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ȹɈɁȷɀȽȾȼ ɆɈɀɄȺɅȽūɃɅȷ ȾȷȽ ȿȺȽɇɃɈɅũȼɆȽɀɃɇȼɇȷ 
 

 ȼ ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ˊɚɞɑɞɡ ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ Űɤɜ əɘɜɐůŮɤɜ Űɞɡ ˊɚɞɑɞɡ, 

ɧŰŬɜ ŬɡŰɧ ɡˊɞɓɎɚɚŮŰŬɘ ůŮ əɡɛŬŰɘůɛɞɨɠ, əŬɘ Űɘɠ ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ɏɢŮɘ ůŰɞɡɠ 

Ŭɜɗɟɩˊɞɡɠ, ŰŬ ůɡůŰɐɛŬŰŬ əŬɘ Űɘɠ ŬˊɞůŰɞɚɏɠ Űɞɡ. ɇɞ ˊɚɞɑɞ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ 

ůɡɛˊŬɔɏɠ ůɩɛŬ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ɏɝɘ ɓŬɗɛɞɨɠ ŮɚŮɡɗŮɟɑŬɠ. Ƀɘ ˊɟɩŰɞɘ ŰɟŮɘɠ ɓŬɗɛɞɑ 

ŮɚŮɡɗŮɟɑŬɠ Ŭűɞɟɞɨɜ Űɘɠ ɔɟŬɛɛɘəɏɠ əɘɜɐůŮɘɠ Űɞɡ ˊɚɞɑɞɡ, əŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ ŰɟŮɘɠ ɓŬɗɛɞɑ 

Ŭűɞɟɞɨɜ Űɘɠ ˊŮɟɘůŰɟɞűɘəɏɠ əɘɜɐůŮɘɠ Űɞɡ ˊɚɞɑɞɡ. Ƀɘ ŰɟŮɘɠ ɔɟŬɛɛɘəɏɠ əɘɜɐůŮɘɠ Űɞɡ 

ˊɚɞɑɞɡ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: i) Surge, ii) Sway əŬɘ iii) Heave. Ƀɘ ŰɟŮɑɠ ˊŮɟɘůŰɟɞűɘəɏɠ əɘɜɐůŮɘɠ 

Űɞɡ ˊɚɞɑɞɡ ŬɜŰɑůŰɞɘɢŬ ŮɑɜŬɘ: i) Roll, ii) Pitch əŬɘ iii) Yaw. ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ 

űŬɑɜɞɜŰŬɘ ɞɘ əɘɜɐůŮɘɠ ˊɎɜɤ ůŰɞ ˊɚɞɑɞ. 

 

ȺɘəɧɜŬ 1: ȸŬɗɛɞɑ ŮɚŮɡɗŮɟɑŬɠ ˊɚɞɑɞɡ 

  

Ⱥˊɞɛɏɜɤɠ ɖ ŬɜɎɚɡůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ˊɚɞɑɞɡ, ɛˊɞɟŮɑ ɜŬ 

ŭɘŬɘɟŮɗŮɑ ůŮ ŰɟŮɘɠ ɓŬůɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ: 

i. ȾɡɛŬŰɘůɛɧɠ, ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑ ŰŬ ŮɘůŬɔɧɛŮɜŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ 

ii. ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊɚɞɑɞɡ, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ Űɞ ůɨůŰɖɛŬ ˊɟɞɠ Ůˊɑɚɡůɖ 

iii. ȾɘɜɐůŮɘɠ ˊɚɞɑɞɡ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ˊɞɡ 

ˊɟɞɖɔɐɗɖəŬɜ 

Ƀ ɔŮɜɘəɧɠ ɧɟɞɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ ˊŮɟɘɏɢŮɘ ɧɚŮɠ Űɘɠ ůɢŮŭɘŬůŰɘəɏɠ ˊŰɡɢɏɠ Ůɜɧɠ 

ˊɚɞɑɞɡ, ɞɘ ɞˊɞɑŮɠ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡ ɜŬ ˊɚɏŮɘ ůŰɖɜ ɗɎɚŬůůŬ ůŮ ɧɚŮɠ Űɘɠ 

ůɡɜɗɐəŮɠ əŬɘ ɜŬ űɏɟɜŮɘ Ůɘɠ ˊɏɟŬɠ ŰŬ əŬɗɐəɞɜŰɎ Űɞɡ. Ⱥˊɞɛɏɜɤɠ, ˊɚɞɑŬ ɛŮ əŬɚɧ 

seakeeping ŮɑɜŬɘ ɘəŬɜɎ ɜŬ ˊɚɏɞɡɜ ŮəŰŮɚɩɜŰŬɠ ŮˊɘŰɡɢɖɛɏɜŬ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡɠ, ˊŬɟɎ 

Űɘɠ ŬɜŰɑɝɞŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. ȺůŰɘɎɕɞɜŰŬɠ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ˊɞɚŮɛɘəɎ ˊɚɞɑŬ, ŰŬ 

ɞˊɞɑŬ ɛŮŰŬűɏɟɞɡɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊɟɞůɤˊɘəɞɨ, ˊɞɚɨˊɚɞəŬ əŬɘ ŬəɟɘɓɎ ůɡůŰɐɛŬŰŬ əŬɘ 

ɞˊɚɘəɎ űɞɟŰɑŬ əŬɘ ˊɞɡ ɛˊɞɟŮɑ ɜŬ əɚɖɗɞɨɜ ɜŬ ŮəŰŮɚɏůɞɡɜ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡɠ 
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ŬɜŮɝɎɟŰɖŰŬ Űɤɜ əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ, ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ ɤɠ ˊɟɞɠ Űɖɜ 

ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŮɑɜŬɘ ˊɘɞ ˊɞɚɨˊɚɞəŮɠ Ŭˊɧ ɧŰɘ ůŮ ɏɜŬ ůɡɛɓŬŰɘəɧ Ůɛˊɞɟɘəɧ 

ˊɚɞɑɞ. Ƀɘ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŮɝŬɟŰɩɜŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɖɠ ŮˊɘɢŮɑɟɖůɖɠ, Ůˊɞɛɏɜɤɠ ɛˊɞɟɞɨɛŮ ɜŬ ŭɘŬəɟɑɜɞɡɛŮ ŰɟŮɘɠ əŬŰɖɔɞɟɑŮɠ  

ůɡɜɗɖəɩɜ ɚŮɘŰɞɡɟɔɑŬɠ: 

a. ɆɡɜɗɐəŮɠ űɡůɘɞɚɞɔɘəɐɠ (ŬɜŬɛŮɜɧɛŮɜɖɠ) ɚŮɘŰɞɡɟɔɑŬɠ. ȳɚŬ ŰŬ ůɡůŰɐɛŬŰŬ əŬɘ 

ɡˊɞůɡůŰɐɛŬŰŬ Űɞɡ ˊɚɞɑɞɡ ŮɑɜŬɘ ˊɚɐɟɤɠ ɚŮɘŰɞɡɟɔɘəɎ ɔɘŬ Űɘɠ ŬˊŬɘŰɐůŮɘɠ 

Ůəˊɚɐɟɤůɖɠ Űɖɠ ŬˊɞůŰɞɚɐɠ 

b. ɆɡɜɗɐəŮɠ ɛŮɘɤɛɏɜɖɠ ɚŮɘŰɞɡɟɔɑŬɠ. ȳɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ůɡůŰɐɛŬŰŬ əŬɘ 

ɡˊɞůɡůŰɐɛŬŰŬ Űɞɡ ˊɚɞɑɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŰŬŰŮɡɗɞɨɜ Ŭˊɧ ɓɚɎɓŮɠ. Ƀɘ 

ŬˊɞůŰɞɚɏɠ ɛˊɞɟɞɨɜ ɜŬ ŮəŰŮɚŮůɗɞɨɜ ɛŮ ˊŮɟɘɞɟɘůɛɞɨɠ əŬɘ ɖ ŭɡɜŬɛɘəɐ 

ŮɡůŰɎɗŮɘŬ Űɞɡ ɎɗɘəŰɞɡ ˊɚɞɑɞɡ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ. 

c. ɆɡɜɗɐəŮɠ Ůˊɘɓɑɤůɖɠ. ɄɟɏˊŮɘ ɜŬ ŮɝŬůűŬɚɘůŰŮɑ ɖ ŮˊɘɓɘɤůɘɛɧŰɖŰŬ Űɞɡ 

ůəɎűɞɡɠ, Ůɜɩ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟŬ ɡˊɞůɡůŰɐɛŬŰŬ ˊɟɏˊŮɘ ɜŬ 

ˊɟɞůŰŬŰŮɡɗɞɨɜ Ŭˊɧ ůɞɓŬɟɏɠ ɓɚɎɓŮɠ. ȼ ŭɡɜŬɛɘəɐ ŮɡůŰɎɗŮɘŬ Űɞɡ 

ɓŮɓŬɟɡɛɛɏɜɞɡ ˊɚɞɑɞɡ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ, ɧɛɤɠ ɖ ˊŮɟɑˊŰɤůɖ 

ŬɡŰɐ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ əŬɜɞɜɘůɛɞɨɠ əŬɘ ŭŮɜ ɗŬ ŮɝŮŰŬůŰŮɑ ůŮ ŬɡŰɐɜ ůŮ ŬɡŰɐɜ 

Űɖɜ ŭɘŬŰɟɘɓɐ 

ȼ ɓɟŮŰŬɜɘəɐ ɗŮɩɟɖůɖ Űɞɡ əɨəɚɞɡ ɛɎɢɖɠ Ůɜɧɠ ˊɞɚŮɛɘəɞɨ ˊɚɞɑɞɡ, ɧˊɤɠ 

ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ɏəŭɞůɖ BR 2170, ŮɜɞˊɞɘŮɑ Űɘɠ ŭɨɞ ˊɟɩŰŮɠ ůɡɜɗɐəŮɠ əɎŰɤ Ŭˊɧ Űɞɜ 

ɧɟɞ çfightè (ɞ ɞˊɞɑɞɠ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ˊɚɞɑɞ ŭɨɜŬŰŬɘ ɜŬ ŮəˊɚɖɟɩůŮɘ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ, 

ɏůŰɤ ɛŮɟɘəɩɠ əŬɘ ɢɤɟɑɠ ɧɚŬ ŰŬ ůɡůŰɐɛŬŰŬ Űɞɡ), Ůɜɩ ɔɘŬ Űɖɜ ŰɟɑŰɖ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ 

ɧɟɞ çsurviveè (ɞ ɞˊɞɑɞɠ ůɖɛŬɑɜŮɘ ɧŰɘ ˊɟɏˊŮɘ ˊɟɤŰɑůŰɤɠ ɜŬ ŮɝŬůűŬɚɘůŰŮɑ ɖ 

ŮˊɘɓɘɤůɘɛɧŰɖŰŬ Űɞɡ ůəɎűɞɡɠ). 

 ȼ ɔɜɩůɖ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ Űɞɡ ɗŬɚɎůůɘɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ˊɞɡ ɗŬ ŮəŰŮɚɞɨɜ Űɘɠ 

ŬˊɞůŰɞɚɏɠ ŰŬ ˊɞɚŮɛɘəɎ ˊɚɞɑŬ, ɓŮɚŰɘůŰɞˊɞɘŮɑ Űɖɜ ůɢŮŭɑŬůɖ Űɞɡɠ, Űɖɜ ŭɡɜŬɛɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ əŬɘ Űɖɜ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ŮˊɘɢŮɘɟɖůɘŬəɐɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎɠ Űɞɡɠ 

(operability) əŬɘ ůɡɜŮˊɩɠ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ Űɞ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ. ȼ ůɨɔɢɟɞɜɖ ŰɎůɖ 

ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘəɟɩɜ, ŮɡɏɚɘəŰɤɜ əŬɘ ɡˊŮɟůɨɔɢɟɞɜŬ Ůɝɞˊɚɘůɛɏɜɤɜ ɛɎɢɘɛɤɜ 

ɜŬɡŰɘəɩɜ ɛɞɜɎŭɤɜ, ɞɘ ɞˊɞɑŮɠ: 

i. ȹŮɜ ɓŬůɑɕɞɡɜ Űɖɜ ŮˊɘɓɘɤůɘɛɧŰɖŰɎ Űɞɡɠ ůŮ ɏɜŬ ŰŮɟɎůŰɘɞ ɞˊɚɞůŰɎůɘɞ 

ŬɜŬɢŬɑŰɖůɖɠ Űɤɜ ŮˊŮɟɢɧɛŮɜɤɜ ŬˊŮɘɚɩɜ ɐ ůŰɖɜ ɨˊŬɟɝɖ ɓŬɟɘɩɜ 

ɗɤɟŬəɑůŮɤɜ, ŬɚɚɎ ůŰɖɜ ɏɔəŬɘɟɖ əŬɘ ɏɔəɡɟɖ ˊɟɞŮɘŭɞˊɞɑɖůɖ əŬɘ ůŰɖɜ 

ˊŬɟŬˊɚɎɜɖůɖ Űɖɠ ŮˊŮɟɢɧɛŮɜɖɠ ŬˊŮɘɚɐɠ ɛɏůɤ əŬŰɎɚɚɖɚɤɜ ůɡůŰɖɛɎŰɤɜ 

(from armor to sensor concept). 

ii. ɀˊɞɟɞɨɜ ɜŬ ŬɚɚɎɕɞɡɜ Űɖɜ əɨɟɘŬ ŬˊɞůŰɞɚɐ Űɞɡɠ, ɛŮ əŬŰɎɚɚɖɚɖ 

ˊɟɞůɗŬűŬɑɟŮůɖ ůɡůŰɖɛɎŰɤɜ, Ůɜɩ ɖ ˊɚŬŰűɧɟɛŬ ˊŬɟŬɛɏɜŮɘ ɖ ɑŭɘŬ (modular 

concept) 

Ⱥˊɘˊɚɏɞɜ, ůɐɛŮɟŬ ŭɑɜŮŰŬɘ ɏɛűŬůɖ, ŬɜŰɑ ɔɘŬ Űɘɠ ˊŬɟŬŭɞůɘŬəɏɠ ŬˊɞůŰɞɚɏɠ 

ŬɜɞɘəŰɐɠ ɗŬɚɎůůɖɠ (blue water), ůŰɘɠ ˊŬɟɎəŰɘŮɠ ŮˊɘɢŮɘɟɐůŮɘɠ ɛŮ ŭɡɜŬŰɧŰɖŰŬ 

ˊɟɞůɓɞɚɐɠ ɢŮɟůŬɑɤɜ ůŰɧɢɤɜ. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ ůɨɔɢɟɞɜɖ ŰɎůɖ, ɖ ɞˊɞɑŬ ůŰɟɏűŮŰŬɘ 

ůŰɖɜ əŬŰŬůəŮɡɐ ɛɘəɟɩɜ ˊɚɞɑɤɜ, ŮˊɘŰŮɑɜŮɘ Űɖɜ ɏɛűŬůɖ ůŰɖɜ ɛŮɚɏŰɖ Űɖɠ ŭɡɜŬɛɘəɐɠ 

ůɡɛˊŮɟɘűɞɟɎɠ əŬɘ ůŰɖɜ ŬˊɞŰɑɛɖůɖ Űɖɠ ŮˊɘɢŮɘɟɖůɘŬəɐɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ 

(operability), ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ɔŮɜɘəɐ Ŭɟɢɐ ŮɑɜŬɘ ˊɤɠ Űɞ ɛŮɔɎɚɞ ɛɏɔŮɗɞɠ ˊɚɞɑɞɡ ŮɡɜɞŮɑ 

Űɞ əŬɚɧ seakeeping. 

ɀŮ Űɞɜ ɧɟɞ ŮˊɘɢŮɘɟɖůɘŬəɐ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ɐ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ 

(operability) ɞɟɑɕŮŰŬɘ Űɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ, əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ɞˊɞɑɞɡ Űɞ ˊɚɞɑɞ 
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ŭɨɜŬŰŬɘ ɜŬ ˊɚɏŮɘ əŬɘ ɜŬ ŮəŰŮɚŮɑ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ ůŮ ɏɜŬ ŭŮŭɞɛɏɜɞ ůɡɜŭɡŬůɛɧ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ. ȺəűɟɎɕŮɘ, ŭɖɚŬŭɐ, Űɖɜ ɘəŬɜɧŰɖŰŬ Ůɜɧɠ ˊɚɞɑɞɡ ɜŬ ˊɚɏŮɘ 

əŬɘ ɜŬ ŮəŰŮɚŮɑ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ, əŬɘ Ůˊɞɛɏɜɤɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɏɜŬ ɛɏŰɟɞ 

ůɨɔəɟɘůɖɠ ŭɘŬűɞɟŮŰɘəɩɜ ůɢŮŭɘɎůŮɤɜ ˊɚɞɑɞɡ əŬɘ ɔŬůŰɟɩɜ. 

ɇŬ ɓŬůɘəɎ ůŰɎŭɘŬ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ŮˊɘɢŮɘɟɖůɘŬəɐɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ 

ŮɑɜŬɘ: 

i. ȾŬɗɞɟɘůɛɧɠ Űɖɠ ŬˊɞůŰɞɚɐɠ 

ii. ɄŮɟɘɔɟŬűɐ Űɤɜ ŬɜŮɛɞɚɞɔɘəɩɜ əŬɘ ɗŬɚɎůůɘɤɜ ůɡɜɗɖəɩɜ, ůŰɘɠ ɞˊɞɑŮɠ ɗŬ 

ɚŮɘŰɞɡɟɔɐůŮɘ Űɞ ˊɚɞɑɞ. 

iii. Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ əɘɜɐůŮɤɜ Űɞɡ ˊɚɞɑɞɡ əŬɘ Űɤɜ ůɡɜŬűɩɜ űŬɘɜɞɛɏɜɤɜ ůŰɞ 

ůɡɔəŮəɟɘɛɏɜɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ 

iv. ȺűŬɟɛɞɔɐ əɟɘŰɖɟɑɤɜ Ŭˊɧŭɞůɖɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ Űɞɡ ˊɚɞɑɞɡ, ɛŮ ůəɞˊɧ 

Űɖɜ ůɨɜŭŮůɖ Űɤɜ əɘɜɐůŮɤɜ Űɞɡ ˊɚɞɑɞɡ ɛŮ Űɖɜ ŮəŰɏɚŮůɖ Űɖɠ ŬˊɞůŰɞɚɐɠ Űɞɡ 

v. ɆɡɔəɏɜŰɟɤůɖ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ůəɞˊɧ Űɖɜ ŮɝŬɔɤɔɐ 

ůɡɛˊŮɟŬůɛɎŰɤɜ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɞɡ ˊɚɞɑɞɡ (operability) 

ũŮɜɘəɎ, ɡˊɎɟɢɞɡɜ ŭɨɞ Űɟɧˊɞɘ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŭɡɜŬɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ 

Ůɜɧɠ ˊɚɞɑɞɡ. ȾŬɘ ɞɘ ŭɨɞ ˊŬɟɏɢɞɡɜ ůŰɞɜ ůɢŮŭɘŬůŰɐ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ 

əɘɜɐůŮɤɜ Űɞɡ ˊɚɞɑɞɡ əŬɘ ůŰɖɜ Ŭˊɧŭɞůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ Űɞɡ, Ůˊɞɛɏɜɤɠ əŬɘ ůŰɖɜ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰɎ Űɞɡ. 

ȼ ɛɘŬ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ůɡɔəɟɘŰɘəɐ. ȼ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ˊɚɞɑɞɡ ɛŮɚŮŰɎŰŬɘ əŬɘ 

ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ůɡɛˊŮɟɘűɞɟɎ Ůɜɧɠ Ɏɚɚɞɡ ˊɚɞɑɞɡ ɛŮ ɔɜɤůŰɐ əŬɚɐ 

ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ. ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ɢɟɖůɘɛɞˊɞɘŮɑ ˊɞůɞŰɘəɎ əŬɘ ˊɞɘɞŰɘəɎ əɟɘŰɐɟɘŬ. 

ȼ Ɏɚɚɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ŬˊɧɚɡŰɖ. ɃɟɑɕɞɜŰŬɘ ŬˊɞŭŮəŰɎ ɧɟɘŬ ůŰɘɠ əɘɜɐůŮɘɠ Űɞɡ 

ˊɚɞɑɞɡ ɛŮ ɓɎůɖ Űɖɜ ɛŮɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ˊɟɞůɤˊɘəɞɨ əŬɘ Űɞɡ ɡɚɘəɞɨ. ɇɞ ˊɚɞɑɞ 

ŮɝŮŰɎɕŮŰŬɘ əŬɘ ŬɝɘɞɚɞɔŮɑŰŬɘ ɛŮ ɓɎůɖ ŬɡŰɎ ŰŬ ɧɟɘŬ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘŮɑ ŰŬ ɧɟɘŬ 

ŬɡŰɎ ɤɠ əɟɘŰɐɟɘŬ ˊɞɡ ůŰɖɟɑɕɞɜŰŬɘ ůŮ ˊɞůɞŰɘəɏɠ ɛŮŰɟɐůŮɘɠ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ï ɛŮɚɏŰɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŬˊɧɚɡŰɖ ɛɏɗɞŭɞɠ. ũɑɜŮŰŬɘ 

ɏɚŮɔɢɞɠ ɘəŬɜɞˊɞɑɖůɖɠ əɟɘŰɖɟɑɤɜ ˊɞɡ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ɏəŭɞůɖ NATO STANAG 

4154 (v1) əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŭŮɑəŰŮɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ ůŮ ŰɏůůŮɟɘɠ ɗŬɚɎůůɘŮɠ 

ˊŮɟɘɞɢɏɠ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ, ɡˊɧ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŰŬɢɨŰɖŰŮɠ əŬɘ ˊɏɜŰŮ 

əŬŰŮɡɗɨɜůŮɘɠ Űɞɡ ˊɚɞɑɞɡ ɤɠ ˊɟɞɠ Űɞɡ əɡɛŬŰɘůɛɞɨɠ. Ƀɘ ɗɏůŮɘɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ŰŬ 

ˊɚɞɑŬ ŮɑɜŬɘ: 

1. AREA 1: 35N, 22E. (ȹɡŰɘəɎ ȾɟɐŰɖɠ) 

2. AREA 2: 36N, 21E. (ɁɞŰɘɞŭɡŰɘəɎ ɄŮɚɞˊɞɜɜɐůɞɡ) 

3. AREA 3: 36N, 27E. (ȸɧɟŮɘŬ ȾŬɟˊɎɗɞɡ) 

4. AREA 4: 38N, 25.5E. (ȾŮɜŰɟɘəɧ ȷɘɔŬɑɞ) 

 

ȷɂȽɃȿɃũȼɆȼ ɇȼɆ ȿȺȽɇɃɈɅũȼɆȽɀɃɇȼɇȷɆ ɀȽȷɆ ɆɉȺȹȽȷɆȼɆ 
 

ȼ ůɤůŰɐ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ ɛɘŬ ůɢŮŭɑŬůɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ 

ɜŬ ɔɑɜŮŰŬɘ ŮɜŰɧɠ Ůɜɧɠ ɘəŬɜɞˊɞɘɖŰɘəɎ ɛŮɔɎɚɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɘɜ Űɖɜ ˊɞɟŮɑŬ Űɞɡ ˊɚɞɑɞɡ. Ⱥˊɞɛɏɜɤɠ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Űɞ ŮŰɐůɘɞ ɛɏůɞ 

ˊɞůɞůŰɧ % Űɞɡ ɢɟɧɜɞɡ ɔɘŬ Űɞ ɞˊɞɑɞ Űɞ ˊɚɞɑɞ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚŮɑ Űɘɠ ŮəɎůŰɞŰŮ 

ŬˊɞůŰɞɚɏɠ Űɞɡ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗŬɚɎůůɘŮɠ ŬˊɞůŰɞɚɏɠ ŮˊɘɢŮɘɟɐůŮɤɜ. 
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Ƀɘ ˊɚɖɟɞűɞɟɑŮɠ, ɞɘ ɞˊɞɑŮɠ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ˊɞůɞůŰɞɨ, 

Ŭűɞɟɞɨɜ Űɘɠ ŬɜŮɛɞɚɞɔɘəɏɠ əŬɘ əɡɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ, 

əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɞɘ ůɡɜŭɡŬůɛɞɑ ŰŬɢɨŰɖŰŬɠ əŬɘ ˊɞɟŮɑŬɠ Űɞɡ ˊɚɞɑɞɡ, ɞɘ ɞˊɞɑŮɠ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ŰŬɝɘŭɘɞɨ. ȰɢɞɜŰŬɠ ɔɜɤůŰɎ ŰŬ ɧɟɘŬ Űɤɜ 

ŬˊɞəɟɑůŮɤɜ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ ůŰɞ ˊɚɞɑɞ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ɗŬɚɎůůɘɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɔɘŬ ɛɘŬ ŬˊɞůŰɞɚɐ, ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Ŭɜ ɖ ŬˊɞůŰɞɚɐ ŬɡŰɐ 

ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŰɞɜ ůɡɔəŮəɟɘɛɏɜɞ ůɡɜŭɡŬůɛɧ ůɡɜɗɖəɩɜ. ȺˊŮəŰŮɑɜɞɜŰŬɠ 

Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɔɘŬ ɜŬ ůɡɛˊŮɟɘɚɖűɗɞɨɜ ɧɚɞɘ ɞɘ ˊɘɗŬɜɞɑ ůɡɜŭɡŬůɛɞɑ ɗŬɚɎůůɘɤɜ 

ˊŮɟɘɞɢɩɜ, Ůˊɞɢɩɜ, ŭɘŮɡɗɨɜůŮɤɜ əɨɛŬŰɞɠ, ůɖɛŬɜŰɘəɩɜ ɡɣɩɜ əɨɛŬŰɞɠ, ˊŮɟɘɧŭɤɜ 

əɞɟɡűɐɠ, ŰŬɢɡŰɐŰɤɜ ˊɚɞɑɞɡ əŬɘ ˊɞɟŮɘɩɜ, ŭɨɜŬŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

Űɞɡ ˊɞůɞůŰɞɨ Űɞɡ ɢɟɧɜɞɡ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ɞˊɞɑɞɡ ɖ ŬˊɞůŰɞɚɐ ɛˊɞɟŮɑ ɜŬ 

ŮəŰŮɚŮůɗŮɑ ŮˊɘŰɡɢɩɠ. ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ, ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, ɧŰɘ ɡˊɎɟɢŮɘ ɏɜŬɠ 

ůɢŮŭɘŬůŰɘəɧɠ ůɡɛɓɘɓŬůɛɧɠ ɛŮŰŬɝɨ Űɞɡ ŭŮɑəŰɖ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ əŬɘ Űɞɡ əɧůŰɞɡɠ 

əŬŰŬůəŮɡɐɠ, ŭɘɧŰɘ ůŰɞ ůŰɎŭɘɞ Űɖɠ ůɢŮŭɑŬůɖɠ ɔɑɜŮŰŬɘ ŬˊɞŭŮəŰɧ ɧŰɘ ůŮ ɛŮɟɘəɎ ůˊɎɜɘŬ 

ŮɛűŬɜɘɕɧɛŮɜŬ űŬɘɜɧɛŮɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ ŭɟɎůɖɠ Űɞɡ ˊɚɞɑɞɡ ŭŮɜ ɗŬ ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ 

ŮəˊɚɖɟɩůŮɘ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ. 

ɇɞ ˊɟɩŰɞ ůŰɎŭɘɞ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ŮˊɘɢŮɘɟɖůɘŬəɐɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ ŮɑɜŬɘ ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɗŬɚɎůůɘɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ˊɚɞɑɞɡ. ȰɜŬ Űɡˊɘəɧ 

ˊŬɟɎŭŮɘɔɛŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ, ɧˊɞɡ ŮəŮɑ ˊŬɟɑůŰŬŰŬɘ ɏɜŬ 

ŰɡɢŬɑɞ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ əŬŰŬɜɞɛɐɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɏɜŬ ˊɞɚŮɛɘəɧ ˊɚɞɑɞ 

ůŮ ɛɘŬ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ əŬɘ Ůˊɞɢɐ. ɆŰɞɜ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ˊɞɚŮɛɘəɧ ˊɚɞɑɞ 

ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ůŰɞɜ ȸɧɟŮɘɞ ȷŰɚŬɜŰɘəɧ. ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ Ŭɜ ˊɟɞůŰŮɗɞɨɜ ŰŬ fseason, ŰɧŰŮ 

ˊɟɞəɨˊŰŮɘ ɖ ŮŰɐůɘŬ əŬŰŬɜɞɛɐ ůɡɢɜɧŰɖŰŬɠ, ɧˊɞɡ ůŮ ŬɡŰɐɜ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ɖ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ. 

 

 ŪȷȿȷɆɆȽȷ ɄȺɅȽɃɉȼ  

 1 2 3 4 8 9 10 11 15 16 17 23 24 25 fseason 

ȷɁɃȽɂȼ 0 0 0 0 0 0 0.11 0 0.25 0.44 0 0.07 0.13 0 0.25 

ȾȷȿɃȾȷȽɅȽ 0 0 0 0 0 0 0.11 0 0.25 0.44 0 0.07 0.13 0 0.25 

ūŪȽɁɃɄɋɅɃ 0 0 0 0 0 0 0.11 0 0.25 0.25 0 0.07 0.13 0 0.25 

ɉȺȽɀɋɁȷɆ 0 0 0 0 0 0 0.11 0 0.25 0.25 0 0.07 0.13 0 0.25 

ɄɑɜŬəŬɠ 1: ɇɡˊɘəɐ ɡˊɧ ůɡɜɗɐəɖ əŬŰŬɜɞɛɐ ůɡɢɜɧŰɖŰŬɠ Űɖɠ ɗŬɚɎůůɘŬɠ ˊŮɟɘɞɢɐɠ ɔɘŬ ŭŮŭɞɛɏɜŮɠ Ůˊɞɢɏɠ 
ůŰɞɜ ȸɧɟŮɘɞ ȷŰɚŬɜŰɘəɧ ɋəŮŬɜɧ 

 

ɇɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ ŮɑɜŬɘ ŮəŮɑɜɞ Űɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŭɘŬŭɟɞɛɐɠ ˊɞɡ ɗŬ 

ŮˊɘɚŮɔŮɑ ɔɘŬ ɜŬ ˊɚŮɨůŮɘ Űɞ ˊɚɞɑɞ Ŭˊɧ Űɞ ɚɘɛɎɜɘ Ŭˊɧˊɚɞɡ, ůŰɞ ɚɘɛɎɜɘ ˊɟɞɞɟɘůɛɞɨ 

(optimal routing problem). ȼ Ůˊɘɚɞɔɐ Űɖɠ ŭɘŬŭɟɞɛɐ ŮɑɜŬɘ ɏɜŬ ůɨɜɗŮŰɞ ˊɟɧɓɚɖɛŬ. 

ȺɝŬɟŰɎŰŬɘ Űɧůɞ Ŭˊɧ Űɖɜ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ Űɤɜ ɚɘɛŬɜɘɩɜ ɧůɞ əŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ 

ɞɘəɞɜɞɛɞŰŮɢɜɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ȷɡŰɞɑ ɞɘ ˊŬɟɎɔɞɜŰŮɠ ůɡɜɞɣɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŰɖɜ 

ŬɝɘɞˊɚɞȶŬ əŬɘ Űɖɜ ŬůűɎɚŮɘŬ Űɞɡ ˊɚɞɑɞɡ, Űɞɡ ˊɚɖɟɩɛŬŰɞɠ əŬɘ Űɞɡ űɞɟŰɑɞɡ. Ⱥˊɞɛɏɜɤɠ, 

ɖ ˊɞɟŮɑŬ Űɞɡ ˊɚɞɑɞɡ ŮɝŬɟŰɎŰŬɘ ůɖɛŬɜŰɘəɎ əŬɘ Ŭˊɧ Űɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ Űɖɜ 

əŬŰɎůŰŬůɖ Űɖɠ ɗɎɚŬůůŬɠ ůŰɖɜ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐ. 

ȾŬŰɎ əŬɜɧɜŬ, ɖ Ůˊɘɚɞɔɐ Űɖɠ ůɡɜŰɞɛɧŰŮɟɖɠ ŭɘŬŭɟɞɛɐɠ ŮɑɜŬɘ ˊɟɞŰɘɛɧŰŮɟɖ, ɧɛɤɠ 

Ŭɜ ɚɖűɗɞɨɜ ɡˊɧɣɘɜ ɞɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŮɠ, ˊɞɚɚɏɠ űɞɟɏɠ ŮɑɜŬɘ ˊɟɞŰɘɛɧŰŮɟɞ ɜŬ 

ŮˊɘɚŮɔŮɑ ɛɘŬ ɛŮɔŬɚɨŰŮɟɖ ŬˊɧůŰŬůɖ ɩůŰŮ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ ŬəɟŬɑŬ əŬɘɟɘəɎ əŬɘ 

ɗŬɚɎůůɘŬ űŬɘɜɧɛŮɜŬ, ůŰŬ ɞˊɞɑŬ ŮɑŰŮ ɛˊɞɟŮɑ ɜŬ əɘɜŭɡɜŮɨůŮɘ Űɞ ˊɚɞɑɞ, Űɞ ˊɚɐɟɤɛŬ əŬɘ 

Űɞ űɞɟŰɑɞ ŮɑŰŮ ɜŬ ŬɜŬɔəŬůŰŮɑ ɜŬ ˊɚŮɨůŮɘ ɛŮ ɛɘəɟɧŰŮɟɖ ŰŬɢɨŰɖŰŬ, ɏɢɞɜŰŬɠ ůŬɜ 
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ŬˊɞŰɏɚŮůɛŬ ɜŬ əɎɜŮɘ ɛŮɔŬɚɨŰŮɟɞ ɢɟɧɜɞ ɜŬ űŰɎůŮɘ ůŰɞɜ ˊɟɞɞɟɘůɛɧ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ 

ɛɘŬɠ ŬˊŬɘŰɞɨɛŮɜɖɠ əŬŰŬɜɞɛɐɠ ůɡɢɜɧŰɖŰŬɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ əŬɘ Űɖɠ ˊɞɟŮɑŬ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ. ȼ əŬŰŬɜɞɛɐ, ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ, 

ŬɜŬűɏɟŮŰŬɘ ůŮ ɏɜŬ ˊɞɚŮɛɘəɧ ˊɚɞɑɞ. ɆŰɖɜ ɔŮɜɘəɐ ɗŮɩɟɖůɖ, ɧɚŮɠ ɞɘ ˊɞɟŮɑŮɠ ŮɑɜŬɘ 

ɘůɞŭɨɜŬɛŬ ˊɘɗŬɜɏɠ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ɏɜŬ ɛŮɔɎɚɞ Ůɨɟɞɠ ŰŬɢɡŰɐŰɤɜ Űɞ ɞˊɞɑɞ ůɢŮŰɑɕŮŰŬɘ 

ɎɛŮůŬ ɛŮ Űɖɜ ŬˊɞůŰɞɚɐ ˊɞɡ ɗŬ ŮəŰŮɚɏůŮɘ Űɞ ˊɚɞɑɞ. 

 

 ɄɃɅȺȽȷ ɄȿɃȽɃɈ 

ɇȷɉɈɇȼɇȷ N NE E SE S SW W NW 

30 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

25 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

20 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

15 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

10 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 

5 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

fcourse 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 

ɄɑɜŬəŬɠ 2: ɇɡˊɘəɐ ɡˊɧ ůɡɜɗɐəɖ əŬŰŬɜɞɛɐ ůɡɢɜɧŰɖŰŬɠ ɔɘŬ ŭŮŭɞɛɏɜŮɠ ˊɞɟŮɑŮɠ ˊɞɚŮɛɘəɞɨ ˊɚɞɑɞɡ 

 

ɆŮ ŬɡŰɐɜ Űɖɜ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɚŮɘŰɞɡɟɔɘəɐɠ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɘŬ Ŭˊɚɞˊɞɘɖɛɏɜɖ ɏəŭɞůɖ Űɖɠ ɛŮɗɧŭɞɡ ˊɞɡ 

ŮɑɢŮ ˊɟɞŰŬɗŮɑ Ŭˊɧ Űɞɡɠ Andrew, Loader and Penn (1984). ɆŮ ŬɡŰɐɜ, Űɞ ˊŮɟɘɓɎɚɚɞɜ 

ɚŮɘŰɞɡɟɔɑŬɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɡˊɧ Űɖɜ ɛɞɟűɐ ŭɘŬɔɟŬɛɛɎŰɤɜ Űɤɜ Ůˊɞɢɩɜ əŬɘ Űɤɜ 

ɗŬɚɎůůɘɤɜ ˊŮɟɘɞɢɩɜ. ũɘŬ əɎɗŮ ŭɡɜŬŰɧɜ ůɡɜŭɡŬůɛɧ Ůˊɞɢɩɜ əŬɘ ɗŬɚɎůůɘɤɜ ˊŮɟɘɞɢɩɜ 

ɚŬɛɓɎɜŮŰŬɘ ɖ ůɡɢɜɧŰɖŰŬ əŬŰŬɜɞɛɐɠ Űɤɜ ɡˊɧ ůɡɜɗɐəɖ ŭɘŮɡɗɨɜůŮɤɜ əɨɛŬŰɞɠ fx Ŭ́ ɧ 

əŬŰɎɚɚɖɚɞ ɎŰɚŬɜŰŬ əɡɛɎŰɤɜ əŬɘ Ŭɜɏɛɤɜ. ȷˊɧ Űɖɜ ɑŭɘŬ ˊɖɔɐ (ɎŰɚŬɜŰŬ), ɚŬɛɓɎɜŮŰŬɘ 

Ůˊɑůɖɠ ɔɘŬ əɎɗŮ ŭɘŮɨɗɡɜůɖ əɡɛŬŰɘůɛɞɨ ɖ Ŭˊɧ əɞɘɜɞɨ ůɡɢɜɧŰɖŰŬ əŬŰŬɜɞɛɐɠ Űɤɜ 

ˊŮɟɘɧŭɤɜ ɛɖŭŮɜɘəɐɠ ɡˊɏɟɓŬůɖɠ əŬɘ ůɖɛŬɜŰɘəɞɨ ɨɣɞɠ əɨɛŬŰɞɠ fTH. Ⱥɜ ůɡɜŮɢŮɑŬ, ɔɘŬ 

əɎɗŮ əŬŰɎůŰŬůɖ əɨɛŬŰɞɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɧɚŮɠ ɞɘ əɘɜɐůŮɘɠ Űɞɡ ˊɚɞɑɞɡ ɔɘŬ əɎɗŮ 

ůɡɜŭɡŬůɛɧ ˊɞɟŮɘɩɜ əŬɘ ŰŬɢɡŰɐŰɤɜ ŬɡŰɞɨ, ŭɑɜɞɜŰŬɠ ˊŮɟɘůůɧŰŮɟɖ ɏɛűŬůɖ ůŰɘɠ 

əɘɜɐůŮɘɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŮəɎůŰɞŰŮ ŬˊɞůŰɞɚɐ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ (əɟɘŰɐɟɘŬ 

ŬˊɞůŰɞɚɐɠ). Ƀɘ ɔɤɜɑŮɠ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɩɜ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɞɡɠ ˊŬɟŬˊɎɜɤ 

ɡˊɞɚɞɔɘůɛɞɨɠ, ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ˊɞɟŮɑŬɠ Űɞɡ ˊɚɞɑɞɡ əŬɘ Űɖɠ 

ŮˊɘəɟŬŰɞɨůŬɠ ŭɘŮɨɗɡɜůɖɠ əɡɛŬŰɘůɛɞɨ ůŰɖɜ ˊŮɟɘɞɢɐ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ȸɞɟɟɎ. 

ȺɜŭɏɢŮŰŬɘ, əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŬˊɞəɟɑůŮɘɠ (əɟɘŰɐɟɘŬ ŬˊɞůŰɞɚɩɜ) ɜŬ 

ɝŮˊŮɟɜɞɨɜ ŰŬ ɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ɗŮůˊɘůŰŮɑ ɔɘŬ ɛɘŬ ŬˊɞůŰɞɚɐ. ȺɑɜŬɘ əŬŰŬɜɞɖŰɧ, ɧŰɘ ɧŰŬɜ 

ŬɡŰɧ ůɡɛɓŮɑ ŰɧŰŮ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ˊɚɞɑɞɡ əɟɑɜŮŰŬɘ ŬəŬŰɎɚɚɖɚɖ ɔɘŬ Űɞɜ ůɡɔəŮəɟɘɛɏɜɞ 

ůɡɜŭɡŬůɛɧ əŬɘɟɘəɩɜ űŬɘɜɞɛɏɜɤɜ əŬɘ ŬˊɞůŰɞɚɐɠ, əŬɘ ŮˊŬəɞɚɞɨɗɤɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

űɏɟŮɘ Ůɘɠ ˊɏɟŬɠ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ. 

ɇɞ ɕɖŰɞɨɛŮɜɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ˊɞɡ ˊɚɏŮɘ ɏɜŬ ˊɚɞɑɞ ůŮ ɛɘŬ Ůˊɞɢɐ Űɞɡ ɏŰɞɡɠ, 

ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ, ŭɘŮɨɗɡɜůɖ əɡɛŬŰɘůɛɞɨ, ˊŮɟɑɞŭɞ ɛɖŭŮɜɘəɐɠ ɡˊɏɟɓŬůɖɠ əŬɘ 

ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ, ɛŮ ŭŮŭɞɛɏɜɖ ŰŬɢɨŰɖŰŬ əŬɘ ˊɞɟŮɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ůɢɏůɖ: 

P = fseason Ā farea Ā fx Ā fTH Ā fcourse Ā fu 

ȳˊɞɡ: 
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- fseason: ůɡɢɜɧŰɖŰŬ əŬŰŬɜɞɛɐɠ Ůˊɞɢɐɠ 

- farea: ɡˊɧ ůɡɜɗɐəɖ əŬŰŬɜɞɛɐ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɗŬɚɎůůɘɤɜ ˊŮɟɘɞɢɩɜ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ˊɚɞɑɞɡ ɔɘŬ ŭŮŭɞɛɏɜɖ Ůˊɞɢɐ 

- fx: ɡˊɧ ůɡɜɗɐəɖ əŬŰŬɜɞɛɐ ůɡɢɜɧŰɖŰŬɠ əɡɟɑŬɟɢɤɜ ŭɘŮɡɗɨɜůŮɤɜ 

əɡɛŬŰɘůɛɞɨ ɤɠ ˊɟɞɠ Űɞɜ ȸɞɟɟɎ ɔɘŬ ŭŮŭɞɛɏɜɖ Ůˊɞɢɐ əŬɘ ɗŬɚɎůůɘŬ 

ˊŮɟɘɞɢɐ 

- fTH: Ŭˊɧ əɞɘɜɞɨ ůɡɢɜɧŰɖŰŬ əŬŰŬɜɞɛɐɠ Űɖɠ ˊŮɟɘɧŭɞɡ ɛɖŭŮɜɘəɐɠ 

ɡˊɏɟɓŬůɖɠ əŬɘ Űɤɜ ůɖɛŬɜŰɘəɩɜ ɡɣɩɜ əɨɛŬŰɞɠ ɔɘŬ ɛɘŬ ŭŮŭɞɛɏɜɖ Ůˊɞɢɐ, 

ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ əŬɘ ŭɘŮɨɗɡɜůɖ əɡɛŬŰɘůɛɞɨ 

- fcourse: ůɡɢɜɧŰɖŰŬ əŬŰŬɜɞɛɐɠ Űɤɜ ˊɞɟŮɘɩɜ Űɞɡ ˊɚɞɑɞɡ ɔɘŬ ɛɘŬ ŭŮŭɞɛɏɜɖ 

ˊɞɟŮɑŬ 

- fu: ɡˊɧ ůɡɜɗɐəɖ əŬŰŬɜɞɛɐ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŰŬɢɡŰɐŰɤɜ Űɞɡ ˊɚɞɑɞɡ ɔɘŬ 

ɛɘŬ ŭŮŭɞɛɏɜɖ ˊɞɟŮɑŬ 

ȳůɞ ɧɚŮɠ ɞɘ ŮɝŮŰŬɕɧɛŮɜŮɠ ŬˊɞəɟɑůŮɘɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ ŰŬ ɧɟɘŬ Űɤɜ 

əɟɘŰɖɟɑɤɜ ɔɘŬ Űɖɜ ŮəɎůŰɞŰŮ ŬˊɞůŰɞɚɐ, ŰɧŰŮ Űɞ ˊɚɞɑɞ ɛˊɞɟŮɑ ɜŬ űɏɟŮɘ Ůɘɠ ˊɏɟŬɠ Űɖɜ 

ŬˊɞůŰɞɚɐ Űɞɡ. ɇɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ɔɘŬ Űɞ ɞˊɞɑɞ ůɡɛɓŬɑɜŮɘ ŬɡŰɧ, ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ 

Űɞ ɓŬɟɡŰɘəɧ ɎɗɟɞɘůɛŬ ɧɚɤɜ Űɤɜ ˊɘɗŬɜɩɜ Űɘɛɩɜ P. 

Ⱥ = Ɇseason Ā Ɇarea Ā Ɇx Ā ɆTH Ā Ɇcourse Ā Ɇu(Pũ1ũ2ũ3éũɁ) 

ȳˊɞɡ ɞɘ ɧɟɞɘ Ɇseason, Ɇarea, Ɇx, ɆTH, Ɇcourse əŬɘ Ɇu ɡˊɞŭɖɚɩɜɞɡɜ Ɏɗɟɞɘůɖ ůŰɘɠ 

Ůˊɞɢɏɠ, ɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ, ŭɘŮɡɗɨɜůŮɘɠ əɡɛŬŰɘůɛɞɨ, ˊŮɟɘɧŭɤɜ ɛɖŭŮɜɘəɐɠ 

ɡˊɏɟɓŬůɖɠ, ůɖɛŬɜŰɘəɩɜ ɡɣɩɜ əɨɛŬŰɞɠ, ˊɞɟŮɘɩɜ ˊɚɞɑɞɡ əŬɘ ŰŬɢɨŰɖŰŬɠ ŬɜŰɑůŰɞɘɢŬ. Ƀ 

ɧɟɞɠ ũɁ ŮɑɜŬɘ ɛɘŬ ŬɗɟɞɘůŰɘəɐ ůɡɜɎɟŰɖůɖ ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɤɠ: 

ũɁ = 1 ɔɘŬ rn<rncrit 

ũɁ = 0 ɔɘŬ rn>rncrit 

ȳˊɞɡ rn ŮɑɜŬɘ ɖ ɜ-ɞůŰɐ ůɖɛŬɜŰɘəɐ Ŭˊɧəɟɘůɖ əŬɘ rncrit ɖ əɟɑůɘɛɖ Űɘɛɐ ŬɡŰɐɠ. 

 

ȺɘəɧɜŬ 2: Ɉˊɞɚɞɔɘůɛɧɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ 
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ɄɃȽɃɇȽȾȼ ȷɂȽɃȿɃũȼɆȼ ɆɉȺȹȽȷɆȺɋɁ 
 

ȼ ůɨɔəɟɘůɖ Űɤɜ Űɟɘɩɜ ɔŬůŰɟɩɜ ˊɞɡ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŰŬ ˊɚŬɑůɘŬ ŬɡŰɐɠ 

Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ɗŬ ɔɑɜŮɘ ɛŮ əŬɗŬɟɎ ŬˊɧɚɡŰɖ ɛɏɗɞŭɞ. Ɇɡɜɐɗɤɠ, ŬɡŰɐ ɖ 

ɛɏɗɞŭɞɠ ŬɟəŮɑ ɔɘŬ ɜŬ ŮɝŬɢɗɞɨɜ ɢɟɐůɘɛŬ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ 

ˊɚɞɑɤɜ. ũɘŬ ˊɘɞ ŬůűŬɚɐ əŬɘ ɢɟɐůɘɛŬ ůɡɛˊŮɟɎůɛŬŰŬ, ɖ ůɨɔəɟɘůɖ Űɤɜ Űɟɘɩɜ ɔŬůŰɟɩɜ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ˊɞɘɞŰɘəɐ ɛɏɗɞŭɞ, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɛŮɟɘəɏɠ ɔŮɜɘəɏɠ 

ɗŮɤɟɐůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ɓɞɖɗɞɨɜ ůŰɖɜ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɔŬůŰɟɩɜ əŬɘ ůŰɖɜ 

ŮɝŬɔɤɔɐ ɢɟɐůɘɛɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŭɡɜŬɛɘəɐ Űɞɡɠ ůɡɛˊŮɟɘűɞɟɎ. Ƀɘ 

ɗŮɤɟɐůŮɘɠ ŬɡŰɏɠ ɢɤɟɑɕɞɜŰŬɘ əɡɟɑɤɠ ɛŮ ɓɎůɖ Űɘɠ ŬˊɞəɟɑůŮɘɠ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ, Űɘɠ 

əŬŰŬəɧɟɡűŮɠ əŬɘ Űɘɠ ɞɟɘɕɧɜŰɘŮɠ ŬˊɞəɟɑůŮɘɠ. 

 

ȾȷɇȷȾɃɅɈūȺɆ ȾȽɁȼɆȺȽɆ 
 

Ƀɘ əŬŰŬəɧɟɡűŮɠ əɘɜɐůŮɘɠ Ůɜɧɠ ˊɚɞɑɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ űɏɟŮɘ ɛɘŬ ůɢŮŭɑŬůɖ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɡŰɎ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŮűŰɎ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ŰɞɛŮɑɠ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ: 

i. ɀɏɔŮɗɞɠ Űɖɠ ɔɎůŰɟŬɠ (hull size). ȾŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ŮəŰɧˊɘůɛŬ ȹ əŬɘ 

Űɞ ɛɐəɞɠ L Űɞɡ ˊɚɞɑɞɡ. ũŮɜɘəɎ ɘůɢɨŮɘ ɧŰɘ ɧůɞ ˊɘɞ ɛŮɔɎɚɞ ŮɑɜŬɘ Űɞ ˊɚɞɑɞ 

(ɛŮɔɎɚɞ ȹ əŬɘ L), Űɧůɞ əŬɚɨŰŮɟɖ ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ɏɢŮɘ. ȳůɞɜ ŬűɞɟɎ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ŮəŰɞˊɑůɛŬŰɞɠ ɛɧɜɞ (ŭɘŬŰɖɟɩɜŰŬɠ Űɞ 

ɛɐəɞɠ ůŰŬɗŮɟɧ), ŭŮɜ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢŮɘ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ, ŭɘɧŰɘ Űɧůɞ 

ɖ ŬŭɟɎɜŮɘŬ ɧůɞ əŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ŭɘɏɔŮɟůɖɠ ŬɡɝɎɜɞɜŰŬɘ ˊŮɟɑˊɞɡ əŬŰɎ Űɞ 

ɑŭɘɞ ˊɞůɞůŰɧ, ɎɟŬ ɞɘ ŬˊɞəɟɑůŮɘɠ ŭŮɜ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŬɚɚɎɝɞɡɜ əŬŰɎ 

ˊɞɚɨ. ȳůɞɜ ŬűɞɟɎ Űɞ ɛɐəɞɠ Űɞɡ ˊɚɞɑɞɡ L, ˊɟɏˊŮɘ ɜŬ ŮɝŮŰŬůŰŮɑ ůŮ 

ůɢɏůɖ ɛŮ ŰŬ ɛɐəɖ əɨɛŬŰɞɠ ɚ ˊɞɡ ɗŬ ůɡɜŬɜŰɎŮɘ Űɞ ˊɚɞɑɞ. ũɘŬ ɛɘəɟɎ ɛɐəɖ 

əɨɛŬŰɞɠ, ŭɖɚŬŭɐ (ɚ/L)<(3/4), ɞɘ ŬˊɞəɟɑůŮɘɠ ŮɑɜŬɘ ŬɛŮɚɖŰɏŮɠ. ȷɜŰɘɗɏŰɤɠ, 

ůŮ ɛŮɔɎɚŬ ɛɐəɖ əɨɛŬŰɞɠ, ŭɖɚŬŭɐ (ɚ/L)>2, ɞɘ ŬˊɞəɟɑůŮɘɠ pitch 

(ˊɟɞɜŮɡŰŬůɛɧɠ) əŬɘ  heave (əŬŰŬəɧɟɡűɖ ŰŬɚɎɜŰɤůɖ) ˊŬɑɟɜɞɡɜ 

ɛŮɔɎɚŮɠ Űɘɛɏɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰŬ ˊŬɟŬəɎŰɤ ůɢɐɛŬŰŬ. 

 

ȺɘəɧɜŬ 3: ȺˊɑŭɟŬůɖ Űɞɡ ɛŮɔɏɗɞɡɠ ůŰɖɜ ˊɘɗŬɜɧŰɖŰŬ ŬɜɎŭɡůɖɠ Űɖɠ ˊɚɩɟɖɠ ɔɘŬ ɛŮŰɤˊɘəɞɨɠ əɡɛŬŰɘůɛɞɨɠ 
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ȺɘəɧɜŬ 4: ȺˊɑŭɟŬůɖ Űɞɡ ɛŮɔɏɗɞɡɠ ůŰɘɠ RMS Űɘɛɏɠ Űɞɡ HEAVE əŬɘ Űɞɡ PITCH 

ii. ɆɡɜŰŮɚŮůŰɐɠ ɚɡɔɖɟɧŰɖŰŬɠ (ὒ Ⱦɳ Ⱦ ). ȼ ɛŮɔɎɚɖ Űɘɛɐ ŬɡŰɞɨ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ŮɑɜŬɘ Ůɡɜɞɥəɐ ɔɘŬ ŰŬ ŰŬɢɏɤɠ əɘɜɞɨɛŮɜŬ ˊɚɞɑŬ. ȼ ɛŮɔɎɚɖ Űɘɛɐ 

Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬɡŰɞɨ, ɔŮɜɘəɎ ŮɡɜɞŮɑ Űɖɜ ɛŮɑɤůɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ 

ŬˊɞəɟɑůŮɤɜ. 

iii. ȿɧɔɞɠ ɛɐəɞɡɠ ˊɟɞɠ ɓɨɗɘůɛŬ (L/T). ȼ Ŭɨɝɖůɖ Űɞ ɚɧɔɞɡ ŬɡŰɞɨ ɞŭɖɔŮɑ 

ůŰɖɜ ɛŮɑɤůɖ Űɖɠ ɘŭɘɞůɡɢɜɧŰɖŰŬɠ Űɞɡ heave əŬɘ Űɞɡ pitch əŬɘ ɔŮɜɘəɎ 

ŮɡɜɞŮɑ Űɖɜ Ŭˊɞűɡɔɐ Űɞɡ ůɡɜŰɞɜɘůɛɞɨ. 

iv. ȾŬŰŬəɧɟɡűɞɠ ˊɟɘůɛŬŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ (cvp=cB/cwp). ȷɜŰɘɗɏŰɤɠ ɛŮ Űɞɜ 

ɚɧɔɞ L/T, ɖ Ŭɨɝɖůɖ ŬɡŰɞɨ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮɡɜɞŮɑ Űɖɜ ɨˊŬɟɝɖ Űɞɡ 

ůɡɜŰɞɜɘůɛɞɨ, ɞˊɧŰŮ ˊɟɏˊŮɘ ɜŬ ŮˊɘŭɘɩəɞɜŰŬɘ ɛɘəɟɏɠ Űɘɛɏɠ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ŬɡŰɞɨ. 

v. ȿɧɔɞɠ ɛɐəɞɡɠ ˊɟɞɠ ˊɚɎŰɞɠ (L/B). ȳŰŬɜ ɞ ɚɧɔɞɠ ŬɡŰɧɠ ŬɡɝɎɜŮŰŬɘ, 

ŭɘŬŰɖɟɩɜŰŬɠ ůŰŬɗŮɟɧ Űɞ ˊɚɎŰɞɠ, Ůˊɞɛɏɜɤɠ ŬɡɝɎɜŮŰŬɘ Űɞ ɛɐəɞɠ Űɞɡ 

ˊɚɞɑɞɡ, ůɡɜŮˊɎɔŮŰŬɘ ůŮ əŬɚɨŰŮɟɖ ŭɡɜŬɛɘəɐ ŮɡůŰɎɗŮɘŬ ůŰɞ ˊɚɞɑɞ. ȷɜ 

ɧɛɤɠ, ŬɜŰɘɗɏŰɤɠ, ɞ ɚɧɔɞɠ ŬɡɝɖɗŮɑ ɛŮ ɛŮɑɤůɖ Űɞɡ ˊɚɎŰɞɡɠ, əɟŬŰɩɜŰŬɠ 

ůŰŬɗŮɟɧ Űɞ ɛɐəɞɠ, ŰɧŰŮ ˊɟɞəŬɚŮɑŰŮ Ŭɨɝɖůɖ Űɞɡ pitch. ũŮɜɘəɎ, ɧŰŬɜ 

ŬɡɝɎɜŮŰŬɘ Űɞ ˊɚɎŰɞɠ Ůɜɧɠ ˊɚɞɑɞɡ ŰɧŰŮ ŬɡɝɎɜŮŰŬɘ əŬɘ ɖ ŬˊɧůɓŮůɖ Űɤɜ 

ŮˊɘŭɟɎůŮɤɜ ˊɞɡ ŭɏɢŮŰŬɘ. ȳŰŬɜ ɞ ɚɧɔɞɠ ˊŬɑɟɜŮɘ Űɘɛɏɠ ɛŮŰŬɝɨ 10 əŬɘ 20, 

ŰɧŰŮ ůɡɜɐɗɤɠ ɏɢɞɡɛŮ ŬɜɎŭɡůɖ Űɖɠ ˊɚɩɟɖɠ. 

vi. ȿɧɔɞɠ ˊɚɎŰɞɡɠ ˊɟɞɠ ɓɨɗɘůɛŬ (B/T). ɀŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ ɚɧɔɞɡ ŬɡŰɞɨ, 

Ůɡɜɞɞɨɜ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŬˊɧůɓŮůɖ ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ Ůɡɜɞɞɨɜ Űɖɜ 

ˊɟɞəŬɚɞɨɛŮɜɖ ŭɘɏɔŮɟůɖ Ŭˊɧ Űɞɡɠ əɡɛŬŰɘůɛɞɨɠ. ɀŮɔɎɚɞɡɠ ɚɧɔɞɡɠ 

ˊŬɑɟɜŮɘ ůɡɜɐɗɤɠ ŰŬ ˊɚɞɑŬ ˊɞɡ ɏɢɞɡɜ ˊɟɤɟŬɑɞɡɠ ɜɞɛŮɑɠ Űɨˊɞɡ V. 

ȷɜŰɘɗɏŰɤɠ, ɧŰŬɜ Űɞ ɓɨɗɘůɛŬ ŮɑɜŬɘ ɛɘəɟɧ ŰɧŰŮ ɡˊɎɟɢɞɡɜ ɛŮɔŬɚɨŰŮɟŮɠ 

ˊɘɗŬɜɧŰɖŰŮɠ ɜŬ ůɡɛɓŮɑ ɓɨɗɘůɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ əŬɘ ɖ ɨˊŬɟɝɖ 

ůűɡɟɧəɟɞɡůɖɠ. 

vii. ȹɘŬɛɐəɖɠ ɗɏůɖ əɏɜŰɟɞɡ ɓɎɟɞɡɠ. ȹŮɜ ɏɢŮɘ ɘŭɘŬɑŰŮɟɖ ŮˊɑŭɟŬůɖ ůŰɖɜ 

ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ˊɚɞɑɞɡ. ȳɛɤɠ, ɛɘŬ ˊɟɤɟŬɑŬ ɛŮŰŬɓɞɚɐ Űɞɡ, 

ŮɜŭɏɢŮŰŬɘ ɜŬ ɓŮɚŰɘɩůŮɘ Űɞ pitch, ɧɢɘ ɧɛɤɠ Űɞ heave. 

 

ɃɅȽȻɃɁɇȽȺɆ ȾȽɁȼɆȺȽɆ 
Ƀɛɞɑɤɠ ɛŮ Űɘɠ əŬŰŬəɧɟɡűŮɠ əɘɜɐůŮɘɠ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊɚɞɑɞɡ Ůˊɘŭɟɞɨɜ 

əŬɘ ůŰɘɠ ɞɟɘɕɧɜŰɘŮɠ əɘɜɐůŮɘɠ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ Ůˊɘŭɟɞɨɜ ůŰɘɠ ɞɟɘɕɧɜŰɘŮɠ əɘɜɐůŮɘɠ 

ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 
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i. ȿɧɔɞɠ ˊɚɎŰɞɡɠ ˊɟɞɠ ɓɨɗɘůɛŬ (ȸ/ɇ). ȼ ɛŮɑɤůɖ Űɞɡ ɚɧɔɞɡ, ŮˊɘűɏɟŮɘ 

Ŭɨɝɖůɖ Űɖɠ ɘŭɘɞˊŮɟɘɧŭɞɡ Űɞɡ roll, Ůˊɞɛɏɜɤɠ ɖ ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ 

ůɡɜŰɞɜɘůɛɞɨ ɛŮɘɩɜŮŰŬɘ. 

ii. ȾŬŰŬəɧɟɡűɞɠ ˊɟɘůɛŬŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ (cvp=cB/cwp). ȷɨɝɖůɖ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ŬɡŰɞɨ, ˊɟɞəŬɚŮɑ Ŭɨɝɖůɖ Űɖɠ ɘŭɘɞˊŮɟɘɧŭɞɡ Űɞɡ roll, ɎɟŬ ɖ 

ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ůɡɜŰɞɜɘůɛɞɨ ɛŮɘɩɜŮŰŬɘ. 

iii. ɆɡɜŰŮɚŮůŰɐɠ ɔɎůŰɟŬɠ (CB). ȳůɞ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬɡɝɎɜŮŰŬɘ, Űɧůɞ ɖ 

ŬˊɧůɓŮůɖ Űɞɡ roll ɓŮɚŰɘɩɜŮŰŬɘ. 

iv. ȾŬŰŬəɧɟɡűɖ ɗɏůɖ əɏɜŰɟɞɡ ɓɎɟɞɡɠ (KG). ȼ Ŭɨɝɖůɖ Űɞɡ Ůɜɩ ŮˊɘŭɟɎ 

ŮɡɜɞɥəɎ ůŰɞɜ ůɡɜŰɞɜɘůɛɧ, űɏɟɜŮɘ ŰŬ ŬɜŰɑɗŮŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɖɜ 

ŮɡůŰɎɗŮɘŬ. 

 

 

ŪȷȿȷɆɆȽɃ ɄȺɅȽȸȷȿȿɃɁ 
 

ȼ ɗɎɚŬůůŬ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ŭɘŬɟəɩɠ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ɧɣɖ. ɆŮ ɛŬəɟɞɢɟɧɜɘɞ 

ɞɟɑɕɞɜŰŬ ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ Ŭˊɧ ɐɟŮɛɖ ɛɏɢɟɘ ŮɝŬɘɟŮŰɘəɎ 

ŰŬɟŬɔɛɏɜɖ. ɆŮ ɓɟŬɢɡɢɟɧɜɘɞ ɞɟɑɕɞɜŰŬ, ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɑɕŮɘ ɛɘŬ ůɢŮŰɘəɎ ůŰŬɗŮɟɐ 

ŭɘŬŰŬɟŬɢɐ, ɧɛɤɠ ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ŮɑɜŬɘ ŭɘŬɟəɩɠ ɛŮŰŬɓŬɚɚɧɛŮɜɖ. Ƀ Ŭəɟɘɓɐɠ 

ɛɖɢŬɜɘůɛɧɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɖ ɛŮŰŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞɜ ɎɜŮɛɞ ˊɟɞɠ Űɞ ɜŮɟɧ, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞɜ ŬɟɢɘəɎ ɟɡŰɘŭɘůɛɧ əŬɘ ɛŮŰɏˊŮɘŰŬ Űɞɜ əɡɛŬŰɘůɛɧ, ŭŮɜ ŮɑɜŬɘ Ŭəɟɘɓɩɠ 

ɔɜɤůŰɧɠ. ȼ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ŬˊɞŰŮɚŮɑ Űɞ əŬŰɩŰŮɟɞ ůɨɜɞɟɞ Űɞɡ əŬŰɩŰŮɟɞɡ 

ɞɟɘŬəɞɨ ůŰɟɩɛŬŰɞɠ Űɞɡ Ŭɜɏɛɞɡ ˊɎɜɤ ůŰɖɜ ɗɎɚŬůůŬ, ŭɘŬ Űɞɡ ɞˊɞɑɞɡ ɛŮŰŬűɏɟŮŰŬɘ 

ɞɟɛɐ əŬɘ ŮɜɏɟɔŮɘŬ ůŰɖɜ ɗŬɚɎůůɘŬ ɛɎɕŬ, əŬɘ ɏŰůɘ ˊŬɟɎɔɞɜŰŬɘ ɞɘ ŬɜŮɛɞɔŮɜŮɑɠ əɡɛŬŰɘůɛɞɑ, 

ŰŬ ŬɜŮɛɞɔŮɜɐ ɟŮɨɛŬŰŬ əŬɘ ɎɚɚŮɠ əɘɜɐůŮɘɠ Űɖɠ ɗŬɚɎůůɘŬɠ ɛɎɕŬɠ. 

ȼ ŭɘŬŰŬɟŬɢɐ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ ŮəŰɧɠ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, 

ŮɝŬɟŰɎŰŬɘ əŬɘ Ŭˊɧ Űɖɜ ŭɘɎɟəŮɘŬ ˊɞɡ ŬɡŰɧɠ ˊɜɏŮɘ ůŰɖɜ ˊŮɟɘɞɢɐ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ Ŭˊɧ 

Űɖɜ ɏəŰŬůɖ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ ˊɎɜɤ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɜɏŮɘ. ȷɡŰɎ ŰŬ ŰɟɑŬ 

ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ ɔɜɤůŰɎ ɤɠ ɏɜŰŬůɖ, ŭɘɎɟəŮɘŬ əŬɘ ɏəŰŬůɖ (strength, 

duration and fetch). ȼ ŭɘŬŰŬɟŬɢɐ ŮɝŬɟŰɎŰŬɘ Ůˊɑůɖɠ əŬɘ Ŭˊɧ əɎˊɞɘŬ ɗŬɚɎůůɘŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧˊɤɠ Űɖɜ ɨˊŬɟɝɖ ˊŬɚɑɟɟɞɘŬɠ, Űɞ ɓɎɗɞɠ Űɞɡ ɜŮɟɞɨ əŬɘ Űɖɜ Űɞˊɘəɐ 

ŬəŰɞɔɟŬɛɛɐ. 

Ƀɘ əɡɛŬŰɘůɛɞɑ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɢɤɟɘůɗɞɨɜ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ: ɇɞɡɠ Ŭɟɛɞɜɘəɞɨɠ 

əɡɛŬŰɘůɛɞɨɠ (regular) əŬɘ Űɞɡɠ ŰɡɢŬɑɞɡɠ (irregular). Ƀɘ Ŭɟɛɞɜɘəɞɑ əɡɛŬŰɘůɛɞɑ ŮɑɜŬɘ 

ɖɛɘŰɞɜɞŮɘŭŮɑɠ, ɞɘ ɞˊɞɑɞɘ ˊɟŬəŰɘəɎ ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ űɨůɖ. 
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ȺɘəɧɜŬ 5: ȼɛɘŰɞɜɞŮɘŭɐɠ əɡɛŬŰɘůɛɧɠ (regural wave) 

 

Ƀɘ ŰɡɢŬɑɞɘ əɡɛŬŰɘůɛɞɑ ŮɑɜŬɘ ŬɡŰɞɑ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ 

əŬɘ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ, Űɞɡɠ əŬɗŬɟɎ ŬɜŮɛɞɔŮɜŮɑɠ əɡɛŬŰɘůɛɞɨɠ (sea 

waves) əŬɘ Űɖɜ ŬˊɞɗŬɚŬůůɑŬ (swell). Ƀɘ ˊɟɩŰɞɘ ŭɘŮɔŮɑɟɞɜŰŬɘ Ŭˊô ŮɡɗŮɑŬɠ Ŭˊɧ Űɞ 

ɡˊŮɟəŮɑɛŮɜɞ ŰɡɟɓɩŭŮɠ ˊŮŭɑɞ ɟɞɐɠ Űɞɡ Űɞˊɘəɞɨ Ŭɜɏɛɞɡ (forced waves), Ůɜɩ ɞɘ ŭŮɨŰŮɟɞɘ 

ŮɑɜŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭɘɎŭɞůɖɠ Űɤɜ ˊɟɩŰɤɜ ɛŬəɟɘɎ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ ŭɖɛɘɞɡɟɔɑŬɠ 

Űɞɡɠ (free wave). ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɞɟɘůɗɞɨɜ əŬɘ ɜŬ 

ŮəŰɘɛɖɗɞɨɜ ŰŬ ɓŬůɘəɎ əɡɛŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ Űɞ ɨɣɞɠ, Űɞ ɛɐəɞɠ, ɖ 

ˊŮɟɑɞŭɞɠ əŬɘ ɖ əɨɟɘŬ əŬŰŮɨɗɡɜůɖ (əɨɟɘŮɠ əŬŰŮɡɗɨɜůŮɘɠ) ŭɘŬŭɧůŮɘɠ Űɤɜ əɡɛŬŰɘůɛɩɜ. 

ɇŬ ůɡɔəŮəɟɘɛɏɜŬ ɛŮɔɏɗɖ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ɧŰɘ ůɡɛɓŬɑɜŮɘ ůŰŬ ŬˊɚɎ ˊŮɟɘɞŭɘəɎ əɨɛŬŰŬ, 

ŭŮɜ ɏɢɞɡɜ ůŰŬɗŮɟɐ Űɘɛɐ, ŬɚɚɎ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ůŰɞ ɢɩɟɞ əŬɘ ůŰɞ ɢɟɧɜɞ. Ƀɘ əɡɛŬŰɘůɛɞɑ 

ŬɡŰɞɑ ɛŮɚŮŰɩɜŰŬɘ, ɗŮɤɟɩɜŰŬɠ Űɞɡɠ ɤɠ ɡˊɏɟɗŮůɖ Ŭˊɚɩɜ ɖɛɘŰɞɜɞŮɘŭɩɜ əɡɛŬŰɘůɛɩɜ 

ŭɘŬűɧɟɤɜ əŬŰŮɡɗɨɜůŮɤɜ əŬɘ ˊŮɟɘɧŭɤɜ (ɔɟŬɛɛɘəɐ ɗŮɤɟɑŬ əɡɛɎŰɤɜ). Ƀɘ ŬɜŮɛɞɔŮɜŮɑɠ 

əɡɛŬŰɘůɛɞɑ ŮɑɜŬɘ əɡɛŬŰɘůɛɞɑ ɏɜŰɞɜŬ çŬɜŬəŬŰŮɛɏɜɞɘè (confused), ŭɘŬŭɑŭɞɜŰŬɘ ˊɟɞɠ 

ŭɘɎűɞɟŮɠ əŬŰŮɡɗɨɜůŮɘɠ (short-crested), ɞ ɚɧɔɞɠ ɨɣɞɡɠ ˊɟɞɠ ɛɐəɞɠ əɨɛŬŰɞɠ ŮɑɜŬɘ 

ůɢŮŰɘəɎ ɛŮɔɎɚɞɠ, əŬɘ ůɡɜɐɗɤɠ ůɡɛɓŬɑɜŮɘ ɗɟŬɨůɖ əɡɛɎŰɤɜ (wave breaking) əŬɘ 

ŮɛűɎɜɘůɖ Ŭűɟɞɨ (whitecaps and spray). ȺˊɘˊɟɧůɗŮŰŬ, ɖ ɟɞɐ ůŰɞ ɜŮɟɧ, əɞɜŰɎ ůŰɖɜ 

ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ, ŮɑɜŬɘ ůŰɟɧɓɘɚɖ, ɚɧɔɤ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɤɜ ŭɘŬŰɛɖŰɘəɩɜ ŰɎůŮɤɜ Űɞɡ 

Űɡɟɓɩŭɞɡɠ ˊŮŭɑɞɡ Űɞɡ ɡˊŮɟəŮɑɛŮɜɞɡ Ŭɜɏɛɞɡ. 

ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬˊɞɗŬɚŬůůɩɜ, ɞɘ əɡɛŬŰɘůɛɞɑ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ 

ɞɛŬɚɞɑ əŬɘ ɚŮɑɞɘ, ɞ ɚɧɔɞɠ ɨɣɞɡɠ ˊɟɞɠ ɛɐəɞɠ əɨɛŬŰɞɠ ˊŬɑɟɜŮɘ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ, əŬɘ 

ɡˊɎɟɢŮɘ ůŬűɐɠ əɨɟɘŬ ŭɘŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ (long-crested waves). ȺɎɜ ɞɘ əɡɛŬŰɘůɛɞɑ 

ŭŮɜ ɓɟɑůəɞɜŰŬɘ əŬɘ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɞˊɘəɞɨ Ŭɜɏɛɞɡ (ɐ Ɏɚɚɞɡ Űɞˊɘəɞɨ ŬɘŰɑɞɡ 

ŭɘɏɔŮɟůɖɠ Űɨɟɓɖɠ), ɖ ɟɞɐ ůŰɞ ɜŮɟɧ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ŬůŰɟɧɓɘɚɖ, əŬɘ ůɡɜɐɗɤɠ ŭŮɜ 

ůɡɛɓŬɑɜŮɘ ɗɟŬɨůɖ Űɤɜ əɡɛŬŰɘůɛɩɜ.  ɄɟɧəŮɘŰŬɘ ɔɘŬ əɡɛŬŰɘůɛɞɨɠ, ɞɘ ɞˊɞɑɞɘ ˊɟɞɏɟɢɞɜŰŬɘ 

Ŭˊɧ ɛɘŬ ɛŬəɟɘɜɐ ɤɠ ˊɟɞɠ Űɞɜ ˊŬɟŬŰɖɟɖŰɐ ˊŮɟɘɞɢɐ. ȼ űŬɘɜɧɛŮɜɖ ˊŮɟɑɞŭɞɠ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐ Űɤɜ ŬɜŮɛɞɔŮɜɩɜ əɡɛŬŰɘůɛɩɜ. ɆŬɜ ɔŮɜɘəɧɠ əŬɜɧɜŬɠ 

ɛˊɞɟŮɑ ɜŬ ɚŮɢɗŮɑ ɧŰɘ ɖ ˊŮɟɑɞŭɞɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 10 seconds ŭɘŬɢɤɟɑɕŮɘ ŰŬ sea waves 

Ŭˊɧ ŰŬ swell, ɢɤɟɑɠ ŬɡŰɧ ɜŬ ůɖɛŬɑɜŮɘ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ əŬɘ ŮˊɘəɎɚɡɣɖ ůŰɘɠ ˊŮɟɘɧŭɞɡɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ Torsethaugen (1993, 1996), ɖ ůɢɏůɖ ˊɞɡ ŭɘŬɢɤɟɑɕŮɘ ɏɜŬɜ 

ŰɡɢŬɑɞ əɡɛŬŰɘůɛɧ ůŬɜ ŬɜŮɛɞɔŮɜɐ ɐ ůŬɜ ŬˊɞɗŬɚŬůůɑŬ ŮɑɜŬɘ: 

Ὕ φȢφὌ ύὭὲὨ ίὩὥ 
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Ὕ φȢφὌ ίύὩὰὰ 

ȳˊɞɡ Tp ŮɑɜŬɘ ɖ ˊŮɟɑɞŭɞɠ əɞɟɡűɐɠ Űɞɡ əɨɛŬŰɞɠ əŬɘ H1/3 Űɞ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ. 

 

Ⱥˊɞɛɏɜɤɠ, ɖ ɢɟɞɜɘəɐ ɘůŰɞɟɑŬ Ůɜɧɠ ŰɡɢŬɑɞɡ ŬɜŮɛɞɔŮɜɞɨɠ əɡɛŬŰɘůɛɞɨ, ɛˊɞɟŮɘ 

ɜŬ ˊŬɟŬůŰŬɗŮɑ Ŭˊɧ ɛɘŬ ůŮɘɟɎ Fourier, ɤɠ ɡˊɏɟɗŮůɖ Ŭˊɚɩɜ ɖɛɘŰɞɜɞŮɘŭɩɜ əɡɛŬŰɘůɛɩɜ, 

ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ɔɟŬɛɛɘəɐɠ ɗŮɩɟɖůɖɠ. 

‒ὸ ‒Ӷ ὃ ÃÏÓ‫ὸ `ÃÏÓ‫ὸ 

‫    n=1,2,3,é [rad/sec] 

TH: ȼ ŭɘɎɟəŮɘŬ Űɖɠ ɢɟɞɜɘəɐɠ ɘůŰɞɟɑŬɠ [sec] 

ὃ
ς

Ὕ
‒ὸÃÏÓ‫ὸὨὸ  ά  

ὄ
ς

Ὕ
‒ὸÓÉÎ‫ὸὨὸ  ά  

‒Ӷȡῷ ‘ʘ„– †―‘ʙ †–‟ ‌’ʞʗ„„―‌‟ ‐“―•ʗ’‐―‌‟ ά‗‌— ‟–† ‟–„‫‪  

ɕ(t): ȼ ůŰɘɔɛɘŬɑŬ Űɘɛɐ Űɖɠ Ŭɜɨɣɤůɖɠ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ [m] 

ȯɟŬ ɛˊɞɟŮɑ ɜŬ ɔɟŬűŰŮɑ: 

‒ὸ ‒Ӷ ‒ ÃÏÓ‫ὸ ‐ ά  

ȳˊɞɡ ‒ ὃ ὄ  [m] 

  
      

ȺɘəɧɜŬ 6: ɇɡɢŬɑɞɘ əɡɛŬŰɘůɛɞɑ (irregular wave), ŬˊɞɗŬɚŬůůɘɎ (swell), ŬɜŮɛɞɔŮɜŮɑɠ (sea) 
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ὸὥὲ‐
ὄ

΅
ȟ‐ – •ʗ„– 

ȼ ŰŮɚŮɡŰŬɑŬ ɏəűɟŬůɖ Űɖɠ ůŰɘɔɛɘŬɑŬɠ Ŭɜɨɣɤůɖɠ Űɖɠ ɗɎɚŬůůŬɠ ɕ(t) ŮəűɟɎɕŮɘ Űɞ 

ɔŮɔɞɜɧɠ ɧŰɘ ɏɜŬɠ ŰɡɢŬɑɞɠ əɡɛŬŰɘůɛɧɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬůŰŬɗŮɑ Ŭˊɧ ɏɜŬ ɎɗɟɞɘůɛŬ 

ɗŮɤɟɖŰɘəɎ ŬˊŮɑɟɞɡ, ˊɟŬəŰɘəɎ ˊŮˊŮɟŬůɛɏɜɞɡ, Ŭɟɘɗɛɞɨ ɖɛɘŰɞɜɘəɩɜ əɡɛŬŰɘůɛɩɜ ɛŮ 

ˊɚɎŰɞɠ ɕn0 əŬɘ ůɡɢɜɧŰɖŰŬ ɤn. ɇɞ ɛŮůɞŭɘɎůŰɖɛŬ ůɡɢɜɞŰɐŰɤɜ ŭɤ ɛŮŰŬɝɨ Űɤɜ 

əɡɛŬŰɘɛůɩɜ ŮɑɜŬɘ ŭɤ=2ˊ/TH=ɤ1 [rad/sec]. ȷɜ Űɞ ŭɤ ˊɎɟŮɘ ˊɞɚɨ ɛɘəɟɏɠ Űɘɛɏɠ, ŰɧŰŮ Űɞ 

TH ˊŬɑɟɜŮɘ ˊɞɚɨ ɛŮɔɎɚŮɠ Űɘɛɏɠ. 

ɇɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɡˊɏɟɗŮůɖɠ Űɤɜ ɖɛɘŰɞɜɘəɩɜ əɡɛɎŰɤɜ ŬˊŮɘəɞɜɑɕŮɘ ɛŮ 

ŬəɟɑɓŮɘŬ Űɖɜ ɢɟɞɜɘəɐ ɘůŰɞɟɑŬ Űɞɡ ˊɟɞəɨˊŰɞɜŰɞɠ ŰɡɢŬɑɞɡ əɡɛŬŰɘůɛɞɨ ˊɞɡ əŬŰŬɔɟɎɔɖəŮ 

ůŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɇȼ. ȳɛɤɠ, ŭŮɜ ɡˊɎɟɢŮɘ əŬɛɑŬ ɏɜŭŮɘɝɖ ɧŰɘ çɏɝɤè Ŭˊɧ ŬɡŰɧ Űɞ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ, Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ůɨɜɗŮůɖɠ Űɤɜ ɖɛɘŰɞɜɘəɩɜ əɡɛŬŰɘůɛɩɜ ɗŬ 

ŬˊŮɘəɧɜɘɕŮ ɘəŬɜɞˊɞɘɖŰɘəɎ Űɞɜ ŰɡɢŬɑɞ əɡɛŬŰɘůɛɧ. ȷɡŰɧ ɗŬ ŬˊɞŰŮɚɞɨůŮ əŬɘ ˊŬɟɎŭɞɝɞ. 

ȯɟŬ ůɡɛˊŮɟŬɑɜŮŰŬɘ ɧŰɘ, Ŭɜ əŬɘ ɞ ŰɡɢŬɑɞɠ əɡɛŬŰɘůɛɧɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ɢɟɐůɖ 

Űɤɜ ůŮɘɟɩɜ Fourier ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛŮ ˊŮɟɑɞŭɞ ɇȼ, ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɖ ɢɟɞɜɘəɐ 

ɘůŰɞɟɑŬ Űɞɡ əɡɛŬŰɘůɛɞɨ ŭŮɜ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ˊɞŰɏ. 

 

ȺɘəɧɜŬ 7: ɈˊɏɟɗŮůɖ ɖɛɘŰɞɜɘəɩɜ əɡɛŬŰɘůɛɩɜ 

ȺˊŮɘŭɐ ɚɞɘˊɧɜ ɞɘ əɡɛŬŰɘůɛɞɑ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ŮɑɜŬɘ ŬəŬɜɧɜɘůŰŮɠ 

əɡɛŬŰɞɛɞɟűɏɠ, əŬɘ ɛɎɚɘůŰŬ ŬəɧɛŬ əɘ Ŭɜ ŮɝŮŰɎɕŮŰŬɘ ɖ ɑŭɘŬ ˊŮɟɘɞɢɐ, ůŰɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ 

ɏɜŰŬůɖɠ əŬɘ ŭɘɎɟəŮɘŬɠ ˊɜɞɐɠ Ŭɜɏɛɞɡ ɞɘ ɢɟɞɜɘəɏɠ ɘůŰɞɟɑŮɠ Űɤɜ əɡɛŬŰɘůɛɩɜ ˊɞɡ ɗŬ 

əŬŰŬɔɟŬűɞɨɜ ŭŮɜ ɗŬ ŮɑɜŬɘ ɞɘ ɑŭɘŮɠ, ůɡɛˊŮɟŬɑɜɞɡɛŮ ɧŰɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ ůŰɞɢŬůŰɘəɏɠ 

ŭɘŬŭɘəŬůɑŮɠ, ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɛŮ ɢɟɐůɖ Űɤɜ ŰɡɢŬɑɤɜ ɛŮŰŬɓɚɖŰɩɜ. 

 

ūŬɘɜɧɛŮɜŬ əŬɘ ůŰŬŰɘůŰɘəɎ ɛŮɔɏɗɖ ŬɜŮɛɞɔŮɜɩɜ əɡɛŬŰɘůɛɩɜ 
 

Ƀ ɧɟɞɠ çűŬɘɜɧɛŮɜŬ ɛŮɔɏɗɖè ɡˊɞŭɖɚɩɜŮɘ ŰŬ ɛŮɔɏɗɖ ŰŬ ɞˊɞɑŬ çűŬɑɜɞɜŰŬɘè Ŭˊô 

ŮɡɗŮɑŬɠ (ɢɤɟɑɠ ŭɖɚŬŭɐ, ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ) ˊɎɜɤ ůŮ ɛɘŬ əŬŰŬɔɟŬűɐ Űɖɠ 

Ŭɜɨɣɤůɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ n(x,t). ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ Ŭɜɨɣɤůɖ ŮɑɜŬɘ 

ůɡɜɎɟŰɖůɖ Űɧůɞ Űɞɡ ɢɟɧɜɞɡ, ɧůɞ əŬɘ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ ɗɏůɖɠ Űɞɡ ůɖɛŮɑɞɡ ɛɏŰɟɖůɖɠ 

(ɢɩɟɞɡ), ŭɘŬəɟɑɜɞɡɛŮ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ, ŰŬ űŬɘɜɧɛŮɜŬ ɛŮɔɏɗɖ ɢɟɧɜɞɡ əŬɘ ɢɩɟɞɡ. 
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ūŬɘɜɧɛŮɜɞ ˊɚɎŰɞɠ əɨɛŬŰɞɠ, Ŭ: ȼˊɟɞůɖɛŬůɛɏɜɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ 

ɛɘŬɠ əɞɟɡűɐɠ Ŭˊɧ Űɖɜ ŬŭɘŬŰɎɟŬəŰɖ ŮˊɘűɎɜŮɘŬ. 

ūŬɘɜɧɛŮɜɞ ɨɣɞɠ əɨɛŬŰɞɠ, ȼ: ȼ ŬˊɧɚɡŰɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ɛɘŬɠ 

əɞɟɡűɐɠ əŬɘ Űɖɠ ŮˊɧɛŮɜɖɠ əɞɘɚɎŭŬɠ, ɐ Űɞ ŬɜŰɑůŰɟɞűɞ. 

ūŬɘɜɧɛŮɜɖ ˊŮɟɑɞŭɞɠ ɛɖŭŮɜɘəɐɠ ɡˊɏɟɓŬůɖɠ, ɇ0: ɇɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɡˊŮɟɓɎůŮɤɜ Űɞɡ Ůˊɘˊɏŭɞɡ ɖɟŮɛɑŬɠ Ŭˊɧ Űɖɜ ůɡɜɎɟŰɖůɖ n(t). 

ūŬɘɜɧɛŮɜɖ ˊŮɟɑɞŭɞɠ əɞɟɡűɩɜ (ɐ əɞɘɚɎŭɤɜ), Tc (Tt): ɇɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ əɞɟɡűɩɜ (ɐ əɞɘɚɎŭɤɜ) Űɖɠ ůɡɜɎɟŰɖůɖɠ n(t). 

 

 

ȺɘəɧɜŬ 8: ūŬɘɜɧɛŮɜŬ əɡɛŬŰɘəɎ ɛŮɔɏɗɖ ɢɟɧɜɞɡ 

 

ȳůɞ ŬűɞɟɎ ŰŬ űŬɘɜɧɛŮɜŬ ɛŮɔɏɗɖ ɢɩɟɞɡ, ŮˊɘɚɏɔɞɡɛŮ ɛɘŬ əŬŰŮɨɗɡɜůɖ (ɎɝɞɜŬ) 

ɗ əŬɘ ɗŮɤɟɞɨɛŮ Űɖɜ Űɞɛɐ Űɖɠ ŮˊɘűɎɜŮɘŬɠ n(x,t0) ɛŮ Űɞ əŬŰŬəɧɟɡűɞ ŮˊɑˊŮŭɞ ˊɞɡ 

ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ ɗ. 

ūŬɘɜɧɛŮɜɞ ˊɚɎŰɞɠ əɨɛŬŰɞɠ, Ŭ: Ŭ=Ŭ(ɗ) 

ūŬɘɜɧɛŮɜɞ ɨɣɞɠ əɨɛŬŰɞɠ, ȼ: ȼ=ȼ(ɗ) 

ūŬɘɜɧɛŮɜɞ ɛɐəɞɠ əɨɛŬŰɞɠ ɛɖŭŮɜɘəɐɠ ɡˊɏɟɓŬůɖɠ, ɚ0 (L0): ɚ0=ɚ0(ɗ) 

ūŬɘɜɧɛŮɜɞ ɛɐəɞɠ əɨɛŬŰɞɠ əɞɟɡűɩɜ (ɐ əɞɘɚɎŭɤɜ), ɚc (Lc): ɚc=ɚc(ɗ) 
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Ƀɘ Űɘɛɏɠ Űɤɜ űŬɘɜɧɛŮɜɤɜ ɛŮɔŮɗɩɜ ɛŮŰŬɓɎɚɚɞɜŰŬɘ əŬŰɎ Űɖɜ əŬŰŬɔɟŬűɐ. 

Ⱥˊɞɛɏɜɤɠ ɗŮɤɟɞɨɜŰŬɘ ŰɡɢŬɑŮɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰŬŰɘůŰɘəɎ ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ ůɡɜŬɟŰɐůŮɤɜ əŬŰŬɜɞɛɐɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ 

ɞɟɑɕɞɜŰŬɘ ŰŬ çůŰŬŰɘůŰɘəɎ ɛŮɔɏɗɖè, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ůŰŬŰɘůŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ űŬɘɜɧɛŮɜɤɜ ɛŮɔŮɗɩɜ əŬɘ ɞɘ ɞˊɞɑŮɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ əɘ ŬɡŰɎ ůŮ ůŰŬŰɘůŰɘəɎ 

ɛŮɔɏɗɖ ɢɩɟɞɡ əŬɘ ɢɟɧɜɞɡ. 

Ὄ
ρ

ὔ
Ὄȟ‘ʘ„‛ ʞ‪‛‟ ‖ʞ‘‌†‛‟ 

Ὄ
ρ

ὔ
Ὄ ȟ†‡“―‖ʙ ‌“ʝ‖‗―„– 

ῷȾ Ⱦ
В Ὄ
Ⱦ
ȟ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ (ɖ ɛɏůɖ Űɘɛɐ Űɞɡ 1/3 Űɤɜ ɡɣɖɚɧŰŮɟɤɜ 

Űɘɛɩɜ Űɞɡ űŬɘɜɧɛŮɜɞɡ ɨɣɞɡɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ɛɘŬ əŬŰŬɔɟŬűɐɠ) 

 ȟ , ɛɏůɖ ˊŮɟɑɞŭɞɠ əɨɛŬŰɞɠ ɛɖŭŮɜɘəɐɠ ɡˊɏɟɓŬůɖɠ əŬɘ əɞɟɡűɩɜ (əɞɘɚɎŭɤɜ) 

ŬɜŰɑůŰɞɘɢŬ. 

ὒ —ȟὒ —, ɛɏůɞ ɛɐəɞɠ əɨɛŬŰɞɠ. 

 ȷɜ ɞɘ ˊŬɟŬˊɎɜɤ Űɘɛɏɠ ɡɣɩɜ əɨɛŬŰɞɠ ɚɖɔɗɞɨɜ ɤɠ ɛɏůŮɠ Űɘɛɏɠ ɢɩɟɞɡ, ŭɖɚŬŭɐ 

əŬŰɎ ɛɐəɞɠ ɛɘŬɠ Űɞɛɐɠ n(r|ɗ), ŰɧŰŮ ŰŬ ůŰŬŰɘůŰɘəɎ ɛŮɔɏɗɖ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ŮɝŬɟŰɩɜŰŬɘ 

əŬɘ Ŭˊɧ Űɖɜ ɗŮɤɟɞɨɛŮɜɖ əŬŰŮɨɗɡɜůɖ ɗ, ŭɖɚŬŭɐ ῷ ῷ , Ὄ ῷ — ,         

ῷȾ ῷȾ —. ȷɜ ɖ ůɡɜɎɟŰɖůɖ ῷȾ — ˊŬɟɞɡůɘɎɕŮɘ ɏɜŰɞɜɞ ɞɚɘəɧ ɛɏɔɘůŰɞ ɔɘŬ ɛɘŬ 

ɔɤɜɑŬ ɗ=ɗ0, ŰɧŰŮ ɖ əŬŰŮɨɗɡɜůɖ ɗ0 ɞɜɞɛɎɕŮŰŬɘ əɨɟɘŬ əŬŰŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ Űɞɡ əɨɛŬŰɞɠ. 

 ȼ ůŰɞɢŬůŰɘəɐ ŭɘŬŭɘəŬůɑŬ Űɖɠ Ŭɜɨɣɤůɖɠ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ n ɤɠ 

ůɡɜɎɟŰɖůɖ Űɞɡ ɢɟɧɜɞɡ t, n(t), ŬəɞɚɞɡɗŮɑ ɛɘŬ ůŰɎůɘɛɖ əŬɘ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ (Gaussian) 

ɛŮ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ (ů.ˊ.ˊ.) 

ὴ ὼ
ρ

„Ѝς“
Ὡ  

ȳˊɞɡ ůf ŮɑɜŬɘ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ 

ȺɘəɧɜŬ 9: ūŬɘɜɧɛŮɜŬ əɡɛŬŰɘəɎ ɛŮɔɏɗɖ ɢɩɟɞɡ 
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ȼ ŮˊɘɓŮɓŬɑɤůɖ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ ɖ Ŭɜɨɣɤůɖ Űɖɠ ɗɎɚŬůůŬɠ ŬəɞɚɞɡɗŮɑ 

ůŰɎůɘɛɖ əŬɘ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ɏɢŮɘ ŮɚŮɔɢɗŮɑ ŭɘŮɝɞŭɘəɎ. ȷˊɧ Űɞɜ ɏɚŮɔɢɞ ůɡɛˊŮɟŬɑɜŮŰŬɘ 

ɧŰɘ ɔɘŬ əɨɛŬŰŬ Hs<8 m ɖ ɗŮɩɟɖůɖ ɘůɢɨŮɘ, Ŭɜ əŬɘ ɔɘŬ 4m<Hs<8m ɡˊɎɟɢɞɡɜ ŬˊɞəɚɑůŮɘɠ 

Ŭˊɧ Űɖɜ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ˊɞɡ ŬɡɝɎɜɞɡɜ ŮɚŬűɟɎ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ əŬŰɎůŰŬůɖɠ Űɖɠ 

ɗɎɚŬůůŬɠ. ȳɛɤɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɖ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ ɏɢŮɘ ɛŮɔɎɚɞ ɓɎɗɞɠ, 

ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ůŰɎůɘɛɖ əŬɘ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ, ŬɜŮɝɎɟŰɖŰŬ ɛŮ Űɖɜ 

ŮˊɘəɟŬŰɞɨůŬ əŬŰɎůŰŬůɖ ɗŬɚɎůůɖɠ. 

Ƀɘ ŬɜŰɑůŰɞɘɢŮɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ŰŬ ˊɚɎŰɖ əŬɘ ŰŬ ɨɣɖ Űɤɜ əɡɛŬŰɘůɛɩɜ, 

A(t) əŬɘ H(t), Ŭəɞɚɞɡɗɞɨɜ Űɖɜ əŬŰŬɜɞɛɐ Rayleigh ɛŮ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ 

ˊɘɗŬɜɧŰɖŰŬɠ: 

ὴ ὼ
ὼ

ὥ
Ὡ  

ȳˊɞɡ 2Ŭ ɖ ɛɏůɖ Űɘɛɐ Űɞɡ x2. 

ɀŮ Űɖɜ ˊŬɟŬˊɎɜɤ ůŰɞɢŬůŰɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ ŮɑɜŬɘ ŮűɘəŰɐ ɖ ˊŮɟɘɔɟŬűɐ Űɖɠ 

ˊɘɗŬɜɞɗŮɤɟɖŰɘəɐɠ (probabilistic) ŭɞɛɐɠ Űɞɡ əɡɛŬŰɘəɞɨ ˊŮŭɑɞɡ, ɛŮ Űɖ ɢɟɐůɖ Űɞɡ 

əŬŰŮɡɗɡɜŰɘəɞɨ űɎůɛŬŰɞɠ S(ɤ,ɗ), ɧˊɞɡ ɤ ŮɑɜŬɘ ɖ əɡəɚɘəɐ ůɡɢɜɧŰɖŰŬ Űɞɡ əɨɛŬŰɞɠ əŬɘ ɗ 

ɖ əŬŰŮɨɗɡɜůɖ Űɞɡ əɨɛŬŰɞɠ. 

ɇŬ ůŰɞɢŬůŰɘəɎ ɛŮɔɏɗɖ, ŰŬ ɞˊɞɑŬ ɞɜɞɛɎɕɞɜŰŬɘ űŬůɛŬŰɘəɎ, ŮəűɟɎɕɞɜŰŬɘ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Űɞɡ əŬŰŮɡɗɡɜŰɘəɞɨ űɎůɛŬŰɞɠ S(ɤ,ɗ). ɇŬ űŬůɛŬŰɘəɎ ɛŮɔɏɗɖ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ 

ůŰŬ ˊŬɟŬˊɎɜɤ ůŰŬŰɘůŰɘəɎ ɛŮɔɏɗɖ ɢɟɧɜɞɡ, ŮəűɟɎɕɞɜŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ůɖɛŮɘŬəɞɨ 

űɎůɛŬŰɞɠ ůɡɢɜɧŰɖŰŬɠ S(ɤ). 

Ὓ‫ Ὓ—‫ȟ—Ὠ 

ɀɏůɞ ɨɣɞɠ əɨɛŬŰɞɠ: ῴῷ ςȢυά ḙὌ 

ɆɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ: Ὄ τά ḙὌȾ 

ɀɏůɖ ˊŮɟɑɞŭɞɠ ɛɖŭŮɜɘəɐɠ ɡˊɏɟɓŬůɖɠ: ῴ  ς“ Ὕ  

ɀɏůɖ ˊŮɟɑŭɞɠ əɞɟɡűɩɜ: ῴ  ς“ Ὕ  

ȳˊɞɡ Ⱥ[ ] ɞ ŰŮɚŮůŰɐɠ ɛɏůɖɠ ɞɚɧŰɖŰŬɠ əŬɘ m0, m2 ɞɘ űŬůɛŬŰɘəɏɠ ɟɞˊɏɠ, ɞɘ ɞˊɞɑŮɠ 

ůŰɖɜ ɔŮɜɘəɐ Űɞɡ ɏəűɟŬůɖ ɞɟɑɕɞɜŰŬɘ: 

ά ‫Ὓ‫Ὠ‫ 

ȷˊɧ ŬɡŰɐ Űɖ ůɢɏůɖ ůɡɛˊŮɟŬɑɜŮŰŬɘ ɧŰɘ ɔɘŬ n=0, ɖ űŬůɛŬŰɘəɐ ɟɞˊɐ ɔɑɜŮŰŬɘ ά

᷿ Ὓ‫Ὠ.əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ŮɛɓŬŭɧɜ ˊɞɡ ˊŮɟɘəɚŮɑŮŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ S(ɤ) ‫ 

ȼ ůɢɏůɖ Űɞɡ ůɖɛŮɘŬəɞɨ űɎůɛŬŰɞɠ ůɡɢɜɧŰɖŰŬɠ S(ɤ) ŮəűɟɎɕŮɘ Űɞ ˊɤɠ əŬŰŬɜɏɛŮŰŬɘ ɖ 

əɡɛŬŰɘəɐ ŮɜɏɟɔŮɘŬ ŬɜɎ ŰŮŰɟŬɔɤɜɘəɧ ɛɏŰɟɞ ůŰɘɠ ŭɘɎűɞɟŮɠ əɡəɚɘəɏɠ ůɡɢɜɧŰɖŰŮɠ ɤ Űɞɡ 

əɡɛŬŰɘůɛɞɨ. 
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ȺɘəɧɜŬ 10: ɆɖɛŮɘŬəɧ űɎůɛŬ S(ɤ) 

 

ɄŬɟɧɛɞɘŮɠ ůɢɏůŮɘɠ ɘůɢɨɞɡɜ əŬɘ ɔɘŬ ŰŬ ůŰɞɢŬůŰɘəɎ ɛŮɔɏɗɖ ɢɩɟɞɡ Ὓ—

᷿ Ὓ‫ȟ—Ὠȼ ůɢɏůɖ ŬɡŰɐ ŮəűɟɎɕŮɘ Űɖɜ əŬŰŬɜɞɛɐ əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŬɜɎ .‫ 

ŰŮŰɟŬɔɤɜɘəɧ ɛɏŰɟɞ ůŰɘɠ ŭɘɎűɞɟŮɠ əŬŰŮɡɗɨɜůŮɘɠ ɗ. ȷɜ ɖ ůɡɜɎɟŰɖůɖ S(ɗ) ŮɛűŬɜɑɕŮɘ 

ɏɜŰɞɜɞ ɞɚɘəɧ ɛɏɔɘůŰɞ ɔɘŬ ɗ=ɗ0, ŰɧŰŮ ɖ əŬŰŮɨɗɡɜůɖ ɗ0 ɞɜɞɛɎɕŮŰŬɘ əɨɟɘŬ əŬŰŮɨɗɡɜůɖ 

ŭɘɎŭɞůɖɠ Űɤɜ əɡɛŬŰɘůɛɩɜ. ȷɜ ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŬ ŰɞˊɘəɎ ɛɏɔɘůŰŬ, ŰɧŰŮ ɗŬ ɏɢɞɡɛŮ 

ŰɧůŮɠ əɨɟɘŮɠ əŬŰŮɡɗɨɜůŮɘɠ, ɧůŬ əŬɘ ŰŬ ɛɏɔɘůŰŬ. 

 

ɇɃ ūȷɆɀȷ ɇȼɆ ȾɈɀȷɇȽȾȼɆ ȺɁȺɅũȺȽȷɆ (WAVE ENERGY 

SPECTRUM) 
 

ɇɞ űɎůɛŬ Űɖɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ŮəűɟɎɕŮɘ Űɖɜ ůɖɛŬůɑŬ Űɖɠ əɎɗŮ 

ɖɛɘŰɞɜɞŮɘŭɞɨɠ ůɡɜɘůŰɩůŬɠ Űɞɡ əɨɛŬŰɞɠ. ȼ ŮɜɏɟɔŮɘŬ Űɞɡ n-ɞůŰɞɨ ɖɛɘŰɞɜɘəɞɨ əɨɛŬŰɞɠ-

ůɡɜɘůŰɩůŬɠ, ŬɜɎ m2 ɗŬɚɎůůɘŬɠ ŮˊɘűŬɜŮɑŬɠ ɘůɞɨŰŬɘ ɛŮ  ”Ὣ‒ . ɇɞ űɎůɛŬ Űɖɠ 

əɡɛŬŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɞɟɑɕŮŰŬɘ əŬŰɎ Űɟɧˊɞ ɩůŰŮ ɖ ˊŮɟɘɞɢɐ ˊɞɡ ˊŮɟɘəɚŮɑŮŰŬɘ Ŭˊɧ ɏɜŬ 

Ůɨɟɞɠ ůɡɢɜɞŰɐŰɤɜ, ɏůŰɤ ɤŬ ɏɤɠ ɤɓ, ɜŬ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ ɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ (ŬɜɎ m2 

ɗŬɚɎůůɘŬɠ ŮˊɘűŬɜŮɑŬɠ) Űɤɜ əɡɛɎŰɤɜ-ůɡɜɘůŰɤůɩɜ ˊɞɡ ɏɢɞɡɜ ůɡɢɜɧŰɖŰŮɠ ɛŮŰŬɝɨ 

[ɤŬ,ɤɓ]. Ůˊɞɛɏɜɤɠ ɖ ˊŮɟɘɞɢɐ ˊɞɡ ˊŮɟɘəɚŮɑŮŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ Űɞɡ űɎůɛŬŰɞɠ 

ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ ɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ (ŬɜɎ m2 ɗŬɚɎůůɘŬɠ ŮˊɘűŬɜŮɑŬɠ) ɧɚɞɡ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ Űɞɡ ŰɡɢŬɑɞɡ əɡɛŬŰɘůɛɞɨ. ȷɜ ɡˊɞŰŮɗŮɑ ɧŰɘ ‫ ‫  əŬɘ ‫ ‫  

ŰɧŰŮ ůŰɖɜ ˊŮɟɘɞɢɐ ůɡɢɜɞŰɐŰɤɜ [ɤŬ,ɤɓ] ɗŬ ɡˊɎɟɢŮɘ ɛɧɜɞ ɏɜŬɠ ɖɛɘŰɞɜɘəɧɠ əɡɛŬŰɘůɛɧɠ, 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬɜɎɚɡůɖ əŬŰɎ Fourier Űɞɡ ŰɡɢŬɑɞɡ əɡɛŬŰɘůɛɞɨ. ȯɟŬ ɖ ŰŮŰŬɔɛɏɜɖ ˊɞɡ 

ɗŬ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ůɡɢɜɧŰɖŰŬ ɤn, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ. 

”ὫὛ ‫‏‫ ”Ὣ‒  ᵼ Ὓ ‫   [m2/rad/sec] 

ȼ ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ ŬɡŰɞɨ Űɞɡ űɎůɛŬŰɞɠ ŮɛűŬɜɑɕŮɘ ŬůɡɜɏɢŮɘŬ əŬɘ 

ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ɞɟɗɞɔɩɜɘŬ ɓɎůɖɠ ŭɤ. 
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ȺɘəɧɜŬ 11: ɇɡˊɘəɧ űɎůɛŬ ŬɜɎɚɡůɖɠ Fourier Ůɜɧɠ ŰɡɢŬɑɞɡ əɡɛŬŰɘůɛɞɨ 

 

ȳŰŬɜ ɧɛɤɠ ŭɤ Ÿ 0, ŰɧŰŮ ɖ Sɕ(ɤ) ɔɑɜŮŰŬɘ ɛɘŬ ůɡɜŮɢɐɠ əŬɛˊɨɚɖ, ɞˊɧŰŮ ɖ 

ˊŬɟŬˊɎɜɤ ůɢɏůɖ ɛˊɞɟŮɑ ɜŬ ɔɟŬűŰŮɑ Ůˊɑůɖɠ: 

Ὓ ‫Ὠ‫
ρ

ς
‒  ᵼ ‒ Ὓ ‫Ὠ‫ 

 

 

ɇɃ ȹȽɄȷɅȷɀȺɇɅȽȾɃ ūȷɆɀȷ BRETSCHNEIDER 
 

ɇɞ űɎůɛŬ Bretschneider ɛɞɜŰŮɚɞˊɞɘŮɑ ɗŬɚɎůůɘɞɡɠ əɡɛŬŰɘůɛɞɨɠ əŬɘ ɞɟɑɕŮŰŬɘ ɛŮ 

Űɖɜ ɓɞɐɗŮɘŬ ŭɨɞ ˊŬɟŬɛŮŰɟɤɜ, Űɖɠ əɡəɚɘəɐɠ ůɡɢɜɧŰɖŰŬɠ əɞɟɡűɐɠ əŬɘ Űɞɡ ůɖɛŬɜŰɘəɞɨ 

ɨɣɞɡɠ əɨɛŬŰɞɠ ȼ1/3. 

Ὓ‫
υ

φ

‫

‫

ῷȾ

‫
ÅØÐ 

υ

τ

‫

‫
 

ȳˊɞɡ:  

ȼ1/3 Űɞ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ 

ɤp ɖ əɡəɚɘəɐ ůɡɢɜɧŰɖŰŬ əɞɟɡűɐɠ Űɞɡ űɎůɛŬŰɞɠ ɛŮ ɤp = 2ˊ/Tp 
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Ⱥˊɑůɖɠ ɘůɢɨɞɡɜ əŬɘ ɞɘ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

ά πȢπφςυὌȾ ᵼ ὌȾ τά τὙὓὛ ά  

ά ςȢωρφ
ὌȾ

Ὕ
 
ά

ίὩὧ
  ‘‐  

ς“ά

ά
 

Ὕ ς“ πȢωςὝ  ίὩὧ (ɛɏůɖ ˊŮɟɑɞŭɞɠ ɛɖŭŮɜɘəɐɠ ɡˊɏɟɓŬůɖɠ) 

  π (ɛɏůɖ ˊŮɟɑɞŭɞɠ əɞɟɡűɐɠ) 

 Ὕ ρȢςωφὝ ρȢτρὝ  ίὩὧ (ˊŮɟɑɞŭɞɠ əɞɟɡűɐɠ űɎůɛŬŰɞɠ) 

ȼ ɛɏɔɘůŰɖ Űɘɛɐ űɎůɛŬŰɞɠ ŮɑɜŬɘ: Ὓ ‫ πȢπρψτφὌȾ Ὕ

πȢπρτςυὌȾ Ὕ  [m2/rad/sec]. 

ȺűŬɟɛɧɕŮŰŬɘ ůŮ ˊɚɐɟɤɠ ɐ ɛŮɟɘəɩɠ ŬɜŮˊŰɡɔɛɏɜŮɠ ɐ ŬˊɞůɓŮɜɨɛŮɜŮɠ ɗɎɚŬůůŮɠ 

ɐ ůŮ ŬˊɞɗɎɚɚŬůůŮɠ əŬɘ ɏɢŮɘ ɛɘŬ əɞɟɡűɐ (unimodal). ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɞ ɟɡɗɛɧɠ ɛŮ Űɞɜ 

ɞˊɞɑɞ ˊɟɞůŭɑŭŮŰŬɘ ŮɜɏɟɔŮɘŬ ůŰɞ ɜŮɟɧ Ŭˊɧ ɏɜŬ ˊɜɏɞɜŰŬ (ɛŮ ɗŮɤɟɖŰɘəɎ ůŰŬɗŮɟɐ 

ŰŬɢɨŰɖŰŬ) ɎɜŮɛ,ɞ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧɠ Ŭˊɧ Űɞɜ ɟɡɗɛɧ ɛŮ Űɞɜ ɞˊɞɑɞ ɖ ŮɜɏɟɔŮɘŬ ŬɡŰɐ 

ɡˊɞɓɘɓɎɕŮŰŬɘ, ɚɧɔɤ ůɡɜŮəŰɘəɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ əŬɘ ɚɧɔɤ ɗɟŬɨůɖɠ Űɤɜ əɡɛɎŰɤɜ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ ɟɡɗɛɞɑ Ůɝɘůɤɗɞɨɜ, ŰɧŰŮ ɡˊɎɟɢŮɘ ɛɘŬ ˊɚɐɟɤɠ ŬɜŮˊŰɡɔɛɏɜɖ ɗɎɚŬůůŬ 

əŬɘ ɛŮɚŮŰɎŰŬɘ ɛŮ ɢɟɐůɖ Ɏɚɚɞɡ űɎůɛŬŰɞɠ. 

 

ȷɇȷȿȷɁɇȺɆ ȷɁȺɀɃɈ ȾȷȽ ȾɈɀȷɇɋɁ (WIND AND WAVE 

ATLAS) 
 

ũŮɜɘəɎ ɞɘ ɎŰɚŬɜŰŮɠ ˊɟɞůűɏɟɞɡɜ ŬɝɘɧˊɘůŰŬ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ ŬɜŮɛɞɚɞɔɘəɩɜ 

əŬɘ əɡɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ, ŰŬ ɞˊɞɑŬ ˊɟɞɐɚɗŬɜ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɔɘŬ ɏɜŬɜ ɘəŬɜɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ 

ŮɟɔŬůɑŬ ŬɜŰɚɐɗɖəŬɜ ŰŬ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɞɜ ɎŰɚŬɜŰŬ ɏəŭɞůɖɠ 2004, ɞ ɞˊɞɑɞɠ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɞɜ ɞɟɔŬɜɘůɛɧ Western European Armament Organisation 

Research Cell, ɧˊɞɡ ůɡɛɛŮŰŮɑɢŮ əŬɘ Űɞ Ⱥ.ɀ.Ʉ. ȷˊɧ Űɞɜ ůɡɔəŮəɟɘɛɏɜɞ ɎŰɚŬɜŰŬ 

ɚɐűɗɖəŬɜ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Ŭɜɏɛɞɡɠ əŬɘ əɡɛŬŰɘůɛɞɨɠ Űɖɠ ɗŬɚɎůůɘŬɠ ɚŮəɎɜɖɠ Űɖɠ 

ɀŮůɞɔŮɑɞɡ ˊɞɡ ůɡɔəŮɜŰɟɩɜɞɜŰŬɜ Ůˊɑ ɛɘŬ ŭŮəŬŮŰɑŬ. 

ɇŬ ˊŬɟŮɢɧɛŮɜŬ ůŰɞɘɢŮɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ: 

i. ɇɖɜ ŮˊɘɢŮɘɟɖůɘŬəɐ ůɢŮŭɑŬůɖ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ɡˊŬɟɢɧɜŰɤɜ 

ˊɚɞɑɤɜ ɐ ůŰɧɚɤɜ. ȹɖɚŬŭɐ, əŬɗɞɟɑůŰɖəŬɜ ŬˊɞŭŮəŰɎ ɧɟɘŬ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ ɔɘŬ ŰŬ ɡűɘůŰɎɛŮɜŬ ˊɚɞɑŬ ɐ ůŰɧɚɞɡɠ əŬɘ 

ŮəŰɘɛɩɜŰŬɠ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɐ ɛɖ ɡˊɏɟɓŬůɐɠ Űɞɡɠ, ŮɑɜŬɘ ŮűɘəŰɧɠ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ ŭŮɘəŰɩɜ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ, ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ 

ůɡɜɞɚɘəɐɠ Ŭˊɧŭɞůɖɠ Űɤɜ ˊɚɞɑɤɜ əŬɘ ɖ ŬɜŬɗŮɩɟɖůɖ Űɖɠ ɔŮɓɔɟŬűɘəɐɠ 

əŬŰŬɜɞɛɐɠ Ůɜɧɠ ůŰɧɚɞɡ. 

ii. ɆŰɖɜ ůɨɔəɟɘůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɔŬůŰɟɩɜ ˊɚɞɑɞɡ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɤɜ 

ŭŮɘəŰɩɜ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ. 

iii. ɆŰɖɜ ŮˊɘɢŮɘɟɖůɘŬəɐ ůɢŮŭɑŬůɖ Űɖɠ ɜŬɡŰɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ. ȹɖɚŬŭɐ, ɞ 

ˊɟɞůŭɘɞɟɘůɛɏɜɞɠ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ ŮˊɞɢɘŬəɞɨ ŭɘŬůŰɐɛŬŰɞɠ ɔɘŬ Űɖɜ 
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ŮəŰɏɚŮůɖ ɛɘŬ ɜŬɡŰɘəɐɠ Ɏůəɖůɖɠ ɐ ɗŬɚɎůůɘɤɜ əŬɘ ɡˊɞɗŬɚɎůůɘɤɜ 

ŮɟɔŬůɘɩɜ əŬɘ ŮɟŮɡɜɩɜ. 

iv. ɆŰɖɜ ŮəŰɑɛɖůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ ɛɘŬ ɗŬɚɎůůɘŬɠ ˊŮɟɘɞɢɐɠ 

 

ɄȼũȺɆ ɄȿȼɅɃūɃɅȽɋɁ ȾȷȽ ɀȺɇɅȱɆȺɋɁ 
 

Ƀɘ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŮ ɏɜŬɜ ɎŰɚŬɜŰŬ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŰɏůůŮɟɘɠ ˊɖɔɏɠ: 

¶ ȷˊɧ ɞˊŰɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ˊɚɖɟɩɛŬŰɞɠ Űɤɜ ŭɘŮɟɢɞɛɏɜɤɜ ˊɚɞɑɤɜ 

¶ ȷˊɧ ˊɚɤŰɐɟŮɠ əŬɘ ˊɚŬŰűɧɟɛŮɠ 

¶ ȷˊɧ ɧɟɔŬɜŬ ŮɔəŬŰŬůŰɖɛɏɜŬ ůŮ ŭɞɟɡűɧɟɞɡɠ 

¶ ȷˊɧ ɛŮŰŮɤɟɞɚɞɔɘəɎ əŬɘ əɡɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ŬɝɘɞˊɞɑɞɡɜŰŬɘ ůŮ 

ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ əŬɘ ɤəŮŬɜɞɔɟŬűɘəɞɨɠ ůŰŬɗɛɞɨɠ. 

Ƀɘ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊɖɔɏɠ ŭŮɜ ŮɑɜŬɘ ɔŮɜɘəɎ 

ɑŭɘŮɠ. ȹɘŬűɏɟɞɡɜ ůŰɖɜ ŬəɟɑɓŮɘŬ, Űɖɜ ˊɞɘɧŰɖŰŬ, Űɖɜ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ əŬɘ Űɞ ˊɚɐɗɞɠ. 

Ƀ ɎŰɚŬɜŰŬɠ ˊɞɡ ɚɐűɗɖəŮ ɡˊɧɣɘɜ əŬɘ ŬɜŰɚɐɗɖəŬɜ ŰŬ ŭŮŭɞɛɏɜŬ ɔɘŬ ŬɡŰɐɜ Űɖɜ 

ŭɘŬŰɟɘɓɐ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ɞˊŰɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ, ŭɘɧŰɘ ɞɘ ɡˊɧɚɞɘˊŮɠ ˊɖɔɏɠ ˊŬɟŮɑɢŬɜ 

ɏɜŬ ɘəŬɜɞˊɞɘɖŰɘəɧ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ŭŮŭɞɛɏɜɤɜ, Űɞ ɞˊɞɑɞ əɎɚɡˊŰŮ ˊɚɐɟɤɠ əŬɘ ɛŮ ŬɟəɏŰɖ 

ŬəɟɑɓŮɘŬ Űɞɜ ɢɩɟɞ Űɖɠ ɀŮůɞɔŮɑɞɡ. 

ɄȿɋɇȼɅȺɆ (BUOY DATA) 

ɄŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ əŬŰŬəɧɟɡűɖ əɑɜɖůɖ Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ, 

Űɖɜ əŬŰŮɡɗɡɜŰɘəɐ əŬŰŬɜɞɛɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɜ əɨɟɘŬ ŭɘŮɨɗɡɜůɖ Űɞɡ əɨɛŬŰɞɠ 

(Wavec). ȸɏɓŬɘŬ, ˊŬɚɘɧŰŮɟŬ ˊŬɟŮɑɢŬɜ ɛɧɜɞ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ əŬŰŬəɧɟɡűɖ əɑɜɖůɖ 

Űɖɠ ɗŬɚɎůůɘŬɠ ŮˊɘűɎɜŮɘŬɠ (Waverider, Netherlands). 

ɃɅũȷɁȷ ȺũȾȷɇȷɆɇȼɀȺɁȷ ɆȺ ȹɃɅɈūɃɅɃɈɆ 

ɄŬɟɏɢɞɡɜ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ, Űɖɜ ŭɘŮɨɗɡɜůɖ əŬɘ Űɖɜ 

ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɨɣɞɠ ŭɏəŬ ɛɏŰɟɤɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ. 

ɀȺɇȺɋɅɃȿɃũȽȾȷ ȾȷȽ ȾɈɀȷɇȽȾȷ ɀɃɁɇȺȿȷ 

ȹɘɎűɞɟŬ əɏɜŰɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɏɜŬ ˊɚɐɗɞɠ ɛɞɜŰɏɚɤɜ ɔɘŬ ˊɟɧɓɚŮɣɖ əŬɘ 

ŬɜɎɚɡůɖ Űɤɜ ɗŬɚɎůůɘɤɜ ůɡɜɗɖəɩɜ. ũŮɜɘəɎ, ŰŬ ɛɞɜŰɏɚŬ ŬɡŰɎ, əŬɘ əɡɟɑɤɠ ŰŬ əɡɛŬŰɘəɎ, 

ŭŮɜ ɏɢɞɡɜ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ůŮ əɚŮɘůŰɏɠ ɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ, ɧˊɤɠ ɖ ɀŮůɧɔŮɘɞɠ 

ɗɎɚŬůůŬ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ, ɧůŬ ɘŭɟɨɛŬŰŬ ŮɜŭɘŬűɏɟɞɜŰŬɘ ɔɘŬ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ɗŬɚɎůůɘŮɠ 

ˊŮɟɘɞɢɏɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜ ɘŭɘŬɑŰŮɟŮɠ ŮəŭɧůŮɘɠ ɛɞɜŰɏɚɤɜ, ˊɟɞůŬɟɛɞůɛɏɜŮɠ ůŮ ŬɡŰɏɠ Űɘɠ 

ɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ. Ƀ ɎŰɚŬɜŰŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ, ɢɟɖůɘɛɞˊɞɐůŮ ůŰɞɘɢŮɑŬ Ŭˊɧ 

Űɞ ɛɞɜŰɏɚɞ Űɞɡ European Centre for Medium Rage Weather Forecasts (ECMWF, 

Reading U.K.). ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɞɜŰɏɚɞ ɢɟɖůɘɛɞˊɞɘŮɑ ŭɨɞ ŮəŭɧůŮɘɠ, ɖ ɛɑŬ Ůə Űɤɜ 

ɞˊɞɑɤɜ ŬűɞɟɎ Űɖɜ ɀŮůɧɔŮɘɞ ɗɎɚŬůůŬ. ȼ ŬɜɎɚɡůɖ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ 4000 ůɖɛŮɑŬ, 25 

ŭɘŬűɞɟŮŰɘəɏɠ ůɡɢɜɧŰɖŰŮɠ ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ ůɡɢɜɧŰɖŰŬ nf=0.04Hz əŬɘ ɏɢɞɜŰŬɠ ɓɐɛŬ 

f(n+1)=1.1fn. 

 

ȾŬɛɑŬ ˊɖɔɐ ˊɖɚɞűɞɟɘɩɜ, ɧɛɤɠ, ŭŮɜ ŭɑɜŮɘ ɘəŬɜɞˊɞɘɖŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ 

ɎŰɚŬɜŰŬ. ȼ ˊɟɩŰɖ ˊɖɔɐ, ɞɘ ˊɚɤŰɐɟŮɠ, ɏɢɞɡɜ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ ɧɛɤɠ ɡůŰŮɟɞɨɜ ůŰɖɜ 
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əɎɚɡɣɖ ɛŮɔɎɚɤɜ ɔŮɤɔɟŬűɘəɩɜ ˊŮɟɘɞɢɩɜ. ȼ ŭŮɨŰŮɟɖ ˊɖɔɐ, ɧɟɔŬɜŬ ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮ 

ŭɞɟɡűɧɟɞɡɠ, ŭɑɜɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ ɛŮ ŮɝŬɑɟŮůɖ Űɘɠ ˊɞɚɨ ɡɣɖɚɏɠ əŬɘ 

Űɘɠ ˊɞɚɨ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ ɛŮɔŮɗɩɜ, ɧˊɤɠ Űɞ ɑŭɘɞ ůɡɛɓŬɑɜŮɘ əŬɘ ůŰɘɠ 

ˊŮɟɘɞɢɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ. ȼ ŰɟɑŰɖ əŬɘ ŰŮɚŮɡŰŬɑŬ ˊɖɔɐ, ɛŮŰŮɤɟɞɚɞɔɘəɎ 

əŬɘ əɡɛŬŰɘəɎ ɛɞɜŰɏɚŬ, ˊŬɟɧŰɘ ɏɢɞɡɜ ɢɟɞɜɘəɐ əŬɘ ɢɤɟɘəɐ ůɡɜɏɢŮɘŬ, ůɡɜɐɗɤɠ 

ɡˊɞŮəŰɘɛɞɨɜ Űɘɠ ɛŮŰɟɞɨɛŮɜŮɠ Űɘɛɏɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ. ȳˊɤɠ Ůˊɑůɖɠ, ŮɑɜŬɘ 

ŬɜŬɝɘɧˊɘůŰŬ ůŰɘɠ ŬəɟŬɑŮɠ Űɘɛɏɠ əŬɗɩɠ əŬɘ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ. 

Ⱥˊɞɛɏɜɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎɚɚɖɚɞɠ ůɡɜŭɡŬůɛɧɠ ˊɚɖɟɞűɞɟɘɩɜ Ŭˊɧ Űɘɠ 

ŰɟŮɘɠ ˊɖɔɏɠ. Ƀɘ ˊɚɤŰɐɟŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŮˊŬɚɐɗŮɡůɖ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ 

ˊŬɟɏɢɞɡɜ ɞɘ ŭɞɟɡűɧɟɞɘ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ŭɘɞɟɗɩɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ˊŬɟɏɢɞɡɜ ŰŬ ɛɞɜŰɏɚŬ. ȳŰŬɜ ɞɚɞəɚɖɟɤɗŮɑ ŬɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ, ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ůŰŬŰɘůŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ůŮ ɧɚŬ 

ŰŬ ůɖɛŮɑŬ. 

ɄȷɅȺɉɃɀȺɁȷ ɆɇɃȽɉȺȽȷ ɇɃɈ ȷɇȿȷɁɇȷ 

Ƀɘ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ, Ŭˊɧ Űɞɜ 

ɎŰɚŬɜŰŬ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ: 

i. ȾŬŰŬɜɞɛɐ ɛɏůɖɠ ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ ŬɜɎ Ůˊɞɢɐ əŬɘ əŬɗô ɏŰɞɠ. 

ii. ȾŬŰŬɜɞɛɐ ŭɘŮɨɗɡɜůɖɠ Ŭɜɏɛɞɡ ŬɜɎ Ůˊɞɢɐ əŬɘ əŬɗô ɏŰɞɠ. 

iii. ȾŬŰŬɜɞɛɐ ɛɏůɖɠ Űɘɛɐɠ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ ŬɜɎ Ůˊɞɢɐ əŬɘ əŬɗô 

ɏŰɞɠ. 

iv. ȾŬŰŬɜɞɛɐ ɛɏůɖɠ Űɘɛɐɠ ˊŮɟɘɧŭɞɡ əɞɟɡűɐɠ əɨɛŬŰɞɠ ŬɜɎ Ůˊɞɢɐ əŬɘ əŬɗô 

ɏŰɞɠ. 

v. ȾŬŰŬɜɞɛɐ ɛɏůɖɠ Űɘɛɐɠ əɚɑůɖɠ əɨɛŬŰɞɠ ŬɜɎ Ůˊɞɢɐ əŬɘ əŬɗô ɏŰɞɠ. 

vi. ȾŬŰŬɜɞɛɐ ŭɘŮɨɗɡɜůɖɠ əɨɛŬŰɞɠ ŬɜɎ Ůˊɞɢɐ əŬɘ əŬɗô ɏŰɞɠ. 

vii. ȾŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ Uw<4 m/sec ŬɜɎ Ůˊɞɢɐ əŬɘ 

əŬɗô ɏŰɞɠ. 

viii. ȾŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ Uw<6 m/sec ŬɜɎ Ůˊɞɢɐ əŬɘ 

əŬɗô ɏŰɞɠ. 

ix. ȾŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ Uw>8 m/sec ŬɜɎ Ůˊɞɢɐ əŬɘ 

əŬɗô ɏŰɞɠ. 

x. ȾŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ Uw>11 m/sec ŬɜɎ Ůˊɞɢɐ əŬɘ 

əŬɗô ɏŰɞɠ. 

xi. ȾŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ Hs<0.5 m ŬɜɎ 

Ůˊɞɢɐ əŬɘ əŬɗô ɏŰɞɠ. 

xii. ȾŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ Hs<1.25 m ŬɜɎ 

Ůˊɞɢɐ əŬɘ əŬɗô ɏŰɞɠ. 

xiii. ȾŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ Hs>2.5 m ŬɜɎ 

Ůˊɞɢɐ əŬɘ əŬɗô ɏŰɞɠ. 

xiv. ȾŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ Hs>4 m ŬɜɎ Ůˊɞɢɐ 

əŬɘ əŬɗô ɏŰɞɠ. 

xv. ȽůŰɧɔɟŬɛɛŬ ŰŬɢɨŰɖŰŬɠ-ŭɘŮɨɗɡɜůɖɠ Ŭɜɏɛɞɡ ŬɜɎ Ůˊɞɢɐ əŬɘ əŬɗô ɏŰɞɠ. 

xvi. ȽůŰɧɔɟŬɛɛŬ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ-ˊŮɟɘɧŭɞɡ əɞɟɡűɐɠ ŬɜɎ Ůˊɞɢɐ 

əŬɘ əŬɗô ɏŰɞɠ. 

xvii. ȽůŰɧɔɟŬɛɛŬ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ-ŭɘŮɨɗɡɜůɖɠ əɨɛŬŰɞɠ ŬɜɎ 

Ůˊɞɢɐ əŬɘ əŬɗô ɏŰɞɠ. 

xviii. ȽůŰɧɔɟŬɛɛŬ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ-ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ ŬɜɎ Ůˊɞɢɐ 

əŬɘ əŬɗô ɏŰɞɠ. 
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ȳɚŮɠ ɞɘ ˊŬɟŬˊɎɜɤ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɞɜ ɎŰɚŬɜŰŬ Ŭűɞɟɞɨɜ Űɖɜ 

ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ. ɇŬ ůɖɛŮɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Ŭˊɏɢɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ 

ˊŮɟɑˊɞɡ 50km. 

ũɘŬ Űɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŮˊɘɚɏɢɗɖəŬɜ ŰɏůůŮɟɘɠ ɗɏůŮɘɠ ɔɘŬ ɜŬ ɛŮɚɏŰɖɗɞɨɜ ŰŬ 

ůŰɞɘɢŮɑŬ Űɞɡɠ, ɞɘ ɞˊɞɑŮɠ ɓɟɑůəɞɜŰŬɘ ɧɚŮɠ ůŰɞɜ Ůɚɚɖɜɘəɧ ɗŬɚɎůůɘɞ ɢɩɟɞ. Ƀɘ ŰŮůůŮɟɑɠ 

ɗɏůŮɘɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

1. AREA 1: 35N, 22E. (ȹɈɇȽȾȷ ȾɅȼɇȼɆ) 

2. AREA 2: 36N, 32E. (ɁɃɇȽɃȹɈɇȽȾȷ ɄȺȿɃɄɃɁȼɆɆɃɈ) 

3. AREA 3: 36N, 27E. (ȸɃɅȺȽȷ ɁȼɆɃɈɆ ȾȷɅȷɄȷŪɃɈ) 

4. AREA 4: 38N, 25.5E. (ȾȺɁɇɅȽȾɃ ȷȽũȷȽɃ) 

 

ȺɘəɧɜŬ 12: ŪŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ 

 

ũȷɆɇɅȺɆ ɇɋɁ ɈɄɃ ɀȺȿȺɇȼ ɄȿɃȽɋɁ 
ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ůɢŮŭɘɎůŮɘɠ ɔŬůŰɟɩɜ, ɖ ɔŮɟɛŬɜɘəɐ űɟŮɔɎŰŬ ɀȺȾɃ, ɖ ɔɎůŰɟŬ 5415ɀ (DDG-51) əŬɘ ɖ 

ɔɎůŰɟŬ ONR5613 TUMBLEHOME (TH). Ƀɘ ŰɟŮɘɠ ŬɡŰɏɠ ůɢŮŭɘɎůŮɘɠ ŮɑɢŬɜ ŭɘŬűɞɟŮŰɘəɧ 

ɛɏɔŮɗɞɠ əŬɘ ɏˊɟŮˊŮ ɜŬ Űɟɞˊɞˊɞɘɖɗɞɨɜ əŬŰɎɚɚɖɚŬ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɛŮɚŮŰɖɗɞɨɜ 

əŬɘ ɜŬ ůɡɔəɟɘɗɞɨɜ ůŮ ˊŬɜɞɛɞɘɧŰɡˊŮɠ ŭɘŬůŰɎůŮɘɠ. ȼ ɔɎůŰɟŬ ɀȺȾɃ əɟŬŰɐɗɖəŮ ůŰŬɗŮɟɐ 

əŬɘ ɖ Űɟɞˊɞˊɞɑɖůɖ ɏɔɘɜŮ ůŰɘɠ ɎɚɚŮɠ ŭɨɞ ɩůŰŮ ɜŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞ ɛɏɔŮɗɞɠ Űɖɠ ˊɟɩŰɖɠ. 

 

ȺɘəɧɜŬ 13: ȺɔəɎɟůɘŬ Űɞɛɐ ˊɚɞɑɤɜ, ɀȺȾɃ, DDG-51, TH 
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ȺɘəɧɜŬ 14: 5415M (DDG-51) 

 

 

 

ȺɘəɧɜŬ 15: MEKO 

 

 

 

 

 

 

ȺɘəɧɜŬ 16: ONR 5613 (TH) 
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ȼ ŭɘɎůŰŬůɖ ˊɞɡ əɟŬŰɐɗɖəŮ ůŰŬɗŮɟɐ ůŰɖɜ ɀȺȾɃ ŮˊɘɚɏɢɗɖəŮ ɜŬ ŮɑɜŬɘ Űɞ ɛɐəɞɠ 

Űɞɡ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ LBP=109m. ũɘŬ Űɖɜ ɔɎůŰɟŬ DDG-51 ŮˊɘɚɏɢɗɖəŮ ɛɘŬ ɧɛɞɘŬ ɔɎůŰɟŬ 

ɛŮ Űɖɜ ˊŬŰɟɘəɐ əŬɘ ɏɔɘɜŮ ɛŮɑɤůɖ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɖɠ (ɛŮ ɓɎůɖ Űɞ ɛɐəɞɠ Űɖɠ) ɛŮ ɚɧɔɞ 

ɞɛɞɘɧŰɖŰŬɠ ɚ=0.767 (scale down). ũɘŬ Űɖɜ ŰɟɑŰɖ ɔɎůŰɟŬ, Űɖɜ ɇȼ, ɏɔɘɜŮ əŬŰɎɚɚɖɚɖ Űɤɜ 

ŭɘŬůŰɎůŮɤɜ Űɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɛŮ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŮˊɘɗɡɛɖŰɧ ɛɐəɞɠ ɛŮŰŬɝɨ əŬɗɏŰɤɜ ůŰŬ 

109m əŬɘ ɏˊŮɘŰŬ ɡˊɞɚɞɔɑůɗɖəŬɜ ŰŬ ɡŭɟɞůŰŬŰɘəɎ Űɖɠ ůŰɞɘɢŮɑŬ ɛŮ ɢɟɐůɖ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ RHINO-MARINE, ŰŬ ɞˊɞɑŬ ŮˊɘɓŮɓŬɘɩɗɖəŬɜ ɛŮ ɢɟɐůɖ əɩŭɘəŬ 

ɡŭɟɞůŰŬŰɘəɩɜ ɡˊɞɚɞɔɘůɛɩɜ Űɞɡ Ⱥ.ɀ.Ʉ. ũɘŬ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ŬəɟɑɓŮɘŬ ůŰɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ, əŬɘ ŮɘŭɘəɧŰŮɟŬ ůŰɞɜ ŭɘŬŰɞɘɢɘůɛɧ (roll), ɖ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ 

ŰŬ ˊŬɟŮɚəɧɛŮɜŬ Űɞɡ əɎɗŮ ˊɚɞɑɞɡ. ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɟɘɜ Űɖɜ 

ŮəŰɏɚŮůɖ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ: 

a. ɀȺȾɃ: ɇɞ ˊɚɞɑɞ ɢɤɟɑůŰɖəŮ ůŮ 25 ŮɔəɎɟůɘɞɡɠ ŰɞɛŮɑɠ (station), əŬɘ ɞɘ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ Űɞɛɏɤɜ (offsets) ŬɡŰɩɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ 

ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ůŰɞɜ əɩŭɘəŬ S.M.P. Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɞɡ 

ˊɚɞɑɞɡ ůŰɞɡɠ ŰɞɛŮɑɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

ST 0 x=0.000 

ST 0.5 x=2.725 

ST 1 x=5.450 

ST 1.5 x=8.175 

ST 2 x=10.900 

ST 3 x=16.350 

ST 4 x=21.800 

ST 5 x=27.250 

ST 6 x=32.700 

ST 7 x=38.150 

ST 8 x=43.600 

ST 9 x=49.050 

ST 10 x=54.500 

ST 11 x=59.950 

ST 12 x=65.400 

ST 13 x=70.850 

ST 14 x=76.300 

ST 15 x=81.750 

ST 16 x=87.200 

ST 17 x=92.650 

ST 18 x=98.100 

ST 18.5 x=100.825 

ST 19 x=103.550 

ST 19.5 x=106.275 

ST 20 x=109.000 

 

ȺˊɘˊɟɧůɗŮŰŬ, ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ůŰɞɜ əɩŭɘəŬ ŮɘůɎɢɗɖəŬɜ əŬɘ ŰŬ 

ˊŬɟŮɚəɧɛŮɜŬ Űɖɠ ɔɎůŰɟŬɠ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɏɜŬ ɕŮɨɔɞɠ ˊŬɟŬŰɟɞˊɘŭɑɤɜ (bilge keels), ɏɜŬ 

ɕŮɨɔɞɠ ŬɜŰɘŭɘŬŰɞɘɢɘůŰɘəɩɜ ˊŰŮɟɡɔɑɤɜ (roll stabilizing fins) əŬɘ ɏɜŬ ˊŰŮɟɨɔɘɞ ˊɖŭŬɚɑɞɡ 

(rudder fin). ȼ əŬŰɎůŰŬůɖ űɧɟŰɤůɖɠ ůŰɖɜ ɞˊɞɑŬ ɛŮɚŮŰɐɗɖəŮ ɐŰŬɜ ɖ əŬŰɎůŰŬůɖ 

ˊɚɐɟɞɡɠ  űɧɟŰɤůɖɠ (Full Load Departure). 
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ȺɘəɧɜŬ 17: Ɇɢɏŭɘɞ ŮɔəɎɟůɘɤɜ ůŰŬɗɛɩɜ ɀȺȾɃ (frames) 

 

b. 5415M (DDG-51): ȼ ɔɎůŰɟŬ ŬɡŰɐ, ɢɤɟɑůŰɖəŮ ůŮ 23 ŮɔəɎɟůɘɞɡɠ ŰɞɛŮɑɠ 

(stations) ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɘůŬɢɗŮɑ ɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ɔɎůŰɟŬɠ ůŰɞɜ 

əɩŭɘəŬ S.M.P. ɇɞ ůɢɏŭɘɞ ɓŬůɑůŰɖəŮ ˊɎɜɤ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ˊɞɡ ɡˊɎɟɢŮɘ 

ůŰɖɜ ŬɜŬűɞɟɎ Űɖɠ MARIN ɛŮ Ŭɟɘɗɛɧ 23848-1-SMB, əŬɘ ɧˊɤɠ 

ˊɟɞŬɜŬűɏɟɗɖəŮ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɡˊɧ əɚɑɛŬəŬ. ȼ ŭɘŬɛɐəɖɠ ɗɏůɖ əŬɘ ɖ 

Ŭɟɑɗɛɖůɖ Űɤɜ ŮɔəɎɟůɘɤɜ Űɞɛɏɤɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ: 

ST 0 x=0.000 

ST 0.5 x=2.725 

ST 1 x=5.450 

ST 1.5 x=8.175 

ST 2 x=10.900 

ST 3 x=16.350 

ST 4 x=21.800 

ST 5 x=27.250 

ST 6 x=32.700 

ST 7 x=38.150 

ST 8 x=43.600 

ST 9 x=49.050 

ST 10 x=54.500 

ST 11 x=59.950 

ST 12 x=65.400 

ST 13 x=70.850 

ST 14 x=76.300 

ST 15 x=81.750 

ST 16 x=87.200 

ST 17 x=92.650 

ST 18 x=98.100 

ST 19 x=103.550 

ST 20 x=109.000 

 

ȳˊɤɠ əŬɘ ůŰɖɜ ɀȺȾɃ, əŬɘ ůŮ ŬɡŰɐ Űɖɜ ɔɎůŰɟŬ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ 

ůɡɛˊŮɟɘɚɐűɗɖəŬɜ ɧɚŬ ŰŬ ˊŬɟŮɚəɧɛŮɜŬ, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ ɕŮɨɔɖ 

ˊŬɟŬŰɟɞˊɘŭɑɤɜ (bilge keels), ɏɜŬ ɕŮɨɔɞɠ ŬɜŰɘŭɘŬŰɞɘɢɘůŰɘəɩɜ ˊŰŮɟɡɔɑɤɜ (roll stabilizing 

fins), ŭɡɞ ˊŰŮɟɨɔɘŬ ˊɖŭŬɚɑɞɡ (rudder fin) əŬɘ ɏɜŬ Skeg. 
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ȺɘəɧɜŬ 18: Ɇɢɏŭɘɞ ŮɔɎɟůɘɤɜ ůŰŬɗɛɩɜ DDG-51 (frames) 

 

c. TH: ɉɤɟɑůŰɖəŮ ůŮ 25 ŮɔəɎɟůɘɞɡɠ ŰɞɛŮɑɠ (stations) ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮɘůŬɢɗŮɑ ɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ɔɎůŰɟŬɠ ůŰɞɜ əɩŭɘəŬ S.M.P. ɇɞ ůɢɏŭɘɞ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɓŬůɑůŰɖəŮ ˊɎɜɤ ůŰɞ ůɢɏŭɘɞ ONR 5613 ɡˊɧ 

əŬŰɎɚɚɖɚɖ əɚɑɛŬəŬ ɩůŰŮ ɖ ŭɘɎůŰŬůɖ Űɞɡ ɛɐəɞɡɠ ɜŬ ŮɑɜŬɘ ůŰŬ 109 m. 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɖ Ŭɟɑɗɛɖůɖ əŬɘ ɖ ŭɘŬɛɖəɐɠ 

ɗɏůɖ Űɤɜ ŮɔəɎɟůɘɤɜ Űɞɛɏɤɜ: 

ST -0.1101 x=-0.600 

ST 0 x=0.000 

ST 0.5 x=2.500 

ST 1 x=5.449 

ST 2 x=10.898 

ST 3 x=16.347 

ST 4 x=21.796 

ST 5 x=27.245 

ST 6 x=32.694 

ST 7 x=38.143 

ST 8 x=43.592 

ST 9 x=49.041 

ST 10 x=54.490 

ST 11 x=59.939 

ST 12 x=65.388 

ST 13 x=70.837 

ST 14 x=76.286 

ST 15 x=81.735 

ST 16 x=87.184 

ST 17 x=92.633 

ST 18 x=98.082 

ST 19 x=103.531 

ST 19.2696 x=105.000 

ST 19.4531 x=106.000 

ST 19.6366 x=107.000 
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ȺɘəɧɜŬ 19: Ɇɢɏŭɘɞ ŮɔɎɟůɘɤɜ Űɞɛɩɜ ONR 5613 (TH) (frames) 

 

ɇŬ ˊŬɟŮɚəɧɛŮɜŬ Űɞɡ ˊɚɞɑɞɡ ŬɡŰɞɨ, ŰŬ ɞˊɞɑŬ ůɡɛˊŮɟɘɚɐűɗɖəŬɜ ůŰɞ ŬɟɢŮɑɞ 

Ůɘůɧŭɞɡ, ŮɑɜŬɘ ɏɜŬ ɕŮɨɔɞɠ ˊŬɟŬŰɟɞˊɘŭɑɤɜ (bilge keels), ŭɨɞ ˊŰŮɟɨɔɘŬ ˊɖŭŬɚɑɞɡ (rudder 

fin) əŬɘ ɏɜŬ Skeg. 

ȷɜŬɚɡŰɘəɧŰŮɟŬ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ Űɟɘɩɜ ˊɚɞɑɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ, ɛŮ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ ɜŬ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ŮɘůɎɢɗɖəŬɜ ůŰɞ əɩŭɘəŬ 

S.M.P. 

 MEKO 5415M TH 

SHIP LENGTH (LBP) [m] 109.000 109.000 108.980 

BEAM AT MIDSHIP (B) [m] 13.960 14.620 13.290 

DRAFT AT MIDSHIP (T) [m] 4.320 4.720 3.890 

DISPLACEMENT S.W. (ȹ) [m.t] 3441.100 3898.400 3087.600 

SHIP SPEED [kn] 30.000 30.000 30.000 

L/B 7.808 7.456 8.200 

B/T 3.231 3.097 3.416 

T/B 0.309 0.323 0.293 

 2.657 3.010 2.386 

FROUDE NUMBER [Fn] 0.472 0.472 0.472 

VERTICAL CENTRE OF GRAVITY (VCG) [m] 1.670 1.040 1.550 

CENTRE OF GRAVITY (KG) [m] 5.990 5.760 5.440 

METACENTRIC HEIGHT (GM) [m] 1.410 1.460 1.410 

METACENTER (KM) [m] 7.400 7.220 6.850 

CENTRE OF BUOYANCY (KB) [m] 2.630 2.800 2.300 

VCG/B 0.120 0.071 0.117 

KG/B 0.429 0.394 0.409 

GM/B 0.101 0.100 0.106 

KM/B 0.530 0.494 0.515 

KB/B 0.188 0.192 0.173 

LONGITUDINAL CENTRE OF GRAVITY 
(LCG) [m] 

57.770 55.140 56.100 

LONGITUDINAL CENTRE OF BUOYANCY 
(LCB) [m] 

57.770 55.140 56.100 

LONGITUDINAL CENTRE OF FLOTATION 
(LCF) [m] 

63.210 59.540 61.280 

LCG/LBP 0.530 0.506 0.515 

LCB/LBP 0.530 0.506 0.515 
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LCF/LBP 0.580 0.546 0.562 

ROLL GYRADIUS [m] 4.890 5.690 5.050 

PITCH GYRADIUS [m] 27.250 27.470 27.250 

YAW GYRADIUS [m] 27.250 27.360 27.250 

ESTIMATED ROLL PERIOD [m] 9.230 10.560 9.540 

RG/B 0.350 0.389 0.380 

PG/LBP 0.250 0.252 0.250 

YG/LBP 0.250 0.251 0.250 

ROLL FREQUENCY (RADIANS) 0.681 0.595 0.659 

WATERPLANE AREA [m2] 1184.000 1222.300 1123.200 

WETTED SURFACE [m2] 1619.000 1737.400 1590.200 

BLOCK COEFFICIENT (cB) 0.510 0.505 0.534 

PRISMATIC COEFFICIENT (cP) 0.625 0.618 0.638 

WATERPLANE COEFFICIENT (cWP) 0.778 0.767 0.776 

MIDSHIP COEFFICIENT (cM) 0.816 0.818 0.837 

VERTICAL PRISMATIC COEFFICIENT (cVWP) 0.656 0.659 0.689 

 

Ƀɘ ŬəŰɑɜŮɠ ŬŭɟɎɜŮɘŬɠ (GYRADIUS) ɔɘŬ Űɞ DDG-51 ŮɜŰɞˊɑůŰɖəŬɜ Ŭˊɧ Űɖɜ 

ɏəŭɞůɖ ñWEIGHT ESTIMATING AND MARGIN MANUAL FOR MARINE VEHICLEò 

SOCIETY OF ALLID WEIGHT ENGINEERS (SAWE) ï SNAME. ȷɜŰɑůŰɞɘɢŬ, ɞɘ ŬəŰɑɜŮɠ 

ŬŭɟɎɜŮɘŬɠ (GYRADIUS) ɔɘŬ Űɖɜ MEȾO ŮɑɜŬɘ ɞɘ ůɡɜɐɗŮɘɠ Űɘɛɏɠ ɔɘŬ ˊɚɞɑɞ Űɨˊɞɡ 

űɟŮɔɎŰŬɠ, Ůɜɩ ŰŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞ TH ŮɜŰɞˊɑůŰɖəŬɜ Ŭˊɧ ůɢŮŰɘəɐ ŭɖɛɞůɑŮɡůɖ Űɤɜ H. 

Sadat-Hosseini, F. Stern et al (2010). 

 

ȷɄɃɆɇɃȿȺɆ ȾȷȽ ȾɅȽɇȼɅȽȷ ȷɄɃɆɇɃȿɋɁ ɄɃȿȺɀȽȾɃɈ 

ɄȿɃȽɃɈ 
 

ȼ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ Ůɜɧɠ ˊɚɞɑɞɡ, ˊɟɞɦˊɞɗɏŰŮɘ ɛɘŬ 

ɞɟɗɞɚɞɔɘəɐ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ əɟɘŰɖɟɑɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑ 

əŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ ˊɚɞɑɞɡ ɜŬ ɘəŬɜɞˊɞɘŮɑ ŬɡŰɎ ŰŬ əɟɘŰɐɟɘŬ. ȷɡŰɐ 

ɖ ŭɘŬŭɘəŬůɑŬ ŬɟɢɑɕŮɘ ɛŮ Űɞɜ ɞɟɘůɛɧ Űɤɜ ŬˊɞůŰɞɚɩɜ Űɞɡ ˊɚɞɑɞɡ, ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ŮəˊɚɖɟɩůŮɘ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ əŬɘ Űɤɜ ŮɜŮɟɔŮɘɩɜ 

Űɤɜ ůɡůŰɖɛɎŰɤɜ Űɞɡ ˊɚɞɑɞɡ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮəŰŮɚŮɑ. ɇŬ ɗŮɛŮɚɘɩŭɖ ɛɏɟɖ ɔɘŬ Űɖɜ 

ˊɟɧɓɚŮɣɖ Űɖɠ Ŭˊɧŭɞůɖɠ əŬɘ Űɖɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ Ůɜɧɠ ˊɚɞɑɞɡ ŮɑɜŬɘ: 

i. ȹȺȹɃɀȺɁȷ: 

a. ȷˊɞůŰɞɚɏɠ. Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɜŬɡŰɘəɩɜ ŬˊɞůŰɞɚɩɜ əŬɘ 

Űɤɜ ŮɜŮɟɔŮɘɩɜ ŬɡŰɩɜ. 

b. ɄŮɟɘɓɎɚɚɞɜ. ɄŮɟɘɔɟŬűɐ Űɞɡ ŬɏɟŬ əŬɘ Űɞɡ əɡɛŬŰɘůɛɞɨ ůŰɖɜ 

ˊŮɟɘɞɢɐ ɧˊɞɡ ɗŬ ŮˊɘɢŮɘɟŮɑ Űɞ ˊɚɞɑɞ. 

c. ȾɟɘŰɐɟɘŬ. Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ əɟɘŰɖɟɑɤɜ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ 

ůɡůŰɖɛɎŰɤɜ Űɞɡ ˊɚɞɑɞɡ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ Űɖɜ ŮˊɑŭɟŬůɖ 

ˊɎɜɤ ůŰɞ ˊɚɐɟɤɛŬ. 

ii. ȷɄɃɇȺȿȺɆɀȷɇȷ: 

a. ȾɘɜɐůŮɘɠ. Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ əɘɜɐůŮɤɜ Űɞɡ ˊɚɞɑɞɡ ůŰɞ 

ůɡɔəŮəɟɘɛɏɜɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ. 
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b. ȺəŰɑɛɖůɖ. ȾŬɗɞɟɘůɛɧɠ Űɖɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ əŬɘ Űɖɠ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ Ůɜɧɠ ˊɚɞɑɞɡ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ 

ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ. 

ũŮɜɘəɎ, ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɡˊɎɟɢɞɡɜ ɔŮɜɘəɎ ŭɨɞ ɛɏɗɞŭɞɘ əŬɗɞɟɘůɛɞɨ Űɖɠ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ Ůɜɧɠ ˊɚɞɑɞɡ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ɞɘ 

ŭɨɞ ɛɏɗɞŭɞɘ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŰŮɚɘəɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ. 

i. ȷˊɧɚɡŰɖ ɛɏɗɞŭɞɠ. ɆŮ ŬɡŰɐɜ Űɖɜ ɛɏɗɞŭɞɘ, ɞɟɑɕɞɜŰŬɘ ŮˊɘŰɟŮˊŰɎ ɧɟɘŬ 

əɘɜɐůŮɤɜ Űɞɡ ˊɚɞɑɞɡ, ɛŮ ɔɜɩɛɞɜŬ Űɞ ˊɚɐɟɤɛŬ əŬɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ 

ůɡůŰɖɛɎŰɤɜ Űɞɡ, ŬɜŰɑ ɔɘŬ Űɖɜ ɞɚɘəɐ Ŭˊɧŭɞůɖ Űɞɡ ˊɚɞɑɞɡ. 

ii. ɆɡɔəɟɘŰɘəɐ ɛɏɗɞŭɞɠ. ɆŮ ŬɡŰɐ Űɖɜ ɛɏɗɞŭɞ, ɖ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Ůɜɧɠ 

ůɢŮŭɑɞɡ ˊɚɞɑɞɡ, ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Ůɜɧɠ ɐŭɖ ɔɜɤůŰɞɨ 

ˊɚɞɑɞɡ ɛŮ ŬˊɞŭŮŭŮɘɔɛɏɜŬ əŬɚɐ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ. 

Ƀɘ ŬˊɞůŰɞɚɏɠ Ůɜɧɠ ˊɚɞɑɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŭɘɎűɞɟŮɠ əŬɘ ˊɞɘəɑɚŮɠ. ɆŰɞɜ 

Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ɛɘŬ ɚɑůŰŬ Ŭˊɧ ˊɘɗŬɜɏɠ ŬˊɞůŰɞɚɏɠ, ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚɏůŮɘ ɏɜŬ ˊɞɚŮɛɘəɧ ˊɚɞɑɞ: 

TYPE SORT NAME DESCRIPTION 

Naval Mission 

TAP Transit and Patrol 

ASW Anti-Submarine Warfare 

AAW Anti-Air Warfare 

SUW Anti-Surface Warfare 

MCM Mine Countermeasures 

Support Activity 

RAS Replenishment at Sea 

NAO Naval Air Operations 

WRL Weapon Systems Reload 
ɄɑɜŬəŬɠ 3: ȺˊɘɢŮɘɟɖůɘŬəɏɠ ŬˊɞůŰɞɚɏɠ ˊɞɚŮɛɘəɞɨ ˊɚɞɑɞɡ 

ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɞ ɧɟɞɠ TAP ŬɜŬűɏɟŮŰŬɘ ůŮ ŬˊɞůŰɞɚɏɠ ˊɞɡ Űɞ ˊɚɞɑɞ ˊɟɏˊŮɘ ɜŬ 

əɘɜɖɗŮɑ Ŭˊɧ Űɞ ɏɜŬ ɛɏɟɞɠ ůŰɞ Ɏɚɚɞɠ əŬɘ ɑůɤɠ ɢɟŮɘŬůŰŮɑ ɜŬ ŮɜŮɟɔɞˊɞɘɐůŮɘ əɎˊɞɘŬ 

ɧɟɔŬɜŬ ɔɘŬ ɜŬ ŮɚɏɔɝŮɘ Űɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ Űɞ ɞˊɞɑɞ ŭɘɏɟɢŮŰŬɘ. Ƀ ɧɟɞɠ ASW, 

ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ŭɨɞ ůɖɛŬůɑŮɠ, ɖ ɛɑŬ ŮɑɜŬɘ çŮˊɘɗŮŰɘəɐè əŬɘ ɖ Ɏɚɚɖ çŬɛɡɜŰɘəɐè. ȾŬɘ ůŰɘɠ 

ŭɨɞ ůɖɛŬůɑŮɠ, ůəɞˊɧɠ Űɖɠ ŬˊɞůŰɞɚɐɠ ŮɑɜŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ, ɖ ŬɜŬɔɜɩɟɘůɖ əŬɘ ɖ 

ɘɢɜɖɚɎŰɖůɖ ɡˊɞɓɟɡɢɑɤɜ əŬɘ ɡˊɞɗŬɚɎůůɘɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ȷɜŰɑůŰɞɘɢŬ, ɞ ɧɟɞɠ AAW, 

ŬɜŬűɏɟŮŰŬɘ ůŰɞɜ ŮɜŰɞˊɘůɛɧ, Űɖɜ ŬɜŬɔɜɩɟɘůɖ əŬɘ Űɖɜ ɘɢɜɖɚɎŰɖůɖ ŬŮɟɞůəŬűɩɜ, 

ˊɡɟŬɨɚɤɜ əŬɘ Ɏɚɚɤɜ ŮɜŬɏɟɘɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. Ƀɘ SUW ɜŬɡŰɘəɏɠ ŬˊɞůŰɞɚɏɠ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ůɡɛˊɚɞəɐ ŮˊɘűŬɜŮɘŬəɩɜ ˊɚɞɑɤɜ ɐ Ɏɚɚɤɜ ˊɚɤŰɩɜ ɛɏůɤɜ. ɇɏɚɞɠ, ɞ 

ɧɟɞɠ MCM ŬɜŬűɏɟŮŰŬɘ ůŮ ɧŰɘ ŬűɞɟɎ Űɘɠ ɜɎɟəŮɠ, ŭɖɚŬŭɐ Ŭˊɧ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɞɡɠ ɛɏɢɟɘ 

əŬɘ Űɖɜ ŮɝɞɡŭŮŰɏɟɤůɐ Űɞɡɠ. 

ȳůɞɜ ŬűɞɟɎ Űɘɠ ɡˊɞůŰɖɟɘəŰɘəɏɠ ŮɜɏɟɔŮɘŮɠ, ɞ ɧɟɞɠ RAS ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ 

ɛŮŰŬűɞɟɎ əŬɡůɑɛɞɡ, ɧˊɚɤɜ əŬɘ ɞˊɚɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ˊɟɞɛɖɗŮɘɩɜ əŬɘ ˊɟɞůɤˊɘəɞɨ. 

Ƀɘ ŬˊɞůŰɞɚɏɠ NAO ɏɢɞɡɜ ůɡɜɐɗɤɠ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɘɠ ŬˊɞůŰɞɚɏɠ ASW əŬɘ RAS, 

əŬɘ ůɡɢɜɎ ůɢŮŰɑɕɞɜŰŬɘ Ůˊɑůɖɠ ɛŮ Űɘɠ TAP, AAW, SUW əŬɘ MCM. 

Ƀɘ ŬˊɞůŰɞɚɏɠ ŬɡŰɏɠ, ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɧɚŮɠ ŰŬ ɑŭɘŬ ůɡůŰɐɛŬŰŬ əŬɘ Űɞɡɠ ɑŭɘɞɡɠ 

ˊɧɟɞɡɠ Ŭˊɧ ɏɜŬ ˊɚɞɑɞ. ɄŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ ɛɘŬ ɚɑůŰŬ ɛŮ ŰŬ ůɡůŰɐɛŬŰŬ ˊɞɡ əɎɗŮ 

ŬˊɞůŰɞɚɐ ɢɟɖůɘɛɞˊɞɘŮɑ ɝŮɢɤɟɘůŰɎ: 
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Weapons         

CIWS   ¶ ¶    ¶ 

guns   ¶ ¶ ¶ ¶  ¶ 

missiles   ¶ ¶  ¶  ¶ 

torpedoes  ¶  ¶  ¶  ¶ 

mines  ¶  ¶  ¶  ¶ 

Aircraft         

helicopters ¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ 

fixed wing ¶ ¶ ¶ ¶  ¶ ¶ ¶ 

RPV ¶ ¶ ¶ ¶  ¶  ¶ 

VSTOL ¶ ¶ ¶ ¶  ¶ ¶ ¶ 

Sensors         

surveillance radar ¶ ¶ ¶ ¶ ¶ ¶ ¶  

target/guidance radar   ¶ ¶  ¶   

navigation radar ¶ ¶ ¶ ¶ ¶ ¶ ¶  

hull mounted sonar ¶ ¶  ¶ ¶    

towed array sonar ¶ ¶  ¶     

variable depth sonar ¶ ¶  ¶ ¶    

dipping sonar ¶ ¶    ¶   

sonobuoys ¶ ¶    ¶  ¶ 

infra red sensors ¶  ¶ ¶  ¶   

laser sensors ¶  ¶ ¶  ¶   

visual sensors ¶ ¶ ¶ ¶ ¶ ¶ ¶  

Command and 

Control 

        

decision making ¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ 

communications ¶ ¶ ¶ ¶ ¶ ¶ ¶  

data fusion ¶ ¶ ¶ ¶ ¶ ¶ ¶  
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Counter Measures         

chaff launchers   ¶ ¶  ¶  ¶ 

ECM/ESM   ¶ ¶  ¶   

torpedo decoys  ¶  ¶    ¶ 

mine 

countermeasures 

    ¶ ¶  ¶ 

Platform Systems         

RAS gear       ¶  

Moon pool         

Launch and recovery 

systems (davits, 

ramps, cranes, etc) 

        

 

ɄŬɟŬŰɖɟŮɑŰŬɘ, ɧŰɘ ɔɘŬ əɎɗŮ ŬˊɞůŰɞɚɐ ɡˊɎɟɢŮɘ ɛɘŬ ˊɚɖɗɩɟŬ ůɡůŰɖɛɎŰɤɜ ˊɞɡ 

ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŮəŰŮɚŮůɗŮɑ əŬɘ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ɖ ŬˊɞůŰɞɚɐ. ȳɛɤɠ, 

ŬɡŰɧ ŭŮɜ ůɖɛŬɑɜŮɘ ɧŰɘ ɧɚŬ ŰŬ ůɡůŰɐɛŬŰŬ ɔɘŬ ɜŬ ŮɑɜŬɘ ɚŮɘŰɞɡɟɔɘəɎ ɢɟŮɘɎɕɞɜŰŬɘ ɜŬ Űɖɟɞɨɜ 

əɎˊɞɘŬ əɟɘŰɐɟɘŬ, ŭɘɧŰɘ Űɞ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮɟɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ɧˊɤɠ ŰŬ ɟŬɜŰɎɟ 

ŮɟŮɨɜɖɠ/ ŮˊɘűŬɜŮɑŬɠ, ɏɢɞɡɜ ɛŮɔɎɚɞ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ˊɟŬəŰɘəɎ ŭŮɜ ůɡɛɓɎɚɞɡɜ 

ůŰɖɜ ɛŮɑɤůɖ Űɖɠ ŮˊɘɢŮɘɟɖůɘŬəɐɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ. 

ɇŬ ˊɞɚŮɛɘəɎ ˊɚɞɑŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɔɘŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮəŰŮɚɞɨɜ ɏɜŬ ɛŮɔɎɚɞ 

Ůɨɟɞɠ ŬˊɞůŰɞɚɩɜ. ȷɡŰɧ ˊɟŬəŰɘəɎ ůɖɛŬɑɜŮɘ, ɧŰɘ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ 

ɞɛɎŭŮɠ əɟɘŰɖɟɑɤɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ əɎɗŮ ŬˊɞůŰɞɚɐ ɝŮɢɤɟɘůŰɎ, ɩůŰŮ ɜŬ ŬɝɘɞɚɞɔŮɘŰŬɑ Űɞ 

ˊɚɞɑɞ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰɎ Űɞɡ ůŮ ɏɜŬ Ůɨɟɞɠ ŬˊɞůŰɞɚɩɜ. 

Ⱥˊɞɛɏɜɤɠ, ɔɑɜŮŰŬɘ ˊɘɞ Ůɨəɞɚɞ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛŮɚɏŰɖɠ ɐ Űɖɠ ůɢŮŭɑŬůɖɠ, 

ɜŬ ɛˊɞɟŮɑ ɜŬ ŭɞɗŮɑ ɏɛűŬůɖ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŬˊɞůŰɞɚɐ, ɐ ůŮ ɏɜŬ ůɡɜŭɡŬůɛɧ 

ŬˊɞůŰɞɚɩɜ, əŬɘ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ ɖ ŮəɎůŰɞŰŮ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ ɔɘŬ Űɘɠ ŮəɎůŰɞŰŮ 

ŬɜɎɔəŮɠ. 

Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ əɟɘŰɖɟɑɤɜ ɛŮ ɓɎůɖ Űɘɠ ŮəɎůŰɞŰŮ ŬˊɞůŰɞɚɏɠ, ůɨɛűɤɜŬ ɛŮ 

Űɖɜ ɏəŭɞůɖ Űɞɡ NATO STANAG 4154, űŬɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ: 

 

    Location - Dependent criteria 

  Roll 
(deg) 

Pitch 
(deg) 

No
. 

MII / 
min 

Vacc 
(g) 

Lacc 
(g) 

Vvel 
(m/s) 

TAP deck wetness / hr   30     

 slamming / hr   20     

 personel, bridge 4 1.5  1 0.2 0.1  

 MSI, bridge (percent)   20     

 MII helm    1    

 MII hangar    1    



 
32 

 MII fight deck    1    

 propeller emergence 
/ hr 

  90     

ASW ¢!t ŎǊƛǘŜǊƛŀΣ ǇƭǳǎΧ        

 sonar emergence / hr   24     

 active sonar 7.5 2.5      

 towed array launch    0.5    

 torpedo launch 3.8 3.8      

AAW ¢!t ŎǊƛǘŜǊƛŀΣ ǇƭǳǎΧ        

 foredeck gun fire 3.8 3.8     0.5 

 VLS launch 8.8 1.5   0.3 0.35  

 CIWS fire 3.8 3.8     0.5 

NAO ¢!t ŎǊƛǘŜǊƛŀΣ ǇƭǳǎΧ        

 helicopter landing 3 1     3.7 

 helicopter traverse 5 1      

ɄɑɜŬəŬɠ 4: ȾɟɘŰɐɟɘŬ ŮˊɘɢŮɘɟɖůɘŬəɩɜ ŬˊɞůŰɞɚɩɜ ůɨɛűɤɜŬ ɛŮ STANAG 4154 (v4) 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ŬˊɞűŬůɑůŰɖəŮ ɜŬ ŮɝŮŰŬůŰŮɑ ɛɘŬ 

Űɟɞˊɞˊɞɘɖɛɏɜɖ ɞɛɎŭŬ əɟɘŰɖɟɑɤɜ ɔɘŬ Űɘɠ ŰɏůůŮɟɘɠ ŬˊɞůŰɞɚɏɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞɜ 

ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ. Ƀɘ ɚɧɔɞɘ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɜŬ ŮɝŬɘɟŮɗɞɨɜ ɛŮɟɘəɎ əɟɘŰɐɟɘŬ ŮɑɜŬɘ: 

1. ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ əɡɟɑɤɠ ůŰɘɠ 

ˊɚŬŰűɧɟɛŮɠ Űɞɡ ˊɚɞɑɞɡ əŬɘ ɧɢɘ Űɧůɞ ůŰɞ ˊɚɐɟɤɛŬ. 

2. ȹŮɜ ɚɐűɗɖəŮ ůŰŬ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ 

əɎɗŮ ˊŮɟɘɞɢɐ. 

ɇŮɚɘəɎ, ɞɘ ŬˊɞůŰɞɚɏɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ŰŬ ŰɟɑŬ ˊɚɞɑŬ ɜŬ ůɡɔəɟɘɗɞɨɜ, əŬɘ ŰŬ 

əɟɘŰɐɟɘŬ ˊɞɡ ˊɟɏˊŮɘ Ŭɜ ɘəŬɜɞˊɞɘɞɨɜ ɔɘŬ Űɖɜ Ůəˊɚɐɟɤůɖ Űɤɜ ŬˊɞůŰɞɚɩɜ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

 
Roll 
[deg] 

Pitch 
[deg 

Yaw 
[deg] 

LOCATION DEPENDENT 
CRITERIA 

No. 
Vacc 
[g] 

Lacc 
[g] 

Vvel 
[m/sec] 

T.A.P. 

DECK WETNESS    30    

SLAMMING    20    

PERSONELL, 
BRIGDE 

(HELMSMAN) 
4 1.50   0.20 0.10  

PROPELLER 
EMERGENCE 

    90   

N.A.O. 

TAP Criteria andé        

HELICOPTER 
LANDING 

2.50 1     1 

A.S.W. 

TAP Criteria andé        

SONAR 
EMERGENCE 

   24    

SONAR 7.50 2.50      

A.A.W. 

TAP Criteria andé        

FOREHEAD GUN 3.80 3.80     0.50 

MISSILE GUN VLS 8.80 1.50 0.80  0.30 0.35  
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ȼ ɛŮɚɏŰɖ əŬɘ ɞ ɏɚŮɔɢɞɠ Űɤɜ əɟɘŰɖɟɑɤɜ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ ŭɨɞ ɝŮɢɤɟɘůŰɏɠ 

ŰŬɢɨŰɖŰŮɠ əŬɘ ˊɏɜŰŮ əŬŰŮɡɗɨɜůŮɘɠ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɩɜ. Ƀɘ ŰŬɢɨŰɖŰŮɠ ˊɞɡ 

ŮˊɘɚɏɢɗɖəŬɜ ŮɑɜŬɘ 15 kn əŬɘ 25 kn, ɗŮɤɟɩɜŰŬɠ Űɖɜ ˊɟɩŰɖ ɛɘŬ ŰŬɢɨŰɖŰŬ ůɢŮŰɘəɎ 

ɞɘəɞɜɞɛɘəɐ əŬɘ Űɖɜ ŭŮɨŰŮɟɖ ɛɘŬ ŰŬɢɨŰɖŰŬ ŬɟəŮŰɎ ɛŮɔɎɚɖ ɔɘŬ ɜŬ ɗŮɤɟɖɗŮɑ ůŬɜ ŰŬɢɨŰɖŰŬ 

əŬŰŬŭɑɤɝɖɠ ɐ ůɨɟɟŬɝɖɠ. Ƀɘ əŬŰŮɡɗɨɜůŮɘɠ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɩɜ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ 

ŮɑɜŬɘ ɞɘ 0  (ɛŮŰɤˊɘəɞɑ əɡɛŬŰɘůɛɞɑ, head seas), 45  (ˊɟɤɟŬɑɞɘ əɡɛŬŰɘůɛɞɑ, bow seas), 

90  (ˊɚŮɡɟɘəɞɑ əɡɛŬŰɘůɛɞɑ, beam seas), 135  (ˊɟɡɛɜŬɑɞɘ əɡɛŬŰɘůɛɞɑ, quartering seas) 

əŬɘ 180  (ŬəɞɚɞɡɗɞɨɛŮɜɞɘ əɡɛŬŰɘůɛɞɑ, following seas). 

 

 

ȺɘəɧɜŬ 20: ȾŬŰŮɡɗɨɜůŮɘɠ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɩɜ 

ȼ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ (ŭŮɘəŰɩɜ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ, operability 

indices) ɔɑɜŮŰŬɘ ůɡɜɐɗɤɠ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ˊɞɚɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ. ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ 

ɏɢɞɡɜ Űɖɜ ɛɞɟűɐ Űɞɡ ˊŬɟŬəɎŰɤ ůɢɐɛŬŰɞɠ, əŬɘ ˊɎɜɤ ůŮ ŬɡŰɧ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ɔɤɜɑŮɠ 

ůɡɜɎɜŰɖůɖɠ Űɞɡ ˊɚɞɑɞɡ ɛŮ Űɞɜ əɡɛŬŰɘůɛɧ əŬɘ Űɞ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ. ɄɎɜɤ ůŰɞ 

ˊɞɚɘəɧ ŭɘɎɔɟŬɛɛŬ, ůɢŮŭɘɎɕɞɜŰŬɘ ɔɘŬ əɎɗŮ ŰŬɢɨŰɖŰŬ Űɞɡ ˊɚɞɑɞɡ ɛɘŬ əŬɛˊɨɚɖ, ɖ ɞˊɞɑŬ 

ŬˊŮɘəɞɜɑɕŮɘ Űɞɡɠ ŰɞɛŮɑɠ (əŬŰɎůŰŬůɖ ɗɎɚŬůůŬɠ, ɔɤɜɑŬ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɞɨ əŬɘ 

ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ) ɧˊɞɡ Űɞ ˊɚɞɑɞ ŰɑɗŮŰŬɘ ŮəŰɧɠ ɞɟɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ.  

 

ȺɘəɧɜŬ 21: ȹŮɑəŰŮɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ ˊɚɞɑɞɡ ůŮ ˊɞɚɘəɧ ŭɘɎɔɟŬɛɛŬ ɔɘŬ ŰɟŮɘɠ ŰŬɢɨŰɖŰŮɠ 

ɆŮ ŬɡŰɐɜ Űɖɜ ŭɘŬŰɟɘɓɐ, ŮˊɘɚɏɢɗɖəŮ ɖ ŬˊŮɘəɧɜɘůɖ ɜŬ ɔɑɜŮɘ ůŮ əŬɟŰŮůɘŬɜɏɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ, ɧˊɞɡ ŭɘŬəɟɑɜŮŰŬɘ əŬɗŬɟɎ ɖ ˊŮɟɘɞɢɐ ˊɞɡ ŭŮɜ ˊŬɟŬɓɘɎɕŮŰŬɘ əŬɜɏɜŬ 

əɟɘŰɐɟɘɞ. ȼ ŬˊŮɘəɧɜɘůɖ ůŰɘɠ əŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɔɑɜŮŰŬɘ ůŮ ŭɘɎɔɟŬɛɛŬ 

ůɖɛŬɜŰɘəɞɡ ɨɣɞɡɠ əɨɛŬŰɞɠ-ˊŮɟɘɧŭɞɡ əɞɟɨűɖɠ əɨɛŬŰɞɠ (Hs-Tp), əŬɘ ůɢŮŭɘɎɕɞɜŰŬɘ 
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əŬɛˊɨɚŮɠ ɔɘŬ əɎɗŮ əɟɘŰɐɟɘɞ əŬɘ ŰŬɢɨŰɖŰŬ Űɞɡ ˊɚɞɑɞɡ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ 

ůɢɐɛŬ: 

 

ȺɘəɧɜŬ 22: ȹŮɑəŰŮɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ ˊɚɞɑɞɡ ůŮ əŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

 

 

 

 

ɄɅɃɆȹȽɃɅȽɆɀɃɆ ŪȷȿȷɆɆȽɋɁ ɄȺɅȽɃɉɋɁ ȾȷȽ ɄȽŪȷɁɃɇȼɇɋɁ 

ȺɀūȷɁȽɆȼɆ ȾȷɇȷɆɇȷɆȺɋɁ ŪȷȿȷɆɆȷɆ 
 

ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɖ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ŮɡɟɨŰŮɟɞ 

ɗŬɚɎůůɘɞ ɢɩɟɞ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŮ ŰɏůůŮɟɘɠ Ůɚɚɖɜɘəɏɠ 

ɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ. ɇŬ ŭŮŭɞɛɏɜŬ ɔɘŬ ŬɡŰɏɠ Űɘɠ ˊŮɟɘɞɢɏɠ ɚɐűɗɖəŬɜ Ŭˊɧ Űɞɜ ɎŰɚŬɜŰŬ 

ɏəŭɞůɖɠ 2004, ɞ ɞˊɞɑɞɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɞɜ Western European Armaments 

Organisation Research Cell, ɛŮ ůɡɛɛŮŰɞɢɐ Űɞɡ Ⱥ.ɀ.Ʉ. ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɜŰɚɐɗɖəŬɜ 

Ŭˊɧ Űɞɜ ɎŰɚŬɜŰŬ Ŭűɞɟɞɨɜ Űɞ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ Hs əŬɘ Űɖɜ ˊŮɟɑɞŭɞ əɞɟɡűɐɠ Tp 

ůŮ ŮŰɐůɘŬ ɓɎůɖ. Ƀɘ ˊɑɜŬəŮɠ ˊɞɡ ŬɜŰɚɐɗɖəŬɜ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

ȹɡŰɘəɎ ȾɟɐŰɖɠ (35Ɂ, 22Ⱥ): AREA 1 

 
Hs [m]  

Tp 

[sec] 
0 - 

0.25 

0.25 

- 0.5 
0.5 - 

0.75 

0.75 

- 1 
1 - 

1.25 

1.25 

- 1.5 
1.5 - 
1.75 

1.75 

- 2 
2 - 

2.5 

2.5 

- 3 
3 - 

3.5 

3.5 

- 4 

4 

- 

5 

5 

- 

6 

6 - 

7.5 

7.5 

- 9 
>9 TOTAL 

0-1.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1.9-2.6 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

2.6-3.1 0 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 

3.1-3.8 3 14 13 2 0 0 0 0 0 0 0 0 0 0 0 0 0 32 

3.8-4.6 3 41 57 38 10 1 0 0 0 0 0 0 0 0 0 0 0 150 

4.6-5 0 14 31 28 17 6 1 0 0 0 0 0 0 0 0 0 0 97 

5-5.5 1 16 26 30 26 17 6 2 0 0 0 0 0 0 0 0 0 124 

5.5-6.1 0 9 20 25 22 18 11 7 3 0 0 0 0 0 0 0 0 115 
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6.1-6.7 0 4 19 21 21 21 14 11 8 1 0 0 0 0 0 0 0 120 

6.7-7.4 0 1 7 21 21 18 14 12 15 6 1 0 0 0 0 0 0 116 

7.4-8.1 0 1 3 9 14 15 13 11 17 9 4 1 0 0 0 0 0 97 

8.1-8.9 0 1 1 3 6 8 8 7 12 10 7 3 1 0 0 0 0 67 

8.9-9.8 0 0 0 1 1 2 3 4 8 7 6 4 3 1 0 0 0 40 

9.8-10.8 0 0 0 0 0 0 1 1 3 5 4 3 3 1 0 0 0 21 

10.8- 

11.9 
0 0 0 0 0 0 0 0 1 1 1 1 2 1 0 0 0 7 

11.9-13 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

14.4- 

17.4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

>17.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL 7 106 179 178 138 106 71 55 67 39 23 12 10 4 0 0 0 995 

 

ɁɞŰɘɞŭɡŰɘəɎ ɄŮɚɞˊɞɜɜɐůɞɡ (36Ɂ, 21): AREA 2 

 
Hs [m]  

Tp 
[sec] 

0 - 

0.25 

0.25 

- 0.5 
0.5 - 

0.75 

0.7

5 - 

1 

1 - 

1.2

5 

1.2

5 - 

1.5 

1.5 

- 

1.7

5 

1.7
5 - 2 

2 - 

2.

5 

2.

5 - 

3 

3 - 

3.

5 

3.

5 - 

4 

4 

- 

5 

5 

- 

6 

6 - 

7.

5 

7.

5 - 

9 

>9 TOTAL 

0-1.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1.9-

2.6 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

2.6-

3.1 
2 6 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 

3.1-

3.8 
7 23 19 2 0 0 0 0 0 0 0 0 0 0 0 0 0 51 

3.8-

4.6 
8 62 62 35 9 1 0 0 0 0 0 0 0 0 0 0 0 177 

4.6-5 1 25 31 24 15 5 1 0 0 0 0 0 0 0 0 0 0 102 

5-5.5 1 19 33 24 18 11 5 1 0 0 0 0 0 0 0 0 0 112 

5.5-

6.1 
1 10 30 23 18 13 11 5 3 0 0 0 0 0 0 0 0 114 

6.1-

6.7 
1 5 21 24 19 12 11 7 9 1 0 0 0 0 0 0 0 110 

6.7-

7.4 
1 2 8 18 20 18 12 10 13 5 1 0 0 0 0 0 0 108 

7.4-

8.1 
0 1 3 7 13 14 12 10 14 8 4 2 0 0 0 0 0 88 

8.1-

8.9 
0 1 1 3 4 6 7 8 12 8 6 3 2 0 0 0 0 61 

8.9-

9.8 
0 0 1 1 2 1 3 2 6 7 6 3 3 1 0 0 0 36 

9.8- 

10.8 
0 0 0 0 1 1 0 1 2 3 3 2 2 1 0 0 0 16 

10.8- 

11.9 
0 0 0 0 0 0 0 0 0 1 1 1 2 0 0 0 0 5 

11.9-

13 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

13-

14.4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

14.4- 

17.4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

>17.

4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOT

AL 
22 155 211 161 119 82 62 44 59 33 21 11 9 2 0 0 0 991 

 

ȸɧɟŮɘŬ Ɂɐůɞɡ ȾŬɟˊɎɗɞɡ (36Ɂ, 27Ⱥ): AREA 3 
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Hs [m]  

Tp 

[sec] 

0 - 

0.2

5 

0.2

5 - 

0.5 

0.5 - 

0.7

5 

0.7

5 - 1 

1 - 

1.2

5 

1.2

5 - 

1.5 

1.5 - 

1.7

5 

1.7
5 - 2 

2 - 

2.5 

2.5 

- 3 

3 - 

3.5 

3.5 

- 4 

4 

- 

5 

5 

- 

6 

6 - 

7.5 

7.5 

- 9 
>

9 
TOTAL 

0-1.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1.9-

2.6 
1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 

2.6-

3.1 
4 9 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 

3.1-

3.8 
8 24 21 2 0 0 0 0 0 0 0 0 0 0 0 0 0 55 

3.8-

4.6 
8 38 62 45 12 1 0 0 0 0 0 0 0 0 0 0 0 166 

4.6-5 4 13 23 36 27 10 1 0 0 0 0 0 0 0 0 0 0 114 

5-5.5 4 14 16 29 33 26 9 2 0 0 0 0 0 0 0 0 0 133 

5.5-

6.1 
2 8 15 16 24 26 25 13 4 0 0 0 0 0 0 0 0 133 

6.1-

6.7 
4 9 11 11 11 14 19 19 21 2 0 0 0 0 0 0 0 121 

6.7-

7.4 
2 8 8 8 6 7 8 10 26 11 2 0 0 0 0 0 0 96 

7.4-

8.1 
1 5 8 8 5 4 2 3 7 9 6 2 0 0 0 0 0 60 

8.1-

8.9 
1 3 6 6 5 3 2 2 3 2 3 3 2 0 0 0 0 41 

8.9-

9.8 
1 3 4 4 4 3 2 2 1 1 1 0 1 0 0 0 0 27 

9.8- 

10.8 
0 1 2 3 2 2 2 2 1 1 0 0 0 0 0 0 0 16 

10.8- 

11.9 
0 1 1 1 1 1 1 1 2 1 0 0 0 0 0 0 0 10 

11.9-

13 
0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 

13-

14.4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

14.4- 

17.4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

>17.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL 40 138 181 169 130 97 71 54 65 28 12 5 3 0 0 0 0 993 

 

 

ȾŮɜŰɟɘəɧ ȷɘɔŬɑɞ (38Ɂ, 25.5Ⱥ): AREA 4 

 
       

Hs [m] 
         

Tp 
[sec] 

0 - 

0.2

5 

0.2

5 - 

0.5 

0.5 

- 

0.7

5 

0.7

5 - 1 

1 - 

1.2

5 

1.2

5 - 

1.5 

1.5 

- 

1.7

5 

1.7
5 - 
2 

2 - 

2.

5 

2.

5 - 

3 

3 - 

3.

5 

3.

5 - 

4 

4 

- 

5 

5 

- 

6 

6 - 

7.

5 

7.

5 - 

9 

>

9 
TOTAL 

0-1.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1.9-2.6 24 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 

2.6-3.1 49 25 6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 81 

3.1-3.8 50 50 37 5 0 0 0 0 0 0 0 0 0 0 0 0 0 142 

3.8-4.6 25 51 59 52 22 2 0 0 0 0 0 0 0 0 0 0 0 211 

4.6-5 3 13 19 30 32 15 2 0 0 0 0 0 0 0 0 0 0 114 

5-5.5 4 6 9 19 27 29 15 4 0 0 0 0 0 0 0 0 0 113 

5.5-6.1 3 3 6 7 15 21 24 19 8 0 0 0 0 0 0 0 0 106 

6.1-6.7 2 2 2 4 4 8 14 18 27 4 0 0 0 0 0 0 0 85 

6.7-7.4 2 1 1 3 2 3 5 6 21 14 3 0 0 0 0 0 0 61 

7.4-8.1 1 0 0 1 1 1 1 1 5 9 8 3 0 0 0 0 0 31 
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8.1-8.9 1 0 0 0 0 0 0 1 1 2 4 3 2 0 0 0 0 14 

8.9-9.8 1 0 0 0 0 0 0 0 0 0 0 1 3 1 0 0 0 6 

9.8- 

10.8 
0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 

10.8- 

11.9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

11.9-13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

14.4- 

17.4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

>17.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL 165 160 139 122 103 79 61 49 62 29 15 7 6 2 0 0 0 999 

 

ȿɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɧɔəɞ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɠ ŬɜŬɚɡŰɘəɐɠ ɡˊɞŭɘŬɑɟŮůɖɠ, Űɧůɞ 

ůŰɖɜ ˊŮɟɑɞŭɞ əɞɟɡűɩɜ ɧůɞ əŬɘ ůŰɞ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ, ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ 

ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɜɏɞɘ ˊɑɜŬəŮɠ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ɡˊɞŭɘŬɑɟŮůɖ, ɏŰůɘ 

ɩůŰŮ ŰŬ ŭŮŭɞɛɏɜŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮˊŮɝŮɟɔŬůŰɞɨɜ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŮɡəɞɚɑŬ, ɢɤɟɑɠ 

Ŭɚɚɞɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

 

ȹɡŰɘəɎ ȾɟɐŰɖɠ (35Ɂ, 22Ⱥ): AREA 1 

 Hs [m] 

Tp [sec] 
0 - 1 1 - 1.5 1.5 - 2 2 - 2.5 2.5 - 3 3 - 3.5 3.5 - 4 4 - 5 5 - 6 6 - 7.5 7.5 - 10 

0-5 251 34 1 0 0 0 0 0 0 0 0 

5-6.1 127 83 26 3 0 0 0 0 0 0 0 

6.1-7.4 73 81 51 23 7 1 0 0 0 0 0 

7.4-8.1 13 29 24 17 9 4 1 0 0 0 0 

8.1-8.9 5 14 15 12 10 7 3 1 0 0 0 

8.9-9.8 1 3 7 8 7 6 4 3 1 0 0 

9.8-10.8 0 0 2 3 5 4 3 3 1 0 0 

10.8-11.9 0 0 0 1 1 1 1 2 1 0 0 

11.9-13 0 0 0 0 0 0 0 1 1 0 0 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 

14.4-17.4 0 0 0 0 0 0 0 0 0 0 0 

17.4-20 0 0 0 0 0 0 0 0 0 0 0 

 

 

ɁɞŰɘɞŭɡŰɘəɎ ɄŮɚɞˊɞɜɜɐůɞɡ (36Ɂ, 21): AREA 2 

 Hs [m] 

Tp [sec] 
0 - 1 1 - 1.5 1.5 - 2 2 - 2.5 2.5 - 3 3 - 3.5 3.5 - 4 4 - 5 5 - 6 6 - 7.5 7.5 - 10 

0-5 310 30 1 0 0 0 0 0 0 0 0 

5-6.1 141 60 22 3 0 0 0 0 0 0 0 

6.1-7.4 80 69 40 22 6 1 0 0 0 0 0 

7.4-8.1 11 27 22 14 8 4 2 0 0 0 0 

8.1-8.9 5 10 15 12 8 6 3 2 0 0 0 

8.9-9.8 2 3 5 6 7 6 3 3 1 0 0 
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9.8-10.8 0 2 1 2 3 3 2 2 1 0 0 

10.8-11.9 0 0 0 0 1 1 1 2 0 0 0 

11.9-13 0 0 0 0 0 0 0 0 0 0 0 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 

14.4-17.4 0 0 0 0 0 0 0 0 0 0 0 

17.4-20 0 0 0 0 0 0 0 0 0 0 0 

 

 

ȸɧɟŮɘŬ Ɂɐůɞɡ ȾŬɟˊɎɗɞɡ (36Ɂ, 27Ⱥ): AREA 3 

 Hs [m] 

Tp [sec] 
0 - 1 1 - 1.5 1.5 - 2 2 - 2.5 2.5 - 3 3 - 3.5 3.5 - 4 4 - 5 5 - 6 6 - 7.5 7.5 - 10 

0-5 303 50 1 0 0 0 0 0 0 0 0 

5-6.1 104 109 49 4 0 0 0 0 0 0 0 

6.1-7.4 61 38 56 47 12 2 0 0 0 0 0 

7.4-8.1 22 9 5 7 9 6 2 0 0 0 0 

8.1-8.9 16 8 4 3 3 3 3 2 0 0 0 

8.9-9.8 12 7 4 1 1 1 0 1 0 0 0 

9.8-10.8 6 4 4 1 1 0 0 0 0 0 0 

10.8-11.9 3 2 2 2 1 0 0 0 0 0 0 

11.9-13 1 0 0 0 1 0 0 0 0 0 0 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 

14.4-17.4 0 0 0 0 0 0 0 0 0 0 0 

17.4-20 0 0 0 0 0 0 0 0 0 0 0 

 

ȾŮɜŰɟɘəɧ ȷɘɔŬɑɞ (38Ɂ, 25.5Ⱥ): AREA 4 

 Hs [m] 

Tp [sec] 
0 - 1 1 - 1.5 1.5 - 2 2 - 2.5 2.5 - 3 3 - 3.5 3.5 - 4 4 - 5 5 - 6 6 - 7.5 7.5 - 10 

0-5 508 71 2 0 0 0 0 0 0 0 0 

5-6.1 57 92 62 8 0 0 0 0 0 0 0 

6.1-7.4 17 17 43 48 18 3 0 0 0 0 0 

7.4-8.1 2 2 2 5 9 8 3 0 0 0 0 

8.1-8.9 1 0 1 1 2 4 3 2 0 0 0 

8.9-9.8 1 0 0 0 0 0 1 3 1 0 0 

9.8-10.8 0 0 0 0 0 0 0 1 1 0 0 

10.8-11.9 0 0 0 0 0 0 0 0 0 0 0 

11.9-13 0 0 0 0 0 0 0 0 0 0 0 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 

14.4-17.4 0 0 0 0 0 0 0 0 0 0 0 

17.4-20 0 0 0 0 0 0 0 0 0 0 0 

 

ɀŮ ɓɎůɖ Űɞɡɠ əŬɘɜɞɨɟɔɘɞɡɠ Űɟɞˊɞˊɞɘɖɛɏɜɞɡɠ ˊɑɜŬəŮɠ Hs ï Tp, ɡˊɞɚɞɔɑůŰɖəŮ 

ɖ ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ əɎɗŮ əŬŰɎůŰŬůɖɠ ɗɎɚŬůůŬɠ ůŰɖɜ əɎɗŮ ˊŮɟɘɞɢɐ.  
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ȹɡŰɘəɎ ȾɟɐŰɖɠ (35Ɂ, 22Ⱥ): AREA 1 

 Hs [m] 

Tp 
[sec] 0 - 1 1 - 1.5 1.5 - 2 2 - 2.5 2.5 - 3 3 - 3.5 3.5 - 4 4 - 5 5 - 6 6 - 

7.5 
7.5 - 

10 

0-5 0.252 0.034 0.001 0 0 0 0 0 0 0 0 

5-6.1 0.128 0.083 0.026 0.003 0 0 0 0 0 0 0 

6.1-7.4 0.073 0.081 0.051 0.023 0.007 0.001 0 0 0 0 0 

7.4-8.1 0.013 0.029 0.024 0.017 0.009 0.004 0.001 0 0 0 0 

8.1-8.9 0.005 0.014 0.015 0.012 0.010 0.007 0.003 0.001 0 0 0 
8.9-9.8 0.001 0.003 0.007 0.008 0.007 0.006 0.004 0.003 0.001 0 0 

9.8-

10.8 0 0 0.002 0.003 0.005 0.004 0.003 0.003 0.001 0 0 

10.8-

11.9 0 0 0 0.001 0.001 0.001 0.001 0.002 0.001 0 0 

11.9-13 0 0 0 0 0 0 0 0.001 0.001 0 0 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 
14.4-

17.4 0 0 0 0 0 0 0 0 0 0 0 

17.4-20 0 0 0 0 0 0 0 0 0 0 0 

 

ɁɞŰɘɞŭɡŰɘəɎ ɄŮɚɞˊɞɜɜɐůɞɡ (36Ɂ, 21): AREA 2 

 Hs [m] 

Tp 
[sec] 0 - 1 1 - 1.5 1.5 - 2 2 - 2.5 2.5 - 3 3 - 3.5 3.5 - 4 4 - 5 5 - 6 6 - 

7.5 
7.5 - 

10 

0-5 0.313 0.030 0.001 0 0 0 0 0 0 0 0 

5-6.1 0.142 0.061 0.022 0.003 0 0 0 0 0 0 0 

6.1-7.4 0.081 0.070 0.040 0.022 0.006 0.001 0 0 0 0 0 

7.4-8.1 0.011 0.027 0.022 0.014 0.008 0.004 0.002 0 0 0 0 

8.1-8.9 0.005 0.010 0.015 0.012 0.008 0.006 0.003 0.002 0 0 0 

8.9-9.8 0.002 0.003 0.005 0.006 0.007 0.006 0.003 0.003 0.001 0 0 
9.8-

10.8 0 0.002 0.001 0.002 0.003 0.003 0.002 0.002 0.001 0 0 

10.8-

11.9 0 0 0 0 0.001 0.001 0.001 0.002 0 0 0 

11.9-13 0 0 0 0 0 0 0 0 0 0 0 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 
14.4-

17.4 0 0 0 0 0 0 0 0 0 0 0 

17.4-20 0 0 0 0 0 0 0 0 0 0 0 

 

ȸɧɟŮɘŬ Ɂɐůɞɡ ȾŬɟˊɎɗɞɡ (36Ɂ, 27Ⱥ): AREA 3 

 Hs [m] 

Tp [sec] 
0 - 1 1 - 1.5 1.5 - 2 2 - 2.5 2.5 - 3 3 - 3.5 3.5 - 4 4 - 5 5 - 6 6 - 

7.5 
7.5 - 

10 

0-5 0.305 0.050 0.001 0 0 0 0 0 0 0 0 

5-6.1 0.105 0.110 0.049 0.004 0 0 0 0 0 0 0 

6.1-7.4 0.061 0.038 0.056 0.047 0.012 0.002 0 0 0 0 0 
7.4-8.1 0.022 0.009 0.005 0.007 0.009 0.006 0.002 0 0 0 0 

8.1-8.9 0.016 0.008 0.004 0.003 0.003 0.003 0.003 0.002 0 0 0 
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8.9-9.8 0.012 0.007 0.004 0.001 0.001 0.001 0 0.001 0 0 0 

9.8-10.8 0.006 0.004 0.004 0.001 0.001 0 0 0 0 0 0 
10.8-

11.9 0.003 0.002 0.002 0.002 0.001 0 0 0 0 0 0 

11.9-13 0.001 0 0 0 0.001 0 0 0 0 0 0 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 
14.4-

17.4 0 0 0 0 0 0 0 0 0 0 0 

17.4-20 0 0 0 0 0 0 0 0 0 0 0 

ȾŮɜŰɟɘəɧ ȷɘɔŬɑɞ (38Ɂ, 25.5Ⱥ): AREA 4 

 Hs [m] 

Tp [sec] 
0 - 1 1 - 1.5 1.5 - 2 2 - 2.5 2.5 - 3 3 - 3.5 3.5 - 4 4 - 5 5 - 6 6 - 

7.5 
7.5 - 
10 

0-5 0.509 0.071 0.002 0 0 0 0 0 0 0 0 

5-6.1 0.057 0.092 0.062 0.008 0 0 0 0 0 0 0 

6.1-7.4 0.017 0.017 0.043 0.048 0.018 0.003 0 0 0 0 0 

7.4-8.1 0.002 0.002 0.002 0.005 0.009 0.008 0.003 0 0 0 0 

8.1-8.9 0.001 0 0.001 0.001 0.002 0.004 0.003 0.002 0 0 0 

8.9-9.8 0.001 0 0 0 0 0 0.001 0.003 0.001 0 0 
9.8- 
10.8 0 0 0 0 0 0 0 0.001 0.001 0 0 

10.8- 
11.9 0 0 0 0 0 0 0 0 0 0 0 

11.9-13 0 0 0 0 0 0 0 0 0 0 0 

13-14.4 0 0 0 0 0 0 0 0 0 0 0 
14.4- 
17.4 0 0 0 0 0 0 0 0 0 0 0 

17.4-20 0 0 0 0 0 0 0 0 0 0 0 

 

ɆŰɞɡɠ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŮɠ, ŰŬ əŮɚɘɎ ˊɞɡ ɏɢɞɡɜ ɛˊɚŮ ůəɑŬůɖ, ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ 

ɏɢɞɡɜ ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ (probability of occurrence) ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ ɛɖŭŮɜɘəɐ. Ƀɘ 

ɢɟɤɛŬŰɘůɛɏɜŮɠ ˊɘɗŬɜɧŰɖŰŮɠ ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŮɚɘəɎ, ɔɘŬ Űɞɜ 

ůɢŮŭɘŬůɛɧ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŰŮɚɘəɩɜ Űɘɛɩɜ 

Űɖɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ Űɤɜ ůəŬűɩɜ. ũɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ˊɟɧɔɟŬɛɛŬ AutoCAD, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɎɟɝŮɘ ɖ ɔɟŬűɘəɐ 

ŬɜŬˊŬɟɎůŰŬůɖ ůŮ əŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ 

ŭɘɎɔɟŬɛɛŬ ůŮ əŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ, ˊɟɞŰɞɨ ůɢŮŭɘŬůŰɞɨɜ ˊɎɜɤ ůŮ ŬɡŰɧ ɞɘ 

əŬɛˊɨɚŮɠ Űɤɜ əɟɘŰɖɟɑɤɜ. 
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ȺɘəɧɜŬ 23: ȹɘɎɔɟŬɛɛŬ ůɢŮŭɑŬůɖɠ (grid). Ƀɘ Ŭɟɘɗɛɞɑ ŬɜɎɛŮůŬ ůŰŬ ɞɟɗɞɔɩɜɘŬ ŮɑɜŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ 
ŮɛűɎɜɘůɖɠ 

 

ɆȼɀȺȽȷ ɀȺɇɅȼɆȺɋɁ ȾɅȽɇȼɅȽɋɁ 
 

ȷűɞɨ űŰɘɎɢŰɖəŬɜ ɔɘŬ əɎɗŮ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ Űɞ ˊŬɟŬˊɎɜɤ ůɢɏŭɘɞ ɛŮ Űɘɠ 

ˊɘɗŬɜɧŰɖŰŮɠ ŮɛűɎɜɘůɖɠ əɎɗŮ ˊɘɗŬɜɐɠ ɗŬɚɎůůɘŬɠ əŬŰɎůŰŬůɖɠ, ůɨɛűɤɜŬ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ 

Űɞɡ ɎŰɚŬɜŰŬ, ůŰɖɜ ůɡɜɏɢŮɘŬ ůɢŮŭɘɎůŰɖəŬɜ ˊɎɜɤ Űɞɡ ɞɘ əŬɛˊɨɚŮɠ Űɤɜ əɟɘŰɖɟɑɤɜ, ɞɘ 

ɞˊɞɑŮɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɞɜ əɩŭɘəŬ S.M.P. ɇŬ ůɖɛŮɑŬ Űɖɠ əɎɗŮ űɟŮɔɎŰŬɠ ŰŬ ɞˊɞɑŬ 

ɡˊɞɓɚɐɗɖəŬɜ ůŰɖɜ ɛŮɚɏŰɖ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ űɏɟɜɞɡɜ ŰŬ ůɡůŰɐɛŬŰŬ əŬɘ 

ɡˊɞůɡůŰɐɛŬŰŬ Űɤɜ əɟɘŰɖɟɑɤɜ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

No ɃɁɃɀȷ STATION No (X) Y [m] Z [m] 

MEKO 

1 
ȾŬŰɎůŰɟɤɛŬ 
ŮɚɘəɞˊŰɏɟɞɡ 

18.495 0.000 10.000 

2 
ũɏűɡɟŬ 

(Helmsman) 
5.505 0.000 15.600 

3 
5/54 Gun Brarrel 

Tip 
1.321 0.000 10.300 

4 
GMVLS outer 

corner 
12.661 2.200 15.800 

5 
Ɇűɡɟɧəɟɞɡůɖ 3/20 

LBP 
3.000 0.000 0.667 

6 
ȹɘŬɓɟɞɢɐ 

ȾŬŰŬůŰɟɩɛŬŰɞɠ 
1/10 LBP 

2.000 5.047 10.736 

7 ȷɜɎŭɡůɖ ȰɚɘəŬɠ 18.935 3.250 2.800 

8 
ȷɜɎŭɡůɖ Ūɧɚɞɡ 

Sonar 
3.596 0.000 0.675 

5415 M(DDG-51) 

1 
ȾŬŰɎůŰɟɤɛŬ 
ŮɚɘəɞˊŰɏɟɞɡ 

18.227 0.000 10.736 

2 
ũɏűɡɟŬ 

(Helmsman) 
6.200 0.000 21.301 

3 
5/54 Gun Brarrel 

Tip 
1.882 0.000 14.969 

4 
GMVLS outer 

corner 
5.000 5.682 12.046 

5 
Ɇűɡɟɧəɟɞɡůɖ 3/20 

LBP 
3.000 0.000 2.319 

6 
ȹɘŬɓɟɞɢɐ 

ȾŬŰŬůŰɟɩɛŬŰɞɠ 
1/10 LBP 

2.000 5.744 13.508 
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7 ȷɜɎŭɡůɖ ȰɚɘəŬɠ 19.000 3.567 4.000 

8 
ȷɜɎŭɡůɖ Ūɧɚɞɡ 

Sonar 
0.500 0.000 3.791 

TH 

1 
ȾŬŰɎůŰɟɤɛŬ 
ŮɚɘəɞˊŰɏɟɞɡ 

17.471 0.000 10.325 

2 
ũɏűɡɟŬ 

(Helmsman) 
6.625 0.000 19.180 

3 
5/54 Gun Brarrel 

Tip 
6.000 0.000 11.738 

4 
GMVLS outer 

corner 
5.000 0.000 11.738 

5 
Ɇűɡɟɧəɟɞɡůɖ 3/20 

LBP 
3.000 0.000 1.489 

6 
ȹɘŬɓɟɞɢɐ 

ȾŬŰŬůŰɟɩɛŬŰɞɠ 
1/10 LBP 

2.000 0.748 11.739 

7 ȷɜɎŭɡůɖ ȰɚɘəŬɠ 18.440 2.898 3.380 

8 
ȷɜɎŭɡůɖ Ūɧɚɞɡ 

Sonar 
-0.015 0.000 2.900 

ɄɑɜŬəŬɠ 5: ɆɡɜŰŮŰŬɔɛɏɜŮɠ ůɖɛŮɑɤɜ ɛŮŰɟɐůŮɤɜ 
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Ɇűɡɟɧəɟɞɡůɖ (Slamming) 

Ƀ əɑɜŭɡɜɞɠ Űɖɠ ůűɡɟɧəɟɞɡůɖɠ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ ŮɑŰŮ ɤɠ Űɞˊɘəɐ ɕɖɛɘɎ ůŰɖɜ 

ɔɎůŰɟŬ (əŬŰŬůəŮɡŬůŰɘəɐ ŬůŰɞɢɑŬ) ŮɑŰŮ ɤɠ űŬɘɜɧɛŮɜɞ əɧˊɤůɖ ůŰŬ ŮɚɎůɛŬŰŬ Űɖɠ 

ɔɎůŰɟŬ. Ƀɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ əŬŰɎ Űɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ŮɑɜŬɘ ɛɖ ɔɟŬɛɛɘəɏɠ əŬɘ 

Ůˊɞɛɏɜɤɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ Ŭˊɧ ɔɟŬɛɛɘəɏɠ ɛŮɗɧŭɞɡɠ. ȼ ˊɘɞ 

ŭɘŬŭŮŭɞɛɏɜɖ ɛɏɗɞŭɞɠ ˊɟɧɓɚŮɣɖɠ Űɤɜ ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ˊɎɜɤ ůŰɖɜ ɔɎůŰɟŬ 

əŬŰɎ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ůűɡɟɧəɟɞɡůɖɠ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞɜ Ochi (1964). ɇɞ 

űŬɘɜɧɛŮɜɞ Űɖɠ ůűɡɟɧəɟɞɡůɖɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůɡɜɞˊŰɘəɎ ɤɠ ɖ ɏɜŰɞɜɖ ˊɟɧůəɟɞɡůɖ Űɖɠ 

ŰɟɧˊɘŭŬɠ Űɞɡ ˊɚɞɑɞɡ ůŰɞ ɜŮɟɧ, ɧŰŬɜ ŬɡŰɐ ɏɢŮɘ ŮɝɏɚɗŮɘ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ. 

ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ŮɜŰŮɑɜŮŰŬɘ, ɧŰŬɜ ɞ ˊɡɗɛɏɜŬɠ Űɞɡ ˊɚɞɑɞɡ ŮɑɜŬɘ űŬɟŭɨŰŮɟɞɠ, Űɞ ˊɚɞɑɞ 

ˊɚɏŮɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŰŬɢɨŰɖŰŬ əŬɘ ɞ ɛŮŰɤˊɘəɧɠ əɡɛŬŰɘůɛɧɠ ˊɞɡ ůɡɜɎɜŰŬ Űɞ ˊɚɞɑɞ ŮɑɜŬɘ 

ɡɣɖɚɧŰŮɟɞ. Ⱥˊɑůɖɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɗŮɤɟɐůŮɘɠ Űɤɜ Ochi əŬɘ Motter (1973), ɡˊɎɟɢŮɘ 

ɛɘŬ əŬŰŬəɧɟɡűɖ ŰŬɢɨŰɖŰŬ Űɞɡ ˊɚɞɑɞɡ, ˊɎɜɤ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ŮɛűŬɜɑɕŮŰŬɘ ŬɡŰɧ Űɞ 

űŬɘɜɧɛŮɜɞ. ȼ ŮɛˊŮɘɟɘəɐ ůɢɏůɖ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ŮɑɜŬɘ: 

ὠ σȢφφ
Ȣ
  (m/s) 

ȺˊɘˊɟɧůɗŮŰŬ, ɞɘ ɑŭɘɞɘ, ˊɟɧŰŮɘɜŬɜ ɧŰɘ ŰŬ ɧɟɘŬ ɔɘŬ Űɖɜ ůűɡɟɧəɟɞɡůɖ ˊɟɏˊŮɘ ɜŬ 

ɛŮɚɤŰɩɜŰŬɘ ůŰŬ 3/20 Űɞɡ LBP, ŭɘɧŰɘ ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɞ ˊɡɗɛɏɜŬɠ ˊɚŬŰŬɑɜŮɘ əŬɘ ɖ ˊɑŮůɖ 

ˊɞɡ ŬůəŮɑŰŬɘ ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ Űɖɜ ɞˊɞɘŬŭɐˊɞŰŮ ɕɖɛɘɎ. ɆŰɖɜ 

ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ, ɖ ůűɡɟɧəɟɞɡůɖ ɛŮɚŮŰɎŰŬɘ ůŰɞ ůɖɛŮɑɞ ˊɞɡ ɡˊɏŭŮɘɝŬɜ ɞɘ Ochi əŬɘ 

Motter, əŬɘ ɛŮɚŮŰɎŰŬɘ ɞ Ŭɟɘɗɛɧɠ ˊɞɡ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ŬɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ ůŰɖɜ 

ŭɘɎɟəŮɘŬ ɛɘŬɠ ɩɟŬɠ. 
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ȹɘŬɓɟɞɢɐ ȾŬŰŬůŰɟɩɛŬŰɞɠ (Deck Wetness) 

ɇɞ əɟɘŰɐɟɘɞ ˊŮɟɘɔɟɎűŮɘ Űɞ ɟɑůəɞ ůŰɞɜ Ůɝɞˊɚɘůɛɧ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɘɠ 

ˊɟɎůɘɜŮɠ ɗɎɚŬůůŮɠ (green seas) ɐ Űɖɜ ŬɜɘəŬɜɧŰɖŰŬ Űɖɠ ŮɟɔŬůɑŬɠ ˊɎɜɤ ůŰɞ 

əŬŰɎůŰɟɤɛŬ ɚɧɔɤ ɓɟŮɔɛɏɜɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ. Ƀ ŭŮɑəŰɖɠ ůɡɜɐɗɤɠ ŭɘŬŰɡˊɩɜŮŰŬɘ ɤɠ 

Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɔŮɔɞɜɧŰɤɜ ůŰŬ ɞˊɞɑŬ ɖ ŮˊɘűɎɜŮɘŬ Űɤɜ əɡɛŬŰɘůɛɩɜ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɖ 

Ŭˊɧ Űɞ əŬŰɎůŰɟɤɛŬ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ. ɆŰɖ ˊŮɟɑˊŰɤůɖ Űɖɠ ɗŮɤɟɑŬɠ Űɤɜ 

ɚɤɟɑŭɤɜ, ɖ ůɢŮŰɘəɐ əɑɜɖůɖ Űɤɜ əɡɛɎŰɤɜ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ 

əɡɛɎŰɤɜ Ŭˊɧ Űɖɜ ŬəŰɘɜɞɓɞɚɑŬ əŬɘ Űɖɜ ŭɘɎɗɚŬůɖ. Ⱥˊɘˊɚɏɞɜ, ɞɘ ŮəŰɘɛɐůŮɘɠ ŭŮɜ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ əɡɛɎŰɤɜ ˊɞɡ əɟɞɨɞɡɜ ůŰɖɜ ˊɚɩɟɖ Űɞɡ ůəɎűɞɡɠ. 

 

ȷɜɎŭɡůɖ Ūɧɚɞɡ ŬɜɗɡˊɞɓɟɡɢɘŬəɐɠ ůɡůəŮɡɐɠ (sonar emergence) 

ɇ əɟɘŰɐɟɘɞ ŬɡŰɧ ˊŮɟɘɔɟɎűŮɘ Űɞ ɟɑůəɞ Űɖɠ ŬˊɩɚŮɘŬɠ ŮˊŬűɐɠ Űɖɠ 

ŬɜɗɡˊɞɓɟɡɢɘŬəɐɠ ůɡůəŮɡɐɠ əŬɗɩɠ ŬɡŰɐ ˊɚɖůɘɎɕŮɘ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ɐ əŬɘ 

əŬŰŬŭɨŮŰŬɘ. Ɇɡɜɐɗɤɠ ŭɘŬŰɡˊɩɜŮŰŬɘ ɤɠ ɖ ˊɘɗŬɜɧŰɖŰŬ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ůɖɛŮɑɞɡ Űɖɠ 

ůɡůəŮɡɐɠ ɜŬ ŬɜŬŭɨŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ 

ɗŮɤɟɑŬɠ Űɤɜ ɚɤɟɑŭɤɜ, ɖ ůɢŮŰɘəɐ əɑɜɖůɖ Űɤɜ əɡɛŬŰɘůɛɩɜ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

ˊŬɟŬɛɧɟűɤůɖ Űɤɜ əɡɛŬŰɘůɛɩɜ Ŭˊɧ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ Űɖɠ ŭɘɎɗɚŬůɖɠ. 

ȼ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ əɡɛɎŰɤɜ Ŭˊɧ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ 

Űɖɠ ŭɘɎɗɚŬůɖɠ ɔɑɜɞɜŰŬɘ ˊɘɞ ɐˊɘŬ əŬɗɩɠ ɏɢɞɡɛŮ ˊɟɞůˊɑˊŰɤɜ əɡɛŬŰɘůɛɧ ůŰɖɜ ˊɟɨɛɜɖ 

Űɞɡ ůəɎűɞɡɠ. 

 

ȷɜɎŭɡůɖ ɏɚɘəŬɠ (propeller emergence) 

ȷɡŰɧ Űɞ əɟɘŰɐɟɘɞ ŮɑɜŬɘ Űɞ ɟɑůəɞ Űɖɠ ŮɚŮɨɗŮɟɖɠ ˊŮɟɘůŰɟɞűɐɠ Űɖɠ ˊɟɞˊɏɚŬɠ ɏɝɤ 

Ŭˊɧ Űɞ ɜŮɟɧ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɕɖɛɘɎ ůŰɞɜ əɘɜɖŰɐɟŬ. Ƀ ŭŮɑəŰɖɠ ŬɡŰɧɠ 

ŭɘŬŰɡˊɩɜŮŰŬɘ ůɡɜɐɗɤɠ ɤɠ ɖ ˊɘɗŬɜɧŰɖŰŬ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ŰɛɐɛŬŰɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

Űɖɠ ˊɟɞˊɏɚŬɠ ɜŬ ŬɜŬŭɨŮŰŬɘ Ŭˊɧ Űɖɜ ɗɎɚŬůůŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɗŮɤɟɑŬɠ Űɤɜ 

ɚɤɟɑŭɤɜ, ɖ ůɢŮŰɘəɐ əɑɜɖůɖ Űɤɜ əɡɛŬŰɘůɛɩɜ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ 

əɡɛŬŰɘůɛɩɜ Ŭˊɧ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ Űɖɠ ŭɘɎɗɚŬůɖɠ. ȼ ˊŬɟŬɛɧɟűɤůɖ 

Űɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ əɡɛɎŰɤɜ Ŭˊɧ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ Űɖɠ ŭɘɎɗɚŬůɖɠ 

ɔɑɜŮŰŬɘ ˊɘɞ ɏɜŰɞɜɞ əŬɗɩɠ ɏɢɞɡɛŮ Ŭəɧɚɞɡɗɞɡɠ əɡɛŬŰɘůɛɞɨɠ. 

 

ɈɄɃȿɃũȽɆɀɃȽ 
 

ũɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɤɜ Űɘɛɩɜ Űɤɜ əɟɘŰɖɟɑɤɜ ˊɞɡ ɗŮůˊɑůŰɖəŬɜ ˊŬɟŬˊɎɜɤ, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ ɡˊɞɚɞɔɘůŰɘəɧɠ əɩŭɘəŬɠ S.M.P. (Standard Ship Motion Program). 

ɀɏůɤ Űɞɡ əɩŭɘəŬ ŬɡŰɞɨ ɛˊɞɟŮɑ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ ɞɘ ŬˊɞəɟɑůŮɘɠ (əɘɜɐůŮɘɠ, ůŰɟɞűɏɠ, 

ŰŬɢɨŰɖŰŮɠ, ŮˊɘŰŬɢɨɜůŮɘɠ) Ůɜɧɠ ˊɚɞɑɞɡ, Űɞ ɞˊɞɑɞ əɘɜŮɑŰŬɘ ɛŮ ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ ůŮ 

ŬɡɗŬɑɟŮŰɖ ŭɘŮɨɗɡɜůɖ ůŮ ŰɡɢŬɑɞɡɠ əɡɛŬŰɘůɛɞɨɠ, ɞɘ ɞˊɞɑɞɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ 

ɛɞɜɞəŬŰŮɡɗɡɜŰɘəɞɑ ŮɑŰŮ ˊɞɚɡəŬŰŮɡɗɡɜŰɘəɞɑ. Ƀɘ ɛŮŰɤˊɘəɞɑ əɡɛŬŰɘůɛɞɑ ɗŮɤɟɞɨɜŰŬɘ Ŭˊɧ 

Űɞɜ əɩŭɘəŬ, ɤɠ ŬɡŰɞɑ ˊɞɡ ˊɟɞůˊɑˊŰɞɡɜ ůŰɞ ˊɚɞɑɞ ɛŮ ɔɤɜɑŬ 0 ȭ. Ƀɘ əɡɛŬŰɘůɛɞɑ 

ɛɞɜŰŮɚɞˊɞɘɞɨɜŰŬɘ ɛŮ ɢɟɐůɖ Űɞɡ ŭɘˊŮɟŬɛŮŰɟɘəɞɨ űɎůɛŬŰɞɠ Bretschneider. ȼ ŮɜɏɟɔŮɘŬ 

Űɞɡ əɡɛŬŰɘəɞɨ űɎůɛŬŰɞɠ əŬŰŬɜɏɛŮŰŬɘ 180  ŮəŬŰɏɟɤɗŮɜ Űɖɠ əɨɟɘŬɠ ŭɘŮɨɗɡɜůɖɠ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŮɝɎɔɞɜŰŬɘ ŮɑɜŬɘ ŬɜɎ ɔɤɜɑŬ 15 . ɆŮ ŬɡŰɐɜ Űɖɜ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ 

ŮɝŮŰɎɕɞɜŰŬɘ ɛɧɜɞ ˊɞɚɡəŬŰŮɡɗɡɜŰɘəɞɑ əɡɛŬŰɘůɛɞɑ. Ⱥˊɑůɖɠ, ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, ɧŰɘ ɞ 
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əɩŭɘəŬɠ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ŰɏůůŮɟŬ ŭɘŬűɞɟŮŰɘəɎ Ůɨɟɖ ůɡɢɜɞŰɐŰɤɜ 

əɡɛŬŰɘůɛɩɜ, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ Űɞɡ ˊɚɞɑɞɡ əŬɘ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ ŭɘŬŰɞɘɢɘůɛɞɨ Űɞɡ 

ɡˊɧ ɛŮɚɏŰɖ ˊɚɞɑɞɡ. 

 

ȺɘəɧɜŬ 24: Ⱥɨɟɞɠ ůɡɢɜɞŰɐŰɤɜ ŬɜɎɚɞɔŬ Űɞɜ Űɨˊɞ ˊɚɞɑɞɡ ůŰɞɜ əɩŭɘəŬ SMP 

 

Ƀ əɩŭɘəŬɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɘŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ɛɖ ɔɟŬɛɛɘəɐɠ ˊɟɧɓɚŮɣɖɠ ŭɘŬŰɞɘɢɘůɛɞɨ. Ƀ ɛɖ ɔɟŬɛɛɘəɧɠ ɧɟɞɠ Űɖɠ ŬˊɧůɓŮůɖɠ Űɞɡ 

ŭɘŬŰɞɘɢɘůɛɞɨ (ɞ ɞˊɞɑɞɠ ɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ ˊɚɞɑɞɡ ɔɑɜŮŰŬɘ ůɖɛŬɜŰɘəɧŰŮɟɞɠ) 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ɛɏůɖɠ Űɘɛɐɠ Űɖɠ ɔɤɜɑŬɠ Űɞɡ ŭɘŬŰɞɘɢɘůɛɞɨ. Ƀ əɩŭɘəŬɠ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɏɜŬ Ůɨɟɞɠ Űɘɛɩɜ Ŭˊɧ 0.5  ɏɤɠ 40 . ũɘŬ Űɞɜ ůəɞˊɧ Űɖɠ 

ŭɘŬŰɟɘɓɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞəŰɩ ŭɘŬűɞɟŮŰɘəɏɠ ɛɏůŮɠ Űɘɛɏɠ ɛŮŰŬɝɨ Űɤɜ ɞɟɑɤɜ. Ƀɘ 

ůɡɜŬɟŰɐůŮɘɠ ɛŮŰŬűɞɟɎɠ ŭɖɛɘɞɡɟɔɞɨɜ ɛɘŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ɖ ɞˊɞɑŬ Ůɜ ůɡɜŮɢŮɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŬɢɗɞɨɜ ɞɘ 

ŬˊɞəɟɑůŮɘɠ ůŰɞɡɠ ŰɡɢŬɑɞɡɠ əɡɛŬŰɘůɛɞɨɠ. 

ȼ ůɢɏůɖ ɡˊɞɚɞɔɘůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ ůŰŬŰɘůŰɘəɩɜ 

Űɘɛɩɜ Ŭˊɧəɟɘůɖɠ (Response Statistical Value, RSV) Űɞɡ ŭɘŬŰɞɘɢɘůɛɞɨ ůŮ ˊɟŬɔɛŬŰɘəɏɠ 

ɗɎɚŬůůŮɠ, ɔɘŬ ŭŮŭɞɛɏɜɖ ŰŬɢɨŰɖŰŬ, ɔɤɜɑŬ ůɡɜɎɜŰɖůɖɠ əŬɘ ˊŮɟɑɞŭɞ əɞɟɡűɐɠ Űɞɡ 

űɎůɛŬŰɞɠ Űɞɡ ŰɡɢŬɑɞɡ əɡɛŬŰɘůɛɞɨ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

  • ὛὝὃὝὍὛϽὌ„ •  

 

ȳˊɞɡ ɞɘ ɧɟɞɘ ŮɑɜŬɘ: 

¶ STATIS: ůŰŬɗŮɟɎ Rayleigh 

¶ ȼ1/3: ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ 

¶ ůű: ɛɏůɖ ŰŮŰɟŬɔɤɜɘəɐ Űɘɛɐ Űɞɡ ŭɘŬŰɞɘɢɘůɛɞɨ ůŮ ɗɎɚŬůůɏɠ ɛŮ ɛɑŬ 

əŬŰŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ (ɛɞɜɞəŬŰŮɡɗɘɜŰɘəɞɑ) ɐ ůŮ ˊɞɚɚɏɠ ŭɘŬűɞɟŮŰɘəɏɠ 

əŬŰŮɡɗɨɜůŮɘɠ (ˊɞɚɡəŬŰŮɡɗɘɜŰɘəɞɑ). 

ȼ Űɘɛɐ ůű ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ ɛɘŬ ɞɛɎŭŬ ůɖɛŬɜŰɘəɩɜ ɡɣɩɜ əɨɛŬŰɞɠ əŬɘ 

ŬˊɞɗɖəŮɨŮŰŬɘ ůŮ ɛɘŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ Űɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ Űɘɛɩɜ, ɔɘŬ ɛɘŬ ůŮɘɟɎ Ŭˊɧ 

ɞəŰɩ ɛɏůŮɠ Űɘɛɏɠ ɔɤɜɘɩɜ ŭɘŬŰɞɘɢɘůɛɞɨ. ɆŮ ɗɎɚŬůůŮɠ ɛŮ ˊɞɚɡəŬŰŮɡɗɘɜŰɘəɞɨɠ 

əɡɛŬŰɘůɛɞɨɠ, ɞɘ ɞˊɞɑɞɘ əŬɘ ɛŮɚŮŰɩɜŰŬɘ, ɖ ɛɏůɖ ŰŮŰɟŬɔɤɜɘəɐ Űɘɛɐ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɐɠ 

ůɢɏůɖ: 

„ •
ς

“
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Ⱦ

Ⱦ

 



 
45 

¶ ɛ: ŮˊɘəɟŬŰɞɨůŬ ɔɤɜɑŬ ůɡɜɎɜŰɖůɖɠ 

¶ „ • ᷿ ‚ ` • Ὓ ‫Ὠ‫
ᶻ Ⱦ

 

o Sɕ(ɤ): űɎůɛŬ əɨɛŬŰɞɠ Bretschneider, ɡˊɞɚɞɔɘɕɧɛŮɜɞ ɔɘŬ 

ɛɞɜŬŭɘŬɑɞ ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ 

o ȸ44: ůɡɜŰŮɚŮůŰɐɠ ŬˊɧůɓŮůɖɠ ŭɘŬŰɞɘɢɘůɛɞɨ. ɈˊɞɚɞɔɑɕŮŰŬɘ ɤɠ 

ůɡɜɎɟŰɖůɖ Űɖɠ ɛɏůɖɠ ɔɤɜɑŬɠ ŭɘŬŰɘɢɘůɛɞɨ 

o ɝ4: ůɡɜɎɟŰɖůɖ ɛŮŰŬűɞɟɎɠ ŭɘŬŰɞɘɢɘůɛɞɨ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ 

ˊŬɟɎɚɚɖɚŮɠ ŮɝɘůɩůŮɘɠ Űɖɠ əɑɜɖůɖɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ 

ůɡɜŰŮɚŮůŰɐ ŬˊɧůɓŮůɖɠ Űɞɡ ŭɘŬŰɞɘɢɘůɛɞɨ 

ȼ Ůɝɑůɤůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ űRSV, ɚɨɜŮŰŬɘ ɛŮ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɏŰůɘ 

ɩůŰŮ Űɞ ůŰŬŰɘůŰɘəɧ ˊɚɎŰɞɠ Űɞɡ ŭɘŬŰɘɢɘůɛɞɨ űRSV ɜŬ ŮɑɜŬɘ ɑůɞ ɛŮ Űɖɜ ɛɏůɖ ɔɤɜɑŬ 

ŭɘŬŰɞɘɢɘůɛɞɨ •. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŮɝɎɔŮɘ ɞ əɩŭɘəŬɠ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰŬ: 

i. ȾɘɜɐůŮɘɠ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŬˊɞəɟɑůŮɘɠ Űɞɡ ˊɚɞɑɞɡ əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

əɘɜɐůŮɘɠ, ůŰɟɞűɏɠ, ŰŬɢɨŰɖŰŮɠ əŬɘ ŮˊɘŰŬɢɨɜůŮɘɠ əŬɘ ůŰɞɡɠ 6 ɓŬɗɛɞɨɠ 

ŮɚŮɡɗŮɟɑŬɠ (surge, sway, heave, roll, pitch, yaw). 

ii. ȾɘɜɐůŮɘɠ ůɖɛŮɑɤɜ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŭɘŬɛɐəŮɘɠ, ŮɔəɎɟůɘŮɠ əŬɘ 

əŬŰŬəɧɟɡűŮɠ əɘɜɐůŮɘɠ, ŰŬɢɨŰɖŰŮɠ əŬɘ ŮˊɘŰŬɢɨɜůŮɘɠ ůŮ ŬɡɗŬɑɟŮŰŬ ůɖɛŮɑŬ 

(ɛɏɢɟɘ 10). 

iii. ɆɢŮŰɘəɏɠ əɘɜɐůŮɘɠ əŬɘ ŰŬɢɨŰɖŰŮɠ ůɖɛŮɑɤɜ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ůŮ ɛɏɢɟɘ 10 

ŬɡɗŬɑɟŮŰŬ ůɖɛŮɑŬ, ŰŬ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟɞɡɜ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ. 

iv. ɄɘɗŬɜɧŰɖŰŬ əŬɘ ůɡɢɜɧɘŰɖŰŬ ŮɛűɎɜɘůɖɠ ůűɡɟɧəɟɞɡůɖɠ, ŭɘŬɓɟɞɢɐɠ əŬɘ 

ŬɜɎŭɡůɖɠ ůŰŬ ůɖɛŮɑŬ ɧˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɢŮŰɘəɏɠ əɘɜɐůŮɘɠ. 

v. ȹɞɛɘəɎ űɞɟŰɑŬ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŰɎůŮɘɠ əŬɘ ɞɘ ɟɞˊɏɠ əɎɛɣɖɠ Űɖɠ 

ɔɎůŰɟŬɠ (ɛɏɢɟɘ 10 ůɖɛŮɑŬ). 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ əŬŰŬəɧɟɡűɤɜ ŬˊɞəɟɑůŮɤɜ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ůŰɖɟɑɢɗɖəŮ ůŰɖɜ ɔɟŬɛɛɘəɧŰɖŰŬ ˊɞɡ Űɞɡɠ ŭɘɏˊŮɘ. Ⱥˊɞɛɏɜɤɠ, Ŭɜ ɖ Ŭˊɧəɟɘůɖ ɔɘŬ 

ɛɞɜŬŭɘŬɑɞ ɨɣɞɠ əɨɛŬŰɞɠ ŮɑɜŬɘ ɔɜɤůŰɐ (ŮɝŬɔɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɞɜ əɩŭɘəŬ), 

ŰɧŰŮ ŬɟəŮɑ ŬɡŰɐ ɜŬ ˊɞɚɚŬˊɚŬůɘŬůŰŮɑ ɛŮ Űɞ ɡˊɧ ɛŮɚɏŰɖ ɨɣɞɠ əɨɛŬŰɞɠ ɏŰůɘ ɩůŰŮ ɜŬ 

ɓɟŮɗŮɑ ɖ ɕɖŰɞɨɛŮɜɖ Ŭˊɧəɟɘůɖ. 

΅“ʝ‖”―„–ὙὓὛ †―‘ʙϽὌ  

ȼ RMS Űɘɛɐ ŮɝɎɔŮŰŬɘ Ŭˊɧ Űɞɜ əɩŭɘəŬ ɔɘŬ ɛɞɜŬŭɘŬɑɞ ɨɣɞɠ əɨɛŬŰɞɠ. Ⱥˊɑůɖɠ, ůŬɜ 

ŭŮŭɞɛɏɜɞ, ɡˊɎɟɢŮɘ ɖ ɞɟɘŬəɐ Űɘɛɐ Űɖɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ Űɞ ˊɚɞɑɞ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɡˊŮɟɓŮɑ 

ɩůŰŮ ɜŬ űɏɟŮɘ Ůɘɠ ˊɏɟŬɠ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ. Ⱥˊɞɛɏɜɤɠ, ɏɢɞɜŰŬɠ ůŬɜ ŭŮŭɞɛɏɜŬ Űɖɜ 

RMS Űɘɛɐ əŬɘ Űɖɜ Ŭˊɧəɟɘůɖ ˊɞɡ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɝŮˊŮɟŬůŰŮɑ, ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ Űɞ 

ůɖɛŬɜŰɘəɧ ɨɣɞɠ əɨɛŬŰɞɠ Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ Űɞ ɧɟɘɞ, ˊɎɜɤ Ŭˊɧ Űɞ ɞˊɞɑɞ Űɞ əɟɘŰɐɟɘɞ 

ŭŮɜ ɘəŬɜɞˊɞɘŮɑŰŬɘ. 

  Ό΅Ὼ       Ὼ ῼ΅   
Ὼ Ό ῷ Ό 

ὙὓὛ  Όῼῷ
 

ɇɞ ɞɟɘŬəɧ ɨɣɞɠ əɨɛŬŰɞɠ ɡˊɞɚɞɔɑůɗɖəŮ ɔɘŬ əɎɗŮ ˊŮɟɑɞŭɞ əɞɟɡűɐɠ, Űɨˊɞ 

ˊɚɞɑɞɡ, ŰŬɢɨŰɖŰŬ əŬɘ Ŭˊɧəɟɘůɖ. Ƀɘ ŬˊɞəɟɑůŮɘɠ ˊɞɡ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɖɜ ˊŬɟŬˊɎɜɤ 

ɗŮɩɟɖůɖ ŮɑɜŬɘ: 

i. Pitch (ˊɟɞɜŮɡůŰŬůɛɧɠ) 

ii. Vertical Velocity (əŬŰŬəɧɟɡűɖ ŰŬɢɨŰɖŰŬ) 

iii. Vertical Acceleration (əŬŰŬəɧɟɡűɖ ŮˊɘŰɎɢɡɜůɖ) 
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iv. Roll (ŭɘŬŰɞɘɢɘůɛɧɠ) 

v. Yaw (ůŰɟɞűɘəɐ ɞɟɘɕɧɜŰɘŬ ŰŬɚɎɜŰɤůɖ) 

ũɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬˊɞəɟɑůŮɘɠ, ɏɔɘɜŮ ɔɟŬűɘəɧɠ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɞɟɘŬəɞɨ ɨɣɞɡɠ 

əɨɛŬŰɞɠ ɔɘŬ Űɘɠ Űɘɛɏɠ Ŭˊɧ 1m ï 6m. ȹɖɚŬŭɐ, əŬŰŬůəŮɡɎůŰɖəŮ ɏɜŬ ŭɘɎɔɟŬɛɛŬ RMS-TP 

əŬɘ ˊɎɜɤ ůŮ ŬɡŰɧ ůɢŮŭɘɎůŰɖəŬɜ ɞɘ əŬɛˊɨɚŮɠ Űɤɜ ŬˊɞəɟɑůŮɤɜ ɔɘŬ ŰŬ 6 ŭɘŬűɞɟŮŰɘəɎ 

ɨɣɖ əɨɛŬŰɞɠ. ɀŮŰɏˊŮɘŰŬ, ůɢŮŭɘɎůŰɖəŮ ɖ ɞɟɘɕɧɜŰɘŬ Űɘɛɐ Űɞɡ əɟɘŰɖɟɑɞɡ Űɖɠ əɎɗŮ 

Ŭˊɧəɟɘůɖɠ, əŬɘ ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ ůɖɛŮɑŬ Űɞɛɐɠ Űɤɜ əŬɛˊɡɚɩɜ ɛŮ Űɖɜ ɞɟɘɕɧɜŰɘŬ 

ɔɟŬɛɛɐ Űɞɡ əɟɘŰɖɟɑɞɡ. Ƀɘ ŬˊɞəɟɑůŮɘɠ ˊɞɡ ɡˊɞɚɞɔɑůɗɖəŬɜ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŮɑɜŬɘ: 

i. Deck Wetness (ŭɘŬɓɟɞɢɐ əŬŰŬůŰɟɩɛŬŰɞɠ) 

ii. Propeller Emergence (ŬɜɎŭɡůɖ ˊɟɞˊɏɚŬɠ) 

iii. Slamming (ůűɡɟɧəɟɞɡůɖ) 

iv. Sonar emergence (ŬɜɎŭɡůɖ ŬɜɗɡˊɞɓɟɡɢɘŬəɐɠ ůɡůəŮɡɐɠ) 

ȳɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ůɖɛŮɑŬ HS-TP ɔɘŬ əɎɗŮ Ŭˊɧəɟɘůɖ ůɡɔəŮɜŰɟɩɗɖəŬɜ əŬɘ 

ůɢŮŭɘɎůŰɖəŬɜ ůŮ ɏɜŬ əɞɘɜɧ ŭɘɎɔɟŬɛɛŬ HS-TP ɔɘŬ əɎɗŮ ˊɚɞɑɞ, ŰŬɢɨŰɖŰŬ əŬɘ ɔɤɜɑŬ 

ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɩɜ, ɔɘŬ əɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ ŰɏůůŮɟɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ɛŮɚŮŰɩɜŰŬɘ. ȼ 

ˊŮɟɘɞɢɐ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ˊɞɡ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɘɠ əŬɛˊɨɚŮɠ, ŮəűɟɎɕŮɘ Űɖɜ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɞɡ ˊɚɞɑɞɡ ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ˊɞɟŮɑŬ Űɞɡ. 

 

ȹɘɎɔɟŬɛɛŬ 1: ɀɞɟűɐ ŰŮɚɘəɞɨ ŭɘŬɔɟɎɛɛŬŰɞɠ 

 

Ƀɘ Ŭɟɘɗɛɞɑ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɛɏůŬ ůŰŬ ɞɟɗɞɔɩɜɘŬ ŰɛɐɛŬŰŬ, ŮɑɜŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ 

ŮɛűɎɜɘůɖɠ əɡɛŬŰɘůɛɩɜ ɛŮ ɨɣɞɠ əɨɛŬŰɞɠ əŬɘ ˊŮɟɑɞŭɞ əɞɟɡűɐɠ ɛŮŰŬɝɨ Űɤɜ ɞɟɑɤɜ Űɞɡ 

əɎɗŮ ɞɟɗɞɔɤɜɑɞɡ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ. Ƀɘ əŬɛˊɨɚŮɠ Űɞɡ ůɢɐɛŬŰɞɠ ŮɑɜŬɘ ɞɘ 

ŬˊɞəɟɑůŮɘɠ Űɞɡ ˊɚɞɑɞɡ, ɞɘ ɞˊɞɑŮɠ ɚɧɔɤ ɛŮɔɏɗɞɡɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůɡɜŰɞɛŮɨůŮɘɠ 

ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 
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ȷˊɧəɟɘůɖ ɆɡɜŰɧɛŮɡůɖ 

GUN VERTICAL VELOCITY C1 

PITCH C2 

ROLL C3 

SONAR EMERGE C4 

HELICOPTER DECK VERTICAL 
VELOCITY 

C5 

BRIDGE VERTICAL ACCELARAION C6 

DECK WETNESS C7 

SLAMMING C8 

GMVLS VERTICAL ACCELARATION C9 

YAW C10 
ɄɑɜŬəŬɠ 6: ɄɑɜŬəŬɠ ůɡɜŰɞɛɞɔɟŬűɘɩɜ əɟɘŰɖɟɑɤɜ 

ȼ ɢɟɤɛŬŰɘůɛɏɜɖ ˊɟɎůɘɜɖ ˊŮɟɘɞɢɐ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ ɞ ŭŮɑəŰɖɠ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ Űɞɡ ˊɚɞɑɞɡ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŰŬɢɨŰɖŰŬ, ɔɤɜɑŬ ůɡɜɎɜŰɖůɖɠ əŬɘ 

ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ, ɢɤɟɑɠ ɧɛɤɠ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ˊɞɟŮɑŬ Űɞɡ ˊɚɞɑɞɡ. 

Ⱥˊɞɛɏɜɤɠ, ɖ ˊɟɎůɘɜɖ ˊŮɟɘɞɢɐ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ɔɘŬ Űɞ 

ɞˊɞɑɞ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɚɞɑɞ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚɏůŮɘ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ ŬˊɞůŰɞɚɩɜ. 

ȷɜŰɘůŰɟɧűɤɠ, Űɞ ŭɘɎɔɟŬɛɛŬ ˊŬɟɞɡůɘɎɕŮɘ Ůˊɑůɖɠ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ ŮəŮɑɜŮɠ ˊɞɡ 

əŬɗɘůŰɞɨɜ ŬˊŬɔɞɟŮɡŰɘəɐ Űɖɜ ŮəŰɏɚŮůɖ Ůɜɧɠ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ŬˊɞůŰɞɚɩɜ, ɞɘ ɞˊɞɑŮɠ 

ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɘɠ əŬɛˊɨɚŮɠ Űɤɜ əɟɘŰɖɟɑɤɜ. 

ȼ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɞɡ ˊɚɞɑɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ ŮɛűɎɜɘůɖɠ 

əɡɛŬŰɘůɛɞɨ (ɞɟɗɞɔɩɜɘŬ) ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ˊɟɎůɘɜɖ ˊŮɟɘɞɢɐ ŬɗɟɞɑɕɞɜŰŬɠ ŰŮɠ. ũɘŬ 

ŰŬ ɞɟɗɞɔɩɜɘŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɛŮɟɘəɩɠ ůŰɖɜ ˊɟɎůɘɜɖ ˊŮɟɘɞɢɐ əŬɘ ɛŮɟɘəɩɠ ůŰɖɜ ɚŮɡəɐ, 

ŮɑɜŬɘ əŬŰŬɜɞɖŰɧ ɧŰɘ ŭŮɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɚɧəɚɖɟŬ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ, ɗŮɤɟɞɨɛŮ ɧŰɘ Űɞ 

Ůɨɟɞɠ Űɤɜ əɡɛɎŰɤɜ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŮ ɏɜŬ ɞɟɗɞɔɩɜɘɞ ŮɑɜŬɘ ɘůɞˊɑɗŬɜŬ ŮɜŭŮɢɧɛŮɜŬ. 

ɀŮ ŬɡŰɐɜ Űɖɜ ɗŮɩɟɖůɖ, əŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ AutoCAD, ɛŮŰɟɐɗɖəŮ Űɞ 

ˊɞůɞůŰɧ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ ˊɟɎůɘɜɖ ˊŮɟɘɞɢɐ, ɤɠ Űɞ ˊɖɚɑəɞ Űɞɡ ˊɟɎůɘɜɞɡ ŮɛɓŬŭɞɨ 

Ůɜɧɠ ɞɟɗɞɔɤɜɑɞɡ ŭɘŬ Űɞ ŮɛɓŬŭɧɜ Űɞɡ ɞɚɧəɚɖɟɞɡ ɞɟɗɞɔɤɜɑɞɡ. ȷəɞɚɞɨɗɤɠ, ŬɡŰɧ Űɞ 

ˊɞůɞůŰɧ ˊɞɚɚŬˊɚŬůɘɎůŰɖəŮ ɛŮ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ əɡɛŬŰɘůɛɞɨ ˊɞɡ ɞɟɑɕɞɜŰŬɘ 

Ŭˊɧ ŬɡŰɧ Űɞ ɞɟɗɞɔɩɜɘɞ. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɧɚɞɘ ɞɘ ˊɑɜŬəŮɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ ɔɘŬ ŰŬ ŰɟɑŬ 

ˊɚɞɑŬ, Űɘɠ ŭɨɞ ŰŬɢɨŰɖŰŮɠ, Űɘɠ ˊɏɜŰŮ ɔɤɜɑŮɠ ůɡɜɎɜŰɖůɖɠ əŬɘ Űɘɠ ŰɏůůŮɟɘɠ ˊŮɟɘɞɢɏɠ, ɢɤɟɑɠ 

ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ˊɞɟŮɑŬ Űɞɡ ˊɚɞɑɞɡ. 

 

 

 

AREA 1 35N, 22E 

ʆɮʋʇʆɶʆɮ 15 kn 

 ɱʍɿɹɮ ʅʇɿɮɿʆɶʅɶʅ 

ʃɽʁɹʁ 0 45 90 135 180 

MEKO 0.726 0.719 0.766 0.773 0.836 

DDG-51 0.685 0.662 0.717 0.837 0.962 

TH 0.794 0.776 0.815 0.869 0.955 
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ʆɮʋʇʆɶʆɮ 25 kn 

 ɱʍɿɹɮ ʅʇɿɮɿʆɶʅɶʅ 

ʃɽʁɹʁ 0 45 90 135 180 

MEKO 0.728 0.708 0.771 0.876 0.922 

DDG-51 0.699 0.669 0.718 0.866 0.940 

TH 0.755 0.752 0.793 0.918 0.917 

 

 

AREA 2 36N, 21E 

ʆɮʋʇʆɶʆɮ 15 kn 

 ɱʍɿɹɮ ʅʇɿɮɿʆɶʅɶʅ 

ʃɽʁɹʁ 0 45 90 135 180 

MEKO 0.768 0.764 0.801 0.809 0.856 

DDG-51 0.730 0.705 0.762 0.859 0.968 

TH 0.814 0.804 0.845 0.889 0.940 

 

ʆɮʋʇʆɶʆɮ 25 kn 
 ɱʍɿɹɮ ʅʇɿɮɿʆɶʅɶʅ 

ʃɽʁɹʁ 0 45 90 135 180 

MEKO 0.767 0.757 0.805 0.895 0.934 

DDG-51 0.733 0.714 0.759 0.884 0.950 

TH 0.789 0.791 0.821 0.929 0.929 

 

 

AREA 3 36N, 27E 

ʆɮʋʇʆɶʆɮ 15 kn 
 ɱʍɿɹɮ ʅʇɿɮɿʆɶʅɶʅ 

ʃɽʁɹʁ 0 45 90 135 180 

MEKO 0.778 0.759 0.783 0.789 0.853 

DDG-51 0.737 0.704 0.744 0.884 0.955 

TH 0.827 0.801 0.827 0.877 0.933 

 

ʆɮʋʇʆɶʆɮ 25 kn 
 ɱʍɿɹɮ ʅʇɿɮɿʆɶʅɶʅ 

ʃɽʁɹʁ 0 45 90 135 180 

MEKO 0.782 0.756 0.799 0.878 0.916 

DDG-51 0.736 0.722 0.727 0.868 0.927 

TH 0.801 0.833 0.809 0.910 0.914 
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AREA 4 38N, 25.5E 

ʆɮʋʇʆɶʆɮ 15 kn 
 ɱʍɿɹɮ ʅʇɿɮɿʆɶʅɶʅ 

ʃɽʁɹʁ 0 45 90 135 180 

MEKO 0.869 0.844 0.844 0.863 0.898 

DDG-51 0.841 0.805 0.814 0.895 0.976 

TH 0.896 0.865 0.876 0.915 0.971 

 

ʆɮʋʇʆɶʆɮ 25 kn 
 ɱʍɿɹɮ ʅʇɿɮɿʆɶʅɶʅ 

ʃɽʁɹʁ 0 45 90 135 180 

MEKO 0.883 0.859 0.863 0.921 0.957 

DDG-51 0.852 0.824 0.780 0.852 0.966 

TH 0.891 0.866 0.868 0.945 0.952 
ɄɑɜŬəŬɠ 7: ȹŮɑəŰŮɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ ɢɤɟɑɠ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ˊɞɟŮɑŬ Űɞɡ ˊɚɞɑɞɡ 

 

 

ɈɄɃȿɃũȽɆɀɃɆ ȿȺȽɇɃɈɅũȼɆȽɀɃɇȼɇȷɆ 
 

ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ, ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ˊŬɟɎɟŰɖɛŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɞɘ ́ ɘɗŬɜɧŰɖŰŮɠ ŮɛűɎɜɘůɖɠ Űɤɜ əɡɛŬŰɘůɛɩɜ ůɡɜŬɟŰɐůŮɘ Űɞɡ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ 

HS əŬɘ Űɖɠ ˊŮɟɘɧŭɞɡ əɞɟɡűɐɠ TP. ȷˊɧ ŬɡŰɎ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ, ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ˊɞůɞůŰɞɨ Űɞɡ ɢɟɧɜɞɡ ɔɘŬ Űɞɜ ɞˊɞɑɞ ɛˊɞɟŮɑ Űɞ ˊɚɞɑɞ ɜŬ ɚŮɘŰɞɡɟɔŮɑ 

əŬɘ ɜŬ ŮəŰŮɚŮɑ Űɘɠ ŬˊɞůŰɞɚɏɠ Űɞɡ, ůŮ əɎɗŮ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ, ŰŬɢɨŰɖŰŬ əŬɘ ˊɞɟŮɑŬ 

ˊɚɞɑɞɡ, ɔɘŬ əɎɗŮ ŭɡɜŬŰɧɜ ůɡɜŭɡŬůɛɧ əɡɛɎŰɤɜ əŬɘ ˊŮɟɘɧŭɤɜ ŬɡŰɩɜ. ȼ ɗŮɩɟɖůɖ ˊɞɡ 

ɔɑɜŮŰŬɘ ŮɑɜŬɘ ɧŰɘ ɖ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Ůɜɧɠ ˊɚɞɑɞɡ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ 

Ůɜɧɠ ɏŰɞɡɠ, Ůˊɞɛɏɜɤɠ ɖ ůɡɢɜɧŰɖŰŬ əŬŰŬɜɞɛɐɠ Űɖɠ Ůˊɞɢɐɠ ɘůɞɨŰŬɘ ɛŮ Űɖɜ ɛɞɜɎŭŬ 

(fseason=1). ȺˊɘˊɟɧůɗŮŰŬ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɖ ɔɤɜɑŬ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɩɜ 

ŮɑɜŬɘ ɑůɖ ɛŮ 0 , 45 , 90 , 135  əŬɘ 180 . ȼ ɛŮɚɏŰɖ ŮˊɘəŮɜŰɟɩɗɖəŮ ůŮ ˊɞɚɡəŬŰŮɡɗɡɜŰɘəɞɨɠ 

əɡɛŬŰɘůɛɞɨɠ, Ůˊɞɛɏɜɤɠ Űɞ ˊɟɧɓɚɖɛŬ ŮůŰɘɎɕŮŰŬɘ ůŰɖɜ ŮɨɟŮůɖ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ 

ŮɛűɎɜɘůɖɠ ŰɏŰɞɘɤɜ əɡɛŬŰɘůɛɩɜ, ɞɘ ɞˊɞɑɞɘ ɗŬ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŮ ŬɡŰɏɠ Űɘɠ 

əŬŰŮɡɗɨɜůŮɘɠ ůɡɜɎɜŰɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɞɟŮɑŬ Űɞɡ ˊɚɞɑɞɡ. ũɘŬ ɜŬ ɚɡɗŮɑ Űɞ 

ˊɟɧɓɚɖɛŬ ŬɡŰɧ, ɞɟɑůŰɖəŬɜ ůŮ əɎɗŮ ˊŮɟɘɞɢɐ ɖ ˊɞɟŮɑŬ ˊɞɡ ɗŬ ŬəɞɚɞɡɗŮɑ Űɞ ˊɚɞɑɞ, ůŮ 

ůɨɔəɟɘůɖ ɛŮ Űɞɜ ȸɞɟɟɎ. ũɘŬ əɎɗŮ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ, ŮˊɘɚɏɢɗɖəŬɜ ɜŬ ɛŮɚŮŰɖɗɞɨɜ ŭɨɞ 

ˊɞɟŮɑŮɠ ˊɚɞɑɞɡ, ɞɘ ɞˊɞɑŮɠ ˊɟɞůɞɛɞɘɎɕɞɡɜ ɏɜŬ ŰŬɝɑŭɘ ɛŮŰô ŮˊɘůŰɟɞűɐɠ ɔɘŬ əɎɗŮ ˊɚɞɑɞ. 

ɄȺɅȽɃɉȼ ɄɃɅȺȽȷ ɄȿɃȲɃɈ ( ) ɄɃɅȺȽȷ ɄȿɃȲɃɈ ( ) 

1 (35Ɂ, 22Ⱥ) 45 225 

2 (36Ɂ, 21Ⱥ) 90 270 

3 (36Ɂ, 27Ⱥ) 135 315 

4 (38Ɂ, 25.5Ⱥ) 0 180 

 

ȼ ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɤɜ əɡɛŬŰɘůɛɩɜ, ůŰɘɠ ˊɏɜŰŮ ɡˊɧ ŮɝɏŰŬůɖ 

əŬŰŮɡɗɨɜůŮɘɠ ůɡɜɎɜŰɖůɖɠ (0 , 45 , 90 , 135 , 180 ), ɡˊɞɚɞɔɑůŰɖəŮ ɛŮ ɓɎůɖ Űɘɠ 

ˊŬɟŬˊɎɜɤ ˊɞɟŮɑŮɠ ˊɞɡ ɗŮɤɟɐɗɖəŬɜ ɔɘŬ əɎɗŮ ˊŮɟɘɞɢɐ. ũɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ, ɧˊɤɠ 
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űŬɑɜŮŰŬɘ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 5, ŰŬ ˊŮɟɘůůɧŰŮɟŬ ůɖɛŮɑŬ ɛŮŰɟɐůŮɤɜ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɛɏůɞ 

Űɞɡ ˊɚɞɑɞɡ, əŬɘ ŮɘŭɘəɧŰŮɟŬ ɞɘ əɟɑůɘɛŮɠ ŬˊɞəɟɑůŮɘɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɖɜ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɞɡ ˊɚɞɑɞɡ. Ⱥˊɞɛɏɜɤɠ, əŬɗɩɠ ŰŬ ˊɚɞɑŬ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɎ, ɞɘ 

ŬˊɞəɟɑůŮɘɠ əŬɘ ůŰɘɠ ŭɨɞ ˊɚŮɡɟɏɠ Űɞɡ ˊɚɞɑɞɡ ɗŬ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɏɠ əŬɘ ɞɘ əŬɛˊɨɚŮɠ 

Űɤɜ ɞɟɑɤɜ ŭŮɜ ɗŬ ŬɚɚɎɕɞɡɜ ɛɞɟűɐ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɧŰŬɜ Űɞ ˊɚɞɑɞ ůɡɜŬɜŰɎ ˊɚɞɑŬ ɛŮ 

ɔɤɜɑŬ 45 , ɞɘ ŬˊɞəɟɑůŮɘɠ ˊɞɡ ɗŬ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞ ˊɚɞɑɞ ɗŬ ŮɑɜŬɘ ɑŭɘŮɠ ɛŮ Űɞ ɜŬ 

ůɡɜŬɜŰɎ əɨɛŬ ɛŮ ɔɤɜɑŬ 315 . ɀŮ ŬɡŰɐɜ Űɖɜ ˊŬɟŬŭɞɢɐ, ɔɘŬ əɎɗŮ ˊɞɟŮɑŬ Űɞɡ ˊɚɞɑɞɡ 

ɛŮɚŮŰɐɗɖəŬɜ ɧɚŮɠ ɞɘ ˊɘɗŬɜɏɠ əŬŰŮɡɗɨɜůŮɘɠ ŭɘɎŭɞůɖɠ əɡɛŬŰɘůɛɩɜ, ŭɖɚŬŭɐ 

ɛŮɚŮŰɐɗɖəŬɜ ɞɘ ɔɤɜɑŮɠ 0 , 45 , 90 , 135 , 180 , 225 , 270 əŬɘ 315 , əŬɘ ůŰɘɠ 4 ɡˊɧ 

ɛŮɚɏŰɖ ɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ. 

Ƀɘ əŬŰŮɡɗɨɜůŮɘɠ ŬɡŰɏɠ, ŬɜŰɘůŰɞɘɢɞɨɜ ɔɘŬ Űɞ ˊɚɞɑɞ ůŮ əŬŰŮɨɗɡɜůɖ ůɡɜɎɜŰɖůɖɠ 

əɡɛŬŰɘůɛɩɜ 0 , 45 , 90 , 135 , 180, əŬɘ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ əŬŰŮɡɗɨɜůŮɘɠ ůɡɜɎɜŰɖůɖɠ 

əɡɛŬŰɘůɛɞɨ ɚɐűɗɖəŮ ɡˊɧɣɘɜ ɖ ɔɤɜɑŬ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ɛŮŰŬɝɨ Űɖɠ ˊɚɩɟɖɠ Űɞɡ 

ůəɎűɞɡɠ əŬɘ Űɞɡ əɨɛŬŰɞɠ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ˊɎɜɤ ůŮ ŬɡŰɧ, Ůˊɞɛɏɜɤɠ ɞɘ əŬŰŮɡɗɨɜůŮɘɠ 

ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɞɨ 45 , 90 əŬɘ 135  ɚɐűɗɖəŬɜ ŭɡɞ űɞɟɏɠ ɚɧɔɤ Űɖɠ 

ůɡɛɛŮŰɟɘəɧŰɖŰŬɠ Űɞɡ ůəɎűɞɡɠ əŬɘ ůɡɛˊŮɟŬůɛŬŰɘəɎ Űɤɜ ŬˊɞəɟɑůŮɤɜ. ȼ ɛŮɚɏŰɖ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ ɧɚɞ Űɞ Ůɨɟɞɠ Űɤɜ əŬŰŮɡɗɨɜůŮɤɜ ŭɘɎŭɞůɖɠ əɡɛŬŰɘůɛɞɨ, ɔɘŬ ɜŬ 

əŬɚɡűɗɞɨɜ ɧɚŮɠ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ˊɘɗŬɜɧŰɖŰŮɠ ŮɛűɎɜɘůɖɠ əɡɛŬŰɘůɛɩɜ ɧˊɤɠ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŰŬ ɘůŰɞɔɟɎɛɛŬŰŬ ůɖɛŬɜŰɘəɞɨ ɨɣɞɡɠ əɨɛŬŰɞɠ ï ŭɘŮɨɗɡɜůɖɠ əɨɛŬŰɞɠ 

əŬŰô ɏŰɞɠ Űɞɡ ɎŰɚŬɜŰŬ. 

ȺˊɘˊɟɧůɗŮŰŬ, ɞ ɎŰɚŬɜŰŬɠ ˊŬɟɏɢŮɘ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞɡɠ əɡɛŬŰɘůɛɞɨɠ ŬɜɎ 15 , 

Ůˊɞɛɏɜɤɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ əɡɛŬŰɘůɛɩɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɗŮɤɟɩɜŰŬɠ əŬŰŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ 15  ŮəŬŰɏɟɤɗŮɜ Űɖɠ ŮəɎůŰɞŰŮ ɗŮɤɟɞɨɛŮɜɖɠ əɨɟɘŬɠ 

ŭɘŮɨɗɡɜůɖɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ 

əɡɛŬŰɘůɛɩɜ ɛŮ əŬŰŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ 45, ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɞɜ ɎŰɚŬɜŰŬ ɖ 

ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ əɡɛŬŰɘůɛɩɜ ɛŮ əŬŰŮɨɗɡɜůɖ Ŭˊɧ 30  ɏɤɠ 60 . 

 

  ȾȷɇȺɈŪɈɁɆȼ ɆɈɁȷɁɇȼɆȼɆ ȾɈɀȷɇȽɆɀɋɁ () 

  0 45 90 135 180 225 270 315 

ɄȺɅȽɃɉȼ 
ɄɃɅȺȽȷ 
( ) 

ɄȽŪȷɁɃɇȼɇȷ ȺɀūȷɁȽɆȼɆ / ȾȷɇȺɈŪɈɁɆȼ ȹȽȷȹɃɆȼɆ ȾɈɀȷɇȽɆɀɋɁ() 

1 
(35N,22E) 

45 
0.152 / 
30 - 60 

0.084 / 
345 - 

15 

0.385 / 
300 - 
330 

0.213 / 
255 - 
285 

0.068 / 
210 - 
240 

0.030 / 
165 - 
195 

0.039 
/ 120 
- 150 

0.028 
/ 75 - 
105 

1 
(35N,22E) 

225 
0.068 / 
210 - 
240 

0.030 / 
165 - 
195 

 0.039 
/ 120 - 

150 

0.028 / 
75 - 
105 

0.152 / 
30 - 60 

0.084 / 
345 - 

15 

0.385 
/ 300 
- 330 

0.213 
/ 255 - 

285 

2 
(36N,21E) 

90 
0.104 / 

75 - 
105 

0.054 / 
120 - 
150 

0.038 / 
165 - 
195 

0.074 / 
210 - 
240 

0.253/ 
255 - 
285 

0.382 / 
300 - 
330 

0.059 
/ 345 
- 15 

0.036 
/ 30 - 

60 

2 
(36N,21E) 

270 
0.253/ 
255 - 
285 

0.382 / 
300 - 
330 

0.059 / 
345 - 

15 

0.036 / 
30 - 60 

0.104 / 
75 - 
105 

0.054 / 
120 - 
150 

0.038 
/ 165 
- 195 

0.074 
/ 210 - 

240 

3 
(36N,27E) 

135 
0.028 / 
120 - 
150 

0.040 / 
165 - 
195 

0.059 / 
210 - 
240 

0.280 / 
255 - 
285 

0.454 / 
300 - 
330 

0.134 / 
345 - 15 

0.001 
/  30 - 

60 

0.004 / 
75 - 
105 

3 
(36N,27E) 

315 
0.454 / 
300 - 
330 

0.134 / 
345 - 15 

0.001 /  
30 - 60 

0.004 / 
75 - 105 

0.028 / 
120 - 
150 

0.040 / 
165 - 
195 

0.059 
/ 210 
- 240 

0.280 
/ 255 - 

285 
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4 
(38N,25.5

E) 
0 

0.541 / 
345 - 

15 

0.051 / 
30 - 60 

0.007 /  
75 -
105 

0.036 / 
120 - 
150 

0.133 / 
165 - 
195 

0.095 / 
210 - 
240 

0.029 
/ 255 
- 285 

0.107 
/ 300 - 

330 

4 
(38N,25.5

E) 
180 

0.133 / 
165 - 
195 

0.095 / 
210 - 
240 

0.029 / 
255 - 
285 

0.107 / 
300 - 
330 

0.541 / 
345 - 

15 

0.051 / 
30 - 60 

0.007 
/  75 -
105 

0.036 
/ 120 - 

150 

 

ȿɧɔɤ ůɨɔəɟɘůɖɠ ɔŬůŰɟɩɜ, ůŰɘɠ ˊŬɟŬˊɎɜɤ ˊɘɗŬɜɧŰɖŰŮɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 3 

ŭŮəŬŭɘəɎ ɣɖűɑŬ. ȾŬɜɞɜɘəɎ, ŰŬ ŭɨɞ ŭŮəŬŭɘəɎ ɣɖűɑŬ ɗŮɤɟɞɨɜŰŬɘ ŬɟəŮŰɎ, ˊŬɟɧɚŬ ŬɡŰɎ 

ŮˊɘɚɏɢɗɖəŬɜ ŰŬ ŰɟɑŬ ŭŮəŬŭɘəɎ ɣɖűɑŬ, ɏŰůɘ ɩůŰŮ ɜŬ ˊŮŰɨɢɞɡɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ 

ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɤɜ ˊɘɗŬɜɞŰɐŰɤɜ. ȺˊɘˊɟɧůɗŮŰŬ, ɧˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊŬɟŬəɎŰɤ, 

ɞɘ ŭŮɑəŰŮɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ Űɤɜ Űɟɘɩɜ ɔŬůŰɟɩɜ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ŮɑɜŬɘ 

ŬɟəŮŰɎ əɞɜŰɎ, ɞˊɧŰŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬəɧɛŬ ɏɜŬ ŭŮəŬŭɘəɧ ɣɖűɑɞ, ˊŮŰɡɢŬɑɜɞɡɛŮ Űɖɜ 

ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ ˊɞɡ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ ůɡɔəɟɘŰɘəɐ ɛɏɗɞŭɞɠ, 

ɛŮŰŬɝɨ ˊŬɜɞɛɞɘɧŰɡˊɤɜ ˊɚɞɑɤɜ. 

 

Ƀ ɕɖŰɞɨɛŮɜɞɠ ŭŮɑəŰɖɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ, ɔɘŬ əɎɗŮ ŰŬɢɨŰɖŰŬ əŬɘ ˊŮɟɘɞɢɐ, 

ɓɟɑůəŮŰŬɘ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ Űɖɜ ůɡɢɜɧŰɖŰŬ əŬŰŬɜɞɛɐɠ Űɖɠ Ůˊɞɢɐɠ fseason ɛŮ Űɞ 

ɎɗɟɞɘůɛŬ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŮɛűɎɜɘůɖɠ əɡɛŬŰɘůɛɩɜ (Wf)i Ůˊɑ Űɞɡɠ ŭŮɑəŰŮɠ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ ɢɤɟɑɠ ɜŬ ɚɎɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ˊɞɟŮɑŬ Űɞɡ ˊɚɞɑɞɡ (ŮɛɓŬŭɧɜ 

ˊɟɎůɘɜɖɠ ˊŮɟɘɞɢɐɠ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ) (area)i : 

ὕὖὉὙὃὄὍὒὍὝὣ ὍὔὈὉὢ Ὢ Ͻ ὡ ϽὥὶὩὥ 

ȳɛɤɠ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɛŮɚŮŰɩɜŰŬɘ ŰŬ űŬɘɜɧɛŮɜŬ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ Ůɜɧɠ ɏŰɞɡɠ, ɎɟŬ fseason=1, Ůˊɞɛɏɜɤɠ ɖ Ůɝɑůɤůɖ ɛˊɞɟŮɑ ɜŬ ɔɟŬűŰŮɑ Ůˊɑůɖɠ: 

ὕὖὉὙὃὄὍὒὍὝὣ ὍὔὈὉὢ ὡ ϽὥὶὩὥ 

 

ȳˊɞɡ ɞ ŭŮɑəŰɖɠ i ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ əŬŰŮɨɗɡɜůɖ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɩɜ, 0 , 

45 , 90 , 135 , 180, 225 , 270 , 315. 

ɇŮɚɘəɎ, ɛŮŰɎ Ŭˊɧ Űɞɡɠ ˊŬɟŬˊɎɜɤ ɡˊɞɚɞɔɘůɛɞɨɠ ˊɟɞəɨˊŰɞɡɜ ɞɘ ŭŮɑəŰŮɠ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ, ɞɘ ɞˊɞɑɞɘ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɘɜ Űɖɜ ˊɞɟŮɑŬ Űɞɡ ˊɚɞɑɞɡ əŬɘ Űɖɜ 

əŬŰŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ əɡɛŬŰɘůɛɩɜ. 

ɇȺȿȽȾɃȽ ȹȺȽȾɇȺɆ ȿȺȽɇɃɈɅũȼɆȽɀɃɇȼɇȷɆ 

AREA 1 35N, 22E (ȹɈɇȽȾȷ ɁȼɆɃɈ ȾɅȼɇȼɆ) 

ɇȷɉɈɇȼɇȷ ɄɃɅȺȽȷ ( ) MEKO DDG - 51 TH 

15 45 76.10% 75.17% 83.02% 

15 225 76.30% 75.18% 83.14% 

25 45 79.33% 76.07% 82.14% 

25 225 78.73% 75.49% 81.31% 

AREA 2 36N, 21E (ɁɃɇȽɃȹɈɇȽȾȷ ɄȺȿɃɄɃɁȼɆɆɃɈ) 

15 90 81.15% 84.97% 88.24% 

15 270 78.20% 75.81% 83.26% 

25 90 87.05% 85.74% 89.17% 

25 270 79.49% 76.27% 82.00% 

AREA 3 36N, 27E (ȸɃɅȺȽȷ ɁȼɆɃɈ ȾȷɅɄȷŪɃɈ) 

15 135 81.62% 89.56% 89.48% 

15 315 77.29% 73.66% 82.14% 

25 135 88.27% 87.62% 89.92% 
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25 315 78.01% 74.07% 82.26% 

AREA 4 38N, 25.5E (ȾȺɁɇɅȽȾɃ ȷȽũȷȽɃ) 

15 0 86.71% 85.95% 90.28% 

15 180 87.95% 91.69% 93.45% 

25 0 89.33% 85.99% 90.13% 

25 180 92.51% 90.71% 92.82% 

 

ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ əŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŬɟɏɢŮɘ, ɛˊɞɟŮɑ ɜŬ ɓɔɞɡɜ 

əɎˊɞɘŬ ɎɛŮůŬ ůɡɛˊŮɟɎůɛŬŰŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ: 

i. ȼ ŭɡůɛŮɜɏůŰŮɟɖ ˊŮɟɘɞɢɐ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɖɜ ŮəŰɏɚŮůɖ 

ŬˊɞůŰɞɚɩɜ Űɤɜ ˊɚɞɑɤɜ (ŭŮɑəŰɖɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ) ŮɑɜŬɘ ɖ ˊɟɩŰɖ 

ˊŮɟɘɞɢɐ ȹɡŰɘəɎ Űɖɠ ȾɟɐŰɖɠ. 

ii. ɇɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ ůŮ ɧɟɞɡɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ, ɛŮ 

ɓɎůɖ ŰŬ əɟɘŰɐɟɘŬ ˊɞɡ ɗɏůŬɛŮ, Űɖɜ ɏɢŮɘ ɖ ɔɎůŰɟŬ TH. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ 

ˊŮɟɘɞɢɏɠ əŬɘ ŰŬɢɨŰɖŰŮɠ ɏɢŮɘ ŰŬ ɡɣɖɚɧŰŮɟŬ ˊɞůɞůŰɎ, əŬɘ ůŮ ŬɡŰɏɠ ˊɞɡ 

ɡůŰŮɟŮɑ ŮɑɜŬɘ ɔɘŬ ŮɚɎɢɘůŰɖ ŭɘŬűɞɟɎ. 

 

 

ɆɈɀɄȺɅȷɆɀȷɇȷ 
  

 ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮɝŮŰɎůɗɖəŮ əŬɘ ůɡɔəɟɑɗɖəŮ ɖ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ůɢŮŭɘɎůŮɤɜ ˊɞɚŮɛɘəɩɜ ˊɚɞɑɤɜ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

ɑŭɘɞɡ Űɨˊɞɡ əŬɘ ŮəŰŮɚɞɨɜ Űɘɠ ɑŭɘŮɠ ŬˊɞůŰɞɚɏɠ, ɛŮ ɢɟɐůɖ Űɖɠ ŬˊɧɚɡŰɖɠ ɛŮɗɧŭɞɡ ůŮ 

ŰɏůůŮɟɘɠ ˊŮɟɘɞɢɏɠ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ ɛŮ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ůŰɖɜ ŮɡɟɨŰŮɟɖ 

ˊŮɟɘɞɢɐ Űɞɡ ȷɘɔŬɑɞɡ ɄŮɚɎɔɞɡɠ. ɀŮ ɢɟɐůɖ Űɞɡ əɩŭɘəŬ S.M.P. ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ 

ɡˊɞɚɞɔɘůɛɞɑ Űɤɜ əɘɜɐůŮɤɜ əŬɘ Űɤɜ ŰɡɢŬɑɤɜ ůɡɛɓɎɜŰɤɜ ůŮ ɞəŰɩ ɗɏůŮɘɠ ŬɜɎ ˊɚɞɑɞ, ůŮ 

ŭɨɞ ŰŬɢɨŰɖŰŮɠ əŬɘ ɞəŰɩ əŬŰŮɡɗɨɜůŮɘɠ ůɡɜɎɜŰɖůɖɠ, ŮɝɎɔɞɜŰŬɠ Űɘɠ ŬˊɞəɟɑůŮɘɠ Űɤɜ 

ˊɚɞɑɤɜ, ɞɘ ɞˊɞɑŮɠ əŬɘ ŬɜŬɚɨɗɖəŬɜ. Ƀɘ ŰŬɢɨŰɖŰŮɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ, ŮɑɜŬɘ ɞɘ 25 kn əŬɘ 

15 kn, ɞɘ ɞˊɞɑŮɠ ˊɟɞůɞɛɞɘɎɕɞɡɜ ŰŬɢɨŰɖŰŮɠ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ůŮ ŬˊɞůŰɞɚɏɠ əŬɘ ŰŬɢɨŰɖŰŬ 

ˊŮɟɘˊɞɚɑŬɠ ï ɞɘəɞɜɞɛɘəɐ, ŬɜŰɑůŰɞɘɢŬ. ɇŬ ůɡɔəŮəɟɘɛɏɜŬ ˊɚɞɑŬ, ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ɜŬ ŬɜŬˊŰɨɝɞɡɜ ŰŬɢɨŰɖŰŮɠ ɛɏɢɟɘ 30 kn, ɧɛɤɠ ŭŮɜ ɚɐűɗɖəŬɜ ɡˊɧɣɘɜ ŭɘɎűɞɟŬ űŬɘɜɧɛŮɜŬ 

ŮəɞɨůɘŬɠ ɛŮɑɤůɖɠ ŰŬɢɨŰɖŰŬɠ, ɔɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ŮˊɘɚɏɢɗɖəŮ ɜŬ ˊɎɟɞɡɛŮ ɛŮɘɤɛɏɜɖ 

ŰŬɢɨŰɖŰŬ Ŭˊɧ Űɖɜ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ. ɇŬ ŮəɞɨůɘŬ űŬɘɜɧɛŮɜŬ ɛŮɑɤůɖɠ ŬɜŰɑůŰŬůɖɠ 

ɛˊɞɟɞɨɜ ɜŬ ŬɜŬɚɡɗɞɨɜ ůŰŬ Ůɝɐɠ: 

¶ ȷɜŰɑůŰŬůɖ Ŭɜɏɛɞɡ 

¶ ȷɜŰɑůŰŬůɖ ˊŬɟŮɚəɞɛɏɜɤɜ əŬɘ ŬɜŰɑůŰŬůɖ ɛŮɘɤɛŮȭɜɖɠ Ŭˊɧŭɞůɖɠ 

ˊɟɧɤůɖɠ 

¶ ɄɟɧůɗŮŰɖ ŬɜŰɑůŰŬůɖ 

¶ ȷɜŰɑůŰŬůɖ əɡɛŬŰɘůɛɩɜ 

ũɘŬ ɜŬ ɔɘɜɧŰŬɜ ˊɘɞ ŬɜŬɚɡŰɘəɐ ɛŮɚɏŰɖ, ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɘ əŬɛˊɨɚŮɠ 

ɘůɢɨɞɠ ˊɟɞˊɏɚŬɠ əŬɘ ɖ ˊɟɧůɗŮŰɖ ɘůɢɨ. ȳɛɤɠ, ŬɡŰɏɠ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ, ŭŮɜ ɐŰŬɜ 

ɔɜɤůŰɏɠ, ɞˊɧŰŮ ɖ ɛŮɚɏŰɖ ɏɔɘɜŮ ɛŮ ŭŮŭɞɛɏɜɖ ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ, ɖ ɞˊɞɑŬ ŮˊɘɚɏɢɗɖəŮ 

ŬɟəŮŰɎ ɛŮɘɤɛɏɜɖ Ŭˊɧ Űɖɜ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ, əŬɘ ɏɔɘɜŮ ɖ ɡˊɧɗŮůɖ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ɖ 

ŰŬɢɨŰɖŰŬ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ůŰŬɗŮɟɐ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ŰŬɝɘŭɘɞɨ Űɞɡ. 
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ɇŬ əɟɘŰɐɟɘŬ ɛŮ ŰŬ ɞˊɞɑŬ ŮɚɏɔɢɗɖəŮ ɖ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɤɜ ˊɚɞɑɤɜ, 

ůŰɖɟɑɢɗɖəŬɜ ůŮ ɏɜŬ ůɡɜŭɡŬůɛɧ ůŮ ɏɜŬ ůɡɜŭɡŬůɛɧ ŬˊɞůŰɞɚɩɜ, ɧˊɤɠ ɞɟɑůŰɖəŬɜ Ŭˊɧ 

Űɖɜ ɏəŭɞůɖ NATO STANAG 4154 (Working v4). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎůŰɖəŬɜ 

ůŮ ŭɘŬɔɟɎɛɛŬŰŬ əŬɟŰŮůɘŬɜɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ, əŬɘ ɧɢɘ ˊɞɚɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɧˊɤɠ 

ůɡɜɖɗɑɕŮŰŬɘ ɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ. ȺˊɘɚɏɢɗɖəŮ ŬɡŰɧɠ ɞ Űɟɧˊɞɠ ˊŬɟɞɡůɑŬůɖɠ ŭɘɧŰɘ: 

i. ɆŮ əɎɗŮ ŭɘɎɔɟŬɛɛŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɧɚŮɠ ɞɘ əŬŰŬůŰɎůŮɘɠ ɗɎɚŬůůŬɠ ˊɞɡ 

ŮˊɘəɟŬŰɞɨɜ ůŰɖɜ ˊŮɟɘɞɢɐ, əŬɘ ɧɢɘ ɛɧɜɞ ɛɘŬ ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ůŰŬ ˊɞɚɘəɎ. 

ii. ɀˊɞɟɞɨɜ ŮɨəɞɚŬ ɜŬ ŮɝŬɢɗɞɨɜ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɞɡ əɎɗŮ ˊɚɞɑɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬˊɞůŰɞɚɐ ɐ Űɞɜ 

ůɡɜŭɡŬůɛɧ ŬˊɞůŰɞɚɩɜ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ŮəŰŮɚŮůɗŮɑ. ɆŮ əɎɗŮ 

ŭɘɎɔɟŬɛɛŬ əŬɟŰŮůɘŬɜɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ, ˊɏɟŬ Ŭˊɧ ɧɚŮɠ Űɘɠ 

əŬŰŬůŰɎůŮɘɠ ɗɎɚŬůůŬɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ Ůˊɑůɖɠ əŬɘ ɧɚŮɠ ɞɘ ŬˊɞəɟɑůŮɘɠ 

Űɤɜ ˊɚɞɑɤɜ ůŮ ɛɞɟűɐ əŬɛˊɡɚɩɜ. Ⱥˊɞɛɏɜɤɠ, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɖ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɤɜ ˊɚɞɑɤɜ ůŮ ɞˊɞɘɞɜŭɐˊɞŰŮ 

ůɡɜŭɡŬůɛɧ ŬˊɞůŰɞɚɩɜ ŮˊɘɚŮɔŮɑ, ɐ əŬɘ ɜŬ ŬɝɘɞɚɞɔɐůɞɡɛŮ ŰŬ ˊɚɞɑŬ ɛŮ 

ɓɎůɖ ɛɧɜɞ ɛɘŬ Ŭˊɧəɟɘůɖ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ˊɟɞůɗɏŰɞɜŰŬɠ Űɘɠ 

ˊɘɗŬɜɧŰɖŰŮɠ ŮɛűɎɜɘůɖɠ əɡɛŬŰɘəɩɜ űŬɘɜɞɛɏɜɤɜ ˊɞɡ ˊŮɟɘəɚŮɑɞɜŰŬɘ əɎŰɤ 

Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ Űɖɠ Ŭˊɧəɟɘůɖɠ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ 

Ůɨəɞɚɞ əŬɘ ɔɟɐɔɞɟɞ ɜŬ ɡˊɎɟɝŮɘ ɛɘŬ ŮˊɞˊŰɘəɐ ŮɘəɧɜŬ ɔɘŬ Űɞ ˊɤɠ 

ŮˊɖɟŮɎɕŮɘ ɖ əɎɗŮ ŬˊɞůŰɞɚɐ ï Ŭˊɧəɟɘůɖ Űɖɜ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɞɡ 

ˊɚɞɑɞɡ, əŬɗɩɠ əŬɘ ɔɘŬ Űɞ ˊɞɘɞ ˊɚɞɑɞ ɗŬ ŮˊɘɢŮɘɟŮɑ, ůŮ ˊɞɘŬ ˊŮɟɘɞɢɐ əŬɘ 

ůŮ Űɘ ɟɧɚɞ ůŮ ŮŰɐůɘɞ ɢɟɞɜɘəɧ ɞɟɑɕɞɜŰŬɘ (ɓɏɚŰɘůŰɖ əŬŰŬɜɞɛɐ ůŰɧɚɞɡ ůŮ 

ˊŮɟɘɞɢɏɠ əŬɘ ůɢŮŭɑŬůɖ ŬůəɐůŮɤɜ). 

 

ȹɘɎɔɟŬɛɛŬ 2: ȾŬɛˊɨɚŮɠ əɟɘŰɖɟɑɤɜ ˊɚɞɑɞɡ DDG-51, ɛŮ ɔɤɜɑŬ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɞɨ 90deg əŬɘ 
ŰŬɢɨŰɖŰŬ 15 kn ůŰɖɜ ˊŮɟɘɞɢɐ 1 

 ũɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɤɜ Űɟɘɩɜ ˊɚɞɑɤɜ, ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ 

ůɡɜɞɣɘůŰɞɨɜ ůŰŬ ŬəɧɚɞɡɗŬ: 

Ŭ. ȼ ˊŮɟɘɞɢɐ 1 (AREA 1 35N, 22E), ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ůŰŬ ŭɡŰɘəɎ Űɖɠ 

ɜɐůɞɡ ȾɟɐŰɖɠ, ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ɢŮɘɟɧŰŮɟɖ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ əŬɘ ɔɘŬ ŰŬ 

3 ˊɚɞɑŬ, ɔɘŬ Űɖɜ ˊɞɟŮɑŬ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ůŰɘɠ 45. 

ɓ. ȷˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ ɏɜŬ əɟɘŰɐɟɘɞ ˊɞɡ 

ɜŬ ɏɗŮŰŮ ŰŬ ˊɚɞɑŬ ŮəŰɧɠ ɚŮɘŰɞɡɟɔɑŬɠ. ȳɛɤɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɛˊɞɟɞɨɛŮ 
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ɜŬ ŭɘŬəɟɑɜɞɡɛŮ ŰɟŮɘɠ ɞɛŬŭɞˊɞɘɐůŮɘɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɔɤɜɑŬ 

ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɞɨ, ɧˊɞɡ ůŮ ŬɡŰɏɠ ɏɗŮŰŮ ŰŬ ˊɚɞɑŬ ɏɓɔŬɘɜŬɜ ŮəŰɧɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Ŭˊɧ ɏɜŬ əɟɘŰɐɟɘɞ. 

a. ũɤɜɑŮɠ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɞɨ 0, 45 , 90 . ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ 

ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘɞɢɏɠ əŬɘ ŰŬɢɨŰɖŰŮɠ Űɤɜ ˊɚɞɑɤɜ, Űɞ əɟɘŰɐɟɘɞ ˊɞɡ 

ɧɟɘɕŮ Űɖɜ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɤɜ ˊɚɞɑɤɜ ŮɑɜŬɘ ɖ əŬŰŬəɧɟɡűɖ 

ŰŬɢɨŰɖŰŬ ůŰɖɜ əɎɜɖ Űɞɡ ˊɡɟɞɓɧɚɞɡ Űɖɠ ˊɚɩɟɖɠ. 

b. ũɤɜɑŬ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɞɨ 135. ɇɞ əɟɘŰɐɟɘɞ ˊɞɡ ɧɟɘɕŮ Űɖɜ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ, ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘɞɢɏɠ əŬɘ ŰŬɢɨŰɖŰŮɠ, ůŮ ŬɡŰɐɜ 

Űɖɜ ɔɤɜɑŬ ůɡɜɎɜŰɖůɖɠ ŮɑɜŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɞ ŭɘŬŰɞɘɢɘůɛɧɠ (roll) 

Űɤɜ ˊɚɞɑɤɜ. 

c. ũɤɜɑŬ ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɞɨ 180. ɆŮ ŬɡŰɐɜ Űɖɜ ɔɤɜɑŬ 

ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɞɨ, ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɡˊɐɟɢŬɜ ŭɨɞ 

əɟɘŰɐɟɘŬ, ˊɞɡ ŮɑŰŮ ůŮ ůɡɜŭɡŬůɛɧ ŮɑŰŮ Ŭˊɧ ɛɧɜŬ Űɞɡɠ ɏɗŮŰŬɜ Űɖɜ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ Űɤɜ ˊɚɞɑɤɜ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘɞɢɏɠ əŬɘ Űɘɠ 

ŰŬɢɨŰɖŰŮɠ. ɇŬ əɟɘŰɐɟɘŬ ŬɡŰɎ ŮɑɜŬɘ ɞ ŭɘŬŰɞɘɢɘůɛɧɠ (roll) əŬɘ ɖ 

ůŰɟɞűɘəɐ ɞɟɘɕɧɜŰɘŬ ŰŬɚɎɜŰɤůɖ (yaw). 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, Ůˊɑůɖɠ, ɧŰɘ ůŰɘɠ ˊŮɟɘɞɢɏɠ 1 əŬɘ 3, ůŰɖɜ ŰŬɢɨŰɖŰŬ 

Űɤɜ 15 kn, ɞ ˊɟɞɜŮɡŰŬůɛɧɠ (pitch) ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɔɘŬ Űɖɜ ɔɤɜɑŬ 

ůɡɜɎɜŰɖůɖɠ əɡɛŬŰɘůɛɞɨ ůŰɘɠ 180, ůŰŬ ˊɚɞɑŬ Űɨˊɞɡ ɀȺȾɃ əŬɘ ɇȼ, ůŮ 

ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɖɠ ˊŮɟɘɧŭɞɡ əɞɟɡűɐɠ (ɇp), ůɡɜɏɓŬɚŮ ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ 

Űɖɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ. ɆŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ, űŬɑɜɞɜŰŬɘ ɧɚŬ ŰŬ 

əɟɘŰɐɟɘŬ ˊɞɡ ˊŮɟɘɞɟɑɕɞɡɜ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ˊɚɞɑɤɜ. 

  AREA 1 
  MEKO DDG-51 TH 

ʆɮʋʇʆɶʆɮ 
ɱʍɿɹɮ 

ʅʇɿɮɿʆɶʅɶʅ 
ɲʇʅɾɳɿɳʅʆɳʄʁ ɼʄɹʆɶʄɹʁ 

15 0 Gun Vertical Velocity Gun Vertical Velocity 
Gun Vertical 

Velocity 

 45 Gun Vertical Velocity Gun Vertical Velocity 
Gun Vertical 

Velocity 

 90 Gun Vertical Velocity 
Gun Vertical 
Velocity,Roll 

Gun Vertical 
Velocity 

 135 Roll Roll Roll 
 180 Roll,Yaw,Pitch Roll Roll,Yaw,Pitch 
     

25 0 Gun Vertical Velocity Gun Vertical Velocity 
Gun Vertical 

Velocity 

 45 Gun Vertical Velocity Gun Vertical Velocity 
Gun Vertical 

Velocity 

 90 
Roll,Gun Vertical 

Velocity 
Gun Vertical Velocity 

Gun Vertical 
Velocity 

 135 Roll Roll Roll,Yaw,Roll 
 180 Roll,Yaw Roll,Yaw Yaw 

 

  AREA 2 
  MEKO DDG-51 TH 

ʆɮʋʇʆɶʆɮ 
ɱʍɿɹɮ 

ʅʇɿɮɿʆɶʅɶʅ 
ɲʇʅɾɳɿɳʅʆɳʄʁ ɼʄɹʆɶʆʄɹʁ 
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15 0 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 

 45 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 

 90 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 
 135 Roll Roll Roll 
 180 Roll,Yaw Roll Roll,Yaw 
     

25 0 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 

 45 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 

 90 
Roll,Gun Vertical 

Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 
 135 Roll Roll Roll,Yaw,Roll 
 180 Roll,Yaw Roll,Yaw Yaw 

 

  AREA 3 
  MEKO DDG-51 TH 

ʆɮʋʇʆɶʆɮ 
ɱʍɿɹɮ 

ʅʇɿɮɿʆɶʅɶʅ 
ɲʇʅɾɳɿɳʅʆɳʄʁ ɼʄɹʆɶʆʄɹʁ 

     

15 0 Gun Vertical Velocity Gun Vertical Velocity 
Gun Vertical 

Velocity 

 45 Gun Vertical Velocity Gun Vertical Velocity 
Gun Vertical 

Velocity 

 90 Gun Vertical Velocity 
Gun Vertical 
Velocity,Roll 

Gun Vertical 
Velocity 

 135 Roll Roll Roll 
 180 Roll,Yaw,Pitch Roll Roll,Yaw,Pitch 
     

25 0 Gun Vertical Velocity Gun Vertical Velocity 
Gun Vertical 

Velocity 

 45 Gun Vertical Velocity Gun Vertical Velocity 
Gun Vertical 

Velocity 

 90 
Roll,Gun Vertical 

Velocity 
Gun Vertical Velocity 

Gun Vertical 
Velocity 

 135 Roll Roll Roll,Yaw,Roll 
 180 Yaw Roll,Yaw Yaw 

 

 

 

  AREA 4 
  MEKO DDG-51 TH 

ʆɮʋʇʆɶʆɮ 
ɱʍɿɹɮ 

ʅʇɿɮɿʆɶʅɶʅ 
ɲʇʅɾɳɿɳʅʆɳʄʁ ɼʄɹʆɶʆʄɹʁ 
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15 0 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 

 45 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 

 90 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 
 135 Roll Roll Roll 
 180 Roll,Yaw Roll Roll,Yaw 
     

25 0 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 

 45 Gun Vertical Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 

 90 
Roll,Gun Vertical 

Velocity 
Gun Vertical 

Velocity 
Gun Vertical 

Velocity 
 135 Roll Roll Roll,Yaw,Roll 
 180 Roll,Yaw Roll,Yaw Yaw 

 

ɔ. ũŮɜɘəɎ ɞɘ ŬˊɞůŰɞɚɏɠ T.A.P. (Transit and Patrol)ŮɛűŬɜɑɕɞɡɜ Űɞɜ 

ɛŮɔŬɚɨŰŮɟɞ ŭŮɑəŰɖ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ əŬɘ ɔɘŬ ŰŬ ŰɟɑŬ ˊɚɞɑŬ ůŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ (ˊŮɟɘɞɢɏɠ, ŰŬɢɨŰɖŰŮɠ ˊɚɞɑɤɜ əŬɘ ɔɤɜɘɩɜ 

ůɡɜɎɜŰɖůɖɠ. ɇɞɜ ɛɘəɟɧŰŮɟɞ ŭŮɑəŰɖ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ ɔɘŬ ɔɤɜɑŮɠ 

ůɡɜɎɜŰɖůɖɠ əɡɛɎŰɤɜ 0, 45  əŬɘ 90, Űɞɜ ɏɢɞɡɜ ɞɘ ŬˊɞůŰɞɚɏɠ A.A.W. 

(Anti Air Warfare), Ůɜɩ ɔɘŬ Űɘɠ ɔɤɜɑŮɠ ůɡɜɎɜŰɖůɖɠ 135  əŬɘ 180  Űɞɜ 

ɢŮɘɟɧŰŮɟɞ ůɡɜŰŮɚŮůŰɐ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Űɞɜ ɏɢɞɡɜ ɞɘ ŬˊɞůŰɞɚɏɠ N.A.O. 

(Naval Air Operations). 

ŭ. ɇŬ ˊɚɞɑŬ DDG-51 əŬɘ ɇȼ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ Űɞɜ ɗɧɚɞ Űɖɠ 

ŬɜɗɡˊɞɓɟɡɢɘŬəɐɠ ůɡůəŮɡɐɠ ŰɞˊɞɗŮŰɖɛɏɜɞ ůŰŬ ɨűŬɚŬ Űɖɠ ˊɟɩɟŬɠ 

(hull mounded), ŮɛűŬɜɑɕɞɡɜ ŬɜɎŭɡůɖ Űɞɡ ɗɧɚɞɡ (Sonar Emergence, C4) 

ůŮ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘɞɢɏɠ, ŰŬɢɨŰɖŰŮɠ əŬɘ ɔɤɜɑŮɠ ůɡɜɎɜŰɖůɖɠ Ŭˊɧ Űɞ 

ˊɚɞɑɞ Űɨˊɞɡ ɀȺȾɃ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ, ůŮ ŬɡŰɧ Űɞ ˊɚɞɑɞ, ɞ ɗɧɚɞɠ 

ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞɠ ůŰɖɜ ŰɟɧˊɘŭŬ (keel mounted), Ůˊɞɛɏɜɤɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ŬɡŰɐ ɖ ɗɏůɖ Űɞɡ ɗɧɚɞɡ (ŰɟɧˊɘŭŬ) ɡˊŮɟŰŮɟŮɑ ůŮ Űɖɠ 

ˊɟɞŬɜŬűŮɟɗŮɑůŬɠ ɗɏůɖɠ (ˊɟɩɟŬ).  

Ů. ȼ ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ɔɎůŰɟŬɠ ɇȼ, ɖ ɞˊɞɑŬ ůŰɖɟɑɢɗɖəŮ ůŰɖɜ 

ɔɎůŰɟŬ ONR 5613, ɧˊɤɠ ŬɡŰɐ ɡˊɞɚɞɔɑůŰɖəŮ, ɓɟɏɗɖəŮ ɜŬ ŮɑɜŬɘ 

əŬɚɨŰŮɟɖ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŭɨɞ ɔɎůŰɟŮɠ, ɛŮ ɓɎůɖ Űɖɜ ɡˊɞɚɞɔɘůɗɏɜŰŬ 

ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬ. ũɘŬ Űɞ ůɡɛˊɏɟŬůɛŬ ŬɡŰɧ, ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůŰŮɑ ɧŰɘ 

ɏɔɘɜŮ ɛɘŬ ɡˊɧɗŮůɖ ɔɘŬ Űɖɜ ɗɏůɖ Űɞɡ ˊɡɟɞɓɧɚɞɡ, Űɞ ɞˊɞɑɞ əŬɘ ɏɗŮŰŮ ŰŬ 

ɧɟɘŬ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ˊɚɞɑɤɜ ɛɏɢɟɘ Űɘɠ 90  ɔɤɜɑŬ ůɡɜɎɜŰɖůɖɠ, 

ŮɝŬɘŰɑŬɠ ɏɚɚŮɘɣɖɠ ŭŮŭɞɛɏɜɤɜ. ɄɘɗŬɜɐ ɔɜɩůɖ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ɗɏůɖɠ 

Űɞɡ ˊɡɟɞɓɧɚɞɡ əŬɘ ɛŮŰŬɓɞɚɐ Űɖɠ ɗɏůɖɠ Űɞɡ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ, 

ŮɜŭɏɢŮŰŬɘ ɜŬ ɛŮŰɏɓŬɚɚŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

 

Ƀɘ ŭŮɑəŰŮɠ ɚŮɘŰɞɡɟɔɖůɘɛɧŰɖŰŬɠ Űɤɜ Űɟɘɩɜ ˊɚɞɑɤɜ, ɧˊɤɠ ŬɡŰɞɑ ɡˊɞɚɞɔɑůŰɖəŬɜ 

ɛŮ Űɖɜ ŬˊɧɚɡŰɖ ɛɏɗɞŭɞ ůɨɔəɟɘůɖɠ, əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɖɜ ˊɞɟŮɑŬ Űɞɡ 

ˊɚɞɑɞɡ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ, ɧˊɞɡ ɛŮ ˊɟɎůɘɜɞ ɢɟɩɛŬ ŮɑɜŬɘ 
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Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ, ɛŮ əɧəəɘɜɞ Űɞ ɛɘəɟɧŰŮɟɞ ˊɞůɞůŰɧ əŬɘ ɛŮ əɑŰɟɘɜɞ Űɞ 

ŮɜŭɘɎɛŮůɞ ˊɞůɞůŰɧ. 

 

ɇȺȿȽȾɃȽ ȹȺȽȾɇȺɆ ȿȺȽɇɃɈɅũȼɆȽɀɃɇȼɇȷɆ 

AREA 1 35N, 22E (ȹɈɇȽȾȷ ɁȼɆɃɈ ȾɅȼɇȼɆ) 

ɇȷɉɈɇȼɇȷ ɄɃɅȺȽȷ ( ) MEKO DDG - 51 TH 

15 45 76.10% 75.17% 83.02% 

15 225 76.30% 75.18% 83.14% 

25 45 79.33% 76.07% 82.14% 

25 225 78.73% 75.49% 81.31% 

AREA 2 36N, 21E (ɁɃɇȽɃȹɈɇȽȾȷ ɄȺȿɃɄɃɁȼɆɆɃɈ) 

15 90 81.15% 54.97% 88.24% 

15 270 78.20% 75.81% 83.26% 

25 90 87.05% 85.74% 89.17% 

25 270 79.49% 76.27% 82.00% 

AREA 3 36N, 27E (ȸɃɅȺȽȷ ɁȼɆɃɈ ȾȷɅɄȷŪɃɈ) 

15 135 81.62% 89.56% 89.48% 

15 315 77.29% 73.66% 82.14% 

25 135 88.27% 87.62% 89.92% 

25 315 78.01% 74.07% 82.26% 

AREA 4 38N, 25.5E (ȾȺɁɇɅȽȾɃ ȷȽũȷȽɃ) 

15 0 86.71% 85.95% 90.28% 

15 180 87.95% 91.69% 93.45% 

25 0 89.33% 85.99% 90.13% 

25 180 92.51% 90.71% 92.82% 
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ɄȷɅȷɅɇȼɀȷ: ũɅȷūȽȾȼ ȷɁȷɄȷɅȷɆɇȷɆȼ ȾɅȽɇȼɅȽɋɁ 

ȷɄɃȾɅȽɆȺɋɁ ɄȿɃȽɃɈ ɆȺ ȾȷɅɇȺɆȽȷɁȺɆ ɆɈɁɇȺɇȷũɀȺɁȺɆ 

ɆȺ ȹȽȷũɅȷɀɀȷ HS ï TP, ũȽȷ ɆɈũȾȺȾɅȽɀȺɁȼ ɇȷɉɈɇȼɇȷ, 

ŪȷȿȷɆɆȽȷ ɄȺɅȽɃɉȼ ȾȷȽ ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ ȾɈɀȷɇȽɆɀɃɈ, 

ɉɋɅȽɆ Ɂȷ ȿȷɀȸȷɁȺɇȷȽ ɈɄɃɊȼ ȼ ɄɃɅȺȽȷ ɇɃɈ ɄȿɃȽɃɈ 
 

Ƀɘ ůɡɜŰɞɛɞɔɟŬűɑŮɠ Űɤɜ əɟɘŰɖɟɑɤɜ ŬˊɞəɟɑůŮɤɜ Űɞɡ ˊɚɞɑɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

ȷˊɧəɟɘůɖ ɆɡɜŰɧɛŮɡůɖ 

GUN VERTICAL VELOCITY C1 

PITCH C2 

ROLL C3 

SONAR EMERGE C4 

HELICOPTER DECK VERTICAL 
VELOCITY 

C5 

BRIDGE VERTICAL ACCELARAION C6 

DECK WETNESS C7 

SLAMMING C8 

GMVLS VERTICAL ACCELARATION C9 

YAW C10 
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ɇȷɉɈɇȼɇȷ: 15 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 0  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

DDG-51 
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TH 
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ɇȷɉɈɇȼɇȷ: 15 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 45  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

 

DDG-51 
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TH 
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ɇȷɉɈɇȼɇȷ: 15 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 90  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

 

DDG-51 
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TH 
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ɇȷɉɈɇȼɇȷ: 15 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 135  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

 

DDG-51 

 



 
67 

TH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
68 

ɇȷɉɈɇȼɇȷ: 15 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 180  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

 

DDG-51 

 



 
69 

TH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
70 

ɇȷɉɈɇȼɇȷ: 25 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 0  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

 

DDG-51 

 



 
71 

TH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
72 

ɇȷɉɈɇȼɇȷ: 25 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 45  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

 

DDG-51 

 



 
73 

TH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
74 

ɇȷɉɈɇȼɇȷ: 25 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 90  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

 

DDG-51 

 



 
75 

TH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
76 

ɇȷɉɈɇȼɇȷ: 25 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 135  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

 

DDG-51 

 



 
77 

TH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
78 

ɇȷɉɈɇȼɇȷ: 25 kn 

ũɋɁȽȷ ɆɈɁȷɁɇȼɆȼɆ: 180  

ɄȺɅȽɃɉȼ: 1 

 

MEKO 

 

 

DDG-51 

 


