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

ɇŬ ɖɚŮəŰɟɘəɎ ŭɑəŰɡŬ ŬˊɞŰŮɚɞɨɜ ůɨɜɗŮŰŬ əŬɘ ŭɡɜŬɛɘəɎ ůɡůŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ɛŮŰŬɓɎɚɚɞɜŰŬɘ əŬɘ ŮɝŮɚɑůůɞɜŰŬɘ ůɡɜŮɢɩɠ ɛŮ ɔɜɩɛɞɜŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ Űɤɜ 

ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ. ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ ŬɡŰɩɜ, 

ŬˊŬɟŬɑŰɖŰɖ űŬɑɜŮŰŬɘ ɖ ŬɜɎˊŰɡɝɖ ŰŮɢɜɞɚɞɔɘɩɜ ɏɝɡˊɜɤɜ ŭɘəŰɨɤɜ Ůɜɩ ŮɜŭɘŬűɏɟɞɜŰŬ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ŬˊɞəŮɜŰɟɤɛɏɜŮɠ ŰŮɢɜɘəɏɠ Ůɚɏɔɢɞɡ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ 

əŬɗɘůŰɞɨɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ Űɖɜ ŮˊɞˊŰŮɑŬ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɞɡ ŭɘəŰɨɞɡ əŬɘ ůɡɛɓɎɚɚɞɡɜ 

ůŰɖɜ ŮɡŮɚɘɝɑŬ, Űɖɜ ŮˊŮəŰŬůɘɛɧŰɖŰŬ əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŭɡɜŬɛɘəɐɠ ˊɟɞůŬɟɛɞɔɐɠ ŬɡŰɞɨ ůŮ 

ŭɘŬŰŬɟŬɢɏɠ.  

ɆŰŬ ˊɚŬɑůɘŬ ŬɡŰɎ, ɛŮɚŮŰɎŰŬɘ ɖ ɢɟɐůɖ ŰɏŰɞɘɤɜ ɛŮɗɧŭɤɜ Ůɚɏɔɢɞɡ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ Ƀɘəɞɜɞɛɘəɐɠ ȾŬŰŬɜɞɛɐɠ ūɞɟŰɑɞɡ ɛŮ əŬŰŬɜŮɛɖɛɏɜɞ Űɟɧˊɞ. ȼ Ƀɘəɞɜɞɛɘəɐ 

ȾŬŰŬɜɞɛɐ ūɞɟŰɑɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɛŮ ůŰɧɢɞ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

Ůˊɘˊɏŭɤɜ ˊŬɟŬɔɤɔɐɠ Űɤɜ ɛɞɜɎŭɤɜ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɖɠ ɕɐŰɖůɖɠ ɛŮ Űɞ ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ 

ůɡɜɞɚɘəɧ əɧůŰɞɠ əŬɡůɑɛɞɡ (ɔɘŬ ůɡɛɓŬŰɘəɏɠ ɛɞɜɎŭŮɠ). ŪŮɤɟɞɨɛŮ ɧŰɘ Űɞ əɧůŰɞɠ əɎɗŮ 

ɛɞɜɎŭŬɠ ˊŬɟŬɔɤɔɐɠ ŮəűɟɎɕŮŰŬɘ ɤɠ ɛɑŬ ˊɞɚɡɤɜɡɛɘəɐ ůɡɜɎɟŰɖůɖ ŭŮɡŰɏɟŬɠ ŰɎɝɖɠ. ɇɞ 

ůɡɜɞɚɘəɧ əɧůŰɞɠ (ɎɗɟɞɘůɛŬ Űɞɡ əɧůŰɞɡɠ əɎɗŮ ɛɞɜɎŭŬɠ) ŬˊɞŰŮɚŮɑ Űɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ 

ůɡɜɎɟŰɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ ɛŮɚŮŰɎɛŮ əŬɘ ŰɑɗŮŰŬɘ ˊɟɞɠ ŮɚŬɢɘůŰɞˊɞɑɖůɖ ɡˊɧ Űɞɡɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ ˊɞɡ ɗɏŰŮɘ Űɞ ůɨůŰɖɛŬ. ȹɘŬűɞɟɑɕɞɜŰŬɠ ŬɡŰɐ Űɖ ůɡɜɎɟŰɖůɖ, ˊɟɞəɨˊŰŮɘ əŬɘ ɖ 

ůɡɜɎɟŰɖůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ. ȷˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ɖ ɓɏɚŰɘůŰɖ ɚɨůɖ ɔɘŬ Űɖɜ ɞɘəɞɜɞɛɘəɐ 

əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɧŰŬɜ ɧɚŮɠ ɞɘ ɛɞɜɎŭŮɠ ɚŮɘŰɞɡɟɔɞɨɜ ɡˊɧ Űɞ ɑŭɘɞ ɞɟɘŬəɧ 

əɧůŰɞɠ (əɟɘŰɐɟɘɞ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ).  

ɇɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ ɚɨɜŮŰŬɘ əŬŰŬɜŮɛɖɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɛɏɗɞŭɞ ůɡɜŬɑɜŮůɖɠ 

(consensus). ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŬˊɞŰŮɚŮɑ ɛɑŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ 

ɛŮŰŬɓɚɖŰɐ ůɡɜŬɑɜŮůɖɠ ŬɜŬɜŮɩɜŮɘ Űɖɜ Űɘɛɐ Űɖɠ ɛŮ ɢɟɐůɖ ɛɧɜɞ Űɞˊɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ 

ɛɏɢɟɘɠ ɧŰɞɡ ɖ ɛŮŰŬɓɚɖŰɐ ůɡɜŬɑɜŮůɖɠ ɜŬ ůɡɔəɚɑɜŮɘ ůŮ ɛɑŬ əɞɘɜɐ Űɘɛɐ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ 

əɧɛɓɞɡɠ. ŪŮɤɟɩɜŰŬɠ ɤɠ ɛŮŰŬɓɚɖŰɐ ůɡɜŬɑɜŮůɖɠ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ ɛˊɞɟɞɨɛŮ, ŬɜŰɑůŰɞɘɢŬ, ɜŬ 

ŮˊɘŰɨɢɞɡɛŮ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ɧɚɤɜ Űɤɜ ɛɞɜɎŭɤɜ ůŮ ɛɑŬ əɞɘɜɐ Űɘɛɐ, 

ɘəŬɜɞˊɞɘɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (ŰŮɢɜɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ Űɤɜ 

ɛɞɜɎŭɤɜ əŬɘ əɎɚɡɣɖ ůɡɜɞɚɘəɞɨ űɞɟŰɑɞɡ). 

ɆɨɛűɤɜŬ ɛŮ ŬɡŰɧ Űɞ ɛɞɜŰɏɚɞ, ɔɑɜŮŰŬɘ ŬɜŰŬɚɚŬɔɐ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ˊɚɖɟɞűɞɟɘɩɜ ɛɧɜɞ 

ɛŮŰŬɝɨ ɔŮɘŰɞɜɘəɩɜ ɛɞɜɎŭɤɜ. ȰŰůɘ, əŬŰŬɚɐɔɞɡɛŮ ůŰɖ ɓɏɚŰɘůŰɖ ɚɨůɖ ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ 

əŮɜŰɟɘəɞɨ Ůɚɏɔɢɞɡ, ɛŮ ɢɟɐůɖ ɛɧɜɞ Űɞˊɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȼ ŮˊɘəɞɘɜɤɜɑŬ 

ŬɡŰɐ Űɤɜ ɛɞɜɎŭɤɜ ɛɞɜŰŮɚɞˊɞɘŮɑŰŬɘ əɎɜɞɜŰŬɠ ɢɟɐůɖ Űɞɡ ˊɑɜŬəŬ ɔŮɘŰɜɑŬůɖɠ Űɞɡ ŭɘəŰɨɞɡ, Ŭˊɧ 

Űɞɜ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ ɏɜŬɠ ˊɑɜŬəŬɠ ɓŬɟɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ ůɡɜŬɑɜŮůɖɠ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ, ɞɘ ɛɞɜɎŭŮɠ ŬɜŰŬɚɚɎůůɞɡɜ Űɘɠ Űɘɛɏɠ Űɤɜ 

ɛŮŰŬɓɚɖŰɩɜ Űɞɡɠ ɛɧɜɞ ɛŮ Űɘɠ ɔŮɘŰɞɜɘəɏɠ Űɞɡɠ əŬɘ ɛŮ Űɖ ɢɟɐůɖ ɛɑŬɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ 

ŭɘŬŭɘəŬůɑŬɠ ŬɜŬɜŮɩɜɞɡɜ əŬŰɎɚɚɖɚŬ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ Űɞɡɠ, ɩůŰŮ ɜŬ əŬŰŬɚɐɝɞɡɜ ůŮ ɏɜŬ 

ůŰŬɗɛɘůɛɏɜɞ ɛɏůɞ ɧɟɞ ɔɘŬ Űɘɠ ůɡɜŬɟŰɐůŮɘɠ ɞɟɘŬəɞɨ əɧůŰɞɡɠ Űɞɡɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ůŰɖ 

ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ.  

ũɘŬ Űɖɜ əŬŰŬɜŮɛɖɛɏɜɖ Ůˊɑɚɡůɖ ŬɡŰɞɨ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ, 

ˊɟɞŰɎɗɖəŬɜ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɓŬůɘůɛɏɜɞɘ ůŰɞ ɛɞɜŰɏɚɞ ůɡɜŬɑɜŮůɖɠ, ɞɘ ɞˊɞɑɞɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ɔɘŬ Űɖɜ ŬɜŬɜɏɤůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ. 

ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɛŮɚŮŰɩɜŰŬɘ: ɏɜŬɠ ũɟŬɛɛɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ, ɛŮ Űɖ ɢɟɐůɖ ɛɑŬɠ ɔɟŬɛɛɘəɐɠ 

ůɢɏůɖɠ ɔɘŬ Űɖɜ ŬɜŬɜɏɤůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůɡɜŬɑɜŮůɖɠ, ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ɓŬůɘůɛɏɜɞɠ ůŰɞ 

ɛɞɜŰɏɚɞ Kuramoto, ˊɞɡ əɎɜŮɘ ɢɟɐůɖ ɖɛɘŰɞɜɞŮɘŭɩɜ əŬɘ Űɏɚɞɠ ɏɜŬɠ ɀɖ ũɟŬɛɛɘəɧɠ 

ȷɚɔɧɟɘɗɛɞɠ, ɧˊɞɡ ɖ ůɢɏůɖ ŬɜŬɜɏɤůɖɠ ŮɑɜŬɘ ɛɖ ɔɟŬɛɛɘəɐɠ ɛɞɟűɐɠ ɛŮ ɢɟɐůɖ ŮəɗŮŰɘəɩɜ 

ɧɟɤɜ. ɆŮ əɎɗŮ ɛɞɜŰɏɚɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬəɧɛŬ ɛɑŬ Ůˊɘˊɚɏɞɜ ɛŮŰŬɓɚɖŰɐ ůɡɜŬɑɜŮůɖɠ ɖ ɞˊɞɑŬ 

ŬɜŬˊŬɟɘůŰɎ Űɖɜ ɡˊɞɚŮɘˊɧɛŮɜɖ ɐ ˊŮɟɘůůŮɡɞɨɛŮɜɖ ɘůɢɨ ůŰɞ ŮˊɑˊŮŭɞ əɎɗŮ əɧɛɓɞɡ (power 
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mismatch). ɀɏůɤ ŬɡŰɐɠ ɔɑɜŮŰŬɘ ŭɘɧɟɗɤůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ɩůŰŮ ŰŮɚɘəɎ Űɞ ůɨůŰɖɛŬ ɜŬ 

əŬŰŬɚɐɝŮɘ ɛŮ ɛɖŭŮɜɘəɐ ŭɘŬűɞɟɎ ɘůɢɨɞɠ ɛŮŰŬɝɨ ˊŬɟŬɔɤɔɐɠ əŬɘ əŬŰŬɜɎɚɤůɖɠ. ɀŮ ŬɡŰɧ Űɞɜ 

Űɟɧˊɞ ŮɑɜŬɘ ŭɡɜŬŰɐ əŬɘ ɖ ŭɡɜŬɛɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɛɞɜɎŭɤɜ ůŮ ŰɡɢɞɨůŮɠ ŬɚɚŬɔɏɠ Űɞɡ 

űɞɟŰɑɞɡ.  

ȼ ŬɜɎˊŰɡɝɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ əŬɗɩɠ əŬɘ ɖ ˊɟɞůɞɛɞɑɤůɐ Űɞɡɠ ɏɔɘɜŮ ůŮ ˊŮɟɘɓɎɚɚɞɜ 

MATLAB.  ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɤɜ ˊŬɟŬˊɎɜɤ Ŭɚɔɞɟɑɗɛɤɜ, ŬɟɢɘəɎ, ɛŮɚŮŰɐɗɖəŬɜ 2 

ˊɟɞůŮɔɔɑůŮɘɠ. ɆŰɖɜ ˊɟɩŰɖ, ŬɛŮɚɐɗɖəŬɜ ɞɘ ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ Űɤɜ ɔɟŬɛɛɩɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, Ůɜɩ ůŰɖ ŭŮɨŰŮɟɖ ŮɘůɐɢɗɖůŬɜ əŬɘ ŬɡŰɏɠ ůŰɞ ˊɟɧɓɚɖɛŬ əŬɘ ůɡɔəɟɑɗɖəŬɜ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊɟɞůɞɛɞɘɩůŮɘɠ ŭɘŬűɧɟɤɜ 

ŭɘəŰɨɤɜ əŬɘ ˊŮɟɘˊŰɩůŮɤɜ ɩůŰŮ ɜŬ ɔɑɜŮɘ ˊɚɐɟɖɠ ɛŮɚɏŰɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ. 

ȺəŰɘɛɐɗɖəŮ ɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ əŬɘ ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡɠ əŬɘ ɏɔɘɜŮ ůɨɔəɟɘůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ Űɖɠ əɚŬůɘəɐɠ Ůˊɑɚɡůɖɠ. ɀŮɚŮŰɐɗɖəŬɜ, 

ŬəɧɛŬ, ɖ ŰŬɢɨŰɖŰŬ ůɨɔəɚɘůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɚɞɔɑŮɠ ɐ Űɟɧˊɞɡɠ 

ŭɘŬůɨɜŭŮůɖɠ Űɤɜ ɛɞɜɎŭɤɜ əŬɗɩɠ əŬɘ ɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡɠ, ɖ ɞˊɞɑŬ ŮəűɟɎɕŮɘ Űɖɜ ŮˊɑŭɟŬůɖ 

Űɤɜ Ŭɟɘɗɛɩɜ Űɤɜ əɧɛɓɤɜ ůŰɞɜ ŬˊŬɘŰɞɨɛŮɜɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɖ ůɨɔəɚɘůɖ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ. ȷəɧɛŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊɟɞůɞɛɞɘɩůŮɘɠ ůŮ ɟŮŬɚɘůŰɘəɎ ŭɑəŰɡŬ ɛŮŰŬűɞɟɎɠ 

ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ˊŬəɏŰɞɡ MATPOWER, əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɞɡ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ. ɇɏɚɞɠ, ɞ ŬˊɞŭɞŰɘəɧŰŮɟɞɠ Ŭɚɔɧɟɘɗɛɞɠ ŮűŬɟɛɧůŰɖəŮ ůŮ 

ɛɑŬ ɖɛŮɟɐůɘŬ əŬɛˊɨɚɖ űɞɟŰɑɞɡ, ɔɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůŬɟɛɞɔɐɠ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ Űɤɜ ɛɞɜɎŭɤɜ ůŰɘɠ ŬɚɚŬɔɏɠ Űɞɡ űɞɟŰɑɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɑŬɠ ɖɛɏɟŬɠ ɔɘŬ Űɖɜ 

əɎɚɡɣɖ Űɖɠ ɤɟɘŬɑŬɠ ɕɐŰɖůɖɠ. ȷəɧɛŬ, ɛŮɚŮŰɐɗɖəŮ ˊɩɠ ŮˊɖɟŮɎɕŮŰŬɘ ɖ ɚɨůɖ ŬɡŰɞɨ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ɧŰŬɜ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɞ ɟɡɗɛɧɠ ɛŮ Űɞɜ ɞˊɞɑɞ əɎɗŮ ɛɞɜɎŭŬ ŭɨɜŬŰŬɘ ɜŬ 

ŬɡɝɐůŮɘ ɐ ɜŬ ɛŮɘɩůŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ůŮ ɛɑŬ ɛɞɜɎŭŬ ɢɟɧɜɞɡ. 
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Abstract 
 

Electrical grids are complex and dynamic systems that constantly change and evolve, in 

order to increase the penetration of renewable energy and distributed generation. To achieve 

these, the development of smart grid technologies seems necessary while decentralized 

control techniques offer interesting advantages that can make the supervision and control of 

the grid more effective and contribute to its ability to dynamically adapt to disturbances. 

In this context, we study the use of such decentralized control methods to solve the 

Economic Dispatch problem in a distributed manner. Economic Dispatch is an optimization 

problem that aims at calculating the levels of the unitsô power generation in order to meet the 

power demand at the lowest fuel cost possible (for conventional units). We assume that the 

unitsô costs are expressed by second order polynomial functions. The sum of the previous is 

the objective function of the problem, that is subjected to minimization under the various 

systemôs constraints. By taking the derivative of this function we can express the function of 

the marginal cost for each unit. It has been proven that the solution for the economic dispatch 

is reached when all units operate with the same marginal cost (economic dispatch criterion). 

This problem of economic dispatch is solved in a distributed manner using the consensus 

method. This method is an iterative process during which the consensus variable renews its 

value by using only local variables and until it converges to a common value for all nodes. 

Considering the function of the marginal cost of each unit as the consensus variable, we can 

achieve convergent of all unitsô marginal costs at a common value while at the same time 

taking into account the constraints of the problem (unitsô technical constraints and serving the 

total load). 

According to this model, exchange of information only between neighboring units is 

necessary. Thus, the optimal solution is calculated without the need of a central fusion center 

and by using only local interactions. This unitsô communication is modeled by using the 

gridôs adjacency matrix, from which derives a weight matrix which is used in the calculation 

of the consensus variable. In this way, the units exchange the values of their variables only 

with their neighbors, and converge to a weighted average for their marginal cost functions 

and thereafter to the solution of the problem. 

For the distributed solution of the problem of the economic dispatch, three different 

algorithms where proposed based on the consensus model, which use different approaches for 

renewing the consensus variables. In more detail: a Linear Algorithm using a linear relation 

for updating the consensus variables, an algorithm based on the Kuramoto model that makes 

use of sinusoidal functions and finally a Nonlinear Algorithm, wherein the update rule is 

nonlinear using exponential terms. In each model, one more consensus variable is used which 

represents the power mismatch of each node. This is used as a correction factor to the 

marginal cost aiming at reaching a zero power mismatch between generation and 

consumption. In this way it becomes possible for the units to dynamically adjust to any load 

changes.  

The development of the algorithms and their simulations were made using the MATLAB 

environment. For the implementation of the above algorithms, two approaches were firstly 

studied. In the first approach the linesô transmission losses were neglected whereas in the 
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second they were incorporated into the problem and then the obtained results were compared. 

Then, simulations of different networks were performed and different cases where studied so 

as to make a full analysis of the algorithmsô behavior. Their efficiency and effectiveness were 

assessed and the obtained results were compared to those of conventional methods. 

Furthermore, we studied the convergent speed of the algorithms in different topologies or the 

different unitsô interconnections as well as the algorithmsô complexity, which expresses the 

influence of the number of nodes to the number of iterations needed. Furthermore, 

simulations of realistic transmission grids were performed, using the MATPOWER package, 

leading to conclusions on the efficiency of each algorithm. Finally, the most efficient 

algorithm is simulated with the use of a daily load curve, to observe the ability of the unitsô 

generation to adapt to load changes during the course of a day to cover the hourly demand. 

We also examined how the solution of this problem is influenced when we take into account 

the rate at which each unit has the ability to increase or to decrease their power generation in 

a given period of time. 
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ȺɡɢŬɟɘůŰɑŮɠ 

 
ȼ Ůəˊɧɜɖůɖ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɏɔɘɜŮ ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ Űɞɡ əŬɗɖɔɖŰɐ Űɞɡ 

Ⱥ.ɀ.Ʉ. ɁɘəɧɚŬɞɡ ɉŬŰɕɖŬɟɔɡɟɑɞɡ, Űɞɜ ɞˊɞɑɞ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ ɔɘŬ Űɖɜ 

ŮɡəŬɘɟɑŬ ˊɞɡ ɛɞɡ ɏŭɤůŮ ɜŬ ɛŮɚŮŰɐůɤ ɏɜŬ Űɧůɞ ŮɜŭɘŬűɏɟɞɜ ɗɏɛŬ əŬɘ ɜŬ ŭɘŮɡɟɨɜɤ Űɘɠ  

ɔɜɩůŮɘɠ ɛɞɡ ɔɨɟɤ Ŭˊɧ ŬɡŰɧ. 

Ⱥˊɑůɖɠ, ŮɡɢŬɟɘůŰɩ ɘŭɘŬɘŰɏɟɤɠ Űɞɜ ŮɟŮɡɜɖŰɐ ə. ȽɎůɞɜŬ ȾɞɡɓŮɚɘɩŰɖ-ȿɡůɑəŬŰɞ ɔɘŬ Űɖɜ 

ˊɟɞɗɡɛɑŬ Űɞɡ ɜŬ ɓɞɖɗɐůŮɘ ůŮ ɧ,Űɘ ɢɟŮɘŬůŰɩ, ɢŬɟɑɕɞɜŰɎɠ ɛɞɡ Űɘɠ ůɡɛɓɞɡɚɏɠ Űɞɡ əŬɘ Űɖ 

ůɡɜŮɢɐ əŬɗɞŭɐɔɖůɐ Űɞɡ əŬŰɎ Űɖɜ Ůəˊɧɜɖůɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

Ⱥˊɘˊɚɏɞɜ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ űɑɚɞɡɠ əŬɘ ůɡɛűɞɘŰɖŰɏɠ ɛɞɡ ɔɘŬ Űɖɜ ŬɔɎˊɖ, Űɖ 

ůɡɛˊŬɟɎůŰŬůɖ əŬɘ Űɖ ůŰɐɟɘɝɐ Űɞɡɠ, əɎɜɞɜŰŬɠ Űɞ ŰŬɝɑŭɘ ɛɞɡ ˊɟɞɠ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ 

ůˊɞɡŭɩɜ ɛɞɡ ŮɡəɞɚɧŰŮɟɞ əŬɘ ɞɛɞɟűɧŰŮɟɞ. 

ɇɏɚɞɠ, Űɖ ɛŮɔŬɚɨŰŮɟɖ Ůɡɔɜɤɛɞůɨɜɖ Űɖɜ ɞűŮɑɚɤ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ 

ˊɎɜŰŬ ŭɑˊɚŬ ɛɞɡ Űɧůɞ ůŰɘɠ ůˊɞɡŭɏɠ ɧůɞ əŬɘ ůŮ əɎɗŮ ɓɐɛŬ Űɖɠ ɕɤɐɠ ɛɞɡ, ŭŮɑɢɜɞɜŰɎɠ ɛɞɡ Űɖɜ 

ŬɛɏɟɘůŰɖ ŬɔɎˊɖ əŬɘ ɡˊɞůŰɐɟɘɝɐ Űɖɠ əŬɘ ˊɘůŰŮɨɞɜŰŬɠ ůŮ ŮɛɏɜŬ əŬɘ ůŰɘɠ ŭɡɜŬŰɧŰɖŰɏɠ ɛɞɡ. 

ȺɡɢŬɟɘůŰɩ, ɚɞɘˊɧɜ, Űɖ ɛɖŰɏɟŬ ɛɞɡ, ȷűɟɞŭɑŰɖ, ŰŬ ŬŭɏɟűɘŬ ɛɞɡ, ũɘɩɟɔɞ, ȾɞɟɑɜŬ əŬɘ ȹɖɛɐŰɟɖ 

əŬɘ, Űɏɚɞɠ, Űɞɜ ˊŬŰɏɟŬ ɛɞɡ, ɀɘɢɎɚɖ, Űɖɜ ŬɔɎˊɖ Űɞɡ ɞˊɞɑɞɡ ŭŮ ɗŬ ɝŮɢɎůɤ ˊɞŰɏ əŬɘ ůŰɞɜ 

ɞˊɞɑɞ ɗɏɚɤ ɜŬ ŬűɘŮɟɩůɤ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ. 
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1.1 Ɇəɞˊɧɠ əŬɘ ȷɜŰɘəŮɑɛŮɜɞ 

 

ɇŬ ŭɑəŰɡŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬ Ŭˊɧ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ŭɑəŰɡŬ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɞɡ ŰŮɢɜɞɚɞɔɘəɞɨ ɛŬɠ ˊɞɚɘŰɘůɛɞɨ. ȷˊɞŰŮɚɞɨɜ Űɞ ɛŮɔŬɚɨŰŮɟɞ əŬɘ ˊɘɞ ůɨɜɗŮŰɞ 

ŭɡɜŬɛɘəɧ ůɨůŰɖɛŬ ˊɞɡ ŬɜɏˊŰɡɝŮ ɞ Ɏɜɗɟɤˊɞɠ, ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ɔɑɜŮŰŬɘ ɖ ɛŮŰŬűɞɟɎ əŬɘ 

ŭɘŬɜɞɛɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɧˊɞɡ əŬɘ ɧŰŬɜ ŬɡŰɐ ɢɟŮɘɎɕŮŰŬɘ əŬɘ űɡůɘəɎ ŬɝɘɞˊɞɘɩɜŰŬɠ ɧůɞ 

ˊŮɟɘůůɧŰŮɟɞ ɔɑɜŮŰŬɘ əŬɗŬɟɏɠ ɛɞɟűɏɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ɖ ɖɚɘŬəɐ əŬɘ ɖ Ŭɘɞɚɘəɐ. ɇŬ ɖɚŮəŰɟɘəɎ 

ŭɑəŰɡŬ ŬˊɞŰŮɚɞɨɜ ɏɜŬ Ŭˊɧ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ŮɟŮɡɜɖŰɘəɎ ɗɏɛŬŰŬ ɛŮ ůəɞˊɧ Űɖɜ 

ɓŮɚŰɘůŰɞˊɞɑɖůɐ əŬɘ ŬɜŬɓɎɗɛɘůɐ Űɞɡɠ ůŮ ɏɜŬ ɏɝɡˊɜɞ, ŬɡŰɧɜɞɛɞ əŬɘ ŬɝɘɧˊɘůŰɞ ŭɑəŰɡɞ. ȷɡŰɧ 

ɧɛɤɠ ŮɛűŬɜɑɕŮɘ ˊɞɚɚɎ ˊɟɞɓɚɐɛŬŰŬ ɚɧɔɤ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ əŬɘ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡɠ. 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ, ŭŮ, ɧŰɘ ɖ ŬɜɎˊŰɡɝɖ Űɞɡ ŭɘəŰɨɞɡ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɚɧɔɤ Űɖɠ 

Ŭɡɝɖɛɏɜɖɠ ɕɐŰɖůɖɠ ŮɜɏɟɔŮɘŬɠ ɔɑɜŮŰŬɘ ɛŮ ŰŮɟɎůŰɘɞɡɠ ɟɡɗɛɞɨɠ, əŬŰŬɚŬɓŬɑɜɞɡɛŮ ˊɧůɞ ŬɡŰɧ 

ŮˊɖɟŮɎɕŮɘ əŬɘ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ əŬɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŬɡŰɧ ɔŮɜɜɎ. ȼ 

ˊɞɚɡˊɚɞəɧŰɖŰɎ Űɞɡ ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɡˊɎɟɢɞɡɜ ˊɞɚɚɏɠ ůɡɜɘůŰɩůŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ɚɖűɗɞɨɜ ɡˊɧɣɖ ɧŰŬɜ ɛŮɚŮŰɎŰŬɘ ɏɜŬ ŭɑəŰɡɞ, ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ 

ɛɞɜŰŮɚɞˊɞɘɖɗɞɨɜ. Ƀ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ əɡɟɑɤɠ əŬɗɞɟɑɕŮɘ Űɖ ŭɞɛɐ Űɞɡ ŮɑɜŬɘ Űɞ 

ɛɏɔŮɗɧɠ Űɞɡ əŬɘ ˊɟɞůŬɟɛɧɕŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮɝɡˊɖɟŮŰɐůŮɘ, ŮɑŰŮ 

ŮɑɜŬɘ ɛɑŬ ŮəŰŮŰŬɛɏɜɖ ɔŮɤɔɟŬűɘəɐ ˊŮɟɘɞɢɐ ŮɑŰŮ ɛɑŬ ɛɘəɟɐ. ȰŰůɘ, Űɞ əɎɗŮ ůɨůŰɖɛŬ ŭɞɛŮɑŰŬɘ ɛŮ 

ɓɎůɖ Űɘɠ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ ˊɞɡ əŬɚŮɑŰŬɘ ɜŬ ŮɝɡˊɖɟŮŰɐůŮɘ. ȷəɧɛŬ, ɧɛɤɠ, əŬɘ Űɞ ɛɘəɟɧŰŮɟɞ 

ůɨůŰɖɛŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ɏɜŬ ŭɑəŰɡɞ ɛŮ ˊɞɚɨ ɛŮɔɎɚɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ. 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ɏɢɞɡɛŮ ɧɚɞ əŬɘ ɛŮɔŬɚɨŰŮɟɖ ŭɘŮɑůŭɡůɖ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ 

ŮɜɏɟɔŮɘŬɠ əŬɘ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɡɠ ɐŭɖ ŭɘŬŭŮŭɞɛɏɜɞɡɠ 

ɡŭɟɞɖɚŮəŰɟɘəɞɨɠ, ɗŮɟɛɘəɞɨɠ əŬɘ ˊɡɟɖɜɘəɞɨɠ ůŰŬɗɛɞɨɠ ˊŬɟŬɔɤɔɐɠ əŬɗɩɠ əŬɘ ŭɘŬůɡɜŭɏůŮɘɠ 

ɛŮ ɎɚɚŬ ůɡůŰɐɛŬŰŬ ˊɟɞůɗɏŰɞɡɜ ůŮ ɧɚɞ Űɞ ůɨůŰɖɛŬ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɟɞɠ 

ɛŮɚɏŰɖ əŬɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ. 

ɀŮŰŬɝɨ Űɤɜ ˊɘɞ ůɖɛŬɜŰɘəɩɜ ɗŮɛɎŰɤɜ, ɚɞɘˊɧɜ, ˊɞɡ ɕɖŰɞɨɜ Ůˊɑɚɡůɖ ŮɑɜŬɘ ɖ ŭɘŬɢŮɑɟɘůɖ 

Űɤɜ ůɡůŰɖɛɎŰɤɜ ŮɜɏɟɔŮɘŬɠ əŬɘ ɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. ȳɛɤɠ, ɖ ŬɜɎˊŰɡɝɖ 

Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ, ˊɞɡ ŮˊɘűɏɟŮɘ ɛɖ ůŰŬɗŮɟɐ ˊŬɟŬɔɤɔɐ ůŰɖɜ ˊɎɟɞŭɞ Űɞɡ 

ɢɟɧɜɞɡ, əŬɘ ɖ ŭɘŬůəɞɟˊɘůɛɏɜɖ ɢɤɟɞŰŬɝɘəɎ ˊŬɟŬɔɤɔɐ ŬˊŬɘŰɞɨɜ Ŭˊɧ Űɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ ŭɡɜŬɛɘəɎ əŬɘ ɛŮ ŮɡŮɚɘɝɑŬ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɛŮɔŬɚɨŰŮɟɖ 

ŭɡɜŬŰɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ. ɆɡɜŮˊɩɠ, ŰŬ ŭɑəŰɡŬ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘŭɟɞɨɜ ůŰɘɠ ŰɡɢɞɨůŮɠ 

ŬɚɚŬɔɏɠ ɔɟɐɔɞɟŬ əŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɖ 

ŭŮŭɞɛɏɜɖ ɕɐŰɖůɖ ɛŮ Űɞ ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ əɧůŰɞɠ.  

ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ŰɏŰɞɘɤɜ ůɡůŰɖɛɎŰɤɜ ɢɟŮɘɎɕɞɜŰŬɘ ŰŮɢɜɞɚɞɔɘəɏɠ əŬɘ ŮˊɘůŰɖɛɞɜɘəɏɠ 

ŮɝŮɚɑɝŮɘɠ, ɖ ɢɟɐůɖ ɏɝɡˊɜɤɜ ˊɟŬəŰɧɟɤɜ əŬɘ ŬɘůɗɖŰɐɟɤɜ əŬɘ ɖ ŬɜɎˊŰɡɝɖ ˊɞɚɨˊɚɞəɤɜ 

ůɡůŰɖɛɎŰɤɜ. ȰŰůɘ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ŬɜɎɔəɖ ɛŮɚɏŰɖɠ ŬɡŰɩɜ Űɤɜ ˊɞɚɨˊɚɞəɤɜ ŭɘəŰɨɤɜ ɤɠ 

ˊɟɞɠ Űɖ ŭɡɜŬɛɘəɐ Űɞɡɠ əŬɘ Űɞɜ ɏɚŮɔɢɧ Űɞɡɠ. ȼ ŮɡůŰɎɗŮɘŬ Űɞɡ ŭɘəŰɨɞɡ, ɖ ɛŮɚɏŰɖ Űɖɠ ɟɞɐɠ 

ɘůɢɨɞɠ, ɞ ůɡɔɢɟɞɜɘůɛɧɠ Űɞɡɠ, ɖ ɟɨɗɛɘůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ Űɖɠ ŰɎůɖɠ, ɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ 

Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ɖ ɓɏɚŰɘůŰɖ ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ ŮɑɜŬɘ Ŭˊɧ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞɜ 

ɏɚŮɔɢɞ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ. [1] ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɞˊɞɘŬŭɐˊɞŰŮ ɓŮɚŰɑɤůɖ ůŰŬ ŭɑəŰɡŬ 

ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ŰŬɡŰɧůɖɛɖ ɛŮ Űɖɜ ŮɨɟŮůɖ ˊɘɞ ŬˊɞŭɞŰɘəɩɜ əŬɘ ɏɝɡˊɜɤɜ Űɟɧˊɤɜ ɔɘŬ Űɖ ɛŮɚɏŰɖ 

ŬɡŰɩɜ. 

Ⱥŭɩ ɏɔəŮɘŰŬɘ əŬɘ ɞ ůəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. ȷɟɢɘəɎ, ɗŬ ɔɑɜŮɘ ŮɘůŬɔɤɔɐ 
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ůŰɞ ˊɟɧɓɚɖɛŬ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ. ȰˊŮɘŰŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ŬɡŰɞɨ ɧˊɤɠ ŬɡŰɐ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŰɞ ůɡɛɓŬŰɘəɧ ŭɑəŰɡɞ, Űɞ ɞˊɞɑɞ ŮɚɏɔɢŮŰŬɘ 

əŮɜŰɟɘəɎ. ɇɏɚɞɠ, ůŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ˊɟɞŰŬɗɞɨɜ əŬɘ ɜŬ ůɡɔəɟɘɗɞɨɜ ŭɘŬűɞɟŮŰɘəɏɠ ɛɏɗɞŭɞɘ ɛŮ 

əŬŰŬɜŮɛɖɛɏɜɖ ɓɎůɖ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ŭɘəŰɨɞɡ ɧˊɞɡ ɞ ɏɚŮɔɢɞɠ ɗŬ ɔɑɜŮŰŬɘ 

ŬˊɞəŮɜŰɟɤɛɏɜŬ əŬɘ ɜŬ ŰŮɗɞɨɜ ɞɘ ɓɎůŮɘɠ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Ůɡűɡɩɜ ŭɘəŰɨɤɜ. 
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1.2 ȹɞɛɐ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ 

 

 

ȷəɞɚɞɡɗŮɑ ɛɘŬ ůɡɜɞˊŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ əŮűŬɚŬɑɤɜ əŬɘ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ Űɞɡɠ. 

 

 

ȾŮűɎɚŬɘɞ 1ɞ:  ȺɘůŬɔɤɔɐ 

 

ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ŬɜŬɚɨŮŰŬɘ ˊŮɟɘŮəŰɘəɎ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ əŬɘ Űɞ 

ˊɟɧɓɚɖɛŬ Űɞ ɞˊɞɑɞ əŬɚŮɑŰŬɘ ɜŬ ŮˊɘɚɨůŮɘ. 

 

ȾŮűɎɚŬɘɞ 2ɞ:  ȹɑəŰɡŬ ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ 

 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ŬɜɎɚɡůɖ Űɤɜ ɓŬůɘəɩɜ Ŭɟɢɩɜ ˊɞɡ ŭɘɏˊɞɡɜ ŰŬ 

ŭɑəŰɡŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɠ ůɨɜŭŮůɖɠ Űɤɜ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ ůŮ ŬɡŰɎ. 

ɄŬɟɎɚɚɖɚŬ, ŬɜŬɚɨɞɜŰŬɘ ɧɟɞɘ, ɧˊɤɠ Űɞ ɏɝɡˊɜɞ ŭɑəŰɡɞ əŬɘ ɖ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ 

ŮɜɏɟɔŮɘŬɠ, ɏɜɜɞɘŮɠ ůŰŮɜɎ ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮ Űɞ əɨɟɘɞ ɗɏɛŬ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

 

ȾŮűɎɚŬɘɞ 3ɞ:  Ƀɘəɞɜɞɛɘəɐ ȾŬŰŬɜɞɛɐ ūɞɟŰɑɞɡ 

 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɛɘŬ ůŮ ɓɎɗɞɠ ˊŬɟɞɡůɑŬůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ 

ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ əŬɘ Űɤɜ Ŭɟɢɩɜ ˊɞɡ ŭɘɏˊɞɡɜ Űɖɜ Ůˊɑɚɡůɐ Űɞɡ. Ⱥˊɘˊɚɏɞɜ, 

ɔɑɜŮŰŬɘ ŬɜɎɚɡůɖ Űɤɜ ˊŬɟŬŭɞɢɩɜ ˊɞɡ ŭŮɢɧɛŬůŰŮ əŬɘ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ˊɞɡ ŮɝŮŰɎɕɞɡɛŮ əŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. 

 

ȾŮűɎɚŬɘɞ 4ɞ:  ȷˊɞəŮɜŰɟɤɛɏɜɞɠ ȰɚŮɔɢɞɠ ůŰɖɜ Ƀɘəɞɜɞɛɘəɐ ȾŬŰŬɜɞɛɐ ūɞɟŰɑɞɡ 

 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɚɧɔɞɘ ˊɞɡ əŬɗɘůŰɞɨɜ ŬɜŬɔəŬɑŬ Űɖɜ ŬɜɎˊŰɡɝɖ 

Ůɜɧɠ ŬˊɞəŮɜŰɟɤɛɏɜɞɡ ɛɞɜŰɏɚɞɡ ɔɘŬ Űɖɜ ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ŬɜŬűɏɟɞɜŰŬɘ ɞɟɘůɛɏɜŮɠ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ 

Űɞɡ ŬˊɞəŮɜŰɟɤɛɏɜɞɡ Ůɚɏɔɢɞɡ.  

 

ȾŮűɎɚŬɘɞ 5ɞ:  ȷˊɞəŮɜŰɟɤɛɏɜɖ Ƀɘəɞɜɞɛɘəɐ ȾŬŰŬɜɞɛɐ ūɞɟŰɑɞɡ ï ȷɚɔɧɟɘɗɛɞɘ 

 

ɀŮ ɓɎůɖ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ əŬɘ ɛɏůɤ Űɖɠ ŬɜɎˊŰɡɝɖɠ əŬŰŬɜŮɛɖɛɏɜɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ, ˊɟɞŰŮɑɜɞɜŰŬɘ ɚɨůŮɘɠ ɔɘŬ Űɞ ɛŮɚŮŰɩɛŮɜɞ ˊɟɧɓɚɖɛŬ əŬɘ ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ. ɄŬɟɎɚɚɖɚŬ, ɛŮɚŮŰɞɨɜŰŬɘ ɛɏůɤ 

ŭɘŬűɧɟɤɜ ˊŬɟŬŭɞɢɩɜ Űɧůɞ ŬˊɚɞˊɞɘɖɛɏɜŬ ɧůɞ əŬɘ ˊɘɞ ˊɞɚɨˊɚɞəŬ ˊɟɞɓɚɐɛŬŰŬ. ȼ ůɨɔəɟɘůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɑɜŮŰŬɘ ɨůŰŮɟŬ Ŭˊɧ ŮəŰɏɚŮůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ MATLAB . 
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ȾŮűɎɚŬɘɞ 6ɞ:  Ʉɟɞůɞɛɞɑɤůɖ ȹɘəŰɨɤɜ ï ɀŮɚɏŰɖ ɄŮɟɘˊŰɩůŮɤɜ 

 

ɀŮ ɓɎůɖ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ, ŭɘŮɜŮɟɔɐɗɖəŬɜ ɞɟɘůɛɏɜŮɠ ˊɟɞůɞɛɞɘɩůŮɘɠ 

ŭɘəŰɨɤɜ əŬɘ ɛŮɚɏŰɖ ŭɘŬűɧɟɤɜ ˊŮɟɘˊŰɩůŮɤɜ. ȰŰůɘ, ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ 

ɛŮŰŬɓɞɚɐɠ Űɖɠ ŰɞˊɞɚɞɔɑŬɠ ůŰɖɜ Ŭˊɧŭɞůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ əŬɗɩɠ əŬɘ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ 

ŬɡŰɞɨ. 

 

ȾŮűɎɚŬɘɞ 7ɞ:  ȺűŬɟɛɞɔɐ ȷɚɔɞɟɑɗɛɞɡ ůŮ ȾŬɛˊɨɚŮɠ ūɞɟŰɑɞɡ 

 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɔɑɜŮŰŬɘ ɖ ŮűŬɟɛɞɔɐ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ůŮ ɏɜŬ ŭɑəŰɡɞ Űɞ ɞˊɞɑɞ ɛŮŰŬɓɎɚɚŮɘ 

Űɞ űɞɟŰɑɞ Űɞɡ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ŭŮŭɞɛɏɜɖ əŬɛˊɨɚɖ űɞɟŰɑɞɡ ɔɘŬ ɜŬ ŮˊɘŰɨɢɞɡɛŮ ɛɑŬ ɧůɞ 

ɔɑɜŮŰŬɘ ɟŮŬɚɘůŰɘəɐ ˊɟɞůɞɛɞɑɤůɖ.  

 

ȾŮűɎɚŬɘɞ 8ɞ:  ɆɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɄɟɞɞˊŰɘəɏɠ 

 

ɆŰɖɟɘɕɧɛŮɜɞɘ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ, ŮɝɎɔɞɜŰŬɘ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ 

ˊɟɞůɏɔɔɘůɖ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ əŬɗɩɠ əŬɘ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɖɠ ŮɟɔŬůɑŬɠ. ɄŬɟɎɚɚɖɚŬ, 

ŬɜŬűɏɟɞɜŰŬɘ ɛŮɚɚɞɜŰɘəɏɠ ˊɟɞɞˊŰɘəɏɠ ɏɟŮɡɜŬɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ. 
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ȾŮűɎɚŬɘɞ 2 
 

 

ɆɡůŰɐɛŬŰŬ ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ 
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2.1 ȹɞɛɐ ɆɡůŰɖɛɎŰɤɜ ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ 

 

ɇɞ ɆɨůŰɖɛŬ ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ (ɆȼȺ) ŬˊɞŰŮɚŮɑ Űɞ ůɨɜɞɚɞ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ əŬɘ 

Űɤɜ ɓŬůɘəɩɜ ŭɞɛɩɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɩůŰŮ ɖ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɜŬ űŰɎɜŮɘ Űɘɠ ˊŮɟɘɞɢɏɠ 

ŮɝɡˊɖɟɏŰɖůɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐɠ. ɇŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ 

ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ ŰɟɘűŬůɘəɎ ŮɜŬɚɚŬůůɞɛɏɜɞɡ ɟŮɨɛŬŰɞɠ (AC) ŮəŰɧɠ Ůɘŭɘəɩɜ ˊŮɟɘˊŰɩůŮɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰô ŮɝŬɑɟŮůɖ ůɡůŰɐɛŬŰŬ ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȼ əŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ˊŬɟɞɢɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɞˊɞɡŭɐˊɞŰŮ ɡˊɎɟɢŮɘ ɕɐŰɖůɖ ɛŮ Űɞ 

ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ əɧůŰɞɠ əŬɘ Űɘɠ ŮɚɎɢɘůŰŮɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ŰŬɡŰɞɢɟɧɜɤɠ, 

ŮɝŬůűŬɚɑɕɞɜŰŬɠ ůŰŬɗŮɟɐ ŰɎůɖ, ůŰŬɗŮɟɐ ůɡɢɜɧŰɖŰŬ əŬɘ ɡɣɖɚɐ ŬɝɘɞˊɘůŰɑŬ ŰɟɞűɞŭɧŰɖůɖɠ əŬɘ 

ŬůűɎɚŮɘŬɠ. ȷəɧɛŬ, ɚɧɔɤ Űɤɜ ŰŮɢɜɘəɩɜ ŭɡůəɞɚɘɩɜ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ ŬˊɞɗɐəŮɡůɖ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ŬˊŬɘŰŮɑŰŬɘ ůɡɜŮɢɐɠ ɟɞɐ Űɖɠ ůŰɞ ůɨůŰɖɛŬ əŬɘ ˊŬɟŬɔɤɔɐ Űɖɠ Ŭəɟɘɓɩɠ 

Űɖ ůŰɘɔɛɐ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɔɘŬ əŬŰŬɜɎɚɤůɖ. ũɘŬ ɜŬ űŰɎůŮɘ ɧɛɤɠ ɖ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ Ŭˊɧ Űɞ 

ůɖɛŮɑɞ ˊŬɟŬɔɤɔɐɠ ůŰɞ ůɖɛŮɑɞ əŬŰŬɜɎɚɤůɖɠ, ŭɘŬɛŮůɞɚŬɓɞɨɜ Ůˊɘɛɏɟɞɡɠ ůɡůŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ůɡɜŭɡŬůɛɏɜŬ ŬˊɞŰŮɚɞɨɜ Űɞ ůɨůŰɖɛŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȷɡŰɎ ŰŬ ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ Űɞ 

ůɨůŰɖɛŬ ˊŬɟŬɔɤɔɐɠ, Űɞ ůɨůŰɖɛŬ ɛŮŰŬűɞɟɎɠ əŬɘ Űɞ ůɨůŰɖɛŬ ŭɘŬɜɞɛɐɠ Űɖɠ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ. 

2.1.1.  ɄŬɟŬɔɤɔɐ ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ 

 

ȼ ˊŬɟŬɔɤɔɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ Űɖ ŭɘŬŭɘəŬůɑŬ ɧˊɞɡ ɛɑŬ ɛɞɟűɐ 

ˊɟɤŰɞɔŮɜɞɨɠ ŮɜɏɟɔŮɘŬɠ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɖɚŮəŰɟɘəɐ. Ƀɘ ́ɟɤŰɞɔŮɜŮɑɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ  ˊɞɡ 

ŬɝɘɞˊɞɘɞɨɜŰŬɘ ŮɛűŬɜɑɕɞɡɜ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Ŭˊɧ ɢɩɟŬ ůŮ ɢɩɟŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ Űɘ ˊɖɔɏɠ 

ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŮɠ. ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɔɑɜŮŰŬɘ ůŰɞɡɠ 

ůŰŬɗɛɞɨɠ ˊŬɟŬɔɤɔɐɠ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɖɔɐ ˊɟɤŰɞɔŮɜɞɨɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ, ɞɘ 

ůŰŬɗɛɞɑ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŬŰɛɞɖɚŮəŰɟɘəɞɨɠ, ɡŭɟɞɖɚŮəŰɟɘəɞɨɠ, ˊɡɟɖɜɘəɞɨɠ ɐ ůŰŬɗɛɞɨɠ 

ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ. [2] 

ɆŰɞɡɠ ŬŰɛɞɖɚŮəŰɟɘəɞɨɠ ůŰŬɗɛɞɨɠ ɔɑɜŮŰŬɘ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ɢɖɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŮɑɜŬɘ 

ŬˊɞɗɖəŮɡɛɏɜɖ ůŰɞ əŬɨůɘɛɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬɜɎ ˊŮɟɑˊŰɤůɖ (ɚɘɗɎɜɗɟŬəŬ, ɚɘɔɜɑŰɖ, 

űɡůɘəɧ Ŭɏɟɘɞ, ˊŮŰɟɏɚŬɘɞ). ɀŮ Űɖɜ əŬɨůɖ Űɞɡ əŬɡůɑɛɞɡ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ ɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ, 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬŰɛɞɨ ůŰɞ ɚɏɓɖŰŬ. Ƀ ŬŰɛɧɠ ŭɘɞɢŮŰŮɨŮŰŬɘ, ɏˊŮɘŰŬ, 

ůŰɞɜ ŬŰɛɞůŰɟɧɓɘɚɞ ɧˊɞɡ ˊŬɟɏɢŮɘ ɛɏɟɞɠ Űɖɠ ŮɜɏɟɔŮɘɎɠ Űɞɡ ůŮ ɛɖɢŬɜɘəɐ ɛɞɟűɐ. Ƀ ůŰɟɧɓɘɚɞɠ 

ɛŮ Űɖ ůŮɘɟɎ Űɞɡ ˊŮɟɘůŰɟɏűŮɘ Űɖ ɔŮɜɜɐŰɟɘŬ ɧˊɞɡ ɖ ɛɖɢŬɜɘəɐ ŮɜɏɟɔŮɘŬ ɛŮŰŬŰɟɏˊŮŰŬɘ, ŰŮɚɘəɎ, 

ůŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ. ȷɜŰɑůŰɞɘɢŬ, ůŰɞɡɠ ˊɡɟɖɜɘəɞɨɠ ůŰŬɗɛɞɨɠ ɞ ŮɚŮɔɢɧɛŮɜɞɠ ˊɡɟɖɜɘəɧɠ 

ŬɜŰɘŭɟŬůŰɐɟŬɠ ŬɜŰɘəŬɗɘůŰɎ Űɞ ůɡɛɓŬŰɘəɧ ɚɏɓɖŰŬ ůŬɜ ˊɖɔɐ ɗŮɟɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɞɡ ɖ 

ɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɢɎůɖɠ. ɆŰɞɡɠ ɡŭɟɞɖɚŮəŰɟɘəɞɨɠ 

ůŰŬɗɛɞɨɠ ŬɝɘɞˊɞɘŮɑŰŬɘ ɖ ŭɡɜŬɛɘəɐ əŬɘ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɤɜ ɡŭɎŰɤɜ, ɖ ɞˊɞɑŬ ɏˊŮɘŰŬ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɖɚŮəŰɟɘəɐ ɛŮ Űɖ ɢɟɐůɖ ɡŭɟɞůŰɟɞɓɑɚɤɜ əŬɘ ɔŮɜɜɖŰɟɘɩɜ.  

ȯɚɚŮɠ ˊɖɔɏɠ ˊɞɡ ɛˊɞɟɞɨɛŮ ɜŬ ŮəɛŮŰŬɚɚŮɡŰɞɨɛŮ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɑɜŬɘ ɖ 

Ŭɘɞɚɘəɐ, ɖ ɔŮɤɗŮɟɛɑŬ  əŬɘ ɖ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ ɞɘ ɞˊɞɑŮɠ Ŭ́ ɞŰŮɚɞɨɜ ȷɜŬɜŮɩůɘɛŮɠ Ʉɖɔɏɠ 

ȺɜɏɟɔŮɘŬɠ (ȷɄȺ) ˊɞɡ Ŭɝɘɞˊɞɘɞɨɜ Űɘɠ ŬɜŮɝɎɜŰɚɖŰŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɧɢɘ ŰŬ ˊŮɟɘɞɟɘůɛɏɜŬ 

ŮɜŮɟɔŮɘŬəɎ ɞɟɡəŰɎ ŬˊɞɗɏɛŬŰŬ. ȼ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐ Ŭˊɧ ȷɄȺ ŮɑɜŬɘ ɎɛŮůŬ ůɡɜŭŮŭŮɛɏɜɖ ɛŮ 
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Űɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ əŬɘ ŭɘɎűɞɟŬ űɡůɘəɎ űŬɘɜɧɛŮɜŬ, ɧˊɤɠ ɞ ŬɏɟŬɠ əŬɘ ɖ ˊŬɚɑɟɟɞɘŬ əŬɘ, 

əŬŰɎ ůɡɜɏˊŮɘŬ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɘɞŭɘəɧŰɖŰŬ ɐ Űɖ ůŰɞɢŬůŰɘəɧŰɖŰŬ ŬɡŰɩɜ Űɤɜ 

űŬɘɜɞɛɏɜɤɜ ɞˊɧŰŮ ŭŮɜ ˊɟɞůűɏɟɞɡɜ Ůɔɔɡɖɛɏɜɖ ˊŬɟŬɔɤɔɐ. ȼ ˊŬɟŬɔɤɔɐ ɓŬůɘůɛɏɜɖ ůŮ ȷɄȺ, 

ɧɛɤɠ, ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɧɜɞ ɛɘəɟɧ əɞɛɛɎŰɘ Űɖɠ ůɡɜɞɚɘəɐɠ ˊŬɟŬɔɤɔɐɠ ůŰɖɜ ȺɚɚɎŭŬ. ɇɞ 

ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɖɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɘəɐɠ ɘůɢɨɞɠ ŮɑɜŬɘ ɓŬůɘůɛɏɜɞ ůŰɞ 

ɚɘɔɜɑŰɖ, ŭɘɧŰɘ ɓɟɑůəŮŰŬɘ ůŮ ŬűɗɞɜɑŬ ůŮ ˊɞɚɚɎ əɞɘŰɎůɛŬŰŬ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ ȺɚɚɎŭŬ. ɇŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɧɛɤɠ, ɡˊɎɟɢŮɘ ůɡɜŮɢɐɠ Ŭɨɝɖůɖ Űɤɜ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ɛɞɜɎŭɤɜ ɛŮŰŬŰɟɞˊɐɠ 

Ŭɘɞɚɘəɐɠ əŬɘ ɖɚɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ůɖɛŬŰɞŭɞŰŮɑ Űɖ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ŭɘŮɑůŭɡůɖ Űɤɜ 

ȷɜŬɜŮɩůɘɛɤɜ Ʉɖɔɩɜ ȺɜɏɟɔŮɘŬɠ ůŰɖɜ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐ. 

Ƀɘ ŮɔəŬŰŮůŰɖɛɏɜŮɠ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ůŮ əɎɗŮ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊŬɟəɞɨɜ 

ɩůŰŮ ɜŬ əŬɚɨˊŰŮŰŬɘ ɖ ɕɐŰɖůɖ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ ůŮ ɧɚɞɡɠ Űɞɡɠ əŬŰŬɜŬɚɤŰɏɠ ɧˊɞɡ əŬɘ Ŭɜ 

ŬɡŰɞɑ ɓɟɑůəɞɜŰŬɘ. ȳɛɤɠ, ɖ ɕɐŰɖůɖ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛŮŰŬɓɎɚɚŮŰŬɘ ŮɜŰɧɠ Ůɡɟɏɤɜ 

ɞɟɑɤɜ Űɧůɞ ůŮ ɖɛŮɟɐůɘŬ ɓɎůɖ ɧůɞ əŬɘ ŮˊɞɢɘŬəɎ ůŮ ŮŰɐůɘŬ ɓɎůɖ. ȷəɧɛŬ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ 

ɐŭɖ, ɖ ˊŬɟŬɔɤɔɐ Ŭˊɧ Űɘɠ ɛɞɜɎŭŮɠ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ŭŮɜ ŮɑɜŬɘ Ůɔɔɡɖɛɏɜɖ. ũɘŬ 

Űɞɡɠ ɚɧɔɞɡɠ ŬɡŰɞɨɠ ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢɞɡɜ əŬɘ ůɖɛŬɜŰɘəɎ ˊŮɟɘɗɩɟɘŬ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬɚɨˊŰŮŰŬɘ ɖ ɕɐŰɖůɖ ŬəɧɛŬ əŬɘ ůŮ ˊŮɟɘɧŭɞɡɠ ɛŮɔɎɚɖɠ ɕɐŰɖůɖɠ űɞɟŰɑɞɡ. ȼ 

ŮűŮŭɟŮɑŬ ŬəɧɛŬ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ɛˊɞɟŮɑ Űɞ ůɨůŰɖɛŬ ɜŬ ŬɜŰŬˊɞəɟɘɗŮɑ ůŮ ŭɡɜŬɛɘəɎ 

űŬɘɜɧɛŮɜŬ ˊɞɡ ɗŬ ˊɟɞəɚɖɗɞɨɜ Ŭˊɧ ɛɑŬ ůŮɘɟɎ ŭɘŬŰŬɟŬɢɩɜ əŬɘ ɜŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ɏŰůɘ Űɧůɞ ɖ 

ůŰŬŰɘəɐ ɧůɞ əŬɘ ɖ ŭɡɜŬɛɘəɐ ŬůűɎɚŮɘŬ əŬɘ ŬɝɘɞˊɘůŰɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ɜŬ ɓɞɖɗɎ ůŰɖ 

ɟɨɗɛɘůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ. 

2.1.2.  ȹɑəŰɡŬ ɀŮŰŬűɞɟɎɠ ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ  

 

ɀɏůɤ Űɞɡ ŭɘəŰɨɞɡ ɛŮŰŬűɞɟɎɠ ŭɘŬůɡɜŭɏɞɜŰŬɘ ɧɚɞɘ ɞɘ ɛŮɔɎɚɞɘ ůŰŬɗɛɞɑ ˊŬɟŬɔɤɔɐɠ əŬɗɩɠ 

əŬɘ ŭɘŬűɞɟŮŰɘəɎ ůɡůŰɐɛŬŰŬ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɛŮŰŬűɏɟɞɜŰŬɘ ɛŮɔɎɚŬ ɛŮɔɏɗɖ ɘůɢɨɞɠ ůŮ ɛŮɔɎɚŮɠ 

ŬˊɞůŰɎůŮɘɠ ˊɟɞɠ ŰŬ əɏɜŰɟŬ əŬŰŬɜɎɚɤůɖɠ. ɇɞ ŭɑəŰɡɞ ɛŮŰŬűɞɟɎɠ ŬˊɞŰŮɚŮɑ Űɖ ůˊɞɜŭɡɚɘəɐ 

ůŰɐɚɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɚŮɘŰɞɡɟɔŮɑ ůŰŬ ɛɏɔɘůŰŬ ŭɡɜŬŰɎ ŮˊɑˊŮŭŬ 

ŰɎůɖɠ. ɄŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ŭɑəŰɡŬ Űɤɜ ɔɟŬɛɛɩɜ ɡˊŮɟ-ɡɣɖɚɐɠ əŬɘ ɡɣɖɚɐɠ ŰɎůɖɠ, Űɞɡɠ 

ɡˊɞůŰŬɗɛɞɨɠ ɕŮɨɝɖɠ Űɤɜ ŭɘəŰɨɤɜ ŬɡŰɩɜ əŬɘ Űɞɡɠ ɡˊɞůŰŬɗɛɞɨɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɛŮŰŬɝɨ 

Űɤɜ ŭɘŬűɧɟɤɜ Ůˊɘˊɏŭɤɜ ŰɎůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ. 

ȳˊɞŰŮ, ɚɞɘˊɧɜ, ŬˊŬɘŰŮɑŰŬɘ ɛŮŰŬűɞɟɎ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ 

ŬɡŰɐ ɔɑɜŮŰŬɘ ɛɏůɤ Űɤɜ ɔɟŬɛɛɩɜ ɛŮŰŬűɞɟɎɠ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɜŬɏɟɘŮɠ ɐ ůˊŬɜɘɧŰŮɟŬ 

ɡˊɧɔŮɘŮɠ. ɇɞ ŮˊɑˊŮŭɞ ŰɎůɖɠ Űɤɜ ɔɟŬɛɛɩɜ ɛŮŰŬűɞɟɎɠ ŮɑɜŬɘ ŬɡŰɧ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɞ ɧɟɘɞ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ ˊɞɡ ɛˊɞɟɞɨɜ ŬɡŰɏɠ ɜŬ ɛŮŰŬűɏɟɞɡɜ. ȰŰůɘ, ɖ ŮˊɑŰŮɡɝɖ ɡɣɖɚɩɜ ŰɎůŮɤɜ 

ɛŮŰŬűɞɟɎɠ ɏəŬɜŮ ŭɡɜŬŰɐ Űɖ ɛŮŰŬűɞɟɎ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɛŮɔɎɚŮɠ 

ŬˊɞůŰɎůŮɘɠ. ȷɜɎɚɞɔŬ ɛŮ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ŰɎůɖɠ ɛŮŰŬűɞɟɎɠ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɢɤɟɖŰɘəɧŰɖŰŮɠ Űɤɜ 

ɔɟŬɛɛɩɜ ɛŮŰŬűɞɟɎɠ ˊɞɡ ŮəŰŮɑɜɞɜŰŬɘ Ŭˊɧ  100 ɀW  ɛɏɢɟɘ əŬɘ ˊɎɜɤ Ŭˊɧ  4000 MW. 

ȰɜŬ ůɨůŰɖɛŬ ˊŬɟŬɔɤɔɐɠ əŬɘ ɛŮŰŬűɞɟɎɠ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔŮɑ Ŭˊɞɛɞɜɤɛɏɜɞ ɐ 

ŭɘŬůɡɜŭŮŭŮɛɏɜɞ ɛŮ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ɔŮɘŰɞɜɘəɎ ůɡůŰɐɛŬŰŬ. ȼ ŭɘŬůɨɜŭŮůɖ ɔɑɜŮŰŬɘ ůɡɜɐɗɤɠ 

ůŮ ŮˊɑˊŮŭɞ Ůɗɜɘəɩɜ ůɡůŰɖɛɎŰɤɜ əŬɘ ˊɟɞůűɏɟŮɘ ŰŮɢɜɘəɎ əŬɘ ɞɘəɞɜɞɛɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ. 

ɆŰɖɜ ȺɚɚɎŭŬ, Űɖ ůˊɞɜŭɡɚɘəɐ ůŰɐɚɖ Űɞɡ ȹɘŬůɡɜŭŮŭŮɛɏɜɞɡ ɆɡůŰɐɛŬŰɞɠ ɀŮŰŬűɞɟɎɠ 

ŬˊɞŰŮɚɞɨɜ ɞɘ ŰɟŮɘɠ ɔɟŬɛɛɏɠ ŭɘˊɚɞɨ əɡəɚɩɛŬŰɞɠ Űɤɜ 400kV, ˊɞɡ ɛŮŰŬűɏɟɞɡɜ ɖɚŮəŰɟɘůɛɧ, 

əɡɟɑɤɠ Ŭˊɧ Űɞ ůˊɞɡŭŬɘɧŰŮɟɞ ɔɘŬ Űɖɜ ɢɩɟŬ ɛŬɠ ŮɜŮɟɔŮɘŬəɧ əɏɜŰɟɞ ˊŬɟŬɔɤɔɐɠ Űɖɠ ȹɡŰɘəɐɠ 
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ɀŬəŮŭɞɜɑŬɠ. ɆŰɖ ˊŮɟɘɞɢɐ ŬɡŰɐ, ˊŬɟɎɔŮŰŬɘ ˊŮɟɑˊɞɡ Űɞ 70% Űɖɠ ůɡɜɞɚɘəɐɠ 

ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐɠ Űɖɠ ɢɩɟŬɠ ˊɞɡ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮŰŬűɏɟŮŰŬɘ ůŰŬ ɛŮɔɎɚŬ əɏɜŰɟŬ 

əŬŰŬɜɎɚɤůɖɠ Űɖɠ ȾŮɜŰɟɘəɐɠ əŬɘ ɁɧŰɘŬɠ ȺɚɚɎŭŬɠ, ˊɞɡ əŬŰŬɜŬɚɩɜŮŰŬɘ ˊŮɟɑˊɞɡ Űɞ 65% Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ɇɞ ȹɘŬůɡɜŭŮŭŮɛɏɜɞ ɆɨůŰɖɛŬ ɀŮŰŬűɞɟɎɠ ŭɘŬɗɏŰŮɘ Ůˊɘˊɚɏɞɜ ɔɟŬɛɛɏɠ 

Űɤɜ 400kV əŬɗɩɠ Ůˊɑůɖɠ ŮɜŬɏɟɘŮɠ, ɡˊɧɔŮɘŮɠ ɔɟŬɛɛɏɠ əŬɘ ɡˊɞɓɟɨɢɘŬ əŬɚɩŭɘŬ Űɤɜ 150kV ˊɞɡ 

ůɡɜŭɏɞɡɜ Űɖɜ ȯɜŭɟɞ əŬɘ ŰŬ ɜɖůɘɎ Űɖɠ ȹɡŰɘəɐɠ ȺɚɚɎŭŬɠ, Űɖɜ ȾɏɟəɡɟŬ, Űɖ ȿŮɡəɎŭŬ, Űɖɜ 

ȾŮűŬɚɞɜɘɎ əŬɘ Űɖɜ ȻɎəɡɜɗɞ ɛŮ Űɞ ŭɘŬůɡɜŭŮŭŮɛɏɜɞ ůɨůŰɖɛŬ ɛŮŰŬűɞɟɎɠ, əŬɗɩɠ əŬɘ ɛɑŬ 

ɡˊɞɓɟɨɢɘŬ ŭɘŬůɨɜŭŮůɖ Űɖɠ ȾɏɟəɡɟŬɠ ɛŮ Űɖɜ ȼɔɞɡɛŮɜɑŰůŬ ůŰŬ 66kV.[3]  

ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɜɖůɘɎ ůɐɛŮɟŬ ůŰɖɜ ȺɚɚɎŭŬ (əɡɟɑɤɠ ůŰɞ ȷɘɔŬɑɞ) ɖɚŮəŰɟɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ 

ŬɡŰɧɜɞɛŬ ɖɚŮəŰɟɘəɎ ůɡůŰɐɛŬŰŬ ɛŮ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ 

Űɞˊɘəɞɨɠ ɗŮɟɛɘəɞɨɠ ůŰŬɗɛɞɨɠ ˊŬɟŬɔɤɔɐɠ, ɞɘ ɞˊɞɑɞɘ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ əŬɨůɘɛɞ ˊŮŰɟɏɚŬɘɞ, 

ɓŬɟɨ (ɛŬɕɞɨŰ) ɐ əŬɘ ŮɚŬűɟɨ (ɜŰɑɕŮɚ), əŬɘ Űɞɡɠ ůŰŬɗɛɞɨɠ ȷɄȺ (Ŭɘɞɚɘəɞɨɠ əŬɘ 

űɤŰɞɓɞɚŰŬɥəɞɨɠ). ɇŬ ɜɖůɘɎ ŬɡŰɎ ŭŮɜ ɏɢɞɡɜ ŭɘŬůɡɜŭŮɗŮɑ ɛɏɢɟɘ ůɐɛŮɟŬ ɛŮ Űɞ ɖˊŮɘɟɤŰɘəɧ 

ɖɚŮəŰɟɘəɧ ůɨůŰɖɛŬ, ɚɧɔɤ əɡɟɑɤɠ ŰŮɢɜɘəɩɜ əŬɘ ŰŮɢɜɞɚɞɔɘəɩɜ ŭɡůəɞɚɘɩɜ, ˊɞɡ ɡűɑůŰŬɜŰɞ 

ɛɏɢɟɘ ˊɟɧŰɘɜɞɠ, ŬɚɚɎ əŬɘ ɚɧɔɤ ɞɘəɞɜɞɛɘəɩɜ ŭɡůəɞɚɘɩɜ əŬɗɩɠ ɞɘ ŭɘŬůɡɜŭɏůŮɘɠ ŮɑɜŬɘ ɏɟɔŬ 

ɛŮɔɎɚɖɠ ɏɜŰŬůɖɠ əŮűŬɚŬɑɞɡ. 

ɇɏɚɞɠ, Űɞ Ⱥɚɚɖɜɘəɧ ɆɨůŰɖɛŬ ɀŮŰŬűɞɟɎɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɘŬůɡɜŭɏůŮɘɠ ɛŮ Űɖɜ ȷɚɓŬɜɑŬ, 

Űɖɜ Ʉũȹɀ, Űɖ ȸɞɡɚɔŬɟɑŬ, Űɖɜ ɇɞɡɟəɑŬ əŬɘ Űɖɜ ȽŰŬɚɑŬ.  

ɇŬ ůɖɛŮɟɘɜɎ ůɡůŰɐɛŬŰŬ ɛŮŰŬűɞɟɎɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɚŮɘŰɞɡɟɔɞɨɜ ŬɝɘɧˊɘůŰŬ əŬɘ 

ŬˊɞŭɞŰɘəɎ. ȳɛɤɠ, ɞɘ ŭɘŬɗɏůɘɛŮɠ ɜɏŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ɓŮɚŰɘɩůɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ˊɟɞůűɏɟɞɜŰŬɠ ɓŮɚŰɘɤɛɏɜɖ ŬɝɘɞˊɘůŰɑŬ,  Ŭɡɝɖɛɏɜɖ ɘəŬɜɧŰɖŰŬ ɛŮŰŬűɞɟɎɠ əŬɘ 

ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ əŬɚɨŰŮɟɖ ŮɜůɤɛɎŰɤůɖ Űɤɜ ɛɞɜɎŭɤɜ ɛŮŰŬɓɚɖŰɐɠ ˊŬɟŬɔɤɔɐɠ (ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, Űɤɜ ɛɞɜɎŭɤɜ ɖɚɘŬəɐɠ əŬɘ Ŭɘɞɚɘəɐɠ ˊŬɟŬɔɤɔɐɠ). Ƀ ůɡɜŭɡŬůɛɧɠ ˊɞɚɚɩɜ ŰɏŰɞɘɤɜ 

ŰŮɢɜɞɚɞɔɘɩɜ ůŮ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ůɨůŰɖɛŬ ŬɘůɗɖŰɐɟɤɜ, ɡˊɞŭɞɛɩɜ  Ůˊɘəɞɘɜɤɜɘɩɜ,  

Ůɝɞˊɚɘůɛɞɨ Ůɚɏɔɢɞɡ əŬɘ ɏɝɡˊɜɤɜ ůɡůŰɖɛɎŰɤɜ ŭɘŬɢŮɑɟɘůɖɠ ɗŬ ˊŬɟɏɢŮɘ ůɖɛŬɜŰɘəɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ůŰŬ ɛŮɚɚɞɜŰɘəɎ ŭɑəŰɡŬ. 

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ ɆɡůŰɐɛŬŰɞɠ ɞ ȹɘŬɢŮɘɟɘůŰɐɠ Űɞɡ ɆɡůŰɐɛŬŰɞɠ [4] ŮəˊɞɜŮɑ 

əŬɘ ŭɖɛɞůɘɞˊɞɘŮɑ, əɎɗŮ ɏŰɞɠ, ůɢɏŭɘɞ ɀŮɚɏŰɖɠ ɔɘŬ Űɖɜ ȷɜɎˊŰɡɝɖ Űɞɡ ɆɡůŰɐɛŬŰɞɠ ɀŮŰŬűɞɟɎɠ 

(ɀȷɆɀ), ůɨɛűɤɜŬ ɛŮ Űɞɜ ȾɩŭɘəŬ ȹɘŬɢŮɑɟɘůɖɠ Űɞɡ ɆɡůŰɐɛŬŰɞɠ. ɆŰɖ ɀȷɆɀ ŮɜŰɎůůɞɜŰŬɘ 

ŰŬ ɏɟɔŬ ŬɜɎˊŰɡɝɖɠ Űɞɡ ɆɡůŰɐɛŬŰɞɠ, ŰŬ ɞˊɞɑŬ ɞ ȹɘŬɢŮɘɟɘůŰɐɠ əɟɑɜŮɘ ŬɜŬɔəŬɑŬ ɛŮ ůəɞˊɧ ɜŬ 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɞɘ Ůɝɐɠ ůŰɧɢɞɘ: 

¶ ɖ ɓŮɚŰɑɤůɖ Űɖɠ ŬůűɎɚŮɘŬɠ ŰɟɞűɞŭɞůɑŬɠ, ɖ Ŭɨɝɖůɖ Űɖɠ ɘəŬɜɧŰɖŰŬɠ ɛŮŰŬűɞɟɎɠ əŬɘ Űɖɠ 

ŮɡůŰɎɗŮɘŬɠ Űɞɡ ɆɡůŰɐɛŬŰɞɠ əŬɘ ɖ ɛŮɑɤůɖ Űɤɜ ŰŮɢɜɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ Űɞɡ ɆɡůŰɐɛŬŰɞɠ 

¶ ɖ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ŬɜŬɔəɩɜ ůɨɜŭŮůɖɠ ɜɏɤɜ ɢɟɖůŰɩɜ ůŮ ŬɡŰɧ 

¶ ɖ Ůɜɑůɢɡůɖ Űɖɠ ŭɘŬůɨɜŭŮůɖɠ ɛŮ ɎɚɚŬ ůɡůŰɐɛŬŰŬ əŬɘ ɛŮ Űɞ ȹɑəŰɡɞ 

¶ ɖ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ ɛŮŰŬűɞɟɎɠ ůŰɞ ɆɨůŰɖɛŬ 

2.1.3.  ȹɑəŰɡŬ ȹɘŬɜɞɛɐɠ ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ 

 

ȼ ŭɘŬɜɞɛɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ɚŮɘŰɞɡɟɔɑŬɠ 

əŬɘ Ůɚɏɔɢɞɡ ɛŮ ŰŬ ɞˊɞɑŬ ɖ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ˊŬɟɏɢŮŰŬɘ ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ. ȰɜŬ ŭɑəŰɡɞ 

ŭɘŬɜɞɛɐɠ ɏɢŮɘ ůɖɛŮɑɞ ɏɜŬɟɝɖɠ Űɞɜ ɡˊɞůŰŬɗɛɧ ŭɘŬɜɞɛɐɠ, ɞ ɞˊɞɑɞɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ ůɡɜɐɗɤɠ 
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Ŭˊɧ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ɔɟŬɛɛɏɠ ɛŮŰŬűɞɟɎɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖ ŭɞɛɐ Űɞɡ ɆȼȺ. ȾɎɗŮ 

ɡˊɞůŰŬɗɛɧɠ ɛŮ Űɖ ůŮɘɟɎ Űɞɡ ɗŬ ŮɝɡˊɖɟŮŰɐůŮɘ ɏɜŬɜ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ əɨɟɘɞɡɠ ŰɟɞűɞŭɧŰŮɠ.  

ȹɘŬəɟɑɜɞɜŰŬɘ ŭɨɞ ɓŬɗɛɑŭŮɠ ŭɘŬɜɞɛɐɠ, ɖ ŭɘŬɜɞɛɐ ɛɏůɖɠ ŰɎůɖɠ ɐ Ŭɚɚɘɩɠ ˊɟɤŰŮɨɞɡůŬ 

ŭɘŬɜɞɛɐ əŬɘ ɖ ŭɘŬɜɞɛɐ ɢŬɛɖɚɐɠ ŰɎůɖɠ ɐ Ŭɚɚɘɩɠ ŭŮɡŰŮɟŮɨɞɡůŬ ŭɘŬɜɞɛɐ. ɇŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ 

ɛɏůɖɠ ŰɎůɖɠ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ ɡˊɞůŰŬɗɛɞɨɠ ɡˊɞɓɘɓŬůɛɞɨ ŰɎůɖɠ, Ŭˊɧ ɡɣɖɚɐ ůŮ ɛɏůɖ, 

əŬɘ ŰɟɞűɞŭɞŰɞɨɜ Űɞɡɠ ɡˊɞůŰŬɗɛɞɨɠ Űɖɠ ŭɘŬɜɞɛɐɠ əŬɘ Űɞɡɠ əŬŰŬɜŬɚɤŰɏɠ ɛɏůɖɠ ŰɎůɖɠ. ɇŬ 

ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɢŬɛɖɚɐɠ ŰɎůɖɠ ɏɢɞɡɜ ůŬɜ ŬűŮŰɖɟɑŬ Űɞɡɠ ɡˊɞůŰŬɗɛɞɨɠ ŭɘŬɜɞɛɐɠ, ɧˊɞɡ ɖ 

ɛɏůɖ ŰɎůɖ ɡˊɞɓɘɓɎɕŮŰŬɘ ůŮ ɢŬɛɖɚɐ ɛɏůɤ ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ ŭɘŬɜɞɛɐɠ. Ƀɘ ɔɟŬɛɛɏɠ ŭɘŬɜɞɛɐɠ 

ɢŬɛɖɚɐɠ ŰɎůɖɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰɟŮɘɠ Ŭɔɤɔɞɨɠ űɎůŮɤɜ əŬɘ ŭɘŬɗɏŰɞɡɜ, Ůˊɘˊɚɏɞɜ, əŬɘ 

ɞɡŭɏŰŮɟɞ Ŭɔɤɔɧ. 

ȼ əŬŰŬůəŮɡŬůŰɘəɐ ŭɘŬɛɧɟűɤůɖ Űɤɜ ŭɘəŰɨɤɜ ŭɘŬɜɞɛɐɠ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖ 

ɢɤɟɞŰŬɝɘəɐ ŭɘŬɛɧɟűɤůɖ əɎɗŮ ˊŮɟɘɞɢɐɠ. ȰɢɞɡɛŮ ŭɨɞ ɛɞɟűɏɠ ŭɘəŰɨɤɜ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ 

əŬŰŬůəŮɡɐɠ Űɞɡɠ, ŮɜŬɏɟɘŬ əŬɘ ɡˊɧɔŮɘŬ. ɇŬ ŮɜŬɏɟɘŬ ŭɑəŰɡŬ ŮɑɜŬɘ ɞɘəɞɜɞɛɘəɧŰŮɟŬ ůŰɞ ɜŬ 

əŬŰŬůəŮɡŬůŰɞɨɜ əŬɘ ŮɑɜŬɘ ŮɡəɞɚɧŰŮɟɖ əŬɘ ɚɘɔɧŰŮɟɞ ɢɟɞɜɞɓɧɟŬ ɖ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ 

ɓɚŬɓɩɜ Űɞɡɠ. Ȱɢɞɡɜ ɧɛɤɠ Űɞ ɛŮɘɞɜɏəŰɖɛŬ ɧŰɘ ɢɟŮɘɎɕɞɜŰŬɘ ŬɟəŮŰɧ ɢɩɟɞ ɔɘŬ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ Űɞɡɠ, ˊɟɎɔɛŬ ˊɞɡ ˊɞɚɚɏɠ űɞɟɏɠ əŬɗɘůŰɎ ŬŭɨɜŬŰɖ Űɖ ɢɟɐůɖ Űɞɡɠ ůŮ 

ˊɡəɜɞəŬŰɞɘəɖɛɏɜŮɠ ˊŮɟɘɞɢɏɠ. ɇŬ ɡˊɧɔŮɘŬ ŭɑəŰɡŬ Ŭˊɧ Űɖɜ Ɏɚɚɖ ɏɢɞɡɜ ŮɚɎɢɘůŰɖ ŬɘůɗɖŰɘəɐ 

ŮˊɑˊŰɤůɖ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. 

ȼ ɛɞɟűɐ Űɤɜ ŭɘəŰɨɤɜ ŭɘŬɜɞɛɐɠ ŮɑɜŬɘ əŬŰɎ əŬɜɧɜŬ ŬəŰɘɜɘəɐ (radial) ɐ ɓɟɞɢɞŮɘŭɐɠ 

(meshed). ɆŰŬ ŬəŰɘɜɘəɎ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɧɚŬ ŰŬ űɞɟŰɑŬ Űɞɡ ŭɘəŰɨɞɡ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ɛɧɜɞ 

Ŭˊɧ Űɞ ɏɜŬ Ɏəɟɞ Űɞɡɠ. ȰŰůɘ, ɞɘ əɚɎŭɞɘ Űɞɡ ŭɘəŰɨɞɡ ŭŮ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ůɢɖɛŬŰɑɕɞɜŰŬɠ 

ɓɟɧɢɞɡɠ, ŬɚɚɎ ŭɘŬŭɑŭɞɜŰŬɘ ŬəŰɘɜɘəɎ Ŭˊɧ Űɖ əŮɜŰɟɘəɐ ŰɟɞűɞŭɞůɑŬ ˊɟɞɠ ŰŬ űɞɟŰɑŬ. ɀŮ ɚɑɔŬ 

ɚɧɔɘŬ, ɖ ɛɞɟűɐ Ůɜɧɠ ŬəŰɘɜɘəɞɨ ŭɘəŰɨɞɡ ŭɘŬɜɞɛɐɠ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɖ ŭɞɛɐ ŭɏɜŰɟɞɡ, ɧˊɤɠ 

ŮɑɜŬɘ ɔɜɤůŰɐ ůŰɖɜ ŮˊɘůŰɐɛɖ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ. ȷɜŰɑɗŮŰŬ, ůŰɖ ɓɟɞɢɞŮɘŭɐ ɚŮɘŰɞɡɟɔɑŬ ŰŬ 

ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ŮɑɜŬɘ əɚŮɘůŰɎ, ɛɏůɤ Űɤɜ ɓɟɧɢɤɜ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ɞɘ ɔɟŬɛɛɏɠ. ȷɡŰɐ ɖ 

ɛɞɟűɐ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ ɑŭɘɞɡ Ŭɟɘɗɛɞɨ űɞɟŰɑɤɜ ɛŮ ɛɘəɟɧŰŮɟɞ Ŭɟɘɗɛɧ ɔɟŬɛɛɩɜ əŬɘ 

ˊɟɞůűɏɟŮɘ ŮɨəɞɚŬ ŮɜŬɚɚŬəŰɘəɐ ŰɟɞűɞŭɞůɑŬ ůŮ ˊŮɟɑˊŰɤůɖ ɓɚŬɓɩɜ, Ůɜɩ ɖ ŬəŰɘɜɘəɐ ɛɞɟűɐ 

ŬˊɚɞˊɞɘŮɑ əŬɘ ŭɘŮɡəɞɚɨɜŮɘ ɕɖŰɐɛŬŰŬ ˊɟɞůŰŬůɑŬɠ Űɞɡ ŭɘəŰɨɞɡ əŬɘ ɟɞɐɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ˊɞɚɚɎ ŭɑəŰɡŬ ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ɏŰůɘ ɩůŰŮ ɜŬ ɛŮŰŬŰɟɏˊɞɜŰŬɘ Ŭˊɧ ŬəŰɘɜɘəɎ ůŮ 

ɓɟɞɢɞŮɘŭɐ əŬɘ ŬɜŰɑůŰɟɞűŬ, ɛŮ Űɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ ŭɘŬəɞˊŰɩɜ ɐ ŬˊɞɕŮɡəŰɩɜ, ɏŰůɘ ɩůŰŮ ɜŬ 

ŮˊɤűŮɚɞɨɜŰŬɘ Űɤɜ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ əŬɘ Űɤɜ ŭɨɞ ŭɘŬɛɞɟűɩůŮɤɜ.  

ɇŬ ɗɏɛŬŰŬ ˊɞɡ ɎˊŰɞɜŰŬɘ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ ȹɘəŰɨɞɡ ȹɘŬɜɞɛɐɠ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɛŮ Űɞɜ 

ȾɩŭɘəŬ ȹɘŬɢŮɑɟɘůɖɠ Űɞɡ ȹɘəŰɨɞɡ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ˊŬɟŬəɎŰɤ [4]:  

¶ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɕɐŰɖůɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

¶ Űɖ ůɨɜŭŮůɖ ɜɏɤɜ ɉɟɖůŰɩɜ ůŰɞ ȹɑəŰɡɞ ɐ ŬɜɎɔəɖ Űɟɞˊɞˊɞɑɖůɖɠ ɡűɘůŰɎɛŮɜɤɜ ůɡɜŭɏůŮɤɜ 

ɉɟɖůŰɩɜ 

¶ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ əŬɘ Űɖɠ ŬůűɎɚŮɘŬɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ȹɘəŰɨɞɡ 

¶ Űɘɠ ɛŮŰŬɓɞɚɏɠ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ űɞɟŰɑɞɡ ɐ Űɖɠ ˊŬɟŬɔɤɔɐɠ, ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ əŬɘ 

ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ ŬɝɘɞˊɘůŰɑŬɠ 

¶ Űɖ ɛŮɑɤůɖ Űɞɡ ůɡɜɞɚɘəɞɨ ɛŬəɟɞɢɟɧɜɘɞɡ əɧůŰɞɡɠ Űɞɡ ȹɘəŰɨɞɡ 

 



21 

 

2.2 ȷɜŬɜŮɩůɘɛŮɠ Ʉɖɔɏɠ ȺɜɏɟɔŮɘŬɠ 

 

ȷˊɞŰŮɚɞɨɜ Űɘɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŮɠ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖ űɨůɖ, ŭŮɜ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɞɟɡəŰɏɠ 

ˊɖɔɏɠ əŬɘ ŮɑɜŬɘ ˊɟŬəŰɘəɎ ŬɜŮɝɎɜŰɚɖŰŮɠ. ɇɏŰɞɘŮɠ ŮɑɜŬɘ ɖ ɖɚɘŬəɐ, ɖ Ŭɘɞɚɘəɐ, ɖ ɔŮɤɗŮɟɛɘəɐ, ɖ 

ɡŭɟɞɖɚŮəŰɟɘəɐ, ɖ ˊŬɚɘɟɟɞɥəɐ əŬɘ ɖ ɓɘɞɛɎɕŬ. ȸŬůɘəɧ ůŰɞɘɢŮɑɞ ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ ɤɠ ȷɄȺ 

ŬˊɞŰŮɚŮɑ Űɞ ɧŰɘ ŭŮɜ Ŭɚɚɞɘɩɜɞɡɜ Űɞ ɘůɞɕɨɔɘɞ Űɞɡ CO2 əŬɘ, Ůˊɘˊɚɏɞɜ, ŭŮɜ ˊŬɟɎɔɞɡɜ ŰɞɝɘəɎ 

əŬɡůŬɏɟɘŬ, ɧˊɤɠ ŰŬ ɞɝŮɑŭɘŬ Űɞɡ ɗŮɑɞɡ əŬɘ Űɞɡ ŬɕɩŰɞɡ. ȼ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ Ŭˊɧ 

ȷɜŬɜŮɩůɘɛŮɠ Ʉɖɔɏɠ ȺɜɏɟɔŮɘŬɠ (ȷɄȺ) ŮɑɜŬɘ ɖ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ 

ŮəɛŮŰɎɚɚŮɡůɖ ŬɡŰɩɜ Űɤɜ ˊɖɔɩɜ, əɡɟɑɤɠ Űɖɠ Ŭɘɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ (ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ) ɐ Űɖɠ 

ɖɚɘŬəɐɠ (űɤŰɞɓɞɚŰŬɥəɎ) əŬɘ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ ɡŭɎŰɘɜɞɡ ŭɡɜŬɛɘəɞɨ ůŮ ɛɘəɟɞɨɠ ɧɛɤɠ ɛɧɜɞ 

ɡŭɟɞɖɚŮəŰɟɘəɞɨɠ ůŰŬɗɛɞɨɠ. ȯɚɚŮɠ ŬɝɘɞˊɞɘɐůɘɛŮɠ ˊɖɔɏɠ ŮɑɜŬɘ ɖ ɓɘɞɛɎɕŬ ɐ Űɞ ɓɘɞŬɏɟɘɞ, ɖ 

ɔŮɤɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ, ɖ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɖ ɗɎɚŬůůŬ, ɖ ůɡɛˊŬɟŬɔɤɔɐ əŬɘ ɞɘ 

ɡɓɟɘŭɘəɞɑ ůŰŬɗɛɞɑ, ɞɘ ɞˊɞɑɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ əɡɟɑɤɠ ȷɄȺ əŬɘ ŭŮɡŰŮɟŮɡɧɜŰɤɠ ůɡɛɓŬŰɘəɏɠ 

ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ ɐ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ Űɞ ȹɑəŰɡɞ ɐ Űɞ ɆɨůŰɖɛŬ, əŬŰɎ Űɞ ɛɏɟɞɠ ˊɞɡ ɖ 

ŮɜɏɟɔŮɘŬ ŬɡŰɐ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ȷɄȺ. 

ȼ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐ Ŭˊɧ ȷɄȺ ŭŮɜ ůɡɜŮˊɎɔŮŰŬɘ ɟɡˊɞɔɧɜŮɠ Ůəˊɞɛˊɏɠ əŬɗɩɠ ŭŮɜ 

ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ əŬɨůɖ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ. ȺɑɜŬɘ ɎɛŮůŬ ůɡɜŭŮŭŮɛɏɜɖ ɛŮ Űɞɜ ɐɚɘɞ əŬɘ ŰŬ 

űɡůɘəɎ űŬɘɜɧɛŮɜŬ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɘɞŭɘəɧŰɖŰŬ ɐ Űɖɜ 

ůŰɞɢŬůŰɘəɧŰɖŰŬ ŬɡŰɩɜ Űɤɜ űŬɘɜɞɛɏɜɤɜ. ȸŬůɘəɧ ɕɖŰɞɨɛŮɜɞ ˊɞɡ ŬűɞɟɎ Űɘɠ ȷɄȺ ŮɑɜŬɘ ɖ 

Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ ŭɘŮɑůŭɡůɐɠ Űɞɡɠ ůŰɖɜ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐ, əɎŰɘ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ 

ɞɟɘůɛɏɜŮɠ ŭɡůəɞɚɑŮɠ əŬɘ ˊɟɞŬˊŬɘŰɞɨɛŮɜŬ: ŮɜŭŮɢɧɛŮɜɖ ŬɜɎɔəɖ ŬɜŬɓɎɗɛɘůɖɠ Űɞɡ ŭɘəŰɨɞɡ, 

ɨˊŬɟɝɖ ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɡɣɖɚɎ ɢɟɖɛŬŰɘəɎ ˊɞůɎ ɔɘŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ ˊɞɡ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ Űɘɠ ŭɘɎűɞɟŮɠ ŬɜŬɜŮɩůɘɛŮɠ ɛɞɟűɏɠ 

ŮɜɏɟɔŮɘŬɠ.  

Ƀɘ űɤŰɞɓɞɚŰŬɥəɞɑ ůŰŬɗɛɞɑ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ űɤŰɞɓɞɚŰŬɥəɩɜ ůŰɞɘɢŮɑɤɜ ŰŬ 

ɞˊɞɑŬ ŮɑɜŬɘ ůɡůŰɞɘɢɑŮɠ ˊɎɜŮɚ ˊɡɟɘŰɑɞɡ ˊɞɡ ɛŮŰŬŰɟɏˊɞɡɜ Űɖɜ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ ůŮ ɖɚŮəŰɟɘəɐ 

ɡˊɧ ůɡɜŮɢɐ ŰɎůɖ (DC) əŬɘ əɡəɚɩɛŬŰŬ ɘůɢɨɞɠ - ŬɜŰɘůŰɟɞűŮɑɠ (inverters) ˊɞɡ ɛŮŰŬŰɟɏˊɞɡɜ 

Űɖɜ ůɡɜŮɢɐ ŰɎůɖ ůŮ ŮɜŬɚɚŬůůɧɛŮɜɖ (ȷC), əŬŰɎɚɚɖɚɖ ɔɘŬ Űɞ ŭɑəŰɡɞ. Ɇɡɜɐɗɤɠ, ɖ 

ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ Űɤɜ ū/ȸ ůɡůŰɖɛɎŰɤɜ əɡɛŬɑɜŮŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ ɛŮɟɘəɎ KW ɏɤɠ ɛŮɟɘəɏɠ 

ŮəŬŰɞɜŰɎŭŮɠ MW ůŰŬ ˊɞɚɨ ɛŮɔɎɚŬ ū/ȸ ˊɎɟəŬ. ɄŮɟɘɚŬɛɓɎɜɞɡɜ, ŬəɧɛŬ, Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ 

ůɡůəŮɡɏɠ əŬɘ ŭɘŬŰɎɝŮɘɠ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɞɜ 

ɏɚŮɔɢɞ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɐ Űɖɠ. 

ɇŬ ŬɘɞɚɘəɎ ˊɎɟəŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ůɡůŰɞɘɢɑŮɠ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰɞɜ 

ɑŭɘɞ ɕɡɔɧ ŭɘəŰɨɞɡ. ȷɟɢɘəɎ, ɛŮŰŬŰɟɏˊɞɡɜ Űɖɜ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ ůŮ ɛɖɢŬɜɘəɐ ɛɏůɤ Ůɜɧɠ ɟɧŰɞɟŬ 

ɛŮ ˊŰŮɟɨɔɘŬ əŬɘ, ůŰɖ ůɡɜɏɢŮɘŬ, ůŮ ɖɚŮəŰɟɘəɐ ɛɏůɤ ɛɘŬɠ ɔŮɜɜɐŰɟɘŬɠ. ȼ ɞɜɞɛŬůŰɘəɐ ɘůɢɨɠ ɛɘŬɠ 

ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ əɡɛŬɑɜŮŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ 200 KW ɛɏɢɟɘ 2MW, ŬɚɚɎ əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬɘ 

ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ ɔɘŬ ɡˊŮɟɎəŰɘŬ ŬɘɞɚɘəɎ ˊɎɟəŬ, ɛŮ ɞɜɞɛŬůŰɘəɐ ɘůɢɨ ɏɤɠ əŬɘ 8MW. ȼ 

ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ Ůɜɧɠ Ŭɘɞɚɘəɞɨ ˊɎɟəɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ɛŮɟɘəɎ MW ɛɏɢɟɘ 1-2 GW. Ƀɘ 

ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ əŬŰŬŰɎůůɞɜŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ: 

1. Űɘɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ ɛŮ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ, ɧˊɞɡ ɞ ŭɟɞɛɏŬɠ ŮɑɜŬɘ Űɨˊɞɡ ɏɚɘəŬɠ əŬɘ ɞ 

ɎɝɞɜŬɠ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘůŰɟɏűŮŰŬɘ ůɡɜŮɢɩɠ ˊŬɟɎɚɚɖɚŬ ˊɟɞɠ Űɞɜ ɎɜŮɛɞ əŬɘ 

2. Űɘɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ ɛŮ əŬŰŬəɧɟɡűɞ ɎɝɞɜŬ ˊɞɡ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ. 
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Ƀ ŮˊɘəɟŬŰɏůŰŮɟɞɠ Űɨˊɞɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ ŮɑɜŬɘ ɞɟɘɕɧɜŰɘɞɡ ɎɝɞɜŬ ɛŮ ŰɟɑŬ ˊŰŮɟɨɔɘŬ. ɀŮ 

ŬɡŰɧɜ Űɞɜ Űɨˊɞ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɔɎɚɞɠ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ, ŬɚɚɎ əŬɘ ɛɘəɟɧ 

əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ. 

Ƀɘ ɛɘəɟɞɑ ɡŭɟɞɖɚŮəŰɟɘəɞɑ ůŰŬɗɛɞɑ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ Űɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ ɜŮɟɞɨ 

ɛŮŰŬŰɟɏˊɞɜŰŬɠ Űɖ ůŮ ɛɖɢŬɜɘəɐ əŬɘ Ŭəɞɚɞɨɗɤɠ ůŮ ɖɚŮəŰɟɘəɐ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ɛŮɔɎɚŬ 

ɡŭɟɞɖɚŮəŰɟɘəɎ ŮɟɔɞůŰɎůɘŬ, ɞɘ ɛɘəɟɞɑ ůŰŬɗɛɞɑ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ Űɖɜ űɡůɘəɐ ɟɞɐ əŬɘ Űɘɠ 

űɡůɘəɏɠ ɡŭŬŰɞˊŰɩůŮɘɠ Űɞɡ ɜŮɟɞɨ ɢɤɟɑɠ Űɖɜ əŬŰŬůəŮɡɐ ŰŮɢɜɘŰɩɜ ɚɘɛɜɩɜ əŬɘ ɛŮɔɎɚɤɜ 

űɟŬɔɛɎŰɤɜ. Ⱥˊɘˊɚɏɞɜ, ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ Űɞɡɠ űɗɎɜŮɘ ɛɏɢɟɘ ŰŬ 300KW. 

ȳůɞɜ ŬűɞɟɎ Űɖ ɓɘɞɛɎɕŬ, ŬˊɞŰŮɚŮɑ ɞɟɔŬɜɘəɐ ɨɚɖ Ŭˊɧ űɡŰɘəɎ ɡˊɞɚŮɑɛɛŬŰŬ, ɧˊɤɠ Ŭˊɧ 

ŬɔɟɞŰɘəɏɠ ŮɟɔŬůɑŮɠ, Űɞɜ ˊɡɟɐɜŬ Űɖɠ ŮɚɘɎɠ əŬɘ Űɖ ŭŬůɞəɞɛɑŬ, Ŭˊɧ ɕɤɘəɎ ŬˊɧɓɚɖŰŬ ɐ Ŭˊɧ Űɞ 

ɓɘɞŬˊɞɘəɞŭɞɛɐůɘɛɞ əɚɎůɛŬ ɓɘɞɛɖɢŬɜɘəɩɜ əŬɘ ŬůŰɘəɩɜ ŬˊɞɓɚɐŰɤɜ. ȷˊɧ Űɖ ɓɘɞɛɎɕŬ 

ˊŬɟɎɔɞɜŰŬɘ ŰŬ ɓɘɞəŬɨůɘɛŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɡɔɟɐ ɐ ŬɏɟɘŬ ɛɞɟűɐ. ɇŬ əɡɟɘɧŰŮɟŬ ŬɡŰɩɜ ŮɑɜŬɘ Űɞ 

ɓɘɞɜŰɑɕŮɚ, ˊɟɞŮɟɢɧɛŮɜɞ Ŭɧ́ űɡŰɘəɎ ɐ ɕɤɘəɎ ɚɑˊɖ əŬɘ ŮɑɜŬɘ ˊɞɘɧŰɖŰŬɠ ɜŰɑɕŮɚ ˊŮŰɟŮɚŬɑɞɡ, ɖ 

ɓɘɞŬɘɗŬɜɧɚɖ ˊŬɟŬɔɧɛŮɜɖ ɛɏůɤ Ŭɚəɞɞɚɘəɐɠ ɕɨɛɤůɖɠ ɓɘɞɛɎɕŬɠ ˊɚɞɨůɘŬɠ ůŮ ɕɎɢŬɟɖ əŬɘ Űɞ 

ɓɘɞŬɏɟɘɞ, ˊɢ. Űɞ Ŭɏɟɘɞ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ůŮ ɛɞɜɎŭŮɠ ɓɘɞɚɞɔɘəɞɨ əŬɗŬɟɘůɛɞɨ əŬɘ ŮɑɜŬɘ ˊɞɘɧŰɖŰŬɠ 

űɡůɘəɞɨ ŬŮɟɑɞɡ. ɄɚŮɞɜɏəŰɖɛɎ Űɞɡɠ ŮɑɜŬɘ ɧŰɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡɠ ŭɘŬŰɑɗŮɜŰŬɘ ɎűɗɞɜŮɠ 

ˊɟɩŰŮɠ ɨɚŮɠ, ɛŮ ŬˊɞŭɞŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ ˊɞɚɚɩɜ ŬɜŮəɛŮŰɎɚɚŮɡŰɤɜ ɤɠ ŰɩɟŬ ˊɟɩŰɤɜ ɡɚɩɜ ɔɘŬ 

Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ əŬɗŬɟɞɨ əŬɡůɑɛɞɡ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰɐůŮɘ Űɖ ɢɟɐůɖ ůɡɛɓŬŰɘəɩɜ 

əŬɡůɑɛɤɜ. 

ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ Űɞɡ əɧůɛɞɡ, ɞɘ ȷɄȺ ɚŬɛɓɎɜɞɜŰŬɘ ůɞɓŬɟɎ ɡˊɧɣɖ ůŰɖ ɢɎɟŬɝɖ 

Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ˊɞɚɘŰɘəɐɠ əŬɘ əŬŰŬɓɎɚɚŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ Ůɜɑůɢɡůɖɠ Űɖɠ ˊŮɟŬɘŰɏɟɤ 

Ŭɝɘɞˊɞɑɖůɐɠ Űɞɡɠ, ɩůŰŮ ɜŬ ŬɡɝɖɗŮɑ Űɞ ɛɘəɟɧ ˊɞůɞůŰɧ ˊɞɡ əŬŰɏɢɞɡɜ ůŰɖ ůɡɜɞɚɘəɐ 

ŮɜŮɟɔŮɘŬəɐ ˊŬɟŬɔɤɔɐ. Ƀɘ əɡɓŮɟɜɐůŮɘɠ əŬɘ ɞɘ ɞɟɔŬɜɩůŮɘɠ ˊŬɔəɞůɛɑɤɠ ɗŮůˊɑɕɞɡɜ Ůɗɜɘəɞɨɠ 

əŬɘ ˊŬɔəɧůɛɘɞɡɠ ůŰɧɢɞɡɠ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ 

ȷɄȺ, Űɖɜ ɛŮɑɤůɖ Űɤɜ ŬŮɟɑɤɜ ɗŮɟɛɞəɖˊɑɞɡ əŬɘ Űɖɜ Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ. ɆɖɛŬɜŰɘəɧ 

ɟɧɚɞ ůŰɖɜ ŬɜɎˊŰɡɝɐ Űɞɡɠ ˊŬɑɕŮɘ əŬɘ Űɞ ɧŰɘ Űɞ əɧůŰɞɠ Űɤɜ ȷɄȺ ɛŮɘɩɜŮŰŬɘ ůɡɜŮɢɩɠ 

əŬɗɘůŰɩɜŰŬɠ əɎˊɞɘŮɠ ŰŮɢɜɞɚɞɔɑŮɠ, ŮɘŭɘəɎ Űɖɜ Ŭɘɞɚɘəɐ əŬɘ Űɖɜ ɡŭɟɞɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ, ŬɚɚɎ 

əŬɘ Űɖ ɓɘɞɛɎɕŬ, ˊɚɏɞɜ ŬɜŰŬɔɤɜɘůŰɘəɏɠ ɛˊɟɞůŰɎ ůŰɘɠ ˊŬɟŬŭɞůɘŬəɏɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ (ɧˊɤɠ 

Űɞɜ ɎɜɗɟŬəŬ əŬɘ Űɖɜ ˊɡɟɖɜɘəɐ ŮɜɏɟɔŮɘŬ).  

ȼ ɢɟɐůɖ Űɤɜ ȷɄȺ ɏɢŮɘ ˊɞɚɚɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ. ȺɑɜŬɘ ˊɟŬəŰɘəɎ ŬɜŮɝɎɜŰɚɖŰŮɠ ˊɖɔɏɠ 

ŮɜɏɟɔŮɘŬɠ əŬɘ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ɛŮɑɤůɖ Űɖɠ ŮɝɎɟŰɖůɖɠ Ŭˊɧ ůɡɛɓŬŰɘəɞɨɠ ŮɜŮɟɔŮɘŬəɞɨɠ 

ˊɧɟɞɡɠ, ɞɘ ɞˊɞɑɞɘ ɛŮ Űɞ ˊɏɟŬůɛŬ Űɞɡ ɢɟɧɜɞɡ ŮɝŬɜŰɚɞɨɜŰŬɘ əŬɘ ŮɑɜŬɘ űɘɚɘəɏɠ ˊɟɞɠ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ əŬɘ Űɞɜ Ɏɜɗɟɤˊɞ. ȷəɧɛŬ, ŬˊɞŰŮɚɞɨɜ ŮɔɢɩɟɘŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ əŬɘ 

ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ Ůɜɑůɢɡůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŬɜŮɝŬɟŰɖůɑŬɠ əŬɘ Űɖɠ ŬůűɎɚŮɘŬɠ Űɞɡ 

ŮɜŮɟɔŮɘŬəɞɨ ŮűɞŭɘŬůɛɞɨ ůŮ Ůɗɜɘəɧ ŮˊɑˊŮŭɞ. ȺɑɜŬɘ ɔŮɤɔɟŬűɘəɎ ŭɘŮůˊŬɟɛɏɜŮɠ əŬɘ ɞŭɖɔɞɨɜ 

ůŰɖɜ ŬˊɞəɏɜŰɟɤůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ. ȰŰůɘ, ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ əŬɚɨˊŰɞɜŰŬɘ 

ɞɘ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ ůŮ Űɞˊɘəɧ əŬɘ ˊŮɟɘűŮɟŮɘŬəɧ ŮˊɑˊŮŭɞ, ŬɜŬəɞɡűɑɕɞɜŰŬɠ ŰŬ ůɡůŰɐɛŬŰŬ 

ɡˊɞŭɞɛɐɠ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɛŮɘɩɜɞɜŰŬɘ ɞɘ ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ ŮɜɏɟɔŮɘŬɠ. Ȱɢɞɡɜ ůɡɜɐɗɤɠ 

ɢŬɛɖɚɧ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ, Űɞ ɞˊɞɑɞ Ůˊɘˊɚɏɞɜ ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ 

ŭɘŮɗɜɞɨɠ ɞɘəɞɜɞɛɑŬɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ Űɤɜ Űɘɛɩɜ Űɤɜ ůɡɛɓŬŰɘəɩɜ əŬɡůɑɛɤɜ. ɀɏůɤ Űɖɠ 

ŬɜɎˊŰɡɝɐɠ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ ŭɞɗŮɑ ɩɗɖůɖ ůŰɖɜ Űɞˊɘəɐ ŬɜɎˊŰɡɝɖ, ɛŮ Űɖɜ ˊɟɞɩɗɖůɖ 

ŮˊŮɜŭɨůŮɤɜ ˊɞɡ ůŰɖɟɑɕɞɜŰŬɘ ůŰɖ ůɡɛɓɞɚɐ Űɤɜ ȷɄȺ (ˊ.ɢ. əŬɚɚɘɏɟɔŮɘŮɠ ɗŮɟɛɞəɖˊɑɞɡ ɛŮ 

ɔŮɤɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ).  
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ɄŬɟɎ ŰŬ ˊŬɟŬˊɎɜɤ ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɞɘ ȷɄȺ ˊŬɟɞɡůɘɎɕɞɡɜ əŬɘ ɞɟɘůɛɏɜŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŭɡůɢŮɟŬɑɜɞɡɜ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ əŬɘ ŰŬɢŮɑŬ ŬɜɎˊŰɡɝɐ Űɞɡɠ. ɇɞ 

ŭɘŮůˊŬɟɛɏɜɞ ŭɡɜŬɛɘəɧ Űɞɡɠ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ůɡɔəŮɜŰɟɤɗŮɑ ůŮ ɛŮɔɎɚŬ ɛŮɔɏɗɖ ɘůɢɨɞɠ ɩůŰŮ 

ɜŬ ɛŮŰŬűŮɟɗŮɑ əŬɘ ɜŬ ŬˊɞɗɖəŮɡɗŮɑ. Ȱɢɞɡɜ ɢŬɛɖɚɐ ˊɡəɜɧŰɖŰŬ ɘůɢɨɞɠ əŬɘ ŮɜɏɟɔŮɘŬɠ əŬɘ 

ůɡɜŮˊɩɠ ɔɘŬ ɛŮɔɎɚɖ ˊŬɟŬɔɤɔɐ ŬˊŬɘŰɞɨɜŰŬɘ ůɡɢɜɎ ŮəŰŮŰŬɛɏɜŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ. 

ɄŬɟɞɡůɘɎɕɞɡɜ ůɡɢɜɎ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖ ŭɘŬɗŮůɘɛɧŰɖŰɎ Űɞɡɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛŮɔɎɚɖɠ 

ŭɘɎɟəŮɘŬɠ ŬˊŬɘŰɩɜŰŬɠ Űɖɜ ŮűŮŭɟŮɑŬ Ɏɚɚɤɜ ŮɜŮɟɔŮɘŬəɩɜ ˊɖɔɩɜ ɛŮ ŭŬˊŬɜɖɟɏɠ ɛŮɗɧŭɞɡɠ 

ŬˊɞɗɐəŮɡůɖɠ ɐ ɔŮɜɘəɎ ŭŬˊŬɜɖɟɏɠ ɛŮɗɧŭɞɡɠ ŬˊɞɗɐəŮɡůɖɠ. ȼ ɢŬɛɖɚɐ ŭɘŬɗŮůɘɛɧŰɖŰɎ Űɞɡɠ 

ůɡɜɐɗɤɠ ɞŭɖɔŮɑ ůŮ ɢŬɛɖɚɧ ůɡɜŰŮɚŮůŰɐ ɢɟɖůɘɛɞˊɞɑɖůɖɠ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ŮəɛŮŰɎɚɚŮɡůɐɠ 

Űɞɡɠ. ɇɞ əɧůŰɞɠ Ůˊɏɜŭɡůɖɠ ŬɜɎ ɛɞɜɎŭŬ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ 

ůɖɛŮɟɘɜɏɠ Űɘɛɏɠ Űɤɜ ůɡɛɓŬŰɘəɩɜ əŬɡůɑɛɤɜ ˊŬɟŬɛɏɜŮɘ Ŭəɧɛɖ ɡɣɖɚɧ.  

ũŮɜɘəɎ, ɖ ɛŮɔɎɚɖ ŭɘŮɑůŭɡůɖ Űɤɜ ȷɄȺ əŬɘ ůŰɖɜ ȺɚɚɎŭŬ ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ ɓŬůɘəɧŰŮɟŬ 

ůɢɏŭɘŬ ŬɜɎˊŰɡɝɖɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŮɜɏɟɔŮɘŬɠ. ȰɜŬɠ Ŭˊɧ Űɞɡɠ ɓŬůɘəɞɨɠ  ɎɝɞɜŮɠ ˊɞɡ 

ŭɘŬɛɞɟűɩɜɞɡɜ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ɟɡɗɛɘůŰɘəɞɨ ˊɚŬɘůɑɞɡ ɔɘŬ Űɞ ɆɨůŰɖɛŬ ɀŮŰŬűɞɟɎɠ əŬɘ Űɞ 

ȹɑəŰɡɞ ȹɘŬɜɞɛɐɠ ŮɑɜŬɘ ɖ ɏɔəŬɘɟɖ ɡɚɞˊɞɑɖůɖ ŬˊŬɟŬɑŰɖŰɤɜ ŬɚɚŬɔɩɜ ɩůŰŮ ɜŬ əŬŰŬůŰŮɑ 

ŭɡɜŬŰɐ ɖ ˊɟɧůɓŬůɖ əŬɘ ɖ ɛŮɔɎɚɖ ŭɘŮɑůŭɡůɖ ȷɄȺ. ȼ ɅɡɗɛɘůŰɐ ȷɟɢɐ ȺɜɏɟɔŮɘŬɠ [4] 

ˊŬɟŬəɞɚɞɡɗŮɑ əŬɘ ŬɜŬɚɨŮɘ ŰŬ ɗɏɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɘɠ ɡˊɞŭɞɛɏɠ ůŰŬ ŭɑəŰɡŬ, Űɘɠ ŰŮɢɜɘəɏɠ 

ŬˊŬɘŰɐůŮɘɠ ůɨɜŭŮůɖɠ  əŬɘ Űɞ əɧůŰɞɠ ˊɟɧůɓŬůɖɠ/ɢɟɐůɖɠ ŬɡŰɩɜ, ɛŮ ɏɛűŬůɖ ůŰɘɠ ŬˊŬɟŬɑŰɖŰŮɠ 

ŮɜɘůɢɨůŮɘɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ, ɧɢɘ ɛɧɜɞ ůŮ ůŰɞɘɢŮɑŬ ŭɘəŰɨɤɜ, ŬɚɚɎ əŬɘ ůŮ ɜɏŬ ŮɟɔŬɚŮɑŬ əŬɘ 

ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ɗŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ 

Ůɗɜɘəɩɜ ůŰɧɢɤɜ ɔɘŬ Űɘɠ ȷɄȺ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ůŰɖɜ ɞɟɗɞɚɞɔɘəɐ əŬŰŬɜɞɛɐ Űɞɡ ůɢŮŰɘəɞɨ 

əɧůŰɞɡɠ ůŰɞɡɠ ɢɟɐůŰŮɠ Űɤɜ ɡˊɞŭɞɛɩɜ . 

2.3 ȾŮɜŰɟɘəɐ ɄŬɟŬɔɤɔɐ ȺɜɏɟɔŮɘŬɠ 

  

ȳˊɤɠ ŬɜŬɚɨůŬɛŮ əŬɘ ɜɤɟɑŰŮɟŬ, ɖ ˊŬɟŬɔɤɔɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɔɑɜŮŰŬɘ Ŭˊɧ ɛŮɔɎɚŮɠ ɛɞɜɎŭŮɠ 

ɞɘ ɞˊɞɑŮɠ əŬɚɨˊŰɞɡɜ Űɖɜ ŬɜɎɔəɖ ůŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ əŬɘ əŬŰŬɚɐɔŮɘ ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ 

ɛɏůɤ Űɤɜ ŭɘəŰɨɤɜ ɛŮŰŬűɞɟɎɠ əŬɘ ŭɘŬɜɞɛɐɠ. ȷɡŰɧ ŬˊɞŰŮɚŮɑ Űɞ ɛɞɜŰɏɚɞ Űɖɠ əŮɜŰɟɘəɐɠ 

ˊŬɟŬɔɤɔɐɠ. ɇɞ əɨɟɘɞ ˊɚŮɞɜɏəŰɖɛŬ ŬɡŰɞɨ Űɞɡ ɛɞɜŰɏɚɞɡ ŬˊɞŰŮɚŮɑ Űɞ ɧŰɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ 

ůɢŮŰɘəɎ Ŭˊɚɧ əŬɘ Ůɨəɞɚɞ Űɟɧˊɞ ɏɜŬ əŬɚɧ ŮˊɑˊŮŭɞ ŮɡůŰɎɗŮɘŬɠ ůŰɞ ůɨůŰɖɛŬ. Ƀɘ ɓŬůɘəɧŰŮɟŮɠ 

ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ŮɡůŰɎɗŮɘŬɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ŰŬ ŮˊɑˊŮŭŬ ŰɎůɖɠ ůŰɞ ŭɑəŰɡɞ əŬɘ ɖ 

ŮɡůŰɎɗŮɘŬ Űɖɠ ɔɤɜɑŬɠ əŬɘ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ůŰɞ ŭɑəŰɡɞ. [1] Ƀɘ ɛŮɔɎɚŮɠ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ 

ŮɑɜŬɘ ŮɝɞˊɚɘůɛɏɜŮɠ ŬˊɞəɚŮɘůŰɘəɎ ɛŮ ůɨɔɢɟɞɜŮɠ ɔŮɜɜɐŰɟɘŮɠ ɛŮɔɎɚɖɠ ɘůɢɨɞɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɞ 

əɨɟɘɞɠ ɟɡɗɛɘůŰɐɠ Űɤɜ ŬɜɤŰɏɟɤ ˊŬɟŬɛɏŰɟɤɜ. 

ȼ əŮɜŰɟɘəɐ ˊŬɟŬɔɤɔɐ ɧɛɤɠ ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ɞɟɘůɛɏɜŬ ɓŬůɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ. ȾɎɗŮ 

ůŰɘɔɛɐ ɞɘ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ˊɟɏˊŮɘ ɜŬ əŬɚɨˊŰɞɡɜ Űɖɜ ůɡɜɞɚɘəɐ ŮɜŮɟɔŮɘŬəɐ ɕɐŰɖůɖ. ũɘŬ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧ ɧɛɤɠ ŬˊŬɘŰɞɨɜŰŬɘ ŮˊŮəŰɎůŮɘɠ ɐ ŬɜŬɓŬɗɛɑůŮɘɠ Űɞɡ ŭɘəŰɨɞɡ ˊŬɟŬɔɤɔɐɠ, 

ɛŮŰŬűɞɟɎ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůŮ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ əŬɘ Ůˊɏɜŭɡůɖ ɔŮɜɘəɎ ůŮ Ŭəɟɘɓɧ əŬɘ 

ɛŮɔɎɚɖɠ ɏəŰŬůɖɠ Ůɝɞˊɚɘůɛɧ. 

ȼ ůɡɜŮɢɐɠ Ŭɨɝɖůɖ Űɖɠ ɕɐŰɖůɖɠ ŬˊŬɘŰŮɑ əŬɘ ŮˊŮɜŭɨůŮɘɠ ɔɘŬ ɜɏŮɠ ɛɞɜɎŭŮɠ ɐ ɔɘŬ 

ŬɜŬɓɎɗɛɘůɖ Űɤɜ ɐŭɖ ɡˊŬɟɢɞɡůɩɜ ɛŮ ˊɞɚɨ ɡɣɖɚɧ əɧůŰɞɠ. ȼ ŮɔəŬŰɎůŰŬůɖ ɛɘŬɠ ɛŮɔɎɚɖɠ 

ɗŮɟɛɘəɐɠ ɛɞɜɎŭŬɠ (Ɏɜɤ Űɤɜ 500MW) ˊɟɏˊŮɘ ɜŬ ŮɜŰɎůůŮŰŬɘ ůŰɞ ɛŬəɟɞɢɟɧɜɘɞ ŮɜŮɟɔŮɘŬəɧ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ůŮ ŮˊɑˊŮŭɞ əɟɎŰɞɡɠ Ŭűɞɨ ŬˊŬɘŰŮɑ ɡɣɖɚɏɠ ŮˊŮɜŭɨůŮɘɠ (əɟŬŰɘəɏɠ əŬɘ 
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ɘŭɘɤŰɘəɏɠ ) əŬɘ ɞ ɢɟɧɜɞɠ əŬŰŬůəŮɡɐɠ Űɖɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 3-5 ɢɟɧɜɤɜ Ůɜɩ Ůɜɧɠ ˊɡɟɖɜɘəɞɨ 

ůŰŬɗɛɞɨ ŬˊŬɘŰŮɑ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ. 

ȷəɧɛŬ, ɞɘ ɛɞɜɎŭŮɠ ˊɟɏˊŮɘ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ ɘůɢɨ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ Űɞɡɠ, 

ˊŮɟɑˊɞɡ ůŰɞ 90%. ȰŰůɘ, ɡˊɎɟɢŮɘ ůŰɟŮűɧɛŮɜɖ ŮűŮŭɟŮɑŬ ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ ɛɘŬ 

ŮɜŭŮɢɧɛŮɜɖ ůŰɘɔɛɘŬɑŬ Ŭɨɝɖůɖ Űɖɠ ɕɐŰɖůɖɠ ˊɞɡ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞɓɚŮűɗŮɑ ɐ ɛɘŬ ŬˊɧŰɞɛɖ 

ɛŮɑɤůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, əɡɟɑɤɠ ɚɧɔɤ Űɖɠ ɛɖ Ůɔɔɡɖɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 

Űɤɜ ȷɄȺ. ȳɛɤɠ, ɖ ɓɏɚŰɘůŰɖ Ŭˊɧŭɞůɖ Űɖɠ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ Ůɝɧŭɞɡ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

əŬŰŬɜɎɚɤůɖ əŬɡůɑɛɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŰŬ ŮˊɑˊŮŭŬ Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ɘůɢɨɞɠ əɎɗŮ ɔŮɜɜɐŰɟɘŬɠ, 

ɞˊɧŰŮ ŬɡŰɐ ɖ ɚŮɘŰɞɡɟɔɑŬ ŮˊɘűɏɟŮɘ ɛɘŬ ɛŮɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ. 

ȰɜŬɠ Ɏɚɚɞɠ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ŮɑɜŬɘ ɧŰɘ Űɞ ŭɑəŰɡɞ ɛŮŰŬűɞɟɎɠ ŮɑɜŬɘ ŬɟəŮŰɎ 

ŮəŰŮŰŬɛɏɜɞ, ɛŮ ɔɟŬɛɛɏɠ ɛɐəɞɡɠ ˊɞɚɚɩɜ ɢɘɚɘɞɛɏŰɟɤɜ. Ƀ Ůɝɞˊɚɘůɛɧɠ Űɤɜ Ůˊɘˊɏŭɤɜ Ɉɇ əŬɘ 

ɈɈɇ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ɧɛɤɠ ŮɑɜŬɘ ˊɞɚɨ Ŭəɟɘɓɧɠ. ȰŰůɘ, ɖ ŮˊɏəŰŬůɖ əŬɘ ɖ 

ůɡɜŰɐɟɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ˊɞɚɨ ŭŬˊŬɜɖɟɐ ŬɚɚɎ əŬɘ ŭɨůəɞɚɖ ŭɘŬŭɘəŬůɑŬ, ɛɘŬɠ əŬɘ 

ɖ ŮˊɞˊŰŮɑŬ əŬɘ ɖ ŬˊɞəŬŰɎůŰŬůɖ Ůɜɧɠ Űɧůɞɡ ɛŮɔɎɚɞɡ ŭɘəŰɨɞɡ ŭŮɜ ŮɑɜŬɘ Ůɨəɞɚɖ. ȺəŰɧɠ ŬɡŰɞɨ, 

ɞɘ ŬˊɞůŰɎůŮɘɠ Ůˊɘűɏɟɞɡɜ əŬɘ ɛŮɔɎɚŮɠ ɗŮɟɛɘəɏɠ ŬˊɩɚŮɘŮɠ. ɄŬɟɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ ɡˊɧ Ɉɇ ɐ 

ɈɈɇ, ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ ɞɘ ŬˊɩɚŮɘŮɠ əŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ Ŭɡɝɖɛɏɜɖɠ ɟɞɐɠ 

ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ, ŬɡɝɎɜɞɜŰŬɘ ŭɟŬɛŬŰɘəɎ ɞɘ ɗŮɟɛɘəɏɠ ŬˊɩɚŮɘŮɠ, ɚɧɔɤ Űɖɠ ɏůŰɤ əŬɘ ɛɘəɟɐɠ 

Ŭɨɝɖůɖɠ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ɟŮɨɛŬŰɞɠ. 

2.4 ȹɘŮůˊŬɟɛɏɜɖ ɄŬɟŬɔɤɔɐ ȺɜɏɟɔŮɘŬɠ 

  

ɀŮ Űɞɜ ɧɟɞ ȹɘŮůˊŬɟɛɏɜɖ ɄŬɟŬɔɤɔɐ ŮɜɜɞɞɨɛŮ Űɖ ɢɟɐůɖ ŬɡŰɧɜɞɛɤɜ ɐ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ 

ůŰɞ ŭɑəŰɡɞ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɛɘəɟɐɠ əŬɘ ɛŮůŬɑŬɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ 

ɘůɢɨɞɠ əɞɜŰɎ ůŰɞ ůɖɛŮɑɞ Űɖɠ əŬŰŬɜɎɚɤůɖɠ. ȼ ɓŬůɘəɐ ŭɘŬűɞɟɎ Ŭˊɧ Űɖɜ əŮɜŰɟɘəɐ ˊŬɟŬɔɤɔɐ 

ɏɔəŮɘŰŬɘ ůŰɞ ɧŰɘ ɞɘ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ (Distributed Energy Resources-DERs) 

ůɡɜŭɏɞɜŰŬɘ ŮɑŰŮ ůŰɞ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ, ŮɑŰŮ ŬˊŮɡɗŮɑŬɠ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɢŬɛɖɚɐɠ ŰɎůɖɠ ɎɟŬ 

ɓɟɑůəɞɜŰŬɘ Ŭəɟɘɓɩɠ ɐ ŭɑˊɚŬ ůŰɞɜ ŰŮɚɘəɧ əŬŰŬɜŬɚɤŰɐ. ȼ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ ŬˊɞŰŮɚŮɑ 

Űɖɜ ŮɜŬɚɚŬəŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ 

ŭɘŬűŬɑɜŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ŬˊɞŰŮɚɏůŮɘ Űɖɜ ŬˊɎɜŰɖůɖ ůŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ əŮɜŰɟɘəɐɠ 

ˊŬɟŬɔɤɔɐɠ. ȷˊɧ Ɏˊɞɣɖ ɘůɢɨɞɠ, ɖ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ əɡɛŬɑɜŮŰŬɘ əŬŰɎ əŬɜɧɜŬ ůŮ ɏɜŬ 

Ůɨɟɞɠ 1KW ɏɤɠ 100MW, ŬɜɎ ŮɔəŬŰɎůŰŬůɖ. 

ȼ ůŰɟɞűɐ ˊɟɞɠ Űɘɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ɔɑɜŮŰŬɘ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ 

ŮəɛɞɜŰŮɟɜɘůɛɞɨ Űɞɡ ŭɘəŰɨɞɡ, ˊɟɞəŮɘɛɏɜɞɡ ɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ɜŬ ɔɑɜŮŰŬɘ ɛŮ Űɟɧˊɞ ˊɞɡ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ, ɜŬ ɓŮɚŰɘɩůŮɘ Űɖɜ ŬɝɘɞˊɘůŰɑŬ əŬɘ Űɖ ɔŮɜɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ, ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ əŬɘ ɛɘəɟɧŰŮɟɞ əɧůŰɞɠ, ɓŮɚŰɘɩɜɞɜŰŬɠ 

ůɡɜɞɚɘəɎ əŬɘ Űɖɜ ŬɔɞɟɎ ŮɜɏɟɔŮɘŬɠ. ȼ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ŰŮɢɜɞɚɞɔɘɩɜ əŬɘ ɖ ůɡɜŮɢɐɠ Ŭɨɝɖůɖ Űɤɜ 

ŬˊŬɘŰɐůŮɤɜ ŮɜɏɟɔŮɘŬɠ əŬŰɏůŰɖůŬɜ ŬɜŬɔəŬɑŬ Űɖɜ ɏɟŮɡɜŬ ɔɨɟɤ Ŭˊɧ Űɖ ŭɘŮůˊŬɟɛɏɜɖ 

ˊŬɟŬɔɤɔɐ əŬɘ Űɖɜ ůŰɟɞűɐ ůŮ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ŭɞɛɏɠ. 

ɆŰɘɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ůɡɔəŬŰŬɚɏɔɞɜŰŬɘ ɞɘ ɛɞɜɎŭŮɠ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ 

ŮɜɏɟɔŮɘŬɠ ɛŮ ŮɝŬɘɟɏůŮɘɠ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ ɡŭɟɞɖɚŮəŰɟɘəɎ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ əŬɘ ŰŬ ˊŬɟɎəŰɘŬ 

ŬɘɞɚɘəɎ ˊɎɟəŬ. ȺəŰɧɠ Ŭˊɧ Űɘɠ ȷɄȺ, ůŰɖ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ ŮɜŰɎůůɞɜŰŬɘ əŬɘ ɎɚɚŮɠ 

ŰŮɢɜɞɚɞɔɑŮɠ, ɧˊɤɠ ɞɘ ŰɞɡɟɛˊɑɜŮɠ əŬɘ ɞɘ ɛɘəɟɞŰɞɡɟɛˊɑɜŮɠ ŬŮɟɑɞɡ, ɞɘ ŬŮɟɘɞůŰɟɧɓɘɚɞɘ, ɞɘ 

ŮɛɓɞɚɞűɧɟŮɠ ɛɖɢŬɜɏɠ əŬɘ ɞɘ əɡɣɏɚŮɠ əŬɡůɑɛɞɡ.  
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ȺɘəɧɜŬ 2.1: ȾŮɜŰɟɘəɐ əŬɘ ȹɘŮůˊŬɟɛɏɜɖ ɄŬɟŬɔɤɔɐ[5] 

 

ȼ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ ɚɞɘˊɧɜ, ˊŬɟɞɡůɘɎɕŮɘ ŰŬ Ůɝɐɠ ˊɚŮɞɜŮəŰɐɛŬŰŬ: 

¶ ɀŮɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ˊɟɤŰɞɔŮɜɞɨɠ ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ 

¶ ȴˊŬɟɝɖ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ɔɘŬ ˊŬɟɞɢɐ ŮűŮŭɟŮɑŬɠ ůŮ ˊŮɟɑˊŰɤůɖ ŭɘŬəɞˊɐɠ Űɖɠ 

ŰɟɞűɞŭɞůɑŬɠ ɐ əŬɘ ɔɘŬ ɣŬɚɘŭɘůɛɧ Űɤɜ Ŭɘɢɛɩɜ Űɞɡ əŬŰŬɜŬɚɤŰɐ 

¶ ȷɡɝɖɛɏɜɖ ŬɝɘɞˊɘůŰɑŬ əŬɘ ɓŮɚŰɑɤůɖ Űɖɠ ˊŬɟŮɢɧɛŮɜɖɠ ˊɞɘɧŰɖŰŬɠ ɘůɢɨɞɠ ůŮ Űɞˊɘəɧ 

ŮˊɑˊŮŭɞ 

¶ ɀŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ əŬŰɎ Űɖ ɛŮŰŬűɞɟɎ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Ŭűɞɨ ɛɘəɟŬɑɜŮɘ 

ůɖɛŬɜŰɘəɎ ɖ ŬˊɧůŰŬůɖ ˊɞɡ ŭɘŬɜɨŮɘ ɖ ŮɜɏɟɔŮɘŬ 

¶ ȷˊɞŰŮɚŮůɛŬŰɘəɐ ɢɟɐůɖ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ ɔɘŬ űɗɖɜɎ, ŰɞˊɘəɎ ˊŬɟŬɔɧɛŮɜŬ əŬɨůɘɛŬ 

əŬɘ ɖ ŮˊɘŰɧˊɞɡ Ŭɝɘɞˊɞɑɖůɐ Űɞɡɠ 

¶ Ⱥɝɞɘəɞɜɧɛɖůɖ Ŭɟɢɘəɞɨ əɧůŰɞɡɠ əŮűŬɚŬɑɞɡ əŬɘ ɢɟɧɜɞɡ Ŭˊɧ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

əŮɜŰɟɘəɞɨ ůŰŬɗɛɞɨ ˊŬɟŬɔɤɔɐɠ 

¶ ɀŮɑɤůɖ Űɤɜ ŮəˊŮɛˊɧɛŮɜɤɜ ɟɨˊɤɜ (ˊ.ɢ. ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ) ɛŮ Űɖ ɢɟɐůɖ 

ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ əŬɘ ŮɝŮɡɔŮɜɘůɛɏɜɤɜ əŬɡůɑɛɤɜ 

¶ ȹɡɜŬŰɧŰɖŰŬ ɔɘŬ ŬˊŮɚŮɡɗɏɟɤůɖ Űɖɠ ŬɔɞɟɎɠ ɖɚŮəŰɟɘůɛɞɨ əŬɘ ůɡɛɛŮŰɞɢɐ ɘŭɘɤŰɩɜ ůŰɖɜ 

ˊŬɟŬɔɤɔɐ 

ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ ɞɟɘůɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ 

ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ɔɘŬ ŬɡŰɧ ɛɏɢɟɘ ůɐɛŮɟŬ ɏɢŮɘ ɛŮɘɤɛɏɜɖ ŭɘŮɑůŭɡůɖ, ŭɘɧŰɘ 

ˊɟɞůəɟɞɨŮɘ ůŰɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ əŬɘ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŮɡůŰɎɗŮɘŬ Űɤɜ 

ůɡůŰɖɛɎŰɤɜ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ˊŬɟŮɢɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ. ȷˊɧ ɞɘəɞɜɞɛɘəɐ Ɏˊɞɣɖ ɖ 

Ŭ́ɟŬɔɤɔɐ Ŭˊɧ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŭŮɜ ɏɢŮɘ űŰɎůŮɘ ŬəɧɛŬ ůŰɞ ůɖɛŮɑɞ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ŬɜŰŬɔɤɜɘůŰŮɑ Űɘɠ ɛŮɔɎɚŮɠ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊŬɘŰŮɑŰŬɘ Ůˊɘɢɞɟɐɔɖůɖ 

Ŭˊɧ Űɞ əɟɎŰɞɠ ɔɘŬ ɜŬ əŬŰŬůŰŮɑ ɓɘɩůɘɛɖ ɖ Ůˊɏɜŭɡůɖ ůô ŬɡŰɏɠ. ȺəŰɧɠ Űɞɡ ɞɘəɞɜɞɛɘəɞɨ, ɏɢŮɘ 
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ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ 

ˊɟɞɓɚɐɛŬŰŬ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ŬɜŰɑůŰɟɞűɖ 

ɟɞɐ ŮɜɏɟɔŮɘŬɠ ůŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ, ɖ ɞˊɞɑŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ɏɢŮɘ ŬɟɜɖŰɘəɏɠ ůɡɜɏˊŮɘŮɠ ůŰɖɜ 

ˊɞɘɧŰɖŰŬ Űɖɠ ˊŬɟŮɢɧɛŮɜɖɠ ɘůɢɨɞɠ, ůŰŬ ŮˊɑˊŮŭŬ Űɖɠ ŰɎůɖɠ (Ŭɟɔɏɠ əŬɘ ɔɟɐɔɞɟŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ 

ŰɎůɖɠ), ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ŰɎůɖɠ (Ŭɟɛɞɜɘəɐ ˊŬɟŬɛɧɟűɤůɖ). ũŮɜɘəɎ, ɖ ˊŬɟɞɡůɑŬ ɛɞɜɎŭɤɜ 

ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ŬɡɝɎɜŮɘ Űɖɜ ŰɎůɖ ůŰɖɜ ˊŮɟɘɞɢɐ ɧˊɞɡ ŮɔəŬɗɑůŰŬŰŬɘ. ȯɚɚŬ 

ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗɞɨɜ ɚɧɔɤ Űɖɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ŮɑɜŬɘ ŬɡɝɖɛɏɜŬ 

ɟŮɨɛŬŰŬ ɓɟŬɢɡəɨəɚɤůɖɠ, ŭɡůɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŭɘŬŰɎɝŮɤɜ ˊɟɞůŰŬůɑŬɠ Űɞɡ ŭɘəŰɨɞɡ əŬɘ 

ŬůɡɛɛŮŰɟɑŬ űɎůŮɤɜ. ɆŰɖ ɀɏůɖ ɇɎůɖ ɞ əɟɑůɘɛɞɠ ˊŬɟɎɔɞɜŰŬɠ ɔɘŬ Űɖ ůɨɜŭŮůɖ ɜɏɤɜ 

ŭɘŮůˊŬɟɛɏɜɤɜ ˊɖɔɩɜ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɞɘ ɛŮŰŬɓɞɚɏɠ Űɖɠ ŰɎůɖɠ ůŰɞ ůɖɛŮɑɞ əɞɘɜɐɠ ůɨɜŭŮůɖɠ 

ůŰɞ ŭɑəŰɡɞ. ɆŰɖ ɉŬɛɖɚɐ ɇɎůɖ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ɓŬůɘəɎ ɕɖŰɐɛŬŰŬ ŮɑɜŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ŰɎůɖɠ 

ˊɞɡ ˊŬɟɏɢŮŰŬɘ ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ ɘŭɘŬɑŰŮɟŬ ɧůɞɜ ŬűɞɟɎ űŬɘɜɧɛŮɜŬ ɡˊŮɟŰɎůŮɤɜ ˊɞɡ 

ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ ůɡɜŭɏůŮɘɠ ˊɖɔɩɜ. Ⱥˊɑůɖɠ, ɖ Űɐɟɖůɖ Űɤɜ ɞɟɑɤɜ Űɖɠ ɛɏɔɘůŰɖɠ ŰɎůɖɠ əŬɘ 

Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ Űɤɜ ɔɟŬɛɛɩɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɞɜ ɏɚŮɔɢɞ ɛɏůɤ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ ɟɞɐɠ űɞɟŰɑɞɡ ůŰɞ ŭɑəŰɡɞ. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɡɝɖɗŮɑ ɖ ŭɘŮɑůŭɡůɖ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ˊɟɏˊŮɘ ˊɟɩŰŬ əŬɘ əɨɟɘŬ 

ɜŬ ɡˊɎɟɢŮɘ əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ əŬɘ ɏɚŮɔɢɞɠ ůŰŬ ŭɑəŰɡŬ, ɩůŰŮ ɜŬ əŬŰŬůŰŮɑ ŮűɘəŰɐ ɖ Ŭˊɞűɡɔɐ 

Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ŮɡůŰɎɗŮɘŬɠ. ɇŬ ŭɑəŰɡŬ ŮɜɏɟɔŮɘŬɠ, ůɐɛŮɟŬ, 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊŬɗɖŰɘəɧ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ, Űɞ ɢŬɛɖɚɧ ŮˊɑˊŮŭɞ 

ŬɡŰɞɛŬŰɘůɛɞɨ əŬɘ Űɘɠ ɛŮɘɤɛɏɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ əŮɜŰɟɘəɐɠ ŭɘŬɢŮɑɟɘůɖɠ. ȷəɧɛŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɡˊɎɟɢŮɘ ŮɡŮɚɘɝɑŬ ůŰɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ, ŬɚɚɎ əŬɘ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ ɏɚŮɔɢɞɠ Űɖɠ 

ɕɐŰɖůɖɠ ɔɘŬ Űɞ ŭɡɜŬɛɘəɧ ɏɚŮɔɢɞ Űɞɡ ɘůɞɕɡɔɑɞɡ ˊŬɟŬɔɤɔɐɠ əŬɘ ɕɐŰɖůɖɠ, ˊɞɡ ŮɑɜŬɘ əɟɑůɘɛɞɠ 

ɔɘŬ Űɖɜ ŮɡůŰɎɗŮɘŬ əŬɘ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɞɡ ŭɘəŰɨɞɡ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɖɜ 

ŮɜůɤɛɎŰɤůɖ ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ (energy storage) əŬɘ ɛɘəɟɩɜ ɛɞɜɎŭɤɜ 

ˊŬɟŬɔɤɔɐɠ ɛŮ ɘəŬɜɧŰɖŰŬ ˊŬɟɞɢɐɠ ůŰŬɗŮɟɐɠ ɘůɢɨɞɠ (ˊ.ɢ. ɔŮɜɜɐŰɟɘŮɠ ɆɈŪ, ɓɘɞəŬɡůɑɛɤɜ), ɔɘŬ 

ɎɛŮůɖ ŬɜŰŬˊɧəɟɘůɖ ůŰɖ ɕɐŰɖůɖ.  

2.5 Ⱥɡűɡɐ ȹɑəŰɡŬ (Smart Grids) 

 

ɀŮ Űɞɜ ɧɟɞ Ůɡűɡɏɠ ŭɑəŰɡɞ ŮɜɜɞɞɨɛŮ Űɞ ůɨɔɢɟɞɜɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ Űɞ ɞˊɞɑɞ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ŭɛűɑŭɟɞɛɖ ɣɖűɘŬəɐ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ əŬŰŬɜŬɚɤŰɩɜ əŬɘ 

ˊɟɞɛɖɗŮɡŰɩɜ əŬɗɩɠ əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬˊɞɛŬəɟɡůɛɏɜɖɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ əŬɘ Ůɚɏɔɢɞɡ ɛŮ 

Űɟɧˊɞ ŬɡŰɧɛŬŰɞ ɩůŰŮ ɜŬ ɓŮɚŰɘůŰɞˊɞɘŮɑŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ. 

ɇŬ ůŰɞɘɢŮɑŬ Űɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Ŭˊɧ Űɖ ůɡɔəŮɜŰɟɤŰɘəɐ əŬɘ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ ɛɏɢɟɘ əŬɘ 

əŬŰŬɜŬɚɤŰɏɠ, ɓɘɞɛɖɢŬɜɘəɞɨɠ əŬɘ ɛɖ, ůɡůŰɐɛŬŰŬ ŭɘŬɢŮɑɟɘůɖɠ ůˊɘŰɘɩɜ əŬɘ ɞɘəɘŬəɏɠ ůɡůəŮɡɏɠ, 

ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɗɩɠ əŬɘ ɖɚŮəŰɟɘəɎ ɞɢɐɛŬŰŬ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŮɜůɤɛɎŰɤůɖ ŰŮɢɜɞɚɞɔɘɩɜ ˊɚɖɟɞűɞɟɘəɐɠ əŬɘ Ůˊɘəɞɘɜɤɜɘɩɜ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ɏŰůɘ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ˊŬɟŬɔɤɔɐɠ, ɛŮŰŬűɞɟɎɠ əŬɘ ŭɘŬɜɞɛɐɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ (power 

layer), ɏɜŬ ŮˊɑˊŮŭɞ Ůˊɘəɞɘɜɤɜɘɩɜ (communications layer). Ⱥˊɞɛɏɜɤɠ, ŬˊŬɘŰŮɑŰŬɘ ɖ ɨˊŬɟɝɖ 

ŬˊɞŭɞŰɘəɩɜ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɩɜ ɡˊɞŭɞɛɩɜ, ɞɘ ɞˊɞɑŮɠ ɗŬ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ ůɡɚɚɏɔɞɡɜ,  ɜŬ 

ɛŮŰŬűɏɟɞɡɜ əŬɘ ɜŬ ŭɘŬɢŮɘɟɑɕɞɜŰŬɘ Űɞɜ ŰŮɟɎůŰɘɞ ɧɔəɞ ˊɚɖɟɞűɞɟɘɩɜ Űɞɡ ŭɘəŰɨɞɡ, ɛŮ ůɡɜŮɢɐ 

əŬɘ Ŭɛűɑŭɟɞɛɖ ɟɞɐ Űɞɡɠ ůɢŮŭɧɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ əŬɘ ɜŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ɏŰůɘ ɏɜŬ ɡɣɖɚɧ 

ŮˊɑˊŮŭɞ ŮˊɞˊŰŮɑŬɠ əŬɘ Ůɚɏɔɢɞɡ Űɞɡ ŭɘəŰɨɞɡ. ȼ ŮˊŬɜɎůŰŬůɖ ˊɞɡ ɏɢŮɘ ůɡɜŰŮɚŮůŰŮɑ ůŰɘɠ 
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ŰŮɢɜɞɚɞɔɑŮɠ ŮˊɘəɞɘɜɤɜɑŬɠ, ŮɘŭɘəɎ ɧůɞɜ ŬűɞɟɎ Űɞ ȹɘŬŭɑəŰɡɞ, ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ˊɞɚɨ 

əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ əŬɘ ɏɚŮɔɢɞ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, əŬɗɘůŰɩɜŰŬɠ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ŬˊɞŭɞŰɘəɧŰŮɟɖ, ɞɘəɞɜɞɛɘəɧŰŮɟɖ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮɡɏɚɘəŰɖ. 

ũɘŬ ɜŬ ɔɑɜɞɡɜ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊŬɘŰŮɑŰŬɘ ɡˊɞŭɞɛɐ ŮˊɘəɞɘɜɤɜɑŬɠ ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ŭɑəŰɡŬ əŬɘ ˊɟɤŰɧəɞɚɚŬ ŰŬ ɞˊɞɑŬ ɗŬ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ Űɤɜ ůɡůəŮɡɩɜ Űɞɡ 

ŭɘəŰɨɞɡ əŬɗɩɠ əŬɘ Űɖɜ ŬˊɞůŰɞɚɐ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ ŮɜŰɞɚɩɜ ŮɜŰɧɠ Űɞɡ ŭɘəŰɨɞɡ. ȸŬůɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ ŰɏŰɞɘɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɖ ŮˊŮəŰŬůɘɛɧŰɖŰŬ, ɖ ŬɝɘɞˊɘůŰɑŬ, ɖ ŰŬɢɨŰɖŰŬ 

əŬɘ ɖ ŬůűɎɚŮɘŬ. ȷəɧɛŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ ŮɜŭɘɎɛŮůɖ ˊɚŬŰűɧɟɛŬ ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ɏɜŬ ɚɞɔɘůɛɘəɧ Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ŬɜɎɛŮůŬ ůŰɞ ŮˊɑˊŮŭɞ ŮˊɘəɞɘɜɤɜɑŬɠ əŬɘ ůŰɖɜ ŮəɎůŰɞŰŮ 

ŮűŬɟɛɞɔɐ, ˊŬɟɏɢɞɜŰŬɠ ŬɜŬɔəŬɑŮɠ ɡˊɖɟŮůɑŮɠ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŭɘŬɜŮɛɖɛɏɜɞɡ 

ůɡůŰɐɛŬŰɞɠ. Ⱥˊɘˊɚɏɞɜ, ɓɎůŮɘ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɕɐŰɖɛŬ, 

ŮɑɜŬɘ Űɞ ɗɏɛŬ Űɖɠ ŬůűɎɚŮɘŬɠ ůŮ ŮˊɑˊŮŭɞ ˊɚɖɟɞűɞɟɑŬɠ, ůɡůəŮɡɩɜ ŬɚɚɎ əŬɘ ŮˊɘəɞɘɜɤɜɑŬɠ, ɏŰůɘ 

ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ŬəŮɟŬɘɧŰɖŰŬ əŬɘ ŬɡɗŮɜŰɘəɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɜŬ 

ŭɘŬůűŬɚɑɕŮŰŬɘ ɖ ˊŬɟɞɢɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ.  

 
ȺɘəɧɜŬ 2.2: Ⱥɡűɡɏɠ ȹɑəŰɡɞ (Smart Grid )[6]  

ɇŬ ɓŬůɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ Ůɜɧɠ Ůɡűɡɞɨɠ ŭɘəŰɨɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ: 

¶ ɇŬ Ůɡűɡɐ ŭɑəŰɡŬ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞəŬɗɘůŰɞɨɜ ŬɡŰɧɛŬŰŬ Űɘɠ ɓɚɎɓŮɠ ɏɢɞɜŰŬɠ ŭɖɚŬŭɐ 

ŭɡɜŬŰɧŰɖŰŬ ŬɡŰɞȶŬůɖɠ (self-healing). ȷɡŰɧ əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɧ ɛɏůɤ Ůɘŭɘəɩɜ 

ŬɘůɗɖŰɐɟɤɜ əŬɘ Ůɡűɡɩɜ ɖɚŮəŰɟɘəɩɜ ůɡůəŮɡɩɜ (Intelligent Electronic Devices - 

IEDs) ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ Űɞ ŭɑəŰɡɞ ɛˊɞɟŮɑ ɜŬ ˊɟɞɓɚɏˊŮɘ ɐ ɜŬ ŬɜɘɢɜŮɨŮɘ Űɡɢɧɜ 

ůűɎɚɛŬŰŬ əŬɘ ɜŬ ŬˊɞəɟɑɜŮŰŬɘ ɔɟɐɔɞɟŬ ůŮ ŬɡŰɎ, ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ Ŭɜɗɟɩˊɘɜɖɠ 

ŮˊɞˊŰŮɑŬɠ. ȰŰůɘ, ŮɔɔɡɎŰŬɘ ɛɘŬ ŬŭɘɎɚŮɘˊŰɖ ˊŬɟɞɢɐ ŮɜɏɟɔŮɘŬɠ əŬɘ  ɛŮɘɩɜŮŰŬɘ əŬɘ ɞ 

əɑɜŭɡɜɞɠ ɔɘŬ əŬŰɎɟɟŮɡůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 
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¶ ɄɟɞůűɏɟŮɘ Ůɨəɞɚɖ ŮˊɞˊŰŮɑŬ  ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ, ɞɘ ɞˊɞɑɞɘ ɗŬ ɛˊɞɟɞɨɜ ɜŬ Ůɚɏɔɢɞɡɜ 

Űɖɜ əŬŰŬɜɎɚɤůɐ Űɞɡɠ əŬɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬɢŮɘɟɑɕŮŰŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ Űɘɠ 

əŬŰŬɜŬɚɩůŮɘɠ Űɞɡ ůŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ. Ⱥˊɘˊɚɏɞɜ, Ŭ́ ɧ Űɖɜ ˊɚŮɡɟɎ Űɞɡ ŭɘŬɢŮɘɟɘůŰɐ 

Űɞɡ ŭɘəŰɨɞɡ, ɗŬ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ŮɡəɞɚɧŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɖɠ ɕɐŰɖůɖɠ əŬɘ ɜŬ ŭɘŬɢŮɘɟɑɕŮŰŬɘ 

Űɖɜ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ˊɘɞ ɞɟɗɞɚɞɔɘəɎ, Ůűɧůɞɜ ˊɚɏɞɜ Űɞ ŭɑəŰɡɞ ŮɑɜŬɘ ŮɡɏɚɘəŰɞ əŬɘ 

ˊɟɞůŬɟɛɞůŰɘəɧ. 
¶ Ȱɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬˊɞűŬůɑɕɞɡɜ Űɖɜ ˊɘɞ ŬˊɞŭɞŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊɧɟɤɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ, ɓɟɑůəɞɜŰŬɠ Űɖ ɓɏɚŰɘůŰɖ 

ɟɞɐ Űɞɡ űɞɟŰɑɞɡ əŬɘ ɛŮɘɩɜɞɜŰŬɠ ŰŮɚɘəɎ əŬɘ Űɘɠ ŬˊɩɚŮɘŮɠ. 
¶ ȺˊɘŰɟɏˊɞɡɜ ŬəɧɛŬ Űɖɜ ɡɣɖɚɐ ŭɘŮɑůŭɡůɖ ȷɄȺ əŬɘ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, ɛɘŬɠ əŬɘ 

ɖ Ŭɛűɑŭɟɞɛɖ ŮˊɘəɞɘɜɤɜɑŬ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ, ŮɝŬɚŮɑűɞɡɜ Űɞɜ əɑɜŭɡɜɞ ɛɖ ŬɝɘɞˊɘůŰɑŬɠ əŬɘ ŮɔɔɡɩɜŰŬɘ Űɖɜ ŮɡůŰɎɗŮɘŬ Űɞɡ 

ŭɘəŰɨɞɡ. 
¶ ȹɡɜŬŰɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ Ůɡűɡɩɜ ɛɘəɟɞŭɘəŰɨɤɜ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ ŮɜɘŬɑŬ, ŬɡŰɧɜɞɛŬ 

ůɡůŰɐɛŬŰŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ůŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭɘŬůɡɜŭŮŭŮɛɏɜŮɠ ŭɘŮůˊŬɟɛɏɜŮɠ 

ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ, ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ ŭɘɎűɞɟŬ űɞɟŰɑŬ, ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ Űɞ 

ɏɜŬ ůŰɞ Ɏɚɚɞ. ȰɜŬ ɛɘəɟɞŭɑəŰɡɞ ŮɑɜŬɘ ŬɡŰɧɜɞɛɞ, ŭɖɚŬŭɐ, ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ŮɑŰŮ 

ŭɘŬůɡɜŭŮŭŮɛɏɜɞ ɛŮ Űɞ ɡˊɧɚɞɘˊɞ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ, ŮɑŰŮ Ŭˊɞɛɞɜɤɛɏɜɞ 

(ɜɖůɘŭɞˊɞɘɖɛɏɜɞ). ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɏɜŬ ɛɘəɟɞŭɑəŰɡɞ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ Űɞ ŭɘəɧ Űɞɡ 

ůɨůŰɖɛŬ ŭɘŬɢŮɑɟɘůɖɠ, ɩůŰŮ ˊɟɩŰɞɜ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ ɚŮɘŰɞɡɟɔɑŮɠ Ůɚɏɔɢɞɡ Űɖɠ ɟɞɐɠ 

ŮɜɏɟɔŮɘŬɠ əŬɘ ŭŮɨŰŮɟɞɜ ɜŬ ůɡɛɛŮŰɎůɢŮɘ ůŰɖɜ ŬɔɞɟɎ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɖɜ ˊɩɚɖůɖ ŬɡŰɐɠ. 

ɇŬ ɛɘəɟɞŭɑəŰɡŬ űŬɑɜɞɜŰŬɘ ɤɠ ɖ əŬŰɎɚɚɖɚɖ ŰŮɢɜɞɚɞɔɑŬ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ 

ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ɤɠ ɖ əŬɚɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ 

ŭɘŬɢŮɑɟɘůɖ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ ŮűŬɟɛɞɔɩɜ Ůɚɏɔɢɞɡ əŬɘ ŭɘŬɢŮɑɟɘůɖɠ Ůɜɧɠ 

ɖɚŮəŰɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ.  
¶ ɀŮɔŬɚɨŰŮɟɖ ŬɜɎˊŰɡɝɖ əŬɘ əŬɚɨŰŮɟɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ Űɤɜ ɖɚŮəŰɟɘəɩɜ 

ɞɢɖɛɎŰɤɜ. ɋɠ ŰɩɟŬ, ɖ űɧɟŰɘůɖ Űɤɜ ɖɚŮəŰɟɘəɩɜ ɞɢɖɛɎŰɤɜ ŬˊɞŰŮɚɞɨůŮ ɛŮɔɎɚɞ 

ˊɟɧɓɚɖɛŬ ɤɠ ˊɟɞɠ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ Űɧˊɞɡ əŬɘ Űɞɡ ɢɟɧɜɞɡ ůŰŬ ɞˊɞɑŬ ɗŬ ɔɑɜŮɘ ɔɘŬ ɜŬ 

ŬˊɞűŮɡɢɗɞɨɜ ˊɘɗŬɜɏɠ Ŭɘɢɛɏɠ ůŰɞ űɞɟŰɑɞ. ȳɛɤɠ ɛɏůŬ ůŮ ɏɜŬ  ɏɝɡˊɜɞ ŭɑəŰɡɞ, ɏɜŬ 

ɖɚŮəŰɟɘəɧ ɧɢɖɛŬ ɧɢɘ ɛɧɜɞ ŭŮɜ ŬˊɞŰŮɚŮɑ ˊɟɧɓɚɖɛŬ ŬɚɚɎ ɏɢŮɘ əŬɘ ɛŮɔɎɚɖ 

ɢɟɖůɘɛɧŰɖŰŬ. ȷɜ ŬɜŬɚɞɔɘůŰɞɨɛŮ ɧŰɘ ŰŬ ŬɡŰɞəɑɜɖŰŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ɖɛɏɟŬɠ 

ŮɑɜŬɘ ˊŬɟəŬɟɘůɛɏɜŬ, Űɖɜ ɑŭɘŬ ɩɟŬ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ůŰɞ ŭɑəŰɡɞ. 

ɆɡɜŮˊɩɠ, ɞɘ ɛˊŬŰŬɟɑŮɠ Űɞɡɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢɟɖůɘɛŮɨůɞɡɜ ɤɠ ŮűŮŭɟɘəɎ 

ŬˊɞɗɖəŮɡŰɘəɎ ůɡůŰɐɛŬŰŬ ŮɜɏɟɔŮɘŬɠ ɐ ɜŬ ˊŬɟɏɢɞɡɜ ůŰɞ ŭɑəŰɡɞ ɛɏɟɞɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ 

Űɞɡɠ ɔɘŬ ɜŬ ůŰŬɗŮɟɞˊɞɘɐůɞɡɜ Űɖɜ ŭɘŬəɞˊŰɧɛŮɜɖ ˊŬɟŬɔɤɔɐ Ŭˊɧ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ 

ŮɜɏɟɔŮɘŬɠ. ȷɡŰɧ Űɞ ɛɞɜŰɏɚɞ ůɨɜŭŮůɖɠ ɞɜɞɛɎɕŮŰŬɘ vehicle-to-grid (V2G). 
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3.1 ȺɘůŬɔɤɔɐ 

 

ɇŬ ůɡůŰɐɛŬŰŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŭɘɏˊɞɜŰŬɘ Ŭˊɧ əɎˊɞɘŮɠ ɓŬůɘəɏɠ Ŭɟɢɏɠ ɔɘŬ ɜŬ 

əŬɗɞɟɘůŰŮɑ ɖ ɓɏɚŰɘůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. ȼ ˊɟɩŰɖ ŮɑɜŬɘ ůŬűɩɠ ɜŬ əŬɚɡűɗŮɑ ɖ ŬˊŬɘŰɞɨɛŮɜɖ 

ɕɐŰɖůɖ űɞɟŰɑɞɡ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ŮɜŰɎůůɞɜŰŬɠ ɘəŬɜɧ Ŭɟɘɗɛɧ ɛɞɜɎŭɤɜ ɔɘŬ ɜŬ əŬɚɨɣɞɡɜ Űɞ 

űɞɟŰɑɞ ŬɡŰɧ. ȼ ŭŮɨŰŮɟɖ ŮɑɜŬɘ ɜŬ ŮɜŰɎůůŮɘ Űɘɠ ɛɞɜɎŭŮɠ ɛŮ Űɞɜ ɧůɞ ɔɑɜŮŰŬɘ ɞɘəɞɜɞɛɘəɧŰŮɟɞ 

Űɟɧˊɞ. Ⱥŭɩ ŮɘůɏɟɢŮŰŬɘ əŬɘ ɞ ɧɟɞɠ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ űɞɟŰɑɞɡ. ɆŰɧɢɞɠ ŮɑɜŬɘ ɖ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ ˊŬɟŬɔɤɔɐɠ, ɛŮ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɖɠ ɞɘəɞɜɞɛɘəɧŰŮɟɖɠ 

ɛɞɜɎŭŬɠ əŬɘ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ əŬɡůɑɛɞɡ əŬɘ Űɖ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ ɛŮŰŬűɞɟɎɠ əŬɘ Űɤɜ 

ŬˊɤɚŮɘɩɜ Űɞɡ ŭɘəŰɨɞɡ. 

Ƀ ɞɘəɞɜɞɛɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɓŬůɑɕŮŰŬɘ ůŰŬ ŮˊɧɛŮɜŬ ɓŬůɘəɎ ůŰɎŭɘŬ: 

1. ɆŰɖɜ ˊɟɧɓɚŮɣɖ űɞɟŰɑɞɡ ɛŮ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ Űɧůɞ 

ɓɟŬɢɡˊɟɧɗŮůɛŬ ɧůɞ əŬɘ  ɛŬəɟɞˊɟɧɗŮůɛŬ. ȰŰůɘ ɔɜɤɟɑɕɞɡɛŮ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ Űɖ ɕɐŰɖůɖ əŬɘ 

ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŬˊɞŭɞŰɘəɧŰŮɟɖ ŬɜɎɚɡůɖ ɔɘŬ Űɞɜ Űɟɧˊɞ ŮɝɡˊɖɟɏŰɖůɖɠ Űɞɡ űɞɟŰɑɞɡ. 

2. ɆŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɟɞɓɚŮˊɧɛŮɜɞ 

űɞɟŰɑɞ, ɩůŰŮ əɎɗŮ ůŰɘɔɛɐ ɜŬ ɏɢŮɘ ˊɟɞɔɟŬɛɛŬŰɘůŰŮɑ ɖ ɏɜŰŬɝɖ əŬɘ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ˊɘɞ 

ůɡɛűŮɟɞɡůɩɜ ɛɞɜɎŭɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɖɠ ɕɐŰɖůɖɠ. 

3. ɇɏɚɞɠ, Ůɜɩ ɏɢŮɘ ɔɑɜŮɘ ɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ ɔɘŬ Űɞ ˊɞɘŮɠ ɛɞɜɎŭŮɠ ɗŬ ŮɑɜŬɘ ŮɜŰŬɔɛɏɜŮɠ ůŰɞ 

ůɨůŰɖɛŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ əŬɘ ůɤůŰɐ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ ůŰɘɠ Ůɜ ɚŮɘŰɞɡɟɔɑŬ ɛɞɜɎŭŮɠ 

əŬɘ ɜŬ ɞɟɘůŰŮɑ ɖ Ŭəɟɘɓɐɠ űɧɟŰɘůɖ Űɞɡɠ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ˊɘɞ ɞɘəɞɜɞɛɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ŭɘəŰɨɞɡ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ. ȷɡŰɧ Űɞ ůŰɎŭɘɞ ŬˊɞŰŮɚŮɑ əŬɘ Űɖɜ ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ Űɞɡ 

űɞɟŰɑɞɡ ˊɞɡ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ əŮɜŰɟɘəɧ ɗɏɛŬ ɛŮɚɏŰɖɠ ůŮ ŬɡŰɐ Űɖ ŭɘˊɚɤɛŬŰɘəɐ.  

ȷɠ ŬɜŬɚɨůɞɡɛŮ ůɡɜɞˊŰɘəɎ ŰŬ ˊŬɟŬˊɎɜɤ ůŰɎŭɘŬ. ȷɟɢɘəɎ, ɡˊɎɟɢɞɡɜ ŭɨɞ Ůɑŭɖ 

ˊɟɞɓɚɏɣŮɤɜ űɞɟŰɑɞɡ. ȼ ˊɟɩŰɖ ŮɑɜŬɘ ɖ ɓɟŬɢɡˊɟɧɗŮůɛɖ ˊɟɧɓɚŮɣɖ ɖ ɞˊɞɑŬ ŬűɞɟɎ Űɖɜ 

ˊɟɧɓɚŮɣɖ ɔɘŬ Űɖɜ ɤɟɘŬɑŬ əŬŰŬɜɎɚɤůɖ űɞɟŰɑɞɡ, ŭɖɚŬŭɐ ůŰɞɜ ɖɛŮɟɐůɘɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. Ƀ ŭŮɨŰŮɟɞɠ Űɨˊɞɠ ˊɟɧɓɚŮɣɖɠ ŮɑɜŬɘ ɖ ɛŬəɟɞˊɟɧɗŮůɛɖ ˊɟɧɓɚŮɣɖ əŬŰɎ Űɖɜ 

ɞˊɞɑŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ˊɘɗŬɜɧŰŮɟŮɠ ŮŰɐůɘŮɠ ɐ ŮˊɞɢɘŬəɏɠ Ŭɘɢɛɏɠ űɞɟŰɑɞɡ ůŮ ɛŬəɟɞɢɟɧɜɘŬ 

əɚɑɛŬəŬ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȰŰůɘ, ɏɢɞɜŰŬɠ ɛɘŬ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ əɎɗŮ ůŰɘɔɛɐ ɔɑɜŮŰŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ ɏɜŰŬɝɖɠ Űɤɜ ɛɞɜɎŭɤɜ. Ɇəɞˊɧɠ ɜŬ ɓɟŮɗŮɑ ɞ 

ɓɏɚŰɘůŰɞɠ ůɡɜŭɡŬůɛɧɠ ɔŮɜɜɖŰɟɘɩɜ ɔɘŬ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ Űɖɠ ɤɟɘŬɑŬɠ ɕɐŰɖůɖɠ űɞɟŰɑɞɡ 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɞ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŬˊŬɘŰŮɑŰŬɘ əŬɘ ɧůɞ Űɞ 

ŭɡɜŬŰɧɜ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ əŬŰɎ Űɖɜ ˊɟɧɓɚŮɣɖ, ɔɘŬŰɑ ůŮ ŭɘŬűɞɟŮŰɘəɐ ˊŮɟɑˊŰɤůɖ ŭŮɜ ɗŬ 

ŮˊɘŰɨɢɞɡɛŮ Űɖɜ ɞɘəɞɜɞɛɘəɧŰŮɟɖ ŭɡɜŬŰɐ ɚŮɘŰɞɡɟɔɑŬ. ȷɜŬəɟɑɓŮɘŬ ůŰɖɜ ˊɟɧɓɚŮɣɖ Űɞɡ űɞɟŰɑɞɡ, 

ɧɛɤɠ, ŭŮɜ ůɖɛŬɑɜŮɘ ɛɧɜɞ ɞɘəɞɜɞɛɘəɏɠ ŮˊɘˊŰɩůŮɘɠ. ɀˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ əŬɘ ɗɏɛŬŰŬ 

ŬɝɘɞˊɘůŰɑŬɠ əŬɘ ŬůűɎɚŮɘŬɠ Űɞɡ ŭɘəŰɨɞɡ əŬɗɩɠ əŬɘ ŭɡůɛŮɜɏůŰŮɟŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

ŮˊɘˊŰɩůŮɘɠ ɚɧɔɤ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ˊŮɟɘůůɧŰŮɟɞɡ əŬɡůɑɛɞɡ. 

ȼ ɏɜŰŬɝɖ Űɤɜ ɛɞɜɎŭɤɜ (Unit Commitment) ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ˊɧɟɤɜ 

ˊŬɟŬɔɤɔɐɠ ɔɘŬ ɜŬ ɘəŬɜɞˊɞɘɖɗŮɑ ɖ ɕɐŰɖůɖ űɞɟŰɑɞɡ ɛŮ Űɞ ŮɚɎɢɘůŰɞ əɧůŰɞɠ. ȼ ŮɚŬɢɘůŰɞˊɞɑɖůɖ 

Űɞɡ əɧůŰɞɡɠ ɔɑɜŮŰŬɘ ɛŮ Űɖ ŭɏůɛŮɡůɖ Űɤɜ ɚɘɔɧŰŮɟɞ Ŭəɟɘɓɩɜ ɛɞɜɎŭɤɜ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ 

əŬɚɨˊŰŮŰŬɘ ɞɚɧəɚɖɟɖ ɖ ɕɐŰɖůɖ űɞɟŰɑɞɡ əŬɘ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ˊŮɟɘɞɟɘůɛɞɑ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ɇɞ ˊɟɧɓɚɖɛŬ ŬɜŬűɏɟŮŰŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɞɜɎŭɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ɓɟɑůəɞɜŰŬɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ ɔɘŬ əɎɗŮ ɩɟŬ Űɞɡ ɢɟɞɜɘəɞɨ ɞɟɑɕɞɜŰŬ ůŰɞɜ ɞˊɞɑɞ ŬˊŮɡɗɨɜŮŰŬɘ ɞ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ, əŬɗɩɠ əŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ űɞɟŰɑɞɡ Űɤɜ Ůɜ ɚɧɔɤ ɛɞɜɎŭɤɜ ɔɘŬ Űɞ 
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ɑŭɘɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. ɃɟɑɕŮŰŬɘ, ɏŰůɘ, Űɞ ˊɞɘŮɠ ɛɞɜɎŭŮɠ ɗŬ ɝŮəɘɜɐůɞɡɜ ɐ ɗŬ ůŰŬɛŬŰɐůɞɡɜ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ əŬɘ ɛŮ ˊɞɘŬ ůŮɘɟɎ. ȼ ŮɨɟŮůɖ ɛɘŬɠ əŬɚɐɠ ɚɨůɖɠ ůŮ Ůɨɚɞɔɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

ŮɑɜŬɘ ɞɡůɘɩŭɖɠ, əŬɗɩɠ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɛŮ ɓɏɚŰɘůŰɞ Űɟɧˊɞ ɞɘ ˊɧɟɞɘ 

ˊŬɟŬɔɤɔɐɠ əŬɘ ɜŬ ɛŮɘɤɗŮɑ Űɞ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ. ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ 

ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ űɞɟŰɑɞɡ əŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ ŮűŮŭɟŮɑŬɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, əŬɗɩɠ əŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ɛɏɔɘůŰɖɠ əŬɘ ŮɚɎɢɘůŰɖɠ ɘəŬɜɧŰɖŰŬɠ ˊŬɟŬɔɤɔɐɠ Űɤɜ 

ɛɞɜɎŭɤɜ əŬɘ ɞɘ ɢɟɧɜɞɘ ɔɘŬ Űɖɜ ɏɜŰŬɝɖ əŬɘ Űɖɜ ŬˊɞůɨɜŭŮůɐ Űɞɡɠ. 

 ȼ ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɛɏůɤ Űɖɠ ɟɨɗɛɘůɖɠ Űɖɠ űɧɟŰɘůɖɠ Űɤɜ ɛɞɜɎŭɤɜ ˊɞɡ ŮɑɜŬɘ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŮɠ 

əɎɗŮ ůŰɘɔɛɐ ɔɘŬ ɚŮɘŰɞɡɟɔɑŬ, ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ůŮ ůɡɜŭɡŬůɛɧ ɜŬ əŬɚɨˊŰɞɡɜ Űɖɜ ˊɟŬɔɛŬŰɘəɐ 

ɕɐŰɖůɖ űɞɟŰɑɞɡ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ ɛŮ Űɞɜ ɞɘəɞɜɞɛɘəɧŰŮɟɞ Űɟɧˊɞ. ȷɡŰɧ 

ɞɡůɘŬůŰɘəɎ ůɖɛŬɑɜŮɘ əŬɘ Űɞ ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ ůɡɜɞɚɘəɧ əɧůŰɞɠ əŬɡůɑɛɞɡ, ɛɘŬɠ əŬɘ ŬˊɞŰŮɚŮɑ 

Űɞ ɛŮɔŬɚɨŰŮɟɞ əɞɛɛɎŰɘ Űɞɡ əɧůŰɞɡɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ɆɡɜɞˊŰɘəɎ, 

ɚɞɘˊɧɜ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ ˊŬɑɕɞɡɜ ɟɧɚɞ ɖ ɚŮɘŰɞɡɟɔɘəɐ Ŭˊɧŭɞůɖ Űɤɜ 

ɛɞɜɎŭɤɜ, Űɞ əɧůŰɞɠ əŬɡůɑɛɞɡ əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ Űɞɡ ŭɘəŰɨɞɡ ɛŮŰŬűɞɟɎɠ. 

3.2 ȾɚŬůɘəɧ ɀɞɜŰɏɚɞ Ƀɘəɞɜɞɛɘəɐɠ ȾŬŰŬɜɞɛɐɠ ūɞɟŰɑɞɡ 

 

Ƀ ůŰɧɢɞɠ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ (Economic Dispatch) ɧˊɤɠ ŮɑˊŬɛŮ ŮɑɜŬɘ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ Űɞ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɐ ɘůɞŭɨɜŬɛŬ Űɞ əɧůŰɞɠ 

əŬŰŬɜɎɚɤůɖɠ əŬɡůɑɛɞɡ ɘəŬɜɞˊɞɘɩɜŰŬɠ Űɞ űɞɟŰɑɞ ɡˊɧ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ 

ŭŮŭɞɛɏɜŮɠ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ůŮ ɚŮɘŰɞɡɟɔɑŬ. ŪɏɚɞɡɛŮ ɜŬ ŬɝɘɞˊɞɘŮɑŰŬɘ ɚɞɘˊɧɜ ɖ 

ɞɘəɞɜɞɛɘəɧŰŮɟɖ ɛɞɜɎŭŬ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɞɡ űɞɟŰɑɞɡ. ŪŮɤɟɩɜŰŬɠ ɛɘŬ ɝŬűɜɘəɐ Ŭɨɝɖůɖ Űɖɠ 

ɕɐŰɖůɖɠ, ɞɘ ɛɞɜɎŭŮɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŬɟɛɧůɞɡɜ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡɠ ɛŮ Űɞɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɞ Űɟɧˊɞ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ əɧůŰɞɠ əŬɘ ɖ 

ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ ɜŬ əŬɚɨˊŰŮɘ Űɖ ɕɐŰɖůɖ. ȰŰůɘ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɝɡˊɖɟŮŰɖɗŮɑ Ŭˊɧ Űɖɜ 

ɞɘəɞɜɞɛɘəɧŰŮɟɖ ɛɞɜɎŭŬ ɏɤɠ ɧŰɞɡ űɗɎůɞɡɛŮ ŰŬ ɧɟɘŬ Ŭˊɧŭɞůɖɠ Űɖɠ ɛɞɜɎŭŬɠ. ȰˊŮɘŰŬ, ɖ 

Ŭɛɏůɤɠ ŮˊɧɛŮɜɖ ɞɘəɞɜɞɛɘəɧŰŮɟɖ ɛɞɜɎŭŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬɚɎɓŮɘ Űɖɜ əɎɚɡɣɖ Űɖɠ Ŭɨɝɖůɖɠ 

Űɞɡ űɞɟŰɑɞɡ əɞə. [7] ũɘŬ ɜŬ ɚɡɗŮɑ ŬɡŰɧ Űɞ ˊɟɧɓɚɖɛŬ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŬɟəŮŰɞɑ Ŭɚɔɧɟɘɗɛɞɘ, 

ɞɘ ɞˊɞɑɞɘ ˊŮɟɘɏɢɞɡɜ ŮˊŬɜŬɚɖˊŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ, ŭɡɜŬɛɘəɧ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ, ŮɝŮɚɘəŰɘəɞɨɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ əŬɘ ɎɚɚŮɠ ŰŮɢɜɘəɏɠ, ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɗŬ ŬɜŬɚɡɗɞɨɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ. 

ȳɛɤɠ ɔɘŬ ɜŬ ɔɑɜŮɘ ɖ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ŬˊɞŭɞŰɘəɎ əŬɘ ɜŬ ŮˊɘŰɨɢɞɡɛŮ ŰŮɚɘəɎ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮəűɟŬůŰŮɑ ůɤůŰɎ ɖ ůɡɜɎɟŰɖůɖ Űɞɡ əɧůŰɞɡɠ ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ əɎɗŮ ɛɞɜɎŭŬɠ. ȳˊɤɠ ɗŬ ŭɞɨɛŮ, Űɞ əɟɘŰɐɟɘɞ ɔɘŬ Űɖ ŭɘŬɜɞɛɐ Űɞɡ 

űɞɟŰɑɞɡ ŬɜɎɛŮůŬ ůŰɘɠ ɛɞɜɎŭŮɠ ɓŬůɑɕŮŰŬɘ ůŰɞ əŬŰɎ ˊɧůɞ ɛɑŬ Ŭɨɝɖůɖ Űɞɡ űɞɟŰɑɞɡ ůŮ ɛɘŬ 

ɛɞɜɎŭŬ əŬɘ ɘůɧˊɞůɖ ɛŮɑɤůɖ Űɞɡ űɞɟŰɑɞɡ ůŰɖɜ Ɏɚɚɖ ɗŬ űɏɟŮɘ Ŭɨɝɖůɖ ɐ ɛŮɑɤůɖ Űɞɡ 

ůɡɜɞɚɘəɞɨ əɧůŰɞɡɠ. ȹɖɚŬŭɐ, ŬɡŰɧ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ ɜŬ ŮɝŮŰɎůɞɡɛŮ ŮɑɜŬɘ Űɞ ŭɘŬűɞɟɘəɧ 

əɧůŰɞɠ Űɖɠ əɎɗŮ ɛɞɜɎŭŬɠ, ŭɖɚŬŭɐ ɜŬ ɛŮɚŮŰɐůɞɡɛŮ Űɖɜ əŬɛˊɨɚɖ əɧůŰɞɡɠ əŬɡůɑɛɞɡ ï 

ˊŬɟŬɔɤɔɐɠ ɘůɢɨɞɠ Űɖɠ əɎɗŮ ɛɞɜɎŭŬɠ. ɇɞ əɧůŰɞɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ ˊŮɟɘɏɢŮɘ ɛɏůŬ əŬɘ Űɞ əɧůŰɞɠ 

ŮɟɔŬůɑŬɠ, Űɖɠ ůɡɜŰɐɟɖůɖɠ, Űɖɠ ɛŮŰŬűɞɟɎɠ Űɞɡ əŬɡůɑɛɞɡ əŰɚ. ȺˊŮɘŭɐ ɧɛɤɠ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ 

ŮəűɟŬůŰɞɨɜ ɧɚŬ ŬɡŰɎ ɤɠ ůɡɜɎɟŰɖůɖ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůɡɜɐɗɤɠ ůŰɞ ůŰŬɗŮɟɧ ɧɟɞ Űɞɡ 

əɧůŰɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛɞɜɎŭŬɠ. [8] 
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ȼ əɎɗŮ ɛɞɜɎŭŬ ˊŬɟŬɔɤɔɐɠ ɏɢŮɘ ɧɟɘŬ ɤɠ ˊɟɞɠ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ɏɢɞɜŰŬɠ ɛɘŬ ŮɚɎɢɘůŰɖ 

əŬɘ ɛɘŬ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ Űɘɛɐ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ. ŪŮɤɟɩɜŰŬɠ, ɚɞɘˊɧɜ, ɧŰɘ ɖ ˊŬɟŬɔɧɛŮɜɖ 

ɘůɢɨɠ Űɖɠ ɛɞɜɎŭŬɠ ŮɑɜŬɘ ὖ , ɏɢɞɡɛŮ: 

 

ὖ ὖ ὖ  σȢρ 

 

ɧˊɞɡ ὖ  əŬɘ ὖ   ɖ ŮɚɎɢɘůŰɖ əŬɘ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ űɧɟŰɘůɖ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ŬɜŰɑůŰɞɘɢŬ. 

ũŮɜɘəɎ, ɖ ůɡɜɎɟŰɖůɖ əɧůŰɞɡɠ Űɤɜ ɛɞɜɎŭɤɜ ŮɑɜŬɘ ɛɖ ɔɟŬɛɛɘəɐ ůɡɜɎɟŰɖůɖ. ȺɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɞɜ Űɨˊɞ Űɞɡ əŬɡůɑɛɞɡ ˊɞɡ əŬŰŬɜŬɚɩɜŮŰŬɘ (ˊŮŰɟɏɚŬɘɞ, űɡůɘəɧ Ŭɏɟɘɞ, ɎɜɗɟŬəŬɠ, 

ɚɘɔɜɑŰɖɠ), Ŭˊɧ Űɘɠ Ůɗɜɘəɏɠ əŬɘ ŭɘŮɗɜŮɑɠ ůɡɜɗɐəŮɠ ɞɘəɞɜɞɛɑŬɠ, Űɖɜ ˊɞɚɘŰɘəɐ əŬŰɎůŰŬůɖ ə.Ŭ. ȼ 

ůɡɜɎɟŰɖůɖ əɧůŰɞɡɠ Űɖɠ əɎɗŮ ɛɞɜɎŭŬɠ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

 

ὅ ὥὖ ὦὖ ὧ ὩÓÉÎὪὖ ὖ  σȢς 

 

ȼ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ŬˊɞŰŮɚŮɑ Űɖɜ ɛɖ ɞɛŬɚɐ ůɡɜɎɟŰɖůɖ Űɞɡ əɧůŰɞɡɠ ɖ ɞˊɞɑŬ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Ὡ əŬɘ Ὢ ˊɞɡ ŮəűɟɎɕɞɡɜ Űɖɜ ɛɖ ɞɛŬɚɧŰɖŰŬ Űɖɠ əŬɛˊɨɚɖɠ 

Űɞɡ əɧůŰɞɡɠ. ȼ ůɡɜɎɟŰɖůɖ ɧɛɤɠ ŬɡŰɐ ŭŮɜ ŮɑɜŬɘ Űɧůɞ ɢɟɖůŰɘəɐ. ȰŰůɘ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɞɡ əɧůŰɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ɖ ŰŮŰɟŬɔɤɜɘəɐ ůɡɜɎɟŰɖůɖ əɧůŰɞɡɠ (Quadratic 

Function) Űɖɠ ɛɞɟűɐɠ:  

ὅ  ὥὖ ὦὖ ὧ σȢσ 

ɧ́ ɞɡ, 

i: i -ɞůŰɐ ɛɞɜɎŭŬ ˊŬɟŬɔɤɔɐɠ Ŭˊɧ Űɘɠ n Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ὅ : Űɞ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ Űɖɠ i-ɞůŰɐɠ ɛɞɜɎŭŬɠ ůŮ (ú/h) 

ὖ: ɖ ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ ŮɜŮɟɔɞɨɠ ɘůɢɨɞɠ Űɖɠ i-ɞůŰɐɠ ɛɞɜɎŭŬɠ ůŮ Ŭ.ɛ. Űɘɛɏɠ 

ὥ ȟὦ ȟὧ : ɞɘ ůɡɜŰŮɚŮůŰɏɠ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ əɧůŰɞɡɠ Űɖɠ əɎɗŮ ɛɞɜɎŭŬɠ ůŮ (ú/h) 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ὧ, ɧˊɤɠ ŬɜŬűɏɟŬɛŮ əŬɘ ɜɤɟɑŰŮɟŬ, ɘůɞŭɡɜŬɛŮɑ ɛŮ Űɞ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ Űɖɠ 

ɛɞɜɎŭŬɠ ɧŰŬɜ ɏɢŮɘ ɛɖŭŮɜɘəɐ ˊŬɟŬɔɤɔɐ.  

ũɟŬűɘəɎ ɖ ůɡɜɎɟŰɖůɖ Űɞɡ əɧůŰɞɡɠ, ɧˊɤɠ ŮəűɟɎɕŮŰŬɘ ɛɏůɤ Űɖɠ ůɢɏůɖɠ (3.3) ŭɑɜŮŰŬɘ ůŰɞ 

ůɢɐɛŬ 3.1. 

 
ɆɢɐɛŬ 3.1: ɆɡɜɎɟŰɖůɖ ȾɧůŰɞɡɠ - ɄŬɟŬɔɤɔɐɠ 
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ɀŮ ɓɎůɖ Űɞɜ ˊŬɟŬˊɎɜɤ Űɨˊɞ ɛˊɞɟɞɨɛŮ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɛŮ əŬɘ Űɞ ŭɘŬűɞɟɘəɧ əɧůŰɞɠ Űɖɠ 

ɛɞɜɎŭŬɠ, ɏůŰɤ ‗, Űɞ ɞˊɞɑɞ ɗŬ ŮɑɜŬɘ ɖ əɚɑůɖ Űɖɠ ˊŬɟŬˊɎɜɤ əŬɛˊɨɚɖɠ əŬɘ ɗŬ ɞɟɑɕŮŰŬɘ ɤɠ: 

‗
Ὠὅ

Ὠὖ
ςὥὖ ὦ σȢτ 

  

ȳˊɤɠ ŬɜŬűɏɟŬɛŮ ɐŭɖ, Űɞ ŭɘŬűɞɟɘəɧ əɧůŰɞɠ Űɖɠ ɛɞɜɎŭŬɠ ŮəűɟɎɕŮɘ Űɞ ˊɧůɞ ɗŬ ŬɡɝɖɗŮɑ Űɞ 

əɧůŰɞɠ ŬɜɎ ɩɟŬ ůŮ ˊŮɟɑˊŰɤůɖ Ŭɨɝɖůɖɠ Űɞɡ űɞɟŰɑɞɡ əŬŰɎ 1MW, ŭɖɚŬŭɐ ɗŬ ɏɢŮɘ ɛɞɜɎŭŮɠ 

ú/MWh. ȼ Űɡˊɘəɐ ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ŭɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 3.2. [7] 

 
ɆɢɐɛŬ 3.2: ɆɡɜɎɟŰɖůɖ ɃɟɘŬəɞɨ ȾɧůŰɞɡɠ ɚ - ɄŬɟŬɔɤɔɐɠ 

 

ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ůɢɐɛŬ, Űɞ ŭɘŬűɞɟɘəɧ əɧůŰɞɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɔɟŬɛɛɘəɧ ɔɘŬ ɛŮɔɎɚɞ 

Ůɨɟɞɠ Űɖɠ Ůɝɧŭɞɡ ɘůɢɨɞɠ. ȳŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŬɜŬɚɨůŮɘɠ, ˊɟɞůŮɔɔɑɕŮŰŬɘ Ŭˊɧ ɛɑŬ ŮɡɗŮɑŬ 

ɔɟŬɛɛɐ ɖ ɞˊɞɑŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ, ŬˊɞŰŮɚŮɑ ˊɞɚɨ əŬɚɐ ŬɜŬˊŬɟɎůŰŬůɖ, Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ 

ŮɘəɧɜŬɠ. 

ŪŮɤɟɩɜŰŬɠ ŰɩɟŬ ɧŰɘ Űɞ ůɨůŰɖɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɞɜɎŭŮɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ŬɜŰɑůŰɞɘɢŮɠ 

ůɡɜŬɟŰɐůŮɘɠ əɧůŰɞɡɠ, Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ŮɑɜŬɘ:  

 

ὅ  ὅ σȢυ 

 

ȷɜŰɑůŰɞɘɢŬ, ɖ ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ŭɑɜŮŰŬɘ ɤɠ:  

ὖ  ὖ  σȢφ 
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ȼ ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ, ɧɛɤɠ, ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ Űɧůɖ ɩůŰŮ ɜŬ əŬɚɨˊŰŮŰŬɘ Űɞ ůɡɜɞɚɘəɧ 

űɞɟŰɑɞ, ɡˊɞɚɞɔɑɕɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ əŬɘ Űɘɠ ŬˊɩɚŮɘŮɠ əŬŰɎ Űɖ ɛŮŰŬűɞɟɎ Űɖɠ ŮɜɏɟɔŮɘŬɠ. 

ȹɖɚŬŭɐ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ůŮ ɘůɞɟɟɞˊɑŬ ɘůɢɨɞɠ əŬɘ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ůɢɏůɖ: 

 

ὖ  ὖ ὖ σȢφ 

ɧ́ ɞɡ,  

ὖ : ɖ ůɡɜɞɚɘəɐ ɕɐŰɖůɖ, ŭɖɚŬŭɐ Űɞ ůɡɜɞɚɘəɧ űɞɟŰɑɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ὖ : ɞɘ ůɡɜɞɚɘəɏɠ ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ 

ɃɡůɘŬůŰɘəɎ, ɚɞɘˊɧɜ, ɖ ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɏɔəŮɘŰŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ὖ  ɔɘŬ Űɘɠ ὲ 

ɔŮɜɜɐŰɟɘŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊŬɟŬˊɎɜɤ ůɢɏůŮɘɠ ɛŮ Űɞ ŮɚɎɢɘůŰɞ 

ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ὅ , ŭɖɚŬŭɐ: 

 

ὖ Ḋ ÍÉÎὅ  σȢψ 

 

ɃˊɧŰŮ Űɞ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɐɠ ɛŬɠ ɏɔəŮɘŰŬɘ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ ɛɘŬɠ 

ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ ɛŮ ɔɜɩɛɞɜŬ ɏɜŬ ůɨɜɞɚɞ ɛŮŰŬɓɚɖŰɩɜ ŬˊɧűŬůɖɠ, ɏɢɞɜŰŬɠ 

ŰŬɡŰɧɢɟɞɜŬ ɏɜŬɜ ɐ ˊŬɟŬˊɎɜɤ ˊŮɟɘɞɟɘůɛɞɨɠ ˊɟɞɠ ɘəŬɜɞˊɞɑɖůɖ. Ⱥŭɩ ɤɠ ŬɜŰɘəŮɘɛŮɜɘəɐ 

ůɡɜɎɟŰɖůɖ ɏɢɞɡɛŮ Űɞ əɧůŰɞɠ ɛŮ ɛŮŰŬɓɚɖŰɏɠ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ əŬɘ 

ˊŮɟɘɞɟɘůɛɞɨɠ Űɖɜ əɎɚɡɣɖ Űɖɠ ɕɐŰɖůɖɠ, ŰŬ ɧɟɘŬ űɧɟŰɘůɖɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ əŰɚ.  

ũɜɤɟɑɕɞɜŰŬɠ ŰŬ ˊŬɟŬˊɎɜɤ, Ŭɠ ŭɞɨɛŮ ˊɩɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɖ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ 

ŬɜɎɛŮůŬ ůŰɘɠ ɛɞɜɎŭŮɠ. ȷɠ ɡˊɞɗɏůɞɡɛŮ ŬɟɢɘəɎ ɧŰɘ ɏɢɞɡɛŮ ŭɨɞ ɛɧɜɞ ɛɞɜɎŭŮɠ ɛŮ ŭɘŬűɞɟŮŰɘəɎ 

ɞɟɘŬəɎ əɧůŰɖ ɖ əɎɗŮ ɛɑŬ əŬɘ ˊŬɟɎɔɞɡɜ ὖ əŬɘ ὖ ŬɜŰɑůŰɞɘɢŬ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɖɠ ɕɐŰɖůɖɠ. 

ȷɠ ɡˊɞɗɏůɞɡɛŮ ŰɩɟŬ ɧŰɘ ɏɜŬ ˊɞůɧ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ Űɖ ɔŮɜɜɐŰɟɘŬ ɛŮ Űɞ 

ɛŮɔŬɚɨŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ ůŰɖ ɔŮɜɜɐŰɟɘŬ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ. ɇɞ ɜŬ ɛŮɘɩůɞɡɛŮ 

Űɖɜ ˊŬɟŬɔɤɔɐ ůŰɖ ɛɞɜɎŭŬ ɛŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ ɗŬ űɏɟŮɘ ɛŮɔŬɚɨŰŮɟɖ ɛŮɑɤůɖ 

Űɞɡ ůɡɜɞɚɘəɞɨ əɧůŰɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ Ŭɨɝɖůɖ ˊɞɡ ɗŬ ŮˊɘűɏɟŮɘ ɖ ŬɜŰɑůŰɞɘɢɖ Ŭɨɝɖůɖ Űɞɡ 

űɞɟŰɑɞɡ ůŰɖ ɛɞɜɎŭŬ ɛŮ Űɞ ɢŬɛɖɚɧŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ. ȷɡŰɧ ɗŬ ɘůɢɨŮɘ ɛɏɢɟɘɠ ɧŰɞɡ ŰŬ ɞɟɘŬəɎ 

əɧůŰɖ Űɤɜ ŭɨɞ ɛɞɜɎŭɤɜ ɜŬ ŮɑɜŬɘ ɑůŬ. [8] ɇɞ ɑŭɘɞ ůəŮˊŰɘəɧ ɘůɢɨŮɘ əŬɘ ɔɘŬ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ 2 

ɛɞɜɎŭɤɜ. ȰŰůɘ ˊɟɞəɨˊŰŮɘ əŬɘ Űɞ əɟɘŰɐɟɘɞ ůɨɛűɤɜŬ ɛŮ Űɞ ɞˊɞɑɞ ɏɢɞɡɛŮ Űɖ ɓɏɚŰɘůŰɖ 

ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ ɛŮŰŬɝɨ Űɤɜ ɛɞɜɎŭɤɜ. ŪŬ ˊɟɏˊŮɘ ɧɚŮɠ ɞɘ ɛɞɜɎŭŮɠ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ Űɞ 

ɑŭɘɞ ɞɟɘŬəɧ əɧůŰɞɠ ‗. ȼ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ˊŬɟɑůŰŬŰŬɘ ɔɟŬűɘəɎ əŬɘ ůŰɞ ůɢɐɛŬ 3.3. 
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ɆɢɐɛŬ 3.3: ũɟŬűɘəɐ Ŭ́Ůɘəɧɜɘůɖ Űɖɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ 

 

 

ɇŬɡŰɧɢɟɞɜŬ ɗŬ ˊɟɏˊŮɘ ɧɛɤɠ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ əŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ ŭɩůŬɛŮ 

ˊŬɟŬˊɎɜɤ. ȼ əɎɗŮ ɔŮɜɜɐŰɟɘŬ, ɧˊɤɠ ŮɑŭŬɛŮ, ɏɢŮɘ ɏɜŬ ŮɚɎɢɘůŰɞ əŬɘ ɛɏɔɘůŰɞ ˊŬɟŬɔɤɔɐɠ. ȷɜ 

ɧɚŮɠ ɞɘ ɛɞɜɎŭŮɠ ɛˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ɛŮ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ ˊɞɡ əŬɗɞɟɑůŰɖəŮ əŬɘ 

ŰŬɡŰɧɢɟɞɜŬ ɜŬ ŮɑɜŬɘ  ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ŰɧŰŮ ɏɢɞɡɛŮ Űɖ ɓɏɚŰɘůŰɖ ɚɨůɖ ɔɘŬ Űɞ 

əɧůŰɞɠ. ȷɜ ɧɛɤɠ əɎˊɞɘŬ ɔŮɜɜɐŰɟɘŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ɛŮ ŬɡŰɧ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ 

Ůɜɩ ŮɑɜŬɘ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŰɧŰŮ ŬɡŰɐ ŰɑɗŮŰŬɘ ůŰɞ əɞɜŰɘɜɧŰŮɟɞ ɧɟɘɞ əŬɘ ɞɘ 

ɡˊɧɚɞɘˊŮɠ ɛɞɜɎŭŮɠ ɛɞɘɟɎɕɞɜŰŬɘ Űɞ ɡˊɞɚŮɘˊɧɛŮɜɞ űɞɟŰɑɞ ɛŮ Űɞ əɟɘŰɐɟɘɞ Űɞɡ ɞɟɘŬəɞɨ 

əɧůŰɞɡɠ, ɧˊɤɠ ŮɑŭŬɛŮ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ əŬɘ ɔɟŬűɘəɎ ůŰɞ ŮˊɧɛŮɜɞ ůɢɐɛŬ 3.4. 

 

 
ɆɢɐɛŬ 3.4: Ƀɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ ɛŮŰŬɝɨ 3 ɛɞɜɎŭɤɜ 
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Ⱥŭɩ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ ŰɟɑŰɖ ɛɞɜɎŭŬ ɏɢŮɘ ɡɣɖɚɧŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ, ŭɖɚŬŭɐ ŮɑɜŬɘ əŬɘ ɖ 

ˊɘɞ ŭŬˊŬɜɖɟɐ. ȰŰůɘ ŮˊɘɚɏɔɞɡɛŮ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ůŰɞ ɢŬɛɖɚɧŰŮɟɞ ŭɡɜŬŰɧ, Ůɜɩ ɞɘ ɎɚɚŮɠ ŭɨɞ 

ɛɞɘɟɎɕɞɜŰŬɘ Űɞ ɡˊɞɚŮɘˊɧɛŮɜɞ űɞɟŰɑɞ ɏɢɞɜŰŬɠ Űɞ ɑŭɘɞ ɞɟɘŬəɧ əɧůŰɞɠ. ȷɜŰɑůŰɞɘɢŬ, Ŭɜ əɎˊɞɘŬ 

ɛɞɜɎŭŬ ɐŰŬɜ ˊɘɞ űɗɖɜɐ ɛŮ ɛɘəɟɧŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ, ŰɧŰŮ ŮəŮɑɜɖ ɗŬ ɚŮɘŰɞɡɟɔɞɨůŮ ůŰɞ 

ɛɏɔɘůŰɞ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ Űɖɠ əŬɘ ɞɘ ɎɚɚŮɠ ɗŬ ɛɞɘɟɎɕɞɜŰŬɜ ˊɎɚɘ Űɞ ɡˊɧɚɞɘˊɞ űɞɟŰɑɞ ɛŮ əɞɘɜɧ 

ɞɟɘŬəɧ əɧůŰɞɠ. 

ɆɡɜɞɚɘəɎ ɚɞɘˊɧɜ əŬŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ űɞɟŰɑɞɡ 

ŬəɞɚɞɡɗɞɨɛŮ Űɘɠ Ůɝɐɠ ůɡɜɗɐəŮɠ (Kuhn-Tucker) [8]: 

ὖ ὖ ὖ 

 

‗
Ὠὅ

Ὠὖ
ȟ      ὖ ὖ ὖ  

 

‐ʗ’ 
Ὠὅ

Ὠὖ
‗Ḋ ὖ ὖ  

 

‐ʗ’ 
Ὠὅ

Ὠὖ
‗Ḋ ὖ ὖ  

σȢω 

 

ȸɏɓŬɘŬ, ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ŭŮɜ ɏɢɞɡɜ ɚɖűɗŮɑ ɧɚŮɠ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɡˊɧɣɖ 

ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ ŬɜɎɛŮůŬ ůŰɘɠ ɛɞɜɎŭŮɠ, ɛɘŬɠ əŬɘ ůŰɞ əɧůŰɞɠ əɎɗŮ ɛɞɜɎŭŬɠ ɗŬ 

ɏˊɟŮˊŮ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ Űɞ əɧůŰɞɠ Űɤɜ ŬˊɤɚŮɘɩɜ Űɖɠ ɔɟŬɛɛɐɠ ˊɞɡ Űɖɜ ŮɝɡˊɖɟŮŰŮɑ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, Ŭɜ ɛɘŬ ɛɞɜɎŭŬ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŬəɟɘɎ Ŭˊɧ Űɞ əɏɜŰɟɞ əŬŰŬɜɎɚɤůɖɠ, ŬəɧɛŬ əŬɘ Ŭɜ 

ŮɑɜŬɘ ŬɡŰɐ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ, ɗŬ ɛˊɞɟɞɨůŬɜ ɞɘ ŬˊɩɚŮɘŮɠ ɜŬ ŮɑɜŬɘ Űɧůɞ ɛŮɔɎɚɖɠ 

ŰɎɝɖɠ ˊɞɡ ŰŮɚɘəɎ ɜŬ ˊɟɞəŬɚŮɑ ɛŮɔŬɚɨŰŮɟɖ Ŭɨɝɖůɖ Űɞɡ əɧůŰɞɡɠ, Ŭˊɧ ɧŰɘ ɗŬ ˊɟɞəŬɚɞɨůŮ ɛɑŬ 

Ɏɚɚɖ ɛɞɜɎŭŬ ɛŮ ɛŮɔŬɚɨŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ ŬɚɚɎ ɛŮ ɛɘəɟɧŰŮɟŮɠ ŬˊɩɚŮɘŮɠ. ȷɡŰɧ, Űɞ əɞɛɛɎŰɘ 

ɧɛɤɠ ɔɘŬ ŬˊɚɞɨůŰŮɡůɖ, ɗŬ ŬɛŮɚɖɗŮɑ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ. 

3.3 ɀɏɗɞŭɞɠ ɆɡɜŰŮɚŮůŰɐ ȿɎɛŭŬ (Lagrange) ȷɛŮɚɩɜŰŬɠ Űɘɠ ȷˊɩɚŮɘŮɠ 

 

ȰɜŬɠ ŭɘŬŭŮŭɞɛɏɜɞɠ Űɟɧˊɞɠ Ůˊɑɚɡůɖɠ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ ŮɑɜŬɘ ɖ 

ɢɟɖůɘɛɞˊɞɑɖůɖ Űɖɠ ɛŮɗɧŭɞɡ Űɤɜ ˊɞɚɚŬˊɚŬůɘŬůŰɩɜ Lagrange. ũɘŬ ɜŬ ɚɡɗŮɑ Űɞ əɚŬůůɘəɧ  

ˊɟɧɓɚɖɛŬ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ ˊɟɏˊŮɘ ŬɟɢɘəɎ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɖ 

ůɡɜɎɟŰɖůɖ Lagrange. ȼ ɛɞɟűɐ ŬɡŰɐɠ ŮɑɜŬɘ [9]: 

 

ὒ ὅὼȟὼȟȣȟὼ ‗ Ὃὼȟὼȟȣȟὼ ὅ ὖ ‗ ὖ ὖ  σȢρπ 
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ɇɞ ŭɘŬűɞɟɘəɧ Űɖɠ ůɡɜɎɟŰɖůɖɠ Lagrange ɗŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (3.11) ɤɠ 
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ȼ ůɢɏůɖ Űɞɡ ŭɘŬűɞɟɘəɞɨ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ Űɖɜ 

ŮɨɟŮůɖ Űɤɜ n + 1 ɛŮŰŬɓɚɖŰɩɜ (ὖ , ὖ ,. . . , ὖ  əŬɘ ɚ). ũɘŬ ɜŬ əŬŰŬůŰŮɑ ɧɛɤɠ ŬɡŰɧ ŭɡɜŬŰɧ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗɞɨɜ ɞɘ Ŭɟɢɘəɏɠ Űɘɛɏɠ ὖ ȟὖ ȟȣȟὖ  əŬɘ ‗. ȰˊŮɘŰŬ ɞɘ əŬɘɜɞɨɟɘŮɠ Űɘɛɏɠ Űɞɡɠ 

ɗŬ ɡˊɞɚɞɔɘůŰɞɨɜ Ŭˊɧ Űɖ ůɢɏůɖ: 

ὼ ὼ ‐ɳὒ σȢρς 
 

ȳˊɞɡ ŰŬ ŭɘŬɜɨůɛŬŰŬ ὼȟὼ ŮɑɜŬɘ 
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ȼ ɔŮɜɘəɐ ŮˊŬɜŬɚɖˊŰɘəɐ ɏəűɟŬůɖ ɗŬ ŮɑɜŬɘ: 

 

ὼ ὼ ‐ɳὒ σȢρτ 
 

ȳˊɞɡ Ὧ ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɖɠ ŮˊŬɜɎɚɖɣɖɠ. 

 

ɇŬ ɓɐɛŬŰŬ ɚɨůɖɠ ɗŬ ŮɑɜŬɘ: 

(1) Ⱥˊɘɚɞɔɐ Űɤɜ Ŭɟɢɘəɩɜ Űɘɛɩɜ ὖ ȟὖ ȟȣȟὖ , ɧˊɞɡ ὖ ὖ Ễ ὖ ὖ 

(2) Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ ‗ ɔɘŬ əɎɗŮ ɔŮɜɜɐŰɟɘŬ ɤɠ 
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ȟὭ ρȟȣȟὲ 

 

(3)Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɏůɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ‗ 
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(4) Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ŭɘŬűɞɟɘəɞɨ 
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(5) ȷɜ Űɞ ŭɘŬűɞɟɘəɧ ɘůɞɨŰŬɘ ɛŮ Űɞ ɛɖŭɏɜ ŰɧŰŮ ɖ ɚɨůɖ ůɡɔəɚɑɜŮɘ əŬɘ ůŰŬɛŬŰɎŮɘ ɖ 

ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ, ŭɘŬűɞɟŮŰɘəɎ ůɡɜŮɢɑɕɞɡɛŮ. 

(6) ɈˊɞɚɞɔɑɕɞɡɛŮ Űɘɠ ɜɏŮɠ Űɘɛɏɠ ὖ ȟὖ ȟȣȟὖ  əŬɘ ‗, ŮɝŮŰɎɕɞɜŰŬɠ Ŭɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ŰŬ 

ɧɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ əŬɘ ˊɟɞůŬɟɛɧɕɞɜŰŬɠ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ əŬŰɎɚɚɖɚŬ. 

(7) ȺˊŬɜŬɚŬɛɓɎɜɞɡɛŮ Ŭˊɧ Űɞ ɓɐɛŬ (4) 

 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ, ɓɚɏˊɞɡɛŮ ˊɎɚɘ ɧŰɘ ɖ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ ɜŬ ɓɟɞɨɛŮ Űɞ 

ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ Űɞ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ ŮɑɜŬɘ ɧɚŮɠ ɞɘ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ɜŬ 

ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ Űɞ ɑŭɘɞ ɞɟɘŬəɧ əɧůŰɞɠ əŬɘ ŬɡŰɧ ɜŬ ŮɑɜŬɘ ɑůɞ ɛŮ Űɖɜ ɛŮŰŬɓɚɖŰɐ ȿɎɛŭŬ (‗), 

ɔɜɤůŰɐ əŬɘ ɤɠ ˊɞɚɚŬˊɚŬůɘŬůŰɐɠ Lagrange. 

ȹɖɚŬŭɐ, ɗɏɚɞɡɛŮ ɔɘŬ ɧɚŮɠ Űɘɠ ɛɞɜɎŭŮɠ ɜŬ ɘůɢɨŮɘ: 
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ȟὭ ρȟȣȟὲ σȢρυ 

 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ əŬɘ ŰŬ ɧɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɛɞɜɎŭɤɜ ɖ ůɢɏůɖ ŮˊŮəŰŮɑɜŮŰŬɘ ůŮ:  
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‗ †ʝ†‐ ὖ ȟὖ ὖ ὖ  

 

’ 
Ὠὅὖ
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‗ †ʝ†‐ ὖ ὖ  
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3.4 ɀɏɗɞŭɞɠ ɆɡɜŰŮɚŮůŰɐ ȿɎɛŭŬ (Lagrange) ɛŮ ȷˊɩɚŮɘŮɠ 

 

ȼ ɛŮɚɏŰɖ ɛŬɠ ɤɠ ŰɩɟŬ ɧɛɤɠ ŭɏɢŮŰŬɘ ɓŮɚŰɑɤůɖɠ ɛɘŬɠ əŬɘ ɤɠ ŰɩɟŬ ɏɢɞɡɜ ŬɛŮɚɖɗŮɑ  ɞɘ 

ŬˊɩɚŮɘŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȳɛɤɠ Ŭɜ ɗɏɚɞɡɛŮ ɜŬ ɚɎɓɞɡɛŮ ɡˊɧɣɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ əŬŰɎ Űɖ 

ɛŮŰŬűɞɟɎ Űɖɠ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ ůŰɞ ůɨůŰɖɛŬ ɛŮŰŬűɞɟɎɠ ɡˊɎɟɢɞɡɜ ŬˊɩɚŮɘŮɠ, əɡɟɑɤɠ ɚɧɔɤ 

Űɖɠ ɤɛɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɤɜ ɔɟŬɛɛɩɜ, ŰɧŰŮ Űɞ ˊɟɧɓɚɖɛŬ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɓɏɚŰɘůŰɞɡ 

ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ ɔɑɜɞɜŰŬɘ ˊɘɞ ˊɞɚɨˊɚɞəŬ. ũɘŬ ŬɡŰɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ əŬŰɎɚɚɖɚɖ 

ˊɟɞůŬɟɛɞɔɐ Űɞɡ ɛŮɚŮŰɩɛŮɜɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. [10] 

ȷɟɢɘəɎ ɞɘ ůɢɏůŮɘɠ ˊɞɡ ɛŮɚŮŰɎɛŮ ˊɚɏɞɜ ɗŬ ˊɎɟɞɡɜ Űɖ ɛɞɟűɐ:  

ὖ ὖ ὖ π σȢρχ 

ȾŬɘ ɖ ůɡɜɎɟŰɖůɖ Lagrange ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŬɡŰɧ Űɞ ˊɟɧɓɚɖɛŬ ɗŬ ŮɑɜŬɘ:  

 

ὒ ὅ ὖ ‗ ὖ ὖ ὖ  σȢρψ 

 

ɃˊɧŰŮ Űɞ əɟɘŰɐɟɘɞ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ Űɞɡ əɧůŰɞɡɠ ɗŬ ŮəűɟɎɕŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ : 
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ɧˊɞɡ ὥ   ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŭɘɧɟɗɤůɖɠ Űɤɜ ŬˊɤɚŮɘɩɜ Űɞɡ ŭɘəŰɨɞɡ əŬɘ ‗ Űɞ ɜɏɞ 

ɞɟɘŬəɧ əɧůŰɞɠ ůŰɞ ɞˊɞɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ɧɚŮɠ ɞɘ ɛɞɜɎŭŮɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ 

ɓɏɚŰɘůŰɞɡ ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ. 

 

ũɘŬ ɜŬ ůɡɛˊŮɟɘɚɎɓɞɡɛŮ ůŰɞ ˊɟɧɓɚɖɛŬ, ɧɛɤɠ, Űɞɜ ˊŬɟɎɔɞɜŰŬ Űɤɜ ŬˊɤɚŮɘɩɜ ˊɟɏˊŮɘ 

ŬɟɢɘəɎ ɜŬ ŮəűɟɎůɞɡɛŮ Űɘɠ ŬˊɩɚŮɘŮɠ ŬˊɞəɚŮɘůŰɘəɎ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɤɜ 

ɛɞɜɎŭɤɜ. ɈˊɎɟɢɞɡɜ 2 Űɟɧˊɞɘ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧ. Ƀ ɏɜŬɠ ŮɑɜŬɘ ɛɏůɤ Űɤɜ ŮɝɘůɩůŮɤɜ ɟɞɐɠ 

űɞɟŰɑɞɡ əŬɘ ɞ Ɏɚɚɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖ ɛɏɗɞŭɞ ůɡɜŰŮɚŮůŰɩɜ ȸ. 

Ƀɘ ŮɝɘůɩůŮɘɠ ɟɞɐɠ űɞɟŰɑɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛˊɞɟɞɨɜ ɜŬ ŮəűɟŬůŰɞɨɜ ɛŮ Űɘɠ ˊŬɟŬəɎŰɤ 

ŮɝɘůɩůŮɘɠ:  

ὖ ὖ ȿὠȿὠ ώ ÃÏÓ—  ȟὭ ρȟȣȟὔὄ 

  

ὗ ὗ ȿὠȿὠ ώ ÓÉÎ—  ȟὭ ρȟȣȟὔὄ 

σȢςπ 

ɧˊɞɡ 
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ὖ  ɖ ůɡɜɞɚɘəɐ ɕɐŰɖůɖ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŰɞ ɕɡɔɧ Ὥ (MW) 

ὖ  ɖ ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŰɞ ɕɡɔɧ Ὥ (MW) 

ὗ  ɖ ůɡɜɞɚɘəɐ ɕɐŰɖůɖ ɎŮɟɔɞɡ ɘůɢɨɞɠ ůŰɞ ɕɡɔɧ Ὥ (MVAr ) 

ὗ  ɖ ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ ɎŮɟɔɞɡ ɘůɢɨɞɠ ůŰɞ ɕɡɔɧ Ὥ (MVAr ) 

—  ɖ ɔɤɜɑŬ Űɞɡ ůŰɞɘɢŮɑɞɡ ώ  Űɞɡ ˊɑɜŬəŬ ŬɔɤɔɘɛɞŰɐŰɤɜ ὣ (rad) 

  ɖ ɔɤɜɑŬ Űɖɠ ŰɎůɖɠ ɛŮŰŬɝɨ Űɤɜ ɕɡɔɩɜ Ὥ əŬɘ Ὦ (rad) 

ώ  Űɞ ɛɏŰɟɞ Űɞɡ ůŰɞɘɢŮɑɞɡ ώ  Űɞɡ ˊɑɜŬəŬ ŬɔɤɔɘɛɞŰɐŰɤɜ ὣ (ɋ
-1

) 

ȿὠȿ Űɞ ɛɏŰɟɞ Űɖɠ ŰɎůɖɠ Űɞɡ ɕɡɔɞɨ Ὥ (kV) 

ὔὄ ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ɕɡɔɩɜ 

 

ȴůŰŮɟŬ ɞɘ ŬˊɩɚŮɘŮɠ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɤɠ: 

 

ὖ ὥ ὖὖ ὗὗ ὦ ὗὖ ὖὗ  σȢςρ 

ȳ́ ɞɡ 

 

ὥ
Ὑ

ȿὠȿὠ
ÃÏÓ   

 

ὦ
Ὑ

ȿὠȿὠ
ÓÉÎ   

 

ὖ ɖ ˊɟŬɔɛŬŰɘəɐ ɏɔɢɡůɖ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŰɞ ɕɡɔɧ Ὥ, ὖ ὖ ὖ    

ὗ ɖ ˊɟŬɔɛŬŰɘəɐ ɏɔɢɡůɖ ɎŮɟɔɞɡ ɘůɢɨɞɠ ůŰɞ ɕɡɔɧ Ὥ, ὗ ὗ ὗ    

Ὑ Ὦὢ  Űɞ ůŰɞɘɢŮɑɞ ὭὮ Űɞɡ ˊɑɜŬəŬ ŬɜŰɘůŰɎůŮɤɜ 

 

 ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ɧɛɤɠ ŮɑɜŬɘ ˊŮɟɑˊɚɞəɖ ɡˊɞɚɞɔɘůŰɘəɎ əŬɘ ɧɢɘ Űɧůɞ ŮɨɢɟɖůŰɖ. ɀɘŬ ˊɘɞ 

Ŭˊɚɐ əŬɘ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ɛɏɗɞŭɞɠ ɔɘŬ ɜŬ ˊɟɞůŮɔɔɑůɞɡɛŮ Űɘɠ ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ 

ŬˊɞŰŮɚŮɑ ɖ ɢɟɐůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ȸ ɐ Ŭɚɚɘɩɠ ɔɜɤůŰɐ ɤɠ űɧɟɛɞɡɚŬ Űɞɡ Kron. ȷɡŰɐ 

ŭɑɜŮŰŬɘ ɤɠ: 

 

ὖ ὖὄ ὖ ὄ ὖ ὄ  σȢςς 

 

ɧˊɞɡ ὄ , ὄ , ὄ  ŮɑɜŬɘ ůŰŬɗŮɟɞɑ ůɡɜŰŮɚŮůŰɏɠ ŬˊɤɚŮɘɩɜ ɡˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ũɘŬ ɚɧɔɞɡɠ ŬˊɚɧŰɖŰŬɠ ɖ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ɛˊɞɟŮɑ ɜŬ ŬˊɚɞˊɞɘɖɗŮɑ ůŰɖɜ: 

 

ὖ ὖὄ ὖ  σȢςσ 
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3.5 Ƀɘəɞɜɞɛɘəɐ ȾŬŰŬɜɞɛɐ ūɞɟŰɑɞɡ ɛŮ ɄŮɟɘɞɟɘůɛɞɨɠ ɀɞɜɎŭɤɜ 

 

ɆŰɖɜ ŬɜɎɚɡůɖ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ ɛɏɢɟɘ ŬɡŰɧ Űɞ ůɖɛŮɑɞ, ŭŮɢɧɛŬůŰŮ ɧŰɘ 

ɞɘ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬɡɝɎɜɞɡɜ ɐ ɜŬ ɛŮɘɩɜɞɡɜ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡɠ 

ůŰɞ ŮˊɘɗɡɛɖŰɧ ŮˊɑˊŮŭɞ ůŮ əɎɗŮ ɓɐɛŬ ɢɤɟɑɠ əɎˊɞɘɞ ˊŮɟɘɞɟɘůɛɧ. ȳɛɤɠ, ɞɘ ɗŮɟɛɘəɏɠ ɛɞɜɎŭŮɠ 

ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ ŮɚɎɢɘůŰɖɠ əŬɘ ɛɏɔɘůŰɖɠ ŭɡɜŬŰɐɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ ˊŬɟɞɡůɘɎɕɞɡɜ əŬɘ 

ɞɟɘůɛɏɜɞɡɠ Ɏɚɚɞɡɠ ɗŮɟɛɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, ɧˊɤɠ ŬɡŰɞɑ ůŰɖɜ ŰŬɢɨŰɖŰŬ 

ɛŮŰŬɓɞɚɐɠ Űɖɠ ɘůɢɨɞɠ Ůɝɧŭɞɡ Űɞɡɠ. ɄɟŬəŰɘəɎ, ɚɞɘˊɧɜ, ɞɘ ɛɞɜɎŭŮɠ ɏɢɞɡɜ əɎˊɞɘŬ ɧɟɘŬ ɔɘŬ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ Ŭɨɝɖůɖɠ ɐ ɛŮɑɤůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɞɡɠ, ŭɖɚŬŭɐ ɛɏůŬ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ 

ŭɘɎůŰɖɛŬ ɛˊɞɟɞɨɜ ɜŬ ŬɚɚɎɝɞɡɜ Űɖɜ Űɘɛɐ Űɞɡɠ ɛɧɜɞ əŬŰɎ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ˊɞůɧ. ȳŰŬɜ 

ɚɞɘˊɧɜ ɖ ɛɞɜɎŭŬ əŬɚŮɑŰŬɘ ɜŬ ŬɡɝɐůŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ɞ ɟɡɗɛɧɠ ŬɡŰɐɠ Űɖɠ Ŭɨɝɖůɖɠ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ ůɡɜɎɟŰɖůɖ ɟɎɛˊŬɠ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ramp-up, Ůɜɩ ɧŰŬɜ əŬɚŮɑŰŬɘ ɜŬ 

Űɖ ɛŮɘɩůŮɘ, ɞ ɟɡɗɛɧɠ Űɖɠ Ŭɨɝɖůɖɠ ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ ŬɜŰɑůŰɞɘɢɖ ůɡɜɎɟŰɖůɖ ɟɎɛˊŬɠ, Űɖɜ 

ramp-down. ũɘŬ ɜŬ ɏɢɞɡɛŮ ɚɞɘˊɧɜ ɛɘŬ ˊɘɞ ůɤůŰɐ əŬɘ ˊɚɐɟɖ ŮɘəɧɜŬ əŬŰɎ Űɖɜ ɞɘəɞɜɞɛɘəɐ 

əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ ŬɜɎɛŮůŬ ůŰɘɠ ɛɞɜɎŭŮɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɛˊŮɟɘɚɎɓɞɡɛŮ ůŰɖ ɛŮɚɏŰɖ ɛŬɠ 

əŬɘ ŰŬ ˊŬɟŬˊɎɜɤ ɧɟɘŬ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɘɠ ɔŮɜɜɐŰɟɘŮɠ. ȷɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ɔɜɤůŰɐ 

əŬɘ ɤɠ ŭɡɜŬɛɘəɐ ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ. [10] 

Ƀɘ ůɢɏůŮɘɠ ˊɞɡ ŮəűɟɎɕɞɡɜ ŬɡŰɞɨɠ Űɞɡɠ ɏɝŰɟŬ ˊŮɟɘɞɟɘůɛɞɨɠ ŮɑɜŬɘ:  

 

ὖ ὖ ὟὙ , ɔɘŬ Ŭɨɝɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ 

ὖ ὖ ὈὙ , ɔɘŬ ɛŮɑɤůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ 
σȢςτ 

ɧˊɞɡ 

ὖ  ŮɑɜŬɘ Űɘɛɐ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ɩɟŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛɞɜɎŭŬɠ Ὥ  

ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɤɠ Ŭɟɢɘəɐ Űɘɛɐ 

ὟὙ Űɞ ɧɟɘɞ Ŭɨɝɖůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɖɠ ɛɞɜɎŭŬɠ Ὥ ůŮ ɛɑŬ ɛɞɜɎŭŬ ɢɟɧɜɞɡ (ramp-up) 

ὈὙ Űɞ ɧɟɘɞ ɛŮɑɤůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɖɠ ɛɞɜɎŭŬɠ Ὥ ůŮ ɛɑŬ ɛɞɜɎŭŬ ɢɟɧɜɞɡ (ramp-down) 

 

ȷɡŰɞɑ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ əŬŰɎ Űɖɜ ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ ɛŬɠ ŭŮɑɢɜɞɡɜ Űɞ ŬɜɩŰŬŰɞ ɧɟɘɞ 

ɛŮŰŬɓɞɚɐɠ Űɖɠ ɘůɢɨɞɠ ůŮ əɎɗŮ ɓɐɛŬ ɢɟɧɜɞɡ, Űɞ ɞˊɞɑɞ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɝŮˊŮɟŬůŰŮɑ. ȰŰůɘ ɛˊɞɟŮɑ 

ɜŬ ˊɟɞəŬɚɏůŮɘ ɚɑɔɞ ɡɣɖɚɧŰŮɟɞ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬŰɎ Űɖɜ ŮɨɟŮůɖ Űɞɡ ɓɏɚŰɘůŰɞɡ ůɖɛŮɑɞɡ 

ɚŮɘŰɞɡɟɔɑŬɠ. 

ɆŰɞɜ Ŭɚɔɧɟɘɗɛɞ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ ŰŬ ɧɟɘŬ ŬɡŰɎ ŮɘůɏɟɢɞɜŰŬɘ ŬɚɚɎɕɞɜŰŬɠ Űɞɡɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ ˊɞɡ ɗɏůŬɛŮ ɔɘŬ ŰŬ ɛɏɔɘůŰŬ əŬɘ ŮɚɎɢɘůŰŬ ɧɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɛɞɜɎŭɤɜ. ȰŰůɘ, 

ŰɩɟŬ, ůŮ əɎɗŮ ɓɐɛŬ ɗŬ ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ ɔɘŬ Űɞ Ŭɜ ɖ ˊŬɟŬɔɧɛŮɜɖ ɘůɢɨɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɔɘŬ 

əɎɗŮ ɛɞɜɎŭŬ Ŭˊɧ Űɞ əɞɘɜɧ ɞɟɘŬəɧ əɧůŰɞɠ ɔɘŬ Űɞ ɞˊɞɑɞ ɏɢɞɡɛŮ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ, 

ɤɠ ˊɟɞɠ ŰŬ əŬɘɜɞɨɟɘŬ ɧɟɘŬ: 

 

ὖ άὭὲὖ ȟὖ ὟὙ 

 

ὖ άὥὼὖ ȟὖ ὈὙ 

 

əŬɘ 

 

ὖ ὖ ὖ  

σȢςυ 
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3.6 ȯɚɚŮɠ ɄɟɞůŮɔɔɑůŮɘɠ ůŰɖɜ Ⱥˊɑɚɡůɖ Űɖɠ Ƀɘəɞɜɞɛɘəɐɠ ȾŬŰŬɜɞɛɐɠ 

ūɞɟŰɑɞɡ 

 

ũɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ, ŮəŰɧɠ Űɖɠ ɛŮɗɧŭɞɡ ˊɞɡ ŬɜŬɚɨůŬɛŮ 

ɤɠ ŰɩɟŬ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ əŬɘ ŬɟəŮŰɏɠ ɎɚɚŮɠ ůɨɜɗŮŰŮɠ ŬɟɘɗɛɖŰɘəɏɠ ɛɏɗɞŭɞɘ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. [11] ɇɏŰɞɘŮɠ ŮɑɜŬɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞ ŮɝŮɚɘəŰɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ, ɞɘ 

ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ, ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůɛɐɜɞɡɠ ůɤɛŬŰɘŭɑɤɜ ɐ ɛɏɗɞŭɞɠ Monte-Carlo. ɆŰɘɠ 

ˊŬɟŬəɎŰɤ ɡˊɞˊŬɟŬɔɟɎűɞɡɠ ɗŬ ŬɜŬɚɨůɞɡɛŮ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ ŬɡŰɩɜ Űɤɜ ɛŮɗɧŭɤɜ. 

3.6.1 ȺɝŮɚɘəŰɘəɧɠ ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ (Evolutionary Programming) 

 

Ƀ ŮɝŮɚɘəŰɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ ŬˊɞŰŮɚŮɑ ɛɑŬ ůŰɞɢŬůŰɘəɐ ɛɏɗɞŭɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ˊɞɡ 

ŬɜɏˊŰɡɝŮ ɞ Lawrence J. Fogel, Űɞ 1960. [12] Ƀɘ ŮɝŮɚɘəŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ (EAs) ɓŬůɑɕɞɜŰŬɘ ůŮ 

Ŭɟɢɏɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ Ůɝɏɚɘɝɖ űɡůɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ. ɈˊɎɟɢɞɡɜ ŰɟŮɘɠ ɓŬůɘəɏɠ 

əŬŰɖɔɞɟɑŮɠ ŮɝŮɚɘəŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ: ɞɘ ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ (Genetic Algorithms), ɞɘ 

ůŰɟŬŰɖɔɘəɏɠ Ůɝɏɚɘɝɖɠ (Evolution Strategies) əŬɘ ɞ ɔŮɜŮŰɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ.  [13] 

ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɐ Űɞɡ, ŬɟɢɘəɎ, ŮˊɘɚɏɔŮŰŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ ˊɚɖɗɡůɛɧɠ ɛɞɜɎŭɤɜ 

(ŭɞəɘɛŬůŰɘəɏɠ ɚɨůŮɘɠ). ȴůŰŮɟŬ, ɖ əɎɗŮ ɛɞɜɎŭŬ ɛŮŰŬɚɚɎůůŮŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɖɛɘɞɡɟɔɐůŮɘ əŬɘɜɞɨɟɘŮɠ ɛɞɜɎŭŮɠ. ȰˊŮɘŰŬ, ɞɘ ɛɞɜɎŭŮɠ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ɏɜŬ Ůɑŭɞɠ ɛŮŰŬɝɨ 

Űɞɡɠ ŬɔɩɜŬ ɔɘŬ ɜŬ ˊɟɞəɨɣŮɘ ˊɞɘŬ ɛɞɜɎŭŬ ɏɢŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŭɡɜŬŰɧŰɖŰŬ Ůɝɏɚɘɝɖɠ əŬɘ 

ˊɟɏˊŮɘ ɜŬ ŮˊɘɓɘɩůŮɘ ůŰɞɜ ˊɚɖɗɡůɛɧ. ɋɠ Ůɝɏɚɘɝɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŬɟɛɞɔɐɠ 

ɛɘŬɠ ɛɞɜɎŭŬɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ. ȰŰůɘ, ɞɘ ɛɞɜɎŭŮɠ ˊɞɡ Ůˊɘɓɘɩɜɞɡɜ ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ ɏɢɞɡɜ 

Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊɘɗŬɜɧŰɖŰŮɠ ŬɜŬˊŬɟŬɔɤɔɐɠ əŬɘ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůŬɟɛɞůŰɞɨɜ 

əŬɚɨŰŮɟŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡɠ. ɆŰɞɡɠ ŮɝŮɚɘəŰɘəɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɞɘ ɛɞɜɎŭŮɠ (ɡˊɞɣɐűɘŮɠ 

ɚɨůŮɘɠ) ˊɞɡ ŮɑɜŬɘ əŬɚɨŰŮɟŬ ˊɟɞůŬɟɛɞůɛɏɜŮɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ Űɖ 

ɛɘəɟɧŰŮɟɖ Űɘɛɐ Űɖɠ ůɡɜɎɟŰɖůɖɠ ůŰɧɢɞɡ. ȼ ɚɞɔɘəɐ ŬɡŰɐ ŮɑɜŬɘ ɓŬůɘůɛɏɜɖ ůŰɖ ɗŮɤɟɑŬ Űɞɡ 

ȹŬɟɓɑɜɞɡ ůɢŮŰɘəɎ ɛŮ Űɘɠ Ŭɟɢɏɠ Ůɝɏɚɘɝɖɠ Űɤɜ Ůɘŭɩɜ.  

ɆɖɛŬɜŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ Ⱥȷ ŮɑɜŬɘ ɖ ŮɡəɞɚɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ Űɟɏɢɞɡɜ 

ˊŬɟɎɚɚɖɚŬ ůŮ ɏɜŬ ˊɞɚɡŮˊŮɝŮɟɔŬůŰɘəɧ ůɨůŰɖɛŬ. ȾɎɗŮ ɛɏɚɞɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ŭɖɚŬŭɐ ɛˊɞɟŮɑ 

ɜŬ ŬɝɘɞɚɞɔŮɑŰŬɘ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ ŰŬ ɎɚɚŬ ůŰɞ ŭɘəɧ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ. Ƀɘ ŮɝŮɚɘəŰɘəɞɑ 

Ŭɚɔɧɟɘɗɛɞɘ ˊŬɟɞɡůɘɎɕɞɡɜ ŮɡəɞɚɑŬ ůŰɞ ɜŬ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ůŮ ɜɏŬ ɟ́ɞɓɚɐɛŬŰŬ 

(ˊɟɞůŬɟɛɧɕɞɜŰŬɠ Űɖ ůɡɜɎɟŰɖůɖ ůŰɧɢɞɡ) əŬɘ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛɖɜ ŮɔəɚɤɓɑɕɞɜŰŬɘ ůŮ 

ŰɞˊɘəɎ ŬəɟɧŰŬŰŬ (ɤɠ ůŰɞɢŬůŰɘəɐ ɛɏɗɞŭɞɠ).  

Ƀɘ ŮɝŮɚɘəŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ  ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Ŭˊɚɞˊɞɘɖɛɏɜɤɜ 

ɓɏɚŰɘůŰɤɜ ɟɞɩɜ űɞɟŰɑɤɜ, Űɞɡ əɚŬůɘəɞɨ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ, 

əŬɘ ˊɟɞɓɚɐɛŬŰŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ əŬɗɩɠ əŬɘ ŬɜŬŭɘŬɛɧɟűɤůɖɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɛŮŰŬűɞɟɎɠ. [8] 

 

 

  



43 

 

3.6.2 ũŮɜŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ (Genetic Algorithms) 

 

Ƀɘ ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ŬˊɞŰŮɚɞɨɜ ůŰɞɢŬůŰɘəɏɠ ŰŮɢɜɘəɏɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɞɡ 

ůŰɖɟɑɕɞɜŰŬɘ ůŰɘɠ Ŭɟɢɏɠ Űɖɠ ɔŮɜŮŰɘəɐɠ. ȼ ˊɟɩŰɖ Űɞɡɠ ŮɘůŬɔɤɔɐ ɏɔɘɜŮ Ŭˊɧ Űɞɜ John Holland 

ůŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1970 [14], əŬɘ ŮˊŮəŰɎɗɖəŬɜ Ŭˊɧ Űɞɜ David Goldberg. Ƀɘ 

Ŭɚɔɧɟɘɗɛɞɘ ŬɡŰɞɑ ŮɝŮɚɑůůɞɜŰŬɘ ůɡɜŮɢɩɠ ůŮ ɏɜŬ ˊɞɚɨ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ Űɖɠ ŰŮɢɜɖŰɐɠ 

ɜɞɖɛɞůɨɜɖɠ əŬɘ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůɡɜŬɟŰɐůŮɤɜ. ȷˊɞŰŮɚɞɨɜ ɏɜŬ ˊɘɗŬɜɞŰɘəɧ Ŭɚɔɧɟɘɗɛɞ ɞ 

ɞˊɞɑɞɠ ɝŮəɘɜɎ ɛŮ ɏɜŬɜ ŰɡɢŬɑɞ ˊɚɖɗɡůɛɧ ɡˊɞɣɖűɑɤɜ əŬɘ ŮɝŮɚɑůůŮŰŬɘ ˊɟɞɠ Űɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ 

ɛŮ Űɖ ɢɟɐůɖ ɔŮɜŮŰɘəɩɜ ŰŮɚŮůŰɩɜ ɞɘ ɞˊɞɑɞɘ ŬɜŬˊŰɨɢɗɖəŬɜ ɓŬůɘɕɧɛŮɜɞɘ ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ 

ůɡɛɓŬɑɜɞɡɜ ůŰɖ űɨůɖ. ɀŮ Űɖ ɢɟɐůɖ Űɤɜ ɔŮɜŮŰɘəɩɜ ŰŮɚŮůŰɩɜ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧɔɞɜɞɘ, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛɘŬ əŬɘɜɞɨɟɘŬ ɔŮɜɘɎ ɖ ɞˊɞɑŬ ɜŬɘ ɛŮɜ ŭɘŬűɏɟŮɘ Ŭˊɧ Űɞɡɠ ˊɟɞɔɧɜɞɡɠ Űɖɠ, ŬɚɚɎ 

ŭɘŬŰɖɟŮɑ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. Ƀ Űɨˊɞɠ Űɤɜ ŰŮɚŮůŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ŭɘŬűɏɟŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɟɧɓɚɖɛŬ ˊɞɡ əŬɚɞɨɜŰŬɘ ɜŬ Ůˊɘɚɨůɞɡɜ. ȼ ŮˊɑŰŮɡɝɖ Űɖɜ ɓɏɚŰɘůŰɖɠ 

ɚɨůɖɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŰɡɢŬɑɤɜ ɞɟɔŬɜɤɛɏɜɤɜ ŬɜŰŬɚɚŬɔɩɜ ɔŮɜŮŰɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɓɟɑůəŮɘ ŰŬɡŰɞɢɟɧɜɤɠ ˊɞɚɚŬˊɚɏɠ ɚɨůŮɘɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŮ 

ŬɜŰɑɗŮůɖ ɛŮ Űɞɡ ůɡɛɓŬŰɘəɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ȰŰůɘ, ɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ɓɟŮɗŮɑ 

ŰŮɚɘəɩɠ ɖ ɓɏɚŰɘůŰɖ ɚɨůɖ ŬɡɝɎɜŮŰŬɘ. ȷəɧɛŬ, ɏɢɞɡɜ Űɞ ˊɚŮɞɜɏəŰɖɛŬ ɧŰɘ ɖ ŮɨɟŮůɖ Űɖɠ ɚɨůɖɠ 

ɔɑɜŮŰŬɘ ůŮ ɛɘəɟɧ ɢɟɧɜɞ ůŮ ůɢɏůɖ ɛŮ ɛŮɗɧŭɞɡɠ ŰɡɢŬɑŬɠ ŬɜŬɕɐŰɖůɖɠ. ɇɏŰɞɘɞɡ Ůɑŭɞɡɠ 

Ŭɚɔɧɟɘɗɛɞɘ ˊɟɞůűɏɟɞɡɜ ˊɞɚɚɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ŮűŬɟɛɞɔɩɜ ůŰŬ ůɡůŰɐɛŬŰŬ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ, ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ŭɘŬűɧɟɤɜ ˊɟɞɓɚɖɛɎŰɤɜ, ɧˊɤɠ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ 

űɞɟŰɑɞɡ [15], Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ɏɜŰŬɝɖɠ Űɤɜ ɛɞɜɎŭɤɜ, əŰɚ. 

3.6.3 ȸŮɚŰɘůŰɞˊɞɑɖůɖ Ɇɛɐɜɞɡɠ ɆɤɛŬŰɘŭɑɤɜ (Particle Swarm 

Optimization - PSO) 

 

ɆŰɖ ůɡɜɏɢŮɘŬ Űɤɜ ɔŮɜŮŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ŮɛűŬɜɑůŰɖəŬɜ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɛɘɛɞɨɜŰŬɘ Űɖɜ 

ɜɞɖɛɞůɨɜɖ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŮ ŭɘɎűɞɟŬ Ůɑŭɖ ůɛɖɜɩɜ, ŬɜŬˊŰɨůůɞɜŰŬɠ ɏŰůɘ ɛɘŬ ɜɏŬ ɛɞɟűɐ 

ɜɞɖɛɞůɨɜɖɠ, Űɖ Ɂɞɖɛɞůɨɜɖ Űɤɜ Ɇɛɖɜɩɜ (Swarm Intelligence ï SI).  ȷɡŰɐ ŬˊɞŰŮɚŮɑ ɏɜŬ 

Ůɑŭɞɠ ŰŮɢɜɖŰɐɠ ɜɞɖɛɞůɨɜɖɠ əŬɘ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɞɟɔŬɜɤɛɏɜɖ ůɡɛˊŮɟɘűɞɟɎ əŬŰŬɜŮɛɖɛɏɜɤɜ, 

ŬɡŰɧ-ɞɟɔŬɜɩůɘɛɤɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ ɛɘɛɞɨɜŰŬɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ ɞɟɔŬɜɘůɛɩɜ. ɀŮɚŮŰɩɜŰŬɠ, 

ɏŰůɘ ˊɚɐɗɖ ɕɩɤɜ ɐ əŬɘ ŮɜŰɧɛɤɜ ˊɟɞůɞɛɞɘɩɜɞɜŰŬɠ Űɖɜ əɞɘɜɤɜɘəɐ Űɞɡɠ ŭɟɎůɖ əŬɘ ŬɜŬɚɨɞɜŰŬɘ 

ɞɘ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬɡŰɞɑ  ɞɘ ɞɟɔŬɜɘůɛɞɑ ɔɘŬ ɜŬ ŬɜŰŬɚɚɎůůɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ 

ɜŬ ůɢɖɛŬŰɑɕɞɡɜ ɞɟɔŬɜɤɛɏɜɞɡɠ ɞɘəɘůɛɞɨɠ. ɆŮ ŬɡŰɞɨɠ ɓŬůɑɕɞɜŰŬɘ ŭɘɎűɞɟɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɛŮ ˊɘɞ 

ɔɜɤůŰɞɨɠ Ůəˊɟɞůɩˊɞɡɠ Űɞɡɠ Űɖɜ ȷˊɞɘəɑŬ Űɤɜ  ɀɡɟɛɖɔəɘɩɜ (Ant Colony), Űɖɜ ȷˊɞɘəɑŬ Űɤɜ 

ɀŮɚɘůůɩɜ  (Bee Colony Algorithm), Űɖɜ ȷɜŬɕɐŰɖůɖ  Űɖɠ ɀŬɥɛɞɨɠ (Monkey Search) əŬɘ 

Űɏɚɞɠ Űɖ  ȸŮɚŰɘůŰɞˊɞɑɖůɖ Ɇɛɐɜɞɡɠ  ɆɤɛŬŰɘŭɑɤɜ (Particle Swarm  Optimization).   

Ƀ Ŭɚɔɧɟɘɗɛɞɠ PSO ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɏɜŬɠ ůŰɞɢŬůŰɘəɧɠ, ŮɝŮɚɘəŰɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖ ɗŮɤɟɑŬ Űɤɜ ˊɚɖɗɡůɛɩɜ əŬɘ ůŰɖɜ əɞɘɜɐ ůɡɛˊŮɟɘűɞɟɎ 

ɞɛɎŭɤɜ, ɧˊɤɠ Űɖɜ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ˊŰɖɜɩɜ ůŮ ůɛɐɜɖ ɐ Űɤɜ ɣŬɟɘɩɜ ůŮ əɞˊɎŭɘŬ əŬɘ Űɖɜ 

əɞɘɜɐ Űɞɡɠ ŭɟɎůɖ. ɀŮ ɛɑŬ ˊŬɟɞɡůɑŬůɐ Űɞɡɠ ɛŮ ŰɑŰɚɞ Particle Swarm Optimization, ɞɘ James 

Kennedy əŬɘ Russell Eberhart, ȼɚŮəŰɟɞɚɧɔɞɠ ɀɖɢŬɜɘəɧɠ, ůŮ ůɡɜɏŭɟɘɞ Űɞɡ ȽȺȺȺ Űɞ 1995 

[16] ˊŮɟɘɔɟɎűɞɡɜ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɨɗɖůŬɜ ɔɘŬ ɜŬ əŬŰŬɚɐɝɞɡɜ Ůɜ ŬɔɜɞɑŬ Űɞɡɠ ůŰɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ɔɟɐɔɞɟɖɠ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ ɛŮɗɧŭɞɡ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ȷɟɢɘəɧɠ ůəɞˊɧɠ 
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ɐŰŬɜ ɖ Ůɝɞɛɞɑɤůɖ əŬɘ ɖ ɔɟŬűɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ əɑɜɖůɖɠ Ůɜɧɠ ůɛɐɜɞɡɠ ˊɞɡɚɘɩɜ ɐ Űɤɜ 

əɞɘɜɤɜɘɩɜ ŮɜŰɧɛɤɜ, ˊɞɡɚɘɩɜ, ɣŬɟɘɩɜ əŬɘ Ɏɚɚɤɜ ɕɩɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ŬɡŰɧ-

ɞɟɔɎɜɤůɖ əŬɘ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ ŮɟɔŬůɑŬɠ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ.  

ȰŰůɘ, əŬŰɏɚɖɝŬɜ ůŮ ɏɜŬɜ Ŭɚɔɧɟɘɗɛɞ (PSO) ˊɞɡ ɓŬůɑɕŮɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůŰɖɜ Ŭˊɧ 

əɞɘɜɞɨ ˊɟɞůˊɎɗŮɘŬ ɧɚɞɡ Űɞɡ ůɛɐɜɞɡɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Ůɜɧɠ əɞɘɜɞɨ ůŰɧɢɞɡ. ȼ əɎɗŮ ɛɞɜɎŭŬ 

Űɞɡ ůɛɐɜɞɡɠ ůŰɖ ɛŮɚɏŰɖ ŬɡŰɐ ɗŮɤɟŮɑŰŬɘ ɏɜŬ ůɤɛŬŰɑŭɘɞ (particle) Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ əŬɘ 

ˊɟɞɓɚɏˊŮɘ Űɖ ŭɘəɐ Űɞɡ ɚɨůɖ əŬɗɩɠ ŰŬ ůɤɛŬŰɑŭɘŬ ɧɚɞɡ Űɞɡ ůɛɐɜɞɡɠ ŮɝŮɚɑůůɞɜŰŬɘ ɐ 

ŬɚɚɎɕɞɡɜ ɗɏůŮɘɠ ůŰɞ ɢɟɧɜɞ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŬɚɚɎɕɞɜŰŬɠ əɎɗŮ ůɤɛŬŰɑŭɘɞ Űɖɜ əŬŰɎůŰŬůɐ 

Űɞɡ əŬɘ Űɖ ɗɏůɖ Űɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖ ŭɘəɐ Űɞɡ ŮɛˊŮɘɟɑŬ əŬɘ ŬɜŬɚɨɞɜŰŬɠ Űɘɠ əŬŰŬůŰɎůŮɘɠ Űɤɜ 

ɔŮɘŰɧɜɤɜ Űɞɡ, ɏɢɞɜŰŬɠ ɛɜɐɛɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ɗɏůɖɠ Űɞɡɠ. ɇŮɚɘəɎ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬɡŰɧɜɞɛŬ 

Űɧůɞ ɞɘ Űɞˊɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ əŬŰɎůŰŬůɖɠ ɧůɞ əŬɘ ůŮ ůɡɜɞɚɘəɧ ŮˊɑˊŮŭɞ Űɞɡ ůɛɐɜɞɡɠ. [17] 

ȰŰůɘ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ ɛŮɔɎɚɖ ŮˊɘŰɡɢɑŬ ůŬɜ Ŭɚɔɧɟɘɗɛɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, əŬɗɩɠ Űɞ 

Ůɘəɞɜɘəɧ ůɛɐɜɞɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ɓɟɑůəŮɘ Űɘɠ ɓɏɚŰɘůŰŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ˊɤɠ əŬŰŬűɏɟɜɞɡɜ ɜŬ ɞɟɔŬɜɩɜɞɜŰŬɘ ɞɘ ŭɘɎűɞɟŮɠ ɞɛɎŭŮɠ ɕɩɤɜ. Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ŬɡŰɞɑ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊŮɟɑˊɚɞəɤɜ əŬɘ ɛɖ ɔɟŬɛɛɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ. 

ɆŰɞɜ PSO ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɖɜ ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ, ɖ ɘůɢɨɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ 

ůŮ əɎɗŮ ɕɡɔɧ ɗŮɤɟɞɨɜŰŬɘ ŰŬ ůɤɛŬŰɑŭɘŬ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ PSO. [10] 

3.6.4 ȷɚɔɧɟɘɗɛɞɘ Monte-Carlo 

 

ȼ ɛɏɗɞŭɞɠ Monte-Carlo ŮɑɜŬɘ ɛɘŬ ŬɟɘɗɛɖŰɘəɐ ŰŮɢɜɘəɐ Ůˊɑɚɡůɖɠ ɛŬɗɖɛŬŰɘəɩɜ, űɡůɘəɩɜ, 

ɞɘəɞɜɞɛɘəɩɜ əŬɘ ɚɞɘˊɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ŰɡɢŬɑŮɠ ɛŮŰŬɓɚɖŰɏɠ, ɧŰŬɜ ŮɑɜŬɘ 

ŬŭɨɜŬŰɞ ɜŬ ɚɡɗŮɑ Űɞ ˊɟɧɓɚɖɛŬ ɛŮ əɎˊɞɘɞ ɜŰŮŰŮɟɛɘɜɘůŰɘəɧ Ŭɚɔɧɟɘɗɛɞ. ȸɟɑůəŮɘ ˊɞɚɚɏɠ 

ŮűŬɟɛɞɔɏɠ ůŰɞ ŮˊɘůŰɖɛɞɜɘəɧ ˊŮŭɑɞ Űɤɜ ɓŮɚŰɘůŰɞˊɞɘɐůŮɤɜ. ɆŰɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ Monte-Carlo 

ŮˊɘɚɏɔŮŰŬɘ ɤɠ Ůɑůɞŭɞɠ ɛɘŬ ŰɡɢŬɑŬ Űɘɛɐ ɓŬůɘůɛɏɜɖ ůŰɞ Ůɨɟɞɠ Űɤɜ ŮəŰɘɛɐůŮɤɜ ɐ Űɖɜ 

ˊɘɗŬɜɞŰɘəɐ əŬŰŬɜɞɛɐ, Ŭɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ. ɇɞ ɛɞɜŰɏɚɞ ɡˊɞɚɞɔɑɕŮŰŬɘ ɓŬůɘůɛɏɜɞ ůŮ ŬɡŰɐɜ Űɖɜ 

ŰɡɢŬɑŬ Űɘɛɐ. ɇɞ ŬˊɞŰɏɚŮůɛŬ əŬŰŬɔɟɎűŮŰŬɘ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ. ɀɘŬ Űɡˊɘəɐ 

ˊɟɞůɞɛɞɑɤůɖ Monte-Carlo ɡˊɞɚɞɔɑɕŮɘ Űɞ ɛɞɜŰɏɚɞ ŮəŬŰɞɜŰɎŭŮɠ ɐ ɢɘɚɘɎŭŮɠ űɞɟɏɠ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əɎɗŮ űɞɟɎ ŭɘŬűɞɟŮŰɘəɐ ŰɡɢŬɑŬ ŮˊɘɚŮɔɛɏɜɖ Űɘɛɐ, ɞˊɧŰŮ ŮɛűŬɜɑɕŮɘ ŬɟəŮŰɎ 

ɛŮɔɎɚɞ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ. ȳŰŬɜ ɖ ŮˊŬɜŬɚɖˊŰɘəɐ ŬɡŰɐ ŭɘŬŭɘəŬůɑŬ ɞɚɞəɚɖɟɤɗŮɑ, ɏɢɞɡɛŮ 

ɏɜŬɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɓŬůɘɕɧɛŮɜɞ ˊɎɜŰɞŰŮ ůŮ ŰɡɢŬɑŮɠ Űɘɛɏɠ Ůɘůɧŭɞɡ.  

ȼ ɛɏɗɞŭɞɠ Monte-Carlo ˊŬɟɏɢŮɘ ˊɟɞůŮɔɔɘůŰɘəɏɠ ɚɨůŮɘɠ ůŮ ɛŮɔɎɚɞ Ůɨɟɞɠ ɛŬɗɖɛŬŰɘəɩɜ 

ˊɟɞɓɚɖɛɎŰɤɜ. ũɘŬ Űɖ ɢɟɐůɖ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ŮəűɟɎůɞɡɛŮ Űɞ ɡˊɧ ɛŮɚɏŰɖ 

ůɨůŰɖɛŬ ɛŮ Űɖ ɢɟɐůɖ ˊɘɗŬɜɞŰɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ (probability 

density functions). [18] ȷɡŰɐ ɖ ŰŮɢɜɘəɐ, ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ Ůˊɘɚɞɔɐ Űɖɠ 

Űɘɛɐɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Ůɘůɧŭɞɡ Ŭˊɧ Űɖɜ əŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰɎɠ Űɞɡɠ, əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɔɘŬ 

ɛɘŬ ŮˊɘɚŮɔɛɏɜɖ Űɘɛɐ ŬɡŰɩɜ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Ůɘůɧŭɞɡ, ɚŬɛɓɎɜɞɜŰŬɘ ŰŬ ŭɘŬɜɨůɛŬŰŬ 

əŬŰɎůŰŬůɖɠ, ɛŮ Űɞɜ ɑŭɘɞ Ŭəɟɘɓɩɠ Űɟɧˊɞ, ɧˊɤɠ ůŰɖɜ ɜŰŮŰŮɟɛɘɜɘůŰɘəɐ ŬɜɎɚɡůɖ. ɇɞ ŰŮɚɘəɧ 

ɓɐɛŬ ŮɑɜŬɘ ɜŬ ɚɎɓɞɡɛŮ Űɖɜ ˊɘɗŬɜɞŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ əŬŰɎůŰŬůɖɠ Ŭˊɧ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ. 

ȼ ɢɟɐůɖ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ůŰɖɜ ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ ɔɑɜŮŰŬɘ ɔɜɤɟɑɕɞɜŰŬɠ Űɖɜ 

ɏəűɟŬůɖ Űɤɜ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ əŬɘ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɤɠ 

ˊɘɗŬɜɞŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ. [19]  
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4.1 ȺɘůŬɔɤɔɐ 

 

ɇŬ ɛŮɚɚɞɜŰɘəɎ ŭɑəŰɡŬ ɗŬ ůɢŮŭɘɎɕɞɜŰŬɘ ɔɘŬ ɜŬ ɏɢɞɡɜ Ůɡűɡɐ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ, ɛŮ 

ŬˊɞəŮɜŰɟɤɛɏɜɖ ˊŬɟŬɔɤɔɐ űɞɟŰɑɞɡ əŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɡɣɖɚɧŰŮɟɖ ŭɘŮɑůŭɡůɖ ȷɄȺ. ȷɡŰɧ 

ůɡɜŮˊɎɔŮŰŬɘ əŬɘ ɛɖ Ůɔɔɡɖɛɏɜɖ ˊŬɟŬɔɤɔɐ Ŭˊɧ Űɘɠ ȷɄȺ, ɛɘŬɠ əŬɘ ɞɘ ɖɚɘŬəɏɠ əŬɘ Ŭɘɞɚɘəɏɠ 

ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ɏɢɞɡɜ ůŰɞɢŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ, ŬˊŬɘŰɩɜŰŬɠ ɏŰůɘ Ŭˊɧ Űɞ ŭɑəŰɡɞ ɜŬ 

ˊɟɞůŬɟɛɧɕŮŰŬɘ ŭɡɜŬɛɘəɎ ůŰɘɠ ŬɚɚŬɔɏɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ ɕɐŰɖůɖɠ. ȳˊɤɠ ŮɑŭŬɛŮ, ŰŬ 

ůɖɛŮɟɘɜɎ ůɡůŰɐɛŬŰŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŮɚɏɔɢɞɜŰŬɘ əŮɜŰɟɘəɎ ɛɏůɤ Ůɜɧɠ əɏɜŰɟɞɡ Ůɚɏɔɢɞɡ 

Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɜŬ ůɡɚɚɏɔŮɘ əŬɘ ɜŬ ŬɜŬɚɨŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ŰŮɚɘəɎ 

ɜŬ əŬɗɞɟɑɕŮɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɛɞɜɎŭɤɜ. ȷɡŰɐ ɖ əŮɜŰɟɘəɐ ɧɛɤɠ ˊɟɞůɏɔɔɘůɖ, ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŮˊŬɜŮɝŮŰŬůŰŮɑ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɤɜ əŬɘɜɞɨɟɘɤɜ ŬɡŰɩɜ ŭɘəŰɨɤɜ. ɀɑŬ ŰɏŰɞɘŬ ˊɟɞůɏɔɔɘůɖ ɗŬ 

ŭɖɛɘɞɡɟɔɞɨůŮ ˊɟɞɓɚɐɛŬŰŬ  ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŮˊŮəŰŬůɘɛɧŰɖŰŬ, Űɖɜ ŬɝɘɞˊɘůŰɑŬ, Űɖɜ ŭɘŬɢŮɑɟɘůɖ 

əŬɘ ɔŮɜɘəɎ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ ŭɘəŰɨɞɡ. ȺɘŭɘəɎ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ Ůɡűɡɩɜ 

ŭɘəŰɨɤɜ ɞɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŮɠ ŬˊɞŰŮɚɞɨɜ ɓŬůɘəɎ əŬɘ ŬɜŬˊɧůˊŬůŰŬ əɞɛɛɎŰɘŬ, ɛɘŬɠ əŬɘ ŰŬ 

Ůɡűɡɐ ŭɑəŰɡŬ ˊɟɧəŮɘŰŬɘ ɜŬ ŮɜůɤɛŬŰɩɜɞɡɜ ˊɞɚɡɎɟɘɗɛɞɡɠ əɧɛɓɞɡɠ əŬɘ ůŰɞɘɢŮɑŬ ˊɞɚɨ 

ŭɘŬűɞɟŮŰɘəɎ ɛŮŰŬɝɨ Űɞɡɠ. ȷəɧɛŬ, ɗŬ ŬɡɝɖɗŮɑ ɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ɖ 

ŬɜɎɔəɖ ŬɜŰŬɚɚŬɔɐɠ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ ˊɚɏɞɜ ŰŬ əŮɜŰɟɘəɎ ůɡůŰɐɛŬŰŬ Ůɚɏɔɢɞɡ ŭŮ ɗŬ ɛˊɞɟɞɨɜ 

ɜŬ ŬɜŰŬˊɞəɟɘɗɞɨɜ ůŰɘɠ əŬɘɜɞɨɟɘŮɠ ŬɜɎɔəŮɠ.  

ȼ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬɘ Űɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɛŬɠ ŭɑɜɞɡɜ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɛɘŬɠ ɛɖ ɘŮɟŬɟɢɘəɐɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ Űɞɡ ŭɘəŰɨɞɡ ɧˊɞɡ ɞ ɏɚŮɔɢɞɠ ˊɚɏɞɜ ɗŬ ɔɑɜŮŰŬɘ 

ŬˊɞəŮɜŰɟɤɛɏɜŬ. ȼ əɎɗŮ ɛɞɜɎŭŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŬɟɛɧɕŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ 

ŬɡŰɧɜɞɛŬ əŬɘ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɘɠ ɎɚɚŮɠ ɛɞɜɎŭŮɠ əŬɘ ɜŬ əŬŰŬűɏɟɜŮɘ ɜŬ ɓɟɑůəŮɘ Űɞ ɓɏɚŰɘůŰɞ 

ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ ŬɡŰɧɛŬŰŬ. ũɘŬ ɜŬ ɔɑɜŮŰŬɘ ŬɡŰɧ ɗŬ ɡˊɎɟɢɞɡɜ Ůɘŭɘəɞɑ ŮɚŮɔəŰɏɠ, ɞɘ ɞˊɞɑɞɘ 

ɗŬ ɓɟɑůəɞɜŰŬɘ ůŮ əɎɗŮ ɕɡɔɧ əŬɘ ɗŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ Űɞ ůɨůŰɖɛŬ. ȾɎɗŮ ɏɜŬɠ Ŭˊɧ ŬɡŰɞɨɠ ɗŬ 

ɏɢŮɘ ɏɜŬ ůɨɜɞɚɞ ɓŬůɘəɩɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮˊŮɝŮɟɔɎɕŮŰŬɘ Űɘɠ ŭɘɎűɞɟŮɠ ɛŮŰŬɓɚɖŰɏɠ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ŭɡɜŬɛɘəɎ ɜŬ ɛˊɞɟŮɑ Űɞ ůɨůŰɖɛŬ ɜŬ ŬɚɚɎɕŮɘ Űɖɜ əŬŰɎůŰŬůɐ Űɞɡ. ȷɟɢɘəɎ, 

ɗŬ ɏɢŮɘ ɏɜŬ ůɨɜɞɚɞ ŬɘůɗɖŰɐɟɤɜ ɞɘ ɞˊɞɑɞɘ ɗŬ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰɟɎɜŮ Űɘɠ Űɞˊɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ȴůŰŮɟŬ, ɗŬ ɡˊɎɟɢɞɡɜ ŮɜůɤɛŬŰɤɛɏɜɞɘ ŰŬɚŬɜŰɤŰɏɠ, ɞɘ ɞˊɞɑɞɘ ɗŬ 

ŬɟɢɘəɞˊɞɘɞɨɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ Űɞˊɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ɗŬ ŬɚɚɎɕɞɡɜ Űɖɜ əŬŰɎůŰŬůɐ Űɞɡɠ 

ŬɜɎɚɞɔŬ ɛŮ Űɘɠ əŬŰŬůŰɎůŮɘɠ Űɤɜ ŰŬɚŬɜŰɤŰɩɜ əɞɜŰɘɜɩɜ Űɞɡ əɧɛɓɤɜ. ɇɏɚɞɠ, ɗŬ ɡˊɎɟɢŮɘ ɛɘŬ 

ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɐ ɛɞɜɎŭŬ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ 

ŮˊɘəɞɘɜɤɜɑŬɠ Űɞ ɞˊɞɑɞ ɗŬ ŭɘŬůűŬɚɑɕŮɘ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ Űɤɜ ŮɚŮɔəŰɩɜ. 

ȼ ɢɟɖůɘɛɞˊɞɑɖůɖ ŰɏŰɞɘɤɜ ůŰɞɘɢŮɑɤɜ ɗŬ ɏəŬɜŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɜ ɛŮŰŬɓɚɖŰɩɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ɧˊɤɠ Űɖ ɕɐŰɖůɖ ŮɜŮɟɔɞɨɠ ɘůɢɨɞɠ ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ɔɘŬ əɏɜŰɟɞ Ůɚɏɔɢɞɡ. ȰŰůɘ ɗŬ 

ŮɑɜŬɘ ɔɜɤůŰɏɠ əŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ ɜŬ ɚɡɗŮɑ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ 

əŬŰŬɜɞɛɐɠ Űɞɡ űɞɟŰɑɞɡ Ŭˊɧ Űɞɡɠ ŮɚŮɔəŰɏɠ ɛŮ ɏɜŬɜ ŰŮɚŮɑɤɠ ŬˊɞəŮɜŰɟɤɛɏɜɞ Űɟɧˊɞ əŬɘ ɧɢɘ 

ɓŬůɘɕɧɛŮɜɞ ůŰɞ əɏɜŰɟɞ Ůɚɏɔɢɞɡ ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɏɢŮɘ ůɡɚɚɏɝŮɘ Ŭˊɧ ɞɚɧəɚɖɟɞ Űɞ 

ůɨůŰɖɛŬ.  

ũŮɜɘəɎ, ɛɑŬ ŬɟɢɘŰŮəŰɞɜɘəɐ ŬˊɞəŮɜŰɟɤɛɏɜɞɡ Ůɚɏɔɢɞɡ ɗŬ ɓŮɚŰɘɩůŮɘ ŰŬ ůɡůŰɐɛŬŰŬ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɤɠ ˊɟɞɠ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎ Űɞɡɠ, əɎɜɞɜŰɎɠ ŰŬ ˊɘɞ ŬɜŮɝɎɟŰɖŰŬ 

əŬɘ ŮɜɘůɢɨɞɜŰŬɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɜŬ ˊŬɟŬɛɏɜŮɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ ŬəɧɛŬ əŬɘ ɛŮŰɎ 

Ŭˊɧ ŭɘŬŰŬɟŬɢɏɠ ɐ/əŬɘ ɓɚɎɓŮɠ ůŰɞɜ Ůɝɞˊɚɘůɛɧ. ȺɝɎɚɚɞɡ, ŰɏŰɞɘŬ ůɡůŰɐɛŬŰŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ 

Ŭˊɧ ůŰŬɗŮɟɞˊɞɘɖŰɘəɏɠ əŬɘ ŬɡŰɞɗŮɟŬˊŮɡŰɘəɏɠ ɘəŬɜɧŰɖŰŮɠ. 
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4.2 ɆɡůŰɐɛŬŰŬ ɄɞɚɚŬˊɚɩɜ ɄɟŬəŰɧɟɤɜ (Multi-Agent Systems) 

 

ɇŬ ůɡůŰɐɛŬŰŬ ˊɞɚɚŬˊɚɩɜ ˊɟŬəŰɧɟɤɜ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ůŰɞ ɞˊɞɑɞ 

ŮɡűɡŮɑɠ ˊɟɎəŰɞɟŮɠ ŭɞɡɚŮɨɞɡɜ, ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɛŬɕɑ ˊŬɑɟɜɞɡɜ ŬˊɞűɎůŮɘɠ ɔɘŬ 

Űɖɜ ŮˊɑŰŮɡɝɖ ůɡɔəŮəɟɘɛɏɜɤɜ ůŰɧɢɤɜ. Ƀɘ ˊɟɎəŰɞɟŮɠ ɏɢɞɡɜ ɞɟɘůɛɏɜŮɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ. ɀˊɞɟɞɨɜ ɜŬ ŬɜŰɘɚŬɛɓɎɜɞɜŰŬɘ Űɞ Űɞˊɘəɧ Űɞɡɠ ˊŮɟɘɓɎɚɚɞɜ, ɜŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ 

Ɏɚɚɞɡɠ ˊɟɎəŰɞɟŮɠ, ɜŬ ɏɢɞɡɜ ůɡɔəŮəɟɘɛɏɜŬ əŬɗɐəɞɜŰŬ əŬɘ ɜŬ ŬɜŰɘŭɟɞɨɜ ůŰɘɠ ŬɚɚŬɔɏɠ ɧˊɞŰŮ 

ŬɡŰɏɠ ůɡɛɓŬɑɜɞɡɜ. Ƀɘ ˊɟɎəŰɞɟŮɠ ɚŮɘŰɞɡɟɔɞɨɜ ŬɡŰɧɜɞɛŬ ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ 

ůɨůŰɖɛŬ ůɡɜŮɟɔŬůɑŬɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ űŰɎůɞɡɜ Űɧůɞ Űɞɡɠ ɝŮɢɤɟɘůŰɞɨɠ ɧůɞ əŬɘ 

ɞɘəɞɡɛŮɜɘəɞɨɠ ůŰɧɢɞɡɠ.[20] 

Ƀɘ ŮűŬɟɛɞɔɏɠ ŰɏŰɞɘɤɜ ˊɟŬəŰɧɟɤɜ ŮɑɜŬɘ ˊɞɚɚɏɠ əŬɘ ůŮ ŭɘɎűɞɟɞɡɠ ŰɞɛŮɑɠ. ɆŰɖ ŭɘəɐ ɛŬɠ 

ˊŮɟɑˊŰɤůɖ, ɛŬɠ ŮɜŭɘŬűɏɟŮɘ ɖ ɢɟɐůɖ Űɞɡɠ ůŰɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ɤɠ ŮɜŬɚɚŬəŰɘəɐ Ůɜɧɠ 

əŮɜŰɟɘəɞɨ Űɟɧˊɞɡ Ůˊɑɚɡůɖɠ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ŮɑŰŮ ɔɘŬŰɑ ŰŬ ˊɟɞɓɚɐɛŬŰŬ Ŭˊɧ ɛɧɜŬ Űɞɡɠ ŮɑɜŬɘ 

əŬŰŬɜŮɛɖɛɏɜŬ ŮɑŰŮ ŭɘɧŰɘ ɖ əŬŰŬɜɞɛɐ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɞɡɠ ˊɟɎəŰɞɟŮɠ əɎɜŮɘ Űɖɜ Ůˊɑɚɡůɐ 

Űɞɡ ˊɘɞ ŬˊɞŭɞŰɘəɐ. ȺɑɜŬɘ ŮɡɏɚɘəŰɞɘ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰŬˊɞəɟɘɗɞɨɜ ůŮ ůűɎɚɛŬŰŬ ůŰɞ 

ůɨůŰɖɛŬ. 

ɆŰŬ ˊɚŬɑůɘŬ, ɚɞɘˊɧɜ, ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ, ŰŬ ůɡůŰɐɛŬŰŬ ˊɞɚɚŬˊɚɩɜ ˊɟŬəŰɧɟɤɜ ɛˊɞɟɞɨɜ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŬˊɞəŮɜŰɟɤɛɏɜɞ ɛɞɜŰɏɚɞ Ůɚɏɔɢɞɡ əŬɘ ɜŬ 

ŬɜŰɘɛŮŰɤˊɑůŰɞɡɜ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ Ůɡűɡɩɜ ŭɘəŰɨɤɜ. 

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ, ɛɘŬɠ əŬɘ ɖ ɢɟɐůɖ əŬŰŬɜŮɛɖɛɏɜɤɜ əŬɘ ůɡɜŮɟɔŬŰɘəɩɜ ˊɟŬəŰɧɟɤɜ ɓŮɚŰɘɩɜŮɘ 

Űɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ ŬˊɞŭɧůŮɘɠ ˊɞɚɨˊɚɞəɤɜ ůɡůŰɖɛɎŰɤɜ. 

4.3 ŪŮɤɟɑŬ ũɟɎűɤɜ əŬɘ ɄɟɤŰɧəɞɚɚŬ Consensus 

 

ȳˊɤɠ ŮɑŭŬɛŮ, Űɞ ɕɖŰɞɨɛŮɜɞ ŮɑɜŬɘ ɜŬ ɛˊɞɟɞɨɜ ɞɘ ɛɞɜɎŭŮɠ Ŭˊɧ ɛɧɜŮɠ Űɞɡɠ ɜŬ ɚɨůɞɡɜ Űɞ 

ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ ɞɘəɞɜɞɛɘəɐ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ əŬɘ ɜŬ əŬŰŬɚɐɝɞɡɜ 

ɧɚŮɠ ŬɡŰɧɜɞɛŬ ůŰɖɜ ɑŭɘŬ ɓɏɚŰɘůŰɖ ɚɨůɖ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɛɏůɤ Ůɜɧɠ Ŭɚɔɞɟɑɗɛɞɡ ůɡɜŬɑɜŮůɖɠ 

(consensus). ɇɏŰɞɘɞɡ Ůɑŭɞɡɠ Ŭɚɔɧɟɘɗɛɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ɡˊɎɟɝŮɘ ůɨɔəɚɘůɖ ɛɘŬɠ 

ɛŮŰŬɓɚɖŰɐɠ ůŮ ɛɘŬ əɞɘɜɐ Űɘɛɐ, ŭɖɚŬŭɐ Ůŭɩ ůŰɞ ɑŭɘɞ ɞɟɘŬəɧ əɧůŰɞɠ. ȰŰůɘ, ɞɘ ˊɟɎəŰɞɟŮɠ ɗŬ 

ŬɜŰŬɚɚɎůůɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ŰɞˊɘəɎ əŬɘ ɗŬ ˊɟɞůŬɟɛɧɕɞɡɜ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ ɛŮ ŬˊɩŰŮɟɞ 

ůəɞˊɧ ɜŬ ɞŭɖɔɖɗŮɑ Űɞ ůɨůŰɖɛŬ ůŰɖ ɓɏɚŰɘůŰɖ Űɘɛɐ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ. ɇɞ ůɨůŰɖɛŬ, 

ŰŮɚɘəɎ, ɞŭɖɔŮɑŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ Űɟɧˊɞ ŬˊɞəŮɜŰɟɤɛɏɜɞ, ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ɘŮɟŬɟɢɘəɐɠ 

ŬɟɢɘŰŮəŰɞɜɘəɐɠ əŬɘ əŮɜŰɟɘəɞɨ Ůɚɏɔɢɞɡ. ɇɏŰɞɘɞɡ Ůɑŭɞɡɠ Ŭɚɔɧɟɘɗɛɞɘ, ɚɧɔɤ Űɞɡ əŬŰŬɜŮɛɖɛɏɜɞɡ 

ɢŬɟŬəŰɐɟŬ Űɞɡɠ əŬɘ Űɖɠ Ůɨəɞɚɖɠ ŮˊŮəŰŬůɘɛɧŰɖŰɎɠ Űɞɡɠ, ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ ɛŮɔɎɚɞ Ůɨɟɞɠ 

ˊɟɞɓɚɖɛɎŰɤɜ, ŮɘŭɘəɎ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɞɜ ůɡɔɢɟɞɜɘůɛɧ, Űɖɜ ɞɟɔɎɜɤůɖ əŬɘ Űɖɜ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ ˊɟŬəŰɧɟɤɜ ůŮ ˊɞɚɚɎ ŮˊɘůŰɖɛɞɜɘəɎ ˊŮŭɑŬ ɧˊɤɠ ɖ ɛɖɢŬɜɘəɐ əŬɘ űɡůɘəɐ. ɀŮ 

Űɖɜ ɞɟɔɎɜɤůɐ Űɞɡɠ əŬɘ Űɖ ɛŮɚɏŰɖ Űɖɠ ŰɞˊɞɚɞɔɑŬɠ Űɞɡɠ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ˊɟŬəŰɘəɐ 

ŮűŬɟɛɞɔɐ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ consensus ɗŬ ŬůɢɞɚɖɗɞɨɛŮ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ. 
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4.3.1 ŪŮɤɟɑŬ ũɟɎűɤɜ 

 

ȼ ɗŮɤɟɑŬ ŭɘəŰɨɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɞɠ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ ɛŮɔɎɚɤɜ ůɡůŰɖɛɎŰɤɜ, 

Űɖ ɛŮɚɏŰɖ Űɖɠ ŰɞˊɞɚɞɔɑŬɠ əŬɘ Ɏɚɚɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ. ȰŰůɘ, əŬɘ Űɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ 

ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟŬůŰŬɗŮɑ ŰɞˊɞɚɞɔɘəɎ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ Ŭˊɚɞɨ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɡ ɔɟɎűɞɡ 

Ὃ ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ ɏɜŬ ɕŮɡɔɎɟɘ ὠȟὉ, ɧˊɞɡ ὠ ŮɑɜŬɘ ɏɜŬ ˊŮˊŮɟŬůɛɏɜɞ ůɨɜɞɚɞ əɧɛɓɤɜ ˊɞɡ 

ŬˊɞŰŮɚɞɨɜ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ - ůŰɖɜ ˊŮɟɑˊŰɤůɐ ɛŬɠ Űɞɡɠ ɕɡɔɞɨɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ - 

əŬɘ Ὁ ŮɑɜŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ Ŭəɛɩɜ ˊɞɡ ŬɜŬˊŬɟɘůŰɞɨɜ Űɘɠ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ 

ŭɘəŰɨɞɡ, ŭɖɚŬŭɐ Ůŭɩ Űɘɠ ɔɟŬɛɛɏɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ ŭɘəŰɨɞɡ. Ƀ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɠ ɔɟɎűɞɠ 

ŮəűɟɎɕŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɤɜ əɧɛɓɤɜ Űɞɡ ɜŬ Ůˊɘəɞɘɜɤɜɞɨɜ ŬɛűɑŭɟɞɛŬ əŬɘ ɜŬ ŬɜŰŬɚɚɎůůɞɡɜ 

ˊɚɖɟɞűɞɟɑŮɠ Ůűɧůɞɜ ɡˊɎɟɢŮɘ ɛŮŰŬɝɨ Űɞɡɠ ůɨɜŭŮůɖ, ŭɖɚŬŭɐ Ŭəɛɐ. ũɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ 

ŬɡŰɩɜ Űɤɜ ŭɘŬůɡɜŭɏůŮɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ˊɑɜŬəŬɠ ɔŮɘŰɜɑŬůɖɠ ὃ, ɞ ɞˊɞɑɞɠ ŮəűɟɎɕŮɘ ɛŮ 

ɎɚɚŬ ɚɧɔɘŬ Űɞ Ŭɜ ɡˊɎɟɢŮɘ ɐ ɧɢɘ Ŭəɛɐ ɛŮŰŬɝɨ ŭɨɞ ůŰɞɘɢŮɑɤɜ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɞɨ Űɞɡ ˊɑɜŬəŬ 

ɞɟɑɕɞɜŰŬɘ ɤɠ [21]: 
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ȷɡŰɧɠ ɞ ˊɑɜŬəŬɠ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧɠ ɔɘŬ Űɖɜ ŰɞˊɞɚɞɔɑŬ Űɞɡ ŭɘəŰɨɞɡ ɛɘŬɠ əŬɘ ŮəűɟɎɕŮɘ 

ɛŮ ɏɜŬɜ Ŭˊɚɧ ɛŬɗɖɛŬŰɘəɧ ɞɟɘůɛɧ Űɘɠ ŭɘŬůɡɜŭɏůŮɘɠ Űɞɡ ŭɘəŰɨɞɡ. ȷˊɧ ŬɡŰɧɜ ˊɟɞəɨˊŰŮɘ ɏɜŬɠ 

ŬəɧɛŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧɠ ˊɑɜŬəŬɠ, ɞ ȿŬˊɚŬůɘŬɜɧɠ ˊɑɜŬəŬɠ ὒ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɞɨ ɞɟɑɕɞɜŰŬɘ ɤɠ 
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4.3.2 ȷɚɔɧɟɘɗɛɞɠ ɆɡɜŬɑɜŮůɖɠ (Consensus) 

 

ȷɠ ɗŮɤɟɐůɞɡɛŮ ɏɜŬ ůɨůŰɖɛŬ ŬɘůɗɖŰɐɟɤɜ ɞɘ ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ ɜŬ ŬɜɘɢɜŮɨɞɡɜ ɛɧɜɞ Űɘɠ 

Űɞˊɘəɏɠ Űɘɛɏɠ Ůɜɧɠ ɔŮɜɘəɞɨ űŬɘɜɞɛɏɜɞɡ. ȰɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɛɏůɤ Ŭˊɚɩɜ əŬɘ əŬŰŬɜŮɛɖɛɏɜɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ, ɧˊɞɡ ɖ əɎɗŮ ɛɞɜɎŭŬ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɛɧɜɞ Űɘɠ Űɘɛɏɠ Űɖɠ ɑŭɘŬɠ əŬɘ Űɤɜ 

ɔŮɘŰɧɜɤɜ Űɖɠ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɖɠ, ɛˊɞɟɞɨɛŮ ɜŬ əŬŰŬűɏɟɞɡɛŮ ɜŬ ɏɢɞɡɛŮ ůɨɔəɚɘůɖ ůŮ 

ɛɑŬ əɞɘɜɐ Űɘɛɐ. ɇɏŰɞɘɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŮɑɜŬɘ əŬɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ůɡɜŬɑɜŮůɖɠ (Consensus). ȰŰůɘ Ŭɜ 

ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ɞɘ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ŮɝɞˊɚɘůŰɞɨɜ ɛŮ ŰɏŰɞɘɞɡɠ ŬɘůɗɖŰɐɟŮɠ (ˊɟɎəŰɞɟŮɠ) ɗŬ 

ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬˊɞəŮɜŰɟɤɛɏɜɞɠ ɏɚŮɔɢɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ŬɜŰɑůŰɞɘɢŬ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ űɞɟŰɑɞɡ ɛŮŰŬɝɨ Űɤɜ ɛɞɜɎŭɤɜ ɛŮ 

əŬŰŬɜŮɛɖɛɏɜɞ Űɟɧˊɞ. ȰŰůɘ, ɖ əɎɗŮ ɛɞɜɎŭŬ ɛŮ Ŭɝɘɞˊɞɑɖůɖ ɛɧɜɞ Űɤɜ ŭɘəɩɜ Űɖɠ əŬɘ 

ɔŮɘŰɞɜɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ ŬɜŬɜŮɩɜŮɘ Űɖ ɛŮŰŬɓɚɖŰɐ ůɡɜŬɑɜŮůɖɠ, ŭɖɚŬŭɐ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ, 

əŬŰŬɚɐɔɞɜŰŬɠ ŰŮɚɘəɎ ɨůŰŮɟŬ Ŭˊɧ ɛɘŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ, ůŰɞ ɑŭɘɞ ŬˊɞŰɏɚŮůɛŬ ˊɞɡ ɗŬ 

ˊɟɞɏəɡˊŰŮ əŬɘ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ əŮɜŰɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ, Űɞ ɞˊɞɑɞ ɗŬ ɏˊɟŮˊŮ ɜŬ 

ɚɎɓŮɘ əŬɘ ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ ŰŬ ůŰɞɘɢŮɑŬ Ŭˊɧ ɧɚŮɠ Űɘɠ ɛɞɜɎŭŮɠ. [22] 
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ȼ ŭɘŬŭɘəŬůɑŬ Ůˊɑɚɡůɖɠ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɏɜŬɠ ŰɏŰɞɘɞɠ Ŭɚɔɧɟɘɗɛɞɠ ŮɑɜŬɘ ˊɞɚɨ Ŭˊɚɐ. ȰůŰɤ, 

ɧŰɘ ɏɜŬɠ əɧɛɓɞɠ Ὥ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɓɟɑůəŮŰŬɘ ůŮ ɛɑŬ əŬŰɎůŰŬůɖ ɛŮ Űɘɛɐ ὼ ɴᴙ, ɖ ɞˊɞɑŬ Űɘɛɐ 

ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟɘůŰɎ ɞˊɞɘŬŭɐˊɞŰŮ űɡůɘəɐ ˊɞůɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɧˊɤɠ ɖ ˊŬɟŬɔɧɛŮɜɖ 

ɘůɢɨɠ, Űɞ ɞɟɘŬəɧ əɧůŰɞɠ, ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ˊŬɟŬɔɧɛŮɜɖɠ əŬɘ ɕɖŰɞɨɛŮɜɖɠ ɘůɢɨɞɠ əŰɚ. ȷɠ 

ɡˊɞɗɏůɞɡɛŮ ɧŰɘ ɖ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ Űɤɜ əɧɛɓɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɑɜŮŰŬɘ ůŮ ɢɟɧɜɞ 

ŭɘŬəɟɘŰɧ əŬɘ ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɞɡ ɢɟɧɜɞɡ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ űɡůɘəɐɠ ɛŮŰŬɓɚɖŰɐɠ Ὧ. ũɘŬ ɜŬ 

ˊɞɨɛŮ ɧŰɘ Űɞ ůɨůŰɖɛŬ ɏűŰŬůŮ ůŮ ůɡɜŬɑɜŮůɖ ɗŬ ˊɟɏˊŮɘ ɧɚɞɘ ɞɘ əɧɛɓɞɘ Űɞɡ ɜŬ ɏɢɞɡɜ űŰɎůŮɘ 

ůŰɖɜ ɑŭɘŬ əŬŰɎůŰŬůɖ, ŭɖɚŬŭɐ: 

 

ὼ ὼ ȟ― ‖ʗ—‐ „†‛―…‐ʚ‛ ὭȟὮ †‛‡ ―‖†ʞ‛‡ 

 

ȾɎɗŮ əɧɛɓɞɠ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬɜŰŬɚɚɎůŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɛɧɜɞ ɛŮ Űɞɡɠ ɔŮɘŰɞɜɘəɞɨɠ Űɞɡ, 

ŭɖɚŬŭɐ ɛɧɜɞ ɛŮ əɧɛɓɞɡɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛɏůɤ ɛɘŬɠ Ŭəɛɐɠ. ȰŰůɘ, ɞ əŬɜɧɜŬɠ ˊɞɡ ŭɘɏˊŮɘ Űɖɜ 

ŬɜŬɜɏɤůɖ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ əɎɗŮ əɧɛɓɞɡ ɗŬ ŮɑɜŬɘ:.  

 

ὼὯ ρ ὼὯ όὯ 

 

όὯ ὥ ὼὯ ὼὯ  

 

ɧˊɞɡ ὥ  ŮɑɜŬɘ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ˊɑɜŬəŬ ɔŮɘŰɜɑŬůɖɠ ὃ, ɧˊɤɠ ɞɟɑůŰɖəŬɜ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ 

ˊŬɟɎɔɟŬűɞ. 

Ƀɘ ˊŬɟŬˊɎɜɤ ůɢɏůŮɘɠ ɛˊɞɟŮɑ ɜŬ ɛŬɠ ŭɩůŮɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŭɡɜŬɛɘəɐ ůɢɏůɖ: 

 

ὼὯ ρ Ὠ ὼὯ τȢσ 

 

ɧˊɞɡ Ὠ  ŬˊɞŰŮɚɞɨɜ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ˊɑɜŬəŬ Ὠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŰɞˊɞɚɞɔɑŬ Űɞɡ ŭɘəŰɨɞɡ, 

ɔɜɤɟɑɕɞɜŰŬɠ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɔŮɘŰɧɜɤɜ Űɞɡ əɎɗŮ əɧɛɓɞɡ ὲ, ɤɠ [23]: 

 

Ὠ
ρ
ὲ
π

ȟɻʉ † „†‛―…‐ʚ ὭȟὮ „‡’ʘ‛’†―

ȟɻʉ ɿʀʉ ʎʑʉɿʀʝʉʐɻʅ
 τȢτ 

 

ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ, ɞ əɎɗŮ əɧɛɓɞɠ əŬŰŬɚɐɔŮɘ ŰŮɚɘəɎ ůŰɞ ůŰŬɗɛɘůɛɏɜɞ ɛɏůɞ Űɖɠ ŭɘəɐɠ 

Űɞɡ ˊŬɟɞɨůɖɠ əŬŰɎůŰŬůɖɠ əŬɘ Űɖɠ ˊŬɟɞɨůɖɠ əŬŰɎůŰŬůɖɠ Űɤɜ ɔŮɘŰɧɜɤɜ Űɞɡ. ɇŮɚɘəɎ, ɧɚɞ Űɞ 

ůɨůŰɖɛŬ ɗŬ əŬŰŬűɏɟŮɘ ɜŬ ůɡɔəɚɑɜŮɘ ůŰɖɜ ɑŭɘŬ Űɘɛɐ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɧɜɞ Űɞˊɘəɏɠ 

ˊɚɖɟɞűɞɟɑŮɠ. 
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4.3.3 ȺűŬɟɛɞɔɐ ȷɚɔɞɟɑɗɛɞɡ ɆɡɜŬɑɜŮůɖɠ 

 

ũɘŬ ɜŬ ɔɑɜŮɘ ˊɘɞ əŬŰŬɜɞɖŰɐ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, Ŭɠ ŭɞɨɛŮ ŬɜŬɚɡŰɘəɎ ŰŬ ɓɐɛŬŰŬ 

ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗɐůɞɡɛŮ ɛŮ ɏɜŬ Ŭˊɚɧ ˊŬɟɎŭŮɘɔɛŬ Ůɜɧɠ ɛɘəɟɞɨ ŭɘəŰɨɞɡ. ȰůŰɤ ɧŰɘ 

ɏɢɞɡɛŮ ɏɜŬ ůɨůŰɖɛŬ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 4 ůŰɞɘɢŮɑŬ ŭɘŬůɡɜŭŮŭŮɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɔɟɎűɞ Űɞɡ ŮˊɧɛŮɜɞɡ ůɢɐɛŬŰɞɠ. 

 
ɆɢɐɛŬ 4.1: ũɟɎűɞɠ ŭɘəŰɨɞɡ 4 əɧɛɓɤɜ 

ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ɔɟɎűɞ ɛˊɞɟɞɨɛŮ ŮɨəɞɚŬ, ɜŬ ŮɝɎɔɞɡɛŮ əŬɘ Űɞɜ ˊɑɜŬəŬ ɔŮɘŰɜɑŬůɖɠ Űɞɡ 

ŭɘəŰɨɞɡ, ɞ ɞˊɞɑɞɠ ɗŬ ŮɑɜŬɘ: 

 

ὃ

ρ ρ ρ π
ρ ρ π ρ
ρ π ρ π
π ρ π ρ

 

 

ȷˊɧ Űɞɜ ˊɑɜŬəŬ ɔŮɘŰɜɑŬůɖɠ ˊɟɞəɨˊŰŮɘ, ɧˊɤɠ ŭŮɑɝŬɛŮ əŬɘ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ, ɞ 

ȿŬˊɚŬůɘŬɜɧɠ ˊɑɜŬəŬɠ: 

ὒ

σ ρ ρ π
ρ σ π ρ
ρ π ς π
π ρ π ς

 

 

ȷɜŰɑůŰɞɘɢŬ ˊɟɞəɨˊŰŮɘ əŬɘ ɞ ˊɑɜŬəŬɠ Ὠ ɛŮ ŰŬ ɓɎɟɖ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬŰɎ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ: 

Ὠ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ρ
σ
ρ
σ
ρ
σ π

ρ
σ
ρ
σ π ρ

σ
ρ
ς π ρ

ς π

π ρ
ς π ρ

ςỨ
ủ
ủ
ủ
ủ
Ủ
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Ⱥŭɩ, ɛˊɞɟɞɨɛŮ ɜŬ ˊŬɟŬŰɖɟɐůɞɡɛŮ əŬɘ ɛɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɘŭɘɧŰɖŰŬ Űɤɜ ɔɟŬɛɛɩɜ Űɞɡ Ὠ, 

ɧŰɘŰŬ ůŰɞɘɢŮɑŬ əɎɗŮ ɔɟŬɛɛɐɠ ɏɢɞɡɜ ɎɗɟɞɘůɛŬ 1 (row stochastic matrix). 

ȷűɞɨ ɞɟɑůŬɛŮ Űɖɜ ŰɞˊɞɚɞɔɑŬ Űɞɡ ŭɘəŰɨɞɡ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗɞɨɜ ɞɘ Ŭɟɢɘəɏɠ Űɘɛɏɠ Űɤɜ 

ɛŮŰŬɓɚɖŰɩɜ əŬŰɎůŰŬůɖɠ Űɞɡ əɎɗŮ əɧɛɓɞɡ Űɞɡ ŭɘəŰɨɞɡ ˊɞɡ ɗŬ Ŭɟɢɘəɞˊɞɘɐůɞɡɜ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ. ɇɡɢŬɑŬ, ɏůŰɤ ɧŰɘ ɞɘ Ŭɟɢɘəɏɠ Űɘɛɐɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ əŬŰɎůŰŬůɖɠ ὼ Űɞɡ ŭɘəŰɨɞɡ 

ŮɑɜŬɘ 

ὼ π ς ȟὼ π σ ȟὼ π υ ȟὼ π τ  

 

ɆŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ ŮɑŭŬɛŮ ɧŰɘ ɞ əŬɜɧɜŬɠ ŬɜŬɜɏɤůɖɠ Űɖɠ əŬŰɎůŰŬůɖɠ Űɤɜ 

əɧɛɓɤɜ ŬɜɎ əɎɗŮ ŭɘŬəɟɘŰɐ ůŰɘɔɛɐ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ (4.3) əŬɘ ŮɑɜŬɘ: 

 

ὼὯ ρ ὨὼὯ 

 

ɞˊɧŰŮ ɛˊɞɟɞɨɛŮ ɜŬ ɝŮəɘɜɐůɞɡɛŮ Űɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ. 

 

 

ȺˊŬɜɎɚɖɣɖ 1 

ὼ ρ Ὠ ὼ π Ὠ ὼ π Ὠ ὼ π Ὠ ὼ π
ρ

σ
ςz
ρ

σ
σz
ρ

σ
υz πz τ σȟσσσ 

ὼ ρ Ὠ ὼ π Ὠ ὼ π Ὠ ὼ π Ὠ ὼ π
ρ

σ
ςz
ρ

σ
σz πz υ

ρ

σ
τz σ 

ὼ ρ Ὠ ὼ π Ὠ ὼ π Ὠ ὼ π Ὠ ὼ π
ρ

ς
ςz πz σ

ρ

ς
υz πz τ σȟυ 

ὼ ρ Ὠ ὼ π Ὠ ὼ π Ὠ ὼ π Ὠ ὼ π πz ς
ρ

ς
σz πz υ

ρ

ς
τz σȟυ 

 

ȺˊŬɜɎɚɖɣɖ 2 

ὼ ς Ễ
ρ

σ
σzȟσσσ

ρ

σ
σz
ρ

σ
σzȟυ πz σȟυ σȟςχψ 

ὼ ς Ễ
ρ

σ
σzȟσσσ

ρ

σ
σz πz σȟυ

ρ

σ
σzȟυ σȟςχψ 

ὼ ς Ễ
ρ

ς
σzȟσσσπz σ

ρ

ς
σzȟυ πz σȟυ σȟτρχ 

ὼ ς Ễ πz σȟσσσ
ρ

ς
σz πz σȟυ

ρ

ς
σzȟυ σȟςυ 

 

ȺˊŬɜɎɚɖɣɖ 3 

ὼ σ Ễ
ρ

σ
σzȟςχψ

ρ

σ
σzȟςχψ

ρ

σ
σzȟτρχπz σȟςυ σȟσςτ 

ὼ σ Ễ
ρ

σ
σzȟςχψ

ρ

σ
σzȟςχψπz σȟτρχ

ρ

σ
σzȟςυ σȟςφω 

ὼ σ Ễ
ρ

ς
σzȟςχψπz σȟςχψ

ρ

ς
σzȟτρχπz σȟςυ σȟστχ 

ὼ σ Ễ πz σȟςχψ
ρ

ς
σzȟςχψπz σȟτρχ

ρ

ς
σzȟςυ σȟςφτ 
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ȺˊŬɜɎɚɖɣɖ 4 

ὼ τ Ễ
ρ

σ
σzȟσςτ

ρ

σ
σzȟςφω

ρ

σ
σzȟστχπz σȟςφτσȟσρσ 

ὼ τ Ễ
ρ

σ
σzȟσςτ

ρ

σ
σzȟςφωπz σȟστχ

ρ

σ
σzȟςφτσȟςψυ 

ὼ τ Ễ
ρ

ς
σzȟσςτπz σȟςφω

ρ

ς
σzȟστχπz σȟςφτσȟσσφ 

ὼ τ Ễ πz σȟσςτ
ρ

ς
σzȟςφωπz σȟστχ

ρ

ς
σzȟςφτσȟςφφ 

 

 

ȺˊŬɜɎɚɖɣɖ 5 

ὼ υ Ễ
ρ

σ
σzȟσρσ

ρ

σ
σzȟςψυ

ρ

σ
σzȟσσφπz σȟςφφσȟσρρ 

ὼ υ Ễ
ρ

σ
σzȟσρσ

ρ

σ
σzȟςψυπz σȟσσφ

ρ

σ
σzȟςφφσȟςψψ 

ὼ υ Ễ
ρ

ς
σzȟσρσπz σȟςψυ

ρ

ς
σzȟσσφπz σȟςφφσȟσςτ 

ὼ υ Ễ πz σȟσρσ
ρ

ς
σzȟςψυπz σȟσσφ

ρ

ς
σzȟςφφσȟςχφ 

 

ȺˊŬɜɎɚɖɣɖ 6 

ὼ φ Ễ
ρ

σ
σzȟσρρ

ρ

σ
σzȟςψψ

ρ

σ
σzȟσςτπz σȟςχφσȟσπψ 

ὼ φ Ễ
ρ

σ
σzȟσρρ

ρ

σ
σzȟςψψπz σȟσςτ

ρ

σ
σzȟςχφσȟςως 

ὼ φ Ễ
ρ

ς
σzȟσρρπz σȟςψψ

ρ

ς
σzȟσςτπz σȟςχφσȟσρψ 

ὼ φ Ễ πz σȟσρρ
ρ

ς
σzȟςψψπz σȟσςτ

ρ

ς
σzȟςχφσȟςψς 

 

ȺˊŬɜɎɚɖɣɖ 7 

ὼ χ Ễ
ρ

σ
σzȟσπψ

ρ

σ
σzȟςως

ρ

σ
σzȟσρψπz σȟςψςσȟσπφ 

ὼ χ Ễ
ρ

σ
σzȟσπψ

ρ

σ
σzȟςωςπz σȟσρψ

ρ

σ
σzȟςψςσȟςωτ 

ὼ χ Ễ
ρ

ς
σzȟσπψπz σȟςως

ρ

ς
σzȟσρψπz σȟςψςσȟσρσ 

ὼ χ Ễ πz σȟσπψ
ρ

ς
σzȟςωςπz σȟσρψ

ρ

ς
σzȟςψςσȟςψχ 

 

ȺˊŬɜɎɚɖɣɖ 8 

ὼ ψ Ễ
ρ

σ
σzȟσπφ

ρ

σ
σzȟςωτ

ρ

σ
σzȟσρσπz σȟςψχσȟσπτ 

ὼ ψ Ễ
ρ

σ
σzȟσπφ

ρ

σ
σzȟςωτπz σȟσρσ

ρ

σ
σzȟςψχσȟςωφ 

ὼ ψ Ễ
ρ

ς
σzȟσπφπz σȟςωτ

ρ

ς
σzȟσρσπz σȟςψχσȟσρπ 

ὼ ψ Ễ πz σȟσπφ
ρ

ς
σzȟςωτπz σȟσρσ

ρ

ς
σzȟςψχσȟςωρ 
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ȺˊŬɜɎɚɖɣɖ 9 

ὼ ω Ễ
ρ

σ
σzȟσπτ

ρ

σ
σzȟςωφ

ρ

σ
σzȟσρππz σȟςωρσȟσπσ 

ὼ ω Ễ
ρ

σ
σzȟσπτ

ρ

σ
σzȟςωφπz σȟσρπ

ρ

σ
σzȟςωρσȟςωχ 

ὼ ω Ễ
ρ

ς
σzȟσπτπz σȟςωφ

ρ

ς
σzȟσρππz σȟςωρσȟσπχ 

ὼ ω Ễ πz σȟσπτ
ρ

ς
σzȟςωφπz σȟσρπ

ρ

ς
σzȟςωρσȟςωσ 

 

ȺˊŬɜɎɚɖɣɖ 10 

ὼ ρπ Ễ
ρ

σ
σzȟσπσ

ρ

σ
σzȟςωχ

ρ

σ
σzȟσπχπz σȟςωσσȟσπς 

ὼ ρπ Ễ
ρ

σ
σzȟσπσ

ρ

σ
σzȟςωχπz σȟσπχ

ρ

σ
σzȟςωσσȟςωψ 

ὼ ρπ Ễ
ρ

ς
σzȟσπσπz σȟςωχ

ρ

ς
σzȟσπχπz σȟςωσσȟσπυ 

ὼ ρπ Ễ πz σȟσπσ
ρ

ς
σzȟςωχπz σȟσπχ

ρ

ς
σzȟςωσσȟςωυ 

 

ȺˊŬɜɎɚɖɣɖ 11 

ὼ ρρ Ễ
ρ

σ
σzȟσπς

ρ

σ
σzȟςωψ

ρ

σ
σzȟσπυπz σȟςωυσȟσπς 

ὼ ρρ Ễ
ρ

σ
σzȟσπς

ρ

σ
σzȟςωψπz σȟσπυ

ρ

σ
σzȟςωυσȟςωψ 

ὼ ρρ Ễ
ρ

ς
σzȟσπςπz σȟςωψ

ρ

ς
σzȟσπυπz σȟςωυσȟσπτ 

ὼ ρρ Ễ πz σȟσπς
ρ

ς
σzȟςωψπz σȟσπυ

ρ

ς
σzȟςωυσȟςωφ 

 

ȺˊŬɜɎɚɖɣɖ 12 

ὼ ρς Ễ
ρ

σ
σzȟσπς

ρ

σ
σzȟςωψ

ρ

σ
σzȟσπτπz σȟςωφσȟσπρ 

ὼ ρς Ễ
ρ

σ
σzȟσπς

ρ

σ
σzȟςωψπz σȟσπτ

ρ

σ
σzȟςωφσȟςωω 

ὼ ρς Ễ
ρ

ς
σzȟσπςπz σȟςωψ

ρ

ς
σzȟσπτπz σȟςωφσȟσπσ 

ὼ ρς Ễ πz σȟσπς
ρ

ς
σzȟςωψπz σȟσπτ

ρ

ς
σzȟςωφσȟςωχ 

 

ɄŬɟŬŰɖɟɞɨɛŮ, ɏŰůɘ, ɧŰɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŰŮɚɘəɎ ůɨɔəɚɘůɖ ůŰɖɜ Űɘɛɐ 3,3. ȷəɧɛŬ, ɓɚɏˊɞɡɛŮ 

ɧŰɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɜɏŬɠ Űɘɛɐɠ əŬŰɎůŰŬůɖɠ əɎɗŮ əɧɛɓɞɡ ɔɑɜŮŰŬɘ ɛŮ ɢɟɐůɖ ɛɧɜɞ Űɤɜ Űɘɛɩɜ 

əŬŰɎůŰŬůɖɠ Űɞɡ əɧɛɓɞɡ əŬɘ Űɤɜ ɔŮɘŰɞɜɘəɩɜ Űɞɡ, ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ɔɜɩůɖɠ ɧɚɤɜ Űɤɜ Űɘɛɩɜ 

Űɞɡ ŭɘəŰɨɞɡ, Ŭűɞɨ ɧůɞɘ əɧɛɓɞɘ ŭŮ ɔŮɘŰɞɜŮɨɞɡɜ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ.  

ȰŰůɘ, ŬˊɞŭŮɘəɜɨŮŰŬɘ əŬɘ ˊɟŬəŰɘəɎ ɧŰɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬɜ ŰɏŰɞɘɞ Ŭɚɔɧɟɘɗɛɞ ɛŮ ŰŮɚŮɑɤɠ 

ŬˊɞəŮɜŰɟɤɛɏɜɖ ɚɞɔɘəɐ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ ůŮ ɛɑŬ əɞɘɜɐ Űɘɛɐ ɔɘŬ ɧɚɞ Űɞ ůɨůŰɖɛŬ. 
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4.4 ȺűŬɟɛɞɔɐ ůŰɖɜ Ƀɘəɞɜɞɛɘəɐ ȾŬŰŬɜɞɛɐ ūɞɟŰɑɞɡ 

ȼ ˊŬɟŬˊɎɜɤ ɛŮɗɞŭɞɚɞɔɑŬ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɞ 

ˊɟɧɓɚɖɛŬ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ ˊɞɡ ɛŮɚŮŰɎɛŮ. ɆŰɞ ˊɟɧɓɚɖɛŬ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ, ɏɢɞɡɛŮ ɐŭɖ ŬɜŬűɏɟŮɘ ɧŰɘ Űɞ əɟɘŰɐɟɘɞ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ 

Űɞɡ əɧůŰɞɡɠ ŮɑɜŬɘ ɜŬ ɏɢɞɡɜ ɧɚŮɠ ɞɘ ɛɞɜɎŭŮɠ Űɞ ɑŭɘɞ ɞɟɘŬəɧ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ. ȰŰůɘ, ɖ 

ɛŮŰŬɓɚɖŰɐ ůɡɜŬɑɜŮůɖɠ ˊɞɡ ɗɏɚɞɡɛŮ ŰŮɚɘəɎ ɜŬ ůɡɔəɚɑɜŮɘ ůŮ ɛɑŬ Űɘɛɐ ůŰɞ Űɏɚɞɠ Űɖɠ ŮəŰɏɚŮůɖɠ 

Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɗŬ ŮɑɜŬɘ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ. ȷəɧɛŬ, Ŭűɞɨ ɧˊɤɠ ŮɑŭŬɛŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ůɡɜŬɑɜŮůɖɠ ɏɢŮɘ ŮɜŰŮɚɩɠ ŬˊɞəŮɜŰɟɤɛɏɜɖ ɚɞɔɘəɐ, ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɞɘəɞɜɞɛɘəɐ 

əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ, ɖ əɎɗŮ ɛɞɜɎŭŬ, ɛŮ Ŭɝɘɞˊɞɑɖůɖ ɛɧɜɞ Űɤɜ ŭɘəɩɜ Űɖɠ əŬŰŬůŰɎůŮɤɜ əŬɘ Űɤɜ 

ɔŮɘŰɞɜɘəɩɜ Űɖɠ, ɗŬ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɑɕŮɘ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ ůŰɞ ɞˊɞɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɚŮɘŰɞɡɟɔŮɑ, ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ Ůɜɧɠ əŮɜŰɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ. 

ũɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɧɛɤɠ ɞ ˊŬɟŬˊɎɜɤ Ŭɚɔɧɟɘɗɛɞɠ, ɗŬ ˊɟɏˊŮɘ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ 

ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ɜɤɟɑŰŮɟŬ ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ ɞɨŰɤɠ ɩůŰŮ 

ɜŬ ɛˊɞɟɞɨɜ ɞɘ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ɜŬ Ůɘůɏɚɗɞɡɜ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ. ȷɟɢɘəɎ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ɤɠ 

ɛŮŰŬɓɚɖŰɐ əŬŰɎůŰŬůɖɠ Űɞɡ əɎɗŮ əɧɛɓɞɡ ɗŬ ŮˊɘɚŮɔŮɑ Űɞ ɞɟɘŬəɧ Űɞɡ əɧůŰɞɠ. ȰŰůɘ, ɞ əŬɜɧɜŬɠ 

ˊɞɡ ŭɘɏˊŮɘ Űɖ ɛŮŰŬɓɚɖŰɐ əŬŰɎůŰŬůɖɠ ɗŬ ˊɟɞůŬɟɛɞůŰŮɑ ůŰɞɜ: 

 

‗Ὧ ρ Ὠ‗ὯȟὭ ρȟȣȟὲ τȢυ 

 

ȰŰůɘ, ŬəɞɚɞɡɗɩɜŰŬɠ Űɞɜ ˊŬɟŬˊɎɜɤ əŬɜɧɜŬ, ɖ əɎɗŮ ɛɞɜɎŭŬ ɗŬ ŬɜŬɜŮɩɜŮɘ Űɖɜ əŬŰɎůŰŬůɐ 

Űɞɡ ɏɤɠ ɧŰɞɡ ůɡɔəɚɑɜɞɡɜ ɞɘ əŬŰŬůŰɎůŮɘɠ ɧɚɤɜ Űɤɜ ɛɞɜɎŭɤɜ ůŮ ɛɘŬ əɞɘɜɐ Űɘɛɐ, ŭɖɚŬŭɐ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɏɜŬ əɞɘɜɧ ɞɟɘŬəɧ əɧůŰɞɠ. 

ȷűɞɨ ɡˊɞɚɞɔɘůŰŮɑ Űɞ ‗ ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ ůŮ Űɘ 

ˊŬɟŬɔɤɔɐ ɘɢɨɞɠ ŬɜŰɘůŰɞɘɢŮɑ ŬɡŰɧ ɔɘŬ əɎɗŮ ɛɞɜɎŭŬ. ȷɡŰɐ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ ɛɏůɤ Űɖɠ 

ůɡɜɎɟŰɖůɖɠ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ, Ŭűɞɨ 

 

‗
Ὠὅ

Ὠὖ
ςὥὖ ὦ  ρ 

τȢφ 

 

əŬɘ ɎɟŬ ɞ Űɨˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɗŬ ɔɑɜŮŰŬɘ ɖ ŬɜŬɜɏɤůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɤɜ ɛɞɜɎŭɤɜ ůŮ əɎɗŮ 

ŮˊŬɜɎɚɖɣɖ ɗŬ ŮɑɜŬɘ 

ὖὯ ρ
‗Ὧ ρ ὦ

ςὥ
 τȢχ 

 

ȳɛɤɠ, ɞ ůŰɧɢɞɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮˊɘŰɨɢŮɘ Űɞ ůɨůŰɖɛŬ ŮɑɜŬɘ ɖ əɎɚɡɣɖ Űɞɡ ůɡɜɞɚɘəɞɨ 

űɞɟŰɑɞɡ. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ɐŭɖ, ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ůɨɜɞɚɞ Űɖɠ ˊŬɟŬɔɤɔɐɠ ˊɟɏˊŮɘ ɜŬ 

əŬɚɨˊŰŮɘ Űɖ ɕɐŰɖůɖ, ŭɖɚŬŭɐ ɖ ŭɘŬűɞɟɎ Űɞɡɠ ɜŬ ŮɑɜŬɘ ɛɖŭŮɜɘəɐ. ũɘôŬɡŰɧ, ˊɟɏˊŮɘ ɜŬ ŮɘůŬɢɗŮɑ 

ɛɑŬ ŬəɧɛŬ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ɜŬ ŮəűɟɎɕŮɘ ŬɡŰɐ Űɖ ŭɘŬűɞɟɎ ůŰɖɜ ɘůɢɨ, ɤɠ: 

 

ῳὖ ὖ ὖ τȢψ 

 

Űɞ ɞˊɞɑɞ ůŰɞ Űɏɚɞɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɔəɚɑɜŮɘ ůŰɞ ɛɖŭɏɜ. ȷɡŰɐ ɖ ɛŮŰŬɓɚɖŰɐ 

ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ power mismatch. ũɘŬ ɜŬ ɚɖűɗŮɑ ɧɛɤɠ ɡˊɧɣɖ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ ɗŬ ˊɟɏˊŮɘ əŬɘ 

ŬɡŰɐ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɟɧˊɞ əŬŰŬɜŮɛɖɛɏɜɞ əŬɘ ɧɢɘ ůŰɞ ůɨɜɞɚɞ Űɖɠ ˊŬɟŬɔɤɔɐɠ. ũɘŬ ɜŬ 
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ɔɑɜŮɘ ŬɡŰɧ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮəűɟŬůŰŮɑ ɔɘŬ əɎɗŮ əɧɛɓɞ ï ɛɞɜɎŭŬ, ŬɜŰɑůŰɞɘɢŬ, Űɞ mismatch ɛŮ 

Űɟɧˊɞ ŬɜŰɑůŰɞɘɢɞ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ. ȰŰůɘ, ˊŬɟɎɚɚɖɚŬ ɗŬ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ 2 ɛŮŰŬɓɚɖŰɏɠ ůɡɜŬɑɜŮůɖɠ, ɛɘŬ ɔɘŬ Űɖ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ əŬɘ ɛɘŬ 

ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ power mismatch. ȼ ɛɞɟűɐ Űɖɠ ŰŮɚŮɡŰŬɑŬɠ ɗŬ ŮɑɜŬɘ: 

 

ὈὖὯ ρ ὨὈὖὯ ὖὯ ρ ὖὯ  τȢω 

ȷɡŰɐ ɖ ɛŮŰŬɓɚɖŰɐ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ˊŬɟɎɔɞɜŰŬɠ ŭɘɧɟɗɤůɖɠ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ, 

ɩůŰŮ ŰŮɚɘəɎ ɛŮ Űɖɜ Űɘɛɐ ˊɞɡ ɗŬ ˊɟɞəɨɣŮɘ ɜŬ ɛɖɜ ɏɢɞɡɛŮ ɞɨŰŮ ˊŮɟɑůůŮɘŬ ɞɨŰŮ ɏɚɚŮɘɣɖ 

ɘůɢɨɞɠ. ȼ ŭɘɧɟɗɤůɖ ɗŬ ɔɑɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ  

 

‗Ὧ ρ Ὠ‗Ὧ ‐ὈὖὯ τȢρπ 

ɧ́ ɞɡ Űɞ ‐ ŮɑɜŬɘ ɛɘŬ ɗŮŰɘəɐ ůŰŬɗŮɟɎ, ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ ůɡɜŰŮɚŮůŰɐ ůɨɔəɚɘůɖɠ. ȰŰůɘ, Ŭɜ ɏɢɞɡɛŮ 
ˊŮɟɑůůŮɘŬ ɘůɢɨɞɠ (ῳὖ π ) ɗŬ ɛŮɘɤɗŮɑ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŭɖɚŬŭɐ ɗŬ ɛŮɘɤɗŮɑ 

ɖ ˊŬɟŬɔɤɔɐ əŬɘ ŬɜŰɑůŰɞɘɢŬ ɧŰŬɜ ɡˊɎɟɢŮɘ ɏɚɚŮɘɣɖ ɘůɢɨɞɠ (ῳὖ π ) ɗŬ ŬɡɝɖɗŮɑ Űɞ ɞɟɘŬəɧ 

əɧůŰɞɠ ŭɖɚŬŭɐ ɗŬ ŬɡɝɖɗŮɑ ɖ ˊŬɟŬɔɤɔɐ əŬɘ ɜŬ əŬɚɡűɗŮɑ Űɞ űɞɟŰɑɞ. ɇŮɚɘəɎ, Űɞ ʇ ɗŬ ŬɚɚɎɕŮɘ 
ɏɤɠ ɧŰɞɡ Űɞ power mismatch ůŰɞ ůɨůŰɖɛŬ ɜŬ ŮɝŬɚŮɘűɗŮɑ. Ⱥŭɩ əŬɚɧ ŮɑɜŬɘ ɜŬ ɡˊŮɜɗɡɛɑůɞɡɛŮ 

ɧŰɘ ɔɘŬ ɝ0 π ɞɘ ɛɞɜɎŭŮɠ ɛŮ ɢŬɛɖɚɧŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ ɗŬ Ŭɡɝɐůɞɡɜ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡɠ 

ɛŮ ɛŮɔŬɚɨŰŮɟɞ ɟɡɗɛɧ ɔɘŬ ɜŬ əŬɚɡűɗŮɑ ɖ ɕɐŰɖůɖ Ŭˊɧ ɧŰɘ ŬɡŰɏɠ ɛŮ ɡɣɖɚɧŰŮɟɞ, Ůɜɩ Ŭɜ ɝ0 π 
ŰɧŰŮ ɞɘ ɛɞɜɎŭŮɠ ɛŮ ɛŮɔŬɚɨŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ ɗŬ ɛŮɘɩůɞɡɜ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡɠ ɛŮ 

ɛŮɔŬɚɨŰŮɟɞ ɟɡɗɛɧ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɛɞɜɎŭŮɠ ɢŬɛɖɚɧŰŮɟɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ. 

ũɘŬ ɜŬ ɔɑɜŮɘ ɞɚɞəɚɖɟɤɛɏɜɖ ɛŮɚɏŰɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɗŬ ˊɟɏˊŮɘ, ɧɛɤɠ, Ŭəɧɛɖ ɜŬ 

ůɡɛˊŮɟɘɚɖűɗɞɨɜ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɘ ŰŬ ɚŮɘŰɞɡɟɔɘəɎ ɧɟɘŬ Űɤɜ ɛɞɜɎŭɤɜ. ȳˊɤɠ ɐŭɖ 

ŬɜŬűɏɟŬɛŮ ɔɘŬ əɎɗŮ ɔŮɜɜɐŰɟɘŬ ɘůɢɨŮɘ: 

 

ὖ ὖ ὖ  

 

ȰŰůɘ, ůŮ əɎɗŮ ɓɐɛŬ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ: 

 

ὖ ὖὯ ρ ὖ  

 

ũɘŬ ɜŬ ɛɖɜ ˊŬɟŬɓɘŬůŰɞɨɜ ŬɡŰɎ ŰŬ ɧɟɘŬ, ɗŬ ŮɝŮŰɎůɞɡɛŮ ůŮ Űɘ ɞɟɘŬəɧ əɧůŰɞɠ ŬɜŰɘůŰɞɘɢɞɨɜ ŰŬ 

ɧɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɛɞɜɎŭɤɜ, ŭɖɚŬŭɐ ŰŬ ŬɜɩŰŬŰŬ əŬɘ əŬŰɩŰŬŰŬ ɧɟɘŬ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ 

Űɖɠ əɎɗŮ ɛɞɜɎŭŬɠ. ȷɡŰɎ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ (4.6) ɗŬ ŮɑɜŬɘ 

 

‗ ςὥὖ ὦ 
 

‗ ςὥὖ ὦ 

τȢρρ 

 

ȳˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬɚɡɗŮɑ, Ŭɜ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ Űɤɜ ɛɞɜɎŭɤɜ ˊɞɡ ˊɟɞəɨɣŮɘ əŬŰɎ Űɖɜ 

Ůˊɑɚɡůɖ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɖ ŬˊɞŭŮəŰɐ Űɘɛɐ ůɨɛűɤɜŬ ɛŮ Űɖɜ əŬɛˊɨɚɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ, 

ŰɧŰŮ ɖ ˊŬɟŬɔɤɔɐ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŰɞ əɞɜŰɘɜɧŰŮɟɞ ɧɟɘɞ. ȰŰůɘ, ɖ ˊŬɟŬɔɤɔɐ ɗŬ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ůɨɛűɤɜŬ ɛŮ Űɘɠ ˊŬɟŬəɎŰɤ ŮəűɟɎůŮɘɠ: 
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ừ
Ử
Ừ

Ử
ứ

ὖὯ ρ ὖ ȟʝ†’ ‗ ‗

ὖὯ ρ
‗Ὧ ρ ὦ

ςὥ
ȟʝ†’ ‗ ‗  ‗

ὖὯ ρ ὖ ȟʝ†’ ‗ ‗ ữ
Ử
Ữ

Ử
ử

 τȢρς 

 

ɇɏɚɞɠ, ŮəŰɧɠ Ŭˊɧ Űɞɡɠ ŮˊŬɜŬɚɖˊŰɘəɞɨɠ əŬɜɧɜŮɠ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ, ɧˊɤɠ ɏɢŮɘ ɐŭɖ 

ŬɜŬűŮɟɗŮɑ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŰɟɏɝɞɡɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ůɡɜŬɑɜŮůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŬɟɢɘəɞˊɞɘɐůɞɡɛŮ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȼ Ŭɟɢɘəɞˊɞɑɖůɖ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŰɡɢŬɑŬ, 

ŬɚɚɎ Ůŭɩ Ŭɠ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ŬɟɢɘəɎ ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ Űɞ űɞɟŰɑɞ ɘůɞəŬŰŬɜɏɛŮŰŬɘ, ŭɖɚŬŭɐ: 

 

ὖπ
ὖ

ὲ
 

 

ɧˊɞɡ, ὲ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɛɞɜɎŭɤɜ ůŰɞ ůɨůŰɖɛŬ. ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ 

ɧŰɘ ɖ ˊɟɞəɨˊŰɞɡůŬ Űɘɛɐ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɤɜ ŮˊɘŰɟŮˊŰɩɜ ɞɟɑɤɜ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ, Ŭɚɚɘɩɠ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɖ əŬŰɎɚɚɖɚɖ ˊɟɞůŬɟɛɞɔɐ. ȰˊŮɘŰŬ, ůɨɛűɤɜŬ ɛŮ ŬɡŰɐ Űɖɜ Űɘɛɐ ɛˊɞɟɞɨɛŮ ɜŬ  

ɡˊɞɚɞɔɑůɞɡɛŮ əŬɘ Űɘɠ Ŭɟɢɘəɏɠ Űɘɛɏɠ ɔɘŬ ŰŬ ‗π, Ὀὖπ, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ Űɨˊɞɡɠ 

 

‗ỗπỘ ςὥὖπ ὦ   

əŬɘ 

Ὀὖπ ὖ ὖπ 

 

ɄŬɟŬŰɖɟɞɨɛŮ, ˊɎɚɘ, ɧŰɘ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɧɜɞ 

Űɞˊɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ, ɛŮ ŬɜŰŬɚɚŬɔɐ Űɞɡɠ ɛɧɜɞ ɛŮŰŬɝɨ Űɤɜ ɔŮɘŰɞɜɘəɩɜ ɛɞɜɎŭɤɜ, əŬɘ ɏŰůɘ 

ɏɢɞɡɛŮ ŮˊɘŰɨɢŮɘ ɏɜŬɜ ˊɚɐɟɤɠ əŬŰŬɜŮɛɖɛɏɜɞ Ŭɚɔɧɟɘɗɛɞ. ɇɩɟŬ, ɏɢɞɡɛŮ ɧŰɘ ɢɟŮɘɎɕŮŰŬɘ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ əŬɘ ŮűŬɟɛɞɔɐ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, ɧˊɤɠ ŬɡŰɐ ɗŬ ŮɝɖɔɖɗŮɑ ůŰŬ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ.  
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ȾŮűɎɚŬɘɞ 5 
 

 

ȾŬŰŬɜŮɛɖɛɏɜɖ Ƀɘəɞɜɞɛɘəɐ ȾŬŰŬɜɞɛɐ ūɞɟŰɑɞɡ - ȷɚɔɧɟɘɗɛɞɘ 
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5.1 ȸŬůɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ 

 

ũɘŬ Űɖ ɛŮɚɏŰɖ əŬɘ ɡɚɞˊɞɑɖůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, ŬəɞɚɞɡɗɐɗɖəŮ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ 

ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ. ɄɟɞůŬɟɛɧɕɞɜŰŬɠ Űɞ ˊɟɧɓɚɖɛɎ ɛŬɠ ɩůŰŮ ɜŬ  

əŬŰŬůŰŮɑ ŭɡɜŬŰɐ ɖ ɢɟɐůɖ Ůɜɧɠ Ŭɚɔɞɟɑɗɛɞɡ ůɡɜŬɑɜŮůɖɠ, ŮˊŮŰŮɨɢɗɖ ɖ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ űɞɟŰɑɞɡ, ŬˊɞəŮɜŰɟɤɛɏɜŬ, ɛŮ ɢɟɐůɖ ɛɧɜɞ Űɞˊɘəɩɜ 

ˊɚɖɟɞűɞɟɘɩɜ ůŮ əɎɗŮ ɛɞɜɎŭŬ. ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ əŬɘ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ 

ŭɘəŰɨɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ MATLAB . ȰŰůɘ, ɏɢɞɜŰŬɠ ɤɠ Ůɑůɞŭɞ ɞˊɞɘŬŭɐˊɞŰŮ 

ŰɞˊɞɚɞɔɑŬ ŭɘəŰɨɞɡ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ Űɞɡ, əŬŰŬɚɐɔɞɡɛŮ ůŰɞ əɞɘɜɧ ɞɟɘŬəɧ 

əɧůŰɞɠ ůŰɞ ɞˊɞɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ɞɘ ɔŮɜɜɐŰɟɘŮɠ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ 

əɧůŰɞɡɠ əŬɘ ůŮ Űɘ ˊŬɟŬɔɤɔɐ ɔɘŬ Űɖɜ əɎɗŮ ɛɞɜɎŭŬ ŬɜŰɘůŰɞɘɢŮɑ ŬɡŰɧ. 

ũɘŬ Űɖ ɛŮɚɏŰɖ ɛŬɠ ŬɜŬˊŰɨɢɗɖəŬɜ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɞɘ ɞˊɞɑɞɘ ɗŬ ɓŬůɘůŰɞɨɜ 

ůŰɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬɜŬˊŰɨůůɞɡɛŮ ˊŬɟŬəɎŰɤ. Ƀ əɎɗŮ ɏɜŬɠ Ŭˊɧ ŬɡŰɧɠ ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ 

ŬɜŬɚɡŰɘəɎ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ. 

ȼ ŰɞˊɞɚɞɔɑŬ Űɞɡ ŭɘəŰɨɞɡ ŮɑɜŬɘ Űɞ ˊɟɩŰɞ ɓŬůɘəɧ ůŰɞɘɢŮɑɞ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɜɤɟɑɕɞɡɛŮ ɔɘŬ 

Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ. ɇɞ ŭɑəŰɡɞ ˊŮɟɘɏɢŮɘ ˊɞɚɚɎ ůŰɞɘɢŮɑŬ ŰŬ 

ɞˊɞɑŬ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ůŮ ɕɡɔɞɨɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ ɛɏůɤ Ůɜɧɠ ŭɘəŰɨɞɡ 

ŮˊɘəɞɘɜɤɜɑŬɠ. ȷɡŰɐ ɖ ůɨɜŭŮůɖ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɛŮ Űɖ ɢɟɐůɖ ɔɟɎűɞɡ əŬɘ ŮəűɟɎɕŮŰŬɘ ɛɏůɤ 

Ůɜɧɠ ˊɑɜŬəŬ ɔŮɘŰɜɑŬůɖɠ Űɞɡ ŭɘəŰɨɞɡ C. ȷ́ɧ ŬɡŰɧɜ ŰŮɚɘəɎ ˊɟɞəɨˊŰŮɘ ɞ ˊɑɜŬəŬɠ ɔŮɘŰɜɑŬůɖɠ 

Űɤɜ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ ȷ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ əɟɘŰɐɟɘɞ Űɖɠ ůɡɜŰɞɛɧŰŮɟɖɠ ŭɘŬŭɟɞɛɐɠ ůŰɞ 

ɔɟɎűɞ Űɞɡ ůɡɜɞɚɘəɞɨ ŭɘəŰɨɞɡ. ɇŬ ůŰɞɘɢŮɑŬ Űɞɡ ˊɑɜŬəŬ ŬɡŰɞɨ, ɧˊɤɠ ŬɜŬˊŰɨɢɗɖəŮ ůŰɞ 

ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ŮəűɟɎɕɞɜŰŬɘ ɛɏůɤ Űɖɠ (4.1), ŭɖɚŬŭɐ: 

 

ὥ
ρȟ
ρȟ
πȟ
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ɀɏůɤ Űɞɡ ˊɑɜŬəŬ ɔŮɘŰɜɑŬůɖɠ ˊɟɞəɨˊŰŮɘ, ɛŮ Űɟɧˊɞ ˊɞɡ ɏɢŮɘ ɐŭɖ ˊŬɟɞɡůɘŬůŰŮɑ, ɞ 

ȿŬˊɚŬůɘŬɜɧɠ ˊɑɜŬəŬɠ ὒ əŬɘ ŰŮɚɘəɎ ɞ ˊɑɜŬəŬɠ Ὠ ˊɞɡ ˊŮɟɘɏɢŮɘ ŰŬ ɓɎɟɖ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůɡɜŬɑɜŮůɖɠ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ 

ŮɝŮŰɎɕɞɡɛŮ. 

Ⱥˊɑůɖɠ, ˊɟɏˊŮɘ ɜŬ ɔɜɤɟɑɕɞɡɛŮ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ Űɞɡ ŭɘəŰɨɞɡ əŬɘ Űɤɜ ɛɞɜɎŭɤɜ, ŰŬ 

ɞˊɞɑŬ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŬɠ. ȷɡŰɎ ŮɑɜŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ əɧůŰɞɡɠ ὥ, ὦ əŬɘ 

ὧ ɔɘŬ əɎɗŮ ɛɞɜɎŭŬ, ŰŬ ɧɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ὖ  əŬɘ ὖ , ɖ ɕɐŰɖůɖ űɞɟŰɑɞɡ ὖ, əŬɗɩɠ 

əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ Űɤɜ ɔɟŬɛɛɩɜ ὖ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ŮɑɜŬɘ ɔɜɤůŰɎ ůŮ əɎɗŮ ɛɞɜɎŭŬ 

ŰɞˊɘəɎ əŬɘ ɏŰůɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɞɜ əŬŰŬɜŮɛɖɛɏɜɞ Ŭɚɔɧɟɘɗɛɞ ˊɞɡ 

ŬɜŬˊŰɨůůɞɡɛŮ. 

ũɜɤɟɑɕɞɜŰŬɠ ŰŬ ˊŬɟŬˊɎɜɤ ɛˊɞɟɞɨɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ŰŬ ŬɜɩŰŬŰŬ əŬɘ əŬŰɩŰŬŰŬ ɧɟɘŬ Űɞɡ 

ɞɟɘŬəɞɨ əɧůŰɞɡɠ Űɖɠ əɎɗŮ ɛɞɜɎŭŬɠ ɤɠ: 

 

‗ ςὥὖ ὦ 

 

‗ ςὥὖ ὦ 
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əŬɗɩɠ əŬɘ ɜŬ ŬɟɢɘəɞˊɞɘɐůɞɡɛŮ əŬɘ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ůŰɘɠ Űɘɛɏɠ: 

 

ὖπ
ὖ

ὲ
 

 

‗ỗπỘ ςὥὖπ ὦ   
 

Ὀὖπ ὖ ὖπ 

υȢρ 

 

ɂŮəɘɜɩɜŰŬɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ Űɘɛɏɠ ɞ ŮɚŮɔəŰɐɠ əɎɗŮ ɛɞɜɎŭŬɠ ɗŬ ɡˊɞɚɞɔɑɕŮɘ Űɘɠ ɜɏŮɠ Űɘɛɏɠ Űɖɠ 

ɘůɢɨɞɠ, Űɖɜ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟɎɔŮɘ əɎɗŮ ɛɞɜɎŭŬ. ȰŰůɘ, ɝŮəɘɜɎŮɘ ɖ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ 

ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ‗, ὖ əŬɘ Ὀὖ, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ əŬɜɧɜŮɠ: 

 

1. ‗Ὧ ρ ВὨ‗Ὧ ‐ὈὖὯ 

 

2. ὖὯ ρ

ừ
ỬỬ
Ừ

ỬỬ
ứ
ὖ  ȟʝ†’ ‗ ‗

ȟʝ†’ ‗ ‗  ‗

ὖ  ȟʝ†’ ‗ ‗

 

 

3. ὈὖὯ ρ ВὨὈὖὯ ὖὯ ρ ὖὯ  

 

Ⱥŭɩ ˊɟɏˊŮɘ ɜŬ ŬɜŬűɏɟɞɡɛŮ ɧŰɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ‐ ŬˊɞŰŮɚŮɑ ɛɘŬ ɗŮŰɘəɐ ůŰŬɗŮɟɎ, ɖ ɞˊɞɑŬ 

ɧŰŬɜ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɐ ɛˊɞɟŮɑ ɜŬ ŮɔɔɡɖɗŮɑ Űɖ ůɨɔəɚɘůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ůŰɖ ɚɨůɖ ˊɞɡ ɗŬ 

ˊɟɞɏəɡˊŰŮ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ əɚŬůɘəɐɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ. 

ȷɟɔɧŰŮɟŬ, əŬŰɎ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɗŬ ŬɜŬˊŰɨɝɞɡɛŮ əŬɘ ŬɜŬɚɡŰɘəɧŰŮɟŬ ˊɩɠ 

ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɖɠ ůŰŬɗŮɟɎɠ ůɨɔəɚɘůɖɠ ‐. 

ȼ ŮˊŬɜŬɚɖˊŰɘəɐ ŬɡŰɐ ŭɘŬŭɘəŬůɑŬ ɗŬ ŰŮɟɛŬŰɘůŰŮɑ ɧŰŬɜ ɗŬ əŬɚɨˊŰŮŰŬɘ Űɞ ůɡɜɞɚɘəɧ űɞɟŰɑɞ 

Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ɛɞɜɎŭɤɜ Űɞɡ ŭɘəŰɨɞɡ əŬɘ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ ɗŬ ɏɢŮɘ űŰɎůŮɘ ɜŬ 

ůɡɔəɚɑɜŮɘ ůŮ ɛɑŬ əɞɘɜɐ Űɘɛɐ ‗ ɔɘŬ ɧɚŮɠ Űɘɠ ɛɞɜɎŭŮɠ. Ƀ ɏɚŮɔɢɞɠ ŬɡŰɧɠ ɗŬ ɔɑɜŮŰŬɘ ɛɏůɤ Űɞɡ 

əɟɘŰɖɟɑɞɡ:  

‗Ὧ ρ ‗Ὧ πȟπππρ υȢς 

 

ȹɖɚŬŭɐ ɗŮɤɟɞɨɛŮ ɧŰɘ ɧŰŬɜ ŭɨɞ ŭɘŬŭɞɢɘəɏɠ Űɘɛɏɠ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ůŮ ɧɚŮɠ Űɘɠ 

ɛɞɜɎŭŮɠ ɏɢɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɎ ɛɘəɟɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɞɡɠ, ŰɧŰŮ ɏɢŮɘ ŮˊɘŰŮɡɢɗŮɑ ůɨɔəɚɘůɖ. 

ȳɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ůŰɞɘɢŮɑŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ ɛŮ Űɖ ɢɟɐůɖ ˊɘɜɎəɤɜ, 

Űɞɡɠ ɞˊɞɑɞɡɠ ɖ əɎɗŮ ɛɞɜɎŭŬ ˊɟɞůˊŮɚŬɨɜŮɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ˊɑɜŬəŬ Ὠ, ɞ ɞˊɞɑɞɠ ɏɢŮɘ ɛɖ 

ɛɖŭŮɜɘəɎ ůŰɞɘɢŮɑŬ ɛɧɜɞ ůŮ ɗɏůŮɘɠ, ɧˊɞɡ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɛɞɜɎŭŮɠ ɏɢɞɡɜ ŭɡɜŬŰɧŰɖŰŬ 

ŮˊɘəɞɘɜɤɜɑŬɠ, ŭɖɚŬŭɐ ɔŮɘŰɜɘɎɕɞɡɜ. ȰŰůɘ, ɏɢɞɡɛŮ ŬɜŰŬɚɚŬɔɐ ˊɚɖɟɞűɞɟɘɩɜ ŬˊɞəɚŮɘůŰɘəɎ 

ɛŮŰŬɝɨ ɔŮɘŰɧɜɤɜ əŬɘ ɞ Ŭɚɔɧɟɘɗɛɧɠ ɛŬɠ ŮɑɜŬɘ ŰŮɚŮɑɤɠ əŬŰŬɜŮɛɖɛɏɜɞɠ. 

ɆɡɜɞˊŰɘəɎ, ɛˊɞɟɞɨɛŮ ɜŬ ŮəűɟɎůɞɡɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ɛɏůɤ Űɞɡ Ŭəɧɚɞɡɗɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ ɟɞɐɠ.    
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ɆɢɐɛŬ 5.1: ȹɘɎɔɟŬɛɛŬ Ʌɞɐɠ ȷɚɔɞɟɑɗɛɞɡ 



61 

 

5.2 ɀŮɚɏŰɖ ɄɟɞɓɚɐɛŬŰɞɠ ɉɤɟɑɠ ȷˊɩɚŮɘŮɠ ɀŮŰŬűɞɟɎɠ 

 

ȷɟɢɘəɎ, ɗŬ ɛŮɚŮŰɐůɞɡɛŮ Űɞ ˊɟɧɓɚɖɛŬ ŬɛŮɚɩɜŰŬɠ Űɘɠ ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ. ȰŰůɘ, 

ɗŮɤɟɞɨɛŮ ɧŰɘ ɞɘ ɛɞɜɎŭŮɠ əŬɚɞɨɜŰŬɘ ɜŬ əŬɚɨɣɞɡɜ ɛɧɜɞ Űɖɜ ŮəɎůŰɞŰŮ ɕɐŰɖůɖ űɞɟŰɑɞɡ. 

ȹɖɚŬŭɐ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ůɢɏůɖ: 

 

ὖ ὖ  υȢσ 

 

ȷɡŰɐ ɖ ůɢɏůɖ ŮˊɖɟŮɎɕŮɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ power mismatch əŬɘ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ 

ɡˊŮɘůɏɟɢŮŰŬɘ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŬɠ. ȳŰŬɜ ŭŮɜ ɏɢɞɡɛŮ ŬˊɩɚŮɘŮɠ, Űɞ Ὀὖ ɡˊɞɚɞɔɑɕŮŰŬɘ ɧˊɤɠ 

ŭŮɑɝŬɛŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ. 

ũɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ŭɠ ɗŮɤɟɐůɞɡɛŮ ɏɜŬ ŬˊɚɞɡůŰŮɡɛɏɜɞ ŭɑəŰɡɞ ɛŮŰŬűɞɟɎɠ 

20 ɕɡɔɩɜ, ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ ɡˊɎɟɢɞɡɜ 12 ɗŮɟɛɘəɏɠ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ. Ƀɘ ɔɟŬɛɛɏɠ ˊɞɡ 

ůɡɜŭɏɞɡɜ Űɞɡɠ ɕɡɔɞɨɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ ɏɢɞɡɜ ɛɖŭŮɜɘəɐ ŬɜŰɑůŰŬůɖ əŬɘ ɎɟŬ 

ŭŮɜ Ůˊɘűɏɟɞɡɜ ŬˊɩɚŮɘŮɠ əŬŰɎ Űɖ ɛŮŰŬűɞɟɎ. Ƀɘ Ɏɚɚɞɘ ɕɡɔɞɑ ɗŬ ŬˊɞŰŮɚɞɨɜ ɡˊɞůŰŬɗɛɞɨɠ 

ɕŮɨɝɖɠ ɛŮ ɎɚɚŬ ŰɏŰɞɘŬ ŭɑəŰɡŬ əŬɘ ɡˊɞůŰŬɗɛɞɨɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɧɟɤɜ 

ŰɎůŮɤɜ. ɇɏɚɞɠ, Ŭɠ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ Űɞ ůɡɜɞɚɘəɧ űɞɟŰɑɞ ˊɞɡ əŬɚŮɑŰŬɘ ɜŬ əŬɚɨɣŮɘ Űɞ ůɨůŰɖɛŬ 

ŮɑɜŬɘ ὖ ςπππὓὡ. ȼ ŰɞˊɞɚɞɔɑŬ Űɞɡ ŭɘəŰɨɞɡ ŬɡŰɞɨ űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ, ɧˊɞɡ 

ɞɘ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ɓɟɑůəɞɜŰŬɘ ůŰɞɡɠ ŮˊɘůɖɛŬůɛɏɜɞɡɠ əɧɛɓɞɡɠ. 

 
ɆɢɐɛŬ 5.2: ũɟɎűɞɠ ȹɘəŰɨɞɡ 20 əɧɛɓɤɜ 
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ȰŰůɘ, ɞ ˊɑɜŬəŬɠ ɔŮɘŰɜɑŬůɖɠ Űɞɡ ˊŬɟŬˊɎɜɤ ŭɘəŰɨɞɡ ůɨɛűɤɜŬ ɛŮ Űɞɜ ɔɟɎűɞ Űɞɡ ůɢɐɛŬŰɞɠ 

5.2 ɗŬ ŮɑɜŬɘ: 

ὅ

ụ
Ụ
Ụ
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Ụ
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Ụ
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ợ
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ủ
ủ
ủ
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ủ
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ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ əɟɘŰɐɟɘɞ Űɖɠ ůɡɜŰɞɛɧŰŮɟɖɠ ŭɘŬŭɟɞɛɐɠ ůŰɞ ɔɟɎűɞ Űɞɡ ŭɘəŰɨɞɡ 

ɛˊɞɟɞɨɛŮ ɜŬ əŬŰŬɚɐɝɞɡɛŮ ůŰɞ ɔɟɎűɞ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ, ɞ ɞˊɞɑɞɠ ɗŬ ŮɑɜŬɘ: 

 
ɆɢɐɛŬ 5.2: ũɟɎűɞɠ ũŮɜɜɖŰɟɘɩɜ ȹɘəŰɨɞɡ 20 əɧɛɓɤɜ 

Node 1

Node 2

Node 3

Node 4 Node 5

Node 6

Node 7

Node 8

Node 9

Node 10

Node 11

Node 12
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ɇɩɟŬ, ɛˊɞɟɞɨɛŮ ɜŬ ŮəűɟɎůɞɡɛŮ əŬɘ Űɞɜ ˊɑɜŬəŬ ɔŮɘŰɜɑŬůɖɠ Űɤɜ ɛɞɜɎŭɤɜ, ɤɠ: 
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ȷˊɧ ŬɡŰɧɜ ˊɟɞəɨˊŰŮɘ əŬɘ ɞ ȿŬˊɚŬůɘŬɜɧɠ ˊɑɜŬəŬɠ, ůɨɛűɤɜŬ ɛŮ ɧůŬ ɏɢɞɡɛŮ ɐŭɖ 

ˊŮɟɘɔɟɎɣŮɘ, ɤɠ: 
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ɇŮɚɘəɎ, ɛˊɞɟɞɨɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ əŬɘ Űɞɜ ˊɑɜŬəŬ Ὠ ˊɞɡ ɢɟŮɘŬɕɧɛŬůŰŮ ɔɘŬ Űɖɜ 

ŬˊɞəŮɜŰɟɤɛɏɜɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȷɡŰɧɠ ɗŬ ŮɑɜŬɘ 
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ȸɚɏˊɞɡɛŮ ɧŰɘ ɞ ˊɑɜŬəŬɠ Ὠ ˊŮɟɘɏɢŮɘ ɓɎɟɖ ɛɧɜɞ ůŰɘɠ ɗɏůŮɘɠ ɧˊɞɡ ɞɘ ɔŮɜɜɐŰɟɘŮɠ 

Ůˊɘəɞɘɜɤɜɞɨɜ əŬɘ ɏŰůɘ əŬŰɎ Űɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɗŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɛɧɜɞ ɞɘ 

Űɞˊɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ əɎɗŮ ɔɟŬɛɛɐ Űɞɡ ˊɑɜŬəŬ  Ὠ 

ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɛŮ ɛɑŬ ůŰɐɚɖ Űɞɡ ˊɑɜŬəŬ ‗ ůŰɖɜ ůɢɏůɖ (4.10) ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ 

ɞɟɘŬəɞɨ əɧůŰɞɡɠ əɎɗŮ ɛɞɜɎŭŬɠ ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ. ȷəɧɛŬ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɞ ɎɗɟɞɘůɛŬ 

əɎɗŮ ɔɟŬɛɛɐɠ, ɧˊɤɠ ɏɢɞɡɛŮ ɐŭɖ ŬɜŬűɏɟŮɘ, ɘůɞɨŰŬɘ ɛŮ Űɖ ɛɞɜɎŭŬ.  

ȷəɧɛŬ ˊɟɏˊŮɘ ɜŬ ɔɜɤɟɑɕɞɡɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɞɘɢŮɑŬ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ ˊɞɡ 

ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ. ȰůŰɤ ɧŰɘ ɞɘ ɔŮɜɜɐŰɟɘɏɠ ɛŬɠ ɏɢɞɡɜ ůɡɜŰŮɚŮůŰɏɠ əɧůŰɞɡɠ ɞɘ 

ɞˊɞɑɞɘ ŮəűɟɎɕɞɜŰŬɘ ɛɏůɤ Űɤɜ ˊŬɟŬəɎŰɤ ˊɘɜɎəɤɜ əŬɘ ŮˊɘɚɏɢɗɖəŬɜ ŰɡɢŬɑŬ ɛŮ ɔɜɩɛɞɜŬ Űɞ 

ůɨɜɖɗŮɠ Ůɨɟɞɠ ŬɡŰɩɜ.[13]  
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ȷəɧɛŬ, ŬˊŬɟŬɑŰɖŰŬ ŮɑɜŬɘ əŬɘ ŰŬ ɧɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ, ŰŬ ɞˊɞɑŬ ɗŬ 

ŮəűɟɎůɞɡɛŮ ˊɎɚɘ ɛɏůɤ ˊɘɜɎəɤɜ. ȰůŰɤ ɧŰɘ ŮɑɜŬɘ: 
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ȷɡŰɎ ŮəűɟɎɕɞɡɜ ŰŬ ŭɡɜŬŰɎ ɧɟɘŬ ˊŬɟŬɔɤɔɐɠ ɘůɢɨɞɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ əŬɘ ŮɑɜŬɘ ůŮ MW. 

 

ȰɢɞɜŰŬɠ ɞɟɑůŮɘ ŰŬ ˊŬɟŬˊɎɜɤ, ɛˊɞɟɞɨɛŮ ɩɟŬ ɜŬ ŭɞɨɛŮ ŬɜŬɚɡŰɘəɎ ˊɤɠ ŮˊɘɚɨŮɘ ɞ əɎɗŮ 

Ŭɚɔɧɟɘɗɛɞɠ Űɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ. 
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5.2.1 ũɟŬɛɛɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ (Linear Algorithm) 

 

Ƀ ɔɟŬɛɛɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ŬˊɞŰŮɚŮɑ Ŭəɟɘɓɩɠ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ůŰɖɜ 

ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ. ɃɜɞɛɎɕŮŰŬɘ ɔɟŬɛɛɘəɧɠ ɔɘŬŰɑ ɞ əŬɜɧɜŬɠ ŬɜŬɜɏɤůɖɠ Űɞɡ ɞɟɘŬəɞɨ 

əɧůŰɞɡɠ ŮəűɟɎɕŮŰŬɘ ɤɠ ɔɟŬɛɛɘəɐ ůɢɏůɖ ɤɠ ˊɟɞɠ ŰŬ ɞɟɘŬəɎ əɧůŰɖ Űɤɜ ɔŮɘŰɧɜɤɜ, ɛɏůɤ Űɖɠ 

ůɢɏůɖɠ (4.10), ŭɖɚŬŭɐ: 

 

‗Ὧ ρ Ὠ‗Ὧ ‐ὈὖὯ 

 

əŬɘ Űɞ power mismatch ɗŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ (4.9): 
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ɀŮ ŬɡŰɐ Űɖɜ ɡɚɞˊɞɑɖůɖ ˊɟɞəɨˊŰŮɘ ɖ ˊŬɟŬəɎŰɤ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ: 
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ɧˊɞɡ Űɞ ὖ  ŮəűɟɎɕŮŰŬɘ ůŮ MW. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ Ůŭɩ ɧŰɘ ɞɘ ɔŮɜɜɐŰɟɘŮɠ 4, 9 əŬɘ 12 ɏɢɞɡɜ 

əŬŰŬɚɐɝŮɘ ůŰŬ Ɏɜɤ ŮˊɘŰɟŮˊŰɎ ɧɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ. 

 

ȾŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ əŬɘ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ˊɟɞəɨˊŰɞɡɜ ŰŬ 

ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ, Űɞ ɞɟɘŬəɧ əɧůŰɞɠ əŬɘ Űɞ power 

mismatch əɎɗŮ əɧɛɓɞɡ. ȳˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ ůŮ ŬɡŰɎ, ɞɡůɘŬůŰɘəɎ ɛŮŰɎ Űɖɜ ŮəŬŰɞůŰɐ 

ŮˊŬɜɎɚɖɣɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ůŰɖɜ Űɘɛɐ 8,4646ú/MWh, ɛŮ Űɖɜ 

ˊŬɟŬˊɎɜɤ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ. ȷəɧɛŬ, ɓɚɏˊɞɡɛŮ ɧŰɘ ŭŮɜ ɏɢɞɡɛŮ ɏɜŰɞɜŬ 

űŬɘɜɧɛŮɜŬ ŰŬɚɎɜŰɤůɖɠ Űɤɜ Űɘɛɩɜ ˊɞɡ ɡˊɞɚɞɔɑɕɞɡɛŮ əŬɘ ŰŮɚɘəɎ ɖ ɚɨůɖ ˊɟɞůŮɔɔɑɕŮŰŬɘ 

ɞɛŬɚɎ. ɇɏɚɞɠ, Űɞ power mismatch əɎɗŮ əɧɛɓɞɡ ůɡɔəɚɑɜŮɘ ůŰɞ ɛɖŭɏɜ, ɧˊɤɠ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ 

Űɖɜ əɎɚɡɣɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ. 
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ɆɢɐɛŬ 5.3: ɃɟɘŬəɧ ȾɧůŰɞɠ 

 
ɆɢɐɛŬ 5.4: ȾŬŰŬɜɞɛɐ ɄŬɟŬɔɤɔɐɠ ůŰɘɠ ɀɞɜɎŭŮɠ 
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ɆɢɐɛŬ 5.5: Power Mismatch Ⱦɧɛɓɤɜ 

ɇɩɟŬ, ɛˊɞɟɞɨɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ ɛɏůɤ 

Űɤɜ ůɡɜŬɟŰɐůŮɤɜ əɧůŰɞɡɠ əɎɗŮ ɔŮɜɜɐŰɟɘŬɠ ɤɠ ὅ Вὅ ςχσχΌȾὬ. 

 

ɇɏɚɞɠ, Űɞ ɞɚɘəɧ power mismatch Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ ɛɏůɤ Űɞɡ Űɨˊɞɡ:  
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ȰŰůɘ ůŰɖɜ ˊŮɟɑˊŰɤůɐ ɛŬɠ ɏɢɞɡɛŮ ɏɜŬ power mismatch Űɖɠ ŰɎɝŮɤɠ Űɞɡ 1,7%. 

5.2.2 ȷɚɔɧɟɘɗɛɞɠ Kuramoto (Kuramoto Algorithm ) 

 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŬɡŰɧɠ ɓŬůɑɕŮŰŬɘ ůŰɞ ɛɞɜŰɏɚɞ ˊɞɡ ŬɜɏˊŰɡɝŮ ɞ Yoshiki Kuramoto ɔɘŬ Űɞɜ 

ůɡɔɢɟɞɜɘůɛɧ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ ɢɟɐůɖ ůɡɕŮɡɔɛɏɜɤɜ ŰŬɚŬɜŰɤŰɩɜ, 

ɞ əŬɗɏɜŬɠ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ɚŮɘŰɞɡɟɔŮɑ ůŮ ɛɑŬ űɡůɘəɐ ůɡɢɜɧŰɖŰŬ ȼ Ůɝɏɚɘɝɖ ŬɡŰɩɜ Űɤɜ . 

ŰŬɚŬɜŰɤŰɩɜ ˊŮɟɘɔɟɎűŮŰŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ Ŭəɧɚɞɡɗɤɜ ŭɘŬűɞɟɘəɩɜ ŮɝɘůɩůŮɤɜ[24]: 
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ɧˊɞɡ —ὸ ŮɑɜŬɘ ɖ ˊŬɟɞɨůŬ əŬŰɎůŰŬůɖ Űɞɡ Ὥ-ɞůŰɞɨ ŰŬɚŬɜŰɤŰɐ əŬɘ  —π. Ƀɘ 

ůɡɜŰŮɚŮůŰɏɠ ὥ  ŮəűɟɎɕɞɡɜ Űɖɜ ůɨɕŮɡɝɖ Űɤɜ ŰŬɚŬɜŰɤŰɩɜ Ὥ əŬɘ Ὦ ɛŮŰŬɝɨ Űɞɡɠ. ɀŮ Űɖ ɢɟɐůɖ 

ŬɡŰɐɠ Űɖɠ ůɢɏůɖɠ ɛˊɞɟŮɑ ŰŮɚɘəɎ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ůɡɔɢɟɞɜɘůɛɧɠ ɧɚɤɜ Űɤɜ ŰŬɚŬɜŰɤŰɩɜ ůŮ ɛɑŬ 

əɞɘɜɐ Űɘɛɐ ůɡɢɜɧŰɖŰŬɠ ɑůɖ ɛŮ Űɞ ůŰŬɗɛɘůɛɏɜɞ ɛɏůɞ ɧɟɞ Űɞɜ ɛŮŰŬɓɚɖŰɩɜ əŬŰɎůŰŬůɖɠ, ɢɤɟɑɠ 

Űɖɜ ŬɜɎɔəɖ əɏɜŰɟɞɡ Ůɚɏɔɢɞɡ. ȰŰůɘ, Ŭɜ ɗŮɤɟɐůɞɡɛŮ ɤɠ Űɖɜ ɡˊɧ ɛŮɚɏŰɖ ɛŮŰŬɓɚɖŰɐ Űɞ ɞɟɘŬəɧ 

əɧůŰɞɠ ‗ ŬɜŰɑ ɔɘŬ Űɖ ůɡɢɜɧŰɖŰŬ, ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ˊɟɞůŬɟɛɧůɞɡɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ 

ůŰɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ɛŮɚŮŰɎɛŮ. 

ũɘŬ ɜŬ əɎɜɞɡɛŮ ɢɟɐůɖ ɧɛɤɠ Űɖɠ ůɢɏůɖɠ ůŰɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ɛŬɠ ŭɘŬŭɘəŬůɑŬɠ ɗŬ ˊɟɏˊŮɘ 

Ŭˊɧ Űɞ ůɡɜŮɢɐ ɢɟɧɜɞ ɜŬ Űɖɜ ɛŮŰŬŰɟɏɣɞɡɛŮ ůŮ ůɢɏůɖ ŭɘŬəɟɘŰɞɨ ɢɟɧɜɞɡ. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

ŬɡŰɧ ɗŬ əɎɜɞɡɛŮ ɢɟɐůɖ Űɞɡ əŬɜɧɜŬ Euler ɔɘŬ ɛŮŰŬŰɟɞˊɐ Ŭˊɧ ůɡɜŮɢɐ ůŰɞ ŭɘŬəɟɘŰɧ ɢɟɧɜɞ. 

[25] ɆɨɛűɤɜŬ ɛŮ ŬɡŰɧɜ ɘůɢɨŮɘ: 

 

ὼᴼ
ὼὯ ρ ὼὯ

Ὕ
 υȢφ 

 

ȺűŬɟɛɧɕɞɜŰŬɠ ɚɞɘˊɧɜ ŬɡŰɧɜ ůŰɞɜ əŬɜɧɜŬ ŬɡŰɧ ůŰɖɜ (5.5), ɗŮɤɟɩɜŰŬɠ ŰɩɟŬ ɤɠ 

ɛŮŰŬɓɚɖŰɐ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ, ŰɧŰŮ ɞ əŬɜɧɜŬɠ ŬɜŬɜɏɤůɖɠ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ˊɟɞəɨˊŰŮɘ ɤɠ 

ɛɑŬ ůɢɏůɖ ɖɛɘŰɞɜɞŮɘŭɐɠ ɛɞɟűɐɠ ɤɠ ˊɟɞɠ ŰŬ ɞɟɘŬəɎ əɧůŰɖ Űɤɜ ɔŮɘŰɧɜɤɜ əŬɘ Űɖɠ ŮəɎůŰɞŰŮ 

ɛɞɜɎŭŬɠ Űɖɠ ɛɞɟűɐɠ: 

 

‗Ὧ ρ ὨÓÉÎ ‗Ὧ ‗Ὧ ‗Ὧ ‐ὈὖὯ υȢχ 

 

əŬɘ ŬɜŰɑůŰɞɘɢŬ ɖ ɏəűɟŬůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ power mismatch ɔɑɜŮŰŬɘ: 

 

ὈὖὯ ρ ὨÓÉÎ ὈὖὯ ὈὖὯ ὈὖὯ ὖὯ ρ ὖὯ  υȢψ 

 

ɀŮ ŬɡŰɐ Űɖɜ ɡɚɞˊɞɑɖůɖ, ɞ Ŭɚɔɧɟɘɗɛɞɠ əŬŰŬɚɐɔŮɘ ůŰɖɜ ˊŬɟŬəɎŰɤ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ: 
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ȷɜŰɑůŰɞɘɢŬ ɛŮ ˊɟɘɜ, ˊɟɞəɨˊŰɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ 

űɞɟŰɑɞɡ, Űɞ ɞɟɘŬəɧ əɧůŰɞɠ əŬɘ Űɞ power mismatch əɎɗŮ əɧɛɓɞɡ. ɆŮ ŬɡŰɐ Űɖɜ ɡɚɞˊɞɑɖůɖ ɖ 

ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮŰɎ Űɖɜ 60
ůŰɖ

 ˊŮɟɑˊɞɡ ŮˊŬɜɎɚɖɣɖ ůŰɖɜ Űɘɛɐ 

8,489ú/MWh, ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ. ɇɏɚɞɠ, Űɞ power 

mismatch əɎɗŮ əɧɛɓɞɡ ɓɚɏˊɞɡɛŮ ɧŰɘ ůɡɔəɚɑɜŮɘ ˊɎɚɘ ůŰɞ ɛɖŭɏɜ, ɞˊɧŰŮ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əɎɚɡɣɖ 

Űɖɠ ˊŬɟŬɔɤɔɐɠ. 

 
ɆɢɐɛŬ 5.6: ɃɟɘŬəɧ ȾɧůŰɞɠ 

 
ɆɢɐɛŬ 5.7: ȾŬŰŬɜɞɛɐ ɄŬɟŬɔɤɔɐɠ ůŰɘɠ ɀɞɜɎŭŮɠ 
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ɆɢɐɛŬ 5.8: Power Mismatch Ⱦɧɛɓɤɜ 

ȷɜŰɑůŰɞɘɢŬ, Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ˊɟɞəɨˊŰŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ: 

ὅ Вὅ ρωρρςΌȾὬ. 

ɇɏɚɞɠ, Űɞ ɞɚɘəɧ power mismatch Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ŰɩɟŬ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ (5.4) 

Űɖɠ ŰɎɝŮɤɠ Űɞɡ 0,5%. 

5.2.3 ɀɖ ũɟŬɛɛɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ (Non-Linear Algorithm)  

 

Ƀ ɛɖ ɔɟŬɛɛɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ŬɜŬˊŰɨɢɗɖəŮ ŭɞəɘɛɎɕɞɜŰŬɠ ˊɤɠ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛɘŬɠ ɛɖ ɔɟŬɛɛɘəɐɠ ůɢɏůɖɠ ɔɘŬ Űɞɜ əŬɜɧɜŬ ŬɜŬɜɏɤůɖɠ Űɞɡ 

ɞɟɘŬəɞɨ əɧůŰɞɡɠ. ŪŮɤɟɐůŬɛŮ ɏɜŬɜ əŬɜɧɜŬ ŬɜŬɜɏɤůɖɠ ɞ ɞˊɞɑɞɠ ŮəűɟɎɕŮŰŬɘ ɛŮ ɢɟɐůɖ 

ŮəɗŮŰɘəɩɜ ɧɟɤɜ ɤɠ ˊɟɞɠ ŰŬ ɞɟɘŬəɎ əɧůŰɖ Űɤɜ ɔŮɘŰɧɜɤɜ əŬɘ Űɖɠ ŮəɎůŰɞŰŮ ɛɞɜɎŭŬɠ, əŬɗɩɠ 

ůŰɖɜ ŮɟɔŬůɑŬ Űɤɜ V. Loia əŬɘ A. Vaccaro [9] ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɑŬ ŮəɗŮŰɘəɐ ůɡɜɎɟŰɖůɖ ɔɘŬ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ůɡɜŬɑɜŮůɖɠ. ȴůŰŮɟŬ Ŭˊɧ ŭɞəɘɛɏɠ, əŬŰŬɚɐɝŬɛŮ ůŰɞɜ ˊŬɟŬəɎŰɤ Űɨˊɞ 

ŬɜŬɜɏɤůɖɠ: 

 

‗Ὧ ρ Ὠ Ὡὼὴ‗Ὧ ‗Ὧ ρȾὩὼὴ‗Ὧ ‗Ὧ ρ ‐ὈὖὯ υȢω 

 

əŬɘ ŬɜŰɑůŰɞɘɢŬ ɖ ɏəűɟŬůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ power mismatch ɗŬ ŮɑɜŬɘ: 

 

ὈὖὯ ρ Ὠ ὩὼὴὈὖὯ ὈὖὯ ρȾὩὼὴὈὖὯ ὈὖὯ ρ
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ɀŮ ŬɡŰɐ Űɖɜ ɡɚɞˊɞɑɖůɖ ˊɟɞəɨˊŰŮɘ ɖ ˊŬɟŬəɎŰɤ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ: 
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ɧˊɞɡ Űɞ ὖ  ŮəűɟɎɕŮŰŬɘ ůŮ MW. 

 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ, 

Űɞ ɞɟɘŬəɧ əɧůŰɞɠ əŬɘ Űɞ power mismatch əɎɗŮ əɧɛɓɞɡ űŬɑɜɞɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ. ȼ ůɨɔəɚɘůɖ 

Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮŰɎ Űɖɜ 120
ůŰɖ

 ŮˊŬɜɎɚɖɣɖ ůŰɖɜ Űɘɛɐ 8,4886ú/MWh, ɛŮ 

Űɖɜ ˊŬɟŬˊɎɜɤ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ əŬɘ Űɞ power mismatch əɎɗŮ əɧɛɓɞɡ 

ůɡɔəɚɑɜŮɘ ˊɎɚɘ ůŰɞ ɛɖŭɏɜ, ɞˊɧŰŮ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ əɎɚɡɣɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ. 

 
ɆɢɐɛŬ 5.9: ɃɟɘŬəɧ ȾɧůŰɞɠ 
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ɆɢɐɛŬ 5.10: ȾŬŰŬɜɞɛɐ ɄŬɟŬɔɤɔɐɠ ůŰɘɠ ɀɞɜɎŭŮɠ 

 
ɆɢɐɛŬ 5.11: Power Mismatch Ⱦɧɛɓɤɜ 
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ɇɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɟɞəɨˊŰŮɘ: 

ὅ Вὅ ρωρπφΌȾὬ. 

 

ɇɏɚɞɠ, Űɞ ɞɚɘəɧ power mismatch Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ŰɩɟŬ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ (5.4) 

Űɖɠ ŰɎɝŮɤɠ Űɞɡ 0,5%. 

5.2.4 Ɇɨɔəɟɘůɖ ȷɚɔɞɟɑɗɛɤɜ 

 

ũɘŬ ɜŬ ŭɞɨɛŮ əŬŰɎ ˊɧůɞ ɞɘ ɡɚɞˊɞɘɐůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐůŬɛŮ ˊɟɞůŮɔɔɑɕɞɡɜ Űɖ ɚɨůɖ 

ˊɞɡ ɗŬ ˊɟɞɏəɡˊŰŮ Ŭɜ ɚɨɜŬɛŮ Űɞ ˊɟɧɓɚɖɛŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɤɠ ŰɩɟŬ ɔɜɤůŰɐ əŮɜŰɟɘəɐ 

ɛŮɗɞŭɞɚɞɔɑŬ, ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɖ ůɡɜɎɟŰɖůɖ quadprog. ȷɡŰɐ ŬˊɞŰŮɚŮɑ ɛɑŬ ůɡɜɎɟŰɖůɖ 

Űɞɡ MATLAB, ɖ ɞˊɞɑŬ ŮəŰŮɚŮɑ əŮɜŰɟɘəɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŰŮŰɟŬɔɤɜɘəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ ɐ ɛŮɔɘůŰɞˊɞɑɖůɖɠ ɛɘŬɠ 

ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ. ŪɏŰɞɜŰŬɠ ɤɠ Ůɘůɧŭɞɡɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ Űɖ ŭɘəɐ ɛŬɠ 

ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ əŬɘ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɧɠ ɛŬɠ, ɗŬ ɛˊɞɟɏůŮɘ ɜŬ ɛŬɠ 

ŭɩůŮɘ Űɖ ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ ɛŮɚŮŰɎɛŮ.  

ɆɡɔəŮɜŰɟɤŰɘəɎ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɔɘŬ Űɞ ˊŬɟŬˊɎɜɤ ŭɑəŰɡɞ ɔɘŬ Űɖɜ 

ˊŬɟŬɔɤɔɐ Űɤɜ ɛɞɜɎŭɤɜ ɛɏůɤ Űɖɠ quadprog əŬɘ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ɡɚɞˊɞɘɐůŬɛŮ, əŬɗɩɠ 

əŬɘ ɞ ŬˊŬɘŰɞɨɛŮɜɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɞɜ ŰŮɟɛŬŰɘůɛɧ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ.: 

 

ɄŬɟŬɔɤɔɐ ũŮɜɜɖŰɟɘɩɜ (MW)  

ũŮɜɜɐŰɟɘŬ quadprog ũɟŬɛɛɘəɧɠ Kuramoto  ɀɖ ũɟŬɛɛɘəɧɠ 

1 234,0224 229,6655 235,4693 235,3706 

2 100,3456 95,9546 102,3687 102,2596 

3 80,2135 77,7965 81,2807 81,2216 

4 225 225 225 225 

5 100,67 96,9064 99,8788 99,8282 

6 293,4559 288,2281 294,5494 294,4422 

7 191,976 186,95 192,4869 192,3927 

8 69,1544 66,8493 70,4313 70,3703 

9 200 200 200 200 

10 79,1916 78,8016 81,9264 81,8732 

11 175,9706 170,1539 176,9330 176,8181 

12 250 250 250 250 
ɄɑɜŬəŬɠ 1: ɄŬɟŬɔɤɔɐ ũŮɜɜɖŰɟɘɩɜ 

 quadprog ũɟŬɛɛɘəɧɠ Kuramoto  ɀɖ ũɟŬɛɛɘəɧɠ 

ȺˊŬɜŬɚɐɣŮɘɠ - 152 119 243 

ȿɎɛŭŬ 8,1237 8,4646 8,489 8,4886 
ɄɑɜŬəŬɠ 2: ȷˊŬɘŰɞɨɛŮɜŮɠ ȺˊŬɜŬɚɐɣŮɘɠ - ȿɎɛŭŬ 

ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ɛŮɚɏŰɖ ɛˊɞɟɞɨɛŮ ɜŬ ůɡɛˊŮɟɎɜɞɡɛŮ ɧŰɘ əŬɘ ɞɘ 3 Űɟɧˊɞɘ ˊɟɞůŮɔɔɑɕɞɡɜ 

Űɖ ɚɨůɖ ɛŮ ŬɟəŮŰɎ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ əŬɘ ˊɟɞəɨˊŰŮɘ ɏɜŬ ɘəŬɜɞˊɞɘɖŰɘəɎ ɛɘəɟɧ power mismatch 

ůŰɞ ŭɑəŰɡɞ. ȷˊɧ Űɞɡɠ 3 ŬɡŰɧɠ ɛŮ Űɘɠ ˊɘɞ ɞɛŬɚɏɠ ɛŮŰŬɓɞɚɏɠ ŮɑɜŬɘ ɞ ɛɖ ɔɟŬɛɛɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ, 

Ůɜɩ ɛŮ Űɘɠ ˊɘɞ ɏɜŰɞɜŮɠ ŮɑɜŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Kuramoto. ȷəɧɛŬ, ŬɡŰɧɠ ˊɞɡ ŬˊŬɘŰŮɑ Űɞ 

ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɖ ůɨɔəɚɘůɖ ŮɑɜŬɘ ɞ ɛɖ ɔɟŬɛɛɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ. 
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ɄŬɟŬəɎŰɤ ɓɚɏˊɞɡɛŮ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ůűŬɚɛɎŰɤɜ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ. ɇɞ ɛɘəɟɧŰŮɟɞ 

ůűɎɚɛŬ ůŰɖɜ əɎɚɡɣɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɞ ˊŬɟɞɡůɘɎɕŮɘ ɞ ɛɖ ɔɟŬɛɛɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ. 

 

ɆɢŮŰɘəɎ ɆűɎɚɛŬŰŬ (%) 

ũŮɜɜɐŰɟɘŬ ũɟŬɛɛɘəɧɠ Kuramoto  ɀɖ ũɟŬɛɛɘəɧɠ 

1 -1,86% 0,62% 0,58% 

2 -4,38% 2,02% 1,91% 

3 -3,01% 1,33% 1,26% 

4 0,00% 0,00% 0,00% 

5 -3,74% -0,79% -0,84% 

6 -1,78% 0,37% 0,34% 

7 -2,62% 0,27% 0,22% 

8 -3,33% 1,85% 1,76% 

9 0,00% 0,00% 0,00% 

10 -0,49% 3,45% 3,39% 

11 -3,31% 0,55% 0,48% 

12 0,00% 0,00% 0,00% 

Ɇɨɜɞɚɞ -1,68% 0,52% 0,48% 
ɄɑɜŬəŬɠ 3:ɆɢŮŰɘəɎ ɆűɎɚɛŬŰŬ 

5.3 ɀŮɚɏŰɖ ɄɟɞɓɚɐɛŬŰɞɠ ɀŮ ȷˊɩɚŮɘŮɠ ɀŮŰŬűɞɟɎɠ 

 

ũɘŬ ɜŬ ɔɑɜŮɘ ŬəɟɘɓɏůŰŮɟɖ ɛŮɚɏŰɖ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ űɞɟŰɑɞɡ, ŮɑɜŬɘ ŬɜɎɔəɖ 

ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬűɞɟɎɠ, ɛɘŬɠ əŬɘ ɞɘ ɛɞɜɎŭŮɠ 

əŬɚɞɨɜŰŬɘ ɜŬ əŬɚɨɣɞɡɜ əŬɘ ŬɡŰɏɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɏɢɞɡɛŮ ůɤůŰɧ ɘůɞɕɨɔɘɞ ɘůɢɨɞɠ. ȰŰůɘ, 

ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ (3.17) ɗŬ ˊɟɏˊŮɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ɛɞɜɎŭɤɜ ɜŬ ɘůɢɨŮɘ: 

ὖ ὖ ὖ π 

ȳˊɤɠ ŬɜŬɚɨɗɖəŮ əŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 3.4 ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ, ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ 

Űɟɧˊɞɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬˊɤɚŮɘɩɜ Űɤɜ ɔɟŬɛɛɩɜ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡɠ ɔɑɜŮŰŬɘ 

əŬŰŬɜŮɛɖɛɏɜŬ, Ůűɧůɞɜ ɔɘŬ ŬɡŰɧɜ ŬˊŬɘŰŮɑŰŬɘ ɛɧɜɞ Űɞˊɘəɐ ɔɜɩůɖ Űɤɜ ɔɟŬɛɛɩɜ əŬɘ Űɤɜ 

ɛɞɜɎŭɤɜ ůŰɘɠ ɞˊɞɑŮɠ əŬŰŬɚɐɔɞɡɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɞɘ ŬˊɩɚŮɘŮɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛɏůɤ 

Űɖɠ ɢɟɐůɖɠ Űɞɡ MATPOWER əŬɘ Űɖɠ ŭɡɜŬŰɧŰɖŰɎɠ Űɞɡ ɔɘŬ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɟɞɐɠ űɞɟŰɑɞɡ 

ůŰɘɠ ɔɟŬɛɛɏɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɤɜ ŬˊɤɚŮɘɩɜ. ȷɡŰɏɠ Űɘɠ Űɘɛɏɠ Űɘɠ ŬˊɞɗɖəŮɨɞɡɛŮ ůŮ ɏɜŬɜ 

ŰŮŰɟŬɔɤɜɘəɧ ˊɑɜŬəŬ ὖ ŭɘŬůŰɎůŮɤɜ nxn, ɧˊɞɡ n ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɛɞɜɎŭɤɜ ůŰɞ ůɨůŰɖɛŬ. ɇŬ 

ůŰɞɘɢŮɑŬ Űɞɡ ˊɑɜŬəŬ ŬɡŰɞɨ ɗŬ ŮɑɜŬɘ 0 ůŰɖ ɗɏůɖ (i,j) ɧŰŬɜ ŰŬ ůŰɞɘɢŮɑŬ i,j ŭŮɜ Ůˊɘəɞɘɜɤɜɞɨɜ, 

Ŭɚɚɘɩɠ ɗŬ ˊŮɟɘɏɢɞɡɜ Űɘɠ ŬˊɩɚŮɘŮɠ Űɖɠ ɔɟŬɛɛɐɠ ˊɞɡ ŰŬ ŭɘŬůɡɜŭɏŮɘ. ȰŰůɘ, ŰɩɟŬ Űɞ ɎɗɟɞɘůɛŬ 

əɎɗŮ ɔɟŬɛɛɐɠ ˊŮɟɘɏɢŮɘ Űɞ ˊɞůɧ Űɤɜ ŬˊɤɚŮɘɩɜ ůŰɘɠ ɔɟŬɛɛɏɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰɞɜ ŬɜŰɑůŰɞɘɢɞ 

əɧɛɓɞ əŬɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ůŰɞɘɢŮɑɤɜ Ɏɜɤ ɐ ŬɜŰɑůŰɞɘɢŬ əɎŰɤ Űɖɠ ŭɘŬɔɤɜɑɞɡ Űɞɡ ˊɑɜŬəŬ 

ɘůɞɨŰŬɘ ɛŮ Űɞ ůɨɜɞɚɞ Űɤɜ ŬˊɤɚŮɘɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɤɜ ɛŮɔŮɗɩɜ ɛŬɠ ˊɟɏˊŮɘ ɜŬ 

ŮɘůŬɢɗɞɨɜ ůŰɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ. ȷɡŰɧ ɗŬ ɔɑɜŮɘ ŮɜůɤɛŬŰɩɜɞɜŰŬɠ Űɘɠ ŬˊɩɚŮɘŮɠ Űɤɜ 

ɔɟŬɛɛɩɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŮ əɎɗŮ əɧɛɓɞ ůŰɞ power mismatch Űɞɡ. ȰŰůɘ, ůɡɛɛŮŰɏɢɞɡɜ ŰɩɟŬ 

ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ůɡɜŬɑɜŮůɖɠ ɧɚɞɘ ɞɘ əɧɛɓɞɘ Űɞɡ ŭɘəŰɨɞɡ, əŬɘ ɧɢɘ ɛɧɜɞ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ, 
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ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɜŰɑůŰɞɘɢɞɡɠ ŮɚŮɔəŰɏɠ, ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘəɞɘɜɤɜɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ ɔɘŬ 

Űɞɜ əŬŰŬɜŮɛɖɛɏɜɞ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬˊɤɚŮɘɩɜ. ȰŰůɘ ɖ Ŭɟɢɘəɞˊɞɑɖůɖ ŬɡŰɞɨ əŬŰɎ Űɖɜ ɏɜŬɟɝɖ 

Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɗŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ [23]: 

 

ῳὖπ ὖ π ὖ ὖ π υȢρρ 

ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ, ɖ ˊŬɟŬɔɤɔɐ ɗŬ ˊɟɞůˊŬɗɐůŮɘ ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮɝŬɚŮɑɣŮɘ Űɖɜ ŭɘŬűɞɟɎ ɘůɢɨɞɠ ȹP əŬɘ ŰŮɚɘəɎ ɗŬ əŬɚɨɣŮɘ əŬɘ Űɘɠ ŬˊɩɚŮɘŮɠ. ȳɛɤɠ Űɞ ŭɑəŰɡɞ 

ˊŮɟɘɏɢŮɘ əŬɘ ɕɡɔɞɨɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŭŮɜ ɡˊɎɟɢɞɡɜ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ɏŰůɘ ŬɡŰɞɑ ɞɘ ɕɡɔɞɑ 

ŭŮ ůɡɛɛŮŰɏɢɞɡɜ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ. ȰŰůɘ, ɔɘŬ Űɘɠ ŬˊɩɚŮɘŮɠ Űɤɜ 

ɔɟŬɛɛɩɜ ˊɞɡ ŭŮ ůɡɜŭɏɞɜŰŬɘ ɛŮ əɎˊɞɘŬ ɛɞɜɎŭŬ, ɗŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ əŬɜɞɜɘəɎ ůŰɞɡɠ 

ŬɜŰɑůŰɞɘɢɞɡɠ ɕɡɔɞɨɠ ɞɘ ɞˊɞɑɞɘ ɗŬ ɏɢɞɡɜ əŬɘ ŮəŮɑɜɞɘ ɏɜŬ ůɨůŰɖɛŬ ŮˊɘəɞɘɜɤɜɑŬɠ əŬɘ ɗŬ 

ůŰɏɚɜɞɡɜ Űɘɠ ŭɘəɏɠ Űɞɡɠ Űɘɛɏɠ ŬɜŰɑůŰɞɘɢŬ ůŰɞɡɠ ɔŮɘŰɞɜɘəɞɨɠ əɧɛɓɞɡɠ, ɔɘŬ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ 

ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ. 

ȹɘŬŰɖɟɩɜŰŬɠ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ŭɘəŰɨɞɡ ˊɞɡ ɛŮɚŮŰɐůŬɛŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ, Űɞ 

ŭɑəŰɡɞ əŬɚŮɑŰŬɘ ɜŬ əŬɚɨɣŮɘ ˊɎɚɘ ɏɜŬ ůɡɜɞɚɘəɧ űɞɟŰɑɞ Űɖɠ ŰɎɝŮɤɠ Űɤɜ ὖ ςπππὓὡ əŬɘ 

Űɘɠ ŬˊɩɚŮɘŮɠ. ȷəɧɛŬ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɤɜ ɔɟŬɛɛɩɜ əŬɘ ɔɘŬ Űɖ ŭŮŭɞɛɏɜɖ ˊŬɟŬɔɤɔɐ ˊɟɞəɨˊŰŮɘ 

ɞ ˊɑɜŬəŬɠ ŬˊɤɚŮɘɩɜ, ɛŮ ůɡɜɞɚɘəɏɠ ŬˊɩɚŮɘŮɠ ŭɘəŰɨɞɡ ὖ ρρȟωυὓὡ ɞɘ ɞˊɞɑŮɠ ɗŬ ˊɟɏˊŮɘ 

ɜŬ əŬɚɡűɗɞɨɜ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ. ȷɠ ŭɞɨɛŮ ŬɜŬɚɡŰɘəɎ ˊɤɠ ŮˊɘɚɨŮɘ ɞ əɎɗŮ Ŭɚɔɧɟɘɗɛɞɠ, ŬɡŰɧ 

Űɞ ˊɘɞ ˊɚɐɟŮɠ ˊɟɧɓɚɖɛŬ. 

5.3.1 ũɟŬɛɛɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ (Linear Algorithm) 

 

ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ɧˊɞɡ ŬɛŮɚɐůŬɛŮ Űɘɠ ŬˊɩɚŮɘŮɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŰɩɟŬ 

əŬŰŬɚɐɔŮɘ ůŰɖɜ ˊŬɟŬəɎŰɤ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ: 
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ɧˊɞɡ Űɞ ὖ  ŮəűɟɎɕŮŰŬɘ ůŮ MW. ɆɡɔəɟɑɜɞɜŰŬɠ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɐɟŬɛŮ Ŭˊɧ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ ŬɛŮɚɩɜŰŬɠ Űɘɠ ŬˊɩɚŮɘŮɠ, ɛˊɞɟɞɨɛŮ ŮɨəɞɚŬ ɜŬ ŭɞɨɛŮ ɧŰɘ ɖ ˊŬɟŬɔɤɔɐ əɎɗŮ 

ɛɞɜɎŭŬɠ ɏɢŮɘ ŬɡɝɖɗŮɑ ɚɑɔɞ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬɚɡűɗɞɨɜ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ əŬɘ ɞɘ 

ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ. 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ, Űɞ ɞɟɘŬəɧ əɧůŰɞɠ əŬɘ Űɞ power 

mismatch əɎɗŮ əɧɛɓɞɡ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ. ȺˊɘŰɡɔɢɎɜŮŰŬɘ 

ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ůŰɖɜ Űɘɛɐ 8,479ú/MWh, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɚɑɔɞ ˊɘɞ Ŭɡɝɖɛɏɜɖ ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ ŬˊɩɚŮɘŮɠ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɚɞɔɘəɧ ɚɧɔɤ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ 
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ˊŬɟŬɔɤɔɐɠ Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ůɨůŰɖɛŬ ɗŬ ɚŮɘŰɞɡɟɔŮɑ ůŮ ɡɣɖɚɧŰŮɟɞ ɞɟɘŬəɧ əɧůŰɞɠ. 

ȷəɧɛŬ, Űɞ power mismatch əɎɗŮ əɧɛɓɞɡ ůɡɔəɚɑɜŮɘ ůŰɞ ɛɖŭɏɜ, ɧˊɤɠ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ 

əɎɚɡɣɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɤɜ ŬˊɤɚŮɘɩɜ. 

 
ɆɢɐɛŬ 5.12: ɃɟɘŬəɧ ȾɧůŰɞɠ 

 
ɆɢɐɛŬ 5.13: ȾŬŰŬɜɞɛɐ ɄŬɟŬɔɤɔɐɠ ůŰɘɠ ɀɞɜɎŭŮɠ 
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ɆɢɐɛŬ 5.14: Power Mismatch Ⱦɧɛɓɤɜ 

ɇɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ ɛɏůɤ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ əɧůŰɞɡɠ əɎɗŮ 

ɔŮɜɜɐŰɟɘŬɠ ɗŬ ŮɑɜŬɘ ὅ Вὅ ρψωυωΌȾὬ. 

 

ɇɏɚɞɠ, Űɞ ɞɚɘəɧ power mismatch Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ 

ɛɏůɤ Űɞɡ Űɨˊɞɡ:  

Ὀὖ
Вὖ ὖ ὖ

ὖ ὖ
ρzππϷ υȢρς 

 

ȰŰůɘ ůŰɖɜ ˊŮɟɑˊŰɤůɐ ɛŬɠ ɏɢɞɡɛŮ ɏɜŬ power mismatch Űɖɠ ŰɎɝŮɤɠ Űɞɡ 0,2%, ɛɘəɟɧŰŮɟɞ 

ɛɎɚɘůŰŬ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Ůˊɑɚɡůɖ ŬɛŮɚɩɜŰŬɠ Űɘɠ ŬˊɩɚŮɘŮɠ. 
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5.3.2 ȷɚɔɧɟɘɗɛɞɠ Kuramoto (Kuramoto Algorithm ) 

 

ȷɜŰɑůŰɞɘɢŬ ɛŮ ŬɡŰɐ Űɖɜ ɡɚɞˊɞɑɖůɖ əŬŰŬɚɐɔɞɡɛŮ ŰɩɟŬ ůŰɖɜ ˊŬɟŬəɎŰɤ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ: 

 

ὖ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ςσυȟττπφ
ρπςȟσσχρ
ψρςφσφ
ςςυ
ωωȟψφτρ
ςωτυρψσ
ρωςȟτυωφ
χπȟτρσφ
ςππ
ψρȟωρρπ
ρχφȟψωωφ
ςυπỨ

ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
ủ
Ủ

 

 

ɧˊɞɡ Űɞ ὖ  ŮəűɟɎɕŮŰŬɘ ůŮ MW. ɄŬɟŬŰɖɟɞɨɛŮ ɝŬɜɎ ɧŰɘ ɏɢɞɡɛŮ ɛɘŬ ɛɘəɟɐ Ŭɨɝɖůɖ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ əɎɗŮ ɛɞɜɎŭŬɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜɎɚɡůɖ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

əŬɚɡűɗɞɨɜ əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ. 

ȷəɞɚɞɡɗɞɨɜ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ, Űɞ ɞɟɘŬəɧ əɧůŰɞɠ əŬɘ Űɞ 

power mismatch əɎɗŮ əɧɛɓɞɡ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ əŬɘ Űɖɠ 

ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ 

əɧůŰɞɡɠ ůŰɖɜ Űɘɛɐ 8,4889ú/MWh, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŮɚɎɢɘůŰŬ ˊɘɞ Ŭɡɝɖɛɏɜɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ɛŮɚɏŰɖ ɢɤɟɑɠ ŬˊɩɚŮɘŮɠ, ɧˊɤɠ ŬɜŬɛɏɜŬɛŮ. ȷəɧɛŬ, Űɞ power mismatch əɎɗŮ əɧɛɓɞɡ ůɡɔəɚɑɜŮɘ 

ůŰɞ ɛɖŭɏɜ, ɧˊɤɠ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɤɜ ŬˊɤɚŮɘɩɜ. 

 
ɆɢɐɛŬ 5.15: ɃɟɘŬəɧ ȾɧůŰɞɠ 
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ɆɢɐɛŬ 5.16: ȾŬŰŬɜɞɛɐ ɄŬɟŬɔɤɔɐɠ ůŰɘɠ ɀɞɜɎŭŮɠ 

 
ɆɢɐɛŬ 5.17: Power Mismatch Ⱦɧɛɓɤɜ 

ȷɜŰɑůŰɞɘɢŬ, Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ˊɟɞəɨˊŰŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ: 

ὅ Вὅ ρωρπΌȾὬ. 

ɇɞ ɞɚɘəɧ power mismatch Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ŰɩɟŬ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ (5.12) Űɖɠ 

ŰɎɝŮɤɠ Űɞɡ 1,1%. 
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5.3.3 ɀɖ ũɟŬɛɛɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ (Non-Linear Algorith m) 

 

ɀŮ ŬɡŰɐ Űɖɜ ɡɚɞˊɞɑɖůɖ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ ˊɟɞəɨˊŰŮɘ ɖ ˊŬɟŬəɎŰɤ 

əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ: 
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Ụ
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Ụ
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ợ
ςσυȟσφχτ
ρπςȟςυφρ
ψρȟςρωχ
ςςυ
ωωȟψςφφ
ςωτȟτσψψ
ρωςȟσψωχ
χπȟσφψσ
ςππ
ψρȟψχρυ
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ɧˊɞɡ Űɞ ὖ  ŮəűɟɎɕŮŰŬɘ ůŮ MW. ɄɎɚɘ, ɏɢɞɡɛŮ ɛɘŬ Ŭɨɝɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ əɎɗŮ ɛɞɜɎŭŬɠ ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜɎɚɡůɖ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬɚɡűɗɞɨɜ əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ 

ɛŮŰŬűɞɟɎɠ. 

ȷəɞɚɞɡɗɞɨɜ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ, Űɞ ɞɟɘŬəɧ əɧůŰɞɠ əŬɘ Űɞ 

power mismatch əɎɗŮ əɧɛɓɞɡ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ əŬɘ Űɖɠ 

ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ. ȼ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ɏɔɘɜŮ ůŰɖɜ Űɘɛɐ 

8,4886ú/MWh, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɎɚɘ, ɧˊɤɠ ŬɜŬɛɏɜŬɛŮ, ŮɚɎɢɘůŰŬ ˊɘɞ Ŭɡɝɖɛɏɜɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ɛŮɚɏŰɖ ɢɤɟɑɠ ŬˊɩɚŮɘŮɠ. ɇɏɚɞɠ, Űɞ power mismatch əɎɗŮ əɧɛɓɞɡ ůɡɔəɚɑɜŮɘ ůŰɞ ɛɖŭɏɜ, ɧˊɤɠ 

ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɤɜ ŬˊɤɚŮɘɩɜ. 

 
ɆɢɐɛŬ 5.18: ɃɟɘŬəɧ ȾɧůŰɞɠ 
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ɆɢɐɛŬ 5.19: ȾŬŰŬɜɞɛɐ ɄŬɟŬɔɤɔɐɠ ůŰɘɠ ɀɞɜɎŭŮɠ 

 
ɆɢɐɛŬ 5.20: Power Mismatch Ⱦɧɛɓɤɜ 
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ɇɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɟɞəɨˊŰŮɘ: 

ὅ Вὅ ρωρπφΌȾὬ. 

əŬɘ Űɞ ɞɚɘəɧ power mismatch Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ŰɩɟŬ ůɨɛűɤɜŬ ɛŮ Űɖɜ (5.12) Űɖɠ 

ŰɎɝŮɤɠ Űɞɡ 1,06%. 

5.3.4 Ɇɨɔəɟɘůɖ ȷɚɔɞɟɑɗɛɤɜ 

 

ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɖ ɛŮɚɏŰɖ ɧˊɞɡ ɞɘ ŬˊɩɚŮɘŮɠ ŬɛŮɚɐɗɖəŬɜ ɗŬ ůɡɔəɟɑɜɞɡɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 3 Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊŬɑɟɜɞɡɛŮ ɛɏůɤ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

quadprog əŬɘ ɗŬ ŭɞɨɛŮ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɞɜ ŰŮɟɛŬŰɘůɛɧ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ. ɆɡɔəŮɜŰɟɤŰɘəɎ, ɚɞɘˊɧɜ, ɏɢɞɡɛŮ ŰŬ ˊŬɟŬəɎŰɤ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɞ ŭɑəŰɡɞ ˊɞɡ 

ɛŮɚŮŰɐůŬɛŮ. 

 

ɄŬɟŬɔɤɔɐ ũŮɜɜɖŰɟɘɩɜ (MW)  

ũŮɜɜɐŰɟɘŬ quadprog ũɟŬɛɛɘəɧɠ Kuramoto  ɀɖ ũɟŬɛɛɘəɧɠ 

1 238,8547 233,0972 235,4406 235,3674 

2 100,6624 99,7474 102,3371 102,2561 

3 80,7328 79,8554 81,2636 81,2197 

4 225 225 225 225 

5 100,6085 98,6641 99,8641 99,8266 

6 290,5069 291,9617 294,5183 294,4388 

7 197,755 190,2261 192,4596 192,3897 

8 69,5432 68,9691 70,4136 70,3683 

9 200 200 200 200 

10 80,1782 80,6494 81,911 81,8715 

11 178,1083 174,1571 176,8996 176,8144 

12 250 250 250 250 
ɄɑɜŬəŬɠ 4: ɄŬɟŬɔɤɔɐ ũŮɜɜɖŰɟɘɩɜ 

 quadprog ũɟŬɛɛɘəɧɠ Kuramoto  ɀɖ ũɟŬɛɛɘəɧɠ 

ȺˊŬɜŬɚɐɣŮɘɠ - 152 119 243 

ȿɎɛŭŬ 8,1276 8,479 8,4889 8,4886 
ɄɑɜŬəŬɠ 5: ȷˊŬɘŰɞɨɛŮɜŮɠ ȺˊŬɜŬɚɐɣŮɘɠ - ȿɎɛŭŬ 

ȸɚɏˊɞɡɛŮ ɝŬɜɎ ɧŰɘ əŬɘ ɔɘŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛɏůɤ Űɖɠ quadprog ɖ ˊŬɟŬɔɤɔɐ Űɖɠ əɎɗŮ 

ɛɞɜɎŭŬɠ ŮɑɜŬɘ Ŭɡɝɖɛɏɜɖ ůŮ ůɢɏůɖ ɛŮ Űɖ ɛŮɚɏŰɖ ŬɛŮɚɩɜŰŬɠ Űɘɠ ŬˊɩɚŮɘŮɠ. ȷəɧɛŬ, 

ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ ŮɜůɤɛɎŰɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŭŮɜ 

Ů́ ɖɟŮɎɕŮɘ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɖ ůɨɔəɚɘůɖ. ȳˊɤɠ əŬɘ ˊɟɘɜ 

ůɡɛˊŮɟŬɑɜɞɡɛŮ ɧŰɘ əŬɘ ɞɘ 3 Űɟɧˊɞɘ ˊɟɞůŮɔɔɑɕɞɡɜ Űɖ ɚɨůɖ ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ əŬɘ ˊɟɞəɨˊŰŮɘ 

ɏɜŬ ɘəŬɜɞˊɞɘɖŰɘəɎ ɛɘəɟɧ power mismatch ůŰɞ ŭɑəŰɡɞ ɧˊɤɠ ŮɑŭŬɛŮ ŬɜŬɚɡŰɘəɎ ůŮ əɎɗŮ 

ɡɚɞˊɞɑɖůɖ. ɇɏɚɞɠ, ůŰɞɜ ŮˊɧɛŮɜɞ ˊɑɜŬəŬ űŬɑɜɞɜŰŬɘ ŰŬ ůɢŮŰɘəɎ ůűɎɚɛŬŰŬ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ. 
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ɆɢŮŰɘəɎ ɆűɎɚɛŬŰŬ (%) 

ũŮɜɜɐŰɟɘŬ ũɟŬɛɛɘəɧɠ Kuramoto  ɀɖ ũɟŬɛɛɘəɧɠ 

1 -2,41% -1,43% -1,46% 

2 -0,91% 1,66% 1,58% 

3 -1,09% 0,66% 0,60% 

4 0,00% 0,00% 0,00% 

5 -1,93% -0,74% -0,78% 

6 0,50% 1,38% 1,35% 

7 -3,81% -2,68% -2,71% 

8 -0,83% 1,25% 1,19% 

9 0,00% 0,00% 0,00% 

10 0,59% 2,16% 2,11% 

11 -2,22% -0,68% -0,73% 

12 0,00% 0,00% 0,00% 

Ɇɨɜɞɚɞ -0,98% -0,09% -0,12% 
ɄɑɜŬəŬɠ 6: ɆɢŮŰɘəɎ ɆűɎɚɛŬŰŬ 

5.4 ȷˊɞŰŮɚɏůɛŬŰŬ 

 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ɛŮɚɏŰɖ ɓɚɏˊɞɡɛŮ ɧŰɘ ɛŮ ɏɜŬɜ ŰŮɚŮɑɤɠ ŬˊɞəŮɜŰɟɤɛɏɜɞ Űɟɧˊɞ 

ɛˊɞɟɞɨɛŮ ɜŬ əŬŰŬűɏɟɞɡɛŮ əŬɚɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ɚɨůɖɠ. ȾŬɘ ɞɘ ŰɟŮɘɠ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŬɜ Űɖɜ ˊɟɞůŮɔɔɑɕɞɡɜ ůŮ ɘəŬɜɞˊɞɘɖŰɘəɧ ɓŬɗɛɧ, ɛŮ ůűɎɚɛŬ Űɖɠ ŰɎɝŮɤɠ Űɞɡ 1-4% 

ŬɜɎ ˊŮɟɑˊŰɤůɖ. ũŮɜɘəɎ, ɧˊɤɠ ůɡɛˊŮɟŬɑɜɞɡɛŮ ɨůŰŮɟŬ Ŭˊɧ ůɨɔəɟɘůɖ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ɗŬ ˊŬɑɟɜŬɛŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əŮɜŰɟɘəɐ Ůˊɑɚɡůɖ, ɓɚɏˊɞɡɛŮ ɧŰɘ ɖ ɚɨůɖ ˊɟɞůŮɔɔɑɕŮŰŬɘ 

ŬəɟɘɓɏůŰŮɟŬ Ŭˊɧ Űɞ ɔɟŬɛɛɘəɧ Ŭɚɔɧɟɘɗɛɞ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ Űɖ ɛɘəɟɧŰŮɟɖ Űɘɛɐ ɔɘŬ Űɞ ɞɟɘŬəɧ 

əɧůŰɞɠ. ȷəɧɛŬ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɧɚŮɠ ɞɘ ˊɟɞůŮɔɔɑůŮɘɠ ɓɟɑůəɞɡɜ Űɘɠ ɔŮɜɜɐŰɟɘŮɠ ˊɞɡ 

űŰɎɜɞɡɜ ŰŬ ɧɟɘŬ Űɖɠ ŭɡɜŬŰɐɠ ˊŬɟŬɔɤɔɐɠ Űɞɡɠ əŬɘ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ Űɖ ɛŮŰŬɓɎɚɚɞɡɜ Ɏɚɚɞ.  

ȳůɞɜ ŬűɞɟɎ Űɖ ůɨɔəɟɘůɖ ɛŮ Űɖ ɛŮɚɏŰɖ ɛŮ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬˊɤɚŮɘɩɜ əŬŰɎ Űɖɜ Ůˊɑɚɡůɖ 

ɓɚɏˊɞɡɛŮ ɧŰɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůŬɟɛɞůŰɞɨɜ əŬɘ ůŮ ŬɡŰɐ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ əŬɘ ɜŬ əŬŰŬɚɐɝɞɡɜ ůŮ ɚɨůɖ ˊɞɡ əŬɚɨˊŰŮɘ Űɧůɞ Űɖ ɕɐŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ɧůɞ əŬɘ 

Űɘɠ ŬˊɩɚŮɘŮɠ. ȺɑɢŬɛŮ ɏŰůɘ Ŭɨɝɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ ɔɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ɛŮ Űɖɜ 

ŬɜŬɛŮɜɧɛŮɜɖ ŬɜŰɑůŰɞɘɢɖ Ŭɨɝɖůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ. ȼ ŬɚɚŬɔɐ ŬɡŰɐ ŮˊɏűŮɟŮ ɛɧɜɞ ɛɘŬ 

ɛɘəɟɐ Ŭɨɝɖůɖ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ, ɞˊɧŰŮ ŭŮɜ ŮˊɖɟɏŬůŮ ɘŭɘŬɑŰŮɟŬ Űɞ ɟɡɗɛɧ 

ůɨɔəɚɘůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. 
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ȾŮűɎɚŬɘɞ 6 
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6.1 ɀŮɚɏŰɖ ɇɞˊɞɚɞɔɑŬɠ ȹɘəŰɨɞɡ 

 

ȼ ŰɞˊɞɚɞɔɑŬ Űɞɡ ŭɘəŰɨɞɡ ŬˊɞŰŮɚŮɑ Űɞ ˊɟɩŰɞ ɓŬůɘəɧ ůŰɞɘɢŮɑɞ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɜɤɟɑɕɞɡɛŮ 

ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ. ȰŰůɘ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŮɝŮŰɎůɞɡɛŮ, ˊɩɠ ŬɡŰɐ 

ŮˊɖɟŮɎɕŮɘ Űɖ ůɨɔəɚɘůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ əŬɘ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ ɔɘŬ ŬɡŰɐ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ. 

ŪŮɤɟɩɜŰŬɠ Űɞ ŭɑəŰɡɞ ˊɞɡ ɛŮɚŮŰɐůŬɛŮ əŬɘ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ɗŬ ɛŮɚŮŰɐůɞɡɛŮ ˊɩɠ 

ɖ ŭɘŬűɞɟŮŰɘəɐ ůɡɜŭŮůɛɞɚɞɔɑŬ Űɤɜ əɧɛɓɤɜ ŮˊɖɟŮɎɕŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ.  

ȰŰůɘ ɗŬ ɛŮɚŮŰɐůɞɡɛŮ ˊɩɠ ŬɜŰɘŭɟɎ ɞ Ŭɚɔɧɟɘɗɛɞɠ ůŰɖɜ ŬɚɚŬɔɐ Űɖɠ ˊɡəɜɧŰɖŰŬɠ 

ŭɘŬůɨɜŭŮůɖɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ŭɘəŰɨɞɡ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ŮəŰŮɚɏůŬɛŮ Űɞɜ əɎɗŮ Ŭɚɔɧɟɘɗɛɞ 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ əɎɗŮ űɞɟɎ ɏɜŬɜ ŰɡɢŬɑɞ ˊɑɜŬəŬ ɔŮɘŰɜɑŬůɖɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ, ɛŮ ɢɟɐůɖ Űɖɠ 

ůɡɜɎɟŰɖůɖɠ rand əŬɘ ŮˊɘɚɏɔɞɜŰŬɠ əɎɗŮ űɞɟɎ Űɖɜ ŮˊɘɗɡɛɖŰɐ ˊɡəɜɧŰɖŰŬ Űɞɡ ˊɑɜŬəŬ. ɆŰɞ 

Űɏɚɞɠ əɎɗŮ ŮəŰɏɚŮůɖɠ, ŬˊɞɗɖəŮɨŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ˊɞɡ ɢɟŮɘɎůŰɖəŬɜ ɔɘŬ ɜŬ 

ŰŮɟɛŬŰɘůŰŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ əŬɘ ɞ Ŭɟɘɗɛɧɠ Űɞɜ Ŭəɛɩɜ ˊɞɡ ŮɑɢŮ Űɞ ŭɑəŰɡɞ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. 

ȷˊɧ ŰŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ, ˊɟɞəɨˊŰŮɘ Űɞ ˊŬɟŬəɎŰɤ ɔɟɎűɖɛŬ ɔɘŬ əɎɗŮ Ŭɚɔɧɟɘɗɛɞ. ɆɨɛűɤɜŬ ɛŮ 

ŬɡŰɧ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɧůɞ ˊɘɞ ˊɡəɜɎ ůɡɜŭŮŭŮɛɏɜɞɘ ŮɑɜŬɘ ɞɘ əɧɛɓɞɘ Űɞɡ ŭɘəŰɨɞɡ, ŭɖɚŬŭɐ 

ɧůŮɠ ˊŮɟɘůůɧŰŮɟŮɠ Ŭəɛɏɠ ɏɢŮɘ Űɞ ŭɑəŰɡɞ ɛŮŰŬɝɨ Űɤɜ əɧɛɓɤɜ Űɞɡ, Űɧůɞ ˊɘɞ ɔɟɐɔɞɟŬ 

ůɡɔəɚɑɜɞɡɜ əŬɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɛŮɚŮŰɎɛŮ. 

ȷəɧɛŬ ɓɚɏˊɞɡɛŮ ɧŰɘ ɞ ũɟŬɛɛɘəɧɠ əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Kuramoto ˊŬɟɞɡůɘɎɕɞɡɜ ˊŬɟɧɛɞɘŬ 

ůɡɛˊŮɟɘűɞɟɎ ůŰɘɠ ŮˊŬɜŬɚɐɣŮɘɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ ɜŬ ŰŮɟɛŬŰɘůŰŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ (ŭɖɚŬŭɐ 

ɛŮŰŬɝɨ 2 ŮˊŬɜŬɚɐɣŮɤɜ ɜŬ ɘůɢɨŮɘ ‗Ὧ ρ ‗Ὧ πȟπππρ), Ůɜɩ ɞ ɀɖ ũɟŬɛɛɘəɧɠ ŬˊŬɘŰŮɑ 

ŬɘůɗɖŰɎ ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ. 

 
 

ɆɢɐɛŬ 6.1: ȺˊɑŭɟŬůɖ Ŭɟɘɗɛɞɨ Ŭəɛɩɜ ůŰɖɜ ŰŬɢɨŰɖŰŬ ůɨɔəɚɘůɖɠ 
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ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ əŮűŬɚŬɑɞɡ, 

ɛˊɞɟɞɨɛŮ ɜŬ əŬŰŬɚɐɝɞɡɛŮ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɛŮ Űɖɜ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ŮɑɜŬɘ ɞ ɔɟŬɛɛɘəɧɠ. 

ȷˊŬɘŰŮɑ Űɞ ɛɘəɟɧŰŮɟɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɖ ůɨɔəɚɘůɖ əŬɘ ɖ ˊɟɞůɏɔɔɘůɐ Űɖɠ ɔɑɜŮŰŬɘ 

ɛɏůɤ ɞɛŬɚɩɜ ɛŮŰŬɓɞɚɩɜ ɢɤɟɑɠ ɏɜŰɞɜŮɠ ŰŬɚŬɜŰɩůŮɘɠ. Ƀ Kuramoto ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ 

ˊŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ ɛŮ Űɞɜ ɔɟŬɛɛɘəɧ ůŰɖɜ ŰŬɢɨŰɖŰŬ ůɨɔəɚɘůɖɠ ˊŬɟɞɡůɘɎɕŮɘ ŰŬɡŰɧɢɟɞɜŬ 

əŬɘ ɏɜŰɞɜŮɠ ɛŮŰŬɓɞɚɏɠ əŬŰɎ Űɖɜ ˊɎɟɞŭɞ Űɞɜ ŮˊŬɜŬɚɐɣŮɤɜ əŬɘ ŭŮɜ ˊɟɞůŮɔɔɑɕŮɘ Űɖ ɚɨůɖ 

ɞɛŬɚɎ. ȰŰůɘ ɗŬ ɛŮɚŮŰɐůɞɡɛŮ Űɞ ɔɟŬɛɛɘəɧ Ŭɚɔɧɟɘɗɛɞ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜŭŮůɛɞɚɞɔɑŮɠ, 

ŬɚɚɎɕɞɜŰŬɠ əŬŰɎɚɚɖɚŬ Űɞɜ ˊɑɜŬəŬ ɔŮɘŰɜɑŬůɖɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ ȷ, ɔɘŬ ɜŬ ŭɞɨɛŮ 

ŬɜŬɚɡŰɘəɧŰŮɟŬ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ. 

1. ȹɑəŰɡɞ ȷəŰɘɜɘəɐɠ ɀɞɟűɐɠ 

ȷɟɢɘəɎ Ŭɠ ɛŮɚŮŰɐůɞɡɛŮ ɛɑŬ ůɡɜŭŮůɛɞɚɞɔɑŬ ŭŮɜŭɟɞŮɘŭɞɨɠ-ŬəŰɘɜɘəɐɠ ɛɞɟűɐɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɏůŰɤ ɞ ɔɟɎűɞɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ: 

 
ɆɢɐɛŬ 6.2: ȹɑəŰɡɞ ȷəŰɘɜɘəɐɠ ɀɞɟűɐɠ 

ȷˊɧ ŬɡŰɧ ˊɟɞɏəɡɣŮ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ɛŮŰɎ Űɖɜ 100
ůŰɖ 
ŮˊŬɜɎɚɖɣɖ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ: 
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ɆɢɐɛŬ 6.3: ɃɟɘŬəɧ ȾɧůŰɞɠ ɔɘŬ ȹɑəŰɡɞ ȷəŰɘɜɘəɐɠ ɀɞɟűɐɠ 

2. ȹɑəŰɡɞ Ʉɚɐɟɞɡɠ ȺˊɘəɞɘɜɤɜɑŬɠ 

 

ȷɠ ŭɞɨɛŮ Űɖ ůɡɛˊŮɟɘűɞɟɎ ŰɩɟŬ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ŭɘəŰɨɞɡ, ŮɎɜ ŬɡŰɧ ɐŰŬɜ ˊɚɐɟɤɠ 

ůɡɜŭŮŭŮɛɏɜɞ, ŭɖɚŬŭɐ ŬɜŬˊŬɟɘůŰŬɜɧŰŬɜ Ŭˊɧ Űɞɜ Ŭəɧɚɞɡɗɞ ɔɟɎűɞ 

 
 

 
ɆɢɐɛŬ 6.4: ȹɑəŰɡɞ Ʉɚɐɟɞɡɠ ȺˊɘəɞɘɜɤɜɑŬɠ 
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ȷˊɧ ŬɡŰɧ ˊɟɞɏəɡɣŮ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ŭɘɎɔɟŬɛɛŬ:  

 
ɆɢɐɛŬ 6.5: ɃɟɘŬəɧ ȾɧůŰɞɠ ɔɘŬ ȹɑəŰɡɞ Ʉɚɐɟɞɡɠ ȺˊɘəɞɘɜɤɜɑŬɠ 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ əɞɜŰɎ ůŰɖɜ ɑŭɘŬ Űɘɛɐ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ɧɛɤɠ 

ŰɩɟŬ ɛɧɚɘɠ ůŰɖɜ ˊɟɩŰɖ ŮˊŬɜɎɚɖɣɖ. 
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3. ȹɑəŰɡɞ ɇɡɢŬɑŬɠ ȺˊɘəɞɘɜɤɜɑŬɠ 

 

ɇɞ ŮˊɧɛŮɜɞ ŭɑəŰɡɞ ˊɟɞɠ ɛŮɚɏŰɖ ɗŬ ˊɟɞəɨɣŮɘ ŬűŬɘɟɩɜŰŬɠ ɞɟɘůɛɏɜŮɠ ŭɘŬůɡɜŭɏůŮɘɠ Ŭˊɧ Űɞ 

ŭɑəŰɡɞ ˊɚɐɟɞɡɠ ŮˊɘəɞɘɜɤɜɑŬɠ, ɩůŰŮ ɜŬɘ ɛŮɜ ɜŬ ɏɢŮɘ ɛŮɔɎɚɖ ůɡɜŭŮůɘɛɧŰɖŰŬ ɛŮŰŬɝɨ Űɤɜ 

əɧɛɓɤɜ Űɞɡ ŬɚɚɎ ɧɢɘ ˊɚɐɟɖ. Ƀ ɔɟɎűɞɠ ˊɞɡ Űɞ ˊŮɟɘɔɟɎűŮɘ ɗŬ ŮɑɜŬɘ: 

 
 

ɆɢɐɛŬ 6.6: ȹɑəŰɡɞ ɇɡɢŬɑŬɠ ȺˊɘəɞɘɜɤɜɑŬɠ 
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ȷˊɧ ŬɡŰɧ ˊɟɞɏəɡɣŮ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ŭɘɎɔɟŬɛɛŬ:  

 
 

ɆɢɐɛŬ 6.7: ɃɟɘŬəɧ ȾɧůŰɞɠ ɔɘŬ ȹɑəŰɡɞ ɇɡɢŬɑŬɠ ȺˊɘəɞɘɜɤɜɑŬɠ 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ ůŰɖɜ ɑŭɘŬ Űɘɛɐ ɛŮ ́ɟɘɜ ɛŮŰɎ Űɖɜ 7
ɖ
 ŮˊŬɜɎɚɖɣɖ. 
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4. ȹɑəŰɡɞ ɀɞɟűɐɠ ȷůŰɏɟŬ 

 

ȷɠ ɗŮɤɟɐůɞɡɛŮ ŰɩɟŬ ɧŰɘ ɏɢɞɡɛŮ ɏɜŬ ŭɑəŰɡɞ Űɞ ɞˊɞɑɞ ɏɢŮɘ Űɖ ɛɞɟűɐ ŬůŰɏɟŬ, ŭɖɚŬŭɐ 

ɡˊɎɟɢŮɘ ɏɜŬɠ əŮɜŰɟɘəɧɠ əɧɛɓɞɠ əŬɘ ɧɚɞɘ ɞɘ Ɏɚɚɞɘ ůɡɜŭɏɞɜŰŬɘ ɛɧɜɞ ɛŮ ŬɡŰɧɜ. Ƀ ɔɟɎűɞɠ ˊɞɡ 

Űɞ ˊŮɟɘɔɟɎűŮɘ ɗŬ ŮɑɜŬɘ: 

 
 

ɆɢɐɛŬ 6.8: ȹɑəŰɡɞ ɀɞɟűɐɠ ȷůŰɏɟŬ 

ȷˊɧ ŬɡŰɧ ˊɟɞɏəɡɣŮ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ŭɘɎɔɟŬɛɛŬ:  

 
ɆɢɐɛŬ 6.9: ɃɟɘŬəɧ ȾɧůŰɞɠ ɔɘŬ ȹɑəŰɡɞ ɀɞɟűɐɠ ȷůŰɏɟŬ 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ ůŰɖɜ ɑŭɘŬ Űɘɛɐ ɛŮ ˊɟɘɜ ɛŮŰɎ Űɖɜ 10
ɖ
 

ŮˊŬɜɎɚɖɣɖ. 
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5. ȹɑəŰɡɞ ɀɞɟűɐɠ ȹŬɢŰɡɚɘŭɘɞɨ 

 

ȷɠ ɗŮɤɟɐůɞɡɛŮ ŰɩɟŬ ɧŰɘ ɏɢɞɡɛŮ ɏɜŬ ŭɑəŰɡɞ Űɞ ɞˊɞɑɞ ɏɢŮɘ Űɖ ɛɞɟűɐ ŭŬɢŰɡɚɘŭɘɞɨ, ŭɖɚŬŭɐ 

ɧɚɞɘ ɞɘ əɧɛɓɞɘ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɘ ůŰɖ ůŮɘɟɎ ůɢɖɛŬŰɑɕɞɜŰŬɠ ɏɜŬ ŭŬɢŰɡɚɑŭɘ. Ƀ ɔɟɎűɞɠ ˊɞɡ Űɞ 

ˊŮɟɘɔɟɎűŮɘ ɗŬ ŮɑɜŬɘ: 

 
ɆɢɐɛŬ 6.10: ȹɑəŰɡɞ ɀɞɟűɐɠ ȹŬɢŰɡɚɘŭɘɞɨ 

ȷˊɧ ŬɡŰɧ ˊɟɞɏəɡɣŮ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ŭɘɎɔɟŬɛɛŬ:  

 
ɆɢɐɛŬ 6.11: ɃɟɘŬəɧ ȾɧůŰɞɠ ɔɘŬ ȹɑəŰɡɞ ɀɞɟűɐɠ ȹŬɢŰɡɚɘŭɘɞɨ 

ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ ůŰɖɜ ɑŭɘŬ Űɘɛɐ ɛŮ ˊɟɘɜ ɛŮŰɎ Űɖɜ 40
ɖ
 

ŮˊŬɜɎɚɖɣɖ. 
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6. ȹɑəŰɡɞ ȷɚɡůɞŮɘŭɞɨɠ ɀɞɟűɐɠ 

 

ȷɠ ɗŮɤɟɐůɞɡɛŮ ŰɩɟŬ ɧŰɘ ɏɢɞɡɛŮ ɏɜŬ ŭɑəŰɡɞ Űɞ ɞˊɞɑɞ ɏɢŮɘ Űɖ ɛɞɟűɐ ŬɚɡůɑŭŬɠ, ŭɖɚŬŭɐ ɞ 

əɎɗŮ əɧɛɓɞɠ ůɡɜŭɏŮŰŬɘ ůŰɖ ůŮɘɟɎ ɛŮ Űɞɜ ŮˊɧɛŮɜɧ Űɞɡ. Ƀ ɔɟɎűɞɠ ˊɞɡ Űɞ ˊŮɟɘɔɟɎűŮɘ ɗŬ ŮɑɜŬɘ: 

 
 

ɆɢɐɛŬ 6.12: ȹɑəŰɡɞ ȷɚɡůɞŮɘŭɞɨɠ ɀɞɟűɐɠ 
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ȷˊɧ ŬɡŰɧ ˊɟɞɏəɡɣŮ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ŭɘɎɔɟŬɛɛŬ:  

 
ɆɢɐɛŬ 6.13: ɃɟɘŬəɧ ȾɧůŰɞɠ ɔɘŬ ȹɑəŰɡɞ ȷɚɡůɞŮɘŭɞɨɠ ɀɞɟűɐɠ 

ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ ůŰɖɜ ɑŭɘŬ Űɘɛɐ ɛŮ ˊɟɘɜ ɛŮŰɎ Űɖɜ 100
ɖ
 

ŮˊŬɜɎɚɖɣɖ. 
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6.2 ȺˊɑŭɟŬůɖ ɀŮŰŬɓɞɚɐɠ ɆŰŬɗŮɟɎɠ Ɇɨɔəɚɘůɖɠ Ů 

 

ȼ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ɧˊɤɠ Űɖɜ ŮɑŭŬɛŮ, ɓŬůɑɕŮŰŬɘ ůŰɞɜ əŬŰŬɜŮɛɖɛɏɜɞ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ əŬɘ ŰŬɡŰɧɢɟɞɜŬ Űɞ ɛɖŭŮɜɘůɛɧ Űɖɠ ŭɘŬűɞɟɎɠ ɛŮŰŬɝɨ Űɖɠ 

ˊŬɟŬɔɧɛŮɜɖɠ əŬɘ ɕɖŰɞɨɛŮɜɖɠ ɘůɢɨɞɠ. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɡŰɞɨ, ŮɘůŬɔɎɔŬɛŮ ɏɜŬɜ ɧɟɞ 

ŭɘɧɟɗɤůɖɠ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ ɤɠ ˊɟɞɠ Űɞ power mismatch, ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ ůɡɜŰŮɚŮůŰɐ 

Ů, ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ (4.10). ɃˊɧŰŮ, ɧůɞ ˊɘɞ ɛŮɔɎɚɞ Űɞ Ů Űɧůɞ ˊɘɞ ɛŮɔɎɚɞɠ ɗŬ ŮɑɜŬɘ əŬɘ ɞ 

ɧɟɞɠ ŭɘɧɟɗɤůɖɠ ˊɞɡ ŮˊɘɓɎɚɚŮŰŬɘ ůŰɞ ɞɟɘŬəɧ əɧůŰɞɠ. ȳɛɤɠ, Ŭɜ ɞ ůɡɜŰŮɚŮůŰɐɠ Ů ŮɑɜŬɘ ŬɟəŮŰɎ 

ɛŮɔɎɚɞɠ ŰɧŰŮ ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ ɗŬ ɏɢŮɘ ˊɞɚɨ ɛŮɔɎɚŮɠ ɛŮŰŬɓɞɚɏɠ ůŮ əɎɗŮ 

ŮˊŬɜɎɚɖɣɖ əŬɘ ɎɟŬ ŰŬɚŬɜŰɤŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ. [23] ȯɟŬ, ɗɏɚɞɡɛŮ Űɞ Ů ɜŬ ŮɑɜŬɘ Űɧůɞ ɛɘəɟɧ 

ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ɔɟɐɔɞɟɖ ůɨɔəɚɘůɖ ɛŮ ɚɘɔɧŰŮɟŬ ŰŬɚŬɜŰɤŰɘəɎ 

űŬɘɜɧɛŮɜŬ. ũɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, ŮəŰŮɚɏůŬɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ůŰɞ 

ɑŭɘɞ ŭɑəŰɡɞ ɛŮ ŬɡŰɧ ˊɞɡ ɛŮɚŮŰɞɨůŬɛŮ ůŰɞ əŮűɎɚŬɘɞ 5, ŬɚɚɎɕɞɜŰŬɠ əɎɗŮ űɞɟɎ Űɖɜ Űɘɛɐ Űɞɡ Ů, 

ˊŬɑɟɜɞɜŰŬɠ ŰŬ ŬəɧɚɞɡɗŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ȸɚɏˊɞɡɛŮ əŬɘ ˊɟŬəŰɘəɎ ɏŰůɘ ɧŰɘ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ Ů 

ɞŭɖɔɞɨɜ ůŮ ŬůŰɎɗŮɘŬ, Ůɜɩ ŮˊŬɟəɩɠ ɛɘəɟɏɠ əɎɜɞɡɜ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ɜŬ ůɡɔəɚɑɜŮɘ. 

¶ ũɘŬ Ů=0,01, ɧˊɤɠ ɓɚɏˊɞɡɛŮ əŬɘ ůŰɞ ůɢɐɛŬ 6.14, ɏɢɞɡɛŮ ɛŮɔɎɚŮɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ 

ɞɟɘŬəɞɨ əɧůŰɞɡɠ əŬɘ ŭŮ ůɡɔəɚɑɜŮɘ. 

 
ɆɢɐɛŬ 6.14: Ɇɨɔəɚɘůɖ ɃɟɘŬəɞɨ ȾɧůŰɞɡɠ ɔɘŬ Ů=0,01 
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¶ ȷɜ ɛɘəɟɨɜɞɡɛŮ ɚɑɔɞ Űɞ Ů ůŰɖɜ Űɘɛɐ Ů=0,005, ŰɧŰŮ ŬəɧɛŬ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŭŮɜ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ.  

 
ɆɢɐɛŬ 6.15: Ɇɨɔəɚɘůɖ ɃɟɘŬəɞɨ ȾɧůŰɞɡɠ ɔɘŬ Ů=0,005 

¶ ɆŮ ŮˊɧɛŮɜɖ űɎůɖ ŭɞəɘɛɎɕɞɡɛŮ ɛɘŬ ŬəɧɛŬ ɛɘəɟɧŰŮɟɖ Űɘɛɐ Űɞɡ Ů ɛŮ Ů=0,001əŬɘ 

ɓɚɏˊɞɡɛŮ ɧŰɘ ɏŰůɘ ŮˊŮŰŮɨɢɗɖ ůɨɔəɚɘůɖ.  

 
ɆɢɐɛŬ 6.16: Ɇɨɔəɚɘůɖ ɃɟɘŬəɞɨ ȾɧůŰɞɡɠ ɔɘŬ Ů=0,001 
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¶ ɇɏɚɞɠ, ɔɘŬ ɛɑŬ ŬəɧɛŬ ɛɘəɟɧŰŮɟɖ Űɘɛɐ, ɏůŰɤ Ů=0,0001, ɓɚɏˊɞɡɛŮ ɧŰɘ ŭɘŬŰɖɟŮɑŰŬɘ ɖ 

ůɨɔəɚɘůɖ ůŰɖɜ ɑŭɘŬ Űɘɛɐ əŬɘ ɛɎɚɘůŰŬ ɛŮ ɛɘəɟɧŰŮɟɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ. 

 
ɆɢɐɛŬ 6.17: Ɇɨɔəɚɘůɖ ɃɟɘŬəɞɨ ȾɧůŰɞɡɠ ɔɘŬ Ů=0,0001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 20 40 60 80 100 120 140
7.6

7.8

8

8.2

8.4

8.6

8.8

9

9.2

9.4

ȺˊŬɜŬɚɐɣŮɘɠ

Ƀ
ɟ
ɘ
Ŭ
ə
ɧ
 
Ⱦ
ɧ
ů
Ű
ɞ
ɠ

li



98 

 

6.3 ɄɞɚɡˊɚɞəɧŰɖŰŬ ȷɚɔɞɟɑɗɛɤɜ 

 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞ ˊɧůŮɠ 

ŮˊŬɜŬɚɐɣŮɘɠ ŬˊŬɘŰɞɨɜŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ůɨɔəɚɘůɖ. [26] ȷɡŰɧ ŮˊɖɟŮɎɕŮŰŬɘ 

əɡɟɑɤɠ Ŭˊɧ ŰŬ ˊɟɤŰɧəɞɚɚŬ ůɨɕŮɡɝɖɠ Űɤɜ ŰŬɚŬɜŰɤŰɩɜ Űɤɜ əɧɛɓɤɜ əŬɘ Ŭˊɧ Űɖɜ ŰɞˊɞɚɞɔɑŬ 

Űɞɡ ŭɘəŰɨɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Ŭˊɧ Űɖ ŭŮɨŰŮɟɖ ɛɘəɟɧŰŮɟɖ ɘŭɘɞŰɘɛɐ Űɞɡ ȿŬˊɚŬůɘŬɜɞɨ ˊɑɜŬəŬ. 

[9] ȰŰůɘ, Ŭɨɝɖůɖ Űɤɜ əɧɛɓɤɜ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ůɖɛŬɑɜŮɘ əŬɘ Ŭɨɝɖůɖ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ 

Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɛɘŬɠ əŬɘ ɧůɞ ˊɘɞ ɛŮɔɎɚɞ Űɞ ŭɑəŰɡɞ Űɧůɞ ɛŮɔŬɚɨŰŮɟɞɠ ɞ ŬˊŬɘŰɞɨɛŮɜɞɠ 

Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ůɨɔəɚɘůɖɠ.  

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɛˊɞɟɏůɞɡɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ůŮ ŭɑəŰɡŬ 

ɞˊɞɘŬůŭɐˊɞŰŮ ɛɞɟűɐɠ, ɛŮ ŭɘŬűɞɟŮŰɘəɧ Ŭɟɘɗɛɧ ɔŮɜɜɖŰɟɘɩɜ ůŮ ŬɡŰɎ, əŬɘ ɜŬ ɛŮɚŮŰɐůɞɡɛŮ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ŭɘɎűɞɟŮɠ ŰɞˊɞɚɞɔɑŮɠ, ɗŬ ˊɟɏˊŮɘ ɛɧɜɞ ɜŬ ˊɟɞůŬɟɛɧɕɞɡɛŮ 

Űɖ ůŰŬɗŮɟɎ ůɨɔəɚɘůɖɠ ‐ ɩůŰŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɜŬ ɛˊɞɟŮɑ ɜŬ ůɡɔəɚɑɜŮɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, 

ŭɖɚŬŭɐ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ůɨɔəɚɘůɖɠ Űɞ ‐ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

əɧɛɓɤɜ ůŰɞ ůɨůŰɖɛŬ. ȴůŰŮɟŬ Ŭˊɧ ŭɞəɘɛɏɠ əŬŰŬɚɐɝŬɛŮ ůŮ ɏɜŬɜ Űɨˊɞ Űɖɠ ɛɞɟűɐɠ: 

‐ πȟπππππππυᶻρπͮÎȾςπ 

ŭɖɚŬŭɐ, ɏɢɞɡɛŮ ɛɑŬ ŬɟəŮŰɎ ɛɘəɟɐ ůŰŬɗŮɟɎ ɖ ɞˊɞɑŬ ɧɛɤɠ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

ɕɡɔɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

ɇɩɟŬ, ɛˊɞɟɞɨɛŮ ɜŬ ɛŮɚŮŰɐůɞɡɛŮ ŭɑəŰɡŬ ŭɘŬűɧɟɤɜ ɛɞɟűɩɜ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ ɏɜŬ Ŭˊɚɧ 

ŭɑəŰɡɞ 2 ɛɞɜɎŭɤɜ əŬɘ əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ˊɘɞ ˊŮɟɑˊɚɞəɞ ŭɑəŰɡɞ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ 55 ɛɞɜɎŭŮɠ. 

ȼ ŬɜɎˊŰɡɝɖ Űɞɡ ŭɘəŰɨɞɡ ɔɑɜŮŰŬɘ ŬəŰɘɜɘəɎ. ȰŰůɘ, ˊɟɞəɨˊŰŮɘ Űɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ ɔɘŬ Űɖ 

ɛŮŰŬɓɞɚɐ Űɞɡ ɟɡɗɛɞɨ ůɨɔəɚɘůɖɠ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ɛɞɜɎŭɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

 
ɆɢɐɛŬ 6.18: ɀŮŰŬɓɞɚɐ Ŭɟɘɗɛɞɨ ŮˊŬɜŬɚɐɣŮɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɛɞɜɎŭɤɜ 

ȷˊɧ ŬɡŰɧ ɛˊɞɟɞɨɛŮ ɜŬ ŭɞɨɛŮ ŮɨəɞɚŬ ɧŰɘ ɖ əŬɛˊɨɚɖ ɛŬɠ ɏɢŮɘ ɛɖ ŮəɗŮŰɘəɐ ɛɞɟűɐ əŬɘ ɎɟŬ ɖ 

ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɛŬɠ ŮɑɜŬɘ ɛɖ ŮəɗŮŰɘəɐ. 
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6.4 Ʉɟɞůɞɛɞɑɤůɖ ůŮ ȹɑəŰɡŬ ɛŮ ɉɟɐůɖ Űɞɡ MATPOWER 

 

ũɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ ɛŮɚɏŰɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ, ɛŮɚŮŰɐůŬɛŮ Űɖɜ Ŭˊɧŭɞůɖ ŬɡŰɩɜ əŬɘ ůŮ 

ŬɜŮˊŰɡɔɛɏɜŬ ˊɟɧŰɡˊŬ ŭɑəŰɡŬ ɛɏůɤ Űɞɡ ˊŬəɏŰɞɡ MATPOWER ɔɘŬ Űɞ MATLAB. ɇɞ 

MATPOWER ŬˊɞŰŮɚŮɑ ɏɜŬ ˊŬəɏŰɞ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ɖɚŮəŰɟɘəɩɜ ŭɘəŰɨɤɜ. ɄŮɟɘɏɢŮɘ ɛɘŬ 

ɓɘɓɚɘɞɗɐəɖ ɛŮ ŬɟəŮŰɎ ŭɘŬűɞɟŮŰɘəɎ ɖɚŮəŰɟɘəɎ ŭɑəŰɡŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ, ŰŬ ɞˊɞɑŬ 

ɛˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ůŰɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ɛŬɠ, əŬɘ, Űɏɚɞɠ, ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

Ůˊɑɚɡůɖɠ ˊɟɞɓɚɖɛɎŰɤɜ Űɞɡ ŭɘəŰɨɞɡ, ɧˊɤɠ Űɖɠ ɟɞɐɠ űɞɟŰɑɞɡ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɐɠ Űɖɠ ɛɏůɤ 

ɏŰɞɘɛɤɜ ůɡɜŬɟŰɐůŮɤɜ. 

ɇŬ ŬɟɢŮɑŬ ŬɡŰɎ ˊŮɟɘɏɢɞɡɜ ˊɑɜŬəŮɠ ɔɘŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɞ Ůɑŭɞɠ Űɤɜ ɕɡɔɩɜ Űɞɡ 

ŭɘəŰɨɞɡ (PV ï PQ ï ŬɜŬűɞɟɎɠ) əŬɘ ɔŮɜɘəɎ ɧɚɤɜ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ŮɑɜŬɘ ŬɜŬɔəŬɑŮɠ ɔɘŬ 

Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ űɞɟŰɑɞɡ, ɧˊɤɠ Űɞɜ Ŭɟɘɗɛɧ 

Űɤɜ ɛɞɜɎŭɤɜ, Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ əɧůŰɞɡɠ Űɞɡɠ, ŰŬ ɧɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ əŰɚ. ȷɡŰɏɠ Űɘɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɛˊɞɟɞɨɛŮ ɜŬ Űɘɠ ˊɟɞůˊŮɚɎůɞɡɛŮ ɛŮ Űɖ ɢɟɐůɖ ˊɘɜɎəɤɜ əŬɘ ɜŬ Űɘɠ 

ŬˊɞɗɖəŮɨůɞɡɛŮ ˊɟɞůɤɟɘɜɎ ůŮ ŬɡŰɞɨɠ. ȷəɧɛŬ, ˊɟɞůɞɛɞɘɩɜŮɘ Űɖ ɟɞɐ űɞɟŰɑɞɡ əŬɘ ŭɑɜŮɘ 

ŭŮŭɞɛɏɜŬ, ɧˊɤɠ ɞɘ ŰɎůŮɘɠ əŬɘ ɔɤɜɑŮɠ ůŰɞɡɠ ɕɡɔɞɨɠ, ɞɘ ŬˊɩɚŮɘŮɠ, ɖ ˊŬɟŬɔɤɔɐ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ, 

ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ɇɏɚɞɠ, ɛŮ ɢɟɐůɖ 

Űɖɠ ůɡɜɎɟŰɖůɖɠ biograph ɛˊɞɟɏůŬɛŮ ɜŬ ŬɜŬˊŬɟŬůŰɐůɞɡɛŮ Űɞ ŭɑəŰɡɞ əŬɗɩɠ əŬɘ Űɞ ɔɟɎűɞ 

ŮˊɘəɞɘɜɤɜɑŬɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ. 

ɇŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ əɧůŰɞɡɠ əŬɘ ŰŬ ɧɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ, Űɖɜ 

ŰɞˊɞɚɞɔɑŬ Űɞɡ ŭɘəŰɨɞɡ, əŬɗɩɠ əŬɘ Űɞ ɕɖŰɞɨɛŮɜɞ űɞɟŰɑɞ ɛˊɞɟɞɨɛŮ ɜŬ ŰŬ ŮɝɎɔɞɡɛŮ əɎɗŮ 

űɞɟɎ Ŭˊɧ ɏɜŬ ŬɟɢŮɑɞ Űɖɠ ɛɞɟűɐɠ .m. ɆɡɔəŮəɟɘɛɏɜŬ Űɞ ɞɚɘəɧ ɕɖŰɞɨɛŮɜɞ űɞɟŰɑɞ Űɞ 

ɡˊɞɚɞɔɑɕɞɡɛŮ ɤɠ Űɞ ɎɗɟɞɘůɛŬ ɧɚɤɜ Űɤɜ űɞɟŰɑɤɜ Űɤɜ ɕɡɔɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

 ɆŰŬ ŮˊɧɛŮɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ɗŬ ŭɞɨɛŮ ŬɜŬɚɡŰɘəɎ Űɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ɔɘŬ 3 ŭɘŬűɞɟŮŰɘəɎ 

ŭɑəŰɡŬ. 
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6.4.1 ɀŮɚɏŰɖ ȹɘəŰɨɞɡ 30 Ȼɡɔɩɜ 

 

ȷɟɢɘəɎ, ŮˊɘɚɏɝŬɛŮ Űɞ ŭɑəŰɡɞ case30.m Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 30 ɕɡɔɞɨɠ ɛŮ 6 Ŭˊɧ 

ŬɡŰɞɨɠ ɜŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɔŮɜɜɐŰɟɘŮɠ. ȷɡŰɧ ɏɢŮɘ Űɖɜ ˊŬɟŬəɎŰɤ ŰɞˊɞɚɞɔɑŬ, ɧˊɞɡ ɛŮ ɏɜŰɞɜɞ 

ɛˊɚŮ ŰɞɜɑɕɞɜŰŬɘ ɞɘ ɗɏůŮɘɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ: 

 
ɆɢɐɛŬ 6.19: ũɟɎűɞɠ ŭɘəŰɨɞɡ 30 əɧɛɓɤɜ 
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ȷˊɧ ŬɡŰɧ ˊɟɞəɨˊŰŮɘ əŬɘ ɞ ɔɟɎűɞɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ ɛɏůɤ Űɞɡ əɟɘŰɖɟɑɞɡ ůɡɜŰɞɛɧŰŮɟɖɠ 

ŭɘŬŭɟɞɛɐɠ, ɤɠ: 

 
ɆɢɐɛŬ 6.20: ũɟɎűɞɠ ɔŮɜɜɖŰɟɘɩɜ ŭɘəŰɨɞɡ 30 əɧɛɓɤɜ 

1. ũɟŬɛɛɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɔɟŬɛɛɘəɞɨ Ŭɚɔɞɟɑɗɛɞɡ ůŰɞ 

ˊŬɟŬˊɎɜɤ ŭɑəŰɡɞ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɛɏůɤ Űɤɜ ˊŬɟŬəɎŰɤ ŭɘŬɔɟŬɛɛɎŰɤɜ. 

 
ɆɢɐɛŬ 6.21: ɃɟɘŬəɧ ȾɧůŰɞɠ ɔɘŬ ɔɟŬɛɛɘəɧ Ŭɚɔɧɟɘɗɛɞ 
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ɆɢɐɛŬ 6.22: ɄŬɟŬɔɤɔɐ ɔŮɜɜɖŰɟɘɩɜ ɔɘŬ ɔɟŬɛɛɘəɧ Ŭɚɔɧɟɘɗɛɞ 

 
ɆɢɐɛŬ 6.23: Power Mismatch ɔɘŬ ɔɟŬɛɛɘəɧ Ŭɚɔɧɟɘɗɛɞ 
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ȸɚɏˊɞɡɛŮ, ɚɞɘˊɧɜ, ůŰɞ ůɢɐɛŬ 6.21,  ɧŰɘ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ ůɡɔəɚɑɜŮɘ ůŰɖɜ Űɘɛɐ 

3,8183ú/MWh, ɛɧɚɘɠ ɛŮŰɎ Űɖɜ 10
ɖ
 ŮˊŬɜɎɚɖɣɖ, ɛŮ ŬɜŰɑůŰɞɘɢɖ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ ůŰɘɠ 

ɔŮɜɜɐŰɟɘŮɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 6.22, ɛŮ: 
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ɧˊɞɡ Űɞ ὖ  ŮəűɟɎɕŮŰŬɘ ůŮ MW. 

ɇɞ power mismatch əɎɗŮ əɧɛɓɞɡ ůɡɔəɚɑɜŮɘ ůŰɞ ɛɖŭɏɜ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 6.23, ɞˊɧŰŮ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ əɎɚɡɣɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ. 

ɇɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɔɘŬ ŬɡŰɧ Űɞ ŭɑəŰɡɞ ůŮ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ɗŬ ŮɑɜŬɘ: 

ὅ Вὅ υψσȟρττπΌȾὬ. 

ɇɏɚɞɠ, Űɞ ɞɚɘəɧ power mismatch Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ŰɩɟŬ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ (5.12) 

Űɖɠ ŰɎɝŮɤɠ Űɞɡ 2,5%. 

 

2. ȷɚɔɧɟɘɗɛɞɠ Kuramoto  

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Kuramoto ůŰɞ 

ɑŭɘɞ ŭɑəŰɡɞ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɛɏůɤ Űɤɜ ˊŬɟŬəɎŰɤ ŭɘŬɔɟŬɛɛɎŰɤɜ. 

 
ɆɢɐɛŬ 6.24: ɃɟɘŬəɧ ȾɧůŰɞɠ ɔɘŬ Ŭɚɔɧɟɘɗɛɞ Kuramoto  
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ɆɢɐɛŬ 6.25: ɄŬɟŬɔɤɔɐ ɔŮɜɜɖŰɟɘɩɜ ɔɘŬ Ŭɚɔɧɟɘɗɛɞ Kuramoto  

 
ɆɢɐɛŬ 6.26: Power Mismatch ɔɘŬ Ŭɚɔɧɟɘɗɛɞ Kuramoto  
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ȸɚɏˊɞɡɛŮ, ɚɞɘˊɧɜ ɧŰɘ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ ůɡɔəɚɑɜŮɘ ůŰɖɜ Űɘɛɐ 3,7475ú/MWh, ˊɎɚɘ ɛŮŰɎ Űɖɜ 

10
ɖ
 ŮˊŬɜɎɚɖɣɖ, ɛŮ ŬɜŰɑůŰɞɘɢɖ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ: 
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ɧˊɞɡ Űɞ ὖ  ŮəűɟɎɕŮŰŬɘ ůŮ MW. 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŬɡŰɧɠ ɞ Űɟɧˊɞɠ ˊŬɟɞɡůɘɎɕŮɘ ŰŬɚŬɜŰɩůŮɘɠ əŬɘ Űɞ power mismatch 

ŰŬɚŬɜŰɩɜŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞ ɛɖŭɏɜ, ŬɚɚɎ əŬɘ ˊɎɚɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ 

əɧůŰɞɡɠ əŬɘ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ ɛɞɜɎŭɤɜ ůŮ ɛɑŬ Űɘɛɐ ˊŬɟŬɔɤɔɐɠ. 

ɇɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɟɞəɨˊŰŮɘ: 

ὅ Вὅ υτπȟρσφφΌȾὬ. 

ɇɏɚɞɠ, Űɞ ɞɚɘəɧ power mismatch Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ŰɩɟŬ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ (5.12) 

Űɖɠ ŰɎɝŮɤɠ Űɞɡ 3,5%. 

 

3. ɀɖ ũɟŬɛɛɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ  

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɖ ɔɟŬɛɛɘəɞɨ Ŭɚɔɞɟɑɗɛɞɡ 

ůŰɞ ŭɑəŰɡɞ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɛɏůɤ Űɤɜ ˊŬɟŬəɎŰɤ ŭɘŬɔɟŬɛɛɎŰɤɜ. 

 
ɆɢɐɛŬ 6.27: ɃɟɘŬəɧ əɧůŰɞɠ ɔɘŬ ɛɖ ɔɟŬɛɛɘəɧ Ŭɚɔɧɟɘɗɛɞ 
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ɆɢɐɛŬ 6.28: ɄŬɟŬɔɤɔɐ ɔŮɜɜɖŰɟɘɩɜ ɔɘŬ ɛɖ ɔɟŬɛɛɘəɧ Ŭɚɔɧɟɘɗɛɞ 

 
ɆɢɐɛŬ 6.27: Power Mismatch ɔɘŬ ɛɖ ɔɟŬɛɛɘəɧ Ŭɚɔɧɟɘɗɛɞ 
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Ⱥŭɩ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ ůɡɔəɚɑɜŮɘ ůŰɖɜ Űɘɛɐ 3,8223ú/MWh, ɛŮŰɎ Űɖɜ 20
ɖ
 

ŮˊŬɜɎɚɖɣɖ, əŬɘ ɓɚɏˊɞɡɛŮ ɝŬɜɎ ɧŰɘ ɞ ɛɖ ɔɟŬɛɛɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ŬˊŬɘŰŮɑ ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ 

ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɖ ůɨɔəɚɘůɖ Űɞɡ, ɧˊɤɠ ɐŭɖ ŮɑŭŬɛŮ ůŰɖɜ ˊɟɩŰɖ ˊŬɟɎɔɟŬűɞ ŬɡŰɞɨ Űɞɡ 

əŮűŬɚŬɑɞɡ. ȼ əŬŰŬɜɞɛɐ űɞɟŰɑɞɡ ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɛŮŰɎ Űɞ ˊɏɟŬɠ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ ŮɑɜŬɘ: 
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ɧˊɞɡ Űɞ ὖ  ŮəűɟɎɕŮŰŬɘ ůŮ MW. 

ɄŬɟŬŰɖɟɞɨɛŮ, ŬəɧɛŬ, ɧŰɘ ŬɡŰɧɠ ɞ Űɟɧˊɞɠ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚɖ ɞɛŬɚɧŰɖŰŬ ůŰɘɠ ɛŮŰŬɓɞɚɏɠ 

Űɤɜ Űɘɛɩɜ əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ. ɇɞ power mismatch ůɡɔəɚɑɜŮɘ ůŰɞ ɛɖŭɏɜ 

əŬɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ Űɞɡ ɞɟɘŬəɞɨ əɧůŰɞɡɠ əŬɘ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ ɛɞɜɎŭɤɜ ůŮ ɛɑŬ 

Űɘɛɐ ˊŬɟŬɔɤɔɐɠ. 

ɇɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɟɞəɨˊŰŮɘ: 

ὅ Вὅ υψυȟψχςχΌȾὬ. 

ɇɏɚɞɠ, Űɞ ɞɚɘəɧ power mismatch Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ŰɩɟŬ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ (5.12) 

Űɖɠ ŰɎɝŮɤɠ Űɞɡ 2,9%. 

 

4. Ɇɨɔəɟɘůɖ ɛŮ ŰŬ ȷˊɞŰŮɚɏůɛŬŰŬ Űɞɡ MATPOWER   

 

ɇɩɟŬ, Ŭɠ ŭɞɨɛŮ ůɡɔəŮɜŰɟɤŰɘəɎ ůŮ ɏɜŬ ˊɑɜŬəŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ 

Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ˊɞɡ ɡɚɞˊɞɘɐůŬɛŮ əŬɗɩɠ əŬɘ ɜŬ ůɡɔəɟɑɜɞɡɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɛɏůɤ Űɖ ůɡɜɎɟŰɖůɖɠ runopf Űɞɡ MATPOWER, ɖ ɞˊɞɑŬ ɚɨɜŮɘ Űɞ 

ˊɟɧɓɚɖɛŬ Űɖɠ ɓɏɚŰɘůŰɖɠ ɟɞɐɠ űɞɟŰɑɞɡ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ŭɑəŰɡɞ. ȾŬŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ 

ɓɏɚŰɘůŰɖɠ ɟɞɐɠ űɞɟŰɑɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬɘ Ɏɚɚɞɘ ˊŮɟɘɞɟɘůɛɞɑ Űɞɡɠ ɞˊɞɑɞɡɠ ŮɛŮɑɠ 

ŬɔɜɞɞɨɛŮ əŬŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ɧˊɤɠ ɧɟɘŬ ɔɟŬɛɛɩɜ əŬɘ ŰɎůŮɤɜ ůŰɞɡɠ 

əɧɛɓɞɡɠ. ȰŰůɘ, ɖ ɚɨůɖ Űɖɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟŮɘ Ŭˊɧ ŬɡŰɐɜ Űɖɠ Ŭˊɚɐɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ 

Űɞɡ űɞɟŰɑɞɡ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɛɖɜ ŮˊɖɟŮɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ 

ˊŬɟɎɔɞɜŰŮɠ əŬɘ ɜŬ ˊɟɞůŮɔɔɑůɞɡɛŮ Űɖ ɚɨůɖ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ űɞɟŰɑɞɡ, 

ɢŬɚŬɟɩůŬɛŮ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ ůŰɘɠ ŰɎůŮɘɠ əŬɘ ůŰɘɠ ɟɞɏɠ Űɤɜ ɔɟŬɛɛɩɜ ˊɞɡ ŭɑɜɞɜŰŬɘ ůŰɞ 

ŬɟɢŮɑɞ Űɞɡ matpower. ȷəɧɛŬ, ŬɜŬűɏɟŮŰŬɘ əŬɘ ɞ ŬˊŬɘŰɞɨɛŮɜɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɞɜ 

ŰŮɟɛŬŰɘůɛɧ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ. 
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ɄŬɟŬɔɤɔɐ ũŮɜɜɖŰɟɘɩɜ (MW)  

ũŮɜɜɐŰɟɘŬ MATPOWER  ũɟŬɛɛɘəɧɠ Kuramoto  ɀɖ ũɟŬɛɛɘəɧɠ 

1 44,73 45,4585 43,7109 45,5567 

2 58,26 59,0967 57,0721 59,2212 

13 21,78 22,5473 21,9860 22,5843 

22 32,31 34,0780 29,8452 34,3577 

23 15,78 16,3683 14,9649 16,4609 

27 16,33 16,3669 14,9687 16,4493 

Ɇɨɜɞɚɞ 189,19 193,9157 182,5478 194,6301 
ɄɑɜŬəŬɠ 7: ɄŬɟŬɔɤɔɐ ũŮɜɜɖŰɟɘɩɜ 

 MATPOWER  ũɟŬɛɛɘəɧɠ Kuramoto  ɀɖ ũɟŬɛɛɘəɧɠ 

ȺˊŬɜŬɚɐɣŮɘɠ - 28 20 31 

ȿɎɛŭŬ 3,789 3,8183 3,7475 3,8223 
ɄɑɜŬəŬɠ 8: ȷˊŬɘŰɞɨɛŮɜŮɠ ȺˊŬɜŬɚɐɣŮɘɠ - ȿɎɛŭŬ 

ɆɢŮŰɘəɎ ɆűɎɚɛŬŰŬ (%) 

ũŮɜɜɐŰɟɘŬ ũɟŬɛɛɘəɧɠ Kuramoto  ɀɖ ũɟŬɛɛɘəɧɠ 

1 1,63% -2,28% 1,85% 

2 1,44% -2,04% 1,65% 

13 3,52% 0,95% 3,69% 

22 5,47% -7,63% 6,34% 

23 3,73% -5,17% 4,31% 

27 0,23% -8,34% 0,73% 

Ɇɨɜɞɚɞ 2,50% -3,51% 2,88% 
ɄɑɜŬəŬɠ 9: ɆɢŮŰɘəɎ ɆűɎɚɛŬŰŬ 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ əŬɘ ɞɘ ŰɟŮɘɠ Ŭɚɔɧɟɘɗɛɞɘ ˊɟɞůŮɔɔɑɕɞɡɜ Űɖ ɚɨůɖ ˊɞɡ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ MATPOWER, ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ ůűɎɚɛŬ ɜŬ Űɞ ˊŬɟɞɡůɘɎɕŮɘ ɞ ɔɟŬɛɛɘəɧɠ 

Ŭɚɔɧɟɘɗɛɞɠ.  

6.4.2 ȯɚɚŬ ȹɑəŰɡŬ 

 

ȷəɞɚɞɨɗɤɠ, ŮˊɘɚɏɝŬɛŮ ɜŬ ŮɝŮŰɎůɞɡɛŮ əŬɘ ɞɟɘůɛɏɜŮɠ ɎɚɚŮɠ ŰɞˊɞɚɞɔɑŮɠ ŭɘəŰɨɤɜ, ŬɡŰɐ Űɖ 

űɞɟɎ ɧɛɤɠ ɛɧɜɞ ɔɘŬ Űɞɜ ɔɟŬɛɛɘəɧ Ŭɚɔɧɟɘɗɛɞ ɞ ɞˊɞɑɞɠ ŮɑŭŬɛŮ əŬɘ ɧŰɘ ɏɢŮɘ ŰŬ əŬɚɨŰŮɟŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɞɡɠ 3.  

ȷɠ ŭɞɨɛŮ ŬɟɢɘəɎ Űɞ ŭɑəŰɡɞ case57.m Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 57 ɕɡɔɞɨɠ ɛŮ 7 Ůə Űɤɜ 

ɞˊɞɑɤɜ ɜŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɔŮɜɜɐŰɟɘŮɠ. ȷɡŰɧ ɏɢŮɘ Űɖɜ ŰɞˊɞɚɞɔɑŬ ˊɞɡ űŬɑɜŮŰŬɘ Ŭəɞɚɞɨɗɤɠ 

ůŰɞ ůɢɐɛŬ (6.28), ɧˊɞɡ ɛŮ ɏɜŰɞɜɞ ɛˊɚŮ ŰɞɜɑɕɞɜŰŬɘ ɞɘ ɗɏůŮɘɠ Űɤɜ ɔŮɜɜɖŰɟɘɩɜ. Ƀ ɔɟɎűɞɠ 

ɔŮɜɜɖŰɟɘɩɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ Űɞɡ ůɢɐɛŬŰɞɠ (6.29). ũɘŬ ŬɡŰɧ Űɞ ŭɑəŰɡɞ 

ˊɟɞəɨˊŰɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ ɔɟŬűɐɛŬŰŬ. ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɞ ɞɟɘŬəɧ əɧůŰɞɠ ůɡɔəɚɑɜŮɘ ůŰɖɜ 

Űɘɛɐ 51,93ú/MWh, ɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ ůŰɘɠ ɛɞɜɎŭŮɠ ɜŬ ŮɑɜŬɘ ŬɡŰɐ Űɞɡ ůɢɐɛŬŰɞɠ (6.31) əŬɘ 

Űɏɚɞɠ Űɞ power mismatch Űɤɜ ɛɞɜɎŭɤɜ ɜŬ ůɡɔəɚɑɜŮɘ ůŰɞ ɛɖŭɏɜ. 
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ɆɢɐɛŬ 6.28: ũɟɎűɞɠ ŭɘəŰɨɞɡ 57 ɕɡɔɩɜ 
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ɆɢɐɛŬ 6.29: ũɟɎűɞɠ ɔŮɜɜɖŰɟɘɩɜ ŭɘəŰɨɞɡ 57 ɕɡɔɩɜ 
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ɆɢɐɛŬ 6.30: ɃɟɘŬəɧ əɧůŰɞɠ ŭɘəŰɨɞɡ 57 ɕɡɔɩɜ 

 
ɆɢɐɛŬ 6.31: Power Mismatch ŭɘəŰɨɞɡ 57 ɕɡɔɩɜ 
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ɆɢɐɛŬ 6.30: Power Mismatch ŭɘəŰɨɞɡ 57 ɕɡɔɩɜ 

 

ȷɜŰɑůŰɞɘɢŬ ŰɩɟŬ ɗŬ ɛŮɚŮŰɐůɞɡɛŮ Űɞ ŭɑəŰɡɞ case118.m Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 118 

ɕɡɔɞɨɠ ɛŮ 54 Ŭˊɧ ŬɡŰɞɨɠ ɜŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɔŮɜɜɐŰɟɘŮɠ. ȷɡŰɧ ɏɢŮɘ Űɖɜ ŰɞˊɞɚɞɔɑŬ ˊɞɡ 
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ɨůŰŮɟŬ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ˊɟɞɏəɡɣŮ ˊɎɚɘ ůɨɔəɚɘůɖ ůŰɖɜ Űɘɛɐ 38,4ú/MWh 

ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ůɢɐɛŬ (6.35). ȷəɧɛŬ ůŰɞ ůɢɐɛŬ (6.36) űŬɑɜŮŰŬɘ ɖ əŬŰŬɜɞɛɐ Űɞɡ 

űɞɟŰɑɞɡ ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ, Ůɜɩ ůŰɞ ůɢɐɛŬ (6.37) űŬɑɜŮŰŬɘ ɧŰɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɨɔəɚɘůɖ Űɞɡ 

power mismatch ůŰɞ ɛɖŭɏɜ. 
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ɆɢɐɛŬ 6.33: ũɟɎűɞɠ ŭɘəŰɨɞɡ 118 ɕɡɔɩɜ 
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ɆɢɐɛŬ 6.34: ũɟɎűɞɠ ɔŮɜɜɖŰɟɘɩɜ ŭɘəŰɨɞɡ 118 ɕɡɔɩɜ 
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ɆɢɐɛŬ 6.35: ɃɟɘŬəɧ əɧůŰɞɠ ŭɘəŰɨɞɡ 118 ɕɡɔɩɜ 

 

ɆɢɐɛŬ 6.36: ɄŬɟŬɔɤɔɐ ɔŮɜɜɖŰɟɘɩɜ ŭɘəŰɨɞɡ 118 ɕɡɔɩɜ 
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ɆɢɐɛŬ 6.37: Power Mismatch ŭɘəŰɨɞɡ 118 ɕɡɔɩɜ 
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