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

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

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

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

ŮɟɔŬůɑŬɠ ɔɘŬ əŮɟŭɞůəɞˊɘəɧ ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞɜ ůɡɔɔɟŬűɏŬ. 

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

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

ɄɞɚɡŰŮɢɜŮɑɞɡ. 
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ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ 

ˊɟɞˊŰɡɢɘŬəɞɨ ɄɟɞɔɟɎɛɛŬŰɞɠ Ɇˊɞɡŭɩɜ Űɖɠ Ɇɢɞɚɐɠ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ 

əŬɘ ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, ůŰŬ ˊɚŬɑůɘŬ 

Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ SUSTAINABLE. 

ȷɟɢɘəɎ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ əŬɗɖɔɖŰɐ əŬɘ ŮˊɘɓɚɏˊɞɜŰŬ 

Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ə. ɆŰŬɨɟɞ ɄŬˊŬɗŬɜŬůɑɞɡ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɞɡ, 

Űɖɜ ŮˊɑɓɚŮɣɖ ŬɚɚɎ əɡɟɑɤɠ ɔɘŬ Űɘɠ ɔɜɩůŮɘɠ ˊɞɡ ŬˊɞəɧɛɘůŬ Űɧůɞ Ŭˊɧ Űɖɜ 

Ůəˊɧɜɖůɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ, ɧůɞ əŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ŭɘŬɚɏɝŮɤɜ 

Űɞɡ. Ⱥˊɘˊɚɏɞɜ, ɞűŮɑɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɑŰŮɟŬ Űɞɜ ɖɚŮəŰɟɞɚɧɔɞ ɛɖɢŬɜɘəɧ Űɞɡ 

ȹȺȹȹȼȺ əŬɘ ůɡɜŮɟɔɎŰɖ Űɞɡ ə. ɄŬˊŬɗŬɜŬůɑɞɡ, ɄŬɜŬɔɘɩŰɖ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ ɔɘŬ 

ɧɚɖ Űɖɜ ůɡɜŮɟɔŬůɑŬ ɛŬɠ əŬɘ Űɞɜ ˊɞɚɨŰɘɛɞ ɢɟɧɜɞ ˊɞɡ ŬűɘɏɟɤůŮ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ 

ɔɘŬ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑ ŮˊɏəŰŬůɖ Űɞɡ ɏɟɔɞɡ Űɞ ɞˊɞɑɞ ŮɑɢŮ 

ɞ ɑŭɘɞɠ ŬɜŬˊŰɨɝŮɘ. 

ɇɏɚɞɠ, Űɘɠ ˊɘɞ ɗŮɟɛɏɠ ɛɞɡ ŮɡɢŬɟɘůŰɑŮɠ Űɘɠ ɞűŮɑɚɤ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ 

ȹɖɛɐŰɟɖ, ȳɚɔŬ, ũɘɩɟɔɞ əŬɘ ɇɎəɖ ɔɘŬ Űɖɜ ŬŭɘɎəɞˊɖ ůɡɜŭɟɞɛɐ Űɞɡɠ, Űɧůɞ ůŮ ɖɗɘəɧ 

ɧůɞ əŬɘ ɡɚɘəɧ ŮˊɑˊŮŭɞ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŰɖɜ ɀŬɟɑŬ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɐ Űɖɠ əŬŰɎ 

Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ůɡɔɔɟŬűɐɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 
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ɄŮɟɑɚɖɣɖ 

 

 ȼ ŬɜɎˊŰɡɝɖ Űɖɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ (əɡɟɑɤɠ ɛɏůɤ Űɤɜ 

ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ),  Űɤɜ ůɡůəŮɡɩɜ ŬˊɞɗɐəŮɡůɖɠ ůŰŬ ŭɑəŰɡŬ ɛɏůɖɠ 

əŬɘ ɢŬɛɖɚɐɠ ŰɎůɖɠ əŬɗɩɠ əŬɘ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŰɖɚŮɛɏŰɟɖůɖɠ əŬɘ Űɤɜ ɏɝɡˊɜɤɜ 

ɛŮŰɟɖŰɩɜ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŰŬ ůɖɛŮɟɘɜɎ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŮ 

əŬŰɎůŰŬůɖ ɛŮŰɎɓŬůɖɠ Ŭˊɧ ˊŬɗɖŰɘəɎ ůŮ çŮɜŮɟɔɖŰɘəɎè ɐ çŮɡűɡɐè  ŭɑəŰɡŬ 

ŭɘŬɜɞɛɐɠ.  ȺɑɜŬɘ ˊɟɧŭɖɚɖ  ɚɞɘˊɧɜ, ɖ ŬɜɎɔəɖ ɨˊŬɟɝɖɠ Ůɜɧɠ əŮɜŰɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

Űɞ ɞˊɞɑɞ ŭɘŬɗɏŰŮɘ ɛɖɢŬɜɘůɛɞɨɠ Ůɚɏɔɢɞɡ əŬɘ ŮˊɘəɞɘɜɤɜɑŬɠ, ŰɏŰɞɘɞɡɠ ɩůŰŮ ɞ 

ŭɘŬɢŮɘɟɘůŰɐɠ Űɞɡ ŭɘəŰɨɞɡ ɜŬ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ůɡɜɞɚɘəɐ ŮˊɞˊŰŮɑŬ əŬɘ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ŮɚɏɔɢŮɘ ůɡɜŰɞɜɘůɛɏɜŬ ɧɚŮɠ Űɘɠ ůɡůəŮɡɏɠ ůŮ ŬɡŰɧ. 

 Ƀ ůəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ɞɚɞəɚɖɟɤɛɏɜɞɡ 

ɚɞɔɘůɛɘəɞɨ, ɘəŬɜɞɨ ɜŬ ˊɟɞůɞɛɞɘɩůŮɘ ɏɜŬ ɞˊɞɘɞŭɐˊɞŰŮ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ əŬɘ ɜŬ 

ŭɩůŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɓɏɚŰɘůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɔɘŬ Űɘɠ ŮˊɧɛŮɜŮɠ 24 ɩɟŮɠ. 

ȷɟɢɘəɎ, Ů́ɟɘɔɟɎűɞɜŰŬɘ ŰŬ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ Ůɚɏɔɢɞɡ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰŬ ŭɑəŰɡŬ 

ŭɘŬɜɞɛɐɠ, Ŭˊɧ Űɞɜ Űɞˊɘəɧ ɏɚŮɔɢɞ əɎɗŮ ůɡůəŮɡɐɠ ɛɏɢɟɘ Űɞɜ əŮɜŰɟɘəɎ ůɡɜŰɞɜɘůɛɏɜɞ 

ɏɚŮɔɢɞ Űɞɡ ůɡɜɞɚɘəɞɨ ŭɘəŰɨɞɡ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟŬɗɏŰɞɜŰŬɘ əŬɘ ŬɜŬɚɨɞɜŰŬɘ ŰŬ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ Ůɚɏɔɢɞɡ ŬɡŰɞɨ. ũɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰŬ ɗŮŰɘəɎ əŬɘ ŬɟɜɖŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, Űɤɜ ůɡůəŮɡɩɜ ŬˊɞɗɐəŮɡůɖɠ əŬɘ 

Űɤɜ ɟɡɗɛɘůŰɩɜ ŰɎůɖɠ, əŬɗɩɠ əŬɘ ůŰɘɠ ɛŬɗɖɛŬŰɘəɏɠ ˊɟɞəɚɐůŮɘɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. 

 ɆŰɖɜ ůɡɜɏɢŮɘŬ ŬɜŬɚɨŮŰŬɘ Űɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ Űɖɜ 

ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɘəŰɨɤɜ əŬɗɩɠ əŬɘ ɞɘ ɚŮˊŰɞɛɏɟŮɘŮɠ ůɢŮŭɑŬůɖɠ Űɞɡ 

ˊɞɚɡŬɜŰɘəŮɘɛŮɜɘəɞɨ ˊɟɞɓɚɐɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɟɞɠ Ůˊɑɚɡůɖ. ɆɡɔəŮəɟɘɛɏɜŬ, 

ɡˊɎɟɢɞɡɜ ɞəŰɩ ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɞ ɢɟɐůŰɖɠ 

ŮˊɘɚɏɔŮɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɓɎɟɖ ˊɞɡ ŮˊɘɗɡɛŮɑ. ɇɞ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŭɘŬɗɏŰŮɘ 

ɔɟŬɛɛɘəɞɨɠ əŬɘ ŰŮŰɟŬɔɤɜɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ, ŬɜŬűɞɟɘəɎ ɛŮ Űɞ ɗŮɟɛɘəɧ ɧɟɘɞ Űɤɜ 

ɔɟŬɛɛɩɜ, ŰŬ ɧɟɘŬ Űɖɠ ŰɎůɖɠ əɎɗŮ əɧɛɓɞɡ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɜŰɘůŰɟɞűɏɤɜ 

əɎɗŮ ɛɞɜɎŭŬɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ əŬɗɩɠ əŬɘ ˊŮɟɘɞɟɘůɛɞɨɠ ˊɞɡ ŭɘɏˊɞɡɜ 

Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɚɞɘˊɩɜ ůɡůəŮɡɩɜ.  

 Ⱥˊɘˊɚɏɞɜ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ˊɟɧŰɡˊɞ ŭɑəŰɡɞ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ 

ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɖɜ əɚŬůůɘəɐ ɛɏɗɞŭɞ ɟɨɗɛɘůɖɠ Űɖɠ ŰɎůɖɠ. Ȱɝɘ ŭɘŬűɞɟŮŰɘəɞɑ ŭŮɑəŰŮɠ 

(KPIôs) ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɤɜ ɞűŮɚɩɜ Űɞɡ, ɔɘŬ ɖɛŮɟɐůɘŬ 

əŬɘ ŮŰɐůɘŬ ɚŮɘŰɞɡɟɔɑŬ, Ůɜɩ ůŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ Űɖɜ ŬɜɎŭŮɘɝɖ Űɤɜ ɚŮˊŰɞɛŮɟŮɘɩɜ Űɞɡ, 

ŬɜŬűɏɟɞɜŰŬɘ ɝŮɢɤɟɘůŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŭɘəŰɨɤɜ. ɇɏɚɞɠ, ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ 

ŮɝɘůɩůŮɤɜ, əŬɗɩɠ əŬɘ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ɡˊɞɚɞɔɘůɛɩɜ ɏɔɘɜŮ ɢɟɐůɖ Űɞɡ 

ɚɞɔɘůɛɘəɞɨ MATLAB, Ůɜɩ ɖ ɑŭɘŬ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ Űɞɡ 

CPLEX Űɖɠ IBM. 
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Abstract 

 

 The development of distributed generation (based on renewable energy), 

energy storage technologies implemented on low and medium voltage grid, as 

well as telemetry systems and smart meters, resulted in the transition of modern 

power distribution systems from passive to ñactiveò or ñsmartò grids. The need for 

a central distribution management scheme which incorporates control and 

communication systems, enabling the network operator to have an overall 

supervision of the grid and to coordinate effectively the devices on it, is of utmost 

importance. 

 The main purpose of this paper is the development of a robust 

optimization software, capable of modeling any distribution power network and 

optimizing its operation for the next 24 hours. Initially, all different control 

methods implemented on distribution networks are described, varying from the 

local control of any device, to the centralized and coordinated control of the grid. 

Moreover, the advantages of this control scheme are presented in detail. The 

thesis refers to the positive and negative effects of distributed generation, storage 

devices and voltage regulators to the grid, as well as to the mathematical 

challenges that arise from the optimization of electrical power systems. 

 Next, the mathematical model developed in order to simulate the 

distribution networks is analyzed, as well as the details concerning the design of 

the multi-objective optimization problem. Specifically, there are eight different 

objective functions, for which user selects the weight factors he desires. The 

optimization problem includes linear and quadratic constraints, referring to the 

thermal limit of the lines, the voltage limits for every node, the characteristics of 

each DG unit inverter, as well as constraints which describe the operation of the 

remaining devices. 

 Moreover, the proposed algorithm is tested on a standard distribution 

network, and specifically, it is compared to the conventional voltage regulation 

method. Six different indices (KPIôs) were used to quantify the improvement in 

smart-grid scenario, for daily and annual operation, while a variety of other 

networks are used as case studies in order to illustrate the remaining beneficial 

characteristics of the algorithm. Finally, simulations of all models, as well as the 

necessary calculations, are all implemented in Matlab, whereas the software 

used for the optimization is IBMôs CPLEX. 
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1 ɞɢɫɚɜɱɜɠ 
 

 
 

ȺɘəɧɜŬ 1.1 ȹɑəŰɡɞ ȼɚŮəŰɟɘəɐɠ ȺɜŮɟɔŮɑŬɠ: ɀɘŬ Ɏəɟɤɠ ůɖɛŬɜŰɘəɐ ɡˊɞŭɞɛɐ[1] 

 

ȼ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊɘɞ ŮŭɟŬɘɤɛɏɜŮɠ ɛɞɟűɏɠ ŮɜɏɟɔŮɘŬɠ 

əŬɘ ɞ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ɚɧɔɞɠ ɔɘŬ Űɖɜ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ 

ŮɑɜŬɘ ɖ űɗɖɜɐ, Ůɨəɞɚɖ əŬɘ ɛŮ ˊɞɚɨ ɡɣɖɚɐ Ŭˊɧŭɞůɖ, ɛŮŰŬűɞɟɎ Űɖɠ. 

ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ 

ɛŮŰŬŰɟŬˊŮɑ ůŮ əɎ́ɞɘŬ Ɏɚɚɖ ɛɞɟűɐ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ɖ ŰŮɟɎůŰɘŬ ɢɟɖůɘɛɞˊɞɑɖůɐ 

Űɖɠ, ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɤɜ ůɡůəŮɡɩɜ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ, 

əŬɗɘůŰɩɜŰŬɠ ɏŰůɘ Űɖɜ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ˊɘɞ ůɖɛŬɜŰɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ ŮɡɖɛŮɟɑŬɠ əŬɘ Ůˊɘɓɑɤůɖɠ Űɞɡ ůɖɛŮɟɘɜɞɨ əɧůɛɞɡ. 

 ȼ ́ŬɟŬɔɤɔɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɔɑɜŮŰŬɘ ɛŮ ˊɞɚɚɞɨɠ Űɟɧˊɞɡɠ, ɛŮ 

əɡɟɑŬɟɢɞ Űɖɜ əŬɨůɖ ŭɘŬűɧɟɤɜ ɞɟɡəŰɩɜ, ɧˊɤɠ Űɞɡ ɚɘɔɜɑŰɖ. ȯɚɚɞɘ Űɟɧˊɞɘ ŮɑɜŬɘ 

ŰŬ ˊɡɟɖɜɘəɎ ŮɟɔɞůŰɎůɘŬ, Ůɜɩ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɔɑɜŮŰŬɘ ɛŮɔɎɚɖ ˊɟɞůˊɎɗŮɘŬ 

ɔɘŬ Űɖɜ ɏɜŰŬɝɖ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɤɜ ɛɞɜɎŭɤɜ ȷɜŬɜŮɩůɘɛɤɜ Ʉɖɔɩɜ 

ȺɜɏɟɔŮɘŬɠ (ȷɄȺ) ɔɘŬ ɜŬ ŬɜŰɘəŬŰŬůŰɐůɞɡɜ ŰŬ ůɡɛɓŬŰɘəɎ ŮɟɔɞůŰɎůɘŬ. 

 ɇɞ ɛɞɜŬŭɘəɧ əŬɘ ˊɞɚɨ ɛŮɔɎɚɞ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ 

ɖ ŬŭɡɜŬɛɑŬ ɛŬəɟɞɢɟɧɜɘŬɠ ŬˊɞɗɐəŮɡůɐɠ Űɖɠ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ ŮɑɜŬɘ ɖ 

ŬɜŬɔəŬɘɧŰɖŰŬ Űɖɠ ŰŬɡŰɧɢɟɞɜɖɠ əŬŰŬɜɎɚɤůɖɠ əŬɘ ˊŬɟŬɔɤɔɐɠ Űɖɠ, əɎŰɘ Űɞ 

ɞˊɞɑɞ ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰŬ ůɨɔɢɟɞɜŬ ɖɚŮəŰɟɘəɎ ŭɑəŰɡŬ ˊɞɡ ůɡɜŭɏɞɡɜ ŰŬ ŭɘɎűɞɟŬ 

ůɖɛŮɑŬ ˊŬɟŬɔɤɔɐɠ əŬɘ əŬŰŬɜɎɚɤůɖɠ. Ƀ ůɡɜɖɗɏůŰŮɟɞɠ, ɛɏɢɟɘ ŰɩɟŬ, Űɟɧˊɞɠ 

ŬˊɞɗɐəŮɡůɖɠ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ɖ ŬˊɞɗɐəŮɡůɐ Űɖɠ Ŭűɞɨ ˊɟɩŰŬ 

ɛŮŰŬŰɟŬˊŮɑ ůŮ Ɏɚɚɖ ɛɞɟűɐ ŮɜɏɟɔŮɘŬɠ (ˊɢ. ȹɡɜŬɛɘəɐ, ɢɖɛɘəɐ). 

 

 

 

 



ȺȽɆȷũɋũȼ 
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1.1 ɫʑʎʐʙʈɻʐɻ ɠʇʀʆʐʍʅʆʙʏ ɞʉʘʍɾʀʅɻʏ ɉɫɠɞɊ 
 

1.1.1 ɝʋʈʙ ʆɻʅ ʎʆʋʌʝʏ ʀʉʝʏ ɫɠɞ 

 

 ȷɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ɖ ŬɜɎɔəɖ ɨˊŬɟɝɖɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɖɜ 

ɎɛŮůɖ ˊŬɟɞɢɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɧˊɞɡ ɕɖŰŮɑŰŬɘ, Ŭˊɧ ŰŬ ůɖɛŮɑŬ 

ˊŬɟŬɔɤɔɐɠ. ɇɞ ůɨɜɞɚɞ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ əŬɘ Űɤɜ ɛɏůɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ŮɝɡˊɖɟŮŰɞɨɛŮɜŮɠ 

ˊŮɟɘɞɢɏɠ əŬŰŬɜɎɚɤůɖɠ ɞɜɞɛɎɕŮŰŬɘ ɆɨůŰɖɛŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ (ɆȼȺ). ɆŮ 

ɏɜŬ ɆȼȺ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬəɟɘɗɞɨɜ ŰŬ ˊŬɟŬəɎŰɤ ůɡůŰɐɛŬŰŬ: 

 

¶ ɇɞ ůɨůŰɖɛŬ ˊŬɟŬɔɤɔɐɠ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ əɨɟɘɞɡɠ ůŰŬɗɛɞɨɠ 

ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛŬɕɑ ɛŮ Űɞɡɠ ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ 

Ŭɜɨɣɤůɖɠ ŰɎůɖɠ ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ Űɞɡ ɟŮɨɛŬŰɞɠ ůŮ ɡɣɖɚɐ əŬɘ 

ɡˊŮɟɡɣɖɚɐ ŰɎůɖ. ȼ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ůŰŬɗɛɩɜ ŬɡŰɩɜ ŮɑɜŬɘ ɗŮɟɛɘəɞɑ əŬɘ 

ɡŭɟɞɖɚŮəŰɟɘəɞɑ ůŰŬɗɛɞɑ, ŮəɛŮŰŬɚɚŮɡɧɛŮɜɞɘ Űɖɜ ɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ Űɤɜ 

ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ əŬɘ Űɖɜ ɛɖɢŬɜɘəɐ ŮɜɏɟɔŮɘŬ Űɤɜ ɡŭɎŰɘɜɤɜ ɟɞɩɜ 

ŬɜŰɑůŰɞɘɢŬ. 

 

¶ ɇɞ ůɨůŰɖɛŬ ɛŮŰŬűɞɟɎɠ, ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ ŭɘŬůɨɜŭŮůɖ ɧɚɤɜ 

Űɤɜ ˊŬɟŬˊɎɜɤ ůŰŬɗɛɩɜ ˊŬɟŬɔɤɔɐɠ əŬɗɩɠ əŬɘ ŭɘŬűɞɟŮŰɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ ɛŮŰŬɝɨ Űɞɡɠ, əŬɘ ɛŮŰŬűɏɟŮɘ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ɘůɢɨɞɠ ˊɟɞɠ 

ŰŬ əɏɜŰɟŬ əŬŰŬɜɎɚɤůɖɠ. ȺɑɜŬɘ Űɞ ŮɡɟɨŰŮɟɞ ɛɏɟɞɠ Ůɜɧɠ ɆȼȺ əŬɘ 

ɚŮɘŰɞɡɟɔŮɑ ɓɏɚŰɘůŰŬ ůŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ŰɎůɖɠ ɔɘŬ Űɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ŬˊɤɚŮɘɩɜ. ɄŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ŭɑəŰɡŬ Űɤɜ ɔɟŬɛɛɩɜ 

ɡˊŮɟɡɣɖɚɐɠ əŬɘ ɡɣɖɚɐɠ ŰɎůɖɠ, Űɞɡɠ ɡˊɞůŰŬɗɛɞɨɠ ɕŮɨɝɖɠ Űɤɜ ŭɘəŰɨɤɜ 

ŬɡŰɩɜ əŬɘ Űɞɡɠ ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɧɟɤɜ Ůˊɘˊɏŭɤɜ 

ŰɎůŮɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ. 

 

¶ ɇɞ ůɨůŰɖɛŬ ɡˊɞɛŮŰŬűɞɟɎɠ, ˊɞɡ ɛŮŰŬűɏɟŮɘ ɛɘəɟɧŰŮɟɖ ˊɞůɧŰɖŰŬ ɘůɢɨɞɠ 

ůŮ ɛɘəɟɧŰŮɟŮɠ ŬˊɞůŰɎůŮɘɠ əŬɘ ɡˊɧ ɢŬɛɖɚɧŰŮɟɖ ŰɎůɖ Ŭˊɧ ɧŰɘ Űɞ ůɨůŰɖɛŬ 

ɛŮŰŬűɞɟɎɠ, Ŭˊɧ Űɞɡɠ ůŰŬɗɛɞɨɠ ɛŮŰŬűɞɟɎɠ ůŮ ɡˊɞůŰŬɗɛɞɨɠ ŭɘŬɜɞɛɐɠ , 

Ʉɞɚɚɞɑ ɛŮɔɎɚɞɘ ɓɘɞɛɖɢŬɜɘəɞɑ əŬŰŬɜŬɚɤŰɏɠ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ůɡɜɐɗɤɠ 

ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ɡˊɞɛŮŰŬűɞɟɎɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɩůɞɡɛŮ ˊɤɠ 

ɛŮ Űɖɜ ůɡɜŮɢɐ Ůɝɏɚɘɝɖ Űɞɡ ŭɘəŰɨɞɡ əŬɘ Űɖɜ ŬɡɝŬɜɧɛŮɜɖ ŬɜɎɔəɖ 

ɛŮŰŬűɞɟɎɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ŰɎůɖɠ, ɞɘ 

ˊŬɚŬɘɧŰŮɟŮɠ ɔɟŬɛɛɏɠ ɛŮŰŬűɞɟɎɠ ɡˊɞɓɘɓɎɕɞɜŰŬɘ ůŮ ɡˊɞɛŮŰŬűɞɟɎɠ, 

əŬɗɘůŰɩɜŰŬɠ ɏŰůɘ ŭɨůəɞɚɖ Űɖɜ ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŭɘəŰɨɤɜ ɛŮŰŬűɞɟɎɠ 

əŬɘ ɡˊɞɛŮŰŬűɞɟɎɠ. 

 

¶ ɇɞ ůɨůŰɖɛŬ ŭɘŬɜɞɛɐɠ, ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛɏůɖɠ əŬɘ ɢŬɛɖɚɐɠ ŰɎůɖɠ, ůŰŬ ɞˊɞɑŬ ɡˊɎɔɞɜŰŬɘ əŬɘ 

ɡˊɞůŰŬɗɛɞɑ ŭɘŬɜɞɛɐɠ ɔɘŬ Űɞɜ ɡˊɞɓɘɓŬůɛɧ Űɖɠ ɛɏůɖɠ ŰɎůɖɠ ůŮ ɢŬɛɖɚɐɠ. 
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ɇŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɛɏůɖɠ ŰɎůɖɠ ŬˊɞŰŮɚɞɨɜ əŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ŮɝɏŰŬůɖɠ 

ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, əŬɗɩɠ ɧůŬ ɗŬ ŬɜŬűŮɟɗɞɨɜ, 

ŬɜŬűɏɟɞɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ůŮ ŬɡŰɎ. 

 

ũɘŬ Űɖɜ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ, ɏɜŬ ɆȼȺ, ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ ůɨɜɞɚɞ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɩůŰŮ ɜŬ 

ɘəŬɜɞˊɞɘŮɑ ˊɎɜŰŬ ůɡɔəŮəɟɘɛɏɜŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ əŬɘ Űɞɜ 

ůəɞˊɧ Űɞɡ ɆȼȺ. ȷɡŰɏɠ ŮɑɜŬɘ: 

 

1. ɄɟɏˊŮɘ ɜŬ ˊŬɟɏɢŮɘ Űɖɜ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɞˊɞɡŭɐˊɞŰŮ ɕɖŰŮɑŰŬɘ. 

2. ȼ ɕɐŰɖůɖ Űɧůɞ ˊɟŬɔɛŬŰɘəɐɠ ɧůɞ əŬɘ ɎŮɟɔɞɡ ɘůɢɨɞɠ ɛŮŰŬɓɎɚɚŮŰŬɘ 

ůɡɜŮɢɩɠ ɛŮ Űɞɜ ɢɟɧɜɞ, əŬɘ Űɞ ɆȼȺ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ 

ɘəŬɜɞˊɞɘɐůŮɘ ŬɡŰɐ Űɖ ůɡɜŮɢɩɠ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ɕɐŰɖůɖ ɛŮ ŬəɟɑɓŮɘŬ əŬɘ 

ɢɤɟɑɠ ɢɟɞɜɘəɐ əŬɗɡůŰɏɟɖůɖ. 

3. ȼ ˊŬɟŮɢɞɛɏɜɖ ŮɜɏɟɔŮɘŬ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑ ɞɟɘůɛɏɜɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ 

ˊɞɘɧŰɖŰŬɠ, ɧˊɤɠ ůŰŬɗŮɟɐ ůɡɢɜɧŰɖŰŬ, ůŰŬɗŮɟɐ ŰɎůɖ əŬɘ ŬɝɘɞˊɘůŰɑŬ 

ŰɟɞűɞŭɧŰɖůɖɠ. 

4. ȼ ŮɜɏɟɔŮɘŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟɏɢŮŰŬɘ ɛŮ Űɞɜ ɓɏɚŰɘůŰɞ ɞɘəɞɜɞɛɘəɧ əŬɘ 

ˊŮɟɘɓŬɚɚɞɜŰɞɚɞɔɘəɧ Űɟɧˊɞ, ŭɖɚŬŭɐ ɛŮ Űɞ ŮɚɎɢɘůŰɞ ɞɘəɞɜɞɛɘəɧ əŬɘ 

ɞɘəɞɚɞɔɘəɧ əɧůŰɞɠ.[2] 
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ȺɘəɧɜŬ 1.2 ȹɑəŰɡɞ ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ[3] 

 

 

1.1.2 ɝʚʆʐʑɻ ɿʅɻʉʋʈʙʏ ɠʇʀʆʐʍʅʆʙʏ ɞʉʘʍɾʀʅɻʏ ɉɝɝɠɞɊ  

 

 ɇŬ ȹȹȼȺ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞ ůɨɜɞɚɞ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ 

Ůɚɏɔɢɞɡ ɛŮ Űɘɠ ɞˊɞɑŮɠ ɖ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ˊŬɟɏɢŮŰŬɘ ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ 

ɛɏůɖɠ əŬɘ ɢŬɛɖɚɐɠ ŰɎůɖɠ. ɇŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ŮɑɜŬɘ ŰɟɘűŬůɘəɎ əŬɘ űŰɎɜɞɡɜ 

ɛɏɢɟɘ Űɞɜ ɛŮŰɟɖŰɐ Űɖɠ ˊŬɟŮɢɧɛŮɜɖɠ ůŰɞɜ əŬŰŬɜŬɚɤŰɐ ŮɜɏɟɔŮɘŬɠ. ɀŮŰɎ Űɞ 

ɛŮŰɟɖŰɐ ŬɟɢɑɕŮɘ ɖ ŮůɤŰŮɟɘəɐ ɖɚŮəŰɟɘəɐ ŮɔəŬŰɎůŰŬůɖ, ɖ ɞˊɞɑŬ ůŰɖɜ ɞɡůɑŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ ŮůɤŰŮɟɘəɧ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ əŬɘ Űɘɠ ůɡůəŮɡɏɠ əŬŰŬɜɎɚɤůɖɠ. 

ȷɜɎɚɞɔŬ ɛŮ Űɞ ŮˊɑˊŮŭɞ ŰɎůɖɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŮˊɑˊŮŭɞ ɀɏůɖɠ ɇɎůɖɠ (ɀɇ) əŬɘ 
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ɉŬɛɖɚɐɠ ɇɎůɖɠ (ɉɇ). ȾŬŰŬůəŮɡŬůŰɘəɎ, ŰŬ ȹɑəŰɡŬ ŭɘŬɜɞɛɐɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ 

ɡˊɧɔŮɘŬ əŬɘ ŮɜŬɏɟɘŬ. 

 ɇŬ ŮɜŬɏɟɘŬ ŭɑəŰɡŬ ůɡɜŬɜŰɩɜŰŬɘ əɡɟɑɤɠ ůŮ ŬɔɟɞŰɘəɏɠ (rural) ˊŮɟɘɞɢɏɠ əŬɘ 

ůɡɜɐɗɤɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŮ ŬəŰɘɜɘəɐ (radial) ɛɞɟűɐ, ŭɖɚŬŭɐ ɞɘ ɔɟŬɛɛɏɠ Ŭˊɧ 

Űɘɠ ɞˊɞɑŮɠ ŬˊɞŰŮɚŮɑŰŬɘ Űɞ ŭɑəŰɡɞ, ŰɟɞűɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ Űɞ ɏɜŬ Ɏəɟɞ Űɞɡɠ. ȺɑɜŬɘ 

űɗɖɜɧŰŮɟŬ ůŰɖɜ əŬŰŬůəŮɡɐ Űɞɡɠ əŬɘ ɏɢɞɡɜ əŬɚɨŰŮɟɖ əŬɘ ŮɡəɞɚɧŰŮɟɖ 

ŬˊɞəŬŰɎůŰŬůɖ ɓɚŬɓɩɜ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɡˊɧɔŮɘŬ. ɇɞ ɛŮɘɞɜɏəŰɖɛŬ Űɞɡɠ ŮɑɜŬɘ ɧŰɘ 

əŬŰŬɚŬɛɓɎɜɞɡɜ ůɖɛŬɜŰɘəɧ ɢɩɟɞ, ɖ ŭɘɎɗŮůɖ Űɞɡ ɞˊɞɑɞɡ ˊɞɚɚɏɠ űɞɟɏɠ ŮɑɜŬɘ 

ŬŭɨɜŬŰɖ ůŮ ˊɡəɜɞəŬŰɞɘəɖɛɏɜŮɠ ˊŮɟɘɞɢɏɠ, ɢɤɟɑɠ ɜŬ ŬɜŬűɏɟɞɡɛŮ Űɖɜ ŬɘůɗɖŰɘəɐ 

Ůɜɧɢɚɖůɖ ˊɞɡ ˊɟɞəŬɚɞɨɜ. 

ȰɜŬ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ŭɑəŰɡɞ űŬɑɜŮŰŬɘ ůŰɖɜ ŮˊɧɛŮɜɖ ŮɘəɧɜŬ. 

 
 

ȺɘəɧɜŬ 1.3 ɇɡˊɘəɧ ŬəŰɘɜɘəɧ ȹɑəŰɡɞ ȹɘŬɜɞɛɐɠ 

 

 ɇŬ ɡˊɧɔŮɘŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɏɢɞɡɜ ŮɚɎɢɘůŰɖ ŬɘůɗɖŰɘəɐ ŮˊɑˊŰɤůɖ əŬɘ 

ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ 

a) ȸɟɞɔɢɞŮɘŭɐ: ɧˊɞɡ ɞɘ ɔɟŬɛɛɏɠ ŭɘŬɜɞɛɐɠ ɀɇ ɐ ɉɇ ɝŮəɘɜɞɨɜ əŬɘ 

ŰŮɚŮɘɩɜɞɡɜ ůŰɞ ɑŭɘɞ ůɖɛŮɑɞ (ɡˊɞůŰŬɗɛɧ Ɉɇ/ɀɇ ɐ ɀɇ/ɉɇ) 

b) ȷŰɟŬəŰɞŮɘŭɐ: ɧˊɞɡ ɞɘ ɔɟŬɛɛɏɠ ɝŮəɘɜɞɨɜ Ŭˊɧ ɏɜŬɜ ɡˊɞůŰŬɗɛɧ 

əŬɘ əŬŰŬɚɐɔɞɡɜ ůŮ əɎˊɞɘɞɜ Ɏɚɚɞ 

c) ȹɘˊɚɐɠ ŰɟɞűɞŭɧŰɖůɖɠ: ɧˊɞɡ ɞɘ əŬŰŬɜŬɚɤŰɏɠ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ 

Ŭˊɧ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŬɢɤɟɐůŮɘɠ  

d) ȹɘəŰɡɤŰɎ: ůŰŬ ɞˊɞɑŬ ŰŬ əŬɚɩŭɘŬ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ŰɏŰɞɘɞ 

Űɟɧˊɞ ɩůŰŮ ɜŬ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ˊɚɏɔɛŬ ŰɟɞűɞŭɞůɑŬɠ[4]. 
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 ȼ ŬɜɎˊŰɡɝɖ Űɖɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ȷɄȺ əŬɘ Űɤɜ ůɡůəŮɡɩɜ 

ŬˊɞɗɐəŮɡůɖɠ ůŰŬ ŭɑəŰɡŬ ɛɏůɖɠ əŬɘ ɢŬɛɖɚɐɠ ŰɎůɖɠ əŬɗɩɠ əŬɘ ɖ ŬɜɎˊŰɡɝɖ 

ůɡůŰɖɛɎŰɤɜ ŰɖɚŮɛɏŰɟɖůɖɠ əŬɘ ɏɝɡˊɜɤɜ ɛŮŰɟɖŰɩɜ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŰŬ 

ůɖɛŮɟɘɜɎ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ əŬŰɎůŰŬůɖ ɛŮŰɎɓŬůɖɠ Ŭˊɧ 

ˊŬɗɖŰɘəɎ ůŮ ŮɜŮɟɔɖŰɘəɎ. ɆŮ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ, ɗŬ ŬɜŬɚɡɗŮɑ ˊŮɟɘůůɧŰŮɟɞ ɖ 

ɏɜɜɞɘŬ Űɤɜ ŮɜŮɟɔɖŰɘəɩɜ ŭɘəŰɨɤɜ ŭɘŬɜɞɛɐɠ əŬɘ ɞ Űɟɧˊɞɠ Űɖɠ ɓɏɚŰɘůŰɖɠ 

Ŭɝɘɞˊɞɑɖůɐɠ Űɞɡɠ. 

 

 

1.1.3 ɚʌʡʇʀʅʀʏ ʅʎʔʞʋʏ 

 

 Ƀɘ ŬˊɩɚŮɘŮɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɛŮŰŬűɞɟɎ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ 

ɏɜŬ ɆȼȺ ŮɑɜŬɘ ɏɜŬ űɡůɘəɧ űŬɘɜɧɛŮɜɞ. ȼ ɛŮŰŬűɞɟɎ Űɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɖɜ 

ˊŬɟŬɔɤɔɐ ůŰɖɜ əŬŰŬɜɎɚɤůɖ ɔɑɜŮŰŬɘ ɛɏůɤ əŬɚɤŭɑɤɜ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ əɎˊɞɘŬ 

ŬɜŰɑůŰŬůɖ, əŬɘ ůɡɜŮˊɩɠ, əŬŰŬɜŬɚɩɜɞɡɜ əɎˊɞɘŬ ŮɜɏɟɔŮɘŬ. ȼ ŮɜɏɟɔŮɘŬ ŬɡŰɐ 

ŬɜŬűɏɟŮŰŬɘ ɤɠ çŬˊɩɚŮɘŬè. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ ŬɡŰɐɠ, ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ 

ɗɏɟɛŬɜůɖ Űɤɜ əŬɚɤŭɑɤɜ Ŭˊɧ Űɞ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ ˊɞɡ ɟɏŮɘ ůŮ ŬɡŰɎ əŬɘ ɢɎɜŮŰŬɘ 

ɏˊŮɘŰŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɤɜ ɖɚŮəŰɟɞűɧɟɤɜ əŬɚɤŭɑɤɜ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ 

Ůɝɐɠ:  

 

   
 ╟♪Ⱬ= Ͻ╘Ͻ╡  

 

(1.1) 

 

   

ȳˊɞɡ:  

   I  Űɞ ɟŮɨɛŬ Űɖɠ ɔɟŬɛɛɐɠ 

   R  ɖ ɤɛɘəɐ ŬɜŰɑůŰŬůɖ Űɖɠ ɔɟŬɛɛɐɠ 

 

ȼ ŬˊɩɚŮɘŬ ŬɡŰɐ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ 5%-10% Űɖɠ ůɡɜɞɚɘəɐɠ 

ˊŬɟŬɔɤɔɐɠ, ɛɘŬ ˊɞůɧŰɖŰŬ ɡˊŮɟɓɞɚɘəɎ ɛŮɔɎɚɖɠ ŬɝɑŬɠ, ɚɧɔɤ Űɞɡ ɡɣɖɚɞɨ 

ɛŮɔɏɗɞɡɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ. ɆɡɔəŮəɟɘɛɏɜŬ ůŰɞ Ůɚɚɖɜɘəɧ ůɨůŰɖɛŬ ɞɘ ŮŰɐůɘŮɠ 

ŬˊɩɚŮɘŮɠ ŮɜɏɟɔŮɘŬɠ Űɤɜ ŭɘəŰɨɤɜ ɛɏůɖɠ əŬɘ ɢŬɛɖɚɐɠ ŰɎůɖɠ ŮəűɟŬɕɧɛŮɜŮɠ ɤɠ 

ˊɞůɞůŰɎ Űɖɠ ŮɘůŮɟɢɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŰŬ ŭɑəŰɡŬ ɛŮŰŬűɞɟɎɠ, ŬɜɏɟɢɞɜŰŬɘ 

ˊŮɟɑˊɞɡ ůŮ ˊɞůɞůŰɧ 6.5% əŬɘ ɖ əŬŰɎ ˊɟɞůɏɔɔɘůɖ əŬŰŬɜɞɛɐ Űɞɡɠ ŮɑɜŬɘ : 

 

¶ ȹɑəŰɡŬ ɀ.ɇ:   3.0% 

¶ ȹɑəŰɡŬ ɉ.ɇ:   2.0% 

¶ ɈˊɞůŰŬɗɛɞɑ ŭɘŬɜɞɛɐɠ: 1.5% 

 

ȺɑɜŬɘ űŬɜŮɟɐ ɚɞɘˊɧɜ ɖ ŬɜɎɔəɖ ɛŮɑɤůɖɠ Űɤɜ ŬˊɤɚŮɘɩɜ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ. 

Ƀɘ ɡɣɖɚɏɠ ŬˊɩɚŮɘŮɠ ůŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɞűŮɑɚɞɜŰŬɘ ůŰŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ 

ŰɎůɖɠ Űɞɡ ŭɘəŰɨɞɡ, əŬɗɩɠ ůɡɜŭɏɞɡɜ Űɞɡɠ əŬŰŬɜŬɚɤŰɏɠ ɛŮ Űɞ ɡˊɧɚɞɘˊɞ ŭɑəŰɡɞ 
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ɡɣɖɚɐɠ ŰɎůɖɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ɢŬɛɖɚɐ ŬɡŰɐ ŰɎůɖ ɜŬ ɞŭɖɔŮɑ ůŮ ɡɣɖɚɎ 

ɟŮɨɛŬŰŬ əŬɘ ŬɡŰɎ ɛŮ Űɖɜ ůŮɘɟɎ Űɞɡɠ ůŮ ɛŮɔɎɚŬ ˊɞůɎ ŬˊɤɚŮɘɩɜ.[5] 

 

 ɄŬɟŬəɎŰɤ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ůɖɛŬɜŰɘəɧŰŮɟɞɘ ɚɧɔɞɘ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɘɠ 

ŬˊɩɚŮɘŮɠ ɘůɢɨɞɠ ůŮ ɏɜŬ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ, əŬɘ Ŭˊɧ ŬɡŰɞɨɠ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ 

ɔɑɜŮɘ əŬŰŬɜɞɖŰɧ ˊɞɘɞɘ ŮɑɜŬɘ ɞɘ Űɟɧˊɞɘ ɛŮɑɤůɐɠ Űɞɡɠ: 

 

¶ ȼ ɗɏůɖ Űɖɠ ůɨɜŭŮůɖɠ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ˊŬɟŬɔɤɔɐɠ əŬɘ űɞɟŰɑɤɜ əŬɘ ɖ 

ŮɜɏɟɔŮɘŬ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ əɎɗŮ ɏɜŬ Ŭˊɧ ŬɡŰɎ. 

¶ Ƀɘ Űɨˊɞɘ Űɤɜ ŭɘŬűɧɟɤɜ űɞɟŰɑɤɜ. 

¶ ȼ ŭɘŬɛɧɟűɤůɖ Űɤɜ ŭɘəŰɨɤɜ. 

¶ ɇɞ ŮˊɑˊŮŭɞ ŰɎůɖɠ. 

¶ ɇɞ ɛɐəɞɠ Űɤɜ ɔɟŬɛɛɩɜ əŬɗɩɠ ŮˊɖɟŮɎɕŮɘ ɎɛŮůŬ Űɖɜ ŬɜŰɑůŰŬůɖ Űɤɜ 

ɔɟŬɛɛɩɜ. (ȹɘˊɚɎůɘɞ ɛɐəɞɠ ɔɟŬɛɛɐɠ ůɖɛŬɑɜŮɘ ŭɘˊɚɎůɘŮɠ ŬˊɩɚŮɘŮɠ) 

¶ ɇɞ ɟŮɨɛŬ ůŰɖɜ ɔɟŬɛɛɐ, ɧˊɞɡ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ(1.1), 

ŭɘˊɚŬůɘŬůɛɧɠ ŬɡŰɞɨ ɞŭɖɔŮɑ ůŮ ŰŮŰɟŬˊɚŬůɘŬůɛɧ Űɤɜ ŬˊɤɚŮɘɩɜ. 

¶ ɇɞ Ůɑŭɞɠ Űɤɜ ɔɟŬɛɛɩɜ (ɛɏɔŮɗɞɠ, ɡɚɘəɧ, Űɨˊɞɠ əŬɚɤŭɑɞɡ) Űɞ ɞˊɞɑɞ 

ŮˊɖɟŮɎɕŮɘ Űɖɜ ŬɜŰɑůŰŬůɖ Űɖɠ ɔɟŬɛɛɐɠ. 

¶ Ƀɘ ɀŮŰŬůɢɖɛŬŰɘůŰɏɠ.[6] 

 

 ȺəŰɧɠ Ŭˊɧ Űɖɜ ŬˊɩɚŮɘŬ ˊɟŬɔɛŬŰɘəɐɠ ɘůɢɨɞɠ, ˊɞɡ ɏɢɞɡɛŮ ŬɜŬɚɨůŮɘ 

ɛɏɢɟɘ ŰɩɟŬ əŬɘ ŮɑɜŬɘ ɖ ůɖɛŬɜŰɘəɧŰŮɟɖ əŬɗɩɠ ɛŬɠ əɞůŰɑɕŮɘ ůŮ ɢɟɐɛŬŰŬ, ɡˊɎɟɢŮɘ 

əŬɘ ɖ ŬˊɩɚŮɘŬ ŬɜŰɑŭɟŬůɖɠ, ŭɖɚŬŭɐ ɖ ŬˊɩɚŮɘŬ ɎŮɟɔɞɡ ɘůɢɨɞɠ. 

Ƀɘ ŬˊɩɚŮɘŮɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ, ŭŮɜ ɛŬɠ əɞůŰɑɕɞɡɜ ɢɟɐɛŬŰŬ, ɧɛɤɠ ˊɟɞəŬɚɞɨɜ 

ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ŰɎůɖɠ, əŬɗɩɠ ɖ ɏɛɛŮůɖ Ŭɨɝɖůɖ Űɤɜ 

ŬˊɤɚŮɘɩɜ, ŮɑŰŮ ŬɡŰɏɠ əŬɚɡűɗɞɨɜ Ŭˊɧ ɈɣɖɚɧŰŮɟɞ ŮˊɑˊŮŭɞ ŰɎůɖɠ, ŮɑŰŮ Ŭˊɧ 

Űɞˊɘəɐ ˊŬɟŬɔɤɔɐ, ˊɟɞəŬɚŮɑ ɛɘŬ Ůˊɘˊɚɏɞɜ ɟɞɐ ɎŮɟɔɞɡ ɘůɢɨɞɠ ůŰɖɜ ɔɟŬɛɛɐ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊŰɩůɖ ɐ Ŭɜɨɣɤůɖ Űɖɠ ŰɎůɖɠ, ɧˊɤɠ əŬɘ Ůˊɘˊɚɏɞɜ ŬˊɩɚŮɘŮɠ. 

Ƀɘ ŬˊɩɚŮɘŮɠ ŬɡŰɏɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ(1.2). 

 

 ╠♪Ⱬ= Ͻ╘Ͻ♣ (1.2) 

 

 

 

1.1.4 ɩʐʡʎʂ ʆɻʅ ɻʉʞʕʖʎʂ ʐʗʎʂʏ 

 

 ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ɞɘ ɟɞɏɠ ɘůɢɨɞɠ ůŰɘɠ 

ɔɟŬɛɛɏɠ ŭɖɛɘɞɡɟɔɞɨɜ ˊŰɩůɖ ɐ Ŭɜɨɣɤůɖ ŰɎůɖɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɜŰɑůŰɟɞűɖɠ 

ɟɞɐɠ. ũɘŬ Űɖɜ ɛŮɚɏŰɖ Űɖɠ ˊŰɩůɖɠ/Ŭɜɨɣɤůɖɠ ŰɎůɖɠ ůŰŬ ŰɟɘűŬůɘəɎ ŭɑəŰɡŬ 

ŭɘŬɜɞɛɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɞɜɞűŬůɘəɧ ɘůɞŭɨɜŬɛɞ əɨəɚɤɛŬ ɔɟŬɛɛɐɠ. ȰɜŬ 

ŰɏŰɞɘɞ əɨəɚɤɛŬ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.4, ɧˊɞɡ: 

 



ȺȽɆȷũɋũȼ 
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 Rô ɖ ɤɛɘəɐ ŬɜŰɑůŰŬůɖ Űɖɠ ɔɟŬɛɛɐɠ 

 ɉô ɖ ŮˊŬɔɤɔɘəɐ ŬɜŰɑŭɟŬůɖ Űɖɠ ɔɟŬɛɛɐɠ 

 VA ɖ ŰɎůɖ ůŰɞ ůɖɛŮɑɞ ȷ 

 Vȸ ɖ ŰɎůɖ ůŰɞ ůɖɛŮɑɞ ȸ 

 

 
 

ȺɘəɧɜŬ 1.4 ɀɞɜɞűŬůɘəɧ ɘůɞŭɨɜŬɛɞ əɨəɚɤɛŬ ɔɟŬɛɛɐɠ[7] 

 

 ũɘŬ Űɖɜ ɡˊɧɚɞɘˊɖ ŬɜɎɚɡůɖ ŭŮɢɧɛŬůŰŮ Űɘɠ Ůɝɐɠ ˊŬɟŬŭɞɢɏɠ: 

1 ɇŬ űɞɟŰɑŬ, ɞɘ ůŰŬɗɛɞɑ ˊŬɟŬɔɤɔɐɠ əŬɘ ɞɘ ŰɟŮɘɠ űɎůŮɘɠ Űɞɡ ŰɟɘűŬůɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɏɠ. 

2 ɄŬɟŬɚŮɑˊŮŰŬɘ ɖ ɢɤɟɖŰɘəɧŰɖŰŬ Űɤɜ ɔɟŬɛɛɩɜ. 

 

 ȰůŰɤ ɧŰɘ ŰŬ ůɖɛŮɑŬ ȷ əŬɘ ȸ ŬˊɞŰŮɚɞɨɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ ůŮ ɏɜŬ 

ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ ˊɞɡ ŮɜɩɜɞɜŰŬɘ ɛŮ ɛɑŬ ɔɟŬɛɛɐ ŭɘŬɜɞɛɐɠ ɛŮ ůɡɜɞɚɘəɐ 

ŬɜŰɑůŰŬůɖ Rô əŬɘ Xô. ŪŮɤɟɩɜŰŬɠ ɧŰɘ Űɞ ɟŮɨɛŬ Ƚ ɏɢŮɘ ɗŮŰɘəɐ Űɘɛɐ ɧŰŬɜ ɟɏŮɘ Ŭˊɧ Űɞ 

ȷ ůŰɞ ȸ, əŬɘ ŬɟɜɖŰɘəɐ Űɘɛɐ ůŰɖɜ ŬɜŰɑůŰɟɞűɖ ˊŮɟɑˊŰɤůɖ əŬɘ ɗŮɤɟɩɜŰŬɠ ůɖɛŮɑɞ 

ŬɜŬűɞɟɎɠ Űɞ ȷ, ɖ ŰɎůɖ ůŰɞ ůɖɛŮɑɞ ȸ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

ὠὄ
<•

=  ὠ̈́< 0 Ὑᴂ+ ὮὢᴂϽΌ => 

 

ὠὄ
<•

=  ὠ̈́< 0 Ὑᴂ+ ὮὢᴂϽ
(ὖ Ὦὗ)

ὠὄ
< 0  => 

 

ὠὄ
<•

=  ὠ̈́< 0 ὖϽὙᴂ+ὗϽὢᴂ

ὠὄ
< 0 Ὦ

ὖϽὢᴂ ὗϽὙᴂ

ὠὄ
< 0 => 

 

ȳˊɞɡ ű ɖ ɔɤɜɑŬ ɛŮŰŬɝɨ Űɤɜ ŰɎůŮɤɜ ůŰŬ ůɖɛŮɑŬ ȷ, ȸ , ɖ ɞˊɞɑŬ Ŭɜ ɗŮɤɟɖɗŮɑ 

ŬɛŮɚɖŰɏŬ ɚɧɔɤ Űɖɠ ˊɞɚɨ ɛɘəɟɐɠ Űɘɛɐɠ Űɖɠ, əŬŰŬɚɐɔɞɡɛŮ ůŰɖɜ ˊŬɟŬəɎŰɤ 

ůɢɏůɖ: 

 

 
ὠὄ

<•
=  ὠ̈́< 0

ὖϽὙǋ+ ὗϽὢǋ

ὠὄ
< 0  

(1.3) 

 

ɃˊɧŰŮ ɖ ˊŰɩůɖ ŰɎůɖɠ ɛŮŰŬɝɨ Űɤɜ 2 ůɖɛŮɑɤɜ ŮɑɜŬɘ 
ὖϽὙᴂ+ὗϽὢǋ

ὠὄ
< 0  əŬɘ, ɢɤɟɑɠ 

ůɖɛŬɜŰɘəɐ Ŭˊɧəɚɘůɖ, ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůɗŮɑ ɤɠ ˊɞůɞůŰɧ Űɖɠ ɞɜɞɛŬůŰɘəɐɠ 

ŰɎůɖɠ Űɞɡ ŭɘəŰɨɞɡ ɤɠ: 

 



ȹɘŮůˊŬɟɛɏɜɖ ɄŬɟŬɔɤɔɐ 
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 ‐% = 100Ͻ
ὖϽὙᴂ+ὗϽὢᴂ

ὠὲ
2   (1.4) 

 

ȳˊɞɡ 

  P ɖ ůɡɜɞɚɘəɐ ŮɜŮɟɔɧɠ ɘůɢɨɠ ˊɞɡ ɟɏŮɘ ůŰɞ ŰɛɐɛŬ ȷȸ 

   (P=PL(űɞɟŰɑɞ) ï PG(ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ)) 

  Q ɖ ůɡɜɞɚɘəɐ ɎŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ɟɏŮɘ ůŰɞ ŰɛɐɛŬ ȷȸ 

   (Q=QL(űɞɟŰɑɞ) ï QG(ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ)) 

  Rô ɖ ɤɛɘəɐ ŬɜŰɑůŰŬůɖ Űɖɠ ɔɟŬɛɛɐɠ 

  ɉô ɖ ŮˊŬɔɤɔɘəɐ ŬɜŰɑůŰŬůɖ Űɖɠ ɔɟŬɛɛɐɠ 

  Vn ɖ ɞɜɞɛŬůŰɘəɐ, ˊɞɚɘəɐ ŰɎůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɘəŰɨɞɡ 

  Ů   ɖ ˊŰɩůɖ ŰɎůɖɠ (ɐ Ŭɜɨɣɤůɖ ŰɎůɖɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ů<0) 

 

ȷˊɞŰɏɚŮůɛŬ, ɚɞɘˊɧɜ, Űɤɜ ɟɞɩɜ ɘůɢɨɞɠ Ŭˊɧ ŰŬ űɞɟŰɑŬ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ 

ŮɑɜŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŰɎůɖɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ. ȼ ŰɎůɖ ůŮ əɎɗŮ ůɖɛŮɑɞ 

ˊɟɏˊŮɘ ɜŬ ɓɟɑůəŮŰŬɘ ˊɎɜŰŬ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ ŬɜɎɚɞɔŬ Űɖɜ 

ɢɩɟŬ əŬɘ Űɞ Ůɑŭɞɠ Űɞɡ ŭɘəŰɨɞɡ (ɀɇ ɐ ɉɇ) Ŭˊɧ Ñ6% ɏɤɠ Ñ10% Ŭˊɧ Űɖɜ 

ɞɜɞɛŬůŰɘəɐ ŰɎůɖ Vn. [4] 

 

 

1.1.5 ɡʀʍʈʅʆʝ ʝʍʅʋ ɾʍɻʈʈʡʉ ʆɻʅ ʈʀʐɻʎʔʂʈɻʐʅʎʐʙ 

 

 ɆŮ ɏɜŬ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ Űɞ ɟŮɨɛŬ Űɞ ɞˊɞɑɞ ɟɏŮɘ ůŰɞɡɠ Ŭɔɤɔɞɨɠ əŬɘ Űɞɜ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐ ˊɟɏˊŮɘ ɜŬ ɛɖɜ ɝŮˊŮɟɜɎŮɘ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ. ȼ Űɘɛɐ ŬɡŰɐ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŰɏɝŮɘ ɞ Ŭɔɤɔɧɠ ɐ ɞ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐɠ ɢɤɟɑɠ ɜŬ ˊɟɞəɚɖɗɞɨɜ ɕɖɛɘɏɠ. 

 

 

1.2 ɝʅʀʎʌɻʍʈʘʉʂ ɩɻʍɻɾʖɾʙ 
 

 ȼ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ ŬˊɞŰŮɚŮɑ ɛɘŬ ɜɏŬ ɘŭɏŬ ůŰɖɜ ɞɘəɞɜɞɛɘəɐ 

ɓɘɓɚɘɞɔɟŬűɑŬ Űɖɠ ŬɔɞɟɎɠ Űɞɡ ɖɚŮəŰɟɘůɛɞɨ, ŬɚɚɎ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɤɠ ɘŭɏŬ 

ŮɑɜŬɘ əɎɗŮ Ɏɚɚɞ ˊŬɟɎ əŬɘɜɞɨɟɘŬ. ȳŰŬɜ ɖ ɖɚŮəŰɟɘəɐ ˊŬɟŬɔɤɔɐ ɓɟɘůəɧŰŬɜ ůŮ 

ŮɛɓɟɡŬəɧ ůŰɎŭɘɞ, ɖ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ ɐŰŬɜ ɞ əŬɜɧɜŬɠ əŬɘ ɧɢɘ ɖ 

ŮɝŬɑɟŮůɖ. ɇŬ ˊɟɩŰŬ ŮɟɔɞůŰɎůɘŬ ˊŬɟŬɔɤɔɐɠ ɘůɢɨɞɠ ˊŬɟŮɑɢŬɜ ɖɚŮəŰɟɘůɛɧ ůŮ 

űɞɟŰɑŬ-ˊŮɚɎŰŮɠ ˊɞɡ ɓɟɑůəɞɜŰŬɜ ůŮ ɛɘəɟɐ ŬəŰɑɜŬ Ŭˊɧ ŬɡŰɞɨɠ. 

 ɇŬ ˊɟɩŰŬ ɖɚŮəŰɟɘəɎ ŭɑəŰɡŬ ɘůɢɨɞɠ ɐŰŬɜ ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ (Direct 

Current, DC), ɞˊɧŰŮ ɖ ŰɎůɖ ˊŬɟɞɢɐɠ ɐŰŬɜ ůɢŮŰɘəɎ ˊŮɟɘɞɟɘůɛɏɜɖ, ɧˊɤɠ əŬɘ ɖ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ůŰŬɗɛɞɨ ˊŬɟŬɔɤɔɐɠ əŬɘ əŬŰŬɜŬɚɤŰɐ. ȼ Ůɝɘůɞɟɟɧˊɖůɖ 

ɕɐŰɖůɖɠ əŬɘ ˊɟɞɛɐɗŮɘŬɠ ɡɚɞˊɞɘɞɨɜŰŬɜ ɛŮɟɘəɩɠ ɛŮ Űɖ ɢɟɐůɖ Űɞˊɘəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛŮ Űɖ ɢɟɐůɖ ůɡůůɤɟŮɡŰɩɜ, ɞɘ 

ɞˊɞɑɞɘ ŮɑɢŬɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɎɛŮůɖɠ ɖɚŮəŰɟɘəɐɠ ůɨɜŭŮůɖɠ ɛŮ Űɞ DC ŭɑəŰɡɞ 
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ɘůɢɨɞɠ. ɄŬɟɎɚɚɖɚŬ ɛŮ Űɖ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ˊŬɟŬɔɤɔɐ ŮˊɘůŰɟɏűɞɡɜ ůŰɞ 

ˊɟɞůəɐɜɘɞ əŬɘ ɞɘ ɛɞɜɎŭŮɠ Űɞˊɘəɐɠ ŬˊɞɗɐəŮɡůɖɠ [8]. 

 

 

1.2.1 ɨʍʅʎʈʝʏ ʆɻʅ ʀʌʅɿʍʗʎʀʅʏ ʐʂʏ ɝʅʀʎʌɻʍʈʘʉʂʏ ʌɻʍɻɾʖɾʙʏ 

 

 Ȱɢɞɡɜ ŬɜŬűŮɟɗŮɑ ˊɞɚɚɞɑ ɞɟɘůɛɞɑ ɔɘŬ Űɖɜ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ, 

ɤůŰɧůɞ ŮəŮɑɜɞɠ Űɤɜ Ackerman, Andersson, əŬɘ Soder [9] ŮɑɜŬɘ ɞ ˊɘɞ 

ɞɚɞəɚɖɟɤɛɏɜɞɠ. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɧɜ, ɖ ȹɘŮůˊŬɟɛɏɜɖ ɄŬɟŬɔɤɔɐ əŬɗɞɟɑɕŮŰŬɘ ɛŮ 

ɓɎůɖ Űɖ űɨůɖ ůɨɜŭŮůɐɠ Űɖɠ ůŰɞ ŭɑəŰɡɞ, ˊŬɟɎ ɛŮ Űɖɜ ŭɡɜŬɛɘəɧŰɖŰŬ 

ˊŬɟŬɔɤɔɐɠ. ɃɟɑɕŮŰŬɘ ɤɠ ˊɖɔɐ ȹɘŮůˊŬɟɛɏɜɖɠ ɄŬɟŬɔɤɔɐɠ, ɖ ˊɖɔɐ ˊŬɟŬɔɤɔɐɠ 

ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ ˊɞɡ ůɡɜŭɏŮŰŬɘ Ŭˊô ŮɡɗŮɑŬɠ ůŰɞ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ ɐ ůŰɖɜ 

ˊɚŮɡɟɎ Űɞɡ ɛŮŰɟɖŰɐ Űɞɡ ˊŮɚɎŰɖ[10]. 

 ȼ ůɨɜŭŮůɖ ɛɞɜɎŭɤɜ ȹɘŮůˊŬɟɛɏɜɖɠ ɄŬɟŬɔɤɔɐɠ ůŰŬ ȹɑəŰɡŬ ȹɘŬɜɞɛɐɠ 

ȼɚŮəŰɟɘəɐɠ ȺɜɏɟɔŮɘŬɠ ŮˊɘűɏɟŮɘ ůɖɛŬɜŰɘəɏɠ ŮˊɘŭɟɎůŮɘɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ: 

 

¶ ȷɨɝɖůɖ Űɖɠ ɘůɢɨɞɠ ɓɟŬɢɡəɡəɚɩůŮɤɠ. 

 

¶ ȷɚɚŬɔɐ Űɞɡ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ. Ⱥɜ ɔɏɜŮɘ ŬɡŰɐ ɖ 

ŬɚɚŬɔɐ ŮɑɜŬɘ ŮɘŭɘəɧŰŮɟŬ Ŭɜɨɣɤůɖ Űɖɠ ŰɎůɖɠ, ɞˊɧŰŮ əŬŰɎ Űɘɠ ɩɟŮɠ 

ɡɣɖɚɞɨ űɞɟŰɑɞɡ ɚŮɘŰɞɡɟɔŮɑ ŮɡŮɟɔŮŰɘəɎ, ɧɛɤɠ əŬŰɎ Űɘɠ ɩɟŮɠ ɢŬɛɖɚɞɨ 

űɞɟŰɑɞɡ, ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ Űɞ ůɨůŰɖɛŬ ůŮ ɛɖ ŬˊɞŭŮəŰɎ ɧɟɘŬ ŰɎůɖɠ. 

 

¶ ȺɘůŬɔɤɔɐ ɟŮɡɛɎŰɤɜ ɡɣɖɚɧŰŮɟɤɜ Ŭɟɛɞɜɘəɩɜ ůŰɞ ŭɑəŰɡɞ, ˊɞɡ 

ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ɘůɢɨɞɠ. 

 

¶ ȼ ŰɟɞűɞŭɧŰɖůɖ Ŭˊɧ ˊɞɚɚɎ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ, ŮˊɖɟŮɎɕŮɘ Űɘɠ 

ŭɘŬŭɘəŬůɑŮɠ ŬůűɎɚŮɘŬɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŭɡůɢŮɟŬɑɜŮɘ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɖɠ ůɡɜŰɐɟɖůɖɠ Űɞɡ ŭɘəŰɨɞɡ. 

 

¶ ȹɡůɢɏɟŮɘŬ ůŰɖɜ ɟɨɗɛɘůɖ Űɤɜ ŭɘŬŰɎɝŮɤɜ ˊɟɞůŰŬůɑŬɠ ɛŮ Ůˊɘˊɚɏɞɜ 

ŬˊŬɑŰɖůɖ ˊɟɞůŰŬůɑŬɠ ɏɜŬɜŰɘ Űɖɠ ɜɖůɘŭɞˊɞɑɖůɖɠ. 

 

¶ ȷɚɚŬɔɐ Űɤɜ ŬˊɤɚŮɘɩɜ Űɞɡ ŭɘəŰɨɞɡ. (ȷɜɎɚɞɔŬ Űɖɜ ŰɞˊɞɗɏŰɖůɖ, əŬɘ Űɖɜ 

ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ ɛɘŬɠ ɛɞɜɎŭŬɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, ɞɘ 

ŬˊɩɚŮɘŮɠ ɛˊɞɟɞɨɜ ŮɑŰŮ ɜŬ ɛŮɘɤɗɞɨɜ ŮɑŰŮ ɜŬ Ŭɡɝɖɗɞɨɜ) 

 

 Ƀɘ ŰŮɢɜɞɚɞɔɑŮɠ ȹɄ (Distributed Energy Resources ï DER) ŬˊɞŰŮɚɞɨɜŰŬɘ 

əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ ůɡůŰɐɛŬŰŬ ˊŬɟŬɔɤɔɐɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ 

ŮɔəŬɗɑůŰŬɜŰŬɘ ˊɞɚɨ əɞɜŰɎ ůŰɞɜ ŰŮɚɘəɧ əŬŰŬɜŬɚɤŰɐ. ɄŮɟɘɚŬɛɓɎɜɞɡɜ ɏɜŬ 

ŮəŰŮɜɏɠ űɎůɛŬ ŰŮɢɜɞɚɞɔɘɩɜ, ɧˊɤɠ ŮɑɜŬɘ ɞɘ ŬŮɟɞůŰɟɧɓɘɚɞɘ, ɞɘ ɛɖɢŬɜɏɠ 

ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ, ɞɘ əɡɣɏɚŮɠ əŬɡůɑɛɞɡ, ɞɘ ɛɘəɟɞŰɞɡɟɛˊɑɜŮɠ,  ɞɘ ŮɛɓɞɚɞűɧɟŮɠ 

ɛɖɢŬɜɏɠ, əŬɗɩɠ əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ. ɆŰɖɜ 
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ȺɘəɧɜŬ 1.5 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ əɡɟɘɧŰŮɟŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ɀȹɄ, ˊɞɡ ŭɘŬɢɤɟɑɕɞɜŰŬɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɞ Ŭɜ Űɞ əŬɨůɘɛɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬˊɞŰŮɚŮɑ ŬɜŬɜŮɩůɘɛɖ ɐ ɛɖ 

ŬɜŬɜŮɩůɘɛɖ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ. 

 
 

ȺɘəɧɜŬ 1.5 Ⱥɑŭɖ ŰŮɢɜɞɚɞɔɘɩɜ ɀȹɄ 

 

 

1.2.2 ɞʉʀʍɾʂʐʅʆʗ ɝʚʆʐʑɻ ɿʅɻʉʋʈʙʏ (Active Distribution Networks)  

 

 ȼ ŬɜɎˊŰɡɝɖ Űɖɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ȷɄȺ əŬɘ Űɤɜ ůɡůəŮɡɩɜ 

ŬˊɞɗɐəŮɡůɖɠ ůŰŬ ŭɑəŰɡŬ ɛɏůɖɠ əŬɘ ɢŬɛɖɚɐɠ ŰɎůɖɠ əŬɗɩɠ əŬɘ ɖ ŬɜɎˊŰɡɝɖ 

ůɡůŰɖɛɎŰɤɜ ŰɖɚŮɛɏŰɟɖůɖɠ əŬɘ ɏɝɡˊɜɤɜ ɛŮŰɟɖŰɩɜ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŰŬ 

ůɖɛŮɟɘɜɎ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ əŬŰɎůŰŬůɖ ɛŮŰɎɓŬůɖɠ Ŭˊɧ 

ˊŬɗɖŰɘəɎ ůŮ ŮɜŮɟɔɖŰɘəɎ. 

 ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ ɛŮŰŬɝɨ Űɤɜ ŮɜŮɟɔɖŰɘəɩɜ əŬɘ ˊŬɗɖŰɘəɩɜ ŭɘəŰɨɤɜ 

ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ˊɚɏɞɜ ɞɘ ŭɘŬɢŮɘɟɘůŰɏɠ ˊɟɏˊŮɘ ɜŬ ŬɚɚɎɝɞɡɜ Űɞɜ 

əɚŬůůɘəɧ Űɟɧˊɞ ˊɟɞůɏɔɔɘůɖɠ Űɞɡɠ ůŰɖɜ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŭɘəŰɨɤɜ ɞ ɞˊɞɑɞɠ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɡˊɧɗŮůɖ Űɖɠ ɛɞɜɧŭɟɞɛɖɠ ɟɞɐɠ ɘůɢɨɞɠ əŬɘ Űɖɠ ůɡɜŮɢɧɛŮɜɖɠ 

ˊŰɩůɖɠ ŰɎůɖɠ ɧůɞ ŬˊɞɛŬəɟɡɜɧɛŬůŰŮ Ŭˊɧ Űɞɜ ɡˊɞůŰŬɗɛɧ Ɉɇ/ɀɇ. ȳˊɤɠ ɐŭɖ 

ŬɜŬűɏɟɗɖəŮ, ɖ ŬɡɝŬɜɧɛŮɜɖ ŭɘŮɑůŭɡůɖ ŭɘŮůˊŬɟɛɏɜɤɜ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ 

ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŰŬ ŭɑəŰɡŬ ɜŬ ŮɑɜŬɘ ˊɚɏɞɜ ˊɘɞ ŭɡɜŬɛɘəɎ, ɛŮ ŬɛűɑŭɟɞɛŮɠ 

ɟɞɏɠ ɘůɢɨɞɠ.[11] 

 ȰɜŬ ŮɜŮɟɔɖŰɘəɧ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ ɞɟɑɕŮŰŬɘ ɤɠ ɏɜŬ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ, 

ŮűɞŭɘŬůɛɏɜɞ ɛŮ ůɡůŰɐɛŬŰŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ əŬɘ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ 

ůɡɜŭɡŬůɛɏɜɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ DG, Űɤɜ ŬˊɞɗɖəŮɡŰɘəɩɜ ɛɞɜɎŭɤɜ, Űɞɡ ɆȷɇɈū 

əŬɘ ɞˊɞɘɞɡŭɐˊɞŰŮ Ɏɚɚɞɡ ůŰɞɘɢŮɑɞɡ ŮɛˊŮɟɘɏɢŮŰŬɘ ůŰɞ ŭɑəŰɡɞ ŬɡŰɧ, ɛŮ ůəɞˊɧ Űɖɜ 

ɓɏɚŰɘůŰɖ ɢɟɐůɖ Űɞɡ əŬɘ Űɖɜ Űɐɟɖůɖ Űɤɜ əŬɜɧɜɤɜ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ˊŬɟɎ Űɖɜ 

Ŭɡɝɖɛɏɜɖ ŭɘŮɑůŭɡůɖ Űɤɜ DG. [12] 
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 ȷˊɧ Űɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ůɢŮŰɘəɎ ɛŮ 

ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, ɔɑɜŮŰŬɘ 

ŮɨəɞɚŬ ŬɜŰɘɚɖˊŰɐ ɖ ŬɜɎɔəɖ ɨˊŬɟɝɖɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ŭɘŬɢŮɑɟɘůɖɠ ŰɏŰɞɘɤɜ 

ŭɘəŰɨɤɜ [11]. ȰɜŬ ŰɏŰɞɘɞ ůɨůŰɖɛŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ, ɜŬ ůɡɜŰɞɜɑůŮɘ 

Űɘɠ ŭɘɎűɞɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ŭɘəŰɨɞɡ ŭɘŬɜɞɛɐɠ, ɛŮ ůəɞˊɧ ɧɢɘ ɛɧɜɞ ɜŬ ŰɖɟɞɨɜŰŬɘ 

ŰŬ ˊɟɞɓɚŮˊɧɛŮɜŬ ɧɟɘŬ, ůɢŮŰɘəɎ ɛŮ Űɘɠ ŰɎůŮɘɠ ɐ ŰŬ ɗŮɟɛɘəɎ ɧɟɘŬ Űɤɜ ɔɟŬɛɛɩɜ, 

ŬɚɚɎ Űɞ ŭɑəŰɡɞ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɓɏɚŰɘůŰɞ Űɟɧˊɞ ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ 

ŮəɛŮŰŬɚɚŮɡŰŮɑ ůŰɞ ɏˊŬəɟɞ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ȹɄ, əŬɘ ɜŬ ŮəɛɖŭŮɜɑůŮɘ ŰŬ 

ɛŮɘɞɜŮəŰɐɛŬŰŬ. 

 ɆŮ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ ɗŬ ŬɜŬűŮɟɗɞɨɜ ɞɘ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ ˊɟɞůɏɔɔɘůɖɠ 

Ůɜɧɠ ŰɏŰɞɘɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɗɩɠ əŬɘ əɎˊɞɘŬ ɓɘɓɚɘɞɔɟŬűɑŬ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ 

ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ Ůɚɏɔɢɞɡ. ȷɜŬűɞɟɘəɎ, ɞɘ ɛɏɗɞŭɞɘ Ůɚɏɔɢɞɡ Ůɜɧɠ ŭɘəŰɨɞɡ 

ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ Űɞˊɘəɞɨɠ əŬɘ əŮɜŰɟɘəɞɨɠ-ůɡɜŰɞɜɘůɛɏɜɞɡɠ, əŬɗɩɠ əŬɘ ŮɜŭɘɎɛŮůŬ 

ůŰɎŭɘŬ Ůɜɩ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ŬɜŬˊŰɨɢŰɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŮɑɜŬɘ ɏɜŬ 

ɞɚɞəɚɖɟɤɛɏɜɞ ˊŬɟɎŭŮɘɔɛŬ ŬˊɧɚɡŰŬ əŮɜŰɟɘəɞɨ ůɡɜŰɞɜɘůɛɏɜɞɡ Ůɚɏɔɢɞɡ. 

 

 

1.3 ɫʆʋʌʝʏ ʐʂʏ ɿʅʌʇʖʈɻʐʅʆʙʏ ʆɻʅ ɿʋʈʙ ʐʂʏ ʀʍɾɻʎʚɻʏ 
 

1.3.1 ɫʆʋʌʝʏ ʐʂʏ ʌɻʍʋʞʎɻʏ ʀʍɾɻʎʚɻʏ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮɑɢŮ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɖɜ ŬɜɎˊŰɡɝɖ Ůɜɧɠ 

ɞɚɞəɚɖɟɤɛɏɜɞɡ ɚɞɔɘůɛɘəɞɨ, ŮűɞŭɘŬůɛɏɜɞ ɛŮ ɧůŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ɏɢɞɡɜ 

ŬɜŬˊŰɡɢɗŮɑ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟŮɠ. Ƀ ɟɧɚɞɠ Űɞɡ ɚɞɔɘůɛɘəɞɨ 

ŮɑɜŬɘ ɖ ɓɏɚŰɘůŰɖ ɢɟɐůɖ Űɤɜ ŭɘəŰɨɤɜ ŭɘŬɜɞɛɐɠ ɀ.ɇ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɜŬ ŭɏɢŮŰŬɘ 

ɤɠ Ůɑůɞŭɞ ɏɜŬ ɞˊɞɘɞŭɐˊɞŰŮ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ, əŬɗɩɠ əŬɘ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ 

ŮəɎůŰɞŰŮ ɢɟɐůŰɖ əŬɘ ɜŬ ˊŬɟɎɔŮɘ Űɖɜ ɓɏɚŰɘůŰɖ ɢɟɖůɘɛɞˊɞɑɖůɐ Űɞɡ ɔɘŬ Űɘɠ 

ŮˊɧɛŮɜŮɠ 24 ɩɟŮɠ ŬɜɎɚɞɔŬ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ ˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ. ȼ ŮɟɔŬůɑŬ ŬɡŰɐ 

ɡɚɞˊɞɘɐɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ SUSTAINABLE əŬɘ 

ŬˊɞŰŮɚŮɑ ŮˊɏəŰŬůɖ Űɖɠ ˊɟɞ ɡˊɎɟɢɞɡůŬɠ ŭɞɡɚŮɘɎɠ ˊɞɡ ŮɑɢŮ ŬɜŬˊŰɡɢɗŮɑ Ŭˊɧ 

Űɞɜ ə. ɄŬɜŬɔɘɩŰɖ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ. 

ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůŰŬ ůɡůŰɐɛŬŰŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŮɠ ŬˊɞŰŮɚŮɑ ɛɘŬ 

ɛŬɗɖɛŬŰɘəɐ ˊɟɧəɚɖůɖ ŮɝôŬɘŰɑŬɠ ŬűôŮɜɧɠ Űɞɡ ŰŮɟɎůŰɘɞɡ ɛŮɔɏɗɞɡɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ɏɢɞɡɜ, ŬűôŮŰɏɟɞɡ Űɖɠ ɨˊŬɟɝɖɠ ŭɘŬəɟɘŰɩɜ ɛŮŰŬɓɚɖŰɩɜ ɧˊɤɠ ɞɘ ˊɡəɜɤŰɏɠ əŬɘ ŰŬ 

ɆȷɇɈū əŬɘ Űɏɚɞɠ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ ŰŬ ŬɜŬˊŬɟɘůŰɞɨɜ ŭŮɜ ŮɑɜŬɘ 

əɡɟŰɎ. 

ȼ ɏɜŰŬɝɖ ɛɞɜɎŭɤɜ ŬˊɞɗɐəŮɡůɖɠ, ɖɚŮəŰɟɘəɩɜ ɞɢɖɛɎŰɤɜ əŬɗɩɠ əŬɘ 

ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ɛŮ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɔɤɔɐɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ 

ůŰɞ ŭɑəŰɡɞ, ŬˊɞŰŮɚɞɨɜ əɑɜɖŰɟɞ ɔɘŬ Űɖɜ ŬɜɎɔəɖ ɨˊŬɟɝɖɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ 

ŮˊɘəɞɘɜɤɜɑŬɠ ɧɚɤɜ ŬɡŰɩɜ Űɤɜ çůɡůəŮɡɩɜè ɔɘŬ Űɞɜ ɓɏɚŰɘůŰɞ ůɡɜŰɞɜɘůɛɧ 

Űɞɡɠ[1]. 
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1.3.2 ɥɻʃʂʈɻʐʅʆʝ ʈʋʉʐʘʇʋ 

 

ɆŰɞ ȾŮűɎɚŬɘɞ 4 ŬɜŬˊŰɨůůŮŰŬɘ ɛŮ ɛŮɔɎɚɖ ɚŮˊŰɞɛɏɟŮɘŬ Űɞ ɛɞɜŰɏɚɞ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ŭɘəŰɨɞɡ əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ɑŭɘŬ 

Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ɄŮɟɘɚɖˊŰɘəɎ ˊŮɟɘɏɢŮɘ: 

 

ɀɞɜŰɏɚɞ 

24Ā(6+4Ānlines+3ĀnVR +2ĀnDG +2ĀnStore)  ɛŮŰŬɓɚɖŰɏɠ 

24Ā(1+8ĀnDG +3ĀnStore)+23Ā(4+6Ānlines+2ĀnVR)+1+nlines ɔɟŬɛɛɘəɞɑ  ˊŮɟɘɞɟɘůɛɞɑ 

24Ā(nStore +nlines-1) ɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ 

24Ā(nnodes +1) ŰŮŰɟŬɔɤɜɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ 

8 ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ 

 
ȳˊɞɡ nlines, nVR, nDG, nStore, nnodes ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɔɟŬɛɛɩɜ ˊɞɡ ŬɜŬɢɤɟɞɨɜ Ŭˊɧ 
Űɞɜ Ɉ/Ɇ, Űɤɜ ɟɡɗɛɘůŰɩɜ ŰɎůɖɠ, Űɤɜ ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, 
Űɤɜ ɛɞɜɎŭɤɜ ŬˊɞɗɐəŮɡůɖɠ əŬɘ Űɤɜ əɧɛɓɤɜ Űɞɡ ŭɘəŰɨɞɡ ŬɜŰɑůŰɞɘɢŬ 

 

ɄɑɜŬəŬɠ 1.1 ȽŭɘɧŰɖŰŮɠ ɛɞɜŰɏɚɞɡ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

 

 

1.3.3 ɤʋɾʅʎʈʅʆʝ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʙʃʂʆʀ 

 

 ũɘŬ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ, əɡɟɑɤɠ ɛɖ ɔɟŬɛɛɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ, ɏɢɞɡɜ 

ŬɜŬˊŰɡɢɗŮɑ ˊɞɚɚɞɑ Űɟɧˊɞɘ ˊɟɞůɏɔɔɘůɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɟɧɓɚɖɛŬ ˊɟɞɠ 

Ůˊɑɚɡůɖ.  

ũŮɜŮŰɘəɞɑ əŬɘ ŮɡɟɘůŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ, ůŰɞɢŬůŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ əŬɘ ˊɞɚɚɏɠ 

ɎɚɚŮɠ ŰŮɢɜɘəɏɠ ɛˊɞɟɞɨůŬɜ ɜŬ ŮɑɢŬɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ.  

ɋůŰɧůɞ, ɏɢɞɜŰŬɠ ůŬɜ ůəɞˊɧ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟɞɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ, ŮˊɘɚɏɝŬɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ MATLAB ɔɘŬ Űɖɜ 

əŬŰɎůŰɟɤůɖ Űɤɜ ŬɜŬɔəŬɑɤɜ ŮɝɘůɩůŮɤɜ, Ůɜɩ ɖ ɑŭɘŬ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ CPLEX Űɖɠ IBM, ŮɘůɎɔɞɜŰɎɠ Űɞɡ Űɞɡɠ 

əŬŰɎɚɚɖɚɞɡɠ ˊɑɜŬəŮɠ ɛɏůɤ MATLAB. ȿŮˊŰɞɛɏɟŮɘŮɠ ɔɘŬ ŰŬ ˊŬɟŬˊɎɜɤ 

ɚɞɔɘůɛɘəɎ, ŬɜŬűɏɟɞɜŰŬɘ ŮɝɞɜɡɢɘůŰɘəɎ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 2.3 

 

 

1.3.4 ɝʋʈʙ ʐʂʏ ʀʍɾɻʎʚɻʏ 

 

¶ ɆŰɞ ȾŮűɎɚŬɘɞ 1 ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ɔŮɜɘəɐ ŮɘůŬɔɤɔɐ ɔɘŬ ŰŬ ůɡůŰɐɛŬŰŬ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɜ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ ɘŭɘŬɑŰŮɟŬ, Ůɜɩ 

ůŰɖɜ ůɡɜɏɢŮɘŬ ŬɜŬűɏɟŮŰŬɘ Űɞ ɗɏɛŬ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ˊŮɟɘɚɖˊŰɘəɎ ɞ 

Űɟɧˊɞɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɤɜ ŭɘəŰɨɤɜ. 
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¶ ɇɞ ȾŮűɎɚŬɘɞ 2 ŬˊɞŰŮɚŮɑ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ 

əŬŰŬɜɧɖůɖ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ɢɤɟɑɕŮŰŬɘ ůŮ ŰɟɑŬ ɛɏɟɖ: ɇŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ 

Ůɜɧɠ ɆȼȺ, Űɞ ɡˊɧɓŬɗɟɞ Űɖɠ ɛŬɗɖɛŬŰɘəɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ ŰŬ 

ˊɟɞɔɟɎɛɛŬŰŬ MATLAB əŬɘ CPLEX ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 

 

¶ ɇɞ ȾŮűɎɚŬɘɞ 3 ɏɢŮɘ ŬűɘŮɟɤɗŮɑ ůŰɖɜ ŬɜŬůəɧˊɖůɖ Űɖɠ ůɢŮŰɘəɐɠ ɛŮ Űɞ 

ɗɏɛŬ ɓɘɓɚɘɞɔɟŬűɑŬɠ. 

 

¶ ɇɞ ȾŮűɎɚŬɘɞ 4 ŬˊɞŰŮɚŮɑ Űɞɜ ɓŬůɘəɧ ˊɡɚɩɜŬ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ŬɜŬɚɨŮɘ ůŮ 

ɓɎɗɞɠ Űɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ, Űɧůɞ ɔɘŬ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŭɘəŰɨɤɜ, ɧůɞ əŬɘ ɔɘŬ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡɠ. 

 

¶ ɇɞ ȾŮűɎɚŬɘɞ 5 ɏɢŮɘ ůəɞˊɧ Űɖɜ ŬɜɎŭŮɘɝɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ 

ɛɞɜŰɏɚɞɡ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ, ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ůŮ ŭɘɎűɞɟŬ ŭɑəŰɡŬ 

ɡˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜɗɐəŮɠ. ȷɜŬűɏɟŮŰŬɘ əŬɘ ɖ Űɤɟɘɜɐ ɛɏɗɞŭɞɠ ɟɨɗɛɘůɖɠ 

ŰɎůɖɠ LDC, ɖ ɞˊɞɑŬ ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɖɜ ˊɟɞŰŮɘɜɧɛŮɜɖ ůŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ.  

 

¶ ɇɏɚɞɠ, ůŰɞ ȾŮűɎɚŬɘɞ 6 ˊŬɟŬɗɏŰɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ŮɟɔŬůɑŬɠ, 

ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ɏɟŮɡɜŬ əŬɘ ɓŮɚŰɘɩůŮɘɠ 
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2 ɡʀʖʍʂʐʅʆʝ ɭʌʝɼɻʃʍʋ 
 

2.1 ɫʐʋʅʔʀʚɻ ʆɻʅ ʈʂʔɻʉʅʎʈʋʚ ʀʉʝʏ ɫɠɞ 
 

2.1.1 ɥʀʐɻʎʔʂʈɻʐʅʎʐʘʏ ʈʀ  ɫʞʎʐʂʈɻ ɚʇʇɻɾʙʏ ɬʗʎʂʏ ɭʌʝ ɮʋʍʐʚʋ  

 

 Ƀ ɓŬůɘəɧŰŮɟɞɠ ɛɖɢŬɜɘůɛɧɠ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ ŰɎůɖɠ ŮɜŰɧɠ 

ŬˊɞŭŮəŰɩɜ ɞɟɑɤɜ ůŮ ɏɜŬ ůɨůŰɖɛŬ ŭɘŬɜɞɛɐɠ ŮɑɜŬɘ ɞɘ ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ Ɉɇ/ɀɇ ɞɘ 

ɞˊɞɑɞɘ ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜɞɘ ɛŮ ɆȷɇɈū ɐ ŭɘŮɗɜɩɠ ɔɜɤůŰɧ ɤɠ On Load Tap 

Changer-OLTC. ɇɞ ɆȷɇɈū ŮɑɜŬɘ ɏɜŬɠ ŭɘŬəɟɘŰɧɠ ɟɡɗɛɘůŰɐɠ ˊɞɡ ɛŮŰŬɓɎɚɚŮɘ Űɞ 

ɚɧɔɞ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ əŬɘ ůɡɜɐɗɤɠ ŮɑɜŬɘ ŮɜůɤɛŬŰɤɛɏɜɞɠ ůŰɞɡɠ 

ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ ɘůɢɨɞɠ ůŰɞɡɠ ɡˊɞůŰŬɗɛɞɨɠ Ɉɇ/ɀɇ əŬɘ ɈɈɇ/Ɉɇ ŬɚɚɎ əŬɘ 

ůŰɞɡɠ ŬɜŮɝɎɟŰɖŰɞɡɠ ɟɡɗɛɘůŰɏɠ ŰɎůɖɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ, 

əŬɘ ŮɑɜŬɘ ŬɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɏɠ ɞɘ ɞˊɞɑɞɘ ɗŬ ŬɜŬɚɡɗɞɨɜ ůŮ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ. ȼ 

ɟɨɗɛɘůɖ ŬɡŰɐ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ŬɚɚŬɔɐ ɚɐɣɖɠ ůŰɞ ɏɜŬ ŰɨɚɘɔɛŬ Űɞɡ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŮ ŮəŮɑɜɞ Űɖɠ Ɉɇ ɔɘŬ ɜŬ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ɖ 

ɏɜŰŬůɖ Űɞɡ ɟŮɨɛŬŰɞɠ ɔɘŬ ŬůűɎɚŮɘŬ əŬɘ ŮɡəɞɚɑŬ ůŰɖɜ ŬɚɚŬɔɐ ɚɐɣɖɠ. Ƀ ɟɧɚɞɠ 

Űɞɡ ůŰɞ ɆȼȺ ŮɑɜŬɘ ɖ ɟɨɗɛɘůɖ Űɞɡ ɚɧɔɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ 

ɩůŰŮ ɖ ŰɎůɖ ůŰɞɡɠ ɕɡɔɞɨɠ ɀɇ ɜŬ ˊŬɟŬɛɏɜŮɘ ɛɏůŬ ůŮ əɎˊɞɘŬ ŮˊɘɗɡɛɖŰɎ ɧɟɘŬ.  

 ȼ ŬɚɚŬɔɐ ɚɐɣɖɠ ůŰɞ ˊɟɩŰɞ ŰɨɚɘɔɛŬ Űɞɡ ɀ/Ɇ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

ŬɚɚŬɔɐ Űɖɠ ŰɎůɖɠ ůŰɞ ŭŮɡŰŮɟŮɨɞɜ, əŬɗɩɠ ɖ ŮˊŬɔɧɛŮɜɖ ŰɎůɖ ŬɜɎ ůˊŮɑɟŬ Űɞɡ 

ɀ/Ɇ ŮɑɜŬɘ ůŰŬɗŮɟɐ. ȼ ŬɚɚŬɔɐ Űɖɠ ɚɐɣɖɠ ůŰɞ ɆȷɇɈū ɔɑɜŮŰŬɘ ɡˊɧ űɞɟŰɑɞ, 

ŭɖɚŬŭɐ ɖ ɟɞɐ ɘůɢɨɞɠ ŭŮɜ ŭɘŬəɧˊŰŮŰŬɘ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ŭɨɞ əɘɜɖŰɏɠ ŮˊŬűɏɠ ɔɘŬ Űɖɜ ŬɚɚŬɔɐ Űɖɠ ɚɐɣŮɤɠ əŬɗɩɠ Ŭɜ ɡˊɐɟɢŮ ɛɧɜɞ ɛɑŬ 

ŮˊŬűɐ, ɖ ɛŮŰŬɓɞɚɐ Ŭˊɧ Űɖ ɛɑŬ ɚɐɣɖ ůŰɖɜ Ɏɚɚɖ ŭŮɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ 

ŬəŬɟɘŬɑŬ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɘůɢɡɟɧ Űɧɝɞ əŬɘ ŭɘŬəɞˊɐ Űɖɠ ɟɞɐɠ ɘůɢɨɞɠ ɔɘŬ ɛɘəɟɧ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ, əŬɘ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.1. 

 ɆŰɖɜ ŬɚɚŬɔɐ ɚɐɣɖɠ ɛŮ ŭɨɞ ŮˊŬűɏɠ, ɖ ɚɞɔɘəɐ ŮɑɜŬɘ ɧŰɘ ˊɟɩŰŬ ˊɟɏˊŮɘ ɜŬ 

əɚŮɑůŮɘ ɖ ŮˊŬűɐ ůŰɖɜ ŭŮɨŰŮɟɖ ɚɐɣɖ əŬɘ ɛŮŰɎ ɜŬ ŬɜɞɑɝŮɘ ɖ ŮˊŬűɐ Űɖɠ 

ˊɟɞɖɔɞɨɛŮɜɖɠ ɚɐɣɖɠ. ɇɞ ɛŮɘɞɜɏəŰɖɛŬ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ, ɧˊɤɠ ɔɑɜŮŰŬɘ 

əŬŰŬɜɞɖŰɧ, ŮɑɜŬɘ ɧŰɘ Űɖɜ ůŰɘɔɛɐ ŮəŮɑɜɖ ɧˊɞɡ ɗŬ əɚŮɑůŮɘ ɖ ŭŮɨŰŮɟɖ ŮˊŬűɐ (əŬɘ ɖ 

ˊɟɩŰɖ ŭŮ ɗŬ ɏɢŮɘ ŬɜɞɑɝŮɘ ŬəɧɛŬ), ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮɔɎɚɞ ɟŮɨɛŬ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 

ŮˊŬűɩɜ ɧˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰɘɔɛɘŬɑŬ, əŬŰŬˊɞɜɩɜŰŬɠ əŬɘ Űɘɠ ŮˊŬűɏɠ əŬɘ ŰŬ 

ŰɡɚɑɔɛŬŰŬ. ũɘŬ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ Űɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ, ɖ ˊɘɞ ůɡɜɖɗɘůɛɏɜɖ 

ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ ɜŬ ˊɟɞůŰŮɗɞɨɜ ŮɑŰŮ ɤɛɘəɏɠ ŮɑŰŮ ŮˊŬɔɤɔɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ, ɛŮŰŬɝɨ 

Űɤɜ ŭɨɞ ŮˊŬűɩɜ, ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ɟŮɨɛŬŰɞɠ. 
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ȺɘəɧɜŬ 2.1 ȷɚɚŬɔɐ ůŰɘɠ ɚɐɣŮɘɠ ɆȷɇɈū ɀ/Ɇ [13] 

 

 ɆŰŬ ˊŮɟɘůůɧŰŮɟŬ ɛɏɟɖ Űɖɠ ȺɚɚɎŭŬɠ, əŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɞɘ ɀɆ 

Ɉɇ/ɀɇ ŭɘŬɗɏŰɞɡɜ 17 ɚɐɣŮɘɠ ůŰɞ ŰɨɚɘɔɛŬ Ɉɇ ɔɘŬ Űɞ ɆȷɇɈū ɛŮ ɓɐɛŬ ȹV ŬɜɎ 

ɚɐɣɖ 1,25%. ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɛŮŰŬɓɎɚɚŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůˊŮɘɟɩɜ ůŰɖɜ 

Ɉɇ əŬŰɎ 1,25% ůŮ əɎɗŮ ŬɚɚŬɔɐ ɚɐɣɖɠ, əŬɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɖ ɛŮŰŬɓɞɚɐ 

Űɖɠ ŰɎůɖɠ ůŰɖɜ ɀɇ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ: 

 

 
ὠὓὝ= ὠὣὝ  z

ὔὓὝ
ὔὣὝ

=  100 ὠzὣὝ  z
ὠὓὝ,ὲέά

ὠὣὝ,ὲέά (z100 ‖z 1,25)
 (2.1) 

 

   

ȳˊɞɡ  ὠὓὝ,ὲέά  ɖ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ ůŰɖɜ ɀɇ 

 ὠ Ὕ,ὲέά  ɖ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ ůŰɖɜ Ɉɇ 

 ə    ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɓɖɛɎŰɤɜ Űɖɠ ɚɐɣɖɠ 

 

ȷˊɧ Űɞɜ Űɨˊɞ 2.1, əŬɘ ɔɘŬ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ ůŰɖɜ ɀɇ əŬɘ Ɉɇ ŬɜŰɑůŰɞɘɢŬ 21kV 

əŬɘ 150kV, ɛˊɞɟɞɨɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ɔɘŬ əɎɗŮ ůɡɜŭɡŬůɛɧ ŰɎůɖɠ ůŰɖɜ Ɉɇ 

əŬɘ ɓɐɛŬŰɞɠ ůŰɞ ɆȷɇɈū (tap), Űɖɜ ŰɎůɖ ůŰɖɜ ɀɇ, ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞɜ 

ˊɑɜŬəŬ 2.1. 
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ɄɑɜŬəŬɠ 2.1 ɇɎůɖ ůŰɖɜ ɀɇ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ ŰɎůɖɠ ůŰɖɜ Ɉɇ əŬɘ tap 

 

 ɄɟɏˊŮɘ ɜŬ ŬɜŬűɏɟɞɡɛŮ ɧŰɘ ɞ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬɠ ŭŮɜ ŮɑɜŬɘ ŬˊɧɚɡŰŬ 

Ŭəɟɘɓɐɠ, əŬɘ ɔɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ Ŭəɟɘɓɐɠ Űɘɛɐ Űɖɠ ŰɎůɖɠ ůŰɖɜ ɀɇ ˊɟɏˊŮɘ ɜŬ 

ůɡɛˊŮɟɘɚɖűɗŮɑ əŬɘ ɖ ˊŰɩůɖ/Ŭɜɨɣɤůɖ ŰɎůɖɠ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ ůŰɖɜ ŬɜŰɑůŰŬůɖ 

Űɞɡ ɀ/Ɇ, ɖ ɞˊɞɑŬ ŬɚɚɎɕŮɘ əɎɗŮ űɞɟɎ ˊɞɡ ŬɚɚɎɕŮɘ ɖ ɚɐɣɖ. 

 ɆŰɞɜ ˊɑɜŬəŬ űŬɑɜɞɜŰŬɘ Ůˊɑůɖɠ ɞɘ ɗɏůŮɘɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɓɟɑůəŮŰŬɘ ɖ ɚɐɣɖ 

ɔɘŬ əɎɗŮ ŰɎůɖ ůŰɖɜ Ɉɇ ɔɘŬ ɜŬ ɏɢɞɡɛŮ ɞɜɞɛŬůŰɘəɐ Űɘɛɐ Űɖɠ ŰɎůɖɠ ůŰɖɜ ɀɇ. 

ũɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ ŭɖɚŬŭɐ, ɔɘŬŰɑ Űɞ ɆȷɇɈū ŮɑɜŬɘ Űɞ ɓŬůɘəɧŰŮɟɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ 

ŭɘŬŰɐɟɖůɖ Űɖɠ ŰɎůɖɠ ůŮ ŬˊɞŭŮəŰɎ ŮˊɑˊŮŭŬ. ɇɞ ɆȷɇɈū ɛˊɞɟŮɑ ɜŬ ŮəɛɖŭŮɜɑůŮɘ 

ɞˊɞɘŬŭɐˊɞŰŮ ɡˊɏɟŰŬůɖ ɛɏɢɟɘ 161,25kV əŬɘ ɞˊɞɘŬŭɐˊɞŰŮ ɡˊɧŰŬůɖ ɛɏɢɟɘ 

131,25kV  ɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ Ɉɇ, ɔɘŬ ɜŬ ɏɢɞɡɛŮ ůŰɞɜ ɕɡɔɧ ɀɇ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ 

21kV. [14] 

 

 

2.1.2 ɪʑʃʈʅʎʐʘʏ ɬʗʎʂʏ (ɪɬɊ ɉVR) 

 

 Ƀ ɟɡɗɛɘůŰɐɠ ŰɎůɖɠ, ɔɜɤůŰɧɠ Ůɡɟɏɤɠ ɤɠ Voltage Regulator (VR), ŮɑɜŬɘ 

ůŰɖɜ ɞɡůɑŬ ɏɜŬɠ ŬɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɐɠ əŬɘ ŰɞˊɞɗŮŰŮɑŰŬɘ əŬŰɎ ɛɐəɞɠ Űɖɠ 

ɔɟŬɛɛɐɠ ůŮ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ, ɛŮ ůəɞˊɧ ɞɘ əŬŰŬɜŬɚɤŰɏɠ ůŰɞ Űɏɚɞɠ Űɖɠ ɔɟŬɛɛɐɠ 

ɜŬ ɏɢɞɡɜ ˊŬɟɧɛɞɘɞ ŮˊɑˊŮŭɞ ŰɎůɖɠ ɛŮ ŮəŮɑɜɞɡɠ ůŰɖɜ Ŭɟɢɐ. ȷɜŰɘɛŮŰɤˊɑɕŮɘ 

tap 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

N.YT 7,5 6,25 5 3,75 2,5 1,25 0 -1,25 -2,5 -3,75 -5 -6,25 -7,5 -8,75 -10 -11,25 -12,5

±ψʇΦʆ

131,25 17,09 17,29 17,50 17,71 17,93 18,15 18,38 18,61 18,85 19,09 19,34 19,60 19,86 20,14 20,42 20,70 21,00

133,12517,34 17,54 17,75 17,96 18,18 18,41 18,64 18,87 19,12 19,36 19,62 19,88 20,15 20,42 20,71 21,00 21,30

135 17,58 17,79 18,00 18,22 18,44 18,67 18,90 19,14 19,38 19,64 19,89 20,16 20,43 20,71 21,00 21,30 21,60

136,87517,83 18,04 18,25 18,47 18,70 18,93 19,16 19,41 19,65 19,91 20,17 20,44 20,72 21,00 21,29 21,59 21,90

138,75 18,07 18,28 18,50 18,72 18,95 19,19 19,43 19,67 19,92 20,18 20,45 20,72 21,00 21,29 21,58 21,89 22,20

140,62518,31 18,53 18,75 18,98 19,21 19,44 19,69 19,94 20,19 20,45 20,72 21,00 21,28 21,58 21,88 22,18 22,50

142,5 18,56 18,78 19,00 19,23 19,46 19,70 19,95 20,20 20,46 20,73 21,00 21,28 21,57 21,86 22,17 22,48 22,80

144,37518,80 19,02 19,25 19,48 19,72 19,96 20,21 20,47 20,73 21,00 21,28 21,56 21,85 22,15 22,46 22,77 23,10

146,25 19,05 19,27 19,50 19,73 19,98 20,22 20,48 20,73 21,00 21,27 21,55 21,84 22,14 22,44 22,75 23,07 23,40

148,12519,29 19,52 19,75 19,99 20,23 20,48 20,74 21,00 21,27 21,55 21,83 22,12 22,42 22,73 23,04 23,37 23,70

150 19,53 19,76 20,00 20,24 20,49 20,74 21,00 21,27 21,54 21,82 22,11 22,40 22,70 23,01 23,33 23,66 24,00

151,87519,78 20,01 20,25 20,49 20,74 21,00 21,26 21,53 21,81 22,09 22,38 22,68 22,99 23,30 23,63 23,96 24,30

153,75 20,02 20,26 20,50 20,75 21,00 21,26 21,53 21,80 22,08 22,36 22,66 22,96 23,27 23,59 23,92 24,25 24,60

155,62520,27 20,51 20,75 21,00 21,26 21,52 21,79 22,06 22,35 22,64 22,93 23,24 23,55 23,88 24,21 24,55 24,90

157,5 20,51 20,75 21,00 21,25 21,51 21,78 22,05 22,33 22,62 22,91 23,21 23,52 23,84 24,16 24,50 24,85 25,20

159,37520,76 21,00 21,25 21,51 21,77 22,04 22,31 22,59 22,88 23,18 23,49 23,80 24,12 24,45 24,79 25,14 25,50

161,25 21,00 21,25 21,50 21,76 22,02 22,30 22,58 22,86 23,15 23,45 23,76 24,08 24,41 24,74 25,08 25,44 25,80

163,12521,24 21,49 21,75 22,01 22,28 22,56 22,84 23,13 23,42 23,73 24,04 24,36 24,69 25,03 25,38 25,73 26,10

165 21,49 21,74 22,00 22,27 22,54 22,81 23,10 23,39 23,69 24,00 24,32 24,64 24,97 25,32 25,67 26,03 26,40

166,87521,73 21,99 22,25 22,52 22,79 23,07 23,36 23,66 23,96 24,27 24,59 24,92 25,26 25,60 25,96 26,32 26,70

168,75 21,98 22,24 22,50 22,77 23,05 23,33 23,63 23,92 24,23 24,55 24,87 25,20 25,54 25,89 26,25 26,62 27,00

170,62522,22 22,48 22,75 23,02 23,30 23,59 23,89 24,19 24,50 24,82 25,14 25,48 25,82 26,18 26,54 26,92 27,30

172,5 22,47 22,73 23,00 23,28 23,56 23,85 24,15 24,46 24,77 25,09 25,42 25,76 26,11 26,47 26,83 27,21 27,60

174,37522,71 22,98 23,25 23,53 23,82 24,11 24,41 24,72 25,04 25,36 25,70 26,04 26,39 26,75 27,13 27,51 27,90

176,25 22,95 23,22 23,50 23,78 24,07 24,37 24,68 24,99 25,31 25,64 25,97 26,32 26,68 27,04 27,42 27,80 28,20

±ψɾΦʆ
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ŭɖɚŬŭɐ, Űɖɜ ˊŰɩůɖ ŰɎůɖɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɏɢɟɘ Űɞ Űɏɚɞɠ Űɖɠ ɔɟŬɛɛɐɠ ɚɧɔɤ 

Űɞɡ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ Űɖɠ. 

 Ƀ ŬɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɐɠ ŭɘŬűɏɟŮɘ Ŭˊɧ Űɞɜ əɚŬůůɘəɧ ɛŮŰŬůɢɖɛŬŰɘůŰɐ 

ɔɘŬŰɑ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŰŬ ŰɡɚɑɔɛŬŰɎ Űɞɡ ŮɑɜŬɘ ɖɚŮəŰɟɘəɎ ŮɜɤɛɏɜŬ (ůŰɖɜ 

ɞɡůɑŬ ŮɑɜŬɘ ɏɜŬ ŰɨɚɘɔɛŬ), ŮəŰɧɠ Ŭˊɧ ŮˊŬɔɤɔɘəɎ ůɡɜŭŮŭŮɛɏɜŬ[13]. ũŮɜɘəɎ ɞ 

ŬɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɐɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ əŬɘ űɗɖɜɧŰŮɟɞɠ Ŭˊɧ Űɞɜ əɚŬůůɘəɧ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐ ŬɚɚɎ ɏɢŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɛŮɘɞɜɏəŰɖɛŬ, ŭŮɜ ˊŬɟɏɢŮɘ ɖɚŮəŰɟɘəɐ 

Ŭˊɞɛɧɜɤůɖ ŮɝŬɘŰɑŬɠ Űɞɡ ɧŰɘ ŰŬ ŰɡɚɑɔɛŬŰɎ Űɞɡ ŮɑɜŬɘ ɖɚŮəŰɟɘəɎ ůɡɜŭŮŭŮɛɏɜŬ. 

 ɆŰɘɠ ŮɘəɧɜŮɠ 2.2 əŬɘ 2.3 űŬɑɜŮŰŬɘ ɏɜŬɠ ŬɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɐɠ, əŬɘ ɛˊɞɟŮɑ 

ɜŬ ɔɑɜŮɘ ŮɨəɞɚŬ əŬŰŬɜɞɖŰɐ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ[15]. 

 

.  

        
          ȺɘəɧɜŬ 2.2 ȷɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɐɠ              ȺɘəɧɜŬ 2.3 steps ȷɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɐ 

 

 Ƀ ŬɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɐɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ɏɢŮɘ ɏɜŬ ŰɨɚɘɔɛŬ, əŬɘ ŭɘɎűɞɟɞɡɠ 

ŬəɟɞŭɏəŰŮɠ. ȼ ŰɎůɖ ůŰɞ ˊɟɤŰŮɨɞɜ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ŭɨɞ ŬəɟɞŭɏəŰŮɠ, Ůɜɩ ɖ ŰɎůɖ 

ůŰɞ ŭŮɡŰŮɟŮɨɞɜ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ŭɨɞ Ɏɚɚɤɜ ŬəɟɞŭŮəŰɩɜ. ɆɢŮŭɧɜ ˊɎɜŰŬ, ɞ ɏɜŬɠ 

ŬəɟɞŭɏəŰɖɠ ŮɑɜŬɘ əɞɘɜɧɠ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ˊɚŮɡɟɏɠ. ȷˊɞŰɏɚŮůɛŬ Űɖɠ ˊŬɟŬˊɎɜɤ 

ůɡɜŭŮůɛɞɚɞɔɑŬɠ ŮɑɜŬɘ ɞɘ ŭɨɞ ˊɚŮɡɟɏɠ ɜŬ ɏɢɞɡɜ əɎˊɞɘɞɜ Ŭɟɘɗɛɧ ůˊŮɘɟɩɜ əɞɘɜɧ. 

ɂɏɟɞɜŰŬɠ ɧŰɘ ɖ ŮˊŬɔɧɛŮɜɖ ŰɎůɖ ŬɜɎ ůˊŮɑɟŬ ŮɑɜŬɘ ɑŭɘŬ, ɖ əɎɗŮ ˊɚŮɡɟɎ ɗŬ ɏɢŮɘ 

ŰɎůɖ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůˊŮɘɟɩɜ, ɎɟŬ ɗŬ ɘůɢɨŮɘ: 

 ὠ1
ὠ2

=
ὔ1

ὔ2
= ὥ 

(2.2) 

 
 

 

 ȰɢɞɜŰŬɠ ɚɞɘˊɧɜ Űɞɡɠ ŭɘɎűɞɟɞɡɠ ŬəɟɞŭɏəŰŮɠ, ɛˊɞɟŮɑ ɜŬ əŬŰŬɚɎɓŮɘ 

əŬɜŮɑɠ Űɖɜ ɞɛɞɘɧŰɖŰŬ ˊɞɡ ɏɢŮɘ ɞ ɟɡɗɛɘůŰɐɠ ŰɎůɖɠ ɛŮ Űɞ ɆȷɇɈū, əŬɗɩɠ, 

ůɡɜŭɏɞɜŰŬɠ ŭɘŬűɞɟŮŰɘəɧ ŬəɟɞŭɏəŰɖ əɎɗŮ űɞɟɎ, ɛˊɞɟɞɨɛŮ ɜŬ ɛŮŰŬɓɎɚɚɞɡɛŮ 

Űɞɜ ɚɧɔɞ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɑůŰŬůɖ. Ƀ 

ŬɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɐɠ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŭɘŬůɨɜŭŮůɖ 

ůɡůŰɖɛɎŰɤɜ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɡˊɧ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ŰɎůɖɠ, ɔɘŬ Űɖɜ 
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ˊɟɞůŬɟɛɞɔɐ ŭɘŬűɧɟɤɜ ɖɚŮəŰɟɘəɩɜ ůɡůəŮɡɩɜ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ŰɎůɖ əŬɘ ůŬɜ 

ɟɡɗɛɘůŰɐɠ ŰɎůɖɠ, ůŮ ɛŮɔɎɚŬ ŬɔɟɞŰɘəɎ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɔɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ 

ŰɎůɖɠ Űɤɜ ŰŮɚɘəɩɜ əŬŰŬɜŬɚɤŰɩɜ.[16] 

 Ʉɞɚɨ ůɡɢɜɎ, ůŮ ɡɣɖɚɎ űɞɟŰɘůɛɏɜŮɠ ɔɟŬɛɛɏɠ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞɘ Ŭˊɧ ɏɜŬɠ Ʌɇ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬˊɞŭŮəŰɩɜ 

ŰɎůŮɤɜ ůŰɞ Ɏəɟɞ Űɖɠ ɔɟŬɛɛɐɠ. ȼ ɚŮɘŰɞɡɟɔɑŬ ŭɨɞ ɅɡɗɛɘůŰɩɜ ŰɎůɖɠ ůŮ ůŮɘɟɎ, 

űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 2.4.[17]  ɄŬɟŬŰɖɟɞɨɛŮ ˊɤɠ ůŮ ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ, Űɞ 

ɆȷɇɈū ŭŮɜ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ əɟŬŰɐůŮɘ Űɘɠ ŰɎůŮɘɠ ŮɜŰɧɠ ɞɟɑɤɜ, əŬɘ ŬɡŰɧ ɔɘŬŰɑ Űɞ 

ɛɧɜɞ ˊɞɡ əɎɜŮɘ Űɞ ɆȷɇɈū ŮɑɜŬɘ ɜŬ ɛŮŰŬəɘɜŮɑ Űɞ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ əŬŰŬəɧɟɡűŬ, 

ŬɜɎɚɞɔŬ Űɖɜ ɚɐɣɖ. ȳɛɤɠ ɧŰŬɜ ɖ ˊŰɩůɖ ŰɎůɖɠ, ɚɧɔɤ Űɞɡ ɛɐəɞɡɠ əŬɘ Űɖɠ 

ɡɣɖɚɐɠ űɧɟŰɘůɖɠ Űɖɠ ɔɟŬɛɛɐɠ, ŮɑɜŬɘ ɛŮɔɎɚɖ, ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ ŮɚɎɢɘůŰɖɠ 

əŬɘ Űɖɠ ɛɏɔɘůŰɖɠ Űɘɛɐɠ Űɖɠ ŰɎůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ Űɘɛɐ Vmax-Vmin . 

ȸɚɏˊɞɡɛŮ ɧɛɤɠ, ɧŰɘ ɖ ɢɟɐůɖ ɟɡɗɛɘůŰɩɜ ŰɎůɖɠ ůŮ ůŮɘɟɎ, ɛˊɞɟŮɑ ɜŬ ɚɨůŮɘ Űɞ 

ˊɟɧɓɚɖɛŬ ŬɡŰɧ, ɛŮ ůŰŬŭɘŬəɏɠ ŬɜɡɣɩůŮɘɠ Űɖɠ ŰɎůɖɠ. 
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ȺɘəɧɜŬ 2.4 ɅɡɗɛɘůŰɏɠ ŰɎůɖɠ ůŮ ůŮɘɟɎ[17] 

 

Ƀ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ, Űɧůɞ ɞ ɟɡɗɛɘůŰɐɠ ŰɎůɖɠ, ɧůɞ əŬɘ Űɞ ɆȷɇɈū, ɛˊɞɟɞɨɜ 

ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ŬɡŰɧɛŬŰŬ ɗŬ ŬɜŬɚɡɗŮɑ ůŮ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ.  
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2.1.3 ɚʌʋʃʙʆʀʑʎʂ ʀʉʘʍɾʀʅɻʏ ʆɻʅ ɻʌʋʃʂʆʀʑʐʅʆʘʏ ʈʋʉʗɿʀʏ  

 

 ȼ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ɔŮɜɘəɎ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏŰůɘ ɩůŰŮ əɎˊɞɘŬ 

ɛɞɟűɐ ŮɜɏɟɔŮɘŬɠ ɜŬ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ůŮ ɛŮŰŬɔŮɜɏůŰŮɟɞ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ, ɏŰůɘ ɩůŰŮ ɜŬ ŮəŰŮɚɏůŮɘ ɞɟɘůɛɏɜŮɠ ɢɟɐůɘɛŮɠ ɚŮɘŰɞɡɟɔɑŮɠ. 

 ȳˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ůŰɖɜ ŮɘůŬɔɤɔɐ, ɏɜŬ ɓŬůɘəɧ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ɧŰɘ ŭŮ ɛˊɞɟŮɑ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɎ əŬɘ 

ɞɘəɞɜɞɛɘəɎ ůŮ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Űɖɜ ůŰɘɔɛɐ ˊɞɡ ɕɖŰŮɑŰŬɘ, əɎŰɘ ŬɟəŮŰɎ ˊɞɚɨˊɚɞəɞ əŬɘ 

ŬˊŬɘŰɖŰɘəɧ. ȺɘŭɘəɎ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɛŮ Űɖɜ ɞɚɞɏɜŬ əŬɘ ŬɡɝŬɜɧɛŮɜɖ ɏɜŰŬɝɖ 

Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ůŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

ŬɟəŮŰɎ ˊɟɞɓɚɐɛŬŰŬ ɚɧɔɤ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ əŬɘ Űɖɠ ɛɖ ůɡɜŮɢɞɨɠ 

ŭɘŬɗŮůɘɛɧŰɖŰŬɠ Űɤɜ ˊɖɔɩɜ ŬɡŰɩɜ. ȿɨůɖ ůŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚŮɑ ɖ 

ŬˊɞɗɐəŮɡůɖ Űɖɠ ˊɚŮɞɜɎɕɞɡůŬɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ůŮ 

ˊŮɟɘɧŭɞɡɠ ɢŬɛɖɚɞɨ űɞɟŰɑɞɡ ɐ ɡɣɖɚɐɠ ˊŬɟŬɔɤɔɐɠ, ɩůŰŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

əɎˊɞɘŬ Ɏɚɚɖ ˊŮɟɑɞŭɞ ɡɣɖɚɞɨ űɞɟŰɑɞɡ əŬɘ ɢŬɛɖɚɐɠ ˊŬɟŬɔɤɔɐɠ. 

 ȼ ɛɞɜɎŭŬ ŬˊɞɗɐəŮɡůɖɠ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ ůɨůŰɖɛŬ ɘůɢɨɞɠ ɧˊɤɠ ůŰɖɜ 

ŮɘəɧɜŬ 2.5. ȼ ŬˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ ŭɖɚŬŭɐ, ůɡɜŭɏŮŰŬɘ ůŰɞ ɡˊɧɚɞɘˊɞ ůɨůŰɖɛŬ 

ɛŮ ɏɜŬ ůɨůŰɖɛŬ ɛŮŰŬŰɟɞˊɐɠ ɘůɢɨɞɠ (Power Conditioning System), Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ɏɜŬ ůɨůŰɖɛŬ ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ ˊɞɡ ɛŮŰŬŰɟɏˊŮɘ Űɖɜ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ 

Ŭˊɧ AC ůŮ DC əŬɘ DC ůŮ AC ŬɜŰɑůŰɞɘɢŬ. 

 
 

ȺɘəɧɜŬ 2.5 ɆɨɜŭŮůɖ ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ ɛŮ Űɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ 

 

 ɈˊɎɟɢŮɘ ˊɞɚɨ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ŬˊɞɗɖəŮɡɛɏɜɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

ŬɡŰɐ Űɖɜ ůŰɘɔɛɐ ˊŬɔəɞůɛɑɤɠ. ȼ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ɛɞɜɎŭɤɜ ŬˊɞɗɐəŮɡůɖɠ ŮɑɜŬɘ 

ŮɔəŬŰŬůŰɎůŮɘɠ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ, ɞɘ ɞˊɞɑŮɠ ɧɛɤɠ ŬˊŬɘŰɞɨɜ ˊɞɚɨ ɢɩɟɞ. ȰŰůɘ 

ɞɘ Ůˊɘˊɚɏɞɜ ŮɔəŬŰŬůŰɎůŮɘɠ ŬˊɞɗɐəŮɡůɖɠ ˊɞɡ ɗŬ ɢɟŮɘŬůŰɞɨɜ ůŰɞ ɛɏɚɚɞɜ, 

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɞɨ Ůɑŭɞɡɠ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɖ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ɛɘəɟɩɜ ɛɞɜɎŭɤɜ ŬˊɞɗɐəŮɡůɖɠ ůŰɞ ůɨůŰɖɛŬ ŭɘŬɜɞɛɐɠ ɛˊɞɟŮɑ ɜŬ ɚɨůŮɘ Űɞ 

ˊɟɧɓɚɖɛŬ Űɞɡ ɢɩɟɞɡ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ɏɜɜɞɘŬ ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ əŬŰŬɜŮɛɖɛɏɜɖ 

ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ (Distributed Energy StorageïDES). 
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 ȼ ŰŮɢɜɞɚɞɔɑŬ ŬɡŰɐ ɚɞɘˊɧɜ, ŮɜŭɏɢŮŰŬɘ ůŰɞ ɛɏɚɚɞɜ ɜŬ ŮɑɜŬɘ Űɞ ɑŭɘɞ ɐ əŬɘ 

ˊŮɟɘůůɧŰŮɟɞ ůɖɛŬɜŰɘəɐ Ŭˊɧ Űɖɜ əŬŰŬɜŮɛɖɛɏɜɖ ˊŬɟŬɔɤɔɐ ɘůɢɨɞɠ (Distributed 

Generation ï DG), ŬɚɚɎ Űɞ ɘŭŬɜɘəɧ ŮɑɜŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Űɞɡɠ. Ƀɘ ŰŮɢɜɞɚɞɔɑŮɠ 

DES ˊŮɟɘɚŬɛɓɎɜɞɡɜ: 

 

¶ ɇɘɠ ɛˊŬŰŬɟɑŮɠ: ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŬ Ůɑŭɖ ɛˊŬŰŬɟɘɩɜ ɧˊɤɠ ɞɝɏɞɠ, 

ɜɘəŮɚɑɞɡ-əŬŭɛɑɞɡ, ɚɘɗɑɞɡ-ɘɧɜŰɞɠ əŬɘ ɛˊŬŰŬɟɑŮɠ ɟɞɐɠ (ZnBr). 

 

¶ ɇɞɡɠ ůűɞɜŭɨɚɞɡɠ: ȼ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ 

ɛɏůɤ Űɖɠ ˊŮɟɘůŰɟɞűɐɠ Ůɜɧɠ ŭɑůəɞɡ ɐ Ůɜɧɠ ŭɟɞɛɏŬ Ŭˊɧ Űɞɜ ɎɝɞɜŬ Űɞɡ. 

Ƀ əɨɟɘɞɠ ɟɧɚɞɠ Űɞɡ ŬűɞɟɎ Űɖɜ ˊŬɟɞɢɐ ŮɜɏɟɔŮɘŬɠ ɔɘŬ ɛɘəɟɎ ɢɟɞɜɘəɎ 

ŭɘŬůŰɐɛŬŰŬ əŬɘ əɡɟɑɤɠ ɔɘŬ ˊŬɟɞɢɐ ŮűŮŭɟŮɑŬɠ. 

 

¶ ɇɞɡɠ ɡˊŮɟ- ɡ́əɜɤŰɏɠ: ȷɡŰɏɠ ɞɘ ɛɞɜɎŭŮɠ ɏɢɞɡɜ ɢɤɟɖŰɘəɧŰɖŰŬ ɘůɢɨɞɠ əŬɘ 

ŮɜɏɟɔŮɘŬɠ ɢɘɚɘɎŭŮɠ űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɤɜ ůɡɛɓŬŰɘəɩɜ 

ˊɡəɜɤŰɩɜ. ȼ ɓŬůɘəɐ ŮűŬɟɛɞɔɐ Űɞɡɠ ŬűɞɟɎ Űɖɜ ɡˊɞůŰɐɟɘɝɖ ŰɎůɖɠ əŬɘ 

ɓŮɚŰɑɤůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ. 

 

¶ ɇŬ ɡˊŮɟŬɔɩɔɘɛŬ ˊɖɜɑŬ: ɆŰɖɟɑɕɞɡɜ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ůŰɖ ɢɟɐůɖ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ Űɤɜ ɡˊŮɟŬɔɩɔɘɛɤɜ əŬɘ ŬˊŬɘŰɞɨɜ ůɖɛŬɜŰɘəɏɠ ˊɞůɧŰɖŰŮɠ 

ɣɨɝɖɠ. 

 

Ⱥɜɩ ɖ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖ əŬɘ ɖ ůɡɛˊɑŮůɖ ŬɏɟŬ, ŮɑɜŬɘ ŰŮɢɜɞɚɞɔɑŮɠ ŬˊɞɗɐəŮɡůɖɠ 

ɚɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɧɔəɞɡ Űɞɡɠ ŭŮɜ ŬˊɞŰŮɚɞɨɜ DES[18]. 

ɄŬɟŬəɎŰɤ ŬɜŬűɏɟɞɜŰŬɘ ɛŮɟɘəɎ Ŭˊɧ ŰŬ ɞűɏɚɖ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ: 

 

¶ ɈˊɞůŰɐɟɘɝɖ Űɤɜ ȷɄȺ: ȼ ŬˊɞɗɐəŮɡůɖ ɛˊɞɟŮɑ ɜŬ ɛŮɘɩůŮɘ Űɘɠ 

ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖɜ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ əŬɘ 

űɤŰɞɓɞɚŰŬɥəŬ əŬɘ ɜŬ çɛŮŰŬűɏɟŮɘ ɢɟɞɜɘəɎè Űɖɜ ˊŮɟɑůůɘŬ ŮɜɏɟɔŮɘŬ ˊɞɡ 

ɡˊɎɟɢŮɘ ůŮ ɩɟŬ ɡɣɖɚɐɠ ˊŬɟŬɔɤɔɐɠ, ůŮ ɩɟŮɠ ɢŬɛɖɚɐɠ. Ⱥˊɑůɖɠ, 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɩɚɖůɖ Űɖɠ əŬɗŬɟɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ˊŮɟɘɧŭɞɡɠ ɡɣɖɚɐɠ 

Űɘɛɐɠ.[19] 

 

¶ ȷɝɘɞˊɘůŰɑŬ əŬɘ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ: ȼ ŬˊɞɗɐəŮɡůɖ ŮˊɘŰɟɏˊŮɘ ůŰŬ űɞɟŰɑŬ ɜŬ 

ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ŬəɧɛŬ əŬɘ ůŮ ˊŮɟɑˊŰɤůɖ ŭɘŬəɞˊɐ ɟŮɨɛŬŰɞɠ. 

 

¶ ȰɚŮɔɢɞɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ ɔɘŬ ŭɘɧɟɗɤůɖ ɆȽ əŬɘ ŰɎůɖɠ: ɇŬ ɖɚŮəŰɟɞɜɘəɎ 

ɘůɢɨɞɠ Űɤɜ ɛɞɜɎŭɤɜ ŬˊɞɗɐəŮɡůɖɠ ˊŬɟɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ɛŮŰŬɓɎɚɚɞɡɜ ɔɟɐɔɞɟŬ Űɖɜ ɎŮɟɔɞ əŬɗɩɠ əŬɘ Űɖɜ ŮɜŮɟɔɧ ɘůɢɨ ˊɞɡ 

Ŭˊɞɟɟɞűɞɨɜ ɐ ŭɘŬɗɏŰɞɡɜ ůŰɞ ŭɑəŰɡɞ. 
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¶ ȽůɞůŰɎɗɛɘůɖ űɞɟŰɑɞɡ: Ƀɘ ɛˊŬŰŬɟɑŮɠ űɞɟŰɑɕɞɜŰŬɘ Űɖɜ ˊŮɟɑɞŭɞ ɧˊɞɡ ɖ 

ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɏɢŮɘ ɢŬɛɖɚɧ əɧůŰɞɠ (ɢŬɛɖɚɧ űɞɟŰɑɞ) əŬɘ 

ŮəűɞɟŰɑɕɞɜŰŬɘ Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ˊɞɡ ůɡɛɓŬɑɜŮɘ Űɞ ŬɜŰɑɗŮŰɞ (ɡɣɖɚɧ 

űɞɟŰɑɞ). 

 

¶ ȺűŮŭɟŮɑŬ ůɡůŰɐɛŬŰɞɠ: ȿɧɔɤ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Űɤɜ ɛˊŬŰŬɟɘɩɜ ɜŬ 

ˊɟɞůŬɟɛɧɕɞɡɜ ɔɟɐɔɞɟŬ Űɖɜ ɘůɢɨ ˊɞɡ Ůɔɢɏɞɡɜ ůŰɞ ůɨůŰɖɛŬ ɛɏůɤ Űɤɜ 

ɖɚŮəŰɟɞɜɘəɩɜ ɘůɢɨɞɠ, ɛˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ əŬɘ ɤɠ ŮűŮŭɟŮɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ɢɟɐůɖ ůɡɛɓŬŰɘəɩɜ 

ůŰŬɗɛɩɜ ˊŬɟŬɔɤɔɐɠ ɤɠ ŮűŮŭɟɘəɏɠ ɛɞɜɎŭŮɠ. 

 

¶ ȷɜŬɓɞɚɐ ŮɔəŬŰɎůŰŬůɖɠ ɜɏɤɜ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ əŬɘ ŬɜŬɓɎɗɛɘůɖɠ 

ɖɚŮəŰɟɘəɩɜ ɔɟŬɛɛɩɜ: Ƀɘ ůɤůŰɎ ŰɞˊɞɗŮŰɖɛɏɜŮɠ ɛɞɜɎŭŮɠ ŬˊɞɗɐəŮɡůɖɠ 

ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ɛŮɘɩɜɞɡɜ Űɖɜ ɛɏɔɘůŰɖ űɧɟŰɘůɖ Űɤɜ ɔɟŬɛɛɩɜ əŬɗɩɠ əŬɘ 

ɜŬ ɛŮɘɩɜɞɡɜ Űɞɜ ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ ɔɘŬ Űɖɜ əɎɚɡɣɖ 

Űɖɠ Ŭɘɢɛɐɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ.[20] 

 

¶ ɈˊɞůŰɐɟɘɝɖ Űɖɠ əŬŰŬɜŮɛɖɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ (DG): Ƀɘ ɛɞɜɎŭŮɠ 

ŬˊɞɗɐəŮɡůɖɠ ŮˊɘŰɟɏˊɞɡɜ ůŰɘɠ DG ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ůɢŮŭɧɜ ůŰŬɗŮɟɐ 

ˊŬɟŬɔɤɔɐ. 

 

 

2.1.4 ɩʑʆʉʖʐʘʏ 

 

 Ƀɘ ˊɡəɜɤŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ɓŮɚŰɘɩůɞɡɜ Űɞɜ ůɡɜŰŮɚŮůŰɐ 

ɘůɢɨɞɠ ůŰŬ ɖɚŮəŰɟɘəɎ ůɡůŰɐɛŬŰŬ Ŭˊɧ Űɞ 1950. ɇɧŰŮ ɡˊɐɟɢŬɜ ɛŮɔɎɚŬ əŬɘ 

ˊɞɚɡɎɟɘɗɛŬ ɓɘɞɛɖɢŬɜɘəɎ ůɡůŰɐɛŬŰŬ ɘůɢɨɞɠ ɛŮ ŮɔəŬŰŮůŰɖɛɏɜɞɡɠ ˊɞɚɚɞɨɠ 

ɛŮɛɞɜɤɛɏɜɞɡɠ ˊɡəɜɤŰɏɠ, Ůə Űɤɜ ɞˊɞɑɤɜ ɧɚɞɘ ŮɑɢŬɜ ŮɔəŬŰŬůŰŬɗŮɑ ɢɤɟɑɠ 

ɘŭɘŬɑŰŮɟɖ ɛŮɚɏŰɖ. Ɇəɞˊɧɠ ŬɡŰɩɜ Űɤɜ ˊɡəɜɤŰɩɜ ŮɑɜŬɘ ɖ ɓŮɚŰɑɤůɖ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ, əŬɘ ɖ ɓŮɚŰɑɤůɖ Űɤɜ ŰɎůŮɤɜ ɛŮ Űɖɜ ˊɟɞůűɞɟɎ ɎŮɟɔɞɡ 

ɘůɢɨɞɠ ɔɘŬ ŬɜŰɘůŰɎɗɛɘůɖ. 

 ɈˊɎɟɢɞɡɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɑ Űɟɧˊɞɘ ˊɟɞůɏɔɔɘůɖɠ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ 

Űɤɜ ˊɡəɜɤŰɩɜ ůŮ ɏɜŬ ŭɑəŰɡɞ, ɞ əŮɜŰɟɘəɧɠ əŬɘ ɞ ŭɘŬɜŮɛɖɛɏɜɞɠ. ȼ ɏɜɜɞɘŬ Űɖɠ 

əŮɜŰɟɘəɐɠ ˊŬɟɞɢɐɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ (ŭɖɚŬŭɐ ɧɚɞɘ ɞɘ ˊɡəɜɤŰɏɠ ɜŬ ŮɑɜŬɘ 

ůɡɜŭŮŭŮɛɏɜɞɘ ůŮ ɏɜŬ əŮɜŰɟɘəɧ ůɖɛŮɑɞ) ɡˊɞůŰɖɟɑɕŮɘ ɧŰɘ ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢŮɘ 

əɎˊɞɘɞɠ ɔŮɜɘəɧɠ Űɟɧˊɞɠ ůŰɞ ŭɑəŰɡɞ ˊɞɡ ɜŬ ŭɘɞɟɗɩɜŮɘ Űɞɜ ɆȽ ɔɘŬ ɧɚŬ ŰŬ űɞɟŰɑŬ 

ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰɞɜ ůɡɔəŮəɟɘɛɏɜɞ ɕɡɔɧ. ȼ ɏɜɜɞɘŬ Űɖɠ ŭɘŬɜŮɛɖɛɏɜɖɠ ˊŬɟɞɢɐɠ 

ɎŮɟɔɞɡ ɘůɢɨɞɠ ɡˊɞůŰɖɟɑɕŮɘ Űɞ ɧŰɘ əɎɗŮ űɞɟŰɑɞ ůŰɞɜ ɕɡɔɧ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɧŰɘ 

ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ŭɘɞɟɗɩɜŮɘ Űɞɜ ɆȽ Űɞɡ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ˊɟɧŰɡˊŬ. 

 ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŬ Ůɑŭɖ ˊɡəɜɤŰɩɜ, əŬɘ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ 

Űɞ Ŭɜ ŮɑɜŬɘ ˊɎɜŰŬ ůɡɜŭŮŭŮɛɏɜɞɘ ɐ ŬˊɞɕŮɨɝɘɛɞɘ, Ŭɜ ɏɢɞɡɜ ɓŬɗɛɑŭŮɠ ɐ ɧɢɘ əŬɘ ɛŮ 

Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŮɚɏɔɢɞɜŰŬɘ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɞɘ ˊɡəɜɤŰɏɠ ˊɞɡ 
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ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɏɢɞɡɜ ŭɡɜŬŰɧŰɖŰŬ Ůɚɏɔɢɞɡ ɕŮɨɝɖɠ Űɞɡɠ ůŰɞ ŭɑəŰɡɞ, Ůɜɩ  

ɏɢɞɡɜ ůŰŬɗŮɟɐ ɘůɢɨ (ɛɑŬ ɓŬɗɛɑŭŬ).  

 

 

2.1.5 ɲʀʍɾʋʏ ʇʀʅʐʋʑʍɾʚɻ ʐʖʉ ʈʋʉʗɿʖʉ ɿʅʀʎʌɻʍʈʘʉʂʏ ʌɻʍɻɾʖɾʙʏ 

 

 Ƀɘ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, ɧˊɤɠ ŰŬ ŬɘɞɚɘəɎ əŬɘ 

űɤŰɞɓɞɚŰŬɥəŬ ˊɎɟəŬ, ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ, ɛɏůɤ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ ɛŮ Űɞɜ 

ɞˊɞɑɞ ůɡɜŭɏɞɜŰŬɘ ůŰɞ ŭɑəŰɡɞ, ɜŬ ˊŬɟɎɔɞɡɜ ɐ ɜŬ Ŭˊɞɟɟɞűɞɨɜ ɎŮɟɔɞ ɘůɢɨ, 

ŮəŰɧɠ Ŭˊɧ ŮɜŮɟɔɧ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ əŬɗɩɠ ŬɜɎɚɞɔŬ 

Űɖɜ ˊŮɟɑˊŰɤůɖ, ɛˊɞɟɞɨɜ ɜŬ ŭɘɞɟɗɩůɞɡɜ Űɞɜ ɆȽ ůŮ ɎɚɚŬ ůɖɛŮɑŬ Űɞɡ ŭɘəŰɨɞɡ 

(Űɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ůŮ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ), əŬɘ əɡɟɑɤɠ ɜŬ ŮɝɞɛŬɚɨɜɞɡɜ 

ŮɜŭŮɢɧɛŮɜɖ ˊŰɩůɖ ɐ Ŭɜɨɣɤůɖ ŰɎůɖ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ.  

 ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ ŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ, ɔɘŬ ŰŬ ɞˊɞɑŬ ɞ ɚɧɔɞɠ  
ὢ

Ὑ
 Űɤɜ 

ɔɟŬɛɛɩɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Űɖɠ ɛɞɜɎŭŬɠ, ɖ ɎŮɟɔɞɠ ɘůɢɨɠ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ 

çŭɨɜŬɛɖè Ŭˊɧ Űɖ ŮɜŮɟɔɧ, ůŰɞ ɜŬ ŮˊɖɟŮɎůŮɘ Űɖɜ Űɘɛɐ Űɖɠ ŰɎůɖɠ, əŬɘ ɧůɞ 

ɛŮɔŬɚɨŰŮɟɞɠ ŮɑɜŬɘ ɞ ɚɧɔɞɠ ŬɡŰɧɠ, Űɧůɞ ɛɘəɟɧŰŮɟɖ ɎŮɟɔɞ ɘůɢɨ ɢɟŮɘɎɕŮŰŬɘ ɔɘŬ ɜŬ 

ŬɜŰɘůŰŬɗɛɘůŰŮɑ ůɡɔəŮəɟɘɛɏɜɖ ɟɞɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ. ɋůŰɧůɞ, ůŰŬ ŭɑəŰɡŬ 

ɛŮŰŬűɞɟɎɠ ɞ ɚɧɔɞɠ ŬɡŰɧɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟɞɠ, Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɧŰɘ, 

ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ, ɖ ɎŮɟɔɞɠ ɘůɢɨɠ ɛˊɞɟŮɑ ŬəɧɛŬ ˊɘɞ ŮɨəɞɚŬ ɜŬ 

ɟɡɗɛɑůŮɘ Űɖɜ ŰɎůɖ. 

 ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ɛˊɞɟɞɨɛŮ ɜŬ ŮɚɏɔɢɞɡɛŮ 

ŬɡŰɧɛŬŰŬ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ DG ůɢŮŰɘəɎ ɛŮ Űɞ ˊɧůɞ ɢɤɟɖŰɘəɎ ɖ ŮˊŬɔɤɔɘəɎ 

ɗŬ ɚŮɘŰɞɡɟɔɞɨɜ. ɀŮɟɘəɞɑ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

¶ ɆŰŬɗŮɟɧɠ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ: ȳˊɞɡ ɞ ɆȽ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɧɠ ůŮ ɛɑŬ 

Űɘɛɐ, əŬɘ ɏŰůɘ ɖ ɎŮɟɔɞɠ ɘůɢɨɠ ɛŮŰŬɓɎɚɚŮŰŬɘ ŬɜɎɚɞɔŬ Űɖɜ ŮɜŮɟɔɧ 

ˊŬɟŬɔɤɔɐ. 

 

¶ Ȱɔɢɡůɖ/Ŭˊɞɟɟɧűɖůɖ ɎŮɟɔɞɡ ɘůɢɨɞɠ ŬɜɎɚɞɔŬ Űɖɜ Ŭˊɧəɚɘůɖ Űɖɠ ŰɎůɖɠ 

Ŭˊɧ Űɖɜ Űɘɛɐ ŬɜŬűɞɟɎɠ: ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ ˊɞůɧŰɖŰŬ Űɖɠ ɎŮɟɔɞɡ 

ɘůɢɨɞɠ ˊɞɡ ɗŬ ŭɩůŮɘ ɖ ɛɞɜɎŭŬ ˊŬɟŬɔɤɔɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ Űɘɛɐ Űɖɠ 

ŰɎůɖɠ əɎɗŮ ůŰɘɔɛɐ. ȼ ɚɞɔɘəɐ ŮɑɜŬɘ , ɧŰɘ Ŭɜ ɖ ŰɎůɖ ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŮˊɘɗɡɛɖŰɐ, ŰɧŰŮ ɗŬ ɢɟŮɘŬůŰŮɑ ɜŬ ˊŬɟŬɢɗŮɑ ɎŮɟɔɞɠ 

ɘůɢɨɠ ɔɘŬ Űɖɜ Ŭɜɨɣɤůɐ Űɖɠ, Ůɜɩ ůŰɖɜ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, ɗŬ 

əŬŰŬɜŬɚɤɗŮɑ ɔɘŬ Űɖɜ ˊŰɩůɖ Űɖɠ ɛŮ ůəɞˊɧ ɜŬ ˊɚɖůɘɎůɞɡɛŮ ˊŮɟɘůůɧŰŮɟɞ 

Űɖɜ ŰɎůɖ ŬɜŬűɞɟɎɠ. 

 

¶ ȷɜŰɘůŰɎɗɛɘůɖ ˊŰɩůɖɠ/Ŭɜɨɣɤůɖɠ ŰɎůɖɠ: ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ 

ɛɞɜɎŭŬ ˊŬɟŬɔɤɔɐɠ ˊŬɟɎɔŮɘ ɐ ŬˊɞɟɟɞűɎ Űɧůɖ ɎŮɟɔɞ ɘůɢɨ, ɔɘŬ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ ɖ ˊŰɩůɖ ɐ Ŭɜɨɣɤůɖ ŰɎůɖɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŰɞ 

ŭɑəŰɡɞ Ŭˊɧ Űɖɜ ɟɞɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ, əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ 



ɆŰɞɘɢŮɑŬ əŬɘ ɛɖɢŬɜɘůɛɞɑ Ůɜɧɠ ɆȼȺ 

41 
 

Űɨˊɞ ὗ= ὖϽ
Ὑ

ὢ
 (ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ˊŬɟŬɓɘɎɕɞɜŰŬɘ ɞɘ 

ˊŮɟɘɞɟɘůɛɞɑ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ (űŬɘɜɧɛŮɜɖ ɘůɢɨ əŬɘ ɆȽ)). ɆŰɖɜ ɞɡůɑŬ 

ŭɖɚŬŭɐ, ˊŬɟɎɔɞɜŰŬɠ Űɧůɖ ɎŮɟɔɞ ɘůɢɨ ɧůɞ ɞɟɑɕŮɘ ɖ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ, 

əŬŰŬűɏɟɜɞɡɛŮ ɜŬ ɛɖŭŮɜɑůɞɡɛŮ Űɖɜ ˊŰɩůɖ ŰɎůɖɠ əŬɗɩɠ ɖ Űɘɛɐ P*R+X*Q 

ɗŬ ɛɖŭŮɜɘůŰŮɑ. ɇɞ ŬɟɜɖŰɘəɧ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ, ŮɑɜŬɘ ɖ ɎɔɜɤůŰɖ 

ŮˊɑŭɟŬůɖ ˊɞɡ ɗŬ ŮˊɘűɏɟŮɘ ůŰɞɡɠ ˊɟɞɖɔɞɨɛŮɜɞɡɠ əɚɎŭɞɡɠ Ŭˊɧ ŮəŮɑɜɞɜ 

Űɞɜ ɞˊɞɑɞ ɟɡɗɛɑɕŮɘ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Ŭɜ ɛɑŬ ɛɞɜɎŭŬ ˊŬɟŬɔɤɔɐɠ ůŮ 

ɛŬəɟɘɜɧ əɧɛɓɞ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɗŬ əŬŰŬűɏɟŮɘ ɜŬ 

ŮəɛɖŭŮɜɑůŮɘ Űɖɜ ˊŰɩůɖ ŰɎůɖɠ ůŰɞɜ ˊɟɞɖɔɞɨɛŮɜɞ əɚɎŭɞ ŮˊɘɚɏɔɞɜŰŬɠ Űɖɜ 

əŬŰɎɚɚɖɚɖ ˊɞůɧŰɖŰŬ ɎŮɟɔɞɡ ɘůɢɨɞɠ. ɋůŰɧůɞ, ɧɚɞɘ ɞɘ ˊɟɞɖɔɞɨɛŮɜɞɘ 

əɚɎŭɞɘ, ɗŬ ŮˊɖɟŮŬůŰɞɨɜ Ŭˊɧ ŬɡŰɐɜ Űɖɜ ˊɞůɧŰɖŰŬ ɎŮɟɔɞɡ, əŬɗɩɠ ɖ 

ůɡɜɞɚɘəɐ ɎŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ɗŬ ɟɏŮɘ Ŭˊɧ ŬɡŰɞɨɠ ŮɑŰŮ ɗŬ ɛŮɘɤɗŮɑ ŮɑŰŮ ɗŬ 

ŬɡɝɖɗŮɑ, ɞŭɖɔɩɜŰŬɠ ɏŰůɘ ůŮ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ŭŮɜ 

ŮɑɜŬɘ ɔɜɤůŰɧ Ŭɜ ɓɞɖɗɞɨɜ ɖ ŮˊɘɓŬɟɨɜɞɡɜ Űɞ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ. 

 

¶ Q at Night: ȷɡŰɐ ɖ ɚŮɘŰɞɡɟɔɑŬ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ŬɜŰɘůŰɟɞűɏŬ ɜŬ ˊŬɟɏɢŮɘ 

ɎŮɟɔɞ ɘůɢɨ ůŰɞ ŭɑəŰɡɞ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ, ůŮ ˊŮɟɘɧŭɞɡɠ 

ɛɖŭŮɜɘəɐɠ ŮɜŮɟɔɞɨ ˊŬɟŬɔɤɔɐɠ, ɧˊɤɠ Űɖɜ ɜɨɢŰŬ ɔɘŬ ŰŬ űɤŰɞɓɞɚŰŬɥəŬ. ȼ 

ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ŬɡŰɧɛŬŰŬ ɧŰŬɜ 

ɖ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ɢŬɛɖɚɐ, əŬɘ ɜŬ ŮˊŬɜŬűɏɟŮŰŬɘ ɖ əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ 

ŮɑŰŮ ɛŮŰɎ Ŭˊɧ əɎˊɞɘɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ŮɑŰŮ ɧŰŬɜ ŰŬ ŮˊɑˊŮŭŬ ˊŬɟŬɔɤɔɐɠ 

ɝŮˊŮɟɎůɞɡɜ əɎˊɞɘɞ ɧɟɘɞ. 

 ɆŰŬ ɛŮɔɎɚŬ ŮɟɔɞůŰɎůɘŬ ɧˊɞɡ ˊŬɟɎɔŮŰŬɘ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ, əŬɗɩɠ 

əŬɘ ůŰŬ űɤŰɞɓɞɚŰŬɥəɎ ˊɎɟəŬ ɢɟŮɘɎɕŮŰŬɘ ɎŮɟɔɞɠ ɘůɢɨɠ, əŬɘ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞəŰɖɗŮɑ ɛɏůɤ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ Űɤɜ 

ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ. ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɜɨɢŰŬɠ, ɞɘ ŬɜɎɔəŮɠ ɔɘŬ ɎŮɟɔɞ 

ɘůɢɨ ɛˊɞɟɞɨůŬɜ ɜŬ ŬɜŰɘůŰŬɗɛɘůŰɞɨɜ ɛŮ Űɖɜ ɢɟɐůɖ ˊɡəɜɤŰɩɜ ɡɣɖɚɞɨ 

ɧɛɤɠ əɧůŰɞɡɠ. ɀŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Q at Night, ɔɑɜŮŰŬɘ ŮűɘəŰɐ ɖ ŬɜŰɘůŰɎɗɛɘůɖ 

Űɖɠ ŬɜŬɔəŬɑŬɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ əŬɘ Űɖɜ ɜɨɢŰŬ, ɔɚɡŰɩɜɞɜŰŬɠ ɏŰůɘ Űɞ əɧůŰɞɠ 

ɔɘŬ Űɖɜ çŬɔɞɟɎè Űɖɠ, ɞɟɑɕɞɜŰŬɠ ɏŰůɘ ŬɡŰɐɜ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ, ɛɘŬ ˊɘɗŬɜɐ ˊɖɔɐ 

Ůůɧŭɤɜ ɔɘŬ Űɘɠ ŮŰŬɘɟŮɑŮɠ ɖɚŮəŰɟɘůɛɞɨ.[21] 

 Ⱥˊɘˊɚɏɞɜ, ŮəŰɧɠ Ŭˊɧ ŰŬ ɞɘəɞɜɞɛɘəɎ əɟɘŰɐɟɘŬ, ɞɘ ŮŰŬɘɟŮɑŮɠ 

ɖɚŮəŰɟɘůɛɞɨ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɜ ŬɜŰɘůŰɟɞűŮɑɠ ɛŮ ŬɡŰɐɜ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ ɔɘŬ Űɖɜ ŮɡůŰɎɗŮɘŬ əŬɘ əŬɚɨŰŮɟɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ. ȾŬɗɩɠ ɖ 

ɎŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ɟɏŮɘ ůŰɞ ŭɑəŰɡɞ Űɞ çəŬŰŬˊɞɜŮɑè ɢɤɟɑɠ ɜŬ ůɡɛɓɎɚɚŮɘ 

ůŰɖɜ ŰŮɚɘəɐ ŮɜɏɟɔŮɘŬ, ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ Űɞɡɠ ˊŬɟŬɔɤɔɞɨɠ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ ɜŬ ˊŬɑɟɜɞɡɜ ɛɏɟɞɠ ůŰɖɜ ŬɜŰɘůŰɎɗɛɘůɖ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ. ȷɡŰɧ 

əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ ŭŮɜ ŬˊɞŰŮɚŮɑ ˊɟɧɓɚɖɛŬ, ŬɚɚɎ ɗŬ ɐŰŬɜ Űɖɜ 

ɜɨɢŰŬ, ɢɤɟɑɠ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Q at night, əŬɗɩɠ ɗŬ ɐŰŬɜ ŬɜŬɔəŬɑŬ ɖ ɢɟɐůɖ 

ˊɡəɜɤŰɩɜ ɐ Ŭəɟɘɓɩɜ ŮɟɔɞůŰɎůɘɤɜ ŬɜŰɘůŰɎɗɛɘůɖɠ.[22] 

 

 ɈˊɎɟɢɞɡɜ ˊɞɚɚɞɑ Ɏɚɚɞɘ Űɟɧˊɞɘ əŬɘ ůɡɜŭɡŬůɛɞɑ Űɟɧˊɤɜ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ 

Űɖɠ ɢɤɟɖŰɘəɐɠ/ŮˊŬɔɤɔɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ DG, əŬɘ ɞ əŬɗɏɜŬɠ 
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ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬˊŬɑŰɖůɖ Űɞɡ ŮəɎůŰɞŰŮ ŭɘəŰɨɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, 

ˊɞɚɚɞɑ ŬɜŰɘůŰɟɞűŮɑɠ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ, ɏɢɞɡɜ ŮɜůɤɛŬŰɤɛɏɜɞ əɎɗŮ ˊɘɗŬɜɧ 

Űɟɧˊɞ Ůɚɏɔɢɞɡ (ˊɢ. ŬɜɎɚɞɔŬ Űɖɜ ŰɎůɖ, Űɖɜ ŮɜŮɟɔɧ ɘůɢɨ, Űɞɜ ɆȽ) əŬɘ ɞ ɢɟɐůŰɖɠ 

ŮˊɘɚɏɔŮɘ Űɞɜ Űɟɧˊɞ əŬɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ. [23] 

 ɆɖɛŮɘɩɜɞɡɛŮ ˊɤɠ ɧɚɞɘ ŬɡŰɞɑ ɞɘ Űɟɧˊɞɘ ŬɜŬűɏɟɞɜŰŬɘ ůŮ Űɞˊɘəɧ ɏɚŮɔɢɞ 

Űɤɜ ŭɘŬűɧɟɤɜ ůŰɞɘɢŮɑɤɜ Ůɜɧɠ ɆȼȺ, ɛŮ ůəɞˊɧ Űɖɜ əŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ, əŬɘ 

ůɡɜŮˊɩɠ ŮɑɜŬɘ ˊɞɚɨ əŬŰɩŰŮɟɞɘ Ŭˊɧ Űɞɡɠ ŭɘɎűɞɟɞɡɠ əŮɜŰɟɘəɞɨɠ əŬɘ 

ůɡɜŰɞɜɘůɛɏɜɞɡɠ Űɟɧˊɞɡɠ Ůɚɏɔɢɞɡ, ɧˊɞɡ ɞ ŭɘŬɢŮɘɟɘůŰɐɠ Űɞɡ ŭɘəŰɨɞɡ ůɡɜŰɞɜɑɕŮɘ 

Űɘɠ ŮɜɏɟɔŮɘŮɠ ɧɚɤɜ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůŰɞɘɢŮɑɤɜ Ůɜɧɠ ɆȼȺ ɔɘŬ Űɖɜ ɓɏɚŰɘůŰɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. 

 

 

2.1.6 ɪʞʃʈʅʎʂ  ɫɚɬɭɮ ʆɻʅ ɪɬ ɀ Line Drop Compensation  

 

2.1.6.1 ɯɻʍɻʆʐʂʍʅʎʐʅʆʗ ʐʂʏ LDC 

 

 ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɆȷɇɈū ůŰɞɜ ɀɆ ŬɚɚɎ əŬɘ Űɞɡ ɟɡɗɛɘůŰɐ ŰɎůɖɠ əŬŰɎ 

ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ, ŭɖɚŬŭɐ Űɞ ˊɩɠ əŬɘ ˊɧŰŮ ɗŬ ŬɚɚɎɕɞɡɜ ɚɐɣɖ ŰŬ ŰɡɚɑɔɛŬŰɎ 

Űɞɡ, əŬɗɞɟɑɕŮŰŬɘ ŬɡŰɧɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ ɡˊɎɟɢɞɡɜ ŭɨɞ Űɟɧˊɞɘ ɛŮ Űɞɡɠ 

ɞˊɞɑɞɡɠ ɛˊɞɟɞɨɜ ɜŬ ɟɡɗɛɘůŰɞɨɜ ŰŬ ˊŬɟŬˊɎɜɤ ɧɟɔŬɜŬ əŬɘ ɜŬ əŬɗɞɟɑůɞɡɜ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. ɄŬɟŬəɎŰɤ ŮˊŮɝɖɔɞɨɜŰŬɘ əŬɘ ɞɘ ŭɨɞ Űɟɧˊɞɘ ɛɧɜɞ ɔɘŬ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞɡ ɀɆ ŬɚɚɎ ŬɜŰɑůŰɞɘɢɖ ɚŮɘŰɞɡɟɔɑŬ ɏɢɞɡɜ əŬɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ 

Űɞɡ ɟɡɗɛɘůŰɐ ŰɎůɖɠ, ɛŮ ŬɜŰɑůŰɞɘɢɞ block ŭɘɎɔɟŬɛɛŬ Űɖɠ ŮɘəɧɜŬɠ 2.6 ŬɜŰɑ ŬɡŰɞɨ 

Űɖɠ 2.7. 

 

 
 

ȺɘəɧɜŬ 2.6 LDC ůŮ ɅɡɗɛɘůŰɐ ɇɎůɖɠ 

 

1 Ʌɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ ůŰɞ ůɖɛŮɑɞ ůɨɜŭŮůɖɠ Űɞɡ ɀɆ. 

 

 ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ ɟɨɗɛɘůɖ ɏɢŮɘ ɤɠ ůəɞˊɧ ɖ ŰɎůɖ ůŰɖɜ 

ˊɚŮɡɟɎ ɀɇ Űɞɡ ɀ/Ɇ ɜŬ ŮɑɜŬɘ ůŰŬɗŮɟɐ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ űɞɟŰɑɞ əŬɘ Űɖɜ 

ŰɎůɖ ůŰɖɜ Ɉɇ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮŰɟɩɜŰŬɠ Űɖɜ ŰɎůɖ ůŰɞɜ ɕɡɔɧ ɀɇ 

əŬɘ ůɡɔəɟɑɜɞɜŰɎɠ Űɖɜ ɛŮ Űɖɜ ŮˊɘɗɡɛɖŰɐ. ȷɜ ɖ ŭɘŬűɞɟɎ Űɞɡɠ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɧɟɘɞ, əŬɘ ˊŮɟɎůŮɘ ɖ ŬˊŬɟŬɑŰɖŰɖ 
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ɢɟɞɜɘəɐ əŬɗɡůŰɏɟɖůɖ, ŰɧŰŮ ŬɚɚɎɕŮɘ ɖ ɚɐɣɖ. ɇɞ ɛŮɘɞɜɏəŰɖɛŬ ŬɡŰɞɨ Űɞɡ 

Űɟɧˊɞɡ ɟɨɗɛɘůɖɠ, əŬɘ ɞ ɚɧɔɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ 

ɧŰɘ ŬűɐɜŮɘ ŬɜŮɝɏɚŮɔəŰŮɠ Űɘɠ ŰɎůŮɘɠ ůŰɞɡɠ ŰŮɚŮɡŰŬɑɞɡɠ əɧɛɓɞɡɠ Űɖɠ 

ɔɟŬɛɛɐɠ. 

 

2 ȷɜŰɘůŰɎɗɛɘůɖ Űɖɠ ˊŰɩůɖɠ ŰɎůɖɠ (Line Drop Compensation- LDC) 

 

 ȼ ɟɨɗɛɘůɖ ŬɡŰɐ, ŮɑɜŬɘ əŬɘ ŮəŮɑɜɖ ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. ȼ ɛɧɜɖ ŭɘŬűɞɟɎ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ɛɏɗɞŭɞ ŮɑɜŬɘ ɧŰɘ 

ɞ ůəɞˊɧɠ ˊɚɏɞɜ, ŮɑɜŬɘ ɜŬ ɛŮɑɜŮɘ ůŰŬɗŮɟɐ ɖ ŰɎůɖ ůŮ əɎˊɞɘɞ ůɖɛŮɑɞ Űɖɠ 

ɔɟŬɛɛɐɠ (ůɖɛŮɑɞ ɟɨɗɛɘůɖɠ) əŬɘ ɧɢɘ ůŰɞɜ ɕɡɔɧ Űɞɡ ɀɆ. ȳˊɤɠ űŬɑɜŮŰŬɘ 

əŬɘ ůŰɖɜ ŮɘəɧɜŬ 2.7, ɖ ůɡɔəŮəɟɘɛɏɜɖ ɟɨɗɛɘůɖ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬɜ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐ ɏɜŰŬůɖɠ, ɏɜŬɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ ŰɎůɖɠ, əŬɘ ɛŮŰŬɓɚɖŰɐ 

ɤɛɘəɐ əŬɘ ŮˊŬɔɤɔɘəɐ ŬɜŰɑůŰŬůɖ.  

 
 

ȺɘəɧɜŬ 2.7 block ŭɘɎɔɟŬɛɛŬ Űɖɠ LDC ɚŮɘŰɞɡɟɔɑŬɠ[24] 

 

 ȼ ɚɞɔɘəɐ ˊɑůɤ Ŭˊɧ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŭɘɎŰŬɝɖ, ŬɜŬˊŬɟɘůŰɎ ɏɜŬ ůɨůŰɖɛŬ 

ˊɞɡ ɜŬ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖɜ ˊŰɩůɖ ŰɎůɖɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əŬŰɎ ɛɐəɞɠ 

ɔɟŬɛɛɐɠ ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ ɟɨɗɛɘůɖɠ. ȰŰůɘ ɛŮ əŬŰɎɚɚɖɚɖ Ůˊɘɚɞɔɐ Űɤɜ 

ɛŮŰŬɓɚɖŰɩɜ ŬɜŰɘůŰɎůŮɤɜ, ɛˊɞɟɞɨɛŮ ɜŬ əɟŬŰɎɛŮ ůŮ ůŰŬɗŮɟɐ Űɘɛɐ Űɖɠ Ůˊɘɚɞɔɐɠ 

ɛŬɠ, Űɖɜ ŰɎůɖ ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ. ɀŮŰɟɩɜŰŬɠ Űɞ ɟŮɨɛŬ ˊɞɡ ˊŮɟɜɎŮɘ Ŭˊɧ Űɞɜ ɀɆ, 

əŬɘ ɛŮ Űɘɠ əŬŰɎɚɚɖɚŮɠ ŬɜŰɘůŰɎůŮɘɠ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ˊŰɩůɖ ŰɎůɖɠ ɛɏɢɟɘ Űɞ 

ůɖɛŮɑɞ ɟɨɗɛɘůɖɠ, əŬɘ Űɞ ɆȷɇɈū, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɛŮŰɟɞɨɛŮɜɖ ŰɎůɖ ůŰɞɜ 

ɕɡɔɧ, ɚŮɘŰɞɡɟɔŮɑ ɏŰůɘ ɩůŰŮ ɖ ŰɎůɖ ůŰɞ ůɖɛŮɑɞ ɟɨɗɛɘůɖɠ ɜŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɖɜ 

ŰɎůɖ ŬɜŬűɞɟɎɠ.  ȼ ˊŰɩůɖ ŰɎůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

 

 
ῳὠ=

‗ὠ
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 Ὅz ὙὩή ὧzέί•+ ὢὩή ίzὭὲ•  (2.3) 
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ɧˊɞɡ Req ɖ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ɤɛɘəɐɠ ŬɜŰɑůŰŬůɖɠ 

         Xeq ɖ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŮˊŬɔɤɔɘəɐɠ ŬɜŰɑůŰŬůɖɠ 

            ʇV  ɞ ɚɧɔɞɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɞɡ ɀ/Ɇ ŰɎůɖɠ 

            ‗Ὅ  ɞ ɚɧɔɞɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɞɡ ɀ/Ɇ ɏɜŰŬůɖɠ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ȺɘəɧɜŬ 2.8 LDC ŭɘɎɔɟŬɛɛŬ- ůɖɛŮɑɞ ɟɨɗɛɘůɖɠ 

 

 ɀŮ Űɖɜ ˊŬɟŬŭɞɢɐ ɧŰɘ Űɞ űɞɟŰɑɞ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɞ əŬŰɎ 

ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ əŬɘ Űɞ Ůɑŭɞɠ Űɤɜ əŬɚɤŭɑɤɜ ŮɑɜŬɘ ˊŬɜŰɞɨ ɑŭɘɞ ɏɢɞɡɜ 

ŭɖɛɞůɘŮɡɗŮɑ ŭɘɎűɞɟŮɠ ɛŮɚɏŰŮɠ əŬɘ ɞŭɖɔɑŮɠ ɔɘŬ Űɘɠ ɟɡɗɛɑůŮɘɠ Űɤɜ ŬɜŰɘůŰɎůŮɤɜ 

Űɖɠ LDC. ũɘŬ ɜŬ əɟŬŰɐůɞɡɛŮ ůŰŬɗŮɟɐ Űɖɜ ŰɎůɖ ůŰɞ ɛɏůɞ Űɖɠ ɔɟŬɛɛɐɠ 

ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɗɏůɞɡɛŮ ɤɠ R əŬɘ ɉ ŰŬ 3/8 Űɖɠ ůɡɜɞɚɘəɐɠ ɤɛɘəɐɠ əŬɘ ŮˊŬɔɤɔɘəɐɠ 

ŬɜŰɑŭɟŬůɖɠ Űɖɠ ɔɟŬɛɛɐɠ[25]. ȼ ŮɛˊŮɘɟɘəɐ Ů́ ɘɚɞɔɐ 3/8 ŬɜŰɑ Űɖɠ ˊɟɞűŬɜɞɨɠ 4/8 

ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ɟŮɨɛŬ ˊɞɡ ŭɘŬɟɟɏŮɘ ŰŬ ŭɘɎűɞɟŬ ůɖɛŮɑŬ Űɖɠ 

ɔɟŬɛɛɐɠ ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ ɟɨɗɛɘůɖɠ ŭŮɜ ɗŬ ɏɢŮɘ Űɖɜ ɑŭɘŬ Űɘɛɐ ɛŮ Űɞ ɟŮɨɛŬ ˊɞɡ 

ɛŮŰɟɎŰŬɘ ůŰɞɜ ɀɆ əŬɘ Ůɜ ɔɏɜŮɘ (ůŰɖɜ əɚŬůůɘəɐ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ DG) ɗŬ űɗɑɜŮɘ 

ɧůɞ ŬˊɞɛŬəɟɡɜɧɛŬůŰŮ Ŭˊɧ Űɞɜ ɕɡɔɧ. ȰŰůɘ ɖ Ůˊɘɚɞɔɐ ɛɘəɟɧŰŮɟɖɠ ŬɜŰɑůŰŬůɖɠ, 

ɛŮɘɩɜŮɘ Űɖɜ ůɢŮŰɘəɐ ŬɜŬəɟɑɓŮɘŬ ˊɞɡ ˊɟɞůŰɑɗŮŰŬɘ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ. ɆɨɛűɤɜŬ 

ɛŮ Űɖɜ ɃŭɖɔɑŬ ŭɘŬɜɞɛɐɠ Ɂ 31 Űɞ əŬŰɎɚɚɖɚɞ ůɖɛŮɑɞ ɟɨɗɛɘůɖɠ ŮɑɜŬɘ ŮəŮɑɜɞ ˊɟɘɜ 

Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ  Űɞ 40% Űɞɡ ůɡɜɞɚɘəɞɨ űɞɟŰɑɞɡ Űɖɠ ɔɟŬɛɛɐɠ[14]. Ƀɟɘůɛɏɜɞɘ 

ŭɘŬɢŮɘɟɘůŰɏɠ ˊɟɞůɗɏŰɞɡɜ ɚɑɔɞ ˊŬɟŬˊɎɜɤ ŬɜŰɘůŰɎɗɛɘůɖ ůŰɘɠ ɟɡɗɛɑůŮɘɠ Űɞɡ LDC 

ɆɖɛŮɑɞ ɟɨɗɛɘůɖɠ 
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ɔɘŬ ɜŬ ůɡɛˊŮɟɘɚɎɓɞɡɜ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ əŬɘ Űɡɢɧɜ ŭŮɡŰŮɟŮɨɞɡůŮɠ ˊŰɩůŮɘɠ 

ŰɎůŮɘɠ. 

  ȰɜŬɠ Ɏɚɚɞɠ Űɟɧˊɞɠ ɜŬ ŮəŰɘɛɖɗɞɨɜ ɞɘ əŬŰɎɚɚɖɚŮɠ ɟɡɗɛɑůŮɘɠ 

ŬɜŰɘůŰɎůŮɤɜ əŬɘ ŰɎůɖɠ ŬɜŬűɞɟɎɠ, ŮɑɜŬɘ ŮəŮɑɜɞɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɞɡ Űɘɠ 

ŰɎůŮɘɠ ůŰɞɜ çˊɟɩŰɞè əŬɘ çŰŮɚŮɡŰŬɑɞè ˊŮɚɎŰɖ.[25]. ũɘŬ Űɞɜ ˊɟɩŰɞ ˊŮɚɎŰɖ (ɞ 

əɞɜŰɘɜɧŰŮɟɞɠ ůŰɞɜ ɕɡɔɧ ɀɇ) ŮɚɏɔɢŮŰŬɘ ɧŰɘ ŭŮɜ ɗŬ çɓɚɏˊŮɘè ɡɣɖɚɐ ŰɎůɖ 

ŬɜŮɝɎɟŰɖŰŬ Űɞ űɞɟŰɑɞ, Ůɜɩ ɔɘŬ Űɞɜ ŰŮɚŮɡŰŬɑɞ (ɞ ɛŬəɟɘɜɧŰŮɟɞɠ Ŭˊɧ Űɞɜ ɕɡɔɧ ɀɇ) 

ŮɚɏɔɢŮŰŬɘ ɧŰɘ ŭŮ ɗŬ ɓɚɏˊŮɘ ŬɜŰɑůŰɞɘɢŬ ɢŬɛɖɚɐ ŰɎůɖ. ȰŰůɘ, Ŭɜ ɞɘ ɟɡɗɛɑůŮɘɠ 

ɛˊɞɟɞɨɜ ɜŬ əŬɚɨˊŰɞɡɜ ŬɡŰɎ ŰŬ əɟɘŰɐɟɘŬ əŬɗɩɠ əŬɘ ɜŬ ŭɘŬŰɖɟɞɨɜ Űɖɜ ŰɎůɖ ůŮ 

əɎˊɞɘɞ ůɖɛŮɑɞ Űɖɠ ɔɟŬɛɛɐɠ, ůŰŬɗŮɟɐ, ɔɘŬ ɧɚŮɠ Űɘɠ ˊɘɗŬɜɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ŰɧŰŮ 

ɗŮɤɟŮɑŰŬɘ ůɤůŰɐ ɟɨɗɛɘůɖ. 

 ȳɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ɘůɢɨɞɡɜ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɀɆ əŬɘ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞɡ Ʌɇ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɆȷɇɈū ůŰɞɜ ɀɆ ɧɛɤɠ ɡˊɎɟɢŮɘ ɛɘŬ 

ɘŭɘŬɘŰŮɟɧŰɖŰŬ, ˊɞɡ ŭŮɜ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞɜ Ʌɇ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ. Ʉɞɚɚɏɠ 

űɞɟɏɠ, ɏɜŬɠ ɀɆ Ɉɇ/ɀɇ ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɑɕŮɘ ɏɜŬɜ ɞɚɧəɚɖɟɞ ɡˊɞůŰŬɗɛɧ ˊɞɡ 

ŮɝɡˊɖɟŮŰŮɑ ˊɞɚɚɏɠ ɔɟŬɛɛɏɠ ŭɘŬɜɞɛɐɠ. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɖ LDC Űɞɡ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐ ˊɟɏˊŮɘ ɜŬ ɟɡɗɛɘůŰŮɑ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɔɘŬ ɜŬ ɟɡɗɛɑɕŮɘ Űɘɠ ŰɎůŮɘɠ 

ůŮ ɧɚŮɠ Űɘɠ ɔɟŬɛɛɏɠ, ɎɟŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ŭɘŬűɧɟɤɜ ɔɟŬɛɛɩɜ. Ⱥɜ ɔɏɜŮɘ (ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɞɘ ɔɟŬɛɛɏɠ ŭŮɜ ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊŮɠ) ɞɘ ɟɡɗɛɑůŮɘɠ Űɞɡ LDC ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ŮɑɜŬɘ ɘŭŬɜɘəɏɠ ɔɘŬ 

ɧɚŮɠ Űɘɠ ɔɟŬɛɛɏɠ. ȰŰůɘ, ˊɞɚɚɞɑ ŭɘŬɢŮɘɟɘůŰɏɠ ŭɘəŰɨɞɡ, ŮűŬɟɛɧɕɞɡɜ ˊɞɚɨ ɢŬɛɖɚɐ 

ŬɜŰɘůŰɎɗɛɘůɖ ɔɘŬ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ ŰŬ ɛŮɔɎɚŬ ŮˊɑˊŮŭŬ ŰɎůɖɠ (əŬɗɩɠ Űɞ ɟŮɨɛŬ 

Űɞ ɞˊɞɑŬ ɛŮŰɟɎŰŬɘ ůŰɞɜ ɀɆ ŮɑɜŬɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ɟŮɡɛɎŰɤɜ ɧɚɤɜ Űɤɜ 

ɔɟŬɛɛɩɜ), ɐ ŬəɧɛŬ əŬɘ ɛɖŭŮɜɘəɐ ŬɜŰɘůŰɎɗɛɘůɖ (R=0 əŬɘ ɉ=0), ŭɖɚŬŭɐ Űɞ 

ůɖɛŮɑɞ ɟɨɗɛɘůɖɠ ɛŮŰŬűɏɟŮŰŬɘ ůŰɞɜ ɕɡɔɧ, əŬɘ ɏɢɞɡɛŮ ˊɚɏɞɜ Űɞɜ ˊɟɩŰɖ ɛɞɟűɐ 

ɟɨɗɛɘůɖɠ ˊɞɡ ŬɜŬűɏɟŬɛŮ. ȳˊɤɠ ŮɑˊŬɛŮ ŬɡŰɐ ɖ ɛɏɗɞŭɞɠ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

ɛŮɔɎɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ŰɎůɖɠ ɔɘŬ Űɞɡɠ ŰŮɚɘəɞɨɠ əŬŰŬɜŬɚɤŰɏɠ. 

 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ Űɞ űɞɟŰɑɞ ŭŮɜ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɞ 

əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ, ɞɘ ɟɡɗɛɑůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɔɑɜŮɘ ɛŮ Űɖɜ ˊŬɟŬŭɞɢɐ 

ŬɡŰɐ, ŭŮɜ ɗŬ ŮɑɜŬɘ ɘŭŬɜɘəɏɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɧŰŬɜ ˊŮɟɘůůɧŰŮɟɞ űɞɟŰɑɞ ŮɑɜŬɘ ˊɘɞ 

əɞɜŰɎ ůŰɞɜ ɕɡɔɧ, ŰɧŰŮ ɢɟŮɘɎɕŮŰŬɘ ɚɘɔɧŰŮɟɞ ŬɜŰɘůŰɎɗɛɘůɖ, Ůɜɩ Űɞ ŬɜŰɑɗŮŰɞ ɘůɢɨŮɘ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ˊŮɟɘůůɧŰŮɟɞ űɞɟŰɑɞ ŮɑɜŬɘ ˊɟɞɠ Űɞ Űɏɚɞɠ Űɖɠ ɔɟŬɛɛɐɠ. 

ȰɜŬ Ɏɚɚɞ ɔŮɔɞɜɧɠ ˊɞɡ ɞŭɖɔŮɑ ůŮ ɛɖ ɞɛɞɘɧɛɞɟűɞ űɞɟŰɑɞ əŬŰɎ ɛɐəɞɠ Űɖɠ 

ɔɟŬɛɛɐɠ, ŮɑɜŬɘ ɖ ɨˊŬɟɝɖ ˊɡəɜɤŰɩɜ əŬɘ ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 

ůŮ ŭɘɎűɞɟŬ ůɖɛŮɑŬ Űɖɠ ɔɟŬɛɛɐɠ, ˊɞɡ ˊɞɚɚɏɠ űɞɟɏɠ ɞŭɖɔɞɨɜ əŬɘ ůŮ 

ŬɜŰɑůŰɟɞűɖ ɟɞɐ ɘůɢɨɞɠ. ɆɡɜŮˊɩɠ, əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɞ, ůŮ ŰɏŰɞɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ, ɞ ŭɘŬɢŮɘɟɘůŰɐɠ ɜŬ ůɡɜŰɞɜɑɕŮɘ Űɘɠ ɟɡɗɛɘůŰɘəɏɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ 

ɆȷɇɈū/Ʌɇ ɛŮ ŬɡŰɏɠ Űɘɠ ůɡůəŮɡɏɠ. 

 ɇɏɚɞɠ, ɖ ɟɨɗɛɘůɖ Űɞɡ ɆȷɇɈū/Ʌɇ ɏɢŮɘ ŬəɧɛŬ ŭɨɞ Ůɑŭɖ ɟɨɗɛɘůɖɠ ůŰɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ ŬɢɟŮɑŬůŰɤɜ ŬɚɚŬɔɩɜ ůŰɘɠ ɚɐɣŮɘɠ:  

 ɇɞ Bandwidth, ɧˊɞɡ ůɡɔəɟɑɜŮŰŬɘ ɖ ɛŮŰɟɞɨɛŮɜɖ ŰɎůɖ ɛŮ Űɖɜ ŰɎůɖ 

ŬɜŬűɞɟɎɠ, əŬɘ ŭɑɜŮŰŬɘ ŮɜŰɞɚɐ ɔɘŬ ŬɚɚŬɔɐ ɚɐɣɖɠ ɛɧɜɞ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ 

ŭɘŬűɞɟɎ ŬɡŰɐ ɝŮˊŮɟɜɎ ɏɜŬ əŬɗɞɟɘůɛɏɜɞ ɧɟɘɞ. ȷɜ Űɞ bandwidth ŮˊɘɚŮɔŮɑ ˊɞɚɨ 

ɛɘəɟɧ, ŰɧŰŮ ɞɘ ŬɚɚŬɔɏɠ ɗŬ ŮɑɜŬɘ ˊɞɚɨ ůɡɢɜɏɠ, ůŮ ůɖɛŮɑɞ ˊɞɡ ɧŰŬɜ ɖ ŰɎůɖ ŮɑɜŬɘ 
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ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞ Ɏɜɤ Ɏəɟɞ ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ bandwidth, ɖ ŬɚɚŬɔɐ ɚɐɣɖɠ 

ůŮ ɏɜŬ ŮˊɑˊŮŭɞ ɢŬɛɖɚɧŰŮɟŬ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɑŬ ˊɞɚɨ ɛɘəɟɐ ˊŰɩůɖ ŰɎůɖɠ, 

ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ Űɖɜ ŰɎůɖ ˊɎɚɘ ŮəŰɧɠ bandwidth Ŭˊɧ Űɖɜ əɎŰɤ ˊɚŮɡɟɎ. ȷˊɧ 

Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, Ŭɜ ŮˊɘɚŮɢɗŮɑ ŬɟəŮŰɎ ɛŮɔɎɚɞ, ɡˊɎɟɢŮɘ ˊɘɗŬɜɧŰɖŰŬ, ɖ ŰɎůɖ ɜŬ 

ŬˊɏɢŮɘ ˊɞɚɨ Ŭˊɧ Űɖɜ ŮˊɘɗɡɛɖŰɐ Űɘɛɐ ɔɘŬ ɩɟŬ, ŬɚɚɎ ɜŬ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɞɡ 

bandwidth əŬɘ ɜŬ ɛɖ ɔɑɜŮŰŬɘ ŬɚɚŬɔɐ Űɖɠ ɚɐɣɖɠ. Ƀ ɔŮɜɘəɧɠ əŬɜɧɜŬɠ, ŮɑɜŬɘ ɧŰɘ Űɞ 

ŮɚɎɢɘůŰɞ bandwidth ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚŮɢɗŮɑ ŮɑɜŬɘ ŭɘˊɚɎůɘɞ Űɞɡ ɓɐɛŬŰɞɠ 

(1.25% ɔɘŬ 5/8% ɓɐɛŬ).[25] 

 ɇɖ ɢɟɞɜɘəɐ əŬɗɡůŰɏɟɖůɖ, ɔɘŬ Űɖɜ ɞˊɞɑŬ ůɡɜŬɜŰɩɜŰŬɘ ŭɨɞ Űɟɧˊɞɘ 

ɢɟɖůɘɛɞˊɞɑɖůɖɠ. ȾŬŰɎ Űɞɜ ˊɟɩŰɞ ɘůɢɨŮɘ ɧŰɘ ɛŮŰɎ Ŭˊɧ əɎɗŮ ŬɚɚŬɔɐ ɚɐɣɖɠ, 

ŬˊŬɔɞɟŮɨŮŰŬɘ ɞˊɞɘŬŭɐˊɞŰŮ ŮɜɏɟɔŮɘŬ ɛɏɢɟɘ ɜŬ ˊŮɟɎůŮɘ ɞɟɘůɛɏɜɞ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ. ɇɡˊɘəɞɑ ŰɏŰɞɘɞɘ ɢɟɧɜɞɘ ŮɑɜŬɘ Ŭˊɧ ŰɟɘɎɜŰŬ ɏɤɠ ŮɝɐɜŰŬ ŭŮɡŰŮɟɧɚŮˊŰŬ. 

ȾŬŰɎ Űɞɜ ŭŮɨŰŮɟɞ, əŬɘ ˊɘɞ ůɡɢɜɧ, ɘůɢɨŮɘ ɧŰɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ˊɟŬɔɛŬŰɘəɐ 

ŰɎůɖ ɝŮˊŮɟɎůŮɘ ůŮ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ ŮˊɘɗɡɛɖŰɐ Űɞ BW, ŰɧŰŮ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ 

ɏɜŬ ɢɟɞɜɧɛŮŰɟɞ ˊɞɡ ɛŮŰɟɎŮɘ ɏɜŬ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. ȳŰŬɜ ɖ ŰɎůɖ ŮɑɜŬɘ 

ŮəŰɧɠ BW ɔɘŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ŬɡŰɧ, ŰɧŰŮ ŭɑɜŮŰŬɘ ŮɜŰɞɚɐ ůŰɞ 

ɆȷɇɈū ɜŬ ŬɚɚɎɝŮɘ ɗɏůɖ ɖ ɚɐɣɖ. ȷɡŰɧ ɢɟɖůɘɛŮɨŮɘ ɔɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ŬɚɚŬɔɐ 

Űɖɠ ɗɏůɖɠ Űɖɠ ɚɐɣɖɠ ɧŰŬɜ ɖ ŰɎůɖ ŮɑɜŬɘ ŮəŰɧɠ BW ɔɘŬ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. 

ɇɞ ɢɟɞɜɘəɧ ŬɡŰɧ ŭɘɎůŰɖɛŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůŰŬɗŮɟɧ ɐ ŭɡɜŬɛɘəɧ ˊɞɡ ɜŬ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɟɡɗɛɧ Ŭˊɧəɚɘůɖɠ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ Ŭˊɧ Űɞ ɧɟɘɞ ˊɞɡ ɞɟɑɕŮɘ Űɞ 

BW.[14] 

 

 
 

ȺɘəɧɜŬ 2.9 ȿŮɘŰɞɡɟɔɑŬ BW əŬɘ Time Delay ůŮ ɆȷɇɈū [14] 

 

 ɆŰɖɜ ŮɘəɧɜŬ 2.9 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɝŮəɎɗŬɟŬ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ BW əŬɘ Űɖɠ 

ɢɟɞɜɘəɐɠ əŬɗɡůŰɏɟɖůɖɠ. 

 ɇɏɚɞɠ, ˊɟɏˊŮɘ ɜŬ ŬɜŬűɏɟɞɡɛŮ ˊɤɠ ůŰɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɚɧɔɤ Űɘɠ 

ɘŭɘŬɘŰŮɟɧŰɖŰŬɠ əŬɘ Űɖɠ ɏɚɚŮɘɣɖɠ ɧɚɤɜ Űɤɜ ɘŭŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 
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ɘůɢɨɞɡɜ ɧˊɤɠ ŬɜŬűɏɟŬɛŮ, ɞɘ ůɨɔɢɟɞɜŮɠ ŮŰŬɘɟŮɑŮɠ ɖɚŮəŰɟɘůɛɞɨ ɡˊɞɚɞɔɑɕɞɡɜ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ (ŰɎůɖ ŬɜŬűɞɟɎɠ, R, X) Űɞɡ ɆȷɇɈū ɚɨɜɞɜŰŬɠ ɏɜŬ ůɨůŰɖɛŬ  

Űɟɘɩɜ ŮɝɘůɩůŮɤɜ ɗŮɤɟɩɜŰŬɠ ˊɞɘŮɠ ɗŬ ɐŰŬɜ ɞɘ ŮˊɘɗɡɛɖŰɏɠ ŰɎůŮɘɠ Űɞɡ ɕɡɔɞɨ ɀɇ 

ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞɡ ɛŮɔɑůŰɞɡ űɞɟŰɑɞɡ əŬɘ Űɞɡ ŮɚŬɢɑůŰɞɡ űɞɟŰɑɞɡ. Ⱥˊɞɛɏɜɤɠ 

ɏŰůɘ ůɢɖɛŬŰɑɕɞɜŰŬɘ ŭɨɞ ɕŮɨɔɖ Űɘɛɩɜ (Vmax,Imax) əŬɘ (Vmin,Imin) ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɖɜ ȺɘəɧɜŬ 2.10 əŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ˊŬɟŬˊɎɜɤ Űɨˊɞ (2.3) əŬɗɩɠ əŬɘ 

Űɖɜ ŬɜŬɚɞɔɑŬ Űɖɠ ɤɛɘəɐɠ əŬɘ ŮˊŬɔɤɔɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ɔɟŬɛɛɐɠ ˊɟɞəɨˊŰɞɡɜ 

ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ɟɨɗɛɘůɖɠ Űɞɡ ɆȷɇɈū. [14]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ȺɘəɧɜŬ 2.10 ɄŬɟɞɡůɑŬůɖ Űɖɠ ɟɨɗɛɘůɖɠ ŰɎůɖɠ ɛŮ LDC 

 

 

2.2 ɡʀʖʍʂʐʅʆʝ ʑʌʝɼɻʃʍʋ ɼʀʇʐʅʎʐʋʌʋʚʂʎʂʏ 
  

 ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ɚɞɔɘůɛɘəɞɨ 

ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ɢɟɐůɖɠ əŬɘ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŭɘəŰɨɤɜ ŭɘŬɜɞɛɐɠ. 

ɆɡɜŮˊɩɠ, Űɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɗŬ ŬűɘŮɟɤɗŮɑ ůŰɖɜ  ɔɟɐɔɞɟɖ ŬɜɎɚɡůɖ Űɖɠ 

ɛŬɗɖɛŬŰɘəɐɠ ɗŮɤɟɑŬɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. Ⱥˊɑůɖɠ ɗŬ ŬɜŬűŮɟɗɞɨɜ əŬɘ əɎˊɞɘŮɠ 

ůɡɔəŮəɟɘɛɏɜŮɠ əɚɎůŮɘɠ ˊɟɞɓɚɖɛɎŰɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. 

 

 

2.2.1 ɛɻʎʅʆʙ ʋʍʋʇʋɾʚɻ 

  

 ȰɜŬ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɏɢŮɘ Űɖɜ ˊŬɟŬəɎŰɤ ɛɞɟűɐ: 

 

 

                                άὭὲὭάὭᾀὩ          Ὢὼ 
 
                              ίόὦὮὩὧὸ ὸέ        ὫὭὼ 0,     Ὥ= 1,ȣ,ά 

 
 
(2.4) 
 

Vmax 

Vmin 
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                                       ὬὮὼ = 0,    Ὦ= 1,ȣ,ὴ. 

 
 

 Ƀ ůŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ɓɟɞɨɛŮ Űɖɜ ɛŮŰŬɓɚɖŰɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ  ●ɴ Ὑὲ ˊɞɡ 

ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ █ : ὙὲŸὙ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ 

ɘəŬɜɞˊɞɘŮɑ Űɘɠ ůɡɜɗɐəŮɠ ▌░● 0,   Ὥ= 1,ȣ,ά əŬɘ ▐▒● = 0, Ὦ= 1,ȣ,ὴ.       Ƀɘ 

ŬɜɘůɧŰɖŰŮɠ ▌░● 0 ůŰɘɠ (2.4) ɞɜɞɛɎɕɞɜŰŬɘ inequality constraints əŬɘ ɞɘ 

ŬɜŰɑůŰɞɘɢŮɠ ůɡɜŬɟŰɐůŮɘɠ ▌░ : Ὑ
ὲŸὙ əŬɚɞɨɜŰŬɘ inequality constraints functions , 

Ůɜɩ ɞɘ ŮɝɘůɩůŮɘɠ ▐▒● = 0 ɞɜɞɛɎɕɞɜŰŬɘ equality constraints, əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ 

ůɡɜŬɟŰɐůŮɘɠ ▐░ : Ὑ
ὲŸὙ equality constraints functions. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ 

m=p=0, ŭɖɚŬŭɐ ɧŰŬɜ ŭŮɜ ɡˊɎɟɢɞɡɜ əŬɗɧɚɞɡ ˊŮɟɘɞɟɘůɛɞɑ, Űɞ ˊɟɧɓɚɖɛŬ 

ɓŮɚŰɘůŰɞɞ́ɑɖůɖɠ (2.4) ɞɜɞɛɎɕŮŰŬɘ unconstrained. 

 ɇɞ ůɨɜɞɚɞ Űɘɛɩɜ Ƀ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ x ɔɘŬ Űɞ ɞˊɞɑɞ 

ɞɟɑɕŮŰŬɘ Űɞ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ (2.4) ŮɑɜŬɘ ɖ Űɞɛɐ Űɤɜ ůɡɜɧɚɤɜ ŮəŮɑɜɤɜ 

ɔɘŬ ŰŬ ɞˊɞɑŬ ɞɟɑɕɞɜŰŬɘ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ f əŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ 

ˊŮɟɘɞɟɘůɛɩɜ g əŬɘ h. ȰɜŬ ůɖɛŮɑɞ x Ƀɴ ɞɜɞɛɎɕŮŰŬɘ ŭɡɜŬŰɧ(feasible) Ŭɜ 

ɘəŬɜɞˊɞɘŮɑ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ (2.4), əŬɘ Űɞ ˊɟɧɓɚɖɛŬ (2.4) ŮɑɜŬɘ Ůˊɘɚɨůɘɛɞ Ŭɜ 

ɡˊɎɟɢŮɘ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ ŭɡɜŬŰɐ ɚɨůɖ, ůŮ ŬɜŰɑɗŮůɖ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ 

ŬŭɨɜŬŰɞ(infeasible). 

 ȼ ɓɏɚŰɘůŰɖ Űɘɛɐ Ὢὺὥὰ
ᶻ

 Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (2.4) ɞɟɑɕŮŰŬɘ ɤɠ: 

 

 Ὢὺὥὰ
ᶻ = inf { f(x) |    ὫὭὼ 0,     Ὥ= 1,ȣ,ά,  ὬὮὼ = 0,    Ὦ= 1,ȣ,ὴ}.  (2.5) 

 

 ȼ ɓɏɚŰɘůŰɖ Űɘɛɐ Ὢὺὥὰ
ᶻ

 ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ÑÐ. ȷɜ Űɞ ˊɟɧɓɚɖɛŬ ŮɑɜŬɘ infeasible 

ŰɧŰŮ Ὢὺὥὰ
ᶻ
=Ð Ůɜɩ Ŭɜ Űɞ ˊɟɧɓɚɖɛŬ ŭŮɜ ŮɑɜŬɘ əɎŰɤ űɟŬɔɛɏɜɞ, ŭɖɚŬŭɐ ɡˊɎɟɢɞɡɜ 

ŭɘŬɜɨůɛŬŰŬ xi ɔɘŬ ŰŬ ɞˊɞɑŬ ɘůɢɨɞɡɜ f(xi)Ÿ - Ð ŰɧŰŮ Ὢὺὥὰ
ᶻ

=- Ð. 
 ȼ ɚɨůɖ x* Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ (2.4) ɞɜɞɛɎɕŮŰŬɘ ɓɏɚŰɘůŰɞ 

ŭɘɎɜɡůɛŬ, Ŭɜ x* ŮɑɜŬɘ ŭɡɜŬŰɐ ɚɨůɖ əŬɘ f(x*)=Ὢὺὥὰ
ᶻ  . ɇɞ ɓɏɚŰɘůŰɞ ŭɘɎɜɡůɛŬ ŭŮɜ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɛɞɜŬŭɘəɧ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ ůɨɜɞɚɞ ɧɚɤɜ Űɤɜ ɓɏɚŰɘůŰɤɜ 

ŭɘŬɜɡůɛɎŰɤɜ 

 

 ὢέὴὸ=    ὼ ȿ  Ὢὼ = Ὢὺὥὰ
ᶻ , ὫὭὼ 0,      ὬὮὼ = 0,}  

(2.6) 

 

 ɞɜɞɛɎɕŮŰŬɘ çɓɏɚŰɘůŰɞ ůɨɜɞɚɞè. ɇɞ ɓɏɚŰɘůŰɞ ůɨɜɞɚɞ ŮɑɜŬɘ əŮɜɧ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ˊɟɧɓɚɖɛŬ (2.4) ŮɑɜŬɘ infeasible, Ůɜɩ ɧŰŬɜ ɡˊɎɟɢŮɘ ɏɜŬ 

ɓɏɚŰɘůŰɞ ŭɘɎɜɡůɛŬ x*, Űɞ ůɨɜɞɚɞ ŭŮɜ ŮɑɜŬɘ əŮɜɧ əŬɘ Űɞ ˊɟɧɓɚɖɛŬ (2.4) ŮɑɜŬɘ 

Ůˊɘɚɨůɘɛɞ . 

 ȰɜŬ  ŭɡɜŬŰɧ ŭɘɎɜɡůɛŬ (feasible) x ŮɑɜŬɘ ŰɞˊɘəɎ ɓɏɚŰɘůŰɞ ɧŰŬɜ 

ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɖɜ f ůŮ ɏɜŬ ɡˊɞůɨɜɞɚɞ Űɞɡ ůɡɜɧɚɞɡ ŭɡɜŬŰɩɜ ɚɨůŮɤɜ. ȹɖɚŬŭɐ 

ɧŰŬɜ ɡˊɎɟɢŮɘ R>0 ŰɏŰɞɘɞ ɩůŰŮ: 
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 Ὢὼ = inf  Ὢᾀȿ   ὫὭᾀ 0,     Ὥ= 1,ȣ,ά,ὬὮᾀ= 0,  

   Ὦ= 1,ȣ,ὴ,|ȿᾀ ὼȿ|2 Ὑ}, 
(2.7) 

 

ɛŮ  ◑ɴ Ὑὲ, ɐ ɘůɞŭɨɜŬɛŬ, Ŭɜ ŮɑɜŬɘ ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

  

  

       άὭὲὭάὭᾀὩ          Ὢᾀ 
 
      ίόὦὮὩὧὸ ὸέ        ὫὭᾀ 0,     Ὥ= 1,.. ,ά 
 

                              ὬὮᾀ= 0,    Ὦ= 1,ȣ,ὴ. 

                  
              ȿᾀ ὼȿ

2
Ὑ 

 
 
 
 
 

(2.8) 

 

 

 

ȷɜ ɏɜŬ ŭɡɜŬŰɧ ŭɘɎɜɡůɛŬ x ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɖɜ f ůŮ ɧɚɞ Űɞ ŭɡɜŬŰɧ ůɨɜɞɚɞ 

(feasible set), ŰɧŰŮ ɞɜɞɛɎɕŮŰŬɘ ɞɚɘəɎ ɓɏɚŰɘůŰɞ. 

 

 

2.2.2 ɣʑʍʐʗ ʌʍʋɼʇʙʈɻʐɻ ɼʀʇʐʅʎʐʋʌʋʚʂʎʂʏ-Convex 

 

 ȰɜŬ ůɖɛŬɜŰɘəɧ əɞɛɛɎŰɘ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŬˊɞŰŮɚɞɨɜ 

ŰŬ əɡɟŰɎ ˊɟɞɓɚɐɛŬŰŬ. ȷɡŰɎ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

 

                                άὭὲὭάὭᾀὩ          Ὢὼ 
 
                              ίόὦὮὩὧὸ ὸέ        ὫὭὼ 0,     Ὥ= 1,. .,ά 
 

                                           ὥὮ
Ὕὼ= ὦὮ    Ὦ= 1,ȣ,ὴ. 

 
 
 

(2.9) 

 

 

ɧˊɞɡ ɖ ůɡɜɎɟŰɖůɖ f əŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɩɜ gi ŮɑɜŬɘ əɡɟŰɏɠ 

ůɡɜŬɟŰɐůŮɘɠ əŬɘ ɞɘ ɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ ŮɑɜŬɘ ɔɟŬɛɛɘəɞɑ, əŬɘ ůɡɜŮˊɩɠ, Űɞ 

ůɨɜɞɚɞ Űɤɜ ŭɡɜŬŰɩɜ ɚɨůŮɤɜ (feasible set ) ŮɑɜŬɘ əŬɘ ŬɡŰɧ əɡɟŰɧ ůɨɜɞɚɞ. 

ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ ŮɑɜŬɘ ɏɜŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ůɡɛˊɏɟŬůɛŬ: 

ȾɎɗŮ Űɞˊɘəɧ ɓɏɚŰɘůŰɞ ůɖɛŮɑɞ, ŮɑɜŬɘ əŬɘ ɞɚɘəɧ ɓɏɚŰɘůŰɞ. 

 

 

2.2.3 ɜʍɻʈʈʅʆʗ ʌʍʋɼʇʙʈɻʐɻ ɼʀʇʐʅʎʐʋʌʋʚʂʎʂʏ - Linear  [LP] 

  

 ȷɜ ɞɘ əɡɟŰɏɠ ůɡɜŬɟŰɐůŮɘɠ f əŬɘ gi Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

(2.9) ŮɑɜŬɘ ɔɟŬɛɛɘəɏɠ, ŰɧŰŮ Űɞ ˊɟɧɓɚɖɛŬ ɞɜɞɛɎɕŮŰŬɘ ɔɟŬɛɛɘəɧ (Linear program 

LP). ȰɜŬ LP ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 
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                               άὭὲὭάὭᾀὩ          ╬Ὕ● 
 
                              ίόὦὮὩὧὸ ὸέ        Ὃὼ Ὤ 
 

       ὃὼ= ὦ, 

(2.10) 

 

 

ɀŮ  ╬ɴ Ὑὲ,  ╖ᶰὙάὼὲ.  ▐ᶰὙά, ═ᶰὙὴὼὲ, əŬɘ ╫ᶰὙὴ. 

 ȰɜŬ LP ˊɟɧɓɚɖɛŬ ɛˊɞɟŮɑ ɜŬ ɚɡɗŮɑ ɔɟɐɔɞɟŬ Ŭűɞɨ ŮɑɜŬɘ P-hard, ŭɖɚŬŭɐ 

ɛˊɞɟŮɑ ɜŬ ɚɡɗŮɑ ůŮ ˊɞɚɡɤɜɡɛɘəɧ ɢɟɧɜɞ. 

 

 

2.2.4 ɚʆʘʍɻʅɻ ʌʍʋɼʇʙʈɻʐɻ ɼʀʇʐʅʎʐʋʌʋʚʂʎʂʏ ɀ Integer  [ IP] 

 

 ȼ ɛŮŰŬɓɚɖŰɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ x ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ 

ˊŮɟɘɏɢŮɘ ɛɧɜɞ ŬəɏɟŬɘŮɠ Űɘɛɏɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞ ˊɟɧɓɚɖɛŬ (2.9) 

ɞɜɞɛɎɕŮŰŬɘ integer program (IP) əŬɘ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

 

                               άὭὲὭάὭᾀὩ          Ὢὼ 

 
                              ίόὦὮὩὧὸ ὸέ        ὫὭὼ 0,     Ὥ= 1,. .,ά 
 

                                          ὥὮ
Ὕὼ= ὦὮ    Ὦ= 1,ȣ,ὴ. 

 

(2.11) 

 

  

 ȳˊɞɡ  ●= {ὼὶ
Ὕ ●╫
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ὲὶ, ●ὦ {ɴ0,1}ὲὦ əŬɘ n=nr+nb. 

 

 

2.2.5 ɬʀʐʍɻɾʖʉʅʆʗ ʌʍʋɼʇʙʈɻʐɻ ɀ Quadratic  [QP] 

  

 ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

(2.10) ŮɑɜŬɘ ŰŮŰɟŬɔɤɜɘəɐ ŬɜŰɑ ɔɘŬ ɔɟŬɛɛɘəɐ, Űɞ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

ɞɜɞɛɎɕŮŰŬɘ ŰŮŰɟŬɔɤɜɘəɧ(Quadratic program QP). ȰɜŬ QP ɞɟɑɕŮŰŬɘ ɤɠ: 

                               άὭὲὭάὭᾀὩ          
1

2
●Ὕ╠x+▬Ὕ● 

 
                              ίόὦὮὩὧὸ ὸέ        Ὃὼ Ὤ 
 

          ὃὼ= ὦ, 

 
 
 

(2.12) 

 

 

ɀŮ  ╠ᶰὛ+
ὲ, ,  ▬ᶰὙὲ,   ╖ᶰὙάὼὲ.  ▐ᶰὙά, ═ᶰὙὴὼὲ, əŬɘ ╫ᶰὙὴ. 

 ȰɜŬ QP ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ P-hard ŮɑŰŮ NP-hard, ŬɜŬɚɧɔɤɠ Űɞɜ ˊɑɜŬəŬ 

Q. ȷɜ ɞ Q ŮɑɜŬɘ positive-definite, ŰɧŰŮ Űɞ QP ŮɑɜŬɘ P-hard, əŬɘ ɛˊɞɟŮɑ ɜŬ ɚɡɗŮɑ 

ůŮ ˊɞɚɡɤɜɡɛɘəɧ ɢɟɧɜɞ. ȷɜ ɞ Q ŮɑɜŬɘ indefinite, ɐ ŬəɧɛŬ əɘ Ŭɜ ɏɢŮɘ ɏůŰɤ əŬɘ ɛɑŬ 

ŬɟɜɖŰɘəɐ ɘŭɘɞŰɘɛɐ, ŰɧŰŮ Űɞ QP ŮɑɜŬɘ NP-hard, əŬɘ ɞ ɢɟɧɜɞɠ Ůˊɑɚɡůɖɠ ŬɡɝɎɜŮŰŬɘ 
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ŮəɗŮŰɘəɎ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɗŬ ŬůɢɞɚɖɗɞɨɛŮ ɛɧɜɞ ɛŮ positive-definite 

ˊɑɜŬəŮɠ Q, əŬɘ ɎɟŬ ɛŮ P-hard ˊɟɞɓɚɐɛŬŰŬ. 

 

 

2.2.6 Mixed -Integer  ɜʍɻʈʈʅʆʗ ʌʍʋɼʇʙʈɻʐɻ ɀ [MILP] 

 

 ȼ ɛŮŰŬɓɚɖŰɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ x ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ 

ˊŮɟɘɏɢŮɘ əŬɘ ůɡɜŮɢɏɠ əŬɘ ŬəɏɟŬɘɞ əɞɛɛɎŰɘ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞ ˊɟɧɓɚɖɛŬ 

(2.10) ɞɜɞɛɎɕŮŰŬɘ mixed-integer linear program (MILP) əŬɘ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

 

 

                               άὭὲὭάὭᾀὩ          ╬Ὕ● 
 
                              ίόὦὮὩὧὸ ὸέ        Ὃὼ Ὤ 
 

ὃὼ= ὦ 
 

          ὼὦ {ɴ0,1}ὲὦ 
 

 
 

(2.12) 

 

 

ȳˊɞɡ  ●= {ὼὶ
Ὕ ●╫
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ὲὶ, ●ὦ {ɴ0,1}ὲὦ əŬɘ n=nr+nb. Ⱥ ɑ́ůɖɠ, ╬ɴ Ὑὲ,  

╖ᶰὙάὼὲ.  ▐ᶰὙά, ═ᶰὙὴὼὲ, əŬɘ ╫ᶰὙὴ. 

 ɄɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ˊŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ 

əŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊŮɟɘɞɟɘůɛɩɜ ŮɑɜŬɘ ɔɟŬɛɛɘəɏɠ, Űɞ ˊɟɧɓɚɖɛŬ (2.12)  ŭŮɜ 

ŮɑɜŬɘ əɡɟŰɧ ŮɝŬɘŰɑŬɠ Űɖɠ ˊŬɟɞɡůɑŬɠ Űɞɡ ŬəɏɟŬɘɞɡ ɛɏɟɞɡɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ 

ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ Ůɜɧɠ əɡɟŰɞɨ ˊɟɞɓɚɐɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɞɡ 

ŬɜŬűɏɟŬɛŮ ůŰɖɜ ŮɜɧŰɖŰŬ 2.2.2 ŭŮɜ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ˊɟɞɓɚɐɛŬŰŬ MILP, ŭɖɚŬŭɐ 

ŰŬ ŰɞˊɘəɎ ɓɏɚŰɘůŰŬ ůɖɛŮɑŬ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ əŬɘ ɞɚɘəɎ. ɇɏɚɞɠ, ɏɜŬ MILP 

ˊɟɧɓɚɖɛŬ ŮɑɜŬɘ NP-hard, ŭɖɚŬŭɐ ɞ ɢɟɧɜɞɠ Ůˊɑɚɡůɖɠ ŮɝŬɟŰɎŰŬɘ ŮəɗŮŰɘəɎ Ŭˊɧ 

Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬəɏɟŬɘɤɜ ůŰɞɘɢŮɑɤɜ. 

 

 

2.2.7 Mixed -Integer  ɬʀʐʍɻɾʖʉʅʆʗ ʌʍʋɼʇʙʈɻʐɻ ɀ [MIQP] 

 

 ȷɜ ɖ ɛŮŰŬɓɚɖŰɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ x Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (2.12) ˊŮɟɘɏɢŮɘ əŬɘ 

ůɡɜŮɢɏɠ əŬɘ ŬəɏɟŬɘɞ əɞɛɛɎŰɘ ŰɧŰŮ Űɞ ˊɟɧɓɚɖɛŬ ɞɜɞɛɎɕŮŰŬɘ mixed-integer 

quadratic program (MIQP) əŬɘ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

 

                               άὭὲὭάὭᾀὩ          
1

2
●Ὕ╠x+▬Ὕ● 

 
                              ίόὦὮὩὧὸ ὸέ        Ὃὼ Ὤ 
 

ὃὼ= ὦ, 
 

 
 
 

(2.13) 
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         ὼὦ {ɴ0,1}ὲὦ 
 

ȳˊɞɡ  ●= {ὼὶ
Ὕ ●╫
╣}╣,ʈʀ ●►ᶰὙ

ὲὶ, ●ὦ {ɴ0,1}ὲὦ əŬɘ n=nr+nb. Ⱥˊɑůɖɠ,   ╠ᶰὛ+
ὲ, ,  

▬ᶰὙὲ,   ╖ᶰὙάὼὲ.  ▐ᶰὙά, ═ᶰὙὴὼὲ, əŬɘ ╫ᶰὙὴ. 

 ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, Űɞ ˊɟɧɓɚɖɛŬ (2.13) ŭŮɜ ŮɑɜŬɘ əɡɟŰɧ ŮɝŬɘŰɑŬɠ 

Űɤɜ ŬəɏɟŬɘɤɜ ɛŮɟɩɜ, əŬɘ ŮɑɜŬɘ NP-hard. 

 

 

2.2.8 ɩʍʋɼʇʙʈɻʐɻ ʐʀʐʍɻɾʖʉʅʆʡʉ ʌʀʍʅʋʍʅʎʈʡʉ - [QCP] 

 

 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ůɡɜɎɟŰɖůɖ G Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ ŮɑɜŬɘ 

ŰŮŰɟŬɔɤɜɘəɐ əŬɘ ɧɢɘ ɔɟŬɛɛɘəɐ, ŰɧŰŮ Űɞ ˊɟɧɓɚɖɛŬ ŮɑɜŬɘ quadratically constrained 

program (QCP). ɄɟɞűŬɜɩɠ ůŮ ɧɚŮɠ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɘɠ, Ŭɜ ɡˊɎɟɢɞɡɜ 

əŬɘ ŰŮŰɟŬɔɤɜɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ, ŰŬ ˊɟɞɓɚɐɛŬŰŬ ŬɜɎɔɞɜŰŬɘ ůŮ LQCP. MILQCP, 

QCP, MIQCP, MIQCQP. 

 ɇɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɞ ůɡɜŭɡŬůɛɧɠ ɧɚɤɜ Űɤɜ 

ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɤɜ, ŭɖɚŬŭɐ Mixed-Integer Quadratically constrained 

Quadratic Program  (MIQCQP)  

 

 

2.3 ɤʋɾʅʎʈʅʆʝ ɼʀʇʐʅʎʐʋʌʋʚʂʎʂʏ CPLEX ʆɻʅ MATLAB 
 

2.3.1 CPLEX 

 

 ȳˊɤɠ ŬɜŬűɏɟŬɛŮ ɐŭɖ, ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Ůɜɧɠ 

ŭɘəŰɨɞɡ ŭɘŬɜɞɛɐɠ, ŬˊŬɘŰŮɑŰŬɘ ɖ Ůˊɑɚɡůɖ Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

ŬɟəŮŰɎ ˊɞɚɨˊɚɞəɞɡ, ɛŮ ˊɞɚɨ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊŮɟɘɞɟɘůɛɩɜ əŬɘ ɛŮŰŬɓɚɖŰɩɜ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ŬŭɨɜŬŰɖ ɖ Ůˊɑɚɡůɖ Űɞɡ ɢɤɟɑɠ Űɖ ɢɟɐůɖ ɡˊɞɚɞɔɘůŰɘəɩɜ 

ɛɏůɤɜ. 

 ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɞɘ ŭɘŬɢŮɘɟɘůŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɚɞɔɘůɛɘəɎ ˊɞɡ 

ɡˊɞůŰɖɟɑɕɞɡɜ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ (ɃPL). ȼ ɔɚɩůůŬ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ OPL ŮɑɜŬɘ ɛɘŬ ɔɚɩůůŬ ˊɞɡ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ŮɘŭɘəɎ ɔɘŬ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůɡɜŭɡŬůŰɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ. Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡ OPL 

ˊŬɟŬəɘɜɐɗɖəŮ Ŭˊɧ Űɖɜ ŮˊɘŰɡɢɐ ŮűŬɟɛɞɔɐ ɔɚɤůůɩɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ɧˊɤɠ 

AMPL əŬɘ GAMS, ůŰɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɘ Ůˊɑɚɡůɖ ɛŬɗɖɛŬŰɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ. 

ȼ ɔɚɩůůŬ OPL ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞ ɢɟɐůŰɖ ɜŬ ɛɞɜŰŮɚɞˊɞɘŮɑ ˊɟɞɓɚɐɛŬŰŬ 

ˊɞɡ ˊŬɟŬŭɞůɘŬəɎ ŮəűɟɎɕɞɜŰŬɘ ůŮ ŬɚɔŮɓɟɘəɐ ɔɟŬűɐ ɛŮ Űɖ ɢɟɐůɖ ɘůɞŭɨɜŬɛɤɜ 

ɧɟɤɜ ɡˊɞɚɞɔɘůŰɐ. ȼ ɔɚɩůůŬ OPL ɛɏɢɟɘ ůŰɘɔɛɐɠ ɡˊɞůŰɖɟɑɕŮŰŬɘ ɛɧɜɞ Ŭˊɧ Űɞ 

ɚɞɔɘůɛɘəɧ IBM ILOG CPLEX Optimization Studio, Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ 

ůŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ. 

 ɇɞ ɚɞɔɘůɛɘəɧ IBM ILOG CPLEX Optimization Studio (ůɡɢɜɎ ŬɜŬűɏɟŮŰŬɘ 

ɤɠ CPLEX) ŮɑɜŬɘ ɏɜŬ ˊŬəɏŰɞ ɚɞɔɘůɛɘəɞɨ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ɇɞ CPLEX 
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Optimizer ɞűŮɑɚŮɘ Űɖɜ ɞɜɞɛŬůɑŬ Űɞɡ ůŰɖɜ ɞɜɞɛŬůɑŬ Űɖɠ ɛŮɗɧŭɞɡ simplex, ˊɞɡ  

ŮűŬɟɛɧɕŮŰŬɘ ůŰɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ C, Ŭɜ əŬɘ ůɐɛŮɟŬ ɡˊɞůŰɖɟɑɕŮɘ əŬɘ 

ɎɚɚŬ Ůɑŭɖ ɛŬɗɖɛŬŰɘəɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ ˊɟɞůűɏɟŮɘ Ůˊɘˊɚɏɞɜ Ůˊɘɚɞɔɏɠ 

ŮəŰɧɠ Ŭˊɧ Űɖɜ ɢɟɐůɖ Űɖɠ ɔɚɩůůŬɠ C. ɇɞ CPLEX ŬɟɢɘəɎ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞɜ 

Robert E. Bixby Űɞ 1988 Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ CPLEX Optimization Inc, ɖ ɞˊɞɑŬ 

ŮɝŬɔɞɟɎůŰɖəŮ Ŭˊɧ Űɖɜ ILOG Űɞ 1997. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɖ ŮŰŬɘɟɑŬ ILOG 

ŮɝŬɔɞɟɎůŰɖəŮ Ŭˊɧ Űɖɜ IBM, Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2009. ɇɞ CPLEX ůɡɜŮɢɑɕŮɘ ɜŬ 

ŬɜŬˊŰɨůůŮŰŬɘ ŮɜŮɟɔɎ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ IBM. 

 ɇɞ IBM ILOG CPLEX Optimizer ůɢŮŭɘɎůŰɖəŮ ɔɘŬ ɜŬ ɚɨɜŮɘ ˊɟɞɓɚɐɛŬŰŬ 

ŬəɏɟŬɘɞɡ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ɛŮɔɎɚŬ ˊɟɞɓɚɐɛŬŰŬ ɔɟŬɛɛɘəɞɨ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɛŮ Űɖ ɢɟɐůɖ ˊŬɟŬɚɚŬɔɩɜ Űɖɠ ɛŮɗɧŭɞɡ simplex ɐ Űɖɠ 

ɛŮɗɧŭɞɡ Ůɛˊɞŭɑɤɜ əŬɘ ŮůɤŰŮɟɘəɩɜ ůɖɛŮɑɤɜ (Barrier and interior point 

methods), əɡɟŰɩɜ əŬɘ ɛɖ əɡɟŰɩɜ ůɡɜɧɚɞɡ ˊɟɞɓɚɖɛɎŰɤɜ ŰŮŰɟŬɔɤɜɘəɞɨ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ŬɚɚɎ əŬɘ əɡɟŰɩɜ ˊŮɟɘɞɟɘůɛɏɜɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ 

ˊɟɞɓɚɖɛɎŰɤɜ , ŰŬ ɞˊɞɑŬ ŮˊɘɚɨɞɜŰŬɘ ɛɏůɤ əɤɜɘəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ, ɐ SOCP. 

 ɇɞ CPLEX Optimizer ˊŮɟɘɏɢŮɘ ɏɜŬ ůŰɟɩɛŬ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ Concert əŬɘ 

ŭɖɛɘɞɡɟɔŮɑ Űɖɜ ůɡɛɓŬŰɧŰɖŰŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ ɛŮ Űɘɠ ɔɚɩůůŮɠ C ++, C # əŬɘ 

Java. ɄŬɟɏɢŮŰŬɘ Ůˊɘˊɚɏɞɜ ɛɘŬ ŭɘŮˊŬűɐ ůŮ ɔɚɩůůŬ Python ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖ 

ŭɘŬůɨɜŭŮůɖ Űɖɠ ɔɚɩůůŬɠ C. Ⱥˊɘˊɚɏɞɜ, ŮˊɘŰɟɏˊɞɜŰŬɘ ůɡɜŭɏůŮɘɠ ůŰɞ Microsoft 

Excel əŬɘ Űɞ MATLAB. ɇɏɚɞɠ, ˊŬɟɏɢŮŰŬɘ ɏɜŬ ŬɡŰɧɜɞɛɞ ŭɘŬŭɟŬůŰɘəɧ 

ˊɟɧɔɟŬɛɛŬ ŬˊɞůűŬɚɛɎŰɤůɖɠ ˊɞɡ ɏɢŮɘ ɤɠ ůŰɧɢɞ Űɞɜ ŮɜŰɞˊɘůɛɧ ůűŬɚɛɎŰɤɜ. 

ɇɞ CPLEX Optimizer ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɞ ɛɏůɤ ŬɜŮɝɎɟŰɖŰɤɜ ůɡůŰɖɛɎŰɤɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ɧˊɤɠ ŰŬ AIMMS, AMPL, GAMS, MPL, OpenOpt, OptimJ əŬɘ 

TOMLAB. 

 ɇɞ CPLEX ɛˊɞɟŮɑ ɜŬ ɚɨůŮɘ ˊɟɞɓɚɐɛŬŰŬ ɛŮ ɔɟŬɛɛɘəɞɨɠ ɖ ŰŮŰɟŬɔɤɜɘəɞɨɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ, ɧˊɞɡ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ŮɑɜŬɘ ŮɑŰŮ ɔɟŬɛɛɘəɐ ŮɑŰŮ əɡɟŰɐ 

ŰŮŰɟŬɔɤɜɘəɐ, Ůɜɩ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ŮɑŰŮ 

ůɡɜŮɢŮɑɠ, ŮɑŰŮ ŬəɏɟŬɘŮɠ. ɆŰɖɜ ɞɡůɑŬ Űɞ Cplex, çŭɘŬɓɎɕŮɘè Ŭˊɧ ɏɜŬ ŬɟɢŮɑɞ Űɞ 

ˊɟɧɓɚɖɛŬ Űɞ ɞˊɞɑɞ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ůɢɖɛŬŰɘůŰŮɑ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ ɛɞɟűɐ, ɚɨɜŮɘ 

Űɞ ˊɟɧɓɚɖɛŬ, əŬɘ ŮˊɘůŰɟɏűŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ɈˊɎɟɢŮɘ Ůˊɑůɖɠ ˊɚɖɗɩɟŬ 

ˊŬɟŬɛɏŰɟɤɜ ůɢŮŰɘəɎ ɛŮ Űɞɜ Űɟɧˊɞ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

 ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ Űɖɜ ŭɘŬůɨɜŭŮůɖ Űɞɡ 

CPLEX ɛŮ MATLAB. ɇɞ MATLAB ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ əŬŰɎůŰɟɤůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ (Inputs, əŬɗɞɟɘůɛɧɠ ŮɝɘůɩůŮɤɜ), Űɖɜ Ůˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ 

CPLEX, əŬɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ŭɘŬűɧɟɤɜ ɛŮɔŮɗɩɜ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ, Ůɜɩ Űɞ 

CPLEX ŬˊɞəɚŮɘůŰɘəɎ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. 

 

 

2.3.2 MATLAB 

 

 ɇɞ MATLAB ŮɑɜŬɘ ɏɜŬ ůɨɔɢɟɞɜɞ ɞɚɞəɚɖɟɤɛɏɜɞ ɛŬɗɖɛŬŰɘəɧ ɚɞɔɘůɛɘəɧ 

ˊŬəɏŰɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ˊŬɜŮˊɘůŰɖɛɘŬəɎ ɛŬɗɐɛŬŰŬ ŬɚɚɎ əŬɘ ůŮ 
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ŮɟŮɡɜɖŰɘəɏɠ əŬɘ ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ ɛŮ ŮˊɘůŰɖɛɞɜɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ. ɇɞ ɧɜɞɛɎ 

Űɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŰŬ ŬɟɢɘəɎ ɔɟɎɛɛŬŰŬ Űɤɜ ɚɏɝŮɤɜ MATtrix LABoratory, 

əŬɗɩɠ ŬˊɞɗɖəŮɨŮɘ əŬɘ əɎɜŮɘ Űɘɠ ˊɟɎɝŮɘɠ ɛŮ ɓɎůɖ Űɖɜ ɎɚɔŮɓɟŬ ˊɘɜɎəɤɜ. ȼ 

MATLAB ŮɑɜŬɘ ɏɜŬ ŭɘŬŭɟŬůŰɘəɧ ˊɟɧɔɟŬɛɛŬ ɔɘŬ ŬɟɘɗɛɖŰɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŮ 

ŭɡɜŬŰɧŰɖŰŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ˊɞɡ Űɞ əŬɗɘůŰɞɨɜ ɏɜŬ ɘůɢɡɟɧ əŬɘ ɢɟɐůɘɛɞ 

ŮɟɔŬɚŮɑɞ ůŰɘɠ ɛŬɗɖɛŬŰɘəɏɠ əŬɘ űɡůɘəɏɠ ŮˊɘůŰɐɛŮɠ. 

 ȳˊɤɠ ɡˊɞŭɖɚɩɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ɧɜɞɛɎ Űɖɠ, ɖ MATLAB ŮɑɜŬɘ 

ůɢŮŭɘŬůɛɏɜɖ ɔɘŬ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŮ ˊɑɜŬəŮɠ, ɧˊɤɠ ɖ Ůˊɑɚɡůɖ ɔɟŬɛɛɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ, ɖ ŮɨɟŮůɖ ɘŭɘɞŰɘɛɩɜ əŬɘ ɘŭɘɞŭɘŬɜɡůɛɎŰɤɜ, ɖ ŬɜŰɘůŰɟɞűɐ 

ŰŮŰɟŬɔɤɜɘəɩɜ ˊɘɜɎəɤɜ ə.Ŭ. Ⱥˊɘˊɚɏɞɜ Űɞ ˊŬəɏŰɞ ŬɡŰɧ ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜɞ ɛŮ 

ˊɞɚɚɏɠ Ůˊɘɚɞɔɏɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ɔɟŬűɘəɩɜ ˊŬɟŬůŰɎůŮɤɜ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ˊɟɞɔɟɎɛɛŬŰŬ ɔɟŬɛɛɏɜŬ ůŰɖ ŭɘəɐ Űɞɡ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɔɘŬ Űɖɜ 

Ůˊɑɚɡůɖ Ɏɚɚɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ɧˊɤɠ ɖ ŮɨɟŮůɖ Űɤɜ ɟɘɕɩɜ ɛɖ ɔɟŬɛɛɘəɐɠ 

Ůɝɑůɤůɖɠ, ɖ Ůˊɑɚɡůɖ ɛɖ ɔɟŬɛɛɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ɖ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ 

Ŭɟɢɘəɩɜ Űɘɛɩɜ ɛŮ ůɡɜɐɗŮɘɠ ŭɘŬűɞɟɘəɏɠ ŮɝɘůɩůŮɘɠ ə.Ŭ. 

 ȼ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Űɖɠ MATLAB ŭɑɜŮɘ Űɖɜ ŮɡɢɏɟŮɘŬ ůŰɞ 

ɢɟɐůŰɖ ɜŬ Űɞ ŮˊŮəŰŮɑɜŮɘ ɛŮ ŭɘəɎ Űɞɡ ˊɟɞɔɟɎɛɛŬŰŬ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ 

MATLAB ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɖ ɔɘŬ Űɖɜ ŬɟɘɗɛɖŰɘəɐ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ůŮ 

ŬɟɘɗɛɖŰɘəɐ ˊŮˊŮɟŬůɛɏɜɖɠ ŬəɟɑɓŮɘŬɠ (finite-precision arithmetic), ŭɖɚŬŭɐ ŭŮɜ 

ɓɟɑůəŮɘ Űɖɜ Ŭəɟɘɓɐ ŬɚɚɎ ɛɘŬ ˊɟɞůŮɔɔɘůŰɘəɐ ɚɨůɖ Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ. ȷɡŰɐ ŮɑɜŬɘ 

əŬɘ ɖ ɓŬůɘəɐ Űɖɠ ŭɘŬűɞɟɎ Ŭˊɧ ŰŬ ůɡůŰɐɛŬŰŬ ůɡɛɓɞɚɘəɩɜ ɡˊɞɚɞɔɘůɛɩɜ ɧˊɤɠ 

ɖ Maple əŬɘ Űɞ Mathematica. 

 

ɀŮɟɘəɎ Ŭˊɧ ŰŬ əɡɟɘɧŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ MATLAB ŮɑɜŬɘ ŰŬ Ůɝɐɠ:  

 

¶ ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ůŮ ɔɚɩůůŬ scripting ˊɞɡ ɛɞɘɎɕŮɘ ˊɞɚɨ ÕŮ Űɖ ɔɚɩůůŬ 

C. ɇŬ ŬɟɢŮɑŬ script ɏɢɞɡɜ əŬŰɎɚɖɝɖ *.m.  

 

¶ ȹɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ ŬɟɢŮɑɤɜ exe ÕŮ ɢɟɐůɖ compiler. 

 

¶ Ⱥɨəɞɚɖ ŭɘŬɢŮɑɟɘůɖ ˊɘɜɎəɤɜ (matrices) əŬɘ ŭɘŬɜɡůɛɎŰɤɜ (vectors).  

 

¶ Ƀɚɞəɚɖɟɤɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ editor/debugger (medit.exe). ȾŬɚŮɑŰŬɘ Ŭˊɧ 

Űɞ əŮɜŰɟɘəɧ ˊŬɟɎɗɡɟɞ Űɖɠ MATLAB ɧŰŬɜ ŬɜɞɑɔŮŰŬɘ ɐ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ 

ɜɏɞ ŬɟɢŮɑɞ, ɛ́ ɞɟŮɑ ɧɛɤɠ ɜŬ ŮəŰŮɚŮůŰŮɑ əŬɘ ɤɠ ŬɜŮɝɎɟŰɖŰɞ ˊɟɧɔɟŬɛɛŬ.  

 

¶ ɄɞɘəɑɚŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ŭɖɛɘɞɡɟɔɑŬɠ ɔɟŬűɘəɩɜ ˊŬɟŬůŰɎůŮɤɜ 2 əŬɘ 3 

ŭɘŬůŰɎůŮɤɜ ŮɨəɞɚŬ əŬɘ ɔɟɐɔɞɟŬ. ɄɟɞɢɤɟɖɛɏɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ɧˊɤɠ 3-D 

űɤŰɘůɛɧɠ, ŬɚɚŬɔɐ ɞˊŰɘəɐɠ ɔɤɜɑŬɠ, ŭɖɛɘɞɡɟɔɑŬ ŮɘəɞɜɞůŮɘɟɩɜ ə.Ŭ.  

 

¶ ũɟŬűɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ. ȹɡɜŬŰɧŰɖŰŬ ůɢŮŭɘŬůɛɞɨ ˊŬɟŬɗɨɟɤɜ, 

əɞɡɛˊɘɩɜ, ɔɟŬűɘəɩɜ ɛŮɜɞɨ ə.Ŭ. Ʉɚɐɟɖɠ ɔəɎɛŬ Ůˊɘɚɞɔɩɜ ɔɘŬ ůɢŮŭɘŬůɛɧ 

ɔɟŬűɘəɩɜ ŭɘŮˊɘűŬɜŮɘɩɜ ɢɟɐůŰɖ(Graphical User Interfaces )GUI.  
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¶ ȺɝŬɘɟŮŰɘəɧ ŮɟɔŬɚŮɑɞ ɓɞɐɗŮɘŬɠ Help. ɇɞ ŮɟɔŬɚŮɑɞ Help Űɖɠ MATLAB ŮɑɜŬɘ 

ˊɚɐɟŮɠ, ɚŮˊŰɞɛŮɟɏɠ, ŮɨɢɟɖůŰɞ əŬɘ Ůɨəɞɚɞ ůŰɖɜ ŬɜŬɕɐŰɖůɖ Űɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɞ ɢɟɐůŰɖɠ, Ůɜɩ ˊŮɟɘɏɢŮɘ ˊŬɟŬŭŮɑɔɛŬŰŬ əŬɘ 

demos. 

 

 

2.3.2.1 ɬʋ ʌʀʍʅɼʗʇʇʋʉ ʐʂʏ MATLAB 

 

 ȼ ɀATLAB ɡˊɞůŰɖɟɑɕŮɘ ɧɚŬ ůɢŮŭɧɜ ŰŬ ŭɘŬŰɘɗɏɛŮɜŬ ɚŮɘŰɞɡɟɔɘəɎ 

ůɡůŰɐɛŬŰŬ. ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɏəŭɞůɖ R2010b ůŮ ˊŮɟɘɓɎɚɚɞɜ Windows 7 64bit. ȺəŰɧɠ 

Ŭˊɧ Űɖɜ ˊɚŬŰűɧɟɛŬ Űɤɜ Windows, ɛ́ ɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ əŬɘ ůŮ ɎɚɚŮɠ 

ˊɚŬŰűɧɟɛŮɠ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ɧ́ ɤɠ Űɞ UNIX, Sun Solaris, Linux, 

əŬɘMac OS 10.3.  

 ɆŮ ɧɚŬ ɚɞɘˊɧɜ ŰŬ ˊŬɟŬˊɎɜɤ ůɡůŰɐɛŬŰŬ, ɖ MATLAB ɚŮɘŰɞɡɟɔŮɑ Õɏůɤ 

Űɟɘɩɜ ɓŬůɘəɩɜ ˊŬɟŬɗɨɟɤɜ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.11. 

 

 
 

ȺɘəɧɜŬ 2.11 ɇɞ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ MATLAB 

 

1.ȺˊɘűɎɜŮɘŬ ŮɟɔŬůɑŬɠ Űɖɠ MATLAB(Matlab desktop) 
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 ȼ ŮˊɘűɎɜŮɘŬ ŮɟɔŬůɑŬɠ Űɖɠ MATLAB ŮɑɜŬɘ Űɞ ˊŬɟɎɗɡɟɞ Űɞ ɞ́ ɞɑɞ ůɡɜŬɜŰɎ 

ɞ ɢɟɐůŰɖɠ ɛŮ Űɖɜ Ůəəɑɜɖůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ 

Ůˊɘɛɏɟɞɡɠ ɡˊɞ-ˊŬɟɎɗɡɟŬ. 

 

¶ ɄŬɟɎɗɡɟɞ ŮɜŰɞɚɩɜ (Command Window) : ȷɡŰɧ ŮɑɜŬɘ Űɞ ɓŬůɘəɧ 

ˊŬɟɎɗɡɟɞ. ɉŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ůɨɛɓɞɚɞ ˊɟɞŰɟɞˊɐɠ (>>, MATLAB, 

command prompt). ɇɞ ůɨɜɞɚɞ Űɤɜ ŮɜŰɞɚɩɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ 

Űɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŬɜŬˊŰɨůůŮɘ ɞ ɑŭɘɞɠ ɞ ɢɟɐůŰɖɠ, ˊɚɖəŰɟɞɚɞɔɞɨɜŰŬɘ ůŰɞ 

ˊŬɟɎɗɡɟɞ ŮɜŰɞɚɩɜ, ˊɎɜŰŬ ÕŮ Űɖ ɢɟɐůɖ Űɞɡ ůɡɛɓɧɚɞɡ ˊɟɞŰɟɞˊɐɠ 

ɛ́ ɟɞůŰɎ Ŭˊɧ əɎɗŮ ŮɜŰɞɚɐ. Ⱥˊɑůɖɠ, ůŰɞ ŰɛɐɛŬ ŬɡŰɧ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

ŮɟɔŬůɑŬɠ Űɖɠ MATLAB, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŮɘůŬɔɤɔɐ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ ÕɘŬ ŮűŬɟɛɞɔɐ, əŬɗɩɠ ɢɟɖůɘɛŮɨŮɘ əŬɘ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ 

Űɤɜ ŮˊɘɕɖŰɞɨɛŮɜɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ.  

 

¶ ɄŬɟɎɗɡɟɞ ŰɟɏɢɞɜŰɞɠ əŬŰŬɚɧɔɞɡ(Current Directory) : ȺɑɜŬɘ Űɞ ůɖɛŮɑɞ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ ŮɟɔŬůɑŬɠ Űɖɠ MATLAB, ɧˊɞɡ ŬɜŬɔɟɎűɞɜŰŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ 

ŬɟɢŮɑɤɜ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬˊɞɗɖəŮɡɛɏɜŬ ůŰɞɜ ŰɟɏɢɞɜŰŬ əŬŰɎɚɞɔɞ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ɄŬɟɏɢŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊɚɞɐɔɖůɖɠ ɛɏůŬ ůŮ ŬɡŰɧ, ɧˊɤɠ 

Ůˊɑůɖɠ ÕŮ Űɖ ɢɟɐůɖ Űɞɡ ˊɞɜŰɘəɘɞɨ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŮəŰɏɚŮůɖ ŭɘɎűɞɟɤɜ 

Ůˊɘɚɞɔɩɜ, ɞɘ ɞˊɞɑŮɠ ůɢŮŰɑɕɞɜŰŬɘ ÕŮ Űɞ ŬɟɢŮɑɞ (ɛŮŰɞɜɞɛŬůɑŬ ŬɟɢŮɑɞɡ, 

ŭɘŬɔɟŬűɐ ŬɟɢŮɑɞɡ, ŮəŰɏɚŮůɖ m-ŬɟɢŮɑɤɜ). 

 

¶ ɄŬɟɎɗɡɟɞ ɢɩɟɞɡ ŮɟɔŬůɑŬɠ (Workspace) : ɆŰɞ ˊŬɟɎɗɡɟɞ ŬɡŰɧ, 

ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɧɚŮɠ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ɞɘ ɞˊɞɑŮɠ ŮɘůɎɔɞɜŰŬɘ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞ ˊŬɟɎɗɡɟɞ ŮɜŰɞɚɐɠ. ɄŬɟɏɢɞɜŰŬɘ, Ůˊɑůɖɠ, 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɞɜ Űɨˊɞ Űɖɠ əɎɗŮ ɛŮŰŬɓɚɖŰɐɠ. Ƀ 

ɢɟɐůŰɖɠ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŭŮɘ Űɖɜ Űɘɛɐ ɞˊɞɘŬůŭɐˊɞŰŮ ɛŮŰŬɓɚɖŰɐɠ 

ůŰɞ ˊŬɟɎɗɡɟɞ ŮɜŰɞɚɩɜ, ˊɚɖəŰɟɞɚɞɔɩɜŰŬɠ Ŭˊɚɩɠ Űɞ ɧɜɞɛɎ Űɖɠ. ɆŰɘɠ 

ŰŮɚŮɡŰŬɑŮɠ ŮəŭɧůŮɘɠ Űɖɠ MATLAB, ˊɟɞůűɏɟŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ əɎɗŮ 

ɛŮŰŬɓɚɖŰɐ, ɖ ɞˊɞɑŬ əŬŰŬɔɟɎűŮŰŬɘ ůŰɞ ˊŬɟɎɗɡɟɞ Űɞɡ ɢɩɟɞɡ ŮɟɔŬůɑŬɠ, 

ɜŬ ŬɜŬˊŬɟɑůŰŬŰŬɘ əŬɘ Õɏůɤ ɔɟŬűɐɛŬŰɞɠ. 

 

¶ ɄŬɟɎɗɡɟɞ ɘůŰɞɟɘəɞɨ ŮɜŰɞɚɩɜ (Command History) : ɇɞ ůɨɜɞɚɞ Űɤɜ 

ŮɜŰɞɚɩɜ, ɞɘ ɞˊɞɑŮɠ ˊɚɖəŰɟɞɚɞɔɞɨɜŰŬɘ ůŰɞ ˊŬɟɎɗɡɟɞ ŮɜŰɞɚɩɜ, ɛŮŰɎ Ŭˊɧ 

əɎɗŮ ůɨɛɓɞɚɞ ˊɟɞŰɟɞˊɐɠ, əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɞ ˊŬɟɧɜ ˊŬɟɎɗɡɟɞ 

ɘůŰɞɟɘəɞɨ ŮɜŰɞɚɩɜ. ɆŰɞ ˊŬɟɎɗɡɟɞ ŬɡŰɧ ɡˊɎɟɢɞɡɜ əŬŰŬɢɤɟɖɛɏɜŮɠ 

ŮɜŰɞɚɏɠ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ŮəŰŮɚŮůŰŮɑ ůŰɞ ˊɚŬɑůɘɞ ˊɞɚɡůɨɜɗŮŰɤɜ 

ŰɛɖɛɎŰɤɜ, ŬəɧɛŬ əŬɘ ɛɏɟŮɠ ˊɟɘɜ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŮɘůŬɔɤɔɐ ůŰɞ 

ůɨůŰɖɛŬ. ɄŬɟɏɢŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮˊɘɚŮɔŮɑ Ŭˊɧ ŬɡŰɧ Űɞ ˊŬɟɎɗɡɟɞ 

ÕɘŬ ŮˊɘɗɡɛɖŰɐ ŮɜŰɞɚɐ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŮəŰŮɚŮůŰŮɑ ůŰɞ ˊŬɟɎɗɡɟɞ 

ŮɜŰɞɚɩɜ, əɎɜɞɜŰŬɠ ŭɘˊɚɧ əɚɘə ÕŮ Űɞ ˊɞɜŰɑəɘ ˊɎɜɤ ůŰɖɜ ŮɜŰɞɚɐ ŬɡŰɐ. 

 

2. ɄŬɟɎɗɡɟɞ ɔɟŬűɖɛɎŰɤɜ(Figure Window) 
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 ɇɞ ŬˊɞŰɏɚŮůɛŬ Ŭˊɧ ɧɚŮɠ Űɘɠ ůɢŮŰɘəɏɠ ɛŮ ŰŬ ɔɟŬűɐɛŬŰŬ ŮɜŰɞɚɏɠ, ɞɘ 

ɞ ɞ́ɑŮɠ ɏɢɞɡɜ ŮəŰŮɚŮůŰŮɑ ůŰɞ ˊŬɟɎɗɡɟɞ ŮɜŰɞɚɩɜ, ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɞ ˊŬɟɧɜ, 

ɝŮɢɤɟɘůŰɧ Ŭˊɧ ŰŬ ɡˊɧɚɞɘˊŬ, ˊŬɟɎɗɡɟɞ. ȷˊɧ Űɞ ˊŬɟɎɗɡɟɞ Űɤɜ ɔɟŬűɖɛɎŰɤɜ, 

ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɞ ɢŮɘɟɘůɛɧɠ Űɤɜ ɔɟŬűɖɛɎŰɤɜ. 

 

3. ɄŬɟɎɗɡɟɞ ůɨɜŰŬɝɖɠ(Editor Window) 

 

 ȺɑɜŬɘ Űɞ ˊŬɟɎɗɡɟɞ ůŰɞ ɞˊɞɑɞ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɨɝŮɘ, ɜŬ 

ŮˊŮɝŮɟɔŬůŰŮɑ, ɜŬ ŬˊɞɗɖəŮɨůŮɘ ŰŬ ŭɘəɎ Űɞɡ ŬɟɢŮɑŬ ŮɜŰɞɚɩɜ. ȷɜ əŬɘ ŮɑɜŬɘ ŭɡɜŬŰɧ 

ŰŬ ŬɟɢŮɑŬ ŬɡŰɎ ɜŬ ůɡɜŰŬɢɗɞɨɜ ɛɏůɤ Űɜ əɚŬůůɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ůɨɜŰŬɝɖɠ 

(text editors), ɖ MATLAB ˊɟɞůűɏɟŮɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ˊɟɧɔɟŬɛɛŬ, Űɞ ˊɞɑɞ ŮɑɜŬɘ 

ŮɜůɤɛŬŰɤɛɏɜɞ ůŰɞ ˊŬəɏŰɞ Űɞɡ ɚɞɔɘůɛɘəɞɨ. 

 

 

2.3.2.2 ɩʍʋɾʍɻʈʈɻʐʅʎʈʝʏ ʎʐʂ MATLAB 

 

 ȰɜŬ ɘŭɘŬɑŰŮɟɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ MATLAB ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ 

Ŭˊɚɐɠ ˊɟɞɏəŰŬůɐɠ Űɖɠ ůŮ ˊɞɘəɑɚŮɠ ŮűŬɟɛɞɔɏɠ, Õɏůɤ Űɖɠ ůɨɜŰŬɝɖɠ Ŭˊɧ Űɞ 

ɢɟɐůŰɖ ŬɡŰɧɜɞɛɤɜ əɤŭɑəɤɜ əŬɘ ˊɟɞɔɟŬɛɛɎŰɤɜ. ɇɞ ɚɞɔɘůɛɘəɧ ˊɟɞůűɏɟŮɘ ůŰɞ 

ɢɟɐůŰɖ Űɖ ɢɟɐůɖ ɛɘŬɠ ŮɜůɤɛŬŰɤɛɏɜɖɠ ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ɖ ɞˊɞɑŬ 

ŭɘŬɗɏŰŮɘ əɞɘɜɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ÕŮ Űɖ 

ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ C. ɀɎɚɘůŰŬ, ŭŮɜ ŮɑɜŬɘ ɡ́ Ůɟɓɞɚɘəɧ ɜŬ ɗŮɤɟɖɗŮɑ ɧŰɘ ɖ 

ůɡɔəŮəɟɘɛɏɜɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Űɖɠ MATLAB ɑůɤɠ ŮɑɜŬɘ ɖ 

əŬŰŬɚɚɖɚɧŰŮɟɖ əŬɘ ɡɣɖɚɧŰŮɟɞɡ Ůˊɘˊɏŭɞɡ ɔɘŬ ŮűŬɟɛɞɔɏɠ ɛɖɢŬɜɘəɞɨ, ɞɘ ɞˊɞɑŮɠ 

ŬˊŬɘŰɞɨɜ ɘůɢɡɟɎ ɡˊɞɚɞɔɘůŰɘəɎ ŮɟɔŬɚŮɑŬ, əɎŰɘ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ Ŭˊɧ Űɘɠ əɚŬůůɘəɏɠ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ.  

 ɆŰɖ MATLAB ɞ ɢɟɐůŰɖɠ ɛ́ ɞɟŮɑ ɜŬ ŬɜŬˊŰɨɝŮɘ əɩŭɘəŬ ůŰŬ m-ŬɟɢŮɑŬ(m-

files). ɇŬ m-ŬɟɢŮɑŬ ŮɑɜŬɘ ŰɡˊɘəɎ ASCII ŬɟɢŮɑŬ əŮɘɛɏɜɞɡ (text files), 

ůɡɜɞŭŮɡɧɛŮɜŬ Ŭˊɧ Űɖɜ ˊɟɞɏəŰŬůɖ *.m ůŰɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ əŬɘ ůŰŬ ɞˊɞɑŬ 

ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɖɠ ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Űɞɡ ɚɞɔɘůɛɘəɞɨ. ɇŬ ˊŮɟɘůůɧŰŮɟŬ 

m-ŬɟɢŮɑŬ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮɜŮɟɔɞ́ɞɘɖɗɞɨɜ Õɏůɤ ɞˊɞɘɞɡŭɐˊɞŰŮ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŮɘɛɏɜɞɡ (editor or word processing application). 

ȰɜŬ ŰɏŰɞɘɞ ˊɟɧɔɟŬɛɛŬ ŭɘŬɗɏŰŮɘ əŬɘ Űɞ ˊŬɟɧɜ ɚɞɔɘůɛɘəɧ. ɈˊɎɟɢɞɡɜ ŭɨɞ Ůɑŭɖ m-

ŬɟɢŮɑɤɜ. ɇŬ ŬɟɢŮɑŬ əŮɘɛɏɜɞɡ(script files) əŬɘ ŰŬ ŬɟɢŮɑŬ ůɡɜŬɟŰɐůŮɤɜ(function 

files). 

 

¶ ŬɟɢŮɑŬ əŮɘɛɏɜɞɡ (script files) : ɇŬ ŬɟɢŮɑŬ əŮɘɛɏɜɞɡ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ůɨɜɞɚɞ 

ŮɜŰɞɚɩɜ Űɖɠ MATLAB. ɇŬ ŬɟɢŮɑŬ ŬɡŰɎ ŮəŰŮɚɞɨɜŰŬɘ ɛɏůŬ Ŭˊɧ Űɞ 

ˊŬɟɎɗɡɟɞ ŮɜŰɞɚɩɜ, ˊɚɖəŰɟɞɚɞɔɩɜŰŬɠ Űɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ, ɢɤɟɑɠ Űɖɜ 

ˊɟɞɏəŰŬůɖ *.m, ŭŮɝɘɎ Ŭˊɧ Űɞ ůɨɛɓɞɚɞ ˊɟɞŰɟɞˊɐɠ. ȳɚɖ ŬɡŰɐ ɖ 

ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɘůɞŭɨɜŬɛɖ ÕŮ Űɖɜ ˊɚɖəŰɟɞɚɧɔɖůɖ ɛɘŬɠ ˊɟɞɠ ɛɘŬɠ Űɞɡ 

ůɡɜɧɚɞɡ Űɤɜ ŮɜŰɞɚɩɜ, ɞˊɞɑŮɠ ˊŮɟɘɏɢɞɜŰŬɘ ÕɏůŬ ůŰɞ Ůɜ ɚɧɔɤ ŬɟɢŮɑɞ 
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əŮɘɛɏɜɞɡ, ůŰɞ ˊŬɟɎɗɡɟɞ ŮɜŰɞɚɩɜ. Ƀɘ ɛŮŰŬɓɚɖŰɏɠ, ɞɘ ɞˊɞɑŮɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɏůŬ ůŰɞɡɠ əɩŭɘəŮɠ Űɤɜ ŬɟɢŮɑɤɜ əŮɘɛɏɜɤɜ ɏɢɞɡɜ 

əŬɗɞɚɘəɧ ɢŬɟŬəŰɐɟŬ (global variables), ÕŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ əŬŰŬɔɟɎűɞɜŰŬɘ 

ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ˊŬɟŬɗɨɟɞɡ Űɞɡ ɢɩɟɞɡ ŮɟɔŬůɑŬɠ, Űɧůɞ ɞɘ ɛŮŰŬɓɚɖŰɏɠ, ɞɘ 

ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŭŮŭɞɛɏɜŬ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ɧůɞ əŬɘ ŬɡŰɏɠ, 

ɞɘ ɞˊɞɑŮɠ űɏɟɞɡɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ɇŬ ŬɟɢŮɑŬ əŮɘɛɏɜɞɡ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ 

ˊŮɟɘɏɢɞɡɜ Ŭɟɘɗɛɞɨɠ, ɛŮŰŬɓɚɖŰɏɠ, ŮɜŰɞɚɏɠ əŬɘ ůɡɜŬɟŰɐůŮɘɠ ŮɑŰŮ Űɖɠ ɑŭɘŬɠ 

Űɖɠ MATLAB (ŮɜůɤɛŬŰɤɛɏɜŮɠ ůŰɞ ɚɞɔɘůɛɘəɧ), ŮɑŰŮ ŬɜŬˊŰɡɔɛɏɜŮɠ Ŭˊɧ Űɞ 

ɢɟɐůŰɖ. Ɇɡɛ́ ŮɟŬůɛŬŰɘəɎ, ŰŬ ŬɟɢŮɑŬ əŮɘɛɏɜɞɡ ŮɑɜŬɘ ˊɞɚɨ ɢɟɐůɘɛŬ ůŰɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ, ɧˊɞɡ ɞ ɢɟɐůŰɖɠ ˊɟɏˊŮɘ ɜŬ ŮˊŬɜŬɚɎɓŮɘ ÕɘŬ ůɡɔəŮəɟɘɛɏɜɖ 

ɟɞɐ ŮɜŰɞɚɩɜ əŬɘ ˊɟɎɝŮɤɜ ŬɟəŮŰɏɠ űɞɟɏɠ əŬɘ ÕŮ ŭɘŬűɞɟŮŰɘəɏɠ əɎɗŮ űɞɟɎ 

Űɘɛɏɠ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ 

 

¶ ŬɟɢŮɑŬ ůɡɜŬɟŰɐůŮɤɜ (function files) :  ɇŬ ŬɟɢŮɑŬ ůɡɜŬɟŰɐůŮɤɜ ŬˊɞŰŮɚɞɨɜ 

Űɖ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɑŬ Űɤɜ m-ŬɟɢŮɑɤɜ əŬɘ ɖ əɨɟɘŬ ŭɘŬűɞɟɎ Űɞɡɠ Ŭˊɧ ŰŬ 

ŬɟɢŮɑŬ əŮɘɛɏɜɞɡ ŮɑɜŬɘ ɧŰɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ŮɑɜŬɘ Űɞˊɘəɐɠ ŮɛɓɏɚŮɘŬɠ (local 

variables), ŭɖɚŬŭɐ ÕɘŬ ɛŮŰŬɓɚɖŰɐ ůŮ ɏɜŬ ŬɟɢŮɑɞ ůɡɜɎɟŰɖůɖɠ ŭŮɜ ɛ́ ɞɟŮɑ 

ɜŬ ŮˊɖɟŮŬůŰŮɑ Ŭˊɧ ŭɘŬŭɘəŬůɑŮɠ ŮəŰɧɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŬɟɢŮɑɞɡ. ȷəɧɛŬ, 

ɛ́ ɞɟɞɨɜ ɜŬ ŭŮɢŰɞɨɜ ŭŮŭɞɛɏɜŬ ɤɠ ɞɟɑůɛŬŰŬ əŬɘ ɜŬ ŮˊɘůŰɟɏűɞɡɜ 

ŬˊɞŰŮɚɏůɛŬŰŬ. ȺɑɜŬɘ ɞɡůɘŬůŰɘəɎ ůŬɜ Űɘɠ ɡˊɞɟɞɡŰɑɜŮɠ, ɞɘ ɞˊɞɑŮɠ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰŬ ˊɚŬɑůɘŬ Űɤɜ ɔɜɤůŰɩɜ ɔɚɤůůɩɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, 

ɧˊɤɠ ɖ Fortran, ɖ Visual ȸasic əŬɘ ɖ C. ȰɜŬ ŬɟɢŮɑɞ ůɡɜɎɟŰɖůɖɠ ˊɟɏˊŮɘ 

ɞˊɤůŭɐˊɞŰŮ ɜŬ ɝŮəɘɜɎ ÕŮ Űɖ ɔɟŬɛɛɐ, ɧˊɞɡ ɞɟɑɕŮŰŬɘ ɖ ůɡɜɎɟŰɖůɖ əŬɘ 

ɧˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȼ ůɨɜŰŬɝɖ, ŭɖɚŬŭɐ, ŮɑɜŬɘ ɖ Ůɝɐɠ: 

 

function[output variables]=function_name(input variables) 

 

 O ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ ůŰɖ MATLAB ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ɢɟɐůɖ Ŭɟɘɗɛɩɜ, 

ɛŮŰŬɓɚɖŰɩɜ, ŮɜŰɞɚɩɜ əŬɘ ůɡɜŬɟŰɐůŮɤɜ, ůɢŮůɘŬəɩɜ əŬɘ ɚɞɔɘəɩɜ ŰŮɚŮůŰɩɜ, ˊɞɡ 

ɞɟɔŬɜɩɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŰɏůůŮɟɘɠ ŭɞɛɏɠ Ůɚɏɔɢɞɡ ɟɞɐɠ(flow control structures) ɞɘ 

ɞˊɞɑŮɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

¶ ɓɟɧɢɞɘ for (for loops) 

¶ ɓɟɧɢɞɘ while (while loops) 

¶ ŮɜŰɞɚɐ (if statement) 

¶ ŮɜŰɞɚɐ switch (switch statement) 

 

 ɆŰɖɜ ȺɘəɧɜŬ 2.12 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ůŮ 

MATLAB. ɆɡɔəŮəɟɘɛɏɜŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɏɟɞɠ əɩŭɘəŬ, ŮɑɜŬɘ ɏɜŬ ŬɟɢŮɑɞ 

əŮɘɛɏɜɞɡ, əŬɘ ɛˊɞɟŮɑ ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ ɛɏůɤ MATLAB ŬɚɚɎ əŬɘ əɞɘɜɩɜ text 

editors. 
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ȺɘəɧɜŬ 2.12 ȾɞɛɛɎŰɘ ȾɩŭɘəŬ MATLAB 

  



ȷɜŬůəɧˊɖůɖ ɓɘɓɚɘɞɔɟŬűɑŬɠ 

60 
 

3 ɚʉɻʎʆʝʌʂʎʂ ɼʅɼʇʅʋɾʍɻʒʚɻʏ 
 

 ɇɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ŮɜɧŰɖŰŮɠ. ɆŰɖɜ ˊɟɩŰɖ ɗŬ 

ˊŬɟŬŰŮɗŮɑ ɖ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬůəɧˊɖůɖ ůɢŮŰɘəɎ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ 

ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ɗŬ ɔɑɜŮɘ ŭɖɚŬŭɐ ŬɜŬűɞɟɎ ůŰɖɜ ŬɜɎɚɡůɖ ˊɞɡ ɏɢŮɘ ɔɑɜŮɘ 

ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ůŰɖɜ ŭŮɨŰŮɟɖ ŮɜɧŰɖŰŬ, ɗŬ ŮɝɖɔɖɗŮɑ Ůɜ 

ůɡɜŰɞɛɑŬ ɞ ɚɧɔɞɠ ɨˊŬɟɝɖɠ Űɤɜ ŭɘŬűɧɟɤɜ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ. 

 

 

3.1 ɛʅɼʇʅʋɾʍɻʒʅʆʙ ɻʉɻʎʆʝʌʂʎʂ 
 

 Ƀɘ Tengku Juhana et al. Ŭˊɧ Űɞ ˊŬɜŮˊɘůŰɐɛɘɞ Űɖɠ ɀŬɚŬɘůɑŬɠ[11] 

ŬɜŬűɏɟɞɡɜ ˊɤɠ ŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɓɟɑůəɞɜŰŬɘ ůŮ əŬŰɎůŰŬůɖ ɛŮŰɎɓŬůɖɠ Ŭˊɧ 

ˊŬɗɖŰɘəɎ ůŮ ŮɜŮɟɔɖŰɘəɎ, ŮɝŬɘŰɑŬɠ Űɖɠ ɡɣɖɚɐɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, əŬɘ Űɞ 

ůɖɛŬɜŰɘəɧŰŮɟɞ ɕɐŰɖɛŬ ŮɑɜŬɘ ɜŬ ŭɘŬŰɖɟɖɗɞɨɜ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ ŰɎůɖɠ ůŮ 

ŮˊɘŰɟŮˊŰɎ ɧɟɘŬ. Ⱥˊɑůɖɠ ŭɘŮɡəɟɘɜɑɕɞɡɜ ɧŰɘ ɡˊɎɟɢɞɡɜ 3 ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ Ůɚɏɔɢɞɡ 

Űɤɜ ŭɘəŰɨɤɜ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ůŰɧɢɞɡ ŬɡŰɞɨ, ɞ əŮɜŰɟɘəɧɠ-ůɡɜŰɞɜɘůɛɏɜɞɠ 

ɏɚŮɔɢɞɠ, ɞ ɐɛɘ-ůɡɜŰɞɜɘůɛɏɜɞɠ, əŬɘ ɞ ŬˊɞəŮɜŰɟɤɛɏɜɞɠ-Űɞˊɘəɧɠ ɏɚŮɔɢɞɠ. 

 ɆŰɖɜ [26] ɏɜŬ ŮɜŮɟɔɖŰɘəɧ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ ɞɟɑɕŮŰŬɘ ɤɠ ɏɜŬ ɜɏɞ ůɨůŰɖɛŬ 

Űɞ ɞˊɞɑɞ əŬŰɏɢŮɘ ůɡůŰɐɛŬŰŬ Ůɚɏɔɢɞɡ əŬɘ ŮˊɘəɞɘɜɤɜɑŬɠ ŰɏŰɞɘŬ ɩůŰŮ ɞ 

ŭɘŬɢŮɘɟɘůŰɐɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɜŬ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ůɡɜɞɚɘəɐ ŮˊɞˊŰŮɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ əŬɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮɚɏɔɢŮɘ ůɡɜŰɞɜɘůɛɏɜŬ ɧɚŮɠ Űɘɠ ůɡůəŮɡɏɠ ůŮ ŬɡŰɧ. 

 Ƀ əŮɜŰɟɘəɧɠ-ůɡɜŰɞɜɘůɛɏɜɞɠ ɏɚŮɔɢɞɠ ˊŬɟɏɢŮɘ ɏɚŮɔɢɞ Űɖɠ ŰɎůɖɠ Ŭˊɧ Űɞɜ 

ɡˊɞůŰŬɗɛɧ ůŮ ɧɚɞ Űɞ ɡˊɧɚɞɘˊɞ ŭɑəŰɡɞ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Ůɡɟɨ űɎůɛŬ 

Ůˊɘəɞɘɜɤɜɘɩɜ ɔɘŬ Űɞɜ ůɡɜŰɞɜɘůɛɧ ŭɘŬűɞɟŮŰɘəɩɜ ůɡůəŮɡɩɜ ɧˊɤɠ ŰŬ ɆȷɇɈū ɞɘ 

ɟɡɗɛɘůŰɏɠ ŰɎůɖɠ əɚˊ Ůɜɩ Űɞ əɧůŰɞɠ ŮɑɜŬɘ ɡɣɖɚɧ. ȷɜŰɘɗɏŰɤɠ, ɞɘ ɖɛɘ-

ůɡɜŰɞɜɘůɛɏɜɞɘ əŬɘ ŬˊɞəŮɜŰɟɤɛɏɜɞɘ ɏɚŮɔɢɞɘ, ˊɟɏˊŮɘ ɜŬ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ɜŬ Ůɚɏɔɢɞɡɜ Űɘɠ ŭɘɎűɞɟŮɠ ůɡůəŮɡɏɠ ɧˊɤɠ əŬɘ Űiɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ 

ˊŬɟŬɔɤɔɐɠ ŰɞˊɘəɎ. ɆŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ˊɟɞŰŮɑɜɞɜŰŬɘ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ ɔɘŬ Űɖɜ 

ɓŮɚŰɑɤůɖ Űɖɠ ŰɎůɖɠ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ[27][28][29]. 

 Ƀɘ Zhaoyu Wang, Hao Chen əŬɘ Jianhui Wang ůŰɖɜ ŭɖɛɞůɑŮɡůɐ 

Űɞɡɠ[30] ˊɟɞŰŮɑɜɞɡɜ ɏɜŬɜ ɡɓɟɘŭɘəɧ ɏɚŮɔɢɞ ŰɎůɖɠ/ɎŮɟɔɞɡ ɘůɢɨɞɠ ůɡɔəŮəɟɘɛɏɜŬ 

ɔɘŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɛŮ ɡɣɖɚɐ ŭɘŮɑůŭɡůɖ űɤŰɞɓɞɚŰŬɥəɐɠ ŭɘŮůˊŬɟɛɏɜɖɠ 

ˊŬɟŬɔɤɔɐɠ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ  ɓɟɧɔɢɞɡɠ Ůɚɏɔɢɞɡ: 

¶ ɇɞɜ ůɡɜŰɞɜɘůɛɏɜɞ əɚŬůůɘəɧ ɏɚŮɔɢɞ ɧˊɞɡ əŬɗɞɟɑɕɞɜŰŬɘ ɞɘ ɤɟɘŬɑŮɠ Űɘɛɏɠ 

ɔɘŬ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ ɆȷɇɈū, Űɞɡɠ ˊɡəɜɤŰɏɠ, əŬɗɩɠ əŬɘ ŰŬ SVCs 

(static var compensators) ɓŬůɘůɛɏɜŮɠ ůŰɘɠ ˊɟɞɓɚɏɣŮɘɠ ɔɘŬ Űɞ űɞɟŰɑɞ əŬɘ 

Űɖɜ űɤŰɞɓɞɚŰŬɥəɐ ˊŬɟŬɔɤɔɐ ɛŮ ůŰɧɢɞ Űɖɜ ɛŮɑɤůɖ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ 

ŰɎůɖɠ əŬɘ Űɤɜ ŮɜŮɟɔɩɜ ŬˊɤɚŮɘɩɜ. 

¶ ɇɞɜ Űɞˊɘəɧ, ɛɖ ůɡɔəŮɜŰɟɤɛɏɜɞ ɏɚŮɔɢɞ, əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ůɡɜɜŮűɘɎɠ, 

ɧˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ɧŰŬɜ ˊŬɟŬŰɖɟɖɗɞɨɜ ɛŮɔɎɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖɜ 

ˊŬɟŬɔɤɔɐ Ŭˊɧ ŰŬ űɤŰɞɓɞɚŰŬɥəɎ. ȾŬŰɎ Űɞɜ ɏɚŮɔɢɞ ŬɡŰɧ, ɧɚɞɘ ɞɘ SVCs 
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əŬɘ ɞɘ ˊɡəɜɤŰɏɠ ɔɑɜɞɜŰŬɘ ŬɡŰɧ-ŮɚŮɔɢɧɛŮɜɞɘ əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ɓɎůɖ 

Űɞˊɘəɏɠ ɛŮŰɟɐůŮɘɠ ɛŮ ɛɞɜŬŭɘəɧ ůəɞˊɧ Űɖɜ ɛŮɑɤůɖ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ 

ŰɎůŮɤɜ. ɄɟɩŰŬ ɚŮɘŰɞɡɟɔɞɨɜ ɞɘ SVCs ɔɘŬ ɜŬ əɎɜɞɡɜ Űɞ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ 

ñflatò, Ůɜɩ Ŭɜ ŬˊɞŰɨɢɞɡɜ, ɞɘ ˊɡəɜɤŰɏɠ ɗŬ Ŭɟɢɑůɞɡɜ ɜŬ ˊŬɟɏɢɞɡɜ ɎŮɟɔɞ 

ɘůɢɨ 

 

 ɆŰɖɜ [31] ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬɠ ˊɟɞůŬɟɛɞůɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ Ůɚɏɔɢɞɡ ɞ 

ɞˊɞɑɞɠ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɜŬ ɘůɞɟɟɞˊŮɑ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ, 

ŭɖɚŬŭɐ ɏɚŮɔɢɞ Űɖɠ ŰɎůɖɠ ɛŮ Űɖɜ ŮˊɘɗɡɛɑŬ ɔɘŬ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ŬˊɤɚŮɘɩɜ. 

ɆŰɖɜ ɞɡůɑŬ ɡˊɎɟɢŮɘ ɏɜŬ ɧɟɘɞ, Űɞ ɞˊɞɑɞ ɞɟɑɕŮɘ əŬŰɎ ˊɧůɞ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ 

ůɡɜɎɟŰɖůɖ ɗŬ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɘɠ ŬˊɩɚŮɘŮɠ ɐ Űɖɜ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŰɎůɖɠ, 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Űɘɛɐ Űɖɠ ŰɎůɖɠ ůŮ əɎɗŮ əɧɛɓɞ. ȰŰůɘ, ɧŰŬɜ ɖ ŰɎůɖ ɧɚɤɜ Űɞɜ 

əɧɛɓɤɜ ɓɟɑůəŮŰŬɘ ɛɏůŬ ůŰɞ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ɧɟɘɞ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ɏɢŮɘ ɛɞɜŬŭɘəɧ 

ůəɞˊɧ Űɖɜ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ, Ůɜɩ ɧŰŬɜ Űɞ ɝŮˊŮɟɎůŮɘ, ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ŬɡŰɧɛŬŰŬ ŬɚɚɎɕŮɘ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ɏɢŮɘ ɤɠ ɛɞɜŬŭɘəɐ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ Űɖɜ 

ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ. 

 Ƀɘ Kojovic əŬɘ Arden ůŰɖɜ[32] ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɏɜŬɜ əŮɜŰɟɘəɧ ɏɚŮɔɢɞ ɔɘŬ 

ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ Yukon system. ȷɜɎ ɞɟɘůɛɏɜŬ ɢɟɞɜɘəɎ 

ŭɘŬůŰɐɛŬŰŬ, ˊŬɑɟɜɞɜŰŬɘ ɛŮŰɟɐůŮɘɠ ŰɎůɖɠ, ɎŮɟɔɞɡ ɘůɢɨɞɠ əŬɘ ůɡɜŰŮɚŮůŰɐ 

ɘůɢɨɞɠ, ɧˊɞɡ ɡˊɎɟɢɞɡɜ ŬɘůɗɖŰɐɟŮɠ ůŰɞ ŭɑəŰɡɞ, əŬɘ Űɞ ůɨůŰɖɛŬ ŮɚɏɔɢŮɘ 

ŭɘɎűɞɟɞɡɠ ůɡɜŭɡŬůɛɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ˊɡəɜɤŰɩɜ, ɅɡɗɛɘůŰɩɜ ŰɎůɖɠ əŬɘ 

ɆȷɇɈū, ɛŮ ůəɞˊɧ ɜŬ ɓɟŮɘ Űɞɜ ɓɏɚŰɘůŰɞ ůɡɜŭɡŬůɛɧ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ 

Űɞɡ əɧůŰɞɡɠ əŬɘ Űɖɠ Ŭˊɧəɚɘůɖɠ Űɤɜ Űɘɛɩɜ Űɤɜ ŰɎůŮɤɜ əŬɘ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɘůɢɨɤɜ Ŭˊɧ Űɘɠ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ. ɆŰɖɜ Ŭɟɢɐ əɎɗŮ ˊŮɟɘɧŭɞɡ Ůɚɏɔɢɞɡ, Űɞ 

ůɨůŰɖɛŬ ŮɚɏɔɢŮɘ əŬŰɎ ˊɧůɞ ɛɘŬ ŬɚɚŬɔɐ ůŰɞɡɠ ˊɡəɜɤŰɏɠ ɓŮɚŰɘɩɜŮɘ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ (ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɞ ñflatnessò Űɞɡ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ, 

əŬɘ ɧɢɘ ůŰɖɜ Űɘɛɐ Űɖɠ) əŬɘ Ŭɜ ɓɟŮɗŮɑ ŰɧŰŮ ŭɑɜŮŰŬɘ ŮɜŰɞɚɐ ɜŬ ůɡɛɓŮɑ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ ŮɚɏɔɢŮɘ Ŭɜ ɖ ŰɎůɖ əɎˊɞɘɞɡ əɧɛɓɞɡ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɐ ɐ ˊɞɚɨ ɢŬɛɖɚɐ 

əŬɘ ŭɑɜŮɘ ŮɜŰɞɚɐ ůŰɞ ɆȷɇɈū ɐ Űɞɡɠ ɟɡɗɛɘůŰɏɠ ŰɎůɖɠ ɜŬ Űɞ ŭɘɞɟɗɩůɞɡɜ. ȷɜ 

ɧɚŮɠ ɞɘ ŰɎůŮɘɠ ŮɑɜŬɘ ŮɜŰɧɠ ɞɟɑɤɜ, ŭɑɜŮŰŬɘ ŮɜŰɞɚɐ ɜŬ ɛŮɘɤɗɞɨɜ ɆȷɇɈū əŬɘ 

ɟɡɗɛɘůŰɏɠ ŰɎůɖɠ ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɜŬ ůɡɜŮɢɑɕɞɡɜ ɜŬ ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ 

ɞɟɑɤɜ.  

 ȼ ŭɡɜŬŰɧŰɖŰŬ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ Űɤɜ ŬˊɤɚŮɘɩɜ əŬɘ ɟɨɗɛɘůɖɠ Űɖɠ ŰɎůɖɠ 

ɛɏůɤ Ůɚɏɔɢɞɡ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ ůŮ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɛŮ ůɖɛŬɜŰɘəɎ ŮˊɑˊŮŭŬ 

űɤŰɞɓɞɚŰŬɥəɐɠ ˊŬɟŬɔɤɔɐɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ [33]. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ 

ŬəŰɘɜɘəɧ ŭɑəŰɡɞ ɛŮ ŮɜŮɟɔɎ əŬɘ ɎŮɟɔŬ űɞɟŰɑŬ Ůɜɩ ɞɘ ŬɜŰɘůŰɟɞűŮɑɠ Űɤɜ ɛɞɜɎŭɤɜ 

ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɎŮɟɔɞɡ ɘůɢɨɞɠ ˊŬɟŬɔɤɔɐɠ 

əŬɘ Ŭˊɞɟɟɧűɖůɖɠ, əŬɘ ɞ ůŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ɓɟŮɗŮɑ ɖ ɓɏɚŰɘůŰɖ ɚŮɘŰɞɡɟɔɑŬ əɎɗŮ 

ŬɜŰɘůŰɟɞűɏŬ ɔɘŬ ɜŬ ŭɘŬŰɖɟɖɗɞɨɜ ɞɘ ŰɎůŮɘɠ ŮɜŰɧɠ ŮˊɘŰɟŮˊŰɩɜ ɞɟɑɤɜ əŬɘ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘɖɗɞɨɜ ɞɘ ŬˊɩɚŮɘŮɠ.  

 ɆŰɖɜ ŭɖɛɞůɑŮɡůɖ [34] ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ɚɑůŰŬ ɛŮ ɧɚɞɡɠ Űɞɡɠ ˊɘɗŬɜɞɨɠ 

Űɟɧˊɞɡɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɓɏɚŰɘůŰɖɠ ɟɞɐɠ ɘůɢɨɞɠ. ɆŰɞ Űɏɚɞɠ Űɖɠ ŭɖɛɞůɑŮɡůɖɠ ŮɛűŬɜɑɕŮŰŬɘ ɞ ˊŬɟŬəɎŰɤ 

ůɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ: 
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ɄɑɜŬəŬɠ 3.1 ȿɑůŰŬ ɛŮɗɧŭɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

 

 ɆŰɞ [35] ŬɜŬűɏɟŮŰŬɘ ɞ ɧɟɞɠ smart grids əŬɘ ŮɝɖɔɞɨɜŰŬɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

Űɞɡɠ əŬɗɩɠ əŬɘ ɞ ɞɟɘůɛɧɠ Űɞɡ. ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ˊɟɞůŮɔɔɑůŮɘɠ Ůɚɏɔɢɞɡ ˊɞɡ ɏɢɞɡɜ ɞɘ ŮŰŬɘɟŮɑŮɠ ɖɚŮəŰɟɘůɛɞɨ ůɢŮŰɘəɎ ɛŮ Űɞɜ ɧɟɞ 

smart grids əŬɘ Űɞ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ. Ƀ ˊɟɩŰɞɠ ŮɑɜŬɘ ɞ Voltage and Var Control 

ŭɖɚŬŭɐ ɖ ɓɏɚŰɘůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɆȷɇɈū, ɟɡɗɛɘůŰɩɜ ŰɎůɖɠ əŬɘ ˊɡəɜɤŰɩɜ ɔɘŬ 

Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ŰɎůŮɤɜ əŬɘ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ, ɞ ŭŮɨŰŮɟɞɠ ŮɑɜŬɘ ɖ 

əŬɗŬɟɎ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ŰɎůŮɤɜ, Ůɜɩ ɞ ŰɟɑŰɞɠ ɞɜɞɛɎɕŮŰŬɘ Conservation 

Voltage Reduction (CVR) əŬɘ ɏɢŮɘ ɤɠ ůəɞˊɧ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ Űɘɛɩɜ 

Űɤɜ ŰɎůŮɤɜ, ˊɞɡ ɧɛɤɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ɛɏůŬ ůŰŬ ŮˊɘŰɟŮˊŰɎ ɧɟɘŬ. 

 ɆɢŮŰɘəɎ ɛŮ Űɞɜ ŰŮɚŮɡŰŬɑɞ Űɟɧˊɞ, ɖ ɚɞɔɘəɐ ˊɑůɤ Ŭˊɧ ŬɡŰɧɜ ŮɑɜŬɘ ɧŰɘ 

ɛɘəɟɏɠ ɛŮɘɩůŮɘɠ ůŰɖɜ Űɘɛɐ Űɤɜ ŰɎůŮɤɜ Űɤɜ əŬŰŬɜŬɚɤŰɩɜ, ɞŭɖɔŮɑ ůŮ ɛŮɑɤůɖ Űɖɠ 

ŰŮɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ əŬŰŬɜŬɚɩɜɞɡɜ. ȸɏɓŬɘŬ ŬɡŰɧ ɘůɢɨŮɘ ɛɧɜɞ ɧŰŬɜ ɖ 
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ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ űɞɟŰɑɤɜ ŮɑɜŬɘ ůŰŬɗŮɟɐɠ ŬɜŰɑůŰŬůɖɠ, əŬɗɩɠ ůŮ ŬɡŰɐ əŬɘ ɛɧɜɞ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ ɛŮɑɤůɖ Űɖɠ ŰɎůɖɠ ɞŭɖɔŮɑ ůŮ ɑŭɘŬ ɛŮɑɤůɖ Űɞɡ ɟŮɨɛŬŰɞɠ, 

ɎɟŬ əŬɘ ɖ ŰŮɚɘəɐ əŬŰŬɜɎɚɤůɖ ɗŬ ɛŮɘɤɗŮɑ. 

 ȰɜŬɠ ɜɏɞɠ Űɟɧˊɞɠ əŮɜŰɟɘəɐɠ ɟɨɗɛɘůɖɠ Űɖɠ ŰɎůɖɠ ŮɝŮŰɎɕŮŰŬɘ ůŰɖɜ [36] 

ɧˊɞɡ Űɞ ůɢɐɛŬ Ůɚɏɔɢɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ůɡɜŰɞɜɘůɛɧ ɛŮŰŬɝɨ STATCOM, 

ˊɡəɜɤŰɩɜ əŬɘ ɆȷɇɈū. ɀŮ Űɞɜ ˊɟɞŰŮɘɜɧɛŮɜɞ Űɟɧˊɞ, ɔɑɜŮŰŬɘ ŮűɘəŰɐ ɖ ŭɘŬŰɐɟɖůɖ 

Űɤɜ ŰɎůŮɤɜ ůŰŬ ŮˊɘŰɟŮˊŰɎ ɧɟɘŬ əŬɘ əɟŬŰɩɜŰŬɠ ůŰɞ STATCOM ɎŮɟɔɞ ɘůɢɨ ůŮ 

ŮűŮŭɟŮɑŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ ŮˊŮɑɔɞɜŰŮɠ əŬŰŬůŰɎůŮɘɠ. 

 ȼ [37] ŭɖɛɞůɑŮɡůɖ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɡɔəŮɜŰɟɤŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ 

ɛŮɗɧŭɤɜ ɟɨɗɛɘůɖɠ ŰɎůɖɠ, ůɡɜŰɞɜɘůɛɏɜɞɡ əŬɘ ŬˊɞəŮɜŰɟɤɛɏɜɞɡ Ůɚɏɔɢɞɡ, ɛŮ əŬɘ 

ɢɤɟɑɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ŮɘůŬɔɛɏɜŮɠ ůŰɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ əŬɘ 

ŮɛűŬɜɑɕŮɘ Űɘɠ ŭɘŬűɞɟɏɠ Űɞɡɠ. ȷɜŬűɏɟŮŰŬɘ ˊɤɠ ɖ ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ ůŰŬ ŭɑəŰɡŬ 

ɛŮŰŬűɞɟɎɠ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ 3 ɘŮɟŬɟɢɘəɎ ŮˊɑˊŮŭŬ, Űɞ ˊɟɤŰŮɨɞɜ, Űɞ ŭŮɡŰŮɟŮɨɞɜ, 

əŬɘ Űɞ ŭɘɞɟɗɤŰɘəɧ. ȾŬŰɎ Űɞ ˊɟɩŰɞ ŮˊɑˊŮŭɞ, ŮɚɏɔɢɞɜŰŬɘ ɞɘ ɟɡɗɛɘůŰɏɠ ŰɎůɖɠ, 

əŬŰɎ Űɞ ŭŮɨŰŮɟɞ Űɞ ɆȷɇɈū əŬɘ ɞɘ ůɡůəŮɡɏɠ ˊŬɟɞɢɐɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ , Ůɜɩ ůŰɞ 

ŰŮɚɘəɧ ůŰɎŭɘɞ ɔɑɜŮŰŬɘ ɏɜŬɠ ůɡɜŰɞɜɘůɛɧɠ Űɞɡ ˊɟɩŰɞɡ əŬɘ ŭŮɨŰŮɟɞɡ Ůˊɘˊɏŭɞɡ, ɛŮ 

Űɘɠ ůŰɘɔɛɘŬɑŮɠ ɛŮŰɟɐůŮɘɠ. 

ɋůŰɧůɞ, ɛɏɢɟɘ ˊɟɘɜ əɎˊɞɘŬ ɢɟɧɜɘŬ ůŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ, ůɡɜɐɗɤɠ ɛɧɜɞ Űɞ 

ɆȷɇɈū əŬɘ ɞɘ ˊɡəɜɤŰɏɠ ɓɞɖɗɞɨɜ ůŰɖɜ ɓŮɚŰɑɤůɖ Űɤɜ ŰɎůŮɤɜ əŬɘ ɛɎɚɘůŰŬ 

ɚŮɘŰɞɡɟɔɞɨůŬɜ ŰɞˊɘəɎ. ȺɝŮŰɎɕɞɜŰŬɘ ŭɘɎűɞɟŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ 

Űɟɧˊɞɡɠ Ůɚɏɔɢɞɡ əŬɘ Űɞ ůɡɛˊɏɟŬůɛŬ ŮɑɜŬɘ ɧŰɘ ɖ ŮɘůŬɔɤɔɐ Űɤɜ ɛɞɜɎŭɤɜ 

ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ůŰɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ əŬɗɩɠ əŬɘ ɞ əŮɜŰɟɘəɧɠ 

ɏɚŮɔɢɞɠ ɞŭɖɔŮɑ ůŮ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ, əŬɚɨŰŮɟɞ ˊɟɞűɑɚ ŰɎůɖɠ əŬɗɩɠ əŬɘ 

ɛŮɑɤůɖ Űɤɜ ŬɚɚŬɔɩɜ ɚɐɣŮɤɜ Űɞɡ ɆȷɇɈū. 

 

 ȼ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɨɟɤ Ŭˊɧ ŬɡŰɧ Űɞ ɗɏɛŬ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɖ, əŬɘ 

ŬəɞɚɞɡɗŮɑ ŰɛɐɛŬ ŬɡŰɐɠ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ŬɜŬɔɜɩůŰɖɠ ŮˊɘɗɡɛŮɑ ˊŮɟŬɘŰɏɟɤ 

ˊɚɖɟɞűɞɟɑŮɠ [38-92]. 

 

 

3.2 ɩʇʀʋʉʀʆʐʙʈɻʐɻ ɻʉʐʅʆʀʅʈʀʉʅʆʡʉ ʎʑʉɻʍʐʙʎʀʖʉ 
 

 ȼ ˊɞɚɡŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɨůŮɘ ɞ 

ůɡɔəŮəɟɘɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ, ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ 8 ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ. ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɏɢɞɡɜ ŮɜůɤɛŬŰɤɗŮɑ ɧɚŮɠ 

ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ, əŬɗɩɠ əŬɘ əɎˊɞɘŮɠ ˊɞɡ 

ŭŮɜ ŮɑɢŬɜ ŮɛűŬɜɘůŰŮɑ, əŬɗɘůŰɩɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ˊɞɡ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ɏɜŬ 

ˊɞɚɨ ůɡɔəŮɜŰɟɤŰɘəɧ ŮɟɔŬɚŮɑɞ. ɆŮ ŬɡŰɐɜ Űɖɜ ɡˊɞŮɜɧŰɖŰŬ, ɗŬ ŬɜŬɚɡɗɞɨɜ ŰŬ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊɟɞůŭɑŭŮɘ ɖ əɎɗŮ ɛɑŬ ůŰɞ ɔŮɜɘəɧŰŮɟɞ ŭɑəŰɡɞ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ. 
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ȷˊɧəɚɘůɖ Űɖɠ ŰɎůɖɠ əɎɗŮ əɧɛɓɞɡ əŬɘ əɎɗŮ ɩɟŬ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ 
Űɘɛɐ  

▫.█ = ╥▒,░ ╥▪▫□

◄▫◄╪■ ▪▫▀▄▼

▒=░=

 

 
 ȼ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ŬˊɞŰŮɚŮɑ Űɞɜ ɓŬůɘəɧ ůəɞˊɧ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ˊɞɡ 
ŬɜŬˊŰɨɢɗɖəŮ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɖ ɟɨɗɛɘůɖ Űɖɠ 
ŰɎůɖɠ ůŮ ɧɚɞɡɠ Űɞɡɠ əɧɛɓɞɡɠ Űɞɡ ŭɘəŰɨɞɡ.  Ƀ ɚɧɔɞɠ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɖ 
ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ, ŮəŰɧɠ Űɞɡ ɜŬ ŮɑɜŬɘ ŮɜŰɧɠ ɞɟɑɤɜ, ŮɑɜŬɘ ɖ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ 
ˊɞɡ űŰɎɜŮɘ ůŰɞɡɠ ŰŮɚɘəɞɨɠ əŬŰŬɜŬɚɤŰɏɠ. Ƀɘ ŰŮɚɘəɏɠ ůɡůəŮɡɏɠ 
əŬŰŬˊɞɜɞɨɜŰŬɘ əŬɘ ɛŮɘɩɜŮŰŬɘ ɞ ɢɟɧɜɞɠ ɕɤɐɠ Űɞɡɠ, ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ 
ŰɎůɖ ŰɟɞűɞŭɞůɑŬɠ Űɞɡɠ ŬˊɏɢŮɘ ŬɟəŮŰɎ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ. ȽŭŬɜɘəɎ ɗŬ 
ɏˊɟŮˊŮ ůŮ ɧɚɞɡɠ Űɞɡɠ ŰŮɚɘəɞɨɠ əŬŰŬɜŬɚɤŰɏɠ, ɖ ŮŰŬɘɟɑŬ ˊŬɟɞɢɐɠ 
ɖɚŮəŰɟɘůɛɞɨ ɜŬ űɟɞɜŰɑɕŮɘ ɜŬ Űɞɡɠ ˊŬɟɏɢŮɘ ŰɎůɖ ɑůɖ ɛŮ Űɖɜ ɞɜɞɛŬůŰɘəɐ, əŬɘ 
əŬŰɎ ɛŮɔɎɚɞ ˊɞůɞůŰɧ ɞ ůɡɜŰɞɜɘůɛɏɜɞɠ ɏɚŮɔɢɞɠ ɛˊɞɟŮɑ ɜŬ Űɞ ŮˊɘŰɨɢŮɘ. 

 

ȺɜŮɟɔɏɠ ŬˊɩɚŮɘŮɠ (ũɟŬɛɛɐɠ əŬɘ ɀɆ)  
 

▫.█ = ╟■▫▼▼▄▼,░

▪■░▪▄▼

░=

+ ╟■▫▼▼▄▼,☼♅ 

 
 ȼ ŭŮɨŰŮɟɖ ůɖɛŬɜŰɘəɧŰŮɟɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŮɑɜŬɘ 
ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ŮɜŮɟɔɩɜ ŬˊɤɚŮɘɩɜ əŬŰɎ ɛɐəɞɠ Űɤɜ ɔɟŬɛɛɩɜ əŬɘ Űɞɡ 
ɀɆ. Ƀ ɚɧɔɞɠ ŮɑɜŬɘ əɡɟɑɤɠ ɞɘəɞɜɞɛɘəɧɠ, əŬɗɩɠ ɚɘɔɧŰŮɟŮɠ ŬˊɩɚŮɘŮɠ ɞŭɖɔɞɨɜ 
ůŮ ɛŮɑɤůɖ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, Ůɜɩ Ůˊɑůɖɠ ɖ ˊŰɩůɖ 
ŰɎůɖɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɘɠ ŬˊɩɚŮɘŮɠ ɛŮɘɩɜŮŰŬɘ 
Ůˊɑůɖɠ, ɓɞɖɗɩɜŰŬɠ ɏŰůɘ Űɞ ɏɟɔɞ Űɖɠ ɟɨɗɛɘůɖɠ Űɖɠ ŰɎůɖɠ. 

 

ɄŮɟɘəɞˊɏɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ŭˊɧ Űɘɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ 
ˊŬɟŬɔɤɔɐɠ 
 

▫.█ = ╟╖╬◊►◄▒

◄▫◄╪■ ╓╖

▒=

 

 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŬɟɢɘəɎ ŭŮɜ ŮˊɏŰɟŮˊŮ Űɘɠ ˊŮɟɘəɞˊɏɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŰɘɠ 

ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, əŬɗɩɠ ŬɡŰɧ ɗŬ ůɐɛŬɘɜŮ əŬŰŬəɧɟɡűɖ 

ɛŮɑɤůɖ Űɞɡ ɞɘəɞɜɞɛɘəɞɨ ɞűɏɚɞɡɠ Űɤɜ ˊŬɟŬɔɤɔɩɜ. ɀŮ Űɖɜ ɏɜŰŬɝɖ Űɖɠ 

ůɡɜɎɟŰɖůɖ ŬɡŰɐɠ ůŰɞ ɛŮɑɔɛŬ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ, ůŮ ůɡɜŭɡŬůɛɧ 

ɛŮ Űɞ Ɏɜɤ ɧɟɘɞ ˊŮɟɘəɞˊɩɜ Űɖɠ əɎɗŮ ɛɞɜɎŭŬɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, ɞ 

ɢɟɐůŰɖɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ çɗɡůɘɎůŮɘè ɞɘəɞɜɞɛɘəɧ ɧűŮɚɞɠ Ŭˊɧ Űɞɡɠ 

ˊŬɟŬɔɤɔɞɨɠ ɔɘŬ ɜŬ əŮɟŭɑůŮɘ ůŮ Ɏɚɚɞɡɠ ŰɞɛŮɑɠ ɧˊɤɠ ɖ ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ. 

 ɉɟŮɘɎɕŮŰŬɘ ˊɟɞůɞɢɐ ɖ ɢɟɐůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ůɡɜɎɟŰɖůɖɠ, əŬɗɩɠ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŮɟɘəɞˊɐɠ ɛɧɜɞ ɔɘŬ ɞɟɘŬəɏɠ ˊŮɟɘˊŰɩůŮɘɠ 

əŬɗɩɠ ůŮ ŭɘŬűɞɟŮŰɘəɐ ˊŮɟɑˊŰɤůɖ ɛˊɞɟɞɨɛŮ ɜŬ ɏɢɞɡɛŮ ŬˊɟɧɞˊŰŬ 



ɄɚŮɞɜŮəŰɐɛŬŰŬ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ 
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ŬˊɞŰŮɚɏůɛŬŰŬ ɧˊɤɠ ˊŮɟɘəɞˊɐ 10 MWh Ŭˊɧ Űɞɡɠ ˊŬɟŬɔɤɔɞɨɠ ɔɘŬ ɛŮɑɤůɖ 

ɛɑŬɠ MWh ŬˊɤɚŮɘɩɜ. 

 

ȷɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū ůŰɞɜ ɀɆ  
 

▫.█ = |◄╪▬░+
░=

◄╪▬░| 

 

 Ƀɘ ŮŰŬɘɟɑŮɠ ɖɚŮəŰɟɘůɛɞɨ ˊɞɡ ɏɢɞɡɜ ɡˊɧ Űɖɜ ŮˊɞˊŰŮɑŬ Űɞɡɠ 

ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ, ˊɟɞůˊŬɗɞɨɜ ɜŬ Űɞɡɠ ˊŬɟɏɢɞɡɜ ŰɏŰɞɘŮɠ ɟɡɗɛɑůŮɘɠ ɩůŰŮ ɞɘ 

ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡɠ ɜŬ ɛɖɜ ŮɑɜŬɘ ůɡɢɜɏɠ əŬɗɩɠ əŬŰŬˊɞɜɞɨɜŰŬɘ ŰŬ 

ɛɖɢŬɜɘəɎ Űɞɡɠ ɛɏɟɖ. ɆɡɔəŮəɟɘɛɏɜŬ, əŬŰɎ Űɞɜ ɏɚŮɔɢɞ Űɞɡɠ, Ŭɜ ˊŬɟŬŰɖɟɖɗŮɑ 

ɧŰɘ ɞ ɛɏůɞɠ ɖɛŮɟɐůɘɞɠ Ŭɟɘɗɛɧɠ ŬɚɚŬɔɩɜ əɎˊɞɘɞɡ ɛŮŰŬůɢɖɛŬŰɘůŰɐ ŮɑɜŬɘ 

ˊɎɜɤ Ŭˊɧ əɎˊɞɘɞ ɧɟɘɞ, ɞɘ ɟɡɗɛɑůŮɘɠ Űɞɡ ŬɚɚɎɕɞɡɜ ɔɘŬ ɜŬ ɛŮɘɤɗŮɑ. ȰŰůɘ, ɖ 

ɏɜŰŬɝɖ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ŬɡŰɐɠ ůɡɜɎɟŰɖůɖɠ ůŰɖɜ ɞɚɘəɐ ůɡɜɎɟŰɖůɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɏůŰɤ əŬɘ ɛŮ ˊɞɚɨ ɛɘəɟɧ ɓɎɟɞɠ, ɛˊɞɟŮɑ ɜŬ ŬˊɞŰɟɏɣŮɘ 

ŬɜɞɨůɘŮɠ ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůŰɐ. 

 

ȷɚɚŬɔɏɠ ůŰɖɜ ɕŮɨɝɖ/ŬˊɧɕŮɡɝɖ Űɞɡ ˊɡəɜɤŰɐ ůŰɖɜ ɔɟŬɛɛɐ 
 

▫.█ = |╫╪▪▓░+
░=

╫╪▪▓░| 

 

 ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ, ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ɕŮɨɝŮɤɜ Űɤɜ 

ˊɡəɜɤŰɩɜ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɖ ůɡɜŰɐɟɖůɐ Űɞɡɠ ɜŬ ɔɑɜŮŰŬɘ ůŮ ŬɟŬɘɧŰŮɟŬ 

ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ, əŬɗɩɠ ɖ əŬŰŬˊɧɜɖůɐ Űɞɡɠ ɛŮɘɩɜŮŰŬɘ. 

 

ȯŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɐ əŬŰŬɜŬɚɩɜŮŰŬɘ Ŭˊɧ Űɘɠ ɛɞɜɎŭŮɠ 
ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 
 

▫.█ = ╠▌░,▒

▪╓╖◄▫◄╪■

▒=Ɽ=

 

 

 Ƀ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɡŰɐɜ Űɖɜ ůɡɜɎɟŰɖůɖ ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜŮɠ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ, ɜŬ ŭɩůŮɘ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ɔɘŬ 

ˊŬɟŬɔɤɔɐ ɐ əŬŰŬɜɎɚɤůɖ ɎŮɟɔɞɡ ɘůɢɨɞɠ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ. ɉɟɐůɘɛɖ ɛˊɞɟŮɑ 

ŬəɧɛŬ ɜŬ űŬɜŮɑ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ əɎɗŮ 

ɛɞɜɎŭŬɠ, Ůɜɩ Ůˊɑůɖɠ ɧŰŬɜ ɖ ˊŬɟŬɔɤɔɐ ɎŮɟɔɞɡ ɘůɢɨɞɠ ůɡɜŭɏŮŰŬɘ ɛŮ 

Ůˊɘˊɚɏɞɜ əɧůŰɞɠ ɔɘŬ Űɞɡɠ ˊŬɟŬɔɤɔɞɨɠ ɐ Űɞɜ ŭɘŬɢŮɘɟɘůŰɐ, ŮɑɜŬɘ ɚɞɔɘəɐ ɖ 

ɨˊŬɟɝɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ ŬɡŰɐɠ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ ůɡɜɞɚɘəɞɨ əɧůŰɞɡɠ.    
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ȯŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞɜ ɀɆ Ɉɇ/ɀɇ  
 

▫.█ = ╠█■▫◌☼♅
Ɽ=

 

 

 ȼ ɛŮɑɤůɖ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ ˊɞɡ ŭɘŬˊŮɟɜɎŮɘ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ ɛˊɞɟŮɑ 

ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŮɘůɎɔɞɜŰŬɠ Űɖɜ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ůŰɞ ɔŮɜɘəɧ ɛŮɑɔɛŬ 

ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ, əŬɘ ůŰɖɜ ɞɡůɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɖɠ 

Űɞˊɘəɐɠ ˊŬɟŬɔɤɔɐɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ Ŭˊɧ Űɞɡɠ ˊɡəɜɤŰɏɠ, Űɘɠ ɛɞɜɎŭŮɠ 

ŬˊɞɗɐəŮɡůɖɠ ɐ Űɘɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ůŰŬ ůɖɛŮɑŬ ɧˊɞɡ 

ɕɖŰŮɑŰŬɘ, ɢɤɟɑɠ ɜŬ ɢɟŮɘɎɕŮŰŬɘ ɏŰůɘ ɜŬ ŭɘŬɟɟɏŮɘ ɧɚɞ Űɞ ŭɑəŰɡɞ. 

 ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɛŮɑɤůɖ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ ůŰɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ, ɚɨɜŮɘ 

ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊŰɩůɖɠ ŰɎůɖɠ ˊɞɡ ɗŬ ɡˊɐɟɢŬɜ ůŰɞ ŭɑəŰɡɞ ɛŮŰŬűɞɟɎɠ Ŭˊɧ 

Űɖɜ ŬɜɎɔəɖ ɛŮŰŬűɞɟɎɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ ˊɟɞɠ ɐ Ŭˊɧ ŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ, 

ɧˊɤɠ əŬɘ Űɘɠ ŬˊɩɚŮɘŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɎŮɟɔɞ ɘůɢɨ ůŰɘɠ ɛŮɔɎɚɞɡ 

ɛɐəɞɡɠ ɔɟŬɛɛɏɠ ɛŮŰŬűɞɟɎɠ. 

 Ⱥˊɑůɖɠ, ůɡɛɓɎɚɚŮɘ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ ɞɟɑɞɡ ŮɡůŰɎɗŮɘŬɠ ɛŮŰŬɓŬŰɘəɐɠ 

əŬŰɎůŰŬůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɗɩɠ əŬɘ ůŰɖɜ ɛŮɑɤůɖ Űɖɠ əŬŰŬˊɧɜɖůɖɠ Űɤɜ 

ŰɡɚɘɔɛɎŰɤɜ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůŰɐ Ŭˊɧ Űɖɜ ɎŮɟɔɞ ɘůɢɨ.[38] 

 

ȷɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ əɎɗŮ ɅɡɗɛɘůŰɐ ɇɎůɖɠ VR 
 

▫.█ = |╣═╟_╥╡▒░+
░=

╣═╟_╥╡▒░|

▪╥╡,◄▫◄╪■

▒=

 

 
 ȾŬŰ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɞ ɆȷɇɈū, ɞɘ ɟɡɗɛɘůŰɏɠ ŰɎůɖɠ ŮɑɜŬɘ 
ŬɡŰɞɛŮŰŬůɢɖɛŬŰɘůŰɏɠ, əŬɘ ɞɘ ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡɠ, Űɞɡɠ əŬŰŬˊɞɜɞɨɜ 
ɛɖɢŬɜɘəɎ. ȼ ɢɟɐůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ ŬɡŰɐɠ ɛŮ ɛɘəɟɧ ɓɎɟɞɠ, ɛˊɞɟŮɑ ɜŬ 
ŬˊɞŰɟɏɣŮɘ ŬɢɟŮɑŬůŰŮɠ ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡɠ. 
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4 ɚʉʗʇʑʎʂ ʈʋʉʐʘʇʋʑ 
 

 ɈˊɎɟɢɞɡɜ ˊɞɚɚɞɑ Űɟɧˊɞɘ Ůˊɑɚɡůɖɠ Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

ɧˊɤɠ ɞɘ ɔŮɜŮŰɘəɞɑ əŬɘ ɞɘ ŮɡɟɘůŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ, ůŰɞɢŬůŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ əŬɘ 

Ɏɚɚɞɘ. ɋůŰɧůɞ, ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ Űɞɡ ɛɞɜŰɏɚɞɡ 

Űɤɜ ŭɘəŰɨɤɜ əŬɘ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŬɡŰɩɜ, əŬɘ ɧɢɘ ɞ ɛŬɗɖɛŬŰɘəɧɠ Űɟɧˊɞɠ Űɖɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. 

ȰŰůɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŮɝɘůɩůŮɤɜ əŬɘ Űɞɡ ɛɞɜŰɏɚɞɡ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ Űɞɡ MATLAB Ůɜɩ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŬɡŰɐ əŬɗô ŬɡŰɐ, ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ 

CPLEX. 

 

 

4.1 ɚʉɻʎʆʝʌʂʎʂ ʈʋʉʐʘʇʋʑ 
 

 ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ, ɗŬ ŬɜŬűŮɟɗɞɨɜ ˊŮɟɘɚɖˊŰɘəɎ ɞɘ 

ɚŮˊŰɞɛɏɟŮɘŮɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, əŬɘ ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ. 

 

 ȼ ɛŮŰŬɓɚɖŰɐ-ŭɘɎɜɡůɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ x  ˊŮɟɘɏɢŮɘ ɧɚŮɠ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ 

ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮˊɘɚɏɔŮɘ Űɘɛɏɠ, ɔɘŬ ɜŬ űŰɎůŮɘ ůŰɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ. Ƀ 

Ŭɟɘɗɛɧɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ŬɚɚɎɕŮɘ Ŭˊɧ ŭɑəŰɡɞ ůŮ ŭɑəŰɡɞ, ŬɜŬɚɧɔɤɠ Űɘɠ ɔɟŬɛɛɏɠ 

əŬɘ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ əɎɗŮ ɔɟŬɛɛɐɠ. ɆɡɔəŮəɟɘɛɏɜŬ: 

 

 

ɀȺũȺŪɃɆ ɀȺɇȷȸȿȼɇȼɆ ȺɄȺɂȼũȼɆȼ  

Qg: 24ĀВ ▪╓╖,░
▪_■░▪▄▼
░=   

ũɘŬ əɎɗŮ DG,əɎɗŮ ɔɟŬɛɛɐɠ ɔɘŬ əɎɗŮ 
ɩɟŬ 

ȷɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ Űɘɛɐ Űɖɠ ɎŮɟɔɞɡ 
ɘůɢɨɞɠ ˊɞɡ ˊŬɟɎɔɞɡɜ (ɗŮŰɘəɐ Űɘɛɐ)/ 
Ŭˊɞɟɟɞűɞɨɜ (ŬɟɜɖŰɘəɐ Űɘɛɐ) ɞɘ 
ŬɜŰɘůŰɟɞűŮɑɠ Űɤɜ DG.  

Tap: 24 ȼ Űɘɛɐ ˊɞɡ ˊŬɑɟɜŮɘ ɖ ɚɐɣɖ Űɞɡ 
ɆȷɇɈū əɎɗŮ ɩɟŬ. 

 

Bank: 24 ɃɟɑɕŮɘ Űɞ Ŭɜ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɞ 
ˊɡəɜɤŰɐɠ ůŰɞɜ ɕɡɔɧ (0=ɧɢɘ, 1=ɜŬɘ) 

Pgcurt: 24ĀВ ▪╓╖,░
▪_■░▪▄▼
░=   

ũɘŬ əɎɗŮ DG,əɎɗŮ ɔɟŬɛɛɐɠ əɎɗŮ ɩɟŬ 
ȷɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ˊŮɟɘəɞˊɐ ŮɜŮɟɔɞɨ 
ɘůɢɨɞɠ ɔɘŬ əɎɗŮ DG 

Pstor: 24ĀВ ▪╢◄▫►▄,░
▪_■░▪▄▼
░=  

ũɘŬ əɎɗŮ ůɡůəŮɡɐ ŬˊɞɗɐəŮɡůɖɠ ,əɎɗŮ 
ɔɟŬɛɛɐɠ ɔɘŬ əɎɗŮ ɩɟŬ 

ȷɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ Űɘɛɐ Űɖɠ ŮɜŮɟɔɞɨ 
ɘůɢɨɞɠ ˊɞɡ ˊɟɞůűɏɟɞɡɜ (ɗŮŰɘəɐ Űɘɛɐ)/ 
Ŭˊɞɟɟɞűɞɨɜ (ŬɟɜɖŰɘəɐ Űɘɛɐ) ɞɘ 
ŬɜŰɘůŰɟɞűŮɑɠ Űɤɜ ŬˊɞɗɖəŮɡŰɘəɩɜ 
ɛɞɜɎŭɤɜ. 

Qstor: 24ĀВ ▪╢◄▫►▄,░
▪_■░▪▄▼
░=  

ũɘŬ əɎɗŮ ůɡůəŮɡɐ ŬˊɞɗɐəŮɡůɖɠ ,əɎɗŮ 
ɔɟŬɛɛɐɠ ɔɘŬ əɎɗŮ ɩɟŬ 

ȷɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ Űɘɛɐ Űɖɠ ɎŮɟɔɞɡ 
ɘůɢɨɞɠ ˊɞɡ ˊɟɞůűɏɟɞɡɜ (ɗŮŰɘəɐ Űɘɛɐ)/ 
Ŭˊɞɟɟɞűɞɨɜ (ŬɟɜɖŰɘəɐ Űɘɛɐ) ɞɘ 
ŬɜŰɘůŰɟɞűŮɑɠ Űɤɜ ŬˊɞɗɖəŮɡŰɘəɩɜ 
ɛɞɜɎŭɤɜ 

Ȼsin: 24 ȸɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɔɘŬ Űɖɜ 
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Ȼplin: 24 ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŬɚɚŬɔɩɜ Űɞɡ 
ɆȷɇɈū 

Ȼbanksin: 24 ȸɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɔɘŬ Űɖɜ 
ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŬɚɚŬɔɩɜ Űɞɡ 
ˊɡəɜɤŰɐ ůŰɞɜ ɕɡɔɧ 

Ȼbankplin: 24 

Bank_feeder: 24*nlines ɃɟɑɕŮɘ Űɞ Ŭɜ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɞ 
ˊɡəɜɤŰɐɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ 
(0=ɧɢɘ, 1=ɜŬɘ) 

Ȼbank_feedersin:  24*nlines ȸɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɔɘŬ Űɖɜ 
ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŬɚɚŬɔɩɜ Űɞɡ 
ˊɡəɜɤŰɐ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ 

Ȼbank_feederplin: 24*nlines 

Ȼbank_feederȻȻ:   24*nlines 

Tap_VR: 24ĀВ ▪╥╡,░
▪_■░▪▄▼
░=  

ũɘŬ əɎɗŮ ɟɡɗɛɘůŰɐ ŰɎůɖɠ ,əɎɗŮ 
ɔɟŬɛɛɐɠ ɔɘŬ əɎɗŮ ɩɟŬ 

ȼ Űɘɛɐ ˊɞɡ ˊŬɑɟɜŮɘ ɖ ɚɐɣɖ əɎɗŮ 
ɟɡɗɛɘůŰɐ ŰɎůɖɠ 

Ȼtap_VRsin: 24ĀВ ▪╥╡,░
▪_■░▪▄▼
░=  ȸɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɔɘŬ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŬɚɚŬɔɩɜ Űɤɜ 
ɟɡɗɛɘůŰɩɜ ŰɎůɖɠ 

Ȼtap_VRplin:24ĀВ ▪╥╡,░
▪_■░▪▄▼
░=  

Ɇɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ɛŮŰŬɓɚɖŰɩɜ:  
             

24Ā(6+4Ānlines+3ĀnVR,total+2ĀnDG,total+2ĀnStore,total) 

 
ɄɑɜŬəŬɠ 4.1 ɀŮŰŬɓɚɖŰɏɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

 

 ũɘŬ əɎɗŮ ɛŮŰŬɓɚɖŰɐ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɞɟɑɕɞɜŰŬɘ Ɏɜɤ 

əŬɘ əɎŰɤ ɧɟɘŬ.  

ɄŬɟŬəɎŰɤ űŬɑɜɞɜŰŬɘ ɞɘ ɧɟɞɘ Űɤɜ ˊɘɜɎəɤɜ lb (lower bound) əŬɘ ub (upper 

bound). 

 

ɀŮŰŬɓɚɖŰɐ Lower bound Upper bound   

Qg:  
 

ũɘŬ ŰŬ ˊɎɜɤ əŬɘ əɎŰɤ ɧɟɘŬ ɔɘŬ Űɖɜ ɎŮɟɔɞ ɘůɢɨ 
Űɤɜ DG ɞ Ŭɚɔɧɟɘɗɛɞɠ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɞɡ Űɖɜ 
Ůˊɘɚɞɔɐ Űɞɡ ɢɟɐůŰɖ ůɢŮŰɘəɎ ɛŮ Űɞɜ Űɟɧˊɞ 
Ůɚɏɔɢɞɡ Űɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ: 
ɇɞ əɎŰɤ əŬɘ Ɏɜɤ ɧɟɘɞ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ əɎɗŮ 
DG ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɘɠ ɔɟŬɛɛɘəɏɠ Ůɝɑůɤůɖ  
ὗὫ ὸὥὲ(ὥὧέί(ὛὍ_έὴὩὶὥὸὭέὲί_ὩὴὥὫ)) ϽὖὋ 

ὗὫ ὸὥὲὥὧέίὛὍ_έὴὩὶὥὸὭέὲί_ὼύὶὭὸ ϽὖὋ 

 ŬɜŰɑůŰɞɘɢŬ, ɔɘŬ əɎɗŮ DG, ɧˊɞɡ Pg ɖ əŬɛˊɨɚɖ 
ˊɟɞɓɚŮˊɧɛŮɜɖɠ ˊŬɟŬɔɤɔɐɠ əɎɗŮ DG.  
ɄŮɟɘɞɟɑɕŮɘ ŭɖɚŬŭɐ Űɖɜ ɎŮɟɔɞ ɘůɢɨ, ɏŰůɘ ɩůŰŮ əɎɗŮ 
ɩɟŬ, ŬɜŮɝɎɟŰɖŰŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ, 
ɞ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ, ɜŬ ɛɖɜ ɝŮˊŮɟɜɎŮɘ əɎˊɞɘɞɜ 
Ŭɟɘɗɛɧ ɞ ɞˊɞɑɞɠ ŭɑɜŮŰŬɘ ɤɠ input(ŭɘŬűɞɟŮŰɘəɧɠ 
ɔɘŬ ɢɤɟɖŰɘəɐ/ŮˊŬɔɤɔɘəɐ ɚŮɘŰɞɡɟɔɑŬ). 
ȳ ɢɟɐůŰɖɠ Ůˊɑůɖɠ, ŮɘůɎɔŮɘ ɏɜŬ ˊɞůɞůŰɧ 
ˊŬɟŬɔɤɔɐɠ əŬɘ ɏɜŬɜ Ŭˊɧ Űɞɡɠ 3 ŭɘŬɗɏůɘɛɞɡɠ 
Űɟɧˊɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ ɞɘ ɞˊɞɑɞɘ Ŭűɞɟɞɨɜ Űɖɜ 
ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ ɔɘŬ ɩɟŮɠ ɧˊɞɡ ɖ 
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ˊŬɟŬɔɤɔɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɞ 
ŭɞůɛɏɜɞ ɧɟɘɞ. 
ũɘŬ Űɘɠ ɩɟŮɠ, ɚɞɘˊɧɜ, ɧˊɞɡ ɖ ˊŬɟŬɔɤɔɐ əɎˊɞɘɞɡ 
DG ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɞ ŭɞůɛɏɜɞ ɧɟɘɞ, ŰŬ əɎŰɤ əŬɘ 
Ɏɜɤ ɧɟɘŬ ŬɚɚɎɕɞɡɜ ŬɜɎɚɞɔŬ Űɞɜ Űɟɧˊɞ 
ɚŮɘŰɞɡɟɔɑŬɠ. 
 
ɄŮɟɘůůɧŰŮɟŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ůŰɖɜ ŮɜɧŰɖŰŬ 4.4.1 

Tap:  0(ŮɚɎɢɘůŰɖ ɚɐɣɖ) 17(ɛɏɔɘůŰɖ ɚɐɣɖ) 

Bank:  0(OFF) 1(ON) 

Pgcurt:  
 

0 

Curtlimit*Pg (ɧˊɞɡ ɞ 
ɢɟɐůŰɖɠ ŭɑɜŮɘ ůŰɖɜ 
ɛŮŰŬɓɚɖŰɐ Curtlimit ɤɠ 
Űɘɛɐ ɏɜŬ ˊɞůɞůŰɧ, əŬɘ Pg 
ŮɑɜŬɘ ɖ ɘůɢɨ ˊɞɡ ˊŬɟɎɔŮɘ 

əɎɗŮ ɩɟŬ) 
 

ɆɡɜŮˊɩɠ ɔɘŬ əɎɗŮ ɩɟŬ, ɖ 
ɛɏɔɘůŰɖ ŮˊɘŰɟŮˊɧɛŮɜɖ 
ɘůɢɨ ˊŮɟɘəɞˊɐɠ ŮɑɜŬɘ 
ˊɞůɞůŰɧ (ˊɞɡ ɏɢŮɘ ŭɞɗŮɑ 

ɤɠ input) Űɖɠ 
ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ. 

Pstor:  
 

0 

PSTORE, Űɞ ɞˊɞɑɞ ŭɖɚɩɜŮɘ 
Űɖɜ ɛɏɔɘůŰɖ ɘůɢɨ Űɖɠ 
ɛɞɜɎŭŬɠ ŬˊɞɗɐəŮɡůɖɠ 

əŬɘ ŮɑɜŬɘ input 

Qstor:  
 

tan acos SIstor ϽPstore  tan acos SIstor ϽPstore  

ȾŬɘ ɢɤɟɖŰɘəɎ əŬɘ ŮˊŬɔɤɔɘəɎ, ɖ ɛɏɔɘůŰɖ (ŬˊɧɚɡŰɖ 
Űɘɛɐ) ɎŮɟɔɞɠ ɘůɢɨɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ɆȽ ˊɞɡ 
ŭɑɜŮŰŬɘ ɤɠ input, əŬɘ Űɖɜ ɛɏɔɘůŰɖ ɘůɢɨ Űɖɠ əɎɗŮ 

ɛɞɜɎŭŬɠ. 

Ȼsin:  
0 17 

Ȼplin:  

Ȼbanksin:  
0 1 

Ȼbankplin:  

Bank_feeder:  0 1 

Ȼbank_feedersin:  
0 1 

Ȼbank_feederplin:  

Ȼbank_feederȻȻ:  0 0 

Tap_VR:  
 

-16 16 

Ȼtap_VRsin:  
0 32 

Ȼtap_VRplin:  

 
ɄɑɜŬəŬɠ 4.2 ȯɜɤ əŬɘ əɎŰɤ ɧɟɘŬ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ 
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 Ƀɘ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞ ˊɟɧɓɚɖɛŬ ŮɑɜŬɘ ɔɟŬɛɛɘəɞɑ əŬɘ 

ŰŮŰɟŬɔɤɜɘəɞɑ, ŬɜɘůɞŰɘəɞɑ əŬɘ ɘůɞŰɘəɞɑ. 

Ƀɘ ŬɜɘůɞŰɘəɞɑ ɔɟŬɛɛɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ  ɞɟɑɕɞɜŰŬɘ ɛɏůɤ Űɤɜ ˊɘɜɎəɤɜ Aineq əŬɘ 

bineq , ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ Űɟɧˊɞ :  Aineq*x  bineq əŬɘ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

Ʉɚɐɗɞɠ 
ˊŮɟɘɞɟɘůɛɩɜ 

ȺˊŮɝɐɔɖůɖ  

24* nDG,total 

ȾɎŰɤ ˊŮɟɘɞɟɘůɛɧɠ Űɤɜ ŰɎůŮɤɜ: ɆŮ əɎɗŮ əɧɛɓɞ, ɖ 
ŮɚɎɢɘůŰɖ Űɘɛɐ Űɖɠ ŰɎůɖɠ ŮɑɜŬɘ 94% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ. 18,8 
kV ŭɖɚŬŭɐ, ɔɘŬ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ 20kV. 

24* nDG,total 
ȯɜɤ ˊŮɟɘɞɟɘůɛɧɠ Űɤɜ ŰɎůŮɤɜ: ɆŮ əɎɗŮ əɧɛɓɞ, ɖ 
ɛɏɔɘůŰɖ Űɘɛɐ Űɖɠ ŰɎůɖɠ ŮɑɜŬɘ 106% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ. 
21,2 kV ŭɖɚŬŭɐ, ɔɘŬ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ 20kV. 

 

24* nDG,total 

ȯɜɤ ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ Űɤɜ DG ɛŮ ɓɎůɖ 
Űɖɜ űŬɘɜɧɛŮɜɖ ɘůɢɨ, 

 ὗὫ Ὓ2 ὖὫ2 ɔɘŬ əɎɗŮ ɩɟŬ əŬɘ əɎɗŮ DG 

24* nDG,total 

ȾɎŰɤ ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ Űɤɜ DG ɛŮ ɓɎůɖ 
Űɖɜ űŬɘɜɧɛŮɜɖ ɘůɢɨ,  

ὗὫ Ὓ2 ὖὫ2 ɔɘŬ əɎɗŮ ɩɟŬ əŬɘ əɎɗŮ DG 

24* nDG,total 

ȯɜɤ ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ Űɤɜ DG ɛŮ ɓɎůɖ 
Űɞɜ ɆȽ əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ˊŮɟɘəɞˊɏɠ: 

   

ὗὫ ὸὥὲὥὧέίὛὍ_έὴὩὶὥὸὭέὲί_ὼύὶὭὸ Ͻ(ὖὋ ὖὋὧόὶὸ) 

 
ũɘŬ ˊŬɟŬɔɤɔɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ əɎŰɤ Ŭˊɧ Űɞ ŭɞůɛɏɜɞ 
ɧɟɘɞ: 
 
ɄŮɟɘůůɧŰŮɟŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ůŰɖɜ ŮɜɧŰɖŰŬ 4.4.1 

24* nDG,total 

ȾɎŰɤ ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ Űɤɜ DG ɛŮ ɓɎůɖ 
Űɞɜ ɆȽ əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ˊŮɟɘəɞˊɏɠ:  

  
ὗὫ ὸὥὲ(ὥὧέί(ὛὍ_έὴὩὶὥὸὭέὲί_ὩὴὥὫ)) Ͻ(ὖὋ ὖὋὧόὶὸ) 

 
ũɘŬ ˊŬɟŬɔɤɔɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ əɎŰɤ Ŭˊɧ Űɞ ŭɞůɛɏɜɞ 
ɧɟɘɞ:  
 
ɄŮɟɘůůɧŰŮɟŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ůŰɖɜ ŮɜɧŰɖŰŬ 4.4.1 

24* nDG,total 

ȯɜɤ əŬŰŬəɧɟɡűɞ ɧɟɘɞ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ Űɤɜ DG 

  
ὗὫ ὸὥὲ(ὥὧέί(ὛὍ_ὗ_ὰὭάὭὸ_ὼύὶὭὸ)) ϽὖὋ‐‎‖‌†‐„†–‘ʘ’‛ 

24* nDG,total 

ȾɎŰɤ əŬŰŬəɧɟɡűɞ ɧɟɘɞ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ Űɤɜ DG 

 
ὗὫ ὸὥὲ(ὥὧέί(ὛὍ_ὗ_ὰὭάὭὸ_ὩὴὥὫ)) ϽὖὋ‐‎‖‌†‐„†–‘ʘ’‛ 

 
 

24* nStore,total 

ȯɜɤ ɄŮɟɘɞɟɘůɛɧɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 
ŬˊɞɗɖəŮɡŰŮɑ ɐ ɜŬ ŮɝŬɢɗŮɑ Ŭˊɧ Űɘɠ ɛˊŬŰŬɟɑŮɠ 

  
ὉίὸέὶὩ,Ὤ ὟὴὴὩὶ_ὛὸέὶὥὫὩ_ὅὥὴὥὦὭὰὭὸώ 
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(ɈɚɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɖɠ ɘůɢɨɞɠ Pstor əɎɗŮ ɩɟŬɠ, Űɞɡ 
Upper_storage_Capability əŬɘ Űɖɠ Starting_Energy) 

24* nStore,total 

ȾɎŰɤ ɄŮɟɘɞɟɘůɛɧɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 
ŬˊɞɗɖəŮɡŰŮɑ ɐ ɜŬ ŮɝŬɢɗŮɑ Ŭˊɧ Űɘɠ ɛˊŬŰŬɟɑŮɠ 

  
ὉίὸέὶὩ,Ὤ ὒέύὩὶ_ὛὸέὶὥὫὩ_ὅὥὴὥὦὭὰὭὸώ 

 
 (ɈɚɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɖɠ ɘůɢɨɞɠ Pstor əɎɗŮ ɩɟŬɠ, Űɞɡ 
Lower_storage_Capability əŬɘ Űɖɠ Starting_Energy) 

 

24* nStore,total 
ɄŮɟɘɞɟɘůɛɧɠ ɧŰɘ ɖ ɘůɢɨɠ ˊɞɡ ŭɑɜŮŰŬɘ əɎɗŮ ɩɟŬ ŭŮɜ 
ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ŬˊɞɗɖəŮɡɛɏɜɖ 
ɛɏɢɟɘ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ɩɟŬ 

 

23*2 

ȹɨɞ ŬɜɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ ůŰɖɜ ɞɡůɑŬ ŮɑɜŬɘ 
ɏɜŬɠ ɘůɞŰɘəɧɠ: 

ὝὥὴὭ+ 1 ὝὥὴὭ= ὤίὭὲ ὤὴὰὭὲ 

 

1 
ȯɜɤ ɧɟɘɞ Űɤɜ ɖɛŮɟɐůɘɤɜ ŬɚɚŬɔɩɜ ůŰɞɜ ˊɡəɜɤŰɐ 
ůŰɞɜ ɕɡɔɧ ɀɇ 

 

23*2 

ȹɨɞ ŬɜɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ ůŰɖɜ ɞɡůɑŬ ŮɑɜŬɘ 
ɏɜŬɠ ɘůɞŰɘəɧɠ: 

ὄὥὲὯὭ+ 1 ὄὥὲὯὭ= ὤὦὥὲὯίὭὲ ὤὦὥὲὯὴὰὭὲ 

 

1*nlines 
ȯɜɤ ɧɟɘɞ Űɤɜ ɖɛŮɟɐůɘɤɜ ŬɚɚŬɔɩɜ ůŰɞɜ ˊɡəɜɤŰɐ 
ŮˊɎɜɤ ůŮ əɎɗŮ ɔɟŬɛɛɐ 

 

23*2*nlines 

ȹɨɞ ŬɜɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ ůŰɖɜ ɞɡůɑŬ ŮɑɜŬɘ 
ɏɜŬɠ ɘůɞŰɘəɧɠ: 
ὄὥὲὯὪὩὩὨὩὶὭ+ 1 ὄὥὲὯὪὩὩὨὩὶὭ= ὤὦὥὲὯὪὩὩὨὩὶίὭὲ ὤὦὥὲὯὪὩὩὨὩὶὴὰὭὲ 

 

4*23* nlines 

4 ŬɜɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ  
    

ὤὦὥὲὯὪὩὩὨὩὶίὭὲϽὤὦὥὲὯὪὩὩὨὩὶὴὰὭὲ= 0 

 
ŬəɧɛŬ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ŭŮɜ ɓɟɑůəŮŰŬɘ ůŰɖɜ 
ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ. 
 
 
ɄŮɟɘůůɧŰŮɟŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ůŰɖɜ ŮɜɧŰɖŰŬ 4.4.1  

 

2*23*▪ἤἠ,ἼἷἼἩἴ 

ȹɨɞ ŬɜɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ ůŰɖɜ ɞɡůɑŬ ŮɑɜŬɘ 
ɏɜŬɠ ɘůɞŰɘəɧɠ: 

ὝὥὴὠὙὭ+ 1
ὝὥὴὠὙὭ= ὤὸὥὴὠὙίὭὲ ὤὸὥὴὠὙὴὰὭὲ 

 

 

24 
ɄŮɟɘɞɟɘůɛɧɠ ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɖɠ ŰɎůɖɠ ůŰɞɜ 
ɕɡɔɧ ɀɇ 

 

Ɇɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ɔɟŬɛɛɘəɩɜ ŬɜɘůɞŰɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ:  
             

24Ā(1+8ĀnDG,total+3ĀnStore,total) +23Ā(4+6Ānlines+2ĀnVR,total)+1+nlines 

 

 
ɄɑɜŬəŬɠ 4.3 ȷɜɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 
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 Ƀɘ ɘůɞŰɘəɞɑ ɔɟŬɛɛɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ  ɞɟɑɕɞɜŰŬɘ ɛɏůɤ Űɤɜ ˊɘɜɎəɤɜ Aeq əŬɘ 

beq, ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ Űɟɧˊɞ :  Aeq*x =  beq əŬɘ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

Ʉɚɐɗɞɠ 
ˊŮɟɘɞɟɘůɛɩɜ 

ȺˊŮɝɐɔɖůɖ  

24* nStore,total 

ɄŮɟɘɞɟɘůɛɧɠ ɧŰɘ ɧɚŮɠ ɞɘ ŬˊɞɗɖəŮɡŰɘəɏɠ ɛɞɜɎŭŮɠ, ůŰɞ 
Űɏɚɞɠ Űɖɠ ɖɛɏɟŬɠ ɗŬ ɏɢɞɡɜ ŬˊɞɗɖəŮɡɛɏɜɖ Űɧůɖ 
ŮɜɏɟɔŮɘŬ ɧůɖ ɡˊɐɟɢŮ ůŰɖɜ Ŭɟɢɐ Űɖɠ ɖɛɏɟŬɠ. ȹɖɚŬŭɐ ɖ 
ůɡɜɞɚɘəɐ ɖɛŮɟɐůɘŬ ŬˊɞɗɐəŮɡůɖ/əŬŰŬɜɎɚɤůɖ ˊɟɏˊŮɘ ɜŬ 
ŮɑɜŬɘ 0. 

24* (nlines-1) 

ȸɞɖɗɖŰɘəɞɑ ɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ, ɔɘŬ ɜŬ ŮɝɘůɩɜɞɜŰŬɘ 
ɞɘ ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū əɎɗŮ ɩɟŬ ɔɘŬ əɎɗŮ ɔɟŬɛɛɐ. 
ɄɟɞűŬɜɩɠ, ɞ ɀɆ ɛŮ ɆȷɇɈū ŮɑɜŬɘ ɏɜŬɠ, ŬɚɚɎ ɞ 
Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ŬɜŬˊŰɨɢɗɖəŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ, 
ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ əɎɗŮ ɔɟŬɛɛɐ ɜŬ ɏɢŮɘ Űɖɜ ŭɘəɘɎ 
Űɞɡ ɛŮŰŬɓɚɖŰɐ ɔɘŬ Űɘɠ ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū.  Ƀ 
ˊŮɟɘɞɟɘůɛɧɠ ŬɡŰɧɠ, ŮˊɘɓŮɓŬɘɩɜŮɘ, ɧŰɘ ŰŬ çŮɘəɞɜɘəɎè  
ɆȷɇɈū ɚŮɘŰɞɡɟɔɞɨɜ ˊŬɜɞɛɞɘɧŰɡˊŬ. 

 

Ɇɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ɔɟŬɛɛɘəɩɜ ɘůɞŰɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ: 
 

24Ā(nStore,total+nlines-1) 

 

 
ɄɑɜŬəŬɠ 4.4 ȽůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

 

 Ƀɘ ŬɜɘůɞŰɘəɞɑ ŰŮŰɟŬɔɤɜɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ  ɞɟɑɕɞɜŰŬɘ ɛɏůɤ Űɤɜ Q, l əŬɘ r ,   

ɧˊɞɡ l əŬɘ r ŮɑɜŬɘ ˊɑɜŬəŮɠ, əŬɘ Q cell(əŮɚɑ).  

 

 ȾŬɗɞɟɑɕɞɜŰŬɘ ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ Űɟɧˊɞ :  ὼὝὗὼ+ ὰὝ ὶ   

 

(ɔɘŬ əɎɗŮ ˊŮɟɘɞɟɘůɛɧ Űɞ Q ŮɑɜŬɘ ɏɜŬɠ ŰŮŰɟŬɔɤɜɘəɧɠ ˊɑɜŬəŬɠ, Űɞ l ɏɜŬ ŭɘɎɜɡůɛŬ 

əŬɘ Űɞ r ɏɜŬɠ Ŭɟɘɗɛɧɠ. ȰŰůɘ ɔɘŬ n ˊŮɟɘɞɟɘůɛɞɨɠ, Űɞ Q ŮɑɜŬɘ ɏɜŬ əŮɚɑ n ˊɘɜɎəɤɜ, 

Űɞ l ɏɜŬɠ ˊɑɜŬəŬɠ n ŭɘŬɜɡůɛɎŰɤɜ əŬɘ Űɞ r ɏɜŬ ŭɘɎɜɡůɛŬ n Ŭɟɘɗɛɩɜ)  

əŬɘ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

Ʉɚɐɗɞɠ 
ˊŮɟɘɞɟɘůɛɩɜ 

ȺˊŮɝɐɔɖůɖ  

24* nnodes,total 

ɄŮɟɘɞɟɘůɛɧɠ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɞɡ ŭɘŬɟɟɏŮɘ əɎɗŮ əɚɎŭɞ 
əɎɗŮ ɔɟŬɛɛɐɠ, ůɢŮŰɘəɎ ɛŮ Űɞ ɗŮɟɛɘəɧ ɧɟɘɞ Űɞɡ əɎɗŮ 
əŬɚɤŭɑɞɡ .  

24 ɄŮɟɘɞɟɘůɛɧɠ ɔɘŬ Űɞ ɗŮɟɛɘəɧ ɧɟɘɞ Űɞɡ 
ɛŮŰŬůɢɖɛŬŰɘůŰɐ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɘůɢɨ Űɞɡ. 

 

Ɇɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ŰŮŰɟŬɔɤɜɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ: 
 

24Ā(nnodes,total+1) 

 

 
ɄɑɜŬəŬɠ 4.5 ɇŮŰɟŬɔɤɜɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 
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 ȼ ˊɞɚɡŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɨůŮɘ ɞ 

ůɡɔəŮəɟɘɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ 8 ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ. ȷɡŰɏɠ ŮɑɜŬɘ: 

 

¶ ȷˊɧəɚɘůɖ Űɖɠ ŰɎůɖɠ əɎɗŮ əɧɛɓɞɡ, əɎɗŮ ɩɟŬ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ Űɘɛɐ  
 

 

έ.Ὢ1 = ὠὮ,Ὥ ὠὲέά
2

ὸέὸὥὰ ὲέὨὩί

Ὦ= 1

24

Ὥ= 1

 

 

(4.1) 

 

 

¶ ȺɜŮɟɔɏɠ ŬˊɩɚŮɘŮɠ (ũɟŬɛɛɐɠ əŬɘ ɀɆ) 
 

 

έ.Ὢ2 = ὖὰέίίὩί,Ὥ

ὲὰὭὲὩί

Ὥ= 1

+ ὖὰέίίὩί,ῼ  

(4.2) 

 

 

 

¶ ɄŮɟɘəɞˊɏɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ŭˊɧ Űɘɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 
 

 

έ.Ὢ3 = ὖὋὧόὶὸὮ

ὸέὸὥὰ ὈὋ

Ὦ= 1

 

(4.3) 

 

 

 

¶ ȷɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū ůŰɞɜ ɀɆ  
 

 
έ.Ὢ4 = |ὸὥὴὭ+ 1

23

Ὥ= 1

ὸὥὴὭ| 
(4.4) 

 

 

 

¶ ȷɚɚŬɔɏɠ ůŰɖɜ ɕŮɨɝɖ/ŬˊɧɕŮɡɝɖ Űɞɡ ˊɡəɜɤŰɐ ůŰɖɜ ɔɟŬɛɛɐ 
 

 
έ.Ὢ5 = |ὦὥὲὯὭ+ 1

23

Ὥ= 1

ὦὥὲὯὭ| 
(4.5) 

 

 

 

¶ ȯŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɐ əŬŰŬɜŬɚɩɜŮŰŬɘ Ŭˊɧ Űɘɠ ɛɞɜɎŭŮɠ 
ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 

 

 

έ.Ὢ6 = ὗὫὭ,Ὦ
2

ὲὈὋὸέὸὥὰ

Ὦ= 1

24

―= 1

 

(4.6) 
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¶ ȯŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞɜ ɀɆ Ɉɇ/ɀɇ  
 

 
έ.Ὢ7 = ὗὪὰέύῼ 

2

24

―= 1

 
 

(4.7) 

 

 

 

¶ ȷɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ əɎɗŮ ɅɡɗɛɘůŰɐ ɇɎůɖɠ VR 
 

 

έ.Ὢ8 = |Ὕὃὖ_ὠὙὮὭ+ 1

23

Ὥ= 1

Ὕὃὖ_ὠὙὮὭ|

ὲὠὙ,ὸέὸὥὰ

Ὦ= 1

 
 

(4.8) 

 

 

 

 ȾɎɗŮ űɞɟɎ, ɞ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ ŬɜŰɘəŮɘɛŮɜɘəɩɜ 

ůɡɜŬɟŰɐůŮɤɜ ˊɞɡ ɗɏɚŮɘ ɜŬ ŮˊɘɚɨůŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ. 

 

 ȺˊɘɚɏɔŮɘ ŰŬ Decision Makerôs ɓɎɟɖ(DM), ŰŬ ɞˊɞɑŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ 

ŮˊɘɗɡɛɑŬ Űɞɡ ɢɟɐůŰɖ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɞɘŮɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ɗɏɚŮɘ ɜŬ 

ˊŬɑɟɜɞɡɜ ɛɏɟɞɠ ůŰɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ, əŬɘ ˊɧůɞ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ əɎɗŮ ɛɑŬ. 

 ɇŬ ɓɎɟɖ əŬɜɞɜɘəɞˊɞɑɖůɖɠ, ŮɑɜŬɘ ˊɟɞ-ɡˊɞɚɞɔɘůɛɏɜŬ əŬɘ ŭɘŬűɞɟŮŰɘəɎ 

ɔɘŬ əɎɗŮ ŭɑəŰɡɞ. Ɇəɞˊɧɠ Űɞɡɠ ŮɑɜŬɘ ɜŬ əŬɜɞɜɘəɞˊɞɘɐůɞɡɜ ɧɚŮɠ Űɘɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ 

ůɡɜŬɟŰɐůŮɘɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ Űɖɠ ɑŭɘŬɠ ŬɟɘɗɛɖŰɘəɐɠ əɚɑɛŬəŬɠ.  ɂŮˊŮɟɜɎɛŮ 

ɏŰůɘ Űɞ Ůɛˊɧŭɘɞ ůɨɔəɟɘůɖɠ əɎˊɞɘɤɜ ɛŮɔŮɗɩɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ˊɞɚɨ-

ŬɜŰɘəŮɘɛŮɜɘəɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɖɜ Ŭˊɧəɚɘůɖ Űɖɠ ŰɎůɖɠ  Ŭˊɧ 

Űɖɜ ɞɜɞɛŬůŰɘəɐ əŬɘ Űɞɜ Ŭɟɘɗɛɧ ŬɚɚŬɔɐɠ ɚɐɣɖɠ Űɞɡ ɆȷɇɈū. ɉɤɟɑɠ ŬɡŰɎ ŰŬ 

ɓɎɟɖ, ɧŰŬɜ ɞ ɢɟɐůŰɖɠ ɏŭɘɜŮ ɑŭɘɞ ɓɎɟɞɠ ůŰɘɠ ŭɨɞ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ, 

ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɗŬ ɏŭɘɜŮ ɓɎɟɞɠ ɛɧɜɞ ůŰɖɜ Ŭˊɧəɚɘůɖ Űɖɠ 

ŰɎůɖɠ. ȾŬɘ ŬɡŰɧ, ɔɘŬŰɑ ɖ Űɘɛɐ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ Űɤɜ ŰɎůŮɤɜ, Ůɜ 

ɔɏɜŮɘ, ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖɠ ŰɎɝɖɠ Ŭˊɧ Űɖɜ Űɘɛɐ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ Űɘɛɐ Űɞɡ 

ɆȷɇɈū, ɞˊɧŰŮ ɖ ɛŮɑɤůɖ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Ŭˊɧ 10 ŬɚɚŬɔɏɠ ɚɐɣɖɠ ůŮ 3, ŭŮɜ ɗŬ 

ŮɑɢŮ əŬɛɑŬ ůɞɓŬɟɐ ŮˊɑˊŰɤůɖ ůŰɖɜ Űɘɛɐ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ ˊɞɡ 

ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɞɡ 1000. 

 

 ȰŰůɘ ɖ ŰŮɚɘəɐ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ŮɑɜŬɘ ɖ ˊŬɟŬəɎŰɤ: 

 

 

έ.Ὢ= ύὈὓὭϽύὲέὶάὥὰὭᾀὥὸὭέὲ Ὥ

8

Ὥ= 1

Ͻέ.ὪὭ 

 
 

(4.9) 

 

 

 

 

4.2 ɥʋʉʐʀʇʋʌʋʚʂʎʂ ʀʊʅʎʡʎʀʖʉ  
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 ȼ Ůˊɘɚɞɔɐ Űɖɠ Cplex ɤɠ ɚɞɔɘůɛɘəɧ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮɘůŬɔɤɔɐ ŭɘŬűɧɟɤɜ ɘŭɘŬɘŰŮɟɞŰɐŰɤɜ 

əŬɘ ˊŮɟɘɞɟɘůɛɩɜ ůŰɖɜ ŭɡɜŬŰɧŰɖŰŬ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɤɜ ŭɘŬűɧɟɤɜ ůŰɞɘɢŮɑɤɜ. 

 ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ Cplex ŮˊɘŰɟɏˊŮɘ ŮɝɘůɩůŮɘɠ ɛɏɢɟɘ ŭŮɡŰɏɟɞɡ ɓŬɗɛɞɨ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɢɟŮɘɎůŰɖəŬɜ ŬˊɚɞˊɞɘɐůŮɘɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ. 

Ⱥˊɑůɖɠ, ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ůŮ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ɞ Űɟɧˊɞɠ 

ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ŮɝɘůɩůŮɤɜ ɛɏůɤ Űɖɠ Cplex ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ˊɘɜɎəɤɜ. 

 ȳɚŮɠ ɞɘ ŮɝɘůɩůŮɘɠ, ŮɑŰŮ ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊŮɟɘɞɟɘůɛɞɨɠ ŮɑŰŮ ɔɘŬ ɛɏɟɞɠ Űɖɠ 

ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ, ɢɤɟɑɕŮŰŬɘ ůŮ ůŰŬɗŮɟɞɨɠ, ɔɟŬɛɛɘəɞɨɠ əŬɘ 

ŰŮŰɟŬɔɤɜɘəɞɨɠ ɧɟɞɡɠ. 

 ɆŰŬɗŮɟɞɑ ŮɑɜŬɘ ɞɘ ɧɟɞɘ ˊɞɡ ŭŮɜ ŮɛˊŮɟɘɏɢɞɡɜ əŬɛɑŬ ɛŮŰŬɓɚɖŰɐ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ŮɑɜŬɘ ŭɖɚŬŭɐ ůŰɖɜ ɞɡůɑŬ ɏɜŬɠ Ŭɟɘɗɛɧɠ. 

 ũɟŬɛɛɘəɞɑ ɧɟɞɘ ŮɑɜŬɘ ɧůɞɘ ŮɛˊŮɟɘɏɢɞɡɜ ɏɜŬɜ ɔɟŬɛɛɘəɧ ůɡɜŭɡŬůɛɧ Űɤɜ 

ɛŮŰŬɓɚɖŰɩɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, Ůɜɩ 

 ɇŮŰɟŬɔɤɜɘəɞɑ ŮɑɜŬɘ ŮəŮɑɜɞɘ ɞɘ ɧɟɞɘ ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ ɔɘɜɧɛŮɜɞ ŭɨɞ 

ɛŮŰŬɓɚɖŰɩɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ɇɏŰɞɘɞɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ Űɞ ɔɘɜɧɛŮɜɞ ŭɨɞ 

ɛŮŰŬɓɚɖŰɩɜ, ŮɑŰŮ ɛɑŬ ɛŮŰŬɓɚɖŰɐ ɡɣɤɛɏɜɖ ůŰɞ ŰŮŰɟɎɔɤɜɞ. 

 ɆŬɜ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ, ɞ Űɟɧˊɞɠ ŮɘůŬɔɤɔɐɠ əɎˊɞɘŬɠ ɛɞɟűɐɠ Ůɝɑůɤůɖɠ 

ɛɏůɤ ˊɘɜɎəɤɜ, ɔɑɜŮŰŬɘ Ŭűɞɨ ɧɚɞɘ ɞɘ ɧɟɞɘ ŬɜŬɚɡɗɞɨɜ ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ ɧˊɞɡ ɜŬ 

ŮɑɜŬɘ ɝŮəɎɗŬɟɞɘ ɞɘ ůŰŬɗŮɟɞɑ ɧɟɞɘ, əŬɗɩɠ əŬɘ ɞɘ ˊɞɚɚŬˊɚŬůɘŬůŰɏɠ Űɤɜ 

ɔɟŬɛɛɘəɩɜ əŬɘ ŰŮŰɟŬɔɤɜɘəɩɜ ɧɟɤɜ.  

 

 

4.2.1 ɬʗʎʂ ʎʀ ʆʗʃʀ ʆʝʈɼʋ 

 

 ɆŰɖɜ ŮɜɧŰɖŰŬ ɄŰɩůɖ əŬɘ Ŭɜɨɣɤůɖ ŰɎůɖɠ1.1.4 ŬɜŬűɏɟɗɖəŮ ɞ Űɟɧˊɞɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɖɠ Ŭɜɨɣɤůɖɠ/ˊŰɩůɖɠ ŰɎůɖɠ ůŮ ɏɜŬ ŭɑəŰɡɞ, əŬɘ ŮɝɖɔɐɗɖəŬɜ 

ɞɘ ŬɜŬɔəŬɑŮɠ ŬˊɚɞˊɞɘɐůŮɘɠ. ɋůŰɧůɞ, ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ, ɗŬ 

ˊŬɟɞɡůɘŬůɗŮɑ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ Ůɝɐɔɖůɖɠ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ 

ŬˊɚɞˊɞɘɐůŮɤɜ, ɖ ɞˊɞɑŬ ɘůɢɨŮɘ ůŰŬ ŭɑəŰɡŬ ŭɘŬɜɞɛɐɠ. 

 

 
 

ȺɘəɧɜŬ 4.1 ɀɞɜɞɔɟŬɛɛɘəɧ ŭɘɎɔɟŬɛɛŬ ŭɘəŰɨɞɡ ŭɘŬɜɞɛɐɠ[39] 

 

ȰůŰɤ zi=r i + jxi  ɖ ůɨɜɗŮŰɖ ŬɜŰɑůŰŬůɖ Űɤɜ ɔɟŬɛɛɩɜ Űɞɡ ŭɘəŰɨɞɡ əŬɘ SL=PL +

jQL ɖ ɘůɢɨɠ űɞɟŰɑɞɡ. 
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 ȼ ɟɞɐ űɞɟŰɑɞɡ ůŮ ɏɜŬ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛˊɞɟŮɑ ɜŬ 

ˊŮɟɘɔɟŬűŮɑ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ŬɜŬŭɟɞɛɘəɩɜ ŮɝɘůɩůŮɤɜ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ DistFlow 

branch equations əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŮɜŮɟɔɧ ɘůɢɨ  Pi,  Űɖɜ ɎŮɟɔɞ ɘůɢɨ Qi  əŬɘ 

Űɞ ɛɏŰɟɞ Űɖɠ ŰɎůɖɠ Vi  ůŰɞ Űɏɚɞɠ əɎɗŮ əɚɎŭɞɡ, ɔɘŬ ɜŬ ŮəűɟɎůŮɘ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ˊɞůɧŰɖŰŮɠ ůŰɖɜ Ŭɟɢɐ əɎɗŮ əɚɎŭɞɡ ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

 

 
Pi+ 1 = Pi r i

Pi
2 + Qi

2

Vi
2 PLi +1 (4.10) 

 

 

 
Qi+ 1 = Qi xi

Pi
2 + Qi

2

Vi
2 QLi +1 (4.11) 

 

 

 
ὠὭ+ 1

2 = ὠὭ
2 2 r i Pi + xi Qi + (ὶὭ

2 + ὼὭ
2)
ὖὭ

2 + ὗὭ
2

ὠὭ
2  (4.12) 

 

 

 

 ȰŰůɘ, Ŭɜ ŮɑɜŬɘ ɔɜɤůŰɎ ŰŬ P0,Q0,V0 ůŰɞɜ ˊɟɩŰɞ əɧɛɓɞ Űɞɡ ŬəŰɘɜɘəɞɨ 

ŭɘəŰɨɞɡ, ŰɧŰŮ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ˊɞůɧŰɖŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ əŬɘ ɔɘŬ Űɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ əɧɛɓɞɡɠ ɛŮ Űɘɠ ˊŬɟŬˊɎɜɤ ŮɝɘůɩůŮɘɠ. [39] 

 Ƀɘ ˊŬɟŬˊɎɜɤ ŮɝɘůɩůŮɘɠ, ɛˊɞɟɞɨɜ ɜŬ Ŭˊɚɞˊɞɘɖɗɞɨɜ, əŬɘ ɜŬ űŰɎůɞɡɜ 

ůŰɖɜ ɛɞɟűɐ ˊɞɡ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ  1.1.4 ˊŬɟŬŰɖɟɩɜŰŬɠ ɧŰɘ ɞɘ 

ŰŮŰɟŬɔɤɜɘəɞɑ ɧɟɞɘ ůŰɘɠ ŮɝɘůɩůŮɘɠ, ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ůŰɖɜ ɞɡůɑŬ, Űɘɠ ŬˊɩɚŮɘŮɠ 

ŮˊɎɜɤ ůŰɞɡɠ əɚɎŭɞɡɠ, əŬɘ Ůˊɞɛɏɜɤɠ, ɏɢɞɡɜ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ Űɘɛɐ Ŭˊɧ Űɘɠ 

ɘůɢɨŮɘɠ ˊɞɡ ɟɏɞɡɜ ůŮ əɎɗŮ əɚɎŭɞ Pi  əŬɘ Qi. ȰŰůɘ, ŬɔɜɞɩɜŰŬɠ ŬɡŰɞɨɠ Űɞɡɠ 

ɧɟɞɡɠ, ɏɢɞɡɛŮ Űɞ ˊŬɟŬəɎŰɤ ůɨɜɞɚɞ ŮɝɘůɩůŮɤɜ ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ ɛɞɟűɐ. 

 

 Pi+ 1 = Pi PLi + 1  (4.13) 

 

 

 Qi+1 = Qi QLi +1   
(4.14) 

 

 

 ὠὭ+ 1
2 = ὠὭ

2 2 r i Pi + xi Qi   (4.15) 

 

 

 

 ȼ ŰŮɚŮɡŰŬɑŬ Ůɝɑůɤůɖ, ɛŬɕɑ ɛŮ Űɖɜ ˊŬɟŬŭɞɢɐ ɧŰɘ ɞɘ ŰɎůŮɘɠ ŮɑɜŬɘ ˊɞɚɨ 

əɞɜŰɎ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ (ὠὭ ὠὲέά)2 0, ɎɟŬ ὠὭ
2 ὠὲέά

2 + 2ὠὲέά(ὠὭ ὠὲέά), 

ɛŬɠ ɞŭɖɔŮɑ ůŰɖɜ ŰŮɚɘəɐ Ůɝɑůɤůɖ ˊɞɡ əŬŰŬɚɐɝŬɛŮ əŬɘ ɛŮ Ɏɚɚɞ Űɟɧˊɞ ůŰɖɜ 

ŮɜɧŰɖŰŬ 1.1.4 
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ὠὭ+ 1 = ὠὭ

(r i Pi + xi Qi )

ὠὲέά
 

 (4.16) 

 

 

ȼ ŰɎůɖ ůŮ əɎɗŮ əɧɛɓɞ i Űɖɠ ɔɟŬɛɛɐɠ ■ Űɞɡ ŭɘəŰɨɞɡ ɞɟɑɕŮŰŬɘ əŬɘ ˊɟɞəɨˊŰŮɘ Ŭˊɧ 

Űɞɜ ˊŬɟŬəɎŰɤ Űɨˊɞ: 

 

ὠὭ= ὈὭ+ 0,2625Ͻὸὥὴ+
╡□▼
╥▪▫□

Ͻ ╟╢◄▫►▄,▒

▪╢◄▫►▄,◄▫◄╪■

▒=

╟╒◊►◄,▒

▪╖,◄▫◄╪■

▒=

 

+
╧□▼
╥▪▫□

Ͻ ╠╢◄▫►▄,▒

▪╢◄▫►▄,◄▫◄╪■

▒=

+ ╠╖,▒

▪╖,◄▫◄╪■

▒=

+ ╠╒╕,▒

▪╠╬█▄▄▀▄►,◄▫◄╪■

▒=

+ ╠╒  

 

+ ὗὋ,Ὦ

ὲὋ,■

Ὦ= 1

Ͻ
ὖὢὭὮ

ὠὲέά
ὖὅόὶὸ,Ὦ

ὲὋ,■

Ὦ= 1

Ͻ
ὖὙὭὮ

ὠὲέά
+ ὖὛὸέὶὩ,Ὦ

ὲὛὸέὶὩ,■

Ὦ= 1

Ͻ
ὖὙὭὮ

ὠὲέά
 (4.17) 

 

   

+ ὗὛὸέὶὩ,Ὦ

ὲὛὸέὶὩ,■

Ὦ= 1

Ͻ
ὖὢὭὮ

ὠὲέά
+ 0,13125

ὲὠὙ( “z”―’ Ὥz),■

Ὦ= 1

ϽὸὥὴὠὙὮ+ ὗὅ_ὊὩὩὨὩὶϽ
ὖὢὭὮ

ὠὲέά
 

 

ȳˊɞɡ:  

 

 

ὈὭ= 19,1625 ὩὝέὸὥὰ ὠέὰὸὥὫὩ_Ὀὶέὴ_ὸὶὭ

ὲὰὭὲὩί

Ὥ= 1

 

 
(4.18) 

 

 

 ὩὝέὸὥὰ  ɖ ůɡɜɞɚɘəɐ ˊŰɩůɖ ŰɎůɖɠ Ŭˊɧ Űɞɜ ˊɟɩŰɞ ɛɏɢɟɘ əŬɘ Űɞɜ i  əɧɛɓɞ 

 ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɘɠ ɔɜɤůŰɏɠ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɛŮŰŬɓɚɖŰɏɠ (PL, QL, PG) 

 

 ὠέὰὸὥὫὩ_Ὀὶέὴ_ὸὶ ɖ ˊŰɩůɖ ŰɎůɖɠ ůŰɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ ˊɞɡ ɞűŮɑɚŮŰŬɘ 

ůŰɘɠ ɔɜɤůŰɏɠ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɛŮŰŬɓɚɖŰɏɠ Ŭˊɧ əɎɗŮ ɔɟŬɛɛɐ 

 

ὖὙὭὮ ũɘŬ ɜŬ ɓɟɞɨɛŮ ˊɤɠ ŮˊɖɟŮɎɕŮŰŬɘ ɖ ŰɎůɖ ůŰɞɜ əɧɛɓɞ i, Ŭˊɧ , ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, Űɖɜ ŮɜŮɟɔɧ ɘůɢɨ ˊɞɡ ŭɑɜŮɘ ɛɑŬ ɛɞɜɎŭŬ ŭɘŮůˊŬɟɛɏɜɖɠ 

ˊŬɟŬɔɤɔɐɠ ůŰɞɜ əɧɛɓɞ j, ɖ ŬɜŰɑůŰŬůɖ PR ɗŬ ŮɑɜŬɘ ɖ  ůɡɜɞɚɘəɐ ɤɛɘəɐ 

ŬɜŰɑůŰŬůɖ Ŭˊɧ Űɖɜ Ŭɟɢɐ ɛɏɢɟɘ Űɞɜ əɞɜŰɘɜɧŰŮɟɞ əɧɛɓɞ ůŰɞɜ ɕɡɔɧ Ɉɇ/ɀɇ 

Ůə Űɤɜ i əŬɘ  j. ȰŰůɘ, ɔɘŬ Űɖɜ ŰɎůɖ ůŰɞɜ 5ɞ əɧɛɓɞ ɖ ŬɜŰɑůŰŬůɖ PR ɔɘŬ Űɖɜ 

ɘůɢɨ Ůɜɧɠ ūȸ ůŰɞɜ 3ɞ  əɧɛɓɞ ɗŬ ŮɑɜŬɘ ɖ ŬɜŰɑůŰŬůɖ Ŭˊɧ Űɖɜ Ŭɟɢɐ ɛɏɢɟɘ 

əŬɘ Űɞɜ 3ɞ əɧɛɓɞ, Ůɜɩ ɔɘŬ ɧɚŬ ŰŬ ūȸ ɛŮŰɎ Űɞɜ 5ɞ əɧɛɓɞ ɖ ŬɜŰɑůŰŬůɖ PR 

ɗŬ ŮɑɜŬɘ ɖ ŬɜŰɑůŰŬůɖ Ŭˊɧ Űɖɜ Ŭɟɢɐ ɛɏɢɟɘ əŬɘ Űɞɜ 5ɞ əɧɛɓɞ 

 

ὖὢὭὮ  ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŮɡəɟɑɜɘůɖ , ɛŮ Űɖɜ ŭɘŬűɞɟɎ ɧŰɘ Űɞ 

PX ŮɑɜŬɘ ŬɜŰɑŭɟŬůɖ əŬɘ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɎŮɟɔɞ ɘůɢɨ. 
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ɇɏɚɞɠ, ɞɘ ɧɟɞɘ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬɜŰɑůŰŬůɖ əŬɘ ŬɜŰɑŭɟŬůɖ Űɞɡ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐ (ɢɟɤɛŬŰɘůŰɞɑ), ŬˊɞŰŮɚɞɨɜ Űɖ ůɡɜɞɚɘəɐ ɘůɢɨ ˊɞɡ 

ŭɘŬɟɟɏŮɘ Űɞɜ ɀɆ. ȹɖɚŬŭɐ əɎɗŮ ɛɞɜɎŭŬ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, əɎɗŮ 

ˊɡəɜɤŰɐɠ əŬɘ əɎɗŮ ŬˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ, ŬɜŮɝɎɟŰɖŰŬ ůŮ ˊɞɘŬ ɔɟŬɛɛɐ 

ɓɟɑůəŮŰŬɘ, ŮˊɖɟŮɎɕŮɘ Űɘɠ ŰɎůŮɘɠ ȳȿɋɁ Űɤɜ əɧɛɓɤɜ ȳȿɋɁ Űɤɜ ɔɟŬɛɛɩɜ, 

ɚɧɔɤ Űɖɠ ˊŰɩůɖɠ ɐ Ŭɜɨɣɤůɖɠ Űɖɠ ŰɎůɖɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŰɞɜ ɀɆ. 

 

*Ƀɘ ɟɡɗɛɘůŰɏɠ ŰɎůŮɘɠ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŰɎůɖ ɛɧɜɞ Űɤɜ əɧɛɓɤɜ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ɀȺɇȯ Űɞɜ əɎɗŮ ɟɡɗɛɘůŰɐ. 

 

 

4.2.2 ɚʌʋʃʂʆʀʑʐʅʆʘʏ ʈʋʉʗɿʀʏ 

 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ, ɛˊɞɟŮɑ ɜŬ ɢŮɘɟɘůŰŮɑ ŭɑəŰɡŬ ɛŮ ŬˊŮɟɘɧɟɘůŰɞ Ŭɟɘɗɛɧ 

ŬˊɞɗɖəŮɡŰɘəɩɜ ɛɞɜɎŭɤɜ. ũɘŬ əɎɗŮ ɛɑŬ ɛɞɜɎŭŬ, ŭɖɚɩɜɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ 4.4.1 əŬɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡɠ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ 

ˊŬɟŬŭɞɢɐ ɧŰɘ ŭŮɜ ɡˊɎɟɢɞɡɜ ŬˊɩɚŮɘŮɠ əŬŰɎ Űɖɜ ŬˊɞɗɐəŮɡůɖ/ŭɘɎɗŮůɖ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɖɜ ŬˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ. 

 

 

4.2.3 ɛʋʂʃʂʐʅʆʘʏ ʈʀʐɻɼʇʂʐʘʏ ɾʅɻ ɫɚɬɭɮȾɪɬȾɩʑʆʉʖʐʘʏ 

 

 ũɘŬ Űɞ ɆȷɇɈū Űɞɡ ɀɆ Ɉɇ/ɀɇ ɞɘ ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ ɛɞɜŰŮɚɞˊɞɘɐɗɖəŬɜ 

ɛŮ Űɘɠ ɓɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɤɠ Ůɝɐɠ, əŬɘ ɛŮ Ŭəɟɘɓɩɠ ŬɜŰɑůŰɞɘɢɞ Űɟɧˊɞ ɏɔɘɜŮ 

əŬɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ɟɡɗɛɘůŰɩɜ ŰɎůɖɠ əŬɘ Űɤɜ ˊɡəɜɤŰɩɜ: 

 

 ὝὥὴὭ ὝὥὴὭ+ 1 = ὤὴὰὭὲ,Ὥ ὤίὭὲ,Ὥ 

 

 (4.19) 

 

 

ũɘŬ əɎɗŮ i ɛŮ  1 Ὥ 23 ɜŬ ŭɖɚɩɜŮɘ Űɘɠ 23 ŮɜŬɚɚŬɔɏɠ Űɖɠ ɩɟŬɠ Űɖɠ ɖɛɏɟŬɠ. 

 

ȳˊɞɡ: 

 

 ὝὥὴὭ        ɖ ɗɏůɖ Űɞɡ Tap Űɖɜ i ɩɟŬ 

 ὤὴὰὭὲ      ˊɧůŮɠ ɚɐɣŮɘɠ ɛŮɘɩɗɖəŮ (ɛɖ ŬɟɜɖŰɘəɧ) 

 ὤίὭὲ        ˊɧůŮɠ ɚɐɣŮɘɠ ŬɡɝɐɗɖəŮ (ɛɖ ŬɟɜɖŰɘəɧ) 

 

 ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɛˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɘɠ ɓɞɖɗɖŰɘəɏɠ 

ɛŮŰŬɓɚɖŰɏɠ ɔɘŬ ɜŬ ŮɘůɎɔɞɡɛŮ ɤɠ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ 

Űɤɜ ŬɚɚŬɔɩɜ ɚɐɣɖɠ, ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ ůŰɖɜ ɞɡůɑŬ Űɞ ɎɗɟɞɘůɛŬ ὤὴὰὭὲ+ ὤίὭὲ.  

 ȰŰůɘ, əŬŰŬűɏɟɜɞɡɛŮ Űɞɜ ůəɞˊɧ ɛŬɠ, əŬɗɩɠ ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ 

ŬɗɟɞɑůɛŬŰɞɠ ŬɡŰɞɨ, ɗŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ, ɜŬ ɛɖŭŮɜɘůŰŮɑ ɖ ɛɑŬ Ůə Űɤɜ ŭɨɞ 
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ɛŮŰŬɓɚɖŰɩɜ, əŬɘ ɖ Ɏɚɚɖ ɜŬ ˊɎɟŮɘ Űɖɜ Űɘɛɐ Űɖɠ ŬɚɚŬɔɐɠ ɚɐɣɖɠ (ŬɜɎɚɞɔŬ Ŭɜ 

ŮɑɜŬɘ ɛŮɑɤůɖ ɐ Ŭɨɝɖůɖ), əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ. 

 ɋůŰɧůɞ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ɢɟɐůŰɖɠ ŮˊɘɚɏɝŮɘ ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ 

ŬɡŰɐ ɜŬ ɛɖɜ ŮɑɜŬɘ ɛɏɟɞɠ Űɞɡ ɛŮɑɔɛŬŰɞɠ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ, 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ˊɟɧɓɚɖɛŬ əŬɗɩɠ ɞɘ ɓɞɖɗɖŰɘəɏɠ Űɘɛɏɠ ɛˊɞɟɞɨɜ ɜŬ ˊɎɟɞɡɜ 

ŰɡɢŬɑŮɠ Űɘɛɏɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Ŭɜ Ŭɡɝɖɗɞɨɜ ɞɘ ɚɐɣŮɘɠ əŬŰɎ 2, ŮɑɜŬɘ ˊɘɗŬɜɧ Űɞ 

ὤίὭὲ ɜŬ ˊɎɟŮɘ ɛɘŬ ŰɡɢŬɑŬ Űɘɛɐ ɉ əŬɘ Űɞ ὤὴὰὭὲ  ɜŬ ˊɎɟŮɘ Űɖɜ Űɘɛɐ X-2, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ, ɑůɤɠ, ŬɜɞɨůɘŬ ůɨɔɢɡůɖ.  

 ũɘŬ ɜŬ ɘůɞɨŰŬɘ əɎɗŮ űɞɟɎ ɖ ɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ ɛŮŰŬɓɚɖŰɏɠ ɛŮ 0, ˊɟɏˊŮɘ Űɞ 

ɔɘɜɧɛŮɜɞ zsin*zplin ɜŬ ŮɑɜŬɘ ˊɎɜŰŬ ɑůɞ ɛŮ 0. ɀŮ Űɖɜ ˊɟɩŰɖ ɛŬŰɘɎ, ɞŭɖɔɞɨɛŬůŰŮ 

ůŮ ŰŮŰɟŬɔɤɜɘəɧ ˊŮɟɘɞɟɘůɛɧ, əɎŰɘ Űɞ ɞˊɞɑɞ Ŭˊɧ Űɖɜ ɛɑŬ ɗŬ ɏəŬɜŮ ˊɘɞ 

ˊɞɚɨˊɚɞəɞ Űɞɜ Ŭɚɔɧɟɘɗɛɞ, əŬɘ Ŭˊɧ Űɖɜ Ɏɚɚɖ ɑůɤɠ ŭɖɛɘɞɡɟɔɞɨůŮ ˊɟɧɓɚɖɛŬ 

ůŰɖɜ Ůˊɑɚɡůɖ, əŬɗɩɠ ɞ ˊɑɜŬəŬɠ Q Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ ŭŮɜ ɗŬ ɐŰŬɜ 

Positive_semi_definite. ȼ Cplex, ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɢŮɘɟɘůŰŮɑ ŰɏŰɞɘŬ ˊɟɞɓɚɐɛŬŰŬ, 

əɎŰɘ Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɧŰɘ ɓɟɘůəɧɛŬůŰŮ ůŮ Ŭŭɘɏɝɞŭɞ, ůŰɖɜ Ůɑůɞŭɞ Űɞɡ 

ůɡɔəŮəɟɘɛɏɜɞɡ ˊŮɟɘɞɟɘůɛɞɨ. 

 ȳɛɤɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ŬɡŰɏɠ ŮɑɜŬɘ ŭɡŬŭɘəɏɠ (ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞɡ ˊɡəɜɤŰɐ ŭɖɚŬŭɐ), ɡˊɎɟɢŮɘ Űɟɧˊɞɠ ɜŬ ɔɟŬɛɛɘəɞˊɞɑɖůɞɡɛŮ Űɞɜ 

ˊŮɟɘɞɟɘůɛɧ ŬɡŰɧ. ũŮɜɘəɎ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɖ ˊŬɟŬəɎŰɤ: 

 ȰůŰɤ ɧŰɘ x əŬɘ y ŮɑɜŬɘ ɛŮŰŬɓɚɖŰɏɠ əɎˊɞɘɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, əŬɘ ŮɛűŬɜɑɕŮŰŬɘ Ůˊɑůɖɠ Űɞ ɔɘɜɧɛŮɜɞ Űɞɡɠ x*y. ȺɘůɎɔɞɜŰɎɠ Űɞ, 

ɗŬ əŬŰŬɚɐɝɞɡɛŮ ɜŬ ɏɢɞɡɛŮ ŰŮŰɟŬɔɤɜɘəɧ ˊɟɧɓɚɖɛŬ (əŬɘ ɑůɤɠ ŭɖɛɘɞɡɟɔɖɗŮɑ 

ˊɟɧɓɚɖɛŬ ɛŮ Űɖɜ əɡɟŰɧŰɖŰŬ Ŭɜ ɞɘ ŰŮŰɟŬɔɤɜɘəɞɑ ɧɟɞɘ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞɡɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ). 

ɈˊɎɟɢŮɘ ɧɛɤɠ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɧˊɞɡ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ Ŭˊɧ Űɘɠ 

ɛŮŰŬɓɚɖŰɏɠ x əŬɘ y ŮɑɜŬɘ ŭɡŬŭɘəɐ, əŬɘ ɖ Ɏɚɚɖ űɟŬɔɛɏɜɖ. Ɉˊɧ ŬɡŰɏɠ Űɘɠ 

ůɡɜɗɐəŮɠ, Űɞ ɔɘɜɧɛŮɜɞ Űɞɡɠ ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ ɔɟŬɛɛɘəɞˊɞɘɖɗŮɑ. 

 ȰůŰɤ x ŭɡŬŭɘəɐ ɛŮŰŬɓɚɖŰɐ əŬɘ LÒyÒU ɧˊɞɡ L əŬɘ U ŰŬ Ɏɜɤ əŬɘ əɎŰɤ 

ɧɟɘŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ y, ɔɜɤůŰɎ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ. ɃɟɑɕɞɡɛŮ ɛɘŬ ɜɏŬ ɛŮŰŬɓɚɖŰɐ 

z. (ůɖɛŮɑɤůɖ: ŬɜŮɝɎɟŰɖŰŬ Ŭɜ ɖ ɛŮŰŬɓɚɖŰɐ ŮɑɜŬɘ ůɡɜŮɢɐɠ, ŬəɏɟŬɘŬ ɐ ŭɡŬŭɘəɐ, 

ɛˊɞɟŮɑ ɜŬ ɢŮɘɟɘůŰŮɑ ůŬɜ ůɡɜŮɢɐɠ ˊɟŬɔɛŬŰɘəɐ ɛŮŰŬɓɚɖŰɐ.) ɄɟɞůɗɏŰɞɡɛŮ Űɞɡɠ 

ˊŬɟŬəɎŰɤ ŰɏůůŮɟŮɘɠ ˊŮɟɘɞɟɘůɛɞɨɠ: 

 

 

 ᾀ Ux 

ᾀ Lx 
ᾀ y L(1 x) 
ᾀ y U(1 x)  

 

 

(4.20) 

 

 

 ŪŮɤɟɞɨɛŮ ˊɟɩŰŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ x=0, Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ 

ɔɘɜɧɛŮɜɞ z=xy ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 0. ɇɞ ˊɟɩŰɞ ɕŮɡɔɎɟɘ ŬɜɘůɞŰɐŰɤɜ ɞŭɖɔŮɑ ůŰɞ 

ůɡɛˊɏɟŬůɛŬ ɧŰɘ  0ÒzÒ0, ŬɜŬɔəɎɕɞɜŰŬɠ Űɞ z=0. ɇɞ ŭŮɨŰŮɟɞ ɕŮɡɔɎɟɘ ŬɜɘůɞŰɐŰɤɜ 

ɗŬ ɔɑɜŮɘ yīUÒzÒyīL, əŬɘ Űɞ z=0 Űɘɠ ɘəŬɜɞˊɞɘŮɑ. 
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 ȰůŰɤ ŰɩɟŬ ɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ x=1, əŬɘ ɏŰůɘ ɗŬ ɘůɢɨŮɘ z=y. ɇɞ 

ˊɟɩŰɞ ɕŮɡɔɎɟɘ ŬɜɘůɞŰɐŰɤɜ ɞŭɖɔŮɑ ůŰɞ LÒzÒU, Űɞ ɞˊɞɑɞ ɘəŬɜɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ 

z=y. ɇɞ ŭŮɨŰŮɟɞ ɕŮɡɔɎɟɘ ɗŬ ɔɑɜŮɘ  yÒzÒy, ŬɜŬɔəɎɕɞɜŰŬɠ Űɞ z=y ɧˊɤɠ ŮɑɜŬɘ 

ŮˊɘɗɡɛɖŰɧ. 

 

 

4.3 ɚʉʐʅʆʀʅʈʀʉʅʆʙ ʎʑʉʗʍʐʂʎʂ 
 

 ɆŰɖɜ ˊɟɩŰɖ ŮɜɧŰɖŰŬ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ, ŬɜŬűɏɟɗɖəŬɜ ɞɘ 

ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢŮɘɟɘůŰŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ŬɜŬɚɡɗŮɑ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ɚŮˊŰɞɛɏɟŮɘŬ ɖ əɎɗŮ 

ɛɑŬ Ŭˊɧ ŬɡŰɏɠ, əŬɗɩɠ əŬɘ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɛɞɟűɞˊɞɘɖɗɐəŬɜ. 

 ȼ əɎɗŮ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ŮɘůɎɔŮŰŬɘ ůŰɞ ˊɟɧɓɚɖɛŬ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛɏůɤ Űɤɜ ˊɘɜɎəɤɜ f əŬɘ H. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɔŮɜɘəɐ 

ůɡɜɎɟŰɖůɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɞɟɑɕŮŰŬɘ ɤɠ 

 

 1

2
ϽὼᴂϽ╗Ͻὼ+ █Ͻὼ 

 
(4.21) 

 

 

 ȰŰůɘ, əɎɗŮ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ŬɜŬɚɨŮŰŬɘ ɛɏɢɟɘ ɜŬ ŮɑɜŬɘ ɜŬ 

ɝŮəɎɗŬɟɞɘ ɞɘ ůŰŬɗŮɟɞɑ ɧɟɞɘ, əŬɗɩɠ əŬɘ ɞɘ ˊɞɚɚŬˊɚŬůɘŬůŰɏɠ Űɤɜ ɔɟŬɛɛɘəɩɜ əŬɘ 

ŰŮŰɟŬɔɤɜɘəɩɜ ɧɟɤɜ. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬűŮɟɗŮɑ, ɧŰɘ ɞɘ ůŰŬɗŮɟɞɑ ɧɟɞɘ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ. 

 ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ, ˊɟɞűŬɜɩɠ, ɞɘ ɧɟɞɘ ŬɡŰɞɑ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ 

ɓŮɚŰɘůŰɞˊɞɘɖɗɞɨɜ. ȹɖɚŬŭɐ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ůɡɜɎɟŰɖůɖ ὼ+ 5 2  

ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ŬɜŬˊŰɨůůɞɜŰɎɠ Űɖɜ ůŮ ὼ2 + 10ὼ+ 25 əŬɘ ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ 

Űɞ ὼ2 + 10ὼ. Ƀɘ ɔɟŬɛɛɘəɞɑ ɧɟɞɘ ŮəűɟɎɕɞɜŰŬɘ ɛɏůɤ Űɞɡ ˊɑɜŬəŬ f, əŬɘ ɞɘ 

ŰŮŰɟŬɔɤɜɘəɞɑ ɛɏůɤ Űɞɡ H Ůɜɩ ɞɘ ůŰŬɗŮɟɞɑ, ˊɟɞűŬɜɩɠ ŬɔɜɞɞɨɜŰŬɘ. 

 ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ ɖ ˊɞɚɡŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘůŰɞˊɞɘɐůŮɘ, əŬɘ ŮɘŭɘəɧŰŮɟŬ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ ɞ 

ůɡɔəŮəɟɘɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 8 ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ. ȷɡŰɏɠ 

ŮɑɜŬɘ: 

 

 

 

 

¶ ȷˊɧəɚɘůɖ Űɖɠ ŰɎůɖɠ əɎɗŮ əɧɛɓɞɡ, əɎɗŮ ɩɟŬ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ 
Űɘɛɐ  

 

 

ύὨὠϽὠὮ,Ὥ ὠὲέά
2

ὸέὸὥὰ ὲέὨὩί

Ὦ= 1

24

Ὥ= 1

 

 

(4.22) 
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ȼ ůɡɔəŮəɟɘɛɏɜɖ ůɡɜɎɟŰɖůɖ ŮɑɜŬɘ əŬɘ ɖ ɓŬůɘəɐ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ůəɞˊɧɠ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ.  

ɈɚɞˊɞɘŮɑŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ůɝɑůɤůɖ (4.17) əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɠ 

Űɖɜ Ůɝɑůɤůɖ (4.22).  

 

¶ ȺɜŮɟɔɏɠ ŬˊɩɚŮɘŮɠ (ũɟŬɛɛɐɠ əŬɘ ɀɆ) 
 

 

ύὒέίίὩίϽ(ὖὰέίίὩί,Ὥ

ὲὰὭὲὩί

Ὥ= 1

+ ὖὰέίίὩί,ῼ )  

 

(4.23) 

 

 

ũŮɜɘəɎ ɞɘ ŬˊɩɚŮɘŮɠ əŬŰɎ ɛɐəɞɠ ɛɘŬɠ ɔɟŬɛɛɐɠ ɐ Űɞɡ ɀɆ ɞɟɑɕɞɜŰŬɘ ɤɠ 

 

     ὖὰέίίὩί= Ό2ϽὙ      ɛŮ 

 

Ὅ=
Ὓ

ὠϽЍ3
 

 

ȳˊɞɡ: 

 Ὑ ɖ ɤɛɘəɐ ŬɜŰɑůŰŬůɖ Űɖɠ ɔɟŬɛɛɐɠ ɐ Űɞɡ ɀɆ 

 Ό  Űɞ ůɡɜɞɚɘəɧ ɟŮɨɛŬ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɖɜ ɔɟŬɛɛɐ ɐ Űɞɜ ɀɆ. 

 Ὓ ɖ űŬɘɜɧɛŮɜɖ ɘůɢɨ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ ɐ Űɞɡ ɀɆ 

 ὠ ɖ ˊɞɚɘəɐ ŰɎůɖ ůŰɖɜ ɔɟŬɛɛɐ ɐ Űɞɜ ɀɆ 

 

 ȺəűɟɎɕɞɜŰŬɠ Űɖɜ űŬɘɜɧɛŮɜɖ ɘůɢɨ ɛɏůɤ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ůŰŬɗŮɟɩɜ 

ɧɟɤɜ ŮɜŮɟɔɞɨ əŬɘ ɎŮɟɔɞɡ ɘůɢɨɞɠ, əŬɗɩɠ əŬɘ Űɖɜ ŰɎůɖ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

Ůɝɑůɤůɖ (4.17) ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ŮɘůɎɔɞɡɛŮ Űɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ 

ɛɏůɤ Űɤɜ ˊɘɜɎəɤɜ f əŬɘ H. ɋůŰɧůɞ, ɖ ŰɎůɖ V ɓɟɑůəŮŰŬɘ ůŰɞɜ ˊŬɟŬɜɞɛŬůŰɐ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ŬŭɨɜŬŰɞ ɜŬ ŮəűɟɎůɞɡɛŮ Űɘɠ ŬˊɩɚŮɘŮɠ ˊŬɟŬɛɏɜɞɜŰŬɠ ůŮ 

Quadratic Problem. 

 ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɡɘɞɗŮŰɐɗɖəŮ ɖ ˊŬɟŬŭɞɢɐ, ɜŬ ŬɜŰɘəŬŰŬůŰŬɗŮɑ ɖ ŰɎůɖ 

ůŰɞɜ ˊŬɟŬɜɞɛŬůŰɐ, ɛŮ Űɖɜ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ Vnom, ɔɘŬ ɜŬ ɝŮˊŮɟŬůŰŮɑ Űɞ 

ˊɟɞŬɜŬűŮɟɗɏɜ Ůɛˊɧŭɘɞ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ŮɘůɎɔŮŰŬɘ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ 

ůɡɜɎɟŰɖůɖ ɔɘŬ Űɘɠ ŬˊɩɚŮɘŮɠ ŬɜŬɚɨɞɜŰŬɠ Űɖɜ Ůɝɑůɤůɖ ˊɎɜɤ ɔɘŬ əɎɗŮ ɔɟŬɛɛɐ 

əŬɘ Űɞɜ ɀɆ. ȳɛɤɠ, ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŬɟŬŭɞɢɐ, ɡˊɎɟɢŮɘ ɛɘŬ ůɖɛŬɜŰɘəɐ 

Ŭˊɧəɚɘůɖ Ŭˊɧ Űɞ ɓɏɚŰɘůŰɞ ůŮɜɎɟɘɞ, əŬɘ ɔɘŬ ŬɡŰɧ ɏɔɘɜŮ ɖ ˊŬɟŬəɎŰɤ ˊɟɞůˊɎɗŮɘŬ 

ŬɜɎˊŰɡɝɖɠ Ůɜɧɠ Ůɑŭɞɡɠ ɔɟŬɛɛɘəɞˊɞɑɖůɖɠ Űɖɠ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖɠ ɔɘŬ Űɘɠ 

ŰɎůŮɘɠ. 

 ȼ Ŭɟɢɘəɐ ŬɜɎɚɡůɖ ɗŬ ɔɑɜŮɘ ɔɘŬ ŭɑəŰɡɞ ɛŮ ɛɑŬ ɛɧɜɞ ɔɟŬɛɛɐ ŬɜŬɢɩɟɖůɖɠ 

Ŭˊɧ Űɞɜ ɈɆ Ɉɇ/ɀɇ. 
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 ŪŮɤɟɞɨɛŮ ɧŰɘ ɞɘ ŬˊɩɚŮɘŮɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ: 

 

 
ὖὰέίίὩί=

ὖὭ
2 + ὗὭ

2

202
ϽὙὭ+ ὖὊϽὸὥὴ

Ὥ

+ ὖὊ_ὠὙὭ

ὲὠὙ

Ὥ

 

 

(4.24) 

 

 

 ȳˊɞɡ PF ɏɜŬɠ ůɡɜŰŮɚŮůŰɐɠ ˊɞɡ ŮɝŬɟŰɎŰŬɘ ɛɧɜɞ Ŭˊɧ Űɖ ɛŮŰŬɓɚɖŰɐ tap 

əŬɘ ŮɜůŬɟəɩɜŮɘ Űɘɠ Ůˊɘˊɚɏɞɜ(+) ɐ ɚɘɔɧŰŮɟŮɠ(-) ŬˊɩɚŮɘŮɠ ˊɞɡ ůŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɏɢɞɡɛŮ ɧŰŬɜ ɞɘ ŰɎůŮɘɠ ůŰɞɡɠ əɧɛɓɞɡɠ ŭŮɜ ŮɑɜŬɘ 20kV ŬɚɚɎ 

ɛɘəɟɧŰŮɟŮɠ(+) ɐ ɛŮɔŬɚɨŰŮɟŮɠ(-) ŬɜŰɑůŰɞɘɢŬ. Ƀ ůɡɜŰŮɚŮůŰɐɠ PF ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ 

Ůɝɐɠ: 

 ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ ŬˊɩɚŮɘŮɠ ɢɤɟɑɠ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ˊɟɞɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ, ŭɖɚŬŭɐ ɛɧɜɞ ɔɘŬ PG, PL əŬɘ QL ɔɘŬ əɎɗŮ ˊɘɗŬɜɧ 

tap=0é.11(ŬˊɑɗŬɜɞ ɜŬ ɢɟŮɘŬůŰɞɨɛŮ ˊŬɟŬˊɎɜɤ ɚɐɣŮɘɠ). 

ũɘŬ əɎɗŮ ɩɟŬ əŬɘ əɎɗŮ əɧɛɓɞ i ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɚɧɔɞɠ 

 

 
ὖὊὭ=

ὖὒέίίὩί,ὸὥὴ= 11 ὖὒέίίὩί,ὸὥὴ= 0

11
 

 
(4.25) 

 
 Ƀ ɚɧɔɞɠ PF ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ́ɧůɞ, əŬŰɎ ɛɏůɞ ɧɟɞ, ɛŮɘɩɜɞɜŰŬɘ ɞɘ 

ŬˊɩɚŮɘŮɠ ɔɘŬ əɎɗŮ əɚɎŭɞ, ɛŮ ɛɑŬ ŬɚɚŬɔɐ Űɖɠ ɚɐɣɖɠ Űɞɡ ɆȷɇɈū. 

ɇɞ ɎɗɟɞɘůɛŬ PF= ВPFi  ɔɘŬ əɎɗŮ əɧɛɓɞ i, ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ˊɞɡ ɗŬ ɛˊŮɘ ɤɠ 

ɔɟŬɛɛɘəɧɠ ɧɟɞɠ ůŰɖɜ f ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ tap. 

 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɏɢɞɡɛŮ ˊŬɟŬˊɎɜɤ ɔɟŬɛɛɏɠ ɜŬ ŬɜŬɢɤɟɞɨɜ Ŭˊɧ 

Űɞɜ ɈɆ ɀɇ/Ɉɇ ŰɧŰŮ ɓɟɑůəŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ PF ɔɘŬ əɎɗŮ ɔɟŬɛɛɐ, əŬɘ Űɞ 

ɎɗɟɞɘůɛŬ ŬɡŰɩɜ, ɛˊŬɑɜŮɘ ɤɠ ůɡɜŰŮɚŮůŰɐɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ tap ůŰɞɜ ˊɑɜŬəŬ f. 

 ȷɜŰɑůŰɞɘɢŬ ɞ ɧɟɞɠ PF_VR ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ɛŮŰŬɓɚɖŰɐ PF əɎɗŮ 

ɔɟŬɛɛɐɠ, ɛŮɘɤɛɏɜɞɠ ŬɜɎɚɞɔŬ Űɞ ůɖɛŮɑɞ ˊɎɜɤ ůŰɖɜ ɔɟŬɛɛɐ ɧˊɞɡ ɓɟɑůəŮŰŬɘ ɞ 

əɎɗŮ ɟɡɗɛɘůŰɐɠ ŰɎůɖɠ, Ůɜɩ ɞ ɧɟɞɠ 2 ŬɜŬˊŬɟɘůŰɎ Űɞ ɡˊɞŭɘˊɚɎůɘɞ ɓɐɛŬ Űɞɡ Ʌɇ 

ůŮ ůɢɏůɖ ɛŮ Űɞ ɆȷɇɈũ, ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ 

 

ὖὊὠὙ= ὖὊϽ
ὒ ὒὠὙ

2ὒ
 

 

 ȳˊɞɡ L, LVR Űɞ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ əŬɘ Űɞ ůɖɛŮɑɞ Űɞɡ Ʌɇ ŬɜŰɑůŰɞɘɢŬ. 

 

 ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ ɞɘ ˊɞɚɚɏɠ ŬˊɚɞˊɞɘɐůŮɘɠ, ɧˊɤɠ ɞ çɛɏůɞɠ ɧɟɞɠ 

ɛŮɑɤůɖɠ Űɤɜ ŬˊɤɚŮɘɩɜ ŬɜɎ ɚɐɣɖ Űɞɡ tapè əŬɘ ɖ ŮəŰɏɚŮůɖ Űɖɠ ɟɞɐɠ űɞɟŰɑɞɡ ɔɘŬ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬˊɤɚŮɘɩɜ, Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɢɤɟɑɠ ɜŬ ɔɜɤɟɑɕɞɡɛŮ Űɘɠ 

Űɘɛɏɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ, ɏɢɞɡɜ ŮɘůɎɔŮɘ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ ɓɏɚŰɘůŰɖ ɛɞɟűɞˊɞɑɖůɖ 

Űɖɠ ŮˊɑŭɟŬůɖ Űɤɜ ŬˊɤɚŮɘɩɜ Ŭˊɧ Űɞ ɆȷɇɈū əŬɘ Űɞɡɠ Ʌɇ. 

 ɋůŰɧůɞ, Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɧ, əŬɗɩɠ ŭŮɜ ŮˊɖɟŮɎɕŮɘ 

ŬɟɜɖŰɘəɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, əŬɘ űɏɟɜŮɘ ŰŬ ŮˊɘɗɡɛɖŰɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɤɠ Űɞ çŰɟɏɝɘɛɞè Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɛŮ ɛɞɜŬŭɘəɧ 
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ůəɞˊɧ Űɖɜ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɞɘ ŰɎůŮɘɠ ɧɚɤɜ Űɤɜ 

əɧɛɓɤɜ ˊɎɜŮ ɧůɞ ˊɘɞ əɞɜŰɎ ůŰɞ Ɏɜɤ ŮˊɘŰɟŮˊŰɧ ɧɟɘɞ. 

 

ɄŮɟɘəɞˊɏɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Űɤɜ ŭɘŮůˊŬɟɛɏɜɤɜ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ 

 

 

ύὧόὶὸϽὖὋ,ὧόὶὸ,Ὥ

ὲὈὋ

―

 

 
 

(4.26) 
 

 

ȷɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū ůŰɞɜ ɀɆ  

 

ũɘŬ Űɞ ɆȷɇɈū Űɞɡ ɀɆ Ɉɇ/ɀɇ ɞɘ ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ ɛɞɜŰŮɚɞˊɞɘɐɗɖəŬɜ ɛŮ Űɘɠ 

ɓɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ 4.2.3   ŭɖɚŬŭɐ: 

 

 
ύὸὥὴϽ|ὸὥὴὭ+ 1

23

Ὥ= 1

ὸὥὴὭ| = ύὸὥὴϽ (ὤὴὰὭὲ.Ὥ+ ὤίὭὲ,Ὥ

23

―= 1

) (4.27) 

 
 

 

ȷɚɚŬɔɏɠ ůŰɖɜ ɕŮɨɝɖ/ŬˊɧɕŮɡɝɖ Űɞɡ ˊɡəɜɤŰɐ ůŰɖɜ ɔɟŬɛɛɐ 

 

ȷɜŰɑůŰɞɘɢŬ ɛŮ ˊŬɟŬˊɎɜɤ 

 

 
ύὦὥὲὯϽ|ὦὥὲὯὭ+ 1

23

Ὥ= 1

ὦὥὲὯὭ| = ύὦὥὲὯϽ(ὤὦὥὲὯὴὰὭὲ,Ὥ+ ὤὦὥὲὯίὭὲ,Ὥ

23

―= 1

) 

 

(4.28) 
 

 

ȯŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɐ əŬŰŬɜŬɚɩɜŮŰŬɘ Ŭˊɧ Űɘɠ ɛɞɜɎŭŮɠ 

ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 

 

 Ɇəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ ŮɑɜŬɘ ɜŬ ɡˊɎɟɢŮɘ ɓɎɟɞɠ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ ůŰɖɜ ɎŮɟɔɞ ˊŬɟŬɔɤɔɐ/əŬŰŬɜɎɚɤůɖ Ŭˊɧ Űɘɠ ɛɞɜɎŭŮɠ 

ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬűŮɟɗŮɑ, ˊɤɠ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ 

Űɖɜ ŭɡɜŬŰɧŰɖŰŬ, ɜŬ ŮűŬɟɛɧůŮɘ Űɞ ɓɎɟɞɠ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ ůŮ əɎɗŮ ɛɞɜɎŭŬ 

ɝŮɢɤɟɘůŰɎ.  

 ȰŰůɘ, ŭŮɜ ɡˊɞɢɟŮɞɨŰŬɘ ɜŬ ŮˊɘɚɏɝŮɘ ɛŮŰŬɝɨ Űɖɠ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ ɧɚɤɜ 

Űɤɜ DG ɐ Űɖɠ ɛɖ ɢɟɐůɖɠ ŬɡŰɐɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ., ɀˊɞɟŮɑ ɜŬ ŮˊɘɚɏɝŮɘ ˊɞɘŮɠ 

ɛɞɜɎŭŮɠ ɗŬ ˊŮɟɘɞɟɑůɞɡɜ Űɖɜ ɎŮɟɔɞ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, əŬŰɎ ˊɧůɞ ɖ əɎɗŮ ɛɑŬ, əŬɘ 

ˊɞɘŮɠ ɧɢɘ. 

 

 

ύὗὫ,ὮϽὗὫὭ,Ὦ
2

ὲὈὋὸέὸὥὰ

Ὦ= 1

24

―= 1

 (4.29) 
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ȯŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞɜ ɀɆ Ɉɇ/ɀɇ  

 

 
ύὗῼ ϽὗὪὰέύῼ 

2

24

―= 1

 

 

(4.30) 
 

 

ũɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ůɡɜɎɟŰɖůɖɠ, ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɞɘ 

ɛŮŰŬɓɚɖŰɏɠ ɧɚɤɜ Űɤɜ ɔɟŬɛɛɩɜ  

 

ȷɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ əɎɗŮ ɅɡɗɛɘůŰɐ ɇɎůɖɠ VR 

 

ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɞɜ Űɟɧˊɞ ŮɘůŬɔɤɔɐɠ ɔɘŬ Űɞ ɆȷɇɈū əŬɘ Űɞɜ ˊɡəɜɤŰɐ, ɏŰůɘ əŬɘ 

ɔɘŬ əɎɗŮ ɟɡɗɛɘůŰɐ ŰɎůɖɠ ɏɢɞɡɛŮ: 

 

 

 
| Ὕὃὖ_ὠὙὮὭ+ 1

23

Ὥ= 1

Ὕὃὖ_ὠὙὮὭ |

ὲὠὙ,ὸέὸὥὰ

Ὦ= 1

= (ὤὠὙὴὰὭὲ,Ὥ+ ὤὠὙίὭὲ,Ὥ

23

Ὥ= 1

ὲὠὙ,ὸέὸὥὰ

Ὦ= 1

)  

 

(4.31) 
 

 

 

4.4 ɩʀʍʅʋʍʅʎʈʋʚ 
 

 ȰɢɞɡɛŮ ɐŭɖ ŬɜŬűɏɟŮɘ ůŰɖɜ ˊɟɩŰɖ ŮɜɧŰɖŰŬ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ, ɧɚɞɡɠ 

Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ ˊɞɡ ŮɘůɎɔŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ, Űɞ ˊɚɐɗɞɠ ŬɡŰɩɜ əŬɗɩɠ əŬɘ ɛɘŬ 

ŬɜŬűɞɟɘəɐ ŮˊŮɝɐɔɖůɖ.  

 ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ, ɗŬ ŬɜŬɚɡɗɞɨɜ ŮɡɟɨŰŮɟŬ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ, əŬɘ 

ɗŬ ŮůŰɘɎůɞɡɛŮ ůŰɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ˊɞɡ ŮɘůɎɔŮɘ Űɞ ůɨɜɞɚɞ Űɤɜ 

ˊŮɟɘɞɟɘůɛɩɜ, ɔɘŬ əɎɗŮ ɏɜŬ ůŰɞɘɢŮɑɞ Űɞɡ ŭɘəŰɨɞɡ. 

 

 

 

 

 

4.4.1 ɜʍɻʈʈʅʆʋʚ ɩʀʍʅʋʍʅʎʈʋʚ 

 

¶ ȯɜɤ əŬɘ əɎŰɤ ɧɟɘŬ ɔɘŬ Űɖɜ ŰɎůɖ əɎɗŮ əɧɛɓɞɡ Űɞɡ ŭɘəŰɨɞɡ 

 

 0.94Ͻὠὲέά ὠὭ 1.06Ͻὠὲέά   (4.32) 

 

ũɘŬ əɎɗŮ əɧɛɓɞ i Űɞɡ ŭɘəŰɨɞɡ.  
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Ƀ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ɤɠ Ůɑůɞŭɞ ŰŬ Ɏɜɤ əŬɘ əɎŰɤ ɧɟɘŬ Űɖɠ ŰɎůɖɠ. 

 

¶ ȾɎŰɤ ɧɟɘɞ ɔɘŬ Űɖɜ ŰɎůɖ ůŰɞɜ ɕɡɔɧ ɀɇ 

 

 ὠῶ ὠᾀὰέύὩὶ 
 

 (4.33) 

 

 

ȳˊɞɡ ὠᾀὰέύὩὶ Űɞ əɎŰɤ ɧɟɘɞ Űɞ ɞˊɞɑɞ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. 

 

¶ ɄŮɟɘɞɟɘůɛɧɠ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ ˊɞɡ ˊŬɟɎɔŮɘ ɐ ŬˊɞɟɟɞűɎ ɞ 

ŬɜŰɘůŰɟɞűɏŬɠ əɎɗŮ ŭɘŮůˊŬɟɛɏɜɖɠ ɛɞɜɎŭŬɠ ˊŬɟŬɔɤɔɐɠ 

 

 Ƀɘ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜŮɠ ɛŮ 

ŬɜŰɘůŰɟɞűŮɑɠ DC/AC ɔɘŬ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɞɡ ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ, ůŮ ŮɜŬɚɚŬůůɧɛŮɜɞ ɔɘŬ Űɖɜ ůɨɜŭŮůɐ Űɞɡɠ ůŰɞ ŭɑəŰɡɞ. ȰŰůɘ 

ŮɑɜŬɘ ŭɡɜŬŰɧ, ɞɘ ɛɞɜɎŭŮɠ ŬɡŰɏɠ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜŮɟɔɞɨ 

ɘůɢɨɞɠ, ɜŬ ˊŬɟɎɔɞɡɜ ɐ ɜŬ Ŭˊɞɟɟɞűɞɨɜ əŬɘ ɎŮɟɔɞ ɘůɢɨ. ȷɜɎɚɞɔŬ Űɖɜ 

Ůˊɘɚɞɔɐ Űɞɡ ŭɘŬɢŮɘɟɘůŰɐ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ, 

ɡˊɎɟɢɞɡɜ ˊŮɟɘɞɟɘůɛɞɑ əŬɘ ŭɘŬűɞɟŮŰɘəɞɑ Űɟɧˊɞɘ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

ŰŮɚŮɡŰŬɑɞɡ. 

 

Ƀɘ ˊŮɟɘɞɟɘůɛɞɑ ɔɘŬ Űɞɜ ŬɜŰɘůŰɟɞűɏŬ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

1. ȳɟɘɞ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ: ȼ ŮɜŮɟɔɧɠ ɘůɢɨɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɑɜŮɘ ɞ 
ŬɜŰɘůŰɟɞűɏŬɠ ůŰɞ ŭɑəŰɡɞ ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ ɘůɢɨ Űɖɠ 
ŭɘŮůˊŬɟɛɏɜɖɠ ɛɞɜɎŭŬɠ ˊŬɟŬɔɤɔɐɠ ɛŮ Űɖɜ ɞˊɞɑŬ ůɡɜŭɏŮŰŬɘ. ȰŰůɘ ɘůɢɨŮɘ:  
  

 0 ὖὋ ὖὲέά  
 

 (4.34) 
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ȺɘəɧɜŬ 4.2 ȳɟɘɞ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ 

 

2. ȳɟɘɞ űŬɘɜɧɛŮɜɖɠ ɘůɢɨɞɠ: Ƀ əɎɗŮ ŬɜŰɘůŰɟɞűɏŬɠ, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 
ɘůɢɨ Űɞɡ. ȼ űŬɘɜɧɛŮɜɖ ɘůɢɨɠ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞɜ ŬɜŰɘůŰɟɞűɏŬ ŭŮɜ ɛˊɞɟŮɑ 
ɜŬ ɝŮˊŮɟɜɎ Űɞ ɧɟɘɞ ŬɡŰɧ, ŭɖɚŬŭɐ: 

 

 ὖ2 + ὗ2 Ὓὲέά  
 

 (4.35) 

 

 

 
 

ȺɘəɧɜŬ 4.3 ȳɟɘɞ űŬɘɜɧɛŮɜɖɠ ɘůɢɨɞɠ 
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3. ȳɟɘɞ ɛɏɔɘůŰɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ: Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɖɜ ɛɏɔɘůŰɖ ɎŮɟɔɞ 
ɘůɢɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ ɐ ɜŬ ŬˊɞɟɟɞűɎ ɞ ŬɜŰɘůŰɟɞűɏŬɠ. ȷɡŰɧ 
ɔɑɜŮŰŬɘ ŭɑɜɞɜŰŬɠ Űɞɜ ŮɚɎɢɘůŰɞ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ ɔɘŬ ɛɏɔɘůŰɖ ˊŬɟŬɔɤɔɐ 
ŮɜŮɟɔɞɨ ɘůɢɨɞɠ, əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ɎŮɟɔɞɠ ɘůɢɨɠ, ŰɑɗŮŰŬɘ ɤɠ ɔŮɜɘəɧ ɧɟɘɞ. Ƀ 
ɢɟɐůŰɖɠ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŭɩůŮɘ ŭɘŬűɞɟŮŰɘəɧ ɆȽ ɔɘŬ ŮˊŬɔɤɔɘəɐ əŬɘ 
ɢɤɟɖŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ. 

 

 

 ὗὫ ὸὥὲ(ὥὧέί(ὛὍ_ὗ_ὰὭάὭὸ_ὼύὶὭὸ)) ϽὖὋ‐‎‖‌†‐„†–‘ʘ’‛ 
 

 (4.36) 

 

 

 ὗὫ ὸὥὲ(ὥὧέί(ὛὍ_ὗ_ὰὭάὭὸ_ὩὴὥὫ)) ϽὖὋ‐‎‖‌†‐„†–‘ʘ’‛ 
 

 (4.37) 

 

  

 
 

ȺɘəɧɜŬ 4.4 ȳɟɘɞ ɛɏɔɘůŰɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ 

 

4. ȳɟɘɞ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ: Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɞɜ ŮɚɎɢɘůŰɞ ůɡɜŰŮɚŮůŰɐ 
ɘůɢɨɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɖ əɎɗŮ ɛɞɜɎŭŬ ŭɘŮůˊŬɟɛɏɜɖɠ 
ˊŬɟŬɔɤɔɐɠ. ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 
ɜŬ ŮˊɘɚɏɝŮɘ ŭɘŬűɞɟŮŰɘəɧ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ ɔɘŬ ŮˊŬɔɤɔɘəɐ əŬɘ ɢɤɟɖŰɘəɐ 
ɚŮɘŰɞɡɟɔɑŬ.  
 
 ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ əɎɗŮ ɩɟŬ, ɖ əɎɗŮ ɛɞɜɎŭŬ ŭɘŮůˊŬɟɛɏɜɖɠ 

ˊŬɟŬɔɤɔɐɠ ɗŬ ˊŬɟɎɔŮɘ/ŬˊɞɟɟɞűɎ ɛɏɢɟɘ Űɧůɖ ɎŮɟɔɞ ɘůɢɨ ɏŰůɘ ɩůŰŮ ɜŬ  

ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɆȽ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ, ŬɜɎɚɞɔŬ Űɖɜ ɘůɢɨ ˊɞɡ ˊŬɟɎɔŮɘ əŬɘ Űɖɜ 

ɘůɢɨ ˊɞɡ ˊŮɟɘəɧˊŰŮŰŬɘ. 
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 ὗὫ ὸὥὲὥὧέίὛὍ_έὴὩὶὥὸὭέὲί_ὼύὶὭὸ Ͻ(ὖὋ ὖὋὧόὶὸ) 
 

 (4.38) 

 

 

 ὗὫ ὸὥὲ(ὥὧέί(ὛὍ_έὴὩὶὥὸὭέὲί_ὩὴὥὫ)) Ͻ(ὖὋ ὖὋὧόὶὸ)   (4.39) 

 

 

 
 

ȺɘəɧɜŬ 4.5 ȳɟɘɞ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ 

 

  ȳˊɤɠ ɐŭɖ ŬɜŬűɏɟŬɛŮ, ɞ ɢɟɐůŰɖɠ ŭɑɜŮɘ ɏɜŬ ˊɞůɞůŰɧ Űɖɠ 

ɞɜɞɛŬůŰɘəɐɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ əɎɗŮ ɛɞɜɎŭŬɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 

əŬɘ ŮˊɘɚɏɔŮɘ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ŰɟŮɘɠ ŭɘŬɗɏůɘɛɞɡɠ Űɟɧˊɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

ŬɜŰɘůŰɟɞűɏŬ ɧŰŬɜ ɖ ɛɞɜɎŭŬ ɚŮɘŰɞɡɟɔŮɑ əɎŰɤ Ŭˊɧ Űɞ ŭɞůɛɏɜɞ ŬɡŰɧ ɧɟɘɞ. 

 

Ƀɘ ŰɟŮɘɠ Űɟɧˊɞɘ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ. 

 

¶ ȾŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ: ɧˊɞɡ ɞ ŬɜŰɘůŰɟɞűɏŬɠ ůɡɜŮɢɑɕŮɘ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɛŮ 

Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɧˊɤɠ əŬɘ ɔɘŬ ɛŮɔŬɚɨŰŮɟŮɠ ɘůɢɨŮɘɠ. 
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ȺɘəɧɜŬ 4.6  ȾŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ 

 

¶ Q at Night: ɧˊɞɡ ɧŰŬɜ ɖ ɛɞɜɎŭŬ ˊŬɟŬɔɤɔɐɠ ɚŮɘŰɞɡɟɔŮɑ ůŮ ɢŬɛɖɚɎ 

Ů́ ɑˊŮŭŬ ˊŬɟŬɔɤɔɐɠ, ɖ ɎŮɟɔɞɠ ɘůɢɨɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŭŮɜ 

ˊŮɟɘɞɟɑɕŮŰŬɘ ˊɘŬ Ŭˊɧ Űɖɜ ůŰɘɔɛɘŬɑŬ, əɎɗŮ űɞɟɎ ɘůɢɨ, ŬɚɚɎ Ŭˊɧ Űɖɜ ɘůɢɨ 

Űɞɡ ŭɞůɛɏɜɞɡ ɞɟɑɞɡ. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŬɡŰɐɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ, 

ŬɜŬˊŰɨɢɗɖəŬɜ ůŰɖɜ ŮɜɧŰɖŰŬ 2.1.5. 

 

ɆŰŬ ˊŬɟŬəɎŰɤ ůɢɐɛŬŰŬ ɗŮɤɟŮɑŰŬɘ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɧŰɘ Űɞ 

ŭɞůɛɏɜɞ əɎŰɤ ɧɟɘɞ ŮɑɜŬɘ 20% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ɘůɢɨɞɠ. 
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ȺɘəɧɜŬ 4.7 Q at night 

 

¶ ɀɖŭŮɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ: ɧˊɞɡ əɎŰɤ Ŭˊɧ Űɞ ŭɞůɛɏɜɞ ɧɟɘɞ, ɖ ɎŮɟɔɞɠ ɘůɢɨɠ 

ɛɖŭŮɜɑɕŮŰŬɘ. 

 

 
 

ȺɘəɧɜŬ 4.8 ɀɖŭŮɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ 
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  Ƀ ůɡɜŭɡŬůɛɧɠ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ ˊŮɟɘɞɟɘůɛɩɜ ɞŭɖɔŮɑ ůŰɞ 

ˊŬɟŬəɎŰɤ ůɡɜɞɚɘəɧ ŭɘɎɔɟŬɛɛŬ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɎɗŮ ŬɜŰɘůŰɟɞűɏŬ 

(ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ əŬɜɞɜɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ əɎŰɤ Ŭˊɧ Űɞ ŭɞůɛɏɜɞ ɧɟɘɞ). 

 

 
 

ȺɘəɧɜŬ 4.9 Ɇɡɜɞɚɘəɧɠ ˊŮɟɘɞɟɘůɛɧɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 

 

ũɘŬ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɞ ŰŮɚɘəɧɠ ůɡɜŭɡŬůɛɧɠ ɎŮɟɔɞɡ əŬɘ ŮɜŮɟɔɞɨ 

ɘůɢɨɞɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ ŬɜŰɘůŰɟɞűɏŬ Űɖɠ ɛɞɜɎŭŬɠ ŭɘŮůˊŬɟɛɏɜɖɠ 

ˊŬɟŬɔɤɔɐɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ.  

 

 
 
ȺɘəɧɜŬ 4.10 ɇŮɚɘəɧɠ ɏɚŮɔɢɞɠ Űɖɠ ɘůɢɨɞɠ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ ɛɘŬɠ ɛɞɜɎŭŬɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 
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  ɄɟɞűŬɜɩɠ, ŬɚɚɎɕɞɜŰŬɠ Űɖɜ 1) ɞɜɞɛŬůŰɘəɐ ŮɔəŬŰŮůŰɖɛɏɜɖ 

ɘůɢɨɠ, 2)Űɞ ɛɏɔŮɗɞɠ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ, ŰŬ ɧɟɘŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ 

3)ɎŮɟɔɞ ɘůɢɨ əŬɘ 4)Űɞɜ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ əŬɗɩɠ əŬɘ Űɞɡɠ 5)ŰɟŮɘɠ 

ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ əɎŰɤ Ŭˊɧ Űɞ 6)ŭɞůɛɏɜɞ ɧɟɘɞ 

ɚŮɘŰɞɡɟɔɑŬɠ, Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ˊɟɞəɨˊŰŮɘ ŮɜŰŮɚɩɠ ŭɘŬűɞɟŮŰɘəɧ. 

 

¶ ȳɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŬˊɞɗɖəŮɡŰɘəɩɜ ɛɞɜɎŭɤɜ 

 

  Ƀ ɢɟɐůŰɖɠ, ɔɘŬ əɎɗŮ ŬˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ ŮɘůɎɔŮɘ ɤɠ Ůɑůɞŭɞ Űɖɜ 

ɛɏɔɘůŰɖ ɘůɢɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ, Űɞɜ ŮɚɎɢɘůŰɞ ɆɡɜŰŮɚŮůŰɐ Ƚůɢɨɞɠ 

ɔɘŬ ɛɏɔɘůŰɖ ˊŬɟŬɔɤɔɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ, Űɖɜ ŮɚɎɢɘůŰɖ əŬɘ ɛɏɔɘůŰɖ 

ŮɜɏɟɔŮɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ůŰɖɜ ŬˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ əŬɗɩɠ 

əŬɘ Űɖɜ Ŭɟɢɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɖɜ Ŭɟɢɐ Űɖɠ ɖɛɏɟŬɠ. 

 

ũɘŬ əɎɗŮ ɩɟŬ h: 

 

      ὉίὸέὶὩ,Ὤ ὟὴὴὩὶ_ὛὸέὶὥὫὩ_ὅὥὴὥὦὭὰὭὸώ  (4.40) 

 

 

 ὉίὸέὶὩ,Ὤ ὒέύὩὶ_ὛὸέὶὥὫὩ_ὅὥὴὥὦὭὰὭὸώ 
 

 (4.41) 

 

 

 ὖίὸέὶὩ,Ὤ ὉίὸέὶὩ,Ὤ 
 

 (4.42) 

 

 

 ὗίὸέὶὩ,Ὤ tan(acos SIMIN )  (4.43) 

 

 

 

ȳˊɞɡ  

 

ὉίὸέὶὩ,Ὤ= ὛὸὥὶὸὭὲὫ_ὉὲὩὶὫώ + ὖίὸέὶὩ.Ὤ

Ὤ

Ὥ= 1

 (4.44) 

 

  

 

  Ƀ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŬˊɞɗɖəŮɡŰɘəɩɜ ɛɞɜɎŭɤɜ, əŬɘ ɞɘ 

ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ Űɞɜ ŭɘɏˊɞɡɜ, ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ 

ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ ɛɘŬ ŰɡɢŬɑŬ ˊŮɟɑˊŰɤůɖ ŭɘəŰɨɞɡ. 

 

  ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ ŬˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Űɘɠ 

ˊŬɟŬəɎŰɤ ˊɟɞŭɘŬɔɟŬűɏɠ: 
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╤▬▬▄►_╢◄▫►╪▌▄_╒╪▬╪╫░■░◄◐= 5 MWh 

 

╛▫◌▄►_╢◄▫►╪▌▄_╒╪▬╪╫░■░◄◐ = 1 MWh 

 

╟╜═╧                                                 = 1 MW 

 

╢◄╪►◄░▪▌╔▪▄►▌◐                            = 2 MWh 

 

╜░▪_╟▫◌▄►_╕╪╬◄▫►                  =0.95     Ÿ 

 ᴼ╠╜═╧                                          = ἼἩἶ(ἩἫἷἻ , )=0.3287 
 

ɄɑɜŬəŬɠ 4.6 ɄɟɞŭɘŬɔɟŬűɏɠ Űɖɠ ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ 

 

ɆŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ əŬɘ ɖ 

ɚŮɘŰɞɡɟɔɑŬ ɔɘŬ: 

 

ü ɇɖɜ ȷˊɞɗɖəŮɡɛɏɜɖ ȺɜɏɟɔŮɘŬ 

 

ü ɇɖɜ ȺɜŮɟɔɧ Ƚůɢɨ ŬˊɞɗɐəŮɡůɖɠ 

 

ü ɇɖɜ ȯŮɟɔɞ Ƚůɢɨ ŬˊɞɗɐəŮɡůɖɠ 

 

 

  ũɘŬ ɜŬ əŬŰŬɜɞɖɗŮɑ ˊɚɐɟɤɠ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŬˊɞɗɖəŮɡŰɘəɩɜ 

ɛɞɜɎŭɤɜ, ɛˊɞɟɞɨɛŮ ɜŬ ˊŬɟŬŰɖɟɐůɞɡɛŮ əɎˊɞɘŬ əɞɛɓɘəɎ ůɖɛŮɑŬ ůŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ, ŰŬ ɞˊɞɑŬ Ůɝɖɔɞɨɜ ɧɚŮɠ Űɘɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ Űɖɜ ŭɘɏˊɞɡɜ. 
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ȺɘəɧɜŬ 4.11 ȿŮɘŰɞɡɟɔɑŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ Űɖɠ ȷˊɞɗɖəŮɡɛɏɜɖɠ ȺɜɏɟɔŮɘŬɠ 

 

  ɆŰɖɜ ȺɘəɧɜŬ 4.11 ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ˊɟɎɔɛŬŰɘ ɘůɢɨŮɘ ɖ ůɡɜɗɐəɖ 

ɛɖŭŮɜɘəɐɠ ůɡɜɞɚɘəɐɠ ˊŬɟŬɔɤɔɐɠ/Ŭˊɞɟɟɧűɖůɖɠ ŮɜɏɟɔŮɘŬɠ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ, əŬɗɩɠ ɖ ŬˊɞɗɖəŮɡɛɏɜɖ ŮɜɏɟɔŮɘŬ Űɧůɞ ůŰɖɜ Ŭɟɢɐ, 

ɧůɞ əŬɘ ůŰɞ Űɏɚɞɠ Űɖɠ ɖɛɏɟŬɠ ŮɑɜŬɘ ɑŭɘŬ. 

  Ⱥˊɑůɖɠ, Űɞ ˊɞůɧ Űɖɠ ŬˊɞɗɖəŮɡɛɏɜɖɠ ŮɜɏɟɔŮɘŬɠ əɎɗŮ ɩɟŬɠ, 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɡˊɎɟɢɤɜ ɛɏɢɟɘ ŮəŮɑɜɖ Űɖɜ ůŰɘɔɛɐ, ˊɟɞůɗɏŰɞɜŰŬɠ ɐ 

ŬűŬɘɟɩɜŰŬɠ Űɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊɞɗɖəŮɨŮŰŬɘ ɐ ŭɘŬŰɑɗŮŰŬɘ əɎɗŮ űɞɟɎ. 

ɄŬɟŬŰɖɟŮɑŰŬɘ Ůˊɑůɖɠ, ɧŰɘ ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ ˊŮɟɘɞɟɑɕŮŰŬɘ əɎɗŮ ɩɟŬ 

Ŭˊɧ Űɞ Ɏɜɤ əŬɘ əɎŰɤ ɧɟɘɞ. 
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ȺɘəɧɜŬ 4.12 ȿŮɘŰɞɡɟɔɑŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ Űɖɠ ȺɜŮɟɔɞɨ Ƚůɢɨɞɠ ȷˊɞɗɐəŮɡůɖɠ 

 

  ɆŰɖɜ ȺɘəɧɜŬ 4.12 ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ ˊɞɡ ŭɘŬŰɑɗŮŰŬɘ 

ɐ ŬˊɞɗɖəŮɨŮŰŬɘ əɎɗŮ ɩɟŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɝŮˊŮɟɜɎ Űɖɜ ɛɏɔɘůŰɖ ɘůɢɨ Űɖɠ 

ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ. 
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ȺɘəɧɜŬ 4.13 ȿŮɘŰɞɡɟɔɑŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ Űɖɠ ȯŮɟɔɞɡ Ƚůɢɨɞɠ ȷˊɞɗɐəŮɡůɖɠ 

 

  ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ 

ŮɜŮɟɔɧ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ ɖ ɎŮɟɔɞɠ ɘůɢɨɠ 

ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ ŰŬ ůŰŬɗŮɟɎ ɧɟɘŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 

(4.43) . 

 

 

4.4.2 ɬʀʐʍɻɾʖʉʅʆʋʚ ɩʀʍʅʋʍʅʎʈʋʚ 

 

 Ƀɘ ŰŮŰɟŬɔɤɜɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɞɘ ɞˊɞɑɞɘ 

ŮɘůɎɔɞɜŰŬɘ ɛɏůɤ Űɤɜ ˊɘɜɎəɤɜ l,r əŬɘ Űɞɡ əŮɚɘɞɨ Q, ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ 

ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ, ɡˊɎɟɢɞɡɜ ɛŮ ɛɞɜŬŭɘəɧ ůəɞˊɧ Űɞɜ ˊŮɟɘɞɟɘůɛɧ 

Űɞɡ ɟŮɨɛŬŰɞɠ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ əŬɘ ɧɚŮɠ Űɘɠ ɔɟŬɛɛɏɠ. 

 ɄŬɟɧɚɞ ˊɞɡ ɖ ɨˊŬɟɝɖ Űɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ, 

ɛŮŰŬŰɟɏˊŮɘ Űɞ ˊɟɧɓɚɖɛŬ ůŮ MIQCQP, ɛŮ ŬˊɞŰɏɚŮůɛŬ, ɜŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘŬűɞɟŮŰɘəɞɑ, ˊɘɞ ˊɞɚɨˊɚɞəɞɘ Ŭɚɔɧɟɘɗɛɞɘ, ŬəɧɛŬ əŬɘ 

ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ŭŮɜ ɏɢɞɡɜ ɎɛŮůɖ ŮˊɑŭɟŬůɖ, ɐŰŬɜ 
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ŬɜŬɔəŬɑŬ ɖ ŮɘůŬɔɤɔɐ Űɞɡɠ, ɔɘŬ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɞɡ ɗŮɟɛɘəɞɨ ɞɟɑɞɡ Űɤɜ 

ɔɟŬɛɛɩɜ əŬɘ Űɞɡ ɀɆ. 

 ȰŰůɘ ɔɘŬ əɎɗŮ ɔɟŬɛɛɐ-əɚɎŭɞ Űɞɡ ŭɘəŰɨɞɡ, ɞ ˊŮɟɘɞɟɘůɛɧɠ ɔɘŬ ŰŬ 

ɗŮɟɛɘəɎ ɧɟɘŬ ŮɑɜŬɘ: 

 

 Ὅ ὍὸὬὩὶάὥὰ 
 

ὖ2 + ὗ2

Ѝ3Ͻὠ
ὍὸὬὩὶάὥὰ 

 

 
 

(4.45) 

 

Ⱥɜɩ ɔɘŬ Űɞɜ ɀɆ ɞ ˊŮɟɘɞɟɘůɛɧɠ ŬɜŰɑůŰɞɘɢŬ, ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɞɜɞɛŬůŰɘəɐ 

Űɞɡ ɘůɢɨ: 

 

 ὖ2 + ὗ2 ὖὲέά   
 (4.46) 

 

 

ȳˊɞɡ  

  P, Q ɖ ŮɜŮɟɔɧɠ əŬɘ ɎŮɟɔɞɠ ɘůɢɨɠ ŬɜŰɑůŰɞɘɢŬ, ˊɞɡ ŭɘŬɟɟɏɞɡɜ  

 Űɖɜ ɔɟŬɛɛɐ/ɀɆ 

 

  ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɖ ŮɘůŬɔɤɔɐ Űɤɜ 

ŰŮŰɟŬɔɤɜɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ, ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ, Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. ũɘŬ Űɖɜ əŬŰɎ Űɞ ŭɡɜŬŰɧ ŬɜŰɘɛŮŰɩˊɘůɖ 

ŬɡŰɞɨ Űɞɡ ɕɖŰɐɛŬŰɞɠ ɡɚɞˊɞɘɐɗɖəŮ ɖ ˊŬɟŬəɎŰɤ ŭɘŬŭɘəŬůɑŬ. 

  ũɘŬ ɞˊɞɘɞŭɐˊɞŰŮ ŭɑəŰɡɞ, ɞ Ŭɚɔɧɟɘɗɛɞɠ, ŮˊɘɚɨŮɘ Űɞ ˊɟɧɓɚɖɛŬ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛŮ ɛɖŭŮɜɘəɞɨɠ ŰŮŰɟŬɔɤɜɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ, ɚɨɜŮɘ 

ŭɖɚŬŭɐ ɏɜŬ MIQP ˊɟɧɓɚɖɛŬ, ůŮ ˊɞɚɨ ɚɘɔɧŰŮɟɞ ɢɟɧɜɞ əŬɘ əŬɚɨŰŮɟɖ 

ůɨɔəɚɘůɖ Ŭˊɧ Űɞ ŬɜŰɑůŰɞɘɢɞ MIQCP. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ŬɡŰɧɛŬŰŬ 

ɡˊɞɚɞɔɑɕŮɘ ŰŬ ɟŮɨɛŬŰŬ ˊɞɡ ŭɘŬɟɟɏɞɡɜ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ əŬɘ əɎɗŮ 

ɔɟŬɛɛɐ əŬɘ ŮɚɏɔɢŮɘ Ŭɜ ɡˊɎɟɢŮɘ ˊŬɟŬɓɑŬůɖ əɎˊɞɘɞɡ ɞɟɑɞɡ. ȷɜ ŭŮɜ 

ɡˊɎɟɢŮɘ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ůŰŬɛŬŰɎ, Ůɜɩ ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, ɝŬɜŬŰɟɏɢŮɘ 

Űɞ ɑŭɘɞ ˊɟɧɓɚɖɛŬ ɛŮ Űɞɡɠ ŰŮŰɟŬɔɤɜɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ŮɜŮɟɔɞɨɠ. 

  ȼ ɚɨůɖ ŬɡŰɐ, ůŰɖɜ ɞɡůɑŬ, ŮˊɘŰŬɢɨɜŮɘ əŬŰɎ ˊɞɚɨ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

ɛɧɜɞ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŭɘəŰɨɞɡ, ɧˊɞɡ ŰŬ ɟŮɨɛŬŰŬ ŭŮɜ ˊɚɖůɘɎɕɞɡɜ ŰŬ 

ɗŮɟɛɘəɎ ɧɟɘŬ. 

 

 

4.5 ɝʋʈʅʆʝ ɝʅʗɾʍɻʈʈɻ ʐʋʑ ɻʇɾʋʍʚʃʈʋʑ 
 

 ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ŮɜɧŰɖŰŬ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ŭɞɛɘəɧ 

ŭɘɎɔɟŬɛɛŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, ɐ Ŭɚɚɘɩɠ ɏɜŬɠ ɣŮɡŭɞəɩŭɘəŬɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ 

ɧɚŬ ŰŬ ɓɐɛŬŰŬ ˊɞɡ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ůŰɞɜ əɩŭɘəŬ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ. 
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ũɟŬɛɛɏɠ 
ȾɩŭɘəŬ 

ȿŮɘŰɞɡɟɔɑŬ 

30 
 
Ⱥˊɘɚɞɔɐ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɖɛŮɟɩɜ ˊɞɡ 
ɗɏɚɞɡɛŮ ɜŬ ŰɟɏɝŮɘ ɞ əɩŭɘəŬɠ. 

120 

 
ȺɘůŬɔɤɔɐ ɔŮɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ-Ůɘůɧŭɤɜ:  
 

¶ ȯɜɤ ɧɟɘɞ ˊɞůɞůŰɞɨ ˊŮɟɘəɞˊɩɜ ɔɘŬ əɎɗŮ DG ɔɘŬ əɎɗŮ ɩɟŬ. 

¶ ȾɎŰɤ ɧɟɘɞ ŰɎůɖɠ ůŰɞɜ ɕɡɔɧ ɀɇ 

¶ ɃɜɞɛŬůŰɘəɐ ŰɎůɖ 

¶ ɆŰɞɘɢŮɑŬ Űɞɡ ɀ/Ɇ(Rms/Xms/Pnom) 

¶ ȸɎɟɖ (əŬɜɞɜɘəɞˊɞɑɖůɖɠ  əŬɘ Decision Makerôs) 

¶ ȾŬɗɞɟɘůɛɧɠ Űɟɧˊɞɡ ɚŮɘŰɞɡɟɔɑŬɠ /Ůɚɏɔɢɞɡ Űɞɡ inverter Űɤɜ DG 
ůɢŮŰɘəɎ ɛŮ Űɖɜ ɎŮɟɔɞ ɘůɢɨ ɔɘŬ əɎɗŮ Ůɑŭɞɠ DG(PV/WIND) 

¶ Ʉɚɐɗɞɠ ɔɟŬɛɛɩɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰɞɜ Ɉ/Ɇ Ɉɇ/ɀɇ 

¶ ȰɚŮɔɢɞɠ Ůɘůɧŭɤɜ ůŮ ɧɚŬ ŰŬ ˊŬɟŬˊɎɜɤ 

600/ɔɟŬɛɛɐ 

 
ȺɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ ɔɘŬ əɎɗŮ ɔɟŬɛɛɐ ŬɜŬɢɩɟɖůɖɠ Ŭˊɧ 
Űɞɜ ɈɆ: 
 

¶ ȷɟɘɗɛɧɠ əɧɛɓɤɜ 

¶ Ƀɚɘəɧ ɛɐəɞɠ ɔɟŬɛɛɐɠ əŬɘ əɎɗŮ əɚɎŭɞɡ 

¶ ɇɨˊɞɠ Ŭɔɤɔɩɜ, ŬɜŰɑůŰŬůɖ əŬɘ ŬɜŰɑŭɟŬůɖ/km, ɗŮɟɛɘəɧ ɧɟɘɞ 

¶ Ɉˊɞɚɞɔɘůɛɧɠ R,X ɔɘŬ əɎɗŮ əɚɎŭɞ. 
 

¶ ȷɟɘɗɛɧɠ, ŰɞˊɞɗŮůɑŬ,  ɘůɢɨɠ əŬɘ ɆȽ əɧɛɓɤɜ űɞɟŰɑɞɡ 

¶ ȺɘůŬɔɤɔɐ əŬɛˊɨɚɖɠ űɞɟŰɑɞɡ 

¶ Ɉˊɞɚɞɔɘůɛɧɠ əŬɛˊɨɚɖɠ ŮɜŮɟɔɞɨ əŬɘ ɎŮɟɔɞɡ űɞɟŰɑɞɡ ɔɘŬ əɎɗŮ 
űɞɟŰɑɞ 
 

¶ ȷɟɘɗɛɧɠ əŬɘ ŰɞˊɞɗŮůɑŬ əɧɛɓɤɜ ɛŮ DG 

¶ ȾŬɗɞɟɘůɛɧɠ ɓɎɟɞɡɠ penalty ůŮ əɎɗŮ DG ɔɘŬ Űɖɜ ɎŮɟɔɞ. 

¶ ȾŬɗɞɟɘůɛɧɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ əŬɘ Ůɑŭɞɡɠ (PV/WIND) ɔɘŬ 
əɎɗŮ DG 

¶ ȾŬɗɞɟɘůɛɧɠ ɛŮɔɏɗɞɡɠ inverter, əŬɘ ɧɟɘŬ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ 
(ŰɏůůŮɟŬ ɔɘŬ əɎɗŮ DG) 

¶ ȺɘůŬɔɤɔɐ əŬɛˊɨɚɖɠ ˊŬɟŬɔɤɔɐɠ ɔɘŬ ūɤŰɞɓɞɚŰŬɘəɎ əŬɘ 
ŬɘɞɚɘəɎ  

¶ Ɉˊɞɚɞɔɘůɛɧɠ əŬɛˊɨɚɖɠ ˊŬɟŬɔɤɔɐɠ ɔɘŬ əɎɗŮ DG əŬɘ 
ŮűŬɟɛɞɔɐ Űɟɧˊɞɡ Ůɚɏɔɢɞɡ ɎŮɟɔɞɡ ɘůɢɨɞɠ ŬɜɎɚɞɔŬ Űɞɜ Űɨˊɞ 
Űɞɡ DG 
 

¶ ȷɟɘɗɛɧɠ əŬɘ ŰɞˊɞɗŮůɑŬ ůɡůəŮɡɩɜ ŬˊɞɗɐəŮɡůɖɠ 

¶ ȾŬɗɞɟɘůɛɧɠ ɀɏɔɘůŰɖɠ ɘůɢɨɞɠ, ɆȽ, ȺɚɎɢɘůŰɖɠ, ɀɏɔɘůŰɖɠ əŬɘ 
ȷɟɢɘəɐɠ ŮɜɏɟɔŮɘŬɠ  ůŮ əɎɗŮ ůɡůəŮɡɐ ŬˊɞɗɐəŮɡůɖɠ 
 

¶ ȾŬɗɞɟɘůɛɧɠ ɘůɢɨɞɠ Űɞɡ ˊɡəɜɤŰɐ ůŰɞɜ ɕɡɔɧ ɀɇ (Ŭɜ ɡˊɎɟɢŮɘ) 
 

¶ ȾŬɗɞɟɘůɛɧɠ ŰɞˊɞɗŮůɑŬɠ əŬɘ ɘůɢɨɞɠ Űɞɡ ˊɡəɜɤŰɐ ůŰɖɜ 
ɔɟŬɛɛɐ (Ŭɜ ɡˊɎɟɢŮɘ) 

 

¶ ȾŬɗɞɟɘůɛɧɠ Ŭɟɘɗɛɞɨ əŬɘ ŰɞˊɞɗŮůɑŬɠ Űɤɜ ɟɡɗɛɘůŰɩɜ ŰɎůŮɤɜ 



ȹɞɛɘəɧ ȹɘɎɔɟŬɛɛŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

99 
 

əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ 
 

¶ ȰɚŮɔɢɞɠ Ůɘůɧŭɤɜ ůŮ ɧɚŬ ŰŬ ˊŬɟŬˊɎɜɤ 
 

¶ Ɉˊɞɚɞɔɘůɛɧɠ ɢɟɐůɘɛɤɜ ɛŮŰŬɓɚɖŰɩɜ ɔɘŬ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 
 

200/ɔɟŬɛɛɐ 

 
ȾŬŰŬůəŮɡɐ ɓɞɖɗɖŰɘəɩɜ ˊɘɜɎəɤɜ ɔɘŬ əɎɗŮ ɔɟŬɛɛɐ, 
ŬˊŬɟŬɑŰɖŰɤɜ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŭɘŬűɧɟɤɜ 
ůŰɞɘɢŮɑɤɜ əŬɘ ŮɝɘůɩůŮɤɜ 
 

¶ ɄɑɜŬəŮɠ D, ɔɘŬ Űɖɜ ɛɞɟűɞˊɞɑɖůɖ Űɤɜ ŰɎůŮɤɜ ůŰɞɡɠ əɧɛɓɞɡɠ, 
ɧˊɤɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ Ůɝɑůɤůɖ (4.18) 

¶ ɉɟɐůɖ ɓɞɖɗɖŰɘəɐɠ ůɡɜɎɟŰɖůɖɠ preprocess ɔɘŬ Űɖɜ 
ɛɞɟűɞˊɞɑɖůɖ Űɖɠ ŮɝɎɟŰɖůɖɠ Űɤɜ ŬˊɤɚŮɘɩɜ Ŭˊɧ Űɖɜ 
ɛŮŰŬɓɚɖŰɐ tap əŬɘ Űɞɡɠ ɅɡɗɛɘůŰɏɠ ŰɎůɖɠ ɧˊɤɠ ŬɜŬűɏɟɞɜŰŬɘ 

ůŰɖɜ Ůɝɑůɤůɖ (4.25) 

3000/ɔɟŬɛɛɐ 

 
ȾŬŰŬůəŮɡɐ ŮɝɘůɩůŮɤɜ əŬɘ ɔŮɜɘəɎ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ 
ˊɘɜɎəɤɜ ɔɘŬ əɎɗŮ ɔɟŬɛɛɐ ŬɜŬɢɩɟɖůɖɠ Ŭˊɧ Űɞɜ ɈɆ: 
 

¶ ɄɎɜɤ əŬɘ əɎŰɤ ɧɟɘŬ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ:  lb, 
ub ɔɘŬ ɛɑŬ ɔɟŬɛɛɐ 

¶ ȷɜɘůɞŰɘəɞɑ əŬɘ ɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ:  bineq, Aineq, beq, Aeq 
ɔɘŬ ɛɑŬ ɔɟŬɛɛɐ 

¶ ɇŮŰɟŬɔɤɜɘəɞɑ ŬɜɘůɞŰɘəɞɑ əŬɘ ɘůɞŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ: r, l, Q ɔɘŬ ɛɑŬ 
ɔɟŬɛɛɐ 

¶ ũɟŬɛɛɘəɞɑ əŬɘ ŰŮŰɟŬɔɤɜɘəɞɑ ɧɟɞɘ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ 
ůɡɜɎɟŰɖůɖɠ(əŬɘ ɔɘŬ Űɘɠ 8 ůɡɜŬɟŰɐůŮɘɠ) f əŬɘ H ɔɘŬ ɛɑŬ ɔɟŬɛɛɐ 

¶ Ɇɡɜɏɜɤůɖ Űɤɜ ˊɘɜɎəɤɜ əɎɗŮ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ ůŮ 
ɏɜŬɜ 

¶ ɄɑɜŬəŬɠ ˊɞɡ ŭɖɚɩɜŮɘ Űɞ Ůɑŭɞɠ əɎɗŮ ɛŮŰŬɓɚɖŰɐɠ (ůɡɜŮɢɐɠ ɐ 
ŭɘŬəɟɘŰɐ) 

8000 

 
ȾŬŰŬůəŮɡɐ ŮˊɘˊɟɧůɗŮŰɤɜ ˊɘɜɎəɤɜ, ɞɘ ɞˊɞɑɞɘ ˊɟɞůŰɑɗŮɜŰŬɘ 
ůŰɞɡɠ ˊŬɟŬˊɎɜɤ ɔɘŬ ɜŬ əŬɚɨɣɞɡɜ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ 
ɔɟŬɛɛɩɜ ɛŮŰŬɝɨ Űɞɡɠ. (ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ˊŰɩůɖ ŰɎůɖɠ ůŰɞɜ 
ɀɆ Ŭˊɧ ɛɑŬ ɔɟŬɛɛɐ ɏɢŮɘ ŮˊɑŭɟŬůɖ əŬɘ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ): 
 

¶ ȷɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ɔɘŬ Űɘɠ ɚɐɣŮɘɠ Űɞɡ tap ŬɜɎɚɞɔŬ  Űɞ 
ˊɚɐɗɞɠ Űɤɜ ɔɟŬɛɛɩɜ əŬɘ Űɞɜ ůɡɜŰŮɚŮůŰɐ Űɞɡɠ (PF) ůɢŮŰɘəɎ 
ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ tap,ɞ ɞˊɞɑɞɠ ɏɢŮɘ ɐŭɖ ɡˊɞɚɞɔɘůŰŮɑ 

¶ ɄŮɟɘɞɟɘůɛɞɑ Űɤɜ ŰɎůŮɤɜ 

¶ ɇŮŰɟŬɔɤɜɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ ɔɘŬ Űɞ ɗŮɟɛɘəɧ ɧɟɘɞ Űɞɡ ɀɆ 

¶ ɇŮŰɟŬɔɤɜɘəɞɑ əŬɘ ɔɟŬɛɛɘəɞɑ ɧɟɞɘ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ 
ɔɘŬ Űɘɠ ŬˊɩɚŮɘŮɠ 

¶ ɇŮŰɟŬɔɤɜɘəɞɑ ɧɟɞɘ ɔɘŬ Űɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ Űɖɠ 
ɎŮɟɔɞɡ ɘůɢɨɞɠ Ŭˊɧ Űɞɜ ɀɆ 

¶ ũɟŬɛɛɘəɞɑ əŬɘ ŰŮŰɟŬɔɤɜɘəɞɑ ɧɟɞɘ ɔɘŬ Űɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ 
ůɡɜɎɟŰɖůɖ Űɤɜ ŰɎůŮɤɜ 

¶ Ʉɟɞůɗɐəɖ ŬɜɘůɞŰɘəɞɨ ˊŮɟɘɞɟɘůɛɞɨ ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ ŰɎůɖ 
ůŰɞɜ ɕɡɔɧ ɀɇ. 



ȷɜɎɚɡůɖ ɛɞɜŰɏɚɞɡ 

100 
 

200 

 
Ɇɡɜɏɜɤůɖ ȳɚɤɜ Űɤɜ ˊɘɜɎəɤɜ : 
 

¶ Ȱɜɤůɖ Űɤɜ Ŭɟɢɘəɩɜ ˊɘɜɎəɤɜ əɎɗŮ ɔɟŬɛɛɐɠ ɛŮŰŬɝɨ Űɞɡɠ, əŬɘ 
ɛŮ Űɞɡɠ ˊɟɧůɗŮŰɞɡɠ, ůŰɞɡɠ ŰŮɚɘəɞɨɠ ˊɑɜŬəŮɠ  lb, ub, Aineq, 
Aeq, bineq, beq, r, l, Q, f, H, ctype ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ Ŭˊɧ Űɖ 
cplex 

50 

 
ȾɎɚŮůɛŬ Űɖɠ CPLEX əŬɘ ɞɟɘůɛɧɠ Űɤɜ ŭɘŬűɧɟɤɜ 
ˊŬɟŬɛɏŰɟɤɜ 
 

1350 

 
Ɉˊɞɚɞɔɘůɛɞɑ ɛŮŰɎ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 
 

¶ ɀŮŰŬɓɚɖŰɏɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

¶ Ʌɞɏɠ ɘůɢɨɞɠ ůŮ ɧɚɞɡɠ Űɞɡɠ əɚɎŭɞɡɠ ɔɘŬ əɎɗŮ ɔɟŬɛɛɐ 

¶ ɇɎůŮɘɠ ůŮ əɎɗŮ əɧɛɓɞ əŬɘ ɔɟŬɛɛɐ 

¶ ȺˊŬɚɐɗŮɡůɖ ɧŰɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ Űɤɜ ŰɎůŮɤɜ ɏɢɞɡɜ ɞɟɘůɗŮɑ 
ŬˊɞɚɨŰɤɠ ůɤůŰɎ 

¶ Ɉˊɞɚɞɔɘůɛɧɠ ŬˊɤɚŮɘɩɜ (ɔɟŬɛɛɩɜ əŬɘ ɀɆ) 

¶ Ɉˊɞɚɞɔɘůɛɧɠ ˊŮɟɘəɞˊɩɜ 

¶ Ɉˊɞɚɞɔɘůɛɧɠ űŬɘɜɧɛŮɜɖɠ, ŮɜŮɟɔɞɨ əŬɘ ɎŮɟɔɞɡ ɘůɢɨɞɠ ˊɞɡ 
ɟɏŮɘ Ŭˊɧ Űɞɜ ɀɆ 

¶ Ɉˊɞɚɞɔɘůɛɧɠ Űɘɛɐɠ əɎɗŮ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ 
ɝŮɢɤɟɘůŰɎ 

¶ ȺˊŬɚɐɗŮɡůɖ ɔɘŬ əɎɗŮ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ɧŰɘ ɏɢŮɘ 
ɞɟɘůɗŮɑ ŬˊɞɚɨŰɤɠ ůɤůŰɎ 

¶ Ɉˊɞɚɞɔɘůɛɧɠ ɧɚɤɜ Űɤɜ ɟŮɡɛɎŰɤɜ əŬɘ ɏɚŮɔɢɞɠ ɧŰɘ ɓɟɑůəɞɜŰŬɘ 
ŮɜŰɧɠ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ 

¶ ȷˊɞɗɐəŮɡůɖ Űɤɜ ŬˊŬɟŬɘŰɐŰɤɜ ůŰɞɘɢŮɑɤɜ ůŮ əŬŰɎɚɚɖɚɖ ŭɞɛɐ 

  

Ɇɨɜɞɚɞ ɔɟŬɛɛɩɜ əɩŭɘəŬ (ɔɘŬ 5 ɔɟŬɛɛɏɠ): 28750 
 

ɄɑɜŬəŬɠ 4.7 ȹɞɛɘəɧ ȹɘɎɔɟŬɛɛŬ/ɊŮɡŭɞəɩŭɘəŬɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

 

 

4.6 ɬʀʇʅʆʙ ʈʋʍʒʙ ʌʅʉʗʆʖʉ 
 

 ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɡˊɞŮɜɧŰɖŰŬ ɗŬ ˊŬɟɞɡůɘŬůɗŮɑ ɖ ɛɞɟűɐ Űɤɜ ˊɘɜɎəɤɜ 

ˊɞɡ əŬŰŬůŰɟɩɜɞɜŰŬɘ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

Ŭˊɧ Űɖɜ ůɡɜɎɟŰɖůɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɖɠ CPLEX. 

 ȺɝŬɘŰɑŬɠ Űɞɡ ˊɞɚɨ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɘɜɎəɤɜ, ŰŬ ɜɞɨɛŮɟŬ ůŮ əɎɗŮ 

əŮɚɑ ŭŮɜ ɗŬ ŮɑɜŬɘ ɞɟŬŰɎ, ˊŬɟɎ ɛɧɜɞ ɛɘŬ ɢɟɤɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɔɘŬ Űɖɜ 

əŬŰŬɜɧɖůɖ Űɞɡ Űɟɧˊɞɡ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. 

 

 



ɇŮɚɘəɐ ɛɞɟűɐ ˊɘɜɎəɤɜ 

101 
 

4.6.1 ɥʋʍʒʙ ʌʅʉʗʆʖʉ ɾʅɻ ʈʚɻ ɾʍɻʈʈʙ 

 

4.6.1.1 Aeq/beq  

 

 Ƀ ˊɑɜŬəŬɠ Aeq ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɞɜ ɘůɞŰɘəɩɜ 

ˊŮɟɘɞɟɘůɛɩɜ, əŬɘ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ Űɖɠ ɛɑŬɠ ɔɟŬɛɛɐɠ əŬɘ ɛɘŬɠ 

ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ, ɛɧɜɞ ɔɘŬ Űɖɜ ŮɝŬůűɎɚɘůɖ Űɖɠ ɛɖŭŮɜɘəɐɠ ɖɛŮɟɐůɘŬɠ 

çˊŬɟŬɔɤɔɐɠè/Ŭˊɞɟɟɧűɖůɖɠ Űɖɠ ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ. 

 ȰŰůɘ ɞ ˊɑɜŬəŬɠ ɗŬ ˊŮɟɘɏɢŮɘ ˊŬɜŰɞɨ ɛɖŭŮɜɘəɎ ŮəŰɧɠ Ŭˊɧ Űɘɠ 24 

ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɖɜ ɤɟɘŬɑŬ çˊŬɟŬɔɤɔɐè Űɖɠ 

ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ. 

 ũŮɜɘəɎ ɏɢŮɘ ŰɧůŮɠ ůŰɐɚŮɠ ɧůŮɠ əŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ŰɧůŮɠ ɔɟŬɛɛɏɠ ɧůɞɘ 

ɞɘ ˊŮɟɘɞɟɘůɛɞɑ. 

 

  

 
 

ɄɑɜŬəŬɠ 4.8 ɇɛɐɛŬ ˊɑɜŬəŬ Aeq 

 

 Ƀ ˊɑɜŬəŬɠ beq ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɗŬ ŮɑɜŬɘ ŬˊɚɎ ɖ Űɘɛɐ 0, 

əŬɗɩɠ ɏɢɞɡɛŮ ɛɧɜɞ ɛɑŬ ɔɟŬɛɛɐ əŬɘ ɛɘŬ ŬˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ. 

 ũŮɜɘəɎ ɏɢŮɘ ŰɧůŬ ůŰɞɘɢŮɑŬ ɧůɞɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ. 

 

 

4.6.1.2 Aineq /bineq  

 

 Ƀ ˊɑɜŬəŬɠ Aineq ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŬɜɘůɞŰɘəɩɜ 

ˊŮɟɘɞɟɘůɛɩɜ. Ƀ ɄɑɜŬəŬɠ 4.9 ŭŮɑɢɜŮɘ ɛɧɜɞ ɏɜŬ ˊɞɚɨ ɛɘəɟɧ ɛɏɟɞɠ Űɞɡ ˊɑɜŬəŬ 

ŬɡŰɞɨ. Ƀɘ ůŰɐɚŮɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, Ůɜɩ ɞɘ 

ɔɟŬɛɛɏɠ Űɞɡɠ ŭɘɎűɞɟɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ. ɇŬ ɢɟɤɛŬŰɘůŰɎ əŮɚɘɎ ŭɖɚɩɜɞɡɜ Űɘɛɐ 

ŭɘŬűɞɟŮŰɘəɐ Űɞɡ ɛɖŭŮɜɧɠ. 

 ȷɡŰɧ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ŮɑɜŬɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ, ɧŰɘ Ůɜ 

ɔɏɜŮɘ ŬɜɎ 24 ˊŮɟɘɞɟɘůɛɞɨɠ əŬɘ ɛŮŰŬɓɚɖŰɏɠ, ɞɘ ɡˊɞˊɑɜŬəŮɠ ɗŬ ɏɢɞɡɜ ůŰɞɘɢŮɑŬ 

ŭɘŬűɞɟŮŰɘəɎ Űɞɡ ɛɖŭŮɜɧɠ ɛɧɜɞ ůŰɖɜ ŭɘŬɔɩɜɘɞ, əŬɘ ŬɡŰɧ ŭɘɧŰɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ 

ůɢŮŰɑɕɞɜŰŬɘ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ɩɟŮɠ ɛŮŰŬɝɨ Űɞɡɠ. ȰŰůɘ ɓɚɏˊɞɡɛŮ ɧŰɘ ůŮ əɎɗŮ 

ɔɟŬɛɛɐ(ˊŮɟɘɞɟɘůɛɧ), ŬɜɎ 24 ɛŮŰŬɓɚɖŰɏɠ ɡˊɎɟɢŮɘ əŬɘ ɛɑŬ ɛɖ ɛɖŭŮɜɘəɐ Űɘɛɐ, əŬɘ 

ŬɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ ɞ əɎɗŮ ˊŮɟɘɞɟɘůɛɧɠ ŬɜŬűɏɟŮŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜɖ ɩɟŬ əŬɘ 

ɛɧɜɞ ɞɘ ɛŮŰŬɓɚɖŰɏɠ Űɖɠ ɩɟŬɠ ŬɡŰɐɠ Űɞɜ ŮˊɖɟŮɎɕɞɡɜ. 

 ɄɟɞűŬɜɩɠ, ɡˊɎɟɢɞɡɜ əŬɘ ˊŮɟɘˊŰɩůŮɘɠ, ɧˊɞɡ ɏɜŬɠ ˊŮɟɘɞɟɘůɛɧɠ 

ůɡůɢŮŰɑɕŮɘ ŭɘŬűɞɟŮŰɘəɏɠ ɩɟŮɠ ɛŮŰŬɝɨ Űɞɡɠ, ɞˊɧŰŮ əŬɘ ɗŬ ŮɛűŬɜɘůŰɞɨɜ 

çɔɟŬɛɛɏɠè ɐ çůŰɐɚŮɠè ɛŮ Űɘɛɏɠ ŭɘŬűɞɟŮŰɘəɏɠ Űɞɡ ɛɖŭŮɜɧɠ. 

0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
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 ũŮɜɘəɎ ɏɢŮɘ ŰɧůŮɠ ůŰɐɚŮɠ ɧůŮɠ əŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ŰɧůŮɠ ɔɟŬɛɛɏɠ ɧůɞɘ 

ɞɘ ˊŮɟɘɞɟɘůɛɞɑ. 

 

 
 

ɄɑɜŬəŬɠ 4.9 ɇɛɐɛŬ ˊɑɜŬəŬ Aineq 

 

 Ƀ ˊɑɜŬəŬɠ bineq, ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɡɠ ůŰŬɗŮɟɞɨɠ ɧɟɞɡɠ Űɤɜ 

ŬɜɘůɞŰɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ əŬɘ ŮɑɜŬɘ ɛɘŬ ůŰɐɚɖ. 

 ũŮɜɘəɎ ɏɢŮɘ ŰɧůŬ ůŰɞɘɢŮɑŬ ɧůɞɘ əŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ. 

 

 

4.6.1.3 lb /ub  

 

 Ƀ ˊɑɜŬəŬɠ lb, ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ŰŬ əɎŰɤ ɧɟɘŬ əɎɗŮ ɛŮŰŬɓɚɖŰɐɠ əŬɘ ŮɑɜŬɘ 

ɛɑŬ ůŰɐɚɖ. 

 ũŮɜɘəɎ ɏɢŮɘ ŰɧůŬ ůŰɞɘɢŮɑŬ ɧůŮɠ əŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ. 

 

 Ƀ ˊɑɜŬəŬɠ ub, ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ŰŬ Ɏɜɤ ɧɟɘŬ əɎɗŮ ɛŮŰŬɓɚɖŰɐɠ əŬɘ ŮɑɜŬɘ 

ɛɑŬ ůŰɐɚɖ. 

 ũŮɜɘəɎ ɏɢŮɘ ŰɧůŬ ůŰɞɘɢŮɑŬ ɧůŮɠ əŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ. 
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4.6.1.4 f /H  

 

 Ƀ ˊɑɜŬəŬɠ f ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɡɠ ɔɟŬɛɛɘəɞɨɠ ɧɟɞɡɠ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ 

ůɡɜɎɟŰɖůɖɠ əŬɘ ŮɑɜŬɘ ɛɘŬ ɔɟŬɛɛɐ. 

 ũŮɜɘəɎ ɏɢŮɘ ŰɧůŬ ůŰɞɘɢŮɑŬ ɧůŮɠ əŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ. 

 

 Ƀ ˊɑɜŬəŬɠ H ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɡɠ ŰŮŰɟŬɔɤɜɘəɞɨɠ ɧɟɞɡɠ Űɖɠ 

ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ əŬɘ ŮɑɜŬɘ ɏɜŬɠ ŰŮŰɟŬɔɤɜɘəɧɠ ˊɑɜŬəŬɠ ŭɘɎůŰŬůɖɠ ɑůɖɠ 

ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ. 

 Ƀ Űɟɧˊɞɠ ŬˊŮɘəɧɜɘůɖɠ Űɞɡ ɛɞɘɎɕŮɘ ɛŮ ŬɡŰɧɜ Űɞɡ Aineq ɔɘŬ Űɞɜ ɑŭɘɞ ɚɧɔɞ, 

əŬɘ ˊŬɟŬəɎŰɤ űŬɑɜŮŰŬɘ ɏɜŬ ɛɘəɟɧ ɛɏɟɞɠ Űɞɡ. 

 

 
 

ɄɑɜŬəŬɠ 4.10 ɇɛɐɛŬ ˊɑɜŬəŬ H 

 

 

4.6.1.5 Q/l/r  

 

 Ƀɘ ˊɑɜŬəŮɠ ŬɡŰɞɑ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ 

ŰŮŰɟŬɔɤɜɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɞɡ ɗŮɟɛɘəɞɨ ɞɟɑɞɡ Űɤɜ 

ɔɟŬɛɛɩɜ əŬɘ Űɞɡ ɀɆ. 
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 Ƀ Q ŮɑɜŬɘ əŮɚɑ ˊɞɡ ˊŮɟɘɏɢŮɘ ˊɑɜŬəŮɠ. 

 ũɘŬ əɎɗŮ ɔɟŬɛɛɐ əŬɘ ɩɟŬ ɞ ɡˊɞˊɑɜŬəŬɠ Qi ŮɑɜŬɘ ɏɜŬɠ ŰŮŰɟŬɔɤɜɘəɧɠ 

ˊɑɜŬəŬɠ ŭɘɎůŰŬůɖɠ ɑůɖɠ ɛŮ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ, əŬɘ ɞɘ ɛɞɜŬŭɘəɏɠ ɛɖ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ 

Űɞɡ ŮɑɜŬɘ ŰŬ ůŰɞɘɢŮɑŬ (Q,Q) əŬɘ (P,P) ɔɘŬ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɩɟŬ ˊɞɡ ɞɟɑɕŮŰŬɘ ɞ 

ůɡɔəŮəɟɘɛɏɜɞɠ ˊɑɜŬəŬɠ. ȷɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɡɠ ŰŮŰɟŬɔɤɜɘəɞɨɠ ɧɟɞɡɠ Űɞɡ 

ŰŮŰɟŬɔɤɜɘəɞɨ ˊŮɟɘɞɟɘůɛɞɨ. 

 ɋɠ ůŰɞɘɢŮɑŬ (Q,Q) ŮɜɜɞɞɨɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ˊɑɜŬəŬ ɧˊɞɡ ɏɢɞɡɜ əŬɘ ůŰɘɠ 

2 ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡɠ  ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɎŮɟɔɞ ɘůɢɨ, Ůɜɩ ɤɠ 

(P,P) ŬɜŰɑůŰɞɘɢŬ ɧůŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŮɜŮɟɔɧ 

ɘůɢɨ. 

 Ƀ ˊɑɜŬəŬɠ l ŮɑɜŬɘ ɏɜŬɠ ŭɘůŭɘɎůŰŬŰɞɠ ˊɑɜŬəŬɠ ɛŮ ŭɘŬůŰɎůŮɘɠ ˊɚɐɗɞɠ 

ɛŮŰŬɓɚɖŰɩɜ * ˊɚɐɗɞɠ ŰŮŰɟŬɔɤɜɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ. 

 ũɘŬ əɎɗŮ ɔɟŬɛɛɐ əŬɘ ɩɟŬ ɞ ɡˊɞˊɑɜŬəŬɠ li ŮɑɜŬɘ ɏɜŬ ŭɘɎɜɡůɛŬ ɛŮ ŰɧůŬ 

ůŰɞɘɢŮɑŬ ɧůŬ əŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɞɡɠ ɔɟŬɛɛɘəɞɨɠ ɧɟɞɡɠ Űɤɜ 

ˊŮɟɘɞɟɘůɛɩɜ. 

 O ˊɑɜŬəŬɠ r ŮɑɜŬɘ ɏɜŬ ŭɘɎɜɡůɛŬ ɛŮ ŰɧůŬ ůŰɞɘɢŮɑŬ ɧůŬ əŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ, 

Ůɜɩ ɔɘŬ əɎɗŮ ɔɟŬɛɛɐ (ˊŮɟɘɞɟɘůɛɧ), ŬɜŰɘůŰɞɘɢŮɑ ɛɧɜɞ ɏɜŬɠ Ŭɟɘɗɛɧɠ ɞ ɞˊɞɑɞɠ 

ŬɜŰɘəŬɗɘůŰɎ Űɞɡɠ ůŰŬɗŮɟɞɨɠ ɧɟɞɡɠ. 

 

 

4.6.2 ɥʋʍʒʙ ʌʅʉʗʆʖʉ ɾʅɻ ʌʀʍʅʎʎʝʐʀʍʀʏ ɾʍɻʈʈʘʏ 

 

 ɆŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ ŮɑŭŬɛŮ ˊɤɠ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ Ŭˊɧ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ, ɞɘ ˊɑɜŬəŮɠ ɔɘŬ ɛɑŬ ɔɟŬɛɛɐ, ɛŮ ůəɞˊɧ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ŭˊɧ Űɖɜ 

ůɡɜɎɟŰɖůɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɖɠ Cplex.  

 ɆŮ ŭɑəŰɡŬ ɛŮ ˊŬɟŬˊɎɜɤ ɔɟŬɛɛɏɠ ŬɜŬɢɩɟɖůɖɠ Ŭˊɧ Űɞɜ ɈɆ Ɉɇ/ɀɇ, ɖ 

ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ ɖ ˊŬɟŬəɎŰɤ. 

 ȷɟɢɘəɎ, ɔɘŬ əɎɗŮ ɛɑŬ ɔɟŬɛɛɐ ˊɞɡ ŬɜŬɢɤɟŮɑ Ŭˊɧ Űɞɜ ɈɆ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ˊɑɜŬəŮɠ ˊɞɡ Űɖɠ ŬɜŰɘůŰɞɘɢɞɨɜ, ɧˊɤɠ ɗŬ ɐŰŬɜ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɐŰŬɜ ɖ ɛɞɜŬŭɘəɐ ɔɟŬɛɛɐ. 

 ɆŰɖɜ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ɖ ɏɜɤůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ˊɘɜɎəɤɜ ůŰɞɡɠ ŰŮɚɘəɞɨɠ 

ˊɑɜŬəŮɠ. ȼ ɚɞɔɘəɐ ŮɑɜŬɘ ɧŰɘ ˊɚɏɞɜ, ɞɘ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɗŬ ŮɑɜŬɘ Űɞ ɎɗɟɞɘůɛŬ ɧɚɤɜ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ əɎɗŮ ɔɟŬɛɛɐɠ, 

əŬɘ ɔɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ ɞɘ ˊɑɜŬəŮɠ ˊɟɏˊŮɘ ɜŬ Ůɜɤɗɞɨɜ ɛŮ ůɡɔəŮəɟɘɛɏɜɞ Űɟɧˊɞ. 

 ȰůŰɤ ɧŰɘ ɞɘ ˊɑɜŬəŮɠ Űɖɠ ˊɟɩŰɖɠ ɔɟŬɛɛɐɠ ŬɜŬűɏɟɞɜŰŬɘ ɛŮ Űɞ ɜɞɨɛŮɟɞ 1, 

Űɖɠ ŭŮɨŰŮɟɖɠ ɛŮ Űɞ ɜɞɨɛŮɟɞ 2 əɞə. 

 

Ƀɘ ɔɟŬɛɛɘəɞɑ ˊɑɜŬəŮɠ (x, bineq, beq, lb, ub, f) ŮɜɩɜɞɜŰŬɘ ůŮɘɟɘŬəɎ ŭɖɚŬŭɐ: 

 

 

 

 
ȺɘəɧɜŬ 4.14 Ȱɜɤůɖ ɔɟŬɛɛɘəɩɜ ˊɘɜɎəɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɔɟŬɛɛɩɜ 

1 2 3 
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 ȰŰůɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ əɎɗŮ ɔɟŬɛɛɐɠ, ɓɟɑůəɞɜŰŬɘ ůŮ 

ůŮɘɟɎ, ɢɤɟɑɠ ɜŬ ŮˊɖɟŮɎɕŮɘ ɞ ɏɜŬɠ Űɞɜ Ɏɚɚɞɜ. 

 

 Ƀɘ ŭɘůŭɘɎůŰŬŰɞɘ ˊɑɜŬəŮɠ(Aineq, Aeq, H əɞə) ŮɜɩɜɞɜŰŬɘ ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ 

Űɟɧˊɞ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ȺɘəɧɜŬ 4.15 Ȱɜɤůɖ ŭɡůŭɘɎůŰŬŰɤɜ ˊɘɜɎəɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɔɟŬɛɛɩɜ 

 

 ȰůŰɤ ɧŰɘ əŬŰŬəɧɟɡűŬ ŮɑɜŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ əŬɘ ɞɟɘɕɧɜŰɘŬ ɞɘ ɛŮŰŬɓɚɖŰɏɠ 

(ŮɜɩɜɞɡɛŮ ŭɖɚŬŭɐ Űɞɡɠ ˊɑɜŬəŮɠ Aineq, ŬɜŰɑůŰɞɘɢŬ ɧɛɤɠ, ŮɑɜŬɘ əŬɘ ɔɘŬ Űɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ). ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɞɘ ɛŮŰŬɓɚɖŰɏɠ əɎɗŮ ɔɟŬɛɛɐɠ ŮˊɖɟŮɎɕɞɡɜ 

ɛɧɜɞ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɔɟŬɛɛɐɠ, Ůɜɩ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ 

ˊŬɑɟɜɞɡɜ ɛɖŭŮɜɘəɐ Űɘɛɐ. 

 

 ȷɜ ůŰŬɛŬŰɎɔŬɛŮ Ůŭɩ, Űɞ ŬˊɞŰɏɚŮůɛŬ ŭŮɜ ɗŬ ɐŰŬɜ ůɤůŰɧ, ŮɝŬɘŰɑŬɠ Űɖɠ 

ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ˊɞɡ ɡˊɎɟɢŮɘ ɛŮŰŬɝɨ Űɤɜ ɔɟŬɛɛɩɜ. 
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 ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ɛŮŰŬɓɚɖŰɏɠ əɎɗŮ ɔɟŬɛɛɐɠ ŮˊɖɟŮɎɕɞɡɜ ɧɚŮɠ Űɘɠ 

ɡˊɧɚɞɘˊŮɠ, ŮɝŬɘŰɑŬɠ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůŰɐ əŬɗɩɠ ɖ ˊŰɩůɖ ŰɎůɖɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŮəŮɑ, ɧˊɤɠ əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ Űɞɡ, ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ɧɚŮɠ Űɘɠ 

ɔɟŬɛɛɏɠ. 

 ȾŬŰô ŮˊɏəŰŬůɖ ɖ ŰɎůɖ əɎɗŮ əɧɛɓɞɡ Űɞɡ ŭɘəŰɨɞɡ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ɧɚŮɠ 

Űɘɠ ɛŮŰŬɓɚɖŰɏɠ, ŬɜŮɝŬɟŰɐŰɞɡ ɔɟŬɛɛɐɠ, Ůɜɩ ɞɘ ŭɘɎűɞɟŮɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ 

ůɡɜŬɟŰɐůŮɘɠ, ɧˊɤɠ ɞɘ ŬˊɩɚŮɘŮɠ, ŮɑɜŬɘ ůɡɜŭɡŬůɛɧɠ ɛŮŰŬɓɚɖŰɩɜ Ŭˊɧ 

ŭɘŬűɞɟŮŰɘəɏɠ ɔɟŬɛɛɏɠ ŬɜŬɢɩɟɖůɖɠ. 

 ɇɞ ŰɟɑŰɞ, ɚɞɘˊɧɜ, əŬɘ ŰŮɚŮɡŰŬɑɞ ɓɐɛŬ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ 

ˊɘɜɎəɤɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɞɚɚŬˊɚɩɜ ɔɟŬɛɛɩɜ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ ŰŬ 

ˊŬɟŬˊɎɜɤ. 

 ȾɎɗŮ ˊɑɜŬəŬɠ ˊŮɟɘɞɟɘůɛɩɜ ɐ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ ɖ ɞˊɞɑŬ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ɛŮŰŬɓɚɖŰɏɠ ŭɘŬűɞɟŮŰɘəɩɜ ɔɟŬɛɛɩɜ,  ŭɘɞɟɗɩɜŮŰŬɘ. ȰŰůɘ ɛŮŰɎ 

Űɞ ŰɟɑŰɞ əŬɘ ŰŮɚŮɡŰŬɑɞ ɓɐɛŬ, ůŰɖɜ ȺɘəɧɜŬ 4.15, Űɞ ɔɟŬɛɛɞůəɘŬůɛɏɜɞ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ əɞɛɛɎŰɘ ˊɞɡ ˊŮɟɘŮɑɢŮ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ, ˊɚɏɞɜ ɗŬ ɏɢŮɘ əŬɘ ɛɖ 

ɛɖŭŮɜɘəɎ ůŰɞɘɢŮɑŬ, ůɡɜŭɏɞɜŰŬɠ ɛŮŰŬɓɚɖŰɏɠ Űɖɠ ˊɟɩŰɖɠ ɔɟŬɛɛɐɠ ɛŮ Űɞɡɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ Űɖɠ ŭŮɨŰŮɟɖɠ əŬɘ Űɖɠ ŰɟɑŰɖɠ. 
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5 ɚʌʋʐʀʇʘʎʈɻʐɻ 
 

5.1 ɬʋʌʋʇʋɾʚʀʏ ʆɻʅ ʇʀʌʐʋʈʘʍʀʅʀʏ ʐʖʉ ʌʍʋʎʋʈʋʅʡʎʀʖʉ 
 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ, 

ŭɞəɘɛɎůŰɖəŮ ůŮ ˊɞɚɚɎ əŬɘ ŭɘŬűɞɟŮŰɘəɎ ŭɑəŰɡŬ, ɡˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜɗɐəŮɠ, 

ɋůŰɧůɞ, ůŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ, ɗŬ ˊŬɟɞɡůɘŬůɗŮɑ ɛɧɜɞ ɏɜŬ ɛɘəɟɧ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ŭŮɑɔɛŬ ŬɡŰɩɜ. 

 

 

5.1.1 ɛɻʎʅʆʝ ɿʚʆʐʑʋ ʌʍʋʎʋʈʋʚʖʎʂʏ  

 

 ɇŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ, ɓŬůɑɕɞɜŰŬɘ ůŰɞ ŭɑəŰɡɞ Űɖɠ ɔɟŬɛɛɐɠ 

R200 Űɞɡ Ɉ/Ɇ ũŮɜɜŬŭɑɞɡ Ʌɧŭɞɡ. ɆŰɖɜ ȺɘəɧɜŬ 5.1 űŬɑɜŮŰŬɘ Űɞ ɛɞɜɞɔɟŬɛɛɘəɧ 

ŭɘɎɔɟŬɛɛŬ.  

 ȳˊɤɠ űŬɑɜŮŰŬɘ, ɞɘ əɧɛɓɞɘ Űɞɡ ŭɘəŰɨɞɡ ŮɑɜŬɘ ˊɎɟŬ ˊɞɚɚɞɑ ůŮ Ŭɟɘɗɛɧ, əŬɘ 

ɖ ŭɘŬŭɘəŬůɑŬ ɞɚɞəɚɐɟɤůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɗŬ ɢɟŮɘŬɕɧŰŬɜ ŬˊŬɔɞɟŮɡŰɘəɧ 

ɢɟɧɜɞ. ũɘŬ Űɞɜ ˊŬɟŬˊɎɜɤ ɚɧɔɞ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɔŮɔɞɜɧɠ, ɧŰɘ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ŭɘŬəɚŬŭɩůŮɘɠ, ɏɔɘɜŬɜ əɎˊɞɘŮɠ 

ŬˊɚɞˊɞɘɐůŮɘɠ ˊɟɘɜ Űɖɜ ŬˊɞŰɨˊɤůɖ Űɞɡ ŭɘəŰɨɞɡ ůŰɞ ɚɞɔɘůɛɘəɧ. 
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ȺɘəɧɜŬ 5.1 ɀɞɜɞɔɟŬɛɛɘəɧ ŭɘɎɔɟŬɛɛŬ ɔɟŬɛɛɐɠ R220 

 

ȼ ŰŮɚɘəɐ ŰɞˊɞɚɞɔɑŬ Űɖɠ ɔɟŬɛɛɐɠ R220  űŬɑɜŮŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 
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ɄɑɜŬəŬɠ 5.1 ɇŮɚɘəɧ ŭɑəŰɡɞ, ɛŮŰɎ Űɖɜ Ŭˊɚɞˊɞɑɖůɖ 

 

 ȼ Ŭˊɚɞˊɞɑɖůɖ ɓŬůɑůŰɖəŮ ůŰɖɜ Ůɜɞˊɞɑɖůɖ ˊɞɚɚɩɜ əɧɛɓɤɜ ůŮ ɏɜŬɜ, ɛŮ 

ŰɞˊɞɗɏŰɖůɖ Űɞɡ ůɡɜɞɚɘəɞɨ űɞɟŰɑɞɡ ůŮ ůɖɛŮɑɞ ŬɜɎɚɞɔŬ Űɘɠ ŬˊɞůŰɎůŮɘɠ əŬɘ ŰŬ 

ɛŮɔɏɗɖ Űɤɜ Ŭɟɢɘəɩɜ űɞɟŰɑɤɜ, əŬɘ ɛŮ ůəɞˊɧ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɏɢŮɘ ɑŭɘŬ 

ůɡɜɞɚɘəɎ ɛŮɔɏɗɖ űɞɟŰɑɞɡ, ˊŬɟŬɔɤɔɐɠ əŬɘ ɛɐəɞɡɠ ɔɟŬɛɛɐɠ. ŪŮɤɟɐɗɖəŮ 

űɞɟŰɑɞ 0,8 Űɖɠ ɘůɢɨɞɠ əɎɗŮ ɀɆ. 

 

 
 

 

 

5.1.2 Key Performance Indicators  

 

 ũɘŬ Űɖɜ ŬɜɎŭŮɘɝɖ Űɤɜ ɓŮɚŰɘɩůŮɤɜ ˊɞɡ ŮɘůɎɔŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ, əŬɗɩɠ əŬɘ 

ɔɘŬ Űɖɜ ůɨɔəɟɘůɖ Űɞɡ ɛŮ Űɖɜ ɤɠ ŰɩɟŬ əɚŬůůɘəɐ ɛɏɗɞŭɞ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬ 

ůɨɜɞɚɞ Ŭˊɧ KPIôs. ɇŬ KPIôs ŮɑɜŬɘ ŭŮɑəŰŮɠ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ Űɖɜ ˊɞůɞůŰɘŬɑŬ 

ɓŮɚŰɑɤůɖ ɛŮŰŬɝɨ Űɖɠ əɚŬůůɘəɐɠ ɛŮɗɧŭɞɡ ɛŮ LDC əŬɘ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ ůŮ ůɡɔəŮəɟɘɛɏɜɞɡɠ ŰɞɛŮɑɠ. 

ũɘŬ Űɖɜ ŮɨɟŮůɖ Űɞɡ əɎɗŮ KPI, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɑ Űɟɧˊɞɘ ůŰɞ 

ɑŭɘɞ Ŭəɟɘɓɩɠ ŭɑəŰɡɞ ɡˊɧ Űɞɡɠ ɑŭɘɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ əŬɘ ɚŮɘŰɞɡɟɔɑŮɠ. 

ȷɡŰɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ŮɑɜŬɘ ŰŬ ˊŬɟŬəɎŰɤ: 

 

1) ɀŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ  

  

Ƀ Űɨˊɞɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɞɨ ŬɡŰɞɨ Űɞɡ ŭŮɑəŰɖ 

ŮɑɜŬɘ ɞ ˊŬɟŬəɎŰɤ: 

 

 

 

 

 

 

%100Ö
-

=D
BL

BLSG

L

LL
L  (5.1) 

 

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

37831,5 5097 1655 3827 2560,5 1876,5 6257 2802 1359 2306,5 5265,333 1048,667 3222 555 L (m)

95 Cu 95 Cu 95 Cu 95 Cu 95 ACSR 95 ACSR 95 ACSR 95 ACSR 95 ACSR 95 ACSR 95 ACSR 95 ACSR 95 ACSR Conductor

4548 240 488 40 540 160 0 200 1128 928 40 464 40 280ʊˇˊˍʾˇ όƪ²ύ

2000 100 300 0 0 0 100 0 500 0 600 300 0 100ʊɰ

3000 0 0 0 0 3000 0 0 0 0 0 0 0 0 ɮκʃ

- - - - - - ɿɮɹ - - - - - ʃˎˁ˄˖ˍʺˌ

NAI Storage

ʆɳɽɹɼɶ ʆʁʃʁɽʁɱɹɮ ɾɳʆɮ ʆɶɿ ɮʃɽʁʃʁɹɶʅɶ ʆʁʇ ɲɹɼʆʇʁʇ ɱɹɮ ʆɶɿ ɱʄΦ ннл ʆʁʇ ʇκʅ ɱɳɿɿɮɲɹʁʇ

ȺɘəɧɜŬ 5.2 ɇŮɚɘəɧ ŭɑəŰɡɞ, ɛŮŰɎ Űɖɜ Ŭˊɚɞˊɞɑɖůɖ 
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ȳˊɞɡ: 

 

LBL:   Űɞ ůɨɜɞɚɞ Űɤɜ ŬˊɤɚŮɘɩɜ ŮɜɏɟɔŮɘŬɠ ůŰɞ ɓŬůɘəɧ   

   ůŮɜɎɟɘɞ, ůŮ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. 

 

LSG:   Űɞ ůɨɜɞɚɞ Űɤɜ ŬˊɤɚŮɘɩɜ ŮɜɏɟɔŮɘŬɠ ůŰɞ smart-grid   

   ůŮɜɎɟɘɞ, ůŮ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. 

 

Ƀɘ ŬˊɩɚŮɘŮɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůŮ ɧɚɞ Űɞ ŭɑəŰɡɞ ůŬɜ ɎɗɟɞɘůɛŬ Űɤɜ 

ŬˊɤɚŮɘɩɜ ůŰɘɠ ɔɟŬɛɛɏɠ əŬɘ ůŰɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ.  

 

  ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ŬɡŰɞɨ Űɞɡ ŭŮɑəŰɖ, ŰɟɏɝŬɛŮ Űɞ ŭɑəŰɡɞ ɛŮ 

ŭɘŬűɞɟŮŰɘəɧ ɛŮɑɔɛŬ ɓŬɟɩɜ, ɛŮ Űɘɠ ŰɎůŮɘɠ əŬɘ Űɘɠ ŬˊɩɚŮɘŮɠ ˊɎɜŰŬ ˊŬɟɩɜ, 

əŬɘ ɛŮ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ ŬɜɎɚɞɔŬ Űɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ Űɤɜ ɛɞɜɎŭɤɜ 

ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, ŬɡɝɎɜɞɜŰŬɠ ɞɛɞɘɧɛɞɟűŬ Űɖɜ əɎɗŮ ɛɑŬ. 

  

2) ȷɨɝɖůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ůŰɞ ŭɑəŰɡɞ 

 

ȰɜŬɠ Ŭˊɧ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ ɚɧɔɞɡɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ, ŮɑɜŬɘ ɖ ŬɜɎɔəɖ Ŭɨɝɖůɖɠ Űɖɠ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɤɜ ȷɄȺ. Ⱥɜɩ 

ɞɘ ȷɄȺ ɓɟɑůəɞɜŰŬɘ ŭɘŬɗɏůɘɛŮɠ ůŮ ɛŮɔɎɚŬ ˊɞůɎ, Űɞ ɓŬůɘəɧŰŮɟɞ Ůɛˊɧŭɘɞ 

ůŰɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡɠ ŮɑɜŬɘ ɖ ŭɡůəɞɚɑŬ ůŰɖɜ ɏɜŰŬɝɐ Űɞɡɠ ůŰɞ ŭɑəŰɡɞ 

ɚɧɔɤ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ˊɞɡ Űɘɠ ɢŬɟŬəŰɖɟɑɕɞɡɜ. 

 

 ũɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ŭŮɑəŰɖɠ ŬɡŰɧɠ, ɔɘŬ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ 

ˊŮɟɘˊŰɩůŮɘɠ, ɗŬ ŬɡɝɎɜŮŰŬɘ ɖ ůɡɜɞɚɘəɐ ɘůɢɨɠ Űɤɜ ȷɄȺ, ɛɏɢɟɘ əɎˊɞɘɞɠ 

ˊŮɟɘɞɟɘůɛɧɠ ɜŬ ˊŬɟŬɓɘŬůŰŮɑ. Ⱥˊɑůɖɠ, ɗŬ ɡˊɞɚɞɔɘůŰɞɨɜ ŭɘŬűɞɟŮŰɘəɞɑ 

ŭŮɑəŰŮɠ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮˊɘŰɟŮˊɧɛŮɜɤɜ ˊŮɟɘəɞˊɩɜ. 

 

Ƀ Űɨˊɞɠ ŮɑɜŬɘ : 
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ȳˊɞɡ: 

 

HCBL:   ɖ ůɡɜɞɚɘəɐ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ȷɄȺ ůŰɞ ɓŬůɘəɧ   

   ůŮɜɎɟɘɞ. 

HCSG:  ɖ ůɡɜɞɚɘəɐ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ȷɄȺ ůŰɞ ůŮɜɎɟɘɞ   

   smart-grid. 
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  ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ KPI ůɢŮŰɘəɎ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ɢɤɟɖŰɘəɧŰɖŰŬɠ ůŮ ȷɄȺ Űɞɡ ŭɘəŰɨɞɡ, ŮɜůɤɛŬŰɩɗɖəŮ ɛɑŬ ɛŮŰŬɓɚɖŰɐ 

scale_up ůŰɞɜ əɩŭɘəŬ, ɖ ɞˊɞɑŬ ůŰɖɜ ɞɡůɑŬ, ˊɞɚɚŬˊɚŬůɑŬɕŮ Űɖɜ ɘůɢɨ 

ɧɚɤɜ Űɤɜ ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, ɏŰůɘ ɩůŰŮ ɧŰŬɜ 

scale_up=1 ɖ ŰɞˊɞɚɞɔɑŬ ɜŬ ŮɑɜŬɘ ɖ Ŭɟɢɘəɐ əɞə. 

  ȰŰůɘ ɔɘŬ əɎɗŮ ůŮɜɎɟɘɞ, ŰɟɏɢŬɛŮ Űɞ ŭɑəŰɡɞ əŬɘ əɎɗŮ űɞɟɎ ŬɡɝɎɜŬɛŮ 

Űɖɜ ɛŮŰŬɓɚɖŰɐ scale_up ɛɏɢɟɘ ɜŬ ɢŰɡˊɐůŮɘ əɎˊɞɘɞɠ ˊŮɟɘɞɟɘůɛɧɠ, əŬɘ 

ɏŰůɘ ɓɟɑůəŬɛŮ Űɞ Ɏɜɤ ɧɟɘɞ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. 

  Ⱥˊɑůɖɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ SG, ɏɔɘɜŮ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ 

ůɢŮŰɘəɎ ɛŮ Űɞ ˊɞůɞůŰɧ Űɤɜ ŮˊɘŰɟŮˊŰɩɜ ˊŮɟɘəɞˊɩɜ ˊɞɡ ŮˊɘŰɟɏˊŮŰŬɘ 

Ŭˊɧ 0 ɏɤɠ 50%. 

 

3) ȷɨɝɖůɖ Űɞɡ ɛŮɟɘŭɑɞɡ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ 

 

Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ ŭŮɑəŰɖɠ ŭŮɜ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞɠ, ŬɚɚɎ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ 

ˊɟɞɖɔɞɨɛŮɜɞ KPI 2.   

 

 ɈˊɞɚɞɔɑɕŮŰŬɘ ɤɠ 

 

 

 

(5.3) 

 

 

ȳˊɞɡ 

 

ɚBL:   Űɞ ˊɞůɞůŰɧ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ůŰɞ ɓŬůɘəɧ ůŮɜɎɟɘɞ. 

ɚSG:   Űɞ ˊɞůɞůŰɧ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ůŰɞ ůŮɜɎɟɘɞ smart grid. 

 

ɇɞ ˊɞůɞůŰɧ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɤɠ:  
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ȳˊɞɡ 

 

ERES:  Űɞ ůɨɜɞɚɞ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞɡɠ   

  ůŰŬɗɛɞɨɠ ȷɄȺ. 

ELOAD:  Űɞ ůɨɜɞɚɞ Űɖɠ ɕɐŰɖůɖɠ Űɤɜ űɞɟŰɑɤɜ. 

 

4) Ʌɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ 

 

Ƀ ŭŮɑəŰɖɠ ŬɡŰɧɠ ŮɑɜŬɘ əŬɘ ɞ ůɖɛŬɜŰɘəɧŰŮɟɞɠ, əŬɗɩɠ ŬˊɞŰŮɚŮɑ Űɞɜ ɓŬůɘəɧ 

ůŰɧɢɞ Űɞɡ ɚɞɔɘůɛɘəɞɨ. 

 - = D BL SG l l l 
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ũɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŰɎůɖɠ ůŮ ɏɜŬɜ ɛɧɜɞ 

Ŭɟɘɗɛɧ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ RMS Űɘɛɐ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŰɎůɖɠ ůŮ ɧɚɞɡɠ 

Űɞɡɠ əɧɛɓɞɡɠ ɔɘŬ ɧɚŮɠ Űɘɠ ɩɟŮɠ. 
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ȳˊɞɡ: 

 

dV  ɞ ŭŮɑəŰɖɠ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŰɎůɖɠ ůŰɞ ŭɑəŰɡɞ ɔɘŬ    

  ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 

N ɞ Ŭɟɘɗɛɧɠ Űɤɜ əɧɛɓɤɜ 

ɇ ɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞɠ 

Vi,t ɖ ŰɎůɖ ůŰɞɜ əɧɛɓɞ i Űɖɜ ůŰɘɔɛɐ t 

Vn ɖ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ  

 

ɇɞ KPI ˊɞɡ ŬɜŬˊŬɟɘůŰɎ Űɖɜ ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ 
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dV(uBL): ɞ ŭŮɑəŰɖɠ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŰɎůɖɠ ɔɘŬ Űɞ ɓŬůɘəɧ   

   ůŮɜɎɟɘɞ. 

dV(uSG): ɞ ŭŮɑəŰɖɠ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŰɎůɖɠ ɔɘŬ Űɞ ůŮɜɎɟɘɞ   

   smart grid. 

 

ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɞ ˊɟɩŰɞ KPI, ɏɔɘɜŮ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ ɛŮ ŰŬ ɓɎɟɖ əŬɘ Űɖɜ 

ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ Űɤɜ ȷɄȺ. 

 

5) ɀŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ CO2 

 

Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ ŭŮɑəŰɖɠ ŮɑɜŬɘ ŬˊɧɚɡŰŬ ůɡůɢŮŰɘůɛɏɜɞɠ ɛŮ Űɞ KPI 2, 

Ŭűɞɨ ɖ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ ȷɄȺ, ɞɡůɘŬůŰɘəɎ ɘůɞŭɡɜŬɛŮɑ ůŮ 

ɘůɞŭɨɜŬɛɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ ůɡɛɓŬŰɘəɏɠ ɛɞɜɎŭŮɠ.  

 

ȰŰůɘ, ŬɡŰɧ Űɞ KPI ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ Űɨˊɞ: 
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ȳˊɞɡ CEBL əŬɘ CESG ŮɑɜŬɘ ɞɘ Ůəˊɞɛˊɏɠ CO2 ɔɘŬ Űɞ ɓŬůɘəɧ əŬɘ Űɞ smart 

grid ůŮɜɎɟɘɞ ŬɜŰɑůŰɞɘɢŬ. 

 

 

6) ɀŮɑɤůɖ Űɤɜ ˊŮɟɘəɞˊɩɜ ŮɜɏɟɔŮɘŬɠ ůŰɘɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ 

ˊŬɟŬɔɤɔɐɠ 

 

Ƀɘ ˊŮɟɘəɞˊɏɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ŭˊɧ Űɘɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ 

ˊŬɟŬɔɤɔɐɠ, ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ əŬŰŬəɧɟɡűɖ ɛŮɑɤůɖ Űɞɡ ɞɘəɞɜɞɛɘəɞɨ 

ɞűɏɚɞɡɠ ɔɘŬ Űɞɡɠ ˊŬɟŬɔɤɔɞɨɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ŬˊɞŰŮɚŮɑ Űɖɜ 

ŰŮɚŮɡŰŬɑŬ ɚɨůɖ, əŬɘ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛɧɜɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ˊŬɟŬɓɑŬůɖɠ ˊŮɟɘɞɟɘůɛɩɜ. 

 

ũɘŬ ɜŬ ɡˊɎɟɝŮɘ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ůŮɜŬɟɑɤɜ ŮɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢɞɡɜ ˊŮɟɘəɞˊɏɠ əŬɘ ůŰɞ ɓŬůɘəɧ ůŮɜɎɟɘɞ, əɎŰɘ Űɞ 

ɞˊɞɑɞ ˊɟɞɦˊɞɗɏŰŮɘ ŮˊɘəɞɘɜɤɜɑŮɠ əŬɘ ŭɘŬŭɘəŬůɑŮɠ smart grid. ɋůŰɧůɞ ŭŮɜ 

ɡˊɎɟɢŮɘ Ɏɚɚɞɠ Űɟɧˊɞɠ ůɨɔəɟɘůɖɠ, ɏŰůɘ ɔɘŬ Űɞ ɓŬůɘəɧ ůŮɜɎɟɘɞ LDC, ɗŬ 

ɡˊɎɟɢɞɡɜ ɤɠ ɛɞɜŬŭɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ Ůɚɏɔɢɞɡ ɞɘ ˊŮɟɘəɞˊɏɠ əɎɗŮ ɛɞɜɎŭŬɠ 

ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ. 

 

ɇɞ KPI ŬɡŰɧ ɗŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ: 
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ȳˊɞɡ 

 

EBL:  Űɞ ůɨɜɞɚɞ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊŮɟɘəɞˊɩɜ ůŰɞ ɓŬůɘəɧ ůŮɜɎɟɘɞ. 

ESG: Űɞ ůɨɜɞɚɞ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊŮɟɘəɞˊɩɜ ůŰɞ ůŮɜɎɟɘɞ smart grid. 

 

ɇɏɚɞɠ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ŮˊɘŰɟɎˊɖəŮ əŬɘ ůŰŬ ŭɨɞ ůŮɜɎɟɘŬ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ˊŮɟɘəɞˊɩɜ, ɏɢɞɜŰŬɠ ɤɠ ɓŬůɘəɧ ɓɎɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡɠ. 

 

 

5.1.3 Baseline ɫʀʉʗʍʅʋ ɀ LDC 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɗŬ ˊŬɟɞɡůɘŬůɗɞɨɜ ůŰɖɜ 

ůɡɜɏɢŮɘŬ, ɛŮ ůŰɧɢɞ Űɖɜ ŬɜɎŭŮɘɝɖ Űɤɜ ɘəŬɜɞŰɐŰɤɜ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ Űɟɧˊɞɡ 
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ɚŮɘŰɞɡɟɔɑŬɠ, ɗŬ ˊŬɟŬŰŮɗɞɨɜ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ əɚŬůůɘəɐ ɛɏɗɞŭɞ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɤɜ ŭɘəŰɨɤɜ ŭɘŬɜɞɛɐɠ. 

ɆŰɞ ɓŬůɘəɧ ŬɡŰɧ ůŮɜɎɟɘɞ, ɞɘ ˊɡəɜɤŰɏɠ Űɤɜ ɔɟŬɛɛɩɜ ŮɑɜŬɘ ůɡɜŮɢɩɠ 

ŮɜŮɟɔɞɑ, ɞɘ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ɚŮɘŰɞɡɟɔɞɨɜ ůɡɜŮɢɩɠ ɛŮ 

ɛɞɜŬŭɘŬɑɞ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ, ŭŮɜ ɏɢɞɡɜ ŭɖɚŬŭɐ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɔɤɔɐɠ 

ɎŮɟɔɞɡ ɘůɢɨɞɠ, Ůɜɩ ɞɘ ˊŮɟɘəɞˊɏɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ, Ůɜ ɔɏɜŮɘ, ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɏɠ. 

ɇɏɚɞɠ, ɞ ɏɚŮɔɢɞɠ Űɞɡ ɆȷɇɈū ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ŬɜŰɘůŰɎɗɛɘůɖɠ (LDC), ɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɞˊɞɑŬɠ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ 2.1.6.  

ũɘŬ əɎɗŮ ŭɑəŰɡɞ ŮˊɘɚɏɔŮŰŬɘ ɛɘŬ əŬɛˊɨɚɖ LDC, əŬɘ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ 

ŬɜŬűɏɟɞɡɛŮ ɧŰɘ ɖ əŬɛˊɨɚɖ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ůŰŬ ŮˊɧɛŮɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮɑɜŬɘ 

ŬɟəŮŰɎ əɞɜŰɎ ůŰɖɜ ɓɏɚŰɘůŰɖ. ȷɜ ŮˊɘɚŮɔɧŰŬɜ ɛɘŬ əŬɛˊɨɚɖ LDC ɢŮɘɟɧŰŮɟɖɠ ŰɎɝɖɠ 

Ŭˊɧ ŬɡŰɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ɐŰŬɜ ůŬűɩɠ, ˊɞɚɨ 

əŬɚɨŰŮɟŬ, ŬɚɚɎ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢŬɟŬəŰɖɟɘůŰɞɨɜ ˊɚŬůɛŬŰɘəɎ. 

 Ƀ Űɟɧˊɞɠ ˊɞɡ ɡˊɞɚɞɔɑůŬɛŮ Űɖɜ Ůɝɑůɤůɖ ˊɞɡ ŭɑɜŮŰŬɘ ɤɠ Ůɑůɞŭɞɠ ůŰɞ 

ɆȷɇɈū ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ 2.1.6. ɆɡɔəŮəɟɘɛɏɜŬ ŮˊɘɚɏɝŬɛŮ Űɘɠ 

əŬŰɎɚɚɖɚŮɠ Űɘɛɏɠ R, X, b Űɖɠ Ůɝɑůɤůɖɠ: 

 

 ὠ= ╫+ ὍὙϽ╡+ ὍὼϽ╧ 
 

(5.9) 

 

 

ɛŮ ůəɞˊɧ ɖ ŰɎůɖ ůŰɞɜ ɕɡɔɧ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮɔɑůŰɞɡ əŬɘ ŮɚŬɢɑůŰɞɡ űɞɟŰɑɞɡ 

(ɛŮ Űɞɡɠ ˊɡəɜɤŰɏɠ ůɡɜŭŮŭŮɛɏɜɞɡɠ əŬɘ ɢɤɟɑɠ Űɖɜ ɨˊŬɟɝɖ DG) ɜŬ ŮɑɜŬɘ 21.2 kV 

əŬɘ 20,47 kV ŬɜŰɑůŰɞɘɢŬ, Ůɜɩ ɞ ɚɧɔɞɠ 
╡

╧
 ɜŬ ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ɚɧɔɞ 

Űɤɜ ɔɟŬɛɛɩɜ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ 
0,215

0,334
= 0,6437, ůŰɖɜ ˊŮɟɑˊŰɤůɖ 95 ACSR 

Ŭɔɤɔɞɨ. 

 

 

5.1.4 Smart grid ɫʀʉʗʍʅʋ 

 

ȷɡŰɐ ɖ ˊŮɟɑˊŰɤůɖ ŬűɞɟɎ ůŰɞɜ ˊɟɞŰŮɘɜɧɛŮɜɞ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ. 

ȹɖɚŬŭɐ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ˊɞɡ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ əŬɘ ŭɑɜŮɘ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɓɏɚŰɘůŰɖ ɢɟɐůɖ ɧɚɤɜ Űɤɜ ůɡůəŮɡɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ 

ŬɡŰɧɜ. ȷˊɞŰŮɚŮɑ ŭɖɚŬŭɐ ɏɜŬɜ əŮɜŰɟɘəɧ, ůɡɜŰɞɜɘůɛɏɜɞ ɏɚŮɔɢɞ. 

ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ˊɟɞűŬɜɩɠ ŭŮɜ ɔɑɜŮŰŬɘ ɢɟɐůɖ LDC ɐ ˊŬɟɧɛɞɘŬɠ 

ɛŮɗɧŭɞɡ, ŬɚɚɎ ɆȷɇɈū, ˊɡəɜɤŰɏɠ, ɟɡɗɛɘůŰɏɠ ŰɎůɖɠ, ůɡůəŮɡɏɠ ŬˊɞɗɐəŮɡůɖɠ 

əŬɗɩɠ əŬɘ ɞɘ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ (ɎŮɟɔɞɠ ɘůɢɨɠ əŬɘ ˊŮɟɘəɞˊɏɠ 

ŮɜŮɟɔɞɨ ɘůɢɨɞɠ), ɢŮɘɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ůɡɜŰɞɜɘůɛɏɜŬ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ɓɏɚŰɘůŰŬ ɔɘŬ Űɘɠ ŮəɎůŰɞŰŮ ŬɜɎɔəŮɠ. 
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5.1.5 Excel ɚʌʋʐʀʇʀʎʈʗʐʖʉ 

 

ũɘŬ Űɖɜ Ůɨəɞɚɖ əŬɘ ɔɟɐɔɞɟɖ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ 

ŭɑɜŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ, ɔɘŬ əɎɗŮ ɝŮɢɤɟɘůŰɧ ŭɑəŰɡɞ, əŬŰŬůəŮɡɎůŰɖəŮ ɏɜŬ 

ůɡɔəŮɜŰɟɤŰɘəɧ ŬɟɢŮɑɞ excel. 

ȺɘůɎɔɞɜŰŬɠ ɛŮŰɎ Ŭˊɧ əɎɗŮ ˊɟɞůɞɛɞɑɤůɖ Űɞ ŭɘɎɜɡůɛŬ ɚɨůŮɤɜ ůŰɞ 

ŬɜŰɑůŰɞɘɢɞ ˊŮŭɑɞ Űɞɡ excel, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŬɡŰɧɛŬŰŬ ɧɚŮɠ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ 

ˊɞɡ ɛˊɞɟŮɑ əɎˊɞɘɞɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ. ɆɡɔəŮəɟɘɛɏɜŬ: 

 

¶ ɂŮəɎɗŬɟɖ ˊŬɟɞɡůɑŬůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

 

 ȺəŰɧɠ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ɐ əŬŰŬɜɎɚɤůɖ ɎŮɟɔɞɡ ɘůɢɨɞɠ Ŭˊɧ Űɘɠ 

ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ ŬɡŰɧɛŬŰŬ ɞ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ Űɞɡɠ, əŬɘ 

ɢɟɤɛŬŰɑɕŮŰŬɘ ŭɘŬűɞɟŮŰɘəɎ Ŭɜ ŮɑɜŬɘ ŮˊŬɔɤɔɘəɧɠ ɐ ɢɤɟɖŰɘəɧɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ 

Ůɨəɞɚɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ. 

 

 
 

ȺɘəɧɜŬ 5.3 ȯŮɟɔɞɠ ɘůɢɨɠ Ŭˊɧ Űɘɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ 

 

 ɆŰɖɜ ŮˊɧɛŮɜɖ ŮɘəɧɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū əŬɘ ɞɘ 

ˊŮɟɘəɞˊɏɠ əɎɗŮ ɛɞɜɎŭŬɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, əŬɗɩɠ əŬɘ Űɞ ˊɞůɞůŰɧ 

Ůˊɑ Űɖɠ ɞɜɞɛŬůŰɘəɐɠ Űɞɡɠ ɘůɢɨɞɠ, ɢɟɤɛŬŰɘůɛɏɜɞ ůŮ 5 ŭɘŬűɞɟŮŰɘəɏɠ əɚɑɛŬəŮɠ 

ŬɜɎɚɞɔŬ Űɖɜ Űɘɛɐ Űɞɡ. 

  

hour Qg1 Qg2 Qg3 Qg4 Qg5 Qg6 Qg7 Qg8 cos1 cos2 cos3 cos4 cos5 cos6 cos7 cos8

1 0 0 0 0 0 -1,7786 0 0 0 0 0 0 0 0,962075 0 0

2 0 0 0 0 0 -2,13082 0 0 0 0 0 0 0 0,946863 0 0

3 0 0 0 0 0 -3,12228 0 0 0 0 0 0 0 0,918714 0 0

4 0 0 0 0 0 -3,33626 0 0 0 0 0 0 0 0,915533 0 0

5 0 0 0 0 0 -3,44553 0 0 0 0 0 0 0 0,922821 0 0

6 0 0 0 0 0 -3,52534 0 0 0 0 0 0 0 0,919625 0 0

7 0 0 0 0 0 -3,90656 0 0 0 0 0 0 0 0,944436 0 0

8 1,89E-05 0,0001378 0,0002594 0,000158 -5,8E-06 -3,90442 -4,5E-05 -8,5E-06 0,997258 0,984709 0,986587 0,992662 0,999719 0,915988 0,998023 0,999378

9 0,054102 0,1337423 -0,326538 -0,2721 -0,0543 -3,90665 -0,16314 -0,05412 0,802022 0,85234 0,800375 0,800384 0,800814 0,944441 0,80029 0,801112

10 0,130158 0,3905701 0,7810339 -0,33714 -0,13006 -3,90658 -0,3904 -0,12985 0,854917 0,854888 0,854925 0,953984 0,854885 0,934258 0,822158 0,806766

11 0,130176 0,3905987 0,7811571 0,644882 -0,13007 -3,90658 -0,39042 -0,12999 0,924193 0,924179 0,924188 0,925439 0,92397 0,91781 0,88878 0,889522

12 0,13017 0,3905899 0,7811315 0,648098 -0,02845 -3,90518 -0,39009 -0,12972 0,944461 0,94445 0,944448 0,94489 0,995549 0,902636 0,917354 0,917968

13 0,13017 0,3905899 0,7811284 0,479038 -0,13003 -3,90652 -0,39037 -0,12994 0,950012 0,950003 0,949193 0,95726 0,925262 0,907743 0,92514 0,925458

14 0,130177 0,3905999 0,7811577 0,544936 -0,1301 -3,9066 -0,39045 -0,13 0,946591 0,946598 0,92241 0,942042 0,920317 0,921135 0,920239 0,920522

15 0,130176 0,3905995 0,7811549 0,497075 -0,13006 -3,90657 -0,39042 -0,12998 0,932244 0,932234 0,932235 0,957938 0,900043 0,92114 0,89989 0,900281

16 0,13016 0,3905736 0,7810785 -0,01104 -0,13006 -3,90656 -0,39031 -0,12985 0,891483 0,891463 0,891484 0,999963 0,890926 0,933406 0,844721 0,846318

17 0,095418 0,2865406 0,3605925 -0,47711 -0,09534 -3,90656 -0,2865 -0,09513 0,800714 0,800451 0,904618 0,800725 0,80089 0,944444 0,800342 0,801082

18 0,004651 -0,006349 -0,033398 -0,02787 -0,00532 -3,90634 -0,01672 -0,00496 0,855238 0,964104 0,809934 0,809474 0,820929 0,944449 0,807435 0,834663

19 0 0 0 0 0 -3,82261 0 0 0 0 0 0 0 0,951976 0 0

20 0 0 0 0 0 -3,62716 0 0 0 0 0 0 0 0,954102 0 0

21 0 0 0 0 0 -3,13795 0 0 0 0 0 0 0 0,956074 0 0

22 0 0 0 0 0 -3,10884 0 0 0 0 0 0 0 0,961619 0 0

23 0 0 0 0 0 -1,36505 0 0 0 0 0 0 0 0,981164 0 0

24 0 0 0 0 0 -1,23276 0 0 0 0 0 0 0 0,976718 0 0
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ȺɘəɧɜŬ 5.4 Tap əŬɘ ˊŮɟɘəɞˊɏɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ 

 

 ɇɏɚɞɠ, űŬɑɜɞɜŰŬɘ ɧɚŮɠ ɞɘ ɡˊɧɚɞɘˊŮɠ ɛŮŰŬɓɚɖŰɏɠ əŬɗɩɠ əŬɘ ɏɚŮɔɢɞɠ ɧŰɘ 

ůɡɔəŮəɟɘɛɏɜɞɘ ˊŮɟɘɞɟɘůɛɞɑ (ˊɞɡ Ŭűɞɟɞɨɜ ůŰɘɠ ɓɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ z) 

ɘůɢɨɞɡɜ. ɄŬɟŬəɎŰɤ ŰŬ əɧəəɘɜŬ əŮɚɘɎ ˊŮɟɘɏɢɞɡɜ Űɘɛɏɠ ŭɘŬűɞɟŮŰɘəɏɠ Űɞɡ 

ɛɖŭŮɜɧɠ, əɎŰɘ ˊɞɡ ŭɖɚɩɜŮɘ ɨˊŬɟɝɖ ɚɎɗɞɡɠ ůŰɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ, ɤůŰɧůɞ ŬɡŰɧ 

ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ ˊɟɞɠ Ůˊɑɚɡůɖ ɐŰŬɜ ˊɞɚɨ ɛŮɔɎɚɞ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɔɑɜɞɡɜ əɎˊɞɘŮɠ ŬɟɘɗɛɖŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ Ŭˊɧ Űɖɜ CPLEX əŬŰɎ 

Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ əŬɘ ɞ Űɘɛɏɠ ŬɡŰɏɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɞɡ 10 16. 

 

 
 

ȺɘəɧɜŬ 5.5 ɈˊɧɚɞɘˊŮɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ɏɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɩɜ 

 

 ȺəŰɧɠ Ŭˊɧ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ, ŬɡŰɧɛŬŰŬ ŮɛűŬɜɑɕɞɜŰŬɘ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɧɚɤɜ Űɤɜ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ. 

 

tap bank Pgcur1 Pgcur2 Pgcur3 Pgcur4 Pgcur5 Pgcur6 Pgcur7 Pgcur8 Pgcur1(%)Pgcur2(%)Pgcur3(%)Pgcur4(%)Pgcur5(%)Pgcur6(%)Pgcur7(%)Pgcur8(%)

7 0 0 0 0 0 0 0,000259 0 0 0 0 0 0 0 4,13E-05 0 0

7 0 0 0 0 0 0 0,000259 0 0 0 0 0 0 0 4,14E-05 0 0

8 0 0 0 0 0 0 0,000268 0 0 0 0 0 0 0 3,69E-05 0 0

8 0 0 0 0 0 0 0,000273 0 0 0 0 0 0 0 3,6E-05 0 0

8 0 0 0 0 0 0 0,000363 0 0 0 0 0 0 0 4,4E-05 0 0

8 0 0 0 0 0 0 0,000586 0 0 0 0 0 0 0 7,1E-05 0 0

9 0 0 0 0 0 0 0,001046 0 0 0 0 0 0 0 9,32E-05 0 0

9 0 1,06E-05 1,66E-05 2,31E-05 2,74E-05 1,97E-05 0,000351 7,35879E-05 2,42E-05 0,040114 0,020836 0,014495 0,020636 0,074167 3,94E-05 0,092496 0,091441

9,999999 0 1,77E-05 2,26E-05 2,77E-05 3,73E-05 5,18E-05 0,0002160,000244874 0,000219 0,000244 0,000104 6,35E-05 0,000103 0,000713 1,92E-05 0,001123 0,003014

9 0 4,35E-05 5,44E-05 7,41E-05 9,77E-05 0,000237 0,0002340,079789223 0,03725 0,000203 8,45E-05 5,76E-05 9,11E-05 0,001106 2,29E-05 0,123968 0,173628

8 0 4,97E-05 6,8E-05 0,000108 0,000155 0,000817 1,53434 0,18806195 0,061974 0,000158 7,19E-05 5,72E-05 9,85E-05 0,002593 0,145224 0,198975 0,196711

8 0 8,01E-05 0,000134 0,000459 0,000435 0,073657 2,045312 0,22360949 0,07399 0,000214 0,000119 0,000204 0,000232 0,196843 0,199832 0,199195 0,197735

8 0 0,000112 0,00022 0,021134 0,395531 0,079034 2,1126880,237272808 0,078785 0,000282 0,000185 0,00889 0,199662 0,199481 0,199964 0,199624 0,198852

8 0 0,000246 0,000451 0,428778 0,381908 0,076331 2,3109590,229115079 0,076114 0,000643 0,000393 0,186875 0,199738 0,199606 0,199982 0,199712 0,199037

8 0 7,55E-05 0,000124 0,000348 0,018087 0,066854 2,3107160,200822921 0,066659 0,000225 0,000124 0,000173 0,010783 0,199284 0,199961 0,199544 0,198704

9 0 5,93E-05 7,86E-05 0,000118 0,000168 0,001038 0,7333270,152501544 0,049867 0,000232 0,000102 7,68E-05 0,000131 0,004053 0,067306 0,198432 0,194657

10 0 1,78E-05 2,19E-05 2,72E-05 3,54E-05 4,84E-05 0,000142 0,00021828 0,000237 0,00014 5,72E-05 3,55E-05 5,55E-05 0,000379 1,26E-05 0,00057 0,001855

10 0 1,58E-05 1,94E-05 2,34E-05 2,84E-05 3,99E-05 0,0001940,000183046 0,000179 0,002052 0,000841 0,000508 0,000739 0,005189 1,73E-05 0,007934 0,023283

10 0 0 0 0 0 0 0,000364 0 0 0 0 0 0 0 3,06E-05 0 0

10 0 0 0 0 0 0 0,000301 0 0 0 0 0 0 0 2,6E-05 0 0

9 0 0 0 0 0 0 0,000274 0 0 0 0 0 0 0 2,68E-05 0 0

9 0 0 0 0 0 0 0,000299 0 0 0 0 0 0 0 2,74E-05 0 0

7 0 0 0 0 0 0 0,00026 0 0 0 0 0 0 0 3,75E-05 0 0

7 0 0 0 0 0 0 0,000257 0 0 0 0 0 0 0 4,57E-05 0 0

Pstor ɳǎǘƻǊQstor zsin zplinμɲǘŀǇμҐȊǎƛƴҌȊǇƭƛƴconstraint zbanksinzbankplinμɲōŀƴƪμҐȊōŀƴƪǎƛƴҌȊōŀƴƪǇƭƛƴconstraintbank_feederzbanksinzbankplinμɲōŀƴƪμҐȊōŀƴƪǎƛƴҌȊōŀƴƪǇƭƛƴconstraintbankfeeder_ZZtap_VRtap_VR_zsintap_VR_zplinμɲǘŀǇψwμҐ±wψȊǎƛƴҌ±wψȊǇƭƛƴconstraint

-7,68E-06 1,00E+00 1,76E-07 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

-7,21E-06 1,00E+00 1,77E-07 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

-6,60E-06 1,000021 1,76E-07 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

-6,00E-06 1,000027 1,77E-07 0 0 0 0 0 0 0 0 1 0 -6,3E-07 -6,3E-07 2,66E-15 0 0 0 0 0 0

-5,34E-06 1,000033 1,27E-07 0 0 0 0 0 0 0 0 1,000001 0 6,34E-07 6,34E-07 -2,7E-15 0 0 0 0 0 0

-4,73E-06 1,000038 8,92E-08 1 0 1 2,22E-16 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0

-3,96E-06 1,000042 -6,3E-08 0 0 0 0 0 0 0 0 0 7,28E-07 0 7,28E-07 0 0 0 0 0 0 0

-3,12E-06 1,000045 1,12E-07 1 0 1 -1,8E-15 0 0 0 0 7,28E-07 0 7,28E-07 7,28E-07 0 0 0 0 0 0 0

-2,06E-06 1,000047 1,12E-07 0 0,999999 0,999999 1,55E-15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-2,82E-06 1,00005 1,45E-07 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-1,93E-06 1,000051 1,67E-07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-1,27E-06 1,000053 1,45E-07 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0

-7,30E-07 1,000053 1,42E-07 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

2,51E-07 1,000053 1,57E-07 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

1,37E-06 1,000052 1,63E-07 1 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0

2,35E-06 1,000049 1,35E-07 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4,54E-06 1,000045 1,38E-07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5,07E-06 1,00004 9,79E-08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5,48E-06 1,000034 1,77E-07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5,97E-06 1,000028 1,86E-07 0 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0

6,45E-06 1,000022 1,9E-07 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

6,93E-06 1,000015 2,3E-07 0 2 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

7,44E-06 1,000008 1,8E-07 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

8,07E-06 1 1,73E-07 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
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ȺɘəɧɜŬ 5.6 ȷˊɞŰŮɚɏůɛŬŰŬ-Űɘɛɏɠ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ 

 

¶ ɇɘɛɐ Űɖɠ ŰɎůɖɠ ůŮ əɎɗŮ əɧɛɓɞ əɎɗŮ ɩɟŬ 

 

 ɆŮ ɝŮɢɤɟɘůŰɧ ˊŮŭɑɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŰɎůŮɘɠ ůŮ əɎɗŮ əɧɛɓɞ(əŬɘ ŬɜɎ 

ɢɘɚɘɧɛŮŰɟŬ) Űɞɡ ŭɘəŰɨɞɡ əŬɘ əɎɗŮ ɩɟŬ. 

 

 
 

ȺɘəɧɜŬ 5.7 ɇɘɛɏɠ Űɖɠ ŰɎůɖɠ ůŮ əɎɗŮ əɧɛɓɞ əɎɗŮ ɩɟŬ 

 

 ȷˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ Űɘɛɏɠ, ŮɛűŬɜɑɕɞɜŰŬɘ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŭɘŬɔɟɎɛɛŬŰŬ 

ŰɎůɖ-ɛɐəɞɠ ɔɟŬɛɛɐɠ ɔɘŬ əɎɗŮ ɩɟŬ, ŰɎůɖ-əɧɛɓɞɠ ɔɘŬ əɎɗŮ ɩɟŬ əŬɘ ŰɎůɖ-ɩɟŬ 

ɔɘŬ əɎɗŮ əɧɛɓɞ. 

 

dV 35,3088

Ploss 29,8352 29,0439ɾ²Ƙ

Pgcurt 14,358179 ɾ²Ƙ

Qg^2 295,90562

Qms 501,2351

tap 10 10

bank 4 4

real

line(Km) 0 0,555 3,777 4,8257 10,091 12,3975 13,7565 16,5585 22,8155 24,692 27,2525 31,0795 32,7345 37,8315

hour Vz V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 delete LowerLimitUpperLimit

1 20,06209 20,05177 20,00434 19,98949 19,94876 19,9322 19,93991 19,9996 20,10843 20,14107 20,09262 20,05011 20,03268 20,01498 20,01498 18,8 21,2

2 20,03808 20,0302 19,99496 19,98398 19,95714 19,94646 19,95478 20,00856 20,10138 20,12922 20,08869 20,05312 20,03854 20,02374 20,02374 18,8 21,2

3 20,05633 20,04942 20,01821 20,00846 19,98376 19,97386 19,98052 20,02559 20,09685 20,11822 20,08355 20,05313 20,04066 20,028 20,028 18,8 21,2

4 20,01763 20,01246 19,99077 19,9841 19,97311 19,96914 19,97843 20,02669 20,10421 20,12745 20,09523 20,06695 20,05536 20,04359 20,04359 18,8 21,2

5 20,00013 19,9987 19,99843 19,99872 20,02189 20,03285 20,05053 20,11508 20,22855 20,26258 20,23148 20,2042 20,19301 20,18165 20,18165 18,8 21,2

6 20,00046 19,99996 20,00448 20,00629 20,03551 20,04908 20,06745 20,13134 20,24252 20,27587 20,24708 20,22182 20,21147 20,20095 20,20095 18,8 21,2

7 20,06198 20,07372 20,14867 20,17339 20,31588 20,37899 20,42568 20,54577 20,82335 20,9066 20,88025 20,85712 20,84764 20,83802 20,83802 18,8 21,2

8 20,01341 20,00932 19,99312 19,9882 19,98387 19,9827 19,99256 20,0393 20,15412 20,18856 20,15932 20,13368 20,12317 20,1125 20,1125 18,8 21,2

9 20,00002 20,00658 20,04875 20,06292 20,13564 20,17024 20,20388 20,30828 20,55456 20,62865 20,5901 20,55516 20,54078 20,52647 20,52647 18,8 21,2

10 20,00001 20,02169 20,14419 20,18457 20,34656 20,35665 20,37809 20,44454 20,60831 20,65718 20,61127 20,56916 20,55179 20,53421 20,53421 18,8 21,2

11 20,00001 20,03116 20,20644 20,26407 20,49909 20,52635 20,55972 20,59427 20,68859 20,71461 20,67123 20,63599 20,6217 20,60651 20,60651 18,8 21,2

12 20,00001 20,03116 20,20522 20,26249 20,4879 20,50225 20,52916 20,54423 20,5962 20,60661 20,56539 20,53535 20,52337 20,50967 20,50967 18,8 21,2

13 20,00001 20,03116 20,20544 20,26283 20,48777 20,49924 20,52584 20,5602 20,61483 20,62888 20,58578 20,55529 20,54319 20,52905 20,52905 18,8 21,2

14 20,00001 20,03116 20,20643 20,26416 20,49456 20,52064 20,55654 20,61046 20,70946 20,73705 20,69073 20,65664 20,64302 20,62753 20,62753 18,8 21,2

15 20,00001 20,03116 20,20768 20,2658 20,50511 20,53142 20,56694 20,61714 20,7073 20,733 20,68388 20,64473 20,6289 20,61183 20,61183 18,8 21,2

16 20,00002 20,0217 20,14527 20,18612 20,35021 20,35528 20,37728 20,43218 20,57365 20,615 20,56163 20,51438 20,49499 20,47546 20,47546 18,8 21,2

17 20,00002 20,00727 20,05298 20,06847 20,13497 20,13258 20,14954 20,23366 20,43975 20,50197 20,4479 20,39851 20,37817 20,35802 20,35802 18,8 21,2

18 20,00074 19,99348 19,96446 19,95565 19,94754 19,94552 19,96337 20,04804 20,25599 20,31837 20,26544 20,21891 20,19983 20,18051 20,18051 18,8 21,2

19 20,00006 19,99358 19,97093 19,96425 19,97136 19,97601 19,99972 20,10115 20,34846 20,42263 20,36449 20,31346 20,29255 20,27131 20,27131 18,8 21,2

20 20,00019 19,98968 19,94505 19,93129 19,90654 19,89738 19,91488 20,00835 20,23981 20,30923 20,24573 20,19001 20,16716 20,14397 20,14397 18,8 21,2

21 20,00024 19,98931 19,94247 19,928 19,90048 19,89013 19,90733 20,00117 20,19203 20,24928 20,18468 20,128 20,10476 20,08116 20,08116 18,8 21,2

22 20,00002 19,99237 19,96493 19,95679 19,96195 19,96594 19,99205 20,10543 20,34039 20,41086 20,34498 20,28717 20,26347 20,23941 20,23941 18,8 21,2

23 20,04198 20,0293 19,9718 19,95384 19,90729 19,88855 19,90005 19,98022 20,1398 20,18766 20,12518 20,07035 20,04787 20,02505 20,02505 18,8 21,2

24 20,14762 20,13299 20,06248 20,0402 19,96745 19,93706 19,93934 19,99462 20,09631 20,12681 20,07084 20,02172 20,00159 19,98114 19,98114 18,8 21,2

user:

Ǫ ůŰǾȈȄ ŬȏŰǾ ɸŮȍȆǽȐŮȆ ǽȊŬȊ ŮȆȇȌȊȆȇȕ ȇȕȉȁȌ ɸȌȏ 

ŭȄȉȆȌȏȍȂŮǿŰŬ Ŭɸȕ ŰȄȊ ȖɸŬȍȋȄ ŰȌȏ VR ůŰȌȊ ȇȗŭȆȇŬ. 

ǨɸŮȆŭǾ ŰȌ ŭǿȇŰȏȌ ŬȏŰȕ ŭŮȊ ǽȐŮȆ VR, ǽȐȌȏȉŮ ȁǼȈŮȆ 

ůŰȌȊ ŰŮȈŮȏŰŬǿȌ ȇȕȉȁȌ ŰȌ ȏɸȌȐȍŮȒŰȆȇȕ VR ɸȌȏ ȃȄŰǼ 

Ȍ ȇȗŭȆȇŬȎ ȇŬȆ ŭŮȊ ŮɸȄȍŮǼȃŮȆ ŰȌ  ŬɸȌŰǽȈŮůȉŬ.



ȷˊɞŰŮɚɏůɛŬŰŬ 

118 
 

 
 

ȺɘəɧɜŬ 5.8 ȹɘɎɔɟŬɛɛŬ ŰɎůɖɠ-ůɖɛŮɑɞɡ ˊɎɜɤ ůŰɖɜ ɔɟŬɛɛɐ ɔɘŬ əɎɗŮ ɩɟŬ 

 

 
 

ȺɘəɧɜŬ 5.9 ȹɘɎɔɟŬɛɛŬ ŰɎůɖɠ-əɧɛɓɞɡ ɔɘŬ əɎɗŮ ɩɟŬ 
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ȺɘəɧɜŬ 5.10 ȹɘɎɔɟŬɛɛŬ ŰɎůɖɠ-ɩɟŬɠ ɔɘŬ əɎɗŮ əɧɛɓɞ 

 

¶ ȹɘŬɔɟɎɛɛŬŰŬ ɚŮɘŰɞɡɟɔɑŬɠ Q-P Űɤɜ ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ 

ˊŬɟŬɔɤɔɐɠ 

 

 ȷɡŰɧɛŬŰŬ, əŬŰŬůəŮɡɎɕɞɜŰŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ əɎɗŮ ɛɑŬ ɛɞɜɎŭŬ 

ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, ůŰŬ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ŬɜŰɘůŰɟɞűɏŬ Űɞɡɠ. 

 ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŬɡŰɎ, űŬɑɜɞɜŰŬɘ ŰŬ ɧɟɘŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɜ 

Űɟɧˊɞ Ůɚɏɔɢɞɡ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ əɎɗŮ ɛɞɜɎŭŬɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŮɜɧŰɖŰŬ 

4.4.1, əŬɗɩɠ əŬɘ ŰŬ ůɖɛŮɑŬ Q-P ˊɞɡ ɚŮɘŰɞɨɟɔɖůŮ ɞ ŬɜŰɘůŰɟɞűɏŬɠ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ. ȺɑɜŬɘ ˊɞɚɨ ɢɟɐůɘɛŬ əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ ˊɧŰŮ ɞɘ 

ɛɞɜɎŭŮɠ ɚŮɘŰɞɡɟɔɞɨɜ ŮˊɎɜɤ ůŰɞ ɧɟɘɞ, əŬɗɩɠ əŬɘ ɖ ɔŮɜɘəɧŰŮɟɖ ůɡɛˊŮɟɘűɞɟɎ 

Űɞɡɠ. 
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ȺɘəɧɜŬ 5.11 ȹɘŬɔɟɎɛɛŬŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ɘůɢɨɞɠ Űɤɜ ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 
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5.2 2 ʌɻʉʋʈʋʅʝʐʑʌʀʏ ɾʍɻʈʈʘʏ  ɻʉɻʔʡʍʂʎʂʏ 
 

 ɆŰɖɜ ɡˊɞŮɜɧŰɖŰŬ ŬɡŰɐ, ɗŬ ˊŬɟɞɡůɘŬůɗŮɑ Űɞ ɓŬůɘəɧ case study Űɖɠ 

ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. ɀɏůŬ Ŭˊɧ ŬɡŰɧ ɗŬ ɔɑɜŮɘ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŬɜŬŭŮɘɢɗɞɨɜ ɧɚŬ 

ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, Ůɜɩ ůŮ ŮˊɧɛŮɜŬ case studies ɗŬ űŬɜɞɨɜ ɞɘ 

Ůˊɑ ɛɏɟɞɠ ɚŮˊŰɞɛɏɟŮɘŮɠ. 

 

 

5.2.1 ɬʋʌʋʇʋɾʚɻ 

 

 ȼ ŰɞˊɞɚɞɔɑŬ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɘəŰɨɞɡ ŮɑɜŬɘ, əŬŰɎ ɓɎůɖ, ŬɡŰɐ ˊɞɡ 

ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ 5.1.1, ɛŮ Űɖɜ ŭɘŬűɞɟɎ ɧŰɘ Ŭˊɧ Űɞɜ Ɉ/Ɇ ŬɜŬɢɤɟɞɨɜ 

ŭɨɞ ɑŭɘŮɠ ɔɟŬɛɛɏɠ, ŭɖɚŬŭɐ ɖ ˊŬɟŬəɎŰɤ. 

 

 

 
ȺɘəɧɜŬ 5.12 ɇŮɚɘəɧ ŭɑəŰɡɞ ˊɟɞůɞɛɞɑɤůɖɠ 

 

 
 

ȺɘəɧɜŬ 5.13 ȺˊɑˊŮŭŬ ūɞɟŰɑɞɡ əŬɘ ȷɄȺ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ 
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Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ 2 ɔɟŬɛɛɏɠ, ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ˊŬɟŬəɎŰɤ:  

 

ũɟŬɛɛɐ R220 ũŮɜɜŬŭɑɞɡ Ʌɧŭɞɡ 

2000 KWp ū/ȸ (7) 

3000 KWp ȷ/Ʉ  (1) 

4548 KWp ūɞɟŰɑɞ (12) 

400   kVar ɄɡəɜɤŰɐɠ (1) 

1       MW ï 5 MWh  ȷˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ (1) 
 

ȺɘəɧɜŬ 5.14 ɆɡɔəŮɜŰɟɤŰɘəɏɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ŭɘəŰɨɞɡ əɎɗŮ ɔɟŬɛɛɐɠ R220 

Ⱥˊɘˊɚɏɞɜ, ɔɘŬ ŰŬ űɞɟŰɑŬ əŬɘ Űɘɠ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ, 

Ŭəɞɚɞɡɗɞɨɜ ɞɘ əŬɛˊɨɚŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 

 

 
 

ȺɘəɧɜŬ 5.15 ȼɛŮɟɐůɘŮɠ ɢɟɞɜɞůŮɘɟɏɠ ūɞɟŰɑɞɡ əŬɘ ȷɘɞɚɘəɐɠ-ūɤŰɞɓɞɚŰŬɘəɐɠ ɄŬɟŬɔɤɔɐɠ 

 

 
 

ȺɘəɧɜŬ 5.16 ȼɛŮɟɐůɘŮɠ ɢɟɞɜɞůŮɘɟɏɠ ūɞɟŰɑɞɡ əŬɘ ȷɘɞɚɘəɐɠ-ūɤŰɞɓɞɚŰŬɘəɐɠ ɄŬɟŬɔɤɔɐɠ 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ űɞɟŰɑɞɡ ŮɑɜŬɘ 0,724 Ůɜɩ ɗŮɤɟŮɑŰŬɘ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ 0,9 ɔɘŬ 

ŰŬ űɞɟŰɑŬ. 

 

 ɇɧůɞ ůŰɖɜ ɓŬůɘəɐ ɛɏɗɞŭɞ ɛŮ LDC, ɧůɞ əŬɘ ůŰɖɜ əŮɜŰɟɘəɎ ůɡɜŰɞɜɘůɛɏɜɖ, 

Űɞ əɎŰɤ ɧɟɘɞ Űɞɡ ɕɡɔɞɨ ɀɇ ɏɢŮɘ ŰŮɗŮɑ 20kV, ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ əŬŰɎɟɟŮɡůɖɠ Űɖɠ 

ŰɎůɖɠ ůŮ ˊŮɟɑˊŰɤůɖ ɡɣɖɚɞɨ űɞɟŰɑɞɡ ɢɤɟɑɠ ŭɘŮůˊŬɟɛɏɜɖ ˊŬɟŬɔɤɔɐ. 
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ɶ˃ʶˊʺˋʽʶˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʊˇˊˍʾˇˎ ˁʰʽ ʃʰˊʰʴ˖ʴʺˌ

Load

Wind

PV

ʍˊʰ 1 2 3 4 5 6 7 8 9 10 11 12 13

ʊˇˊˍʾ0̌,74 0,62 0,53 0,49 0,47 0,44 0,40 0,44 0,56 0,65 0,73 0,78 0,83

ɮκʃ 0,53 0,53 0,61 0,64 0,69 0,69 0,94 0,75 0,94 0,86 0,89 0,86 0,89

ʊκɰ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,18 0,54 0,80 0,94 1,00
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5.2.1.1 LDC 

 

 ȷɜŬűɏɟɗɖəŮ, ˊɤɠ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ əŬɛˊɨɚɖɠ LDC, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ɞ Űɟɧˊɞɠ ɛɏɔɘůŰɖɠ əŬɘ ŮɚɎɢɘůŰɖɠ ŮˊɘɗɡɛɖŰɐɠ ŰɎůɖɠ ůŰɞɜ ɕɡɔɧ. ũɘŬ Űɞ 

ůɡɔəŮəɟɘɛɏɜɞ ŭɑəŰɡɞ, ɖ əŬɛˊɨɚɖ LDC ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

Ŭ́ɟŬəɎŰɤ Ůɝɑůɤůɖ: 

 

 ὠ= 20,1 + 2,0733ϽὍὙ+ 3,2389ϽIX 
 

 (5.10) 

 

 ȳˊɤɠ ŬɜŬűɏɟŬɛŮ, ɞ ůəɞˊɧɠ Űɖɠ Ůɝɑůɤůɖɠ ɔɘŬ Űɖɜ LDC ŮɑɜŬɘ ɔɘŬ 

ɞˊɞɘŬŭɐˊɞŰŮ ɛɏŰɟɖůɖ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ, ɜŬ ŭɑɜŮɘ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮˊɘɗɡɛɖŰɐ ŰɎůɖ ˊɞɡ ɗɏɚɞɡɛŮ, əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ Űɞ 

ɆȷɇɈū ɜŬ ŮˊɘɚɏɔŮɘ Űɖɜ əŬŰɎɚɚɖɚɖ ɚɐɣɖ ɔɘŬ ɜŬ ɏɢɞɡɛŮ ŰɎůɖ ɧůɞ Űɞ ŭɡɜŬŰɧɜ 

əɞɜŰɘɜɧŰŮɟɖ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ. 

 ɆŰɖɜ ŮɜɧŰɖŰŬ 5.2.1.3 ŬɜŬűɏɟŮŰŬɘ ɏɜŬ ŰɏɢɜŬůɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ɔɘŬ Űɖɜ  ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ˊɞɚɚŬˊɚɩɜ ɔɟŬɛɛɩɜ, əŬɘ ɞɡůɘŬůŰɘəɎ ɓŬůɑɕŮŰŬɘ 

ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ŭɨɞ ɔɟŬɛɛɏɠ ˊɞɡ ŬɜŬɢɤɟɞɨɜ Ŭˊɧ Űɞɜ ɈɆ, ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊŮɠ. ȰŰůɘ, ɔɘŬ ɚɧɔɞɡɠ ŰŬɢɨŰɖŰŬɠ əŬɘ ŬəɟɑɓŮɘŬɠ, ŬɜŰɑ ɔɘŬ ŭɨɞ ɑŭɘŮɠ 

ɔɟŬɛɛɏɠ ŬɜŬɢɩɟɖůɖɠ Ŭˊɧ Űɞɜ ɀɆ, ɡˊɎɟɢŮɘ ɛɧɜɞ ɛɑŬ, əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ Ŭəɟɘɓɩɠ ɑŭɘɞ ɛŮ Űɞ ɜŬ ŮɑɢŬɛŮ ŭɨɞ. ũɘŬ ɚŮˊŰɞɛɏɟŮɘŮɠ ŬɜŬŰɟɏɝŰŮ 

ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŬɟɎɔɟŬűɞ. 

 ȷˊɞŰɏɚŮůɛŬ Űɤɜ ˊŬɟŬˊɎɜɤ ɧɛɤɠ, ŮɑɜŬɘ Űɞ ɟŮɨɛŬ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞɜ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐ ɜŬ űŬɑɜŮŰŬɘ (ŬɚɔɞɟɘɗɛɘəɎ) ɧŰɘ ŮɑɜŬɘ Űɞ ɛɘůɧ ŬɡŰɞɨ ˊɞɡ 

ˊɟŬɔɛŬŰɘəɎ ŮɑɜŬɘ, əŬɗɩɠ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, Űɞ ɟŮɨɛŬ ŬɡŰɧ, ˊɟɞəɨˊŰŮɘ Ŭˊɧ 

Űɞɜ ŭɘˊɚŬůɘŬůɛɧ Űɞɡ ɟŮɨɛŬŰɞɠ Űɞɡ ˊɟɩŰɞɡ əɚɎŭɞɡ Űɖɠ ɛɑŬɠ ɔɟŬɛɛɐɠ. 

 Ⱥˊɞɛɏɜɤɠ, ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ, Űɞ ɟŮɨɛŬ Űɞɡ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐ, ŮɑɜŬɘ Űɞ ŭɘˊɚɎůɘɞ Ŭˊɧ ŬɡŰɧ ˊɞɡ űŬɑɜŮŰŬɘ əɎɗŮ űɞɟɎ. 

 

 ȼ Ⱥɝɑůɤůɖ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ LDC ŮɑɜŬɘ ɧˊɤɠ 

ŮɑˊŬɛŮ ɖ ˊŬɟŬəɎŰɤ 

ὠ= 20,1 + 2,0733ϽὍὙ+ 3,2389ϽIX 

 

 ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɖɠ, Ůɜɩ 

ɏˊŮɘŰŬ, ŬɜŬűɏɟŮŰŬɘ ɖ ɓɏɚŰɘůŰɖ əŬɛˊɨɚɖ LDC, ɖ ɞˊɞɑŬ ɗŬ ɏŭɘɜŮ ŰŬ ɑŭɘŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɆȷɇɈū Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ŪŬ űŬɜŮɑ ˊɤɠ ɖ Ůˊɘɚɞɔɐ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ Ůɝɑůɤůɖɠ, ŮɑɜŬɘ 

ˊɞɚɨ əɞɜŰɎ ɛŮ Űɖɜ ɓɏɚŰɘůŰɖ. 

 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞ ˊɟɞŬɜŬűŮɟɗɏɜ ŭɑəŰɡɞ, ɛŮ Űɞɜ 

ˊɡəɜɤŰɐ ˊɎɜŰŬ ŮɜŰɧɠ, Ůɜɩ ɞɘ ɛɞɜɎŭŮɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ 

ŬˊɞɡůɘɎɕɞɡɜ. ɈˊŮɜɗɡɛɑɕɞɡɛŮ ɧŰɘ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ, Űɞ ɟŮɨɛŬ 

Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůŰɐ, ŮɑɜŬɘ Űɞ ŭɘˊɚɎůɘɞ Ŭˊɧ ŬɡŰɧ ˊɞɡ űŬɑɜŮŰŬɘ əɎɗŮ űɞɟɎ. 
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ȺɘəɧɜŬ 5.17 ȺˊɘɗɡɛɖŰɐ əŬɘ ˊɟŬɔɛŬŰɘəɐ ŰɎůɖ ŬɜɎɚɞɔŬ Űɖɜ Űɘɛɐ Űɞɡ ɟŮɨɛŬŰɞɠ 

 ɆŰɖɜ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŬ, űŬɑɜŮŰŬɘ ɖ ŮˊɘɗɡɛɖŰɐ ŰɎůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ 

Űɖɜ Ůɝɑůɤůɖ Űɖɠ LDC, əŬɗɩɠ əŬɘ ɖ ˊɟŬɔɛŬŰɘəɐ, ŭɖɚŬŭɐ ɖ ŰɎůɖ ˊɞɡ ůŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɏɢŮɘ ɞ ɕɡɔɧɠ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ ˊɟŬɔɛŬŰɘəɐ ŰɎůɖ 

ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɞɡ Ůɨɟɞɡɠ VDesiredÑ0.5*BW, ŮˊŬɚɖɗŮɨɞɜŰŬɠ ɏŰůɘ ɧŰɘ ɖ ɚɐɣɖ 

ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ŮɑɜŬɘ ɖ ɓɏɚŰɘůŰɖ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŰɎůɖɠ ɧůɞ ˊɘɞ əɞɜŰɎ ůŰɖɜ 

ŮˊɘɗɡɛɖŰɐ ɔɑɜŮŰŬɘ. 

 

 
 

ȺɘəɧɜŬ 5.18 ȺˊɘɗɡɛɖŰɐ əŬɘ ˊɟŬɔɛŬŰɘəɐ ŰɎůɖ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ 
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ȺɘəɧɜŬ 5.19 ȺˊɘɗɡɛɖŰɐ ŰɎůɖ ŬɜɎɚɞɔŬ Űɞ ɟŮɨɛŬ Űɞɡ ɀɆ 

. 

 
 

ȺɘəɧɜŬ 5.20 Ʉɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɢɤɟɑɠ Űɖɜ ɨˊŬɟɝɖ  ɀȹɄ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ LDC 

 ɇŬ ˊŬɟŬˊɎɜɤ ŬűɞɟɞɨůŬɜ Űɖɜ əŬɛˊɨɚɖ LDC ˊɞɡ ŮˊɘɚɏɢɗɖəŮ, ɖ ɞˊɞɑŬ 

ɧˊɤɠ ɗŬ űŬɜŮɑ, ŭŮɜ ŬˊɏɢŮɘ ˊɞɚɨ Ŭˊɧ Űɖɜ ɓɏɚŰɘůŰɖ.  

 ɆɡɔəŮəɟɘɛɏɜŬ, ɛɑŬ Ůɝɑůɤůɖ(ɓɏɚŰɘůŰɖ), ɖ ɞˊɞɑŬ ɗŬ ŮˊɏűŮɟŮ ŰŬ ɑŭɘŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɞɡ ɆȷɇɈū əɎɗŮ ɩɟŬ 

ŮɑɜŬɘ ɖ  

ὠ= 20,1 + 2,115ϽὍὙ+ 3,3 ϽIX 

  

 ɇŬ ŬɜŰɑůŰɞɘɢŬ ŭɘŬɔɟɎɛɛŬŰŬ űŬɑɜɞɜŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ. 
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ȺɘəɧɜŬ 5.21 ȺˊɘɗɡɛɖŰɐ əŬɘ ˊɟŬɔɛŬŰɘəɐ ŰɎůɖ ŬɜɎɚɞɔŬ Űɖɜ Űɘɛɐ Űɞɡ ɟŮɨɛŬŰɞɠ 

 
 

ȺɘəɧɜŬ 5.22 ȺˊɘɗɡɛɖŰɐ əŬɘ ˊɟŬɔɛŬŰɘəɐ ŰɎůɖ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ 
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ȺɘəɧɜŬ 5.23 ȺˊɘɗɡɛɖŰɐ əŬɘ ˊɟŬɔɛŬŰɘəɐ ŰɎůɖ ŬɜɎɚɞɔŬ Űɞ ɟŮɨɛŬ Űɞɡ ɀɆ 

 
 

ȺɘəɧɜŬ 5.24 Ɇɨɔəɟɘůɖ əŬɛˊɨɚɖɠ LDC ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɛŮ Űɖɜ ɓɏɚŰɘůŰɖ 
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ȺɘəɧɜŬ 5.25 Ɇɨɔəɟɘůɖ Űɖɠ ŰɎůɖɠ Űɞɡ ɕɡɔɞɨ ɔɘŬ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ 

 

 ɇɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ ŮˊŬɚɖɗŮɨŮɘ ɧŰɘ ɖ əŬɛˊɨɚɖ LDC ˊɞɡ 

ŮˊɘɚɏɢɗɖəŮ, ŭɘŬűɏɟŮɘ Ŭˊɧ Űɖɜ ɓɏɚŰɘůŰɖ ŭɡɜŬŰɐ ɛɧɜɞ ůŮ ɛŮɟɘəɏɠ ɩɟŮɠ, ůŰɘɠ 

ɞˊɞɑŮɠ ɏɢŮɘ ŮˊɘɚŮɢɗŮɑ ɛɑŬ ɛɧɜɞ ɚɐɣɖ ˊŬɟŬˊɎɜɤ Ŭˊɧ Űɖɜ ɓɏɚŰɘůŰɖ 

 

 

5.2.1.2 SG 

 

 ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɏɜŬ Ŭˊɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ 

Ŭɚɔɧɟɘɗɛɞɡ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ, ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůɖɛŮɘɩůŮɘ ŭɑəŰɡŬ 

ɡˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ůŰɘɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ.  

 Ⱥˊɞɛɏɜɤɠ, ɖ ŰɞˊɞɚɞɔɑŬ Űɞɡ ŭɘəŰɨɞɡ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ, 

ŭɘŬűɏɟŮɘ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ ɛɞɜɎŭŬɠ. ũɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ 

ŭɑəŰɡɞ ɘůɢɨɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ ˊɟɞŭɘŬɔɟŬűɏɠ. 

 

¶ ȰɚŮɔɢɞɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ əŬɘ ɆȽ Űɤɜ ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ 

ˊŬɟŬɔɤɔɐɠ 

 

 ȳˊɤɠ ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ 4.4.1 ɡˊɎɟɢɞɡɜ ŰɟŮɑɠ Űɟɧˊɞɘ ɟɨɗɛɘůɖɠ 

Űɤɜ ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɝŮŰɎɕɞɡɛŮ, ɔɘŬ 

ɧɚŮɠ Űɘɠ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ, ɘůɢɨŮɘ ɞ ɔɟŬɛɛɘəɧɠ ɏɚŮɔɢɞɠ ŮɚɎɢɘůŰɞɡ 

ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ ŬɜŮɝɎɟŰɖŰŬ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ɘůɢɨ. 

 ɆɡɔəŮəɟɘɛɏɜŬ, ɞ ŮɚɎɢɘůŰɞɠ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ əŬŰɎ Űɖɜ ɛɏɔɘůŰɖ 

ˊŬɟŬɔɤɔɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ (ɑůɖɠ ɛŮ Űɖɜ ɞɜɞɛŬůŰɘəɐ), Ŭˊɧ Űɞɜ ɞˊɞɑɞ ůŰɖɜ 

ɞɡůɑŬ ɞɟɑɕŮŰŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ, ŮɑɜŬɘ 0,95. 
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 Ⱥ ɑ́ůɖɠ,  ŬɜŮɝɎɟŰɖŰŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ, ɖ ɎŮɟɔɞɠ ɘůɢɨɠ 

ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɝŮˊŮɟɜɎŮɘ Űɖɜ Űɘɛɐ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɔɘŬ ɛɏɔɘůŰɖ ˊŬɟŬɔɤɔɐ 

ŮɜŮɟɔɞɨ ɘůɢɨɞɠ əŬɘ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ ɑůɞ ɛŮ 0,95, Űɧůɞ ŮˊŬɔɤɔɘəɎ ɧůɞ əŬɘ 

ɢɤɟɖŰɘəɎ. 

 ɇɏɚɞɠ, ɔɘŬ əɎɗŮ ŮˊɑˊŮŭɞ ˊŬɟŬɔɤɔɐɠ, ɖ ɛɏɔɘůŰɖ Űɘɛɐ ɎŮɟɔɞɡ ɘůɢɨɞɠ 

ɞɟɑɕŮŰŬɘ ɛɏůɤ Űɞɡ ŮɚɎɢɘůŰɞɡ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ ŭɘŬűɞɟŮŰɘəɧ ɔɘŬ ū/ȸ əŬɘ ȷ/Ʉ, 

ŬɚɚɎ ɑŭɘɞ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŬɠ, ɔɘŬ ɢɤɟɖŰɘəɐ əŬɘ ŮˊŬɔɤɔɘəɐ ɚŮɘŰɞɡɟɔɑŬ. ũɘŬ ŰŬ 

ū/ȸ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɑɜŬɘ 0,8 Ůɜɩ ɔɘŬ Űɞ ȷ/Ʉ 0,6.  

 ɆɡɔəŮɜŰɟɤŰɘəɎ ŰŬ ˊŬɟŬˊɎɜɤ ůŮ ˊɑɜŬəŬ əŬɘ ŭɘɎɔɟŬɛɛŬ. 

 

 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɟɨɗɛɘůɖɠ ŬɜŰɘůŰɟɞűɏŬ Űɤɜ ɛɞɜɎŭɤɜ ŭɘŮůˊŬɟɛɏɜɖɠ 
ˊŬɟŬɔɤɔɐɠ 

╟╕□░▪= ,  

╟╕╠_╛░□░◄,╛╪▌▌░▪▌= ╟╕╠_╛░□░◄,╛▄╪▀░▪▌= ,  

╟╕╠_╞▬▄►╪◄░▫▪▼,╛╪▌▌░▪▌= ╟╕╠_╞▬▄►╪◄░▫▪▼,╛▄╪▀░▪▌= ,                   PV 

╟╕╠_╞▬▄►╪◄░▫▪▼,╛╪▌▌░▪▌= ╟╕╠_╞▬▄►╪◄░▫▪▼,╛▄╪▀░▪▌= ,                   Wind 

QCONTROL=2nd  (ũɟŬɛɛɘəɧɠ ɏɚŮɔɢɞɠ ŬɜŮɝɎɟŰɖŰŬ Ůˊɘˊɏŭɞɡ ˊŬɟŬɔɤɔɐɠ) 
 

ɄɑɜŬəŬɠ 5.2 Ʌɨɗɛɘůɖ Űɤɜ ŬɜŰɘůŰɟɞűɏɤɜ Űɤɜ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ 

 

 
 

ȺɘəɧɜŬ 5.26 Ɇɨɜɞɚɞ Űɤɜ ɞɟɑɤɜ ˊɞɡ ŭɘɏˊɞɡɜ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŬɜŰɘůŰɟɞűɏŬ (ũɘŬ ŰŬ ūȸ) 
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ȺɘəɧɜŬ 5.27 ɇŮɚɘəɧɠ ůɡɜŭɡŬůɛɧɠ/Űɞɛɐ Űɤɜ ɞɟɑɤɜ ɔɘŬ Űɖɜ ɎŮɟɔɞ ɘůɢɨ Űɤɜ ɀȹɄ 

 

¶ ȺˊɘŰɟŮˊŰɏɠ ˊŮɟɘəɞˊɏɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ŬɜɎ ˊŮɟɘˊŰɩůŮɘɠ 

 

 Ⱥɜ ɔɏɜŮɘ,  Űɞ ɧɟɘŬ Űɤɜ ˊŮɟɘəɞˊɩɜ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ɏɢɞɡɜ 

ŰŮɗŮɑ ɛɖŭŮɜɘəɎ. ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɗŬ ŬɜŬűŮɟɗɞɨɜ ůŰɖɜ 

ůɡɜɏɢŮɘŬ, ůŰɘɠ ɞˊɞɑŮɠ ɡˊɐɟɢŮ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŮɟɘəɞˊɩɜ, ɛŮ ɛŮɔɎɚɞ ɓɎɟɞɠ ůŰɖɜ 

ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ Űɤɜ ˊŮɟɘəɞˊɩɜ. 

 

¶ ȸɎɟɖ əŬɜɞɜɘəɞˊɞɑɖůɖɠ 

 

 ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓɎɟɖ əŬɜɞɜɘəɞˊɞɑɖůɖɠ ˊɞɡ 

ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ŭɑəŰɡɞ. ɆŰɖɜ ɞɡůɑŬ ˊɟɞůɖɛŮɘɩůŬɛŮ Űɞ ŭɑəŰɡɞ 

ɡˊɧ ŭɘŬűɞɟŮŰɘəɧ ɛŮɑɔɛŬ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ (ɛŮ ɛɞɜŬŭɘŬɑŬ ɓɎɟɖ 

əŬɜɞɜɘəɞˊɞɑɖůɖɠ), əŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ ɓŬɟɩɜ ɏɔɘɜŮ ɛŮ ůŰɧɢɞ əŬɘ ɞɘ 8 

ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ, ɜŬ ˊŬɑɟɜɞɡɜ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɑŭɘŮɠ Űɘɛɏɠ. 

 ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŰɟɏɢɞɜŰŬɠ 8 ŭɘŬűɞɟŮŰɘəɎ ůŮɜɎɟɘŬ, əɎɗŮ űɞɟɎ ɛŮ ɛɧɜɞ 

ɛɑŬ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ Ůɜ ɢɟɐůŮɘ, ɛˊɞɟɞɨɛŮ ɜŬ ˊŬɟŬŰɖɟɐůɞɡɛŮ Űɘɠ Űɘɛɏɠ 

ˊɞɡ ˊŬɑɟɜɞɡɜ əɎɗŮ űɞɟɎ ɞɘ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ əŬɘ ɛɏůɤ Űɤɜ 

normalization weights, ɜŬ Űɞɡɠ ˊɟɞůŭɩůɞɡɛŮ Űɘɛɏɠ ɑŭɘŬɠ ŰɎɝɖɠ. 

 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊŮɟɘəɞˊɩɜ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŰŮɟɎůŰɘɞ ɓɎɟɞɠ 

əŬɜɞɜɘəɞˊɞɑɖůɖɠ. Ƀ ɚɧɔɞɠ ŮɑɜŬɘ ɧŰɘ ɧŰŬɜ ŬɡŰɐ ɖ ůɡɜɎɟŰɖůɖ ɡˊɎɟɢŮɘ ůŰɞ ɔŮɜɘəɧ 

ɛŮɑɔɛŬ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ, ɞ ˊɟɤŰŬɟɢɘəɧɠ ůəɞˊɧɠ ɛŬɠ, ˊɟɘɜ Ŭˊɧ 

ɞŰɘŭɐˊɞŰŮ Ɏɚɚɞ, ŮɑɜŬɘ ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ˊŮɟɘəɞˊɩɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ 

ˊŮɟɘəɞˊɏɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɧɜɞ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ, ɡˊɧ ŭɘŬűɞɟŮŰɘəɐ 

ˊŮɟɑˊŰɤůɖ, ŬŭɨɜŬŰɤɜ ˊŮɟɘɞɟɘůɛɩɜ. 
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ȺɘəɧɜŬ 5.28 ȸɎɟɖ əŬɜɞɜɘəɞˊɞɑɖůɖɠ 

 

¶ Penalties ůŰŬ ɓɎɟɖ ŬˊɞűɎůŮɤɜ ůŰɘɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ŰŬ ŰŮɚɘəɎ ɓɎɟɖ Űɞɡ ɛŮɑɔɛŬŰɞɠ ŬɜŰɘəŮɘɛŮɜɘəɩɜ 

ůɡɜŬɟŰɐůŮɤɜ, ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɔɘɜɧɛŮɜɞ Űɤɜ Decision Maker ɓŬɟɩɜ, əŬɘ Űɤɜ 

ɓŬɟɩɜ əŬɜɞɜɘəɞˊɞɑɖůɖɠ. 

 ɆŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ, ŬɜŮɝɎɟŰɖŰŬ Űɞ ɛŮɑɔɛŬ Űɤɜ 

ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ, ɏɢɞɡɛŮ ˊɟɞůŭɩůŮɘ ůŰŬ ɓɎɟɖ ɔɘŬ Űɘɠ ŬɚɚŬɔɏɠ ůŰɘɠ 

ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū, Űɖɜ ɎŮɟɔɞ ɘůɢɨ Űɤɜ ɀȹɄ əŬɗɩɠ əŬɘ Űɖɜ ɎŮɟɔɞ ɘůɢɨ ˊɞɡ 

ŭɘŬɟɟɏŮɘ Űɞɜ ɀɆ ɛɘŬ ˊɞɚɨ ɛɘəɟɐ Űɘɛɐ, ɛŮ ůəɞˊɧ ɜŬ ɛɖɜ ɔɑɜɞɜŰŬɘ, ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ŬɢɟŮɑŬůŰŮɠ ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū, ɢɤɟɑɠ ɧɛɤɠ ɜŬ 

ɢɎɜɞɡɛŮ ůɖɛŬɜŰɘəɎ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ůɖɛŬɜŰɘəɏɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ.  

 ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ŭŮɜ ɓɟɑůəɞɡɛŮ Űɖɜ Ɏəɟɤɠ ɓɏɚŰɘůŰɖ ɚɨůɖ ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ əɎɗŮ KPI, ɧɛɤɠ ɖ ɚɨůɖ ŮɑɜŬɘ ˊɘɞ ɟŮŬɚɘůŰɘəɐ, əŬɘ ɞɡůɘŬůŰɘəɎ 

ɓɏɚŰɘůŰɖ, əŬɗɩɠ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŮɠ. 

 

 

5.2.1.3 ɬʘʔʉɻʎʈɻ ɾʅɻ ʐʂʉ ɻʌʇʋʌʋʚʂʎʂ ʐʖʉ ʌʋʇʇɻʌʇʡʉ ɾʍɻʈʈʡʉ 

 

 ɇɞ ŭɑəŰɡɞ ˊɞɡ ˊɟɞůɞɛɞɘɩɗɖəŮ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 2 ɧɛɞɘŮɠ ɔɟŬɛɛɏɠ 

ŬɜŬɢɩɟɖůɖɠ Ŭˊɧ Űɞɜ ɈɆ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɏəɡɣŬɜ ɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɨɠ 

Űɟɧˊɞɡɠ əŬɘ ɐŰŬɜ ŰŬɡŰɧůɖɛŬ ɛŮŰŬɝɨ Űɞɡɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞ ˊɟɩŰɞɠ Űɟɧˊɞɠ 

ɐŰŬɜ ɞ əɚŬůůɘəɧɠ, ɏɢɞɜŰŬɠ Űɖɜ ŰɞˊɞɚɞɔɑŬ Űɤɜ 2 ɔɟŬɛɛɩɜ ŬˊɞŰɡˊɤɛɏɜɖ ůŰɞɜ 

Ŭɚɔɧɟɘɗɛɞ. Ƀ ŭŮɨŰŮɟɞɠ Űɟɧˊɞɠ, ɓŬůɑůŰɖəŮ ůŰɞ ɧŰɘ ɞɘ ŭɨɞ ɔɟŬɛɛɏɠ ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊŮɠ, əŬɘ ůŰɖɜ ɞɟɗɐ ɡˊɧɗŮůɖ, ɧŰɘ ɖ ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɩɜ ɗŬ ŮɑɜŬɘ ɑŭɘŬ 

ɛŮŰŬɝɨ Űɞɡɠ. ȰŰůɘ, ɖ ŰɞˊɞɚɞɔɑŬ Űɞɡ ŭɘəŰɨɞɡ, ŬˊɞŰŮɚɞɨŰŬɜ ɛɧɜɞ Ŭˊɧ ɛɑŬ 

ɔɟŬɛɛɐ ŬɜŬɢɩɟɖůɖɠ Ŭˊɧ Űɞɜ ɡˊɞůŰŬɗɛɧ, ɛŮ Űɘɠ Ůɝɐɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ.  

 ȼ ŬɜŰɑůŰŬůɖ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůŰɐ ŮɑɢŮ ŭɘˊɚŬůɘŬůŰŮɑ, ɔɘŬ ɜŬ ŭɘˊɚŬůɘŬůŰŮɑ 

əŬɘ ɖ ˊŰɩůɖ ŰɎůɖɠ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ ůŮ ŬɡŰɧɜ, əŬɗɩɠ ŭɘŬɟɟɏŮŰŬɘ Ŭˊɧ Űɞ ɟŮɨɛŬ 

əŬɘ Űɤɜ ŭɨɞ ɔɟŬɛɛɩɜ, Ůɜɩ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɡˊɞɚɞɔɘůɛɞɨ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ 

Űɤɜ ŬˊɤɚŮɘɩɜ, ɖ ŬɜŰɑůŰŬůɖ ɝŬɜɎ ŭɘˊɚŬůɘɎůŰɖəŮ (ůɡɜɞɚɘəɎ ŰŮŰɟŬˊɚŬůɘɎůŰɖəŮ), 

ɔɘŬŰɑ Űɞ ɟŮɨɛŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɡɣɩɜŮŰŬɘ ůŰɞ ŰŮŰɟɎɔɤɜɞ. 

0,0015

3,16

2 2000

0,01

1

0,0002

0,0035

tap

bank

Qg

QMS

normalization weights

dv

Ploss

Pgcurt
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 Ⱥˊɑůɖɠ, Űɞ ɛɏɔŮɗɞɠ Űɞɡ ɀɆ, əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɞ ɗŮɟɛɘəɧ ɧɟɘɞ ˊɞɡ 

ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ ɟŮɨɛŬ ˊɞɡ Űɞɜ ŭɘŬɟɟɏŮɘ, ɡˊɞŭɘˊɚŬůɘɎůŰɖəŮ. 

 ɇɏɚɞɠ, ɧůɞɜ ŬűɞɟɎ ůŰɞ ɓŬůɘəɧ ůŮɜɎɟɘɞ ɛŮ Űɖɜ ŬɜŰɘůŰɎɗɛɘůɖ (LDC), ɖ 

Ůɝɑůɤůɖ ˊɞɡ Űɖɜ ŬɜŬˊŬɟɘůŰɎ ɎɚɚŬɝŮ ůŮ 

 

 ὠ= 20,1 + Ͻ2,0733ϽὍὙ+ Ͻ3,2389ϽIX 
 

 (5.11) 

 

 ȰɢŮɘ ˊɟɞůŰŮɗŮɑ ŭɖɚŬŭɐ ɞ ɧɟɞɠ 2, ůŰŬ ɟŮɨɛŬŰŬ ɔɘŬ ɜŬ ˊɟɞůɖɛŮɘɩůŮɘ Űɘɠ 

ŭɨɞ ɔɟŬɛɛɏɠ ŬɜŬɢɩɟɖůɖɠ. 

 

 ȰŰůɘ ˊɟɞůɞɛɞɘɩɗɖəŬɜ ɞɘ ŭɨɞ ɔɟŬɛɛɏɠ, ɢɤɟɑɠ əŬɛɑŬ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ 

əɚŬůůɘəɐ əŬɘ ˊɘɞ Ŭɟɔɐ ɛɏɗɞŭɞ, əŬɘ ɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ LDC əŬɘ SG ůŮɜŬɟɑɞɡ, 

ɏɔɘɜŮ ůŰɖɜ ɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ ɔɟŬɛɛɏɠ ŬɜŬɢɩɟɖůɖɠ.  

 

 

5.2.2 ɚʌʋʐʀʇʘʎʈɻʐɻ ʌʍʋʎʋʈʋʚʖʎʂʏ ɾʅɻ ςτ ʡʍʀʏ 

 

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ɗŬ ˊŬɟɞɡůɘŬůɗŮɑ ɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɖɠ əɚŬůůɘəɐɠ 

ɛŮɗɧŭɞɡ LDC əŬɘ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɛŮɗɧŭɞɡ Ůɚɏɔɢɞɡ, ɛŮ ɓɎůɖ ŰŬ KPIôs ˊɞɡ 

ŬɜŬűɏɟɗɖəŬɜ. 

ȼ ůɨɔəɟɘůɖ ɗŬ ɔɑɜŮɘ ɢɤɟɑɠ Űɖɜ ɨˊŬɟɝɖ ůɡůəŮɡɐɠ storage ůŰɖɜ ŰɞˊɞɚɞɔɑŬ, 

Ůɜɩ ůŰɖɜ ůɡɜɏɢŮɘŬ əŬɘ ɛɧɜɞ ɔɘŬ Űɖ ɛɏɗɞŭɞ smart grid, ɗŬ ɔɑɜŮɘ ˊɟɞůɞɛɞɑɤůɖ 

ŮɘůɎɔɞɜŰŬɠ ɛɑŬ ɛɞɜɎŭŬ ŬˊɞɗɐəŮɡůɖɠ. ȰŰůɘ ɛɏůɤ Űɖɠ ůɨɔəɟɘůɖɠ ɗŬ űŬɜɞɨɜ 

Űɧůɞ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ůɡɜŰɞɜɘůɛɏɜɞɡ-ɓɏɚŰɘůŰɞɡ Ůɚɏɔɢɞɡ, ŬɚɚɎ əŬɘ Űɖɠ 

ɨˊŬɟɝɖɠ ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ. 

 ȰŰůɘ, ɔɘŬ əɎɗŮ KPI, ɗŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ 3 ˊŮɟɘˊŰɩůŮɘɠ LDC, SG ɢɤɟɑɠ 

storage, əŬɘ SG ɛŮ storage, Ůɜɩ ɧˊɞɡ əɟɘɗŮɑ ŬˊŬɟŬɑŰɖŰɞ ɗŬ ŬɜŬűŮɟɗɞɨɜ əŬɘ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ. 

 

 

5.2.2.1 KPI ρȡ ɥʀʚʖʎʂ ʐʖʉ ɻʌʖʇʀʅʡʉ 

 

 ȳˊɤɠ ŬɜŬűɏɟŬɛŮ ůŮ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ, ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ ɞɘ ŬˊɩɚŮɘŮɠ ŮɑɜŬɘ ŭɨɞ Ůɘŭɩɜ. Ƀɘ ˊɟŬɔɛŬŰɘəɏɠ ŬˊɩɚŮɘŮɠ, ŭɖɚŬŭɐ ɛŮ 

Űɖɜ ˊɟŬɔɛŬŰɘəɐ ŰɎůɖ ůŰɞɜ ˊŬɟɞɜɞɛŬůŰɐ, əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ ɛŮ Űɖɜ ɞɜɞɛŬůŰɘəɐ 

ŰɎůɖ ůŰɞɜ ˊŬɟɞɜɞɛŬůŰɐ. Ⱥˊɘˊɚɏɞɜ ŮəűɟɎɕɞɜŰŬɘ ůŮ MWh. 

 ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ ˊŬɟŬɛŮŰɟɘəɞˊɞɑɖůɖ ɤɠ 

ˊɟɞɠ Űɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ Űɤɜ ȷɄȺ, əŬɘ ɤɠ ˊɟɞɠ Űɞ ɛŮɑɔɛŬ ŬɜŰɘəŮɘɛŮɜɘəɩɜ 

ůɡɜŬɟŰɐůŮɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ. ɆɖɛŮɘɩɜɞɡɛŮ ˊɤɠ ůŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ůŰɞ ɛŮɑɔɛŬ ůɡɜŬɟŰɐůŮɤɜ ɡˊɎɟɢɞɡɜ ɛɘəɟɎ ɓɎɟɖ ůŰɘɠ 

ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ Űɤɜ  ɚɐɣŮɤɜ Űɞɡ ɆȷɇɈū, Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ Ŭˊɧ 

Űɘɠ ɀȹɄ əŬɘ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɠ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞɜ ɀɆ. ȼ Űɘɛɐ ˊɞɡ ˊŬɑɟɜŮɘ ɖ əɎɗŮ 

ɛɑŬ ŮɑɜŬɘ Űɞ ɏɜŬ ŰɟɑŰɞ Űɞɡ Ŭɟɘɗɛɞɨ ˊɞɡ ˊɟɞəɨˊŰŮɘ, ŬűŬɘɟɩɜŰŬɠ Űɞ ɎɗɟɞɘůɛŬ 
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Űɤɜ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ əɎɗŮ űɞɟɎ Ŭˊɧ Űɖɜ 

ɛɞɜɎŭŬ. 

 ɇɞ KPI ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ Űɨˊɞ, əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ 

ˊŬɟɞɡůɘŬůɗɞɨɜ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ əŬɘ ɢɤɟɑɠ ůɡůəŮɡɐ ŬˊɞɗɐəŮɡůɖɠ əŬɗɩɠ əŬɘ 

ŰŬ ůɢŮŰɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ. 

%100Ö
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BLSG

L

LL
L  

 

 
 

ɄɑɜŬəŬɠ 5.3 ɄŬɟŬɛŮŰɟɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ KPI 1: ȷˊɩɚŮɘŮɠ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ storage 

 

 ɀŮ ˊŬɟŬˊɎɜɤ Ŭɨɝɖůɖ Űɞɡ ɓɎɟɞɡɠ wploss, ɞɘ ŰɎůŮɘɠ ɢŮɘɟɞŰŮɟŮɨɞɡɜ 

ŬɟəŮŰɎ, Ůɜɩ ɞ ŭŮɑəŰɖɠ ŭŮɜ ɓŮɚŰɘɩɜŮŰŬɘ. 

PlossesPlosses(real)Plosses Plosses(real) ɲ[ ɲ[ψǊŜŀƭ

0,8273 0,7978 0,7772 0,7747
dv=0,91

-6,06% -2,90%

0,636 0,6283
dv=0,81, ploss=0,1

-23,12% -21,25%

0,6273 0,6146
dv=0,7, ploss=0,21

-24,18% -22,96%

0,6213 0,6013
dv=0,5 , ploss=0,41

-24,90% -24,63%

PlossesPlosses(real)Plosses Plosses(real) ɲ[ ɲ[ψǊŜŀƭ

0,8273 0,7978 0,636 0,6283 -23,12% -21,25%

2,6069 2,4956 2,4992 2,4225 -4,13% -2,93%

4,5839 4,3318 4,5443 4,3561 -0,86% 0,56%

ʋ˖ˊʾˌ ǎǘƻǊŀƎŜ
BL SG

DV =0,81 PLOSS=0,1

BL SG

ɲʽʰ˒ˇˊʶ

ˍʽˁʺ ƻΦŦΦ

Objective Function

P=9.6MW

P=8MW

P=5MW

ɳʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ɹˋ˔ˏˌ ɮʃɳ
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ȺɘəɧɜŬ 5.29 ɄŬɟŬɛŮŰɟɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ȷɄȺ Űɞɡ KPI 1: ȷˊɩɚŮɘŮɠ ɔɘŬ 
Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ storage 

 

 
 

ȺɘəɧɜŬ 5.30 ɄŬɟŬɛŮŰɟɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɛŮɑɔɛŬŰɞɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ Űɞɡ KPI 1: 
ȷˊɩɚŮɘŮɠ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ storage 
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ȺɘəɧɜŬ 5.31 ȹɘɎɔɟŬɛɛŬ ŬˊɤɚŮɘɩɜ ŬɜɎɚɞɔŬ Űɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ ȷɄȺ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ 
storage 

 

 
 

ɄɑɜŬəŬɠ 5.4 ȷ́ ɞŰŮɚɏůɛŬŰŬ Űɞɡ KPI 1: ȷˊɩɚŮɘŮɠ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ storage 

 

PlossesPlosses(real)Plosses Plosses(real) ɲ[ ɲ[ψǊŜŀƭ

0,8273 0,7978 0,5207 0,5186
dv=0,91

-37,06% -35,00%

0,4756 0,4698
dv=0,81, ploss=0,1

-42,51% -41,11%

PlossesPlosses(real)Plosses Plosses(real) ɲ[ ɲ[ψǊŜŀƭ

0,8273 0,7978 0,4756 0,4698 -42,51% -41,11%

2,6069 2,4956 2,2068 2,1421 -15,35% -14,16%

4,5839 4,3318 4,1984 4,0409 -8,41% -6,72%

ɾʶ ǎǘƻǊŀƎŜ

DV =0,81 PLOSS=0,1

BL SG

BL SG

ɳʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ɹˋ˔ˏˌ ɮʃɳ

P=5MW

P=8MW

P=9.6MW

Objective Function

ɲʽʰ˒ˇˊʶ

ˍʽˁʺ ƻΦŦΦ
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ȺɘəɧɜŬ 5.32 ɄŬɟŬɛŮŰɟɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ȷɄȺ Űɞɡ KPI 1: ȷˊɩɚŮɘŮɠ ɔɘŬ 
Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ storage 

 

 
 

ȺɘəɧɜŬ 5.33 ɄŬɟŬɛŮŰɟɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɛŮɑɔɛŬŰɞɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ Űɞɡ KPI 1: 
ȷˊɩɚŮɘŮɠ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ storage 

 

ɀŮ ˊŬɟŬˊɎɜɤ Ŭɨɝɖůɖ Űɞɡ wploss ɖ ŭɘŬűɞɟɎ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ. 
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ȺɘəɧɜŬ 5.34 ȹɘɎɔɟŬɛɛŬ ŬˊɤɚŮɘɩɜ ŬɜɎɚɞɔŬ Űɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ ȷɄȺ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ 
storage 

 

 ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ ůɡɛˊŮɟɘűɞɟɎ ɛŮ storage əŬɘ ɢɤɟɑɠ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ, 

Ŭɜ ŮɝŬɘɟɏůɞɡɛŮ Űɖɜ ŬɟɘɗɛɖŰɘəɐ ŭɘŬűɞɟɎ ˊɞɡ ˊɟɞůŭɑŭŮɘ ɖ ɨˊŬɟɝɖ 

ŬˊɞɗɐəŮɡůɖɠ, ɐ ɞˊɞɑŬ ŮɑɜŬɘ ŬɟəŮŰɎ ůɖɛŬɜŰɘəɐ əŬɘ ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ ˊɚɏɞɜ 

ɛˊɞɟɞɨɛŮ ɜŬ ŮˊɖɟŮɎůɞɡɛŮ əŬɘ Űɖɜ ŮɜŮɟɔɧ ɘůɢɨ əɎŰɘ ˊɞɡ ŭŮɜ ɑůɢɡŮ ůŰɖɜ Ŭɟɢɘəɐ 

ˊŮɟɑˊŰɤůɖ. 

 ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 5MW ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ, 

ˊŬɟŬŰɖɟɞɨɛŮ ɛŮɑɤůɖ ˊɎɜɤ Ŭˊɧ 20 əŬɘ 40% ɔɘŬ ŰɞˊɞɚɞɔɑŬ ɢɤɟɑɠ əŬɘ ɛŮ 

storage ŬɜŰɑůŰɞɘɢŬ. 

 ɀɘŬ ˊŬɟŬŰɐɟɖůɖ ˊɞɡ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ ŮɑɜŬɘ ɧŰɘ ɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ 

ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ŬɡɝɎɜɞɜŰŬɘ əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ Ůɜɩ ŬəɧɛŬ əŬɘ ɞ ŭŮɑəŰɖɠ ɞ 

ɑŭɘɞɠ ɛŮɘɩɜŮŰŬɘ (ůŮ ŬˊɧɚɡŰɖ Űɘɛɐ). 

 ɋůŰɧůɞ ŬɡŰɧ ŭŮɜ ɘůɢɨŮɘ Ůɜ ɔɏɜŮɘ əŬɗɩɠ ɞűŮɑɚŮŰŬɘ ůŰɞ ɛɘəɟɧ ˊɚɐɗɞɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. Ƀ ɔŮɜɘəɧɠ əŬɜɧɜŬɠ ŮɑɜŬɘ ɧŰɘ ɡˊɎɟɢŮɘ ɏɜŬ ůɖɛŮɑɞ 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɠ, ɛɏɢɟɘ Űɞ ɞˊɞɑɞ ɧůɞ ŬɡɝɎɜŮŰŬɘ (ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ), 

Űɧůɞ ɛŮɘɩɜɞɜŰŬɘ ɞɘ ŬˊɩɚŮɘŮɠ, Ůɜɩ ɛŮŰɎ Ŭˊɧ ŬɡŰɧ ɝŬɜɎ ŬɡɝɎɜɞɜŰŬɘ. 

ɇɞ ˊŬɟŬˊɎɜɤ ŮˊŬɚɖɗŮɨŮŰŬɘ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, əŬɘ ˊŬɟŬəɎŰɤ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ˊŮɟɘůůɧŰŮɟŮɠ Űɘɛɏɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ 

ɘůɢɨɞɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ storage. 
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ɄɑɜŬəŬɠ 5.5 ȷˊɩɚŮɘŮɠ ŬɜɎ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ 0-9.8 MW 

 

 
 

ȺɘəɧɜŬ 5.35 KPI 1: ŬˊɩɚŮɘŮɠ, ŬɜɎ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ 0-9.8 MW 

 

 
 

ȺɘəɧɜŬ 5.36 ȷˊɩɚŮɘŮɠ ŬɜɎ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ 0-9.8 MW 

 

MW Plosses Plosses(real)Plosses Plosses(real)Plosses Plosses(real) ɲ[όлΣумκлΣмύɲ[όǿǇƭƻǎǎҐмύ

0 2,0704 1,98 2,0704 2,0057 2,0704 2,0057 0,00% 0,00%

1,5 1,145 1,0953 1,0171 0,992 1,0163 0,9702 -11,17% -11,24%

2,5 0,7912 0,7574 0,6174 0,6066 0,6167 0,6113 -21,97% -22,06%

3,5 0,6478 0,6215 0,4545 0,4502 0,4515 0,4318 -29,84% -30,30%

4,2 0,6727 0,6458 0,4769 0,4709 0,4686 0,4605 -29,11% -30,34%

5 0,8273 0,7978 0,636 0,636 0,619 0,619 -23,12% -25,18%

8 2,6069 2,4956 2,4992 2,4225 2,3949 2,2511 -4,13% -8,13%

9,8 4,5839 4,3318 4,5443 4,3561 4,3831 4,115 -0,86% -4,38%

wdv=0.81 wploss=0.1 wploss=1

BL SG

-35,00%

-30,00%

-25,00%

-20,00%

-15,00%

-10,00%

-5,00%

0,00%

0 2 4 6 8 10

ɲ
L
 K

P
I

ɳʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ʽˋ˔ˏˌ ɲʃόMW)

wdv=0.81 
wploss=0.1

wploss=1
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 ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɧůɞ ɞ ŭŮɑəŰɖɠ ɓŮɚŰɑɤůɖɠ Űɤɜ ŬˊɤɚŮɘɩɜ ůŮ ůɢɏůɖ ɛŮ 

Űɖɜ ɓŬůɘəɐ ɛɏɗɞŭɞ, Űɧůɞ əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ ɞɘ ɑŭɘŮɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ɓɏɚŰɘůŰɞ 

ůɖɛŮɑɞ ůŰŬ 4 MW. ȰŰůɘ, ŮˊŬɚɖɗŮɨŮŰŬɘ ɞ əŬɜɧɜŬɠ ˊɞɡ ŬɜŬűɏɟɗɖəŮ ˊɟɘɜ, əŬɘ ɔɘŬ 

Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŰɞˊɞɚɞɔɑŬ ŭɘəŰɨɞɡ, Űɞ ůɖɛŮɑɞ ŬɡŰɧ ŮɑɜŬɘ ŰŬ 4 MW. 

 

 

5.2.2.2 KPI 2: ɚʞʊʂʎʂ ʐʂʏ ɿʅʀʚʎɿʑʎʂʏ ɚɩɞ ʎʐʋ ɿʚʆʐʑʋ 

 

 ɆŮ ŬɡŰɧ Űɞ KPI ŮɝŮŰɎɕŮŰŬɘ Űɞ ˊɞůɞůŰɧ Ŭɨɝɖůɖɠ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ ȷɄȺ 

ůŰɞ ŭɑəŰɡɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ əŬɘ ɢɤɟɑɠ storage, ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɞ ˊɞůɞůŰɧ 

Űɤɜ ŮˊɘŰɟŮˊŰɩɜ ˊŮɟɘəɞˊɩɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ ˊŮɟɘəɞˊɏɠ ŮˊɘŰɟɏˊɞɜŰŬɘ, 

ɝŬɜɎ ŬɜŬűɏɟɞɡɛŮ ˊɤɠ ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɐ Űɞɡɠ ŮɑɜŬɘ ɞ ˊɟɤŰŬɟɢɘəɧɠ ůŰɧɢɞɠ. 

  Ⱥə Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ LDC Űɞ 

ɧɟɘɞ ˊɞɡ ˊŬɟŬɓɘŬɕɧŰŬɜ əŬɘ ůŰɖɜ ɞɡůɑŬ ɧɟɘɕŮ Űɖɜ ɛɏɔɘůŰɖ Űɘɛɐ Űɖɠ 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ɐŰŬɜ ɞɘ ŰɎůŮɘɠ, əŬɗɩɠ ɛŮŰɎ Ŭˊɧ əɎˊɞɘɞ ůɖɛŮɑɞ ɐŰŬɜ 

ŬɜŬˊɧűŮɡəŰɖ ɖ ɡˊɏɟŰŬůɖ. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ smart grid, ɞ əŬɗɞɟɘůŰɘəɧɠ 

ˊŬɟɎɔɞɜŰŬɠ ɐŰŬɜ Űɞ ɗŮɟɛɘəɧ ɧɟɘɞ Űɞɡ ɀɆ, Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɧŰɘ ɛŮ ɛŮɔŬɚɨŰŮɟɞ 

ɛŮŰŬůɢɖɛŬŰɘůŰɐ, ɞ ŭŮɑəŰɖɠ ɗŬ ɐŰŬɜ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɠ. 

 ȷɟɢɘəɎ, Űɞ ůɡɔəŮəɟɘɛɏɜɞ KPI ɓɟɏɗɖəŮ ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŮ 

ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ, ŭɖɚŬŭɐ ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ɛŮŰŬɓɚɖŰɐ scale_up, ɛɏɢɟɘ ŮɑŰŮ 

ɞ ˊŮɟɘɞɟɘůɛɧɠ Űɤɜ ŰɎůŮɤɜ ɐ ŰŬ ɗŮɟɛɘəɎ ɧɟɘŬ ɜŬ ñɢŰɡˊɐůɞɡɜò. ɋůŰɧůɞ, ɛŮ 

ŬɡŰɧ Űɞɜ Űɟɧˊɞ ˊŬɟɧɚɞ ˊɞɡ ɓɟɑůəŬɛŮ Űɖɜ ɛɏɔɘůŰɖ Űɘɛɐ ŮɔəŬŰŮůŰɖɛɏɜɖɠ 

ɘůɢɨɞɠ, ŰŬ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ smart grid ŭŮɜ ɐŰŬɜ 

ŮˊɘŰɟŮˊŰɎ. 

 ɆɡɔəŮəɟɘɛɏɜŬ, ɛŮŰɎ Ŭˊɧ əɎˊɞɘɞ ůɖɛŮɑɞ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ (Űɞ 

ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ˊɞɚɨ əɞɜŰɎ ůŰɞ ɛɏɔɘůŰɞ), ŰŬ ɗŮɟɛɘəɎ ɧɟɘŬ ŮɑɢŬɜ űŰɎůŮɘ ɐŭɖ 

ůŰɞ ɧɟɘɞ, əŬɘ ɧůɞ ŬɡɝŬɜɧŰŬɜ ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ, ɞɘ ɀȹɄ ɚŮɘŰɞɡɟɔɞɨůŬɜ 

ɚɘɔɧŰŮɟɞ ŮˊŬɔɤɔɘəɎ, ɔɘŬ ɜŬ ˊŮɟɘɞɟɑůɞɡɜ Űɞ ɟŮɨɛŬ, ɞŭɖɔɩɜŰŬɠ ɏŰůɘ ůŮ ˊɞɚɨ 

ɡɣɖɚɏɠ ŰɎůŮɘɠ. ɆŰɖɜ ɞɡůɑŬ, ɖ ɎŮɟɔɞɠ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ȷɄȺ ɐŰŬɜ ŬɟəŮŰɐ ɔɘŬ ɜŬ 

ɛˊɞɟɏůŮɘ, ŬəɧɛŬ əŬɘ ůŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ŭɘŮɑůŭɡůɖɠ ŬɜŬɜŮɩůɘɛɤɜ, ɜŬ əɟŬŰɐůŮɘ 

Űɖɜ ŰɎůɖ əɞɜŰɎ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ. ȳŰŬɜ ɧɛɤɠ ɛŮŰɎ Űɞ ˊɟɞŬɜŬűŮɟɗɏɜ ůɖɛŮɑɞ, 

ɢɟŮɘɎůŰɖəŮ əŬɘ ŬɡŰɧɠ ɞ çˊɧɟɞɠè ɔɘŬ ɜŬ əɟŬŰɖɗŮɑ ŮɜŰɧɠ ɞɟɑɤɜ Űɞ ɟŮɨɛŬ Űɞɡ ɀɆ, 

ɖ ŰɎůɖ ŬɡɝɐɗɖəŮ ŬˊɧŰɞɛŬ, əŬɗɩɠ ŬəɧɛŬ əŬɘ ɔɘŬ ˊɞɚɨ ɛɘəɟɐ Ŭɨɝɖůɖ Űɖɠ 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ, ɢɟŮɘɎɕŮŰŬɘ ˊɞɚɨ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɖɠ ɎŮɟɔɞɡ ɘůɢɨɞɠ 

ɔɘŬ Űɖɜ Ůɝɘůɞɟɟɧˊɖůɖ Űɞɡ ɟŮɨɛŬŰɞɠ. 

 ȰŰůɘ, ɓɟɏɗɖəŮ əŬɘ ɛɘŬ ŭŮɨŰŮɟɖ ůŮɘɟɎ KPI ɧˊɞɡ ŮɑɢŮ ůŰɧɢɞ Űɖɜ ŮɨɟŮůɖ 

Űɞɡ Ůɜ ɚɧɔɤ ůɖɛŮɑɞɡ. ȸɟɐəŬɛŮ ŭɖɚŬŭɐ Űɞ ůɖɛŮɑɞ, ůŰɞ ɞˊɞɑɞ ñ́ ɟɤŰɧ- ɢŰɡˊɎŮɘò 

Űɞ ɗŮɟɛɘəɧ ɧɟɘɞ Űɞɡ ɀɆ, əŬɘ ɏŰůɘ ŮɝŬůűŬɚɑůŬɛŮ ɧŰɘ ŰŬ ɎŮɟɔŬ Űɤɜ ɀȹɄ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɞɡ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ. ɄɟɞűŬɜɩɠ, ŰŬ KPI 

2,3 əŬɘ 5 ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɗŬ ŮɑɜŬɘ ɚɑɔɞ ɢŮɘɟɧŰŮɟŬ ŬɚɚɎ ɖ ůɡɜɞɚɘəɐ ŮɘəɧɜŬ 

Űɞɡ ŭɘəŰɨɞɡ ɧůɞɜ ŬűɞɟɎ ůŰɘɠ ŰɎůŮɘɠ, ŭŮɜ ŭɘəŬɘɞɚɞɔɞɨɜ Űɖɜ ɛɘəɟɐ ŬɡŰɐ Ŭɨɝɖůɖ 

Űɤɜ ŭŮɘəŰɩɜ. 
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 ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ 

əŬɘ ɢɤɟɑɠ storage, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɛɘəɟɧŰŮɟɞɡ ɞɟɑɞɡ. 

ɋůŰɧůɞ ɗŬ ŬɜŬűɏɟɞɡɛŮ əŬɘ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ɏűŰŬůŮ 

ůŰɞ ɛɏɔɘůŰɞ ɧɟɘɞ, ɔɘŬ ɜŬ ɔɑɜŮɘ əŬŰŬɜɞɖŰɧ Űɞ ɛŮɘɞɜɏəŰɖɛɎ Űɖɠ. 

 

Ƀ ŭŮɑəŰɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ: 
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 ɆŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ŬɜŬűŮɟɧɛŬůŰŮ ůŰŬ ˊŬɟŬˊɎɜɤ ŰɏůůŮɟŬ ůŮɜɎɟɘŬ ɤɠ 1) 

LDC, 2) SG max, 3) SG ɢɤɟɑɠ ɜŬ űŰɎɜɞɡɛŮ ůŰɞ ɛɏɔɘůŰɞ ɧɟɘɞ ɛŮ əŬɘ 4) ɢɤɟɑɠ 

storage. 

 

 ɆŰɞɡɠ ŮˊɧɛŮɜɞɡɠ ˊɑɜŬəŮɠ, ŮɛűŬɜɑɕŮŰŬɘ Űɞ Ɏɜɤ ɧɟɘɞ Űɖɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ 

ɘůɢɨɞɠ ůŮ MW ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ ɧɟɘŬ ˊŮɟɘəɞˊɩɜ, əŬɘ ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ ůŮɜɎɟɘŬ, 

əŬɗɩɠ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ŭŮɑəŰŮɠ. 

 

 
 

ɄɑɜŬəŬɠ 5.6 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 2: Ŭɨɝɖůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɞ ɧɟɘɞ 
ŮˊɘŰɟŮˊɧɛŮɜɤɜ ˊŮɟɘəɞˊɩɜ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ storage 

 

 
 

ɄɑɜŬəŬɠ 5.7 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 2: Ŭɨɝɖůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɞ ɧɟɘɞ 
ŮˊɘŰɟŮˊɧɛŮɜɤɜ ˊŮɟɘəɞˊɩɜ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ storage űŰɎɜɞɜŰŬɠ ůŰɞ ɛɏɔɘůŰɞ ɧɟɘɞ 

BL HC

9,8 15,85 0% 61,73%

17,61 10% 79,69%

19,81 20% 102,14%

22,64 30% 131,02%

26,425 40% 169,64%

31,7 50% 223,47%

SG

k 
όˉʶˊʽˁˇˉʷˌύ

ʋ˖ˊʾˌ ǎǘƻǊŀƎŜ

BL HC

9,8 16,3 0% 66,33%

18,15 10% 85,20%

20,45 20% 108,67%

23,5 30% 139,80%

27,5 40% 180,61%

33,3 50% 239,80%

SG

k 
όˉʶˊʽˁˇˉʷˌύ

ʋ˖ˊʾˌ ǎǘƻǊŀƎŜ π ƳŀȄƛƳǳƳ
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ɄɑɜŬəŬɠ 5.8 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 2: Ŭɨɝɖůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɞ ɧɟɘɞ 
ŮˊɘŰɟŮˊɧɛŮɜɤɜ ˊŮɟɘəɞˊɩɜ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ storage 

 

 
 

ȺɘəɧɜŬ 5.37 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 2: Ŭɨɝɖůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɞ ɧɟɘɞ 
Ů́ ɘŰɟŮˊɧɛŮɜɤɜ ˊŮɟɘəɞˊɩɜ 

 

 ɆŰɖɜ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ŭŮɑəŰɖɠ KPI ɔɘŬ Űɖɜ ŭɘŮɑůŭɡůɖ 

Űɤɜ ȷɄȺ, ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɞ ˊɞůɞůŰɧ Űɤɜ ŮˊɘŰɟŮˊɧɛŮɜɤɜ ˊŮɟɘəɞˊɩɜ, 

ŭɖɚŬŭɐ Űɞ ɛɏɔɘůŰɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘəɞˊŮɑ Ŭˊɧ əɎɗŮ ɛɞɜɎŭŬ ˊŬɟŬɔɤɔɐɠ. 

 ȼ ŭɘŬűɞɟɎ Űɖɠ ŮɘəɧɜŬɠ ˊɞɡ ŬəɞɚɞɡɗŮɑ ŮɑɜŬɘ ɧŰɘ ˊɚɏɞɜ ɞ ɞɟɘɕɧɜŰɘɞɠ 

ɎɝɞɜŬɠ, ˊŮɟɘɏɢŮɘ Űɞ ˊɞůɞůŰɧ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ůŰɖɜ ɞɡůɑŬ ˊŮɟɘəɧˊɖəŮ, Ůɜɩ 

ůŰɖɜ ŮˊɧɛŮɜɖ ŮɘəɧɜŬ Űɖɜ ŮɜɏɟɔŮɘŬ ŬɡŰɐ ůŮ MWh. 

 

BL HC

9,8 16,85 0% 71,94%

18,725 10% 91,07%

21,05 20% 114,80%

24,07 30% 145,61%

28,1 40% 186,73%

33,7 50% 243,88%

SG

k 
όˉʶˊʽˁˇˉʷˌύ

ɾʶ ǎǘƻǊŀƎŜ
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ȺɘəɧɜŬ 5.38 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 2: Ŭɨɝɖůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɞ ˊɟŬɔɛŬŰɘəɧ 
ˊɞůɞůŰɧ Űɤɜ ˊŮɟɘəɞˊɩɜ 

 

 
 

ȺɘəɧɜŬ 5.39 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 2: Ŭɨɝɖůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ ȷɄȺ ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ 
ˊŮɟɘəɧˊɖəŮ 

 

 ȰɜŬɠ əŬɜɧɜŬɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ůə Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ŮɑɜŬɘ ɞ ˊŬɟŬəɎŰɤ, 

əŬɘ ɘůɢɨŮɘ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ. 
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 ȳˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ, ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ŬəɧɛŬ əŬɘ ɛŮ ɛɖŭŮɜɘəɏɠ 

ˊŮɟɘəɞˊɏɠ ɏɢɞɡɛŮ ˊɎɜɤ Ŭˊɧ 60% ɓŮɚŰɑɤůɖ ůŰɖɜ ɢɤɟɖŰɘəɧŰɖŰŬ ůŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ, Ůɜɩ ɛŮ 50% ŮˊɘŰɟŮˊɧɛŮɜŮɠ ˊŮɟɘəɞˊɏɠ (30% ˊŮɟɘəɞˊɏɠ ůŰɖɜ 

ˊɟɎɝɖ) Űɞ ˊɞůɞůŰɧ űŰɎɜŮɘ ɏɤɠ əŬɘ 250% ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ storage. 

 ɆŰŬ ŮˊɧɛŮɜŬ ŭɘŬɔɟɎɛɛŬŰŬ űŬɑɜɞɜŰŬɘ ŰŬ ˊɟɞűɑɚ Űɤɜ ŰɎůŮɤɜ ɔɘŬ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ (ɢɤɟɑɠ əŬɗɧɚɞɡ ˊŮɟɘəɞˊɏɠ) LDC, SG max, SG ɢɤɟɑɠ ɜŬ 

űŰɎůɞɡɛŮ ůŰɞ ɛɏɔɘůŰɞ ɧɟɘɞ ɛŮ əŬɘ ɢɤɟɑɠ storage. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ əɎɗŮ ɛɑŬ 

Ŭˊɧ Űɘɠ ŰɏůůŮɟŮɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɜŬűɏɟŮŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɐ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ, 

ŮɑɜŬɘ űŬɜŮɟɐ ɖ ɓŮɚŰɑɤůɖ Ŭˊɧ ˊŮɟɑˊŰɤůɖ ůŮ ˊŮɟɑˊŰɤůɖ. 

ʅ ʁ̍ ˂ʶˌ ̱ ʽˌ ̄ ʶˊʽˉˍ˗ˋʶʽˌ ̱ ˇˎ SG ̔ ˋ˔ˏʶʽ ̱  ̌ʁ ˅ʺˌ: 
ɶ ɾʷʴʽˋˍʹ ʋ˖ˊʹˍʽˁˈˍʹˍʰ ʁ ʴˁʰˍʶˋˍʹ˃ʷ˄ʹˌ ̔ ˋ˔ˏˇˌ ɮʃɳ 
ˉʶˊʽˇˊʾʸʶˍʰʽ h ˉˈ ̱  ̌̒ ʶˊ˃ʽˁˈ ̍ ˊʽˇ ̱ ˇˎ ˃ ʶˍʰˋ˔ʹ˃ʰˍʽˋˍʺ 

ˍʹ˄ ɻ ʷˁʰˍʹ ̱ ʷˍʰˊˍʹ ̠ ˊ h! 
ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ:  

  
(1-curtLimit)*Scale_up=X  

   ̍ ˉˇˎ ʋ=3.17, 3.26 ˁ ʰʽ 3.34 ̀ ˍʽˌ 3 
ˉʶˊʽˉˍ˗ˋʶʽˌ h ˄ˍʾˋˍˇʽ˔ʰ 

ʂˉˇˎ scale_up ʁ ʾ˄ʰʽ  ́  ˃ ʷʴʽˋˍʹ ̄ ˇˋˇˋˍʽʰʾʰ, 
ˇ˃ˇʽˈ˃ˇˊ˒ʹ h ˏ˅ʹˋʹ ̱ ʹˌ ʁ ʴˁʰˍʶˋˍʹ˃ʷ˄ʹˌ ̔ ˋ˔ˏˇˌ ˁ ʱʻʶ 
DG (̄ .̝ scale_up=2  ̀ ʹ˃ʰʾ˄ʶʽ ɻ ʽˉ˂ʰˋʽʰˋ˃ˈˌ ̍ ˂˖˄ ̱ ˖˄ 
ʶʴˁʰˍʶˋˍʹ˃ʷ˄˖˄ DG) 
ʂˉˇˎ curtLimit ʁ ʾ˄ʰʽ ̱  ̌˃ ʷʴʽˋˍˇ ̄ ˇˋˇˋˍˈ (ʶˁ˒ˊʰˋ˃ʷ˄ˇ 
ˋˍʹ˄  ʁ ʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ̔ ˋ˔ˏ ˁ ʱʻʶ DG) ̄ ʶˊʽˁˇˉʺˌ ̄ ˇˎ 
˃ˉˇˊʶʾ ˄  hʁ ˒ʰˊ˃ˇˋˍʶʾ ̀  ʁˁ ʱʻʶ Dg.   (̄ .̝ curtLimit=0,2 
ˋʹ˃ʰʾ˄ʶʽ ̍ ˍʽ ̀  ʁˁ ʱʻʶ DG, ̌  ̔̄ ʶˊʽˁˇˉʷˌ ˁ ʱʻʶ ̠ ˊʰˌ ɻ ʶ˄ 
˃ˉˇˊˇˏ˄ ˄  hˎ ˉʶˊʲˇˏ˄ ̱  ̌20% ̱ ʹˌ ʁ ʴˁʰˍʶˋˍʹ˃ʷ˄ʹˌ 
ʽˋ˔ˏˇˌ ̱ ˇˎ ˁ ʰʻʶ˄ˈˌ) 
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ȺɘəɧɜŬ 5.40 Ʉɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɔɘŬ əɎɗŮ ɩɟŬ ŬɜɎ ɢɘɚɘɧɛŮŰɟɞ ůŰɖɜ ɔɟŬɛɛɐ. 

LDC - 9.8 MW 

 

 
 

ȺɘəɧɜŬ 5.41 Ʉɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɔɘŬ əɎɗŮ ɩɟŬ ŬɜɎ ɢɘɚɘɧɛŮŰɟɞ ůŰɖɜ ɔɟŬɛɛɐ. 

SG max 16.3 MW 
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ȺɘəɧɜŬ 5.42 Ʉɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɔɘŬ əɎɗŮ ɩɟŬ ŬɜɎ ɢɘɚɘɧɛŮŰɟɞ ůŰɖɜ ɔɟŬɛɛɐ. 

SG ɢɤɟɑɠ storage 15.85 MW 

 

 
 

ȺɘəɧɜŬ 5.43 Ʉɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɔɘŬ əɎɗŮ ɩɟŬ ŬɜɎ ɢɘɚɘɧɛŮŰɟɞ ůŰɖɜ ɔɟŬɛɛɐ. 

SG ɛŮ storage 16.85 MW 

 

 ȼ ŭɘŬűɞɟɎ Űɖɠ ɓŬůɘəɐɠ ɛŮɗɧŭɞɡ ɛŮ Űɞɜ ˊɟɞŰŮɘɜɧɛŮɜɞ Űɟɧˊɞ Ůɚɏɔɢɞɡ 

ŮɑɜŬɘ ˊɟɞűŬɜɐɠ. ȺəŰɧɠ Ŭˊɧ Űɖɜ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ ŭɘŮɑůŭɡůɖ ȷɄȺ ˊɞɡ 

ŮˊɘŰɟɏˊŮɘ, ŮɑɜŬɘ űŬɜŮɟɐ əŬɘ ɖ ˊɞɚɨ əŬɚɨŰŮɟɖ əŬŰɎůŰŬůɖ Űɞɡ ŭɘəŰɨɞɡ ɧůɞɜ 

ŬűɞɟɎ ůŰŬ ˊɟɞűɑɚ Űɤɜ ŰɎůŮɤɜ, ˊŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ 

ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ. ɆŰɞ ŮˊɧɛŮɜɞ KPI Űɤɜ ŰɎůŮɤɜ, ɗŬ űŬɜŮɑ ŬəɧɛŬ 

ˊŮɟɘůůɧŰŮɟɞ ɖ ŭɘŬűɞɟɎ ůŰɘɠ ŰɎůŮɘɠ, ŮɘŭɘəɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɖ ůɨɔəɟɘůɖ 

ɔɑɜŮŰŬɘ ɛŮŰŬɝɨ ˊŮɟɘˊŰɩůŮɤɜ ɑŭɘŬɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ. 

 ɇɏɚɞɠ, ɗŬ ŭŮɑɝɞɡɛŮ Ůˊɑůɖɠ Űɖɜ ŬəɟŬɑŬ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ŮˊɘŰɟɏˊɞɜŰŬɘ 

50% ˊŮɟɘəɞˊɏɠ, ɔɘŬ ŰŬ ŰɟɑŬ ůŮɜɎɟɘŬ (LDC ŭŮɜ ɡˊɎɟɢŮɘ). ȰŰůɘ ɗŬ ɔɑɜŮɘ 

ˊŮɟɘůůɧŰŮɟɞ əŬŰŬɜɞɖŰɐ ɖ Ůˊɘɚɞɔɐ Ɏɚɚɞɡ ůɖɛŮɑɞɡ Ŭˊɧ Űɞ ɛɏɔɘůŰɞ. 
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ȺɘəɧɜŬ 5.44 Ʉɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɔɘŬ əɎɗŮ ɩɟŬ ŬɜɎ əɧɛɓɞ. 

SG max 33.3 MW ɛŮ ŮˊɘŰɟŮˊɧɛŮɜŮɠ ˊŮɟɘəɞˊɏɠ 50% 

 

 
 

ȺɘəɧɜŬ 5.45 Ʉɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɔɘŬ əɎɗŮ əɧɛɓɞ ŬɜɎ ɩɟŬ. 

SG max 33.3 MW ɛŮ ŮˊɘŰɟŮˊɧɛŮɜŮɠ ˊŮɟɘəɞˊɏɠ 50% 
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ȺɘəɧɜŬ 5.46 Ƚůɢɨɠ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞɜ ɀɆ əŬɘ ˊɞůɞůŰɎ ˊŮɟɘəɞˊɩɜ Űɤɜ ɀȹɄ 

 

 ɆŰɖɜ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŬ űŬɑɜŮŰŬɘ ŬɟɘůŰŮɟɎ ɖ űŬɘɜɧɛŮɜɖ ɘůɢɨɠ Űɞɡ ɀɆ, 

(ůɡɔəŮəɟɘɛɏɜŬ, űŬɑɜŮŰŬɘ Űɞ ɛɘůɧ Űɖɠ ɘůɢɨɞɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞɡ ŰŮɢɜɎůɛŬŰɞɠ 

ˊɞɡ ŬɜŬűɏɟɗɖəŮ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ), əŬɗɩɠ əŬɘ ŰŬ ˊɞůɞůŰɎ ˊŮɟɘəɞˊɩɜ 

ŮɜŮɟɔɞɨ ɘůɢɨɞɠ əɎɗŮ ɛɞɜɎŭŬɠ ŭɘŮůˊŬɟɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ ɛŮ ɢɟɤɛŬŰɘəɧ 

əɩŭɘəŬ. 

 ȷɡŰɧ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ɛŮŰŬɝɨ Űɤɜ Űɟɘɩɜ ˊŬɟŬˊɎɜɤ 

Ůɘəɧɜɤɜ, ŮɑɜŬɘ Űɞ Ůɝɐɠ. ɆŰɘɠ ɩɟŮɠ 5 ɏɤɠ 22, ˊŬɟŬŰɖɟɞɨɛŮ Űɖɜ ŰɎůɖ ŰɞɡɚɎɢɘůŰɞɜ 

Ůɜɧɠ əɧɛɓɞɡ Ŭəɟɘɓɩɠ ůŰŬ 21.2 kV, Ůɜɩ Ůˊɑůɖɠ Űɘɠ ɑŭɘŮɠ ɩɟŮɠ Űɞ ɗŮɟɛɘəɧ ɧɟɘɞ 

Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůŰɐ ŮɑɜŬɘ Ŭəɟɘɓɩɠ ůŰɞ ɧɟɘɞ (12,5*2=25 kVA) əŬɘ ɞɘ ˊŮɟɘəɞˊɏɠ, 

ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ, əŬŰɎ Űɞ ɛɏɔɘůŰɞ ŬɝɘɞˊɞɘɖɛɏɜŮɠ. 

 ȳůɞ ŬɡɝɎɜŮŰŬɘ ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ (ɛŬɕɑ ɛŮ Űɘɠ ŮˊɘŰɟŮˊɧɛŮɜŮɠ 

ˊŮɟɘəɞˊɏɠ), ŰɧůŮɠ ˊŮɟɘůůɧŰŮɟŮɠ ɩɟŮɠ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɧɟɘɞ. ȼ ůɖɛŬɜŰɘəɐ 

ˊŬɟŬŰɐɟɖůɖ, ɧŰɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ŰɎůɖɠ əŬɘ ɗŮɟɛɘəɞɨ ɞɟɑɞɡ Űɘɠ ɩɟŮɠ ŬɡŰɏɠ 

ɢŰɡˊɎɜŮ ŰŬɡŰɧɢɟɞɜŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ ɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ 

ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ, ˊɟɩŰŬ ɢŰɡˊɎŮɘ Űɞ ɗŮɟɛɘəɧ ɧɟɘɞ, ůŰɖɜ ůɡɜɏɢŮɘŬ 

çŮˊɘůŰɟŬŰŮɨɞɜŰŬɘè  ŰŬ ɎŮɟɔŬ Űɤɜ ɀȹɄ ɔɘŬ ɜŬ Űɞ əɟŬŰɐůɞɡɜ ŮɜŰɧɠ ɞɟɑɞɡ 

(ŬɜŮɓɎɕɞɜŰŬɠ ɏŰůɘ Űɘɠ ŰɎůŮɘɠ), əŬɘ ɧŰŬɜ ɞɨŰŮ ŬɡŰɎ ŮɑɜŬɘ ŬɟəŮŰɎ, Ŭɟɢɑɕɞɡɜ ɞɘ 

ˊŮɟɘəɞˊɏɠ. ȰŰůɘ, ůŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ űŰɎůŬɛŮ ɛɏɢɟɘ Űɞ ŰŮɚɘəɧ-

ɛɏɔɘůŰɞ ůɖɛŮɑɞ, Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ. ɇɞ ɟŮɨɛŬ ɓɟɑůəŮŰŬɘ 

S_MS

9,124038

9,612459

11,8457

12,46011

12,50001

12,50001

12,38303

12,5

12,50001

12,50001

12,50001

12,50001

12,50001

12,50001

12,50001

12,50001

12,4164

12,49999

12,49999

12,33248

12,49999

12,49999

9,326935

7,322578

Pgcur1(%)Pgcur2(%)Pgcur3(%)Pgcur4(%)Pgcur5(%)Pgcur6(%)Pgcur7(%)Pgcur8(%)

0 0 0 0 0 4,96E-08 0 0

0 0 0 0 0 4,92E-08 0 0

0 0 0 0 0 4,24E-08 0 0

0 0 0 0 0 4,09E-08 0 0

0 0 0 0 0 0,034142 0 0

0 0 0 0 0 0,0445 0 0

0 0 0 0 0 0,303824 0 0

0,000584 0,000242 0,000165 0,000261 0,005394 0,113781 0,236638 0,215269

3,02E-06 1,22E-06 8,31E-07 1,33E-06 3,79E-05 0,365559 0,1276 0,268132

3,12E-06 1,27E-06 8,82E-07 1,41E-06 4,12E-05 0,499744 0,400795 0,348152

5,16E-06 3,24E-06 0,425296 0,448872 0,499994 0,5 0,499996 0,499987

9,56E-06 0,169934 0,499998 0,499998 0,499996 0,5 0,499997 0,49999

9,68E-06 0,400236 0,499998 0,499999 0,499997 0,5 0,499997 0,499991

0,465362 0,499995 0,499999 0,499999 0,499998 0,5 0,499998 0,499993

9,66E-06 0,298019 0,482419 0,482421 0,499997 0,5 0,499997 0,499992

6,1E-06 3,69E-06 0,029765 0,322215 0,499992 0,5 0,499995 0,499984

2,18E-07 8,71E-08 5,81E-08 9,17E-08 2,58E-06 0,403291 0,058733 0,240269

2,06E-05 8,37E-06 5,69E-06 9,08E-06 0,000249 0,229445 0,242208 0,21986

0 0 0 0 0 0,245407 0 0

0 0 0 0 0 0,215005 0 0

0 0 0 0 0 0,110153 0 0

0 0 0 0 0 0,159806 0 0

0 0 0 0 0 5,28E-08 0 0

0 0 0 0 0 6,49E-08 0 0

<0,03: Ɏůˊɟɞ 

<0,1:   ˊɟɎůɘɜɞ 

<0,2:   əɑŰɟɘɜɞ 

<0,3:   ˊɞɟŰɞəŬɚɑ 

<0,4:   əɧəəɘɜɞ 

<0,5:   ůəɞɨɟɞ əɧəəɘɜɞ 
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Ŭəɟɘɓɩɠ ůŰɞ ɗŮɟɛɘəɧ ɧɟɘɞ, ɞɘ ŰɎůŮɘɠ Űɘɠ ɩɟŮɠ ŬɡŰɏɠ, ŮɑɜŬɘ əŬɟűɤɛɏɜŮɠ ůŰɞ Ɏɜɤ 

ɧɟɘɞ 21,2 kV, Ůɜɩ ɞɘ ˊŮɟɘəɞˊɏɠ ůŰɞ ɛɏɔɘůŰɞ ŮˊɘŰɟŮˊŰɧ ɧɟɘɞ. ȷɡŰɧ ŮɑɜŬɘ ɚɞɔɘəɧ 

əŬɗɩɠ ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, ɏůŰɤ ŭɖɚŬŭɐ ɧŰɘ ŮɑŰŮ ɞɘ ˊŮɟɘəɞˊɏɠ ŮɑŰŮ ɞɘ ŰɎůŮɘɠ 

ŭŮɜ ɐŰŬɜ ůŰɞ ɧɟɘɞ, ɗŬ ůɐɛŬɘɜŮ ɧŰɘ Űɞ ůɖɛŮɑɞ ŬɡŰɧ ŭŮɜ ŮɑɜŬɘ ɓɏɚŰɘůŰɞ, əŬɗɩɠ ɛɘŬ 

Ŭɨɝɖůɖ ůŰɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ çŬˊɞɟɟɞűɖɗŮɑè Ŭˊɧ Űɘɠ 

çŮɚŮɨɗŮɟŮɠè ˊŮɟɘəɞˊɏɠ ɐ ŰŬ ɎŮɟɔŬ Űɤɜ ɀȹɄ. 

 ɆŰŬ ŮˊɧɛŮɜŬ ŭɘŬɔɟɎɛɛŬŰŬ űŬɑɜɞɜŰŬɘ ŰŬ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɔɘŬ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ ɢɤɟɑɠ əŬɘ ɛŮ storage ŬɜŰɑůŰɞɘɢŬ, ɢɤɟɑɠ ɜŬ űŰɎɜɞɡɛŮ ůŰɞ ɛɏɔɘůŰɞ 

ůɖɛŮɑɞ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɏŰůɘ, ɖ ˊɞɚɨ ɛŮɔɎɚɖ ɓŮɚŰɑɤůɖ ůŰɘɠ ŰɎůŮɘɠ ɛŮ ˊɞɚɨ ɛɘəɟɧ 

ŰɑɛɖɛŬ, əŬɗɩɠ ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ŮɑɜŬɘ ŮɚɎɢɘůŰŬ ɚɘɔɧŰŮɟɖ. 

 

 
 

ȺɘəɧɜŬ 5.47 Ʉɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɔɘŬ əɎɗŮ ɩɟŬ ŬɜɎ əɧɛɓɞ. 

SG ɢɤɟɑɠ storage 31.7 MW ɛŮ ŮˊɘŰɟŮˊɧɛŮɜŮɠ ˊŮɟɘəɞˊɏɠ 50% 

 

 
 

ȺɘəɧɜŬ 5.48 Ʉɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɔɘŬ əɎɗŮ ɩɟŬ ŬɜɎ əɧɛɓɞ. 

SG ɛŮ storage 33.7 MW ɛŮ ŮˊɘŰɟŮˊɧɛŮɜŮɠ ˊŮɟɘəɞˊɏɠ 50% 
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 ɇŬ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ, ŮɑɜŬɘ ˊɟɞűŬɜɩɠ ˊɞɚɨ əŬɚɨŰŮɟŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɧˊɞɡ ŭŮɜ űŰɎůŬɛŮ ůŰɞ ɛɏɔɘůŰɞ ŭɡɜŬŰɧ ɧɟɘɞ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ, əŬɘ ɖ 

ŮɘůŬɔɤɔɐ ɛɑŬɠ ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ ŬɨɝɖůŮ Űɞ ɧɟɘɞ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟɞ 

ɢɤɟɑɠ ɜŬ çɢŬɚɎůŮɘè Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŰɎůŮɤɜ. 

 

 

5.2.2.3 KPI 3: ɚʞʊʂʎʂ ʐʋʑ ʈʀʍʅɿʚʋʑ ʀʉʘʍɾʀʅɻʏ ɻʌʝ ɚɩɞ 

 

Ƀ ŭŮɑəŰɖɠ ŬɡŰɧɠ ŮɑɜŬɘ ŬˊɧɚɡŰŬ ŮɝŬɟŰɖɛɏɜɞɠ ɛŮ Űɞɜ ˊɟɞɖɔɞɨɛŮɜɞ ŭŮɑəŰɖ, 

əŬɘ ɗŬ ˊŬɟɞɡůɘɎůɞɡɛŮ ŬˊɚɎ ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ, Ŭűɞɨ ɞɘ ˊɟɞůɞɛɞɘɩůŮɘɠ 

ŮɑɜŬɘ ɞɘ ˊɟɞɖɔɞɨɛŮɜŮɠ. Ƀ ŭŮɑəŰɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ Űɨˊɞ: 

 

BLSG lll -=D  

ȳˊɞɡ, 

 

LOAD

RES

E

E
=l

 
 

 ɆŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ˊɟɞůɞɛɞɘɩůŮɤɜ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ KPI, ɛŮ ŭɘŬűɞɟŮŰɘəɐ ɛɞɟűɐ ɔɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ Űɤɜ əŬŰɎɚɚɖɚɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ Űɞɜ ŭŮɑəŰɖ Űɞɡ ɛŮɟɘŭɑɞɡ 

ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ. ũɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ LDC əŬɘ SG ɛŮ əŬɘ ɢɤɟɑɠ storage, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ űɞɟŰɑɞɡ, əŬɗɩɠ əŬɘ ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ 

ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ȷɄȺ, ɔɘŬ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ ŮˊɘŰɟŮˊɧɛŮɜɤɜ 

ˊŮɟɘəɞˊɩɜ. ȼ ŮɜɏɟɔŮɘŬ Ŭˊɧ ȷɄȺ, ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ˊɟɞɓɚŮˊɧɛŮɜŮɠ 

əŬɛˊɨɚŮɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ, ŬűŬɘɟɩɜŰŬɠ Űɖɜ ŮɜɏɟɔŮɘŬ 

ˊŮɟɘəɞˊɩɜ.  

 

 
 

ɄɑɜŬəŬɠ 5.9 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 3: ȷɨɝɖůɖ Űɞɡ ɛŮɟɘŭɑɞɡ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ. 

SG ɢɤɟɑɠ storage 

 

BL ˉˇˋˇˋˍˈ ˉʶˊʽˁˇˉ˗˄

E_LOAD E_RESE_RES_curtailedɳψw9{ψbŜǘ˂ E_RES E_RES_curtailedɳψw9{ψbŜǘ˂ ɲ˂

79,0272 138,566 0 138,565703 175% 224,1088 0 224,1088153 284% 0% 0% 108%

248,9941 3,89 245,1040843 310% 2% 10% 135%

280,1007 14,35 265,7506707 336% 5% 20% 161%

320,1151 32,29 287,8250522 364% 10% 30% 189%

373,6325 65,22 308,4125201 390% 17% 40% 215%

448,2176 121,7994 326,4182305 413% 27% 50% 238%

SG

k 

όˉʶˊʽˁˇˉ

ʷˌύ

ʋ˖ˊʾˌ ǎǘƻǊŀƎŜ
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ɄɑɜŬəŬɠ 5.10 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 3: ȷɨɝɖůɖ Űɞɡ ɛŮɟɘŭɑɞɡ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ. 

SG ɛŮ storage 

 

 
 

ȺɘəɧɜŬ 5.49 ȷˊɞŰŮɚɏůɛŬŰŬ KPI: ȷɨɝɖůɖ ɛŮɟɘŭɑɞɡ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɞ ˊɞůɞůŰɧ 
ŮˊɘŰɟŮˊɧɛŮɜɤɜ ˊŮɟɘəɞˊɩɜ 

 

 ȼ ŭɘŬűɞɟɎ Űɖɠ ŮˊɧɛŮɜɖɠ ŮɘəɧɜŬɠ Ŭˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ŮɑɜŬɘ ɧˊɤɠ 

ŬɜŬűɏɟŬɛŮ əŬɘ ůŮ ˊɟɞɖɔɞɨɛŮɜɞ ŭŮɑəŰɖ, ɧŰɘ ůŰɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ ŮɛűŬɜɑɕŮŰŬɘ Űɞ 

ˊɞůɞůŰɧ Űɤɜ ˊŮɟɘəɞˊɩɜ ˊɞɡ ˊɟŬɔɛŬŰɘəɎ ɏɔɘɜŬɜ, əŬɘ ɧɢɘ Űɞ ŮˊɘŰɟŮˊɧɛŮɜɞ. 

 
 

ȺɘəɧɜŬ 5.50 ȷˊɞŰŮɚɏůɛŬŰŬ KPI: ȷɨɝɖůɖ ɛŮɟɘŭɑɞɡ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɞ ˊɟŬɔɛŬŰɘəɧ 
ˊɞůɞůŰɧ Űɤɜ ˊŮɟɘəɞˊɩɜ. 

 

ˉˇˋˇˋˍˈ ˉʶˊʽˁˇˉ˗˄

E_LOAD E_RESE_RES_curtailedɳψw9{ψbŜǘ˂ E_RES E_RES_curtailedɳψw9{ψbŜǘ˂ ɲ˂

79,0272 138,566 0 138,565703 175% 238,2482 0 238,2481727 301% 0% 0% 126%

264,7595 4,7 260,0594679 329% 2% 10% 154%

297,6335 18 279,6334739 354% 6% 20% 179%

340,3343 38,9 301,4343333 381% 11% 30% 206%

397,3159 77,98 319,3359438 404% 20% 40% 229%

476,4963 141,8 334,6963454 424% 30% 50% 248%

ɾʶ ǎǘƻǊŀƎŜ
BL

k 

όˉʶˊʽˁˇˉ

ʷˌύ

SG
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 ũɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɢɤɟɑɠ əŬɘ ɛŮ storage ŬɜŰɑůŰɞɘɢŬ ɘůɢɨŮɘ ɧŰɘ ɢɤɟɑɠ 

ˊŮɟɘəɞˊɏɠ ɏɢɞɡɛŮ ɐŭɖ ˊɎɜɤ Ŭˊɧ 60/70% ɛŮɔŬɚɨŰŮɟɞ HC ɎɟŬ ˊŮɟɘůůɧŰŮɟɞ 

Ŭˊɧ 60/70% ɛŮɔŬɚɨŰŮɟɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ ȷɄȺ, ˊɞɡ ůɖɛŬɑɜŮɘ ŭɡɜŬŰɧŰɖŰŬ 

əɎɚɡɣɖɠ Ůˊɘˊɚɏɞɜ 105/122.5% Űɞɡ ɡűɘůŰɎɛŮɜɞɡ űɞɟŰɑɞɡ (=60%*175%, 

70%*175%). ɀŮ ˊŮɟɘəɞˊɏɠ Űɖɠ ŰɎɝɖɠ Űɞɡ 50% űŰɎɜɞɡɛŮ ůŰɞ 238/248% Űɞɡ 

ɡűɘůŰɎɛŮɜɞɡ űɞɟŰɑɞɡ. 

 

 

5.2.2.4 KPI 4: ɪʞʃʈʅʎʂ ʐʂʏ ʐʗʎʂʏ 

 

 Ƀ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ŭŮɑəŰɖɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ, 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ Űɨˊɞ: 
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 ȼ ůɢŮŰɘəɐ ɛŮ Űɖɜ ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ ɞɟɑɕŮŰŬɘ ɤɠ В В ὠὭ,ὸ ὠὲ
2ὔ

Ὥ= 1
Ὕ
ὸ= 1 , ŭɘŬűɏɟŮɘ ŭɖɚŬŭɐ Ŭˊɧ Űɞɜ Űɨˊɞ 

Űɞɡ ŭŮɑəŰɖ ɔɘŬ ŬɡŰɧ əŬɘ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ŬɜŬűɏɟɞɜŰŬɘ əŬɘ ɞɘ 2 Űɘɛɏɠ. 

 ȷɜŰɑůŰɞɘɢŬ ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ KPIôs, ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ 

LDC, SG ɛŮ əŬɘ ɢɤɟɑɠ storage, ɢɤɟɘůɛɏɜŮɠ ůŮ 2 ŭŮɑəŰŮɠ:  

1)LDC-SG ɢɤɟɑɠ storage əŬɘ 

2)LDC-SG ɛŮ storage 

 

 

 

 

 

 

 

 

 

 

 

 

 



ȷˊɞŰŮɚɏůɛŬŰŬ 

154 
 

 

 

 

 
 

ɄɑɜŬəŬɠ 5.11 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 4: Ʌɨɗɛɘůɖ ŰɎůɖɠ, ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ ɔɘŬ Űɖɜ 
ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ storage 

 

 

 
 

ɄɑɜŬəŬɠ 5.12 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 4: Ʌɨɗɛɘůɖ ŰɎůɖɠ, ˊŬɟŬɛŮŰɟɘəɎ ɛŮ Űɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ ɔɘŬ Űɖɜ 
ˊŮɟɑˊŰɤůɖ ɛŮ storage 

ʋ˖ˊʾˌ ǎǘƻǊŀƎŜ

P (MW) dV dV (KPI) dV dV (KPI)ɲŘ±

5 37,7749 0,307 1,064 0,052 83,22%

8 68,7663 0,415 1,568 0,063 84,90%

9,8 116,7861 0,540 2,219 0,074 86,22%

12 2,902 0,085

15 9,804 0,157

16,3 23,179 0,241

BL SG

infeasible

ȌȍȆŬȇǾ 

ɸŮȍǿɸŰȒůȄ

ɾʶ ǎǘƻǊŀƎŜ

P (MW) dV dV (KPI) dV dV (KPI)ɲŘ±

5 37,7749 0,307 0,958 0,049 84,08%

8 68,7663 0,415 1,270 0,056 86,41%

9,8 116,7861 0,540 1,610 0,063 88,26%

12 2,593 0,081

15 4,886 0,111

16,85 10,098 0,159

BL SG

infeasible
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ȺɘəɧɜŬ 5.51 ȷˊɧəɚɘůɖ ŰɎůɖɠ dV ŬɜɎ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ ɔɘŬ Űɘɠ ŰɟŮɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

 

 
 

ȺɘəɧɜŬ 5.52 ȷˊɧəɚɘůɖ ŰɎůɖɠ ɧˊɤɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ Űɞ KPI ŬɜɎ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ ɔɘŬ Űɘɠ ŰɟŮɘɠ 
ˊŮɟɘˊŰɩůŮɘɠ 
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ȺɘəɧɜŬ 5.53 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 4: Ʌɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ, ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ əŬɘ ɢɤɟɑɠ storage 

 

 ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ, ɔɘŬ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ LDC, SG ɛŮ əŬɘ ɢɤɟɑɠ storage, ɔɘŬ 3 ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ȷɄȺ. 

  

 ɄɟɩŰɖ ˊŮɟɑˊŰɤůɖ ŬˊɞŰŮɚŮɑ ɖ Ŭɟɢɘəɐ ŰɞˊɞɚɞɔɑŬ Űɤɜ 5 MW 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ. 

 

 
 

ȺɘəɧɜŬ 5.54 Ʉɟɞűɑɚ ŰɎůɖɠ ŬɜɎ ɢɘɚɘɧɛŮŰɟŬ ɔɟŬɛɛɐɠ LDC 5 MW 
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21 kV at 23h  

 

ȷ/Ʉ 
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ȺɘəɧɜŬ 5.55 Ʉɟɞűɑɚ ŰɎůɖɠ ŬɜɎ ɢɘɚɘɧɛŮŰɟŬ ɔɟŬɛɛɐɠ SG ɢɤɟɑɠ storage 5 MW 

 

 
 

ȺɘəɧɜŬ 5.56 Ʉɟɞűɑɚ ŰɎůɖɠ ŬɜɎ ɢɘɚɘɧɛŮŰɟŬ ɔɟŬɛɛɐɠ SG ɛŮ storage 5 MW 

 

 ȼ ɓŮɚŰɑɤůɖ ůŰɘɠ ŰɎůŮɘɠ ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ Ŭˊɧ ˊŮɟɑˊŰɤůɖ ůŮ 

ˊŮɟɑˊŰɤůɖ, ɤůŰɧůɞ ŬɡŰɧ ˊɞɡ ŭŮɜ űŬɑɜŮŰŬɘ ŮɑɜŬɘ ɧŰɘ ɖ ɔŮɜɘəɧŰŮɟɖ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡ ŭɘəŰɨɞɡ ɓŮɚŰɘɩɗɖəŮ ůŮ ˊŮɟɘůůɧŰŮɟɞɡɠ ŰɞɛŮɑɠ Ŭˊɧ Űɖɜ ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ. 

 

LDC          SG ɢɤɟɑɠ storage            SG ɛŮ storage 

                         
 
ɄɑɜŬəŬɠ 5.13 ɇɘɛɏɠ Űɤɜ 8 ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ ɔɘŬ Űɘɠ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ 

dV 37,7749

Ploss 0,8273

Pgcurt 0

Qg^2 0

Qms 38,249

tap 11

bank 0

dV 1,0640

Ploss 0,7772

Pgcurt 0

Qg^2 9,3559416

Qms 22,8432

tap 1

bank 0

dV 0,9575

Ploss 0,5179

Pgcurt 0

Qg^2 6,4050589

Qms 8,5035

tap 0

bank 0

   

 
  

20.3 kV at 23h  

 

20 kV at 23h  

 

23h: No PV 

        Low Wind    

        High Load  

 

ȷ/Ʉ 

 

ȷ/Ʉ 
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       ȼ ŭɘŬűɞɟɎ Űɖɠ ˊŮɟɑˊŰɤůɖɠ Űɞɡ ɓŬůɘəɞɨ ůŮɜŬɟɑɞɡ ɛŮ Űɞ SG, ŮɑɜŬɘ ŮɛűŬɜɐɠ 

əɡɟɑɤɠ ůŰɘɠ ŰɎůŮɘɠ, ɧˊɤɠ əŬɘ ůŰɘɠ ŬˊɩɚŮɘŮɠ, ůŰɖɜ ɎŮɟɔɞ ɘůɢɨ Ŭˊɧ Űɞɜ ɀɆ əŬɘ 

ůŰɘɠ ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū. 

 ȼ ŬɚɚŬɔɐ ůŰɘɠ ŰɎůŮɘɠ ɛŮŰŬɝɨ ɨˊŬɟɝɖɠ  ɐ ɛɖ Űɖɠ ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŮɠ 

ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ əɡɟɑɤɠ ůŰɖɜ 23ɐ ɩɟŬ, ɧˊɞɡ ŮɑɜŬɘ ɖ ŭɡůəɞɚɧŰŮɟɖ ɩɟŬ əŬɗɩɠ 

Űɞ űɞɟŰɑɞ ŮɑɜŬɘ ɡɣɖɚɧ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɖ ˊŬɟŬɔɤɔɐ ŮɚɎɢɘůŰɖ. 

ȼ ɨˊŬɟɝɖ Űɖɠ ŬˊɞɗɖəŮɡŰɘəɐɠ ɛɞɜɎŭŬɠ ŮɝɞɛŬɚɨɜŮɘ Űɖɜ ɘŭɘŬɘŰŮɟɧŰɖŰŬ ŬɡŰɐ, ŬɚɚɎ 

Ůˊɑůɖɠ ɛɖŭŮɜɑɕŮɘ Űɘɠ ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞɡ ɆȷɇɈū, Ůɜɩ ɛŮɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɘɠ 

ŬˊɩɚŮɘŮɠ, ŰŬ ɎŮɟɔŬ Ŭˊɧ Űɘɠ ɀȹɄ, ɧˊɤɠ əŬɘ Űɖɜ ɎŮɟɔɞ ɘůɢɨ Ŭˊɧ Űɞɜ ɀɆ. 

 

 
 

ȺɘəɧɜŬ 5.57 ȿɐɣŮɘɠ ɆȷɇɈū əɎɗŮ ɩɟŬ ɔɘŬ Űɘɠ ŰɟŮɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

 

 ɄŬɟŬˊɎɜɤ űŬɑɜɞɜŰŬɘ ŭɘŬɔɟŬɛɛŬŰɘəɎ ɞɘ ŬɚɚŬɔɏɠ ůŰɘɠ ɚɐɣŮɘɠ Űɞ ɞˊɞɑɞ 

ŭŮɑɢɜŮɘ ɧŰɘ ɞ ˊɟɞŰŮɘɜɧɛŮɜɞɠ Űɟɧˊɞɠ ɓŮɚŰɘɩɜŮɘ Űɖɜ ůɡɜɞɚɘəɐ ŮɘəɧɜŬ Űɞɡ ŭɘəŰɨɞɡ. 

 ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ 

ɎŮɟɔɞ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɀȹɄ ůŰɖɜ ˊŮɟɑˊŰɤůɖ SG ɢɤɟɑɠ storage. ɆŰɖɜ ˊɟɩŰɖ 

ŮɘəɧɜŬ űŬɑɜɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ ɛŮ ɢɟɤɛŬŰɘəɧ əɩŭɘəŬ ɔɘŬ 

ŮˊŬɔɤɔɘəɐ əŬɘ ɢɤɟɖŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɖ ɎŮɟɔɞɠ ɘůɢɨɠ əɎɗŮ 

ɛɞɜɎŭŬɠ ˊŬɟŬɔɤɔɐɠ ɔɘŬ ɧɚɞ Űɞ 24ɤɟɧ (ɖ ŰŮɚŮɡŰŬɑŬ ŮɘəɧɜŬ ŭŮɜ ˊŮɟɘɏɢŮɘ Űɞ ȷ/Ʉ 

ɔɘŬ ɜŬ ŮɑɜŬɘ ˊɘɞ űŬɜŮɟɐ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ū/ȸ). 
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ȺɘəɧɜŬ 5.58 ɆɡɜŰŮɚŮůŰɐɠ Ƚůɢɨɞɠ ɔɘŬ Űɘɠ ɀȹɄ əɎɗŮ ɩɟŬ 

 

 
 

ȺɘəɧɜŬ 5.59 ȯŮɟɔɞɠ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɀȹɄ əɎɗŮ ɩɟŬ 
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ɄɟɎůɘɜɞ: ȺˊŬɔɤɔɘəɎ 

ɀˊɚŮ:  ɉɤɟɖŰɘəɎ 
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ȺɘəɧɜŬ 5.60 ȯŮɟɔɞɠ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɀȹɄ əɎɗŮ ɩɟŬ ɢɤɟɑɠ Űɞ ȷ/Ʉ 

  

 ȼ ɗɏůɖ Űɞɡ ȷ/Ʉ ɛŮɔɎɚɖɠ ɘůɢɨɞɠ ůŰɞ ɛɏůɞ Űɖɠ ɔɟŬɛɛɐɠ ŮɑɜŬɘ ɞ ɚɧɔɞɠ 

ˊɞɡ Űɞ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɏɢŮɘ Űɖɜ ɛɞɟűɐ ñ́ ɚɎɔɘɞɡ Sò. ɆŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, 

ɖ ŰɎůɖ, ŮɑŰŮ ˊɞɚɨ ůŰɖɜ ˊŮɟɑˊŰɤůɖ LDC ŮɑŰŮ ɚɑɔɞ ůŰɞ SG, ŬɟɢɘəɎ ɛŮɘɩɜŮŰŬɘ 

ɛɏɢɟɘ Űɞɜ 5ɞ əɧɛɓɞ, ůŰɖɜ ůɡɜɏɢŮɘŬ ɛɏɢɟɘ Űɞɜ 9ɞ əɧɛɓɞ ɧˊɞɡ ɓɟɑůəŮŰŬɘ Űɞ ȷ/Ʉ 

ŬɡɝɎɜŮŰŬɘ, Ůɜɩ ɛŮŰɎ ɝŬɜɎ ɛŮɘɩɜŮŰŬɘ. 

 ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɞɘ ˊɟɩŰŮɠ əŬɘ ɞɘ ŰŮɚŮɡŰŬɑŮɠ ɀȹɄ ɚŮɘŰɞɡɟɔɞɨɜ 

ɢɤɟɖŰɘəɎ (ɔɘŬ Űɖɜ ŮɝɞɛɎɚɡɜůɖ Űɖɠ ˊŰɩůɖɠ ŰɎůɖɠ), Ůɜɩ ŰŬ  ŭɨɞ əŮɜŰɟɘəɎ (ɏɜŬ 

Ůə Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ Űɞ ȷ/Ʉ) ɚŮɘŰɞɡɟɔɞɨɜ ŮˊŬɔɤɔɘəɎ ɔɘŬ Űɖɜ Ůɝɘůɞɟɟɧˊɖůɖ Űɖɠ 

Ŭɜɨɣɤůɖɠ Űɖɠ ŰɎůɖɠ ůŰɞ ŰɛɐɛŬ ŬɡŰɧ. ɇɘɠ ɩɟŮɠ ɧˊɞɡ ŰŬ ū/ȸ ɏɢɞɡɜ ɛɖŭŮɜɘəɐ 

ˊŬɟŬɔɤɔɐ, Űɞ ˊɟɞűɑɚ Űɖɠ ŰɎůɖɠ ɗŬ ɐŰŬɜ űɗɑɜɤɜ ůŮ ɧɚɖ Űɖɜ ɔɟŬɛɛɐ, ɔɘŬ ŬɡŰɧ 

əŬɘ Űɞ ȷ/Ʉ Űɘɠ ɩɟŮɠ ŬɡŰɏɠ ɚŮɘŰɞɡɟɔŮɑ ɢɤɟɖŰɘəɎ.  

 

 ȼ ŮˊɧɛŮɜɖ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ɖ Ŭɟɢɘəɐ ŰɞˊɞɚɞɔɑŬ ɛŮ ůɢŮŭɧɜ ŭɘˊɚɎůɘŬ 

ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ, ŭɖɚŬŭɐ 9,8MW, ɖ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ Ɏɜɤ ɧɟɘɞ ɔɘŬ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɖɠ LDC. 
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ȺɘəɧɜŬ 5.61 Ʉɟɞűɑɚ ŰɎůɖɠ ŬɜɎ ɢɘɚɘɧɛŮŰɟŬ ɔɟŬɛɛɐɠ LDC 9.8 MW 

 

 
 

ȺɘəɧɜŬ 5.62 Ʉɟɞűɑɚ ŰɎůɖɠ ŬɜɎ ɢɘɚɘɧɛŮŰɟŬ ɔɟŬɛɛɐɠ SG ɢɤɟɑɠ storage 9.8 MW 

 

   

  

 

ȷ/Ʉ 

 

ȷ/Ʉ 

 

21.2kV max 

 

20.3kV max 
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ȺɘəɧɜŬ 5.63 Ʉɟɞűɑɚ ŰɎůɖɠ ŬɜɎ ɢɘɚɘɧɛŮŰɟŬ ɔɟŬɛɛɐɠ SG ɛŮ storage 9.8 MW 

 
LDC          SG ɢɤɟɑɠ storage            SG ɛŮ storage 

   
 

ȺɘəɧɜŬ 5.64 ɇɘɛɏɠ Űɤɜ 8 ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ ɔɘŬ Űɘɠ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ 

 

 ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŮɟɑˊŰɤůɖ, ˊŬɟŬˊɎɜɤ ŮˊŬɚɖɗŮɨŮŰŬɘ ɖ 

ˊɞɚɨ əŬɚɨŰŮɟɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ ɛŮ Űɞɜ əŮɜŰɟɘəɧ ɏɚŮɔɢɞ ůŮ ɧɚɞɡɠ Űɞɡɠ 

ŰɞɛŮɑɠ, Ůɜɩ ɖ ɛɞɜɎŭŬ ŬˊɞɗɐəŮɡůɖɠ ˊɚɏɞɜ ŮˊɘűɏɟŮɘ ŬəɧɛŬ əŬɚɨŰŮɟŮɠ ŰɎůŮɘɠ, 

ŬˊɩɚŮɘŮɠ əŬɘ ŬɚɚŬɔɏɠ ɚɐɣɖɠ ůŰɞɜ ɀɆ əŬɘ ůŰɞɜ ˊɡəɜɤŰɐ. 

 

dV 116,7861

Ploss 4,5839

Pgcurt 0

Qg^2 0

Qms 38,249

tap 8

bank 0

dV 2,2191

Ploss 5,7188

Pgcurt 0

Qg^2 47,524835

Qms 121,0094

tap 4

bank 2

dV 1,6102

Ploss 5,2826

Pgcurt 0

Qg^2 53,614217

Qms 110,3307

tap 1

bank 0

 
  

ȷ/Ʉ 

 

20.2kV max 

 

ȼ ŰɎůɖ Űɞɡ ɕɡɔɞɨ ŭŮɜ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ əŬɗɩɠ ŭŮɜ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ. 
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ȺɘəɧɜŬ 5.65 ȿɐɣŮɘɠ ɆȷɇɈū əɎɗŮ ɩɟŬ ɔɘŬ Űɘɠ ŰɟŮɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

 

ȷəɞɚɞɡɗɞɨɜ ŰŬ, ŬɜŰɑůŰɞɘɢŬ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŮɟɑˊŰɤůɖ, ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ 

Űɖɜ ɎŮɟɔɞ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɀȹɄ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ SG ɢɤɟɑɠ storage. 

 

 
 

ȺɘəɧɜŬ 5.66 ɆɡɜŰŮɚŮůŰɐɠ Ƚůɢɨɞɠ ɔɘŬ Űɘɠ ɀȹɄ əɎɗŮ ɩɟŬ 
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ȺɘəɧɜŬ 5.67 ȯŮɟɔɞɠ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɀȹɄ əɎɗŮ ɩɟŬ 

 

 
 

ȺɘəɧɜŬ 5.68 ȯŮɟɔɞɠ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɀȹɄ əɎɗŮ ɩɟŬ ɢɤɟɑɠ Űɞ ȷ/Ʉ 

 

 ȼ ˊɟɩŰɖ Ůɨəɞɚɖ ˊŬɟŬŰɐɟɖůɖ ŮɑɜŬɘ ɧŰɘ ɚɧɔɤ Űɖɠ Ŭɡɝɖɛɏɜɖɠ 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ, Űɞ ȷ/Ʉ ŭɞɡɚŮɨŮɘ ůɢŮŭɧɜ ɧɚŮɠ Űɘɠ ɩɟŮɠ ŮˊŬɔɤɔɘəɎ ɔɘŬ 

ɜŬ ɟɑɝŮɘ Űɖɜ ŰɎůɖ, ɚɧɔɤ Űɖɠ Ŭɜɨɣɤůɖɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɘɠ ɀȹɄ. ũɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ Ůɜɧɠ ˊɘɞ ɔŮɜɘəɞɨ əŬɜɧɜŬ, ˊŬɟɞɡůɘɎɕɞɡɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭɨɞ 

ŭɘŬɔɟɎɛɛŬŰŬ, ɛŮ Űɖɜ ŬɚɚŬɔɐ ɧŰɘ ˊɚɏɞɜ ůŰɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ ɗŬ ŮɑɜŬɘ ɞɘ ɀȹɄ 

əŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ɗŬ ŬɜŬˊŬɟɘůŰɞɨɜ əɎɗŮ ɩɟŬ. 
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ȺɘəɧɜŬ 5.69 ȯŮɟɔɞɠ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɀȹɄ əɎɗŮ ɩɟŬ  

 

 
 

ȺɘəɧɜŬ 5.70 ȯŮɟɔɞɠ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɀȹɄ əɎɗŮ ɩɟŬ ɢɤɟɑɠ Űɞ ȷ/Ʉ 

 

 ɋůŰɧůɞ, ɔɘŬ ŰŬ ū/ȸ, ɧˊɤɠ ŮɑɜŬɘ űŬɜŮɟɧ ůŰɖɜ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŬ, ɘůɢɨŮɘ ɞ 

əŬɜɧɜŬɠ, ɧŰɘ ŰŬ ŬɟɢɘəɎ ū/ȸ ɚŮɘŰɞɡɟɔɞɨɜ ɢɤɟɖŰɘəɎ, Ůɜɩ ŰŬ ŰŮɚŮɡŰŬɑŬ 

ŮˊŬɔɤɔɘəɎ. ɇɞ ůɖɛŮɑɞ çŬɚɚŬɔɐɠè ŮɑɜŬɘ ɞ əɧɛɓɞɠ Űɞɡ ȷ/Ʉ, əŬɘ ɖ ɚɞɔɘəɐ ŮɑɜŬɘ ɧŰɘ 

ŰŬ ū/ȸ ɚŮɘŰɞɡɟɔɞɨɜ ɢɤɟɖŰɘəɎ ˊɟɘɜ Ŭˊɧ ŬɡŰɧ, ɔɘŬŰɑ Űɞ ŰɛɐɛŬ ŬɡŰɧ ŮˊɖɟŮɎɕŮŰŬɘ 

Ŭˊɧ Űɖɜ ŮˊŬɔɤɔɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ȷ/Ʉ. ȷɜŰɑɗŮŰŬ, ŰŬ ŮˊɧɛŮɜŬ ū/ȸ ɏɢɞɡɜ Űɖɜ 

çɡˊɞɢɟɏɤůɖè ɜŬ ŮɝɞɛŬɚɨɜɞɡɜ Űɖɜ Ŭɜɨɣɤůɖ Űɖɠ ŰɎůɖɠ Űɤɜ ŰŮɚŮɡŰŬɑɤɜ 

ɢɘɚɘɞɛɏŰɟɤɜ çɛɧɜŬ Űɞɡɠè, əŬɗɩɠ ůŮ ŮəŮɑɜɞ Űɞ ŰɛɐɛŬ ŭŮɜ ɡˊɎɟɢŮɘ Ɏɚɚɞ ɛɏůɞ 

ɟɨɗɛɘůɖɠ. ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŮ ŮˊɧɛŮɜɖ ŮɘəɧɜŬ, ɔɘŬ Űɞɜ ˊɟɞɖɔɞɨɛŮɜɞ ɚɧɔɞ, 

ŰŬ ū/ȸ ŬɡŰɎ, ɚŮɘŰɞɡɟɔɞɨɜ ůŰɞ ɧɟɘɞ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ɞ ŬɜŰɘůŰɟɞűɏŬɠ Űɞɡ. 

-2,5

-2

-1,5

-1

-0,5

0

0,5

1

Qg1 Qg2 Qg3 Qg4 Qg5 Qg6 Qg7 Qg8

R
e

a
c
tiv

e
 p

o
w

e
r 

(M
V

a
r)

  
  

  
  

  
  

  
  
  

  
  
  

<-
--

--a
b
so

rp
ti
o

n
 /
 g

e
n
e

ra
tio

n-
--

--
>

  
  

  
  

  
  
  

  
  
  

  
  
 

DGs along the feeder

ʅʶʽˊʱм

ʅʶʽˊʱн

ʅʶʽˊʱо

ʅʶʽˊʱп

ʅʶʽˊʱр

ʅʶʽˊʱс

ʅʶʽˊʱт

ʅʶʽˊʱу

ʅʶʽˊʱф

ʅʶʽˊʱмл

ʅʶʽˊʱмм

ʅʶʽˊʱмн

ʅʶʽˊʱмо

ʅʶʽˊʱмп

ʅʶʽˊʱмр



ȷˊɞŰŮɚɏůɛŬŰŬ 

166 
 

 
 

ȺɘəɧɜŬ 5.71 ȯŮɟɔɞɠ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ɧɟɘŬ Űɖɠ ŭŮɨŰŮɟɖɠ ɀȹɄ 

 
 

ȺɘəɧɜŬ 5.72 ȯŮɟɔɞɠ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ɧɟɘŬ Űɖɠ ɧɔŭɞɖɠ ɀȹɄ 
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 ȼ ŰŮɚŮɡŰŬɑŬ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ŰŬ 15MW ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ȷɄȺ, 

ŭɖɚŬŭɐ ŰɟɘˊɚɎůɘŬɠ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ŰɞˊɞɚɞɔɑŬ. 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ŭŮɜ ɞɟɑɕŮŰŬɘ LDC. 

 

 

 
 

ȺɘəɧɜŬ 5.73 Ʉɟɞűɑɚ ŰɎůɖɠ ŬɜɎ ɢɘɚɘɧɛŮŰɟŬ ɔɟŬɛɛɐɠ SG ɢɤɟɑɠ storage 15 MW 

 

 
 

ȺɘəɧɜŬ 5.74 Ʉɟɞűɑɚ ŰɎůɖɠ ŬɜɎ ɢɘɚɘɧɛŮŰɟŬ ɔɟŬɛɛɐɠ SG ɛŮ storage 15MW 

 

 ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ŮɑɜŬɘ űŬɜŮɟɧ ɧŰɘ ɖ ɨˊŬɟɝɖ ůɡůəŮɡɐɠ 

ŬˊɞɗɐəŮɡůɖɠ, ˊɟɞůŭɑŭŮɘ ɘŭɘŬɑŰŮɟɖ ɓŮɚŰɑɤůɖ ůŰɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŰɎůŮɤɜ ůŮ 

ŭɑəŰɡɞ ɛŮ ɡɣɖɚɐ ŭɘŮɑůŭɡůɖ ȷɄȺ. ɆŰɞ ˊŬɟŬˊɎɜɤ ůɢɐɛŬ, ɖ 7ɖ ɩɟŬ, ɧˊɞɡ Űɞ 

űɞɟŰɑɞ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɧ, ŬɚɚɎ Űɞ ȷ/Ʉ ŮɑɜŬɘ ůɢŮŭɧɜ ůŮ 100% ɘůɢɨ, ɖ 

ɡˊɏɟŰŬůɖ ůŰŬ 20.6əV ŮɑɜŬɘ ŬɜŬˊɧűŮɡəŰɖ.  

 ɋůŰɧůɞ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɨˊŬɟɝɖɠ storage, Űɖɜ ɩɟŬ ŮəŮɑɜɖ, ɏɢŮɘ 

ŮɝŬůűŬɚɘůɗŮɑ ɧŰɘ ɡˊɎɟɢŮɘ ŭɘŬɗŮůɘɛɧŰɖŰŬ ůŰɖɜ ůɡůəŮɡɐ ŬˊɞɗɐəŮɡůɖɠ, ɔɘŬ Űɖɜ 

   

 

  

20.6kV max 

7ɖ ɩɟŬ 

 

20.3kV max 

14ɖ, 20ɖ, 22ɖ 

ɩɟŬ  

 

 

 



ȷˊɞŰŮɚɏůɛŬŰŬ 

168 
 

ɛɏɔɘůŰɖ Ŭˊɞɟɟɧűɖůɖ ŮɜŮɟɔɞɨ əŬɘ ɎŮɟɔɞɡ ɘůɢɨɞɠ, ɔɘŬ Űɖɜ ɧůɞ Űɞ ŭɡɜŬŰɧ 

ɛŮɑɤůɖ Űɖɠ ŰɎůɖɠ. ȷɡŰɧ űŬɑɜŮŰŬɘ ůŰɖɜ ŮˊɧɛŮɜɖ ŮɘəɧɜŬ. 

 

 
 

ȺɘəɧɜŬ 5.75 ȿŮɘŰɞɡɟɔɑŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ Űɖɠ ȺɜŮɟɔɞɨ ɘůɢɨɞɠ ŬˊɞɗɐəŮɡůɖɠ 

 

 
 

ȺɘəɧɜŬ 5.76 ȿŮɘŰɞɡɟɔɑŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ Űɖɠ ȯŮɟɔɞɡ Ƚůɢɨɞɠ ȷˊɞɗɐəŮɡůɖɠ 

 

  ȼ ůɡůəŮɡɐ ŬˊɞɗɐəŮɡůɖɠ, əŬŰɎűŮɟŮ ɜŬ ɛŮɘɩůŮɘ Űɖɜ ŰɎůɖ Űɖɜ 7ɖ ɩɟŬ, 

ɧˊɞɡ ɢɤɟɑɠ storage, ɏűŰŬɜŮ 20,6kV ůŮ ŰɏŰɞɘɞ ůɖɛŮɑɞ ˊɞɡ ˊɚɏɞɜ ɖ ɩɟŬ ŬɡŰɐ 

ŭŮɜ ŬˊɞŰŮɚŮɑ Űɖɜ çŭɡůəɞɚɧŰŮɟɖè. Ƀɘ ɩɟŮɠ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɖ ɛɏɔɘůŰɖ Űɘɛɐ 

20.3kV, ŮɑɜŬɘ ɖ 14ɖ, ɖ 20ɖ əŬɘ ɖ 22ɖȭ. 
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ˍˊˇ˒ˇʵˈˍʹˋʹˌ

ɾʷʴʽˋˍʹ ʶ˄ʶˊʴˈˌ ʽˋ˔ˏˌ 
ʰˉˇʻʺˁʶˎˋʹˌ
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ʋˊˈ˄ˇˌ όʎˊʰύ

ɽʶʽˍˇˎˊʴʾʰ ˁʰʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˍʹˌ ɮʷˊʴˇˎ ɹˋ˔ˏˇˌ 
ɮˉˇʻʺˁʶˎˋʹˌ

Q - ɯʶˊʴˇˌ ʽˋ˔ˏˌ

ɾʷʴʽˋˍʹ ʱʶˊʴˇˌ ʽˋ˔ˏˌ 
ˁʰˍʰ˄ʱ˂˖ˋʹˌ

ɾʷʴʽˋˍʹ ʱʶˊʴˇˌ ʽˋ˔ˏˌ 
ˉʰˊʰʴ˖ʴʺˌ

ɀɏɔɘůŰɖ Ŭˊɞɟɟɧűɖůɖ ɔɘŬ Űɖɜ 

Ůɝɘůɞɟɟɧˊɖůɖ Űɞɡ ɢŬɛɖɚɞɨ űɞɟŰɑɞɡ əŬɘ 

Űɖɠ ɡɣɖɚɐɠ Ŭɘɞɚɘəɐɠ ˊŬɟŬɔɤɔɐɠ. 
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 ȷɜ ŭŮɜ ɡˊɐɟɢŮ ɞ ˊŮɟɘɞɟɘůɛɧɠ ˊɞɡ ɞɟɑɕŮɘ Űɖɜ ŰŮɚŮɡŰŬɑŬ ɩɟŬ ɖ ɘůɢɨɠ ˊɞɡ 

ɡˊɎɟɢŮɘ ůŰɖɜ ŬˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ ɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ ŬɡŰɐ ˊɞɡ ɡˊɐɟɢŮ ůŰɖɜ 

Ŭɟɢɐ Űɖɠ ɖɛɏɟŬɠ, ɞɘ ŰɎůŮɘɠ Űɘɠ ɩɟŮɠ ŬɡŰɏɠ ɗŬ ɐŰŬɜ əŬɚɨŰŮɟŮɠ. 

 ȷɡŰɧ űŬɑɜŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ. 

 

 
 

ȺɘəɧɜŬ 5.77 ȿŮɘŰɞɡɟɔɑŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ Űɖɠ ȷˊɞɗɖəŮɡɛɏɜɖɠ ȺɜɏɟɔŮɘŬɠ 

  

 SG ɢɤɟɑɠ storage SG ɛŮ storage 

    
 
ȺɘəɧɜŬ 5.78 ɇɘɛɏɠ Űɤɜ 8 ŬɜŰɘəŮɘɛŮɜɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ ɔɘŬ Űɘɠ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ 

 

 ɆŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ, ŮˊŬɚɖɗŮɨŮŰŬɘ ɧŰɘ ůŮ Ŭɡɝɖɛɏɜɖ ŭɘŮɑůŭɡůɖ 

ȷɄȺ, ɖ ŬˊɞɗɖəŮɡŰɘəɐ ɛɞɜɎŭŬ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩůŮɘ əŬŰɎ ˊɞɚɨ Űɞ ˊɟɞűɑɚ Űɖɠ 

ŰɎůɖɠ.  

 

 

5.2.2.5 KPI 5: ɥʀʚʖʎʂ ʐʖʉ ʀʆʌʋʈʌʡʉ #/ς 

 

 ɇɞ ůɡɔəŮəɟɘɛɏɜɞ KPI ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ Űɞɡ ŭŮɨŰŮɟɞɡ KPȽ Űɞ ɞˊɞɑɞ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɛɏɔɘůŰɖ ɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ ůŮ ȷɄȺ əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ: 
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ɽʶʽˍˇˎˊʴʾʰ ˁʰʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˍʹˌ ɮˉˇʻʹˁʶˎ˃ʷ˄ʹˌ ɳ˄ʷˊʴʶʽʰˌ

E -
ɮˉˇʻʹˁʶˎ˃ʷ˄ʹ 
ɳ˄ʷˊʴʶʽʰ

ɼʱˍ˖ ˈˊʽˇ 
ʰˉˇʻʹˁʶˎ˃ʷ˄ʹˌ 
ʶ˄ʷˊʴʶʽʰˌ

ɮˊ˔ʽˁʺ 
ʰˉˇʻʹˁʶˎ˃ʷ˄ʹ 

ʶ˄ʷˊʴʶʽʰ

ɯ˄˖ ˈˊʽˇ 
ʰˉˇʻʹˁʶˎ˃ʷ˄ʹˌ 

ʶ˄ʷˊʴʶʽʰˌ

dV 9,8036

Ploss 18,0603

Pgcurt 0

Qg^2 147,43124

Qms 378,0788

tap 8

bank 2

dV 4,8860

Ploss 17,5985

Pgcurt 0

Qg^2 165,59869

Qms 353,4355

tap 6

bank 2
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ɆŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ˊɟɞůɞɛɞɘɩůŮɤɜ Űɞɡ KPI 2, ɛŮ ŭɘŬűɞɟŮŰɘəɐ ɛɞɟűɐ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ 

əŬŰɎɚɚɖɚɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ Űɞɜ ŭŮɑəŰɖ Űɖɠ ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ. ũɘŬ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ LDC əŬɘ SG ɛŮ əŬɘ ɢɤɟɑɠ storage, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɖ ůɡɜɞɚɘəɐ 

ŮɜɏɟɔŮɘŬ Űɞɡ űɞɟŰɑɞɡ, əŬɗɩɠ əŬɘ ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ȷɄȺ, ɔɘŬ Űɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ ŮˊɘŰɟŮˊɧɛŮɜɤɜ ˊŮɟɘəɞˊɩɜ. ȼ ŮɜɏɟɔŮɘŬ Ŭˊɧ 

ȷɄȺ, ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ˊɟɞɓɚŮˊɧɛŮɜŮɠ əŬɛˊɨɚŮɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɜ 

ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ, ŬűŬɘɟɩɜŰŬɠ Űɖɜ ŮɜɏɟɔŮɘŬ ˊŮɟɘəɞˊɩɜ. ɇɞ ˊɞůɞůŰɧ 

ɛŮɑɤůɖɠ Űɤɜ Ůəˊɞɛˊɩɜ, ɗŮɤɟɩɜŰŬɠ ˊɤɠ ɧɚŮɠ ɞɘ ůɡɛɓŬŰɘəɏɠ ɛɞɜɎŭŮɠ ɏɢɞɡɜ 

Űɞɜ ɑŭɘɞ ůɡɜŰŮɚŮůŰɐ Ůəˊɞɛˊɐɠ ŬɜɎ kW, ˊɟɞəɨˊŰŮɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɚɞɔɘəɐ ɧŰɘ 

ɧůŬ ˊŮɟɘůůɧŰŮɟŬ çˊɟɎůɘɜŬè MW ɡˊɎɟɢɞɡɜ ůŰɞ ŭɑəŰɡɞ, Űɧůɞ ɚɘɔɧŰŮɟŬ ɗŬ ŮɑɜŬɘ 

ŰŬ ůɡɛɓŬŰɘəɎ. 

 

 
 

ɄɑɜŬəŬɠ 5.14 ȷˊɞŰŮɚɏůɛŬŰŬ KPI 5: ɀŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɤɟɑɠ storage 

 




































































