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ɞʑʔɻʍʅʎʐʚʀʏ 

 

ȷɟɢɘəɎ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ə. ɁɘəɧɚŬɞ ɀŬɛɎůɖ, ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ 

Űɖɠ Ɇɢɞɚɐɠ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ ˊɞɡ ɛŮ ɓɞɐɗɖůŮ ɛŮ 

Űɘɠ ɔɜɩůŮɘɠ Űɞɡ ɜŬ Ůəˊɞɜɐůɤ Űɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. ȼ ŮˊɑɓɚŮɣɖ Űɞɡ ɐŰŬɜ 

ůɡɜŮɢɐɠ əŬɘ ˊɎɜŰɞŰŮ ůŮ əɚɑɛŬ ɎˊŰŬɘůŰɖɠ ůɡɜŮɜɜɧɖůɖɠ əŬɘ ůɡɜŮɟɔŬůɑŬɠ. 

ȺˊɘˊɟɞůɗɏŰɤɠ, ŮɡɢŬɟɘůŰɩ ˊɞɚɨ Űɞɜ ȹɘŭɎəŰɞɟŬ ɄŬɜŬɔɘɩŰɖ ȹɖɛɖŰɟɘɎŭɖ, ɞ ɟɧɚɞɠ Űɞɡ ɞˊɞɑɞɡ 

ɐŰŬɜ əŬɗɞɟɘůŰɘəɧɠ ɔɘŬ Űɖɜ ɏɔəŬɘɟɖ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮɟɔŬůɑŬɠ. ɇɞɜ ŮɡɢŬɟɘůŰɩ ɔɘŬ Űɖɜ 

ˊɟɞɗɡɛɑŬ Űɞɡ ɜŬ ɛŮ ɓɞɖɗɐůŮɘ, Űɘɠ ɩɟŮɠ ˊɞɡ ŭɘɏɗŮůŮ Ŭˊɧ Űɞɜ ɢɟɧɜɞ Űɞɡ əŬɘ Űɖɜ ˊɚɐɟɖ 

əŬŰŬɜɧɖůɖ ˊɞɡ ɏŭŮɘɝŮ.  

ȷəɧɛŬ, ɢɟɤůŰɎɤ ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɜ ɅɤɛŬɜɧ ȽɤŬɜɜɑŭɖ űɞɘŰɖŰɐ ůŰŬ ˊɟɩŰŬ ɏŰɖ Űɤɜ 

ůˊɞɡŭɩɜ ɛɞɡ əŬɘ ɡˊɞɣɐűɘɞ ȹɘŭɎəŰɞɟŬ ˊɚɏɞɜ. ȱŰŬɜ ŭɘŬɗɏůɘɛɞɠ ɧˊɞŰŮ Űɞɜ ɢɟŮɘŬɕɧɛɞɡɜ ɛŮ 

ůɡɜŮɢɐ ɡˊɞůŰɐɟɘɝɖ əŬɘ ůɡɛɓɞɡɚɏɠ ɔɘŬ ɞˊɞɘɞŭɐˊɞŰŮ ɗɏɛŬ ˊɟɞɏəɡˊŰŮ. ɆŰɞ ɑŭɘɞ ˊɚŬɑůɘɞ ŭŮɜ ɗŬ 

ɛ́ ɞɟɞɨůŬ ɜŬ ɛɖɜ ŬɜŬűŮɟɗɩ əŬɘ ůŮ ɧɚɞɡɠ ŮəŮɑɜɞɡɠ Űɞɡɠ ůɡɛűɞɘŰɖŰɏɠ ɛɞɡ ˊɞɡ ɧɚŬ ŬɡŰɎ ŰŬ 

ɢɟɧɜɘŬ əŬŰɏůŰɖůŬɜ Űɖɜ əŬɗɖɛŮɟɘɜɧŰɖŰŬ ɛɞɡ Ů́ɟɘůůɧŰŮɟɞ ŮɡɢɎɟɘůŰɖ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ. 

ɇɞ ŰŮɚŮɡŰŬɑɞ ŬɚɚɎ əŬɘ ůˊɞɡŭŬɘɧŰŮɟɞ ŮɡɢŬɟɘůŰɩ Űɞ ɞűŮɑɚɤ ůŰɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ, Űɞɡɠ ɔɞɜŮɑɠ 

ŪŮɞɢɎɟɖ əŬɘ ȽɤɎɜɜŬ əŬɗɩɠ əŬɘ ŰŬ ŬŭɏɟűɘŬ ɛɞɡ ȾɤɜůŰŬɜŰɑɜɞ, ūɤŰŮɘɜɐ əŬɘ ȷɚɏɝŬɜŭɟɞ ɔɘŬ 

Űɖɜ ŬɛɏɟɘůŰɖ ůɡɛˊŬɟɎůŰŬůɐ Űɞɡɠ ůŮ əɎɗŮ ŭɨůəɞɚɖ ůŰɘɔɛɐ Űɖɠ ɕɤɐɠ ɛɞɡ. 
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ɩʀʍʚʇʂʕʂ 

Ƀ ˊɚŬɜɐŰɖɠ ɔɖ, ɛŮ ŰŬ ɡˊɎɟɢɞɜŰŬ ůŰɞɘɢŮɑŬ, ŮɑɜŬɘ Űɞ ɛɧɜɞ ɛɏɟɞɠ ɛŮ Űɘɠ əŬŰɎɚɚɖɚŮɠ ůɡɜɗɐəŮɠ 

ŭɘŬɓɑɤůɖɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ Ůɑŭɞɡɠ əŬɘ Ɏɚɚɤɜ ɏɛɓɘɤɜ ɧɜŰɤɜ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ˊɟɤŰŬɟɢɘəɧ 

ůəɞˊɧ ŬˊɞŰŮɚŮɑ ɖ ˊɟɞůŰŬůɑŬ Űɞɡ. ɀɏɢɟɘ əŬɘ ůɐɛŮɟŬ ůŮ ŬɟəŮŰɏɠ ŭɟɎůŮɘɠ Űɖɠ ŬɜɗɟɤˊɧŰɖŰŬɠ 

ŮɚɚɞɢŮɨɞɡɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɑ əɑɜŭɡɜɞɘ ŬɚɚɞɘɩɜɞɜŰŬɠ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ɕɤɐɠ. ɉŬɟŬəŰɖɟɘůŰɘəɧ 

ˊŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮɑ ɖ əŬŰŬɜɎɚɤůɖ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ, ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ 

ŬɜŬɔəɩɜ Űɖɠ. ɇɞ ɗŮŰɘəɧ ŮɑɜŬɘ ɧŰɘ ɧŰŬɜ ŮˊɐɚɗŮ əɟɑůɖ ůŰɞ Ůɛˊɧɟɘɞ Űɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ əŬɘ 

əŬŰŬɜɞɐɗɖəŮ ɧŰɘ ŰŬ ŬˊɞɗɏɛŬŰŬ Űɞɡɠ ŮɝŬɜŰɚɞɨɜŰŬɘ ɞɘ ŮɟŮɡɜɖŰɏɠ ůŰɟɎűɖəŬɜ ůŰɖɜ ŬɜŬɕɐŰɖůɖ 

ɜɏɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ, ŬɜŬɜŮɩůɘɛɤɜ əŬɘ űɘɚɘəɩɜ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ. ɀŮ Űɞ ˊɏɟŬůɛŬ Űɤɜ 

ɢɟɧɜɤɜ ɞɘ ˊɖɔɏɠ ŬɡŰɏɠ ŮɝŮɚɑůůɞɜŰŬɘ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŰŬ ɞɟɡəŰɎ 

əŬɨůɘɛŬ əŬɘ əŬŰɎ ŰŬ űŬɘɜɧɛŮɜŬ Űɞ óɛɏɚɚɞɜ Űɞɡɠ ŬɜɐəŮɘô. 

Ƀɘ ŭɖɛɞűɘɚɏůŰŮɟŮɠ ɛɞɟűɏɠ ŬɜŬɜŮɩůɘɛɤɜ ŮɜŮɟɔŮɘɩɜ ŮɑɜŬɘ ɖ Ŭɘɞɚɘəɐ, ɖ ɖɚɘŬəɐ əŬɘ ɖ 

ɡŭɟɞɖɚŮəŰɟɘəɐ Ůɜɩ ɚɘɔɧŰŮɟɞ ɔɜɤůŰɏɠ əŬɘ ŮɝŮɚɘɔɛɏɜŮɠ ŮɑɜŬɘ əŬɘ ɖ ɔŮɤɗŮɟɛɘəɐ, ɖ ˊŬɟŬɔɧɛŮɜɖ 

Ŭˊɧ Űɖɜ ɓɘɞɛɎɕŬ ŮɜɏɟɔŮɘŬ əŬɘ ɖ ɗŬɚɎůůɘŬ ŮɜɏɟɔŮɘŬ. Ƀɘ ˊɟɞɓɚɏɣŮɘɠ ɔɘŬ Ŭɨɝɖůɖ Űɤɜ 

ŮɜŮɟɔŮɘŬəɩɜ ŬˊŬɘŰɐůŮɤɜ ůŰɞ ɛɏɚɚɞɜ ůŰɟɏűŮɘ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ 

ůŰɖɜ ŮɨɟŮůɖ ɜɏɤɜ ˊɧɟɤɜ ˊɏɟŬ Űɤɜ Űɟɘɩɜ ˊɟɩŰɤɜ. ɄŬɟŬŰɖɟɩɜŰŬɠ ɛɘŬ ŬˊŮɘəɧɜɘůɖ Űɞɡ 

ˊɚŬɜɐŰɖ ɔɖ, ɖ ɗɎɚŬůůŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ŬɢŬɜɐ ɏəŰŬůɖ ˊɞɡ əŬɚɨˊŰŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ 

əŬɘ ˊɘɗŬɜɧŰŬŰŬ ɏɜŬɜ ˊɧɟɞ ɛŮ ŬɟəŮŰɏɠ ŭɡɜŬŰɧŰɖŰŮɠ. Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɖɠ əŬɘ ŰŬ űŬɘɜɧɛŮɜŬ ˊɞɡ 

ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŮ ŬɡŰɐ ŭɘŬűɞɟɞˊɞɘɞɨɜ 5 ɛɞɟűɏɠ ŬɡŰɐɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůɡɜɞɚɘəɎ, Űɖɜ 

əɡɛŬŰɘəɐ, Űɖɜ ˊŬɚɘɟɟɞɘŬəɐ, Űɖɜ ɗŮɟɛɞŭɡɜŬɛɘəɐ, Űɖɜ ŮɜɏɟɔŮɘŬ Ŭˊɧ ŰŬ ɤəŮɎɜɘŬ ɟŮɨɛŬŰŬ əŬɘ 

ŬɡŰɐɜ ˊɞɡ ůŰɖɟɑɕŮŰŬɘ ůŰɞ űŬɘɜɧɛŮɜɞ Űɖɠ ɩůɛɤůɖɠ. 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ŬˊɞɗɖəŮɡɛɏɜɖɠ 

ůŰŬ əɨɛŬŰŬ ŮɜɏɟɔŮɘŬɠ. ɆŰɞ ɏɜŬ ůəɏɚɞɠ Űɖɠ əŬŰŬɔɟɎűɞɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɞɟɘůɛɏɜɤɜ 

ŮɔəŬŰŬůŰɎůŮɤɜ Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɛŮ ɛɑŬ ůɨɜŰɞɛɖ ŬɜŬűɞɟɎ ůŰɞ əɧůŰɞɠ 

Űɖɠ əɎɗŮ ɛɑŬɠ əŬɘ ůŰɞ ŭŮɨŰŮɟɞ ůɡɜŭɏɞɜŰŬɘ ɞɘ űɡůɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ ɛŮ Űɖɜ 

ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ɛɏůɤ ɞɟɘůɛɏɜɤɜ ɛɞɜŰɏɚɤɜ əŬɘ əŬŰŬůəŮɡŬůŰɘəɩɜ əŬɛˊɡɚɩɜ.   

ȼ ˊɟɩŰɖ ŬɝɘɞɛɜɖɛɧɜŮɡŰɖ ŬˊɧˊŮɘɟŬ Ŭˊɞɟɟɧűɖůɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɡɚɞˊɞɘɐɗɖəŮ Űɞ 2000 

ůŰɖɜ ŭɡŰɘəɐ ŬəŰɐ Űɖɠ ɆəɤŰɑŬɠ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ŮɔəŬŰɎůŰŬůɖ ɐŰŬɜ ɔɜɤůŰɐ ɛŮ Űɞ ɧɜɞɛŬ 

Limpet əŬɘ ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ Űɖɠ ɏűŰŬɜŮ ŰŬ 500 kW. ɇŬ ˊɟɤŰɧŰɡˊŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ 

əŬŰŬůəŮɡŬůŰŮɑ ɛɏɢɟɘ ůɐɛŮɟŬ ɝŮˊŮɟɜɎɜŮ ŰŬ 1000 əŬɘ ɛɏɢɟɘ Űɞɜ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2013 

ůɨɛűɤɜŬ ɛŮ Űɞ ŮɡɟɤˊŬɥəɧ əɏɜŰɟɞ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ (European Marine Energy Center) 

ɡˊɞɚŮɘŰɞɡɟɔɑŬ ŰŮɚɞɨɜ 227 ůɡůəŮɡɏɠ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ (ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ˊŬɟɎɟŰɖɛŬ ȷ 

ůŰɞ Űɏɚɞɠ). 

ȷɜŬűɞɟɘəɎ ɛŮ Űɞ ŭŮɨŰŮɟɞ ůəɏɚɞɠ, əŬŰŬůŰɟɩɗɖəŬɜ ŮɝɘůɩůŮɘɠ ɛŮ Űɘɠ ɞˊɞɑŮɠ ɔɑɜŮŰŬɘ əŬɚɨŰŮɟŬ 

ŬɜŰɘɚɖˊŰɐ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɛɞɜɎŭɤɜ əŬɘ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ əŬɗɞɟɘůɛɞɨ Űɞɡ 

ˊɞůɞɨ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ əŬŰɖɔɞɟɑŮɠ Űɞɡ əŮűŬɚŬɑɞɡ 3. ɆŰɞ ŮˊɧɛŮɜɞ 

əŮűɎɚŬɘɞ, ɛɎɚɘůŰŬ, ŮűŬɟɛɧɕɞɜŰŬɘ ŰŬ ɛɞɜŰɏɚŬ Űɤɜ ˊɚɤŰɩɜ əŬɘ Űɤɜ ɡˊŮɟˊɖŭɖŰɩɜ Ŭˊɧ Űɞ ɡɔɟɧ 

ůŰɞɘɢŮɑɞ ŰŮɢɜɞɚɞɔɘɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȷůŰɡˊɎɚŬɘŬɠ ɛɏůɤ ɛŮŰɟɐůŮɤɜ ˊɞɡ ůɡɜŰɏɗɖəŬɜ ɔɘŬ 

Űɞ ŭɘɎůŰɖɛŬ Űɤɜ ŮˊɧɛŮɜɤɜ 100 ɢɟɧɜɤɜ (2018-2117).      
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Abstract  

Planet earth as the existing elements prove is the only place with the proper living conditions 

for the human species and other living beings. For this reason the primary purpose is its 

protection. Until today many actions of the humanity imply environmental hazards with 

consequences to the quality of life. A typical example is the consumption of fossil fuels to 

meet humanôs energy demands. The positive state is that when the oil crises strike and was 

understood that these stocks are depleted the researchers tried to find new sources of energy, 

renewable and environmentally friendly. Over the years these sources have evolved replacing 

in many cases fossil fuels and apparently they are the future energy. 

The most popular forms of renewable energy are wind, solar and hydro energy while 

geothermal, biomass-generated energy and ocean energy are less known. Forecasts for 

increasing energy demands in the future are turning the scientific communityôs interest in 

finding new resources beyond the three popular. Observing the globe, the sea is a vast area 

that covers most of planet earth and probably a resource that contains big amounts of energy. 

Her properties and the phenomena taking place in it categorize 5 forms as a whole, wave 

energy, tidal energy, thermodynamic energy, energy from the ocean currents and the one 

based in the phenomenon of osmosis. 

This diploma thesis deals with the exploitation of energy stored in waves. In one part, are 

recorded the characteristics of some wave energy utilization facilities with a short mention to 

the cost of each one and in the second, wave variables are related to the energy generated by 

certain models and construction curves. 

The first memorable attempt to absorb wave energy was implemented in 2000 on the west 

coast of Scotland. This particular installation was known as Limpet and its installed capacity 

was 500 kW. The prototypes that have been built to date are over 1000 and by February 2013 

according to European Marine Energy Center (EMEC) 227 devices are operating worldwide 

(as shown in Appendix). 

Concerning the second part, equations have been developed to help the understanding of the 

units operation and specify the parameters that determine the amount of energy produced for 

the different categories of chapter 3. In the following chapter models of floating and 

overtopping technologies are applied in the region of Astypalaia through measurements 

compiled for the next hundred years (2018-2117) 
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1.  ɞʅʎɻɾʖɾʙ 

ρȢρ ɫʆʋʌʝʏ ʐʂʏ ʀʍɾɻʎʚɻʏ 

Ƀɘ ˊɟɞůˊɎɗŮɘŮɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ, Űɖɠ Ŭɘɞɚɘəɐɠ Űɖɠ 

ɡŭɟɞɖɚŮəŰɟɘəɐɠ əŬɘ Ɏɚɚɤɜ ůɡɢɜɎ əŬŰŬəɟɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ əɞɘɜɐ ɔɜɩɛɖ. ȷɜŮɛɞɔŮɜɜɐŰɟɘŮɠ, 

űɟɎɔɛŬŰŬ əŬɘ ɎɚɚŮɠ ŭɘŬŰɎɝŮɘɠ Ŭɚɚɞɘɩɜɞɡɜ Ůɜ ɛɏɟŮɘ Űɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ 

Űɖɜ ɞˊŰɘəɐ əŬɘ ŬəɞɡůŰɘəɐ ɧɢɚɖůɖ Űɤɜ Ŭɜɗɟɩˊɤɜ əŬɘ Űɖɜ ŮɡŬɘůɗɖŰɞˊɞɑɖůɖ ɔɘŬ Űɘɠ ŬɟɜɖŰɘəɏɠ 

ŮˊɘŭɟɎůŮɘɠ ůŰɞ ůɨɜɞɚɞ Űɞɡ ɞɘəɞůɡůŰɐɛŬŰɞɠ. ɈˊɎɟɢŮɘ, ɤůŰɧůɞ, əŬɘ ɛɘŬ ŬůŰŮɑɟŮɡŰɖ ˊɖɔɐ 

ŮɜɏɟɔŮɘŬɠ ɖ ɞˊɞɑŬ Ŭɜ əŬɘ ˊŬɟŬɔəɤɜɘůɛɏɜɖ ŭɨɜŬŰŬɘ ɜŬ ŬˊɞŭɑŭŮɘ ůɖɛŬɜŰɘəɎ ˊɞůɎ ŮɜɏɟɔŮɘŬɠ 

ˊɟɞəŬɚɩɜŰŬɠ ŬůɗŮɜɏůŰŮɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ. ȼ ˊɖɔɐ ŬɡŰɐ ŮɑɜŬɘ ɖ ɗɎɚŬůůŬ. ȼ ŰŮɟɎůŰɘŬ ɏəŰŬůɐ 

Űɖɠ ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ ɨˊŬɟɝɖ ˊɚɖɗɩɟŬɠ ɘŭŬɜɘəɩɜ ŰɞˊɞɗŮůɘɩɜ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ůŰŬɗɛɩɜ 

ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȷˊɧ ŬɡŰɏɠ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŮɑɜŬɘ Ůɟɖɛɘəɏɠ ŬɚɚɎ ŬəɧɛŬ əŬɘ 

Ŭɜ ŭŮɜ ŮɑɜŬɘ, ɖ ŭɡɜŬŰɧŰɖŰŬ ŮɔəŬŰɎůŰŬůɖɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ůŮ ɓŬɗɘɎ ɜŮɟɎ ŭɨɜŬŰŬɘ ɜŬ əɎɛɣŮɘ 

Űɘɠ ŬɜŰɘůŰɎůŮɘɠ Űɤɜ ɔɖɔŮɜɩɜ əŬŰɞɑəɤɜ. ȷɡŰɎ əŬɘ ɎɚɚŬ ˊɟɞŰŮɟɐɛŬŰŬ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ 

ˊŬɟŬəɎŰɤ əŬɗɘůŰɞɨɜ Űɖɜ ɗŬɚɎůůɘŬ űɘɚɘəɧŰŮɟɖ ŬɜɎɛŮůŬ ůŰɘɠ ɐŭɖ űɘɚɘəɏɠ ŬɜŬɜŮɩůɘɛŮɠ 

ŮɜɏɟɔŮɘŮɠ. Ɇəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ, ɚɞɘˊɧɜ, ŮɑɜŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ 

ŭɡɜŬŰɞŰɐŰɤɜ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɤɜ əɡɛŬŰɘůɛɩɜ ůŮ ŭɘɎűɞɟŮɠ ŰɞˊɞɗŮůɑŮɠ 

ŬɜɎ Űɞɜ əɧůɛɞ. ȷəɧɛŬ əŬɘ ůɐɛŮɟŬ, ɓɏɓŬɘŬ, ˊŬɟɧɚɖ Űɖɜ ˊɟɧɞŭɞ əŬɘ  Űɖɜ ŮɜŰŬŰɘəɞˊɞɑɖůɖ Űɤɜ 

ɛŮɚŮŰɩɜ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ŬɡŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŮ ˊŮɘɟŬɛŬŰɘəɧ ůŰɎŭɘɞ.  

ȽŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɖ ŮɑɜŬɘ əŬɘ ɖ ŮˊɘŭɘɤəɧɛŮɜɖ, ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ əŮɑɛŮɜɞ, ůɨɜŭŮůɖ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ ɛŮ űɡůɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɧˊɤɠ ŰŬ ɨɣɖ H əŬɘ ɞɘ ˊŮɟɑɞŭɞɘ əɨɛŬŰɞɠ T. 

ɀɏůɤ ŭɘŬűɧɟɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, əŬɛˊɡɚɩɜ əŬɘ ˊɘɜɎəɤɜ əŬŰŬɟŰɘůɛɏɜɤɜ Ŭˊɧ 

Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ, ɞɘ ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ 

ŭɘŬűɞɟŮŰɘəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ ůŰɖɜ ˊɘɗŬɜɐ ˊŮɟɘɞɢɐ ŮɔəŬŰɎůŰŬůɐɠ Űɞɡɠ. ȳɚŮɠ ŬɡŰɏɠ ɞɘ ɔɜɩůŮɘɠ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ əŬɘ ɜŬ ŮűŬɟɛɞůɗɞɨɜ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ɢɟɐůɘɛɤɜ 

ůɡɛˊŮɟŬůɛɎŰɤɜ Ŭˊɧ Űɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. 

ρȢς ɝʅʗʍʃʍʖʎʂ ʐʂʏ ʀʍɾɻʎʚɻʏ 

ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ, ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ əŬɘ ůŰɘɠ 5 ɛɞɟűɏɠ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ. ȷɟɢɘəɎ 

əŬŰŬɔɟɎűŮŰŬɘ ɔɘŬ əɎɗŮ ɛɑŬ ɢɤɟɘůŰɎ ɛɘŬ ůɨɜŰɞɛɖ ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ ůŰɘɠ ˊɟɩŰŮɠ ŬˊɧˊŮɘɟŮɠ 

Ŭɝɘɞˊɞɑɖůɐɠ Űɞɡɠ əŬŰŬɚɐɔɞɜŰŬɠ ůŰɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ əŬŰŬůəŮɡŬůɛɏɜɤɜ ɏɤɠ ůɐɛŮɟŬ 

ŮɔəŬŰŬůŰɎůŮɤɜ ɛŮ ɓɎůɖ Űɞɜ Űɟɧˊɞ ŮɝŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ. ȷəɞɚɞɨɗɤɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ɢɎɟŰŮɠ 

ŮəŰɑɛɖůɖɠ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ ɧɚɤɜ Űɤɜ ɛɞɟűɩɜ əŬɗɩɠ əŬɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ-ɛŮɘɞɜŮəŰɐɛŬŰɎ 

Űɞɡɠ. 

ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ, Ŭűɞɨ ŮˊɘɚɏɢŰɖəŮ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ɖ ŬˊɞɗɖəŮɡɛɏɜɖ ůŰɞɡɠ əɡɛŬŰɘůɛɞɨɠ 

ŮɜɏɟɔŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ Ůˊɘůəɧˊɖůɖ 13
ɤɜ

 ůɡůŰɖɛɎŰɤɜ Ŭˊɞɟɟɧűɖůɐɠ Űɖɠ. ɇɖɠ 

Ůˊɘůəɧˊɖůɖɠ ŬɡŰɐɠ ˊɟɞɖɔɐɗɖəŮ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡɠ ɓŬůɘůɛɏɜɖ ůŮ ŰɟɑŬ əɟɘŰɐɟɘŬ: Űɖɜ 

ŬˊɧůŰŬůɖ Űɞɡɠ Ŭˊɧ Űɖɜ ŬəŰɐ, Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɞɡɠ əŬɘ Űɖɜ Ŭɟɢɐ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. 

ɆŰɞ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɢɐɛŬŰŬ ɓɎůɖ Űɤɜ ɞˊɞɑɤɜ 

ŮəŰɘɛɎŰŬɘ ɖ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɟɘůɛɏɜŮɠ űɡůɘəɏɠ 
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ɛŮŰŬɓɚɖŰɏɠ. ɆŰɞ Űɏɚɞɠ Űɞɡ əŮűŬɚŬɑɞɡ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ ɛɏŰɟɖůɖɠ Űɤɜ 

ɛŮŰŬɓɚɖŰɩɜ ŬɡŰɩɜ. 

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ ůɡɜɗŮŰɘəɩɜ ɛŮŰɟɐůŮɤɜ, ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ˊŮɟɘɞɢɐ 

Űɖɠ ȷůŰɡˊɎɚŬɘŬɠ, ɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ɛɘŬɠ ɡˊŮɟˊɖŭɖŰɐɠ Ŭˊɧ Űɞ ɗŬɚɎůůɘɞ ɜŮɟɧ 

ŮɔəŬŰɎůŰŬůɖɠ əŬɘ ɛɑŬɠ ŭŮɨŰŮɟɖɠ ɛŮ ŮɜůɤɛŬŰɤɛɏɜɞɡɠ ˊɚɤŰɐɟŮɠ ɛŮ ůəɞˊɧ Űɖɜ əɎɚɡɣɖ Űɤɜ 

ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ Űɞɡ ɜɖůɘɞɨ. 

ɆŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ.  

1.3  ɡɻʇʗʎʎʅɻ ʀʉʘʍɾʀʅɻ 

ũɘŬ ˊɞɚɚɎ ɢɟɧɜɘŬ ɖ ŬɜɗɟɤˊɧŰɖŰŬ ůŰɐɟɘɕŮ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ŬˊɞəɚŮɘůŰɘəɎ ůŰɘɠ 

ůɡɛɓŬŰɘəɏɠ ˊɖɔɏɠ, ŭɖɚŬŭɐ ŰŬ ɞɟɡəŰɎ əŬɨůɘɛŬ əŬɘ əɡɟɑɤɠ Űɞ ˊŮŰɟɏɚŬɘɞ. Ƀɘ ˊɖɔɏɠ ŬɡŰɏɠ, 

əŮɑŰɞɜŰŬɘ ůŰɞ ɡˊɏŭŬűɞɠ Űɞɡ ˊɚŬɜɐŰɖ əŬɘ ɞ ɟɡɗɛɧɠ ˊŬɟŬɔɤɔɐɠ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɟɡɗɛɧ 

əŬŰŬɜɎɚɤůɖɠ Űɞɡɠ ŮɑɜŬɘ ŭɟŬɛŬŰɘəɎ ɛɘəɟɧŰŮɟɞɠ ɛŮ ŬɜŰɑəŰɡˊɞ, űɡůɘəɎ, ůŰŬ ŬˊɞɗɏɛŬŰɎ Űɞɡɠ. 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ˊɖɔɏɠ ɞɘ ɞˊɞɑŮɠ ɛŮ Űɞ ˊɏɟŬůɛŬ Űɤɜ ɢɟɧɜɤɜ ɗŬ ŮəɚŮɑɣɞɡɜ, ɤůŰɧůɞ ŮɚɎɢɘůŰɞɘ 

ŮɑɢŬɜ ůɡɜŮɘŭɖŰɞˊɞɘɐůŮɘ ŬɡŰɧɜ Űɞɜ əɑɜŭɡɜɞ Ŭˊɧ ŰŬ ɛɏůŬ Űɞɡ 19
ɞɡ

 ŬɘɩɜŬ. ȷɜɎɛŮůŬ ůŮ ŬɡŰɞɨɠ 

ɞɘ Tom Dale əŬɘ Vernon Gill  Carter ŬɜŬűɏɟɗɖəŬɜ Űɞ 1956, ůŰɞ ɓɘɓɚɑɞ Űɞɡɠ ñTopsoil and 

Civilizationò, ůŰɖɜ əŬŰŬůŰɟɞűɐ ˊɞɡ ˊɟɞəŬɚŮɑ ɞ Ɏɜɗɟɤˊɞɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ŬɟɔɧŰŮɟŬ Űɞ 

1973 ɞ ɔɜɤůŰɧɠ ɞɘəɞɜɞɛɞɚɧɔɞɠ Ernst Schumacher ůŰɞ ɓɘɓɚɑɞ Űɞɡ ñSmall is beautiful: a study 

of economics as if  people matteredò ůŰɞ ɞˊɞɑɞ ŬɜŬűɏɟɗɖəŮ ˊɘɞ ŮɝŮɘŭɘəŮɡɛɏɜŬ ůŰɖɜ 

ɚŬɜɗŬůɛɏɜŬ ŬɜŮɝɏɚŮɔəŰɖ ɢɟɐůɖ Űɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ əŬɘ Űɞɜ əɑɜŭɡɜɞ ŮɝɎɜŰɚɖůɖɠ Űɤɜ 

ŬˊɞɗŮɛɎŰɤɜ Űɞɡɠ ůŰɞɜ ˊɚŬɜɐŰɖ. ȺɜŰɞɨŰɞɘɠ, ɞɘ ŬˊɧɣŮɘɠ ŬɡŰɏɠ ŮˊɘəɟɑɜɞɜŰŬɜ Ŭˊɧ Űɖɜ əɞɘɜɐ 

ɔɜɩɛɖ. ȷűɞɟɛɐ, ɚɞɘˊɧɜ, ɔɘŬ Űɖɜ ŬɜŬɕɐŰɖůɖ ɜɏɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ůŰɎɗɖəŬɜ ŭɨɞ 

ˊŮŰɟŮɚŬɥəɏɠ əɟɑůŮɘɠ, Űɞ 1973 əŬɘ Űɞ 1979, Űɘɠ ɞˊɞɑŮɠ ˊɟɞəɎɚŮůŮ Űɞ ŮɛˊɎɟɔəɞ Űɤɜ ŬɟŬɓɘəɩɜ 

ɢɤɟɩɜ (1973) əŬɘ ɖ əŬŰŬəɧɟɡűɖ Ŭɨɝɖůɖ Űɖɠ Űɘɛɐɠ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ɚɧɔɤ Űɖɠ ŮˊŬɜɎůŰŬůɖɠ 

ůŰɞ ȽɟɎɜ (1979). Ƀɘ ŬɜŮˊŰɡɔɛɏɜŮɠ ɢɩɟŮɠ ůŰɟɎűɖəŬɜ ůŰŬ ůŰɞɘɢŮɑŬ Űɖɠ űɨůɖɠ ɔɘŬ Űɖɜ 

ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ, ŭɖɚŬŭɐ ůŮ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ. 

ȷɜŬɜŮɩůɘɛɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɛɘŬ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ ɖ ɞˊɞɑŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɛɘŬ űɡůɘəɐ 

ŭɘŮɟɔŬůɑŬ, ŭŮɜ ŮɝŬɜŰɚŮɑŰŬɘ ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ əŬɘ ŮɑɜŬɘ űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ. ɀɞɘɟŬɑŬ 

ɧŰŬɜ ɔɑɜŮŰŬɘ ɚɧɔɞɠ ɔɘŬ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ ɞɘ ˊɟɩŰŮɠ ˊɞɡ ɏɟɢɞɜŰŬɘ ůŰɞɜ ɜɞɡ Űɞɡ 

əŬɗŮɜɧɠ ŮɑɜŬɘ ɖ ɖɚɘŬəɐ, ɖ Ŭɘɞɚɘəɐ əŬɘ ɑůɤɠ ɖ ɡŭɟɞŭɡɜŬɛɘəɐ ɚɧɔɤ Űɤɜ űɟŬɔɛɎŰɤɜ əŬɘ Ɏɚɚɤɜ 

ɡŭɟɞɖɚŮəŰɟɘəɩɜ ɏɟɔɤɜ. ȷɡŰɏɠ ŮɑɜŬɘ ɎɚɚɤůŰŮ əŬɘ ɞɘ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŮɠ əŬɘ ŰŮɢɜɞɚɞɔɘəɎ ˊɘɞ 

ŮɝŮɚɘɔɛɏɜŮɠ.  Ɉ́ ɎɟɢŮɘ, ɧɛɤɠ, ɛɑŬ ŬɜŬɜŮɩůɘɛɖ ˊɖɔɐ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ɛŮ ŰŮɟɎůŰɘŮɠ ŭɡɜŬŰɧŰɖŰŮɠ 

ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ůŮ ˊɟɩɘɛɞ ůŰɎŭɘɞ ŬɜɎˊŰɡɝɖɠ. ȼ ŬɜŬɜŮɩůɘɛɖ ŬɡŰɐ ˊɖɔɐ ŭŮɜ ŮɑɜŬɘ Ɏɚɚɖ Ŭˊɧ 

Űɞ ɡɔɟɧ ůŰɞɘɢŮɑɞ Űɤɜ ɗŬɚŬůůɩɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ ŰŮɟɎůŰɘɞ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ ñɗɖůŬɡɟɧò ɞ 

ɞˊɞɑɞɠ əŬɚɨˊŰŮɘ ŰŬ ŭɨɞ ŰɟɑŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɔɖɠ. ȷɜŬɚɞɔɘɕɧɛŮɜɞɘ əŬɘ Űɘɠ ŮəŰɘɛɐůŮɘɠ ˊɞɡ 

əɎɜɞɡɜ ɚɧɔɞ ɔɘŬ Ŭɨɝɖůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ əŬŰɎ 30% Ŭˊɧ Űɞ 2010 ɏɤɠ Űɞ 2040, 

ůɨɛűɤɜŬ ɛŮ ůŰɞɘɢŮɑŬ Űɖɠ  ŬɛŮɟɘəŬɜɘəɐɠ ŮŰŬɘɟɑŬɠ Exxonmobil, əŬɗɑůŰŬŰŬɘ ŮˊɘŰŬəŰɘəɐ ɖ 

ŬɜɎɔəɖ Ŭˊɞɟɟɧűɖůɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɘɠ űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɞɡɠ 

ɤəŮŬɜɞɨɠ əŬɘ Űɘɠ ɗɎɚŬůůŮɠ ɔŮɜɘəɎ. ȳɛɞɘŬ ɛŮ Űɞɜ ŭɘŬɢɤɟɘůɛɧ ŬɡŰɩɜ Űɤɜ űɡůɘəɩɜ 

ŭɘŮɟɔŬůɘɩɜ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ɗŬɚɎůůɘɤɜ ɛɞɟűɩɜ ŮɜɏɟɔŮɘŬɠ. 
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Ƀɘ ɛɞɟűɏɠ ŬɡŰɏɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

i. ȾɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ  

ii.  ɄŬɚɘɟɟɞɘŬəɐ ŮɜɏɟɔŮɘŬ 

iii.  ŪŮɟɛɞŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ 

iv. ȺɜɏɟɔŮɘŬ ɚɧɔɤ ɗŬɚɎůůɘɤɜ ɟŮɡɛɎŰɤɜ 

v. ɋůɛɤŰɘəɐ ŮɜɏɟɔŮɘŬ 

 

 

 

ȺɘəɧɜŬ 1.1  ȾɨɛŬŰŬ. 

(Ʉɖɔɐ: www.teamenergy.gr)    

 

 
ȺɘəɧɜŬ 1.2  ɄŬɚɑɟɟɞɘŬ. 

(Ʉɖɔɐ: www.perierga.gr) 
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ȺɘəɧɜŬ 1.3  ȹɘŬűɞɟɎ ɗŮɟɛɞəɟŬůɑŬɠ ɜŮɟɞɨ.(ŪŮɟɛɞŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ). 

(Ʉɖɔɐ: www.dutchwatersector.com)

 
ȺɘəɧɜŬ 1.4  ŪŬɚɎůůɘŬ ɟŮɨɛŬŰŬ 

(Ʉɖɔɐ: ůŰɘɔɛɘɧŰɡˊɞ Ŭˊɧ Űɞ www.google.com/maps)   

 
ȺɘəɧɜŬ 1.5  Ⱥəɓɞɚɐ ˊɞŰŬɛɞɨ. (ȵůɛɤůɖ). 

(Ʉɖɔɐ: www.iefimerida.gr) 
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1.3.1  ɣʑʈɻʐʅʆʙ ɞʉʘʍɾʀʅɻ 

Ƀɘ əɡɛŬŰɘůɛɞɑ ɞɟɑɕɞɜŰŬɘ ɤɠ ɧɚŮɠ ɞɘ ɛɖ ɛɧɜɘɛŮɠ ŭɘŬŰŬɟŬɢɏɠ Űɖɠ ɗɏůŮɤɠ Űɤɜ ɛɞɟɑɤɜ Űɞɡ ɜŮɟɞɨ 

ůŮ ŮɚɚŮɘˊŰɘəɏɠ Űɟɞɢɘɏɠ Űɤɜ ɞˊɞɑɤɜ ɖ ŬəŰɑɜŬ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɞ ɓɎɗɞɠ. ȼ ůɡɜɞɚɘəɐ  ɛɖɢŬɜɘəɐ 

ŮɜɏɟɔŮɘŬ Űɤɜ əɡɛɎŰɤɜ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɎɗɟɞɘůɛŬ Űɖɠ əɘɜɖŰɘəɐɠ əŬɘ Űɖɠ ŭɡɜŬɛɘəɐɠ Űɞɡɠ 

ŮɜɏɟɔŮɘŬɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɗŮɤɟɑŬ Űɞɡ Stokes 1
ɖɠ

 ŰɎɝŮɤɠ ɔɘŬ Űɞɡɠ ɔɟŬɛɛɘəɞɨɠ əɡɛŬŰɘůɛɞɨɠ 

ŬˊŮɘɟɞůŰɞɨ ˊɚɎŰɞɡɠ Űɞ ŮɜŮɟɔŮɘŬəɧ ˊŮɟɘŮɢɧɛŮɜɞ ůŰɐɚɖɠ ɜŮɟɞɨ ˊɚɎŰɞɡɠ 1 m əŬɘ ɛɐəɞɡɠ L, 

ŮɑɜŬɘ:  

ɞ ɞʆɞɿ
ρ

ρφ
ʍὫὌὒ

ρ

ρφ
”ὫὌὒ

ρ

ψ
”Ç(, 

ɧˊɞɡ: 

ɟ: ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ (kg/m
3
) 

g: ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ (m/s
2
) 

H: Űɞ ɨɣɞɠ əɨɛŬŰɞɠ (m) 

ȼ ˊɟɩŰɖ ŬˊɧˊŮɘɟŬ Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɏɔɘɜŮ, ˊŬɟŬŭɧɝɤɠ, ˊɞɚɨ ɜɤɟɑŰŮɟŬ 

Ŭˊɧ Űɖɜ əɟɑůɖ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ. ɇɞɜ 13
ɞ
 ŬɘɩɜŬ ůŰɖɜ ȾɑɜŬ ɡˊɐɟɝŬɜ əɎˊɞɘŬ ŭŮɑɔɛŬŰŬ ɛɨɚɤɜ 

ˊɞɡ ˊŮɟɘůŰɟɏűɞɜŰŬɜ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɤɜ əɡɛɎŰɤɜ, ɤůŰɧůɞ ɖ ˊɟɩŰɖ ŮɡɟŮůɘŰŮɢɜɑŬ  

Ŭˊɞɟɟɧűɖůɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɎɜɖəŮ ůŰɞɜ Girard əŬɘ Űɞɜ ɡɘɧ Űɞɡ Ŭˊɧ Űɞ 1799 ůŰɖɜ 

ũŬɚɚɑŬ (Cl®ment A. et al., 2002). 

Ȱɢɞɡɜ ɔɑɜŮɘ ŬɟəŮŰɏɠ ůɡɕɖŰɐůŮɘɠ Űɞɜ 19
ɞ
 ŬɘɩɜŬ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɗɏɛŬ əŬɘ ˊɞɚɨ 

ˊŮɟɘůůɧŰŮɟŮɠ ɛŮŰɎ Űɖɜ ˊŮŰɟŮɚŬɥəɐ əɟɑůɖ ŬɚɚɎ ɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ɗŮɤɟɐɗɖəŮ ˊɞɚɨˊɚɞəɖ 

əŬɘ ɞɘəɞɜɞɛɘəɎ Ŭůɨɛűɞɟɖ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ Ůˊɞɢɐɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ŭɧɗɖəŮ 

ˊɟɞŰŮɟŬɘɧŰɖŰŬ əŬɘ ɞɘəɞɜɞɛɘəɐ ɡˊɞůŰɐɟɘɝɖ, ůŰɖɜ ɏɟŮɡɜŬ əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ ŰŮɢɜɞɚɞɔɘɩɜ 

Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ ɖɚɘŬəɐɠ, Űɖɠ Ŭɘɞɚɘəɐɠ əŬɘ Űɖɠ ɡŭɟɞɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬŰɎ əɨɟɘɞ ɚɧɔɞ. ȼ 

ůɡɜŮɢɐɠ Ŭɨɝɖůɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ, ɧɛɤɠ, ůŰɟɏűŮɘ Űɖɜ ˊɟɞůɞɢɐ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ 

əɞɘɜɧŰɖŰŬɠ ůŰɖɜ óɛˊɚŮ ŮɜɏɟɔŮɘŬô ɖ ɞˊɞɑŬ ɏɢŮɘ ŰŮɟɎůŰɘŮɠ ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ ůɖɛŬɜŰɘəɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ˊɚŬɜɐŰɖ. 

ɀɏɢɟɘ ůɐɛŮɟŬ ɖ ŰŮɢɜɞɚɞɔɑŬ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɖɚŮəŰɟɘůɛɧ ɓɟɑůəŮŰŬɘ 

ůŮ ˊŮɘɟŬɛŬŰɘəɧ ŮˊɑˊŮŭɞ. Ƀɘ ɛŮŰŬŰɟɞˊŮɑɠ ŬɡŰɞɑ ˊŬɟɎɔɞɡɜ ŮɜɏɟɔŮɘŬ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ 

ɛɏůɤ Űɖɠ əɑɜɖůɖɠ əŬɘ Űɖɠ ˊŰɩůɖɠ Űɞɡ ɜŮɟɞɨ. ɀŮ ɓɎůɖ Űɘɠ Ŭɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ɞɘ 

ůɡůəŮɡɏɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ 

i. ɀŮŰŬŰɟɞˊŮɑɠ ɞɘ ɞˊɞɑɞɘ Ŭɝɘɞˊɞɘɞɨɜ Űɖɜ ŭɘŬűɞɟɎ ˊɑŮůɖɠ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɨɠ ɢɩɟɞɡɠ 

ii.  ɀŮŰŬŰɟɞˊŮɑɠ ˊɚɤŰɞɨɠ ˊɞɡ Ŭɝɘɞˊɞɘɞɨɜ Űɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ ɜŮɟɞɨ 

iii.  ɀŮŰŬŰɟɞˊŮɑɠ ɞɘ ɞˊɞɑɞɘ ɡˊŮɟˊɖŭɞɨɜŰŬɘ Ŭˊɧ ŰŬ əɨɛŬŰŬ əŬɘ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ Űɖɜ ˊŰɩůɖ 

Űɞɡ ɜŮɟɞɨ 

iv. ɀŮŰŬŰɟɞˊŮɑɠ ɞɘ ɞˊɞɑɞɘ Ŭɝɘɞˊɞɘɞɨɜ Űɘɠ ɞɟɘɕɧɜŰɘŮɠ ŭɡɜɎɛŮɘɠ ɛŮŰɎŭɞůɖɠ Űɤɜ əɡɛɎŰɤɜ. 
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ȺɘəɧɜŬ 1.6  ȷɝɘɞˊɞɑɖůɖ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛŮ ŭɘɎűɞɟŮɠ ŰŮɢɜɞɚɞɔɑŮɠ. 

(Ʉɖɔɐ: Bedard R., 2006) 

ɆŰɖɜ ŮɘəɧɜŬ űŬɑɜɞɜŰŬɘ ɞɘ Ůɝɐɠ ŰŮɢɜɞɚɞɔɑŮɠ: 

i. Point absorber (ˊɚɤŰɐ ůɡůəŮɡɐ) 

ii.  Wave overtopping reservoir (ɈˊŮɟˊɖŭɖŰɐ əŬŰŬůəŮɡɐ) 

iii.  Attenuator (ˊɚɤŰɐ ůɡůəŮɡɐ) 

iv. Oscillating water column (ůɡůəŮɡɐ Ŭɝɘɞˊɞɑɖůɖɠ ŭɘŬűɞɟɎɠ ˊɑŮůɖɠ) 

v. Inverted pendulum (Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ŭɡɜɎɛŮɤɜ ˊɞɡ Ŭůəɞɨɜ ŰŬ 

ŮɘůŮɟɢɧɛŮɜŬ əŬɘ ŰŬ ŮɝŮɟɢɧɛŮɜŬ əɨɛŬŰŬ əɞɜŰɎ ůŰɖɜ ŬəŰɐ ï əɑɜɖůɖ ŮəəɟŮɛɞɨɠ). 

Ƀ ɓŬɗɛɧɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬɡŰɩɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ 

ŰŬɢɨŰɖŰŬ, Űɞ ɨɣɞɠ əŬɘ ɖ ůɡɢɜɧŰɖŰŬ-ˊŮɟɑɞŭɞɠ əɨɛŬŰɞɠ əŬɗɩɠ əŬɘ Ŭˊɧ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ 

ɜŮɟɞɨ. ɆɡɜŮˊɩɠ, ɓŬɟɨɜɞɡůŬɠ ůɖɛŬůɑŬɠ ŮɑɜŬɘ əŬɘ ɖ Ůˊɘɚɞɔɐ Űɖɠ ŰɞˊɞɗŮůɑŬɠ Űɞɡɠ. ȷɟəŮŰɏɠ 

ɏɟŮɡɜŮɠ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ ůəɞˊɧ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɞɡ əɡɛŬŰɘəɞɨ əɚɑɛŬŰɞɠ əŬɘ Űɖɜ 

ŮəŰɑɛɖůɖ Űɖɠ ŬˊɞɗɖəŮɡɛɏɜɖɠ ůŰɞɡɠ əɡɛŬŰɘůɛɞɨɠ ŮɜɏɟɔŮɘŬɠ, ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ. ɆŰɖɜ 
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ŮɘəɧɜŬ 1.6 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ˊŬɔəɧůɛɘɞɠ ɢɎɟŰɖɠ Űɞɡ əɡɛŬŰɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŮ ɛɏůɖ ŮŰɐůɘŬ 

ɓɎůɖ. 

 
ȺɘəɧɜŬ 1.6  ȺəŰɑɛɖůɖ ɛɏůɖɠ ŮŰɐůɘŬɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ kW/m ɔɘŬ ˊŮɟɑɞŭɞ 10

 
ŮŰɩɜ.  

(Ʉɖɔɐ: Cornett A., 2008) 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ Ŭˊɧ Űɞɜ ɢɎɟŰɖ ŬɡŰɧɜ: 

i. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ ˊɞůɧŰɖŰŮɠ ŮɜɏɟɔŮɘŬɠ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ŬɜɎɛŮůŬ ůŰɘɠ 40
ɞ
 əŬɘ 60

ɞ
 ůŮ 

əɎɗŮ ɖɛɘůűŬɑɟɘɞ əŬɘ ůɡɔəɟɘŰɘəɎ Űɞ ɜɧŰɘɞ ɖɛɘůűŬɑɟɘɞ ŮɑɜŬɘ ŮɜŮɟɔŮɘŬəɎ ˊɚɞɡůɘɧŰŮɟɞ 

Ŭˊɧ Űɞ ɓɧɟŮɘɞ. 

ii.  Ƀɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ (>120 kW/m) ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ɜɧŰɘɞ ɛɏɟɞɠ Űɞɡ ɘɜŭɘəɞɨ ɤəŮŬɜɞɨ 

əɞɜŰɎ ůŰŬ ɜɖůɘɎ Kerguelen əŬɘ  ɤɠ 1400 km ŬɜŬŰɞɚɘəɎ Űɞɡɠ, Ůɜɩ ˊɞɚɨ ɛŮɔɎɚŮɠ ŮɑɜŬɘ 

əŬɘ ɞɘ Űɘɛɏɠ ůŰɘɠ ɜɧŰɘŮɠ ŬəŰɏɠ Űɖɠ ȷɡůŰɟŬɚɑŬɠ, Űɖɠ ɁɏŬɠ ȻɖɚŬɜŭɑŬɠ, Űɖɠ ȷűɟɘəɐɠ əŬɘ 

Űɖɠ ɉɘɚɐɠ. 

iii.  ȳůɞɜ ŬűɞɟɎ Űɞ ɓɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ ɞɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ (80-90 kW/m) ŮɛűŬɜɑɕɞɜŰŬɘ 

ŭɡŰɘəɎ Űɤɜ ȸɟŮŰŬɜɘəɩɜ Ɂɖůɘɩɜ, Űɖɠ ȽůɚŬɜŭɑŬɠ əŬɘ Űɖɠ ũɟɞɘɚŬɜŭɑŬɠ. ɆŰɞɜ Ⱥɘɟɖɜɘəɧ 

ɤəŮŬɜɧ ŬɟəŮŰɎ ɡɣɖɚɏɠ Űɘɛɏɠ (60 kW/m) ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŭɡŰɘəɎ Űɞɡ ȾŬɜŬŭɎ, Űɖɠ 

ɃɡɎůɘɜɔəŰɞɜ (ŮˊŬɟɢɑŬ Űɖɠ ȾɞɚɞɨɛˊɘŬ) əŬɘ Űɞɡ ȳɟŮɔəɞɜ.  

iv. ȼ ɛɏɔɘůŰɖ ŭɘŬɗɏůɘɛɖ ɛɖɜɘŬɑŬ Űɘɛɐ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ əŬɘ ůŰŬ ŭɨɞ ɖɛɘůűŬɑɟɘŬ (200 

kW/m), ɤůŰɧůɞ ɖ ŬˊɧůŰŬůɖ Űɤɜ ˊŮɟɘɞɢɩɜ, ɛŮ ŰɏŰɞɘŮɠ Űɘɛɏɠ əɡɛŬŰɘəɞɨ ŭɡɜŬɛɘəɞɨ, 

Ŭˊɧ Űɘɠ ŬəŰɏɠ əŬɘ ŰŬ ŮɜŮɟɔɖŰɘəɎ ŮˊɑˊŮŭŬ Űɤɜ əɡɛɎŰɤɜ Űɘɠ əŬɗɘůŰɞɨɜ ŬˊŬɔɞɟŮɡŰɘəɏɠ 

ɔɘŬ ŮɔəŬŰɎůŰŬůɖ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ Ŭˊɞɟɟɧűɖůɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ (Lopez I. et al, 

2013). 

v. ɆɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ, ɚɞɘˊɧɜ, ŮɑɜŬɘ əŬɘ ɞɘ ŬˊɧůŰŬůɖ Ŭˊɧ Űɘɠ ŬəŰɏɠ ůŰɖɜ ɞˊɞɑŬ ɗŬ 

ɔɑɜŮɘ ɖ ŮɔəŬŰɎůŰŬůɖ. ɆŰɞ ɓɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ Űɤɜ ȸɟŮŰŬɜɘəɩɜ 

Ɂɖůɘɩɜ, Űɖɠ ȽůɚŬɜŭɑŬɠ əŬɘ Űɖɠ ũɟɞɘɚŬɜŭɑŬɠ ŰŬ ŮˊɑˊŮŭŬ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟŬ. 

ɆŰɞ ɜɧŰɘɞ ɖɛɘůűŬɑɟɘɞ ɞɘ ɜɧŰɘŮɠ ŬəŰɏɠ Űɖɠ ɉɘɚɐɠ əŬɘ Űɖɠ ȷűɟɘəɐɠ, ŬɚɚɎ əŬɘ ɞɘ 

ɜɞŰɘɞŭɡŰɘəɏɠ ŬəŰɏɠ Űɖɠ ȷɡůŰɟŬɚɑŬɠ əŬɘ Űɖɠ ɁɏŬɠ ȻɖɚŬɜŭɑŬɠ ŭŮɑɢɜɞɡɜ ˊɟɞůűɞɟɧŰŮɟŮɠ. 

ɀɏŰɟɘŬ ŮɑɜŬɘ ŰŬ ŮˊɑˊŮŭŬ ŮɜɏɟɔŮɘŬɠ ůŰŬ ɜŮɟɎ Űɞɡ ȽůɖɛŮɟɘɜɞɨ.  
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ȷɟəŮŰɞɑ ɛŮɚŮŰɖŰɏɠ ɏɢɞɡɜ ŬůɢɞɚɖɗŮɑ ɛŮ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ əɡɛŬŰɘəɩɜ ˊɧɟɤɜ ůŮ ŭɘɎűɞɟŮɠ 

ˊŮɟɘɞɢɏɠ ŬɜɎ Űɞɜ əɧůɛɞ. ɆɡɔəŮɜŰɟɤŰɘəɎ ŰŬ ˊɘɞ ŬɜŬɚɡŰɘəɎ ŭɖɛɞůɘŮɡɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŬɡŰɩɜ Űɤɜ ŮɟŮɡɜɩɜ ˊŬɟŬɗɏŰɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 1.1. 

ɄɑɜŬəŬɠ 1.1  ɄŬɔəɧůɛɘɞɘ ɗŮɤɟɖŰɘəɞɑ ˊɧɟɞɘ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŬɜɎ ˊŮɟɘɞɢɐ. 

RESOURCE Pgross (GW)P (GW) Pnet (GW)

Europe (N and W) 381 371 286

Baltic sea 15 4 1

European Russia 37 22 3

Mediterranean 75 37 37

North Atlantic Archipelagos 111 111 111

North America  (E) 115 103 35

North America (W) 273 265 207

Greenland 103 99 3

Central America 180 171 171

South America (E) 206 203 202

South America (W) 325 324 324

North Africa 40 40 40

West and Middle Africa 77 77 77

Africa (S) 178 178 178

Africa (E) 133 133 127

Asia (E) 173 164 157

Asia (SE) and Melanesia 356 283 283

Asia (W and S) 100 90 84

Asiatic Russia 172 162 23

Australia and New Zealand 590 574 574

Polynesia 63 63 63

TOTAL 3703 3474 2986   
(L·pez I. et al., 2013) 

ɆŰɞɜ ůɡɔəŮəɟɘɛɏɜɞ ˊɑɜŬəŬ ɖ Űɘɛɐ Pgross ŬɜŬűɏɟŮŰŬɘ ůŰɞɡɠ ůɡɜɞɚɘəɞɨɠ óŬəŬɗɎɟɘůŰɞɡɠô 

ˊɧɟɞɡɠ, ɖ Űɘɛɐ P ˊɟɞəɨˊŰŮɘ ɢɤɟɑɠ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ ůɡɜŮɘůűɞɟɎ Űɤɜ ˊŮɟɘɞɢɩɜ ɛŮ ŭɡɜŬɛɘəɧ 

ɛɘəɟɧŰŮɟɞ Űɤɜ 5 kW/m əŬɘ ɖ Űɘɛɐ Pnet ɢɤɟɑɠ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ɞɨŰŮ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ 

ŭɡɜŬɛɘəɧ ɛɘəɟɧŰŮɟɞ Űɤɜ 5 kW/m, ɞɨŰŮ ɞɘ əŬɚɡɛɛɏɜŮɠ Ŭˊɧ ˊɎɔɞ ˊŮɟɘɞɢɏɠ. ȳˊɤɠ ɛˊɞɟɞɨɛŮ ɜŬ 

ŭɘŬəɟɑɜɞɡɛŮ Űɞ ɗŮɤɟɖŰɘəɧ ůɡɜɞɚɘəɧ óəŬɗŬɟɧô ˊɞůɧ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŭɨɜŬŰŬɘ ɜŬ ŬˊɞɟɟɞűɖɗŮɑ 

Ŭˊɧ Űɞɡɠ əɡɛŬŰɘůɛɞɨɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 3 TW ˊŬɔəɞůɛɑɤɠ ɐ 26.280 TWh/yr Űɖɜ ůŰɘɔɛɐ ˊɞɡ 

əɎˊɞɘŮɠ ˊɘɞ űɘɚɧŭɞɝŮɠ ŮəŰɘɛɐůŮɘɠ ŬɜŬűɏɟɞɜŰŬɘ ůŮ 29.500 TWh/yr (Mo╘rk G. et al., 2010). 

ȺɘŭɘəɧŰŮɟŬ, ɞɘ ŬəŰɏɠ Űɖɠ ȷɡůŰɟŬɚɑŬɠ əŬɘ Űɖɠ ɁɏŬɠ ȻɖɚŬɜŭɑŬɠ, əŬɗɩɠ əŬɘ ŰŬ ɜɖůɘɎ ůŰɖɜ ɜɧŰɘŬ 

ˊɚŮɡɟɎ ŬɡŰɩɜ, ɞɘ ŬəŰɏɠ Űɖɠ ɓɞɟŮɘɞŭɡŰɘəɐɠ ȷɛŮɟɘəɐɠ, ɞɘ ŬəŰɏɠ Űɘɠ ɜɞŰɘɞŭɡŰɘəɐɠ ȷɛŮɟɘəɐɠ 

ɧˊɤɠ əŬɘ ŬɡŰɏɠ Űɖɠ Ⱥɡɟɩˊɖɠ ˊɞɡ ɓɟɏɢɞɜŰŬɘ Ŭˊɧ Űɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ űŬɜŰɎɕɞɡɜ ɞɘ 

ɘŭŬɜɘəɧŰŮɟŮɠ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ŭɘŬŰɎɝŮɤɜ Ŭˊɞɟɟɧűɖůɖɠ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ.  

ȼ ŮɜɏɟɔŮɘŬ Ŭˊɧ ŰŬ əɨɛŬŰŬ, ɚɞɘˊɧɜ, ŭŮɑɢɜŮɘ ůˊɞɡŭŬɑŬ ŬɜɎ ˊŮɟɘɞɢɏɠ əŬɘ ɘəŬɜɐ ɜŬ ůɡɛɓɎɚɚŮɘ, 

ɛŮ Űɖɜ ůɤůŰɐ Ŭɝɘɞˊɞɑɖůɐ Űɖɠ, ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŮɜŮɟɔŮɘŬəɩɜ ɕɖŰɖɛɎŰɤɜ. Ƀɘ ŬůŰŮɑɟŮɡŰɞɘ 

ˊɧɟɞɘ Űɖɠ ŭŮɜ ŮɑɜŬɘ Űɞ ɛɧɜɞ Űɖɠ ˊɚŮɞɜɏəŰɖɛŬ: 

× ȼ Ůəˊɞɛˊɐ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ (CO2) ŮɑɜŬɘ ɛɖŭŮɜɘəɐ əŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ 

Űɤɜ ůŰŬɗɛɩɜ, ůɡɜŮˊɩɠ ɖ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ. 
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× ȼ ŬɝɘɞˊɘůŰɑŬ Űɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɟɘŰɘəɎ ɛŮ ɎɚɚŮɠ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ, 

ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɛŮɔŬɚɨŰŮɟɖ ˊɡəɜɧŰɖŰɎ Űɖɠ (əɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ: 2-3 

kW/m
2
, ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ: 0,1-0,2 kW/m

2
, Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ: 0,4-0,6 kW/m

2
) (L·pez I. 

et al., 2013) 

× ɇŬ əɨɛŬŰŬ əŬɚɨˊŰɞɡɜ ˊɞɚɨ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ ɛŮ ɛɘəɟɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊɩɚŮɘŮɠ. 

× ȼ əɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ ɗŮɤɟŮɑŰŬɘ Ŭɝɘɞˊɞɘɐůɘɛɖ ɛɏɢɟɘ əŬɘ Űɞ 90% Űɞɡ ɏŰɞɡɠ. ɇɞ 

ŬɜŰɑůŰɞɘɢɞ ˊɞůɞůŰɧ ɔɘŬ Űɖɜ ɖɚɘŬəɐ əŬɘ Űɖɜ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ 20-30% (Pelc R. 

and Fujita R., 2002) 

× ȺɑɜŬɘ ŬɟəŮŰɎ ˊɘɞ ˊɟɞɓɚɏɣɘɛɖ Ŭˊɧ ɚɞɘˊɏɠ ŬɜŬɜŮɩůɘɛŮɠ ŮɜɏɟɔŮɘŮɠ. 

× ȹŮɜ ŬˊŬɘŰŮɑŰŬɘ ŭɏůɛŮɡůɖ ɔɖɠ ɔɘŬ Űɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ. 

× ȼ ɞˊŰɘəɐ əŬɘ ŬəɞɡůŰɘəɐ ɧɢɚɖůɖ ɛŮ ůɤůŰɐ ŰɞˊɞɗɏŰɖůɖ əŬɘ ůɢŮŭɘŬůɛɧ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ŬɜŮˊŬɑůɗɖŰɖ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ɞɘ ůɡůəŮɡɏɠ 

ɛŬəɟɘɎ Ŭˊɧ Űɖɜ ŬəŰɐ ɐ ůŮ əɎˊɞɘŬ Ŭˊɞɛɞɜɤɛɏɜɖ ˊŮɟɘɞɢɐ. 

× ɇɞ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛɘəɟɧ. 

× Ƀɘ ˊɧɟɞɘ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ŬˊɞŭɞŰɘəɧŰŮɟŬ Ŭűɞɨ ɏɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɞɡ ˊɚɖɗɡůɛɞɨ Űɖɠ 

ɔɖɠ (37%) əŬŰɞɘəŮɑ ůɢŮŰɘəɎ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ (ɛɏɢɟɘ əŬɘ 90 km ɛŬəɟɘɎ Ŭˊɧ Űɖɜ ŬəŰɐ) 

(L·pez I. et al., 2013) 

× Ƀɘ ŮɔəŬŰŬůŰɎůŮɘɠ ŮɑɜŬɘ ůɡɛɓŬŰɏɠ ɛŮ ŰŬ ŬɘɞɚɘəɎ ˊɎɟəŬ (ɡɓɟɘŭɘəɧ ůɨůŰɖɛŬ).  

× ȹɖɛɘɞɡɟɔɞɨɜŰŬɘ ɜɏŮɠ ɗɏůŮɘɠ ŮɟɔŬůɑŬɠ. 

ȺəŰɧɠ Ŭˊɧ ɧɚŬ ŬɡŰɎ ɡˊɎɟɢɞɡɜ, űɡůɘəɎ, əŬɘ ɞɟɘůɛɏɜŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ 

Űɟɞɢɞˊɏŭɖ ůŰɖɜ ŬɜɎɚɖɣɖ ŭɟɎůŮɤɜ ɛŮ ɔɜɩɛɞɜŬ Űɖɜ ŮɝŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŰŬ əɨɛŬŰŬ: 

× ȼ ŬˊŬɑŰɖůɖ ɛŮɔɎɚɤɜ ŮˊŮɜŭɨůŮɤɜ əɡɟɑɤɠ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ əŬɘ 

Űɤɜ ˊŬɟŬəŮɘɛɏɜɤɜ ɏɟɔɤɜ ɛŮŰŬűɞɟɎɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ. 

× ȼ ŰɞˊɞɗɏŰɖůɖ ŮˊɘɓɚŬɓɩɜ Ůɛˊɞŭɑɤɜ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ŰŬ ɞˊɞɑŬ ŬɡɝɎɜɞɡɜ Űɘɠ 

ˊɘɗŬɜɧŰɖŰŮɠ ŰɟŬɡɛŬŰɘůɛɞɨ Űɤɜ ɛŮɔŬɚɨŰŮɟɤɜ ůɡɜɐɗɤɠ ɗɖɚŬůŰɘəɩɜ, ɧˊɤɠ ɢŮɚɩɜŮɠ əŬɘ 

ɗŬɚŬůůɞˊɞɨɚɘŬ. 

× Ƀɘ ́ɘɗŬɜɏɠ ŬəɞɡůŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɗŬɚɎůůɘŬ ɕɤɐ əŬɘ ŰŬ ŮɜŭŮɢɧɛŮɜŬ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ ɚɧɔɤ Űɤɜ ɡˊɞɗŬɚɎůůɘɤɜ əŬɚɤŭɑɤɜ. 

× ȼ ŰɞˊɞɗɏŰɖůɖ Űɞɡɠ, ˊɞɚɚɏɠ űɞɟɏɠ, ůŮ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ 

ŬɜɎɔəɖ ŬɜŬɓɎɗɛɘůɖɠ Űɤɜ ŭɘəŰɨɤɜ, ŬəɧɛŬ əŬɘ ŬɜŮɔɏɟůŮɘɠ əŰɖɟɘŬəɩɜ ŮɔəŬŰŬůŰɎůŮɤɜ 

ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ ɔɘŬ Űɖɜ ˊŬɟŬɚŬɓɐ əŬɘ ɛŮŰŬűɞɟɎ Űɖɠ ŮɜɏɟɔŮɘŬɠ. 

× ȼ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ˊɧɟɤɜ-ɛŮŰŬɓɚɖŰɧŰɖŰŬ ɖɚŮəŰɟɘəɐɠ ˊŬɟŬɔɤɔɐɠ: ŬůŰɎɗŮɘŬ Űɤɜ 

ˊɞůɩɜ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɞ ŭɑəŰɡɞ, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŭŮɜ ůɡɛɓɎɚɚŮɘ ůŰɖɜ 

ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ. 

× ȳůɞɜ ŬűɞɟɎ Űɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ ɛŬəɟɘɎ Ŭˊɧ Űɖɜ ŬəŰɐ ɞɘ ŭɨůəɞɚŮɠ əɡɛŬŰɘəɏɠ əŬɘ 

əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ŭɨɜŬɜŰŬɘ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ɓɚɎɓŮɠ ůŰɘɠ ůɡůəŮɡɏɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ 

ɖ ŮˊɘůəŮɡɐ əŬɘ ɖ ůɡɜŰɐɟɖůɖ Űɞɡɠ ŮɛűŬɜɑɕŮɘ ŭɡůəɞɚɑŮɠ. 

× ɇɏɚɞɠ, ɖ əŬŰŮɨɗɡɜůɖ Űɤɜ əɡɛɎŰɤɜ ůŮ ɓŬɗŮɘɎ ɜŮɟɎ (ɓɎɗɞɠ > 40m) ŬɚɚɎɕŮɘ ŭɘŬɟəɩɠ 

əŬɘ ɔɘŬ Űɖɜ ɛɏɔɘůŰɖ Ŭˊɞɟɟɧűɖůɖ ŮɜɏɟɔŮɘŬɠ ɞɘ ůɡůəŮɡɏɠ ɑůɤɠ ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ŮɡɗɡɔɟŬɛɛɑɕɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ. 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŮɑɜŬɘ, ŮɚŬűɟɩɠ, ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ, 

ɤůŰɧůɞ, ɞɘ ɏɟŮɡɜŮɠ ůɡɜŮɢɑɕɞɜŰŬɘ əŬɘ ˊɞɚɚɏɠ Ŭˊɧ Űɘɠ ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ 

ŮɝɞɛŬɚɡɜɗɞɨɜ ɐ ɜŬ ŮɝŬɚŮɘűɗɞɨɜ. ȷəɧɛŬ əŬɘ Űɞ əɧůŰɞɠ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ əɞɛɓɘəɐɠ ůɖɛŬůɑŬɠ ůŮ 
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ɛɑŬ Ůˊɞɢɐ ɞɘəɞɜɞɛɘəɐɠ əɟɑůɖɠ, ɗŬ ɛŮɘɤɗŮɑ Ůűɧůɞɜ ɖ əɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ ŮɛˊɞɟŮɡɛŬŰɞˊɞɘɖɗŮɑ 

ɛˊŬɑɜɞɜŰŬɠ ůŰɖɜ óŮɝɑůɤůɖô Űɤɜ ŬɜŮˊŰɡɔɛɏɜɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ. 

υȢχȢφ ɩɻʇʅʍʍʋʅɻʆʙ ɞʉʘʍɾʀʅɻ 

ɄŬɚɘɟɟɞɘŬəɐ ɞɜɞɛɎɕŮŰŬɘ ɖ ŮɜɏɟɔŮɘŬ ɖ ɞˊɞɑŬ ˊŬɟɎɔŮŰŬɘ ɛɏůɤ Űɖɠ ˊŮɟɘɞŭɘəɐɠ Ŭɜɧŭɞɡ əŬɘ 

əŬɗɧŭɞɡ Űɖɠ ůŰɎɗɛɖɠ Űɤɜ ɗŬɚŬůůɩɜ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɓŬɟɡŰɘəɐ ɏɚɝɖ ˊɞɡ 

Ŭůəɞɨɜ ɖ ůŮɚɐɜɖ əŬɘ ɞ ɐɚɘɞɠ ůŰɖ ɔɖ. ȳŰŬɜ ɖ ůŮɚɐɜɖ ŮɡɗɡɔɟŬɛɛɘůŰŮɑ ˊɚɐɟɤɠ ɛŮ Űɖɜ ɔɖ əŬɘ 

Űɞɜ ɐɚɘɞ ɖ ɓŬɟɡŰɘəɐ ɏɚɝɖ ůŰɘɠ ɗɎɚŬůůŮɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Űɖɠ ůɡɜɐɗɞɡɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

Ŭɨɝɖůɖ Űɖɠ ůŰɎɗɛɖɠ Űɞɡɠ əŬɘ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɟɞɐɠ Űɤɜ ɡŭɎŰɤɜ ůŮ ŭɨɞ ɧɣŮɘɠ Űɖɠ ɔɖɠ, ŬɡŰɐɜ 

ˊɞɡ ɓɟɑůəŮŰŬɘ ˊɘɞ əɞɜŰɎ ůŰɖɜ ůŮɚɐɜɖ əŬɘ Űɖɜ ŬɜŰɘŭɘŬɛŮŰɟɘəɐ Űɖɠ (ˊɚɖɛɛɡɟɑŭŬ-high tide). 

ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ ɧɣŮɘɠ ɖ ůŰɎɗɛɖ ˊɏűŰŮɘ (ɎɛˊɤŰɖ-low tide). ȳŰŬɜ ɖ ůŮɚɐɜɖ ůɢɖɛŬŰɑɕŮɘ ɞɟɗɐ 

ɔɤɜɑŬ ɛŮ Űɖɜ ɔɖ əŬɘ Űɞɜ ɐɚɘɞ ɞɘ ɏɚɝŮɘɠ Űɖɠ ůŮɚɐɜɖɠ əŬɘ Űɞɡ ɖɚɑɞɡ ŬɚɚɖɚŮˊɘŭɟɞɨɜ əŬɘ Űɞ 

űŬɘɜɧɛŮɜɞ ŮɝŬůɗŮɜŮɑ ɢɤɟɑɠ ɤůŰɧůɞ ɜŬ ŮɝŬɚŮɑűŮŰŬɘ ŭɘɧŰɘ ɖ ɏɚɝɖ ˊɞɡ ŬůəŮɑ ɖ ůŮɚɐɜɖ ůŰɖɜ ɔɖ 

ŮɑɜŬɘ ŭɨɞ űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŬɡŰɐɜ ˊɞɡ ŬůəŮɑ ɞ ɐɚɘɞɠ. Ƀ ɢɟɧɜɞɠ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ 

Ůɜɧɠ ˊɚɐɟɞɡɠ əɨəɚɞɡ ˊŬɚɑɟɟɞɘŬɠ ŮɑɜŬɘ 12 ɩɟŮɠ əŬɘ 25 ˊŮɟɑˊɞɡ ɚŮˊŰɎ, ůɡɜŮˊɩɠ Űɞ ˊɚɐɟŮɠ 

űŬɘɜɧɛŮɜɞ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊŮɟɑˊɞɡ ŭɨɞ űɞɟɏɠ Űɖɜ ɖɛɏɟŬ. 

ȷˊɧ Űɞ 787 ɛ.ɉ. ůŮ ŬəŰɏɠ Űɖɠ ȷɔɔɚɑŬɠ, Űɖɠ ȽůˊŬɜɑŬɠ əŬɘ Űɖɠ ũŬɚɚɑŬɠ əŬŰŬůəŮɡɎůŰɖəŬɜ 

əɎˊɞɘɞɘ ɛɨɚɞɘ ɔɘŬ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ əɡɟɑɤɠ ɔɘŬ ɘŭɘɤŰɘəɐ ɢɟɐůɖ. ȼ ˊɟɩŰɖ 

ŮɔəŬŰɎůŰŬůɖ ůŮ Ůɛˊɞɟɘəɧ ɛɏɔŮɗɞɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŰɞˊɞɗŮůɑŬ Brittany, ůŰɘɠ Ůəɓɞɚɏɠ Űɞɡ 

ˊɞŰŬɛɞɨ Rance ůŰɖɜ ɜɞŰɘɞŭɡŰɘəɐ ũŬɚɚɑŬ (Rance Tidal Power Station). ȾŬŰŬůəŮɡɎůŰɖəŮ Űɞ 

1966 əŬɘ ɔɘŬ 45 ɢɟɧɜɘŬ ɞ ůŰŬɗɛɧɠ ŬɡŰɧɠ ɐŰŬɜ ɞ ɛŮɔŬɚɨŰŮɟɞɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ 

ˊŬɚɑɟɟɞɘŬɠ ɛŮ ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɘəɐ ɘəŬɜɧŰɖŰŬ 240 MW, ŰɟɞűɞŭɞŰɩɜŰŬɠ Űɞ 0,12% Űɖɠ 

ɕɐŰɖůɖɠ ɔɘŬ ŮɜɏɟɔŮɘŬ Űɖɠ ũŬɚɚɑŬɠ (www.wyretidalenergy.com). ɇɖɜ ˊŬɟŬɔɤɔɘəɐ ŬɡŰɐ 

ɘəŬɜɧŰɖŰŬ ɝŮˊɏɟŬůŮ ɞ ůŰŬɗɛɧɠ ɞ ɞˊɞɑɞɠ əŬŰŬůəŮɡɎůŰɖəŮ Űɞ 2011 ůŰɖɜ ɁɧŰɘŬ ȾɞɟɏŬ, ˊɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ɚɑɛɜɖ Sihwa, ɛŮ 254 MW, ɘůɢɨ ˊɞɡ əŬɗɘůŰɎ Űɞɜ ůŰŬɗɛɧ əɞɟɡűŬɑɞ ůŰɞ 

Ůɑŭɞɠ Űɞɡ ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ. (www.powertechnology.com). 

ȼ ˊŬɚɑɟɟɞɘŬ ůɡɜɑůŰŬŰŬɘ ůŮ ŭɨɞ ɛɏɟɖ, Űɖɜ əŬŰŬəɧɟɡűɖ ŬɡɝɞɛŮɑɤůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ 

ɗɎɚŬůůŬɠ, ˊɞɡ əŬɗɞɟɑɕŮɘ əŬɘ Űɞ Ůɨɟɞɠ Űɖɠ (tidal range), əŬɗɩɠ əŬɘ Űɖɜ ɟɞɐ ɧɔəɤɜ ɜŮɟɞɨ ˊɞɡ 

ɞűŮɑɚŮŰŬɘ ůŰɘɠ ŮɜŬɚɚŬɔɏɠ ˊɚɖɛɛɡɟɑŭŬɠ əŬɘ ɎɛˊɤŰɖɠ (tidal current). ȹɘɎűɞɟŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ 

Ŭɝɘɞˊɞɘɞɨɜ Űɘɠ ůɡɜɘůŰɩůŮɠ ŬɡŰɏɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ. ũɘŬ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɞɡ 

Ůɨɟɞɡɠ Űɖɠ ˊŬɚɑɟɟɞɘŬɠ əŬŰŬůəŮɡɏɠ ŮɔəɘɓɤŰɘůɛɞɨ ɜŮɟɞɨ, Űɨˊɞɡ űɟɎɔɛŬŰɞɠ, ɛŮ ŭɘɧŭɞɡɠ ɜŮɟɞɨ 

ůŰɖɜ ɓɎůɖ Űɞɡɠ ŭɖɛɘɞɡɟɔɞɨɜ əɚŮɘůŰɏɠ ˊŮɟɘɞɢɏɠ (ŭŮɝŬɛŮɜɏɠ). ȼ ŭɘŬűɞɟɎ ůŰɎɗɛɖɠ ŮəŬŰɏɟɤɗŮɜ 

Űɤɜ əŬŰŬůəŮɡɩɜ ˊɟɞəŬɚŮɑ Űɖɜ ɟɞɐ ɜŮɟɞɨ ɛɏůɤ Űɤɜ ŭɘɧŭɤɜ ŬɡŰɩɜ. ȺˊŮɝɖɔɖɛŬŰɘəɎ, əŬŰɎ Űɖɜ 

ˊɚɖɛɛɡɟɑŭŬ Űɞ ɜŮɟɧ ɟɏŮɘ ˊɟɞɠ Űɖɜ əɚŮɘůŰɐ ˊŮɟɘɞɢɐ, Ůɜɩ əŬŰɎ Űɖɜ ɎɛˊɤŰɖ Űɞ ɜŮɟɧ ŬəɞɚɞɡɗŮɑ 

Űɖɜ ŬɜŰɑɗŮŰɖ ŭɘŬŭɟɞɛɐ. ɄɨɚŮɠ ŬˊŬɔɞɟŮɨɞɡɜ Űɖɜ ɟɞɐ ɏɤɠ ɧŰɞɡ ɖ ŭɘŬűɞɟɎ ůŰɎɗɛɖɠ ɜŮɟɞɨ 

ůŰɖɜ ɗɎɚŬůůŬ əŬɘ Űɖɜ ŭŮɝŬɛŮɜɐ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Űɤɜ 2 m ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ.  ɆŰɘɠ ŭɘɧŭɞɡɠ ŬɡŰɏɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɡŭɟɞůŰɟɧɓɘɚɞɘ ɞɘ ɞˊɞɑɞɘ ˊŮɟɘůŰɟɏűɞɜŰŬɘ 

əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ əŬɘ Űɤɜ ŭɨɞ ŭɘŬŭɟɞɛɩɜ Űɞɡ ɜŮɟɞɨ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɔɏɜɜɖůɖ 

ɖɚŮəŰɟɘůɛɞɨ (ȺɘəɧɜŬ 1.7). ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŭŮɨŰŮɟɖ ůɡɜɘůŰɩůŬ, ůɡůəŮɡɏɠ ŬɜŰɑůŰɞɘɢŮɠ Űɤɜ 

ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ ɚŮɘŰɞɡɟɔɞɨɜ ɡˊɞɗŬɚɎůůɘŬ əŬɘ ɓŬůɘɕɧɛŮɜŮɠ ůŰɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɤɜ 

ɛɞɟɑɤɜ Űɞɡ ɜŮɟɞɨ əŬɘ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ɡɔɟɞɨ ůŰɞɘɢŮɑɞɡ ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ŬˊɞŭɑŭɞɜŰŬɠ 

ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ (ȺɘəɧɜŬ 1.8). ɇŬ ˊŬɚɘɟɟɞɘŬəɎ ɟŮɨɛŬŰŬ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ 

əŬɘ Űɖɜ ɛŮɑɤůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ əŬŰɎ Űɖɜ ˊɚɖɛɛɡɟɑŭŬ əŬɘ Űɖɜ ɎɛˊɤŰɖ.  
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(Ʉɖɔɐ: www.oceanenergy.tudelft.nl. ɆŰɘɔɛɘɧŰɡˊŬ Ŭˊɧ əŬŰŬɔɟŬűɐ ŬɜŬˊŬɟɎůŰŬůɖɠ Űɤɜ 

ŭɘŮɟɔŬůɘɩɜ Űɖɠ ˊŬɚɑɟɟɞɘŬɠ) 
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ȺɘŭɘəɧŰŮɟŬ, ɔɘŬ ŰŬ ˊŬɚɘɟɟɞɘŬəɎ ɟŮɨɛŬŰŬ ɞɘ əɨɟɘŮɠ ŭɘŬŰɎɝŮɘɠ Űɤɜ ɡŭɟɞůŰɟɞɓɑɚɤɜ ɛˊɞɟɞɨɜ ɜŬ 

ɢɤɟɘůŰɞɨɜ ůŮ ɏɝɘ (6) əŬŰɖɔɞɟɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ: 

 
                  1. ɃɟɘɕɧɜŰɘɤɜ Ŭɝɧɜɤɜ                                   2.  ȾŬŰŬəɧɟɡűɤɜ Ŭɝɧɜɤɜ                   

 

 
            3.  ɄŬɚɘɜŭɟɞɛɘəɎ ɡŭɟɞˊŰɏɟɡɔŬ               4.  ȸŬůɘůɛɏɜɞɘ ůŰɞ űŬɘɜɧɛŮɜɞ Venturi 

 

 
              5.  ɄŬɚɘɟɟɞɘŬəɧɠ ɢŬɟŰŬŮŰɧɠ                               6.  ȸɑŭŮɠ Űɞɡ ȷɟɢɘɛɐŭɖ 

ȺɘəɧɜŬ 1.9  ȾŬŰɖɔɞɟɑŮɠ ŰŮɢɜɞɚɞɔɘɩɜ Ŭɝɘɞˊɞɑɖůɖɠ ˊŬɚɘɟɟɞɘŬəɩɜ ɟŮɡɛɎŰɤɜ. 

(Ʉɖɔɐ: www.oceanenergy.tudelft.nl) 

ɇɞ Ůɨɟɞɠ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ ˊɞɘəɑɚɚŮɘ ůŮ ŰɞˊɞɗŮůɑŮɠ ŬɜɎ Űɞɜ əɧůɛɞ űŰɎɜɞɜŰŬɠ ůŮ Űɘɛɏɠ Űɖɠ 

ŰɎɝŮɤɠ Űɤɜ 17 m ůŰɞɜ əɧɚˊɞ Fundy ůŰɞɜ ŬɜŬŰɞɚɘəɧ ȾŬɜŬŭɎ. ȼ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ Űɖɠ 

ůŰɎɗɛɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ ůŮ ůŰŮɜɎ ˊŮɟɎůɛŬŰŬ ɛŮ ɔŮɤɛɞɟűɞɚɞɔɘəɐ ˊɞɚɡˊɚɞəɧŰɖŰŬ əɞɜŰɎ 
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ůŰɖɜ ŬəŰɐ. IŭŬɜɘəɏɠ, ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ůŰŬɗɛɩɜ Ŭɝɘɞˊɞɑɖůɖɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ 

ˊŬɚɑɟɟɞɘŬɠ, ɗŮɤɟɞɨɜŰŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ ˊŬɚɘɟɟɞɘŬəɧ Ůɨɟɞɠ ɛŮɔŬɚɨŰŮɟɞ Űɤɜ 7 m. 

ɆɡɔəŮɜŰɟɤŰɘəɎ ŰŬ Ůɨɟɖ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ ˊŬɔəɞůɛɑɤɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞɜ ɢɎɟŰɖ ˊŬɟŬəɎŰɤ.    

 

 
ȺɘəɧɜŬ 1.10  ɄŬɚɘɟɟɞɘŬəɎ Ůɨɟɖ (Tidal range). 

(Ʉɖɔɐ: Huckerby J. et al., 2012) 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ: 

i. Ⱥə ˊɟɩŰɖɠ ɧɣŮɤɠ Űɞ ɓɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ ŭɘŬɗɏŰŮɘ ɛŮɔŬɚɨŰŮɟɞ ˊŬɚɘɟɟɞɘŬəɧ ŭɡɜŬɛɘəɧ 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ɜɧŰɘɞ. 

ii.  ɆŰɞ ɓɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ɡűɑůŰŬɜŰŬɘ ůŰɞɜ ŬɜŬŰɞɚɘəɧ 

ȾŬɜŬŭɎ, ůŰŬ ɜɞŰɘɞŭɡŰɘəɎ Űɖɠ ũɟɞɘɚŬɜŭɑŬɠ, ůŰɘɠ ŬəŰɏɠ Űɞɡ ȼɜɤɛɏɜɞɡ ȸŬůɘɚŮɑɞɡ, Űɖɠ 

ȽɟɚŬɜŭɑŬɠ əŬɘ Űɖɠ ũŬɚɚɑŬɠ əŬɗɩɠ əŬɘ ůŰŬ ůɨɜɞɟŬ ɁɞɟɓɖɔɑŬɠ əŬɘ ɅɤůɑŬɠ. ɆɖɛŬɜŰɘəɎ 

ŮɑɜŬɘ əŬɘ ŰŬ ɛŮɔɏɗɖ ɔɘŬ Űɘɠ ŭɡŰɘəɏɠ ŬəŰɏɠ Űɞɡ ȾŬɜŬŭɎ əŬɘ Űɘɠ ŬɜŬŰɞɚɘəɏɠ Űɖɠ ȾɑɜŬɠ. 

ȺɘŭɘəɧŰŮɟŬ, ůŰɞɜ əɧɚˊɞ Fundy ůŰɞɜ ŬɜŬŰɞɚɘəɧ ȾŬɜŬŭɎ Űɞ Ůɨɟɞɠ Űɖɠ ˊŬɚɑɟɟɞɘŬɠ ŮɑɜŬɘ 

ŭɡɜŬŰɧɜ ɜŬ űŰɎůŮɘ ɛɏɢɟɘ ŰŬ 17 m, ůŰɖɜ ɗɎɚŬůůŬ Űɖɠ ɀɎɔɢɖɠ ˊɞɡ ɢɤɟɑɕŮɘ Űɞ 

ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ Ŭˊɧ Űɖɜ ũŬɚɚɑŬ Űɞ Ůɨɟɞɠ űŰɎɜŮɘ ɛɏɢɟɘ ŰŬ 15 m ˊŮɟɑˊɞɡ əŬɘ ůŰɞɜ 

əɧɚˊɞ Űɞɡ ɆŬɜ ɀɘůɏɚ ůŰɖɜ ɓɞɟŮɘɞŭɡŰɘəɐ ũŬɚɚɑŬ űŰɎɜŮɘ ɛɏɢɟɘ ŰŬ 13,5 m (Lewis A. et 

al., 2011). 

iii.  ɆŰɞ ɜɧŰɘɞ ɖɛɘůűŬɑɟɘɞ ůɖɛŬɜŰɘəɧŰŮɟɖ ɛŮŰŬɓɞɚɐ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ əŬŰɎ 

ŭɘɎɟəŮɘŬ Űɖɠ ˊŬɚɑɟɟɞɘŬɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɘɠ ŬəŰɏɠ Űɖɠ ȷɟɔŮɜŰɘɜɐɠ əŬɗɩɠ əŬɘ ůŰɘɠ 

ɓɧɟŮɘŮɠ ŬəŰɏɠ Űɖɠ ȷɡůŰɟŬɚɑŬɠ. ȺɘŭɘəɎ ůŰɞ ɚɘɛɎɜɘ Űɞɡ Rio Gallegos ůŰɖɜ ɜɧŰɘŬ 

ȷɟɔŮɜŰɘɜɐ Űɞ Ůɨɟɞɠ ůŰɖɜ ɛɏɔɘůŰɖ Űɘɛɐ Űɞɡ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 13 m (ɀŬɛɎůɖɠ Ɂ. əŬɘ 

ɇůɞɡəŬɚɎ ȸ., 2016). 

iv. ɇɏɚɞɠ, ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ŬɜŮɝŬɟŰɐŰɞɡ ɖɛɘůűŬɘɟɑɞɡ ɞɘ ɛŮɔɎɚŮɠ Űɘɛɏɠ ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ 

ůŰɘɠ ŬəŰɏɠ, ŭɑˊɚŬ ůŮ ŬəɟɤŰɐɟɘŬ əŬɘ ůŮ ůŰŮɜɎ ˊŮɟɎůɛŬŰŬ, ɧˊɤɠ ŮɑɢŮ ˊɟɞŬɜŬűŮɟɗŮɑ.    
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ɇŬ ́ŬɚɘɟɟɞɘŬəɎ ɟŮɨɛŬŰŬ, Ŭˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ ɤɠ ŬɝɘɞˊɞɘɐůɘɛŬ Ůűɧůɞɜ ɖ 

ŰŬɢɨŰɖŰŬ Űɞɡɠ ɝŮˊŮɟɜɎŮɘ ŰŬ 2,5 m/s. ɇɏŰɞɘŮɠ ŰŬɢɨŰɖŰŮɠ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ əŬɘ ůŮ 

ˊŮɟɘɞɢɏɠ ɧˊɞɡ Űɞ Ůɨɟɞɠ Űɖɠ ˊŬɚɑɟɟɞɘŬɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɧŰŮɟɞ Űɤɜ 7 m, ɧˊɤɠ  ɖ ȽŰŬɚɑŬ əŬɘ ɖ 

ȺɚɚɎŭŬ. ɇŮɟɎůŰɘɞ ŮɑɜŬɘ, űɡůɘəɎ, əŬɘ Űɞ ŮɜŭɘŬűɏɟɞɜ ůŰɘɠ ɢɩɟŮɠ ɛŮ ɛŮɔɎɚɞ ˊŬɚɘɟɟɞɘŬəɧ Ůɨɟɞɠ 

ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ, ɢɩɟŮɠ ɧˊɤɠ Űɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ, ɖ ȽɟɚŬɜŭɑŬ, ɖ ũŬɚɚɑŬ, ɞ ȾŬɜŬŭɎɠ 

əŬɘ ɖ ɁɧŰɘŬ ȷɛŮɟɘəɐ. ȺˊɘˊɟɞůɗɏŰɤɠ, ɘŭɘŬɑŰŮɟŬ ŮɚəɡůŰɘəɏɠ ŮɑɜŬɘ əŬɘ ɞɘ ůɡɜɗɐəŮɠ ůŰɖɜ ɁɏŬ 

ȻɖɚŬɜŭɑŬ. Űɖɜ ȽŬˊɤɜɑŬ, Űɖɜ ȾɞɟɏŬ əŬɘ Űɘɠ ūɘɚɘˊˊɑɜŮɠ. ȺɘŭɘəɧŰŮɟŬ ůŰɖɜ Ⱥɡɟɩˊɖ ŮəŰɘɛɎŰŬɘ ɧŰɘ 

ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 106 ŰɞˊɞɗŮůɑŮɠ, ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ɞˊɞɑɤɜ ɓɟɑůəɞɜŰŬɘ ůŰɞ ȼɜɤɛɏɜɞ 

ȸŬůɑɚŮɘɞ, ˊɚɖɟɞɨɜ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ ŮɔəŬŰɎůŰŬůɖɠ ŰŮɢɜɞɚɞɔɘɩɜ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ ɛŮ 

ŰŮɢɜɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ 48 TWh/yr. ȷɜŰɑůŰɞɘɢŬ ɔɘŬ Űɖɜ ȾɑɜŬ ŮəŰɘɛɐůŮɘɠ ŬɜŬűɏɟɞɜŰŬɘ ůŮ 

ŭɘŬɗŮůɘɛɧŰɖŰŬ ˊŮɟɑˊɞɡ 14 GW ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ˊŬɚɘɟɟɞɘŬəɎ ɟŮɨɛŬŰŬ (Lewis A. et al., 2011). 

ɄŬɔəɞůɛɑɤɠ ɖ ŮɜɏɟɔŮɘŬ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ ŬɗɟɞɘůŰɘəɎ ɚɧɔɤ Űɞɡ ˊŬɚɘɟɟɞɘŬəɞɨ 

Ůɨɟɞɡɠ əŬɘ Űɤɜ ˊŬɚɘɟɟɞɘŬəɩɜ ɟŮɡɛɎŰɤɜ ŬɜɏɟɢŮŰŬɘ ůŰŬ 1.200 TWh/yr (World Energy 

Council 2010). ɇɞ 1966 ůŰɞɜ ˊɞŰŬɛɧ Rance, ůŰɖɜ ũŬɚɚɑŬ ŮɔəŬŰŬůŰɎɗɖəŮ ɞ ˊɟɩŰɞɠ ůŰŬɗɛɧɠ 

Ŭɝɘɞˊɞɑɖůɖɠ Űɞɡ ˊŬɚɘɟɟɞɘŬəɞɨ Ůɨɟɞɡɠ əŬɘ ɛɏɢɟɘ ůɐɛŮɟŬ ɞɘ əŬŰŬůəŮɡɏɠ əŬɘ ɞɘ ůɢŮŭɘŬůɛɞɑ 

ůɡɜŮɢɑɕɞɜŰŬɘ ɛŮ ɛŮɔŬɚɨŰŮɟɞɡɠ ɟɡɗɛɞɨɠ. Ƀɘ ˊɏɜŰŮ (5) ɛŮɔŬɚɨŰŮɟɞɘ ůŰŬɗɛɞɑ ɞɘ ɞˊɞɑɞɘ 

ɚŮɘŰɞɡɟɔɞɨɜ ŮɑɜŬɘ ɞɘ Ůɝɐɠ (ůŮ ˊŬɟɏɜɗŮůɖ Űɞ ɏŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ): 

i. ɆŰŬɗɛɧɠ ůŰɖɜ ɚɑɛɜɖ Sihwa ůŰɖɜ ɁɧŰɘŬ ȾɞɟɏŬ, ɘůɢɨɞɠ 254 MW (2011) 

ii.  ɆŰŬɗɛɧɠ ůŰɞɜ ˊɞŰŬɛɧ La Rance ůŰɖɜ ũŬɚɚɑŬ, ɘůɢɨɞɠ 240 MW (1966) 

iii.  ɆŰŬɗɛɧɠ ůŰɞɜ əɧɚˊɞ Fundy ůŰɘɠ ŬɜŬŰɞɚɘəɏɠ ŬəŰɏɠ Űɞɡ ȾŬɜŬŭɎ, ɘůɢɨɞɠ 20 MW (1984) 

(www.nspower.ca) 

iv. ɆŰŬɗɛɧɠ ůŰɖɜ Wuyantu ůŰɘɠ ŬɜŬŰɞɚɘəɏɠ ŬəŰɏɠ Űɖɠ ȾɑɜŬɠ, ɘůɢɨɞɠ 3,2 MW (1980) 

(Elements of Tidal-Electrical Engineering) 

v. ɆŰŬɗɛɧɠ ůŮ ˊŮɘɟŬɛŬŰɘəɧ ůŰɎŭɘɞ ůŰɖɜ Kislaya Guba ůŰɘɠ ɓɞɟŮɘŬɜŬŰɞɚɘəɏɠ ŬəŰɏɠ Űɖɠ 

ɅɤůɑŬɠ, ɘůɢɨɞɠ 1,7 MW (1968). (www.wikipedia.org) 

  
ȺɘəɧɜŬ 1.11  ɆŰŬɗɛɞɑ ůŰɞɜ ˊɞŰŬɛɧ La Rance (ŬɟɘůŰŮɟɎ) əŬɘ Űɖɜ ɚɑɛɜɖ Sihwa (ŭŮɝɘɎ). 

(Ʉɖɔɐ: www.wikipedia.com əŬɘ www.blog.naver.com, ŬɜŰɑůŰɞɘɢŬ) 

ɆɢŮŰɘəɎ ɛŮ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊŬɚɘɟɟɞɘŬəɩɜ ɟŮɡɛɎŰɤɜ ɖ ˊɟɩŰɖ ˊɟɞůˊɎɗŮɘŬ ŰɞˊɞɗŮŰŮɑŰŬɘ 

ɢɟɞɜɘəɎ ůŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1990 ůŰɖɜ ŰɞˊɞɗŮůɑŬ Loch Linnhe ůŰɘɠ ŭɡŰɘəɏɠ ŬəŰɏɠ 

Űɖɠ ɆəɤŰɑŬɠ (www.itpower.co.uk). ȷˊɧ ŰɧŰŮ ɏɢɞɡɜ ɔɑɜŮɘ ˊɞɚɚɏɠ ˊɟɞůˊɎɗŮɘŮɠ ɛŮ ˊŮɘɟŬɛŬŰɘəɏɠ 

ŭɘŬŰɎɝŮɘɠ əŬɘ ɏɟɔŬ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ-Ůɛˊɞɟɘəɏɠ əɚɑɛŬəŮɠ ɧˊɤɠ ŮɑɜŬɘ Űɞ SeaGen ůŰɘɠ ŬɜŬŰɞɚɘəɏɠ 
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ŬəŰɏɠ Űɖɠ ȸɧɟŮɘŬɠ ȽɟɚŬɜŭɑŬɠ ůŰɞ Strangford Lough ɛŮ ɘůɢɨ 1,2 MW. ɆŰɘɠ ɜɐůɞɡɠ Orkney Űɖɠ 

ɆəɤŰɑŬɠ ɛɑŬ ŭɘɎŰŬɝɖ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ Űɞ SeaGen ŮəɛŮŰŬɚɚŮɨŮŰŬɘ ŰŬ ˊŬɚɘɟɟɞɘŬəɎ ɟŮɨɛŬŰŬ ɛŮ 

Űɖɜ ɓɞɐɗŮɘŬ Ůɜɧɠ ɡŭɟɞůŰɟɞɓɑɚɞɡ (Sauser B., 2008). ɇŮɚŮɘɩɜɞɜŰŬɠ, ɡˊɧ əŬŰŬůəŮɡɐ ŰŮɚŮɑ ɏɜŬ 

ˊɞɚɨ ɛŮɔɎɚɞ ɏɟɔɞ, Űɞ Meygen, ŬɜɎɛŮůŬ ůŰɘɠ ɓɧɟŮɘŮɠ ŬəŰɏɠ Űɞɡ ȼɜɤɛɏɜɞɡ ȸŬůɘɚŮɑɞɡ Űɖɠ 

ɜɐůɞɡ Stroma Űɞ ɞˊɞɑɞ ůŰɞ ˊɏɟŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ ɗŬ űŰɎɜŮɘ ůŮ ɘůɢɨ ŰŬ 398 MW (Dickie 

Mure, 2016). 

ȺɘəɧɜŬ 1.12  ɆŰŬɗɛɞɑ ůŰɖɜ ȸɧɟŮɘŬ ȽɟɚŬɜŭɑŬ (ŬɟɘůŰŮɟɎ) əŬɘ ůŰɘɠ ɜɐůɞɡɠ Orkney (ŭŮɝɘɎ) 

(Ʉɖɔɏɠ: www.wikipedia.org əŬɘ www.openhydro.com, ŬɜŰɑůŰɞɘɢŬ) 

ɆɡɔəŮɜŰɟɤŰɘəɎ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ˊŬɟɏɛɓŬůɖɠ ůŰɖɜ 

űɨůɖ ɔɘŬ Űɖɜ Ŭˊɞɟɟɧűɖůɖ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ ˊŬɚɑɟɟɞɘŬ ˊŬɟŬɗɏŰɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ:  

× ȼ ˊɖɔɐ ŮɑɜŬɘ ŬɜŬɜŮɩůɘɛɖ əŬɘ űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɗɩɠ ɖ Ůəˊɞɛˊɐ ŭɘɞɝŮɘŭɑɞɡ 

Űɞɡ ɎɜɗɟŬəŬ (CO2) ŮɑɜŬɘ ɛɖŭŮɜɘəɐ əŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ůŰŬɗɛɩɜ. 

× ȼ ˊɟɧɓɚŮɣɖ Űɞɡ ɢɟɧɜɞɡ, Űɞɡ Űɧˊɞɡ əŬɘ Űɖɠ ɘůɢɨɞɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ 

ŮɑɜŬɘ ŮɡəɞɚɧŰŮɟɖ ůɡɔəɟɘŰɘəɎ ɛŮ ɎɚɚŮɠ ɖ́ɔɏɠ ŮɜɏɟɔŮɘŬɠ ɧˊɤɠ ɞ ɎɜŮɛɞɠ. 

× ȼ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ, ŮɑɜŬɘ 800 ˊŮɟɑˊɞɡ űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɞɡ Ŭɜɏɛɞɡ, 

ŬˊɞŰŮɚɩɜŰŬɠ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ɔɘŬ Űɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ ɡɔɟɞɨ 

ůŰɞɘɢŮɑɞɡ.  

× ȼ ɞˊŰɘəɐ ɧɢɚɖůɖ ŮɑɜŬɘ ɛɘəɟɐ ɔɘŬ Űɞɜ Ɏɜɗɟɤˊɞ. ȷűɞɟɎ ɛɧɜɞ Űɖɠ ůɡůəŮɡɏɠ Űɨˊɞɡ 

űɟɎɔɛŬŰɞɠ əŬɘ ɛŮ ůɤůŰɧ ůɢŮŭɘŬůɛɧ əŬɘ ŮɔəŬŰɎůŰŬůɖ ŬɜŬɘɟŮɑŰŬɘ. 

× ȼ ɟ́ɞůŰŬůɑŬ Ŭˊɧ ˊɚɖɛɛɨɟŮɠ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ɢɩɟɤɜ ŬɜŬɣɡɢɐɠ ɛɏůɤ Űɤɜ 

ˊŬɚɘɟɟɞɘŬəɩɜ űɟŬɔɛɎŰɤɜ. 

× ȼ ůɡɛɓŬŰɧŰɖŰŬ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ɛŮ ŰŬ ŬɘɞɚɘəɎ ˊɎɟəŬ (ɡɓɟɘŭɘəɧ ůɨůŰɖɛŬ).  

× ȼ ŭɖɛɘɞɡɟɔɑŬ ɜɏɤɜ ɗɏůŮɤɜ ŮɟɔŬůɑŬɠ. 

ȷɟəŮŰɎ ůɖɛŬɜŰɘəɎ ŮɑɜŬɘ, ɧɛɤɠ əŬɘ ŰŬ ŮɛˊɧŭɘŬ ˊɞɡ ůɡɜŬɜŰɎ ɖ ɚɐɣɖ ŬˊɞűɎůŮɤɜ əŬɘ ŭɟɎůŮɤɜ 

ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ˊŬɚɑɟɟɞɘŬɠ: 

× Ƀ əɑɜŭɡɜɞɠ ůɨɔəɟɞɡůɖɠ ɗɖɚŬůŰɘəɩɜ ɛŮ Űɖɠ ɡˊɞɗŬɚɎůůɘŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ əŬɘ ɔŮɜɘəɎ 

ɖ Ŭɨɝɖůɖ Űɖɠ ɗɜɖůɘɛɧŰɖŰŬɠ Űɤɜ ɣŬɟɘɩɜ. 

× ɇɞ ɡɣɖɚɧ əɧůŰɞɠ əɡɟɑɤɠ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ əŬɘ Űɖɜ ůɡɜŰɐɟɖůɖ Űɤɜ ůɡůəŮɡɩɜ ůŮ 

ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɖ ɘůɢɨɠ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ ŮɑɜŬɘ ɛŮɔɎɚɖ. 
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× ȼ ŬůŰɎɗŮɘŬ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ ůŰɞ ŭɑəŰɡɞ Ŭűɞɨ ɖ ɘůɢɨɠ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɗɏůŮɘɠ Űɞɡ ɖɚɑɞɡ əŬɘ Űɖɠ ůŮɚɐɜɖɠ, ɞɡɟɎɜɘŬ ůɩɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ɓɟɑůəɞɜŰŬɘ ůɡɜŮɢɩɠ ůŮ əɑɜɖůɖ. 

× ɇɞ ɡɣɖɚɧ əɧůŰɞɠ ɛŮŰŬűɞɟɎɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůŮ əŬŰɎɚɚɖɚɖ ɛɞɟűɐ əŬɘ ɏɜŰŬůɖ ůŰɖɜ 

ůŰŮɟɘɎ. 

× Ƀ ɛɘəɟɧɠ Ŭɟɘɗɛɧɠ ɘŭŬɜɘəɩɜ ŰɞˊɞɗŮůɘɩɜ, ůɡɔəɟɘŰɘəɎ ɛŮ ɚɞɘˊɏɠ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ. 

ȼ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ɛŮɘɞɜŮəŰɖɛɎŰɤɜ ɗŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ, ɛŮɟɘəɩɠ ɐ ɞɚɘəɩɠ, ɛŮ Űɖɜ 

ŮɜŰŬŰɘəɧŰŮɟɖ ˊɚɏɞɜ ŮɜŬůɢɧɚɖůɖ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ ɛŮ Űɖɜ ˊŬɚɘɟɟɞɘŬəɐ ŮɜɏɟɔŮɘŬ. 

ȼ Űɡˊɞˊɞɑɖůɖ Űɞɡ Ůɝɞˊɚɘůɛɞɨ əŬɘ ɖ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ŰɞˊɞɗŮůɑŬɠ ɔɘŬ ɓɏɚŰɘůŰɖ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ ɗŬ ůɡɜɏɓŬɚɚŬɜ ůŰɖɜ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ. Ƀ ŮɜŬɚɚŬəŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ Űɤɜ 

ɡŭɟɞůŰɟɞɓɑɚɤɜ əŬɗɩɠ əŬɘ ɎɚɚŬ ŰŮɢɜɎůɛŬŰŬ ůŬɜ Űɖɜ ŮůəŮɛɛɏɜɖ ɖɢɖŰɘəɐ ɧɢɚɖůɖ ůŰŬ 

ŮˊɘəɑɜŭɡɜŬ ůɖɛŮɑŬ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɛŮɘɩůŮɘ ŰŬ ŬŰɡɢɐɛŬŰŬ ɛŮ Űɞɡ ɕɤɜŰŬɜɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ 

ůŰɖɜ əɞɘɜɧŰɖŰŬ Űɞɡ ɓɡɗɞɨ. ɇɏɚɞɠ, ɖ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ɗŬ ŬˊɞəŰɞɨůŮ ɛɘŬ ůŰŬɗŮɟɧŰɖŰŬ, 

ŮɜŭŮɢɞɛɏɜɤɠ, ɛŮ Űɖɜ ˊŬɟŮɛɓɞɚɐ əɎˊɞɘŬɠ ůɡůəŮɡɐɠ ɖɚŮəŰɟɘəɐɠ ŬˊɞɗɐəŮɡůɖɠ (ɛˊŬŰŬɟɑŬ). 

1.3.3  ɡʀʍʈʋɿʑʉɻʈʅʆʙ ɞʉʘʍɾʀʅɻ 

ɇɞ 15% Űɖɠ ɖɚɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ űŰɎɜŮɘ ůŰɖɜ ɗɎɚŬůůŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ 

ɜŮɟɞɨ əŬɘ ɛŮɘɩɜŮŰŬɘ ŮəɗŮŰɘəɎ ɛŮ Űɞ ɓɎɗɞɠ əŬɗɩɠ ɖ ɗŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ŮɑɜŬɘ 

ɢŬɛɖɚɐ (Charlier R. and Justus J.R., 1993). ȾɞɜŰɎ ůŰŬ ŰɟɞˊɘəɎ, əɡɟɑɤɠ, ɛɏɟɖ ɖ ɗŮɟɛɞəɟŬůɑŬ 

Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ űŰɎɜŮɘ Űɞɡɠ 25-30  ůŰɖɜ ŮˊɘűɎɜŮɘŬ, Ůɜɩ ɖ ŬɜŰɑůŰɞɘɢɖ ɗŮɟɛɞəɟŬůɑŬ 

ůŮ ɛŮɔɎɚŬ ɓɎɗɖ Űɖɠ ŰɎɝŮɤɠ Űɤɜ 1000 m űŰɎɜŮɘ ůɡɜɐɗɤɠ ůŰɞɡɠ 4-6 . ȼ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɘŬəɐɠ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ɛŮ əŬŰɎɚɚɖɚŮɠ ŰŮɢɜɘəɏɠ ŭɨɜŬŰŬɘ ɜŬ ŬˊɞŭɩůŮɘ ŰŮɟɎůŰɘŬ 

ˊɞůɎ ŮɜɏɟɔŮɘŬɠ. Ƀɘ ɗŮɤɟɖŰɘəɐ ɗŮɟɛɞŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ˊŬɟŬɢɗŮɑ ůŰɞ 

ɛɏɚɚɞɜ əɡɛŬɑɜŮŰŬɘ ůŰɘɠ 44.000 TWh/yr (Nihous G.C., 2007), ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ əɎɗŮ Ɏɚɚɖ 

ɛɞɟűɐ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ. Ƀɘ ˊɞɚɨ ŬɘůɘɧŭɞɝŮɠ ŮəŰɘɛɐůŮɘɠ űŰɎɜɞɡɜ ɛɏɢɟɘ Űɖɠ 88.000 

TWh/yr (Pelc R. and Fujita R., 2002). 

Ƀɘ ˊɟɩŰŮɠ ŬɜŬűɞɟɏɠ ůŰɖɜ ɗŮɟɛɞŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ɏɔɘɜŬɜ Űɞ 1881 Ŭˊɧ Űɞɜ 

Jacques Arsene dôArsonval, ɏɜŬɜ ũɎɚɚɞ űɡůɘəɧ. Ƀ ɛŬɗɖŰɐɠ Űɞɡ George Claude əŬŰŬůəŮɨŬůŮ 

Űɞɜ ˊɟɩŰɞ ůŰŬɗɛɧ Ŭɝɘɞˊɞɑɖůɐɠ Űɖɠ ůŰɖɜ ȾɞɨɓŬ Űɞ 1930. ɄŬɟɎɔɤɔɞ Űɖɠ ˊɟɞůˊɎɗŮɘŬɠ Űɞɡ 

ɐŰŬɜ 22 kW ɖɚŮəŰɟɘůɛɞɨ, ŬˊɧɟɟɞɘŬ Űɖɠ Ůɚɚɘˊɞɨɠ ŰŮɢɜɞɔɜɤůɑŬɠ ŮəŮɑɜɖ Űɖɜ Ůˊɞɢɐ. ȼ 

ŮɔəŬŰɎůŰŬůɖ əŬŰŬůŰɟɎűɖəŮ ŬɟɔɧŰŮɟŬ Ŭˊɧ ɏɜŰɞɜŬ əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ (Chiles J., 2009). 

ȼ ɓŬůɘəɐ ɘŭɏŬ ɚŮɘŰɞɡɟɔɑŬɠ Ŭˊɧ ŮəŮɑɜɖ Űɖɜ Ůˊɞɢɐ ɛɏɢɟɘ ůɐɛŮɟŬ ŮɑɜŬɘ ɖ ɑŭɘŬ. Ⱥɘŭɘəɏɠ 

ůɡůŰɞɘɢɑŮɠ Ŭɔɤɔɩɜ ŬɜŰɚɞɨɜ Ŭˊɧ Űɞɜ ɓɡɗɧ Űɞ əɟɨɞ ɜŮɟɧ əŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞ ɕŮůŰɧ ůŮ 

Ůɘŭɘəɏɠ əŬŰŬůəŮɡɏɠ ůŰɘɠ ɞˊɞɑŮɠ ŮɑŰŮ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Ůɜɧɠ ŬəɧɛŬ ɡɔɟɞɨ ŮɑŰŮ ɧɢɘ ɚŬɛɓɎɜɞɡɜ 

ɢɩɟŬ ɞɘ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘŮɟɔŬůɑŮɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȷɜŬɚɧɔɤɠ ɛŮ Űɖɜ 

ŭɘŬŭɟɞɛɐ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɖɜ Ŭɟɢɐ ɛɏɢɟɘ Űɞ Űɏɚɞɠ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ 

ɢɤɟɑɕɞɜŰŬɘ ůŮ ŬɜɞɘɢŰɞɨ əɨəɚɞɡ, əɚŮɘůŰɞɨ əɨəɚɞɡ əŬɘ ɡɓɟɘŭɘəɏɠ (Charlier R. and Justus J.R., 

1993). ȺˊŮɝɖɔɖɛŬŰɘəɎ: 

i. ȷɜɞɘɢŰɞɨ əɨəɚɞɡ: Űɞ ɕŮůŰɧ ɜŮɟɧ Űɖɠ ŮˊɘűɎɜŮɘŬɠ  ɛŮŰŬűɏɟŮŰŬɘ ůŮ ɏɜŬɜ ɗɎɚŬɛɞ əŮɜɞɨ 

Ŭɏɟɞɠ əŬɘ ŮɝŬŰɛɑɕŮŰŬɘ, Ůɜɩ Űɞ ŬɚɎŰɘ əŬŰŬəɎɗŮŰŬɘ ůŰɞɜ ˊɎŰɞ Űɞɡ ɗŬɚɎɛɞɡ. Ƀ ŬŰɛɧɠ 

ŭɘɏɟɢŮŰŬɘ ɛɏůɤ ůŰɟɞɓɑɚɤɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ, ˊɟɘɜ 

ůɡɛˊɡəɜɤɗŮɑ ɛŮ Űɖɜ Ŭɟɤɔɐ Űɞɡ əɟɨɞɡ ɜŮɟɞɨ Ŭˊɧ Űɞɜ ɓɡɗɧ Űɖɠ ɗɎɚŬůůŬɠ. Ʉɟɞɥɧɜ Űɖɠ 
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ůɡɛˊɨəɜɤůɖɠ ŬɡŰɐɠ ŮɑɜŬɘ ɚɑŰɟŬ ŬűŬɚŬŰɤɛɏɜɞɡ ɜŮɟɞɨ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ 

ɨŭɟŮɡůɖ əŬɘ ɎɟŭŮɡůɖ (ȺɘəɧɜŬ 1.13a). 

ii.  ȾɚŮɘůŰɞɨ əɨəɚɞɡ: ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊɘɞ ŬˊɞŭɞŰɘəɎ ůɡůŰɐɛŬŰŬ. ɇɞ ɜŮɟɧ Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ɛŮŰŬűɏɟŮŰŬɘ ůŮ ɗŬɚɎɛɞɡɠ ɗɏɟɛŬɜůɖɠ, ŬɡɝɎɜɞɜŰŬɠ Űɖɜ 

ɗŮɟɛɞəɟŬůɑŬ ŬɡŰɞɨ əŬɘ ŮɝŬŰɛɑɕɞɜŰŬɠ ɏɜŬ Ɏɚɚɞ ɡɔɟɧ Űɞ ɞˊɞɑɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ŬɡŰɞɨɠ. 

ȺˊɘɚŮəŰɘəɎ Űɞ ɡɔɟɧ ŬɡŰɧ ɏɢŮɘ ɢŬɛɖɚɧ ůɖɛŮɑɞ ɓɟŬůɛɞɨ, ŭɘɧŰɘ ɖ ɗŮɟɛɞəɟŬůɑŬ 

ɓɟɑůəŮŰŬɘ ůŮ ŮˊɑˊŮŭŬ ŭɤɛŬŰɑɞɡ. ȼ ŬɛɛɤɜɑŬ, Űɞ ˊɟɞˊɎɜɘɞ əŬɘ ɞɘ ɢɚɤɟɞűɗɞɟɎɜɗɟŬəŮɠ 

ˊɚɖɟɞɨɜ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ əŬɘ ˊɟɞŰɘɛɩɜŰŬɘ ůɡɜɐɗɤɠ. Ƀ ŬŰɛɧɠ ˊɟɞəŬɚŮɑ Űɖɜ əɑɜɖůɖ 

ůŰɟɞɓɑɚɤɜ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ˊɟɘɜ ůɡɛˊɡəɜɤɗŮɑ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ əɟɨɞɡ ɜŮɟɞɨ. ȼ ŭɘŬűɞɟɎ ŮɑɜŬɘ ɧŰɘ Űɞ ˊɟɞɥɧɜ ŮɑɜŬɘ ɡɔɟɐ ŬɛɛɤɜɑŬ ɖ 

ɞˊɞɑŬ ɗŬ ɝŬɜŬɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɞɜ ŮˊɧɛŮɜɞ əɨəɚɞ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ. Ƀɘ 

ˊɟɞˊɏɚŮɠ ůŮ ŬɡŰɎ ŰŬ ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ ůŰŬ ůɡůŰɐɛŬŰŬ ŬɜɞɘɢŰɞɨ Űɨˊɞɡ 

ŭɘɧŰɘ ɖ ˊɑŮůɖ Ŭˊɧ Űɞ ɡɔɟɧ ˊɞɡ ŮɝŬŰɛɑɕŮŰŬɘ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ (ȺɘəɧɜŬ 1.13b). 

iii.  Ɉɓɟɘŭɘəɏɠ: ůɡɜŭɡŬůɛɧɠ ůɡůŰɖɛɎŰɤɜ ŬɜɞɘɢŰɞɨ əŬɘ əɚŮɘůŰɞɨ Űɨˊɞɡ. ȷɟɢɘəɎ, Űɞ ɜŮɟɧ 

ŮɝŬŰɛɑɕŮŰŬɘ ůŮ ɢŬɛɖɚɐ ˊɑŮůɖ (ɢŬɟŬəŰɖɟɘůŰɘəɧ ůɡůŰɐɛŬŰɞɠ ŬɜɞɘɢŰɞɨ Űɨˊɞɡ) əŬɘ ɞ 

ŬŰɛɧɠ Űɖɠ ŮɝŬŰɛɑɕŮɘ, ŭɘŬŭɞɢɘəɎ, ɏɜŬ Ɏɚɚɞ ɡɔɟɧ ɛŮ ɢŬɛɖɚɧ ůɖɛŮɑɞ ɓɟŬůɛɞɨ 

(ɢŬɟŬəŰɖɟɘůŰɘəɧ ůɡůŰɐɛŬŰɞɠ əɚŮɘůŰɞɨ Űɨˊɞɡ). ɄɚŮɞɜɏəŰɖɛŬ əŬɘ ɔɘŬ Űɖɠ ɡɓɟɘŭɘəɏɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ ŬˊɞŰŮɚŮɑ ɖ ŬűŬɚɎŰɤůɖ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ. (Lewis A. et al., 2011) 

 
ȺɘəɧɜŬ 1.13  ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ŮɔəŬŰŬůŰɎůŮɤɜ: 

 a) ŬɜɞɘəŰɞɨ əɨəɚɞɡ əŬɘ b) əɚŮɘůŰɞɨ əɨəɚɞɡ. 

(Ʉɖɔɐ: www.large.stanford.edu) 
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ȷɡŰɏɠ ɞɘ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɗŮɛŮɚɘɩɜɞɜŰŬɘ ŮɑŰŮ ůŰɖɜ ůŰŮɟɘɎ ŮɑŰŮ 

ůŰɖɜ ɗɎɚŬůůŬ, ůŮ ɓɎɗɞɠ ˊɞɡ ŭŮɜ ɝŮˊŮɟɜɎŮɘ ŰŬ 100 m ˊŮɟɑˊɞɡ. ɆɖɛŬɜŰɘəɐ ŬɜɎˊŰɡɝɖ 

ůɖɛŮɘɩɜŮŰŬɘ, ůŰɖɜ  əŬŰŬůəŮɡɐ ˊɚɤŰɩɜ ɛɞɜɎŭɤɜ ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬəɘɜɖɗɞɨɜ ůŮ 

ŭɘɎűɞɟŮɠ ŰɞˊɞɗŮůɑŮɠ. ȾɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ əŬŰɖɔɞɟɑŮɠ ɏɢŮɘ əɎˊɞɘŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ 

əɎˊɞɘŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɧůɞɜ ŬűɞɟɎ Űɖɜ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ɖ ůɡɜŰɐɟɖůɖ Űɖɠ 

ɛɞɜɎŭŬɠ ŮɑɜŬɘ ŮɡəɞɚɧŰŮɟɖ ŬɚɚɎ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ɢɟŮɘɎɕŮŰŬɘ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ əŬɘ Űɖɜ 

ůɡɜŰɐɟɖůɖ Űɤɜ Ŭɔɤɔɩɜ ˊɞɡ ɛŮŰŬűɏɟɞɡɜ Űɞ əɟɨɞ ɜŮɟɧ ůŰɖɜ ɛɞɜɎŭŬ, ɞɘ ɞˊɞɑɞɘ ɡˊɧəŮɘɜŰŬɘ ůŮ 

əŬŰŬˊɞɜɐůŮɘɠ ɚɧɔɤ Űɖɠ ɕɩɜɖɠ ɗɟŬɨůɖɠ Űɤɜ əɡɛɎŰɤɜ. ȼ ɗŮɛŮɚɑɤůɖ ɓŬɗɨŰŮɟŬ Űɖɠ ɕɩɜɖɠ 

ɗɟŬɨůɖɠ ŮəɛɖŭŮɜɑɕŮɘ Űɞɜ əɑɜŭɡɜɞ ŬɡŰɧɜ. ɤůŰɧůɞ ɖ ɗŮɛŮɚɑɤůɖ əŬɘ ɖ ůɡɜŰɐɟɖůɖ ɔɑɜŮŰŬɘ ɛŮ 

ˊɘɞ ŬɡůŰɖɟɞɨɠ əŬɜɧɜŮɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬˊŬɑŰɖůɖ ɛŮɔɎɚɤɜ ůŮ ɛɐəɞɠ 

əŬɚɤŭɑɤɜ ɛŮŰŬűɞɟɎɠ ŮɜɏɟɔŮɘŬɠ əŬɗɘůŰɎ Űɖɜ ɚɨůɖ ŬɡŰɐ ŬəɟɘɓɧŰŮɟɖ Ŭˊɧ Űɖɜ ˊɟɩŰɖ. ɆŰɞɡɠ 

ˊɚɤŰɞɨɠ ůŰŬɗɛɞɨɠ, Ŭˊɧ Űɖɜ Ɏɚɚɖ, ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɠ ŭɡůɛŮɜŮɑɠ əŬɘɟɘəɏɠ 

əŬɘ əɡɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ůŰŬ ŬɜɞɘɢŰɎ əŬɚɞɨɜŰŬɘ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ. ȸŬɟɨɜɞɡůŬɠ ůɖɛŬůɑŬɠ 

ŮɑɜŬɘ ɖ Ŭɔəɡɟɞɓɧɚɖůɖ Űɞɡɠ ůŰɞɜ ɓɡɗɧ ŬɚɚɎ əŬɘ ɖ ŬɜŰɞɢɐ Űɤɜ əŬɚɤŭɑɤɜ ɛŮŰŬűɞɟɎɠ 

ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ůŰŮɟɘɎ əŬɘ Űɤɜ Ŭɔɤɔɩɜ ŰɟɞűɞŭɧŰɖůɖɠ ɜŮɟɞɨ ůŰɖɜ ɛɞɜɎŭŬ. 

ȼ ŮɚɎɢɘůŰɖ ŭɘŬűɞɟɎ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ůŮ ɓɎɗɞɠ 

1000 m ˊŮɟɑˊɞɡ, ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ŬˊɞŭɩůŮɘ ɏɜŬɠ ůŰŬɗɛɧɠ ŮɑɜŬɘ 20 . Ƀ ɢɎɟŰɖɠ ůŰɖɜ 

ŮɘəɧɜŬ 1.14 ŬˊŮɘəɞɜɑɕŮɘ Űɖɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ ɜŮɟɞɨ ůŮ ɓɎɗɞɠ 20 m əŬɘ 1000 

m.  

 

 

ȺɘəɧɜŬ 1.14  ŪŮɟɛɞəɟŬůɘŬəɏɠ ŭɘŬűɞɟɏɠ ůŰŬ 20 m əŬɘ ůŰŬ 1000 m 

(Ʉɖɔɐ: Huckerby J. et al., 2012) 
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ȺɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ:  

i. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ ɛŮŰŬɓɞɚɐɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ȽůɖɛŮɟɘɜɐ ɕɩɜɖ. 

ii.  ɆŰɘɠ ūɘɚɘˊˊɑɜŮɠ, Űɖɜ ȽɜŭɞɜɖůɑŬ əŬɘ ůŮ ɎɚɚŬ ŰɟɞˊɘəɎ ɜɖůɘɎ Űɞɡ Ⱥɘɟɖɜɘəɞɨ ɤəŮŬɜɞɨ 

əŬɗɩɠ əŬɘ Űɖɠ ɓɧɟŮɘŮɠ ŬəŰɏɠ Űɖɠ ȷɡůŰɟŬɚɑŬɠ ɖ ŭɘŬűɞɟɎ ɗŮɟɛɞəɟŬůɑŬɠ űŰɎɜŮɘ ɛɏɢɟɘ 

əŬɘ Űɞɡɠ 25. 

iii.  ȳůɞɜ ŬűɞɟɎ Űɖɜ ȷɛŮɟɘəɐ, ɞɘ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɏɠ ŬəŰɏɠ Űɖɠ ɚŬŰɘɜɘəɐɠ ȷɛŮɟɘəɐɠ, ɖ 

óŭɘɩɟɡɔŬô ˊɞɡ ŮɜɩɜŮɘ Űɖɜ ɚŬŰɘɜɘəɐ ȷɛŮɟɘəɐ ɛŮ Űɖɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ Űɖɜ ȷɛŮɟɘəɐɠ  

əŬɗɩɠ əŬɘ ŰŬ ɜɖůɘɎ Űɖɠ ȾŬɟŬɥɓɘəɐɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮŰŬɓɞɚɏɠ Ɏɜɤ Űɤɜ 20 . 

iv. ɆɖɛŬɜŰɘəɎ ˊɞůɎ ŮɜɏɟɔŮɘŬɠ ˊɟɞůűɏɟɞɡɜ ɞɘ ŬəŰɏɠ Űɖɠ ȽɜŭɑŬɠ Űɖɠ əŬɘ ɞɘ ŬəŰɏɠ Űɖɠ 

ũɞɡɘɜɏŬɠ, Űɖɠ ũəɎɜŬɠ əŬɘ Űɖɠ ɁɘɔɖɟɑŬɠ ůŰɖɜ ŬűɟɘəŬɜɘəɐ ɐˊŮɘɟɞ. 

v. ɇɏɚɞɠ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞɚɧəɚɖɟɞɘ ɐˊŮɘɟɞɘ, ůŬɜ Űɖɜ Ⱥɡɟɩˊɖ, əŬɘ ɛŮɔɎɚŮɠ ɢɩɟŮɠ ůŬɜ, 

Űɞɜ ȾŬɜŬŭɎ əŬɘ Űɖɜ ɅɤůɑŬ, ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɓɟɞɡɜ ŭɘɏɝɞŭɞ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ɛɞɟűɐ ŮɜɏɟɔŮɘŬɠ. 

ȼ ˊɟɩŰɖ ŬˊɧˊŮɘɟŬ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɖɚŮəŰɟɘəɐ ˊɘůŰɩɜŮŰŬɘ ůŰɘɠ 

ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ ȷɛŮɟɘəɐɠ. ɇɞ ˊɟɤŰɧŰɡˊɞ óMini -OTECô əŬŰŬůəŮɡɎůŰɖəŮ Űɞ 1979 əŬɘ 

ŮɔəŬŰŬůŰɎɗɖəŮ ůŰɖɜ ɜɐůɞ ɉŬɓɎɖ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ ˊɚɤŰɐ ůɡůəŮɡɐ, əɚŮɘůŰɞɨ əɨəɚɞɡ ɖ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɖɠ ɞˊɞɑŬɠ ɓŬůɘɕɧŰŬɜ ůŰɘɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ŬɛɛɤɜɑŬɠ. H ɞɜɞɛŬůŰɘəɐ 

ɘůɢɨɠ Űɞɡ ɐŰŬɜ 53 kW, ŬɚɚɎ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ɎɜŰɚɖůɖɠ ŮˊɏŰɟŮˊŬɜ Űɖɜ Ŭˊɧŭɞůɖ ɛɧɜɞ 18 kW 

(Lewis A. et al., 2011). ȷəɞɚɞɨɗɖůŮ ůɖɛŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ ŮˊɘɢŮɘɟɐůŮɤɜ ůŮ ɢɩɟŮɠ ɧˊɤɠ ɖ 

ȽŬˊɤɜɑŬ əŬɘ ɖ ȽɜŭɑŬ, ůŮ ŰɟɞˊɘəɎ ɜɖůɘɎ Űɞɡ Ⱥɘɟɖɜɘəɞɨ əŬɘ Űɖɠ ȾŬɟŬɥɓɘəɐɠ əŬɘ ůŮ ɎɚɚŮɠ  

ˊŮɟɘɞɢɏɠ, əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŮ ˊŮɘɟŬɛŬŰɘəɧ ŮˊɑˊŮŭɞ. ɇɞɜ 21
ɞ
 ŬɘɩɜŬ, ɖ ŬɜɎɔəɖ Ŭɝɘɞˊɞɑɖůɖɠ 

ˊŮɟɘůůɧŰŮɟɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ŮɜŰŬŰɘəɞˊɞɑɖůɖ Űɤɜ ˊɟɞůˊŬɗŮɘɩɜ əŬɘ  

ɛŮ Űɖɜ ůɡɜŭɟɞɛɐ Űɖɠ ŮɛˊɚɞɡŰɘůɛɏɜɖɠ ŰŮɢɜɞɔɜɤůɑŬɠ ɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

ŬɡɝɎɜŮŰŬɘ. ɇɞɜ ȷɨɔɞɡůŰɞ Űɞɡ 2015 ůŰɖɜ ɉŬɓɎɖ ŮɔəŬɘɜɘɎůŰɖəŮ ɏɜŬɠ ŭɞəɘɛŬůŰɘəɧɠ ůŰŬɗɛɧɠ 

ɘůɢɨɞɠ 100 kW ɞ ɞˊɞɑɞɠ ŰɟɞűɞŭɞŰŮɑ ˊŮɟɑˊɞɡ 120 ɜɞɘəɞəɡɟɘɎ. ȷˊɩŰŮɟɞɠ ůəɞˊɧɠ ŮɑɜŬɘ ɖ 

əŬŰŬůəŮɡɐ, ɛŮɚɚɞɜŰɘəɎ, Ůɜɧɠ ˊɚɤŰɞɨ ůŰŬɗɛɞɨ ůŰɖɜ ˊŮɟɘɞɢɐ ɞ ɞˊɞɑɞɠ ɗŬ ŰɟɞűɞŭɞŰŮɑ 120.000 

ɜɞɘəɞəɡɟɘɎ (www.makai.com). Ʉɟɞɠ Űɞ ˊŬɟɧɜ, ɡˊɧ əŬŰŬůəŮɡɐ ɓɟɑůəŮŰŬɘ ůŰɖɜ ɜɐůɞ 

Martinique ůŰɖɜ ȾŬɟŬɥɓɘəɐ ɗɎɚŬůůŬ Űɞ ɏɟɔɞ ɛŮ ɧɜɞɛŬ NEMO. ɇɞ 2014 ŮɔəɟɑɗɖəŮ ɖ 

ɢɟɖɛŬŰɞŭɧŰɖůɖ Űɞɡ əŬɘ Ŭɜ ɞɚɞəɚɖɟɤɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ɖ əŬŰŬůəŮɡɐ ɗŬ ŬˊɞŰŮɚŮɑ Űɖɜ 

ɛŮɔŬɚɨŰŮɟɖ ɛɞɜɎŭŬ əŬɗɩɠ ɛŮ ɘůɢɨ 10 MW ɗŬ ŮɝɡˊɖɟŮŰŮɑ 35.000 ˊŮɟɑˊɞɡ ɜɞɘəɞəɡɟɘɎ 

(www.naval-group.com). 

ɆŮ əɎɗŮ ɛŮɚɏŰɖ ŰɏŰɞɘɤɜ ɏɟɔɤɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ, űɡůɘəɎ, Űɧůɞ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ɧůɞ əŬɘ 

ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ˊŬɟɏɛɓŬůɖɠ ůŰɞɜ ɗŬɚɎůůɘɞ ɓɘɧŰɞˊɞ. ȼ ŬˊɞŰɑɛɖůɖ ŬɡŰɩɜ 

ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɜ ɢɎɟŰɖ Űɖɠ ŮɘəɧɜŬɠ 1.14 əŬɗɞɟɑɕɞɡɜ Űɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ ɔɘŬ Űɖɜ 

ŬɜɗɟɤˊɧŰɖŰŬ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ.  

ɂŮəɘɜɩɜŰŬɠ ɛŮ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ: 

× ȼ ůɡɜŮɢɐɠ ŬɜŬɜɏɤůɖ Űɤɜ ˊɧɟɤɜ, əŬɗɘůŰɎ Űɖɜ ˊɖɔɐ ůˊɞɡŭŬɑŬ. 

× ȺɜɏɟɔŮɘŬ ˊŬɟɎɔŮŰŬɘ 24 ɩɟŮɠ Űɖɜ ɖɛɏɟŬ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ, Ŭűɞɨ ɞɘ 

ɤəŮŬɜɞɑ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ɢɩɟɞɘ ŬˊɞɗɐəŮɡůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ əŬɘ 

ŮɜɏɟɔŮɘŬɠ (ůŰŬɗŮɟɧŰɖŰŬ ŭɘəŰɨɞɡ). 

× Ƀ ˊŮɟɘɓŬɚɚɞɜŰɘəɧɠ əɑɜŭɡɜɞɠ ŮɑɜŬɘ ɛɘəɟɧɠ. 

× ȺɚɎɢɘůŰɖ ɐ əŬɛɑŬ ŭɏůɛŮɡůɖ ɔɖɠ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɤɜ ůŰŬɗɛɩɜ ˊŬɟŬɔɤɔɐɠ 

ŮɜɏɟɔŮɘŬɠ. 
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× ȼ Ŭ́ɟŬɔɤɔɐ ˊɧůɘɛɞɡ ɜŮɟɞɨ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɨŭɟŮɡůɖ əŬɘ 

ɎɟŭŮɡůɖ. 

× ȼ ɢɟɐůɖ Űɞɡ əɟɨɞɡ ɜŮɟɞɨ ˊɞɡ ŬˊɞɓɎɚɚŮŰŬɘ ɔɘŬ əɚɘɛŬŰɘůɛɧ, ɣɨɝɖ ŬəɧɛŬ əŬɘ ɔɘŬ 

ŭɖɛɘɞɡɟɔɑŬ əŬŰɎɚɚɖɚɤɜ ůɡɜɗɖəɩɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɞɟɔŬɜɘůɛɩɜ, ɧˊɤɠ ŰŬ ɣɎɟɘŬ əŬɘ 

ɖ Ɏɚɔɖ. 

× ȼ ɖɢɖŰɘəɐ ɧɢɚɖůɖ ŮɑɜŬɘ ŮɚɎɢɘůŰɖ. 

× ȼ ŭɖɛɘɞɡɟɔɑŬ ɜɏɤɜ ɗɏůŮɤɜ ŮɟɔŬůɑŬɠ. 

ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

× ȷˊŬɘŰŮɑŰŬɘ ŮɜɏɟɔŮɘŬ ɔɘŬ Űɖɜ ɎɜŰɚɖůɖ Űɤɜ ɡŭɎŰɤɜ əŬɘ Űɖɜ ˊɟɞůŬɔɤɔɐ Űɖɠ ůŰɞɡɠ 

Ůɘŭɘəɞɨɠ ɗŬɚɎɛɞɡɠ. 

× ȼ ɎɜŰɚɖůɖ əɟɨɞɡ ɜŮɟɞɨ Ŭˊɧ Űɞɜ ɓɡɗɧ ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ 

ɎɜɗɟŬəŬ (CO2) ůŮ ˊɞůɞůŰɧ 10% Ŭˊɧ ɧůɞ ɗŬ ŬˊŮɚŮɡɗɏɟɤɜŮ ɛɑŬ ŮɔəŬŰɎůŰŬůɖ 

ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ɞɟɡəŰɎ əŬɨůɘɛŬ. 

× ȼ ɗŮɛŮɚɑɤůɖ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ůŰɞ ŭɘŬɓɟɩůɘɛɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ, ŭɘɏˊŮŰŬɘ 

Ŭˊɧ ŬɡůŰɖɟɞɨɠ əŬɜɧɜŮɠ əŬɗɩɠ ŮɔəɡɛɞɜŮɑ əɘɜŭɨɜɞɡɠ. 

× ȼ ůɡɜŰɐɟɖůɖ Űɤɜ əŬɚɤŭɑɤɜ ɛŮŰŬűɞɟɎɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɤɜ Ŭɔɤɔɩɜ ɛŮŰŬűɞɟɎɠ ɜŮɟɞɨ 

ɚɧɔɤ Űɤɜ ɗŬɚɎůůɘɤɜ ŭɘŬŰŬɟŬɢɩɜ ŮɑɜŬɘ ŬˊŬɘŰɖŰɘəɐ. 

× ȹɨůəɞɚɖ ŮɑɜŬɘ əŬɘ ɖ ůɡɜŰɐɟɖůɖ Űɤɜ ɗŬɚɎɛɤɜ əŮɜɞɨ Ŭɏɟɞɠ. 

× ɇŬ ˊɟɞɓɚɐɛŬŰŬ ɘɕɖɛŬŰɞɔŮɜɞɨɠ űɨůɖɠ ůŰɘɠ ˊŮɟɘɞɢɏɠ ɎɜŰɚɖůɖɠ əɟɨɞɡ ɜŮɟɞɨ. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ ůɡɔəŮəɟɘɛɏɜɖ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ˊɟɞůűɏɟŮɘ ŬɡŰɞɜɞɛɑŬ ůŰŬ 

ŰɟɞˊɘəɎ ɜɖůɘɎ ɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ əŬɘ ˊɧůɘɛɞɡ ɜŮɟɞɨ. ȺɛˊŮɟɘůŰŬŰɤɛɏɜŮɠ ɛŮɚɏŰŮɠ ɔɘŬ 

Űɞ əɧůŰɞɠ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ɛɞɜɎŭɤɜ ŭŮɜ ɡűɑůŰŬɜŰŬɘ ŬəɧɛŬ, ŭɘɧŰɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ 

ŭɘŬŰɎɝŮɘɠ ŮɑɜŬɘ ˊŮɘɟŬɛŬŰɘəɏɠ. Ⱥə ˊɟɩŰɖɠ ɧɣŮɤɠ, ŬˊɞŰŮɚŮɑ ɛɘŬ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ ɛŮ 

ˊŮɟɘůůɧŰŮɟŮɠ ŭɡɜŬŰɧŰɖŰŮɠ Ŭˊɧ Űɖɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ əŬɘ ɛŮ ɚɘɔɧŰŮɟɞɡɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ 

əɘɜŭɨɜɞɡɠ. ȺɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ, űɡůɘəɎ, ɜŬ ůŰŬɗɛɘůŰŮɑ əŬɘ ɞ ˊŬɟɎɔɞɜŰŬɠ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ˊɞɡ 

ɗŬ ŮˊɖɟŮɎůŮɘ ŬɟɜɖŰɘəɎ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ŬɡŰɏɠ ůŰɞ ɛɏɚɚɞɜ, ɤɠ ɏɜŬɜ ɓŬɗɛɧ.  

1.3.4  ɞʉʘʍɾʀʅɻ ʇʝɾʖ ʃɻʇʗʎʎʅʖʉ ʍʀʑʈʗʐʖʉ 

ŪŬɚɎůůɘŬ ɟŮɨɛŬŰŬ ɞɜɞɛɎɕɞɜŰŬɘ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ ɛŮɔɎɚɤɜ ɛŬɕɩɜ ɜŮɟɞɨ ˊɟɞɠ ɞɟɘůɛɏɜɖ 

əŬŰŮɨɗɡɜůɖ ůŰɞɡɠ ɤəŮŬɜɞɨɠ ɛŮ ɛɘəɟɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ. ɇŬ ɟŮɨɛŬŰŬ ŬɡŰɎ ɛɞɘɎɕɞɡɜ ɛŮ 

ˊɞŰŬɛɞɨɠ, ɛɏůŬ ůŰɖɜ ɗɎɚŬůůŬ, ɟɏɞɜŰŬɠ ŮɑŰŮ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɖɠ (ŮˊɘűŬɜŮɘŬəɎ ɟŮɨɛŬŰŬ) ŮɑŰŮ 

ůŰɞɜ ˊɡɗɛɏɜŬ (ɓŬɗɘɎ ɟŮɨɛŬŰŬ). ɇŬ ŮˊɘűŬɜŮɘŬəɎ ɟŮɨɛŬŰŬ əŬŰŮɡɗɨɜɞɜŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ Űɞɡɠ 

Ŭɜɏɛɞɡɠ ŬɜŬˊŰɨůůɞɜŰŬɠ ŭŮɝɘɧůŰɟɞűŮɠ ɟɞɏɠ ůŰɞ ɓɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ əŬɘ ŬɟɘůŰŮɟɧůŰɟɞűŮɠ ůŰɞ 

ɜɧŰɘɞ ɖɛɘůűŬɑɟɘɞ (ȺɘəɧɜŬ 1.15). ɇŬ ɓŬɗɘɎ ɟŮɨɛŬŰŬ ůɡɜŰɖɟɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɘɠ ŭɘŬűɞɟɏɠ 

ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ŬɚŬŰɧŰɖŰŬɠ ůŰŬ ůɖɛŮɑŬ ŮɛűɎɜɘůɖɠ Űɞɡɠ. Ƀ ŭŮɨŰŮɟɞɠ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ 

ɟŮɡɛɎŰɤɜ ŮɑɜŬɘ ůŮ ɣɡɢɟɎ əŬɘ ɗŮɟɛɎ. ȳŰŬɜ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ 

ɗŮɟɛɞəɟŬůɑŬ Űɤɜ ɜŮɟɩɜ ˊɞɡ ŰŬ ˊŮɟɘɓɎɚɚɞɡɜ ɔɑɜŮŰŬɘ ɚɧɔɞɠ ɔɘŬ ɗŮɟɛɎ ɟŮɨɛŬŰŬ, Ůɜɩ ůŰɖɜ 

ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ŰŬ ɟŮɨɛŬŰŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɣɡɢɟɎ. Ⱥűɧůɞɜ ɞɘ ɟɞɏɠ ŮɑɜŬɘ ɘůɢɡɟɏɠ 

ŮˊɖɟŮɎɕɞɡɜ əŬɘ Űɞ əɚɑɛŬ Űɤɜ ɔŮɘŰɞɜɘəɩɜ ˊŮɟɘɞɢɩɜ Űɖɠ ɛŮŰŬɓɎɚɚɞɜŰŬɠ ŬɜŰɑůŰɞɘɢŬ Űɖɜ 

ɗŮɟɛɞəɟŬůɑŬ Űɤɜ Ŭɡɟɩɜ ˊɞɡ űɡůɞɨɜ ˊɎɜɤ Ŭˊɧ ŬɡŰɏɠ (www.physiclessons.blogspot.gr). ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, Űɞ ɣɡɢɟɧ ɗŬɚɎůůɘɞ ɟŮɨɛŬ Űɞɡ ɉɞɨɛˊɞɚŰ, ˊɞɡ ɟɏŮɘ əŬŰɎ ɛɐəɞɠ Űɞɡ ɄŮɟɞɨ, 

əŬɗɘůŰɎ Űɞ əɚɑɛŬ Űɖɠ ˊɟɤŰŮɨɞɡůŬɠ Űɞɡ, Űɖɠ ȿɑɛŬ, ŭɟɞůŮɟɧŰŮɟɞ Ŭˊɧ Űɞ Űɟɞˊɘəɧ əɚɑɛŬ Űɖɠ 

ȽůɖɛŮɟɘɜɐɠ ɕɩɜɖɠ ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ.  
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ɇŬ ɟŮɨɛŬŰŬ ɔŮɜɘəɎ ŭɘŮɡəɞɚɨɜɞɡɜ ŰŬ ɛŮɔɎɚŬ ɘůŰɘɞˊɚɞɥəɎ ŰŬɝɑŭɘŬ əŬɘ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ 

ŭɘɎŭɞůɖ ŭɘŬűɧɟɤɜ ɛɞɟűɐɠ ɕɤɐɠ ůŬɜ ŰŬ ɢɏɚɘŬ. ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ, ŮɜŰɞɨŰɞɘɠ ŮɑɜŬɘ ɧŰɘ 

ŬˊɞŰŮɚɞɨɜ ɛɘŬ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ, ŬɜŮɝŮɟŮɨɜɖŰɖ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ.. Ƀ ɢɎɟŰɖɠ Űɖɠ ŮɘəɧɜŬɠ 1.15 

ŬˊŮɘəɞɜɑɕŮɘ ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ ŰŬ ɗŮɟɛɎ ɟŮɨɛŬŰŬ əŬɘ ɛŮ ɛˊɚŮ ɢɟɩɛŬ ŰŬ ɣɡɢɟɎ. ɀŮɟɘəɎ ɛɧɜɞ 

Ŭˊɧ ŬɡŰɎ ɗŮɤɟɞɨɜŰŬɘ ŬɝɘɞˊɞɘɐůɘɛŬ ŬɜŬˊŰɨůůɞɜŰŬɠ ŮˊŬɟəŮɑɠ ŰŬɢɨŰɖŰŮɠ Űɖɠ ŰɎɝŮɤɠ Űɤɜ 2 m/s 

(Leaman K.D. and Molinari R.L., 1987). ɄɟɞűŬɜɩɠ əŬɘ ɖ ŭɡɜŬɛɘəɐ ɟŮɡɛɎŰɤɜ ɛŮ ɛɘəɟɧŰŮɟŮɠ 

ŰŬɢɨŰɖŰŮɠ ŮɜŭŮɑəɜɡŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɧůɞ ɖ ŰŮɢɜɞɚɞɔɑŬ əŬɘ ɞɘ 

ˊɟŬəŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŬɠ ɓŮɚŰɘɩɜɞɜŰŬɘ.  

 
ȺɘəɧɜŬ 1.15  ŪŬɚɎůůɘŬ ɟŮɨɛŬŰŬ ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ. 

(Ʉɖɔɐ: www.mankap.blogspot.gr) 

ũɑɜŮŰŮ ŬɜŰɘɚɖˊŰɧ, ɚɞɘˊɧɜ, ɧŰɘ, 

1. ɆŰɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ ŭɨɞ ŮɑɜŬɘ ŰŬ ɛŮɔɎɚŬ əɡəɚɩɛŬŰŬ: Űɞ ɟŮɨɛŬ Űɞɡ əɧɚˊɞɡ (Gulf 

Stream) ůŰŬ ŬɜŬŰɞɚɘəɎ Űɤɜ ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ Űɖɠ ȷɛŮɟɘəɐɠ əŬɘ Űɞɡ əɧɚˊɞɡ Űɞɡ 

ɀŮɝɘəɞɨ ŭɘŬůɢɑɕɞɜŰŬɠ Űɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ ɤəŮŬɜɞɨ əŬɘ ŭŮɡŰŮɟŮɡɧɜŰɤɠ Űɞ ɟŮɨɛŬ Űɖɠ 

ȸɟŬɕɘɚɑŬɠ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɞɡ. 

2. ɆŰɞɜ Ⱥɘɟɖɜɘəɧ ɤəŮŬɜɧ ŭŮůˊɧɕŮɘ Űɞ ɟŮɨɛŬ Ⱦɞɡɟɧůɘɞ ůŰŬ ŬɜŬŰɞɚɘəɎ Űɖɠ ȷůɘŬŰɘəɐɠ 

ɖˊŮɑɟɞɡ ˊɞɡ əŬɚɨˊŰŮɘ Űɞɜ ɓɧɟŮɘɞ ŰɞɛɏŬ Űɞɡ ɤəŮŬɜɞɨ, Ůɜɩ ůŰɞɜ ɜɧŰɞ ŮɜŭɘŬűɏɟɞɜ 

ŮɛűŬɜɑɕŮɘ Űɞ ɟŮɨɛŬ Űɖɠ ŬɜŬŰɞɚɘəɐɠ ȷɡůŰɟŬɚɑŬɠ. 

3. ɇŮɚŮɘɩɜɞɜŰŬɠ ůŰɞɜ Ƚɜŭɘəɧ ɤəŮŬɜɧ ɞɘ ɛɞɡůɩɜŮɠ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ 

Űɖɜ ŭɖɛɘɞɡɟɔɑŬ əŬɘ Űɖɜ ůɡɜŰɐɟɖůɖ Űɤɜ ɟŮɡɛɎŰɤɜ əŬɗɩɠ əŬɘ Űɖɜ əŬŰŮɨɗɡɜůɖ ŬɡŰɩɜ. 

ɇɞ ɟŮɨɛŬ Űɖɠ ɀɞɕŬɛɓɑəɖɠ ŮɑɜŬɘ Ɏəɟɤɠ ŮəɛŮŰŬɚɚŮɨůɘɛɞ ɚɧɔɤ Űɖɠ ɘůɢɨɞɠ Űɞɡ ŬɚɚɎ əŬɘ 

ɚɧɔɤ Űɖɠ ɗɏůɖɠ Űɞɡ ůŰɞ ůŰŮɜɧ ˊɏɟŬůɛŬ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ŬɜɎɛŮůŬ ůŰɖɜ ɀɞɕŬɛɓɑəɖ 

əŬɘ Űɖɜ ɀŬŭŬɔŬůəɎɟɖ. 

ȼ ŰŮɢɜɞɚɞɔɑŬ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɐɜ Űɖɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɤɜ 

ˊŬɚɘɟɟɞɘŬəɩɜ ɟŮɡɛɎŰɤɜ. Ƀɘ ŭɘŬűɞɟɏɠ ɏɔəŮɘɜŰŬɘ ůŰɘɠ əŬŰŮɡɗɨɜůŮɘɠ Űɤɜ ɟŮɡɛɎŰɤɜ, (ŰŬ 

ˊŬɚɘɟɟɞɘŬəɎ ɟŮɨɛŬŰŬ ɟɏɞɡɜ əŬɘ ůŰɘɠ ŭɨɞ əŬŰŮɡɗɨɜůŮɘɠ, Ůɜɩ ŰŬ ɤəŮɎɜɘŬ ˊɟɞɠ Űɖɜ ɛɑŬ ɛɧɜɞ 
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əŬŰŮɨɗɡɜůɖ) əŬɘ ůŰɘɠ ŰŬɢɨŰɖŰŮɠ (ŰŬ ɟŮɨɛŬŰŬ Űɤɜ ˊŬɚɘɟɟɞɘɩɜ ŬɜŬˊŰɨůůɞɡɜ ɡɣɖɚɧŰŮɟŮɠ 

ŰŬɢɨŰɖŰŮɠ Ŭˊɧ ŰŬ ɤəŮɎɜɘŬ). Ʉɟɘɜ Ŭˊɧ ŭŮəŬŮŰɑŮɠ, ɏɟŮɡɜŮɠ Űɞɡ óMacArthour Workshopô 

əŬŰɏɚɖɝŬɜ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɞɘ ŰŮɢɜɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ ɟŮɨɛŬŰɞɠ Űɖɠ ūɚɩɟɘɜŰŬɠ (ɏɜŬ 

ɛɏɟɞɠ Űɞɡ ɟŮɨɛŬŰɞɠ Űɞɡ əɧɚˊɞɡ-Gulf Stream) ŬɜɏɟɢɞɜŰŬɘ ůŰŬ 25 GW (Stewart H.B., 1974). 

ɀɏɢɟɘ ůŰɘɔɛɐɠ ŭŮɜ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ˊŮɘɟŬɛŬŰɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ ɐ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊɑŭŮɘɝɖɠ, 

Ŭɜ əŬɘ ɞɘ ɗŮŰɘəɏɠ ˊŰɡɢɏɠ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ŬɟəŮŰɏɠ: 

× ɇŬ ɗŬɚɎůůɘŬ ɟŮɨɛŬŰŬ ůɡɜŰɖɟɞɨɜŰŬɘ Ŭˊɧ ɔŮɜŮůɘɞɡɟɔɏɠ ŬɘŰɑŮɠ ɧˊɤɠ ɞ ɎɜŮɛɞɠ, ɖ 

ŭɘŬűɞɟɎ ˊɡəɜɧŰɖŰŬɠ, ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ŬɚŬŰɧŰɖŰŬɠ əŬɗɩɠ əŬɘ ɞɘ ŭɡɜɎɛŮɘɠ Coriolis, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ˊɖɔɐ ɜŬ əŬŰŬŰɎůůŮŰŬɘ Űɖɠ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ. 

× ȺəŰɘɛɎŰŬɘ ɧŰɘ ŭŮɜ ɗŬ ɡˊɎɟɢŮɘ Ůəˊɞɛˊɐ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ əŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ 

Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ. 

× Ƀɘ ůɡůəŮɡɏɠ ɛɏůɤ Űɤɜ ɞˊɞɑɞ ˊŬɟɎɔŮŰŬɘ ŮɜɏɟɔŮɘŬ (ɡŭɟɞůŰɟɧɓɘɚɞɘ) ɗŮɛŮɚɘɩɜɞɜŰŬɘ 

ůŰɞɜ ˊɡɗɛɏɜŬ, ŮɑɜŬɘ ɡˊɞɗŬɚɎůůɘŮɠ əŬɘ ɖ ˊŬɟɏɛɓŬůɖ ůŰɖɜ ůŰŮɟɘɎ ŮɑɜŬɘ ŮɚɎɢɘůŰɖ. 

× ȹŮɜ ɡűɑůŰŬŰŬɘ ɞˊŰɘəɐ əŬɘ ŬəɞɡůŰɘəɐ ɧɢɚɖůɖ ɔɘŬ Űɞɜ Ɏɜɗɟɤˊɞ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ŭŮɜ 

ŮɛˊɞŭɑɕɞɜŰŬɘ ɞɘ ɗŬɚɎůůɘŮɠ ɛŮŰŬűɞɟɏɠ. 

× ȼ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ, ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ŮɝɘůɞɟɟɞˊɩɜŰŬɠ 

Űɖɜ ɛŮɘɤɛɏɜɖ ŰŬɢɨŰɖŰŬ Űɤɜ ɛɞɟɑɤɜ Űɞɡ ɜŮɟɞɨ ŭɘŬŰɖɟŮɑ Űɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ 

ɡɔɟɞɨ ůŰɞɘɢŮɑɞɡ ůŮ ɘəŬɜɞˊɞɘɖŰɘəɎ ŮˊɑˊŮŭŬ. 

× ȼ ůɡɛɓŬŰɧŰɖŰŬ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ɛŮ ŰŬ ŬɘɞɚɘəɎ ˊɎɟəŬ (ɡɓɟɘŭɘəɧ ůɨůŰɖɛŬ). 

× ȼ ŭɖɛɘɞɡɟɔɑŬ əŬɘɜɞɨɟɘɤɜ ɗɏůŮɤɜ ŮɟɔŬůɑŬɠ.  

ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, əŬɗɧɚɞɡ ŮɡəŬŰŬűɟɧɜɖŰŮɠ ŭŮɜ ŮɑɜŬɘ ɞɘ ˊɟɞəɚɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ˊɟɏˊŮɘ ɜŬ 

ɝŮˊŮɟŬůŰɞɨɜ ɏŰůɘ ɩůŰŮ ɜŬ əŬŰŬůŰŮɑ ŬɜŰŬɔɤɜɘůŰɘəɐ ɖ ˊŬɟŬɔɧɛŮɜɖ Ŭˊɧ ŰŬ ɗŬɚɎůůɘŬ ɟŮɨɛŬŰŬ 

ŮɜɏɟɔŮɘŬ: 

× ɇɞ ɡɣɖɚɧ əɧůŰɞɠ ɚɧɔɤ Űɖɠ ɛɖ Űɡˊɞˊɞɑɖůɖɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ, əŬɗɩɠ əŬɘ Űɞ əɧůŰɞɠ 

ůɡɜŰɐɟɖůɖɠ ůŰɘɠ ˊɞɚɨ ŭɨůəɞɚŮɠ əŬɘɟɘəɏɠ əŬɘ əɡɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ůŰɖɜ ŬɜɞɘɢŰɐ 

ɗɎɚŬůůŬ. 

× ȼ ɘ́ɗŬɜɐ Ŭɨɝɖůɖ Űɤɜ ŰɟŬɡɛŬŰɘůɛɩɜ əŬɘ Űɖɠ ɗɜɖůɘɛɧŰɖŰŬɠ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ ɕɩɜŰɤɜ 

ɞɟɔŬɜɘůɛɩɜ Űɞɡ ɓɡɗɞɨ. 

× ɇɞ ɓɎɗɞɠ ɚŮɘŰɞɡɟɔɑŬɠ űŰɎɜŮɘ ɏɤɠ ŰŬ 100 m ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɘɠ Ůˊɘɚɞɔɏɠ ŬɜŬűɞɟɘəɎ ɛŮ 

Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ɘŭŬɜɘəɧŰŮɟɖɠ ŰɞˊɞɗŮůɑŬɠ ŮɔəŬŰɎůŰŬůɖɠ. 

× Ƀɘ ˊɘɗŬɜɏɠ ŬəɞɡůŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɗŬɚɎůůɘŬ ɕɤɐ əŬɘ ɖ ɔɏɜɜɖůɖ ŮɜŭŮɢɧɛŮɜɤɜ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ ɚɧɔɤ Űɤɜ ɡˊɞɗŬɚɎůůɘɤɜ əŬɚɤŭɑɤɜ. 

× ȼ ˊŬɟŮɛˊɧŭɘůɖ Űɖɠ ŬɚɘŮɑŬɠ. 

Ƀ ˊŮɟɘɞɟɘůɛɧɠ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ əɘɜŭɨɜɤɜ əŬɘ ɞɘ ůɡɛɓɘɓŬůɛɞɑ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɧɟɤɜ 

ɢɟɖůŰɩɜ Űɞɡ ɗŬɚɎůůɘɞɡ ˊŬɟɎɔɞɜŰŬ əŬɘ ŭŮɡŰŮɟŮɡɧɜŰɤɠ, ɢɟɞɜɘəɎ, Űɞ əɧůŰɞɠ ɗŬ əŬɗɞɟɑůɞɡɜ 

Űɖɜ ůɡɛɓɞɚɐ Űɤɜ ɗŬɚɎůůɘɤɜ ɟŮɡɛɎŰɤɜ ůŰɖɜ ɚɨůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ɕɖŰɐɛŬŰɞɠ Űɞɡ ˊɚŬɜɐŰɖ. 

1.3.5  ɱʎʈʖʐʅʆʙ ʀʉʘʍɾʀʅɻ 

ȵůɛɤůɖ ɞɜɞɛɎɕŮŰŬɘ ɖ űɡůɘəɐ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɛɧɟɘŬ ŭɘŬɚɨŰɖ ŭɘɏɟɢɞɜŰŬɘ ɛɏůɤ 

ɖɛɘˊŮɟŬŰɐɠ ɛŮɛɓɟɎɜɖ, Ŭˊɧ Űɞ ŭɘɎɚɡɛŬ ɛɘəɟɧŰŮɟɖɠ ůɡɔəɏɜŰɟɤůɖɠ (ŬɟŬɘɧŰŮɟɞ) ůŰɞ ŭɘɎɚɡɛŬ 

ɛŮɔŬɚɨŰŮɟɖɠ ůɡɔəɏɜŰɟɤůɖɠ (ˊɡəɜɧŰŮɟɞ) ɏɤɠ ɧŰɞɡ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ŭɘŬɚɡɛɎŰɤɜ əŬɘ 

ůŰɘɠ ŭɨɞ ˊɚŮɡɟɏɠ ɜŬ Ůɝɘůɤɗɞɨɜ. ȷˊɞŰɏɚŮůɛŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ ůɡůůɤɟŮɡɛɏɜɖ 

ˊɑŮůɖ Ŭˊɧ Űɖɜ ɛɞɜɧˊɚŮɡɟɖ ɟɞɐ Űɞɡ ɜŮɟɞɨ ɖ ɞˊɞɑŬ ŮˊŬɟəŮɑ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬɟəŮŰɎ 
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ɛŮɔɎɚɤɜ ˊɞůɩɜ ŮɜɏɟɔŮɘŬɠ. ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, Űɞ ŬɟŬɘɧŰŮɟɞ ŭŮɑɔɛŬ ŮɑɜŬɘ Űɞ ɔɚɡəɧ ɜŮɟɧ 

Űɤɜ ˊɞŰŬɛɩɜ əŬɘ Űɤɜ ɚɘɛɜɩɜ əŬɘ Űɞ ˊɡəɜɧŰŮɟɞ Űɞ ɜŮɟɧ Űɖɠ ɗɎɚŬůůŬɠ. ɀŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ 

ɛɘŬ ɖɛɘˊŮɟŬŰɐɠ ɛŮɛɓɟɎɜɖɠ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ŭɨɞ ɡɔɟɩɜ ůŮ Ůɘŭɘəɏɠ əŬŰŬůəŮɡɏɠ əŬɘ 

əŬŰɎɚɚɖɚɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ ˊŬɟɎɔŮŰŬɘ ŮɜɏɟɔŮɘŬ ůŮ ŬɝɘɞˊɞɘɐůɘɛŮɠ ɛɞɟűɏɠ.  

ɀɏɢɟɘ Űɞ 1970 ɖ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ŭŮɜ ŮɑɢŮ ŬůɢɞɚɖɗŮɑ əŬɗɧɚɞɡ ɛŮ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ 

Űɖɠ ɩůɛɤůɖɠ ɔɘŬ Űɖɜ əɎɚɡɣɖ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ əŬɗɩɠ ŭŮɜ ɡˊɐɟɢŬɜ ŰŬ əŬŰɎɚɚɖɚŬ 

ŰŮɢɜɞɚɞɔɘəɎ ɛɏůŬ ɔɘŬ Űɖɠ ŬɜŰɑůŰɞɘɢŮɠ ŭɟɎůŮɘɠ. ȼ əŬŰɎůŰŬůɖ ɎɚɚŬɝŮ ɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ 

ˊɟɩŰɤɜ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ɖɛɘˊŮɟŬŰɩɜ ɛŮɛɓɟŬɜɩɜ. Ƀ ɘůɟŬɖɚɘɜɧɠ ŮˊɘůŰɐɛɞɜŬɠ Sidney Loeb 

ŮˊɘɢŮɑɟɖůŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɖɜ ŭŮəŬŮŰɑŬ Űɞɡ 1970 ɜŬ ˊŬɟɎɔŮɘ ɤůɛɤŰɘəɐ ŮɜɏɟɔŮɘŬ ůŰɘɠ 

Ůəɓɞɚɏɠ Űɞɡ ˊɞŰŬɛɞɨ ȽɞɟŭɎɜɖ ůŰɖɜ ɁŮəɟɎ ŪɎɚŬůůŬ. ɇŬɡŰɧɢɟɞɜŬ, ˊɟɧŰŮɘɜŮ Űɖɜ əŬŰŬůəŮɡɐ 

əŬɘ Ɏɚɚɤɜ ˊŬɟɧɛɞɘɤɜ ɛɞɜɎŭɤɜ, ɤůŰɧůɞ Űɞ ˊɚɎɜɞ Űɞɡ ŭŮɜ ŮűŬɟɛɧůŰɖəŮ ˊɞŰɏ 

(www.iefimerida.gr). 

ȹɨɞ ŮɑɜŬɘ ɞɘ ɛɏɗɞŭɞɘ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɖɚŮəŰɟɘůɛɧ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɖɛɘˊŮɟŬŰɏɠ ɛŮɛɓɟɎɜŮɠ: 

i. ȼ ŬɜŰɑůŰɟɞűɖ ɖɚŮəŰɟɞŭɘɎɚɡůɖ (Reverse Electrodialysis, RED) 

ii.  ȼ ˊŬɟŬŰŮŰŬɛɏɜɖɠ ˊɑŮůɖɠ ɩůɛɤůɖ (Pressure Retarded Osmosis, PRO). 

ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑůŰɟɞűɖɠ ɖɚŮəŰɟɞŭɘɎɚɡůɖɠ ůɡɛˊɡəɜɤɛɏɜɞ ŭɘɎɚɡɛŬ ɎɚŬŰɞɠ 

ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɔɚɡəɧ ɜŮɟɧ ɛɏůɤ ɛɘŬɠ ŮɜŬɚɚŬůůɧɛŮɜɖɠ ůŮɘɟɎɠ ɛŮɛɓɟŬɜɩɜ 

ŬɜŰŬɚɚŬɔɐɠ ŬɜɘɧɜŰɤɜ əŬɘ əŬŰɘɧɜŰɤɜ (ȷȺɀ əŬɘ CEM) (ŮɘəɧɜŬ 1.16). ɅɏɞɜŰŬɠ ůŮ ŬɡŰɐ Űɖɜ 

Ůɘŭɘəɐ ŭɘɎŰŬɝɖ ŰŬ əŬŰɘɧɜŰŬ ɜŬŰɟɑɞɡ Na
+
 əŬŰŮɡɗɨɜɞɜŰŬɘ, Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛŮɛɓɟɎɜŮɠ ůŰɖɜ 

əɎɗɞŭɞ əŬɘ ŰŬ ŬɜɘɧɜŰŬ ɢɚɤɟɑɞɡ Cl
-
 ůŰɖɜ Ɏɜɞŭɞ. ȼ ɢɖɛɘəɐ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ ɔŮɜɜɎ ŰɎůɖ ůŮ 

əɎɗŮ ɛŮɛɓɟɎɜɖ. ɇɞ ůɡɜɞɚɘəɧ ŭɡɜŬɛɘəɧ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŭɘŬűɞɟɩɜ 

ŭɡɜŬɛɘəɞɨ ůŮ əɎɗŮ ɕŮɨɔɞɠ ɛŮɛɓɟŬɜɩɜ ŬɜŰŬɚɚŬɔɐɠ ŬɜɘɧɜŰɤɜ əŬɘ əŬŰɘɧɜŰɤɜ (Lewis A. et al., 

2011). 

 
ȺɘəɧɜŬ 1.16  ȷɜŰɑůŰɟɞűɖ ɖɚŮəŰɟɞŭɘɎɚɡůɖ (RED). 

(Ʉɖɔɐ: Van den Ende and Groeman, 2007) 

ȼ ɩůɛɤůɖ ˊŬɟŬŰŮŰŬɛɏɜɖɠ ˊɑŮůɖɠ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ŭɘŬűɞɟɎ ůɡɔəɏɜŰɟɤůɖɠ ɎɚŬŰɞɠ ŬɜɎɛŮůŬ 

ůŮ ŭɨɞ ɡɔɟɎ. ɀɘŬ ɖˊɘɛŮɟŬŰɐ ɛŮɛɓɟɎɜɖ ɛŮ ɛɘəɟɏɠ ɞˊɏɠ ŭɘŬɢɤɟɑɕŮɘ ŰŬ ŭɨɞ ɡɔɟɎ ŮˊɘŰɟɏˊɞɜŰŬɠ 

ɛɧɜɞ ůŰŬ ɛɧɟɘŬ Űɞɡ ɜŮɟɞɨ, ˊɞɡ ŮɑɜŬɘ ɛɘəɟɎ, ɜŬ Űɖɜ ŭɘŬˊŮɟɎůɞɡɜ. ɇŬ ɛɧɟɘŬ ɎɚŬŰɞɠ Űɞɡ 

ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ŭŮɜ ɏɢɞɡɜ ŬɡŰɐ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ. ɇɞ ɜŮɟɧ ŮˊɘŭɘɩəŮɘ Űɖɜ ɛŮɑɤůɖ Űɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ ŬɚŬŰɘɞɨ ůŰɞ ŭŮɑɔɛŬ Űɞɡ Ŭɚɛɡɟɞɨ ɜŮɟɞɨ əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɟɏŮɘ ˊɟɞɠ Űɖ 
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ˊɚŮɡɟɎ Űɞɡ ɗŬɚɎůůɘɞɡ ŭŮɑɔɛŬŰɞɠ ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ˊɑŮůɖ ůŮ ŬɡŰɐ Űɖɜ ɛŮɟɘɎ. ɀŮ Űɖɜ Ŭɟɤɔɐ 

Ůɜɧɠ ɐ ˊŮɟɘůůɞŰɏɟɤɜ ɡŭɟɞůŰɟɧɓɘɚɤɜ ɖ ˊɑŮůɖ ŬɡŰɐ ŬɝɘɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ (ŮɘəɧɜŬ 1.17) (Lewis A. et al., 2011). 

 
ȺɘəɧɜŬ 1.17  ȵůɛɤůɖ ˊŬɟŬŰŮŰŬɛɏɜɖɠ ˊɑŮůɖɠ (PRO) 

(Ʉɖɔɐ: Scr¬mestß et al., 2009)  

ȼ ŬɚɛɡɟɧŰɖŰŬ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ əɡɛŬɑɜŮŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ 30 ɏɤɠ 50 ppt (parts per 

thousand). ȺɘŭɘəɧŰŮɟŬ, ɞɘ Űɘɛɏɠ ůŮ ˊŮɟɘɞɢɏɠ ŬɜɎ Űɞɜ əɧůɛɞ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞɜ ɢɎɟŰɖ Űɖɠ 

ŮɘəɧɜŬɠ 1.18. 

 

 
ȺɘəɧɜŬ 1.18  ɆɡɔəɏɜŰɟɤůɖ ŬɚŬŰɘɞɨ ůŰɘɠ ɗɎɚŬůůŮɠ (Salinity). 

(Ʉɖɔɐ: Huckerby J. et al., 2012) 

ȼ ŬɚɛɡɟɧŰɖŰŬ Űɤɜ ɜŮɟɩɜ Űɤɜ ˊɞŰŬɛɩɜ əŬɘ Űɤɜ ɚɘɛɜɩɜ, ŰŬ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ 

ɓɟɞɢɐ, Űɞ ɚɘɩůɘɛɞ Űɞɡ ɢɘɞɜɘɞɨ əŬɘ Űɖɜ ɟɞɐ Űɤɜ ɡˊɧɔŮɘɤɜ ɟŮɡɛɎŰɤɜ, űŰɎɜŮɘ ɛɏɢɟɘ Űɖɜ Űɘɛɐ 
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Űɤɜ 0,5 ppt (Huckerby J. et al., 2012). ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůŮ ůɡɜŭɡŬůɛɧ ŰŬ ŮɟŮɡɜɖŰɘəɎ ůŰɞɘɢŮɑŬ 

Űɞɡ ˊŬɟŬˊɎɜɤ ɢɎɟŰɖ əŬɗɞɟɑɕɞɡɜ Űɖɠ ɘŭŬɜɘəɧŰŮɟŮɠ ŰɞˊɞɗŮůɑŮɠ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɞɡ 

Ůɝɞˊɚɘůɛɞɨ ˊŬɟŬɔɤɔɐɠ ɤůɛɤŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ɄŬɟŬŭŮɑɔɛŬŰŬ ŰɏŰɞɘɤɜ ŰɞˊɞɗŮůɘɩɜ ŮɑɜŬɘ ɞɘ 

Ůəɓɞɚɏɠ ˊɞŰŬɛɩɜ ɧˊɤɠ ɞ Ⱦɞɜɔəɧ ůŰɖɜ əŮɜŰɟɘəɐ ȷűɟɘəɐ əŬɘ ɞ ȷɛŬɕɧɜɘɞɠ ˊɞɡ ŭɘŬůɢɑɕŮɘ Űɖɜ 

ȿŬŰɘɜɘəɐ ȷɛŮɟɘəɐ. ȷɝɘɞůɖɛŮɑɤŰɞ ŮɑɜŬɘ ɧŰɘ ˊŮɟɘɞɢɏɠ, ɧˊɤɠ ɖ ɀŮůɧɔŮɘɞɠ ɗɎɚŬůůŬ, ɛŮ ɛɘəɟɏɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɤɜ Ɏɚɚɤɜ ɛɞɟűɩɜ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ, ˊɚɖɟɞɨɜ Űɖɠ 

ˊɟɞɦˊɞɗɏůŮɘɠ ŮɛűɎɜɘůɖɠ ɩůɛɤůɖɠ əŬɗɩɠ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŬɚŬŰɘɞɨ ŮɑɜŬɘ ɛŮɔɎɚŮɠ. 

ȺˊɘˊɟɞůɗɏŰɤɠ, ůˊɞɡŭŬɑŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ɡˊɎɟɢɞɡɜ ůŰɞɜ ȷŰɚŬɜŰɘəɧ əŬɘ Űɞɜ Ƚɜŭɘəɧ ɤəŮŬɜɧ, ɞɘ 

ɞˊɞɑɞɘ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ Ŭɚɛɡɟɞɑ ůŮ ɧɚɖ ůɢŮŭɧɜ Űɖɜ ɏəŰŬůɖ Űɖɠ.  

ȷɗɟɞɘůŰɘəɎ Űɞ ŰŮɢɜɘəɧ ŭɡɜŬɛɘəɧ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɤůɛɤŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŬɜɏɟɢɞɜŰŬɘ ˊŮɟɑˊɞɡ 

ůŰɘɠ 1650 TWh/yr. ɇɞ ˊɟɩŰɞ, ˊɘɚɞŰɘəɧ, ɖɚŮəŰɟɞˊŬɟŬɔɤɔɧ ŮɟɔɞůŰɎůɘɞ, ɘůɢɨɞɠ 4 kW, 

ŮɔəŬɘɜɘɎůŰɖəŮ Űɞɜ Ɂɞɏɛɓɟɘɞ Űɞɡ 2009 ůŰɞ Tofte, ůŰɖɜ ɜɞŰɘɞŬɜŬŰɞɚɘəɐ ɁɞɟɓɖɔɑŬ əɞɜŰɎ ůŰɞ 

ȳůɚɞ, ŬˊɞŰŮɚɩɜŰŬɠ Űɞ ́ɟɩŰɞ ˊŬɟɎŭŮɘɔɛŬ ɢɟɐůɖɠ ˊŬɟŬŰŮŰŬɛɏɜɖɠ ˊɑŮůɖɠ ɩůɛɤůɖɠ (PRO). 

ɆŰɖɜ ŰɞˊɞɗŮůɑŬ ŬɡŰɐ ɖ ˊɟɧůɓŬůɖ ůŮ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ɗŮɤɟɞɨɜŰŬɜ ŮˊŬɟəɐɠ əŬɘ ˊɞůɧŰɖŰŮɠ 

ɔɚɡəɞɨ ɜŮɟɞɨ ŬɜŰɚɞɨɜŰŬɜ Ŭˊɧ ɛɑŬ ˊŬɟŬˊɚɐůɘŬ ɚɑɛɜɖ (Scr¬mestß et al., 2009). ɀŮŰɎ Ŭˊɧ 

ŰɏůůŮɟŬ (4) ɢɟɧɜɘŬ ɖ ŮŰŬɘɟɑŬ əŬŰŬůəŮɡɐɠ ŬɜŬɔɜɩɟɘůŮ ɧŰɘ ɖ ŰŮɢɜɞɚɞɔɑŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ŬɜŬˊŰɡɢɗŮɑ ŮˊŬɟəɩɠ ɩůŰŮ ɜŬ əŬŰŬůŰŮɑ ŬɜŰŬɔɤɜɘůŰɘəɐ ɛŮ Űɘɠ ˊɟɞɞˊŰɘəɏɠ Űɖɠ ŬɔɞɟɎɠ ŮəŮɑɜɖɠ 

Űɖɠ Ůˊɞɢɐɠ əŬɘ ŭɘɏəɞɣŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. ɄŬɟɧɚŬ ŬɡŰɎ, ůɡɜŰɞɜɘůɛɏɜŮɠ ɏɟŮɡɜŮɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ əŬɘ ɞɘ ŰŮɢɜɘəɏɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ ɩůɛɤůɖɠ 

ɓŮɚŰɘɩɗɖəŬɜ. ȷɜŰɘůŰɞɑɢɤɠ, Űɞ əɡɟɘɧŰŮɟɞ ˊŬɟɎŭŮɘɔɛŬ Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ ŬɜŰɑůŰɟɞűɖɠ 

ɖɚŮəŰɟɞŭɘɎɚɡůɖɠ (RED) ŮɑɜŬɘ ɖ ɛɞɜɎŭŬ ˊŬɟŬɔɤɔɐɠ ůŰɞ Afsluitdijk  Űɖɠ ɃɚɚŬɜŭɑŬɠ. ȷˊɧ Űɞɜ 

Ɂɞɏɛɓɟɘɞ Űɞɡ 2014 ŬɜŰɚŮɑ ɜŮɟɧ Ŭˊɧ Űɖɜ ɗɎɚŬůůŬ Wadden əŬɘ Űɖɜ ɚɑɛɜɖ Ljsselmeer, ɛɘŬ 

ˊŮɟɘɞɢɐ Űɖɠ ɞˊɞɑŬɠ ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ űŰɎɜɞɡɜ ŮɜŭŮɢɞɛɏɜɤɠ ůŮ ɘůɢɨ 200 MW (Molenbroek E.C., 

2007).  

 
ȺɘəɧɜŬ 1.19  ɆŰŬɗɛɧɠ ůŰɞ Tofte (ŬɟɘůŰŮɟɎ) əŬɘ ůŰŬɗɛɧɠ ůŰɞ Afsluitdijk  (ŭŮɝɘɎ). 

(Ʉɖɔɐ: ůŰɘɔɛɘɧŰɡˊŬ Ŭˊɧ Űɞ www.google.com/maps)   

Ⱥɜ ŰɏɚŮɘ, əŬɗɞɟɘůŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɔɘŬ Űɖɜ ˊɟɞɩɗɖůɖ əŬɘ Űɖɜ ŮɛˊɞɟŮɡɛŬŰɞˊɞɑɖůɖ ŬɡŰɐɠ Űɖɠ 

ɛɞɟűɐɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ɞ ɓŬɗɛɧɠ ɡˊŮɟɞɢɐɠ Űɤɜ ɗŮŰɘəɩɜ ɏɜŬɜŰɘ Űɤɜ ŬɟɜɖŰɘəɩɜ Ŭˊɞɟɟɞɘɩɜ 

Űɖɠ. ɆŬűɩɠ ŬɜŬűŮɟɧɛŬůŰŮ ůŮ ɛɑŬ ŬɜŬɜŮɩůɘɛɖ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ ɖ ɞˊɞɑŬ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ŮɑɜŬɘ 

űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ, Ŭűɞɨ ɞɘ Ůəˊɞɛˊɏɠ ŭɘɞɝŮɘŭɑɞɡ (CO2) Űɞɡ ɎɜɗɟŬəŬ ŮɑɜŬɘ ɛɘəɟɏɠ əŬɘ 
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Ŭűɞɟɞɨɜ ɛɧɜɞ Űɖɜ ŮɔəŬŰɎůŰŬůɖ əŬɘ Űɖɜ ůɡɜŰɐɟɖůɖ Űɖɠ ɛɞɜɎŭŬɠ. ȷɝɘɞɛɜɖɛɧɜŮɡŰŬ, 

ŮɜŰɞɨŰɞɘɠ, ŮɑɜŬɘ əŬɘ ŰŬ ˊŬɟŬəɎŰɤ ˊɚŮɞɜŮəŰɐɛŬŰŬ: 

× ȼ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɖɠ əŬɘ Űɘɠ 24 ɩɟŮɠ Űɖɠ ɖɛɏɟŬɠ. 

× ɇɞ ɢŬɛɖɚɧ ɚŮɘŰɞɡɟɔɘəɧ əɧůŰɞɠ əŬɘ əɧůŰɞɠ ůɡɜŰɐɟɖůɖɠ. 

× Ƀɘ ɛɞɜɎŭŮɠ ŮɑɜŬɘ ŬɟəŮŰɎ Ŭˊɚɏɠ əŬɘ ŮɡɏɚɘəŰŮɠ ɤɠ ˊɟɞɠ Űɞɜ ůɢŮŭɘŬůɛɧ Űɞɡɠ. 

× ȼ ɞˊŰɘəɐ əŬɘ ŬəɞɡůŰɘəɐ ɧɢɚɖůɖ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŬɜŮˊŬɑůɗɖŰɖ Ůűɧůɞɜ ɞɘ ůŰŬɗɛɞɑ 

ɓɟɑůəɞɜŰŬɘ Ůəɓɞɚɏɠ ˊɞŰŬɛɩɜ əŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŮ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ. 

ɈˊɎɟɢŮɘ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ əŬŰŬůəŮɡŬůɗɞɨɜ Ůɜ ɛɏɟŮɘ ɐ ŮɜŰŮɚɩɠ ɡˊɧɔŮɘŮɠ ɛɞɜɎŭŮɠ. 

× ȼ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Ŭɟɘɗɛɞɨ ɗɏůŮɤɜ ŮɟɔŬůɑŬɠ. 

ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ŮˊɘŰŬəŰɘəɐ ɗŮɤɟŮɑŰŬɘ ɖ ɡˊɏɟɓŬůɖ Űɤɜ ŭɡůəɞɚɘɩɜ əŬŰɎ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ, Űɖɜ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɖɜ ůɡɜŰɐɟɖůɖ Űɤɜ ɛɞɜɎŭɤɜ əŬɗɩɠ əŬɘ ɞ ɛŮŰɟɘŬůɛɧɠ Űɤɜ 

ŬɜŮˊɘɗɨɛɖŰɤɜ ŮˊɘˊŰɩůŮɤɜ ůŰɞ ůɡɜŬűɏɠ ˊŮɟɘɓɎɚɚɞɜ: 

× ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ɡűɎɚɛɡɟɞ ɜŮɟɧ ɛŮ Űɞ ˊɏɟŬɠ Űɖɠ ůɡɜɞɚɘəɐɠ ŭɘŮɟɔŬůɑŬɠ 

ŬˊɞŰŮɗŮɑ ůɡɛˊɡəɜɤɛɏɜɞ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ɗŬ ˊɟɞəŬɚɏůŮɘ ŬɚɚŬɔɐ Űɤɜ 

ůɡɜɗɖəɩɜ əŬɘ ɡˊɎɟɢŮɘ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŬˊŮɘɚɖɗɞɨɜ ɞɟɘůɛɏɜɞɘ ɗŬɚɎůůɘɞɘ ɞɟɔŬɜɘůɛɞɑ 

(ɣɎɟɘŬ, űɡŰɎ ə.Ŭ.) ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ. 

× ɇɞ Ŭɟɢɘəɧ əɧůŰɞɠ Ůˊɏɜŭɡůɖɠ ŮɑɜŬɘ ɡɣɖɚɧ Ůűɧůɞɜ ɖ ŰŮɢɜɞɚɞɔɘəɐ ˊɟɧɞŭɞɠ ŮɑɜŬɘ 

ŬɘůɗɖŰɎ ɛɘəɟɐ. 

× ȼ ˊŬɟŬɔɤɔɐ ŬɜŬɔɧɛŮɜɖ ůŰŬ əɡɓɘəɎ ɛɏŰɟŬ ɛŮɛɓɟɎɜɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ 

ɛɘəɟɐ. 

× ɇŮɚŮɘɩɜɞɜŰŬɠ, ɖ ŮɜɏɟɔŮɘŬ ŭŮɜ ŮɑɜŬɘ ŮɛˊɞɟɘəɎ Ŭɝɘɞˊɞɘɐůɘɛɖ. 
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2.  ɞʌʅʎʆʝʌʂʎʂ ʎʑʎʐʂʈʗʐʖʉ ʌɻʍɻɾʖɾʙʏ ʂʇʀʆʐʍʅʆʙʏ ʀʉʘʍɾʀʅɻʏ ɻʌʝ 

ʆʑʈɻʐʅʎʈʋʞʏ 

Ⱥɜ ŬɜŰɘɗɏůŮɘ ɛŮ Űɘɠ ɡˊɧɚɞɘˊŮɠ ɛɞɟűɏɠ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ, ɖ ˊŬɚɘɟɟɞɘŬəɐ ŮɜɏɟɔŮɘŬ 

ɗŮɤɟŮɑŰŬɘ ŮɛˊɞɟŮɡɛŬŰɞˊɞɘɖɛɏɜɖ, Ůɜɩ ɖ əɡɛŬŰɘəɐ ůɡɔəŮɜŰɟɩɜŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ 

ɛŮŰɎ Ŭˊɧ ŬɡŰɐɜ. ȼ ŮɟɔŬůɑŬ ŬɡŰɐ ŬűɞɟɎ ŬˊɞəɚŮɘůŰɘəɎ Űɖɜ ŬˊɞɗɖəŮɡɛɏɜɖ ůŰɞɡɠ əɡɛŬŰɘůɛɞɨɠ 

ŮɜɏɟɔŮɘŬ. ɇɞ 2000 ŰɏɗɖəŮ ůŮ ɚŮɘŰɞɡɟɔɑŬ ůŰɖɜ ɆəɤŰɑŬ ɖ ˊɟɩŰɖ ŬɝɘɞɛɜɖɛɧɜŮɡŰɖ ŮɔəŬŰɎůŰŬůɖ 

ɛŮŰŬŰɟɞˊɐɠ Űɖɠ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɖɚŮəŰɟɘůɛɧ (Limpet 500) əŬɘ Ŭˊɧ ŰɧŰŮ ɏɤɠ Űɖɜ 

ůɖɛŮɟɘɜɐ Ůˊɞɢɐ ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ ˊɎɜɤ Ŭˊɧ 1000 ˊɟɤŰɧŰɡˊŮɠ ůɡůəŮɡɏɠ (Pelc R. and 

Fujita R., 2002). ɇŬ əɟɘŰɐɟɘŬ əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ ŬɡŰɩɜ ˊɞɘəɑɚɚɞɡɜ, ůɡɜɖɗɏůŰŮɟŬ ɧɛɤɠ, ŰɟɑŬ 

(3) ŮɑɜŬɘ ŰŬ əɡɟɘɧŰŮɟŬ ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬɘ Ŭűɞɟɞɨɜ: 

i. ɇɖɜ ŬˊɧůŰŬůɖ Űɞɡɠ Ŭˊɧ Űɖɜ ŬəŰɐ (ŰɞˊɞɗŮůɑŬ) 

ii.  ɇɞ ɛɏɔŮɗɞɠ əŬɘ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

əŬŰŮɨɗɡɜůɖɠ Űɤɜ əɡɛɎŰɤɜ 

iii.  ɇɖɜ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ (ɛɖɢŬɜɘəɧɠ ůɢŮŭɘŬůɛɧɠ). (L·pez I. et al., 2013) 

ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɗŬ ŬɜŬɚɡɗɞɨɜ ɧɚŮɠ ɞɘ ɡˊɞəŬŰɖɔɞɟɑŮɠ Űɞɡ ˊŬɟŬˊɎɜɤ ŭɘŬɢɤɟɘůɛɞɨ əŬɘ 

ɗŬ ŬˊŬɟɘɗɛɖɗɞɨɜ ŰŬ ɡˊɎɟɢɞɜŰŬ ůɡůŰɐɛŬŰŬ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ. 

ςȢρ  ɬʋʌʋʃʀʎʚɻ 

ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡɠ Ŭˊɧ Űɖɜ ŬəŰɐ ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɟŮɘɠ (3) 

əŬŰɖɔɞɟɑŮɠ: 

i. ɉŮɟůŬɑɞɘ (onshore)  

ii.  ɄŬɟɎəŰɘɞɘ ï ŬəŰɞˊɚɞɥəɞɑ (nearshore)   

iii.  ɈˊŮɟɎəŰɘɞɘ (offshore). 

ɉŮɟůŬɑɞɘ ɛŮŰŬŰɟɞˊŮɑɠ: ɗŮɛŮɚɘɩɜɞɜŰŬɘ ůŰɖɜ ŬəŰɐ ɐ ůŮ ɟɖɢɎ ɜŮɟɎ əŬɘ ŬɟəŮŰɏɠ űɞɟɏɠ ŮɑɜŬɘ 

ŮɜůɤɛŬŰɤɛɏɜɞɘ ůŮ űɟɎɔɛŬŰŬ ɐ ůŮ əɎˊɞɘɞ ɓɟŬɢɩŭŮɠ ůɖɛŮɑɞ ɛŮ əŬŰŬəɧɟɡűɖ əɚɑůɖ. ɇŬ 

ůɖɛŬɜŰɘəɧŰŮɟŬ ˊɟɞŰŮɟɐɛŬŰɎ Űɞɡɠ ŮɑɜŬɘ ɖ Ůɨəɞɚɖ ŮɔəŬŰɎůŰŬůɖ əŬɘ ůɡɜŰɐɟɖůɐ Űɞɡɠ ɚɧɔɤ Űɖɠ 

ˊɟɞůɓŬůɘɛɧŰɖŰŬɠ Űɖɠ ŰɞˊɞɗŮůɑŬɠ əŬɘ Űɞ ůɢŮŰɘəɎ ɛɘəɟɧ ɛɐəɞɠ Űɤɜ ɡˊɞɗŬɚɎůůɘɤɜ əŬɚɤŭɑɤɜ 

ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůŰɞ ŭɑəŰɡɞ. ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɞɘ əɡɛŬŰɘůɛɞɑ űŰɎɜɞɡɜ ůŰɘɠ 

ŬəŰɏɠ ɛŮ ŬɘůɗɖŰɎ ɛŮɘɤɛɏɜɖ Űɖɜ ŮɜɏɟɔŮɘŬ Űɞɡɠ ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ɓŬɗɘɎ ɜŮɟɎ, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ 

ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɞɡɠ ɛŮ Űɞɜ ˊɡɗɛɏɜŬ. Ⱥɝɑůɞɡ ůɖɛŬɜŰɘəɎ ŮɑɜŬɘ əŬɘ ŰŬ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ˊɟɞəɨɣɞɡɜ Ŭˊɧ Űɖɜ Ŭɜɗɟɩˊɘɜɖ 

ˊŬɟɏɛɓŬůɖ ůŰɖɜ ŬəŰɐ. 

ɄŬɟɎəŰɘɞɘ ɛŮŰŬŰɟɞˊŮɑɠ: Ƀɘ ůɡůəŮɡɏɠ ŬɡŰɏɠ ŮɑŰŮ ɗŮɛŮɚɘɩɜɞɜŰŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ ŮɑŰŮ ŮɑɜŬɘ 

ˊɚɤŰɏɠ əŬɘ ŬɔəɡɟɞɓɞɚɞɨɜŰŬɘ ůŮ ŬɡŰɧɜ. ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛŮɟɘəɏɠ 

ŮəŬŰɞɜŰɎŭŮɠ ɛɏŰɟŬ Ŭˊɧ Űɖɜ ŬəŰɐ ůŮ ɓɎɗɞɠ ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 10 m ɏɤɠ 25 m. ȼ əɡɛŬŰɘəɐ 

ŮɜɏɟɔŮɘŬ ůŮ ŰɏŰɞɘŮɠ ŬˊɞůŰɎůŮɘɠ Ŭˊɧ Űɖɜ ŬəŰɐ ŮɑɜŬɘ ůŬűɩɠ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ 

ŮɜɏɟɔŮɘŬ Űɖɠ ˊɟɩŰɖɠ əŬŰɖɔɞɟɑŬɠ əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɖ ŬɜŰɞɢɐ Űɤɜ 

ůɡůŰɖɛɎŰɤɜ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ. 

ɈˊŮɟɎəŰɘɞɘ ɛŮŰŬŰɟɞˊŮɑɠ: ˊɚɤŰɏɠ ɐ ɓɡɗɘůɛɏɜŮɠ ůɡůəŮɡɏɠ ɞɘ ɞˊɞɑŮɠ ŬɔəɡɟɞɓɞɚɞɨɜŰŬɘ ůŰɖɜ 

ŬɜɞɘɢŰɐ ɗɎɚŬůůŬ ůŮ ɓɎɗɖ ˊɞɡ ɡˊŮɟɓŬɑɜɞɡɜ ŰŬ 40 m. ȼ əɡɛŬŰɘəɐ ɘůɢɨɠ ůŮ ŰɏŰɞɘŬ ɓɎɗɖ ŮɑɜŬɘ 

ůˊɞɡŭŬɑŬ ɢɤɟɑɠ, ɤůŰɧůɞ, ŬɡŰɧ ɜŬ əŬɗɑůŰŬŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ˊɚŮɞɜɏəŰɖɛŬ. ȷɜŬɛŮɜɧɛŮɜɞ ŮɑɜŬɘ 

ŰŬ ˊɞůɎ ŮɜɏɟɔŮɘŬɠ ŰŬ ɞˊɞɑŬ ŮɝɎɔɞɜŰŬɘ ɜŬ űŰɎɜɞɡɜ ůŮ ŬɟəŮŰɎ ɡɣɖɚɎ ŮˊɑˊŮŭŬ, ɤůŰɧůɞ, ɞɘ 
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ůɡɜɗɐəŮɠ ŮɑɜŬɘ ŮɜŰɞɜɧŰŮɟŮɠ əŬɘ ɘəŬɜɏɠ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ŮɡəɞɚɧŰŮɟŬ əɎˊɞɘŬ ɓɚɎɓɖ ůŰɞɜ 

ŰŮɢɜɞɚɞɔɘəɧ Ůɝɞˊɚɘůɛɧ. ɆɡɜŮˊɩɠ, Űɞ əɧůŰɞɠ ůɡɜŰɐɟɖůɖɠ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɞ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ŭɨɞ, ɧˊɤɠ əŬɘ Űɞ əɧůŰɞɠ Űɤɜ ɛŮɔɎɚɤɜ ůŮ ɛɐəɞɠ əŬɚɤŭɑɤɜ ɛŮŰŬűɞɟɎɠ. 

ɆɡɔəŮɜŰɟɤŰɘəɎ, ŬɜŬűɏɟɞɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ ɗɏůɖɠ ůŰɞɜ əɎŰɤɗɘ ˊɑɜŬəŬ: 

ɄɑɜŬəŬɠ 2.1  ɄŬɟɎɔɞɜŰŮɠ Ůˊɘɟɟɞɐɠ Űɖɠ ɘŭŬɜɘəɐɠ ŰɞˊɞɗɏŰɖůɖɠ Űɤɜ ůŰŬɗɛɩɜ 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʱκɵ˗˄ʶˌʋʶˊˋʰʾʶˌʃʰˊʱˁˍʽʶˌ ʇˉʶˊʱˁˍʽʶˌ

ʋɮɾɶɽʁɼˈˋˍˇˌ ʶʴˁʰˍʱˋˍʰˋʹˌ

ɼˈˋˍˇˌ ˋˎ˄ˍʺˊʹˋʹˌ

ɼˈˋˍˇˌ ˁʰ˂˖ʵʾ˖ˋʹˌ

ɲʽʰʻʷˋʽ˃ˇ ɳ˄ʶˊʴʶʽʰˁˈ 

ʵˎ˄ʰ˃ʽˁˈ

ɼʾ˄ʵˎ˄ˈˌ ʲ˂ʱʲʹˌ

ʋɮɾɶɽʁ

ʋɮɾɶɽʁ

ʋɮɾɶɽʁ

ʋɮɾɶɽʁʅ

ɾɳʆʄɹʁ

ɾɳʆʄɹʁ

ɾɳʆʄɹʁ

ɾɳʆʄɹʁʅ π 

ʇʌɶɽʁʅ

ʇʌɶɽʁ 

ʇʌɶɽʁ 

ʇʌɶɽʁ 

ʇʌɶɽʁʅ

ɾɳʆʄɹʁʇʌɶɽʁ 

 

ɆŰɖɜ ŮɘəɧɜŬ 2.1 ˊŮɟɘɔɟɎűŮŰŬɘ ůɢɖɛŬŰɘəɎ Űɞ ŮɜŮɟɔŮɘŬəɧ ŭɡɜŬɛɘəɧ ůɡɜŬɟŰɐůŮɘ Űɖɠ ŬˊɧůŰŬůɖɠ 

Ŭˊɧ Űɖɜ ŬəŰɐ ůɨɛűɤɜŬ ɛŮ ɏɟŮɡɜŮɠ Űɞɡ ˊŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ ɇɏɝŬɠ (Texas A&M University). 

 
ȺɘəɧɜŬ 2.1  ȺɜŮɟɔŮɘŬəɧ ŭɡɜŬɛɘəɧ ůɡɜŬɟŰɐůŮɘ Űɖɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ Űɖɜ ŬəŰɐ. 

(Ʉɖɔɐ: www.waveenrgyconversiontamu.weebly.com) 

2.2  ɥʘɾʀʃʋʏ ʆɻʅ ʌʍʋʎɻʉɻʐʋʇʅʎʈʝʏ ʎʑʎʆʀʑʡʉ 

ȷɜɎɛŮůŬ ůŮ ɏɜŬ Űɧůɞ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ˊɟɤŰɞŰɨˊɤɜ ŭŮɜ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɛɖɜ ɡˊɎɟɢɞɡɜ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɞ ɛɏɔŮɗɞɠ ŬɚɚɎ əŬɘ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ůɡůəŮɡɩɜ. ȺˊŮɝɖɔɖɛŬŰɘəɎ, ɞɘ 

əŬŰŮɡɗɨɜůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŰŬ ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ: ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ əŬŰŮɨɗɡɜůɖ 

Űɤɜ əɡɛɎŰɤɜ əŬɘ əɎɗŮŰŬ ůŮ ŬɡŰɐ. Ƀ ůɡɜŭɡŬůɛɧɠ Űɤɜ ŭɨɞ ŬɡŰɩɜ əɟɘŰɖɟɑɤɜ ůɡɛɓɎɚŮɘ ůŰɖɜ 

ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ůŮ: 

i. ȺɝŬůɗŮɜɖŰɏɠ ŮɜɏɟɔŮɘŬɠ əɡɛŬŰɘůɛɩɜ (attenuators),  

ii.  ɆɖɛŮɘŬəɞɨɠ ŬˊɞɟɟɞűɖŰɏɠ ŮɜɏɟɔŮɘŬɠ (point absorbers)  
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iii.  ȺɝɞɚɞɗɟŮɡŰɏɠ ŮɜɏɟɔŮɘŬɠ əɡɛŬŰɘůɛɩɜ (terminators). 

ȺɝŬůɗŮɜɖŰɏɠ: ůɡůəŮɡɏɠ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ əŬɘ əŬŰŮɨɗɡɜůɖ 

ɎɝɞɜŬ əɎɗŮŰɖ ɛŮ ŬɡŰɐ Űɤɜ əɡɛŬŰɘůɛɩɜ. ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ əɡɚɘɜŭɟɘəɎ ɛɏɚɖ ŰŬ ɞˊɞɑŬ 

ůɡɜŭɏɞɜŰŬɘ ɛɏůɤ ŬɟɗɟɩůŮɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ əɑɜɖůɖɠ Űɞɡ əŬɗŮɜɧɠ 

ŬɜŮɝŬɟŰɐŰɤɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ. ȾŬɗɩɠ Űɞ əɨɛŬ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ůɡůəŮɡɐ Űɞ ɜŮɟɧ Űɖɜ ɤɗŮɑ 

ɗɏŰɞɜŰŬɠ Űɖɜ ůŮ əɑɜɖůɖ (ɞɟɘɕɧɜŰɘŬ əŬɘ əŬŰŬəɧɟɡűɖ) ɖ ɞˊɞɑŬ ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɖɜ Ŭˊɞɟɟɧűɖůɖ 

əŬɘ Űɖɜ ɛŮŰɏˊŮɘŰŬ ɛŮŰŬŰɟɞˊɐ Űɖɠ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ (ȺɘəɧɜŬ 2.2.b). 

ɆɖɛŮɘŬəɞɑ ŬˊɞɟɟɞűɖŰɏɠ: ůɡůəŮɡɏɠ ɛɘəɟɧŰŮɟɞɡ ɛɐəɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 

ɛŮŰŬŰɟɞˊŮɑɠ ɞɘ ɞˊɞɑŮɠ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ ɞˊɞɘŬŭɐˊɞŰŮ əŬŰŮɨɗɡɜůɖ Űɖɠ əɡɛŬŰɘəɐɠ ŭɘɎŭɞůɖɠ ɔɘŬ 

Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ. ɃɜɞɛɎɕɞɜŰŬɘ ůɖɛŮɘŬəɞɑ ɚɧɔɤ Űɞɡ ˊɞɚɨ ɛɘəɟɞɨ Űɞɡɠ ɛŮɔɏɗɞɡɠ ůŮ 

ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ ŬɢŬɜɞɨɠ ɏəŰŬůɖɠ ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɤəŮŬɜɞɑ. ɄɟɧəŮɘŰŬɘ əɡɟɑɤɠ ɔɘŬ ɡˊŮɟɎəŰɘŮɠ 

ˊɚɤŰɏɠ ůɡůəŮɡɏɠ ɖ ˊŬɚɘɜŭɟɞɛɘəɐ əɑɜɖůɖ Űɤɜ ɞˊɞɑɤɜ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ˊŮɟɘůŰɟɞűɘəɐ ɐ 

ŰŬɚŬɜŰŮɡɧɛŮɜɖ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ůɡůəŮɡɐ ɔɏɜɜɖůɖɠ ɖɚŮəŰɟɘůɛɞɨ ůŰɞɜ ɓɡɗɧ (ȺɘəɧɜŬ 2.2.a).   

ȺɝɞɚɞɗɟŮɡŰɏɠ: ůɡůəŮɡɏɠ ˊŬɟɧɛɞɘŮɠ ůŮ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ɛɏɔŮɗɞɠ ɛŮ Űɞɡɠ ŮɝŬůɗŮɜɖŰɏɠ. ȼ 

ŭɘŬűɞɟɎ ŮɑɜŬɘ ɧŰɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɞ ɎɝɞɜɎɠ Űɞɡɠ ɜŬ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚɞɠ 

ůŰɖɜ əɡɟɑŬɟɢɖ əŬŰŮɨɗɡɜůɖ Űɤɜ əɡɛŬŰɘůɛɩɜ ɛŮ ůəɞˊɧ Űɖɜ ɛŮɟɘəɐ ɗɟŬɨůɖ Űɞɡɠ (ȺɘəɧɜŬ 

2.2.c). 

 

ȺɘəɧɜŬ 2.2  MɏɔŮɗɞɠ əŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ůɡůəŮɡɩɜ. 

(Ʉɖɔɐ: Lopez I. et al., 2013) 

2.3  ɚʍʔʙ ʇʀʅʐʋʑʍɾʚɻʏ  

ȰɜŬɠ ŰŮɚŮɡŰŬɑɞɠ ŭɘŬɢɤɟɘůɛɧɠ, ŬɜŬɚɡŰɘəɧŰŮɟɞɠ əŬɘ ůŬűɏůŰŮɟɞɠ Ŭˊɧ Űɞɡɠ Ɏɚɚɞɡɠ ŭɨɞ, 

ɓŬůɑɕŮŰŬɘ ůŰɞɜ ɛɖɢŬɜɘəɧ ůɢŮŭɘŬůɛɧ Űɖɠ əɎɗŮ ŭɘɎŰŬɝɖɠ ŭɖɚŬŭɐ ůŰɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ɖ ɗŬɚɎůůɘŬ ŮɜɏɟɔŮɘŬ ůŮ ɖɚŮəŰɟɘůɛɧ. Ƀɘ əŬŰɖɔɞɟɑŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ 

ŭɘŬɢɤɟɘůɛɧ ŬɡŰɧɜ ŮɑɜŬɘ ŰɏůůŮɟɘɠ: 

i. ɀŮŰŬŰɟɞˊŮɑɠ ŮəɛŮŰŬɚɚŮɡɧɛŮɜɞɘ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬűɞɟɎ ˊɑŮůɖɠ 

ii.  ɄɚɤŰɞɑ ɛŮŰŬŰɟɞˊŮɑɠ 

iii.  ɈˊŮɟˊɖŭɖŰɞɑ Ŭˊɧ Űɞ ɡɔɟɧ ůŰɞɘɢŮɑɞ ɛŮŰŬŰɟɞˊŮɑɠ 

iv. ɀŮŰŬŰɟɞˊŮɑɠ ŮəɛŮŰŬɚɚŮɡɧɛŮɜɞɘ Űɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɤɜ əɡɛɎŰɤɜ əŬŰɎ Űɖɜ 

ɞɟɘɕɧɜŰɘŬ əŬŰŮɨɗɡɜůɖ (ɆɡůəŮɡɏɠ əɟɞɨůɖɠ) 

ȹɘŬűɞɟɎ ˊɑŮůɖɠ: ɞɘ əɞɟɡűɏɠ əŬɘ ɞɘ əɞɘɚɑŮɠ Űɤɜ əɡɛŬŰɘůɛɩɜ ˊɟɞəŬɚɞɨɜ ɛɘŬ ŭɘŬűɞɟɎ ˊɑŮůɖɠ 

ŬɜɎɛŮůŬ ůŰɞ ɡɔɟɧ ůŰɞɘɢŮɑɞ Űɤɜ ɗŬɚŬůůɩɜ əŬɘ Ůɜɧɠ ɓɡɗɘůɛɏɜɞɡ ɐ ɖɛɘɓɡɗɘůɛɏɜɞɡ ɗŬɚɎɛɞɡ 

əŬŰŬəɚɡůɛɏɜɞɡ Ŭˊɧ ŬɏɟŬ. Ƀɘ ůɡůəŮɡɏɠ ɞɘ ɞˊɞɑŮɠ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŮɑɜŬɘ ɞɘ 

ɛŮŰŬŰɟɞˊŮɑɠ ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ ůŰɐɚɖɠ ɨŭŬŰɞɠ (Oscillating Water Column) əŬɘ ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ 
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ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ Ŭɟɢɐ Űɞɡ ȷɟɢɘɛɐŭɖ (Archimedes effect converters): óóəɎɗŮ ůɩɛŬ 

ɓɡɗɘůɛɏɜɞ ůŮ ɏɜŬ ɟŮɡůŰɧ ŭɏɢŮŰŬɘ Ɏɜɤůɖ ɑůɖ ɛŮ Űɞ ɓɎɟɞɠ Űɞɡ ɟŮɡůŰɞɨ ˊɞɡ ŮəŰɞˊɑɕŮɘôô. ȼ 

ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ŬűɞɟɎ ŮɔəŬŰŬůŰɎůŮɘɠ ůŰɖɜ ŬəŰɐ ɐ ůŮ ɟɖɢɎ ɜŮɟɎ ɛŮ ɔŮɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ŬɡŰɎ Űɖɠ ŮɘəɧɜŬɠ 2.3. ȳŰŬɜ ɛɑŬ əɞɟɡűɐ əɨɛŬŰɞɠ ŬɜŬəɚɎŰŬɘ ůŰŬ ŰɞɘɢɩɛŬŰŬ Űɖɠ əŬŰŬůəŮɡɐɠ 

ŬɡɝɎɜŮŰŬɘ əŬɘ ɖ ůŰɎɗɛɖ Űɞɡ ɜŮɟɞɨ ůŰɖɜ ɖɛɘɓɡɗɘůɛɏɜɖ ůŰɐɚɖ ŬɏɟŬ ůɡɛˊɘɏɕɞɜŰŬɠ Űɞɜ ŬɏɟŬ 

ˊɞɡ ɟɏŮɘ ˊɟɞɠ Űɖɜ ɛɧɜɖ Űɞɡ ŭɘɏɝɞŭɞ, ɏɜŬɜ ůŰɟɧɓɘɚɞ ɔɏɜɜɖůɖɠ ɖɚŮəŰɟɘůɛɞɨ. Ʉɟɞɠ Űɖɜ 

ŬɜŰɑɗŮŰɖ əŬŰŮɨɗɡɜůɖ ɟɏŮɘ ɞ ŬɏɟŬɠ ɧŰŬɜ ɛɘŬ əɞɘɚɑŬ ˊɟɞůˊɑˊŰŮɘ ůŰɖɜ əŬŰŬůəŮɡɐ ŭɘɧŰɘ ɖ 

ůŰɎɗɛɖ Űɞɡ ɜŮɟɞɨ ůŰɞɜ ɗɎɚŬɛɞ ɛŮɘɩɜŮŰŬɘ ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ůŰɎɗɛɖ Űɤɜ əɡɛŬŰɘůɛɩɜ. 

ȷɝɘɞůɖɛŮɑɤŰɞ ɤɠ ˊɟɞɠ Űɞɜ ŰŮɢɜɞɚɞɔɘəɧ Ůɝɞˊɚɘůɛɧ ŮɑɜŬɘ ɧŰɘ ɞ ůŰɟɧɓɘɚɞɠ ˊŮɟɘůŰɟɏűŮŰŬɘ ˊɟɞɠ 

ɛɑŬ ɛɧɜɞ əŬŰŮɨɗɡɜůɖ ŬɜŮɝŬɟŰɐŰɤɠ Űɖɠ óŭɘŬŭɟɞɛɐɠô ˊɞɡ ŬəɞɚɞɡɗŮɑ ɞ ŬɏɟŬɠ. ȷɜŬűɞɟɘəɎ ɛŮ 

Űɖɜ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɑŬ ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬɜ ůŰŬɗŮɟɧ ɗɎɚŬɛɞ ɔŮɛɎŰɞ ŬɏɟŬ 

əŬɘ ɏɜŬ ˊɩɛŬ Űɞ ɞˊɞɑɞ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ əɘɜŮɑŰŬɘ əŬŰŬəɧɟɡűŬ ŬɜŬɚɧɔɤɠ Űɖɠ Ɏɜɤůɖɠ 

ˊɞɡ Űɞɡ ŬůəŮɑ ɞ ŮůɩəɚŮɘůŰɞɠ ŬɏɟŬɠ. ɄŬɟŬŰɖɟɩɜŰŬɠ Űɖɜ ŮɘəɧɜŬ 2.4 ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ Ŭɜ 

ˊɎɜɤ Ŭˊɧ Űɖɜ ůɡůəŮɡɐ ŭɘɏɟɢŮŰŬɘ ɛɑŬ əɡɛŬŰɘəɐ əɞɟɡűɐ ɖ ˊɑŮůɖ Űɞɡ ɡˊŮɟəŮɑɛŮɜɞɡ ɡɔɟɞɨ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɘɠ ɎɚɚŮɠ ůɡɜɘůŰɩůŮɠ əŬɘ Űɞ ˊɩɛŬ ɤɗŮɑŰŬɘ ˊɟɞɠ Űɞɜ ɓɡɗɧ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, 

əŬɗɩɠ ɖ əɞɟɡűɐ ŬˊɞɛŬəɟɨɜŮŰŬɘ, Űɞ ˊɩɛŬ ŬɜŬŭɨŮŰŬɘ ŭɘɧŰɘ ɖ Ɏɜɤůɖ ɚɧɔɤ Űɖɠ ŬɚŬŰɧŰɖŰŬɠ Űɖɠ 

ɗɎɚŬůůŬɠ ŬɚɚɎ əɡɟɑɤɠ ɚɧɔɤ Űɞɡ ůɡɛˊɘŮůɛɏɜɞɡ ŬɏɟŬ ɡˊŮɟɜɘəɎ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ŮˊɑŭɟŬůɖ 

ůŰɖɜ əŬŰŬəɧɟɡűɖ ŭɘŮɨɗɡɜůɖ. ȼ ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ ˊŬɟŬˊɏɛˊŮɘ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ Ůɛɓɧɚɤɜ 

əŬɘ ɛɏůɤ ɛɘŬɠ ɔɟŬɛɛɘəɐɠ ɔŮɜɜɐŰɟɘŬɠ ůɡɚɚɏɔŮŰŬɘ ŮɜɏɟɔŮɘŬ. 

 

ȺɘəɧɜŬ 2.3  ɀŮŰŬŰɟɞˊŮɑɠ 

ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ ůŰɐɚɖɠ ɨŭŬŰɞɠ. 

(Ʉɖɔɐ:  Georgiev A. et al., 2013) 

 

ȺɘəɧɜŬ 2.4  ɀŮŰŬŰɟɞˊŮɑɠ ɓŬůɘůɛɏɜɞɘ 

ůŰɖɜ Ŭɟɢɐ Űɞɡ ȷɟɢɘɛɐŭɖ. 

(Ʉɖɔɐ: Prado M. and Polinder H., 2013) 
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ɄɚɤŰɞɑ ɛŮŰŬŰɟɞˊŮɑɠ: ȾŬŰŬůəŮɡɏɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛɏɜɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

əŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ əɡɛŬŰɘəɏɠ ŭɘŬŰŬɟɎɝŮɘɠ ɜŬ əɘɜɞɨɜŰŬɘ Űɧůɞ əŬŰŬəɧɟɡűŬ ɧůɞ əŬɘ ɞɟɘɕɧɜŰɘŬ. 

ȹɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ Ŭˊɚɏɠ Ŭɜ Űɞ ůɩɛŬ Űɞɡɠ ŮɑɜŬɘ ŮɜɘŬɑɞ əŬɘ ŬɟɗɟɤŰɏɠ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ. 

 
ȺɘəɧɜŬ 2.5  ɄɚɤŰɏɠ ůɡůəŮɡɏɠ ɛŮŰŬŰɟɞˊɐɠ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɖɚŮəŰɟɘůɛɧ 

(Ʉɖɔɐ: www.oceanenergy.tudelft.nl) 

ɈˊŮɟˊɖŭɖŰɞɑ ɛŮŰŬŰɟɞˊŮɑɠ: ȾŬŰŬůəŮɡɏɠ ɞɘ ɞˊɞɑŮɠ ˊɟɞůɞɛɞɘɎɕɞɡɜ ůŮ ŭŮɝŬɛŮɜɏɠ ɜŮɟɞɨ ɛŮ 

ŬˊɞəɚŮɘůŰɘəɧ ůəɞˊɧ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŭɡɜɖŰɘəɐɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ. Ⱥɘŭɘəɏɠ ɟɎɛˊŮɠ 

ŭɘŮɡəɞɚɨɜɞɡɜ Űɖɜ ŭɘɏɚŮɡůɖ ůɖɛŬɜŰɘəɩɜ ˊɞůɩɜ ɜŮɟɞɨ ůŮ ɛɑŬ ŭŮɝŬɛŮɜɐ əŬŰɎ Űɖɜ Ůɝɏɚɘɝɖ 

əɡɛŬŰɘəɩɜ űŬɘɜɞɛɏɜɤɜ. ȼ ŭŮɝŬɛŮɜɐ ŬɡŰɐ ɓɟɑůəŮŰŬɘ ˊɎɜɤ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ 

ůŰɞɜ ˊɡɗɛɏɜŬ Űɖɠ əŮɑŰɞɜŰŬɘ ůŰɟɧɓɘɚɞɘ-ŰɞɡɟɛˊɑɜŮɠ ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ Űɞ ɜŮɟɧ Űɖɠ ŮɜŬˊɞŰɑɗŮŰŬɘ 

əŬɘ ˊɎɚɘ ůŰɖɜ ɗɎɚŬůůŬ. ɀŮ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɤɜ Űɞɡɟɛˊɘɜɩɜ ůŮ əɎɗŮ ŰɏŰɞɘŬ Ůəəɏɜɤůɖ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɞɘ əŬŰɎɚɚɖɚŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. 

 
ȺɘəɧɜŬ 2.6  ɀŮŰŬŰɟɞˊɏŬɠ ɡˊŮɟˊɖŭɖŰɧɠ Ŭˊɧ Űɞɡɠ əɡɛŬŰɘůɛɞɨɠ   

(Ʉɖɔɐ: www.blackfishengineering.com) 

ɆɡůəŮɡɏɠ əɟɞɨůɖɠ: ŮɨəŬɛˊŰŮɠ ɐ ŬɟɗɟɤŰɏɠ əŬŰŬůəŮɡɏɠ ŰɞˊɞɗŮŰɖɛɏɜŮɠ əɎɗŮŰŬ ůŰɖɜ əɡɟɑŬɟɢɖ 

ŭɘŮɨɗɡɜůɖ Űɞɡ əɨɛŬŰɞɠ. ɇɞ ˊŰŮɟɨɔɘɞ (flap) Űɖɠ əŬŰŬůəŮɡɐɠ əɘɜŮɑŰŬɘ ˊŬɚɘɜŭɟɞɛɘəɎ ɡˊɧ Űɖɜ 

ŮˊɑŭɟŬůɖ Űɤɜ əɡɛŬŰɘůɛɩɜ ŮɜŮɟɔɞˊɞɘɩɜŰŬɠ ŰŬ ɏɛɓɞɚŬ (pistons) ŰŬ ɞˊɞɑŬ ɤɗɞɨɜ ɗŬɚŬůůɘɜɧ 
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ɜŮɟɧ (ɐ əɎˊɞɘɞ Ɏɚɚɞ ɟŮɡůŰɧ) ůŰɞɜ ɡŭɟɞɖɚŮəŰɟɘəɧ ůŰŬɗɛɧ ɛŮŰŬŰɟɞˊɐɠ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ŬəŰɐ 

(ɐ ůŰŬ ŮɜůɤɛŬŰɤɛɏɜŬ ůɡůŰɐɛŬŰŬ Ŭˊɞɟɟɧűɖůɖɠ ɘůɢɨɞɠ).  

 
ȺɘəɧɜŬ 2.7  ɆɡůəŮɡɐ əɟɞɨůɖɠ 

(Ʉɖɔɐ: www.subseaworldnews.com) 

ςȢτ  ɫʂʈɻʉʐʅʆʝʐʀʍʀʏ ʀɾʆɻʐɻʎʐʗʎʀʅʏ    

ɆŮ ŬɡŰɏɠ Űɘɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŮɡɟŮůɘŰŮɢɜɑŮɠ ɓŬůɑůŰɖəŮ ɞ ůɢŮŭɘŬůɛɧɠ əŬɘ ɖ ɡɚɞˊɞɑɖůɖ 

ɞɚɧəɚɖɟɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ɛŮ ůəɞˊɧ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ.. ȷˊɧ Űɞ 2000 

əŬɘ ɏˊŮɘŰŬ ɞɘ ŮɛˊɜŮɡůŰɏɠ əɡɛŬŰɘəɐɠ ŰŮɢɜɞɚɞɔɑŬɠ ɓɟɑůəɞɡɜ ɧɚɞ əŬɘ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰŬˊɧəɟɘůɖ 

əŬɘ ɔŮɜɜŬɘɧŰŮɟɖ ŮŰŬɘɟɘəɐ ɢɟɖɛŬŰɞŭɧŰɖůɖ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ɘŭŮɩɜ Űɞɡɠ. ūɡůɘəɎ, Ůűɧůɞɜ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ əŬɘɜɞɨɟɘŬ ŰŮɢɜɞɚɞɔɑŬ ɞɘ ˊɟɩŰŮɠ, ɢɟɞɜɘəɎ, ŬˊɧˊŮɘɟŮɠ ɓɟɑůəɞɜŰŬɜ əɡɟɑɤɠ ůŮ 

ˊŮɘɟŬɛŬŰɘəɧ ůŰɎŭɘɞ ɛŮ ůəɞˊɧ Űɖɜ ŮɝŬɔɤɔɐ ɢɟɐůɘɛɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ. ɋɠ Ůə ŰɞɨŰɞɡ, ɖ 

ŰŮɢɜɞɔɜɤůɑŬ əŬɘ ɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɓŮɚŰɘɩɜɞɜŰŬɘ ŭɘŬɟəɩɠ əŬɗɘůŰɩɜŰŬɠ ŰŬ 

ɡˊɞɚɞɔɑůɘɛŬ ɔɘŬ Űɖɜ ɚɨůɖ ŮɜŮɟɔŮɘŬəɩɜ ɕɖŰɖɛɎŰɤɜ ˊɞɚɚɩɜ ɜɖůɘɩɜ əŬɘ ˊŬɟŬɗŬɚɎůůɘɤɜ 

ŰɞˊɞɗŮůɘɩɜ ŬɜɎ Űɞɜ əɧůɛɞ. 

i. ɀŮŰŬŰɟɞˊŮɑɠ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ Ŭˊɞŭɑŭɞɡɜ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘŬűɞɟɎɠ ˊɑŮůɖɠ 

ŮůɤŰŮɟɘəɎ əŬɘ ŮɝɤŰŮɟɘəɎ Ůɜɧɠ ɗŬɚɎɛɞɡ (ȺɘəɧɜŬ 2.21). 

2.4.1 Limpet: Űɞ 1998 Űɞ ˊŬɜŮˊɘůŰɐɛɘɞ Űɞɡ ɀˊɏɚűŬůŰ (Queenôs University of Belfast) ůŮ 

ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞɡɠ ůɡɛɓɞɨɚɞɡɠ ɛɖɢŬɜɘəɞɨɠ Kirk McClure əŬɘ Morton əŬɘ Űɞ ŰŮɢɜɘəɧ 

ˊŬɜŮˊɘůŰɐɛɘɞ ůŰɖɜ ȿɘůůŬɓɩɜŬ (IST Portugal) ŬɜɏɗŮůŬɜ ůŰɘɠ ŮŰŬɘɟɑŮɠ Wavegen Ltd. əŬɘ 

Charles Brand Ltd. Űɖɜ əŬŰŬůəŮɡɐ əŬɘ Űɖɜ ŭɞəɘɛɐ Ůɜɧɠ ˊɟɤŰɞŰɨˊɞɡ ůŰɖɜ Ɂɐůɞ Islay  ůŰɖɜ 

ŭɡŰɘəɐ ŬəŰɐ Űɖɠ ɆəɤŰɑŬɠ. ȼ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ŬɜɏɟɢŮŰŬɘ ůŰŬ 500 kW əŬɘ Ŭˊɧ Űɞɜ 

Ɂɞɏɛɓɟɘɞ Űɞɡ 2000 ŰɟɞűɞŭɞŰɞɨůŮ Űɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ Űɞɡ ȼɜɤɛɏɜɞɡ ȸŬůɘɚŮɑɞɡ. ȼ 

əŬŰŬůəŮɡɐ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɘɠ (3) ŰŬɚŬɜŰŮɡɧɛŮɜŮɠ ůŰɐɚŮɠ ɨŭŬŰɞɠ ŰŮŰɟŬɔɤɜɘəɩɜ 

ŭɘŬůŰɎůŮɤɜ (6x6) m ɛŮ əɚɑůɖ 40ę. ȼ ɗŮɛŮɚɑɤůɖ Űɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɖɜ ůŰŮɟɘɎ ůŮ 

ŬˊɧůŰŬůɖ 17 m Ŭˊɧ Űɖɜ ŬəŰɐ, ůŮ ɓɎɗɞɠ 6 m ɛŮ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ Űɖɜ ɛɏůɖ ůŰɎɗɛɖ Űɖɠ 

ɗɎɚŬůůŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ. ɀŮ Űɞ ˊɏɟŬɠ Űɖɠ ɞɚɞəɚɐɟɤůɖɠ Űɞɡ ɏɟɔɞɡ ŬűŬɘɟɏɗɖəŬɜ 2500 m
3 

ɓɟŬɢɩŭɞɡɠ ɡˊɧɓŬɗɟɞɡ, ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɞɡɠ əɡɛŬŰɘůɛɞɨɠ ɞɘ ɞˊɞɑɞɘ 

ˊɟɞůɏəɟɞɡŬɜ əɎɗŮŰŬ ůŮ ŬɡŰɧ (ȺɘəɧɜŬ 2.8). Ƀ ůŰŬɗɛɧɠ ˊɚɏɞɜ ɏɢŮɘ ůŰŬɛŬŰɐůŮɘ ɜŬ ɚŮɘŰɞɡɟɔŮɑ. 

(Queen's University of Belfast, 2002) 
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ȺɘəɧɜŬ 2.8  ȰɟɔŬ ˊɟɘɜ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůŰŬɗɛɞɨ 

(Ʉɖɔɐ: Queenôs University of Belfast, 2002) 

2.4.2 Ocean Energy Buoy (OE Buoy): Ɏɚɚɖ ɛɑŬ ŰŮɢɜɞɚɞɔɑŬ ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ ůŰɐɚɖɠ ɜŮɟɞɨ, ůŮ 

ɛŮɔŬɚɨŰŮɟɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ ŬəŰɐ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ (ɡˊŮɟɎəŰɘŬ 

ŮɔəŬŰɎůŰŬůɖ). ɆŮ ɚŮɘŰɞɡɟɔɑŬ ŰɏɗɖəŮ ůŰɞ Spiddal ůŰɖɜ ŭɡŰɘəɐ ŬəŰɐ Űɖɠ ȽɟɚŬɜŭɑŬɠ Űɞ 2007 ɔɘŬ 

ˊŮɘɟŬɛŬŰɘəɞɨɠ ůəɞˊɞɨɠ ɏɜŬ ˊɟɤŰɧŰɡˊɞ Űɖɠ ůɡůəŮɡɐɠ ůŮ əɚɑɛŬəŬ 1:4. Ⱥˊɑ ŰɟɑŬ ɢɟɧɜɘŬ 

ŭɞəɘɛɎɕɞɜŰŬɜ ůŰɘɠ ˊɞɚɨ ŭɨůəɞɚŮɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ 

ůɡɚɚɏɔɞɜŰŬɠ ˊɞɚɨŰɘɛŬ ŭŮŭɞɛɏɜŬ. Ƀ əŬŰɎɚɚɖɚɞɠ ůɢŮŭɘŬůɛɧɠ əŬɘ Űɞ ɓɎɟɞɠ Űɞɡ (28 t) 

ůɡɜɏɓŬɚɚŮ ůŰɖɜ Ŭˊɞűɡɔɐ Űɖɠ ŬɜŬŰɟɞˊɐɠ Űɞɡ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɖ ˊɞɚɨ ɘůɢɡɟɐ Ŭɔəɡɟɞɓɧɚɖůɖ 

ŮɝŬůűɎɚɘɕŮ ŭɘŬɟəɩɠ Űɖɜ ɗɏůɖ Űɞɡ (ȺɘəɧɜŬ 2.9). ɆɨɛűɤɜŬ ɛŮ ŭŮɚŰɑɞ Űɨˊɞɡ Űɖɠ ŮŰŬɘɟɑŬɠ 

Ocean Energy Ltd. ȰɢŮɘ ŭɟɞɛɞɚɞɔɖɗŮɑ ɖ ŮɔəŬŰɎůŰŬůɖ Ůɜɧɠ ɧɛɞɘɞɡ ˊɚɤŰɞɨ ɏɟɔɞɡ 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ 1,25 MW ůŰɖɜ ɜɐůɞ ɉŬɓɎɖ, Űɞ űɗɘɜɧˊɤɟɞ Űɞɡ 2018. 

(www.oceanenergy.ie) 

 
ȺɘəɧɜŬ 2.9  ȾɡɛŬŰɘəɏɠ ï əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ Ŭɔəɡɟɞɓɧɚɖůɖ Űɖɠ OE Buoy. 

(Ʉɖɔɐ: www.oceanenergy.ie) 

2.4.3 Mk1: ɞ ɛŬɗɖɛŬŰɘəɧɠ əŬɘ ɤəŮŬɜɞɔɟɎűɞɠ Tom Denniss ŮɛˊɜŮɨůŰɖəŮ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ŰŮɢɜɞɚɞɔɑŬ əŬɘ ɖ ŮŰŬɘɟɑŬ Energetech Űɖɜ əŬŰŬůəŮɨŬůŮ (ɖ Energetech ɡűɑůŰŬŰŬɘ Ŭˊɧ Űɞ 1997 

əŬɘ ɛŮŰɞɜɞɛɎůŰɖəŮ ůŮ Oceanlinx Űɞ 2007). ȼ Mk1 ŮɑɜŬɘ ɏɜŬɠ ˊŬɟɎəŰɘɞɠ ůŰŬɗɛɧɠ ůŰɞ ɚɘɛɎɜɘ 

Kembla ůŰɖɜ ɜɧŰɘɞ ŬɜŬŰɞɚɘəɐ ŬəŰɐ Űɖɠ ȷɡůŰɟŬɚɑŬɠ, ɞ ɞˊɞɑɞɠ  ŰɏɗɖəŮ ůŮ ɚŮɘŰɞɡɟɔɑŬ Űɞ 2005 

ɛŮ ɞɜɞɛŬůŰɘəɐ ɘůɢɨ 500 kW. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ 

ůŰɐɚɖɠ ɜŮɟɞɨ. ɇŬ ˊŬɟŬɓɞɚɘəɐɠ ɛɞɟűɐɠ ŰɞɘɢɩɛŬŰŬ Űɞɡ, Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ 
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əɡɛɎŰɤɜ ŮɑɜŬɘ ɏɜŬ ɘŭɘŬɑŰŮɟɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ (ȺɘəɧɜŬ 2.10). ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ ɞɝɡŭŮɟəɐ 

ˊɟɞůɗɐəɖ, ŭɘɧŰɘ ůɡɛɓɎɚɚŮɘ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ ɨɣɞɡɠ Űɤɜ əɡɛɎŰɤɜ ŬɜɎəɚŬůɖɠ ɛŮ ůɡɜɏˊŮɘŬ 

Űɖɜ ŰŬɡŰɧɢɟɞɜɖ Ŭɨɝɖůɖ Űɖɠ ŭɘŬűɞɟɎɠ ˊɑŮůɖɠ, Űɞɡ əɞɛɓɘəɞɨ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Ŭˊɧŭɞůɖ 

ŮɜɏɟɔŮɘŬɠ. ɇɞ 2009 ɖ ŮŰŬɘɟɑŬ ŬˊɞűɎůɘůŮ Űɖɜ ŭɘŬəɞˊɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ Ůűɧůɞɜ ŮɑɢŬɜ 

ŬˊɞəɞɛɘůŰŮɑ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ŮɝŬůűŬɚɑůŰɖəŮ ɖ əŬŰɎɚɚɖɚɖ ɢɟɖɛŬŰɞŭɧŰɖůɖ ɔɘŬ 

ɜɏŬ ˊɘɞ ˊɟɞůɞŭɞűɧɟŬ ůɡůŰɐɛŬŰŬ (Brown S., 2016). 

 
ȺɘəɧɜŬ 2.10  ȿɐɣɖ Mk1 Ŭˊɧ ɣɖɚɎ 

(Ʉɖɔɐ: www.google.com/maps) 

2.4.4 Archimedes Wave Swing (AWS): Űɞ ɏɟɔɞ ŬɡŰɧ ɐŰŬɜ ɏɛˊɜŮɡůɖ Űɖɠ Teamwork 

Technology (ɓɎůɖ ůŰɖɜ ɃɚɚŬɜŭɑŬ) Ŭˊɧ Űɞ 1993 əŬɘ ˊɟɞɞɟɑɕɞɜŰŬɜ ɔɘŬ ˊŮɘɟŬɛŬŰɘəɞɨɠ 

ůəɞˊɞɨɠ. ȼ ɞɛɎŭŬ ŬɡŰɐ ɛŬɕɑ ɛŮ Űɞɡɠ ůɡɜŮɟɔɎŰŮɠ Űɖɠ ůɨůŰɖůŬɜ ɛɘŬ ɞɚɧəɚɖɟɖ ŮˊɘɢŮɑɟɖůɖ ɖ 

ɞˊɞɑŬ ŮɘŭɘəŮɨŮŰŬɘ ůŰɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ, Űɖɜ AWS Ocean Energy Ltd. 

(ɓɎůɖ ůŰɖɜ ɆəɤŰɑŬ). ɇɞɜ ɀɎɘɞ Űɞɡ 2004 ɞɚɞəɚɖɟɩɗɖəŮ ɖ ɡɚɞˊɞɑɖůɖ Űɖɠ ɏɛˊɜŮɡůɐɠ Űɞɡɠ 

əŬɘ ˊɚɞɖɔɐɗɖəŮ ůŰɘɠ ŬəŰɏɠ Űɖɠ ɄɞɟŰɞɔŬɚɑŬɠ əɞɜŰɎ ůŰɖɜ ˊɧɚɖ ɄɧɟŰɞ. ɇɞ ɏɟɔɞ ŬɡŰɧ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ ɞɟɗɞɔɩɜɘŬ ɓɎůɖ ɛŮ ɏɜŬɜ (1) ˊɡɚɩɜŬ ɔŮɛɎŰɞ ɜŮɟɧ ůŮ əɎɗŮ ɔɤɜɑŬ 

ɘůɞɟɟɞˊɑŬɠ əŬɘ ɏɜŬɜ (1) əŮɜŰɟɘəɧ əɨɚɘɜŭɟɞ, Űɖɜ ůɡůəŮɡɐ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ ɨɣɞɡɠ 38 m 

əŬɘ ŭɘŬɛɏŰɟɞɡ 9 m ɛɏůŬ ůŮ ɏɜŬɜ ɢŬɚɨɓŭɘɜɞ əɚɤɓɧ ɔɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ. ɄɎɜɤ Ŭˊɧ Űɞɜ 

əɨɚɘɜŭɟɞ ɏɜŬɠ ˊɚɤŰɐɟŬɠ əɘɜŮɑŰŬɘ əŬŰŬəɧɟɡűŬ ŬɜŬɚŬɛɓɎɜɞɜŰŬɠ Űɞɜ ɟɧɚɞ Űɞɡ ˊɩɛŬŰɞɠ ˊɞɡ 

ůɡɛˊɘɏɕŮɘ Űɞɜ ŮůɩəɚŮɘůŰɞ ůŰɞɜ əɨɚɘɜŭɟɞ ŬɏɟŬ. ȼ ŮɔəŬŰɎůŰŬůɖ ŬɔəɡɟɞɓɞɚŮɑŰŬɘ ůŰɞɜ 

ˊɡɗɛɏɜŬ əŬɘ ɓɡɗɑɕŮŰŬɘ ɧůɞ ɔŮɛɑɕɞɜŰŬɘ ɞɘ ŰɏůůŮɟɘɠ (4) ɔɤɜɘŬəɞɑ ˊɡɚɩɜŮɠ ɩůŰŮ ɜŬ ŬɟɢɑůŮɘ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ ɓɎɗɞɡɠ 40 m (ȺɘəɧɜŬ 2.11). ɇɞ ȼ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ ˊɞɡ 

ŬɜŬˊŰɨůůŮɘ ɞ ˊɚɤŰɐɟŬɠ ŮɑɜŬɘ 2,2 m/s əŬɘ ɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ŬɜɏɟɢŮŰŬɘ ůŰŬ 2 MW. Ƀ 

ůɢŮŭɘŬůɛɧɠ Űɖɠ ˊɟɩŰɖɠ ŬɡŰɐɠ ɏəŭɞůɖɠ ɐŰŬɜ ŬɜŰɘɞɘəɞɜɞɛɘəɧɠ, ɧůɞɜ ŬűɞɟɎ Űɘɠ ˊɟɩŰŮɠ ɨɚŮɠ 

əŬɘ Űɖɜ Ůˊɏɜŭɡůɖ əŮűŬɚŬɑɤɜ, ɤůŰɧůɞ ŰŬ ɛŮɚɚɞɜŰɘəɎ ˊɟɤŰɧŰɡˊŬ ˊɟɞɓɚɏˊŮŰŬɘ ɜŬ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟŮɠ ˊɚɤŰɏɠ ůɡůəŮɡɏɠ, ŬɔəɡɟɞɓɞɚɖɛɏɜŮɠ ůŰɞɜ ˊɡɗɛɏɜŬ ɛŮ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ 

(Polinder H. and Scuotto M., 2005). 
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ȺɘəɧɜŬ 2.11  ɆɢŮŭɘŬůŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɏɟɔɞɡ. 

(Ʉɖɔɐ: Pontes T., ñWave Energy Exploitationò, 2010) 

ii.  ɄɚɤŰɞɑ ɛŮŰŬŰɟɞˊŮɑɠ ŮɜɏɟɔŮɘŬɠ (ȺɘəɧɜŬ 2.22). 

2.4.5 Wave Star: ɖ ɞɛɩɜɡɛɖ ŮŰŬɘɟŮɑŬ əŬŰŬůəŮɡɐɠ Űɖɠ ɛɞɜɎŭŬɠ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞ 

ˊŬɜŮˊɘůŰɐɛɘɞ Űɞɡ Aalborg əŬɘ ɎɚɚŮɠ ŮŰŬɘɟɑŮɠ (Dong Energy əŬɘ Energinet) ŬˊŬůɢɞɚɞɨɜŰŬɘ ɛŮ 

Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɡɓɟɘŭɘəɩɜ ˊɎɟəɤɜ, ŮɘŭɘəɧŰŮɟŬ ɛŮ Űɞɜ ŮˊɘŰɡɢɐ ůɡɜŭɡŬůɛɧ əɡɛŬŰɘəɐɠ əŬɘ 

Ŭɘɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ɀŮ ɏŭɟŬ Űɖɜ ȹŬɜɑŬ ŬɜŬˊŰɨůůŮɘ Ŭˊɧ Űɞ 2003 əŬɘ ɏˊŮɘŰŬ ɜɏŮɠ ůɡůŰɞɘɢɑŮɠ 

ůɡɚɚɞɔɐɠ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ɀɑŬ Ŭˊɧ ŬɡŰɏɠ ɐŰŬɜ əŬɘ Űɞ ˊɟɤŰɧŰɡˊɞ Wave Star ɘůɢɨɞɠ 

110 kW ůŮ əɚɑɛŬəŬ 1:2 ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ˊɟɤŰɧŰɡˊɞ Ůɛˊɞɟɘəɐɠ əɚɑɛŬəŬɠ (600kW). ɇɞ 

ˊɟɤŰɧŰɡˊɞ ŬɡŰɧ ŮɔəŬŰŬůŰɎɗɖəŮ ůŰɖɜ ŰɞˊɞɗŮůɑŬ Hanstholm Űɖɠ ɓɧɟŮɘŬɠ ŬəŰɐɠ Űɖɠ ȹŬɜɑŬɠ Űɞ 

2009 əŬɘ ˊŬɟŬŭɑŭŮɘ ŮɜɏɟɔŮɘŬ ůŰɞ ŭɑəŰɡɞ ɖɚŮəŰɟɘůɛɞɨ Űɖɠ ɢɩɟŬɠ Ŭˊɧ Űɞ 2010. ȼ ŮɔəŬŰɎůŰŬůɐ 

Űɞɡ ɏɚŬɓŮ ɢɩɟŬ ůŰɞ Ŭɘɞɚɘəɧ ˊɎɟəɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮ ɧɜɞɛŬ Horns Rev 2, ůŮ ɓɎɗɞɠ ɜŮɟɞɨ ɛŮ 

ɛɏɔɘůŰɖ Űɘɛɐ 6 m. Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡ ŮɑɜŬɘ ŰɏŰɞɘɞɠ ɩůŰŮ ɜŬ ůŰɖɟɑɕŮŰŬɘ ůŮ 4 ˊɡɚɩɜŮɠ ɛŮ 2 

ˊɚɤŰɐɟŮɠ ŮɜůɤɛŬŰɤɛɏɜɤɜ ůŮ əɎɗŮ Űɞɡ ˊɚŮɡɟɎ ɛɏůɤ ɓɟŬɢɘɧɜɤɜ. ɆŰɖɜ ɓɎůɖ Űɤɜ ɓɟŬɢɘɧɜɤɜ 

ɡŭɟŬɡɚɘəɞɑ əɨɚɘɜŭɟɞɘ ɛɘɛɞɨɜŰŬɘ Űɘɠ ˊŬɚɘɜŭɟɞɛɘəɏɠ əɘɜɐůŮɘɠ Űɤɜ ˊɚɤŰɐɟɤɜ ɚɧɔɤ Űɖɠ 

əɡɛŬŰɘəɐɠ ŭɘŬŰŬɟŬɢɐɠ, ɛŮŰŬűɏɟɞɜŰŬɠ Űɖɜ əɘɜɖŰɘəɐ Űɞɡɠ ŮɜɏɟɔŮɘŬ ůŰɘɠ ɔŮɜɜɐŰɟɘŮɠ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ. ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ əŬŰŬɘɔɑŭɤɜ ˊŬɨŮɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůŰŬɗɛɞɨ əŬɘ ɞɘ 

ˊɚɤŰɐɟŮɠ ɛŬɕɑ ɛŮ ɞɚɧəɚɖɟɖ Űɖɜ əŬŰŬůəŮɡɐ ŬɜɡɣɩɜɞɜŰŬɘ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ ɞˊɞɘŬůŭɐˊɞŰŮ 

ɓɚɎɓɖɠ. Ɇəɞˊɧɠ Űɤɜ ŭɞəɘɛɩɜ ŬɡŰɩɜ ŮɑɜŬɘ ɖ ŬɜɏɔŮɟůɖ ɛɞɜɎŭɤɜ ɘůɢɨɞɠ 600 kW. Ƀɘ 

ˊɟɞůŭɞəɑŮɠ Űɖɠ ŮŰŬɘɟɑŬɠ űŬɑɜɞɜŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 2.12: ɛɞɜɎŭŮɠ ɛŮ 20 ůɡɜɞɚɘəɎ ˊɚɤŰɐɟŮɠ 

ɗŮɛŮɚɘɤɛɏɜŮɠ ůŮ ɓɎɗɞɠ 20 ɛɏŰɟɤɜ. (Marquis L. et al., 2012) 

 
ȺɘəɧɜŬ 2.12  ɆɢŮŭɘŬůŰɘəɐ Ɏˊɞɣɖ ɛɞɜɎŭŬɠ ɘůɢɨɞɠ 600 kW.  

(Ʉɖɔɐ:  Marquis L. et al., 2012) 
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2.4.6 Pelamis P2: Ŭ́ ɧ ŰŬ ŭɖɛɞűɘɚɏůŰŮɟŬ ŮˊɘŰŮɨɔɛŬŰŬ Űɞɡ əɚɎŭɞɡ ɗŮɤɟɞɨɜŰŬɘ ŰŬ ˊŬɟŬɔɧɛŮɜŬ 

Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ Pelamis Wave Power ůɡůŰɐɛŬŰŬ. ȺˊŮɝɖɔɖɛŬŰɘəɎ, ŰɏůůŮɟŬ (4) ɛɖɢŬɜɐɛŬŰŬ 

ˊɟɩŰɖɠ ɔŮɜɘɎɠ əŬɘ ɏɜŬ (1) ŭŮɨŰŮɟɖɠ ɔŮɜɘɎɠ ɏɢɞɡɜ ˊɚɞɖɔɖɗŮɑ əŬɘ ŭɞəɘɛŬůŰŮɑ ɤɠ ůɐɛŮɟŬ. 

ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬɜ Ŭɟɘɗɛɧ ɛŮŰŬɚɚɘəɩɜ əɡɚɑɜŭɟɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛɏůɤ ŬɟɗɟɩůŮɤɜ əŬɘ 

ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ Ůˊɘˊɚɏɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ. Ƀ ůɢŮŭɘŬůɛɧɠ ŬɡŰɧɠ 

ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ůŮ ɡˊŮɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ ɛŮŰɟɘɎɕɞɜŰŬɠ Űɖɜ Ůˊɘɟɟɞɐ Űɤɜ 

ɏɜŰɞɜɤɜ əɡɛŬŰɘəɩɜ űŬɘɜɞɛɏɜɤɜ. ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ Ŭˊɧŭɞůɖ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɧɚŬ ŰŬ 

ŬˊŬɟŬɑŰɖŰŬ ɛɏůŬ ɓɟɑůəɞɜŰŬɘ ůŰɞ ůɩɛŬ Űɖɠ ůɡůəŮɡɐɠ. Ƀɘ əŬŰŬəɧɟɡűŮɠ əŬɘ ɞɟɘɕɧɜŰɘŮɠ 

əɘɜɐůŮɘɠ Űɤɜ əɡɚɑɜŭɟɤɜ, ˊɟɞůŬɟɛɞůɛɏɜŮɠ ůŰɞ əɡɛŬŰɘəɧ ˊɟɞűɑɚ Űɖɠ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐɠ, 

ɗɏŰɞɡɜ ůŮ əɑɜɖůɖ əŬɘ Űɘɠ ŬɟɗɟɩůŮɘɠ ˊɞɡ Űɞɡɠ ůɡɜŭɏɞɡɜ. ȷɜŰɑůŰŬůɖ ˊɟɞɓɎɚɚɞɡɜ ɞɘ 

ɡŭɟŬɡɚɘəɞɑ əɨɚɘɜŭɟɞɘ ůŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ ŬɟɗɟɩůŮɤɜ ŬɜŰɚɩɜŰŬɠ ɟŮɡůŰɧ ůŮ ůɡůůɤɟŮɡŰɏɠ 

ɡɣɖɚɐɠ ˊɑŮůɖɠ ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ůɡɜŮɢɐ əŬɘ ɞɛŬɚɐ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ (ȺɘəɧɜŬ 2.13). ȳŰŬɜ 

ɖ ŭɘŬŭɘəŬůɑŬ ɛŮŰŬŰɟɞˊɐɠ ɞɚɞəɚɖɟɤɗŮɑ ɖ ŮɜɏɟɔŮɘŬ ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ ůŰŮɟɘɎ ɛɏůɤ 

ɡˊɞɗŬɚɎůůɘɤɜ əŬɚɤŭɑɤɜ əŬɘ Űɞɡ əŬŰɎɚɚɖɚɞɡ Ůɝɞˊɚɘůɛɞɨ. ȼ ŰŮɚŮɡŰŬɑŬ ŭɟɎůɖ ɐŰŬɜ ɖ 

ŮɔəŬŰɎůŰŬůɖ Űɞɡ Pelamis P2 (Pelamis 2
ɖɠ

 ɔŮɜɘɎɠ) ůŰɞ Orkney, ɓɧɟŮɘŬ Űɖɠ ɆəɤŰɑŬɠ, Űɞɜ 

Ƚɞɨɚɘɞ Űɞɡ 2010. ɀŮ ́ɏɜŰŮ (5) əɡɚɑɜŭɟɞɡɠ ŭɘŬɛɏŰɟɞɡ 4 m əŬɘ ɛɐəɞɡɠ 36 m ɏəŬůŰɞɠ ɖ 

ůɡɜɞɚɘəɐ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŰŬ 750 kW əŬɘ ɕɡɔɑɕŮɘ 1300 t (Yemm R. et al., 

2012). ɇɞ Pelamis P2 ůɡɛɛŮŰŮɑɢŮ ůŮ ɏɜŬ ŰɟɘŮŰɏɠ ˊɟɧɔɟŬɛɛŬ ŭɞəɘɛɩɜ ˊɞɡ ɝŮəɑɜɖůŮ Űɞɜ 

ɃəŰɩɓɟɖ Űɞɡ 2010 əŬɘ ɨůŰŮɟŬ Ŭˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ ɔɘŬ ůəɞˊɞɨɠ 

ŮˊɑŭŮɘɝɖɠ (www.emec.org.uk). ɇɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2008 ˊɚɞɖɔɐɗɖəŬɜ ŰɟŮɑɠ ůɡůəŮɡɏɠ 

Pelamis 1
ɖɠ

 ɔŮɜɘɎɠ 5 ɢɘɚɘɧɛŮŰɟŬ Ŭˊɧ Űɖɜ ŬəŰɐ Űɖɠ ˊɧɚɖɠ Povoa de Varzim Űɖɠ ɄɞɟŰɞɔŬɚɑŬɠ. 

ɀŮ ůɡɜɞɚɘəɐ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ ɑůɖ ɛŮ 2,25 MW ɗŮɤɟɐɗɖəŮ Űɞ ˊɟɩŰɞ ˊɎɟəɞ Ŭɝɘɞˊɞɑɖůɖɠ 

Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ Ůɛˊɞɟɘəɐ əɚɑɛŬəŬ. ɋůŰɧůɞ, ɛŮŰɎ Ŭˊɧ ŭɨɞ ɛɐɜŮɠ ɚɧɔɤ ŰŮɢɜɘəɩɜ 

əŬɘ ɞɘəɞɜɞɛɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůŰŬɛɎŰɖůŮ (www.cleantech.com). 

 

 
ȺɘəɧɜŬ 2.13  Ƀɘ əɘɜɐůŮɘɠ əŬɘ ɞ Ůɝɞˊɚɘůɛɧɠ Űɞɡ Pelamis P2 

(Ʉɖɔɏɠ: www.esru.stath.ac.uk əŬɘ www.solarninovinky.cz) 
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2.4.7 Searaser: ɛɘŬ əŬɘɜɞŰɞɛɑŬ ůɢŮŭɘŬůɛɏɜɖ Ŭˊɧ Űɞɜ ɛɖɢŬɜɘəɧ Alvin  Smith Űɖɠ ŮŰŬɘɟɑŬɠ 

Devon Energy ɖ ɞˊɞɑŬ əŬŰŬůəŮɡɎůŰɖəŮ Ŭˊɧ Űɘɠ ŮŰŬɘɟɑŮɠ Ecotricity əŬɘ Dartmouth Wave 

Energy ɛŮ ɏŭɟŬ Űɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ. Ƀ ůɢŮŭɘŬůɛɧɠ Űɖɠ ŮɑɜŬɘ Ŭˊɚɧɠ Ůɜɩ ɖ ŮŰŬɘɟɑŬ ˊɘůŰŮɨŮɘ 

ɧŰɘ ɗŬ ˊŬɟɎɔŮɘ ɖɚŮəŰɟɘůɛɧ űɗɖɜɧŰŮɟŬ Ŭˊɧ əɎɗŮ Ɏɚɚɖ ŰŮɢɜɞɚɞɔɑŬ əɡɛŬŰɘəɐɠ ɐ ɞˊɞɘŬůŭɐˊɞŰŮ 

Ɏɚɚɖɠ ŬɜŬɜŮɩůɘɛɖɠ ŮɜɏɟɔŮɘŬɠ. ɇɞ Searaser ŬˊŬɟŰɑɕŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ ɛɑŬ ůɖɛŬŭɞɨɟŬ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ, ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ˊɘůŰɧɜɘŬ əŬɘ ɏɜŬɜ Ŭɔɤɔɧ ɛŮŰŬűɞɟɎɠ ɜŮɟɞɨ, 

ŮɝŬɟŰɐɛŬŰŬ ˊɞɡ  ůɡɜŭɏɞɜŰŬɘ ɛŮ ɛɑŬ ŭŮɨŰŮɟɖ ůɖɛŬŭɞɨɟŬ ɓɡɗɘůɛɏɜɖ əŬɘ Ŭɔəɡɟɞɓɞɚɖɛɏɜɖ 

ůŰɞɜ ˊɡɗɛɏɜŬ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŭɘŬűɏɟŮɘ Ŭˊɧ ŬɡŰɐ Űɤɜ ɡˊɞɚɞɑˊɤɜ ˊɚɤŰɩɜ ɛɞɜɎŭɤɜ, ŭɘɧŰɘ 

ŭŮɜ ˊŬɟɎɔŮɘ ɎɛŮůŬ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ. ȷɜŰɘɗɏŰɤɠ, ɖ əŬŰŬəɧɟɡűŮɠ əɘɜɐůŮɘɠ ɚɧɔɤ Űɤɜ 

əɡɛŬŰɘəɩɜ ŭɘŬŰŬɟɎɝŮɤɜ Űɖɠ ɎɜɤɗŮɜ ůɖɛŬŭɞɨɟŬɠ ŮɜŮɟɔɞˊɞɘŮɑ ŰŬ ɏɛɓɞɚŬ ŰŬ ɞˊɞɑŬ ŬɜŰɚɞɨɜ 

ɗŬɚŬůůɘɜɧ ɜŮɟɧ ůŮ ɛɑŬ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ůŮ ɡɣɖɚɧŰŮɟɖ ůŰɎɗɛɖ. (ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɖɜ 

ŭɘɎɛŮŰɟɞ Űɤɜ Ůɛɓɧɚɤɜ ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 800 mm ɏɤɠ 1200 mm ɞɜɞɛŬŰɑɕɞɜŰŬɘ əŬɘ ŰŬ 

ˊɟɤŰɧŰɡˊŬ: ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Searaser 1200). ɇɞ ɜŮɟɧ Ŭˊɧ Űɖɜ ŭŮɝŬɛŮɜɐ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ 

ɗɎɚŬůůŬ Ŭűɞɨ ˊɟɩŰŬ ŭɘɏɟɗŮɘ Ŭˊɧ ůŰɟɞɓɑɚɞɡɠ ˊŬɟɎɔɞɜŰŬɠ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ  (ȺɘəɧɜŬ 

2.14). ɄɟɧəŮɘŰŬɘ ɚɞɘˊɧɜ ɔɘŬ ɛɘŬ ŭɘɎŰŬɝɖ ɓŬůɘůɛɏɜɖ ůŰɘɠ Ŭɟɢɏɠ ˊŬɟŬɔɤɔɐɠ ɡŭɟɞɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ. ȳˊɤɠ Ŭəɟɘɓɩɠ ɛŮ ɏɜŬ ɛɘəɟɧ ɐ ɛŮɔɎɚɞ ɡŭɟɞɖɚŮəŰɟɘəɧ ɏɟɔɞ (űɟɎɔɛŬ), ɏŰůɘ əŬɘ ůŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊɘŭɘɩəŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɡɣɞɛŮŰɟɘəɐɠ ŭɘŬűɞɟɎɠ ɔɘŬ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ 

Űɞɡ ɡɔɟɞɨ ůŰɞɘɢŮɑɞ. ɆˊɞɡŭŬɑɞ ˊɟɞŰɏɟɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŬɡŰɐɠ ŮɑɜŬɘ əŬɘ ɖ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ 

Űɞɡ ɜŮɟɞɨ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ Űɖɜ ŭɘɎɟəŮɘŬ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ 

(www.ecotricity.co.uk). ɇɞɜ ȷˊɟɑɚɘɞ Űɞɡ 2009 ůŰɘɠ ɁɧŰɘŮɠ ŬəŰɏɠ Űɞɡ ȼɜɤɛɏɜɞɡ ȸŬůɘɚŮɑɞɡ 

əɞɜŰɎ ůŰɞ ɚɘɛɎɜɘ Űɞɡ Bournemouth ŭɞəɘɛɎůŰɖəŮ ɏɜŬ ˊŬɟɎəŰɘɞ ˊɟɤŰɧŰɡˊɞ ɛɘəɟɐɠ əɚɑɛŬəŬɠ 

ɛŮ ŮˊɘŰɡɢɑŬ. ȷəɞɚɞɨɗɖůŬɜ əɘ ɎɚɚŮɠ ŭɞəɘɛɏɠ ɛŮ ŬˊɩŰŮɟɞ ůəɞˊɧ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ůŰɞ ɛɏɚɚɞɜ 

Űɞɡ ɛɞɜŰɏɚɞɡ Searaser 1200 ůŮ ɛŮɔŬɚɨŰŮɟɖ əɚɑɛŬəŬ. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ɗŬ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ 

ŬɜŰɚŮɑ 1,6 m
2
 ɜŮɟɧ ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ əŬɘ ɜŬ ˊŬɟɎɔŮɘ ˊŮɟɑˊɞɡ 1 MW ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

əŬɚɨˊŰɞɜŰŬɠ Űɘɠ ŬɜɎɔəŮɠ 1720 ɜɞɘəɞəɡɟɘɩɜ ůɨɛűɤɜŬ ɛŮ Űɞɜ ə. Smith. 

(www.y-green.blogspot.com) 

 
ȺɘəɧɜŬ 2.14  ũŮɜɘəɐ ŭɘɎŰŬɝɖ ɛɘŬɠ ŮɔəŬŰɎůŰŬůɖɠ Searaser 

(Ʉɖɔɐ: www.inhabitat.com) 

2.4.8 PowerBuoy PB3: ŮɜŮɟɔɐ ůŰɞɜ ɢɩɟɞ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ əŬɘ ɖ 

ŮŰŬɘɟɑŬ Ocean Power Technology (OPT), Űɤɜ ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ Űɖɠ ȷɛŮɟɘəɐɠ (ȼɄȷ). ȼ 

ɞɛɩɜɡɛɖ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ (PowerBuoy) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮůɢɎŰɤɠ ůŮ ɗŬɚɎůůɘŮɠ ŮəŰɎůŮɘɠ 
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əɡɟɑɤɠ Űɖɠ ȷɡůŰɟŬɚɑŬɠ, Űɤɜ ȼɄȷ əŬɘ Űɖɠ ȽŬˊɤɜɑŬɠ. ȳɚŬ ŰŬ ɛɞɜŰɏɚŬ Űɖɠ Ŭɜɐəɞɡɜ ůŰɖɜ 

əŬŰɖɔɞɟɑŬ Űɤɜ ˊɚɤŰɩɜ ɛŮŰŬŰɟɞˊɏɤɜ  əŬɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬɜ ˊɚɤŰɐɟŬ, ɛɑŬ ŭɞəɧ əŬɘ ɏɜŬ 

ɓɡɗɘůɛɏɜɞ ˊɘɎŰɞ Ŭɜɨɣɤůɖɠ. ȼ ŭɞəɧɠ əŬɘ Űɞ ˊɘɎŰɞ ŭŮɜ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰŬ əɨɛŬŰŬ əŬɘ 

ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ ˊɚɤŰɐɟŬ ɞ ɞˊɞɑɞɠ əɘɜŮɑŰŬɘ əŬŰŬəɧɟɡűŬ Ůűɧůɞɜ 

ŮˊɘˊɚɏŮɘ əɎɗŮ ůŰɘɔɛɐ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ȼ ůɢŮŰɘəɐ əɑɜɖůɖ Űɞɡ ˊɚɤŰɐɟŬ ɤɠ ˊɟɞɠ Űɖɜ ŭɞəɧ 

ɞŭɖɔŮɑ ůŰɖɜ ˊŬɟŬɔɤɔɐ óɔɟŬɛɛɘəɐɠô ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ˊŮɟɘůŰɟɞűɘəɐ ɛɏůɤ 

Ůɘŭɘəɩɜ ɛɖɢŬɜɘůɛɩɜ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ŭɞəɞɨ. ȷɡŰɐɜ ŬɝɘɞˊɞɘŮɑ ɖ ɔŮɜɜɐŰɟɘŬ ɖɚŮəŰɟɘůɛɞɨ əŬɘ 

ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɎɛŮůŬ. ɇɞ ˊɟɞɥɧɜ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ ŬəŰɐ ɛɏůɤ 

ɡˊɞɗŬɚɎůůɘɤɜ əŬɚɤŭɑɤɜ Ŭűɞɨ ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ ŬɔəɡɟɞɓɞɚɞɨɜŰŬɘ ůŮ ɛŮɔɎɚɖ ŬˊɧůŰŬůɖ Ŭˊɧ 

Űɖɜ ůŰŮɟɘɎ ɛŮ ɓɎɗɞɠ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 40 m. ȼ ŮŰŬɘɟɑŬ əŬŰŬůəŮɡɐɠ ɘůɢɡɟɑɕŮŰŬɘ ɧŰɘ ůŮ 

ŭɨůəɞɚŮɠ əɡɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ɖ Ŭˊɧŭɞůɖ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ůɡɜŮɢɐɠ ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ Ɏˊɞɣɖ 

ŬɡŰɐ ɛŮ Űɖɜ ˊŮˊɞɑɗɖůɖ ɧŰɘ ůŰɖɜ ŭɞəɧ ɡˊɎɟɢŮɘ ŬɟəŮŰɧɠ ɢɩɟɞɠ ɔɘŬ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Ůɜɧɠ 

ɛɖɢŬɜɘůɛɞɨ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ (ɛˊŬŰŬɟɑŬ). ɄŬɟɎŭŮɘɔɛŬ ˊɟɞɥɧɜŰɞɠ ɛŮ ŭɡɜŬŰɧŰɖŰŬ 

ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ Űɞ PowerBuoy PB3. ɆŰŬ Űɏɚɖ Űɞɡ Ƚɞɡɜɑɞɡ Űɞɡ 2015 

ˊŬɟŬŰɎɢɗɖəŮ ŰɏůůŮɟŬ (4) ɛɑɚɘŬ ɛŬəɟɘɎ Ŭˊɧ Űɘɠ ŬəŰɏɠ Űɞɡ New Jersey ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ 

ˊŬɟɎəŰɘɤɜ ŭɘəŰɨɤɜ ŬůűŬɚŮɑŬɠ Űɞɡ ɜŬɡŰɘəɞɨ Űɤɜ ȼɄȷ. ȼ ŭɘɎɛŮŰɟɞɠ Űɞɡ ˊɚɤŰɐɟŬ ɘůɞɨŰŬɘ ɛŮ 

2,65 m Ůɜɩ Űɖɠ ŭɞəɞɨ ɛŮ 1 m əŬɘ Űɞ ůɡɜɞɚɘəɧ ɨɣɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɡˊɞɚɞɔɑůŰɖəŮ ůŰŬ 13,3 

m, Ůɜɩ Űɞ ɓɎɟɞɠ Űɖɠ űŰɎɜŮɘ Űɞɡɠ 8,3 t. ɇɏɚɞɠ, ůɡɜɞɚɘəɎ ˊŬɟɎɔŮɘ ůŮ əŬɗɖɛŮɟɘɜɐ ɓɎůɖ ˊŮɟɑˊɞɡ 

8,4 kWh Ůɜɩ ɖ ŮɜůɤɛŬŰɤɛɏɜɖ ɛˊŬŰŬɟɑŬ Űɞɡ ɏɢŮɘ ɢɤɟɖŰɘəɧŰɖŰŬ 50 kWh, əŬɘ ɛˊɞɟŮɑ ɜŬ 

űŰɎůŮɘ ɛɏɢɟɘ Űɘɠ 150 kWh. (www.oceanpowertechnologies.com). 

 
ȺɘəɧɜŬ 2.15  ūɤŰɞɔɟŬűɘəɐ əŬɘ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ Searaser PB3 

(Ʉɖɔɏɠ: www.powermag.com əŬɘ Zou S. et. al., 2017) 

iii.  ɀŮŰŬŰɟɞˊŮɑɠ ɡˊŮɟˊɖŭɖŰɞɑ Ŭˊɧ Űɞɡɠ əɡɛŬŰɘůɛɞɨɠ (ȺɘəɧɜŬ 2.23). 

2.4.9 SSG (Sea-wave Slot-cone Generator): ɖ ůɡɔəŮəɟɘɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ ɡɚɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɖɜ 

ŮŰŬɘɟɑŬ WAVEenergy Ltd. ɛŮŰɎ Ŭˊɧ ɏɝɘ (6) ɢɟɧɜɘŬ ɏɟŮɡɜŬɠ əŬɘ ŬɜɎˊŰɡɝɖɠ Űɞɡ ŰɛɐɛŬŰɞɠ 

ˊɞɚɘŰɘəɩɜ ɛɖɢŬɜɘəɩɜ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ Aalborg ůŰɖ ȹŬɜɑŬ. Ƀɘ ŮɔəŬŰŬůŰɎůŮɘɠ Űɖɠ 

ɗŮɛŮɚɘɩɜɞɜŰŬɘ ůŰɖɜ ůŰŮɟɘɎ ɐ ůŰɖɜ ɕɩɜɖ ɗɟŬɨůɖɠ Űɤɜ əɡɛɎŰɤɜ, ŭɘɧŰɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ŮɑɜŬɘ ɖ ɡˊŮɟˊɐŭɖůɖ Űɞɡɠ Ŭˊɧ ŰŬ ɡɔɟɧ ůŰɞɘɢŮɑɞ Űɤɜ ɤəŮŬɜɩɜ, ɤůŰɧůɞ ɖ 

ŮŰŬɘɟɑŬ ůɢŮŭɘɎɕŮɘ əŬɘ ɡˊŮɟɎəŰɘŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ ɑŭɘŬɠ ŰŮɢɜɞɚɞɔɑŬɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ɢɟɐůɖ. 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ůŰɘɓŬɟɏɠ əŬŰŬůəŮɡɏɠ Ŭˊɧ ůəɡɟɧŭŮɛŬ ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬɜ Ŭɟɘɗɛɧ 

ŭŮɝŬɛŮɜɩɜ (ůɡɜɐɗɤɠ 3 ɐ ˊŮɟɘůůɧŰŮɟŮɠ) ůŮ əŬŰŬəɧɟɡűɖ ŭɘɎŰŬɝɖ ůŰɘɠ ɞˊɞɑŮɠ ŬˊɞɗɖəŮɨŮŰŬɘ ɖ 
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ŮɜɏɟɔŮɘŬ Űɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ əɡɛɎŰɤɜ ůŬɜ ŭɡɜɖŰɘəɐ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ. ɆŰɞɜ ˊɡɗɛɏɜŬ Űɤɜ 

ŭŮɝŬɛŮɜɩɜ ɏɔəŮɘɜŰŬɘ, ŮɡɗɡɔɟŬɛɛɘůɛɏɜɞɘ, ůŰɟɧɓɘɚɞɘ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ŭɘɏɟɢŮŰŬɘ Űɞ 

ŬˊɞɗɖəŮɡɛɏɜɞ ɜŮɟɧ ˊŮɟɘůŰɟɏűɞɜŰŬɠ Űɞɡɠ ɛŮ ůɡɜɏˊŮɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘůɛɞɨ (ȺɘəɧɜŬ 

2.16). ɆɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ əŬŰɖɔɞɟɑŬɠ ŮəŰɧɠ Űɖɠ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ 

ŮɑɜŬɘ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŬˊɞŭɑŭŮɘ ůŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ əɡɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ. ɄɘɚɞŰɘəɎ ɏɟɔŬ 

ůɢŮŭɘɎɕɞɜŰŬɘ əŬɘ ɚŬɛɓɎɜɞɡɜ ɡˊɧůŰŬůɖ ůŮ ɢɩɟŮɠ ɧˊɤɠ ɖ ɁɞɟɓɖɔɑŬ, ɖ ȹŬɜɑŬ əŬɘ ɞɘ ȼɄȷ. 

ɀɑŬ Ŭˊɧ ŬɡŰɏɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŭɡŰɘəɐ ŬəŰɐ Űɖɠ ɜɐůɞɡ Kvitsßy ůŰɖɜ ɁɞɟɓɖɔɑŬ. ȼ 

Ŭɜɞɘəɞŭɧɛɖůɖ Űɞɡ ɏɟɔɞɡ ɝŮəɑɜɖůŮ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2005 ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞ  ɜɞɟɓɖɔɘəɧ 

ɄŬɜŮˊɘůŰɐɛɘɞ ŮˊɘůŰɐɛɖɠ əŬɘ ŰŮɢɜɞɚɞɔɑŬɠ (NTNU:Norwegian University of Science and 

Technology). ȷɟɢɘəɎ, ůɡɚɚɏɢɗɖəŬɜ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞ əɡɛŬŰɘəɧ ˊɟɞűɑɚ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ 

ůɢŮŭɘɎůŰɖəŮ Űɞ ɏɟɔɞ. ȷəɞɚɞɨɗɖůŮ Űɞ 2008 ɖ ŬɜɏɔŮɟůɖ Űɤɜ Űɟɘɩɜ (3) ŭŮɝŬɛŮɜɩɜ Űɞɡ ɏɟɔɞɡ 

ɛŮ ůəɞˊɧ ŬűŮɜɧɠ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ əŬŰŬˊɞɜɐůŮɤɜ ˊɞɡ ŭɏɢŮŰŬɘ, ŬűŮŰɏɟɞɡ Űɖɜ ɛɏŰɟɖůɖ 

Űɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɘɠ ŭŮɝŬɛŮɜɏɠ. ɇŮɚŮɡŰŬɑɞɘ ŰɞˊɞɗŮŰɐɗɖəŬɜ ɞɘ 

ŰɏůůŮɟɘɠ (4) ůŰɟɧɓɘɚɞɘ, ɛŮ ůɡɜɞɚɘəɐ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ 150 kW əŬɘ ɖ ɔŮɜɜɐŰɟɘŬ ˊŬɟŬɔɤɔɐɠ 

ŮɜɏɟɔŮɘŬɠ, ŰŬɡŰɧɢɟɞɜŬ ɛŮ Űɖɜ ůɨɜŭŮůɖ ůŰɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ (Vicinanza D. et al., 2012). 

 
ȺɘəɧɜŬ 2.16  ȹɘŬɟɟɨɗɛɘůɖ ɡˊɎɟɢɞɡůŬɠ (ŬɟɘůŰŮɟɎ) əŬɘ ɛŮɚɚɞɜŰɘəɐɠ (ŭŮɝɘɎ) ɡˊŮɟɎəŰɘŬ 

ŮɔəŬŰɎůŰŬůɖ SSG.  

(Ʉɖɔɐ: www.waveenergy.no) 

2.4.10 Wave Dragon: ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ɡˊŮɟˊɐŭɖůɖɠ ŮɜŰɎůůŮŰŬɘ əŬɘ ŬɡŰɐ ɖ 

əŬɘɜɞŰɞɛɑŬ. ɆŮ ɛŮɔɎɚɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ ŬəŰɐ (ɡˊŮɟɎəŰɘŮɠ ɛɞɜɎŭŮɠ) ŭɨɞ ŬɜŬəɚŬůŰɐɟŮɠ əŬɘ 

ɛɑŬ ɟɎɛˊŬ əŬɗɞŭɖɔɞɨɜ Űɞ ɜŮɟɧ ůŮ ɛɑŬ ŭŮɝŬɛŮɜɐ ŬˊɞɗɐəŮɡůɖɠ ůŮ ůŰɎɗɛɖ ɡɣɖɚɧŰŮɟɖ Ŭˊɧ 

ŬɡŰɐɜ Űɖɠ ɗɎɚŬůůŬɠ Ŭűɞɨ ɞ ůŰŬɗɛɧɠ ŮˊɘˊɚɏŮɘ. ȼ ŭɘŬűɞɟɎ ŬɡŰɐ ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɖɜ ɎɛŮůŬ 

Ŭɝɘɞˊɞɘɐůɘɛɖ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ ɜŮɟɞɨ əŬŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ əɨəɚɞɡ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ɧˊɞɡ Űɞ ɜŮɟɧ ŮˊɘůŰɟɏűŮɘ ŮəŮɑ ɧˊɞɡ ŬɜɐəŮɘ. ȼ Ůəəɏɜɤůɖ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛɏůɤ 

ŮɜůɤɛŬŰɤɛɏɜɤɜ ůŰɟɞɓɑɚɤɜ ɞɘ ɞˊɞɑɞɘ ˊŮɟɘůŰɟɏűɞɜŰŬɘ ˊɟɞůɞɛɞɘɎɕɞɜŰŬɠ Űɖɜ ɛɏɗɞŭɞ 

ůɡɚɚɞɔɐɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɔɘŬ Űɖɜ Ŭɘɞɚɘəɐ (Kofoed J.P. et al., 2004). 

ɇɖɜ ́Ůɟɑɞŭɞ 1998-2001 ɏɜŬ ˊɟɤŰɧŰɡˊɞ ɛŮɚŮŰɐɗɖəŮ Ŭˊɧ Űɞ ɄŬɜŮˊɘůŰɐɛɘɞ Űɞɡ Aalborg əŬɘ Űɞ 

2003 ɏɜŬ ˊɟɤŰɧŰɡˊɞ ɛŮ ŭɘŬůŰɎůŮɘɠ 57x27 m əŬɘ ɓɎɟɞɠ 237 t ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɞ Nissum 

Bredning Űɖɠ ȹŬɜɑŬɠ ŰɟɞűɞŭɞŰɩɜŰŬɠ Űɞ ŭɑəŰɡɞ ɔɘŬ ˊŬɟŬˊɎɜɤ Ŭˊɧ 20.000 ɩɟŮɠ. ȱŰŬɜ ɛɑŬ 

ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ůŮ ɛɘəɟɐ əɚɑɛŬəŬ (1:4) ɛŮ ŮűŰɎ (7) ůŰɟɞɓɑɚɞɡɠ əŬɘ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ 

ɑůɖ ɛŮ 140 kW. ȷɜ əŬɘ ůɢŮŭɘŬůɛɏɜɞ ɔɘŬ 3 ɢɟɧɜɘŬ ɚŮɘŰɞɡɟɔɑŬɠ ˊŬɟɏɛŮɘɜŮ ůŰɖɜ ɗɎɚŬůůŬ ɛɏɢɟɘ 

Űɞ 2010 ˊŬɟɎ Űɖɜ ŭɘɎɓɟɤůɖ Űɞɡ. ȷɜɎɚɞɔŬ ɛŮ Űɘɠ əɡɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ɖ ɞɜɞɛŬůŰɘəɐ ɘůɢɨɠ Űɖɠ 
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ɛɞɜɎŭŬɠ ůŮ ˊɚɐɟɖ əɚɑɛŬəŬ əɡɛŬɑɜŮŰŬɘ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ŮŰŬɘɟɑŬ, Ŭˊɧ 1,5 MW ɏɤɠ 12 MW. 

ȷɜŬɚɡŰɘəɎ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ŬɜŬɔɧɛŮɜŬ ůŮ ˊɚɐɟɖ əɚɑɛŬəŬ (1:1) 

ˊŬɟŬɗɏŰɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ ˊŬɟŬəɎŰɤ: 

ɄɑɜŬəŬɠ 2.2  ɉŬɟŬəŰɖɟɘůŰɘəɎ ůŰŬɗɛɩɜ Wave Dragon ůŮ ˊɚɐɟɖ əɚɑɛŬəŬ ɔɘŬ ŭɘɎűɞɟŬ 

əɡɛŬŰɘəɎ ŭɡɜŬɛɘəɎ. 

12 170 6500 8 1,5

24 260 22000 16 4

36 300 33000 16-20 7

48 390 54000 16-24 12

ɼˎ˃ʰˍʽˁˈ 

ʵˎ˄ʰ˃ʽˁˈ όƪ²κƳύ

ɳʴˁʰˍʶˋˍʹ˃ʷ˄ʹ 

ʽˋ˔ˏˌ όa²ύ
ʃ˂ʱˍˇˌ όƳύɰʱˊˇˌ όǘύʅˍˊˈʲʽ˂ˇʽ

 
(Friis Madsen E. et al, 2012) 

 
ȺɘəɧɜŬ 2.17  ȷɟɢɘŰŮəŰɞɜɘəɐ Űɖɠ ŭɘɎŰŬɝɖɠ Wave Dragon 

(Ʉɖɔɐ: Friis-Madsen E. et al., 2012) 

2.4.11 Waveplane: ɖ ɛɞɟűɐ Űɞɡ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɐ Űɞɡ SSG ˊŬɟŬˊɎɜɤ. ȺˊŮɝɖɔɖɛŬŰɘəɎ 

ɖ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɐ ůɢɐɛŬŰɞɠ V əŬɘ ůŰɖɜ ˊɟɧůɞɣɖ ɞˊɏɠ, ůŮ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ, 

ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Ůɘůɟɞɐ Űɞɡ ɜŮɟɞɨ. ɉŬɟŬəŰɖɟɘůŰɘəɧ ůŰɞɘɢŮɑɞ Űɖɠ ɤůŰɧůɞ ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰɎ 

Űɖɠ ɜŬ ŮˊɘˊɚɏŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ŭŮɝŬɛŮɜɩɜ ˊɚɖɟɤɛɏɜɤɜ ɛŮ Ŭűɟɧ ŬɚɚɎ ŭŮɜ 

əɘɜŮɑŰŬɘ əŬŰŬəɧɟɡűŬ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ əɡɛŬŰɘůɛɩɜ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɓɎɟɞɠ Űɖɠ, 

ůŰɖɜ ɎəŬɛˊŰɖ űɨůɖ Űɖɠ əŬɘ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Ůɜɧɠ ɖ ˊŮɟɘůůɧŰŮɟɤɜ ˊɚŬəɩɜ (ˊɘɎŰɤɜ) 

ŬˊɧůɓŮůɖɠ ůŰɖɜ ɓɎůɖ ŬɡŰɐɠ əŬɘ Űɤɜ ɓɡɗɘůɛɏɜɤɜ ˊɡɚɩɜɤɜ Űɖɠ ˊɟɞůűɏɟɞɜŰŬɠ Űɖɜ ŮˊɘɗɡɛɖŰɐ 

ɘůɞɟɟɞˊɑŬ. ȾɎŰɤ Ŭˊɧ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ɞ ɓɡɗɧɠ ŰɟɞˊɞˊɞɘŮɑŰŬɘ ɩůŰŮ ɜŬ ɛɞɘɎɕŮɘ ɛŮ ɛɘŬ 

ˊŬɟŬɚɑŬ. ȳŰŬɜ Űɞ əɨɛŬ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ ŬɡŰɐɜ, ɖ ŰŬɢɨŰɖŰŬ Űɞɡ əɎŰɤ ɛɏɟɞɡɠ Űɞɡ ŬɡɝɎɜŮŰŬɘ əŬɘ 

Űɞ ˊɎɜɤ ɛɏɟɞɠ Űɞɡ ɤɗŮɑŰŬɘ ˊɟɞɠ Űɖɜ ůɡůəŮɡɐ ŬɡɝɎɜɞɜŰŬɠ Űɖɜ əɘɜɖŰɘəɐ Űɞɡ ŮɜɏɟɔŮɘŬ ůŰɖɜ 

ˊɟɧůəɟɞɡůɖ ɛŮ ŬɡŰɐɜ. ɇɞ ˊɎɜɤ ɛɏɟɞɠ Űɞɡ əɨɛŬŰɞɠ ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ ůɡůəŮɡɐ ɧˊɞɡ ɔɑɜŮŰŬɘ ɞ 

Ůɝɐɠ ŭɘŬɢɤɟɘůɛɧɠ:  
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o ɇɞ ŮɘůŮɟɢɧɛŮɜɞ ůŰŬ əŬŰɩŰŮɟŬ ŮˊɑˊŮŭŬ ɜŮɟɧ ɞŭɖɔŮɑŰŬɘ ŬˊŮɡɗŮɑŬɠ ůŰɞɡɠ ŭɨɞ Ůɘŭɘəɞɨɠ 

Ŭɔɤɔɞɨɠ ůŰɞɡɠ ˊɧŭŮɠ Űɖɠ 

o ɇɞ ŮɘůŮɟɢɧɛŮɜɞ ůŰŬ ŬɜɩŰŮɟŬ ŮˊɑˊŮŭŬ ɜŮɟɧ ŬˊɞɗɖəŮɨŮŰŬɘ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɧŰŬɜ 

əɟɘɗŮɑ ŬɜŬɔəŬɑɞ. 

ȳɚŮɠ ɞɘ ŭŮɝŬɛŮɜɏɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞɡɠ ŭɨɞ Ŭɔɤɔɞɨɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ 

fly-wheel-tube. ɆŮ ŬɡŰɞɨɠ Űɞ ɜŮɟɧ əɘɜŮɑŰŬɘ ŬəŬɜɧɜɘůŰŬ əŬɘ ůɡɛˊɘɏɕŮŰŬɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

Ŭɨɝɖůɖ Űɖɠ ŰŬɢɨŰɖŰɎɠ Űɞɡ ůɨɛűɤɜŬ ɛŮ Űɞɜ Bernoulli. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ůŰɞ ɏɟɔɞ 

ŮɜŰɎůůɞɜŰŬɘ ŬɟəŮŰɞɑ ˊŬɟɎɛŮŰɟɞɘ ɛŮ ůŰɧɢɞ Űɖɜ Ŭɨɝɖůɖ Űɖɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ɜŮɟɞɨ 

ˊɞɡ əŬɗɞɟɑɕŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ɖɚŮəŰɟɘůɛɞɨ ɛɏůɤ Űɖɠ ˊŮɟɘůŰɟɞűɐɠ Űɤɜ 

ɡŭɟɞůŰɟɧɓɘɚɤɜ ůŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ Ŭɔɤɔɩɜ (www.waveplane.org). ɇɞ ɛŮɔŬɚɨŰŮɟɞ ůŮ 

ɛɏɔŮɗɞɠ ɛɞɜŰɏɚɞ Űɖɠ ŮŰŬɘɟɑŬɠ ŮɔəŬŰŬůŰɎɗɖəŮ Űɞ 2008 əɞɜŰɎ ůŰɖɜ ˊɧɚɖ Hanstholm ůŮ ɜŮɟɎ 

ɛŮ ɓɎɗɞɠ 15 m. ɇɞ ɓɎɟɞɠ Űɞɡ űŰɎɜŮɘ Űɞɡɠ 90 t əŬɘ ɖ ɞɜɞɛŬůŰɘəɐ ɘůɢɨɠ Űɞɡ ŰŬ 75 kW 

(www.openei.org). 

  
 

ȺɘəɧɜŬ 2.18  ɀɞɟűɐ əŬɘ ŭɘŬŭɟɞɛɐ əɡɛɎŰɤɜ (ŬɟɘůŰŮɟɎ) əŬɘ ɖ ˊɑůɤ ɧɣɖ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ 

(Ʉɖɔɐ: www.waveplane.org əŬɘ www.openei.org) 

iv. ɀŮŰŬŰɟɞˊŮɑɠ ŮɜɏɟɔŮɘŬɠ ŮəɛŮŰŬɚɚŮɡɧɛŮɜɞɘ Űɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ əŬŰɎ Űɖɜ ɞɟɘɕɧɜŰɘŬ 

ŭɘŮɨɗɡɜůɖ Űɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ əŬɘ ŮɝŮɟɢɧɛŮɜɤɜ, ůŮ ɛɘŬ ŬəŰɐ, əɡɛɎŰɤɜ (ȺɘəɧɜŬ 2.24). 

2.4.12 Oyster: ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ ɛɏɗɞŭɞ ŮɝŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞɡɠ əɡɛŬŰɘůɛɞɨɠ ŮˊɘɢŮɑɟɖůŮ 

ɜŬ ́ɟɞɤɗɐůŮɘ, ɛɏůɤ Űɖɠ ŭɘɎŰŬɝɖɠ Oyster, ɖ ŮŰŬɘɟɑŬ Aquamarine ˊɞɡ ŮŭɟɎɕŮŰŬɘ ůŰɞ 

Ⱥŭɘɛɓɞɨɟɔɞ.  ȼ Ŭˊɧŭɞůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ůɡůəŮɡɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ˊŬɚɘɜŭɟɞɛɘəɐ 

əɑɜɖůɖ Ůɜɧɠ ɓɡɗɘůɛɏɜɞɡ (ůɢŮŭɧɜ əŬɗɞɚɘəɎ) ˊŰŮɟɡɔɑɞɡ. ȼ ŮɜɏɟɔŮɘŬ Űɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ əŬɘ 

ŮɝŮɟɢɧɛŮɜɤɜ əɡɛɎŰɤɜ ɗɏŰŮɘ ůŮ əɑɜɖůɖ Űɞ ˊŰŮɟɨɔɘɞ ŮɜŮɟɔɞˊɞɘɩɜŰŬɠ ɛŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧɜ ŰŬ 

ɏɛɓɞɚŬ ɛŮ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ Ůɝɞˊɚɘůɛɏɜɖ ɖ ůɡůəŮɡɐ. ɇŬ ɏɛɓɞɚŬ ŬɜŰɚɞɨɜ ɡɣɖɚɐɠ ˊɑŮůɖɠ ɜŮɟɧ 

ɛɏůɤ ɡˊɞɗŬɚɎůůɘɤɜ Ŭɔɤɔɩɜ ůŰɞɜ ɡŭɟɞɖɚŮəŰɟɘəɧ ůŰŬɗɛɧ ůŰɖɜ ůŰŮɟɘɎ. ɆŮ ŬɡŰɧɜ 

ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ ɛŮŰŬŰɟɞˊɐ Űɖɠ ɔɟŬɛɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ˊŮɟɘůŰɟɞűɘəɐ ŬɟɢɘəɎ, ɛŮ Űɖɜ 

ŭɘɏɚŮɡůɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ ɡŭɟɞůŰɟɧɓɘɚɞɡɠ əŬɘ ŰŮɚɘəɎ, ůŮ ɖɚŮəŰɟɘůɛɧ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ 

ɖɚŮəŰɟɘəɩɜ ɔŮɜɜɖŰɟɘɩɜ. ȹɨɞ ɔŮɜɘɏɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ Oyster ɏɢɞɡɜ ŭɞəɘɛŬůŰŮɑ: Űɞ OYSTER 1 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ 315 kW əŬɘ Űɞ OYSTER 800 ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ 800 kW ůŰŬ 

ɓɧɟŮɘŬ Űɖɠ ɆəɤŰɑŬɠ, ůŰɖɜ ɜɐůɞ Orkney ůŮ ŬˊɧůŰŬůɖ ˊŮɟɑˊɞɡ 500 m Ŭˊɧ Űɖɜ ůŰŮɟɘɎ ůŮ ɓɎɗɞɠ 

10 m. ɀɎɚɘůŰŬ Űɞ OYSTER 800 ɝŮəɑɜɖůŮ ɜŬ ɚŮɘŰɞɡɟɔŮɑ Űɞ 2011 ɔɘŬ ˊŮɘɟŬɛŬŰɘəɞɨɠ ůəɞˊɞɨɠ 

əŬɘ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2012 ůɡɜŭɏɗɖəŮ ɛŮ Űɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ ɛɏɢɟɘ Űɞ 2015 ɞˊɧŰŮ əŬɘ ɖ 

ŮŰŬɘɟɑŬ Aquamarine ŭɘɏəɞɣŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ (www.emec.org.uk) 
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ȺɘəɧɜŬ 2.19  ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ Oyster. 

(Ʉɖɔɐ: ůŰɘɔɛɘɧŰɡˊɞ Ŭˊɧ Űɞ www.youtube.com) 

2.4.13 Langlee: ɖ ŮɔəŬŰɎůŰŬůɖ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮɘ ˊɎɟŬ ˊɞɚɚɏɠ ɞɛɞɘɧŰɖŰŮɠ ɛŮ Űɖɜ 

ˊɟɞɖɔɞɨɛŮɜɖ. ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ Űɞ ɏɟɔɞ ŬɡŰɧ Űɖɠ Langlee Wave Power (ɏŰɞɠ ɑŭɟɡůɖɠ 

2006 Ŭˊɧ Űɞɜ Julius Espedal) ůɡɜɑůŰŬŰŬɘ ůŮ ɛɑŬ ˊɚŬŰűɧɟɛŬ ɖ ɞˊɞɑŬ ŬɔəɡɟɞɓɞɚŮɑŰŬɘ ůŰɞɜ 

ˊɡɗɛɏɜŬ, ŭɘɧŰɘ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɖ ɩůŰŮ ɜŬ ŮˊɘˊɚɏŮɘ ůŮ ůŰɎɗɛɖ ɧˊɞɡ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ 

ŮɑɜŬɘ ɓɡɗɘůɛɏɜɞ. ɆŮ ŬɡŰɐɜ ŮɑɜŬɘ ŮɜůɤɛŬŰɤɛɏɜŬ ŭɨɞ ˊŰŮɟɨɔɘŬ ůɡɛɛŮŰɟɘəɎ (EɘəɧɜŬ 2.20), ůŮ 

ŬɜŰɘəɟɘůŰɏɠ ɗɏůŮɘɠ əŬɘ ɞɘ əɘɜɐůŮɘɠ Űɞɡɠ ŮɑɜŬɘ Ůˊɑůɖɠ ůɡɛɛŮŰɟɘəɏɠ (ŮɑŰŮ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ŮɑŰŮ 

Űɞ ɏɜŬ ˊɚɖůɘɎɕŮɘ Űɞ Ɏɚɚɞ). ȼ ŭɘŬűɞɟɎ űɎůɖɠ ŬɡŰɐ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ůɡɛɛŮŰɟɑŬ 

ůɡɛɓɎɚɚŮɘ, ɔɘŬ əŬŰɎɚɚɖɚŬ ɛɐəɖ əɨɛŬŰɞɠ, ůŰɖɜ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ ŭɨɜŬɛɖɠ ˊɞɡ 

ŬůəŮɑŰŬɘ ůŰɖɜ ˊɚŬŰűɧɟɛŬ əŬɘ Űɘɠ ŬɔəɡɟɞɓɞɚɐůŮɘɠ. ɇŬ ůɡůŰɐɛŬŰŬ Ŭˊɞɟɟɧűɖůɖɠ ɘůɢɨɞɠ 

ɓɟɑůəɞɜŰŬɘ ůŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ ŰŮůůɎɟɤɜ (4) əŬŰŬəɧɟɡűɤɜ ůŰɖɚɩɜ ůŰɘɠ ɔɤɜɑŮɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɎɛŮůŬ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ŰŬ ˊŰŮɟɨɔɘŬ ŮɑɜŬɘ ɞɟɘůɛɏɜŬ Ŭˊɧ Űɞɜ 

ůɢŮŭɘŬůɛɧ ɏɛɓɞɚŬ ŰŬ ɞˊɞɑŬ ŰɑɗŮɜŰŬɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ ɧŰŬɜ əɘɜɞɨɜŰŬɘ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ˊŰŮɟɨɔɘŬ 

ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ əɡɛŬŰɘůɛɩɜ. ɇŬ ɏɛɓɞɚŬ ŬɡŰɎ ɤɗɞɨɜ əɎˊɞɘɞ ɟŮɡůŰɧ ůŮ ůɡůůɤɟŮɡŰɏɠ 

ɡɣɖɚɐɠ ˊɑŮůɖɠ ɤűŮɚɩɜŰŬɠ Űɖɜ ŮɝŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ɛŮ Űɖɜ ɛŮůɞɚɎɓɖůɖ ɖɚŮəŰɟɘəɩɜ 

ɔŮɜɜɖŰɟɘɩɜ. ȼ ɘŭɏŬ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ Langlee ůɡɚɚɐűɗɖəŮ Űɞ 2005 əŬɘ ŬˊɞŰɏɚŮůŮ Űɖɜ 

Ŭűɞɟɛɐ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮɚŮŰɩɜ ůŰɖɜ ɏəŰŬůɖ Űɖɠ ȸɧɟŮɘŬɠ ɗɎɚŬůůŬɠ ˊɞɡ 

ŬɜɐəŮɘ ůŰɖɜ ȹŬɜɑŬ əŬɘ ůŰɖɜ Horns Rev 1, ɛɘŬ ɡˊŮɟɎəŰɘŬ ɛɞɜɎŭŬ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ ůŰɖɜ 

ȹŬɜɑŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ Ůɜɧɠ ˊɟɤŰɞŰɨˊɞɡ ɛŮ ŭɘŬůŰɎůŮɘɠ 
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1,25x1,25 m ůŮ ɛɑŬ ɓŬɗɘɎ ŭŮɝŬɛŮɜɐ ůŰɞ ŰɛɐɛŬ ˊɞɚɘŰɘəɩɜ ɛɖɢŬɜɘəɩɜ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ 

Aalborg, ɧˊɞɡ ɡˊɐɟɢŮ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ əɡɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ 

Űɤɜ ŭɨɞ ŰɞˊɞɗŮůɘɩɜ ůŮ əɚɑɛŬəŮɠ 1:20 əŬɘ 1:30 (ɄɑɜŬəŮɠ 2.3 əŬɘ 2.4) (Kofoed J.P. et al., 

2010).  

ɄɑɜŬəŬɠ 2.3  ȷˊɞŰŮɚɏůɛŬŰŬ ˊŮɘɟɎɛŬŰɞɠ ůŰɖɜ ɛɞɜɎŭŬ Horns Rev 1 (ɓɎɗɞɠ 10 m) 

 
 (Ʉɖɔɐ: Sßrensen H.C. et al., 2005) 

ɄɑɜŬəŬɠ 2.4  ȷˊɞŰŮɚɏůɛŬŰŬ ˊŮɘɟɎɛŬŰɞɠ ůŰɖɜ ȸɧɟŮɘŬ ŪɎɚŬůůŬ (ɓɎɗɞɠ 30 m) 

 
 (Ʉɖɔɐ: Kofoed J.P. and Friigard P.B., 2008) 

ɀŮ Űɞ ˊɏɟŬůɛŬ Űɞɡ ɢɟɧɜɞɡ ɓɏɓŬɘŬ ɞɟɘůɛɏɜɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ůɡůəŮɡɐɠ ɓŮɚŰɘɩɜɞɜŰŬɘ əŬɘ 

ˊɟɤŰɧŰɡˊŬ ůŮ ˊɚɐɟɖ əɚɑɛŬəŬ ɏɢɞɡɜ ůɡɛűɤɜɖɗŮɑ ɜŬ ˊɚɞɖɔɖɗɞɨɜ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ŮɑɜŬɘ ŰŬ 

ȾŬɜɎɟɘŬ ɜɖůɘɎ. ȼ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ Űɞɡ ůŰŬɗɛɞɨ Robusto, ˊɞɡ ˊɟɞɞɟɑɕŮŰŬɘ ɜŬ ˊɚɞɖɔɖɗŮɑ 

ůŰɖɜ ɇŮɜŮɟɑűɖ ɗŬ űŰɎɜŮɘ, ŰŬ 132 kW, Ůɜɩ ˊɟɞɓɚɏˊŮŰŬɘ ɜŬ ŮɔəŬŰŬůŰŬɗŮɑ Ɏɚɚɞɠ ɏɜŬɠ ůŰŬ 

ɓɧɟŮɘŬ Űɖɠ ɜɐůɞɡ Lanzarote ɛŮ ɞɜɞɛŬůŰɘəɐ ɘůɢɨ 500 kW ˊŮɟɑˊɞɡ (www.renews.biz). 
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ȺɘəɧɜŬ 2.20  ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ əɘɜɐůŮɤɜ ˊŰŮɟɡɔɑɤɜ 

(Ʉɖɔɐ: Kofoed J.P. et al., 2010) 

ɆŰɘɠ ŮɘəɧɜŮɠ ˊŬɟŬəɎŰɤ ůɡɜɞɣɑɕɞɜŰŬɘ ɧɚŮɠ ɞɘ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ŰŮɢɜɞɚɞɔɑŮɠ əŬɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɞɘɢŮɑŬ Űɞɡɠ. ȷɡŰɧ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ŮɑɜŬɘ ɧŰɘ ɖ ŮɝŬɔɧɛŮɜɖ 

ŮɜɏɟɔŮɘŬ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ 

ŭɘŬɗŮůɘɛɧŰɖŰŬɠ (availability factor) Űɤɜ əɡɛŬŰɘəɩɜ ůɡůəŮɡɩɜ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ŬɡŰɧɠ 

ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ ŮˊɘɓŬɟɡɜŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ůŰɖɜ ŮŰɐůɘŬ Ŭˊɧŭɞůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ. 

ȺɘŭɘəɧŰŮɟŬ, ŮɑɜŬɘ ɚɞɔɘəɧ ɞɘ ɛɞɜɎŭŮɠ ɜŬ ɛɖɜ ɛŮŰŬŰɟɏˊɞɡɜ ŮɜɏɟɔŮɘŬ ɧɚɞ Űɞɜ ɢɟɧɜɞ ŬűŮɜɧɠ ŭɘɧŰɘ 

ůŰŬɛŬŰɎɜŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, ŬűŮŰɏɟɞɡ ŭɘɧŰɘ ɞɘ ˊɧɟɞɘ Űɤɜ ˊɖɔɩɜ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞɘ-

ŬůűŬɚŮɑɠ əɎˊɞɘŮɠ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ŬəɟŬɑɤɜ əŬɘɟɘəɩɜ 

űŬɘɜɞɛɏɜɤɜ əŬɘ ɔɘŬ ɧůɞ ɢɟɧɜɞ ůɡɜŰɖɟɞɨɜŰŬɘ ŰŬ ɏɟɔŬ ɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ůŰŬɛŬŰɎ.  

ȺˊɘˊɟɞůɗɏŰɤɠ ŬˊɩɚŮɘŮɠ ɡűɑůŰŬɜŰŬɘ ůŮ əɎɗŮ űɡůɘəɐ ŭɘŮɟɔŬůɑŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮɑɤůɖ 

Űɖɠ ɘůɢɨɞɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ŮɔəŬŰŮůŰɖɛɏɜɖ. ɇŬ űŬɘɜɧɛŮɜŬ ŬɡŰɎ 

ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɞɜ ůɡɜŰŮɚŮůŰɐ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ (capacity factor) ɞ ɞˊɞɑɞɠ ɞɟɑɕŮŰŬɘ ɤɠ ɞ 

ɚɧɔɞɠ Űɞɡ ˊɞůɞɨ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɛɑŬ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ˊɟɞɠ Űɞ ˊɞůɧ Űɖɠ 

ɗŮɤɟɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɗŬ ˊŬɟɎɔɞɜŰŬɜ Ŭɜ ɖ ŮɔəŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɞɨůŮ ůŮ ˊɚɐɟɖ ɘůɢɨ 

ůŰɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ. 

ȰŰůɘ, ɖ ŮŰɐůɘŬ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ɛɘŬɠ ŮɔəŬŰɎůŰŬůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

ῴ ῴ ῴ‎‖‌†‐„†–‘ʘ’– ―„…ʞ‟z  ΅z ῳzσφυzςτ 

ȳˊɞɡ,  

ȺɄȺ: ȺŰɐůɘŬ ɄŬɟŬɔɤɔɐɠ ȺɜɏɟɔŮɘŬɠ (Annual Energy Production) (kWh) 

Ɇȷ: ɞ ůɡɜŰŮɚŮůŰɐɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ 

Ɇȹ: ɞ ůɡɜŰŮɚŮůŰɐɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ 
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  ȳɜɞɛŬ: Limpet (WaveGen) 

  ɇɞˊɞɗŮůɑŬ: Ɂɐůɞɠ Islay (ȹɡŰɘəɎ Űɖɠ  

  ɆəɤŰɑŬɠ) 

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2000 

  ȺɔəŬŰŮůŰɖɛɏɜɖ Ƚůɢɨɠ: 500 kW 

   

  ɉŮɟůŬɑŬ ŮɔəŬŰɎůŰŬůɖ 

  ȺɝɞɚɞɗɟŮɡŰɐɠ ŮɜɏɟɔŮɘŬɠ əɨɛŬŰɞɠ 

  ɇŬɚŬɜŰŮɡɧɛŮɜɖ ůŰɐɚɖ ɜŮɟɞɨ 

 

  ȳɜɞɛŬ: Mk1 (Energetech-Oceanlinx) 

  ɇɞˊɞɗŮůɑŬ: Kiama (ɁɧŰɘɞ     

  ŬɜŬŰɞɚɘəɐ ŬəŰɐ ȷɡůŰɟŬɚɑŬɠ) 

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2005 

  ȺɔəŬŰŮůŰɖɛɏɜɖ Ƚůɢɨɠ: 500 kW 

 

  ɄŬɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ 

  ȺɝɞɚɞɗɟŮɡŰɐɠ ŮɜɏɟɔŮɘŬɠ əɨɛŬŰɞɠ 

  ɇŬɚŬɜŰŮɡɧɛŮɜɖ ůŰɐɚɖ ɜŮɟɞɨ 

 

  ȳɜɞɛŬ: OE Buoy (Ocean Energy) 

  ɇɞˊɞɗŮůɑŬ: Spiddal (ȹɡŰɘəɐ ŬəŰɐ                    

  ȽɟɚŬɜŭɑŬɠ)   

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2007 

  ȺɔəŬŰŮůŰɖɛɏɜɖ Ƚůɢɨɠ: -  

 

  Ɉ́ ŮɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ 

  ɆɖɛŮɘŬəɧɠ ŬˊɞɟɟɞűɖŰɐɠ ŮɜɏɟɔŮɘŬɠ 

  ɇŬɚŬɜŰŮɡɧɛŮɜɖ ůŰɐɚɖ ɜŮɟɞɨ 

 

  ȳɜɞɛŬ: Archimedes Wave Swing  

  (AWS Ocean Energy) 

  ɇɞˊɞɗŮůɑŬ: ȷəŰɐ ɄɞɟŰɞɔŬɚɑŬɠ,  

  əɞɜŰɎ ůŰɖɜ ˊɧɚɖ Porto 

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2004 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: 2000 kW 

 

  ɈˊŮɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ 

  ɆɖɛŮɘŬəɧɠ ŬˊɞɟɟɞűɖŰɐɠ ŮɜɏɟɔŮɘŬɠ 

  ɀŮŰŬŰɟɞˊɏŬɠ óŰɞɡ ȷɟɢɘɛɐŭɖô 

ȺɘəɧɜŬ 2.21  ɇŮɢɜɞɚɞɔɑŬ ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ ůŰɐɚɖɠ ɜŮɟɞɨ 

(Ʉɖɔɏɠ əŬŰɎ ůŮɘɟɎ: www.owc-wec.weebly.com, www.nnmrec.oregonstate.edu, 

www.oceanenergy.ie, www.multisub.pt) 
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  ȳɜɞɛŬ: Wave Star (Wave Star) 

  ɇɞˊɞɗŮůɑŬ: Hanstholm (ȸɧɟŮɘŬ   

  ŬəŰɐ ȹŬɜɑŬɠ)  

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2009 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: 110 kW 

   

  ɄŬɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ  

  ɆɖɛŮɘŬəɧɠ ŬˊɞɟɟɞűɖŰɐɠ ŮɜɏɟɔŮɘŬɠ 

  ȷɟɗɟɤŰɐ ˊɚɤŰɐ ůɡůəŮɡɐ 

 

  ȳɜɞɛŬ: Pelamis P2 (Pelamis Wave  

  Power) 

  ɇɞˊɞɗŮůɑŬ: Ɂɐůɞɠ Orkney (ȸɧɟŮɘŬ                     

  Űɖɠ ɆəɤŰɑŬɠ) 

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2010 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: 750 kW 

   

  ɈˊŮɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ 

  ȺɝŬůɗŮɜɖŰɐɠ ŮɜɏɟɔŮɘŬɠ əɨɛŬŰɞɠ 

  ȷɟɗɟɤŰɐ ˊɚɤŰɐ ůɡůəŮɡɐ 

 

  ȳɜɞɛŬ: Searaser (Ecotricity) 

  ɇɞˊɞɗŮůɑŬ: ɁɧŰɘŮɠ ŬəŰɏɠ ȼɜɤɛɏɜɞɡ  

  ȸŬůɘɚŮɑɞɡ  

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2009 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: - 

 

  ɄŬɟɎəŰɘŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ 

  ɆɖɛŮɘŬəɧɠ ŬˊɞɟɟɞűɖŰɐɠ ŮɜɏɟɔŮɘŬɠ 

  ȷˊɚɏɠ ˊɚɤŰɏɠ ůɡůəŮɡɏɠ 

 

  ȳɜɞɛŬ: PowerBuoy PB3 (Ocean   

  Power Technologies) 

  ɇɞˊɞɗŮůɑŬ: ȷəŰɐ New Jersey  

  (ȼɄȷ) 

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2015 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: 350 W 

 

  ɈˊŮɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ: 

  ɆɖɛŮɘŬəɧɠ ŬˊɞɟɟɞűɖŰɐɠ ŮɜɏɟɔŮɘŬɠ 

  ȷˊɚɐ ˊɚɤŰɐ ůɡůəŮɡɐ 

ȺɘəɧɜŬ 2.22  ɇŮɢɜɞɚɞɔɑŬ ˊɚɤŰɩɜ ɛŮŰŬŰɟɞˊɏɤɜ 

(Ʉɖɔɏɠ əŬŰɎ ůŮɘɟɎ:www.wavestarenergy.com, www.renews.biz, www.power-

technology.com, www.oceanpowertechnologies.com) 
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  ȳɜɞɛŬ: SSG (WAVEenergy) 

  ɇɞˊɞɗŮůɑŬ: Ɂɐůɞɠ Kvistßy   

  (ɁɞɟɓɖɔɑŬ) 

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2008 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: 150 kW 

  

  ɉŮɟůŬɑŬ - ɄŬɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ 

  ȺɝɞɚɞɗɟŮɡŰɐɠ ŮɜɏɟɔŮɘŬɠ əɨɛŬŰɞɠ 

  ɈˊŮɟˊɖŭɖŰɐ ŮɔəŬŰɎůŰŬůɖ 

 

  ȳɜɞɛŬ: Wave Dragon (Wave  

  Dragon) 

  ɇɞˊɞɗŮůɑŬ: Nissum Bredning  

  (ȹɡŰɘəɏɠ ŬəŰɏɠ ȹŬɜɑŬɠ) 

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2003 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: 140 kW 

 

  ɈˊŮɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ 

  ȺɝɞɚɞɗɟŮɡŰɐɠ ŮɜɏɟɔŮɘŬɠ əɨɛŬŰɞɠ 

  ɈˊŮɟˊɖŭɖŰɐ əŬŰŬůəŮɡɐ 

 

  ȳɜɞɛŬ: Waveplane (Waveplane AS) 

  ɇɞˊɞɗŮůɑŬ: Hanstholm (ȸɧɟŮɘŬ  

  ŬəŰɐ ȹŬɜɑŬɠ) 

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2008 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: 75 kW 

 

  ɄŬɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ 

  ȺɝɞɚɞɗɟŮɡŰɐɠ ŮɜɏɟɔŮɘŬɠ əɨɛŬŰɞɠ  

  ɈˊŮɟˊɖŭɖŰɐ əŬŰŬůəŮɡɐ 

ȺɘəɧɜŬ 2.23  ɇŮɢɜɞɚɞɔɑŬ ɛŮŰŬŰɟɞˊɏɤɜ ɡˊŮɟˊɖŭɖŰɩɜ Ŭˊɧ Űɞ ɡɔɟɧ ůŰɞɘɢŮɑɞ  

(Ʉɖɔɏɠ əŬŰɎ ůŮɘɟɎ: Vicinanza D. et al., 2009, www.maritimejournal.com, 

www.waveplane.org) 
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  ȳɜɞɛŬ: Oyster 800 (Aquamarine) 

  ɇɞˊɞɗŮůɑŬ: Ɂɐůɞɠ Orkney (ɓɧɟŮɘŬ    

  Űɖɠ ɆəɤŰɑŬɠ) 

  ȰŰɞɠ ɏɜŬɟɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ: 2011 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: 800 kW 

 

  ɄŬɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ 

  ȺɝɞɚɞɗɟŮɡŰɐɠ ŮɜɏɟɔŮɘŬɠ əɨɛŬŰɞɠ 

  ɆɡůəŮɡɐ əɟɞɨůɖɠ 

 

 

  ȳɜɞɛŬ: Robusto (Langlee Wave    

  Power) 

  ɇɞˊɞɗŮůɑŬ: ȸɞɟŮɘɞŭɡŰɘəɎ Űɖɠ    

  ɇŮɜŮɟɑűɖɠ 

  *ɆɢŮŭɘŬůɛɏɜɖ əŬŰŬůəŮɡɐ 

  ȺɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ: 132 kW 

 

  ɈˊŮɟɎəŰɘŬ ŮɔəŬŰɎůŰŬůɖ 

  ȺɝɞɚɞɗɟŮɡŰɐɠ ŮɜɏɟɔŮɘŬɠ əɨɛŬŰɞɠ 

  ɆɡůəŮɡɐ əɟɞɨůɖɠ 

ȺɘəɧɜŬ 2.24  ɆɡůəŮɡɏɠ əɟɞɨůɖɠ 

(Ʉɖɔɏɠ əŬŰɎ ůŮɘɟɎ: www.inhabitat.com, www.langleewp.com) 
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2.5 ɣʝʎʐʋʏ ʎʑʎʆʀʑʡʉ ɻʌʋʍʍʝʒʂʎʂʏ ʆʑʈɻʐʅʆʙʏ ʀʉʘʍɾʀʅɻʏ 

ȷɜŬűɞɟɘəɎ ɛŮ Űɞ əɧůŰɞɠ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛɑŬ ŮɜɘŬɑŬ ŮəŰɑɛɖůɖ 

ŭɘɧŰɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůɡůəŮɡɩɜ ŭɘŬűɏɟɞɡɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ŮɔəŬŰɎůŰŬůɖ Űɞɡ 

Ůɝɞˊɚɘůɛɞɨ əŬɘ ɖ ůɡɜŰɐɟɖůɖ Űɞɡ ɗŬ əɞůŰɑůŮɘ ɏɜŬ ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɧ ɔɘŬ ɏɜŬ 

ɡˊŮɟɎəŰɘɞ ɏɟɔɞ ůɡɔəɟɘŰɘəɎ ɛŮ ɏɜŬ ɢŮɟůŬɑɞ. ɇɞ əɧůŰɞɠ ůɡɜɐɗɤɠ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ əɎɗŮ 

ɏɟɔɞ  ɞɜɞɛɎɕŮŰŬɘ Levelized Cost of Energy (ɐ Electricity). Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɓŬůɑɕŮŰŬɘ 

ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ : 

× ɇɤɜ əŮűŬɚŬɘɞɡɢɘəɩɜ ŭŬˊŬɜɩɜ CAPEX 

× ɇɤɜ ŭŬˊŬɜɩɜ ɚŮɘŰɞɡɟɔɑŬɠ OPEXt  

× ɇɖɠ ŭɘɎɟəŮɘŬɠ ɕɤɐɠ Űɞɡ ɏɟɔɞɡ n 

× ɇɞɡ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŬɟɛɞɔɐɠ Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ Űɘɛɩɜ ůŰɖɠ ůɖɛŮɟɘɜɏɠ  (ůɡɜŰŮɚŮůŰɐɠ 

ɏəˊŰɤůɖɠ r) 

ὒὅὕὉ
ὅὃὖὉὢВ

ὕὖὉὢὸ
ρ ὶ

В
ὃὲὲόὥὰ ὉὲὩὶὫώ ὖὶέὨόὧὸὭέὲ

ρ ὶ

 

(ñInternational Levelized Cost of Energy for Ocean Energy Technologies.ò 2015) 

ȷɟəŮŰɏɠ űɞɟɏɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ LCOE ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ əŬɘ Űɞ əɧůŰɞɠ óˊŬɟɞˊɚɘůɛɞɨô 

əɎɗŮ ŮɔəŬŰɎůŰŬůɖɠ (SLD): 

ὒὅὕὉ
ὅὃὖὉὢὛὒὈ

ψχȟφz ὒὊ
ᶻ
ὶz ρ ὶ

ρ ὶ ρ

ὕὖὉὢὸ

ψχȟφz ὒὊ
 

ȳˊɞɡ, 

LF: Űɞ ɔɘɜɧɛŮɜɞ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ (Capacity factor) ɛŮ Űɞ ůɡɜŰŮɚŮůŰɐ 

ŭɘŬɗŮůɘɛɧŰɖŰŬɠ (Available factor) (ɓɚ. ůŮɚɑŭŬ 44) əŬɘ 

ὛὒὈ
ὛὈὅ

ρ ὶ
 

ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ˊŮɟɘɧŭɞɡ ˊŬɨůɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ Űɘɠ 

ɡűɘůŰɎɛŮɜŮɠ ůɐɛŮɟŬ. (SI Ocean Project, 2013) 

ɇɞ ɔŮɔɞɜɧɠ, ɤůŰɧůɞ, ɧŰɘ ɖ ɛŮɚŮŰɩɛŮɜŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ŮɑɜŬɘ ɜɏŮɠ əŬɘ ŬɟəŮŰɎ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛŮŰŬɝɨ Űɞɡɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɛɖ ŮɛˊɞɟŮɡɛŬŰɞˊɞɑɖůɖ Űɞɡ Ůɝɞˊɚɘůɛɞɨ əŬɗɘůŰɎ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɞɘəɞɜɞɛɘəɩɜ ɕɖɛɘɩɜ ŭɨůəɞɚɖ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. ɆŰɞɜ ˊɑɜŬəŬ 2.5 

ˊŬɟŬŰɑɗŮɜŰŬɘ, əŬŰɎ ˊɟɞůɏɔɔɘůɖ ŰŬ ɏɝɞŭŬ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ɞɘ əŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ Űɤɜ 

ˊŬɟŬˊɎɜɤ ůɡůəŮɡɩɜ, ŬɜŬəŰɖɛɏɜɤɜ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ, ɢɎɟɘɜ ɛɘŬɠ ˊŮɟɘůůɧŰŮɟɞ 

ɞɚɞəɚɖɟɤɛɏɜɖɠ ŮɘəɧɜŬɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ ůŰɞɘɢŮɑɤɜ.  

Ƀɘ əŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ (CAPEX) ůɡɜɑůŰŬɜŰŬɘ: 

× ɆŰɘɠ ŭŬˊɎɜŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ ŮɔəŬŰɎůŰŬůɖɠ Űɖɠ ɛɞɜɎŭŬɠ 

× ɆŰɘɠ ŭŬˊɎɜŮɠ Űɖɠ ɗŮɛŮɚɑɤůɖɠ ɐ Űɖɠ Ŭɔəɡɟɞɓɧɚɖůɐɠ Űɖɠ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɗɏůɖ 

× ɆŰɘɠ ŭŬˊɎɜŮɠ ɔɘŬ Űɞɜ ɛɖɢŬɜɞɚɞɔɘəɧ Ůɝɞˊɚɘůɛɧ 

× ɆŰɘɠ ŭŬˊɎɜŮɠ ɔɘŬ Űɖɜ ůɨɜŭŮůɐ Űɖɠ ůŰɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ 
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ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ ůŰɘɠ ŭŬˊɎɜŮɠ ɚŮɘŰɞɡɟɔɑŬɠ (OPEXt) ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ: 

× Ƀɘ ŭŬˊɎɜŮɠ ůɡɜŰɐɟɖůɖɠ əŬɘ Ůˊɘŭɘɧɟɗɤůɖɠ Űɤɜ ɓɚŬɓɩɜ 

× Ƀɘ ŭŬˊɎɜŮɠ ɔɘŬ ŰŬ ŬɜŰŬɚɚŬəŰɘəɎ 

× Ƀɘ ŭŬˊɎɜŮɠ Űɞɡ əɧůŰɞɡɠ Űɞɡ ůəɎűɞɡɠ ŮɝɡˊɖɟɏŰɖůɖɠ əŬɘ Űɞɡ ŬˊŬɘŰɞɨɛŮɜɞɡ 

ˊɟɞůɤˊɘəɞɨ ŮɟɔŬůɑŬɠ 

× Ƀɘ ŭŬˊɎɜŮɠ ɔɘŬ ŮűŮŭɟɘəɧ Ůɝɞˊɚɘůɛɧ əŬɘ ˊɟɞůɤˊɘəɧ ůŮ ˊŮɟɑˊŰɤůɖ ɓɚɎɓɖɠ 

× ɇɞ əɧůŰɞɠ Űɖɠ ŬŭɟɎɜŮɘŬɠ Űɤɜ ůɡůəŮɡɩɜ ɚɧɔɤ ɐˊɘɤɜ ɐ ɡˊŮɟɓɞɚɘəɎ ɎůŰŬŰɤɜ 

əɡɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Lewis A. et al. (2011) ɞɘ ɛɏůŮɠ ŮŰɐůɘŮɠ ŭŬˊɎɜŮɠ ɚŮɘŰɞɡɟɔɑŬɠ ŬɜɏɟɢɞɜŰŬɘ 

ůŰɞ 1,8% Űɤɜ əŮűŬɚŬɘɞɡɢɘəɩɜ ŭŬˊŬɜɩɜ. ɀŮ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ɏɜŬɠ ɢɞɜŭɟɘəɧɠ ɡˊɞɚɞɔɘůɛɧɠ 

Űɞɡ LCOE  ɔɑɜŮŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɤɠ Ůɝɐɠ:  

ὒὅὕὉὅὃὖὉὢὣz ὕὖὉὢȾὝέὸὥὰ ὉὲὩὶὫώ ὖὶέὨόὧὸὭέὲ => 

ὒὅὕὉρȟρψzὅὃὖὉὢȾὍὲίὸὥὰὰὩὨ ὖέύὩὶσzφυzςτzὣz ὲ 

ȳˊɞɡ  

Y: űɡůɘɞɚɞɔɘəɧ ŭɘɎůŰɖɛŬ óɕɤɐɠô Űɞɡ ɏɟɔɞɡ (=10 ɢɟɧɜɘŬ) 

IP: ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ůŮ kW 

CAPEX: əŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ ůŮ ú 

n: ɞ ůɡɜŰŮɚŮůŰɐɠ Ŭˊɧŭɞůɖɠ (=0,30) 

ɇɞ əɧůŰɞɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ůŰɖɜ ɞɡůɑŬ Űɖɠ Űɘɛɐ ˊɩɚɖůɖɠ Űɖɠ kWh ɔɘŬ Űɖɜ 

ɞɘəɞɜɞɛɘəɐ ŬˊɧůɓŮůɖ Űɞɡ ɏɟɔɞɡ ůŮ ɏɜŬ űɡůɘɞɚɞɔɘəɧ ŭɘɎůŰɖɛŬ ɕɤɐɠ (10 ɢɟɧɜɘŬ): 

Ὼ      ῴ´ῴ ῲῴΌ΅ ὒὅὕὉ 
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ɄɑɜŬəŬɠ 2.5  ɇŬ əɧůŰɖ ɔɘŬ ɞɟɘůɛɏɜŮɠ ůɡůəŮɡɏɠ 

ȺɔəŬŰɎůŰŬůɖ: 285.000

ŪŮɛŮɚɑɤůɖ: 60.000

ɇɞɡɟɛˊɑɜŮɠ: 225.000

ɆɨɜŭŮůɖ ůŰɞ ŭɑəŰɡɞ: 30.000

Ɇɨɜɞɚɞ: 600.000

Aquamarine Power

ȺɔəŬŰɎůŰŬůɖ: 264.000

ȷɔəɡɟɞɓɧɚɖůɖ: 26.400

ũŮɜɜɐŰɟɘŬ: 184.800

ɆɨɜŭŮůɖ ůŰɞ ŭɑəŰɡɞ: 52.800

Ɇɨɜɞɚɞ: 528.000

Limpet  (OWC) 0,08 850.000
(Queen's University of 

Belfast, 2002)

Wave Star 

(Attenuator)
0,19 2.576.000

0,18
OE Buoy 

(OWC)
5.000.000

500

1250

600

(www.oceanenergy.ie)

(O'Connor et al., 2013)

(www.engineering.lancs.ac

uk.)

(URS: Wave Energy 

Feasibility Study Report, 

2009)

(www.wavedragon.net)

(O'Connor et al., 2013)

Wave Dragon 

(Overtopping 

device)

0,18 560.000

Pelamis P2 

(Attenuator)
0,19 3.220.000

SSG 

(Overtopping 

Device, 

L=100m)

0,18

140

750

150

Oyster 800 

(OWSC)
0,04 700.000800

(www.langleewp.com)0,18132
Robusto 

(OWSC)

(www.etp-scotland.as.uk)

ȾɃɆɇɃɆ 

ȺɁȺɅũȺȽȷɆ 

(ú/kWh)

ȾȺūȷȿȷȽɃɈɉȽȾȺɆ 

ȹȷɄȷɁȺɆ (ú)
ɄȼũȺɆ

ȺũȾȷɇȺɆɇȼ

ɀȺɁȼ ȽɆɉɈɆ 

(kW)

ɆɈɆȾȺɈȼ 

ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ ůɡůəŮɡɏɠ Űɞɡ ˊɑɜŬəŬ 2.5 ŮɑɢŬɜ ɛɘŬ ŭɘɎɟəŮɘŬ ɕɤɐɠ ˊɞɡ ŭŮɜ ɏűŰŬůŮ Ůɜ ŰɏɚŮɘ ŰŬ 10 ɏŰɖ 

(ɚŮɘŰɞɨɟɔɖůŬɜ ɔɘŬ ˊŮɟɑˊɞɡ 3 ɏŰɖ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ) əŬɘ ɞɘ ŬɜŬűŮɟɧɛŮɜŮɠ əŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊɚɖɟɞűɞɟɑŮɠ Űɤɜ əŬŰŬůəŮɡŬůŰɟɘɩɜ ŮŰŬɘɟɘɩɜ. ɆɡɜŮˊɩɠ, ŰŬ ŬɜŰɑůŰɞɘɢŬ əɧůŰɖ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ (ú/kWh) ˊɘɗŬɜɧɜ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŬ.  
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Ⱥˊɑůɖɠ, ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ŮɘəɧɜŬɠ 2.25. ȼ ŮɜŭŮɘəŰɘəɐ ŬɡŰɐ 

ŬˊŮɘəɧɜɘůɖ ůɡɜŭɏŮɘ Űɞ əɧůŰɞɠ Űɞɡ ŰŮɚɘəɞɨ ɏɟɔɞɡ ůŮ Ůɛˊɞɟɘəɐ əɚɑɛŬəŬ, ɛŮ Űɞ əɧůŰɞɠ Űɤɜ 

ˊɟɞɔŮɜɏůŰŮɟɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɘŬŰɎɝŮɤɜ. ȼ Ůˊɘůəɧˊɖůɖ ˊɞɡ ˊɟɞɖɔɐɗɖəŮ ŬűɞɟɞɨůŮ ŰɏŰɞɘŮɠ 

ŭɘŬŰɎɝŮɘɠ ɛɘəɟɧŰŮɟɖɠ əɚɑɛŬəŬɠ əŬŰɎ əɨɟɘɞ ɚɧɔɞ. 

 
ȺɘəɧɜŬ 2.25  ȺɜŭŮɘəŰɘəɎ əɧůŰɖ ŬɜɎɚɞɔŬ ɛŮ Űɞ ůŰɎŭɘɞ ŬɜɎˊŰɡɝɖɠ Űɤɜ ɏɟɔɤɜ 

ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ, ůŰŬ ˊɟɩŰŬ ůŰɎŭɘŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɞɘ ůɢŮŭɘŬůŰɏɠ 

ŬűŮɜɧɠ ŮɑɜŬɘ ɡˊŮɟŬɘůɘɧŭɞɝɞɘ əŬɘ ŬűŮŰɏɟɞɡ əŬŰɏɢɞɡɜ ɚɘɔɞůŰɏɠ ɔɜɩůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ 

ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ɗŬ ŮˊɖɟŮɎůɞɡɜ Űɞ əɧůŰɞɠ Űɞɡ əɨəɚɞɡ ɕɤɐɠ əŬɘ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ ɏɟɔɤɜ 

ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. ɀŮ Űɞ ˊɏɟŬɠ Ůɜɧɠ Ŭɟɘɗɛɞɨ ˊŮɘɟŬɛɎŰɤɜ ɞ ůɢŮŭɘŬůɛɧɠ ɤɟɘɛɎɕŮɘ, 

əŬŰŬɜɞɞɨɜŰŬɘ ɞɘ ˊŰɡɢɏɠ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ əŬɘ ɞɘ ˊɟɞɓɚɏɣŮɘɠ Űɞɡ əɧůŰɞɡɠ ɔɑɜɞɜŰŬɘ 

ŬəɟɘɓɏůŰŮɟŮɠ. ɀŮ Űɖɜ ˊɚɞɐɔɖůɖ Űɞɡ Ůɛˊɞɟɘəɞɨ ɏɟɔɞɡ ɧɚŮɠ ɞɘ ɞɘəɞɜɞɛɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ 

ˊɞůɞŰɘəɞˊɞɘɞɨɜŰŬɘ əŬɘ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ůŮ ɛŮɚɚɞɜŰɘəɏɠ ŬˊɧˊŮɘɟŮɠ əŬŰɎ Űɖɜ əɟɑůɖ Űɤɜ 

ůɢŮŭɘŬůŰɩɜ.  

ɆɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɚɞɘˊɏɠ ŬɜŬɜŮɩůɘɛɏɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ Űɞ ɛɏůɞ əɧůŰɞɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ 

ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔŬɚɨŰŮɟɞ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŭɖɛɞůɑŮɡůɖ Űɖɠ ŮŰŬɘɟɑŬɠ 

ŮɟŮɡɜɩɜ Bloomberg New Energy Finances. Ƀɘ ŮəŰɘɛɐůŮɘɠ Űɞɡ əɧůŰɞɡɠ LCOE ɔɘŬ Űɞ 2015, ɛŮ 

ŮɛűŬɜŮɑɠ Űɘɠ ŭɘŬűɞɟɏɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ ˊɑɜŬəŬ 2.5, ɐŰŬɜ ɞɘ Ůɝɐɠ: 

× ȾɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ: 500 ŭɞɚɎɟɘŬ/MWh  

× ɄŬɚɘɟɟɞɘŬəɐ ŮɜɏɟɔŮɘŬ: 440 ŭɞɚɎɟɘŬ/MWh 

× ŪŮɟɛɞŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ (ɛɞɜɎŭŮɠ ɘůɢɨɞɠ 1-10 MW): 190-940 ŭɞɚɎɟɘŬ/MWh  

× ɈˊŮɟɎəŰɘŬ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ: 175 ŭɞɚɎɟɘŬ/MWh  

× ɉŮɟůŬɑŬ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ: 85 ŭɞɚɎɟɘŬ/MWh  

× ȼɚɘŬəɐ ŮɜɏɟɔŮɘŬ (ɖɚɘŬəɎ ˊɎɜŮɚ ůŮ ůŮɘɟɎ, LFR): 280 ŭɞɚɎɟɘŬ/MWh  

× ȼɚɘŬəɐ ŮɜɏɟɔŮɘŬ (ȼɚɘɞůŰɎŰŮɠ + ˊɨɟɔɞɠ ɡˊɞŭɞɢɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ): 220 ŭɞɚɎɟɘŬ/MWh  
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× ɀŮɔɎɚŬ ɡŭɟɞɖɚŮəŰɟɘəɎ ɏɟɔŬ: 70 ŭɞɚɎɟɘŬ/MWh  

× ɀɘəɟɎ ɡŭɟɞɖɚŮəŰɟɘəɎ ɏɟɔŬ: 75 ŭɞɚɎɟɘŬ/MWh  

× ũŮɤɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ: 65 ŭɞɚɎɟɘŬ/MWh  

ɆŰɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ŮɘəɧɜŬɠ 2.26 ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ ŬɡŰɏɠ (ŮəŰɧɠ Ŭˊɧ Űɞ əɧůŰɞɠ 

ŮəɛŮŰɎɚɚŮɡůɖɠ Űɖɠ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ) əŬɗɩɠ əŬɘ ɞɟɘůɛɏɜɤɜ Ɏɚɚɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ 

(ɆŮɜɎɟɘɞ H1). (World Energy Council 2016) 

 
ȺɘəɧɜŬ 2.26  ɇŬ ŮɜŭŮɘəŰɘəɎ əɧůŰɖ (LCOE) ŮɔəŬŰŬůŰɎůŮɤɜ Ŭɝɘɞˊɞɑɖůɖɠ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ 

ŮɜɏɟɔŮɘŬɠ. 

(Ʉɖɔɐ: Bloomberg New Energy Finances) 

ũɘŬ Űɞɜ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, ɧůɞ ŮɑɜŬɘ ŭɡɜŬŰɧɜ, ŮɛˊŮɘɟɘəɎ ŭŮŭɞɛɏɜŬ Ŭˊɧ 

ˊɟŬɔɛŬŰɘəɎ ɏɟɔŬ ŰŬ ɞˊɞɑŬ ɞɚɞəɚɖɟɩɗɖəŬɜ ɐ ɓɟɑůəɞɜŰŬɘ ɡˊɧ əŬŰŬůəŮɡɐ. ȳˊɞɡ ɡˊɎɟɢŮɘ 

ɏɚɚŮɘɣɖ ŭŮŭɞɛɏɜɤɜ, əɡɟɑɤɠ ɗŬɚɎůůɘŬ ŮɜɏɟɔŮɘŬ, ɖ ůɡɛˊɚɐɟɤůɖ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ ŬɜɎɚɡůɖɠ 

ŰɎůŮɤɜ Űɖɠ ŮŰŬɘɟɑŬɠ ɔɘŬ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ əŬɘ Űɞ əɧůŰɞɠ ɢɟɖɛŬŰɞŭɧŰɖůɖɠ. 

ȼ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ŮɘəɧɜŬɠ 2.26 ůŮ ůɢɏůɖ ɛŮ Űɞɜ 

ˊɑɜŬəŬ 2.5 ŬɜŬűɞɟɘəɎ ɛŮ Űɞ ɨɣɞɠ Űɞɡ LCOE ˊɘɗŬɜɧŰŮɟŬ ɏɔəŮɘŰŬɘ: 

× ɆŰɖɜ ɛɘəɟɧŰŮɟɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡ ɏɟɔɞɡ (Ŭˊɧ Űɖɜ ˊɟɞɓɚŮˊɧɛŮɜɖ-ůɢŮŭɘŬůɛɏɜɖ) 

(ůɡůəŮɡɏɠ ˊɑɜŬəŬ 2.5) 

× ɆŰɖɜ ŰɞˊɞɗɏŰɖůɖ ŮɔəŬŰŬůŰɎůŮɤɜ ɚɧɔɤ ůɡɛűŮɟɧɜŰɤɜ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ɡˊɧ əŬɜɞɜɘəɏɠ 

ůɡɜɗɐəŮɠ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŬˊɞŭɞŰɘəɏɠ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ ŮɑɜŬɘ ɖ ɛŮɑɤůɖ Űɞɡ ɓŬɗɛɞɨ 

ŬˊɞŭɞŰɘəɧŰɖŰŬɠ ˊɞɡ ŮˊɖɟŮɎɕŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɞ LCOE əŬɗɘůŰɩɜŰŬɠ ˊɞɚɨ ɡɣɖɚɧ 

(ůɡůəŮɡɏɠ ŭɘŬɔɟɎɛɛŬŰɞɠ ŮɘəɧɜŬɠ 2.26). 

ɆɨɛűɤɜŬ ɛŮ ůŰɞɘɢŮɑŬ Űɖɠ ȹɘŮɗɜɞɨɠ ɃɟɔɎɜɤůɖɠ ȺɜɏɟɔŮɘŬɠ (International Energy Agency) ɖ 

əɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ ɗŬ əŬŰŬůŰŮɑ ŬɜŰŬɔɤɜɘůŰɘəɐ Űɞ 2030 ˊŮɟɑˊɞɡ. (Raventos ȷ. et al., 2010) 
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3.  ɭʌʋʇʋɾʅʎʐʅʆʗ ʎʔʙʈɻʐɻ ʀʆʐʚʈʂʎʂʏ ʂʇʀʆʐʍʅʆʙʏ ʀʉʘʍɾʀʅɻʏ 

ɇŬ ůɤɛŬŰɑŭɘŬ Űɤɜ ɡŭɎŰɘɜɤɜ ɛŬɕɩɜ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ɗɏůɖ ɖɟŮɛɑŬɠ Űɞɡɠ ɚɧɔɤ Űɤɜ 

ɚŮɔɧɛŮɜɤɜ ɔŮɜŮůɘɞɡɟɔɩɜ ŭɡɜɎɛŮɤɜ əŬɘ ŮˊŬɜŬűɏɟɞɜŰŬɘ ůŮ ŬɡŰɐ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ 

ŭɡɜɎɛŮɤɜ ŮˊŬɜŬűɞɟɎɠ. ȷˊɚɞɨůŰŮɟŬ, ɡˊɧ ɞɟɘůɛɏɜŮɠ ůɡɜɗɐəŮɠ ŰŬɚŬɜŰɩɜɞɜŰŬɘ ɔɨɟɤ Ŭˊɧ Űɖɜ 

ɗɏůɖ ɘůɞɟɟɞˊɑŬɠ Űɞɡɠ ɔŮɜɜɩɜŰŬɠ Űɞɡɠ ɗŬɚɎůůɘɞɡɠ əɡɛŬŰɘůɛɞɨɠ.  

Ƀɘ əɡɟɘɧŰŮɟŮɠ ɔŮɜŮůɘɞɡɟɔɏɠ ŭɡɜɎɛŮɘɠ ŮɑɜŬɘ: 

1. Ƀ ɎɜŮɛɞɠ (ŬɜŮɛɞɔŮɜŮɑɠ əɡɛŬŰɘůɛɞɑ) 

2. Ƀɘ ůŮɘůɛɘəɏɠ ŭɡɜɎɛŮɘɠ (ŰůɞɡɜɎɛɘɠ) 

3. Ƀɘ ɔɟɐɔɞɟŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɘɏůŮɤɠ (seiches)  

4. ȼ ɏɚɝɖ Űɖɠ ůŮɚɐɜɖɠ (ˊŬɚɑɟɟɞɘŬ) 

ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ ɞɘ əɡɟɘɧŰŮɟŮɠ ŭɡɜɎɛŮɘɠ ŮˊŬɜŬűɞɟɎɠ ŮɑɜŬɘ: 

1. ȼ ɓŬɟɨŰɖŰŬ 

2. ȼ ŭɨɜŬɛɖ Coriolis (ɔɘŬ ɛŮɔɎɚŬ ɛɐəɖ əɨɛŬŰɞɠ) 

3. ȼ Ů́ɘűŬɜŮɘŬəɐ ŰɎůɖ (ɔɘŬ ɛɘəɟɎ ɛɐəɖ əɨɛŬŰɞɠ) 

Ƀɘ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞɘ əɡɛŬŰɘůɛɞɑ ůŰɖɜ űɨůɖ ŮɑɜŬɘ ɞɘ ŬɜŮɛɞɔŮɜŮɑɠ əɡɛŬŰɘůɛɞɑ ɐ Ŭɚɚɘɩɠ 

əɡɛŬŰɘůɛɞɑ ɓŬɟɨŰɖŰŬɠ Űɤɜ ɞˊɞɑɤɜ ŰŬ ůɤɛŬŰɑŭɘŬ ŰɑɗŮɜŰŬɘ ůŮ əɑɜɖůɖ Ŭˊɧ Űɖɜ ˊɜɞɐ Űɞɡ 

Ŭɜɏɛɞɡ əŬɘ ŮˊŬɜɏɟɢɞɜŰŬɘ ůŰɖɜ ɗɏůɖ ɘůɞɟɟɞˊɑŬɠ ɚɧɔɤ Űɖɠ ɓŬɟɨŰɖŰŬɠ, ɛɏɢɟɘ ŬˊɞɛŬəɟɡɜɗɞɨɜ 

ɝŬɜɎ Ŭˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ ŬŭɟɎɜŮɘŬɠ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɞɘ ˊŬɚɛɞɑ Űɖɠ ˊɘɏůŮɤɠ Űɞɡ Ŭɜɏɛɞɡ 

ŭɖɛɘɞɡɟɔɞɨɜ Űɘɠ ˊɟɩŰŮɠ ŭɘŬŰŬɟŬɢɏɠ ůŰɖɜ ɗŬɚɎůůɘŬ ŮˊɘűɎɜŮɘŬ. ȼ ɛɞɟűɐ ŬɡŰɩɜ ŮɝŬɟŰɎŰŬɘ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ɖ ɞˊɞɑŬ əŬŰŬɜɏɛŮŰŬɘ ŬɜɞɛɞɘɧɛɞɟűŬ (ɖ ŰŬɢɨŰɖŰŬ 

Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ əɞɟɡűɐ Ůɜɧɠ əɨɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ɛɏɢɟɘ əŬɘ ůŮ ˊŮɜŰŬˊɚɎůɘŮɠ Űɘɛɏɠ 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ ůŰɖɜ əɞɘɚɘɎ Űɞɡ). ȴůŰŮɟŬ, ɝŮəɘɜɎ ɖ ůŰŬŭɘŬəɐ ɛŮŰŬűɞɟɎ 

ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞ ˊŮŭɑɞ ɟɞɐɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɞ ˊŮŭɑɞ ɟɞɐɠ Űɤɜ əɡɛɎŰɤɜ. ȰɜŬ ɛɏɟɞɠ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ŬɡŰɐɠ ˊɟɞəŬɚŮɑ ɗŬɚɎůůɘɞɡɠ əɡɛŬŰɘůɛɞɨɠ əŬɘ ɏɜŬ Ɏɚɚɞ ɗŬɚɎůůɘŬ ɟŮɨɛŬŰŬ. ɀŮ Űɞɜ 

Űɟɧˊɞ ŬɡŰɧɜ ɧůɞ ɛŮŰŬűɏɟŮŰŬɘ ŮɜɏɟɔŮɘŬ ůŰɖɜ ɗɎɚŬůůŬ Űɞ ɨɣɞɠ əŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɤɜ əɡɛɎŰɤɜ 

ŬɡɝɎɜɞɜŰŬɘ ůŰɖɜ Ŭɟɢɐ ɔɟŬɛɛɘəɎ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞ ɟɡɗɛɧ.  

σȢρ ɯɻʍɻʆʐʂʍʅʎʐʅʆʗ ʆʑʈʗʐʖʉ 

ɇɞ əŮɑɛŮɜɞ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɓŬůɑɕŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɘɠ űɞɘŰɖŰɘəɏɠ ůɖɛŮɘɩůŮɘɠ Űɞɡ ə. 

ɀɞɡɜŰɕɞɨɟɖ óŪŬɚɎůůɘŬ ɈŭɟŬɡɚɘəɐô ˊɞɡ ŮəŭɧɗɖəŮ ůŰɖɜ ȷɗɐɜŬ Űɞ 2009. 

ŪŮɤɟɩɜŰŬɠ ŰŬ əɨɛŬŰŬ ŬɡŰɎ ɛɞɜɞɢɟɤɛŬŰɘəɎ əŬɘ ŬɜŬɚɨɞɜŰɎɠ ŰŬ ůŮ ŭɨɞ ŭɘŬůŰɎůŮɘɠ, ɞɟɑɕɞɜŰŬɘ 

ŰŬ əɎŰɤɗɘ ɔŮɤɛŮŰɟɘəɎ əŬɘ ɎɚɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ: 

ȴɣɞɠ əɨɛŬŰɞɠ H: ɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɖɠ əɞɟɡűɐɠ əŬɘ Űɖɠ əɞɘɚɑŬɠ Űɞɡ əɨɛŬŰɞɠ 

əŬɘ ŮɑɜŬɘ ɑůɞ ɛŮ Űɞ ŭɘˊɚɎůɘɞ Űɞɡ Ůɨɟɞɡɠ ŰŬɚŬɜŰɩůŮɤɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ. 

ɀɐəɞɠ əɨɛŬŰɞɠ L : ɖ ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ŭɨɞ ůɖɛŮɑɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ 

űɎůɖ ŰŬɚŬɜŰɩůŮɤɠ (ɖ ɛɏŰɟɖůɖ ɔɑɜŮŰŬɘ əŬŰɎ ɛɐəɞɠ Űɖɠ ŭɘŮɡɗɨɜůŮɤɠ ɛŮŰŬŭɧůŮɤɠ). 

ȾŬɛˊɡɚɧŰɖŰŬ ɐ əɡɟŰɧŰɖŰŬ əɨɛŬŰɞɠ ɔ: ɞ ɚɧɔɞɠ Űɞɡ ɨɣɞɡɠ ˊɟɞɠ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ (H/L). 

ɀɏŰɤˊɞ əɨɛŬŰɞɠ: Űɞ ŮˊɑˊŮŭɞ ˊɞɡ ŮɑɜŬɘ əɎɗŮŰɞ ůŰɞ ŮˊɑˊŮŭɞ ŰŬɚŬɜŰɩůŮɤɠ əŬɘ ŮűŬˊŰɧɛŮɜɞ 

ůŰɖɜ ŭɘŬŰɞɛɐ Űɞɡ əɨɛŬŰɞɠ. 

ȹɘŮɨɗɡɜůɖ ɛŮŰŬŭɧůŮɤɠ: ɖ əɎɗŮŰɖ ɔɟŬɛɛɐ ůŰɞ ɛɏŰɤˊɞ Űɞɡ əɨɛŬŰɞɠ (ɓɟɑůəŮŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ 

ŰŬɚŬɜŰɩůŮɤɠ). 
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ɄŮɟɑɞŭɞɠ əɨɛŬŰɞɠ ɇ: ɞ ɢɟɧɜɞɠ ůŰɞɜ ɞˊɞɑɞ ůɖɛŮɘɩɜŮŰŬɘ ɛɘŬ ˊɚɐɟɖɠ ŰŬɚɎɜŰɤůɖ Ůɜɧɠ 

ůɤɛŬŰɘŭɑɞɡ ɔɨɟɤ Ŭˊɧ Űɖɜ ɗɏůɖ ɘůɞɟɟɞˊɑŬɠ. ȷɚɚɘɩɠ ɞɟɑɕŮŰŬɘ ůŬɜ Űɞɜ ɢɟɧɜɞ ŬɜɎɛŮůŬ ůŰɖɜ 

ŭɘɏɚŮɡůɖ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ əɞɟɡűɩɜ əɨɛŬŰɞɠ Ŭˊɧ ɏɜŬ ɞɟɘůɛɏɜɞ ůɖɛŮɑɞ. 

ɇŬɢɨŰɖŰŬ əɨɛŬŰɞɠ C: ɖ ŬˊɧůŰŬůɖ ˊɞɡ ŭɘŬɜɨŮɘ Űɞ ɛɏŰɤˊɞ Űɞɡ əɨɛŬŰɞɠ ůŰɖɜ ɛɞɜɎŭŬ Űɞɡ 

ɢɟɧɜɞɡ (ɞ ɚɧɔɞɠ Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ ˊɟɞɠ Űɖɜ ˊŮɟɑɞŭɞ əɨɛŬŰɞɠ C=L/T). 

ȹɘŬŰɞɛɐ əɨɛŬŰɞɠ: ɖ əŬŰŬəɧɟɡűɖ ŭɘŬŰɞɛɐ əŬŰɎ Űɖɜ ŭɘŮɨɗɡɜůɖ ɛŮŰŬŭɧůŮɤɠ. 

Ⱦɞɟɡűɐ əɨɛŬŰɞɠ: Űɞ ɡɣɖɚɧŰŮɟɞ ůɖɛŮɑɞ ŰŬɚɎɜŰɤůɖɠ Űɤɜ ɡɔɟɩɜ ůɤɛŬŰɘŭɑɤɜ ˊɎɜɤ Ŭˊɧ Űɖɜ 

ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ůŮ ɖɟŮɛɑŬ. 

ȾɞɘɚɑŬ əɨɛŬŰɞɠ: Űɞ ɢŬɛɖɚɧŰŮɟɞ ůɖɛŮɑɞ ŰŬɚɎɜŰɤůɖɠ Űɤɜ ɡɔɟɩɜ ůɤɛŬŰɘŭɑɤɜ əɎŰɤ Ŭˊɧ Űɖɜ 

ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ůŮ ɖɟŮɛɑŬ. 

ȸɎɗɞɠ ɜŮɟɞɨ h: ɖ ůŰɎɗɛɖ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ ˊɎɜɤ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ ůŮ 

ɖɟŮɛɑŬ.  

ɆɢŮŰɘəɧ ɓɎɗɞɠ ɜŮɟɞɨ: ɞ ɚɧɔɞɠ Űɞɡ ɓɎɗɞɡɠ Űɞɡ ɜŮɟɞɨ ˊɟɞɠ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ h/L. ɇŬ ɜŮɟɎ 

ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

× ȸŬɗŮɘɎ ɜŮɟɎ ɔɘŬ h/L Ó 0,50 

× ȺɜŭɘɎɛŮůŬ ɜŮɟɎ ɔɘŬ 0,04 Ò h/L Ò 0,50 

× ɅɖɢɎ ɜŮɟɎ ɔɘŬ h/L Ò 0,04 

ɆȼɈ (ɆŰɎɗɛɖ ȼɟŮɛɞɨɜŰɞɠ ȴŭŬŰɞɠ): ɖ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ůŮ ɖɟŮɛɑŬ. 

ȳůɞɜ ŬűɞɟɎ Űɞɡɠ ŰɟɘůŭɘɎůŰŬŰɞɡɠ əɡɛŬŰɘůɛɞɨɠ ɞɘ ɞɟɘůɛɞɑ ŬɡŰɞɑ ɘůɢɨɞɡɜ, ɤůŰɧůɞ ˊɟɏˊŮɘ ɜŬ 

ŮɘůŬɢɗŮɑ əŬɘ ɞ ɧɟɞɠ Űɞɡ ɛɐəɞɡɠ əɞɟɡűɐɠ əɨɛŬŰɞɠ.  

(ɀɞɡɜŰɕɞɨɟɖɠ Ⱦ. 2009) 

 
ȺɘəɧɜŬ 3.1  ɇɡˊɘəɐ ŭɘŬŰɞɛɐ ŭɘůŭɘɎůŰŬŰɞɡ ɛɞɜɞɢɟɤɛŬŰɘəɞɨ əɨɛŬŰɞɠ 

(Ʉɖɔɐ: ɀɞɡɜŰɕɞɨɟɖɠ Ⱦ., 2009) 

σȢς  ɥʋʉʐʘʇɻ ɻʌʋʍʍʝʒʂʎʂʏ ʆʑʈɻʐʅʆʙʏ ʀʉʘʍɾʀʅɻʏ ʐʂʏ ʀʆʗʎʐʋʐʀ 

ʐʀʔʉʋʇʋɾʚɻʏ  

ɇŬ əɨɛŬŰŬ űɏɟɞɡɜ ɧˊɤɠ ɏɢŮɘ ˊɟɞŬɜŬűŮɟɗŮɑ ůɖɛŬɜŰɘəɎ ˊɞůɎ ŮɜɏɟɔŮɘŬɠ ŰŬ ɞˊɞɑŬ ɤůŰɧůɞ 

ŮɑɜŬɘ ŬŭɨɜŬŰɞ ɜŬ Ŭˊɞɟɟɞűɖɗɞɨɜ Ůɝô ɞɚɞəɚɐɟɞɡ Ŭˊɧ ɞˊɞɘŬŭɐˊɞŰŮ ůɨůŰɖɛŬ Ŭɝɘɞˊɞɑɖůɐɠ Űɞɡɠ. 

Ƀɘ ˊɘɞ ŬəɟɘɓŮɑɠ ɛɏɗɞŭɞɘ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ ŰɏŰɞɘɤɜ ůɡůŰɖɛɎŰɤɜ ŮɑɜŬɘ ɞɘ 

ˊŮɘɟŬɛŬŰɘəɏɠ ɛɏɗɞŭɞɘ ɛŮ ŭɘŬŰɎɝŮɘɠ ɛɘəɟɧŰŮɟɖɠ əɚɑɛŬəŬɠ Ŭˊɧ ŰŬ ˊɟɤŰɧŰɡˊŬ. ȽŭɘŬɘŰɏɟɤɠ 

ɤűɏɚɘɛɖ, ɧɛɤɠ, ŮɑɜŬɘ əŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɞɟɘůɛɏɜɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɔɘŬ Űɞɜ ɎɛŮůɞ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮɝŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ɛɏůɤ ɞɟɘůɛɏɜɤɜ əɡɛŬŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. ɆŰɧɢɞɠ, 

űɡůɘəɎ, ŮɑɜŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛɞɜŰɏɚɤɜ ŬɡŰɩɜ ɜŬ ˊɟɞůŮɔɔɑɕɞɡɜ ɧůɞ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ŰŬ 

ˊŮɘɟŬɛŬŰɘəɎ ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɞɡɠ. 
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3.2.1 ɬʀʔʉʋʇʋɾʚɻ ɬɻʇɻʉʐʀʑʝʈʀʉʂʏ ɫʐʙʇʂʏ ɦʀʍʋʞ ɉOscillating Water Column) 

Ƀɘ ŮɔəŬŰŬůŰɎůŮɘɠ ŬɡŰɏɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬɜ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ ɗŬɚɎɛɞɡɠ ɛŮ ŭɨɞ ŬɜɞɑɔɛŬŰŬ 

ůŮ əɎɗŮ ɏɜŬɜ: ɏɜŬ ˊɟɞɠ Űɖɜ ɗɎɚŬůůŬ əŬɘ ɏɜŬ ˊɟɞɠ Űɖɜ ŬŰɛɧůűŬɘɟŬ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɟɔŬ 

ɢŮɟůŬɑŬ ɐ ˊŬɟɎəŰɘŬ, ɓɡɗɘůɛɏɜŬ Ůɜ ɛɏɟŮɘ ůŰɖɜ ɗɎɚŬůůŬ ɆŰɞ Ɏɚɚɞ ɎɜɞɘɔɛɎ Űɞɡɠ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŰɞɡɟɛˊɑɜŮɠ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘůŰɟŮűɧɛŮɜŮɠ ɗɏŰɞɡɜ ůŮ ɚŮɘŰɞɡɟɔɑŬ Űɘɠ ɔŮɜɜɐŰɟɘŮɠ 

ɖɚŮəŰɟɘůɛɞɨ Űɞɡ ɏɟɔɞɡ. ɆŮ ɛŮɟɘəɏɠ ŭɘŬŰɎɝŮɘɠ ɏɜŬ ŰɟɑŰɞ ɎɜɞɘɔɛŬ (ůŰɖɜ ŬŰɛɧůűŬɘɟŬ) ɟɡɗɛɑɕŮɘ 

Űɖɜ ˊɑŮůɖ Űɞɡ ŬɏɟŬ ɧŰŬɜ ŬɡŰɐ ɝŮˊŮɟɎůŮɘ əɎˊɞɘŬ ɧɟɘŬ, ɛŮ ůəɞˊɧ Űɖɜ Ŭˊɞűɡɔɐ ɕɖɛɘɩɜ ůŰɘɠ 

ŰɞɡɟɛˊɑɜŮɠ (ɓŬɚɓɑŭŮɠ ŬɜŬəɞɨűɘůɖɠ ˊɘɏůŮɤɠ).  

ȳˊɤɠ ɏɢŮɘ ˊɟɞŬɜŬűŮɟɗŮɑ, ɖ ůŰɎɗɛɖ Űɞɡ ɜŮɟɞɨ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɗŬɚɎɛɞɡ ŬɜŮɓŬɑɜŮɘ ɧŰŬɜ ɞɘ 

əɞɟɡűɏɠ Űɤɜ əɡɛŬŰɘůɛɩɜ ˊɚɖůɘɎɕɞɡɜ əŬɘ ˊɟɞůˊɑˊŰɞɡɜ ůŰɞ Ůɛˊɟɧůɗɘɞ Űɞɑɢɞ Űɤɜ 

ŮɔəŬŰŬůŰɎůŮɤɜ, Ůɜɩ Űɞ ŬɜŰɑɗŮŰɞ ůɡɛɓŬɑɜŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ əɞɘɚɘɩɜ, ɛŮ ɛɑŬ ŭɘŬűɞɟɎ 

űɎůɖɠ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɞɟɘůɛɏɜɖ ˊɞůɧŰɖŰŬ ŬɏɟɘŬɠ ɛɎɕŬɠ ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ Űɖɜ ɡɔɟɐ ɛɎɕŬ, 

Űɖɜ ŮɘůŮɟɢɧɛŮɜɖ Ŭˊɧ Űɞ ɎɜɞɘɔɛŬ ůŰɖɜ ɗɎɚŬůůŬ, ɢɤɟɑɠ ɜŬ ɡˊɎɟɢŮɘ ɞˊɞɘŬŭɐˊɞŰŮ ŬɜɎɛŮɘɝɖ 

(ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ůŬɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ůɩɛŬŰŬ). ũɘŬ ɛŮɔɎɚŬ ɛɐəɖ əɨɛŬŰɞɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ 

ˊɚɎŰɞɠ Űɞɡ ɗŬɚɎɛɞɡ, ɖ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ůŰɐɚɖɠ ŮɑɜŬɘ ŮˊŬɟəɩɠ ŮˊɑˊŮŭɖ ɔɘŬ ɜŬ 

ɗŮɤɟɖɗŮɑ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬůɡɛˊɘŮůŰɧŰɖŰɎ, Űɖɠ ɧŰɘ ŰŬɚŬɜŰɩɜŮŰŬɘ ůŬɜ ɏɜŬ ɏɛɓɞɚɞ. ɆŰɞ 

ŬˊɚɞɡůŰŮɡɛɏɜɞ ŬɡŰɧ ɛɞɜŰɏɚɞ ɞɘ ɡŭɟɞŭɡɜŬɛɘəɏɠ ŮɝɘůɩůŮɘɠ ŮəűɟɎɕɞɜŰŬɘ ɛŮ ɧɟɞɡɠ ŭɡɜɎɛŮɤɜ 

əŬɘ ŰŬɢɡŰɐŰɤɜ. ȷɜŰɑɗŮŰŬ ůŰɞ ŭŮɨŰŮɟɞ ŬɡůŰɖɟɧŰŮɟɞ ɛɞɜŰɏɚɞ ɞɘ ŮɝɘůɩůŮɘɠ ŮəűɟɎɕɞɜŰŬɘ ɛŮ 

ɧɟɞɡɠ ˊɑŮůɖɠ əŬɘ ɟɡɗɛɞɨ ɟɞɐɠ (ȺɘəɧɜŬ 3.2). ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɖ 

ůɡɛˊɑŮůɖ əŬɘ ɖ Ŭ́ ɞůɡɛˊɑŮůɖ Űɞɡ ɡˊŮɟəŮɑɛŮɜɞɡ ŬɏɟŬ ˊɞɡ ˊɟɞəŬɚŮɑ Űɖɜ əɑɜɖůɖ Űɤɜ 

ˊŰŮɟɡɔɑɤɜ Űɤɜ Űɞɡɟɛˊɘɜɩɜ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɖɜ ˊŬɟŬɔɤɔɐ ɏɟɔɞɡ. ȼ ŮɜɏɟɔŮɘŬ Űɤɜ 

əɡɛŬŰɘůɛɩɜ ŭŮɜ ŮɘůɏɟɢŮŰŬɘ ŬəɏɟŬɘŬ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ ɚɧɔɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ŬɜɎəɚŬůɖɠ 

əŬɘ Űɖɠ ˊŮɟɑɗɚŬůɖɠ Űɞɡɠ Űɖɜ ůŰɘɔɛɐ Űɖɠ ˊɟɧůˊŰɤůɖɠ. ȼ ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ Űɞɡ ˊŬɟŬˊɎɜɤ 

űŬɘɜɞɛɏɜɞɡ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

ῴὭ Ὁὶ Ὁὸ ῴÁ        (1)   

ɧ́ ɞɡ,  

Ⱥi: ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ ˊɟɞůˊɑˊŰɞɜŰɞɠ əɨɛŬŰɞɠ 

Ⱥr: ɖ ŬɜŬəɚɩɛŮɜɖ əɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ 

Ⱥt: ɖ ˊŮɟɘɗɚɩɛŮɜɖ əɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ 

Ⱥa: ɖ Ŭűɞɛɞɘɤɛɏɜɖ, Ŭˊɧ Űɖɜ ůŰɐɚɖ ɨŭŬŰɞɠ, ŮɜɏɟɔŮɘŬ  

 
ȺɘəɧɜŬ 3.2  (a) ɎəŬɛˊŰɖ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ (ˊɘůŰɧɜɘ) (b) ˊŬɟŬɛɞɟűɤɛɏɜɖ ŮɚŮɨɗŮɟɖ 

ŮˊɘűɎɜŮɘŬ 

(Ʉɖɔɐ: Falc«o A. et al, 2015) 
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ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɗŮɤɟɑŬ ŬˊŮɘɟɞůŰɞɨ ɨɣɞɡɠ (Airy) ɖ ůɡɜɞɚɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ ˊɟɞůˊɑˊŰɞɜŰɞɠ 

əɨɛŬŰɞɠ ɘůɞɨŰŬɘ ɛŮ Űɞ ɎɗɟɞɘůɛŬ Űɖɠ əɘɜɖŰɘəɐɠ əŬɘ ŭɡɜŬɛɘəɐɠ Űɞɡ ŮɜɏɟɔŮɘŬɠ: 

ὉὭὉὴ ὉὯ ”zz Ὣ Ὄz ὒz        (2) 

ɧ́ ɞɡ, 

ɟ: ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ (kg/ά ) 

g: ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ (m/ί) 

ȼ: Űɞ ɨɣɞɠ əɨɛŬŰɞɠ (m) 

L: Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ(m) 

Ƀɘ ŮɜɏɟɔŮɘŮɠ ŬɜɎəɚŬůɖɠ əŬɘ ˊŮɟɑɗɚŬůɖɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮəűɟŬůɗɞɨɜ ůɡɜŬɟŰɐůŮɘ Űɤɜ 

ɞɛɩɜɡɛɤɜ ůɡɜŰŮɚŮůŰɩɜ (Cr: ůɡɜŰŮɚŮůŰɐɠ ŬɜɎəɚŬůɖɠ əŬɘ Ct: ůɡɜŰŮɚŮůŰɐɠ ˊŮɟɑɗɚŬůɖɠ): 

Ὁὶ ὉὭzὅὶ   (3)  əŬɘ   Ὁὸ ὉὭzὅὸ   (4) 

Ƀ ůɡɜŰŮɚŮůŰɐɠ Cr ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɚɧɔɞɠ Űɞɡ ɨɣɞɡɠ Űɞɡ ŬɜŬəɚɩɛŮɜɞɡ əɨɛŬŰɞɠ (Hr) ˊɟɞɠ Űɞ 

ɨɣɞɠ Űɞɡ ˊɟɞůˊɑˊŰɞɜŰɞɠ əɨɛŬŰɞɠ (H): 

ὅὶ           (5) 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ  Ct ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɚɧɔɞɠ Űɞɡ ɨɣɞɡɠ Űɞɡ əɨɛŬŰɞɠ ŭɑˊɚŬ (ɔɘŬ ɢŮɟůŬɑŬ ɏɟɔŬ) ɐ 

ˊɑůɤ (ɔɘŬ ˊŬɟɎəŰɘŬ ɏɟɔŬ) Ŭˊɧ Űɖɜ ůɡůəŮɡɐ (Ht)  ˊɟɞɠ Űɞ ɨɣɞɠ Űɞɡ ˊɟɞůˊɑˊŰɞɜŰɞɠ əɨɛŬŰɞɠ 

(H): 

ὅὸ           (6) 

ɇɞ ˊɞůɧ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŬˊɞɛɏɜŮɘ əŬŰŬɚɐɔŮɘ ůŰɖɜ ŰŬɚŬɜŰŮɡɧɛŮɜɖ ůŰɐɚɖ ɨŭŬŰɞɠ ůŰɞ 

ŮůɤŰŮɟɘəɧ Űɞɡ ɗŬɚɎɛɞɡ əŬɘ ŬˊɞŰŮɚŮɑ Űɖɜ Ůɜ ŭɡɜɎɛŮɘ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟŬɢɗŮɑ. ɀŮ Ŭˊɚɏɠ ŬɜŰɘəŬŰŬůŰɎůŮɘɠ ˊɟɞəɨˊŰŮɘ ɖ Ůɝɑůɤůɖ: 

ὉÁ ὉὭz ρ ὅὶ ὅὸ              (7) 

ȰɜŬ ɛɏɟɞɠ Űɖɠ ŮɘůŮɟɢɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ (Ee) ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɖɜ ŰŬɚɎɜŰɤůɖ Űɞɡ ɜŮɟɞɨ ůŰɞ 

ŮůɤŰŮɟɘəɧ Űɞɡ ɗŬɚɎɛɞɡ (Es) əŬɘ ɏɜŬ ɛɏɟɞɠ Űɖɠ űŰɎɜŮɘ ůŰɘɠ ŰɞɡɟɛˊɑɜŮɠ ůɡɜŮɘůűɏɟɞɜŰŬɠ ůŰɖɜ 

ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ (Ee). ȺˊɘˊɟɞůɗɏŰɤɠ, ɧˊɤɠ ůŮ əɎɗŮ űɡůɘəɐ ŭɘŮɟɔŬůɑŬ ɡűɑůŰŬɜŰŬɘ  

Ŭɩ́ɚŮɘŮɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɗɟŬɨůɖ əŬɘ ůŮ ůŰɟɞɓɘɚɘůɛɞɨɠ Űɤɜ əɡɛɎŰɤɜ əŬŰɎ 

Űɖɜ Ůɘůɟɞɐ Űɞɡɠ ůŰɞɜ ɗɎɚŬɛɞ əŬɗɩɠ əŬɘ ůŰɘɠ ˊŮɟɘɞɟɘůɛɏɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɤɜ Űɞɡɟɛˊɘɜɩɜ əŬɘ 

ɔŮɜɘəɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɝŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ (Power Take Off system ɐ PTO system) (El): 

ὉÁ ὉίὉὩ Ὁὰ        (8) 

ȼ ŮɜɏɟɔŮɘŬ Es ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛɏůɤ Űɖɠ ŰŬɚŬɜŰɩůŮɤɠ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɜŮɟɞɨ 

Ŭˊɧ Űɖɜ ɗɏůɖ ɘůɞɟɟɞˊɑŬɠ Űɞɡ ɛɏůŬ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ əŬɘ ŮəŰɘɛɎŰŬɘ ŬɜɎ ɛɞɜɎŭŬ ˊɚɎŰɞɡɠ (9) 

ŬɚɚɎ əŬɘ ɤɠ ɛɏůɖ ŮɜɏɟɔŮɘŬ ɔɘŬ ɛɑŬ ˊŮɟɑɞŭɞ əɨɛŬŰɞɠ (10) 

Ὁί ”zz Ὣ ὲz ὦz          (9) 

Ὁί ᶻ᷿ ”zz Ὣ ὲz ὦzὨὸ ”zz Ὣz Ὄύz ὦ      (10) 
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ɧˊɞɡ, 

ɟ: ŮɑɜŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ (kg/m
3
) 

g: ŮɑɜŬɘ ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ (m/s
2
) 

n: ŮɑɜŬɘ ɖ Ůɝɑůɤůɖ ŰŬɚɎɜŰɤůɖɠ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ůŰɞɜ ɗɎɚŬɛɞ 

b: ŮɑɜŬɘ Űɞ ˊɚɎŰɞɠ Űɞɡ ɗŬɚɎɛɞɡ (m) 

Hw: ŮɑɜŬɘ Űɞ ɨɣɞɠ ŰŬɚɎɜŰɤůɖɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ůŰɞɜ ɗɎɚŬɛɞ (m) 

ɆŮ ɛɑŬ ˊŮɟɑɞŭɞ əɨɛŬŰɞɠ ɖ ŮɜɏɟɔŮɘŬ (Ee) ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ ůŰɘɠ ŰɞɡɟɛˊɑɜŮɠ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ 

ɞɚɞəɚɐɟɤɛŬ Űɞɡ ɔɘɜɞɛɏɜɞɡ Űɖɠ ŭɘŬűɞɟɎɠ Űɖɠ ŮɜŭɧŰŮɟɖɠ əŬɘ ŮɝɩŰŮɟɖɠ ˊɑŮůɖɠ Űɞɡ ŬɏɟŬ 

(ȹp(t)) ɛŮ Űɞɜ ɟɡɗɛɧ ɟɞɐɠ Űɞɡ ŬɏɟŬ ůŰɞ ůɨůŰɖɛŬ ŮɝŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ (PTO system) (Q(t)) ůŮ 

əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ: 

ὉὩ ᷿ῳὴὸ ὗzὸὨὸ         (11) 

(Elhanafi A. et al., 2017) 

ɇɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŭɡůɢŮɟŬɑɜŮɘ ɖ ůɡɛˊɘŮůŰɧŰɖŰŬ Űɞɡ ɡˊŮɟəŮɑɛŮɜɞɡ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ 

ŬɏɟŬ ůŰɞɜ ɗɎɚŬɛɞ. ȼ ɛɎɕŬ Űɞɡ ŬɏɟŬ ŬɡŰɞɨ (Sheng W. et al. 2013) ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ɔɘɜɧɛŮɜɞ 

Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɞɡ (ɟc) ɛŮ Űɞɜ ůɡɜɞɚɘəɧ ɧɔəɞ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ ůŰɞɜ ɗɎɚŬɛɞ (V): 

          ά ”Ãz ὠ      (12) 

ȷˊɧ Űɖɜ ɘůɞŰɟɞˊɘəɐ ɗŮɩɟɖůɖ: ὴz ”Ã ὴÁz ”Á  ˊɟɞəɨˊŰŮɘ ɖ ˊɡəɜɧŰɖŰŬ ɟc:  

        ”ὧ ”ɻᶻρ ὴȾ‎z ὴÁ            (13) 

ȺˊɘˊɟɞůɗɏŰɤɠ ɞ ɧɔəɞɠ V ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŬűŬɑɟŮůɖ Űɞɡ ɡŭɎŰɘɜɞɡ Ŭˊɧ Űɞɜ ůɡɜɞɚɘəɧ ɧɔəɞ 

V0 Űɞɡ ɗŬɚɎɛɞɡ Űɞɡ ɏɟɔɞɡ: 

        ὠ ὠπ ὃÃz Ὤᴂ                 (14) 

Ƀ ɟɡɗɛɧɠ ɟɞɐɠ Űɖɠ ŬɏɟɘŬɠ ɛɎɕŬɠ ɛɏůɤ Űɤɜ Űɞɡɟɛˊɘɜɩɜ ɔɟɎűŮŰŬɘ ɤɠ Ůɝɐɠ: 

            ὨάȾὨὸ ὨȾὨὸ ”ὧ z ὠ                                               (15) 

ɇŮɚɘəɎ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ůɢɏůŮɘɠ ɞɘ Sarmento A. əŬɘ Falcao A. (Sarmento, A. and Falcao ȷ., 

1985) ˊɟɧŰŮɘɜŬɜ Űɞɜ ˊŬɟŬəɎŰɤ Űɨˊɞ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŭɘŮɟɢɧɛŮɜɖɠ Ŭˊɧ Űɘɠ 

ŰɞɡɟɛˊɑɜŮɠ ˊŬɟɞɢɐɠ Űɞɡ ŬɏɟŬ: 

               1Ô 1
π

ᶻ
ᶻ                 (16) 

ɧ́ ɞɡ, ὗ ὃÃz  , ὗÔ ὃÔz όÁ  əŬɘ  ὠπ ὃÃz ὣ 

Ƀ ŭŮɨŰŮɟɞɠ ɧɟɞɠ Űɖɠ Ůɝɑůɤůɖɠ ŭɘɞɟɗɩɜŮɘ Űɖɜ ůɢɏůɖ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ Űɖɜ ůɡɛˊɑŮůɖ əŬɘ 

Űɖɜ ŬˊɞůɡɛˊɑŮůɖ Űɞɡ ŬɏɟŬ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŭɘŬűɞɟɎ Űɖɠ ŮɝɤŰŮɟɘəɐɠ əŬɘ 

ŮɜŭɧŰŮɟɖɠ ˊɑŮůɖɠ. ɀŮ Űɖɜ Ɏɜɞŭɞ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ 

ůŰɐɚɖɠ ɞ ɧɔəɞɠ ŬɏɟŬ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɗŬɚɎɛɞɡ ůɡɛˊɘɏɕŮŰŬɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ 

Űɖɠ ˊɡəɜɧŰɖŰɎɠ Űɞɡ. ȳŰŬɜ ŬɡŰɐ ɝŮˊŮɟɎůŮɘ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ŬŰɛɞůűŬɘɟɘəɞɨ ŬɏɟŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŭɘŬɟɟɞɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɛɏůɤ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭˊɞɟɟɧűɖůɖɠ 

ŮɜɏɟɔŮɘŬɠ (PTO). ȼ ŬɜŰɑɗŮŰɖ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬŰɎ Űɖɜ ˊŰɩůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ 

ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ. 
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ɇŬ ɎɔɜɤůŰŬ ɛŮɔɏɗɖ ŮɑɜŬɘ Űɞ hȭ əŬɘ Űɞ p. Ƀɘ Setoguchi T. et al., (1999) ůɡɜɏŭŮůŬɜ Űɞ ɓɎɗɞɠ 

Űɞɡ ˊɟɞůˊɑˊŰɞɜŰɞɠ əɨɛŬŰɞɠ Hȭ ɛŮ Űɞ ɓɎɗɞɠ Űɞɡ ɜŮɟɞɨ ůŰɞɜ ɗɎɚŬɛɞ hȭ, ɛŮ ɎɚɚŬ ɚɧɔɘŬ 

əŬɗɧɟɘůŬɜ Űɖɜ Ŭˊɧəɟɘůɖ Űɖɠ ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ ůŰɐɚɖɠ ɜŮɟɞɨ ůŰŬ ŮɘůŮɟɢɧɛŮɜŬ əɨɛŬŰŬ əɎɗŮ 

ůŰɘɔɛɐ: 

                                    ”Óz ὬᴂzὃÃz ”Óz ὫὌᴂ Ὤᴂ ῳὴ ὃzÃ                         (17) 

ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ ɖ ˊŰɩůɖ Űɖɠ ˊɑŮůɖɠ ȹp ŬˊɞŰŮɚŮɑ ůɡɜɎɟŰɖůɖ Űɖɠ ˊŬɟɞɢŮŰŮɡŰɘəɧŰɖŰŬɠ Űɞɡ 

ŬɏɟŬ Q(t) əŬɘ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŰɞˊɞɗŮŰɖɛɏɜɤɜ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ Űɞɡɟɛˊɘɜɩɜ: 

                                        ῳὴὸ ὅÁz
ʍÃzÂzÌρzÎ

ς
ᶻ
ρ

ɻρ
ᶻόÁ ὶz ʖÔ                     (18) 

ɇŬ ɛŮɔɏɗɖ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɘɠ ŮɝɘůɩůŮɘɠ (11) ɏɤɠ (18) űŬɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ: 

¶ m: ɖ ɛɎɕŬ ŬɏɟŬ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɗŬɚɎɛɞɡ ŮɔəŬŰɎůŰŬůɖɠ (Kg) 

¶ V: ɞ ɧɔəɞɠ ŬɏɟŬ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɗŬɚɎɛɞɡ ŮɔəŬŰɎůŰŬůɖɠ (Íσ) 

¶ V0: ɞ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ ɗŬɚɎɛɞɡ ŮɔəŬŰɎůŰŬůɖɠ (Íσ) 

¶ Ac: Űɞ ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ ɗŬɚɎɛɞɡ ŮɔəŬŰɎůŰŬůɖɠ (Íς) 

¶ At: Űɞ ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ ůŰɞɛɑɞɡ ŮɘůŬɔɤɔɐɠ-ŮɝŬɔɤɔɐɠ ŬɏɟŬ (Íς) 

¶ Y: Űɞ ůɡɜɞɚɘəɧ ɨɣɞɠ ɗŬɚɎɛɞɡ ŮɔəŬŰɎůŰŬůɖɠ (m) 

¶ p: ɖ ́ɑŮůɖ ŬɏɟŬ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɗŬɚɎɛɞɡ ŮɔəŬŰɎůŰŬůɖɠ (Pa) 

¶ pa: ɖ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (Pa) 

¶ ȹp: ɖ ́Űɩůɖ ˊɑŮůɖɠ (p-pa) (Pa) 

¶ g: ɖ ŮˊɘŰɎɢɡɜůɖ ɓŬɟɨŰɖŰŬɠ (=9,81Í Óςϳ ) 

¶ hȭ
1
: Űɞ ɨɣɞɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ (m) 

¶ Hȭ: Űɞ ɓɎɗɞɠ ɜŮɟɞɨ ůŰɞ ůɖɛŮɑɞ ˊɟɧůˊŰɤůɖɠ Űɤɜ əɡɛɎŰɤɜ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ (m) 

¶ ɟc: ɖ ́ɡəɜɧŰɖŰŬ ŬɏɟŬ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɗŬɚɎɛɞɡ ŮɔəŬŰɎůŰŬůɖɠ (ËÇÍσϳ ) 

¶ ɟa: ɖ ́ɡəɜɧŰɖŰŬ ŬŰɛɞůűŬɘɟɘəɞɨ ŬɏɟŬ (ËÇÍσϳ ) 

¶ ɟs: ɖ ́ɡəɜɧŰɖŰŬ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ (ËÇÍσϳ ) 

¶ ɔ: ɖ Ůɘŭɘəɐ ŬɜŬɚɞɔɑŬ ɗŮɟɛɧŰɖŰŬɠ ŬɏɟŬ (=1,4) 

¶ Q(t): ɖ ́Ŭɟɞɢɐ Űɞɡ ŬɏɟŬ ɛɏůɤ Űɤɜ Űɞɡɟɛˊɘɜɩɜ (ÍσÓϳ) 

¶ Q: ɖ ́Ŭɟɞɢɐ Űɞɡ ŬɏɟŬ ɛɏůɤ Űɤɜ Űɞɡɟɛˊɘɜɩɜ ɤɠ ŬůɡɛˊɑŮůŰɞ ɟŮɡůŰɧ (ÍσÓϳ) 

¶ ua: ɖ Ŭɝɞɜɘəɐ ŰŬɢɨŰɖŰŬ ɟɞɐɠ Űɞɡ ŬɏɟŬ ɛɏůɤ Űɤɜ Űɞɡɟɛˊɘɜɩɜ (Í Óϳ) 

¶ Ca: ɞ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ 

¶ b: Űɞ ɨɣɞɠ Űɤɜ ɚŮˊɑŭɤɜ Űɤɜ Űɞɡɟɛˊɘɜɩɜ (m) 

¶ l1: Űɞ ɛɐəɞɠ Űɤɜ ɢɞɟŭɩɜ Űɤɜ ɚŮˊɑŭɤɜ (m) 

¶ n: ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɚŮˊɑŭɤɜ 

¶ Ŭ1: ɖ ́Ůɟɘɞɢɐ ŰɛɐɛŬŰɞɠ Űɤɜ ɚŮˊɑŭɤɜ (ŬɗɟɞɘůŰɘəɐ ŮˊɘűɎɜŮɘŬ ɚŮˊɑŭɤɜ) (Íς) 

¶ r : ɖ ɛɏůɖ ŭɘɎɛŮŰɟɞɠ Űɖɠ ŰɞɡɟɛˊɑɜŬɠ (m) 

¶ ɤt: ɔɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ ůŰɟɞɓɑɚɞɡ (ÒÁÄÓϳ) 

                                                           
1
 ɳʽʵʽˁˈˍʶˊʰ ʹ ˍʰ˂ʱ˄ˍ˖ˋʹ ˍʹˌ ˎʵʱˍʽ˄ʹˌ ˋˍʺ˂ʹˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˉ˂ʱˍˇˌ ˁʰʽ ˍʹ˄ ˉʶˊʾˇʵˇ ˍʰ˂ʱ˄ˍ˖ˋʹˌ ˍ˖˄ 
ˉˊˇˋˉʽˉˍˈ˄ˍ˖˄ ˁˎ˃ʱˍ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ʱ˂˂ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˈˉ˖ˌ ˍˇ ʲˏʻʽˋ˃ʰ ˍˇˎ ʶ˃ˉˊˈˋʻʽˇˎ ˍˇʾ˔ˇˎ όd) ̱ ʹˌ 
ʶʴˁʰˍʱˋˍʰˋʹˌ ˁʰʽ ʹ ʵʽʱ˃ʶˍˊˇˌ ˍˇˎ ˋˍˇ˃ʾˇˎ ʴʽʰ ˍʹ˄ ʵʽʷ˂ʶˎˋʹ ˍˇˎ ʰʷˊʰ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˍˇˎ ʻʰ˂ʱ˃ˇˎ όGervelas R. 
et  al., 2011, pp. 1007-1013). 
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ȺɘəɧɜŬ 3.3  ȳɣɖ (ˊɎɜɤ) əŬɘ əɎŰɞɣɖ (əɎŰɤ) Űɖɠ ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ ůŰɐɚɖɠ (ŮəŰɧɠ əɚɑɛŬəŬɠ) 

                          
ȺɘəɧɜŬ 3.4  Ƀɘ ŭɨɞ Űɨˊɞɘ Űɞɡɟɛˊɘɜɩɜ: Wells turbine (ŬɟɘůŰŮɟɎ) əŬɘ Impulse turbine (ŭŮɝɘɎ) 

(Ʉɖɔɐ: Lɧpez Ƚ. et al., 2013) 
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Ⱥɜ əŬŰŬəɚŮɑŭɘ, ɖ ŮɝŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ ɛŮɔɏɗɖ: 

1. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŰŬɚɎɜŰɤůɖɠ ˊɟɞůˊɘˊŰɧɜŰɤɜ əɡɛɎŰɤɜ (ˊŮɟɑɞŭɞɠ əŬɘ ɨɣɞɠ əɨɛŬŰɞɠ) 

2. ȹɘŬůŰɎůŮɘɠ ɗŬɚɎɛɞɡ ˊɟɞůŬɔɤɔɐɠ Űɞɡ ɜŮɟɞɨ (ɛɐəɞɠ, ˊɚɎŰɞɠ, ɨɣɞɠ əŬɘ ɓɨɗɘůɛŬ 

Ůɛˊɟɧůɗɘɞɡ Űɞɑɢɞɡ) əŬɗɩɠ əŬɘ Űɞ ɔŮɤɛŮŰɟɘəɧ ůɢɐɛŬ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ ůŰɖɜ ɗɎɚŬůůŬ. 

3. ȹɘŬůŰɎůŮɘɠ ůŰɞɛɑɞɡ ŮɝŬɔɤɔɐɠ əŬɘ ŮɘůŬɔɤɔɐɠ Űɞɡ ŬɏɟŬ 

4. ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ Űɞɡɟɛˊɘɜɩɜ əŬɗɞɟɘůɛɏɜŬ Ŭˊɧ Űɞɜ əŬŰŬůəŮɡŬůŰɐ. 

3.2.2 ɬʀʔʉʋʇʋɾʚɻ ʌʇʖʐʡʉ ʈʀʐɻʐʍʋʌʘʖʉ 

ȰɜŬ ɝŮɢɤɟɘůŰɧ ůɨɜɞɚɞ ŬˊɞŰŮɚɞɨɜ ɞɘ ůɢŮŭɘŬůɛɏɜŮɠ ɔɘŬ ɜŬ Ůˊɘˊɚɏɞɡɜ ůɡůəŮɡɏɠ. ɇŬ ɐŭɖ 

ɡˊɎɟɢɞɜŰŬ ˊɟɤŰɧŰɡˊŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊɚɤŰɐɟŮɠ Ůɜ ɛɏɟŮɘ ɐ ŬˊɞəɚŮɘůŰɘəɎ. ɆŰɖɜ ˊɟɩŰɖ 

əŬŰɖɔɞɟɑŬ ɞɘ ˊɚɤŰɐɟŮɠ, ŬˊɞŰŮɚɩɜŰŬɠ ɏɟɛŬɘɞ Űɤɜ əɡɛɎŰɤɜ, əɘɜɞɨɜŰŬɘ ɤɠ ˊɟɞɠ ɏɜŬ ůɖɛŮɑɞ 

ŬɜŬűɞɟɎɠ ŮɜŮɟɔɞˊɞɘɩɜŰŬɠ Űɞɜ ɛɖɢŬɜɞɚɞɔɘəɧ Ůɝɞˊɚɘůɛɧ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ. ɋɠ 

ůɖɛŮɑŬ ŬɜŬűɞɟɎɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ŰŬ ɛɏɚɖ Űɤɜ əŬŰŬůəŮɡɩɜ ŰŬ ɞˊɞɑŬ ŬɔəɡɟɞɓɞɚɞɨɜŰŬɘ ɐ 

ɗŮɛŮɚɘɩɜɞɜŰŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ əŬɘ ŬəɘɜɖŰɞˊɞɘɞɨɜŰŬɘ.. ȺɜŬɚɚŬəŰɘəɎ, ˊɚɤŰɐɟŮɠ ůɡɜŭŮŭŮɛɏɜɞɘ 

ŬɟɗɟɤŰɎ əŬɘ Ŭɔəɡɟɞɓɞɚɖɛɏɜɞɘ ůŰɞɜ ˊɡɗɛɏɜŬ ůɢɖɛŬŰɑɕɞɡɜ ůɡůəŮɡɏɠ ɛŮ ɛŮɔɎɚɞ ɛɐəɞɠ ɞɘ 

əɘɜɐůŮɘɠ Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ ŮɜŬɟɛɞɜɘůɛɏɜŮɠ ɛŮ Űɞ əɡɛŬŰɘəɧ ˊɟɞűɑɚ Űɖɠ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐɠ. ɆŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɞɘ ŬəŬɜɧɜɘůŰŮɠ əɘɜɐůŮɘɠ Űɤɜ ɔŮɘŰɞɜɘəɩɜ ˊɚɤŰɐɟɤɜ əɘɜɞɨɜ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɖɚŮəŰɟɘůɛɧ.  

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŮɝŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɨɜɗŮŰɖ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ 

ůɡɜɡˊɞɚɞɔɑɕɞɜŰŬɘ əŬŰŬůəŮɡŬůŰɘəɞɑ əŬɘ ɡŭɟɞŭɡɜŬɛɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ əŬɗɩɠ əŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊŮɘɟŬɛŬŰɘəɩɜ ŭɞəɘɛɩɜ ɛŮ ˊɟɤŰɧŰɡˊŬ ɛɘəɟɧŰŮɟɖɠ əɚɑɛŬəŬɠ. ɄŬɟŬŭŮɑɔɛŬŰŬ ŰɏŰɞɘɤɜ 

ŬˊɞŰŮɚɞɨɜ ɖ ŬŭɟɎɜŮɘŬ Űɞɡ ŰŬɚŬɜŰŮɡɧɛŮɜɞɡ ůɩɛŬŰɞɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ, ɖ ŬˊɧůɓŮůɖ Űɞɡ 

ɛɖɢŬɜɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ (ůɨůŰɖɛŬ PTO), ɖ ɡŭɟɞŭɡɜŬɛɘəɐ ŬˊɧůɓŮůɖ əŬɘ əŬŰô ŮˊɏəŰŬůɖ 

əŬɘ Űɞ Ůɨɟɞɠ əɑɜɖůɖɠ Űɤɜ ˊɚɤŰɐɟɤɜ. ɆɡɜŮˊɩɠ ɛŮɑɕɞɜɞɠ ůɖɛŬůɑŬɠ ŮɑɜŬɘ əŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ 

Űɞɡɠ ɛŮɔɏɗɞɡɠ Űɤɜ ůɡůəŮɡɩɜ, ŭɖɚŬŭɐ Űɖɠ ɛɎɕŬɠ əŬɘ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɞɡɠ (Fernadez Perez, 

M., 2013). ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŬɡŰɏɠ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ɞɘ əŬŰŬůəŮɡŬůŰɏɠ əŬŰɐɟŰɘůŬɜ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ əŬɛˊɨɚŮɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ Űɤɜ ɏɟɔɤɜ ŬɡŰɐɠ Űɖɠ 

əŬŰɖɔɞɟɑŬɠ. ɄɟɞŬˊŬɘŰɞɨɛŮɜɞ ɔɘŬ Űɞɜ Ŭəɟɘɓɐ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡɠ ŬˊɞŰŮɚŮɑ ŬˊɞəɚŮɘůŰɘəɎ ɖ 

ɔɜɩůɖ Űɤɜ əɡɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɨɣɞɠ (Hm0) əŬɘ ɖ 

ˊŮɟɑɞŭɞɠ ŰŬɚɎɜŰɤůɖɠ (T) Űɤɜ əɡɛɎŰɤɜ ůŮ ɤɟɘŬɑŬ ɓɎůɖ. ũɘŬ əɎɗŮ ůɡɜŭɡŬůɛɧ Űɤɜ ŭɨɞ ŬɡŰɩɜ 

Űɘɛɩɜ ˊɟɞəɨˊŰŮɘ ɏɜŬ ůɖɛŮɑɞ ůŮ əɎɗŮ ŬˊŮɘəɧɜɘůɖ, ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ Űɖɠ ŮɝŬɔɧɛŮɜɖɠ 

ŮɜɏɟɔŮɘŬɠ.  

   
ȺɘəɧɜŬ 3.6  ɄɘɜŬəɞˊɞɘɖɛɏɜɖ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ ůŮ kW Űɖɠ ůɡůəŮɡɐɠ Pelamis P2 

(Ʉɖɔɐ: PELAMIS WEC ï CONCLUSION OF PRIMARY R&D: FINAL REPORT) 
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ȺɘəɧɜŬ 3.5  ȺɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖ ůŮ kW Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ Wave Star 

(Ʉɖɔɐ: Moschos E. et al., 2017 əŬɘ Marquis L. et al., 2010) 

3.2.3 ɬʀʔʉʋʇʋɾʚɻ ʈʀʐɻʐʍʋʌʘʖʉ ʑʌʀʍʌʂɿʂʐʡʉ ɻʌʝ ʐʋ ʑɾʍʝ ʎʐʋʅʔʀʚʋ 

ȼ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ˊŬɟŬˊɏɛˊŮɘ ůŰŬ ɢŮɟůŬɑŬ ɡŭɟɞɖɚŮəŰɟɘəɎ ɏɟɔŬ 

ˊŬɟŬɔɤɔɐɠ ŬɜŬɜŮɩůɘɛɖɠ ŮɜɏɟɔŮɘŬɠ. Ⱦɞɘɜɐ ůɡɜɘůŰɩůŬ Űɤɜ ŭɨɞ ˊŮɟɘˊŰɩůŮɤɜ ŮɑɜŬɘ ɖ ˊŰɩůɖ 

Űɞɡ ɜŮɟɞɨ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜɞ ɨɣɞɠ ůŰɞɡɠ ɡŭɟɞůŰɟɞɓɑɚɞɡɠ Űɤɜ ɞˊɞɑɤɜ ɖ ˊŮɟɘůŰɟɞűɐ ɗɏŰŮɘ ůŮ 

ɚŮɘŰɞɡɟɔɑŬ Űɘɠ ɔŮɜɜɐŰɟɘŮɠ ɖɚŮəŰɟɘůɛɞɨ ůŮ əɎɗŮ ůŰŬɗɛɧ. ȸŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ, ɚɞɘˊɧɜ, ɔɘŬ Űɖɜ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬˊɞŰŮɚŮɑ ɖ ŭɖɛɘɞɡɟɔɑŬ ɡɣɞɛŮŰɟɘəɐɠ ŭɘŬűɞɟɎɠ ɛŮŰŬɝɨ Űɖɠ 

ˊɖɔɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɞɡ ɢɩɟɞɡ ɧˊɞɡ ɓɟɑůəɞɜŰŬɘ ɡŭɟɞůŰɟɧɓɘɚɞɘ (ŰɞɡɟɛˊɑɜŮɠ). ɆŰɞ ɗŬɚɎůůɘɞ 

ˊŮɟɘɓɎɚɚɞɜ ŬɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ əŬŰŬůəŮɡɐ ɛɑŬɠ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ŭŮɝŬɛŮɜɩɜ 

ŬˊɞɗɐəŮɡůɖɠ ɜŮɟɞɨ ůŮ ůŰɎɗɛɖ ɡɣɖɚɧŰŮɟɖ Ŭˊɧ Űɖɜ ůŰɎɗɛɖ ɖɟŮɛɑŬɠ Űɤɜ ɡŭɎŰɤɜ ůŰɖɜ 

ˊŮɟɘɞɢɐ. ɋɠ Ůə ŰɞɨŰɞɡ, əɎɗŮ űɞɟɎ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ əɡɛŬŰɘůɛɞɑ, ˊɚɖůɑɞɜ Űɤɜ ɛɞɜɎŭɤɜ 

ŬɡŰɩɜ ůɡɚɚɏɔɞɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ˊɞůɧŰɖŰŮɠ ɜŮɟɞɨ ɞɘ ɞˊɞɑŮɠ ŰŮɚɘəɎ ŮˊɘůŰɟɏűɞɡɜ ůŰɖɜ ɗɎɚŬůůŬ 

ɛɏůɤ ɡŭɟɞůŰɟɞɓɑɚɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. Ƀɘ ɏɟŮɡɜŮɠ ůŮ 

ŮɟɔŬůŰɐɟɘŬ əŬɘ ůŮ ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ, ůŮ ˊɟɤŰɧŰɡˊŬ ɛɘəɟɧŰŮɟɖɠ əɚɑɛŬəŬɠ ɞŭɐɔɖůŬɜ ůŰɞ 

ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ɨɣɖ (ɧˊɤɠ ɞɘ ŭɘŬŰɎɝŮɘɠ SSG əŬɘ Waveplane) ŮɑɜŬɘ ŬˊɞŭɞŰɘəɧŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ 

ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɑŬ ɛɧɜɞ ŭŮɝŬɛŮɜɐ (ɧˊɤɠ ɖ ŭɘɎŰŬɝɖ Wave Dragon). 

ɋɠ ŬˊɞŰɏɚŮůɛŬ ŰɏŰɞɘɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɘŬŰɎɝŮɤɜ ŮəˊɞɜɐɗɖəŬɜ ɞɟɘůɛɏɜŮɠ ŮɝɘůɩůŮɘɠ 

ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ɘůɢɨɞɠ Ůɜɧɠ ɡˊŮɟˊɖŭɖŰɞɨ Ŭˊɧ Űɞ ɜŮɟɧ ɛŮŰŬŰɟɞˊɏŬ. ũɘŬ ɏɜŬ ɏɟɔɞ ɛŮ 

ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ ŭŮɝŬɛŮɜɏɠ ůŮ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ɛŮ əŬŰŬəɧɟɡűɖ ŭɘɎŰŬɝɖ ɞ ɟɡɗɛɧɠ 

Ŭˊɧɟɟɘɣɖɠ ɜŮɟɞɨ Ŭˊɧ əɎɗŮ ŮˊɑˊŮŭɞ ŬɜɎ ɛɞɜɎŭŬ ˊɚɎŰɞɡɠ (ὨήȾὨᾀ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

                                                Ὣ ὌzÓz ὃ Ὡzᶻ Ὡzᶻ
ȟρ

                                       (19) 
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ɧˊɞɡ,  

z: ɖ əɎɗŮŰɖ ůɡɜɘůŰŬɛɏɜɖ ɛŮŰɟɖɛɏɜɖ Ŭˊɧ Űɖɜ ůŰɎɗɛɖ ɖɟŮɛɞɨɜŰɞɠ ɨŭŬŰɞɠ (ɆȼɈ) ˊɟɞɠ ŰŬ 

ˊɎɜɤ (m) 

Hs: űŬůɛŬŰɘəɐ ŮəŰɑɛɖůɖ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ (m) 

Rc,j: ɡɣɞɛŮŰɟɘəɐ ŭɘŬűɞɟɎ Űɖɠ ŭŮɝŬɛŮɜɐɠ j əŬɘ ůŰɎɗɛɖɠ ɖɟŮɛɞɨɜŰɞɠ ɨŭŬŰɞɠ (ɆȼɈ) (m) 

g: ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ (m/s
2
) 

A, B, C: ŮɛˊŮɘɟɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɞɘ Űɘɛɏɠ Űɤɜ ɞˊɞɑɤɜ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ ŰŬ ɔŮɤɛŮŰɟɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ ɏɟɔɞɡ ɧˊɤɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 3.7 

h: ɖ ůŰɎɗɛɖ Űɖɠ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ ˊɎɜɤ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ ůŮ ɖɟŮɛɑŬ (m) 

dr: ɓɨɗɘůɛŬ Űɖɠ ɟɎɛˊŬɠ (m) 

HDj: ɞɟɘɕɧɜŰɘŮɠ ŬˊɞůŰɎůŮɘɠ Űɤɜ ŭɘŬŭɞɢɘəɩɜ əɞɟɡűɩɜ Ůɘůɧŭɞɡ Űɞɡ ɜŮɟɞɨ (m) 

ɗj: əɚɑůŮɘɠ ɛˊɟɞůŰɘɜɩɜ ŰɞɘɢɤɛɎŰɤɜ 

Ŭr: əɚɑůɖ Űɖɠ ɟɎɛˊŬɠ  

(Moschos E. et al. 2017) 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞɘ Űɘɛɏɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ɔɘŬ ὨÒὬ ρϳ  əŬɘ Ŭr=ɗj=30ę-35 ᵎ ŮɑɜŬɘ:  

A= 0,197, B= -1,753, C= -0,408. 

 
ȺɘəɧɜŬ 3.7  ɆəŬɟɑűɖɛŬ ɛɘŬ ŮɔəŬŰɎůŰŬůɖɠ ɛŮ 3 ŭŮɝŬɛŮɜɏɠ 

(Ʉɖɔɐ: Vicinanza D. et al., 2012) 

ȷˊɧ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ůɢɏůɖɠ (20) ˊɟɞəɨˊŰŮɘ ɖ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ŬɜɎ ɛɏŰɟɞ ˊɞɡ 

ŮɘůɏɟɢŮŰŬɘ ůŮ əɎɗŮ ŭŮɝŬɛŮɜɐ : 

                 ήÊ ᷿ ὨήὨᾀὨᾀ Ὣ ὌzÓ
ÃȟÊρ

ÃȟÊ
ᶻ Ὡzᶻ

ȟρ

ᶻὩᶻ
ȟ

Ὡᶻ
ȟ

               (20) 

Ⱥˊɑůɖɠ, ɧůɞɜ ŬűɞɟɎ Űɖɜ ɡɣɖɚɧŰŮɟɖ ŭŮɝŬɛŮɜɐ ɛɘŬɠ əŬŰŬůəŮɡɐɠ ɢɤɟɑɠ ɞɟɞűɐ ůŬɜ Rc,j+1 

ɛˊɞɟŮɑ ɜŬ ɚɖűɗŮɑ ŮɑŰŮ Űɞ ɎˊŮɘɟɞ, ŮɑŰŮ ɛɑŬ ɡɣɖɚɐ Űɘɛɐ ɧˊɤɠ ŮɑɜŬɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ ɨɣɞɠ 

ςz ὙÃȟÊρ . 

 ȼ ůɡɜɞɚɘəɐ ˊŬɟɞɢɐ ˊɟɞɠ Űɘɠ ŰɞɡɟɛˊɑɜŮɠ ɔɘŬ əɎɗŮ ŭŮɝŬɛŮɜɐ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ɔɘɜɧɛŮɜɞ Űɖɠ 

ˊŬɟɞɢɐɠ qj (m
2
/s) ɛŮ Űɞ ůɡɜɞɚɘəɧ ɛɐəɞɠ L (m) Űɞɡ ɛŮŰɩˊɞɡ Űɖɠ ŭŮɝŬɛŮɜɐɠ j:  

                                                                  ὗÊ ήÊz ὒÊ                                                            (21) 
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ɇŮɚɘəɎ, ɖ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ Pj (W) ɛɘŬɠ ŮɔəŬŰɎůŰŬůɖɠ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ůɡɜɞɚɘəɐ óŭɘŬűɡɔɐô Űɞɡ ɜŮɟɞɨ Qj (m
3
/s), Űɞ ɨɣɞɠ ˊŰɩůɖɠ Rc,j (m) Űɖɜ 

ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ɟw (kg/m
3
) əŬɘ Űɞɜ ɓŬɗɛɧ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɤɜ ŭɘŬŰɎɝŮɤɜ n. ũɘŬ əɎɗŮ 

ŭŮɝŬɛŮɜɐ (23) əŬɘ ůɡɜɞɚɘəɎ ɔɘŬ ɏɜŬ ɏɟɔɞ ɛŮ x ŭŮɝŬɛŮɜɏɠ (24): 

                            ὖÊ ὗÊz ὙÃȟÊz Ὣ ὲzz ”×      (22)                    ὖ В ὖÊ      (23) 

ȼ ɡŭɟŬɡɚɘəɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ (n) Űɞɡ ɏɟɔɞɡ ŬɡŰɞɨ əɡɛŬɑɜŮŰŬɘ ůŮ ɏɜŬ ˊɞůɞůŰɧ Űɖɠ ŰɎɝŮɤɠ Űɞɡ 

25-35%. ȷɜŬɚɡŰɘəɧŰŮɟŬ:  

¶ ȾŬŰɎ Űɖɜ ˊɟɧůˊŰɤůɖ Űɤɜ əɡɛɎŰɤɜ ůŰɖɜ Ŭɘɢɛɐ Űɤɜ Ůɘůɧŭɤɜ Űɤɜ ŭŮɝŬɛŮɜɩɜ, 

ůɨɛűɤɜŬ ɛŮ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ, ɞɘ ŮɜŮɟɔŮɘŬəɏɠ ŬˊɩɚŮɘŮɠ ŬɜɏɟɢɞɜŰŬɘ ůŰɞ 60% 

ˊŮɟɑˊɞɡ Űɖɠ ůɡɜɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ Űɤɜ əɡɛɎŰɤɜ (ȼ ŬˊɞɟɟɞűɞɨɛŮɜɖ ŮɜɏɟɔŮɘŬ ɘůɞɨŰŬɘ 

ůɢŮŭɧɜ ɛŮ Űɞ 40% Űɖɠ ůɡɜɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ Űɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ əɡɛɎŰɤɜ) 

¶ ȾŬŰɎ Űɖɜ ˊŰɩůɖ Űɖɠ ɡŭɎŰɘɜɖɠ ɛɎɕŬɠ ůŰɖɜ ŭŮɝŬɛŮɜɐ, ůŮ ɢŬɛɖɚɧŰŮɟɞ ŭɖɚŬŭɐ 

ɡɣɧɛŮŰɟɞ, ɖ ŮɜɏɟɔŮɘŬ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ůŰɎŭɘɞ ŭɘŬŰɖɟŮɑŰŬɘ ůŮ ˊɞůɞůŰɧ 

75% ˊŮɟɑˊɞɡ. 

¶ ȼ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɤɜ ɡŭɟŬɡɚɘəɩɜ Űɞɡɟɛˊɘɜɩɜ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɑůɖ ɛŮ 90%. 

¶ ȼ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɞɡ ɖɚŮəŰɟɘəɞɨ Ůɝɞˊɚɘůɛɞɨ əŬɘ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ˊŬɟŬɔɤɔɐɠ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ɗŮɤɟŮɑŰŬɘ əŬŰɎ ˊɟɞůɏɔɔɘůɖ ɑůɖ ɛŮ 95%. (Vicinanza D. et al., 2012) 

 
ȺɘəɧɜŬ 3.8  ȼ əŬŰŬəɧɟɡűɖ ŭɘɎŰŬɝɖ Űɤɜ ɡŭɟŬɡɚɘəɩɜ Űɞɡɟɛˊɘɜɩɜ 

(Ʉɖɔɐ: Vicinanza D. et al., 2012) 

3.2.4 ɬʀʔʉʋʇʋɾʚɻ ʎʑʎʆʀʑʡʉ ʆʍʋʞʎʂʏ 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐɜ Ŭɜɐəɞɡɜ ůɡůəŮɡɏɠ ɛŮ ɏɜŬ ɖ ˊŮɟɘůůɧŰŮɟŬ ˊŰŮɟɨɔɘŬ ɛŮ ɏɜŬ ɓŬɗɛɧ 

ŮɚŮɡɗŮɟɑŬɠ əɑɜɖůɖɠ, Űɖɜ ůŰɟɞűɐ, ɤɠ ˊɟɞɠ ɗŮɛŮɚɘɤɛɏɜŮɠ (Oyster) ɐ ŬɔəɡɟɞɓɞɚɖɛɏɜŮɠ 

(Langlee) ůŰɞɜ ˊɡɗɛɏɜŬ ŬɟɗɟɩůŮɘɠ. ȼ ŭɘŮɨɗɡɜůɖ Űɞɡɠ ŮɑɜŬɘ ŰɏŰɞɘŬ ɩůŰŮ ŰŬ əɨɛŬŰŬ ɜŬ 

ˊɟɞůˊɑˊŰɞɡɜ əɎɗŮŰŬ ůŰŬ ˊŰŮɟɨɔɘŬ ɧůɞ ŬɡŰɧ əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɧ ůŰɘɠ ŮəɎůŰɞŰŮ ůɡɜɗɐəŮɠ. ȼ 

ŬɜŰɑůŰŬůɖ Űɤɜ ŮɜůɤɛŬŰɤɛɏɜɤɜ ůŰɘɠ ŬɟɗɟɩůŮɘɠ Ůɛɓɧɚɤɜ ůŰɘɠ ˊŬɚɘɜŭɟɞɛɘəɏɠ əɘɜɐůŮɘɠ Űɤɜ 

ˊŰŮɟɡɔɑɤɜ ůɡɜɘůŰɎ Űɖɜ ɓɎůɖ Űɖɠ ˊŬɟŬɔɤɔɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ. 

ȳɛɞɘŬ ɛŮ Űɘɠ ˊɚɤŰɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɡŰɐɠ əŬɗɞɟɑɕɞɜŰŬɘ 

ɛɏůɤ ŮəŰŮŰŬɛɏɜɖɠ əŬɘ ˊɟɞůŮəŰɘəɐɠ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɞɟɘůɛɏɜŬ 

ˊŮɘɟŬɛŬŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɤŰɞŰɨˊɤɜ ůŮ ɛɘəɟɧŰŮɟɖ əɚɑɛŬəŬ Ŭˊɧ Űɖɜ Ůɛˊɞɟɘəɐ. ȼ 

ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ ɡŭɟɞůŰŬŰɘəɩɜ ůɡɜɗɖəɩɜ, ɖ ŬŭɟɎɜŮɘŬ Űɤɜ ŭɘŬŰɎɝŮɤɜ, ɞɘ ůɡɜŰŮɚŮůŰɏɠ 
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ŬˊɧůɓŮůɖɠ (ɡŭɟɞŭɡɜŬɛɘəɐɠ əŬɘ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɝŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ) ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ 

Ŭˊɧ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ əŬɘ Űɞɡɠ ˊɑɜŬəŮɠ əŬŰŬɔɟŬűɐɠ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

Ŭ́ ɧŭɞůɖɠ Űɤɜ ˊɟɤŰɞŰɨˊɤɜ (Whittaker T. and Folley M., 2012). ȼ ŰŬɚɎɜŰɤůɖ Űɤɜ ˊŰŮɟɡɔɑɤɜ 

ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ŬˊɞůɓŮɜɐɛŮɜɖ ɧˊɞɡ Űɞɜ ɟɧɚɞ ɞɘ ɡŭɟɞŭɡɜŬɛɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ 

ˊŬɑɕɞɡɜ Űɞɜ ɟɧɚɞ Űɞɡ ŮɚŬŰɖɟɑɞɡ. Ⱥˊɞɛɏɜɤɠ ˊɏɟŬ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ůɡůəŮɡɩɜ ŬˊŬɟŬɑŰɖŰɞ 

ŭŮŭɞɛɏɜɞ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ ɓɎɗɞɠ ɗŮɛŮɚɑɤůɖɠ ɐ Ŭɔəɡɟɞɓɧɚɖůɖɠ Űɖɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞ 

ˊɞůɞůŰɧ ɓɨɗɘůɖɠ Űɞɡɠ (Fernandez Perez M., 2013) ũɘŬ Űɞ Ŭəɟɘɓɐ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŬɟəŮɑ  ɖ 

ɔɜɩůɖ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ (Hs) əŬɗɩɠ əŬɘ ɖ ůɡɢɜɧŰɖŰŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɞɘ 

əɡɛŬŰɘəɏɠ əɞɟɡűɏɠ ˊɟɞůˊɑˊŰɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ˊŰŮɟɡɔɑɤɜ f (ŬɜŰɑůŰɟɞűɖ Űɖɠ ˊŮɟɘɧŭɞɡ 

Űɞɡ əɨɛŬŰɞɠ T: Ὢ ρὝϳ ). 

 
ȺɘəɧɜŬ 3.9  ɄɑɜŬəŬɠ əŬŰŬɔɟŬűɐɠ ŮɜŮɟɔŮɘŬəɐɠ Ŭˊɧŭɞůɖɠ  ůŮ kW Űɖɠ ŭɘɎŰŬɝɖɠ Robusto 

(Ʉɖɔɐ: www.langleewp.com) 

ɇŮɚŮɘɩɜɞɜŰŬɠ, əɞɛɓɘəɧ ɟɧɚɞ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ŰŮɢɜɞɚɞɔɘɩɜ 

ŭɘŬŭɟŬɛŬŰɑɕŮɘ ɞ ɓŬɗɛɧɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ (ɕ) Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ɏɟɔɤɜ: 

           ⱡ ╟▄Ⱦ╟░                                       (24) 

ɧˊɞɡ, 

Pe: ɖ ɘůɢɨɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ  

Pi: ɖ ůɡɜɞɚɘəɐ ɘůɢɨɠ Űɤɜ ˊɟɞůˊɘˊŰɧɜŰɤɜ əɡɛɎŰɤɜ 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɘůɢɨɞɠ Űɤɜ ˊɟɞůˊɘˊŰɧɜŰɤɜ əɡɛɎŰɤɜ ŬˊŬɟŬɑŰɖŰɞ ŮɑɜŬɘ ŮəŰɧɠ Ŭˊɧ Űɞ 

ɨɣɞɠ əŬɘ Űɞ ɛɐəɞɠ Űɞɡ ˊɟɞůˊɑˊŰɞɜŰɞɠ əɨɛŬŰɞɠ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ əŬɘ ɖ ŰŬɢɨŰɖŰŬ ɛŮ Űɖɜ 

ɞˊɞɑŬ ŭɘŬŭɑŭŮŰŬɘ Űɞ əɨɛŬ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ (Cg): 

ὖὭὉὭὝϳ
ρ

ψ
”zz Ὣ Ὄz ὅzÇ 

ȳˊɞɡ,  ὅÇ
ᶻ
ᶻρ

ᶻᶻ

ᶻᶻ
 , ɔɘŬ ɜŮɟɎ ɛɏŰɟɘɞɡ ɓɎɗɞɡɠ Ὤ  əŬɘ 

            ὅÇ ᶻ  , ɔɘŬ ɟɖɢɎ ɜŮɟɎ Ὤ  

ɧˊɞɡ, 

ɤ: ŮɑɜŬɘ ɖ əɡəɚɘəɐ ůɡɢɜɧŰɖŰŬ Űɞɡ ˊɟɞůˊɑˊŰɞɜŰɞɠ əɨɛŬŰɞɠ, 

h: ŮɑɜŬɘ Űɞ ɓɎɗɞɠ Űɞɡ ɜŮɟɞɨ ůŮ ɖɟŮɛɑŬ 

k: ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ əɨɛŬŰɞɠ ɞ ɞˊɞɑɞɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ ὑ ÔzÁÎÈὑ Ὤz 
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σȢσ  ɩʍʋʎɿʅʋʍʅʎʈʝʏ ʐʖʉ ʔɻʍɻʆʐʂʍʅʎʐʅʆʡʉ ʈʀɾʀʃʡʉ ʐʖʉ ʆʑʈʗʐʖʉ 

Ƀɘ ŬˊŬɘŰɞɨɛŮɜɞɘ ˊŬɟɎɛŮŰɟɞɘ ɔɘŬ ŰŬ ˊŬɟŬˊɎɜɤ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ, ŰŬ ɛŮɔɏɗɖ ŭɖɚŬŭɐ Űɤɜ 

ɗŬɚɎůůɘɤɜ ŭɘŬŰŬɟŬɢɩɜ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ŮɑŰŮ Ŭˊɧ ŮˊɘŰɧˊɘŮɠ ɛŮŰɟɐůŮɘɠ ůŰɘɠ ˊŮɟɘɞɢɏɠ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɑŰŮ ɛɏůɤ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛŮɗɧŭɤɜ ɧˊɤɠ ɖ ɛɏɗɞŭɞɠ SMB (Sverdrub-Munk-

Bretscheider) Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɨɣɞɠ əŬɘ ɖ 

ˊŮɟɑɞŭɞɠ əɨɛŬŰɞɠ ɓŬůɘɕɧɛŮɜŬ ůŰŬ ŬɜŮɛɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ əɎɗŮ ˊŮɟɘɞɢɐɠ . 

Ƀɘ ɎɛŮůŮɠ ɛŮŰɟɐůŮɘɠ ɔɑɜɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

× ɀŮ ŬˊŮɡɗŮɑŬɠ ŬɜɎɔɜɤůɖ ůŮ ɛɑŬ ůŰŬɗŮɟɐ əŬŰŬəɧɟɡűɖ ůŰŬŭɑŬ 

× ɀŮ ɛŮŰɟɖŰɏɠ ŰɞˊɞɗŮŰɖɛɏɜɞɡɠ ůŰŬ ɨűŬɚŬ ˊɚɞɑɤɜ 

× ɀŮ ɞˊŰɘəɏɠ ɛŮɗɧŭɞɡɠ 

× ɀŮ ɛŮŰɟɖŰɏɠ ɛŮ ɡˊŮɟɐɢɞɡɠ 

× ɀŮ ɛŮŰɟɖŰɏɠ ˊɘɏůŮɤɠ 

× ɀŮ ɛŮŰɟɖŰɏɠ Űɨˊɞɡ ˊɚɤŰɐɟŬ 

ȼ ˊɟɩŰɖ ŮɑɜŬɘ əŬɘ ɖ ˊŬɚŬɘɧŰŮɟɖ Ŭˊɧ ɧɚŮɠ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŰŬ ɏɟɔŬ əɞɜŰɎ ůŰɖɜ ŬəŰɐ 

əŬɘ ŰŬ ɏɟɔŬ ŬɜɞɘɢŰɐɠ ɗŬɚɎůůɖɠ. ɆŰɖɜ ůŰŬŭɑŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɖɚŮəŰɟɘəɏɠ ŮˊŬűɏɠ ɞɘ ɞˊɞɑŮɠ 

əŬŰŬɔɟɎűɞɡɜ ɖɚŮəŰɟɞɜɘəɎ Űɘɠ ŮɜŭŮɑɝŮɘɠ. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɏɜŬɠ ˊŬɟŬŰɖɟɖŰɐɠ ɞűŮɑɚŮɘ ɜŬ 

əŬŰŬɔɟɎűŮɘ ůɡɜŮɢɩɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ȺɑɜŬɘ ŬŭɨɜŬŰɞ, ɤůŰɧůɞ, ɜŬ ɚɖűɗɞɨɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ 

Űɖɜ ŭɘŮɨɗɡɜůɖ Űɤɜ əɡɛɎŰɤɜ. 

ȼ ŭŮɨŰŮɟɖ ŬűɞɟɎ Űɘɠ ɛŮŰɟɐůŮɘɠ ůŰŬ ŬɜɞɘɢŰɎ. ȷˊɧ Űɖɜ ɛɑŬ ɛŮɟɘɎ ɞɘ ɛŮŰɟɖŰɏɠ ŬɡŰɞɑ 

ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖɜ əŬŰŬəɧɟɡűɖ ŮˊɘŰɎɢɡɜůɖ Űɞɡ ˊɚɞɑɞɡ ɤɠ ˊɟɞɠ ɏɜŬ ůŰŬɗŮɟɧ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ əŬɘ ɛŮ ŭɘˊɚɐ ɞɚɞəɚɐɟɤůɖ Űɖɜ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ. ɇŬɡŰɧɢɟɞɜŬ, 

ɛŮŰɟɘɏŰŬɘ əŬɘ ɖ ˊɑŮůɖ ɖ ɞˊɞɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɨɣɞɠ Űɤɜ ŮəɎůŰɞŰŮ əɡɛɎŰɤɜ. ɆɡɜŭɡɎɕɞɜŰŬɠ 

ŬɡŰɎ ŰŬ ŭɨɞ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŬˊŬɚŮɑűɞɜŰŬɠ Űɖɜ əɑɜɖůɖ Űɞɡ ˊɚɞɑɞɡ ˊɟɞəɨˊŰŮɘ Űɞ ŬˊɧɚɡŰɞ 

ɨɣɞɠ əɨɛŬŰɞɠ ŬɚɚɎ əŬɘ ˊɎɚɘ ŮɑɜŬɘ ŬŭɨɜŬŰɞ ɜŬ ˊɟɞůŭɘɞɟɘůɗŮɑ ɖ ŭɘŮɨɗɡɜůɖ Űɤɜ əɡɛɎŰɤɜ. 

ȷɜŰɑɗŮŰŬ, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬŰɎ Űɖɜ ŰɟɑŰɖ ɛɏɗɞŭɞ ɖ ŭɘŮɨɗɡɜůɖ Űɤɜ əɡɛɎŰɤɜ 

ŮɑɜŬɘ űŬɜŮɟɐ. ɀŮ Űɞɜ ɧɟɞ ɞˊŰɘəɏɠ ɛɏɗɞŭɞɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɖ űɤŰɞɔɟɎűɖůɖ, ɖ 

əɘɜɖɛŬŰɞɔɟɎűɖůɖ ůŮ ŰŬəŰɎ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ əŬɘ ɖ ůŰŮɟŮɞɔɟɎűɖůɖ. Ʉɚɏɞɜ ɡˊɎɟɢŮɘ əŬɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ əŬŰŬɔɟŬűɐɠ Űɞɡ əɡɛŬŰɘəɞɨ ˊɟɞűɑɚ əŬɘ Űɖɜ ɜɨɢŰŬ ɛŮ Űɖɜ ůɡɜŭɟɞɛɐ ɟŬɜŰɎɟ 

ɛɘəɟɞɨ ɛɐəɞɡɠ əɨɛŬŰɞɠ.  

ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŰɏŰŬɟŰɖ ɛɏɗɞŭɞ, ɏɜŬ ɧɟɔŬɜɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ əŬɘ ŮəˊɏɛˊŮɘ 

ɡˊɏɟɖɢɞɡɠ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ. ȷɜɎɚɞɔŬ ɛŮ Űɞɜ ɢɟɧɜɞ ˊɞɡ ɛŮůɞɚŬɓŮɑ Ŭˊɧ Űɖɜ Ůəˊɞɛˊɐ Űɞɡ 

ɡˊɏɟɖɢɞɡ ɛɏɢɟɘ Űɖɜ ŮˊɘůŰɟɞűɐ Űɞɡ, ɛŮŰɎ Űɖɜ ŬɜɎəɚŬůɖ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ 

ɨɣɞɠ Űɞɡ ůŰɟɩɛŬŰɞɠ Űɞɡ ɜŮɟɞɨ əŬɘ əŬŰô ŮˊɏəŰŬůɖ əŬɘ ŰŬ ɨɣɖ əɨɛŬŰɞɠ. ȳɚŮɠ ɞɘ əŬŰŬɔɟŬűɏɠ 

ɛŮŰŬűɏɟɞɜŰŬɘ ɛɏůɤ ɡˊɞɗŬɚɎůůɘɤɜ əŬɚɤŭɑɤɜ ůŰɖɜ ŬəŰɐ. 

Ƀɘ ɛŮŰɟɖŰɏɠ ˊɘɏůŮɤɠ ɓŬůɑɕɞɜŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ˊɑŮůɖ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ůŰɎɗɛɖ Űɖɠ 

ɗɎɚŬůůŬɠ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɞɜ ɧɔəɞ Űɖɠ ɡɔɟɐɠ ɛɎɕŬɠ ůŰŬ ɎɜɤɗŮɜ ůŰɟɩɛŬŰŬ, ůɡɜŮˊɩɠ əŬɘ 

ɛŮ Űɞ ɨɣɞɠ əɨɛŬŰɞɠ ůŮ əɎɗŮ ůɖɛŮɑɞ. ɆŰɞɜ ˊɡɗɛɏɜŬ ɖ ˊɑŮůɖ ŮɑɜŬɘ: 
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ȳˊɞɡ H ŮɑɜŬɘ Űɞ ɨɣɞɠ əɨɛŬŰɞɠ, L Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ əŬɘ T ɖ ˊŮɟɑɞŭɞɠ əɨɛŬŰɞɠ (L,T 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬˊŮɡɗŮɑŬɠ). ȼ ŬˊɧůɓŮůɖ cosh2 d́/L ŬɡɝɎɜŮɘ ŰŬɢɨŰŬŰŬ ɛŮ Űɞ ɓɎɗɞɠ əŬɘ ɔɘŬ Űɞɜ 

ɚɧɔɞ ŬɡŰɧ ɖ ɛɏɗɞŭɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ əɨɛŬŰŬ ɛŮ ɛŮɔɎɚɞ L ɐ ůŮ ɜŮɟɎ ɛŮ ɓɎɗɞɠ ˊɞɡ ŭŮɜ 

ɝŮˊŮɟɜɎ ŰŬ 20 m ˊŮɟɑˊɞɡ. ɀŮɘɞɜɏəŰɖɛŬ ŬˊɞŰŮɚŮɑ Űɞ űɘɚŰɟɎɟɘůɛŬ ɡɣɖɚɩɜ ůɡɢɜɞŰɐŰɤɜ ˊɞɡ 

ŭŮɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɘůŰɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ ŮɑŰŮ ɛŮŰŬűɏɟɞɜŰŬɘ ɛɏůɤ 

əŬɚɤŭɑɤɜ ůŰɖɜ ŬəŰɐ ŮɑŰŮ əŬŰŬɔɟɎűɞɜŰŬɘ ůŮ ŮɜůɤɛŬŰɤɛɏɜɖ ůɡůəŮɡɐ. 

ȼ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ, ɑůɤɠ, ɛɏɗɞŭɞɠ əŬŰŬɔɟŬűɐɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞɡɠ ɛŮŰɟɖŰɏɠ Űɨˊɞɡ 

ˊɚɤŰɐɟŬ. Ƀɘ ŮɜŭŮɑɝŮɘɠ Ůɜɧɠ ŮˊɘŰŬɢɡɜůɘɧɛŮŰɟɞɡ, ˊɞɡ ɓɟɑůəŮŰŬɘ ɛɏůŬ ůŮ ɏɜŬɜ ˊɚɤŰɐɟŬ, 

ɞɚɞəɚɖɟɩɜɞɜŰŬɘ ŭɨɞ űɞɟɏɠ ɛŮ ůəɞˊɧ ɜŬ ˊɟɞəɨɣŮɘ ɖ ɛŮŰŬŰɧˊɘůɖ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ. 

Ƀ ˊɚɤŰɐɟŬɠ ŬɔəɡɟɞɓɞɚŮɑŰŬɘ ůŮ ɓŬɗŮɘɎ ɜŮɟɎ əŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ŮɑŰŮ ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ 

ŬˊɞůŰɎůŮɘɠ ɛɏɢɟɘ əŬɘ 50 m ŮɑŰŮ əŬŰŬɔɟɎűɞɜŰŬɘ ůŮ Ůɘŭɘəɐ ůɡůəŮɡɐ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ. ɇɟŮɘɠ 

ˊŬɚɘɞɑ ˊɚɤŰɐɟŮɠ ůŮ ŭɘɎŰŬɝɖ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɜ əŬɘ Űɖɜ ŭɘŮɨɗɡɜůɖ ɛŮŰŬŭɧůŮɤɠ Űɤɜ 

əɡɛɎŰɤɜ. ɇɖɜ ŭɡɜŬŰɧŰɖŰŬ ŬɡŰɐ ɏɢɞɡɜ ˊɚɏɞɜ əŬɘ ɛŮɛɞɜɤɛɏɜɞɘ ˊɚɤŰɐɟŮɠ ɛŮ Űɖɜ 

ɢɟɖůɘɛɞˊɞɑɖůɖ Ůɜɧɠ ŬɜŮůŰɟŬɛɛɏɜɞɡ ŮəəɟŮɛɞɨɠ. ɆɡɜɞˊŰɘəɎ, ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ ɖ ˊɘɞ 

Ŭəɟɘɓɐɠ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ, ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ Űɞ əɧůŰɞɠ Űɖɠ ŮɑɜŬɘ 

ɛŮɔɎɚɞ əŬɘ ŰŬ ɧɟɔŬɜŬ ɡˊɧəŮɘɜŰŬɘ ůŮ ŬˊɩɚŮɘŮɠ Ŭˊɧ Űɖɜ ɜŬɡůɘˊɚɞȶŬ əŬɘ ɎɚɚŮɠ ŬɘŰɑŮɠ. 

 
ȺɘəɧɜŬ 3.10  ɄɚɤŰɐɟŮɠ Űɞɡ Ůɚɚɖɜɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɗŬɚɎůůɘŬɠ ɏɟŮɡɜŬɠ óɄɞůŮɘŭɩɜŬɠô 

(Ʉɖɔɐ: www.poseidon.hcmr.gr) 

ɇɞ ˊɘɗŬɜɧŰŮɟɞ, ɤůŰɧůɞ, ŮɑɜŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ɜŬ ŮɑɜŬɘ ŮɚɚɘˊŮɑɠ ɔɘŬ ŬˊɞɛŬəɟɡůɛɏɜŮɠ əɡɟɑɤɠ 

ŰɞˊɞɗŮůɑŮɠ ŭɘɧŰɘ ɞɘ ɛŮŰɟɖŰɏɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ əŬɚɨɣɞɡɜ Űɞ ŰŮɟɎůŰɘɞ ɗŬɚɎůůɘɞ űɎůɛŬ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ ɐ ŮɜŭŮɑɝŮɘɠ Űɤɜ ɞɟɔɎɜɤɜ ůŮ ˊŬɟŬˊɚɐůɘŮɠ ˊŮɟɘɞɢɏɠ 

ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ɗŬɚɎůůɘɤɜ ůɡɜɗɖəɩɜ ůŰɞ ůɖɛŮɑɞ Űɞɡ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ. Ⱥˊɞɛɏɜɤɠ, ɡˊɞɗŮŰɘəɎ ůŮɜɎɟɘŬ əŬɚɨˊŰɞɡɜ ŰŬ ɡˊɎɟɢɞɜŰŬ əŮɜɎ ůɡɛɓɎɚɚɞɜŰŬɠ 

ůŰɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ ŮəɎůŰɞŰŮ ɛŮɚŮŰɩɜ əŬɘ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɞəɘɛɩɜ. 

ȿɨůɖ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŭɩůŮɘ əŬɘ ɖ ɛɏɗɞŭɞɠ SMB Ůűɧůɞɜ ŭɘŬŰɑɗŮɜŰŬɘ ɖ ŰŬɢɨŰɖŰŬ U (m/s), ɖ 

ŭɘŮɨɗɡɜůɖ Űɤɜ Ŭɜɏɛɤɜ əŬɘ ɖ ŭɘɎɟəŮɘŬ ˊɜɞɐɠ Űɞɡɠ D (hr/y). ɇɞ ɛɞɜŰɏɚɞ ŬˊɞŰŮɚŮɑ ɛɘŬ 

ˊŬɚŬɘɤɛɏɜɖ ɛɏɗɞŭɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ əŬɘ ůɐɛŮɟŬ ŬˊɚɞˊɞɘɩɜŰŬɠ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ 

Űɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ əŬɗɩɠ ŬɔɜɞŮɑ ŬɟəŮŰɞɨɠ ůɖɛŬɜŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ȼ ɓŬůɘəɐ ˊŬɟŬŭɞɢɐ 

Űɞɡ ŮɑɜŬɘ ɧŰɘ ɡűɑůŰŬŰŬɘ ɏɜŬ əɨɛŬ, ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ Űɖɠ ɗŬɚɎůůɘŬɠ ŭɘŬŰŬɟŬɢɐɠ əŬɘ 
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ɞɜɞɛɎɕŮŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ. ȷɜŰɘůŰɞɘɢŮɑ ˊɟɞůŮɔɔɘůŰɘəɎ ɛŮ Űɞ űɡůɘəɧ əɨɛŬ Űɞ ɨɣɞɠ Űɞɡ 

ɞˊɞɑɞɡ ɛˊɞɟŮɑ ɜŬ ŮəŰɘɛɖɗŮɑ Ŭˊɧ Űɖɜ ŬəŰɐ əŬɘ ɘůɞɨŰŬɘ ɛŮ Űɞ ɛɏůɞ ɨɣɞɠ Űɞɡ 1/3 Űɤɜ 

ɡɣɖɚɧŰŮɟɤɜ əɡɛɎŰɤɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ.  

ȰɜŬɠ Ůˊɘˊɚɏɞɜ ɧɟɞɠ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ŮɑɜŬɘ əŬɘ Űɞ ŬɜɎˊŰɡɔɛŬ Űɞɡ ˊŮɚɎɔɞɡɠ F (Fetch). 

ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ɛɖ ŭɘŬəɞˊŰɧɛŮɜɖ Ŭˊɧ ɢŮɟůŬɑŬ ŮɛˊɧŭɘŬ ɗŬɚɎůůɘŬ ɏəŰŬůɖ ɔɨɟɤ Ŭˊɧ Űɖɜ 

ŮɟŮɡɜɩɛŮɜɖ ɗɏůɖ. ȷˊɞŰɏɚŮůɛŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬəɎŰɤ ŮɑɜŬɘ ɞ 

əŬɗɞɟɘůɛɧɠ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ɨɣɞɡɠ Hs əŬɘ Űɖɠ ˊŮɟɘɧŭɞɡ əɨɛŬŰɞɠ Ts. Ƀɘ ůɢɏůŮɘɠ ˊɞɡ 

ůɡɜŭɏɞɡɜ ŰŬ ɛŮɔɏɗɖ ŬɡŰɎ ŮɑɜŬɘ : 

Ὣ Ὄzί

Ὗ
πȟςψσzÔÁÎÈ πȟπρςυz ȟ  

Ὣz Ὕί

Ὗ
χȟυτπzÔÁÎÈ πȟπχχz ȟ  

Ὣ Ὀz

Ὗ
φȟυψψzÅØÐ πȟπρφzὰὲ  πȟσφωzὰὲ  ςȟςπςτȟ πȟψχωψzὰὲ   

ȳˊɞɡ ū ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬɜŬˊŰɨɔɛŬŰɞɠ ˊŮɚɎɔɞɡɠ :   . 

ȼ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

× ȺˊɘɚɏɔŮŰŬɘ ɏɜŬ ůɖɛŮɑɞ ůŰɖɜ ɡˊɧ ɛŮɚɏŰɖ ŬəŰɐ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɓŬɗɏɤɜ ɡŭɎŰɤɜ 

× ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɢŬɟɎůůɞɜŰŬɘ ɞɘ ŮɡɗŮɑŮɠ ˊɞɡ ˊŬɟɘůŰɎɜɞɡɜ Űɘɠ ŰɏůůŮɟɘɠ ŭɘŮɡɗɨɜůŮɘɠ 

ȸɞɟɟɎ, ɁɧŰɞɠ, ȹɨůɖ, ȷɜŬŰɞɚɐ. 

 
ȺɘəɧɜŬ 3.11  ȺˊɘɚŮɔɛɏɜɞ ůɖɛŮɑɞ əŬɘ ŰɏůůŮɟɘɠ ŭɘŮɡɗɨɜůŮɘɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ 

× ȺɜŰɞˊɑɕɞɜŰŬɘ Ŭˊɧ ŰŬ ŰɞˊɞɔɟŬűɘəɎ əŬɘ ŬɜŮɛɞɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ˊɞɘŮɠ ŭɘŮɡɗɨɜůŮɘɠ 

ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŬəŰɐ Űɖɠ ɛŮɚɏŰɖɠ. Ƀɘ ŭɘŮɡɗɨɜůŮɘɠ ŬɡŰɏɠ ŬˊɞɛɞɜɩɜɞɜŰŬɘ əŬɘ ɔɘŬ Űɖɜ 

əɎɗŮ ɛɘŬ ŬəɞɚɞɡɗɞɨɜŰŬɘ ŰŬ əɎŰɤɗɘ ɓɐɛŬŰŬ: 

o ɆɢŮŭɑŬůɖ Ŭˊɧ Űɞ ŮˊɘɚŮɔɛɏɜɞ ůɖɛŮɑɞ ŮɡɗŮɘɩɜ ŬɜɎ 5ę, 45ę ŭŮɝɘɎ əŬɘ ŬɟɘůŰŮɟɎ 

Űɖɠ əɎɗŮ ŭɘŮɨɗɡɜůɖɠ. 
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o ȺˊɏəŰŬůɖ Űɤɜ ŮɡɗŮɘɩɜ ŬɡŰɩɜ ɏɤɠ ɧŰɞɡ Űɏɛɜɞɡɜ əɎˊɞɘɞ ɢŮɟůŬɑɞ ŰɛɐɛŬ əŬɘ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɛɐəɞɡɠ Űɞɡɠ Ri əŬɘ Űɞɡ ůɡɜɖɛɑŰɞɜɞɡ Űɖɠ ɔɤɜɑŬɠ cosa. 

× Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ŬɜŬˊŰɨɔɛŬŰɞɠ ˊŮɚɎɔɞɡɠ  ůŮ ɛɞɜɎŭŮɠ ɛɐəɞɡɠ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

Ὂ ὙὭz ὧέίὥ ὧέίὥ 

     

 
ȺɘəɧɜŬ 3.12  ȺɡɗŮɑŮɠ ŬɜɎ 5ę, 45↔ ŭŮɝɘɎ əŬɘ ŬɟɘůŰŮɟɎ Űɖɠ ɞɟɗɩɠ ŮˊɘɚŮɔɛɏɜɖɠ ŭɘŮɨɗɡɜůɖɠ 

ȼ ŭɘɎɟəŮɘŬ ˊɜɞɐɠ Űɞɡ Ŭɜɏɛɞɡ D ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ɔɘɜɧɛŮɜɞ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ (%) ɛŮ 

Űɞ ůɨɜɞɚɞ Űɤɜ ɤɟɩɜ Űɞɡ ɢɟɧɜɞɡ. 

ɇŮɚɘəɎ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ŬŭɘɎůŰŬŰɞ ɚɧɔɞ ū Űɞ ɨɣɞɠ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ əɨɛŬŰɞɠ ůŰŬ 

ɓŬɗŮɘɎ Hs əŬɘ Űɖɜ ˊŮɟɑɞŭɞ əɨɛŬŰɞɠ Ts: 

Ὄί
Ὗ

Ὣ
πzȟςψσzÔÁÎÈ πȟπρςυzὰὲ ȟ  

Ὕί
Ὗ

Ὣ
χȟυτπzÔÁÎÈ πȟπχχzὰὲ ȟ  

(ȷˊɧůˊŬůɛŬ Ŭˊɧ Űɘɠ ŭɘŬŭɘəŰɡŬəɏɠ ůɖɛŮɘɩůŮɘɠ Űɖɠ ə. ɇůɞɡəŬɚɎ ȸ. ɔɘŬ Űɞ ɛɎɗɖɛŬ Űɖɠ 

ȷəŰɞɛɖɢŬɜɘəɐɠ Űɞɡ 8
ɞɡ

 ŮɝŬɛɐɜɞɡ) 
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τȢ ɞʒɻʍʈʋɾʙ ʎʐʋ ʉʂʎʚ ʐʂʏ ɚʎʐʑʌʗʇɻʅɻʏ 

ȼ ȷůŰɡˊɎɚŬɘŬ ŮɑɜŬɘ ɏɜŬ ɜɖůɑ ɏəŰŬůɖɠ 96,9 km
2
 ˊɞɡ ŬɜɐəŮɘ ůŰɞ ůɨɛˊɚŮɔɛŬ Űɤɜ 

ȹɤŭŮəŬɜɐůɤɜ ůŰɞ ɜɧŰɘɞ ȷɘɔŬɑɞ ˊɏɚŬɔɞɠ. Ƀɘ ɛɧɜɘɛɞɘ əɎŰɞɘəɞɘ Űɞɡ ɜɖůɘɞɨ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ŰŮɚŮɡŰŬɑŬ ŬˊɞɔɟŬűɐ Űɞ 2011 ɐŰŬɜ 1334, ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊŬɟŬɗŮɟɘůŰɩɜ ɤůŰɧůɞ ŬɜɏɟɢŮŰŬɘ 

əŬŰɎ ɛɏůɞ ɧɟɞ ůŰɞɡɠ 20.000 əɎɗŮ ɢɟɧɜɞ.  

ȼ ŮŰɐůɘŬ ɕɐŰɖůɖ ůŮ ŮɜɏɟɔŮɘŬ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ɛɏůŮɠ ɛɖɜɘŬɑŮɠ Űɘɛɏɠ Űɞ ɏŰɞɠ 2015 ɐŰŬɜ 6,35 

GWh. ɇɞ ɜɖůɑ ɧɜŰŬɠ Ŭˊɞəɞɛɛɏɜɞ Ŭˊɧ Űɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ Űɖɠ ɢɩɟŬɠ ŮɝŬɟŰɎŰŬɘ 

ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ ŰŬ ɞɟɡəŰɎ əŬɨůɘɛŬ ɛŮ Űɘɠ ŬəɧɚɞɡɗŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ əŬɘ ɞɘəɞɜɞɛɘəɏɠ 

ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ. (ȹŬɜɘɐɚ ȸ., 2018) 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ, ɚɞɘˊɧɜ, ŮɝŮŰɎɕŮŰŬɘ ɖ Ŭˊɧŭɞůɖ ɞɟɘůɛɏɜɤɜ ŭɘŬŰɎɝŮɤɜ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɖɠ 

əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŬˊɞəŬŰɎůŰŬůɖɠ Űɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ 

ɛŮ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ. ȼ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ŬűɞɟɎ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Ůɜɧɠ ɏɟɔɞɡ 

ŬɜŰɑůŰɞɘɢɞɡ Űɞɡ SSG əŬɘ ɖ ŭŮɨŰŮɟɖ ɏɜŬ ɏɟɔɞ ɛŮ ˊɚɤŰɐɟŮɠ ŬɜŰɑůŰɞɘɢɞ Űɞɡ Wave Star ɧˊɤɠ 

ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɞ  əŮűɎɚŬɘɞ 2.  

ȼ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ɔɘŬ ŰŬ ŮˊɧɛŮɜŬ 100 (2018-2117) ɢɟɧɜɘŬ ɡˊɞɚɞɔɑůŰɖəŮ 

ɛɏůɤ Űɖɠ ůɡɜɗŮŰɘəɐɠ ɢɟɞɜɞůŮɘɟɎɠ (ɄŬɟɎɟŰɖɛŬ ȸ) ˊɞɡ ˊŬɟɎɢɗɖəŮ Ŭˊɧ Űɞɡɠ Moschos et al., 

(2017). ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɚŮˊŰɞɛŮɟɐɠ ˊɟɧɓɚŮɣɖ Űɤɜ ɡɣɩɜ əŬɘ Űɤɜ 

ˊŮɟɘɧŭɤɜ Űɤɜ əɡɛɎŰɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ůŮ ɤɟɘŬɑŬ ɓɎůɖ. ũɘŬ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɖɠ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ůɡɜŮəŰɘɛɐɗɖəŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ űŬůɛŬŰɘəɞɨ əɡɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ 

MIKE 21 əŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ Űɖɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ Űɖɜ ŬəŰɐ. ɀŮ Űɖɜ ɢɟɐůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ 

ůɖɛŬŭɞɨɟɤɜ Űɖɠ ɀɡəɧɜɞɡ əŬɘ Űɖɠ ɆŬɜŰɞɟɑɜɖɠ, Űɘɠ ˊɘɞ əɞɜŰɘɜɏɠ ŭɖɚŬŭɐ ůŰɖɜ ȷůŰɡˊɎɚŬɘŬ, ɤɠ 

ŭŮŭɞɛɏɜŬ ŮəŰɘɛɐɗɖəŮ ɛɏůɤ Űɞɡ ɛɞɜŰɏɚɞɡ Űɞ əɡɛŬŰɘəɧ ŭɡɜŬɛɘəɧ ɔɨɟɤ Ŭˊɧ Űɞ ɜɖůɑ (ȺɘəɧɜŬ 

4.1). Ⱥɜ ŰɏɚŮɘ ɖ ɗɏůɖ ˊɞɡ ˊɚɖɟɞɑ ŰŬɡŰɧɢɟɞɜŬ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ ɡɣɖɚɐɠ ŭɡɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

əŬɘ ɛɘəɟɐɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ Űɖɜ ŬəŰɐ, ɓɟɑůəŮŰŬɘ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ ɜɖůɘɞɨ ɏɢɞɜŰŬɠ 

ˊɟɧůɓŬůɖ ůŮ əɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ ɨɣɞɡɠ 5 kW/m (ȺɘəɧɜŬ 4.1). (Moschos Ⱥ. et al., 2017)     

 

ȺɘəɧɜŬ 4.1  ȾɡɛŬŰɘəɧ ŭɡɜŬɛɘəɧ ɔɨɟɤ Ŭˊɧ Űɖɜ ȷůŰɡˊɎɚŬɘŬ əŬɘ ŮˊɘɚŮɔɛɏɜɖ ɗɏůɖ ɛŮɚɏŰɖɠ. 

(Ʉɖɔɐ: Moschos Ⱥ. et al, 2017) 
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4.1 Sea-wave Slot-cone Generator  (SSG) 

ɆɨɛűɤɜŬ ɛŮ Űɞ ɡˊɞɗŮŰɘəɧ ůŮɜɎɟɘɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ɛɘŬ ŭɘɎŰŬɝɖ Űɨˊɞɡ SSG 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ 150 kW ɗŮɛŮɚɘɩɗɖəŮ ůŰɞɜ ˊɡɗɛɏɜŬ Űɖɠ ŮɡɟɨŰŮɟɖɠ ɗŬɚɎůůɘŬɠ 

ˊŮɟɘɞɢɐɠ Űɖɠ ȷůŰɡˊɎɚŬɘŬɠ. ȼ ɓɨɗɘůɖ Űɖɠ əŬŰɩŰŮɟɖɠ ɟɎɛˊŬɠ Űɖɠ dr ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ 

ůɡɜɞɚɘəɧ ɓɎɗɞɠ ɗŮɛŮɚɑɤůɖɠ h (ὨὶὬ ρϳ  əŬɘ ɞɘ ɔɤɜɑŮɠ əɚɑůɖɠ ɧɚɤɜ Űɤɜ ɟŬɛˊɩɜ ɘůɞɨɜŰŬɘ 

ɛŮ 35↔↔ (ar=ɗj=35ę) ɧˊɤɠ ůŰɖɜ ŮɘəɧɜŬ 4.2. ɇɞ ɏɟɔɞ ɏɢŮɘ ɛɐəɞɠ L=100 m əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ŰɟŮɘɠ ŭŮɝŬɛŮɜɏɠ ůŮ əŬŰŬəɧɟɡűɖ ŭɘɎŰŬɝɖ ŰŬ ɨɣɖ Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ 0,5 m, 2 m əŬɘ 3,5 m əŬɘ 4 

ůɡɜɞɚɘəɎ ŰɞɡɟɛˊɑɜŮɠ Űɨˊɞɡ Kaplan (ŭɨɞ ůŰɖɜ əŬŰɩŰŮɟɖ ŭŮɝŬɛŮɜɐ). 

 

 
ȺɘəɧɜŬ 4.2  ɆɢɖɛŬŰɘəɐ Űɞɛɐ ɛɞɜɎŭŬɠ Űɨˊɞɡ SSG (ůɢɏŭɘɞ ŮəŰɧɠ əɚɑɛŬəŬɠ) 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɛŮŰŬŰɟŮˊɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɛɞɜɎŭŬɠ ɓŬůɑůŰɖəŮ ůŰŬ 

ˊɟɞɓɚŮˊɧɛŮɜŬ ɨɣɖ əɨɛŬŰɞɠ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ ˊɞɡ 

ˊɟɞŬɜŬűɏɟɗɖəŮ. ɀɏůɤ Űɤɜ ŮɝɘůɩůŮɤɜ (21), (22), (23), (24) ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ŰŬ ˊɞůɎ 

ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛŮ Űɖɜ ˊŰɩůɖ Űɞɡ ɜŮɟɞɨ ɛɏůŬ Ŭˊɧ Űɘɠ ŰɞɡɟɛˊɑɜŮɠ Űɖɠ əɎɗŮ 

ŭŮɝŬɛŮɜɐɠ əɎɗŮ ɩɟŬ Ŭˊɧ Űɞ ɏŰɞɠ 2018 ɏɤɠ Űɞ 2117. ȼ ɛɧɜɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ 

Űɤɜ ŮɝɘůɩůŮɤɜ, űɡůɘəɎ, ŮɑɜŬɘ ɜŬ ŮɘůɏɟɢŮŰŬɘ ɜŮɟɧ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ŭŮɝŬɛŮɜɐ, ŭɖɚŬŭɐ Űɞ 

ˊɚɎŰɞɠ Űɞɡ ˊɟɞůˊɑˊŰɞɜŰɞɠ əɨɛŬŰɞɠ (Hs/2) ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Űɞɡ ɨɣɞɡɠ Űɞɡ ɢŮɑɚɞɡɠ 

Ůɘůɧŭɞɡ ůŰɞ ŮəɎůŰɞŰŮ ŮˊɑˊŮŭɞ Ůɜɩ ɖ əɚɑůɖ Űɖɠ ɟɎɛˊŬɠ Ůɘůɧŭɞɡ ůŰɞɜ ˊɧŭŬ Űɖɠ ůɡůəŮɡɐɠ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɛɏůɤ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ A, B, C ůŰɖɜ Ůɝɑůɤůɖ (21). ȷɗɟɞɘůŰɘəɎ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ əɎɗŮ ŭŮɝŬɛŮɜɐ ɢɤɟɘůŰɎ ŮɑɜŬɘ: 

× 58.877,24 kWh ɔɘŬ ŰŬ 100 ɏŰɖ əŬɘ əŬŰô ŮˊɏəŰŬůɖ 588,77 kWh əŬŰɎ ɛɏůɞ ɧɟɞ ŬɜɎ 

ɏŰɞɠ (ŭŮɝŬɛŮɜɐ 3) 

× 14.882.629,44 kWh ɔɘŬ ŰŬ 100 ɏŰɖ əŬɘ əŬŰô ŮˊɏəŰŬůɖ 148.826,29 kWh əŬŰɎ ɛɏůɞ ɧɟɞ 

ŬɜɎ ɏŰɞɠ (ŭŮɝŬɛŮɜɐ 2) 
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× 22.492.378,14 kWh ɔɘŬ ŰŬ 100 ɏŰɖ əŬɘ əŬŰô ŮˊɏəŰŬůɖ 224.923,78 əŬŰɎ ɛɏůɞ ɧɟɞ ŬɜɎ 

ɏŰɞɠ (ŭŮɝŬɛŮɜɐ 1) 

ɆɡɜɞɚɘəɎ, ŭɖɚŬŭɐ, ɛɘŬ ɛɞɜɎŭŬ Űɨˊɞɡ SSG ŭɨɜŬŰŬɘ ɜŬ ˊŬɟɏɢŮɘ ůŰɞ ŭɑəŰɡɞ 0,374 GWh 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬŰɎ ɛɏůɞ ɧɟɞ ůŮ ŮŰɐůɘŬ ɓɎůɖ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2018-2117. 

ɄɑɜŬəŬɠ 4.1  ȷˊɞŰŮɚɏůɛŬŰŬ ŭɘŬŭɘəŬůɑŬɠ ɡˊɞɚɞɔɘůɛɞɨ ŮɝŬɔɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ 

Űɖɜ ɛɞɜɎŭŬ Űɨˊɞɡ SSG. 

3 2 1 ɲʶ˅ʰ˃ʶ˄ʷˌ

58877,24 14882629,44 22492378,14 όмлл ʷˍʹύ

588,77 148826,29 224923,78 όʰ˄ʱ ʷˍˇˌύ

374338,85 ƪ²Ƙκʷˍˇˌ

0,374 D²Ƙκʷˍˇˌ
ʅʇɿʁɽʁΥ

ʅˎ˄ˇ˂ʽˁʱ ˉʰˊʰʴˈ˃ʶ˄ʹ ʶ˄ʷˊʴʶʽʰ ʰ˄ʱ ʵʶ˅ʰ˃ʶ˄ʺ όƪ²Ƙύ

 

4.2 Wave Star 

ȼ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Űɞɡ ɏɟɔɞɡ ŬɡŰɞɨ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ŰŬ ˊɘɜŬəɞˊɞɘɖɛɏɜŬ ůŰɞɘɢŮɑŬ Űɤɜ 

əŬŰŬůəŮɡŬůŰɩɜ. ɄɑɜŬəŬɠ Ŭɝɘɞɚɧɔɖůɖɠ ŭɡɜŬŰɞŰɐŰɤɜ ɏɢŮɘ əŬŰŬɟŰɘůŰŮɑ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɖɠ 

ŮŰŬɘɟɑŬɠ Wave Star ɛŮ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ 600 kW (ȺɘəɧɜŬ 3.5). ȿɧɔɤ Űɤɜ ɖˊɘɧŰŮɟɤɜ 

əɡɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ ůŰɞ ȷɘɔŬɑɞ ˊɏɚŬɔɞɠ ɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ ɛɘŬɠ ŰɏŰɞɘŬɠ ŭɘɎŰŬɝɖɠ ŭŮɜ ɗŬ 

ɐŰŬɜ ɘəŬɜɞˊɞɘɖŰɘəɐ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ əɡɛŬŰɘəɧ ŭɡɜŬɛɘəɧ Űɤɜ 5 kW/m 

(MIKE 21) əŬɘ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɞɡ ɏɟɔɞɡ (n=30%-35%) ůɡɜɏɓŬɚɚŬɜ ůŰɖɜ 

ŬˊɧűŬůɖ Űɖɠ ɗŮɛŮɚɑɤůɖɠ ɛɘŬɠ ɛɞɜɎŭŬɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ 150 kW əŬɘ ůɡɜɞɚɘəɞɨ 

ɛɐəɞɡɠ L=100 m. Ƀ ˊɑɜŬəŬɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ ŬɡŰɐɠ Űɖɠ ɛɞɜɎŭŬɠ ˊɟɞəɨˊŰŮɘ 

Ŭˊɧ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Űɞɡ ɐŭɖ ɔɜɤůŰɞɨ ˊɑɜŬəŬ Űɤɜ 600 kW. 

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

× ȸɐɛŬ 1: Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɓŬɗɛɞɨ ɡˊɞɓɎɗɛɘůɖɠ ɚ Űɞɡ ˊɑɜŬəŬ ůɨɛűɤɜŬ ɛŮ Űɞ 

əɟɘŰɐɟɘɞ Froude:  

‗ ρυπφππϳ  

× ȸɐɛŬ 2: ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ Űɤɜ Űɘɛɩɜ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ˊɑɜŬəŬ Űɤɜ 600 

kW ɛŮ Űɖɜ Űɘɛɐ ‗  Ŭˊɧ ɧˊɞɡ əŬɗɞɟɑɕɞɜŰŬɘ ŰŬ ˊɞůɎ ŮɝŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Pȭ Űɖɠ 

ɛɞɜɎŭŬɠ Űɤɜ 150 kW:  

ὖ ‗ ὖz 

× ȸɐɛŬ 3: ɄɟɞůŬɟɛɞɔɐ Űɤɜ ɡɣɩɜ əɨɛŬŰɞɠ Hsȭ əŬɘ Űɤɜ ˊŮɟɘɧŭɤɜ əɨɛŬŰɞɠ T0,1ȭɛŮůɤ 

Űɞɡ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ Űɤɜ Űɘɛɩɜ Űɞɡ ˊɑɜŬəŬ Űɤɜ 600 kW ɛŮ Űɘɠ Űɘɛɏɠ ɚ əŬɘ ‗ȟ 

ŬɜŰɑůŰɞɘɢŬ: 

       Ὄί˃ ‗z Ὄί                                Ὕπȟρ˃ ‗ȟ  zπȟρ 

× ȸɐɛŬ 4: ɉŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ ɏɟɔɤɜ ŬɡŰɩɜ ŮɑɜŬɘ ɧŰɘ ɔɘŬ ɨɣɖ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 3 m 

ˊŬɨɞɡɜ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ əŬɘ ŬɜɡɣɩɜɞɜŰŬɘ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ ɞˊɞɘŬůŭɐˊɞŰŮ ɓɚɎɓɖɠ. 
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Ⱥˊɞɛɏɜɤɠ, ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɧɚŬ ŰŬ əŮɚɘɎ Űɞɡ ɜɏɞɡ ˊɑɜŬəŬ 

ůɡɛˊɚɖɟɩɜɞɜŰŬɘ ɔɟŬɛɛɘəɎ ɏɤɠ ɧŰɞɡ ɡűɑůŰŬɜŰŬɘ Űɘɛɏɠ ɔɘŬ ɨɣɖ əɨɛŬŰɞɠ Hs ɏɤɠ 3 m. 

ɄɑɜŬəŬɠ 4.2  ɈˊɞɓŬɗɛɘůɛɏɜɞɠ ˊɑɜŬəŬɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɨˊɞɡ 

Wave Star 150 kW. 

˂Ґ 0,673

1,64-2,46 2,46-3,28 3,28-4,10 4,10-4,92 4,92-5,74 5,74-6,56 6,56-7,38 7,38-8,20 8,20-9,02 9,02-9,849,84-10,66

0,0-0,34 0 0 0 0 0 0 0 0 0 0 0

0,34-0,67 0 12,25 18,25 21,25 21,5 20,75 19,5 18 16,75 15,75 14,75

0,67-1,01 13,5 34 48,25 51,25 49 45,5 41,75 38,25 35,5 33 30,75

1,01-1,35 26,5 66,25 86,75 86,75 80,5 73,5 66,25 61 56 51,75 48,25

1,35-1,68 43,75 107,25 130,5 124,75 114,25 103 93 84,25 78 72 66,75

1,68-2,02 65,5 150 150 150 150 135 121 110,5 99,75 91,75 85

2,02-2,36 80 150 150 150 150 150 145 127,5 117,5 108,75 100

2,36-2,69 95 150 150 150 150 150 150 147,5 137,5 125 113,5

2,69-3,00 105 150 150 150 150 150 150 150 150 140 128

> 3,00 ʅˎ˄ʻʺˁʶˌ ˁʰˍʰʽʴʾʵʰˌ όʃʰˏˋʹ ˂ʶʽˍˇˎˊʴʾʰˌύ

ʈ˕ˇˌ 

ˁˏ˃ʰˍˇˌ 

Iǎ˘ όƳύ

ʃʶˊʾˇʵˇˌ ˁˏ˃ʰˍˇˌ ¢0,1̆  όǎύ

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɛɏůɤ Űɖɠ ůɡɜɗŮŰɘəɐɠ ɢɟɞɜɞůŮɘɟɎɠ Űɤɜ əɡɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬɘ ůŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɛŮ Ŭˊɚɐ ŬɜɎɔɜɤůɖ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ 4.2 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ŬˊɞɟɟɞűɞɨɛŮɜɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ Űɞɡɠ əɡɛŬŰɘůɛɞɨɠ ɔɘŬ Űɞ ɏŰɞɠ 2018. 

ȺɘŭɘəɧŰŮɟŬ, ɔɘŬ əɎɗŮ ɕŮɨɔɞɠ Űɘɛɩɜ ɨɣɞɡɠ əŬɘ ˊŮɟɘɧŭɞɡ əɨɛŬŰɞɠ, ɧˊɤɠ ˊɟɞɓɚɏˊɞɜŰŬɘ ůŰɖɜ 

ůɡɜɗŮŰɘəɐ ɢɟɞɜɞůŮɘɟɎ, ŬɜŰɘůŰɞɘɢɑɕŮŰŬɘ ɛɑŬ Űɘɛɐ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ əɎɗŮ ɩɟŬ Űɞɡ 

ɏŰɞɡɠ. 

τȢσ ɫʞɾʆʍʅʎʂ ʐʖʉ ɿʞʋ ʎʀʉɻʍʚʖʉ 

ũɘŬ Űɖɜ ůɨɔəɟɘůɖ Űɤɜ ŭɨɞ ŰŮɢɜɞɚɞɔɘɩɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɞ ɏŰɞɠ 2018 

(ɄŬɟɎɟŰɖɛŬ ȸ), ɛɘŬ ɢɟɞɜɞůŮɘɟɎ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ əɎɗŮ ŰŮɢɜɞɚɞɔɑŬ ˊɞɡ ˊɟɞɏəɡɣŮ 

Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ŬɜŬɚɡɗɐəŬɜ ˊŬɟŬˊɎɜɤ.  

ȼ ˊɘɞ ɔŮɜɘəŮɡɛɏɜɖ əŬɘ Ŭˊɚɐ ůɨɔəɟɘůɖ ŬűɞɟɎ ŰŬ ŬɗɟɞɑůɛŬŰŬ əŬɘ Űɘɠ ɛɏůŮɠ Űɘɛɏɠ Űɤɜ 

ɢɟɞɜɞůŮɘɟɩɜ: 

ɀɏůɖ Űɘɛɐ:44,074 kWh ɀɏůɖ Űɘɛɐ:55,872 kWh

0,489 GWh

ɆɡůəŮɡɐ Űɨˊɞɡ SSG

ɆɈɁɃȿɃ:0,386 GWh

ɆɡůəŮɡɐ Űɨˊɞɡ Wave Star

ɆɈɁɃȿɃ:

 

ȼ ůɡůəŮɡɐ ɛŮ Űɞɡɠ ˊɚɤŰɐɟŮɠ (Űɨˊɞɡ Wave Star) ŮɛűŬɜɑɕŮŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ůŰɘɠ 

əɡɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ Űɞɡ ɜɖůɘɞɨ Űɖɠ ȷůŰɡˊɎɚŬɘŬɠ, ɤůŰɧůɞ ŬɡŰɧ ŭŮɜ ŮɑɜŬɘ Űɞ ɛɞɜŬŭɘəɧ 

əɟɘŰɐɟɘɞ Ůˊɘɚɞɔɐɠ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ŭɘɎŰŬɝɖɠ. 

ȷəɞɚɞɡɗŮɑ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ŮɘŭɘəɧŰŮɟŮɠ ůɡɔəɟɑůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ɛŮɚŮŰɩɜŰŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ 

ŮɝŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ əɎɗŮ ŭɘɎŰŬɝɖ ůŮ ɛɖɜɘŬɑŬ, ɖɛŮɟɐůɘŬ əŬɘ ɤɟɘŬɑŬ ɓɎůɖ ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ ŮɜɘŬɑɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ. 
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ɆŮ ɛɖɜɘŬɑŬ ɓɎůɖ ŬɗɟɞɑɕɞɜŰŬɠ Űɘɠ ɤɟɘŬɑŮɠ Űɘɛɏɠ ɔɘŬ əɎɗŮ ɛɐɜŬ ɢɤɟɘůŰɎ ˊɟɞəɨˊŰɞɡɜ ɞɘ Ůɝɐɠ 

ɢɟɞɜɞůŮɘɟɏɠ: 

ɄɑɜŬəŬɠ 4.3  ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ŬɜɎ ɛɐɜŬ (ɏŰɞɠ 2018). 

ɇɈɄɃɆ SSG ɇɈɄɃɆ Wave Star

1 45977,50 49516,74

2 43788,66 42777,00

3 49918,37 47587,18

4 35894,03 43306,67

5 12980,30 25571,06

6 23102,22 31470,81

7 29197,68 53287,50

8 33417,57 46177,50

9 29814,64 38326,24

10 25922,99 35340,75

11 27669,47 37859,56

12 28408,84 38218,99

ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ůŮ 

ɛɖɜɘŬɑŬ ɓɎůɖ (kWh)

ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ůŮ 

ɛɖɜɘŬɑŬ ɓɎůɖ (kWh)
ɀȼɁȺɆ

 

ɆŰɖɜ ŮɡəɞɚɧŰŮɟɖ əŬŰŬɜɧɖůɖ əŬɘ ůɨɔəɟɘůɖ Űɞɡɠ ůɡɛɓɎɚɚŮɘ Űɞ ˊŬɟŬəɎŰɤ əɞɘɜɧ ŭɘɎɔɟŬɛɛŬ: 

 
ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ ůɡůəŮɡɐ Űɨˊɞɡ Wave Star Ŭɜ ŮɝŬɘɟŮɗŮɑ ɞ ɛɐɜŬɠ ūŮɓɟɞɡɎɟɘɞɠ əŬɘ ɞ 

ɀɎɟŰɘɞɠ ŮɑɜŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧŰŮɟɖ Ŭˊɧ Űɖ ŮŰɏɟŬ ɚɨůɖ. Ʉɞɚɨ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛɎ Űɖɠ 

ŮɑɜŬɘ ɧŰɘ ɞɘ ɛɏɔɘůŰŮɠ ŭɘŬűɞɟɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ Űɞɜ ɛɐɜŬ ɀɎɘɞ əŬɘ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ 

Ƚɞɨɚɘɞ əŬɘ ȷɨɔɞɡůŰɞ ɞˊɧŰŮ əŬɘ ɖ ŮɜŮɟɔŮɘŬəɐ ɕɐŰɖůɖ Űɞɡ ŬɡɝɎɜŮŰŬɘ ɚɧɔɤ Űɖɠ ˊɟɞůɏɚŮɡůɖɠ 

Űɤɜ ˊŬɟŬɗŮɟɘůŰɩɜ ˊɞɡ ɗŬ ˊɟɞŰɘɛɐůɞɡɜ Űɞɜ əŬɚɞəŬɘɟɘɜɧ ŬɡŰɧɜ ˊɟɞɞɟɘůɛɧ ɔɘŬ Űɘɠ ŭɘŬəɞˊɏɠ 

Űɞɡɠ. ȼ ˊŬɟŬɔɤɔɘəɧŰɖŰŬ Űɖɠ ɛɞɜɎŭŬɠ Űɨˊɞɡ SSG ŮɑɜŬɘ ɔŮɜɘəɧŰŮɟŬ ɢŬɛɖɚɐ Űɞɡɠ 

əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ Ŭɜ əŬɘ ɧˊɤɠ ɗŬ ŬɜŬűŮɟɗŮɑ ˊŬɟŬəɎŰɤ Űɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ ŮɑɜŬɘ ŭɡɜŬŰɧɜ 

ɜŬ ɛŮŰɟɘŬůŰŮɑ.  
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ɆŮ ɖɛŮɟɐůɘŬ ɓɎůɖ ŬɗɟɞɑɕɞɜŰŬɠ Űɘɠ ɤɟɘŬɑŮɠ Űɘɛɏɠ ɔɘŬ əɎɗŮ ɖɛɏɟŬ ɢɤɟɘůŰɎ ˊɟɞɏəɡɣŮ ɛɑŬ ɜɏŬ 

ɢɟɞɜɞůŮɘɟɎ ɛŮ ŰŬ ŮəŰɘɛɩɛŮɜŬ ˊɞůɎ ŬˊɞɟɟɞűɞɨɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɔɘŬ Űɘɠ 365 ɖɛɏɟŮɠ Űɞɡ 

ɏŰɞɡɠ ɔɘŬ əɎɗŮ ɛɑŬ ŰŮɢɜɞɚɞɔɑŬ. ȼ ɛɞɟűɐ Űɤɜ ɢɟɞɜɞůŮɘɟɩɜ əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ 

ŰŬ Ůɝɐɠ: 

ɄɑɜŬəŬɠ 4.4  ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ŬɜɎ ɖɛɏɟŬ (ɏŰɞɠ 2018). 

ɇɈɄɃɆ SSG ɇɈɄɃɆ Wave Star

1 2576,33 1901,25

2 1075,92 1194,25

3 3255,33 1428,75

4 2136,07 1402,06

5 1315,78 1688,00

6 575,98 1061,50

7 738,65 878,50

8 1697,83 1305,81

9 1087,03 1377,00

10 762,25 1426,25

11 1196,85 1924,00

12 1891,48 2129,56

é é é

365 944,77 1037,50

ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ůŮ 

ɖɛŮɟɐůɘŬ ɓɎůɖ (kWh)
ȼɀȺɅȺɆ

ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ůŮ 

ɖɛŮɟɐůɘŬ ɓɎůɖ (kWh)

 

 

 

Ⱥə ˊɟɩŰɖɠ ɧɣŮɤɠ, ɖ ˊɟɞůűŮɟɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ůŰɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ Ŭˊɧ Űɖɜ ɛɞɜɎŭŬ Űɨˊɞɡ 

SSG ŮɛűŬɜɑɕŮɘ ɛŮɔɎɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ Ŭˊɧ ɛɏɟŬ ůŮ ɛɏɟŬ ŬɚɚɎ ɔɘŬ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ŮɎɜ ŬɡŰɧ 

ŬˊɞŰŮɚŮɑ ˊɟɧɓɚɖɛŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɛŮɚŮŰɖɗɞɨɜ əŬɘ ɞɘ ɤɟɘŬɑŮɠ ɢɟɞɜɞůŮɘɟɏɠ ˊŬɟŬɔɧɛŮɜɖɠ 

ŮɜɏɟɔŮɘŬɠ. ȺˊɘˊɟɞůɗɏŰɤɠ, əŬɘ ůŮ ŬɡŰɧ Űɞ ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ űŬɜŮɟɐ ɖ ŮɜŮɟɔŮɘŬəɐ ɡˊŮɟɞɢɐ Űɖɠ 

ɛɞɜɎŭŬɠ Űɨˊɞɡ Wave Star əŬŰɎ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ŭɖɚŬŭɐ Ŭˊɧ Űɖɜ 152
ɖ
 ɖɛɏɟŬ ɏɤɠ 

Űɖɜ 243
ɖ
 ɖɛɏɟŬ. 
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ɆŮ ɤɟɘŬɑŬ ɓɎůɖ ɞɘ ˊɟɞəɨˊŰɞɡůŮɠ ɢɟɞɜɞůŮɘɟɏɠ Ŭˊɧ Űɘɠ ŬɜɤŰɏɟɤ ŭɘŬŭɘəŬůɑŮɠ ɡˊɞɚɞɔɘůɛɞɨ ůŰŬ 

ɡˊɞəŮűɎɚŬɘŬ 4.1, 4.2. ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ɚŮˊŰɞɛŮɟɏůŰŮɟɖ ůɨɔəɟɘůɖ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ŮɝɎɔɞɜŰŬɘ 

ŰŬ ŬůűŬɚɏůŰŮɟŬ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŮəɎůŰɞŰŮ ɛɞɜɎŭɞɠ. ȿɧɔɤ Űɞɡ 

ɛŮɔɎɚɞɡ ˊɚɐɗɞɡɠ Űɤɜ Űɘɛɩɜ ŮəˊɞɜɐɗɖəŬɜ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ əɎɗŮ ɛɐɜŬ ɢɤɟɘůŰɎ, ɔɘŬ 

ɛŮɔŬɚɨŰŮɟɖ ŮɡəɟɑɜŮɘŬ əŬɘ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ ˊŬɟɎɟŰɖɛŬ ȸ. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŬɟɎɔɟŬűɞ 

ŮˊɘɚɏɔŮŰŬɘ ɜŬ ŬɜŬɚɡɗŮɑ ɞ ɛɐɜŬɠ ȽŬɜɞɡɎɟɘɞɠ əŬɘ ɞ ɛɐɜŬɠ Ƚɞɨɚɘɞɠ. Ƀɘ ɢɟɞɜɞůŮɘɟɏɠ ɏɢɞɡɜ Űɖɜ 

ˊŬɟŬəɎŰɤ ɛɞɟűɐ:  

ɄɑɜŬəŬɠ 4.5  ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ŬɜɎ ɩɟŬ (ɏŰɞɠ 2018) 

ɇɈɄɃɆ SSG ɇɈɄɃɆ Wave Star

1 23,47 86,75

2 74,58 150,00

3 200,83 150,00

4 36,53 73,50

5 27,28 86,75

6 52,30 124,75

7 20,49 86,75

8 235,98 150,00

9 219,42 150,00

10 354,04 0,00

11 9,73 51,25

12 32,55 73,50

é é é

8760 30,79 80,50

ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Űɞ 

ɏŰɞɠ 2018 (kWh)

ɄŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Űɞ 

ŮŰɞɠ 2018 (kWh)
ɋɅȺɆ

 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ ɛɖɜɩɜ ȽŬɜɞɡŬɟɑɞɡ əŬɘ Ƚɞɡɚɑɞɡ ůŮ ɤɟɘŬɑŬ ɓɎůɖ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 
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ɄŬɟŬŰɖɟɩɜŰŬɠ əŬɘ ŰŬ ŭɨɞ ŭɘŬɔɟɎɛɛŬŰŬ ɖ ɛŮŰŬŰɟŮˊɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ Űɖɜ ŮɔəŬŰɎůŰŬůɖ 

Űɨˊɞɡ SSG ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ Űɞɜ ɛɐɜŬ ȽŬɜɞɡɎɟɘɞ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɛɐɜŬ Ƚɞɨɚɘɞ əŬɘ ɞɘ 

ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ůŮ əɎɗŮ ɛɐɜŬ ɝŮɢɤɟɘůŰɎ ŮɑɜŬɘ ɛŮɔɎɚŮɠ (əɡɟɑɤɠ ɔɘŬ Űɞɜ ȽŬɜɞɡɎɟɘɞ), Ůɜɩ 

ɧůɞɜ ŬűɞɟɎ Űɖɜ ŭŮɨŰŮɟɖ ɚɨůɖ ůɖɛŮɘɩɜŮŰŬɘ ɛɘŬ ůŰŬɗŮɟɧŰɖŰŬ. ȷɡŰɧ űŬɜŮɟɩɜŮɘ ɧŰɘ ɖ Ůˊɘɟɟɞɐ 

Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡ ɨɣɞɡɠ əɨɛŬŰɞɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ ůŰɘɠ ɡˊŮɟˊɖŭɖŰɏɠ Ŭˊɧ Űɞ ɡɔɟɧ ůŰɞɘɢŮɑɞ 

əŬŰŬůəŮɡɏɠ. ɉŬɟŬəŰɖɟɘůŰɘəɧ ŭɖɚŬŭɐ ɔɘŬ ŬɡŰɏɠ Űɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ (SSG) ɗŬ ɐŰŬɜ ɖ 

ŬɓŮɓŬɘɧŰɖŰŬ əŬɘ əɎˊɞɘŬ ˊɟɞɓɚɐɛŬŰŬ ůŰɞ ŭɑəŰɡɞ ɛŮŰŬűɞɟɎɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɘɠ 

ŭɘŬəɡɛɎɜůŮɘɠ ŬɡŰɏɠ, Ŭɜ ŭŮɜ ɡűɑůŰŬɜŰɞ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ, Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ 

ˊɚŮɞɜɏəŰɖɛɎ Űɞɡɠ. Ƀ ůɢŮŭɘŬůɛɧɠ əŬɘ ɞ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ, ˊɟɞůűɏɟŮɘ ŮɡŮɚɘɝɑŬ ůŰɖɜ 

ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɜŮɟɧ ɛˊɞɟŮɑ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ůŰɖɜ ŬɜɩŰŮɟɖ ŭŮɝŬɛŮɜɐ 

ɛɏůɤ Űɞɡ ŬˊɞəɚŮɘůɛɞɨ Űɞɡ Ŭɧ́ Űɘɠ ŰɞɡɟɛˊɑɜŮɠ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əɎˊɞɘŬ Ɏɚɚɖ ůŰɘɔɛɐ, 

ɧŰŬɜ ɖ ŮɜŮɟɔŮɘŬəɐ ɕɐŰɖůɖ ůŰɞ ɜɖůɑ ɗŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧɜ ŮɝɞɛŬɚɨɜɞɜŰŬɘ 

ɞɘ Ŭɘɢɛɏɠ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟŬɛɛɎŰɤɜ (ɛˊɚŮ ɔɟŬɛɛɐ) ŮɚŬŰŰɩɜɞɜŰŬɠ Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠ Ŭˊɧ 

ɩɟŬ ůŮ ɩɟŬ əŬɘ ɛŮɘɩɜɞɜŰŬɘ ɞɘ ŬˊɞəɚɑůŮɘɠ ůŰɖɜ Ŭˊɧŭɞůɖ Ŭˊɧ ɛɐɜŬ ůŮ ɛɐɜŬ. 

ɇŮɚŮɡŰŬɑɞ ŬɚɚɎ Ůɝɑůɞɡ ůɖɛŬɜŰɘəɧ əɟɘŰɐɟɘɞ ŮɑɜŬɘ əŬɘ Űɞ əɧůŰɞɠ Űɖɠ əɎɗŮ ˊŮɟɑˊŰɤůɖɠ: 

ɆɡůəŮɡɐ Űɨˊɞɡ SSG:  

× ɄɟɞůŬɟɛɧɕɞɜŰŬɠ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ əɧůŰɞɡɠ Ůɜɧɠ ɡˊŮɟɎəŰɘɞɡ ˊɎɟəɞɡ ɛŮŰŬŰɟɞˊɏɤɜ 

əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛŮ ůɡɜɞɚɘəɐ ɘůɢɨ 30 MW ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ 

ɢŮɟůŬɑɞɡ ɏɟɔɞɡ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ 150 kW Űɞ əɧůŰɞɠ ŮɔəŬŰɎůŰŬůɖɠ əŬɘ 

ɗŮɛŮɚɑɤůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

            ȾɧůŰɞɠ ŮɔəŬŰɎůŰŬůɖɠ (ɛŮɚɏŰɖ əŬɘ əŬŰŬůəŮɡɐ ůɡůəŮɡɐɠ):  

            (40.000.000+11.000.000+6.000.000)*(150/30.000) = 285.000 ú 

            ȾɧůŰɞɠ ɗŮɛŮɚɑɤůɖɠ: 12.000.000*(150/30.000) = 60.000 ú 

            (URS: Wave Power Feasibility Study Report, 2009) 

× ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ˁˈˋˍˇˎˌ ˍ˖˄ ˍˇˎˊ˃ˉʽ˄˗˄ ˍˏˉˇˎ Kaplan ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ ʶ˅ʾˋ˖ˋʹ 

ˍˇˎ ˉʰ˄ʶˉʽˋˍʹ˃ʾˇˎ Lancaster ɹ ʽʰ ˉʰˊˇ˔ʷˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍ˖˄ р m3/s): 

            ȾɧůŰɞɠ Űɞɡɟɛˊɘɜɩɜ: 1,13*4*14.000*(150/4)
0.35 

= 225.000 ú  

               (www.engineering.lancs.ac.uk) 

× ȷɜŬűɞɟɘəɎ ɛŮ Űɞ əɧůŰɞɠ ůɨɜŭŮůɖɠ ůŰɞ ŭɑəŰɡɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ŰŮɢɜɞ-ɞɘəɞɜɞɛɘəɐ 

ɏəɗŮůɖ Űɤɜ Oô Connor et al. (2013) ɔɘŬ ɛɑŬ Ɏɚɚɖ ŮɔəŬŰɎůŰŬůɖ Ŭˊɞɟɟɧűɖůɖɠ 

əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ, Űɞɡ Pelamis P1. 

            ȾɧůŰɞɠ ůɨɜŭŮůɖɠ ůŰɞ ŭɑəŰɡɞ: 5% əŮűŬɚŬɘɞɡɢɘəɩɜ ŭŬˊŬɜɩɜ = 30.000 ú 

            Ɇɡɜɞɚɘəɏɠ əŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ: 600.000 ú 

ɆɡůəŮɡɐ Űɨˊɞɡ Wave Star: ɞɘ əŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ ŬɜɏɟɢɞɜŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ 5.366,67 ú 

ŬɜɎ ŮɔəŬŰŮůŰɖɛɏɜɞ kW. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɘůɞɨɜŰŬɘ ɛŮ: 

Ɇɡɜɞɚɘəɏɠ əŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ: 5.366,67*150 = 805.000 ú 

ɆɡɜŭɡɎɕɞɜŰŬɠ, ɚɞɘˊɧɜ, Űɘɠ əŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ əŬɘ Űɘɠ ŭŬˊɎɜŮɠ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ Űɖɜ 

ŮəŰɘɛɩɛŮɜɖ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ɔɘŬ 10 ůɡɜɞɚɘəɎ ɢɟɧɜɘŬ, ɧˊɤɠ əŬɘ ůŰɞɜ ˊɑɜŬəŬ 2.5 

ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ əɧůŰɖ ŮɜɏɟɔŮɘŬɠ: 

ɆɡůəŮɡɐ Űɨˊɞɡ SSG: 1,18*600.000 ú/ (386.000 kWh *10 years) = 0,18 ú/kWh 

ɆɡůəŮɡɐ Űɨˊɞɡ Wave Star: 1,18*805.000 ú/ (489.000 kWh *10 years) = 0,19 ú/kWh 
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ȼ ůɡůəŮɡɐ Űɨˊɞɡ SSG ŮɑɜŬɘ ɛŮ ɛɘəɟɐ ŭɘŬűɞɟɎ űɗɖɜɧŰŮɟɖ əŬɘ ɗŮɤɟɖŰɘəɎ ˊɟɞŰɘɛɧŰŮɟɖ ɔɘŬ 

Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɜɖůɘɞɨ Űɖɠ ȷůŰɡˊɎɚŬɘŬɠ. ɇɖɜ Ɏˊɞɣɖ ŬɡŰɐ ŮɜɘůɢɨŮɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ 

ŰŬɡŰɧɢɟɞɜŬ ɛŮ Űɖɜ ŮɝŬɔɤɔɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ůɡɛɓɎɚɚŮɘ əŬɘ ůŰɖɜ ˊɟɞůŰŬůɑŬ 

Űɖɠ ŬəŰɐɠ ɛŮɘɩɜɞɜŰŬɠ ɐ ŬˊɞɟɟɞűɩɜŰŬɠ Űɖɜ ŮɜɏɟɔŮɘŬ Űɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ əɡɛɎŰɤɜ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ əɧůŰɞɡɠ ŮɜɏɟɔŮɘŬɠ ɞɘ Ůˊɘˊɚɏɞɜ 

əŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ əŬŰŬůəŮɡɏɠ əŬɘ Űɞɜ Ůɝɞˊɚɘůɛɧ ˊɞɡ ŭŮɜ ɗŬ 

ɡűɑůŰŬɜŰŬɘ ůŮ ɏɜŬɜ ˊŬɟŬŭɞůɘŬəɧ əɡɛŬŰɞɗɟŬɨůŰɖ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɤɠ əŮűŬɚŬɘɞɡɢɘəɏɠ 

ŭŬˊɎɜŮɠ ɗŬ ɗŮɤɟɞɨɜŰŬɜ Űɞ əɧůŰɞɠ Űɤɜ Űɞɡɟɛˊɘɜɩɜ, Űɞ əɧůŰɞɠ ůɨɜŭŮůɖɠ ůŰɞ ŭɑəŰɡɞ ŬɚɚɎ əŬɘ 

əɎˊɞɘŬ ˊɟɧůɗŮŰɖ ˊɞůɧŰɖŰŬ ůəɡɟɞŭɏɛŬŰɞɠ əŬɘ ɢɎɚɡɓŬ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ ŭŮɝŬɛŮɜɩɜ. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ ɖ Űɘɛɐ ŬɜɎ kWh ɗŬ ɛŮɘɩɜɞɜŰŬɜ (Margheritini L., 2009). 

ɀɏůɖ Űɘɛɐ:44,074 kWh ɀɏůɖ Űɘɛɐ:55,872 kWh

ȹɘŬəɨɛŬɜůɖ:92,716 ȹɘŬəɨɛŬɜůɖ:52,432

ɆɡɜŰŮɚŮůŰɐɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ:29% ɆɡɜŰŮɚŮůŰɐɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ:37%

ȾŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ:600.000 ú ȾŮűŬɚŬɘɞɡɢɘəɏɠ ŭŬˊɎɜŮɠ:805.000 ú

ȾɧůŰɞɠ ŮɜɏɟɔŮɘŬɠ:0,18 ú/kWh ȾɧůŰɞɠ ŮɜɏɟɔŮɘŬɠ:0,19 ú/kWh

ɆɈɁɃȿɃ: 0,386 GWh

ɆɡůəŮɡɐ Űɨˊɞɡ SSG ɆɡůəŮɡɐ Űɨˊɞɡ Wave Star

ɆɈɁɃȿɃ: 0,489 GWh

 

Ⱥɜ ŰɏɚŮɘ,  

× ɀŮ Ŭɡɝɖɛɏɜɞ ůɡɜŰŮɚŮůŰɐ ɓŬɟɨŰɖŰŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ůɨɔəɟɘůɖ Űɞ ˊɟɞŰɏɟɖɛŬ 

Űɖɠ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ ɏɜŬɜ əŬɚɞəŬɘɟɘɜɧ ɗŮɤɟɖŰɘəɎ ˊɟɞɞɟɘůɛɧ ŭɘɧŰɘ ɖ 

ɕɐŰɖůɖ əɎˊɞɘɤɜ ɛɖɜɩɜ ŮɑɜŬɘ ŬɘůɗɖŰɎ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ əɎˊɞɘɞɡɠ Ɏɚɚɞɡɠ. 

ȺˊŮɝɖɔɖɛŬŰɘəɎ, ɖ ŮɡŮɚɘɝɑŬ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ůŮ ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮɘɩɜŮɘ 

ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ. 

× ɇɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ Űɨˊɞɡ SSG ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ Űɨˊɞɡ Wave Star ŮɘŭɘəɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ůɡɛɓɎɚɚŮɘ əŬɘ ůŰɖɜ 

ˊɟɞůŰŬůɑŬ Űɖɠ ŬəŰɐɠ. 

ɆɡɜŮˊɩɠ ɖ ůɡůəŮɡɐ Űɨˊɞɡ SSG ŭŮɑɢɜŮɘ ˊɟɞŰɘɛɧŰŮɟɖ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 
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υȢ ɫʑʈʌʀʍʗʎʈɻʐɻ 

ȼ ɗŬɚɎůůɘŬ ŮɜɏɟɔŮɘŬ ůɡɜɑůŰŬŰŬɘ ůŮ 5 ɛɞɟűɏɠ Űɤɜ ɞˊɞɑɤɜ ɞɘ ɗŮɤɟɖŰɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ 

ŬɜɏɟɢɞɜŰŬɘ ˊŮɟɑˊɞɡ ůŮ: 

× ȾɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ: 26.300 TWh ŬɜɎ ɢɟɧɜɞ  

× ɄŬɚɘɟɟɞɘŬəɐ ŮɜɏɟɔŮɘŬ 1.200 TWh ŬɜɎ ɢɟɧɜɞ  

× ŪŮɟɛɞŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ 44.000 TWh ŬɜɎ ɢɟɧɜɞ  

× ɋůɛɤŰɘəɐ ŮɜɏɟɔŮɘŬ 1.650 TWh ŬɜɎ ɢɟɧɜɞ  

Ⱥɜɩ ɔɘŬ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ɛɏůɤ Űɤɜ ɤəŮɎɜɘɤɜ ɟŮɡɛɎŰɤɜ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ŮɑɜŬɘ 

ŮɚɚɘˊŮɑɠ. 

ɄŬɟŬŰɖɟɩɜŰŬɠ, ɤůŰɧůɞ, Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɢɎɟŰŮɠ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ŮɑɜŬɘ, ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɞɡɠ, ŬˊɞɛŬəɟɡůɛɏɜŮɠ Ŭˊɧ Űɖɜ ŬəŰɐ ůŮ ŬˊɞůŰɎůŮɘɠ  

ŬˊŬɔɞɟŮɡŰɘəɏɠ ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ɏɟɔɤɜ ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȺɝŬɑɟŮůɖ 

ŬˊɞŰŮɚŮɑ ɖ ˊŬɚɘɟɟɞɘŬəɐ ŮɜɏɟɔŮɘŬ. ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ ŮɘəɧɜŬ 1.10 ɞɘ Űɘɛɏɠ Űɞɡ Ůɨɟɞɡɠ 

ˊŬɚɑɟɟɞɘŬɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ ůŮ ŬəɟɤŰɐɟɘŬ, ůŰŮɜɎ ˊŮɟɎůɛŬŰŬ əŬɘ əɧɚˊɞɡɠ. ȳɛɞɘŬ əŬɘ ŰŬ 

ˊŬɚɘɟɟɞɘŬəɎ ɟŮɨɛŬŰŬ ŮɑɜŬɘ ɘůɢɡɟɧŰŮɟŬ ůŮ ůŰŮɜɎ ˊŮɟɎůɛŬŰŬ ŬəɧɛŬ əŬɘ Ŭɜ Űɞ ˊŬɚɘɟɟɞɘŬəɧ 

Ůɨɟɞɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛɘəɟɧ. ȷɡŰɧɠ ŮɑɜŬɘ əŬɘ ɞ ɚɧɔɞɠ ˊɞɡ ɖ ˊŬɚɘɟɟɞɘŬəɐ ŮɜɏɟɔŮɘŬɠ ɗŮɤɟŮɑŰŬɘ 

ŮɛˊɞɟŮɡɛŬŰɞˊɞɘɖɛɏɜɖ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮɝŮɚɘɔɛɏɜɖ Ŭˊɧ Űɘɠ ɎɚɚŮɠ 4 ɛɞɟűɏɠ ˊŬɟɧɚɞ ˊɞɡ ɞɘ 

ŭɡɜɖŰɘəɏɠ Űɖɠ ŭɡɜŬŰɧŰɖŰŮɠ ůŰɖɜ ůɨɔəɟɘůɖ ɡůŰŮɟɞɨɜ. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ ŰŬ ŭɨɞ ɛŮɔɎɚŬ 

ɏɟɔŬ ůŰɞɜ ˊɞŰŬɛɧ Rance əŬɘ ůŰɖɜ ɚɑɛɜɖ Sihwa, ɘůɢɨɞɠ 240 MW əŬɘ 254 MW ŬɜŰɑůŰɞɘɢŬ, 

ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɘɠ ˊɘɞ ŬɝɘɞɛɜɖɛɧɜŮɡŰŮɠ ɛɞɜɎŭŮɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ 

ůɡɜɞɚɘəɎ. 

ȼ əŬŰɎŰŬɝɖ Űɤɜ ɡˊɧɚɞɘˊɤɜ ɛɞɟűɩɜ ɛŮ əɟɘŰɐɟɘŬ Űɞ ŮˊɘůŰɖɛɞɜɘəɧ ŮɜŭɘŬűɏɟɞɜ əŬɘ Űɖɜ 

ŮəŰɘɛɞɨɛŮɜɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ ŮɑɜŬɘ: 

× ȾɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ 

× ŪŮɟɛɞŭɡɜŬɛɘəɐ əŬɘ ɤůɛɤŰɘəɐ ŮɜɏɟɔŮɘŬ 

× ȺɜɏɟɔŮɘŬ Ŭˊɧ ŰŬ ɤəŮɎɜɘŬ ɟŮɨɛŬŰŬ 

ɂŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ůŰɖɜ əŬŰɎŰŬɝɖ, əŬɛɑŬ ˊŮɘɟŬɛŬŰɘəɐ ŬˊɧˊŮɘɟŬ ŮəɛŮŰɎɚɚŮɡůɖɠ 

Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɤɜ ɤəŮɎɜɘɤɜ ɟŮɡɛɎŰɤɜ ŭŮɜ ɏɢŮɘ əŬŰŬɔɟŬűŮɑ ɏɤɠ ůɐɛŮɟŬ. ȷɜŬűɞɟɘəɎ, ɛŮ Űɖɜ 

ɗŮɟɛɞŭɡɜŬɛɘəɐ əŬɘ Űɖɜ ɤůɛɤŰɘəɐ ŮɜɏɟɔŮɘŬ ɞɘ ŭɞəɘɛɏɠ ˊɞɡ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮɑɜŬɘ 

ŮɚɎɢɘůŰŮɠ (ˊŮɟɘůůɧŰŮɟŮɠ ɔɘŬ Űɖɜ ɗŮɟɛɞŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ). Ɉˊɧ əŬŰŬůəŮɡɐ ɓɟɑůəŮŰŬɘ ůŰɖɜ 

ɀŬɟŰɘɜɑəŬ (ɜɖůɑ ůŰɖɜ ȾŬɟŬɥɓɘəɐ ɗɎɚŬůůŬ) ɏɜŬ űŬɘɜɞɛŮɜɘəɎ ůɖɛŬɜŰɘəɧ ɏɟɔɞ Ŭˊɞɟɟɧűɖůɖɠ 

ŮɜɏɟɔŮɘŬɠ ɓŬůɘůɛɏɜɖɠ ůŰɖɜ ŭɘŬűɞɟɎ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɗŬɚɎůůɘɞɡ ɜŮɟɞɨ (ɗŮɟɛɞŭɡɜŬɛɘəɐ 

ŮɜɏɟɔŮɘŬ) Űɞɡ ɞˊɞɑɞɡ ɖ ɢɟɖɛŬŰɞŭɧŰɖůɖ ŮɔəɟɑɗɖəŮ Űɞ 2014. ȼ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ Űɞɡ ɏɟɔɞɡ 

ŬɡŰɞɨ ɗŬ ŬɜɏɟɢŮŰŬɘ ůŰŬ 10 MW əŬɘ ɗŬ ˊŬɟɏɢŮɘ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ ůŮ ˊŮɟɑˊɞɡ 35.000 

ɜɞɘəɞəɡɟɘɎ ůɨɛűɤɜŬ ɛŮ Űɘɠ əŬŰŬůəŮɡɎůŰɟɘŮɠ ŮŰŬɘɟɑŮɠ. 

ɇɏɚɞɠ, ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞɡ əɡɛŬŰɘůɛɞɨɠ ɏɢŮɘ ˊɚɞɖɔɖɗŮɑ ɐ ɗŮɛŮɚɘɤɗŮɑ ˊɚɐɗɞɠ 

ŭɘŬűɞɟŮŰɘəɩɜ ŭɘŬŰɎɝŮɤɜ ˊŬɔəɞůɛɑɤɠ, ůŮ ˊŮɘɟŬɛŬŰɘəɧ ůŰɎŭɘɞ Ůə Űɤɜ ɞˊɞɑɤɜ ɞɟɘůɛɏɜŮɠ 

ůɡɜŭɏɗɖəŬɜ ůŰɞ ɖɚŮəŰɟɘəɧ ŭɑəŰɡɞ Űɖɠ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐɠ ɛɏɢɟɘ Űɞ ˊɏɟŬɠ Űɖɠ ŭɞəɘɛɩɜ. Ƀɘ 

ŮɔəŬŰŬůŰɎůŮɘɠ ŬɡŰɏɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɛŮ ɓɎůɖ Űɘɠ Ŭɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ůŮ: 

× ɀŮŰŬŰɟɞˊŮɑɠ ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ ůŰɐɚɖɠ ɟŮɡůŰɞɨ (ŮəɛŮŰɎɚɚŮɡůɖ ŭɘŬűɞɟɎɠ ˊɑŮůɖɠ) 

× ɄɚɤŰɞɑ ɛŮŰŬŰɟɞˊŮɑɠ  

× ɈˊŮɟˊɖŭɖŰɞɑ Ŭˊɧ Űɞ ɡɔɟɧ ůŰɞɘɢŮɑɞ ɛŮŰŬŰɟɞˊŮɑɠ 
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× ɆɡůəŮɡɏɠ əɟɞɨůɖɠ (ŰŬɚŬɜŰŮɡɧɛŮɜɞɘ ɛŮŰŬɟɞˊŮɑɠ ɚɧɔɤ Űɖɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ Űɤɜ 

əɡɛɎŰɤɜ əŬŰɎ Űɖɜ ɞɟɘɕɧɜŰɘŬ əŬŰŮɨɗɡɜůɖ) 

ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɎɚɚŮɠ 

ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ ˊɖɔɎɕŮɘ Ŭˊɧ Űɞ ˊɟɩɘɛɞ ůŰɎŭɘɞ Űɤɜ ůɢŮŰɘəɩɜ ŮɟŮɡɜɩɜ əŬɘ 

ŬɜŰɘəŬŰɞˊŰɟɑɕŮŰŬɘ ůŰɞ ɡɣɖɚɧ Űɖɠ əɧůŰɞɠ ŬɜɎ ˊŬɟŬɔɧɛŮɜɖ kWh Űɖɠ ŮɘəɧɜŬɠ 2.26. ɆŰɞɜ 

ˊɑɜŬəŬ 2.5 ŰŬ əɧůŰɖ ɡˊɞɚɞɔɑůŰɖəŬɜ ɛɘəɟɧŰŮɟŬ. ȷˊɧ Űɖɜ ɏɟŮɡɜŬ əŬŰŬɚɐɝŬɛŮ ůŰɞ 

ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɖ ŬɚɐɗŮɘŬ ɓɟɑůəŮŰŬɘ əɎˊɞɡ ůŰɖɜ ɛɏůɖ. ȰɜŬ Ůɨɚɞɔɞ Ůɨɟɞɠ ɗŮɤɟɖŰɘəɎ ŮɑɜŬɘ 

ŰŬ 0,25-0,40 ú/kWh. ȼ ɛŮɑɤůɖ Űɖɠ Űɘɛɐɠ ŬɡŰɐɠ, ˊɘɗŬɜɧŰŬŰŬ, ɗŬ ŮˊɏɚɗŮɘ ɛŮ Űɖɜ 

ŮɛˊɞɟŮɡɛŬŰɞˊɞɑɖůɖ ŬɡŰɐɠ Űɖɠ ɛɞɟűɐɠ ŮɜɏɟɔŮɘŬɠ ɛɏůɤ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ Ŭɨɝɖůɖɠ Űɖɠ 

ŮˊɘɢŮɘɟɖɛŬŰɘəɐɠ ŬɜŰŬɔɤɜɘůŰɘəɧŰɖŰŬɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ. ɆɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ ůŰɘɠ 

ŭŬˊɎɜŮɠ ɛɘŬɠ ŮɔəŬŰɎůŰŬůɖɠ ŭɘŬŭɟŬɛŬŰɑɕŮɘ əŬɘ ɞ ɛɖɢŬɜɞɚɞɔɘəɧɠ Ůɝɞˊɚɘůɛɧɠ ɖ Űɡˊɞˊɞɑɖůɖ 

Űɞɡ ɞˊɞɑɞɡ ɗŬ ůɡɛɓɎɚɚŮɘ ŭɟŬůŰɘəɎ ůŰɖɜ ɛŮɑɤůɖ Űɤɜ əŮűŬɚŬɘɞɡɢɘəɩɜ əŬɘ ɚŮɘŰɞɡɟɔɘəɩɜ 

Ůɝɧŭɤɜ Űɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Raventos et al. (2010) ɖ ŮɜɏɟɔŮɘŬ ɗŬ əɞůŰɑɕŮɘ 0,20 ú/kWh Űɞ 

2020 əŬɘ ɗŬ əŬŰŬůŰŮɑ ŬɜŰŬɔɤɜɘůŰɘəɐ Űɞ 2030 ˊŮɟɑˊɞɡ ɧŰŬɜ əŬɘ ɖ Űɘɛɐ Űɖɠ ɗŬ ɛŮɘɤɗŮɑ ůŰŬ 

0,10-0,15 ú/kWh. 

ȺˊɘˊɟɞůɗɏŰɤɠ ůŰɞ əŮűɎɚŬɘɞ 2 ˊɞɡ ŬűɞɟɎ Űɖɜ Ůˊɘůəɧˊɖůɖ 13 ůɡɜɞɚɘəɎ ŮɔəŬŰŬůŰɎůŮɤɜ ɛŮ 

ůəɞˊɧ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɖɚŮəŰɟɘəɐ, ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ əɎɗŮ ɛɑŬ 

ɢɤɟɘůŰɎ ŬŭɡɜŬŰŮɑ ɜŬ ŬɜŰŬˊŮɝɏɚɗŮɘ ůŰɘɠ ŬɜɎɔəŮɠ Ůɜɧɠ ɜɖůɘɞɨ ɐ ɛɘŬɠ əɞɘɜɤɜɑŬɠ ɔŮɜɘəɎ. Ƀɘ 

ɚɨůŮɘɠ ůŰɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ ŮɑɜŬɘ ŭɨɞ: 

× ȹɖɛɘɞɡɟɔɑŬ ˊɎɟəɤɜ ɧɛɞɘɤɜ ɛɞɜɎŭɤɜ ɛŮ ůɡɜɏˊŮɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ 

ɘůɢɨɠ ůŮ ɛɑŬ ŰɞˊɞɗŮůɑŬ 

× ȹɖɛɘɞɡɟɔɑŬ ɡɓɟɘŭɘəɩɜ ˊɎɟəɤɜ, ŭɖɚŬŭɐ ůɡɜŭɡŬůɛɧɠ ɛɞɜɎŭɤɜ Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ 

əɡɛŬŰɘəɐɠ əŬɘ Űɖɠ Ŭɘɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ. 

ɆŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ŬɡŰɎ ŬɜŰɘˊŬɟɏɟɢɞɜŰŬɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ əɡɛŬŰɘəɐɠ ɤɠ ŬɜŬɜŮɩůɘɛɖɠ 

ŮɜɏɟɔŮɘŬɠ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ŰŬ ŬˊɞɗɏɛŬŰŬ Űɖɠ ŮɑɜŬɘ ŬɜŮɝɎɜŰɚɖŰŬ əŬɘ ŮɑɜŬɘ űɘɚɘəɐ ˊɟɞɠ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ əŬɗɩɠ ɞɘ Ůəˊɞɛˊɏɠ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ (CO2) əŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ 

ŮɔəŬŰŬůŰɎůŮɤɜ ŮɑɜŬɘ ɛɖŭŮɜɘəɐ. ɇŬ ůɖɛŮɑŬ ůŰŬ ɞˊɞɑŬ ɡˊŮɟɏɢŮɘ ɖ əɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ ɏɜŬɜŰɘ 

Ɏɚɚɤɜ ŬɜŬɜŮɩůɘɛɩɜ ˊɖɔɩɜ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

× ȼ ŭɘŬɗŮůɘɛɧŰɖŰɎ Űɖɠ ɏɤɠ ˊŮɟɑˊɞɡ Űɞ 90% ɏŰɞɡɠ Űɖ ůŰɘɔɛɐ ˊɞɡ ŰŬ ŬɜŰɑůŰɞɘɢŬ ˊɞůɞůŰɎ 

ɔɘŬ Űɖɜ ɖɚɘŬəɐ əŬɘ Űɖɜ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ ŬɜɏɟɢɞɜŰŬɘ ůŰɞ 20-30% 

× ȼ  ŭɡɜɖŰɘəɐ ŮɜŮɟɔŮɘŬəɐ ɡˊŮɟɞɢɐ Űɖɠ ŬɜɎ ɛɞɜɎŭŬ ŮˊɘűɎɜŮɘŬɠ (2-3 kW/m
2
) ɏɜŬɜŰɘ Űɖɠ 

ɖɚɘŬəɐɠ (0,1-0,2 kW/m
2
) əŬɘ Űɖɠ Ŭɘɞɚɘəɐɠ (0,4-0,6 kW/m

2
) 

× ȼ ŮˊŮɛɓɎůŮɘɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖɠ əɚɑɛŬəŬɠ ŮɝɞɛŬɚɨɜɞɜŰŬɠ Űɘɠ 

ŬɜŰɘŭɟɎůŮɘɠ Űɖɠ əɞɘɜɐɠ ɔɜɩɛɖɠ Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ɛɞɜɎŭŮɠ ɛŮ ɞɟɗɐ 

ɢɤɟɞɗɏŰɖůɖ ɑůɤɠ ŬˊɞəŰɐůŮɘ ŭɘŰŰɧ ɟɧɚɞ ˊŬɟɎɔɞɜŰŬɠ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ əŬɘ 

ůɡɛɓɎɚɚɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ůŰɖɜ ˊɟɞůŰŬůɑŬ ɛɘŬɠ ŬəŰɐɠ. 

ȺɘŭɘəɧŰŮɟŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ, ɏɜŬ ɞɚɧəɚɖɟɞ əŮűɎɚŬɘɞ ŬűɘŮɟɩɗɖəŮ ůŰɖɜ ůɨɜŭŮůɖ 

Űɖɠ ɛŮ Űɘɠ űɡůɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɛɏůɤ ŮɝɘůɩůŮɤɜ. ɇŮɚɘəɎ, ŰŬ ˊŬɟŬɔɧɛŮɜŬ ˊɞůɎ ŮɜɏɟɔŮɘŬɠ Űɤɜ 

ɛŮŰŬŰɟɞˊɏɤɜ ŰŬɚŬɜŰŮɡɧɛŮɜɖɠ ůŰɐɚɖɠ ɟŮɡůŰɞɨ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ɨɣɞɠ əŬɘ Űɖɜ ˊŮɟɑɞŭɞ 

ŰŬɚɎɜŰɤůɖɠ Űɤɜ ˊɟɞůˊɘˊŰɧɜŰɤɜ əɡɛɎŰɤɜ, Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɞɡ ɗŬɚɎɛɞɡ əŬɘ Űɞɡ ůŰɞɛɑɞɡ 

ŮɘůŬɔɤɔɐɠ əŬɘ ŮɝŬɔɤɔɐɠ Űɞɡ ŬɏɟŬ əŬɗɩɠ əŬɘ Űɞ ɔŮɤɛŮŰɟɘəɧ ůɢɐɛŬ Űɞ ŬɜɞɑɔɛŬŰɞɠ ůŰɖɜ 

ɗɎɚŬůůŬ Ůɜɩ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŬɛŮɚɖɗɞɨɜ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŰɞˊɞɗŮŰɞɨɛŮɜɖɠ 
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ŰɞɡɟɛˊɑɜŬɠ. ũɘŬ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ɡˊŮɟˊɖŭɖŰɩɜ Ŭˊɧ Űɞ ɡɔɟɧ ůŰɞɘɢŮɑɞ ɛŮŰŬŰɟɞˊɏɤɜ ůŰɞ 

ɛɞɜŰɏɚɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ əɞɛɓɘəɐɠ ůɖɛŬůɑŬɠ ŮɑɜŬɘ Űɞ ɨɣɞɠ ŰŬɚɎɜŰɤůɖɠ Űɞɡ 

ˊɟɞůˊɑˊŰɞɜŰɞɠ əɨɛŬŰɞɠ əŬɘ ɞɟɘůɛɏɜŬ əŬŰŬůəŮɡŬůŰɘəɎ ůŰɞɘɢŮɑŬ ɧˊɤɠ ɞ Ŭɟɘɗɛɧɠ Űɤɜ 

ŭŮɝŬɛŮɜɩɜ, ɖ ɡɣɞɛŮŰɟɘəɐ ŭɘŬűɞɟɎ Űɞɡ ɢŮɑɚɞɡɠ Űɞɡɠ Ŭˊɧ Űɖɜ ɛɏůɖ ůŰɎɗɛɖ ɖɟŮɛɞɨɜŰɞɠ 

ɨŭŬŰɞɠ, Űɞ ɓɎɗɞɠ ɗŮɛŮɚɑɤůɖɠ ï Ŭɔəɡɟɞɓɧɚɖůɖɠ ŬɚɚɎ əŬɘ Űɘɠ əɚɑůŮɘɠ Űɤɜ ɟŬɛˊɩɜ ɡˊɞŭɞɢɐɠ 

Űɞɡ ɜŮɟɞɨ ůŰɖɜ ˊɟɧůɞɣɖ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ. ũɘŬ Űɘɠ ŭɨɞ ŮɜŬˊɞɛŮɑɜŬɜŰŮɠ əŬŰɖɔɞɟɑŮɠ ɖ 

ŮɝŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Ŭˊɚɐ ŬɜɎɔɜɤůɖ ˊɟɞůŬɟɛɞůɛɏɜɤɜ ůŰɘɠ ŮəɎůŰɞŰŮ 

ůɡɜɗɐəŮɠ ŭɘŬɔɟŬɛɛɎŰɤɜ əŬɘ ˊɘɜɎəɤɜ. ȷɡŰɎ ŬˊɞŰŮɚɞɨɜ ɏɟɔɞ Űɤɜ əŬŰŬůəŮɡŬůŰɟɘɩɜ ŮŰŬɘɟɘɩɜ 

ɞɘ ɞˊɞɑŮɠ ɔɘŬ Űɖɜ əŬŰɎɟŰɘůɖ Űɞɡɠ ɗŮɤɟɞɨɜ Űɖɠ ŰŬɚŬɜŰɩůŮɘɠ Űɤɜ əɘɜɞɨɛŮɜɤɜ ůɤɛɎŰɤɜ 

ŬˊɞůɓŮɜɐɛŮɜŮɠ. ɋɠ ŬˊɞůɓɏůŮɘɠ ɗŮɤɟɞɨɜŰŬɘ ɖ ŬŭɟɎɜŮɘŬ Űɤɜ ŰŬɚŬɜŰŮɡɧɛŮɜɤɜ ɛŮɟɩɜ Űɤɜ 

ůɡůəŮɡɩɜ, ɖ ŬˊɧůɓŮůɖ Űɞɡ ɛɖɢŬɜɞɚɞɔɘəɞɨ Ůɝɞˊɚɘůɛɞɨ (ůɨůŰɖɛŬ PTO), ɖ ɡŭɟɞŭɡɜŬɛɘəɐ 

ŬˊɧůɓŮůɖ, ŭɖɚŬŭɐ ɖ ŬɜŰɑůŰŬůɖ Űɞɡ ɜŮɟɞɨ ŬɜŬɚɧɔɤɠ ɛŮ Űɞ ɓɎɗɞɠ əŬɘ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ 

(ůɢŮŰɘəɧ ŭɘɎɔɟŬɛɛŬ ůŰɞ ɄŬɟɎɟŰɖɛŬ ũ). ɇŬ ɛŮɔɏɗɖ ŬɡŰɎ ŮɝŬɟŰɩɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ Űɘɠ 

ŭɘŬůŰɎůŮɘɠ əŬɘ Űɖɜ ɛɎɕŬ Űɤɜ ˊɚɤŰɐɟɤɜ ɐ Űɤɜ ˊŰŮɟɡɔɑɤɜ. ɇŬɡŰɧɢɟɞɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ 

əŬɘ ɞˊɞɘŬŭɐˊɞŰŮ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ ˊɟɞəɨɣŮɘ Ŭˊɧ ˊŮɘɟŬɛŬŰɘəɏɠ ŭɘŬŰɎɝŮɘɠ ɛɘəɟɧŰŮɟɖɠ əɚɑɛŬəŬɠ 

Ŭˊɧ ŬɡŰɐɜ Űɞɡ ŰŮɚɘəɞɨ ɏɟɔɞɡ. 

ɇɏɚɞɠ, ŬɜŬűɞɟɘəɎ ɛŮ Űɞ ɜɖůɑ Űɖɠ ȷůŰɡˊɎɚŬɘŬɠ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ůɨɔəɟɘůɖɠ Űɖɠ Ŭˊɧŭɞůɖɠ 

ɛɑŬ ɡˊŮɟˊɖŭɖŰɐɠ ůɡůəŮɡɐɠ Űɨˊɞɡ SSG ɛŮ ɛɑŬ ůɡůəŮɡɐ ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ˊɚɤŰɐɟŮɠ Űɨˊɞɡ 

Wave Star ŬɜɏŭŮɘɝŮ ɤɠ ˊɟɞŰɘɛɧŰŮɟɖ Űɖɜ ˊɟɩŰɖ ɚɨůɖ. ȼ ůɨɔəɟɘůɖ ɓŬůɑůŰɖəŮ ůŮ ůŰɞɘɢŮɑŬ Űɞɡ 

ɏŰɞɡɠ 2018 əŬɘ ɞɟɘůɛɏɜŮɠ ŮəŰɘɛɐůŮɘɠ Űɞɡ əɧůŰɞɡɠ ɛɏůŬ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ. Ⱥɜ ŰɏɚŮɘ, ɖ 

ŮɜɏɟɔŮɘŬ ˊɞɡ ŭɨɜŬŰŬɘ ɜŬ ŮɝɎɔŮɘ ɏɜŬ ˊɎɟəɞ ŬˊɞŰŮɚɞɨɛŮɜɞ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ ůɡůəŮɡɏɠ 

Ŭˊɞɟɟɧűɖůɖɠ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɐ ɔɘŬ ɜŬ ɘəŬɜɞˊɞɘɐůŮɘ Űɖɜ ɕɐŰɖůɖ Űɞɡ 

ɜɖůɘɞɨ (6,35 GWh). ȿɨůɖ ůŰɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ ŭɑɜŮɘ ŮɜŭŮɢɞɛɏɜɤɠ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

ɡɓɟɘŭɘəɞɨ ˊɎɟəɞɡ, ŭɖɚŬŭɐ ɛɘŬɠ ůɡɜŭɡŬůŰɘəɐɠ ŭɘɎŰŬɝɖɠ ɛŮŰŬŰɟɞˊɏɤɜ əɡɛŬŰɘəɐɠ əŬɘ Ŭɘɞɚɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ. ȺɜŭŮɘəŰɘəɎ 4 ůɡůəŮɡɏɠ Űɨˊɞɡ SSG ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ 

əŮűŬɚŬɑɞɡ 4 ɗŬ ˊŬɟɐɔŬɔŬɜ ˊŮɟɑˊɞɡ 1.55 GWh (=4*0,386 GWh) ŭɖɚŬŭɐ Űɞ ı Űɖɠ ɛɏůɖɠ 

ɕɐŰɖůɖɠ ŮɜɏɟɔŮɘŬɠ ŬɜɎ ɏŰɞɠ. 
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ɩɚɪɚɪɬɠɥɚ ɚ 

ȺˊɑůɖɛŬ Ŭˊɧ Űɞ ŮɡɟɤˊŬɥəɧ əɏɜŰɟɞ ɗŬɚɎůůɘŬɠ ŮɜɏɟɔŮɘŬɠ (European Marine Energy Center) 

ɏɢɞɡɜ ŬɜŬɔɜɤɟɘůɗŮɑ 227, ɡˊɧ ɚŮɘŰɞɡɟɔɑŬ, ˊɟɤŰɧŰɡˊŮɠ ůɡůəŮɡɏɠ Ŭɜ Űɞɜ əɧůɛɞ. ɆŰɞɜ ˊɑɜŬəŬ 

2.5 ˊŬɟŬɗɏŰɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ɞɜɧɛŬŰŬ Űɤɜ ůɡůəŮɡɩɜ ŬɡŰɩɜ əŬɘ ɞɘ űɞɟŮɑɠ ŬɜɎˊŰɡɝɐɠ Űɞɡɠ 

ɛŮ Űɖɜ ŰŮɚŮɡŰŬɑŬ Ůɜɖɛɏɟɤůɖ Űɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɘɠ 3 ūŮɓɟɞɡŬɟɑɞɡ Űɞɡ 2017. 

ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Able Technnologies 

LLC 
USA 

Electric Generating 

Wave Pipe 
Attenuator 

Aker Solutions ASA Norway Aker WEC Attenuator 

AlbaTERN Ltd UK WaveNet Attenuator 

ATA Engineering USA  Attenuator 

Atmocean Inc USA 
WES - Wave 

Energy System 
Attenuator 

AWECS Attenuator USA  Attenuator 

Cal Poly-Protean 

Wave Energy Inc 
USA  Attenuator 

Columbia Power 

Technologies 
USA StingRAY Attenuator 

Crestwing / Danyard 

Engineering Aps 
Denmark Crestwing Attenuator 

DEXAWAVE A/S Denmark 
DEXAWAVE 

coverter 
Attenuator 

Eco Wave Power Israel Wave Clapper Attenuator 

Eco Wave Power Israel Power Wing Attenuator 

Ecomerit 

Technologies 
USA Centipod Attenuator 

Ensea Italy SWATHS Attenuator 

Floating Power Plant 

AS 
Denmark 

Poseidon ï Wave 

wind hybrid 
Attenuator 

Globalone Sciences USA  Attenuator 

Grey Island Energy 

Inc 
Canada SeaWEED Attenuator 

Group Captain SM 

Ghouse 
India 

Free Floating Wave 

Energy Convertor 
Attenuator 

    KN Ocean Energy 

Science & 

Development 

Denmark KNSWING Attenuator 



 
 

 
86 

 

ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Kneider Innovations France 
Wave Energy 

Propulsion 
Attenuator 

Laminaria Belgium Laminaria Attenuator 

M4Wave Power UK M4 Attenuator 

Martifer Energia Portugal FLOW Attenuator 

Mocean Energy USA  Attenuator 

Navatek Ltd USA NavatekWEC Attenuator 

Ocean Energy 

Laboratory of 

Guangzhou Institute 

of Energy Conversion 

(GIEC), Chinese 

Academy of Sciences 

China Eagle  Attenuator 

Ocean Energy 

Laboratory of 

Guangzhou Institute 

of Energy Conversion 

(GIEC), Chinese 

Academy of Sciences 

China Duck Attenuator 

Oceantec Energias 

Marinas SL 
Spain 

Oceantech Energy 

Convertor 
Attenuator 

Perpetuwave Australia 
Xtracta (Hybrid 

Attenuator) 
Attenuator 

Sea Power Ltd Ireland Sea Power Platform Attenuator 

Tecnalia Spain PSE - MAR Attenuator 

Vortex Oscillation 

Technology Ltd 
Russia 

Vortex Oscillation 

Technology 
Attenuator 

WavePiston Denmark WavePiston Attenuator 

Waves Ruiz France   Attenuator 

Wavetube Sweden  Attenuator 

Checkmate 

Seaenergy UK Ltd 
UK Anaconda Bulge Wave 

Vigor Wave Energy 

AB 
Sweden 

Vigor Wave Energy 

Convertor 
Bulge Wave 



 
 

 
87 

 

ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Dresser Rand USA HydroAir 
Oscillating Water 

Column 

Joules Energy 

Efficiency Services 

Ltd 

Ireland  TETRON 
Oscillating Water 

Column 

Joules Energy 

Efficiency Services 

Ltd 

Ireland TETRON 
Oscillating Water 

Column 

Leancon Wave 

Energy 
Denmark LEANCON WEC 

Oscillating Water 

Column 

Marine Power 

Technologies Pty Ltd 
Australia Energy Island 

Oscillating Water 

Column 

Oceanlinx China greenWAVE 
Oscillating Water 

Column 

Oceanlinx China ogWave 
Oscillating Water 

Column 

Oceanlinx China blueWAVE 
Oscillating Water 

Column 

Pico Portugal Pico OWC 
Oscillating Water 

Column 

Principle Power  USA  
Oscillating Water 

Column 

Ryokuseisha Japan WAG Buoy 
Oscillating Water 

Column 

SDK Marine Spain SDK Wave Turbine 
Oscillating Water 

Column 

Sea Energies Ltd Ireland SEWEC 
Oscillating Water 

Column 

Spar Buoy Portugal Spar Buoy 
Oscillating Water 

Column 

Bombora Wave 

Power 
Australia mWave 

Submerged Pressure 

Differential 

Calwave USA WaveCarpet 
Submerged Pressure 

Differential 

Calwave USA CalWave 
Submerged Pressure 

Differential 

College of the North 

Arlantic 
Canada SARAH Pump 

Submerged Pressure 

Differential 

M3 Wave LLC USA DMP Device 
Submerged Pressure 

Differential 

Marine Power 

Systems 
UK WaveSub 

Submerged Pressure 

Differential 

ORECon UK MRC 1000 
Submerged Pressure 

Differential 



 
 

 
88 

 

ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

SeaNergy Israel 

Turbo Outburst 

Power/Top 

Desalination 

System 

Submerged Pressure 

Differential 

Abengoa Seapower Spain črgano Point Absorber 

AdapWave USA   Point Absorber 

AeroVironment Inc USA Eel Grass Point Absorber 

Applied 

Technologies 

Company Ltd (ATC) 

Russia 

Float Wave Electric 

Power Station 

(FWEPS) 

Point Absorber 

Aquagen 

Technologies 
Australia Rig Drive Point Absorber 

AquaHarmonics USA  Point Absorber 

Aqua ï Magnetics 

Inc 
USA Electric Buoy Point Absorber 

Aqua ï Shift USA  Point Absorber 

Atlas Ocean Systems USA SQ5 Point Absorber 

Balkee Tide and 

Wave Electricity 

Generator 

Mauritius TWPEG Point Absorber 

Blue Power Energy 

Ltd 
Ireland 

Blue Power Take 

Off (PTOU) 
Point Absorber 

Brandl Motor Germany Brandl Generator Point Absorber 

Carnegie Wave 

Energy Ltd 
Australia CETO 6 Point Absorber 

Ecotricity UK Searaser Point Absorber 

ELGEN Wave USA Horizon Platform Point Absorber 

Energystics USA Vibristor Point Absorber 

Finima ï Aimmer Hong Kong Aimmer III Point Absorber 

FlanSea Belgium Wave Pioneer Point Absorber 

Float Inc USA Rho ï Cee Point Absorber 



 
 

 
89 

 

ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Fred Olsen Ltd Norway Lifesaver Point Absorber 

Green Ocean Wave 

Energy 
USA 

Ocean Wave Air 

Piston 
Point Absorber 

Hydrocap Energy 

SAS 
France Seacap Point Absorber 

Independent Natural 

Resources 
USA SAEDOG Point Absorber 

Indian Wave Energy 

Device 
India IWAVE Point Absorber 

Ingine Inc South Korea INWave Point Absorber 

IOWEC USA  Point Absorber 

Joules Energy 

Efficiency Services 

Ltd 

Ireland Wave Train Point Absorber 

Joules Energy 

Efficiency Services 

Ltd 

Ireland Wave Train Point Absorber 

Korean Institute of 

Ocean Science and 

Technology (KIOST) 

Korea  Point Absorber 

Kymogen USA Kymogen WEC Point Absorber 

MakerStrong USA eBuoy Point Absorber 

Marine Energy 

Corporation 
USA Wave Catcher Point Absorber 

Maruthi Power USA  Point Absorber 

Mighty Waves 

Energy Team 
USA  Point Absorber 

Motor Wave Hong Kong Motor Wave Point Absorber 

Neptune Renewable 

Energy Ltd 
UK Triton Point Absorber 

Neptune Wave Power USA  Point Absorber 

Next Gen USA  Point Absorber 

Northwest Energy 

Innovations 
New Zealand Azura Point Absorber 

Nualgi Nanobiotech India 
Rock n Roll wave 

energy device 
Point Absorber 
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ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Norwegian 

University of Science 

& Technology 

Norway CONWEC Point Absorber 

Ocean Electric Inc USA Wave platform Point Absorber 

Ocean Energy 

Industries Inc 
USA WaveSurfer Point Absorber 

Ocean Harvesting 

Technologies 
Sweden Ocean Harvester Point Absorber 

Ocean Motion 

International 
USA 

OMI Combined 

Energy System 
Point Absorber 

Ocean Energy 

Laboratory of 

Guangzhou Institute 

of Energy Conversion 

(GIEC), Chinese 

Academy of Sciences 

China Neza II Point Absorber 

Ocean Power 

Technologies (OPT) 
USA Power Buoy Point Absorber 

Ocean Wave and 

Wind Energy 

(OWWE) 

Norway Wave Pump Rig Point Absorber 

Oceanic Power Spain SeaHeart Point Absorber 

Oscilla Power Inc USA 

TDB 

(magnetostrictve 

wave energy 

harvester_) 

Point Absorber 

OWEC Ocean Wave 

Energy Company 
USA 

OWEC Ocean 

Wave Energy 

Converter 

Point Absorber 

Pelagic Power AS Norway W2Power Point Absorber 

PIPO Systems Spain APC ï PISYS Point Absorber 

Pontoon Power Norway 
Pontoon Power 

Converter 
Point Absorber 

Protean Wave Energy 

Limited 
Australia Protean WEC Point Absorber 

RESEN ENERGY Denmark 
Resen Waves 

LOPF buoys 
Point Absorber 

Sea Green 

Technologies 
USA  Point Absorber 

Seabased AB Sweden 
Linear generator 

(Islandberg Project) 
Point Absorber 
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ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Seatricity UK Oceanus 2 Point Absorber 

Seawood Designs Inc Canada SurfPower Point Absorber 

SEEWEC 

Consortium 
UK FO3 Point Absorber 

Sigma Energy Slovenia 
MD Wave Power 

Converter 
Point Absorber 

Sinn Power Germany Sinn Power WEC Point Absorber 

Slow Mill Holland Slow Mill Point Absorber 

Snapper Consortium UK Snapper Point Absorber 

Spindrift Energy USA 
Spindrift Energy 

Device 
Point Absorber 

Super Watt Wave 

Catcher 
USA  Point Absorber 

The Bobber 

Company Ltd 
UK Manchester Bobber Point Absorber 

Tremont Electric USA nPower WEC Point Absorber 

Wave Energy Team 

at Virginia Tech 
USA  Point Absorber 

Wave Star Energy 

ApS 
Denmark Wave Star Point Absorber 

Waveberg 

Development 
USA Waveberg Point Absorber 

Waves4Power AB Sweden WaveEL ï buoy Point Absorber 

Waveswing America USA  Point Absorber 

Ecole Centrale de 

Nantes 
France SEAREV Rotating Mass 

Enorasy Labs USA  Rotating Mass 

Waves for Energy Italy ISWEC Rotating Mass 

Wello OY Finland Penguin Rotating Mass 

WITT Ltd UK  Rotating Mass 

Advance Ocean 

Energy @ Virginia 

Tech 

USA MULLET Overtopping/Terminator 
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ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Atlantic Wavepower 

Partnership 
USA  Overtopping/Terminator 

AWS Ocean Energy UK AWS III Overtopping/Terminator 

Brimes Energy USA Jellyfish Overtopping/Terminator 

JAMSTEC Japan Mighty Whale Overtopping/Terminator 

Kinetic Wave Power USA PowerGin Overtopping/Terminator 

Norvento Spain Wavecat Overtopping/Terminator 

Ocean Wave and 

Wind Energy 

(OWWE) 

Norway OWWE - Rig Overtopping/Terminator 

Polygen Ltd UK Volta WaveFlex Overtopping/Terminator 

RTI Wave Power USA  Overtopping/Terminator 

Sea Power 

International AB 
Sweden Streamturbine Overtopping/Terminator 

SeWave Ltd Faroe Islands OWC Overtopping/Terminator 

The CyanWave Wave 

Energy Converter 
Ireland CyanWave4 Overtopping/Terminator 

Wave Dragon Denmark Wave Dragon Overtopping/Terminator 

Wave Energy AS Norway 

Seawave Slot ï 

Cone Generator 

(SSG) 

Overtopping/Terminator 

AW Energy Finland WaveRoller 
Oscillating Wave Surge 

Converter 

BioPower Systems 

Pty Ltd 
Australia bioWave 

Oscillating Wave Surge 

Converter 

CorPower Ocean AB Sweden 
CorPower Wave 

Energy Converter 

Oscillating Wave Surge 

Converter 

CorPower Ocean AB Sweden CPO2 
Oscillating Wave Surge 

Converter 

Costas Wave USA Costas Wave 
Oscillating Wave Surge 

Converter 

Ing Arvid Nesheim Norway Oscillating Device 
Oscillating Wave Surge 

Converter 

Kozoriz Franklin 

California Maglev 

Inc 

USA  
Oscillating Wave Surge 

Converter 
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ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Langlee Wave Power Norway Langlee System 
Oscillating Wave Surge 

Converter 

Offshore Wave 

Energy Ltd (OWEL) 
UK OWEL WEC 

Oscillating Wave Surge 

Converter 

Polygen Ltd UK Ocean WaveFlex 
Oscillating Wave Surge 

Converter 

Resolute Marine 

Energy Inc 
USA Surge WEC 

Oscillating Wave Surge 

Converter 

Team FLAPPER USA  
Oscillating Wave Surge 

Converter 

University of Tokyo 

(UT) 
Japan WaveRudder 

Oscillating Wave Surge 

Converter 

Wave Electricity 

Renewable Power 

Ocean (WERPO) 

Israel SDE 
Oscillating Wave Surge 

Converter 

40 South Energy Italy H24 Other 

Aimmer UK UK Aimmer Other 

AlbaTERN Ltd UȾ SQUID Other 

Alternative Energy 

Engineering 

Associates 

USA AEEA ï WECS Other 

Atargis Energy 

Corporation 
USA 

Cycloidal Wave 

Energy Converter 

(CycWEC) 

Other 

Avium AS Turkey Yeti Cluster System Other 

Bosch Rexroth Germany  Other 

Buoyant Energy USA  Other 

Caley Ocean Systems UK Wave Plane Other 

Coppe Subsea 

Technology 
Brazil 

Clean Energy from 

Waves 
Other 

Earth by Design USA  Other 

Etymol Ocean Power 

SpA 
Chile 

Etymol WEC ï 

Alfa Series 
Other 

Fetzer Wave USA  Other 

Gmax Tidal Energy USA  Other 
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ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Greenfield 

Technologies LLC 
USA  Other 

Greenheat Systems 

Ltd 
UK Gentec WaTS Other 

Gyrogen (DNS) USA  Other 

Havkraft Norway 

Evolver (Havkraft 

Wave Energy 

ConverterïH-

WEC) 

Other 

Healyôs Wave Energy 

Convertor 
USA   Other 

Hui Nalu USA  Other 

Hydrokinetic Energy 

Sollutions 
USA  Other 

IHC Tidal Energy Netherlands 
Wave 

Rotor/Oceanmill 
Other 

Intentium AS Norway 

Intentium Offshore 

Wave Energy 

Convertor 

Other 

Interproject Service 

(IPS) AB 
Sweden IPS OWEC Buoy Other 

James F Marino USA  Other 

Jetty Joule USA  Other 

Jospa Ltd Ireland 
Irish Tube 

Compressor 
Other 

Leviathan Energy 

Waves 
USA  Other 

Limerick Wave Ltd UK 
Limerick Wave 

PTO 
Other 

Marine Hydroelectric 

Company 
USA 

MHG (Marine 

Hydroelectric 

Generator) 

Other 

Muroran Institute of 

Technology 
Japan Pendulor Other 

NEMOS GmbH Germany NEMOS Other 

Ocean RusEnergy Russia Ocean 3 Other 

Ocean RusEnergy Russia Ocean 160 Other 
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ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Ocean RusEnergy Russia Ocean 640 Other 

Ovsiankin Energy 

Group 
USA  Other 

PAULEY (Phil 

Pauley Innovation) 
UK Solar Marine Cells Other 

Poseidonôs Kite USA  Other 

Rotary Wave SL Spain Rotary Other 

Royal Wave USA  Other 

RTI Wave Energy USA RTI F2/F2D Other 

Rutgers Wave Power USA 
Cyclic Pitch Paddle 

Wheel 
Other 

SARA Inc USA 

MHD Wave Energy 

Conversion 

(MWEC) 

Other 

Sea Wave Energy Ltd 

(SWEL) 
UK Waveline Magnet Other 

SeaFoil USA  Other 

TAMU ï OSSL USA  Other 

Team Treadwater USA  Other 

Trident Energy Ltd UK 

PowerPod & 

PowerPod II 

(Linear Generator) 

Other 

Uniturbine 

Corporation 
USA  Other 

University of Genoa Italy Seaspoon Other 

Uppsala University Sweden 

Uppsala/Seabased 

AB Wave Energy 

Convertor 

Other 

Vortex USA  Other 

Wave Water Works USA  Other 

WavePlane 

Production 
Denmark WavePlane Other 

Wavepower 

Technologies Limited 
UK  Other 
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ūɃɅȺȽɆ 

ȷɁȷɄɇɈɂȼɆ 

ɉɋɅȷ 

ȺũȾȷɇȷɆɇȷɆȼɆ 

ɃɁɃɀȷ 

ɆɈɆȾȺɈȼɆ 
ɇɈɄɃɆ ɆɈɆȾȺɈȼɆ 

Waves2Energy USA  Other 

Wave - tricity UK  Other 

Wavy Turbine USA  Other 

Weptos Denmark Weptos WEC Other 

Wizards of Energy USA  Other 
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ɩɚɪɚɪɬɠɥɚ ɛ 
ɀɞɟűɐ ɢɟɞɜɞůŮɘɟɎɠ ɡɣɩɜ əŬɘ ˊŮɟɘɧŭɤɜ əɡɛɎŰɤɜ ɔɘŬ 100 ɢɟɧɜɘŬ (2018-2117): 

year month day hour Wave Height Hs [m]Wave Period T0,1 [s]

2018 1 1 0 1,083 4,740

2018 1 1 1 1,999 4,831

2018 1 1 2 2,255 5,251

2018 1 1 3 1,334 5,962

2018 1 1 4 1,159 4,011

2018 1 1 5 1,614 4,282

2018 1 1 6 1,021 3,716

2018 1 1 7 2,439 6,283

2018 1 1 8 2,353 3,392

2018 1 1 9 3,023 5,193

2018 1 1 10 0,764 4,483

2018 1 1 11 1,260 6,031

2018 1 1 12 4,215 4,224

2018 1 1 13 2,244 3,910

2018 1 1 14 1,413 4,384

2018 1 1 15 2,353 4,652

2018 1 1 16 0,459 5,012

2018 1 1 17 0,267 4,464

2018 1 1 18 0,085 3,729

2018 1 1 19 2,206 3,566

2018 1 1 20 0,431 5,060

2018 1 1 21 0,964 5,353

2018 1 1 22 0,904 4,423

2018 1 1 23 0,056 3,560

2018 1 2 0 1,612 4,760

2018 1 2 1 0,786 4,082

2018 1 2 2 0,658 6,554

2018 1 2 3 2,655 5,839

Χ Χ Χ Χ Χ Χ

2117 12 31 22 1,832 4,408

2117 12 31 23 1,046 3,713  
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Ƀɘ ɢɟɞɜɞůŮɘɟɏɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ɏŰɞɡɠ 2018 ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɖ ůɨɔəɟɘůɖ Űɤɜ ŭɨɞ ŮɔəŬŰůŰɎůŮɤɜ: 

ʆʇʃʁʅ {{D ʆʇʃʁʅ ²ŀǾŜ {ǘŀǊ

ʅʇɿʁɽʁΥ лΣоус D²ƘʅʇɿʁɽʁΥ лΣпуф D²Ƙ

23,47 0,00 86,75

74,58 1,00 150,00

200,83 2,00 150,00

36,53 3,00 73,50

27,28 4,00 86,75

52,30 5,00 124,75

20,49 6,00 86,75

235,98 7,00 150,00

219,42 8,00 150,00

354,04 9,00 0,00

9,73 10,00 51,25

32,55 11,00 73,50

605,25 12,00 0,00

198,77 13,00 150,00

40,91 14,00 124,75

219,32 15,00 150,00

0,00 16,00 21,50

0,00 17,00 0,00

0,00 18,00 0,00

191,81 19,00 150,00

0,00 20,00 21,50

17,84 21,00 49,00

15,25 22,00 51,25

0,00 23,00 0,00

52,16 24,00 124,75

10,52 25,00 48,25

6,30 26,00 20,75

278,66 27,00 150,00

Χ Χ Χ

0,00 8759,00 0,00

30,79 8760,00 80,50

ʃʰˊʰʴˈ˃ʶ˄ʹ ʶ˄ʷˊʴʶʽʰ ˍˇ 

ʷˍˇˌ нлму όƪ²Ƙύ

ʃʰˊʰʴˈ˃ʶ˄ʹ ʶ˄ʷˊʴʶʽʰ ˍˇ 

ʶˍˇˌ нлму όƪ²Ƙύʍʄɳʅ
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ȹɘŬɔɟɎɛɛŬŰŬ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɤɟɘŬɑŬ ɓɎůɖ ɔɘŬ əɎɗŮ ɛɐɜŬ Űɞɡ ɏŰɞɡɠ 2018: 
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ɩɚɪɚɪɬɠɥɚ ɜ  

ȼ ˊɡəɜɧŰɖŰŬ Űɞɡ əŬɗŬɟɞɨ ɜŮɟɞɨ ɘůɞɨŰŬɘ ɛŮ 1000 kg/m
3
 Ůɜɩ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ Űɤɜ 

ɗŬɚŬůůɩɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡɠ ɘůɞɨŰŬɘ ɛŮ 1025 kg/m
3 
ɚɧɔɤ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰɎɠ Űɞɡ ůŮ 

ŬɚɎŰɘ. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ ɞɘ ɞˊɞɑɞɘ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ŮɑɜŬɘ ɖ 

ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ŬɚŬŰɧŰɖŰŬ. ȼ ɛŮɑɤůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ ŬɚŬŰɧŰɖŰŬɠ 

ŬɡɝɎɜɞɡɜ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ ŮɑɜŬɘ ɖ ŭɘŬůŰɟɤɛɎŰɤůɐ Űɞɡ, ŭɘɧŰɘ Űɞ 

ɚɘɔɧŰŮɟɞ ˊɡəɜɧ ɜŮɟɧ ŮˊɘˊɚɏŮɘ ˊɎɜɤ Ŭˊɧ Űɞ ˊɡəɜɧŰŮɟɞ. Ⱥˊɞɛɏɜɤɠ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Űɞ ɜŮɟɧ ɛŮ 

Űɖɜ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŬɚŬŰɧŰɖŰŬ ŮɑɜŬɘ əŬɘ Űɞ ˊɡəɜɧŰŮɟɞ. ȼ 

ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɤůŰɧůɞ, ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɖɠ ŬɚŬŰɧŰɖŰŬɠ ŭɑɜɞɜŰŬɠ 

Ůɝɐɔɖůɖ ůŰɞ űŬɘɜɧɛŮɜɞ ɧˊɞɡ ɜŮɟɧ ɛŮɔŬɚɨŰŮɟɖɠ ŬɚŬŰɧŰɖŰŬɠ ŮˊɘˊɚɏŮɘ ůŮ ɜŮɟɧ ɛɘəɟɧŰŮɟɖɠ 

ˊɡəɜɧŰɖŰŬɠ. ɇɧŰŮ ŮɑɜŬɘ ɗɏɛŬ ɗŮɟɛɞəɟŬůɑŬɠ. 

ũɑɜŮŰŬɘ ɚɞɘˊɧɜ ŬɜŰɘɚɖˊŰɧ ɧŰɘ Ůűɧůɞɜ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŮɟɞɨ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ 

ɓɎɗɞɡɠ, ŬɡɝɎɜŮŰŬɘ ŬɜŰɑůŰɞɘɢŬ əŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɓɎɗɞɡɠ. ɇɞ 

ˊɡəɜɧŰŮɟɞ ůŰɟɩɛŬ ɜŮɟɞɨ ůŰɘɠ ɗɎɚŬůůŮɠ ɓɟɑůəŮŰŬɘ ůŰɞɜ ɓɡɗɧ əŬɘ ɖ əɡəɚɞűɞɟɑŬ Űɤɜ ɜŮɟɩɜ 

ŮəŮɑ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖɜ ɞɟɘɕɧɜŰɘŬ əŬŰŮɨɗɡɜůɖ (əŬŰɎ ɛɐəɞɠ Űɤɜ ůŰɟɤɛɎŰɤɜ).  

ɆŰɞ ŭɘɎɔɟŬɛɛŬ űŬɑɜɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ əɎɗŮ 

ɓɎɗɞɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ ŬɡŰɏɠ ɔɑɜɞɜŰŬɘ ŮɑŰŮ ɛŮ Űɖɜ ůɡɚɚɞɔɐ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ Ŭˊɧ Űɖɜ ɗɎɚŬůůŬ əŬɘ 

Űɖɜ ɢɟɐůɖ ɛɑŬɠ Ůɝɑůɤůɖɠ ɛŮ ˊŬɟŬɛɏŰɟɞɡɠ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ, Űɖɜ ŬɚŬŰɧŰɖŰŬ əŬɘ Űɖɜ ˊɑŮůɖ 

Űɞɡ ŮɑŰŮ ɎɛŮůŬ ɛɏůɤ Űɞɡ ɞɟɔɎɜɞɡ CTD ˊɞɡ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ɜŮɟɧ Ŭˊɧ ɛɑŬ ˊɚŬŰűɧɟɛŬ ɐ ɏɜŬ 

ˊɚɞɑɞ. (www.windows2universe.org) 

  

  
 

ȹɘɎɔɟŬɛɛŬ ˊɡəɜɧŰɖŰŬɠ əŬɘ ɧɟɔŬɜɞ ɛɏŰɟɖůɖɠ CDT 


