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Ɇɨɜɞɣɖ 

Ƀɘ ůɡɜŮɢɩɠ ŬɡɝŬɜɧɛŮɜŮɠ ˊŬɔəɧůɛɘŮɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ, Űɧůɞ ɚɧɔɤ Űɖɠ ˊɚɖɗɡůɛɘŬəɐɠ 

Ŭɨɝɖůɖɠ, ɧůɞ əŬɘ ɚɧɔɤ Űɖɠ ɓŮɚŰɑɤůɖɠ Űɞɡ ɓɘɞŰɘəɞɨ Ůˊɘˊɏŭɞɡ, ŬˊŬɘŰɞɨɜ ŭɟɎůŮɘɠ ɔɘŬ ŬˊŮɝɎɟŰɖůɖ 

Ŭˊɧ Űɖ ɢɟɐůɖ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ əŬɘ ůŰɟɞűɐ ůŮ əŬɗŬɟɧŰŮɟŮɠ ɛɞɟűɏɠ ŮɜɏɟɔŮɘŬɠ. ȷˊɩŰŮɟɞɠ 

ůŰɧɢɞɠ űɡůɘəɎ, ŮɑɜŬɘ ɞ ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ Ŭɜɧŭɞɡ Űɖɠ ɛɏůɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ũɖɠ, 

ůŮ ŮˊɑˊŮŭŬ ɢŬɛɖɚɧŰŮɟŬ Űɤɜ 2 ɞC, ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ Űɖɠ ˊɟɞɓɘɞɛɖɢŬɜɘəɐɠ ˊŮɟɘɧŭɞɡ. 

ɆŰɞɜ əŰɖɟɘŬəɧ ŰɞɛɏŬ, ɞ ɞˊɞɑɞɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɤɜ ŰŮɚɘəɩɜ ŮɜŮɟɔŮɘŬəɩɜ 

əŬŰŬɜŬɚɩůŮɤɜ ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ, ɖ ˊɟɞůˊɎɗŮɘŬ ŬɡŰɐ ŭŮɜ ɏɢŮɘ ɔɜɤɟɑůŮɘ ɛɏɢɟɘ ůŰɘɔɛɐɠ 

ɛŮɔɎɚɖ ŬɜɎˊŰɡɝɖ. Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ ɚɨůŮɘɠ ůŰɞɢŮɨɞɡɜ ŮɑŰŮ ůŮ ˊŬɗɖŰɘəɎ ɛɏŰɟŬ (ˊɢ. ɛɧɜɤůɖ 

əŰɖɟɘŬəɞɨ əŮɚɨűɞɡɠ), ɔɘŬ ɛŮɑɤůɖ Űɤɜ əŬŰŬɜŬɚɩůŮɤɜ, ŮɑŰŮ ůŮ ŰɞˊɘəɎ ɖɚɘŬəɎ ůɡůŰɐɛŬŰŬ 

(űɤŰɞɓɞɚŰŬɥəɎ ɐ ɖɚɘɞɗŮɟɛɘəɞɑůɡɚɚɏəŰŮɠ), ɛŮ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɜŬ ŮɑɜŬɘ ˊɚɐɟɤɠ 

ŮɝŬɟŰɖɛɏɜɖ Ŭˊɧ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ.  

ɇŬ ůɡůŰɐɛŬŰŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ɓŬůɘəɐ ŰŮɢɜɞɚɞɔɑŬ ɔɘŬ Űɖɜ 

Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ˊɟɞůűɏɟɞɜŰŬɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮŰŮɟɞɢɟɞɜɘůɛɏɜɖɠ ŭɘɎɗŮůɖɠ Űɖɠ 

ɖɚɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ɗŮɟɛɘəɩɜ ŬɜŬɔəɩɜ əŬɗȭ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ.  

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŬˊɞůəɞˊŮɑ ůŰɖ ɛŮɚɏŰɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Ůɜɧɠ ŰɏŰɞɘɞɡ ůɡůŰɐɛŬŰɞɠ, 

ɞɘəɘŬəɐɠ əɚɑɛŬəŬɠ, ɛŮ ůəɞˊɧ Űɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɐ Űɤɜ əɡɟɑɤɜ ɡˊɞůɡůŰɖɛɎŰɤɜ Űɞɡ, əŬɘ Űɖɜ 

ŬɜŬɔɜɩɟɘůɖ Űɤɜ ɓŬůɘəɧŰŮɟɤɜ ůɡɜɗɖəɩɜ ŮˊɖɟŮŬůɛɞɨ Űɞɡ. ɇɞ ůɨůŰɖɛŬ, ɖ əŬɘɜɞŰɞɛɑŬ Űɞɡ 

ɞˊɞɑɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖ ɢɟɐůɖ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ ɤɠ ɛɏůɞɡ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, əɎɜŮɘ 

ɢɟɐůɖ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ŭɘŬŰɎɝŮɤɜ, ůŰɞɢŮɨɞɜŰŬɠ ůŰɖɜ ŬˊɟɧůəɞˊŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůŮ ɢɩɟŮɠ 

Űɧůɞ Űɖɠ əŮɜŰɟɘəɐɠ ɧůɞ əŬɘ Űɖɠ ɓɧɟŮɘŬɠ Ⱥɡɟɩˊɖɠ.  

ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ, Űɞ ɡˊɧ ŮɝɏŰŬůɖ ůɨůŰɖɛŬ ŮɛűŬɜɑɕŮɘ ɢŬɛɖɚɐ 

ŮɜŮɟɔŮɘŬəɐ ˊɡəɜɧŰɖŰŬ, ŬˊŬɘŰɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ɛŮɔɎɚɖ ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ ɔɘŬ Űɖɜ əɎɚɡɣɖ 

Űɤɜ ɗŮɟɛɘəɩɜ ŬɜŬɔəɩɜ əŬŰɞɘəɑŬɠ nZEB. 
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ɄŮɟɑɚɖɣɖ 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ ɛŮɚŮŰɐɗɖəŮ ɖ ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Ůɜɧɠ ɖɚɘŬəɎ 

ŰɟɞűɞŭɞŰɞɨɛŮɜɞɡ, əŬɘɜɞŰɧɛɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, Űɞ ɞˊɞɑɞ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ ˊɟɞůɟɧűɖůɖɠ. ɇɞ ůɨůŰɖɛŬ, Űɞ ɞˊɞɑɞ ɛɞɜŰŮɚɞˊɞɘɐɗɖəŮ ůŰɞ 

ɚɞɔɘůɛɘəɧ TRNSYS, ŬˊɞŰŮɚŮɑ ˊɟɞɥɧɜ ɛŮɚɏŰɖɠ əŬɘ ŬɜɎˊŰɡɝɖɠ Űɞɡ ŮɡɟɤˊŬɥəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ 

SWS-Heating. ɋɠ ŬˊɞŰɏɚŮůɛŬ ˊɞɚɚɎ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ 

ˊɟɞůɞɛɞɑɤůɐ Űɞɡ, ŭŮɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɔɘŬ ɚɧɔɞɡɠ ŮɛˊɘůŰŮɡŰɘəɧŰɖŰŬɠ.  

ɇŬ əɨɟɘŬ ɛɏɟɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞŰŮɚɞɨɜ:  

¶ ȼ ɛɞɜɎŭŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ (STES)  

¶ Ƀɘ ɖɚɘɞɗŮɟɛɘəɞɑ ůɡɚɚɏəŰŮɠ əŮɜɞɨ (ETCs) 

¶ Ƀ ɚɏɓɖŰŬɠ ůɡɛˊɨəɜɤůɖɠ űɡůɘəɞɨ ŬŮɟɑɞɡ əŬɘ  

¶ ɇɞ ŭɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ 

ȼ ŬɜɎɚɡůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ůŰɧɢɞ Űɖɜ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ ůŮ ɗɏɟɛŬɜůɖ əŬɘ ȻɁɉ ɛɑŬɠ 

əŬŰɞɘəɑŬɠ nZEB, ůŮ ˊɞůɞůŰɧ ŰɞɡɚɎɢɘůŰɞɜ ɑůɞ ɛŮ 60%, ɛŮ əɨɟɘɞɡɠ ˊŬɟɎɔɞɜŰŮɠ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɖɜ ůɡɜɞɚɘəɐ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ əŬɗɩɠ əŬɘ Űɖ 

ůɡɜɞɚɘəɐ ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ.  

ɇɞ ůɨůŰɖɛŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɨɞ ŭɘŬŰɎɝŮɘɠ, ɞɘ ɞˊɞɑŮɠ Ŭűɞɟɞɨɜ Űɖ ɛɞɜɎŭŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɞ ŰɛɐɛŬ Űɞɡ ůɡɛˊɡəɜɤŰɐ/ŬŰɛɞˊɞɘɖŰɐ Űɖɠ, ɚɧɔɤ Űɤɜ 

ɚŮɘŰɞɡɟɔɘəɩɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ ˊŮɟɘɞɟɘůɛɩɜ ˊɞɡ ŬɡŰɧɠ ŮɛűŬɜɑɕŮɘ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ˊɟɩŰɖ 

ŭɘɎŰŬɝɖ əɎɜŮɘ ɢɟɐůɖ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ/ɜŮɟɞɨ əŬɘ ɛɞɜɎŭŬɠ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ, ɛŮ Űɖ ŭŮɨŰŮɟɖ 

ɜŬ ŬɝɘɞˊɞɘŮɑ ŭɘɎŰŬɝɖ ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ. Ɇəɞˊɧɠ əŬɘ Űɤɜ ŭɨɞ ŭɘŬŰɎɝŮɤɜ ŮɑɜŬɘ ɖ ˊŬɟɞɢɐ 

ɜŮɟɞɨ əŬŰɎɚɚɖɚɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ, ɛŮ Űɞɜ ɔŮɤɗŮɟɛɘəɧ 

ŮɜŬɚɚɎəŰɖ Ůɜ ɔɏɜŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ˊɧɚŮɘɠ ɞɘ ɞˊɞɑŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŮɘɛɩɜŮɠ 

ɛŬəɟɎɠ ŭɘɎɟəŮɘŬɠ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞ ɛɖŭɏɜ. 

ȼ Ŭɟɢɘəɐ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŮ ˊɧɚŮɘɠ Űɖɠ əŮɜŰɟɘəɐɠ əŬɘ 

ɓɧɟŮɘŬɠ Ⱥɡɟɩˊɖɠ, ɞɘ ɞˊɞɑŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ɖɚɘɞűɎɜŮɘŬɠ əŬŰɎ Űɖɜ 

ɢŮɘɛŮɟɘɜɐ ˊŮɟɑɞŭɞ. ɋɠ əɨɟɘŮɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ ˊɧɚŮɘɠ, ŮˊɘɚɏɔɞɜŰŬɘ ɖ ɁɡɟŮɛɓɏɟɔɖ ůŰɖ 

ũŮɟɛŬɜɑŬ əŬɘ ɖ ɆŰɞəɢɧɚɛɖ ůŰɖ ɆɞɡɖŭɑŬ, ůŰɘɠ ɞˊɞɑŮɠ ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɖɠ ˊɟɩŰɖɠ əŬɘ ŭŮɨŰŮɟɖɠ 

ŭɘɎŰŬɝɖɠ ŬɜŰɑůŰɞɘɢŬ.  

ɇɞ ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ Ŭˊɧ ŭɘŬəɟɘŰɏɠ ɡˊɞɛɞɜɎŭŮɠ, ɛŮ 

ŭŮŭɞɛɏɜɖ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ, ɞɘ ɞˊɞɑŮɠ ŮɛűŬɜɑɕɞɡɜ ŮəɗŮŰɘəɏɠ əŬɛˊɨɚŮɠ əŬɘ űɞɟŰɑŬ 

űɧɟŰɘůɖɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɖ ŬɜɎˊŰɡɝɖ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɩůŰŮ ɜŬ ŮˊɘŰɟɏˊŮɘ Űɧůɞ ůŮɘɟɘŬəɐ ɧůɞ əŬɘ ˊŬɟɎɚɚɖɚɖ űɧɟŰɘůɖ Űɤɜ ɡˊɞɛɞɜɎŭɤɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ɛŮ ŬˊɩŰŮɟɞ ůəɞˊɧ ɖ ŬˊŬɑŰɖůɖ ůŮ űɞɟŰɑɞ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ůɢŮŭɧɜ ůŰŬɗŮɟɐ, əŬɘ 

ɘəŬɜɐ ɜŬ əŬɚɡűɗŮɑ Ŭˊɧ Űɞɡɠ ɖɚɘŬəɞɨɠ ůɡɚɚɏəŰŮɠ, ɛŮ ˊŬɟɎɚɚɖɚɖ Ŭˊɞűɡɔɐ ɛŮɔɎɚɤɜ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ ˊŰɩůŮɤɜ.  

Ƀ ůɤůŰɧɠ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ůɡɜŭɡŬůɛɞɨ Űɖɠ ůɡɜɞɚɘəɐɠ ɛɎɕŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ əŬɘ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ůɡɚɚŮəŰɩɜ əŮɜɞɨ, ɔɑɜŮŰŬɘ ɩůŰŮ ɜŬ ɛŮɘɩɜŮŰŬɘ əŬŰɎ Űɞ 

ŭɡɜŬŰɧɜ ɖ ŬɢɟɖůɘɛɞˊɞɑɖŰɖ ɛɎɕŬ ŬɡŰɞɨ (dead volume), ŬˊɞűŮɨɔɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɖɜ ɖɚɘŬəɐ 

ɡˊɞɓɞɐɗɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ˊɞɡ ɗŬ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɑɤůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ůŰɖɜ əɎɚɡɣɖ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ űɞɟŰɑɤɜ. ɄŬɟɎɚɚɖɚŬ, ɖ ɛŮɑɤůɖ 

ŬˊŬɑŰɖůɖɠ űɞɟŰɑɞɡ əŬŰɎ Űɞ Űɏɚɞɠ Űɤɜ ˊŮɟɘɧŭɤɜ űɧɟŰɘůɖɠ əŬɘ ŬˊɞűɧɟŰɘůɖɠ, ɗɏŰŮɘ ɏɜŬ Ɏɜɤ ɧɟɘɞ 

ůŰɖɜ ɛɏɔɘůŰɖ ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ, ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ űŬɘɜɞɛɏɜɤɜ ɡˊŮɟɗɏɟɛŬɜůɖɠ.  
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ȼ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɘɠ ŭɨɞ ˊɧɚŮɘɠ ŬɜŬűɞɟɎɠ (ɁɡɟŮɛɓɏɟɔɖ əŬɘ ɆŰɞəɢɧɚɛɖ), 

ŬˊɞəŬɚɨˊŰŮɘ Űɖɜ ɢŬɛɖɚɐ ŮɜŮɟɔŮɘŬəɐ ˊɡəɜɧŰɖŰŬ ˊɞɡ ŭɘŬəɟɑɜŮɘ Űɞ ɡˊɧ ŮɝɏŰŬůɖ ůɨůŰɖɛŬ 

ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ. Ƀɘ ŬɜŬɔəŬɑŮɠ ɛŮɔɎɚŮɠ ɛɎɕŮɠ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, ɞɘ 

ɞˊɞɑŮɠ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɡˊŮɟɓŬɑɜɞɡɜ Űɞɡɠ ŭɨɞ Űɧɜɞɡɠ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ 

ɖɚɘŬəɞɨ əɚɎůɛŬŰɞɠ, ŬɜŰɘůŰɞɘɢɞɨɜ ɤůŰɧůɞ ůŰɞ 30%-40% Űɖɠ ůɡɜɞɚɘəɐɠ ɖɚɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ 

ˊŬɟɏɢŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ. ɄŬɟɎɚɚɖɚŬ Ŭɡɝɖɛɏɜɖ ŮɑɜŬɘ əŬɘ ɖ ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ ɖ ɞˊɞɑŬ ŮɑɜŬɘ 

ŬɜŬɔəŬɑŬ ɔɘŬ Űɖɜ űɧɟŰɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ (>8 m2), ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɡŰɞɨ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɤɜ 80 ɞC, .  

ũɘŬ Űɖɜ ˊɚɐɟɖ əŬŰŬɜɧɖůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɛŮɚŮŰɐɗɖəŮ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŬɚɚŬɔɐɠ 

Űɖɠ ŰɞˊɞɗŮůɑŬɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ əŬɘ ůɡɜŮˊɩɠ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ, ůŰɖɜ 

ɛɞɜɞůɐɛŬɜŰɖ ůɢɏůɖ ˊɞɡ űŬɑɜŮŰŬɘ ɜŬ əŬɗɞɟɑɕŮɘ Űɖɜ ůɡɜɞɚɘəɐ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ əŬɘ 

ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŮˊɘɚɏɢɗɖəŬɜ ˊɧɚŮɘɠ ɞɘ ɞˊɞɑŮɠ ŮəŰŮɑɜɞɜŰŬɘ ůŮ ɛŮɔɎɚɞ 

ɛɏɟɞɠ Űɖɠ ɓɧɟŮɘŬɠ əŬɘ əŮɜŰɟɘəɐɠ Ⱥɡɟɩˊɖɠ, Űɧůɞ ůŮ ɞɟŮɘɜɏɠ ɧůɞ əŬɘ ůŮ ˊŬɟŬɗŬɚɎůůɘŮɠ 

ɔŮɤɔɟŬűɘəɏɠ ŰɞˊɞɗŮůɑŮɠ. Ʉɚɖɜ Űɤɜ ŭɨɞ ɓŬůɘəɩɜ, ɛŮɚŮŰɐɗɖəŬɜ Ůˊɘˊɚɏɞɜ ɖ Ȼɡɟɑɢɖ ůŰɖɜ 

ȺɚɓŮŰɑŬ, Űɞ ȸɞɡəɞɡɟɏůŰɘ ůŰɖ ɅɞɡɛŬɜɑŬ, Űɞ ȹɞɡɓɚɑɜɞ ůŰɖɜ ȽɟɚŬɜŭɑŬ əŬɘ ɖ ȸŬɟůɞɓɑŬ ůŰɖɜ 

ɄɞɚɤɜɑŬ.  

ȷˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ, ɏɔɘɜŮ űŬɜŮɟɐ ɖ ɎɛŮůɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɖ ɞˊɞɑŬ ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰɞɜ əŬɗɞɟɑɕŮɘ Űɘɠ ɗŮɟɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ɞɘəɑŬɠ, ɛŮ Űɖɜ 

ůɡɜɞɚɘəɐ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ əɎɗŮ űɞɟɎ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ 

Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɖɚɘŬəɞɨ əɚɎůɛŬŰɞɠ. ȷɜŰɑůŰɞɘɢŬ, ɧˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, ɖ ůɡɚɚŮəŰɘəɐ 

ŮˊɘűɎɜŮɘŬ ŮɝŬɟŰɎŰŬɘ, əɡɟɑɤɠ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ, ˊɞɡ 

ŭɘŬəɟɑɜɞɡɜ əɎɗŮ ˊŮɟɘɞɢɐ, ɞɟɑɕɞɜŰŬɠ ůɢŮŭɧɜ ɛɞɜɞůɐɛŬɜŰŬ, Űɖɜ ŮˊɘəɟɎŰɖůɖ ŮɑŰŮ Űɖɠ 

ŬˊɞɗɐəŮɡůɖɠ ɐ ŮɑŰŮ Űɖɠ ɖɚɘŬəɐɠ ɡˊɞɓɞɐɗɖůɖɠ, ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɇɞ ɡˊɧ ɛŮɚɏŰɖ 

ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, űŬɑɜŮŰŬɘ ɜŬ ŬˊɞŭɑŭŮɘ əŬɚɨŰŮɟŬ, ůŮ ɢɩɟŮɠ Űɖɠ 

əŮɜŰɟɘəɐɠ Ⱥɡɟɩˊɖɠ, ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɏůŮɠ ˊɟɞɠ ɡɣɖɚɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ, Ůɜɩ 

ˊŬɟɎɚɚɖɚŬ ŭɘŬəɟɑɜɞɜŰŬɘ Ŭˊɧ ůɢŮŭɧɜ ůŰŬɗŮɟɎ, ɛɏůŬ ˊɟɞɠ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ŬəŰɘɜɞɓɞɚɑŬɠ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ. ȾŬŰɎ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŬɜŬŭŮɘəɜɨŮŰŬɘ ůŬűɩɠ ɞ ɢŬɟŬəŰɐɟŬɠ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɛŮ Ŭˊɞűɡɔɐ ɡˊŮɟɗŮɟɛɎɜůŮɤɜ ůŰɞ ŰɛɐɛŬ Űɤɜ ɖɚɘŬəɩɜ 

ůɡɚɚŮəŰɩɜ əŬɘ ŮˊɑŰŮɡɝɖ ɡɣɖɚɩɜ ˊɞůɞůŰɩɜ Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ɛɎɕŬɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. 
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Abstract 

The non-stopping population growth, combined with the enhancement of the living standards, 

have resulted in continuously increasing energy demands, that require targeted actions to reduce 

our dependency on fossil fuels, while at the same time signaling a turn to renewable energy 

sources. The main purpose, is to limit global warming to well below 2oC, compared to pre-

industrial levels. In the residential sector however, who represents a great portion of the final 

global energy consumption, such actions havenôt met significant growth. The majority of the 

technologies implemented, are either of passive nature (e.g. external thermal insulation) aiming 

in a reduction of the residenceôs thermal needs, or make use of renewable energy sources at a 

local scale, with their performance being left subject to environmental conditions. Seasonal 

thermal energy storage systems, are a key technology that can tackle this problem, providing 

delayed availability to the energy harvested from renewable sources, shifting the production 

curve appropriately to meet the demands of the system.  

The present study aims to dynamically model and evaluate the performance of such a system, for 

domestic scale application, providing proper sizing to its more crucial subsystems while at the 

same time identifying the main environmental factors that affect it. Its operability is tested in 

central and northern European cities, utilizing two different layouts, to meet the technological 

barriers, that its innovative adsorbent material, poses.  

From the results of the study, a high adsorbent mass, showcasing a low energy density, as well as 

a large aperture area for the solar collectors, is deemed necessary to sufficiently cover a large 

percentage of the thermal energy demands of a nZEB house.  
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Summary 

In the current masterôs thesis, the dynamic behavior, of a solar driven seasonal thermal energy 

storage system, that utilizes an innovative adsorbent bed is studied. The system that has been 

modelled in the TRNSYS software, is developed in the scope of the European project SWS-

Heating. As a result, many of the data that were used in the simulation, cannot be presented in 

the current thesis, due to confidentiality issues.  

The main parts of the system are listed below and include:  

¶ The seasonal thermal energy storage unit (STES)  

¶ Evacuated tube collectors (ETCs)  

¶ A natural gas condensing boiler and  

¶ A sensible heat storage tank  

The main goal of the analysis performed, was to achieve a solar fraction of at least 60%, 

covering the thermal and DHW needs of an nZEB house, using the total adsorbentôs mass and 

solar collectorsô aperture area, as the crucial sizing parameters.  

The system and specifically the seasonal thermal energy storage unit, makes use of two different 

layouts, for its evaporator/condenser part, to overcome the temperature limitations that the 

adsorbent material imposes. The first layout, makes use of an air-water HEX and a PCM tank, 

while the second utilizes a borehole HEX. Their main purpose, is to provide the 

evaporator/condenser part with water of suitable temperature, with the second layout generally 

used in areas that experience long term winters with sub-zero temperatures.  

The initial sizing of the system is focused in central and northern European cities, that are 

characterized by low solar irradiance levels during the winter period. Nuremberg and Stockholm 

are selected as the basic representatives, making use of the first and second layout, respectively.  

The seasonal thermal energy storage system is modelled with discrete sub-units, with a 

predefined adsorbent mass, characterized by exponential charging and load curves respectively. 

In the current thesis, the model was programmed to allow both serial and parallel charging of 

these sub-units, aiming in keeping the load demand steady, while at the same time avoiding high 

temperature drops in the solar collectors.  

The correct combination of total adsorbent mass and evacuated solar collectorsô area was 

performed, so as to decrease as possible the dead volume of the system, without greatly affecting 

the impact of thermal storage in covering the heating and DHW loads. At the same time, an 

upper bound is set to the maximum solar collectorsô area that can be used, so as to avoid 

overheating of the system, given that there is a substantial load demand decrease, at the end of 

both the charging and discharging periods. 

The resulted sizing of the system for the base scenariosô cities (Nuremberg and Stockholm), 

reveals a low energy density of the STES. The large mass of adsorbent material, necessary to 

achieve the desired solar fraction, which in any case exceeds two tons, covers however about 

30%-40% of the total solar energy that is supplied to demand. At the same time the continuous 

need for high outlet temperatures from the solar collectors (>80oC) results in equally large 

aperture areas (> 8 m2). 
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In order for the systemôs behavior to be fully understood, the effect of different geographic 

locations and as a result different weather conditions, on the relationship that governs the sizing 

of the STES and solar collectorsôs area, was studied. Besides the two base scenarios cities, 

Zurich, Bucharest, Dublin and Warsaw, were selected, to cover a large portion of central and 

northern Europe, in high altitude and near sea locations.  

 

From the results of the study, the direct relationship between adsorbent mass and outdoor 

temperature was made clear, given that the second parameter dictates the thermal loads of the 

house. At the same time, as expected, the solar collectorsô area is directly related to the solar 

irradiance levels of each location, governing also the impact that the STES system has in 

achieving the desired solar fraction.  

The current STES system is favored, in cities that are located in central Europe, and are 

characterized by medium to high energy demands and low to medium irradiance levels that are 

kept steady throughout the year. In those cases, its impact is highly increased, achieving not only 

a smooth operation, without overheating of the solar collectors, but also low dead volume levels.  
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ɄɅɃȿɃũɃɆ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ȹ.Ʉ.ɀ.Ɇ. çɄŬɟŬɔɤɔɐ əŬɘ 

ȹɘŬɢŮɑɟɘůɖ ȺɜɏɟɔŮɘŬɠè Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɞɓɑɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ. ȷɟɢɘəɎ, ɗŬ ɐɗŮɚŬ ɜŬ 

ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ȾŬɗɖɔɖŰɐ ə. ɆɤŰɐɟɘɞ ȾŬɟɏɚɚŬ, ɞ ɞˊɞɑɞɠ ɛŮ ŮɛˊɘůŰŮɨɗɖəŮ əŬɘ ɛɞɡ ŬɜɏɗŮůŮ 

Űɖɜ ŮɟɔŬůɑŬ, ŭɑɜɞɜŰɎɠ ɛɞɡ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ŮɟɔŬůŰɩ ůŮ ŬɡŰɧ Űɞ ɘŭɘŬɑŰŮɟŬ ŮɜŭɘŬűɏɟɞɜ ɗɏɛŬ.  

 

ȷəɧɛɖ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ɡˊɞɣɐűɘɞ ŭɘŭɎəŰɞɟŬ ȺɡůŰɟɎŰɘɞ ȸŬɟɓŬɔɘɎɜɜɖ, ɔɘŬ Űɖ 

ůɡɛɓɞɚɐ Űɞɡ ůŰɖɜ ˊɟɧɞŭɞ əŬɘ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ.  
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ῷ ȴɣɞɠ  ά 

Ὤ ȺɜɗŬɚˊɑŬ ὐὯὫϳ  

Ὤ  ȿŬɜɗɎɜɞɡůŬ ɗŮɟɛɧŰɖŰŬ ŬŰɛɞˊɞɑɖůɖɠ ὐὯὫϳ  

Ὧ ɆɡɜŰŮɚŮůŰɐɠ ɛŮŰɎŭɞůɖɠ ɗŮɟɛɧŰɖŰŬɠ ɛŮ Ŭɔɤɔɐ  ὡ άὑϳ  

Ὼ  ȹɘɞɟɗɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɔɤɜɑŬɠ ˊɟɧůˊŰɤůɖɠ  (-) 

ὒ ɀɐəɞɠ  ά 

ά ɄŬɟɞɢɐ ɛɎɕŬɠ ὯὫίϳ 

ὖ Ƚůɢɨɠ ὡ 

ὗ ŪŮɟɛɘəɐ Ƚůɢɨɠ  ὡ 

ὗ  ȷˊɞɟɟɞűɞɨɛŮɜɖ ɘůɢɨɠ Ŭˊɧ ɖɚɘɞɗŮɟɛɘəɧ ůɡɚɚɏəŰɖ  ὡ 

Ὕ ŪŮɟɛɞəɟŬůɑŬ  Ὼ 

ὸ ɉɟɧɜɞɠ  ί 

ό ɄŮɟɘɟɟɏɞɡůŬ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ ά ίϳ 

Ὗ Ɇɡɜɞɚɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɗŮɟɛɘəɩɜ ŬˊɤɚŮɘɩɜ  ὡ ά ὑϳ  

Ὗ  ɆɡɜŰŮɚŮůŰɐɠ ůɡɜɞɚɘəɩɜ ɗŮɟɛɘəɩɜ ŬˊɤɚŮɘɩɜ ůɡɚɚɏəŰɖ  ὡ ά ὑϳ  

ύ ȷɜŬɚɞɔɑŬ ɛɎɕŬɠ ɜŮɟɞɨ/ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ  ὯὫȾὯὫ 

ȺɚɚɖɜɘəɎ 

ɆɨɛɓɞɚŬ 
  

ῳ  ŪŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ  Ὼ 

ῳ   ɀɏůɖ ɚɞɔŬɟɘɗɛɘəɐ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ  Ὼ 

ῳὸ ɉɟɞɜɘəɐ ŭɘŬűɞɟɎ  ί 

– ȸŬɗɛɧɠ Ŭˊɧŭɞůɖɠ, (-) 

– ɈŭɟŬɡɚɘəɧɠ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ  (-) 

–  ɀɖɢŬɜɘəɧɠ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ  (-) 

ɗ ũɤɜɑŬ ˊɟɧůˊŰɤůɖɠ/Ŭˊɞŭɞɢɐɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ (ɞ) 

†‌ Ƀɚɘəɧ ɔɘɜɧɛŮɜɞ ŮəˊŮɛˊŰɘəɧŰɖŰŬɠ ï ŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬɠ  (-) 

ȹŮɑəŰŮɠ   
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CPC Compound Parabolic Collector  
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CTR Central Tower Receivers  

DLL Dynamic Link Library   
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EU European Union  
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HEX Heat Exchanger   

HTF Heat Transfer Fluid  
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ū/ȸ ūɤŰɞɓɞɚŰŬɥəɎ  
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ȾȺūȷȿȷȽɃ 1. ȺȽɆȷũɋũȼ 

ɇɞ 2015 ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 200 ɢɩɟŮɠ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ ŭŮůɛŮɨŰɖəŬɜ, ɛɏůɤ Űɖɠ ůɡɜɗɐəɖɠ Űɞɡ 

ɄŬɟɘůɘɞɨ, ɜŬ ɛŮɘɩůɞɡɜ Űɘɠ Ůəˊɞɛˊɏɠ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ (Green House Gases ï GHG), 

ɩůŰŮ ɜŬ ˊŮɟɘɞɟɘůŰŮɑ ɖ Ŭɨɝɖůɖ Űɖɠ ɛɏůɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ũɖɠ, ůŮ ŮˊɑˊŮŭŬ ɢŬɛɖɚɧŰŮɟŬ Űɤɜ 

2ɞC, ůŮ ůɢɏůɖ ɛŮ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ ˊɟɞɓɘɞɛɖɢŬɜɘəɐɠ ˊŮɟɘɧŭɞɡ. AˊɧŰŮɟɞɠ ůŰɧɢɞɠ, ɐŭɖ Ŭˊɧ Űɞ 

2015, ɐŰŬɜ ɞ ˊŮɟɘɞɟɘůɛɧɠ ŬɡŰɐɠ ůŰɞɜ 1.5ɞC [1]. ɇɞ 2021, ɖ ȹɘŬəɡɓŮɟɜɖŰɘəɐ ȺˊɘŰɟɞˊɐ ɔɘŬ Űɖɜ 

ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ (Intergovernmental Panel on Climate Change ï IPCC), ŬɜŬɔɜɤɟɑɕɞɜŰŬɠ Űɖɜ 

ůɖɛŬůɑŬ ŮˊɑŰŮɡɝɖɠ Űɞɡ, Űɧůɞ ɔɘŬ Űɖɜ ɞɘəɞɜɞɛɘəɐ ɧůɞ əŬɘ ɔɘŬ Űɖɜ ˊŮɟɘɓŬɚɚɞɜŰɞɚɞɔɘəɐ 

ˊɟɞůŰŬůɑŬ əɡɟɑɤɠ Űɤɜ ŬŭɨɜŬɛɤɜ ɢɤɟɩɜ, ŮˊŮůɐɛŬɜŮ ˊɤɠ ɞ ůŰɧɢɞɠ Űɤɜ 1.5ɞC, ůɡɜŮɢɑɕŮɘ ɜŬ 

ˊŬɟŬɛɏɜŮɘ ɡɚɞˊɞɘɐůɘɛɞɠ. ɄɟɞɦˊɧɗŮůɖ ŮɑɜŬɘ ɖ ɚɐɣɖ əŬŰɎɚɚɖɚɤɜ ŭɟɎůŮɤɜ ůŮ ˊŬɔəɧůɛɘɞ 

ŮˊɑˊŮŭɞ, ɩůŰŮ ɞɘ Ůəˊɞɛˊɏɠ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ɜŬ ˊŮɟɘɞɟɘůŰɞɨɜ ůŰɞ ɛɘůɧ ɛɏɢɟɘ Űɞ ɏŰɞɠ 

2030, ɛŮ ůŰɧɢɞ ɜŬ ɛɖŭŮɜɘůŰɞɨɜ ɛɏɢɟɘ Űɞ ɏŰɞɠ 2050[2, 3]. 

Ƀɘ ůŰɧɢɞɘ ŬɡŰɞɑ ɤůŰɧůɞ ɏɟɢɞɜŰŬɘ ŬɜŰɘɛɏŰɤˊɞɘ ɛŮ Űɖɜ ůɡɜŮɢɐ ˊŬɔəɧůɛɘŬ Ŭɨɝɖůɖ ůŮ ŰŮɚɘəɐ 

əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ. ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ůŰɖɜ Ⱥɘə. 1.1, ɧɚɞɘ ɞɘ ŰɞɛŮɑɠ Ŭɜɗɟɩˊɘɜɖɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ŮɛűŬɜɑɕɞɡɜ Ŭɜɞŭɘəɐ ˊɞɟŮɑŬ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1990-2019.  

 

Ⱥɘə. 1.1: ɄŬɔəɧůɛɘŬ ŰŮɚɘəɐ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ ŬɜɎ ŰɞɛɏŬ [4]   

Ƀɘ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ (ȷɄȺ) əŬɘ ŰŬ ɓɘɞəŬɨůɘɛŬ əŬɚɨˊŰɞɡɜ ɛɏɟɞɠ Űɖɠ ŬɡɝŬɜɧɛŮɜɖɠ 

ɕɐŰɖůɖɠ ŮɜɏɟɔŮɘŬɠ, ɛŮ ŰŬ ɞɟɡəŰɎ əŬɨůɘɛŬ ɤůŰɧůɞ ɜŬ ůɡɜŮɢɑɕɞɡɜ ɜŬ ɏɢɞɡɜ əɡɟɑŬɟɢɞ ɟɧɚɞ ůŮ 

ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ.  
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Ⱥɘə. 1.2: ɄŬɔəɧůɛɘŬ ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ŬɜɎ Ůɑŭɞɠ [4]  

ȼ ůɡɜŮɢɘɕɧɛŮɜɖ ŮɝɎɟŰɖůɖ Ŭˊɧ ŰŬ ɞɟɡəŰɎ əŬɨůɘɛŬ, əŬɗɩɠ əŬɘ ɖ ŬŭɟɎɜŮɘŬ ɞɟɘůɛɏɜɤɜ ɢɤɟɩɜ 

ůŰɖɜ ŮűŬɟɛɞɔɐ əŬŰɎɚɚɖɚɤɜ ɛɏŰɟɤɜ ˊŮɟɘɞɟɘůɛɞɨ Űɤɜ Ůəˊɞɛˊɩɜ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ 

(CO2), ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŮ ůɡɜŮɢɐ Ŭɨɝɖůɖ ŬɡŰɩɜ. ȱŭɖ Űɞ ɏŰɞɠ 2019, ɞɘ Ůəˊɞɛˊɏɠ ůŮ ˊŬɔəɧůɛɘɞ 

ŮˊɑˊŮŭɞ ŬɜɐɚɗŬɜ ůŮ 33621.5 Mt CO2, ŬɜŰɘůŰɞɘɢɩɜŰŬɠ ůŮ Ŭɨɝɖůɖ 3.89% ůŮ ůɢɏůɖ ɛŮ Űɞ ɏŰɞɠ 

2015 ( 32362.4 Mt CO2), əŬɘ ůŮ ůɡɜɞɚɘəɐ Ŭɨɝɖůɖ 63.92% ůŮ ůɢɏůɖ ɛŮ Űɞ ɏŰɞɠ 1990 (20511.1 

Mt CO2) [4].  

Ʉɚɐɟɤɠ ŭɘŬűɞɟŮŰɘəɐ ɤůŰɧůɞ, ŮɑɜŬɘ ɖ ŮɘəɧɜŬ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ɞɘ ɢɩɟŮɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ, 

ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮˊɑŰŮɡɝɖɠ ɓɘɩůɘɛɖɠ ŬɜɎˊŰɡɝɖɠ. ȼ ŭɟŬɛŬŰɘəɐ Ŭɨɝɖůɖ Űɖɠ 

ŭɘŮɑůŭɡůɖɠ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ (Ŭɘɞɚɘəɐ, ɖɚɘŬəɐ) ůŰɞ ŮɜŮɟɔŮɘŬəɧ ɛɑɔɛŬ ɖ ɞˊɞɑŬ 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ ˊɞůɞůŰɧ ɑůɞ ɛŮ 30,63% Űɞ ɏŰɞɠ 2019 ůŮ ůɢɏůɖ ɛŮ Űɞ ɏŰɞɠ 2015, əŬɗɩɠ əŬɘ ɖ 

ůŰɟɞűɐ ůŮ ɚɘɔɧŰŮɟɞ ɟɡˊɞɔɧɜŮɠ ɛɞɟűɏɠ ɎɜɗɟŬəŬ (űɡůɘəɧ Ŭɏɟɘɞ), ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ Ⱥɘə. 1.3, 

ɏɢɞɡɜ ɞŭɖɔɐůŮɘ ůŮ ŮɚɎŰŰɤůɖ Űɤɜ ůɡɜɞɚɘəɩɜ Ůəˊɞɛˊɩɜ ůŰɞɡɠ 2699.3 Mt CO2, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ 

ɛŮɑɤůɖ 16,16% ůŮ ůɢɏůɖ ɛŮ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ 2015.  

Ƀɘ əɨɟɘɞɘ əŬŰŬɜŬɚɤŰɏɠ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ, ůŮ ŬɜŰɘůŰɞɘɢɑŬ əŬɘ ɛŮ ŰŬ ˊŬɔəɧůɛɘŬ 

ŭŮŭɞɛɏɜŬ, ůɡɜŮɢɑɕɞɡɜ ɜŬ ŮɑɜŬɘ ɖ ɓɘɞɛɖɢŬɜɑŬ, ɞɘ ɛŮŰŬűɞɟɏɠ əŬɘ ɞ əŰɖɟɘŬəɧɠ ŰɞɛɏŬɠ, ɞ ɞˊɞɑɞɠ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 24.33% Űɖɠ ŰŮɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ[4], əŬɗɩɠ əŬɘ ůŰɞ 11% Űɤɜ 

ůɡɜɞɚɘəɩɜ Ůəˊɞɛˊɩɜ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ [5]. 
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Ⱥɘə. 1.3: Ɇɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ŬɜɎ Ůɑŭɞɠ ï ȺɡɟɤˊŬɥəɐ Ⱥɜɤůɖ [4]  

ɄɟɤŰŬɔɤɜɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ Űɞɡ əŰɖɟɘŬəɞɨ ŰɞɛɏŬ ůɡɜŮɢɑɕŮɘ ɜŬ ɏɢŮɘ Űɞ 

űɡůɘəɧ Ŭɏɟɘɞ əŬɘ ɞ ɖɚŮəŰɟɘůɛɧɠ, ŬɜŰɘůŰɞɘɢɩɜŰŬɠ ůŰɞ 32.1% əŬɘ 24.7% ŬɜŰɑůŰɞɘɢŬ Űɖɠ 

ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ ɔɘŬ Űɞ ɏŰɞɠ 2019, ɛŮ Űɘɠ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ ɜŬ ŬɜŰɘůŰɞɘɢɞɨɜ 

ɛɧɚɘɠ ůŰɞ 20.1% ŬɡŰɐɠ. 

 

Ⱥɘə. 1.4: ɄɞůɞůŰɘŬɑŬ əɎɚɡɣɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ Űɞɡ ɞɘəɘŬəɞɨ ŰɞɛɏŬ ůŰɖɜ ȺȺ ŬɜɎ Ůɑŭɞɠ 

əŬɡůɑɛɞɡ [6]  

ȼ ɗɏɟɛŬɜůɖ ɢɩɟɤɜ əŬɗɩɠ əŬɘ ɖ ˊŬɟŬɔɤɔɐ ɕŮůŰɞɨ ɜŮɟɞɨ ɢɟɐůɖɠ (ȻɁɉ), ŬɜŬŭŮɘəɜɨɞɜŰŬɘ ɤɠ ɞɘ 

ɛŮɔŬɚɨŰŮɟɞɘ əŬŰŬɜŬɚɤŰɏɠ ŮɜɏɟɔŮɘŬɠ, ŬɜŰɘůŰɞɘɢɩɜŰŬɠ ůŮ ˊɞůɞůŰɎ ɑůŬ ɛŮ 63.6% əŬɘ 14.8% Űɖɠ 

ůɡɜɞɚɘəɐɠ. ɄŬɟɎɚɚɖɚŬ ůŰɞɜ Ʉɘɜ. 1.1, ɔɑɜŮŰŬɘ ɛɘŬ ɚŮˊŰɞɛŮɟɏůŰŮɟɖ ŬɜɎɚɡůɖ Űɖɠ əɎɚɡɣɖɠ Űɤɜ 

ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ, ŬɜɎ Ůɑŭɞɠ əŬɡůɑɛɞɡ əŬɘ əŬŰɖɔɞɟɑŬ əŬŰŬɜɎɚɤůɖɠ. 
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Ʉɘɜ. 1.1: ɄɞůɞůŰɘŬɑŬ əɎɚɡɣɖ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ əŰɖɟɘŬəɞɨ ŰɞɛɏŬ, ŬɜɎ Ůɑŭɞɠ əŬɡůɑɛɞɡ əŬɘ 

əŬŰɖɔɞɟɑŬ əŬŰŬɜɎɚɤůɖɠ [6]  

  

ũɑɜŮŰŬɘ Ůˊɞɛɏɜɤɠ ŬɜŰɘɚɖˊŰɧ ˊɤɠ, ɡˊɎɟɢɞɡɜ ˊɞɚɨ ɛŮɔɎɚŬ ˊŮɟɘɗɩɟɘŬ ŭɘŮɑůŭɡůɖɠ ɜɏɤɜ 

ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ əɎɜɞɡɜ ɢɟɐůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ Űɞɡ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ Űɞɡ əŰɖɟɘŬəɞɨ ŰɞɛɏŬ. 

1.1 ȷˊɞɗɐəŮɡůɖ ȺɜɏɟɔŮɘŬɠ  

ɆŰɧɢɞɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ŮɑɜŬɘ ɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ ŬŮɟɑɤɜ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ ůŰɞɜ 

əŰɖɟɘŬəɧ ŰɞɛɏŬ əŬŰɎ 40% ɛɏɢɟɘ Űɞ 2030. ȼ ɛŮɑɤůɖ ŬɡŰɐ ɗŬ ɡˊɞůŰɖɟɘɢɗŮɑ, Ŭˊɧ Űɖɜ ˊŮɟŬɘŰɏɟɤ 

Ŭɨɝɖůɖ Űɖɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ Űɤɜ ȷɄȺ, ŬɜŰɘůŰɞɘɢɩɜŰŬɠ ůŮ əɎɚɡɣɖ ˊŮɟɑˊɞɡ 1800 TWh, 

ůŮ ŮɡɟɤˊŬɥəɧ ŮˊɑˊŮŭɞ. ɆɡɔəŮəɟɘɛɏɜŬ ɖ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ əŬɚɨɣŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ɛɏɟɞɠ ŬɡŰɐɠ, ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 800 TWh, ɛŮ ŰŬ ɖɚɘŬəɎ ůɡůŰɐɛŬŰŬ ɜŬ ŬɜŰɘůŰɞɘɢɞɨɜ ˊŮɟɑˊɞɡ 

ůŰɘɠ 20 TWh Ŭˊɧ ɖɚɘɞɗŮɟɛɘəɎ əŬɘ ůŰɘɠ 380 TWh Ŭˊɧ űɤŰɞɓɞɚŰŬɥəɎ [7]. ɋůŰɧůɞ, ɘŭɘŬɑŰŮɟŬ ɔɘŬ 

ŰŬ ɖɚɘŬəɎ ůɡůŰɐɛŬŰŬ, ɞɘ ˊŬɟɧɜŰŮɠ ɟɡɗɛɞɑ Ŭɨɝɖůɖɠ Űɖɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ, ŭŮɜ ŮˊɘŰɟɏˊɞɡɜ 

Űɖɜ ŮˊɑŰŮɡɝɖ ŬɡŰɞɨ Űɞɡ ůŰɧɢɞɡ, ˊŬɟɧɚɞ ˊɞɡ ɖ ȺɡɟɤˊŬɥəɐ ŬɔɞɟɎ Űɞɡɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ŭɘˊɚŬůɘŬůŰŮɑ ɛɏɢɟɘ Űɞ 2024 [8].  

ȸŬůɘəɧ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ˊɚŮɘɞɜɧŰɖŰŬɠ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ, ŮɑɜŬɘ ɖ ɎɛŮůɖ 

ŮɝɎɟŰɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɞɡɠ Ŭˊɧ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. ȽŭɘŬɑŰŮɟŬ ɔɘŬ ŰŬ ɖɚɘŬəɎ 

ůɡůŰɐɛŬŰŬ, ɖ ŮɝɎɟŰɖůɖ ŬɡŰɐ ɞŭɖɔŮɑ ůŮ ˊɞɚɨ ɢŬɛɖɚɞɨɠ ůɡɜŰŮɚŮůŰɏɠ ɢɟɖůɘɛɞˊɞɑɖůɖɠ (capacity 

factor ï CP) ŰɎɝɖɠ Űɞɡ 10% - 21%, ɛŮ Űɖɜ əŬŰɎůŰŬůɖ ɜŬ ɓŮɚŰɘɩɜŮŰŬɘ ŬɘůɗɖŰɎ ůŰŬ ŬɘɞɚɘəɎ 

ůɡůŰɐɛŬŰŬ, ɧˊɞɡ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ůɡɜŰŮɚŮůŰɏɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɞɡ 23% - 52% [9]. ɆɖɛŬɜŰɘəɐ 

Ŭɨɝɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɢɟɖůɘɛɞˊɞɑɖůɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ ŰŮɢɜɞɚɞɔɘɩɜ, ɛŮ ˊŬɟɎɚɚɖɚɖ ɓŮɚŰɑɤůɖ 

Űɖɠ ŬɝɘɞˊɘůŰɑŬɠ Űɞɡ ůɡɜɧɚɞɡ Űɖɠ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ, ɛˊɞɟŮɑ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɖɠ ˊɚŮɞɜɎɕɞɡůŬɠ ŮɜɏɟɔŮɘŬɠ, əŬɚɨˊŰɞɜŰŬɠ Űɞ əŮɜɧ ɛŮŰŬɝɨ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ ɕɐŰɖůɖɠ.   

 

Ɇɡɜɞɚɘəɐ 

əŬŰŬɜɎɚɤůɖ 

ůŰɞɜ ɞɘəɘŬəɧ 

ŰɞɛɏŬ 

ŪɏɟɛŬɜůɖ 

ɉɩɟɤɜ 

Ɋɨɝɖ 

ɉɩɟɤɜ 

ɄŬɟŬɔɤɔɐ 

ȻɁɉ 
ɀŬɔŮɑɟŮɛŬ 

ūɤŰɘůɛɧɠ 

əŬɘ 

ɆɡůəŮɡɏɠ 

ȯɚɚŮɠ 

ɢɟɐůŮɘɠ 

ȼɚŮəŰɟɘůɛɧɠ 24.7 3.4 0.4 3.0 3.0 14.1 0.8 

ɄɟɞəɨˊŰɞɡůŬ 

ɗŮɟɛɧŰɖŰŬ 
8.3 6.4 0.0 1.9 0.0 0.0 0.0 

ūɡůɘəɧ ȷɏɟɘɞ 32.1 24.2 0.0 6.1 1.9 0.0 0.0 

ɆŰŮɟŮɎ 

ȾŬɨůɘɛŬ 
2.9 2.6 0.0 0.2 0.0 0.0 0.0 

ɄɟɞɥɧɜŰŬ 

ɄŮŰɟŮɚŬɑɞɡ 
11.8 9.2 0.0 1.7 0.8 0.0 0.1 

ȷɄȺ 20.1 17.7 0.0 1.9 0.3 0.0 0.1 

Ɇɨɜɞɚɞ 100.0 63.6 0.4 14.8 6.1 14.1 1.0 
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ȼ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ɛŮɔɎɚŮɠ əŬŰɖɔɞɟɑŮɠ: 

I. ȷˊɞɗɐəŮɡůɖ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ  

ȼ ŬˊɞɗɐəŮɡůɖ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůɡɢɜɎ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɛŮ Űɞɜ ɧɟɞ ñPower 

to Xò. ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ ŬɜŬűɞɟɎ ůŰɞɡɠ ɡˊɎɟɢɞɜŰŮɠ Űɟɧˊɞɡɠ ŬˊɞɗɐəŮɡůɐɠ Űɖɠ. 

Ʉɘɜ. 1.2: ȾŬŰɖɔɞɟɑŮɠ ŰŮɢɜɞɚɞɔɘɩɜ ŬˊɞɗɐəŮɡůɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ [10, 11]   

ȼɚŮəŰɟɘəɐ ůŮ:  

ȼɚŮəŰɟɘəɐ ȼɚŮəŰɟɞɢɖɛɘəɐ ɀɖɢŬɜɘəɐ ŪŮɟɛɧŰɖŰŬ 

¶ ɄɡəɜɤŰɏɠ 

¶ ɈˊŮɟŬɔɤɔɞɨɠ 

¶ ɀˊŬŰŬɟɑŮɠ 

¶ ȷɏɟɘŬ, ˊɢ ɔɘŬ Űɖɜ 

ɖɚŮəŰɟɧɚɡůɖ H2, Űɞ ɞˊɞɑɞ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ɤɠ əŬɨůɘɛɞ ůŮ 

ɖɚŮəŰɟɞˊŬɟŬɔɤɔɘəɞɨɠ 

ůŰŬɗɛɞɨɠ 

¶ ɆɡůŰɐɛŬŰŬ 

ˊŮˊɘŮůɛɏɜɞɡ ŬɏɟŬ ï 

Compressed Air Energy 

Systems (CAES) 

¶ Ɇűɞɜŭɨɚɞɡɠ 

¶ ȷɜŰɚɖůɘɞŰŬɛɑŮɡůɖ 

¶ ɆɡůŰɐɛŬŰŬ 

ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ ɡɣɖɚɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ 

¶ ɆɡůŰɐɛŬŰŬ 

ŬˊɞɗɐəŮɡůɖɠ 

ɡɔɟɞˊɞɘɖɛɏɜɞɡ ŬɏɟŬ 

 

II.  ȷˊɞɗɐəŮɡůɖ ŪŮɟɛɧŰɖŰŬɠ ï Thermal Energy Storage (TES), ɖ ɞˊɞɑŬ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɖ 

ůɡɜɏɢŮɘŬ. 

 

Ƀɘ ˊŬɟŬˊɎɜɤ ŰŮɢɜɞɚɞɔɑŮɠ ŬˊɞɗɐəŮɡůɖɠ ɏɢɞɡɜ ɡˊɎɟɝŮɘ ŬɜŰɘəŮɑɛŮɜɞ ŮəŰŮɜɞɨɠ ɛŮɚɏŰɖɠ əŬɘ 

ŬɜɎˊŰɡɝɖɠ ɔɘŬ ůŮɘɟɎ ŮŰɩɜ, ɓɟɑůəɞɜŰŬɠ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɖɔɐ Űɖɠ 

ˊɚŮɞɜɎɕɞɡůŬɠ ŮɜɏɟɔŮɘŬɠ. ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮůŰɘɎɕŮɘ ůŰŬ ůɡůŰɐɛŬŰŬ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɖɚɘɞɗŮɟɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ.  

1.2 ȷˊɞɗɐəŮɡůɖ ŪŮɟɛɧŰɖŰŬɠ   

ɇŬ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ůŮ ŭɨɞ ɛŮɔɎɚŮɠ ɞɛɎŭŮɠ ŬɜɎɚɞɔŬ 

ɛŮ Űɖɜ ˊŮɟɑɞŭɞ ɢɟɐůɖɠ Űɞɡɠ, ůŮ [12]:  

I.  ɆɡůŰɐɛŬŰŬ ȺˊɞɢɘŬəɐɠ ȷˊɞɗɐəŮɡůɖɠ ŪŮɟɛɧŰɖŰŬɠ  

ɆŰŬ ˊŬɟŬˊɎɜɤ ůɡůŰɐɛŬŰŬ ɖ ɗŮɟɛɧŰɖŰŬ ŬˊɞɗɖəŮɨŮŰŬɘ əŬŰɎ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ əɡɟɑɤɠ 

ɛɐɜŮɠ, ɩůŰŮ ɜŬ əŬɚɨɣŮɘ Űɘɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ ůŮ ɗŮɟɛɧŰɖŰŬ Űɞ ɢŮɘɛɩɜŬ.   

II.  ɆɡůŰɐɛŬŰŬ ȸɟŬɢŮɑŬɠ ȷˊɞɗɐəŮɡůɖɠ ŪŮɟɛɧŰɖŰŬɠ 

ȹɘŬəɟɑɜɞɜŰŬɘ Ŭˊɧ ɘəŬɜɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ, ɚɑɔɤɜ əɘɚɞɓŬŰɩɟɤɜ (kWh), ɔɘŬ 

Űɖɜ əɎɚɡɣɖ əɡɟɑɤɠ ɓɟŬŭɘɜɩɜ űɞɟŰɑɤɜ, ɧˊɞɡ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ ɖ ́ɖɔɐ ŮɜɏɟɔŮɘŬɠ ˊɞɡ 

ŰŬ ŰɟɞűɞŭɞŰŮɑ (ˊɢ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ). ȼ ɢɟɐůɖ Űɞɡɠ ɓŮɚŰɘɩɜŮɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɖɜ 

Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɚɨˊŰɞɜŰŬɠ Űɞ əŮɜɧ ɛŮŰŬɝɨ ˊŬɟŬɔɤɔɐɠ əŬɘ ɕɐŰɖůɖɠ.   

ɄŬɟɎɚɚɖɚŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɢŮŭɘŬůɛɧ Űɞɡɠ, ŰŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ [13]:  

I.  ȺɜŮɟɔɖŰɘəɎ ɆɡůŰɐɛŬŰŬ 

ɇŬ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŮɝŬɜŬɔəŬůɛɏɜɖ ůɡɜŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ, ɛŮ Űɞ ɡɚɘəɧ 

ŬˊɞɗɐəŮɡůɖɠ, Űɞ ɞˊɞɑɞ əɡəɚɞűɞɟŮɑ ůŰɞ ůɨůŰɖɛŬ.  

II.  ɄŬɗɖŰɘəɎ ɆɡůŰɐɛŬŰŬ  

ɇŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞ ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ (Heat Transfer Fluid ï HTF), Űɞ ɞˊɞɑɞ 

əɡəɚɞűɞɟŮɑ ůŰɞ ůɨůŰɖɛŬ əŬɘ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ ˊɟɧůŭɞůɖ ɐ ŬˊŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ 

Ŭˊɧ Űɞ ɡɚɘəɧ ŬˊɞɗɐəŮɡůɖɠ, ɛŮ Űɞ ɞˊɞɑɞ ɖ ɗŮɟɛɧŰɖŰŬ ŬɡŰɐ ůɡɜŬɚɚɎůůŮŰŬɘ.  
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ɇɏɚɞɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ, ŭɘŬəɟɑɜɞɜŰŬɘ ŰɟŮɑɠ Űɟɧˊɞɘ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ 

[14]:  

I.  ȷˊɞɗɐəŮɡůɖ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ  

II.  ȷˊɞɗɐəŮɡůɖ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ  

III.  ɉɖɛɘəɐ ŬˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ  

ȼ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬɘ ůɡůŰɐɛŬŰɞɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ŬˊɞŰŮɚŮɑ 

ˊɟɞɥɧɜ ˊɞɚɡˊŬɟŬɛŮŰɟɘəɐɠ ɛŮɚɏŰɖɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ˊŬɟɎɔɞɜŰŮɠ əɧůŰɞɡɠ, ŬˊɞŭɞŰɘəɧŰɖŰŬɠ, 

ŬůűɎɚŮɘŬɠ, ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ŮˊɘˊŰɩůŮɤɜ ə.Ŭ.[15]. ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ɛɑŬ ůɨɜŰɞɛɖ ŬɜɎɚɡůɖ Űɤɜ 

Űɟɘɩɜ ŰŮɢɜɞɚɞɔɘɩɜ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ.  

1.2.1 ȷˊɞɗɐəŮɡůɖ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ  

ȼ ŬˊɞɗɐəŮɡůɖ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ 

ɛɏůɞɡ ŬˊɞɗɐəŮɡůɖɠ, Ůɜɩ ɖ ŬˊɞŭɞŰɘəɧŰɖŰɎ Űɖɠ ŮɝŬɟŰɎŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɖɜ ˊɡəɜɧŰɖŰŬ, Űɖɜ 

ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ, Űɖɜ ɗŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ əŬɗɩɠ əŬɘ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ɡɚɘəɞɨ ůŮ ɗŮɟɛɘəɞɨɠ 

əɨəɚɞɡɠ űɧɟŰɘůɖɠ [16]. ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɖ ɛŮɚɏŰɖ Űɤɜ Fernadez et al. [17], ɖ ˊɚɖɗɩɟŬ 

Űɤɜ ŭɘŬɗɏůɘɛɤɜ ɡɚɘəɩɜ ŬˊŬɘŰŮɑ Ůɘɠ ɓɎɗɞɠ Ŭɝɘɞɚɧɔɖůɖ Űɞɡɠ, ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬŰɎɚɚɖɚɤɜ 

ɛŮɗɞŭɞɚɞɔɘɩɜ Ůˊɘɚɞɔɐɠ Űɞɡɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮəɎůŰɞŰŮ ŮűŬɟɛɞɔɐ.  

ɋɠ ɛɏůŬ ŬˊɞɗɐəŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Űɧůɞ ůŰŮɟŮɎ ɧůɞ əŬɘ ɡɔɟɎ ɡɚɘəɎ, ɧˊɤɠ Űɞ ůəɡɟɧŭŮɛŬ, 

ŰŬ ŰɖɔɛɏɜŬ ɎɚŬŰŬ əŬɘ Űɞ ɜŮɟɧ, ŬɝɘɞˊɞɘɩɜŰŬɠ ŭɘŬűɞɟŮŰɘəɎ ɗŮɟɛɞəɟŬůɘŬəɎ Ůɨɟɖ. ȺɜŭŮɘəŰɘəɎ 

ůŰɞɘɢŮɑŬ ůɢŮŰɘəɎ ɛŮ Űɘɠ ůɡɜɐɗŮɘɠ ɗŮɟɛɞəɟŬůɑŮɠ ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ŭɘŬűɧɟɤɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ ɗŬ 

ŮˊŮɝɖɔɖɗɞɨɜ ˊŬɟŬəɎŰɤ ŭɑɜɞɜŰŬɘ ůŰɖɜ Ⱥɘə. 1.5.  

 

Ⱥɘə. 1.5: ŪŮɟɛɞəɟŬůɘŬəɎ Ůɨɟɖ ɚŮɘŰɞɡɟɔɑŬɠ ŭɘŬűɧɟɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ [18]   

ɄŬɟɎɚɚɖɚŬ ůŰɞɜ Ʉɘɜ. 1.3 ˊŬɟɏɢɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɗŮɟɛɞűɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ 

ɡɚɘəɩɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ.  
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Ʉɘɜ. 1.3: ŪŮɟɛɞűɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɡɚɘəɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ɡɚɘəɎ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ 

ɗŮɟɛɧŰɖŰŬɠ [18, 19]  

ɀɏůɞ 

ȷˊɞɗɐəŮɡůɖɠ 

ɄɡəɜɧŰɖŰŬ ï

(kg/m3) 

Ⱥɘŭɘəɐ 

ŪŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ ï 

(J/kg K) 

Ⱥɘŭɘəɐ ɃɔəɞɛŮŰɟɘəɐ 

ŪŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ ï 

(ɀJ/m3 K) 

ȿɑɗɞɘ 2560 879 2.25 

ȯɛɛɞɠ  1700 1300 2.21 

ɇɞɨɓɚŬ 1600 840 1.34 

ɆəɡɟɧŭŮɛŬ 1900 ï 2300 880 1.67 ï 2.02 

Ⱥɜɘůɢ. ɆəɡɟɧŭŮɛŬ 2200 850 1.87 

ɉɡŰɞůɑŭɖɟɞɠ  7200 560 4.03 

ɉɡŰɞɢɎɚɡɓŬɠ  7800 600 4.68 

NaCl 2160 1150 2.48 

ɁɘŰɟɩŭɖ ȯɚŬŰŬ 1825 1500 2.74 

ɁɘŰɟɘəɎ ȯɚŬŰŬ 1870 1600 2.99 

ɁŮɟɧ 1000 4190 4.19 

 

ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ əŬɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ, ŰŬ ůɡůŰɐɛŬŰŬ 

ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŬɛɖɚɐ Ůɘŭɘəɐ ɞɔəɞɛŮŰɟɘəɐ 

ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ, ɖ ɞˊɞɑŬ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 1.34 ï 4.68 MJ/ m3K. Ƀ ůɢŮŭɘŬůɛɧɠ, ůɡɜŮˊɩɠ 

Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬɡŰɩɜ, ůŰɞɢŮɨŮɘ ůŰɖɜ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ, 

ɛɏůɤ Űɖɠ ŮˊɑŰŮɡɝɖɠ ɢŬɛɖɚɩɜ ɚɧɔɤɜ ŮˊɘűɎɜŮɘŬɠ ŬɜɎ ɛɞɜɎŭŬ ɧɔəɞɡ [14].  

ɇŬ ůɡůŰɐɛŬŰŬ ŬɘůɗɖŰɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ [12]: 

¶ ɈˊɧɔŮɘŬ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ï Underground thermal energy storage 

(UTES) 

ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ ɡˊŮŭɎűɞɡɠ ɔɘŬ ɜŬ 

ŬˊɞɗɖəŮɨůɞɡɜ Űɖɜ ˊɟɞůŭɘŭɧɛŮɜɖ ɗŮɟɛɧŰɖŰŬ ɐ ɜŬ ɛŮɘɩůɞɡɜ Űɘɠ ŮɜŮɟɔŮɘŬəɏɠ Űɞɡɠ ŬˊɩɚŮɘŮɠ, Ůɜɩ 

ŮɑɜŬɘ əŬŰɎɚɚɖɚŬ əɡɟɑɤɠ ɔɘŬ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ɚŮɘŰɞɡɟɔɑŬɠ, ůɡɜɐɗɤɠ ɛɏɢɟɘ 80oC. 

ȷˊɞŰŮɚɞɨɜ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ˊŬɗɖŰɘəɎ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɛŮ Űɞ ŮɟɔŬɕɧɛŮɜɞ 

ɛɏůɞ ɜŬ ŮɑɜŬɘ ůɡɜɐɗɤɠ Űɞ ɜŮɟɧ, Űɞ ɞˊɞɑɞ ůɡɜŬɚɚɎůůŮɘ ɗŮɟɛɧŰɖŰŬ ɛŮ ŬɡŰɎ, ɛɏůɤ Ŭɔɤɔɩɜ. 

ȹɘŬəɟɑɜɞɜŰŬɘ ŰɏůůŮɟɘɠ əŬŰɖɔɞɟɑŮɠ ɡˊɧɔŮɘɤɜ ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ [20].  

[1] ɆɡůŰɐɛŬŰŬ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ ï Aquifer thermal energy storage ï ATES  

ɆŰŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ɖ ɗŮɟɛɧŰɖŰŬ ůɡɜŬɚɚɎůŮŰŬɘ ɛɏůɤ űɡůɘəɩɜ ɡˊɧɔŮɘɤɜ ɡŭɟɞűɧɟɤɜ 

ɞɟɘɕɧɜŰɤɜ, ɞɘ ɞˊɞɑɞɘ ˊŮɟɘəɚŮɑɞɜŰŬɘ ůŮ əŬŰɎɚɚɖɚŬ, ˊɞɟɩŭɖ ɔŮɤɚɞɔɘəɎ ůŰɟɩɛŬŰŬ, ɛŮ ɡɣɖɚɐ 

ɡŭɟŬɡɚɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ŰŬ ɞˊɞɑŬ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ Űɞ ɛɏůɞ ŬˊɞɗɐəŮɡůɖɠ. ȷˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ ɔŮɤɗŮɟɛɘəɏɠ ɔŮɤŰɟɐůŮɘɠ, əɎɗŮ ɛɘŬ Ůə Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ Ůɝɞˊɚɘůɛɏɜɖ 

ɛŮ ŰŬ ŭɘəɏɠ Űɖɠ ŬɜŰɚɑŮɠ əŬɘ Ŭɔɤɔɞɨɠ. ȾŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ űɧɟŰɘůɖɠ Űɞɡɠ, əɟɨɞ ɜŮɟɧ ŬɜŰɚŮɑŰŬɘ, 

ɗŮɟɛŬɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ŮəɎůŰɞŰŮ ˊɖɔɐ, əŬɘ ŮɔɢɏŮŰŬɘ ˊɑůɤ ůŮ ŬɡŰɎ, ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ ɜŬ 

ŬɜŰɘůŰɟɏűŮŰŬɘ, ůŰɘɠ ˊŮɟɘɧŭɞɡɠ ŬˊɞűɧɟŰɘůɖɠ.  

[2] ɆɡůŰɐɛŬŰŬ ɔŮɩŰɟɖůɖɠ ï Borehole thermal energy storage ï BTES  

ɆŰŬ ˊŬɟŬˊɎɜɤ ůɡůŰɐɛŬŰŬ, ɖ ɗŮɟɛɧŰɖŰŬ ŬˊɞɗɖəŮɨŮŰŬɘ ŬˊŮɡɗŮɑŬɠ ůŰɞ ɡˊɏŭŬűɞɠ, ůŮ ɓɎɗɖ 

Ŭˊɧ 20m - 300m, ɛɏůɤ əɚŮɘůŰɩɜ əŬŰŬəɧɟɡűɤɜ Ŭɔɤɔɩɜ/ŮɜŬɚɚŬəŰɩɜ, Űɨˊɞɡ U, ɛŮ Űɞ ɜŮɟɧ 

ɜŬ ŬˊɞŰŮɚŮɑ Űɞ ůɡɜɖɗɏůŰŮɟɞ ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ ůŰɘɠ ŮɡɟɤˊŬɥəɏɠ ŮűŬɟɛɞɔɏɠ [21]. ȾŬɘ ůŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŭɘŬəɟɑɜɞɜŰŬɘ ŭɨɞ, ˊŮɟɑɞŭɞɘ ɚŮɘŰɞɡɟɔɑŬɠ (űɧɟŰɘůɖɠ əŬɘ ŬˊɞűɧɟŰɘůɖɠ), 

ɛŮ Űɖɜ ɟɞɐ Űɞɡ ŮɟɔŬɕɧɛŮɜɞɡ ɛɏůɞɡ, ɜŬ ŬɜŰɘůŰɟɏűŮŰŬɘ əŬŰɎɚɚɖɚŬ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. ȼ 

Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɖɟŮɎɕŮŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɘɠ ɗŮɟɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡˊŮŭɎűɞɡɠ 
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(ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ əŬɘ ŬɔɤɔɘɛɧŰɖŰŬ), ɞɘ ɞˊɞɑŮɠ əŬɗɞɟɑɕɞɡɜ əŬɘ Űɖɜ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 

ůɤɚɖɜɩůŮɤɜ. Ⱥɜ ɔɏɜŮɘ ŰŬ ˊŮŰɟɩŭɖ ɐ ŰŬ ɡŭŬŰɘəɎ əɞɟŮůɛɏɜŬ ɢɤɛɎŰɘɜŬ ůŰɟɩɛŬŰŬ, 

ɗŮɤɟɞɨɜŰŬɘ ŰŬ ˊɚɏɞɜ əŬŰɎɚɚɖɚŬ.  

[3] ɆɡůŰɐɛŬŰŬ ɡˊɧɔŮɘɤɜ űɟŮŬŰɑɤɜ ï Pit thermal energy storage ï PTES  

ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ, ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ əŬŰɎɚɚɖɚŬ ɗŮɟɛɞɛɞɜɤɛɏɜŮɠ ŰŮɢɜɖŰɏɠ əɚŮɘůŰɏɠ 

ˊɘůɑɜŮɠ, ɗŬɛɛɏɜŮɠ ɛŮɟɘəɩɠ ůŰɞ ɏŭŬűɞɠ ůŮ ɓɎɗɞɠ 5m ɏɤɠ 15m. ɆŰɞ ŮůɤŰŮɟɘəɧ Űɞɡɠ 

ˊŮɟɘɏɢɞɡɜ Űɞ ɡɚɘəɧ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, əŬɗɩɠ əŬɘ ɜŮɟɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ Űɞ 

ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ, ɔɘŬ Űɖɜ űɧɟŰɘůɖ əŬɘ ŬˊɞűɧɟŰɘůɐ Űɞɡɠ.  

[4] ɆɡůŰɐɛŬŰŬ ɡˊɧɔŮɘɤɜ ŭŮɝŬɛŮɜɩɜ ï Tank thermal energy storage ï TTES  

ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ŮɑɜŬɘ ŰŬ ɛɞɜŬŭɘəɎ ŮɜŮɟɔɖŰɘəɎ Űɖɠ ɡˊɧ ɛŮɚɏŰɖ əŬŰɖɔɞɟɑŬɠ əŬɗɩɠ Űɞ 

ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ əŬɘ Űɞ ɛɏůɞ ŬˊɞɗɐəŮɡůɖɠ ŮɑɜŬɘ Űɞ ɜŮɟɧ. ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭŮɝŬɛŮɜɏɠ 

əŬŰŬůəŮɡŬůɛɏɜŮɠ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ ůəɡɟɧŭŮɛŬ, Ůɜɩ Ůˊɘəɞɘɜɤɜɞɨɜ ɛŮ Űɘɠ ˊɖɔɏɠ əŬɘ Űɘɠ 

əŬŰŬɜŬɚɩůŮɘɠ, ɛɏůɤ əŬŰɎɚɚɖɚɞɡ ŭɘəŰɨɞɡ, Ŭɔɤɔɩɜ əŬɘ ŬɜŰɚɘɩɜ. ȺɑɜŬɘ ˊɚɐɟɤɠ ɗŬɛɛɏɜŮɠ 

ůŰɞ ɏŭŬűɞɠ, ůŮ ɓɎɗɖ Ŭˊɧ 5m ɏɤɠ 15m, ɛŮ Űɖɜ ɗŮɟɛɞɛɞɜɤŰɘəɐ ˊɟɞůŰŬůɑŬ Űɞɡɠ ɜŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ, ɛɏůɤ ůŰɟɩɛŬŰɞɠ ŭɘɞɔəɤɛɏɜɞɡ ɔɡŬɚɘɞɨ, Ůɜɩ ˊŮɟɘəɚŮɑɞɜŰŬɘ ɛŮŰŬɝɨ Ɏɚɚɤɜ əŬɘ 

Ŭˊɧ ˊɟɞůŰŬŰŮɡŰɘəɧ ůŰɟɩɛŬ (protection fleece), ɔɘŬ ɡɔɟɞɛɧɜɤůɖ.  

Ƀɘ ˊŬɟŬˊɎɜɤ ŰŮɢɜɞɚɞɔɑŮɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůɡɔəŮɜŰɟɤŰɘəɎ ůŰɖɜ Ⱥɘə. 1.6, Ůɜɩ ůŰɞɜ Ʉɘɜ. 1.4 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɟɘůɛɏɜŬ ůŰɞɘɢŮɑŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬˊɞɗɖəŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ əŬɘ Űɞ əɧůŰɞɠ Űɞɡɠ.  

 

 

Ⱥɘə. 1.6: (Ŭ) ɆɨůŰɖɛŬ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ ï ATES (ɓ) ɆɨůŰɖɛŬ ɔŮɩŰɟɖůɖɠ ï BTES  

(ɔ) ɆɨůŰɖɛŬ ɡˊɧɔŮɘɤɜ űɟŮŬŰɑɤɜ ï PTES (ŭ) ɆɨůŰɖɛŬ ɡˊɧɔŮɘɤɜ ŭŮɝŬɛŮɜɩɜ ï TTES [20]  
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Ʉɘɜ. 1.4: ɃɘəɞɜɞɛɞŰŮɢɜɘəɎ ůŰɞɘɢŮɑŬ ɡˊɧɔŮɘɤɜ ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ [20] 

ɇŮɢɜɞɚɞɔɑŬ ï UTES 
ȷˊɞɗɖəŮɡŰɘəɐ ȽəŬɜɧŰɖŰŬ 

[kWh/m3] 
ȾɧůŰɞɠ Ⱥˊɏɜŭɡůɖɠ [ú/m3]1 

ATES  30 ï 40  25 

BTES  15 ï 30  50 ï 95  

PTES 60 ï 80  80 ï 250  

TTES  60 ï 80  110 ï 470  

 

¶ ȹŮɝŬɛŮɜɏɠ ɁŮɟɞɨ (Water Tanks) 

ȷˊɞŰŮɚɞɨɜ Űɖɜ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜɖ ɛɞɟűɐ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ, ɛŮ ŰŮɟɎůŰɘŬ 

ŮűŬɟɛɞɔɐ ůŰŬ ɖɚɘɞɗŮɟɛɘəɎ ůɡůŰɐɛŬŰŬ. ɇŬ ɡɚɘəɎ əŬŰŬůəŮɡɐɠ Űɤɜ ŭŮɝŬɛŮɜɩɜ ŬɡŰɩɜ ɛˊɞɟɞɨɜ 

ɜŬ ˊɞɘəɑɚɞɡɜ ɛŮŰŬɝɨ ŬɜɞɝŮɑŭɤŰɞɡ ɢɎɚɡɓŬ, ůəɡɟɞŭɏɛŬŰɞɠ əŬɘ ˊɚŬůŰɘəɞɨ, ɛŮ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ 

ɜŬ ŭɑɜŮŰŬɘ ůŰɖɜ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɗɩɠ əŬɘ ůŰɖɜ ŮˊɑŰŮɡɝɖ 

əŬŰɎɚɚɖɚɖɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ, ɖ ɞˊɞɑŬ ɏɢŮɘ ɓɟŮɗŮɑ ɜŬ ɓŮɚŰɘɩɜŮɘ Űɖɜ Ŭˊɧŭɞůɖ 

ɘŭɘŬɑŰŮɟŬ Űɤɜ ɖɚɘɞɗŮɟɛɘəɩɜ ůɡůŰɖɛɎŰɤɜ [22-24]. ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ˊɞɚɡůɤɚɐɜɘɞɡ 

ůɡůŰɐɛŬŰɞɠ Ŭɔɤɔɩɜ Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɗŮɟɛɞəɟŬůɘŬəɐɠ 

ŭɘŬůŰɟɤɛɎŰɤůɖɠ ŭɑɜŮŰŬɘ ůŰɖɜ Ⱥɘə. 1.7.  

 

 

Ⱥɘə. 1.7: ȹɘɎŰŬɝɖ ˊɞɚɡůɤɚɐɜɘɞɡ ůɡůŰɐɛŬŰɞɠ ůŮ ŭŮɝŬɛŮɜɐ ɜŮɟɞɨ ɔɘŬ ŮˊɑŰŮɡɝɖ ɗŮɟɛɞəɟŬůɘŬəɐɠ 

ŭɘŬůŰɟɤɛɎŰɤůɖɠ [25]  

¶ ȼɚɘŬəɏɠ ȿɑɛɜŮɠ (Salt-gradient solar ponds)  

Ƀɘ ɖɚɘŬəɏɠ ɚɑɛɜŮɠ, ŮɑɜŬɘ ŰŮɢɜɖŰɎ ɗŮɟɛɞəɟŬůɘŬəɎ ŭɘŬůŰɟɤɛŬŰɤɛɏɜŮɠ ɚɑɛɜŮɠ, ɞɘ ɞˊɞɑŮɠ 

ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŮˊɑŰŮɡɝɖ əŬɘ ŭɘŬŰɐɟɖůɖ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ ůŰɞɜ ˊɡɗɛɏɜŬ Űɞɡɠ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ. ȼ űɡůɘəɐ ɟɞɐ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ ůŰɖɜ 

ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɚɑɛɜɖɠ, ŮɛˊɞŭɑɕŮŰŬɘ, ɛŮŰɎ Űɖɜ ˊɟɞůɗɐəɖ ɎɚŬŰɞɠ ůŮ ŬɡŰɐɜ, ɚɧɔɤ Űɖɠ 

ŭɘŬűɞɟŮŰɘəɐɠ ˊɡəɜɧŰɖŰŬɠ ɖ ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ ůŰŬ ŭɘɎűɞɟŬ ɗŮɟɛɞəɟŬůɘŬəɎ ůŰɟɩɛŬŰŬ ŰŬ ɞˊɞɑŬ 

 
1 ɋɠ ɧɔəɞɠ ŬˊɞɗɐəŮɡůɖɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ɘůɞŭɨɜŬɛŬ əɡɓɘəɎ ɛɏŰɟŬ ɜŮɟɞɨ (water equivalent), ɩůŰŮ ɜŬ ŮɑɜŬɘ 
ŭɡɜŬŰɐ ɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɧɟɤɜ ŰŮɢɜɞɚɞɔɘɩɜ.  
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ŬɜŬˊŰɨůůɞɜŰŬɘ. Ɇɡɜɐɗɤɠ ŭɘŬəɟɑɜɞɜŰŬɘ ŰɟŮɘɠ ɕɩɜŮɠ, i) ɏɜŬ ɚŮˊŰɧ ůɡɜŬɔɤɔɘəɧ ůŰɟɩɛŬ (upper 

convective zone ï UCZ), Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɚɑɛɜɖɠ, ŮɛűŬɜɑɕɞɜŰŬɠ 

ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ŬɚŬŰɧŰɖŰŬɠ, ii ) ɛɑŬ ɛɖ ůɡɜŬɔɤɔɘəɐ ɕɩɜɖ (non-convective zone ï NCZ), ɛŮ 

ůŰŬɗŮɟɐ ɓŬɗɛɑŭŬ ˊɡəɜɧŰɖŰŬɠ əŬɘ iii ) ɛɑŬ ˊɚɐɟɤɠ ŬɜŬɛŮɛɘɔɛɏɜɖ ůɡɜŬɔɤɔɘəɐ ɕɩɜɖ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ (lower convective zone ï LCZ) ůŰɞɜ ˊɡɗɛɏɜŬ Űɖɠ ɚɑɛɜɖɠ, ɛŮ ɡɣɖɚɎ ˊɞůɞůŰɎ 

ŬɚŬŰɧŰɖŰŬɠ [14, 26, 27]. ɆŰɖɜ Ⱥɘə. 1.8, ɔɑɜŮŰŬɘ ɛɘŬ ŬˊŮɘəɧɜɘůɖ Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ ɕɤɜɩɜ əŬɗɩɠ 

əŬɘ Űɤɜ ˊɟɞűɑɚ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ˊɡəɜɧŰɖŰŬɠ ůŮ əŬɗŮɛɑŬ Ŭˊɧ ŬɡŰɏɠ. ɄŬɟɎɚɚɖɚŬ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ əŬɘ ɛɘŬ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŭɘɎŰŬɝɖɠ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɖɠ ŬˊɞɗɖəŮɡɛɏɜɖɠ 

ɗŮɟɛɧŰɖŰŬɠ. 

 

Ⱥɘə. 1.8: ɆɢŮŭɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ əŬɘ əŬɗɩɠ əŬɘ 

ŭɘɎŰŬɝɖɠ ɔɘŬ ŮəɛŮŰɎɚɚŮɡůɖ ŬˊɞɗɖəŮɡɛɏɜɖɠ ɗŮɟɛɧŰɖŰŬɠ ůŮ ɖɚɘŬəɐ ɚɑɛɜɖ [28]  

¶ ɆŰŬɗŮɟɐ əɚɑɜɖ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ (Packed bed)  

ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭŮɝŬɛŮɜɏɠ ˊɚɖɟɤɛɏɜŮɠ ɛŮ Űɞ ɡɚɘəɧ ŬˊɞɗɐəŮɡůɖɠ, ɛŮ Űɖ 

ɗŮɟɛɧŰɖŰŬ ɜŬ ɛŮŰŬűɏɟŮŰŬɘ ůŮ ŬɡŰɧ, ɛɏůɤ Űɞɡ ŮɟɔŬɕɧɛŮɜɞɡ ɛɏůɞɡ, Űɞ ɞˊɞɑɞ, ŮɑŰŮ ŮɑɜŬɘ ůŮ ɎɛŮůɖ 

ŮˊŬűɐ ɛŮ ŬɡŰɧ ɐ ɛŮŰŬűɏɟŮɘ Űɖ ɗŮɟɛɧŰɖŰŬ ɛɏůɤ ůɤɚɖɜɩůŮɤɜ ɞɘ ɞˊɞɑŮɠ ŭɘŬŰɟɏɢɞɡɜ ɧɚɞ Űɞ ɛɐəɞɠ 

Űɖɠ ŭŮɝŬɛŮɜɐɠ, ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 1.9. ȼ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ŭɘŬɛɧɟűɤůɖɠ 

ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɡɚɘəɧ ŬˊɞɗɐəŮɡůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɡɚɘəɎ ɧˊɤɠ ŰŬ 

ŰɖɔɛɏɜŬ ɎɚŬŰŬ, Űɞ ůəɡɟɧŭŮɛŬ əŬɘ ɖ Ɏɛɛɞɠ, ŰŬ ɞˊɞɑŬ ŭɘŬəɟɑɜɞɜŰŬɘ Ŭˊɧ ɣɘɚɐ əɞəəɞɛŮŰɟɑŬ, 

ŮɜŰɎůůɞɜŰŬɘ ůŰɖɜ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɑŬ Ůɜɩ ŰŬ ůŰɟɩɛŬŰŬ ɚɑɗɤɜ ůŰɖɜ ˊɟɩŰɖ. ȼ ůɢŮŭɑŬůɖ Ůɜɧɠ 

ŰɏŰɞɘɞɡ ůɡůŰɐɛŬŰɞɠ ůəɞˊŮɨŮɘ, ůŰɖɜ ŮɚɚɎŰɤůɖ Űɖɠ ˊŰɩůɖɠ ˊɑŮůɖɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖ ɟɞɐ Űɞɡ 

ŮɟɔŬɕɧɛŮɜɞɡ ɛɏůɞɡ, əŬɗɩɠ əŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ůɢɐɛŬŰɞɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ, ɛŮ ůəɞˊɧ Űɖɜ 
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ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ. ȷˊɞŰŮɚɏůɛŬŰŬ ɛŮɚŮŰɩɜ ɏɢɞɡɜ ɞŭɖɔɐůŮɘ ůŰɞ 

ůɡɛˊɏɟŬůɛŬ ˊɤɠ ɞɘ ŭŮɝŬɛŮɜɏɠ əɡɚɘɜŭɟɘəɞɨ ůɢɐɛŬŰɞɠ ɛŮ ɚɧɔɞ ɨɣɞɡɠ ˊɟɞɠ ŭɘɎɛŮŰɟɞ ɛŮɔŬɚɨŰŮɟɞ 

Űɖɠ ɛɞɜɎŭŬɠ ὒȾὈ  ρ, ŮɛűŬɜɑɕɞɡɜ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ ŬˊɞŭɧůŮɘɠ, [12]. 

 

Ⱥɘə. 1.9: ȹɘŬŰɎɝŮɘɠ ůŰŬɗŮɟɐɠ əɚɑɜɖɠ ɛŮ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ (Ŭ) ůŮ ɎɛŮůɖ ŮˊŬűɐ ɛŮ Űɞ ŮɟɔŬɕɧɛŮɜɞ 

ɛɏůɞ (ɓ) ɛŮ ɢɟɐůɖ ŭɘɎŰŬɝɖɠ ůɤɚɖɜɩůŮɤɜ [29]  

1.2.2 ȷˊɞɗɐəŮɡůɖ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ  

ȼ ŬˊɞɗɐəŮɡůɖ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŬɜŰɘůŰɟɏɣɘɛɖ ŬɚɚŬɔɐ űɎůɖɠ Űɤɜ 

ɡɚɘəɩɜ Űɖɠ, ŮɛűŬɜɑɕɞɜŰŬɠ ɡɣɖɚɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ ˊɡəɜɧŰɖŰŬ ŬɜɎ ɛɞɜɎŭŬ ɧɔəɞɡ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ŬˊɞɗɐəŮɡůɖ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ. ɇŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ɡɚɘəɎ (Phase Change Materials ï 

PCM), əŬɗɞɟɑɕɞɡɜ ˊɚɐɟɤɠ Űɖ ɗŮɟɛɞəɟŬůɑŬ ůŰɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟŬˊɎɜɤ ŬɚɚŬɔɐ, 

ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŬɜɎ əŬŰɖɔɞɟɑŬ ɜŬ ŭɑɜɞɜŰŬɘ ůŰɖɜ Ⱥɘə. 1.10. ȼ Ůˊɘɚɞɔɐ Űɞɡ 

əŬŰɎɚɚɖɚɞɡ ɡɚɘəɞɨ, ŮɝŬɟŰɎŰŬɘ ˊɏɟŬɜ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ 

əŬɘ Ŭˊɧ ɏɜŬ ˊɚɐɗɞɠ ˊŬɟŬɔɧɜŰɤɜ ɧˊɤɠ [30]:  

¶ ŪŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ  

¶ ȷɜŰɞɢɐ ůŮ ɗŮɟɛɘəɞɨɠ əɨəɚɞɡɠ űɧɟŰɘůɖɠ  

¶ Ⱥɘŭɘəɐ ɞɔəɞɛŮŰɟɘəɐ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ  

¶ ȷɜŬůŰɟŮɣɘɛɧŰɖŰŬ űɎůŮɤɜ 

¶ ɇɞɝɘəɧŰɖŰŬ  

¶ ȷɜŬűɚŮɝɘɛɧŰɖŰŬ 

¶ ȺəɟɖəŰɘəɧŰɖŰŬ əŬɘ 

¶ ȾɧůŰɞɠ 

ɋɠ ŰŮɢɜɞɚɞɔɑŬ, ŮɛűŬɜɑɕŮɘ ŬəɧɛŬ ɢŬɛɖɚɧ ŮˊɑˊŮŭɞ ŰŮɢɜɞɚɞɔɘəɐɠ ŮŰɞɘɛɧŰɖŰŬɠ (Technical 

Readiness Level ï TRL), ɛŮ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŮűŬɟɛɞɔɏɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɞ ůŰɎŭɘɞ ŬɜɎˊŰɡɝɖɠ 

Ŭˊɧ ŮɟɔŬůŰɖɟɘŬəɐ ůŮ Ůɛˊɞɟɘəɐ əɚɑɛŬəŬ [31].  

ɀɏɢɟɘ ůŰɘɔɛɐɠ ɖ ɏɟŮɡɜŬ ˊɎɜɤ ůŰɖɜ ŬˊɞɗɐəŮɡůɖ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ, ŮůŰɘɎɕŮŰŬɘ əɡɟɑɤɠ 

ůŰɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ɗŮɟɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ əŮɚɨűɞɡɠ Űɤɜ əŰɖɟɑɤɜ, ůŰɖɜ ɛŮɚɏŰɖ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡɠ ůŰɖɜ ŬˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ ɖɚɘɞɗŮɟɛɘəɎ ůɡůŰɐɛŬŰŬ, əŬɗɩɠ əŬɘ ůŰɖɜ 

ůɡɜŮɟɔŬůɑŬ Űɞɡɠ ɛŮ ůɡůŰɐɛŬŰŬ ɗɏɟɛŬɜůɖɠ əŬɘ ɣɨɝɖɠ əŬŰɞɘəɘɩɜ ɔɘŬ ɛŮɑɤůɖ Űɤɜ űɞɟŰɑɤɜ Ŭɘɢɛɐɠ 

[32, 33].  
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Ⱥɘə. 1.10: ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɡɚɘəɩɜ ŬɚɚŬɔɐɠ űɎůɖɠ [34]  
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ȼ ŮɜůɤɛɎŰɤůɐ Űɞɡɠ ůŰɞ əɏɚɡűɞɠ Űɞɡ əŰɖɟɑɞɡ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ˊŬɟŬəɎŰɤ 

Űɟɧˊɞɡɠ [35]:  

¶ ȷˊŮɡɗŮɑŬɠ ŮɜůɤɛɎŰɤůɖ - Direct Incorporation  

ɆŰɖ ɛɏɗɞŭɞ ŬɡŰɐ, Űɞ ɡɚɘəɧ ŬɚɚŬɔɐɠ űɎůɖɠ, ŮɘůɎɔŮŰŬɘ əŬɘ ŬɜŬɛɘɔɜɨŮŰŬɘ ŬˊŮɡɗŮɑŬɠ ɛŮ Űɞ ŭɞɛɘəɧ 

ɡɚɘəɧ. ȷˊɞŰŮɚŮɑ Űɖ űɗɖɜɧŰŮɟɖ ɚɨůɖ, ŮɛűŬɜɑɕɞɜŰŬɠ ɤůŰɧůɞ ˊɟɞɓɚɐɛŬŰŬ ŭɘŬɟɟɞɩɜ, əŬŰɎ Űɖɜ 

űɎůɖ Űɐɝɖɠ Űɞɡ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ.  

¶ ȺɛɓɎˊŰɘůɖ ï Immersion  

ɆŰɖ ɛɏɗɞŭɞ ŬɡŰɐ, Űɞ ˊɞɟɩŭŮɠ ŭɞɛɘəɧ ɡɚɘəɧ, ŮɛɓŬˊŰɑɕŮŰŬɘ ɛɏůŬ ůŰɞ ɡɚɘəɧ ŬɚɚŬɔɐɠ űɎůɖɠ Űɞ 

ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŮ ɡɔɟɐ əŬŰɎůŰŬůɖ, ɩůŰŮ ɜŬ Űɞ ŬˊɞɟɟɞűɐůŮɘ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŭɖɛɘɞɡɟɔŮɑ 

ɤůŰɧůɞ ˊɟɞɓɚɐɛŬŰŬ ŭɘŬɟɟɞɩɜ, ɛŮ ůɡɜŮˊŬɔɧɛŮɜɖ ŭɘɎɓɟɤůɖ Űɖɠ ɛŮŰŬɚɚɘəɐɠ Ůɜɑůɢɡůɖɠ Űɖɠ 

ŰɞɘɢɞˊɞɘɑŬɠ ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ.  

¶ EɜɗɡɚɎəɤůɖ ï Encapsulation   

ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ŭɘŬɟɟɞɐɠ Űɤɜ ˊŬɟŬˊɎɜɤ ŰŮɢɜɞɚɞɔɘɩɜ, ůŰɖɜ ŮɜɗɡɚɎəɤůɖ, Űɞ 

ɡɚɘəɧ ŬɚɚŬɔɐɠ űɎůɖɠ, ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ əŬŰɎɚɚɖɚɞ əɏɚɡűɞɠ, ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ɛˊɞɟŮɑ 

ˊŬɟɎɚɚɖɚŬ ɜŬ ŬɡɝɖɗŮɑ əŬɘ ɖ ŮˊɘűɎɜŮɘŬ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ. ɇɞ əɏɚɡűɞɠ ˊɟɏˊŮɘ ɜŬ ŮɛűŬɜɑɕŮɘ 

əŬŰɎɚɚɖɚŮɠ ɘŭɘɧŰɖŰŮɠ, ɧˊɤɠ ɜŬ ɛɖɜ ŮˊɘŰɟɏˊŮɘ Űɘɠ ŭɘŬɟɟɞɏɠ, ɜŬ ɛɖɜ ŬɜŰɘŭɟɎŮɘ ɛŮ Űɞ ɡɚɘəɧ 

ŬˊɞɗɐəŮɡůɖɠ (PCM), əŬɗɩɠ əŬɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞɟɟɞűɐůŮɘ Űɘɠ ɞɔəɞɛŮŰɟɘəɏɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ 

ŰŮɚŮɡŰŬɑɞɡ.  

ȹɘŬəɟɑɜɞɜŰŬɘ ŭɨɞ ɛɏɗɞŭɞɘ, ɖ ɛɎəɟɞ-ŮɜɗɡɚɎəɤůɖ əŬɘ ɖ ɛɑəɟɞ-ŮɜɗɡɚɎəɤůɖ, ɞɘ ɞˊɞɑŮɠ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ əɞəəɞɛŮŰɟɑŬ Űɞɡ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ. ɆŰɖ ɛɎəɟɞ-ŮɜɗɡɚɎəɤůɖ Űɞ ɡɚɘəɧ 

Űɞɡ əŮɚɨűɞɡɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ Ŭɚɞɡɛɑɜɘɞ, ɢŬɚəɧɠ ɐ ŬɜɞɝŮɑŭɤŰɞɠ ɢɎɚɡɓŬɠ, ůŮ ŭɘŬɛɞɟűɩůŮɘɠ ɧˊɤɠ 

ůɤɚɐɜŮɠ, ŭɞɢŮɑŬ ɐ ŮɚɎůɛŬŰŬ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ɛɑəɟɞ-ŮɜɗɡɚɎəɤůɖ ɧˊɞɡ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ɘŭɘŬɑŰŮɟŬ ˊɞɚɡɛŮɟɐ.   

¶ ɆŰŬɗŮɟɞɑ ɆɢɖɛŬŰɘůɛɞɑ PCM ï Shape-stabilized PCM  

ɆŰɖ ɛɏɗɞŭɞ ŬɡŰɐ Űɞ ɡɚɘəɧ ŬɚɚŬɔɐɠ űɎůɖɠ, ŬɜŬɛɘɔɜɨŮŰŬɘ ɛŮ ɏɜŬ ɡɚɘəɧ ůŰɐɟɘɝɖɠ, Űɞ ɞˊɞɑɞ Űɞɡ 

ŮˊɘŰɟɏˊŮɘ ɜŬ ŭɘŬŰɖɟŮɑ Űɞ ůɢɐɛŬ Űɞɡ ůŮ ɧɚŮɠ Űɘɠ əŬŰŬůŰɎůŮɘɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

ˊŬɟɎŭŮɘɔɛŬ ɜŬ ŭɑɜŮŰŬɘ ůŰɖɜ Ⱥɘə. 1.11 [36]. ɇɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 80% ˊŬɟŬűɑɜɖ əŬɘ 20% ɡɣɖɚɐɠ ˊɡəɜɧŰɖŰŬɠ 

ˊɞɚɡŬɘɗɡɚɏɜɘɞ (High Density Polyethylene ï HDPE), ɤɠ 

ɡˊɞůŰɖɟɘəŰɘəɧ ɡɚɘəɧ. ɇŬ PCM ůŰŬɗŮɟɞɨ ůɢɖɛŬŰɘůɛɞɨ, 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɓŮɚŰɘɤɛɏɜɖ ɗŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ɛŮɔɎɚɖ 

Ůɘŭɘəɐ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ əŬɗɩɠ əŬɘ ɡɣɖɚɐ ŬɜŰɞɢɐ ůŮ 

ɗŮɟɛɘəɞɨɠ əɨəɚɞɡɠ űɧɟŰɘůɖɠ.  

 

Ⱥɘə. 1.11: Ɉɚɘəɧ ŬɚɚŬɔɐɠ 

űɎůɖɠ ůŮ ŭɘɎŰŬɝɖ 

ůŰŬɗŮɟɞɨ 

ůɢɖɛŬŰɘůɛɞɨ  
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Ⱥɘə. 1.13: ȹɘɎŰŬɝɖ ɛŮŰŬűɞɟɎɠ 

ɗŮɟɛɧŰɖŰŬɠ 

ůɡůŰɖɛɎŰɤɜ ɛŮ 

ɢɟɐůɖ ɡɚɘəɩɜ 

ŬɚɚŬɔɐɠ űɎůɖɠ  

¶ ɆɨɜɗŮŰŬ PCM ůŰŬɗŮɟɞɨ ůɢɖɛŬŰɘůɛɞɨ ï Form-stable PCM composites  

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ůɡɜŭɡɎɕŮɘ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ůŰŬɗŮɟɩɜ ůɢɖɛŬŰɘůɛɩɜ PCM, ɛŮ Űɖɜ 

ŮɜůɤɛɎŰɤůɖ ůŮ ŬɡŰɎ əŬŰɎɚɚɖɚɤɜ ŭɘŬŰɎɝŮɤɜ ɩůŰŮ ɜŬ ɓŮɚŰɘɤɗŮɑ ɖ ɛɖɢŬɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ əŬɘ ɖ 

ŬɔɤɔɘɛɧŰɖŰɎ Űɞɡɠ. ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɐɠ, ŬˊɞŰŮɚŮɑ ɖ ɛŮɚɏŰɖ Űɤɜ Biao Xie et 

al [37], ůŰɖɜ ɞˊɞɑŬ ŬɝɘɞɚɞɔɐɗɖəŮ ɖ ŮɜůɤɛɎŰɤůɖ ɛŮŰŬɚɚɘəɞɨ əɡɣŮɚɞŮɘŭɐ ůəŮɚŮŰɞɨ, ůŮ PCM 

ůŰŬɗŮɟɞɨ ůɢɖɛŬŰɘůɛɞɨ, ɧˊɤɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬˊŮɘəɞɜɑɕŮŰŬɘ əŬɘ ůŰɖɜ Ⱥɘə. 1.12. 

 

 

Ⱥɘə. 1.12: ɆɡɔəɟɘŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɡɚɘəɩɜ ŬɚɚŬɔɐɠ űɎůɖɠ ůŮ (Ŭ) ȹɘɎŰŬɝɖ ůŰŬɗŮɟɞɨ ůɢɖɛŬŰɘůɛɞɨ ɛŮ 

ɛŮŰŬɚɚɘəɧ əɡɣŮɚɞŮɘŭɐ ůəŮɚŮŰɧ (ɓ) ȹɘɎŰŬɝɖ ůŰŬɗŮɟɞɨ ůɢɖɛŬŰɘůɛɞɨ [37]  

ɆŰɖɜ ŬˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ, ŬɚɚɎ əŬɘ ůŰɞ ůɨɜɞɚɞ Űɤɜ ɚɞɘˊɩɜ ŮɜŮɟɔɖŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ 

ɓŬůɑɕɞɜŰŬɘ ůŮ ŬɡŰɐ, ɖ ŮˊɘəɟŬŰɏůŰŮɟɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɖ 

ŮɜɗɡɚɎəɤůɖ, ɛŮ Űɞ ɡɚɘəɧ ŬɚɚŬɔɐɠ űɎůɖɠ ɜŬ ˊŮɟɘɏɢŮŰŬɘ ůŮ 

ŭɘŬűɧɟɤɜ Ůɘŭɩɜ ŭɞɢŮɑŬ, ɟɎɓŭɞɡɠ ɐ ůűŬɘɟɘəɏɠ əɎɣɞɡɚŮɠ, 

əŬŰŬůəŮɡŬůɛɏɜŬ Ŭˊɧ ŬɜɞɝŮɑŭɤŰɞ ɢɎɚɡɓŬ, ˊɞɚɡˊɟɞˊɡɚɏɜɘɞ ɐ 

ˊɞɚɡɞɚŮűɑɜɖ. ȼ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɞɡ ɡɚɘəɞɨ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ Űɞɡ ŮɟɔŬɕɧɛŮɜɞɡ ɛɏůɞɡ, ɔɑɜŮŰŬɘ 

ɛɏůɤ ŭɘŬŰɎɝŮɤɜ ˊɞɡ ˊɟɞůɞɛɞɘɎɕɞɡɜ ŮɜŬɚɚɎəŰɖ əŮɚɨűɞɡɠ ï 

Ŭɡɚɩɜ, Ůɜɩ ůɡɢɜɎ ɔɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮŰŬɚɚɘəɎ ˊŰŮɟɨɔɘŬ ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ 

Ⱥɘə. 1.13 [38].   
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1.2.3 ɉɖɛɘəɐ Ŭ́ ɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ  

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ˊɟɩɘɛɖ ŰŮɢɜɞɚɞɔɑŬ, ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŬɜŰɘůŰɟɏɣɘɛɖ ɛŮŰŬŰɟɞˊɐ Űɖɠ 

ɗŮɟɛɧŰɖŰŬɠ ůŮ ɢɖɛɘəɐ ŮɜɏɟɔŮɘŬ, ɛɏůɤ ŮɜŭɧɗŮɟɛɤɜ ɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ɐ ŬɜŰɘŭɟɎůŮɤɜ ɗŮɟɛɞ-

ɢɖɛɘəɐɠ ɟɧűɖůɖɠ [39]. ȼ Ůˊɘɚɞɔɐ Űɤɜ əŬŰɎɚɚɖɚɤɜ ɡɚɘəɩɜ, ɔɑɜŮŰŬɘ ɛŮ əɟɘŰɐɟɘɞ Űɖɜ ŬɜŰɞɢɐ Űɞɡɠ 

ůŮ ɗŮɟɛɘəɞɨɠ əɨəɚɞɡɠ űɧɟŰɘůɖɠ, ɘŭɘɧŰɖŰŬ ɎɛŮůŬ ůɢŮŰɘɕɧɛŮɜɖ ɛŮ Űɖɜ ŬɜŰɘůŰɟŮɣɘɛɧŰɖŰŬ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ, ŬɚɚɎ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ əŬɘ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ Űɞɜ ɧɔəɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

(ŮɜŮɟɔŮɘŬəɐ ˊɡəɜɧŰɖŰŬ), Űɞ əɧůŰɞɠ, əŬɘ űɡůɘəɎ Űɘɠ ŮˊɘɗɡɛɖŰɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ɚŮɘŰɞɡɟɔɑŬɠ 

(űɧɟŰɘůɖɠ/ŬˊɞűɧɟŰɘůɖɠ).  

¶ ȷˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ ŮɜŭɧɗŮɟɛɤɜ ɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ 

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ, ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɖɜ 

ˊŬɟŬəɎŰɤ ɔŮɜɘəɐ ɢɖɛɘəɐ Ůɝɑůɤůɖ:  

΅ ῳὌ ᴾ  ὄ ὅ  1.1 

ȼ ɞɡůɑŬ ȷ, ŭɘŬůˊɎŰŬɘ ůŰɘɠ B əŬɘ C, ŬˊɞɟɟɞűɩɜŰŬɠ ɗŮɟɛɧŰɖŰŬ, Ůɜɩ ɞɘ B,C ŬˊɞɗɖəŮɨɞɜŰŬɘ 

ɝŮɢɤɟɘůŰɎ, ɩůŰŮ ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ ɗŮɟɛɘəɏɠ ŬˊɩɚŮɘŮɠ əŬɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ, ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ɛŮɔɎɚɞɘ 

ɢɟɧɜɞɘ ŬˊɞɗɐəŮɡůɖɠ.  

ɆŰɞɜ Ʉɘɜ. 1.6 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ˊɚɐɗɞɠ ɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, əŬɗɩɠ əŬɘ ŬɜŰɑůŰɞɘɢŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ [40]. ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ, ɖ ŮɜŮɟɔŮɘŬəɐ ˊɡəɜɧŰɖŰŬ Űɤɜ ˊŬɟŬəɎŰɤ 

ůɡůŰɖɛɎŰɤɜ ŮɑɜŬɘ ˊɞɚɚŬˊɚɎůɘŬ ůŮ ůɢɏůɖ ɛŮ ŰŬ ůɡůŰɐɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɐ 

ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ, ɛŮ ŮɝŬɑɟŮůɖ ŰŬ ůɡůŰɐɛŬŰŬ ŬŮɟɑɞɡ ï ŬŮɟɑɞɡ, ŰŬ ɞˊɞɑŬ ŬˊŬɘŰɞɨɜ 

ɛŮɔɎɚɞɡɠ ɧɔəɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ. 

¶ ȷˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ ɗŮɟɛɞ-ɢɖɛɘəɐɠ ɟɧűɖůɖɠ  

ɆŰŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ, ŬŰɛɞɑ ɛɘŬ ɞɡůɑŬɠ (sorbate) ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ɤɠ ɚŮˊŰɧ ůŰɟɩɛŬ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Ůɜɧɠ ůŰŮɟŮɞɨ ɐ ůŰɞ ŮůɤŰŮɟɘəɧ Ůɜɧɠ ɡɔɟɞɨ ɛɏůɞɡ (sorbent), ˊŬɟɎɔɞɜŰŬɠ ɗŮɟɛɧŰɖŰŬ 

(ɟɧűɖůɖ). ɀŮ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ (Ůəɟɧűɖůɖ), ɗŮɟɛɧŰɖŰŬ ŬˊɞɟɟɞűɎŰŬɘ, ůˊɎɕɞɜŰŬɠ 

Űɞɡɠ űɡůɘəɞɨɠ əŬɘ ɢɖɛɘəɞɨɠ ŭŮůɛɞɨɠ, ɛŮ Űɞɡɠ ŬŰɛɞɨɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ, ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ 

ůɡɛˊɡəɜɩɜɞɜŰŬɘ əŬɘ ɜŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ ɝŮɢɤɟɘůŰɎ ɐ ɜŬ ŬˊɞɟɟɑˊŰɞɜŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, 

ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȹɘŬəɟɑɜɞɜŰŬɘ ŰɟŮɘɠ əŬŰɖɔɞɟɑŮɠ ɗŮɟɛɞ-ɢɖɛɘəɐɠ ɟɧűɖůɖɠ, i) 

ȷˊɞɟɟɧűɖůɖ, ii ) Ʉɟɞůɟɧűɖůɖ iii ) ȷɜŰɘŭɟɎůŮɘɠ ůŰŮɟŮɞɨ ï ŬŮɟɑɞɡ, əŬɗɩɠ əŬɘ ŭɨɞ Ůɑŭɖ 

ůɡůŰɖɛɎŰɤɜ i) ȷɜɞɘɢŰɎ ii ) ȾɚŮɘůŰɎ. ɉŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŭɑɜɞɜŰŬɘ ůŰɞɜ Ʉɘɜ. 1.5. 

Ʉɘɜ. 1.5: ȾŬŰɖɔɞɟɑŮɠ ŬɜŰɘŭɟɎůŮɤɜ ɟɧűɖůɖɠ ɔɘŬ ŬˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ [41]  

ȾŬŰɖɔɞɟɑŬ Ʌɧűɖůɖɠ ȻŮɨɔɖ Ʌɧűɖůɖɠ ȺɜŮɟɔŮɘŬəɐ ɄɡəɜɧŰɖŰŬ 

ȷˊɞɟɟɧűɖůɖ Ὄὕ  ὔὥὕὌ [42] πȢυτ Ὃὐάϳ  

Ʉɟɞůɟɧűɖůɖ  

Ὄὕ  ὤὩέὰὭὸὩ πȢτπ πȢφπὋὐάϳ  

Ὄὕ  ὃὍὖὕί πȢψφ Ὃὐάϳ  

Ὄὕ  Ὓὃὖὕί πȢφρ Ὃὐάϳ  

ɆŰŮɟŮɎ ï ȷɏɟɘŬ  

Ὄὕ  ὅὥὅὰ πȢρψ πȢφσ Ὃὐάϳ  

Ὄὕ  ὒὭὅὰ πȢςπ Ὃὐάϳ  

Ὄὕ ὓὫὅὰ πȢυφ Ὃὐάϳ  
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Ʉɘɜ. 1.6: ȾŬŰɖɔɞɟɑŮɠ ɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ɔɘŬ ŬˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ [40]  

ɆɨůŰɖɛŬ Ⱥɑŭɞɠ ɆɡůŰɐɛŬŰɞɠ ȷɜŰɑŭɟŬůɖ 

ŪŮɟɛɞəɟŬůɑŬ 

ūɧɟŰɘůɖɠ/ 

ȷˊɞűɧɟŰɘůɖɠ 

(oC) 

ȺɜŮɟɔŮɘŬəɐ 

ɄɡəɜɧŰɖŰŬ 

(kWh/m3) 

Ɉŭɟɘŭɑɞɡ Űɞɡ ɛŬɔɜɖůɑɞɡ ɆŰŮɟŮɞɨ ï ȷŮɟɑɞɡ ὓὫὌ ῳῷ P ὓὫ Ὄ  926 - 776 580 

Ɉŭɟɘŭɑɞɡ Űɞɡ ŰɘŰŬɜɑɞɡ ɆŰŮɟŮɞɨ ï ȷŮɟɑɞɡ ὝὭὌ ῳῷ P ὝὭ Ὄ  923 ï 973 813 

ȷɜɗɟŬəɘəɞɨ ɀɞɚɨɓŭɞɡ ɆŰŮɟŮɞɨ ï ȷŮɟɑɞɡ ὖὦὅὕ ῳῷ P ὖὦὕ ὅὕ  996 ï 846 303 

ȷɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ ɆŰŮɟŮɞɨ ï ȷŮɟɑɞɡ ὅὥὅὕ ῳῷ P ὅὥὕ ὅὕ  1406 ï 1429 692 

ɈŭɟɞɝŮɘŭɑɞɡ Űɞɡ 

ŬůɓŮůŰɑɞɡ 
ɆŰŮɟŮɞɨ ï ȷŮɟɑɞɡ ὅὥὕὌ ῳῷ P ὅὥὕ Ὄὕ  996 - 946 437 

ȷɛɛɤɜɑŬɠ Ɉɔɟɞɨ ï ȷŮɟɑɞɡ ςὔὌ ῳῷ P ὔ ςὌ  996 745 

ŪŮɘɘəɞɨ ȷɛɛɤɜɑɞɡ ȷŮɟɑɞɡ ï ȷŮɟɑɞɡ 
ὔὌὌὛὕ ῳῷ 

ᴾὔὌ Ὄὕ Ὓὕ  
1473 ï 973 860 

ɀŮɗŬɜɑɞɡ ï ɁŮɟɞɨ ȷŮɟɑɞɡ ï ȷŮɟɑɞɡ ὅὌ Ὄὕ ῳῷ P σὌ ὅὕ  1496 - 1076 7.8 

ɀŮɗŬɜɑɞɡ ï ȹɘɞɝŮɘŭɑɞɡ Űɞɡ 

ɎɜɗɟŬəŬ 
ȷŮɟɑɞɡ ï ȷŮɟɑɞɡ ὅὌ ὅὕ ῳῷ P ςὌ ςὅὕ  1496 ï 1076 7.7 

ȾɡəɚɞŮɝŬɜɑɞɡ Ɉɔɟɞɨ ï ȷŮɟɑɞɡ ὅὌ ῳῷ P ὅὌ σὌ  863 ï 943 530 

ɇɟɘɞɝŮɘŭɑɞɡ Űɞɡ ɗŮɑɞɡ Ɉɔɟɞɨ ï ȷŮɟɑɞɡ Ὓὕ ῳῷ P Ὓὕ ρςϳ ὕ  1346 ï 1546 646 



17 

 

1.3 ȼɚɘɞɗŮɟɛɘəɞɑ ɆɡɚɚɏəŰŮɠ 

ɆŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ ŬɜŬɚɨɗɖəŬɜ ůɡɜɞˊŰɘəɎ ɞɘ ɡˊɎɟɢɞɜŰŮɠ Űɟɧˊɞɘ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ, ɢɤɟɑɠ ɤůŰɧůɞ ɜŬ ŭɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ůŰɖɜ ˊɖɔɐ ɗŮɟɛɧŰɖŰŬɠ ɖ ɞˊɞɑŬ 

ŬɝɘɞˊɞɘŮɑŰŬɘ. ɄŬɟŬəɎŰɤ ɗŬ ɔɑɜŮɘ ɛɑŬ ůɨɜŰɞɛɖ ŬɜŬűɞɟɎ ůŰŬ ŭɘɎűɞɟŬ ɖɚɘɞɗŮɟɛɘəɎ ůɡůŰɐɛŬŰŬ, 

ŰŬ ɞˊɞɑŬ Ŭɝɘɞˊɞɘɞɨɜ Űɖɜ ˊɚɏɞɜ Ůɡɟɏɤɠ ŭɘŬɗɏůɘɛɖ əŬɘ Ɏűɗɞɜɖ ŭɡɜɖŰɘəɐ ˊɖɔɐ ɗŮɟɛɧŰɖŰŬɠ, Űɖɜ 

ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ.  

Ƀɘ ɖɚɘɞɗŮɟɛɘəɞɑ ůɡɚɚɏəŰŮɠ ɏɢɞɡɜ ŬˊɞŰŮɚɏůŮɘ Ůŭɩ əŬɘ əŬɘɟɧ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ əŬɘ Ůɝɏɚɘɝɖɠ. 

ɇɞ Ůɨɟɞɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ˊɞɘɧŰɖŰŬɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɗŮɟɛɧŰɖŰɎɠ, ŰŬ əŬɗɘůŰɎ əŬŰɎɚɚɖɚŬ 

ɤɠ ůɡůŰɐɛŬŰŬ ɔɘŬ ˊɚɐɗɞɠ ŮűŬɟɛɞɔɩɜ ɧˊɤɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ɛŮɚɏŰɖ Űɞɡ 

ɆɤŰɐɟɘɞɡ ȾŬɚɞɔɐɟɞɡ [43]. 

Ƀɘ ɖɚɘɞɗŮɟɛɘəɞɑ ůɡɚɚɏəŰŮɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ ɛŮɔɎɚŮɠ əŬŰɖɔɞɟɑŮɠ :  

¶ ɀɖ - ůɡɔəŮɜŰɟɤŰɘəɞɑ ůɡɚɚɏəŰŮɠ  

¶ ɆɡɔəŮɜŰɟɤŰɘəɞɑ ůɡɚɚɏəŰŮɠ  

ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡɠ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ ɔŮɤɛŮŰɟɘəɧ ɚɧɔɞ ὅ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůŰɖɜ ɞˊɞɑŬ 

ˊɟɞůˊɑˊŰŮɘ ɖ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ (΅ ) ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ ůŰɖɜ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ɖ Ŭˊɞɟɟɧűɖůɖ 

Űɖɠ (΅), ɧˊɤɠ ɞɟɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ:  

#
ὃ

ὃ
 1.2 

 ɆŰɞɡɠ ɛɖ ůɡɔəŮɜŰɟɤŰɘəɞɨɠ ůɡɚɚɏəŰŮɠ ɞɘ ŮˊɘűɎɜŮɘŮɠ ŬɡŰɏɠ ŰŬɡŰɑɕɞɜŰŬɘ, ɞŭɖɔɩɜŰŬɠ ůŮ ɚɧɔɞɡɠ 

ɑůɞɡɠ ɛŮ Űɖ ɛɞɜɎŭŬ (ὅ ρ). ȷɜŰɑɗŮŰŬ ůŰɞɡɠ ůɡɔəŮɜŰɟɤŰɘəɞɨɠ ůɡɚɚɏəŰŮɠ, ɖ ɖɚɘŬəɐ 

ŬəŰɘɜɞɓɞɚɑŬ ŭɘɞɢŮŰŮɨŮŰŬɘ ɛɏůɤ əɞɑɚɤɜ ŬɜŬəɚŬůŰɘəɩɜ əŬŰɧˊŰɟɤɜ ůŮ ɛɘəɟɧŰŮɟɖ ŮˊɘűɎɜŮɘŬ 

Ŭˊɞɟɟɧűɖůɖɠ (ŭɏəŰɖ), ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ˊɡəɜɧŰɖŰŬ ɟɞɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ůɡɜŮˊɩɠ ŬɜŰɘůŰɞɘɢɩɜŰŬɠ 

ůŮ ɚɧɔɞɡɠ ˊɞɚɚŬˊɚɎůɘɞɡɠ Űɖɠ ɛɞɜɎŭŬɠ (ὅ ρ). ɆŰɖɜ Ⱥɘə. 1.14 ɔɑɜŮŰŬɘ ɛɑŬ ůɡɜɞˊŰɘəɐ 

ŬˊŮɘəɧɜɘůɖ Űɤɜ ŭɘŬűɧɟɤɜ əŬŰɖɔɞɟɘɩɜ ɖɚɘɞɗŮɟɛɘəɩɜ ůɡɚɚŮəŰɩɜ, ɧˊɤɠ ŬɡŰɏɠ ɞɟɑɕɞɜŰŬɘ 

ɓɘɓɚɘɞɔɟŬűɘəɎ.  

 

 

Ⱥɘə. 1.14: ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɖɚɘɞɗŮɟɛɘəɩɜ ůɡɚɚŮəŰɩɜ [14]  
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1.3.1 ɀɖ - ɆɡɔəŮɜŰɟɤŰɘəɞɑ ɆɡɚɚɏəŰŮɠ  

1.3.1.1 ȺˊɑˊŮŭɞɘ ɆɡɚɚɏəŰŮɠ  

Ƀɘ ŮˊɑˊŮŭɞɘ ůɡɚɚɏəŰŮɠ (Flat-Plate Collector ï FPC), ŬˊɞŰŮɚɞɨɜ Űɞɜ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜɞ Űɨˊɞ 

ɖɚɘɞɗŮɟɛɘəɞɨ ůɡɚɚɏəŰɖ, ůɢŮŭɘŬůɛɏɜɞ ɜŬ ŬˊɞɟɟɞűɎ Űɧůɞ Űɖɜ ɎɛŮůɖ ɧůɞ əŬɘ Űɖɜ ɏɛɛŮůɖ ɖɚɘŬəɐ 

ŬəŰɘɜɞɓɞɚɑŬ, ɔɘŬ ˊŬɟŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ ɛɏɢɟɘ 100ɞC, ɓɟɑůəɞɜŰŬɠ ŰŮɟɎůŰɘŬ 

ŮűŬɟɛɞɔɐ ůŮ ůɡůŰɐɛŬŰŬ ˊŬɟŬɔɤɔɐɠ ɕŮůŰɞɨ ɜŮɟɞɨ ɢɟɐůɖɠ ɐ ɗɏɟɛŬɜůɖɠ ɢɩɟɤɜ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ 

Ŭɡɝɖɛɏɜɞ ŮˊɘůŰɖɛɞɜɘəɧ ŮɜŭɘŬűɏɟɞɜ ŮɛűŬɜɑɕŮɘ ɖ ɢɟɐůɖ Űɞɡɠ ůŮ ůɡůŰɐɛŬŰŬ ɣɨɝɖɠ ɛŮ 

ˊɟɞůɟɧűɖůɖ [44, 45].  

ɇŬ ɓŬůɘəɎ ŰɛɐɛŬŰŬ Ůɜɧɠ ŮˊɑˊŮŭɞɡ ɖɚɘŬəɞɨ ůɡɚɚɏəŰɖ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ Ⱥɘə. 1.15 [46]. 

¶ ɄɚɎəŬ Ŭˊɞɟɟɧűɖůɖɠ ɐ ŬˊɞɟɟɞűɖŰɐɟŬɠ 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ɛŬɨɟɖ ŬˊɞɟɟɞűɖŰɘəɐ ŮˊɘűɎɜŮɘŬ, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŭɏůɛŮɡůɖ 

Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, əŬɘ Űɖɜ ɛŮŰŬűɞɟɎ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ.  

¶ ȾɎɚɡɛɛŬ  

ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ŭɘŬűŬɜɐ űɨɚɚŬ, ůɡɜɐɗɤɠ əŬŰŬůəŮɡŬůɛɏɜŬ Ŭˊɧ ɔɡŬɚɑ, ŰŬ 

ɞˊɞɑŬ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŭɘɏɚŮɡůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɟɞɠ Űɖɜ ˊɚɎəŬ Ŭˊɞɟɟɧűɖůɖɠ, ɛŮɘɩɜɞɜŰŬɠ 

ˊŬɟɎɚɚɖɚŬ Űɖɠ ŬˊɩɚŮɘŮɠ ůɡɜŬɔɤɔɐɠ əŬɘ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ.  

¶ ɀɧɜɤůɖ 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ. ɇɞˊɞɗŮŰŮɑŰŬɘ 

ůŰŬ ˊɑůɤ ɛɏɟɞɠ Űɖɠ ˊɚɎəŬɠ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ ůŰɘɠ ˊŬɟɎˊɚŮɡɟŮɠ ŮˊɘűɎɜŮɘŮɠ Űɞɡ ůɡɚɚɏəŰɖ.  

¶ ɆɨůŰɖɛŬ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ 

ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ Űɞ ůɨɜɞɚɞ Űɤɜ Ŭɔɤɔɩɜ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɟɏŮɘ Űɞ ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ, 

ůɡɜŬɚɎůɞɜŰŬɠ ɗŮɟɛɧŰɖŰŬ ɛŮ Űɖɜ ˊɚɎəŬ Ŭˊɞɟɟɧűɖůɖɠ.  

¶ ɄɚŬɑůɘɞ ůɡɚɚɏəŰɖ 

ɄŮɟɘɓɎɚɚŮɘ Űɞ ůɡɚɚɏəŰɖ ˊɟɞůűɏɟɞɜŰŬɠ ˊɟɞůŰŬůɑŬ əŬɘ ŭɞɛɘəɐ ůŰɐɟɘɝɖ.  

 

 

Ⱥɘə. 1.15: ȸŬůɘəɎ ŰɛɐɛŬŰŬ ŮˊɑˊŮŭɞɡ ůɡɚɚɏəŰɖ (1) ȾɎɚɡɛɛŬ (2) ɄɚɎəŬ Ŭˊɞɟɟɧűɖůɖɠ (3) ɆɨůŰɖɛŬ 

Ŭɔɤɔɩɜ (4) ɀɧɜɤůɖ (5) ɄɚŬɑůɘɞ ůɡɚɚɏəŰɖ Ʉɖɔɐ: [47]  
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1.3.1.2 ɆɡɚɚɏəŰŮɠ ȾŮɜɞɨ  

Ƀɘ ůɡɚɚɏəŰŮɠ əŮɜɞɨ (Evacuated tube collectors - EɇC), ɢŬɟŬəŰɖɟɘůŰɘəɐ ŭɘŬɛɧɟűɤůɖ Űɤɜ 

ɞˊɞɑɤɜ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 1.16, ŬˊɞŰŮɚɞɨɜ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ŮˊɑˊŮŭɤɜ ůɡɚɚŮəŰɩɜ, 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ Ŭɡɝɖɛɏɜɞ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞ ɞˊɞɑɞ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɡɠ 50ɞC ï 

200oC. ɆɢŮŭɘŬůŰɘəɎ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊɚɐɗɞɠ ˊŬɟɎɚɚɖɚɤɜ ɡɎɚɘɜɤɜ ůɤɚɐɜɤɜ ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ 

ŮˊɘəŬɚɡɛɛɏɜɞɘ ɛŮ ɛɑŬ ɘŭɘŬɑŰŮɟŬ ŬˊɞɟɟɞűɖŰɘəɐ ˊɟɞɠ Űɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ ŮˊɘűɎɜŮɘŬ. ɆŰɞ 

ŮůɤŰŮɟɘəɧ Űɞɡɠ ɡˊɎɟɢŮɘ Űɞ ůɨůŰɖɛŬ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ, Ůɜɩ ɖ ůɨɜŭŮůɐ Űɞɡɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɛɏůɤ Ůɜɧɠ əɞɘɜɞɨ Ŭɔɤɔɞɨ ůɡɚɚɞɔɐɠ. ȼ ˊŬɟŬˊɎɜɤ ŭɘŬɛɧɟűɤůɖ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬűŬɑɟŮůɖ Űɞɡ 

ŬɏɟŬ Ŭˊɧ Űɞ ŮůɤŰŮɟɘəɧ Űɞɡɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ůɡɜɗɐəŮɠ əŮɜɞɨ. ȷˊɩŰŮɟɞɠ ůəɞˊɧɠ ŮɑɜŬɘ ɖ ɛŮɑɤůɖ 

ɐ əŬɘ ɞ ɛɖŭŮɜɘůɛɧɠ Űɤɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ ɚɧɔɤ ůɡɜŬɔɤɔɐɠ, ˊɟɞůűɏɟɞɜŰŬɠ ɓŮɚŰɘɤɛɏɜɖ 

ŮɜŮɟɔŮɘŬəɐ əŬɘ ŮɝŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ŮˊɑˊŮŭɞɡɠ ůɡɚɚɏəŰŮɠ, ɘŭɘŬɑŰŮɟŬ ůŮ 

ůɡɜɗɐəŮɠ ɛŮɘɤɛɏɜɖɠ ɖɚɘɞűɎɜŮɘŬɠ ɐ ɢŬɛɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ ˊŮɟɘɓɎɚɚɞɜŰɞɠ [48]. ɇɞ ŬɜɩŰŮɟɞ 

ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ, Űɞɡɠ əŬɗɘůŰɎ ɘəŬɜɞɨɠ ɔɘŬ ŰɟɞűɞŭɧŰɖůɖ ůɡůŰɖɛɎŰɤɜ 

ɞɟɔŬɜɘəɞɨ əɨəɚɞɡ Rankine (ORC) ɢŬɛɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ, ŮɛűŬɜɑɕɞɜŰŬɠ ɤůŰɧůɞ ŬɟɜɖŰɘəɏɠ 

ɞɘəɞɜɞɛɘəɏɠ ŬˊɞŭɧůŮɘɠ ɔɘŬ ůɡůŰɐɛŬŰŬ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ( <5kWel )[49, 50].  

Ƀɘ ŭɨɞ əɨɟɘŮɠ əŬŰɖɔɞɟɘɞˊɞɘɐůŮɘɠ Űɤɜ ůɡɚɚŮəŰɩɜ əŮɜɞɨ, Ŭűɞɟɞɨɜ Űɞ ˊɚɐɗɞɠ Űɤɜ əŮɚɡűɩɜ Űɤɜ 

ɡɎɚɘɜɤɜ ůɤɚɐɜɤɜ əŬɗɩɠ əŬɘ Űɞ ůɨůŰɖɛŬ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ. ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. 

ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ ˊɟɩŰɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ: 

I. ɆɡɚɚɏəŰŮɠ əŮɜɞɨ ɛŮ ůɤɚɐɜŬ ɛɞɜɞɨ əŮɚɨűɞɡɠ  

II.  ɆɡɚɚɏəŰŮɠ əŮɜɞɨ ɛŮ ůɤɚɐɜŬ ŭɘˊɚɞɨ əŮɚɨűɞɡɠ ɐ Dewar  

Ƀɘ ůɤɚɐɜŮɠ ŭɘˊɚɞɨ əŮɚɨűɞɡɠ, ɞɘ ɞˊɞɑɞɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ əŬɘ Űɞɜ ůɡɜɖɗɏůŰŮɟɞ Űɨˊɞ, 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ ɞɛɧəŮɜŰɟɞɡɠ ɡɎɚɘɜɞɡɠ ůɤɚɐɜŮɠ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ůɡɔəɞɚɚɖɛɏɜɞɘ ůŰɞ ɏɜŬ 

Űɞɡɠ Ɏəɟɞ, ɛŮ Űɞ əŮɜɧ ɜŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŰɞɜ ŮɜŭɘɎɛŮůɞ ɢɩɟɞ. ȷɜŰɑɗŮŰŬ ůŰɞɡɠ ůɤɚɐɜŮɠ ɛɞɜɞɨ 

əŮɚɨűɞɡɠ, Űɞ əŮɜɧ ŮˊɘəɟŬŰŮɑ ůŮ ɞɚɧəɚɖɟɞ Űɞ ŮůɤŰŮɟɘəɧ Űɞɡɠ. ȾɎɗŮ əŬŰɖɔɞɟɑŬ ŮɛűŬɜɑɕŮɘ 

ŬɜŰɑůŰɞɘɢŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ, ɛŮ Űɞɡɠ ůɤɚɐɜŮɠ ŭɘˊɚɞɨ əŮɚɨűɞɡɠ ɜŬ 

ŮˊɘŰɡɔɢɎɜɞɡɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ŭɘŬŰɐɟɖůɖ Űɞɡ əŮɜɞɨ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɡɠ ůɤɚɐɜŮɠ ɛɞɜɞɨ 

əŮɚɨűɞɡɠ, ˊɞɡ ŬˊŬɘŰɞɨɜ ůűɟɎɔɘůɖ ɔɡŬɚɘɞɨ-ɛŮŰɎɚɚɞɡ. ɆŰɞɜ ŬɜŰɑˊɞŭŬ, ɞɘ ŰŮɚŮɡŰŬɑɞɘ Ŭˊɞɟɟɞűɞɨɜ 

ɛŮɔŬɚɨŰŮɟŬ ˊɞůɎ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ŮɛűŬɜɑɕɞɜŰŬɠ ɓŮɚŰɘɤɛɏɜɖ Ŭˊɧŭɞůɖ [51].  

ȷɜŬűɞɟɘəɎ ɛŮ ŰŬ ůɡůŰɐɛŬŰŬ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ ŬɡŰɎ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ:  

I. ɆɡůŰɐɛŬŰŬ ɗŮɟɛɘəɞɨ ůɤɚɐɜŬ (Heat pipe ETC) 

ɇŬ ́ŬɟŬˊɎɜɤ ůɡůŰɐɛŬŰŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ Ⱥɘə. 1.16. Ƀ ɗŮɟɛɘəɧɠ ůɤɚɐɜŬɠ ɓɟɑůəŮŰŬɘ 

ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ůɤɚɐɜŬ əŮɜɞɨ, ůŮ ŮˊŬűɐ ɛŮ ɛŮŰŬɚɚɘəɧ ɏɚŬůɛŬ, ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ɞˊɞɑɞɡ 

ɏɢŮɘ ŮˊɘəŬɚɡűɗŮɑ ɛŮ ɡɚɘəɧ ɡɣɖɚɐɠ ŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬɠ əŬɘ ɢŬɛɖɚɐɠ ŮəˊŮɛˊŰɘəɧŰɖŰŬɠ. ɇɞ 

ŮůɤŰŮɟɘəɧ Űɞɡ ɗŮɟɛɘəɞɨ ůɤɚɐɜŬ, ˊŮɟɘɏɢŮɘ ɏɜŬ ɟŮɡůŰɧ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ, ɢŬɛɖɚɞɨ 

ůɖɛŮɑɞɡ ɓɟŬůɛɞɨ, ɔɘŬ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ ŬŰɛɞˊɞɑɖůɐɠ Űɞɡ [52]. 

Ƀ ŬŰɛɧɠ Űɞɡ ɟŮɡůŰɞɨ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ, ůɡɜŬɚɚɎůŮɘ ɗŮɟɛɧŰɖŰŬ ɛŮ Űɞ ŮɟɔŬɕɧɛŮɜɞ 

ɛɏůɞ Űɞɡ ůɡɚɚɏəŰɖ (ˊɢ ɜŮɟɧ), ůŰɞɜ ůɡɛˊɡəɜɤŰɐ, Ůɜɩ ɞ əɨəɚɞɠ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛŮ űɡůɘəɐ 

əɡəɚɞűɞɟɑŬ, ɚɧɔɤ ŭɘŬűɞɟɎɠ ˊɡəɜɧŰɖŰŬɠ, ɛŮŰŬɝɨ ůɡɛˊɡəɜɩɛŬŰɞɠ əŬɘ ŬŰɛɞɨ.  

II.  ɆɡůŰɐɛŬŰŬ ɎɛŮůɖɠ ɟɞɐɠ (Direct flow ETC)  

ɆŰŬ ůɡůŰɐɛŬŰŬ ɎɛŮůɖɠ ɟɞɐɠ Űɞ ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ Űɞɡ ůɡɚɚɏəŰɖ ŭɘɏɟɢŮŰŬɘ ɛɏůŬ Ŭˊɧ Űɞɜ 

ŬˊɞɟɟɞűɖŰɘəɧ ůɤɚɐɜŬ, ɞ ɞˊɞɑɞɠ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɓɟɑůəŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ 

ɛŮŰŬɚɚɘəɧ ˊŰŮɟɨɔɘɞ ɛŮ ŮˊɘɚŮəŰɘəɐ ŮˊɑůŰɟɤůɖ. ȷɜɎɚɞɔŬ ɛŮ Űɞ ůɢɐɛŬ Űɞɡ ůɤɚɐɜŬ, 
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ŭɘŬəɟɑɜɞɜŰŬɘ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ŭɘŬŰɎɝŮɘɠ ůɡůŰɖɛɎŰɤɜ ɎɛŮůɖɠ ɟɞɐɠ, ɞɘ ɞˊɞɑŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ 

ůŮ:  

¶ ɆɡůŰɐɛŬŰŬ ɞɛɞŬɝɞɜɘəɞɨ ůɤɚɐɜŬ  

¶ ɆɡůŰɐɛŬŰŬ ůɤɚɖɜɩůŮɤɜ Űɨˊɞɡ U  

¶ ɆɡůŰɐɛŬŰŬ ɗŮɟɛɞůɘűɤɜɘəɞɨ ůɤɚɐɜŬ.  

ɇŬ ˊŬɟŬˊɎɜɤ ůɡůŰɐɛŬŰŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ Ⱥɘə. 1.17.  

 

 

Ⱥɘə. 1.16: ȸŬůɘəɎ ŰɛɐɛŬŰŬ əŬɘ ŭɘŬɛɧɟűɤůɖ ůɡɚɚɏəŰɖ əŮɜɞɨ ɗŮɟɛɘəɞɨ ůɤɚɐɜŬ 
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Ⱥɘə. 1.17: ȹɘŬɛɞɟűɩůŮɘɠ ůɡɚɚŮəŰɩɜ əŮɜɞɨ ɎɛŮůɖɠ ɟɞɐɠ (a) ɃɛɞŬɝɞɜɘəɞɨ ůɤɚɐɜŬ (ɓ) ɇɨˊɞɡ U (ɔ) 

ŪŮɟɛɞůɘűɤɜɘəɞɨ ůɤɚɐɜŬ. Ʉɖɔɐ: [53, 54]  

1.3.1.3 Ɉɓɟɘŭɘəɞɑ ɆɡɚɚɏəŰŮɠ  

Ƀɘ ɡɓɟɘŭɘəɞɑ ůɡɚɚɏəŰŮɠ (PV/T) ŬˊɞŰŮɚɞɨɜ ɏɜŬ ůɡɜŭɡŬůɛɧ űɤŰɞɓɞɚŰŬɥəɩɜ (photovoltaic ï PV) 

əŬɘ ɗŮɟɛɘəɩɜ (thermal ï T) ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ ˊŬɟŬɔɤɔɐ 

ɖɚŮəŰɟɘůɛɞɨ əŬɘ ɗŮɟɛɧŰɖŰŬɠ, ɛŮɔɘůŰɞˊɞɘɩɜŰŬɠ əŬŰɎ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ Űɖɜ ˊŬɟŬɔɤɔɐ ɤűɏɚɘɛɖɠ 

ŮɜɏɟɔŮɘŬɠ [55]. ȼ Ŭˊɧŭɞůɐ Űɞɡɠ ŮˊɖɟŮɎɕŮŰŬɘ ůŬűɩɠ Ŭˊɧ Űɖ ɔŮɤɛŮŰɟɑŬ əŬɘ Űɞɜ ůɢŮŭɘŬůɛɧ Űɞɡɠ, 

əŬɗɩɠ əŬɘ Ŭˊɧ Űɞ ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɜŮɟɧ ɐ ŬɏɟŬɠ. ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ŭɘŬɛɞɟűɩůŮɤɜ ɡɓɟɘŭɘəɩɜ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ, ŭɑɜɞɜŰŬɘ ůŰɘɠ Ⱥɘə. 1.18 əŬɘ Ⱥɘə. 

1.19. 
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ɆɡůŰɐɛŬŰŬ ɜŮɟɞɨ 

 

Ⱥɘə. 1.18: ȹɘŬŰɎɝŮɘɠ ɡɓɟɘŭɘəɩɜ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ ɛŮ ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ ɜŮɟɧ (Ŭ) ɆɤɚɐɜŬ ï 

ŮɚɎůɛŬŰɞɠ (ɓ) ȾŬɜŬɚɘɞɨ (ɔ) ȺɚŮɨɗŮɟɖɠ ɟɞɐɠ (ŭ) ȹɘˊɚɞɨ ŬˊɞɟɟɞűɖŰɐ [56]  

ɆɡůŰɐɛŬŰŬ ŬɏɟŬ  

 

Ⱥɘə. 1.19: ȹɘŬŰɎɝŮɘɠ ɡɓɟɘŭɘəɩɜ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ ɛŮ ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ Űɞɜ ŬɏɟŬ (Ŭ) 

ȷɡɚŬəɩůŮɤɜ (ɓ) ȾɡɛŬŰɞŮɘŭɞɨɠ ŮɚɎůɛŬŰɞɠ (ɔ) Ɇɤɚɐɜɤɜ / Ŭɔɤɔɩɜ [57]  

1.3.2 ɆɡɔəŮɜŰɟɤŰɘəɞɑ ɆɡɚɚɏəŰŮɠ  

ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ, ůŰɖɜ ɏɝɞŭɞ Űɤɜ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ, ɖ ɛŮɑɤůɖ Űɤɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞɜ ŬˊɞɟɟɞűɖŰɐ. ɆŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ 

ŮɜɧŰɖŰŬ, ɖ ɛŮɑɤůɖ ŬɡŰɐ ŮůŰɘɎůŰɖəŮ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ŬˊɤɚŮɘɩɜ ɚɧɔɤ ůɡɜŬɔɤɔɐɠ, ɛŮ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ůɡɜɗɖəɩɜ əŮɜɞɨ.  

ɋůŰɧůɞ ɖ ɚɨůɖ ŬɡŰɐ ŭŮɜ ŮˊɘŭɟɎ ůŰɘɠ ŬˊɩɚŮɘŮɠ ɚɧɔɤ ŬəŰɘɜɞɓɞɚɑŬɠ, ɞɘ ɞˊɞɑŮɠ ŮɝŬɟŰɩɜŰŬɘ ɎɛŮůŬ 

Ŭˊɧ Űɖɜ ůɡɜɞɚɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬˊɞɟɟɞűɖŰɐ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ůɡɔəŮɜŰɟɤŰɘəɩɜ ɖɚɘŬəɩɜ 

ůɡɚɚŮəŰɩɜ ŬɡŰɐ ɛŮɘɩɜŮŰŬɘ ůɖɛŬɜŰɘəɎ, ɛŮ ɔŮɤɛŮŰɟɘəɞɨɠ ɚɧɔɞɡɠ (Cf) ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟɞɡɠ 
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Űɖɠ ɛɞɜɎŭŬɠ, ɚŬɛɓɎɜɞɜŰŬɠ Űɘɛɏɠ ŬəɧɛŬ əŬɘ ɑůŮɠ ɛŮ Cf = 1500, ɔɘŬ ůɖɛŮɘŬəɎ ŮůŰɘŬəɎ ůɡůŰɐɛŬŰŬ 

ɧˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɖ ůɡɜɏɢŮɘŬ.  

ɋɠ ŬˊɞŰɏɚŮůɛŬ ɛˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ Ŭɡɝɖɛɏɜɞ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ ςπὅ Ὕ

 ρυππὅ ŮɛűŬɜɑɕɞɜŰŬɠ ɓŮɚŰɘɤɛɏɜŮɠ ŬˊɞŭɧůŮɘɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ůɡůŰɐɛŬŰŬ ɛɖ ï ůɡɔəŮɜŰɟɤŰɘəɩɜ 

ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ [58, 59].  

1.3.2.1 ɀɖ ŬˊŮɘəɞɜɘůŰɘəɞɑ ůɡɔəŮɜŰɟɤŰɘəɞɑ ůɡɚɚɏəŰŮɠ  

Ƀɘ ɛɖ ŬˊŮɘəɞɜɘůŰɘəɞɑ ůɡɔəŮɜŰɟɤŰɘəɞɑ ůɡɚɚɏəŰŮɠ əɎɜɞɡɜ ɢɟɐůɖ Űɧůɞ Űɖɠ ɎɛŮůɖɠ ɧůɞ əŬɘ Űɖɠ 

ŭɘɎɢɡŰɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. Ⱦɨɟɘɞɠ Ůəˊɟɧůɤˊɞɠ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮɑɜŬɘ ɞ ůɨɜɗŮŰɞɠ 

ˊŬɟŬɓɞɚɘəɧɠ ůɡɚɚɏəŰɖɠ (Compound Parabolic Collector ï CPC), ɞ ɞˊɞɑɞɠ əŬŰɖɔɞɟɘɞˊɞɘŮɑŰŬɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɖ ŭɘŬɛɧɟűɤůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŬˊɞɟɟɞűɖŰɐ Űɞɡ ůŮ [58]:  

¶ ȺˊɑˊŮŭɞɡ ŬˊɞɟɟɞűɖŰɐ  

¶ ȹɘˊɞɚɘəɞɨ ŬˊɞɟɟɞűɖŰɐ (Bifacial)  

¶ ɄɟɘůɛŬŰɘəɞɨ ŬˊɞɟɟɞűɖŰɐ  

¶ ɆɤɚɖɜɞŮɘŭɐ ŬˊɞɟɟɞűɖŰɐ  

 

Ⱥɘə. 1.20: ȹɘŬɛɞɟűɩůŮɘɠ ˊŬɟŬɓɞɚɘəɞɨ ůɡɚɚɏəŰɖ (Ŭ) ȺˊɑˊŮŭɞɡ ŬˊɞɟɟɞűɖŰɐ (ɓ) ȹɘˊɞɚɘəɞɨ 

ŬˊɞɟɟɞűɖŰɐ (ɔ) ɄɟɘůɛŬŰɘəɞɨ ŬˊɞɟɟɞűɖŰɐ (ŭ) ɆɤɚɖɜɞŮɘŭɐ ŬˊɞɟɟɞűɖŰɐ [58]  

Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɨˊŬɟɝɖ ɐ ɛɖ, ɛɖɢŬɜɘůɛɞɨ ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɞɡ ɖɚɑɞɡ, 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ ůŮ ɛɏůŮɠ əŬɘ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ [60ɞC ï 250oC] [60]. ɆŰɖɜ ˊɘɞ Ŭˊɚɐ Űɞɡɠ ɛɞɟűɐ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ 

ɧɛɞɘŬ ˊŬɟŬɓɞɚɘəɎ əɎŰɞˊŰɟŬ, ɛŮ Űɞɜ ŬˊɞɟɟɞűɖŰɐ ɜŬ ɓɟɑůəŮŰŬɘ ůŰɖɜ əŬŰŬəɧɟɡűɞ Űɞɡ ɛɏůɞɡ Űɖɠ 

ŮɡɗŮɑŬɠ ˊɞɡ ŮɜɩɜŮɘ ŰŬ ŮůŰɘŬəɎ əɏɜŰɟŬ Űɞɡ əɎɗŮ əŬŰɧˊŰɟɞɡ. ȿɧɔɤ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ, 

ŬəŰɘɜɞɓɞɚɑŬ ɖ ɞˊɞɑŬ ˊɟɞůˊɑˊŰŮɘ ůŮ ŬɡŰɧɜ ɛŮ ɔɤɜɑŬ (incidence angle ï ɗinc) ɛŮɔŬɚɨŰŮɟɖ Űɞɡ 

ɛɘůɞɨ Űɖɠ ɔɤɜɑŬɠ Ŭˊɞŭɞɢɐɠ (ɗacc), ɞŭɖɔŮɑŰŬɘ ɛɏůɤ ŭɘŬŭɞɢɘəɩɜ ŬɜŬəɚɎůŮɤɜ ŮəŰɧɠ Űɞɡ ůɡɚɚɏəŰɖ 

ɢɤɟɑɠ ɜŬ ŮəɛŮŰŬɚɚŮɡɗŮɑ. ɉŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɔŮɤɛŮŰɟɘəɞɨɠ ɚɧɔɞɡɠ ɛɘəɟɧŰŮɟɞɡɠ Űɞɡ ˊɏɜŰŮ 
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(<5), ɛŮ Űɞɜ ɛɏɔɘůŰɞ ɗŮɤɟɖŰɘəɧ ɔŮɤɛŮŰɟɘəɧ ɚɧɔɞ ɜŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ (ɔɘŬ 

ŭɘůŭɘɎůŰŬŰɖ ɔŮɤɛŮŰɟɑŬ):  

ὅ ρÓÉÎ—ϳ  1.3 

ɄŬɟŬəɎŰɤ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ əɨɟɘŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůɨɜɗŮŰɞɡ 

ˊŬɟŬɓɞɚɘəɞɨ ůɡɚɚɏəŰɖ, ŮˊɑˊŮŭɞɡ ŬˊɞɟɟɞűɖŰɐ.  

 

Ⱥɘə. 1.21: ũŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɨɜɗŮŰɞɡ ˊŬɟŬɓɞɚɘəɞɨ ůɡɚɚɏəŰɖ ŮˊɑˊŮŭɞɡ ŬˊɞɟɟɞűɖŰɐ 

[61]  

1.3.2.2 ȷˊŮɘəɞɜɘůŰɘəɞɑ ɆɡɔəŮɜŰɟɤŰɘəɞɑ ɆɡɚɚɏəŰŮɠ  

Ƀɘ ŬˊŮɘəɞɜɘůŰɘəɞɑ ůɡɔəŮɜŰɟɤŰɘəɞɑ ůɡɚɚɏəŰŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ɡɣɖɚɧŰŮɟɞɡɠ 

ɔŮɤɛŮŰɟɘəɞɨɠ ɚɧɔɞɡɠ ŬɜɎɛŮůŬ ůŮ ɧɚŬ ŰŬ Ůɑŭɖ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ Űɞ ɛɏɔɘůŰɞ 

ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɛŮ ůɡɜɐɗŮɘɠ Űɘɛɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ 200ɞC ï 500oC [62].  

ɄŮɟɘɚŬɛɓɎɜɞɡɜ ɛɖɢŬɜɘůɛɞɨɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ ɖɚɑɞɡ ɛɞɜɞɨ ɐ ŭɘˊɚɞɨ ɎɝɞɜŬ, ɩůŰŮ ɜŬ 

ɛŮɔɘůŰɞˊɞɘɞɨɜ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ, Ůɜɩ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɡɠ ɛɖ 

ï ŬˊŮɘəɞɜɘůŰɘəɞɨɠ ůɡɔəŮɜŰɟɤŰɘəɞɨɠ ůɡɚɚɏəŰŮɠ, ɞ ŬˊɞɟɟɞűɖŰɐɠ Űɞɡɠ, ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞɠ ůŰɞ 

ŮůŰɘŬəɧ ůɖɛŮɑɞ (ɐ ɎɝɞɜŬ) Űɞɡ ŮəɎůŰɞŰŮ əŬŰɧˊŰɟɞɡ [14].  

Ƀɘ ˊɘɞ ůɡɜɐɗŮɘɠ Ůɛˊɞɟɘəɞɑ əŬɘ ŮɝŮɚɘɔɛɏɜɞɘ Űɨˊɞɘ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ, ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɡɠ:  

¶ ɆɡɚɚɏəŰŮɠ ɄŬɟŬɓɞɚɘəɞɨ ȾŬŰɧˊŰɟɞɡ (Parabolic Through Collectors ï PTC)  

¶ ũɟŬɛɛɘəɞɨɠ ȷɜŬəɚŬůŰɐɟŮɠ Fresnel (Linear Fresnel Reflectors ï (LFR)  

¶ ȼɚɘŬəɞɨɠ Ʉɨɟɔɞɡɠ (Central Tower Receivers ï CTR)  

¶ ȼɚɘŬəɞɨɠ ȹɑůəɞɡɠ (Paraboloidal Dish Reflectors ï PDR)  

ɄŬɟŬŭŮɑɔɛŬŰŬ Űɤɜ ɞˊɞɑɤɜ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůɡɔəŮɜŰɟɤŰɘəɎ ůŰɖɜ Ⱥɘə. 1.22. 

ȼ ɡɣɖɚɐ ɗŮɟɛɞŭɡɜŬɛɘəɐ ˊɞɘɧŰɖŰŬ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞɡɠ ŬˊŮɘəɞɜɘůŰɘəɞɨɠ 

ɖɚɘŬəɞɨɠ ůɡɚɚɏəŰŮɠ, Űɞɡɠ əŬɗɘůŰɎ əŬŰɎɚɚɖɚɞɡɠ ɔɘŬ ˊɚɐɗɞɠ ɓɘɞɛɖɢŬɜɘəɩɜ ŮűŬɟɛɞɔɩɜ, ɧˊɤɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ɛŮɚɏŰɖ Űɞɡ Zhang et al [63], ɛŮ Űɖɜ əɡɟɘɧŰŮɟɖ ŮűŬɟɛɞɔɐ Űɞɡɠ ɜŬ ŮɜŰɞˊɑɕŮŰŬɘ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ (Concentrated Solar Power Plants ï CSPP, Ŭˊɧ əɨəɚɞɡɠ 

ɜŮɟɞɨ ï ŬŰɛɞɨ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ŰɎɝŮɤɠ Űɤɜ 300ɞC ɏɤɠ 600ɞC. ȽŭɘŬɑŰŮɟɞ ŮˊɘůŰɖɛɞɜɘəɧ 

ŮɜŭɘŬűɏɟɞɜ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖ ůɨɕŮɡɝɖ Űɞɡɠ ɛŮ ɛɞɜɎŭŮɠ ɡɚɞˊɞɑɖůɖɠ ɞɟɔŬɜɘəɞɨ əɨəɚɞɡ Rankine 
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(ORC), ɞɘ ɞˊɞɑŮɠ ŮɡɜɞɞɨɜŰŬɘ Ŭˊɧ Űɞ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ əŬɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ˊŬɟɞɢɐɠ ɗŮɟɛɧŰɖŰŬɠ ɡɣɖɚɐɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŬɝɑŬɠ [64, 65]. 

 

 

Ⱥɘə. 1.22: ȷˊŮɘəɞɜɘůŰɘəɞɑ ɆɡɔəŮɜŰɟɤŰɘəɞɑ ɆɡɚɚɏəŰŮɠ (Ŭ) ɄŬɟŬɓɞɚɘəɞɨ əŬŰɧˊŰɟɞɡ (ɓ) ũɟŬɛɛɘəɩɜ 

ȷɜŬəɚŬůŰɐɟɤɜ Frensel (ɔ) ȼɚɘŬəɞɨ ˊɨɟɔɞɡ (ŭ) ȼɚɘŬəɞɨ ŭɑůəɞɡ [66]  
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ȾȺūȷȿȷȽɃ 2. ɄŮɟɘɔɟŬűɐ ɆɡůŰɐɛŬŰɞɠ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ɗŬ ɛŮɚŮŰɖɗŮɑ ɏɜŬ əŬɘɜɞŰɧɛɞ ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ, ɛŮ ɖɚɘŬəɐ ŰɟɞűɞŭɧŰɖůɖ, Űɞ ɞˊɞɑɞ əɎɜŮɘ ɢɟɐůɖ Ůɜɧɠ ɜɏɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ. 

Ɇəɞˊɧɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɖ əɎɚɡɣɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ, əŰɖɟɑɤɜ ɡɣɖɚɐɠ 

ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ (nearly Zero Energy Buildings ï nZEBs), ɞɘəɘŬəɐɠ əɚɑɛŬəŬɠ, ůŮ 

ɗɏɟɛŬɜůɖ əŬɘ ɕŮůŰɧ ɜŮɟɧ ɢɟɐůɖɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɖɚɘŬəɧ əɚɎůɛŬ ɛŮɔŬɚɨŰŮɟɞ Űɞɡ 60%. ȼ 

ɛŮɚɏŰɖ ɗŬ ŮůŰɘŬůŰŮɑ ůŮ ɓɞɟŮɘɞŮɡɟɤˊŬɥəɏɠ ɢɩɟŮɠ, ɞɘ ɞˊɞɑŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŬɛɖɚɏɠ Űɘɛɏɠ 

ɖɚɘɞűɎɜŮɘŬɠ, ɘŭɑɤɠ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ, ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɖɜ ůɡɛɓɞɚɐ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ, ůŰɖɜ ŮŰŮɟɞɢɟɞɜɘůɛɏɜɖ əɎɚɡɣɖ űɞɟŰɑɤɜ. ȼ ŬɜɎˊŰɡɝɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɏɔɘɜŮ ůŰŬ 

ˊɚŬɑůɘŬ Űɞɡ ŮɡɟɤˊŬɥəɞɨ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ SWS ï ȼeating. ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ɛɑŬ 

ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ Űɤɜ əɡɟɑɤɜ ůɡɜɘůŰɤůɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɢɤɟɑɠ ɤůŰɧůɞ ɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ŰŬ ˊɚɐɟɖ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɡŰɞɨ, ɔɘŬ ɚɧɔɞɡɠ ŮɛˊɘůŰŮɡŰɘəɧŰɖŰŬɠ.  

2.1 ɆɨůŰɖɛŬ ȺˊɞɢɘŬəɐɠ ȷˊɞɗɐəŮɡůɖɠ ŪŮɟɛɧŰɖŰŬɠ  

2.1.1 ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ 

ɇɞ ɡˊɧ ɛŮɚɏŰɖ ůɨůŰɖɛŬ ɗɏɟɛŬɜůɖɠ ɛŮ ŬˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ 

ɡˊɞůɡůŰɐɛŬŰŬ:  

¶ ɀɞɜɎŭŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ (Seasonal Thermal Energy Storage ï 

STES)  

¶ ȼɚɘɞɗŮɟɛɘəɞɑ ůɡɚɚɏəŰŮɠ əŮɜɞɨ (ETCs) 

¶ ȹŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ (Vacuum Combi-Storage tank)  

¶ ȺűŮŭɟɘəɧɠ ɚɏɓɖŰŬɠ űɡůɘəɞɨ ŬŮɟɑɞɡ (Natural Gas back-up boiler)  

Ůɜɩ ŬɜɎ ˊŮɟɑˊŰɤůɖ, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɗŮɟɛɞəɟŬůɘŬəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛɞɜɎŭŬɠ 

ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ŭɘŬəɟɑɜɞɜŰŬɘ ŭɨɞ ŭɘŬŰɎɝŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ɢɟɐůɖ ŮɑŰŮ:  

¶ ȹɞɢŮɑɞɡ ŬŭɟŬɜŮɑŬɠ (ɛŮ ɡɚɘəɎ ŬɚɚŬɔɐɠ űɎůɖɠ) (PCM buffer tank) əŬɘ ŮɜŬɚɚɎəŰɖ ȷɏɟŬ 

ɁŮɟɞɨ (AIR HEX) 

¶ ũŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ (Borehole HEX)  

ȼ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ŭɘɎŰŬɝɖɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ˊɞɡ 

ŮɛűŬɜɑɕŮɘ əɎɗŮ ɡˊɧ ɛŮɚɏŰɖ ɢɩɟŬ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ůɡɛˊɡəɜɤŰɐ/ŬŰɛɞˊɞɘɖŰɐ Űɖɠ ɛɞɜɎŭŬɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ. ȼ Ŭˊɧɟɟɘɣɖ ɐ ɖ 

ŬˊŬɔɤɔɐ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɔɑɜŮŰŬɘ ɛɏůɤ ŮɜůɤɛŬŰɤɛɏɜɞɡ əɡəɚɩɛŬŰɞɠ ɜŮɟɞɨ ˊɞɡ 

əɎɜŮɘ ɢɟɐůɖ Űɖɠ ŮəɎůŰɞŰŮ ŭɘɎŰŬɝɖɠ. ɉɩɟŮɠ ɞɘ ɞˊɞɑŮɠ ŮɛűŬɜɑɕɞɡɜ ɔɘŬ ɛŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əɞɜŰɎ ůŰɞɡɠ 0ɞ C, əɎɜɞɡɜ ɢɟɐůɖ Űɞɡ ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ, ɛŮ 

Űɖ ŭɘɎŰŬɝɖ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ ï ɜŮɟɞɨ əŬɘ ŭɞɢŮɑɞɡ ŬŭɟŬɜŮɑŬɠ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ Ůɜ ɔɏɜŮɘ ˊɘɞ 

ɕŮůŰɎ əɚɑɛŬŰŬ.  

ɇɞ ůɨůŰɖɛŬ ŮɛűŬɜɑɕŮɘ ŮˊɞɢɘŬəɐ ɚŮɘŰɞɡɟɔɑŬ, Ůɜɩ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ əŬŰɎɚɚɖɚɖɠ ˊŮɟɘɧŭɞɡ 

űɧɟŰɘůɖɠ əŬɘ ŬˊɞűɧɟŰɘůɖɠ, ŬˊɞŰŮɚŮɑ ˊɟɞɥɧɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɛŮ əɨɟɘŬ əɟɘŰɐɟɘŬ Űɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ŬɜŮəɛŮŰɎɚɚŮɡŰɖɠ ɛɎɕŬɠ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ əŬɘ ˊŬɟɎɚɚɖɚŬ Űɖ 

ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ŮŰŮɟɞɢɟɞɜɘůɛɏɜɖɠ ˊɟɞůŭɘŭɧɛŮɜɖɠ ɗŮɟɛɧŰɖŰŬɠ, Ŭˊɧ Űɞ ɡˊɧ ɛŮɚɏŰɖ ůɨůŰɖɛŬ.  

ɆŰɖɜ ˊŮɟɑɞŭɞ űɧɟŰɘůɖɠ, ɗŮɟɛɧŰɖŰŬ Ŭˊɧ Űɞɡɠ ɖɚɘɞɗŮɟɛɘəɞɨɠ ůɡɚɚɏəŰŮɠ, ɗŮɟɛɞəɟŬůɑŬɠ 

ɢŬɛɖɚɧŰŮɟɖɠ Űɤɜ 70ɞC, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛŮɟɘəɐ ɐ ˊɚɐɟɖ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ ůŮ ȻɁɉ, 
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ŭɘɞɢŮŰŮɡɧɛŮɜɖ ůŰɖ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ, ˊɞɡ ˊŮɟɘɏɢŮɘ ɜŮɟɧ. 

ŪŮɟɛɧŰɖŰŬ ɡɣɖɚɧŰŮɟɤɜ ɗŮɟɛɞəɟŬůɘɩɜ Ŭˊɧ Űɞɡɠ ůɡɚɚɏəŰŮɠ əŮɜɞɨ, ɖ ɞˊɞɑŬ Ůɜ ɔɏɜŮɘ ŬɜŰɘůŰɞɘɢŮɑ 

ůŮ ɞɚɘəɐ ŬəŰɘɜɞɓɞɚɑŬ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ ɛŮɔŬɚɨŰŮɟɖ Űɤɜ 500 W/m2, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

űɧɟŰɘůɖ Űɖɠ ɛɞɜɎŭŬɠ SWS ï STES. ȼ űɧɟŰɘůɖ Űɖɠ ɛɞɜɎŭŬɠ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ űɎůɖ Ůəɟɧűɖůɖɠ, 

ŬˊɞɛŬəɟɨɜɞɜŰŬɠ Űɞ ɜŮɟɧ ˊɞɡ ɏɢŮɘ ˊɟɞůɟɞűɖɗŮɑ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ. 

ɆŰɖɜ ˊŮɟɑɞŭɞ ŬˊɞűɧɟŰɘůɖɠ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŮəɎůŰɞŰŮ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ŭɘɎŰŬɝɖ.  

2.1.1.1 ȹɘɎŰŬɝɖ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ ï ɜŮɟɞɨ əŬɘ ŭɞɢŮɑɞɡ ŬŭɟŬɜŮɑŬɠ  

ɆŮ ŬɡŰɐ Űɖ ŭɘɎŰŬɝɖ ɗŮɟɛɧŰɖŰŬ ɢŬɛɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ (10ɞC ï 20oC), Ŭˊɧ Űɞɡɠ ůɡɚɚɏəŰŮɠ 

əŮɜɞɨ, ŬɜŰɘůŰɞɘɢɩɜŰŬɠ Ůɜ ɔɏɜŮɘ ůŮ Űɘɛɏɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛɘəɟɧŰŮɟŮɠ Űɤɜ 100 W/m2 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɔɘŬ Űɖɜ űɧɟŰɘůɖ Űɞɡ ŭɞɢŮɑɞɡ ŬŭɟŬɜŮɑŬɠ (PCM). ɆŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɖɜ ˊŮɟɑɞŭɞ űɧɟŰɘůɖɠ, 

ɗŮɟɛɧŰɖŰŬ ůŰɞ Ůɨɟɞɠ (30 ɞC < ɗ < 70 ɞC), ŭɘɞɢŮŰŮɨŮŰŬɘ ůŰɞ ŭɞɢŮɑɞ əŮɜɞɨ, ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɤɜ 

űɞɟŰɑɤɜ ɗɏɟɛŬɜůɖɠ əŬɘ ȻɁɉ. ɄŬɟɎɚɚɖɚŬ ɖ ŬˊɞɗɖəŮɡɛɏɜɖ ɗŮɟɛɧŰɖŰŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

əɎɚɡɣɖ Űɤɜ űɞɟŰɑɤɜ Űɞɡ əŰɖɟɑɞɡ, ɛŮ Űɖɜ ɛɞɜɎŭŬ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ɜŬ ɓɟɑůəŮŰŬɘ ˊɚɏɞɜ 

ůŮ űɎůɖ ˊɟɞůɟɧűɖůɖɠ. ɆŰɖɜ əŬŰɎůŰŬůɖ ŬɡŰɐ, ɞ ůɡɛˊɡəɜɤŰɐɠ Űɖɠ ɛɞɜɎŭŬɠ, ɚŮɘŰɞɡɟɔŮɑ ˊɚɏɞɜ 

ɤɠ ŬŰɛɞˊɞɘɖŰɐɠ, ŮɝŬŰɛɑɕɞɜŰŬɠ Űɞ ɜŮɟɧ, ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ ůɡɜɗɐəŮɠ əŮɜɞɨ. ɆŮ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɧˊɞɡ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɢɟɐůɖ Űɞɡ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ ï ɜŮɟɞɨ, 

ɚɧɔɤ Űɤɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ ˊŮɟɘɞɟɘůɛɩɜ ˊɞɡ ɗɏŰŮɘ Űɞ ŮˊɞɢɘŬəɧ ůɨůŰɖɛŬ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ, ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɞɡ ŭɞɢŮɑɞɡ ŬŭɟŬɜŮɑŬɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ əŬɘ Űɞ ŭɞɢŮɑɞ ŬŭɟɎɜŮɘŬɠ 

(PCM) ŮɑɜŬɘ ŬűɧɟŰɘůŰɞ ŰɧŰŮ, Űɞ ůɨůŰɖɛŬ ˊŬɟŬɛɏɜŮɘ ŬɜŮɜŮɟɔɧ.  

2.1.1.2 ȹɘɎŰŬɝɖ ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ 

ɆŮ ŬɡŰɐ Űɖ ŭɘɎŰŬɝɖ, ɖ ɗŮɟɛɧŰɖŰŬ ɢŬɛɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ Ŭˊɧ Űɞɡɠ ůɡɚɚɏəŰŮɠ əŮɜɞɨ (10ɞC ï 

20oC), ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞɜ ŬŰɛɞˊɞɘɖŰɐ Űɖɠ ɛɞɜɎŭŬɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɛŮ 

Űɞɜ ɔŮɤɗŮɟɛɘəɧ ŮɜŬɚɚɎəŰɖ ɜŬ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ, ɧŰŬɜ ɖ ɗŮɟɛɧŰɖŰŬ ŬɡŰɐ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ. ɇɞ 

ˊɚŮɞɜɏəŰɖɛŬ ůŮ ŬɡŰɐ Űɖɜ ŭɘɎŰŬɝɖ, ŮɑɜŬɘ ˊɤɠ ɛŮ əŬŰɎɚɚɖɚɞ ɓɎɗɞɠ ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ, 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŬˊɟɧůəɞˊŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɛɞɜɎŭŬɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ, ŬɜŮɝɎɟŰɖŰɖ Űɤɜ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ, ɤůŰɧůɞ ɛŮ ɛŮɔŬɚɨŰŮɟɞ əɧůŰɞɠ. ȼ ɚɞɘˊɐ ɚɞɔɘəɐ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ ɖ 

ɑŭɘŬ ɛŮ Űɖɜ ŭɘɎŰŬɝɖ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ ɜŮɟɞɨ əŬɘ ŭɞɢŮɑɞɡ ŬŭɟŬɜŮɑŬɠ, ˊɞɡ ˊŮɟɘŮɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ. 

 

 ɆŮ ɧɚŬ ŰŬ ůŮɜɎɟɘŬ ɚŮɘŰɞɡɟɔɑŬɠ ɞ ɚɏɓɖŰŬɠ űɡůɘəɞɨ ŬŮɟɑɞɡ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŭɘŬŰɖɟŮɑ 

ůŰŬɗŮɟɐ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ əɞɟɡűɐɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ, ůŰŬ ŮˊɑˊŮŭŬ 

Űɤɜ 60 ɞC, ɩůŰŮ ɜŬ ŮɑɜŬɘ ˊɎɜŰɞŰŮ ŭɡɜŬŰɐ ɖ ˊŬɟŬɔɤɔɐ ȻɁɉ.  

ȼ ɗɏɟɛŬɜůɖ Űɞɡ ůˊɘŰɘɞɨ ɔɑɜŮŰŬɘ ɛŮ əŬŰɎɚɚɖɚɞ ŮɜŭɞŭŬˊɏŭɘɞ ůɨůŰɖɛŬ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ 

ŮɘůŬɔɤɔɐɠ Űɞɡ ɕŮůŰɞɨ ɜŮɟɞɨ ɜŬ ɟɡɗɛɑɕŮŰŬɘ ŬɜɎɚɞɔŬ Űɖɜ ŮɝɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ ůŰɞ 

ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ Űɤɜ 28 ɞC ï 38 oC, ɧˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ.  

ɀɘŬ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ůɨɜŭŮůɖɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɡˊɞůɡůŰɖɛɎŰɤɜ ŭɑɜŮŰŬɘ ůŰɖɜ Ⱥɘə. 2.1.  
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Ⱥɘə. 2.1: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɡˊɧ ɛŮɚɏŰɖ ůɡůŰɐɛŬŰɞɠ  

2.1.2 ɄŮɟɘɔɟŬűɐ Űɤɜ ɡˊɞɛɞɜɎŭɤɜ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ  

2.1.2.1 ɀɞɜɎŭŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ  

ȼ ɛɞɜɎŭŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ŬˊɞŰŮɚŮɑ Űɞɜ ˊɡɟɐɜŬ Űɞɡ ɡˊɧ ɛŮɚɏŰɖ 

ůɡůŰɐɛŬŰɞɠ. ɆɡɜŰɑɗŮŰŬɘ Ŭˊɧ ˊɚɐɗɞɠ ɡˊɞɛɞɜɎŭɤɜ, əɎɗŮ ɛɑŬ Ůə Űɤɜ ɞˊɞɑɤɜ ɡɚɞˊɞɘŮɑŰŬɘ Ŭˊɧ ɏɜŬ 

ɕŮɨɔɞɠ ˊɚŬəɞŮɘŭɩɜ ŮɜŬɚɚŬəŰɩɜ, ɞɘ ɞˊɞɑɞɘ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ɛɘŬ ɓŬɚɓɑŭŬ əŮɜɞɨ. ɇɞ 

ˊɟɞůɟɞűɖŰɘəɧ ɡɚɘəɧ ɓɟɑůəŮŰŬɘ ŮˊɘəŬɚɡɛɛɏɜɞ ůŮ ɛɞɟűɐ çűɑɚɛè, ůŰɘɠ ˊɚɎəŮɠ Ůɜɧɠ Ůə Űɤɜ ŭɨɞ 

ŮɜŬɚɚŬəŰɩɜ, ɛŮ Űɞɜ ŭŮɨŰŮɟɞ ŮɜŬɚɚɎəŰɖ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŬŰɛɞˊɞɘɖŰɐɠ ɐ ůɡɛˊɡəɜɤŰɐɠ, ŬɜɎɚɞɔŬ 

ɛŮ Űɖɜ ŮəɎůŰɞŰŮ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɖɜ Ⱥɘə. 2.2. ȼ 

ůɡɜɞɚɘəɐ ɛɎɕŬ Űɞɡ ɡɚɘəɞɨ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ˊɚɐɗɞɠ Űɤɜ 

ŮɜŬɚɚŬəŰɩɜ, ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ɢɟɐůɖ ɡɚɘəɩɜ ɛŮ Ŭɡɝɖɛɏɜɖ ŮɜŮɟɔŮɘŬəɐ ˊɡəɜɧŰɖŰŬ.  
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Ⱥɘə. 2.2: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŭɘɎŰŬɝɖɠ əŬɘ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛɞɜɎŭŬɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ  

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɔəŬŰɎůŰŬůɖ Űɞ ˊɟɞůɟɞűɖŰɘəɧ ɡɚɘəɧ, ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ůɨɜɗŮŰɤɜ 

ɡɚɘəɩɜ ɟɧűɖůɖɠ, ɔɜɤůŰɎ ɤɠ ŮˊɘɚŮəŰɘəɎ ɡŭŬŰɘəɎ ɡɚɘəɎ ɟɧűɖůɖɠ (Selective Water Sorbents ï 

SWSs). ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɘŬ ˊɞɟɩŭɖ ɛɐŰɟŬ, ɛŮ ɛɏɔŮɗɞɠ ˊɧɟɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ 1,5 ï 20 nm, 

ůŰɖɜ ɞˊɞɑŬ ŮɜůɤɛŬŰɩɜŮŰŬɘ ɏɜŬ ɡɔɟɞůəɞˊɘəɧ ɎɚŬɠ. ȼ ŰŮɢɜɞɚɞɔɑŬ ŬɡŰɐ ŬɡɝɎɜŮɘ Űɖɜ ůɡɜɞɚɘəɐ 

ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ, əŬɗɩɠ ůɡɜŭɡɎɕŮɘ Űɖɜ űɡůɘəɐ ˊɟɞůɟɧűɖůɖ ůŰɖ ɛɐŰɟŬ Űɞɡ ɡɚɘəɞɨ ɛŮ 

Űɖɜ ɢɖɛɘəɐ ɟɧűɖůɖ ɛŮŰŬɝɨ Űɤɜ ŬŰɛɩɜ ɜŮɟɞɨ əŬɘ Űɞɡ ɎɚŬŰɞɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɓŮɚŰɘɩɜŮɘ Űɞɡɠ 

ůɡɜŰŮɚŮůŰɏɠ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ, ɞŭɖɔɩɜŰŬɠ ůɡɜɞɚɘəɎ ůŮ ɛɘəɟɧŰŮɟɞ ɧɔəɞ ůɡůŰɐɛŬŰɞɠ [67, 

68]. ɇɞ Ŭəɟɘɓɏɠ ɡɚɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŭŮɜ ŬɜŬűɏɟŮŰŬɘ ɔɘŬ ɚɧɔɞɡɠ ŮɛˊɘůŰŮɡŰɘəɧŰɖŰŬɠ. ɆŰɖɜ 

Ⱥɘə. 2.3 ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɢɖɛŬŰɘəɎ ɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞůɟɧűɖůɖɠ ůŮ ɛɐŰɟŬ SWS ɡɚɘəɞɨ.  

 

Ⱥɘə. 2.3: ȷˊɞɗɐəŮɡůɖ əŬɘ ŬɜɎəŰɖůɖ ɗŮɟɛɧŰɖŰŬɠ ůŮ ɡŭŬŰɘəɎ ɡɚɘəɎ ɟɧűɖůɖɠ [69]  
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2.1.2.2 ȼɚɘɞɗŮɟɛɘəɞɑ ɆɡɚɚɏəŰŮɠ ȾŮɜɞɨ  

Ƀɘ ɖɚɘɞɗŮɟɛɘəɞɑ ůɡɚɚɏəŰŮɠ əŮɜɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, ŬˊɞŰŮɚɞɨɜ ˊɟɞɥɧɜ Ůɝɏɚɘɝɖɠ 

Ůɛˊɞɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ Űɖɠ ŮŰŬɘɟɑŬɠ AkoTec Produktions GmbH [70]. ɆŰɧɢɞɠ ŮɑɜŬɘ ɖ əɎɚɡɣɖ Űɤɜ 

ŬɜŬɔəɩɜ Űɞɡ ɏɟɔɞɡ ůŮ ɗŮɟɛɧŰɖŰŬ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɔɟɐɔɞɟɖ 

űɧɟŰɘůɖ Űɖɠ ɛɞɜɎŭŬɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬŰɎ Űɞɡɠ ɗŮɟɘɜɞɨɠ ɛɐɜŮɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ 

ůɡɚɚɏəŰŮɠ əŮɜɞɨ ɎɛŮůɖɠ ɟɞɐɠ, ɛŮ ŭɘŬɛɧɟűɤůɖ ɞɛɞŬɝɞɜɘəɞɨ ůɤɚɐɜŬ, əŬɘ ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ, ɛɖ 

Űɞɝɘəɧ ɔŬɚɎəŰɤɛŬ ɜŮɟɞɨ ɡɣɖɚɐɠ ŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬɠ. ȼ Ŭˊɧŭɞůɖ əŬɗɩɠ əŬɘ ɞɘ ůɡɛˊŮɟɘűɞɟɎ 

Űɤɜ ůɡɚɚŮəŰɩɜ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ɏɟɔɞɡ, ůɡɔəɟɑɗɖəŮ ɛŮ ŬɜŰɑůŰɞɘɢɖ Ůɛˊɞɟɘəɩɜ 

ůɡɚɚŮəŰɩɜ, ɧˊɤɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ Ⱥɘə. 2.4.  

 

Ⱥɘə. 2.4: ȼɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ əŮɜɞɨ (ȷɟɘůŰŮɟɎ) Ⱥɛˊɞɟɘəɧɠ ůɡɚɚɏəŰɖɠ Űɖɠ ŮŰŬɘɟɑŬɠ AkoTec 

Produktions GmbH (ȹŮɝɘɎ) ɆɡɚɚɏəŰɖɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ ɏɟɔɞɡ 

SWS-Heating  

ũɘŬ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 25ɞC əŬɘ ŬəŰɘɜɞɓɞɚɑŬ 1000 W/m2, ůŰɖɜ Ⱥɘə. 2.5, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ əŬɛˊɨɚŮɠ Ŭˊɧŭɞůɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ ůɡɚɚŮəŰɩɜ.  

 

Ⱥɘə. 2.5: ɆɡɔəɟɘŰɘəɐ ŬˊŮɘəɧɜɘůɖ əŬɛˊɡɚɩɜ Ŭˊɧŭɞůɖɠ ï ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɞɡɠ ɡˊɧ ɛŮɚɏŰɖ 

ůɡɚɚɏəŰŮɠ  
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ɄŬɟŬŰɖɟɞɨɛŮ ˊɤɠ ɞɘ əŬɘɜɞɨɟɔɘɞɘ ůɡɚɚɏəŰŮɠ ŮɛűŬɜɑɕɞɡɜ ůŬűɩɠ ɓŮɚŰɘɤɛɏɜɖ Ŭˊɧŭɞůɖ, ůŮ ůɢɏůɖ 

ɛŮ Űɞɡɠ ɡˊɎɟɢɞɜŰŮɠ Ůɛˊɞɟɘəɞɨɠ, ɖ ɞˊɞɑŬ ŭɘŬŰɖɟŮɑŰŬɘ əŬɘ ůŰɘɠ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ɚŮɘŰɞɡɟɔɑŬɠ.  

2.1.2.3 ȹŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ 

ȼ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ, ŬˊɞŰŮɚŮɑ Űɞ əɨɟɘɞ ɡˊɞůɨůŰɖɛŬ Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ, ˊŬɟɏɢɞɜŰŬɠ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ɗŮɟɛɘəɐ 

ŬŭɟɎɜŮɘŬ ɔɘŬ Űɖɜ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ əŬɘ əɎɚɡɣɖ Űɤɜ ɗŮɟɛɘəɩɜ űɞɟŰɑɤɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ 

ŭŮɝŬɛŮɜɐ ɜŮɟɞɨ, Űɖɠ ŮŰŬɘɟɑŬɠ Sirch GmbH & Co. [71] ɢɤɟɖŰɘəɧŰɖŰŬɠ 1000 lt, ɖ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɔɘŬ ɛɧɜɤůɖ ŭɘɞɔəɤɛɏɜɞ ˊŮɟɚɑŰɖ ůŮ ůɡɜɗɐəŮɠ əŮɜɞɨ, ŬɜɎɛŮůŬ ůŰɞ ŮɝɤŰŮɟɘəɧ əŬɘ 

ŮůɤŰŮɟɘəɧ Űɖɠ ŰɞɑɢɤɛŬ. ɆŰɧɢɞɠ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŭŮɝŬɛŮɜɐɠ, ˊɏɟŬɜ Űɖɠ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ Űɤɜ 

ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ, ŮɑɜŬɘ əŬɘ ɖ ŮˊɑŰŮɡɝɖ əŬŰɎɚɚɖɚɖɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ 

ŭɘŬůŰɟɤɛɎŰɤůɖɠ, ɖ ɞˊɞɑŬ, ɗŬ ŮˊɘŰɟɏɣŮɘ Űɖɜ ŬˊɞŭɞŰɘəɧŰŮɟɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɧˊɤɠ 

ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ ȾȺūȷȿȷȽɃ 1.  

ũɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ŭɡɜŬɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ, ŬɚɚɎ əŬɘ Űɖɠ ŮɝŬəɟɑɓɤůɖ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ Űɖɠ, ɏɜŬ ɛɘəɟɧŰŮɟɞ ɛɞɜŰɏɚɞ, ɢɤɟɖŰɘəɧŰɖŰŬɠ 535 lt, Űɞ ɞˊɞɑɞ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 2.6, ɛŮɚŮŰɐɗɖəŮ ůŰɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ȷŰɛɞəɘɜɖŰɐɟɤɜ 

əŬɘ ȿŮɓɐŰɤɜ ȺɀɄ, ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ Ʉɘɜ. 2.1. 

 

Ⱥɘə. 2.6: ȹɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ Űɖɠ ŮŰŬɘɟɑŬɠ Sirch GmbH & Co. 

Ʉɘɜ. 2.1: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɞɢŮɑɞɡ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ Űɖɠ ŮŰŬɘɟɑŬɠ Sirch GmbH & 

Co. 

ɀɏɔŮɗɞɠ ɇɘɛɐ ɀɞɜɎŭŬ ɀɏŰɟɖůɖɠ 

ɉɤɟɖŰɘəɧŰɖŰŬ 535 lt 

ɀɏɔɘůŰɖ ɄɑŮůɖ ȿŮɘŰɞɡɟɔɑŬɠ 3 bar 

ɀɏɔɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ ȿŮɘŰɞɡɟɔɑŬɠ 95 oC 

ȴɣɞɠ 2555 mm 

ȺɝɤŰŮɟɘəɐ ȹɘɎɛŮŰɟɞɠ 1000 mm 

ɄɎɢɞɠ ɀɧɜɤůɖɠ 175 mm 
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2.1.2.4 ȹɞɢŮɑɞ ŬŭɟɎɜŮɘŬɠ (ɛŮ ɡɚɘəɎ ŬɚɚŬɔɐɠ űɎůɖɠ - PCM)  

ɇɞ ŭɞɢŮɑɞ ŬŭɟŬɜŮɑŬɠ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɜɧŰɖŰŬɠ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ, ɢŬɛɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɩůŰŮ ɜŬ ŮˊɘŰɟɏˊŮŰŬɘ 

ɖ ŬˊɟɧůəɞˊŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬŰɎ Űɖɜ ŬˊɞűɧɟŰɘůɖ. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɚɐɗɞɠ 

ˊɚŬůŰɘəɩɜ ˊɚŬəɩɜ, ɛɏůŬ ůŰɘɠ ɞˊɞɑŮɠ ɓɟɑůəŮŰŬɘ Űɞ ɡɚɘəɧ ŬɚɚŬɔɐɠ űɎůɖɠ, ɞɘ ɞˊɞɑŮɠ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŮɜŰɧɠ ɛɞɜɤɛɏɜɞɡ ɞɟɗɞɔɤɜɘəɞɨ ɛŮŰŬɚɚɘəɞɨ ŭɞɢŮɑɞɡ. ȼ ɔŮɤɛŮŰɟɑŬ Űɤɜ ˊɚŬəɩɜ 

ŮɑɜŬɘ ŰɏŰɞɘŬ, ɩůŰŮ ɜŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůɡɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ ɛŮ Űɞ 

ŮɟɔŬɕɧɛŮɜɞ ɛɏůɞ (ɜŮɟɧ), ŮɝŬůűŬɚɑɕɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ɛŮɘɤɛɏɜɞ ɧɔəɞ ůɡůŰɐɛŬŰɞɠ. ȼ əŬŰŬůəŮɡɐ 

Űɞɡ ɡˊɞůɡůŰɐɛŬŰɞɠ, ɏɔɘɜŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ PCM Products Ltd [72], Ůɜɩ ɖ ɛŮɚɏŰɖ Űɖɠ 

ŭɡɜŬɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ɡˊɞůɡůŰɐɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞ ɄŬɜŮˊɘůŰɐɛɘɞ Űɖɠ 

ȿɘɏŭɖɠ (Universitat de Lleida ï UDL). ɆŰɖɜ Ⱥɘə. 2.7 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɟɘůɛɏɜŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ 

Űɞɡ ɡˊɞůɡůŰɐɛŬŰɞɠ.  

 

Ⱥɘə. 2.7: ȹɞɢŮɑɞ ŬŭɟŬɜŮɑŬɠ (Ŭ) Ɉɚɘəɧ ŬɚɚŬɔɐɠ űɎůɖɠ ŮɜɗɡɚŬəɤɛɏɜɞ ůŮ ˊɚɎəŮɠ əŬŰɎɚɚɖɚɖɠ 

ŭɘŬɛɧɟűɤůɖɠ (ɓ) ȺůɤŰŮɟɘəɐ ŭɘŬɛɧɟűɤůɖ ŭɞɢŮɑɞɡ ŬŭɟŬɜŮɑŬɠ (ɔ) ɇŮɚɘəɐ ɛɞɟűɐ ŭɞɢŮɑɞɡ 

ŬŭɟŬɜŮɑŬɠ ï ȺɝɤŰŮɟɘəɐ ŬˊŮɘəɧɜɘůɖ  

2.1.2.5 ȺűŮŭɟɘəɧɠ ȿɏɓɖŰŬɠ ūɡůɘəɞɨ ȷŮɟɑɞɡ  

ȾɨɟɘŬ ɢɟɐůɖ Űɞɡ ŮűŮŭɟɘəɞɨ ɚɏɓɖŰŬ ůɡɛˊɨəɜɤůɖɠ űɡůɘəɞɨ ŬŮɟɑɞɡ ŮɑɜŬɘ ɖ əɎɚɡɣɖ ɛɏɟɞɡɠ Űɤɜ 

űɞɟŰɑɤɜ ɔɘŬ ɗɏɟɛŬɜůɖ əŬɘ ȻɁɉ, əŬŰɎ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ ɧˊɞɡ Űɞ ůɨɜɞɚɞ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ 
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ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞ ɖɚɘɞɗŮɟɛɘəɧ ˊŮŭɑɞ əŬɘ Űɖɜ ɛɞɜɎŭŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, 

ŮɑɜŬɘ ŬɜŮˊŬɟəɏɠ.  

Ƀɘ ɚɏɓɖŰŮɠ ůɡɛˊɨəɜɤůɖɠ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ Űɖɜ ɚŬɜɗɎɜɞɡůŬ ɗŮɟɛɧŰɖŰŬ ŬŰɛɞˊɞɑɖůɖɠ Űɤɜ 

ɡŭɟŬŰɛɩɜ ůŰŬ əŬɡůŬɏɟɘŬ, ɞŭɖɔɩɜŰŬɠ ůŮ ŬɡɝɖɛɏɜŮɠ ŬˊɞŭɧůŮɘɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ əɞɘɜɞɨɠ 

ɚɏɓɖŰŮɠ ˊŮŰɟŮɚŬɑɞɡ, ɛŮ Űɡˊɘəɏɠ Űɘɛɏɠ Ŭˊɧŭɞůɖɠ, ůŰɞ Ůɨɟɞɠ , 94% - 109%2 , ɧˊɤɠ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ 

ŭɘɎűɞɟɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ [73-75]. ȹŮŭɞɛɏɜɞɡ ˊɤɠ ɖ ˊŮɘɟŬɛŬŰɘəɐ ŮɔəŬŰɎůŰŬůɖ Űɞɡ ɏɟɔɞɡ, 

ɓɟɑůəŮŰŬɘ ŬəɧɛŬ ůŮ ůŰɎŭɘɞ ŬɜɎˊŰɡɝɖɠ, ɔɘŬ ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ, ɤɠ ˊŬɟɎŭŮɘɔɛŬ Ůɛˊɞɟɘəɞɨ 

ɚɏɓɖŰŬ ůɡɛˊɨəɜɤůɖɠ űɡůɘəɞɨ ŬŮɟɑɞɡ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ RIELLO residence 25 KIS e Űɞɡ 

ȺɟɔŬůŰɖɟɑɞɡ ȷŰɛɞəɘɜɖŰɐɟɤɜ əŬɘ ȿŮɓɐŰɤɜ ȺɀɄ, ɛŮ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ 98,6% əŬɘ ɞɜɞɛŬůŰɘəɐ 

ɗŮɟɛɘəɐ ɘůɢɨ 26,3 kW.  

 

 

 

Ⱥɘə. 2.8: ȿɏɓɖŰŬɠ ůɡɛˊɨəɜɤůɖɠ űɡůɘəɞɨ ŬŮɟɑɞɡ RIELLO Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ȷŰɛɞəɘɜɖŰɐɟɤɜ əŬɘ 

ȿŮɓɐŰɤɜ ȺɀɄ  

  

 
2 ɃɟɘɕɧɛŮɜɞɘ ɓŬɗɛɞɑ Ŭˊɧŭɞůɖɠ ɓɎůɖ Űɖɠ əŬŰɩŰŮɟɖɠ ɗŮɟɛɞɔɧɜɞɡ ŭɨɜŬɛɖɠ Űɞɡ əŬɡůɑɛɞɡ.  
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2.1.2.6 ȿɞɘˊɎ ɆɡůŰɐɛŬŰŬ  

ȹŮŭɞɛɏɜɞɡ ˊɤɠ ɖ ɛɞɜɎŭŬ ˊɘɚɧŰɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɓɟɑůəŮŰŬɘ ůŮ űɎůɖ Ůɝɏɚɘɝɖɠ, ŭŮɜ ɡˊɎɟɢɞɡɜ 

ůɡɔəŮəɟɘɛɏɜŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞɜ ɔŮɤɗŮɟɛɘəɧ ŮɜŬɚɚɎəŰɖ əŬɘ Űɞɜ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ ï ɜŮɟɞɨ. ȼ 

ˊŬɟŬˊɎɜɤ ůɡɜɗɐəɖ ɤůŰɧůɞ, ŭŮɜ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŭɡɜŬɛɘəɐɠ 

ˊɟɞůɞɛɞɑɤůɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ůŰɖɜ ˊŬɟɞɨůŬ űɎůɖ ŭŮɜ 

ɡˊŮɘůɏɟɢɞɜŰŬɘ ˊŮɟɘɞɟɘůɛɞɑ əɧůŰɞɡɠ.  

ũɘŬ ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ, ˊŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ əɡəɚɞűɞɟɖŰɏɠ ɞɘ ɞˊɞɑɞɘ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɖɚŮəŰɟɘəɩɜ əŬŰŬɜŬɚɩůŮɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɛŮ Űɖɜ 

Ůˊɘɚɞɔɐ Űɞɡɠ ɜŬ ŮɑɜŬɘ ˊɟɞɥɧɜ Űɧůɞ Űɤɜ ŰŮɢɜɞɚɞɔɘəɩɜ ɞɟɑɤɜ ɧůɞ əŬɘ Űɤɜ ɓɏɚŰɘůŰɤɜ ˊŬɟɞɢɩɜ 

Űɤɜ ŮəɎůŰɞŰŮ ůɡůŰɖɛɎŰɤɜ, ɧˊɤɠ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ əŬŰɎ Űɖ ŬɜɎˊŰɡɝɖ Űɞɡ ŭɡɜŬɛɘəɞɨ ɛɞɜŰɏɚɞɡ 

[76, 77].  

× ɼˏˁ˂˖˃ʰ ʹ˂ʽʰˁ˗˄ ˋˎ˂˂ʶˁˍ˗˄: Grundfos SOLAR PML 25-145 180  

× ɼˏˁ˂˖˃ʰ ʵˇ˔ʶʾˇˎ ʰˉˇʻʺˁʶˎˋʹˌ: Wilo Yonos MAXO 25/0,5-10  

× ɼˎˁ˂ˇ˒ˇˊʹˍʺˌ ɵɿʋ: Grundfos ALPHA2 15-40 130  

× ɼˎˁ˂ˇ˒ˇˊʹˍʺˌ ˂ʷʲʹˍʰ ˁʰʽ ˁˎˁ˂˗˃ʰˍˇˌ ʻʷˊ˃ʰ˄ˋʹˌ: Grundfos UPS2 32-80 180  

 

2.1.3 ɀɞɜɞɔɟŬɛɛɘəɐ ŬˊŮɘəɧɜɘůɖ ůɡůŰɖɛɎŰɤɜ 

ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ɛɑŬ ɚŮˊŰɞɛŮɟɐɠ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŭɘŬůɨɜŭŮůɖɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɡˊɞɛɞɜɎŭɤɜ Űɖɠ 

ŮɔəŬŰɎůŰŬůɖɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮəɎůŰɞŰŮ ŭɘɎŰŬɝɖ ɖ ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ. ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ 

əŬɘ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ, Űɞ ůɨůŰɖɛŬ ŮˊɘŰɟɏˊŮɘ ˊɚɐɗɞɠ ŭɘŬűɞɟŮŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ 

ɚŮɘŰɞɡɟɔɑŬɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ŮɜŰŬɔɛɏɜŮɠ ůŰɖɜ ɚɞɔɘəɐ Ůɚɏɔɢɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ůŰɞɢŮɨɞɜŰŬɠ ůŰɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ ɢɟɐůɖɠ Űɞɡ ɚɏɓɖŰŬ ū.ȷ. Ƀɘ ˊŬɟŬˊɎɜɤ əŬŰŬůŰɎůŮɘɠ ɚŮɘŰɞɡɟɔɑŬɠ ɤůŰɧůɞ, əŬɗɩɠ 

əŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Ůɚɏɔɢɞɡ ŬɡŰɩɜ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɔɘŬ ɚɧɔɞɡɠ ŮɛˊɘůŰŮɡŰɘəɧŰɖŰŬɠ. 
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Ⱥɘə. 2.9: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ůɡůŰɐɛŬŰɞɠ ɛŮ ɢɟɐůɖ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ əŬɘ ŭɞɢŮɑɞɡ ŬŭɟɎɜŮɘŬɠ  
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Ⱥɘə. 2.10: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ůɡůŰɐɛŬŰɞɠ ɛŮ ɢɟɐůɖ ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ  
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2.2 ȾŰɖɟɘŬəɐ ɀɞɜɎŭŬ  

2.2.1 ȷɟɢɘŰŮəŰɞɜɘəɐ ȸɞɟŮɘɞŮɡɟɤˊŬɥəɩɜ ɉɤɟɩɜ  

ũɘŬ Űɖ ůɤůŰɐ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɡˊɧ ɛŮɚɏŰɖ ůɡůŰɐɛŬŰɞɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ 

ůŬűɐɠ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ űɞɟŰɑɤɜ ɗɏɟɛŬɜůɖɠ əŰɖɟɘŬəɐɠ ɛɞɜɎŭŬɠ ɖ ɞˊɞɑŬ ůɡɛűɤɜŮɑ ɛŮ ŰŬ 

ˊɟɧŰɡˊŬ ŬɟɢɘŰŮəŰɞɜɘəɞɨ ůɢŮŭɘŬůɛɞɨ əŬɘ Ŭɜɗɟɩˊɘɜɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ɓɞɟŮɘɞŮɡɟɤˊŬɥəɩɜ 

ɢɤɟɩɜ.  

ȹŮŭɞɛɏɜɞɡ ˊɤɠ ɞɘ ˊŬɟŬˊɎɜɤ ɢɩɟŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

ŬəɧɛŬ əŬɘ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ɞɘ ŬɜɎɔəŮɠ ůŮ ɣɨɝɖ ŮɑɜŬɘ ŬɛŮɚɖŰɏŮɠ, ɛŮ ˊɞɚɚɎ əŰɑůɛŬŰŬ 

ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɏɚɚŮɘɣɖ ůŮ ŬɜŰɑůŰɞɘɢŬ ŮɜŮɟɔɖŰɘəɎ ůɡůŰɐɛŬŰŬ. ȷɜŰɑɗŮŰŬ ɖ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ əŬŰɎ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ ɛɏůɤ əŬŰɎɚɚɖɚɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ 

ŮɑɜŬɘ ŬɟəŮŰɐ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ůɡɜɗɖəɩɜ ɎɜŮůɖɠ. 

 ɇŬ ůɡɜɐɗɖ əŰɑůɛŬŰŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɜɧŰɘɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧ, ɛŮɔɎɚɖ ŮˊɘűɎɜŮɘŬ 

ɡŬɚɞˊɘɜɎəɤɜ ŭɘˊɚɐɠ ɐ Űɟɘˊɚɐɠ ɡɎɚɤůɖɠ əŬɘ ůˊɎɜɘŬ ɢɟɐůɖ ůəɑŬůŰɟɤɜ, ɛŮ ůŰɧɢɞ Űɖɜ Ŭɨɝɖůɖ 

Űɤɜ ɖɚɘŬəɩɜ əŮɟŭɩɜ əŬɗȭɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ. ȽŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ ŭɑɜŮŰŬɘ ůŰɖɜ 

ŬŮɟɞůŰŮɔŬɜɧŰɖŰŬ Űɞɡ əŮɚɨűɞɡɠ, ɛŮ Űɖɜ Ŭˊɧɟɟɘɣɖ Űɖɠ ˊɚŮɞɜɎɕɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ, əŬŰɎ Űɞɡɠ 

əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ɜŬ ɔɑɜŮŰŬɘ ɛŮ űɡůɘəɧ ŬŮɟɘůɛɧ.  

ȼ Ůˊɘɚɞɔɐ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ əŬɗɩɠ əŬɘ Űɖɠ ɗŮɟɛɞɛɧɜɤůɖɠ ɞŭɖɔŮɑ ůŮ ɢŬɛɖɚɏɠ Űɘɛɏɠ 

ɗŮɟɛɘəɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ, ůŮ ůɨɔəɟɘůɖ ɛŮ ɢɩɟŮɠ Űɖɠ ɜɧŰɘŬɠ Ⱥɡɟɩˊɖɠ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ 

Ʉɘɜ. 2.2, ɧˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɚɧɔɞɘ Űɘɛɩɜ ɗŮɟɛɞˊŮɟŬŰɧŰɖŰŬɠ ɛŮɔŬɚɨŰŮɟɞɘ Űɞɡ ɏɝɘ ŬɜɎɛŮůŬ 

Űɞɡɠ. ȼ ˊɚɐɟɖɠ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ ɔɑɜŮŰŬɘ ŭɘŬɔɟŬɛɛŬŰɘəɎ ůŰɖɜ Ⱥɘə. 2.11. 

Ʉɘɜ. 2.2: ɆɡɜŰŮɚŮůŰɐɠ ŪŮɟɛɘəɐɠ ȹɘŬˊŮɟŬŰɧŰɖŰŬɠ ȺɝɤŰŮɟɘəɐɠ ɇɞɘɢɞˊɞɘɑŬɠ [78]  

ɉɩɟŬ ╤╦ □ ╚ϳ  

ɀɎɚŰŬ 2,22 

ȽůˊŬɜɑŬ 1,82 

ũŬɚɚɑŬ 1,72 

ȽŰŬɚɑŬ 1,52 

ɄɞɟŰɞɔŬɚɑŬ 1,44 

ɆŮɟɓɑŬ 1,36 

ȸɞɡɚɔŬɟɑŬ 1,28 

ɃɚɚŬɜŭɑŬ 1,27 

ɃɡɔɔŬɟɑŬ 1,15 

ũŮɟɛŬɜɑŬ 1,11 

ȷɡůŰɟɑŬ 1,07 

ɄɞɚɤɜɑŬ 0,92 

ɇůŮɢɑŬ 0,82 

ȹŬɜɑŬ 0,69 

ūɘɚŬɜŭɑŬ 0,43 

ɆɞɡɖŭɑŬ 0,42 

ȺůɗɞɜɑŬ 0,36 
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Ⱥɘə. 2.11: ɆɡɜŰŮɚŮůŰɐɠ ŪŮɟɛɘəɐɠ ȹɘŬˊŮɟŬŰɧŰɖŰŬɠ ȺɝɤŰŮɟɘəɐɠ ɇɞɘɢɞˊɞɘɑŬɠ [78]  

ɉŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŬɟɢɘŰŮəŰɞɜɘəɐɠ ɓɞɟŮɘɞŮɡɟɤˊŬɥəɩɜ ɢɤɟɩɜ ŭɑɜɞɜŰŬɘ ůŰɖɜ Ⱥɘə. 

2.12 ɔɘŬ ɞɘəɘŬəɏɠ əŬŰɞɘəɑŮɠ ůŰɞ ɅɏɔəŮɜůɛˊɞɡɟɔə (ũŮɟɛŬɜɑŬ) əŬɘ ůŰɖ ɆŰɞəɢɧɚɛɖ (ɆɞɡɖŭɑŬ), 

ɧˊɞɡ ɔɑɜŮŰŬɘ ŮɛűŬɜɏɠ Űɞ ɛŮɔɎɚɞ ˊɞůɞůŰɧ əɎɚɡɣɖɠ Űɖɠ ŮɝɤŰŮɟɘəɐɠ ŰɞɘɢɞˊɞɘɑŬɠ ɛŮ ɡŬɚɞˊɑɜŬəŮɠ, 

əŬɗɩɠ əŬɘ ɖ ɏɚɚŮɘɣɖ ůəɘɎůŰɟɤɜ.  

 

 

Ⱥɘə. 2.12: ȷɟɢɘŰŮəŰɞɜɘəɐ ɓɞɟŮɘɞŮɡɟɤˊŬɥəɩɜ ɢɤɟɩɜ (Ŭ) ũŮɟɛŬɜɑŬ (ɓ) ɆɞɡɖŭɑŬ  

2.2.2 ȾŰɖɟɘŬəɧ ɛɞɜŰɏɚɞ  

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɃŭɖɔɑŬ ɔɘŬ Űɖɜ ȺɜŮɟɔŮɘŬəɐ ȷˊɧŭɞůɖ Űɤɜ ȾŰɖɟɑɤɜ (Energy Performance of 

Buildings Directive - EPBD) 2010/31/EU [79], ɧɚŬ ŰŬ əŬɘɜɞɨɟɔɘŬ əŰɐɟɘŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ůɢŮŭɧɜ 

ɛɖŭŮɜɘəɐɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ ɛɏɢɟɘ Űɞ Űɏɚɞɠ Űɞɡ 2020, ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɞŭɖɔɑŬɠ ɜŬ 

ŰɑɗŮŰŬɘ ůŮ ɘůɢɨ ɐŭɖ Ŭˊɧ Űɞ 2018 ɔɘŬ ŰŬ ɜŮɧəŰɘůŰŬ ŭɖɛɧůɘŬ əŰɐɟɘŬ.  
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ɋɠ əŰɐɟɘɞ ɛŮ ůɢŮŭɧɜ ɛɖŭŮɜɘəɐ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ (nZEB), ɞɟɑɕŮŰŬɘ əɎɗŮ əŰɐɟɘɞ ɡɣɖɚɐɠ 

ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ, ɖ ɞˊɞɑŬ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŮŰɐůɘŬ ŮɜɏɟɔŮɘŬ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ 

ŬɜŬɔəɩɜ Űɞɡ ůŮ ɗɏɟɛŬɜůɖ, ɣɨɝɖ əŬɘ ȻɁɉ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŮˊɑŰŮɡɝɖ ůɡɜɗɖəɩɜ ɎɜŮůɖɠ. 

ɄŬɟɎɚɚɖɚŬ ɖ ɧˊɞɘŬ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ ɗŬ ˊɟɏˊŮɘ ɜŬ əŬɚɨˊŰŮŰŬɘ ůŮ ůɖɛŬɜŰɘəɧ ɓŬɗɛɧ Ŭˊɧ 

ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ.  

ɆɨɛűɤɜŬ ɛŮ Űɞɜ Voss et al [80] ŰŬ əŰɐɟɘŬ ůɢŮŭɧɜ ɛɖŭŮɜɘəɐɠ ŮɜŮɟɔŮɘŬəɐɠ əŬŰŬɜɎɚɤůɖɠ, 

ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘɔɟŬűɞɨɜ ɤɠ ɞ ůɡɜŭɡŬůɛɧɠ ŮɜŮɟɔŮɘŬəɐɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ əŮɚɨűɞɡɠ əŬɘ əɎɚɡɣɖɠ 

űɞɟŰɑɤɜ Ŭˊɧ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Ůɜɧɠ ɘůɞɟɟɞˊɖɛɏɜɞɡ ŮɜŮɟɔŮɘŬəɞɨ 

ˊɟɞɦˊɞɚɞɔɘůɛɞɨ ůŰɖɜ ˊŮɟɑɞŭɞ Ůɜɧɠ ɏŰɞɡɠ.  

ɆŰɞ ˊŬɟɧɜ ɏɟɔɞ Űɞ əŰɐɟɘɞ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ, ɘəŬɜɞˊɞɘŮɑ ɧɚŮɠ Űɘɠ ˊŬɟŬˊɎɜɤ ˊɟɞŭɘŬɔɟŬűɏɠ ɩůŰŮ ɜŬ 

ŬɜɐəŮɘ ůŰɖɜ ˊŬɟŬˊɎɜɤ əŬŰɖɔɞɟɑŬ, Ůɜɩ ɞ ŬɟɢɘŰŮəŰɞɜɘəɧɠ ůɢŮŭɘŬůɛɧɠ Űɞɡ ůɡɛɓŬŭɑɕŮɘ ɛŮ ŰŬ 

ˊɟɧŰɡˊŬ Űɤɜ ɓɞɟŮɘɞŮɡɟɤˊŬɥəɩɜ ɢɤɟɩɜ.  

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ŭɘɩɟɞűɞ əŰɐɟɘɞ ɛŮ ůɞűɑŰŬ əŬɘ ɡˊɧɔŮɘŬ Ŭˊɞɗɐəɖ, ɘəŬɜɧ ɔɘŬ Űɖ ůŰɏɔŬůɖ Űɟɘɩɜ 

ŬŰɧɛɤɜ, Űɞ ɞˊɞɑɞ ůɢŮŭɘɎůŰɖəŮ ůŰɞ ɚɞɔɘůɛɘəɧ SketchUpɇɀ əŬɘ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 2.13 [81]. 

 

 

Ⱥɘə. 2.13: ɇɟɘůŭɘɎůŰŬŰɖ ŬˊŮɘəɧɜɘůɖ Űɖɠ əŰɖɟɘŬəɐɠ ɛɞɜɎŭŬɠ ůŰɞ ɚɞɔɘůɛɘəɧ SketchUpTM 
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ȾȺūȷȿȷȽɃ 3. ȹɡɜŬɛɘəɐ ɀɞɜŰŮɚɞˊɞɑɖůɖ  

ȼ ˊɟɞůɞɛɞɑɤůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ɚɞɔɘůɛɘəɧ TRNSYS [82]. 

ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɧɚŮɠ ɞɘ Ůˊɘɛɏɟɞɡɠ ůɡɜɘůŰɩůŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, 

əŬɗɩɠ əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ɛŬɗɖɛŬŰɘəɐ Űɞɡɠ ɛɞɜŰŮɚɞˊɞɑɖůɖ. ȳˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ əŬɘ ůŮ 

ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ, ɖ ˊɚɐɟɖɠ ˊŬɟɞɡůɑŬůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ŮəɎůŰɞŰŮ ɡˊɞůɡůŰɖɛɎŰɤɜ, 

ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɔɘŬ ɚɧɔɞɡɠ ŮɛˊɘůŰŮɡŰɘəɧŰɖŰŬɠ Űɞɡ ɏɟɔɞɡ SWS-ȼeating.  

3.1 ȺɘůŬɔɤɔɐ ůŰɞ TRNSYS  

ɇɞ TRNSYS (TRaNsient SYstem Simulation program), ŮɑɜŬɘ ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ ˊɟɞůɞɛɞɑɤůɖɠ, 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ůɡůŰɖɛɎŰɤɜ, ŬɜŰŬˊɞəɟɘɜɧɛŮɜɞ ůŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ ŰŮɢɜɞɚɞɔɘɩɜ ɞɘ 

ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ:  

¶ ȼɚɘŬəɎ ůɡůŰɐɛŬŰŬ (ūɤŰɞɓɞɚŰŬɥəɎ əŬɘ ȼɚɘɞɗŮɟɛɘəɎ)  

¶ ɆɡůŰɐɛŬŰŬ ɗɏɟɛŬɜůɖɠ ï ɣɨɝɖɠ  

¶ ɆɡůŰɐɛŬŰŬ ȷɄȺ 

¶ ɆɡůŰɐɛŬŰŬ ůɡɛˊŬɟŬɔɤɔɐɠ  

¶ ȾɡɣɏɚŮɠ əŬɡůɑɛɞɡ  

¶ ȾŰɖɟɘŬəɎ ˊɞɚɡɕɤɜɘəɎ ɛɞɜŰɏɚŬ əŬɗɩɠ əŬɘ 

¶ Ʉɚɐɗɞɠ ɡˊɞůɡůŰɖɛɎŰɤɜ (ˊ.ɢ ŭɞɢŮɑŬ ŬˊɞɗɐəŮɡůɖɠ), ŰŬ ɞˊɞɑŬ ɢɟɐɕɞɡɜ ŭɡɜŬɛɘəɐɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ  

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ɚɞɔɘůɛɘəɧ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ, ɛŮ ŬɟɢɘŰŮəŰɞɜɘəɐ ɓŬůɘůɛɏɜɖ ůŮ ŬɟɢŮɑŬ 

ɓɘɓɚɘɞɗɖəɩɜ ŭɡɜŬɛɘəɐɠ ůɨɜŭŮůɖɠ (Dynamic Link Library ï DLL), Űɞ ɞˊɞɑɞ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ůŰɞɜ ɢɟɐůŰɖ Űɧůɞ ɜŬ ŰɟɞˊɞˊɞɘŮɑ əŬŰɎɚɚɖɚŬ ŰŬ Ůˊɘɛɏɟɞɡɠ ˊɖɔŬɑŬ ɛɞɜŰɏɚŬ ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘŮɑ 

əŬɚɨŰŮɟŬ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ, ɧůɞ əŬɘ ŮɘůɎɔŮɘ ŭɘəɎ Űɞɡ ɛɞɜŰɏɚŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɚɐɗɞɠ ɔɚɤůůɩɜ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ (C, C++, Fortran əɚˊ.). ɄŬɟɎɚɚɖɚŬ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŮˊɘəɞɘɜɤɜɑŬɠ ɛŮ 

ŭɘɎűɞɟŬ ɚɞɔɘůɛɘəɎ (Microsoft Excel, Matlab), ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ ŭɘŮɟɔŬůɘɩɜ əŬŰɎ Űɖ ŭɡɜŬɛɘəɐ 

ˊɟɞůɞɛɞɑɤůɖ [83].  

ȼ ŭɘɎɟɗɟɤůɐ Űɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ůŮɘɟɎ ɡˊɞˊɟɞɔɟŬɛɛɎŰɤɜ ɛŮ ŭɘŬəɟɘŰɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ŰŬ ɞˊɞɑŬ 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ˊŬɟŬəɎŰɤ.  

I. ɄŮɟɘɓɎɚɚɞɜ ˊɟɞůɞɛɞɑɤůɖɠ (Simulation Studio)  

ȷˊɞŰŮɚŮɑ Űɞ ɓŬůɘəɧ ɔɟŬűɘəɧ ˊŮɟɘɓɎɚɚɞɜ ůŰɞ ɞˊɞɑɞ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔŮɑ 

ɞɚɞəɚɖɟɤɛɏɜŬ ůɡůŰɐɛŬŰŬ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ůŰɞɘɢŮɘɩŭɖ ɛɞɜŰɏɚŬ ˊɞɡ ˊŬɟɏɢŮɘ Űɞ TRNSYS. 

ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ Ŭɟɢɘəɐɠ ŮˊɘűɎɜŮɘŬɠ ŮɟɔŬůɑŬɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 3.1. 
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Ⱥɘə. 3.1: ɄŮɟɘɓɎɚɚɞɜ Ʉɟɞůɞɛɞɑɤůɖɠ TRNSYS 

ɇɞ əɎɗŮ ɛɞɜŰɏɚɞ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ŬɟɢɘəɎ ɤɠ çɛŬɨɟɞ-əɞɡŰɑè, ɛŮ Űɞɜ ɢɟɐůŰɖ ɜŬ ŮˊŮɛɓŬɑɜŮɘ Űɧůɞ 

ůŰɖɜ Ůˊɘɛɏɟɞɡɠ ŭɘŬůɨɜŭŮůɖ Űɤɜ ŮəɎůŰɞŰŮ Ůɘůɧŭɤɜ (inputs) əŬɘ Ůɝɧŭɤɜ (outputs) ůŰɞ ůɨɜɞɚɞ 

Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ůɡɜɘůŰɤůɩɜ, ɧůɞ əŬɘ ůŰɖɜ əŬŰɎɚɚɖɚɖ Ŭɟɢɘəɞˊɞɑɖůɖ ŬɡŰɩɜ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɖɜ Ⱥɘə. 3.2.  

ɇɞ ůɨɜɞɚɞ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ Ůɘůɧŭɞɡ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ŬˊɞɗɖəŮɨŮŰŬɘ Űɧůɞ ůŮ əŬŰɎɚɚɖɚɞ ŬɟɢŮɑɞ 

ůɡůŰɐɛŬŰɞɠ (TRNSYS project file - *.tpf), ɧůɞ əŬɘ ůŮ Ŭˊɚɧ ŬɟɢŮɑɞ əŮɘɛɏɜɞɡ (TRNSYS input 

file - *.txt) ɛŮ əŬŰɎɚɚɖɚɖ ɛɞɟűɞˊɞɑɖůɖ.  

 

 

Ⱥɘə. 3.2: ȹɘŬůɨɜŭŮůɖ Ůɘůɧŭɤɜ ï Ůɝɧŭɤɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɛɞɜŰɏɚɤɜ ůŰɞ ɚɞɔɘůɛɘəɧ TRNSYS 
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II.  ɀɖɢŬɜɐ ˊɟɞůɞɛɞɑɤůɖɠ TRNSYS (TRNSYS simulation engine)  

ȼ ɛɖɢŬɜɐ ˊɟɞůɞɛɞɑɤůɖɠ ŬˊɞŰŮɚŮɑ Űɞɜ ɓŬůɘəɧ ˊɡɟɐɜŬ (kernel), ɞ ɞˊɞɑɞɠ ŮəŰŮɚŮɑ Űɞɡɠ 

ŭɡɜŬɛɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ. Ƀ ˊɖɔŬɑɞɠ əɩŭɘəɎɠ Űɖɠ ŮɑɜŬɘ ɔɟŬɛɛɏɜɞɠ ůŮ ɔɚɩůůŬ Fortran ɛŮ Űɖɜ 

ɛŮŰŬɔɚɩŰŰɘůɖ Űɞɡ ɜŬ ɔɑɜŮŰŬɘ ůŮ ɛɑŬ ŭɡɜŬɛɘəɐ ɓɘɓɚɘɞɗɐəɖ TRNDll. ȼ ɛɖɢŬɜɐ ˊɟɞůɞɛɞɑɤůɖɠ 

ŭɘŬɓɎɕŮɘ Űɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ (deck file - * .dck), əŬɗɞɟɑɕɞɜŰŬɠ Űɞ ůɨɜɞɚɞ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ 

ɛɞɜŰɏɚɤɜ əŬɗɩɠ əŬɘ Űɞɡɠ Űɟɧˊɞɡɠ ŭɘŬůɨɜŭŮůɖɠ ŬɡŰɩɜ, ɧˊɤɠ ŬɡŰɞɑ ɞɟɑůŰɖəŬɜ Ŭˊɧ Űɞ ɢɟɐůŰɖ. 

ɄŬɟɎɚɚɖɚŬ ŬɜŰɚŮɑ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŬɟɢŮɑŬ əŬɘɟɞɨ əŬɘ ŭɖɛɘɞɡɟɔŮɑ ŰŬ ŬɟɢŮɑŬ Ůɝɧŭɞɡ. ȼ ɛɖɢŬɜɐ 

ˊɟɞůɞɛɞɑɤůɖɠ əŬɚŮɑŰŬɘ Ŭˊɧ ŮəŰŮɚɏůɘɛɞ ŬɟɢŮɑɞ (TRN.exe), Űɞ ɞˊɞɑɞ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ Ůˊɘɚɞɔɏɠ 

Űɞɡ ɢɟɐůŰɖ, ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɔɟŬűɘəɐɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Ůɝɧŭɞɡ, ůŮ 

ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ.  

 

III.  ɄŮɟɘɓɎɚɚɞɜ ˊɞɚɡɕɤɜɘəɞɨ əŰɖɟɑɞɡ (Multi -zone Building Interface)  

ɇɞ ˊŬɟɧɜ ˊŮɟɘɓɎɚɚɞɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ ŭɡɜŬɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ 

əŰɖɟɑɞɡ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɚɐɗɞɠ ɗŮɟɛɘəɩɜ ɕɤɜɩɜ. ȼ ŮɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

Ŭűɞɟɞɨɜ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ, Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡɚɘəɩɜ əŬŰŬůəŮɡɐɠ Űɞɡ, Űɘɠ 

ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ŮɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɧɟɤɜ ɗŮɟɛɘəɩɜ ɕɤɜɩɜ, əŬɗɩɠ əŬɘ ŰŬ 

ɗŮɟɛɘəɎ əɏɟŭɖ/ŬˊɩɚŮɘŮɠ Ŭˊɧ Ŭɜɗɟɩˊɘɜɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ, Ůɝɞˊɚɘůɛɧ, ŬŮɟɘůɛɧ əɚˊ, ŮɑɜŬɘ ŮűɘəŰɐ 

ɛɏůɤ Űɞɡ ŮɟɔŬɚŮɑɞɡ TRNBuild, ɛŮ Űɖɜ ˊɚɐɟɖ ˊŮɟɘɔɟŬűɐ Űɞɡ ɜŬ ŬˊɞɗɖəŮɨŮŰŬɘ ůŮ ŬɟɢŮɑɞ (*.bui). 

ɄŬɟɎɚɚɖɚŬ ɔɘŬ Űɖɜ Ŭˊɚɞˊɞɑɖůɖ ŮɘůŬɔɤɔɐɠ ŰɟɘůŭɘɎůŰŬŰɖɠ ɔŮɤɛŮŰɟɑŬɠ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ŮˊɏəŰŬůɖ Trnsys3d, ůŰɞ ůɢŮŭɘŬůŰɘəɧ ˊɟɧɔɟŬɛɛŬ SketchUpTM, ɛŮ Űɞ ůɨɜɞɚɞ 

Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ, ɜŬ ŬˊɞɗɖəŮɨŮŰŬɘ ůŮ ŬɟɢŮɑɞ (*.idf). ȼ ˊŬɟɞɨůŬ ˊɟɞůɗɐəɖ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ɎɛŮůɖ əŬɘ ŬůűŬɚɐ Űɟɞˊɞˊɞɑɖůɖ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ Űɞɡ əŰɖɟɑɞɡ, ˊŬɟɏɢɞɜŰŬɠ 

ˊɚɐɟɖ ŮˊɞˊŰŮɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ.  

 

IV.  ȺɟɔŬɚŮɑŬ TRNEdit/TRNSED 

ɇɞ TRNEdit, ˊŬɟɏɢŮɘ ůŰɞ ɢɟɐůŰɖ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɧůɞ ŮˊɏɛɓŬůɖɠ ůŰŬ ŬɟɢŮɑŬ Ůɘůɧŭɞɡ TRNSYS 

(*.dck), ɧůɞ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ŬɜŬŭɘŬɜŮɛɖŰɏɤɜ ŮűŬɟɛɞɔɩɜ (TRNSED applications), ɞɘ ɞˊɞɑŮɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŬˊɚɞˊɞɘɖɛɏɜŬ ˊɟɞɔɟɎɛɛŬŰŬ ˊɟɞůɞɛɞɑɤůɖɠ Ŭˊɧ ɢɟɐůŰŮɠ ˊɞɡ ŭŮɜ 

ŭɘŬɗɏŰɞɡɜ ɎŭŮɘŬ TRNSYS. ȼ ɢɟɐůɖ Űɞɡɠ ŬűɞɟɎ ŮɝŮɘŭɘəŮɡɛɏɜɞɡɠ ɢɟɐůŰŮɠ.   
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3.2 ɀŬɗɖɛŬŰɘəɐ ɀɞɜŰŮɚɞˊɞɑɖůɖ  

ɆŮ ŬɡŰɐ Űɖɜ ˊŬɟɎɔɟŬűɞ, ɔɑɜŮŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ ŬɜŬűɞɟɎ ůŰɞ ɛŬɗɖɛŬŰɘəɧ ɡˊɧɓŬɗɟɞ Űɤɜ 

ɛɞɜŰɏɚɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ˊɞůɞůŰɧ Űɤɜ ɞˊɞɑɤɜ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ TRNSYS.  

3.2.1 ȼɚɘɞɗŮɟɛɘəɞɑ ůɡɚɚɏəŰŮɠ əŮɜɞɨ  

ȼ ɔŮɜɘəɐ Ůɝɑůɤůɖ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖ Ŭˊɧŭɞůɖ Ůɜɧɠ ɖɚɘɞɗŮɟɛɘəɞɨ ůɡɚɚɏəŰɖ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 

Ůɝɑůɤůɖ Űɤɜ Hottel-Whillier [84]. 

–
ὗ

 ὃ Ὃ

άὅ Ὕ Ὕ

ὃ Ὃ 
Ὂ †‌ ὊὟ

Ὕ Ὕ

Ὃ
 3.1 

 ȼ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɤůŰɧůɞ, ŭŮɜ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ 

ŭɘŬűɞɟɎɠ    Ὕ , ůŰɖɜ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬˊɤɚŮɘɩɜ ůɡɚɚɏəŰɖ (UL), ɛŮ Űɖɜ ŬəɟɘɓɏůŰŮɟɖ 

ɛɞɟűɐ Űɖɠ ɜŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ:  

–  Ὂ †‌ ὊὟ
Ὕ Ὕ

Ὃ
ὊὟϳ

Ὕ Ὕ

Ὃ
 3.2 

 ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ əŬɘ ůŰɖɜ ɔŮɜɘəɐ ɛɞɟűɐ:  

–  ‌ ‌
ῳ 

Ὃ
‌
 ῳ 

Ὃ
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ȼ ŭɘŬűɞɟɎ ɗŮɟɛɞəɟŬůɑŬɠ (ȹɇ), ůŰɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ, ŬɜŬűɏɟŮŰŬɘ ɔŮɜɘəɩɠ, ůŰɖɜ ŭɘŬűɞɟɎ 

ɗŮɟɛɞəɟŬůɑŬɠ ɛŮŰŬɝɨ Ůɘůɧŭɞɡ Űɞɡ ɟŮɡůŰɞɨ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɋůŰɧůɞ, ŬɜɎɚɞɔŬ 

ɛŮ Űɞɜ ŮəɎůŰɞŰŮ əŬŰŬůəŮɡŬůŰɐ ɛˊɞɟŮɑ ɜŬ ˊŬɟɏɢŮŰŬɘ ůŮ ɛɘŬ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ɛɞɟűɏɠ: 

ῳ 
ῳ  Ὕ Ὕ
  ῳ  Ὕ Ὕ
ῳ     

 
3.4 

 

ȳˊɞɡ, ῳ  Ὕ Ὕ ς ϳ  , ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŮɟɔŬɕɧɛŮɜɞɡ ɛɏůɞɡ ůŰɞɜ 

ůɡɚɚɏəŰɖ. Ƀ ˊɟɩŰɞɠ Űɟɧˊɞɠ ŮˊɘɚɏɔŮŰŬɘ əɡɟɑɤɠ ůŰɘɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ, ɛŮ Űɞɜ 2ɞ ɜŬ 

ŮɜŰɞˊɑɕŮŰŬɘ əɡɟɑɤɠ ůŮ ȺɡɟɤˊŬɥəɎ ɏɔɔɟŬűŬ.  

ȼ ɛɏŰɟɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ůɡɚɚɏəŰɖ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŬəŰɘɜɞɓɞɚɑŬ ɜŬ ˊɟɞůˊɑˊŰŮɘ ůŰɖɜ 

əŬŰŬəɧɟɡűɞ Űɞɡ ůɡɚɚɏəŰɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ɔɘɜɧɛŮɜɞ ŮəˊŮɛˊŰɘəɧŰɖŰŬɠ ï ŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬɠ 

†‌, ɜŬ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ Űɖɠ əŬŰŬəɞɟɨűɞɡ †‌. ũɘŬ Űɖɜ əŬŰɎɚɚɖɚɖ ŭɘɧɟɗɤůɖ Űɞɡ 

ˊŬɟŬˊɎɜɤ ůɡɜŰŮɚŮůŰɐ, əŬŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ůɡɚɚɏəŰɖ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ 

ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ:  

ὑ
†‌

†‌

Ὃ Ὃ ”Ὃ   

Ὃ
 3.5 

  

əŬɘ  
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ὑ
Ὃ ὑ Ὃ ὑ ”Ὃ ὑ  

Ὃ
 

3.6 

ɄŬɟɎɚɚɖɚŬ ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ůɡɚɚŮəŰɩɜ əŮɜɞɨ, ɞ ŬɜŰɑůŰɞɘɢɞɠ ɚɧɔɞɠ ɔɘŬ Űɖɜ ɎɛŮůɖ 

ŬəŰɘɜɞɓɞɚɑŬ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ ɗ, Űɧůɞ ůŮ ŭɘŬɛɐəɖ (longitudinal) ɧůɞ əŬɘ 

ŮɔəɎɟůɘŬ (transversal) əŬŰŮɨɗɡɜůɖ. ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɖɜ ŮəɎůŰɞŰŮ 

əŬŰŬůəŮɡɎůŰɟɘŬ ŮŰŬɘɟŮɑŬ, ŭɘɞɟɗɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ, ɞ ɞˊɞɑɞɠ ɞɟɑɕŮŰŬɘ ˊŬɟŬəɎŰɤ: 

ὑ  —  
†‌ —

†‌
 

3.7 

ȾŬɘ  

ὑ  —  ὑ ȟ  — Ͻὑ ȟ  —  3.8 

 ɀŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ˊŬɟŬˊɎɜɤ ůɡɜŰŮɚŮůŰɐ ɖ Ŭˊɧŭɞůɖ Űɞɡ ůɡɚɚɏəŰɖ ˊɚɏɞɜ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 

Ůɝɑůɤůɖ:  

–  ὊῺ †‌ ὊὟ
Ὕ Ὕ

Ὃ
ὊὟϳ

Ὕ Ὕ

Ὃ
 

3.9 

  

ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ɛɞɜŰɏɚɞɡ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ɖɚɘɞɗŮɟɛɘəɩɜ ůɡɚɚŮəŰɩɜ 

ůŰɞ ˊŬɟɧɜ ůɨůŰɖɛŬ ůɡɔəɟɑɗɖəŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ŰɟɑŬ ŭɘŬɗɏůɘɛŬ ɛɞɜŰɏɚŬ ůɡɚɚŮəŰɩɜ 

əŮɜɞɨ ˊɞɡ ˊŬɟɏɢŮɘ Űɞ TRNSYS, ůɡɔəŮəɟɘɛɏɜŬ Űɤɜ ñType 71ò, ñType 538ò əŬɘ 

ñType1288_EvacTubeò. Ƀ ˊɟɩŰɞɠ Űɨˊɞɠ əɎɜŮɘ ɢɟɐůɖ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ˊɞɡ 

ˊŮɟɘŮɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ɎɚɚŬ ŭɨɞ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ əŬɘ Űɖ 

ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ Űɖɠ ɛɎɕŬɠ Űɞɡ ŮɟɔŬɕɧɛŮɜɞɡ ɛɏůɞɡ ůŰɞɜ ɧɔəɞ Űɞɡ ůɡɚɚɏəŰɖ, ůŰɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Ůɝɧŭɞɡ. ȽŭɘŬɑŰŮɟŬ ɞ Űɨˊɞɠ ñType1288_EvacTubeò, 

ɛɞɜŰŮɚɞˊɞɘŮɑŰŬɘ ɛŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ EN12975-2 [85], ůŰɞ ɞˊɞɑɞ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ ŮɝɎɟŰɖůɖ 

Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ůɡɚɚɏəŰɖ, Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ ŬɏɟŬ, Űɖɜ ŬəŰɘɜɞɓɞɚɑŬ ɛŮɔɎɚɞɡ əɨɛŬŰɞɠ 

əŬɗɩɠ əŬɘ Űɖ ɛŮŰŬɓɞɚɐ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮɔŮɗɩɜ Űɞɡ, Űɧůɞ ɔɘŬ ɎɛŮůɖ ɧůɞ əŬɘ ɔɘŬ ŭɘɎɢɡŰɖ 

ŬəŰɘɜɞɓɞɚɑŬ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ ɗ, ŮˊɘŰɟɏˊɞɜŰŬɠ ɛɘŬ ŬəɟɘɓɏůŰŮɟɖ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ, ɔɘŬ ˊɚɐɗɞɠ əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ [85, 86].  

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊŬɟŬˊɎɜɤ ˊɟɧŰɡˊɞ, Űɞ ɞˊɞɑɞ əɎɜŮɘ ɢɟɐůɖ ɛɘŬɠ ɖɛɘ-ŭɡɜŬɛɘəɐɠ ɛŮɗɧŭɞɡ (Quasi 

Dynamic Test method ï QDT) ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ůɡɚɚɏəŰɖ, ɖ 

ˊɟɞəɨˊŰɞɡůŬ ɢŬɟŬəŰɖɟɘůŰɘəɐ Ůɝɑůɤůɖ ɏɢŮɘ Űɖɜ ɛɞɟűɐ:  

ὗ

ὃ
Ὂ †‌ὑ Ὃ  Ὂ †‌ὑ Ὃ ὧόὋᶻ ὧ Ὕ Ὕ ὧ Ὕ Ὕ

ὧόὝ Ὕ ὧ Ὁ „  ὧ
ὨὝ

Ὠὸ
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¶ ὧ ὧ: ɆɡɜŰŮɚŮůŰɏɠ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ ɚɧɔɤ ůɡɜŬɔɤɔɐɠ  

¶ Ã: ɆɡɜŰŮɚŮůŰɐɠ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ ɚɧɔɤ ŬəŰɘɜɞɓɞɚɑŬɠ ůɡůɢŮŰɘɕɧɛŮɜɞɠ ɛŮ Űɖɜ 

ɗŮɟɛɞəɟŬůɑŬ ɞɡɟŬɜɞɨ  

¶ ὧ: ɆɡɜŰŮɚŮůŰɐɠ ůɡůɢŮŰɘɕɧɛŮɜɞɠ ɛŮ Űɖɜ ɗŮɟɛɘəɐ ŬŭɟɎɜŮɘŬ Űɞɡ ůɡɚɚɏəŰɖ  
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¶ ὧ: ɆɡɜŰŮɚŮůŰɐɠ ŮɝɎɟŰɖůɖɠ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ ŬɏɟŬ ï (zero 

loss efficiency )  

ɆŰɖɜ Ⱥɘə. 3.3 ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ 

Űɤɜ ˊŬɟŬˊɎɜɤ ɛɞɜŰɏɚɤɜ, Ůɜɩ ůŰɖɜ Ⱥɘə. 3.4 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ ɜŮɟɞɨ Ŭˊɧ 

əɎɗŮ ůɡɚɚɏəŰɖ, ɛŮ ɢɟɐůɖ ɑŭɘɤɜ ɞˊŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ əɞɘɜɩɜ ɛŮŰŬɝɨ 

Űɞɡɠ ˊŬɟŬɛɏŰɟɤɜ. ũɘŬ Űɘɠ ˊɟɧůɗŮŰŮɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ɛɞɜŰɏɚɞɡ ñType1288_EvacTubeò 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Űɡˊɘəɏɠ Űɘɛɏɠ, ɧˊɤɠ ŬɡŰɏɠ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ TRNSYS. 

 

Ⱥɘə. 3.3: ȹɘɎŰŬɝɖ ůŮ ˊŮɟɘɓɎɚɚɞɜ TRNSYS ɔɘŬ ůɡɔəɟɘŰɘəɧ ɏɚŮɔɢɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɛɞɜŰɏɚɤɜ 

Type71, Type538 əŬɘ Type1288_EvacTube 

 

Ⱥɘə. 3.4: ɆɡɔəɟɘŰəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɛɞɜŰɏɚɤɜ TRNSYS, Type71, Type538 əŬɘ 

Type1288_EvacTube 
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ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ əŬɘ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ, ɖ ɏɚɚŮɘɣɖ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɖɠ 

ɗŮɟɛɘəɐɠ ŬŭɟɎɜŮɘŬɠ Űɞɡ ůɡɚɚɏəŰɖ, ůŰɞ ɛɞɜŰɏɚɞ ñType 71ò, ɞŭɖɔŮɑ ůŮ ɛɖ ŮɡůŰŬɗŮɑɠ ɛŮŰŬɓɞɚɏɠ 

Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Ůɝɧŭɞɡ, ɔɘŬ ŬˊɧŰɞɛŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ. 

ɄŬɟɎɚɚɖɚŬ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ůŰɧɢɞɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɗŮɟɛɘəɞɨ űɞɟŰɑɞɡ 

ɔɘŬ ˊɚɐɗɞɠ ˊŮɟɘɞɢɩɜ ɛŮ ˊŬɟɧɛɞɘŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ, ɖ ɢɟɐůɖ Űɞɡ ɛɞɜŰɏɚɞɡ 

ñType1288_EvacTubeò, ɞŭɖɔŮɑ ůŮ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ ˊŮɟɘɞɟɘůɛɏɜɞ Ůɨɟɞɠ ŮűŬɟɛɞɔɐɠ. ɋɠ 

ŬˊɞŰɏɚŮůɛŬ, ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ŮˊɘɚɏɔŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ ñType 538ò, ɔɘŬ Űɖɜ ŮˊŬɟəɐ 

ɛŬɗɖɛŬŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ůɡɚɚŮəŰɩɜ əŮɜɞɨ, Űɞɡ ůɡůŰɐɛŬŰɞɠ.  

3.2.2 ȹŮɝŬɛŮɜɐ ȷˊɞɗɐəŮɡůɖɠ ŪŮɟɛɧŰɖŰŬɠ ȾŮɜɞɨ  

ȼ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ, ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ŰɛɐɛŬŰŬ Űɖɠ 

ŮɔəŬŰɎůŰŬůɖɠ, əŬɗɩɠ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ůɡɜŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɛŮ ɧɚŬ ŰŬ Ůˊɘɛɏɟɞɡɠ 

ɡˊɞůɡůŰɐɛŬŰŬ. Ⱥˊɞɛɏɜɤɠ ɖ ɎɟŰɘŬ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ 

ɢɟɐůɘɛɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ. ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɛɞɜŰɏɚɞ ñType 534ò, ɛŮ 

ˊɟɞɏəŰŬůɖ (ñplug-inò), Űɞ ɞˊɞɑɞ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖ ůɡɛˊŮɟɘűɞɟɎ əŬŰŬəɧɟɡűɖɠ əɡɚɘɜŭɟɘəɐɠ 

ŭŮɝŬɛŮɜɐɠ, ůŰɖɜ ɞˊɞɑŬ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɞɟɑůŮɘ, Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɛɏůɞɡ 

ŬˊɞɗɐəŮɡůɖɠ, Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ əŬɗɩɠ əŬɘ Űɞ ˊɚɐɗɞɠ əŬɘ Űɖ ɔŮɤɛŮŰɟɑŬ 

ŮɜŬɚɚŬəŰɩɜ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ŭŮɝŬɛŮɜɐɠ.  

ȼ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ ɓŬůɑɕŮŰŬɘ ůŮ ɛɞɜɞŭɘɎůŰŬŰɖ ŭɘŬəɟɘŰɞˊɞɑɖůɖ ůŮ Ɂ ˊɚɐɗɞɠ 

əɧɛɓɤɜ, ɛŮ Űɞɜ ˊɟɩŰɞ əɧɛɓɞ əŬɘ ɜ-ɘɞůŰɧ əɧɛɓɞ ɜŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ əɞɟɡűɐ əŬɘ ůŰɞɜ 

ˊɡɗɛɏɜŬ Űɖɠ ŬɜŰɑůŰɞɘɢŬ.  

Ƀɘ əɧɛɓɞɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ɢɟɐůŰɖ ɛˊɞɟŮɑ ɜŬ ůɡɜŬɚɚɎůɞɡɜ ɗŮɟɛɧŰɖŰŬ ɛŮŰŬɝɨ Űɞɡɠ 

ɛŮ Ŭɔɤɔɐ ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ:  

ὗ ȟ

Ὧὃ Ὕ Ὕ

ὒ ȟ

Ὧ ὃ Ὕ Ὕ

ὒ ȟ
 

3.11 

 Ůɜɩ, ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɗŮɟɛɘəɐɠ ŬɜɘůɞɟɟɞˊɑŬɠ (ɏɜŬɠ əɧɛɓɞɠ ɏɢŮɘ ɡɣɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ Ŭˊɧ 

ɡɣɖɚɧŰŮɟɧ Űɞɡ əɧɛɓɞ), ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɞɟɘůɛɞɨ ˊŬɟɞɢɐɠ ŬɜɎɛɘɝɖɠ, ɛŮŰŬɝɨ Űɞɡɠ ɩůŰŮ ɜŬ 

ˊɟɞůɞɛɞɘŬůŰɞɨɜ ŰŬ űŬɘɜɧɛŮɜŬ, űɡůɘəɐɠ ůɡɜŬɔɤɔɐɠ.  

ὗ ȟ άὅὴ Ὕ Ὕ  ά ὅὴ Ὕ Ὕ  3.12 

ȼ Ůɑůɞŭɞɠ əŬɘ ɖ ɏɝɞŭɞɠ Űɤɜ ɟŮɡɛɎŰɤɜ Ŭˊɧ əŬɘ ˊɟɞɠ Űɞ ŭɞɢŮɑɞ, ɔɑɜŮŰŬɘ ůɡɜɐɗɤɠ ůŮ əɧɛɓɞɡɠ ˊɞɡ 

ɏɢŮɘ ɞɟɑůŮɘ ɞ ɢɟɐůŰɖɠ (ůŰŬɗŮɟɎ ůɖɛŮɑŬ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ Űɤɜ ɟŮɡɛɎŰɤɜ). ɆŰɞ ˊŬɟɧɜ ůɨůŰɖɛŬ 

ɤůŰɧůɞ, ɔɘŬ Űɖɜ əŬŰɎɚɚɖɚɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ ɖ ɞˊɞɑŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɚɧɔɤ Űɖɠ ŭɘŬɛɧɟűɤůɖɠ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ŭɞɢŮɑɞɡ, ɔɑɜŮŰŬɘ ɢɟɐůɖ Ůˊɘɚɞɔɐɠ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ, ůŰɖɜ ɞˊɞɑŬ ŰŬ ɟŮɨɛŬŰŬ Ůɘůɧŭɞɡ, ŮɘůɎɔɞɜŰŬɘ ůŰɞɜ ˊɚɖůɘɏůŰŮɟɞ ɗŮɟɛɞəɟŬůɘŬəɎ 

ůŮ ŬɡŰɎ əɧɛɓɞ. ɄŬɟɎɚɚɖɚŬ, Űɞ ɛɞɜŰɏɚɞ ɚŬɛɓɎɜŮɘ Űɖ ɗŮɩɟɖůɖ ˊɤɠ ɡˊɎɟɢŮɘ ˊɚɐɟɖɠ ŬɜɎɛɘɝɖ 

ɛŮŰŬɝɨ Űɞɡ ɟŮɨɛŬŰɞɠ Ůɘůɧŭɞɡ əŬɘ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ əɧɛɓɞɡ.  

ɋɠ ŬˊɞŰɏɚŮůɛŬ ɖ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ɚɧɔɤ Űɖɠ ɟɞɐɠ Űɞɡ ɟŮɡůŰɞɨ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ 

Ůɝɑůɤůɖ:  

1
ȟ
 άȟὅὴὝ άȟ ὅὴ Ὕ  άȟ ὅὴ Ὕ  ά ὅὴὝ  3.13 
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Ƀɘ ŬˊɩɚŮɘŮɠ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɖɜ əɞɟɡűɐ, Űɞɜ ˊɡɗɛɏɜŬ əŬɘ Űɞ ˊɚŮɡɟɘəɧ ŰɞɑɢɤɛŬ Űɖɠ ŭŮɝŬɛŮɜɐɠ 

ŭɑɜɞɜŰŬɘ ůŮ ŬɜŰɘůŰɞɘɢɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ŮɝɘůɩůŮɘɠ:  

1 ȟ ȟ ὃ ȟὟ ϽὝ Ὕȟ  3.14 

1 ȟ ȟ ὃ ȟὟ ϽὝ Ὕȟ  3.15 

1 ȟ ȟ ὃ ȟὟ ϽὝ Ὕȟ  3.16 

 ɀŮ Űɞ ůɨɜɞɚɞ Űɤɜ ˊŬɟŬˊɎɜɤ ŮɝɘůɩůŮɤɜ, ɖ ɗŮɟɛɞəɟŬůɘŬəɐ ɛŮŰŬɓɞɚɐ əɎɗŮ əɧɛɓɞɡ ɤɠ 

ůɡɜɎɟŰɖůɖ Űɞɡ ɢɟɧɜɞɡ, ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ŭɘŬűɞɟɘəɐ: 

ὨὝ

Ὠὸ
 
ὗ ȟ ȟ ὗ ȟ ȟ ὗ ȟ ȟ ὗ ȟȟ ὗ ȟ 

άὅὴ
 

3.17 

 ȼ Ůˊɘɚɞɔɐ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ əɧɛɓɤɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŭɡɜŬɛɘəɐ Űɞɡ ŭɞɢŮɑɞɡ, Ůɜɩ ŮɑɜŬɘ ŬˊŮɡɗŮɑŬɠ 

ŬɜɎɚɞɔɐ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ŮˊɖɟŮɎɕɞɜŰŬɠ ůɖɛŬɜŰɘəɎ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ 

ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ.  

ũŮɜɘəɎ ɖ Ŭɨɝɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ əɧɛɓɤɜ ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɖ Űɖɠ ɗŮɟɛɘəɐɠ ŬŭɟɎɜŮɘŬɠ 

əŬɗŮɜɧɠ Ůɝô ŬɡŰɩɜ, ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ əŬɘ ůŰɖ ɛŮɚɏŰɖ Űɤɜ Nash, Badithela [87]. ȸɘɓɚɘɞɔɟŬűɘəɎ 

ŮɜŰɞˊɑɕŮŰŬɘ ˊɤɠ ɏɜŬɠ ɢŬɛɖɚɧɠ Ŭɟɘɗɛɧɠ əɧɛɓɤɜ, ɛŮɘɩɜŮɘ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡ ɛɞɜŰɏɚɞɡ, ɚɧɔɤ ɛɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɤɜ űŬɘɜɞɛɏɜɤɜ Ɏɜɤůɖɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɖ Ŭɨɝɖůɖ Űɤɜ 

əɧɛɓɤɜ ůŮ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ 45, ɞŭɖɔŮɑ ůŮ ŮɚɎɢɘůŰɖ ɓŮɚŰɑɤůɖ Űɖɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ Űɞɡ. ɇɏɚɞɠ, 

ɏɜŬɠ Ŭɡɝɖɛɏɜɞɠ Ŭɟɘɗɛɧɠ əɧɛɓɤɜ (60) ɞŭɖɔŮɑ ůŮ əŬɚɨŰŮɟŬ ŮˊɑˊŮŭŬ ɗŮɟɛɞəɟŬůɘŬəɐɠ 

ŭɘŬůŰɟɤɛɎŰɤůɖɠ Ŭˊɧ ŬɡŰɎ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ [87, 88].  

ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ Ŭɟɘɗɛɞɨ əɧɛɓɤɜ ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ɛɞɜŰɏɚɞ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 3.5.  

 

Ⱥɘə. 3.5: ȹɘɎŰŬɝɖ ůŮ ˊŮɟɘɓɎɚɚɞɜ TRNSYS ɔɘŬ ɏɚŮɔɢɞ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ ˊɚɐɗɞɡɠ əɧɛɓɤɜ ůŰɖ 

ŭɡɜŬɛɘəɐ Űɖɠ ŭŮɝŬɛŮɜɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ  
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ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ ˊɚɐɗɞɠ ŭɘŬűɞɟŮŰɘəɩɜ əɧɛɓɤɜ 

ůŰɞ ɡˊɧ ɛŮɚɏŰɖ ŭɞɢŮɑɞ. ɆŰɞɜ Ʉɘɜ. 3.1, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ůɡɜɗɐəŮɠ ˊɟɞůɞɛɞɑɤůɖɠ.  

Ʉɘɜ. 3.1: ɆɡɜɗɐəŮɠ ˊɟɞůɞɛɞɑɤůɖɠ ɔɘŬ ɏɚŮɔɢɞ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ ˊɚɐɗɞɡɠ əɧɛɓɤɜ ůŰɖ ŭɡɜŬɛɘəɐ 

Űɖɠ ŭŮɝŬɛŮɜɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ 

 

 

 

Ⱥɘə. 3.6: ȷˊŮɘəɧɜɘůɖ əŬɛˊɡɚɩɜ ɢɟɧɜɞɡ-ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞ ɛɏůɞ Űɖɠ ŭŮɝŬɛŮɜɐɠ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ ɔɘŬ ŭɘŬűɞɟŮŰɘəɧ ˊɚɐɗɞɠ əɧɛɓɤɜ 

ɀɏɔŮɗɞɠ ɇɘɛɐ ɀɞɜɎŭŮɠ 

ɄŬɟɞɢɐ 300 kg/h 

ŪŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ 80 oC 

ȷɟɢɘəɐ ɗŮɟɛɞəɟŬůɑŬ ŭɞɢŮɑɞɡ 20 oC 

ŪŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 20 oC 

ȷɟɘɗɛɧɠ ɟŮɡɛɎŰɤɜ Ůɘůɧŭɞɡ 1 (-) 

ɆɢŮŰɘəɧ ɨɣɞɠ Ůɘůɧŭɞɡ (ȼin/ȼmax) 1 (-) 

ɆɢŮŰɘəɧ ɨɣɞɠ Ůɝɧŭɞɡ (ȼout/ȼmax) 0 (-) 
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Ⱥɘə. 3.7: ȺˊɑŭɟŬůɖ Űɞɡ ˊɚɐɗɞɡɠ əɧɛɓɤɜ ůŰɖ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬůŰɟɤɛɎŰɤůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ 

ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ əŬɘ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ, Ŭɨɝɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ əɧɛɓɤɜ 

ůŮ ˊɚɐɗɞɠ ɛŮɔŬɚɨŰŮɟɞ Űɞɡ 50, ɞŭɖɔŮɑ ůŮ ŬɛŮɚɖŰɏŮɠ ŭɘŬűɞɟɏɠ ůŰŬ ɡˊɞɚɞɔɘɕɧɛŮɜŬ 

ɗŮɟɛɞəɟŬůɘŬəɎ ˊɟɞűɑɚ, Ůɜɩ ɢŬɛɖɚɧ ˊɚɐɗɞɠ əɧɛɓɤɜ (10-30), ˊɟɞůɞɛɞɘɩɜŮɘ ŬɟəŮŰɎ Ŭɟɔɐ 

əɘɜɖŰɘəɐ. ȷɜ əŬɘ ɖ Ŭəɟɘɓɐɠ əɘɜɖŰɘəɐ Űɞɡ ŭɞɢŮɑɞɡ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ, Űɞ ˊɞɚɡůɤɚɐɜɘɞ ůɨůŰɖɛŬ 

ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ, ŮˊɘŰɟɏˊŮɘ ɔɟɐɔɞɟɖ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɗŮɟɛɞəɟŬůɘŬəɐ 

ŭɘŬůŰɟɤɛɎŰɤůɖ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ Űɞ ˊɚɐɗɞɠ əɧɛɓɤɜ ŮˊɘɚɏɔŮŰŬɘ ɑůɞ ɛŮ 50.  

3.2.3 ȿɏɓɖŰŬɠ ūɡůɘəɞɨ ȷŮɟɑɞɡ  

Ƀ ɚɏɓɖŰŬɠ űɡůɘəɞɨ ŬŮɟɑɞɡ, ɛɞɜŰŮɚɞˊɞɘŮɑŰŬɘ ɛŮ ɢɟɐůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ñType 122ò, Űɞ ɞˊɞɑɞ 

ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞůŭɘůŭɧɛŮɜɖ ůŰɞ ɟŮɡůŰɧ ɘůɢɨ ɩůŰŮ ɜŬ ŮˊɘŰɨɢŮɘ, Űɖɜ əŬɗɞɟɘɕɧɛŮɜɖ 

Ŭˊɧ Űɞ ɢɟɐůŰɖ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ. Ƀ ɢɟɐůŰɖɠ ɞɟɑɕŮɘ Ůˊɑůɖɠ Űɞɜ ůɡɜɞɚɘəɧ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ, Űɖ 

ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ˊɟɞůŭɘůŭɧɛŮɜɖ ɗŮɟɛɘəɐ ɘůɢɨ əŬɗɩɠ əŬɘ Űɞ əŬŰɩŰŬŰɞ ɚŮɘŰɞɡɟɔɘəɧ ɧɟɘɞ ɘůɢɨɞɠ, 

ɩůŰŮ ɜŬ ˊɟɞůŮɔɔɘůŰŮɑ ɛɘŬ ɧůɞ Űɞ ŭɡɜŬŰɧɜ, ˊɚɖůɘɏůŰŮɟɖ ůŰɖ ˊɟŬɔɛŬŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ, ɢɤɟɑɠ 

ɤůŰɧůɞ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ. ɄŬɟɎɚɚɖɚŬ ɖ ɛɏɔɘůŰɖ ɘůɢɨɠ Űɞɡ ɚɏɓɖŰŬ 

ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɞɟɘůŰŮɑ ɛŮ əŬŰɎɚɚɖɚɞ ůɐɛŬ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ, ŮˊɘŰɟɏˊɞɜŰŬɠ ɛɑŬ ůɨɜɗŮŰɖ ɚɞɔɘəɐ 

Ůɚɏɔɢɞɡ.  

 ȼ ŬɜŬɔəŬɑŬ ɗŮɟɛɘəɐ ɘůɢɨɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ɗŮɟɛɞəɟŬůɑŬɠ Ůɝɧŭɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ:  

ὗ  άὅὴὝ Ὕ  3.18 

 ɄŬɟɎɚɚɖɚŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɚɧɔɞɠ űɞɟŰɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ (Part Load Ratio ï PLR) ɤɠ:  

0ὒὙ  ὗ ὗϳ  3.19 

 ȾŬɗɩɠ əŬɘ ɖ ɛɏɔɘůŰɖ ŭɘŬɗɏůɘɛɖ ɗŮɟɛɘəɐ ɘůɢɨɠ ɤɠ:  
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ὗ ὅὛϽὗ  3.20 

ɧˊɞɡ CS, ŮɑɜŬɘ Űɞ ůɐɛŬ Ůɚɏɔɢɞɡ (Control Signal).  

ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ, ɖ ŰŮɚɘəɎ ˊɟɞůűŮɟɧɛŮɜɖ ůŰɞ ɟŮɡůŰɧ ɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ɤɠ:  

ὗ ὗ ȟ     ‎―‌ ὗ ὅὛϽὗ

ὗ ὗ ȟ       ‎―‌ ὗ ὅὛϽὗ
 3.21 

  

3.2.4 ȹɞɢŮɑɞ ȷŭɟŬɜŮɑŬɠ (PCM) 

ɇɞ ŭɞɢŮɑɞ ŬŭɟŬɜŮɑŬɠ, ˊɟɞɔɟŬɛɛŬŰɑůŰɖəŮ ůŮ ɔɚɩůůŬ C++, əŬɘ ɛŮŰŬɔɚɤŰŰɑůŰɖəŮ ůŮ ŭɡɜŬɛɘəɐ 

ɓɘɓɚɘɞɗɐəɖ (*.dll) ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ůŰɞ TRNSYS. ȼ ɛŬɗɖɛŬŰɘəɐ Űɞɡ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

ɓŬůɑůŰɖəŮ ůŮ ɛɞɜɞəɞɛɓɘəɐ ˊɟɞůɏɔɔɘůɖ ůɡůůɤɟŮɡɛɏɜɤɜ ˊŬɟŬɛɏŰɟɤɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ 

ˊŬɟŬəɎŰɤ ˊŬɟŬŭɞɢɏɠ:  

- ɆŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ ŬɚɚŬɔɐɠ űɎůɖɠ  

- ɆŰŬɗŮɟɧɠ ůɡɜŰŮɚŮůŰɐɠ ɛŮŰɎŭɞůɖɠ ɗŮɟɛɧŰɖŰŬɠ (U) 

- ɀɖŭŮɜɘəɏɠ ŬˊɩɚŮɘŮɠ ɗŮɟɛɧŰɖŰŬɠ ˊɟɞɠ ˊŮɟɘɓɎɚɚɞɜ  

- ȷɛŮɚɖŰɏŬ ŬˊɞɗɐəŮɡůɖ ɗŮɟɛɧŰɖŰŬɠ ůŰŬ ɎɚɚŬ ůŰɞɘɢŮɑŬ Űɖɠ ɛɞɜɎŭŬɠ (ˊɢ. ŰɞɘɢɩɛŬŰŬ 

ŭŮɝŬɛŮɜɐɠ)  

ȼ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ Űɞɡ ɜŮɟɞɨ, Ŭˊɧ Űɞ ŭɞɢŮɑɞ ŬŭɟŬɜŮɑŬɠ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ 

Ůɝɑůɤůɖ:  

 ȟ Ὕ Ὕ Ὕȟ ϽὩ Ͻ ϳ  3.22 

 ɧˊɞɡ ɇPCM, ɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɡɚɘəɞɨ ŬɚɚŬɔɐ űɎůɖɠ.  

Ƀ ůɡɜŰŮɚŮůŰɐɠ ɛŮŰɎŭɞůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬɗɩɠ əŬɘ ɖ ůɡɜɞɚɘəɐ ŮˊɘűɎɜŮɘŬ ůɡɜŬɚɚŬɔɐɠ, ŬˊɞŰŮɚɞɨɜ 

ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɞɟɘůŰɞɨɜ əŬŰɎɚɚɖɚŬ Ŭˊɧ Űɞ ɢɟɐůŰɖ, ɩůŰŮ ɖ 

ˊŮɘɟŬɛŬŰɘəɎ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ŭɘɎŰŬɝɖɠ, ɜŬ ŬˊɞŰɡˊɩɜŮŰŬɘ ŮˊŬɟəɩɠ.  

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ, Űɞ ŭɞɢŮɑɞ ŬŭɟŬɜŮɑŬɠ, űɞɟŰɑɕŮŰŬɘ Ŭˊɧ 

Űɞɡɠ ɖɚɘŬəɞɨɠ ůɡɚɚɏəŰŮɠ əŬɘ ŬˊɞűɞɟŰɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ŬŰɛɞˊɞɘɖŰɐ Űɖɠ ŭɘɎŰŬɝɖɠ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɧŰŬɜ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ůŮ ɢŬɛɖɚɏɠ ŮɝɤŰŮɟɘəɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ.  

ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŭɘŬəɟɘŰɐ (ɛɧɜɞ űɧɟŰɘůɖ ɐ ŬˊɞűɧɟŰɘůɖ) ɐ əɞɘɜɐ (ŰŬɡŰɧɢɟɞɜɖ 

űɧɟŰɘůɖ əŬɘ ŬˊɞűɧɟŰɘůɖ). ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ˊŮɟɑˊŰɤůɖ, ɖ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ Űɞɡ ɜŮɟɞɨ 

ɚŬɛɓɎɜŮŰŬɘ ɑŭɘŬ Űɧůɞ ɔɘŬ Űɞɡɠ ɖɚɘŬəɞɨɠ ůɡɚɚɏəŰŮɠ ɧůɞ əŬɘ ɔɘŬ Űɖ ŭɘɎŰŬɝɖ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, Ůɜɩ ɤɠ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ, ɚŬɛɓɎɜŮŰŬɘ ɞ ůŰŬɗɛɘůɛɏɜɞɠ ɛɏůɞɠ 

ɧɟɞɠ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ Űɤɜ ŭɨɞ ɟŮɡɛɎŰɤɜ, ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ:  

 ȟ  
Ὕȟȟ Ͻά ȟȟ Ὕȟȟ Ͻά ȟȟ 

ά ȟȟ  ά ȟȟ
 

3.23 

  

ɀŮ ɔɜɤůŰɐ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ, ɖ ɘůɢɨɠ ɖ ɞˊɞɑŬ ůɡɜŬɚɚɎůůŮŰŬɘ ůŰɞ ŭɞɢŮɑɞ ŬŭɟŬɜŮɑŬɠ, 

ɡˊɞɚɞɔɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ:  
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ὗ ά ὅ Ὕȟ Ὕȟ  3.24 

 ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ˊɞůɧ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŮɑɜŬɘ ŬˊɞɗɖəŮɡɛɏɜɞ ůŮ ŬɡŰɧ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

Ůɝɑůɤůɖ:  

Ὁ Ў Ὁ ὗ Ўὸ 3.25 

 ȷɜɎɚɞɔŬ ɛŮ Űɞ ŮˊɑˊŮŭŬ ŬˊɞɗɖəŮɡɛɏɜɖɠ ŮɜɏɟɔŮɘŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ əŬŰɎůŰŬůɖ űɧɟŰɘůɖɠ:  

ὛέὅЎ
Ὁ Ў

Ὁ
 

3.26 

 ɇɏɚɞɠ ɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ ŬˊɞŰŮɚŮɑ ůɡɜɎɟŰɖůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ůŰɎɗɛɖɠ Űɞɡ ŭɞɢŮɑɞɡ ŬŭɟŬɜŮɑŬɠ, ɧˊɤɠ ɔɟŬűɘəɎ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ Ⱥɘə. 3.8. 

 

Ⱥɘə. 3.8: ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ əŬɛˊɨɚɖɠ ŮɜɗŬɚˊɑŬɠ ï ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɞ ɡɚɘəɧ ŬɚɚŬɔɐɠ 

űɎůɖɠ   

3.2.5 ɈŭɟŬɡɚɘəɎ ɆŰɞɘɢŮɑŬ  

Ƀ əŬɗɞɟɘůɛɧɠ Űɤɜ ˊŬɟɞɢɩɜ əŬɘ ɗŮɟɛɞəɟŬůɘɩɜ Űɤɜ ɟŮɡɛɎŰɤɜ əɎɗŮ əɡəɚɩɛŬŰɞɠ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰɎ Űɞɡ, ɛŮ Űɖ ɢɟɐůɖ ŬɜŰɚɘɩɜ ɛŮŰŬɓɚɖŰɩɜ ůŰɟɞűɩɜ (ˊŬɟɞɢɐɠ) əŬɗɩɠ əŬɘ Űɟɑɞŭɤɜ 

ɓŬɚɓɑŭɤɜ ŭɘŬɢɤɟɘůɛɞɨ əŬɘ ŬɜɎɛɘɝɖɠ. ɇŬ ˊŬɟŬˊɎɜɤ ŮɝŬɟŰɐɛŬŰŬ, ˊɟɞůɞɛɞɘɩɜɞɜŰŬɘ ɛŮ ŰŬ 

ɛɞɜŰɏɚŬ ñType 110ò, ñType 11fò əŬɘ ñType 11hò ŬɜŰɑůŰɞɘɢŬ.  

Ƀɘ ŰɟɑɞŭŮɠ ɓŬɚɓɑŭŮɠ ŬɜɎɛɘɝɖɠ ŬˊɞŰŮɚɞɨɜ Űɞ ŬˊɚɞɨůŰŮɟɞ ŮɝɎɟŰɖɛŬ Ůə Űɤɜ Űɟɘɩɜ, əŬɗɩɠ ŭŮɜ 

ɚŬɛɓɎɜɞɡɜ ůɐɛŬ Ůɚɏɔɢɞɡ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, Ůɜɩ ɖ ŰŮɚɘəɐ ˊŬɟɞɢɐ əŬɘ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ 

ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ:  

ά  ά ά  3.27 

əŬɘ 

   

ά Ὕ ά Ὕ

ά
 

3.28 

 

ȷɜŰɑɗŮŰŬ ɞɘ ŰɟɑɞŭŮɠ ɓŬɚɓɑŭŮɠ ŭɘŬɢɤɟɘůɛɞɨ, ɢɟŮɘɎɕɞɜŰŬɘ əŬŰɎɚɚɖɚɞ ůɐɛŬ Ůɚɏɔɢɞɡ ɩůŰŮ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɞ ŮˊɘɗɡɛɖŰɧɠ ŭɘŬɛɞɘɟŬůɛɧɠ Űɖɠ ůɡɜɞɚɘəɐɠ ˊŬɟɞɢɐɠ ɛɎɕŬɠ, ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ 

ˊŬɟŬəɎŰɤ:  
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  Ὕ Ὕ  3.29 

əŬɘ 

ά ά Ͻρ ὅὛȟ     ‎―‌ π ὅὛ ρ
ά ά ϽὅὛȟ           ‎―‌ π ὅὛ ρ

 
3.30 

ɇɏɚɞɠ ɖ ˊŬɟɞɢɐ ɛɎɕŬɠ Ŭˊɧ Űɘɠ ŬɜŰɚɑŮɠ ɛŮŰŬɓɚɖŰɩɜ ůŰɟɞűɩɜ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɟŬɛɛɘəɎ, ɓɎůɖ 

əŬŰɎɚɚɖɚɞɡ ůɐɛŬŰɞɠ Ůɚɏɔɢɞɡ, ɛŮŰŬɝɨ Űɖɠ ɛɖŭŮɜɘəɐɠ əŬɘ ɛɘŬɠ ɛɏɔɘůŰɖɠ (ɞɜɞɛŬůŰɘəɐɠ ˊŬɟɞɢɐɠ 

ɚŮɘŰɞɡɟɔɑŬɠ), ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ:  

ά ὅὛϽ ά  3.31 

 ɄŬɟɎɚɚɖɚŬ, ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ůɡɜɞɚɘəɞɨ (ɖtot) əŬɘ Űɞɡ ɛɖɢŬɜɘəɞɨ ɓŬɗɛɞɨ Ŭˊɧŭɞůɖɠ Űɖɠ 

ŬɜŰɚɑŬɠ (ɖm), əŬɗɩɠ əŬɘ Űɖɠ əŬɛˊɨɚɖɠ ɘůɢɨɞɠ Űɖɠ, ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ Ŭəɟɘɓɐ ɡˊɞɚɞɔɘůɛɧ 

Űɧůɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Ůɝɧŭɞɡ Űɞɡ ɟŮɡůŰɞɨ, ɧůɞ əŬɘ Űɖɠ əŬŰŬɜŬɚɘůəɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ.  

ȼ əŬɛˊɨɚɖ ɘůɢɨɞɠ Űɖɠ ŬɜŰɚɑŬɠ ŮɘůɎɔŮŰŬɘ ɤɠ ˊɞɚɡɤɜɡɛɘəɐ ůɡɜɎɟŰɖůɖ Űɖɠ ɞɜɞɛŬůŰɘəɐɠ Űɖɠ 

ɘůɢɨɞɠ, ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ:  

ὖ ὖ Ͻὥ ὥϽὅὛὥϽὅὛ Ễ ὥὅὛ ȟὲ ςυ 3.32 

 ɀŮ ɔɜɤůŰɧ Űɞ ɛɖɢŬɜɘəɧ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ Űɖɠ ŬɜŰɚɑŬɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ 

ˊŬɟɏɢŮŰŬɘ ůŰɖɜ ˊŰŮɟɤŰɐ Űɖɠ ŬɜŰɚɑŬɠ ɤɠ:  

0 ὖϽ–  3.33 

 ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ŮəɎůŰɞŰŮ ŭɘɎŰŬɝɖ, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɏɝŮɘ Ŭɜ ɖ ˊŬɟŬˊɎɜɤ ŬˊɩɚŮɘŬ 

ŮɜɏɟɔŮɘŬɠ ɛŮŰŬűɏɟɗɖəŮ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɐ ůŰɞ ɟŮɡůŰɧ, ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ f, o 

ɞˊɞɑɞɠ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ ɛŮŰŬɝɨ 0 əŬɘ 1.  

ȼ ŮɜɏɟɔŮɘŬ ˊɞɡ ŰŮɚɘəɎ ˊŬɟɏɢŮŰŬɘ ůŰɞ ɟŮɡůŰɧ Ŭˊɧ Űɖɜ ŭɘŬŰɞɛɐ Ůɘůɧŭɞɡ Űɖɠ ŬɜŰɚɑŬɠ ɛɏɢɟɘ Űɖɜ 

ŭɘŬŰɞɛɐ Ůɝɧŭɞɡ, ɘůɞɨŰŬɘ ɛŮ Űɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊɟɞůŭɑŭŮɘ ɖ ˊŰŮɟɤŰɐ ɛŮɘɤɛɏɜɖ əŬŰɎ Űɘɠ ɡŭɟŬɡɚɘəɏɠ 

ŬˊɩɚŮɘŮɠ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɟɞɐɠ ŭɘŬɛɏůɞɡ Űɖɠ ɛɖɢŬɜɐɠ. ɄŬɟɎɚɚɖɚŬ, əŬɗɩɠ ůŰɞ ɛɞɜŰɏɚɞ 

ŬɡŰɧ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ŬˊɩɚŮɘŮɠ ɟŮɡůŰɞɨ ɛŮŰŬɝɨ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ (ɞɔəɞɛŮŰɟɘəɧɠ 

ɓŬɗɛɧɠ ɑůɞɠ ɛŮ Űɖ ɛɞɜɎŭŬ), ɞɘ ɓŬɗɛɞɑ Ŭˊɧŭɞůɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɛŮɔŮɗɩɜ ůɡɜŭɏɞɜŰŬɘ ůɨɛűɤɜŬ 

ɛŮ Űɖ ůɢɏůɖ [89]:  

–  – Ͻ– 3.34 

 ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ ůŰɞ ɟŮɡůŰɧ ɛŮ ůəɞˊɧ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ:  

ὗ ὖϽ– Ͻρ –   ρ – ϽὪ 3.35 

 ɀŮ Űɖɜ ɗŮɟɛɞəɟŬůɘŬəɐ Ŭɨɝɖůɖ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ:  

     ὗάϳ  3.36 

 ɇɏɚɞɠ ɞɘ ŬˊɩɚŮɘŮɠ ŮɜɏɟɔŮɘŬɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɤɠ:  

ὗ ὖϽρ – Ͻρ Ὢ 3.37 
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3.2.6 ɆŰɞɘɢŮɑŬ Ⱥɚɏɔɢɞɡ  

ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ Ůɚɏɔɢɞɡ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬ ˊɚɐɗɞɠ Ŭˊɧ ŮɚŮɔəŰɏɠ ɞɘ 

ɞˊɞɑɞɘ ŮˊɘŰŮɚɞɨɜ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ɚŮɘŰɞɡɟɔɑŮɠ:  

¶ ȹɑɜɞɡɜ ůɐɛŬ ON/OFF, ŬɜɎɚɞɔŬ ɛŮ Űɞ Ŭɜ ɛɘŬ ɛŮŰŬɓɚɖŰɐ ɓɟɑůəŮŰŬɘ ɛɏůŬ ůŮ ɏɜŬ 

ˊɟɞəŬɗɞɟɘůɛɏɜɞ Ůɨɟɞɠ ɔɨɟɤ Ŭˊɧ ɛɘŬ Űɘɛɐ ůŰɧɢɞ (ñType 165ò əŬɘ ñType 2ò ï 

ȹɘŬűɞɟɘəɞɑ ŮɚŮɔəŰɏɠ). 

¶ ȹɑɜɞɡɜ ůɐɛŬ ON/OFF, ŬɜɎɚɞɔŬ ɛŮ Űɞ Ŭɜ ɛɘŬ ɛŮŰŬɓɚɖŰɐ ɓɟɑůəŮŰŬɘ ɛɏůŬ ůŮ ɏɜŬ 

ˊɟɞəŬɗɞɟɘůɛɏɜɞ Ůɨɟɞɠ ɔɨɟɤ Ŭˊɧ ɛɘŬ Űɘɛɐ ůŰɧɢɞ, ɛŮ Űɖɜ Ůˊɘɚɞɔɐ ɔɘŬ ŭɘŬŰɐɟɖůɖ Űɖɠ 

ŰŮɚŮɡŰŬɑŬɠ Űɘɛɐɠ Űɞɡ ůɐɛŬŰɞɠ (ɃɁ ɐ OFF) ɔɘŬ ŮɚɎɢɘůŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ, 

əŬɗɞɟɘɕɧɛŮɜɞ Ŭˊɧ Űɞ ɢɟɐůŰɖ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ.  (ñType 911ò ï 

ȹɘŬűɞɟɘəɞɑ ŮɚŮɔəŰɏɠ ɛŮ ŬˊɞəɚŮɘůɛɧ (lock-out)) 

¶ ȹɑɜɞɡɜ ůɐɛŬ ůŰɞ Ůɨɟɞɠ [0,1], ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ŭˊɧəɚɘůɖ Űɖɠ ŮɚŮɔɢɧɛŮɜɖɠ ɛŮŰŬɓɚɖŰɐɠ 

Ŭˊɧ ɛɘŬ ŮˊɘɗɡɛɖŰɐ Űɘɛɐ ůŰɧɢɞ (ñType 22ò - EɚŮɔəŰɏɠ ɛŮ ŬɜɎŭɟŬůɖ)  

ȼ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ŮɚŮɔəŰɩɜ ŮˊɘŰɡɔɢɎɜŮɘ Űɞɜ ŬˊɚɞɨůŰŮɟɞ ɏɚŮɔɢɞ, ɛŮ Űɖɜ ɏɝɞŭɧ Űɖɠ ɜŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ɤɠ ůɐɛŬ ůŮ ŰɟɑɞŭŮɠ ɓŬɚɓɑŭŮɠ ɐ ɤɠ ŬˊŬɟŬɑŰɖŰɖ ůɡɜɗɐəɖ ɔɘŬ Űɖɜ 

Ůəəɑɜɖůɖ ɐ ůɓɏůɖ Űɤɜ ŬɜŰɚɘɩɜ ɛŮŰŬɓɚɖŰɩɜ ůŰɟɞűɩɜ. ȼ ɚɞɔɘəɐ Űɖɠ, ɖ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ 

ɔɟŬűɘəɎ ůŰɖɜ Ⱥɘə. 3.9, ɛˊɞɟŮɑ ɤůŰɧůɞ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŬůŰŬɗɏɠ ůɨůŰɖɛŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬˊɧŰɞɛɤɜ ɛŮŰŬɓɞɚɩɜ ůŰɖɜ ˊŬɟŬəɞɚɞɡɗɞɨɛŮɜɖ ɛŮŰŬɓɚɖŰɐ, ɞɘ ɞˊɞɑŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ŬɟɢɘəɎ 

ůŰɎŭɘŬ űɧɟŰɘůɖɠ ɐ ŬˊɞűɧɟŰɘůɖɠ Űɤɜ ŭɘŬűɧɟɤɜ ɡˊɞůɡůŰɖɛɎŰɤɜ (ˊ.ɢ. ɛŮɔɎɚŮɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ 

ˊŰɩůŮɘɠ).  

 

Ⱥɘə. 3.9: ȿɞɔɘəɐ ɚŮɘŰɞɡɟɔɑŬɠ ŮɚŮɔəŰɩɜ ON/OFF 

ũɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɡŰɞɨ, ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɖɠ ŭŮɨŰŮɟɖɠ əŬŰɖɔɞɟɑŬɠ ŮɚŮɔəŰɩɜ, 

ɞɘ ɞˊɞɑɞɘ ŭɑɜɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞ ůɨůŰɖɛŬ ɜŬ ɘůɞɟɟɞˊɐůŮɘ ŬɔɜɞɩɜŰŬɠ ŰŬ ŭɘɎűɞɟŬ ɛŮŰŬɓŬŰɘəɎ 

űŬɘɜɧɛŮɜŬ. ȼ Ůˊɘɚɞɔɐ Űɖɠ ɢɟɞɜɘəɐɠ ŭɘɎɟəŮɘŬɠ ŭɘŬŰɐɟɖůɖɠ Űɞɡ ůɐɛŬŰɞɠ Ůɚɏɔɢɞɡ, ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

ŭɡɜŬɛɘəɐ Űɞɡ ŮəɎůŰɞŰŮ ɡˊɞůɡůŰɐɛŬŰɞɠ əŬɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ŮˊŬɜŬɚɖˊŰɘəɎ.  

 ɇɏɚɞɠ, ɖ ŰɟɑŰɖ əŬŰɖɔɞɟɑŬ ŮɚŮɔəŰɩɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɟɨɗɛɘůɖ Űɖɠ ˊŬɟɞɢɐɠ ˊɟɞɠ ŰŬ 

ŮəɎůŰɞŰŮ ɡˊɞůɡůŰɐɛŬŰŬ, ɛŮ ůəɞˊɧ Űɖɜ ŮˊɑŰŮɡɝɖ əŬŰɎɚɚɖɚɖɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ 

ˊŰɩůɖɠ/Ŭɜɨɣɤůɖɠ (ȹɇ). ȼ ɚɞɔɘəɐ Ůɚɏɔɢɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞɜ ɛɖŭŮɜɘůɛɧ Űɞɡ ůűɎɚɛŬŰɞɠ ɛŮŰŬɝɨ 

ɛŮŰɟɞɨɛŮɜɖɠ əŬɘ ŮˊɘɗɡɛɖŰɐɠ Űɘɛɐɠ (tracking error), ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ ŭɡɜŬɛɘəɐ Űɖɠ 

ŭɘŮɟɔŬůɑŬɠ. ȼ Ůəəɑɜɖůɖ ɔɑɜŮŰŬɘ ɛŮ ŰɡɢŬɑŬ Ůˊɘɚɞɔɐ Ůɜɧɠ ůɐɛŬŰɞɠ Ůɚɏɔɢɞɡ ŬɜɎɛŮůŬ ůŰɖɜ ɛɏɔɘůŰɖ 

əŬɘ ŮɚɎɢɘůŰɖ Űɘɛɐ, ˊɞɡ ɞɟɑɕŮɘ ɞ ɢɟɐůŰɖɠ, əŬɘ ŮˊŬɜŬɚɖˊŰɘəɐ ɛŮŰŬɓɞɚɐ ŬɡŰɞɨ, ɛɏɢɟɘ Űɖɜ ŮˊɑŰŮɡɝɖ 

Űɖɠ ˊŬɟŬˊɎɜɤ ůɡɜɗɐəɖɠ. ȼ ˊŬɟŬˊɎɜɤ ɚɞɔɘəɐ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɔɟŬűɘəɎ ůŰɖɜ Ⱥɘə. 3.10.  
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Ⱥɘə. 3.10: ȿɞɔɘəɐ ɚŮɘŰɞɡɟɔɑŬɠ ŮɚŮɔəŰɩɜ ɛŮ ŬɜɎŭɟŬůɖ  

3.2.7 ȻŮůŰɧ ɁŮɟɧ ɉɟɐůɖɠ  

ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ȻɁɉ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɜŬɚɚɎəŰɖɠ ŬɜŰɘɟɟɞɐɠ ɞ ɞˊɞɑɞɠ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɛŮ Űɞ 

ɛɞɜŰɏɚɞ ñType 5ò, ŰɟɞűɞŭɞŰɞɨɛŮɜɞɠ Ŭˊɧ Űɖɜ ɛɘŬ ˊɚŮɡɟɎ ɛŮ ɜŮɟɧ Ŭˊɧ Űɖɜ əɞɟɡűɐ Űɖɠ 

ŭŮɝŬɛŮɜɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ əŬɘ Ŭˊɧ Űɖɜ Ɏɚɚɖ Ŭˊɧ ɜŮɟɧ ŭɘəŰɨɞɡ. 

ɄɏɟŬɜ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ əŬɘ ˊŬɟɞɢɩɜ Ůɘůɧŭɞɡ, ɤɠ ˊŬɟɎɛŮŰɟɞɠ ŮɘůɎɔŮŰŬɘ əŬɘ Űɞ ɔɘɜɧɛŮɜɞ 

ůɡɜɞɚɘəɐɠ ɗŮɟɛɞˊŮɟŬŰɧŰɖŰŬɠ əŬɘ ŮˊɘűɎɜŮɘŬɠ ůɡɜŬɚɚŬɔɐɠ ɗŮɟɛɧŰɖŰŬɠ Űɞɡ ŮɜŬɚɚɎəŰɖ (UA), ɛŮ 

Űɘɠ ŰŮɚɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ Ůɝɧŭɞɡ, ɜŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ ɛɞɜɞŭɘɎůŰŬŰɞ ɘůɞɕɨɔɘɞ ŮɜɏɟɔŮɘŬɠ, 

ůɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ NTU (Number of Transfer Units).  

ɆɡɛɓɞɚɑɕɞɜŰŬɠ ɛŮ (h) Űɖɜ ˊɚŮɡɟɎ Űɞɡ ɗŮɟɛɞɨ ɟŮɨɛŬŰɞɠ əŬɘ ɛŮ (c) Űɖɜ ˊɚŮɡɟɎ Űɞɡ ɣɡɢɟɞɨ 

ɟŮɨɛŬŰɞɠ ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ůɡɜŬɚɚɎůůŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɟŮɡɛɎŰɤɜ ɘůɞɨŰŬɘ ɛŮ:  

ὗ ά ὅὴ Ὕ Ὕ  ά ὅὴ Ὕ Ὕ ‐ὅῳ  3.38 

ɆŰɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ Ů ŮɑɜŬɘ ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ ŮɜŬɚɚɎəŰɖ əŬɘ ȹɇ ɖ ɛŮɔŬɚɨŰŮɟɖ 

ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ ɑůɖ ɛŮ ῳ    Ὕ .  

ɃɟɑɕɞɜŰŬɠ ŰŬ ɔɘɜɧɛŮɜŬ:  

¶ # άὅὴ  

¶ # ά ὅὴ  

əŬɗɩɠ əŬɘ ŰŬ ɛŮɔɏɗɖ:  

¶ ὅ ÍÉÎὅȟὅ ὅ 

¶ ὅ ÍÁØὅȟὅ  

ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ ŮɜŬɚɚɎəŰɖ ŬɜŰɘɟɟɞɐɠ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ɤɠ:  

‐  
ρ ÅØÐ ρ Ͻ

ρ ϽÅØÐ ρ Ͻ
 3.39 
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ɀŮ ɔɜɤůŰɐ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ ŮɜŬɚɚɎəŰɖ ɖ ɗŮɟɛɞəɟŬůɑŮɠ Ůɝɧŭɞɡ Űɤɜ ŭɨɞ ɟŮɡɛɎŰɤɜ 

ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ:  

  Ὕ  
ὅ

ὅ
Ͻ‐Ͻ  Ὕ  

3.40 

əŬɘ 

  Ὕ  
ὅ

ὅ
Ͻ‐Ͻ  Ὕ  

3.41 

ȹŮŭɞɛɏɜɞɡ ˊɤɠ ɖ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ Űɞɡ ȻɁɉ ŮɑɜŬɘ ɑůɖ ɛŮ 39 ɞC əŬɘ ɔɘŬ ɔɜɤůŰɧ 

ˊɟɞűɑɚ əŬŰŬɜɎɚɤůɖɠ, ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ŮɜŬɚɚɎəŰɖ (ɔɘɜɧɛŮɜɞ UA), 

ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ ɛŮɗɧŭɞɡ LMTD (Log Mean Temperature Difference Method).  

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ɛɏɗɞŭɞ Űɞ ɞɚɘəɧ ɟŮɨɛŬ ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ůɡɜŬɚɚɎůůŮŰŬɘ ŮɑɜŬɘ ɑůɞ 

ɛŮ:  

ὗ Ὗὃῳ   3.42 

ɧˊɞɡ ȹɇlm ŮɑɜŬɘ ɖ ɛɏůɖ ɚɞɔŬɟɘɗɛɘəɐ ŭɘŬűɞɟɎ Űɤɜ ɟŮɡůŰɩɜ ůŰɖɜ Ůɑůɞŭɞ (ȹɇi) əŬɘ ɏɝɞŭɞ (ȹɇɞ) 

Űɞɡ ŮɜŬɚɚɎəŰɖ, ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ:  

ῳ 
ῳ  ῳ 

ÌÎ
   

3.43 

 ɀŮ Űɖɜ ˊŬɟŬŭɞɢɐ ˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ Űɞɡ ɗŮɟɛɞɨ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖ 

ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ Űɞɡ ɣɡɢɟɞɨ ɟŮɨɛŬŰɞɠ ɛŮɘɤɛɏɜɖ əŬŰɎ ŭɏəŬ ɓŬɗɛɞɨɠ (ɑůɖ ɛŮ 29 ɞC), 

ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɔɘɜɧɛŮɜɞ UA ɔɘŬ ɧɚŮɠ Űɘɠ ɡˊɧ ɛŮɚɏŰɖ ˊɧɚŮɘɠ. ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟŮŰŬɘ ˊɤɠ ɔɘŬ Űɖ 

ɁɡɟŮɛɓɏɟɔɖ ŬɡŰɧ ˊɟɞəɨˊŰŮɘ ɑůɞ ɛŮ: 274 W/K.  

ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɤɜ 39 ɞC, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎɚɚɖɚɖ ŭɘɎŰŬɝɖ 

ɛŮ ˊŬɟŬəŬɛˊŰɐɟɘɞ əɚɎŭɞ (bypass) ůŰɞ ɜŮɟɧ Űɞɡ ŭɘəŰɨɞɡ, ɖ ɞˊɞɑŬ ŬɜŬɛɘɔɜɨŮɘ Űɞ ɟŮɨɛŬ Ůɝɧŭɞɡ 

Ŭˊɧ Űɞɜ ŮɜŬɚɚɎəŰɖ ɛŮ Űɞ ɟŮɨɛŬ ŭɘəŰɨɞɡ. Ƀɘ ˊŬɟɞɢɏɠ ŬɜɎɛɘɝɖɠ əŬɗɞɟɑɕɞɜŰŬɘ əɎɗŮ űɞɟɎ Ŭˊɧ 

Űɟɑɞŭɖ ɓɎɜŬ ɛŮ ɓɎůɖ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɟŮɡɛɎŰɤɜ əŬɗɩɠ əŬɘ Űɖ 

ɗŮɟɛɞəɟŬůɑŬ ůŰɧɢɞ. ȼ ˊŬɟŬˊɎɜɤ Űɟɑɞŭɖ ɓɎɜŬ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɛŮ Űɞ ɛɞɜŰɏɚɞ ñType 11bò, Ůɜɩ 

ɖ ɡɚɞˊɞɑɖůɖ Űɞɡ əɡəɚɩɛŬŰɞɠ ŬˊɞŰɡˊɩɜŮŰŬɘ ůŰɖɜ Ⱥɘə. 3.11.  

 

Ⱥɘə. 3.11: ɀɞɜɞɔɟŬɛɛɘəɐ ŬˊŮɘəɧɜɘůɖ ŭɘɎŰŬɝɖɠ ɔɘŬ ˊŬɟŬɔɤɔɐ ȻɁɉ ŮˊɘɗɡɛɖŰɐɠ ɗŮɟɛɞəɟŬůɑŬɠ  
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3.2.8 ɆɨůŰɖɛŬ ȺˊɞɢɘŬəɐɠ ȷˊɞɗɐəŮɡůɖɠ ŪŮɟɛɧŰɖŰŬɠ  

ȼ Ŭɟɢɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞɗɐəŮɡůɖɠ ůŮ ˊŮɟɘɓɎɚɚɞɜ TRNSYS, ŬˊɞŰɏɚŮůŮ 

ŮɟɔŬůɑŬ Űɞɡ ȽŰŬɚɘəɞɨ Ⱥɗɜɘəɞɨ Ɇɡɛɓɞɡɚɑɞɡ ȰɟŮɡɜŬɠ (Consiglio Nazionale delle Ricerche ï 

CNR) əŬɘ Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ ˊɟɞɢɤɟɖɛɏɜɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ɔɘŬ Űɖɜ ŮɜɏɟɔŮɘŬ ñNicola Giordanoò 

(Instituto di Tecnologie Avanzate per lôEnergia ñNicola Giordanoò ï ITAE). ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ 

ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ Űɞ ɡˊɎɟɢɞɜ ɛɞɜŰɏɚɞ ɓŮɚŰɘɩɗɖəŮ ɧˊɤɠ ɗŬ ˊŮɟɘɔɟŬűɗŮɑ ˊŬɟŬəɎŰɤ.  

3.2.8.1 ɈˊɎɟɢɞɜ ɀɞɜŰɏɚɞ  

Tɞ ɡˊɎɟɢɞɜ ɛɞɜŰɏɚɞ ɚŬɛɓɎɜɞɜŰŬɠ ɤɠ Ůɘůɧŭɞɡɠ Űɘɠ ˊŬɟɞɢɏɠ əŬɘ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɤɜ ŭɨɞ 

ɟŮɡɛɎŰɤɜ, əŬɗɩɠ əŬɘ ˊŮɘɟŬɛŬŰɘəɎ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɞɘ ɞˊɞɑɞɘ ŮɝŬɟŰɩɜŰŬɘ Űɧůɞ 

Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ůɡɜɘůŰɩůŮɠ ɧůɞ əŬɘ Ŭˊɧ Űɖ ɛɎɕŬ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ, ˊŬɟɏɢŮɘ ɤɠ 

əɨɟɘŮɠ Ůɝɧŭɞɡɠ ŰŬ ˊŬɟŬəɎŰɤ ɛŮɔɏɗɖ:  

¶ ɇɘɠ ɗŮɟɛɞəɟŬůɑŮɠ Ůɝɧŭɞɡ Űɤɜ ŭɨɞ ɟŮɡɛɎŰɤɜ  

¶ ɇɖɜ ŬɜŬɚɞɔɑŬ ɛɎɕŬɠ ɜŮɟɞɨ ˊɞɡ ɏɢŮɘ ˊɟɞůɟɞűɖɗŮɑ ˊɟɞɠ Űɖ ɛɎɕŬ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ 

ɡɚɘəɞɨ (adsorption uptake [kg/kg]) 

¶ ɇɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ ɏɢŮɘ ŬˊɞɗɖəŮɡŰŮɑ ůŮ ŬɡŰɧ, əŬɗɩɠ əŬɘ  

¶ ɇɞ ŮˊɑˊŮŭɞ űɧɟŰɘůɖɠ (State of Charge ï SoC) 

Ƀ ɚɧɔɞɠ Űɖɠ ɛɎɕŬɠ Űɞɡ ɜŮɟɞɨ ˊɟɞɠ Űɖ ɛɎɕŬ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ (w) ɡˊɞɚɞɔɑɕŮŰŬɘ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ:  

ύ ‌ ÂϽÅØÐÃϽÔ 3.44 

ɧˊɞɡ Ŭ,b,c, ɞɘ ˊŮɘɟŬɛŬŰɘəɎ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɞɘ ůɡɜŰŮɚŮůŰɏɠ. ȿŬɛɓɎɜɞɜŰŬɠ ɤɠ ŬűŮŰɖɟɑŬ Űɖɜ 

əŬŰɎůŰŬůɖ ˊɚɐɟɤɠ ŮəűɞɟŰɘůɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ (w0), əŬɗɩɠ əŬɘ Űɞ ɢɟɞɜɘəɧ ɓɐɛŬ Űɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ, əɎɗŮ ŮˊɧɛŮɜɖ əŬŰɎůŰŬůɖ űɧɟŰɘůɖɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɤɠ:  

Ô  
ÌÎ

Ã
 

ᴼὸ ὸ ῳὸ 

ᴼύ ÂϽÅØÐÃϽÔ  ə.ɞ.ə 

3.45 

ɇɞ ŮˊɑˊŮŭɞ űɧɟŰɘůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ˊŮɘɟŬɛŬŰɘəɎ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɖ ɛɏɔɘůŰɖ 

əŬɘ ŮɚɎɢɘůŰɖ Űɘɛɐ ˊɟɞůɟɞűɖɛɏɜɖɠ ɛɎɕŬɠ ɜŮɟɞɨ ŬɜɎ ɛɞɜɎŭŬ ɛɎɕŬɠ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, 

ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ:  

Ὓέὅ
ύ ύ

ύ ύ
 3.46 

ɆɡɛɓɞɚɑɕɞɜŰŬɠ ɛŮ Ʉ/Ⱥ Űɞ ŰɛɐɛŬ Űɞɡ ˊɟɞůɟɞűɖŰɐ/ŮəɟɞűɖŰɐ əŬɘ ɛŮ ȷ/Ɇ Űɞ ŰɛɐɛŬ Űɞɡ 

ŬŰɛɞˊɞɘɖŰɐ/ůɡɛˊɡəɜɤŰɐ əŬɘ ɛŮ ɔɜɤůŰɐ Űɖɜ ɛŮŰŬɓɞɚɐ ůŰɖɜ ˊɟɞůɟɞűɖɛɏɜɖ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ, ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɖ ɞˊɞɑŬ ŬˊɞɗɖəŮɨŮŰŬɘ/ŬˊɞŭɑŭŮŰŬɘ, ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɤɠ:  

Äύ ύ ύ  3.47 
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ᴼὨὉȾ Ὤ ȟ ὃ ϽὨύ Ͻὓ   ‖‌―  1 Ⱦ ὨὉȾ Ὠὸϳ  

ᴼὨὉȾ Ὤ ϽὨύ Ͻὓ   ‖‌―  1Ⱦ ὨὉȾ Ὠὸϳ
 3.48 

ɆŰɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ, hev,w ŮɑɜŬɘ ɖ ɚŬɜɗɎɜɞɡůŬ ɗŮɟɛɧŰɖŰŬ ŬŰɛɞˊɞɑɖůɖɠ Űɞɡ ɜŮɟɞɨ, ɀSWS 

ŮɑɜŬɘ ɖ ůɡɜɞɚɘəɐ ɛɎɕŬ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ əŬɘ ȷ ɞ ůɡɜŰŮɚŮůŰɐɠ ˊɞɡ ŮəűɟɎɕŮɘ Űɞ 

ŭɡɜŬɛɘəɧ ˊɟɞůɟɧűɖůɖɠ ɞ ɞˊɞɑɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ ɘůɞɕɨɔɘɞ Dubinin-Astakhov, 

ŮűŬɟɛɞɔɐ Űɞɡ ɞˊɞɑɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ɛŮɚɏŰɖ Űɞɡ ȸŬůɑɚŮɘɞɡ ȺɜɔəɚŮɕɎəɖ [90].  

ȷɜŰɑůŰɞɘɢŬ, ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ Ůɝɧŭɞɡ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɤɠ:  

ὝȾ ὝȾ
ὗȾ

ά Ⱦ Ͻὅὴ
 

3.49 

ὝȾ ὝȾ
ὗȾ

ά Ⱦ Ͻὅὴ
 

3.50 

 ɆŰɖɜ ˊŬɟɞɨůŬ ɛɞɟűɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɏɝŮɘ Űɧůɞ Űɖɜ ůɡɜɞɚɘəɐ ɛɎɕŬ 

ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ ɧůɞ əŬɘ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ əɘɜɖŰɘəɐ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ˊɟɞůŭɘɞɟɘůŰŮɑ ɔɘŬ ŭɘŬŰɎɝŮɘɠ Ŭˊɧ 500 kg ɏɤɠ 5000 kg 

ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ ŬɜɎ ɡˊɞɛɞɜɎŭŬ. ɆŰɞ ˊŬɟŬˊɎɜɤ ɛɞɜŰɏɚɞ ɤůŰɧůɞ, ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ɛɧɜɞ ɔɘŬ ˊŬɟɎɚɚɖɚɖ űɧɟŰɘůɖ Űɤɜ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ɡˊɞɛɞɜɎŭɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖ ůɡɜɞɚɘəɐ 

ɛɎɕŬ Űɞɡ ɡɚɘəɞɨ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 3.48.  

ȳˊɤɠ ɗŬ ŮˊŮɝɖɔɖɗŮɑ əŬɘ ůŰɞ əŮűɎɚŬɘɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɖ ˊŬɟŬˊɎɜɤ ɚɞɔɘəɐ, ɞŭɖɔŮɑ ůŮ 

ŬůŰŬɗɏɠ əŬɘ ŭɨůəɞɚŬ Ůɚɏɔɝɘɛɞ ůɨůŰɖɛŬ, ŭŮŭɞɛɏɜɤɜ Űɤɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ ˊŮɟɘɞɟɘůɛɩɜ ˊɞɡ 

ŮˊɘɓɎɚɚɞɜŰŬɘ ůŰɞ ɟŮɨɛŬ űɧɟŰɘůɐɠ Űɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ ůŰŬ ŬɟɢɘəɎ ůŰɎŭɘŬ Űɖɠ űɧɟŰɘůɖɠ, 

ŭŮŭɞɛɏɜɖɠ Űɖɠ űɨůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɞɘ ɖɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ əŬɚɞɨɜŰŬɘ ɜŬ əŬɚɨɣɞɡɜ ɡɣɖɚɎ 

űɞɟŰɑŬ, ŰŬ ɞˊɞɑŬ ɞŭɖɔɞɨɜ ůŮ ŬˊɧŰɞɛŮɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ əŬɗɩɠ əŬɘ ŬɜŬɔəŬɑŬ ɛŮɔɎɚɖ 

ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ. ɆŰɞɜ ŬɜŰɑˊɞŭŬ, ůŰɞ Űɏɚɞɠ Űɖɠ ˊŮɟɘɧŭɞɡ űɧɟŰɘůɖɠ, Űɞ ˊɚŮɞɜɎɕɞɜ ɗŮɟɛɘəɧ 

űɞɟŰɑɞ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞɟɟɘűɗŮɑ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɡˊŮɟɓɞɚɘəɎ ɡɣɖɚɩɜ 

ɗŮɟɛɞəɟŬůɘɩɜ, ɞɘ ɞˊɞɑŮɠ ůŮ ˊɟŬɔɛŬŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ əŬɗɘůŰɞɨɜ Ůˊɘəɑɜŭɡɜɖ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ 

ŮɔəŬŰɎůŰŬůɖɠ.  

ȰɜŬ Ɏɚɚɞ ɓŬůɘəɧ ˊɟɧɓɚɖɛŬ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ɛɞɜŰɏɚɞɡ ŮɑɜŬɘ ˊɤɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ ŭɘŬűɧɟɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɝɤŰŮɟɘəɎ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ ɡˊɞɚɞɔɘůŰɘəɩɜ űɨɚɚɤɜ Excel. ȼ 

ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ ŬɡɝɎɜŮɘ ŭɟŬɛŬŰɘəɎ Űɞɜ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ, ŮˊɘŭɟɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ɗŮŰɘəɎ əŬɘ 

ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬɜŬűɏɟŮŰŬɘ, ˊɤɠ ɞ Űɡˊɘəɧɠ ɢɟɧɜɞɠ ɔɘŬ Űɖɜ 

ˊɟɞůɞɛɞɑɤůɖ ŭɨɞ ůɡɜŬˊŰɩɜ ŮŰɩɜ ɡˊŮɟɓŬɑɜŮɘ Űɘɠ ŰɟŮɘɠ ɩɟŮɠ.  

ȺˊɘˊɟɧůɗŮŰŬ, Ŭɜ ɞ ɢɟɐůŰɖɠ ˊɟɞůˊŬɗɐůŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɞ ˊŬɟŬˊɎɜɤ ɛɞɜŰɏɚɞ ˊɞɚɚŬˊɚɏɠ 

űɞɟɏɠ ɛɏůŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ˊɟɞůɞɛɞɑɤůɖɠ, ŰɧŰŮ ɗŬ ˊɟɏˊŮɘ ɜŬ ɞɟɑůŮɘ ˊɏɟŬ Ŭˊɧ Űɖɜ ɚɞɔɘəɐ 

Ůɚɏɔɢɞɡ ɔɘŬ Űɖɜ űɧɟŰɘůɖ Űɤɜ ŭɘŬűɧɟɤɜ ɡˊɞůɡůŰɖɛɎŰɤɜ əŬɘ ɏɜŬ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ɜɏɤɜ 

ɛŮŰŬɓɚɖŰɩɜ. ɄŬɟɎɚɚɖɚŬ, ɗŬ ŬɡɝɐůŮɘ əŬŰŬəɧɟɡűŬ Űɞɜ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ, ɞ ɞˊɞɑɞɠ ɔɘŬ ŭɘˊɚɐ 

ɢɟɐůɖ Űɞɡ ɛɞɜŰɏɚɞɡ, ɡˊŮɟɓŬɑɜŮɘ Űɘɠ ŰɏůůŮɟɘɠ ɩɟŮɠ.  

ȼ ŬˊɞŰɨˊɤůɖ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ɛɞɜŰɏɚɞɡ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ TRNSYS ŭɑɜŮŰŬɘ ůŰɖɜ Ⱥɘə. 3.12 
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Ⱥɘə. 3.12: ȷˊŮɘəɧɜɘůɖ ɛɞɜŰɏɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ ůŮ ˊŮɟɘɓɎɚɚɞɜ TRNSYS (a) ɆɡɛˊŰɡɔɛɏɜɖ ɛŬəɟɞŮɜŰɞɚɐ (ɓ) ȺůɤŰŮɟɘəɎ 

ůŰɞɘɢŮɑŬ ɛŬəɟɞŮɜŰɞɚɐɠ  

3.2.8.2 ȸŮɚŰɘɤɛɏɜɞ ɀɞɜŰɏɚɞ 

ȼ ŮɨɟŮůɖ əŬŰɎɚɚɖɚɤɜ əŬɘ ůɤůŰɩɜ ɚɞɔɘəɩɜ Ůɚɏɔɢɞɡ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ, ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ 

ŮɡůŰɎɗŮɘɎ Űɞɡ, ŬˊɞŰŮɚŮɑ Űɞ ˊɘɞ ɢɟɞɜɞɓɧɟɞ əɞɛɛɎŰɘ ɛɑŬɠ ŭɡɜŬɛɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ. ɄɟɩŰɞɠ 

ůŰɧɢɞɠ Ůˊɞɛɏɜɤɠ, ɐŰŬɜ ɖ ɓŮɚŰɑɤůɖ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ɛɞɜŰɏɚɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮɑɤůɖ Űɞɡ ŬˊŬɘŰɞɨɛŮɜɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ɢɟɧɜɞɡ. 

ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ŬɟɢɘəɎ ɏɜŬ əŬɘɜɞɨɟɔɘɞ ɛɞɜŰɏɚɞ (ñTypeò), Űɞ ɞˊɞɑɞ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ɛŬɗɖɛŬŰɘəɧ ɡˊɧɓŬɗɟɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɗɩɠ əŬɘ Űɖɜ ˊɟɞɦˊɎɟɢɞɡůŬ 

ŮůɤŰŮɟɘəɐ ɚɞɔɘəɐ Ůɚɏɔɢɞɡ. Ƀ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɏɔɘɜŮ ůŮ ɔɚɩůůŬ Fortran, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ŭɘŬɗɏůɘɛɞ Ŭˊɧ Űɞ TRNSYS ŮůɤŰŮɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ (ñType Studioò) əŬɘ 

ɛŮŰŬɔɚɤŰŰɘůŰɐ (compiler).  

ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əŬɘɜɞɨɟɔɘɞɡ ɛɞɜŰɏɚɞɡ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Űɧůɞ ůŰŬɗŮɟɏɠ 

ůɡɜɗɐəŮɠ Ůɘůɧŭɞɡ Ⱥɘə. 3.13.Ŭ., ɩůŰŮ ɜŬ ŮˊŬɚɖɗŮɡŰŮɑ ɞ ůɤůŰɧɠ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ Ůɝɧŭɤɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ Ůɘůɧŭɞɡ Űɞɡ ɛɞɜŰɏɚɞɡ ŬɜŬűɞɟɎɠ, ɧůɞ əŬɘ ɏɜŬ ˊɚɐɟɤɠ 

ŭɡɜŬɛɘəɧ ˊŮɟɘɓɎɚɚɞɜ Ⱥɘə. 3.13.ɓ., Űɞ ɞˊɞɑɞ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖ űɧɟŰɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭˊɧ 

ɖɚɘŬəɞɨɠ ůɡɚɚɏəŰŮɠ, ɛŮ ůəɞˊɧ ɜŬ ŮɚŮɔɢɗŮɑ ɖ ŭɡɜŬɛɘəɐ Űɞɡ ůɡɛˊŮɟɘűɞɟɎ əɡɟɑɤɠ ůŰɘɠ 
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ɛŮŰŬɓŬŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ. ȼ ŮɘůŬɔɤɔɐ Űɞɡ ɜɏɞɡ ɛɞɜŰɏɚɞɡ ůŰɞ ůɨůŰɖɛŬ, ɛŮɑɤůŮ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ 

ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ ŰɞɡɚɎɢɘůŰɞɜ əŬŰɎ 50%. 

 

 

Ⱥɘə. 3.13: ȹɘŬŰɎɝŮɘɠ ɓŮɚŰɘɤɛɏɜɞɡ ɛɞɜŰɏɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ůŮ ˊŮɟɘɓɎɚɚɞɜ TRNSYS (Ŭ) ȹɘɎŰŬɝɖ ůŰŬɗŮɟɩɜ ůɡɜɗɖəɩɜ 

Ůɘůɧŭɞɡ (ɓ) ȹɡɜŬɛɘəɧ ůɨůŰɖɛŬ  

ȺˊɧɛŮɜɞɠ ůŰɧɢɞɠ ɔɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɞɡ ɛɞɜŰɏɚɞɡ, ɐŰŬɜ ɖ ŮɘůŬɔɤɔɐ ɛɘŬɠ ɚɞɔɘəɐɠ Ůɚɏɔɢɞɡ ɖ 

ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɝŮɢɤɟɘůŰɐ űɧɟŰɘůɖ Űɤɜ ɡˊɞɛɞɜɎŭɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɩůŰŮ Űɞ ɛɏɔɘůŰɞ 

űɞɟŰɑɞ ˊɞɡ əŬɚɞɨɜŰŬɘ ɜŬ əŬɚɨɣɞɡɜ ɞɘ ɖɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ ɜŬ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɞ ɛɏɔɘůŰɞ 

ŬˊŬɘŰɞɨɛŮɜɞ Ŭˊɧ Űɖɜ əɎɗŮ ɡˊɞɛɞɜɎŭŬ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɛɑŬ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɞɛŬɚɐ əŬɛˊɨɚɖ 

űɧɟŰɘůɖɠ.  
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ȼ ɚɞɔɘəɐ Ůɚɏɔɢɞɡ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ Ůɝɐɠ:  

Ƀ ɢɟɐůŰɖɠ ˊɟɞůŭɘɞɟɑɕŮɘ Űɖ ůŰɞɘɢŮɘɩŭɖ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ Űɖɠ əɎɗŮ ɡˊɞɛɞɜɎŭŬɠ ɔɘŬ 

Űɖɜ ɞˊɞɑŬ ˊŬɟɏɢɞɜŰŬɘ ŭŮŭɞɛɏɜŬ (ˊɢ 500 kg), əŬɗɩɠ əŬɘ Űɖɜ ůɡɜɞɚɘəɐ ɛɎɕŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɖ 

ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ ŬəɏɟŬɘɞ ˊɞɚɚŬˊɚɎůɘɞ ŬɡŰɐɠ.  

ɇɞ ɛɞɜŰɏɚɞ ŮűŬɟɛɧɕŮɘ ůŮɘɟɘŬəɐ űɧɟŰɘůɖ Űɤɜ ŮəɎůŰɞŰŮ ɡˊɞɛɞɜɎŭɤɜ, ɖ ɞˊɞɑŬ ŭɘŬɟəŮɑ ɔɘŬ 

ˊɟɞŮˊɘɚŮɔɛɏɜɞ Ŭˊɧ Űɞ ɢɟɐůŰɖ ɢɟɧɜɞ űɧɟŰɘůɖɠ (runtime). ȳŰŬɜ ɧɚŮɠ ɞɘ ɡˊɞɛɞɜɎŭŮɠ űŰɎůɞɡɜ ůŮ 

ɏɜŬ ŭŮŭɞɛɏɜɞ ŮˊɑˊŮŭɞ űɧɟŰɘůɖɠ, ɞɟɘɕɧɛŮɜɞ Ŭˊɧ Űɞ ɢɟɐůŰɖ, ɧˊɞɡ ˊɚɏɞɜ Űɞ ŬˊŬɘŰɞɨɛŮɜɞ űɞɟŰɑɞ 

ɏɢŮɘ ɛŮɘɤɗŮɑ ůɖɛŬɜŰɘəɎ, ŰɧŰŮ ŮűŬɟɛɧɕŮŰŬɘ ˊŬɟɎɚɚɖɚɖ űɧɟŰɘůɖ. 

ɆŰɖɜ ˊŮɟɑɞŭɞ ŬˊɞűɧɟŰɘůɖɠ ŮűŬɟɛɧɕŮŰŬɘ ŮɝŬɟɢɐɠ ˊŬɟɎɚɚɖɚɖ ŰɟɞűɞŭɧŰɖůɖ Űɤɜ ɛɞɜɎŭɤɜ, Űɧůɞ 

ɔɘŬŰɑ ɖ Ŭɟɔɐ ŭɡɜŬɛɘəɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɞŭɖɔŮɑ ůŮ ˊɘɞ ɞɛŬɚɞˊɞɘɖɛɏɜɖ əŬɛˊɨɚɖ ɘůɢɨɞɠ, ɖ ɞˊɞɑŬ 

ŰɟɞűɞŭɞŰŮɑ Űɖ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ, ɧůɞ əŬɘ ŮˊŮɘŭɐ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ 

ˊɚɐɟɖɠ ŬˊɞűɧɟŰɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŮˊɘɗɡɛɖŰɧ ɖɚɘŬəɧ əɚɎůɛŬ.  

 ɆŰɘɠ Ⱥɘə. 3.14 əŬɘ Ⱥɘə. 3.15 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɔəɟɘŰɘəɎ ɞɘ əŬɛˊɨɚŮɠ űɧɟŰɘůɖɠ əŬɘ űɞɟŰɑɞɡ ɛŮ 

Űɖɜ ˊŬɚɘɎ əŬɘ Űɖɜ əŬɘɜɞɨɟɔɘŬ ɚɞɔɘəɐ Ůɚɏɔɢɞɡ ɔɘŬ ůŰŬɗŮɟɏɠ Űɘɛɏɠ Ůɘůɧŭɞɡ.  

 

 

Ⱥɘə. 3.14: ɆɡɔəɟɘŰɘəɐ ŬˊŮɘəɧɜɘůɖ əŬɛˊɡɚɩɜ űɧɟŰɘůɖɠ ˊŬɚŬɘɞɨ əŬɘ ɜɏɞɡ ɛɞɜŰɏɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ ůŰŬɗŮɟɏɠ ůɡɜɗɐəŮɠ Ůɘůɧŭɞɡ  
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Ⱥɘə. 3.15: ɆɡɔəɟɘŰɘəɐ ŬˊŮɘəɧɜɘůɖ əŬɛˊɡɚɩɜ űɞɟŰɑɞɡ ˊɟɞůɟɞűɖŰɐ ˊŬɚŬɘɞɨ əŬɘ ɜɏɞɡ ɛɞɜŰɏɚɞɡ 

ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ ůŰŬɗŮɟɏɠ 

ůɡɜɗɐəŮɠ Ůɘůɧŭɞɡ  

 ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ əŬɘ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ, ɖ ɚɞɔɘəɐ Ůɚɏɔɢɞɡ ɛŮɘɩɜŮɘ 

ůɖɛŬɜŰɘəɎ Űɞ ɛɏɔɘůŰɞ űɞɟŰɑɞ ˊɞɡ əŬɚɞɨɜŰŬɘ ɜŬ əŬɚɨɣɞɡɜ ɞɘ ɖɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

ůŬűɩɠ ɛŮɘɤɛɏɜɞ ůŮ ůɢɏůɖ ɛŮ Űɞ ůɡɜɞɚɘəɧ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ˊŬɟɎɚɚɖɚɖ űɧɟŰɘůɖ. 

ɄŬɟɎɚɚɖɚŬ ɖ əŬɛˊɨɚɖ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɞ ɛɏůɞ ŮˊɑˊŮŭɞ űɧɟŰɘůɖɠ ůŰɖ ɜɏŬ ɚɞɔɘəɐ Ůɚɏɔɢɞɡ, 

ŰŬɡŰɑɕŮŰŬɘ ɧˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ ɛŮ Űɖɜ ˊŬɚɘɎ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ɞɘ ůɡɜɗɐəŮɠ Ůɘůɧŭɞɡ 

ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɏɠ. ȾɎŰɘ ŰɏŰɞɘɞ ɤůŰɧůɞ, ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ůŮ ɏɜŬ ŭɡɜŬɛɘəɧ ůɨůŰɖɛŬ, 

ɧˊɞɡ Űɞ ŬˊŬɘŰɞɨɛŮɜɞ Ŭˊɧ Űɖ ɛɞɜɎŭŬ űɞɟŰɑɞ, ůɡɜɐɗɤɠ ŭɘŬűɏɟŮɘ Ŭˊɧ Űɞ ɛɏɔɘůŰɞ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

əŬɚɨɣɞɡɜ ɞɘ ɖɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ. ȼ ˊŬɟŬˊɎɜɤ ˊŬɟŬŰɐɟɖůɖ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ɛɏůɤ Űɞɡ ɛɞɜŰɏɚɞɡ 

ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 3.13, ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ɞˊɞɑɞɡ ŭɑɜɞɜŰŬɘ ůŰɘɠ 

Ⱥɘə. 3.16 əŬɘ Ⱥɘə. 3.17. ɆŰɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ, ɖ ɜɏŬ ɚɞɔɘəɐ Ůɚɏɔɢɞɡ, ŮˊɘŰɟɏˊŮɘ Űɖɜ 

Ůˊɘˊɚɏɞɜ ŬˊɞɗɐəŮɡůɖ ˊŮɟɘůůɧŰŮɟɤɜ Ŭˊɧ 50 ɗŮɟɛɘəɩɜ kWh, ŬɜŰɘůŰɞɘɢɩɜŰŬɠ ůŮ Ŭɨɝɖůɖ 

ɛŮɔŬɚɨŰŮɟɖ Űɞɡ 7% ůŮ ůɢɏůɖ ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ.  
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Ⱥɘə. 3.16: ɆɡɔəɟɘŰɘəɐ ŬˊŮɘəɧɜɘůɖ əŬɛˊɡɚɩɜ ŬˊɞɗɖəŮɡɛɏɜɖɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ˊŬɚŬɘɞɨ əŬɘ ɜɏɞɡ ɛɞɜŰɏɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ ɔɘŬ ŭɡɜŬɛɘəɏɠ 

ůɡɜɗɐəŮɠ Ůɘůɧŭɞɡ 

 

Ⱥɘə. 3.17: ɆɡɔəɟɘŰɘəɐ ŬˊŮɘəɧɜɘůɖ əŬɛˊɡɚɩɜ Ůˊɘˊɏŭɞɡ űɧɟŰɘůɖɠ ɔɘŬ ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ˊŬɚŬɘɞɨ əŬɘ ɜɏɞɡ ɛɞɜŰɏɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ ɔɘŬ ŭɡɜŬɛɘəɏɠ 

ůɡɜɗɐəŮɠ Ůɘůɧŭɞɡ 

 



64 

 

3.3 Ʉɟɞůɞɛɞɑɤůɖ oɘəɑŬɠ ůŰɞ TRNBUILD   

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ ȾȺūȷȿȷȽɃ 2, ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ ɞɘəɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ SketchUpTM, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŮˊɏəŰŬůɖ Trnsys3d Űɞɡ ɚɞɔɘůɛɘəɞɨ TRNSYS. 

ɀŮŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ əŰɑůɛŬŰɞɠ, Űɞ ˊŬɟŬɔɧɛŮɜɞ ŬɟɢŮɑɞ (*.idf), 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ Ůɑůɞŭɞɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ˊɞɚɡɕɤɜɘəɞɨ əŰɖɟɑɞɡ TRNBUILD, ŬˊŮɘəɧɜɘůɖ Űɖɠ 

ɞˊɞɑŬɠ ŭɑɜŮŰŬɘ ůŰɖɜ Ⱥɘə. 3.18. ɇɞ əŰɖɟɘŬəɧ əɏɚɡűɞɠ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘŮɑ ŰŬ 

əɟɘŰɐɟɘŬ ɗŮɟɛɘəɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ɔɘŬ əŰɐɟɘŬ nZEB, ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɞˊɞɑɞɡ ŭɑɜɞɜŰŬɘ ůŰɞɜ 

Ʉɘɜ. 3.2. ȾɎɗŮ əŬŰŬůəŮɡɐ ŰɞɘɢɞˊɞɘɑŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɚɐɗɞɠ ůŰɟɤɛɎŰɤɜ (layers), ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ŰŬ ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŬɡŰɐ. ɈˊɎɟɢɞɡɜ ŰɏůůŮɟɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

əŬŰɖɔɞɟɑŮɠ ůŰɟɩůŮɤɜ:  

1) ɆŰɟɩɛŬ ɛɎɕŬɠ (Massive layer)  

2) ȯɡɚɞ ɆŰɟɩɛŬ (Massless layer)  

3) ȺɜŮɟɔɧ ɆŰɟɩɛŬ (Active layer)  

4) ɊɡɢɧɛŮɜɖ Ƀɟɞűɐ (Chilled Ceiling)  

ɀŮ Űɖɜ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ɛˊɞɟɞɨɜ ɜŬ ɛɞɜŰŮɚɞˊɞɘɖɗɞɨɜ ɧɚŮɠ ɞɘ əŬŰɖɔɞɟɑŮɠ ɡɚɘəɩɜ, 

ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ɧˊɤɠ, Űɖɜ ŬɔɤɔɘɛɧŰɖŰɎ, Űɖɜ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰɎ 

əŬɘ Űɖɜ ˊɡəɜɧŰɖŰɎ Űɞɡɠ. ȷɜŰɑɗŮŰŬ ůŰɖ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɑŬ ɞɟɑɕɞɜŰŬɘ ůɡɜɐɗɤɠ ůŰɟɩɛŬŰŬ ŬŮɟɑɞɡ 

(ˊɢ ŬɏɟŬ), ɧˊɞɡ ŬɟəŮɑ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɗŮɟɛɘəɐɠ Űɞɡɠ ŬɜŰɑůŰŬůɖɠ (R). Ƀɘ 

ŰŮɚŮɡŰŬɑŮɠ ŭɨɞ əŬŰɖɔɞɟɑŮɠ ůŰɟɤɛɎŰɤɜ ɛɞɜŰŮɚɞˊɞɘɞɨɜ ŮɘŭɘəɎ ůɡůŰɐɛŬŰŬ, ɗɏɟɛŬɜůɖɠ ɐ ɣɨɝɖɠ, 

ɛŮ əŬŰɎɚɚɖɚɞ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ ŭɘəŰɨɞɡ ůɤɚɖɜɩůŮɩɜ Űɞɡɠ.  

Ʉɘɜ. 3.2: ɆɡɜŰŮɚŮůŰɏɠ ɗŮɟɛɞˊŮɟŬŰɧŰɖŰŬɠ əŰɖɟɘŬəɞɨ əŮɚɨűɞɡɠ  

ɆŰɞɘɢŮɑɞ ɇɘɛɐ ɀɞɜɎŭŬ 

ȺɝɤŰŮɟɘəɐ ɇɞɘɢɞˊɞɘɑŬ 0,110 W/m2K 

ȹɎˊŮŭɞ 0,120 W/m2K 

ɆŰɏɔɖ 0,05 W/m2K 

ȺůɤŰŮɟɘəɐ ɇɞɘɢɞˊɞɘɑŬ 1,700 W/m2K 

ɄɚɎəŬ Ƀɟɞűɐɠ 2,900 W/m2K 

ȾɞɡűɩɛŬŰŬ 0,710 W/m2K 

 

ɄŬɟɎɚɚɖɚŬ ɞɟɑɕɞɜŰŬɘ ŰŬ ŮůɤŰŮɟɘəɎ ɗŮɟɛɘəɎ űɞɟŰɑŬ, ɛŮ əŬŰɎɚɚɖɚŬ ˊɟɞɔɟɎɛɛŬŰŬ ˊŬɟɞɡůɑŬɠ-

ɢɟɐůɖɠ, Űɧůɞ ůŮ ɖɛŮɟɐůɘŬ ɧůɞ əŬɘ ůŮ ŮɓŭɞɛŬŭɘŬɑŬ əɚɑɛŬəŬ, ɞɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ Űɤɜ ɞˊɞɑɤɜ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ Ʉɘɜ. 3.3. 

Ʉɘɜ. 3.3: ȺůɤŰŮɟɘəɎ ɗŮɟɛɘəɎ űɞɟŰɑŬ ɞɘəɑŬɠ  

ɆŰɞɘɢŮɑɞ ɇɘɛɐ ɀɞɜɎŭŬ 

ūɡůɘəɧɠ ȷŮɟɘůɛɧɠ  0,10 1/h 

ɀɖɢŬɜɘəɧɠ ȷŮɟɘůɛɧɠ  0,10 1/h 

ūɞɟŰɑŬ ȷɜɗɟɩˊɤɜ  3,98 W/m2 

ūɞɟŰɑŬ ȼɚŮəŰɟɘəɩɜ ɆɡůəŮɡɩɜ 16,00 W/m2 

ūɞɟŰɑŬ ūɤŰɘůɛɞɨ  6,00 W/m2 

 

ȼ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ŮɜŭɞŭŬˊɏŭɘɞɡ ůɡůŰɐɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ 

ŮɜŮɟɔɞɨ ůŰɟɩɛŬŰɞɠ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ ŰŬ Ůɝɐɠ ůŰɞɘɢŮɑŬ:  

¶ ȷˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ ůɤɚɖɜɩůŮɤɜ (əɏɜŰɟɞ ɏɤɠ əɏɜŰɟɞ) 
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¶ ȺɝɤŰŮɟɘəɐ ŭɘɎɛŮŰɟɞ ůɤɚɐɜɤůɖɠ  

¶ ɄɎɢɞɠ ŰɞɘɢɩɛŬŰɞɠ ůɤɚɐɜɤůɖɠ  

¶ ŪŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ŰɞɘɢɩɛŬŰɞɠ ůɤɚɐɜɤůɖɠ  

 

 

Ⱥɘə. 3.18: ɄŮɟɘɓɎɚɚɞɜ ˊɞɚɡɕɤɜɘəɞɨ əŰɖɟɑɞɡ TRNBUILD 

ȼ ˊŬɟɞɢɐ Ůɘůɧŭɞɡ, ɞɟɑɕŮŰŬɘ ůŰŬɗŮɟɐ ɑůɖ ɛŮ 10,79 m3/h/m2, ɩůŰŮ ɜŬ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ əŬɚɨɣŮɘ Űɞ 

ɛɏɔɘůŰɞ űɞɟŰɑɞ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭɧ́ Űɘɠ ɗŮɟɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ɞɘəɑŬɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ůŰŬɗŮɟɐ 

ŰŬɢɨŰɖŰŬ ɟɞɐɠ ɑůɖ ɛŮ (0,8) m/s. ȼ ɗŮɟɛɞəɟŬůɑŬ əɎɗŮ ɗŮɟɛŬɘɜɧɛŮɜɖɠ ɗŮɟɛɘəɐɠ ɕɩɜɖɠ ɞɟɑɕŮŰŬɘ 

ůŰɞɡɠ 20 ɞC, ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ůɐɛŬ ɜŬ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ əŬŰɎɚɚɖɚɞ ŭɘŬűɞɟɘəɧ ŮɚŮɔəŰɐ ɃɁ/OFF, 

ɛŮ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ  ρ Ὼ.  

3.3.1 ŪŮɟɛɞəɟŬůɑŬ ˊɟɞůŬɔɤɔɐɠ ɜŮɟɞɨ ůŮ ŮɜŭɞŭŬˊɏŭɘɞ ůɨůŰɖɛŬ ɗɏɟɛŬɜůɖɠ  

ȼ ɟɨɗɛɘůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊɟɞůŬɔɤɔɐɠ Űɞɡ ɜŮɟɞɨ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛɏůɤ əŬŰɎɚɚɖɚɖɠ 

ůɡɜɎɟŰɖůɖɠ ŬɜŰɘůŰɎɗɛɘůɖɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɧůɞ Űɖɜ ŮůɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ əɎɗŮ 

ɗŮɟɛɘəɐɠ ɕɩɜɖɠ, ɧůɞ əŬɘ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ (ɇŬ), ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬəɎŰɤ:  

  Ὕ Ὕ Ὕ ϽὖὒὙὝ
ρ
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ɧˊɞɡ, PLR (Part Load Ratio), ɞ ɚɧɔɞɠ ŬˊŬɘŰɞɨɛŮɜɖɠ ˊɟɞɠ ɛɏɔɘůŰɖ ɗŮɟɛɘəɐ ɘůɢɨ. ɀŮ ɇSn əŬɘ TRn 

ůɡɛɓɞɚɑɕɞɜŰŬɘ ɞɘ ɞɜɞɛŬůŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɟɞůŬɔɤɔɐɠ əŬɘ ŬˊŬɔɤɔɐɠ (38 ɞC əŬɘ 28 ɞC 

ŬɜŰɑůŰɞɘɢŬ), ɞɘ ɞˊɞɑŮɠ ɞɟɑɕɞɜŰŬɘ ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ ŮɝɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ əɎɗŮ ɡˊɧ ŮɝɏŰŬůɖɠ 

ˊɧɚɖɠ (Tan). ȼ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ˊɟɞůŬɔɤɔɐɠ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ůŰɧɢɞ əɎɗŮ 

ɗŮɟɛɘəɐɠ ɕɩɜɖɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɛɖŭŮɜɘəɐ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ əŬŰɎ ɛɐəɞɠ Űɞɡɠ 

ŮɜŭɞŭŬˊɏŭɘɞɡ ůɡůŰɐɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ. Ƀɘ əŬɛˊɨɚŮɠ ˊɞɡ ůɡɜŭɏɞɡɜ Űɘɠ ɛɏɔɘůŰŮɠ əŬɘ Űɘɠ ŮɚɎɢɘůŰŮɠ 
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ɗŮɟɛɞəɟŬůɑŮɠ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ əŬŰɎɚɚɖɚŬ, ɛɏůɤ Űɞɡ ůɡɜŰŮɚŮůŰɐ (1/n), 

əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ɔɟŬɛɛɘəɏɠ ŮɝɘůɩůŮɘɠ ɧŰŬɜ ŬɡŰɧɠ ɚŬɛɓɎɜŮɘ Űɖɜ Űɘɛɐ (1,0).  

ɆŮ ŮˊɑˊŮŭɞ ůɡůŰɐɛŬŰɞɠ ɖ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ, ˊɟɞəɨˊŰŮɘ ɛɏůɤ əŬŰɎɚɚɖɚɖɠ ŬɜɎɛɘɝɖɠ ŮɑŰŮ 

ɟŮɨɛŬŰɞɠ Ŭˊɧ Űɞ ŭɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɐ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɞɜ ɚɏɓɖŰŬ űɡůɘəɞɨ ŬŮɟɑɞɡ, 

ɛŮ Űɖɜ ɏɝɞŭɞ Ŭˊɧ Űɞ ŮɜŭɞŭŬˊɏŭɘɞ ůɨůŰɖɛŬ Űɞɡ ůˊɘŰɘɞɨ. ȼ ŬɜŬɚɞɔɑŬ ŬɜɎɛɘɝɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ 

ɟŮɡɛɎŰɤɜ ɡˊɞɚɞɔɑɕŮŰŬɘ ŭɡɜŬɛɘəɎ ůŮ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ (t), ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ:  

 

ὼ  
Ὕ Ὕ  

Ὕ
 3.54 

  

3.4 Ɇɡɜɞɚɘəɐ ŬˊŮɘəɧɜɘůɖ ůɡůŰɐɛŬŰɞɠ  

ɆŰɘɠ Ⱥɘə. 3.19 əŬɘ Ⱥɘə. 3.20 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɡˊɧ ɛŮɚɏŰɖ ůɨůŰɖɛŬ, ɧˊɤɠ ŬɡŰɧ ŬˊɞŰɡˊɩɗɖəŮ 

ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ˊɟɞůɞɛɞɑɤůɖɠ TRNSYS, ɔɘŬ Űɘɠ ŭɘŬɛɞɟűɩůŮɘɠ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɘɠ Ⱥɘə. 2.9 

əŬɘ Ⱥɘə. 2.10.  

 

 

 

Ⱥɘə. 3.19: ȷˊɞŰɨˊɤůɖ ŭɘɎŰŬɝɖɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ɛŮ PCM əŬɘ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ  
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Ⱥɘə. 3.20: ȷˊɞŰɨˊɤůɖ ŭɘɎŰŬɝɖɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ɛŮ ɔŮɤɗŮɟɛɘəɧ ŮɜŬɚɚɎəŰɖ  
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ȾȺūȷȿȷȽɃ 4. ȷˊɞŰŮɚɏůɛŬŰŬ  

ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ ɞˊɞɑŬ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ˊŬɟŬɛŮŰɟɘəɐ 

ɛŮɚɏŰɖ, ɔɘŬ Űɞ ɡˊɧ ŮɝɏŰŬůɖ ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ 

ɛɞɜŰɏɚɞ Űɞ ɞˊɞɑɞ ŬɜŬˊŰɨɢɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ. ȼ ŮűŬɟɛɞɔɐ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ Űɖɠ əŮɜŰɟɘəɐɠ əŬɘ ɓɧɟŮɘŬɠ Ⱥɡɟɩˊɖɠ, ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ɖɚɘɞűɎɜŮɘŬɠ əŬŰɎ Űɖ ɢŮɘɛŮɟɘɜɐ ˊŮɟɑɞŭɞ, Ůɜɩ ɤɠ ˊɧɚŮɘɠ 

ŬɜŬűɞɟɎɠ ŮˊɘɚɏɔɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ, ɖ ɁɡɟŮɛɓɏɟɔɖ əŬɘ ɖ ɆŰɞəɢɧɚɛɖ. ȼ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ əɨɟɘŮɠ ɛŮŰŬɓɚɖŰɏɠ Űɖ ůɡɜɞɚɘəɐ ɛɎɕŬ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ (ῼ ) 

əŬɘ Űɖ ůɡɜɞɚɘəɐ ŮˊɘűɎɜŮɘŬ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ (ὃ ), Ůɜɩ ŮɘŭɘəɎ ɔɘŬ Űɖ ɁɡɟŮɛɓɏɟɔɖ, 

ŮɝŮŰɎɕŮŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ɛɎɕŬɠ Űɞɡ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ (ὓ ), ůŰɖɜ Ůˊɑŭɞůɖ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ.  

ũɘŬ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ˊŬɟɞɡůɑŬůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɚɧɔɤ Űɖɠ ŮɛˊɘůŰŮɡŰɘəɧŰɖŰŬɠ Űɞɡ ɏɟɔɞɡ, 

ɏɢɞɡɜ ɛŮŰŬɓɚɖɗŮɑ ɞɟɘůɛɏɜŬ ɗŮɟɛɞəɟŬůɘŬəɎ ɧɟɘŬ, ŰŬ ɞˊɞɑŬ ŮˊɖɟŮɎɕɞɡɜ ŰŬ ůɐɛŬŰŬ 

ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ ŭɘŬűɧɟɤɜ ɡˊɞůɡůŰɖɛɎŰɤɜ, əŬɗɩɠ əŬɘ Űɘɠ ŰŮɚɘəɏɠ əŬŰŬɜŬɚɩůŮɘɠ. 

ɄŬɟɎɚɚɖɚŬ, ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɖɠ ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, ɔɑɜŮŰŬɘ ɛŮ Űɘɛɏɠ ɞɘ ɞˊɞɑŮɠ ŭŮɜ 

ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰŬ Ŭəɟɘɓɐ ůŰɞɘɢŮɑŬ ˊɞɡ ˊŬɟɏɢŮɘ ɞ əŬŰŬůəŮɡŬůŰɐɠ. ɋůŰɧůɞ ɞɘ ˊŬɟŬˊɎɜɤ 

ŬɚɚŬɔɏɠ ŭŮɜ ŮˊŮɛɓŬɑɜɞɡɜ ůɖɛŬɜŰɘəɎ ůŰɞɡɠ ŰŮɚɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ŭŮɜ 

ɡˊŮɘůɏɟɢɞɜŰŬɘ ŬɚɚŬɔɏɠ ůŰɞ ɓŬůɘəɧŰŮɟɞ ɡˊɧ ɛŮɚɏŰɖ ůŰɞɘɢŮɑɞ (STES) Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ, Ůɜɩ 

ˊŬɟɎɚɚɖɚŬ ɖ ɛɎɕŬ Űɞɡ ˊŬɟɏɢŮŰŬɘ əŬɘ ɛŮɚŮŰɎŰŬɘ ůŮ ɛɞɜɎŭŮɠ Űɤɜ 500 kg, ŬɜŰŬˊɞəɟɘɜɧɛŮɜɖ ůŰŬ 

ˊɟŬɔɛŬŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ɏɢɞɡɜ ŭɞɗŮɑ. 

ɋůŰɧůɞ, ŮˊɖɟŮɎɕɞɜŰŬɘ ůŰɞɘɢŮɑŬ, ɧˊɤɠ ŰŬ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ, ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ 

ŬɢɟɖůɘɛɞˊɞɑɖŰɞɡɠ ɧɔəɞɡɠ ɡɚɘəɞɨ (dead volume), ɞɘ əŬɛˊɨɚŮɠ űɧɟŰɘůɖɠ əŬɘ ŬˊɞűɧɟŰɘůɖɠ, 

əŬɗɩɠ əŬɘ ůŰɞɘɢŮɑŬ, ɧˊɤɠ ɖ ŭɘŬůŰɟɤɛɎŰɤůɖ Űɞɡ ŭɞɢŮɑɞɡ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ. 

ɆŰɧɢɞ ɔɘŬ Űɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ɖ ɖɚɘŬəɐ əɎɚɡɣɖ Űɤɜ űɞɟŰɑɤɜ 

ɗɏɟɛŬɜůɖɠ əŬɘ Ȼ.Ɂ.ɉ, əŬŰɎ ˊɞůɞůŰɧ ɑůɞ ɛŮ 60%, Ůɜɩ ɞɟɑɕŮŰŬɘ ɤɠ:  

3Ὂ
ὗ ȟ ὗ ȟ

ὗ ὗ
  

4.1 

 ȳˊɞɡ ὗ ȟ  əŬɘ ὗ ȟ , ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ, ŰŬ ɖɚɘŬəɎ űɞɟŰɑŬ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ 

ŬˊŬɘŰɐůŮɤɜ ȻɁɉ əŬɘ ɗɏɟɛŬɜůɖɠ ɢɩɟɤɜ (Space Heating ï SH), ŬɜŰɑůŰɞɘɢŬ.  

ȼ ɨˊŬɟɝɖ ɤůŰɧůɞ Űɞɡ ŭɞɢŮɑɞɡ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ əŮɜɞɨ, ŬɚɚɎ əŬɘ Űɖɠ 

ɔŮɜɘəɧŰŮɟɖɠ ŭɘŬɟɟɨɗɛɘůɖɠ Űɤɜ ůɤɚɖɜɩůŮɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɗɘůŰɎ ŬŭɨɜŬŰɞ Űɞɜ Ŭəɟɘɓɐ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬˊɎɜɤ ˊɟɞůŭɘŭɧɛŮɜɤɜ ŮɜŮɟɔŮɘŬəɩɜ űɞɟŰɑɤɜ, Űɧůɞ ůŮ ŮˊɑˊŮŭɞ 

ˊɟɞůɞɛɞɑɤůɖɠ, ɧůɞ əŬɘ ůŰɞ ˊɟŬɔɛŬŰɘəɧ ůɨůŰɖɛŬ. ɋɠ ŬˊɞŰɏɚŮůɛŬ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɖɚɘŬəɞɨ 

əɚɎůɛŬŰɞɠ, ɞɟɑɕŮŰŬɘ ɤɠ:  

ὛὊ
ὗ ȟ ὗ ȟ ὗ ȟ

ὗ ὗ
 

4.2 

 ȳˊɞɡ ὗ ȟ  ŮɑɜŬɘ ɖ ůɡɜɞɚɘəɏɠ ŬˊɩɚŮɘŮɠ ɗŮɟɛɧŰɖŰŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɞɘ ɞˊɞɑŮɠ ŮɜŰɞˊɑɕɞɜŰŬɘ 

əɡɟɑɤɠ ůŰɞ ŭɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ, Ůɜɩ ὗ ȟ , ŮɑɜŬɘ ɖ ůɡɜɞɚɘəɐ 

ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ŰɟɞűɞŭɞŰŮɑ Űɞ PCM. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɡɠ ɖɚɘŬəɞɨɠ ůɡɚɚɏəŰŮɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ:  

1 ȟ

ὗ ȟ

ὗ ȟȟ

ὗ ȟ ȟ
 O 1 ȟ ὗ ȟ Ͻ

ὗ ȟȟ

ὗ ȟ ȟ
 

4.3 
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 ɆŰɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ, ɧɚŮɠ ɞɘ ˊɞůɧŰɖŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ ɘůɞɕɨɔɘŬ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞɡɠ əŬŰɎɚɚɖɚɞɡɠ əɚɎŭɞɡɠ.  

Ƀ ɏɚŮɔɢɞɠ Űɖɠ ŬɝɘɞˊɘůŰɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɓŬůɑɕŮŰŬɘ ůŮ 

ŰɟɑŬ ɓŬůɘəɎ ɘůɞɕɨɔɘŬ ŮɜɏɟɔŮɘŬɠ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŰŬ:  

1. Ƚůɞɕɨɔɘɞ ŮɜɏɟɔŮɘŬɠ ȻɁɉ 

2. Ƚůɞɕɨɔɘɞ ŮɜɏɟɔŮɘŬɠ əɡəɚɩɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ  

3. Ƀɚɘəɧ ɘůɞɕɨɔɘɞ ŮɜɏɟɔŮɘŬɠ  

ȼ ɛŬɗɖɛŬŰɘəɐ ŭɘŬŰɨˊɤůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ɘůɞɕɡɔɑɤɜ ɞɟɑɕŮŰŬɘ ˊŬɟŬəɎŰɤ:  

Ƚůɞɕɨɔɘɞ ŮɜɏɟɔŮɘŬɠ ȻɁɉ  

 

ῴ ȟ Ὁ ȟ Ὁ ȟ  4.4 

ȳˊɞɡ Ὁ ȟ , ŮɑɜŬɘ ɖ ŮɜɏɟɔŮɘŬ ɖ ɞˊɞɑŬ ˊɟɞůűɏɟŮŰŬɘ Ŭˊɧ Űɞ ŭɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ 

ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ ˊɟɞɠ Űɞɜ ŮɜŬɚɚɎəŰɖ ȻɁɉ, Ůɜɩ ŬɜŰɑůŰɞɘɢŬ Ὁ ȟ , ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

Űɖɜ əŬŰŬɜŬɚɘůəɧɛŮɜɖ ůŰɞɜ ŮɜŬɚɚɎəŰɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɞɡ űɞɟŰɑɞɡ.  

Ƚůɞɕɨɔɘɞ ŮɜɏɟɔŮɘŬɠ əɡəɚɩɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ  

 

ῴ ȟ ῴ ῴ ȟ ῴ  4.5 

ȳˊɞɡ Ὁ , ŮɑɜŬɘ ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɞɜ əŬɡůŰɐɟŬ, Ὁ ȟ  

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɞ ŭɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ ɚŬɜɗɎɜɞɡůŬɠ 

ɗŮɟɛɧŰɖŰŬɠ ˊɟɞɠ Űɖɜ ɞɘəɑŬ ɛɏůɤ Űɞɡ ŮɜŭɞŭŬˊɏŭɘɞɡ ůɡůŰɐɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ, ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ ɧɚŬ ŰŬ ɟŮɨɛŬŰŬ Ůɝɧŭɞɡ əŬɘ Ůɘůɧŭɞɡ ůŮ ŬɡŰɧ, Ůɜɩ ῴ , ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ 

əŬŰŬɜɎɚɤůɖ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɖɜ ɞɘəɑŬ, ɧˊɤɠ ŬɡŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɧůɞ Ŭˊɧ Űɞ TRNBuild.  

Ƀɚɘəɧ ɘůɞɕɨɔɘɞ ŮɜɏɟɔŮɘŬɠ  

 

ῴ ȟ Ὁ ῴ ῴ ȟ ῴ ȟ ῴ Ὁ ȟ  4.6 

ɆŰɞ ˊŬɟŬˊɎɜɤ ɘůɞɕɨɔɘɞ ῴ , ŮɑɜŬɘ ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ ɐ ŬˊɞŭɑŭŮŰŬɘ Ŭˊɧ Űɞ 

ůɨůŰɖɛŬ STES, Ůɜɩ ɤɠ Ὁ ȟ  ɞɟɑɕŮŰŬɘ ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɞ ŭɞɢŮɑɞ ɤɠ 

ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ.  
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4.1 ɁɡɟŮɛɓɏɟɔɖ 

ȼ ɁɡɟŮɛɓɏɟɔɖ, ŬˊɞŰŮɚŮɑ ɛɘŬ əɚŬůůɘəɐ ˊɧɚɖ Űɖɠ əŮɜŰɟɘəɐɠ Ⱥɡɟɩˊɖɠ, ɢŬɟŬəŰɖɟɘɕɧɛŮɜɖ Ŭˊɧ 

ɛɘəɟɐɠ ůɢŮŰɘəɎ ŭɘɎɟəŮɘŬɠ ɢŮɘɛɩɜŮɠ, ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞɡ ɛɖŭŮɜɧɠ, ŮˊɘŰɟɏˊɞɜŰɎɠ Űɖ ɢɟɐůɖ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ-ɜŮɟɞɨ əŬɘ PCM.  

4.1.1 ȹɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ  

ɆŰɞɜ Ʉɘɜ. 4.1, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůŮɜɎɟɘŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ɔɘŬ Űɖɜ Ŭɟɢɘəɐ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

Ʉɘɜ. 4.1:ɆŮɜɎɟɘŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ɁɡɟŮɛɓɏɟɔɖ  

ɆŮɜɎɟɘɞ ῼ  ὯὫ ὃ  ά  ὓ  ὯὫ 

1 1000 5.00 380 

2 1000 6.00 380 

3 1500 6.50 380 

4 1500 7.00 380 

5 2000 7.50 380 

6 2000 8.00 380 

7 2500 7.50 380 

 

ɆŮ ɧɚŮɠ Űɘɠ ɡˊɧ ɛŮɚɏŰɖ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɘŬ ɛŮɔɎɚɖ ɛɎɕŬ ɡɚɘəɞɨ ŬɚɚŬɔɐ űɎůɖɠ, 

ɏŰůɘ ɩůŰŮ ɖ Ŭɟɢɘəɐ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɜŬ ɛɖɜ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ, ŬŭɡɜŬɛɑŬɠ 

ŮəűɧɟŰɘůɖɠ Űɞɡ.  

ɆŰɖɜ Ⱥɘə. 4.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɞ ɖɚɘŬəɧ əɚɎůɛŬ əŬɗɩɠ 

əŬɘ ŰŬ ɛɏɔɘůŰŬ əŬɘ ŮɚɎɢɘůŰŬ ŮˊɑˊŮŭŬ, űɧɟŰɘůɖɠ əŬɘ ŬˊɞűɧɟŰɘůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ. 

 ȳˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ Ŭɨɝɖůɖ Űɖɠ ɛɎɕŬɠ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ əŬɘ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ 

ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ ɞŭɖɔŮɑ ůŮ Ŭɨɝɖůɖ Űɞɡ ɖɚɘŬəɞɨ əɚɎůɛŬŰɞɠ, ɤůŰɧůɞ ɛŮ ɛŮɘɤɛɏɜɞ ɟɡɗɛɧ. ɆŮ 

ŬɡŰɐ Űɖ ůɡɛˊŮɟɘűɞɟɎ, ˊɏɟŬɜ Űɖɠ űɡůɘəɐɠ əɘɜɖŰɘəɐɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ůɡɜŮɘůűɏɟŮɘ əŬɘ ɞ Űɟɧˊɞɠ 

ɞɟɘůɛɞɨ Űɤɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ 

ŬɡŰɏɠ ŬɡɝɎɜɞɜŰŬɘ ŬɜŬɚɞɔɘəɎ ɛŮ Űɖɜ ɖɚɘŬəɎ ˊɟɞůŭɘůŭɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ůŰɞ ůɨůŰɖɛŬ.   
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Ⱥɘə. 4.1: ȼɚɘŬəɧ əɚɎůɛŬ əŬɘ ɛɏɔɘůŰɞ ŮˊɑˊŮŭɞ űɧɟŰɘůɖɠ ůɡůŰɐɛŬŰɞɠ STES ïɁɡɟŮɛɓɏɟɔɖ  
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ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ Ʉɘɜ. 4.1, ɡˊɎɟɢŮɘ ɛɘŬ ɎɛŮůɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ 

Ŭɨɝɖůɖɠ Űɖɠ ɛɎɕŬɠ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ əŬɘ Űɖɠ ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ ůŰŬ ɡˊɧ ɛŮɚɏŰɖ 

ůŮɜɎɟɘŬ. ȼ ˊŬɟŬˊɎɜɤ ůɡɛˊŮɟɘűɞɟɎ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɞɡ ɛɏɔɘůŰɞɡ Ůˊɘˊɏŭɞɡ űɧɟŰɘůɖɠ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɔɘŬ ŭŮŭɞɛɏɜɖ ŮˊɘűɎɜŮɘŬ ůɡɚɚŮəŰɩɜ əŮɜɞɨ, əŬɗɩɠ əŬɘ Űɖɠ ˊɟɞůˊɎɗŮɘŬɠ 

Ůɝɘůɞɟɟɧˊɖůɖɠ Űɤɜ űɞɟŰɑɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ əŬɘ ŬɡŰɩɜ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ 

Űɞɡɠ ɖɚɘŬəɞɨɠ ůɡɚɚɏəŰŮɠ. ɄŬɟɎɚɚɖɚŬ, ɖ ŮɚɎɢɘůŰɖ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ ŮˊɘɚɏɔŮŰŬɘ, ɏŰůɘ 

ɩůŰŮ ɜŬ ŮɑɜŬɘ ɛˊɞɟŮɑ ɜŬ ŰɟɞűɞŭɞŰŮɑ Űɞ ůɨůŰɖɛŬ ɛŮ ɗŮɟɛɧŰɖŰŬ, əŬɗôɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ɢŮɘɛŮɟɘɜɐɠ ˊŮɟɘɧŭɞɡ.  ɀɑŬ ŮŮ́ɝɐɔɖůɖ Űɖɠ ˊŬɟŬˊɎɜɤ ˊŬɟŬŰɐɟɖůɖɠ ŮɑɜŬɘ ŮűɘəŰɐ ˊŬɟŬŰɖɟɩɜŰŬɠ 

Űɖɜ Ⱥɘə. 4.2. 

 

Ⱥɘə. 4.2:ȾŬɛˊɨɚɖ űɧɟŰɘůɖɠ-ŬˊɞűɧɟŰɘůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ɆŮɜɎɟɘɞ 1- ɁɡɟŮɛɓɏɟɔɖ 

ɆɡɔəŮəɟɘɛɏɜŬ, Ůɜɩ ɖ ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ ŬɟəŮŰɐ ɔɘŬ Űɖ űɧɟŰɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŮ 

ŮˊɑˊŮŭŬ ɛŮɔŬɚɨŰŮɟŬ Űɞɡ 80%, ɖ ɛɎɕŬ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ ŬˊɞűɞɟŰɑɕŮŰŬɘ ˊɚɐɟɤɠ ˊɞɚɨ 

ˊɟɘɜ Űɖ ɚɐɝɖ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ˊŮɟɘɧŭɞɡ. ɇɞ Ůˊɘˊɚɏɞɜ əɏɟŭɞɠ ˊɞɡ ɗŬ ˊɟɧŮəɡˊŰŮ, ůŰɞ ŮˊɑˊŮŭɞ 

űɧɟŰɘůɖɠ, Ŭˊɧ ɛɘŬ Ŭɨɝɖůɖ Űɖɠ ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ ŭŮɜ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ŬɡɝɐůŮɘ ůɖɛŬɜŰɘəɎ 

Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŬˊɞűɧɟŰɘůɖɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŭɖɛɘɞɡɟɔŮɑ ˊɟɞɓɚɐɛŬŰŬ ɡˊŮɟɗɏɟɛŬɜůɖɠ Űɤɜ 

ůɡɚɚŮəŰɩɜ, ɞűŮɘɚɧɛŮɜŬ ůŰɞ ɢŬɛɖɚɧ űɞɟŰɑɞ ɕɐŰɖůɖɠ ˊɞɡ ŮɛűŬɜɑɕŮɘ Űɞ ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ůŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ.  

ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ɚŬɜɗŬůɛɏɜɖɠ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ůɡůŰɐɛŬŰɞɠ, ŬˊŮɘəɞɜɑɕŮŰŬɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɖɜ Ⱥɘə. 4.3,  ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ ɛɎɕŬɠ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ əŬɘ 

ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, Űɞɡ ɆŮɜŬɟɑɞɡ 1.  
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Ⱥɘə. 4.3:ŪŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ ůɡɚɚŮəŰɩɜ əŬɘ əŬɛˊɨɚɖ űɧɟŰɘůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ɆŮɜɎɟɘɞ 1 ï 

ɁɡɟŮɛɓɏɟɔɖ 

ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ, ŬəɧɛŬ əŬɘ ůŮ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ Űɖɠ ŰɎɝŮɤɠ Űɞɡ 70%, ɔɘŬ Űɖɜ ɡˊɧ 

ɛŮɚɏŰɖ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, ɞɘ ɖɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ ŮˊɘŰɡɔɢɎɜɞɡɜ ůŰŬɗŮɟɎ ɗŮɟɛɞəɟŬůɑŮɠ 

Ůɝɧŭɞɡ ɛŮɔŬɚɨŰŮɟŮɠ Űɤɜ 120ɞC. ūɡůɘəɎ Űɞ ŮˊɑˊŮŭɞ űɧɟŰɘůɖɠ ůŰɞ ɞˊɞɑɞ ɗŬ ŮɛűŬɜɘůŰŮɑ ɖ 

ůɡɔəŮəɟɘɛɏɜɖ ůɡɛˊŮɟɘűɞɟɎ, ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ Űɧůɞ Űɖɠ ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, əŬɗɞɟɑɕɞɜŰŬɠ Űɞ 

ɛɏɔɘůŰɞ ɖɚɘŬəɧ űɞɟŰɑɞ, ɧůɞ əŬɘ Űɖɠ ůɡɜɞɚɘəɐɠ ɛɎɕŬɠ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, əŬɗɞɟɑɕɞɜŰŬɠ Űɞ 

ɛɏɔɘůŰɞ ŬˊŬɘŰɞɨɛŮɜɞ űɞɟŰɑɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ.  

ɆŮ ɏɜŬ ůɤůŰɎ ŭɘŬůŰŬůɘɞɚɞɔɖɛɏɜɞ ůɨůŰɖɛŬ, ɖ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ Űɤɜ ůɡɚɚŮəŰɩɜ, ˊɟɏˊŮɘ ɜŬ 

ˊŬɟŬɛɏɜŮɘ ůŮ űɡůɘɞɚɞɔɘəɎ ŮˊɑˊŮŭŬ ůŮ ɧɚɖ Űɖɜ ˊŮɟɑɞŭɞ űɧɟŰɘůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ.  

ȼ ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊŮɟɘɞɟɑɕŮɘ Űɞɡɠ ˊɘɗŬɜɞɨɠ ůɡɜŭɡŬůɛɞɨɠ Űɤɜ ŭɨɞ əɨɟɘɤɜ 

ůɡɜɘůŰɤůɩɜ ŭɘŬůŰŬůɘɞɚɧɔɖůɐɠ Űɞɡ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ Ŭɨɝɖůɖ Űɖɠ ˊɟɩŰɖɠ ɗŬ ɞŭɖɔɐůŮɘ ůŮ Ŭɨɝɖůɖ 

Űɖɠ ŭŮɨŰŮɟɖɠ əŬɘ ŬɜŰɑůŰɟɞűŬ. ɄŬɟŬŰɖɟɩɜŰŬɠ Űɞ ɔɟɎűɖɛŬ Űɖɠ Ⱥɘə. 4.1, ɔɑɜŮŰŬɘ ŮɛűŬɜɏɠ ˊɤɠ Űɞ 

ɖɚɘŬəɧ əɚɎůɛŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɞɟɘŬəɎ Ŭˊɧ Űɞ ɆŮɜɎɟɘɞ 5. ũɘŬ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ ɤůŰɧůɞ Űɞɡ 

əŬŰɎɚɚɖɚɞɡ ůɡɜŭɡŬůɛɞɨ ɛɎɕŬɠ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ əŬɘ ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, ɛŮɚŮŰɩɜŰŬɘ 

ŭɨɞ Ůˊɘˊɚɏɞɜ ˊŮɟɘˊŰɩůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Ŭɨɝɖůɖ Űɖɠ ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ ɔɘŬ 

ůŰŬɗŮɟɐ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ (ɆŮɜɎɟɘɞ 6) əŬɘ ůŮ Ŭɨɝɖůɖ Űɖɠ ɛɎɕŬɠ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ 

ɡɚɘəɞɨ ɔɘŬ ůŰŬɗŮɟɐ ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ (ɆŮɜɎɟɘɞ 7).  

ɇŬ ŮˊɑˊŮŭŬ ɖɚɘŬəɐɠ əɎɚɡɣɖɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŬ Űɞɡ 60% əŬɘ ůŰɘɠ ŭɨɞ 

ˊŮɟɘˊŰɩůŮɘɠ, ɤůŰɧůɞ ɡˊɎɟɢɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ˊŬɟŬŰɖɟɩɜŰŬɠ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŭɘŬɔɟɎɛɛŬŰŬ 

ŬˊɞűɧɟŰɘůɐɠ Űɞɡɠ, ŰŬ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɘɠ Ⱥɘə. 4.4 əŬɘ Ⱥɘə. 4.5. 
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Ⱥɘə. 4.4: ȾŬɛˊɨɚɖ űɧɟŰɘůɖɠ-ŬˊɞűɧɟŰɘůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ɆŮɜɎɟɘɞ 6- ɁɡɟŮɛɓɏɟɔɖ 

 

Ⱥɘə. 4.5: ȾŬɛˊɨɚɖ űɧɟŰɘůɖɠ-ŬˊɞűɧɟŰɘůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ɆŮɜɎɟɘɞ 7- ɁɡɟŮɛɓɏɟɔɖ 

ɆɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ əŬɚɨŰŮɟŬ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ əŬɘ 

ŬˊɞűɧɟŰɘůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ŰŬ ɞˊɞɑŬ ɤůŰɧůɞ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɛɘəɟɧŰŮɟɖ ɛɎɕŬ 

ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ. ɋɠ ůɡɜɏˊŮɘŬ Űɞ ůɨůŰɖɛŬ, ŮˊɘŰɡɔɢɎɜŮɘ Űɞ ŮˊɘɗɡɛɖŰɧ ɖɚɘŬəɧ əɚɎůɛŬ, 

ɓŬůɘɕɧɛŮɜɞ ˊŮɟɘůůɧŰŮɟɞ ůŮ ɛɘŬ ɚɞɔɘəɐ ɖɚɘŬəɐɠ ɡˊɞɓɞɐɗɖůɖɠ, ˊŬɟɎ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ 

ůɡɔəɟɘɜɧɛŮɜɞ ɛŮ Űɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ.  
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ȷɜŰɑɗŮŰŬ ůŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɖ ŮˊɑŰŮɡɝɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɖɚɘŬəɞɨ əɚɎůɛŬŰɞɠ ɓŬůɑɕŮŰŬɘ 

ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɏɢŮɘ ŬˊɞɗɖəŮɡŰŮɑ ůŰɖ ɛɞɜɎŭŬ. ɋůŰɧůɞ, Űɞ ɓŬůɘəɧ ɛŮɘɞɜɏəŰɖɛŬ 

ˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ˊɤɠ ɖ ɤűɏɚɘɛɖ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, 

ŬɜŰɘůŰɞɘɢŮɑ ɛɧɚɘɠ ůŰɞ 58% Űɖɠ ůɡɜɞɚɘəɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ, ɐŰɞɘ 1450 kg. ȼ ŰŮɚɘəɐ Ŭɨɝɖůɖ ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ ɤűɏɚɘɛɖ ɛɎɕŬ Űɞɡ ɆŮɜŬɟɑɞɡ 6, ŮɑɜŬɘ ɛɧɚɘɠ 58 kg, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ŬɡŰɐ ŬɜŰɘůŰɞɘɢŮɑ 

ůŰɞ 70% Űɖɠ ůɡɜɞɚɘəɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖɜ əɘɜɖŰɘəɐ 

ˊɞɡ ŮɛűŬɜɑɕŮɘ Űɞ ɡˊɧ ɛŮɚɏŰɖ ŮˊɞɢɘŬəɧ ůɨůŰɖɛŬ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɢŬɟŬəŰɖɟɘɕɧɛŮɜɞ 

Ŭˊɧ ŮəɗŮŰɘəɏɠ əŬɛˊɨɚŮɠ űɞɟŰɑɞɡ, ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ŰŬɢɨŰŬŰɖ ŬˊɞűɧɟŰɘůɖ Űɤɜ ɡɣɖɚɩɜ ůŰɎɗɛŮɤɜ 

űɧɟŰɘůɖɠ. ɆɡɜŮˊɩɠ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ ŬɜŬɝɘɞˊɞɑɖŰɞɡ ɡɚɘəɞɨ, ɤɠ Ŭɟɢɘəɐ Ůˊɘɚɞɔɐ ɔɘŬ Űɖɜ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɘɚɏɔŮŰŬɘ ɞ ůɡɜŭɡŬůɛɧɠ ῼ ςπππ ὯὫ, ὃ ψȢππ ά .  

ūɡůɘəɎ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɜɧŰɖŰŬɠ, ɖ Ŭɟɢɘəɐ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ůɖɛŬɜŰɘəɎ ɛŮɔɎɚɖ 

ɛɎɕŬ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ, ɖ ɞˊɞɑŬ ůŰɖɜ ˊŬɟɞɨůŬ űɎůɖ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 19% Űɖɠ ɛɎɕŬɠ Űɞɡ 

ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ.  

ɆŰɞɜ Ʉɘɜ. 4.2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůŮɜɎɟɘŬ ˊɞɡ ŮɚɏɔɢɗɖəŬɜ ɔɘŬ Űɞɜ ŮˊɖɟŮŬůɛɧ ˊɞɡ ŬɡŰɐ 

ŮˊɘɓɎɚɚŮɘ ůŰɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ɖɚɘŬəɞɨ əɚɎůɛŬŰɞɠ, əŬɗɩɠ əŬɘ ŰŬ ůɢŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ˊɟɞɏəɡɣŬɜ. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ŬɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ˊɤɠ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ˊŬɟŬˊɎɜɤ, ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ˊɤɠ ɔɘŬ Ŭɡɝɖɛɏɜɖ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ, ɖ ɛŮɑɤůɖ Űɖɠ 

ɛɎɕŬɠ Űɞɡ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ ɗŬ ɞŭɖɔɐůŮɘ ůŮ ŬəɧɛŬ ɛɘəɟɧŰŮɟŬ ˊɞůɞůŰɎ ɤűɏɚɘɛɞɡ ɧɔəɞɡ. 

Ⱥˊɞɛɏɜɤɠ, ɖ ŮɝɏŰŬůɖ ůŮɜŬɟɑɤɜ ɛŮ ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟɖ ɛɎɕŬ ůɡůŰɐɛŬŰɞɠ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ əŬɘ ɛŮɘɤɛɏɜɖ ɛɎɕŬ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ, ŭŮɜ ŮɛűŬɜɑɕŮɘ ɞɡůɘŬůŰɘəɧ ŮɜŭɘŬűɏɟɞɜ 

əŬɘ ŭŮɜ ɗŬ ɛŮɚŮŰɖɗŮɑ.  

Ʉɘɜ. 4.2:ɆŮɜɎɟɘŬ ɔɘŬ Ůˊɘɚɞɔɐ ɛɎɕŬɠ PCM - ɁɡɟŮɛɓɏɟɔɖ 

ὓ ςπππ ὯὫ ὃ ψȢππ ά  

ɆŮɜɎɟɘɞ ὓ  ὯὫ Ὓὕὅ  (%) ȹȺ (kWh) SF (%) 

6Ŭ 380 20.20 (-) 61.02 

6ɓ 190 22.91 19.8 60.64 

6ɔ 90 25.98 50.8 60.06 

6ŭ 45 30.22 83.0 59.46 

 

ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ əŬɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ Ʉɘɜ. 4.2, ɖ ŬɚɚŬɔɐ ůŰɖ ɛɎɕŬ Űɞɡ PCM ŮˊɘŭɟɎ 

ůɖɛŬɜŰɘəɎ ůŰɖɜ ŬˊɞűɧɟŰɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ŬɡɝɎɜɞɜŰŬɠ ɛɏɢɟɘ əŬɘ 10% Űɞ ˊɞůɞůŰɧ Űɖɠ ɛɖ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ɛɎɕŬɠ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ. ɋůŰɧůɞ ɖ ŬɚɚŬɔɐ ŬɡŰɐ ŭŮɜ ɏɢŮɘ Űɞɜ 

ŬɜŰɑəŰɡˊɞ ˊɞɡ ŬɜŬɛŮɜɧŰŬɜ ůŰɞ ɖɚɘŬəɧ əɚɎůɛŬ, Űɧůɞ ɚɧɔɞ Űɖɠ ɢŬɛɖɚɐɠ ŮɜŮɟɔŮɘŬəɐɠ ˊɡəɜɧŰɖŰŬɠ 

ˊɞɡ ŭɘŬəɟɑɜŮɘ Űɞ ˊɟɞůɟɞűɖŰɘəɧ ɡɚɘəɧ, ŬɚɚɎ əŬɘ ɚɧɔɤ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ˊɞɡ ˊŬɟɏɢŮɘ Űɞ 

ůɡɔəŮəɟɘɛɏɜɞ ɡˊɞůɨůŰɖɛŬ ɔɘŬ ˊŬɟɎɚɚɖɚɖ űɧɟŰɘůɖ əŬɘ ŬˊɞűɧɟŰɘůɐ Űɞɡ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɔɘŬ 

ɛŮɔɎɚɞ ɛɏɟɞɠ Űɞɡ ɢɟɧɜɞɡ, ɖ ɚŮɘŰɞɡɟɔɑŬ ˊɟɞůɞɛɞɘɎɕŮɘ ɏɜŬɜ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɤɜ 

ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ əŬɘ Űɞɡ ŬŰɛɞˊɞɘɖŰɐ/ůɡɛˊɡəɜɤŰɐ Űɖɠ ɛɞɜɎŭŬɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ 

ɗŮɟɛɧŰɖŰŬɠ, ŬɜŮɝɎɟŰɖŰɞ Űɖɠ ŰŮɚɘəɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ɛɎɕŬɠ ɡɚɘəɞɨ.  

ūɡůɘəɎ, ɖ ůɖɛŬůɑŬ Űɞɡ ɔɑɜŮŰŬɘ ŬɘůɗɖŰɐ, ɘŭɘŬɑŰŮɟŬ əŬŰɎ Űɘɠ ɜɡɢŰŮɟɘɜɏɠ ɩɟŮɠ əŬɘ ɔɘŬ 

ɗŮɟɛɞəɟŬůɑŮɠ ɞɘ ɞˊɞɑŮɠ ŬˊŬɔɞɟŮɨɞɡɜ Űɖ ɢɟɐůɖ Űɞɡ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ/ɜŮɟɞɨ. Ɉˊɧ ŬɡŰɏɠ Űɘɠ 
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ůɡɜɗɐəŮɠ, ɖ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰɎ Űɞɡ əŬɗɞɟɑɕŮɘ ɎɛŮůŬ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ.  

ȼ ůɡɜɞɚɘəɐ Űɞɡ ɛɎɕŬ, ůŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɞ ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, 

ŮˊɖɟŮɎɕŮɘ ůŬűɩɠ ŰŬ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ ůŰŬ ɞˊɞɑŬ ŬɡŰɧ ɚŮɘŰɞɡɟɔŮɑ ɔɘŬ ŭŮŭɞɛɏɜɖ ŭɘŬɗɏůɘɛɖ 

ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ. ȼ ˊŬɟŬˊɎɜɤ ŬɜŰɘůŰɞɘɢɑŬ, ɔɑɜŮŰŬɘ ɎɛŮůŬ ŮɛűŬɜɐɠ ˊŬɟŬŰɖɟɩɜŰŬɠ ŰŬ 

ɔɟŬűɐɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɘɠ Ⱥɘə. 4.6 əŬɘ Ⱥɘə. 4.7, ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ 380kg əŬɘ 

90kg ŬɜŰɑůŰɞɘɢŬ.  

 

Ⱥɘə. 4.6:ȾŬɛˊɨɚŮɠ ɚŮɘŰɞɡɟɔɑŬɠ STES-PCM ï ɆŮɜɎɟɘɞ 6Ŭ ï ɁɡɟŮɛɓɏɟɔɖ  

 

Ⱥɘə. 4.7:ȾŬɛˊɨɚŮɠ ɚŮɘŰɞɡɟɔɑŬɠ STES-PCM ï ɆŮɜɎɟɘɞ 6ɔ ï ɁɡɟŮɛɓɏɟɔɖ  
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ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ əŬɘ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ɔɟŬűɐɛŬŰŬ, ɛɑŬ ɛŮɔɎɚɖ ɛɎɕŬ ɡɚɘəɞɨ, ɚŮɘŰɞɡɟɔŮɑ 

ůɡɢɜɎ ůŮ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ, ɧŰŬɜ ɞɘ ɖɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ Űɖ űɞɟŰɑůɞɡɜ 

ŮˊŬɟəɩɠ ɔɟɐɔɞɟŬ, ˊɟɞůɞɛɞɘɎɕɞɜŰŬɠ ˊŮɟɘůůɧŰŮɟɞ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ. 

ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɖ Ůˊɘɚɞɔɐ Űɖɠ əɟɑɜŮŰŬɘ ŬəŬŰɎɚɚɖɚɖ, əŬɗɩɠ ɞŭɖɔŮɑ ůŮ ɛŮɔɎɚŬ ˊɞůɞůŰɎ ɛɖ 

ɤűɏɚɘɛɞɡ ɡɚɘəɞɨ.  

 ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮˊɘɚɏɔɞɜŰŬɘ 190kg ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ, ɤɠ ɖ ŮɚɎɢɘůŰɖ ˊɞůɧŰɖŰŬ, ɖ 

ɞˊɞɑŬ ŮɑɜŬɘ ɘəŬɜɐ ɔɘŬ ŮˊɑŰŮɡɝɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɖɚɘŬəɞɨ əɚɎůɛŬŰɞɠ, ɚŮɘŰɞɡɟɔɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ 

ůɡɜŮɢɩɠ ůŮ ɛɏůŬ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ Ⱥɘə. 4.8. ȼ ŰŮɚɘəɐ ŭɘŬůŰŬůɘɞɚɧɔɘůɖ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŬˊɞŰŮɚɏůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖ ůɨɔəɚɘůɖ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, 

ŭɑɜɞɜŰŬɘ ůŰɞɜ Ʉɘɜ. 4.3.  

 

Ⱥɘə. 4.8: ȾŬɛˊɨɚŮɠ ɚŮɘŰɞɡɟɔɑŬɠ STES-PCM ï ɆŮɜɎɟɘɞ 6ɓ ï ɁɡɟŮɛɓɏɟɔɖ 

Ʉɘɜ. 4.3: ȷˊɞŰŮɚɏůɛŬŰŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ï ɁɡɟŮɛɓɏɟɔɖ  

ɀɏɔŮɗɞɠ ɇɘɛɐ  ɀɞɜɎŭŬ 

ῼ  2000.00 kg 

ὃ  8.00 ά  

ὓ  190.00 kg  

ɆɢŮŰɘəɐ Ŭɜɞɢɐ ůɨɔəɚɘůɖɠ 1.00 % 

ɄɞůɞůŰɧ ɛɖ ůɨɔəɚɘůɖɠ  0.22 % 

Ὁ ȟ  0.24 kWh 

ῴ ȟʘ  1.66 kWh 

ῴ ȟ  121.00 kWh 

 

ɆŰɖɜ ɛɏɢɟɘ ůŰɘɔɛɐɠ ŬɜɎɚɡůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ 

ˊŬɟɞɡůɘɎůŰɖəŬɜ ˊŬɟŬˊɎɜɤ, Űɧůɞ Űɞ ůɨůŰɖɛŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɧůɞ əŬɘ Űɞ 

ŭɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ, ɏɢɞɡɜ ɚɖűɗŮɑ ˊɚɐɟɤɠ ŬűɧɟŰɘůŰŬ ůŰɖɜ Ŭɟɢɐ Űɞɡ 

ɢɟɧɜɞɡ. ȺɑɜŬɘ Ůˊɞɛɏɜɤɠ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŮɝŮŰŬůŰŮɑ, ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ůŮ ˊŮɟɑɞŭɞ 
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ŭɨɞ ŮŰɩɜ, ɩůŰŮ ˊɚɏɞɜ ɞɘ Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ Űɞɡ ŭŮɨŰŮɟɞɡ ɏŰɞɡɠ əŬɘ ɘŭɘŬɑŰŮɟŬ ŰŬ ŰŮɚɘəɎ ŮˊɑˊŮŭŬ 

ŬˊɞűɧɟŰɘůɖɠ, ɜŬ ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ ɛɘŬɠ Űɡˊɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ, əŬɘ ɧɢɘ Ůɜɧɠ ɘŭŮŬŰɞɨ ůɡůŰɐɛŬŰɞɠ. 

ɆŰɖɜ Ⱥɘə. 4.9, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɖ 

əŬɛˊɨɚɖ űɧɟŰɘůɖɠ Űɞɡ STES.  

 

Ⱥɘə. 4.9: ȾŬɛˊɨɚɖ űɧɟŰɘůɖɠ-ŬˊɞűɧɟŰɘůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ȹɘŮŰɏɠ ɆŮɜɎɟɘɞ ï ɁɡɟŮɛɓɏɟɔɖ  

ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ əŬɘ Ŭˊɧ Űɞ ɔɟɎűɖɛŬ Űɖɠ Ⱥɘə. 4.9, Űɞ ůɨůŰɖɛŬ ůɡɜŮɢɑɕŮɘ ɜŬ 

ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ, ŬəɧɛŬ əŬɘ ɧŰŬɜ ŭŮɜ ɏɢŮɘ ŬˊɞűɞɟŰɘůŰŮɑ ˊɚɐɟɤɠ əŬŰɎ Űɞ 

ˊɟɞɖɔɞɨɛŮɜɞ ɏŰɞɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ŮɚŬűɟɩɠ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ, ŰŬ ɞˊɞɑŬ ɤůŰɧůɞ ŭŮɜ 

ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŰŮɚɘəɐ ŬˊɞűɧɟŰɘůɐ Űɞɡ. ɇɞ ɖɚɘŬəɧ əɚɎůɛŬ, ŬɜŰɘůŰɞɘɢŮɑ ˊɚɏɞɜ ůŰɞ 59% Űɤɜ 

ůɡɜɞɚɘəɩɜ ɗŮɟɛɘəɩɜ ŬˊŬɘŰɐůŮɤɜ, ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɖɠ ɛɖ ŬˊɞűɞɟŰɘɕɧɛŮɜɖɠ 

ɛɎɕŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɤɠ ódead volumeô.  

4.1.2 Ɇɡɜɞɚɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ  

ɆŰɞ ˊŬɟɧɜ ŰɛɐɛŬ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ 

ɡˊɞɛɞɜɎŭɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɞɘ ɞˊɞɑŮɠ ŬəɧɛŬ ŭŮɜ ɏɢɞɡɜ ŮɝŮŰŬůŰŮɑ, ɧˊɤɠ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ŮɜŭɞŭŬˊɏŭɘɞɡ ůɡůŰɐɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ, Űɞ əɨəɚɤɛŬ ȻɁɉ əŬɗɩɠ əŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ŭɞɢŮɑɞɡ 

ŬˊɞɗɐəŮɡůɖɠ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ.  

Ƀ əŬɗɞɟɘůɛɧɠ Űɤɜ űɞɟŰɑɤɜ Űɖɠ ɞɘəɑŬɠ, ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŬˊŬɑŰɖůɖ ɔɘŬ ŭɘŬŰɐɟɖůɖ ŮůɤŰŮɟɘəɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ɑůɖ ɛŮ ςπὅ ρὅ , ɖ ɞˊɞɑŬ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ əŬŰɎɚɚɖɚɞ ůɨůŰɖɛŬ ɗŮɟɛɞůŰɎŰɤɜ 

ɔɘŬ əɎɗŮ ɗŮɟɛŬɘɜɧɛŮɜɞ ɢɩɟɞ əŬɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ Ůɜŭɞˊɏŭɘɞɡ ůɡůŰɐɛŬŰɞɠ 

ɗɏɟɛŬɜůɖɠ. ȼ ˊŬɟɞɢɐ ɜŮɟɞɨ ˊɟɞɠ Űɞɡɠ ɗŮɟɛŬɘɜɧɛŮɜɞɡɠ ɢɩɟɞɡɠ ŮɑɜŬɘ ůŰŬɗŮɟɐ, ɛŮ ɗŮɟɛɞəɟŬůɑŬ 

Ůɘůɧŭɞɡ ɤůŰɧůɞ ɖ ɞˊɞɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ůŰɞ Ůɨɟɞɠ ςπὅ Ὕ

σψὅ, ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 4.10 əŬɘ ɖ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ɓɎůɖ Űɘɠ ŮɝɘůɩůŮɘɠ 3.51- 

3.54. ɄŬɟɎɚɚɖɚŬ, əŬŰɎ Űɖɜ əŬɚɞəŬɘɟɘɜɐ ˊŮɟɑɞŭɞ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ ɢɩɟɤɜ ŭɘŬŰɖɟŮɑŰŬɘ ůŮ 

ŮˊɑˊŮŭŬ ɢŬɛɖɚɧŰŮɟŬ Űɤɜ 26ɞC, Ŭˊɧ ɘŭŮŬŰɧ ůɨůŰɖɛŬ ɣɨɝɖɠ. ũɘŬ ŭɘɎɟəŮɘŬ Ůɜɧɠ ɏŰɞɡɠ ŬɡŰɐ 
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ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 4.11. ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ, Űɞ ůɨůŰɖɛŬ ŭɘŬŰɖɟŮɑ ŮˊɘŰɡɢɩɠ Űɖ 

ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɢɩɟɞɡ ůŰŬ ŮˊɘɗɡɛɖŰɎ ŮˊɑˊŮŭŬ (ρωὅ), ɛŮ Űɘɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ŬɡɝɞɛŮɘɩůŮɘɠ 

ɜŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ, əŬɘ Űɖɠ ˊŬɟɎɚɚɖɚɖɠ Ŭɜɧŭɞɡ Űɖɠ ŮɝɤŰŮɟɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ. 

 

Ⱥɘə. 4.10: ŪŮɟɛɞəɟŬůɑŬ ˊɟɞůŬɔɤɔɐɠ ɜŮɟɞɨ ŮɜŭɞŭŬˊɏŭɘɞɡ ůɡůŰɐɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ (ɄɎɜɤ), 

ŪŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ (ȾɎŰɤ) ï ɁɡɟŮɛɓɏɟɔɖ  

 
Ⱥɘə. 4.11: ŪŮɟɛɞəɟŬůɑŬ ŬɏɟŬ ɗŮɟɛŬɘɜɧɛŮɜɤɜ ɢɩɟɤɜ ɞɘəɑŬɠ nZEB ï ɁɡɟŮɛɓɏɟɔɖ  

ɆŰɖɜ Ⱥɘə. 4.12, ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ŬˊŬɑŰɖůɖ ɔɘŬ ȻɁɉ,  ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŬ ɟɡɗɛɑɕŮŰŬɘ 

ůŰŬɗŮɟɐ, ůŰɞɡɠ 39ɞC, ɛɏůɤ Űɖɠ Űɟɑɞŭɖɠ ɟɡɗɛɘůŰɘəɐɠ ɓŬɚɓɑŭŬɠ.  
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Ⱥɘə. 4.12: ŪŮɟɛɞəɟŬůɑŬk ́ Ŭɟɞɢɐɠ ȻɁɉ ˊɟɞɠ əŬŰŬɜŬɚɩůŮɘɠ ï ɁɡɟŮɛɓɏɟɔɖ 

ȼ əɧəəɘɜɖ ɔɟŬɛɛɐ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ ɜŮɟɞɨ ŭɘəŰɨɞɡ, Ůɜɩ ɖ əɑŰɟɘɜɖ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ 

ɜŮɟɞɨ ɛŮ Űɖɜ ɞˊɞɑŬ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɞ ŮɜŬɚɚɎəŰɖɠ ȻɁɉ, Ŭˊɧ Űɞ ŭɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ 

ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ. Ƀɘ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ɞɘ ɞˊɞɑŮɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬŰɎ Űɞ Űɏɚɞɠ Űɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ, ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɡɣɖɚɐɠ ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɖɠ ŬɜɘəŬɜɧŰɖŰŬɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɜŬ əŬŰŬɜŬɚɩůŮɘ Űɖɜ ˊɟɞůŭɘŭɧɛŮɜɖ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɤůŰɧůɞ, 

ŬɡŰɐ ŭŮɜ ŭɘŬŰɖɟŮɑŰŬɘ ɔɘŬ ɛŮɔɎɚŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŬůűŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ.  

ũɘŬ Űɖɜ ˊɚɖɟɧŰɖŰŬ Űɖɠ ˊŬɟɞɡůɑŬůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ɖ ŭɘŬůŰɟɤɛɎŰɤůɖ ɖ ɞˊɞɑŬ 

ŮˊɘŰɡɢɔɎɜŮŰŬɘ ůŰɞ ŭɞɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ, ɧˊɤɠ ŬɡŰɐ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɔɘŬ 

ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ ůŰɖɜ Ⱥɘə. 4.13.  
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Ⱥɘə. 4.13: ŪŮɟɛɞəɟŬůɘŬəɐ ŭɘŬůŰɟɤɛɎŰɤůɖ ŭɞɢŮɑɞɡ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ ï 

ɁɡɟŮɛɓɏɟɔɖ 

Ƀɘ əɧɛɓɞɘ ůŰɞ ˊŬɟŬˊɎɜɤ ɡˊɧɛɜɖɛŬ ŬɡɝɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ əɞɟɡűɐ ˊɟɞɠ Űɞɜ ˊɡɗɛɏɜŬ Űɞɡ ŭɞɢŮɑɞɡ.  

ȼ ˊŬɟɞɨůŬ ŬˊŮɘəɧɜɘůɖ ŭɑɜŮɘ ɛɘŬ ˊɟɩŰɖ ŮɘəɧɜŬ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ. ȹŮŭɞɛɏɜɞɡ ˊɤɠ ɖ ɏɝɞŭɞɠ 

Űɤɜ ɖɚɘŬəɩɜ ɏɢŮɘ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɞɜ əɧɛɓɞ 40, ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɞ ˊɡɗɛɏɜŬɠ Űɞɡ ŭɞɢŮɑɞɡ 

ˊŬɟŬɛɏɜŮɘ ůɢŮŰɘəɎ ŬɜŮˊɖɟɏŬůŰɞɠ Ŭˊɧ Űɘɠ ɟɞɏɠ Űɤɜ ɡˊɧɚɞɘˊɤɜ ɟŮɡɛɎŰɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

əŬɚɞəŬɘɟɘɜɐɠ ˊŮɟɘɧŭɞɡ, əŬɗɩɠ ɗŮɟɛɧŰɖŰŬ ůɡɜŬɚɚɎůŮŰŬɘ ɛŮ ŬɡŰɧɜ ɛɧɜɞ ɛŮ Ŭɔɤɔɐ. ȼ əɘɜɖŰɘəɐ 

Űɞɡ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ůɢŮŰɘəɎ ɔɟɐɔɞɟɖ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ŮˊɘŰɡɔɢɎɜŮɘ ɗŮɟɛɞəɟŬůɘŬəɐ 

Ɏɜɞŭɞ ŰɞɡɚɎɢɘůŰɞɜ 25ɞC, ůŮ ŭɘɎůŰɖɛŬ 20 ɖɛŮɟɩɜ. ȾŬŰɎ Űɖ ɢŮɘɛŮɟɘɜɐ ˊŮɟɑɞŭɞ, ɖ ɗŮɟɛɞəɟŬůɑŬ 

əɞɟɡűɐɠ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɐ ůŮ ɗŮɟɛɞəɟŬůɘŬəɎ ŮˊɑˊŮŭŬ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 50ɞ C, ɩůŰŮ ɜŬ 

əŬɚɨˊŰɞɜŰŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ ůŮ ZNX. ɄŬɟɎɚɚɖɚŬ Ŭˊɧ Űɞɜ əɧɛɓɞ 20 əŬɘ əɎŰɤ, ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ 

ŮəŮɑɜɖ Űɖɜ ˊŮɟɑɞŭɞ Űɞ ɢŬɛɖɚɧ ŮˊɑˊŮŭɞ ɖɚɘɞűɎɜŮɘŬɠ, ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮˊɑŰŮɡɝɖ ɗŮɟɛɞəɟŬůɘɩɜ, 

ŮɚŬűɟɎ ɛŮɔŬɚɨŰŮɟɤɜ Űɤɜ 40ɞ C Ŭˊɧ Űɞɡɠ ɖɚɘŬəɞɨɠ ůɡɚɚɏəŰŮɠ. ȼ ɛɞɜɎŭŬ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɚŬɛɓɎɜŮɘ ɜŮɟɧ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ Űɞɡ ŭɞɢŮɑɞɡ, Űɞ ɞˊɞɑɞ əŬɘ ɗŮɟɛŬɑɜŮɘ, 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɗŮɟɛɞəɟŬůɘŬəɐ Ŭɜɨɣɤůɖ ɑůɖ 5ɞ C, ɛɏůɤ əŬŰɎɚɚɖɚɖɠ ɟɨɗɛɘůɖɠ Űɖɠ ˊŬɟɞɢɐɠ Űɖɠ 

ŬɜŰɚɑŬɠ, ɓɞɖɗɩɜŰŬɠ ůŰɖɜ əɎɚɡɣɖ Űɤɜ ŬˊŬɘŰɐůŮɤɜ Űɞɡ ŮɜŭɞŭŬˊɏŭɘɞɡ ůɡůŰɐɛŬŰɞɠ ɗŮɟɛɧŰɖŰŬɠ. 

ȼ ˊŬɟŬˊɎɜɤ ɗŮɟɛɞəɟŬůɘŬəɐ Ŭɜɨɣɤůɖ, ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɐ ˊŬɟŬŰɖɟɩɜŰŬɠ Űɞɡɠ əɧɛɓɞɡɠ 40 əŬɘ 

50.   
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4.2 ɆŰɞəɢɧɚɛɖ  

ȼ ɆŰɞəɢɧɚɛɖ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɛɘŬ əɚŬůůɘəɐ ɓɞɟŮɘɞŮɡɟɤˊŬɥəɐ ˊɧɚɖ, ɢŬɟŬəŰɖɟɘɕɧɛŮɜɖ Ŭˊɧ 

ɢŮɘɛɩɜŮɠ ɛŬəɟɎɠ ŭɘŬɟəŮɑŬɠ, ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞɡ ɛɖŭŮɜɧɠ. ũɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ ˊŮɟɘɞɟɘůɛɩɜ ˊɞɡ ŮˊɘɓɎɚɚŮɘ ɖ ɛɞɜɎŭŬ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ 

Űɖɜ ŮˊɑŰŮɡɝɖ ŬˊɟɧůəɞˊŰɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɘɚɏɔŮŰŬɘ ɖ ŭɘɎŰŬɝɖ ɔŮɤɗŮɟɛɘəɞɨ 

ŮɜŬɚɚɎəŰɖ ɔɘŬ Űɖ ɛŮɚɏŰɖ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ.  

4.2.1 ȹɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ  

ɆŰɞɜ Ʉɘɜ. 4.4, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůŮɜɎɟɘŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ɔɘŬ Űɖɜ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. 

Ʉɘɜ. 4.4: ɆŮɜɎɟɘŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ɆŰɞəɢɧɚɛɖ 

ɆŮɜɎɟɘɞ ῼ  ὯὫ ὃ  ά  

1 2000 8.00 

2 3000 9.00 

3 3500 9.00 

4 3500 10.00 

5 4000 10.00 

6 4000 10.50 

7 4000 11.00 

 

ɋɠ Ŭɟɢɘəɧ ůŮɜɎɟɘɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮəŮɑɜɞ ˊɞɡ ɏɢŮɘ ŮˊɘɚŮɔŮɑ ɤɠ əŬŰɎɚɚɖɚɞ ɔɘŬ Űɞ ůɨůŰɖɛŬ Űɖɠ 

ɁɡɟŮɛɓɏɟɔɖɠ, ɩůŰŮ ɜŬ ŭɤɗŮɑ ɛɘŬ ˊɟɩŰɖ ŮəŰɑɛɖůɖ Űɞɡ Ůˊɘˊɏŭɞɡ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŬɡɝɖɗŮɑ, Űɧůɞ ɖ 

ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ ɧůɞ əŬɘ ɖ ůɡɜɞɚɘəɐ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ 

ŮˊɘɗɡɛɖŰɞɨ ɖɚɘŬəɞɨ əɚɎůɛŬŰɞɠ.  

ɆŰɖɜ Ⱥɘə. 4.14 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɞ ɖɚɘŬəɧ əɚɎůɛŬ əŬɗɩɠ 

əŬɘ ŰŬ ɛɏɔɘůŰŬ əŬɘ ŮɚɎɢɘůŰŬ ŮˊɑˊŮŭŬ, űɧɟŰɘůɖɠ əŬɘ ŬˊɞűɧɟŰɘůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ. 

ȳˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, əŬɘ ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ Ŭɨɝɖůɖ Űɖɠ ɛɎɕŬɠ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ 

ɡɚɘəɞɨ əŬɘ Űɖɠ ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, ɞŭɖɔŮɑ ůŮ ůɡɜŮɢɩɠ ŬɡɝŬɜɧɛŮɜŬ ŮˊɑˊŮŭŬ ɖɚɘŬəɞɨ 

əɚɎůɛŬŰɞɠ, ɤůŰɧůɞ ɛŮ ɛŮɘɤɛɏɜɞ ɟɡɗɛɧ. 
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Ⱥɘə. 4.14: ȼɚɘŬəɧ əɚɎůɛŬ əŬɘ ɛɏɔɘůŰɞ ŮˊɑˊŮŭɞ űɧɟŰɘůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ɆŰɞəɢɧɚɛɖ  
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ɆŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ, ɛɘŬ ŬɜŮˊŬɟəɐɠ ŬɜŬɚɞɔɘəɎ ɛŮ Űɘɠ ůɡɜɞɚɘəɏɠ 

ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, ˊŬɟɧŰɘ ɞŭɖɔŮɑ ůŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ, 

ŬˊɞűɞɟŰɑɕŮŰŬɘ ˊɚɐɟɤɠ, ɜɤɟɑŰŮɟŬ Űɞɡ Űɏɚɞɡɠ Űɖɠ ˊŮɟɘɧŭɞɡ ɗɏɟɛŬɜůɖɠ, ɧˊɤɠ ɔɑɜŮŰŬɘ űŬɜŮɟɧ Ŭˊɧ 

Űɞ ɔɟɎűɖɛŬ Űɖɠ Ⱥɘə. 4.15.  

 

Ⱥɘə. 4.15: ȾŬɛˊɨɚɖ űɧɟŰɘůɖɠ-ŬˊɞűɧɟŰɘůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ɆŮɜɎɟɘɞ 4- ɆŰɞəɢɧɚɛɖ 

ȼ ŰŬɢŮɑŬ ŬˊɞűɧɟŰɘůɖ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŬ ɞűŮɑɚŮŰŬɘ ůŰɖ ŭɘɎŰŬɝɖ Űɞɡ 

ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ, ɞ ɞˊɞɑɞɠ ˊŬɟɏɢŮɘ ůɡɜŮɢɩɠ ɜŮɟɧ əŬŰɎɚɚɖɚɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞɜ 

ŬŰɛɞˊɞɘɖŰɐ Űɖɠ ɛɞɜɎŭŬɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ 

ŬˊɟɧůəɞˊŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ, ɖ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɑɜŮŰŬɘ ˊɘɞ ɎɛŮůŬ, ɚɧɔɤ Űɖɠ ɛŮɑɤůɖɠ Űɤɜ ŮɛˊɚŮəɧɛŮɜɤɜ 

ˊŬɟŬɛɏŰɟɤɜ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɖɠ ɛɎɕŬɠ Űɞɡ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ɤůŰɧůɞ ŮɘůɎɔŮŰŬɘ ɛɘŬ ɜɏŬ ɏɛɛŮůɖ ˊŬɟɎɛŮŰɟɞɠ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ, ɧˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ ˊŬɟŬəɎŰɤ.  

ȼ ůŮɘɟɘŬəɐ űɧɟŰɘůɖ Űɤɜ ɡˊɞɛɞɜɎŭɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, 

əŬŰŬűɏɟɜŮɘ ɜŬ ŬˊɞŰɟɏɣŮɘ Űɖɜ ŬˊŬɑŰɖůɖ ɛŮɔɎɚɤɜ ɗŮɟɛɘəɩɜ űɞɟŰɑɤɜ, ɞŭɖɔɩɜŰŬɠ ůŮ ɛɘŬ ˊɘɞ 

ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, ɔɘŬ ŭŮŭɞɛɏɜɖ ɛɏɔɘůŰɖ ɞɔəɞɛŮŰɟɘəɐ ˊŬɟɞɢɐ, Űɧůɞ Ŭˊɧ 

Űɖɜ ˊɚŮɡɟɎ Űɤɜ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ ɧůɞ əŬɘ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɞɡ əɡəɚɩɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ, ɞɘ 

ɛŮɔɎɚŮɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ˊŰɩůŮɘɠ, ɗŬ ɞŭɖɔɞɨůŬɜ ůŮ ůɡɜŮɢɐ ŮɜŬɚɚŬɔɐ Űɤɜ əŬŰŬůŰɎůŮɤɜ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ũɑɜŮŰŬɘ Ůˊɞɛɏɜɤɠ ŬɜŰɘɚɖˊŰɧ ˊɤɠ ŬəɧɛŬ əŬɘ ɔɘŬ Űɖɜ ɛɘəɟɧŰŮɟɖ ůŮ 

ɛɎɕŬ, ŭɘŬɗɏůɘɛɖ ɡˊɞɛɞɜɎŭŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɡˊɎɟɢŮɘ ɛɘŬ ŮɚɎɢɘůŰɖ ŬˊŬɑŰɖůɖ ůŮ ůɡɚɚŮəŰɘəɐ 

ŮˊɘűɎɜŮɘŬ, ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ, ɘŭɘŬɑŰŮɟŬ əŬŰɎ ŰŬ ŬɟɢɘəɎ ůŰɎŭɘŬ űɧɟŰɘůɖɠ. 

 ɋůŰɧůɞ, Ŭɜ əŬɘ ɖ ůŮɘɟɘŬəɐ űɧɟŰɘůɖ ɚɨɜŮɘ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ, ŭɖɛɘɞɡɟɔŮɑ ŬɜŰɑůŰɞɘɢŬ 

ˊɟɞɓɚɐɛŬŰŬ ɡˊŮɟɗɏɟɛŬɜůɖɠ, ɧŰŬɜ ɞɘ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŮ ůɡɚɚŮəŰɘəɐ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ 

ŬɡɝɖɛɏɜŮɠ, ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɆŰɞəɢɧɚɛɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɛɘŬ ɛŮɔɎɚɖ Ŭɨɝɖůɖ Űɖɠ 

ůɡɚɚŮəŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ ˊɟɞůűɏɟŮɘ ɛŮɔŬɚɨŰŮɟŬ ɗŮɟɛŬɜŰɘəɎ űɞɟŰɑŬ, Ŭˊɧ ŬɡŰɎ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ŬˊɞɟɟɞűɐůŮɘ ɛɘŬ ɡˊɞɛɞɜɎŭŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɧˊɤɠ ɔɑɜŮŰŬɘ űŬɜŮɟɧ əŬɘ ůŰɖɜ Ⱥɘə. 4.16.  
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Ⱥɘə. 4.16: ȾŬɛˊɨɚɖ ɗŮɟɛɞəɟŬůɑŬɠ ï Ůˊɘˊɏŭɤɜ űɧɟŰɘůɖɠ ï ɆŮɜɎɟɘɞ 7 ï ɄŬɟɎɚɚɖɚɖ űɧɟŰɘůɖ ɔɘŬ 

SoC>70% - ɆŰɞəɢɧɚɛɖ  

ɇɞ ˊŬɟŬˊɎɜɤ ˊɟɧɓɚɖɛŬ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ, ůŰɞ ˊŬɟɧɜ ɛɞɜŰɏɚɞ ɛŮ ŭɞəɘɛɏɠ ɔɘŬ Űɖɜ 

ŮɨɟŮůɖ Űɞɡ əŬŰɎɚɚɖɚɞɡ Ůˊɘˊɏŭɞɡ űɧɟŰɘůɖɠ, ˊɏɟŬɜ Űɞɡ ɞˊɞɑɞɡ Űɞ ůɨɜɞɚɞ Űɤɜ ɡˊɞɛɞɜɎŭɤɜ 

ŰɟɞűɞŭɞŰŮɑŰŬɘ ˊŬɟɎɚɚɖɚŬ. ȷˊɩŰŮɟɞɠ ůəɞˊɧɠ ŮɑɜŬɘ ɖ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ ɛŮɑɤůɖ Űɤɜ ɡɣɖɚɩɜ 

ɗŮɟɛɞəɟŬůɘɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ, ɛŮ ˊŬɟɎɚɚɖɚɖ ŭɘŬŰɐɟɖůɖ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ 

űɞɟŰɑɤɜ ůŮ ŮˊɑˊŮŭŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ əŬɚɨɣɞɡɜ ɞɘ ɖɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ. ɆŰɖɜ Ⱥɘə. 4.17, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŮűŬɟɛɞɔɐ ˊŬɟɎɚɚɖɚɖɠ ŰɟɞűɞŭɧŰɖůɖɠ 

Űɤɜ ɡˊɞɛɞɜɎŭɤɜ, ɔɘŬ ŮˊɑˊŮŭŬ űɧɟŰɘůɖɠ ɛŮɔŬɚɨŰŮɟŬ Űɞɡ 50%.  

ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɖ ˊŬɟɎɚɚɖɚɖ űɧɟŰɘůɖ ɧɚɤɜ Űɤɜ ɡˊɞɛɞɜɎŭɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ ɛɘŬ Ŭɡɝɖɛɏɜɖ ŰŬɢɨŰɖŰŬ űɧɟŰɘůɖɠ, ɖ ɞˊɞɑŬ ɤůŰɧůɞ ŭŮɜ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ ˊŬɟŬŰɖɟɩɜŰŬɠ Űɖɜ əŬɛˊɨɚɖ ɗŮɟɛɞəɟŬůɑŬɠ Ůɝɧŭɞɡ Űɤɜ ɖɚɘŬəɩɜ 

ůɡɚɚŮəŰɩɜ ůŰɞ ŭɘɎůŰɖɛŬ τσππ Ὤὶ ὸ τψππ Ὤὶ, ŮɜŰɞˊɑɕŮŰŬɘ ŮɨəɞɚŬ ɖ ɛŮɔɎɚɖ 

ɗŮɟɛɞəɟŬůɘŬəɐ ˊŰɩůɖ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əɎɗŮ űɞɟɎ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ űɧɟŰɘůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞɡ Ŭɡɝɖɛɏɜɞɡ űɞɟŰɑɞɡ ˊɞɡ ŮˊɘɓɎɚɚŮɘ Űɞ ůɨůŰɖɛŬ. ũɘŬ Űɖɜ ŰŮɚɘəɐ 

ŭɘŬůŰŬůɘɞɚɧɔɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɖ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ Ʉɘɜ. 4.5, ŮˊɘɚɏɔŮŰŬɘ əŬŰɎɚɚɖɚɞ 

ŮˊɑˊŮŭɞ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ˊŬɟɎɚɚɖɚɖɠ űɧɟŰɘůɖɠ ɧɚɤɜ Űɤɜ ɡˊɞɛɞɜɎŭɤɜ, ŰɏŰɞɘɞ ɩůŰŮ ɜŬ 

ŬˊɞűŮɨɔɞɜŰŬɘ, ɞɘ ŬəɟŬɑŮɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ.  
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Ⱥɘə. 4.17: ȾŬɛˊɨɚɖ ɗŮɟɛɞəɟŬůɑŬɠ ï Ůˊɘˊɏŭɤɜ űɧɟŰɘůɖɠ ï ɆŮɜɎɟɘɞ 7 ï ɄŬɟɎɚɚɖɚɖ űɧɟŰɘůɖ ɔɘŬ 

SoC>50% - ɆŰɞəɢɧɚɛɖ 

Ʉɘɜ. 4.5: ȷˊɞŰŮɚɏůɛŬŰŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ï ɆŰɞəɢɧɚɛɖ  

ɀɏɔŮɗɞɠ ɇɘɛɐ  ɀɞɜɎŭŬ 

ῼ  4000.00 kg 

ὃ  11.00 ά  

3έὅ “”‛ “‌”ʗ‗‗–‗–‟ •ʝ”†―„–‟ 60.00 % 

ɆɢŮŰɘəɐ Ŭɜɞɢɐ ůɨɔəɚɘůɖɠ 1.00 % 

ɄɞůɞůŰɧ ɛɖ ůɨɔəɚɘůɖɠ  0.38 % 

Ὁ ȟ  0.45 kWh 

ῴ ȟʘ  -13.70 kWh 

ῴ ȟ  250.00 kWh 

 

ɄŬɟɎɚɚɖɚŬ ůŰɖɜ Ⱥɘə. 4.18 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ əŬɛˊɨɚɖ ɗŮɟɛɞəɟŬůɑŬɠ ůɡɚɚŮəŰɩɜ əŬɘ Ůˊɘˊɏŭɞɡ 

űɧɟŰɘůɖɠ ɔɘŬ, Űɖɜ ŮˊɘɚŮɔɛɏɜɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ.  
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Ⱥɘə. 4.18: ȾŬɛˊɨɚɖ ɗŮɟɛɞəɟŬůɑŬɠ ï Ůˊɘˊɏŭɤɜ űɧɟŰɘůɖɠ ï ɆŮɜɎɟɘɞ 7 ï ɄŬɟɎɚɚɖɚɖ űɧɟŰɘůɖ ɔɘŬ 

SoC>60% - ɆŰɞəɢɧɚɛɖ 

ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ, ɡˊɎɟɢŮɘ ůŬűɐɠ ɛŮɑɤůɖ Űɞɡ ɛɏůɞɡ ɗŮɟɛɞəɟŬůɘŬəɞɨ Ůˊɘˊɏŭɞɡ, ůŰɖɜ 

ɏɝɞŭɞ Űɤɜ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ, ɛŮ Ŭˊɞűɡɔɐ Ŭɘɢɛɩɜ ɞɘ ɞˊɞɑŮɠ ɡˊŮɟɓŬɑɜɞɡɜ Űɞɡɠ 140ɞ C. ɆŰɞ 

ůɖɛŮɑɞ ŬɡŰɧ ŬɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ, ˊɤɠ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ Űɤɜ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ 

Ŭɘɢɛɩɜ, ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ əŬɘ Űɖɠ ɛɖ ůɨɔəɚɘůɖɠ Űɤɜ ŮɚŮɔəŰɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, 

Űɞ ůɐɛŬ Ůɚɏɔɢɞɡ ɛɘŬɠ ŬɜŰɚɑŬɠ ɛˊɞɟŮɑ ɜŬ ŰŮɗŮɑ ůɡɢɜɎ ɑůɞ ɛŮ Űɞ əŬŰɩŰŬŰɞ ɧɟɘɞ, ɞŭɖɔɩɜŰŬɠ ůŮ 

ˊɞɚɨ ɛɘəɟɏɠ ˊŬɟɞɢɏɠ əŬɘ ŬɜŰɑůŰɞɘɢŬ ˊɞɚɨ ɛŮɔɎɚŮɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŬɜɡɣɩůŮɘɠ. ȼ ˊŬɟŬˊɎɜɤ 

ůɡɛˊŮɟɘűɞɟɎ ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ əŬɘ Űɞɡ ŮˊɘɚŮɔɛɏɜɞɡ ɢɟɞɜɘəɞɨ ɓɐɛŬŰɞɠ (ȹt = 0.1 hr), Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

ůŬűɩɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ŰŬ ŬɜŰɑůŰɞɘɢŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŮɚŮɔəŰɏɠ Űɞɡ Ůɛˊɞɟɑɞɡ. 

ɆɡɜŮˊɩɠ ůŰɖɜ ˊɟŬɔɛŬŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ, ŬɜŬɛɏɜŮŰŬɘ ɛɘŬ ˊɘɞ ɞɛŬɚɐ ɛŮŰɎɓŬůɖ ůŰɘɠ ŭɘɎűɞɟŮɠ 

əŬŰŬůŰɎůŮɘɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɗɩɠ əŬɘ ɏɜŬɠ ůŬűɩɠ ɓŮɚŰɘɤɛɏɜɞɠ ɏɚŮɔɢɞɠ ŬɡŰɞɨ.  

ũɘŬ Űɖɜ ˊɚɖɟɧŰɖŰŬ Űɖɠ ˊŬɟɞɡůɑŬůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ůŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɖɜ ɁɡɟŮɛɓɏɟɔɖ 

ůŰɖɜ Ⱥɘə. 4.19, ́ ŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ůŮ ˊɟɞůɞɛɞɑɤůɖ ŭɨɞ ůɡɜŬˊŰɩɜ ŮŰɩɜ.  
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Ⱥɘə. 4.19: ȾŬɛˊɨɚɖ űɧɟŰɘůɖɠ-ŬˊɞűɧɟŰɘůɖɠ ůɡůŰɐɛŬŰɞɠ STES ï ȹɘŮŰɏɠ ɆŮɜɎɟɘɞ ï ɆŰɞəɢɧɚɛɖ 

4.2.2 Ɇɡɜɞɚɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ  

ɆŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɖ ɁɡɟŮɛɓɏɟɔɖ, ůŰɖɜ Ⱥɘə. 4.20 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Ůɘůɧŭɞɡ Űɞɡ 

ɜŮɟɞɨ ůŰɞ ŮɜŭɞŭŬˊɏŭɘɞ ůɨůŰɖɛŬ ɗɏɟɛŬɜůɖɠ, ɖ ɞˊɞɑŬ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɟɡɗɛɑɕŮŰŬɘ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ůŰɞ Ůɨɟɞɠ ςπὅ Ὕ σψὅ. ȷɜŰɑůŰɞɘɢŬ ůŰɖɜ 

Ⱥɘə. 4.21, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮůɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ ŭɨɞ ɗŮɟɛɘəɩɜ ɕɤɜɩɜ Űɖɠ ɞɘəɑŬɠ, ɧˊɤɠ 

ŬɡŰɐ ŭɘŬɛɞɟűɩɜŮŰŬɘ Ŭˊɧ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ əŬɘ Űɞɡ ɘŭŮŬŰɞɨ ůɡůŰɐɛŬŰɞɠ 

ɣɨɝɖɠ. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟɞɨɛŮ ˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ˊɟɩŰɞɡ əɡɟɑɤɠ ɞɟɧűɞɡ, 

ŮɛűŬɜɑɕŮŰŬɘ ɘŭɘŬɑŰŮɟŬ Ŭɡɝɖɛɏɜɖ, ˊɟɞɠ Űɞ Űɏɚɞɠ Űɖɠ ˊŮɟɘɧŭɞɡ ɗɏɟɛŬɜůɖɠ, ɡˊɞŭɖɚɩɜɞɜŰŬɠ Űɖɜ 

ŬɜɎɔəɖ ɔɘŬ ɓŮɚŰɑɤůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ Űɞɡ ŮɜŭɞŭŬˊɏŭɘɞɡ ůɡůŰɐɛŬŰɞɠ Űɖɠ ɞɘəɑŬɠ, ɛŮ 

ˊŬɟɎɚɚɖɚɞ ɏɚŮɔɢɞ əŬɘ Űɖɠ ˊŬɟɞɢɐɠ Ůɘůɧŭɞɡ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɤůŰɧůɞ, ɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ 

ůɡɛˊŮɟɘűɞɟɎ ŬˊɞŰŮɚŮɑ ŬˊɧɟɟɞɘŬ əŬɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɧˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ 

ˊŬɟŬŰɖɟɩɜŰŬɠ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ Ⱥɘə. 4.20 ɔɘŬ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ. 
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Ⱥɘə. 4.20: ŪŮɟɛɞəɟŬůɑŬ ˊɟɞůŬɔɤɔɐɠ ɜŮɟɞɨ ŮɜŭɞŭŬˊɏŭɘɞɡ ůɡůŰɐɛŬŰɞɠ ɗɏɟɛŬɜůɖɠ (ɄɎɜɤ),   

ŪŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ (ȾɎŰɤ) ï ɆŰɞəɢɧɚɛɖ  

 

 

Ⱥɘə. 4.21: ŪŮɟɛɞəɟŬůɑŬ ŬɏɟŬ ɗŮɟɛŬɘɜɧɛŮɜɤɜ ɢɩɟɤɜ ɞɘəɑŬɠ nZEB ï ɆŰɞəɢɧɚɛɖ 
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ȼ ŬˊŬɑŰɖůɖ ɔɘŬ ȻɁɉ, ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 4.22 ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŬ ɟɡɗɛɑɕŮŰŬɘ əŬɘ 

ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ůŰŬɗŮɟɐ ůŰɞɡɠ 39ɞC, ɛɏůɤ Űɖɠ Űɟɑɞŭɖɠ ɟɡɗɛɘůŰɘəɐɠ ɓŬɚɓɑŭŬɠ.  

 

Ⱥɘə. 4.22: ŪŮɟɛɞəɟŬůɑŬk ́ Ŭɟɞɢɐɠ ȻɁɉ ˊɟɞɠ əŬŰŬɜŬɚɩůŮɘɠ ï ɁɡɟŮɛɓɏɟɔɖ 

Ƀ ɢɟɤɛŬŰɘəɧɠ əɩŭɘəŬɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ, əŬɘ ɑŭɘɞɠ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ, ɛŮ 

Űɖɜ əɧəəɘɜɖ ɔɟŬɛɛɐ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŮɟɞɨ ŭɘəŰɨɞɡ əŬɘ Űɖ əɑŰɟɘɜɖ, Űɖɜ 

ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɞ ŭɞɢŮɑɞ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ. Ƀɘ ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞ Űɏɚɞɠ Űɖɠ ˊŮɟɘɧŭɞɡ űɧɟŰɘůɖɠ əŬɘ ŮəűɧɟŰɘůɖɠ ŬɜŰɑůŰɞɘɢŬ, 

ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ŬɜɘəŬɜɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Ŭˊɧɟɟɘɣɖ ɐ Ŭˊɞɟɟɧűɖůɖ Űɞɡ űɞɟŰɑɞɡ Űɤɜ 

ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ˊŮɟɑˊŰɤůɖ ɤůŰɧůɞ, ɖ ŭɘɎɟəŮɘŬ ŮɛűɎɜɘůɖɠ ɡɣɖɚɩɜ 

ɗŮɟɛɞəɟŬůɘɩɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟɖ, űŬɜŮɟɩɜɞɜŰŬɠ Űɖɜ Ůˊɘˊɚɏɞɜ ŬŭɡɜŬɛɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ɔɘŬ ŬůűŬɚɐ ɚŮɘŰɞɡɟɔɑŬ ɧŰŬɜ ɔɑɜŮŰŬɘ ɢɟɐůɖ ɛŮɔɎɚɤɜ ůɡɚɚŮəŰɘəɩɜ ŮˊɘűŬɜŮɘɩɜ.  

ȼ Ŭ́ɟŬˊɎɜɤ əŬŰɎůŰŬůɖ ɔɑɜŮŰŬɘ ŮɛűŬɜɐɠ əŬɘ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ 

ŭɘŬůŰɟɤɛɎŰɤůɖɠ Űɞɡ ŭɞɢŮɑɞɡ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ, ɧˊɤɠ ŬɡŰɧ ŬˊŮɘəɞɜɑɕŮŰŬɘ 

ůŰɖɜ Ⱥɘə. 4.23. ɆŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ, ɖ Ŭɟɢɘəɐ ɗɏɟɛŬɜůɖ Űɞɡ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ, Ůɜɩ ˊŬɟŬɛɏɜŮɘ ůɢŮŰɘəɎ ůŰŬɗŮɟɐ ůŰɞ ɡˊɧɚɞɘˊɞ 

Űɖɠ ˊŮɟɘɧŭɞɡ, əŬɗɞɟɘɕɧɛŮɜɖ ɛɧɜɞ Ŭˊɧ űŬɘɜɧɛŮɜŬ Ŭɔɤɔɐɠ əŬɘ ŬˊɤɚŮɘɩɜ ˊɡɗɛɏɜŬ, ŭŮŭɞɛɏɜɞɡ, 

ˊɤɠ ɖ ɏɝɞŭɞɠ Űɤɜ ɖɚɘŬəɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ɡɣɖɚɧŰŮɟɖ ůŰɎɗɛɖ. ȷɜŰɑɗŮŰɖ ˊɚɐɟɤɠ ŮɘəɧɜŬ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ ɗɏɟɛŬɜůɖɠ, ɧˊɞɡ ˊɚɏɞɜ ɖ ɗŮɟɛɞəɟŬůɑŬ əɞɟɡűɐɠ əŬɗɞɟɑɕŮŰŬɘ 

Ŭˊɧ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əŬɡůŰɐɟŬ, ɛŮ Űɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ Ůɝɧŭɞɡ Űɤɜ ɖɚɘŬəɩɜ, ɜŬ ŮɜŰɞˊɑɕŮŰŬɘ 

ůŰɞɡɠ 45ɞC. ɄŬɟɎɚɚɖɚŬ, ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɞɢŮɑɞɡ, ɛŮ Űɖɜ Ůɑůɞŭɞ ŮəɎůŰɞŰŮ 

ɟŮɨɛŬŰɞɠ ɜŬ ɔɑɜŮŰŬɘ ůŰɞɜ ˊɚɖůɘɏůŰŮɟɞ ɗŮɟɛɞəɟŬůɘŬəɧ əɧɛɓɞ. ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ 

ŬˊɞŰŮɚɞɨɜ ɞɘ ɖɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɖɜ əɞɟɡűɐ Űɞɡ 

ŭɞɢŮɑɞɡ, əŬŰɎ Űɖ ɗŮɟɘɜɐ ˊŮɟɑɞŭɞ, əŬɘ ůŰɞ ɛɏůɞ ɨɣɞɠ ŬɡŰɞɨ əŬŰɎ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ (əɧɛɓɞɘ 

20-30).  
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Ⱥɘə. 4.23: ŪŮɟɛɞəɟŬůɘŬəɐ ŭɘŬůŰɟɤɛɎŰɤůɖ ŭɞɢŮɑɞɡ ŬˊɞɗɐəŮɡůɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ - 

ɆŰɞəɢɧɚɛɖ 

 



93 

 

ȾȺūȷȿȷȽɃ 5. ȺɡɟɤˊŬɥəɧɠ ɉɎɟŰɖɠ  

Ƀɘ ˊɧɚŮɘɠ ɞɘ ɞˊɞɑŮɠ ɛŮɚŮŰɐɗɖəŬɜ ɛɏɢɟɘ ůŰɘɔɛɐɠ (ɁɡɟŮɛɓɏɟɔɖ əŬɘ ɆŰɞəɢɧɚɛɖ), ŭɑɜɞɡɜ ɛɘŬ ˊɟɩŰɖ 

ŮəŰɑɛɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. ɋůŰɧůɞ ɔɘŬ 

Űɖɜ əŬɚɨŰŮɟɖ əŬɘ ˊɘɞ ɞɚɞəɚɖɟɤɛɏɜɖ əŬŰŬɜɧɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ 

ŮɝŮŰŬůŰŮɑ ɏɜŬ ˊɚɐɗɞɠ ˊɧɚŮɤɜ, ɩůŰŮ ɜŬ ŬɜŬɔɜɤɟɘůŰɞɨɜ ɞɘ əɨɟɘŮɠ ˊŬɟɎɛŮŰɟɞɘ ŮˊɖɟŮŬůɛɞɨ əŬɗɩɠ 

əŬɘ ɞɘ ɛŮŰŬɝɨ Űɞɡɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ. ɇɞ ůɨɜɞɚɞ Űɤɜ ɡˊɧ ŮɝɏŰŬůɖ ˊɧɚŮɤɜ ŭɑɜŮŰŬɘ ůŰɞɜ Ʉɘɜ. 5.1.  

Ʉɘɜ. 5.1: ɄɧɚŮɘɠ ɡˊɧ ŮɝɏŰŬůɖ  

ɉɩɟŬ Ʉɧɚɖ 

ũŮɟɛŬɜɑŬ  ɁɡɟŮɛɓɏɟɔɖ 

ȺɚɓŮŰɑŬ  Ȼɡɟɑɢɖ  

ȽɟɚŬɜŭɑŬ ȹɞɡɓɚɑɜɞ 

ɃɚɚŬɜŭɑŬ ȯɛůŰŮɟɜŰŬɛ 

ɄɞɚɤɜɑŬ ȸŬɟůɞɓɑŬ 

ɅɞɡɛŬɜɑŬ ȸɞɡəɞɡɟɏůŰɘ 

ɆɞɡɖŭɑŬ  ɆŰɞəɢɧɚɛɖ  

 

ɆŰɖ ůɡɜɏɢŮɘŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɟɘůɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ əɎɗŮ ˊɧɚɖ, ɧˊɤɠ ɖ ɛɏůɖ 

ɖɛŮɟɐůɘŬ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ, ŰŬ ɞˊɞɑŬ ŬɜŰɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ɛŮŰŮɤɟɞɚɞɔɘəɐ 

ɓɎůɖ Meteonorm [91]. ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ŭɘɎŰŬɝɖɠ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ŬŰɛɞˊɞɘɖŰɐ/ˊɟɞůɟɞűɖŰɐ Űɖɠ ɛɞɜɎŭŬɠ, ŮɚɏɔɢŮŰŬɘ ɖ ŬɚɚŬɔɐ ůŮ ŰŮɚɘəɧ ŮˊɑˊŮŭɞ ŬˊɞűɧɟŰɘůɖɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŭɘŬɗɏůɘɛɤɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əŬɘ ɤɠ ɔɜɩɛɞɜŬ Űɖɜ ŭɘɎɟəŮɘŬ 

ŮɛűɎɜɘůɖɠ ɢŬɛɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ ɩůŰŮ ɜŬ ŬˊɞűŮɨɔɞɜŰŬɘ ɎůəɞˊŮɠ ŮˊŬɜŬɚɐɣŮɘɠ.  

5.1 ɁɡɟŮɛɓɏɟɔɖ  

 ȳˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ əŬɘ ůŰɖɜ Ⱥɘə. 5.1 ɖ ɁɡɟŮɛɓɏɟɔɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ əŬɗôɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ, ɛŮ ɘŭɘŬɑŰŮɟɖ ŮɛűɎɜɘůɖ əŬŰɎ Űɖɜ ɢŮɘɛŮɟɘɜɐ 

ˊŮɟɑɞŭɞ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůɡɜŭɡŬɕɧɛŮɜɞ ɛŮ Űɞɡɠ ɗŮɟɛɞəɟŬůɘŬəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ˊɞɡ ŮˊɘɓɎɚɚŮɘ 

ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, əŬɗɩɠ əŬɘ ɖ 

ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ ŭɞɢŮɑɞɡ ŬŭɟŬɜŮɑŬɠ, əŬɗɞɟɑɕɞɡɜ ɎɛŮůŬ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ ŬˊɞűɧɟŰɘůɖɠ 

əŬɗɩɠ əŬɘ Űɘɠ ˊŮɟɘɧŭɞɡɠ ŬŭɟɎɜŮɘŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȽŭɘŬɑŰŮɟŬ ůŮ ˊŮɟɘɧŭɞɡɠ, ůɡɜŮɢɧɛŮɜɤɜ 

ɖɛŮɟɩɜ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞɡ ɛɖŭŮɜɧɠ, ɧˊɤɠ ůŰɘɠ Ŭɟɢɏɠ ȽŬɜɞɡŬɟɑɞɡ əŬɘ Űɏɚɖ ɁɞŮɛɓɟɑɞɡ ï 

ȹŮəŮɛɓɟɑɞɡ, ɖ ɛɎɕŬ Űɞɡ PCM, ɖ ɞˊɞɑŬ ˊɟɞůŭɘɞɟɑůŰɖəŮ ůŰɞ ȾȺūȷȿȷȽɃ 4, əŬɗɞɟɑɕŮɘ ˊɚɐɟɤɠ 

Űɖɜ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

ȷɜŰɑɗŮŰŬ ɖ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ, ɖ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ Ⱥɘə. 5.2, ŮˊɖɟŮɎɕŮɘ ůŬűɩɠ Űɖɜ 

ˊŮɟɑɞŭɞ űɧɟŰɘůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɖ ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ŭɘɎůŰɖɛŬ ůŰɞ ɞˊɞɑɞ ɖ ɛɏůɖ Űɘɛɐ Űɖɠ 

ˊŬɟŬɛɏɜŮɘ ɡɣɖɚɐ əŬɘ ůŰŬɗŮɟɐ ɔɨɟɤ Ŭˊɧ Űɖ ɛɏɔɘůŰɖ Űɘɛɐ Űɖɠ. ɉŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ Űɖɜ 

ɁɡɟŮɛɓɏɟɔɖ ɖ ˊŮɟɑɞŭɞɠ ŬɡŰɐ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŭɘɎůŰɖɛŬ ˊŮɟɑˊɞɡ 150 ɖɛŮɟɩɜ, ɛŮ ŬűŮŰɖɟɑŬ Űɖɜ 1ɖ 

ɀŬɥɞɡ. ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ɔɘŬ ŰŬ əɚɘɛŬŰɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ, ŭɑŭɞɜŰŬɘ 

ůŰɞɜ Ʉɘɜ. 5.2. 
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Ⱥɘə. 5.1: ŪŮɟɛɞəɟŬůɘŬəɎ ˊɟɞűɑɚ ɁɡɟŮɛɓɏɟɔɖɠ 

 

Ⱥɘə. 5.2:Ʉɟɞűɑɚ ɞɚɘəɐɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ ɁɡɟŮɛɓɏɟɔɖɠ 

Ʉɘɜ. 5.2: ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘɟɘəɎ ŭŮŭɞɛɏɜŬ ɁɡɟŮɛɓɏɟɔɖɠ  

ɀɏɔŮɗɞɠ ɇɘɛɐ ɀɞɜɎŭŮɠ 

ɀɏɔɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ 33,75 (ɞC) 

ȺɚɎɢɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ -14,90 (ɞC) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞ ɛɖŭɏɜ 16,74 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ 49,76 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ əŬɘ ŮˊɑˊŮŭŬ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 500 W/m2 
14,32 (%) 
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5.2 ɆŰɞəɢɧɚɛɖ  

ȼ ɆŰɞəɢɧɚɛɖ ŮɑɜŬɘ ɛɘŬ ɓɞɟŮɘɞ-ŮɡɟɤˊŬɥəɐ ˊɧɚɖ, ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛŮɔɎɚŮɠ ˊŮɟɘɧŭɞɡɠ 

ɗŮɟɛɞəɟŬůɘɩɜ ɡˊɧ Űɞ ɛɖŭɏɜ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɖ Ůˊɘɚɞɔɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ɢɟɐůɖ Űɖɠ 

ŭɘŬɛɧɟűɤůɖɠ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ əŬɘ PCM, əŬɗɑůŰŬŰŬɘ ŬˊŬɔɞɟŮɡŰɘəɐ, əŬɗɩɠ ɛŮɘɩɜŮɘ ɡˊŮɟɓɞɚɘəɎ 

Űɖɜ ŭɘɎɟəŮɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ˊɟɩŰɞɡ, ŮˊɘɓɎɚɚɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ɎɛŮůɖ ŮɝɎɟŰɖůɖ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭˊɧ Űɖɜ ůɡɜɞɚɘəɐ ŬŭɟɎɜŮɘŬ Űɖɠ ɛɎɕŬɠ Űɞɡ ɡɚɘəɞɨ ŬɚɚŬɔɐɠ űɎůɖɠ. 

ɆɡɜŮˊɩɠ ɖ ŭɘɎŰŬɝɖ ɛŮ ɢɟɐůɖ Űɞɡ ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ əɟɑɜŮŰŬɘ ɤɠ ɖ ˊɚɏɞɜ 

əŬŰɎɚɚɖɚɖ.  

 

Ⱥɘə. 5.3: ŪŮɟɛɞəɟŬůɘŬəɎ ˊɟɞűɑɚ ɆŰɞəɢɧɚɛɖɠ 

ȷɜŬűɞɟɘəɎ ɛŮ ŰŬ ŮˊɑˊŮŭŬ ŬəŰɘɜɞɓɞɚɑŬɠ ɖ ɆŰɞəɢɧɚɛɖ ŮɛűŬɜɑɕŮɘ, Ŭˊɧ ŰŬ ɡɣɖɚɧŰŮɟŬ ɛɏůŬ 

ɖɛŮɟɐůɘŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ əŬɚɞəŬɘɟɘɜɐɠ ˊŮɟɘɧŭɞɡ, ůŮ ůɢɏůɖ ɛŮ Űɞ ůɨɜɞɚɞ Űɤɜ 

ŮɝŮŰŬɕɧɛŮɜɤɜ ˊɧɚŮɤɜ ɧˊɤɠ ɗŬ űŬɜŮɑ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮˊɘŰɟɏˊŮɘ Űɖ ůɖɛŬɜŰɘəɐ 

ɛŮɑɤůɖ Űɖɠ ˊŮɟɘɧŭɞɡ űɧɟŰɘůɖɠ, Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ, ɖ ɞˊɞɑŬ ˊŬɟŬɛɏɜŮɘ ɖ 

ɑŭɘŬ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐɜ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ, ɔɘŬ ˊɞɚɚŬˊɚɎůɘŬ ɤůŰɧůɞ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ 

ɛɏůɞɡ. ɄŬɟɎɚɚɖɚŬ ˊŬɟɏɢŮŰŬɘ ŮˊŬɟəɏɠ ŭɘɎůŰɖɛŬ ɔɘŬ Űɖɜ ŬˊɞűɧɟŰɘůɖ Űɞɡ, ɖ ɞˊɞɑŬ ɧˊɤɠ ɏɢŮɘ 

ŬɜŬűŮɟɗŮɑ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŬɟɔɧŰŮɟɖ əɘɜɖŰɘəɐ.  

 

Ⱥɘə. 5.4:Ʉɟɞűɑɚ ɞɚɘəɐɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ ɆŰɞəɢɧɚɛɖɠ 
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Ʉɘɜ. 5.3: ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘɟɘəɎ ŭŮŭɞɛɏɜŬ ɆŰɞəɢɧɚɛɖɠ 

ɀɏɔŮɗɞɠ ɇɘɛɐ ɀɞɜɎŭŮɠ 

ɀɏɔɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ 28,25 (ɞC) 

ȺɚɎɢɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ -19,65 (ɞC) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞ ɛɖŭɏɜ 29,65 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ 49,65 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ əŬɘ ŮˊɑˊŮŭŬ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 500 W/m2 
12,88 (%) 

5.3 ȹɞɡɓɚɑɜɞ  

ɇɞ ȹɞɡɓɚɑɜɞ ŮɑɜŬɘ ɛɘŬ ɓɞɟŮɘɞ-ŮɡɟɤˊŬɥəɐ ˊɧɚɖ, ɛŮ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ Űɞ ɞˊɞɑɞ ŮɜŰɞˊɑɕŮŰŬɘ 

ůŮ ˊɧɚŮɘɠ Űɖɠ əŮɜŰɟɘəɐɠ Ⱥɡɟɩˊɖɠ, ɚɧɔɤ Űɖɠ ŮɔɔɨŰɖŰɎɠ Űɞɡ ɛŮ Űɞɜ ȷŰɚŬɜŰɘəɧ ɋəŮŬɜɧ. 

ɉŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɐˊɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ɗŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ əŬɗôɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ 

Űɞɡ ɏŰɞɡɠ, ɞɘ ɞˊɞɑŮɠ ɞŭɖɔɞɨɜ ůŮ ɛŮɘɤɛɏɜŮɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ ɤɠ ůɡɜɏˊŮɘŬ ɛɎɕŬ 

ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ.  

 

Ⱥɘə. 5.5: ŪŮɟɛɞəɟŬůɘŬəɎ ˊɟɞűɑɚ ȹɞɡɓɚɑɜɞɡ 

ȼ ŭɘɎɟəŮɘŬ Űɖɠ ˊŮɟɘɧŭɞɡ űɧɟŰɘůɐɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ŭŮɜ 

ˊŬɟɞɡůɘɎɕŮɘ ɘŭɘŬɑŰŮɟɖ ɛŮŰŬɓɞɚɐ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊɧɚŮɘɠ ɡˊɧ ɛŮɚɏŰɖ, ɚɧɔɤ 

Űɤɜ ɢŬɛɖɚɩɜ Ůˊɘˊɏŭɤɜ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ əŬɗȭɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ. 

Ƀɘ Ůɜ ɔɏɜŮɘ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬŰɎ Űɖ ɢŮɘɛŮɟɘɜɐ ˊŮɟɑɞŭɞ, ŮˊɘŰɟɏˊɞɡɜ 

Űɖɜ ŬˊɟɧůəɞˊŰɖ ɚŮɘŰɞɡɟɔɑŬ ůɡůŰɐɛŬŰɞɠ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ-ɜŮɟɞɨ əŬɘ ŮɜŬɚɚɎəŰɖ PCM, ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ əŬɘ ɖ ŭɘɎŰŬɝɖ ɖ ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ. ɉŬɟŬəŰɖɟɘůŰɘəɎ əɚɘɛŬŰɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞ 

ȹɞɡɓɚɑɜɞ ˊŬɟɏɢɞɜŰŬɘ ůŰɞɜ Ʉɘɜ. 5.4. 



97 

 

 

Ⱥɘə. 5.6:Ʉɟɞűɑɚ ɞɚɘəɐɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ ȹɞɡɓɚɑɜɞɡ 

Ʉɘɜ. 5.4: ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘɟɘəɎ ŭŮŭɞɛɏɜŬ ȹɞɡɓɚɑɜɞɡ 

ɀɏɔŮɗɞɠ ɇɘɛɐ ɀɞɜɎŭŮɠ 

ɀɏɔɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ 23,15 (ɞC) 

ȺɚɎɢɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ -3,85 (ɞC) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞ ɛɖŭɏɜ 1,85 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ 49,71 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ əŬɘ ŮˊɑˊŮŭŬ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 500 W/m2 
11,56 (%) 

5.4 ȯɛůŰŮɟɜŰŬɛ  

ɆŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɞ ȹɞɡɓɚɑɜɞ, Űɞ ȯɛůŰŮɟɜŰŬɛ ɚɧɔɤ Űɖɠ ŮɔɔɨŰɖŰɎɠ Űɞɡ ɛŮ Űɞɜ ȷŰɚŬɜŰɘəɧ 

ɋəŮŬɜɧ, ŮɛűŬɜɑɕŮɘ ŬɡɝɖɛɏɜŬ ɗŮɟɛɞəɟŬůɘŬəɎ ŮˊɑˊŮŭŬ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɁɡɟŮɛɓɏɟɔɖ ˊŬɟɧŰɘ 

ɓɟɑůəŮŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ Ůɜ ɔɏɜŮɘ ɗŮɟɛɞəɟŬůɑŮɠ əŬɗɩɠ əŬɘ 

ɞɘ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ ˊŮɟɑɞŭɞɘ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞɡ ɛɖŭŮɜɧɠ, əŬɗɘůŰɞɨɜ ˊɟɞůűɘɚɏůŰŮɟɖ Űɖɜ 

ɢɟɐůɖ Űɖɠ ŭɘɎŰŬɝɖɠ ŮɜŬɚɚɎəŰɖ ŬɏɟŬ-ɜŮɟɞɨ / PCM.  

 

Ⱥɘə. 5.7: ŪŮɟɛɞəɟŬůɘŬəɎ ˊɟɞűɑɚ ȯɛůŰŮɟɜŰŬɛ 
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ɄŬɟɎɚɚɖɚŬ ŰŬ ɛɏůŬ ŮˊɑˊŮŭŬ ɖɛŮɟɐůɘŬɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɏɠ 

ŭɘŬűɞɟɏɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ, ɧˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ, ůɡɔəɟɑɜɞɜŰŬɠ ŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ ůŰɘɠ Ⱥɘə. 5.2 əŬɘ Ⱥɘə. 5.8.  

Ƀ ůɡɜŭɡŬůɛɧɠ Űɤɜ Ŭɡɝɖɛɏɜɤɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ Ůˊɘˊɏŭɤɜ əŬɘ Űɤɜ ˊŬɟɧɛɞɘɤɜ Ůˊɘˊɏŭɤɜ 

ŬəŰɘɜɞɓɞɚɑŬɠ, ɛŮɘɩɜŮɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ɞɘəɑŬɠ ɔɘŬ ɗɏɟɛŬɜůɖ, əŬɘ ůɡɜŮˊɩɠ Űɞɡ ŬˊŬɟŬɑŰɖŰɞɡ 

ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ůŰɧɢɞɡ ɖɚɘŬəɐɠ əɎɚɡɣɖɠ, ɞŭɖɔɩɜŰŬɠ ůŮ ɛŮɘɤɛɏɜɖ 

ˊŮɟɑɞŭɞ űɧɟŰɘůɖɠ, ɖ ɞˊɞɑŬ ˊɚɏɞɜ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɘɠ 120 ɛɏɟŮɠ.  

 

 

Ⱥɘə. 5.8:Ʉɟɞűɑɚ ɞɚɘəɐɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ ȯɛůŰŮɟɜŰŬɛ 

Ʉɘɜ. 5.5: ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘɟɘəɎ ŭŮŭɞɛɏɜŬ ȯɛůŰŮɟɜŰŬɛ 

ɀɏɔŮɗɞɠ ɇɘɛɐ ɀɞɜɎŭŮɠ 

ɀɏɔɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ 29,15 (ɞC) 

ȺɚɎɢɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ -7,75 (ɞC) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞ ɛɖŭɏɜ 6,82 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ 49,38 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ əŬɘ ŮˊɑˊŮŭŬ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 500 W/m2 
12,75 (%) 

 

5.5 ȸɞɡəɞɡɟɏůŰɘ  

ɇɞ ȸɞɡəɞɡɟɏůŰɘ ŮɛűŬɜɑɕŮɘ Űɞ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ ɛɘŬɠ əɚŬůůɘəɐɠ ˊɧɚɖɠ Űɖɠ əŮɜŰɟɘəɐɠ 

Ⱥɡɟɩˊɖɠ, ɢŬɟŬəŰɖɟɘɕɧɛŮɜɞ Ŭˊɧ ɛɏůŮɠ ˊɟɞɠ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ɏɜɞɘɝɖɠ 

əŬɘ Űɞɡ əŬɚɞəŬɘɟɘɞɨ, ɛŮ ɛŮɔɎɚŬ ŭɘŬůŰɐɛŬŰŬ ɗŮɟɛɞəɟŬůɘɩɜ ɡˊɧ Űɞ ɛɖŭɏɜ əŬŰɎ Űɖɜ ɢŮɘɛŮɟɘɜɐ 

ˊŮɟɑɞŭɞ.  
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Ⱥɘə. 5.9: ŪŮɟɛɞəɟŬůɘŬəɎ ˊɟɞűɑɚ ȸɞɡəɞɡɟŮůŰɑɞɡ 

ɋůŰɧůɞ, ɖ ŬɟəŮŰɎ ɡɣɖɚɐ ɛɏůɖ ɖɛŮɟɐůɘŬ ŬəŰɘɜɞɓɞɚɑŬ, ɖ ɞˊɞɑŬ ˊŬɟŬɛɏɜŮɘ ůŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ůŰɖ 

ɛŮɔŬɚɨŰŮɟɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ, ůɡɜŮɘůűɏɟɞɜŰŬɠ ůɖɛŬɜŰɘəɎ ůŮ ɖɚɘŬəɎ əɏɟŭɖ, ɞŭɖɔŮɑ ůŮ 

ɛŮɘɤɛɏɜŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɁɡɟŮɛɓɏɟɔɖ, űɞɟŰɑŬ ɗɏɟɛŬɜůɖɠ, ɛŮ ŮɝŬɑɟŮůɖ Űɖɜ ˊŮɟɑɞŭɞ Ŭˊɧ ɛɏůŬ 

ȽŬɜɞɡŬɟɑɞɡ ɛŮ Űɏɚɖ ūŮɓɟɞɡŬɟɑɞɡ. ɄŬɟɎɚɚɖɚŬ, ŰŬ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɛɘəɟɧŰŮɟɖ ŬɜŬɔəŬɑŬ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ɁɡɟŮɛɓɏɟɔɖ, ɛŮɘɩɜɞɡɜ ŭɟŬɛŬŰɘəɎ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ űɧɟŰɘůɖ ŭɘɎɟəŮɘŬ, ɖ ɞˊɞɑŬ ˊɚɏɞɜ 

ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɘɠ 60 ɛɏɟŮɠ, Ůɜɩ Ůɡɜɞɞɨɜ Űɖɜ ɔɟɐɔɞɟɖ űɧɟŰɘůɖ Űɞɡ PCM, ɛŮ ŰŬ ŰŮɚɘəɎ ŮˊɑˊŮŭŬ 

ŬˊɞűɧɟŰɘůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɜŬ ɛɖɜ ŮɛűŬɜɑɕɞɡɜ ɘŭɘŬɑŰŮɟɖ ŭɘŬűɞɟɎ ůŮ ůɢɏůɖ ɛŮ Űɖ ŭɘɎŰŬɝɖ 

Űɞɡ ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ.  

 

Ⱥɘə. 5.10:Ʉɟɞűɑɚ ɞɚɘəɐɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ ȸɞɡəɞɡɟŮůŰɑɞɡ  
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Ʉɘɜ. 5.6: ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘɟɘəɎ ŭŮŭɞɛɏɜŬ ȸɞɡəɞɡɟŮůŰɑɞɡ 

ɀɏɔŮɗɞɠ ɇɘɛɐ ɀɞɜɎŭŮɠ 

ɀɏɔɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ 35,35 (ɞC) 

ȺɚɎɢɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ -15,30 (ɞC) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞ ɛɖŭɏɜ 17,24 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ 49,63 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ əŬɘ ŮˊɑˊŮŭŬ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 500 W/m2 
22,88 (%) 

5.6 Ȼɡɟɑɢɖ  

ȼ Ȼɡɟɑɢɖ ŮɑɜŬɘ ɛɘŬ əŮɜŰɟɞ-ŮɡɟɤˊŬɥəɐ ɢɩɟŬ, ŬɚɚɎ Űɞ ɡɣɖɚɧ Űɖɠ ɡɣɧɛŮŰɟɞ əŬɘ ɖ ŮɔɔɨŰɖŰɎ Űɖɠ 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ ȯɚˊŮɘɠ, ɞŭɖɔŮɑ ůŮ ɢŬɛɖɚɧŰŮɟŬ ɗŮɟɛɞəɟŬůɘŬəɎ ˊɟɞűɑɚ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ȸɞɡəɞɡɟɏůŰɘ, ˊŬɟɧɚɞ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɑŭɘɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ. ɉŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

ůɖɛŬɜŰɘəɏɠ ˊŮɟɘɧŭɞɡɠ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞ ɛɖŭɏɜ, ɤůŰɧůɞ ŰŬ ŮˊɑˊŮŭŬ ɛɏůɖɠ ɖɛŮɟɐůɘŬɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ȸɞɡəɞɡɟɏůŰɘ, ˊŬɟŬɛɏɜɞɡɜ ɢŬɛɖɚɎ ɘŭɘŬɑŰŮɟŬ ˊɟɞɠ Űɞ Űɏɚɞɠ Űɞɡ 

ɏŰɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ, Űɞ PCM, ɜŬ ɛɖɜ ɛˊɞɟŮɑ ɜŬ űɞɟŰɘůŰŮɑ ŮˊŬɟəɩɠ ɔɘŬ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɖɠ 

ˊŮɟɘɧŭɞɡ ŬˊɞűɧɟŰɘůɖɠ. ɋɠ ŬˊɞŰɏɚŮůɛŬ ɤɠ əŬŰŬɚɚɖɚɧŰŮɟɖ ŮˊɘɚɏɔŮŰŬɘ ɖ ŭɘɎŰŬɝɖ Űɞɡ 

ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ, ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŬˊɟɧůəɞˊŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. 

 

 

Ⱥɘə. 5.11: ŪŮɟɛɞəɟŬůɘŬəɎ ˊɟɞűɑɚ Ȼɡɟɑɢɖɠ 

 

ȷɜŰɑɗŮŰŬ, ŰŬ ŮˊɑˊŮŭŬ ɛɏůɖɠ ɖɛŮɟɐůɘŬ ŬəŰɘɜɞɓɞɚɑŬɠ, ɓɟɑůəɞɜŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ ŬɡŰɎ Űɞɡ 

ȸɞɡəɞɡɟŮůŰɑɞɡ, əŬŰɎ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ɛŮ Űɖɜ ŰŮɚɘəɐ ŭɘɎɟəŮɘŬ Űɖɠ ˊŮɟɘɧŭɞɡ űɧɟŰɘůɖɠ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɞɢɘŬəɐɠ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ ɜŬ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ ŬɡŰɞɨɠ.  
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Ⱥɘə. 5.12:Ʉɟɞűɑɚ ɞɚɘəɐɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ Ȼɡɟɑɢɖɠ 

Ʉɘɜ. 5.7: ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘɟɘəɎ ŭŮŭɞɛɏɜŬ Ȼɡɟɑɢɖɠ 

ɀɏɔŮɗɞɠ ɇɘɛɐ ɀɞɜɎŭŮɠ 

ɀɏɔɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ 29,10 (ɞC) 

ȺɚɎɢɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ -9,70 (ɞC) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞ ɛɖŭɏɜ 13,30 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ 49,55 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ əŬɘ ŮˊɑˊŮŭŬ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 500 W/m2 
15,90 (%) 

 

5.7 ȸŬɟůɞɓɑŬ  

ȼ ȸŬɟůɞɓɑŬ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ɛɘŬ ˊɧɚɖ Űɧůɞ Űɖɠ əŮɜŰɟɘəɐɠ ɧůɞ əŬɘ Űɖɠ ɓɧɟŮɘŬɠ 

Ⱥɡɟɩˊɖɠ, ɛŮ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ ˊŬɟɧɛɞɘɞ ɛŮ ŬɡŰɧ Űɖɠ ɆŰɞəɢɧɚɛɖɠ, ɢŬɟŬəŰɖɟɘɕɧɛŮɜɞ Ŭˊɧ 

ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞɡ ɛɖŭŮɜɧɠ, ůŰɖ ɛŮɔŬɚɨŰŮɟɖ ŭɘɎɟəŮɘŬ Űɤɜ ɢŮɘɛŮɟɘɜɩɜ ɛɖɜɩɜ.  

 

Ⱥɘə. 5.13: ŪŮɟɛɞəɟŬůɘŬəɎ ˊɟɞűɑɚ ȸŬɟůɞɓɑŬɠ 

Ƀ ůɡɜŭɡŬůɛɧɠ ɢŬɛɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ əŬɘ Ůˊɘˊɏŭɤɜ ɛɏůɖɠ ɖɛŮɟɐůɘŬɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ 

ɞŭɖɔɞɨɜ ůŮ Ŭɡɝɖɛɏɜɖ ɛɎɕŬ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɢɩɟŮɠ Űɖɠ əŮɜŰɟɘəɐɠ 
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Ⱥɡɟɩˊɖɠ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ůŰɧɢɞɡ Űɖɠ ɖɚɘŬəɐɠ əɎɚɡɣɖɠ. ɋɠ ŬˊɞŰɏɚŮůɛŬ ɖ ˊŮɟɑɞŭɞɠ 

űɧɟŰɘůɖɠ, ŬɡɝɎɜŮɘ ůɖɛŬɜŰɘəɎ, ɛŮ ůɡɜɞɚɘəɐ ŭɘɎɟəŮɘŬ 120 ɖɛŮɟɩɜ, Ůɜɩ ɤɠ ˊɟɞůűɘɚɏůŰŮɟɖ 

ŭɘɎŰŬɝɖ ŮˊɘɚɏɔŮŰŬɘ ŬɡŰɐ Űɞɡ ɔŮɤɗŮɟɛɘəɞɨ ŮɜŬɚɚɎəŰɖ.  

 

Ⱥɘə. 5.14:Ʉɟɞűɑɚ ɞɚɘəɐɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ ȸŬɟůɞɓɑŬɠ 

Ʉɘɜ. 5.8: ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘɟɘəɎ ŭŮŭɞɛɏɜŬ ȸŬɟůɞɓɑŬɠ 

ɀɏɔŮɗɞɠ ɇɘɛɐ ɀɞɜɎŭŮɠ 

ɀɏɔɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ 29,70 (ɞC) 

ȺɚɎɢɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ -16,50 (ɞC) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɧ Űɞ ɛɖŭɏɜ 22,10 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ 49,61 (%) 

ɄɞůɞůŰɧ ɢɟɧɜɞɡ ɛŮ ɖɚɘɞűɎɜŮɘŬ əŬɘ ŮˊɑˊŮŭŬ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 500 W/m2 
13,10 (%) 

 

5.8 Ɇɨɔəɟɘůɖ əŬɘ ůɡɛˊŮɟɎůɛŬŰŬ  

ɆŰɖɜ Ⱥɘə. 5.15, ɔɑɜŮŰŬɘ ɛɘŬ ŬˊŮɘəɧɜɘůɖ Űɤɜ əŬɛˊɡɚɩɜ ŭɘŬɟəŮɑŬɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ɔɘŬ Űɞ 

ůɨɜɞɚɞ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ˊɧɚŮɤɜ. ȳˊɤɠ ŮɑɢŮ ˊŬɟɞɡůɘŬůŰŮɑ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, Űɞ 

ȸɞɡəɞɡɟɏůŰɘ, ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ɡˊɧɚɞɘˊŮɠ ɡˊɧ ɛŮɚɏŰɖ ˊɧɚŮɘɠ, ɛŮ Űɖɜ Ȼɡɟɑɢɖ ɜŬ ŮɛűŬɜɑɕŮɘ Űɖɜ Ŭɛɏůɤɠ ɡɣɖɚɧŰŮɟɖ, ɛŮ ůɖɛŬɜŰɘəɎ 

ɤůŰɧůɞ ɛŮɘɤɛɏɜɖ ŭɘŬűɞɟɎ. ȷɜŰɑɗŮŰŬ, ŰŬ ɢŬɛɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɞ ȹɞɡɓɚɑɜɞ əŬɘ 

Űɖɜ ȸŬɟůɞɓɑŬ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞɡ ůɡɜŭɡŬůɛɞɨ Űɞɡ Űɞˊɘəɞɨ əɚɑɛŬŰɞɠ əŬɘ Űɞɡ ɔŮɤɔɟŬűɘəɞɨ 

ˊɚɎŰɞɡɠ ůŰɞ ɞˊɞɑɞ ɓɟɑůəɞɜŰŬɘ, ɛŮ Űɖɜ ɆŰɞəɢɧɚɛɖ, Űɖɜ ɁɡɟŮɛɓɏɟɔɖ əŬɘ Űɞ ȯɛůŰŮɟɜŰŬɛ ɜŬ 

ɓɟɑůəɞɜŰŬɘ ŮɚŬűɟɎ ɡɣɖɚɧŰŮɟŬ.  
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Ⱥɘə. 5.15: ȾŬɛˊɨɚŮɠ ŭɘɎɟəŮɘŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ ɔɘŬ Űɘɠ ɡˊɧ ŮɝɏŰŬůɖ ˊɧɚŮɘɠ 

ɆŰɖɜ ɛɏɢɟɘ ůŰɘɔɛɐɠ ŬɜɎɚɡůɖ, ɔɘŬ Űɖɜ ˊɞɘɞŰɘəɐ ŮɝŬɔɤɔɐ ɞˊɞɘɞŭɐˊɞŰŮ ůɡɛˊŮɟŬůɛɎŰɤɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ˊŬɟɎɔɞɜŰŮɠ ɛɧɜɞ, ɖ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ŰŬ ŮˊɑˊŮŭŬ ɖɚɘŬəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ŮɝɤŰŮɟɘəɐ ɗŮɟɛɞəɟŬůɑŬ ɏɢŮɘ ɎɛŮůɖ ŮˊɑˊŰɤůɖ ůŰɞɜ əŬɗɞɟɘůɛɧ 

Űɤɜ űɞɟŰɑɤɜ ɗɏɟɛŬɜůɖɠ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ůŮ ɧɚŮɠ Űɘɠ ˊɧɚŮɘɠ ˊɚɏɞɜ Űɞɡ ȸɞɡəɞɡɟŮůŰɑɞɡ, ŭŮɜ 

ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ ůŰŬ ɖɚɘŬəɎ ɗŮɟɛɘəɎ əɏɟŭɖ Űɖɠ ɞɘəɑŬɠ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůŰɞ 

ŭɘɎɔɟŬɛɛŬ Űɖɠ Ⱥɘə. 5.16. ɄŬɟɎɚɚɖɚŬ ŬɜŰɑůŰɞɘɢɖ ŮˊɑŭɟŬůɖ, ɡˊɎɟɢŮɘ əŬɘ ůŰɖɜ ŬˊŬɘŰɞɨɛŮɜɖ 

ůɡɜɞɚɘəɐ ɛɎɕŬ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɖ ŬˊɞɗɐəŮɡůɖ 

ɗŮɟɛɧŰɖŰŬɠ ɜŬ əŬɚɨˊŰŮɘ ɏɜŬ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɤɜ ŰŮɚɘəɩɜ əŬŰŬɜŬɚɩůŮɤɜ.  

 

Ⱥɘə. 5.16: ȼɚɘŬəɎ əɏɟŭɖ ɞɘəɑŬɠ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ ɃəŰɤɓɟɑɞɡ ï ɀŬɥɞɡ ůŰɘɠ ɡˊɧ ɛŮɚɏŰɖ ˊɧɚŮɘɠ  
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