
 

1 

ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ 

ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ 

ɄŬɜŮˊɘůŰɐɛɘɞ ȷɘɔŬɑɞɡ  

ɇɛɐɛŬ ɄɞɚɘŰɘůɛɘəɐɠ ɇŮɢɜɞɚɞɔɑŬɠ əŬɘ ȺˊɘəɞɘɜɤɜɑŬɠ  

ɄɀɆ ɛɏůɤ ɏɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ Ʉɚɖɟɞűɞɟɘəɐɠè 

2021 
ūɞɘŰɐŰɟɘŬ: 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

Ⱥˊɘɓɚɏˊɤɜ:  

ɉɟɐůŰɞɠ- ɁɘəɧɚŬɞɠ 

ȷɜŬɔɜɤůŰɧˊɞɡɚɞɠ 

 



 

2 

ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
 

ÉɄȷɁȺɄȽɆɇȼɀȽɃ ȷȽũȷȽɃɈ, 2021 

 

ȼ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ (ȹȺ), ɖ ɞˊɞɑŬ ŮəˊɞɜɐɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ 

ɛŮŰŬˊŰɡɢɘŬəɞɨ ɛɏůɤ ɏɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ Ʉɚɖɟɞűɞɟɘəɐɠè, əŬɗɩɠ əŬɘ ŰŬ ɚɞɘˊɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ȹȺ ŬˊɞŰŮɚɞɨɜ ůɡɜɘŭɘɞəŰɖůɑŬ Űɞɡ ɄŬɜŮˊɘůŰɐɛɘɞɨ 

ȷɘɔŬɑɞɡ əŬɘ Űɞɡ űɞɘŰɖŰɐ/ŰɟɘŬɠ, ɞ əŬɗɏɜŬɠ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ɏɢŮɘ Űɞ ŭɘəŬɑɤɛŬ 

ŬɜŮɝɎɟŰɖŰɖɠ ɢɟɐůɖɠ əŬɘ ŬɜŬˊŬɟŬɔɤɔɐɠ Űɞɡɠ (ůŰɞ ůɨɜɞɚɞ ɐ ŰɛɖɛŬŰɘəɎ) ɔɘŬ 

ŭɘŭŬəŰɘəɞɨɠ əŬɘ ŮɟŮɡɜɖŰɘəɞɨɠ ůəɞˊɞɨɠ, ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ŬɜŬűɏɟɞɜŰŬɠ Űɞɜ ŰɑŰɚɞ əŬɘ 

Űɞ ůɡɔɔɟŬűɏŬ əŬɘ Űɞ ɇɑŰɚɞ Űɞɡ ɄɀɆ Űɞɡ ɄŬɜŮˊɘůŰɐɛɘɞɨ ȷɘɔŬɑɞɡ ˊɞɡ ŮəˊɞɜɐɗɖəŮ ɖ 

ȹȺ əŬɗɩɠ əŬɘ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɘ Űɖɜ ŮˊɘŰɟɞˊɐ əɟɑůɖɠ.  
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ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŰŮɚŮɡŰŬɑɤɜ ŭŮəŬŮŰɘɩɜ ůɡɚɚɏɔɞɜŰŬɘ əŬɘ ŬˊɞɗɖəŮɨɞɜŰŬɘ  

ŰŮɟɎůŰɘŮɠ ˊɞůɧŰɖŰŮɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɏɝɡˊɜɞɡɠ ɛŮŰɟɖŰɏɠ ŮɜɏɟɔŮɘŬɠ, əŬɗɩɠ əŬɘ Ŭˊɧ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ əŬɘ ɎɚɚŮɠ ɞɘəɘŬəɏɠ ůɡůəŮɡɏɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ŬˊɞŰŮɚŮɑ 

ɛŮɔɎɚɖ ˊɟɧəɚɖůɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŬɡŰɧɠ ɞ ɧɔəɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŬˊɞɗɖəŮɡŰŮɑ əŬɘ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ůɤůŰɎ, ɞɨŰɤɠ ɩůŰŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɘ ŬɜɎɚɡůɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŭŮŭɞɛɏɜɤɜ, ɏɢɞɜŰŬɠ ɤɠ ˊɟɤŰŬɟɢɘəɧ 

ůəɞˊɧ Űɖɜ ŮɜŮɟɔŮɘŬəɐ Ůˊɑɔɜɤůɖ Űɤɜ ŰŮɚɘəɩɜ ɢɟɖůŰɩɜ.  ȼ ŮɜŮɟɔŮɘŬəɐ Ůˊɑɔɜɤůɖ ŬűɞɟɎ 

ɛɑŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɏɢŮɘ ɤɠ ůəɞˊɧ ɜŬ ɓɞɖɗɐůŮɘ  Űɞɡɠ ɢɟɐůŰŮɠ ɜŬ ŬˊɞəŰɐůɞɡɜ ɛɘŬ 

ŬˊɞŭɞŰɘəɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ ůɡɛˊŮɟɘűɞɟɎ, ɔɜɤɟɑɕɞɜŰŬɠ ˊɤɠ əɡɛŬɑɜŮŰŬɘ ɖ əŬŰŬɜɎɚɤůɖ 

Űɞɡ ɖɚŮəŰɟɘəɞɨ Űɞɡɠ ɟŮɨɛŬŰɞɠ. ȼ  ŬɚɚŬɔɐ ŬɡŰɐ ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɢɤɟɑɠ ɜŬ 

ɏɢŮɘ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɗŮɟɛɘəɐ Űɞɡɠ ɎɜŮůɖ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ 

ůɡůŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ɓɞɖɗɞɨɜ Űɞɡɠ ɢɟɐůŰŮɠ ɜŬ ŭɘŬɢŮɘɟɑɕɞɜŰŬɘ ɛŮ ˊŬɟŬɔɤɔɘəɧŰŮɟɞ 

Űɟɧˊɞ Űɖɜ ŮɜŮɟɔŮɘŬəɐ Űɞɡɠ əŬŰɎůŰŬůɖ. ȸŬůɘəɧŰŮɟɖ ˊɖɔɐ ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ 

ŬˊɞŰŮɚɞɨɜ ŰŬ əŰɑɟɘŬ ɛŮ 33% Ůˊɑ Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ. ȰŰůɘ, ŰŬ ůɡůŰɐɛŬŰŬ 

ɓɏɚŰɘůŰɖɠ ɞɘəɘŬəɐɠ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ ŮɑɜŬɘ ɛŮɔɎɚɖɠ ůɖɛŬůɑŬɠ. 

ɇŬ ůɡůŰɐɛŬŰŬ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ ɏɢɞɡɜ ˊɞɚɚŬˊɚɏɠ ɚŮɘŰɞɡɟɔɑŮɠ, ˊŬɟŬɛɏŰɟɞɡɠ 

əŬɘ ůŰɧɢɞɡɠ. ȹɨɞ ɧɛɤɠ ŮɑɜŬɘ ɞɘ ɓŬůɘəɧŰŮɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ůŮ 

ɧɚŬ ŰŬ ůɡůŰɐɛŬŰŬ: ɖ ŬˊɞŭɞŰɘəɧŰŮɟɖ  ŭɘŬɢŮɑɟɘůɖ ŮɜɏɟɔŮɘŬɠ əŬɘ ɖ ɗŮɟɛɘəɐ ɎɜŮůɖ Űɞɡ 

ɢɟɐůŰɖ. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŮɜŮɟɔŮɘŬəɐ ŭɘŬɢŮɑɟɘůɖ, ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰɞɜ, ŬˊŬɘŰŮɑŰŬɘ ɖ 

ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ɢɟɐůŰɖ. ȼ 

ˊɟɞůɞɛɞɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ŮɑɜŬɘ ɖ Ŭˊɧŭɞůɖ ɧɚɤɜ Űɤɜ ˊɘɗŬɜɩɜ əŬŰŬůŰɎůŮɤɜ Űɤɜ 

ůɡůəŮɡɩɜ Űɞɡ ɢɟɐůŰɖ əŬɘ ɖ Ŭəɟɘɓɐɠ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ əŬŰŬɜŬɚɘůəɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ 

Űɤɜ ˊɘɗŬɜɩɜ ŬɡŰɩɜ əŬŰŬůŰɎůŮɤɜ. ȰˊŮɘŰŬ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ Ůɑůɞŭɞɠ ůŮ 

ɛɖɢŬɜɏɠ ɏɝɡˊɜɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɖ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

əŬŰŬɜɎɚɤůɖɠ ɞɘəɘŬəɩɜ ɢɟɖůŰɩɜ ŮɑɜŬɘ ɓŬůɘəɐɠ ůɖɛŬůɑŬɠ.  

ȼ ŮˊɧɛŮɜɖ ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ ŮɑɜŬɘ ɖ ɗŮɟɛɘəɐ ɎɜŮůɖ Űɞɡ ɢɟɐůŰɖ. ȾŬɛɑŬ ŮɜɏɟɔŮɘŬ 

ŬˊɞŭɞŰɘəɧŰŮɟɖɠ ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ ŭŮɜ ɗŬ ŮɑɢŮ ůɖɛŬůɑŬ Ŭɜ ŭɖɛɘɞɡɟɔɞɨůŮ ůŰɞ 

ɢɟɐůŰɖ ŭɡůűɞɟɑŬ. ȾŬɛɑŬ ˊɟɞŰŮɘɜɧɛŮɜɖ ůɡɛɓɞɡɚɐ ŮɜŮɟɔŮɘŬəɐɠ ɢɟɐůɖɠ, ŭŮɜ  ɛˊɞɟŮɑ ɜŬ 
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ɗŮɤɟɖɗŮɑ ŬˊɞŭɞŰɘəɐ, ŮɎɜ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɎɓɞɚŮɠ ŮůɤŰŮɟɘəɏɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. ŪŬ ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůŰŮɑ, ˊɤɠ ɖ ŮɜŮɟɔŮɘŬəɐ ŭɘŬɢŮɑɟɘůɖ ˊɟɏˊŮɘ 

ɜŬ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɎɜŮŰɤɜ ůɡɜɗɖəɩɜ ɔɘŬ Űɞ ɢɟɐůŰɖ. ȺɘŭɘəɧŰŮɟŬ,  ɛŮɚɏŰŮɠ 

ŰɞɜɑɕɞɡɜŮ ɧŰɘ ɛɖ ɎɜŮŰŮɠ ŮůɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ ɏɢɞɡɜ ŬɟɜɖŰɘəɐ ŮˊɑŭɟŬůɖ Űɧůɞ ůŰɖ 

ɣɡɢɞɚɞɔɑŬ Űɞɡ əŬŰɞɑəɞɡ, ɧůɞ əŬɘ ůŰɖɜ ɡɔŮɑŬ Űɞɡ.  

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ŭɨɞ ŬɡŰɏɠ ˊŬɟŬɛɏŰɟɞɡɠ, ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŬɜŬɚɨɞɜŰŬɘ 

ŬɟɢɘəɎ ɔɜɤůŰɞɑ əŬɘ ŭɖɛɞűɘɚɐɠ Ŭɚɔɧɟɘɗɛɞɘ ɔɘŬ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ 

ɖɛŮɟɐůɘŬɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ ɛŮ ůəɞˊɧ ɜŬ ŮˊɘɚŮɔŮɑ ɞ ˊɘɞ ŬˊɞŭɞŰɘəɧɠ. ɀŮ ŬɡŰɧ 

Űɞɜ Űɟɧˊɞ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ŮɝŬŰɞɛɘəŮɡɛɏɜɞ ˊɟɞűɑɚ əŬŰŬɜɎɚɤůɖɠ Űɞɡ ɢɟɐůŰɖ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ɜɏŬ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɛɞɜŰɏɚɞɡ 

ɡˊɞɚɞɔɘůɛɞɨ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ɛŮ ˊŬɟɎɚɚɖɚɖ ŭɖɛɘɞɡɟɔɑŬ 

ŮɝŬŰɞɛɘəŮɡɛɏɜɞɡ ɗŮɟɛɘəɞɨ ˊɟɞűɑɚ Űɞɡ ɢɟɐůŰɖ.  

 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ: ȺɜŮɟɔŮɘŬəɐ ŭɘŬɢŮɑɟɘůɖ, ˊɟɞůɞɛɞɑɤůɖ ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ, 

ɗŮɟɛɘəɐ ɎɜŮůɖ, ŮɝŬŰɞɛɘəŮɡɛɏɜɞ ˊɟɞűɑɚ ɢɟɐůŰɖ 

 

 

ɄŮɟɘŮɢɧɛŮɜɞ:  Python, Notepad, ŮɘəɧɜŮɠ, ŭɘŬɔɟɎɛɛŬŰŬ, əŮɑɛŮɜɞ, ɚɞɔɘůŰɘəɎ űɨɚɚŬ. 
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ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ȺɡɢŬɟɘůŰɑŮɠ 

ɆˊɎɜɘŬ ɛŬɠ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮəűɟɎůɞɡɛŮ Űɖɜ Ůɡɔɜɤɛɞůɨɜɖ ɛŬɠ ůŮ ɧɚɞɡɠ  

ŬɡŰɞɨɠ ˊɞɡ ůŰɏəɞɜŰŬɘ ůŰɞ ˊɚŮɡɟɧ ɛŬɠ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ˊɟɞůˊŬɗŮɘɩɜ ɛŬɠ. 

ȹɟɎŰŰɞɛŬɘ Űɖɠ ŮɡəŬɘɟɑŬɠ ɔɘŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ ŮəŮɑɜɞɡɠ ˊɞɡ ɛŮ 

ɎəɞɡůŬɜ, ɛŮ ɓɞɐɗɖůŬɜ, ɛŮ ŮɛˊɘůŰŮɨŰɖəŬɜ, ɛŮ ŬɜɏɢŰɖəŬɜ əŬɘ ɛŮ əŬɗɞŭɐɔɖůŬɜ əŬɗô 

ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůɡɔɔɟŬűɐɠ Űɖɠ ˊŬɟɞɨůɖɠ ŮɟɔŬůɑŬɠ.  

ɄɟɤŰɑůŰɤɠ, ŮɡɢŬɟɘůŰɩ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ɛɞɡ əɨɟɘɞ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ 

ɉɟɐůŰɞ - ɁɘəɧɚŬɞ, ȾŬɗɖɔɖŰɐ Űɞɡ ɇɛɐɛŬŰɞɠ ɄɞɚɘŰɘůŰɘəɐɠ ɇŮɢɜɞɚɞɔɑŬɠ & 

ȺˊɘəɞɘɜɤɜɑŬɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɘɔŬɑɞɡ, ˊɞɡ ɛŮ ŮɛˊɘůŰŮɨŰɖəŮ əŬɘ  ˊɞɡ ɛɞɡ ɏŭɤůŮ 

Űɖɜ ŮɡəŬɘɟɑŬ  ɜŬ ŮɟɔŬůŰɩ əŬɘ ɜŬ ɛŮɚŮŰɐůɤ ɏɜŬ ɗɏɛŬ ˊɞɡ ɛŮ ŮɜŭɘɏűŮɟŮ ˊɎɟŬ ˊɞɚɨ. ɇɞɜ 

ŮɡɢŬɟɘůŰɩ ɔɘŬ ɧɚɖ Űɖɜ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ, ɔɘŬ Űɘɠ ŭɘɞɟɗɩůŮɘɠ əŬɘ Űɘɠ ůɡɛɓɞɡɚɏɠ 

Űɞɡ, ɧˊɞɡ ɢɟŮɘŬɕɧŰŬɜ, əŬɘ ˊɞɡ, ɛŮ Űɖɜ Ůɜ ɔɏɜŮɘ ůŰɎůɖ Űɞɡ, ɏəŬɜŮ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ŬɡŰɐ 

ˊɞɚɨ ˊɘɞ Ůɨəɞɚɖ. 

Ⱥˊɑ Űɖɠ ɞɡůɑŬɠ, ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ Ůˊɑəɞɡɟɞ əŬɗɖɔɖŰɐ ɆŰɡɚɘŬɜɧ Ⱦɟɖɜɑŭɖ, əŬɘ 

ŮˊɘůŰɖɛɞɜɘəɧ ɡˊŮɨɗɡɜɞ Űɞɡ ȺȾȺɇȷ/ȽɄɇȼȿ, ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɞɡ ůŮ ɧɚɖ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ˊɞɚɡŮŰɞɨɠ ůɡɜŮɟɔŬůɑŬɠ ɛŬɠ.  ɇɞɜ ŮɡɢŬɟɘůŰɩ ɔɘŬŰɑ ɛɞɡ ɏŭɤůŮ ɧɚŬ ŰŬ 

ŮűɧŭɘŬ ɔɘŬ ɜŬ ŬɜŬˊŰɨɝɤ Űɖɜ ŮɟŮɡɜɖŰɘəɐ ɤɟɘɛɧŰɖŰŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ əŬɘ ɜŬ ŬɔŬˊɐůɤ əŬɘ 

ɜŬ ŭɟŬůŰɖɟɘɞˊɞɘɖɗɩ ůŰɞɜ ɡˊɏɟɞɢɞ ŬɚɚɎ ŬˊŬɘŰɖŰɘəɧ ɢɩɟɞ Űɖɠ ɏɟŮɡɜŬɠ. 

ɁŬ ŮɡɢŬɟɘůŰɐůɤ əŬɘ ŰŬ ɛɏɚɖ Űɖɠ ŮˊɘŰɟɞˊɐɠ, Űɞɜ əɨɟɘɞ ȾɩŰɖ ȾɤɜůŰŬɜŰɑɜɞ əŬɗɖɔɖŰɐ, 

ɔɘŬ Űɖɜ ůɡɛɛŮŰɞɢɐ Űɞɡɠ ůŰɖɜ əɟɑůɖ Űɖɠ ˊŰɡɢɘŬəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ. ȾŬɘ Ůɜ ɔɏɜŮɘ ɔɘŬ Űɖɜ 

Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ.  ȾŬɗɩɠ, əŬɘ Űɞɜ Ⱦɨɟɘɞ ũŮɩɟɔɘɞ ɇůŮəɞɨɟŬ, ɔɘŬ Űɖ ůɡɛɓɞɚɐ 

Űɞɡ.  

Ⱥ́ ɑůɖɠ, ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ ɔɞɜŮɑɠ ɛɞɡ, ȸŬɚůɎɛɖ ȹɖɛŬɟɎ əŬɘ ɆɞɡɕɎɜŬ 

ɄŬˊŬˊŬɨɚɞɡ, əŬɘ Űɞɜ ůɨɕɡɔɞ ɛɞɡ, ɀɖɜɎ ɀŬɚɚɘŬɟɧ, ɔɘŬ Űɖ ůŰɐɟɘɝɖ əŬɘ Űɖɜ ɡˊɞɛɞɜɐ 

Űɞɡɠ ɧɚɞ ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ Űɖɠ ůɡɔɔɟŬűɐɠ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ɔŮɜɘəɎ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ. 

ȱŰŬɜ, ˊɟɎɔɛŬŰɘ, ˊɞɚɨŰɘɛɞɘ Ŭɟɤɔɞɑ ůô ŬɡŰɐ ɛɞɡ Űɖɜ ˊɟɞůˊɎɗŮɘŬ.  
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Abstract 

 

Nowadays, there is a massive amount of data collected from smart meters and indoor 

sensors. Therefore, it is of key importance to monitor and analyze those data towards 

energy awareness. The main goal is to assess energy efficiency but still maintain 

comfortable levels for the occupants. As a result, it is of fundamental importance to 

exploit this volume of data to monitor and analyze energy consumption while 

enhancing the end-users energy awareness. Energy awareness is the process that aims 

to help users to adapt a more energy efficient behavior, without compromising with 

their thermal comfort.  Therefore, many tools, systems and processes have been 

developed that help the users to manage their energy consumption towards a more 

efficient way. Buildings are the main source of energy consumption consuming the 

33% of the total energy. Consequently, optimal energy management is of key 

importance.  

 

Home Energy Management systems (HEMS) and Building Energy Management 

Systems (BEMS) consist of multiple factors, modules, parameters and applications. 

Nonetheless, two are the fundamental HEMS and BEMS applications that exist in every 

system: optimal energy consumption and comfortable thermal levels. To achieve the 

optimal energy consumption, it is important to simulate the end-user's aggregate 

electricity load. The simulation of the energy consumption of all the devices' possible 

operation modes is utilized as an input to intelligent systems and algorithms.  Therefore, 

it is essential to simulate the energy resident's aggregate consumption. 

 

No energy efficient actions are deployed if they cause thermal discomfort to the user.  

No suggested energy recommendations should be considered effective if they result in 

poor indoor environmental conditions. It should be mentioned that energy management 

also means preservation of indoor comfortable conditions.  Specifically, uncomfortable 
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ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
indoor conditions have a negative effect on userôs both psychology, health and well-

being.  

Within this work, energy simulation and thermal comfort are deployed. Initially, 

commonly used and well-known regression algorithms are analyzed for energy 

simulation. All algorithms are tested in the same data set for their efficiency and the 

most accurate is selected. Therefore, the personalized user consumption is generated. 

Subsequently, a new methodology is presented for thermal comfort estimation while 

generating a customized user thermal   profile.   

 

 

 

 

Key- words: Energy management, Energy consumption simulation, thermal comfort, 

personalized user profile. 

 

Content: Python, Notepad, images, charts, text, excel. 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
1 ɳʽˋʰʴ˖ʴʺ 

 

ɄŬɔəɞůɛɑɤɠ, ɞɘ əŬɗɖɛŮɟɘɜɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ ˊɟɞɏɟɢɞɜŰŬɘ ůɢŮŭɧɜ ɞɚɞəɚɖɟɤŰɘəɎ 

Ŭˊɧ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ ɧˊɤɠ Űɞ ˊŮŰɟɏɚŬɘɞ, ɖ ɓŮɜɕɑɜɖ əŬɘ ɞ ɎɜɗɟŬəŬɠ. ȼ ůɡɜŮɘůűɞɟɎ Űɞɡɠ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ŰŮɟɎůŰɘŬ, ˊŬɟɧɚŬ ŬɡŰɎ, ɖ ɢɟɐůɖ Űɞɡɠ ɏɢŮɘɠ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ, Űɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ɛɧɚɡɜůɖ ɚɧɔɤɜ Űɤɜ ŮəˊŮɛˊɧɛŮɜɤɜ ŬŮɟɑɤɜ əŬɘ Űɤɜ 

Űɟɧˊɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ɎɜŰɚɖůɖ əŬɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ, 

ɞɘ ůɡɛɓŬŰɘəɏɠ ŬɡŰɏɠ ˊɖɔɏɠ, ŭŮɜ ŮɑɜŬɘ ŬɜŮɝɎɜŰɚɖŰŮɠ. ȰŰůɘ, ɡˊɎɟɢŮɘ ɛɘŬ ůŰɟɞűɐ 

ˊŬɔəɞůɛɑɤɠ ůŰɘɠ ȷɜŬɜŮɩůɘɛŮɠ Ʉɖɔɏɠ ȺɜɏɟɔŮɘŬɠ (ȷɄȺ) ɧˊɤɠ ŮɑɜŬɘ ɖ ɖɚɘŬəɐ 

ŬəŰɘɜɞɓɞɚɑŬ, ɞ ɎɜŮɛɞɠ, Űɞ ɜŮɟɧ əŬɘ ɎɚɚŮɠ űɡůɘəɏɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ. ȹŮɜ əŬŰɏůŰŮɘ 

ŭɡɜŬŰɧɜ ɜŬ ŬɜŰɘəŬŰŬůŰŬɗɞɨɜ ɞɘ ůɡɛɓŬŰɘəɏɠ ˊɖɔɏɠ ɛŮ ȷɄȺ Ůɝɞɚɞəɚɐɟɞɡ ɏɤɠ əŬɘ 

ůɐɛŮɟŬ, ɞɨŰŮ ˊɟɞɓɚɏˊŮŰŬɘ ůŰɞ ɎɛŮůɞ ɛɏɚɚɞɜ, Ŭˊɧ ɧůɞ ŭɘŬűŬɑɜŮŰŬɘ. ȰŰůɘ, ɖ Ⱥɡɟɩˊɖ 

ůŰɞ ɗŮůɛɘəɧ ˊɚŬɑůɘɞ ɔɘŬ Űɖɜ ŮɜɏɟɔŮɘŬ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ ˊɞɡ ɏɢŮɘ ɗŮůˊɑůŮɘ, ŬűŮɜɧɠ 

ˊɟɞŰŮɑɜŮɘ Űɖɜ ŬɚɚŬɔɐ Űɖɠ ɓŬůɘəɐ ˊɖɔɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ȷɄȺ, ŬűŮŰɏɟɞɡ ůŰɖɜ ŬˊɞŭɞŰɘəɐ 

ŮɜŮɟɔŮɘŬəɐ ŭɘŬɢŮɑɟɘůɖ Űɤɜ əŰɘɟɑɤɜ əŬɘ Űɤɜ ůɡɔəɟɞŰɖɛɎŰɤɜ.  

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɚŬɑůɘɞ Űɖɠ ˊɞɚɘŰɘəɐɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ (Ⱥ.Ⱥ) ɔɘŬ Űɞ əɚɑɛŬ ŬɚɚɎ 

əŬɘ Űɖɜ ŮɜɏɟɔŮɘŬ ɛŮ ɢɟɞɜɘəɐ ɘůɢɨ Ŭˊɧ Űɞ 2020 ɛɏɢɟɘ əŬɘ Űɞ 2030 ɘůɢɨɞɡɜ ŰŬ əɎŰɤɗɘ 

[1]: 

Á ɀŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ əŬŰɎ 40% ɏɤɠ əŬɘ Űɞ 2030.  ȼ 

ɛŮɑɤůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ ɏŰɞɡɠ 1990. ɄŬɟɎɚɚɖɚŬ, 

ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ɆɡůŰɐɛŬŰɞɠ ȺɛˊɞɟɑŬɠ ȹɘəŬɘɤɛɎŰɤɜ Ⱥəˊɞɛˊɐɠ (ɆȺȹȺ) əŬɘ  

ŭɟɎůŮɤɜ ˊɞɡ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮɗɜɘəɎ  Ŭˊɧ ŰŬ  əɟɎŰɖ ɛɏɚɖ ɔɘŬ Űɖ ɛŮɑɤůɖ 

Űɤɜ Ůəˊɞɛˊɩɜ ɏɤɠ Űɞ 2030 ůŮ ŰɞɛŮɑɠ ŮəŰɧɠ Űɞɡ ɆȺȹȺ. 

Á ɇɞ ˊɞůɞůŰɧ əŬŰŬɜŬɚɘůəɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ȷɄȺ ůŰɖɜ ȺȺ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ŬɜŬɚɞɔɘəɎ 27% Ůˊɑ Űɖɠ ůɡɜɞɚɘəɐɠ. ɇŬ ŮˊɑˊŮŭŬ ŬɡŰɎ ŮɑɜŬɘ ŭŮůɛŮɡŰɘəɎ ɔɘŬ Űɖɜ 

ȺȺ ŬɚɚɎ ɧɢɘ ŮɗɜɘəɎ, ůŰŬ əɟɎŰɖ ɛɏɚɖ. ɇŬ əɟɎŰɖ ɛɏɚɖ ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰɨɢɞɡɜ Űɞ 

ůŰɧɢɞ ŬɡŰɧ əŬɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ. 

Á ŪŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬɗŮɤɟɖɗŮɑ əŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɜɏɞ ŬˊɞɗŮɛŬŰɘəɧ ɔɘŬ Űɞ ɆȺȹȺ 

ɔɘŬ ɜŬ ɓɞɖɗɐůŮɘ ůŰɖɜ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ŬɔɞɟɎɠ. 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Á ŪŬ ˊɟɏˊŮɘ ɜŬ ɓŮɚŰɘɤɗŮɑ ɖ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ ůŮ ŮˊɑˊŮŭɞ ɞɡůɘŬůŰɘəɧ ɔɘŬ Űɖɜ 

ŬɜŰŬɔɤɜɘůŰɘəɧŰɖŰŬ, Űɖɜ ŬůűɎɚŮɘŬ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ŮűɞŭɘŬůɛɞɨ əŬɘ Űɖ 

ɓɘɤůɘɛɧŰɖŰŬ. ȷɜŬɗŮɩɟɖůɖ Űɖɠ ˊɞɚɘŰɘəɐɠ ɔɘŬ Űɖɜ Ůɝɞɘəɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ.  

Á ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɜɏɞɡɠ ůɡůŰɐɛŬŰɞɠ ŭɘŬəɡɓɏɟɜɖůɖɠ ˊɞɡ ɗŬ ɏɢŮɘ ɤɠ ɓŬůɘəɧ 

ůəɞˊɧ Űɖɜ ŮˊɑŰŮɡɝɐ Űɤɜ ůŰɧɢɤɜ ɔɘŬ Űɖɜ ŮɜɏɟɔŮɘŬ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ. ȾɎɗŮ 

əɟɎŰɞɠ ɛɏɚɞɠ ɞűŮɑɚŮɘ ɜŬ əŬŰŬɟŰɑůŮɘ Ůɗɜɘəɧ ůɢɏŭɘɞ ɔɘŬ ŬůűŬɚɐ, ɓɘɩůɘɛɖ əŬɘ 

ŬɜŰŬɔɤɜɘůŰɘəɐ ŮɜɏɟɔŮɘŬ.   

Á ɄŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ˊɟɞɧŭɞɡ ůŮ ɧɚŮɠ Űɘɠ ˊŰɡɢɏɠ Űɖɠ ŬůűɎɚŮɘŬɠ, Űɖɠ 

ɓɘɤůɘɛɧŰɖŰŬɠ əŬɘ Űɖɠ ŬɜŰŬɔɤɜɘůŰɘəɧŰɖŰŬɠ ɛɏůɤ ɓŬůɘəɩɜ ŭŮɘəŰɩɜ 

Ŭɝɘɞɚɧɔɖůɖɠ.  

 

ȷˊɧ ɧɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ůɡɛˊŮɟŬɑɜŮŰŬɘ ˊɤɠ ɖ ȺȺ ɏɢŮɘ ɗɏůŮɘ ɡɣɖɚɞɨɠ ůŰɧɢɞɡɠ ɔɘŬ Űɖɜ 

ŭɘŬɢŮɑɟɘůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ. ȺɘŭɘəɧŰŮɟŬ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɖ ŮɔəŬŰɎůŰŬůɖ ȷɄȺ ŭŮɜ 

ŮɑɜŬɘ ŮűɘəŰɐ ɛɘŬ ŬˊɞŭɞŰɘəɧŰŮɟɖ ɢɟɐůɖ ŮɜŮɟɔŮɑŬɠ ɗŬ ůɡɛɓɎɚŮɘ Űɧůɞ ůŰɖɜ ɛŮɑɤůɖ Űɖɠ 

əŬŰŬɜŬɚɘůəɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ, ŬɚɚɎ ɧůɞ əŬɘ ůŰɖɜ  ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ ŭɘɞɝŮɘŭɑɞɡ 

Űɞɡ ɎɜɗɟŬəŬ. ȺɜɏɟɔŮɘŮɠ ˊɞɡ ɛŬəɟɞˊɟɧɗŮůɛŬ ɤűŮɚɞɨɜ Űɞ ˊŮɟɘɓɎɚɚɞɜ, ŬɚɚɎ əŬɘ Űɖɜ 

ɛŮɑɤůɖ Űɖɠ ɢɟɐůɖɠ Űɤɜ ůɡɛɓŬŰɘəɩɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ.  

 

1.1 ʅˍˈ˔ˇˌ ˁʰʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ʶˊʴʰˋʾʰˌ 

 

ȼ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ (ȹȺ) ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ ɛɘŬɠ əŬɗɞɚɘəɐɠ 

ˊɟɧŰŬůɖɠ,  ɖ ɞˊɞɑŬ ɗŬ ɓŬůɑɕŮŰŬɘ ůŮ Ůɡűɡɐ ůɡůŰɐɛŬŰŬ əŬɘ ůŮ  ɛŮɗɧŭɞɡɠ ɡˊɞɚɞɔɘůŰɘəɐɠ 

ɜɞɖɛɞůɨɜɖɠ ɛŮ ŰŮɚɘəɧ ůəɞˊɧ ɛɘŬ ŬˊɞŭɞŰɘəɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ ŭɘŬɢŮɑɟɘůɖ. ȾŬɑɟɘɞɠ 

ůŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ˊɟɞŰŬɗŮɑ ɏɜŬ ɛɞɜŰɏɚɞ ˊɞɡ ɗŬ ˊɟɞůɞɛɞɘɩɜŮɘ ɛŮ ŬəɟɑɓŮɘŬ ɧɚŮɠ Űɘɠ 

ˊɘɗŬɜɏɠ ŮɜŮɟɔŮɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ Űɤɜ ɞɘəɘŬəɩɜ ůɡůəŮɡɩɜ əŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ˊɞɡ ɗŬ 

ɡ́ ɞɚɞɔɑɕŮɘ Űɖɜ ɗŮɟɛɘəɐ ɎɜŮůɖ Űɞɡ ɢɟɐůŰɖ. ȾŬɘ ŰŬ ŭɨɞ ɛɞɜŰɏɚŬ ɗŬ ŮɑɜŬɘ ɓŬůɘůɛɏɜŬ 

ůŰɘɠ ˊɟɞŰɘɛɐůŮɘɠ Űɞɡ ɢɟɐůŰɖ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ Ůɡűɡɏɠ ŮɝŬŰɞɛɘəŮɡɛɏɜɞ ůɨůŰɖɛŬ 

ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ. ɇɞ ůɡɜɞɚɘəɧ ůɨůŰɖɛŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  1. 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  1: Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ. 

 

Ƀɘ ŮűŬɟɛɞɔɏɠ ˊɞɡ ˊɟɞůɞɛɞɘɩɜɞɡɜ Űɖɜ ŮɜŮɟɔŮɘŬəɐ əŬŰŬɜɎɚɤůɖ Ůɜɧɠ əŰɘɟɑɞɡ ˊŬɑɕɞɡɜ 

ůɖɛŬɜŰɘəɧ ɟɧɚɞ əŬŰɎ Űɞ ůɢŮŭɘŬůɛɧ Űɤɜ əŰɘɟɑɤɜ, ůŰɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ  Ŭˊɧŭɞůɖɠ 

Űɞɡ əŰɘɟɑɞɡ əŬɘ ůŰɞɜ ɏɚŮɔɢɞ ɕɐŰɖůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ.  ɆŰɖɜ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ 

ȺɟɔŬůɑŬ (ȹȺ), ŬɟɢɘəɎ, ŬɝɘɞɚɞɔŮɑŰŬɘ ɏɜŬ ůɨɜɞɚɞ ɔɜɤůŰɩɜ Ŭɚɔɧɟɘɗɛɤɜ ˊɟɞůɏɔɔɘůɖɠ  

(Regression Algorithms - RA),  ́ ɟɞəŮɘɛɏɜɞɡ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ, ŮűŬɟɛɞůɛɏɜɞɘ ůŰɞ ɑŭɘɞ 

ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŬɝɘɞɚɞɔŮɑŰŬɘ ɖ Ŭˊɧŭɞůɖ Űɞɡɠ ɛŮ Űɞɡɠ ɑŭɘɞɡɠ ŭŮɑəŰŮɠ 

Ŭɝɘɞɚɧɔɖůɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ŮˊɘɚɏɔŮɘ ɞ ŬˊɞŭɞŰɘəɧŰŮɟɞɠ 

Ŭˊɧ ŬɡŰɞɨɠ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

əŬŰŬɜɎɚɤůɖɠ.   

 

Ⱥˊɘˊɚɏɞɜ, əŬɛɑŬ ůɡɛɓɞɡɚɐ ́ ɞɡ ɏɢŮɘ ɤɠ ůŰɧɢɞ Űɖɜ Ůɝɞɘəɞɜɧɛɖůɖ  Űɖɠ  ɢɟɐůɖɠ ŮɜɏɟɔŮɘŬɠ 

ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ŮűɘəŰɐ əŬɘ ŬˊɞŭɞŰɘəɐ, ŮɎɜ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŭɘŬŰɖɟɐůŮɘ Űɖɜ 

ɗŮɟɛɘəɐ ɎɜŮůɖ Űɤɜ  ɢɟɖůŰɩɜ, əŬɗɩɠ ɛɖ ɎɜŮŰŬ ŮˊɑˊŮŭŬ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ɞŭɖɔɞɨɜ ůŮ 

Ůɜɧɢɚɖůɐ Űɞɡɠ. ɄŬɟɎɚɚɖɚŬ, ɛɖ ɎɜŮŰŮɠ ŮůɤŰŮɟɘəɏɠ ɗŮɟɛɘəɏɠ ůɡɜɗɐəŮɠ ɞŭɖɔɞɨɜ ůŮ 

Ɏɔɢɞɠ, əŬɘ ŬˊŮɘɚɞɨɜ Űɖɜ ɡɔŮɑŬ əŬɘ Űɖɜ ɎɜŮůɐ Űɞɡɠ.  ɆŰɖ ˊŬɟɞɨůŬ ȹȺ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ɏɜŬɠ ɜɏɞɠ Ŭɚɔɧɟɘɗɛɧɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɛŮŰŬɓɞɚɘəɞɨ ɟɡɗɛɞɨ əŬɘ Űɞɡ Ůˊɘˊɏŭɞɡ 

ɎɜŮůɖɠ. ȷɟɢɘəɎ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬɠ ũŮɜŮŰɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ. ȰˊŮɘŰŬ, ɧɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɡɠ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ɡˊɞɚɞɔɘůɛɞɨɠ ŬˊɞɗɖəŮɨɞɜŰŬɘ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ŬɜŬűɞɟɎ əŬɘ ɢɟɐůɖ. ɀɏůɤ Űɤɜ 

ɘůŰɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ŮɝŬŰɞɛɘəŮɡɛɏɜɞ ɗŮɟɛɘəɧ ˊɟɞűɑɚ Űɞɡ ɢɟɐůŰɖ.  

1.2 ɲˇ˃ʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌ 

ȼ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 6 ȾŮűɎɚŬɘŬ əŬɘ 30 Ůˊɘɛɏɟɞɡɠ ŮɜɧŰɖŰŮɠ. ȷəɞɚɞɡɗŮɑ ɛɘŬ 

ůɡɜɞˊŰɘəɐ ˊŬɟɞɡůɑŬůɖ əŬɘ ˊŮɟɘɔɟŬűɐ  Űɤɜ ˊŮɟɘŮɢɞɛɏɜɤɜ Űɞɡɠ. 

ȾŮűɎɚŬɘɞ 1: çȺɘůŬɔɤɔɐè. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɗŮůɛɘəɧ ˊɚŬɑůɘɞ 

ˊɞɡ ɏɢŮɘ ɗɏůŮɘ ɖ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ɔɘŬ Űɖɜ ŮɜɏɟɔŮɘŬ əŬɘ Űɞ əɚɑɛŬ. Ⱥˊɘˊɚɏɞɜ, ɔɑɜŮŰŬɘ 

ɛɘŬ ŮɘůŬɔɤɔɐ ůŰɞ ɗɏɛŬ ˊɞɡ ŭɘŬˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɞ ˊŬɟɩɜ ˊɧɜɖɛŬ. ɇɏɚɞɠ, ɔɘŬ ŮɡəɞɚɑŬ 

Űɞɡ ŬɜŬɔɜɩůŰɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɡɜɞˊŰɘəɎ ɖ ŭɞɛɐ Űɖɠ ŮɟɔŬůɑŬɠ.  

 

ȾŮűɎɚŬɘɞ 2: çȺɜŮɟɔŮɘŬəɐ ŭɘŬɢŮɑɟɘůɖè. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ, ŬɟɢɘəɎ, ɔɑɜŮŰŬɘ 

ɛɘŬ ŬɜŬűɞɟɎ ůŰɖɜ ɏɜɜɞɘŬ Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɑɜŮŰŬɘ ɛɘŬ 

ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ ˊɞɡ ŬűɞɟɎ ůŰɞɡɠ Űɟɧˊɞɡɠ əŬɘ ůŰŬ ŮɟɔŬɚŮɑŬ Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ. ɇɏɚɞɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ Űɟɧˊɞɘ əŬɘ ŮɟɔŬɚŮɑŬ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɘɠ ůɨɔɢɟɞɜŮɠ 

ɛŮɗɧŭɞɡɠ ɏɝɡˊɜɖɠ ŭɘŬɢŮɑɟɘůɖɠ Űɤɜ əŰɘɟɑɤɜ.  

 

ȾŮűɎɚŬɘɞ 3: çɄɟɞůɞɛɞɑɤůɖ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠè. ɆŰɖɜ ůɡɔəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ɧɚŮɠ ɞɘ ˊɘɗŬɜɏɠ 

ɛŮŰŬɓŬŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ əŬŰŬɜɎɚɤůɖɠ ɞɘəɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ. ȷəɞɚɞɨɗɤɠ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ  Ŭɚɔɧɟɘɗɛɞɘ ˊɟɞůɏɔɔɘůɖɠ.  ɆŰɞ Űɏɚɞɠ Űɖɠ ŮɜɧŰɖŰŬɠ ŬɡŰɐɠ, ɔɑɜŮŰŬɘ ɖ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ Ŭɚɔɧɟɘɗɛɤɜ ˊɟɞůɏɔɔɘůɖɠ ˊɎɜɤ ůŰɞ ɑŭɘɞ ˊɟɧɓɚɖɛŬ əŬɘ  ůŰŬ ɑŭɘŬ 

ŭŮŭɞɛɏɜŬ, əŬɘ ŮˊɘɚɏɔŮŰŬɘ ɞ ŬˊɞŭɞŰɘəɧŰŮɟɞɠ Ŭˊɧ ŬɡŰɞɨɠ. 

 

ȾŮűɎɚŬɘɞ 4: çŪŮɟɛɘəɐ ɎɜŮůɖè.  ɆŰɖ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɏɜɜɞɘŬ Űɖɠ 

ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ əŬɘ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɖɜ ɓŬůɘəɧŰŮɟɖ ɛɏɗɞŭɞ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ Ŭˊɧ 

Űɞɜ P.O Fanger. ȰˊŮɘŰŬ, ́ ŮɟɘɔɟɎűŮŰŬɘ ɞ ɔŮɜŮŰɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ əŬɘ ɖ ɡɚɞˊɞɑɖůɖ Űɞɡ ɔɘŬ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Űɖɜ  ŮɨɟŮůɖ Űɞɡ ɛŮŰŬɓɞɚɘəɞɨ ɟɡɗɛɞɨ. ɇŮɚɘəɎ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɡɜɞɚɘəɐ ɛɏɗɞŭɞɠ 

ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ.  

 

ȾŮűɎɚŬɘɞ 5: çɆɡɜɞɚɘəɧ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠè. Ɇəɞˊɧɠ 

Űɖɠ ˊŬɟɞɨůɖɠ ŮɜɧŰɖŰŬɠ ŮɑɜŬɘ ɜŬ ˊŬɟɞɡůɘɎůŮɘ Űɞɜ Űɟɧˊɞ əŬɘ Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ 

Ůɡűɡɞɨɠ ůɡůŰɐɛŬŰɞɠ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ əŬɘ Űɖ 

ŭɘŬɚŮɘŰɞɡɟɔɘəɧŰɖŰɎ Űɞɡ .  

 

ȾŮűɎɚŬɘɞ 6: çɆɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɛŮɚɚɞɜŰɘəɐ Ůɝɏɚɘɝɖè. ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ, əŬɗɩɠ Űɞ 

ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŮɟɔŬůɑŬɠ ɏɢŮɘ ɞɚɞəɚɖɟɤɗŮɑ əŬɘ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əŬɘ ɖ 

ˊŮɘɟŬɛŬŰɘəɐ ŮəŰɏɚŮůɖ ɧɚɞɡ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ˊɟŬɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ- ɎɟŬ, ɡˊɎɟɢŮɘ  

ůűŬɘɟɘəɐ Ɏˊɞɣɖ ɔɘŬ Űɞ ɗɏɛŬ-, ůɢɞɚɘɎɕɞɜŰŬɘ ɧɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜɎ ůŰɎŭɘɞ əŬɘ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ Ůɝɏɚɘɝɖ əŬɘ ˊŮɘɟŬɛŬŰɘůɛɧ. 

 

ȾŮűɎɚŬɘɞ 7: çȷɜŬűɞɟɏɠè. ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŬɟŬŰɑɗŮɜŰŬɘ ŭɘŬŭɞɢɘəɎ ɧɚŮɠ ɞɘ 

ŬɜŬűɞɟɏɠ ˊɞɡ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ȹȺ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
2 ɳ˄ʶˊʴʶʽʰˁʺ ʵʽʰ˔ʶʾˊʽˋʹ  

 

ȼ Ůɝɞɘəɞɜɧɛɖůɖ ŮɑɜŬɘ ɛɘŬ ɏɜɜɞɘŬ ɖ ɞˊɞɑŬ ŬˊŬůɢɞɚŮɑ Űɞɜ əɎɗŮ ɏɜŬ Ŭˊɧ ŮɛɎɠ. 

ȺɘŭɘəɧŰŮɟŬ, ɖ ɞɘəɞɜɞɛɘəɐ əɟɑůɖ ˊɞɡ ɛŬůŰɑɕŮɘ Űɖ ɢɩɟŬ ɛŬɠ Ŭˊɧ Űɞ 2009 ɏəŬɜŮ Űɖɜ 

Ůɝɞɘəɞɜɧɛɖůɖ  ɛɑŬ ɏɜɜɞɘŬ ŬˊŬɟŬɑŰɖŰɖ, ůɢŮŭɧɜ, ɔɘŬ əɎɗŮ ɜɞɘəɞəɡɟɘɧ. ȰɜŬɠ Ŭˊɧ Űɞɡɠ 

Űɟɧˊɞɡɠ ˊɞɡ ɛˊɞɟɞɨɛŮ ɜŬ ŮɝɞɘəɞɜɞɛɐůɞɡɛŮ ɢɟɐɛŬŰŬ, ŮɑɜŬɘ ɛɏůɤ Űɖɠ ɛŮɑɤůɖɠ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ˊɞɡ əŬŰŬɜŬɚɩɜɞɡɛŮ. Ʉɚɏɞɜ, ɡˊɎɟɢŮɘ ˊɚɖɗɩɟŬ ŰŮɢɜɘəɩɜ, ɛŮɗɧŭɤɜ əŬɘ 

ŮɟɔŬɚŮɑɤɜ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɐ ɖ ɛŮɑɤůɖ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, əɡɟɑɤɠ ɛɏůɤ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ.  

ȼ ŬɚɧɔɘůŰɖ əŬɘ ɛɖ ŬˊɞŭɞŰɘəɐ ɢɟɐůɖ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ɞɘəɑŬ ɛŬɠ, ŬɚɚɎ əŬɘ ůŰɖɜ ŮɟɔŬůɑŬ 

ɛŬɠ, ɏɢŮɘ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ əɧůŰɞɡɠ ɔɘŬ Űɖɜ ŮɜɏɟɔŮɘŬ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ, ɏɢŮɘ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮəˊɏɛˊɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞɘ ɟɨˊɞɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ əŬɘ ɜŬ ŬɡɝɎɜŮŰŬɘ 

ɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ˊɚŬɜɐŰɖ. ɋɠ Ůə ŰɞɨŰɞɡ, ŬˊɞŭɞŰɘəɧŰŮɟɖ ɢɟɐůɖ ŮɜɏɟɔŮɘŬɠ 

ůɡɛɓɎɚɚŮɘ ŬűŮɜɧɠ ůŰɖ ɛŮɑɤůɖ Űɞɡ ɞɘəɞɜɞɛɘəɞɨ əɧůŰɞɡɠ əŬɘ ŬűŮŰɏɟɞɡ, ůŰɖɜ 

ˊɟɞůŰŬůɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ȰɟŮɡɜŮɠ ɡˊɞŭŮɘəɜɨɞɡɜ ˊɤɠ ɖ ŬˊɞŭɞŰɘəɧŰŮɟɖ ɢɟɐůɖ Űɖɠ 

əŬŰŬɜŬɚɘůəɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ɛɏůɤ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ŭɘŬɢŮɑɟɘůɖɠ Űɖɠ, ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔɐůŮɘ ůŮ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ ɔɘŬ Űɘɠ ŮˊɘɢŮɘɟɐůŮɘɠ, ɏɤɠ əŬɘ 20%  əŬɘ ɔɘŬ Űɘɠ ɞɘəɑŮɠ 

ɏɤɠ əŬɘ 10% [2]. 

Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ ɚɨůŮɘɠ Ůɝɞɘəɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ ɛɏůɤ ɏɝɡˊɜɤɜ əŬɘ ŬɡŰɧɛŬŰɤɜ 

ůɡůŰɖɛɎŰɤɜ ŬˊɞŰŮɚɞɨɜŰŬɘ, ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰoɜ Ŭˊɧ ůɡůəŮɡɏɠ (ˊ.ɢ. ɏɝɡˊɜɞɘ ɛŮŰɟɖŰɏɠ), 

ɞɘ ɞˊɞɑŮɠ ůɡɜŭɏɞɜŰŬɘ ůŰɞɜ əŮɜŰɟɘəɧ ɖɚŮəŰɟɘəɧ ˊɑɜŬəŬ Űɖɠ ɞɘəɑŬɠ əŬɘ əŬŰŬɔɟɎűɞɡɜ ůŮ 

ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ Űɖɜ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ əŬŰŬɜŬɚɩɜŮŰŬɘ (ȺɘəɧɜŬ  2).  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  2: ɄŬɟɎŭŮɘɔɛŬ ůɡůŰɐɛŬŰɞɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ ŮɜɏɟɔŮɘŬɠ [3]. 

ɀɏůɤ Űɤɜ ůɡůəŮɡɩɜ, ɛɖɢŬɜɖɛɎŰɤɜ əŬɘ ŬɘůɗɖŰɐɟɤɜ əŬŰŬɔɟɎűŮŰŬɘ ɖ əŬŰŬɜɎɚɤůɖ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŰŬ ůɡůŰɐɛŬŰŬ ŭɘŬɢŮɑɟɘůɖɠ ŮɜɏɟɔŮɘŬɠ 

ɓɞɖɗɞɨɜ ůŰŬ ˊŬɟŬəɎŰɤ: 

i. ɄŬɟŬəɞɚɞɨɗɖůɖ əŬɘ ɏɚŮɔɢɞ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ.  

ii.  ȹɖɛɘɞɡɟɔɑŬ ɛɖɜɡɛɎŰɤɜ  əŬɘ  ŮɘŭɞˊɞɘɐůŮɤɜ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ əŬŰŬɜɎɚɤůɖ 

Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ɢɟɐůŰɖ ɝŮˊŮɟɜɎŮɘ əɎˊɞɘŬ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ɧɟɘŬ ɐ Űɖ ɛɏůɖ 

ɛɏɔɘůŰɖ əŬŰŬɜɎɚɤůɖ Űɞɡ ɢɟɐůŰɖ.  

iii.  ȷˊɞɗɐəŮɡůɖ Űɤɜ ɘůŰɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬŰŬɜɎɚɤůɖɠ Űɞɡ ɢɟɐůŰɖ ŰŬ ɞˊɞɑŬ 

ɓɞɖɗɞɨɜ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ˊɟɞűɑɚ ɢɟɐůŰɖ. ɇŬ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ, 

ˊŬɟɎɚɚɖɚŬ, ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛŮɨůɞɡɜ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ ɡˊɞɚɞɔɘůŰɘəɩɜ 

ɛɞɜŰɏɚɤɜ ŭɘŬɢŮɑɟɘůɖɠ ŮɜɏɟɔŮɘŬɠ.  

iv. Ɇɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ 

ɛɞɜŰɏɚɤɜ ŰŬ ɞˊɞɑŬ ɗŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚɏɣɞɡɜ ɓɚɎɓŮɠ ɐ əŬɘ ɢɟɧɜɞɡɠ 

ůɡɜŰɐɟɖůɖɠ Űɤɜ ɖɚŮəŰɟɘəɩɜ ůɡůəŮɡɩɜ.  

v. ȹɘŬŰɐɟɖůɖ ɎɜŮŰɤɜ ŮůɤŰŮɟɘəɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ Űɞɡ ɢɟɐůɖ ɛŮ Űɞ 

ɛɘəɟɧŰŮɟɞ ŭɡɜŬŰɧ əɧůŰɞɠ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
2.1 ɶ ʷ˄˄ˇʽʰ ˍʹˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ʶ˄ʷˊʴʶʽʰˌ  

ȼ ɓɘɞɛɖɢŬɜɘəɐ əŬɘ əɞɘɜɤɜɘəɐ ŬɜɎˊŰɡɝɖ ŮɑɢŮ ɤɠ ŮűŬɚŰɐɟɘɞ ŭɨɜŬɛɖ Űɖ ɢɟɐůɖ 

ůɨɔɢɟɞɜɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ. ɀɏůɤ Űɖɠ ɢɟɐůɖɠ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŭɘŬɗɏůɘɛɤɜ 

ˊɧɟɤɜ ŬɡɝɐɗɖəŮ ɖ ˊŬɟŬɔɤɔɐ Űɧůɞ Űɤɜ ˊɟɞɥɧɜŰɤɜ əŬɘ ŬɔŬɗɩɜ, ɧůɞ əŬɘ Űɤɜ 

ɡˊɖɟŮůɘɩɜ. ɄŬɟɎɚɚɖɚŬ, ŬɡɝɐɗɖəŮ ɞ ˊŬɔəɧůɛɘɞɠ ˊɚɖɗɡůɛɧɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ Űɖɜ 

ŬɜɎɔəɖ ŭɘŮɨɟɡɜůɖɠ Űɤɜ ŭɘəŰɨɤɜ ɛŮŰŬűɞɟɩɜ. Ƀɘ ɜɏŮɠ ŬɡŰɏɠ əŬŰŬůŰɎůŮɘɠ ɞŭɐɔɖůŬɜ 

ůŰɖɜ ŬůŰɘəɞˊɞɑɖůɖ əŬɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ Ůˊɘəɞɘɜɤɜɘɩɜ. ȼ ŬɜɎˊŰɡɝɖ Űɤɜ ŭɘəŰɨɤɜ 

ŮˊɘəɞɘɜɤɜɑŬɠ, ˊɚɖɟɞűɞɟɑŬɠ əŬɘ ɛŮŰŬűɞɟɩɜ ɞŭɐɔɖůŮ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ əŬɘɜɞŰɧɛɤɜ 

ůɡůŰɖɛɎŰɤɜ ɛŮŰŬűɞɟɎɠ əŬɘ ɓɘɞɛɖɢŬɜɘəɐɠ ˊŬɟŬɔɤɔɐɠ. ȳɚŬ ŬɡŰɎ ŰŬ ůɡůŰɐɛŬŰŬ ɏɢɞɡɜ 

ɤɠ əɘɜɖŰɐɟɘŬ ŭɨɜŬɛɖ Űɖɜ ŮɜɏɟɔŮɘŬ  [4].  

ȰɜŬ ɓŬůɘəɧ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ Ůɜɧɠ əŰɘɟɑɞɡ, ŮɑɜŬɘ ɖ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ. ȷˊɞŰŮɚŮɑ 

ɛɎɚɘůŰŬ ɏɜŬ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŬɏɜŬɞ. ȸŬůɘəɏɠ ˊɖɔɏɠ əŬŰŬɜɎɚɤůɖɠ 

ŮɜɏɟɔŮɘŬɠ Ůɜɧɠ əŰɘɟɑɞɡ ŮɑɜŬɘ  ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ əŬŰŬɜŬɚɩɜŮŰŬɘ ɔɘŬ Űɖɜ ɣɨɝɖ əŬɘ ɗɏɟɛŬɜůɖ 

Űɞɡ əŰɘɟɑɞɡ, əŬɘ ɞ űɤŰɘůɛɧɠ, əɡɟɑɤɠ ůŮ ɛŮɔɎɚŮɠ əŰɘɟɘŬəɏɠ ŭɞɛɏɠ. ȼ ˊɟɩŰɖ ŬˊɞůəɞˊŮɑ 

ůŰɖ ŭɘŬŰɐɟɖůɖ ɎɜŮŰɤɜ Ůˊɘˊɏŭɤɜ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɢɟɐůŰɖ, Ůɜɩ ɖ ŭŮɨŰŮɟɖ ůŰɖɜ ɞˊŰɘəɐ 

ɎɜŮůɖ Űɞɡ ɢɟɐůŰɖ.   

 

ȼ ŮɜŮɟɔŮɘŬəɐ ŭɘŬɢŮɑɟɘůɖ Ůɜɧɠ əŰɘɟɑɞɡ ŮɑɜŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ůɡůŰɖɛŬŰɘəɐ, ůɡɜŮɢɐɠ, 

ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɖ əŬɘ ɞɟɔŬɜɤɛɏɜɖ, ɖ ɞˊɞɑŬ ŮəŰŮɚŮɑŰŬɘ ɛɏůɤ Ůɜɧɠ ůɡɜɧɚɞɡ ŰŮɢɜɘəɩɜ, 

ŭɘɞɘəɖŰɘəɩɜ əŬɘ ɞɘəɞɜɞɛɘəɩɜ ŮɜŮɟɔŮɘɩɜ. ȸŬůɘəɧɠ ůŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ŮɝŬůűŬɚɑůɞɡɜ ɞɘ 

ŮɜɏɟɔŮɘŮɠ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ əŬɘ Űɘɠ ɡˊɖɟŮůɑŮɠ, ˊɞɡ ɗŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ ŮɡɢɎɟɘůŰŮɠ 

ŮůɤŰŮɟɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɞɡɠ ɢɟɐůŰŮɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ, 

Űɖɜ ŮɚɎɢɘůŰɖ ŭɡɜŬŰɐ ŮɜɏɟɔŮɘŬ əŬɘ əŬŰ' ŮˊɏəŰŬůɖ Űɖɜ ŮɚɎɢɘůŰɖ ɢɟɐůɖ Űɞɡ əŰɘɟɘŬəɞɨ 

Ůɝɞˊɚɘůɛɞɨ.  Ƀɘ ŮɜɏɟɔŮɘŮɠ ŬɡŰɏɠ ɏɢɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ əɟɘŰɐɟɘŬ [5]: 

 

i. Ƀɘəɞɜɞɛɘəɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ. ȷɨɝɖůɖ Űɤɜ əŮɟŭɩɜ Űɤɜ əŰɘɟɘŬəɩɜ űɞɟɏɤɜ Ŭˊɧ 

Űɖɜ ɛŮɑɤůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ. 

ii.  ȸŮɚŰɑɤůɖ əŬɘ ŭɘŬŰɐɟɖůɖ Űɖɠ ŬůűɎɚŮɘŬɠ əŬɘ Űɤɜ ˊŬɟŮɢɧɛŮɜɤɜ ɡˊɖɟŮůɘɩɜ Űɤɜ 

əŰɘɟɑɤɜ. 

iii.  ȸŮɚŰɑɤůɖ əŬɘ ŭɘŬŰɐɟɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ ŮůɤŰŮɟɘəɩɜ ůɡɜɗɖəɩɜ Űɞɡ əŰɘɟɑɞɡ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
iv. ɀŮɑɤůɖ Űɤɜ ŮəˊŮɛˊɧɛŮɜɤɜ ŬŮɟɑɤɜ ɟɨˊɤɜ əŬɘ ŬŮɟɑɤɜ ɗŮɟɛɞəɖˊɑɞɡ. 

v. ɄŬɟŬəɞɚɞɨɗɖůɖ əŬɘ ɏɚŮɔɢɞ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ əɧůŰɞɡɠ.  

 

 

ȼ ŮɜŮɟɔŮɘŬəɐ ŭɘŬɢŮɑɟɘůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬɚɚɖɚɞŮˊɘŭɟɩɛŮɜŬ ůŰɎŭɘŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɖ 

ůəɏɣɖ, ɞ ůɢŮŭɘŬůɛɧɠ, ɖ ɡɚɞˊɞɑɖůɖ əŬɘ ɖ əŬŰŬɛɏŰɟɖůɖ. ɇŬ ɓŬůɘəɧŰŮɟŬ ůŰɎŭɘŬ Űɖɠ 

ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ ŰŬ ɞˊɞɑŬ əŬɘ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ŮəɎůŰɞŰŮ ŮɜŮɟɔŮɘŬəɐ 

ˊɞɚɘŰɘəɐ ŮɑɜŬɘ ɖ ŭɘŬŰɐɟɖůɖ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ 

ůɡůŰɖɛɎŰɤɜ əŬɘ Űɤɜ ɡˊɞŭɞɛɩɜ Űɞɡ əŰɘɟɑɞɡ, ɖ ŮɜŮɟɔŮɘŬəɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ əŬɘ 

ŭɘŬɢŮɑɟɘůɖ əŬɘ Űɏɚɞɠ ɖ Ůɝɞɘəɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ŭɘŬŰɐɟɖůɖ Űɤɜ 

Ůˊɘˊɏŭɤɜ ɎɜŮůɖɠ Űɤɜ ɢɟɖůŰɩɜ (ȺɘəɧɜŬ  3). 

 

ȺɘəɧɜŬ  3: ɆŰɎŭɘŬ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ 

 

2.2 ʃʰˊʰʴ˖ʴʺ ˁʰʽ ʶʽˋʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ ˋˍʹ˄ ɳˎˊ˗ˉʹ 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŬɜŰɚɐɗɖəŬɜ Űɞɜ Ƚɞɨɜɘɞ Űɞɡ 2020 ɖ ˊŬɟŬɔɤɔɐ 

ˊɟɤŰɞɔŮɜɞɨɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɖɜ Ⱥɡɟɩˊɖ Űɞ 2019 ɐŰŬɜ 10,1% ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ ŰŬ 

ŮˊɑˊŮŭŬ ˊŬɟŬɔɤɔɐɠ Űɞɡ 2009 (ȺɘəɧɜŬ  4). Ƀ ɛŮɔŬɚɨŰŮɟɞɠ ˊɟɞɛɖɗŮɡŰɐɠ űɡůɘəɞɨ 

ȷŮɟɑɞɡ ůŰɖɜ Ⱥɡɟɩˊɖ ŮɑɜŬɘ ɖ ɅɤůɑŬ. ȼ Ⱥ.Ⱥ ŮɑɜŬɘ ŮɝŬɟŰɖɛɏɜɖ Ŭˊɧ Űɘɠ ŮɘůŬɔɤɔɏɠ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ŮɜɏɟɔŮɘŬɠ, əŬɗɩɠ ůɢŮŭɧɜ ɖ ɛɘůɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɖ Ⱥ.Ⱥ ŮɘůɎɔŮŰŬɘ Ŭˊɧ ɎɚɚŮɠ 

ɢɩɟŮɠ.  

 

 

ȺɘəɧɜŬ  4: ɄŬɟŬɔɤɔɐ ˊɟɤŰɞɔŮɜɞɨɠ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ [6] 

 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊɘɞ ˊɟɧůűŬŰɖ ɛŮɚɏŰɖ Űɞɡ 2019, Űɞ ˊɞůɞůŰɧ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŮɘůɎɔŮɘ ɖ 

Ⱥ.Ⱥ ŬɜɏɟɢŮŰŬɘ ůŰɞ 58,2% [6].  ɄŬɟɎɚɚɖɚŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɡůŰɏɟɖůɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ŮɜɏɟɔŮɘŬɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ əŬŰŬɜɎɚɤůɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ Ⱥ.Ⱥ ɜŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰɟɑŰŮɠ 

ɢɩɟŮɠ ɔɘŬ ɜŬ ŮɘůɎɔŮɘ ŮɜɏɟɔŮɘŬ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŭɖɛɘɞɡɟɔŮɑ ˊɟɞɓɚɖɛŬŰɘůɛɞɨɠ ɧɢɘ ɛɧɜɞ 

ɔɘŬŰɑ ɖ Ⱥ.Ⱥ ŭŮɜ ŮɑɜŬɘ ŮɜŮɟɔŮɘŬəɎ ŬɡŰɧɜɞɛɖ, ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ŬůűɎɚŮɘŬ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ 

ŮűɞŭɘŬůɛɞɨ, əɡɟɑɤɠ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ əŬɘ Űɞɡ űɡůɘəɞɨ ŬŮɟɑɞɡ.  

ȾŬɗɩɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŮɘůɎɔŮɘ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ɖ Ⱥ.Ⱥ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖ ɅɤůɑŬ- ɖ ɞˊɞɑŬ ɏɢŮɘ ůɡɜŮɢɧɛŮɜŮɠ ŬɜŬŰŬɟŬɢɏɠ ɛŮ ɢɩɟŮɠ ɧˊɤɠ ɖ 

ɃɡəɟŬɜɑŬ-  ɖ ȺȺ ůɢŮŭɑŬůŮ ɛɏŰɟŬ ɔɘŬ ɜŬ ŮɝŬůűŬɚɑůŮɘ Űɞɜ ɞɛŬɚɧ ŮűɞŭɘŬůɛɧ Űɖɠ ɛŮ 

ŮɜɏɟɔŮɘŬ.  ȸŬůɘəɧɠ ůŰɧɢɞɠ Űɤɜ ɛɏŰɟɤɜ ŮɑɜŬɘ ɜŬ ŭɘŬůűŬɚɑůɞɡɜ ɧŰɘ, ɗŬ ˊŮɟɘɞɟɘůŰɞɨɜ ɞɘ 

ŭɘŬŰŬɟŬɢɏɠ əŬŰɎ Űɞɜ ŮűɞŭɘŬůɛɧ əŬɘ ˊɤɠ ɗŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ůɡɜŮɟɔŬůɑŮɠ ɛŮŰŬɝɨ Űɤɜ 

ɛŮɚɩɜ Űɖɠ ɔɘŬ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ Űɡɢɩɜ ˊɟɞɓɚɐɛŬŰŬ. ɄŬɟɎɚɚɖɚŬ, ŭɖɛɘɞɡɟɔɐɗɖəŮ 

ɏɜŬɠ ɛɖɢŬɜɘůɛɧɠ ůɡɜŰɞɜɘůɛɞɨ ɛŮŰŬɝɨ Űɤɜ əɟŬŰɩɜ ɛŮɚɩɜ Űɖɠ ȺȺ ɔɘŬ ɜŬ ɡˊɎɟɢŮɘ ɎɛŮůɖ 

əŬɘ ŮɜɘŬɑŬ ŬɜŰɘɛŮŰɩˊɘůɖ ůŮ ŬˊɟɧůɛŮɜŮɠ əŬŰŬůŰɎůŮɘɠ.  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
 ȼ ȺɡɟɤˊŬɥəɐ Ⱥ́ ɘŰɟɞˊɐ əŬɗɧɟɘůŮ ɛɘŬ ůŰɟŬŰɖɔɘəɐ, ɖ  ɞˊɞɑŬ ɗŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ Űɞɜ 

ŬůűŬɚɐ ŮűɞŭɘŬůɛɧ Űɖɠ Ⱥ.Ⱥ ɛŮ ŮɜɏɟɔŮɘŬ, ɗŬ ŭɖɛɘɞɡɟɔɐůŮɘ ŭɘˊɚɤɛŬŰɘəɏɠ ůɢɏůŮɘɠ  ɛŮ 

Űɞɡɠ ŮɝɤŰŮɟɘəɞɨɠ ˊɟɞɛɖɗŮɡŰɏɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɗŬ ŭɘŬɛɞɟűɩůŮɘ ɛɑŬ ɜɏŬ ŬɜŰŬɔɤɜɘůŰɘəɐ 

ŬɔɞɟɎ.  ɄŬɟɎɚɚɖɚŬ, ůŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ Ůəˊɞɛˊɏɠ ŬŮɟɑɤɜ ɗŮɟɛɞəɖˊɑɞɡ əŬŰɎ 

80-95% ɏɤɠ əŬɘ Űɞ 2050, ɛɏůɤ Űɖɠ Ůɝɞɘəɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ [6].  

2.3 ɹˋˍˇˊʽˁʱ ˇˊˈˋʹ˃ʰ ˋˍˇ˄ ˁˍʽˊʽʰˁˈ ʰˎˍˇ˃ʰˍʽˋ˃ˈ 

ɄŬɟɧɚɞ ˊɞɡ ŰŬ ůɡůŰɐɛŬŰŬ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ əŰɘɟɑɤɜ ɛɞɘɎɕɞɡɜ ɜŬ ŮɑɜŬɘ ɏɜŬ ɜɏɞ 

ŮɟɔŬɚŮɑɞ, ɡˊɎɟɢɞɡɜ ɔɘŬ ˊɎɜɤ Ŭˊɧ 50 ɢɟɧɜɘŬ. ȼ ŬɜɎˊŰɡɝɖ Űɞɡɠ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚɖ ɛŮ ŰŬ 

ůɡůŰɐɛŬŰŬ ŬɡŰɞɛŬŰɘůɛɞɨ əŰɘɟɑɤɜ, əŬɗɩɠ ɖ ŰŮɢɜɞɚɞɔɘəɐ ŬɜɎˊŰɡɝɖ Űɤɜ ŬɡŰɞɛŬŰɘůɛɩɜ, 

ŮɑɜŬɘ ɖ ɓɎůɖ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ  ůɡůŰɖɛɎŰɤɜ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ. ȰŰůɘ, ůŮ ŬɡŰɐ 

Űɖɜ ŮɜɧŰɖŰŬ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ɘůŰɞɟɘəɎ ɞɟɧůɖɛŬ ůŰɞɜ əŰɘɟɘŬəɧ ŬɡŰɞɛŬŰɘůɛɧ [7].  

Á  ȷɟɢɏɠ 1600. ɆŰɘɠ Ŭɟɢɏɠ Űɞɡ 1600 ɏɜŬɠ ɛɖɢŬɜɘəɧɠ Ŭˊɧ Űɖ ȹŬɜɑŬ ɞ Cornelius 

Drebbel əŬŰŬůəŮɨŬůŮ Űɞɜ ˊɟɩŰɞ 

ɟɡɗɛɘůŰɐ ɗŮɟɛɞəɟŬůɑŬɠ. Ɇəɞˊɧɠ Űɞɡ 

ɐŰŬɜ, ɜŬ əŬŰŬůəŮɡɎůŮɘ ɛɘŬ ůɡůəŮɡɐ ɖ 

ɞˊɞɑŬ ɗŬ ŭɘŬŰɖɟɞɨůŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ 

Űɤɜ ɛɖɢŬɜɩɜ ŮˊɩŬůɖɠ Ŭɡɔɩɜ ůŰŬɗŮɟɐ. ȼ 

ůɡůəŮɡɐ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɏɢɟɘ 

əŬɘ Űɘɠ Ŭɟɢɏɠ Űɞɡ 1700. 

 

Á 1883. ɇɞ 1883 ɞ ȷɛŮɟɘəŬɜɧɠ 

ŭɎůəŬɚɞɠ Warren Johnson 

ŮˊɘɜɧɖůŮ Űɞɜ ˊɟɩŰɞ ɗŮɟɛɞůŰɎŰɖ 

(thermostat). ȼ ůɡůəŮɡɐ ŬɡŰɐ 

ŮɑɢŮ ɛɘŬ ŮɜŭŮɘəŰɘəɐ űɤŰŮɘɜɐ 

ɚɡɢɜɑŬ ɖ ɞˊɞɑŬ ŮɜŮɟɔɞˊɞɘɞɨŰŬɜ, 

ɧŰŬɜ ɖ ɗŮɟɛɞəɟŬůɑŬ əŬŰɏɓŬɘɜŮ 

əɎŰɤ Ŭˊɧ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ 

ɗŮɟɛɞəɟŬůɑŬ. ȼ ůɡůəŮɡɐ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ůˊɑ Űɞ ˊɚŮɑůŰɤɜ, ɔɘŬ ɜŬ 

ŮɘŭɞˊɞɘŮɑ Űɞɡɠ ŮɟɔɎŰŮɠ ˊɧŰŮ ˊɟɏˊŮɘ ɜŬ ɟɑɝɞɡɜ əŬɘ Ɏɚɚɞ əɎɟɓɞɡɜɞ ůŰɘɠ ɛɖɢŬɜɏɠ.  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Á 1884. ɇɞ 1884 ŮűŮɡɟɏɗɖəŬɜ ɞɘ ɛɞɜŰɏɟɜɞɘ 

ŭɘŬəɧˊŰŮɠ Űɤɜ űɩŰɤɜ. ɇŬ ɖɚŮəŰɟɘəɎ 

əɡəɚɩɛŬŰŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŮəŰŮɗŮɘɛɏɜɞɡɠ 

ŭɘŬəɧˊŰŮɠ ŮɑɜŬɘ ŮˊɘəɑɜŭɡɜŬ.  ȷűɧŰɞɡ, ɞ 

Thomas Edison ŬɜɏˊŰɡɝŮ Űɞ ˊɟɩŰɞ 

ɓɘɩůɘɛɞ ɚŬɛˊŰɐɟŬ, ŬɡŰɞɛɎŰɤɠ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ əŬɘ ɖ ŬɜɎɔəɖ ɔɘŬ 

ŭɖɛɘɞɡɟɔɑŬ ŬůűŬɚɩɜ, ɛɞɜɤɛɏɜɤɜ 

ŭɘŬəɞˊŰɩɜ ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ (DC). ɆŰɖɜ ůɡɜɏɢŮɘŬ, ŬəɞɚɞɨɗɖůŮ ɖ əŬŰŬůəŮɡɐ 

ˊɟɘɕɩɜ əŬɘ ŭɘŬəɞˊŰɩɜ.  

 

Á ȷɟɢɏɠ 20ɞɨ ŬɘɩɜŬ. ɆŰɘɠ Ŭɟɢɏɠ Űɞɡ 

20ɞɨ ŬɘɩɜŬ ŰŬ ůˊɑŰɘŬ ɝŮəɑɜɖůŬɜ ɜŬ 

ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ɛŮ ɖɚŮəŰɟɘůɛɧ. ɇŬ 

ɜɞɘəɞəɡɟɘɎ ůŰɖɜ Ⱥɡɟɩˊɖ əŬɘ ůŰɖɜ 

ȸɧɟŮɘŬ ȷɛŮɟɘəɐ ɖɚŮəŰɟɞŭɞŰɐɗɖəŬɜ 

ůŰɘɠ ŰɟŮɘɠ ˊɟɩŰŮɠ ŭŮəŬŮŰɑŮɠ Űɞɡ 20ɞɨ 

ŬɘɩɜŬ. ɆŰɖɜ Ŭɟɢɐ ɖ ɜɏŬ ŬɡŰɐ 

ŰŮɢɜɞɚɞɔɑŬ ŭɖɛɘɞɨɟɔɖůŮ ŬɜɖůɡɢɑŮɠ, ɞɘ ɞˊɞɑŮɠ ɧɛɤɠ ŬɜŰɘəŬŰŬůŰɎɗɖəŬɜ 

ɔɟɐɔɞɟŬ ɛŮ ŮɜɗɞɡůɘŬůɛɧ ɔɘŬ ŰŬ ˊɟŬəŰɘəɎ ɞűɏɚɖ Űɖɠ. ȼ ŭɘŬɓɑɤůɖ əŬɘ ɖ ŮɟɔŬůɑŬ 

ˊɚɏɞɜ ŮɑɜŬɘ ŬŭɘŬɜɧɖŰɖ ɢɤɟɑɠ Űɞɜ ɖɚŮəŰɟɘůɛɧ.  

 

Á 1925. ɄŮɟɑˊɞɡ Űɞ 1925 ȺűŮɡɟɏɗɖəŮ ɞ 

ˊɟɩŰɞɠ ɟɡɗɛɘůŰɐɠ ɗŮɟɛɧŰɖŰŬɠ (heat 

regulator). O Nicolas Minorsky 

əŬŰŬůəŮɨŬůŮ ɏɜŬɜ ŮɚŮɔəŰɐ Űɨˊɞɡ PID 

(Proportional Integral Derivative 

controller or three- term), o ɞˊɞɑɞɠ 

ŬɟɢɘəɎ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ɜŬ 

ŭɘŮɡɗɨɜɞɜŰŬɘ ŰŬ ˊɚɞɑŬ. ȼ ɑŭɘŬ Ŭɟɢɐ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ˊɟɩŰɖɠ ŬɜŬɚɞɔɘəɐɠ 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ůɡůəŮɡɐɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɗɏɟɛŬɜůɖɠ. 

ɀɏɢɟɘ əŬɘ Űɞ 1979 ˊɞɡ ŮűŮɡɟɏɗɖəŬɜ  ɞɘ DDC controller, (Direct Digital 

Controller) ɧɚŬ ŰŬ ůɡůŰɐɛŬŰŬ ŬɡŰɞɛŬŰɘůɛɞɨ əŰɘɟɑɤɜ ɓŬůɑůŰɖəŬɜ ůŰɖɜ ŰŮɢɜɘəɐ 

Űɞɡ Minorsky.  

 

Á 1960. ɇɞ 1960 ́ ɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ́ɟɩŰɖ 

ŭɘəŰɨɤůɖ əŰɘɟɘŬəɩɜ ŮɔəŬŰŬůŰɎůŮɤɜ. ɇŬ 

ˊɟɩŰŬ ůɡůŰɐɛŬŰŬ ɔɘŬ Űɖɜ ŭɘəŰɨɤůɖ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŮ ŮɛˊɞɟɘəɎ əŰɑɟɘŬ 

əɡɟɑɤɠ ɔɘŬ ɜŬ ŬɜŬűɏɟɞɜŰŬɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ. 

Ƀ Echo IV  ɖɚŮəŰɟɞɜɘəɧɠ ɡˊɞɚɞɔɘůŰɐɠ 

ŭɘŬɢŮɘɟɘůŰɐɠ ůˊɘŰɘɞɨ ɐŰŬɜ ɞ Ŭɟɢɘəɧɠ 

ˊɟɤŰɧŰɡˊɞɠ ɞɘəɘŬəɧɠ ɡˊɞɚɞɔɘůŰɐɠ ˊɞɡ 

əŬŰŬůəŮɡɎůŰɖəŮ Ŭˊɧ Űɞɜ ɛɖɢŬɜɘəɧ James 

Sutherland. ɀɏůɤ Űɞɡ Echo IV əŬŰŬůŰŮɑ 

ŭɡɜŬŰɐ ɖ ŭɘŬɢŮɑɟɘůɖ Űɞɡ əɚɘɛŬŰɘůɛɞɨ əŬɘ Űɤɜ 

ŬɔɞɟŬˊɤɚɖůɘɩɜ.  

 

Á 1969. ɇɞ 1969 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɞ 

ɣɖűɘŬəɧɠ ɏɚŮɔɢɞɠ. Ƀɘ ˊɟɩŰɞɘ 

ˊɟɞɔɟŬɛɛŬŰɘɕɧɛŮɜɞɘ 

ɚɞɔɘəɞɑ  ɣɖűɘŬəɞɑ 

ɡˊɞɚɞɔɘůŰɏɠ PLC 

ŭɘŬŰɑɗŮɜŰŬɘ ůŰɞ ŮɛˊɧɟɘŬ ɔɘŬ 

ɜŬ Ůɚɏɔɢɞɡɜ Űɖɠ ŭɘŬŭɘəŬůɑŮɠ 

əŬŰŬůəŮɡɐɠ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Ůˊɑůɖɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɏɝɡˊɜɤɜ ůˊɘŰɘɩɜ. 

Ƀ ɏɚŮɔɢɞɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨŰŬɜ ɛŮ Űɖɜ ˊŮɟɘűŮɟŮɘŬəɐ ůɨɜŭŮůɖ Űɤɜ ůˊɘŰɘɩɜ ůŮ ɛɘŬ 

əŮɜŰɟɘəɐ ɛɞɜɎŭŬ.  
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Á 1979. ɇɞ 1979 ɞ ŬɡŰɞɛŬŰɘůɛɧɠ Űɤɜ əŰɘɟɑɤɜ 

ɔɑɜŮŰŬɘ ˊɚɏɞɜ ɣɖűɘŬəɧɠ. Ƀ ɎɛŮůɞɠ ɣɖűɘŬəɧɠ 

ɏɚŮɔɢɞɠ DDC  ɐŰŬɜ ɛɘŬ ŰŮɢɜɞɚɞɔɘəɐ 

ŮˊŬɜɎůŰŬůɖ. ȼ ɢɟɐůɖ Űɞɡ ɏɔɘɜŮ ŮɡɟŮɑŬ ůŰŬ 

ůɡůŰɐɛŬŰŬ Ůɚɏɔɢɞɡ əŬɘ ŬɡŰɞɛŬŰɘůɛɞɨ əŰɘɟɑɞɡ, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛɘŬ ɜɏŬ ŰŮɟɎůŰɘŬ ŬɔɞɟɎ. ȳɚŬ 

ŰŬ ˊŬɚŬɘɧŰŮɟŬ ůɡůŰɐɛŬŰŬ ɎɟɢɘůŬɜ ɜŬ 

ŬˊɞůɨɟɞɜŰŬɘ. 

 

Á 1980. ɇɞ  1980 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ 

ɛŮŰŬűɞɟɎ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ɛŮ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ. 

ȺˊɘəɟɎŰɖůŮ Űɞ Ethernet ɤɠ 

ˊɘɞ ɞɘəɞɜɞɛɘəɧ, ŬˊɞŭɞŰɘəɧ, 

ɔɟɐɔɞɟɞ əŬɘ əŬɗɞɚɘəɎ 

ŬˊɞŭŮəŰɧ ˊɟɤŰɧəɞɚɚɞ ɔɘŬ Űɖɜ ŬɜŰŬɚɚŬɔɐ əŬɘ ɛŮŰŬűɞɟɎ Űɤɜ ŭŮŭɞɛɏɜɤɜ.  ȼ 

ŰŮɢɜɞɚɞɔɑŬ ŬɡŰɐ ɓɞɐɗɖůŮ  ˊŮɟŬɘŰɏɟɤ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ŬɡŰɞɛŬŰɘůɛɩɜ 

əŰɘɟɑɤɜ əŬɘ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬɢŮɑɟɘůɖɠ.  

 

Á 1986. ɇɞ 1986 ɝŮəɑɜɖůŮ 

ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

ˊɚɖɟɞűɞɟɘɩɜ Űɤɜ əŰɘɟɑɤɜ 

BIM . ɇŬ ůɡůŰɐɛŬŰŬ BIM 

ɐŰŬɜ ŰŬ ˊɟɩŰŬ ŮɟɔŬɚŮɑŬ 

ɚɞɔɘůɛɘəɞɨ ɘəŬɜɎ ɜŬ 

ɛɞɜŰŮɚɞˊɞɘɐůɞɡɜ, ɜŬ 

ůɡɜŭɡɎůɞɡɜ əŬɘ ɜŬ ůɡɚɚɎɓɞɡɜ ɧɚŬ ŰŬ ůɢŮŰɘəɎ ŭŮŭɞɛɏɜŬ Ůɜɧɠ əŰɘɟɑɞɡ. Ƀ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ, ɖ ɚŮɘŰɞɡɟɔɑŬ  əŬɘ ɖ ɡɚɞˊɞɑɖůɖ Űɞɡ ŭɘəŰɨɞɡ   ŮɑɢŬɜ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɓɞɖɗɐůɞɡɜ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ůɖɛŮɟɘɜɩɜ ŬɡŰɞɛŬŰɘůɛɩɜ Űɤɜ 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
əŰɘɟɑɤɜ. ɇŬ BIM ɛɞɜŰŮɚɞˊɞɘɞɨɜ ɧɚɞ Űɞɜ əɨəɚɞ ɕɤɐɠ Ůɜɧɠ əŰɘɟɑɞɡ əŬɘ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ŮɟɔŬɚŮɑɞ Űɤɜ ůɨɔɢɟɞɜɤɜ ŬɡŰɞɛŬŰɘůɛɩɜ.  

 

Á 1987-1990. ɇɖɜ ˊŮɟɑɞŭɞ 1987-1990 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɜɏŬ ˊɟɧŰɡˊŬ əŬɘ 

ˊɟɤŰɧəɞɚɚŬ. ɇɞ BACnet, ɏɜŬ ɔŮɜɘəɧ 

ˊɟɧŰɡˊɞ Űɞ ɞˊɞɑɞ ˊɟɞɩɗɖůŮ əŬɘ 

ŭɘŮɡəɧɚɡɜŮ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ Űɤɜ 

ůɡůŰɖɛɎŰɤɜ ŬɡŰɞɛŬŰɘůɛɞɨ Űɤɜ əŰɘɟɑɤɜ.  

ɆŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ əŬɘ Űɞ KNX, əɡɟɑɤɠ ɔɘŬ ɞɘəɘŬəɐ ɢɟɐůɖ. Ƀɘ 

ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ bus ŮˊɘŰɎɢɡɜŬɜ ůɖɛŬɜŰɘəɎ Űɖɜ ɡɘɞɗɏŰɖůɖ 

ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ Űɤɜ ˊɟɤŰɞəɧɚɚɤɜ.  

 

Á 1998-1999. Tɖɜ ˊŮɟɑɞŭɞ 1998-

1999 ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ 

ˊŬɔəɧůɛɘŬ ŭɘəŰɨɤůɖ. ɇɞ 

ŭɘŬŭɑəŰɡɞ ɎɚɚŬɝŮ ɧɚɖ ɖɜ 

űɘɚɞůɞűɑŬ Űɤɜ ŬɡŰɞɛŬŰɘůɛɩɜ 

əŰɘɟɑɤɜ. ȼ ůɡɜŭŮůɘɛɧŰɖŰŬ ŮɑɢŮ 

ŬɜŰɑəŰɡˊɞ ůŮ ɧɚɞɡɠ Űɞɡɠ ŰɞɛŮɑɠ ˊɞɡ Ŭűɞɟɞɨɜ ůŰŬ əŰɑɟɘŬ  Ŭˊɧ Űɖɜ ŬɔɞɟɎ Űɞɡɠ 

ɏɤɠ əŬɘ Űɖ əŬŰŬůəŮɡɐ əŬɘ ɞɚɞəɚɐɟɤůɖ Űɤɜ əŰɘɟɘŬəɩɜ ůɡůŰɖɛɎŰɤɜ. ɇɞ wi-fi  

ɏəŬɜŮ Űɖɜ ŮɛűɎɜɘůɖ əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɞ ɧɟɞɠ Internet of Things (IoT). 

 

Á 2005. ɇɞ 2005 ɖ ũŮɟɛŬɜɑŬ 

əŮɟŭɑɕŮɘ Űɞ  ɏŭŬűɞɠ ɧůɞɜ 

ŬűɞɟɎ ůŰɞɜ əŰɘɟɘŬəɧ 

ŬɡŰɞɛŬŰɘůɛɧ. ȼ ŰŮɢɜɞɚɞɔɑŬ 

ɞɘəɘŬəɞɨ ŬɡŰɞɛŬŰɘůɛɞɨ 

ŬˊɞɔŮɘɩɗɖəŮ. 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɣɖűɘŬəɧɠ 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ɏɚŮɔɢɞɠ Űɞɡ űɤŰɘůɛɞɨ, Űɤɜ ˊŬɟŬɗɨɟɤɜ, Űɤɜ ɗɡɟɩɜ, Űɤɜ ŰŮɜŰɩɜ, Űɤɜ ˊŮɟůɑŭɤɜ 

əŬɘ Űɖɠ ŮůɤŰŮɟɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ.  

 

ȾŬŰɎ Űɖɜ ŰŮɚŮɡŰŬɑŬ 15ŮŰɑŬ Ŭˊɧ Űɞ 2006-2021 ŰŬ ɞɟɧůɖɛŬ Űɞɡ ŬɡŰɞɛŬŰɘůɛɞɨ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  5. ɀɏɢɟɘ əŬɘ Űɞ ɏŰɞɠ 2016 ˊŮɟɑˊɞɡ 6 ŭɘɠ ůɡůəŮɡɩɜ 

ŭɘəŰɡɩɗɖəŬɜ ɛɏůɤ Űɞɡ ŭɘŬŭɘəŰɨɞɡ Űɤɜ ˊɟŬɔɛɎŰɤɜ Ƚɞɇ əŬɘ ŮəŰɘɛɎŰŬɘ ɧŰɘ Űɞ 2020 Űɞ 

ˊɞůɞůŰɧ ŬɡŰɧ ŬɜɏɟɢŮŰŬɘ ˊɚɏɞɜ ůŰŬ 31 ŭɘɠ. ɇɞ Ƚɞɇ ɏɢŮɘ ŮˊɖɟŮɎůŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖ 

Ȼɩɖ Űɤɜ Ŭɜɗɟɩˊɤɜ ŬɚɚɎ əŬɘ Űɖɜ ŮɟɔŬůɑŬɠ Űɞɡɠ. ȼ ůɖɛŬůɑŬ ŬɡŰɞɛŬŰɘůɛɩɜ ŬɡɝɎɜŮŰŬɘ 

ůŰŬɗŮɟɎ Űɧůɞ ɔɘŬ ŰŬ ɜɏŬ əŰɑɟɘŬ ŬɚɚɎ ɧůɞ əŬɘ ůŰŬ ˊŬɚɘɎ əŬɘ ɡˊɎɟɢɞɜŰŬ əŰɑɟɘŬ.  ȷˊɧ Űɞ 

2018 əŬɘ ɛŮŰɎ ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟŬ əŰɑɟɘŬ ŬˊɞəŰɞɨɜ çɜɞɖɛɞůɨɜɖè.  ȷɟɢɘəɎ ŰŬ 

ŮɛˊɞɟɘəɎ əŰɑɟɘŬ ŮɝŮɚɑɢɗɖəŬɜ ůŮ ɏɝɡˊɜŬ əŰɑɟɘŬ ɛŮ ŮɜůɤɛŬŰɤɛɏɜŮɠ ŰŮɢɜɞɚɞɔɑŮɠ əŬɘ 

ɚɞɔɘůɛɘəɧ ŬɡŰɞɛŬŰɞˊɞɑɖůɖɠ ŭɘŬŭɘəŬůɘɩɜ əŬɘ ɚŮɘŰɞɡɟɔɘɩɜ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ ɛŮɔŬɚɨŰŮɟɖ 

ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ Űɤɜ əŰɘɟɑɤɜ əŬɘ ɖ ɎɜŮůɖ Űɤɜ ɢɟɖůŰɩɜ.  

 

ȺɘəɧɜŬ  5: Ⱥɝɏɚɘɝɖ ŬɡŰɞɛŬŰɘůɛɩɜ Űɖɜ ŰŮɚŮɡŰŬɑŬ 15ŮŰɑŬ. 

 

2.4 ʃˊˇʴˊʱ˃˃ʰˍʰ ʶ˄ʶˊʴʶʽʰˁʺˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁˍʽˊʾ˖˄ 
ȾɎɗŮ ɞɚɞəɚɖɟɤɛɏɜɞ əŬɘ ŭɞɛɖɛɏɜɞ ˊɟɧɔɟŬɛɛŬ ȺɜŮɟɔŮɘŬəɐɠ ȹɘŬɢŮɑɟɘůɖɠ (Ⱥȹ) 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛŮɛɞɜɤɛɏɜŮɠ ŭɘŮɟɔŬůɑŮɠ əŬɘ ɚŮɘŰɞɡɟɔɑŮɠ, ɞɘ ɞˊɞɑŮɠ ŮəŰŮɚɞɨɜŰŬɘ 

ůɡɜɞɚɘəɎ əŬɘ ˊŬɟɎɚɚɖɚŬ Ŭˊɧ Űɞ Ⱥȹ. ɇŬ ɓŬůɘəɧŰŮɟŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŬɡŰɩɜ Űɤɜ 

ɚŮɘŰɞɡɟɔɘɩɜ əŬɘ ŭɘŮɟɔŬůɘɩɜ ŮɑɜŬɘ: 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Á ȺəŰŮŰŬɛɏɜɖ  əŬŰŬɔɟŬűɐ, ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɘ ɏɚŮɔɢɞɠ ŮɜŮɟɔŮɘŬəɩɜ ɛŮŰɟɐůŮɤɜ 

Űɞɡ əŰɘɟɑɞɡ əŬɘ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ŬɚɚɎ əŬɘ 

ŬˊɞɗɐəŮɡůɖ Űɞɡɠ. Ƀɘ ŮɜɏɟɔŮɘŮɠ ŬɡŰɏɠ ɏɢɞɡɜ ɤɠ ɓŬůɘəɧ ůəɞˊɧ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

Ůɜɧɠ ɛɞɜŰɏɚɞɡ ˊɞɡ ɗŬ çɔɜɤɟɑɕŮɘè Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ əŰɘɟɑɞɡ. ɀɏůɤ ŬɡŰɞɨ Űɞɡ 

ɛɞɜŰɏɚɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ Ůɝɞɘəɞɜɧɛɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ.  

Á Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ŭɡɜŬŰɩɜ ůŰɧɢɤɜ Űɖɠ əŬŰŬɜɎɚɤůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ. ɀɏůɤ 

ŬɡŰɐɠ Űɖɜ ŰŮɢɜɘəɐɠ ɗŬ ɓɟŮɗɞɨɜ ŰŬ ŬɜɩŰŬŰŬ əŬɘ əŬŰɩŰŬŰŬ ɧɟɘŬ əŬŰŬɜɎɚɤůɖɠ 

Űɖɠ ŮɜɏɟɔŮɘŬɠ. ɇɞ űɞɟŰɑɞ ɓɎůɖɠ (base-load) ŮɑɜŬɘ Űɞ əŬŰɩŰŬŰɞ ɧɟɘɞ ůŮ watt ́ ɞɡ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ɏɜŬ əŰɑɟɘɞ. 

Á ɄɟŬɔɛŬŰɞˊɞɑɖůɖ ŰŮɢɜɘəɩɜ əŬɘ ɞɘəɞɜɞɛɘəɩɜ ɛŮɚŮŰɩɜ ɔɘŬ ɜŬ ŮˊɘɚŮɔɞɨɜ 

ůɡůŰɐɛŬŰŬ Ůɝɞɘəɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ.  ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮɚŮŰɩɜ ŬɡŰɩɜ 

ŮɝŮŰɎɕɞɜŰŬɘ ɧɚŮɠ ɞɘ ŭɡɜŬŰɏɠ ŮɜɏɟɔŮɘŮɠ ŬəɧɛŬ əŬɘ Ŭɜ ŬɡŰɏɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ ȷɜŬɜŮɩůɘɛɤɜ Ʉɖɔɩɜ ȺɜɏɟɔŮɘŬɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ 

ūɤŰɞɓɞɚŰŬɥəɩɜ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɛŮɚŮŰɎŰŬɘ ɖ ɢɟɐůɖ ůɡůŰɖɛɎŰɤɜ ŬɡŰɧɛŬŰɞɡ 

Ůɚɏɔɢɞɡ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, Űɞɡ űɤŰɘůɛɞɨ əŬɘ Űɤɜ ɖɚŮəŰɟɘəɩɜ ůɡůəŮɡɩɜ.  

Á ȷˊɞɗɐəŮɡůɖ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ɘůŰɞɟɘəɩɜ əŬŰŬɔɟŬűɩɜ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

əŬŰŬɜɎɚɤůɖɠ Űɞɡ əŰɘɟɑɞɡ ŰɞɡɚɎɢɘůŰɞɜ ɔɘŬ ɏɜŬ ɏŰɞɠ. ȼ əŬŰŬɔɟŬűɐ Űɖɠ 

əŬŰŬɜɎɚɤůɖɠ ɔɘŬ ɏɜŬ ŰɞɡɚɎɢɘůŰɞɜ ɏŰɞɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɖɠ 

ŮˊɑŭɟŬůɖ Űɖɠ ŮˊɞɢɘəɧŰɖŰŬɠ ůŰɖɜ əŬŰŬɜɎɚɤůɖ, əɡɟɑɤɠ Ŭˊɧ Űɘɠ ŬɚɚŬɔɏɠ Űɤɜ 

ŮɝɤŰŮɟɘəɩɜ ůɡɜɗɖəɩɜ.  

Á ȹɖɛɘɞɡɟɔɑŬ ŮɘŭɞˊɞɘɐůŮɤɜ əŬɘ ŬɜŬűɞɟɩɜ ɛŮ Űɘɠ əŬŰŬɜŬɚɩůŮɘɠ Űɞɡ əŰɘɟɑɞɡ ŬɜɎ 

ŰŬəŰɎ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ŭɘŬůŰɐɛŬŰŬ. 

Á ȹɖɛɘɞɡɟɔɑŬ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑ Ůɚɏɔɢɞɡɠ Ůɨɟɡɗɛɖɠ 

əŬɘ əŬɚɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŮɔəŬŰŬůŰɎůŮɤɜ Űɞɡ ɕŮůŰɞɨ ɜŮɟɞɨ, Űɞɡ 

űɤŰɘůɛɞɨ, Űɖɠ ɗɏɟɛŬɜůɖɠ, Űɖɠ ɣɨɝɖɠ, Űɞɡ əɚɘɛŬŰɘůɛɞɨ,  əŬɘ Űɤɜ ɖɚŮəŰɟɘəɩɜ 

ůɡůəŮɡɩɜ. Ⱥˊɑůɖɠ, Űɞ ůɨůŰɖɛŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ˊɟɞŮɘŭɞˊɞɘŮɑ ɔɘŬ 

ŬɜɎɔəɖ ůɡɜŰɐɟɖůɖɠ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŮɔəŬŰŬůŰɎůŮɤɜ ɛɏůɤ Űɤɜ ɘůŰɞɟɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ əŬɘ ɛɞɜŰɏɚɤɜ ˊɟɧɓɚŮɣɖɠ ůɡɜŰɐɟɖůɖɠ əŬɘ ɓɚŬɓɩɜ. 

Á ȹɖɛɘɞɡɟɔɑŬ ɛɖɜɡɛɎŰɤɜ əŬɘ ŮɘŭɞˊɞɘɐůŮɤɜ ůŰɞɜ ɏɜɞɘəɞ Űɞɡ əŰɘɟɑɞɡ, 

ŮɜɖɛŮɟɩɜɞɜŰŬɠ Űɤɜ ɔɘŬ ˊɘɗŬɜɏɠ ŮɜɏɟɔŮɘŮɠ Ůɝɞɘəɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ ŬɚɚɎ əŬɘ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɤɜ ŮůɤŰŮɟɘəɩɜ ůɡɜɗɖəɩɜ.  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Á ȺɨɟŮůɖ Űɟɧˊɤɜ ɢɟɖɛŬŰɞŭɧŰɖůɖɠ ɔɘŬ ŮɔəŬŰɎůŰŬůɖ ȷɄȺ əŬɘ ŬɡŰɞɛŬŰɘůɛɩɜ 

əŰɘɟɑɤɜ.  

Á ȺˊɑɓɚŮɣɖ əŬɘ ůɡɜŰɐɟɖůɖ ɧɚɤɜ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ əŬɘ ŬɡŰɞɛŬŰɘůɛɩɜ ŬɚɚɎ 

əŬɘ Űɞɡ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ.  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
3 ʃˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ʶ˄ʶˊʴʶʾʰˌ 

 

ȼ ˊɟɞůɞɛɞɑɤůɖ əŰɘɟɑɤɜ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ 

ɏɜŬ Ůɘəɞɜɘəɧ ŬɜŰɑɔɟŬűɞ Ůɜɧɠ əŰɘɟɑɞɡ. ȼ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ əŰɘɟɑɤɜ əŬŰɖɔɞɟɘɞˊɞɘŮɑŰŬɘ 

ůŮ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ůŮ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŬɜɎɚɡůɖɠ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ. Ƀɘ ɜɏŮɠ ŰɎůŮɘɠ ůŰɖɜ əŰɘɟɘŬəɐ ŭɘŬɢŮɑɟɘůɖ əŰɘɟɑɤɜ (Building Management 

Systems -BMS) ůŰɞɢŮɨɞɡɜ ůŰɖɜ Ůɝɞɘəɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ůŰɖɜ ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ 

əŰɘɟɑɤɜ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ɛŬɗɖɛŬŰɘəɩɜ əŬɘ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ, ˊɞɡ 

ˊɟɞůɞɛɞɘɩɜɞɡɜ ŭɘɎűɞɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Ůɜɧɠ əŰɘɟɑɞɡ [8]. ȼ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ 

ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ ŮɑɜŬɘ əŬɑɟɘŬɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ŭɘŬɢŮɑɟɘůɖ Űɤɜ əŰɘɟɑɤɜ.  

ȼ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ  ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ ůŰŬ əŰɑɟɘŬ ɛŮ ˊŬɟɎɚɚɖɚɖ ŭɘŬŰɐɟɖůɖ Űɤɜ 

Ůˊɘˊɏŭɤɜ ɎɜŮůɖɠ Űɤɜ ɢɟɖůŰɩɜ ŮɑɜŬɘ ɛɘŬ ˊɞɚɨˊɚɞəɖ ŭɘŬŭɘəŬůɑŬ.  ɇɞ ˊɟɩŰɞ ɓɐɛŬ ɔɘŬ 

ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ Ůɜɧɠ əŰɘɟɑɞɡ ŮɑɜŬɘ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ŮɜɏɟɔŮɘŬ 

ˊɞɡ əŬŰŬɜŬɚɩɜŮɘ. ɀɘŬ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ 

ŮəŰɘɛɖɗŮɑ ɖ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ Űɤɜ əŰɘɟɑɤɜ ŮɑɜŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ɛŬɗɖɛŬŰɘəɩɜ- 

űɡůɘəɩɜ ɛɞɜŰɏɚɤɜ (physical models) [9]. ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ˊɟɞůɞɛɞɘɩɜɞɡɜ Űɖɜ əŬŰŬɜɎɚɤůɖ Űɞɡ əŰɘɟɑɞɡ əŬɘ Űɖɜ ŮɜŮɟɔŮɘŬəɐ Űɞɡ Ŭˊɧŭɞůɖ, ɛɏůɤ 

ɛŬɗɖɛŬŰɘəɩɜ ŮɝɘůɩůŮɤɜ (ˊɢ. ŮɝɘůɩůŮɘɠ ɔɘŬ Űɖɜ ɛŮŰŬűŮɟɧɛŮɜɖ ŮɜŮɟɔŮɑŬ ɛŮŰŬɝɨ 

əŰɘɟɑɞɡ əŬɘ ˊŮɟɘɓɎɚɚɞɜŰɞɠ), əŬɗɩɠ əŬɘ ŮɝɘůɩůŮɘɠ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ ŭɘŬŰɐɟɖůɖɠ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɘɠ ůɡɜɘůŰɩůŮɠ Űɞɡ əŰɘɟɑɞɡ. ɇŬ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ 

ɗŮɤɟɞɨɜŰŬɘ Ŭəɟɘɓɐ əŬɗɩɠ ŮɑɜŬɘ ɡˊɞɚɞɔɘůŰɘəɎ, ˊŬɟɧɚŬ ŬɡŰɎ ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

ɢɟŮɘɎɕɞɜŰŬɘ ɚŮˊŰɞɛŮɟɐ əŬɘ ŬɜŬɚɡŰɘəɎ ŭŮŭɞɛɏɜŬ Űɞɡ əŰɘɟɑɞɡ ɔɘŬ ɜŬ ŮűŬɟɛɞůŰɞɨɜ [10]. 

ɇɞ ɓŬůɘəɧŰŮɟɞ ɛŮɘɞɜɏəŰɖɛŬ ŬɡŰɩɜ Űɤɜ ɛŮɗɧŭɤɜ ŮɑɜŬɘ ɧŰɘ, ́ ɟɏˊŮɘ ɜŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ 

ɝŮɢɤɟɘůŰɧ ɛɞɜŰɏɚɞ ɔɘŬ əɎɗŮ əŬŰɞɘəɑŬ, ŬəɧɛŬ əŬɘ ɔɘŬ Űɞ ɑŭɘɞ əŰɑɟɘɞ, əŬɗɩɠ ɚɧɔɤ 

ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ əŬɘ ɞɟɧűɞɡ ůŰɞ əŰɑɟɘɞ, ɗŬ ŬɚɚɎɕɞɡɜ ɞɘ ůɡɜɘůŰɩůŮɠ Űɞɡ əŰɘɟɑɞɡ.  

ɀɘŬ Ɏɚɚɖ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ɖɚŮəŰɟɘəɞɨ 

űɞɟŰɑɞɡ Ůɜɧɠ əŰɘɟɑɞɡ, ŮɑɜŬɘ ɛɏůɤ Űɖɠ ɢɟɐůɖɠ ɛɞɜŰɏɚɤɜ ɡˊɞɚɞɔɘůŰɘəɐɠ ɜɞɖɛɞůɨɜɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘɎűɞɟŬ ŭŮŭɞɛɏɜŬ (data-driven models). ɇŬ ůɡɔəŮəɟɘɛɏɜŬ ɛɞɜŰɏɚŬ ɔɘŬ 

ɜŬ ˊɟɞůɞɛɞɘɩůɞɡɜ Űɖɜ əŬŰŬɜŬɚɘůəɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ ɛŮŰɟɐůŮɘɠ əŬɘ 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ŭŮŭɞɛɏɜŬ, ɧˊɤɠ ɖ ŮůɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ, ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ Űɞɡ ɢɩɟɞɡ, ɖ ŮɝɤŰŮɟɘəɐ 

ŬəŰɘɜɞɓɞɚɑŬ, ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ 

əŰɘɟɑɞɡ ə.Ŭ. [11].  ɇɞ ɓŬůɘəɧŰŮɟɞ ɛŮɘɞɜɏəŰɖɛŬ Űɤɜ ɛŮɗɧŭɤɜ ŬɡŰɩɜ ŮɑɜŬɘ ɖ Ŭˊɧŭɞůɖ 

Űɞɡɠ ůŮ űɡůɘəɞɨɠ ɧɟɞɡɠ.  

Ⱥˊɑ Űɖɠ ɞɡůɑŬɠ, əɎɗŮ ɛɞɜŰɏɚɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ˊɟɞůɞɛɞɘɤɗŮɑ ɖ ŮɜŮɟɔŮɘŬəɐ 

Ŭˊɧŭɞůɖ Ůɜɧɠ əŰɘɟɑɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬɚɡɗŮɑ əŬɘ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɤɠ ˊɟɞɠ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ. Ⱥˊɞɛɏɜɤɠ, ůŰɖɜ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ɏɜŬ ůɨɜɞɚɞ Ŭɚɔɞɟɑɗɛɤɜ 

ˊɟɞůɏɔɔɘůɖɠ (Regression Algorithms), ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ 

ŮɜɏɟɔŮɘŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ŬɜŬɚɡɗɞɨɜ əŬɘ ɗŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ Ŭűɞɨ 

ŮűŬɟɛɞůŰɞɨɜ ůŰɞ ɑŭɘɞ ŭŮɑɔɛŬ. ɇɏɚɞɠ, ɗŬ ŮˊɘɚŮɔŮɑ ɞ əŬŰŬɚɚɖɚɧŰŮɟɞɠ əŬɘ 

ŬˊɞŭɞŰɘəɧŰŮɟɞɠ, ɓɎůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ 

ŮɜŮɟɔŮɘŬəɐ ˊɟɞůɞɛɞɑɤůɖ [12].  

 

3.1 ɾʶʻˇʵˇ˂ˇʴʾʰ ̄ ˊˇˋˇ˃ˇʾ˖ˋʹˌ ʶ˄ʷˊʴʶʽʰˌ 

ȼ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ əŬŰŬɜŬɚɘůəɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ ŬɜŬˊŬɟŬɔɤɔɐɠ əŬɘ 

ŭɖɛɘɞɡɟɔɑŬɠ ɧɚɤɜ Űɤɜ ˊɘɗŬɜɩɜ ůɡɜŭɡŬůɛɩɜ əŬŰŬůŰɎůŮɤɜ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ 

ɖɚŮəŰɟɘəɩɜ ůɡůəŮɡɩɜ (ůŮ ɚŮɘŰɞɡɟɔɑŬ/ ůŮ ɛɖ ɚŮɘŰɞɡɟɔɑŬ ï on/off) Űɞɡ əŰɘɟɑɞɡ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɞɜŰɏɚŬ ɡˊɞɚɞɔɘůŰɘəɐɠ ɜɞɖɛɞůɨɜɖɠ. ȸŬůɘəɧŰŮɟɞɠ ůŰɧɢɞɠ Űɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɧɚɤɜ Űɤɜ ˊɘɗŬɜɩɜ əŬŰŬůŰɎůŮɤɜ ŮɑɜŬɘ ɜŬ ˊŬɟŬɢɗɞɨɜ 

ˊɘɗŬɜɞɑ ůɡɜŭɡŬůɛɞɑ Űɤɜ əŬŰŬůŰɎůŮɤɜ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ŰŬɡŰɧɢɟɞɜɞɠ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

ůɡɜɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ əŬŰŬɜŬɚɩɜɞɡɜ ɧɚŮɠ ŬɡŰɏɠ ɞɘ əŬŰŬůŰɎůŮɘɠ.  

ȷɟɢɘəɎ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬəŰɖɗɞɨɜ ɞɘ ůɡůəŮɡɏɠ Űɞɡ əŰɘɟɑɞɡ, ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ 

əŬŰŬɜŬɚɩɜɞɡɜ ɞɘ ůɡůəŮɡɏɠ, əŬɘ ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ əŰɘɟɑɞɡ. ɇŬ ŮɜŮɟɔŮɘŬəɎ 

ɛɞŰɑɓŬ Űɤɜ ɖɚŮəŰɟɘəɩɜ ůɡůəŮɡɩɜ ŮɑɜŬɘ ɎˊŮɘɟŬ əŬɘ ˊɞɚɨˊɚɞəŬ əŬɘ ŭɘŬűɏɟɞɡɜ ɧɢɘ ɛɧɜɞ 

Ŭˊɧ ůɡůəŮɡɐ ůŮ ůɡůəŮɡɐ, ŬɚɚɎ əŬɘ ůŰɖɜ ɑŭɘŬ Űɖɜ ůɡůəŮɡɐ. ȷəɧɛŬ əŬɘ ɔɘŬ Űɞɜ ɑŭɘɞ 

Űɨˊɞ ůɡůəŮɡɐɠ ɡˊɎɟɢɞɡɜ ˊɞɚɚɏɠ ŮɜŮɟɔŮɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ 

ŰɟɏɢɞɡůŬ əŬŰŬɜɎɚɤůɖ Űɖɠ ůɡůəŮɡɐɠ, ŬűŮɜɧɠ ɔɘŬŰɑ ˊɞɚɚɏɠ ůɡůəŮɡɏɠ ɏɢɞɡɜ ˊŮɟɘɞŭɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ (ˊɚɡɜŰɐɟɘɞ, ɣɡɔŮɑɞ, əɞɡɕɑɜŬ ə.Ŭ.), ŬűŮŰɏɟɞɡ ɔɘŬŰɑ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŬ 

ˊɟɞɔɟɎɛɛŬŰŬ, ŮˊɑˊŮŭŬ ɚŮɘŰɞɡɟɔɑŬɠ, ŮɜŮɟɔŮɘŬəɏɠ əɚɎůŮɘɠ, ɛɞɜŰɏɚŬ ə.Ŭ. Ⱥˊɞɛɏɜɤɠ, ŭŮɜ  
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ əŬɘ ɜŬ ŮəˊŬɘŭŮɡŰɞɨɜ ɎˊŮɘɟŬ ɛɞɜŰɏɚŬ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ əŬŰɎůŰŬůɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ůɡůəŮɡɐɠ Ŭˊɧ Űɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ 

əŬŰŬɜŬɚɩɜŮɘ. ȰŰůɘ, ŮˊɘɚɏɢɗɖəŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɏɜŬ ɛɞɜŰɏɚɞ ɛɖ ŮˊɞˊŰŮɡɧɛŮɜɖɠ 

ɛɎɗɖůɖɠ (unsupervised learning) ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ ɖ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ 

ůɡůəŮɡɩɜ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɖɜ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ Űɖɠ. TŬ ȾɟɡűɎ ɀŬɟəɞɓɘŬɜɎ 

ɀɞɜŰɏɚŬ (ȼidden Markov Models - ȼɀɀs) [13], ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ɛˊɞɟɞɨɜ ɜŬ 

ɡˊɞɚɞɔɑůɞɡɜ Űɞ űɞɟŰɑɞ ɓɎůɖɠ (base load) Űɤɜ ůɡůəŮɡɩɜ əŬɘ ɜŬ ŭɘŬɢɤɟɑɕɞɡɜ Űɖɜ 

ŮɜɏɟɔŮɘŬ ůŮ ɡɣɖɚɐ əŬɘ ɢŬɛɖɚɐ ŰɎůɖ, ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ əɎɗŮ 

ůɡůəŮɡɐɠ.  

ɇɞ HMM ɛˊɞɟŮɑ ɜŬ ŮəŰɘɛɐůŮɘ ɢɤɟɑɠ ŮˊɑɓɚŮɣɖ Űɖɜ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ (ŬɜɞɘɢŰɐ, 

əɚŮɘůŰɐ- on/off) əɎɗŮ ůɡůəŮɡɐɠ, ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɖɜ ɢɟɞɜɞůŮɘɟɎ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ 

əŬŰŬɜŬɚɩɜŮɘ, ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ŭɖɛɘɞɡɟɔɑŬɠ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ɛŮ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ɧɟɘŬ 

ɐ ŭŮŭɞɛɏɜŬ Ůɝɧŭɞɡ, ɧˊɤɠ ɗŬ ɐŰŬɜ ŬˊŬɟŬɑŰɖŰɞ ůŰɖ  ɛɎɗɖůɖ ɛŮ ŮˊɑɓɚŮɣɖ [14]. ɇɞ HMM 

ŮɑɜŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ˊɘɗŬɜɞŰɐŰɤɜ ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ŭɘŬəɟɘŰɩɜ ɛŮŰŬɓɚɖŰɩɜ 

ὕ ὕȟȣȟὕ  əŬɘ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ŭɘŬəɟɘŰɏɠ ɛŮŰŬɓɚɖŰɏɠ Ὄ

ὌȟȣȟὌ  , ɞɘ ɞˊɞɑŮɠ ɔɘŬ Ὕ ́ ŬɟŬŰɖɟɐůŮɘɠ, ůɡɜŰŮɚɞɨɜ ůŰɖɜ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ɤɠ [13]: 

ὖὕȟὌ  ὖὌ ὖ
Ὄ

Ὄ
 ὖ

ὕ

Ὄͅὸ
ȟ 

(1) 

 

ɧˊɞɡ əɎɗŮ ὕ ŮɑɜŬɘ ɛɑŬ ŭɘŬəɟɘŰɐ ɛŮŰŬɓɚɖŰɐ ɛŮ ˊɘɗŬɜɏɠ Űɘɛɏɠ ɦ əŬɘ əɎɗŮ Ὄ ŮɑɜŬɘ ɛɘŬ 

ŭɘŬəɟɘŰɐ ɛŮŰŬɓɚɖŰɐ ɛŮ ˊɘɗŬɜɏɠ Űɘɛɏɠ ɥ [15]. ɇɞ HMM ŭŮŭɞɛɏɜɞɡ Ůɜɧɠ ůɡɜɧɚɞɡ ɨ ́ ɞɡ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ŬəɞɚɞɡɗɑŬ Űɞɡ əŬŰŬɜŬɚɘůəɧɛŮɜɞɡ űɞɟŰɑɞɡ Űɖɠ ůɡůəŮɡɐɠ, ɗŬ 

ŬɜŬəŬɚɨɣŮɘ Űɞ ɓɏɚŰɘůŰɞ ůɨɜɞɚɞ ŭɘŬəɟɘŰɩɜ əɟɡűɩɜ əŬŰŬůŰɎůŮɤɜ ɠ, Űɞ ɞˊɞɑɞ ɗŬ 

ŮɝɖɔŮɑ Űɖɜ ˊŬɟŬŰɐɟɖůɖ ŬɡŰɐ. ȹŮŭɞɛɏɜɖɠ Űɖɠ ŬəɞɚɞɡɗɑŬɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ɨ, Űɞ 

HMM ɗŬ ŮəŰɘɛɐůŮɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŬəɞɚɞɡɗɑŬ ɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŭɨɞ əɟɡűɏɠ 

əŬŰŬůŰɎůŮɘɠ ˊɞɡ Ůɟɛɖɜɏɞɡɜ Űɖɜ ɨ ɤɠ Ůɝɐɠ: 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

Ὤ
πȟʂ ʎʑʎʆʀʑʙ ʀʚʉɻʅ ɻʌʀʉʀʍɾʋʌʋʅʂʈʘʉʂ ʙ ʎʀ ʆɻʐʗʎʐɻʎʂ ɻʉɻʈʋʉʙʏ 

ρȟ ʂ ʎʑʎʆʀʑʙ ɼʍʚʎʆʀʐɻʅ ʎʀ ʆɻʐʗʎʐɻʎʂ ʇʀʅʐʋʑʍɾʚɻʏ
 

      (2) 

ɆŰɖ ůɡɜɏɢŮɘŬ, ŬɜŬəŰɎŰŬɘ ɖ ůɡɜɞɚɘəɐ əŬŰŬɜɎɚɤůɖ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ əŰɘɟɑɞɡ 

əŬɘ ɖ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɖɚŮəŰɟɘəɩɜ ůɡůəŮɡɩɜ (0/1) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ, 

ˊŬɟɎɔŮŰŬɘ ůŰɞɢŬůŰɘəɎ  Űɞ ůɨɜɞɚɞ ɧɚɤɜ Űɤɜ ˊɘɗŬɜɩɜ ůɡɜŭɡŬůɛɩɜ Űɤɜ ɛŮŰŬɓɎůŮɤɜ 

Űɤɜ ɖɚŮəŰɟɘəɩɜ ůɡůəŮɡɩɜ əŬɘ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ůŮ ɏɜŬɜ Ŭɚɔɧɟɘɗɛɞ ˊɟɞůɏɔɔɘůɖɠ 

(Regression Algorithm), ɞ ɞˊɞɑɞɠ ˊŬɟɎɔŮɘ ɤɠ ɏɝɞŭɞ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ 

əŬŰɎůŰŬůɖɠ Űɤɜ ůɡůəŮɡɩɜ. ɇɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ Ůɜɜɞɘɞɚɞɔɘəɐ 

ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ůɡɜɞɚɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  6. 

 

 

ȺɘəɧɜŬ  6: Ⱥɜɜɞɘɞɚɞɔɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɟɞůɞɛɞɑɤůɖɠ 

əŬŰŬɜɎɚɤůɖɠ Űɖɠ ůɡɜɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
3.1.1 ɳˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄  

ɇɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ  ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ Űɞ ůɨůŰɖɛŬ 

ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ŬɗɟɞɘůŰɘəɐ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ 

Űɞɡ əŰɘɟɑɞɡ, əŬɗɩɠ, əŬɘ Űɖɜ ɛŮɛɞɜɤɛɏɜɖ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ Űɖɠ əɎɗŮ ɖɚŮəŰɟɘəɐɠ 

ůɡůəŮɡɐɠ, Űɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ ůŰɘɔɛɐ. ȷɟɢɘəɎ, ɞɘ əŬŰŬɜŬɚɩůŮɘɠ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ůŰɞ 

ɛɞɜŰɏɚɞ HMM, ɏɜŬ ɔɘŬ əɎɗŮ ůɡůəŮɡɐ, əŬɘ ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ (0/1), ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ. ɋɠ Ůə ŰɞɨŰɞɡ, Űɞ ůɨɜɞɚɞ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ əŬŰɎůŰŬůɖ  ίὸὥὸὩ ůŮ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ 

ůŰɘɔɛɐ ὸ, əŬɗɩɠ əŬɘ Űɖɜ ůɡɜɞɚɘəɐ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ Űɞɡ əŰɘɟɑɞɡ ὧέὲί, ɧˊɞɡ 

ὼ πȟρȟȣὲ əŬɘ Űɞ  ὲᶰὔ. 

ȾɎɗŮ əŬŰɎůŰŬůɖ ίὸὥὸὩ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ ɧɚɤɜ Űɤɜ 

ɖɚŮəŰɟɘəɩɜ ůɡůəŮɡɩɜ Űɞɡ əŰɘɟɑɞɡ, ɧˊɞɡ ɖ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ ɛɖŭɏɜ (0) 

ɡˊɞŭŮɘəɜɨŮɘ ˊɤɠ ɖ ůɡůəŮɡɐ əŬŰŬɜŬɚɩɜŮɘ Űɞ űɞɟŰɑɞ ɓɎůɖɠ, ɎɟŬ ŮɑŰŮ ŮɑɜŬɘ əɚŮɘůŰɐ (off), 

ŮɑŰŮ ɓɟɑůəŮŰŬɘ ůŮ ŬɜŬɛɞɜɐ (stand by). ɆŮ ŬɜŬɛɞɜɐ, ɗŮɤɟɞɨɜŰŬɘ ɧɚŮɠ ɞɘ ůɡůəŮɡɏɠ, ɞɘ 

ɞˊɞɑŮɠ Ůɜɩ ŭŮ ɓɟɑůəɞɜŰŬɘ ůŮ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ, əŬŰŬɜŬɚɩɜɞɡɜ ɟŮɨɛŬ, ɧˊɤɠ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ɧŰŬɜ ɏɜŬɠ ɖɚŮəŰɟɘəɧɠ űɞɨɟɜɞɠ ŭŮɜ ŮɑɜŬɘ ŬɜŬɛɛɏɜɞɠ, ˊŬɟɧɚŬ ŬɡŰɎ 

əŬŰŬɜŬɚɩɜŮɘ ɟŮɨɛŬ Űɞ ɖɚŮəŰɟɘəɧ ɟɞɚɧɘ Űɞɡ űɞɨɟɜɞɡ.  ȼ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ ɏɜŬ 

(1) ɡˊɞŭŮɘəɜɨŮɘ ˊɤɠ ɖ ůɡůəŮɡɐ ŬɡŰɐ ŮɑɜŬɘ ŮɜŮɟɔɞˊɞɘɖɛɏɜɖ əŬɘ ɚŮɘŰɞɡɟɔŮɑ (on). ȾɎɗŮ 

əŬŰɎůŰŬůɖ ίὸὥὸὩ ɞɟɑɕŮŰŬɘ ɤɠ: 

ίὸὥὸὩ Ὠȟ 
(3) 

 

ɧˊɞɡ Ὠ ŮɑɜŬɘ ɖ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ əɎɗŮ ůɡůəŮɡɐɠ əŬɘ άᶰὔ ŮɑɜŬɘ ɞ ůɡɜɞɚɘəɧɠ 

Ŭɟɘɗɛɧɠ Űɤɜ ůɡůəŮɡɩɜ Űɞɡ əŰɘɟɑɞɡ. ũɘŬ ɜŬ ˊɟɞůɞɛɞɘɤɗŮɑ ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ 

əŬŰŬɜŬɚɩɜŮɘ Űɞ əŰɑɟɘɞ əŬŰɎ  Űɖɜ ɛŮŰɎɓŬůɖ Ŭˊɧ ɛɘŬ əŬŰɎůŰŬůɖ ίὸὥὸὩ ůŮ ɛɘŬ ɜɏŬ 

əŬŰɎůŰŬůɖ ίὸὥὸὩ , ɗŬ ˊɟɏˊŮɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɜŬ ɡˊɞůŰŮɑ ɛɘŬ ŮˊŮɝŮɟɔŬůɑŬ. 

ȼ ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬˊɞůəɞˊŮɑ ůŰɞ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ɜɏɞ ůɨɜɞɚɞ 

ŭŮŭɞɛɏɜɤɜ, Űɞ ɞˊɞɑɞ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ Ůɑůɞŭɞɠ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ 

ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ˊɟɞůɏɔɔɘůɖɠ. ȹŮŭɞɛɏɜɖɠ ɛɑŬɠ əŬŰɎůŰŬůɖɠ ίὸὥὸὩ Űɖɜ ɢɟɞɜɘəɐ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ůŰɘɔɛɐ ὸ ɛŮ ὧέὲίȟʆɻʅ ʈʅɻʏ ʆɻʐʗʎʐɻʎʂʏ ίὸὥὸὩ  Űɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ὸ , Űɞ 

ɛɞɜŰɏɚɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɤɠ ɏɝɞŭɞ ŭŮŭɞɛɏɜɤɜ Űɞ ὧέὲί , Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ɛŮŰɎɓŬůɖɠ 

Űɞɡ əŰɘɟɑɞɡ Ŭˊɧ  Űɖɜ ίὸὥὸὩ ůŰɖɜ  ίὸὥὸὩ . ȷɡŰɐ ɖ ŰŮɢɜɘəɐ ɛŮŰŬŰɧˊɘůɖɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȷɡŰɐ ɖ ŮɜŬɚɚŬɔɐ Űɞɡ ůɡɜɧɚɞɡ 

űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  7. 

 

ȺɘəɧɜŬ  7: ȹɘŬŭɘəŬůɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

 

3.2 ɮ˂ʴˈˊʽʻ˃ˇʾ ˉˊˇˋʷʴʴʽˋʹˌ ɹ ʽʰ ʶ˄ʶˊʴʶʽʰˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɟɞůɏɔɔɘůɖɠ - Regression Algorithms (RA) ɏɢɞɡɜ ɤɠ ɓŬůɘəɧ ůəɞˊɧ ɜŬ 

ˊɟɞɓɚɏɣɞɡɜ əŬɘ ɜŬ ˊɟɞůŮɔɔɑůɞɡɜ Űɞ ůŰɧɢɞ ɐ Űɘɠ ŮŰɘəɏŰŮɠ  ɐ ŭŮŭɞɛɏɜŬ Ůɝɧŭɞɡ, ˊɞɡ ŮɑɜŬɘ 

ůɡɜŮɢɧɛŮɜŮɠ ŬɟɘɗɛɖŰɘəɏɠ Űɘɛɏɠ. Ƀɘ RA ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞɡɠ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ, 

ˊŬɟɎɔɞɡɜ ɛɘŬ ɏɝɞŭɞ ɛŮ ɓɎůɖ ŬɡŰɎ ˊɞɡ ɏɢŮɘ ɛɎɗŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ 

ŮəˊŬɑŭŮɡůɖɠ. ɆɡɜŮˊɩɠ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɤɠ ˊɟɞɠ Űɖɜ  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ŬˊɞŭɞŰɘəɧŰɖŰŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ űɎůɖɠ ŭɞəɘɛɐɠ. ȳɚɞɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ 

ŭɞəɘɛɎůŰɖəŬɜ ɤɠ ˊɟɞɠ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɞɡɠ ɔɘŬ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ˊɟɞůɞɛɞɑɤůɖɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŮɟɘɔɟŬűɘəɎ ůŮ ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ.   

1) Decision Tree Regressor (DTR). Ƀ Ŭɚɔɧɟɘɗɛɞɠ ˊɟɞůɏɔɔɘůɖɠ DTR ŮɑɜŬɘ ɛɘŬ ŭɞɛɐ 

ˊɞɡ ɛɞɘɎɕŮɘ ɛŮ ŭɏɜŰɟɞ. ȾɎɗŮ ŮůɤŰŮɟɘəɧɠ əɧɛɓɞɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ əŬɘ ɏɜŬ ŭŮŭɞɛɏɜɞ əŬɘ 

əɎɗŮ əɚŬŭɑ ŮɑɜŬɘ ɏɜŬɠ əŬɜɧɜŬɠ ŬˊɧűŬůɖɠ. ũɘŬ ɜŬ ɢɤɟɑůŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ůŮ űɨɚɚŬ ɞ DTR 

ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ŭŮɑəŰɖ Gini [11]. Ƀ ŭŮɑəŰɖɠ Gini ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɑůŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ 

ὴ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɞɡ ɏɢŮɘ Űɖɜ ŮŰɘəɏŰŬ i ɜŬ ŮˊɘɚŮɔŮɑ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ɚɎɗɞɡɠ ůŰɖɜ 

əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ŬɡŰɞɨ Űɞɡ ůŰɞɘɢŮɑɞɡ ɤɠ:  

ὴ ρ ὴȟ (4) 

ȼ ŮɚɎɢɘůŰɖ Űɘɛɐ ŮɑɜŬɘ 0 ɧŰŬɜ ɧɚŮɠ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ůŰɞɜ əɧɛɓɞ ŮɛˊɑˊŰɞɡɜ ůŮ ɛɑŬ 

əŬŰɖɔɞɟɑŬ ůŰɧɢɞɡ. ũɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ Ginɘ, ůŮ ɏɜŬ ůɨɜɞɚɞ ůŰɞɘɢŮɑɤɜ ɛŮ ὐ ŰɎɝŮɘɠ, 

Ŭɜ ɡˊɞɗɏůɞɡɛŮ ɧŰɘ Ὥɴ ρȟςȟȢȢȢȟὐ əŬɘ Űɞ ὴ ŮɑɜŬɘ Űɞ əɚɎůɛŬ Űɤɜ  ůŰɞɘɢŮɑɤɜ ˊɞɡ űɏɟɞɡɜ 

Űɖɜ ŮŰɘəɏŰŬ i ůŰɞ ůɨɜɞɚɞ ɤɠ: 

) ὴ ὴ ὴ ρ ὴ  

 

(5) 

2) Random Forest Regressor (RFR). ɇɞ 1995, ɞ Ho ŭɘŬˊɑůŰɤůŮ ɧŰɘ ɛɘŬ ŭɞɛɐ ˊɞɚɚɩɜ 

ŭɏɜŰɟɤɜ - ŭɎůɖ, ŰŬ ɞˊɞɑŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ˊɚɎɔɘŬ ŮˊɑˊŮŭŬ ŬɡɝɎɜɞɡɜ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡɠ 

əŬɗɩɠ ɛŮɔŬɚɩɜɞɡɜ [17]. ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ŭɖɛɘɞɡɟɔŮɑ ůŰŬŭɘŬəɎ ɞɛɎŭŮɠ ŭɏɜŰɟɤɜ ŬˊɧűŬůɖɠ (ŭɎůɖ), əŬɘ əɎɗŮ ŭɏɜŰɟɞ ůɡɛɓɞɚɑɕŮɘ 

ɛɘŬ ˊɟɞŰŮɘɜɧɛŮɜɖ Űɘɛɐ ŬɜɎ ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ.  ũɘŬ ɜŬ ŬˊɞŭɞɗŮɑ ɖ Űɘɛɐ ůŰɞ 

ŰŮɚŮɡŰŬɑɞ ŭɏɜŰɟɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ŭŮɑəŰɖɠ  Gini.  ũɘŬ əɎɗŮ ŭɏɜŰɟɞ ŬˊɧűŬůɖɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ, Űɞ RFR, ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ŬɝɑŬ Űɞɡ əɧɛɓɞɡ ɗŮɤɟɩɜŰŬɠ ɛɧɜɞ ŭɨɞ əɧɛɓɞɡɠ 

ɤɠ Ůɝɐɠ:   
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ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ὲὭ ύὅ ύ ὅ ύ ὅ  

 

(6) 

ɧˊɞɡ, ὲὭ ŮɑɜŬɘ ɖ ŬɝɑŬ Űɞɡ əɧɛɓɞɡ Ὦ, ύ ŮɑɜŬɘ ŮɑɜŬɘ ɖ ŬɝɑŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ ˊɞɡ űŰɎɜɞɡɜ 

ůŰɞ əɧɛɓɞ Ὦ, ὅ ŮɑɜŬɘ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ Gini ɔɘŬ Űɞɜ əɧɛɓɞ Ὦ. ɇɞ  ὰὩὪὸὮ ŮɑɜŬɘ Űɞ 

ŬɟɘůŰŮɟɧ ˊŬɘŭɑ-əɧɛɓɞɠ əŬɘ ὶὭὫὬὸὮ ŮɑɜŬɘ Űɞ ŭŮɝɑ ˊŬɘŭɑ-əɧɛɓɞɠ.  

3) Gradient Boosting Regressor  (GBR). O GBR ˊŬɟɎɔŮɘ ɏɜŬ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ 

ˊɞɡ ɏɢŮɘ Űɖ ɛɞɟűɐ Ůɜɧɠ ůɡɜɧɚɞɡ ɛɞɜŰɏɚɤɜ ŬůɗŮɜɐɠ ˊɟɧɓɚŮɣɖɠ. ɆŰŬŭɘŬəɎ ŭɖɛɘɞɡɟɔŮɑ 

ˊɞɚɚŬˊɚɎ ŮˊɑˊŮŭŬ, ɧˊɤɠ əɎɜɞɡɜ əŬɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɛɞɜŰɏɚŬ ˊɟɞůɏɔɔɘůɖɠ, əŬɘ 

ɔŮɜɘəŮɨŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛɏůɤ Űɖɠ ɢɟɐůɖɠ ɛɘŬ Ůɝɑůɤůɖɠ ŬˊɩɚŮɘŬɠ (loss function) 

[18].  Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŬɜŬɕɖŰɎ Űɖɜ Ὂ
ͮ

ὀ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ Űɖɜ ůɡɜɎɟŰɖůɖ 

ŬˊɩɚŮɘŬɠ ůŮ ɧɚɞ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ ὀȟώ ȟȣȟὀȟώ . Ƀ 

Ŭɚɔɧɟɘɗɛɞɠ ɝŮəɘɜɎŮɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɠ:  

Ὂ ὀ ÁÒÇ ÍÉÎ ὒώȟ‎ 

 

 

(7) 

əŬɘ ůŰŬŭɘŬəɎ ŬɡɝɎɜŮɘ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ ɛɞɜŰɏɚɞɡ ɤɠ : 

Ὂ ὀ Ὂ ὀ ‎ ᶯ ὒώȟὊ ὀ ȟ 

 

 

(8) 

ɧˊɞɡ Űɞ ‎  ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ: 
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‎ ÁÒÇ ÍÉÎ

ὒώȟὊ ὀ ‎ɳ ὒώȟὊ ὀ
 

 

 

 

(9) 

4) Support Vector Machine (SVM). ɆŰɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ ɞɘ ɀɖɢŬɜɏɠ ȹɘŬɜɡůɛɎŰɤɜ 

Ɉ́ ɞůŰɐɟɘɝɖɠ (ɀȹɈ), ŮɑɜŬɘ ɛɞɜŰɏɚŬ  ɛŮ ŮˊɑɓɚŮɣɖ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ɔɘŬ 

ůɡůŰŬŭɞˊɞɑɖůɖ əŬɘ ɔɘŬ ˊɟɞůɏɔɔɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ [19]. ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ 

ŮəˊŬɑŭŮɡůɖɠ ŰŬ ŭŮŭɞɛɏɜŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɛɖ ɔɟŬɛɛɘəɎ.  ȷűɞɨ ŭɘŬɢɤɟɘůŰɞɨɜ, ŮɚɏɔɢŮŰŬɘ 

Ŭɜ ŰŬ ŭŮŭɞɛɏɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɞ ůɤůŰɧ ŮˊɑˊŮŭɞ, ɞ ɏɚŮɔɢɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏŰůɘ ɩůŰŮ 

ɜŬ ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ Űɞ:  

 
ρ

ὲ
ÍÁØπȟρ ώύ

ᴼ
ẗὼ
ᴼ

ὦ ‗ᴁύ
ᴼ
ᴁȟ 

 

 

        (10) 

ɧˊɞɡ Űɞ ώ ŮɑɜŬɘ ɞ i-ɞůŰɧɠ ůŰɧɢɞɠ əŬɘ ύ
ᴼ
ẗὼ
ᴼ

ὦ ŮɑɜŬɘ i-ɞůŰɐ  ɏɝɞŭɞɠ. ȼ ˊŬɟɎɛŮŰɟɞɠ ‗ 

əŬɗɞɟɑɕŮɘ Űɞ ˊŮɟɘɗɩɟɘɞ ŬɜɎɛŮůŬ ůŰŬ ŮˊɑˊŮŭŬ əŬɘ ŭɘŬůűŬɚɑɕŮɘ ɧŰɘ Űɞ ὼ
ᴼ

 ɓɟɑůəŮŰŬɘ ůŰɖ 

ůɤůŰɐ ɛŮɟɘɎ Űɞɡ Ůˊɘˊɏŭɞɡ. 

5) Stochastic Gradient Descent (SGD). Ƀ SGD ŮɑɜŬɘ ɏɜŬɠ ŮˊŬɜŬɚɖˊŰɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ 

ɞ ɞˊɞɑɞɠ ůŮ əɎɗŮ ɔɨɟɞ ˊɟɞůˊŬɗŮɑ ɜŬ ɓŮɚŰɘůŰɞˊɞɘɐůŮɘ ɛɘŬ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ 

[20].  Ƀ SGD  ́ ɟɞůˊŬɗŮɑ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ Űɖɜ ˊŬɟŬəɎŰɤ ůɡɜɎɟŰɖůɖ:  

ὗύ
ρ

ὲ
ὗ ύȟ 

 

      (11) 

ɧˊɞɡ ˊɟɞůˊŬɗŮɑ ɜŬ ɓɟŮɘ Űɖɜ ˊŬɟɎɛŮŰɟɞ ύ, ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɖɜ ὗύ . 
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ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
6) Bayesian Ridge (BR). To BR ŮɑɜŬɘ ɏɜŬ ůŰŬŰɘůŰɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ɡɚɞˊɞɘŮɑŰŬɘ 

ůɨɛűɤɜŬ ɛŮ ŰŬ ɛɞɜŰɏɚŬ Bayesian [21]. ȰůŰɤ, ɧŰɘ ɏɢɞɡɛŮ ɏɜŬ Űɡˊɘəɧ ˊɟɧɓɚɖɛŬ 

ˊɟɞůɏɔɔɘůɖɠ ůŰɞ ɞˊɞɑɞ ɔɘŬ əɎɗŮ Ὥ ρȟȣȟὲ,  əŬɗɞɟɑɕɞɡɛŮ Űɞ ɛɏůɞ ɧɟɞ Űɞɡɠ, ɓɎůɖ Űɖɠ 

əŬɜɞɜɘəɐɠ əŬŰŬɜɞɛɐɠ ώ ŭŮŭɞɛɏɜɞɡ  Ὧ ρ űɞɟɏŬ ˊɟɧɓɚŮɣɖɠ ὀ,  ŰɧŰŮ ɘůɢɨŮɘ:   

ώ ὀ‍ ‐ȟ (12) 

ɧˊɞɡ Űɞ ‍ ŮɑɜŬɘ ɏɜŬ ŭɘɎɜɡůɛŬ Ὧ ρ  əŬɘ ŰŬ ‐ ŮɑɜŬɘ ŰɡɢŬɑŮɠ ɛŮŰŬɓɚɖŰɏɠ, ɔɘŬ Űɘɠ ɞˊɞɑŮɠ 

ɘůɢɨŮɘ :  

‐Ḑὔπȟ„ Ȣ (13) 

ȼ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ  ŬɜŰɘůŰɞɘɢŮɑ ůŮ:  

”ὁ᷄ ἦȟ‍ȟ„ ᶿ

„ ȾÅØÐ 
ρ

ς„
ὁ ἦ‍ ὁ ἦ‍

 

 

(14) 

ȼ ŰŮɚɘəɐ ɚɨůɖ ɓŬůɑɕŮŰŬɘ ůŰɖ ɛɏɗɞŭɞ  MooreïPenrose: 

‍
ͮ

ἦἦ ἦὁ 
 (15) 

7) LassoLars. To ɛɞɜŰɏɚɞ LassoLars ŮɑɜŬɘ ɏɜŬ ɛɞɜŰɏɚɞ Lasso Űɞ ɞˊɞɑɞ ɡɚɞˊɞɘŮɑŰŬɘ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ LARS [23]. ɇɞ ɛɞɜŰɏɚɞ ɝŮəɘɜɎŮɘ ɗɏŰɞɜŰŬɠ ɧɚɞɡɠ Űɞɡɠ 

ůɡɜŰŮɚŮůŰɏɠ ‍ ɑůɞɡɠ ɛŮ ɛɖŭɏɜ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕŮɘ ɏɜŬ ˊŬɟɎɔɞɜŰŬ ˊɟɧɔɜɤůɖɠ ὼ  

ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟŬ ɛŮ Űɞ ώ.  ȾŬŰɧˊɘɜ, ɡɞ́ɚɞɔɑɕŮɘ ŰŬ ὶ ώ

ώ
ͮ
. ȹɘŬəɧˊŰŮɘ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɧŰŬɜ  ɏɜŬɠ Ɏɚɚɞɠ ŭŮɑəŰɖɠ ˊɟɧɔɜɤůɖɠ ὼ ɏɢŮɘ Űɖɜ ɑŭɘŬ 

ůɡůɢɏŰɘůɖ ὶ ɛŮ Űɞɜ ŭŮɑəŰɖ ˊɟɧɔɜɤůɖɠ ὼ.  ȷəɞɚɞɨɗɤɠ, ŬɡɝɎɜŮɘ Űɞ  ŭŮɑəŰɖ ‍ əŬɘ ‍ ɛŮ 

Űɞɜ ɑŭɘɞ Űɟɧˊɞ, ɏɤɠ ɧŰɞɡ əɎˊɞɘɞɠ Ɏɚɚɞɠ ŭŮɑəŰɖɠ ˊɟɧɔɜɤůɖɠ ὼ  ɏɢŮɘ Űɧůɞ ɛŮɔɎɚɖ 
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ůɡůɢɏŰɘůɖ ɛŮ Űɞ ὶ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ŬɡɝɎɜŮɘ Űɞɡɠ ŭŮɑəŰŮɠ ‍, ‍  əŬɘ ‍ ɛŮ Űɞɜ ɑŭɘɞ 

Űɟɧˊɞ ɏɤɠ ɧŰɞɡ əɎˊɞɘɞɠ Ɏɚɚɞɠ ŭŮɑəŰɖɠ ὼ ́ɟɧɔɜɤůɖɠ ɏɢŮɘ Űɧůɞ ɛŮɔɎɚɖ ůɡůɢɏŰɘůɖ ɛŮ 

Űɞ ὶ.  ȼ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɑɕŮɘ ɛɏɢɟɘ ɜŬ ŮɘůŬɢɗɞɨɜ ɧɚɞɘ ɞɘ ŭŮɑəŰŮɠ ůŰɞ 

ɛɞɜŰɏɚɞ=.  

8) Automatic Relevance Determination Regression (ARDR). ɇɞ ɛɞɜŰɏɚɞ ARDR 

[24] ɏɢŮɘ ˊŬɟɧɛɞɘŬ ɚŮɘŰɞɡɟɔɑŬ ɛŮ Űɞ ɛɞɜŰɏɚɞ Bayesian RidgŬɚɚɎ ůɡɜɐɗɤɠ ɞŭɖɔŮɑ ůŮ 

ˊɘɞ ŬəɟŬɑŬ ɓɎɟɖ ύ. ɇɞ ARDR ɗɏŰŮɘ ɏɜŬ ɧɟɘɞ ˊɎɜɤ Ŭˊɧ Űɞ ɓɎɟɞɠ ύ  ɛŮ Űɖɜ ɡˊɧɗŮůɖ 

ɧŰɘ ɘůɢɨŮɘ ɖ əŬŰŬɜɞɛɐ Gauss.ȰŰůɘ, əɎɗŮ ɓɎɟɞɠ ύ ŬɜŰɚŮɑŰŬɘ Ŭˊɧ Űɖɜ əŬŰŬɜɞɛɐ Gauss, 

ɛŮ əɏɜŰɟɞ ɛɖŭɏɜ əŬɘ ɛŮ ŬəɟɑɓŮɘŬ ‗ ɑůɖ ɛŮ : 

ὴύ ‗᷄ ὔύ π᷄ȟὃ ȟ 
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ɧ́ ɞɡ ɘůɢɨŮɘ ɧŰɘ: 

ὨὭὥὫὃ ‗ ‗ȟȣȟ‗   (17) 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ BR ɛɞɜŰɏɚɞ, əɎɗŮ ůɡɜŰŮŰŬɔɛɏɜɖ  ύ ɏɢŮɘ Űɖ ŭɘəɐ Űɖɠ Űɡˊɘəɐ 

Ŭˊɧəɚɘůɖ ‗. ȾɎɗŮ ˊɟɞɖɔɞɨɛŮɜɞ Űɘɛɐ Űɞɡ ‗ ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ Űɖɜ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ 

ɔɎɛŬ ˊɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ ɡˊŮɟˊŬɟŬɛɏŰɟɞɡɠ  ‗əŬɘ ‗. 

9) Passive Aggressive (PAR). O Ŭɚɔɧɟɘɗɛɞɠ ɞɜɞɛɎɕŮŰŬɘ ˊŬɗɖŰɘəɧɠ (passive) əŬɗɩɠ 

ŮɎɜ ɖ ˊɟɧɓɚŮɣɖ ŮɑɜŬɘ ůɤůŰɐ, ŰɧŰŮ Űɞ ɛɞɜŰɏɚɞ ŭɘŬŰɖɟŮɑŰŬɘ ůŰɖ ŰɟɏɢɞɡůŬ əŬŰɎůŰŬůɖ 

ɢɤɟɑɠ əŬɛɑŬ ŬɚɚŬɔɐ ůŰɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɧŰŬɜ ŰŬ ŭŮŭɞɛɏɜŬ 

ŮəˊŬɑŭŮɡůɖɠ ŭŮɜ ŮˊŬɟəɞɨɜ ɔɘŬ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ŬɚɚŬɔɏɠ ůŰɞ ɛɞɜŰɏɚɞ [25]. Ⱥˊɑůɖɠ, 

ɞɜɞɛɎɕŮŰŬɘ əŬɘ ŮˊɘɗŮŰɘəɧ (aggressive) ɔɘŬŰɑ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ˊɟɧɓɚŮɣɖ ŮɑɜŬɘ 

ɚŬɜɗŬůɛɏɜɖ, ŰɧŰŮ Űɞ ɛɞɜŰɏɚɞ ŬɚɚɎɕŮɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ. ɆŰɧɢɞɠ Űɞɡ ɛɞɜŰɏɚɞɡ ŮɑɜŬɘ 

ɏɢŮɘ ɏɜŬ ˊŮɟɘɗɩɟɘɞ 1, ɧůɞ ˊɘɞ ůɡɢɜɎ ɔɑɜŮŰŬɘ. ɆŮ ŮˊŬɜŬɚɐɣŮɘɠ ɧˊɞɡ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ŮˊɘŰɡɔɢɎɜŮɘ ˊŮɟɘɗɩɟɘŬ ɛɘəɟɧŰŮɟɞɠ Űɞɡ Ůɜɧɠ Űɞ ɛɞɜŰɏɚɞ ɡűɑůŰŬŰŬɘ ɛɘŬ ůŰɘɔɛɘŬɑŬ 

ŬˊɩɚŮɘŬ. ȼ ŬˊɩɚŮɘŬ ŬɡŰɐ ὰ ɞɟɑɕŮŰŬɘ ɤɠ : 
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ὰύȠὼȟώ
πȟ  ώύϽὼ ρ 

ρ ώύϽὼȟ ÏÔÈÅÒ×ÉÓÅ
 

 

(18) 

ȰɜŬ ɕŮɡɔɎɟɘ ŮŰɘəɏŰŬɠ (label) ὼȟώ  ůɖɛŬɑɜŮɘ ˊɤ əɎɗŮ Ůɑůɞŭɞɠ ὼ ůɢŮŰɑɕŮŰŬɘ ɛŮ ɛɘŬ 

ɛɞɜŬŭɘəɐ ŮŰɘəɏŰŬ Ůɝɧŭɞɡ ώ. ȾŬɘ ύ ŮɑɜŬɘ Űɞ ɓɎɟɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ ůŰɖɜ ŮˊŬɜɎɚɖɣɖ ὸȢ 

10) Theil-Sen Regressor. Ƀ Theil-Sein ŮɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɛɘŬ ɔɟŬɛɛɐ 

ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŮ ŭŮɑɔɛŬŰŬ ůɖɛŮɑɤɜ ůŰɞ ŮˊɑˊŮŭɞ, ŮˊɘɚɏɔɞɜŰŬɠ Űɖ ɛɏůɖ əɚɑůɖ ɧɚɤɜ 

Űɤɜ ɔɟŬɛɛɩɜ ɛɏůɤ ůɖɛŮɑɤɜ ŬɜɎ ɕŮɨɔɖ [26]. Ƀ Theil-Sein Ůɜɧɠ ůɡɜɧɚɞɡ ɛŮ 

ŭɘůŭɘɎůŰŬŰŬ ůɖɛŮɑŬ ὼȟώ ŮɑɜŬɘ Űɞ ŭɘɎɛŮůɞ ά Űɖɠ əɚɑůɖɠ (slope) ά Űɤɜ əɚɑůŮɤɜ ˊɞɡ 

əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ɧɚŬ ŰŬ ɕŮɨɔɖ Űɤɜ ůɖɛŮɑɤɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ [26]: 

ίὰέὴὩ
ώ ώ

ὼ ὼ
 

 

  (19) 

11) Linear  Regressor (LR). O LR ŮɑɜŬɘ ɛɘŬ ɔɟŬɛɛɘəɐ ˊɟɞůɏɔɔɘůɖ ɖ ɞˊɞɑŬ 

ɛɞɜŰŮɚɞˊɞɘŮɑ Űɖ ůɢɏůɖ ɛɘŬ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ əŬɘ ɛɑŬɠ ɐ ˊŮɟɘůůɞŰɏɟɤɜ 

ŬɜŮɝɎɟŰɖŰɤɜ ɛŮŰŬɓɚɖŰɩɜ. ȹŮŭɞɛɏɜɞɡ Ůɜɧɠ ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ ώȟὼȟȣȟὼ , n 

ůŰŬŰɘůŰɘəɩɜ ɛɞɜɎŭɤɜ Űɞ ɛɞɜŰɏɚɞ ɡˊɞɗɏŰŮɘ ˊɤɠ ɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ŮɝŬɟŰɩɛŮɜɖɠ  

ɛŮŰŬɓɚɖŰɐɠ y əŬɘ Űɤɜ ŭɘŬɜɡůɛɎŰɤɜ  x ŮɑɜŬɘ ɔɟŬɛɛɘəɐ [27]. 

12) Ridge CV.  ɇɞ ɛɞɜŰɏɚɞ Ridge ŮɑɜŬɘ ɏɜŬɠ Űɨˊɞɠ əŬɜɞɜɘəɐɠ ɔɟŬɛɛɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ 

ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ˊɞɘɜɐ  ὒ [28]. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɩɜɞɜŰŬɘ ɞɘ 

ůɡɜŰŮɚŮůŰɏɠ ɓŬɟɨŰɖŰŬɠ ɔɘŬ ŮəŮɑɜŮɠ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ Ůɘůɧŭɞɡ ˊɞɡ ŭŮɜ ůɡɛɓɎɚɚɞɡɜ ɛŮ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ ůŰɖɜ ˊɟɧɓɚŮɣɖ. 

13) Lasso. ɇɞ ɛɞɜŰɏɚɞ Lasso [24] ŮɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ ŬɜŬɚɡŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ˊɞɡ 

ŮəŰŮɚŮɑŰŬɘ ɛŮ Ůˊɘɚɞɔɐ ɛŮŰŬɓɚɖŰɐɠ əŬɘ əŬɜɞɜɘəɞˊɞɑɖůɖ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɓŮɚŰɘɩůŮɘ Űɖɜ 

ŬəɟɑɓŮɘŬ Űɖɠ ˊɟɧɓɚŮɣɖɠ əŬɘ Űɖɜ ŮɟɛɖɜŮɑŬ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ɛɞɜŰɏɚɞɡ ˊɞɡ ˊŬɟɎɔŮɘ. 
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Ⱥˊɑůɖɠ, Űɞ ɛɞɜŰɏɚɞ Lasso ůɢŮŰɑɕŮŰŬɘ  ůŰɖ ɛŮɑɤůɖ Űɞɡ ɗɞɟɨɓɞɡ ɛɏůɤ ɛɘŬɠ 

ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ:  

ρ

ὔ
Ὢὼȟώȟ‌ȟ‍ 

 

 

(20) 

 

ɖ əŬɜɞɜɘəɞˊɞɑɖůɖ Űɖɠ ɞˊɞɑŬɠ ɗŬ ŮɑɜŬɘ: 
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     (21) 

ɧˊɞɡ ɛɧɜɞ ɖ ˊŬɟɎɛŮŰɟɞɠ ‍ ŰɘɛɤɟŮɑŰŬɘ, Ůɜɩ ɖ ˊŬɟɎɛŮŰɟɞɠ ‌ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ 

ɞˊɞɘŬŭɐˊɞŰŮ ŮˊɘŰɟŮˊɧɛŮɜɖ Űɘɛɐ. Ⱥˊɑůɖɠ, ŭŮɜ ŰɘɛɤɟŮɑŰŬɘ əŬɘ ɖ ɓŬůɘəɐ ˊŮɟɑˊŰɤůɖ ‍. 

14) Orthogonal Matching Pursuit (OMP). O Ŭɚɔɧɟɘɗɛɞɠ OMP ˊɟɞůˊŬɗŮɑ ɜŬ 

ŬɜŬəŬɚɨɣŮɘ Űɘɠ ɓɏɚŰɘůŰŮɠ ŬɜŰɘůŰɞɘɢɑůŮɘɠ əŬɘ ˊɟɞɓɞɚɏɠ Űɤɜ ˊɞɚɡŭɘɎůŰŬŰɤɜ ŭŮŭɞɛɏɜɤɜ 

ůŰɞ Ůɨɟɞɠ Ůɜɧɠ ɡˊɏɟ-ˊɚɐɟɞɡɠ ɚŮɝɘəɞɨ Ὀ. ȼ ɓŬůɘəɐ ɘŭɏŬ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɡŰŮɑ ɏɜŬ ůɐɛŬ 

Ὢ Ŭˊɧ Űɞ ɢɩɟɞ Hilbert Ὄ [30] ɤɠ ɏɜŬ ůŰŬɗɛɘůɛɏɜɞ ɎɗɟɞɘůɛŬ ˊɞɚɚɩɜ ɚŮɘŰɞɡɟɔɘɩɜ Ὣ  

ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞ Ὀ. ɀɘŬ ˊɟɞůɏɔɔɘůɖ ɛŮ Űɞ  ́ɎŰɞɛŬ ɗŬ ɏɢŮɘ Űɖ ɛɞɟűɐ [29]: 

Ὢὸ Ὢ
ͮ

ὸȡ ὥὫ ὸȟ 
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ɧˊɞɡ Űɞ Ὣ  ŮɑɜŬɘ ‎ ůŰɐɚɖ Űɞɡ ˊɑɜŬəŬ Ὀ əŬɘ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůŰɎɗɛɘůɖɠ ɔɘŬ Űɞ 

ɎŰɞɛɞ Ὣ .  

15) Huber. To ɛɞɜŰɏɚɞ Huber ɚŮɘŰɞɡɟɔŮɑ ɛɏůɤ ɛɘŬɠ ůɡɜɎɟŰɖůɖɠ ŬˊɩɚŮɘŬɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɘůɢɡɟɐ ˊɟɞůɏɔɔɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȼ ůɡɜɎɟŰɖůɖ ŬˊɩɚŮɘŬɠ ŮɑɜŬɘ 
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ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰɖ ůŰŬ ŬəɟŬɑŬ ŭŮŭɞɛɏɜŬ ůŮ ůɢɏůɖ ɛŮ Űɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ [31]. 

ȼ ůɡɜɎɟŰɖůɖ ŬˊɩɚŮɘŬɠ Huber ˊŮɟɘɔɟɎűŮɘ Űɖ ˊɞɘɜɐ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɛɘŬ ŭɘŬŭɘəŬůɑŬ 

ŮəŰɑɛɖůɖɠ ˊɞɡ ɞɟɑɕŮɘ Űɖɜ ůɡɜɎɟŰɖůɖ ŬˊɩɚŮɘŬɠ ɤɠ [31]: 
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ȼ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ŮɑɜŬɘ ŰŮŰɟŬɔɤɜɘəɐ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ ὥ əŬɘ ɔɟŬɛɛɘəɐ ɔɘŬ ɛŮɔɎɚŮɠ 

Űɘɛɏɠ, ɛŮ ɑůŮɠ Űɘɛɏɠ əŬɘ əɚɑůŮɘɠ Űɤɜ ŭɘŬűɧɟɤɜ ŰɛɖɛɎŰɤɜ ůŮ ŭɨɞ ůɖɛŮɑŬ ɧˊɞɡ ȿὥȿ   .‏

16) Random sample consensus. ɇɞ ɛɞɜŰɏɚɞ RANSAC [32] ŮɑɜŬɘ ɛɑŬ ŮˊŬɜŬɚɖˊŰɘəɐ 

ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ ˊŬɟŬɛɏŰɟɤɜ Ůɜɧɠ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ 

ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊŮɟɘɏɢŮɘ ŬəɟŬɑŮɠ Űɘɛɏɠ, ɧŰŬɜ ŰŬ ŬəɟŬɑŬ ůɖɛŮɑŬ ŭŮɜ 

ˊɟɏˊŮɘ ɜŬ ɏɢɞɡɜ əŬɛɑŬ ŮˊɑŭɟŬůɖ ůŰɘɠ Űɘɛɏɠ Űɖɠ ˊɟɧɓɚŮɣɖɠ. Ⱥˊɞɛɏɜɤɠ, Űɞ ɛɞɜŰɏɚɞ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ŬɜɘɢɜŮɡŰɐɠ ŬəɟŬɑɤɜ Űɘɛɩɜ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŮɑɜŬɘ ɛɖ 

ɜŰŮŰŮɟɛɘɜɘůŰɘəɧɠ ɡˊɧ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ ˊŬɟɎɔŮɘ ɏɜŬ ɚɞɔɘəɧ ŬˊɞŰɏɚŮůɛŬ ɛɧɜɞ ɛŮ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ. ɀŮ ŬɡŰɐ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɞ ˊɏɟŬɠ Űɤɜ 

ŮˊŬɜŬɚɐɣŮɤɜ.  

ȰůŰɤ ɧŰɘ ὴ ŮɑɜŬɘ ɖ ŮˊɘɗɡɛɖŰɐ ˊɘɗŬɜɧŰɖŰŬ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɜŬ ˊŬɟɏɢŮɘ ɏɜŬ ɘəŬɜɞˊɞɘɖŰɘəɧ 

ŬˊɞŰɏɚŮůɛŬ ˊɟɧɓɚŮɣɖɠ. ɇɧŰŮ, ɗŬ ŮˊɘůŰɟɏɣŮɘ ɏɜŬ ŮˊɘŰɡɢɖɛɏɜɞ ŬˊɞŰɏɚŮůɛŬ, ŮɎɜ ůŮ 

əɎˊɞɘŬ Ŭˊɧ Űɘɠ ŮˊŬɜŬɚɐɣŮɘɠ ŮˊɘůŰɟŬűɞɨɜ ɛɧɜɞ ŰŬ ŮůɤŰŮɟɘəɎ ůɖɛŮɑŬ Ŭˊɧ Űɞ ůɨɜɞɚɞ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ n Ůɘůɧŭɞɡ, ɧŰŬɜ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮˊɘɚɏɔŮɘ ŰŬ ůɖɛŮɑŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɛɞɜŰɏɚɞɡ. ȷɜ Űɞ  w ŮɑɜŬɘ ɛɘŬ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŮˊɘɚŮɔŮɑ 

ɏɜŬ ŮůɤŰŮɟɘəɧ ůɖɛŮɑɞ əɎɗŮ űɞɟɎ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ɏɜŬ ůɖɛŮɑɞ ŰɧŰŮ: 

 

ύ
ÎÕÍÂÅÒ ÏÆ ÉÎÌÉÅÒÓ ÉÎ ÄÁÔÁ

ÎÕÍÂÅÒ ÏÆ ÐÏÉÎÔÓ ÉÎ ÄÁÔÁ 
 

 

 

  (24) 



 

48 

ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ɈˊɞɗɏŰɞɜŰŬɠ ɧŰɘ ŰŬ ὲ ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ ŬɜŮɝɎɟŰɖŰŬ ŰɧŰŮ ύ  ŮɑɜŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ɧɚɞɘ ŰŬ 

ůɖɛŮɑŬ ɜŬ ŮɑɜŬɘ ŮůɤŰŮɟɘəɎ əŬɘ ρ ύ ŮɑɜŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ɧŰɘ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ Ŭˊɧ ŰŬ 

ůɖɛŮɑŬ ŬɡŰɎ ŮɑɜŬɘ ɔŮɜɘəɧ, ɛɘŬ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ŮɑɜŬɘ ɏɜŬ əŬəɧ ɛɞɜŰɏɚɞ 

ɗŬ ŮəŰɘɛɖɗŮɑ Ŭˊɧ ŬɡŰɧ Űɞ ůɨɜɞɚɞ ůɖɛŮɑɤɜ. ȷɡŰɐ ɖ ˊɘɗŬɜɧŰɖŰŬ ɘůɢɨɞɠ Ὧ ŮɑɜŬɘ ɖ 

ˊɘɗŬɜɧŰɖŰŬ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɧɠ ŭŮɜ ŮˊɘɚɏɔŮɘ ˊɞŰɏ ɏɜŬ ůɨɜɞɚɞ ůɖɛŮɑɤɜ ὲ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

ɧɚŬ ŮůɤŰŮɟɘəɎ ůɖɛŮɑŬ əŬɘ ŬɡŰɧ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɑŭɘɞ ɛŮ Űɞ ρ ὴ. Ⱥˊɘˊɚɏɞɜ ɘůɢɨŮɘ ɧŰɘ:  

ρ ὴ ρ ύ    (25) 

 

Űɞ ɞˊɞɑɞ ŰŮɚɘəɎ ɞɟɑɕŮŰŬɘ ɤɠ: 

Ὧ
ÌÏÇ ρ ὴ

ÌÏÇ ρ ύ
 

 

 

 (26) 

3.3 ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ɻ ˇˁʽ˃ʺˌ ˍ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ ̄ ˊˇˋʷʴʴʽˋʹˌ  

ɆŰɖ ˊŬɟɞɨůŬ ɡˊɧ-ŮɜɧŰɖŰŬ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŬɜɎ Ŭɚɔɧɟɘɗɛɞ ˊɟɞůɏɔɔɘůɖɠ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡɠ. ɇɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɜŬəŰɐɗɖəŮ Ŭˊɧ 

ɛɘŬ ŬɜɞɘɢŰɐ ɓɎůɖ [33]. ɆŰɖ ůɡɜɏɢŮɘŬ ŰŬ ŭŮŭɞɛɏɜŬ ŮˊŮɝŮɟɔɎůŰɖəŬɜ, ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɏɢŮɘ ˊŮɟɘɔɟŬűŮɑ ůŰɖɜ ȺɜɧŰɖŰŬ 3.1.1. ɇɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ŭɘŬɢɤɟɑůŰɖəŮ ůŮ 60% ɔɘŬ ŮəˊŬɑŭŮɡůɖ əŬɘ 40% ɔɘŬ ŭɞəɘɛɐ. ȾɎɗŮ Ŭɚɔɧɟɘɗɛɞɠ 

ŭɞəɘɛɎůŰɖəŮ ůŰɞ ɑŭɘɞ ůŮŰ ŭŮŭɞɛɏɜɤɜ əŬɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɜɤůŰɞɑ ŭŮɑəŰŮɠ Ŭɝɘɞɚɧɔɖůɖɠ.  

1) Decision Tree Regressor (DTR). ȳˊɤɠ  ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  8, ɞ 

Ŭɚɔɧɟɘɗɛɞɠ DTR ŮɑɜŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ 

əŬŰŬɜɎɚɤůɖɠ. ȳɚŮɠ Űɘɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ ˊɞɡ ɖ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɞ űɞɟŰɑɞ ɓɎůɖɠ 

ɏɢɞɡɜ ˊɟɞɓɚŮűɗŮɑ ɛŮ ŬɟəŮŰɐ ŬəɟɑɓŮɘŬ. Ⱥˊɑůɖɠ, ɏɢŮɘ ŬˊɞŭɩůŮɘ ůɤůŰɎ əŬɘ ŬɟəŮŰɏɠ 

ɡɣɖɚɏɠ ŰɎůŮɘɠ. ũŮɜɘəɧŰŮɟŬ, əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ŮɜɏɟɔŮɘŬɠ ɞɘ ůŰɘɔɛɏɠ ɛŮ ɡɣɖɚɏɠ 

ŰɎůŮɘɠ ŮɑɜŬɘ əŬɘ ɞɘ ŭɡůəɞɚɧŰŮɟŮɠ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ əŬɘ Ůˊɑ Űɖɠ ɞɡůɑŬɠ, ŮɑɜŬɘ ŬɡŰɏɠ 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ˊɞɡ ˊɟɞəŬɚɞɨɜ əŬɘ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŬˊɞəɚɑůŮɘɠ əŬŰɎ Űɖɜ ˊɟɧɓɚŮɣɖ. ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ 

ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊɟɧɓɚŮɣŮ ŭɨɞ ɡɣɖɚɏɠ ŰɎůŮɘɠ ˊɞɡ ŭŮɜ ɡˊɐɟɢŬɜ (false  - positive) əŬɘ ɛɑŬ 

ˊɞɡ ɡˊɐɟɢŮ əŬɘ ŭŮɜ Űɖɜ ɓɟɐəŮ əŬɗɧɚɞɡ (false -negative).  

 

ȺɘəɧɜŬ  8: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ DTR 

 

2) Random Forest Regressor (RFR). ȳˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  9ȺɘəɧɜŬ  8, 

ɞ Ŭɚɔɧɟɘɗɛɞɠ RFR ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ 

ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ůŰɘɔɛɏɠ ˊɞɡ ɖ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɞ 

űɞɟŰɑɞ ɓɎůɖɠ, ɏɢɞɡɜ ˊɟɞɓɚŮűɗŮɑ ɛŮ ŬɟəŮŰɐ ŬəɟɑɓŮɘŬ. ɄŬɟɧɚŬ ŬɡŰɎ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɤɜ ɢŬɛɖɚɩɜ űɞɟŰɑɤɜ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧəɚɘůɖ ůŮ 

ůɢɏůɖ ɛŮ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ, Ŭˊɧ Űɞɜ  DTR. ȷɜŰɘɗɏŰɤɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɚɨŰŮɟɞɠ 

əŬŰɎ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ  ɡɣɖɚɩɜ ŰɎůŮɤɜ, əŬɗɩɠ ɧˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ ŭŮɜ ˊɟɞɏɓɚŮɣŮ 

əŬɛɑŬ ɡɣɖɚɐ ŰɎůɖ ́ɞɡ ŭŮɜ ɡˊɐɟɢŮ. ɄŬɟɧɚŬ ŬɡŰɎ, ɖ Ŭˊɧəɚɘůɖ əŬŰɎ Űɘɠ ɢɟɞɜɘəɏɠ 

ůŰɘɔɛɏɠ ɛŮ ɡɣɖɚɧ űɞɟŰɑɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞɜ DTR. 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  9: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ RFR 

3) Gradient boosting Regressor (GBR). Ƀ Ŭɚɔɧɟɘɗɛɞɠ GBR əɟɑɜŮŰŬɘ ŬɜŮˊŬɟəɐɠ ɔɘŬ 

Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɖɜ ȺɘəɧɜŬ  10. 

ȳɚŬ ŰŬ ɢŬɛɖɚɎ űɞɟŰɑŬ ɏɢɞɡɜ ˊɟɞɓɚŮűɗŮɑ ɚɎɗɞɠ. ũɘŬ Űɖɜ ŬəɟɑɓŮɘŬ, Űɘɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ 

ɛŮ ɢŬɛɖɚɐ əŬŰŬɜɎɚɤůɖ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊɟɞɓɚɏˊŮɘ ɛɘŬ ůŰŬɗŮɟɐ Űɘɛɐ, ŬɜŮɝɎɟŰɖŰŬ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ.  ɄŬɟŬŭɧɝɤɠ, ɏɢŮɘ ˊɟɞɓɚɏɣŮɘ əɎˊɞɘŬ űɞɟŰɑŬ ɡɣɖɚɐɠ əŬŰŬɜɎɚɤůɖɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. Ⱥɜ ɔɏɜŮɘ, ɧˊɤɠ, ɞ GBR  ŭŮɜ ˊɟɞŰŮɑɜŮŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ 

Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ.  

 

ȺɘəɧɜŬ  10: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ GBR 

4) Support Vector Machine (SVR).  Ƀ Ŭɚɔɧɟɘɗɛɞɠ SVR əɟɑɜŮŰŬɘ ŬɜŮˊŬɟəɐɠ ɔɘŬ Űɖɜ 

ˊɟɧɓɚŮɣɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɖɜ ȺɘəɧɜŬ  11. ȷɟɢɘəɎ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ɛŮŰŬŰɧˊɘůɖ ˊɟɞɠ ŰŬ ˊɎɜɤ 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ɔɘŬ ɧɚŮɠ Űɘɠ ůŰɘɔɛɏɠ ˊɞɡ ɏɢɞɡɛŮ ŰŬ űɞɟŰɑŬ ɓɎůɖɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ɧɚŮɠ ɞɘ ɢɟɞɜɘəɏɠ 

ůŰɘɔɛɏɠ ˊɞɡ ɏɢɞɡɛŮ ɡɣɖɚɐ ŰɎůɖ ɏɢɞɡɜ ˊɟɞɓɚŮűɗŮɑ ůɤůŰɎ, ɛŮ Ŭˊɧəɚɘůɖ ˊɟɞɠ ŰŬ əɎŰɤ.  

Ⱥˊɑ Űɖɠ ɞɡůɑŬɠ, ɞ SVR ˊŬɟɞɡůɘɎɕŮɘ Ŭˊɧəɚɘůɖ ˊɟɞɠ ŰŬ ˊɎɜɤ Űɘɠ ůŰɘɔɛɏɠ ˊɞɡ ɖ 

əŬŰŬɜɎɚɤůɖ ŮɑɜŬɘ ɢŬɛɖɚɐ, əŬɘ Ŭˊɧəɚɘůɖ ˊɟɞɠ ŰŬ əɎŰɤ Űɘɠ ůŰɘɔɛɏɠ ˊɞɡ ɖ əŬŰŬɜɎɚɤůɖ 

ŮɑɜŬɘ ɡɣɖɚɐ, ɔŮɔɞɜɧɠ ˊɞɡ ŬɡɝɎɜŮɘ ůɡɜɞɚɘəɎ Űɞ ɚɎɗɞɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ.  

 

ȺɘəɧɜŬ  11:  ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ SVR 

5) Stochastic gradient descent (SGDR). ȳˊɤɠ  ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  12ȺɘəɧɜŬ  

8, ɞ Ŭɚɔɧɟɘɗɛɞɠ SGDR ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ 

ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ůŰɘɔɛɏɠ ˊɞɡ ɖ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɞ 

űɞɟŰɑɞ ɓɎůɖɠ, ɏɢɞɡɜ ˊɟɞɓɚŮűɗŮɑ ɛŮ ŬɟəŮŰɐ ŬəɟɑɓŮɘŬ. ȷɜŰɘɗɏŰɤɠ,  əŬŰɎ Űɖɜ ˊɟɧɓɚŮɣɖ 

Űɤɜ  ɡɣɖɚɩɜ ŰɎůŮɤɜ ŭŮɜ ŮɑɜŬɘ Űɧůɞ ŬˊɞŭɞŰɘəɧɠ.  

 

ȺɘəɧɜŬ  12:ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ SGDR 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
6) Bayesian Ridge. ȳˊɤɠ  ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  13, ɞ Ŭɚɔɧɟɘɗɛɞɠ Bayesian 

Ridge ŮɑɜŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ. 

ȳɚŮɠ Űɘɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ ˊɞɡ ɖ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɞ űɞɟŰɑɞ ɓɎůɖɠ ɏɢɞɡɜ 

ˊɟɞɓɚŮűɗŮɑ ɛŮ ŬɟəŮŰɐ ŬəɟɑɓŮɘŬ. Ⱥˊɑůɖɠ, ɏɢŮɘ ŬˊɞŭɩůŮɘ ůɤůŰɎ əŬɘ ŬɟəŮŰɏɠ ɡɣɖɚɏɠ 

ŰɎůŮɘɠ. ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŭŮɜ ˊɟɧɓɚŮɣŮ ŰɎůŮɘɠ ˊɞɡ ŭŮɜ ɡˊɐɟɢŬɜ (false  - 

positive) ŬˊɚɎ ɏɢŮɘ ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ əŬŰɎ Űɖɜ ˊɟɧɓɚŮɣɖ ůŰɘɠ ɡɣɖɚɏɠ əŬŰŬɜŬɚɩůŮɘɠ. 

 

ȺɘəɧɜŬ  13 :ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ Bayesian Ridge 

7) LassoLars.   Ƀ Ŭɚɔɧɟɘɗɛɞɠ LassoLars əɟɑɜŮŰŬɘ ŬɜŮˊŬɟəɐɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ 

əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɖɜ ȺɘəɧɜŬ  14. Ⱥˊɑ Űɖɠ ɞɡůɑŬɠ,  ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ŭŮ ˊɟɞɓɚɏˊŮɘ ŰɑˊɞŰŬ, əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ŭŮɑɔɛŬŰŬ over-fitting, əŬɗɩɠ 

ŬɜŮɝɎɟŰɖŰɖɠ Ůɘůɧŭɞɡ ˊɟɞɓɚɏˊŮɘ ɛɑŬ əŬɘ ɛɞɜŬŭɘəɐ Ůɑůɞŭɞ.  

 

ȺɘəɧɜŬ  14: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ LassoLars 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
8) Automatic Relevance Determination Regression (ARD). ȳˊɤɠ  ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ůŰɖɜ ȺɘəɧɜŬ  15, ɞ Ŭɚɔɧɟɘɗɛɞɠ ARD ŮɑɜŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ 

Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ. ȳɚŮɠ Űɘɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ ˊɞɡ ɖ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɞ 

űɞɟŰɑɞ ɓɎůɖɠ ɏɢɞɡɜ ˊɟɞɓɚŮűɗŮɑ ɛŮ ŬɟəŮŰɐ ŬəɟɑɓŮɘŬ. Ⱥˊɑůɖɠ, ɏɢŮɘ ŬˊɞŭɩůŮɘ ůɤůŰɎ əŬɘ 

ŬɟəŮŰɏɠ ɡɣɖɚɏɠ ŰɎůŮɘɠ. Ⱥɜ ɔɏɜŮɘ, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊɟɧɓɚŮɣŮ ɚɑɔŮɠ ŰɎůŮɘɠ 

ˊɞɡ ŭŮɜ ɡˊɐɟɢŬɜ (false  - positive) əŬɘ ɏɢŮɘ ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ əŬŰɎ Űɖɜ ˊɟɧɓɚŮɣɖ ůŰɘɠ 

ɡɣɖɚɏɠ əŬŰŬɜŬɚɩůŮɘɠ. 

 

ȺɘəɧɜŬ  15: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ ARD 

 

9) Passive Aggressive. ).  Ƀ Ŭɚɔɧɟɘɗɛɞɠ Passive aggressive əɟɑɜŮŰŬɘ ŬɜŮˊŬɟəɐɠ ɔɘŬ 

Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɖɜ ȺɘəɧɜŬ  16. 

ȷɟɢɘəɎ ɗŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ɛŮŰŬŰɧˊɘůɖ ˊɟɞɠ 

ŰŬ ˊɎɜɤ ɔɘŬ ɧɚŮɠ Űɘɠ ůŰɘɔɛɏɠ ˊɞɡ ɏɢɞɡɛŮ ŰŬ űɞɟŰɑŬ ɓɎůɖɠ. Ⱥˊɑůɖɠ, ɏɢŮɘ Űɘɠ 

ˊŮɟɘůůɧŰŮɟŮɠ ɚŬɜɗŬůɛɏɜŮɠ ˊɟɞɓɚɏɣŮɘɠ ɡɣɖɚɩɜ ŰɎůŮɤɜ, ɏɤɠ ŰɩɟŬ, ˊɞɡ ŭŮɜ ɡˊɐɟɢŬɜ.  
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  16: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ Passive aggressive 

10) Theil-Sen Regressor. ȳˊɤɠ  ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  17, ɞ Ŭɚɔɧɟɘɗɛɞɠ Theil-

Sein ŮɑɜŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ. 

ȳɚŮɠ Űɘɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ ˊɞɡ ɖ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɞ űɞɟŰɑɞ ɓɎůɖɠ ɏɢɞɡɜ 

ˊɟɞɓɚŮűɗŮɑ ɛŮ ŬɟəŮŰɐ ŬəɟɑɓŮɘŬ. Ⱥˊɑůɖɠ, ɏɢŮɘ ŬˊɞŭɩůŮɘ ůɤůŰɎ əŬɘ ɧɚŮɠ Űɘɠ ɡɣɖɚɏɠ 

ŰɎůŮɘɠ, ɛŮ ůɢŮŰɘəɎ ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ.  

 

ȺɘəɧɜŬ  17: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ Theil-Sein 

11) Linear  Regressor. ȳˊɤɠ  ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  18, ɞ Ŭɚɔɧɟɘɗɛɞɠ Linear 

ŮɑɜŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ. ȳɚŮɠ 

Űɘɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ ˊɞɡ ɖ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɞ űɞɟŰɑɞ ɓɎůɖɠ ɏɢɞɡɜ ˊɟɞɓɚŮűɗŮɑ 

ɛŮ ŬɟəŮŰɐ ŬəɟɑɓŮɘŬ. Ⱥˊɑůɖɠ, ɏɢŮɘ ŬˊɞŭɩůŮɘ ůɤůŰɎ əŬɘ ɧɚŮɠ Űɘɠ ɡɣɖɚɏɠ ŰɎůŮɘɠ, ɛŮ 

ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ.  
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  18: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ Linear  Regressor 

12)Ridge CV.  ȳˊɤɠ  ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  19, ɞ Ŭɚɔɧɟɘɗɛɞɠ Ridge ŮɑɜŬɘ 

ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ.  

 

ȺɘəɧɜŬ  19: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ Ridge 

13) Lasso. Ƀ Ŭɚɔɧɟɘɗɛɞɠ Lasso əɟɑɜŮŰŬɘ ŬɜŮˊŬɟəɐɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ 

əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɖɜ ȺɘəɧɜŬ  20. Ⱥˊɑ Űɖɠ ɞɡůɑŬɠ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ŭŮ ˊɟɞɓɚɏˊŮɘ ŰɑˊɞŰŬ, əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ŭŮɑɔɛŬŰŬ over-fitting, əŬɗɩɠ 

ŬɜŮɝɎɟŰɖŰɖɠ Ůɘůɧŭɞɡ, ˊɟɞɓɚɏˊŮɘ ɛɑŬ əŬɘ ɛɞɜŬŭɘəɐ Ůɑůɞŭɞ.  
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  20: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ Lasso 

14) Orthogonal Matching Pursuit (ɃɀɅ). Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɃɀɅ əɟɑɜŮŰŬɘ ŬɜŮˊŬɟəɐɠ 

ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɖɜ ȺɘəɧɜŬ  21. 

ȳɚŬ ŰŬ ɢŬɛɖɚɎ űɞɟŰɑŬ ɏɢɞɡɜ ˊɟɞɓɚŮűɗŮɑ ɚɎɗɞɠ. ũɘŬ Űɖɜ ŬəɟɑɓŮɘŬ, Űɘɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ 

ɛŮ ɢŬɛɖɚɐ əŬŰŬɜɎɚɤůɖ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊɟɞɓɚɏˊŮɘ ɛɘŬ ůŰŬɗŮɟɐ Űɘɛɐ, ŬɜŮɝɎɟŰɖŰŬ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ.  ɄŬɟŬŭɧɝɤɠ, ɏɢŮɘ ˊɟɞɓɚɏɣŮɘ əɎˊɞɘŬ űɞɟŰɑŬ ɡɣɖɚɐɠ əŬŰŬɜɎɚɤůɖɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůɤůŰɎ. Ⱥɜ ɔɏɜŮɘ ɧˊɤɠ, ɞ GBR  ŭŮɜ ˊɟɞŰŮɑɜŮŰŬɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ. 

 

ȺɘəɧɜŬ  21: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ Orthogonal Matching Pursuit 

15) Huber. ȳˊɤɠ  ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  22, ɞ Ŭɚɔɧɟɘɗɛɞɠ Huber ŮɑɜŬɘ ŬɟəŮŰɎ 

ŬˊɞŭɞŰɘəɧɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɠ 

ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ.  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
 

 

ȺɘəɧɜŬ  22: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ Huber 

16) Random sample consensus. . ȳˊɤɠ  ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  23, ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ŮɑɜŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧɠ ɛɧɜɞ ůŰɘɠ ɢŬɛɖɚɏɠ əŬŰŬɜŬɚɩůŮɘɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɛɘəɟɏɠ 

ŬˊɞəɚɑůŮɘɠ. ȳɛɤɠ, Űɖɜ ɡɣɖɚɧŰŮɟɖ ŰɎůɖ ŭŮɜ Űɖɜ ɏɢŮɘ ɓɟŮɘ ɞɨŰŮ əŬɜ ůŬɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ.  

 

ȺɘəɧɜŬ  23: ȷˊɞŰŮɚɏůɛŬŰŬ ŮəŰɏɚŮůɖɠ RANSAC 

 

ɆɡɜɞɚɘəɎ, ůŰɖɜ Error! Reference source not found., ˊŬɟŬŰɖɟɞɨɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

əŬŰɎ Űɖ ŭɞəɘɛɐ ɧɚɤɜ Űɤɜ ŬɜŬűŮɟɧɛŮɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ. ȷˊɧ Űɖɜ ŮɘəɧɜŬ ŬɡŰɐ ɔɑɜŮŰŬɘ 

əŬŰŬɜɞɖŰɧ Űɞ ˊɧůŮɠ ŭɘŬűɞɟɏɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ Ŭˊɧ  Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ 

ˊɟɞůɏɔɔɘůɖɠ ůŰɞ ɑŭɘɞ ˊɟɧɓɚɖɛŬ əŬɘ  ůŰɞ ɑŭɘɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ.  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  24: ɆɡɔəɟɘŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜɎ Ŭˊɧŭɞůɖ (əŬəɐ, ɛɏŰɟɘŬ, əŬɚɐ) 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
3.4 ɮˉˇʵˇˍʽˁˈˍʹˍʰ ̱ ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ ˉˊˇˋʷʴʴʽˋʹˌ 

 

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ ɛɘŬ ůɡɔəɟɘŰɘəɐ ŬɜɎɚɡůɖ ɧɚɤɜ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ 

ˊɟɞůɏɔɔɘůɖɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ. ȷɟɢɘəɎ, ɗŬ ́ŮɟɘɔɟŬűɞɨɜ ɧɚɞɘ ɞɘ ŭŮɑəŰŮɠ 

Ŭɝɘɞɚɧɔɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ űɎůɖ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ. ɇɏɚɞɠ, ɗŬ 

ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ůɡɔəɟɘŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɓɎůɖ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ŭŮɘəŰɩɜ 

Ŭɝɘɞɚɧɔɖůɖɠ.  

3.4.1  ɲʶʾˁˍʶˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ  

1) Mean square error  (MSE):  ɇɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (MSE) ŮɑɜŬɘ ɏɜŬɠ 

ŭŮɑəŰɖɠ Ŭɝɘɞɚɧɔɖůɖɠ o ɞˊɞɑɞɠ ŭŮɑɢɜŮɘ ɛŮ ŬˊɧɚɡŰɞ Űɟɧˊɞ ˊɧůɞ əŬɚɎ ŰŬɘɟɘɎɕŮɘ Űɞ 

ˊɟɞŰŮɘɜɧɛŮɜɞ ɛɞɜŰɏɚɞ ˊɟɞůɏɔɔɘůɖɠ ůŰɞ ɡˊɧ ŮɝɏŰŬůɖ ˊɟɧɓɚɖɛŬ. ɇɞ ŬˊɞŰɏɚŮůɛŬ Űɞɡ 

ŮɑɜŬɘ ɏɜŬɠ ŬˊɧɚɡŰɞɠ Ŭɟɘɗɛɧɠ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ əŬŰɎ ˊɧůɞ ŰŬ ˊɟɞɓɚŮˊɧɛŮɜŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŭɘŬűɏɟɞɡɜ Ŭˊɧ Űɞɜ ˊɟŬɔɛŬŰɘəɧ Ŭɟɘɗɛɧ (Ůɑůɞŭɞ). ȳůɞ ˊɘɞ əɞɜŰɎ ůŰɞ 

ɛɖŭɏɜ ˊɚɖůɘɎůŮɘ ɖ Űɘɛɐ Űɞɡ MSE, Űɧůɞ əŬɚɨŰŮɟɞ ŮɑɜŬɘ ɛɞɜŰɏɚɞ əŬɗɩɠ ůɖɛŬɑɜŮɘ ɧŰɘ 

ŰŬ ˊɟɞɓɚŮˊɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ůɢŮŭɧɜ ɑůŬ ɛŮ ŰŬ ˊɟŬɔɛŬŰɘəɎ. ɆŮ ɏɜŬ ůɨɜɞɚɞ 

ɛŮ ὲ ŭŮŭɞɛɏɜŬ əŬɘ ɏɜŬ ŭɘɎɜɡůɛŬ    ɛŮ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ əŬɘ ὣ
ͮ

 ŰŬ ŭŮŭɞɛɏɜŬ 

ˊɟɧɓɚŮɣɖɠ ŰɧŰŮ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ [34]: 

ὓὛὉ
ρ

ὲ
ὣ ὣ

ͮ

Ȣ 

 

(27) 

2) R-square (R2):  ɇɞ R-square ɡˊɞɚɞɔɑɕŮɘ əŬŰɎ ˊɧůɞ ɖ ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ ɛˊɞɟŮɑ 

ɜŬ ŮɝɖɔɖɗŮɑ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ˊɟɞůɏɔɔɘůɖɠ. ȾŬɘ ɞɜɞɛɎɕŮŰŬɘ Űɞ ŰŮŰɟɎɔɤɜɞ Ůɜɧɠ 

ůɡɜŰŮɚŮůŰɐ ůɡůɢɏŰɘůɖɠ R (R-square).  ȼ ɘůɢɨɠ Űɞɡ ɛɞɜŰɏɚɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖ 

ˊɟɞɔɜɤůŰɘəɐ ɘůɢɨ Űɞɡ ɛɞɜŰɏɚɞ ɛŮŰŬɝɨ 0 əŬɘ 1.  ȳůɞ ˊɘɞ əɞɜŰɎ ůŰɞ 1 ŮɑɜŬɘ Űɞ R-square, 

Űɧůɞ əŬɚɨŰŮɟŬ. 

 ɆŮ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɘɛɏɠ ὲ  ˊɞɡ ŮɑɜŬɘ ɞɘ  ώȟȢȢȢȟώ Űɞ ɞˊɞɑɞ Űɞ əŬɗɏɜŬ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ ɛɘŬ ˊɟɞůŬɟɛɞůɛɏɜɖ Űɘɛɐ ὪȟȢȢȢȟὪ ɞɟɑɕŮɘ ŰŬ ɡˊɧɚɞɘˊŬ ɤɠ Ὡ ώ Ὢ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬ ŭɘɎɜɡůɛŬ Ὡ. ȺɎɜ Űɞ ώ

ȅ
 ŮɑɜŬɘ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ 

ŭŮŭɞɛɏɜɤɜ, ŰɧŰŮ Űɞ ώ
ȅ
 ɞɟɑɕŮŰŬɘ ɤɠ [34]: 

ώ
ȅ ρ

ὲ
ώ 

(28) 

 

ȼ ˊɞɘəɘɚɞɛɞɟűɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɞɟɑɕŮŰŬɘ Ŭˊɧ [34]:  

ὸέὸ ώ ώ
ȅ

 
 

(29) 

ɇɞ ŰŮŰɟɎɔɤɜɞ Űɤɜ ŭɘŬűɞɟɩɜ Űɤɜ ɡˊɞɚɞɑˊɤɜ ɞɟɑɕŮŰŬɘ ɤɠ [34]: 

 

ὶὩί ώ Ὢ Ὡ 

 

 (30) 

 

ɇɞ Ὑ  oɞɟɑɕŮŰŬɘ ɤɠ:  

Ὑ ρ ὛὛ
Ὓ

Ὓ
 

 

   (31) 

 

 

ɆŰɖ əŬɚɨŰŮɟɖ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ɘůɢɨŮɘ ɧŰɘ ὛὛ π Ůˊɞɛɏɜɤɠ əŬɘ Űɞ Ὑ ρ. 

3) Mean absolute Error  (MAE ): ɇɞ MAE ŮɑɜŬɘ ˊŬɟɧɛɞɘɞ ɛŮ Űɞ MSE, ŬɚɚɎ ŬɜŰɑ ɔɘŬ 

Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɞɡ ůűɎɚɛŬŰɞɠ ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ŬˊɧɚɡŰɖ Űɘɛɐ Űɞɡ 

ůűɎɚɛŬŰɞɠ, ɇɞ MAE ɞɟɑɕŮŰŬɘ ɤɠ [34]: 

ὓὃὉ
В ȿώ ὼȿ

ὲ
 

(32) 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
3.4.2 ʅˎʴˁˊʽˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ əŬŰɎ Űɖ űɎůɖ Űɖɠ ŭɞəɘɛɐɠ 

ŬɝɘɞɚɞɔɐɗɖəŬɜ ɛŮ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ Ŭɝɘɞɚɧɔɖůɖɠ (MSE,MAE, R-square).  ȳˊɤɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ  Űɞɜ ɄɑɜŬəŬɠ  1, ɞ Ŭɚɔɧɟɘɗɛɞɠ Theil-Sein ɏɢŮɘ ůɡɜɞɚɘəɎ Űɖɜ 

əŬɚɨŰŮɟɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ ůŮ ɧɚɞɡɠ Űɞɡɠ ŭŮɑəŰŮɠ.  

ɄɑɜŬəŬɠ  1: ȷˊɞŭɞŰɘəɧŰɖŰŬ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɓɎůɖ Űɤɜ ŭŮɘəŰɩɜ Ŭɝɘɞɚɧɔɖůɖɠ 

 

 

ɁŬ ůɖɛŮɘɤɗŮɑ Ůˊɑůɖɠ ɧŰɘ Űɞ ɛɏůɞ ŬˊɧɚɡŰɞ ůűɎɚɛŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɞ Theil-Sein, ˊɞɡ 

ŮɑɜŬɘ ɑůɞ ɛŮ 0,00110 ɛŮŰŬűɟɎɕŮŰŬɘ ůŮ ɏɜŬ ɚɎɗɞɠ Ñ 1,11 watt. ȰɜŬ ůűɎɚɛŬ ŬɡŰɐɠ Űɖɠ 

ŰɎɝɖɠ ɛŮɔɏɗɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ůɡɜɞɚɘəɐ əŬŰŬɜɎɚɤůɖ ɗŮɤɟŮɑŰŬɘ ŬɛŮɚɖŰɏɞ, əŬɗɩɠ 

ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ əŬɘ Ŭˊɧ Űɖɜ əŬŰŬɜɎɚɤůɖ Ůɜɧɠ ɛɘəɟɞɨ ɚŬɛˊŰɐɟŬ LED.  

ȷˊɧ Űɖɜ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɧˊɤɠ ˊɟɞəɨˊŰŮɘ əŬɘ Ŭˊɧ Űɖɜ ȺɘəɧɜŬ  25, 

ɛˊɞɟɞɨɛŮ ɜŬ ˊŬɟŬŰɖɟɐůɞɡɛŮ ɧŰɘ əɎˊɞɘɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŭŮɜ ɗŬ ɛˊɞɟɞɨůŬɜ ůŮ əŬɛɑŬ 

ˊŮɟɑˊŰɤůɖ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Ůɜɧɠ əŰɘɟɑɞɡ. ȰɜŬɠ ŰɏŰɞɘɞɠ Ŭɚɔɧɟɘɗɛɞɠ ŮɑɜŬɘ əŬɘ ɞ Lasso Űɞɡ ɞˊɞɑɞɡ Űɞ Ὑ ŮɑɜŬɘ 0. 

ɈˊɎɟɢɞɡɜ Ŭɚɔɧɟɘɗɛɞɑ ɛŮ Ὑ  ˊɞɡ əɡɛŬɑɜŮŰŬɘ ůŮ ɏɜŬ ŭɘɎůŰɖɛŬ [0,69- 0,79] Ůˊɞɛɏɜɤɠ 

ŮɑɜŬɘ ɛɏŰɟɘŬɠ Ŭˊɧŭɞůɖɠ, ŬɚɚɎ ɑůɤɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ Ŭˊɞŭɩůɞɡɜ əŬɚɨŰŮɟŬ ɛŮ ŭɞəɘɛɏɠ 

Ůˊɑ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡɠ. Ƀ əŬɚɨŰŮɟɞɠ Ŭɚɔɧɟɘɗɛɞɠ ɗŮɤɟŮɑŰŬɘ ɞ Theil-Sein ɛŮ Ὑ  ɑůɞ 

ɛŮ 0,88. O Ŭɛɏůɤɠ ŮˊɧɛŮɜɞɠ ŮɑɜŬɘ ɞ Ridge ɛŮ Ὑ  ɑůɞ ɛŮ 0,78.   
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ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
4 ɸʶˊ˃ʽˁʺ ʱ˄ʶˋʹ 

 

H ŪŮɟɛɘəɐ ȯɜŮůɖ ŮɑɜŬɘ ɛɘŬ ŬɘůɗɖŰɘəɐ əŬŰɎůŰŬůɖ ˊɞɡ ŭŮɑɢɜŮɘ Űɖɜ ɘəŬɜɞˊɞɑɖůɖ ɛŮ Űɘɠ 

ɗŮɟɛɘəɏɠ ůɡɜɗɐəŮɠ Űɞɡ ɢɩɟɞɡ əŬɘ ŮəŰɘɛɎŰŬɘ ɛɏůɤ ɛɘŬɠ ɡˊɞəŮɘɛŮɜɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ 

[34]. ȼ ɗŮɟɛɘəɐ ɎɜŮůɖ ŮɑɜŬɘ ɏɜŬɠ ɓŬůɘəɧɠ ŭŮɑəŰɖɠ Űɤɜ ŮůɤŰŮɟɘəɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ 

ůɡɜɗɖəɩɜ ɔɘŬ Űɖɜ ŮɡŮɝɑŬ, Űɖɜ ɡɔŮɑŬ, Űɖɜ ɎɜŮůɖ, Ŭəɧɛɖ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɘəɧŰɖŰŬ Űɤɜ 

Ůɜɞɑəɤɜ. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɏɜŬ ɎŰɞɛɞ ŭŮɜ ɜɘɩɗŮɘ ɗŮɟɛɘəɎ ɎɜŮŰŬ, ŰɧŰŮ ɡˊɞűɏɟŮɘ ŮɑŰŮ 

Ŭˊɧ ɗŮɟɛɐ ŮɑŰŮ Ŭˊɧ ɣɡɢɟɐ ɗŮɟɛɘəɐ ŭɡůűɞɟɑŬ. ȼ ɗŮɟɛɘəɐ ŭɡůűɞɟɑŬ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ 

ůŮ ˊɞɚɚɎ ˊɟɞɓɚɐɛŬŰŬ ɡɔŮɑŬɠ, ɧˊɤɠ əɧˊɤůɖ, ɗŮɟɛɘəɐ ŮɝɎɜŰɚɖůɖ, ɕɎɚɖ ɜŬɡŰɑŬ əŬɘ 

ˊɞɚɚɎ ɎɚɚŬ. ȷˊɧ Űɖɜ Ɏɚɚɖ, ɖ ɣɡɢɟɐ ŭɡůűɞɟɑŬ ɏɢŮɘ əŬɘ ŬɡŰɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɡɔŮɑŬ 

Űɞɡ ŬŰɧɛɞɡ Ɏɚɚɞɡɠ Ůɑŭɞɡɠ, ɧˊɤɠ ŮɑɜŬɘ ɖ ɡˊɞɗŮɟɛɑŬ. Ⱥˊɑ Űɖɠ ɞɡůɑŬɠ, ɧŰŬɜ ɞɘ Ɏɜɗɟɤˊɞɘ 

ŭŮɜ ŬɘůɗɎɜɞɜŰŬɘ ɗŮɟɛɘəɎ ɎɜŮŰŬ, ŮˊɖɟŮɎɕɞɜŰŬɘ ɎɛŮůŬ ɐ ɏɛɛŮůŬ, ɧɚŮɠ ɞɘ əŬɗɖɛŮɟɘɜɏɠ 

Űɞɡɠ  ŭɟŬůŰɖɟɘɧŰɖŰŮɠ [35].  Ɉˊɧ ŬɡŰɐɠ Űɖɠ ůəɞˊɘɎɠ, ɖ ɗŮɟɛɘəɐ ɎɜŮůɖ ŮɑɜŬɘ ɏɜŬɠ 

əɟɑůɘɛɞɠ ˊŬɟɎɔɞɜŰŬɠ ɔɘŬ əɎɗŮ ɎŰɞɛɞ. 

ɀɧɚɘɠ əŬŰɏůŰɖ ŭɡɜŬŰɧɜ ɜŬ ŮɚŮɔɢɗɞɨɜ əŬɘ ɜŬ ŬɚɚŬɢɗɞɨɜ ɞɘ ŮůɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ Ůɜɧɠ 

ɢɩɟɞɡ, ŭɖɚŬŭɐ ɖ ɗŮɟɛɞəɟŬůɑŬ, ɖ ɡɔɟŬůɑŬ əŬɘ ɞ ŮɝŬŮɟɘůɛɧɠ, ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ 

ɓɏɚŰɘůŰŬ ŮˊɑˊŮŭŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ ŮůɤŰŮɟɘəɞɨ ɢɩɟɞɡ, ŰɧŰŮ ɔŮɜɜɐɗɖəŮ əŬɘ 

ɖ ɘŭɏŬ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ [36].  ɇŬ ůɡůŰɐɛŬŰŬ ɗɏɟɛŬɜůɖɠ, ŮɝŬŮɟɘůɛɞɨ əŬɘ 

əɚɘɛŬŰɘůɛɞɨ (Heating Ventilation and Air Conditioning- HVAC) ɏɢɞɡɜ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ Űɟɞˊɞˊɞɘɞɨɜ əŬɘ ɜŬ ɟɡɗɛɑɕɞɡɜ Űɘɠ ŮůɤŰŮɟɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

ůɡɜɗɐəŮɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɖ ŭɡɜŬŰɧŰɖŰŬ Űɞɡɠ ŬɡŰɐ ŭɖɛɘɞɨɟɔɖůŮ əŬɘ ŬɨɝɖůŮ Űɖɜ 

ŬɜɎɔəɖ ɔɘŬ əŬɚɨŰŮɟŮɠ əŬɘ ɘŭŬɜɘəɧŰŮɟŮɠ ůɡɜɗɐəŮɠ ɎɜŮůɖɠ ŮůɤŰŮɟɘəɞɨ ɢɩɟɞɡ [37]. ȼ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ɟɨɗɛɘůɖɠ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ɛɏůɤ Űɤɜ ůɡůŰɖɛɎŰɤɜ HVAC 

ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɧɢɘ ɛɧɜɞ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɡɔɘɩɜ ŮůɤŰŮɟɘəɩɜ ůɡɜɗɖəɩɜ ŬɚɚɎ əŬɘ ůŮ 

ɎɚɚŬ ɔŮɔɞɜɧŰŬ ɧˊɤɠ ŮɑɜŬɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ůɡɜŰɐɟɖůɖ ɏɟɔɤɜ Űɏɢɜɖɠ [38]. 

4.1 ɳʽˋʰʴ˖ʴʺ 

ȼ ŮˊŬɜɎůŰŬůɖ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ŰɏɗɖəŮ Ŭˊɧ Űɞɜ Fanger to 

1967. O Fanger ˊŬɟɞɡůɑŬůŮ ɏɜŬɜ ŭŮɑəŰɖ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ ɛɏůɖɠ ɣɖűɞűɞɟɑŬɠ 

Predicted Mean Vote (PMV), ɞ ɞˊɞɑɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŬɝɘɞɚɞɔɐůŮɘ Űɖɜ ɛɏůɖ 
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ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Űɘɛɐɠ Ŭˊɧəɟɘůɖɠ ɎɜŮůɖɠ ɞɟɘůɛɏɜɤɜ ŬŰɧɛɤɜ. ɇɞ ˊɟɧŰɡˊɞ ANSI ASHRAE 55 [34] 

ˊɞůɞŰɘəɞˊɞɘŮɑ ŬɡŰɧɜ Űɞɜ ŭŮɑəŰɖ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ɛɏůɤ ɛɘŬ əɚɑɛŬəŬɠ 7 ůɖɛŮɑɤɜ ɧˊɞɡ 

Űɞ -3 ŮɑɜŬɘ Űɞ əɟɨɞ, Űɞ 0 ŮɑɜŬɘ Űɞ ɞɡŭɏŰŮɟɞ əŬɘ Űɞ +3 ŮɑɜŬɘ Űɞ ɕŮůŰɧ. To ˊɟɧŰɡˊɞ 

ASHRAE ɡˊɞŭɖɚɩɜŮɘ ˊɤɠ ɖ ɗŮɟɛɘəɐ ɎɜŮůɖ ɏɢŮɘ ŭɨɞ ŭɘŬůŰɎůŮɘɠ. ȼ ˊɟɩŰɖ ŭɘɎůŰŬůɖ 

ŮɑɜŬɘ ŬɜŰɘəŮɘɛŮɜɘəɐ əŬɘ ɛŮŰɟɐůɘɛɖ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘɠ Űɖɜ ɛɏŰɟɖůɖ Űɤɜ ŮůɤŰŮɟɘəɩɜ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ, ɧˊɤɠ ŮɑɜŬɘ ɖ ɡɔɟŬůɑŬ əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ [38]. ȼ Ɏɚɚɖ, 

ŮɑɜŬɘ ɡˊɞəŮɘɛŮɜɘəɐ, əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŭɘɎůŰŬůɖ Űɖɠ ɗŮɟɛɘəɐ ɎɜŮůɖɠ ˊɞɡ 

ŮɑɜŬɘ  ɖ ɣɡɢɞɚɞɔɘəɐ əŬŰɎůŰŬůɖ Űɞɡ ŬŰɧɛɞɡ. ȾŬɘ ɞɘ ŭɨɞ ŭɘŬůŰɎůŮɘɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ, 

ɖ ɛŮɜ ˊɟɩŰɖ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ əŰɘɟɑɞɡ əŬɘ ɖ ŭŮɨŰŮɟɖ, ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ.  

ɇɞ ɛɞɜŰɏɚɞ PMV Űɞɡ Fanger ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ŮɑɜŬɘ ɔŮɜɘəɎ 

ŬˊɞŭŮəŰɧ əŬɘ ŬɜŬɔɜɤɟɘůɛɏɜɞ [42]. ɋůŰɧůɞ, Űɞ ůɨɜɞɚɞ Űɤɜ ŮɝɘůɩůŮɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŮɑɜŬɘ ˊŮɟɑˊɚɞəɞ, ɧɢɘ ɛɧɜɞ ŮˊŮɘŭɐ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ ɛɖ ɛŮŰɟɐůɘɛɞɡɠ ŬŰɞɛɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ŬɚɚɎ əŬɘ ŮˊŮɘŭɐ Űɞ ɑŭɘɞ Űɞ 

ɛɞɜŰɏɚɞ ŮɑɜŬɘ ˊŮɟɑˊɚɞəɞ əŬɘ ŭɨůəɞɚɞ ɜŬ ŮˊɘɚɡɗŮɑ. ɋɠ Ůə ŰɞɨŰɞɡ, ɞɟɘůɛɏɜɞɘ ŮɟŮɡɜɖŰɏɠ 

ˊɟɞŰŮɑɜɞɡɜ ŮɜŬɚɚŬəŰɘəɏɠ ɛŮɗɞŭɞɚɞɔɑŮɠ əŬɘ ɛɞɜŰɏɚŬ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɗŮɟɛɘəɐ 

ɎɜŮůɖɠ [43]. Ⱥˊɘˊɚɏɞɜ, əɎˊɞɘɞɘ ˊɟɞůˊŬɗɞɨɜ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ ɛɞɜŰɏɚŬ ˊɞɡ 

ˊɟɞůŮɔɔɑɕɞɡɜ Űɞ ɛɞɜŰɏɚɞ PMV Űɞɡ Fanger, ŬˊɚɞˊɞɘɩɜŰŬɠ əɎˊɞɘɞɡɠ Ŭˊɧ Űɞɡɠ  

ɡˊɞɚɞɔɘůɛɞɨɠ ɐ ŬəɧɛŬ əŬɘ ŬˊŬɚŮɑűɞɜŰŬɠ əɎˊɞɘɞɡɠ Ŭˊɧ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ŮɘŭɘəɎ 

ŬɡŰɞɨɠ ˊɞɡ ŮɑɜŬɘ ˊɞɘɞŰɘəɞɑ [44]. ȷɜŮɝɎɟŰɖŰŬ Ŭˊɧ ɧůŬ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ, Űɞ ˊɘɞ 

ŭɨůəɞɚɞ əŬŰɎ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ PMV ŮɑɜŬɘ ɖ ŮəŰɑɛɖůɖ Űɤɜ ˊɞɘɞŰɘəɩɜ ŬŰɞɛɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ, ɖ ɞˊɞɑŬ ˊŬɟŬɛɏɜŮɘ ŬəɧɛŬ əŬɘ ůɐɛŮɟŬ ɏɜŬ ŭɨůəɞɚɞ ɏɟɔɞ.  

ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ (ŭɖɚ., ɖ ɗŮɟɛɞəɟŬůɑŬ 

əŬɘ ɖ ɡɔɟŬůɑŬ) ɛˊɞɟɞɨɜ ɜŬ ɛŮŰɟɖɗɞɨɜ ŮɨəɞɚŬ, űŰɖɜɎ əŬɘ ɛŮ ŬəɟɑɓŮɘŬ, ɛŮ Űɖ ɢɟɐůɖ əŬɘ 

ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ŬɘůɗɖŰɐɟɤɜ (sensors) [44]. ȷɜŰɘɗɏŰɤɠ, ŭŮɜ ɡˊɎɟɢɞɡɜ 

ˊɟɞůɘŰɎ,  ɢŬɛɖɚɞɨ əɧůŰɞɡɠ əŬɘ Ŭəɟɘɓɐ ɛɏůŬ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ŬŰɞɛɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ  (ŭɖɚ., ɛŮŰŬɓɞɚɘəɞɨ ɟɡɗɛɞɨ əŬɘ ɛɧɜɤůɖɠ ɏɜŭɡůɖɠ). ȼ ˊɘɞ Ŭəɟɘɓɐɠ 

ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɛɧɜɤůɖɠ ɏɜŭɡůɖɠ (clothing insulation) 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ ɢɟɐůɖ ɗŮɟɛɘəɩɜ ŬɜŭɟŮɑəŮɚɤɜ (thermal manikins) [45]. ɋůŰɧůɞ, 

ŬɡŰɐ ɖ ŰŮɢɜɘəɐ ŭŮɜ ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ŮɡɟŮɑŬ ɢɟɐůɖ əŬɗɩɠ ŭŮɜ 

ɛˊɞɟɞɨɜ ɜŬ űɞɟŮɗɞɨɜ ɐ ɜŬ ɛŮŰŬəɘɜɖɗɞɨɜ. ȯɚɚŮɠ ɛɏɗɞŭɞɘ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
clothing insulation ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ŮɟɤŰɖɛŬŰɞɚɞɔɑɤɜ ˊɞɡ Ŭűɞɟɞɨɜ 

ůŰɞɜ Ůɑŭɞɠ Űɞɡ ɟɞɨɢɞɡ ˊɞɡ űɞɟɎŮɘ ɞ ɢɟɐůŰɖɠ əŬɘ Űɖɜ ɚŮˊŰɞɛŮɟɐ ŬɜɎɚɡůɖ Űɞɡɠ [46]. 

ȷɡŰɐ ɖ ˊŮɘɟŬɛŬŰɘəɐ ɛɏɗɞŭɞɠ ŮɑɜŬɘ Ŭəɟɘɓɐɠ əŬɘ ŬɜŬɚɡŰɘəɐ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ ɢɟɐůŰŮɠ 

ɛˊɞɟɞɨɜ ɜŬ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůɡɜŮɢɩɠ əŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ. Ⱥə Űɤɜ ˊɟŬɔɛɎŰɤɜ, 

ŭŮɜ ŮɑɜŬɘ ŮűɘəŰɧ ɞɨŰŮ əŬɘ ˊɟŬəŰɘəɧ ɜŬ ɕɖŰɖɗŮɑ Ŭˊɧ Űɞ ɢɟɐůŰɖ ɜŬ ŭɑɜŮɘ ůɡɜŮɢɩɠ 

ŬɜŬŰɟɞűɞŭɧŰɖůɖ ɔɘŬ Űɞ Ůɑŭɞɠ Űɤɜ ɟɞɨɢɤɜ ˊɞɡ űɞɟɎŮɘ, ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ ɖ ɗŮɟɛɘəɐ Űɞɡ 

ɎɜŮůɖ. ȼ ŮˊɧɛŮɜɖ ɔɜɤůŰɐ əŬɘ ŮɡɟŮɑŬ ɛɏɗɞŭɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŮəŰɑɛɖůɖ Űɞɡ clothing 

insulation ɛɏůɤ Űɖɠ ɢɟɐůɖɠ ˊɘɜɎəɤɜ ˊɞɡ ɏɢɞɡɜ ŭɞɗŮɑ Ŭˊɧ Űɞ ASHRAE [48]. ȼ 

ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ Ŭˊɚɐ əŬɘ Ůɨəɞɚɖ, ˊŬɟɧɚŬ ŬɡŰɎ ˊŬɟɎɔŮɘ ɏɜŬ ŬɝɘɞůɖɛŮɑɤŰɞ 

ůűɎɚɛŬ, ŮɘŭɘəɎ, ŮɎɜ ɞɘ Űɘɛɏɠ ŭŮɜ Ŭɟɢɘəɞˊɞɘɖɗɞɨɜ ůɤůŰɎ [49].  

ȼ ŮəŰɑɛɖůɖ Űɞɡ ɛŮŰŬɓɞɚɘəɞɨ ɟɡɗɛɞɨ (metabolic rate) Ůɜɧɠ ŬŰɧɛɞɡ ŮɑɜŬɘ Ůˊɑůɖɠ ɏɜŬɠ 

ŭɨůəɞɚɞɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ. To ASHRAE Standard 55 

əŬɗɞɟɑɕŮɘ ɏɜŬɜ ˊɑɜŬəŬ ɛŮ ŰŬ metabolic rate ɔɘŬ ŮɟɔŬůɑŮɠ ŮůɤŰŮɟɘəɞɨ ɢɩɟɞɡ [34]. ũɘŬ 

Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ ˊɘɜɎəɤɜ ŬɡŰɩɜ, ɞɘ ŮɜɏɟɔŮɘŮɠ Űɞɡ ɢɟɐůŰɖ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŮəŰɘɛɖɗɞɨɜ ɡˊɞɗŮŰɘəɎ, ɔŮɔɞɜɧɠ ˊɞɡ əɎɜŮɘ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŬɜŬəɟɘɓɐ. Ƀɘ ˊɟɞůŮɔɔɑůŮɘɠ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɞɘ ˊɑɜŬəŮɠ ASHRAE ɔɘŬ ɜŬ ŮəŰɘɛɐůɞɡɜ Űɞ metabolic rate Űɞɡ 

ɢɟɐůŰɖ Ůˊɘɚɏɔɞɡɜ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɢŬɛɖɚɞɨ Ůˊɘˊɏŭɞɡ ŮɜɏɟɔŮɘŬɠ, ŬˊɞəɚŮɑɞɜŰŬɠ ɛŮ ŬɡŰɧ 

Űɞ Űɟɧˊɞ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ŮɜɏɟɔŮɘŬɠ ɧˊɤɠ ŮɑɜŬɘ ɖ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ əŬɗŬɟɘɧŰɖŰŬɠ Űɞɡ ůˊɘŰɘɞɨ [50]. ɄɟɧůűŬŰŮɠ ŮɟɔŬůɑŮɠ ŮəŰɘɛɞɨɜ  Űɞ 

metabolic rate ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ɛŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ŮɜɏɟɔŮɘŬɠ [51], ŬɚɚɎ ŭŮɜ ŮɑɜŬɘ 

ŮűɘəŰɧ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɢɤɟɑɠ ŬɜŬŰɟɞűɞŭɧŰɖůɖ (feedback) Ŭˊɧ Űɞ ɢɟɐůŰɖ. 

Ⱥˊɘˊɚɏɞɜ, ɡˊɎɟɢɞɡɜ űɞɟɖŰɏɠ ůɡůəŮɡɏɠ əŬɘ ŬɘůɗɖŰɐɟŮɠ ˊɞɡ ˊŬɟɏɢɞɡɜ Ŭəɟɘɓɐ 

Ŭɝɘɞɚɧɔɖůɖ Űɞɡ metabolic rate [52]. ɋůŰɧůɞ, ɛŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ŬɡɝɎɜŮŰŬɘ Űɞ əɧůŰɞɠ 

Ůɜɧɠ ɞɘəɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ŭɘŬɢŮɑɟɘůɖɠ ŮɜɏɟɔŮɘŬɠ (Home Energy Management System 

-HEMS).  

ȺɘŭɘəɧŰŮɟŬ, Űɞ metabolic rate ɏɢŮɘ ɎɛŮůɖ ŮˊɑŭɟŬůɖ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɗŮɟɛɘəɐɠ 

ɎɜŮůɖɠ. ȳˊɤɠ ŬɜŬűɏɟŮŰŬɘ əŬɘ ůŰɖɜ ŮɟɔŬůɑŬ [53], Űɞ metabolic rate ɏɢŮɘ Ŭɡɝɖɛɏɜɞ 

ŬɜŰɑŰɡˊɞ ůŰɖɜ ɗŮɟɛɘəɐ ŮɡŬɘůɗɖůɑŬ Űɞɡ ɢɟɐůŰɖ, ŮɘŭɘəɎ ůŮ ůɢɏůɖ ɛŮ clothing insulation. 

ɇŬ ɟɞɨɢŬ ˊɞɡ ŮˊɘɚɏɔŮɘ ɞ ɢɟɐůŰɖɠ ɔɘŬ ɜŬ űɞɟɏůŮɘ ůŮ ŮůɤŰŮɟɘəɞɨɠ ɢɩɟɞɡɠ, ɛˊɞɟɞɨɜ ɜŬ 

ůɡůɢŮŰɘůŰɞɨɜ ɎɛŮůŬ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɢɩɟɞɡ, əŬɗɩɠ ŰŬ ŮˊɑˊŮŭŬ ɗɏɟɛŬɜůɖɠ əŬɘ 
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ɣɨɝɖɠ ŮˊɖɟŮɎɕɞɡɜ Űɞɜ Űɟɧˊɞɡ ˊɞɡ ŮˊɘɚɏɔŮɘ ɜŬ ɜŰɡɗŮɑ. ȷˊɧ Űɖɜ Ɏɚɚɖ, ŮɑɜŬɘ əɎˊɤɠ 

ŬˊɑɗŬɜɞ ɞ ɢɟɐůŰɖɠ ɜŬ ŮˊɘɚɏɝŮɘ ɛɘŬ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɓɎůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɢɩɟɞɡ. 

Ʉɘɞ ˊɘɗŬɜɧ ŮɑɜŬɘ ɜŬ ŮˊɘɚɏɝŮɘ ɐ ɧɢɘ, ɛɘŬ ŭɟŬůŰɖɟɘɧŰɖŰŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŭɘɎɗŮůɖ Űɞɡ 

ɐ/əŬɘ Űɞ ˊɟɧɔɟŬɛɛŬ Űɞɡ. Ⱥˊɘˊɚɏɞɜ, ůŰɘɠ ŮɝɘůɩůŮɘɠ Űɞɡ Fanger ɞ ɧɟɞɠ Űɞɡ ɛŮŰŬɓɞɚɘəɞɨ 

ɟɡɗɛɞɨ ŮɑɜŬɘ ŬɜŬŭɟɞɛɘəɧɠ əŬɘ ŬɡɝɎɜŮɘ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ 

[54]. ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ˊɘɞ ŮűɘəŰɐ ɛɏɗɞŭɞɠ ɗŬ ɐŰŬɜ ɖ ˊɟɞůɏɔɔɘůɖ Űɞɡ metabolic rate 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɡˊɞɚɞɔɘůŰɘəɐ ɜɞɖɛɞůɨɜɖ.  

Ƀ ɧɔəɞɠ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ əŬɘ Űɤɜ ɛŮɗɧŭɤɜ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ ɐ/əŬɘ ˊɟɧɓɚŮɣɖ Űɖɠ 

ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ [54] ŬˊɞəŬɚɨˊŰŮɘ Űɖɜ ůɖɛŬůɑŬ Űɖɠ ŬɜɎɔəɖɠ ɔɘŬ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ 

PMV ́ ɞɡ ŮɑɜŬɘ Ŭəɟɘɓɐ əŬɘ ɏɔəɡɟŬ, əŬɗɩɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ əŬɘ 

ůɡůŰɐɛŬŰŬ ɧˊɤɠ HEMS əŬɘ BEMS. ɋůŰɧůɞ, ɡˊɎɟɢŮɘ ɏɚɚŮɘɣɖ ɛŮɗɧŭɤɜ ˊɞɡ 

Ŭɝɘɞɚɞɔɞɨɜ Űɞɡɠ ŬŰɞɛɘəɞɨɠ ́ ŬɟɎɔɞɜŰŮɠ Űɧůɞ ɛŮ ŬəɟɘɓŮɑɠ ɧůɞ əŬɘ ɛŮ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ 

ŰŮɢɜɘəɏɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮɝŬɚŮɑűɞɡɜ Űɖɜ ɡˊɞəŮɘɛŮɜɘəɧŰɖŰŬ Űɖɠ ŮəŰɑɛɖůɖɠ Űɞɡɠ. 

Ⱥˊɘˊɚɏɞɜ, əɎɗŮ ɎŰɞɛɞ ɏɢŮɘ Űɘɠ ŭɘəɏɠ Űɞɡ ˊɟɞŰɘɛɐůŮɘɠ ŮůɤŰŮɟɘəɩɜ ůɡɜɗɖəɩɜ ˊɞɡ ɜɘɩɗŮɘ 

ɎɜŮŰŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ, ɛɘŬ ůɡɜɞɚɘəɐ ɛɏɗɞŭɞɠ ˊɞɡ ɗŬ ŮűŬɟɛɧɕŮŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ 

ůŮ ɧɚɞɡɠ, ɜŬ ɞŭɖɔŮɑ ůŮ ŬɜŬəɟɘɓɐ ŮəŰɑɛɖůɖ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ. Ⱥˊɞɛɏɜɤɠ, ɛɘŬ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ˊɟɞůɤˊɘəɏɠ 

ˊɟɞŰɘɛɐůŮɘɠ əŬɘ ůɡɜɐɗŮɘŮɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ŮɝŬɚŮɑűŮɘ Űɖɜ ɡˊɞəŮɘɛŮɜɘəɧŰɖŰŬ Ŭˊɧ Űɖɜ 

ŮəŰɑɛɖůɖ Űɤɜ ŬŰɞɛɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ŮɑɜŬɘ ɗŮɛŮɚɘɩŭɞɡɠ ůɖɛŬůɑŬɠ.  

ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ɞ ůŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ŮɝŮŰɎůŮɘ 

əŬɘ ɜŬ ˊɟɞŰŮɑɜŮɘ ɛɘŬ ɜɏɞ ɛɏɗɞŭɞ ɔɘŬ Űɖɜ Ŭəɟɘɓɐ ŮəŰɑɛɖůɖ Űɞɡ metabolic rate əŬɘ 

Ůˊɑɚɡůɖɠ Űɖɠ Ůɝɑůɤůɖɠ Űɞɡ Fanger ɛŮ ɓɎůɖ Űɖɜ ŬɜŬŰɟɞűɞŭɧŰɖůɖ Ŭˊɧ Űɞ ɢɟɐůŰɖ 

(feedback), ɢɤɟɑɠ ˊɟɧůɗŮŰŮɠ ůɡůəŮɡɏɠ ɐ ŬɘůɗɖŰɐɟŮɠ, Ůɜɩ ˊɟɞɞŭŮɡŰɘəɎ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ 

ŮɝŬŰɞɛɘəŮɡɛɏɜɞ ɛɞɜŰɏɚɞ ŮəŰɑɛɖůɖɠ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ɛŮ ɓɎůɖ ŰŬ ɘůŰɞɟɘəɎ 

ŬˊɞɗɖəŮɡɛɏɜŬ ůŰɞɘɢŮɑŬ Űɞɡ ɢɟɐůŰɖ. ɄɟɞŰŮɑɜŮŰŬɘ ɏɜŬɠ ũŮɜŮŰɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ (ũȷ) ɔɘŬ 

Űɞɜ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ metabolic rate Ŭˊɧ Űɖɜ ŬɜŬŰɟɞűɞŭɧŰɖůɖ, əŬɘ ɛɘŬ Ůɝɑůɤůɖ ˊɞɡ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɢɩɟɞɡ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ clothing insulation. 

Ⱥˊɘˊɚɏɞɜ, ɞɘ ŮəŰɘɛɩɛŮɜɞɘ ŬŰɞɛɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ɛŬɕɑ ɛŮ Űɘɠ ŮůɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ 

ŬˊɞɗɖəŮɨɞɜŰŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŬŰɞɛɘəɞɨ ɗŮɟɛɘəɞɨ ˊɟɞűɑɚ ɢɟɐůŰɖ.  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
4.2 ɹˋˍˇˊʽˁʺ ʰ˄ʰˋˁˈˉʹˋʹ [55] 

ȼ ɘůŰɞɟɑŬ Űɞɡ ŮůɤŰŮɟɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɝŮəɘɜɎ 1,5 ŮəŬŰɞɛɛɨɟɘŬ ɢɟɧɜɘŬ ˊɟɘɜ, ɧŰŬɜ ɞɘ 

ˊɟɩŰɞɘ Ɏɜɗɟɤˊɞɘ ɎɟɢɘůŬɜ ɜŬ ŬɜɎɓɞɡɜ űɤŰɘɏɠ. ɆŮ əɎˊɞɘɞ ůɖɛŮɑɞ, ɖ űɤŰɘɎ ŬɡŰɐ 

ɛŮŰŬűɏɟɗɖəŮ ɛɏůŬ ůŰɘɠ əŬɚɨɓŮɠ. ȼ ˊŬɚŬɘɧŰŮɟɖ ŮɔəŬŰɎůŰŬůɖ Űɖɠ űɤŰɘɎɠ ůŮ ŮůɤŰŮɟɘəɧ 

ɢɩɟɞ ˊŮɟɘɚɎɛɓŬɜŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɖɠ űɤŰɘɎɠ ůŮ əŮɜŰɟɘəɧ ůɖɛŮɑɞ əŬɘ ɏɜŬ əŮɜŰɟɘəɧ 

ɎɜɞɘɔɛŬ ůŰɖ ůŰɏɔɖ ɔɘŬ Űɖɜ ŭɘŬűɡɔɐ Űɞɡ əŬˊɜɞɨ. ȷɟɔɧŰŮɟŬ, ɖ űɤŰɘɎ ɛŮŰŬűɏɟɗɖəŮ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ɛɏɟɖ Űɖɠ əŬŰɞɘəɑŬɠ əŬɘ ŭɘɎűɞɟŬ ůɢɏŭɘŬ ŮɝŮŰɎůŰɖəŬɜ ɔɘŬ ɜŬ ɓŮɚŰɘɩůɞɡɜ 

Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ űɤŰɘɎɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɏŰɟŮɠ. ɇɏɚɞɠ, ɞɘ ɛŮŰɏˊŮɘŰŬ 

ŮɔəŬŰŬůŰɎůŮɘɠ ɞŭɐɔɖůŬɜ ůŰɞ ŰɕɎəɘ əŬɘ ůŰɘɠ əŬɛɘɜɎŭŮɠ.  

ɇɞ 1853 ɞ Max J. Pettenkofer (1818ï1901),  ɞ ˊɟɩŰɞɠ əŬɗɖɔɖŰɐɠ ɡɔɘŮɘɜɐɠ ůŰɞ ɀɧɜŬɢɞ, 

ůɖɛŮɑɤůŮ ɧŰɘ ɞɘ ŭɡůɎɟŮůŰŮɠ ŬɘůɗɐůŮɘɠ Ůɜɧɠ ḉ Ŭɚɘɞɨè ŬɏɟŬ, ŭŮɜ ɞűŮɑɚɞɜŰŬɜ Ŭˊɚɩɠ ůŰɖ 

ɕŮůŰŬůɘɎ ɐ ůŰɖɜ ɡɔɟŬůɑŬ ɐ ůŰɖɜ ɏɚɚŮɘɣɖ CO2 ɐ ɞɝɡɔɧɜɞɡ, ŬɚɚɎ ɛɎɚɚɞɜ ůŰɖɜ ˊŬɟɞɡůɑŬ 

ɘůɢɜɩɜ ˊɞůɞŰɐŰɤɜ ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ ˊɞɡ çŮəˊɜɏŮŰɏè Ŭˊɧ Űɞ ŭɏɟɛŬ əŬɘ Űɞɡɠ ˊɜŮɨɛɞɜŮɠ. 

ȹɐɚɤůŮ ɧŰɘ ɞ çˊŬɚɘɧɠè ŮůɤŰŮɟɘəɧɠ ŬɏɟŬɠ ŭŮɜ ɏəŬɜŮ ŬˊŬɟŬɘŰɐŰɤɠ Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ 

ɎɟɟɤůŰɞɡɠ, ŬɚɚɎ ɧŰɘ ɞ ŬɏɟŬɠ ŬɡŰɧɠ ŮɝŬůɗŮɜŮɑ Űɖɜ Ŭɜɗɟɩˊɘɜɖ  ŬɜŰɑůŰŬůɖ ɏɜŬɜŰɘ Űɤɜ 

ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ ˊɟɞəŬɚɞɨɜ ŬůɗɏɜŮɘŬ. ȼ ˊɟɩŰɖ ŮəŰɑɛɖůɖ ɔɘŬ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ 

ŮɚɎɢɘůŰɖ ́ ɞůɧŰɖŰŬ ŬɏɟŬ ŮɝŬŮɟɘůɛɞɨ ŭɖɛɞůɘŮɨɗɖəŮ Űɞ 1836 Ŭˊɧ Űɞɜ ɛɖɢŬɜɘəɧ Cornish 

Thomas Tredgold. ɈˊɞɚɧɔɘůŮ ɧŰɘ ɏɜŬ ɎŰɞɛɞ ɢɟŮɘŬɕɧŰŬɜ 2  litres  per second (l/s) 

əŬɗŬɟɞɨ ŬɏɟŬ ɔɘŬ Űɖɜ ŬɜŬˊɜɞɐ əŬɘ Űɞ əɎɣɘɛɞ Űɤɜ əŮɟɘɩɜ. ȼ ASHRAE ůɡɜɘůŰɎ Űɞ 1895 

ɤɠ ŮɚɎɢɘůŰɞ ˊɞůɞůŰɧ ŬŮɟɘůɛɞɨ 15 l / s ŬɜɎ ɎŰɞɛɞ. ȷɡŰɧɠ ɞ ɟɡɗɛɧɠ ŮɝŬŮɟɘůɛɞɨ 

ɓŬůɑůŰɖəŮ ůŰɞ ɏɟɔɞ Űɞɡ John Billings (1836-1913), ɘŬŰɟɞɨ əŬɘ Űɖɠ ŬɛŮɟɘəŬɜɘəɐɠ Ŭɟɢɐɠ 

ůŰɞɜ ŰɞɛɏŬ Űɞɡ ŮɝŬŮɟɘůɛɞɨ ŮəŮɑɜɖ Űɖɜ Ůˊɞɢɐ. 

 

ɄɘɗŬɜɩɠ, ɖ ˊɘɞ ɞɚɞəɚɖɟɤɛɏɜɖ Ůˊɘůəɧˊɖůɖ Űɖɠ ůɢɏůɖɠ ɛŮŰŬɝɨ ŮůɤŰŮɟɘəɞɨ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ɡɔŮɑŬɠ ŮɑɢŮ ɖ Florence Nightingale (1820-1910). ɇɞ ́ ɟɩŰɞ əŮűɎɚŬɘɞ 

Űɞɡ ɓɘɓɚɑɞɡ Űɖɠ ŭŮɜ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖ űɟɞɜŰɑŭŬ Űɤɜ ŬůɗŮɜɩɜ, ŬɚɚɎ ůŰɞɜ ŬŮɟɘůɛɧ Űɞɡ 

ɢɩɟɞɡ. ɇɞɜ 20ɞ ŬɘɩɜŬ ɞɘ ŮɟŮɡɜɖŰɏɠ ɐŰŬɜ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ˊŮˊŮɘůɛɏɜɞɘ ɧŰɘ ɞ 

ŬŮɟɘůɛɧɠ ŮɑɜŬɘ əɡɟɑɤɠ ɕɐŰɖɛŬ ɎɜŮůɖɠ əŬɘ ɧɢɘ ɡɔŮɑŬɠ. ɈˊɐɟɢŮ ɛɘŬ ŬɡɝŬɜɧɛŮɜɖ 

ŬɜŰɑůŰŬůɖ ůŰɖ ɗɏɟɛŬɜůɖ Űɤɜ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ŮɝɤŰŮɟɘəɞɨ ŬɏɟŬ ́ ɞɡ ́ ɟɞɓɚɏˊɞɜŰŬɘ 

ɔɘŬ ŮɝŬŮɟɘůɛɧ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Ƀɘ Ŭɟɢɏɠ Űɞɡ 20ɞɡ ŬɘɩɜŬ ůɖɛŬŰɞŭɞŰɞɨɜ Ůˊɑůɖɠ Űɖ ɔɏɜɜɖůɖ Űɞɡ əɚɘɛŬŰɘůɛɞɨ, ɛɘŬ 

ŮűŮɨɟŮůɖ ˊɞɡ ŬˊɞŭŮɑɢɗɖəŮ ɧŰɘ ɏɢŮɘ ůɖɛŬɜŰɘəɧ ŬɜŰɑəŰɡˊɞ ůŰɞ ŮůɤŰŮɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ. 

ɄɘɗŬɜɩɠ Űɞ ˊɟɩŰɞ əŰɑɟɘɞ ɛŮ ɣɨɝɖ (ɢɤɟɑɠ ɢɟɐůɖ ˊɎɔɞɡ) ŮɑɜŬɘ Űɞ əŰɑɟɘɞ Űɞɡ 

ɉɟɖɛŬŰɘůŰɖɟɑɞɡ ůŰɖ ɁɏŬ Ɉɧɟəɖ, ȼɄȷ. Ƀ Alfred Wolff (1859ï1909) ůɢŮŭɑŬůŮ Űɞ 1900 

Űɞ ůɨůŰɖɛŬ ɣɨɝɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɑɖůŮ ŰɟɑŬ ɣɡəŰɘəɎ ůɡɔəɟɞŰɐɛŬŰŬ Ŭˊɞɟɟɧűɖůɖɠ 

ŬɛɛɤɜɑŬɠ, ɛŮ ɘəŬɜɧŰɖŰŬ ɣɨɝɖɠ 1.582 kW. ɋůŰɧůɞ, ŭŮɜ ɏɔɘɜŮ ɞ ˊɘɞ ɔɜɤůŰɧɠ ɛɖɢŬɜɘəɧɠ 

əɚɘɛŬŰɘůɛɞɨ. Ƀ Willis H. Carrier (1876-1950) ŮɑɜŬɘ ɔɜɤůŰɧɠ ɤɠ ɞ ŮűŮɡɟɏŰɖɠ (ɐ ɞ 

ˊŬŰɏɟŬɠ) Űɞɡ ůɨɔɢɟɞɜɞɡ əɚɘɛŬŰɘůɛɞɨ. Ƀ Carrier ůɢŮŭɑŬůŮ Űɞ ˊɟɩŰɞ Űɞɡ ůɨůŰɖɛŬ Űɞ 

1902 ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ɡɔɟŬůɑŬɠ ůŮ ɏɜŬ ŮɟɔɞůŰɎůɘɞ ŮəŰɨˊɤůɖɠ 

ůŰɞ ɀˊɟɞɨəɚɘɜ (ɁɏŬ Ɉɧɟəɖ, ȼɄȷ). 

 

Ƀ ȿŮɞɜɎɟɜŰ ɉɘɚ (1866ï1952) ŬűɘɏɟɤůŮ Űɖ ɕɤɐ əŬɘ Űɞ ɏɟɔɞ Űɞɡ ůŰɖɜ ɏɟŮɡɜŬ ɔɘŬ Űɖ 

ɓŮɚŰɑɤůɖ Űɖɠ űɡůɘəɐɠ ŮɡɖɛŮɟɑŬɠ Űɤɜ Ŭɜɗɟɩˊɤɜ. ȹŮɜ ɓɟɐəŮ ůŰɞɘɢŮɑŬ ˊɞɡ ɜŬ 

ŬˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ ɞɘ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ CO2 ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ŭɡůűɞɟɑŬ əŬɘ, 

ɤɠ Ůə ŰɞɨŰɞɡ, əŬŰɏɚɖɝŮ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɖ ɗŮɟɛɧŰɖŰŬ əŬɘ ɖ ɞůɛɐ (ˊɞɡ 

ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ űɡůɘəɏɠ Ůəˊɞɛˊɏɠ), ŮɑɜŬɘ ɞɘ əɨɟɘŮɠ ˊɖɔɏɠ ŭɡůűɞɟɑŬɠ ůŮ ŭɤɛɎŰɘŬ ɛŮ 

ŬɜŮˊŬɟəɐ ŮɝŬŮɟɘůɛɧ [8]. 

 

Ƀ Adolf P. Gagge (1908-1993) ˊŬɟɞɡůɑŬůŮ Űɞ çɛɞɜŰɏɚɞ ŭɨɞ əɧɛɓɤɜè Űɞ 1936. 

ɈˊɞɚɞɔɑɕŮɘ Űɖ ɗŮɟɛɘəɐ Ŭˊɧəɟɘůɖ ɛɏůɤ ŭɨɞ ŮɝɘůɩůŮɤɜ ŮɜŮɟɔŮɘŬəɞɨ ɘůɞɕɡɔɑɞɡ, ɛɑŬ 

ɔɘŬ Űɞɜ ˊɡɟɐɜŬ əŬɘ ɏɜŬɜ ɔɘŬ Űɞɜ əɧɛɓɞ Űɞɡ ŭɏɟɛŬŰɞɠ. ȷɡŰɧ Űɞ ɛɞɜŰɏɚɞ ɡˊɞɗɏŰŮɘ ɧŰɘ Űɞ 

ɎɗɟɞɘůɛŬ Űɖɠ ŬɜŰŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ Ŭɜɗɟɩˊɤɜ əŬɘ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɧɠ Űɞɡɠ 

ɛɏůɤ Űɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ, Űɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, Űɖɠ ŮɝɎŰɛɘůɖɠ, Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ Űɖɠ 

Ŭɔɤɔɐɠ ŮɑɜŬɘ ɛɖŭɏɜ. ɀŮ Űɞ ɛɞɜŰɏɚɞ Űɞɡ ɞ Gagge ŮűɎɟɛɞůŮ Űɞɜ ˊɟɩŰɞ ɜɧɛɞ Űɖɠ 

ɗŮɟɛɞŭɡɜŬɛɘəɐɠ (Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ) ůŰɞɜ Ɏɜɗɟɤˊɞ əŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ. 

ȷɡŰɧ Űɞ ɛɞɜŰɏɚɞ ŮˊŮəŰɎɗɖəŮ ŬɟɔɧŰŮɟŬ ɛŮŰɎ Űɞɜ ȸ' ɄŬɔəɧůɛɘɞ ɄɧɚŮɛɞ.  

 

ȷˊɧ Űɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1960 ɡˊɐɟɢŬɜ ˊɞɚɚɞɑ ŮɟŮɡɜɖŰɏɠ ˊɞɡ ŮɟɔɎɕɞɜŰŬɜ ůŰɞɜ 

ŰɞɛɏŬ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ. ȼ ˊɘɞ ɔɜɤůŰɐ əŬɘ Ůˊɘɟɟɞɐ ɐŰŬɜ ɞ Povl Ole Fanger (1934ï

2006). Ƀ Fanger ŮˊɘəŮɜŰɟɩɗɖəŮ ůŰɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɤɜ űɡůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ˊŮɟɘɓɎɚɚɞɜŰɞɠ, Űɤɜ űɡůɘɞɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ Ŭɜɗɟɩˊɤɜ əŬɘ Űɖɠ ŬɜŰɑɚɖɣɖɠ Űɖɠ 

ɎɜŮůɖɠ ˊɞɡ ŮəűɟɎɕɞɡɜ ɞɘ ɑŭɘɞɘ ɞɘ Ɏɜɗɟɤˊɞɘ. ɇɞ 1970, ŭɖɛɞůɑŮɡůŮ Űɖ ŭɘŬŰɟɘɓɐ Űɞɡ 

çThermal Comfortè ůŰɖɜ ɞˊɞɑŬ əŬɗɧɟɘůŮ ɏɜŬ ɜɏɞ ŰɞɛɏŬ ŮˊɘůŰɐɛɖɠ: Űɖ ɛŮɚɏŰɖ Űɖɠ 

əŬŰɎůŰŬůɖɠ Űɖɠ ɎɜŮůɖɠ əŬɘ Űɖɠ ŮɡɖɛŮɟɑŬɠ ůŮ ŮůɤŰŮɟɘəɞɨɠ ɢɩɟɞɡɠ . 

 

ɇɖ ŭŮəŬŮŰɑŬ Űɞɡ 1980 ɝŮəɑɜɖůŮ ɖ ůɡɕɐŰɖůɖ ɔɘŬ ́ ɟɞůŬɟɛɞůŰɘəɏɠ Ŭɟɢɏɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ 

ɛŮ Űɖ ɗŮɟɛɘəɐ ɎɜŮůɖ. Ƀ ŮɛˊɜŮɡůŰɐɠ ɐŰŬɜ ɞ Michael A. Humphreys, ŮɜŬɠ  ȯɔɔɚɞɠ 

űɡůɘəɧɠ ˊɞɡ ŮəɎɜŮ ˊɞɚɚɐ ɏɟŮɡɜŬ ɔɘŬ Űɖ ɗŮɟɛɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ əŬŰɞɑəɤɜ/Ůɜɞɑəɤɜ 

ůŮ əŰɑɟɘŬ. ɇɞ 1998, ɏɔɟŬɣŮ ɛŬɕɑ ɛŮ Űɞɜ J. Fergus Nicol, Űɞ Ɏɟɗɟɞ çȾŬŰŬɜɧɖůɖ Űɖɠ 

ˊɟɞůŬɟɛɞůŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ůŰɖ ɗŮɟɛɘəɐ ɎɜŮůɖè.  ɇɞ ůɖɛŮɑɞ Ůəəɑɜɖůɖɠ Űɖɠ 

ůɡɕɐŰɖůɐɠ Űɞɡɠ ɐŰŬɜ: çȺɎɜ ůɡɛɓŮɑ ɛɘŬ ŬɚɚŬɔɐ ˊɞɡ ˊɟɞəŬɚŮɑ ŭɡůűɞɟɑŬ, ɞɘ Ɏɜɗɟɤˊɞɘ 

ŬɜŰɘŭɟɞɨɜ ɛŮ Űɟɧˊɞ ˊɞɡ ŰŮɑɜɞɡɜ ɜŬ ŬˊɞəŬŰŬůŰɐůɞɡɜ Űɖɜ ɎɜŮůɐ Űɞɡɠè. 

 

Ƀɘ Gail S. Brager əŬɘ Richard J. de Dear ŭɖɛɞůɑŮɡůŬɜ Űɞ 1997 ɛɘŬ ɓɘɓɚɘɞɔɟŬűɘəɐ 

ɛŮɚɏŰɖ ɔɘŬ Űɖ ɗŮɟɛɘəɐ ˊɟɞůŬɟɛɞɔɐ ůŰɞ ŭɞɛɖɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ŬɜɏˊŰɡɝŬɜ ɏɜŬ 

ˊɟɞůŬɟɛɞůŰɘəɧ ɛɞɜŰɏɚɞ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ. ȷɡŰɐ ɖ ɏɟŮɡɜŬ ůɡɛˊŮɟɘɚɐűɗɖəŮ ůŰɖ 

ůɡɜɏɢŮɘŬ ůŰɞ ˊɟɧŰɡˊɞ ASHRAE Standard 55. 

 

4.3 ʃʶˊʽʴˊʰ˒ʺ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ 

4.3.1  ʁˊʽˋ˃ˈˌ ɸʶˊ˃ʽˁʺˌ ʱ˄ʶˋʹˌ 

ȼ ɗŮɟɛɘəɐ ɎɜŮůɖ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ɘəŬɜɞˊɞɑɖůɖ Űɞɡ ŬŰɧɛɞɡ ɔɘŬ Űɞ ɗŮɟɛɘəɧ Űɞɡ 

Ů́ɟɘɓɎɚɚɞɜ ȾŬɘ ŬɜŬűɏɟŮŰŬɘ ůŮ ɏɜŬɜ Ŭɟɘɗɛɧ əŬŰŬůŰɎůŮɤɜ ůŰɘɠ ɞˊɞɑŮɠ ɖ ˊɚŮɘɞɣɖűɑŬ 

Űɤɜ Ŭɜɗɟɩˊɤɜ ŬɘůɗɎɜŮŰŬɘ ɎɜŮŰŬ. ȼ ɗŮɟɛɘəɐ ɎɜŮůɖ əŬŰŬŰɎůůŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ˊɘɞ 

ůɖɛŬɜŰɘəɩɜ ůɡɜɗɖəɩɜ ɔɘŬ Űɖ ɓŮɚŰɑɤůɖɠ Űɖɠ ɎɜŮůɖɠ əŬɘ ɘəŬɜɞˊɞɑɖůɖɠ Űɤɜ ɢɟɖůŰɩɜ ɛŮ 

Űɞ ŮůɤŰŮɟɘəɧ Űɞɡɠ ˊŮɟɘɓɎɚɚɞɜ.  

Ƀ ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɠ ŭŮɑəŰɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ 

ɢɩɟɞɡ, əŬɗɩɠ ŮɑɜŬɘ Ůɨəɞɚɖ ůŰɖ ɢɟɐůɖ əŬɘ ůŰɖ ɛɏŰɟɖůɖ, Ůɜɩ Ůˊɑůɖɠ ɞɘ Ɏɜɗɟɤˊɞɘ 

ɛˊɞɟɞɨɜ ŮɨəɞɚŬ ɜŬ Űɖɜ ůɡůɢŮŰɑůɞɡɜ ɎɛŮůŬ ɛŮ Űɞ ˊɤɠ ɜɘɩɗɞɡɜ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ɗŮɟɛɘəɐ ɎɜŮůɖ Űɞɡɠ. ɋůŰɧůɞ, ɖ ɗŮɟɛɞəɟŬůɑŬ Ůɜɧɠ ŭɤɛŬŰɑɞɡ Ŭˊɧ ɛɧɜɖ Űɖɠ ŭŮɜ ŮɑɜŬɘ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ɏɔəɡɟɖ əŬɘ Ŭəɟɘɓɐɠ ɔɘŬ Űɖɜ ɏɜŭŮɘɝɖ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ɐ Űɖɠ ɗŮɟɛɘəɐɠ əŬŰŬˊɧɜɖůɖɠ. 

ɄɟɏˊŮɘ ˊɎɜŰŬ, ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ůŮ ůɢɏůɖ ɛŮ Ɏɚɚɞɡɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ əŬɘ 

ŬŰɞɛɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ.  

Ƀɘ  ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ɗŮɟɛɘəɐ ɎɜŮůɖ ŮɑɜŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɑ, ŬɚɚɎ əŬɘ 

ŬŰɞɛɘəɞɑ. ȷɡŰɞɑ ɞɘ ˊŬɟɎɔɞɜŰŮɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛŮɜ ŬɜŮɝɎɟŰɖŰɞɘ ɞ ɏɜŬɠ Ŭˊɧ Űɞɜ Ɏɚɚɞ, 

ɧɛɤɠ ɧɚɞɘ ɛŬɕɑ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ɗŮɟɛɘəɐ ɎɜŮůɖ Ůɜɧɠ ŬŰɧɛɞɡ (ȺɘəɧɜŬ  26).  

 

ɄŮɟɘɓŬɚɚɞɜŰɘəɞɑ  ˊŬɟɎɔɞɜŰŮɠ ŮɑɜŬɘ:  

Á ŪŮɟɛɞəɟŬůɑŬ ŬɏɟŬ (Air temperature) 

Á ŪŮɟɛɞəɟŬůɑŬ ŬəŰɘɜɞɓɞɚɑŬɠ (Radiant temperature) 

Á ɇŬɢɨŰɖŰŬ ŬɏɟŬ (Air speed) 

Á ɈɔɟŬůɑŬ (Humidity) 

 

ȷŰɞɛɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ŮɑɜŬɘ: 

Á ɀɧɜɤůɖ ɏɜŭɡůɖɠ (clothing insulation) 

Á ɀŮŰŬɓɞɚɘəɧɠ ɟɡɗɛɧɠ (metabolic rate) 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  26: ɄŬɟɎɔɞɜŰŮɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ŬŰɧɛɞɡ 

 

4.3.2  ɸʶˊ˃ʽˁʺ ʱ˄ʶˋʹ ˁʰʽ ˃ʷʻˇʵˇˌ Fanger 

ȼ ˊɟɩŰɖ "Ůˊɑůɖɛɖ" Ůɝɑůɤůɖ ɔɘŬ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ɏɔɘɜŮ Ŭˊɧ Űɞɜ Fanger 

[39]. ȼ Ůɝɑůɤůɖ Űɞɡ Fanger əŬɗɞɟɑɕŮɘ Űɖ ůɢɏůɖ Űɖɠ ɘůɞɟɟɞˊɑŬɠ ŬɜŰŬɚɚŬɔɐɠ 

ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ůɩɛŬŰɞɠ [53]. ɇɞ 

Ŭɜɗɟɩˊɘɜɞ ůɩɛŬ ˊŬɟɎɔŮɘ ɗŮɟɛɧŰɖŰŬ ɑůɖ ɛŮ ὓ ὡ əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ: 

ὓ ὡ   ὅ  Ὁͅ  ὅ  Ὑ  Ὁ ȟ 

 

(33) 

ɧˊɞɡ Űɞ ῼŮɑɜŬɘ ɞ ɟɡɗɛɧɠ ɛŮŰŬɓɞɚɘůɛɞɨ Űɤɜ ůɤɛɎŰɤɜ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ ὡȾά . ȼ 

ŮɜɏɟɔŮɘŬ ὡ ˊɞɡ ŭŬˊŬɜɎŰŬɘ Ŭˊɧ Űɖɜ ɛɖɢŬɜɘəɐ ŮɟɔŬůɑŬ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ əŬɘ ůŮ ˊɞɚɚɏɠ 

ˊŮɟɘˊŰɩůŮɘɠ ˊŬɟŬɚŮɑˊŮŰŬɘ [53] .  ὅȟὙȟὉ   ůŮ ὡȾά  ŮɑɜŬɘ ɖ ŬˊɩɚŮɘŬ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ 

Űɖɜ ɛŮŰŬűɞɟɎ, Ŭˊɧ Űɖɜ ɗŮɟɛɘəɐ ŬəŰɘɜɞɓɞɚɑŬ əŬɘ Ŭˊɧ Űɖɜ ŮɝɎŰɛɘůɖ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ŬɜŰɑůŰɞɘɢŬ. ὅ ȟὉ  ŮɑɜŬɘ ɖ ŬˊɩɚŮɘŬ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞɜ ŮɝŬŮɟɘůɛɧ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ 

ŬɜŰɑůŰɞɘɢŬ. ɇɞ ὅ  ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ:  

ὅ Ὕ Ὕ ẗὪẗὬȟ 

 

(34) 

ɧˊɞɡ Ὕ ůŮ ɓŬɗɛɞɨɠ oὅ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ɟɞɨɢɞɡ. To Ὤ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɗŮɟɛɧŰɖŰŬ Űɞɡ ŬɏɟŬ ůŮ ɛɞɜɎŭŮɠ άȾί. Ὕ ŮɑɜŬɘ ɖ 

ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɇɞ Ὢ ŮɑɜŬɘ ůɡɜŰŮɚŮůŰɐɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɏɜŭɡůɖɠ 

əŬɘ ɓŬůɑɕŮŰŬɘ ůŰɖ ɛɧɜɤůɖ Űɤɜ ɟɞɨɢɤɜ Ό ůŮ ɛɞɜɎŭŮɠ  ὧὰέ [53]. ɇɞ Ὢ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ɤɠ: 

Ὢ  Ȣ   ȟ    Ȣ 
 Ȣ   Ȣ ȟ      Ȣ 

 (35) 

 

ɇɞ Ὑ ŮɑɜŬɘ ɖ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮŰŬɝɨ Űɞɡ Ŭɜɗɟɤˊɑɜɞɡ ůɩɛŬŰɞɠ əŬɘ 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ: 

Ὑ   Ὕ ςχσȢρυ  Ὕ ςχσȢρυ  ẗ„ẗ‐  ẗ Ὢ 
ẗὊ Ȣ 

(36) 

Ὕ ʎʀ ɓŬɗɛɞɨɠ oὅ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ŬəŰɘɜɞɓɞɚɑŬɠ  əŬɘ Ὕ   ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɟɞɨɢɞɡ ʎʀ ɓŬɗɛɞɨɠ oὅ əŬɘ ŮɑɜŬɘ ůɢŮŭɧɜ ɑůɖ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ [58]. ȼ ůŰŬɗŮɟɎ Stefan Boltzmann [56] ŮɑɜŬɘ ɑůɖ ɛŮ „

υȟφχ ρπὡȾά ὑ  . ɇɞ  ‐ əŬɘ Űɞ Ὂ ŮɑɜŬɘ ɖ Ůəˊɞɛˊɐ Űɤɜ ɟɞɨɢɤɜ əŬɘ ɞ ˊŬɟɎɔɞɜŰŬɠ 

ˊɟɞɓɞɚɐɠ ŬɜŰɑůŰɞɘɢŬ. Ƀ ɟɡɗɛɧɠ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ ὅ Ὁ  ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 

Ůɝɑůɤůɖ:  

ὅ Ὁ  στὝ ẗ   πȢπρτ ẗ ὓ  υȢψχὖ  ẗ  πȢπρχσ 
ẗ ὓ ȟ 

  (37) 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ɧˊɞɡ ὖŰɞ ŮɑɜŬɘ ɖ ˊɑŮůɖ Űɞɡ ŬɏɟŬ.  

ɇɞ Ὁ  ŮɑɜŬɘ ɖ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ŮɝŬŰɛɑɕŮŰŬɘ Ŭˊɧ Űɞ ůɩɛŬ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ: 

Ὁ πȢτς ẗὓ υψȢρυ  σȢπυ ẗυȢχσπȢππχ ẗὓ  ὖ  (38) 

ɇŮɚɘəɎ Űɞ PMV ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ: 

ὖὓὠ  πȢσπσ ẗὩ Ȣ  ẗ πȢπςψẗ ὓ ὡ Ȣ 

 

(39) 

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ ASHRAE Standard 55 [34] ɖ ŰŬɢɨŰɖŰŬ Űɞɡ ŬɏɟŬ ŮɑɜŬɘ ɑůɖ ɛŮ 

0,1 άȾί ůŰŬ ŮůɤŰŮɟɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ. Ⱥˊɘˊɚɏɞɜ, ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ PMV ůŰŬ 

ŮůɤŰŮɟɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ ɖ  ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ŬɏɟŬ əŬɘ Űɖɠ 

ŮůɤŰŮɟɘəɐɠ ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ [59]. ɇŮɚɘəɎ, ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ [59], 

ŰɏůůŮɟɘɠ ŮɑɜŬɘ ɞɘ ɓŬůɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ Űɞ PMV əŬɘ 

űŬɑɜɞɜŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ:  

ὖὓὠ  ὪὝȟὙὌȟὍȟὓȢ  (40) 

ȼ ŮůɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ Ὕ ˊŮɟɘɔɟɎűŮɘ Űɞ ˊɧůɞ ɕŮůŰɧ ɐ əɟɨɞ ŮɑɜŬɘ ɏɜŬ ŭɤɛɎŰɘɞ əŬɘ 

ɛŮŰɟɎŰŬɘ ůŮ ɓŬɗɛɞɨɠ əŮɚůɑɞɡ ɞC. ȼ ɡɔɟŬůɑŬ  ˊŮɟɘɔɟɎűŮɘ Űɖɜ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ˊɞɡ 

ŮɛűŬɜɑɕŮŰŬɘ ůŰɞɜ ŬɏɟŬ. Ƀɘ əɨɟɘŮɠ ɛŮŰɟɐůŮɘɠ ɔɘŬ Űɖɜ ɡɔɟŬůɑŬ ŮɑɜŬɘ ŬˊɧɚɡŰŮɠ, ůɢŮŰɘəɏɠ 

əŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ. ȼ ɡɔɟŬůɑŬ  ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ ὙὌ ůŮ %. 

ȼ ŮůɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ɡɔɟŬůɑŬ ɛˊɞɟɞɨɜ ŮɡəɞɚɎ ɜŬ ɛŮŰɟɖɗɞɨɜ əŬɘ ɜŬ 

ŬɜŬəŰɖɗɞɨɜ ɛŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ ŬɘůɗɖŰɐɟɤɜ ˊɞɡ  ˊŬɟŬəɞɚɞɡɗɞɨɜ Űɘɠ ŮůɤŰŮɟɘəɏɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ.  

H ɛɧɜɤůɖ Űɤɜ ɟɞɨɢɤɜ (clothing insulation) Ὅ ɛŮŰɟɎŰŬɘ ůŮ ὧὰέ əŬɘ Űɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ 

ˊɞɡ ˊŬɑɟɜŮɘ ŮɑɜŬɘ Ŭˊɧ 0,01 (ŮůɩɟɞɡɢŬ) ɏɤɠ əŬɘ 2 (ɞɚɧůɤɛŮɠ ɢɞɜŰɟɏɠ űɧɟɛŮɠ), ɧˊɤɠ 

ɡˊɞŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɞɡɠ ůɢŮŰɘəɞɨɠ ˊɑɜŬəŮɠ ASHRAE [34] (ȺɘəɧɜŬ  27).  
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  27: ɄɑɜŬəŮɠ ASHRAE ɔɘŬ clothing insulation 

 

ȾŬɗɩɠ ŮɑɜŬɘ Ŭˊɚɧ əŬɘ Ůɨəɞɚɞ ɜŬ ɏɢɞɡɛŮ ˊɟɧůɓŬůɖ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɢɩɟɞɡ Ŭˊɧ 

ŮɔəŬŰŮůŰɖɛɏɜɞɡɠ ŬɘůɗɖŰɐɟŮɠ Űɞ clothing insulation ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ŮůɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ [61]: 

ὍὝ  ρρυȢφσẗὝ Ȣ Ȣ (41) 

ȼ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ˊɖɔɎɕŮɘ Ŭˊɧ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ŮˊɖɟŮɎɕŮɘ Űɞɜ Űɟɧˊɞ 

ˊɞɡ ɜŰɡɜɧɛŬůŰŮ, Ůˊɞɛɏɜɤɠ ɎɛŮůŬ əŬɘ Űɞ clothing insulation. 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
To metabolic rate ὓ ́ɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɘɠ ɛŮŰŬɓɞɚɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ [34] əŬɘ ůɡɜɐɗɤɠ 

ŮəűɟɎɕŮŰŬɘ ůŮ ὡȾά  [34]. Ƀɘ Űɘɛɏɠ ˊɞɡ ɚŬɛɓɎɜŮɘ Űɞ metabolic rate ɔɘŬ ŮůɤŰŮɟɘəɏɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ˊɑɜŬəŮɠ ASHRAE (ȺɘəɧɜŬ  28) əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 40 

ὡȾά , ɧŰŬɜ Űɞ ɎŰɞɛɞ əɞɘɛɎŰŬɘ, ɏɤɠ əŬɘ 200 ὡȾά   ˊɞɡ ŮɑɜŬɘ ɧŰŬɜ Űɞ ɎŰɞɛɞ əɎɜŮɘ 

ɞɘəɘŬəɏɠ ŮɟɔŬůɑŮɠ.  

 

ȺɘəɧɜŬ  28: ɄɑɜŬəŮɠ ASHRAE ɔɘŬ metabolic rate 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ɇɞ metabolic rate ŮɑɜŬɘ ɞ ˊɘɞ ŭɨůəɞɚɞɠ ɧɟɞɠ Űɤɜ ŮɝɘůɩůŮɤɜ ɧɢɘ ɛɧɜɞ ɔɘŬŰɑ ŮɑɜŬɘ 

ˊɞɘɞŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ, ŬɚɚɎ əŬɘ ɔɘŬŰɑ ŮɑɜŬɘ  ŬɜŬŭɟɞɛɘəɧɠ ɧɟɞɠ ůŰɖɜ Ůɝɑůɤůɖ.  Ƀ 

ɛŮŰŬɓɞɚɘəɧɠ ɟɡɗɛɧɠ ŮəŰɘɛɎŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬɜ ũŮɜŮŰɘəɧ ȷɚɔɧɟɘɗɛɞ (ũȷ). ɇɞ 

metabolic rate ὓὋ  ŮɑɜŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɛŮŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ũȷ, 

ɧŰŬɜ ŭɑɜŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɢɩɟɞɡ,  ɖ ɡɔɟŬůɑŬ, Űɞ clothing insulation ()4ÃÌ) əŬɘ ɖ 

ŬɜŬŰɟɞűɞŭɧŰɖůɖ ὖὓὠ   Ŭˊɧ Űɞ ɢɟɐůŰɖ əŬɘ əŬɗɞɟɑɕŮŰŬɘ ɤɠ:  

ὓὋ  Ὢὖὓὠ ȟὝὥȟὙὌȟὍὝ Ȣ (42) 

ɇɞ ὖὓὠ ŮəŰɘɛɎŰŬɘ ɛɏůɤ ɛɘŬɠ əɚɑɛŬəŬɠ ɛŮ ɧɟɘŬ  [-3,3] (ȺɘəɧɜŬ  29), ́ ɞɡ ŭŮɑɢɜɞɡɜ Űɖɜ 

ɗŮɟɛɘəɐ Ŭɑůɗɖůɖ Űɞɡ ŬŰɧɛɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ. ȰɜŬ ɎŰɞɛɞ ɗŬ ŬɘůɗɎɜŮŰŬɘ 

ɞɡŭɏŰŮɟŬ, ŭɖɚŬŭɐ ɎɜŮŰŬ, ɧŰŬɜ ŰŬ ɧɟɘŬ Űɞɡ PMV əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ  -0,5 ɏɤɠ əŬɘ 0,5 

[62]. ȳŰŬɜ ɕɖŰŮɑŰŬɘ Ŭˊɧ Űɞ ɢɟɐůŰɖ ɜŬ ŭɩůŮɘ ŬɜŬŰɟɞűɞŭɧŰɖůɖ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɗŮɟɛɘəɐ 

Űɞɡ Ŭɑůɗɖůɖ, ŰɧŰŮ ŮəŮɑɜɞɠ ŬɜŬűɏɟŮɘ ɛɘŬ Űɘɛɐ Ŭˊɧ [-3,3], ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɧŰɘ ŬɡŰɐ ɖ 

Űɘɛɐ ŮɑɜŬɘ ɖ ὖὓὠ  əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ŮůɤŰŮɟɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

Űɘɛɏɠ (ὝȟὙὌ) əŬɘ ŬŰɞɛɘəɩɜ  ˊŬɟŬɔɧɜŰɤɜ (Ὅȟὓ).  

 

 

ȺɘəɧɜŬ  29: ȾɚɑɛŬəŬ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ 

 

4.4 ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʻʶˊ˃ʽˁʺˌ ʱ˄ʶˋʹˌ 

ȼ ɗŮɟɛɘəɐ ɎɜŮůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ůɡɜŮɢɩɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɛɏɟŬɠ əŬɘ 

ɔɘŬ ɧɚŬ ŰŬ ˊɘɗŬɜɎ ɕŮɨɔɖ (ὝȟὙὌ), ɏŰůɘ ɩůŰŮ ůŰŬŭɘŬəɎ əŬɘ ˊɟɞɞŭŮɡŰɘəɎ, ɜŬ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ɗŮɟɛɘəɧ ˊɟɞűɑɚ Űɞɡ ɢɟɐůŰɖ. Ⱥˊɞɛɏɜɤɠ, ŬəɧɛŬ əŬɘ ɧŰŬɜ ɔɘŬ əɎˊɞɘŬ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ɢɟɞɜɘəɐ ůŰɘɔɛɐ ŭŮɜ ɡˊɎɟɢŮɘ ὖὓὠ  ȟ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŮűɘəŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ 

Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ. ȰŰůɘ, ɗŬ ˊɟɏˊŮɘ ůŮ ɛɘŬ ˊɟɩɘɛɖ űɎůɖ ɜŬ  ŬɟɢɘəɞˊɞɘɞɨɜŰŬɘ ɞɘ 

ŬŰɞɛɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ɓŬůɘɕɧɛŮɜɞɘ ůŰɞɡɠ ˊɑɜŬəŮɠ ASHRAE ɔɘŬ Űɞ metabolic rate əŬɘ 

Űɞ clothing insulation. ɆŰɖ ůɡɜɏɢŮɘŬ, ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɓɎůɖ Űɞ ŬˊɞɗɖəŮɡɛɏɜɞ ˊɟɞűɑɚ Űɞɡ ɢɟɐůŰɖ. ȼ Ŭɟɢɘəɞˊɞɑɖůɖ Űɤɜ 

ŬŰɞɛɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ əŬɗɩɠ ɖ ůɡɜɞɚɘəɐ ŭɘŬŭɘəŬůɑŬ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ɗŮɟɛɘəɐɠ 

ɎɜŮůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ.  

4.4.1 ɮˊ˔ʽˁˇˉˇʾʹˋʹ ˉˊˇˋ˖ˉʽˁ˗˄ ˉʰˊʰʴˈ˄ˍ˖˄ 

ȼ ŭɘŬŭɘəŬůɑŬ Ŭɟɢɘəɞˊɞɑɖůɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ, əŬɗɩɠ ůŰɞ Ŭɟɢɘəɧ ůŰɎŭɘɞ ŭŮɜ ɡˊɎɟɢɞɡɜ 

ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ Űɞɡ ɢɟɐůŰɖ. ɋɠ Ůə ŰɞɨŰɞɡ, ůŮ ŬɡŰɐ  Űɖ űɎůɖ, ɔɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ 

Ŭɟɢɘəɧ PMV Űɞɡ ɢɟɐůŰɖ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ɓɎůɖ ɛɘŬ ɏɟŮɡɜŬ ˊɞɡ ŬűɞɟɎ ůŰɘɠ 

ɓɏɚŰɘůŰŮɠ ŮůɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ [62], əŬɗɩɠ əŬɘ ɏɜŬ ɚɞɔɘůɛɘəɧ ŬɜɞɘəŰɞɨ əɩŭɘəŬ (open 

source) Űɞ CBE [63]. ɆŰɖɜ ɏɟŮɡɜŬ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɖɜ ŮɟɔŬůɑŬ [62], ɞɘ 

ŮůɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ ŬɜŰɚɐɗɖəŬɜ Ŭˊɧ ́ŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ ˊɞɡ ŮɑɢŬɜ 

ŰɞˊɞɗŮŰɖɗŮɑ ůŮ ˊŮɟɑˊɞɡ 200  ȺɡɟɤˊŬɥəɎ ůˊɑŰɘŬ.  Ƀɘ ŮůɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ 

ɞɛŬŭɞˊɞɘɐɗɖəŬɜ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŮˊɞɢɘəɧŰɖŰŬ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ 

ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ɡɔɟŬůɑŬɠ ŬɜɎ Ůˊɞɢɐ (Ɏɜɞɘɝɖ, əŬɚɞəŬɑɟɘ, 

űɗɘɜɧˊɤɟɞ, ɢŮɘɛɩɜŬɠ). ɆŰɖɜ ɑŭɘŬ ɏɟŮɡɜŬ, ɡˊɞɚɞɔɑůŰɖəŮ ˊɤɠ ɧŰŬɜ ɖ ŮůɤŰŮɟɘəɐ ɡɔɟŬůɑŬ 

ŮɑɜŬɘ 45% Űɞ ˊŮɟɘɓɎɚɚɞɜ ɗŮɤɟŮɑŰŬɘ ɞɡŭɏŰŮɟɞ (ɘəŬɜɞˊɞɘɖŰɘəɧ). Ⱥˊɞɛɏɜɤɠ, ɞɘ Ŭɟɢɘəɏɠ 

Űɘɛɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɞ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 2).  

ɄɑɜŬəŬɠ  2: ȷɟɢɘəɏɠ Űɘɛɏɠ ˊɟɞůɤˊɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ 

 

ɲʽʱˋˍʹ˃ʰ 
ˋˍˇ ˔ˊˈ˄ˇ 

ɳˉˇ˔ʺ ɾʷˋʹ 
ʻʶˊ˃ˇˁˊʰˋʾʰ 

oC 

ɾʷˋʹ  
ˎʴˊʰˋʾʰ ҈ 

clothing 
insulation  

clo 

Metabolic 
rate w/m2 

00:00-07:59 ʋʶʽ˃˗˄ʰˌ 21.5 45 1.8 40 
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Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
08:00-23:59 1.1 50-70 

00:00-07:59 ɯ˄ˇʽ˅ʹ 23.5 45 1.4 40 

08:00-23:59 0.9 50-70 

00:00-07:59 ɼʰ˂ˇˁʰʾˊʽ 25.5 45 0.8 40 

08:00-23:59 0.6 50-70 

00:00-07:59 ʊʻʽ˄ˈˉ˖ˊˇ 23.5 45 1.4 40 

08:00-23:59 0.9 50-70 

 

ȼ ŮűŬɟɛɞɔɐ CBE [63] ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ɗŮɟɛɘəɐ ɎɜŮůɖ ɛŮ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɛɏɗɞŭɞ Űɞɡ Fanger. ȼ ɗŮɟɛɘəɐ ɎɜŮůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ˊɟɞůŬɟɛɧɕɞɜŰŬɠ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ́ ɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ PMV  

(ὝȟὙὌȟὍȟὓ). Ⱥˊɘˊɚɏɞɜ, əŬɗɩɠ ɖ ɗŮɟɛɘəɐ ɎɜŮůɖ ŮɑɜŬɘ ɞɡŭɏŰŮɟɖ (ɑůɖ ɛŮ 0) ůŰɞ 

ŭɘɎůŰɖɛŬ [-0,5, 0,5], ɖ ŮűŬɟɛɞɔɐ ŮˊɘůɖɛŮɘɩɜŮɘ Űɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ɓɟɑůəŮŰŬɘ ɛɏůŬ ůŮ 

ŬɡŰɎ ŰŬ ɧɟɘŬ ŬɡŰɐ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŮˊɘɚŮɔɛɏɜŮɠ Ůɘůɧŭɞɡɠ (ὝȟὙὌȟὍȟὓ) (ȺɘəɧɜŬ  30). 

ɀŮ ŬɡŰɧ Űɞ Űɟɧˊɞ, ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ŰŬ ɕŮɨɔɖ Ὅȟὓ  ŬɜɎɚɞɔŬ ɛŮ Űɘɠ 

ŮůɤŰŮɟɘəɏɠ ůɡɜɗɐəŮɠ (ὝȟὙὌ ˊɞɡ əɎɜɞɡɜ Űɖɜ ɗŮɟɛɘəɐ ɎɜŮůɖ ɑůɖ ɛŮ ɛɖŭɏɜ. 
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ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  30: ȳɟɘŬ PMV ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ əŬɘ ˊɟɞůɤˊɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ.  

 

Ⱥˊɘˊɚɏɞɜ, əŬɗɩɠ Űɞ ɓɟɎŭɡ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ Ɏɜɗɟɤˊɞɘ əɞɘɛɞɨɜŰŬɘ əŬɘ Űɖ ɛɏɟŬ əɎɜɞɡɜ 

ɎɚɚŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ɖ əɎɗŮ ɛɏɟŬ ɢɤɟɑůŰɖəŮ ůŮ ŭɨɞ ŭɘŬůŰɐɛŬŰŬ (ɛɏɟŬ əŬɘ ɜɨɢŰŬ). 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɜɨɢŰŬɠ, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ˊɑɜŬəŮɠ ASHRAE, Űɞ metabolic rate 

ɞɟɑůŰɖəŮ ɑůɞ ɛŮ 40  ὡȾά  (ɨˊɜɞɠ). ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɛɏɟŬɠ ɞɘ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ 

ɡɣɖɚɞɨ ɛŮŰŬɓɞɚɘəɞɨ ɟɡɗɛɞɨ (ˊ.ɢ. əŬɗɎɟɘůɛŬ ůˊɘŰɘɞɨ) ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖɠ ŭɘɎɟəŮɘŬɠ Ŭˊɧ 

Űɘɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɢŬɛɖɚɞɨ ɛŮŰŬɓɞɚɘəɞɨ ɟɡɗɛɞɨ (ˊ.ɢ. ŰɖɚŮɧɟŬůɖ, əɎɗɘůɛŬ, 

ŭɘɎɓŬůɛŬ). ȰŰůɘ, Űɞ metabolic rate ŬɟɢɘəɎ ɗŮɤɟŮɑŰŬɘ ɛŮŰŬɝɨ [50,70] ὡȾά  ɔɘŬ Űɖɜ 

Ŭɟɢɘəɐ űɎůɖ. ȳɚŮɠ ɞɘ Ŭɟɢɘəɏɠ Űɘɛɏɠ ɔɘŬ Űɞ metabolic rate əŬɘ Űɞ clothing insulation. 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ  2. 
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ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
4.4.2 ʅˎ˄ˇ˂ʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ʻʶˊ˃ʽˁʺˌ ʱ˄ʶˋʹˌ 

ȼ ůɡɜɞɚɘəɐ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ əŬɘ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ 

Űɞɡ ɗŮɟɛɘəɞɨ ˊɟɞűɑɚ ŮɑɜŬɘ ɖ ˊŬɟŬəɎŰɤ: 

i) Ƀɘ ŮůɤŰŮɟɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ, ɗŮɟɛɞəɟŬůɑŬ Ὕ əŬɘ ɡɔɟŬůɑŬ  

ὙὌ ŬɜŰɚɞɨɜŰŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ Ŭˊɧ ˊɟɞ-ŰɞˊɞɗŮŰɖɛɏɜɞɡɠ ŬɘůɗɖŰɐɟŮɠ.  

ii)  ȺɚɏɔɢŮŰŬɘ ŮɎɜ ůŰɞ ˊɟɞůɤˊɘəɧ ɗŮɟɛɘəɧ ˊɟɞűɑɚ Űɞɡ ɢɟɐůŰɖ ɡˊɎɟɢŮɘ ɐŭɖ 

ŬˊɞɗɖəŮɡɛɏɜɞ Űɞ ɕŮɡɔɎɟɘ Űɤɜ ŮůɤŰŮɟɘəɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ  

ὝȟὙὌ.  

iii)  ȺɎɜ Űɞ  ὝȟὙὌ ɡˊɎɟɢŮɘ ɐŭɖ, ŰɧŰŮ ŬɜŰɚɞɨɜŰŬɘ ɞɘ ŬˊɞɗɖəŮɡɛɏɜŮɠ ůŰɞ ˊɟɞűɑɚ 

Űɘɛɏɠ ɔɘŬ Űɞ {Ὅȟὓ }. ɈˊɞɚɞɔɑɕŮŰŬɘ ɖ ɗŮɟɛɘəɐ ɎɜŮůɖ Űɞɡ ɢɟɐůŰɖ ὖὓὠ  

ůɨɛűɤɜŬ ɛŮ Űɞ ŬˊɞɗɖəŮɡɛɏɜɞ ˊɟɞűɑɚ Űɞɡ ɢɟɐůŰɖ.  

iv) ȺɎɜ Űɞ  ὝȟὙὌ ŭŮɜ ɡˊɎɟɢŮɘ ůŰɞ ˊɟɞűɑɚ Űɞɡ ɢɟɐůŰɖ, ŮɚɏɔɢŮŰŬɘ ŮɎɜ ɞ ɢɟɐůɖɠ 

ɏɢŮɘ ŭɩůŮɘ ˊɟɧůűŬŰɖ ŬɜŬŰɟɞűɞŭɧŰɖůɖ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ (<5 ɚŮˊŰɩɜ).  

v) ȺɎɜ ŭŮɜ ɡˊɎɟɢŮɘ ˊɟɧůűŬŰɖ ɗŮɟɛɘəɐ ŬɜŬŰɟɞűɞŭɧŰɖůɖ Űɞɡ ɢɟɐůŰɖ  

 ὖὓὠ ȟ ŰɧŰŮ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ  ὖὓὠ ȟ ůɨɛűɤɜŬ ɛŮ Űɘɠ Űɘɛɏɠ Űɞɡ 

ɄɑɜŬəŬɠ  2, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ůˊɞɢɐ əŬɘ Űɞ ŭɘɎůŰɖɛŬ Űɖɠ ɖɛɏɟŬɠ.  

vi) ȺɎɜ ɡˊɎɟɢŮɘ ˊɟɧůűŬŰɖ ɗŮɟɛɘəɐ ŬɜŬŰɟɞűɞŭɧŰɖůɖ Űɞɡ ɢɟɐůŰɖ   ὖὓὠ ȟ 

ŰɧŰŮ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ metabolic rateὓὋ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ ũŮɜŮŰɘəɞɨ 

Ŭɚɔɧɟɘɗɛɞɡ. ɇɞ clothing insulation Ό  ɡˊɞɚɞɔɑɕŮŰŬɘ ɓɎůɖ Űɖɜ ŮůɤŰŮɟɘəɐ 

ɗŮɟɛɞəɟŬůɑŬɠ ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ˊŬɟŬˊɎɜɤ. ɇɏɚɞɠ, ɧɚŮɠ ɞɘ Űɘɛɏɠ  

ὝȟὙὌȟὍὝȟὓὋ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŰɞ ˊɟɞűɑɚ Űɞɡ ɢɟɐůŰɖ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ 

ŬɜŬűɞɟɎ.  

ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ ɗŮɟɛɘəɐ ɎɜŮůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ŬˊɞɗɖəŮɡɛɏɜŮɠ 

ˊɚɏɞɜ Űɘɛɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ŰɟɏɢɞɡůŮɠ ŮůɤŰŮɟɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. 

ɀŮ ŬɡŰɧ Űɞ Űɟɧˊɞ Űɞ ŮɝŬŰɞɛɘəŮɡɛɏɜɞ  ὖὓὠ  ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ˊɟŬɔɛŬŰɘəɞɨɠ 

ŬŰɞɛɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ȺɎɜ ɞ ɢɟɐůŰɖɠ ŭɩůŮɘ ɏɜŬɜ ɘəŬɜɞˊɞɘɖŰɘəɧ Ŭɟɘɗɛɧ 

ŬɜŬŰɟɞűɞŭɞŰɐůŮɤɜ  ὖὓὠ ȟ ůŮ ɛɘŬ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ, ŰɧŰŮ ůŰŬŭɘŬəɎ ɢŰɑɕŮŰŬɘ əŬɘ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ɗŮɟɛɘəɧ ˊɟɞűɑɚ Űɞɡ ɢɟɐůŰɖ. ȼ Ůɜɜɞɘɞɚɞɔɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ.  
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Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  31: Ⱥɜɜɞɘɞɚɞɔɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ ɡˊɞɚɞɔɘůɛɞɨ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ 

 

4.5 ɱʶ˄ʶˍʽˁˈˌ ɮ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ʶˏˊʶˋʹ ˊˎʻ˃ˇˏ ˃ʶˍʰʲˇ˂ʽˁˇˏ ˊˎʻ˃ˇˏ 

Ƀ ũŮɜŮŰɘəɧɠ ȷɚɔɧɟɘɗɛɧɠ (ũȷ) ŮɑɜŬɘ ɛɘŬ ůŰɞɢŬůŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŬɜŬɕɐŰɖůɖɠ ɖ ɞˊɞɑŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɞɚɨˊɚɞəŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ 

Űɞɡ. ɀŮɔɎɚɖɠ ůɖɛŬůɑŬɠ ŬˊɞŰŮɚŮɑ ɖ Ůˊɘɚɞɔɐ əŬɘ Űɞ  Űɨˊɞɠ Űɤɜ ɓŬůɘəɩɜ ŬɡŰɩɜ 

ůŰɞɘɢŮɑɤɜ (əɤŭɘəɞˊɞɑɖůɖ ɚɨůɖɠ, ŭɘŬůŰŬɨɟɤůɖ, ɛŮŰɎɚɚŬɝɖ, Ůˊɘɚɞɔɐ ˊɚɖɗɡůɛɞɨ, 

ůɡɜɎɟŰɖůɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ),  ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ ŮˊɘɚɡɗŮɑ ɏɜŬ ˊɟɧɓɚɖɛŬ 

[75]. 

ȾɎɗŮ ũȷ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɎ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ, ˊɞɚɡˊɚɞəɧŰɖŰŬ, 

əɤŭɘəɞˊɞɑɖůɖ ɚɨůɖɠ ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ ŮɑɜŬɘ ɧɚŬ ɎɟɟɖəŰŬ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ Űɞ ɑŭɘɞ Űɞ 

ˊɟɧɓɚɖɛŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮˊɘɚɡɗŮɑ. ũɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ɡɚɞˊɞɘɖɗŮɑ əŬɘ ɜŬ ŮűŬɟɛɞůŰŮɑ 

ɏɜŬɠ ũȷ, əɎɗŮ ɏɜŬ ůŰɞɘɢŮɑɞ Űɞɡ ˊɟɏˊŮɘ ɜŬ ŮɝŮŰŬůŰŮɑ ɝŮɢɤɟɘůŰɎ. ȳɚŬ ŰŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ 

Űɞɡ ũȷ ŭɞɛɞɨɜŰŬɘ ˊɟɞůŬɟɛɧɕɞɜŰŬɠ ŰŬ ůŰɞ ŭɞɗɏɜ ˊɟɧɓɚɖɛŬ, ˊɞɡ ŮɑɜŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ 

Űɞɡ metabolic rate, ɧŰŬɜ ŮɑɜŬɘ ɔɜɤůŰɎ Űɞ ὖὓὠ ȟ ɖ ŮůɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ, ɖ 

ɡɔɟŬůɑŬ əŬɘ Űɞ clothing insulation.  
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Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
ȼ ɓŬůɘəɐ ɟɞɡŰɑɜŬ Ůɜɧɠ ũȷ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤɜ ŮɘəɧɜŬ. 

 

ȺɘəɧɜŬ  32: ȷɚɔɧɟɘɗɛɞɠ ũȷ 

 

4.5.1 ɼ˖ʵʽˁˇˉˇʾʹˋʹ ˂ˏˋʹˌ 

ȼ əɤŭɘəɞˊɞɑɖůɖ Űɖɠ ɚɨůɖɠ Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɑŭɘɞ Űɞ ˊɟɧɓɚɖɛŬ [64]. 

Ɇɡɜɐɗɤɠ, ɔɘŬ Űɖɜ əɤŭɘəɞˊɞɑɖůɖ Űɖɠ ɚɨůɖɠ ŮűŬɟɛɧɕŮŰŬɘ ɛɘŬ ŭɡŬŭɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ ɖ 

ɞˊɞɑŬ ŬɜŬˊŬɟɘůŰɎ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ɇɞ ɛɏɔŮɗɞɠ Űɞɡ ɢɩɟɞɡ 

ŬɜŬɕɐŰɖůɖɠ ŮɑɜŬɘ ɎɛŮůŬ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ŰŬ ɣɖűɑŬ (bits) ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ.  ɋɠ Ůə ŰɞɨŰɞɡ, əŬŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ Űɟɧˊɞɡ 

əɤŭɘəɞˊɞɑɖůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ  ɡˊɧɣɖ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɑŭɘŬɠ Űɖɠ ɚɨůɖɠ.  ɇɞ 

ˊɟɧɓɚɖɛŬ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůɞɡɛŮ ɛŮ Űɞ ũȷ ŮɑɜŬɘ ˊɤɠ ɗŬ əɤŭɘəɞˊɞɘɖɗŮɑ Űɞ 

metabolic rate ɔɘŬ ůɡɜɐɗŮɘɠ ŮůɤŰŮɟɘəɏɠ ɞɘəɘŬəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ůŮ ὡȾά . Ƀɘ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ŬɡŰɏɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 40 ɏɤɠ 200 ὡȾά , Ůˊɞɛɏɜɤɠ əɎɗŮ ɚɨůɖ 

ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ŬˊɞŭɞɗŮɑ ɛɏůɤ ɛɘŬ ŭɡŬŭɘəɐɠ əɤŭɘəɞˊɞɑɖůɖɠ. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ bits 

ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ metabolic rate ŮɑɜŬɘ 8, əŬɗɩɠ ς ςππ

ςȢ ȾŬŰɎ ůɡɜɏˊŮɘŬ, əɎɗŮ ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮɑɜŬɘ ɏɜŬ ɢɟɤɛɧůɤɛŬ 8-bit. ɇɞ 

ɛɏɔŮɗɞɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ɢɟɤɛɞůɩɛŬŰɞɠ ŭŮɜ ɗŮɤɟŮɑŰŬɘ ˊɞɚɨ ɛŮɔɎɚɞ əŬɘ ɏŰůɘ, ŭŮɜ 

ŭŬˊŬɜɎ ɎůəɞˊŬ ɡˊɞɚɞɔɘůŰɘəɐ ɛɜɐɛɖ.  ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɚɨůɖɠ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ 
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Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Űɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ çɨˊɜɞɠè, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɑůɖ ɛŮ  40 ὡȾά  ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  

33. 

 

ȺɘəɧɜŬ  33: ȿɨůɖ metabolic rate ï əɤŭɘəɞˊɞɑɖůɖ ɢɟɤɛɞůɩɛŬŰɞɠ 

 

4.5.2 ɮˊ˔ʽˁˇˉˇʾʹˋʹ ˉ˂ʹʻˎˋ˃ˇˏ 

ȼ Ŭɟɢɘəɞˊɞɑɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ɏɢŮɘ ůŰɧɢɞ Űɖɜ ˊŬɟŬɔɤɔɐ ɛɘŬɠ ˊɟɤŰŬɟɢɘəɐɠ 

ŭɖɛɘɞɡɟɔɑŬɠ  ˊɘɗŬɜɩɜ ɚɨůŮɤɜ ůŰɞ ɕɖŰɞɨɛŮɜɞ ˊɟɧɓɚɖɛŬ. ɇɞ ůɨɜɞɚɞ Űɤɜ ŮɝɘůɩůŮɤɜ 

ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ PMV,  ŭŮɜ ɏɢŮɘ əɎˊɞɘɞ ŬˊɞŭŮŭŮɘɔɛɏɜɞ ŮɡɟŮŰɘəɧ, 

Ůˊɞɛɏɜɤɠ ɛˊɞɟŮɑ ɜŬ  ŮűŬɟɛɞůŰŮɑ ɖ ŰɡɢŬɑŬ Ŭɟɢɘəɞˊɞɑɖůɖ. ɋɠ Ůə ŰɞɨŰɞɡ, ɏɜŬɠ 

ˊɚɖɗɡůɛɧɠ Ůəəɑɜɖůɖɠ ɛŮ ɚɨůŮɘɠ metabolic rate, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɡɢŬɑŬ ŭɡŬŭɘəɎ 

ɢɟɤɛɞůɩɛŬŰŬ Űɤɜ 8-bit. ũɘŬ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ɞ 

ˊɚɖɗɡůɛɧɠ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɧɜɞ ɢɟɤɛɞůɩɛŬŰŬ ˊɞɡ ŮɑɜŬɘ ˊɎɜɤ Ŭˊɧ ŰŬ 40 

ὡȾά  əŬɘ ɚɘɔɧŰŮɟɞ Ŭˊɧ 200 ὡȾά . ɉɟɤɛɞůɩɛŬŰŬ ˊɞɡ ɡˊŮɟɓŬɑɜɞɡɜ ŬɡŰɎ ŰŬ ɧɟɘŬ ɗŬ 

ŬˊɞɟɟɑˊŰɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊɚɖɗɡůɛɧ əŬɘ ɗŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɜɏŬ, ɤɠ ɧŰɞɡ ůɡɛˊɚɖɟɤɗŮɑ 

Űɞ ŮˊɘɗɡɛɖŰɧ ɛɏɔŮɗɞɠ Űɞɡ ˊɚɖɗɡůɛɞɨ. ȼ ŭɘŬŭɘəŬůɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ŭɟɢɘəɞˊɞɑɖůɖɠ 

ˊɚɖɗɡůɛɞɨ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  34. 
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Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 

 

ȺɘəɧɜŬ  34: ȹɘŬŭɘəŬůɑŬ Ŭɟɢɘəɞˊɞɑɖůɖɠ ˊɚɖɗɡůɛɞɨ 

ɇɞ ɛɏɔŮɗɞɠ Űɞɡ ˊɚɖɗɡůɛɞɨ əŬɗɞɟɑɕŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊɘɗŬɜɩɜ ɚɨůŮɤɜ ˊɞɡ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛɏůɤ əɎɗŮ ɔŮɜɘɎɠ. ɇɞ ɛɏɔŮɗɞɠ Űɞɡ ́ ɚɖɗɡůɛɞɨ ŮˊɖɟŮɎɕŮɘ Űɖɜ Ŭˊɧŭɞůɖ 

Űɞɡ ũȷ ůŮ: ɡˊɞɚɞɔɘůŰɘəɐ ŰŬɢɨŰɖŰŬ, ɢɟɧɜɞ ůɨɔəɚɘůɖɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ɔɘŬ Űɖɜ ŮɨɟŮůɖ 

Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ, ˊɟɧɤɟɖ ůɨɔəɚɘůɖ əŬɘ ɡˊɞɚɞɔɘůŰɘəɐ ɛɜɐɛɖ. ɋůŰɧůɞ, ŭŮɜ ɡˊɎɟɢŮɘ 

ŬˊɞŭŮŭŮɘɔɛɏɜɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ˊɚɖɗɡůɛɞɨ əŬɘ Űɖɠ Ŭˊɧŭɞůɖɠ Ůɜɧɠ ũȷ. 

ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɞ ŮˊɘɚŮɔɛɏɜɞɠ ˊɚɖɗɡůɛɧɠ ŭŮɜ ŮɑɜŬɘ ˊɟɞəŬɗɞɟɘůɛɏɜɞɠ ůŰɞ ůŰɎŭɘɞ 

ůɢŮŭɑŬůɖɠ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ Ůɜɧɠ ũȷ, ŬɚɚɎ ɞɟɑɕŮŰŬɘ əŬŰɎ Űɖɜ űɎůɖ ŮəŰɏɚŮůɖɠ 

Űɤɜ ŭɞəɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ũȷ. 

4.5.3 ʅˎ˄ʱˊˍʹˋʹ ʰ˅ʽˇ˂ˈʴʹˋʹˌ 

ũɘŬ ɜŬ ŮˊɘɚŮɔŮɑ ɖ əŬŰɎɚɚɖɚɖ ůɡɜɎɟŰɖůɖ Ŭɝɘɞɚɧɔɖůɖɠ, ˊɟɏˊŮɘ ɜŬ ŬɜŬɚɡɗɞɨɜ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. Ƀ Whitley[64] ɡˊɞŭŮɘəɜɨŮɘ, ɧŰɘ ɞ ɞɟɘůɛɧɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ŭŮɑɢɜŮɘ ůɡɜɐɗɤɠ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ Ŭɝɘɞɚɧɔɖůɖɠ. Ƀɘ 

ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬəŰɖɗɞɨɜ ůɢŮŰɘəɎ ɛŮ Űɞ ŭɞɗɏɜ ˊɟɧɓɚɖɛŬ ŮɑɜŬɘ: ɖ 

ŬɜŬŰɟɞűɞŭɧŰɖůɖ Űɞɡ PMV Ŭˊɧ Űɞ ɢɟɐůŰɖ, ɖ ŮůɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ, ɖ ɡɔɟŬůɑŬ əŬɘ 
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Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Űɞ clothing insulation. ȼ ɏɝɞŭɞɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮɑɜŬɘ Űɞ ɓɏɚŰɘůŰɞ metabolic rate ́ ɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŮəŮɑɜŮɠ Űɘɠ Ůɘůɧŭɞɡɠ, Ůɜɩ ŮˊɘɚɨɞɜŰŬɘ ɞɘ ŮɝɘůɩůŮɘɠ Űɞɡ PMV.  

ȺɎɜ  ὍὝȟὙὌȟ ὖὓὠ   ŮɑɜŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɜŬəŰɩɜŰŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ 

ɢɟɧɜɞ, ŰɧŰŮ əŬɘ  ὓὋ ŮɑɜŬɘ ɛɘŬ ˊɘɗŬɜɐ ɚɨůɖ ɛŮŰŬɓɞɚɘůɛɞɨ Űɞɡ ũȷ (ŭɖɚ., ɏɜŬ 

Ὥ ɢɟɤɛɧůɤɛŬ Űɞɡ ˊɚɖɗɡůɛɞɨ).  ɇɞ 0-6  ɗŬ ŮɑɜŬɘ ɖ ɗŮɟɛɘəɐ ɎɜŮůɖ ˊɞɡ ŮəŰɘɛɎŰŬɘ 

Ŭˊɧ Űɖ ɚɨůɖɠ Űɖɠ Ůɝɑůɤůɖɠ Űɞɡ Fanger ɛŮ Ůɘůɧŭɞɡɠ ὝȟὍȟὙὌȟὓὋ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, 

ɧůɞ ɛɘəɟɧŰŮɟɖ ŮɑɜŬɘ ɖ ŬˊɧɚɡŰɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɞɡ  ὖὓὠ ȟ ɛŮ Űɞ  0-6 , Űɧůɞ 

əŬɚɨŰŮɟɖ ɗŬ ŮɑɜŬɘ əŬɘ ɖ ˊŬɟŬɔɧɛŮɜɖ ɚɨůɖ ὓὋȢ Ⱥˊɞɛɏɜɤɠ, ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ ŬɡŰɐɠ 

Űɖɠ ŭɘŬűɞɟɎɠ ŮɑɜŬɘ ɞ ůŰɧɢɞɠ əɎɗŮ ɚɨůɖɠ Űɞɡ ũȷ. ɇɞ ˊɖɚɑəɞ ɛɘŬɠ ŭɘŬɑɟŮůɖɠ ŭŮɜ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɑůɞ ɛŮ ɛɖŭɏɜ əŬɘ Űɞ ɢɟɤɛɧůɤɛŬ ˊɞɡ ɏɢŮɘ Űɖ ɛɘəɟɧŰŮɟɖ ŭɘŬűɞɟɎ ˊɟɏˊŮɘ 

ɜŬ ɏɢŮɘ ɛɘŬ ŭɘŬəŮəɟɘɛɏɜɖ ŭɘŬűɞɟɎ Ŭˊɧ ŰŬ ɎɚɚŬ ůŰɖ ůɡɜɎɟŰɖůɖ Ŭɝɘɞɚɧɔɖůɖɠ. ɀɘŬ 

ŮɝŬɘɟŮŰɘəɎ ɣɖɚɐ əŬŰɎŰŬɝɖ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ ɗŬ ɤűŮɚɐůŮɘ Űɞ ɢɟɤɛɧůɤɛŬ ɜŬ ŮˊɘɓɘɩůŮɘ 

əŬɘ ɜŬ ˊŮɟɎůŮɘ ůŰɖɜ ŮˊɧɛŮɜɖ ɔŮɜɘɎ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɖ ůɡɜɎɟŰɖůɖ Ŭɝɘɞɚɧɔɖůɖɠ  ŮɑɜŬɘ 

ɑůɖ ɛŮ:  

ὪὭὸὲὩίί
ρ

 ὖὓὠ  0-6 ρ
ρπππ 

(43) 

ɇɞ ɢɟɤɛɧůɤɛŬ ˊɞɡ ŬɝɘɞɚɞɔŮɑŰŬɘ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ ŮɑɜŬɘ ɖ ɓɏɚŰɘůŰɖ ɚɨůɖ Űɞɡ 

ŮˊɘɚŮɔɛɏɜɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɖ əŬɚɨŰŮɟɖ ɚɨůɖ ὪὭὸὲὩίί ɗŬ ˊɟɞəɨɣŮɘ 

ɧŰŬɜ Űɞ   ὖὓὠ ȟ  ɘůɞɨŰŬɘ ɛŮ 0-6 ,  əŬɘ ɗŬ ŮɑɜŬɘ ɑůɖ ɛŮ: 

ὪὭὸὲὩίί
ρ

ȿπȿ ρ
ρπππρπππ 

(44) 

 

4.5.1 ɳˉʽ˂ˇʴʺ ˉ˂ʹʻˎˋ˃ˇˏ 

Ƀ ŰŮɚŮůŰɐɠ Űɖɠ Ůˊɘɚɞɔɐɠ əŬɗɞɟɑɕŮɘ ˊɞɘɞ Ŭˊɧ ŰŬ ɢɟɤɛɞůɩɛŬŰŬ ɗŬ ˊɟɞɢɤɟɐůŮɘ ůŰɖɜ 

ŮˊɧɛŮɜɖ ɔŮɜɘɎ ɔɘŬ ŬɜŬˊŬɟŬɔɤɔɐ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ůɡɜɎɟŰɖůɖ Ŭɝɘɞɚɧɔɖůɖɠ [67]. ȼ Ůˊɘɚɞɔɐ ˊɚɖɗɡůɛɞɨ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ Űɖɜ 
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ȹɘˊɚɤɛŬŰɘəɐ ȹɘŬŰɟɘɓɐ ɄɀɆ ɛɏůɤ ȰɟŮɡɜŬɠ çȺɡűɡɐ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘəɐɠè Űɖɠ ȹɖɛŬɟɎ ȷůɖɛɑɜŬɠ 

 

Ⱥɡűɡɏɠ ůɨůŰɖɛŬ ŮɝŬŰɞɛɘəŮɡɛɏɜɖɠ ŮɜŮɟɔŮɘŬəɐɠ  ŭɘŬɢŮɑɟɘůɖɠ 

ȹɖɛŬɟɎ ȷůɖɛɑɜŬ 
Ůˊɘɚɞɔɐ ŮɝŬɜŬɔəŬůɛɏɜɖɠ ɟɞɡɚɏŰŬɠ (roulette wheel selection) [68]. ȷɡŰɧɠ ɞ ŰŮɚŮůŰɐɠ 

ŮɑɜŬɘ ŮˊɘŰŬəŰɘəɧɠ əŬɘ ůɖɛŬɜŰɘəɧɠ ɔɘŬ Űɖɜ ɟɞɡŰɑɜŬ Űɞɡ ũȷ əŬɘ Űɖ ůŰŬŭɘŬəɐ ŭɖɛɘɞɡɟɔɑŬ 

Ůɜɧɠ əŬŰŬɚɚɖɚɧŰŮɟɞɡ ˊɚɖɗɡůɛɞɨ. ȷɡŰɐ ɖ çŮəɚɞɔɘəɐ ŭɘŬŭɘəŬůɑŬè ɛɘɛŮɑŰŬɘ Űɞɜ 

ˊɟŬɔɛŬŰɘəɧ Űɟɞɢɧ Űɖɠ ɟɞɡɚɏŰŬɠ (ȺɘəɧɜŬ  35), ɧˊɞɡ ɖ əɎɗŮ ɡˊɞŭɞɢɐ ŮɑɜŬɘ ˊɘɗŬɜɞŰɘəɎ 

ŬɜɎɚɞɔɖ ɛŮ Űɖɜ Űɘɛɐ Űɖɠ ůɡɜɎɟŰɖůɖɠ Űɞɡ ɢɟɤɛɞůɩɛŬŰɞɠ. ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ 

ɓŬɗɛɞɚɞɔɑŬ Űɞɡ ɢɟɤɛɞůɩɛŬŰɞɠ, Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ əŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ Ůˊɘɚɞɔɐɠ 

Űɞɡ.  

 

ȺɘəɧɜŬ  35: ɄŬɟɎŭŮɘɔɛŬ Ůˊɘɚɞɔɐ ɛŮ ɟɞɡɚɏŰŬ 

ȼ ˊɘɗŬɜɧŰɖŰŬ ɧŰɘ ɏɜŬ ɢɟɤɛɧůɤɛŬ ɗŬ ŮˊɘɚɏɔŮɘ ɔɘŬ ŬɜŬˊŬɟŬɔɤɔɐ ŭɑɜŮŰŬɘ Ŭˊɧ: 

ὖὅ  
ὪὭὸὲὩίίὅ

В ὪὭὸὲὩίίὅ
 

(45) 

ɧˊɞɡ ÐÏÐÓÉÚÅ  ŮɑɜŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ˊɚɖɗɡůɛɞɨ əŬɘ #É ŮɑɜŬɘ ɖ əŬŰŬɚɚɖɚɧŰɖŰŬ əɎɗŮ 

ɢɟɤɛɞůɩɛŬŰɞɠ. ɇɞ ɛɏɔŮɗɞɠ əɎɗŮ ɡˊɞŭɞɢɐɠ (çűɏŰŬɠè (slice) Űɖɠ ɟɞɡɚɏŰŬɠ ŮɑɜŬɘ 

ŬɜɎɚɞɔɞ ɛŮ Űɖɜ Űɘɛɐ Űɖɠ ůɡɜɎɟŰɖůɖɠ Ŭɝɘɞɚɧɔɖůɖɠ. ɀɧɚɘɠ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ɡˊɞŭɞɢɏɠ, 

ˊŬɟɎɔŮŰŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ ŬəɏɟŬɘɞɠ [0, 1] əŬɘ ŰŬ ɢɟɤɛɞůɩɛŬŰŬ ˊɞɡ Űɞ ὖὅ Űɞɡɠ, ŬɜɐəŮɘ 

ůŮ ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ ŮˊɘɚɏɔɞɜŰŬɘ ɔɘŬ ɜŬ ˊɟɞɢɤɟɐůɞɡɜ ůŰɖɜ ŮˊɧɛŮɜɖ ɔŮɜɘɎ. 












































































