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ȺɡɢŬɟɘůŰɑŮɠ 

ŪŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɘɠ ɗŮɟɛɧŰŮɟŮɠ əŬɘ ŮɘɚɘəɟɘɜŮɑɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ˊɟɞɠ Űɞɜ əŬɗɖɔɖŰɐ ɛɞɡ, ũ- ūɞɑɓɞ 

ɆŬɟɔɏɜŰɖ ɔɘŬ Űɞ ɡˊɞůŰɖɟɘəŰɘəɧ, ŮɡɢɎɟɘůŰɞ əŬɘ ŭɖɛɘɞɡɟɔɘəɧ əɚɑɛŬ ůɡɜŮɟɔŬůɑŬɠ ˊɞɡ əŬɚɚɘɏɟɔɖůŮ əŬɗô ɧɚɖ 

Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ ɛŬɠ. ȼ ŭɘɎɗŮůɐ Űɞɡ ɜŬ ŮɜɗŬɟɟɨɜŮɘ Űɞɜ ŭɘɎɚɞɔɞ, Űɖɜ ɞɛŬŭɘəɧŰɖŰŬ əŬɘ Űɖɜ 

ŬɚɚɖɚɞɦˊɞůŰɐɟɘɝɖ ůɡɜɏɓŬɚŮ ɞɡůɘŬůŰɘəɎ ůŰɖ ŭɘŬɛɧɟűɤůɖ Ůɜɧɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɛɎɗɖůɖɠ ˊɞɡ ŮɜɏˊɜŮŮ 

ŭɖɛɘɞɡɟɔɘəɧŰɖŰŬ əŬɘ Ůɝɏɚɘɝɖ. 

ɇɞɜ ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ ɔɘŬ Űɖɜ ŬŭɘɎɚŮɘˊŰɖ əŬɗɞŭɐɔɖůɖ, Űɖɜ ˊɟɞɗɡɛɑŬ Űɞɡ ɜŬ ˊɟɞůűɏɟŮɘ ɓɞɐɗŮɘŬ ůŮ əɎɗŮ 

ůŰɎŭɘɞ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ ŮɟɔŬůɑŬɠ, əŬɗɩɠ əŬɘ ɔɘŬ Űɞ ˊɞɚɨŰɘɛɞ ŮəˊŬɘŭŮɡŰɘəɧ ɡɚɘəɧ, Űɘɠ ŮɨůŰɞɢŮɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ əŬɘ Űɘɠ ɞɡůɘŬůŰɘəɏɠ ůɡɛɓɞɡɚɏɠ Űɞɡ. ȼ ɡˊɞůŰɐɟɘɝɖ əŬɘ ɖ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɏŭŮɘɝŮ ŬˊɞŰɏɚŮůŬɜ 

ůɖɛŬɜŰɘəɐ ˊɖɔɐ ɏɛˊɜŮɡůɖɠ əŬɘ ŮɜɗɎɟɟɡɜůɖɠ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊɟɞůˊɎɗŮɘŬɠ. 

Ⱥɝɑůɞɡ ɜɘɩɗɤ Űɖɜ ŬɜɎɔəɖ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ůɡɛűɞɘŰɖŰɐ ɛɞɡ ũɘɩɟɔɞ- ȹŬɡɑŭ ȿŬɞɡŰɎɟɖ, ɔɘŬ Űɖ 

ŭɖɛɘɞɡɟɔɘəɐ ůɡɜŮɟɔŬůɑŬ, Űɖɜ ŬɓɑŬůŰɖ ŬɜŰŬɚɚŬɔɐ ɘŭŮɩɜ əŬɘ Űɖ ŭɘɎɗŮůɖ ɔɘŬ əɞɘɜɧ ˊɟɞɓɚɖɛŬŰɘůɛɧ, ůŰɞɘɢŮɑŬ 

ˊɞɡ ŮɛˊɚɞɨŰɘůŬɜ ůɖɛŬɜŰɘəɎ Űɖɜ ˊɞɟŮɑŬ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ. 

 ɇɏɚɞɠ, ɏɜŬ ɘŭɘŬɑŰŮɟɞ çŮɡɢŬɟɘůŰɩè ɞűŮɑɚɤ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ əŬɘ ůŰɞɡɠ űɑɚɞɡɠ ɛɞɡ, ˊɞɡ ɛŮ Űɖɜ ŬŭɘɎɚŮɘˊŰɖ 

ůŰɐɟɘɝɖ, Űɖɜ əŬŰŬɜɧɖůɖ əŬɘ Űɖɜ ŬɔɎˊɖ Űɞɡɠ ůŰɎɗɖəŬɜ ŭɑˊɚŬ ɛɞɡ ůŮ əɎɗŮ ůŰɎŭɘɞ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɟɞɛɐɠ, 

ˊɟɞůűɏɟɞɜŰɎɠ ɛɞɡ Űɖ ŭɨɜŬɛɖ əŬɘ Űɖɜ ɖɟŮɛɑŬ ˊɞɡ ŬˊŬɘŰɐɗɖəŬɜ ɔɘŬ ɜŬ ɞɚɞəɚɖɟɩůɤ Űɖ ŭɘˊɚɤɛŬŰɘəɐ ɛɞɡ 

ŮɟɔŬůɑŬ. 

ȽŭɘŬɑŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ ɞűŮɑɚɞɜŰŬɘ ůŰɞɜ ȾŬɗɖɔɖŰɐ Ɂɑəɞ ɀŬɚɎɛɞ, ɞ ɞˊɞɑɞɠ ˊŬɟŬɢɩɟɖůŮ ŮɡɔŮɜɩɠ ŰŬ 

ŭŮŭɞɛɏɜŬ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ŬɝɘɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ Űɞɜ 

ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ Űɖɠ ȷɔɑŬɠ ȯɜɜŬɠ ˊɞɡ ŭɘŬɢŮɘɟɑɕŮŰŬɘ Űɞ ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ, ůɡɛɓɎɚɚɞɜŰŬɠ 

ɞɡůɘŬůŰɘəɎ ůŰɖɜ ɞɚɞəɚɐɟɤůɐ Űɖɠ. 
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ɄŮɟɑɚɖɣɖ   

ȷűŮŰɖɟɑŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɖ ˊŮɟɘɔɟŬűɐ Űɖɠ ɘŭɏŬɠ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ 

ɛɏůɤ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ Ŭˊɧ Űɞɜ ȷɜŰɘŭɐɛŬɟɢɞ ȿɑɛɜɖɠ-ɀŬɜŰɞɡŭɑɞɡ-

ȷɔɑŬɠ ȯɜɜŬɠ, ȯɔɔŮɚɞ ȾɤɜůŰŬɜŰɘɜɎəɖ, ůŰɞɜ ūɞɑɓɞ ɆŬɟɔɏɜŰɖ Űɞɜ ȷɨɔɞɡůŰɞ Űɞɡ 2026. ȼ ɗɏůɖ 

əŬɘ ɖ ŭɡɜŬɛɘəɐ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ɏɟɔɞɡ, ŮɝŮŰɎůŰɖəŬɜ ůŮ ŬɡŰɞɣɑŬ ˊɞɡ ɏɔɘɜŮ ɛŮ Űɞɜ 

ȷɜŰɘŭɐɛŬɟɢɞ ȯɔɔŮɚɞ ȾɤɜůŰŬɜŰɘɜɎəɖ, Űɞɜ ūɞɑɓɞ ɆŬɟɔɏɜŰɖ əŬɘ Űɞɡɠ əŬɗɖɔɖŰɏɠ ȹɖɛɐŰɟɖ 

ȾɞɡŰůɞɔɘɎɜɜɖ əŬɘ Ɂɑəɞ ɀŬɛɎůɖ Űɞɜ ůŰɘɠ 26 ȷɡɔɞɨůŰɞɡ 2025 ůŰɞɜ Űɧˊɞ Űɞɡ ɏɟɔɞɡ. ɄŰɐůŮɘɠ 

ɛŮ drone əŬɘ ɚŮˊŰɞɛŮɟɐ űɤŰɞɔɟŬűɘəɐ ŬˊɞŰɨˊɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ˊŬɟŮɑɢŬɜ ŰŬ ˊɟɩŰŬ ŭŮŭɞɛɏɜŬ 

ɔɘŬ Űɖɜ ůɡɜɞɚɘəɐ ŮˊɞˊŰŮɑŬ Űɞɡ ɢɩɟɞɡ.  

ɇɞ ɣɖűɘŬəɧ ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ (əɎɜɜŬɓɞɠ.....) Űɞ ˊŬɟŮɑɢŮ Űɞ Ⱥɚɚɖɜɘəɧ ȾŰɖɛŬŰɞɚɧɔɘɞ əŬɘ 

ŮɡɢŬɟɘůŰɞɨɛŮ Űɞɡɠ ə.ə. ɇɞɡɜɞɡůɑŭɞɡ ȺɚŮɞɜɩɟŬ, ȾŬɔɔŮɚɎɟɖ Ɇˊɨɟɞ, ɉɟɘůŰɞŭɞɨɚɞɡ ɉɟɐůŰɞ  

ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɐ Űɞɡɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊɟɞŰɎɗɖəŮ ɖ Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ 

ŮɟɔŬůɑŬɠ, ɖ ɞˊɞɑŬ ŭɘŬɟɗɟɩɗɖəŮ ɧˊɤɠ ˊŬɟŬəɎŰɤ:  

ȼ ŬɜɎɚɡůɖ ŮəəɘɜŮɑ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ˊɚŬɘůɑɞɡ, ɧˊɞɡ ŭɘŮɟŮɡɜɎŰŬɘ ɖ 

ˊŬɔəɧůɛɘŬ əŬɘ Ůɗɜɘəɐ ˊɞɟŮɑŬ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɛŮŰɎɓŬůɖɠ, ɖ ɏɜɜɞɘŬ əŬɘ ŰŬ ŮˊɑˊŮŭŬ ŮɜŮɟɔŮɘŬəɐɠ 

ŬɡŰɞɜɞɛɑŬɠ, ɞɘ ˊɟɞəɚɐůŮɘɠ ˊɞɡ Ŭˊɞɟɟɏɞɡɜ Ŭˊɧ Űɖ ůŰɞɢŬůŰɘəɧŰɖŰŬ Űɤɜ ȷɄȺ, əŬɗɩɠ əŬɘ ɖ 

əŬɑɟɘŬ ůɖɛŬůɑŬ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɖ ŭɘŬůűɎɚɘůɖ Űɖɠ ɚŮɘŰɞɡɟɔɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ 

əŬɘ ŬɝɘɞˊɘůŰɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

ȷəɞɚɞɨɗɤɠ, ŬɜŬɚɨŮŰŬɘ ɖ ŮɜŮɟɔŮɘŬəɐ ɕɐŰɖůɖ Űɞɡ ȹɐɛɞɡ ɛɏůɤ ŮəŰɑɛɖůɖɠ Űɖɠ ŮŰɐůɘŬɠ əŬɘ 

Ůˊɞɢɘəɐɠ əŬŰŬɜɎɚɤůɖɠ, ůŰɖ ɓɎůɖ ŭɖɛɞɔɟŬűɘəɩɜ əŬɘ əɚɘɛŬŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. ȽŭɘŬɑŰŮɟɖ 

ɏɛűŬůɖ ŭɑŭŮŰŬɘ ůŰɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ˊŮɟɘɞŭɘəɧŰɖŰŬɠ əŬɘ Űɖɠ ŬɡŰɞůɡůɢɏŰɘůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

əŬŰŬɜɎɚɤůɖɠ, əŬɗɩɠ əŬɘ ůŰɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ɕɐŰɖůɖɠ ɛɏůɤ ŬɜɎɚɡůɖɠ ɢɟɞɜɞůŮɘɟɩɜ. 

ɄŬɟɎɚɚɖɚŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɢŬɟŰɞɔɟɎűɖůɖ Űɞɡ ŭɡɜŬɛɘəɞɨ ȷɄȺ Űɖɠ ˊŮɟɘɞɢɐɠ ð ɖɚɘŬəɞɨ, 

Ŭɘɞɚɘəɞɨ əŬɘ ɡŭɟɞŭɡɜŬɛɘəɞɨ ð ɛŮ Ŭɝɘɞˊɞɑɖůɖ ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ 

ɓɏɚŰɘůŰɤɜ ɗɏůŮɤɜ ŮɔəŬŰɎůŰŬůɖɠ. 

ɆŰɞ əɨɟɘɞ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮɚɏŰɖ ˊŮɟɑˊŰɤůɖɠ ɡɓɟɘŭɘəɞɨ ŮɜŮɟɔŮɘŬəɞɨ 

ůɡůŰɐɛŬŰɞɠ ˊɞɡ ůɡɜŭɡɎɕŮɘ űɤŰɞɓɞɚŰŬɥəɐ ŮɔəŬŰɎůŰŬůɖ əŬɘ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖ. 

ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ, ɖ ŬɜŬɔəŬɑŬ ɏəŰŬůɖ, ɖ ɢɤɟɖŰɘəɧŰɖŰŬ 

ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɖ ɡɣɞɛŮŰɟɘəɐ ŭɘŬűɞɟɎ, ɛŮ ůŰɧɢɞ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ űɡůɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ŬˊɞɗɐəŮɡůɖɠ (çűɡůɘəɐɠ ɛˊŬŰŬɟɑŬɠè), ɘəŬɜɞɨ ɜŬ ŮɝɘůɞɟɟɞˊŮɑ Űɘɠ Ůˊɞɢɘəɏɠ ɡˊŮɟˊŬɟŬɔɤɔɏɠ ɛŮ 

Űɘɠ ŮɜŮɟɔŮɘŬəɏɠ Ŭɘɢɛɏɠ. Ⱥˊɘˊɚɏɞɜ, ŬɜŬɚɨŮŰŬɘ ɖ ŰŮɢɜɘəɐ ůɢŮŭɑŬůɖ əŬɘ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ 

ɡŭɟɞɖɚŮəŰɟɘəɞɨ ɏɟɔɞɡ, ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ űɡůɘəɐɠ əɞɘɚɧŰɖŰŬɠ ɔɘŬ Űɞɜ Ɏɜɤ 

ŰŬɛɘŮɡŰɐɟŬ, Űɖ ůɨɜŰŬɝɖ ɘůɞɕɡɔɑɤɜ ɜŮɟɞɨ, Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ɡŭɟŬɡɚɘəɩɜ ŬˊɤɚŮɘɩɜ əŬɘ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ. 

ɇɏɚɞɠ, ŮəŰɘɛɎŰŬɘ ɞ ˊɟɞɦˊɞɚɞɔɘůɛɧɠ Űɞɡ ɏɟɔɞɡ ɛɏůɤ ŮűŬɟɛɞɔɐɠ ŮɛˊŮɘɟɘəɐɠ ůɢɏůɖɠ əɧůŰɞɡɠ 

ŬɜɎ əɡɓɘəɧ ɛɏŰɟɞ ɧɔəɞɡ ŰŬɛɘŮɡŰɐɟŬ, ɓŬůɘůɛɏɜɖɠ ůŮ ůɡɔəɟɘŰɘəɎ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɡűɘůŰɎɛŮɜŬ 

ŮɚɚɖɜɘəɎ ɏɟɔŬ, ˊŬɟɏɢɞɜŰŬɠ ɏŰůɘ ɛɑŬ ˊɟɞəŬŰŬɟəŰɘəɐ ɞɘəɞɜɞɛɘəɐ ŬˊɞŰɑɛɖůɖ. ɇŬ ůɡɛˊŮɟɎůɛŬŰŬ 

Űɖɠ ɛŮɚɏŰɖɠ ŬɜŬŭŮɘəɜɨɞɡɜ Űɖɜ ŰŮɢɜɘəɐ ŮűɘəŰɧŰɖŰŬ əŬɘ Űɖɜ ɞɘəɞɜɞɛɘəɐ ɓɘɤůɘɛɧŰɖŰŬ Űɞɡ 
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ˊɟɞŰŮɘɜɧɛŮɜɞɡ ɛɞɜŰɏɚɞɡ, əŬɗɘůŰɩɜŰŬɠ Űɞ ˊŬɟɎŭŮɘɔɛŬ ŬɜŬűɞɟɎɠ ɔɘŬ ɞɟŮɘɜɏɠ əŬɘ ɜɖůɘɤŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ əŬɘ ůɡɛɓɎɚɚɞɜŰŬɠ ɞɡůɘŬůŰɘəɎ ůŰɖɜ Ůɗɜɘəɐ ůŰɟŬŰɖɔɘəɐ ɔɘŬ ɓɘɩůɘɛɖ ŬɜɎˊŰɡɝɖ. 
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Summary  

The starting point of this diploma thesis was the description of the concept of energy storage 

through pumped hydroelectric storage in the study area, as presented by the Deputy Mayor of 

LimniïMantoudiïAgia Anna, Mr. Angelos Konstantinakis, to G-Fivos Sargentis in August 

2026. The location and potential of the project under consideration were examined during a site 

visit conducted with Deputy Mayor Angelos Konstantinakis, Fivos Sargentis, and Professors 

Dimitris Koutsoyiannis and Nikos Mamassis on August 26, 2026, at the project site. Drone 

flights and detailed photographic documentation of the area provided the first data for an overall 

assessment of the site. 

The digital elevation model of the area (grid é) was provided by the Hellenic Cadastre, and 

we would like to thank Ms. Eleonora Tounousidou and Messrs. Spyros Kaggelaris and Christos 

Christodoulou for their support. Subsequently, the preparation of the present diploma thesis was 

proposed, which was structured as follows: 

The analysis begins with the presentation of the theoretical framework, which examines the 

global and national course of energy transition, the concept and levels of energy autonomy, the 

challenges arising from the stochastic nature of RES, and the critical importance of energy 

storage for ensuring system stability and reliability. 

Subsequently, the energy demand of the municipality is analyzed through the estimation of 

annual and seasonal consumption based on demographic and climatic parameters. Particular 

emphasis is placed on the examination of periodicity and autocorrelation patterns, as well as on 

demand forecasting through time series analysis. In parallel, a mapping of the areaôs renewable 

energy potential ð solar, wind, and hydrodynamic ð is conducted, employing geospatial 

analysis to identify optimal installation sites. 

The core part of the study presents a case study of a hybrid energy system combining 

photovoltaic generation with pumped-storage hydropower. The required installed capacity, 

storage volume, land area, and elevation difference are calculated, aiming to design a natural 

storage system (ñnatural batteryò) capable of balancing seasonal energy surpluses with peak 

demand periods. Furthermore, the technical design and sizing of the hydroelectric component 

are analyzed, including the selection of the natural cavity for the upper reservoir, the 

development of water balance models, the estimation of hydraulic losses, and the assessment 

of overall energy efficiency. 

Finally, a preliminary project budget is estimated using an empirical cost relationship per cubic 

meter of reservoir volume, derived from comparative data on existing Greek projects, thus 

providing an initial economic assessment. The findings highlight the technical feasibility and 

economic viability of the proposed model, establishing it as a reference framework for 

mountainous and insular regions, and contributing to the national strategy for sustainable 

development. 
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1 ȺɘůŬɔɤɔɐ  

1.1 ɆŰɧɢɞɠ  

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ 

ŭɡɜŬŰɧŰɖŰŬɠ ŮˊɑŰŮɡɝɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŬɡŰɞɜɞɛɑŬɠ ůŮ ˊŮɟɘűŮɟŮɘŬəɐ əɚɑɛŬəŬ, ɛɏůɤ Űɖɠ 

ŬɜɎˊŰɡɝɖɠ Ůɜɧɠ ɞɚɞəɚɖɟɤɛɏɜɞɡ əŬɘ ɓɘɩůɘɛɞɡ ŮɜŮɟɔŮɘŬəɞɨ ɛɞɜŰɏɚɞɡ.  

ȼ ɛŮɚɏŰɖ ŮůŰɘɎɕŮɘ ŬűŮɜɧɠ ůŰɖɜ ŬɜɎɚɡůɖ Űɖɠ Ůɝɏɚɘɝɖɠ Űɖɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɤɜ űɡůɘəɩɜ ˊɖɔɩɜ 

ŮɜɏɟɔŮɘŬɠ əŬɘ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ŬˊɞɗɐəŮɡůɖɠ, ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɞɜ ɟɧɚɞ Űɞɡɠ ůŰɖ ůɨɔɢɟɞɜɖ 

ŮɜŮɟɔŮɘŬəɐ ɛŮŰɎɓŬůɖ, əŬɘ ŬűŮŰɏɟɞɡ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ɔɜɩůŮɤɜ ŬɡŰɩɜ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ 

ɔŮɤɔɟŬűɘəɐ ˊŮɟɘɞɢɐ.  

ȺɘŭɘəɧŰŮɟŬ, ŮɝŮŰɎɕŮŰŬɘ ɖ ˊŮɟɑˊŰɤůɖ Űɖɠ ȸɧɟŮɘŬɠ ȺɨɓɞɘŬɠ, Űɞɡ ȹɐɛɞɡ ɀŬɜŰɞɡŭɑɞɡïȿɑɛɜɖɠï

ȷɔɑŬɠ ȯɜɜŬɠ, ɛŮ ůŰɧɢɞ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ŭɡɜŬɛɘəɞɨ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ əŬɘ 

Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ ɔɘŬ Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɖɠ ˊɚɐɟɖɠ əɎɚɡɣɖɠ Űɤɜ Űɞˊɘəɩɜ 

ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ Ůɗɜɘəɧ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ. ɀɏůŬ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ 

Űɤɜ Űɞˊɘəɩɜ űɡůɘəɩɜ, ŮɜŮɟɔŮɘŬəɩɜ əŬɘ ŬɜŬˊŰɡɝɘŬəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɖ ŮɟɔŬůɑŬ ŮˊɘŭɘɩəŮɘ 

ɜŬ ŭɘŬɛɞɟűɩůŮɘ ɏɜŬ ɟŮŬɚɘůŰɘəɧ əŬɘ ŰŮɢɜɘəɎ ŮűŬɟɛɧůɘɛɞ ůŮɜɎɟɘɞ ŮɜŮɟɔŮɘŬəɐɠ ŬɡŰɞɜɞɛɑŬɠ, Űɞ 

ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ůɡɛɓɎɚŮɘ ůŰɖ ɓɘɩůɘɛɖ ŬɜɎˊŰɡɝɖ, Űɖɜ ŮɜŮɟɔŮɘŬəɐ ŬůűɎɚŮɘŬ əŬɘ Űɖɜ 

ŬɜɗŮəŰɘəɧŰɖŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ, ŬɚɚɎ əŬɘ ɜŬ ŬˊɞŰŮɚɏůŮɘ ˊɟɧŰɡˊɞ ɔɘŬ ŬɜŰɑůŰɞɘɢŮɠ ˊŮɟɘűŮɟŮɘŬəɏɠ 

ŮűŬɟɛɞɔɏɠ. 

1.2 ȹɞɛɐ 

1.2.1 ȾŮűɎɚŬɘɞ 2: ȺɜɏɟɔŮɘŬ  

ȼ ˊŬɟŬɔɤɔɐ əŬɘ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰɏɚŮůŮ ŭɘŬɢɟɞɜɘəɎ ɓŬůɘəɧ ˊŬɟɎɔɞɜŰŬ Űɖɠ 

Ŭɜɗɟɩˊɘɜɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ əŬɘ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ ŬɜɎˊŰɡɝɖɠ, ɛŮ ŰŬ ɞɟɡəŰɎ əŬɨůɘɛŬ ɜŬ 

əɡɟɘŬɟɢɞɨɜ Ůˊɑ ɛŬəɟɧɜ ůŰɞ ˊŬɔəɧůɛɘɞ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ŮɜŮɟɔŮɘŬəɐɠ 

Űɞɡɠ ˊɡəɜɧŰɖŰŬɠ, Űɖɠ ŮɡɟŮɑŬɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ əŬɘ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ůɡɜŮɢɞɨɠ əŬɘ ŮɚŮɔɢɧɛŮɜɖɠ 

ˊŬɟŬɔɤɔɐɠ. ȼ Ŭɝɘɞˊɞɑɖůɖ Űɞɡ ɎɜɗɟŬəŬ, Űɞɡ ˊŮŰɟŮɚŬɑɞɡ əŬɘ Űɞɡ űɡůɘəɞɨ ŬŮɟɑɞɡ ŮˊɏŰɟŮɣŮ Űɖɜ 

əɎɚɡɣɖ Ŭɡɝɖɛɏɜɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ ůŮ ɓɘɞɛɖɢŬɜɘəɧ, ɞɘəɘŬəɧ əŬɘ ɛŮŰŬűɞɟɘəɧ ŮˊɑˊŮŭɞ, 

ŭɘŬɛɞɟűɩɜɞɜŰŬɠ ɏɜŬ ŮɜŮɟɔŮɘŬəɧ ɛɞɜŰɏɚɞ ɓŬůɘůɛɏɜɞ ůŰɖ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ Űɖɜ ɎɛŮůɖ 

Ŭˊɧəɟɘůɖ ůŰɖ ɕɐŰɖůɖ. ɋůŰɧůɞ, ɖ ɛŬəɟɞɢɟɧɜɘŬ ŮɝɎɟŰɖůɖ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ˊɖɔɏɠ ŬɜɏŭŮɘɝŮ Űɖɜ 

ŬɜɎɔəɖ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ɛŮɑɔɛŬŰɞɠ əŬɘ Ŭɝɘɞˊɞɑɖůɖɠ ŮɜŬɚɚŬəŰɘəɩɜ ɛɞɟűɩɜ 

ˊŬɟŬɔɤɔɐɠ. 

Ƀɘ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ɖ ɖɚɘŬəɐ, ɖ Ŭɘɞɚɘəɐ əŬɘ ɖ ɡŭɟɞɖɚŮəŰɟɘəɐ, ˊɟɞůűɏɟɞɡɜ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬˊɞəŮɜŰɟɤɛɏɜɖɠ əŬɘ ŮɔɢɩɟɘŬɠ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ɧɛɤɠ 

ŮɔɔŮɜɐ ůŰɞɢŬůŰɘəɧŰɖŰŬ, əŬɗɩɠ ɖ Ŭˊɧŭɞůɐ Űɞɡɠ ŮɝŬɟŰɎŰŬɘ ɎɛŮůŬ Ŭˊɧ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ űɡůɘəɏɠ 

əŬɘ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ. ȼ Ŭɜɞɛɞɘɧɛɞɟűɖ əŬɘ ɛɖ ˊɟɞɓɚɏɣɘɛɖ ˊŬɟŬɔɤɔɐ ɞŭɖɔŮɑ ůŮ ɢɟɞɜɘəɏɠ 

ˊŮɟɘɧŭɞɡɠ ˊɚŮɞɜɎůɛŬŰɞɠ ɐ ɏɚɚŮɘɣɖɠ ŮɜɏɟɔŮɘŬɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŭɡůɢŮɟŬɑɜŮɘ Űɖ ůɡɜŮɢɐ əɎɚɡɣɖ 

Űɖɠ ɕɐŰɖůɖɠ əŬɘ Űɖɜ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, 

əŬɗɑůŰŬŰŬɘ ŬɜŬɔəŬɑŬ ɖ ŬɜɎˊŰɡɝɖ ŬɝɘɧˊɘůŰɤɜ ɛŮɗɧŭɤɜ ˊɟɧɓɚŮɣɖɠ əŬɘ, əɡɟɑɤɠ, ɖ ŮɜůɤɛɎŰɤůɖ 
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ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ, ŰŬ ɞˊɞɑŬ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Ůɝɘůɞɟɟɧˊɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ 

əŬɘ Űɖɠ əŬŰŬɜɎɚɤůɖɠ. ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŭɘŬɢŮɑɟɘůɖ Űɖɠ ůŰɞɢŬůŰɘəɐɠ űɨůɖɠ Űɤɜ ȷɄȺ 

ŬˊɞŰŮɚŮɑ ɓŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, Űɖɜ ŮɜŮɟɔŮɘŬəɐ ŮɡŮɚɘɝɑŬ əŬɘ Űɖ 

ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ ůɨɔɢɟɞɜɤɜ ŮɜŮɟɔŮɘŬəɩɜ ůɡůŰɖɛɎŰɤɜ. 

1.2.2 ȾŮűɎɚŬɘɞ 3: ȷˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ  

ɇɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ŮɝŮŰɎɕŮɘ Űɖɜ ɏɜɜɞɘŬ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɜ Ůɝɏɚɘɝɐ Űɖɠ ɛɏůŬ 

ůŰɞɜ ɢɟɧɜɞ, ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɖ ůɖɛŬůɑŬ Űɖɠ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŭɘŬɢŮɑɟɘůɖ Űɤɜ 

ŮɜŮɟɔŮɘŬəɩɜ ˊɧɟɤɜ. ȷɟɢɘəɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɓŬůɘəɏɠ Ŭɟɢɏɠ ˊɞɡ ŭɘɏˊɞɡɜ Űɖɜ ŬˊɞɗɐəŮɡůɖ 

ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖ ɗŮɟɛɞŭɡɜŬɛɘəɐ, əŬɗɩɠ əŬɘ ɞɘ əɨɟɘŮɠ ɛɞɟűɏɠ ŬˊɞɗɐəŮɡůɖɠ, 

ŭɖɚŬŭɐ ɖ ɗŮɟɛɘəɐ, ɖ ɛɖɢŬɜɘəɐ əŬɘ ɖ ɢɖɛɘəɐ. ɄŬɟɎɚɚɖɚŬ, ŬɜŬűɏɟɞɜŰŬɘ ɓŬůɘəɎ ŰŮɢɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧˊɤɠ ɖ ŮɜŮɟɔŮɘŬəɐ ˊɡəɜɧŰɖŰŬ (ɖ ŮɜɏɟɔŮɘŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ůŮ ɏɜŬ 

ůɨůŰɖɛŬ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɏɔŮɗɞɠ ɐ Űɞ ɓɎɟɞɠ Űɞɡ), ɖ ɘůɢɨɠ (ˊɧůɞ ɔɟɐɔɞɟŬ ɛˊɞɟŮɑ ɏɜŬ ůɨůŰɖɛŬ 

ŬˊɞɗɐəŮɡůɖɠ ɜŬ ŭɩůŮɘ ɐ ɜŬ ŬˊɞɟɟɞűɐůŮɘ ŮɜɏɟɔŮɘŬ) əŬɘ ɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

ŬˊɞɗɐəŮɡůɖɠ (ŬɜŬűɏɟŮŰŬɘ ůŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɐ ůŰɞɜ Ŭɟɘɗɛɧ əɨəɚɤɜ űɧɟŰɘůɖɠ əŬɘ 

ŮəűɧɟŰɘůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɏɜŬ ůɨůŰɖɛŬ ŬˊɞɗɐəŮɡůɖɠ ˊɟɘɜ ɛŮɘɤɗŮɑ ůɖɛŬɜŰɘəɎ ɖ 

Ŭˊɧŭɞůɐ Űɞɡ). ȼ ɘůŰɞɟɘəɐ ŬɜŬůəɧˊɖůɖ ŭŮɑɢɜŮɘ ɧŰɘ ɞɘ ˊɟɩŰŮɠ ŮűŬɟɛɞɔɏɠ ŬˊɞɗɐəŮɡůɖɠ 

ŮɜɏɟɔŮɘŬɠ ɓŬůɑɕɞɜŰŬɜ əɡɟɑɤɠ ůŮ ɡŭɟŬɡɚɘəɎ əŬɘ ɗŮɟɛɘəɎ ůɡůŰɐɛŬŰŬ, ŰŬ ɞˊɞɑŬ ɛŮ Űɖɜ ˊɎɟɞŭɞ 

Űɞɡ ɢɟɧɜɞɡ ŮɝŮɚɑɢɗɖəŬɜ ůŮ ˊɘɞ ůɨɜɗŮŰŮɠ ɛɖɢŬɜɘəɏɠ ɚɨůŮɘɠ əŬɘ, ůŰɖ ůɡɜɏɢŮɘŬ, ůŮ ůɨɔɢɟɞɜŮɠ 

ɖɚŮəŰɟɞɢɖɛɘəɏɠ ŰŮɢɜɞɚɞɔɑŮɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ŬɜŬɚɨŮŰŬɘ ɖ ɛŮŰɎɓŬůɖ ůŰɖ ůɨɔɢɟɞɜɖ Ůˊɞɢɐ ɛŮŰɎ Űɞ 1800, ɧˊɞɡ ɖ ŬɜŬəɎɚɡɣɖ 

Űɞɡ ɖɚŮəŰɟɘůɛɞɨ əŬɘ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ ɛˊŬŰŬɟɘɩɜ ŬˊɞŰɏɚŮůŬɜ ůɖɛŮɑɞ əŬɛˊɐɠ ɔɘŬ Űɖɜ 

ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ. ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɓŬůɘəɞɑ Űɨˊɞɘ ɖɚŮəŰɟɞɢɖɛɘəɩɜ ůɡůŰɖɛɎŰɤɜ, Ŭˊɧ 

Űɘɠ ˊɟɩŰŮɠ ɛˊŬŰŬɟɑŮɠ ɛɞɚɨɓŭɞɡ-ɞɝɏɞɠ ɏɤɠ Űɘɠ ůɨɔɢɟɞɜŮɠ ɛˊŬŰŬɟɑŮɠ ɘɧɜŰɤɜ ɚɘɗɑɞɡ əŬɘ Űɘɠ 

ŬɜŬŭɡɧɛŮɜŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ůŰŮɟŮɞɨ ɖɚŮəŰɟɞɚɨŰɖ, əŬɗɩɠ əŬɘ ɞ ɟɧɚɞɠ Űɤɜ ɡŭɟɞɖɚŮəŰɟɘəɩɜ 

ɏɟɔɤɜ əŬɘ Űɖɠ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ ůŰɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ ɖɚŮəŰɟɘəɩɜ ŭɘəŰɨɤɜ. ȽŭɘŬɑŰŮɟɖ 

ɏɛűŬůɖ ŭɑɜŮŰŬɘ ůŰɖ ůɖɛŬůɑŬ Űɤɜ ɡɓɟɘŭɘəɩɜ ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ůŰɖ ɢɟɐůɖ 

ˊɟɞɖɔɛɏɜɤɜ ɛŬɗɖɛŬŰɘəɩɜ əŬɘ ůŰɞɢŬůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɤɜ ŬɓŮɓŬɘɞŰɐŰɤɜ ůŰɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. 

ɇɏɚɞɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ɖ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ ɤɠ ɖ ˊɚɏɞɜ ɩɟɘɛɖ əŬɘ 

ŬɝɘɧˊɘůŰɖ ɛɞɟűɐ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ, ɛŮ ŬɜŬűɞɟɎ ůŰɖ ŭɞɛɐ, Űɖ 

ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɘɠ ŰŮɢɜɘəɏɠ Űɖɠ ˊɟɞŭɘŬɔɟŬűɏɠ. ɀɏůŬ Ŭˊɧ ŮˊɘɚŮɔɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ɡŭɟɞɖɚŮəŰɟɘəɩɜ ɏɟɔɤɜ ůŰɖɜ ȺɚɚɎŭŬ əŬɘ ŭɘŮɗɜɩɠ, ŬɜŬŭŮɘəɜɨŮŰŬɘ ɖ ˊɞɚɡɚŮɘŰɞɡɟɔɘəɐ ůɡɛɓɞɚɐ 

Űɤɜ űɟŬɔɛɎŰɤɜ ůŰɖɜ ŮɜŮɟɔŮɘŬəɐ ŮˊɎɟəŮɘŬ, Űɖɜ ŮɡůŰɎɗŮɘŬ Űɤɜ ŭɘəŰɨɤɜ əŬɘ Űɖ ɛŬəɟɞɢɟɧɜɘŬ 

ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ, ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɞɜ ůŰɟŬŰɖɔɘəɧ ɟɧɚɞ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ ɤɠ ɓŬůɘəɞɨ 

ˊɡɚɩɜŬ Űɖɠ ůɨɔɢɟɞɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɡˊɞŭɞɛɐɠ. 

1.2.3 ȾŮűɎɚŬɘɞ 4: ȷɡŰɎɟəŮɘŬ ůŰɘɠ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ Űɖɠ ȸɞɟŮɑɞɡ ȺɡɓɞɑŬɠ 

ɆŰɞ ȾŮűɎɚŬɘɞ 4 ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ɖ ɞˊɞɑŬ ŬűɞɟɎ Űɖ ȸɧɟŮɘŬ ȺɨɓɞɘŬ 

əŬɘ ŮɘŭɘəɧŰŮɟŬ Űɞɜ ȹɐɛɞ ɀŬɜŰɞɡŭɑɞɡïȿɑɛɜɖɠïȷɔɑŬɠ ȯɜɜŬɠ, ɛŮ ɏɛűŬůɖ ůŰŬ ɔŮɤɔɟŬűɘəɎ, 

əɚɘɛŬŰɘəɎ əŬɘ ŮɜŮɟɔŮɘŬəɎ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ȷɟɢɘəɎ ˊŮɟɘɔɟɎűŮŰŬɘ Űɞ ɏɜŰɞɜŬ 
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ŭɘŬűɞɟɞˊɞɘɖɛɏɜɞ ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ, ˊɞɡ ůɡɜŭɡɎɕŮɘ ˊŬɟɎəŰɘŮɠ, ɖɛɘɞɟŮɘɜɏɠ əŬɘ ɞɟŮɘɜɏɠ 

ɕɩɜŮɠ, əŬɗɩɠ əŬɘ ŰŬ ɓŬůɘəɎ ŭɖɛɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ, ŰŬ ɞˊɞɑŬ ŮˊɖɟŮɎɕɞɡɜ ɎɛŮůŬ Űɖ 

ŭɘŬɛɧɟűɤůɖ Űɤɜ Űɞˊɘəɩɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬɜŬɚɨɞɜŰŬɘ ŰŬ əɚɘɛŬŰɘəɎ 

ŭŮŭɞɛɏɜŬ Űɖɠ ˊŮɟɘɧŭɞɡ 2014ï2025, ɛŮ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ Űɖ ůɢŮŰɘəɐ 

ɡɔɟŬůɑŬ, əŬɗɩɠ əŬɘ ůŰɖ ůɖɛŬůɑŬ Űɞɡɠ ɔɘŬ Űɖ ɗŮɟɛɘəɐ ɎɜŮůɖ əŬɘ Űɖ ŭɘŬɛɧɟűɤůɖ 

ɛɘəɟɞəɚɘɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ. ɀɏůɤ ŭŮɘəŰɩɜ ɧˊɤɠ ɞ Heat Index, ŰŮəɛɖɟɘɩɜŮŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɞɡ 

əɚɑɛŬŰɞɠ Űɧůɞ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ŮɡŮɝɑŬ ɧůɞ əŬɘ ůŰɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɕɐŰɖůɖɠ. 

ȷəɞɚɞɨɗɤɠ ŮɝŮŰɎɕŮŰŬɘ ɖ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ űɤŰɞɓɞɚŰŬɥəɎ ůɡůŰɐɛŬŰŬ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɖɜ ɡɣɖɚɐ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ, əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ 

ŭɘŬɔɟɎɛɛŬŰŬ ˊŬɟŬɔɤɔɐɠ əŬɘ Ŭˊɧŭɞůɖɠ. ɄŬɟɎɚɚɖɚŬ, ŮəŰɘɛɎŰŬɘ Űɞ ŮɜŮɟɔŮɘŬəɧ ˊɟɞűɑɚ 

əŬŰŬɜɎɚɤůɖɠ Űɤɜ əŬŰɞɑəɤɜ əŬɘ Űɤɜ ŬɔɟɞŰɘəɩɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ, ɛŮ ŬɜŬɔɤɔɐ Ůɗɜɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ůŰɞɜ Űɞˊɘəɧ ˊɚɖɗɡůɛɧ əŬɘ ɛŮ Ůɘŭɘəɐ ŬɜɎɚɡůɖ Űɤɜ ŬɟŭŮɡŰɘəɩɜ ŬɜŬɔəɩɜ. ȼ 

ɢɟɞɜɞůŮɘɟɎ əŬŰŬɜɎɚɤůɖɠ ŮɛűŬɜɑɕŮɘ ɏɜŰɞɜɖ ˊŮɟɘɞŭɘəɧŰɖŰŬ əŬɘ ɡɣɖɚɧ ɓŬɗɛɧ ŬɡŰɞůɡůɢɏŰɘůɖɠ, 

ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ Űɖɜ ˊɟɞɓɚŮɣɘɛɧŰɖŰŬ Űɖɠ ɕɐŰɖůɖɠ. 

ɇɏɚɞɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɜŮɟɔŮɘŬəɧ ɘůɞɕɨɔɘɞ ˊŬɟŬɔɤɔɐɠïəŬŰŬɜɎɚɤůɖɠ əŬɘ ŬɜŬŭŮɘəɜɨŮŰŬɘ ɖ 

ɢɟɞɜɘəɐ ŬůɡɛűɤɜɑŬ ɛŮŰŬɝɨ ˊɟɞůűɞɟɎɠ Ŭˊɧ űɤŰɞɓɞɚŰŬɥəɎ əŬɘ ɕɐŰɖůɖɠ, ɞŭɖɔɩɜŰŬɠ ůŰɖɜ 

ŬɜɎɔəɖ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ. ȼ ŬɜɎɚɡůɖ əŬŰŬɚɐɔŮɘ ůŰɖ ŭɘŮɟŮɨɜɖůɖ ɡɓɟɘŭɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

űɤŰɞɓɞɚŰŬɥəɩɜ əŬɘ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ, Űɞ ɞˊɞɑɞ ˊɟɞŰŮɑɜŮŰŬɘ ɤɠ ɓɘɩůɘɛɖ ɚɨůɖ ɔɘŬ Űɖɜ 

Ůɜɑůɢɡůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŬɡŰɞɜɞɛɑŬɠ əŬɘ Űɖɠ ůŰŬɗŮɟɧŰɖŰŬɠ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ Űɖɠ 

ˊŮɟɘɞɢɐɠ. 

1.2.4 ȾŮűɎɚŬɘɞ5: Ʉɟɞůɏɔɔɘůɖ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɗɏůɖɠ űɡůɘəɐɠ ɛˊŬŰŬɟɑŬɠ 

ɆŰɖ ůɡɜɏɢŮɘŬ, ŮɝŮŰɎɕŮŰŬɘ ŭɘŮɝɞŭɘəɎ Űɞ ŬɜɎɔɚɡűɞ əŬɘ ɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, 

ɛŮ ɏɛűŬůɖ ůŰŬ ɡŭɟɞɚɞɔɘəɎ əŬɘ ɡɣɞɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ɢɤɟɞɗɏŰɖůɖ 

Űɞɡ Ɏɜɤ ŰŬɛɘŮɡŰɐɟŬ, Űɖɠ ɡűɘůŰɎɛŮɜɖɠ ɚɑɛɜɖɠ ɎɜŰɚɖůɖɠ əŬɘ Űɖɠ ɧŭŮɡůɖɠ Űɤɜ Ŭɔɤɔɩɜ. ɀɏůɤ 

ɔŮɤɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ ůŮ ˊŮɟɘɓɎɚɚɞɜ GIS, ŬɝɘɞˊɞɘɩɜŰŬɠ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ, 

ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ŮˊɘŰɧˊɘŮɠ ŬˊɞŰɡˊɩůŮɘɠ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ əŬŰɎɚɚɖɚŮɠ ɗɏůŮɘɠ əŬɘ 

ŮəŰɘɛɎŰŬɘ Űɞ ŭɘŬɗɏůɘɛɞ ɡɣɞɛŮŰɟɘəɧ ŭɡɜŬɛɘəɧ. ȼ əŬɚɨŰŮɟɖ ŬˊɞŰɨˊɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɔɑɜŮŰŬɘ 

ɛɏůɤ ɞˊŰɘəɞɨ ɡɚɘəɞɨ Ŭˊɧ ŰŮɢɜɞɚɞɔɑŬ drone ɛŮŰɎ Ŭˊɧ ŮˊɑůəŮɣɖ ůŰɖɜ ˊŮɟɘɞɢɐ. ɄŬɟɎɚɚɖɚŬ, 

ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ŰŬ ɔŮɤɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊŮɟɘɞɢɐɠ, ɛŮ ɘŭɘŬɑŰŮɟɖ ŬɜŬűɞɟɎ ůŰŬ 

ɡˊŮɟɛŬűɘəɎ ˊŮŰɟɩɛŬŰŬ əŬɘ ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ ůŰŮɔŬɜɞˊɞɑɖůɖɠ əŬɘ ŮɡůŰɎɗŮɘŬɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 

 

1.2.5 ȾŮűɎɚŬɘɞ6: ȺɜŮɟɔŮɘŬəɧɠ, ɈŭɟŬɡɚɘəɧɠ əŬɘ Ƀɘəɞɜɞɛɘəɧɠ ɆɢŮŭɘŬůɛɧɠ ɆɡůŰɐɛŬŰɞɠ 

ūɡůɘəɐɠ ɀˊŬŰŬɟɑŬɠ ȷɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ 

ɆŰɞ ȾŮűɎɚŬɘɞ 6 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ɞɚɞəɚɖɟɤɛɏɜɞɠ ůɢŮŭɘŬůɛɧɠ əŬɘ ɖ ŰŮɢɜɘəɞɞɘəɞɜɞɛɘəɐ 

ŰŮəɛɖɟɑɤůɖ Ůɜɧɠ ɡɓɟɘŭɘəɞɨ ŮɜŮɟɔŮɘŬəɞɨ ɏɟɔɞɡ ůŰɖ ȸɧɟŮɘŬ ȺɨɓɞɘŬ əŬɘ ŮɘŭɘəɧŰŮɟŬ ůŰɞɜ ȹɐɛɞ 

ɀŬɜŰɞɡŭɑɞɡïȿɑɛɜɖɠïȷɔɑŬɠ ȯɜɜŬɠ. ȷɟɢɘəɎ ˊŮɟɘɔɟɎűŮŰŬɘ Űɞ ɔŮɜɘəɧ ˊɚŬɑůɘɞ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ 

ɏɟɔɞɡ, Űɞ ɞˊɞɑɞ ŮɜŰɎůůŮŰŬɘ ůŰɖ ůŰɟŬŰɖɔɘəɐ Űɖɠ ɓɘɩůɘɛɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɛŮŰɎɓŬůɖɠ əŬɘ ůŰɞɢŮɨŮɘ 

ůŰɖɜ əɎɚɡɣɖ Űɤɜ ɞɘəɘŬəɩɜ, ɗŮɟɛɘəɩɜ əŬɘ ŬɔɟɞŰɘəɩɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ ɛɏůɤ 

űɤŰɞɓɞɚŰŬɥəɐɠ ˊŬɟŬɔɤɔɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ůɨůŰɖɛŬ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ. ȼ ŬɜɎɚɡůɖ Űɖɠ 
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ŮɜŮɟɔŮɘŬəɐɠ ɕɐŰɖůɖɠ əŬɘ Űɖɠ űɤŰɞɓɞɚŰŬɥəɐɠ ˊŬɟŬɔɤɔɐɠ ŬɜɏŭŮɘɝŮ ɢɟɞɜɘəɐ ŬůɡɛűɤɜɑŬ ɛŮŰŬɝɨ 

ˊɟɞůűɞɟɎɠ əŬɘ əŬŰŬɜɎɚɤůɖɠ, ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ ŬɜŬɔəŬɑŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ. 

ȷəɞɚɞɨɗɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ɘůɞɕɡɔɑɞɡ əŬɘ ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞɗɐəŮɡůɖɠ, ɛŮ ɢɟɐůɖ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ˊɞɡ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ ɤɠ çűɡůɘəɐɠ ɛˊŬŰŬɟɑŬɠè. ɀɏůɤ ůŮɘɟɎɠ ůŮɜŬɟɑɤɜ əŬɘ 

ŭɞəɘɛɩɜ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ɓɏɚŰɘůŰɖ ɚɨůɖ ɤɠ ˊɟɞɠ Űɖɜ ɏəŰŬůɖ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ əŬɘ Űɞɜ 

ŬˊŬɘŰɞɨɛŮɜɞ ɧɔəɞ ŰŬɛɑŮɡůɖɠ. Ⱥˊɘˊɚɏɞɜ, ŬɜŬɚɨɞɜŰŬɘ ŰŬ ɡŭɟŬɡɚɘəɎ əŬɘ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɤɜ Ŭɔɤɔɩɜ, ɞɘ ŬˊɩɚŮɘŮɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ űɟɎɔɛŬŰɞɠ, əŬɗɩɠ əŬɘ ŰŬ 

ɡŭɟɞɚɞɔɘəɎ ɛŮɔɏɗɖ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ űŮɟŰɎ ɡɚɘəɎ əŬɘ ˊɚɖɛɛɡɟɘəɞɨɠ ɧɔəɞɡɠ. ɇɞ əŮűɎɚŬɘɞ 

ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛŮ ŮɜŭŮɘəŰɘəɐ ɞɘəɞɜɞɛɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ɏɟɔɞɡ, ɓŬůɘůɛɏɜɖ ůŮ ůɡɔəɟɘŰɘəɎ 

ŭŮŭɞɛɏɜŬ ɡűɘůŰɎɛŮɜɤɜ ɏɟɔɤɜ, əŬŰŬŭŮɘəɜɨɞɜŰŬɠ Űɖ ůəɞˊɘɛɧŰɖŰŬ əŬɘ Űɖ ɓɘɤůɘɛɧŰɖŰŬ Űɖɠ 

ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɚɨůɖɠ. 

1.3 ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŭɘŮɟŮɨɜɖůŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮˊɑŰŮɡɝɖɠ ɡɣɖɚɞɨ ɓŬɗɛɞɨ 

ŮɜŮɟɔŮɘŬəɐɠ ŬɡŰɞɜɞɛɑŬɠ Űɞɡ ȹɐɛɞɡ ɀŬɜŰɞɡŭɑɞɡ ï ȿɑɛɜɖɠ ï ȷɔɑŬɠ ȯɜɜŬɠ ůŰɖ ȸɧɟŮɘŬ ȺɨɓɞɘŬ, 

ɛɏůɤ Űɖɠ ŬˊɞəɚŮɘůŰɘəɐɠ Ŭɝɘɞˊɞɑɖůɖɠ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ əŬɘ űɡůɘəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ əŬŰŬŭŮɘəɜɨɞɡɜ ɧŰɘ, ˊŬɟɎ Űɘɠ ŬɡɝɖɛɏɜŮɠ əŬɘ 

ŮŰŮɟɞɔŮɜŮɑɠ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ ɔɘŬ ɞɘəɘŬəɐ əŬŰŬɜɎɚɤůɖ əŬɘ ɎɟŭŮɡůɖ, ɖ ŮɔəŬŰɎůŰŬůɖ 

űɤŰɞɓɞɚŰŬɥəɩɜ ůɡůŰɖɛɎŰɤɜ ŮˊŬɟəɞɨɠ əɚɑɛŬəŬɠ ɛˊɞɟŮɑ ɜŬ əŬɚɨɣŮɘ Űɖ ɛɏůɖ ŮŰɐůɘŬ ɕɐŰɖůɖ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɡɣɖɚɧ ɖɚɘŬəɧ ŭɡɜŬɛɘəɧ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮ ˊŮɟɘɞɟɘůɛɏɜŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ əŬɘ 

ŬɘůɗɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ. ɋůŰɧůɞ, ɞɘ ɏɜŰɞɜŮɠ ɖɛŮɟɐůɘŮɠ əŬɘ Ůˊɞɢɘəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ɖɚɘŬəɐɠ 

ˊŬɟŬɔɤɔɐɠ əŬɗɘůŰɞɨɜ ŬɜŬɔəŬɑŬ Űɖɜ ɨˊŬɟɝɖ ůɡůŰɐɛŬŰɞɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ. ȼ 

ŮɜůɤɛɎŰɤůɖ ɡŭɟɞɖɚŮəŰɟɘəɞɨ ɏɟɔɞɡ ɎɜŰɚɖůɖɠïŰŬɛɑŮɡůɖɠ ŬˊɞŭŮɑɢɗɖəŮ əɟɑůɘɛɖ ɔɘŬ Űɖ 

ɓŮɚŰɑɤůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŮˊɎɟəŮɘŬɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊɚŮɞɜŬůɛɎŰɤɜ 

ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɜ əɎɚɡɣɖ ůɖɛŬɜŰɘəɞɨ ɛɏɟɞɡɠ Űɖɠ ɡˊɞɚŮɘˊɧɛŮɜɖɠ ɕɐŰɖůɖɠ. ɄŬɟô ɧɚŬ ŬɡŰɎ, 

ɖ ˊɚɐɟɖɠ ŮɜŮɟɔŮɘŬəɐ ŬɡŰɞɜɞɛɑŬ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ ŭŮɜ ŮˊɘŰŮɨɢɗɖəŮ, ɔŮɔɞɜɧɠ ˊɞɡ 

ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ŬɜɎɔəɖ ˊŮɟŬɘŰɏɟɤ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɐ/əŬɘ ŮɜůɤɛɎŰɤůɖɠ ůɡɛˊɚɖɟɤɛŬŰɘəɩɜ 

ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ. ɆɡɜɞɚɘəɎ, ɖ ɛŮɚɏŰɖ əŬŰŬŭŮɘəɜɨŮɘ ɧŰɘ ɖ ŮɜŮɟɔŮɘŬəɐ ŬɡŰɎɟəŮɘŬ ŬɔɟɞŰɘəɩɜ 

ˊŮɟɘɞɢɩɜ ŬˊɞŰŮɚŮɑ ɟŮŬɚɘůŰɘəɧ ůŰɧɢɞ ɡˊɧ ˊɟɞɦˊɞɗɏůŮɘɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ɤɠ 

ˊɟɧŰɡˊɞ ɔɘŬ Űɖ ɛŮŰɎɓŬůɖ ůŮ ɓɘɩůɘɛŬ əŬɘ ŬˊɞəŮɜŰɟɤɛɏɜŬ ŮɜŮɟɔŮɘŬəɎ ůɡůŰɐɛŬŰŬ. 
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2 ȺɜɏɟɔŮɘŬ  

2.1 ɀɞɟűɏɠ ŮɜɏɟɔŮɘŬɠ 

2.1.1   ɆɡɜɖɗɏůŰŮɟŬ ɛɏůŬ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ 

ȼ əŬɨůɖ Űɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŬˊɞŰŮɚŮɑ Űɞɜ ɓŬůɘəɧ Űɟɧˊɞ ˊŬɟŬɔɤɔɐɠ 

ŮɜɏɟɔŮɘŬɠ ˊŬɔəɞůɛɑɤɠ. ɀɏůɤ ŬɡŰɐɠ əŬɚɨˊŰɞɜŰŬɘ ɗŮɛŮɚɘɩŭŮɘɠ ŬɜɎɔəŮɠ Űɖɠ ůɨɔɢɟɞɜɖɠ 

əɞɘɜɤɜɑŬɠ, ɧˊɤɠ ɖ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɖ ˊŬɟɞɢɐ ɗɏɟɛŬɜůɖɠ ůŮ ɞɘəɘŬəɧ əŬɘ 

ɓɘɞɛɖɢŬɜɘəɧ ŮˊɑˊŮŭɞ. 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ ŮɜŰɎůůɞɜŰŬɘ ŰŬ ůŰŮɟŮɎ əŬɨůɘɛŬ, ɛŮ əɡɟɘɧŰŮɟɞ 

Ůəˊɟɧůɤˊɞ Űɞɜ ɎɜɗɟŬəŬ (ŬɜɗɟŬəɑŰɖɠ, ɚɘɔɜɑŰɖɠ, Űɨɟűɖ ə.Ɏ.). Ƀ ɎɜɗɟŬəŬɠ ŬɝɘɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ 

ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ŬɚɚɎ əŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ɢɎɚɡɓŬ əŬɘ ůŮ ɎɚɚŮɠ 

ɛŮŰŬɚɚɞɡɟɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȷˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ 

ˊŬɚŬɘɧŰŮɟŮɠ əŬɘ ɘůŰɞɟɘəɎ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ, Ŭɜ əŬɘ ŰŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɖ ɢɟɐůɖ Űɞɡ ŮɛűŬɜɑɕŮɘ ůŰŬŭɘŬəɐ ɛŮɑɤůɖ. 

ȼ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ɎɜɗɟŬəŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ əŬɨůɖ Űɞɡ ůŮ ɗŮɟɛɘəɞɨɠ 

ůŰŬɗɛɞɨɠ. ȼ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŬŰɛɧ ɡɣɖɚɐɠ ˊɑŮůɖɠ, ɞ ɞˊɞɑɞɠ əɘɜŮɑ 

ŬŰɛɞůŰɟɧɓɘɚɞɡɠ ůɡɜŭŮŭŮɛɏɜɞɡɠ ɛŮ ɖɚŮəŰɟɞɔŮɜɜɐŰɟɘŮɠ, ɞŭɖɔɩɜŰŬɠ ŰŮɚɘəɎ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŭɘɞɢŮŰŮɨŮŰŬɘ ůŰɞ ŭɑəŰɡɞ. ȼ ŰŮɢɜɞɚɞɔɑŬ ŬɡŰɐ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

ůɢŮŰɘəɎ ɢŬɛɖɚɧ əɧůŰɞɠ əŬɘ ŭɡɜŬŰɧŰɖŰŬ ůɡɜŮɢɞɨɠ əŬɘ ůŰŬɗŮɟɐɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɔŮɔɞɜɧɠ ˊɞɡ 

ůɡɜɏɓŬɚŮ ůŰɖɜ ŮɡɟŮɑŬ ŭɘɎŭɞůɐ Űɖɠ. 

 Ⱥˊɘˊɚɏɞɜ, ůɖɛŬɜŰɘəɐ ɗɏůɖ əŬŰɏɢɞɡɜ ŰŬ ɡɔɟɎ əŬɨůɘɛŬ, ŰŬ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ Ŭɟɔɞɨ ˊŮŰɟŮɚŬɑɞɡ, ɧˊɤɠ Űɞ ɜŰɑɕŮɚ əŬɘ ɖ əɖɟɞɕɑɜɖ, ŬɚɚɎ əŬɘ Ŭˊɧ ɎɚɚŮɠ ɛɞɟűɏɠ 

ɡɔɟɩɜ əŬɡůɑɛɤɜ, ɧˊɤɠ ɖ ɛŮɗŬɜɧɚɖ əŬɘ ɖ ŬɘɗŬɜɧɚɖ. ɇŬ əŬɨůɘɛŬ ŬɡŰɎ ŮˊɘɚɏɔɞɜŰŬɘ ɚɧɔɤ Űɖɠ 

ɡɣɖɚɐɠ ɗŮɟɛɞɔɧɜɞɡ ŭɨɜŬɛɐɠ Űɞɡɠ, Űɖɠ ŮɡəɞɚɑŬɠ ɛŮ Űɖɜ ɞˊɞɑŬ əŬɑɔɞɜŰŬɘ əŬɘ Űɖɠ 

ŬˊɞŭɞŰɘəɧŰɖŰɎɠ Űɞɡɠ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ [1, ɆűɎɚɛŬ! ȹŮɜ ɏɢŮɘ ɞɟɘůŰŮɑ 

ůŮɚɘŭɞŭŮɑəŰɖɠ.].  

ɇɞ űɡůɘəɧ Ŭɏɟɘɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŮɡɟŮɑŬ əɚɑɛŬəŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, 

ɔɘŬ ůəɞˊɞɨɠ ɗɏɟɛŬɜůɖɠ ůŮ ɞɘəɑŮɠ əŬɘ ɓɘɞɛɖɢŬɜɑŮɠ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɤɠ ɓŬůɘəɐ ˊɟɩŰɖ ɨɚɖ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ ŭɘɎűɞɟɤɜ ɢɖɛɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ ɚɘˊɎůɛŬŰŬ əŬɘ ŰŬ ˊɚŬůŰɘəɎ 

ɡɚɘəɎ. ɇŬ ɘŭɘŬɑŰŮɟŬ əŬɘ ɛɞɜŬŭɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ űɡůɘəɞɨ ŬŮɟɑɞɡ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ 

ˊɚɐɟɤɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɡɣɖɚɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ, ɛŮ Űɖ ɢɟɐůɖ əŬɘ Űɖ 

ɓɞɐɗŮɘŬ ůɨɔɢɟɞɜɞɡ əŬɘ ˊɟɞɖɔɛɏɜɞɡ ɛɖɢŬɜɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, 

ŮɝŬůűŬɚɑɕŮŰŬɘ ɛɘŬ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɖ ɗɏɟɛŬɜůɖ əŬɗɩɠ əŬɘ ˊŬɟŬɔɤɔɐ 

ɖɚŮəŰɟɘůɛɞɨ, ɢɤɟɑɠ ɜŬ ɡˊɎɟɢɞɡɜ ɛŮɔɎɚŮɠ əŬɘ ůɖɛŬɜŰɘəɏɠ ɗŮɟɛɘəɏɠ ŬˊɩɚŮɘŮɠ əŬŰɎ Űɖ 

ŭɘŬŭɘəŬůɑŬ, ŮˊŮɘŭɐ ɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ŬɜŬəŰɎŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ Ŭˊɧ ŰŬ ŬɏɟɘŬ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ əŬɨůɖ. ȷɡŰɐ ɖ ŬɜŬəŰɖɗŮɑůŬ ɗŮɟɛɧŰɖŰŬ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ˊŮɟŬɘŰɏɟɤ 

ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůɡɛˊɚɖɟɤɛŬŰɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɛɏůɤ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊŬɟŬɔɤɔɐɠ 

ŬŰɛɞɨ, ŬɚɚɎ əŬɘ ɔɘŬ ɛɘŬ ůŮɘɟɎ Ŭˊɧ Ɏɚɚɞɡɠ ˊɟŬəŰɘəɞɨɠ ůəɞˊɞɨɠ, ɧˊɤɠ ɖ ɗɏɟɛŬɜůɖ ɢɩɟɤɜ [1]. 
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2.1.2 ȷɜŬŭɟɞɛɐ ůŰɖɜ Ŭɟɢɐ Űɖɠ ɢɟɐůɖɠ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ  

ɆŰɖɜ ŬɟɢŬɘɧŰɖŰŬ, ɖ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ ɓŬůɘɕɧŰŬɜ ŬˊɞəɚŮɘůŰɘəɎ əŬɘ əɡɟɑɤɠ ůŮ űɡůɘəɏɠ əŬɘ 

ɓɘɞɚɞɔɘəɏɠ ˊɖɔɏɠ, əŬɗɩɠ ɞɘ ŰŮɢɜɞɚɞɔɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ ŰŬ ɛɏůŬ ˊɞɡ ɡˊɐɟɢŬɜ ŰɧŰŮ ɐŰŬɜ 

ɘŭɘŬɑŰŮɟŬ ˊŮɟɘɞɟɘůɛɏɜŬ əŬɘ ˊɟɤŰɧɔɞɜŬ. Ƀɘ ˊɟɩŰɞɘ Ɏɜɗɟɤˊɞɘ, ˊɞɡ ɕɞɨůŬɜ ɤɠ əɡɜɖɔɞɑ-

ŰɟɞűɞůɡɚɚɏəŰŮɠ, ŮɝŬůűɎɚɘɕŬɜ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ŮɜɏɟɔŮɘŬ ɔɘŬ Űɖɜ əŬɗɖɛŮɟɘɜɐ Űɞɡɠ ɚŮɘŰɞɡɟɔɑŬ 

əŬɘ Ůˊɘɓɑɤůɖ əɡɟɑɤɠ ɛɏůɤ Űɖɠ Űɟɞűɐɠ, əŬŰŬɜŬɚɩɜɞɜŰŬɠ ˊŮɟɑˊɞɡ 2.000 ɏɤɠ 3.000 ɗŮɟɛɑŭŮɠ 

(kcal) ɖɛŮɟɖůɑɤɠ ŬɜɎ ɎŰɞɛɞ, ˊɞůɧŰɖŰŬ ˊɞɡ əɎɚɡˊŰŮ Űɘɠ ɓŬůɘəɏɠ Űɞɡɠ ŬɜɎɔəŮɠ. ȼ űɤŰɘɎ, ɖ 

ɞˊɞɑŬ ŬɜŬəŬɚɨűɗɖəŮ ˊɟɘɜ Ŭˊɧ ˊŮɟɑˊɞɡ 1,5 ŮəŬŰɞɛɛɨɟɘɞ ɢɟɧɜɘŬ, ŬˊɞŰɏɚŮůŮ Űɖɜ ˊɟɩŰɖ 

ˊɟŬɔɛŬŰɘəɎ ůɖɛŬɜŰɘəɐ əŬɘ ŮˊŬɜŬůŰŬŰɘəɐ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ ˊɏɟŬ Ŭˊɧ Űɖ ŭɘŬŰɟɞűɐ, 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ɔɘŬ ɗɏɟɛŬɜůɖ Űɤɜ ɢɩɟɤɜ ŭɘŬɓɑɤůɖɠ, ɔɘŬ Űɞ ɛŬɔŮɑɟŮɛŬ Űɖɠ Űɟɞűɐɠ əŬɘ ɔɘŬ 

ˊɟɞůŰŬůɑŬ Ŭˊɧ ŰŬ ɎɔɟɘŬ ɕɩŬ əŬɘ Űɘɠ ŬˊŮɘɚɏɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ȼ əŬɨůɖ ɝɨɚɞɡ, ɤɠ əɨɟɘŬ 

ɛɏɗɞŭɞɠ, ŬɨɝɖůŮ ůɖɛŬɜŰɘəɎ Űɖɜ ůɡɜɞɚɘəɐ ŮɜŮɟɔŮɘŬəɐ əŬŰŬɜɎɚɤůɖ, ˊŮɟɑˊɞɡ əŬŰɎ 2,5 űɞɟɏɠ 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ əŬɗŬɟɎ ɓɘɞɚɞɔɘəɏɠ ŬɜɎɔəŮɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɞɟɔŬɜɘůɛɞɨ [2,3]. 

ɀŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɔŮɤɟɔɑŬɠ, ɖ ɞˊɞɑŬ ɝŮəɑɜɖůŮ ɔɨɟɤ ůŰɞ 10.000 ˊ.ɉ., ɖ ŮɜŮɟɔŮɘŬəɐ 

əŬŰŬɜɎɚɤůɖ ɎɚɚŬɝŮ ɟɘɕɘəɎ əŬɘ ůɖɛŬɜŰɘəɎ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ Ůˊɞɢɏɠ. Ƀɘ Ɏɜɗɟɤˊɞɘ 

ɎɟɢɘůŬɜ ɜŬ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɕɩŬ, ɧˊɤɠ ɓɧŭɘŬ əŬɘ ɎɚɞɔŬ, ɔɘŬ ŭɘɎűɞɟŮɠ 

ŮɟɔŬůɑŮɠ, ɧˊɤɠ Űɞ ɧɟɔɤɛŬ Űɤɜ ɢɤɟŬűɘɩɜ əŬɘ ɖ ɛŮŰŬűɞɟɎ űɞɟŰɑɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ ŬɨɝɖůŮ 

ŬɘůɗɖŰɎ Űɖɜ ˊŬɟŬɔɤɔɘəɧŰɖŰŬ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ Űɖɜ ůɡɜɞɚɘəɐ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ Űɤɜ 

ŭɟŬůŰɖɟɘɞŰɐŰɤɜ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ, ɖ əŬŰŬůəŮɡɐ ɛɧɜɘɛɤɜ əŬɘ ůŰŬɗŮɟɩɜ ɞɘəɘůɛɩɜ ɞŭɐɔɖůŮ ůŮ 

ɛŮɔŬɚɨŰŮɟɖ əŬɘ ˊɘɞ ůɡůŰɖɛŬŰɘəɐ ɢɟɐůɖ ɝɨɚɞɡ əŬɘ Ɏɚɚɤɜ űɡůɘəɩɜ ɡɚɘəɩɜ, ɧˊɤɠ ɞ ˊɖɚɧɠ, ɔɘŬ 

Űɖɜ ŬɜɏɔŮɟůɖ ůˊɘŰɘɩɜ, Űɖɜ əŬŰŬůəŮɡɐ űɞɨɟɜɤɜ əŬɘ Ɏɚɚɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ. ɆŮ ŬɡŰɏɠ Űɘɠ 

ˊɟɩɘɛŮɠ ŬɔɟɞŰɘəɏɠ əɞɘɜɤɜɑŮɠ, ɖ ŮɜŮɟɔŮɘŬəɐ əŬŰŬɜɎɚɤůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ɏűŰŬɜŮ Űɘɠ 5.000 ɏɤɠ 

6.000 ɗŮɟɛɑŭŮɠ (kcal) ŬɜɎ ɎŰɞɛɞ ɖɛŮɟɖůɑɤɠ, ŬɜŰɘəŬŰɞˊŰɟɑɕɞɜŰŬɠ Űɖɜ Ŭɡɝɖɛɏɜɖ ŮɝɎɟŰɖůɖ Ŭˊɧ 

ŮɝɤŰŮɟɘəɏɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ [4,5]. 

ɆŮ ˊɘɞ ˊɟɞɖɔɛɏɜɞɡɠ ˊɞɚɘŰɘůɛɞɨɠ, ɧˊɤɠ ɐŰŬɜ ɖ ŬɟɢŬɑŬ ȺɚɚɎŭŬ əŬɘ ɖ Ʌɩɛɖ, ɖ əŬŰŬɜɎɚɤůɖ 

ŮɜɏɟɔŮɘŬɠ ŬɡɝɐɗɖəŮ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ əŬɘ ɛŮ ˊɘɞ ůɡůŰɖɛŬŰɘəɧ Űɟɧˊɞ, əɡɟɑɤɠ ɚɧɔɤ Űɖɠ 

ŮɘůŬɔɤɔɐɠ əŬɘ Űɖɠ ɢɟɐůɖɠ ɜɏɤɜ əŬɘ əŬɘɜɞŰɧɛɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ ɓŮɚŰɑɤɜŬɜ Űɖɜ əŬɗɖɛŮɟɘɜɐ 

ɕɤɐ. Ƀɘ ɡŭɟŬɡɚɘəɞɑ Űɟɞɢɞɑ əŬɘ ɞɘ ŬɜŮɛɧɛɡɚɞɘ ŮűŬɟɛɧůŰɖəŬɜ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ ɎɚŮůɖ ůɘŰɖɟɩɜ 

ůŮ ŬɚŮɨɟɘ əŬɘ ɔɘŬ Űɖɜ ɎɜŰɚɖůɖ ɜŮɟɞɨ Ŭˊɧ ˊɖɔɎŭɘŬ ɐ ˊɞŰɎɛɘŬ, ɛŮɘɩɜɞɜŰŬɠ ůɖɛŬɜŰɘəɎ Űɖɜ 

ŮɝɎɟŰɖůɖ Ŭˊɧ Űɖɜ əŬɗŬɟɎ ɢŮɘɟɤɜŬəŰɘəɐ əŬɘ əɞˊɘŬůŰɘəɐ ŮɟɔŬůɑŬ Űɤɜ Ŭɜɗɟɩˊɤɜ. Ⱥˊɘˊɚɏɞɜ, ɖ 

ŮəɛŮŰɎɚɚŮɡůɖ ŭɞɨɚɤɜ əŬɘ ɕɩɤɜ ˊŬɟŮɑɢŮ ɛɘŬ ůɖɛŬɜŰɘəɐ əŬɘ ŬɝɘɧˊɘůŰɖ ŮɜŮɟɔŮɘŬəɐ ɡˊɞůŰɐɟɘɝɖ 

ɔɘŬ ɛŮɔɎɚŮɠ əŬŰŬůəŮɡɏɠ, ɧˊɤɠ ɜŬɞɨɠ, ɡŭɟŬɔɤɔŮɑŬ əŬɘ ŭɟɧɛɞɡɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŬɜɎˊŰɡɝɖ 

ɡˊɞŭɞɛɩɜ. ȼ ɛɏůɖ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ ůŮ ŬɡŰɏɠ Űɘɠ ŬɜŮˊŰɡɔɛɏɜŮɠ əɞɘɜɤɜɑŮɠ ŮəŰɘɛɎŰŬɘ ɧŰɘ 

ɏűŰŬɜŮ Űɘɠ 10.000 ɏɤɠ 12.000 ɗŮɟɛɑŭŮɠ (kcal) ŬɜɎ ɎŰɞɛɞ ɖɛŮɟɖůɑɤɠ (ŬɜŬűɞɟɎ). 

ɇɏɚɞɠ, ɖ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ŬɟɢŬɘɧŰɖŰŬ ŮɑɢŮ ůɖɛŬɜŰɘəɏɠ əŬɘ ˊɞɚɡŮˊɑˊŮŭŮɠ əɞɘɜɤɜɘəɏɠ 

əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɏˊŮɘŮɠ ˊɞɡ ŮˊɖɟɏŬɕŬɜ Űɞɡɠ ˊɚɖɗɡůɛɞɨɠ. ȼ ɡˊŮɟɓɞɚɘəɐ əŬɘ 

ŬɜŮɝɏɚŮɔəŰɖ Ŭˊɞɣɑɚɤůɖ Űɤɜ ŭŬůɩɜ ɔɘŬ Űɖɜ ˊɟɞɛɐɗŮɘŬ ɝɨɚɞɡ, əŬɗɩɠ əŬɘ ɖ ŮɝɎɜŰɚɖůɖ Űɤɜ 

űɡůɘəɩɜ ˊɧɟɤɜ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ, ɞŭɐɔɖůŬɜ ůŮ ůɞɓŬɟɐ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ɡˊɞɓɎɗɛɘůɖ əŬɘ 

Ŭɚɚɞɑɤůɖ Űɞɡ Űɞˊɑɞɡ. ɄŬɟɎɚɚɖɚŬ, ɖ ɏɜŰɞɜɖ ŮɝɎɟŰɖůɖ Ŭˊɧ Űɖ ɢŮɘɟɤɜŬəŰɘəɐ ŮɟɔŬůɑŬ əŬɘ Űɖ 

ŭɞɡɚŮɑŬ ŬɜɏŭŮɘɝŮ əŬɘ ŮɜɑůɢɡůŮ Űɘɠ əɞɘɜɤɜɘəɏɠ ŬɜɘůɧŰɖŰŮɠ Űɖɠ Ůˊɞɢɐɠ. ɄŬɟɎ Űɘɠ ŰŮɢɜɞɚɞɔɘəɏɠ 
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ɓŮɚŰɘɩůŮɘɠ, ɖ ůɡɜɞɚɘəɐ ŮɜŮɟɔŮɘŬəɐ əŬŰŬɜɎɚɤůɖ ˊŬɟɏɛŮɜŮ ˊŮɟɘɞɟɘůɛɏɜɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖ 

ůɨɔɢɟɞɜɖ Ůˊɞɢɐ, ŬɜŰɘəŬŰɞˊŰɟɑɕɞɜŰŬɠ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬɘ Űɘɠ əɞɘɜɤɜɘəɏɠ 

ůɡɜɗɐəŮɠ Űɖɠ ŬɟɢŬɘɧŰɖŰŬɠ [6, 7, 8]. 

ȷɜŬŭɟɞɛɘəɎ, ɖ əŬŰŬɜɎɚɤůɖ Űɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ əŬɘ ŬɜŬˊɧűŮɡəŰŬ ɛŮ Űɖɜ 

ɏɜŬɟɝɖ Űɖɠ ȸɘɞɛɖɢŬɜɘəɐɠ ȺˊŬɜɎůŰŬůɖɠ ůŰɖɜ ȷɔɔɚɑŬ, ɖ ɞˊɞɑŬ ŬˊɞŰɏɚŮůŮ ɏɜŬ əɞɛɓɘəɧ əŬɘ 

əŬɗɞɟɘůŰɘəɧ ůɖɛŮɑɞ ůŰɖɜ ɘůŰɞɟɑŬ Űɖɠ ŬɜɗɟɤˊɧŰɖŰŬɠ, ůɖɛŬŰɞŭɞŰɩɜŰŬɠ ɛɘŬ ɞɚɧəɚɖɟɖ ˊŮɟɑɞŭɞ 

ɏɜŰɞɜɖɠ, ŰŬɢŮɑŬɠ əŬɘ ɛŮŰŬůɢɖɛŬŰɘůŰɘəɐɠ ɞɘəɞɜɞɛɘəɐɠ ŬɜɎˊŰɡɝɖɠ, ɖ ɞˊɞɑŬ ɓŬůɑůŰɖəŮ ůŮ ɛŮɔɎɚɞ 

ɓŬɗɛɧ ůŰɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊŬɟŮɑɢŬɜ ɛŮ ŬűɗɞɜɑŬ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ɞ 

ɎɜɗɟŬəŬɠ əŬɘ Űɞ ɝɨɚɞ, ˊɞɚɨ ɚɘɔɧŰŮɟɞ Ŭəɧɛɖ Űɞ ˊŮŰɟɏɚŬɘɞ əŬɘ Űɞ űɡůɘəɧ Ŭɏɟɘɞ, ŰŬ ɞˊɞɑŬ 

əɡɟɘɎɟɢɖůŬɜ ˊɚɐɟɤɠ əŬɘ ŬˊɞűŬůɘůŰɘəɎ ůŰɞ ůɡɜɞɚɘəɧ ŮɜŮɟɔŮɘŬəɧ ɛɑɔɛŬ Űɖɠ Ůˊɞɢɐɠ ŮəŮɑɜɖɠ. 

ȼ ɡɣɖɚɐ əŬɘ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŭɞŰɘəɐ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ ˊɞɡ ɢŬɟŬəŰɐɟɘɕŮ ŰŬ ɞɟɡəŰɎ əŬɨůɘɛŬ 

ɞŭɐɔɖůŮ ŬɜŬˊɧűŮɡəŰŬ ůŮ ɛɘŬ ɡˊŮɟɓɞɚɘəɐ, ŮəŰŮŰŬɛɏɜɖ əŬɘ ůɡɢɜɎ ŬɜŮɝɏɚŮɔəŰɖ ɢɟɐůɖ Űɞɡɠ, ɖ 

ɞˊɞɑŬ ɝŮəɑɜɖůŮ ŬɟɢɘəɎ Ŭˊɧ Űɖ ɓɘɞɛɖɢŬɜɑŬ, ɧˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ɔɘŬ Űɖɜ əɑɜɖůɖ ɛɖɢŬɜɩɜ əŬɘ 

Űɖɜ ˊŬɟŬɔɤɔɐ, əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮɝŬˊɚɩɗɖəŮ ůŮ ɞɚɧəɚɖɟɞ Űɞ ˊŬɔəɧůɛɘɞ Ůɛˊɧɟɘɞ, 

ŮˊɖɟŮɎɕɞɜŰŬɠ ɓŬɗɘɎ Űɘɠ ŭɘŮɗɜŮɑɠ ůɢɏůŮɘɠ əŬɘ Űɖɜ ɞɘəɞɜɞɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ. ȷɡŰɐ ɖ 

ŮəŰŮŰŬɛɏɜɖ əŬɘ ůɡůŰɖɛŬŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ ůɡɜɏɓŬɚŮ ɛŮ Űɟɧˊɞ əŬɗɞɟɘůŰɘəɧ əŬɘ ɞɡůɘŬůŰɘəɧ ůŰɖɜ 

ɞɘəɞɜɞɛɘəɐ ŬɜɎˊŰɡɝɖ Űɤɜ Ůɗɜɩɜ, əŬɗɩɠ əŬɘ ůŰɖ ůŰŬŭɘŬəɐ ůɡůůɩɟŮɡůɖ əŮűŬɚŬɑɞɡ ůŮ ɛŮɔɎɚɖ 

əɚɑɛŬəŬ, ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰɘɠ əɡɓŮɟɜɐůŮɘɠ ɜŬ ŭɘŬɗɏŰɞɡɜ ɞɚɞɏɜŬ əŬɘ ɛŮɔŬɚɨŰŮɟɞɡɠ, ˊɘɞ 

ˊɚɞɨůɘɞɡɠ əŬɘ ˊɘɞ ŮɡɏɚɘəŰɞɡɠ ˊɟɞɦˊɞɚɞɔɘůɛɞɨɠ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ ɏɟɔɤɜ ɓɘɩůɘɛɖɠ 

ŬɜɎˊŰɡɝɖɠ, ɧˊɤɠ ŮɑɜŬɘ ɖ ɓŮɚŰɑɤůɖ Űɖɠ ɡɔŮɘɞɜɞɛɘəɐɠ ˊŮɟɑɗŬɚɣɖɠ, ɖ Ůɜɑůɢɡůɖ Űɤɜ ɡˊɞŭɞɛɩɜ 

əŬɘ ɎɚɚŮɠ ˊŬɟŮɛɓɎůŮɘɠ ˊɞɡ ɓŮɚŰɘɩɜɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ ɕɤɐɠ. 

ɇŬ ɏůɞŭŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ Ůɝɧɟɡɝɖ Űɤɜ ɞɟɡəŰɩɜ ˊɧɟɤɜ, əŬɗɩɠ əŬɘ ɞɘ ůɢŮŰɘəɞɑ űɧɟɞɘ 

ˊɞɡ ŮˊɘɓɎɚɚɞɜŰŬɘ ůŮ ŬɡŰɏɠ Űɘɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ŬˊɞŰŮɚɞɨɜ ɛɘŬ ɓŬůɘəɐ, ůŰŬɗŮɟɐ əŬɘ 

ŬɜŬɜŰɘəŬŰɎůŰŬŰɖ ˊɖɔɐ ɢɟɖɛŬŰɞŭɧŰɖůɖɠ ɔɘŬ Űɖɜ ˊɟɧɞŭɞ Űɤɜ əɞɘɜɤɜɘɩɜ ůŮ Űɞˊɘəɧ əŬɘ Ůɗɜɘəɧ 

Ůɑ́ˊŮŭɞ, ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ˊŬɔəɧůɛɘŬɠ ɞɘəɞɜɞɛɑŬɠ ůɡɜɞɚɘəɎ[9]. 

ȼ ŮɜɏɟɔŮɘŬ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ ɞɘəɞɜɞɛɘəɐ ŬɜɎˊŰɡɝɖ, Űɖɜ əɞɘɜɤɜɘəɐ ůɡɜɞɢɐ 

əŬɘ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɕɤɐɠ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ. ȺˊɖɟŮɎɕŮɘ ɎɛŮůŬ əŬɘ ɏɛɛŮůŬ əɎɗŮ 

Ŭɜɗɟɩˊɘɜɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ. ȼ ůɡɜŮɢɐɠ Ŭɨɝɖůɖ Űɞɡ ˊŬɔəɧůɛɘɞɡ ˊɚɖɗɡůɛɞɨ, ɛŬɕɑ ɛŮ Űɘɠ 

ŰŮɢɜɞɚɞɔɘəɏɠ ŮɝŮɚɑɝŮɘɠ əŬɘ Űɖ ɓɘɞɛɖɢŬɜɘəɐ ŬɜɎˊŰɡɝɖ, ɞŭɖɔŮɑ ůŮ ŭɘŬɟəɐ Ŭɨɝɖůɖ Űɖɠ ɕɐŰɖůɖɠ 

ŮɜɏɟɔŮɘŬɠ ůŮ ɧɚŬ ŰŬ ŮˊɑˊŮŭŬ. Ƀɘ ˊɟɞɓɚɏɣŮɘɠ ŭŮɑɢɜɞɡɜ ɧŰɘ ɖ ˊŬɔəɧůɛɘŬ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ 

ɗŬ ůɡɜŮɢɑůŮɘ ɜŬ ŬɡɝɎɜŮŰŬɘ ůŰŬɗŮɟɎ Űɖɜ ŮˊɧɛŮɜɖ ŭŮəŬŮŰɑŬ. 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ůɐɛŮɟŬ Ŭˊɧ ŰŬ ɞɟɡəŰɎ 

əŬɨůɘɛŬ, ɔɑɜŮŰŬɘ ŮˊɘŰŬəŰɘəɐ ɖ ɛŮŰɎɓŬůɖ ůŮ ɏɜŬ ˊɘɞ ɓɘɩůɘɛɞ əŬɘ ŬɝɘɧˊɘůŰɞ ŮɜŮɟɔŮɘŬəɧ 

ůɨůŰɖɛŬ. ȷɡŰɧ ůɖɛŬɑɜŮɘ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ, ɧˊɤɠ ɖ ɖɚɘŬəɐ əŬɘ Ŭɘɞɚɘəɐ 

ŮɜɏɟɔŮɘŬ, ɖ ɡŭɟɞɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ əŬɘ ɖ ɓɘɞŮɜɏɟɔŮɘŬ. Ƀɘ ŰŮɢɜɞɚɞɔɑŮɠ ŬɡŰɏɠ ˊɟɞůűɏɟɞɡɜ 

əŬɗŬɟɐ əŬɘ űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŮɜɏɟɔŮɘŬ, ɛˊɞɟɞɨɜ ɜŬ əŬɚɨɣɞɡɜ Űɘɠ əŬɗɖɛŮɟɘɜɏɠ əŬɘ 

ɛŬəɟɞˊɟɧɗŮůɛŮɠ ŬɜɎɔəŮɠ əŬɘ ɓɞɖɗɞɨɜ ŰŬ əɟɎŰɖ ɜŬ ɛŮɘɩůɞɡɜ Űɖɜ ŮɝɎɟŰɖůɖ Ŭˊɧ ŬůŰŬɗŮɑɠ 

ˊɖɔɏɠ, ŮɜɘůɢɨɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ŬůűɎɚŮɘŬ [10]. 

ɆɡɜŮˊɩɠ, ɖ ůŰɟŬŰɖɔɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ ɞɡůɘɩŭɖ 
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ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖ ŭɘŬɛɧɟűɤůɖ Ůɜɧɠ ŮɜŮɟɔŮɘŬəɎ ŬɡŰɎɟəɞɡɠ ɛɏɚɚɞɜŰɞɠ. ȷɡŰɐɜ Űɖɜ ˊɟɧəɚɖůɖ 

əŬɚɞɨɜŰŬɘ ɜŬ ŬɜŬɚɎɓɞɡɜ ɞɘ əɡɓŮɟɜɐůŮɘɠ ˊŬɔəɞůɛɑɤɠ, ŮˊɘɓɎɚɚɞɜŰŬɠ Űɖ ůŰŬŭɘŬəɐ ɛŮŰɎɓŬůɖ 

Ŭˊɧ ŰŬ ɞɟɡəŰɎ əŬɨůɘɛŬ ˊɟɞɠ Űɘɠ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ˊɞɚɚɏɠ ɢɩɟŮɠ 

ŭŮůɛŮɨɞɜŰŬɘ ůŮ ŮɗɜɘəɎ ůɢɏŭɘŬ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŰɖ ɛŮɑɤůɖ Űɞɡ ŬɜɗɟŬəɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ, 

ŮɜůɤɛŬŰɩɜɞɜŰŬɠ ŰŮɢɜɞɚɞɔɑŮɠ ŬɜŬɜŮɩůɘɛɖɠ ŮɜɏɟɔŮɘŬɠ. ȷəɞɚɞɡɗŮɑ ŮɘəɧɜŬ ˊɞɡ ŬˊɞŰɡˊɩɜŮɘ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ůŰɖ ũŮɟɛŬɜɑŬ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ 

ɓɘɞɛɖɢŬɜɘəɧ əŬɘ ɞɘəɞɜɞɛɘəɧ əɏɜŰɟɞ ɛŮ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ ŮɜŮɟɔŮɘŬəɐ ɛŮŰɎɓŬůɖ ůŰɖɜ 

Ⱥɡɟɩˊɖ [11. 

2.2 ȷɜŬɜŮɩůɘɛŮɠ ɛɞɟűɏɠ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ȺɚɚɎŭŬ 

ȼ ȺɚɚɎŭŬ, ŮəɛŮŰŬɚɚŮɡɧɛŮɜɖ ˊɚɐɟɤɠ əŬɘ ɛŮ ůŰɟŬŰɖɔɘəɧ Űɟɧˊɞ ŰŬ ˊɚɞɨůɘŬ əŬɘ ɛɞɜŬŭɘəɎ 

űɡůɘəɎ Űɖɠ ˊɚŮɞɜŮəŰɐɛŬŰŬ ðɧˊɤɠ ɖ ɡɣɖɚɐ əŬɘ ůŰŬɗŮɟɐ ɖɚɘɞűɎɜŮɘŬ, ɞɘ ɏɜŰɞɜɞɘ əŬɘ ůɡɢɜɞɑ 

ɎɜŮɛɞɘ, əŬɗɩɠ əŬɘ ɖ ɘŭɘŬɑŰŮɟɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɞɡ ŮŭɎűɞɡɠ Űɖɠð ůŰɟɏűŮŰŬɘ ɞɚɞɏɜŬ əŬɘ 

ˊŮɟɘůůɧŰŮɟɞ, ɛŮ ůɡɜɏˊŮɘŬ əŬɘ ŬˊɞűŬůɘůŰɘəɧŰɖŰŬ, ˊɟɞɠ Űɖɜ ŮəŰŮŰŬɛɏɜɖ əŬɘ ɞɡůɘŬůŰɘəɐ 

Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ.  

Ƀɘ ɘŭɘŬɑŰŮɟŮɠ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ ŰŬ ɝŮɢɤɟɘůŰɎ ɔŮɤɔɟŬűɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɢɩɟŬɠ 

Űɖɜ əŬɗɘůŰɞɨɜ ɏɜŬ ɘŭŬɜɘəɧ, ˊɟɞɜɞɛɘŬəɧ əŬɘ ŮɝŬɘɟŮŰɘəɎ əŬŰɎɚɚɖɚɞ ˊŮŭɑɞ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ 

ŮɔəŬŰɎůŰŬůɖ űɤŰɞɓɞɚŰŬɥəɩɜ ůɡůŰɖɛɎŰɤɜ, əŬɗɩɠ əŬɘ Ŭɘɞɚɘəɩɜ ˊɎɟəɤɜ ˊɞɡ ˊŬɟɎɔɞɡɜ 

ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɛŮ ŬɝɘɧˊɘůŰɞ əŬɘ ŬˊɞŭɞŰɘəɧ Űɟɧˊɞ.  

ȽŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ əŬɘ ŬɝɑŬɠ ŮɑɜŬɘ ŬɜŬɛűɘůɓɐŰɖŰŬ Űɞ ŮɜŮɟɔŮɘŬəɧ ɛŮɑɔɛŬ Űɖɠ ȺɚɚɎŭŬɠ ɔɘŬ Űɞ 

ɏŰɞɠ 2023, Űɞ ɞˊɞɑɞ əŬŰŬŭŮɘəɜɨŮɘ ɛŮ ůŬűɐɜŮɘŬ əŬɘ ŮɛűŬŰɘəɧ Űɟɧˊɞ Űɖɜ ŬˊɞűŬůɘůŰɘəɐ ůŰɟɞűɐ 

Űɖɠ ɢɩɟŬɠ ˊɟɞɠ ɛŬəɟɞˊɟɧɗŮůɛŬ ɓɘɩůɘɛŮɠ ɛɞɟűɏɠ ŮɜɏɟɔŮɘŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ 57% Űɖɠ 

ůɡɜɞɚɘəɐɠ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐɠ ˊɟɞɐɚɗŮ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ 

ɖ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ, ɖ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ əŬɘ ɖ ɡŭɟɞɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ, ɝŮˊŮɟɜɩɜŰŬɠ Űɘɠ 25 TWh. 

ȷˊɞŭŮɘəɜɨɞɜŰŬɘ ɛŮ ŬŭɘɎůŮɘůŰŬ ůŰɞɘɢŮɑŬ ɖ ůŰŬɗŮɟɐ əŬɘ ɞɡůɘŬůŰɘəɐ ɛŮŰɎɓŬůɖ ůŮ ɏɜŬ 

ŮɜŮɟɔŮɘŬəɧ ˊŮɟɘɓɎɚɚɞɜ ˊɞɡ ŬɝɘɞˊɞɘŮɑ ŰŬ űɡůɘəɎ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɤɠ ŮɟɔŬɚŮɑɞ əŬɘ ůɨɛɛŬɢɞ, 

ˊɎɜŰŬ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ɜɏɤɜ ŰŮɢɜɞɚɞɔɘɩɜ, əŬɗɘůŰɩɜŰŬɠ Űɞ 2023 ɏŰɞɠ ɟŮəɧɟ ɔɘŬ Űɞɜ ȺɚɚŬŭɘəɧ 

ɢɩɟɞ, əŬɗɩɠ Űɞ ŬɜŰɑůŰɞɘɢɞ ˊɞůɞůŰɧ Űɞ 2022 ŬɜŮɟɢɧŰŬɜ ůŰŬ 50,12% [12]. 

ɄŬɟɧŰɘ, ɧˊɤɠ ˊŬɟɞɡůɘɎůŰɖəŮ ˊŬɟŬˊɎɜɤ, ɖ ȺɚɚɎŭŬ ɏɢŮɘ ůɖɛŮɘɩůŮɘ ůɖɛŬɜŰɘəɐ əŬɘ ɛŮŰɟɐůɘɛɖ 

ˊɟɧɞŭɞ ůŰɖɜ ɏɜŰŬɝɖ Űɤɜ ȷɜŬɜŮɩůɘɛŮɠ Ʉɖɔɏɠ ȺɜɏɟɔŮɘŬɠ ůŰɞ ŮɜŮɟɔŮɘŬəɧ Űɖɠ ɛŮɑɔɛŬ, ɖ Ŭɨɝɖůɖ 

Űɖɠ ůɡɛɛŮŰɞɢɐɠ Űɞɡɠ ŭŮɜ ůɡɜɞŭŮɨŰɖəŮ Ŭˊɧ ŬɜŰɑůŰɞɘɢɖ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɞɡɠ 

əŬŰŬɜŬɚɤŰɏɠ. ȷɜŰɑɗŮŰŬ, ɧˊɤɠ ŬˊɞŰɡˊɩɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ, ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ɛŮɑɤůɖ Űɖɠ ɢɟɐůɖɠ ɚɘɔɜɑŰɖ, ɞ ɞˊɞɑɞɠ ŬˊɞŰɏɚŮůŮ ɔɘŬ ˊɞɚɚɎ ɢɟɧɜɘŬ 

ɓŬůɘəɐ ˊɖɔɐ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐɠ ůŰɖɜ ȺɚɚɎŭŬ, ɚɧɔɤ Űɖɠ ŬɡɝŬɜɧɛŮɜɖɠ Űɖɠ ŭɘŮɑůŭɡůɖɠ Űɤɜ 

ȷɄȺ əŬɘ ˊŬɟɎɚɚɖɚɖ Ɏɜɞŭɞɠ Űɖɠ ŰŮɚɘəɐɠ Űɘɛɐɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɡˊɞŭŮɘəɜɨŮɘ ɧŰɘ 

ɖ ŮɜŮɟɔŮɘŬəɐ ɛŮŰɎɓŬůɖ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɨɜɗŮŰɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ, ɏɜŬɠ Ŭˊɧ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ Ůə Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ ɖ ůŰɞɢŬůŰɘəɐ əŬɘ ɛŮŰŬɓɚɖŰɐ 

űɨůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ. ȼ ɘŭɘɧŰɖŰŬ ŬɡŰɐ əŬɗɘůŰɎ ŬɜŬɔəŬɑŬ Űɖɜ ɨˊŬɟɝɖ 

ŮűŮŭɟɘəɩɜ ɛɞɜɎŭɤɜ (ɧˊɤɠ ɛɞɜɎŭŮɠ űɡůɘəɞɨ ŬŮɟɑɞɡ) əŬɗɩɠ əŬɘ ˊɟɧůɗŮŰɤɜ ŮˊŮɜŭɨůŮɤɜ ůŰɞ 

ůɨůŰɖɛŬ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐɠ, ɧˊɤɠ ɡˊɞŭɞɛɏɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘɓŬɟɨɜŮɘ 
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Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ əŬɘ, əŬŰô ŮˊɏəŰŬůɖ, Űɖɜ ŰŮɚɘəɐ Űɘɛɐ Űɖɠ kWh. 

 

ȺɘəɧɜŬ 2.1 ɉɟɞɜɞůŮɘɟɎ ŮɜɏɟɔŮɘŬɠ- Űɘɛɐɠ ȺɚɚɎŭŬ [13]  

Ʉɘɞ ŬɜŬɚɡŰɘəɎ, ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŰɏŰɞɘŮɠ ˊɖɔɏɠ, ɧˊɤɠ ŮɑɜŬɘ ɞ ɎɜŮɛɞɠ əŬɘ ɞ ɐɚɘɞɠ, 

ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ, ŬůŰŬɗŮɑɠ əŬɘ ŮɜŰŮɚɩɠ ɛɖ ŮɚŮɔɢɧɛŮɜŮɠ 

űɡůɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ, ŰŬ ɞˊɞɑŬ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ ɛŮ ŬˊɧɚɡŰɖ 

ŬəɟɑɓŮɘŬ, ɞŭɖɔɩɜŰŬɠ ŬɜŬˊɧűŮɡəŰŬ ůŮ ˊŮɟɘɧŭɞɡɠ ˊɚŮɞɜɎůɛŬŰɞɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɞɡ ɖ ˊŬɟŬɔɤɔɐ 

ɡˊŮɟɓŬɑɜŮɘ Űɘɠ ŬɜɎɔəŮɠ, ŬɚɚɎ əŬɘ ůŮ ˊŮɟɘɧŭɞɡɠ ɏɚɚŮɘɣɖɠ, ɧˊɞɡ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ŮɑɜŬɘ 

ŬɜŮˊŬɟəɐɠ. ȷɡŰɐ ɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ əŬɘ ŬůŰɎɗŮɘŬ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŮɔɔŮɜɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ 

ȷɄȺ, ŭɡůɢŮɟŬɑɜŮɘ ůɖɛŬɜŰɘəɎ əŬɘ ɛŮ ˊɞɚɚŬˊɚɞɨɠ Űɟɧˊɞɡɠ Űɖɜ Ůɝɘůɞɟɟɧˊɖůɖ ɛŮŰŬɝɨ Űɖɠ 

ˊɟɞůűɞɟɎɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ əŬɘ Űɖɠ ɕɐŰɖůɖɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɡɠ əŬŰŬɜŬɚɤŰɏɠ, 

əŬɘ, ůŮ ˊɞɚɚɏɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ əŬɘ ůŮɜɎɟɘŬ, ɞŭɖɔŮɑ ůŰɖɜ ŬɜɎɔəɖ ŭɘŬŰɐɟɖůɖɠ 

ŮűŮŭɟɘəɩɜ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ůɡɛɓŬŰɘəɎ əŬɨůɘɛŬ ɐ Ŭəɧɛɖ əŬɘ ůŰɖɜ 

ŮɝŬůűɎɚɘůɖ Ůˊɘˊɚɏɞɜ ŮɜɏɟɔŮɘŬɠ ɛŮ ůəɞˊɧ ɜŬ əŬɚɡűɗɞɨɜ ɞɘ ŬɜɎɔəŮɠ ɚɧɔɤ Űɤɜ ŮɝŬɘɟŮŰɘəɩɜ 

ˊɚŮɞɜŬůɛɎŰɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ, ŰŬ ɞˊɞɑŬ ɤůŰɧůɞ ŬŭɡɜŬŰɞɨɜ ɜŬ əŬɚɨɣɞɡɜ ŬɡŰɏɠ Űɘɠ ŬɜɎɔəŮɠ. 

ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ Ŭəɟɘɓɩɠ, ɖ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ŬɜŬŭŮɘəɜɨŮŰŬɘ ɤɠ ɏɜŬ əɟɑůɘɛɞ, 

ŬˊŬɟŬɑŰɖŰɞ əŬɘ ůŰɟŬŰɖɔɘəɐɠ ůɖɛŬůɑŬɠ ŮɟɔŬɚŮɑɞ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ůŰŬɗŮɟɞˊɞɘɐůŮɘ Űɞ 

ůɡɜɞɚɘəɧ ŮɜŮɟɔŮɘŬəɧ ůɨůŰɖɛŬ, ɜŬ ɛŮɘɩůŮɘ Űɘɠ ŭɘɎűɞɟŮɠ ŬˊɩɚŮɘŮɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ 

Ŭˊɧ Űɖɜ ŬůŰɎɗŮɘŬ, əŬɘ ɜŬ ůɡɔəɟŬŰɐůŮɘ Űɞ ŮɜŮɟɔŮɘŬəɧ əɧůŰɞɠ Űɧůɞ ůŮ ɛŮůɞˊɟɧɗŮůɛɞ ɧůɞ əŬɘ 

ůŮ ɛŬəɟɞˊɟɧɗŮůɛɞ ɞɟɑɕɞɜŰŬ, ˊɟɞůűɏɟɞɜŰŬɠ ɛŮɔŬɚɨŰŮɟɖ ŬɝɘɞˊɘůŰɑŬ əŬɘ ɞɘəɞɜɞɛɘəɐ 

ɓɘɤůɘɛɧŰɖŰŬ. 

2.3 ȼ ůŰɞɢŬůŰɘəɐ űɨůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬ 

Ƀɘ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ (ȷɄȺ), ɧˊɤɠ ŮɑɜŬɘ ɖ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ, ɖ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ əŬɘ 

ɖ ɡŭɟɞɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŮɔɔŮɜɐ, űɡůɘəɐ əŬɘ ŬɜŬˊɧűŮɡəŰɖ 

ůŰɞɢŬůŰɘəɧŰɖŰŬ, ɖ ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ Ŭəɟɘɓɩɠ ɚɧɔɤ Űɖɠ ˊɚɐɟɞɡɠ ŮɝɎɟŰɖůɐɠ Űɞɡɠ Ŭˊɧ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ əŬɘ ɛɖ ŮɚŮɔɢɧɛŮɜŬ űɡůɘəɎ űŬɘɜɧɛŮɜŬ, ɧˊɤɠ ɖ ŰŬɢɨŰɖŰŬ əŬɘ ɖ ɏɜŰŬůɖ Űɞɡ 

Ŭɜɏɛɞɡ, ɖ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ əŬɘ ɖ ŭɘɎɟəŮɘɎ Űɖɠ, əŬɗɩɠ əŬɘ ɖ ˊɞůɧŰɖŰŬ əŬɘ ɖ əŬŰŬɜɞɛɐ Űɖɠ 
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ɓɟɞɢɧˊŰɤůɖɠ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ.  

ȷɡŰɐ ɖ ŰɡɢŬɘɧŰɖŰŬ əŬɘ ɖ ŬɓŮɓŬɘɧŰɖŰŬ ɞŭɖɔŮɑ ŬɜŬˊɧűŮɡəŰŬ ůŮ ůɖɛŬɜŰɘəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖɜ 

ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ, ɧˊɞɡ ɞɟɘůɛɏɜŮɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ ɐ ˊŮɟɑɞŭɞɘ ˊɟɞůűɏɟɞɡɜ ɡɣɖɚɐ, Ɏűɗɞɜɖ 

əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ, Ůɜɩ ɎɚɚŮɠ űɞɟɏɠ ɖ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ŮɚɎɢɘůŰɖ, 

ˊŮɟɘɞɟɘůɛɏɜɖ ɐ Ŭəɧɛɖ əŬɘ ɛɖŭŮɜɘəɐ, ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŮˊɘəɟŬŰɞɨůŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. 

ɄŬɟɎɚɚɖɚŬ, Űɞ ˊɚŮɧɜŬůɛŬ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɘɠ ȷɄȺ, ɘŭɘŬɑŰŮɟŬ ůŮ ˊŮɟɘɧŭɞɡɠ 

ɡɣɖɚɐɠ əŬɘ ɏɜŰɞɜɖɠ ˊŬɟŬɔɤɔɐɠ, ɧˊɤɠ Űɘɠ ɖɚɘɧɚɞɡůŰŮɠ ɛɏɟŮɠ ɐ Űɘɠ ɜɨɢŰŮɠ ɛŮ ɏɜŰɞɜɞ ŬɏɟŬ, 

ŬˊɞŰŮɚŮɑ ɏɜŬ əɟɑůɘɛɞ, ůŰɟŬŰɖɔɘəɐɠ ůɖɛŬůɑŬɠ əŬɘ ŬɜŬɜŰɘəŬŰɎůŰŬŰɞ ůŰɞɘɢŮɑɞ ɔɘŬ Űɖ 

ɛŬəɟɞˊɟɧɗŮůɛɖ ɓɘɤůɘɛɧŰɖŰŬ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ. ȼ ˊŬɟɞɨůŬ ŬɜɎɚɡůɖ ŮůŰɘɎɕŮɘ ɛŮ 

ůɡůŰɖɛŬŰɘəɧ əŬɘ Ůɘɠ ɓɎɗɞɠ Űɟɧˊɞ ůŰɖɜ ůŰɞɢŬůŰɘəɧŰɖŰŬ Űɤɜ ȷɄȺ, ůŰɖɜ Ŭɜɞɛɞɘɧɛɞɟűɖ, ɛɖ 

ˊɟɞɓɚɏɣɘɛɖ əŬɘ ŭɘŬəɡɛŬɜŰɘəɐ ŮɜŮɟɔŮɘŬəɐ Űɞɡɠ ůɡɜŮɘůűɞɟɎ ůŰɞ ŭɑəŰɡɞ, əŬɗɩɠ əŬɘ ůŰɞɜ 

əŮɜŰɟɘəɧ əŬɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ˊɚŮɞɜɎůɛŬŰɞɠ ůŰɖ ůŰŬɗŮɟɞˊɞɑɖůɖ əŬɘ Űɖɜ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ ɞɚɧəɚɖɟɞɡ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ɛɞɜŰɏɚɞɡ. 

ȼ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ ŭɘɏˊŮŰŬɘ Ŭˊɧ ůŰɞɢŬůŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, əŬɗɩɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

ɛŮŰŮɤɟɞɚɞɔɘəɏɠ əŬɘ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ: 

 

¶ ȷɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ: ȼ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɞɜ əɨɟɘɞ əŬɘ əŬɗɞɟɘůŰɘəɧ 

ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŬɘɞɚɘəɎ ˊɎɟəŬ. ȷɡŰɏɠ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ 

ůŰɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ɛˊɞɟŮɑ ɜŬ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ůɡɜɗɐəŮɠ ŬˊɧɚɡŰɖɠ ɖɟŮɛɑŬɠ, 

ɧˊɞɡ ɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ɛɖŭŮɜɘəɐ ɐ ŬɜɨˊŬɟəŰɖ, ɏɤɠ ɗɡŮɚɚɩŭŮɘɠ əŬɘ ŬəɟŬɑŮɠ 

əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ, əŬŰɎ Űɘɠ ɞˊɞɑŮɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɡˊŮɟˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ, ŭɖɚŬŭɐ 

ˊɞůɧŰɖŰŮɠ ˊɏɟŬ Ŭˊɧ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ ŭɘəŰɨɞɡ ɐ Űɘɠ ŰŮɢɜɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ Ŭˊɞɟɟɧűɖůɖɠ 

[14]. 

¶ ȼɚɘŬəɐ ŮɜɏɟɔŮɘŬ: ȼ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɖ ɓŬůɘəɐ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ 

ɔɘŬ ŰŬ űɤŰɞɓɞɚŰŬɥəɎ ůɡůŰɐɛŬŰŬ, ŮˊɖɟŮɎɕŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ ˊɞɚɚŬˊɚɞɨɠ əŬɘ 

ŬɚɚɖɚɞŮɝŬɟŰɩɛŮɜɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ɖ ɜŮűɞəɎɚɡɣɖ, ɖ ŮˊɞɢɘəɧŰɖŰŬ Űɤɜ əŬɘɟɘəɩɜ 

űŬɘɜɞɛɏɜɤɜ, əŬɗɩɠ əŬɘ ɞɘ ɖɛŮɟɐůɘŮɠ əŬɘ ɤɟɘŬɑŮɠ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖɜ ɏəɗŮůɖ ůŰɞɜ ɐɚɘɞ. 

ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ ˊɟɧɓɚŮɣɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ 

ŮəŰɘɛɐůɞɡɜ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ ˊŬɟŬɔɤɔɐ, ɤůŰɧůɞ ŬɡŰɎ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɐ 

ŬɓŮɓŬɘɧŰɖŰŬ, əŬɗɩɠ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ɛˊɞɟŮɑ ɜŬ Ŭˊɞəɚɑɜɞɡɜ ůɖɛŬɜŰɘəɎ Ŭˊɧ 

Űɘɠ ɗŮɤɟɖŰɘəɏɠ ˊɟɞɓɚɏɣŮɘɠ [15]. 

¶ ɈŭɟɞɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ: ȼ ŭɘŬɗŮůɘɛɧŰɖŰŬ ɜŮɟɞɨ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ 

ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ ɡŭɟɞɖɚŮəŰɟɘəɩɜ ůŰŬɗɛɩɜ, ŮɝŬɟŰɎŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɘɠ 

ɓɟɞɢɞˊŰɩůŮɘɠ, Űɘɠ ŮˊɞɢɘŬəɏɠ əɚɘɛŬŰɘəɏɠ ŬɚɚŬɔɏɠ, əŬɗɩɠ əŬɘ Ŭˊɧ ɛŬəɟɞˊɟɧɗŮůɛŮɠ 

ŰɎůŮɘɠ ůŰɖɜ ɡŭɟɞɚɞɔɘəɐ ɘůɞɟɟɞˊɑŬ. ɆɡɜŮˊɩɠ, ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ ɓɟɞɢɐɠ əŬɘ ɟɞɐɠ 

ɜŮɟɞɨ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ əŬɗɞɟɑůɞɡɜ ɛŮ ˊɘɗŬɜɞɚɞɔɘəɧ Űɟɧˊɞ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ 

ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ ŮɔɔŮɜɐ ŬɓŮɓŬɘɧŰɖŰŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ 

Űɖɜ űɡůɘəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ɡŭɎŰɘɜɤɜ ˊɧɟɤɜ. 

ȷɡŰɐ ɖ ůŰɞɢŬůŰɘəɧŰɖŰŬ ɞŭɖɔŮɑ ůŮ ˊŮɟɘɧŭɞɡɠ ɧˊɞɡ ɞɘ ȷɄȺ ˊŬɟɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ŮɜɏɟɔŮɘŬ (ˊ.ɢ. 
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ɖɚɘɧɚɞɡůŰŮɠ ɐ ɖɛɏɟŮɠ ɛŮ əŬɜɞɜɘəɧ ŬɏɟŬ) əŬɘ ůŮ ɎɚɚŮɠ ɧˊɞɡ ɖ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ŮɚɎɢɘůŰɖ ɐ 

ɛɖŭŮɜɘəɐ. ȼ ŰɡɢŬɘɧŰɖŰŬ ˊŮɟɘˊɚɏəŮɘ Űɖɜ ŮɜůɤɛɎŰɤůɖ Űɤɜ ȷɄȺ ůŮ ŭɑəŰɡŬ, ŬˊŬɘŰɩɜŰŬɠ 

ˊɟɞɖɔɛɏɜŮɠ ŰŮɢɜɘəɏɠ ˊɟɧɓɚŮɣɖɠ əŬɘ ŭɘŬɢŮɑɟɘůɖɠ. 

ȼ Ŭɜɞɛɞɘɧɛɞɟűɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ ŬɜŰŬɜŬəɚɎ Űɖ ůŰɞɢŬůŰɘəɐ Űɞɡɠ űɨůɖ: 

¶ ɄŬɟŬɔɤɔɘəɏɠ ˊŮɟɑɞŭɞɘ: ɆŮ ůɡɜɗɐəŮɠ ɡɣɖɚɐɠ, ɓɏɚŰɘůŰɖɠ əŬɘ Ɏűɗɞɜɖɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ 

űɡůɘəɩɜ ˊɧɟɤɜ (ɧˊɤɠ ɘůɢɡɟɞɑ əŬɘ ůŰŬɗŮɟɞɑ ɎɜŮɛɞɘ ɐ əŬɗŬɟɧɠ, ŬɜɏűŮɚɞɠ ɞɡɟŬɜɧɠ ɛŮ 

ɏɜŰɞɜɖ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ), ɞɘ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ (ȷɄȺ) ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ 

ˊŬɟɎɔɞɡɜ ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ ŮɜɏɟɔŮɘŬɠ, ɖ ɞˊɞɑŬ ɡˊŮɟɓŬɑɜŮɘ ůɖɛŬɜŰɘəɎ Űɖ ŰɟɏɢɞɡůŬ 

ɕɐŰɖůɖ Űɞɡ ŭɘəŰɨɞɡ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ɏɜŬ ůɖɛŬɜŰɘəɧ əŬɘ Ŭɝɘɞˊɞɘɐůɘɛɞ ŮɜŮɟɔŮɘŬəɧ 

ˊɚŮɧɜŬůɛŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŰŬ űɤŰɞɓɞɚŰŬɥəɎ ůɡůŰɐɛŬŰŬ əŬŰɎ Űɘɠ ɛŮůɖɛɓɟɘɜɏɠ ɩɟŮɠ 

Űɞɡ əŬɚɞəŬɘɟɘɞɨ, ɧŰŬɜ ɖ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ ɓɟɑůəŮŰŬɘ ůŰɞ ɛɏɔɘůŰɞ, ˊŬɟɎɔɞɡɜ Űɖɜ 

ɡɣɖɚɧŰŮɟɖ ŭɡɜŬŰɐ ɘůɢɨ, ůɡɢɜɎ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ Űɞˊɘəɐɠ ɐ Ůɗɜɘəɐɠ 

əŬŰŬɜɎɚɤůɖɠ, ˊɟɞůűɏɟɞɜŰŬɠ ŮɡəŬɘɟɑŮɠ ɔɘŬ ŬˊɞɗɐəŮɡůɖ ɐ ŮɝŬɔɤɔɐ. 

¶ ɀɖ ˊŬɟŬɔɤɔɘəɏɠ ˊŮɟɑɞŭɞɘ: ɆŮ ůɡɜɗɐəŮɠ ɢŬɛɖɚɐɠ, ŬɜŮˊŬɟəɞɨɠ ɐ ŬɜɨˊŬɟəŰɖɠ 

ŭɘŬɗŮůɘɛɧŰɖŰŬɠ űɡůɘəɩɜ ˊɧɟɤɜ (ɧˊɤɠ əŬŰɎ Űɖ ɜɨɢŰŬ ɔɘŬ ŰŬ ɖɚɘŬəɎ ůɡůŰɐɛŬŰŬ, ɧˊɞɡ 

ŭŮɜ ɡˊɎɟɢŮɘ əŬɗɧɚɞɡ ɖɚɘŬəɧ űɤɠ, ɐ ůŮ ˊŮɟɘɧŭɞɡɠ ɛŮ ɢŬɛɖɚɞɨɠ, ŬŭɨɜŬɛɞɡɠ ɐ 

ɛɖŭŮɜɘəɞɨɠ Ŭɜɏɛɞɡɠ), ɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɘɠ ȷɄȺ ɛˊɞɟŮɑ ɜŬ ˊɏůŮɘ ůŰɞ ŮɚɎɢɘůŰɞ 

ɐ Ŭəɧɛɖ əŬɘ ɜŬ ɔɑɜŮɘ ŮɜŰŮɚɩɠ ɛɖŭŮɜɘəɐ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ əŮɜɎ ůŰɖɜ əɎɚɡɣɖ Űɖɠ ɕɐŰɖůɖɠ. 

ɆŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, əŬɗɑůŰŬŰŬɘ ŬˊɞɚɨŰɤɠ ŬˊŬɟŬɑŰɖŰɖ ɖ ɢɟɐůɖ ŮɜŬɚɚŬəŰɘəɩɜ 

ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ůɡɛɓŬŰɘəɏɠ ɛɞɜɎŭŮɠ ɐ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ŮɝŬůűŬɚɘůŰŮɑ ɖ ůɡɜɏɢŮɘŬ əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɟɞűɞŭɞůɑŬɠ [16]. 

ȼ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ Űɤɜ ȷɄȺ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɘəŬɜɧŰɖŰŬ ˊɟɧɓɚŮɣɖɠ əŬɘ ŭɘŬɢŮɑɟɘůɖɠ 

ŬɡŰɩɜ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ. ɀɞɜŰɏɚŬ ɧˊɤɠ ŰŬ Monte Carlo ɐ ŰŬ Markov Chain Monte Carlo 

(MCMC) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ůŰɞɢŬůŰɘəɧŰɖŰŬɠ, Ůɜɩ ŰŮɢɜɞɚɞɔɑŮɠ ɧˊɤɠ 

ɞɘ ɛˊŬŰŬɟɑŮɠ ɘɧɜŰɤɜ ɚɘɗɑɞɡ ɐ ŰŬ ůɡůŰɐɛŬŰŬ pumped hydro storage ɛŮŰɟɘɎɕɞɡɜ Űɘɠ ŮˊɘˊŰɩůŮɘɠ 

Űɖɠ [17]. 

ɇɞ ɛŮɔɎɚɞ ˊɚŮɧɜŬůɛŬ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ ˊɟɞəɨˊŰŮɘ ůŮ ˊŮɟɘɧŭɞɡɠ ɡˊŮɟˊŬɟŬɔɤɔɐɠ, ɧŰŬɜ ɖ 

ˊŬɟŬɔɤɔɐ ɡˊŮɟɓŬɑɜŮɘ Űɖ ɕɐŰɖůɖ. ȷɡŰɧ Űɞ ˊɚŮɧɜŬůɛŬ ŮɑɜŬɘ əɟɑůɘɛɞ ɔɘŬ Űɖɜ ŮɜŮɟɔŮɘŬəɐ 

ɛŮŰɎɓŬůɖ, əŬɗɩɠ: 

¶ ȺˊɘŰɟɏˊŮɘ Űɖɜ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ůŮ ɛˊŬŰŬɟɑŮɠ ɐ ɎɚɚŬ ůɡůŰɐɛŬŰŬ ɔɘŬ ɢɟɐůɖ ůŮ ɛɖ 

ˊŬɟŬɔɤɔɘəɏɠ ˊŮɟɘɧŭɞɡɠ. 

¶ ɈˊɞůŰɖɟɑɕŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ ɡŭɟɞɔɧɜɞɡ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ɛɏůɞ ŮɜŮɟɔŮɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɛŮŰŬűɞɟɎɠ,   ɛɏůɤ ɖɚŮəŰɟɧɚɡůɖɠ, ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ŮɜŮɟɔŮɘŬəɐ 

ŮɡŮɚɘɝɑŬ (Ŭəɧɛɖ ůŮ ˊŮɟɘɞɟɘůɛɏɜɖ ɢɟɐůɖ əŬɘ ɛŮ ůɢŮŰɘəɎ ɡɣɖɚɧ əɧůŰɞɠ ɖɚŮəŰɟɧɚɡůɖɠ, 

ɤůŰɧůɞ ŬɡŰɐ ɖ ɛɏɗɞŭɞɠ ɗŮɤɟŮɑŰŬɘ ůŰɟŬŰɖɔɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɞ ɛɏɚɚɞɜ). 

¶ ɀŮɘɩɜŮɘ Űɖɜ ŮɝɎɟŰɖůɖ Ŭˊɧ ɞɟɡəŰɎ əŬɨůɘɛŬ, Ůűɧůɞɜ Űɞ ˊɚŮɧɜŬůɛŬ ŬɝɘɞˊɞɘŮɑŰŬɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ. 

ɋůŰɧůɞ, ɖ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ˊɚŮɞɜɎůɛŬŰɞɠ Ŭˊɧ Űɘɠ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ 

(ȷɄȺ) ŬˊŬɘŰŮɑ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ˊɟɞɖɔɛɏɜɤɜ, ŮɝŮɘŭɘəŮɡɛɏɜɤɜ əŬɘ ɡɣɖɚɐɠ 
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ŰŮɢɜɞɚɞɔɑŬɠ ɡˊɞŭɞɛɩɜ, əŬɗɩɠ ɖ ŮɔɔŮɜɐɠ ůŰɞɢŬůŰɘəɧŰɖŰŬ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮɘ ŬɡŰɏɠ Űɘɠ ˊɖɔɏɠ 

ɛˊɞɟŮɑ ŮɨəɞɚŬ əŬɘ ůɡɢɜɎ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ůɖɛŬɜŰɘəɏɠ ŬˊɩɚŮɘŮɠ ŮɜɏɟɔŮɘŬɠ, ɔɜɤůŰɏɠ ɤɠ 

curtailment (ˊŮɟɘɞɟɘůɛɧɠ ˊŬɟŬɔɤɔɐɠ), ɧŰŬɜ ɖ ɡˊŮɟɓɞɚɘəɐ ˊŬɟŬɔɤɔɐ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ŬˊɞɟɟɞűɖɗŮɑ ˊɚɐɟɤɠ Ŭˊɧ Űɞ ɡˊɎɟɢɞɜ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ, ɚɧɔɤ ˊŮɟɘɞɟɘůɛɏɜɤɜ ŭɡɜŬŰɞŰɐŰɤɜ 

ɛŮŰŬűɞɟɎɠ ɐ ɡˊŮɟűɧɟŰɤůɖɠ. ɄŮɘɟŬɛŬŰɘəɎ əŬɘ ˊɟŬɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ, ŰŬ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ 

Ŭˊɧ ŮəŰŮŰŬɛɏɜŮɠ ɛŮɚɏŰŮɠ əŬɘ ˊŬɟŬəɞɚɞɡɗɐůŮɘɠ, ŭŮɑɢɜɞɡɜ ɛŮ ůŬűɐɜŮɘŬ ɧŰɘ ůŮ ˊŮɟɘɞɢɏɠ əŬɘ 

ɢɩɟŮɠ ɛŮ ɡɣɖɚɐ ŭɘŮɑůŭɡůɖ ȷɄȺ, ɧˊɤɠ ɖ ũŮɟɛŬɜɑŬ əŬɘ ɖ ȾŬɚɘűɧɟɜɘŬ, Űɞ ŮɜŮɟɔŮɘŬəɧ 

ˊɚŮɧɜŬůɛŬ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ɐ əŬɘ ɜŬ ɝŮˊŮɟɎůŮɘ Űɞ 20-30% Űɖɠ ůɡɜɞɚɘəɐɠ ˊŬɟŬɔɤɔɐɠ ůŮ 

ůɡɔəŮəɟɘɛɏɜŮɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ, ɧˊɤɠ əŬŰɎ Űɘɠ ɩɟŮɠ Ŭɘɢɛɐɠ ˊŬɟŬɔɤɔɐɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ˊɟɞəɚɐůŮɘɠ ɔɘŬ Űɖɜ ŬˊɞŭɞŰɘəɐ ŮɜůɤɛɎŰɤůɖ əŬɘ ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ɚɨůŮɘɠ 

ŬˊɞɗɐəŮɡůɖɠ əŬɘ Ůɝɘůɞɟɟɧˊɖůɖɠ [18]. 
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3 ȷˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ   

3.1 ȼ ɏɜɜɞɘŬ & ɖ ɘůŰɞɟɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ 

ȼ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ ɗŮɛŮɚɘɩŭɖ ŭɘŬŭɘəŬůɑŬ ůŰɖɜ ŮɜŮɟɔŮɘŬəɐ ŮˊɘůŰɐɛɖ, ɖ ɞˊɞɑŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ɛŮŰŬŰɟɞˊɐ əŬɘ Űɖɜ ˊɟɞůɤɟɘɜɐ ůɡɔəɏɜŰɟɤůɖ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛɞɟűɏɠ (ˊ.ɢ. ɗŮɟɛɘəɐ, ɛɖɢŬɜɘəɐ, ɢɖɛɘəɐ) ůŮ ŬˊɞɗɖəŮɡɛɏɜŮɠ ɛɞɟűɏɠ, ɛŮ ůəɞˊɧ Űɖɜ Ůə ɜɏɞɡ 

ŬˊŮɚŮɡɗɏɟɤůɐ Űɖɠ əŬŰɎ ˊŮɟɑɞŭɞ ɡɣɖɚɐɠ ɕɐŰɖůɖɠ ɐ ˊŮɟɘɞɟɘůɛɏɜɖɠ ˊŬɟŬɔɤɔɐɠ. ɆɨɛűɤɜŬ ɛŮ 

Űɖ ɗŮɟɛɞŭɡɜŬɛɘəɐ, ɖ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ɓŬůɑɕŮŰŬɘ ůŰɘɠ Ŭɟɢɏɠ ŭɘŬŰɐɟɖůɖɠ ŮɜɏɟɔŮɘŬɠ 

(ˊɟɩŰɞɠ ɜɧɛɞɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ), ɧˊɞɡ ɖ ŮɜɏɟɔŮɘŬ ɛŮŰŬűɏɟŮŰŬɘ ɢɤɟɑɠ ŬˊɩɚŮɘŮɠ ůŮ ɘŭŬɜɘəɏɠ 

ůɡɜɗɐəŮɠ, Ůɜɩ ůŰɖɜ ˊɟɎɝɖ ɡűɑůŰŬɜŰŬɘ ŬˊɩɚŮɘŮɠ ɚɧɔɤ ŮɜŰɟɞˊɑŬɠ əŬɘ Űɟɘɓɐɠ. Ƀɘ ɛɏɗɞŭɞɘ 

ŬˊɞɗɐəŮɡůɖɠ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ůŮ ɗŮɟɛɘəɏɠ, ɛɖɢŬɜɘəɏɠ (ˊ.ɢ. ŭɡɜŬɛɘəɐ) əŬɘ ɢɖɛɘəɏɠ 

(ŮɝɩɗŮɟɛŮɠ ŬɜŰɘŭɟɎůŮɘɠ əŬɡůɑɛɤɜ), ɛŮ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ ɜŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ 

ɖ ˊɡəɜɧŰɖŰŬ ŮɜɏɟɔŮɘŬɠ, ɖ ɘůɢɨɠ ŮəűɧɟŰɘůɖɠ əŬɘ Űɞɜ əɨəɚɞ ɕɤɐɠ. ɆŰɖɜ ɘůŰɞɟɘəɐ Ůɝɏɚɘɝɖ, ɖ 

ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ŬɜŰŬɜŬəɚɎ Űɖɜ ŰŮɢɜɞɚɞɔɘəɐ ˊɟɧɞŭɞ Űɤɜ əɞɘɜɤɜɘɩɜ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ 

ˊɟɤŰɧɔɞɜŮɠ ɗŮɟɛɘəɏɠ ɛŮɗɧŭɞɡɠ ůŰɖɜ ŬɟɢŬɘɧŰɖŰŬ əŬɘ űŰɎɜɞɜŰŬɠ ůŮ ˊɘɞ ůɨɜɗŮŰŮɠ ɛɖɢŬɜɘəɏɠ 

ůɡůəŮɡɏɠ ˊɟɘɜ Űɖɜ ŮűŮɨɟŮůɖ Űɖɠ ɖɚŮəŰɟɘəɐɠ ɛˊŬŰŬɟɑŬɠ Űɞ 1800 [19,20]. 

ɆŰɖɜ ŬɟɢŬɘɧŰɖŰŬ, ɖ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ɓŬůɘɕɧŰŬɜ əɡɟɑɤɠ ůŮ űɡůɘəɏɠ Ŭɟɢɏɠ əŬɘ ˊŬɗɖŰɘəɎ 

ůɡůŰɐɛŬŰŬ. ɄɞɚɘŰɘůɛɞɑ ɧˊɤɠ ɞɘ ɀŮůɞˊɞŰɎɛɘɞɘ əŬɘ ɞɘ ȷɘɔɨˊŰɘɞɘ əŬŰŬůəŮɨŬɕŬɜ űɟɎɔɛŬŰŬ əŬɘ 

ŬɟŭŮɡŰɘəɎ əŬɜɎɚɘŬ, ŬˊɞɗɖəŮɨɞɜŰŬɠ ɜŮɟɧ əŬɘ ŬɝɘɞˊɞɘɩɜŰŬɠ Űɖ ŭɡɜŬɛɘəɐ Űɞɡ ŮɜɏɟɔŮɘŬ ɔɘŬ 

ɎɟŭŮɡůɖ əŬɘ ɛɖɢŬɜɘəɏɠ ɢɟɐůŮɘɠ, ɘŭɘŬɑŰŮɟŬ ůŮ ˊŮɟɘɧŭɞɡɠ Ŭɡɝɖɛɏɜɤɜ ɟɞɩɜ. 

ɄŬɟɎɚɚɖɚŬ, ŮűŬɟɛɧɕɞɜŰŬɜ ɛɞɟűɏɠ ɗŮɟɛɘəɐɠ ŬˊɞɗɐəŮɡůɖɠ ůŮ əŰɑɟɘŬ ɛŮ ˊŬɢŮɑɠ ɢɤɛɎŰɘɜɞɡɠ ɐ 

ˊɚɑɜɗɘɜɞɡɠ Űɞɑɢɞɡɠ, ɞɘ ɞˊɞɑɞɘ, ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ɗŮɟɛɘəɐɠ Űɞɡɠ ɛɎɕŬɠ, ŬˊɞɟɟɞűɞɨůŬɜ 

ɗŮɟɛɧŰɖŰŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ əŬɘ Űɖɜ ŬˊɏŭɘŭŬɜ Űɖ ɜɨɢŰŬ, ɛŮɘɩɜɞɜŰŬɠ Űɘɠ 

ɗŮɟɛɞəɟŬůɘŬəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ. ɆɡɛˊɚɖɟɤɛŬŰɘəɏɠ ˊɟŬəŰɘəɏɠ, ɧˊɤɠ ɞ ɜɡɢŰŮɟɘɜɧɠ ŬŮɟɘůɛɧɠ əŬɘ 

ɖ ůəɑŬůɖ, ŮɜɑůɢɡŬɜ Űɖɜ ˊŬɗɖŰɘəɐ ɟɨɗɛɘůɖ Űɞɡ ŮůɤŰŮɟɘəɞɨ əɚɑɛŬŰɞɠ. Ƀɘ ˊɟŬəŰɘəɏɠ ŬɡŰɏɠ 

ŬˊɞŰŮɚɞɨɜ ˊɟɩɘɛŮɠ ɛɞɟűɏɠ ɡŭɟŬɡɚɘəɐɠ əŬɘ ɗŮɟɛɘəɐɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ, ɓŬůɘůɛɏɜŮɠ 

ŬˊɞəɚŮɘůŰɘəɎ ůŮ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɡɚɘəɩɜ əŬɘ ɟɞɩɜ [21, 22]. 

ȾŬŰɎ Űɖɜ ȽůɚŬɛɘəɐ ɉɟɡůɐ Ⱥˊɞɢɐ (8ɞɠï13ɞɠ Ŭɘ.), ɞɘ cisterns (ɡˊɧɔŮɘŮɠ ŭŮɝŬɛŮɜɏɠ) əŬɘ ŰŬ 

yakhchǕl (ŬˊɞɗɐəŮɠ ˊɎɔɞɡ) ŮəɛŮŰŬɚɚŮɨɞɜŰŬɜ Űɖɜ ɡɣɖɚɐ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ əŬɘ 

Űɖɜ ŮɝŬŰɛɘůŰɘəɐ/ŬəŰɘɜɞɓɞɚɖŰɘəɐ ɣɨɝɖ ɔɘŬ ˊŬɗɖŰɘəɐ ŬˊɞɗɐəŮɡůɖ ɣɨɢɞɡɠ, ɚŮɘŰɞɡɟɔɩɜŰŬɠ ɤɠ 

ɟ́ɩɘɛŬ ůɡůŰɐɛŬŰŬ ˊŬɗɖŰɘəɐɠ ɗŮɟɛɘəɐɠ ŭɘŬɢŮɑɟɘůɖɠ əŬɘ ɓŮɚŰɘɩɜɞɜŰŬɠ Űɖ ɓɘɤůɘɛɧŰɖŰŬ ůŮ 

ɎɜɡŭɟŮɠ ˊŮɟɘɞɢɏɠ ɢɤɟɑɠ ɛɖɢŬɜɘəɐ ŮɜɏɟɔŮɘŬ. ɆŰɖɜ Ⱥɡɟɩˊɖ, ɞɘ ɛɞɜŬůŰɖɟɘŬəɞɑ əɐˊɞɘ 

ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ űɟɎɔɛŬŰŬ ɔɘŬ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ůŮ ɛɨɚɞɡɠ, ɛŮ ˊɟɩɘɛŮɠ ɛɞɟűɏɠ 

flywheel-like ŭɑůəɞɡɠ Ŭˊɧ ˊɏŰɟŬ (ɏɜŬɜŰɘ ɞŭɞɜŰɤŰɩɜ Űɟɞɢɩɜ əŬɘ ɔɟŬɜŬɕɑɤɜ ɐ əŬɘ ˊŮɟɘůŰɟɞűɐ 

Űɞɡ ɑŭɘɞɡ Űɞɡ ɎɝɞɜŬ) ɔɘŬ ŮɝɞɛɎɚɡɜůɖ Űɖɠ ɛɖɢŬɜɘəɐɠ Ůɝɧŭɞɡ, ɛŮɘɩɜɞɜŰŬɠ Űɘɠ ŰŬɚŬɜŰɩůŮɘɠ 

ŰŬɢɨŰɖŰŬɠ əŬŰɎ 20-30%. ȼ ɗŮɟɛɘəɐ ŬˊɞɗɐəŮɡůɖ ˊɟɞɢɩɟɖůŮ ɛŮ Űɖɜ ŮɡɟŮɑŬ ɢɟɐůɖ ɝɨɚɞɡ əŬɘ 

əɎɟɓɞɡɜɞɡ ůŮ ŬˊɞɗɖəŮɡɛɏɜŮɠ ůŰɞɑɓŮɠ, ɧˊɞɡ ɖ ɢɖɛɘəɐ ŮɜɏɟɔŮɘŬ (ŮɝɩɗŮɟɛŮɠ ɞɝŮɑŭɤůɖɠ) 

ŭɘŬŰɖɟɞɨɜŰŬɜ ůŮ ůŰŬɗŮɟɏɠ ůɡɜɗɐəŮɠ ɡɔɟŬůɑŬɠ <10%. ɄŬɟɎɚɚɖɚŬ, ůŰɖɜ ȾɑɜŬ (ȹɡɜŬůŰŮɑŬ 
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Ɇɞɜɔə, 10ɞɠ Ŭɘ.), ɞɘ ŬɜŮɛɞɛɨɚɞɘ ŬˊŬɘŰɞɨůŬɜ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ ɛɏůɤ ɓŬɟɩɜ ůŮ Űɟɞɢɞɨɠ, 

ŮɘůɎɔɞɜŰŬɠ ɏɜɜɞɘŮɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ (Ƀɘ Űɟɞɢɞɑ ɐ ŰŬ ɓɎɟɖ ůŰɞɡɠ ŬɜŮɛɧɛɡɚɞɡɠ ŬˊɞɗɐəŮɡŬɜ 

ˊŮɟɘůŰɟɞűɘəɐ ŮɜɏɟɔŮɘŬ ɛɏůɤ Űɖɠ ŬŭɟɎɜŮɘɎɠ Űɞɡɠ, ŮɝɞɛŬɚɨɜɞɜŰŬɠ Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ əŬɘ ŮɝŬůűŬɚɑɕɞɜŰŬɠ ůŰŬɗŮɟɐ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɛɡɚɩɜ). [21,22,23]. 

ɆŰɖɜ ˊɟɞ-ɓɘɞɛɖɢŬɜɘəɐ ˊŮɟɑɞŭɞ (16ɞɠï18ɞɠ ŬɘɩɜŬɠ), ɞɘ ŰŮɢɜɘəɏɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ 

ɎɟɢɘůŬɜ ɜŬ ŬˊɞəŰɞɨɜ ˊɘɞ ˊɞůɞŰɘəɧ ɢŬɟŬəŰɐɟŬ. ɆŰŬ ɡŭɟŬɡɚɘəɎ ɏɟɔŬ, ɧˊɤɠ ŰŬ űɟɎɔɛŬŰŬ əŬɘ ɞɘ 

ŭŮɝŬɛŮɜɏɠ, ɞɘ ˊɟɩŰŮɠ ɛɞɟűɏɠ ɛŬɗɖɛŬŰɘəɐɠ ˊɟɞůɞɛɞɑɤůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ 

ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ɜŮɟɞɨ əŬɘ ɖ Ŭˊɧŭɞůɖ ˊŬɟŬɔɤɔɐɠ ɡŭɟɞɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ 

ɓŮɚŰɘɤɜɧŰŬɜ ɖ ŬůűɎɚŮɘŬ Űɤɜ əŬŰŬůəŮɡɩɜ. ɆŰɞɜ ɗŮɟɛɘəɧ ŰɞɛɏŬ, ɞɘ ˊŬɗɖŰɘəɏɠ ůŰɟŬŰɖɔɘəɏɠ ůŮ 

əŬŰŬůəŮɡɏɠ Ŭˊɧ űɡůɘəɎ ɡɚɘəɎ ŬɝɘɞɚɞɔɞɨɜŰŬɜ ˊɞůɞŰɘəɎ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ əŬɘ 

Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ɎɜŮůɖɠ Űɤɜ əŬŰɞɑəɤɜ [24,25]. 

3.2  ȼɚŮəŰɟɘůɛɧɠ & ůɨɔɢɟɞɜŮɠ ɛɞɟűɏɠ ŬˊɞɗɐəŮɡůɖɠ   (ȼ ŮɜŮɟɔŮɘŬəɐ 

ɛŮŰɎɓŬůɖ ůŰɖɜ ůɨɔɢɟɞɜɖ Ůˊɞɢɐ ɛŮŰɎ Űɞ 1800)  

ȼ ŮɜŮɟɔŮɘŬəɐ ɛŮŰɎɓŬůɖ ɛŮŰɎ Űɞ 1800 ůɖɛŬŰɞŭɞŰŮɑ Űɖ ɛŮŰɎɓŬůɖ Ŭˊɧ ɛɖɢŬɜɘəɏɠ əŬɘ ɗŮɟɛɘəɏɠ 

ɛɞɟűɏɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɖɚŮəŰɟɞɢɖɛɘəɏɠ əŬɘ ɡɓɟɘŭɘəɏɠ. ɇɞ ˊɟɩŰɞ ɔŬɚɓŬɜɘəɧ əɨŰŰŬɟɞ (Voltaic 

pile, 1800) əŬɘ ɖ ɛˊŬŰŬɟɑŬ ɛɞɚɨɓŭɞɡ-ɞɝɏɞɠ (1859) ɏɗŮůŬɜ ŰŬ ɗŮɛɏɚɘŬ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ əŬɘ 

ɢɟɐůɖ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ŰɖɚŮˊɘəɞɘɜɤɜɑŮɠ əŬɘ ˊɟɩɘɛɞɡɠ əɘɜɖŰɐɟŮɠ. ɄŬɟɎɚɚɖɚŬ, ɖ 

ŬɜɎˊŰɡɝɖ ɡŭɟɞɖɚŮəŰɟɘəɩɜ űɟŬɔɛɎŰɤɜ, ɧˊɤɠ ŬɡŰɧ ůŰɞ Niagara (1895), ŬɝɘɞˊɞɑɖůŮ Űɖɜ 

ŮɜɏɟɔŮɘŬ Űɤɜ ɡŭɎŰɤɜ ɔɘŬ ˊŬɟŬɔɤɔɐ ůŰŬɗŮɟɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŮɝɎɟŰɖůɖ 

Ŭˊɧ ɞɟɡəŰɎ əŬɨůɘɛŬ. 

 ɆŰɞɜ 20ɧ ŬɘɩɜŬ, ɖ ŮɘůŬɔɤɔɐ ɜɏɤɜ Űɨˊɤɜ ŮˊŬɜŬűɞɟŰɘɕɧɛŮɜɤɜ ɛˊŬŰŬɟɘɩɜ, ɧˊɤɠ NiCd 

(ɁɘəŮɚɑɞɡïȾŬŭɛɑɞɡ), NiMH (ɁɘəŮɚɑɞɡïɀŮŰŬɚɚɘəɞɨ Ɉŭɟɘŭɑɞɡ) əŬɘ ɚɘɗɑɞɡ-ɘɧɜŰɤɜ, ŬɨɝɖůŮ Űɖɜ 

ŮɜŮɟɔŮɘŬəɐ ˊɡəɜɧŰɖŰŬ əŬɘ Űɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɤɜ ŬˊɞɗɖəŮɡŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ůŮ ɛɘəɟɧŰŮɟɞ 

ɛɏɔŮɗɞɠ əŬɘ ɓɎɟɞɠ. ɆŰɖɜ ȺɚɚɎŭŬ, ɖ ŮɜůɤɛɎŰɤůɖ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ, ɧˊɤɠ ŬɘɞɚɘəɎ əŬɘ 

űɤŰɞɓɞɚŰŬɥəɎ, ŬˊŬɘŰŮɑ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ, ɧˊɤɠ ŬɜŰɚɖŰɘəɎ űɟɎɔɛŬŰŬ, ɔɘŬ ŮɝɞɛɎɚɡɜůɖ 

Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ ůŰɖɜ ˊŬɟŬɔɤɔɐ [26]. 

ɆŰɞɜ 21ɞ ŬɘɩɜŬ, ˊɟɞɤɗɞɨɜŰŬɘ ŰŮɢɜɞɚɞɔɑŮɠ ɧˊɤɠ solid-state, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůŰŮɟŮɧ 

ɖɚŮəŰɟɞɚɨŰɖ ŬɜŰɑ ɔɘŬ ɡɔɟɧ, ˊɟɞůűɏɟɞɜŰŬɠ ɛŮɔŬɚɨŰŮɟɖ ŬůűɎɚŮɘŬ (ɛɘəɟɧŰŮɟɞɠ əɑɜŭɡɜɞɠ 

ŭɘŬɟɟɞɐɠ ɐ ŬɜɎűɚŮɝɖɠ), ˊɡəɜɧŰɖŰŬ ŮɜɏɟɔŮɘŬɠ əŬɘ ŭɘɎɟəŮɘŬ ɕɤɐɠ. ɆŰɖɜ ȺɚɚɎŭŬ, ɏɟɔŬ ɧˊɤɠ ůŰɖɜ 

ɇɐɚɞ ŭŮɑɢɜɞɡɜ ˊɩɠ ŰŬ Battery Energy Storage Systems ɓŮɚŰɘɩɜɞɡɜ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ 

ŭɘəŰɨɞɡ əŬɘ ŮˊɘŰɟɏˊɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŮɜůɤɛɎŰɤůɖ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ. Ƀɘ əɨɟɘŮɠ ˊɟɞəɚɐůŮɘɠ 

ˊŬɟŬɛɏɜɞɡɜ ɖ əɚɘɛŬŰɘəɐ ŬɓŮɓŬɘɧŰɖŰŬ, ɖ ŮɝɎɟŰɖůɖ Ŭˊɧ əɟɑůɘɛŬ ɡɚɘəɎ əŬɘ Űɞ əɧůŰɞɠ, ŬɚɚɎ 

ůɡɜŭɡŬůɛɏɜŬ ɡɓɟɘŭɘəɎ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ ˊɟɞůűɏɟɞɡɜ ɓɘɤůɘɛɧŰɖŰŬ əŬɘ 

ŮɜŮɟɔŮɘŬəɐ ŬůűɎɚŮɘŬ [27]. 

ȼ ŮɜŮɟɔŮɘŬəɐ ɛŮŰɎɓŬůɖ, Ŭˊɧ Űɖɜ ɖɚŮəŰɟɞɢɖɛɘəɐ ŮˊŬɜɎůŰŬůɖ ɏɤɠ ŰŬ ůɨɔɢɟɞɜŬ ɏɝɡˊɜŬ ŭɑəŰɡŬ, 

əŬɗɘůŰɎ Űɖɜ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ əɟɑůɘɛɞ ˊɡɚɩɜŬ ɓɘɤůɘɛɧŰɖŰŬɠ. ɇŬ smart grids (ůɨɔɢɟɞɜŬ 

ɖɚŮəŰɟɘəɎ ŭɑəŰɡŬ) ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŮɢɜɞɚɞɔɑŮɠ IoT əŬɘ AI ɔɘŬ ŭɘŬɢŮɑɟɘůɖ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, 

ˊɟɞɓɚɏˊɞɜŰŬɠ ɕɐŰɖůɖ əŬɘ ˊɟɞůűɞɟɎ əŬɘ ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŮɝɎɟŰɖůɖ Ŭˊɧ ɞɟɡəŰɎ əŬɨůɘɛŬ ɛɏůɤ 
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ůɡɜŭɡŬůɛɞɨ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ əŬɘ ŬˊɞɗɐəŮɡůɖɠ.  

ɆŰɖɜ ȺɚɚɎŭŬ, ɖ ɛŮŰɎɓŬůɖ Ŭˊɧ ɜɖůɘɤŰɘəɎ ŭɑəŰɡŬ (ɧˊɤɠ ɖ ɇɐɚɞɠ, ɧˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ůɨůŰɖɛŬ 

ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ ɛŮ ɛˊŬŰŬɟɑŮɠ, Űɞ ɞˊɞɑɞ ŬˊɞɗɖəŮɨŮɘ Űɖɜ ˊɚŮɞɜɎɕɞɡůŬ ˊŬɟŬɔɤɔɐ Ŭˊɧ 

ȷɄȺ əŬɘ Űɖɜ ŬˊɞŭɑŭŮɘ ɧŰŬɜ ŬˊŬɘŰŮɑŰŬɘ) ůŮ ɖˊŮɘɟɤŰɘəɎ (ɛŮ űɟɎɔɛŬŰŬ ȹȺȼ) ɚŮɘŰɞɡɟɔŮɑ ɤɠ 

ˊɟŬəŰɘəɧ ɛɞɜŰɏɚɞ: ɇŬ ɡŭɟŬɡɚɘəɎ ůɡůŰɐɛŬŰŬ ˊŬɟɏɢɞɡɜ ɛŬəɟɞɢɟɧɜɘŬ ŬˊɞɗɐəŮɡůɖ (ɩɟŮɠ-

ɖɛɏɟŮɠ), Ůɜɩ ɞɘ ɛˊŬŰŬɟɑŮɠ əŬɚɨˊŰɞɡɜ ɓɟŬɢɡˊɟɧɗŮůɛŮɠ ŭɘŬəɡɛɎɜůŮɘɠ (ɚŮˊŰɎ-ɩɟŮɠ). 

ɄŬɟɎɚɚɖɚŬ, ɖ ŬɜŬɓɑɤůɖ ˊŬɟŬŭɞůɘŬəɩɜ ˊɟŬəŰɘəɩɜ ůɡɚɚɞɔɐɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ ɓɟɧɢɘɜɞɡ 

ɜŮɟɞɨ ůŮ ŭŮɝŬɛŮɜɏɠ, ɧˊɤɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȹɡŰɘəɐɠ ɀɎɜɖɠ , ˊɟɞůɗɏŰŮɘ ɛɘŬ Ŭəɧɛɖ ɓŬɗɛɑŭŬ 

ɛɘəɟɐɠ əɚɑɛŬəŬɠ, Ůˊɞɢɘəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɜŮɟɞɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɜŭɡŬůŰŮɑ ɛŮ ɛɘəɟɎ ŬɜŰɚɖŰɘəɎ 

ɐ ɡŭɟɞɖɚŮəŰɟɘəɎ ůɡůŰɐɛŬŰŬ [28]. ɇŬ ůŰŬŰɘůŰɘəɎ ɛɞɜŰɏɚŬ (ˊ.ɢ. Monte Carlo, ůŰŬŰɘůŰɘəɐ 

ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ˊɞɚɚɏɠ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ ŰɡɢŬɑŮɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ɔɘŬ ɜŬ 

ŮəŰɘɛɐůŮɘ ˊɘɗŬɜɎ ŬˊɞŰŮɚɏůɛŬŰŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ) əŬɘ ɡŭɟŬɡɚɘəɎ ɛɞɜŰɏɚŬ (Saint-Venant, 

ŮɝɘůɩůŮɘɠ ˊɞɡ ́ ŮɟɘɔɟɎűɞɡɜ Űɖ ɟɞɐ ůŮ ŬɜɞɘɢŰɞɨɠ Ŭɔɤɔɞɨɠ əŬɘ ˊɞŰɎɛɘŬ) ɛŮɘɩɜɞɡɜ ŬɓŮɓŬɘɧŰɖŰŮɠ 

Ŭˊɧ əɚɘɛŬŰɘəɏɠ ɛŮŰŬɓɞɚɏɠ, ŮɝŬůűŬɚɑɕɞɜŰŬɠ ŮɜŮɟɔŮɘŬəɐ ŬɜŮɝŬɟŰɖůɑŬ əŬɘ ɞɘəɞɜɞɛɘəɐ 

ůŰŬɗŮɟɧŰɖŰŬ. ȷɡŰɐ ɖ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ ˊɟɞɎɔŮɘ Űɖɜ əɡəɚɘəɐ ɞɘəɞɜɞɛɑŬ, ɧˊɞɡ ɖ ŮɜɏɟɔŮɘŬ 

ŭŮɜ ůˊŬŰŬɚɘɏŰŬɘ, ŬɚɚɎ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ. [29, 30, 31]. 

3.3 ȷɜŰɚɖůɘɞŰŬɛɑŮɡůɖ 

3.3.1 ũŮɜɘəɐ ˊŮɟɘɔɟŬűɐ ɏɟɔɞɡ  

ȼ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ ŬˊɞŰŮɚŮɑ ɛɘŬ əŬɗɘŮɟɤɛɏɜɖ ɛɏɗɞŭɞ ŬˊɞɗɐəŮɡůɖɠ 

ŮɜɏɟɔŮɘŬɠ, ɛŮ əɨɟɘɞ ůŰɧɢɞ Űɖɜ Ůɝɘůɞɟɟɧˊɖůɖ Űɖɠ ůŰɞɢŬůŰɘəɧŰɖŰŬɠ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ 

ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ɖ Ŭɘɞɚɘəɐ əŬɘ ɖɚɘŬəɐ, əŬɗɩɠ əŬɘ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ ůŰŬɗŮɟɧŰɖŰŬɠ Űɞɡ 

ɖɚŮəŰɟɘəɞɨ ŭɘəŰɨɞɡ. ȼ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖ ɚŮɘŰɞɡɟɔŮɑ ɛɏůɤ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ ůŮ ŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ ɜŮɟɞɨ əŬɘ ŬɜŰɑůŰɟɞűŬ, ŬɝɘɞˊɞɘɩɜŰŬɠ ŭɨɞ ŰŬɛɘŮɡŰɐɟŮɠ 

ɜŮɟɞɨ ůŮ ŭɘŬűɞɟŮŰɘəɎ ɡɣɧɛŮŰɟŬ, ůɡɜŭŮŭŮɛɏɜɞɡɠ ɛŮ Ŭɔɤɔɞɨɠ, əŬɘ ɛɘŬ ɛɞɜɎŭŬ ŬɜŰɚɑŬɠ-

ůŰɟɞɓɑɚɞɡ ůɡɜŭɡŬůɛɏɜɖ ɛŮ ɔŮɜɜɐŰɟɘŬ.  

ȾŬŰɎ Űɖ űɎůɖ ŬˊɞɗɐəŮɡůɖɠ, ɖ ˊɚŮɞɜɎɕɞɡůŬ ŮɜɏɟɔŮɘŬ Ŭˊɧ ˊŮɟɘɧŭɞɡɠ ɢŬɛɖɚɐɠ ɕɐŰɖůɖɠ ɐ 

ɡɣɖɚɐɠ ˊŬɟŬɔɤɔɐɠ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɎɜŰɚɖůɖ ɜŮɟɞɨ Ŭˊɧ Űɞɜ 

əŬŰɩŰŮɟɞ ůŰɞɜ ŬɜɩŰŮɟɞ ŰŬɛɘŮɡŰɐɟŬ, ɛɏůɤ űɡɔɞəŮɜŰɟɘəɩɜ ɐ Ŭɝɞɜɘəɩɜ ŬɜŰɚɘɩɜ, ɛŮ ŮɜŮɟɔŮɘŬəɐ 

Ŭˊɧŭɞůɖ 70-85%. ɆŰɖ űɎůɖ ˊŬɟŬɔɤɔɐɠ, Űɞ ɜŮɟɧ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ Ŭˊɧ Űɞɜ ŬɜɩŰŮɟɞ 

ŰŬɛɘŮɡŰɐɟŬ, əɘɜɩɜŰŬɠ ɏɜŬɜ ɡŭɟɞůŰɟɧɓɘɚɞ Űɨˊɞɡ Francis ɐ Pelton, ɞ ɞˊɞɑɞɠ ˊŬɟɎɔŮɘ ɖɚŮəŰɟɘəɐ 

ŮɜɏɟɔŮɘŬ ɛŮ Ŭˊɧŭɞůɖ Ɏɜɤ Űɞɡ 90%, Ůɜɩ ɖ ůɡɜɞɚɘəɐ əɡəɚɘəɐ Ŭˊɧŭɞůɖ űŰɎɜŮɘ Űɞ 70-80%. ȼ 

Ůˊɘɚɞɔɐ ŰɞˊɞɗŮůɑŬɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ɔŮɤɚɞɔɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ, ɧˊɤɠ ɖ ɡɣɞɛŮŰɟɘəɐ ŭɘŬűɞɟɎ əŬɘ 

ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ɜŮɟɞɨ, Ůɜɩ ˊɟɞɖɔɛɏɜŮɠ ŰŮɢɜɞɚɞɔɑŮɠ, ɧˊɤɠ ɞɘ ůŰɟɧɓɘɚɞɘ ɛŮŰŬɓɚɖŰɐɠ 

ŰŬɢɨŰɖŰŬɠ, ɓŮɚŰɘɩɜɞɡɜ Űɖɜ Ŭˊɧəɟɘůɖ ůŮ ŭɘŬəɡɛɎɜůŮɘɠ űɞɟŰɑɞɡ.  

Ƀ ůŰɧɢɞɠ Űɖɠ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ ŮɑɜŬɘ ɖ ŬˊɞɗɐəŮɡůɖ ˊɚŮɞɜɎɕɞɡůŬɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ ɢɟɐůɖ ůŮ 

ˊŮɟɘɧŭɞɡɠ ɡɣɖɚɐɠ ɕɐŰɖůɖɠ, ɖ ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ, ɖ ɛŮɑɤůɖ Űɖɠ ŮɝɎɟŰɖůɖɠ Ŭˊɧ 

ɞɟɡəŰɎ əŬɨůɘɛŬ əŬɘ ɖ ɡˊɞůŰɐɟɘɝɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɛŮŰɎɓŬůɖɠ ɛɏůɤ Űɖɠ ŮɜůɤɛɎŰɤůɖɠ 

ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ. ɄŬɟɎ Űɖɜ ɡɣɖɚɐ Ŭˊɧŭɞůɖ, ɖ ŰŮɢɜɞɚɞɔɑŬ ŬɜŰɘɛŮŰɤˊɑɕŮɘ ˊɟɞəɚɐůŮɘɠ, ɧˊɤɠ 



28 

Űɞ ɡɣɖɚɧ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ əŬɘ ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ Ŭˊɧ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

ŰŬɛɘŮɡŰɐɟɤɜ [32,33,34]. 

 

ȺɘəɧɜŬ 3.1 ȷɜŰɚɖůɘɞŰŬɛɑŮɡůɖ ŬˊŮɘəɧɜɖůɖ [44]  

3.3.2 ɇŮɢɜɘəɏɠ ˊɟɞŭɘŬɔɟŬűɏɠ ɏɟɔɞɡ 

ɇɞ ɏɟɔɞ Űɖɠ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ, Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ůŰɖɜ Ŭɟɢɐ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ ůŮ ŭɡɜŬɛɘəɐ ɡɣɞɛŮŰɟɘəɐ ŮɜɏɟɔŮɘŬ əŬɘ ŬɜŰɑůŰɟɞűŬ, ɛɏůɤ Űɖɠ ŬɜŬůŰɟɏɣɘɛɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Ůɘŭɘəɩɜ ɛɖɢŬɜɖɛɎŰɤɜ ˊɞɡ ůɡɜŭɡɎɕɞɡɜ ŬɜŰɚɑŬ əŬɘ ůŰɟɧɓɘɚɞ, ˊŮɟɘɚŬɛɓɎɜŮɘ 

ůɡɜŮɟɔŬɕɧɛŮɜŬ ɡˊɞůɡůŰɐɛŬŰŬ ðɧˊɤɠ ɚŮəɎɜŮɠ ŬˊɞɗɐəŮɡůɖɠ, Ŭɔɤɔɞɨɠ ˊɑŮůɖɠ, 

ůŰɟɞɓɘɚɞŬɜŰɚɑŮɠ, ɔŮɜɜɐŰɟɘŮɠ əŬɘ ˊɟɞůŰŬŰŮɡŰɘəɎ ɡɚɘəɎð ŰŬ ɞˊɞɑŬ ɚŮɘŰɞɡɟɔɞɨɜ ŬɟɛɞɜɘəɎ ɔɘŬ 

Űɖɜ ŬˊɞɗɐəŮɡůɖ ˊɚŮɞɜɎɕɞɡůŬɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɜ ɎɛŮůɖ ŬˊŮɚŮɡɗɏɟɤůɐ Űɖɠ əŬŰɎ Űɘɠ ˊŮɟɘɧŭɞɡɠ 

Ŭɘɢɛɐɠ. ȼ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ŭɞɛɐ, Űɖ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɞɜ ɟɧɚɞ əɎɗŮ ɓŬůɘəɞɨ 

ůŰɞɘɢŮɑɞɡ, ɛŮ ɏɛűŬůɖ ůŰɖɜ ŰŮɢɜɘəɐ Űɞɡɠ ŬɚɚɖɚŮɝɎɟŰɖůɖ əŬɘ Űɖ ůɡɛɓɞɚɐ Űɞɡɠ ůŰɖ ůɡɜɞɚɘəɐ 

Ŭˊɧŭɞůɖ əŬɘ ŬɝɘɞˊɘůŰɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

1. ɇŬ ɔŮɤˊɎɜŬ (geotextiles) ŮɑɜŬɘ ůɡɜɗŮŰɘəɎ ɐ űɡůɘəɎ ɡűɎůɛŬŰŬ ɛŮ ɡɣɖɚɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬ, 

ŬɜŰɞɢɐ ůŮ UV/ɢɖɛɘəɎ əŬɘ ŭɘɎɟəŮɘŬ ɕɤɐɠ 20-50+ ɏŰɖ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ůŰɟɩɛŬ 

ɛɧɜɤůɖɠ/ˊɟɞůŰŬůɑŬɠ ůŮ ŰŬɛɘŮɡŰɐɟŮɠ ɔɘŬ ɡŭŬŰɞůŰŮɔɎɜɤůɖ, ɗŮɟɛɘəɐ ɛɧɜɤůɖ (Ñ5ÁC 

ůŰŬɗŮɟɧŰɖŰŬ), űɘɚŰɟɎɟɘůɛŬ/ŬˊɞůŰɟɎɔɔɘůɖ, ˊɟɞůŰŬůɑŬ Ŭˊɧ ɛɖɢŬɜɘəɐ ɓɚɎɓɖ [35,36,37].

 

ȺɘəɧɜŬ 3.2 ũŮɩˊŬɜŬ [37]  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ɔŮɤ-ɡűŬůɛɎŰɤɜ ˊŬɟŬɗɏŰɞɜŰŬɘ ɤɠ Ůɝɐɠ [37]: 

¶ ȹɘŬɢɤɟɘůɛɧɠ: ɆɢɖɛŬŰɑɕŮɘ ŬɝɘɧˊɘůŰɞ ŭɘŬɢɤɟɘůŰɘəɧ űɟɎɔɛŬ ŬɜɎɛŮůŬ ůŮ ŮŰŮɟɞɔŮɜɐ 

ůŰɟɩɛŬŰŬ ɡɚɘəɩɜ, ɧˊɤɠ ɢɩɛŬ, Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘ. 
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¶ ȹɘɐɗɖůɖ: ȹɘŮɡəɞɚɨɜŮɘ Űɖɜ ŮɚŮɨɗŮɟɖ ɟɞɐ Űɞɡ ɜŮɟɞɨ, Ůɜɩ ˊŬɟŮɛˊɞŭɑɕŮɘ əŬɘ ůɡɔəɟŬŰŮɑ 

ɚŮˊŰɎ ůɤɛŬŰɑŭɘŬ, ɧˊɤɠ ɘɚɨɠ əŬɘ Ɏɛɛɞɠ. 

¶ ȷˊɞůŰɟɎɔɔɘůɖ: ɄɟɞɎɔŮɘ Űɖɜ ŮůɤŰŮɟɘəɐ ɛŮŰŬűɞɟɎ əŬɘ ˊɚɐɟɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ɜŮɟɞɨ 

Ŭˊɧ Űɖɜ əŬŰŬůəŮɡɐ ɛɏůɤ Űɤɜ ɔŮɤɡűŬůɛɎŰɤɜ. 

¶ ɄɟɞůŰŬůɑŬ: ɄŬɟɏɢŮɘ ŬɜŰɞɢɐ ůŮ ɡɣɖɚɏɠ Űɞˊɘəɏɠ əŬɘ ŮɝɤŰŮɟɘəɏɠ əŬŰŬˊɞɜɐůŮɘɠ, 

ˊɟɞůŰŬŰŮɨɞɜŰŬɠ Űɖɜ əŬŰŬůəŮɡɐ Ŭˊɧ ɛɖɢŬɜɘəɏɠ űɗɞɟɏɠ. 

ɇŬ ŭɘɎűɞɟŬ Ůɑŭɖ ɔŮɩˊŬɜɤɜ ɛŮ ɓɎůɖ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ, Űɞ ɡɚɘəɧ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ŰŬ Ůɝɐɠ 

[38]:  

¶ ɈűŬɜŰɧ ɔŮɩˊŬɜɞ (Woven Geotextile): Ʉɞɚɡˊɟɞˊɡɚɏɜɘɞ, ˊɡəɜɧ ˊɚɏɔɛŬ, ɔɘŬ 

ŭɘŬɢɤɟɘůɛɧ ŮŭŬűɩɜ əŬɘ ɡɣɖɚɐ ŬɜŰɞɢɐ ůŮ ŰɎůɖ. 

¶ ɀɖ ɡűŬɜŰɧ ɔŮɩˊŬɜɞ (Non-woven Geotextile): ɆɡɜɗŮŰɘəɏɠ ɑɜŮɠ, ŰɟɘůŭɘɎůŰŬŰɞ ŭɑəŰɡɞ, 

ɔɘŬ ŬˊɞůŰɟɎɔɔɘůɖ, űɘɚŰɟɎɟɘůɛŬ əŬɘ ˊɟɞůŰŬůɑŬ ůŮ ŰŬɛɘŮɡŰɐɟŮɠ. 

¶ ũŮɤɛŮɛɓɟɎɜɖ (Geomembrane): ȷŭɘŬˊɏɟŬůŰɞ űɘɚɛ, ɔɘŬ ˊɚɐɟɖ ɡŭŬŰɞůŰŮɔɎɜɤůɖ əŬɘ 

ɗŮɟɛɘəɐ ɛɧɜɤůɖ. 

¶ ũŮɤˊɚɏɔɛŬ (Geogrid): ȹɘəŰɡɤŰɧ, ɡɣɖɚɐɠ ŬɜŰɞɢɐɠ, ɔɘŬ Ůɜɑůɢɡůɖ ŮŭɎűɞɡɠ əɎŰɤ Ŭˊɧ 

ŰŬɛɘŮɡŰɐɟŮɠ. 

¶ ũŮɤəɡɣɏɚɖ (Geocell): ȾɡɣŮɚɩŭɖɠ ŭɞɛɐ, ɔɘŬ ůŰŬɗŮɟɞˊɞɑɖůɖ ˊɟŬɜɩɜ əŬɘ əŬŰŬɜɞɛɐ 

űɞɟŰɑɤɜ. 

 

   

(Ŭ) (ɓ) (ɔ) 

 

( 

 

 

(ŭ) (Ů)  

ȺɘəɧɜŬ 3.3 (Ŭ) ũŮɤəɡɣɏɚɖ [39], (ɓ) ũŮɤɛŮɛɓɟɎɜɖ [40], (ɔ) ɀɖ ɡűŬɜŰɧ ɔŮɤˊɎɜɞ [41], (ŭ) ɈűŬɜŰɧ ɔŮɤˊɎɜɞ [42] , (Ů) 

ũŮɤˊɚɏɔɛŬ [43]  

ũɘŬ ɏɜŬ ɡŭɟɞɖɚŮəŰɟɘəɧ ɏɟɔɞ ɧˊɤɠ ŬɡŰɧ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ ůŰɖɜ ɓɧɟŮɘŬ ȺɨɓɞɘŬ ɛɘŬ əŬɚɐ Ůˊɘɚɞɔɐ 

ŮɑɜŬɘ ɏɜŬ ɛɖ ɡűŬɜŰɧ ɔŮɤɨűŬůɛŬ ˊɞɚɡˊɟɞˊɡɚŮɜɑɞɡ, Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ 
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ˊɟɞůŰŬŰŮɡŰɘəɧ ůŰɟɩɛŬ Űɖɠ ůŰŮɔŬɜɞˊɞɘɖŰɘəɐɠ ɛŮɛɓɟɎɜɖɠ, ŭɘŬɢɤɟɘůŰɘəɧ ɛŮŰŬɝɨ 

ɢɩɛŬŰɞɠ/ɢŬɚɑəɞɡ əŬɘ ŬˊɞůŰɟŬɔɔɘůŰɘəɧ ɔɘŬ Űɖɜ ɡɔɟŬůɑŬ, ŮɝŬůűŬɚɑɕɞɜŰŬɠ ɛŬəɟɞɢɟɧɜɘŬ ŬɜŰɞɢɐ 

(>20 ɏŰɖ) ůŮ ůɡɜɗɐəŮɠ ˊɑŮůɖɠ əŬɘ Űɟɘɓɐɠ. 

2. ȼ ůŰɟɞɓɘɚɞŬɜŰɚɑŬ ɚŮɘŰɞɡɟɔŮɑ ŭɘˊɚɎ: ɤɠ ŬɜŰɚɑŬ, əŬŰŬɜŬɚɩɜŮɘ ˊɚŮɞɜɎɕɞɡůŬ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ 

Ŭˊɧ Űɞ ŭɑəŰɡɞ, ŬɜɡɣɩɜŮɘ ɜŮɟɧ Ŭˊɧ Űɖɜ əɎŰɤ ůŰɖɜ Ɏɜɤ ɚŮəɎɜɖ əŬɘ ŬˊɞɗɖəŮɨŮɘ ŮɜɏɟɔŮɘŬ ɤɠ 

ɡɣɞɛŮŰɟɘəɐ ŭɘŬűɞɟɎ. ɋɠ ůŰɟɧɓɘɚɞɠ, ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ Űɞ ɜŮɟɧ ɛɏůɤ Ŭɔɤɔɞɨ, əɘɜŮɑ Űɞɜ 

ůŰɟɧɓɘɚɞ, ɞŭɖɔŮɑ Űɖ ɔŮɜɜɐŰɟɘŬ əŬɘ ˊŬɟɎɔŮɘ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ŮɘůɎɔŮŰŬɘ ůŰɞ ŭɑəŰɡɞ, Ůɜɩ 

Űɞ ɜŮɟɧ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ əɎŰɤ ɚŮəɎɜɖ. ɀŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ Ůɘŭɘəɩɜ ůŰɟɞűɩɜ, ɞɘ ŬɜŰɚɖŰɘəɞɑ 

ůŰɟɧɓɘɚɞɘ ɛˊɞɟɞɨɜ ɜŬ ŮɔəŬŰŬůŰŬɗɞɨɜ ůŮ ɗɏůŮɘɠ ɛŮ ɡɣɞɛŮŰɟɘəɏɠ ŭɘŬűɞɟɏɠ Ŭˊɧ ɚɘɔɧŰŮɟɞ Ŭˊɧ 

50 ɏɤɠ əŬɘ 800 ɛɏŰɟŬ, əŬɘ ɛŮ ɛɞɜɎŭŮɠ ɘůɢɨɞɠ Ŭˊɧ əɎŰɤ Űɤɜ 10 ɏɤɠ ˊɎɜɤ Ŭˊɧ 500 MW [44]. 

 

ȺɘəɧɜŬ 3.4 ɆŰɟɞɓɘɚɞŬɜŰɚɑŬ [44]  

ȼ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ŬɜŬůŰɟɏɣɘɛɤɜ ůŰɟɞɓɑɚɤɜ Francis ŬˊɞŰŮɚɞɨɜ Űɖɜ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜɖ ɚɨůɖ 

ɔɘŬ ɛŮůŬɑŬ ɨɣɖ ˊŰɩůɖɠ əŬɘ ɛŮɔɎɚŮɠ ˊŬɟɞɢɏɠ, ůɡɜŭɡɎɕɞɜŰŬɠ ɡɣɖɚɐ Ŭˊɧŭɞůɖ ɛŮ ůɡɛˊŬɔɐ 

ůɢŮŭɑŬůɖ. ȼ ŮɜůɤɛɎŰɤůɖ ˊɟɞɖɔɛɏɜɤɜ ŬɟɘɗɛɖŰɘəɩɜ ɛŮɗɧŭɤɜ, ˊɟɞůɞɛɞɘɩůŮɤɜ ɟɞɐɠ əŬɘ 

ůɡɜŭɡŬůɛɏɜɤɜ ɡŭɟɞɛɖɢŬɜɘəɩɜ ŬɜŬɚɨůŮɤɜ ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŮ ůɖɛŬɜŰɘəɐ ɓŮɚŰɑɤůɖ Űɖɠ 

ɚŮɘŰɞɡɟɔɘəɐɠ ŮɡŮɚɘɝɑŬɠ əŬɘ Űɖɠ ůɡɛɓɞɚɐɠ Űɞɡɠ ůŰɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ɖɚŮəŰɟɘəɞɨ ŭɘəŰɨɞɡ. Ƀɘ 

ůɨɔɢɟɞɜŮɠ ŭɘŬɛɞɟűɩůŮɘɠ Űɤɜ Francis, Űɧůɞ ɔɘŬ ɛŮɔɎɚŮɠ ɧůɞ əŬɘ ɔɘŬ ɛɘəɟɏɠ ɡŭɟɞɖɚŮəŰɟɘəɏɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ, ˊɟɞůűɏɟɞɡɜ ŰŮɢɜɘəɞɞɘəɞɜɞɛɘəɎ ŬˊɞŭɞŰɘəɏɠ ɚɨůŮɘɠ ɛŮ ɏɛűŬůɖ ůŰɖɜ Ŭˊɧŭɞůɖ, 

Űɖɜ ŬɝɘɞˊɘůŰɑŬ əŬɘ Űɖɜ ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬ ůŰɘɠ ŮɝŮɚɘůůɧɛŮɜŮɠ ŬɜɎɔəŮɠ Űɖɠ ŬɔɞɟɎɠ ŮɜɏɟɔŮɘŬɠ.  

  

(Ŭ) (ɓ) 

ȺɘəɧɜŬ 3.5 (Ŭ)&(ɓ) Ʉɟɞůɞɛɞɑɤůɖ ůŰɟɞɓɑɚɞɡ Francis [45]  

ũɘŬ ɏɜŬ ɡŭɟɞɖɚŮəŰɟɘəɧ ɏɟɔɞ ɛŮ ɛɘŬ ɛɏŰɟɘŬ ɤűɏɚɘɛɖ ɢɤɟɖŰɘəɧŰɖŰŬ, ɡɣɞɛŮŰɟɘəɐ ŭɘŬűɞɟɎ 

ˊŮɟɑˊɞɡ 150 m əŬɘ ˊŬɟɞɢɐ ɛŮɔŬɚɨŰŮɟɖ Űɤɜ 5 mį/s, ɖ ɓɏɚŰɘůŰɖ Ůˊɘɚɞɔɐ ůŰɟɞɓɑɚɞɡ ŮɑɜŬɘ ɞ 

Francis. Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ Űɨˊɞɠ ůŰɟɞɓɑɚɞɡ ˊɟɞůűɏɟŮɘ ɡɣɖɚɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ ůŮ ɛŮůŬɑŬ ɏɤɠ 

ɡɣɖɚɎ heads, ɛˊɞɟŮɑ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ɛŮɔɎɚŮɠ ˊŬɟɞɢɏɠ ɢɤɟɑɠ ůɖɛŬɜŰɘəɏɠ ŬˊɩɚŮɘŮɠ, Ůɜɩ 
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ŰŬɡŰɧɢɟɞɜŬ ŮɝŬůűŬɚɑɕŮɘ ŬɝɘɧˊɘůŰɖ əŬɘ ůŰŬɗŮɟɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɛɞɜɎŭŬɠ. ȼ ůɡɛˊŬɔɐɠ 

ůɢŮŭɑŬůɐ Űɞɡ, ɖ ɚŮɘŰɞɡɟɔɘəɐ ŮɡŮɚɘɝɑŬ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Ůɨəɞɚɖɠ ůɡɜŰɐɟɖůɖɠ Űɞɜ əŬɗɘůŰɞɨɜ 

ɘŭŬɜɘəɧ ɔɘŬ ɛɞɜɎŭŮɠ ɛɏůɖɠ ɘůɢɨɞɠ ůŮ ŰŬɛɘŮɡŰɐɟŮɠ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ. 

3. Ƀɘ penstock ůɤɚɐɜŮɠ, ɤɠ əɟɑůɘɛŬ ůŰɞɘɢŮɑŬ əɎɗŮ ɡŭɟɞɖɚŮəŰɟɘəɞɨ ɏɟɔɞɡ ŬɜŰɚɖŰɘəɐɠ ŰŬɛɑŮɡůɖɠ, 

ŮɑɜŬɘ əɚŮɘůŰɞɑ Ŭɔɤɔɞɑ Ŭˊɧ ɐˊɘɞ ɢɎɚɡɓŬ, GRP (ˊɚŬůŰɘəɧ Ůɜɘůɢɡɛɏɜɞ ɛŮ ɑɜŮɠ ɔɡŬɚɘɞɨ), RCC 

(ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ), ůŮ ɛŮɔɎɚɞɡɠ ɡˊɧɔŮɘɞɡɠ Ŭɔɤɔɞɨɠ ɐ HDPE (ˊɞɚɡŬɘɗɡɚɏɜɘɞ ɡɣɖɚɐɠ 

ˊɡəɜɧŰɖŰŬɠ), ɛɧɜɞ ůŮ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ɏɟɔŬ ɛŮ ɛɘəɟɧŰŮɟŮɠ ˊɘɏůŮɘɠ, ɛŮ əɨɟɘɞ ɡɚɘəɧ Űɞɜ ɢɎɚɡɓŬ 

ɚɧɔɤ ŮɡɟŮɑŬɠ ŮűŬɟɛɞɔɐɠ əŬɘ ŬɜŰɞɢɐɠ ůŮ ɡɣɖɚɐ ɡŭɟɞůŰŬŰɘəɐ/ŭɡɜŬɛɘəɐ ˊɑŮůɖ.  

ȸŬůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ŭɔɤɔɞɨ ŮɑɜŬɘ:  

¶ ŭɘɎɛŮŰɟɞɠ 0.3-6 m, 

¶ ˊɎɢɞɠ ŰɞɘɢɩɛŬŰɞɠ 20-100 mm, 

¶ ŰŬɢɨŰɖŰŬ ɟɞɐɠ 2-6 m/s, 

¶ ůɡɜŰŮɚŮůŰɐɠ Űɟɘɓɐɠ Manning n å 0.012, 

¶ ŬˊɩɚŮɘŮɠ Űɟɘɓɐɠ əŬɘ ůɡɜɞɚɘəɏɠ ŬˊɩɚŮɘŮɠ (Űɟɘɓɐ + ŮɘŭɘəɎ ŮɝŬɟŰɐɛŬŰŬ: ŮɘůŬɔɤɔɐ, 

ɓŬɚɓɑŭŮɠ, əŬɛˊɨɚŮɠ) [46]. 

  

(Ŭ) (ɓ) 

ȺɘəɧɜŬ 3.6 (Ŭ)&(ɓ) ɆɤɚɐɜŬɠ Penstok 

Ƀɘ penstock Ŭɔɤɔɞɑ ɚŮɘŰɞɡɟɔɞɨɜ ɡˊɧ ůŰŬŰɘəɐ əŬɘ ŭɡɜŬɛɘəɐ ˊɑŮůɖ, ŬɜŰɏɢɞɡɜ ɡŭɟɞəɟɞɡůɑŬ əŬɘ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮɘŭɘəɎ ŮɝŬɟŰɐɛŬŰŬ ɧˊɤɠ: 

¶ Ⱥɑůɞŭɞɠ  ɛŮ ˊɚɏɔɛŬ ɔɘŬ ɞɛŬɚɐ ɟɞɐ, 

¶ ȸŬɚɓɑŭŮɠ/ˊɨɚŮɠ ůŰɖɜ Ŭɟɢɐ əŬɘ Űɏɚɞɠ ɔɘŬ ɏɚŮɔɢɞ ˊŬɟɞɢɐɠ, 

¶ ȾŬɛˊɨɚŮɠ  ůŮ ŬɚɚŬɔɏɠ əŬŰŮɨɗɡɜůɖɠ, 

¶ ȹɘŬəɚŬŭɩůŮɘɠ ɔɘŬ ˊɞɚɚŬˊɚɏɠ ŰɞɡɟɛˊɑɜŮɠ, 

¶ ɀŮŰŬɓŬŰɘəɎ əɞɛɛɎŰɘŬ ˊɟɘɜ Űɖɜ ŰɞɡɟɛˊɑɜŬ. 

 

 

 

ȷəɞɚɞɡɗŮɑ ɛɘŬ Űɡˊɘəɐ ŬˊŮɘəɧɜɘůɖ əɎˊɞɘɤɜ ɓŬůɘəɩɜ ůŰɞɘɢŮɑɤɜ Ŭɔɤɔɞɨ Penstok: 
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(Ŭ) (ɓ) (ɔ) 

ȺɘəɧɜŬ 3.7 (Ŭ)ȸŬɚɓɑŭŮɠ ɔɘŬ ɏɚŮɔɢɞ ɟɞɐɠ (ɓ)Ⱥɑůɞŭɞɠ ɛŮ ˊɚɏɔɛŬ (ɔ) ȹɘŬəɚŬŭɩůŮɘɠ 

4. ɇɞ ůɨůŰɖɛŬ ɡˊŮɟɢŮɑɚɘůɖɠ ŬˊɞŰŮɚŮɑ ŬˊŬɟŬɑŰɖŰɖ ŭɞɛɐ ŬůűŬɚŮɑŬɠ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ 

ɡŭɟɞɖɚŮəŰɟɘəɞɨ ɏɟɔɞɡ, ɛŮ əɨɟɘɞ ɚɧɔɞ ɨˊŬɟɝɖɠ Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ űɟɎɔɛŬŰɞɠ Ŭˊɧ ɡˊŮɟɢŮɑɚɘůɖ 

əŬɘ Űɖɜ ŬůűŬɚɐ ŮəŰɧɝŮɡůɖ ɡˊŮɟɓɎɚɚɞɡůŬɠ ˊŬɟɞɢɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŬəɟŬɑɤɜ ˊɚɖɛɛɡɟɘəɩɜ 

űŬɘɜɞɛɏɜɤɜ. ȿŮɘŰɞɡɟɔŮɑ ŬɡŰɧɛŬŰŬ ɐ ŮɚŮɔɢɧɛŮɜŬ (ɛŮ ˊɨɚŮɠ), ŭɘŬŰɖɟɩɜŰŬɠ Űɖ ůŰɎɗɛɖ ɜŮɟɞɨ 

əɎŰɤ Ŭˊɧ Űɞ ɀɏɔɘůŰɞ ȺˊɑˊŮŭɞ ɁŮɟɞɨ əŬɘ ˊɟɞůŰŬŰŮɨɞɜŰŬɠ Űɖ ŭɞɛɐ, Űɘɠ ŰɞɡɟɛˊɑɜŮɠ əŬɘ Űɘɠ 

əŬŰɎɜŰɘ ˊŮɟɘɞɢɏɠ.  

ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ: 

¶ ɇɨˊɞɘ: ogee (əŬɛˊɨɚɞ ˊɟɞűɑɚ ůɢɐɛŬŰɞɠ S ŮɜůɤɛŬŰɤɛɏɜɞɠ ůŰɞ űɟɎɔɛŬ, ɧˊɞɡ 

ŬəɞɚɞɡɗŮɑ Űɖ ɗŮɤɟɖŰɘəɐ əŬɛˊɨɚɖ Űɖɠ ŮɚŮɨɗŮɟɖɠ ˊŰɩůɖɠ) , chute (ŬɜɞɘɢŰɧ əŬɜɎɚɘ ˊɞɡ 

ɞŭɖɔŮɑ Űɞ ɜŮɟɧ ɛŮ ŮɚŮɨɗŮɟɖ ɟɞɐ Ŭˊɧ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ ˊɟɞɠ ŰŬ əŬŰɎɜŰɘ), side channel (Űɞ 

ɜŮɟɧ ŮɘůɏɟɢŮŰŬɘ ˊɟɩŰŬ ůŮ ˊɚŮɡɟɘəɧ əŬɜɎɚɘ ˊŬɟɎɚɚɖɚɞ ɛŮ Űɞ űɟɎɔɛŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ŭɘɞɢŮŰŮɨŮŰŬɘ ůŮ Ŭɔɤɔɧ ŮəŰɧɜɤůɖɠ), shaft (Űɨˊɞɡ ɢɞɎɜɖɠ ɧˊɞɡ Űɞ ɜŮɟɧ ŮɘůɏɟɢŮŰŬɘ ůŮ 

əŬŰŬəɧɟɡűɞ űɟɏŬɟ əŬɘ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɛɏůɤ ɡˊɧɔŮɘŬɠ ůɐɟŬɔɔŬɠ), 

¶ ɈɚɘəɎ: ɞˊɚɘůɛɏɜɞ ɛˊŮŰɧɜ ɛŮ ŬɜŰɘŭɘŬɓɟɤŰɘəɐ ˊɟɞůŰŬůɑŬ, 

¶ ȽəŬɜɧŰɖŰŬ 10.000ï50.000 mį/s, 

¶ ɆɡůəŮɡɏɠ ŭɘɎɢɡůɖɠ ŮɜɏɟɔŮɘŬɠ (ɚŮəɎɜɖ ɖɟŮɛɑŬɠ, ɡŭɟŬɡɚɘəɧ ɎɚɛŬ) ɔɘŬ Ŭˊɞűɡɔɐ 

ŭɘɎɓɟɤůɖɠ 

¶ ɆɢŮŭɘŬůɛɧ ɓɎůŮɘ ůŰŬŰɘůŰɘəɩɜ ˊɚɖɛɛɡɟɩɜ (1:5.000ï1:10.000 ɏŰɖ). 

ɆŰɘɠ ŮɘəɧɜŮɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ŰŬ ɓŬůɘəɎ Ůɑŭɖ ɡˊŮɟɢŮɘɚɘůŰɩɜ əŬɘ ɖ 

ɛɞɟűɞɚɞɔɑŬ Űɞɡɠ: 

   

(Ŭ) (ɓ) 
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(ɔ) (ŭ) 

ȺɘəɧɜŬ 3.8 (Ŭ) Ogee [47] (ɓ) Chute [48] (ɔ)Side spillway [49] (ŭ) Shaft [50]  

3.4 ɄŬɟŬŭŮɑɔɛŬŰŬ & ȺűŬɟɛɞɔɏɠ  

3.4.1 ɈŭɟɞɖɚŮəŰɟɘəɎ ɏɟɔŬ ȺɚɚɎŭŬ  

1. ɇŮɢɜɖŰɐ ȿɑɛɜɖ ɄɚŬůŰɐɟŬ (ūɟɎɔɛŬ ɇŬɡɟɞˊɞɨ) 

ȼ ŰŮɢɜɖŰɐ ɚɑɛɜɖ ɄɚŬůŰɐɟŬ (ɚɑɛɜɖ ɇŬɡɟɞˊɞɨ) ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ ɡŭɟɞɖɚŮəŰɟɘəɧ ɏɟɔɞ, 

əŬŰŬůəŮɡŬůɛɏɜɞ Űɖɜ ˊŮɟɑɞŭɞ 1955ï1960 ɔɘŬ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɡŭɎŰɤɜ Űɞɡ Ɏɜɤ ɟɞɡ Űɞɡ 

ɇŬɡɟɞˊɞɨ (ˊŬɟŬˊɧŰŬɛɞɡ Űɞɡ ȷɢŮɚɩɞɡ) ůŰɖɜ Ʉɑɜŭɞ, ůŮ ɡɣɧɛŮŰɟɞ ˊŮɟɑˊɞɡ 800 m. ȷɜ əŬɘ 

ŬɟɢɘəɎ ůɢŮŭɘɎůŰɖəŮ ɔɘŬ ˊŬɟŬɔɤɔɐ ɡŭɟɞɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ŮɝŮɚɑɢɗɖəŮ ůŮ ɏɟɔɞ ˊɞɚɚŬˊɚɩɜ 

ɢɟɐůŮɤɜ, əŬɚɨˊŰɞɜŰŬɠ ŬɜɎɔəŮɠ ɎɟŭŮɡůɖɠ, ŬɜŰɘˊɚɖɛɛɡɟɘəɐɠ ˊɟɞůŰŬůɑŬɠ əŬɘ Űɞˊɘəɐɠ 

ŬɜɎˊŰɡɝɖɠ. 

ɇɞ űɟɎɔɛŬ ŮɑɜŬɘ ŰɞɝɤŰɞɨ Űɨˊɞɡ, ɨɣɞɡɠ 83 m, ɛɐəɞɡɠ ůŰɏɣɖɠ 220 m əŬɘ ˊɎɢɞɡɠ ɓɎůɖɠ 25 m. 

ȼ ɚɑɛɜɖ ɏɢŮɘ ŮˊɘűɎɜŮɘŬ 24 kmĮ, ɛɏɔɘůŰɞ ɓɎɗɞɠ 60 m əŬɘ ůɡɜɞɚɘəɐ ɢɤɟɖŰɘəɧŰɖŰŬ 400 ŮəŬŰ. mį, 

Ůə Űɤɜ ɞˊɞɑɤɜ ŰŬ 325 ŮəŬŰ. mį ŬˊɞŰŮɚɞɨɜ ŮɜŮɟɔɧ ɧɔəɞ. Ƀ ɡŭɟɞɖɚŮəŰɟɘəɧɠ ůŰŬɗɛɧɠ ůŰɖ ɓɎůɖ 

Űɞɡ űɟɎɔɛŬŰɞɠ ŭɘŬɗɏŰŮɘ ŰɏůůŮɟɘɠ ɡŭɟɞůŰɟɧɓɘɚɞɡɠ Francis, ůɡɜɞɚɘəɐɠ ɘůɢɨɞɠ 200 MW, ɛŮ ɛɏůɖ 

ŮŰɐůɘŬ ˊŬɟŬɔɤɔɐ ˊŮɟɑˊɞɡ 500 GWh. ɇɞ ɏɟɔɞ ɚŮɘŰɞɡɟɔŮɑ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ űɟɎɔɛŬ 

ɀŮůɞɢɩɟŬɠ, ŮɜŰŬůůɧɛŮɜɞ ůŰɞ ɡŭɟɞůɨůŰɖɛŬ ȷɢŮɚɩɞɡïŪŮůůŬɚɑŬɠ əŬɘ ůɡɛɓɎɚɚɞɜŰŬɠ ůŰɖɜ 

əɎɚɡɣɖ ˊŮɟɘɧŭɤɜ ɡɣɖɚɐɠ ɕɐŰɖůɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. 

ȼ əŬŰŬůəŮɡɐ Űɖɠ ɚɑɛɜɖɠ ɓŬůɑůŰɖəŮ ůŮ ɔŮɤŰŮɢɜɘəɏɠ əŬɘ ɡŭɟŬɡɚɘəɏɠ ɛŮɚɏŰŮɠ, ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ Űɖ ůŮɘůɛɘəɧŰɖŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ, ɛŮ ɢɟɐůɖ ˊŮɟɑˊɞɡ 220.000 mį ůəɡɟɞŭɏɛŬŰɞɠ əŬɘ 

ůŰŮɔŬɜɧŰɖŰŬ ɛɏůɤ ŮɜɏůŮɤɜ ŰůɘɛɏɜŰɞɡ əŬɘ ůűɟŬɔɘůŰɘəɐɠ ɞɗɧɜɖɠ ůŰɖ ɗŮɛŮɚɑɤůɖ. ɇɞ ůɨůŰɖɛŬ 

ŮəŰɧɜɤůɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɨɞ ɡˊŮɟɢŮɘɚɘůŰɏɠ (1.200 mį/s) əŬɘ ŭɨɞ ˊɡɗɛŮɜɘəɏɠ ŮəəŮɜɩůŮɘɠ ɔɘŬ 

ɏɚŮɔɢɞ ůŰɎɗɛɖɠ əŬɘ ɘɕɖɛɎŰɤɜ, Ůɜɩ ɖ ůŰɎɗɛɖ Űɖɠ ɚɑɛɜɖɠ ˊŬɟɞɡůɘɎɕŮɘ Ůˊɞɢɘəɐ ŭɘŬəɨɛŬɜůɖ Ñ12 

m ɔɘŬ ɎɟŭŮɡůɖ əŬɘ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ. ȺəŰɧɠ Ŭˊɧ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ɚŮɘŰɞɡɟɔɑŬ, ɖ ɚɑɛɜɖ 

ŬˊɞŰŮɚŮɑ ˊŬɟɎŭŮɘɔɛŬ ůɡɜŭɡŬůɛɏɜɖɠ ŭɘŬɢŮɑɟɘůɖɠ ɡŭɎŰɤɜ əŬɘ ŮˊɖɟŮɎɕŮɘ Űɞ Űɞˊɑɞ: Űɞ ɡŭɎŰɘɜɞ 

ůŰɞɘɢŮɑɞ ŬɚɚɎɕŮɘ Űɖ ɛɞɟűɐ Űɖɠ əɞɘɚɎŭŬɠ əŬɘ ɚŮɘŰɞɡɟɔŮɑ ɤɠ əŮɜŰɟɘəɧ ůɖɛŮɑɞ ŮůŰɑŬůɖɠ, ɛŮ Űɞ 

ɜɧŰɘɞ ŰɛɐɛŬ ˊɘɞ ŬɜɞɘɢŰɧ əŬɘ Űɞ ɓɧɟŮɘɞ ˊɡəɜɧŰŮɟŬ ŭŬůɤɛɏɜɞ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɞ ɞˊŰɘəɧ ˊŮŭɑɞ 

əŬɘ ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ŮůŰɑŬůɖ ˊɟɞɠ Űɖ ɚɑɛɜɖ [51, 52, 53, 54]. 
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ȺɘəɧɜŬ 3.9 ɉɎɟŰɖɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ ɄɚŬůŰɐɟŬ ɛŮ ŭɘŬɢɤɟɘůɛɧ ɓɞɟɟɎ-ɜɧŰɞɡ [51]  

2. ɈŭɟɞɖɚŮəŰɟɘəɎ ȰɟɔŬ ɄɞŰŬɛɞɨ ȷɢŮɚɩɞɡ (ɆɨůŰɖɛŬ ūɟŬɔɛɎŰɤɜ əŬɘ ɀŮŰŬűɞɟɎɠ 

ɁŮɟɞɨ) 

ɇɞ ůɨůŰɖɛŬ ɡŭɟɞɖɚŮəŰɟɘəɩɜ ɏɟɔɤɜ Űɞɡ ˊɞŰŬɛɞɨ ȷɢŮɚɩɞɡ ŬˊɞŰŮɚŮɑ Űɞ ɛŮɔŬɚɨŰŮɟɞ ůŰɖɜ 

ȺɚɚɎŭŬ, ɛŮ ůɡɜɞɚɘəɐ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ Ɏɜɤ Űɤɜ 1.000 MW əŬɘ əŬɚɨˊŰŮɘ Űɞ 35% Űɖɠ 

Ůɗɜɘəɐɠ ˊŬɟŬɔɤɔɐɠ ɡŭɟɞɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. Ƀ ˊɞŰŬɛɧɠ, ɛɐəɞɡɠ 220 ɢɘɚɘɞɛɏŰɟɤɜ əŬɘ 

ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ 6.250 kmĮ, űɘɚɞɝŮɜŮɑ ůŮɘɟɎ űɟŬɔɛɎŰɤɜ, ɧˊɤɠ ŰŬ ȾɟŮɛŬůŰɎ (ɨɣɞɠ 160 

ɛ., ɢɤɟɖŰɘəɧŰɖŰŬ 4.500 ŮəŬŰ. mį), ȾŬůŰɟɎəɘ (115 ɛ., 800 ŮəŬŰ. mį) əŬɘ ɆŰɟɎŰɞɠ (70 ɛ., 70 

ŮəŬŰ. mį), Ůɜɩ ˊɟɞŰŮɑɜɞɜŰŬɘ ŰŬ ɀŮůɞɢɩɟŬ (358 ŮəŬŰ. mį, 160 MW) əŬɘ ɆɘəɘɎ (590 ŮəŬŰ. 

mį, 120 MW). ɇɞ ɏɟɔɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ŬɜŰɚɖŰɘəɐ ŬˊɞɗɐəŮɡůɖ ɔɘŬ Ŭɨɝɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ŭɘŬůɡɜɞɟɘŬəɐ ɛŮŰŬűɞɟɎ ɜŮɟɞɨ ɔɘŬ ɎɟŭŮɡůɖ əŬɘ ɡŭɟɞɖɚŮəŰɟɘůɛɧ, 

əŬɚɨˊŰɞɜŰŬɠ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ Űɤɜ ŬɜŬɔəɩɜ ȹɡŰɘəɐɠ ŪŮůůŬɚɑŬɠ 

ɄŮɟɘɓŬɚɚɞɜŰɘəɎ, ŰŬ űɟɎɔɛŬŰŬ ŮˊɖɟŮɎɕɞɡɜ ɘɕɐɛŬŰŬ əŬɘ ɔŮɤɛɞɟűɞɚɞɔɑŬ, ŬɚɚɎ ɖ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡɠ ůɡɛɛɞɟűɩɜŮŰŬɘ ɛŮ Űɖɜ ɃŭɖɔɑŬ ɄɚŬɘůɑɞɡ ɔɘŬ ŰŬ ɈŭŬŰɘəɎ əŬɘ ůɡɜɞŭŮɡŰɘəɎ ɛɏŰɟŬ 

ŬɟŭŮɨůŮɤɜ əŬɘ ŬɚɚŬɔɩɜ əŬɚɚɘŮɟɔŮɘɩɜ. ɆɡɜɞɚɘəɎ, Űɞ ůɨůŰɖɛŬ ȷɢŮɚɩɞɡ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ 

ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ˊŬɟŬɔɤɔɐ, Űɖ ŭɘŬɢŮɑɟɘůɖ ɡŭɎŰɤɜ əŬɘ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɖɠ 

ɔŮɤɟɔɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, ŭɘŬůűŬɚɑɕɞɜŰŬɠ ɓɘɩůɘɛɖ ɢɟɐůɖ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ [55]. 
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ȺɘəɧɜŬ 3.10 Ɇɢɏŭɘɞ ůɡůŰɐɛŬŰɞɠ ŭŮɝŬɛŮɜɩɜ ȷɢŮɚɩɞɡ, ɛŮ ɡűɘůŰɎɛŮɜŬ əŬɘ ˊɟɞŰŮɘɜɧɛŮɜŬ ɏɟɔŬ [55]  

 

ɄɑɜŬəŬɠ 3.1ȿŮˊŰɞɛɏɟŮɘŮɠ űɟŬɔɛɎŰɤɜ ɛŮ ɢɤɟɖŰɘəɧŰɖŰŮɠ əŬɘ ɘůɢɨɠ ɡŭɟɞɖɚŮəŰɟɘəɩɜ ɛɞɜɎŭɤɜ [55]  

3.4.2 ɈŭɟɞɖɚŮəŰɟɘəɎ ɏɟɔŬ ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ 

1. ūɟɎɔɛŬ ɇɟɘɩɜ ūŬɟŬɔɔɘɩɜ (Three Gorges Dam), ɄɞŰŬɛɧɠ ũɘŬɜɔəŰůɏ, ȾɑɜŬ 

ɇɞ ūɟɎɔɛŬ ɇɟɘɩɜ ūŬɟŬɔɔɘɩɜ ůŰɞɜ ˊɞŰŬɛɧ ũɘŬɜɔəŰůɏ ůŰɖɜ ȾɑɜŬ ŮɑɜŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ɡŭɟɞɖɚŮəŰɟɘəɧ ɏɟɔɞ ůŰɞɜ əɧůɛɞ, əŬŰŬůəŮɡɎůŰɖəŮ Ŭˊɧ Űɞ 1994 ɏɤɠ Űɞ 2009 əŬɘ ɏɢŮɘ ůŰɧɢɞ 

Űɞɜ ɏɚŮɔɢɞ ˊɚɖɛɛɡɟɩɜ, Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ɜŬɡůɘˊɚɞȶŬɠ ůŮ ɛɘŬ 

ˊŮɟɘɞɢɐ ɛŮ ɘůŰɞɟɘəɧ ůɞɓŬɟɩɜ ˊɚɖɛɛɡɟɩɜ. ɇɞ űɟɎɔɛŬ, ɓŬɟɨŰɖŰŬɠ Ŭˊɧ ůəɡɟɧŭŮɛŬ, ɏɢŮɘ ɨɣɞɠ 

185 ɛ. əŬɘ ɛɐəɞɠ 2,3 ɢɚɛ., ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŭŮɝŬɛŮɜɐ ɛɐəɞɡɠ ůɢŮŭɧɜ 600 ɢɚɛ. əŬɘ ɢɤɟɖŰɘəɧŰɖŰŬ 

ˊɎɜɤ Ŭˊɧ 39 ŭɘůŮəŬŰɞɛɛɨɟɘŬ mį, ˊɞɡ əŬɚɨˊŰŮɘ 13 ˊɧɚŮɘɠ, 140 əɤɛɞˊɧɚŮɘɠ əŬɘ ˊɎɜɤ Ŭˊɧ 1.300 

ɢɤɟɘɎ, Ůɜɩ ɓɡɗɑɕŮɘ ˊɎɜɤ Ŭˊɧ 1.000 kmĮ ɔɖɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ űŬɟŬɔɔɘɩɜ ȾɞɡŰɎɜɔə, 

ũɞɡ əŬɘ ɂɘɚɑɜɔə. 

ȼ əŬŰŬůəŮɡɐ ŬˊŬɘŰɞɨůŮ ŭɘˊɚɎůɘŬ ˊɞůɧŰɖŰŬ ůəɡɟɞŭɏɛŬŰɞɠ Ŭˊɧ Űɞ ūɟɎɔɛŬ ȽŰŬɥˊɞɨ (Űɞ ɞˊɞɑɞ 

əŬŰŮɑɢŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ˊŬɔəɧůɛɘɞ ɟŮəɧɟ ŬɜɎɔəɖɠ ɡɚɘəɩɜ), ˊŮɟɑˊɞɡ 40 ŮəŬŰɞɛɛɨɟɘŬ əɡɓɘəɎ 

ɛɏŰɟŬ, əŬɘ ůɢŮŭɘɎůŰɖəŮ ɜŬ ŬɜŰɏɢŮɘ ůŮɘůɛɧ ɛŮɔɏɗɞɡɠ 7 ɓŬɗɛɩɜ Űɖɠ əɚɑɛŬəŬɠ ɅɑɢŰŮɟ, 

ŮɜůɤɛŬŰɩɜɞɜŰŬɠ ˊɨɚŮɠ Ŭˊɞɟɟɞɐɠ ɘɕɖɛɎŰɤɜ ůŰɖ ɓɎůɖ ɔɘŬ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ Űɖɜ ŮŰɐůɘŬ əŬɗɑɕɖůɖ 

ˊɎɜɤ Ŭˊɧ 700 ŮəŬŰɞɛɛɡɟɑɤɜ Űɧɜɤɜ ɘɕɐɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ Űɞ ŰɏŰŬɟŰɞ ɛŮɔŬɚɨŰŮɟɞ 
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ˊŬɔəɞůɛɑɤɠ, ŬˊɞŰɟɏˊɞɜŰŬɠ Űɖ ůɡůůɩɟŮɡůɖ ˊɞɡ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŬɡɝɐůŮɘ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ 

ŭŮɝŬɛŮɜɐɠ əŬɘ ɜŬ ˊɟɞəŬɚɏůŮɘ ɡˊŮɟɢŮɑɚɘůɖ ɐ əŬŰɎɟɟŮɡůɖ. 

ȼ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ űŰɎɜŮɘ ŰŬ 22.500 MW ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ɛŮ ŮŰɐůɘŬ ˊŬɟŬɔɤɔɐ 

ˊŮɟɑˊɞɡ 100 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ KWh, əŬɚɨˊŰɞɜŰŬɠ Űɞ 10% Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ Űɖɠ 

ȾɑɜŬɠ ɛɏůɤ 26 Űɞɡɟɛˊɘɜɩɜ Űɨˊɞɡ Francis, əŬɗŮɛɘɎ ɛŮ ɘůɢɨ 700 MW , ůɡɜ ɏɝɘ Ůˊɘˊɚɏɞɜ ɛɞɜɎŭŮɠ 

ůŰɖɜ ɡˊɧɔŮɘŬ ɛɞɜɎŭŬ Űɖɠ ŭŮɝɘɎɠ ɧɢɗɖɠ, Ůɜɩ ɖ ˊɚɐɟɖɠ ɚŮɘŰɞɡɟɔɑŬ ɝŮˊɏɟŬůŮ ŰŬ 18.200 MW, 

ɝŮˊŮɟɜɩɜŰŬɠ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ɟŮəɧɟ Űɞɡ ȽŰŬɥˊɞɨ. 

ɇɞ ɏɟɔɞ, ˊɞɡ ˊɟɞŰɎɗɖəŮ ŬɟɢɘəɎ Űɞ 1919 əŬɘ ŮɔəɟɑɗɖəŮ Űɞ 1992, ŬɜŰɘɛŮŰɩˊɘůŮ ˊɟɞəɚɐůŮɘɠ ɧˊɤɠ 

ɖ ɛŮŰŮɔəŬŰɎůŰŬůɖ 1,5 ŮəŬŰɞɛɛɡɟɑɞɡ Ŭɜɗɟɩˊɤɜ, ɖ ɓɨɗɘůɖ 1.300 ŬɟɢŬɘɞɚɞɔɘəɩɜ ɢɩɟɤɜ əŬɘ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŬɜɖůɡɢɑŮɠ ɔɘŬ ůɡůůɩɟŮɡůɖ Űɞɝɘɜɩɜ Ŭˊɧ 265 ŭɘůŮəŬŰɞɛɛɨɟɘŬ ɔŬɚɧɜɘŬ 

ŬəŬŰɏɟɔŬůŰɤɜ ɚɡɛɎŰɤɜ ŮŰɖůɑɤɠ, ɛŮɘɤɛɏɜɖ ɟɞɐ ɘɕɐɛŬŰɞɠ əŬŰɎ 67% əŬŰɎɜŰɖ, əŬɘ əɘɜŭɨɜɞɡɠ 

Ŭˊɧ əŬŰɞɚɘůɗɐůŮɘɠ əŬɘ ŮˊŬɔɧɛŮɜɖ ůŮɘůɛɘəɧŰɖŰŬ ůŮ ɔŮɤɚɞɔɘəɎ ŮɜŮɟɔɐ ˊŮɟɘɞɢɐ ɛŮ ůűɎɚɛŬŰŬ 

ɧˊɤɠ Űɞ ɇɕɘɞɡɎɜůɘ əŬɘ Ȼɘɔəɞɨɘ-ɀˊŬɜŰɧɜɔə, Ůɜɩ ˊŬɟŬɛɏɜŮɘ ůɨɛɓɞɚɞ Ůɗɜɘəɐɠ ɡˊŮɟɖűɎɜŮɘŬɠ 

əŬɘ ŰŮɢɜɞɚɞɔɘəɐɠ ˊɟɞɧŭɞɡ [56,57]. 

 

 

ȺɘəɧɜŬ 3.11 ȹɘɎŰŬɝɖ ɏɟɔɞɡ Űɟɘɩɜ űŬɟŬɔɔɘɩɜ [56]  

2. ūɟɎɔɛŬ ɉɞɨɓŮɟ (Hoover Dam), ɄɞŰŬɛɧɠ ȾɞɚɞɟɎɜŰɞ, ȼɄȷ 

ɇɞ ūɟɎɔɛŬ ɉɞɨɓŮɟ, əŬŰŬůəŮɡŬůɛɏɜɞ Ŭˊɧ Űɞ 1931 ɏɤɠ Űɞ 1936, ŮɑɜŬɘ ɏɜŬ ŮɛɓɚɖɛŬŰɘəɧ 

ɡŭɟɞɖɚŮəŰɟɘəɧ ɏɟɔɞ ůŰɘɠ ȼɄȷ ˊɞɡ ŮɚɏɔɢŮɘ ˊɚɖɛɛɨɟŮɠ, ŬˊɞɗɖəŮɨŮɘ ɜŮɟɧ ɔɘŬ ɎɟŭŮɡůɖ əŬɘ 

ˊŬɟɎɔŮɘ ŮɜɏɟɔŮɘŬ ɔɘŬ Űɘɠ ŭɡŰɘəɏɠ ˊɞɚɘŰŮɑŮɠ, ɓɟɑůəŮŰŬɘ ůŰɞ ɀŬɨɟɞ ūŬɟɎɔɔɘ ůŰŬ ůɨɜɞɟŬ 

ȷɟɘɕɧɜŬ-ɁŮɓɎŭŬ əŬɘ ˊŬɟŬɛɏɜŮɘ Űɞ ɡɣɖɚɧŰŮɟɞ űɟɎɔɛŬ Ŭˊɧ ůəɡɟɧŭŮɛŬ ůŰɞ ȹɡŰɘəɧ 

ȼɛɘůűŬɑɟɘɞ, ɕɡɔɑɕɞɜŰŬɠ ˊɎɜɤ Ŭˊɧ 6,6 ŮəŬŰɞɛɛɨɟɘŬ Űɧɜɞɡɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 3,25 

ŮəŬŰɞɛɛɨɟɘŬ əɡɓɘəɎ ɛɏŰɟŬ ůəɡɟɞŭɏɛŬŰɞɠ. ɀŮ ɨɣɞɠ 221 ɛɏŰɟɤɜ əŬɘ ɛɐəɞɠ 379 ɛɏŰɟɤɜ ůŰɖɜ 

əɞɟɡűɐ, ɧˊɞɡ ŭɘɏɟɢŮŰŬɘ ɞ ŬɡŰɞəɘɜɖŰɧŭɟɞɛɞɠ US 93, ŮɑɜŬɘ űɟɎɔɛŬ Űɨˊɞɡ ɓŬɟɨŰɖŰŬɠ-Űɧɝɞɡ əŬɘ 

ůɡɔəɟŬŰŮɑ ŰŬ ɜŮɟɎ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɚɞɟɎɜŰɞ, ůɢɖɛŬŰɑɕɞɜŰŬɠ Űɖ ɚɑɛɜɖ Mead. ȼ ŰŮɢɜɖŰɐ ŬɡŰɐ 

ɚɑɛɜɖ ŭɘŬɗɏŰŮɘ ŰŮɟɎůŰɘŬ ɢɤɟɖŰɘəɧŰɖŰŬ əŬɘ ŮəŰŮɑɜŮŰŬɘ ůŮ ɛŮɔɎɚɖ ŮˊɘűɎɜŮɘŬ, ŮɝŬůűŬɚɑɕɞɜŰŬɠ 

ŬˊɞɗɏɛŬŰŬ ɜŮɟɞɨ ɔɘŬ ɨŭɟŮɡůɖ, ɎɟŭŮɡůɖ əŬɘ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. 

ȼ əŬŰŬůəŮɡɐ Űɞɡ ɏɟɔɞɡ Hoover Dam ůŰɞɜ ˊɞŰŬɛɧ ȾɞɚɞɟɎɜŰɞ ɐŰŬɜ ŰŮɢɜɘəɎ ŬˊŬɘŰɖŰɘəɐ, ɛŮ 
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əŬɘɜɞŰɧɛŮɠ ɛŮɗɧŭɞɡɠ ůəɡɟɞŭɏŰɖůɖɠ əŬɘ ɣɨɝɖɠ ɔɘŬ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ ŬɜŰɞɢɐ. ɇɞ űɟɎɔɛŬ 

ŭɘŬɗɏŰŮɘ 17 ŰɞɡɟɛˊɑɜŮɠ Űɨˊɞɡ Francis ůɡɜɞɚɘəɐɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ 2.080 MW əŬɘ ŮŰɐůɘŬ 

ˊŬɟŬɔɤɔɐ ˊŮɟɑˊɞɡ 4 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ KWh, ɛŮ ɛɏɔɘůŰɖ ˊŬɟŬɔɤɔɐ 6,4 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ 

KWh, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɔŮɜɜɐŰɟɘŮɠ 82.500ï90.000 KWh əŬɘ ɣɡɢɧɛŮɜɞɡɠ ɛŮ ɜŮɟɧ 

ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ. ȾŬŰɎ Űɖɜ ŬɜɏɔŮɟůɖ, ɞ ˊɞŰŬɛɧɠ ŮəŰɟɎˊɖəŮ ɛɏůɤ ŰŮůůɎɟɤɜ ůɖɟɎɔɔɤɜ 

ˊŬɟɎəŬɛɣɖɠ ŭɘŬɛɏŰɟɞɡ 17 ɛ. əŬɘ ůɡɜɞɚɘəɞɨ ɛɐəɞɡɠ 4,8 ɢɚɛ., ɞɘ ɞˊɞɑŮɠ ŮˊŮɜŭɨɗɖəŬɜ ɛŮ 

ůəɡɟɧŭŮɛŬ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɐɛŮɟŬ ɔɘŬ Ůəəɏɜɤůɖ ɜŮɟɞɨ əŬɘ ůɨɜŭŮůɖ ɛŮ Űɞ 

ɡŭɟɞɖɚŮəŰɟɘəɧ ŮɟɔɞůŰɎůɘɞ. 

ɇɞ ɜŮɟɧ Ŭˊɧ Űɖ ɚɑɛɜɖ ŭɘɞɢŮŰŮɨŮŰŬɘ ůŰɘɠ ŰɞɡɟɛˊɑɜŮɠ ɛɏůɤ ɛŮɔɎɚɤɜ ůɤɚɐɜɤɜ ˊɟɞůŬɔɤɔɐɠ 

(penstocks), ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ŮɘŭɘəɎ ŰɞɨɜŮɚ ɔɘŬ ɜŬ ˊŬɟɏɢɞɡɜ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ˊɑŮůɖ ɔɘŬ 

ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ.  

ɇɞ ɏɟɔɞ, ˊɞɡ ɞɚɞəɚɖɟɩɗɖəŮ ŭɨɞ ɢɟɧɜɘŬ ɜɤɟɑŰŮɟŬ Ŭˊɧ Űɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɞ ɛŮ əɧůŰɞɠ 48,9 

ŮəŬŰɞɛɛɡɟɑɤɜ ŭɞɚŬɟɑɤɜ, ŬˊŬůɢɧɚɖůŮ ɏɤɠ 5.218 ŮɟɔɎŰŮɠ ůŮ ŬəɟŬɑŮɠ ůɡɜɗɐəŮɠ Ůɟɐɛɞɡ, ɛŮ 96 

ɗŬɜɎŰɞɡɠ Ŭˊɧ ŬŰɡɢɐɛŬŰŬ, əŬɘ ŮɜůɤɛŬŰɩɜŮɘ ɔəŬɚŮɟɑ ŮˊɘɗŮɩɟɖůɖɠ ɛɐəɞɡɠ 2 ɛɘɚɑɤɜ, 

ŬɜŮɚəɡůŰɐɟŮɠ, əŬɘ Art Deco ůŰɞɘɢŮɑŬ ɧˊɤɠ ŬɜɎɔɚɡűŬ əŬɘ ɛɜɖɛŮɑŬ, Ůɜɩ ŭɘŬɢŮɘɟɑɕŮŰŬɘ ŮŰɐůɘŬ 

əŬɗɑɕɖůɖ 91.500 ůŰɟŮɛɛɎŰɤɜ-ˊɞŭɘɩɜ ɘɕɐɛŬŰɞɠ əŬɘ ŮɝɎŰɛɘůɖ 800.000 ůŰɟŮɛɛɎŰɤɜ-ˊɞŭɘɩɜ, 

ˊŬɟɏɢɞɜŰŬɠ ɜŮɟɧ ůŮ ŮˊŰɎ ˊɞɚɘŰŮɑŮɠ əŬɘ Űɞ ɀŮɝɘəɧ [58,59]. 
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4 ȷɡŰɎɟəŮɘŬ ůŰɘɠ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ Űɖɠ ȸɞɟŮɑɞɡ 
ȺɡɓɞɑŬɠ  

4.1 ɄŬɟɞɡůɑŬůɖ Űɖɠ ˊŮɟɘɞɢɐɠ 

 

ɄɑɜŬəŬɠ 4.1 ȸɧɟŮɘŬ ȺɨɓɞɘŬ 

ȼ ȸɧɟŮɘŬ ȺɨɓɞɘŬ, əŬɘ ŮɘŭɘəɧŰŮɟŬ ɞ ȹɐɛɞɠ ɀŬɜŰɞɡŭɑɞɡ-ȿɑɛɜɖɠ-ȷɔɑŬɠ ȯɜɜŬɠ, ɞ ɞˊɞɑɞɠ 

ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ɓŬůɘəɞɨɠ ŭɐɛɞɡɠ Űɖɠ ˊŮɟɘɞɢɐɠ, əŬɚɨˊŰŮɘ ɛɘŬ ŮəŰŮŰŬɛɏɜɖ əŬɘ ˊɞɘəɑɚɖ 

ɏəŰŬůɖ ˊŮɟɑˊɞɡ 585 ŰŮŰɟŬɔɤɜɘəɩɜ ɢɘɚɘɞɛɏŰɟɤɜ, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɧůɞ ˊŬɟɎəŰɘŮɠ ɧůɞ əŬɘ 

ɞɟŮɘɜɏɠ ŮəŰɎůŮɘɠ, əŬɘ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŬˊɞɔɟŬűɐ Űɞɡ 2021, ŬɟɘɗɛŮɑ ˊŮɟɑˊɞɡ 12.235 

ɛɧɜɘɛɞɡɠ əŬŰɞɑəɞɡɠ, ŬɜŰŬɜŬəɚɩɜŰŬɠ ɛɘŬ ůŰŬɗŮɟɐ ŬɚɚɎ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɖɛɞɔɟŬűɘəɐ ˊŬɟɞɡůɑŬ 

ůŮ ůɢɏůɖ ɛŮ ˊŬɚŬɘɧŰŮɟŮɠ ŭŮəŬŮŰɑŮɠ. ɇɞ ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɏɜŰɞɜɖ əŬɘ 

ŮɜŰɡˊɤůɘŬəɐ ˊɞɘəɘɚɞɛɞɟűɑŬ, ůɡɜŭɡɎɕɞɜŰŬɠ ŬɟɛɞɜɘəɎ ˊŬɟɎəŰɘŮɠ ˊŮŭɘɜɏɠ ɕɩɜŮɠ ˊɞɡ 

ŮəŰŮɑɜɞɜŰŬɘ əŬŰɎ ɛɐəɞɠ Űɖɠ ŬəŰɞɔɟŬɛɛɐɠ ɛŮ ɖɛɘɞɟŮɘɜɏɠ əŬɘ ɞɟŮɘɜɏɠ ŮəŰɎůŮɘɠ ˊɞɡ ɡɣɩɜɞɜŰŬɘ 

ŮɚŬűɟɩɠ ˊɟɞɠ ŰŬ ŮůɤŰŮɟɘəɎ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ Űɞˊɑɞ ˊɞɡ ŮɜŬɚɚɎůůŮŰŬɘ Ŭˊɧ ŮˊɑˊŮŭŮɠ 

ˊŮɟɘɞɢɏɠ ůŮ ˊɘɞ ŬˊɧŰɞɛŮɠ əɚɑůŮɘɠ. Ƀɘəɘůɛɞɑ ɧˊɤɠ Űɞ Ʉɐɚɘ, ˊɞɡ ŬˊɞŰŮɚɞɨɜ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ 

əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŬɡŰɐɠ Űɖɠ ɔŮɤɔɟŬűɘəɐɠ ˊɞɘəɘɚɑŬɠ, ɓɟɑůəɞɜŰŬɘ ůŮ 

ůŰɟŬŰɖɔɘəɐ ɗɏůɖ ˊɚɖůɑɞɜ Űɖɠ ɗɎɚŬůůŬɠ, ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ˊŮɟɘɓɎɚɚɞɜŰŬɘ Ŭˊɧ ŬˊɧəɟɖɛɜŮɠ əŬɘ 

Ů́ ɘɓɚɖŰɘəɏɠ ɞɟŮɘɜɏɠ ˊɚŬɔɘɏɠ, ɞɘ ɞˊɞɑŮɠ űŰɎɜɞɡɜ ůŮ ɡɣɧɛŮŰɟŬ ˊɞɡ Ŭɔɔɑɕɞɡɜ ŰŬ 1.000 ɛɏŰɟŬ, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ɏɜŬ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ ˊɞɡ ůɡɜŭɡɎɕŮɘ ˊŬɟɎəŰɘŬ ɖɟŮɛɑŬ ɛŮ ɞɟŮɘɜɐ 

ŬɔɟɘɧŰɖŰŬ. 

Ƀɘ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ŬɡɝɖɛɏɜŮɠ əŬɘ ˊɞɚɡŭɘɎůŰŬŰŮɠ, ˊɟɞəɨˊŰɞɜŰŬɠ 

əɡɟɑɤɠ Ŭˊɧ Űɘɠ Ůɘŭɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ɗɏɟɛŬɜůɖɠ əŬŰɎ Űɞɡɠ ɣɡɢɟɞɨɠ əŬɘ ɡɔɟɞɨɠ ɛɐɜŮɠ Űɞɡ 

ɢŮɘɛɩɜŬ, ɘŭɘŬɑŰŮɟŬ ůŰɞɡɠ ŬˊɞɛŬəɟɡůɛɏɜɞɡɠ ɞɟŮɘɜɞɨɠ ɞɘəɘůɛɞɨɠ ɧˊɞɡ ɞɘ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ɖ ɡɔɟŬůɑŬ ŮɜŰŮɑɜɞɡɜ Űɖɜ əŬŰŬɜɎɚɤůɖ, əŬɗɩɠ əŬɘ Űɖɠ ɎɜŰɚɖůɖɠ ɜŮɟɞɨ ɔɘŬ 

ŬɟŭŮɡŰɘəɞɨɠ ůəɞˊɞɨɠ ůŮ ŮəŰŮŰŬɛɏɜŮɠ ɔŮɤɟɔɘəɏɠ ŮəŰɎůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ŮɜŰɞˊɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŮ 

ˊŮŭɘɜɏɠ əŬɘ ɖɛɘɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ, ɧˊɞɡ ɖ ŬɔɟɞŰɘəɐ ˊŬɟŬɔɤɔɐ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ůŰŬɗŮɟɐ 

ɡŭɟɞŭɧŰɖůɖ ɔɘŬ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ əŬɚɚɘŮɟɔŮɘɩɜ əŬɘ Űɖɜ ɞɘəɞɜɞɛɘəɐ ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ Űɞˊɘəɩɜ 

əɞɘɜɞŰɐŰɤɜ. 
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Ƀɘ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ əŬŰŬɔɟɎűɖəŬɜ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ 2014ï2025 ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ŭɘɎɔɟŬɛɛŬ: 

 

ȺɘəɧɜŬ 4.1 ɉɟɞɜɞůŮɘɟɎ ŪŮɟɛɞəɟŬůɑŬɠ ŰŬ ɏŰɖ 2014-2025 [60]  

ũɘŬ Űɖɜ ɞɟɗɐ, Ŭəɟɘɓɐ əŬɘ ŮˊɘůŰɖɛɞɜɘəɎ ŰŮəɛɖɟɘɤɛɏɜɖ ŮəŰɑɛɖůɖ Űɞɡ ɗŮɟɛɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, 

əŬɘ ŮɘŭɘəɧŰŮɟŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɞ ŮˊɑˊŮŭɞ 

ŮɡŮɝɑŬɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɞɟɔŬɜɘůɛɞɨ ůŮ ŭɘɎűɞɟŮɠ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ, ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ůɡůŰɖɛŬŰɘəɐ əŬɘ ůɡɜŮəŰɘəɐ ůɡɜŮəŰɑɛɖůɖ Űɖɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ, ɖ ɞˊɞɑŬ 

ŮˊɖɟŮɎɕŮɘ ɎɛŮůŬ əŬɘ əŬɗɞɟɘůŰɘəɎ Űɖɜ ŬɜŰɘɚɖˊŰɐ ɗŮɟɛɞəɟŬůɑŬ Ŭˊɧ Űɞɜ Ɏɜɗɟɤˊɞ, əŬɗɩɠ əŬɘ 

Űɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡ ɞɟɔŬɜɘůɛɞɨ ɜŬ ŬˊɞɓɎɚɚŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ Űɖ ɗŮɟɛɧŰɖŰŬ ɛɏůɤ Űɖɠ űɡůɘəɐɠ 

ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ŮɝɎŰɛɘůɖɠ Űɞɡ ɘŭɟɩŰŬ.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ȸɧɟŮɘŬɠ ȺɨɓɞɘŬɠ, ɖ ɘŭɘŬɑŰŮɟɖ əŬɘ ˊɞɚɨˊɚɞəɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

ð ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɏɜŰɞɜɞ əŬɘ ˊɞɘəɑɚɞ ŬɜɎɔɚɡűɞ, ˊɚɖɗɩɟŬ ɟŮɛɎŰɤɜ əŬɘ ɡŭɎŰɘɜɤɜ 

ɟɞɩɜ, ˊɚɞɨůɘŬ əŬɘ ˊɡəɜɐ ɓɚɎůŰɖůɖ, əŬɗɩɠ əŬɘ ŮəŰŮŰŬɛɏɜɞ ˊŬɟɎəŰɘɞ ɛɏŰɤˊɞ ˊɞɡ ŮəŰɑɗŮŰŬɘ ůŮ 

ɗŬɚɎůůɘŮɠ ŮˊɘŭɟɎůŮɘɠ ð ɡˊɞŭŮɘəɜɨŮɘ ɛŮ ůŬűɐɜŮɘŬ Űɖɜ ɨˊŬɟɝɖ ɡɣɖɚɩɜ əŬɘ ůɡɢɜɎ Ŭɡɝɖɛɏɜɤɜ 

Ůˊɘˊɏŭɤɜ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ, ɘŭɘŬɑŰŮɟŬ əŬŰɎ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ, ŬɚɚɎ əŬɘ ůŰɞɡɠ ˊɟɩŰɞɡɠ 

űɗɘɜɞˊɤɟɘɜɞɨɠ, ɧˊɞɡ ɖ ůɡɜŭɡŬůɛɏɜɖ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ Űɖɠ ɡɔɟŬůɑŬɠ ŭɖɛɘɞɡɟɔŮɑ 

ɏɜŬ ɘŭɘŬɑŰŮɟŬ ŮˊɘɓŬɟɡɛɏɜɞ ɛɘəɟɞəɚɑɛŬ [61, 62]. ɇŬ ɡɣɖɚɎ ˊɞůɞůŰɎ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ, ŰŬ 

ɞˊɞɑŬ ůɡɢɜɎ ɡˊŮɟɓŬɑɜɞɡɜ Űɞ 70-80% ůŮ ˊŬɟɎəŰɘŮɠ əŬɘ ɖɛɘɞɟŮɘɜɏɠ ɕɩɜŮɠ, Ůɜɘůɢɨɞɡɜ ůɖɛŬɜŰɘəɎ 

Űɞ ŬɑůɗɖɛŬ ɗŮɟɛɘəɐɠ ŭɡůűɞɟɑŬɠ əŬŰɎ Űɘɠ ˊŮɟɘɧŭɞɡɠ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ, əŬɗɘůŰɩɜŰŬɠ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ ŬɘůɗɖŰɎ ˊɘɞ ŬˊɞˊɜɘəŰɘəɧ əŬɘ əɞɡɟŬůŰɘəɧ ɔɘŬ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ, Ŭəɧɛɖ əŬɘ 

ůŮ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ɗŮɤɟɖŰɘəɎ ŭŮɜ ŮɑɜŬɘ ŬəɟŬɑŮɠ. 

 

 

 

 

 

 

ɇŬ ˊɞůɞůŰɎ ɡɔɟŬůɑŬɠ ŰŬ ɏŰɖ 2014-2025 ˊŬɟŬŰɑɗŮŰŬɘ ˊŬɟŬəɎŰɤ: 
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ȺɘəɧɜŬ 4.2 Ʉɟɞűɑɚ ˊɞůɞůŰɞɨ ɡɔɟŬůɑŬɠ [60]  

ȷɜŬɚɨɞɜŰŬɠ Űɘɠ ɢɟɞɜɞůŮɘɟɏɠ ɗŮɟɛɞəɟŬůɑŬɠ ŬɏɟŬ əŬɘ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ ŮűŬɟɛɧɕɞɜŰŬɠ Űɞɜ 

ȹŮɑəŰɖ ȹɡůűɞɟɑŬɠ Űɞɡ E. C. Thom (1959), ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ɢɟɞɜɞůŮɘɟɎ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ɗŮɟɛɘəɐɠ ŭɡůűɞɟɑŬɠ (DI) ɔɘŬ Űɖɜ ŮɝŮŰŬɕɧɛŮɜɖ ˊŮɟɘɞɢɐ. ȷˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊɟɞəɨˊŰŮɘ ɧŰɘ ɞ ŭŮɑəŰɖɠ ˊŬɟɞɡůɘɎɕŮɘ əŬŰɎ ŭɘŬůŰɐɛŬŰŬ ůɖɛŬɜŰɘəɏɠ ŬɡɝɐůŮɘɠ, űɗɎɜɞɜŰŬɠ Ŭəɧɛɖ 

əŬɘ ůŮ Űɘɛɏɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 40, ɞɘ ɞˊɞɑŮɠ ŮɟɛɖɜŮɨɞɜŰŬɘ ɤɠ ůɡɜɗɐəŮɠ ɏɜŰɞɜɖɠ ɗŮɟɛɘəɐɠ 

ŭɡůűɞɟɑŬɠ. ȼ ˊɞůɞŰɘəɐ ŬɡŰɐ ŬˊɞŰɨˊɤůɖ, ɛɏůɤ ɛŬɗɖɛŬŰɘəɞɨ ɡˊɞɚɞɔɘůɛɞɨ, ŰŮəɛɖɟɘɩɜŮɘ Űɘɠ 

ŬɡɝɖɛɏɜŮɠ ɗŮɟɛɘəɏɠ ŮˊɘɓŬɟɨɜůŮɘɠ Űɞɡ Űɞˊɘəɞɨ ɛɘəɟɞəɚɑɛŬŰɞɠ əŬɘ ɡˊɞŭɖɚɩɜŮɘ ɡɣɖɚɏɠ 

ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ ɣɨɝɖ əŬŰɎ Űɘɠ ɗŮɟɛɏɠ ˊŮɟɘɧŭɞɡɠ. ɄŬɟŬŰɑɗŮŰŬɘ Űɞ Űɨˊɞɠ ɗŮɟɛɘəɐɠ 

ŭɡůűɞɟɑŬɠ [63]: 

ὈὍ Ὕ πȟππυυὙὌ Ὕ ρτȟυ, 

ɧˊɞɡ ɇ ɖ ɗŮɟɛɞəɟŬůɑŬ, RH Űɞ ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ Űɖɠ ˊŮɟɘɞɢɐɠ.  

ɄŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ Űɞ 2023: 

 

ȺɘəɧɜŬ 4.3 Ʉɟɞűɑɚ ɗŮɟɛɞəɟŬůɘɩɜ Űɞ 2023  

ɆŰɞ ŭɘɎɔɟŬɛɛŬ ɗŮɟɛɞəɟŬůɘɩɜ ŬˊɞŰɡˊɩɜŮŰŬɘ ɖ ɕɩɜɖ Űɡˊɘəɐɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ (ɗŮɟɛɞəɟŬůɑŮɠ 

~20-25ɞC), ŭɖɚŬŭɐ Űɞ Ůɨɟɞɠ Űɘɛɩɜ ŮɜŰɧɠ Űɞɡ ɞˊɞɑɞɡ ɞɘ ůɡɜɗɐəŮɠ ɗŮɤɟɞɨɜŰŬɘ ɗŮɟɛɘəɎ 

ŬˊɞŭŮəŰɏɠ ɔɘŬ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ. ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɞɘ 

əŬŰŬɔŮɔɟŬɛɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ŮɛˊɑˊŰɞɡɜ ůŰɖ ɕɩɜɖ ŬɡŰɐ ɛɧɜɞ ɔɘŬ ɛɘəɟɧ ˊɞůɞůŰɧ Űɞɡ 

ůɡɜɞɚɘəɞɨ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɘɎɟəŮɘŬ ůɡɜɗɖəɩɜ 

ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ůŰɖɜ ŮɝŮŰŬɕɧɛŮɜɖ ˊŮɟɘɞɢɐ.  

ɆŰɖɜ ȺɨɓɞɘŬ, ɞɘ ɛɏůŮɠ ɗŮɟɛɞəɟŬůɑŮɠ əɡɛŬɑɜɞɜŰŬɘ ŮɜŰɧɠ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ Ůɨɟɞɡɠ Űɞɡ 

ɛŮůɞɔŮɘŬəɞɨ əɚɑɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ɐˊɘɞɡɠ əŬɘ ůɢŮŰɘəɎ ɡɔɟɞɨɠ ɢŮɘɛɩɜŮɠ ɛŮ ůˊɎɜɘŮɠ 

ŬəɟŬɑŮɠ ɢŬɛɖɚɏɠ Űɘɛɏɠ, əŬɗɩɠ əŬɘ ɗŮɟɛɎ, ɖɚɘɧɚɞɡůŰŬ əŬɘ ˊŬɟŬŰŮŰŬɛɏɜŬ əŬɚɞəŬɑɟɘŬ ɛŮ ɡɣɖɚɏɠ 
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ɛɏɔɘůŰŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɤůŰɧůɞ Űɞ ɏɜŰɞɜŬ ŭɘŬűɞɟɞˊɞɘɖɛɏɜɞ əŬɘ ˊɞɘəɘɚɧɛɞɟűɞ ŬɜɎɔɚɡűɞ Űɖɠ 

ˊŮɟɘɞɢɐɠ ŭɖɛɘɞɡɟɔŮɑ ůɖɛŬɜŰɘəɏɠ, ŬɝɘɞůɖɛŮɑɤŰŮɠ əŬɘ ŰɞˊɘəɎ ŮɛűŬɜŮɑɠ ŬˊɞəɚɑůŮɘɠ Ŭˊɧ Űɞ ɔŮɜɘəɧ 

ˊɟɧŰɡˊɞ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛɘəɟɞəɚɑɛŬŰŬ ɛŮ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ.  

ȼ ɚŮˊŰɞɛŮɟɐɠ ŬɜɎɚɡůɖ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ ɗŮɟɛɞəɟŬůɘɩɜ əŬŰŬŭŮɘəɜɨŮɘ ɛŮ ůŬűɐɜŮɘŬ ɏɜŬɜ ɡɣɖɚɧ 

ɓŬɗɛɧ ŬɡŰɞůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬŭɞɢɘəɩɜ Űɘɛɩɜ, əŬɗɩɠ əŬɘ ɘůɢɡɟɐ ˊŮɟɘɞŭɘəɧŰɖŰŬ Űɧůɞ 

ůŮ ɖɛŮɟɐůɘɞ ɧůɞ əŬɘ ůŮ Ůˊɞɢɘəɧ ŮˊɑˊŮŭɞ, ɡˊɞŭɖɚɩɜɞɜŰŬɠ Űɖɜ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ, ˊɟɞɓɚɏɣɘɛɖ 

əŬɘ əɡəɚɘəɐ űɨůɖ Űɤɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ ɛɞŰɑɓɤɜ ɛɏůŬ ůŰɞɜ ɢɟɧɜɞ. ȷɡŰɐ ɖ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ ɖ 

ˊɟɞɓɚŮɣɘɛɧŰɖŰŬ ŬɜŰŬɜŬəɚɎ Űɖ ŭɡɜŬɛɘəɐ ɘůɞɟɟɞˊɑŬ Űɞɡ Űɞˊɘəɞɨ əɚɑɛŬŰɞɠ, əŬɗɩɠ əŬɘ Űɖ 

ŭɘŬŰɐɟɖůɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɤɜ ɗŮɟɛɘəɩɜ ˊɟɞŰɨˊɤɜ ˊɞɡ 

ŮˊŬɜŬɚŬɛɓɎɜɞɜŰŬɘ ɛŮ ůɡɜɏˊŮɘŬ Ŭˊɧ ɏŰɞɠ ůŮ ɏŰɞɠ, ˊŬɟɎ Űɘɠ Űɞˊɘəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ, ŮɜɘůɢɨɞɜŰŬɠ 

Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ əɚɘɛŬŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ ˊŮɟɘɞɢɐɠ. 

4.2 ɄŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ɔɘŬ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ 

ȼ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȸɧɟŮɘŬɠ ȺɨɓɞɘŬɠ, ŮɝŮŰɎɕŮŰŬɘ ɏŰůɘ ɩůŰŮ 

ɜŬ əŬɚɡűɗŮɑ ůŮ ůɖɛŬɜŰɘəɧ ɓŬɗɛɧ ɛɏůɤ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ ůɨɔɢɟɞɜɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ 

ůɡůŰɖɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Ůɘŭɘəɐ ɘůɢɨ 217 W/mĮ. ȼ Ůˊɘɚɞɔɐ ŬɡŰɐɠ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŭŮɜ ŮɑɜŬɘ ŰɡɢŬɑŬ, ŬɚɚɎ ɓŬůɑɕŮŰŬɘ ɟɖŰɎ əŬɘ ŰŮəɛɖɟɘɤɛɏɜŬ ůŰɖɜ 

ɡɣɖɚɐ əŬɘ ůŰŬɗŮɟɐ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ ŭɏɢŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ, 

əŬɗɘůŰɩɜŰŬɠ Űɖɜ ȺɨɓɞɘŬ, əŬɘ ɘŭɘŬɑŰŮɟŬ Űɘɠ ˊŬɟɎəŰɘŮɠ əŬɘ ɖɛɘɞɟŮɘɜɏɠ ɕɩɜŮɠ Űɖɠ, ɘŭɘŬɑŰŮɟŬ 

Ůɡɜɞɥəɐ əŬɘ ˊɟɞɜɞɛɘŬəɐ ɔɘŬ Űɖɜ ŬˊɞŭɞŰɘəɐ əŬɘ ɓɘɩůɘɛɖ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ 

ŮɜɏɟɔŮɘŬɠ.  

ũɘŬ Űɖɜ Ŭəɟɘɓɐ əŬɘ ŬɝɘɧˊɘůŰɖ ŮəŰɑɛɖůɖ Űɖɠ ŮŰɐůɘŬɠ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŮəŰŮŰŬɛɏɜŬ əŬɘ ŭŮŭɞɛɏɜŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ˊɟɞůˊɑˊŰɞɡůŬ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ 

Ůˊɑ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ ˊɎɜŮɚ, ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ əɟɑůɘɛɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɞ 

ɓɏɚŰɘůŰɞɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ ˊɎɜŮɚ (ɜɧŰɘɞɠ), əŬɗɩɠ əŬɘ ɖ ɘŭŬɜɘəɐ əɚɑůɖ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ 

Űɞɜ ɞɟɑɕɞɜŰŬ, ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɓŮɚŰɘůŰɞˊɞɘɞɨɜ Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ.  

ɇɞ ŭɘɎɔɟŬɛɛŬ Ŭˊɧŭɞůɖɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ űɤŰɞɓɞɚŰŬɥəɞɨ ˊŬɟŬŰɑɗŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

ȺɘəɧɜŬ 4.4 ȷˊɧŭɞůɖ űɤŰɞɓɞɚŰŬɥəɩɜ  

 ɃˊɧŰŮ, ˊŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɚɞɔɘəɐ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ Űɤɜ 

űɤŰɞɓɞɚŰŬɥəɩɜ ůɡůŰɖɛɎŰɤɜ, ɧˊɞɡ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ɖɚɘŬəɐ ŭɡɜŬɛɘəɐ ŬɜɏɟɢŮŰŬɘ ůŮ 217 
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kW/mĮ, ɖ Űɘɛɐ ŬɡŰɐ ŬˊɞŰŮɚŮɑ Űɞ ɛɏɔɘůŰɞ ɗŮɤɟɖŰɘəɧ ŮɜŮɟɔŮɘŬəɧ ŭɡɜŬɛɘəɧ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ŬɝɘɞˊɞɘɖɗŮɑ ŬɜɎ ɛɞɜɎŭŬ ŮˊɘűɎɜŮɘŬɠ, ɡˊɧ ɘŭŬɜɘəɏɠ ůɡɜɗɐəŮɠ: 

ὖ
ςρχ 

ὡ

ά

ὖ

ρπππ
ȟ   ὖ ρπππ

ὡ

ά

ςρχ 
ὡ

ά
ȟ ὖ ρπππ

ὡ

ά
 

 

ȳˊɞɡ ╟░▪ ɖ ˊɟɞůˊɑˊŰɞɡůŬ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ əŬɘ ╟▫◊◄ ɖ ŬˊɞŭɘŭɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ ŰŬ 

űɤŰɞɓɞɚŰŬɥəɎ. 

ȼ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ŰŬ űɤŰɞɓɞɚŰŬɥəɎ Űɞ ɏŰɞɠ 2023 ˊŬɟŬŰɑɗŮŰŬɘ ůŰɞ Ůɝɐɠ 

ŭɘɎɔɟŬɛɛŬ: 

 

ȺɘəɧɜŬ 4.5 ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ ŰŬ űɤŰɞɓɞɚŰŬɥəɎ Űɞ ɏŰɞɠ 2023 

ɀŮ ɓɎůɖ ŬɡŰɎ ŰŬ ŭŮŭɞɛɏɜŬ, ɡˊɞɚɞɔɑůŰɖəŮ Űɞ ŬɜŬɚɡŰɘəɧ ŭɘɎɔɟŬɛɛŬ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɞ ɏŰɞɠ 2023, Űɞ ɞˊɞɑɞ ŬˊɞŰɡˊɩɜŮɘ ɛŮ ůŬűɐɜŮɘŬ əŬɘ ŬəɟɑɓŮɘŬ Űɧůɞ Űɖɜ 

ŬɜŬɛŮɜɧɛŮɜɖ ɛɖɜɘŬɑŬ ˊŬɟŬɔɤɔɐ ð ɛŮ Ŭɘɢɛɏɠ Űɞ əŬɚɞəŬɑɟɘ əŬɘ ɛŮɘɤɛɏɜɖ Ŭˊɧŭɞůɖ Űɞɡɠ 

ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ ð ɧůɞ əŬɘ Űɖɜ ůɡɜɞɚɘəɐ ŮŰɐůɘŬ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ.  

ȼ ˊŬɟŬɔɤɔɐ, ŬɡŰɐ, Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɞůˊɑˊŰɞɡůŬ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ 

ɞˊŰɘəɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ: 

 

ȺɘəɧɜŬ 4.6 Ɇɢɏůɖ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞ ű/ɓ Űɘɠ Űɘɛɏɠ Pyranometer ůŮ ɖɛŮɟɐůɘɞ ɛɏůɞ ɧɟɞ 

ȼ ɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ŭŮɑɢɜŮɘ ůŬűɐ ɢɟɞɜɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ɖɚɘŬəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞ űɤŰɞɓɞɚŰŬɥəɧ ůɨůŰɖɛŬ, ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ 

ɧŰɘ ɖ ˊŬɟŬɔɤɔɐ ŬəɞɚɞɡɗŮɑ ɎɛŮůŬ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ɖɚɘŬəɐɠ ɏɜŰŬůɖɠ. ɋůŰɧůɞ, ɖ ˊŬɟŬɔɧɛŮɜɖ 

ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɖɜ ˊɟɞůˊɑˊŰɞɡůŬ ŬəŰɘɜɞɓɞɚɑŬ, ɚɧɔɤ Űɤɜ 

űɡůɘɞɚɞɔɘəɩɜ ŬˊɤɚŮɘɩɜ (ɗŮɟɛɘəɩɜ, ɞˊŰɘəɩɜ əŬɘ ɖɚŮəŰɟɘəɩɜ) Űɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɗɩɠ əŬɘ Űɖɠ 

ɑŭɘŬɠ ŭɡɜŬɛɘəɐɠ Űɤɜ ˊɎɜŮɚɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ ŮɑɜŬɘ ˊɚɐɟɤɠ ůɡɛɓŬŰɎ ɛŮ Űɘɠ 

ŬɜŬɛŮɜɧɛŮɜŮɠ ŮˊɘŭɧůŮɘɠ Ůɜɧɠ ůɨɔɢɟɞɜɞɡ űɤŰɞɓɞɚŰŬɥəɞɨ ˊŮŭɑɞɡ əŬɘ ŬˊɞŭŮɘəɜɨɞɡɜ Űɖɜ ɞɟɗɐ 
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əŬɘ ůɡɜŮˊɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ.  

4.3 ȺəŰɘɛɩɛŮɜɖ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɞɡɠ əŬŰɞɑəɞɡɠ Űɖɠ 

ˊŮɟɘɞɢɐɠ 

ɇɞ ɡŭɟɞɖɚŮəŰɟɘəɧ ɏɟɔɞ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ˊɟɧəŮɘŰŬɘ ɜŬ əŬɚɨˊŰŮɘ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ əɡɟɑɤɠ 

ɜɞɘəɞəɡɟɘɩɜ əŬɘ ɗŬ ɔɑɜŮɘ ɏɟŮɡɜŬ əŬɘ ɔɘŬ ŬɔɟɞŰɘəɏɠ ɢɟɐůŮɘɠ əŬɗɩɠ ɛɘɚɎɛŮ ɔɘŬ ˊŮɟɘɞɢɐ ˊɞɡ 

ŭɟŬůŰɖɟɘɞˊɞɘŮɑŰŬɘ ůŰɞɜ ůɡɔəŮəɟɘɛɏɜɞ ŰɞɛɏŬ. ɄɟɞŰŮɟŬɘɧŰɖŰŬ ŭɑɜŮŰŬɘ ůŰɞ ŭɐɛɞ ɀŬɜŰɞɡŭɑɞɡ 

ůŰɞɜ ɞˊɞɑɞ ɛŮ ɓɎůɖ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŬˊɞɔɟŬűɐ əŬŰɞɘəɞɨɜ 12.235 ˊɞɚɑŰŮɠ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɜŬ 

ɛˊɞɟɏůɞɡɜ ɜŬ əŬɚɡűɗɞɨɜ ɞɘ ŬɜɎɔəŮɠ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟɤɜ əŬŰɞɑəɤɜ, ɤůŰɧůɞ 

ŭŮŭɞɛɏɜɖɠ Űɖɠ ŮɝɎɟŰɖůɖɠ ŬűŮɜɧɠ Ŭˊɧ űɡůɘəɎ űŬɘɜɧɛŮɜŬ, ɔŮɤɛɞɟűɞɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

Űɖɠ ˊŮɟɘɞɢɐɠ (űɡůɘəɐɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ ɡɣɞɛŮŰɟɘəɏɠ ŭɘŬűɞɟɏɠ ˊɞɡ ůɡɜŬɜŰɘɧɜŰŬɘ ůŰɞ 

ůɡɔəŮəɟɘɛɏɜɞ ɔŮɤɔɟŬűɘəɧ Űɧˊɞ) ɗŬ ŮɝŮŰŬůŰŮɑ əŬŰɎ ˊɧůɞ Űɞ ɏɟɔɞ ɗŬ ɛˊɞɟɏůŮɘ ɜŬ ɘəŬɜɞˊɞɘɐůŮɘ 

ŰŬ ŮəɎůŰɞŰŮ ɕɖŰɞɨɛŮɜŬ. 

ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ˊɟɞűɑɚ Űɖɠ ˊŮɟɘɞɢɐɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ůɡɜɞɚɘəɏɠ Űɘɛɏɠ 

ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ Űɞɡ ɞɘəɘŬəɞɨ ŰɞɛɏŬ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɞɡ ˊɚɖɗɡůɛɞɨ Űɖɠ ȺɚɚɎŭŬɠ ɔɘŬ 

ŰŬ ɏŰɖ 2014 ɏɤɠ 2025 (Ŭˊɧ ɘůŰɞůŮɚɑŭŬ ŭŮŭɞɛɏɜɤɜ entsoe [64]). ɆŰɖ ůɡɜɏɢŮɘŬ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɜŬɔɤɔɐ ɔɘŬ Űɞɜ ˊɚɖɗɡůɛɧ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ɀŬɜŰɞɡŭɑɞɡ ɛŮ ɓɎůɖ Űɖɜ 

Ůɝɑůɤůɖ: 

Ὼ‌†‌’ʗ‗‡‛ʚ‏‡‛†’‌ῼ –„‫  ‗–—‡„‘ʝ‟ ῼ‌’†‛‡‏ʚ‛‡
Ὼ‌†‌’ʗ‗‟‌‏ῴ‗‗ʗ –„‫

 ‗–—‡„‘ʝ‟ ῴ‗‗ʗ‏‌‟
 

 

ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, ́ ɟɞůŮɔɔɑůŰɖəŮ Űɞ ŮŰɐůɘɞ ˊɟɞűɑɚ ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ ɔɘŬ Űɞɜ Űɞˊɘəɧ 

ˊɚɖɗɡůɛɧ, ˊŬɟɏɢɞɜŰŬɠ Űɖ ɓɎůɖ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬˊŬɘŰɐůŮɤɜ Űɖɠ 

ˊŮɟɘɞɢɐɠ. 

ɇɞ ɢɟɞɜɘəɧ ˊɟɞűɑɚ ŮɜŮɟɔŮɘŬəɩɜ əŬŰŬɜŬɚɩůŮɤɜ Űɤɜ əŬŰɞɑəɤɜ Űɞɡ ɀŬɜŰɞɡŭɑɞɡ 20214-2025: 

 

ȺɘəɧɜŬ 4.7 Ɇɡɜɞɚɘəɐ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ ŰŬ ɏŰɖ 2014-2025 [64]  

 

 

 

ɇɞ ɢɟɞɜɘəɧ ˊɟɞűɑɚ ŮɜŮɟɔŮɘŬəɩɜ əŬŰŬɜŬɚɩůŮɤɜ Űɤɜ əŬŰɞɑəɤɜ Űɞɡ ɀŬɜŰɞɡŭɑɞɡ 2023: 
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ȺɘəɧɜŬ 4.8 ȾŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ ɢɤɟɑɠ ŬɜŰɚɐůŮɘɠ Űɞ ɏŰɞɠ 2023 

ũɘŬ Űɖɜ Ŭəɟɘɓɐ əŬɘ ɛŮɗɞŭɘəɐ ŮəŰɑɛɖůɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬˊŬɘŰɐůŮɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ 

ɎɟŭŮɡůɖ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȸɧɟŮɘŬɠ ȺɨɓɞɘŬɠ, ɏɔɘɜŮ ůŬűɐɠ əŬɘ ɚŮɘŰɞɡɟɔɘəɐ 

ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ ŭɨɞ ɓŬůɘəɩɜ əŬŰɖɔɞɟɘɩɜ əŬɚɚɘŮɟɔŮɘɩɜ: ŬɡŰɩɜ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ 

ɡɣɖɚɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ, ɛŮ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ 115 GJ/ha, əŬɘ ŬɡŰɩɜ ɛŮ ɢŬɛɖɚɧŰŮɟŮɠ 

ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ, ɛŮ Űɘɛɐ 45 GJ/ha. Ƀɘ əŬɚɚɘɏɟɔŮɘŮɠ ɡɣɖɚɩɜ ŬˊŬɘŰɐůŮɤɜ 

əŬŰŬɚŬɛɓɎɜɞɡɜ ůɡɜɞɚɘəɐ ɏəŰŬůɖ 2.645 ŮəŰŬɟɑɤɜ, ŬɜŰɘˊɟɞůɤˊŮɨɞɜŰŬɠ Űɞ 46% Űɖɠ ůɡɜɞɚɘəɎ 

ŭɘŬɗɏůɘɛɖɠ əŬɘ əŬɚɚɘŮɟɔɐůɘɛɖɠ ɔɖɠ ůŰɖɜ ˊŮɟɘɞɢɐ, Ůɜɩ ɞɘ əŬɚɚɘɏɟɔŮɘŮɠ ɢŬɛɖɚɩɜ ŬˊŬɘŰɐůŮɤɜ 

əŬŰŬɚŬɛɓɎɜɞɡɜ 3.821 ŮəŰɎɟɘŬ, ŭɖɚŬŭɐ Űɞ 66% Űɖɠ ŭɘŬɗɏůɘɛɖɠ ɔɖɠ, ɛŮ ŮˊɘəɎɚɡɣɖ ɚɧɔɤ ɛɘəŰɐɠ 

ɢɟɐůɖɠ ůŮ ɞɟɘůɛɏɜŮɠ ɕɩɜŮɠ. 

 

ɄɑɜŬəŬɠ 4.2 ɄɑɜŬəŬɠ ŬɜŬɔəɩɜ əŬɚɚɘɏɟɔŮɘŬɠ  

Ƀɘ ůɡɜɞɚɘəɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ ɔɘŬ ɎɟŭŮɡůɖ ˊɟɞůŮɔɔɑůŰɖəŬɜ ɛŮ ŮˊɘůŰɖɛɞɜɘəɐ ŬəɟɑɓŮɘŬ 

ɛɏůɤ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ əŬɚɡˊŰɧɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ ůŮ ŮɜŮɟɔŮɘŬəɏɠ ɛɞɜɎŭŮɠ GJ, ɛŮ Űɖ ɢɟɐůɖ 

Űɞɡ Űɨˊɞɡ: 

ῴ ῴ ὃ 

ɧˊɞɡ E ŮɑɜŬɘ ɖ ŮɜɏɟɔŮɘŬ ůŮ GJ, A ɖ ɏəŰŬůɖ ůŮ ŮəŰɎɟɘŬ əŬɘ ER ɖ Ůɘŭɘəɐ ŮɜŮɟɔŮɘŬəɐ ŬˊŬɑŰɖůɖ ůŮ 

GJ/ha. 

ȾŬŰɧˊɘɜ, ŰŬ ůɡɜɞɚɘəɎ GJ ɛŮŰŬŰɟɎˊɖəŬɜ ůŮ kWh ɛŮ Űɖ ɢɟɐůɖ Űɖɠ ŬɜŬɚɞɔɘəɐɠ ůɢɏůɖɠ ρ Ὃὐ

ςχχȟχψ ὑὡὬ, ˊŬɟɏɢɞɜŰŬɠ ˊɟŬəŰɘəɐ əŬɘ ɎɛŮůŬ Ŭɝɘɞˊɞɘɐůɘɛɖ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ ɔɘŬ Űɞ 

ɖɚŮəŰɟɘəɧ űɞɟŰɑɞ. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞŰɡˊɤɗŮɑ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ɟŮŬɚɘůŰɘəɧŰɖŰŬ ɖ ˊɟŬɔɛŬŰɘəɐ əŬŰŬɜɞɛɐ Űɖɠ 

ɕɐŰɖůɖɠ, ŮűŬɟɛɧůŰɖəŮ əɚɘɛɎəɤůɖ Űɞɡ űɞɟŰɑɞɡ ɛɏůɤ ŮɘůŬɔɤɔɐɠ ˊɟɧůɗŮŰɤɜ ɓɖɛɎŰɤɜ. 



45 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ɖ ˊŮɟɑɞŭɞɠ ɎɟŭŮɡůɖɠ ˊŮɟɘɞɟɑɕŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ůŰɞɡɠ ŰɟŮɘɠ ɗŮɟɘɜɞɨɠ 

ɛɐɜŮɠ, ŭɖɚŬŭɐ Űɞɜ Ƚɞɨɜɘɞ, Űɞɜ Ƚɞɨɚɘɞ əŬɘ Űɞɜ ȷɨɔɞɡůŰɞ, ɞɘ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜ Űɖɜ ˊŮɟɑɞŭɞ 

ɛɏɔɘůŰɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ əŬɘ ɡɣɖɚɧŰŮɟɤɜ ŬɟŭŮɡŰɘəɩɜ ŬɜŬɔəɩɜ, ɖ ůɡɜɞɚɘəɐ ŭɘɎɟəŮɘŬ Űɖɠ 

ɎɟŭŮɡůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ 2.160 ɩɟŮɠ (90 ɖɛɏɟŮɠ Ĭ 24 ɩɟŮɠ/ɖɛɏɟŬ), əŬɚɨˊŰɞɜŰŬɠ ˊɚɐɟɤɠ Űɞ 

Ůˊɞɢɘəɧ ˊŬɟɎɗɡɟɞ əŬŰɎ Űɞ ɞˊɞɑɞ ɖ ɔŮɤɟɔɘəɐ ˊŬɟŬɔɤɔɐ ŮɝŬɟŰɎŰŬɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɖɜ 

ŰŮɢɜɖŰɐ ɡŭɟɞŭɧŰɖůɖ. ȼ əŬŰŬɜɞɛɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞɛŬɚɎ ɡˊɞɗɏŰɞɜŰŬɠ ɘůɞəŬŰŬɜɞɛɐ ůŮ 

ɤɟɘŬɑŬ ɓɎůɖ, ůŰɖɟɘɕɧɛŮɜɖ ůŰɞ ˊɟɞűɑɚ Űɤɜ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ ɗŮɟɛɞəɟŬůɘɩɜ, ɗŮɤɟɩɜŰŬɠ ɧŰɘ ɖ 

ɕɐŰɖůɖ ŬɡɝɎɜŮŰŬɘ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ, ŮɜŰŮɑɜŮŰŬɘ ˊɟɞɞŭŮɡŰɘəɎ ɛŮ Űɖɜ Ɏɜɞŭɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ 

əɞɟɡűɩɜŮŰŬɘ ůŰŬ ɛɏůŬ Ƚɞɡɚɑɞɡ, ˊŮɟɑɞŭɞ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ əŬɘ ůŰɘɠ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɘəɏɠ Űɘɛɏɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ ŮɜŮɟɔŮɘŬəɐ ŬˊŬɑŰɖůɖ ˊŬɟɞɡůɘɎɕŮɘ ůŰŬŭɘŬəɐ ɛŮɑɤůɖ, ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ 

əŬɗɞŭɘəɐ ŰɎůɖ Űɞɡ ɗŮɟɛɞəɟŬůɘŬəɞɨ ˊɟɞűɑɚ, ůŮ ɛɘŬ ˊɟɞůŮɔɔɘůŰɘəɐ ŬɚɚɎ ɟŮŬɚɘůŰɘəɐ 

ŬˊɞŰɨˊɤůɖ Űɖɠ Ůˊɞɢɘəɐɠ ɛŮŰŬɓɞɚɐɠ Űɤɜ ŬɟŭŮɡŰɘəɩɜ ŬɜŬɔəɩɜ. 

ɄŬɟŬŰɑɗŮŰŬɘ, ŰŮɚɘəɎ, Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ əŬŰŬɜɎɚɤůɖɠ əŬŰɞɑəɤɜ əŬɘ ɎɜŰɚɖůɖɠ Űɞ ɏŰɞɠ 2023: 

 

ȺɘəɧɜŬ 4.9 ȾŬŰŬɜŬɚɩůŮɘɠ əŬɘ ŬɜŰɚɐůŮɘɠ Űɞ ɏŰɞɠ 2023 

ȾŬɘ ůɡɜɞɚɘəɎ ɞɘ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ (ɞɘəɘŬəɏɠ əŬɘ ŬɜŰɚɐůŮɤɜ) ɔɘŬ Űɞ ɏŰɞɠ 2023: 

 

ȺɘəɧɜŬ 4.10 ɆɡɜɞɚɘəɎ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ 2023 

ɇɏɚɞɠ, ɧůɞɜ ŬűɞɟɎ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ɢɟɞɜɘəɩɜ ɛŮŰŬɓɞɚɩɜ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŮ ůɡɜŭɡŬůɛɧ 

ɛŮ Űɖɜ ŮɜŮɟɔŮɘŬəɐ əŬŰŬɜɎɚɤůɖ əŬŰŬŭŮɘəɜɨŮɘ ůŬűɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɛŮŰŬɓɚɖŰɩɜ. ȼ 

əŬŰŬɜɎɚɤůɖ ŬəɞɚɞɡɗŮɑ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɘɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ, ɛŮ Ŭɨɝɖůɖ əŬŰɎ 

Űɘɠ ˊŮɟɘɧŭɞɡɠ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ ð əɡɟɑɤɠ ɚɧɔɤ ɕɐŰɖůɖɠ ɔɘŬ ɣɨɝɖ əŬɘ ɎɟŭŮɡůɖ. 

Ⱥˊɘˊɚɏɞɜ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ əŬɘ ɞɘ ŭɨɞ ɢɟɞɜɞůŮɘɟɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ əɞɘɜɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ˊŮɟɘɞŭɘəɧŰɖŰŬɠ, ɛŮ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŬ ɛɞŰɑɓŬ ůŮ ɖɛŮɟɐůɘŬ əŬɘ ŮˊɞɢɘŬəɐ əɚɑɛŬəŬ. ȼ 

ˊŮɟɘɞŭɘəɐ űɨůɖ Űɤɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ ɛŮŰŬɓɞɚɩɜ ŬɜŰŬɜŬəɚɎŰŬɘ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ 

ˊŮɟɘɞŭɘəɧŰɖŰŬ Űɖɠ əŬŰŬɜɎɚɤůɖɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɜɘůɢɨŮɘ Űɖɜ ˊɟɞɓɚŮɣɘɛɧŰɖŰŬ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ɕɐŰɖůɖɠ ɓɎůŮɘ Űɤɜ əɚɘɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 
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ɄŬɟŬŰɑɗŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ ˊɞɡ űŬɑɜŮŰŬɘ ɖ ůɢɏůɖ ŬɡŰɐ ɔɘŬ Űɞ 2023: 

 

ȺɘəɧɜŬ 4.11 Ɇɢɏůɖ ɗŮɟɛɞəɟŬůɘɩɜ ɛŮ əŬŰŬɜɎɚɤůɖ Űɞ ɏŰɞɠ 2023  

4.4 ɄŬɟŬŰɐɟɖůɖ Ůɛɛɞɜɐɠ ůŰɞ ˊɟɞűɑɚ əŬŰŬɜɎɚɤůɖɠ  

ɇɞ ˊɟɞűɑɚ ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ ůŰɖɜ ˊŮɟɘɞɢɐ ˊŬɟɞɡůɘɎɕŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ, ɏɜŰɞɜɖ əŬɘ 

ˊɟɞɓɚɏɣɘɛɖ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ, ɖ ɞˊɞɑŬ ŮəŭɖɚɩɜŮŰŬɘ ɧɢɘ ɛɧɜɞ ůŮ ɛŬəɟɞɢɟɧɜɘŬ əɚɑɛŬəŬ, ɧˊɤɠ 

ŮɑɜŬɘ ɖ ˊɎɟɞŭɞɠ ɛɘŬɠ ŭŮəŬŮŰɑŬɠ, ŬɚɚɎ əŬɘ ůŮ ˊɘɞ ɓɟŬɢɡˊɟɧɗŮůɛŮɠ, ɧˊɤɠ ɖ ŮŰɐůɘŬ əŬɘ ɖ ɛɖɜɘŬɑŬ 

ɓɎůɖ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɝɘɧˊɘůŰɖ, ůɡůŰɖɛŬŰɘəɐ əŬɘ ŮˊɘůŰɖɛɞɜɘəɎ ŰŮəɛɖɟɘɤɛɏɜɖ 

ŬɜɎɚɡůɖ ˊɟɧŰɡˊɤɜ ůɡɛˊŮɟɘűɞɟɩɜ əŬŰŬɜɎɚɤůɖɠ ůŮ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ɢɟɧɜɞɡ. ȷɡŰɐ ɖ 

ůɡůŰɖɛŬŰɘəɧŰɖŰŬ əŬɘ ɖ əɡəɚɘəɧŰɖŰŬ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ˊɟɞŰɨˊɤɜ ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ ˊɟɧɓɚŮɣɖ, 

Űɞɜ ůɢŮŭɘŬůɛɧ ɡˊɞŭɞɛɩɜ, əŬɗɩɠ əŬɘ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ Ŭˊɧ ŬɜŬɜŮɩůɘɛŮɠ 

ˊɖɔɏɠ. 

ȺůŰɘɎɕɞɜŰŬɠ ůŰɞɜ ɛɐɜŬ ȽŬɜɞɡɎɟɘɞ ŮɜŭŮɘəŰɘəɎ: 

 

ȺɘəɧɜŬ 4.12 Ʉɟɞűɑɚ ɛɖɜɘŬɑŬɠ əŬŰŬɜɎɚɤůɖɠ Űɞɜ ȽŬɜɞɡɎɟɘɞ 

ɆŰɖ ůɡɜɏɢŮɘŬ, əŬɘ ůŮ ŮŰɐůɘŬ əɚɑɛŬəŬ: 

 

ȺɘəɧɜŬ 4.13 ȺŰɐůɘŮɠ əŬŰŬɜŬɚɩůŮɘɠ Űɞ ɏŰɞɠ 2023 

ɄŬɟŬŰɖɟɞɨɛŮ Űɘɠ əŬŰŬɜŬɚɩůŮɘɠ əŬɘ ůŮ ŮˊɑˊŮŭɞ ŭŮəŬŮŰɑŬɠ ɔɘŬ ŰŬ ɏŰɖ 2014-2025: 
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ȺɘəɧɜŬ 4.14 əŬŰŬɜŬɚɩůŮɘɠ ɔɘŬ ŰŬ ɏŰɖ 2014-2025 

ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Űɖɠ əŬŰŬɜɎɚɤůɖɠ Űɞɡ ɞɘəɘůɛɞɨ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŬɜɎɚɡůɖ ŬɡŰɞůɡůɢɏŰɘůɖɠ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ. ȷɟɢɘəɎ, ɖ Ŭɟɢɘəɐ ɤɟɘŬɑŬ ɢɟɞɜɞůŮɘɟɎ 

əŬŰŬɜŬɚɩůŮɤɜ ɔɘŬ Űɞ ɏŰɞɠ 2023 ɛŮŰŬůɢɖɛŬŰɑůŰɖəŮ ůŮ ɖɛŮɟɐůɘŬ əŬɘ ɛɖɜɘŬɑŬ ɛɞɟűɐ ɛɏůɤ 

əŬŰɎɚɚɖɚɖɠ ɞɛŬŭɞˊɞɑɖůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑůŰɖəŮ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ůɡůɢɏŰɘůɖɠ Pearson ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ ɢɟɞɜɘəɩɜ ŭɘŬůŰɖɛɎŰɤɜ (ɖɛŮɟɩɜ əŬɘ ɛɖɜɩɜ) ɛŮ Űɖ 

ɢɟɐůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ CORREL ůŰɞ Excel, ɩůŰŮ ɜŬ ŮəŰɘɛɖɗŮɑ ɞ ɓŬɗɛɧɠ ɞɛɞɘɧŰɖŰŬɠ Űɤɜ 

ŭɘŬŭɞɢɘəɩɜ ˊɟɞűɑɚ əŬŰŬɜɎɚɤůɖɠ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɑɢɜɞɡɜ ɡɣɖɚɧ ɓŬɗɛɧ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ, əŬɗɩɠ ɖ ɛɏůɖ 

Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬɡŰɞůɡůɢɏŰɘůɖɠ ɖɛŮɟɖůɑɤɠ ˊɟɞůŮɔɔɑɕŮɘ Űɞ 95%. ɇɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ 

ɢɟɞɜɞůŮɘɟɎɠ ŬɡŰɞůɡůɢɏŰɘůɖɠ ɛŮ ɓɐɛŬ ɛɏɟŬɠ ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖ ůŰŬɗŮɟɧŰɖŰŬ ŬɡŰɐ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɔŮɜɘəɎ ɡɣɖɚɏɠ ɗŮŰɘəɏɠ Űɘɛɏɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬŭɞɢɘəɩɜ ˊŮɟɘɧŭɤɜ. 

ɄŬɟɎɚɚɖɚŬ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɟɘůɛɏɜŮɠ ŬəɟŬɑŮɠ ɢŬɛɖɚɏɠ Űɘɛɏɠ, ɞɘ ɞˊɞɑŮɠ ˊɘɗŬɜɧɜ ɞűŮɑɚɞɜŰŬɘ 

ůŮ ŬůɡɜɐɗɘůŰŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ɛŮŰŬɝɨ ůɡɔəŮəɟɘɛɏɜɤɜ ɢɟɞɜɘəɩɜ ŭɘŬůŰɖɛɎŰɤɜ, 

ɧˊɤɠ ŬəɟŬɑŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ, ɛŮŰŬɓɞɚɏɠ ůŰɖ ɕɐŰɖůɖ ɐ ˊɘɗŬɜɏɠ ŬɜɤɛŬɚɑŮɠ/ŮɚɚŮɑɣŮɘɠ ůŰŬ 

ŭŮŭɞɛɏɜŬ. Ƀɘ ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ ŬɜŰŬɜŬəɚɞɨɜ ůŰɘɔɛɘŬɑŮɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Űɞɡ ˊɟɞŰɨˊɞɡ 

əŬŰŬɜɎɚɤůɖɠ əŬɘ ŭŮɜ ŮˊɖɟŮɎɕɞɡɜ Űɖ ůɡɜɞɚɘəɐ ŮɘəɧɜŬ ɡɣɖɚɐɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Űɖɠ 

ɢɟɞɜɞůŮɘɟɎɠ. 

ɄŬɟŬŰɑɗŮŰŬɘ ɖ ɢɟɞɜɞůŮɘɟɎ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬɡŰɞůɡůɢɏŰɘůɖɠ ɔɘŬ Űɞ ɏŰɞɠ 2023 ɔɘŬ ɓɐɛŬ ɛɏɟŬɠ: 

 

ȺɘəɧɜŬ 4.15 ȹɘɎɔɟŬɛɛŬ ůɡɜŰŮɚŮůŰɐ ɖɛŮɟɐůɘŬɠ ŬɡŰɞůɡůɢɏŰɘůɖɠ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ əŬŰŬɜɎɚɤůɖɠ (2023) 

ȷɜŰɑůŰɞɘɢɖ ŬɜɎɚɡůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬɘ ůŮ ɛɖɜɘŬɑɞ ɢɟɞɜɘəɧ ɓɐɛŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮɝŮŰŬůŰŮɑ ɖ ŮɛɛɞɜɘəɧŰɖŰŬ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ ůŮ ɛŮɔŬɚɨŰŮɟɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɏŭŮɘɝŬɜ Ůˊɑůɖɠ ɘəŬɜɞˊɞɘɖŰɘəɧ ɓŬɗɛɧ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ ɛɖɜɩɜ, ɛŮ Űɖ ɛɏůɖ Űɘɛɐ 

Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬɡŰɞůɡůɢɏŰɘůɖɠ ɜŬ ŬɜɏɟɢŮŰŬɘ ˊŮɟɑˊɞɡ ůŰɞ 64%. ɄŬɟɧŰɘ ɖ Űɘɛɐ ŬɡŰɐ ŮɑɜŬɘ 
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ɢŬɛɖɚɧŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɖɛŮɟɐůɘŬ ŬɜɎɚɡůɖ, ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ɡˊɞŭɖɚɩɜŮɘ ůɖɛŬɜŰɘəɧ 

ɓŬɗɛɧ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ůŮ ɛɖɜɘŬɑɞ ŮˊɑˊŮŭɞ. ȼ ɢŬɛɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ əɡɟɑɤɠ ůŰɘɠ Ůˊɞɢɘəɏɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ, ɞɘ ɞˊɞɑŮɠ ŮˊɖɟŮɎɕɞɡɜ 

ůɖɛŬɜŰɘəɎ ŰŬ ˊɟɧŰɡˊŬ əŬŰŬɜɎɚɤůɖɠ ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ Ůˊɞɢɩɜ Űɞɡ ɏŰɞɡɠ (ˊ.ɢ. ŬɡɝɖɛɏɜŮɠ 

ŬɜɎɔəŮɠ ɗɏɟɛŬɜůɖɠ Űɞɜ ɢŮɘɛɩɜŬ ɐ ɣɨɝɖɠ Űɞ əŬɚɞəŬɑɟɘ), ɞŭɖɔɩɜŰŬɠ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ ɛɖɜɩɜ.  

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮŰŬɘ ŮɜŭŮɘəŰɘəɎ ɖ ŬɜŰɑůŰɞɘɢɖ ɢɟɞɜɞůŮɘɟɎ ɔɘŬ Űɞ ɏŰɞɠ 2023, ɖ ɞˊɞɑŬ 

ŬˊŮɘəɞɜɑɕŮɘ Űɖ ɛɖɜɘŬɑŬ Ůɝɏɚɘɝɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ: 

 

ȺɘəɧɜŬ 4.16 ȹɘɎɔɟŬɛɛŬ ůɡɜŰŮɚŮůŰɐ ɛɖɜɘŬɑŬɠ ŬɡŰɞůɡůɢɏŰɘůɖɠ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ əŬŰŬɜɎɚɤůɖɠ (2023) 

ɆŮ ɛŮɔŬɚɨŰŮɟɖ Ŭəɧɛɖ əɚɑɛŬəŬ əɎɜɞɡɛŮ ŬɡŰɞůɡůɢɏŰɘůɖ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ əŬɘ ůŮ ŮŰɐůɘɞ ɓɐɛŬ 

Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ ɛɏůɞɠ ůɡɜŰŮɚŮůŰɐɠ 76,3%, ŬˊɞŭŮɘəɜɨɞɜŰŬɠ Űɖɜ ɡɣɖɚɐ ŮɛɛɞɜɘəɧŰɖŰŬ 

əŬɘ ůŮ ŮŰɐůɘɞ ŮˊɑˊŮŭɞ. ȷəɞɚɞɡɗŮɑ Űɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ: 

 

ȺɘəɧɜŬ 4.17 ȹɘɎɔɟŬɛɛŬ ůɡɜŰŮɚŮůŰɐ ŮŰɐůɘŬɠ ŬɡŰɞůɡůɢɏŰɘůɖɠ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ əŬŰŬɜɎɚɤůɖɠ (2023) 

4.5 ȺəŰɑɛɖůɖ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Ŭˊɧŭɞůɖɠ űɤŰɞɓɞɚŰŬɥəɩɜ 

ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ ɏəŰŬůɖɠ űɤŰɞɓɞɚŰŬɥəɩɜ ŮɔəŬŰŬůŰɎůŮɤɜ, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ ɢɟɞɜɞůŮɘɟɏɠ: ɖ ɢɟɞɜɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ Ŭˊɧ 

űɤŰɞɓɞɚŰŬɥəɎ ůŮ ɛɞɜɎŭŮɠ kW/ha əŬɘ ɖ ɢɟɞɜɞůŮɘɟɎ Űɖɠ ůɡɜɞɚɘəɐɠ ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ 

Űɞɡ ȹɐɛɞɡ ɀŬɜŰɞɡŭɑɞɡ ůŮ kW. ȼ ŬˊŬɘŰɞɨɛŮɜɖ ŮˊɘűɎɜŮɘŬ ɔɘŬ  Űɖɜ ˊŬɟŬɔɤɔɐ ůɡɜɞɚɘəɎ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɞ ŭɐɛɞɠ ɔɘŬ ɏɜŬ ɏŰɞɠ ɟ́ɞůŭɘɞɟɑůŰɖəŮ ɛɏůɤ Űɖɠ ůɢɏůɖɠ:  

 ‡’‛‗―‖ʙ ‖‌†‌’ʗ‗ὯύὬ  –„‫

ῴ†ʙ„―‌ “‌”‌‎‌ʛ‖‛ʞ ‌’ʗ Ὤὥ†‗‛‍‛†‫• ‫‎ʙ 
ὯύὬ
Ὤὥ

 

 ɆɡɔəŮəɟɘɛɏɜŬ, ɛŮ ŭŮŭɞɛɏɜɖ Űɖ ůɡɜɞɚɘəɐ ŮŰɐůɘŬ əŬŰŬɜɎɚɤůɖ Űɤɜ əŬŰɞɑəɤɜ, ɖ ɞˊɞɑŬ 

ŬɜɏɟɢŮŰŬɘ ůŮ 62.920 MWh, əŬɘ Űɖɜ ŮŰɐůɘŬ Ŭˊɧŭɞůɖ Űɞɡ űɤŰɞɓɞɚŰŬɥəɞɨ ůɡůŰɐɛŬŰɞɠ, ɖ ɞˊɞɑŬ 
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ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ 3.329 MWh/ha, ˊɟɞəɨˊŰŮɘ ɛŮ ůŬűɐɜŮɘŬ ɧŰɘ ŬˊŬɘŰɞɨɜŰŬɘ ˊŮɟɑˊɞɡ 18,9ha 

űɤŰɞɓɞɚŰŬɥəɩɜ əŬɗŬɟɎ, ŭɖɚŬŭɐ ɢɤɟɑɠ Űɞɡ ŭɘŬŭɟɧɛɞɡɠ ŬůűŬɚŮɑŬɠ əɚˊ, ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

ɑŭɘɞɡ ˊɞůɞɨ ŮɜɏɟɔŮɘŬɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŬɡŰɎ ɏɢɞɡɜ Űɞ ůɤůŰɧ ˊɟɞůŬɜŬŰɞɚɘůɛɧ əŬɘ əɚɑůɖ.  

MŮ ɓɎůɖ, ɚɞɘˊɧɜ, Űɖɠ ŮəŰɑɛɖůɖɠ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ ɏəŰŬůɖɠ űɤŰɞɓɞɚŰŬɥəɩɜ ɛɞɜɎŭɤɜ, 

ˊɟɞɢɤɟɎ ɖ ŬɜɎɚɡůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ɘůɞɕɡɔɑɞɡ ůŮ ɢɟɞɜɘəɧ ɓɐɛŬ ŬɜɎ ɩɟŬ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, 

ɖ ŮɜŮɟɔŮɘŬəɐ Ůɘůɟɞɐ Ŭˊɧ ŰŬ űɤŰɞɓɞɚŰŬɥəɎ ╧◄ əŬɚŮɑŰŬɘ ɜŬ əŬɚɨɣŮɘ Űɘɠ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ 

 Űɤɜ əŬŰŬɜŬɚɩůŮɤɜ əŬɘ Űɤɜ ŬɜŰɚɐůŮɤɜ ╡◄. ȷˊɧ Űɞ ŮɜŮɟɔŮɘŬəɧ ɘůɞɕɨɔɘɞ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ 

ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ ŭŮɜ ůɡɛˊɑˊŰŮɘ ɢɟɞɜɘəɎ ɛŮ Űɖ ɕɐŰɖůɖ, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŰɞɜɖ ŬůɡɛűɤɜɑŬ ɛŮŰŬɝɨ ˊɟɞůűɞɟɎɠ əŬɘ əŬŰŬɜɎɚɤůɖɠ.  

ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɖ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɡˊɞɚŮɑˊŮŰŬɘ ůɖɛŬɜŰɘəɎ əŬɘ ɞɘ 

ŬˊŬɘŰɐůŮɘɠ əŬɚɨˊŰɞɜŰŬɘ ˊŮɟɘɞɟɘůɛɏɜŬ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŮɚɚŮɑɣŮɘɠ ŮɜɏɟɔŮɘŬɠ, ˊɞɡ ˊɟɞəɨˊŰɞɡɜ 

Ŭˊô Űɖ ůɢɏůɖ: ╡ᴂ◄  ╡◄ ╧◄ Űɘɠ ɩɟŮɠ ˊɞɡ ŰŬ űɤŰɞɓɞɚŰŬɥəɎ ŭŮɜ Ŭˊɞŭɑŭɞɡɜ ɧůɞ ɖ ɕɐŰɖůɖ. 

ɇŬɡŰɞɢɟɧɜɤɠ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɡˊɏɟɞɔəŬ ˊɧůŬ ˊŮɟɑůůŮɘŬɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ  

ŬɜŰɑůŰɞɘɢŬ Ŭˊô Űɖ ůɢɏůɖ: ♣ᴂ◄  ♣◄ ╡◄ȟ Űɘɠ ɩɟŮɠ ˊɞɡ ɖ ŮɜŮɟɔŮɘŬəɐ ˊɟɞůűɞɟɎ ɝŮˊŮɟɜɎ Űɖ 

ɕɐŰɖůɖ, ŰŬ ɞˊɞɑŬ, ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ əŬɚɨɣɞɡɜ  Űɘɠ ŬɜɎɔəŮɠ Ŭˊɧ Ɏˊɞɣɖ ŭɡɜŬɛɘəɞɨ, ŬɚɚɎ Űɞ 

ɘůɞɕɨɔɘɞ ŬŭɡɜŬŰŮɑ ɜŬ ŬɝɘɞˊɞɘɐůŮɘ. ȰŰůɘ, ŬˊɞŭŮɘəɜɨŮŰŬɘ əŬɘ ˊɟŬəŰɘəɎ ɧŰɘ ɖ ŬɜɎɔəɖ əŬŰŬůəŮɡɐɠ 

əɎˊɞɘɞɡ Ůɑŭɞɡɠ ɛˊŬŰŬɟɑŬɠ ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ɓɘɤůɘɛɧŰɖŰŬ Űɞɡ ɏɟɔɞɡ, ɖ ɞˊɞɑŬ 

ŬɜŬɚɨŮŰŬɘ ŮəŰŮɜɩɠ ůŰŬ ŬəɧɚɞɡɗŬ əŮűɎɚŬɘŬ. 
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5 Ʉɟɞůɏɔɔɘůɖ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɗɏůɖɠ űɡůɘəɐɠ 

ɛˊŬŰŬɟɑŬɠ 

5.1 ũŮɜɘəɐ ˊŮɟɘɔɟŬűɐ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ ɏɟɔɞɡ 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ɓɘɩůɘɛɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɛŮŰɎɓŬůɖɠ ŮəˊɞɜɐɗɖəŮ ɞɚɞəɚɖɟɤɛɏɜɖ ɛŮɚɏŰɖ ɔɘŬ Űɘɠ 

ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ Űɞɡ ȹɐɛɞɠ ɀŬɜŰɞɡŭɑɞɡ-ȿɑɛɜɖɠ-ȷɔɑŬɠ ȯɜɜŬɠ, əŬɚɨˊŰɞɜŰŬɠ Űɖɜ ɞɘəɘŬəɐ 

əŬŰŬɜɎɚɤůɖ əŬɘ Űɖɜ ɖɚŮəŰɟɞŭɧŰɖůɖ ŬɟŭŮɡŰɘəɩɜ ŬɜŰɚɘɩɜ, əŬɘ ɛŮ ɓɎůɖ Űɖɜ ɡɣɖɚɐ ɖɚɘɞűɎɜŮɘŬ 

əŬɘ Űɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ůɢŮŭɘɎůŰɖəŮ űɤŰɞɓɞɚŰŬɥəɧ ˊɎɟəɞ ɛŮ ůŰɧɢɞ Űɖ ɛɏɔɘůŰɖ 

əɎɚɡɣɖ Űɤɜ Űɞˊɘəɩɜ ŬɜŬɔəɩɜ əŬɘ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŬɡŰɎɟəŮɘŬɠ. 

ȼ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ ɏŭŮɘɝŮ ɧŰɘ ɡˊɎɟɢŮɘ ˊɚŮɞɜɎɕɞɡůŬ ˊŬɟŬɔɤɔɐ Űɘɠ ɛŮůɖɛŮɟɘŬɜɏɠ 

ɩɟŮɠ əŬɘ ɏɚɚŮɘɛɛŬ Űɘɠ ɜɡɢŰŮɟɘɜɏɠ ɐ ůŮ ɖɛɏɟŮɠ ɢŬɛɖɚɐɠ ɖɚɘɞűɎɜŮɘŬɠ. ũɘŬ Űɖɜ ŮɝɞɛɎɚɡɜůɖ Űɖɠ 

əŬɛˊɨɚɖɠ ˊɟɞůűɞɟɎɠ ˊɟɞŰŮɑɜŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɏɟɔɞɡ ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ ˊɞɡ ɗŬ ɚŮɘŰɞɡɟɔŮɑ 

ɤɠ űɡůɘəɐ çɛˊŬŰŬɟɑŬè: ɖ ˊŮɟɑůůŮɘŬ ɖɚɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ ɗŬ ŬɜŰɚŮɑ ɜŮɟɧ Ŭˊɧ ɢŬɛɖɚɧŰŮɟɞ ůɖɛŮɑɞ 

(ɡűɘůŰɎɛŮɜɖ ɚɑɛɜɖ) ůŮ ɜɏɞ ŬɜɩŰŮɟɞ ŰŬɛɘŮɡŰɐɟŬ, Ůɜɩ əŬŰɎ Űɘɠ ɩɟŮɠ Ŭɘɢɛɐɠ ɐ Űɖ ɜɨɢŰŬ Űɞ ɜŮɟɧ 

ɗŬ əŬŰɏɟɢŮŰŬɘ ˊŬɟɎɔɞɜŰŬɠ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ɛɏůɤ ɡŭɟɞŰɞɡɟɛˊɑɜŬɠ. 

ɇɞ ɡɓɟɘŭɘəɧ ŬɡŰɧ ůɨůŰɖɛŬ (űɤŰɞɓɞɚŰŬɥəɎ + ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖ) ŮɝŬůűŬɚɑɕŮɘ ůŰŬɗŮɟɐ əŬɘ 

ŬɝɘɧˊɘůŰɖ ŰɟɞűɞŭɞůɑŬ, ɛŮɘɩɜŮɘ Űɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ȷɄȺ əŬɘ ɛŮɔɘůŰɞˊɞɘŮɑ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ 

Űɖɠ ɖɚɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ. ȼ ȸɧɟŮɘŬ ȺɨɓɞɘŬ ŭɘŬɗɏŰŮɘ ˊɚɞɨůɘŬ űɡůɘəɐ əɚɖɟɞɜɞɛɘɎ, ɏɜŰɞɜɞ 

ŬɜɎɔɚɡűɞ əŬɘ ɡɣɖɚɐ ɞɘəɞɚɞɔɘəɐ ˊɞɘəɘɚɧŰɖŰŬ. ɇɞ Űɞˊɑɞ Űɖɠ ˊŮɟɘɞɢɐɠ ŭŮɜ ɏɢŮɘ ɛɧɜɞ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɐ, ŬɚɚɎ əŬɘ ˊɞɚɘŰɘůɛɘəɐ əŬɘ əɞɘɜɤɜɘəɐ ŬɝɑŬ ɔɘŬ Űɞɡɠ əŬŰɞɑəɞɡɠ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, Űɞ ŮɜŭɘŬűɏɟɞɜ ŮůŰɘɎɕŮŰŬɘ ůŰɖ ɚŮɘŰɞɡɟɔɘəɐ ŭɘɎůŰŬůɖ Űɞɡ Űɞˊɑɞɡ, 

ɘŭɘŬɑŰŮɟŬ ůŮ ůɢɏůɖ Űɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɤɜ ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ. ȼ ŮˊɘɚŮɔɛɏɜɖ ɗɏůɖ Űɞɡ 

ŬɜɩŰŮɟɞɡ ŰŬɛɘŮɡŰɐɟŬ əɟɑɜŮŰŬɘ əŬŰɎɚɚɖɚɖ ɤɠ ˊɟɞɠ Űɖ ɢɤɟɖŰɘəɧŰɖŰŬ əŬɘ Űɖɜ ɡɣɞɛŮŰɟɘəɐ 

ŭɘŬűɞɟɎ Ŭˊɧ Űɖɜ ɡűɘůŰɎɛŮɜɖ ɚɑɛɜɖ ɎɜŰɚɖůɖɠ. 

ȼ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛŮɗɞŭɞɚɞɔɑŬ ɓŬůɑɕŮŰŬɘ ůŮ ŰŬɢŮɑŬ ɔŮɤɢɤɟɘəɐ ŬˊɞŰɨˊɤůɖ ɛŮ ɢɟɐůɖ: 

¶ Ⱥɛˊɞɟɘəɞɨ drone ɔɘŬ ŮˊɘŰɧˊɘŬ ŭŮŭɞɛɏɜŬ, 

¶ Google Earth əŬɘ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ, 

¶ ɊɖűɘŬəɩɜ ɛɞɜŰɏɚɤɜ ŮŭɎűɞɡɠ (DȺM). 

ɆŰɧɢɞɠ ŮɑɜŬɘ ɞ Ŭəɟɘɓɐɠ ŮɜŰɞˊɘůɛɧɠ əŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ: 

¶ ɇɖɠ ɗɏůɖɠ Űɞɡ ɜɏɞɡ ŰŬɛɘŮɡŰɐɟŬ, 

¶ ɇɖɠ ɡűɘůŰɎɛŮɜɖɠ ɚɑɛɜɖɠ ɎɜŰɚɖůɖɠ, 

¶ ɇɖɠ ɧŭŮɡůɖɠ Űɞɡ Ŭɔɤɔɞɨ ɛŮŰŬűɞɟɎɠ ɜŮɟɞɨ, ɛŮ əɟɘŰɐɟɘŬ Űɖ ɛɘəɟɧŰŮɟɖ ŭɡɜŬŰɐ əɚɑůɖ, 
Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ ɡŭɟŬɡɚɘəɩɜ ŬˊɤɚŮɘɩɜ əŬɘ Űɞ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ. 
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5.2 Ʉɟɞůɏɔɔɘůɖ ɗɏůɖɠ əŬɘ ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ ɛɏůɤ Google Earth 

ɆŰɖɜ Ŭəɧɚɞɡɗɖ ŬˊŮɘəɧɜɘůɖ űŬɑɜŮŰŬɘ əŬɗŬɟɎ ɖ ŮɝŮŰŬɕɧɛŮɜɖ ˊŮɟɘɞɢɐ, ɛŮ ŰŬ ůɖɛŮɑŬ ȷ 

(ŬɜɩŰŮɟɞɠ ŰŬɛɘŮɡŰɐɟŬɠ) əŬɘ ȸ (ɚɑɛɜɖ ɡŭɟɞɚɖɣɑŬɠ). 

 

ȺɘəɧɜŬ 5.1 ɄŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ 

ȷəɞɚɞɡɗŮɑ ŰŮəɛɖɟɘɤɛɏɜɖ ɘůŰɞɟɘəɐ Ůˊɘůəɧˊɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɔɘŬ Űɖɜ ŰŮɚŮɡŰŬɑŬ ɢɟɞɜɘəɐ 

ˊŮɟɑɞŭɞ, ɛŮ ůŰɧɢɞ Űɖɜ ŬɜɎŭŮɘɝɖ Űɞɡ ɔŮɜɘəɞɨ ˊɚŬɘůɑɞɡ ɛɏůŬ ůŰɞ ɞˊɞɑɞ ŮɜŰɎůůŮŰŬɘ ɖ ˊŬɟɞɨůŬ 

ɛŮɚɏŰɖ: 

  

(Ŭ) (ɓ) 

 

ȺɘəɧɜŬ 5.2 (Ŭ)03/2021  (ɓ) 06/2021  
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(Ŭ) (ɓ) 

ȺɘəɧɜŬ 5.3 (Ŭ)06/2024  (ɓ) 09/2025 

ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɖɛŮɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɛŮ 

ŮɜŭŮɘəŰɘəɏɠ ˊɘɜɏɕŮɠ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ əɟɑůɘɛŮɠ ɗɏůŮɘɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ˊɟɞɓɚŮˊɧɛŮɜɖɠ 

ɧŭŮɡůɖɠ Űɞɡ Ŭɔɤɔɞɨ: 

 

ȺɘəɧɜŬ 5.4 ɄɘɜŮɕŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ 

 

ɄɑɜŬəŬɠ 5.1 ɆɡɜŰŮŰŬɔɛɏɜŮɠ ɚɑɛɜɖɠ 

 оуΦтсусрмϲ ноΦпупуулϲ

 оуΦтсфрфмϲ ноΦпулфноϲ

 оуΦттмнулϲ ноΦпумсрпϲ

оуΦттнсттϲ ноΦпунрлсϲ

ʅˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˂ʾ˃˄ʹˌ 
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ɄɑɜŬəŬɠ 5.2 ɆɡɜŰŮŰŬɔɛɏɜŮɠ ŰŬɛɘŮɡŰɐɟŬ 

 

ɄɑɜŬəŬɠ 5.3 ɆɡɜŰŮŰŬɔɛɏɜŮɠ Ŭɔɤɔɞɨ 

5.3 ȷˊŮɘəɧɜɘůɖ ˊŮɟɘɞɢɐɠ ɛɏůɤ ŰŮɢɜɞɚɞɔɑŬɠ drone  

ȷəɞɚɞɡɗɞɨɜ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ ˊɞɡ ŬˊɞəŰɐɗɖəŬɜ ɛŮ Űɖ ɢɟɐůɖ drone, ůŰɘɠ ɞˊɞɑŮɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ 

ɞ Ɏɜɤ ŰŬɛɘŮɡŰɐɟŬɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɞɘ ŰɟŮɘɠ ɚɑɛɜŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. ɀɏůɤ Űɖɠ ɞˊŰɘəɐɠ 

ŬˊɞŰɨˊɤůɖɠ əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɐ ɖ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɚɘɛɜɩɜ ɤɠ ˊɟɞɠ Űɖ 

ɢɤɟɖŰɘəɧŰɖŰŬ əŬɘ Űɖ ɢɤɟɘəɐ Űɞɡɠ ůɢɏůɖ ɛŮ Űɞɜ Ɏɜɤ ŰŬɛɘŮɡŰɐɟŬ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ŮˊɘɚɏɔŮŰŬɘ 

ɖ ȿɑɛɜɖ 3, əŬɗɩɠ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŬˊɞɗɖəŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ, ɔŮɔɞɜɧɠ ˊɞɡ Űɖɜ 

əŬɗɘůŰɎ əŬŰŬɚɚɖɚɧŰŮɟɖ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ. 

ȷɟɢɘəɎ ɞ Ɏɜɤ ŰŬɛɘŮɡŰɐɟŬɠ:  

 

ȺɘəɧɜŬ 5.5 ȯɜɤ ŰŬɛɘŮɡŰɐɟŬɠ ȷ ˊɟɞɞˊŰɘəɐ 

 оуΦтунмфсϲ ноΦпфмпофϲ

 оуΦттфтосϲ ноΦпфлфтнϲ

 оуΦтттррпϲ ноΦпфноумϲ

ʅˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˍʰ˃ʽʶˎˍʺˊʰ 

оуΦтттплтϲ ноΦпууппнϲ

 оуΦтттлнрϲ ноΦпфппмсϲ

 оуΦттспотϲ ноΦпфрторϲ

 оуΦттптфнϲ ноΦпфрсннϲ

 оуΦттолруϲноΦпфрмонϲ

 оуΦттмоупϲ ноΦпфнсппϲ

 оуΦттлтлуϲ ноΦпфллппϲ

 оуΦттлмтфϲ ноΦпуттлтϲ

 оуΦттлоурϲ ноΦпуртмлϲ

ʅˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ʰʴ˖ʴˇˏ 
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ȺɘəɧɜŬ 5.6 ȯɜɤ ŰŬɛɘŮɡŰɐɟŬɠ ȸ ˊɟɞɞˊŰɘəɐ  

ȰˊŮɘŰŬ, ɞɘ ɚɑɛɜŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ: 

 

ȺɘəɧɜŬ 5.7 ȿɑɛɜɖ 1 
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ȺɘəɧɜŬ 5.8 ȿɑɛɜɖ 2 

 

ȺɘəɧɜŬ 5.9 ȿɑɛɜɖ 3 

5.4 ȷɟɢɘəɐ ŬɜɎɚɡůɖ ŬɜɎɔɚɡűɞɡ Űɖɠ ɗɏůɖɠ ɏɟɔɞɡ ɛɏůɤ ˊɟɞɔɟɎɛɛŬŰɞɠ 

QGIS 

ũɘŬ Űɖ ɔŮɤɢɤɟɘəɐ ŬɜɎɚɡůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ QGIS ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɞ ȾŰɖɛŬŰɞɚɧɔɘɞ əŬɘ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ DEM (Digital Elevation 

Model), ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ Ůɜɞˊɞɘɖɛɏɜɞ ɛɞɜŰɏɚɞ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. 

ɆŰɖ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ űŬɑɜɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ɏɟɔɞɡ ɧˊɤɠ ŮəŰɘɛɐɗɖəŬɜ ɢɤɟɘəɎ. 

ɆɡɔəŮəɟɘɛɏɜŬ ɞ Ɏɜɤ ŰŬɛɘŮɡŰɐɟŬɠ, Űɞ űɟɎɔɛŬ, ɞ ɡ́ ŮɟɢŮɘɚɘůŰɐɠ, ɞ Ŭɔɤɔɧɠ Penstock əŬɘ ɖ ɚɑɛɜɖ 

ɎɜŰɚɖůɖɠ.  
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ɄɑɜŬəŬɠ 5.4 ȷˊŮɘəɧɜɘůɖ GIS 

ȼ ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ ŬɡŰɐɠ Űɖɠ ŮɘəɧɜŬɠ, Ŭűɞɨ ŰŮɚŮɑɤůŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŭɘɎűɞɟɤɜ 

ůŰɞɘɢŮɑɤɜ Űɞɡ ɏɟɔɞɡ, ɐŰŬɜ Ŭˊɧ ProjectO  Layout manager  OAdd item  OAdd map. ȺɛűɎɜɘůŬ 

ůɨɛɓɞɚŬ ˊɡɝɑŭŬɠ əŬɘ əɚɑɛŬəŬɠ əŬɘ ŰŮɚɘəŬ Ŭˊɧ Űɞ ˊŬɟɎɗɡɟɞ Item propertiesO  Grid  O Draw 

coordinates ŮɛűɎɜɘůŬ ŮɝɤŰŮɟɘəɎ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɏɟɔɞɡ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɘůɞɦɣŮɑɠ əŬɛˊɨɚŮɠ ɔɘŬ əŬɚɨŰŮɟɖ ɞˊŰɘəɞˊɞɑɖůɖ Űɞɡ ŬɜŬɔɚɨűɞɡ. 

ɀŮ Űɖ ɢɟɐůɖ Űɤɜ ŮɟɔŬɚŮɑɤɜ Űɞɡ ɚɞɔɘůɛɘəɞɨ ŮɜŰɞˊɑůŰɖəŬɜ ŰŬ ɓŬůɘəɎ ɡŭɟɞɚɞɔɘəɎ ůŰɞɘɢŮɑŬ: 

¶ Ƀ ˊɟɞŰŮɘɜɧɛŮɜɞɠ ŬɜɩŰŮɟɞɠ ŰŬɛɘŮɡŰɐɟŬɠ  

¶ ȼ ɡűɘůŰɎɛŮɜɖ ɚɑɛɜɖ ɎɜŰɚɖůɖɠ  

ɀŮ Űɞ ŮɟɔŬɚŮɑɞ Identify Features ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɘ ŮɜŭŮɘəŰɘəɏɠ ɡɣɞɛŮŰɟɘəɏɠ Űɘɛɏɠ əŬɘ ůŰɘɠ 

ŭɨɞ ɗɏůŮɘɠ. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɘɔɛɘɧŰɡˊŬ Ŭˊɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ 

QGIS ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ ŰŬ ɓɐɛŬŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. 
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ȷɟɢɘəɎ, űŬɑɜŮŰŬɘ Űɞ ˊŬɟɎɗɡɟɞ Űɖɠ ůɡɔɢɩɜŮɡůɖɠ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ Ůɘəɧɜɤɜ ɔŮɤɢɤɟɘəɩɜ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɞɡ ŭɐɛɞɡ ůɡɜɞɚɘəɎ ɛŮ ŮɜŰɞɚɐ merge ůŰɞ QGIS, ɩůŰŮ ɜŬ ůɢɖɛŬŰɘůŰŮɑ ɖ 

ůɡɜɞɚɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ: 

 

ȺɘəɧɜŬ 5.10 Merge GIS 

ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɑɜŮŰŬɘ ŮɛűɎɜɘůɖ ɡɣɞɛɏŰɟɤɜ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ contour: 

 

ȺɘəɧɜŬ 5.11 Contour GIS 
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ȼ ŮɨɟŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɔɑɜŮŰŬɘ ɛŮ Űɞ find coordinate:  

 

ȺɘəɧɜŬ 5.12 Go to Coordinate GIS 

 

 

ȼ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ɡɣɞɛŮŰɟɘəɞɨ ŭɡɜŬɛɘəɞɨ ɔɑɜŮŰŬɘ ɛŮ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɡɣɞɛɏŰɟɤɜ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ əŬɘ Űɖɠ ɚɑɛɜɖɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟɎɗɡɟɞ Identify Results (View-> Panels-> 

Indentify Results) ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɘɠ ˊŬɟɎ əɎŰɤ ŬˊŮɘəɞɜɑůŮɘɠ:  

 

ȺɘəɧɜŬ 5.13 ɈɣɧɛŮŰɟɞ ŰŬɛɘŮɡŰɐɟŬ 
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ȺɘəɧɜŬ 5.14 ɈɣɧɛŮŰɟɞ ɚɑɛɜɖɠ 

 ‌‘–‗ʝ†‐”‛ ‡‪ʝ‘‐†”‛ †‌‘―‐‡†ʙ”‌ȡρςψά  

 ‌‘–‗ʝ†‐”‛ ‡‪ʝ‘‐†”‛ ‗ʚ‘’–‟ȡ ςυά  

 

5.5 ȺəŰɑɛɖůɖ ŭɘŬɓɟɤůɘɛɧŰɖŰŬɠ ŮŭɎűɞɡɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛɏůɤ 

ɔŮɤŰŮɢɜɘəɩɜ ɢŬɟŰɩɜ  

ȳůɞɜ ŬűɞɟɎ Űɞ ɡˊɏŭŬűɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɚɐűɗɖəŬɜ ɔɘŬ Űɞ ɏŭŬűɞɠ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ ɔŮɤɚɞɔɘəɞɨɠ 

ɢɎɟŰŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ (ȺȷũɀȺ, ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ ȺɚɚɎŭŬɠ, əɚɑɛŬəŬ 1:500.000): 

 

ȺɘəɧɜŬ 5.15 ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ [65]  

ɆŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ əɡɟɘŬɟɢɞɨɜ ɡˊŮɟɛŬűɘəɎ ˊŮŰɟɩɛŬŰŬ, ɧˊɤɠ ˊŮɟɘŭɞŰɑŰŮɠ, ŭɞɡɜɑŰŮɠ əŬɘ 

ˊɡɟɞɝŮɜɑŰŮɠ, ŰŬ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɐ ˊɡəɜɧŰɖŰŬ əŬɘ əŬɚɐ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ. ɆŮ 

űɡůɘəɏɠ ůɡɜɗɐəŮɠ ŭŮɜ ˊŬɟɎɔɞɡɜ ůɖɛŬɜŰɘəɏɠ ˊɞůɧŰɖŰŮɠ űŮɟŰɩɜ ɡɚɘəɩɜ, ɔŮɔɞɜɧɠ ˊɞɡ ŰŬ 
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əŬɗɘůŰɎ Ůɡɜɞɥəɐ əŬɘ ůŰŬɗŮɟɐ ɓɎůɖ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŰŬɛɘŮɡŰɐɟŬ. ɀɧɜɞ ůŮ ˊŮɟɘˊŰɩůŮɘɠ 

ɏɜŰɞɜɖɠ ŭɘɎɟɟɖɝɖɠ ɐ ŬˊɞůɎɗɟɤůɖɠ əŬɘ ɡˊɧ ɘůɢɡɟɏɠ ɓɟɞɢɞˊŰɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ 

Ŭɡɝɖɛɏɜɖ ɛŮŰŬűɞɟɎ ɡɚɘəɩɜ. 
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6 ȺɜŮɟɔŮɘŬəɧɠ, ɈŭɟŬɡɚɘəɧɠ əŬɘ Ƀɘəɞɜɞɛɘəɧɠ ɆɢŮŭɘŬůɛɧɠ 
ɆɡůŰɐɛŬŰɞɠ ūɡůɘəɐɠ ɀˊŬŰŬɟɑŬɠ ȷɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ  

6.1 ȺɜŮɟɔŮɘŬəɞɑ ɡˊɞɚɞɔɘůɛɞɑ ɘůɞɕɡɔɑɤɜ ū/ȸ əŬɘ ɛˊŬŰŬɟɑŬɠ  

ɆŰɞ ˊŬɟɧɜ ůŰɎŭɘɞ Űɖɠ ɛŮɚɏŰɖɠ ŬɜŬˊŰɨɢɗɖəŬɜ əŬɘ ŬɜŬɚɨɗɖəŬɜ Űɞ ŮɜŮɟɔŮɘŬəɧ ɘůɞɕɨɔɘɞ Űɤɜ 

űɤŰɞɓɞɚŰŬɥəɩɜ əŬɘ ŬɡŰɧ Űɖɠ ɛˊŬŰŬɟɑŬɠ, ɛŮ ůŰɧɢɞ Űɖ ɓɏɚŰɘůŰɖ ŭɘŬɢŮɑɟɘůɖ Űɖɠ ˊɚŮɞɜɎɕɞɡůŬɠ 

ŮɜɏɟɔŮɘŬɠ ŮɜŰɧɠ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ. ȼ ůɡůŰɖɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ɘůɞɟɟɞˊɑŬɠ ůɡɛɓɎɚɚŮɘ əŬɗɞɟɘůŰɘəɎ ůŰɖɜ ŬˊɞŭɞŰɘəɧŰŮɟɖ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ˊɧɟɤɜ 

əŬɘ ůŰɖ ɓŮɚŰɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ. ɆŰŬ ŮˊɧɛŮɜŬ ŰɛɐɛŬŰŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ŬɜŬɚɡŰɘəɎ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɘůɞɕɡɔɑɤɜ, əŬɗɩɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ ɛɞɜŰɏɚɞɡ. 

ȷɟɢɘəɎ, Ŭˊɧ Űɞ ɘůɞɕɨɔɘɞ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ, ɧˊɤɠ ŬɜŬɚɨɗɖəŮ ůŰɖɜ ȺɜɧŰɖŰŬ 4.5, ɏɢɞɡɛŮ: 

× ɇɖɜ ɢɟɞɜɞůŮɘɟɎ Űɖɠ əŬɗŬɟɐɠ Ůɘůɧŭɞɡ ŮɜɏɟɔŮɘŬɠ ɉȰt Ŭˊɧ Űɖɜ ˊŮɟɑůůŮɘŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ 

Ŭˊɧ Űɞ ɘůɞɕɨɔɘɞ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ, Űɘɠ ɩɟŮɠ Űɘɠ ɞˊɞɑŮɠ ɖ ˊɟɞůűɞɟɎ Űɤɜ 

űɤŰɞɓɞɚŰŬɥəɩɜ ɝŮˊŮɟɜɎ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ɕɐŰɖůɖɠ: 

╧ᴂ◄ ╜═╧╧◄ ╡◄ȟ  

ȳˊɞɡ Rt ŮɑɜŬɘ ɖ əŬŰŬɜɎɚɤůɖ Űɤɜ əŬŰɞɑəɤɜ  əŬɘ ɖ ɎɜŰɚɖůɖ ɔɘŬ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ əŬɘ Xt ɖ 

ŮɜŮɟɔŮɘŬəɐ Ůɘůɟɞɐ, ŭɖɚŬŭɐ ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ŰŬ űɤŰɞɓɞɚŰŬɥəɎ. 

× ɇɖɜ ɢɟɞɜɞůŮɘɟɎ ŮɜŮɟɔŮɘŬəɩɜ ŮɚɚŮɑɣŮɤɜ ╡ᴂ◄  ́ɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɘůɞɕɨɔɘɞ Űɖɠ 

ɛˊŬŰŬɟɑŬɠ, Űɘɠ ɩɟŮɠ ˊɞɡ Űɞ ɘůɞɕɨɔɘɞ ɛˊŬŰŬɟɑŬɠ ŬŭɡɜŬŰŮɑ ɜŬ əŬɚɨɣŮɘ Űɘɠ ŬɜɎɔəŮɠ: 

╡ᴂ◄ ╜═╧╡◄ ╧◄ȟ  

ȷɜŬɚɨɞɜŰŬɠ ɚɞɘˊɧɜ Űɞ ɘůɞɕɨɔɘɞ Űɖɠ ɛˊŬŰŬɟɑŬɠ ŮɜŰɞˊɑɕɞɡɛŮ: 

× ȼ ŮɜŮɟɔŮɘŬəɐ əŬŰŬɜɎɚɤůɖ ůŰɞ ɘůɞɕɨɔɘɞ Űɖɠ ɛˊŬŰŬɟɑŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

╟◄ ☼◦☿╪ ╢◄ȟ╡ᴂ◄ 

ȳˊɞɡ, a ɞ ůɡɜŰŮɚŮůŰɐɠ ɑůɞɠ ɛŮ 1 əŬɗɩɠ ɗŬ ŭɘŬŰɑɗŮŰŬɘ ɞɚɧəɚɖɟɞ Űɞ ɤűɏɚɘɛɞ ŬˊɧɗŮɛŬ St əŬɘ 

Rôt  ŮɑɜŬɘ Űɞ ɏɚɚŮɘɛŬ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ. 

× ŪɏŰŮŰŬɘ ɛɘŬ ɗŮɛɘŰɐ ɋűɏɚɘɛɖ ɢɤɟɖŰɘəɧŰɖŰŬ Ⱦ ˊɞɡ ɗŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ůŰɖ ůɡɜɏɢŮɘŬ əŬɘ 

ɛŮ ɓɎůɖ ŬɡŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŭɡɜŬɛɘəɐ Űɖɠ ɛˊŬŰŬɟɑŬɠ. ɂŮəɘɜɎɤ ɛŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ 

ŬˊɧɗŮɛŬ  ˊɞɡ ɗŬ ɞɟɘůŰŮɑ əŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ Űɞɡ ɋűɏɚɘɛɞɡ 

Ŭɞ́ɗɏɛŬŰɞɠ St (kwh) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ůɢɏůɖ:  

╢◄ ☼◦☿╚ȟ☼◒♣ȟ♣ᴂ◄ ╢◄ ╟◄  [66] 

ȳˊɞɡ t ɞ ɢɟɧɜɞɠ, ɉȰt ɖ əŬɗŬɟɐ Ůɑůɞŭɞɠ ŮɜɏɟɔŮɘŬɠ ůŰɞ ɘůɞɕɨɔɘɞ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ 

űɤŰɞɓɞɚŰŬɥəɩɜ əŬɘ Pt ɖ ŮɜŮɟɔŮɘŬəɐ əŬŰŬɜɎɚɤůɖ.  

× ɀŮŰɎ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ŮɘůŮɟɢɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞ űɤŰɞɓɞɚŰŬɥəɧ ůɨůŰɖɛŬ ɔɘŬ 

Űɖɜ əɎɚɡɣɖ Űɤɜ űɞɟŰɑɤɜ əŬɘ Űɖ űɧɟŰɘůɖ Űɖɠ ɛˊŬŰŬɟɑŬɠ, ɖ ˊɚŮɞɜɎɕɞɡůŬ ŮɜɏɟɔŮɘŬ, ɖ 
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ɞˊɞɑŬ ŭŮɜ ŭɨɜŬŰŬɘ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ˊŮɟŬɘŰɏɟɤ ɚɧɔɤ ˊɚɐɟɞɡɠ űɧɟŰɘůɖɠ, ŬˊɞɛŬəɟɨɜŮŰŬɘ 

Ŭˊɧ Űɞ ůɨůŰɖɛŬ ɡˊɧ Űɖ ɛɞɟűɐ ŮɜŮɟɔŮɘŬəɐɠ ɡˊŮɟɢŮɑɚɘůɖɠ. ȼ Ůɜ ɚɧɔɤ ɡˊŮɟɢŮɑɚɘůɖ Yt, 

ŭɖɚŬŭɐ ɖ ŰŮɚɘəɐ ˊŮɟɑůůŮɘŬ ŮɜɏɟɔŮɘŬɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɓɎůŮɘ Űɖɠ Ŭəɧɚɞɡɗɖɠ ůɢɏůɖɠ: 

╨◄ ☼◒♣╧◄ ╢ᴂ◄ ╚ ╟◄ȟ   

× ɆŰɖ ůɡɜɏɢŮɘŬ, ɡˊɞɚɞɔɑůŰɖəŮ ɖ ɢɟɞɜɞůŮɘɟɎ ŰŮɚɘəɐɠ ɏɚɚŮɘɣɖɠ ŮɜɏɟɔŮɘŬɠ Et ɛŮŰɎ Űɞ 

ɘůɞɕɨɔɘɞ Ŭˊɧ Űɖɜ ŭɘŬűɞɟɎ: 

╔◄ ╡ᴂ◄  ╧ᴂ◄ 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɓɏɚŰɘůŰɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, əŬɗɩɠ əŬɘ ɔɘŬ Űɞɜ ŮɜŭŮɢɧɛŮɜɞ 

ŮˊŬɜŬˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ ɏəŰŬůɖɠ űɤŰɞɓɞɚŰŬɥəɩɜ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮɘɟɎ 

ŭɞəɘɛɩɜ (ȹɞəɘɛɏɠ 1ï6). ɆŰɘɠ ŭɞəɘɛɏɠ ŬɡŰɏɠ ŮɝŮŰɎůŰɖəŬɜ ŭɘɎűɞɟɞɘ ůɡɜŭɡŬůɛɞɑ ˊɚɐɗɞɡɠ 

űɤŰɞɓɞɚŰŬɥəɩɜ ˊɎɜŮɚ əŬɘ ɧɔəɞɡ ŰŬɛɘŮɡŰɐɟŬ, ɛŮ ůŰɧɢɞ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ɢɟɞɜɘəɐɠ 

əɎɚɡɣɖɠ Űɖɠ ɕɐŰɖůɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜɏŭŮɘɝŬɜ ɧŰɘ, ˊŬɟɎ Űɖ ɢŬɛɖɚɐ ɢɟɞɜɘəɐ ůɡůɢɏŰɘůɖ 

ɛŮŰŬɝɨ ˊŬɟŬɔɤɔɐɠ əŬɘ ɕɐŰɖůɖɠ, ɖ Ŭɨɝɖůɖ Űɖɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ Űɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ 

ůɡůŰɖɛɎŰɤɜ ɞŭɖɔŮɑ ůŮ ůɖɛŬɜŰɘəɐ ɓŮɚŰɑɤůɖ Űɖɠ ɢɟɞɜɘəɐɠ ŮˊɎɟəŮɘŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

ȷɜŰɘɗɏŰɤɠ, ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŮɟŬɘŰɏɟɤ Ŭɨɝɖůɖɠ Űɞɡ ɧɔəɞɡ ŰŬɛɑŮɡůɖɠ ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ űɡůɘəɞɨɠ 

ɐ ŰŮɢɜɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ, ɧˊɤɠ ŬˊɞŰɡˊɩɜŮŰŬɘ ůɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ȹɞəɘɛɏɠ 5 əŬɘ 6. 

ȺˊɘəɟŬŰɏůŰŮɟɖ ŮɑɜŬɘ ɖ ȹɞəɘɛɐ 5, əŬɗɩɠ əɘɜɞɨɛŬɘ ŰŮɚɘəɎ ɛŮ ɔɜɩɛɞɜŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɡŰɎɟəŮɘŬɠ 

Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ ŬɡŰɐ ɖ ŭɞəɘɛɐ ŮɝŬůűŬɚɑɕŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŬɝɘɞˊɘůŰɑŬ. 

ɄŬɟŬŰɑɗŮŰŬɘ ˊɑɜŬəŬɠ ůɡɔəɟɘŰɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ŭɞəɘɛɩɜ əŬɗɩɠ əŬɘ ŬɜŬɚɡŰɘəɐ ˊŬɟɞɡůɑŬůɖ 

Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ ˊɞɡ ŰŮəɛɖɟɘɩɜɞɡɜ Űɖɜ Ůˊɘɚɞɔɐ: 

 

ɄɑɜŬəŬɠ 6.1 ȹɞəɘɛɏɠ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ŰŬɛɘŮɡŰɐɟŬ 

ɇŮɚɘəɎ, ɔɘŬ Űɖ ȹɞəɘɛɐ 5 ɏɢɤ: 

× ūɤŰɞɓɞɚŰŬɥəɎ: 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ ɘůɞɕɨɔɘɞ űɧɟŰɘůɖɠ/ŬˊɞűɧɟŰɘůɖɠ Űɖɠ ɛˊŬŰŬɟɑŬɠ ŬˊɞɗɐəŮɡůɖɠ, 

ɡˊɞɚɞɔɑůŰɖəŮ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɖ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ŮɔəŬŰŮůŰɖɛɏɜɖ əŬɗŬɟɐ ɏəŰŬůɖ 

ˊŮɟɑˊɞɡ 45 ŮəŰŬɟɑɤɜ űɤŰɞɓɞɚŰŬɥəɩɜ, ŬɜŰɑ Űɤɜ ŬɟɢɘəɎ ŮəŰɘɛɩɛŮɜɤɜ 18,9 ŮəŰŬɟɑɤɜ ˊɞɡ ŮɑɢŮ 

ɡˊɞɚɞɔɘůŰŮɑ ůŮ Ŭɟɢɘəɧ ůŰɎŭɘɞ Űɖɠ ɛŮɚɏŰɖɠ (ȺɜɧŰɖŰŬ ɆűɎɚɛŬ! ɇɞ ŬɟɢŮɑɞ ˊɟɞɏɚŮɡůɖɠ Űɖɠ 

ŬɜŬűɞɟɎɠ ŭŮɜ ɓɟɏɗɖəŮ.), ɩůŰŮ ɜŬ əŬɚɨˊŰɞɜŰŬɘ ɞɘ əŬɗɖɛŮɟɘɜɏɠ ŭɘŬəɡɛɎɜůŮɘɠ, ɜŬ ŬˊɞɟɟɞűɎŰŬɘ 

Űɞ ˊɚŮɧɜŬůɛŬ əŬɘ ɜŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ŮˊŬɟəɐɠ ŮɜɏɟɔŮɘŬ Űɘɠ ɜɡɢŰŮɟɘɜɏɠ ɩɟŮɠ.  

ɄŬɟŬŰɑɗŮŰŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ ɔɘŬ Űɞɜ ȽŬɜɞɡɎɟɘɞ, Űɞ ɞˊɞɑɞ ŬˊɞŰɡˊɩɜŮɘ Űɖɜ ɖɛŮɟɐůɘŬ 

ŭɘŬəɨɛŬɜůɖ ˊɟɞůűɞɟɎɠ əŬɘ ɕɐŰɖůɖɠ ŮɜɏɟɔŮɘŬɠ ůŰɞ ɘůɞɕɨɔɘɞ Űɖɠ ɛˊŬŰŬɟɑŬɠ: 

A /A ̘̍̓̒̐̕НΝ̘̍̓̒̐̕НΞ̘̍̓̒̐̕НΟ̘̍̓̒̐̕НΠ̘̍̓̒̐̕НΡ̘̍̓̒̐̕НΣ
̟͑͏͍͉͊͏Н͐͏͓͏͓͔͏Н͕͇͊́͋͒͘НыӖь74 81 85 91 97 95

̞о̋Ныőċь 19 25 25 35 45 35
͙͖͉͇͋͌ͅН͙͇͔͉͗͑͊͏͔͇͔́Ныuìőь90000 90000 120000 180000 180000 200000

volume (m3) 364528 364528 496128 800745 800745 929385
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ȺɘəɧɜŬ 6.1 ȾŬŰŬɜɎɚɤůɖ/ˊŬɟŬɔɤɔɐ  ūɤŰɞɓɞɚŰŬɥəɩɜ Űɞ ɛɐɜŬ ȽŬɜɞɡɎɟɘɞ 

ȰˊŮɘŰŬ, ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ˊŮɟɑůůŮɘŬɠ-ŮɚɚŮɑɛŬŰɞɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ 

ɘůɞɕɡɔɑɞɡ Űɖɠ ɛˊŬŰŬɟɑŬɠ: 

 

ȺɘəɧɜŬ 6.2 ɄŮɟɑůůŮɘŬ-ȰɚɚŮɘɛŬ ŮɜɏɟɔŮɘŬɠ ɛŮ ɢɟɐůɖ ū/ȸ 

ȼ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɡˊɞŭŮɘəɜɨŮɘ ɧŰɘ ŰŬ űɤŰɞɓɞɚŰŬɥəɎ ůɡůŰɐɛŬŰŬ əŬɚɨˊŰɞɡɜ ˊŮɟɑˊɞɡ 

Űɞ 41% Űɖɠ ůɡɜɞɚɘəɐɠ ŮɜŮɟɔŮɘŬəɐɠ ɕɐŰɖůɖɠ (ŬɜŰɘůŰɞɘɢɩɜŰŬɠ ůŮ ˊŮɟɑˊɞɡ 3.577 ɩɟŮɠ ŮŰɖůɑɤɠ). 

ɋůŰɧůɞ, ɖ ŮɔəŬŰɎůŰŬůɖ űɤŰɞɓɞɚŰŬɥəɩɜ ɘůɢɨɞɠ ůŮ ɏəŰŬůɖ ~45 ŮəŰŬɟɑɤɜ ɞŭɖɔŮɑ ůŮ ůɖɛŬɜŰɘəɐ 

ŮɜŮɟɔŮɘŬəɐ ˊŮɟɑůůŮɘŬ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ Ůɚɚɘˊɐ ŭɘŬɢŮɑɟɘůɖ Űɖɠ ˊɟɞůűŮɟɧɛŮɜɖɠ 

ŮɜɏɟɔŮɘŬɠ əŬɘ ůŰɖ ɢɟɞɜɘəɐ ŬůɡɛűɤɜɑŬ ɛŮŰŬɝɨ ˊŬɟŬɔɤɔɐɠ əŬɘ ɕɐŰɖůɖɠ.  

× ɀˊŬŰŬɟɑŬ: 

ȷɡŰɐ Űɖɜ ˊŮɟɑůůŮɘŬ əŬɚŮɑŰŮ ɜŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ Űɞ ɘůɞɕɨɔɘɞ Űɖɠ ɛˊŬŰŬɟɑŬɠ ɤűɏɚɘɛɖɠ 

ɢɤɟɖŰɘəɧŰɖŰŬɠ 180.000 kWh. ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ŭŮɑɢɜɞɡɜ ɧŰɘ, ɛŮŰɎ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ 

ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŰŬ űɤŰɞɓɞɚŰŬɥəɎ əŬɘ Űɖ ůɡɛɓɞɚɐ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ, ɖ 

ˊɟɞůűŮɟɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ˊɟɞůŮɔɔɑɕŮɘ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮɜůɤɛɎŰɤůɖ Űɞɡ űɤŰɞɓɞɚŰŬɥəɞɨ ůɡůŰɐɛŬŰɞɠ ɛŮ Űɞ ůɨůŰɖɛŬ ŬˊɞɗɐəŮɡůɖɠ. 

ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɢɟɞɜɞůŮɘɟɎ Űɤɜ ɗŮɟɘɜɩɜ ɛɖɜɩɜ, ɧˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ ŬɡɝɖɛɏɜŮɠ ŬɜŰɚɐůŮɘɠ 

ŬɚɚɎ əŬɘ ɡɣɖɚɐ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ɚɧɔɤ ɏɜŰɞɜɖɠ ɖɚɘɞűɎɜŮɘŬɠ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ 

ɛˊŬŰŬɟɑŬɠ: 
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ȺɘəɧɜŬ 6.3 ɄɟɞůűɞɟɎ-ɕɐŰɖůɖ ɛˊŬŰŬɟɑŬ  ɗŮɟɘɜɞɨɠ ɛɐɜŮɠ 

ȳˊɤɠ űŬɑɜŮŰŬɘ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ˊɚɐɟɖɠ əɎɚɡɣɖ Űɖɠ ɕɐŰɖůɖɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ŭɘɎɔɟŬɛɛŬ 

əŬŰŬɜɎɚɤůɖɠ ɜŬ ŰŬɡŰɑɕŮŰŬɘ ɛŮ ŮəŮɑɜɞ Űɖɠ ˊɟɞůűɞɟɎɠ əŬɘ ɜŬ ɛɖɜ ŭɘŬəɟɑɜŮŰŬɘ ɝŮɢɤɟɘůŰɎ. 

ȰˊŮɘŰŬ, ɞ ȽŬɜɞɡɎɟɘɞɠ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ Ŭˊɧ űɡůɘəɐɠ Ɏˊɞɣɖɠ ɞ ˊɘɞ əɟɑůɘɛɞɠ ɛɐɜŬɠ ůŰɖɜ ˊɟɞůűɞɟɎ  

ŮɜɏɟɔŮɘŬɠ ɚɧɔɤ ˊŮɟɘɞɟɘůɛɏɜɖɠ ɖɚɘɞűɎɜŮɘŬɠ, űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ əŮɜɎ əɎɚɡɣɖɠ Űɖɠ ɕɐŰɖůɖɠ, ůŰŬ 

ůɖɛŮɑŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ Űɞ ɛˊɚŮ ŭɘɎɔɟŬɛɛŬ ɕɐŰɖůɖɠ (9-12/1/2023 əŬɘ 25-28/1/2023): 

 

 

ȺɘəɧɜŬ 6.4 ɄɟɞůűɞɟɎ-ɕɐŰɖůɖ ɛˊŬŰŬɟɑŬ ȽŬɜɞɡɎɟɘɞ 

ɇŮɚɘəɎ, űŬɑɜŮŰŬɘ ɧŰɘ ɛŮŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ űɡůɘəɐɠ ɛˊŬŰŬɟɑŬɠ ɏɢɤ əŬɚɨɣŮɘ ůɢŮŭɧɜ Űɘɠ 

ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ (97% Űɞɡ ɢɟɧɜɞɡ), ɤůŰɧůɞ Ŭəɧɛɖ ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɧ ŮɜŮɟɔŮɘŬəɧ 

ˊɚŮɧɜŬůɛŬ. ɆŰɞ ˊŬɟŬəɎŰɤ ˊɟɞűɑɚ űŬɑɜŮŰŬɘ ŬɡŰɐ ɖ ůɡɜɗɐəɖ ɔɘŬ Űɞ ɏŰɞɠ 2023: 

 

 

ȺɘəɧɜŬ 6.5 ɄŮɟɑůůŮɘŬ-ȰɚɚŮɘɛŬ ŮɜɏɟɔŮɘŬɠ ɛŮŰɎ Űɖɜ ɛˊŬŰŬɟɑŬ 

6.2 ɈŭɟŬɡɚɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ - ŭɘŬůŰŬůɘɞɚɧɔɖůɖ ŰŬɛɘŮɡŰɐɟŬ  

ɆŰɞ ˊŬɟɧɜ ůŰɎŭɘɞ Űɖɠ ɛŮɚɏŰɖɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɏɟɔɞɡ 

ŬɜŰɚɖůɘɞŰŬɛɑŮɡůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɔɑɜŮŰŬɘ ŬɜŬɚɡŰɘəɐ ŬɜŬűɞɟɎ ůŰɖ ɔŮɤɛŮŰɟɑŬ əŬɘ Űɖ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ Ŭɔɤɔɩɜ ˊŬɟŬɔɤɔɐɠ əŬɘ ɎɜŰɚɖůɖɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɖɠ 

ŭɘŬɛɏŰɟɞɡ, Űɞɡ ɛɐəɞɡɠ, Űɖɠ əɚɑůɖɠ, əŬɗɩɠ əŬɘ Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ Ŭɔɤɔɩɜ ɔɘŬ əɎɗŮ űɎůɖ 

ɚŮɘŰɞɡɟɔɑŬɠ.  

ɄŬɟɎɚɚɖɚŬ, ɛŮ ɓɎůɖ Űɞ ŮɜŮɟɔŮɘŬəɧ ɘůɞɕɨɔɘɞ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖ ŭɡɜŬɛɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ 










































