ŬɡɝɞɛŮɘɩůŮɘɠ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ ɚɧɔɤ: 

 

¶ əɎˊɞɘŬɠ ɛŮŰŬɓɞɚɐɠ Űɞɡ ůɡɜɞɚɘəɞɨ űɞɟŰɑɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɐ ɛɏɟɞɡɠ ŬɡŰɞɨ 

¶ ɚŮɘŰɞɡɟɔɑŮɠ ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ ɛŮ ɚɐɣŮɘɠ (tap-changers transformers) 

¶ ŮɜŬɚɚŬɔɐ ɚŮɘŰɞɡɟɔɑŬɠ ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɓŮɚŰɘɩůŮɘɠ ɘůɢɨɞɠ 

(capacitors banks or reactors) 
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ȼ Ůˊɘɟɟɞɐ Űɤɜ ɀ/Ɇ ɛŮ ɚɐɣŮɘɠ ɧˊɤɠ əŬɘ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɓŮɚŰɘɩůŮɘɠ 

ɘůɢɨɞɠ ŮɑɜŬɘ ˊŮɟɘůŰŬůɘŬəɐ əŬɗɧŰɘ ɡˊɎɟɢŮɘ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɗŮɤɟɖɗŮɑ ŮɜůɤɛŬŰɤɛɏɜɖ 

ůŰɖɜ Ůˊɘɟɟɞɐ Űɞɡ űɞɟŰɑɞɡ. ɆɡɜŮˊɩɠ ɖ ɛŮŰŬɓɞɚɏɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ ŰɎůɖɠ ůɡɛɓŬɑɜɞɡɜ 

əŬŰɎ əŬɜɧɜŬ ɚɧɔɤ Űɤɜ ɛŮŰŬɓɞɚɩɜ űɞɟŰɑɞɡ. ȾŬŰɎ ŰŬ ˊɟɧŰɡˊŬ IEC ɖ ˊŬɟŬˊɎɜɤ ɛŮŰŬɓɞɚɐ 

ŮɛűŬɜɑɕŮŰŬɘ ɛŮ Űɞɜ ɧɟɞ óvoltage variationô ŬɜŰɑ ɔɘŬ óvoltage magnitude variationô , Ůɜɩ ɞ 

ɞɟɔŬɜɘůɛɧɠ ȽȺȺȺ ɏɢŮɘ ˊɟɞůŭɩůŮɘ ɝŮɢɤɟɘůŰɧ ɧɟɞ ɔɘŬ Űɖɜ ŬɜɤŰɏɟŬ ɛŮŰŬɓɞɚɐ. ɈˊŮɟŰŬɢŮɑŮɠ 

ɛŮŰŬɓɞɚɏɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ ŰɎůɖɠ ŬɜŬűɏɟɞɜŰŬɘ ɛŮ Űɞɜ ɧɟɞ óvoltage fluctuationsô əŬɘ ɗŬ 

ŮˊŮɝɖɔɖɗɞɨɜ ˊŬɟŬəɎŰɤ. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ůɡɢɜɧŰɖŰŬɠ Űɖɠ ŰɎůɖɠ , ɧˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ˊɚɎŰɞɡɠ ɏŰůɘ əŬɘ 

ůŰɖɜ ůɡɢɜɧŰɖŰŬ , ɖ ŰɎůɖ ŰɟɞűɞŭɞůɑŬɠ ŭŮɜ ŮɑɜŬɘ ɏɜŬ ůŰŬŰɘəɧ ɛɏɔŮɗɞɠ əŬɘ ůɡɜŮˊɩɠ ŭŮɜ 

ŮɑɜŬɘ ůŰŬɗŮɟɧ. Ƀɘ ɛŮŰŬɓɞɚɏɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɖɠ ŰɎůɖɠ ůɡɛɓŬɑɜɞɡɜ ɚɧɔɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ 

Űɖɠ ŬůɡɛɛŮŰɟɑŬɠ űɎůŮɤɜ Űɧůɞ ůŰɖɜ ˊɚŮɡɟɎ ŰɟɞűɞŭɞůɑŬɠ ɧůɞ əŬɘ ůŰɖɜ ˊɚŮɡɟɎ űɞɟŰɑɞɡ 

(unbalance). ɀɘəɟɏɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ˊɟɞɐɚɗŬɜ ŮɑŰŮ Ŭˊɧ əɎˊɞɘɞ 

ɓɟŬɢɡəɨəɚɤɛŬ ŮɑŰŮ Ŭˊɧ ŭɡůɚŮɘŰɞɡɟɔɑŬ əɎˊɞɘŬɠ ɔŮɜɜɐŰɟɘŬɠ ɛˊɞɟɞɨɜ ɜŬ ůɡɛˊŮɟɘɚɖűɗɞɨɜ 

ůŰɖɜ ˊŬɟŬˊɎɜɤ əŬŰɖɔɞɟɑŬ. ȾŬŰɎ ŰŬ ́ɟɧŰɡˊŬ IEC ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ  ɞ ɧɟɞɠ power 

ófrequency variationô Ůɜɩ əŬŰɎ Űɞɜ ȽȺȺȺ ófrequency variationsô. 

 

 

 

2. ȹɘŬəɡɛɎɜůŮɘɠ Űɖɠ űɎůɖɠ əŬɘ Űɞɡ ˊɚɎŰɞɡɠ ɟŮɨɛŬŰɞɠ (current magnitude/phase variations) 

ȺɝŮŰɎɕɞɜŰŬɠ Űɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ , ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ Űɞ ˊɚɎŰɞɠ Űɞɡ ɟŮɨɛŬŰɞɠ ŭŮɜ 

ŮɑɜŬɘ ůŰŬɗŮɟɧ. Ƀɘ ɛŮŰŬɓɞɚɏɠ ůŰɞ ˊɚɎŰɞɠ Űɖɠ ŰɎůɖɠ ȭȭŬəɞɚɞɡɗɞɨɜȭȭ Űɘɠ ɛŮŰŬɓɞɚɏɠ ůŰɞ 

ˊɚɎŰɞɠ Űɞɡ ɟŮɨɛŬŰɞɠ , ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɔɘŬ Űɖɜ ůɢŮŭɑŬůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ˊɟɞůŰŬůɑŬɠ. ȰɜŬ ŰɏŰɞɘɞ ůɨůŰɖɛŬ ůɢŮŭɘɎɕŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ ɛɏɔɘůŰɖ Űɘɛɐ Űɞɡ 

ɟŮɨɛŬŰɞɠ. ȳůɞ ˊɘɞ ůŰŬɗŮɟɐ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɞɡ ɟŮɨɛŬŰɞɠ , Űɧůɞ ˊɘɞ 

ȭȭűɗɖɜɐȭȭ Ŭˊɧ Ɏˊɞɣɖ ŰɟɞűɞŭɞůɑŬɠ ŮɑɜŬɘ ɖ ˊŬɟɞɢɐ ɘůɢɨɞɠ. 

ȽŭŬɜɘəɎ, ŰŬ ɛŮɔɏɗɖ Űɖɠ ŰɎůɖɠ əŬɘ Űɞɡ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ ůɡɛűŬůɘəɎ əɎŰɘ ˊɞɡ ůɡɜŮˊɎɔŮŰŬɘ 

ɛɞɜŬŭɘŬɑɞ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ əŬɘ ɛɖŭŮɜɘəɐ əŬŰŬɜɎɚɤůɖ ɎŮɟɔɞɡ ɘůɢɨɞɠ. ȼ ŬɜɤŰɏɟŬ 

əŬŰɎůŰŬůɖ (ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɓɏɚŰɘůŰɖ ɛŮŰŬűɞɟɎ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ) əŬɗɧŰɘ ɘŭŬɜɘəɐ , 

ŭŮɜ ůɡɜŬɜŰɎŰŬɘ ůŰŬ ɆȼȺ ůɡɜŮˊɩɠ əɟɑɜŮŰŬɘ ŬɜŬɔəŬɑŬ ɖ ɨˊŬɟɝɖ Űɞɡ ɧɟɞɡ Űɖɠ óűɎůɖɠô.   

 

3. ȷůɡɛɛŮŰɟɑŬ ŰɎůɖɠ əŬɘ ɟŮɨɛŬŰɞɠ (voltage and current unbalance) 

ȷůɡɛɛŮŰɟɑŬ (ɔɜɤůŰɐ əŬɘ ɤɠ ŰɟɘűŬůɘəɐ ŬůɡɛɛŮŰɟɑŬ) ŮɑɜŬɘ Űɞ űŬɘɜɧɛŮɜɞ əŬŰɎ Űɞ ɞˊɞɑɞ ɞɘ 

rms Űɘɛɏɠ Űɖɠ ŰɎůɖɠ ɐ ɞɘ ɔɤɜɑŮɠ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ űɎůŮɤɜ Űɖɠ ŰɎůɖɠ , ŭŮɜ ŮɑɜŬɘ ɑůŮɠ . ȼ 

ŮˊɑŭɟŬůɖ Űɖɠ ŬůɡɛɛŮŰɟɑŬɠ ůŮ ɏɜŬ ŰɟɘűŬůɘəɧ ůɨůŰɖɛŬ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ŬɚɔŮɓɟɘəɎ ɛŮ 

ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ.  
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¶ Ƀ ɚɧɔɞɠ Űɤɜ ŬɟɜɖŰɘəɩɜ ůɡɜɘůŰɤůɩɜ Űɖɠ ŰɎůɖɠ ˊɟɞɠ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɗŮŰɘəɏɠ. 

¶ Ƀ ɚɧɔɞɠ Űɖɠ ŭɘŬűɞɟɎɠ ɛŮŰŬɝɨ Űɖɠ ɛɏɔɘůŰɖɠ əŬɘ Űɖɠ ŮɚɎɢɘůŰɖɠ Űɘɛɐɠ Űɖɠ ŰɎůɖɠ ˊɟɞɠ Űɞ 

ɛɏůɞ ɧɟɞ Űɤɜ ůɡɜɘůŰɤůɩɜ Űɖɠ ŰɎůɖɠ . 

¶ ȼ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ əŬɘ Űɖɠ ɛɘəɟɧŰŮɟɖɠ űŬůɘəɐɠ ɔɤɜɑŬɠ ŬɜɎɛŮůŬ ůŮ 

ŭɘŬŭɞɢɘəɏɠ űɎůŮɘɠ. 

ȼ əɨɟɘŬ ˊɖɔɐ Űɖɠ ŬůɡɛɛŮŰɟɑŬɠ Űɖɠ ŰɎůɖɠ ŮɑɜŬɘ əɎˊɞɘɞ ɛɖ ůɡɛɛŮŰɟɘəɧ űɞɟŰɑɞ ˊɞɡ 

ůɡɜŮˊɎɔŮŰŬɘ ɛŮŰŬɓŬŰɘəɎ ɟŮɨɛŬŰŬ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ˊɟɞɏɚɗŮɘ Ŭˊɧ əɎˊɞɘŬ ŬɜŮˊŬɟəɐɠ 

ŰɟɞűɞŭɞůɑŬ Ůɜɧɠ (ɛɞɜɞűŬůɘəɞɨ) əŬŰŬɜŬɚɤŰɐ ɢŬɛɖɚɐɠ ŰɎůɖɠ. ɄŬɟŬŭŮɑɔɛŬŰŬ Űɞɡ 

ˊɟɞɖɔɞɨɛŮɜɞɡ ůɡɜŬɜŰɘɞɨɜŰŬɘ ůŰɘɠ ŰɟɞűɞŭɞůɑŮɠ ůɘŭɖɟɞŭɟɧɛɤɜ. Ⱥˊɑůɖɠ, ɖ ŰɟɘűŬůɘəɐ 

ŬůɡɛɛŮŰɟɑŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ əɎˊɞɘŬɠ ŭɡůɚŮɘŰɞɡɟɔɑŬɠ Ůɜɧɠ ůɡůůɤɟŮɡŰɐ 

ŮɜɏɟɔŮɘŬɠ ɧˊɤɠ əŬɘ əɎˊɞɘŬɠ ɓɚɎɓɖɠ ɛɞɜɞűŬůɘəɞɨ ŭɘŬəɧˊŰɖ. ȼ ɛŮɚɏŰɖ Űɖɠ ŰɟɘűŬůɘəɐɠ 

ŬůɡɛɛŮŰɟɑŬɠ ɏɢŮɘ ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ ɔɘŬ ŰŬ ŰɟɘűŬůɘəɎ űɞɟŰɑŬ əŬɗɧŰɘ ɞŭɖɔŮɑ ůŮ ŭɖɛɘɞɡɟɔɑŬ 

Ůˊɘˊɚɏɞɜ ɗŮɟɛɧŰɖŰŬɠ ůŰŬ ŰɡɚɑɔɛŬŰŬ ůɨɔɢɟɞɜɤɜ əŬɘ Ŭůɨɔɢɟɞɜɤɜ ɛɖɢŬɜɩɜ Űɞ ɞˊɞɑɞ ɛŮ Űɖɜ 

ůŮɘɟɎ Űɞɡ ɞŭɖɔŮɑ ůŮ ɛŮɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ ůŰɞɘɢŮɑɤɜ. ȾŬŰɎ Űɖɜ ȽȺȺȺ 

ɡˊɎɟɢɞɡɜ ŬɜŬűɞɟɏɠ Űɞɡ ɧɟɞɡɠ ɤɠ ȭȭvoltage unbalanceȭȭ , Ůɜɩ ůŮ ɞɟɘůɛɏɜŬ standards Űɖɠ 

(ȽȺȺȺ Std. 1159) ŮɛűŬɜɑɕŮŰŬɘ ɞ ɧɟɞɠ ȭȭvoltage imbalanceȭȭ. 

 

 

 

4. ɀŮŰŬɓɞɚɏɠ ŰɎůɖɠ (Voltage fluctuation) 

ȳŰŬɜ ɡˊɎɟɢɞɡɜ ɛŮŰŬɓɞɚɏɠ ůŰɞ ˊɚɎŰɞɠ Űɖɠ ŰɎůɖɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əŬɘ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ ɟɞɐ 

űɞɟŰɑɞɡ ˊɟɞɠ əɎˊɞɘɞ Ůɝɞˊɚɘůɛɧ. ȺɎɜ ŬɡŰɏɠ ɞɘ ɛŮŰŬɓɞɚɏɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛŮɔɎɚŮɠ ɛŮ ɏɜŬ 

ɞɟɘůɛɏɜɞ Ůɨɟɞɠ ůɡɢɜɞŰɐŰɤɜ , ɞɘ ŮˊɘŭɧůŮɘɠ Űɞɡ ŮəɎůŰɞŰŮ Ůɝɞˊɚɘůɛɞɨ ŮˊɖɟŮɎɕɞɜŰŬɘ. ȳˊɤɠ 

ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ , ɞɘ ɡˊŮɟŰŬɢŮɑŮɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ ŰɎůɖɠ ŮɑɜŬɘ 

ɔɜɤůŰɏɠ ɛŮ Űɞɜ ɧɟɞ ȭȭvoltage fluctuationsȭȭ əŬɘ ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŮ űɞɟŰɑŬ 

űɤŰɘůɛɞɨ. ɆŰɖ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ űɤŰɞɓɞɚɑŬ Ůɜɧɠ ɚŬɛˊŰɐɟŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ɛŮŰŬɝɨ 1 Hz 

əŬɘ 10 ȼz , ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɐ Ŭˊɧ Űɞ Ŭɜɗɟɩˊɘɜɞ ɛɎŰɘ ɛɏůɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ ȭȭlight 

flickerȭȭ Űɞ ɞˊɞɑɞ ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ ŮɑɜŬɘ ŬɜŬůŰŬɚŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɔɘŬ Űɖɜ ɧɟŬůɖ. Ƀɘ 

ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ŰɎůɖɠ ɞűŮɑɚɞɜŰŬɘ ůŮ ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ 

ŬˊɞɟɟɞűɞɨɛŮɜɖɠ ɐ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜŮɟɔɞɨ əŬɘ ɎŮɟɔɞɡ ɘůɢɨɞɠ, ɧˊɤɠ ˊ.ɢ. ůɡɛɓŬɑɜŮɘ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ɖɚŮəŰɟɞůɡɔəɞɚɚɐůŮɤɜ,  əɘɜɖŰɐɟɤɜ ˊɞɡ əɘɜɞɨɜ űɞɟŰɑŬ 

ɛŮ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ɟɞˊɐ ŬɜŰɘůŰɎůŮɤɠ əŬɗɩɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɔŮɜɜɖŰɟɘɩɜ ɛŮ 

ɛŮŰŬɓŬɚɚɧɛŮɜɖ əɘɜɖŰɐɟɘŬ ɟɞˊɐ, ɧˊɤɠ ŮɑɜŬɘ ɞɘ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ.  

ɀɏŰɟɞ Űɞɡ ˊɟɞəŬɚɞɨɛŮɜɞɡ Ŭˊɧ Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ŰɎůɖɠ flicker ŮɑɜŬɘ ɞɘ ŭŮɑəŰŮɠ 

flicker ɓɟŬɢŮɑŬɠ ŭɘɎɟəŮɘŬɠ, Pst ɔɘŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊŬɟŬŰɐɟɖůɖɠ 10 ɚŮˊŰɩɜ, əŬɘ ɛŬəɟɎɠ 

ŭɘɎɟəŮɘŬɠ Plt ɔɘŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊŬɟŬŰɐɟɖůɖɠ 120 ɚŮˊŰɩɜ (2 ɤɟɩɜ ï 12 ŭɘŬůŰɐɛŬŰŬ 

Űɤɜ 10 min). ȼ ɛɏŰɟɖůɖ Űɞɡ Pst ɔɑɜŮŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɘŭɘəɞɨ ɞɟɔɎɜɞɡ, Űɞɡ 
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űɚɘəŮɟɧɛŮŰɟɞɡ (flicker-meter), ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ IEC 61000-4-15 . Ƀ ŭŮɑəŰɖɠ 

flicker ɛŬəɟɎɠ ŭɘɎɟəŮɘŬɠ Plt,  ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ 12 ŭɘŬŭɞɢɘəɏɠ Űɘɛɏɠ Űɞɡ Pst ůɨɛűɤɜŬ ɛŮ 

Űɖɜ Ůɝɐɠ ůɢɏůɖ: 

ὖ В ὖȟ  (3.1) 

 

 

Ƀɘ ɧɟɞɘ ȭȭvoltage fluctuationȭȭ əŬɘ ȭȭlight flickerȭȭ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɘůɐɛɤɠ Ŭˊɧ Űɖɜ 

ȽȺȺȺ əŬɘ ŬɜŬűɏɟɞɜŰŬɘ ůŰŬ ˊɟɧŰɡˊŬ IEC. 

 

ɳʽˁˈ˄ʰ 14: Flicker graph 

 

5. ɄŮɟɘɞŭɘəɐ ɞŭɧɜŰɤůɖ ŰɎůɖɠ (Periodic voltage notching) 

ɆŰɞɡɠ ŰɟɘűŬůɘəɞɨɠ ŬɜɞɟɗɤŰɏɠ , ɖ ŭɘŬůɨɜŭŮůɖ ɛɘŬɠ ŭɘɧŭɞɡ ɐ Ůɜɧɠ thyristor  ɛŮ əɎˊɞɘɞ 

Ɏɚɚɞ ŬɜŰɑůŰɞɘɢɞ ůŰɞɘɢŮɑɞ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɓɟŬɢɡəɨəɚɤɛŬ ŭɘɎɟəŮɘŬɠ ɚɘɔɧŰŮɟo Ŭˊɧ 1 ms Űɞ 

ɞˊɞɑɞ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮɑɤůɖ Űɖɠ ŰɎůɖɠ Ůɝɧŭɞɡ. ɇɞ ˊŬɟŬˊɎɜɤ űŬɘɜɧɛŮɜɞ 

ŬˊɞəŬɚŮɑŰŬɘ ɞŭɧɜŰɤůɖ ŰɎůɖɠ (voltage notching) ɐ ŬˊɚɎ ɞŭɧɜŰɤůɖ (notching). To 

ůɡɔəŮəɟɘɛɏɜɞ űŬɘɜɧɛŮɜɞ, ɓɟɑůəŮɘ ŮűŬɟɛɞɔɐ ůŰɘɠ Ŭɟɛɞɜɘəɏɠ ɛŮɔɎɚɤɜ ŰɎɝŮɤɜ, ɞɘ ɞˊɞɑŮɠ 

ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɘŭɘŬɑŰŮɟŬ ɡˊɧɣɖ ůŰɞɜ ŰɞɛɏŬ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ. ȰɜŬ ɚɧɔɞɠ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ notching ɔɘŬ ŰŬ ɆȼȺ ŮɑɜŬɘ ɖ ɛŮɔɎɚɖ ŬɜŰɑŭɟŬůɖ (reactance)  ˊɞɡ ŭɘŬɗɏŰɞɡɜ 

ŰŬ əɡəɚɩɛŬŰŬ ɞŭɐɔɖůɖɠ ɛɖɢŬɜɩɜ (adjustable-speed driver) ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮ 

ůəɞˊɧ ɜŬ əɟŬŰɞɨɜ Űɞ DC ɟŮɨɛŬ ůŰŬɗŮɟɧ. ȾŬŰɎ Űɖɜ ȽȺȺȺ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ɧɟɞɘ ȭȭline 

voltage notchȭȭ ɐ ŬˊɚɞɨůŰŮɟŬ ȭȭnotchȭȭ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ ɞˊɞɘŬŭɐˊɞŰŮ ɛŮɑɤůɖ Űɖɠ 

ŰɎůɖɠ ˊɞɡ ŭɘŬɟəŮɑ ɚɘɔɧŰŮɟɞ Ŭˊɧ ɛɘůɧ əɨəɚɞ. ȹɨɞ ɔɟŬűɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ notch ŮɑɜŬɘ ŰŬ 

Ůɝɐɠ: 
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ɳʽˁˈ˄ʰ 15: notching graph (a) 

 

ɳʽˁˈ˄ʰ 16: notching graph (b) 

 

6. Ɉɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ ɗɧɟɡɓɞɠ ŰɎůɖɠ (High-frequency voltage noise) 

ȼ ŰɟɞűɞŭɞŰɞɨɛŮɜɖ ŰɎůɖ ˊŮɟɘɏɢŮɘ ůɡɜɘůŰɩůŮɠ ɞɘ ɞˊɞɑŮɠ ŭŮɜ ŮɑɜŬɘ əŬɗɧɚɞɡ ˊŮɟɘɞŭɘəɏɠ . Ƀɘ 

ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɘůŰɩůŮɠ ŬˊɞŰŮɚɞɨɜ ůŰɞ ůɨɜɞɚɞ Űɞɡɠ Űɞɜ ŬˊɞəŬɚɞɨɛŮɜɞ ɗɧɟɡɓɞ 

(Űɨɟɓɖ) ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɧɠ əŬɘ ɤɠ noise. ȰɜŬɠ ůɡɜŭɡŬůɛɧɠ ˊɞɚɚɩɜ ɛɖ ɔɟŬɛɛɘəɩɜ 

űɞɟŰɑɤɜ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɗɧɟɡɓɞ ŰɎůɖɠ (voltage noise). Ūɧɟɡɓɞɠ Ůˊɑůɖɠ 

ŮɛűŬɜɑɕŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ŮˊŬűɩɜ Ůɜɧɠ Ŭɔɤɔɞɨ (phase-conductor). O ŭɘŬɢɤɟɘůɛɧɠ Űɞɡ 

ɗɞɟɨɓɞɡ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ ůɡɜɘůŰɩůŮɠ ŭŮɜ ŮɑɜŬɘ ɛɘŬ Ŭˊɚɐ ŭɘŬŭɘəŬůɑŬ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ɛɧɜɞ 

ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊɟɞɓɚɐɛŬŰŬ ůŰɞɜ ŰɟɞűɞŭɞŰɞɨɛŮɜɞ Ůɝɞˊɚɘůɛɧ ɐ 

əŬŰŬɜŬɚɤŰɐ ɘůɢɨɞɠ. 

 

 

 

7. Voltage magnitude steps 

 

ɄɘɗŬɜɞɑ ɚɧɔɞɘ ˊɞɡ ɞŭɖɔɞɨɜ ůŰɞ űŬɘɜɧɛŮɜɞ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ Voltage magnitude steps ŮɑɜŬɘ 

: 

¶ ȷɚɚŬɔɐ əŬŰɎůŰŬůɖɠ ŭɘŬəɞˊŰɩɜ ůŮ əɎˊɞɘɞ űɞɟŰɑɞ 

¶ ȿŮɘŰɞɡɟɔɑŬ M/Ɇ ɛŮ ɚɐɣŮɘɠ 

¶ ȷɚɚŬɔɐ əŬŰɎůŰŬůɖɠ ŭɘŬəɞˊŰɩɜ ɘůɢɨɞɠ 
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ɀɘŬ ŰɏŰɞɘŬ ŬɘűɜɑŭɘŬ ŬɚɚŬɔɐ ůŰɞ ɛɏɔŮɗɞɠ Űɖɠ ŰɎůɖɠ ůɡɜŬɜŰɎŰŬɘ ɤɠ ȭȭrapid voltage change 

ȭȭ əŬŰɎ Űɞ ˊɟɧŰɡˊɞ ȺɁ 50160 ŬɚɚɎ əŬɘ ɤɠ ȭȭvoltage changeȭȭ əŬŰɎ Űɞ ȽȺȺȺ Std. 1159. ɇɞ 

ɛɏɔŮɗɞɠ Űɖɠ ŰɎůɖɠ ˊɟɘɜ əŬɘ ɛŮŰɎ Űɞ ůɡɔəŮəɟɘɛɏɜɞ űŬɘɜɧɛŮɜɞ əɡɛŬɑɜŮŰŬɘ ŮɜŰɧɠ Űɤɜ 

űɡůɘɞɚɞɔɘəɩɜ Űɘɛɩɜ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ (ŰɡˊɘəɎ ɛŮŰŬɝɨ 90%-110% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ Űɘɛɐɠ). 

ũɟŬűɘəɎ, Űɞ ˊŬɟŬˊɎɜɤ űŬɘɜɧɛŮɜɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

 

 

ɳʽˁˈ˄ʰ 17: Voltage magnitude steps graph 

  

 

8. ȷɟɛɞɜɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ ŰɎůɖɠ/ ɟŮɨɛŬŰɞɠ (Harmonic voltage/ current distortions) 

H əɡɛŬŰɞɛɞɟűɐ ŰɎůɖɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ŭŮɜ ŬɜŬˊŬɟɘůŰɎŰŬɘ ˊɞŰɏ ɤɠ ɏɜŬɠ Ŭɛɘɔɐɠ 

ɖɛɘŰɞɜɘəɧɠ ˊŬɚɛɧɠ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ űŬɘɜɧɛŮɜɞ ɞɜɞɛɎɕŮŰŬɘ Ŭɟɛɞɜɘəɐ ŭɘŬŰŬɟŬɢɐ ŰɎůɖɠ 

(harmonic voltage distortion) ɐ ŬˊɚɞɨůŰŮɟŬ ŭɘŬŰŬɟŬɢɐ ŰɎůɖɠ (voltage distortion). 

ŪŮɤɟɩɜŰŬɠ ɛɘŬ əɡɛŬŰɞɛɞɟűɐ ˊŮɟɘɞŭɘəɐ , ɏɢɞɡɛŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ Űɖɜ ŮəɚŬɛɓɎɜɞɡɛŮ 

ɤɠ ɏɜŬ ɎɗɟɞɘůɛŬ ɖɛɘŰɧɜɤɜ ɛŮ ůɡɢɜɧŰɖŰŮɠ ˊɞɚɚŬˊɚɎůɘŮɠ Űɖɠ ɗŮɛŮɚɘɩŭɞɡɠ ůɡɢɜɧŰɖŰŬɠ. Ƀɘ 

ɛɖ ɗŮɛŮɚɘɩŭŮɘɠ ůɡɜɘůŰɩůŮɠ ŬˊɞŰŮɚɞɨɜ Űɖɜ Ŭɟɛɞɜɘəɐ ŭɘŬŰŬɟŬɢɐ (harmonic distortion). 

ɈˊɎɟɢɞɡɜ ŰɟŮɘɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ůɡɜŮɘůűɏɟɞɡɜ ůŰɞ ˊŬɟŬˊɎɜɤ űŬɘɜɧɛŮɜɞ əŬɘ ŮɑɜŬɘ ɞɘ 

Ůɝɐɠ: 

 

¶ ȼ ŰɎůɖ ŬəɟɞŭŮəŰɩɜ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɘɠ ůɨɔɢɟɞɜŮɠ ɛɖɢŬɜɏɠ ŭŮɜ ˊŮɟɘɔɟɎűŮŰŬɘ 

ŮˊŬəɟɘɓɩɠ ɤɠ ɏɜŬ ɖɛɑŰɞɜɞ əŬɗɩɠ ɡˊɎɟɢɞɡɜ əɎˊɞɘŮɠ ŬˊɞəɚɑůŮɘɠ Ŭˊɧ Űɖɜ ɘŭŬɜɘəɐ 

əŬŰŬůəŮɡɐ Űɖɠ ɛɖɢŬɜɐɠ ɨůŰŮɟŬ Ŭˊɧ ŬɟəŮŰɏɠ ɢɟɐůŮɘɠ. Ƀ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŬɠ 

ɏɢŮɘ ůɢŮŰɘəɎ ɛɘəɟɐ ůɡɜŮɘůűɞɟɎ ůŰɞ ɔŮɜɘəɧŰŮɟɞ űŬɘɜɧɛŮɜɞ əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ 

ɡˊɎɟɢŮɘ ˊɎɜŰŬ ɖ ˊŬɟŬŭɞɢɐ ɧŰɘ ɖ ŰɎůɖ ŮɑɜŬɘ ɖɛɘŰɞɜɞŮɘŭɐɠ əɎŰɘ ˊɞɡ ŬˊɞŰŮɚŮɑ ɛɘŬ 

əŬɚɐ ˊɟɞůɏɔɔɘůɖ ůŮ ɗŮɤɟɖŰɘəɧ ŮˊɑˊŮŭɞ əɎŰɘ ˊɞɡ ŭŮɜ ɘůɢɨŮɘ 100% ůŮ ˊɟŬəŰɘəɧ. 
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¶ ȰɜŬɠ Ɏɚɚɞɠ ˊŬɟɎɔɞɜŰŬɠ ůŰɞɜ ɞˊɞɑɞɜ ɞűŮɑɚŮŰŬɘ ɖ ŭɘŬŰŬɟŬɢɐ Űɖɠ ŰɎůɖɠ ŮɑɜŬɘ ɖ 

ɘůɢɨɠ ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ ŰŬ ůɖɛŮɑŬ ˊŬɟŬɔɤɔɐɠ ůŰŬ űɞɟŰɑŬ. ɇŬ Ůɜ ɚɧɔɤ 

ůɡůŰɐɛŬŰŬ ɛŮŰŬűɞɟɎɠ ɘůɢɨɞɠ ŭŮɜ ŮɑɜŬɘ ŰŮɚŮɑɤɠ ɔɟŬɛɛɘəɎ əɡəɚɩɛŬŰŬ , ɞɘ 

ŬˊɞəɚɑůŮɘɠ Űɤɜ ɞˊɞɑɤɜ ɗŮɤɟɞɨɜŰŬɘ ɛɘəɟɏɠ. ȾɚŬůůɘəɧ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ 

ˊɟɞɖɔɞɨɛŮɜɞɡ ŬˊɞŰŮɚŮɑ ɞ ɀ/Ɇ ɘůɢɨɞɠ Űɞɡ ɞˊɞɑɞɡ ɖ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬ ɞűŮɑɚŮŰŬɘ 

ůŰɞɜ əɞɟŮůɛɧ Űɖɠ ɛŬɔɜɖŰɘəɐɠ ɟɞɐɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŰɞ ˊɡɟɐɜŬ Űɞɡ. ȰɜŬ Ɏɚɚɞ 

ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ŰŬ ůŰɞɘɢŮɑŬ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ 

Űɖɜ ŮɜŬɚɚŬɔɐ Űɖɠ ŰɎůɖɠ Ŭˊɧ AC ůŮ DC əŬɘ ŬɜŰɑůŰɟɞűŬ. Ƀ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŬɠ 

ɏɢŮɘ Ůˊɑůɖɠ ůɢŮŰɘəɎ ɛɘəɟɐ ůɡɜŮɘůűɞɟɎ ůŰɞ ɔŮɜɘəɧŰŮɟɞ űŬɘɜɧɛŮɜɞ. 

 

¶ Ƀ ˊɘɞ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŮɑɜŬɘ ɖ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬ Űɤɜ 

űɞɟŰɑɤɜ. ȰɜŬ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɤɜ űɞɟŰɑɤɜ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛɏůɤ ɖɚŮəŰɟɞɜɘəɩɜ 

ɘůɢɨɞɠ (ˊ.ɢ. Converters) ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛɖ ɔɟŬɛɛɘəɎ ɟŮɨɛŬŰŬ əŬɘ ůɡɜŮˊɩɠ 

ŭɘŬŰŬɟŬɢɏɠ ɟŮɨɛŬŰɞɠ ɞɘ ɞˊɞɑŮɠ ɛŮ Űɖɜ ůŮɘɟɎ Űɞɡɠ ŭɖɛɘɞɡɟɔɞɨɜ ŭɘŬŰŬɟŬɢɏɠ ŰɎůɖɠ. 

ɇɞ ůɡɛˊɚɖɟɤɛŬŰɘəɧ űŬɘɜɧɛŮɜɞ Űɤɜ Ŭɟɛɞɜɘəɩɜ ŭɘŬŰŬɟŬɢɩɜ ŰɎůɖɠ ŮɑɜŬɘ Ŭɟɛɞɜɘəɏɠ 

ŭɘŬŰŬɟŬɢɏɠ ɟŮɨɛŬŰɞɠ. ũɟŬűɘəɎ , ɖ Ŭɟɛɞɜɘəɐ ŭɘŬŰŬɟŬɢɐ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

ɳʽˁˈ˄ʰ 18: Current Distortion graph (a) 

Ⱥɜɩ ˊŬɟŬŭŮɑɔɛŬŰŬ Ŭɟɛɞɜɘəɩɜ ŭɘŬŰŬɟŬɢɩɜ ůɡɜŭɡŬůɛɏɜŬ ɛŮ transient əŬɘ notch ŮɑɜŬɘ ŰŬ 

Ůɝɐɠ: 

 

ɳʽˁˈ˄ʰ 19: Current Distortion graph (b) 
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ɳʽˁˈ˄ʰ 20: Current Distortion graph (c) 

 

ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ůɡɛɓɎɜŰɤɜ 
ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŭŮɜ ɡˊɎɟɢŮɘ ŰŬɨŰɘůɖ ɞɜɞɛŬŰɞɚɞɔɑŬɠ əŬɘ ɞɟɞɚɞɔɘɩɜ 

ŬɜɎɛŮůŬ ůŰɘɠ ɓŬůɘəɧŰŮɟŮɠ ɞɛɎŭŮɠ ˊɟɞŰɨˊɤɜ. Ƀ ˊŬɟŬˊɎɜɤ ŭɘŬɢɤɟɘůɛɧɠ ɔɑɜŮŰŬɘ ˊɚɐɟɤɠ 

əŬŰŬɜɞɖŰɧɠ ɛŮ ɓɎůɖ ŰŬ ŬəɧɚɞɡɗŬ ůɢɐɛŬŰŬ. 
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ɀŮ ɓɎůɖ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ˊɟɞŰɨˊɤɜ IEC  

 

 

ɳʽˁˈ˄ʰ 21: Event Classification (a) 
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Ⱥɜɩ ɛŮ ɓɎůɖ ŰŬ EN ˊɟɧŰɡˊŬ (ȺɁ 50160) 

 

ɳʽˁˈ˄ʰ 22: Event Classification (b) 
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ɇɏɚɞɠ , ɛŮ ɓɎůɖ Űɞɜ ɞɟɔŬɜɘůɛɧ Űɖɠ ȽȺȺȺ (Std.1159-1995) 

 

ɳʽˁˈ˄ʰ 23: Event Classification (c) 

ɀɏɗɞŭɞɘ ŬɜŰɘɛŮŰɩˊɘůɖɠ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ 
ɀˊɞɟɞɨɛŮ ɜŬ ůɡɛˊŮɟɎɜɞɡɛŮ ɧŰɘ ɖ əŬəɐ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ŬˊɩɚŮɘŬ 

ˊŬɟŬɔɤɔɐɠ əŬɘ ůűɎɚɛŬŰŬ ůŰɞɜ Ůɝɞˊɚɘůɛɧ. ȺɑɜŬɘ ůɡɜŮˊɩɠ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ɡɣɖɚɧ 

ŮˊɑˊŮŭɞ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ.  Ƀɘ ŭɘŬŰɎɝŮɘɠ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰŬ 

ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɔɘŬ ɜŬ Ŭɡɝɐůɞɡɜ Űɖɜ ŬɝɘɞˊɘůŰɑŬ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ɘůɢɨɞɠ ˊɞɡ ˊŬɟɏɢŮŰŬɘ 

ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ. Ƀɘ ůɡůəŮɡɏɠ ˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɞɜɞɛɎɕɞɜŰŬɘ ȺɜŮɟɔɞɑ 

ȷɜŰɘůŰŬɗɛɘůŰɏɠ ɄɞɘɧŰɖŰŬɠ Ƚůɢɨɞɠ ( Active Power Quality Compensators ï APQC). ɀɏůɤ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ ŬɡŰɐɠ ɖ ŬɝɘɞˊɘůŰɑŬ əŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɘůɢɨɞɠ ɓŮɚŰɘɩɜɞɜŰŬɘ, əŬɗɩɠ ɏɢɞɡɛŮ ɛŮɘɤɛɏɜŮɠ 

ŭɘŬəɞˊɏɠ əŬɘ ˊŮɟɘɞɟɘůɛɞɨɠ ůŰɘɠ ŭɘŬəɡɛɎɜůŮɘɠ əŬɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ŰɎůɖɠ əŬɘ ɟŮɨɛŬŰɞɠ. ɀŮ ůɤůŰɐ 

ɢɟɐůɖ ŬɡŰɐɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŮˊɤűŮɚɞɨɜŰŬɘ ɧɚɞɘ ɞɘ əŬŰŬɜŬɚɤŰɏɠ, ɓɘɞɛɖɢŬɜɘəɞɑ əŬɘ ɞɘəɘŬəɞɑ. 

Ƀɘ ŮɜŮɟɔɞɑ ŬɜŰɘůŰŬɗɛɘůŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ɔɘŬ ŮɜŮɟɔɧ űɘɚŰɟɎɟɘůɛŬ, Ůɝɘůɞɟɟɧˊɖůɖ 

űɞɟŰɑɞɡ, ŭɘɧɟɗɤůɖ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɖɠ ŰɎůɖɠ. ɈˊɎɟɢɞɡɜ ˊɞɚɚɩɜ Ůɘŭɩɜ Űɨˊɞɘ 

ůɡůəŮɡɩɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ɓŮɚŰɘɩůɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ, əŬɘ ɔŮɜɘəɎ 

ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ: 

¶ ȸɖɛŬŰɘəɏɠ ůɡůəŮɡɏɠ stepwise (ɆɡůəŮɡɏɠ ɟɨɗɛɘůɖɠ ŰɎůɖɠ ůŮ ɓɐɛŬŰŬ) 

¶ ȷɜŰɘůŰŬɗɛɘůŰɏɠ 
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ɆŰɖɜ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ Ŭɜɐəɞɡɜ ůɡůəŮɡɏɠ ˊɞɡ ɟɡɗɛɑɕɞɡɜ Űɖɜ ŰɎůɖ ɛŮ ɢɟɐůɖ ɖɚŮəŰɟɞɜɘəɎ 

ŮɚŮɔɢɧɛŮɜɖɠ ůɡůəŮɡɐɠ ˊɞɡ ɛŮŰŬɓɎɚɚŮɘ ɓɖɛŬŰɘəɎ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ŰɎůɖɠ ɐ ɛŮ ɢɟɐůɖ ˊɡəɜɤŰɩɜ ɛŮ 

ŭɘŬəɟɘŰɏɠ ɛŮŰŬɓɚɖŰɏɠ Űɘɛɏɠ. ɇɏŰɞɘŮɠ ůɡůəŮɡɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ 

ŬɜŰɘůŰɎɗɛɘůɖ ɎŮɟɔɞɡ ɘůɢɨɞɠ. 

ɆŰɖ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɑŬ, ɞɘ ůɡůəŮɡɏɠ ŭɘŬɗɏŰɞɡɜ ůɡɜɐɗɤɠ ɛŮŰŬŰɟɞˊŮɑɠ ˊɞɡ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ 

ˊɖɔɐ ŰɎůɖɠ (Voltage Source Converters ï VSC) ˊɞɡ ŮɚɏɔɢɞɜŰŬɘ ɛŮ ŭɘɎűɞɟŮɠ ůŰɟŬŰɖɔɘəɏɠ, ɞɘ 

ɞˊɞɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰɞˊɞɚɞɔɑŬ, ɛˊɞɟŮɑ ɜŬ ɢɤɟɘůŰɞɨɜ ůŮ ŰɟŮɘɠ ɛŮɔɎɚŮɠ əŬŰɖɔɞɟɑŮɠ: 

ŬɜŰɘůŰŬɗɛɘůŰɏɠ ɟŮɨɛŬŰɞɠ, ŰɎůɖɠ əŬɘ ůɡɜŭɡŬůɛɧɠ Űɤɜ ŭɨɞ. 

ɇŬ ˊŬɟɎɚɚɖɚŬ ŮɜŮɟɔɎ űɑɚŰɟŬ ɘůɢɨɞɠ (Parallel Active Power Filter ï PAPF ɐ Shunt Active Power 

Filter - SAPF) ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ɏɜŬ Űɡˊɘəɧ ˊŬɟɎŭŮɘɔɛŬ ůɡůəŮɡɐɠ ŬɜŰɘůŰɎɗɛɘůɖɠ 

ɟŮɨɛŬŰɞɠ, əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ɛŮ ŭɨɞ Űɟɧˊɞɡɠ: 1) ŬɜŰɘůŰŬɗɛɑɕɞɜŰŬɠ ɟŮɨɛŬ: 

ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ŮɜŮɟɔɧ űɑɚŰɟɞ, ŬɜŰɘůŰŬɗɛɘůŰɐɠ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ, ŮɝɘůůɞɟɞˊɘůŰɐɠ űɞɟŰɑɞɡ ə.Ɏ., 

2) ŬɜŰɘůŰŬɗɛɑɕɞɜŰŬɠ ŰɎůɖ: ɟɡɗɛɘůŰɐɠ ŰɎůɖɠ ɕɡɔɞɨ ɔɘŬ əɎɗŮ ˊɘɗŬɜɐ ˊŬɟŬɛɧɟűɤůɖ ɐ ŭɘŬəɞˊɐ 

ŰɎůɖɠ. 

ȼ ŬɜŰɘůŰɎɗɛɘůɖ ɧŰŬɜ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ ŰɎůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ űɘɚŰɟɎɟɘůɛŬ Ŭɟɛɞɜɘəɩɜ ŰɎůɖɠ, 

ɟɨɗɛɘůɖ əŬɘ Ůɝɘůɞɟɟɧˊɖůɖ ŰɎůɖɠ əŬɘ ŬűŬɑɟŮůɖ ɡˊŮɟŰɎůŮɤɜ əŬɘ ɡˊɞŰɎůŮɤɜ əŬɘ ɔŮɜɘəɎ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɢɟɐůɖ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ȺɜŮɟɔɩɜ űɑɚŰɟɤɜ ɘůɢɨɞɠ ůŮ ůŮɘɟɎ (Series Active 

Power Filter ï SAPF). 

ɇŬ ŭɨɞ Ůɑŭɖ ŬɜŰɘůŰɎɗɛɘůɖɠ ïɛɏůɤ ɟŮɨɛŬŰɞɠ əŬɘ ŰɎůɖɠ- ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ůɡɜŭɡŬůŰɞɨɜ. Ƀ 

ůɡɜŭɡŬůɛɧɠ ŬɡŰɧɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ Ůɜɞˊɞɘɖɛɏɜɖ ŮɝɞɛɎɚɡɜůɖ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ (Unified Power 

Quality Conditioner ï UPQC). ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɛɞɘɟɎɕɞɜŰŬɘ ůŰŬ ŬɜŰɑůŰɞɘɢŬ Űɤɜ 

ˊŬɟɎɚɚɖɚɤɜ əŬɘ ůŮ ůŮɘɟɎ űɑɚŰɟɤɜ. ɇɞ űɑɚŰɟɞ ůŮ ůŮɘɟɎ ŮˊɘŰɡɔɢɎɜŮɘ Ŭˊɞɛɧɜɤůɖ Űɤɜ Ŭɟɛɞɜɘəɩɜ 

ɛŮŰŬɝɨ ŰɟɞűɞŭɞůɑŬɠ əŬɘ űɞɟŰɑɞɡ, ɟɨɗɛɘůɖ ŰɎůɖɠ əŬɘ ŬɜŰɘůŰɎɗɛɘůɖ ɔɟɐɔɞɟɤɜ ɛŮŰŬɓɞɚɩɜ ŰɎůɖɠ, 

Ůɜɩ Űɞ ˊŬɟɎɚɚɖɚɞ űɑɚŰɟɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑ űɘɚŰɟɎɟɘůɛŬ Ŭɟɛɞɜɘəɩɜ ůɡɜɘůŰɤůɩɜ, Ůɝɘůɞɟɟɧˊɖůɖ 

ŬɟɜɖŰɘəɐɠ ŬəɞɚɞɡɗɑŬɠ əŬɘ ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ ůŰɖɜ ˊɚŮɡɟɎ ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ. 
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ȾŮűɎɚŬɘɞ 4ɞ ɀŮŰɟɐůŮɘɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ˊɟɧŰɡˊŬ əŬɘ əŬɜɞɜɘůɛɞɑ 

 

 
ɀŮŰɟɐůŮɘɠ əŬɘ ɀŮŰɟɖŰɘəɎ ɆɡůŰɐɛŬŰŬ ɄɞɘɧŰɖŰŬɠ Ƚůɢɨɞɠ 

 

ȼ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ŮɑɜŬɘ ůɡɜɡűŬůɛɏɜɖ ɛŮ Űɖɜ ɏɜɜɞɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. Ƀɘ ɛŮŰɟɐůŮɘɠ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖɜ ůɡɚɚɞɔɐ ůŰɞɘɢŮɑɤɜ ŰŬ ɞˊɞɑŬ ŮɑŰŮ ɗŬ ŭɩůɞɡɜ ůŰŬŰɘůŰɘəɎ Űɖɜ ŮɘəɧɜŬ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑŰŮ ɗŬ ŮɜŰɞˊɑůɞɡɜ ɏɜŬ ˊɟɧɓɚɖɛŬ əŬɘ ɗŬ ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ 

ɚɨůɖ Űɞɡ. Ƀɘ ɛŮŰɟɐůŮɘɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ůŰɧɢɞ Űɞɡɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ : 

¶ ɀŮŰɟɐůŮɘɠ ɔɘŬ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ůŰŬ ˊɚŬɑůɘŬ ɛŮɚŮŰɩɜ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ 

ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ɐ ůŮ ˊŮɟɑˊŰɤůɖ ŬɚɚŬɔɩɜ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ŬɜŰɑəŰɡˊɞɡ 

ůŰɖɜ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ Űɞɡ ŭɘəŰɨɞɡ (ˊɢ ɖ ŮɔəŬŰɎůŰŬůɖ ˊɡəɜɤŰɩɜ ůŮ ɏɜŬ ɡˊɞůŰŬɗɛɧ) əŬɘ 

¶ ɀŮŰɟɐůŮɘɠ ɛŮɔɎɚɖɠ ŭɘɎɟəŮɘŬɠ ɛŮ ɛɧɜɘɛŬ ŮɔəŬŰŬůŰɖɛɏɜŮɠ ɛŮŰɟɖŰɘəɏɠ ůɡůəŮɡɏɠ. 

 

ɀŮŰɟɐůŮɘɠ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɐɛŬŰɞɠ ɄɞɘɧŰɖŰŬɠ Ƚůɢɨɞɠ 

 

ȺɎɜ ŮɛűŬɜɘůɗŮɑ əɎˊɞɘɞ ˊɟɧɓɚɖɛŬ ůŮ əɎˊɞɘɞ əŬŰŬɜŬɚɤŰɐ, ŭɖɚŬŭɐ əɎˊɞɘɞ űɞɟŰɑɞ ŭŮɜ 

ɚŮɘŰɞɡɟɔŮɑ əŬɜɞɜɘəɎ (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůɡɢɜɏɠ ŭɘŬəɞˊɏɠ ɚŮɘŰɞɡɟɔɑŬɠ ɐ ůɡɢɜɏɠ ɕɖɛɘɏɠ ůŮ əɎˊɞɘŬ 

ůŰɞɘɢŮɑŬ Űɞɡ) ŰɧŰŮ ɡˊɎɟɢŮɘ ɛŮɔɎɚɖ ˊɘɗŬɜɧŰɖŰŬ Űɞ ˊɟɧɓɚɖɛŬ ɜŬ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ 

ˊɞɡ ˊŬɟɏɢŮɘ Űɞ ŭɑəŰɡɞ Ŭˊɧ Űɞ ɞˊɞɑɞ ŰɟɞűɞŭɞŰŮɑŰŬɘ Űɞ űɞɟŰɑɞ. ȷəɧɛŬ əŬɘ Ŭɜ ɡˊɎɟɢŮɘ əɎˊɞɘŬ 

ɓɚɎɓɖ ůŰɖɜ ɑŭɘŬ Űɖɜ ůɡůəŮɡɐ, ɞɘ ɛŮŰɟɐůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞəŬɚɨɣɞɡɜ əɎŰɤ Ŭˊɧ ˊɞɘŮɠ 

ůɡɜɗɐəŮɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ˊɟɧɓɚɖɛŬ. ȼ ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ɛŮ Űɖɜ 

Ůəˊɧɜɖůɖ ɛŮɚɏŰɖɠ ˊɞɡ ɝŮəɘɜɎ Ŭˊɧ Űɖɜ əŬŰŬɔɟŬűɐ əŬɘ ŬɜɎɚɡůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ Űɞɡ 

ɖɚŮəŰɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ əŬɘ əŬŰŬɚɐɔŮɘ ůŰɖɜ Ůˊɘɚɞɔɐ əɎˊɞɘŬɠ ɛŮɗɧŭɞɡ ɓŮɚŰɑɤůɖɠ Űɖɠ ɐ 

ˊɟɞůŰŬůɑŬɠ Űɞɡ űɞɟŰɑɞɡ Ŭɜ ɓɏɓŬɘŬ ŬˊɞŭŮɘɢɗŮɑ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ɧŰɘ ɖ ŬɘŰɑŬ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɓɟɑůəŮŰŬɘ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŰɎůɖɠ əŬɘ Űɞɡ ɟŮɨɛŬŰɞɠ Űɞɡ ŭɘəŰɨɞɡ. Ʉɘɞ ŬɜŬɚɡŰɘəɎ ŰŬ 

ɓɐɛŬŰŬ ɛɘŬɠ ŰɏŰɞɘŬɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ: 

 

1. ȹɘŮɝŬɔɤɔɐ ɀŮŰɟɐůŮɤɜ: ɢɟɖůɘɛɞˊɞɑɖůɖ əŬŰŬɔɟŬűɘəɩɜ ɛɖɢŬɜɖɛɎŰɤɜ ɔɘŬ ůɡɚɚɞɔɐ ůŰɞɘɢŮɑɤɜ 

ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ˊɟɧɓɚɖɛŬ. ɇɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŰɏŰɞɘɞ 

ˊɞɡ ɜŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮˊŬɟəɐ ŬˊɞŰɨˊɤůɖ Űɤɜ űŬɘɜɞɛɏɜɤɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ 

ŭɑəŰɡɞ. ȷɟəŮŰɏɠ űɞɟɏɠ ɛŮŰɟɐůŮɘɠ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɡɜ ůŮ ŭɘɎűɞɟŬ ůɖɛŮɑŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 
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ŮɜŰɞˊɘůɗŮɑ ɖ ˊɖɔɐ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȼ ɔɜɩůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ŭɘəŰɨɞɡ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ůŮ ŬɡŰɐ Űɖɜ űɎůɖ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɞɘ ɛŮŰɟɐůŮɘɠ ɧůɞ Űɞ 

ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟɞ. 

 

2. ȷɜɎɚɡůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ : ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ Űɞ ŮˊɧɛŮɜɞ ɓɐɛŬ. ȼ ŬɜɎɚɡůɖ 

ɧɢɘ ɛɧɜɞ ɛˊɞɟŮɑ ɜŬ ɓɞɖɗɐůŮɘ ůŰɞɜ ŮɜŰɞˊɘůɛɧ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɚɚɎ əŬɘ ůŰɖɜ ŬˊɧəŰɖůɖ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ ɚɨůɖ Űɞɡ. ȼ ŬɜɎɚɡůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ɛˊɞɟŮɑ ɜŬ 

ůɡɜŭɡŬůŰŮɑ ɛŮ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ŭɘəŰɨɞɡ. ɄɟɞɔɟɎɛɛŬŰŬ ˊɟɞůɞɛɞɑɤůɖɠ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŮɘŭɘəɎ ɧŰŬɜ ŬɜŬɚɡŰɘəɏɠ ɚɨůŮɘɠ ŭŮɜ ŮˊŬɟəɞɨɜ ɔɘŬ Űɖɜ ŮˊŬəɟɘɓɐ 

ɛŮɚɏŰɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ ˊɞɡ ˊɟɞəŬɚŮɑ Űɞ ˊɟɧɓɚɖɛŬ. 

 

 

3. ȹɘŮɟŮɨɜɖůɖ ɚɨůŮɤɜ: ŰŬ ɛɏŰɟŬ ŰŬ ɞˊɞɑŬ ɗŬ ɚɖűɗɞɨɜ ɔɘŬ Űɖɜ ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ˊɟɏˊŮɘ ɜŬ ŮɝŮŰŬůɗɞɨɜ ˊɟɞůŮəŰɘəɎ Űɧůɞ Ŭˊɧ ŰŮɢɜɘəɐɠ ɧůɞ əŬɘ Ŭˊɧ ɞɘəɞɜɞɛɘəɐɠ 

ŬˊɧɣŮɤɠ. ȼ ɢɟɐůɖ ˊɟɞɔɟŬɛɛɎŰɤɜ ˊɟɞůɞɛɞɑɤůɖɠ ɛˊɞɟŮɑ əŬɘ Ůŭɩ ɜŬ űŬɜŮɑ ˊɞɚɨŰɘɛɖ. 

ɆɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ŭɘŬűɞɟŮŰɘəɩɜ ɚɨůŮɤɜ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ɖ əŬɚɨŰŮɟɖ, ɔɘŬ 

Űɖɜ ˊŮɟɑˊŰɤůɖ, ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ́ ɟɞɓɚɐɛŬŰɞɠ. 

 

4. ɀŮŰɟɐůŮɘɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɚɨůɖɠ: Ŭɜ ŰŮɚɘəɎ ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ ɚɨůɖ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ, ɛŮŰɟɐůŮɘɠ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɡɜ Ůə ɜɏɞɡ ɔɘŬ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ůŮ ˊɞɘɞ 

ɓŬɗɛɧ ɖ ɚɨůɖ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ. ɆŰɖɜ ŰŮɚɘəɐ ŬɡŰɐ űɎůɖ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ŭɡɜŬŰɧ 

ɜŬ ɔɑɜɞɡɜ ŭɘɞɟɗɩůŮɘɠ əŬɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ əŬɚɨŰŮɟɞ ŭɡɜŬŰɧ ŬˊɞŰɏɚŮůɛŬ. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ, ɖ ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ɓɟɑůəŮŰŬɘ ŮɑŰŮ ůŰɖɜ 

ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ Űɞɡ ŭɘəŰɨɞɡ Űɞ ɞˊɞɑɞ ŰɟɞűɞŭɞŰŮɑ Űɞ űɞɟŰɑɞ ŮɑŰŮ ɛŮ ůŰɖɜ 

ŮɔəŬŰɎůŰŬůɖ əɎˊɞɘŬɠ ůɡůəŮɡɐɠ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ űŬɘɜɞɛɏɜɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ Űɞ 

ˊɟɧɓɚɖɛŬ. ɃɟɘůɛɏɜŮɠ űɞɟɏɠ əɎˊɞɘŮɠ ŮɜɏɟɔŮɘŮɠ Ŭˊɧ Űɖɜ ɛŮɟɘɎ Űɖɠ ŮŰŬɘɟɑŬɠ ɖɚŮəŰɟɘůɛɞɨ 

ɛˊɞɟɞɨɜ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ˊŮɟɘɞɟɘůɛɧ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ, ɔɘŬ əɎˊɞɘŬ ɧɛɤɠ ˊɟɞɓɚɐɛŬŰŬ ŮɑɜŬɘ 

ŭɨůəɞɚɞ ɜŬ ŬɜŰɘɛŮŰɤˊɘůɗŮɑ Űɞ ˊɟɧɓɚɖɛŬ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ ɖɚŮəŰɟɘůɛɞɨ. 

ȺɜŭŮɢɞɛɏɜɤɠ ɖ ŬɘŰɑŬ ɜŬ ɓɟɑůəŮŰŬɘ ůŰɞ ŭɑəŰɡɞ Űɞɡ əŬŰŬɜŬɚɤŰɐ ˊɞɡ ɏɢŮɘ ˊɟɧɓɚɖɛŬ ɐ Űɞ 
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ˊɟɧɓɚɖɛŬ ɜŬ Űɞ ˊɟɞəŬɚŮɑ Ɏɚɚɞɠ əŬŰŬɜŬɚɤŰɐɠ. ɆɡɜŮɟɔŬůɑŬ ɧɚɤɜ Űɤɜ ŮɛˊɚŮəɧɛŮɜɤɜ ˊɚŮɡɟɩɜ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ. 

 

 

 

ɀŮŰɟɐůŮɘɠ ɛŮɔɎɚɖɠ ŭɘɎɟəŮɘŬɠ ɛŮ ɛɧɜɘɛŬ ŮɔəŬŰŮůŰɖɛɏɜŮɠ ɛŮŰɟɖŰɘəɏɠ ůɡůəŮɡɏɠ 

 
ɇɏŰɞɘŮɠ ɛŮŰɟɐůŮɘɠ Ŭűɞɟɞɨɜ Űɧůɞ Űɘɠ ŮŰŬɘɟɑŮɠ ɖɚŮəŰɟɘůɛɞɨ ɧůɞ əŬɘ ɛŮɔɎɚɞɡɠ əŬŰŬɜŬɚɤŰɏɠ 

(ɓɘɞɛɖɢŬɜɘəɞɨɠ) əŬɘ əŬŰŬɜŬɚɤŰɏɠ ɛŮ Ůɘŭɘəɏɠ ŬˊŬɘŰɐůŮɘɠ (ɜɞůɞəɞɛŮɑŬ, ŬŮɟɞŭɟɧɛɘŬ ə.Ŭ.). ȼ 

ŭɘŬɗɏůɘɛɖ ŰŮɢɜɞɚɞɔɑŬ ˊɟɞůűɏɟŮɘ ɛŮɔɎɚŮɠ ŭɡɜŬŰɧŰɖŰŮɠ. ȾŬŰŬɔɟŬűɘəɏɠ ůɡůəŮɡɏɠ ɛˊɞɟɞɨɜ ɜŬ 

ŰɞˊɞɗŮŰɖɗɞɨɜ əŬɘ ɜŬ ˊɟɞůűɏɟɞɡɜ ŭɘŬɟəɩɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ Űɞɡ ŭɘəŰɨɞɡ əŬɘ 

Űɡɢɧɜ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ. 

 

ȼ ŭɘŮɜɏɟɔŮɘŬ ɛŮŰɟɖŰɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ɛŮ Űɖɜ ŮɔəŬŰɎůŰŬůɖ əŬɘ ɚŮɘŰɞɡɟɔɑŬ ɛŮŰɟɖŰɘəɩɜ 

ůɡůəŮɡɩɜ ˊŬɟɏɢŮɘ: 

 

ũɘŬ Űɘɠ ŮŰŬɘɟɑŮɠ ɖɚŮəŰɟɘůɛɞɨ: 

Å ȾŬŰŬɔɟŬűɐ Űɖɠ ɡˊɎɟɢɞɡůŬɠ əŬŰɎůŰŬůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɎɟɢŮɘ ɛɘŬ ɓɎůɖ ɔɘŬ ůɨɔəɟɘůɖ ɛŮ 

Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ 

Å ȾŬɚɨŰŮɟɖ ŮˊɘəɞɘɜɤɜɑŬ ɛŮ Űɞɡɠ ˊŮɚɎŰŮɠ əŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ɚɨůɖ ˊɟɞɓɚɖɛɎŰɤɜ Űɞɡɠ 

 

 

ũŮɜɘəɧŰŮɟŬ ɞɘ ɛŮŰɟɐůŮɘɠ ˊɟɞůűɏɟɞɡɜ: 

Å ȯɛŮůɖ ŮˊɞˊŰŮɑŬ Űɞɡ ŭɘəŰɨɞɡ əŬɘ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ Űɞɡ (ŭɘŬəɧˊŰŮɠ, ˊɟɞůŰŬůɑŬ, ɟɨɗɛɘůɖ 

ŰɎůɖɠ) 

Å ɇŬɢɨ ŮɜŰɞˊɘůɛɧ ɡˊŬɟɢɧɜŰɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ɐ ˊɟɞɓɚɖɛɎŰɤɜ ůŮ Ůɝɏɚɘɝɖ əŬɘ ˊɟɞɚɖˊŰɘəɐ 

ŭɟɎůɖ (ɞɟɔɎɜɤůɖ ˊɟɞɚɖˊŰɘəɐɠ ůɡɜŰɐɟɖůɖɠ ɧɢɘ ɛɧɜɞ ůŰɖɜ ɓɎůɖ Űɞɡ ɢɟɞɜɘəɞɨ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ŬɚɚɎ ŬɝɘɞˊɞɘɩɜŰŬɠ Űɘɠ ɛŮŰɟɐůŮɘɠ əŬɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŬɡŰɏɠ 

ŬˊɞəŬɚɨˊŰɞɡɜ) 

Å ȺˊɞˊŰŮɑŬ əɟɑůɘɛɤɜ ŮűŬɟɛɞɔɩɜ 

Å ȷɝɘɞɚɧɔɖůɖ ŰŮɢɜɘəɩɜ ɚɨůŮɤɜ əŬɘ ŭɡɜŬŰɧŰɖŰŬ ɓŮɚŰɑɤůɖɠ Űɞɡɠ (ˊɢ ɟɡɗɛɑůŮɤɜ ˊɟɞůŰŬůɑŬɠ, 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ əŬ) 

Å Ⱥɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ 



53 
 

ɄɟɧŰɡˊŬ əŬɘ əŬɜɞɜɘůɛɞɑ 

 

ȹɨɞ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ˊɟɞŰɨˊɤɜ ɢɟŮɘɎɕɞɜŰŬɘ ɧŰŬɜ ɛŮŰɟɎŰŬɘ əŬɘ ˊɘůŰɞˊɞɘŮɑŰŬɘ ɖ ˊɞɘɧŰɖŰŬ 

ɘůɢɨɞɠ: ˊɟɧŰɡˊŬ ɔɘŬ Űɘɠ ɛŮɗɧŭɞɡɠ ɛɏŰɟɖůɖɠ əŬɘ ˊɟɧŰɡˊŬ ˊɞɡ əŬɗɞɟɑɕɞɡɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ˊŬɟŮɢɧɛŮɜɖɠ ŰɎůɖɠ əŬɘ Űɞɡ ɟŮɨɛŬŰɞɠ . 

ɆŰŬ ůɨɔɢɟɞɜŬ ɧɟɔŬɜŬ ˊɞɡ ɛŮŰɟɞɨɜ Űɖɜ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ, ɞɘ əɡɛŬŰɞɛɞɟűɏɠ Űɞɡ ɟŮɨɛŬŰɞɠ əŬɘ 

Űɖɠ ŰɎůɖɠ ɡˊɧəŮɘɜŰŬɘ ůŮ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɔɘŬ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ůŰɖ ůɡɜɏɢŮɘŬ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ 

ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ. ȹɡůŰɡɢɩɠ, ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ 

Űɟɧˊɞɡɠ, əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ŮɚŬűɟɩɠ ŭɘŬűɞɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ȺɑɜŬɘ ɚɞɘˊɧɜ, ɘŭɘŬɑŰŮɟŬ 

ůɖɛŬɜŰɘəɧ ŰŬ ɧɟɔŬɜŬ ɛɏŰɟɖůɖɠ ɜŬ Ŭəɞɚɞɡɗɞɨɜ Űɘɠ ɛŮɗɧŭɞɡɠ ɡˊɞɚɞɔɘůɛɞɨ ˊɞɡ ŮˊɘɓɎɚɚɞɡɜ ŰŬ 

ŬɜŬɔɜɤɟɘůɛɏɜŬ ˊɟɧŰɡˊŬ, ɘŭɑɤɠ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɜŬ ůɡɔəɟɘɗɞɨɜ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɏɢɞɡɜ 

ˊɟɞəɨɣŮɘ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɎ ɧɟɔŬɜŬ . 

ɇŬ ˊɟɧŰɡˊŬ ˊɞɡ əŬɗɞɟɑɕɞɡɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŰɎůɖɠ əŬɘ Űɞɡ ɟŮɨɛŬŰɞɠ ɗɏŰɞɡɜ ŰŬ 

ŮˊɘŰɟŮˊŰɎ ɧɟɘŬ ɛɏůŬ ůŰŬ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ əɡɛŬɜɗɞɨɜ ɞɘ ŭɘɎűɞɟŮɠ ŭɘŬŰŬɟŬɢɏɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ 

ɘůɢɨɞɠ. ɆŰɞ ɕɐŰɖɛŬ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ŰɟŮɘɠ űɞɟŮɑɠ ŮɛˊɚɏəɞɜŰŬɘ əŬɘ ˊɟɏˊŮɘ ɜŬ 

ůɡɛɛɞɟűɩɜɞɜŰŬɘ ɛŮ ŰŬ ɧɟɘŬ Űɤɜ ˊɟɞŰɨˊɤɜ : ɞɘ ˊŬɟŬɔɤɔɞɑ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɞɘ 

əŬŰŬůəŮɡŬůŰɏɠ ɖɚŮəŰɟɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ əŬɘ ɞɘ ŰŮɚɘəɞɑ əŬŰŬɜŬɚɤŰɏɠ. Ƀɘ ˊŬɟŬɔɤɔɞɑ ˊɟɏˊŮɘ 

ɜŬ ˊŬɟɏɢɞɡɜ ɛɘŬ ŮɚɎɢɘůŰɖ ˊɞɘɧŰɖŰŬ ŰɎůɖɠ ˊɞɡ ɜŬ ŮɑɜŬɘ ůɡɛɓŬŰɐ ɛŮ ŰŬ ɧɟɘŬ Űɤɜ ˊɟɞŰɨˊɤɜ. Ƀɘ 

əŬŰŬůəŮɡŬůŰɏɠ Ůɝɞˊɚɘůɛɞɨ ˊɟɏˊŮɘ ɜŬ ˊŬɟɎɔɞɡɜ ůɡůəŮɡɏɠ ŬɜŮəŰɘəɏɠ ůŮ ɞɟɘůɛɏɜŮɠ ŭɘŬəɡɛɎɜůŮɘɠ 

Űɖɠ ŰɎůɖɠ ,Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ Űɞ ɟŮɨɛŬ ˊɞɡ ŭɘɞɢŮŰŮɨɞɡɜ ˊɟɞɠ Űɞ ŭɑəŰɡɞ ɜŬ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɤɜ 

əŬɗɞɟɘůɛɏɜɤɜ ɞɟɑɤɜ, ɛŮ ůəɞˊɧ ɜŬ ɛɖ "ɛɞɚɨɜɞɡɜ" Űɞ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ. Ƀɘ əŬŰŬɜŬɚɤŰɏɠ ˊɟɏˊŮɘ 

ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ ɜŬ ŬˊŬɘŰɞɨɜ ɞ Ůɝɞˊɚɘůɛɧɠ ˊɞɡ ŬɔɞɟɎɕɞɡɜ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɜŬ ůɡɛɓŬŭɑɕŮɘ ɛŮ 

Űɞɡɠ ŭɘŮɗɜŮɑɠ əŬɜɞɜɘůɛɞɨɠ. 

ɃɟɔŬɜɘůɛɞɑ ˊɞɡ ŭɘŬɛɞɟűɩɜɞɡɜ ŰŬ ˊɟɧŰɡˊŬ 

Ƀɘ əɡɟɘɧŰŮɟɞɘ ɞɟɔŬɜɘůɛɞɑ (ŭɘŮɗɜŮɑɠ ɐ ȺɡɟɤˊŬɥəɞɑ ) ˊɞɡ ŭɘŬɛɞɟűɩɜɞɡɜ ŰŬ ˊɟɧŰɡˊŬ ˊɞɡ Ŭűɞɟɞɨɜ 

Űɖɜ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ ŮɑɜŬɘ: 

¶ IEC (International Electrotechnical Commission ) 

¶ ISO ( International Organization for Standardization ) 

¶ CEN (European Committee for Standardization ) 

¶ CENELEC (European Committee for Electrotechnical Standardization ) 

¶ IEEE (Institute of Electrical and Electronic Engineers ) 
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¶ ANSI (American National Standards Institute)
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ɄɟɧŰɡˊŬ ɛɏŰɟɖůɖɠ 

 

ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ˊɟɧŰɡˊŬ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɘɠ ɛŮɗɧŭɞɡɠ ɛɏŰɟɖůɖɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ 

ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ : 

ǐ ȺɁ 61000-4-30 : 2003 (IEC 61000-4-30 :2003) 

ɀɏɗɞŭɞɘ ɀɏŰɟɖůɖɠ ɄɞɘɧŰɖŰŬɠ Ƚůɢɨɞɠ. 

ɃɟɑɕŮɘ Űɘɠ ɛŮɗɧŭɞɡɠ ɛɏŰɟɖůɖɠ əŬɘ ŮɟɛɖɜŮɑŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɖɠ 

ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ůŰŬ ŮɜŬɚɚŬůůɧɛŮɜŬ ůɡůŰɐɛŬŰŬ 50/60 Hz . Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ əŬɗɞɟɑɕŮɘ ŮɑɜŬɘ 

ɞɘ ɛŮŰŬɓɞɚɏɠ ůɡɢɜɧŰɖŰŬɠ, flicker, ɓɡɗɑůŮɘɠ əŬɘ ŭɘŬəɡɛɎɜůŮɘɠ ŰɎůɖɠ, ŭɘŬəɞˊɏɠ, ŬůɡɛɛŮŰɟɑŮɠ , 

ɛŮŰŬɓŬŰɘəɎ űŬɘɜɧɛŮɜŬ, Ŭɟɛɞɜɘəɏɠ əŬɘ ŮɜŭɘɎɛŮůŮɠ Ŭɟɛɞɜɘəɏɠ ŰɎůɖɠ əŬɘ ɟŮɨɛŬŰɞɠ. ȷɜɎɚɞɔŬ ɛŮ 

Űɞɜ ůəɞˊɧ Űɤɜ ɛŮŰɟɐůŮɤɜ ɧɚŬ ɐ ɛɏɟɞɠ Űɤɜ ˊŬɟŬˊɎɜɤ űŬɘɜɞɛɏɜɤɜ ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɖɗɞɨɜ. ɇɞ 

ˊɟɧŰɡˊɞ ŬɡŰɧ ɞɟɑɕŮɘ Űɘɠ ɛŮɗɧŭɞɡɠ ɛɏŰɟɖůɖɠ ŬɚɚɎ ŭŮ ɗɏŰŮɘ ɧɟɘŬ. 

ɇɞ ˊɟɧŰɡˊɞ ŬɡŰɧ ɏɢŮɘ ɞɟɑůŮɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ əɚɎůŮɘɠ ŬəɟɑɓŮɘŬɠ ɔɘŬ ŰŬ ɧɟɔŬɜŬ ɛŮ ŰŬ ɞˊɞɑŬ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ , Űɖɜ əɚɎůɖ ȷ əŬɘ Űɖɜ əɚɎůɖ ȸ. ɇŬ ɧɟɔŬɜŬ əɚɎůɖɠ ȷ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖɠ ŬəɟɑɓŮɘŬɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ůɡɛɓŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ˊɘůŰɞˊɞɘɞɨɜ Űɖ 

ůɡɛɛɧɟűɤůɖ ɐ ɧɢɘ ɛŮ ŰŬ ɧɟɘŬ Űɤɜ ˊɟɞŰɨˊɤɜ. ɇŬ ɧɟɔŬɜŬ əɚɎůɖɠ ȸ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ˊŮɟɘůůɧŰŮɟɞ ɔɘŬ ůŰŬŰɘůŰɘəɏɠ ɏɟŮɡɜŮɠ ɧˊɞɡ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ˊɞɚɨ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ. ɆŰɖɜ 

əɚɎůɖ ȸ ŭŮɜ ɞɟɑɕɞɜŰŬɘ ɛɏɗɞŭɞɘ ɡˊɞɚɞɔɘůɛɞɨ ɧˊɤɠ ůŰɖɜ əɚɎůɖ ȷ, ŬɚɚɎ ɞ əŬŰŬůəŮɡŬůŰɐɠ Űɞɡ 

əɎɗŮ ɞɟɔɎɜɞɡ ˊɟɏˊŮɘ ɜŬ ŬɜŬűɏɟŮɘ ɚŮˊŰɞɛŮɟɩɠ Űɖ ɛɏɗɞŭɞ ɛɏŰɟɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. 

 

ǐ ȺɁ 61000-4-7 : 2002 (IEC 61000-4-7 :2002) 

ũŮɜɘəɧɠ ɞŭɖɔɧɠ ɔɘŬ ɛŮŰɟɐůŮɘɠ əŬɘ ɢɟɐůɖ ɞɟɔɎɜɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Ŭɟɛɞɜɘəɏɠ əŬɘ ŮɜŭɘɎɛŮůŮɠ 

Ŭɟɛɞɜɘəɏɠ . 

ȷűɞɟɎ ɢɟɐůɖ ɞɟɔɎɜɤɜ ˊɞɡ ɏɢɞɡɜ ůəɞˊɧ ɜŬ ɛŮŰɟɐůɞɡɜ Űɘɠ ůɡɜɘůŰɩůŮɠ Űɞɡ űɎůɛŬŰɞɠ ɛŮ 

ůɡɢɜɧŰɖŰŬ ɏɤɠ 9 kHz ˊɞɡ ɡˊŮɟŰɑɗŮɜŰŬɘ ůŰɖ ɗŮɛŮɚɘɩŭɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɇɞ 

ˊɟɧŰɡˊɞ ŭɘŬɢɤɟɑɕŮɘ ŬɜɎɛŮůŬ ůŮ Ŭɟɛɞɜɘəɏɠ, ŮɜŭɘɎɛŮůŮɠ Ŭɟɛɞɜɘəɏɠ əŬɘ ɎɚɚŮɠ ůɡɜɘůŰɩůŮɠ 

Űɞɡ űɎůɛŬŰɞɠ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɛŮŰɟɐůŮɘɠ ŮɑŰŮ ůŰɞ ŭɑəŰɡɞ ŮɑŰŮ ůŮ ɛŮɛɞɜɤɛɏɜŮɠ 

ůɡůəŮɡɏɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ. 

ũɘŬ Űɖ ɛɏŰɟɖůɖ Ŭɟɛɞɜɘəɩɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ ˊŬɟɎɗɡɟɞ ŭɘŬůŰɐɛŬŰɞɠ 10 əɨəɚɤɜ. ɆŰɞ 

ŭɘɎůŰɖɛŬ ŬɡŰɧ , ŮűŬɟɛɧɕŮŰŬɘ ɞ ȹɘŬəɟɘŰɧɠ ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ Fourier (DFT - Discrete Fourier 

Transform) əŬɘ ˊɟɞəɨˊŰŮɘ ɏɜŬ űɎůɛŬ ůɡɢɜɞŰɐŰɤɜ ŬɜɎ 5 Hz , ŭɖɚŬŭɐ ŬɜɎɛŮůŬ ůŰɘɠ 
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ůɡɢɜɧŰɖŰŮɠ Űɤɜ Ŭɟɛɞɜɘəɩɜ (ŬəɏɟŬɘŬ ˊɞɚɚŬˊɚɎůɘŬ Űɤɜ 50 Hz) ŮɛűŬɜɑɕɞɜŰŬɘ ŮɜɜɘɎ Ůˊɘˊɚɏɞɜ 

Űɘɛɏɠ . 

 

ǐ ȺɁ 61000-4-15/ȷ1 : 2003 (IEC 61000-4-15 Ed1.1:2003) əŬɘ Űɞ 

ȺɁ 60868: 1993 (IEC/TR2 60868-am1:1990) 

Flicker ï ȿŮɘŰɞɡɟɔɘəɏɠ əŬɘ ůɢŮŭɘŬůŰɘəɏɠ ˊɟɞŭɘŬɔɟŬűɏɠ. 

Ƀɟɑɕɞɡɜ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɘůɢɨɞɡɜ ɔɘŬ ɜŬ ɛŮŰɟɖɗŮɑ Űɞ flicker əŬɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ 

Űɞ ůɤůŰɧ ˊɞůɞůŰɘŬɑɞ ŮˊɑˊŮŭɞ Űɞɡ ůŮ ɧɚŮɠ Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠ əɡɛŬŰɞɛɞɟűɩɜ ŰɎůŮɤɜ. 

 

ǐ ȺɁ 61400-21 :2002 (ȽEC 61400-21:2001) 

ɀɏɗɞŭɞɘ ɀɏŰɟɖůɖɠ ɄɞɘɧŰɖŰŬɠ Ƚůɢɨɞɠ. 

ɄŮɟɘɔɟɎűŮɘ Űɖ ŭɘŬŭɘəŬůɑŬ ɛŮŰɟɐůŮɤɜ ɔɘŬ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ ɖ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ Ůɜɧɠ ŭɘəŰɨɞɡ ɛŮ 

ůɡɜŭŮŭŮɛɏɜŮɠ ůŮ ŬɡŰɧ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ ɩůŰŮ ŰŮɚɘəɎ ɜŬ ŬˊɞŰɘɛɖɗŮɑ Ŭɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɐ ɧɢɘ ɞɘ 

ŬˊŬɘŰɐůŮɘɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ. 

 

ǐ IEC/TR 61000-2-8 :2002-11 

ȸɡɗɑůŮɘɠ ŰɎůɖɠ əŬɘ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ ŭɘŬəɞˊɏɠ ůŰɞ ŭɖɛɧůɘɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ ɛŮ ůŰŬŰɘůŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮŰɟɐůŮɤɜ. 

 

ǐ ȽȺȺȺ 1159-1995 

ɄɟɞŰŮɘɜɧɛŮɜɖ ˊɟŬəŰɘəɐ ɔɘŬ ȾŬŰŬɔɟŬűɐ ɄɞɘɧŰɖŰŬɠ Ƚůɢɨɞɠ. 

 

 

ǐ ȽȺȺȺ 1250-1995 

Ƀŭɖɔɧɠ ɔɘŬ ŮˊɘůəŮɡɏɠ ůŮ ŮɡŬɑůɗɖŰŮɠ ůŮ ůŰɘɔɛɘŬɑŮɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ŰɎůɖɠ ůɡůəŮɡɏɠ. 

 

 

ǐ ȽȺȺȺ 1453-2004 

ɄɟɞŰŮɘɜɧɛŮɜɖ ˊɟŬəŰɘəɐ ɔɘŬ ɛŮŰɟɐůŮɘɠ əŬɘ ɧɟɘŬ Űɞɡ flicker. 
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ɄɟɧŰɡˊŬ ˊɟɞŭɘŬɔɟŬűɩɜ əŬɘ ɞɟɑɤɜ Űɖɠ ˊŬɟŮɢɧɛŮɜɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ 

 

ɄɟɧŰɡˊŬ ˊɞɘɧŰɖŰŬɠ ŰɎůɖɠ 

 

 

ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ˊɟɧŰɡˊŬ ˊɞɡ ˊɟɞůŭɘɞɟɑɕɞɡɜ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŰɎůɖɠ ˊɞɡ 

ˊŬɟɏɢŮŰŬɘ ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ : 

 

ǐ EN 50160 : 1999 

ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŰɎůɖɠ ˊɞɡ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɞ ŭɖɛɧůɘɞ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ. 

ɇɞ ˊɟɧŰɡˊɞ ŬɡŰɧ əŬɗɞɟɑɕŮɘ Űɘɠ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ɐ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ŰɎůɖɠ 

ˊɞɡ ˊŬɟɏɢŮɘ Űɞ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ ɢŬɛɖɚɐɠ əŬɘ ɛɏůɖɠ ŰɎůɖɠ ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ , ůŮ ɞˊɞɘɞŭɐˊɞŰŮ 

ůɖɛŮɑɞ Űɞɡ ŭɘəŰɨɞɡ. ȺűŬɟɛɧɕŮŰŬɘ ɛɧɜɞ ɡˊɧ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ, ˊɞɡ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɞ ůɤůŰɧɠ ɢŮɘɟɘůɛɧɠ Űɤɜ ɛɞɜɎŭɤɜ ˊɟɞůŰŬůɑŬɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ůűɎɚɛŬŰɞɠ 

ůŰɞ ŭɑəŰɡɞ. ɀɖ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɧˊɞɡ ŭŮɜ ŮűŬɟɛɧɕŮŰŬɘ Űɞ ˊɟɧŰɡˊɞ ŮɑɜŬɘ : ŬəɟŬɑŮɠ əŬɘɟɘəɏɠ 

ůɡɜɗɐəŮɠ əŬɘ űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ, ŬɜɎɛŮɘɝɖ ŰɟɑŰɤɜ ˊŬɟŬɔɧɜŰɤɜ, ŮɜɏɟɔŮɘŮɠ Ŭˊɧ ŭɖɛɧůɘŮɠ 

Ŭɟɢɏɠ, ɏɚɚŮɘɣɖ ŮɜɏɟɔŮɘŬɠ ɚɧɔɤ ŮɝɤŰŮɟɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ. 

 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ŭɨɞ ˊɑɜŬəŮɠ ˊɞɡ ůɡɜɞɣɑɕɞɡɜ ŰŬ ɧɟɘŬ Űɖɠ ŰɎůɖɠ ˊɞɡ ɞűŮɑɚŮɘ ɜŬ 

ˊŬɟɏɢŮɘ Űɞ ŭɑəŰɡɞ ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ, ůɨɛűɤɜŬ ɛŮ Űɞ EN 50160. 

 
 

ʃʾ˄ʰˁʰˌ 1: Specifications (a) 

ɉŬɟŬəŰɖɟɘůŰɘəɎ 

Űɖɠ ˊŬɟŮɢɧɛŮɜɖɠ 

ŰɎůɖɠ 

ȳɟɘŬ ɄŬɟɎɛŮŰɟɞɘ ɛŮŰɟɐůŮɤɜ 

  

ɉŬɛɖɚɐ 

ŰɎůɖ 

ɀɏůɖ ŰɎůɖ ȸŬůɘəɐ 

ˊɞůɧŰɖŰŬ 

ɀɏůɞ 

ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ 

ȹɘɎɟəŮɘŬ 

ˊŬɟŬŰɐɟɖůɖɠ 

ůɡɢɜɧŰɖŰŬ 

(ůɨɜŭŮůɖɠ ůŰɞ 

ŭɑəŰɡɞ) 

50Hz ±1% (49.5-50.5 Hz) 

50Hz +4%/-6% (47-52 Hz) 

 
ɛɏůɖ Űɘɛɐ 

 
10 s 

 
1 ŮɓŭɞɛɎŭŬ 

ůɡɢɜɧŰɖŰŬ 

(ŬˊɞɛɞɜɤɛɏɜŬ 

ůɡůŰɐɛŬŰŬ) 

50Hz ±2% (49-51 Hz) 

50Hz ±15% (42.5-57.5 Hz) 

 
ɛɏůɖ Űɘɛɐ 

 
10 s 

 
1 ŮɓŭɞɛɎŭŬ 

ɛŮŰŬɓɞɚɏɠ ŰɎůɖɠ UN ±10% Uc ±10% RMS 10 min 1 ŮɓŭɞɛɎŭŬ 

ɔɟɐɔɞɟŮɠ 

ɛŮŰŬɓɞɚɏɠ ŰɎůɖɠ 
<5% UN <4% UC RMS 

 
1 ɖɛɏɟŬ 

flicker  Plt Ò 1   1 ŮɓŭɞɛɎŭŬ 
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ɓɡɗɑůŮɘɠ (10ms- ŮɜŭŮɘəŰɘəɎ: 10-1000  RMS,  1 ɢɟɧɜɞɠ 
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ʃʾ˄ʰˁʰˌ 2: Specifications (b) 

1min, URMS<90% 

UN) 

ɢɟɧɜɞ, ɓɎɗɞɠ <60% ŭɘɎɟəŮɘŬ   

ɛɘəɟɏɠ ŭɘŬəɞˊɏɠ 

(<3min, URMS<1% 

UN) 

ŮɜŭŮɘəŰɘəɎ: 10-əɎˊɞɘŮɠ 

ŮəŬŰɞɜŰɎŭŮɠ Űɞ ɢɟɧɜɞ, Űɞ 

70% ɜŬ ŭɘŬɟəŮɑ <1s 

RMS, 

ŭɘɎɟəŮɘŬ 

  
1 ɢɟɧɜɞɠ 

ɛŮɔɎɚŮɠ 

ŭɘŬəɞˊɏɠ(>3min, 

URMS<1% UN) 

 
ŮɜŭŮɘəŰɘəɎ: 10-50 Űɞ ɢɟɧɜɞ 

RMS, 

ŭɘɎɟəŮɘŬ 

  
1 ɢɟɧɜɞɠ 

ˊɟɞůɤɟɘɜɏɠ 

ɡˊŮɟŰɎůŮɘɠ 

 

<1.5kV 

<1.7 ɐ <2kV 

(ŬɜɎɚɞɔŬ Űɖ 

ůɨɜŭŮůɖ 

ɞɡŭŮŰɏɟɞɡ) 

 

RMS 

  

ɛŮŰŬɓŬŰɘəɏɠ 

ɡˊŮɟŰɎůŮɘɠ 

<6kV, 

ŭɘɎɟəŮɘŬ<1ɛ 

s ɏɤɠ ms 

  
peak 

  

ŬůɡɛɛŮŰɟɑŬ ŬɜŬɚɞɔɑŬ ŬɟɜɖŰɘəɐɠ/ɗŮŰɘəɐɠ 

ůɡɜɘůŰɩůŬɠ<2% 

RMS ŬɜɎ 

10 min 

 
1 ŮɓŭɞɛɎŭŬ 

Ŭɟɛɞɜɘəɐ 

ˊŬɟŬɛɧɟűɤůɖ 

THD (ɤɠ 40
ɖ 
Ŭɟɛɞɜɘəɐ) 

< 8% 
RMS 10 min 1 ŮɓŭɞɛɎŭŬ 

ŮɜŭɘɎɛŮůŮɠ 

Ŭɟɛɞɜɘəɏɠ 
ȹŮɜ ɡˊɎɟɢɞɡɜ ŭɘŮɡəɟɘɜɑůŮɘɠ ˊɟɞɠ Űɞ ˊŬɟɧɜ 

 

 
ʃʾ˄ʰˁʰˌ 3: Specifications (c) 

ȺˊɑˊŮŭŬ ůɡɛɓŬŰɧŰɖŰŬɠ (compatibility  levels) Űɤɜ Ŭɟɛɞɜɘəɩɜ Űɖɠ ŰɎůɖɠ ŭɘəŰɨɤɜ ɉɇ əŬɘ ɀɇ 

(IEC 61000-3-6) 

ɄŮɟɘŰŰɏɠ Ŭɟɛɞɜɘəɏɠ 3̧k ɄŮɟɘŰŰɏɠ Ŭɟɛɞɜɘəɏɠ = 3k ȯɟŰɘŮɠ Ŭɟɛɞɜɘəɏɠ 

5 6 3 5 2 2 

7 5 9 1,5 4 1 

11 3,5 15 0,5 6...24 0,5 

13 3 21 0,5   

17 2     

19 1,5     

23 1,5     

25 1,5     

Ƀɚɘəɐ Ŭɟɛɞɜɘəɐ ˊŬɟŬɛɧɟűɤůɖ, THD: 8 % 

 

 

ǐ IEEE 519-1992 

ɆɡɜɘůŰɩɛŮɜŮɠ ˊɟŬəŰɘəɏɠ əŬɘ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ Ŭɟɛɞɜɘəɩɜ ůŰŬ ɖɚŮəŰɟɘəɎ 

ůɡůŰɐɛŬŰŬ. Ƀ ɞŭɖɔɧɠ ŬɡŰɧɠ ɓɟɑůəŮɘ ŮűŬɟɛɞɔɐ ůŮ ɧɚɞɡɠ Űɞɡɠ Űɨˊɞɡɠ ɛŮŰŬŰɟɞˊɏɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ əŬɘ Űɞ Ůɛˊɧɟɘɞ. ȷɜŬűɏɟŮŰŬɘ ůŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ 
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ɛŮ Űɞɜ ɏɚŮɔɢɞ Ŭɟɛɞɜɘəɩɜ əŬɘ Űɖɜ ɎŮɟɔɞ ŬɜŰɘůŰɎɗɛɘůɖ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ. ŪɏŰŮɘ ɧɟɘŬ ɔɘŬ 

ŭɘŬŰŬɟŬɢɏɠ ůŰɞ ŮɜŬɚɚŬůůɧɛŮɜɞ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ ˊɞɡ Ůˊɘŭɟɞɨɜ əŬɘ ůŮ Ɏɚɚɞ Ůɝɞˊɚɘůɛɧ. 

 

 IEEE P1564 ש

ɄɟɞŰŮɑɜŮɘ ɛŮɗɧŭɞɡɠ ɡˊɞɚɞɔɘůɛɞɨ ŭɘŬűɧɟɤɜ ɢɟɐůɘɛɤɜ ŭŮɘəŰɩɜ ɔɘŬ Űɖ ɓɨɗɘůɖ ŰɎůɖɠ. 

 

 

ǐ IEEE  1366-2003 

Ƀ ɞŭɖɔɧɠ ˊɟɞůŭɘɞɟɑɕŮɘ əɎˊɞɘɞɡɠ ŭŮɑəŰŮɠ əŬɘ ˊŬɟɎɔɞɜŰŮɠ ŬɝɘɞˊɘůŰɑŬɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ŮűŬɟɛɞůŰɞɨɜ ůŮ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ, ɡˊɞůŰŬɗɛɞɨɠ əŬɘ əɡəɚɩɛŬŰŬ. 

 

 

 

ɄɟɧŰɡˊŬ ˊɞɘɧŰɖŰŬɠ ɟŮɨɛŬŰɞɠ 

 

 

ȼ ŮɝŬɔɤɔɐ ɞɟɑɤɜ Ŭɟɛɞɜɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɟɞɦˊɞɗɏŰŮɘ ɔŮɜɘəɎ Űɖ ɔɜɩůɖ Űɖɠ 

Ŭɟɛɞɜɘəɐɠ ůɨɜɗŮŰɖɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ ŭɘəŰɨɞɡ, Zh. ȼ ŭɘŬŭɘəŬůɑŬ ŮəŰɑɛɖůɖɠ Űɖɠ Zh ŮɑɜŬɘ ɔŮɜɘəɎ 

Ůˊɑˊɞɜɖ əŬɘ ŭɘəŬɘɞɚɞɔŮɑŰŬɘ ɛɧɜɞ ɔɘŬ ɛŮɔɎɚŮɠ ůɢŮŰɘəɎ ŮɔəŬŰŬůŰɎůŮɘɠ ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ŭɘəŰɨɤɜ ɉɇ, ɚɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ˊɚɐɗɞɡɠ əŬɘ ɛɘəɟɞɨ əŬŰɎ əŬɜɧɜŬ ɛŮɔɏɗɞɡɠ Űɤɜ ůɡůəŮɡɩɜ ˊɞɡ 

ůɡɜŭɏɞɜŰŬɘ ůŮ ŬɡŰɎ, ŭŮɜ ŮɑɜŬɘ ŮűɘəŰɐ ɖ Ůɘŭɘəɐ əŬŰɎ ˊŮɟɑˊŰɤůɖ ŮɝɏŰŬůɖ Űɖɠ ˊɟɞəŬɚɞɨɛŮɜɖɠ 

ˊŬɟŬɛɧɟűɤůɖɠ Űɖɠ ŰɎůɖɠ. ȷɜŰɑɗŮŰŬ, ɔɘŬ ɚɧɔɞɡɠ ŮɡɢɏɟŮɘŬɠ ŮɝɏŰŬůɖɠ ɞɘ ůɢŮŰɘəɞɑ əŬɜɞɜɘůɛɞɑ IEC 

ɏɢɞɡɜ ɗŮůˊɑůŮɘ ɧɟɘŬ ɔɘŬ Űɞɜ Ŭˊô ŮɡɗŮɑŬɠ ɏɚŮɔɢɞ Űɖɠ Ŭɟɛɞɜɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ ɟŮɨɛŬŰɞɠ 

Ůɝɧŭɞɡ Űɞɡɠ (ŰŬ ɞˊɞɑŬ ˊɟɞəɨˊŰɞɡɜ ɗŮɤɟɩɜŰŬɠ ɏɜŬ çˊɟɧŰɡˊɞè ŭɑəŰɡɞ ɉɇ əŬɘ ɘůɢɨɞɡɜ ɔɘŬ 

ŭɘŬŰɎɝŮɘɠ ɛɘəɟɐɠ ɛɧɜɞ ɘůɢɨɞɠ). Ⱥɘŭɘəɐ ŬɜɎ ˊŮɟɑˊŰɤůɖ ŮɝɏŰŬůɖ Űɤɜ ŮˊɘˊŰɩůŮɤɜ ůŰɖɜ Ŭɟɛɞɜɘəɐ 

ˊŬɟŬɛɧɟűɤůɖ Űɖɠ ŰɎůɖɠ ˊɟɞɓɚɏˊŮŰŬɘ Ŭˊɧ Űɞɡɠ əŬɜɞɜɘůɛɞɨɠ ɔɘŬ ɛŮɔɎɚŮɠ ůɢŮŰɘəɎ ůɡůəŮɡɏɠ əŬɘ 

ŭɘŬŰɎɝŮɘɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ˊɟɧŰɡˊŬ ɞɟɑɤɜ Űɤɜ Ůəˊɞɛˊɩɜ Ŭɟɛɞɜɘəɩɜ ɟŮɨɛŬŰɞɠ 

ɔɘŬ ŮɔəŬŰŬůŰɎůŮɘɠ ˊŬɟŬɔɤɔɐɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰŬ ŭɑəŰɡŬ ɉɇ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɧɠ Űɞɡɠ. 

 

ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ˊɟɧŰɡˊŬ ˊɞɡ ˊɟɞůŭɘɞɟɑɕɞɡɜ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɟŮɨɛŬŰɞɠ 

ůɡůəŮɡɩɜ ůɡɜŭŮŭŮɛɏɜɤɜ ůŰɖ ɢŬɛɖɚɐ ŰɎůɖ ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ : 
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ǐ ȺɁ 61000-3-2:2000 (IEC 61000-3-2:2000 ) 

ȳɟɘŬ ɔɘŬ Ŭɟɛɞɜɘəɏɠ Ůəˊɞɛˊɏɠ Űɞɡ ɟŮɨɛŬŰɞɠ (ŮűŬɟɛɧɕŮŰŬɘ ůŮ Ůɝɞˊɚɘůɛɧ ɛŮ ɞɜɞɛŬůŰɘəɧ 

ɟŮɨɛŬ ɏɤɠ 16 ȷ ŬɜɎ űɎůɖ) 

ɇɞ ˊɟɧŰɡˊɞ əŬŰŬŰɎůůŮɘ Űɘɠ ůɡůəŮɡɏɠ ůŮ 4 ȾɚɎůŮɘɠ: ȼ ȾɚɎůɖ ȷ ŮɑɜŬɘ ɔŮɜɘəɐɠ ŮűŬɟɛɞɔɐɠ əŬɘ 

ŬűɞɟɎ ɧɚŮɠ Űɘɠ ůɡůəŮɡɏɠ, ŮəŰɧɠ ŮəŮɑɜɤɜ ˊɞɡ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɘɠ ɎɚɚŮɠ əɚɎůŮɘɠ. ȼ ȾɚɎůɖ ȸ 

ŬűɞɟɎ ŰŬ űɞɟɖŰɎ ŮɟɔŬɚŮɑŬ, ɖ ȾɚɎůɖ ũ Űɘɠ ůɡůəŮɡɏɠ űɤŰɘůɛɞɨ əŬɘ ɖ ȾɚɎůɖ ȹ Űɘɠ ůɡůəŮɡɏɠ Űɤɜ 

ɞˊɞɑɤɜ ɖ ɏɜŰŬůɖ ɛŮŰŬɓɎɚɚŮŰŬɘ ɓɖɛŬŰɘəɎ, ɛŮ ɞɟɘůɛɏɜɖ ɛɞɟűɐ ˊɞɨ əŬɗɞɟɑɕŮŰŬɘ ůŰɞ ɄɟɧŰɡˊɞ. ɇŬ 

ɧɟɘŬ Űɖɠ ȾɚɎůŮɤɠ ȷ ŮɑɜŬɘ ŰŬ ŬɡůŰɖɟɧŰŮɟŬ əŬɘ Ŭűɞɟɞɨɜ əɡɟɑɤɠ Űɘɠ ŭɘŬŰɎɝŮɘɠ ɖɚŮəŰɟɞɜɘəɩɜ 

ɘůɢɨɞɠ, ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ɔɑɜŮŰŬɘ ɖ ůɨɜŭŮůɖ Űɤɜ ůɡůəŮɡɩɜ ɛŮ Űɞ ŭɑəŰɡɞ. Ƀɘ ŬˊŬɘŰɐůŮɘɠ ŬɡŰɏɠ 

ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3, ɞ ɞˊɞɑɞɠ ŭɑɜŮɘ Űɘɠ ɛɏɔɘůŰŮɠ ŮˊɘŰɟŮˊɧɛŮɜŮɠ Űɘɛɏɠ Űɤɜ Ŭɟɛɞɜɘəɩɜ Űɞɡ 

ɟŮɨɛŬŰɞɠ Ůɝɧŭɞɡ. 

 

 

 
 

ʃʾ˄ʰˁʰˌ 4: Specifications (d) 

ȳɟɘŬ Ŭɟɛɞɜɘəɩɜ ůɡɜɘůŰɤůɩɜ Űɞɡ ɟŮɨɛŬŰɞɠ Ůɝɧŭɞɡ ɔɘŬ Ůɝɞˊɚɘůɛɧ  ɉɇ ɛŮ 

ɞɜɞɛŬůŰɘəɧ ɟŮɨɛŬ  16 ȷ/űɎůɖ 

ɄŮɟɘŰŰɏɠ Ŭɟɛɞɜɘəɏɠ ȯɟŰɘŮɠ Ŭɟɛɞɜɘəɏɠ 

ɇɎɝɖ ɀɏɔɘůŰɖ ŮˊɘŰɟŮɧ́ɛŮɜɖ 

ɏɜŰŬůɖ (ȷ) 

ɇɎɝɖ 

h 

ɀɏɔɘůŰɖ ŮˊɘŰɟŮɧ́ɛŮɜɖ 

ɏɜŰŬůɖ (ȷ)  h 

3 

5 

7 

9 

11 

13 

15 h 3 

2.30 

1.14 

0.77 

0.40 

0.33 

0.21 

(0.15*15)/h 
 

 

 

 

 

 

 

 

 
 

 

 

2 

4 

6 

8 h 40 

1.08 

0.43 

0.30 
 

(0.23*8)/h 

 

 

 

 

 

ǐ ȺɁ 61000-3-3:1995/ȷ1:2001 (IEC 61000-3-3:1994/ ȷ1:2001) 

ȳɟɘŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ Űɖɠ ŰɎůɖɠ əŬɘ Űɞɡ flicker ůŰɖ ɢŬɛɖɚɐ ŰɎůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ŭɘŬɜɞɛɐɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Ůɝɞˊɚɘůɛɧ ɛŮ ɞɜɞɛŬůŰɘəɧ ɟŮɨɛŬ ɏɤɠ 16 ȷ ŬɜɎ 

űɎůɖ. 
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ǐ ȺɁ 61000-3-11:2000 (IEC 61000-3-11:2000 ) 

ȳɟɘŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ Űɖɠ ŰɎůɖɠ əŬɘ Űɞɡ flicker ůŰɖ ɢŬɛɖɚɐ ŰɎůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ŭɘŬɜɞɛɐɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Ůɝɞˊɚɘůɛɧ ɛŮ ɞɜɞɛŬůŰɘəɧ ɟŮɨɛŬ ɏɤɠ 75 ȷ ŬɜɎ 

űɎůɖ. 

 

 

 

ǐ IEC/TS 61000-3-4 (1998-10 ) 

ȳɟɘŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ Űɤɜ Ŭɟɛɞɜɘəɩɜ Űɞɡ ɟŮɨɛŬŰɞɠ ůŰɖ ɢŬɛɖɚɐ ŰɎůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŭɘŬɜɞɛɐɠ 

ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Ůɝɞˊɚɘůɛɧ ɛŮ ɞɜɞɛŬůŰɘəɧ ɟŮɨɛŬ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 16 ȷ. 

 

Ƀ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬɠ ɔɘŬ ůɨɜŭŮůɖ ŮɔəŬŰŬůŰɎůŮɤɜ ˊŬɟŬɔɤɔɐɠ ůŮ ůɖɛŮɑŬ Űɞɡ ŭɘəŰɨɞɡ 

ŮűŬɟɛɧɕŮŰŬɘ ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ɞ ɚɧɔɞɠ ɓɟŬɢɡəɨəɚɤůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ ɐ ɑůɞɠ Űɞɡ 33  

(Rk  33). ȷɜ ɖ ˊɟɞɦˊɧɗŮůɖ ŬɡŰɐ ŭŮɜ ŰɖɟŮɑŰŬɘ ŭɑɜɞɜŰŬɘ Ɏɚɚɞɘ ˊɑɜŬəŮɠ. 

 

 

 
 

ʃʾ˄ʰˁʰˌ 5: Specifications (e) 

ȳɟɘŬ Ŭɟɛɞɜɘəɩɜ ůɡɜɘůŰɤůɩɜ Űɞɡ ɟŮɨɛŬŰɞɠ Ůɝɧŭɞɡ ɔɘŬ Ůɝɞˊɚɘůɛɧ ɉɇ ɛŮ 

ɞɜɞɛŬůŰɘəɧ ɟŮɨɛŬ ɛŮŰŬɝɨ 16 əŬɘ 75 ȷ ŬɜɎ űɎůɖ. 

ɇɎɝɖ 

h 

ɀɏɔɘůŰɖ ŮˊɘŰɟŮˊɧɛŮɜɖ 

ɏɜŰŬůɖ 

I h/I 1n % 

ɇɎɝɖ 

h 

ɀɏɔɘůŰɖ ŮˊɘŰɟŮˊɧɛŮɜɖ ɏɜŰŬůɖ 

I h/I 1n % 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21.6 

10.7 

7.2 

3.8 

3.1 

2 

0.7 

1.2 

1.1 

21 

23 

25 

27 

29 

31 

Ó 33 

 Ò 0.6 

0.9 

0.8 

Ò 0.6 

0.7 

0.7 

Ò 0.6 

ȯɟŰɘŮɠ Ò 8/h ɐ Ò 0.6 

Ƚ1:  ŪŮɛŮɚɘɩŭɖɠ ůɡɜɘůŰɩůŬ ɞɜɞɛŬůŰɘəɞɨ ɟŮɨɛŬŰɞɠ 

Ih:  ȷɟɛɞɜɘəɐ ůɡɜɘůŰɩůŬ ŰɎɝɖɠ h Űɞɡ ɟŮɨɛŬŰɞɠ 
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ũɘŬ Ůɝɞˊɚɘůɛɧ ˊɞɡ ůɡɜŭɏŮŰŬɘ ůŰɖ ɢŬɛɖɚɐ ŰɎůɖ əŬɘ ɏɢŮɘ ɞɜɞɛŬůŰɘəɧ ɟŮɨɛŬ Ɏɜɤ Űɤɜ 75 ȷ ŬɜɎ 

űɎůɖ , ɘůɢɨɞɡɜ ŰŬ əɎŰɤɗɘ ɧɟɘŬ Ŭɟɛɞɜɘəɩɜ Ůəˊɞɛˊɩɜ: 

 
 

ʃʾ˄ʰˁʰˌ 6: Specifications (f) 

ȷɜɖɔɛɏɜŬ ɧɟɘŬ Ŭɟɛɞɜɘəɩɜ Űɞɡ ɟŮɨɛŬŰɞɠ ŬɜɎ MVA  ɘůɢɨɞɠ 

ɓɟŬɢɡəɨəɚɤůɖɠ Űɞɡ ŭɘəŰɨɞɡ, ɔɘŬ Ůɝɞˊɚɘůɛɧ ɉɇ 

ɞɜɞɛŬůŰɘəɞɨ ɟŮɨɛŬŰɞɠ Ɏɜɤ Űɤɜ 75 ȷ ŬɜɎ űɎůɖ 

ɇɎɝɖ h ȳɟɘɞ Ŭɟɛɞɜɘəɩɜ Űɞɡ ɟŮɨɛŬŰɞɠ, Lh (ȷ/MVA ) 

5 

7 

11 

13 

17 

19 

23 

25 

2.6 

1.6 

1.0 

0.7 

0.4 

0.25 

0.2 

0.18 

h ɎɟŰɘɞɠ ɐ 
1/h 

h = 3k ɐ h >25 

 

 

 

ǐ IEC/TR2 61000-3-5-Ed.1.0 

IEC/TR3 61000-3-6 (1996) 

ȾɎɜŮɘ ŬˊɞŰɑɛɖůɖ Űɤɜ ɞɟɑɤɜ ɔɘŬ űɞɟŰɑŬ ˊɞɡ ŮˊɘɓŬɟɨɜɞɡɜ ɛŮ ŭɘŬŰŬɟŬɢɏɠ Űɞ ŭɑəŰɡɞ ůŰɖ ɛɏůɖ 

əŬɘ ɢŬɛɖɚɐ ŰɎůɖ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ɖ ůɡɔəŬŰɎɗŮůɖ Űɤɜ Ŭɟɛɧŭɘɤɜ Ŭɟɢɩɜ ɔɘŬ ɜŬ ůɡɜŭŮɗɞɨɜ ůŮ 

ŬɡŰɧ. 

 

ǐ prEN 50373:2003 

ȷɜŮɛɞɔŮɜɜɐŰɟɘŮɠ ï ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ůɡɛɓŬŰɧŰɖŰŬ 
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ȾŮűɎɚŬɘɞ 5ɞ ɄŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ŮɟɔŬůŰɖɟɑɞɡ 

 

ɆŰɞɘɢŮɑŬ ɔŮɜɘəɐɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ  
ɆŰɞ ˊɚŬɑůɘɞ Űɞɡ project MARINELIVE, ŬɜŬˊŰɨɢɗɖəŮ ůŰɖɜ ůɢɞɚɐ ɁŬɡˊɖɔɩɜ ɀɖɢŬɜɞɚɧɔɤɜ 

ɀɖɢŬɜɘəɩɜ Űɞɡ ȺɀɄ ɏɜŬɠ ŮɝɞɛɞɘɤŰɐɠ ɖɚŮəŰɟɘəɞɨ ŭɘəŰɨɞɡ ˊɚɞɑɞɡ (grid emulator). ȼ ůɢŮŭɑŬůɖ 

əŬɘ ɡɚɞˊɞɑɖůɖ Űɞɡ emulator ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ůɡɜŮɟɔŬůɑŬ Űɞɡ ȺɀɄ ɛŮ Űɖɜ ŮŰŬɘɟŮɑŬ ȭȭ 

Protasis SAȭȭ, ɖ ɞˊɞɑŬ ŮˊɏɓɚŮɣŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ ɛɏɢɟɘ əŬɘ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ 

emulator. Ⱥˊɑ Űɖɠ ɞɡůɑŬɠ, ŬˊɞŰŮɚŮɑ ɏɜŬ AC ŰɟɘűŬůɘəɧ ůɨůŰɖɛŬ Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰɛɐɛŬŰŬ 

ˊŬɟŬɔɤɔɐɠ (Generation), ŭɘŬŰŬɟŬɢɩɜ (Distribution), əŬŰŬɜɎɚɤůɖɠ (Consumption), ˊɟɞůŰŬůɘɩɜ 

(Protection), ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɏɜŬ ɡˊɞůɨůŰɖɛŬ ŮˊɞˊŰŮɑŬɠ əŬɘ ŮˊɑɓɚŮɣɖɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

(Supervising Monitoring-Control sub-system). ɀɘŬ Ŭˊɚɞˊɞɘɖɛɏɜɖ ɛɞɜɞɔɟŬɛɛɘəɐ ŬˊŮɘəɧɜɘůɖ 

Űɞɡ emulator űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ, ůŰɖɜ ɞˊɞɑŬ ɞɘ ŭɘŬəŮəɞɛɛɏɜŮɠ ɔɟŬɛɛɏɠ ɡˊɞŭŮɘəɜɨɞɡɜ 

ɛŮɚɚɞɜŰɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ ůŰɞ ŭɑəŰɡɞ. 

 

RL LOAD

FUEL CELL

BUS1 BUS2

SG2

SG3

IM2

IM3

AC/DC/AC

AC/DC/AC

AC/DC/AC

GRID

SG1IM1

IM4IM5

AC/DC/AC SAG

GEN

AC/DC/AC

AC/DC/AC

Switch for 

fault 

simulation

 

ɳʽˁˈ˄ʰ 24: Experimental Setup 
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ɇɞ ɡˊɞůɨůŰɖɛŬ ˊŬɟŬɔɤɔɐɠ ɘůɢɨɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɑɠ ůɨɔɢɟɞɜŮɠ ɔŮɜɜɐŰɟɘŮɠ, ŭɨɞ Ŭˊɧ Űɘɠ 

ɞˊɞɑŮɠ ɏɢɞɡɜ ˊɟɞŭɘŬɔɟŬűɏɠ  5.9 kVA/400V/50Hz/pf=0.8 əŬɘ ɛɑŬ Űɤɜ 5 kVA/400V/50Hz/pf=0.8. 

ȼ ŮɔəŬŰɎůŰŬůɖ ɛɘŬɠ əɡɣɏɚɖɠ əŬɡůɑɛɤɜ (NEXA K00-792 complete model with incorporated 

DC load and monitoring system) ŮɑɜŬɘ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɖ ɔɘŬ Űɞ Ůɔɔɨɠ ɛɏɚɚɞɜ. ȿŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ ɧŰɘ ɞɘ ɔŮɜɜɐŰɟɘŮɠ ɓɟɑůəɞɜŰŬɘ ůŰɖ ɢŬɛɖɚɐ ŰɎůɖ (400 V), ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɖ ɨˊŬɟɝɖ 

ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ ɗŮɤɟŮɑŰŬɘ ˊŮɟɘŰŰɐ.  

ȺˊŬɔɤɔɘəɞɑ əɘɜɖŰɐɟŮɠ , ɞɘ ɞˊɞɑɞɘ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ Űɞ Űɞˊɘəɧ ŭɑəŰɡɞ ɛɏůɤ AC/DC/AC 

converters, ɏɢɞɡɜ Űɞ ɟɧɚɞ Űɞɡ ȭȭɞŭɖɔɞɨȭȭ ɔɘŬ əɎɗŮ ɛɘŬ ɔŮɜɜɐŰɟɘŬ. ȼ ŰɎůɖ Ůɝɧŭɞɡ Űɤɜ 

ɔŮɜɜɖŰɟɘɩɜ ɟɡɗɛɑɕŮŰŬɘ ɛɏůɤ Űɤɜ AVRôs (Automatic Voltage Regulators,Űɞɡ ɞɑəɞɡ BASLER). 

ɇŬ űɞɟŰɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ˊŬɗɖŰɘəɧ RL űɞɟŰɑɞ əŬɘ ɏɜŬɜ ŰɟɘűŬůɘəɧ 

ŮˊŬɔɤɔɘəɧ əɘɜɖŰɐɟŬ. ɋɠ ůɨɜɞɚɞ, ɞ əɘɜɖŰɐɟŬɠ ɛŬɕɑ ɛŮ Űɞɡɠ AC/DC/AC converters ɛˊɞɟɞɨɜ ɜŬ 

ˊɟɞůɞɛɞɘɩůɞɡɜ ŭɘɎűɞɟŬ ɛɖɢŬɜɘəɎ ɛŮŰŬɓɚɖŰɎ űɞɟŰɑŬ ˊ.ɢ. ˊɟɞˊɏɚŮɠ. 

ɇɞ ɡˊɞůɨůŰɖɛŬ ŭɘŬŰŬɟŬɢɩɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ sag generator (Power Quality event generator) ɖ 

ɞˊɞɑŬ ŬˊɞəŰɐɗɖəŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ  PSL(Power Standards Laboratory - USA). ȺɑɜŬɘ ɏɜŬ 

ɛɞɜŰɏɚɞ IPC-480V/200A Űɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ Ůɜ ůŮɘɟɎ ɛŮ Űɞ ŭɑəŰɡɞ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ˊɟɞɔɟŬɛɛŬŰɑɕŮŰŬɘ/ˊɟɞəŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ŬɜŰɑůŰɞɘɢɞ ɚɞɔɘůɛɘəɧ ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ɟɡɗɛɑɕɞɜŰŬɘ,  

ˊɡɟɞŭɞŰɞɨɜŰŬɘ əŬɘ əŬŰŬɔɟɎűɞɜŰŬɘ ŰŬ ůɡɛɓɎɜŰŬ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ. 

 

ɆɡɔəŮɜŰɟɤŰɘəɎ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ emulator ˊŬɟŬɗɏŰɞɜŰŬɘ ůŰɞɜ Ůɝɐɠ ˊɑɜŬəŬ: 

 

ʃʾ˄ʰˁʰˌ 7: Experimental Specifications 

Generator sets 2 sets of 3-phase 400V/50 Hz/5.9 kW/pf=0.8 ind. 

(Manufacturer Focquet/Belgium, type  FB4SA) 

1 set of 3-phase 400V/50 Hz/5.0 kW/pf=0.8 ind. 

(Manufacturer GENCO /UK, type: RF201A) 

Associated Automatic Voltage regulators: AVRs (Manufacturer 

BASLER/USA-France: DECS-100) 

Motor load: AC induction Motor + Brake: 3kW  

(Manufacturer Focquet/Belgium, type  MF3A4) 

Power electronic converter for braking: Siemens G120/5.5 

kW/400V/50 Ha/ 4 quadrant)  

R-L Passive Load Three-phase, 400 V/50 Hz/4.8 kW+2 kVAr scalable in 3 steps  
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(Customized design commissioned by RITA transformers) 

Power Quality 

Event Generator 

IPC-480 V/200A (manufacturer Power Standards Laboratory-PSL 

(USA) 

Protection Scheme 

ï Main components 

SEL-700G generator protection  

SEL-751 A feeder protection  

SEL-710 Motor protection 

SEL-487B Bus differential relays 

SEL-2407 GPS Clock 

Manufacturer: SEL/USA 

Fuel Cell Unit NEXA K00-792 complete model with incorporated DC load and 

monitoring system  

Manufacturer : ñHeliocentris Energie Systeme GmbHò ï Germany 

 

Ⱥɜɩ ɞˊŰɘəɎ ɏɢɞɡɜ ɤɠ Ůɝɐɠ: 

 

ɳʽˁˈ˄ʰ 25: Electric Machinery 
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ɳʽˁˈ˄ʰ 26: Network & Protection 

 

 

ɳʽˁˈ˄ʰ 27: Control Panel Unit 
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ȹɘŬɢŮɑɟɘůɖ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ, ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ EPMACS 
 

ɀŮ ůəɞˊɧ Űɞɜ ɏɚŮɔɢɞ əŬɘ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ emulator, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ůɨůŰɖɛŬ 

Electric Power Management And Control System (EPMACS), Űɞ ɞˊɞɑɞ ŭɟŬ ůŮ ɎɛŮůɖ 

ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞ ůɨůŰɖɛŬ ˊɟɞůŰŬůɑŬɠ. ɇɞ ůɨůŰɖɛŬ ˊɟɞůŰŬůɑŬɠ Űɞ ɞˊɞɑɞ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ 

ŮŰŬɘɟŮɑŬ SEL ŮɛˊŮɟɘɏɢŮɘ ˊɚɐɗɞɠ Ŭˊɧ ɟŮɚɏ ˊɟɞůŰŬůɑŬɠ (protection relays) əŬɘ ɕɡɔɧ ŭɘŬűɞɟɘəɐɠ 

ˊɟɞůŰŬůɑŬɠ. ɀɏɟɞɠ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ Űɤɜ ɣɖűɘŬəɩɜ ɟŮɚɏ ˊɟɞůŰŬůɑŬɠ ŮɑɜŬɘ əŬɘ ɖ ŰɖɚŮɛɏŰɟɖůɖ 

ɛŮɔŮɗɩɜ. 

ȳˊɤɠ ɡˊŬɔɞɟŮɨŮɘ Űɞ ˊɟɧŰɡˊɞ IEC-61580 , ɧɚŮɠ ɞɘ ŭɡɜŬŰɏɠ ɛŮŰɟɐůŮɘɠ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ Ŭˊɧ Űɞ 

ůɨůŰɖɛŬ SCADA (Supervisory Control And Data Acquisition) ˊɞɡ ŭɘŬɗɏŰŮɘ ɞ emulator. ɇɞ 

ŭɑəŰɡɞ ŭŮŭɞɛɏɜɤɜ (data network), ůŰɞ ɞˊɞɑɞ Űɞ SCADA ŮˊɘŭɟɎ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɡɠ 

ɣɖűɘŬəɞɨɠ ɟŮɚɏ ˊɟɞůŰŬůɑŬɠ, Űɖɜ əŮɜŰɟɘəɐ ȭȭŰɟɎˊŮɕŬȭȭ ɢŮɘɟɘůɛɞɨ ETHSW (central Managed 

Ethernet Switch), ɏɜŬɜ ŬɡŰɧɛŬŰɞ ŮɚŮɔəŰɐ ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ RTAC (Real Time Automation 

Controller) əŬɘ Űɞ əŮɜŰɟɘəɧ ůɨůŰɖɛŬ ȼ/Ɉ.  

 

ɀɘŬ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

 

ɳʽˁˈ˄ʰ 28: Ethernet network 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬˊɎɜɤ ůɢɐɛŬ, ɧɚŬ ŰŬ relays ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɘ ŬəŰɘɜɘəɎ ɛŮ Űɞ ETHSW 

ɛɏůɤ Ůɜɧɠ ŮɜůɨɟɛŬŰɞɡ ŭɘəŰɨɞɡ(Ethernet network) Űɨˊɞɡ 100Mbps - UTP Cat6. Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ 

Űɞɡ ŭɘəŰɨɞɡ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ: 

¶ ɇɖɚŮɛɏŰɟɖůɖ əŬɘ ŰɖɚŮɢŮɘɟɘůɛɧɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɡɚɚɏɔɞɜŰŬɘ (IEC-61850.MMS 

protocol). 
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¶ ȷɜŰŬɚɚŬɔɐ ŭŮŭɞɛɏɜɤɜ ŬɜɎɛŮůŬ ůŰŬ relays ŬɚɚɎ əŬɘ ɛŮŰŬɝɨ Űɤɜ relays əŬɘ Űɞɡ RTAC 

(IEC61850.Goose protocol). 

¶ ȹɘŬɛɧɟűɤůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ŰŬ relays, ɨůŰŮɟŬ Ŭˊɧ Űɖɜ əŬŰŬɔɟŬűɐ 

əɎˊɞɘɞɡ ůɡɛɓɎɜŰɞɠ (TELNET & FTP protocol). 

ɆŰɞ ŭɑəŰɡɞ ŭŮŭɞɛɏɜɤɜ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ Ůˊɑůɖɠ ɏɜŬ GPS ɟɞɚɧɘ, Űɞ ɞˊɞɑɞ ŭɘŬɜɏɛŮɘ Űɞ ůɐɛŬ Űɞɡ 

ɢɟɧɜɞɡ ůŮ ɧɚŮɠ Űɘɠ ůɡůəŮɡɏɠ Űɞɡ ŭɘəŰɨɞɡ (IRIG-B00x protocol).  

ɀɏůɤ Űɞɡ interface HMI (Human-Machine Interface) Űɞɡ ůɡůŰɐɛŬŰɞɠ SCADA ˊŬɟɏɢɞɜŰŬɘ 

ɛŮŰŬɓɚɖŰɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ɧˊɤɠ: 

¶ Close/Trip circuit breakers  

¶ Close/Trip disconnectors  

¶ Automated commands 

¶ Increase/Decrease Step on Inverters (e.g. frequency control, active power sharing) 

 

ȼ Ŭɟɢɘəɐ ɏɜŭŮɘɝɖ Űɖɠ ɞɗɧɜɖɠ Űɞɡ HMI ŮɑɜŬɘ ɏɜŬ ɛɞɜɞɔɟŬɛɛɘəɧ ůɢɏŭɘɞ Űɞɡ ŭɘəŰɨɞɡ. ȺɑɜŬɘ ɛɘŬ 

ȭȭŭɡɜŬɛɘəɐȭȭ ŮɘəɧɜŬ ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ ˊɟɞůűɏɟŮɘ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ Űɖɠ ŮəɎůŰɞŰŮ 

əŬŰɎůŰŬůɖɠ Űɞɡ ŭɘəŰɨɞɡ. Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ɣɖűɘŬəɞɨɠ 

relays əŬɘ Űɘɠ ůɡůəŮɡɏɠ Ůɚɏɔɢɞɡ. 

ɀɘŬ ŬˊŮɘəɧɜɘůɖ Űɞɡ HMI ŮɑɜŬɘ ɖ Ůɝɐɠ : 
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ɳʽˁˈ˄ʰ 29: SCADA Interface 

ȹɘŬɗɏůɘɛŮɠ ɛŮŰɟɐůŮɘɠ Űɞɡ HMI ŮɑɜŬɘ : 

¶ Voltages/Currents 

¶ Active/Reactive Power (in or out a grid component)  

¶ Cosű  

¶ Energy 

¶ Event/Alarm list 

ȳɚŮɠ ɞɘ ɛŮŰɟɐůŮɘɠ ŬˊɞɗɖəŮɨɞɜŰŬɘ ŬɜɎ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Ůɜɧɠ ɚŮˊŰɞɨ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ Űɞɡ 

HMI əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŮɝɎɔɞɜŰŬɘ ŮɑŰŮ ɤɠ ŬɟɢŮɑŬ Űɨˊɞɡ CSV (Comma Separated Values) ŮɑŰŮ ůŮ 

əɎˊɞɘŬ Ɏɚɚɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ SQL ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ ɛɏůɤ əɎˊɞɘɞɡ Ɏɚɚɞɡ 

ɚɞɔɘůɛɘəɞɨ. 
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ȷɜɎɚɡůɖ sag generator 

 

ɳʽˁˈ˄ʰ 30: Sag Generator 

H sag generator ŬɜɐəŮɘ ůŰɖɜ ȭȭɞɘəɞɔɏɜŮɘŬȭȭ ůɡůəŮɡɩɜ Űɖɠ IPC (Industrial Power Corruptor). 

Ɇəɞˊɧɠ Űɖɠ ɨˊŬɟɝɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ ůɡůəŮɡɩɜ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ əŬəɐɠ ˊɞɘɧŰɖŰŬɠ ɖɚŮəŰɟɘəɐɠ 

ɘůɢɨɞɠ (ŭɘŬŰŬɟŬɢɩɜ). Ƀ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ˊŮɟɘɔɟɎűŮŰŬɘ ɤɠ Ůɝɐɠ. Ƚůɢɨɠ ɖ ɞˊɞɑŬ ˊɟɞɏɟɢŮŰŬɘ 

Ŭˊɧ ɛɘŬ ȭȭəŬɗŬɟɐȭȭ ˊɖɔɐ (ˊ.ɢ. Űɞˊɘəɧ ŭɑəŰɡɞ, ȹȺȼ) ŭɘŬɟɟɏŮɘ Űɖɜ sag generator ɖ ɞˊɞɑŬ 

ȭȭˊɟɞůɗɏŰŮɘȭȭ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɘůɢɨɠ ŭɘŬŰŬɟŬɢɏɠ (sags, swells, interruptions ə.Ŭ.). 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɘůɢɨ ˊɞɡ ɚŬɛɓɎɜɞɡɛŮ Ŭˊɧ Űɖɜ sag generator, ɏɢɞɡɛŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŰŮůŰɎɟɞɡɛŮ ɏɜŬɜ ɞˊɞɘɞɜŭɐˊɞŰŮ Ůɝɞˊɚɘůɛɧ ɤɠ ˊɟɞɠ Űɖɜ ŮɡůŰɎɗŮɘŬ Űɞɡ ŬɚɚɎ əŬɘ ɜŬ 

ŭɘŬˊɘůŰɩůɞɡɛŮ ŰŬ ɧɟɘŬ Ŭɜɞɢɐɠ Űɞɡ ůŰɘɠ ŭɘŬŰŬɟŬɢɏɠ. 

ɇɞ Ůɜ ɚɧɔɤ ɛɞɜŰɏɚɞ (IPC-480 V/200A) ˊŬɟɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɔɤɔɐɠ sags əŬɘ swells 

Ůɨɟɞɡ ŰɎůɖɠ Ŭˊɧ 0% ɏɤɠ 125% ɛŮ ŭɘɎɟəŮɘŬ Ŭˊɧ 1 cycle ɛɏɢɟɘ əŬɘ 30 sec.  

ɇɞ ˊɑůɤ ɛɏɟɞɠ Űɖɠ sag, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŬ, ůɡɜŭɏŮŰŬɘ ůŰɞ ŮəɎůŰɞŰŮ ŭɑəŰɡɞ 

ɛɏůɤ ŭɨɞ əŬɚɤŭɑɤɜ Űɨˊɞɡ #2AWG (34 mm2 ). ȰɜŬ ůɡɜŭɏŮŰŬɘ ůŰɖ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ ȭȭsourceȭȭ 

(ŬɟɘůŰŮɟɧ ŰɛɐɛŬ) Ůɜɩ Űɞ Ɏɚɚɞ ůɡɜŭɏŮŰŬɘ ůŰɖ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ ȭȭloadȭȭ (ŭŮɝɐ ŰɛɐɛŬ). ɀɏůɤ 

Űɤɜ ŭɨɞ ŬɡŰɩɜ Ůɝɧŭɤɜ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɧɚŮɠ ɞɘ ŭɡɜŬŰɏɠ ůɡɜŭŮůɛɞɚɞɔɑŮɠ Űɖɠ sag, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ 

ȭȭəɞɡŰɘɩɜȭȭ ŭɘŬůɨɜŭŮůɖɠ(junction boxes) ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɖ ɛɞɜɞűŬůɘəɐ ůɨɜŭŮůɖ(Single-phase) ɞ 

ŬůŰɏɟŬɠ (Three-Phase wye star) əŬɘ Űɞ Űɟɑɔɤɜɞ(Three-phase delta). 
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ɳʽˁˈ˄ʰ 31: Sag Generator Connection (a) 

 

ɳʽˁˈ˄ʰ 32: Sag Generator Connection (b) 
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ɳʽˁˈ˄ʰ 33: Sag Generator Connection (c) 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ůɡůəŮɡɐ ŮɑɜŬɘ ůɡɛɓŬŰɐ ɛŮ ŭɘɎűɞɟŬ ˊɟɧŰɡˊŬ ˊɞɡ Ŭűɞɟɞɨɜ ŰŮɢɜɘəɏɠ ɛŮŰɟɐůŮɤɜ 

ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ɧˊɤɠ əŬɘ ŬɝɘɞɚɞɔɐůŮɘɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɇɏŰɞɘŬ ŮɑɜŬɘ SEMI F47, SEMI E6, 

SEMI S23, IEC 61000-4-11, IEC 61000-4-34, SAMSUNG POWER VACCINE, FAA, MIL 

SPEC, CBEMA, ITIC ə.Ŭ. 
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ȾŮűɎɚŬɘɞ 6ɞ ɄŮɘɟŬɛŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ŭɘɎŰŬɝɖɠ 

 

ɄŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ əŬɘ ɛɏɗɞŭɞɠ ɛŮŰɟɐůŮɤɜ 
ɈˊɎɟɢŮɘ ɛŮɔɎɚɞ Ůɨɟɞɠ ˊɟɞŰɨˊɤɜ ˊɞɡ ɡˊŬɔɞɟŮɨɞɡɜ ɛŮɗɧŭɞɡɠ əŬɘ ŰŮɢɜɘəɏɠ ɛŮŰɟɐůŮɤɜ ˊɞɘɧŰɖŰŬɠ 

ɘůɢɨɞɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮˊɘɚɏɢɗɖəŮ Űɞ ˊɟɧŰɡˊɞ IEC 61000-4-11, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

ŰɛɐɛŬ Űɖɠ ůŮɘɟɎɠ ˊɟɞŰɨˊɤɜ IEC ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ůɡɛɓŬŰɧŰɖŰŬ 

ȭȭElectromagnetic compatibility (EMC)ȭȭ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧŰɡˊɞ ˊɟɞůŭɘɞɟɑɕŮɘ ɛŮɗɧŭɞɡɠ əŬɘ 

ŮˊɑˊŮŭŬ ɛŮŰɟɐůŮɤɜ ˊɞɡ Ŭűɞɟɞɨɜ ɖɚŮəŰɟɘəɞɨɠ/ɖɚŮəŰɟɞɜɘəɞɨɠ Ůɝɞˊɚɘůɛɞɨɠ ůɡɜŭŮŭŮɛɏɜɞɡɠ ůŮ 

ŭɑəŰɡŬ ɢŬɛɖɚɐɠ ŰɎůɖɠ. ȸŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ 61000-4-11 ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ 

ɖ Űɘɛɐ Űɞɡ ɟŮɨɛŬŰɞɠ űɎůɖɠ ɞűŮɑɚŮɘ ɜŬ ɘůɞŭɡɜŬɛŮɑ ˊŮɟɑˊɞɡ ɛŮ 16 ȷ , ɔɘŬ ȷC ŭɘŬŰɎɝŮɘɠ ŮɑŰŮ Űɤɜ 

50 Hz ŮɑŰŮ Űɤɜ 60 Hz. ũɘŬ Űɘɛɏɠ ɟŮɡɛɎŰɤɜ ŬɘůɗɖŰɎ ɛŮɔŬɚɨŰŮɟŮɠ Űɤɜ 16 ȷ, Űɞ ˊɟɧŰɡˊɞ ˊɞɡ ŮɑɜŬɘ 

ˊɚɖɟɏůŰŮɟɞ ŭɘŬɗɏŰɞɜŰŬɠ ŰŬ əŬŰɎɚɚɖɚŬ ɛŮŰɟɖŰɘəɎ sets ŮɑɜŬɘ Űɞ IEC 61000-4-34, Űɞ ɞˊɞɑɞ 

ŮɛˊŮɟɘɏɢŮɘ ˊŬɟɧɛɞɘŮɠ ɛŮɗɧŭɞɡɠ əŬɘ ŰŮɢɜɘəɏɠ ɛŮ ŮəŮɑɜŮɠ Űɞɡ IEC 61000-4-11. Ɇəɞˊɧɠ əŬɘ Űɤɜ 

ŭɨɞ ˊŬɟŬˊɎɜɤ ˊɟɞŰɨˊɤɜ ŮɑɜŬɘ ɖ ŮɝŬəɟɑɓɤůɖ Űɖɠ ŬɜɗŮəŰɘəɧŰɖŰŬɠ/ŬɜŰɞɢɐɠ/ŬŰɟɤůɑŬɠ əɎˊɞɘɞɡ 

Ůɝɞˊɚɘůɛɞɨ ɧˊɤɠ əŬɘ ɖ ŭɘŬˊɑůŰɤůɖ Űɤɜ ɞɟɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ŬɜŰɞɢɩɜ Űɞɡ. ũɘŬ Űɞɜ ˊŬɟŬˊɎɜɤ 

ɚɧɔɞ ɡˊɎɟɢŮɘ əŬɘ ɛɘŬ ŮɘŭɘəɧŰŮɟɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ŬɜɎɛŮůŬ ůŮ 4 əɚɎůŮɘɠ (Performance Criteria), 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞɡ ȭȭŬɜŰɑŭɟŬůɖȭȭ Ůɜɧɠ Ůɝɞˊɚɘůɛɞɨ ůŰŬ ůɡɛɓɎɜŰŬ ˊɞɡ ɡˊɧəŮɘŰŬɘ, ɞɘ ɞˊɞɑŮɠ 

ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ɏɜŬ ɔŮɜɘəɧŰŮɟɞ ˊɚŬɑůɘɞ Ŭɝɘɞɚɧɔɖůɖɠ. Ƀɘ əɚɎůŮɘɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

ȾɚɎůɖ A 

ȿŮɘŰɞɡɟɔɑŬ Űɖɠ ɞˊɞɑŬɠ ɖ Ŭˊɧŭɞůɖ ŮɜŰɞˊɑɕŮŰŬɘ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Űɤɜ ˊɟɞŭɘŬɔɟŬűɩɜ. 

 

ȾɚɎůɖ B 

Ʉɟɞůɤɟɘɜɐ ɡˊɞɓɎɗɛɘůɖ ɚŮɘŰɞɡɟɔɑŬɠ, ɖ ɞˊɞɑŬ ŬɡŰɞŬˊɞəŬɗɑůŰŬŰŬɘ ɨůŰŮɟŬ Ŭˊɧ ɞɟɘůɛɏɜɞ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ. 

 

ȾɚɎůɖ C 

Ʉɟɞůɤɟɘɜɐ ɡˊɞɓɎɗɛɘůɖ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɡ ŬˊŬɘŰŮɑ ˊŬɟɏɛɓŬůɖ Űɞɡ ɢŮɘɟɘůŰɐ. 

 

ȾɚɎůɖ D 

ȷˊɩɚŮɘŬ ɚŮɘŰɞɡɟɔɑŬɠ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɛɖ ŬɜŰɘůŰɟɏɣɘɛɖ. 

ȼ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ɛŮŰɟɖŰɘəɩɜ sets ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ, ˊɟɞɐɚɗŮ əŬŰɎ 

ɓɎůɖ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ CBEMA (Computer and Business Equipment Manufacturers 
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Association) ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɎɛŮůŬ ůɡɜɡűŬůɛɏɜɖ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ˊɟɧŰɡˊŬ  IEC (61000-4-

11,61000-4-34) ŬɚɚɎ əŬɘ ɛŮ Űɞ ˊɟɧŰɡˊɞ SEMI F47. ȼ Ůɜ ɚɧɔɤ əŬɛˊɨɚɖ(ɖ ɞˊɞɑŬ ůɡɜɑůŰŬŰŬɘ Ŭˊɧ 

Űɖɜ əŬŰŬůəŮɡɎůŰɟɘŬ ŮŰŬɘɟŮɑŬ Űɖɠ sag generator, PSL) ŭŮɜ ˊɟɞɞɟɘɕɧŰŬɜ ŮɝŬɟɢɐɠ ɔɘŬ ɜŬ ɏɢŮɘ ɟɧɚɞ 

ˊŮɘɟŬɛŬŰɘəɞɨ ˊɟɞŰɨˊɞɡ ˊŬɟɎ ɛɧɜɞɜ ŮəŮɑɜɞɜ Ůɜɧɠ Ŭˊɚɞɨ ˊŮɟɘɔɟŬűɘəɞɨ ŭŮŭɞɛɏɜɞɡ ˊɞɡ ŬűɞɟɞɨůŮ 

ŬˊɞəɚŮɘůŰɘəɎ ɛɞɜɞűŬůɘəɧ Ůɝɞˊɚɘůɛɧ Űɤɜ 120 V əŬɘ 60 Hz. ɄŬɟɧɚŬ ŬɡŰɎ, ɖ ŬɜɎɔəɖ ɔɘŬ 

ůɡɜɨˊŬɟɝɖ ŭɘɎűɞɟɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ɔŮɔɞɜɧŰɤɜ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ůŰɞ ɑŭɘɞ ˊɟɧŰɡˊɞ ɞŭɐɔɖůŮ 

ŰŮɚɘəɎ ůŰɖɜ Ŭˊɞŭɞɢɐ Űɖɠ əŬɛˊɨɚɖɠ CBEMA ɤɠ ɏɜŬ ŰɏŰɞɘɞ test standard. 

ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ˊŬɟŬəɎŰɤ ɖ əŬɛˊɨɚɖ CBEMA ɢɤɟɑɕŮŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ, Űɖɜ ŬˊɞŭŮəŰɐ 

ˊŮɟɘɞɢɐ(ɧˊɞɡ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɛŮɔɏɗɖ ŭŮɜ ɏɢɞɡɜ ŮˊɘɓɚŬɓŮɑɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞɡɠ Ůɝɞˊɚɘůɛɞɨɠ) əŬɘ 

Űɖɜ ɛɖ ŬˊɞŭŮəŰɐ(ůɡɜɗɐəŮɠ ŮˊɑűɞɓŮɠ ɔɘŬ Ůɝɞˊɚɘůɛɞɨɠ). 

 

 

ɳʽˁˈ˄ʰ 34: CBEMA Curve 
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ɇŬ ˊɟɞŰŮɘɜɧɛŮɜŬ testing points ɛŮ ɓɎůɖ Űɖɜ PSL ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

Å 30% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 1 cycle. 

Å 40% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 50 msec. 

Å 87% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 2 sec. 

Å 106% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 2 sec. 

Å 115% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 1 cycle. 

ɆŰɖɜ ˊŬɟŬˊɎɜɤ ɚɑůŰŬ ˊɟɞůŰɏɗɖəŬɜ əŬɘ ɞɟɘůɛɏɜŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ŭɞəɘɛɏɠ Űɞɡ ˊɟɞŰɨˊɞɡ SEMI 

F47 ŬˊɞůəɞˊɩɜŰŬɠ ůŮ ɚŮˊŰɞɛŮɟɏůŰŮɟŬ ˊŮɘɟŬɛŬŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ɁŬ ůɖɛŮɘɤɗŮɑ Ůˊɑůɖɠ, Űɞ 

ɛɞɜŬŭɘəɧ testing point Űɞ ɞˊɞɑɞ ŮɑɜŬɘ əɞɘɜɧ əŬɘ ɔɘŬ ŰŬ ŭɨɞ ˊɟɧŰɡˊŬ ŮɑɜŬɘ ŮəŮɑɜɞ ˊɞɡ ŬűɞɟɎ Űɖɜ 

ɓɨɗɘůɖ 40% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ ŭɘɎɟəŮɘŬɠ 50 msec. 

ɆɡɜɞɣɑɕɞɜŰŬɠ, ŰŬ ˊŮɘɟŬɛŬŰɘəɎ testing points ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞɜ ˊŮɘɟŬɛŬŰɘəɧ 

Ůɝɞˊɚɘůɛɧ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

1. 30% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 1 cycle 

2. 40% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 50 msec 

3. 60% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 10 cycles 

4. 60% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 15 cycles 

5. 60% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 20 cycles 

6. 70% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 10 cycles 

7. 70% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 15 cycles 

8. 70% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 20 cycles 

9. 87% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 2 sec 

10. 106% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 2 sec 

11. 115% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ, ŭɘɎɟəŮɘŬɠ 13 cycles 

Ⱦɞɘɜɧ ůɖɛŮɑɞ ɧɚɤɜ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ ɐŰŬɜ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ɛŮŰŬɝɨ ŭɨɞ ɑŭɘɤɜ űɎůŮɤɜ (L1-L2). ɀŮŰɎ Űɞ ˊɏɟŬɠ əɎɗŮ ˊŮɘɟŬɛŬŰɘəɐɠ ɛɏŰɟɖůɖɠ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ əŬŰŬɔɟɎűɞɜŰŬɜ ɔɟŬűɘəɎ ůŰɖɜ sag generator əŬɘ ɏˊŮɘŰŬ ŮɝɎɔɞɜŰŬɜ ɤɠ ůŰɞɘɢŮɑŬ 

ˊɘɜɎəɤɜ ůŮ ȼ/Ɉ ɛɏůɤ ŬɜŰɑůŰɞɘɢɞɡ ɚɞɔɘůɛɘəɞɨ (PSL ChannelScopeII 3.0.8) Űɖɠ 

əŬŰŬůəŮɡɎůŰɟɘŬɠ ŮŰŬɘɟŮɑŬɠ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ. ɄŬɟŬəɎŰɤ 

ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ ɤɠ əɡɛŬŰɞɛɞɟűɏɠ ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ Űɖɠ Matlab. 
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ɄŮɘɟŬɛŬŰɘəɏɠ ɓɡɗɑůŮɘɠ 
 

Å 30% Vn, 1 cycle 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 35: Source Voltages (30%Vn, 1Cycle, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ

 

ɳʽˁˈ˄ʰ 36: Load Voltages (30%Vn, 1Cycle, Experimental) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 37: Source Currents (30%Vn, 1Cycle, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 38: Load Currents (30%Vn, 1Cycle, Experimental) 
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Å 40% Vn, 50 msec 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 39: Source Voltages (40%Vn, 50msec, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 40: Load Voltages (40%Vn, 50msec, Experimental) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 41: Source Currents (40%Vn, 50msec, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 42: Load Currents (40%Vn, 50msec, Experimental) 
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Å 60% Vn, 10 cycles 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 43: Source Voltages (60%Vn, 10cycles, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 44: Load Voltages (60%Vn, 10cycles, Experimental) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 45: Source Currents (60%Vn, 10cycles, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 46: Load Currents (60%Vn, 10cycles, Experimental) 
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Å 60% Vn, 15 cycles 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 47: Source Voltages (60%Vn, 15cycles, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 48: Load Voltages (60%Vn, 15cycles, Experimental) 

 

 



84 
 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 49: Source Currents (60%Vn, 15cycles, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 50: Load Currents (60%Vn, 15cycles, Experimental) 

 

 

 



85 
 

Å 60% Vn, 20 cycles 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 51: Source Voltages (60%Vn, 20cycles, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 52: Load Voltages (60%Vn, 20cycles, Experimental) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 53: Source Currents (60%Vn, 20cycles, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

 

ɳʽˁˈ˄ʰ 54: Load Currents (60%Vn, 20cycles, Experimental) 
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Å 70% Vn, 10 cycles 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 55: Source Voltages (70%Vn, 10cycles, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 56: Load Voltages (70%Vn, 10cycles, Experimental) 

 

 



88 
 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 57: Source Currents (70%Vn, 10cycles, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 58: Load Currents (70%Vn, 10cycles, Experimental) 
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Å 70% Vn, 15 cycles 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 59: Source Voltages (70%Vn, 15cycles, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 60: Load Voltages (70%Vn, 15cycles, Experimental) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 61: Source Currents (70%Vn, 15cycles, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 62: Load Currents (70%Vn, 15cycles, Experimental) 
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Å 70% Vn, 20 cycles 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 63: Source Voltages (70%Vn, 20cycles, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 64: Load Voltages (70%Vn, 20cycles, Experimental) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 65: Source Currents (70%Vn, 20cycles, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 66: Load Currents (70%Vn, 20cycles, Experimental) 
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Å 87% Vn, 2 sec 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

 

ɳʽˁˈ˄ʰ 67: Source Voltages (87%Vn, 2sec, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 68: Load Voltages (87%Vn, 2sec, Experimental) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

 

ɳʽˁˈ˄ʰ 69: Source Currents (87%Vn, 2sec, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

 

ɳʽˁˈ˄ʰ 70: Load Currents (87%Vn, 2sec, Experimental) 
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ɄŮɘɟŬɛŬŰɘəɏɠ ŬɜɡɣɩůŮɘɠ 
Å 106% Vn, 2 sec 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 71: Source Voltages (106%Vn, 2sec, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 72: Load Voltages (106%Vn, 2sec, Experimental) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 73: Source Currents (106%Vn, 2sec, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 74: Load Currents (106%Vn, 2sec, Experimental) 
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Å 115% Vn, 13 cycles 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

 

ɳʽˁˈ˄ʰ 75: Source Voltages (115%Vn, 13cycles, Experimental) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 76: Load Voltages (115%Vn, 13cycles, Experimental) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 77: Source Currents (115%Vn, 13cycles, Experimental) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 78: Load Currents (115%Vn, 13cycles, Experimental) 

 

 

 



99 
 

ɆɢɞɚɘŬůɛɧɠ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ 
 ɄŬɟŬŰɖɟɩɜŰŬɠ ŰŬ ˊŬɟŬˊɎɜɤ ˊŮɘɟŬɛŬŰɘəɎ ɔɟŬűɐɛŬŰŬ ˊɟɞəɨˊŰɞɡɜ ŬɟəŮŰɏɠ ŬɝɘɞˊɟɧůŮəŰŮɠ 

ɚŮˊŰɞɛɏɟŮɘŮɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

Å ȳůɞɜ ŬűɞɟɎ Űɘɠ əɡɛŬŰɞɛɞɟűɏɠ Űɤɜ ŰɎůŮɤɜ, ˊŬɟŬŰɖɟɩɜŰŬɠ Űɘɠ ŬˊɞəɟɑůŮɘɠ Űɧůɞ Űɤɜ 

ɓɡɗɑůŮɤɜ ɧůɞ əŬɘ Űɤɜ ŬɜɡɣɩůŮɤɜ əŬŰŬɔɟɎűŮŰŬɘ ɏɜŬ ɝŮəɎɗŬɟɞ ɛɞŰɑɓɞ(pattern) Űɞ ɞˊɞɑɞ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ɧɚɤɜ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ. ȼ ůɡɜɘůŰɩůŬ 

ůŰɖɜ ɞˊɞɑŬ ŭɘŬŭɟŬɛŬŰɑɕŮŰŬɘ Űɞ ŮəɎůŰɞŰŮ event (L1-L2) ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ȭȭŬɜŬɛŮɜɧɛŮɜɖȭȭ 

ůɡɛˊŮɟɘűɞɟɎ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŮɎɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ sag ɐ swell. ȺɝŮŰɎɕɞɜŰŬɠ Űɘɠ 

ˊŮɘɟŬɛŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ɓɡɗɑůŮɤɜ, Ŭˊɧ ˊɚŮɡɟɎɠ űɞɟŰɑɞɡ ɖ ůɡɜɘůŰɩůŬ L1-L2 

ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ űɡůɘɞɚɞɔɘəɐ ɛŮɑɤůɖ Űɞɡ ˊɚɎŰɞɡɠ Űɖɠ Ůɜɩ ˊŮɟɘůŰŬůɘŬəɎ (ůŮ 

ɛŮɛɞɜɤɛɏɜŮɠ ɛŮŰɟɐůŮɘɠ) ŮɛűŬɜɑɕɞɜŰŬɘ əŬɘ ɞɟɘůɛɏɜŬ notching. ȼ ůɡɜɘůŰɩůŬ L2-L3 

ɛŮŰŬɓɎɚɚŮɘ Űɞ ˊɚɎŰɞɠ Űɖɠ ůŮ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ůɡɜɘůŰɩůŬ L3-L1, 

ůŰɖɜ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɘůɗɖŰɐ ɛŮɑɤůɖ Űɞɡ ˊɚɎŰɞɡɠ Űɖɠ ŬɚɚɎ əŬɘ ɛŮŰŬɓɞɚɐ Űɖɠ 

ɛɞɟűɐɠ Űɖɠ(shape) ůŮ ɛɖ ɞɟɗɞɔɤɜɘəɧ(non- rectangular). ɀɘŬ ŬɝɘɞˊɟɧůŮəŰɖ ˊŬɟŬŰɐɟɖůɖ, 

ɖ ɞˊɞɑŬ ŬűɞɟɎ əŬɘ Űɘɠ ŰɟŮɘɠ ůɡɜɘůŰɩůŮɠ Űɤɜ ŭɨɞ ˊɚŮɡɟɩɜ (source, load) ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ 

ɧŰɘ ɛŮŰɎ Űɞ Űɏɚɞɠ əɎˊɞɘɞɡ event, ɔɘŬ ɜŬ ŮˊɏɚɗŮɘ full  recovery Űɤɜ ůɡɜɘůŰɤůɩɜ(ŭɖɚŬŭɐ 

ɜŬ ŮˊŬɜɏɚɗɞɡɜ ɞɘ Űɘɛɏɠ Űɤɜ ŰɎůŮɤɜ ůŰɘɠ Ŭɟɢɘəɏɠ Űɘɛɏɠ Űɞɡɠ, ɧˊɤɠ ɐŰŬɜ ˊɟɘɜ ůɡɛɓŮɑ Űɞ 

event) ɢɟŮɘŬɕɧŰŬɜ ɏɜŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Űɖɠ ŰɎɝɖɠ Űɤɜ msec ŬɜŮɝɎɟŰɖŰŬ ɛŮ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ ɓɨɗɘůɖɠ/Ŭɜɨɣɤůɖɠ. ȺɝŮŰɎɕɞɜŰŬɠ Űɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ, ɖ 

ůɡɜɘůŰɩůŬ L1-L2 ɏɢŮɘ ȭȭŬɜŰɑɟɟɞˊɖȭȭ ůɡɛˊŮɟɘűɞɟɎ ɛŮ ŮəŮɑɜɖ Űɖɠ ˊɚŮɡɟɎɠ Űɞɡ űɞɟŰɑɞɡ 

(ŬɜɡɣɩɜŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɓɨɗɘůɖɠ əŬɘ ɓɡɗɑɕŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ŭɜɨɣɤůɖɠ) əɎŰɘ 

ˊɞɡ ůɡɛɓŬɑɜŮɘ ɚɧɔɤ ɘůɞɕɡɔɑɞɡ ŮɜɏɟɔŮɘŬɠ. ȼ ůɡɜɘůŰɩůŬ L3-L1 Űɖɠ ˊɚŮɡɟɎɠ Űɖɠ ˊɖɔɐɠ 

ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ɑŭɘŬ ůɡɛˊŮɟɘűɞɟɎ ɛŮ ŮəŮɑɜɖ Űɖɠ L1-L2, ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ ɛɘəɟɧŰŮɟŮɠ 

ɛŮŰŬɓɞɚɏɠ Űɞɡ ˊɚɎŰɞɡɠ Űɖɠ. ȼ ůɡɜɘůŰɩůŬ L2-L3 ˊŬɟɞɡůɘɎɕŮɘ ˊŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ ɛŮ 

Űɖɜ ŬɜŰɑůŰɞɘɢɖ Űɖɠ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ, ŭɖɚŬŭɐ ɛŮŰŬɓɎɚɚŮŰŬɘ ůŮ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ ůŮ 

ůɢɏůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ůɡɜɘůŰɩůŮɠ (ŬɜɡɣɩɜŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɜɡɣɩůŮɘɠ əŬɘ ɓɡɗɑɕŮŰŬɘ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɓɨɗɘůɖɠ). 

 

Å ȳůɞɜ ŬűɞɟɎ Űɘɠ əɡɛŬŰɞɛɞɟűɏɠ Űɤɜ ɟŮɡɛɎŰɤɜ ɔŮɜɘəɧŰŮɟŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔŬɚɨŰŮɟŮɠ 

ŬˊɞəɚɑůŮɘɠ Ŭˊɧ Űɘɠ Űɘɛɏɠ əŬɜɞɜɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ. ɇɧůɞ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ ɧůɞ əŬɘ 

ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ, əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ əɎˊɞɘɞɡ event ŬɜŬˊŰɨůůɞɜŰŬɘ ɟŮɨɛŬŰŬ 

Űɘɛɐɠ ŭɘˊɚɎůɘŬɠ əŬɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŰɟɘˊɚɎůɘŬɠ Űɞɡ ɞɜɞɛŬůŰɘəɞɨ ŰŬ ɞˊɞɑŬ 

ŮɛˊŮɟɘɏɢɞɡɜ ŬɟəŮŰɏɠ ŭɘŬŰŬɟŬɢɏɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ ɓɡɗɑůŮɘɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɞɡ 50% 

(30%, 40%) ŰŬ ɟŮɨɛŬŰŬ Űɤɜ űɎůŮɤɜ L1 əŬɘ L2 ˊŬɟɞɡůɘɎɕɞɡɜ Ŭɟɛɞɜɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ , 

spikes, phase jumps, ɛŮɔɎɚŮɠ Űɘɛɏɠ ɟŮɨɛŬŰɞɠ əŬɘ ɘŭɘŬɑŰŮɟŬ ŬɜɞɛɞɘɧɛɞɟűŮɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɏɠ. ɇɞ ɟŮɨɛŬ Űɖɠ űɎůɖɠ L3 ŮˊɖɟŮɎɕŮŰŬɘ ɚɘɔɧŰŮɟɞ ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ 

ɡˊɧɚɞɘˊŬ əŬɗɧŰɘ ˊŬɟɞɡůɘɎɕŮɘ ɛɧɜɞ ŬɡɝɖɛɏɜŮɠ Űɘɛɏɠ əŬɘ əɎˊɞɘŬ ɛŮɛɞɜɤɛɏɜɖ ŬɚɚŬɔɐ Űɖɠ 

ɛɞɟűɐɠ Űɞɡ. ũɘŬ ɓɡɗɑůŮɘɠ ɛɘəɟɧŰŮɟŮɠ Űɞɡ 50% ɖ əŬŰɎůŰŬůɖ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ůŰɞ ɧŰɘ Űɞ 

ɟŮɨɛŬ űɎůɖɠ L1 əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ event ŭŮɜ ŬɜŬˊŰɨůůŮɘ ɛŮɔɎɚŮɠ Űɘɛɏɠ ɧˊɤɠ ůŰɘɠ 
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ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɚɚɎ ɘŭɘŬɑŰŮɟŬ ɛɘəɟɏɠ Ůɜɩ ɨůŰŮɟŬ Ŭˊɧ Űɖ ɚɐɝɖ əɎɗŮ 

ɓɨɗɘůɖɠ ŬəɞɚɞɡɗŮɑ əŬɘ ɏɜŬ spike Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ űɎůɖɠ. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ 

ŬɜɡɣɩůŮɤɜ ŰŬ ɟŮɨɛŬŰŬ Űɤɜ űɎůŮɤɜ L2 əŬɘ L3 ŭŮɜ ˊŬɟɞɡůɑŬůŬɜ ɘŭɘŬɑŰŮɟŮɠ 

ŬɡɝɞɛŮɘɩůŮɘɠ Űɤɜ Űɘɛɩɜ Űɞɡɠ ˊŬɟɎ ɛɧɜɞ əŬŰɎ Űɖɜ ɏɜŬɟɝɖ əŬɘ ɚɐɝɖ Űɤɜ swells. 

ɄŬɟɞɛɞɑɤɠ əŬɘ Űɞ ɟŮɨɛŬ Űɖɠ űɎůɖɠ L1, ŮɛűɎɜɘůŮ spikes ůŰɖɜ Ŭɟɢɐ əŬɘ ůŰɞ Űɏɚɞɠ Űɤɜ 

events Ůɜɩ ɞɘ Űɘɛɏɠ Űɞɡ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ɐŰŬɜ ŬɡɝɖɛɏɜŮɠ, ɧɢɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɞɡ 

ŭɘˊɚɎůɘɞɡ ɞɜɞɛŬůŰɘəɞɨ ɟŮɨɛŬŰɞɠ. 
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ȾŮűɎɚŬɘɞ 7ɞ ũɟŬűɘəɧ ˊŮɟɘɓɎɚɚɞɜ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ 

ŬˊɞŰŮɚɏůɛŬŰŬ 
 

ȾɨəɚɤɛŬ ˊɟɞůɞɛɞɑɤůɖɠ Matlab 

 

ɳʽˁˈ˄ʰ 79: ɼˏˁ˂˖˃ʰ ʃˊˇˋˇ˃ˇʾ˖ˋʹˌ Matlab 

ɆŰɖɜ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŬ űŬɑɜŮŰŬɘ Űɞ əɨəɚɤɛŬ ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ Matlab, ɧˊɤɠ ɡɚɞˊɞɘɐɗɖəŮ 

ŬɜŬűŮɟɧɛŮɜɞ ůŰɖɜ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ. ɇɞ əɨəɚɤɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

Ůˊɘɛɏɟɞɡɠ ŰɛɐɛŬŰŬ Űɞ əŬɗɏɜŬ Ůə Űɤɜ ɞˊɞɑɤɜ, ɧˊɤɠ əŬɘ ůŰɖɜ ˊŮɘɟŬɛŬŰɘəɐ(ˊɟŬɔɛŬŰɘəɐ) ŭɘɎŰŬɝɖ 

ɏɢŮɘ ŭɘŬəɟɘŰɧ ɟɧɚɞ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɇɞ ŰɛɐɛŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ ˊɞɡ ŬˊŬɟŰɑɕŮŰŬɘ 

Ŭˊɧ Űɘɠ ŰɟŮɘɠ ɔŮɜɜɐŰɟɘŮɠ  Űɞɡ əɡəɚɩɛŬŰɞɠ (Generator 1, Generator 2, Generator 3). To ŰɛɐɛŬ 

ˊɟɞůŰŬůɘɩɜ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ŰɟɑŬ Relay ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ Breakers. ɇɞ ŰɛɐɛŬ Űɖɠ 

sag generator ˊɞɡ ˊŬɟŮɛɓɎɚɚŮŰŬɘ ɛŮŰŬɝɨ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɘ Űɞ ŰɛɐɛŬ Űɖɠ 

əŬŰŬɜɎɚɤůɖɠ Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɜ ŮˊŬɔɤɔɘəɧ əɘɜɖŰɐɟŬ əŬɘ ɏɜŬ űɞɟŰɑɞ RLC. ȳůɞɜ 

ŬűɞɟɎ Űɞɜ əɘɜɖŰɐɟŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ůɢɐɛŬ, ɛɏůɤ Űɞɡ Ůɜɧɠ Bus Selector Block ɡˊɎɟɢŮɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬŰɐɟɖůɖɠ Űɖɠ Ůɨɟɡɗɛɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ Ůɜ ɚɧɔɤ ůŰɞɘɢŮɑɞɡ ŬɚɚɎ əŬɘ ɖ 

əŬŰŬɔɟŬűɐ Űɖɠ ȭȭůɡɛˊŮɟɘűɞɟɎɠȭȭ Űɞɡ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ əɎˊɞɘɞɡ event. ɇŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ 

ˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ ŮɑɜŬɘ Űɞ ɟŮɨɛŬ ůŰɎŰɖ, ɖ ɖɚŮəŰɟɞɛɖɢŬɜɘəɐ ɟɞˊɐ əŬɘ ɖ ɔɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ Űɞɡ 

əɘɜɖŰɐɟŬ. ũɘŬ Űɞ űɞɟŰɑɞ RLC Űɞɡ əɡəɚɩɛŬŰɞɠ ɘůɢɨɞɡɜ ŰŬ Ůɝɐɠ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ űɞɟŰɑɞ ŮɑɜŬɘ 

əɚɘɛŬəɤŰɐɠ Ůˊɘɚɞɔɐɠ(0KW, 1.6KW, 3.2KW əŬɘ 4.8KW) əŬɘ ɖ ŮəɎůŰɞŰŮ Ůˊɘɚɞɔɐ Űɖɠ Űɘɛɐɠ Űɞɡ 

ɟɡɗɛɘɕɧŰŬɜ Ŭˊɧ ŰŬ parameters Űɞɡ Block. 

ɄŬɟŬŰɖɟɩɜŰŬɠ ŰŬ 3 ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ Űɞɡ əɘɜɖŰɐɟŬ, ˊɏɟŬ Ŭˊɧ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ  

ˊŬɚɛɞɔɟɎűɞɡɠ ˊɞɡ əŬŰŬɔɟɎűɞɡɜ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Ůɝɧŭɞɡ Űɤɜ ɛŮɔŮɗɩɜ ŬɡŰɩɜ, 

ŭɘŬˊɘůŰɩɜŮŰŬɘ ɖ ŰɞˊɞɗɏŰɖůɖ əŬɘ Űɟɘɩɜ ŬɜŰɑůŰɞɘɢɤɜ Sink Block ɖ ɢɟɖůɘɛɧŰɖŰŬ Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ 

ɖ ŮɝŬɔɤɔɐ əŬɘ ŬˊɞɗɐəŮɡůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŮ ɛɞɟűɐ ˊɘɜɎəɤɜ ɔɘŬ 
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ɛŮŰŬɔŮɜɏůŰŮɟɖ ŮˊŮɝŮɟɔŬůɑŬ. ɇɞ Data Workspace subsystem(əɎŰɤ ŭŮɝɐ ɛɏɟɞɠ ɛŮ ɚŮɡəɧ 

ˊŮɟɑɔɟŬɛɛŬ) ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊŬɟɧɛɞɘŬ Blocks ŬɜŬűŮɟɧɛŮɜɞ ůŰɘɠ ŮɜŭŮɑɝŮɘɠ Űɖɠ Source 

ˊɚŮɡɟɎɠ(Three-Phase V-I Measurement ȸ1) ŬɚɚɎ əŬɘ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ Load(Three-Phase V-I 

Measurement ȸ2). ɇɞ ŮůɤŰŮɟɘəɧ Űɞɡ ŮɑɜŬɘ Űɞ Ůɝɐɠ. 

 

ɳʽˁˈ˄ʰ 80: Data Workspace subsystem 

ȰɢɞɜŰŬɠ ɤɠ ůəɞˊɧ Űɖɜ əŬŰŬɔɟŬűɐ əŬɘ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ ŰɎůŮɤɜ əŬɘ 

ɟŮɡɛɎŰɤɜ, Űɞ subsystem Block scope (əɎŰɤ ŭŮɝɐ ɛɏɟɞɠ ɛŮ ˊɟɎůɘɜɞ ˊŮɟɑɔɟŬɛɛŬ) ɚŮɘŰɞɡɟɔŮɑ 

ɚŬɛɓɎɜɞɜŰŬɠ ŮɜŭŮɑɝŮɘɠ Ŭˊɧ Űɞɡɠ ŰɟŮɘɠ Three-Phase V-I Measurement blocks (B1,B2,B3) əŬɘ Űɞ 

ŮůɤŰŮɟɘəɧ Űɞɡ ŮɑɜŬɘ Űɞ Ůɝɐɠ. 

 

ɳʽˁˈ˄ʰ 81: Scopes subsystem 

 

ɈˊɞůɨůŰɖɛŬ ˊɟɞůŰŬůɘɩɜ 

ɇɞ ɡˊɞůɨůŰɖɛŬ Űɤɜ ˊɟɞůŰŬůɘɩɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɘɠ relays, ɏɜŬɜ ɔɘŬ əɎɗŮ ŰɛɐɛŬ Űɖɠ 

ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘɎŰŬɝɖɠ (generators, feeder, motor load), ɏɢoɜŰŬɠ ɤɠ ůəɞˊɧ Űɖɜ Ŭˊɞɛɧɜɤůɖ Űɤɜ 

ůŰɞɘɢŮɑɤɜ Űɞɡ əɎɗŮ ŰɛɐɛŬŰɞɠ Ŭˊɧ Űɞ ɡˊɧɚɞɘˊɞ əɨəɚɤɛŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ˊŬɟɞɡůɘŬůŰɞɨɜ 
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ŬəɟŬɑŮɠ Űɘɛɏɠ ɟŮɡɛɎŰɤɜ ɐ ŰɎůɖɠ. ɆɢɖɛŬŰɘəɎ ůŰɞ əɨəɚɤɛŬ Űɖɠ Matlab Simulink ŮɑɜŬɘ ŰŬ 

ůŰɞɘɢŮɑŬ ɛˊɚŮ Ŭˊɧɢɟɤůɖɠ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɔɘŬ Ůɘůɧŭɞɡɠ Űɘɠ ŮɜŭŮɑɝŮɘɠ Űɤɜ ŰɟɘűŬůɘəɩɜ ɛŮŰɟɖŰɩɜ 

ŰɎůɖɠ əŬɘ ɟŮɨɛŬŰɞɠ ȸ1, ȸ2, ȸ3 (Three-Phase VI Measurement) Ůɜɩ ɖ Űɘɛɐ Ůɝɧŭɞɡ əɎɗŮ relay 

ɚŬɛɓɎɜŮŰŬɘ ɤɠ Ůɑůɞŭɞɠ ůŰɖɜ Ůˊɘɚɞɔɐ external Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ breaker. 

ȾɎɗŮ Relay Protection Block ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ŭɨɞ subsystems, ɏɜŬ ˊɞɡ ŬűɞɟɎ Űɞɜ ɏɚŮɔɢɞ 

ɟŮɡɛɎŰɤɜ əŬɘ ɏɜŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ŰɎůŮɤɜ. Ƀɘ Űɘɛɏɠ Ůɝɧŭɤɜ Űɤɜ ŭɨɞ ˊŬɟŬˊɎɜɤ subsystems 

əŬŰŬɚɐɔɞɡɜ ůŮ ɛɘŬ ˊɨɚɖ AND ɖ ɏɝɞŭɞɠ Űɖɠ ɞˊɞɑŬɠ, ɛɏůɤ Űɤɜ Transport Delay əŬɘ Sample and 

Hold Blocks, ŬˊɞŰŮɚŮɑ əŬɘ Űɖɜ Űɘɛɐ Ůɝɧŭɞɡ Űɞɡ ɔŮɜɘəɧŰŮɟɞɡ Block əŬɘ əŬŰŬɚɐɔŮɘ ůŰɖɜ Ůɑůɞŭɞ 

external Űɞɡ Breaker. ɆɢɖɛŬŰɘəɎ űŬɑɜŮŰŬɘ ɤɠ Ůɝɐɠ:  

 

 

 

ɳʽˁˈ˄ʰ 82: Relay Protection subsystem (a) 

Ƀ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ Űɤɜ ŭɨɞ subsystems, ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ əŬɘ ůŰŬ ˊŬɟŬəɎŰɤ 

əɡəɚɩɛŬŰŬ, ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŭɡŬŭɘəɐ ɚɞɔɘəɐ. 

Subsystem ŰɎůŮɤɜ 
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ɳʽˁˈ˄ʰ 83: Relay Protection subsystem (b) 

Subsystem ɟŮɡɛɎŰɤɜ 

 

ɳʽˁˈ˄ʰ 84: Relay Protection subsystem (c) 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖ ˊŮɟɑˊŰɤůɖ Űɞɡ ɡˊɞůɡůŰɐɛŬŰɞɠ ŰɎůŮɤɜ ɞ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ ɞ 

Ŭəɧɚɞɡɗɞɠ. ɇŬ ůɐɛŬŰŬ Űɤɜ ŰɎůŮɤɜ ˊɞɡ ŮɘůɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ Ůɑůɞŭɞ In1 ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɛɏůɤ Űɞɡ 

ŬˊɞˊɞɚɡˊɚɏəŰɖ Demux ůŰɘɠ ŰɟŮɘɠ ůɡɜɘůŰɩůŮɠ ŰɎůŮɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ŰŬ ˊŬɟŬˊɎɜɤ ɖɛɘŰɞɜɘəɎ 

ůɐɛŬŰŬ ȭȭŭɘŬəɟɘŰɞˊɞɘɞɨɜŰŬɘȭȭ ɛɏůɤ Űɞɡ Discrete RMS Block. ɇŬ ŬəɧɚɞɡɗŬ ůɐɛŬŰŬ Űɤɜ 

ŰɎůŮɤɜ, ŰŬ ɞˊɞɑŬ ˊɚɏɞɜ ŭŮɜ ŮɑɜŬɘ ŬɜŬɚɞɔɘəɎ ŬɚɚɎ ɛŮɛɞɜɤɛɏɜŮɠ Űɘɛɏɠ, ɛɏůɤ Űɞɡ |u| Abs Block 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ŬɟɘɗɛɖŰɘəɏɠ ɜɧɟɛŮɠ əŬɗɩɠ ŬˊɞŰŮɚɞɨɜ Űɞ ɛɏŰɟɞ əɎɗŮ Űɘɛɐɠ Űɖɠ ŰɎůɖɠ. ɇɞ 
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ŮˊɧɛŮɜɞ ɓɐɛŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ůɨɔəɟɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ɛɏŰɟɤɜ ŰɎůŮɤɜ ɛŮ Űɖɜ 

ŬɜɩŰŮɟɖ ŮˊɘŰɟŮˊŰɐ Űɘɛɐ (ŰɟŮɘɠ űɞɟɏɠ ɖ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ) ɛŮ ɢɟɐůɖ ůɡɔəɟɘŰɩɜ Relational 

Operator Block. ȼ ɏɝɞŭɞɠ Űɤɜ ˊŬɟŬˊɎɜɤ ůɡɔəɟɘŰɩɜ (Boolean type ɛŮŰŬɓɚɖŰɐ) ȭȭŭɘŬɓɎɕŮŰŬɘȭȭ 

Ŭˊɧ Űɖɜ Ůɑůɞŭɞ Set Űɞɡ S-R Flip-Flop, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ Űɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

Ůɚɏɔɢɞɡ. ȼ Ůɑůɞŭɞɠ Reset Űɞɡ Flip-Flop ɏɢŮɘ ůŰŬɗŮɟɐ Űɘɛɐ 1(Boolean type) əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ Űɞɜ ˊɑɜŬəŬ ŬɚɖɗŮɑŬɠ Űɞɡ ˊŬɟŬˊɎɜɤ Flip-Flop əŬŰŬɚɐɔɞɡɛŮ ůŰɞ Ůɝɐɠ ůɡɛˊɏɟŬůɛŬ. 

 

ɳʽˁˈ˄ʰ 85: ʃʾ˄ʰˁʰˌ ʰ˂ʹʻʶʾʰˌ S-R Flip Flop 

ȺɎɜ ůŮ əɎˊɞɘŬ ɢɟɞɜɘəɐ ůŰɘɔɛɐ, ɖ Űɘɛɐ ɞˊɞɘŬůŭɐˊɞŰŮ Ŭˊɧ Űɘɠ ŰɟŮɘɠ ůɡɜɘůŰɩůŮɠ ŰɎůɖɠ ɝŮˊŮɟɎůŮɘ 

Űɞ ŮˊɘŰɟŮˊŰɧ ɧɟɘɞ ŰɧŰŮ ɖ Űɘɛɐ Ůɝɧŭɞɡ əɎˊɞɘɞɡ ůɡɔəɟɘŰɐ ɗŬ ɛŮŰŬŰɟŬˊŮɑ ůŮ ɚɞɔɘəɧ 1, Űɞ ɞˊɞɑɞ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ůŰŬɗŮɟɐ ɚɞɔɘəɐ Űɘɛɐ ˊɞɡ ɏɢŮɘ Űɞ Reset ɗŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮŰŬɓɞɚɐ 

Űɖɠ Ůɝɧŭɞɡ !Qn-1 Űɞɡ Flip-Flop Ŭˊɧ ɚɞɔɘəɧ 1 ůŮ ɚɞɔɘəɧ 0. Ƀ ɚɧɔɞɠ ɨˊŬɟɝɖ Űɖɠ ɚɞɔɘəɐɠ ˊɨɚɖɠ 

AND ˊɞɡ ɏɢŮɘ ɤɠ Ůɑůɞŭɞ Űɘɠ ŰɟŮɘɠ Ůɝɧŭɞɡɠ Űɞɡ əɎɗŮ Flip-Flop, ˊɟɘɜ Űɖɜ ɏɝɞŭɞ Űɞɡ 

ɡˊɞůɡůŰɐɛŬŰɞɠ Out1 ŮɑɜŬɘ ɞ Ůɝɐɠ. ȳůɞ ŭŮɜ ȭȭˊŬɟŬɓɘɎɕŮŰŬɘȭȭ ɖ ŮˊɘŰɟŮˊŰɐ Űɘɛɐ Űɖɠ ŰɎůɖɠ, ɞɘ 

ɏɝɞŭɞɘ Űɤɜ Flip-Flop ɏɢɞɡɜ Űɘɛɐ 1, ɎɟŬ əŬɘ ɖ ɏɝɞŭɞɠ Űɖɠ ŰŮɚɘəɐɠ ˊɨɚɖɠ AND ɏɢŮɘ Űɘɛɐ 1. ȼ Űɘɛɐ 

Ůɝɧŭɞɡ Űɖɠ AND ɗŬ ŬɚɚɎɝŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɄŬɟɧɛɞɘɞ Űɟɧˊɞ 

ɚŮɘŰɞɡɟɔɑŬɠ ɏɢŮɘ əŬɘ Űɞ ɡˊɞůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ɟŮɡɛɎŰɤɜ ɛŮ ɛɧɜɖ ŭɘŬűɞɟɎ Űɖɜ ŬɜɩŰŮɟɖ ŮˊɘŰɟŮˊŰɐ 

Űɘɛɐ. 

ɆɡɜɞɣɑɕɞɜŰŬɠ əŬŰŬɚɐɔɞɡɛŮ ůŰɞ Ůɝɐɠ ůɡɛˊɏɟŬůɛŬ. ȳůɞ ɞɘ Űɘɛɏɠ ɟŮɡɛɎŰɤɜ əŬɘ ŰɎůŮɤɜ 

ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ Űɤɜ ŮˊɘŰɟŮˊŰɩɜ ɞɟɑɤɜ, ŰŬ ŬɜŰɑůŰɞɘɢŬ subsystems ɗŬ ɏɢɞɡɜ ɤɠ ɏɝɞŭɞ ɚɞɔɘəɧ 1 

əɎŰɘ ˊɞɡ ůɡɜŮˊɎɔŮŰŬɘ əŬɘ Űɞ ɑŭɘɞ ɚɞɔɘəɧ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ˊɨɚɖɠ AND ˊɞɡ ȭȭŭɘɎɓŬɕŮɘȭȭ ɤɠ 

Ůɘůɧŭɞɡɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ  subsystems. ȷɜ ůŮ əɎˊɞɘŬ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊŬɟɞɡůɘŬůŰŮɑ ɛɘŬ ɛɖ 

ŬˊɞŭŮəŰɐ Űɘɛɐ ŮɑŰŮ ɟŮɨɛŬŰɞɠ ŮɑŰŮ ŰɎůɖɠ ŰɧŰŮ ɛɏůɤ Űɤɜ ɚɞɔɘəɩɜ ˊɡɚɩɜ AND, Űɞ Relay 

Protection Block ɗŬ ŬˊɞəŰɐůŮɘ ɛŮ ɢɟɞɜɘəɐ əŬɗɡůŰɏɟɖůɖ 10ms ɛŮŰŬɓɚɖŰɐ Ůɝɧŭɞɡ 0. ɇɞ 

ˊŬɟŬˊɎɜɤ ɔŮɔɞɜɧɠ (ŬɚɚŬɔɐ ɛŮŰŬɓɚɖŰɐɠ Ůɝɧŭɞɡ Relay Protection Block Ŭˊɧ 1 ůŮ 0) ɗŬ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɞ ȭȭɎɜɞɘɔɛŬȭȭ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ Breaker, əŬŰɎůŰŬůɖ ůŰɖɜ ɞˊɞɑŬ ˊŬɟŬɛɏɜŮɘ (Sample 

and Hold Block) ɏɤɠ ɧŰɞɡ ɡˊɎɟɝŮɘ ŮɝɤŰŮɟɘəɐ ˊŬɟɏɛɓŬůɖ Ŭˊɧ Űɞɜ ɢŮɘɟɘůŰɐ. 

 

ɈˊɞůɨůŰɖɛŬ sag generator 

ɇɞ ɡˊɞůɨůŰɖɛŬ Űɖɠ sag generator ŮɑɜŬɘ Űɞ subsystem ˊɞɡ ˊŬɟŮɛɓɎɚɚŮŰŬɘ ɛŮŰŬɝɨ Űɞɡ ůŰŬŭɑɞɡ 

ŰɟɞűɞŭɞůɑŬɠ əŬɘ əŬŰŬɜɎɚɤůɖɠ ɏɢɞɜŰŬɠ ɤɠ ɟɧɚɞ Űɖɜ ȭȭŭɖɛɘɞɡɟɔɑŬȭȭ ŭɘŬŰŬɟŬɢɩɜ ˊɞɘɧŰɖŰŬɠ 

ɘůɢɨɞɠ ůŰɞ əɨəɚɤɛŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. ɆɢɖɛŬŰɘəɎ ůŰɖɜ ŭɘɎŰŬɝɖ, ŮɑɜŬɘ Űɞ Block əɧəəɘɜɞɡ 

ˊŮɟɘɔɟɎɛɛŬŰɞɠ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞ Ůɜ ůŮɘɟɎ ůŰɖɜ ɔɟŬɛɛɐ ɛŮŰŬűɞɟɎɠ əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ 
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ŬɡŰɧ ɏɢŮɘ ůɡɜɞɚɘəɎ 6 ports. ɇɟŮɑɠ Ůɘůɧŭɞɡɠ (L1 Src, L2 Src, L3 Src) əŬɘ ŰɟŮɘɠ Ůɝɧŭɞɡɠ (L1 Load, 

L2 Load, L3 Load).  

Ƀ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ɡˊɞůɡůŰɐɛŬŰɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ Űɟɘɩɜ ɀ/Ɇ 

(ɏɜŬɠ ɔɘŬ əɎɗŮ űɎůɖ) ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ, əŬŰɎ ŰŬ ɔɜɤůŰɎ, ɜŬ ɛŮŰŬɓɎɚɞɡɜ Űɞ 

ŮˊɑˊŮŭɞ Űɖɠ ŰɎůɖɠ Ůɝɧŭɞɡ Űɞɡɠ ůŮ ɟɡɗɛɘɕɧɛŮɜŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ. ɇɞ ŮůɤŰŮɟɘəɧ Űɞɡ 

subsystem ŬˊŮɘəɞɜɑɕŮŰŬɘ ɤɠ Ůɝɐɠ. 

 

ɳʽˁˈ˄ʰ 86: Sag Generator subsystem 

 

Ƀɘ ŰɟŮɑɠ ɀ/Ɇ (Multi -Winding Transformer Blocks) ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɘ, Űɧůɞ ůŰɘɠ Ůɘůɧŭɞɡɠ ɧůɞ 

əŬɘ ůŰɘɠ Ůɝɧŭɞɡɠ Űɞɡɠ ůŮ ůɨɜŭŮůɖ ŬůŰɏɟŬ (Ɉ-Ɉ). ȼ ŭɘŬŭɘəŬůɑŬ ɏɜŬɡůɖɠ/ɚɐɝɖɠ Ůɜɧɠ event 

ˊŮɟɘɔɟɎűŮŰŬɘ ɤɠ Ůɝɐɠ. ɆŮ ůɡɜɗɐəŮɠ əŬɜɞɜɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ (normal operation), ɞɘ ŰɟŮɘɠ ɀ/Ɇ 

ɏɢɞɡɜ ɟɡɗɛɘůɛɏɜŬ  ŰŬ ŰɡɚɑɔɛŬŰŬ Űɞɡɠ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ Űɖɠ ŭɘɎŰŬɝɖɠ. ȼ 

ɛŮŰɎɓŬůɖ Ŭˊɧ Űɖɜ əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ ůŰɖ ɛŮŰŬɓŬŰɘəɐ (sag operation)  ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɖɠ 

ŮɜŬɚɚŬɔɐɠ Űɞɡ Ůˊɘˊɏŭɞɡ ŰɎůɖɠ Űɞɡ ɀ/Ɇ Űɖɠ űɎůɖɠ L1 (Multi -Winding Transformer) ŬɜɎɚɞɔŬ ɛŮ 

ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɞɘɢŮɑŬ Űɞɡ əɎɗŮ event, ɖ ŭɘɎɟəŮɘŬ Űɞɡ ɞˊɞɑɞɡ ɟɡɗɛɑɕŮŰŬɘ ɛɏůɤ Űɤɜ 

ɛɞɜɞűŬůɘəɩɜ breaker (Breaker block) ˊɞɡ ȭȭŭɘŬɓɎɕɞɡɜȭȭ ɔɘŬ external Ůɘůɧŭɞɡɠ Űɖɜ ɛŮŰŬɓɚɖŰɐ 

Ůɝɧŭɞɡ Űɞɡ Repeating Sequence block. ɇɞ Ůɜ ɚɧɔɤ Block ȭȭˊŬɟɎɔŮɘȭȭ ɛɘŬ ŬəɞɚɞɡɗɑŬ ˊɞɡ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 0 əŬɘ 1. Ƀ ɚɧɔɞɠ ˊɞɡ ɏɢŮɘ ŰɞˊɞɗŮŰɖɗŮɑ Űɞ Data Type Conversion Block ŭŮɜ ŮɑɜŬɘ 
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ɖ ŮɜŬɚɚŬɔɐ Űɞɡ Űɨˊɞɡ Űɖɠ Ůɝɧŭɞɡ Űɞɡ Repeating Sequence block, ŬɚɚɎ ɖ ȭȭɎɛŮůɖȭȭ ɛŮŰɎɓŬůɖ 

Ŭˊɧ ɛɘŬ Űɘɛɐ (0 ɐ 1) ůŰɖɜ Ɏɚɚɖ ɢɤɟɑɠ ɢɟɞɜɘəɐ əŬɗɡůŰɏɟɖůɖ. ɆŮ normal operation əŬŰɎůŰŬůɖ Űɞ 

Repeating Sequence block ɏɢŮɘ ɤɠ ɏɝɞŭɞ Űɖɜ Űɘɛɐ 1, ɔŮɔɞɜɧɠ ˊɞɡ ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ 

Űɤɜ Breaker ˊɞɡ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɘ ůŰɞ ŰɨɚɘɔɛŬ Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ŰɎůɖɠ Űɞɡ Multi -Winding 

Transformer Block  (Breaker, Breaker2). ȿɧɔɤ Űɖɠ ɚɞɔɘəɐɠ ˊɨɚɖɠ NOT ɞɘ Breaker ˊɞɡ ŮɑɜŬɘ 

ůɡɜŭŮŭŮɛɏɜɞɘ ůŰɞ ŰɨɚɘɔɛŬ Űɖɠ ɟɡɗɛɘɕɧɛŮɜɖɠ ŰɎůɖɠ Űɞɡ Multi -Winding Transformer Block 

(Breaker1, Breaker3), ŮɑɜŬɘ ŬˊŮɜŮɟɔɞˊɞɘɖɛɏɜɞɘ əŬŰɎ Űɖɜ normal operation əŬŰɎůŰŬůɖ əŬɘ 

ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ əŬŰɎ Űɖɜ sag operation əŬŰɎůŰŬůɖ , ɧˊɞɡ Űɞ Repeating Sequence block ɏɢŮɘ ɤɠ 

ɏɝɞŭɞ Űɞ 0 (ůɡɜŮˊɩɠ Breaker, Breaker2 ŰɑɗŮɜŰŬɘ ŮəŰɧɠ ɚŮɘŰɞɡɟɔɑŬɠ ). 

 

ɈˊɞůɨůŰɖɛŬ ɔŮɜɜɖŰɟɘɩɜ 

ɇɞ ɡˊɞůɨůŰɖɛŬ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ (generators subsystem) ɏɢŮɘ ɤɠ ůəɞˊɧ ɜŬ ŰɟɞűɞŭɞŰŮɑ ɛŮ ɘůɢɨ Űɞ 

əɨəɚɤɛŬ əŬɘ ɔɘŬ ŬɡŰɧ Űɞɜ ɚɧɔɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ, ɏɢŮɘ ŰɟŮɘɠ Ůɝɧŭɞɡɠ 

(Conn1, Conn2, Conn3). 

 

ɳʽˁˈ˄ʰ 87: Generators subsystem 

 

ɆŰɞ ŬɟɘůŰŮɟɧ ɛɏɟɞɠ Űɞɡ subsystem ɡˊɎɟɢŮɘ ɏɜŬ Three-Phase Source Block Űɞ ɞˊɞɑɞ ɏɢŮɘ Űɞɜ 

ɟɧɚɞ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ Ŭˊɧ Űɞ Űɞˊɘəɧ ŭɑəŰɡɞ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɡˊɎɟɢŮɘ ɏɜŬɠ Ŭůɨɔɢɟɞɜɞɠ əɘɜɖŰɐɟŬɠ 

(Asynchronous Machine p.u. Units Block), ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑ Űɞ əɨəɚɤɛŬ ɞŭɐɔɖůɖɠ Űɖɠ 

ůɨɔɢɟɞɜɖɠ ɔŮɜɜɐŰɟɘŬɠ (Synchronous Machine p.u. Standard Block) ɚŬɛɓɎɜɞɜŰŬɠ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ ŭɘɏɔŮɟůɖ Ŭˊɧ Űɞ Excitation System Block. ȼ ŰɎůɖ Ůɝɧŭɞɡ Űɖɠ ˊŬɟŬˊɎɜɤ 

ɔŮɜɜɐŰɟɘŬɠ ŭɘŬɜɏɛŮŰŬɘ ůŰɞ əɨəɚɤɛŬ. H ŮˊɞˊŰŮɑŬ Űɤɜ ɛŮɔŮɗɩɜ Űɞɡ ˊŬɟŬˊɎɜɤ subsystem 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ˊŬɚɛɞɔɟɎűɤɜ Űɞɡ. ɈˊɎɟɢŮɘ ˊŬɚɛɞɔɟɎűɞɠ ˊɞɡ əŬŰŬɔɟɎűŮɘ 

Űɞ ɟŮɨɛŬ Űɞɡ ŭɘəŰɨɞɡ (Scope2). ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ Űɞɡ Ŭůɨɔɢɟɞɜɞɡ əɘɜɖŰɐɟŬ 
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ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞɡɠ ˊŬɚɛɞɔɟɎűɞɡɠ Scope1, Scope6 əŬɘ Scope3 Ůɜɩ ŰŬ ŬɜŰɑůŰɞɘɢŬ Űɖɠ 

ɔŮɜɜɐŰɟɘŬɠ əŬŰŬɔɟɎűɞɜŰŬɘ Ŭˊɧ ŰŬ ɡˊɧɚɞɘˊŬ Scopes Űɞɡ subsystem. 

ɄŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ əŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ 
ɆŰɖɜ Ŭəɧɚɞɡɗɖ ɡˊɞŮɜɧŰɖŰŬ Űɞɡ əŮűŬɚŬɑɞɡ ŮˊŮɝɖɔŮɑŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Ůɜɩ ˊŬɟŬɗɏŰɞɜŰŬɘ əŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ˊɟɞůɞɛɞɘɩůŮɤɜ. Ɇəɞˊɧɠ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ ŮɑɜŬɘ ɖ 

ŭɘŬˊɑůŰɤůɖ ɧŰɘ Űɞ Ůɜ ɚɧɔɤ əɨəɚɤɛŬ Űɖɠ Matlab ˊɟɞůŮɔɔɑɕŮɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ əŬɚɨŰŮɟŬ Űɘɠ 

ˊŮɘɟŬɛŬŰɘəɏɠ(ˊɟŬɔɛŬŰɘəɏɠ) ɛŮŰɟɐůŮɘɠ.  

ɇɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Űɖɠ əɎɗŮ ˊɟɞůɞɛɞɑɤůɖɠ ɐŰŬɜ 5 sec, ɢɟɧɜɞɠ ŮˊŬɟəɐɠ ɔɘŬ ɜŬ əŬɚɨɣŮɘ Űɘɠ 

ŭɨɞ ɓŬůɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɖɜ əɎɗŮ ˊŮɟɑˊŰɤůɖɠ. ȼ ˊɟɩŰɖ ɐŰŬɜ ɖ Ůəəɑɜɖůɖ Űɞɡ motor load 

əɘɜɖŰɐɟŬ, ɖ ɞˊɞɑŬ ɨůŰŮɟŬ Ŭˊɧ ŭɞəɘɛɏɠ ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɏɢŮɘ ŬˊŬɘŰɞɨɛŮɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

1.8 ɛŮ 2 sec. ȼ ŭŮɨŰŮɟɖ ɐŰŬɜ ɖ ŬˊɞŰɨˊɤůɖ Űɤɜ ŬˊɞəɚɑůŮɤɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ, ˊɟɘɜ əŬɘ ɛŮŰɎ 

Űɤɜ event. ũɘŬ Űɞɡ ŭɨɞ ˊŬɟŬˊɎɜɤ ɚɧɔɞɡɠ, ɞ ůɡɜɞɚɘəɧɠ ɢɟɧɜɞɠ Űɤɜ 5 sec ɗŮɤɟɐɗɖəŮ ŮˊŬɟəɐɠ 

ŭɘɎůŰɖɛŬ ɔɘŬ Űɖɜ ɓɏɚŰɘůŰɖ əŬŰŬɔɟŬűɐ Űɤɜ ŮˊɘˊŰɩůŮɤɜ əɎɗŮ event ɧˊɤɠ əŬɘ ɔɘŬ Űɖɜ ŭɘŬɢɩɟɘůɖ 

Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ɛŮ Űɖɜ Ůəəɑɜɖůɖ Űɞɡ motor load. 

Ⱥˊɑůɖɠ, ɧˊɤɠ ůɡɜɏɓɖ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ, Űɞ űɞɟŰɑɞ RLC Űɞɡ 

əɡəɚɩɛŬŰɞɠ ɐŰŬɜ ɟɡɗɛɘůɛɏɜɞ ůŰŬ 0 KW. ɇɏɚɞɠ ˊɟɏˊŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ɧŰɘ ɖ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɖɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (samples per cycle), ɖ Űɘɛɐ Űɖɠ ɞˊɞɑŬɠ ɟɡɗɛɑůŰɖəŮ ůŰŬ 4 samples ŬɜɎ əɨəɚɞ 

ˊɟɞɏəɡɣŮ Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ ŮɡəɟɑɜŮɘŬɠ/ɚŮˊŰɞɛɏɟɘŬɠ Űɤɜ ɔɟŬűɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟŬɗɏŰɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ. 
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Å 30%Vn,1 cycle 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 88: Source Voltages (30% Vn, 1cycle, Emulator) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 89: Load Voltages (30% Vn, 1cycle, Emulator 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 90: Source Currents (30% Vn, 1cycle, Emulator) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ  

 

ɳʽˁˈ˄ʰ 91: Load Currents (30% Vn, 1cycle, Emulator) 
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ȼɚŮəŰɟɞɛɖɢŬɜɘəɐ ɟɞˊɐ əɘɜɖŰɐɟŬ 

 

ɳʽˁˈ˄ʰ 92: Te (30% Vn, 1cycle, Emulator) 

ũɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ əɘɜɖŰɐɟŬ 

 

ɳʽˁˈ˄ʰ 93: Rotor Speed (30% Vn, 1cycle, Emulator) 
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ɅŮɨɛŬ ůŰɎŰɖ əɘɜɖŰɐɟŬ 

 

ɳʽˁˈ˄ʰ 94: Is (30% Vn, 1cycle, Emulator) 

Å 40% Vn, 50msec 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 95: Source Voltages (40% Vn, 50msec, Emulator) 
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Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 96: Load Voltages (40% Vn, 50msec, Emulator) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 97: Source Currents (40% Vn, 50msec, Emulator) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ɚ́ŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 98: Load Currents (40% Vn, 50msec, Emulator) 

ȼɚŮəŰɟɞɛɖɢŬɜɘəɐ ɟɞˊɐ əɘɜɖŰɐɟŬ 

 

ɳʽˁˈ˄ʰ 99: Te (40% Vn, 50msec, Emulator) 
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ũɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ əɘɜɖŰɐɟŬ 

 

ɳʽˁˈ˄ʰ 100: Rotor Speed (40% Vn, 50msec, Emulator) 

ɅŮɨɛŬ ůŰɎŰɖ əɘɜɖŰɐɟŬ 

 

ɳʽˁˈ˄ʰ 101: Is (40% Vn, 50msec, Emulator) 
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Å 60%Vn,10cycles 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

ɳʽˁˈ˄ʰ 102: Source Voltages (60% Vn, 10cycles, Emulator) 

Ʉɞɚɘəɏɠ ŰɎůŮɘɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 103: Load Voltages (60% Vn, 10cycles, Emulator) 
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ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ ˊɖɔɐɠ 

 

 

ɳʽˁˈ˄ʰ 104: Source Currents (60% Vn, 10cycles, Emulator) 

ɅŮɨɛŬŰŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ 

 

ɳʽˁˈ˄ʰ 105: Load Currents (60% Vn, 10cycles, Emulator) 

 

 




































































