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ȺɡɢŬɟɘůŰɑŮɠ 

 

 

ȺɡɢŬɟɘůŰɩ Űɞɜ əŬɗɖɔɖŰɐ ɛɞɡ ə. ũ. ɇɕŬɛˊɑɟŬ ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ 

ŮˊɏŭŮɘɝŮ, ŬɜŬɗɏŰɞɜŰɎɠ ɛɞɡ Űɖɜ Ůəˊɧɜɖůɖ Űɞɡ ˊŬɟɧɜŰɞɠ ɗɏɛŬŰɞɠ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɔɘŬ 

Űɖɜ ˊɞɚɨŰɘɛɖ əŬɗɞŭɐɔɖůɖ əŬɘ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŮ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ɛŮɚɏŰɖɠ. ɄŬɟɎɚɚɖɚŬ əɚŮɑɜɞɜŰŬɠ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŬɡŰɐɠ, Űɖɜ 

ˊŬɜŮˊɘůŰɖɛɘŬəɐ ɛɞɡ ˊɞɟŮɑŬ, ŮɡɢŬɟɘůŰɩ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ ɔɘŬ Űɖɜ ɖɗɘəɐ əŬɘ 

ɞɘəɞɜɞɛɘəɐ Ůɜɑůɢɡůɖ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŬɜ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Ʉɟɧɚɞɔɞɠ 

 

 

ȼ ŮɡůŰɎɗŮɘŬ ˊɚɤŰɩɜ ŮɝŮŭɟɩɜ əŬɘ ɔŮɜɘəɧŰŮɟŬ ˊɚɤŰɩɜ əŬŰŬůəŮɡɩɜ ɤɠ ůɨɜɞɚɞ 

ŬɚɚɎ əŬɘ ɤɠ ɛŮɛɞɜɤɛɏɜɖɠ ɛɞɜɎŭŬɠ, əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ 

űɞɟŰɑůŮɤɜ ŬˊɞŰŮɚŮɑ ɗɏɛŬ ůŰɞ ɞˊɞɑɞ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ɛŮɔɎɚɞ ŮɜŭɘŬűɏɟɞɜ. 

ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɓŬůɑɕŮŰŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɡŭɟɞůŰŬŰɘəɩɜ ůŰɞɘɢŮɑɤɜ 

ŭɑɜɞɜŰŬɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ůŰɞɜ ɛŮɚŮŰɖŰɐ ɜŬ ɚɎɓŮɘ ˊɞɚɨŰɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ 

Űɖɜ ɡŭɟɞůŰŬŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ůŰɖɜ ŮəɎůŰɞŰŮ əŬŰɎůŰŬůɖ űɧɟŰɘůɖɠ, ɔɘŬ Űɖɜ 

ɞ́ ɞɘŬŭɐˊɞŰŮ ˊɚɤŰɐ əŬŰŬůəŮɡɐ. 

ȳůɞɜ ŬűɞɟɎ Űɞɜ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɡŭɟɞůŰŬŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ůŮ 

ˊŮɟɘˊŰɩůŮɘɠ Ŭˊɚɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ŬɟəŮɑ ɖ ŮűŬɟɛɞɔɐ Űɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ ˊɞɡ ɞ 

ɜŬɡˊɖɔɧɠ ɛŮɚŮŰɖŰɐɠ ɔɜɤɟɑɕŮɘ Ŭˊɧ Űɖɜ ɡŭɟɞůŰŬŰɘəɐ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ Ůɜɧɠ ˊɘɞ 

ůɨɜɗŮŰɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ɞ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ 

ŬɟɘɗɛɖŰɘəɩɜ ŮɝɘůɩůŮɤɜ əŬɗɘůŰɞɨɜ Űɞɜ ˊŬɟŬŭɞůɘŬəɧ Űɟɧˊɞ Ůˊɑɚɡůɖɠ ŭɨůəɞɚɞ. Ƀ 

ˊŮɟɘɞɟɘůɛɧɠ ŬɡŰɧɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŮˊɘɗɡɛɑŬ ɔɘŬ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ŬəɟɑɓŮɘŬ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ŰŬɢŮɑŬ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŬɠ ɞŭɐɔɖůŮ ůŰɞ ɜŬ 

ŬɜŬˊŰɨɝɞɡɛŮ əŬŰɎɚɚɖɚɞ ˊɟɧɔɟŬɛɛŬ Űɞ ɞˊɞɑɞ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ɖɚŮəŰɟɞɜɘəɞɨ 

ɡˊɞɚɞɔɘůŰɐ ɗŬ ɛŬɠ ˊŬɟɏɢŮɘ ŬɝɘɧˊɘůŰŬ əŬɘ ɎɛŮůŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

Tɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2000 ŮəˊɞɜɐɗɖəŮ Ŭˊɧ Űɞɜ ˊɟɞˊŰɡɢɘŬəɧ ŰɧŰŮ űɞɘŰɖŰɐ, 

ɀɎɜɞ ȷɜŬůŰɎůɘɞ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ůŰɖɜ ɞˊɞɑŬ ŬɜŬˊŰɨɢɗɖəŮ əɩŭɘəŬɠ ůŮ ɔɚɩůůŬ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ FORTRAN 90/95 ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ əŬŰŬůŰɎůŮɘɠ 

ŮɡůŰɎɗŮɘŬɠ ˊɚɤŰɩɜ əŬŰŬůəŮɡɩɜ ůɡɜŭŮŭŮɛɏɜɤɜ ɛŮŰŬɝɨ Űɞɡɠ, ůɡɜŭŮŭŮɛɏɜɤɜ ɛŮ 

ůŰŬɗŮɟɎ ůɖɛŮɑŬ ˊɟɧůŭŮůɖɠ ůŮ ɚɘɛŮɜɞɓɟŬɢɑɞɜŮɠ əŬɘ ůɡɜŭŮŭŮɛɏɜɤɜ ɛŮ ŬɔəɡɟɩůŮɘɠ. 

ɀɏůɤ ŬɡŰɞɨ ɚɞɘˊɧɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɧɚŬ ŰŬ ɡŭɟɞůŰŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ ŮɝɏŭɟŬɠ 

ˊɞɡ ůɡɛɛŮŰɏɢŮɘ ůŰɞ ůɨůŰɖɛŬ, ɖ ŮɔəɎɟůɘŬ əŬɘ ŭɘŬɛɐəɖ əɚɑůɖ əɎɗŮ ŮɝɏŭɟŬɠ, əŬɗɩɠ əŬɘ 

ɞɘ ŭɡɜɎɛŮɘɠ əŬɘ ŰŬ ɓɡɗɑůɛŬŰŬ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ Űɞɡ ˊɚɤŰɞɨ ůɡůŰɐɛŬŰɞɠ. ɇɞ 

ˊɟɧɔɟŬɛɛŬ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Űɖɜ ɢɟɐůɖ Ůɜɧɠ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ 

ŮɘůɎɔɞɜŰŬɘ ŰŬ ŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ (ɔŮɤɛŮŰɟɑŬ ŮɝŮŭɟɩɜ, ŬůəɞɨɛŮɜŮɠ űɞɟŰɑůŮɘɠ əŰɚ.) 

əŬɘ ɛŮ Űɞ ˊɏɟŬɠ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɡŰɧɛŬŰŬ 

ɖ ŮɝŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŮ ɣɖűɘŬəɧ ŬɟɢŮɑɞ əŮɘɛɏɜɞɡ. 

O ůəɞˊɧɠ Űɖɠ ˊŬɟɞɨůɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɑɜŬɘ: 

i. ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛŮɗɧŭɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞ 

ˊɟɧɔɟŬɛɛŬ ɩůŰŮ ɞ ɢɟɐůŰɖɠ ɜŬ ɚŬɛɓɎɜŮɘ ŬəɟɘɓɏůŰŮɟŬ ŬɟɘɗɛɖŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ. ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ, ŬűɞɟɎ ŰŬ 

ŭɨɞ ŬəɧɚɞɡɗŬ ůəɏɚɖ: 

¶ ɇɞ ˊɟɩŰɞ ůəɏɚɞɠ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ Űɖɠ 

Ɏɟɗɟɤůɖɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɜŮɟɞɨ. ȼ Ŭɟɢɘəɐ ɗŮɩɟɖůɖ ŮɑɜŬɘ ɧŰɘ ɖ 

əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ əɎɗŮ ůɩɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɖɜ Ɏɟɗɟɤůɖ 

ŰŬɡŰɑɕŮŰŬɘ ɛŮ ŬɡŰɐ Űɤɜ ɡˊɧɚɞɘˊɤɜ ůɤɛɎŰɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŮ ŬɡŰɐɜ. 

Ƀ ɚɧɔɞɠ ˊɞɡ ɏɔɘɜŮ ŬɡŰɐ ɖ ɗŮɩɟɖůɖ ŬˊɚɞˊɞɘŮɑ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ɧɛɤɠ ɛŬɠ əɞůŰɑɕŮɘ ůŰɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȼ 



 

 

ɞɟɗɐ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ɕɖŰɐɛŬŰɞɠ ŬɡŰɞɨ ŮɑɜŬɘ ɧŰɘ Űɞ ůɖɛŮɑɞ Űɖɠ 

Ɏɟɗɟɤůɖɠ ŬˊɏɢŮɘ ůŰŬɗŮɟɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ ɞˊɧŰŮ 

ɓŬůɘɕɧɛŮɜɞɘ ůŮ ŬɡŰɧ Űɞ ŭŮŭɞɛɏɜɞ əŬɘ ɛŮ əŬŰɎɚɚɖɚɖ ɔŮɤɛŮŰɟɘəɐ 

ŬɜɎɚɡůɖ ŬɜŬůɢɖɛŬŰɑɕɞɡɛŮ Űɞɜ əɩŭɘəŬ ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɩůŰŮ ɜŬ 

ŮˊɘŰɨɢɞɡɛŮ Űɖɜ ɕɖŰɞɨɛŮɜɖ ɓŮɚŰɑɤůɖ. 

 

¶ ɇɞ ŭŮɨŰŮɟɞ ůəɏɚɞɠ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŬűɞɟɎ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ 

ˊɟɞɓɚɖɛɎŰɤɜ ůŰŬ ɞˊɞɑŬ ɞɘ ŮɝɏŭɟŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŮˊɘűɎɜŮɘŮɠ ŰɡɢŬɑŬɠ 

ŭɘŬŰɞɛɐɠ. ɀŮ Űɞ ɡˊɎɟɢɞɜ ˊɟɧɔɟŬɛɛŬ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ 

ŬɜŰɘɛŮŰɩˊɘůɖ ˊɟɞɓɚɖɛɎŰɤɜ ɛŮ ɔɎůŰɟŬ-Ůɠ ŰɡɢŬɑŬɠ ŭɘŬŰɞɛɐɠ. ũɘŬ Űɖɜ 

ŬˊɚɞɨůŰŮɡůɖ ɧɛɤɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ əŬɘ ˊŬɟɎɚɚɖɚŬ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ 

Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ ŭŮɜ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ 

ŬŭɟɎɜŮɘŬɠ əŬɘ ɎɟŬ ɖ ůŰɟɞűɐ ˊɞɡ ɚŬɛɓɎɜŮɘ Űɞ ůɩɛŬ ŰɡɢŬɑŬɠ ŭɘŬŰɞɛɐɠ 

əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ ŭɨɜŬɛɖɠ ɛŮ ůɖɛŮɑɞ ŮűŬɟɛɞɔɐɠ ŭɘŬűɞɟŮŰɘəɧ Űɞɡ 

əɏɜŰɟɞɡ ŮˊɘűɎɜŮɘŬɠ. 

 

ii.  Ⱥˊɘˊɚɏɞɜ ɏɢɞɡɜ ŮɜŰŬɢɗŮɑ ŭɨɞ ɜɏŬ ŮɟɔŬɚŮɑŬ ŬɡɝɎɜɞɜŰŬɠ Űɘɠ ɡˊɞɚɞɔɘůŰɘəɏɠ 

ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. ɇɞ ˊɟɩŰɞ ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜŰɘɛŮŰɩˊɘůɖɠ 

ˊɟɞɓɚɖɛɎŰɤɜ ŮɡůŰɎɗŮɘŬɠ ɛŮŰɎ Ŭˊɧ ɓɚɎɓɖ. ȰŰůɘ, ɞ ɢɟɐůŰɖɠ ɏɢŮɘ ˊɚɏɞɜ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɡˊɞɚɞɔɑůŮɘ ŰŬ ɡŭɟɞůŰŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɤɛɎŰɤɜ ůŰŬ ɞˊɞɑŬ 

ɡˊɎɟɢŮɘ ɏɜŬ ɖ ˊŮɟɘůůɧŰŮɟŬ ŭɘŬɛŮɟɑůɛŬŰŬ ɛŮ əŬŰɎəɚɡůɖ. ɇɞ ŭŮɨŰŮɟɞ ŮɟɔŬɚŮɑɞ 

ˊɞɡ ɏɢŮɘ ˊɚɏɞɜ ůŰɖɜ ŭɘɎɗŮůɐ Űɞɡ ɞ ɢŮɘɟɘůŰɐɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ ɧŰɘ ɛɏůɤ 

Űɞɡ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ ɛˊɞɟŮɑ ˊɚɏɞɜ ɜŬ ŮˊɘɚɏɝŮɘ ɏɜŬ ɖ ˊŮɟɘůůɧŰŮɟŬ ŮˊɘɗɡɛɖŰɎ 

ůɖɛŮɑŬ ŮɜŰɧɠ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɞɟɑɤɜ Űɖɠ ɔɎůŰɟŬɠ, ůŰŬ ɞˊɞɑŬ Űɞ ˊɟɧɔɟŬɛɛŬ ɗŬ 

ɡˊɞɚɞɔɑůŮɘ Űɞ ɓɨɗɘůɛŬ əŬɘ ɗŬ Űɞ ŰɡˊɩůŮɘ ůŰɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ. 
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1. ȺɘůŬɔɤɔɐ 
 

ɆŰɞ ůɢɖɛŬŰɘůɛɧ Űɤɜ ŮɝɘůɩůŮɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɏɔɘɜŬɜ ˊŬɟŬŭɞɢɏɠ ɞɘ ɞˊɞɑŮɠ 

ŭɘŮɡəɧɚɡɜŬɜ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ ŮɝɘůɩůŮɤɜ ɢɤɟɑɠ ɜŬ ŮˊɖɟŮɎůɞɡɜ əŬɗɧɚɞɡ Űɖɜ ŬəɟɑɓŮɘŬ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȼ əɨɟɘŬ ˊŬɟŬŭɞɢɐ ˊɎɜɤ ůŰɖɜ ɞˊɞɑŬ ůŰɖɟɑɕŮŰŬɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮɑɜŬɘ ɧŰɘ ɚŬɛɓɎɜɞɡɛŮ ɡˊɧɣɖ Űɖ ɗŮɤɟɑŬ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ.  

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ɗŮɤɟɑŬ ɘůɢɨɞɡɜ ŰɟŮɘɠ əɨɟɘŮɠ ˊŬɟŬŭɞɢɏɠ.  

¶ ũɘŬ ɛɘəɟɏɠ ɔɤɜɑŮɠ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ əŬɘ ŭɘŬɔɤɔɐɠ ɘůɢɨŮɘ ɖ Ŭɟɢɐ Űɖɠ 

ŮˊŬɚɚɖɚɑŬɠ, ŭɖɚŬŭɐ ŰŬ ŰɟɑŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔŮɤɛŮŰɟɘəɎ ɛŮɔɏɗɖ (ɓɨɗɘůɛŬ ɇ, 

ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ű əŬɘ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɗ) ɛˊɞɟɞɨɜ ɜŬ 

ɡˊɞɚɞɔɘůŰɞɨɜ ɤɠ ŬɜŮɝɎɟŰɖŰŬ ɛŮŰŬɝɨ Űɞɡɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɩůɞɡɛŮ Ůŭɩ ɧŰɘ ɔɘŬ 

ɜŬ əŬŰŬɚɐɝɞɡɛŮ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ ůɡɛˊɏɟŬůɛŬ ɏɢɞɡɛŮ ɓŬůɘůŰŮɑ ůŮ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ əɡɟɑɤɜ Ŭɝɧɜɤɜ ŬŭɟɎɜŮɘŬɠ Űɞ əɏɜŰɟɞ Űɞɡ ɞˊɞɑɞɡ ˊɟɞɓɎɚɚŮŰŬɘ ůŰɞ 

əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ Űɖɠ ˊɟɞɓɞɚɐɠ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ ůŰɞ ŮˊɑˊŮŭɞ Oxy Űɞɡ 

ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ. Ⱥˊɞɛɏɜɤɠ ɞɘ ŬˊɞůŰɎůŮɘɠ Űɤɜ ɟɞˊɩɜ ŬɜŬűɏɟɞɜŰŬɘ 

ˊɎɜŰŬ ɤɠ ˊɟɞɠ ŬɡŰɧ Űɞ əɏɜŰɟɞ. 

¶ ȼ ˊɟɞůɗŬűŬɑɟŮůɖ űɞɟŰɑɞɡ ˊɞɡ ɏɢŮɘ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ˊɎɜɤ ůŰɖɜ 

əŬŰŬəɧɟɡűɖ ˊɞɡ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ ˊɟɞəŬɚŮɑ ɛɧɜɞ 

ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ (ɐ Ŭɜɨɣɤůɖ) Űɞɡ ůɩɛŬŰɞɠ. 

¶ ɆɨɛűɤɜŬ ɛŮ Űɖ ɗŮɤɟɑŬ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ ɗŮɤɟɞɨɛŮ ɧŰɘ ŭŮɜ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ 

ŮˊɘűɎɜŮɘŬ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ, ŭɖɚŬŭɐ ɖ ˊɟɞɓɞɚɐ Űɖɠ 

ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ ŮɑɜŬɘ ůŰŬɗŮɟɐ. 

 

ɇɞ ˊɟɧɓɚɖɛŬ ˊɞɡ əŬɚɞɨɛŬůŰŮ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɛŮ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮɑɜŬɘ 

ɞ ɡ́ɞɚɞɔɘůɛɧɠ Űɞɡ ɛɏůɞɡ ɓɡɗɑůɛŬŰɞɠ, Űɖɠ ɔɤɜɑŬɠ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ 

əɎɗŮ ŮɝɏŭɟŬɠ, əŬɗɩɠ əŬɘ Űɤɜ ɡˊɞɚɞɑˊɤɜ ɔŮɤɛŮŰɟɘəɩɜ əŬɘ ɡŭɟɞůŰŬŰɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ. ũɜɤɟɑɕɞɜŰŬɠ Űɘɠ Űɘɛɏɠ Űɤɜ ɔɤɜɘɩɜ əŬɘ Űɞɡ ɛɏůɞɡ ɓɡɗɑůɛŬŰɞɠ 

ŮɑɛŬůŰŮ ůŮ ɗɏůɖ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɞ ɓɨɗɘůɛŬ ůŮ əɎɗŮ ɗɏůɖ Űɖɠ ŮɝɏŭɟŬɠ əŬɘ əŬŰô 

ŮˊɏəŰŬůɖ ɜŬ ɔɜɤɟɑɕɞɡɛŮ ŮɎɜ Űɞ ůɨůŰɖɛŬ ɘəŬɜɞˊɞɘŮɑ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɘɠ 

ŬˊŬɘŰɐůŮɘɠ ŬůűŬɚŮɑŬɠ. 

ȼ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɘůɧŰɖŰŬ ɓɡɗɘůɛɎŰɤɜ ůŰɘɠ 

ŬɟɗɟɩůŮɘɠ. ȼ Ɏɟɗɟɤůɖ ŮɑɜŬɘ Űɞ ɔŮɤɛŮŰɟɘəɧ ůŰɞɘɢŮɑɞ Űɞ ɞˊɞɑɞ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ 

ɛŮŰŬɝɨ ŭɨɞ ůɤɛɎŰɤɜ. ȼ ɘůɞɟɟɞˊɑŬ ůŰɘɠ ŬɟɗɟɩůŮɘɠ ŬɜŬɚɨŮŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ůŰɖɜ 

ɘůɞɟɟɞˊɑŬ Űɤɜ ŭɡɜɎɛŮɤɜ: 
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ɧˊɞɡ Űɞ ɎɗɟɞɘůɛŬ ɧɚɤɜ Űɤɜ ŭɡɜɎɛŮɤɜ ůŰɖɜ Ɏɟɗɟɤůɖ ŮɑɜŬɘ ɛɖŭɏɜ, əŬɘ ůŰɖɜ ůɡɜɗɐəɖ 

əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ ŬˊɧůŰŬůɖ Űɖɠ Ɏɟɗɟɤůɖɠ ˊɞɡ ůɡɜŭɏŮɘ ŭɨɞ ɖ ˊŮɟɘůůɧŰŮɟŬ ůɩɛŬŰŬ 

ŬˊɏɢŮɘ ůŰŬɗŮɟɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ: 
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ɛŮ: 

¶ x : ŬˊɧůŰŬůɖ Űɖɠ Ɏɟɗɟɤůɖɠ ˊɞɡ ŮɑɜŬɘ ˊɟɞůŭŮɛɏɜŬ ŰŬ ůɩɛŬŰŬ Ŭˊɧ Űɖɜ ŮɚŮɨɗŮɟɖ 

ŮˊɘűɎɜŮɘŬ, 

¶ DŬ , Dɓ : Űɞ əɞɑɚɞ Űɖɠ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ, 

¶ TŬ , ɇɓ : Űɞ ɓɨɗɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ ůŰɞ ůɖɛŮɑɞ Űɖɠ Ɏɟɗɟɤůɖɠ, 

¶ űŬ , űɓ : ɖ ŮɔəɎɟůɘŬ əɚɑůɖ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ, əŬɘ Űɏɚɞɠ : 

¶ ɗŬ , ɗɓ : ɖ ŭɘŬɛɐəɖɠ əɚɑůɖ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ. 

 

ɆŰɘɠ ŮɝɘůɩůŮɘɠ ɓɡɗɘůɛɎŰɤɜ Űɘɠ əɘɜɖɛŬŰɘəɐɠ ůɡɜɗɐəɖɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ 

Ůˊɘˊɚɏɞɜ ŭɡɞ ůɡɜɗɐəŮɠ, ɖ ɘůɞɟɟɞˊɑŬ əŬŰŬəɧɟɡűɤɜ ŭɡɜɎɛŮɤɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ 

ůŰɞɜ ɧɟɞ Űɖɠ  ˊŬɟɎɚɚɖɚɖɠ ɓɨɗɘůɖɠ əŬɘ ɖ ɘůɞɟɟɞˊɑŬ ɟɞˊɩɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞɡɠ 

ɧɟɞɡɠ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ. 

ȿɧɔɤ ɧŰɘ Űɞ ůɨůŰɖɛŬ ŮɝɘůɩůŮɤɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ɏɜŬ ɛɖ ɔɟŬɛɛɘəɧ 

ůɨůŰɖɛŬ, ŬˊŬɘŰŮɑŰŬɘ ɛɘŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŬəɞɚɞɡɗɑŬ ɔɘŬ ɜŬ ŮˊɘɚɡɗŮɑ. Ⱥűɧůɞɜ ɞɘ ŮɝɏŭɟŮɠ 

ɝŮəɘɜɞɨɜ Ŭˊɧ Űɖɜ əŬŰɎůŰŬůɖ ɘůɞɟɟɞˊɑŬɠ, ůŰɖɜ Ŭɟɢɐ Űɖɠ Ůˊɑɚɡůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɗŮɤɟɞɨɛŮ ɛɖŭŮɜɘəɏɠ ŭɡɜɎɛŮɘɠ ůŰɘɠ ŬɟɗɟɩůŮɘɠ əŬɘ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ ɔɤɜɘɩɜ ŭɘŬɛɐəɞɡɠ 

əŬɘ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ. ɆŰɖɜ ŮˊɧɛŮɜɖ ŮˊŬɜɎɚɖɣɖ ɞɘ Űɘɛɏɠ Űɤɜ ɔɤɜɘɩɜ əŬɘ Űɤɜ ŭɡɜɎɛŮɤɜ 

ɚŬɛɓɎɜɞɡɜ ɜɏŮɠ Űɘɛɏɠ ɞɘ ɞˊɞɑŮɠ ɛŮ Űɖɜ ůŮɘɟɎ Űɞɡɠ ůŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ɞɟɘůŰɞɨɜ ɤɠ 

Ŭɟɢɘəɏɠ. ȰŰůɘ ɚɞɘˊɧɜ, ůŰɞ Űɏɚɞɠ Űɖɠ əɎɗŮ ŮˊŬɜɎɚɖɣɖɠ, Ŭˊɧ Űɖɜ  Ůˊɑɚɡůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ˊɟɞəɨˊŰɞɡɜ ɜɏŮɠ Űɘɛɏɠ ɔɘŬ Űɘɠ ŭɡɜɎɛŮɘɠ ůŰɘɠ ŬɟɗɟɩůŮɘɠ, Űɘɠ ɞˊɞɑŮɠ Űɘɛɏɠ 

Űɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŰɞɡɠ ɧɟɞɡɠ Űɤɜ ɔɤɜɘɩɜ, ŬɚɚɎɕɞɜŰŬɠ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ ɧɟɤɜ 

Űɘɠ Ůɝɑůɤůɖɠ, əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ŮˊɘɚɨɞɜŰŬɠ ɝŬɜɎ Űɞ ůɨůŰɖɛŬ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ŮůɤŰŮɟɘəɎ ɛɏɢɟɘɠ ɧŰɞɡ Űɞ ůɨůŰɖɛŬ ɜŬ ůɡɔəɚɑɜŮɘ. 

ȺəŰɧɠ Ŭˊɧ Űɘɠ ůɡɜɖɗɘůɛɏɜŮɠ ůɡɜŭɏůŮɘɠ ŮɝŮŭɟɩɜ, əŬɚɞɨɛŬůŰŮ ɜŬ ŮˊɘɚɨɞɡɛŮ əŬɘ 

ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɡˊɎɟɢŮɘ Ɏɟɗɟɤůɖ ůŰŬɗŮɟɞɨ ɓɡɗɑůɛŬŰɞɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ 

ůɨɜŭŮůɖ Űɖɠ ŮɝɏŭɟŬɠ ɛŮ Űɞ ɛɧɚɞ ɐ ɖ Ŭɔəɨɟɤůɖ Űɖɠ ůŰɞ ˊɡɗɛɏɜŬ Űɖɠ ɗɎɚŬůůŬɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɚɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ ůŰŬɗŮɟɞɨ ůɖɛŮɑɞɡ ˊɟɞůŰɑɗŮŰŬɘ Ɏɚɚɖ ɛɘŬ ŭɨɜŬɛɖ, 

ŮəŮɑɜɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɖɠ ůŰŬɗŮɟɐɠ Ɏɟɗɟɤůɖɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ 

ɚɧɔɤ Űɞɡ Ůˊɘˊɚɏɞɜ ŬɔɜɩůŰɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟɞůɗɏůɞɡɛŮ ůŰɞ ůɨůŰɖɛŬ Ůˊɑɚɡůɖɠ Ɏɚɚɖ ɛɘŬ 

Ůɝɑůɤůɖ. ȼ Ůˊɘˊɚɏɞɜ Ůɝɑůɤůɖ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ɘəŬɜɞˊɞɑɖůɖ Űɖɠ ɞɟɘŬəɐɠ ůɡɜɗɐəɖɠ 

ůŰŬɗŮɟɞɨ ɓɡɗɑůɛŬŰɞɠ, ŭɖɚŬŭɐ Űɞ ůɩɛŬ ůŰɞ ůɖɛŮɑɞ Űɖɠ Ɏɟɗɟɤůɖɠ ɏɢŮɘ ůŰŬɗŮɟɧ, 

ŬɛŮŰɎɓɚɖŰɞ  ɓɨɗɘůɛŬ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɔɜɤůŰɧ əŬɘ əŬɗɞɟɘůɛɏɜɞ. ȼ ůŰŬɗŮɟɐ ŭɨɜŬɛɖ ˊɞɡ 

ŬůəŮɑŰŬɘ ůŰɖɜ Ɏɟɗɟɤůɖ ŮɘůɏɟɢŮŰŬɘ əŬɘ ůŰɖɜ ůɡɜɗɐəɖ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŭɡɜɎɛŮɤɜ ɧˊɞɡ 

ɘůɢɨŮɘ: 
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ɆɡɜŮˊɩɠ, ˊɟɞůɗɏŰɞɜŰŬɠ Űɖɜ Ůɝɑůɤůɖ ɔɘŬ ůŰŬɗŮɟɧ ɓɨɗɘůɛŬ ůŰɞ ůɨůŰɖɛŬ Űɤɜ 

ŮɝɘůɩůŮɤɜ ɛˊɞɟɞɨɛŮ ɜŬ ŮˊɘɚɨůɞɡɛŮ əŬɘ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɏɢɞɡɛŮ Ŭɔəɨɟɤůɖ Űɖɠ 

əŬŰŬůəŮɡɐɠ ɐ ˊɟɧůŭŮůɖ Űɖɠ ůŰɞ ɛɧɚɞ. 

ɇɞ ˊŬɟɧɜ ˊɟɧɔɟŬɛɛŬ ɏɢŮɘ ɡɚɞˊɞɘɖɗŮɑ ůŮ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ FORTRAN 

90/95, ɖ ɞˊɞɑŬ ɛŬɠ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɢɟɐůɖɠ ɜɏɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŭɘŮɡəɞɚɨɜɞɡɜ Űɧůɞ 

Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ɧůɞ əŬɘ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɢɟɧɜɞɡ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. 

ȷɟɢɘəɎ Űɞ ˊɟɧɔɟŬɛɛŬ ɚŬɛɓɎɜŮɘ Űɘɠ əɨɟɘŮɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɞɜ Ŭɟɘɗɛɧ 
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ůɤɛɎŰɤɜ, Űɤɜ ŬɟɗɟɩůŮɤɜ əŬɘ Űɤɜ ɔŬůŰɟɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ əŬɚɞɨɛŬůŰŮ ɜŬ 

ŮˊɘɚɨůɞɡɛŮ. ȰŰůɘ ɚɞɘˊɧɜ, ůŰɞ ˊɟɩŰɞ əɞɛɛɎŰɘ ŭɘŬɓɎɕŮɘ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

əɎɗŮ ŮɝɏŭɟŬɠ, ŭɖɚŬŭɐ Űɖɜ Ŭɟɢɐ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɞɡ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ, Űɞ 

ɛɐəɞɠ, Űɞ ˊɚɎŰɞɠ əŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ. ȷəɞɚɞɨɗɤɠ ŬɟɢɑɕŮɘ ɖ ŬɜɎɔɜɤůɖ 

Űɤɜ ɔŬůŰɟɩɜ əŬɘ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ. ɀˊɞɟɞɨɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ŰŬ 

ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ ŰɟŮɘɠ Űɨˊɞɡɠ ɔŬůŰɟɩɜ ɞɘ ŭɘŬŰɞɛɏɠ Űɤɜ ɞˊɞɑɤɜ ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ, ŰɡɢŬɑŬɠ ɔŮɤɛŮŰɟɑŬɠ, ɞɟɗɞɔɤɜɘəɐ ɐ əɡəɚɘəɐ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŭɘŬɓɎɕŮɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɟɗɟɩůŮɤɜ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɚŬɛɓɎɜŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůɩɛŬ. ȷɛɏůɤɠ ɛŮŰɎ, ŮɎɜ ɡˊɎɟɢɞɡɜ ůŰɞ ůɨůŰɖɛŬ 

ŭɘŬɛŮɟɑůɛŬŰŬ ɛŮ əŬŰɎəɚɡůɖ ŰɧŰŮ ŭɘŬɓɎɕɞɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɡŰɩɜ ɛŮ Űɞɜ ɑŭɘɞ 

Űɟɧˊɞɡ ˊɞɡ ŭɘŬɓɎɕɞɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɔŬůŰɟɩɜ Ŭűɞɨ əŬɘ Ůŭɩ Űɞ ůɨůŰɖɛŬ 

ŭɨɜŬŰŬɘ ɜŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ Űɟɘɩɜ Űɨˊɤɜ ŭɘŬɛŮɟɑůɛŬŰŬ, ɛŮ əɡəɚɘəɐ, ɞɟɗɞɔɤɜɘəɐ əŬɘ 

ŰɡɢŬɑŬ ŭɘŬŰɞɛɐ. ɇɏɚɞɠ, ŭɘŬɓɎɕɞɜŰŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ůɖɛŮɑɤɜ 

ɧˊɞɡ ɞ ɢɟɐůŰɖɠ ɕɖŰɎ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ Űɞ ɓɨɗɘůɛŬ.  

ȾŬɗɧŰɘ Űɞ ˊɟɧɔɟŬɛɛŬ ŬəɞɚɞɡɗŮɑ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ, əɎˊɞɘɞɘ 

ɡˊɞɚɞɔɘůɛɞɑ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŮˊŬɜŬɚɖűɗɞɨɜ ŰɧůŮɠ űɞɟɏɠ ɧůŮɠ əŬɘ ɞɘ ŮˊŬɜŬɚɐɣŮɘɠ ˊɞɡ 

ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ ůɨɔəɚɘůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ əŬɘ Űɖɜ əŬɚɨŰŮɟɖ 

ɞɟɔɎɜɤůɖ Űɞɡ, Űɞ ˊɟɧɔɟŬɛɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ əɨɟɘɞ ɛɏɟɞɠ əŬɘ 11 ɡˊɞɟɞɡŰɑɜŮɠ (ɓɚ. 

ůɢɐɛŬ 4.1.2.1) Űɘɠ ɞˊɞɑŮɠ Űɘɠ əŬɚŮɑ ɧˊɞŰŮ ɢɟŮɘɎɕŮŰŬɘ ɜŬ əɎɜŮɘ ɡˊɞɚɞɔɘůɛɞɨɠ ˊɞɡ 

ůɡɛɛŮŰɏɢɞɡɜŮ ůŰɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ. ɃˊɧŰŮ ɛɏůŬ ůŰɞ əɨɟɘɞ ɛɏɟɞɠ Űɞɡ 

Ŭɚɔɧɟɘɗɛɞɨ əŬɚɞɨɛŮ Űɘɠ ɡˊɞɟɞɡŰɑɜŮɠ əŬɘ ɧŰŬɜ Űɞ ˊɟɧɔɟŬɛɛŬ ůɡɔəɚɑɜŮɘ ůŮ ɛɘŬ 

ŮˊɘɗɡɛɖŰɐ ŬəɟɑɓŮɘŬ ɔɟɎűɞɡɛŮ ŰŬ ŮɝŬɔɧɛŮɜŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŭɑɜɞɜŰŬɠ ůŮ əɎɗŮ 

Ɏɟɗɟɤůɖ Űɘɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ əŬɘ ŰŬ ɓɡɗɑůɛŬŰŬ Űɤɜ ůɤɛɎŰɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ 

ɛŮ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ Ɏɟɗɟɤůɖ əŬɗɩɠ əŬɘ ŰŬ ɔŮɤɛŮŰɟɘəɎ əŬɘ ɡŭɟɞůŰŬŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůɤɛɎŰɤɜ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ əŬɘ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ ɞɟɗɧŰɖŰŬɠ 

Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ˊŬɟɞɡůɘɎɕɞɡɛŮ ɛɏůɤ ˊŬɟŬŭŮɘɔɛɎŰɤɜ, ůɡɔəɟɘŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɡˊɞɚɞɔɘůɛɩɜ ɛŮ Űɞɡɠ əɚŬůůɘəɞɨɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ ɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɞɡ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɗŮɤɟɑŬ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ. 

ȷɟɢɘəɎ ˊŬɟɞɡůɘɎɕɞɡɛŮ ɛŮɟɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ Ŭˊɚɩɜ ˊŮɟɘˊŰɩůŮɤɜ ŮɡůŰɎɗŮɘŬɠ 

ůɩɛŬŰɞɠ, Ŭəɞɚɞɡɗɞɨɜ ɞɟɘůɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮɡůŰɎɗŮɘŬɠ ůɤɛɎŰɤɜ ɛŮŰɎ Ŭˊɧ ɓɚɎɓɖ 

əŬɘ Űɏɚɞɠ ɛŮɟɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɚɨˊɚɞəɤɜ ůɡɜŭɡŬůɛɩɜ ůɤɛɎŰɤɜ ˊɞɡ ɗŬ ɐŰŬɜ 

ŬŭɨɜŬŰɐ ɖ Ůˊɑɚɡůɖ Űɞɡɠ ɢɤɟɑɠ Űɞ ˊŬɟɧɜŰŬ əɩŭɘəŬ. ɇŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɏɢɞɡɜ Űɖɜ ɛɞɟűɐ ŬůəɐůŮɤɜ, ŭɖɚŬŭɐ ˊɟŬɔɛŬŰɘəɩɜ ˊŮɟɘˊŰɩůŮɤɜ ˊɞɡ 

ɗɏɚɞɡɛŮ ɜŬ ɓɟɞɨɛŮ Űɖɜ ɗɏůɖ ɘůɞɟɟɞˊɑŬɠ Űɞɡ ůɩɛŬŰɞɠ. ɀɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŰɘɠ ŬůəɐůŮɘɠ ɛŮ Űɖɜ ɚɨůɖ ɢɤɟɑɠ ɢɟɐůɖ ɡˊɞɚɞɔɘůŰɐ əŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ůŰɘɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ɗŬ ŬůəɞɨɜŰŬɘ ůŰɘɠ ŬɟɗɟɩůŮɘɠ əŬɘ 

əŬŰɎ ůɡɜɏˊŮɘŬ ůŰɘɠ Űɘɛɏɠ Űɤɜ ɔɤɜɘɩɜ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ, ɞűŮɑɚɞɜŰŬɘ 

əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖɜ ɢɟɐůɖ Űɤɜ Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Ůˊɑɚɡůɖɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ 

əŬŰɎ Űɖɜ Ůˊɑɚɡůɖ ɢɤɟɑɠ ɡˊɞɚɞɔɘůŰɐ. ũŮɔɞɜɧɠ ɧɛɤɠ ˊɞɡ ŭŮɜ ɛˊɞɟɞɨɛŮ ɜŬ Űɞ 

ŬˊɞűɨɔɞɡɛŮ Ŭűɞɨ ɖ ɢɟɐůɖ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ŮɝɘůɩůŮɤɜ ŬɜŮɓɎɕŮɘ Űɞ ɓŬɗɛɧ Űɖɠ 

Ůɝɑůɤůɖɠ əŬɘ əŬɗɘůŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ɢɤɟɑɠ Űɖ ɓɞɐɗŮɘŬ Ŭˊɧ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ 

ŬŭɨɜŬŰɖ. ȳɛɤɠ ůŮ ɧˊɞɘŮɠ ŬůəɐůŮɘɠ əɎɜŬɛŮ ɢɟɐůɖ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ŮɝɘůɩůŮɤɜ 

ŮˊŬɚɖɗŮɨŰɖəŬɜ ɛŮ ŬˊɧɚɡŰɖ ŬəɟɑɓŮɘŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. 
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2. ũŮɤɛŮŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŮˊɑˊŮŭɤɜ ůɢɖɛɎŰɤɜ 
 

 

ȼ ɔŮɤɛŮŰɟɑŬ Űɤɜ ŮˊɑˊŮŭɤɜ ŮˊɘűŬɜŮɘɩɜ ůŰɖɜ ɡŭɟɞůŰŬŰɘəɐ ŬűɞɟɎ Űɘɠ ɘŭɘɧŰɖŰŮɠ 

Űɖɠ ɘůɎɚɞɡ ˊɞɡ Ůɝô ɞɟɘůɛɞɨ ŮɑɜŬɘ ɏɜŬ ŮˊɑˊŮŭɞ ůɢɐɛŬ. Ƀɘ ɔŮɤɛŮŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

ůɢŮŰɑɕɞɜŰŬɘ ɎɛŮůŬ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ ˊɞɡ ɡűɑůŰŬŰŬɘ ɏɜŬ ůɩɛŬ 

ˊɞɡ ŮˊɘˊɚɏŮɘ, ɧˊɤɠ ŮəŰŮɜɩɠ ŬɜŬɚɨŮŰŬɘ ůŰɖɜ ŮˊɧɛŮɜɖ ˊŬɟɎɔɟŬűɞ. ɇŬ ɔŮɤɛŮŰɟɘəɎ 

ůŰɞɘɢŮɑŬ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ŮɑɜŬɘ Űɞ ŮɛɓŬŭɧɜ ȷw Űɖɠ ɘůɎɚɞɡ Űɞɛɐɠ, ɞɘ ˊɟɩŰŮɠ ɟɞˊɏɠ 

ŬŭɟɎɜŮɘŬɠ Mxx, Myy Űɞ ɔŮɤɛŮŰɟɘəɧ əɏɜŰɟɞ (xF, yF) əŬɘ ɞɘ ŭŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ Ix, 

Iy, Ixy Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɤɠ ˊɟɞɠ ŬɡŰɧ. 

ũɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ɧɟɤɜ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɏɜŬ ŰɡɢŬɑɞ 

əɚŮɘůŰɧ ůɢɐɛŬ (ȷ), Űɞ ɞˊɞɑɞ ɞɟɑɕŮŰŬɘ ɤɠ ˊɟɞɠ ɏɜŬ ůɨůŰɖɛŬ əŬɟŰŮůɘŬɜɩɜ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ (x0y), ůɢɐɛŬ  

 

 

ɆɢɐɛŬ 2.1 

ȺˊɘűɎɜŮɘŬ (ȷ) ŰɡɢŬɑŬɠ ŭɘŬŰɞɛɐɠ ůŮ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ (x,y) 

 

 

Ƀɘ ŬɜŬɚɡŰɘəɏɠ ůɢɏůŮɘɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɛŮɔɏɗɖ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ 

ŮɑɜŬɘ: 

¶ ȺɛɓŬŭɧɜ ŮˊɘűɎɜŮɘŬɠ  

w

A

A dxdy=ññ  (2.1) 
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¶ ɄɟɩŰŮɠ ɟɞˊɏɠ ɤɠ ˊɟɞɠ Űɞɡɠ ɎɝɞɜŮɠ (x,y) 

 

    

xx

A

yy

A

M ydxdy

M xdxdy

û=
î
ü

= î
ý

ññ

ññ
  (2.2) 

 

¶ ȹŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ 

 

2

2

    xx

A

yy

A

xy

A

I y dxdy

I x dxdy

I xydxdy

û
= î

î
î

= ü
î
î

=
î
ý

ññ

ññ

ññ

  (2.3) 

 

¶ ɇɞ əɏɜŰɟɞ F Űɖɠ ŮˊɘűɎɜŮɘŬɠ (ȷ) ɏɢŮɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Ůɝ ɞɟɘůɛɞɨ: 

 

   
yy

F

w

xx
F

w

M
x

A

M
y

A

û
= î

î
î
ü
î
î=
îý

  (2.4) 

Ƀɘ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ ˊɞɡ ɞɟɑɕɞɜŰŬɘ ɛɏůɤ Űɤɜ ůɢɏůŮɤɜ (2.2) ŬɜŬűɏɟɞɜŰŬɘ ůŰɞ 

ŰɡɢŬɑɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ (x, y). ɄɟɞűŬɜɩɠ ɞɘ Ixx əŬɘ Iyy ŮɑɜŬɘ ɗŮŰɘəɏɠ Ůɜɩ Űɞ 

ɔɘɜɧɛŮɜɞ ŬŭɟɎɜŮɘŬɠ Ixy ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ɗŮŰɘəɧ ŮɑŰŮ ŬɟɜɖŰɘəɧ. 

 

ŪŮɩɟɖɛŬ Űɤɜ ˊŬɟŬɚɚɐɚɤɜ Ŭɝɧɜɤɜ 

 ȷɜ ɡˊɞɗɏůɞɡɛŮ ɛɑŬ ˊŬɟɎɚɚɖɚɖ ɛŮŰŬűɞɟɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ      

(x, y) ůŮ ɏɜŬ ɜɏɞ ůɨůŰɖɛŬ ( , )x y¡ ¡, ɏŰůɘ ɩůŰŮ ŰŬ ɘůɢɨŮɘ: 

   əŬɘ   A Ax x x y y y¡ ¡= - = - 

ɇɧŰŮ ɛɏůɤ Űɤɜ ůɢɏůŮɤɜ (2.2) ́ ɟɞəɨˊŰŮɘ ɧŰɘ: 

2 2

2 2

( ) 2                                 

( ) 2

( )( )

x x A xx A w A xx

A

y y A yy A w A xx

A

x y A A xy A A w A xx A yy

A

I y y dxdy I y A y M

I x x dxdy I x A x M

I x x y y dxdy I x y A x M y M

¡ ¡

¡ ¡

¡ ¡

û
= - = + - î

î
î

= - = + - ü
î
î

= - - = + - -
î
ý

ññ

ññ

ññ

  (2.5) 
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Ƀɘ ůɢɏůŮɘɠ (2.5) ŮəűɟɎɕɞɡɜ Űɞ ɔŮɜɘəŮɡɛɏɜɞ ɗŮɩɟɖɛŬ Űɤɜ ˊŬɟŬɚɚɐɚɤɜ Ŭɝɧɜɤɜ. 

ɆŰɖɜ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɖ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɞɡ ( , )x y¡ ¡ ůɡɛˊɑˊŰŮɘ ɛŮ Űɞ əɏɜŰɟɞ 

ŮˊɘűɎɜŮɘŬɠ F (ůɢɐɛŬ 2.1), ŰɧŰŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ůɢɏůŮɤɜ (2.4) ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ: 

 

2

2

             x x xx F w

y y yy F w

x y xy F F w

I I y A

I I x A

I I x y A

¡ ¡

¡ ¡

¡ ¡

û= -
î

= - ü
î

= - ý

  (2.6) 

 

ȺɎɜ ɡˊɞɗɏůɞɡɛŮ ŰɩɟŬ ɧŰɘ ɕɖŰɞɨɜŰŬɘ ɞɘ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ ůŰɞ ůɨůŰɖɛŬ ( , )x y¡¡ ¡¡, Űɞ 

ɞˊɞɑɞ ůɢɖɛŬŰɑɕŮɘ ɔɤɜɑŬ Ŭ ɛŮ Űɞ ( , )x y¡ ¡, ŰɧŰŮ ɛɏůɤ Űɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɩɜ: 

cos sin

cos sin

x x y

y y x

a a

a a

¡¡ ¡ ¡= +

¡¡ ¡ ¡= -
 

ˊɟɞəɨˊŰŮɘ ɧŰɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ŭŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ ůŰɞ ( , )x y¡¡ ¡¡ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ 

Űɘɠ ůɢɏůŮɘɠ: 

2 2

2 2

cos sin sin2          

sin cos sin2    

1 1
sin 2 sin2 cos2      

2 2

x x x x y y x y

y y x x y y x y

x y x x y y x y

I I a I I

I I a I I

I I a I I

a a

a a

a a

¡¡ ¡¡ ¡ ¡ ¡ ¡ ¡ ¡

¡¡ ¡¡ ¡ ¡ ¡ ¡ ¡ ¡

¡¡ ¡¡ ¡ ¡ ¡ ¡ ¡ ¡

û
= + - î

îî
= + + ü

î
î= - +
îý

    (2.7) 

ȼ ŰɟɑŰɖ ůɢɏůɖ Ŭˊɧ Űɘɠ (2.7) ŭŮɑɢɜŮɘ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɛɘŬ ɔɤɜɑŬ ůŰɟɞűɐɠ ɤɠ 

ˊɟɞɠ Űɖɜ ɞˊɞɑŬ Űɞ ɔɘɜɧɛŮɜɞ ŬŭɟɎɜŮɘŬɠ ɛɖŭŮɜɑɕŮŰŬɘ. ȼ ɔɤɜɑŬ ŬɡŰɐ ɓɟɑůəŮŰŬɘ  

 

2
tan 2

x y

y y x x

I

I I
a

¡ ¡

¡ ¡ ¡ ¡

=
-

 

 

ȷˊɞŭŮɘəɜɨŮŰŬɘ ŮɨəɞɚŬ ɧŰɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɟɞˊɏɠ x xI ¡ ¡ əŬɘ y yI ¡ ¡ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ ŰŬ ɛɏɔɘůŰŬ 

əŬɘ ŰŬ ŮɚɎɢɘůŰŬ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ ( )xxI a  əŬɘ ( )yyI a . ɇɧŰŮ ɞɘ ɎɝɞɜŮɠ ( , )x y¡¡ ¡¡ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ əɨɟɘɞɘ ɎɝɞɜŮɠ ŬŭɟɎɜŮɘŬɠ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɟɞˊɏɠ əɨɟɘŮɠ ɟɞˊɏɠ 

ŬŭɟɎɜŮɘŬɠ. ȳˊɤɠ ŬˊɞŭŮɘəɜɨŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ, Űɞ ůɨůŰɖɛŬ Űɤɜ əɡɟɑɤɜ Ŭɝɧɜɤɜ ɏɢŮɘ 

ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ ɔɘŬ Űɖ ɛŮɚɏŰɖ əŬɘ Ůˊɑɚɡůɖ Űɤɜ ɡŭɟɞůŰŬŰɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ. 
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3. ɇɞ ˊɟɧɓɚɖɛŬ ŮɡůŰɎɗŮɘŬɠ ˊɚɤŰɩɜ ŮɝŮŭɟɩɜ 
 

 

ŪŬ ˊɟɞůˊŬɗɐůɞɡɛŮ ɜŬ ˊŬɟɞɡůɘɎůɞɡɛŮ ɏɜŬɜ ůɨɔɢɟɞɜɞ Űɟɧˊɞ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ 

ɗɏůŮɤɠ ˊɚɤŰɩɜ Ůɝɏŭɟɤɜ ůɡɜŭŮŭŮɛɏɜɤɜ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ çŮɚŬůŰɘəɏɠ ŬɟɗɟɩůŮɘɠè. 

 

3.1. ȺɡůŰɎɗŮɘŬ ůɩɛŬŰɞɠ ˊɞɡ ŮˊɘˊɚɏŮɘ 

 

ɇɞ ɓŬůɘəɧ ɔŮɜɘəɧŰŮɟɞ ˊɟɧɓɚɖɛŬ ůŰɖɜ ɡŭɟɞůŰŬŰɘəɐ Ůɜɧɠ ŮˊɘˊɚɏɞɜŰɞɠ ůɩɛŬŰɞɠ 

ŮɑɜŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ Űɞɡ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ŮɝɤŰŮɟɘəɩɜ 

ŭɡɜɎɛŮɤɜ əŬɘ ɟɞˊɩɜ ɐ ɛŮŰŬəɘɜɐůŮɤɜ ŮůɤŰŮɟɘəɩɜ űɞɟŰɘɩɜ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ůŰɖɜ 

ŰŮɚɘəɐ əŬŰɎůŰŬůɖ ɘůɞɟɟɞˊɑŬɠ ɗŬ ɘůɢɨɞɡɜ ɞɘ ŭɡɞ ɗŮɛŮɚɘɩŭŮɘɠ ůɡɜɗɐəŮɠ: 

¶ Űɞ ɓɎɟɞɠ Űɞɡ ůɩɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ɑůɞ ɛŮ Űɖɜ ŭɨɜŬɛɖ Ɏɜɤůɖɠ əŬɘ  

¶ Űɞ əɏɜŰɟɞ ɓɎɟɞɠ Űɞɡ ɗŬ ɓɟɑůəŮŰŬɘ ůŰɖɜ ɑŭɘŬ əŬŰŬəɧɟɡűɖ ˊɞɡ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ 

əɏɜŰɟɞ Ɏɜɤůɖɠ 

Ƀɘ ůɡɜɗɐəŮɠ ŬɡŰɏɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůɗɞɨɜ ŮɨəɞɚŬ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ 

ŰŮɚɘəɐɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ ɧŰŬɜ ɛŮɚŮŰɩɜŰŬɘ ůɩɛŬŰŬ ɛŮ ˊɞɚɨˊɚɞəŮɠ ɔŮɤɛŮŰɟɑŮɠ. ũɘŬ Űɞɜ 

ɚɧɔɞ ŬɡŰɧɜ ˊɟɘɜ Ŭˊɧ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ɞˊɞɘɞɡŭɐˊɞŰŮ ˊɟɞɓɚɐɛŬŰɞɠ ɡŭɟɞůŰŬŰɘəɐɠ 

ɘůɞɟɟɞˊɑŬɠ ɔɑɜɞɜŰŬɘ ɞɟɘůɛɏɜɞɘ ˊɟɞəŬŰŬɟəŰɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ ɔŮɤɛŮŰɟɘəɩɜ ůŰɞɘɢŮɑɤɜ 

Űɖɠ ɛɞɟűɐɠ Űɞɡ ůɩɛŬŰɞɠ, ŰŬ ɞˊɞɑŬ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŭɘŬűɧɟɤɜ 

əŬŰŬůŰɎůŮɤɜ ˊɚŮɨůɖɠ Űɞɡ. ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ ɗŬ ŬůɢɞɚɖɗɞɨɛŮ ɛŮ Űɖɜ 

ɛŮɚɏŰɖ ŮˊɘŭɟɎůŮɤɜ ɛɘəɟɩɜ ůɢŮŰɘəɎ ɛŮŰŬɓɞɚɩɜ. 

 

 

3.2. ȹɡɜɎɛŮɘɠ əŬɘ ɟɞˊɏɠ ůŮ ůɩɛŬ ˊɞɡ ŮˊɘˊɚɏŮɘ ɔɘŬ ɛɘəɟɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ 

 

ŪŮɤɟɞɨɛŮ ɏɜŬ ůŰŮɟŮɧ ůɩɛŬ (Ɇ) ˊɞɡ ŮˊɘˊɚɏŮɘ əŬɘ ɞɟɑɕɞɡɛŮ Űɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ 

Oxyz ɩůŰŮ Űɞ ŮˊɑˊŮŭɞ Oxy ɜŬ ůɡɛˊɑˊŰŮɘ ɛŮ Űɖɜ ɑůŬɚɞ ɘůɞɟɟɞˊɑŬɠ (ůɢɐɛŬ 3.2.1). ɄɟɏˊŮɘ 

ůŰɖɜ əŬŰɎůŰŬůɖ ɘůɞɟɟɞˊɑŬɠ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ ɜŬ ɓɟɑůəŮŰŬɘ ůŰɞɜ ɎɝɞɜŬ 

Ƀz əŬɘ ɞ ŰŮɚŮɡŰŬɑɞɠ ɜŬ ˊŮɟɜɎ Ŭˊɧ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ Űɖɠ ɘůɎɚɞɡ ŮˊɘűŬɜŮɑŬɠ. Ƀɘ 

ɓŬɗɛɞɑ ŮɚŮɡɗŮɟɑŬɠ Űɞɡ ŮɑɜŬɘ ɏɝɘ əŬɘ ŬɜŰɘůŰɞɘɢɞɨɜ ůô ɧɚŮɠ Űɘɠ ŭɡɜŬŰɏɠ ɛŮŰŬəɘɜɐůŮɘɠ Űɞɡ, 

ŭɖɚŬŭɐ:  

i. ɀŮŰŬŰɞˊɑůŮɘɠ əŬŰɎ Űɘɠ ŭɘŮɡɗɨɜůŮɘɠ Ox, Oy  

ii.  ɀŮŰŬŰɞˊɑůŮɘɠ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Oz 

iii.  ɄŮɟɘůŰɟɞűɏɠ əŬŰɎ ɔɤɜɑŮɠ ű əŬɘ ɗ ɔɨɟɤ Ŭˊɧ Űɞɡɠ ɎɝɞɜŮɠ Ƀx əŬɘ Ƀy ŬɜŰɑůŰɞɘɢŬ 

iv. ɄŮɟɘůŰɟɞűɐ əŬŰɎ ɔɤɜɑŬ ɤ ɔɨɟɤ Ŭˊɧ Űɞɜ ɎɝɞɜŬ Ƀz 
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ɄɟɞűŬɜɩɠ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ Űɤɜ i) əŬɘ iv) ŮɑɜŬɘ ŬŭɘɎűɞɟŮɠ Ŭˊɧ Űɖɜ ɡŭɟɞůŰŬŰɘəɐ 

Ɏˊɞɣɖ, Ůˊɞɛɏɜɤɠ ɛˊɞɟɞɨɛŮ ɜŬ ɗŮɤɟɐůɞɡɛŮ ɤɠ ɔŮɜɘəŮɡɛɏɜŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ Űɖɜ ŰɟɘɎŭŬ (z, ű, ɗ) ˊɞɡ əŬɗɞɟɑɕŮɘ ɛɞɜɞůɐɛŬɜŰŬ Űɖ ɗɏůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɤɠ ˊɟɞɠ Űɞ Ŭɟɢɘəɧ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ Oxyz. 

 

ȼ ɟɞˊɐ M  ɛɘŬɠ ŭɨɜŬɛɖɠ ( , , )X Y ZF F F F=  ɤɠ ˊɟɞɠ ůŰŬɗŮɟɧ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ 

ŬɜŬűɞɟɎɠ Ƀxyz ɞɟɑɕŮŰŬɘ ɤɠ: 

 

x y zM r F M i M j M k= ³ = + +  (3.2.1) 

 

ȳˊɞɡ ( , , )x y zr r r r=  ɖ ŮˊɘɓŬŰɘəɐ ŬəŰɑɜŬ Űɞɡ ůɖɛŮɑɞɡ ŮűŬɟɛɞɔɐɠ Űɖɠ ŭɨɜŬɛɖɠ Ŭˊɧ Űɖɜ 

Ŭɟɢɐ Űɞɡ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ Oxyz əŬɘ Mx ,My ,Mz  ɞɘ ůɡɜɘůŰɩůŮɠ Űɖɠ ɟɞˊɐɠ 

M ɤɠ ˊɟɞɠ Űɞɡɠ ɎɝɞɜŮɠ ŬɜŬűɞɟɎɠ x, y, z ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɘůɢɨɞɡɜ ɞɘ ůɢɏůŮɘɠ. 

 

x z y y z

y x z z x

z y x x y

M F r F r

M F r F r

M F r F r

û= -
î

= - ü
î

= - ý

  (3.2.2) 

ɃɟɑɕɞɡɛŮ ůŬɜ ůɡɜɘůŰɩůŮɠ ɟɞˊɩɜ ɤɠ ˊɟɞɠ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŮˊɑˊŮŭŬ ŬɜŬűɞɟɎɠ ŰŬ ɛŮɔɏɗɖ  

 

yz x

xz y

xy z

K M F r

M M F r

N M F r

û= = Ö
î
î

= = Öü
î

= = Öî
ý

   (3.2.3) 

ȷɜ ɡˊɞɗɏůɞɡɛŮ ˊɤɠ n  ŮɑɜŬɘ Űɞ ɛɞɜŬŭɘŬɑɞ ŭɘɎɜɡůɛŬ əŬŰɎ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɖɠ ŭɨɜŬɛɖɠ 

F, ŭɖɚŬŭɐ   

F F n= Ö 

ŰɧŰŮ ɞɘ ůɢɏůŮɘɠ (3.2.2) ɛɏůɤ Űɤɜ ůɢɏůŮɤɜ (3.2.3) ɛˊɞɟɞɨɜ ɜŬ ɔɟŬűɞɨɜ ɤɠ: 

 

( )

( )

( )

( )

( )

( )

x

y

z

M K n k N n j

M N n i M n k

M M n j K n i

û= Ö - Ö
îî

= Ö - Öü
î

= Ö - Öîý

  (3.2.4) 
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Ⱥˊɞɛɏɜɤɠ ɞɘ ŰɟŮɘɠ ůɡɜɘůŰɩůŮɠ Űɖɠ ɟɞˊɐɠ Űɖɠ ŭɨɜŬɛɖɠ ɞɟɑɕɞɜŰŬɘ ɛɞɜɞůɐɛŬɜŰŬ 

Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůɡɜɘůŰɩůŮɠ Ⱦ, ɀ əŬɘ Ɂ Űɞɡ ɓŬɗɛɤŰɞɨ ɛŮɔɏɗɞɡɠ F  ɤɠ ˊɟɞɠ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ŮˊɑˊŮŭŬ ŬɜŬűɞɟɎɠ. ȺˊŮɘŭɐ ůŰɖɜ əŬŰɎůŰŬůɖ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ ɘůɞɟɟɞˊɑŬɠ 

ŮɝŮŰɎɕɞɡɛŮ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛɧɜɞ Űɤɜ əŬŰŬəɧɟɡűɤɜ ŭɡɜɎɛŮɤɜ əŬɘ Ůˊɞɛɏɜɤɠ, ŭɡɜɎɛŮɤɜ 

ɞ́ɡ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚŮɠ ɛŮŰŬɝɨ Űɞɡɠ, ɖ ŮɘůŬɔɤɔɐ Űɤɜ ɛŮɔŮɗɩɜ Ⱦ, ɀ əŬɘ Ɂ ůŰɞɡɠ 

ŬɜŰɑůŰɞɘɢɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ŬˊɞŭŮɘəɜɨŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɖ. 

 

 

ɆɢɐɛŬ 3.2.1 

Ƀɟɘůɛɞɑ əŬɘ ůɡůŰɐɛŬŰŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

 

ŪŮɤɟɞɨɛŮ ɏɜŬ ůŰŮɟŮɧ ůɩɛŬ ˊɞɡ ŮˊɘˊɚɏŮɘ əŬɘ Űɞ ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ 

Ƀxyz. ɇɞ ůɩɛŬ ŮˊɘˊɚɏŮɘ ɛŮ Ŭɟɢɘəɐ ɑůŬɚɞ Űɖɜ WL1, ˊɞɡ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ (ɇ, ű, ɗ), ɛŮ Űɖɜ ɔɜɤůŰɐ ůɢɏůɖ  Űɖɠ ŬɜŬɚɡŰɘəɐɠ ɔŮɤɛŮŰɟɑŬɠ. 

 

tan tanz T x yq j= + +  (3.2.5) 

 

ɧˊɞɡ ɇ ŮɑɜŬɘ ɖ əŬŰɖɔɛɏɜɖ Űɖɠ Űɞɛɐɠ Űɖɠ ɘůɎɚɞɡ WL1,ɛŮ Űɞɜ ɎɝɞɜŬ Ƀz, əŬɘ ɗ, ű ɞɘ 

ɔɤɜɑŮɠ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ŰŬ ɑɢɜɖ Űɖɠ ɘůɎɚɞɡ ůŰŬ ŮˊɑˊŮŭŬ (Oxz) əŬɘ (Oyz) ɛŮ Űɞɡɠ ɎɝɞɜŮɠ 

Ƀx əŬɘ Oy ŬɜŰɑůŰɞɘɢŬ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ. ɇɞ ˊŮɟɑɔɟŬɛɛŬ Űɖɠ ɘůɎɚɞɡ ɗŮɤɟŮɑŰŬɘ 

ɔɜɤůŰɧ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɖ ˊɟɞɓɞɚɐ Űɞɡ f(x,y)=0 ůŰɞ ŮˊɑˊŮŭɞ Ƀxy. ȼ ɗŮɩɟɖůɖ ɧŰɘ ɖ 

ˊɟɞɓɞɚɐ f(x,y)=0 ́ ŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ɧŰŬɜ ŰŬ ɛŮɔɏɗɖ (ɇ, ű, ɗ) ɛŮŰŬɓɎɚɚɞɜŰŬɘ ŬˊɞŰŮɚŮɑ 

Űɖɜ ŬɜŬɔəŬɑŬ əŬɘ ɘəŬɜɐ ůɡɜɗɐəɖ ɔɘŬ ɜŬ ɞɟɘůŰŮɑ ɛɘŬ ɛŮŰŬɓɞɚɐ ɤɠ ɛɘəɟɐ . 

 

ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ ɔɘŬ x=ůŰŬɗŮɟɧ ɖ Ůɝɑůɤůɖ (3.2.5) ˊŮɟɘɔɟɎűŮɘ ɛɘŬ ŮɡɗŮɑŬ ˊɞɡ ɏɢŮɘ 

ůŰŬɗŮɟɐ əɚɑůɖ tanű ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ Oy. ɇɞ ɑŭɘɞ ůɡɛɓŬɑɜŮɘ əŬɘ ůŮ əɎɗŮ ŮɡɗŮɑŬ ˊɞɡ 

ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ y=ůŰŬɗŮɟɧ əŬɘ ɏɢŮɘ əɚɑůɖ tanɗ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ Ox. ȳˊɤɠ 

y

(B)
WL

x

z
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ɗŬ ŭɞɨɛŮ ůŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ ůɡɛɓŬŰɘəɏɠ ɔɎůŰɟŮɠ ɞɘ ɔɤɜɑŮɠ ŬɡŰɏɠ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗɞɨɜ 

ɤɠ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ű əŬɘ ɖ ŭɘŬɛɐəɞɡɠ ŭɘŬɔɤɔɐɠ ɗ ɢɤɟɑɠ ɜŬ ɓɚɎˊŰŮŰŬɘ ɖ 

ɔŮɜɘəɧŰɖŰŬ. 

 

 

 

ɆɢɐɛŬ 3.2.2 

 ɆŰŮɟŮɧ ůɩɛŬ ŮˊɘˊɚɏŮɘ ŬɟɢɘəɎ ůŰɖɜ ɑůŬɚɞ WL1. 

 

Ƀɘ ɛŮŰŬɓɞɚɏɠ ŭɇ, ŭű, ŭɗ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ɞɟɑɕɞɡɜŮ ɛɘŬ ɜɏŬ 

ɑůŬɚɞ Űɖɜ WL2. 

 

ŪŮɤɟɩɜŰŬɠ Űɘɠ Űɞɛɏɠ Oxȭ,Oyȭ, Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ ɛŮ ŰŬ 

ŮˊɑˊŮŭŬ ŬɜŬűɞɟɎɠ Ƀxz əŬɘ Oyz ɛˊɞɟɞɨɛŮ ɜŬ ɞɟɑůɞɡɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɛɞɜŬŭɘŬɑŬ 

ŭɘŬɜɨůɛŬŰŬ  ,  iȭ jȭŬˊɧ Űɘɠ ůɢɏůŮɘɠ :  

cos sin

cos sin

i i k

j j k

q q

j j

¡ û= + î
ü

¡= + îý

  (3.2.6) 

  

ɞˊɧŰŮ ɏɜŬ əɎɗŮŰɞ ůŰɖɜ ɑůŬɚɞ ŮˊɘűɎɜŮɘŬ ŭɘɎɜɡůɛŬ k¡ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

 

 ( ) sin cos cos sin cos cosk i j i j kq j q j q j¡ ¡ ¡= ³ =- - +    (3.2.7) 

x

y

x

y

z

A

f(x,y) = 0

dA
 dh

WL1

 T

WL2

O

dT

 
ɗ

ɗ1

ű

ű1
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əŬɘ ɏɢŮɘ ˊɟɞűŬɜɩɠ ɛɏŰɟɞ  

 

 2 2 2 2 2 2sin cos cos cos sin cosk q j q q j j¡= + = +   (3.2.8) 

 

ȺɎɜ ɡˊɞɗɏůɞɡɛŮ ɧŰɘ Űɞ əɏɜŰɟɞ ɎɜŰɤůɖɠ ɏɢŮɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ (xB, yB, zB) əŬɘ Űɞ əɏɜŰɟɞ 

ɓɎɟɞɡɠ Űɖɠ ŮɝɏŭɟŬɠ ɏɢŮɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ (xG, yG, zG) ɤɠ ˊɟɞɠ Űɞ Ŭɟɢɘəɧ ůɤɛŬŰɞˊŬɔɏɠ 

ůɨůŰɖɛŬ Ŭɝɧɜɤɜ Oxyz, ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɡŭɟɞůŰŬŰɘəɐ ɘůɞɟɟɞˊɑŬ Űɞɡ ůɩɛŬŰɞɠ ˊɟɏˊŮɘ 

ɜŬ ɘůɢɨɞɡɜŮ ɞɘ ůɡɜɗɐəŮɠ: 

 

BF W=   (3.2.9) 

əŬɘ 

( ) 0x i y j z k kd d d ¡Ö + Ö + Ö ³ =  (3.2.10) 

 

ȳˊɞɡ BF  ŮɑɜŬɘ ɖ Ɏɜɤůɖ əŬɘ W  Űɞ ɓɎɟɞɠ Űɖɠ ŮɝɏŭɟŬɠ əŬɘ  

G B

G B

G B

x x x

y y y

z z z

d

d

d

= - û
î

= - ü
î= - ý

  (3.2.11) 

 

ȼ ůɡɜɗɐəɖ (3.2.10) ůɡɜŮˊɎɔŮŰŬɘ ɧŰɘ ŰŬ ŭɘŬɜɨůɛŬŰŬ Ɏɜɤůɖɠ əŬɘ Űɞɡ ɓɎɟɞɡɠ Űɞɡ 

ůɩɛŬŰɞɠ ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ ůŰɖɜ ɑŭɘŬ əŬŰŬəɧɟɡűɖ . 
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ɄɟɤŰɞŰɎɝɘŬ ɗŮɩɟɖůɖ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ  

 

Ƀɘ ɛŮŰŬɓɞɚɏɠ ŭɇ, ŭű əŬɘ ŭɗ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ɞɟɑɕɞɡɜŮ ɛɘŬ 

ɜɏŬ ɑůŬɚɞ Űɖɜ WL2 ɛŮ Ůɝɑůɤůɖ: 

 

( ) tan( ) tan( )z T T x yd q dq j dj= + + + + +  (3.2.12) 

 

 Ⱥ́ Ůɘŭɐ ŮɝŮŰɎɕɞɡɛŮ ɛɘəɟɏɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ, 

ɛˊɞɟɞɨɛŮ ɔɘŬ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ɎɜŰɤůɖɠ ŭFB əŬɘ Űɤɜ ɟɞˊɩɜ Űɖɠ ŭȾ, 

ŭɀ əŬɘ ŭɁ ɤɠ ˊɟɞɠ ŰŬ ŮˊɑˊŮŭŬ (Ozx) , (Ƀyz) əŬɘ (Oxy), ɜŬ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ŰŬ ˊɚŮɡɟɘəɎ 

ŰɞɘɢɩɛŬŰŬ Űɞɡ ůŰŮɟŮɞɨ ˊɞɡ ɞɟɑɕŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ɘůɎɚɤɜ WL1 əŬɘ WL2 ŮɑɜŬɘ 

ˊŬɟɎɚɚɖɚŬ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ Oz. ɄɟɞűŬɜɩɠ ŬɡŰɐ ɖ ɗŮɩɟɖůɖ ŮɑɜŬɘ ŰŬɡŰɧůɖɛɖ ɛŮ Űɞɜ 

ɞɟɘůɛɧ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ Ŭűɞɨ ůŮ ˊɟɩŰɖ ŰɎɝɖ ˊɟɞůɏɔɔɘůɖɠ ůɡɛˊɑˊŰɞɡɜ ɞɘ 

ˊɟɞɓɞɚɏɠ Űɤɜ ˊŮɟɘɔɟŬɛɛɎŰɤɜ Űɤɜ ɘůɎɚɤɜ WL1 əŬɘ WL2 ůŰɞ ŮˊɑˊŮŭɞ Oxy. ɄŬɑɟɜɞɜŰŬɠ 

ŰŬ ɞɚɘəɎ ŭɘŬűɞɟɘəɎ Űɤɜ ɛŮŰŬɓɞɚɩɜ ŭFB , ŭȾ , ŭɀ əŬɘ ŭɁ ɛˊɞɟɞɨɛŮ ɜŬ ɔɟɎɣɞɡɛŮ ɡˊɧ 

ɛɞɟűɐ ˊɘɜɎəɤɜ : 

 

1

1

1

1 0

B B B
B

F F F
F T

T

K K K
K

T

M M M
M

T

N N N
N

T

J J J
d d

J Jj Jq

J J J
djd

J Jj Jq

J J J
dqd

J Jj Jq

J J J
d

J Jj Jq

= Ö   (3.2.13) 

 

ɐ ůɡɜɞˊŰɘəɎ  

 

MBF Ö=   (3.2.14) 

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ˊɑɜŬəŬ ȸ ɞɟɑɕɞɡɛŮ ůŰɞ ůɢɐɛŬ (3.2.2) ŰŬ 

ůŰɞɘɢŮɘɩŭɖ ˊɟɑůɛŬŰŬ ɛŮ ɓɎůɖ dȷ ˊŬɟɎɚɚɖɚɖ ůŰɞ ŮˊɑˊŮŭɞ (Oxy) əŬɘ ɨɣɞɠ ŭh ɧˊɞɡ : 

 

[ ] [ ]tan( ) tan tan( ) tanh T x yd d q dq q j dj j= + + - + + +  (3.2.15) 
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ȺˊŮɘŭɐ ɔɘŬ ɛɘəɟɐ ɔɤɜɑŬ ŭŬ ɗŬ ɘůɢɨŮɘ ɖ ůɢɏůɖ (ˊɟɞůɏɔɔɘůɖ ˊɟɩŰɖɠ ŰɎɝɖɠ) : 

 

2

2
tan( ) tan 0( )

cos

da
a da a da

a
+ = + +   (3.2.16) 

ˊɟɞəɨˊŰŮɘ ɧŰɘ ɔɘŬ Űɞ ɨɣɞɠ ŭh : 

2 2cos cos
h T x y

dq dj
d d

q j
= + +    (3.2.17) 

 

Ⱥˊɑůɖɠ, əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ůɢɏůɖ ůŰŬŰɘəɐɠ ɘůɞɟɟɞˊɑŬɠ Űɞɡ ůŰɞɘɢŮɘɩŭɞɡɠ əɨɓɞɡ  

 

( ) 0G dV p dVr + -Ð =   ɐ   p GrÐ =  

ɧˊɞɡ GŮɑɜŬɘ ɖ ŮɝɤŰŮɟɘəɐ ŭɨɜŬɛɖ ŬɜɎ ɛɞɜɎŭŬ ɛɎɕŬɠ . 

 

əŬɘ Űɖɜ ůɢɏůɖ ůɡɜɞɚɘəɐɠ ŭɨɜŬɛɖɠ ˊɎɜɤ ůŰɞ ůɩɛŬ  

 

ññññññññ -=Ð-=-=
+ VVAS

B dVgkpdVspdF rr

 

 

ɧˊɞɡ ȷ ŮɑɜŬɘ ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ. ɄɟɞəɨˊŰŮɘ ŰŮɚɘəɎ ɧŰɘ : 

 

2 2

2

2 2

2

2 2

             i)
cos cos

         ii)
cos cos

        iii)
cos cos

B

A A A A

A A A A

A A A A

F hdA T dA xdA ydA

K y hdA T ydA xydA y dA

M x hdA T xdA x dA xydA

dq dj
d g d g d

q j

dq dj
d g d g d

q j

dq dj
d g d g d

q j

d

è ø
= = + + +é ù

ê ú

è ø
= = + +é ù

ê ú

è ø
= = + +é ù

ê ú

ñ ñ ñ ñ

ñ ñ ñ ñ

ñ ñ ñ ñ

2

2

2

2

tan tan

           tan tan
cos

           tan tan                        iv)
cos

A A A A

A A A

A A A

N z hdA T T dA xdA ydA

T xdA x dA xydA

T ydA xydA y dA

g d g d q j

dq
q j

q

dj
q j

j

û
î
î
î
î
î
î
î
î
î
ü

è øå õ î
= = + + +é ùæ ö

é ùç ÷ê ú

å õ
+ + + +æ ö

ç ÷

å õ
+ + +æ ö

ç ÷ ý

ñ ñ ñ ñ

ñ ñ ñ

ñ ñ ñ

î
î
î
î
î
î
î
î

 (3.2.18) 
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ɇŬ ɞɚɞəɚɖɟɩɛŬŰŬ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ůɢɏůŮɘɠ ˊŬɟɘůŰɎɜɞɡɜ Űɘɠ 

ɔɜɤůŰɏɠ ɛŬɠ ɔŮɤɛŮŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊɟɞɓɞɚɐɠ Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ WL1.  

ɄɟɎɔɛŬŰɘ:  

2

2

A

F

A

F

A

yy

A

xx

A

xy

A

dA A

xdA Ax

ydA Ay

x dA I

y dA I

xydA I

û=
î
î

= î
î
î

= î
î
ü

= î
î
î

= î
î
î=
îý

ñ

ñ

ñ

ñ

ñ

ñ

  (3.2.19)  

 

ɀŮ ɓɎůɖ Űɘɠ ůɢɏůŮɘɠ, ɞɘ ˊɟɞɖɔɞɨɛŮɜŮɠ ɔɟɎűɞɜŰŬɘ: 

 

( )

2 2

2 2

2 2

                (i)
cos cos

             (ii)
cos cos

            (iii)
cos cos

[ tan tan

         

F F
B

xy xx
F

yy xy

F

F F

Ax Ay
F A T

I I
K Ay T

I I
M Ax T

N AT Ax Ay T

A

d g d dq dj
q j

d g d dq dj
q j

d g d dq dj
q j

d g q j d

è ø
= + +é ù
ê ú

è ø
= + +é ù
ê ú

è ø
= + +é ù
ê ú

= + + +

+( )

( )

2

2

     

tan tan
cos

         tan tan ]         (iv)
cos

F yy xy

F xy xx

x T I I

Ay T I I

dq
q j

q

dj
q j

j

û
î
î
î
î
î
î
îî
ü
î
î
î
î+ + +
î
î
î+ + +
îý

  (3.2.20) 

 

 

 

 

 

ȺɝɘůɩɜɞɜŰŬɠ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ ŭɇ, ŭű, ŭɗ ůŰɘɠ ůɢɏůŮɘɠ (3.2.13) əŬɘ 

(3.2.18) ɞɟɑɕɞɡɛŮ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Űɞɡ ˊɑɜŬəŬ ȸ ůɡɜŬɟŰɐůŮɘ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Űɖɠ ˊɟɞɓɞɚɐɠ Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ (ɇ, ű, ɗ) : 
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2 2

2 2

2 2

                             i)
cos cos

                           ii)
cos cos

                       iii)
cos cos

yyxxB B B

xyxx
xx

xy yy

yy

MMF F F
A

T

IIK K K
M

T

I IM M M
M

T

J J J
g g g

J Jj j Jq q

J J J
g g g

J Jj j Jq q

J J J
g g g

J Jj j Jq q

= = =

= = =

= = =

2 2 2

2 2 2

( tan tan )

tan tan
                 iv)

cos cos cos

tan tan
      

cos cos cos

F F

xx
xy xx

yy

yy xy

N
A T x y

T

MN
T I I

MN
T I I

J
g q j

J

J q j
g

Jj j q j

J q j
g

Jq q q j

û
î
î
î
î
î
î
î
îî
üû
îî= + + îî
îîå õ î î

= + + üæ ö î
ç ÷ î î

î îå õ
î= + + îæ ö
îç ÷ îý ý

 (3.2.21) 

 

Ƀ ˊɑɜŬəŬɠ ȸ ɞɟɑɕŮŰŬɘ ɚɞɘˊɧɜ ɓɎůŮɘ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ ˊɟɞɓɞɚɐɠ Űɖɠ 

ɘůɎɚɞɡ ˊɚŮɨůɖɠ əŬɘ Ŭɜ ɗŮɤɟɐůɞɡɛŮ Űɘɠ ɔɤɜɑŮɠ ű əŬɘ ɗ Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ɛɖŭŮɜɘəɏɠ, 

ŰɧŰŮ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɛŮɔɏɗɖ Űɞɡ, ɘůɞŭɡɜŬɛɞɨɜ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ Űɞɡ ɔɜɤůŰɞɨ 

ɡŭɟɞůŰŬŰɘəɞɨ ŭɘŬɔɟɎɛɛŬŰɞɠ. Ⱥˊɑůɖɠ, ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ ůɢɏůŮɘɠ ɛŮŰŬɝɨ Űɖɠ 

Ɏɜɤůɖɠ əŬɘ Űɤɜ ɟɞˊɩɜ Űɖɠ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ ŮɑɢŬɜ 

ŬˊɞŭŮɘɢɗŮɑ ɔɘŬ Űɖɜ Ŭˊɚɐ ˊŮɟɑˊŰɤůɖ Űɖɠ ɛŮŰŬɓɞɚɐɠ Ůɜɧɠ ɛɧɜɞ Ŭˊɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ɛŮɔɏɗɖ (ɇ, ű, ɗ) Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ. ȰŰůɘ ˊ.ɢ. ɖ ůɢɏůɖ /BF T AJ J g=  ŮɑɜŬɘ ɖ ɔɜɤůŰɐ 

/d dz TPcD = . Ⱥˊɑůɖɠ ɞɘ 
2/ / cosxxK IJ Jj g j=  əŬɘ 

2/ tan / cosxxN IJ Jj g j j=  ́ ɞɡ 

ɘůɢɨɞɡɜ ɔɘŬ ůɡɛɛŮŰɟɘəɐ ɑůŬɚɞ, ɔɘŬ Űɖɜ ɞˊɞɑŬ 0xx xyM I= =, ŭɑɜɞɡɜ Ŭɜ ɞɚɞəɚɖɟɤɗɞɨɜ 

tanxyK Id g j=  əŬɘ 
2tan / 2xxN Id g j= , ŭɖɚŬŭɐ Űɘɠ ɐŭɖ ɔɜɤůŰɏɠ ůɢɏůŮɘɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ ˊɞɡ ɘůɢɨɞɡɜ Ŭəɟɘɓɩɠ ɔɘŬ ɛɘŬ ůɡɛɛŮŰɟɘəɐ ɑůŬɚɞ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɞˊɞɑŬɠ 

ŰŬ ŰɞɘɢɩɛŬŰŬ Űɞɡ ˊɚɞɑɞɡ ˊŬɟŬɛɏɜɞɡɜŮ əɎɗŮŰŬ . 

 

 

Ƀ ˊɑɜŬəŬɠ ȸ ŮˊɏɢŮɘ ɗɏůɖ ɛɘŬɠ ɔŮɜɘəŮɡɛɏɜɖɠ ɡŭɟɞůŰŬŰɘəɐɠ ůŰŬɗŮɟɎɠ ˊɞɡ ɔɘŬ ɏɜŬ ůɩɛŬ 

ŰɡɢŬɑŬɠ ɛɞɟűɐɠ ůɡɜŭɏŮɘ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ ɛɏŰɟɞɡ Űɖɠ Ɏɜɤůɖɠ əŬɘ Űɘɠ ɛŮŰŬəɘɜɐůŮɘɠ Űɞɡ 

ůɖɛŮɑɞɡ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɔŮɜɘəŮɡɛɏɜɤɜ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɖɠ ɘůɎɚɞɡ əŬɘ ŬɜŰɑůŰɟɞűŬ.  
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Ƚůɧɞɔəɖ ɛŮŰŬɓɞɚɐ ůŰɖɜ ˊɟɤŰɞŰɎɝɘŬ ɗŮɩɟɖůɖ. 

 

Ƚůɧɞɔəɖ ɛŮŰŬɓɞɚɐ ůŮ ɏɜŬ Ůˊɘˊɚɏɞɜ ůɩɛŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞɏɚɗŮɘ ŮɑŰŮ Ŭˊɧ Űɖ 

ɛŮŰŬəɑɜɖůɖ əɎˊɞɘɞɡ űɞɟŰɑɞɡ ɛɏůŬ ůŰɞ ůɩɛŬ, ŮɑŰŮ Ŭˊɧ Űɖɜ Ůˊɘɓɞɚɐ ɟɞˊɐɠ ɕŮɨɔɞɡɠ 

ŭɡɜɎɛŮɤɜ. ɇɞ ɓɎɟɞɠ Űɞɡ ůɩɛŬŰɞɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ əŬɘ Ůˊɞɛɏɜɤɠ əŬɘ ɖ Ɏɜɤůɖ 

ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ɐ ɘůɞŭɨɜŬɛŬ ɗŬ ɘůɢɨŮɘ: 

 

0B B B
B

F F F
F T

T

J J J
d d dj dq

J Jj Jq
= + + =  (3.2.22) 

 

ȷˊɧ Űɖɜ ůɢɏůɖ (3.2.20(i)) ůɡɜŮˊɎɔŮŰŬɘ ɧŰɘ: 

 

2 2cos cos

F Fx y
Td dq dj

q j
=- -    (3.2.23) 

 

ȷɜ ɖ Ŭɟɢɐ Űɞɡ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ Ŭɝɧɜɤɜ ůɡɛˊɑˊŰŮɘ ɛŮ Űɞ əɏɜŰɟɞ 

ˊɚŮɡůŰɧŰɖŰŬɠ Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ, ɗŬ ŮɑɜŬɘ ˊɟɞűŬɜɩɠ ŭɇ=0 əŬɘ ɞɘ ůɢɏůŮɘɠ 

(3.2.21(ii ),(iii ),(iv)) ŬˊɚɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ:  

 

2 2

2 2

2 2

                                                    
cos cos

                                                   
cos cos

tan tan

cos cos

FF
xyxx

F F

xy yy

F F

xy xx

IIK K

I IM M

N
I I

J J
g g

Jj j Jq q

J J
g g

Jj j Jq q

J q j
g

Jj q j

= =

= =

å õ
= +æ
ç

2 2

tan tan
           

cos cos

F F

yy xy

N
I I

J q j
g

Jq q j

û
î
î
î
î
ü
î
îå õ

= + îö æ ö
î÷ ç ÷ý

 (3.2.24) 

 

ɧˊɞɡ Űɞ ůɨɛɓɞɚɞ F ŭɖɚɩɜŮɘ ŬɜŬűɞɟɎ ɤɠ ˊɟɞɠ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ, Ůˊɑůɖɠ ɘůɢɨŮɘ: 

2

2

F

xx xx F

F

yy yy F

F

xy xy F F

I I Ay

I I Ax

I I Ay x

û= -
îî

= - ü
î

= - îý

  (3.2.25) 
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 ȷɜ Ůˊɘˊɚɏɞɜ, Űɞ Ŭɟɢɘəɧ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ Ƀx,Oy ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ůɨůŰɖɛŬ 

əɨɟɘɤɜ Ŭɝɧɜɤɜ ŬŭɟɎɜŮɘŬɠ, ɞɘ ůɢɏůŮɘɠ (3.2.24) ŬˊɚɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ: 

 

2

2

2 2

                             0
cos

0                                 
cos

tan tan
               

cos cos

F

xx

F

yy

F F

xx yy

IK K

IM M

N N
I I

J J
g

Jj j Jq

J J
g

Jj Jq q

J j J q
g g

Jj j Jq q

û
= = î

î
îî

= = ü
î
î

= = î
îý

 (3.2.26) 

 

 ŪŮɤɟɩɜŰŬɠ ɧŰɘ ɖ ɛŮŰŬɓɞɚɐ ůŰɖɜ ɡŭɟɞůŰŬŰɘəɐ ɘůɞɟɟɞˊɑŬ Űɞɡ ůɩɛŬŰɞɠ 

ɞűŮɑɚŮŰŬɘ ůŰɖ ɛŮŰŬəɑɜɖůɖ Ůɜɧɠ űɞɟŰɑɞɡ P əŬŰɎ ŭxp , ŭyp , ŭzp , ɞɘ ůɢɏůŮɘɠ (3.2.11) 

ɔɑɜɞɜŰŬɘ: 

 

p

o

p

o

p

o

P xM
x x

P yK
y y

P zN
z z

dd
d d

dd
d d

dd
d d

û
= + - î

D D
î
î

= + - ü
D Dî

î
= + - î

D D ý

 (3.2.27) 

 

 

ɧˊɞɡ ȹ ŮɑɜŬɘ Űɞ ŬɛŮŰɎɓɚɖŰɞ ŮəŰɧˊɘůɛŬ Űɞɡ ŮˊɘˊɚɏɞɜŰɞɠ ůɩɛŬŰɞɠ əŬɘ ŭxo , ŭyo , ŭzo ɞɘ 

Ŭɟɢɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɖɠ Ɏɜɤůɖɠ əŬɘ Űɞɡ ɓɎɟɞɡɠ. ȼ ŭɘŬűɞɟɎ 

ŭzo ŮɑɜŬɘ ɑůɖ ɛŮ BG KG KB= -  əŬɘ ŮɑɜŬɘ ɔŮɜɘəɎ ɛɖ ɛɖŭŮɜɘəɐ. ȷɜ ɡˊɞŰŮɗŮɑ ɧŰɘ ɞɘ ɔɤɜɑŮɠ 

ű əŬɘ ɗ Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ŮɑɜŬɘ ɛɖŭŮɜɘəɏɠ, ŰɧŰŮ ɘůɢɨŮɘ ɧŰɘ ŭxo=ŭyo=0 əŬɘ, Ůˊɑůɖɠ ɞɘ 

ůɢɏůŮɘɠ (3.2.26) ɔɑɜɞɜŰŬɘ: 

 

0

F

xx

F

yy

K
I

M
I

K M N N

J
g

Jj

J
g

Jq

J J J J

Jq Jj Jj Jq

û
= î

î
î

= ü
î
î

= = = =î
ý

  (3.2.28) 
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ŪŮɤɟɩɜŰŬɠ ɛŮŰŬɓɞɚɏɠ ŭű əŬɘ ŭɗ Űɤɜ ɔɤɜɘɩɜ əŬɘ ŮɘůɎɔɞɜŰŬɠ Űɘɠ (3.2.27) əŬɘ (3.2.7) 

ůŰɖɜ Ůɝɑůɤůɖ (3.2.10), ˊɟɞəɨˊŰɞɡɜ ɞɘ ůɢɏůŮɘɠ   

 

( ) ( )

( ) ( )

( ) ( )

cos sin 0                     (i)

cos sin 0                    (ii)

sin cos sin cos 0          (iii)

p p

p p

p p

K P y N P z BG

M P y N P z BG

K P y M P z

d d dj d d dj

d d dq d d dq

d d dq dj d d dq dj

û- + - +D =
î
î

- + - +D = ü
î

- - - = îý

 (3.2.29) 

 

ȺɨəɞɚŬ ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ɖ ůɢɏůɖ (3.2.29 (iii)) ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ. 

ȿɧɔɤ Űɤɜ (3.2.28) ɞɘ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɟɞˊɩɜ ɤɠ ˊɟɞɠ ŰŬ ŰɟɑŬ ŮˊɑˊŮŭŬ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ 
F

xxK Id g dj=  , 
F

yyM Id g dq=  əŬɘ ŭɁ=0. ɇɧŰŮ Ŭˊɧ Űɖ ůɢɏůɖ (3.2.29 (i)) əŬɘ 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ tandj djº  əŬŰŬɚɐɔɞɡɛŮ ůŰɖɜ əɚŬůůɘəɐ ůɢɏůɖ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ: 

 

( )
tan

p

T

P y

KB BM KG KG

d
dj dj

d
º =

è øD + - +ê ú

  (3.2.30) 

 

ɧˊɞɡ 

F

xx
T

I
BM g=

D
 əŬɘ 

pP z
KG

d
d =

D
. 

 

ɀŮ Űɖɜ ůɢɏůɖ (3.2.30) ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ 

ɛŮŰŬəɑɜɖůɖɠ Űɞɡ űɞɟŰɑɞɡ P ɤɠ ˊɟɞɠ Űɞ ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ, Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ⱦȸ əŬɘ ȸɀ Űɖɠ ɔɎůŰɟŬɠ Űɞɡ ˊɚɞɑɞɡ ˊɟɘɜ Űɖ ɛŮŰŬəɑɜɖůɖ Űɞɡ űɞɟŰɑɞɡ 

əŬɘ Űɖɠ Ŭɟɢɘəɐɠ əŬŰŬəɧɟɡűɖɠ ɗɏůɖɠ Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ KG Űɞɡ ˊɚɞɑɞɡ. 

 

ȷɜŰɑůŰɞɘɢŬ, ɔɘŬ Űɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ŭɗ ɓɟɑůəɞɡɛŮ: 

 

( )
tan

p

L

P x

KB BM KG KG

d
dq dq

d
º =

è øD + - +ê ú

 (3.2.31) 
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ȺɑɜŬɘ ˊɟɞűŬɜɏɠ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (3.2.30) əŬɘ (3.2.31) ɧŰɘ ůŰɖɜ ˊɟɤŰɞŰɎɝɘŬ 

ɗŮɩɟɖůɖ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ ɞɘ ɔɤɜɑŮɠ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ əŬɘ ŭɘŬɔɤɔɐɠ 

ŮɛűŬɜɑɕɞɜŰŬɘ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɝɨ Űɞɡɠ. ȷɜ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ɖ ɘůɧɞɔəɖ ɛŮŰŬɓɞɚɐ 

ɞűŮɑɚŮŰŬɘ ůŮ ɛɘŬ ɛɧɜɘɛɖ ŮɝɤŰŮɟɘəɐ ɟɞˊɐ Q ŰɧŰŮ ɞɘ ŭɡɜɎɛŮɘɠ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ 

W əŬɘ Űɖɠ ɎɜŰɤůɖɠ FB ɗŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ ɏɜŬ ŬɜŰɑɟɟɞˊɞ ɕŮɨɔɞɠ ˊɞɡ ɗŬ ŮɝɘůɞɟɟɞˊŮɑ 

Űɖɜ Q. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞ ŭɘɎɜɡůɛŬ ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ ŰŬ ůɖɛŮɑŬ ŮűŬɟɛɞɔɐɠ 

Űɤɜ W əŬɘ FB ŭŮɜ ɗŬ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚɞ ˊɟɞɠ Űɞ əŬŰŬəɧɟɡűɞ ŭɘɎɜɡůɛŬ k¡ əŬɘ ɖ Ůɝɑůɤůɖ 

(3.2.10) Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ ɘůɞɟɟɞˊɑŬɠ ɔɑɜŮŰŬɘ:  

( ) 0
k

x i y j z k Q
k

d d d
å õ¡
æ öÖ + Ö + Ö ³ ÖD + =
æ ö¡
ç ÷

  (3.2.32) 

ɧˊɞɡ ȹ=FB=W. ȷɜ ɖ Q  ŬɜŬɚɡɗŮɑ ůŮ ŭɨɞ ůɡɜɘůŰɩůŮɠ Qx əŬɘ Qy ˊɞɡ ŮɑɜŬɘ ůŰŬɗŮɟɏɠ ɤɠ 

ˊɟɞɠ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɎɝɞɜŮɠ Űɞɡ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ ŰɧŰŮ Ŭˊɧ Űɖɜ (3.2.32) 

əŬɘ əŬŰɎ ŬɜŬɚɞɔɑŬ (3.2.29) ˊɟɞəɨˊŰɞɡɜ ɞɘ ůɢɏůŮɘɠ: 

 

cos cos sin cos
0

cos cos sin cos
0

x

y

K BG M
k k

M BG M
k k

dj dq dj dq
d

dj dq dj dq
d

û
+DÖ + =î¡ ¡ î

ü
î+DÖ - =
î¡ ¡
ý

  (3.2.33) 

 

 ȷɜ ŬɜŰɘəŬŰŬůŰɐůɞɡɛŮ  Űɞ ɛɏŰɟɞ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ k¡ Ŭˊɧ Űɖɜ (3.2.8) əŬɘ 

əɟŬŰɐůɞɡɛŮ ɛɧɜɞ Űɞɡɠ ɧɟɞɡɠ ˊɟɩŰɖɠ ŰɎɝɖɠ ůŰŬ ŬɜŬˊŰɨɔɛŬŰŬ Űɤɜ ŰɟɘɔɤɜɞɛŮŰɟɘəɩɜ 

ɧɟɤɜ, ŭɖɚŬŭɐ cos 1daº  

əŬɘ sin tanda da daº º  ŰɧŰŮ ɞɘ (3.2.33) əŬŰŬɚɐɔɞɡɜŮ ůŰɘɠ: 

 

sin          (i)

sin           (ii)

X X

T T

Y Y

L L

M M

GM KB BM KG

M M

GM KB BM KG

dj dj

dq dq

- - û
º = = îD è øD + -ê ú î

ü
îº = =
îD è øD + -ê ú ý

  (3.2.34) 

 

 ɆŰɘɠ (3.2.34) ɏɢɞɡɜŮ ŬɜŰɘəŬŰŬůŰŬɗŮɑ ɞɘ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɟɞˊɩɜ əŬɘ ˊɎɚɘ ɤɠ 

ŭȾ=ɔȽxxŭű əŬɘ ŭɀ=ɔȽyyŭɗ. ɇɞ ŬɟɜɖŰɘəɧ ˊɟɧůɖɛɞ Űɖɠ ɀx ůŰɞ ŭŮɝɑ ɛɏɚɞɠ Űɖɠ (3.2.34(i)) 

ŮɑɜŬɘ ůɡɛɓŬŰɧ ɛŮ Űɞɜ ɞɟɘůɛɧ Űɤɜ ɗŮŰɘəɩɜ ɔɤɜɘɩɜ ű əŬɘ ɗ. ŪŮŰɘəɐ ɗŮɤɟŮɑŰŬɘ ɛɘŬ ɔɤɜɑŬ 

ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɐ ŭɘŬɔɤɔɐɠ ɧŰŬɜ ŬɡɝɎɜŮŰŬɘ Űɞ ɓɨɗɘůɛŬ ˊɟɞɠ ŰŬ ɗŮŰɘəɎ Űɞɡ 

ŬɜŰɑůŰɞɘɢɞɡ ɎɝɞɜŬ Oy ɐ Ox. Ƀɘ ůɢɏůŮɘɠ (3.2.34) ˊŬɟɞɡůɘɎɕɞɡɜ ŭɡɞ ŭɘŬűɞɟɏɠ ɤɠ ˊɟɞɠ 

Űɘɠ (3.2.30) əŬɘ (3.2.31) ˊɞɡ Ŭűɞɟɞɨɜ ůŮ ɘůɧɞɔəɖ ɛŮŰŬɓɞɚɐ ɛŮŰɎ Ŭˊɧ ɛŮŰŬəɑɜɖůɖ 

ɓɎɟɞɡɠ. ɄɟɩŰɞɜ, ɖ ɛŮŰŬɓɞɚɐ Űɞɡ KG ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ŮɝɤŰŮɟɘəɐɠ ɟɞˊɐɠ ŮɑɜŬɘ 
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ɛɖŭŮɜɘəɐ əŬɘ ŭŮɨŰŮɟɞɜ, ɞɘ ŮűŬˊŰɧɛŮɜŮɠ Űɤɜ ɔɤɜɘɩɜ ůŰɞ ŬɟɘůŰŮɟɧ ɛɏɚɞɠ Űɤɜ (3.2.30) 

əŬɘ (3.2.31) ɏɢɞɡɜ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ ɖɛɑŰɞɜŬ ůŰɘɠ (3.2.34). ɄŬɟɧɚɞ ˊɞɡ ɞɘ ɔɤɜɑŮɠ 

ˊɞɡ ɛŮɚŮŰɩɜŰŬɘ ůŰɖɜ ˊɟɤŰɞŰɎɝɘŬ ɗŮɩɟɖůɖ ŮɑɜŬɘ ɛɘəɟɏɠ, ɧˊɤɠ ɗŬ ŭɞɨɛŮ ˊŬɟŬəɎŰɤ ɞɘ 

ŭɘŬűɞɟɏɠ ŬɡŰɏɠ ɘůɢɨɞɡɜ əŬɘ ɔɘŬ ˊŮˊŮɟŬůɛɏɜŮɠ Űɘɛɏɠ Űɤɜ ɔɤɜɘɩɜ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ əŬɘ 

ŭɘŬɔɤɔɐɠ. 

 

 

 

3.3. ɄɟɞůɗŬűŬɑɟŮůɖ ɓŬɟɩɜ ůŰɖ ɗŮɤɟɑŬ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ 

 

ɆŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɛŮɔŮɗɩɜ ˊɞɡ ɡˊŮɘůɏɟɢɞɜŰŬɘ ůŰɘɠ ŮɝɘůɩůŮɘɠ ůŰɖɟɘɕɧɛŬůŰŮ 

ůŰɖɜ ɗŮɤɟɑŬ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ. ȷɜ ɡˊɞŰŮɗŮɑ ɧŰɘ ɖ ɓŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ ɜŬ 

ɗŮɤɟɖɗŮɑ ɛɘŬ ɛŮŰŬɓɞɚɐ ɤɠ çɛɘəɟɐè ɘůɢɨŮɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ŰɧŰŮ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ 

ɡˊɞɚɞɔɘůɗŮɑ ɛŮ ŬəɟɑɓŮɘŬ ɖ ŰŮɚɘəɐ ɑůŬɚɞɠ ˊɚŮɨůɖɠ ɔɘŬ ɞˊɞɘŮůŭɐˊɞŰŮ (ˊŮˊŮɟŬůɛɏɜŮɠ) 

Űɘɛɏɠ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡ ɓɡɗɑůɛŬŰɞɠ, Űɖɠ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ əŬɘ Űɖɠ ŭɘŬɔɤɔɐɠ ˊɞɡ 

ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ˊɟɧůɗŮůɖ (ɐ ŬűŬɑɟŮůɖ ) Ůɜɧɠ ɔɜɤůŰɞɨ űɞɟŰɑɞɡ. ɈˊŮɜɗɡɛɑɕŮŰŬɘ 

ɧŰɘ ɖ ˊɟɞɦˊɧɗŮůɖ ŬɡŰɐ ɞɟɑɕŮɘ ɧŰɘ ɖ ŮəɎůŰɞŰŮ ˊɟɞɓɞɚɐ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ ůŰɞ ɓŬůɘəɧ 

ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ Ƀxy Űɞɡ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ Ŭɝɧɜɤɜ Űɞɡ ŮˊɘˊɚɏɞɜŰɞɠ 

ůɩɛŬŰɞɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ.  

ŪŮɤɟɞɨɛŮ ɧŰɘ ŬɟɢɘəɎ Űɞ Ůˊɘˊɚɏɞɜ ůɩɛŬ ɏɢŮɘ ŮəŰɧˊɘůɛŬ ȹɞ=Fȸ ́ ɞɡ ŮɑɜŬɘ ɑůɞ ɛŮ 

Űɞ ɓɎɟɞɠ Űɞɡ Wɞ. Ƀ ɎɝɞɜŬɠ Ƀz Űɞɡ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ Ŭɝɧɜɤɜ ɡˊɞŰɑɗŮŰŬɘ ɧŰɘ 

ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ əŬɘ ɞɘ ɎɝɞɜŮɠ Ox əŬɘ Oy ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɞɡɠ 

əɨɟɘɞɡɠ ɎɝɞɜŮɠ ŬŭɟŬɜŮɑŬɠ Űɖɠ ˊɟɞɓɞɚɐɠ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ ůŰɞ ɓŬůɘəɧ ŮˊɑˊŮŭɞ 

ŬɜŬűɞɟɎɠ. ɇɧŰŮ ɔɘŬ Űɘɠ ɛŮɟɘəɏɠ ˊŬɟŬɔɩɔɞɡɠ Űɤɜ ɟɞˊɩɜ Űɖɠ ɎɜŰɤůɖɠ ɤɠ ˊɟɞɠ Űɘɠ ɔɤɜɑŮɠ 

ůŰɟɞűɐɠ ɗŬ ɘůɢɨɞɡɜŮ ɞɘ ůɢɏůŮɘɠ (3.2.26). 

 ɈˊɞɗɏŰɞɡɛŮ Ůˊɑůɖɠ ɧŰɘ Űɞ Ŭɟɢɘəɧ əɏɜŰɟɞ ɎɜŰɤůɖɠ ɏɢŮɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ             

(xȸɞ , yȸɞ , zȸɞ), Űɞ Ŭɟɢɘəɧ əɏɜŰɟɞ ɓɎɟɞɡɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ (xGɞ , yGɞ , zGɞ), Űɞ Ŭɟɢɘəɧ 

ɓɨɗɘůɛŬ ůŰɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ ŮɑɜŬɘ ɇɞ əŬɘ ɞɘ Ŭɟɢɘəɏɠ ɔɤɜɑŮɠ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ 

əɚɑůɖɠ ŮɑɜŬɘ űɞ əŬɘ ɗɞ ŬɜŰɑůŰɞɘɢŬ. ȼ ˊɟɧůɗŮůɖ Űɞɡ űɞɟŰɑɞɡ Ʌ ɗŬ ŮˊɘűɏɟŮɘ ˊŮˊŮɟŬůɛɏɜɖ 

ɛŮŰŬɓɞɚɐ ůŰɖɜ Ɏɜɤůɖ Fȸ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ:  

 

To T

B B B
B

To o o

F F F
P F dT d d

T

jd q

j q

J J J
d j q

J Jj Jq

+

= + +ñ ñ ñ   (3.3.1) 

 

ɧˊɞɡ: 

¶ ɇ=ɇɞ+ŭɇ Űɞ ɓɨɗɘůɛŬ əŬɘ 

¶  ű, ɗ ɞɘ ŰŮɚɘəɏɠ ɔɤɜɑŮɠ ɛŮŰɎ Űɖɜ Ůˊɘɓɞɚɐ Űɞɡ űɞɟŰɑɞɡ . 
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ȳˊɤɠ ŮɑɜŬɘ ˊɟɞűŬɜɏɠ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (3.2.21(i)), ɚɧɔɤ Űɞɡ Ůɘŭɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ ˊɞɡ ɏɢŮɘ ŮˊɘɚŮɔŮɑ, ŰŬ ŭɡɞ ŰŮɚŮɡŰŬɑŬ ɞɚɞəɚɖɟɩɛŬŰŬ Űɖɠ (3.3.1) ɏɢɞɡɜŮ 

ɛɖŭŮɜɘəɐ ůɡɜŮɘůűɞɟɎ. Ⱥˊɞɛɏɜɤɠ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɎɜŰɤůɖɠ ŮɑɜŬɘ: 

 

BP Fd g d= Ö = ÖAÖ T  (3.3.2) 

 

ȷˊɚɞˊɞɘɩɜŰŬɠ Ůˊɑůɖɠ Űɘɠ ɛŮɟɘəɏɠ ˊŬɟŬɔɩɔɞɡɠ (3.2.21) ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ 

(3.2.26) əŬŰŬɚɐɔɞɡɛŮ ůŰɘɠ Ůɝɐɠ ŮəűɟɎůŮɘɠ ɔɘŬ Űɘɠ ˊŮˊŮɟŬůɛɏɜŮɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɟɞˊɩɜ 

Űɖɠ ɎɜŰɤůɖɠ ɤɠ ˊɟɞɠ ŰŬ ŰɟɑŬ ɓŬůɘəɎ ŮˊɑˊŮŭŬ. 
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 (3.3.3) 

 

ȷɜ ɛŮ ȹ=ȹɞ + Ʌ ůɡɛɓɞɚɑɕŮŰŬɘ Űɞ ŰŮɚɘəɧ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ, ŰɧŰŮ ɞɘ 

ŭɘŬűɞɟɏɠ Űɤɜ ɟɞˊɩɜ ɎɜŰɤůɖɠ - ɓɎɟɞɡɠ ɤɠ ˊɟɞɠ ŰŬ ŰɟɑŬ ɓŬůɘəɎ ŮˊɑˊŮŭŬ ŭɑɜɞɜŰŬɘ Ŭˊɧ 

Űɘɠ ůɢɏůŮɘɠ  

( ) ( ) ( )            (i)

( ) ( ) ( )            (ii)

( ) ( ) ( )             (iii)

B G o Go P

B G o Go P

B G o Go P

x x M W x P x

y y K K W y P y

z z N N W z P z

d

d

d

D - = + M - Ö - Ö û
î

D - = + - Ö - Ö ü
îD - = + - Ö - Ö ý

 (3.3.4) 

 

ȳˊɞɡ xp, yp  əŬɘ  zp ŮɑɜŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ Űɞɡ Ʌ əŬɘ 

ŬɜŰɑůŰɞɘɢŬ ŰŬ xGo, yGo , zGo ŮɑɜŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ Wo. ȺˊŮɘŭɐ Űɞ 

ůɩɛŬ ɓɟɑůəŮŰŬɘ ŬɟɢɘəɎ ůŮ ɘůɞɟɟɞˊɑŬ ɘůɢɨɞɡɜ ɞɘ ůɢɏůŮɘɠ ɀ=WoϊxGo əŬɘ Ⱦ= WoϊyGo , 

ɞ́ ɧŰŮ ɞɘ (3.3.4), əŬŰô ŬɜŬɚɞɔɑŬ ˊɟɞɠ Űɘɠ (3.2.27) ŬˊɚɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ: 
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                     (i)

                    (ii)

( )
             (iii)
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B G
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B G

p o Go

P xM
x x x

P yK
y y y

P z N W zN
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d

dd
d

dd
d

û
= + = - î

D D
î
î

= + = - ü
D D î

î-
= - + î
D D D ý

 (3.3.5) 

 

O ɧɟɞɠ Űɖɠ ˊŬɟɏɜɗŮůɖɠ Űɖɠ ůɢɏůɖɠ (3.3.5 (iii)) ŮɑɜŬɘ ɛɖ ɛɖŭŮɜɘəɧɠ ɔɘŬŰɑ ɖ 

ɡŭɟɞůŰŬŰɘəɐ ɘůɞɟɟɞˊɑŬ ˊɟɞɦˊɞɗɏŰŮɘ ɧŰɘ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ ˊɟɏˊŮɘ ɜŬ 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ɑŭɘŬ əŬŰŬəɧɟɡűɖ ɛŮ Űɞ əɏɜŰɟɞ ɎɜŰɤůɖɠ ɢɤɟɑɠ ɜŬ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ 

ůɡɛˊɑˊŰɞɡɜ. 

ȺɘůɎɔɞɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ (3.3.5 (i),(ii)) ůŰɘɠ (3.2.6 (i),(ii)) ˊɟɞəɨˊŰɞɡɜ ɞɘ 

ŮˊɧɛŮɜŮɠ ůɢɏůŮɘɠ (ˊɞɡ ŮɑɜŬɘ ŬɜŰɑůŰɞɘɢŮɠ Űɤɜ (3.2.29)). 

 

( ) ( )

( ) ( )

cos sin 0           (i)

cos sin 0          (ii)

p p o Go

p p o Go

K Py N N Pz W z

M Py N N Pz W z

d j d j

d q d q

û- + + - + = î
ü

- + + - + = îý

 (3.3.6) 

 

ȷˊɧ Űɘɠ ůɢɏůŮɘɠ ŬɡŰɏɠ əŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɤɜ (3.3.3) ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɔɤɜɑŮɠ 

ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ű əŬɘ ɞɘ ŭɘŬɔɤɔɐɠ ɗ. ɉɤɟɑɠ əŬɛɑŬ ŮˊɑˊŰɤůɖ ůŰɖɜ ɔŮɜɘəɧŰɖŰŬ Űɖɠ 

ɗŮɩɟɖůɖɠ ɛˊɞɟɞɨɛŮ ɜŬ ɡˊɞɗɏůɞɡɛŮ ɧŰɘ ɞɘ Ŭɟɢɘəɏɠ Űɘɛɏɠ űɞ əŬɘ ɗɞ ŮɑɜŬɘ ɛɖŭŮɜɘəɏɠ. 

ɇɧŰŮ, ɛŮŰɎ Ŭˊɧ Ŭˊɚɏɠ ˊɟɎɝŮɘɠ, ɞɘ (3.3.6) əŬɘ (3.3.3) əŬŰŬɚɐɔɞɡɜŮ ůŰɘɠ ůɢɏůŮɘɠ . 
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ɧˊɞɡ: 

 

 

 

 

 

(3.3.9) 

 

 

 

əŬɘ ,o oKB KG  ɞɘ ŬˊɞůŰɎůŮɘɠ Űɤɜ Ŭɟɢɘəɩɜ əɏɜŰɟɤɜ Ɏɜɤůɖɠ əŬɘ ɓɎɟɞɡɠ Ŭˊɧ Űɞ ɓŬůɘəɧ 

ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ Oxy. Ƀɘ ůɢɏůŮɘɠ (3.3.7), (3.3.8) ŬˊɞŰŮɚɞɨɜ ɔŮɜɘəŮɨůŮɘɠ Űɤɜ (3.2.30) 

əŬɘ (3.2.31) ɔɘŬ ˊŮˊŮɟŬůɛɏɜŮɠ ɛŮŰŬɓɞɚɏɠ əŬɘ ɔɘŬ ɞˊɞɘŬŭɐˊɞŰŮ ŰɡɢŬɑŬ (əŬɘ ˊɘɗŬɜɩɠ 

ˊɞɚɚŬˊɚɎ ůɡɜŮəŰɘəɐ) ɔŮɤɛŮŰɟɑŬ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ. ȺɑɜŬɘ ŬɝɘɞůɖɛŮɑɤŰɞ ɧŰɘ ůŰɘɠ 

ŬəɟɘɓŮɑɠ ŮəűɟɎůŮɘɠ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖ ŭɘŬɛɐəɖ əɚɑůɖ ɛɏůɞ 

Űɞɡ ɧɟɞɡ ŭȾȸű əŬɘ ŬɜŰɑůŰɟɞűŬ, ɖ ŭɘŬɛɐəɖɠ əɚɑůɖ Ŭˊɧ Űɖɜ ŮɔəɎɟůɘŬ ɛɏůɞ Űɞɡ ŭȾȸű. 

ɄɟɏˊŮɘ ɧɛɤɠ ɜŬ ŰɞɜɘůɗŮɑ Ůŭɩ ɧŰɘ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ ɐ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ 

ɛɧɜɞ Ŭɜ ɖ ŬɜŰɑůŰɞɘɢɖ ɟɞˊɐ Pŭyp ɐ Pŭxp ŮɑɜŬɘ ɛɖ ɛɖŭŮɜɘəɐ, ɧˊɤɠ ůɡɜŮˊɎɔɞɜŰŬɘ ɞɘ 

ůɢɏůŮɘɠ (3.3.7) əŬɘ (3.3.8). Ⱥˊɞɛɏɜɤɠ ɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ əɚɑůŮɤɜ ůŰɖ ɗŮɤɟɑŬ 

ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ ɏɢŮɘ ɎɛŮůɖ ůɢɏůɖ ɛŮ Űɖɜ ɨˊŬɟɝɖ ɟɞˊɩɜ əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ůɡɔɢɏŮŰŬɘ 

ɛŮ Űɖɜ ŮɝɎɟŰɖůɖ Űɖɠ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ Ŭˊɧ Űɖɜ ŭɘŬɔɤɔɐ (əŬɘ ŬɜŰɑůŰɟɞűŬ) ˊɞɡ 

ůɡɛɓŬɑɜŮɘ ůŰɘɠ ˊɟŬɔɛŬŰɘəɏɠ ɛɞɟűɏɠ ˊɚɞɑɤɜ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŮ ɛŮɔɎɚŮɠ ɔɤɜɑŮɠ. 

 

ŪŬ ŮɝŮŰɎůɞɡɛŮ ŰɩɟŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ 

ŮɑɜŬɘ ŰɏŰɞɘŬ ɩůŰŮ 
F F

yy xxI I>>  , ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ L>> B. ũɘŬ ɛɘəɟɏɠ 

Űɘɛɏɠ Űɤɜ ɔɤɜɘɩɜ ű əŬɘ ɗ ɗŬ ŮɑɜŬɘ Ůˊɑůɖɠ 2tan tanj j<<  əŬɘ 2tan tanq q<< . ɀŮ ŬɡŰɏɠ 

Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ, Ŭˊɧ Űɖ ŭɘŬɑɟŮůɖ ŬɜŰɑůŰɞɘɢɤɜ ɛŮɚɩɜ Űɖɠ (3.3.7) əŬɘ (3.3.8) 

ˊɟɞəɨˊŰŮɘ: 
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ȷɜ ɗɏɚɞɡɛŮ ɜŬ ŮɝŮŰɎůɞɡɛŮ Űɘɠ ŮˊɘŭɟɎůŮɘɠ ɑůɤɜ ɟɞˊɩɜ, ŰɧŰŮ ɛˊɞɟɞɨɛŮ ɜŬ 

ɗŮɤɟɐůɞɡɛŮ ɧŰɘ xp=yp. Ⱥˊɑůɖɠ, ɔɘŬ Űɖɠ ůɡɜɐɗŮɘɠ Űɨˊɞɡ ɔɎůŰɟŬɠ ɧˊɞɡ L>> B ŮɑɜŬɘ 

KB KG< . ũɘŬ ɜŬ ŮɑɜŬɘ Űɞ GMT ɗŮŰɘəɧ ɗŬ ˊɟɏˊŮɘ ŰɧŰŮ 
F

xxI KB KGg >D -  ɞˊɧŰŮ ɗŬ 

ɘůɢɨŮɘ əŬɘ ɖ ŬɜɘůɧŰɖŰŬ F

yyI KB KGg >D - . Ⱥˊɞɛɏɜɤɠ, ɖ (3.3.10 (i)) ůɡɜŮˊɎɔŮŰŬɘ ɧŰɘ ɖ 

ɔɤɜɑŬ ű ŮɑɜŬɘ əŬŰô Ŭɟɢɐɜ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖ ɗ əŬɘ Ůˊɘˊɚɏɞɜ, Ŭűɞɨ Ⱦȸ<KG, ɗŬ ɘůɢɨŮɘ:  
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ȹɖɚŬŭɐ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɧŰŬɜ ŮűŬɟɛɧɕɞɜŰŬɘ ɘůɞŭɨɜŬɛŮɠ ŮɝɤŰŮɟɘəɏɠ 

ɟɞˊɏɠ. ɀŮ Űɘɠ ɑŭɘŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ ɛˊɞɟɞɨɛŮ ɜŬ ˊŬɟŬɚŮɑɣɞɡɛŮ Űɞɡɠ ɧɟɞɡɠ əŬŰɩŰŮɟɖɠ 

ŰɎɝɖɠ ůŰɞɜ ˊŬɟɞɜɞɛŬůŰɐ Űɖɠ (3.3.8) ɞˊɧŰŮ ˊɟɞəɨˊŰŮɘ ɖ Ŭˊɚɐ ůɢɏůɖ ɔɘŬ Űɖ ɔɤɜɑŬ 

ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
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ȼ ůɢɏůɖ (3.3.11) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɎɛŮůɞ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŭɘŬɔɤɔɐɠ ˊɞɡ 

ŮɝŬɟŰɎŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ Ůɜɩ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ 

Ŭˊɧ Űɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ, Űɖ ɗɏůɖ Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ əŬɘ Űɖ ɛɞɟűɐ Űɞɡ ɧɔəɞɡ 

Űɖɠ ɔɎůŰɟŬɠ. ȷˊɧ Űɖ (3.3.10 (ii)) ůɡɜŮˊɎɔŮŰŬɘ Ůˊɑůɖɠ ɧŰɘ 
2 2tan tanF F

xx yyI Ij q> , ɞˊɧŰŮ 

ŬˊɚɞˊɞɘŮɑŰŬɘ əŬɘ ɖ ůɢɏůɖ (3.3.7) ɔɘŬ Űɖɜ ŮɔəɎɟůɘŬ əɚɑůɖ: 
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ˊɞɡ ˊɟɞəɨˊŰŮɘ ŬɜŮɝɎɟŰɖŰɖ Ŭˊɧ Űɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ ŭɘŬɔɤɔɐɠ. ȼ ɑŭɘŬ ůɢɏůɖ ɔɘŬ ɛɘəɟɏɠ 

Űɘɛɏɠ Űɖɠ ű, ŰɏŰɞɘŮɠ ɩůŰŮ 22 tanj, əŬŰŬɚɐɔŮɘ ˊɎɚɘ ůŰɖ ɓŬůɘəɐ ůɢɏůɖ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ: 

tan
p

T

Py

GM
jº
D

 (3.3.13) 

ɧˊɞɡ  

T TGM KB BM KG= + -  

ŮɑɜŬɘ Űɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ ˊɞɡ ɗŮɤɟŮɑŰŬɘ ůŰŬɗŮɟɧ ɔɘŬ ɛɘəɟɏɠ əɚɑůŮɘɠ.  

 

ɆŰɘɠ ůɢɏůŮɘɠ (3.3.7) əŬɘ (3.3.8) ɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɓɎɟɞɡɠ Ʌ ŮɛűŬɜɑɕŮŰŬɘ Ŭűô 

Ůɜɧɠ ůŬɜ Ůˊɘɓɞɚɐ Űɤɜ ůŰŬɗŮɟɩɜ ɟɞˊɩɜ Pŭxp əŬɘ Pŭyp  əŬɘ Ŭűô ŮŰɏɟɞɡ, ůŬɜ əŬŰŬəɧɟɡűɖ 

ɛŮŰŬəɑɜɖůɖ Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ Űɞɡ ˊɚɞɑɞɡ əŬŰɎ ŭKG. ȯɟŬ, ɛˊɞɟɞɨɛŮ ɜŬ ɡˊɞɗɏůɞɡɛŮ 

ɧŰɘ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ ɏɢŮɘ ŬˊɚɎ ɛŮŰŬŰɞˊɘůɗŮɑ ˊɎɜɤ ůŰɖɜ Ŭɟɢɘəɐ 

əŬŰŬəɧɟɡűɞ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮɝŬůəɞɨɜŰŬɘ ůŰɞ ˊɚɞɑɞ ŭɡɞ ŮɝɤŰŮɟɘəɏɠ ɟɞˊɏɠ. ȼ 

ɗŮɩɟɖůɖ ŬɡŰɐ, ˊɞɡ Ŭˊɧ Űɖɜ Ɏˊɞɣɖ Űɖɠ ɛɖɢŬɜɘəɐɠ ŮɑɜŬɘ ɘůɞŭɨɜŬɛɖ ɛŮ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ɛŮŰŬəɑɜɖůɖɠ űɞɟŰɑɞɡ, ŭɘŮɡəɞɚɨɜŮɘ ůɖɛŬɜŰɘəɎ 

ůɢŮŰɘəɞɨɠ ɡŭɟɞůŰŬŰɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ. 

ȷˊɧ Űɘɠ ůɢɏůŮɘɠ (3.3.2) , (3.3.11) əŬɘ (3.3.13) ůɡɛˊŮɟŬɑɜŮŰŬɘ Ůˊɑůɖɠ ɧŰɘ ɔɘŬ 

ɛɘəɟɏɠ ɔɤɜɑŮɠ əɚɑůɖɠ əŬɘ ŭɘŬɔɤɔɐɠ ɘůɢɨŮɘ ɖ Ŭɟɢɐ Űɖɠ ŮˊŬɚɚɖɚɑŬɠ, ŭɖɚŬŭɐ ŰŬ ŰɟɑŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔŮɤɛŮŰɟɘəɎ ɛŮɔɏɗɖ (ɇ,ű,ɗ) ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɤɠ 

ŬɜŮɝɎɟŰɖŰŬ ɛŮŰŬɝɨ Űɞɡɠ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɩůɞɡɛŮ Ůŭɩ ɧŰɘ ɖ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜɎɚɡůɖ ɏɢŮɘ ɓŬůɘůŰŮɑ ůŮ 

ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ əɡɟɑɤɜ Ŭɝɧɜɤɜ ŬŭɟɎɜŮɘŬɠ Űɞ əɏɜŰɟɞ Űɞɡ ɞˊɞɑɞɡ ˊɟɞɓɎɚɚŮŰŬɘ ůŰɞ 

əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ Űɖɠ ˊɟɞɓɞɚɐɠ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ ůŰɞ ŮˊɑˊŮŭɞ Oxy Űɞɡ 

ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ. Ⱥˊɞɛɏɜɤɠ ɞɘ ŬˊɞůŰɎůŮɘɠ (xp,yp) Űɤɜ ɟɞˊɩɜ ŬɜŬűɏɟɞɜŰŬɘ 

ˊɎɜŰŬ ɤɠ ˊɟɞɠ ŬɡŰɧ Űɞ əɏɜŰɟɞ. ȺɑɜŬɘ ɚɞɘˊɧɜ ˊɟɞűŬɜɏɠ ɧŰɘ ɖ ˊɟɞůɗŬűŬɑɟŮůɖ űɞɟŰɑɞɡ 

ˊɞɡ ɏɢŮɘ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ˊɎɜɤ ůŰɖɜ əŬŰŬəɧɟɡűɖ ˊɞɡ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ 

əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ ˊɟɞəŬɚŮɑ ɛɧɜɞ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ (ɐ Ŭɜɨɣɤůɖ) Űɞɡ 

ůɩɛŬŰɞɠ . 

ɇɏɚɞɠ, ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɧɚŮɠ ɞɘ ˊɟɞɖɔɞɨɛŮɜŮɠ ůɢɏůŮɘɠ 

ɔŮɜɘəŮɨɞɜŰŬɘ əŬɘ ɔɘŬ Űɖɜ ˊɟɧůɗŮůɖ ɐ ŬűŬɑɟŮůɖ ɞˊɞɘɞɡŭɐˊɞŰŮ Ŭɟɘɗɛɞɨ űɞɟŰɑɤɜ əŬɘ, Ůɜ 

ɔɏɜŮɘ ŮɝɤŰŮɟɘəɩɜ ŭɡɜɎɛŮɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŬɟəŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰɐůɞɡɛŮ Űɘɠ 

ŮɝɤŰŮɟɘəɏɠ ɟɞˊɏɠ ɤɠ Ɇ(Pŭxp) əŬɘ Ɇ(Pŭyp) ɧˊɞɡ Ɇ ŭɖɚɩɜŮɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ 

ŮˊɘŭɟɎůŮɤɜ. ɀŮ Ʌ ůɡɛɓɞɚɑɕɞɜŰŬɘ ŰŬ ˊɟɞůɖɛŬůɛɏɜŬ űɞɟŰɑŬ ˊɞɡ ŮɑɜŬɘ ɗŮŰɘəɎ ɧŰŬɜ 

ˊɟɞůŰɑɗŮɜŰŬɘ (ŬɜŰɑɗŮŰŬ Űɖɠ űɞɟɎɠ Űɖɠ ɎɜŰɤůɖɠ) əŬɘ ɛŮ (ŭxp,ŭyp) ɞɘ ˊɟɞůɖɛŬůɛɏɜŮɠ 

ŬˊɞůŰɎůŮɘɠ ɤɠ ˊɟɞɠ ŰŬ ɗŮŰɘəɎ Űɤɜ Ŭɝɧɜɤɜ Űɖɠ ˊɟɞɓɞɚɐɠ Űɖɠ ɘůɎɚɞɡ ůŰɞ ŮˊɑˊŮŭɞ Oxy. 

ȼ ɑŭɘŬ ˊɟɞůɐɛŬɜůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɜɏɞɡ əɏɜŰɟɞɡ 

ɓɎɟɞɡɠ ɛɏůɤ Űɤɜ ɟɞˊɩɜ ɆPŭzp ɧˊɞɡ ɞɘ ŬˊɞůŰɎůŮɘɠ ŭzp ŮɑɜŬɘ ɗŮŰɘəɏɠ ɐ ŬɟɜɖŰɘəɏɠ, 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ɓŬůɘəɞɨ Ůˊɘˊɏŭɞɡ ŬɜŬűɞɟɎɠ ůŰɞ ɞˊɞɑɞ ɞ ɎɝɞɜŬɠ Ƀz ŮɑɜŬɘ 

ɗŮŰɘəɧɠ əŬŰɎ Űɖ űɞɟɎ Űɖɠ ɎɜŰɤůɖɠ. 
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3.4. ȷˊɧůŰŬůɖ ůɖɛŮɑɞɡ Ŭˊɧ Űɖɜ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ 

 

ɆŮ ˊɞɚɚɏɠ ˊɟŬəŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ŬˊŬɘŰŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŬˊɧůŰŬůɖɠ Ůɜɧɠ 

ůɖɛŮɑɞɡ Ůɜɧɠ ůɩɛŬŰɞɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɔɟɞɨ ůŰɞ ɞˊɞɑɞ Űɞ ůɩɛŬ ŮˊɘˊɚɏŮɘ əŬɘ 

ůɡɜɐɗɤɠ ŬˊɞŰŮɚŮɑ Űɞ ŬˊɧɚɡŰɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ Űɞ 

ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɞɡ ůɩɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ŬɜɐəŮɘ Űɞ ůɖɛŮɑɞ ŮɑɜŬɘ 

ˊŬɟɎɚɚɖɚɞ ɤɠ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɔɟɞɨ ŰɧŰŮ ɖ ŬˊɧůŰŬůɖ ˊɟɞəɨˊŰŮɘ ŮɨəɞɚŬ ŮɎɜ 

ɔɜɤɟɑɕɞɡɛŮ Űɞ ɓɨɗɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ ůŰɞ ɡɔɟɧ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ ɧˊɞɡ Űɞ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ Űɞɡ ůɩɛŬŰɞɠ ŭŮɜ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚɞ ɤɠ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɔɟɞɨ, ɧˊɤɠ 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ůɢɐɛŬ 3.4.1, ŰɧŰŮ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŬˊɧůŰŬůɖɠ 

Űɞɡ ůɖɛŮɑɞɡ ˊɞɡ ŮɝŮŰɎɕɞɡɛŮ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɔɟɞɨ, ɓŬůɑɕŮŰŬɘ ůŰɖɜ Ŭəɧɚɞɡɗɖ 

ɛŬɗɖɛŬŰɘəɐ - ɔŮɤɛŮŰɟɘəɐ ŬɜɎɚɡůɖ. 

 

ɆɢɐɛŬ 3.4.1 

 ȷˊɧůŰŬůɖ ůɖɛŮɑɞɡ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɔɟɞɨ. 

 

 

ȰůŰɤ ɧŰɘ ŮɑɜŬɘ ɔɜɤůŰɧ Űɞ ɓɨɗɘůɛŬ TP əŬɘ ɧŰɘ ŬˊŬɘŰŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

ŬˊɧůŰŬůɖɠ TK Ůɜɧɠ ůɖɛŮɑɞɡ Ʌ Ŭˊɧ Űɖɜ WL. ɆŰɞ ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ, Űɞ ɛɞɜŬŭɘŬɑɞ 

əŬŰŬəɧɟɡűɞ ŭɘɎɜɡůɛŬ n  ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (3.2.7) əŬɘ (3.2.8) ɤɠ: 

 

2 2

sin cos cos sin cos cos

cos cos 1 tan tan

k i j k
n

k

q j q j q j

j q j q

¡ - - +
= =
¡ + +

 (3.4.1) 

 

Ⱥˊɞɛɏɜɤɠ, ůŰɞ ůɨůŰɖɛŬ ŬɡŰɧ, ɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ TK ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ 

Űɞ ŮůɤŰŮɟɘəɧ ɔɘɜɧɛŮɜɞ: 
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2 2
(0,0, )( , , )

1 tan tan

P
P P x y z

T
T T n T n n n

j q
K= Ö = =

+ +
 (3.4.2) 

 

ɆŰɖɜ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛɑŬ Ůə Űɤɜ ɔɤɜɘɩɜ ű ɐ ɗ ŮɑɜŬɘ ɛɖŭŮɜɘəɐ ŰɧŰŮ ɖ 

(3.4.2) ɛŮŰŬŰɟɏˊŮŰŬɘ ŬɜŰɑůŰɞɘɢŬ ůŰɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ: 

 

2

2

  0            cos            (i)
1 tan

  0           cos             (ii)
1 tan

P
P

P
P

T
T T

T
T T

q j
j

j q
q

K

K

û
¶ = ­ = = î

+ î
ü
î¶ = ­ = =
î+ ý

 (3.4.3) 

 

ɄɟɞűŬɜɩɠ ɞɘ ŬɜɤŰɏɟɤ ůɢɏůŮɘɠ ɔŮɜɘəŮɨɞɜŰŬɘ əŬɘ əŬŰɎ Űɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ Űɞ ůɖɛŮɑɞ 

Ʌ ŮɑɜŬɘ ŰɡɢŬɑɞ, ŬɟəŮɑ ɜŬ ŮɑɜŬɘ ˊɟɞůŭɘɞɟɑůɘɛɞ Űɞ ɛɏɔŮɗɞɠ ɇɅ. 
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3.5. ȺɡůŰɎɗŮɘŬ ɛŮŰɎ Ŭˊɧ ɓɚɎɓɖ 

 

ɈˊɎɟɢɞɡɜ ŭɨɞ ɛɏɗɞŭɞɘ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ əŬŰɎəɚɡůɖɠ ůŮ ůɩɛŬ 

ˊɞɡ ŮˊɘˊɚɏŮɘ. ȼ ɛɑŬ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ çɀɏɗɞŭɞɠ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠè, Ůɜɩ ɖ 

ŭŮɨŰŮɟɖ ɤɠ çȼ ɛɏɗɞŭɞɠ ˊɟɧůɗŮŰɞɡ ɓɎɟɞɡɠè. 

 

ɀɏɗɞŭɞɠ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠ 

ȼ ɛɏɗɞŭɞɠ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠ ɗŮɤɟŮɑ ɧŰɘ ɞ əŬŰŬəɚɡůɗɏɜ ɢɩɟɞɠ ŭŮɜ 

ůɡɜŮɘůűɏɟŮɘ ůŮ ɎɜŰɤůɖ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ əŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. ȺɎɜ űŬɜŰŬůŰɞɨɛŮ 

ɚɞɘˊɧɜ ůɢɐɛŬ (3.5.2) ɧŰɘ ɡˊɎɟɢŮɘ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ Ůɜɧɠ ŭɘŬɛŮɟɑůɛŬŰɞɠ əŬɘ Űɞɡ 

ˊŬɟŬəŮɑɛŮɜɞɡ ůŮ ŬɡŰɧ ɜŮɟɞɨ, Űɞ ɜŮɟɧ ˊɞɡ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ 

ŭɖɛɘɞɡɟɔŮɑ ɡŭɟɞůŰŬŰɘəɏɠ ˊɘɏůŮɘɠ ɑůŮɠ ɛŮ Űɘɠ ˊɘɏůŮɘɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ Űɞ ɜŮɟɧ ɏɝɤ Ŭˊɧ 

ŬɡŰɧ. ɆɡɜŮˊɩɠ, ɖ ɎɜŰɤůɖ ɧˊɤɠ ŬɡŰɐ ɞɟɑůɗɖəŮ Ŭˊɧ Űɖɜ ȷɟɢɐ Űɞɡ ȷɟɢɘɛɐŭɖ, 

óŬəɡɟɩɜŮŰŬɘô  Ŭˊɧ Űɞ ɓɎɟɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ əŬŰŬəɚɨɕŮɘ Űɞɜ ɢɩɟɞ. 

ɆŰɖɜ ɛɏɗɞŭɞ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠ, ɞ ɧɔəɞɠ Űɞɡ əŬŰŬəɚɡůɗɏɜ ŭɘŬɛŮɟɑůɛŬŰɞɠ 

ŭŮɜ ŬɜɐəŮɘ ˊɘɎ ůŰɖɜ ɔɎůŰɟŬ Űɞɡ ůɩɛŬŰɞɠ, Ůɜɩ Űɞ ɓɎɟɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ ůɡɜŮɢɑɕŮɘ 

ɜŬ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞ ůɡɜɞɚɘəɧ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ. ɇɞ óŮɜŬˊɞɛŮɑɜŬɜô ůɩɛŬ 

ŬɚɚɎɕŮɘ ɗɏůɖ ɏɤɠ ɧŰɞɡ ɖ ŭɨɜŬɛɖ əŬɘ ɖ ɟɞˊɐ əɚɑůɖɠ ŮˊŬɜŬůŰŬɗŮɟɞˊɞɘɖɗŮɑ. ȾŬŰɎ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮˊŬɜŬůŰŬɗŮɟɞˊɞɑɖůɖɠ, ɧɢɘ ɛɧɜɞ Űɞ ŮəŰɧˊɘůɛŬ, ŬɚɚɎ əŬɘ ɖ ɗɏůɖ Űɞɡ 

əɏɜŰɟɞɡ ɓɎɟɞɡɠ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ. ȼ ɛɏɗɞŭɞɠ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠ ŮɑɜŬɘ ɔɜɤůŰɐ 

əŬɘ ɤɠ çɀɏɗɞŭɞɠ ůŰŬɗŮɟɞɨ ŮəŰɞˊɑůɛŬŰɞɠè. ȺˊŮɘŭɐ Űɞ ɜŮɟɧ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ 

əŬŰŬəɚɡůɗɏɜ ŭɘŬɛɏɟɘůɛŬ ŭŮɜ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɞɡ ůɩɛŬŰɞɠ, ŭŮɜ ˊɟɞəŬɚŮɑŰŬɘ ŮˊɑŭɟŬůɖ 

ŮɚŮɡɗɏɟɤɜ ŮˊɘűŬɜŮɘɩɜ. 

 

ɀɏɗɞŭɞɠ ˊɟɧůɗŮŰɞɡ ɓɎɟɞɡɠ 

ɆŰɖɜ ɛɏɗɞŭɞ Űɞɡ ˊɟɧůɗŮŰɞɡ ɓɎɟɞɡɠ Űɞ ɜŮɟɧ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ŮɜŰɧɠ Űɞɡ 

ŭɘŬɛŮɟɑůɛŬŰɞɠ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŬɜɐəŮɘ ůŰɞ ůɩɛŬ ́ ɞɡ ŮˊɘˊɚɏŮɘ əŬɘ Űɞ ɓɎɟɞɠ Űɞɡ ɗŬ ˊɟɏˊŮɘ 

ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɜŬ ˊɟɞůŰŮɗŮɑ ůŰɞ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ. ɋɠ Ůə ŰɞɨŰɞɡ ˊɟɞəɨˊŰŮɘ 

əŬɘ Űɞ ɧɜɞɛŬ Űɞɡ óˊɟɧůɗŮŰɞɡ ɓɎɟɞɡɠô. 

ȾŬŰɎ Űɖɜ ɛɏɗɞŭɞ Űɞɡ ˊɟɧůɗŮŰɞɡ ɓɎɟɞɡɠ Űɞ ŰŮɚɘəɧ ŮəŰɧˊɘůɛŬ Űɞɡ 

əŬŰŬəɚɡůɗɏɜŰɞɠ ůɩɛŬŰɞɠ ˊɟɞəɨˊŰŮɘ ɤɠ ɎɗɟɞɘůɛŬ Űɞɡ Ŭɟɢɘəɞɨ ŮəŰɞˊɑůɛŬŰɞɠ Űɖɠ 

ɎɗɘəŰɖɠ əŬŰɎůŰŬůɖɠ ůɡɜ Űɞ ɓɎɟɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ əŬŰŬəɚɨɕŮɘ əɎˊɞɘɞ ŭɘŬɛɏɟɘůɛŬ Űɞɡ 

ůɩɛŬŰɞɠ. ȼ ɗɏůɖ Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ ɡˊɧ ɓɚɎɓɖ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɞ 

ɎɗɟɞɘůɛŬ Űɤɜ ɟɞˊɩɜ Űɞɡ ůɩɛŬŰɞɠ ůŰɖɜ ɎɗɘəŰɖ əŬŰɎůŰŬůɖ əŬɘ Űɞɡ ɜŮɟɞɨ ˊɞɡ 

əŬŰŬəɚɨɕŮɘ Űɞ ŮəɎůŰɞŰŮ ŭɘŬɛɏɟɘůɛŬ. ȷˊɞŰŮɚɩɜŰŬɠ ɛɏɟɞɠ Űɞɡ ůɩɛŬŰɞɠ, Űɞ ɜŮɟɧ 

əŬŰɎəɚɡůɖɠ ˊɟɞəŬɚŮɑ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ŮɚŮɡɗɏɟɤɜ ŮˊɘűŬɜŮɘɩɜ, Űɤɜ ɞˊɞɑɤɜ ɖ ŮˊɑŭɟŬůɖ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɜɡˊɞɚɞɔɘůɗŮɑ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůɢɏůŮɘɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ. 
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ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɖ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ əŬŰɎəɚɡůɖɠ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠ, ɖ ŬɜɎɚɡůɖ Űɖɠ ɞˊɞɑŬɠ 

ŬəɞɚɞɡɗŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ. 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɡŭɟɞůŰŬŰɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɖɠ əŬŰɎůŰŬůɖɠ ˊɚŮɨůɖɠ, ɛɏůɤ 

Űɖɠ  ɛŮɗɧŭɞɡ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠ, ɔɘŬ ɛɘŬ ŮɝɏŭɟŬ ɛŮŰɎ Ŭˊɧ ɓɚɎɓɖ ɛˊɞɟŮɑ ɜŬ  ɓŬůɘůɗŮɑ 

ůŰɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ Űɖɠ ɗŮɤɟɑŬɠ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ. ȰŰůɘ ɚɞɘˊɧɜ ɗɤɟɩɜŰŬɠ ŬɟɢɘəɎ 

ɧŰɘ ŭŮɜ ˊɟɞůŰɑɗŮɜŰŬɘ ɐ ŬűŬɘɟɞɨɜŰŬɘ ɎɚɚŬ űɞɟŰɑŬ ŰŬɡŰɧɢɟɞɜŬ ɛŮ Űɖɜ əŬŰɎəɚɡůɖ, 

ɘůɢɨɞɡɜ ɞɘ ŭɨɞ ɓŬůɘəɏɠ ůɡɜɗɐəŮɠ: Űɞ ŮəŰɧˊɘůɛŬ Űɞɡ ŮˊɘˊɚɏɞɜŰɞɠ ůɩɛŬŰɞɠ əŬɘ Űɞ 

əɏɜŰɟɞ ɓɎɟɞɡɠ ŬɡŰɞɨ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ. 

ɈˊɞɗɏŰɞɡɛŮ ɧŰɘ Űɞ ůɩɛŬ ˊɚɏŮɘ ŬɟɢɘəɎ ɘůɞɓɨɗɘůŰɞ, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ Ŭɟɢɘəɐ 

ɑůŬɚɞɠ WL ɏɢŮɘ ɛɖŭŮɜɘəɐ ŮɔəɎɟůɘŬ əɚɑůɖ əŬɘ ŭɘŬɔɤɔɐ (ű=ɗ=0) ɤɠ ˊɟɞɠ Űɞ 

ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ Űɞɡ ůɢɐɛŬŰɞɠ (3.5.1). 

 

 

ɆɢɐɛŬ 3.5.1 

ɆɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

 

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ əŬŰŬəɚɨɕŮŰŬɘ Űɞ ŭɘŬɛɏɟɘůɛŬ Űɞɡ ɞˊɞɑɞɡ ɞ Ŭɟɢɘəɧɠ əŬɗŬɟɧɠ 

ɧɔəɞɠ əɎŰɤ Ŭˊɧ Űɖɜ WL ŮɑɜŬɘ ɞ ůəɘŬůɛɏɜɞɠ (ɡ) ůŰɞ ůɢɐɛŬ (3.5.2). ȷɜ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ 

Űɞ ůɖɛŮɑɞ ȸô ŮɑɜŬɘ Űɞ əɏɜŰɟɞ Űɖɠ ůɡɜɘůŰɩůŬɠ Űɖɠ ɎɜŰɤůɖɠ ˊɞɡ ŬˊɏɛŮɘɜŮ əɎŰɤ Ŭˊɧ Űɖɜ 

WL ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɗŬ ɘůɢɨɞɡɜ ɞɘ ˊɟɞűŬɜŮɑɠ ůɢɏůŮɘɠ 

ɘůɞɟɟɞˊɑŬɠ: 
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  (3.5.1) 

 

ɧˊɞɡ (xɡ, yɡ , zɡ) ŮɑɜŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ ɧɔəɞɡ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ əŬɘ ȹ Űɞ 

Ŭɟɢɘəɧ ŮəŰɧˊɘůɛŬ əɎŰɤ Ŭˊɧ Űɖɜ ɑůŬɚɞ WL. 
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ɆɢɐɛŬ 3.5.2 

ȾɎŰɞɣɖ əŬɘ ŮɛˊɟɧůɗɘŬ ɧɣɖ ŮɝɏŭɟŬɠ ɡˊɧ əŬŰɎəɚɡůɖ 

 

 

Ƀɘ ŮɝɘůɩůŮɘɠ (3.5.1) ŭŮɜ ŮəűɟɎɕɞɡɜ ŰɑˊɞŰŮ Ɏɚɚɞ ˊŬɟɎ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ Ŭɟɢɘəɐɠ 

ɎɜŰɤůɖɠ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɞ ȸ ůŮ ŭɨɞ ůɡɜɘůŰɩůŮɠ. ȺəŰɧɠ Ŭˊɧ Ůɘŭɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ Ůəɟɞɐɠ 

űɞɟŰɑɞɡ ˊɟɞɠ Űɖ ɗɎɚŬůůŬ, Űɞ ůɡɜɞɚɘəɧ ɓɎɟɞɠ W=ȹ Űɞɡ ůɩɛŬŰɞɠ ŮɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ 

ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ əŬɘ Űɞ ɑŭɘɞ ɗŬ ɘůɢɨŮɘ ɔɘŬ Űɞ ůɖɛŮɑɞ ŮűŬɟɛɞɔɐɠ Űɞɡ G. ũɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŰŮɚɘəɐɠ ɘůɎɚɞɡ ɛŮŰɎ Űɖ ɓɚɎɓɖ ɛˊɞɟɞɨɛŮ ŰɩɟŬ ɜŬ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ 

Űɞ ůɩɛŬ ɏˊɚŮŮ ůŮ ɛɘŬ ɡˊɞɗŮŰɘəɐ Ŭɟɢɘəɐ ɘůɞɓɨɗɘůŰɖ əŬŰɎůŰŬůɖ ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ 

Ŭˊɧ ŮˊɑˊŮŭɞ ɑůŬɚɞ WL əŬɘ ɏɢŮɘ ɓɎɟɞɠ: 

W g u g u- Ö =D- Ö  (3.5.2) 

Ůɜɩ, ɔɘŬ ɜŬ ŮɑɜŬɘ ɘůɞɓɨɗɘůŰɞ ˊɟɏˊŮɘ ŬɜŬɔəŬůŰɘəɎ ɜŬ ɘůɢɨɞɡɜ ɞɘ ůɢɏůŮɘɠ: 

' '

' '

0    

0

B G

B G

x x

y y

- = û
ü

- = ý
 (3.5.3) 

ɧˊɞɡ Gô ŮɑɜŬɘ Űɞ ɡˊɞɗŮŰɘəɧ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ. ɇɞ ˊɟɧɓɚɖɛŬ ŰɩɟŬ ŬɜɎɔŮŰŬɘ 

ůŰɖɜ ŮɨɟŮůɖ Űɖɠ ŰŮɚɘəɐɠ ɗɏůɖɠ ɘůɞɟɟɞˊɑŬɠ ɛŮŰɎ Ŭˊɧ ˊɟɧůɗŮůɖ ɓɎɟɞɡɠ ůɨɛűɤɜŬ ɛŮ 

Űɖɜ əɚŬůůɘəɐ ɛɏɗɞŭɞ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ. 
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ɇɞ ɡˊɞɗŮŰɘəɧ ɓɎɟɞɠ Ʌ ˊɞɡ ˊɟɞůŰɑɗŮŰŬɘ ɗŬ ɏɢŮɘ ŭɨɞ ůɡɜɏˊŮɘŮɠ: 

i. ɗŬ ɛŮŰŬɓɚɖɗŮɑ Űɞ ɞɚɘəɧ ɓɎɟɞɠ Űɞɡ ůɩɛŬŰɞɠ ɩůŰŮ ɜŬ ŬˊɞəŰɐůŮɘ Űɖɜ ŰŮɚɘəɐ Űɘɛɐ 

Űɞɡ W, ŭɖɚŬŭɐ: 

P g u= Ö    əŬɘ 

ii.  ɗŬ ɛŮŰŬɓɎɚɚŮɘ Űɖ ɗɏůɖ Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ Űɞɡ ɏŰůɘ ɩůŰŮ Űɞ ŰŮɚŮɡŰŬɑɞ ɜŬ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ (xG, yG, zG) ́ ɞɡ ɞɡůɘŬůŰɘəɎ ŬɜŰɘůŰɞɘɢɞɨɜ 

ůŰɞ ŬɛŮŰŬəɑɜɖŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ˊɚɞɑɞɡ. 

ȺˊŮɘŭɐ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɓɎɟɞɡɠ əŬɘ ɎɜŰɤůɖɠ ůɡɛˊɑˊŰɞɡɜ ˊɟɞ Űɖɠ 

əŬŰŬəɚɨůŮɤɠ, ŭɖɚŬŭɐ 
B Gx x=  əŬɘ B Gy y= , ɏˊŮŰŬɘ ɧŰɘ Űɞ ůɖɛŮɑɞ ŮűŬɟɛɞɔɐɠ Űɖɠ 

ˊɟɧůɗŮŰɖɠ ŭɨɜŬɛɖɠ Ʌ ɓɟɑůəŮŰŬɘ ůŰɞ əɏɜŰɟɞ Űɞɡ ɧɔəɞɡ (ɡ) Űɞɡ əŬŰŬəɚɡɕɧɛŮɜɞɡ 

ŭɘŬɛŮɟɑůɛŬŰɞɠ. 

ɄɟɏˊŮɘ ɧɛɤɠ ɜŬ ŰɞɜɘůŰŮɑ ɧŰɘ ɧɚŬ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɘůɎɚɞɡ 

ɟ́ɞɓɞɚɐɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ɑůŬɚɞ WL  ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ, ɔɘŬŰɑ ŬɡŰɐ ɗŮɤɟŮɑŰŬɘ 

ˊɚɏɞɜ ɤɠ Ŭɟɢɘəɐ. 

Ⱥˊɞɛɏɜɤɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ˊŬɟɎɚɚɖɚɖɠ ɓɨɗɘůɖɠ, Űɖɠ ŭɘŬɔɤɔɐɠ əŬɘ Űɖɠ ŮɔəɎɟůɘŬɠ 

əɚɑůɖɠ ɔɑɜŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ůɢɏůŮɤɜ (3.3.2), (3.3.7) əŬɘ (3.3.8) ˊɞɡ 

ɡˊɞɚɞɔɑůɗɖəŬɜ ůŰɞ ȾŮűɎɚŬɘɞ 3.3, óɄɟɧůɗŮůɖ ɓŬɟɩɜ ůŰɖɜ ɗŮɤɟɑŬ Űɤɜ ɛɘəɟɩɜ 

ɛŮŰŬɓɞɚɩɜô: 

BP Fd g d= Ö = ÖAÖ T  (3.5.4) 

2
tan

tan
1

2

p

T

Py

KB KB BM KGq

j
j

d

=
è øå õå õ
D + + + -é ùæ öæ ö
é ùç ÷ç ÷ê ú

  (3.5.5) 

 

2
tan

tan
1

2

p

L

Px

KB KB BM KGj

q
q

d

=
è øå õå õ
D + + + -é ùæ öæ ö
é ùç ÷ç ÷ê ú

  (3.5.6) 

 

ɀˊɞɟɞɨɛŮ ŰɩɟŬ ɜŬ ɔŮɜɘəŮɨůɞɡɛŮ ŬɡŰɐ Űɖ ɗŮɩɟɖůɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ əŬŰŬəɚɨůŮɤɠ 

ˊŮɟɘůůɧŰŮɟɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ. ȰůŰɤ ɧŰɘ ůɡɛɓŬɑɜɞɡɜ Ɂ əŬŰŬəɚɨůŮɘɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ 

Űɤɜ ɞˊɞɑɤɜ ɞɘ Űɞɛɏɠ ɛŮ Űɞ ŮˊɑˊŮŭɞ WL Űɖɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ɞɟɑɕɞɜŰŬɘ ɤɠ (Ŭ1, Ŭ2,é,Ŭ3), 

ůɢɐɛŬ 3.5.3 
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ɆɢɐɛŬ 3.5.3 

Ɂ ŰŬɡŰɧɢɟɞɜŮɠ əŬŰŬəɚɨůŮɘɠ ůŮ ůɩɛŬ ɛŮ Ŭɟɢɘəɧ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ F. 

 

 

ɇɞ Ŭɟɢɘəɧ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ Űɖɠ ɎɗɘəŰɖɠ ɘůɎɚɞɡ ɛŮ ŮɛɓŬŭɧɜ ȷW ɐŰŬɜ Űɞ ůɖɛŮɑɞ F 

ɛŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ (xF, yF) ɤɠ ˊɟɞɠ ɏɜŬ ŬɡɗŬɑɟŮŰɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ (x,y). ɇɞ əɏɜŰɟɞ 

ˊɚŮɡůŰɧŰɖŰŬɠ F  Űɖɠ ɘůɎɚɞɡ ȷW1 ɛŮŰɎ Űɖ ɓɚɎɓɖ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɞ ɗŮɩɟɖɛŬ Űɤɜ 

ˊɟɩŰɤɜ ɟɞˊɩɜ: 

1

1

1

1

      ( )   
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û
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= î
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ä
  (3.5.7) 

ɧˊɞɡ 

1

1

N

W W n

n

A A a
=

= -ä   (3.5.8) 

 

əŬɘ ɞɘ ˊɟɞůɖɛŬůɛɏɜŮɠ ŬˊɞůŰɎůŮɘɠ (xfn, yfn) ŬɜŬűɏɟɞɜŰŬɘ ůŰɘɠ ɗɏůŮɘɠ Űɤɜ əɏɜŰɟɤɜ 

ŮˊɘűŬɜŮɘɩɜ (Ŭ1, Ŭ2,é,ŬɁ) Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ. 

ɆɨɛűɤɜŬ ɛŮ Űɞ ɗŮɩɟɖɛŬ Űɤɜ ˊŬɟɎɚɚɖɚɤɜ Ŭɝɧɜɤɜ ɞɘ ŭŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ ɤɠ 

ˊɟɞɠ Űɞ ůɨůŰɖɛŬ (x,y), ɛŮŰɎ Űɘɠ əŬŰŬəɚɨůŮɘɠ, ŮɑɜŬɘ: 



33 
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  (3.5.9) 

 

ȳˊɞɡ ɞɘ ɟɞˊɏɠ (Ixx, Iyy) ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ɎɗɘəŰɖ ɑůŬɚɞ əŬɘ ɞɘ (ixx, iyy) ŮɑɜŬɘ ɞɘ 

ŬɜŰɑůŰɞɘɢŮɠ ɟɞˊɏɠ Űɤɜ ɡˊɧ əŬŰɎəɚɡůɖ ŮˊɘűŬɜŮɘɩɜ ɤɠ ˊɟɞɠ ŰŬ əɏɜŰɟŬ Űɞɡɠ. ȺˊŮɘŭɐ 

ůŰɞɡɠ ɡŭɟɞůŰŬŰɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ ɞɘ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ ɤɠ ˊɟɞɠ Űɞ 

əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɟɞˊɏɠ: 
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   (3.5.10) 

 

ɆŰɘɠ ŬɜɤŰɏɟɤ ůɢɏůŮɘɠ ɗŮɤɟɞɨɛŮ ůŮ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ɧŰɘ ɞɘ Ŭɟɢɘəɞɑ ɎɝɞɜŮɠ ŮɑɜŬɘ 

ˊŬɟɎɚɚɖɚɞɘ ˊɟɞɠ Űɞ ůɨůŰɖɛŬ Űɤɜ əɡɟɑɤɜ Ŭɝɧɜɤɜ Űɖɠ ŰŮɚɘəɐɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ əŬɘ 

Ůˊɞɛɏɜɤɠ ŭŮɜ ŮˊɘɓɎɚɚŮŰŬɘ ůŰɟɞűɐ ɔɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ůŰɟɞűɐ ɔɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ 

ŰŮɚɘəɐ (ˊɟŬɔɛŬŰɘəɐ) Űɞɡɠ ɗɏůɖ. 

Ƀɘ ɟɞˊɏɠ əɚɑůɖɠ ɚɧɔɤ ŰŬɡŰɧɢɟɞɜɖɠ əŬŰɎəɚɡůɖɠ Űɤɜ Ɂ ŭɘŬɛŮɟɘůɛɎŰɤɜ ˊɟɞəɨˊŰɞɡɜ 

Ŭˊɧ Ŭˊɚɐ ɛŮŰɎɗŮůɖ: 
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  (3.5.11) 

ɧˊɞɡ (xɡn, yɡn, zɡn) ŮɑɜŬɘ ɞɘ ˊɟɞůɖɛŬůɛɏɜŮɠ ŬˊɞůŰɎůŮɘɠ Űɤɜ əɏɜŰɟɤɜ ɧɔəɞɡ Űɤɜ 

əŬŰŬəɚɡůɗɏɜŰɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɤɠ ˊɟɞɠ Űɞ Ŭɟɢɘəɧ, ŬɡɗŬɑɟŮŰɞ ůɨůŰɖɛŬ (x,y). 

 

ɆɨɛűɤɜŬ ɛŮ Űɖ ɗŮɤɟɑŬ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ ɖ ɜɏŬ ɑůŬɚɞɠ ˊɚŮɨůɖɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ 

Ŭˊɧ ŰŬ ɓɡɗɑůɛŬŰŬ ɇ ɤɠ ˊɟɞɠ Űɞ ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ (x,y,z) ́ ɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ 

Ŭˊɧ Űɖ ůɢɏůɖ: 

 

( ) tan ( ) tano F FT T T x x y yd q j¡ ¡= + + - + -   (3.5.12) 
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ȳˊɞɡ ɧɚŮɠ ɞɘ ŬˊɞůŰɎůŮɘɠ ŬɜŬűɏɟɞɜŰŬɘ ɤɠ ˊɟɞɠ Űɞ ŬɡɗŬɑɟŮŰɞ Ŭɟɢɘəɧ ůɤɛŬŰɞˊŬɔɏɠ 

ůɨůŰɖɛŬ. ȼ ůɢɏůɖ (3.5.12) ŬˊɞŰŮɚŮɑ Űɖ ɔŮɜɑəŮɡůɖ Űɖɠ ɗŮɤɟɑŬɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ˊɞɚɚɩɜ əŬŰŬəɚɨůŮɤɜ. Ƀɘ ɔɤɜɑŮɠ ŭɘŬɔɤɔɐɠ əŬɘ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɔɘŬ ůɡɛɓŬŰɘəɎ ˊɚɞɑŬ 

(L>> B) ɓɟɑůəɞɜŰŬɘ ŰɩɟŬ Ŭˊɧ Űɘɠ ŬˊɚɞˊɞɘɖɛɏɜŮɠ Űɤɜ (3.5.5) əŬɘ (3.5.6) ůɢɏůŮɘɠ: 
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  (3.5.13) 
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ȼ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ ŭɇ ůŰɖ ůɢɏůɖ (3.5.12) ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ: 
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  (3.5.14) 

 

ɧˊɞɡ 1WA  ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɘůɎɚɞɡ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ. ȼ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ 

ɡˊŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ KB¡ Űɖɠ ůɢɏůɖɠ (3.5.13), Ŭűɞɨ Űɞ əɏɜŰɟɞ ɎɜŰɤůɖɠ 

ɛŮŰŬəɘɜŮɑŰŬɘ. ɆɨɛűɤɜŬ ɛŮ Űɖ ɗŮɤɟɑŬ Űɤɜ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ, Űɞ əɏɜŰɟɞ B¡ ŬɜŰɘůŰɞɘɢŮɑ 

ůŰɖɜ ɑůŬɚɞ 1WLɖ ɞˊɞɑŬ ŮɑɜŬɘ ɛŮŰŬŰɞˊɘůɛɏɜɖ əŬŰɎ ŭɇ ɤɠ ˊɟɞɠ Űɖɜ Ŭɟɢɘəɐ ɑůŬɚɞ WL, 

ůɢɐɛŬ (3.5.4). ɇɞ KB¡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɗŮɤɟɐɛŬŰɞɠ Űɤɜ ɟɞˊɩɜ ɤɠ 

ˊɟɞɠ Űɞ ɓŬůɘəɧ ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ: 

 

1 1

( / 2)
N N

B B

xy xy n n o n

n n

M M z T Tug u d g u
¡

= =

= - Ö Ö + + Ö Öä ä   (3.5.15) 

ɐ 

1

( / 2 )    
N

n o n

n

T T zug u d
=

¡DÖKB =DÖKB- Ö Ö + - Ýä     

 

1

( / 2 ) 

  

N

n o n

n

T T z

KB KB
ug u d

=

Ö Ö + -

¡= -
D

ä
  (3.5.16) 
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ɆɢɐɛŬ 3.5.4 

ɄŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ ɔɎůŰɟŬɠ ɡˊɧ əŬŰɎəɚɡůɖ. 

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɖ ɛɏɗɞŭɞɠ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠ ŮˊŮəŰŮɑɜŮŰŬɘ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ɏɢɞɡɛŮ əŬɘ ŰŬɡŰɧɢɟɞɜɖ ˊɟɞůɗŬűŬɑɟŮůɖ űɞɟŰɑɤɜ. ȿŬɛɓɎɜɞɜŰŬɘ Ůˊɑůɖɠ ɡˊɧɣɖ əŬɘ ɞɘ 

Űɘɛɏɠ Űɘɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ əŬɘ ŭɘŬɢɤɟɖŰɧŰɖŰŬɠ ɔɘŬ ŰŬ ŭɘŬɛŮɟɑůɛŬŰŬ ˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ, 

ɞɘ ɞˊɞɑŮɠ ɗŮɤɟɞɨɜŰŬɘ ŭŮŭɞɛɏɜŮɠ. ȷɜ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ əŬŰŬəɚɨɕɞɜŰŬɘ Ɂ ŭɘŬɛŮɟɑůɛŬŰŬ 

əŬɘ ŮˊɘɓɎɚɚɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ PN űɞɟŰɑŬ ɛŮ ɔɜɤůŰɎ ůɖɛŮɑŬ ŮűŬɟɛɞɔɐɠ (Pnx , Pny , Pnz ), 

ŰŬ ɓɐɛŬŰŬ ˊɞɡ ŬəɞɚɞɡɗɞɨɜŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŰŮɚɘəɐɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ ŮɑɜŬɘ 

ŰŬ ŬəɧɚɞɡɗŬ: 

A. ũŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ 
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W W sn n

n
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= -ä   (3.5.17) 
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B. ɁɏŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮəŰɞˊɑůɛŬŰɞɠ əŬɘ ɓɎɟɞɡɠ (ȹ, Ⱦȸ ,KG ) 

 

0

1

PN

n

n

P
=

D=D +ä   (3.5.20) 
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1 1 1

( / 2)
PNN N

o n n n o n n n

n n n

z T T Pu u ug m u d g m u
= = =

å õ
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ç ÷
ä ä ä     (3.5.22) 

 

1

PN

o n Pn

n

KG KG P z
=

¡DÖ =D Ö + Öä   (3.5.23) 

 

ũ. Ʌɞˊɏɠ əɚɑůŮɤɠ 

1 1

1 1

= ( )+ ( )      ( )   

= ( )+ ( )      ( )
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x n n n F n P F

n n
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y n n n F n P F

n n

M y y P y y i

M x x P x x ii

u u

u u

g m u

g m u

¡ ¡

= =

¡ ¡

= =

û
Ö Ö Ö - Ö - î

î
ü
îÖ Ö Ö - Ö -
îý

ä ä

ä ä

 (3.5.24) 

 

 

ɀŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ˊŬɟŬˊɎɜɤ ůɢɏůŮɤɜ (3.5.17) - (3.5.24) ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ 

(3.5.13) əŬɘ (3.5.14) ɞɘ əɚɑůŮɘɠ əŬɘ Ŭˊɧ Űɖɜ (3.5.12) ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ŰŮɚɘəɐ ɑůŬɚɞɠ 

ˊɚŮɨůɖɠ. ɄɟɞűŬɜɩɠ ŰŬ ŬɟɢɘəɎ ɔŮɤɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖ ɔɎůŰɟŬ əŬɘ Űɖɜ ɑůŬɚɞ 

ŮˊɘűɎɜŮɘŬ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɖ ɗɏůɖ Űɞɡ Ŭɟɢɘəɞɨ əɏɜŰɟɞɡ ɓɎɟɞɡɠ KG ɗŮɤɟɞɨɜŰŬɘ 

ɔɜɤůŰɎ. ȷɜ ɖ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ, ůɡɜɐɗɤɠ ŬˊŬɘŰŮɑŰŬɘ əŬɘ ɛɑŬ ŭŮɨŰŮɟɖ 

ŮˊŬɜɎɚɖɣɖ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ɜɏŬ ɘůɎɚɞɡ 

WL1 : 

1 1

1 1
1 ( )
2

PNN

n n n

n n

W W

P

T
A A

ug m u

d
g

= =

Ö Ö +

=
¡Ö Ö +

ä ä
  (3.5.25) 

 

ɧˊɞɡ 1WA  əŬɘ 1WA¡ ŮɑɜŬɘ ŰŬ ŮɛɓŬŭɎ Űɤɜ ɘůɎɚɤɜ ɛŮŰɎ Űɖ ɓɚɎɓɖ, ůŰŬ ɓɡɗɑůɛŬŰŬ oT  əŬɘ 

( )oT Td+  ŬɜŰɑůŰɞɘɢŬ. ɇŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ Űɤɜ (2.5.17) - (2.5.19) ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ŰɩɟŬ ɔɘŬ Űɖɜ ɑůŬɚɞ 1WA¡. 
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4. ȼ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŮɡůŰɎɗŮɘŬɠ ˊɚɤŰɩɜ ŮɝŮŭɟɩɜ 
 

 

4.1. ȼ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

 

ɇɞ ˊɟɧɓɚɖɛŬ ˊɞɡ əŬɚɞɨɛŬůŰŮ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɛŮ ŮɑɜŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ 

ɛɏůɞɡ ɓɡɗɑůɛŬŰɞɠ, Űɖɠ ɔɤɜɑŬɠ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ əɎɗŮ ŮɝɏŭɟŬɠ. 

ũɜɤɟɑɕɞɜŰŬɠ Űɘɠ Űɘɛɏɠ Űɤɜ ɔɤɜɘɩɜ əŬɘ Űɞɡ ɛɏůɞɡ ɓɡɗɑůɛŬŰɞɠ ŮɑɛŬůŰŮ ůŮ ɗɏůɖ ɜŬ 

ɡˊɞɚɞɔɑůɞɡɛŮ Űɞ ɓɨɗɘůɛŬ ůŮ əɎɗŮ ɗɏůɖ Űɖɠ ŮɝɏŭɟŬɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ ɜŬ ɔɜɤɟɑɕɞɡɛŮ 

ŮɎɜ Űɞ ůɨůŰɖɛŬ ɘəŬɜɞˊɞɘŮɑ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ŬůűŬɚŮɑŬɠ. 

 

ȼ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɘůɧŰɖŰŬ Űɖɠ ŬˊɧůŰŬůɖɠ 

Ŭˊɧ Űɖɜ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ, ůŰɞ ůɖɛŮɑɞ Űɖɠ Ɏɟɗɟɤůɖɠ ɔɘŬ ŰŬ ŭɨɞ ůɩɛŬŰŬ. ȼ Ɏɟɗɟɤůɖ 

ŮɑɜŬɘ Űɞ ɔŮɤɛŮŰɟɘəɧ ůŰɞɘɢŮɑɞ Űɞ ɞˊɞɑɞ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ ɛŮŰŬɝɨ ŭɨɞ ůɤɛɎŰɤɜ. 

 

ɆɢɐɛŬ 4.1.1 

ȷˊɧůŰŬůɖ ůŰŬɗŮɟɞɨ ůɖɛŮɑɞɡ Ɏɟɗɟɤůɖɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ 

 

 

ȸɎůŮɘ Űɖɠ ůɡɜɗɐəɖɠ Űɞɡ ɧŰɘ ɖ Ɏɟɗɟɤůɖ ŬˊɞŰŮɚŮɑ ůŰŬɗŮɟɧ ůɖɛŮɑɞ ɔɘŬ ŰŬ ůɩɛŬŰŬ ˊɞɡ 

ŮɑɜŬɘ ˊɟɞůŭŮɛɏɜŬ ůŮ ŬɡŰɐɜ ɖ ŬˊɧůŰŬůɖ x Űɞɡ ůɢɐɛŬŰɞɠ 4.1.1 ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ɔɘŬ 

ŰŬ ůɩɛŬŰŬ Ŭ əŬɘ ɓ. 

ɀɏůɤ ɧɛɞɘɤɜ Űɟɘɔɩɜɤɜ ɔɘŬ Űɖɜ ŬˊɧůŰŬůɖ x ɔɘŬ Űɞ ůɩɛŬ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ ɗŬ 

ɘůɢɨŮɘ: 
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¶ ɆɩɛŬ Ŭ 

P

D Tx

T T

a a

a a

-
=  (4.1.1) 

 

ɧˊɞɡ: 

- DŬ : ɇɞ əɞɑɚɞ Űɞɡ ůɩɛŬŰɞɠ Ŭ 

- ɇŬ : ɇɞ ɓɨɗɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ 

- ɇɅŬ : ŮɑɜŬɘ ɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ (4.1.1) əŬɘ ɔɘŬ 

Űɖɜ ɞˊɞɑŬ ůŰɞ əŮűɎɚŬɘɞ 3.4 ŬˊɞŭŮɑɢɗɖəŮ ɧŰɘ ɘůɢɨŮɘ: 

 

2 21 tan tan
PT a
a

a aj q

T
=
+ +

 (4.1.2) 

 

ȷˊɧ Űɘɠ ůɢɏůŮɘɠ (4.1.1) əŬɘ (4.1.2) ˊɟɞəɨˊŰŮɘ ŰŮɚɘəɎ ɔɘŬ Űɖɜ ŬˊɧůŰŬůɖ x ɧŰɘ: 

 

2 21 tan tan

D T
x a a

a aj q

-
=
+ +

 (4.1.3) 

 

¶ ɆɩɛŬ ɓ 

 

Ƀɛɞɑɤɠ ɛŮ Űɞ ůɩɛŬ Ŭ ɗŬ ɘůɢɨŮɘ ɧŰɘ: 

 

2 21 tan tan

D T
x

b b

b bj q

-
=
+ +

 (4.1.4) 

 

əŬɘ ˊɟɞəɨˊŰŮɘ ŰŮɚɘəɩɠ ɖ ůɢɏůɖ ɖ ɞˊɞɑŬ ůɡɜŭɏŮɘ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ DŬ , 

Dɓ , TŬ , ɇɓ , űŬ , űɓ , ɗŬ , ɗɓ Űɤɜ ůɤɛɎŰɤɜ Ŭ əŬɘ ɓ ɛɏůɤ Űɖɠ ůŰŬɗŮɟɐɠ ŬˊɧůŰŬůɖɠ x: 

 

2 2 2 21 tan tan 1 tan tan

D TD T
x

b ba a

a a b bj q j q

--
= =
+ + + +

 (4.1.5) 

 



39 

 

ɧ́ ɞɡ: 

¶ x : ŬˊɧůŰŬůɖ Űɖɠ Ɏɟɗɟɤůɖɠ ˊɞɡ ŮɑɜŬɘ ˊɟɞůŭŮɛɏɜŬ ŰŬ ůɩɛŬŰŬ Ŭˊɧ Űɖɜ 

ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ, 

¶ DŬ , Dɓ : Űɞ əɞɑɚɞ Űɖɠ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ, 

¶ TŬ , ɇɓ : Űɞ ɓɨɗɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ, 

¶ űŬ , űɓ : ɖ ŮɔəɎɟůɘŬ əɚɑůɖ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ, əŬɘ Űɏɚɞɠ : 

¶ ɗŬ , ɗɓ : ɖ ŭɘŬɛɐəɖɠ əɚɑůɖ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ. 

 

 

ȼ ɘůɞɟɟɞˊɑŬ ůŰɘɠ ŬɟɗɟɩůŮɘɠ ŬɜŬɚɨŮŰŬɘ ůŰɘɠ : 

i. Ɇɡɜɗɐəɖ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŭɡɜɎɛŮɤɜ 0R=ä , Űɞ ɎɗɟɞɘůɛŬ ɧɚɤɜ Űɤɜ ŭɡɜɎɛŮɤɜ 

ůŰɖɜ Ɏɟɗɟɤůɖ ŮɑɜŬɘ ɛɖŭɏɜ. 

ii.  ɆŰɖɜ ůɡɜɗɐəɖ (3.1.5) əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ ŬˊɧůŰŬůɖ Űɖɠ Ɏɟɗɟɤůɖɠ ˊɞɡ ůɡɜŭɏŮɘ 

ŭɨɞ ɖ ˊŮɟɘůůɧŰŮɟŬ ůɩɛŬŰŬ ŬˊɏɢŮɘ ůŰŬɗŮɟɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ ŮɚŮɨɗŮɟɖ 

ŮˊɘűɎɜŮɘŬ: 

 

2 2 2 21 tan tan 1 tan tan

D TD T
x

b ba a

a a b bj q j q

--
= =
+ + + +

 

 

ɆŰɘɠ ŮɝɘůɩůŮɘɠ ɓɡɗɘůɛɎŰɤɜ Űɘɠ əɘɜɖɛŬŰɘəɐɠ ůɡɜɗɐəɖɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ 

Ůˊɘˊɚɏɞɜ ŭɡɞ ůɡɜɗɐəŮɠ:  

i. ȼ ɘůɞɟɟɞˊɑŬ əŬŰŬəɧɟɡűɤɜ ŭɡɜɎɛŮɤɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞɜ ɧɟɞ Űɖɠ  

ˊŬɟɎɚɚɖɚɖɠ ɓɨɗɘůɖɠ. 

ii.  ȼ ɘůɞɟɟɞˊɑŬ ɟɞˊɩɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞɡɠ ɧɟɞɡɠ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ 

əɚɑůɖɠ. 

 

ɆŮ əɎɗŮ ůɩɛŬ, ůŮ ɏɜŬ ɞˊɞɘɞŭɐˊɞŰŮ ůɖɛŮɑɞ Űɞ ɓɨɗɘůɛŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

 

tan tanoT T T y xd j q= + + +  (4.1.6) 

 

ɧˊɞɡ ɇɞ Űɞ Ŭɟɢɘəɧ ɓɨɗɘůɛŬ, ŭɇ ɖ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ, tanű ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ 

əŬɘ tanɗ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ. 
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Ƀ ɧɟɞɠ ˊŬɟɎɚɚɖɚɖɠ ɓɨɗɘůɖɠ ŬɜŬɚɨŮŰŬɘ ɚɧɔɤ Űɖɠ ɘůɞɟɟɞˊɑŬɠ əŬŰŬəɧɟɡűɤɜ 

ŭɡɜɎɛŮɤɜ ůŮ:  

 

intJo s KnownP P
T

Aw
d

g

+
=
ä ä

  (4.1.7) 

ȳ́ ɞɡ: 

¶ intJo sPä  ŮɑɜŬɘ Űɞ ůɡɜɞɚɘəɧ ɎɗɟɞɘůɛŬ Űɤɜ ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůɩɛŬ 

Ŭˊɧ Űɘɠ ŬɟɗɟɩůŮɘɠ 

¶ KnownPä  Űɞ ůɡɜɞɚɘəɧ ɎɗɟɞɘůɛŬ Űɤɜ ɔɜɤůŰɩɜ ɓŬɟɩɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůɩɛŬ 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ, 

¶ ɔ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ůŰɞ ɛŮŰɟɘəɧ ůɨůŰɖɛŬ əŬɘ 

¶ ȷw ɖ ɑůŬɚɞɠ ŮˊɘűɎɜŮɘŬ Űɞɡ ůɩɛŬŰɞɠ .  

  

Ƀ ɧɟɞɠ Űɖɠ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ŬɜŬɚɨŮŰŬɘ ɚɧɔɤ Űɖɠ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ɟɞˊɩɜ ůŮ: 

 

tan
J J K KT

y y y

T T

P y P yM
y y y

GM GM
j

Ö + Ö
Ö = Ö =

DÖ DÖ

ä ä
  (4.1.8) 

 

 

ȳˊɞɡ: 

¶ yy ŮɑɜŬɘ ɖ ŰŮŰɛɖɛɏɜɖ Űɞɡ ůɖɛŮɑɞɡ ˊɞɡ ɕɖŰɎɛŮ ɜŬ ɓɟɞɨɛŮ Űɞ ɓɨɗɘůɛŬ, 

¶ J JP yÖä  ŮɑɜŬɘ ɖ ɟɞˊɐ ˊɞɡ ŬůəŮɑ əɎɗŮ Ɏɟɗɟɤůɖ ɤɠ ˊɟɞɠ Űɞ əɏɜŰɟɞ 

ˊɚŮɡůŰɧŰɖŰŬɠ (CF) Űɞɡ ůɩɛŬŰɞɠ, 

¶ 
K KP yÖä ŮɑɜŬɘ ɖ ɟɞˊɐ əɎɗŮ ɔɜɤůŰɐɠ ŭɨɜŬɛɖɠ ɤɠ ˊɟɞɠ Űɞ CF Űɞɡ ůɩɛŬŰɞɠ, 

¶ ȹ Űɞ ůɡɜɞɚɘəɧ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ əŬɘ  

¶ GMT Űɞ ŮɔəɎɟůɘɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ. 

 

Ƀ ɧɟɞɠ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ŬɜŰɑůŰɞɘɢŬ ŬɜŬɚɨŮŰŬɘ ɚɧɔɤ Űɖɠ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ɟɞˊɩɜ 

ůŮ: 

 

tan
J J K KL

x x x

L L

P x P xM
x x x

GM GM
q

Ö + Ö
Ö = Ö =

DÖ DÖ

ä ä
  (4.1.9) 
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ȳˊɞɡ: 

¶ xx ŮɑɜŬɘ ɖ ŰŮŰŬɔɛɏɜɖ Űɞɡ ůɖɛŮɑɞɡ ˊɞɡ ɕɖŰɎɛŮ ɜŬ ɓɟɞɨɛŮ Űɞ ɓɨɗɘůɛŬ, 

¶ J JP xÖä  ɖ ɟɞˊɐ əɎɗŮ Ɏɟɗɟɤůɖɠ ɤɠ ˊɟɞɠ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ (CF) Űɞɡ 

ůɩɛŬŰɞɠ, 

¶ 
K KP xÖä ɖ ɟɞˊɐ əɎɗŮ ɔɜɤůŰɐɠ ŭɨɜŬɛɖ ɤɠ ˊɟɞɠ Űɞ (CF) Űɞɡ ůɩɛŬŰɞɠ, 

¶ ȹ Űɞ ůɡɜɞɚɘəɧ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ əŬɘ 

¶ GML Űɞ ŭɘɎɛɖəŮɠ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ. 

 

ɃˊɧŰŮ ŰŮɚɘəɎ ɖ Ůɝɑůɤůɖ (4.1.6) ɓɎůɖ Űɤɜ (4.1.7), (4.1.8) əŬɘ (4.1.9) ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ 

Ůɝɐɠ: 

 

J K J J K K J J K K

o y x

T L

P P P y P y P x P x
T T y x

Aw GM GMg

+ Ö + Ö Ö + Ö
= + + +

DÖ DÖ

ä ä ä ä ä ä
     (4.1.10) 

 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɘůɧŰɖŰŬɠ ɓɡɗɘůɛɎŰɤɜ ůŰɖɜ Ɏɟɗɟɤůɖ, ɖ Ůɝɑůɤůɖ ɔɟɎűŮŰŬɘ 

ɔɘŬ əɎɗŮ ůɩɛŬ, ɛŮ Űɘɠ Űɞˊɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɘɠ Ɏɟɗɟɤůɖɠ ɤɠ ˊɟɞɠ Űɞ əɎɗŮ ůɩɛŬ. 

ɃˊɧŰŮ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŭɨɞ ůɤɛɎŰɤɜ ɏɢɞɡɛŮ:  

 

¶ ɔɘŬ Űɞ ůɩɛŬ Ŭ: 

 

a a a a a a a a a a

J K J J K K J J K Ka a a a

o y xa a a a a

T L

P P P y P y P x P x
T T y x

A w GM GMg

+ Ö + Ö Ö + Ö
= + + +

D Ö D Ö

ä ä ä ä ä ä
 

(4.1.11) 

¶ əŬɘ ɔɘŬ Űɞ ůɩɛŬ b : 

 

b b b b b b b b b b

J K J J K K J J K Kb b b b

o y xb b b b b

T L

P P P y P y P x P x
T T y x

A w GM GMg

+ Ö + Ö Ö + Ö
= + + +

D Ö D Ö

ä ä ä ä ä ä

(4.1.12) 

ȼ ŬɜɎɚɡůɖ Űɖɠ ůɡɜɗɐəɖɠ ɔɘŬ Űɖɜ ɞˊɞɑŬ Űɞ ůɖɛŮɑɞ Űɖɠ Ɏɟɗɟɤůɖɠ ůŰɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ˊɟɞůŭŮɛɏɜŬ ŭɨɞ ůɩɛŬŰŬ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ əŬɘ ŬˊɏɢŮɘ ůŰŬɗŮɟɐ ŬˊɧůŰŬůɖ Ŭˊɧ 

Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ɛŬɠ ɞŭɐɔɖůŮ ůŰɖɜ ůɢɏůɖ (4.1.5) ůɡɜŭɏɞɜŰŬɠ Űɞ ɓɨɗɘůɛŬ 

ɇŬ əŬɘ ɇɓ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ ɓ ŬɜŰɑůŰɞɘɢŬ. ŪŬ ˊɟɞůˊŬɗɐůɞɡɛŮ ɚɞɘˊɧɜ ŭɘŬɛɏůɞɡ Űɖɠ 
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ůɢɏůɖɠ ŬɡŰɐɠ əŬɘ Űɤɜ ůɢɏůŮɤɜ (4.1.11) əŬɘ (4.1.12) ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ Űɖɜ ŰŮɚɘəɐ 

Ůɝɑůɤůɖ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

ȷˊɧ (4.1.5), ɚɞɘˊɧɜ ɘůɢɨŮɘ: 

 

2 2 2 21 tan tan 1 tan tan

a a b b

b b

D T D T

a aj q j q

- -
=

+ + + +
  (4.1.13) 

 

Ƀɘ ɧɟɞɘ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ ŮɑɜŬɘ Űɞ ɇŬ əŬɘ ɇɓ, ɞˊɧŰŮ ŬɜŬůɢɖɛŬŰɑɕɞɡɛŮ: 

 

( )
2 2

2 2

1 tan tan

1 tan tan

a a b b

b b

D T D T
a aj q

j q

å õ+ +
æ ö- = Ö -
æ ö+ +ç ÷

  (4.1.14) 

 

ũɘŬ Űɖɜ ŬˊɚɞɨůŰŮɡůɖ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ əŬɘ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɧɟɤɜ ˊɞɡ ɗŬ 

ŮɘůŬɢɗɞɨɜ ůŰɞ ŰŮɚɘəɧ ůɨůŰɖɛŬ ɤɠ ˊɟɞɠ Ůˊɑɚɡůɖ ɗŬ ɞɟɑůɞɡɛŮ Űɞɜ ɧɟɞ RD1: 

 

2 2

1
2 2

1 tan tan

1 tan tanb b

RD
a aj q

j q

+ +
=

+ +
  (4.1.15) 

 

ɆɡɜŮˊɩɠ ɖ (4.1.14) ɔɑɜŮŰŬɘ: 

 

( )1

a a b bD T RD D T- = Ö - 

 

1 1    a a b bT D RD T RD DÝ - = Ö - Ö  (4.1.16) 

 

ȺɛˊŮɟɘɏɢɞɜŰŬɠ Űɞɡɠ ɧɟɞɡɠ ɇŬ əŬɘ ɇɓ ˊŮɟɘůůɧŰŮɟɞ ŭɘŬəɟɘŰɞˊɞɘɖɛɏɜɞɡɠ. 
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ȺɝɘůɩɜɞɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ (4.1.11), (4.1.12) ŭɘŬɛɏůɞɡ Űɖɠ (4.1.16) ɗŬ ɏɢɞɡɛŮ ŰŮɚɘəɎ: 

 

1 1

a a a a a a a a a a

J K J J K K J J K Ka a a a

o y xa a a a a

T L

b b b b b b b b b b

J K J J K K J J K Kb b b b

o y xb b b b b

T L

P P P y P y P x P x
T y x D

A w GM GM

P P P y P y P x P x
RD T RD y x D

A w GM GM

g

g

+ Ö + Ö Ö + Ö
+ + + - =

D Ö D Ö

å õ+ Ö + Ö Ö + Ö
= Ö + Ö + + -æ öæ öD Ö D Öç ÷

ä ä ä ä ä ä

ä ä ä ä ä ä
 

(4.1.17) 

ȽůɞŭɨɜŬɛŬ: 

1 1 1

1 1

a a a a a a a a a a

J K J J K K J J K Ka a a a

o y xa a a a a

T L

b b b b b b

J K J J K Kb b

o yb b b

T

b b b b

J J K Kb b

x b b

L

P P P y P y P x P x
T y x D

A w GM GM

P P P y P y
RD T RD RD y

A w GM

P x P x
RD x RD D

GM

g

g

+ Ö + Ö Ö + Ö
+ + + - =

D Ö D Ö

å õ å õ+ Ö + Ö
= Ö + Ö + Ö +æ ö æ öæ ö æ öD Öç ÷ ç ÷

å õÖ + Ö
+ Ö - Öæ öæ öD Öç ÷

ä ä ä ä ä ä

ä ä ä ä

ä ä

(4.1.18) 

ɞˊɧŰŮ ɢɤɟɑɕɞɜŰŬɠ Űɞɡɠ ɔɜɤůŰɞɨɠ ɧɟɞɡɠ əŬɘ Űɘɠ ɔɜɤůŰɏɠ ŭɡɜɎɛŮɘɠ ɛŮ Űɘɠ ɎɔɜɤůŰŮɠ 

ŭɡɜɎɛŮɘɠ Ŭˊɧ Űɘɠ ŬɟɗɟɩůŮɘɠ ˊɟɞəɨˊŰŮɘ: 

 

1 1 1

1 1 1

a a a a a

J J J J Ja a

y xa a a a a

T L

b b b b b

J J J J Jb b

y xb b b b b

T L

a a a a a

K K K K Ka a a a

o y xa a a a a

T L

b b b

K K Kb b

o yb

P P y P x
y x

A w GM GM

P P y P x
RD RD y RD x

A w GM GM

P P y P x
T y x D

A w GM GM

P P y
RD T RD RD y

A w

g

g

g

g

Ö Ö
+ + -

D Ö D Ö

Ö Ö
- Ö - Ö - Ö =

D Ö D Ö

Ö Ö
=- - - - +

D Ö D Ö

Ö
+ Ö + Ö + Ö

D

ä ä ä

ä ä ä

ä ä ä

ä ä
1 1

b b

K Kb b

xb b b b

T L

P x
RD x RD D

GM GM

Ö
+ Ö - Ö

Ö D Ö

ä

 

(4.1.19) 
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4.2. ɇɞ ˊɟɧɓɚɖɛŬ ŭɡɞ ŮɝŮŭɟɩɜ ɛŮ ŭɡɞ ŬɟɗɟɩůŮɘɠ  

 

 

ȼ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ɔɑɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ əŬŰŬɜɞɖŰɐ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɏɢɞɡɛŮ 

ŭɨɞ ůɩɛŬŰŬ ɛŮ ŭɨɞ ŬɟɗɟɩůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ .  

 

 

ɆɢɐɛŬ 4.2.1 

ȹɨɞ ůɩɛŬŰŬ ˊɟɞůŭŮɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŭɨɞ ŬɟɗɟɩůŮɘɠ. 

 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŬɟɎŭŮɘɔɛŬ ŮˊŮɘŭɐ Űɞ CG ůɡɛˊɑˊŰŮɘ ɛŮ Űɞ CF ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ 

ɓɎɟɞɡɠ ɤɠ ˊɟɞɠ Űɞ CF əɎɗŮ ůɩɛŬŰɞɠ ˊɟɞəɨˊŰɞɡɜ ɛɖŭɏɜ, ɔɘŬ ɜŬ ɛɖɜ ŭɘŬŰŬɟŬɢɗŮɑ ɧɛɤɠ 

ɖ ɔŮɜɘəɧŰɖŰŬ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɞɘ ɧɟɞɘ Űɞɡ ɓɎɟɞɡɠ ɗŬ ˊŬɟŬɛŮɑɜɞɡɜŮ ůŰɖɜ Ůɝɑůɤůɖ. 

 

ɆɡɜŮˊɩɠ ɔɘŬ Űɖɜ Ɏɟɗɟɤůɖ 1 Ŭˊɧ Űɖɜ ɘůɧŰɖŰŬ ɓɡɗɘůɛɎŰɤɜ ˊɟɞəɨˊŰŮɘ: 

 

1 1 2 2 1 1 2 2 1 1 2 2 1 1 2 21 2 1 2
1 1 1 1 1 1

1 1 2 2 1 1 2
1 1

a a a a a a a a b b b b b b b ba a b b
j j j j j j j ja a b b

j j j ja a a a a b b b b b

T L T L

a a a a a a a a
a a aK K K K K K K K

o j ja a a

T

P y P y P x P x P y P y P y P yP P P P
y x RD y RD x

A w GM GM A w GM GM

P P y P y P x P
T y x

A w GM

g g

g

+ + + ++ +
+ + - - Ö - Ö =

D Ö D Ö D Ö D Ö

+ +
=- - - -

D Ö

2

1 1 2 2 1 1 2 2
1 1 1 1 1 1 1

a
aK

a a

L

b b b b b b b b b
b b b bK K K K K K K K K

o j jb b b b b

T L

x
D

GM

P P y P y P x P x
RD T RD RD y RD x RD D

A w GM GMg

+
D Ö

+ +
+ Ö + Ö + Ö + Ö - Ö

D Ö D Ö

  

(4.2.1) 

 

y

x x

y

B A

1

2

yJ

xJ

PK1
b PK1

a

PK2

PK2
b

a
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 ɇɞ ˊɟɩŰɞ ɛɏɚɞɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɧɜɞ Űɘɠ ɎɔɜɤůŰŮɠ ŭɡɜɎɛŮɘɠ Ŭˊɧ Űɘɠ ŬɟɗɟɩůŮɘɠ 

əŬɘ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Űɞɡɠ, Ůɜɩ Űɞ ŭŮɨŰŮɟɞ ɛɏɚɞɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ ɔɜɤůŰɎ ɛŮɔɏɗɖ 

Űɘɠ ŮɝɘůɩůŮɤɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ɔɜɤůŰɏɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůɩɛŬ. Ƀ 

ɧɟɞɠ RD1 ɡˊŮɜɗɡɛɑɕŮŰŬɘ ɧŰɘ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɔɤɜɑŮɠ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ 

(űŬ, űɓ, ɗŬ, ɗɓ ŬɜŰɑůŰɞɘɢŬ) Űɤɜ ŭɨɞ ůɤɛɎŰɤɜ Ŭ əŬɘ ɓ. 

 

ɆɡɔəŮɜŰɟɤŰɘəɎ ɞɘ ɧɟɞɘ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɖɜ Ůɝɑůɤůɖ ɞɟɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

 

ü ȹɡɜɎɛŮɘɠ: 

 

¶ 1

aP    :  ɖ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑ ɖ Ɏɟɗɟɤůɖ 1 ůŰɞ ůɩɛŬ ȷ. 

¶ 1

bP    :  ɖ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑ ɖ Ɏɟɗɟɤůɖ 1 ůŰɞ ůɩɛŬ ȸ . 

¶ 2

bP    :  ɖ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑ ɖ Ɏɟɗɟɤůɖ 2 ůŰɞ ůɩɛŬ ȸ . 

¶ 1

a

KP   :  Űɞ ɓɎɟɞɠ Űɞɡ ůɩɛŬŰɞɠ ȷ . 

¶ 2

a

KP   :  ɖ Ůˊɘˊɚɏɞɜ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɞ ůɩɛŬ ȷ . 

¶ 1

b

KP   :  Űɞ ɓɎɟɞɠ Űɞɡ ůɩɛŬŰɞɠ ȸ . 

¶ 2

b

KP  ɖ Ůˊɘˊɚɏɞɜ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɞ ůɩɛŬ ȸ . 

 

ü ɆɡɜŰŮŰŬɔɛɏɜŮɠ: 

 

¶ 1

a

jx , 1

a

jy    :  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ Ɏɟɗɟɤůɖɠ 1 ɤɠ ˊɟɞɠ Űɞ ůɩɛŬ ȷ. 

¶ 2

a

jx , 2

a

jy   :  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ Ɏɟɗɟɤůɖɠ 2 ɤɠ ˊɟɞɠ Űɞ ůɩɛŬ ȷ. 

¶ 1

b

jx , 1

b

jy    :  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ Ɏɟɗɟɤůɖɠ 1 ɤɠ ˊɟɞɠ Űɞ ůɩɛŬ ȸ. 

¶ 2

b

jx , 2

b

jy   :  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ Ɏɟɗɟɤůɖɠ 2 ɤɠ ˊɟɞɠ Űɞ ůɩɛŬ ȸ. 

 

¶ 1

a

Kx , 1

a

Ky   :  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ ȷ. 

¶ 2

a

Kx , 2

a

Ky   :  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ Ůˊɘˊɚɏɞɜ ŭɨɜŬɛɖɠ ůŰɞ ůɩɛŬ ȷ. 

¶ 1

b

Kx , 1

b

Ky   :  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ ȸ. 

¶ 2

b

Kx , 2

b

Ky   :  ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ Ůˊɘˊɚɏɞɜ ŭɨɜŬɛɖɠ ůŰɞ ůɩɛŬ ȸ. 
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ü Ɉˊɧɚɞɘˊɞɘ ɧɟɞɘ: 

 

¶ g       :  Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ɜŮɟɞɨ ůŰɞ ɛŮŰɟɘəɧ ůɨůŰɖɛŬ . 

¶ aA w  :  Űɞ ŮɛɓŬŭɧɜ Űɖɠ ɘůɎɚɞɡ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ůɩɛŬŰɞɠ A. 

¶ bA w  :  Űɞ ŮɛɓŬŭɧɜ Űɖɠ ɘůɎɚɞɡ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ůɩɛŬŰɞɠ ȸ. 

¶ aD      :  Űɞ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ ȷ. 

¶ bD      :  Űɞ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ ȸ.  

¶ ,a a

T LGM GM   : Űɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ ɤɠ ˊɟɞɠ Űɞ ŭɘŬɛɐəɖ əŬɘ Űɞɜ ŮɔəɎɟůɘɞ 

ɎɝɞɜŬ ɔɘŬ Űɞ ůɩɛŬ ȷ. 

¶ ,b b

T LGM GM   : Űɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ ɤɠ ˊɟɞɠ Űɞ ŭɘŬɛɐəɖ əŬɘ Űɞɜ ŮɔəɎɟůɘɞ 

ɎɝɞɜŬ ɔɘŬ Űɞ ůɩɛŬ B. 

¶ RD1   :  ɓɞɖɗɖŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ, ɔɘŬ Űɞɜ ɞˊɞɑɞ ɘůɢɨŮɘ: 

 

                         

2 2

1
2 2

1 tan tan

1 tan tanb b

RD
a aj q

j q

+ +
=

+ +
 

 

Ɇɨɜɞɚɞ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŬɟɎŭŮɘɔɛŬ ɏɢɞɡɛŮ ŰɏůůŮɟɘɠ ŭɡɜɎɛŮɘɠ ɎɔɜɤůŰŮɠ, Űɘɠ1

aP , 1

bP

ˊɞɡ ŮɑɜŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəŮɑ ɖ Ɏɟɗɟɤůɖ 1 ůŰɞ ůɩɛŬ ȷ əŬɘ ȸ əŬɘ Űɘɠ 2

aP , 2

bP  ˊɞɡ 

ŮɑɜŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəŮɑ ɖ Ɏɟɗɟɤůɖ 2 ůŰɞ ůɩɛŬ ȷ əŬɘ ȸ.  

ȷˊɧ Űɖɜ ɘůɧŰɖŰŬ ɓɡɗɘůɛɎŰɤɜ ůŰɖɜ əɎɗŮ Ɏɟɗɟɤůɖ ɚŬɛɓɎɜɞɡɛŮ ŭɡɞ ŮɝɘůɩůŮɘɠ 

ůɡɜɞɚɘəɎ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ , ɧɛɤɠ ɢɟŮɘɎɕɞɜŰŬɘ ɎɚɚŮɠ ŭɡɞ ŮɝɘůɩůŮɘɠ , ɞɘ 

ɞˊɞɑŮɠ ˊɟɞəɨˊŰɞɡɜŮ Ŭˊɧ Űɖɜ ůɡɜɗɐəɖ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŭɡɜɎɛŮɤɜ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ əŬɘ 

ŮɑɜŬɘ ɞɘ : 

 

ü ȯɟɗɟɤůɖ 1:  

1 1 0a bP P+ =   (4.2.2) 

ü ȯɟɗɟɤůɖ 2:  

2 2 0a bP P+ =   (4.2.3) 

  

 ɃˊɧŰŮ ˊɟɞəɨˊŰŮɘ ɏɜŬ ůɨůŰɖɛŬ ŰŮůůɎɟɤɜ ŮɝɘůɩůŮɤɜ ɛŮ ŰɏůůŮɟɘɠ ŬɔɜɩůŰɞɡɠ . 

ɆŰɖɜ ɛŮɚɏŰɖ ɧɛɤɠ Űɖɠ ŮɡůŰɎɗŮɘŬɠ Űɤɜ Ůɝɏŭɟɤɜ ɏɢɞɡɛŮ ɚɎɓŮɘ ɡˊɧɣɖ Űɖɜ ɗŮɤɟɑŬ ɛɘəɟɩɜ 

ɛŮŰŬɓɞɚɩɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞ ŬɜŬɚɡŰɘəɧɠ Űɨˊɞɠ Űɞɡ ɛŮŰŬəŮɜŰɟɘəɞɨ ɨɣɞɡɠ ɜŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ ɧɟɞɡɠ ŭɘŬɛɐəɞɡɠ əŬɘ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ. ɇŬɡŰɧɢɟɞɜŬ ɖ ɞɟɗɐ 

ɛŬɗɖɛŬŰɘəɐ ï ɔŮɤɛŮŰɟɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŬɠ ŬɜɎɔəŬůŮ ɜŬ ŮɘůɎɔɞɡɛŮ 

Űɞɜ ůɡɜŰŮɚŮůŰɐ RD1 ɞ ɞˊɞɑɞɠ Ůˊɑůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ Űɤɜ ɔɤɜɘɩɜ Űɖɠ ŮɔəɎɟůɘŬɠ əŬɘ 

ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɔɘŬ əɎɗŮ ůɩɛŬ. 
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ɇɞ ŮɔəɎɟůɘɞ əŬɘ ŭɘɎɛɖəŮɠ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ ɔɘŬ Űɞ əɎɗŮ ůɩɛŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ 

ůɢɏůŮɘɠ: 

¶ 
2tan

1 ( )
2

T TGM KB BM KG KGj
j

d
è øå õå õ
= + + - +é ùæ öæ ö
é ùç ÷ç ÷ê ú

  (4.2.4) 

¶ 
2tan

1 ( )
2

L LGM KB BM KG KGq
q

d
è øå õå õ
= + + - +é ùæ öæ ö
é ùç ÷ç ÷ê ú

  (4.2.5) 

 

ɧˊɞɡ 

¶ tan
J J K KT

T T

P y P yM

GM GM
j

Ö + Ö
= =
DÖ DÖ

ä ä
    (Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ (4.1.8)) əŬɘ 

¶ tan
J J K KL

L L

P x P xM

GM GM
q

Ö + Ö
= =
DÖ DÖ

ä ä
    (Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ (4.1.9)) 

ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ůɨůŰɖɛŬ ɧˊɤɠ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ɏɜŬ ɛɖ ɔɟŬɛɛɘəɧ ůɨůŰɖɛŬ 

ɞˊɧŰŮ ɔɘŬ ɜŬ ŮˊɘɚɡɗŮɑ ɢɟŮɘɎɕŮŰŬɘ ɛɘŬ ŮˊŬɜŬɚɖˊŰɘəɐ ɛɏɗɞŭɞ. Ⱥűɧůɞɜ ɞɘ ŮɝɏŭɟŮɠ 

ɝŮəɘɜɎɜŮ Ŭˊɧ Űɖɜ əŬŰɎůŰŬůɖ ɘůɞɟɟɞˊɑŬɠ, ůŰɖɜ Ŭɟɢɐ Űɖɠ Ůˊɑɚɡůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɗŮɤɟɩ ɛɖŭŮɜɘəɏɠ ŭɡɜɎɛŮɘɠ ůŰɘɠ ŬɟɗɟɩůŮɘɠ əŬɘ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ ɔɤɜɘɩɜ ŭɘŬɛɐəɞɡɠ əŬɘ 

ŮɔəɎɟůɘŬɠ əɚɑůɖɠ. ɃˊɧŰŮ ɛŮŰɎ Ŭˊɧ əɎɗŮ ŮˊŬɜɎɚɖɣɖ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ˊɟɞəɨˊŰɞɡɜ ɜɏŮɠ Űɘɛɏɠ ɔɘŬ Űɘɠ ŭɡɜɎɛŮɘɠ ůŰɘɠ ŬɟɗɟɩůŮɘɠ, Űɘɠ ɞˊɞɑŮɠ Űɘɛɏɠ Űɘɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŰɞɡɠ ɧɟɞɡɠ Űɤɜ ɔɤɜɘɩɜ, ŬɚɚɎɕɞɡɜŮ ɞɘ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ ɧɟɤɜ Űɘɠ 

Ůɝɑůɤůɖɠ, əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ŮˊɘɚɨɞɡɛŮ ɝŬɜɎ Űɞ ůɨůŰɖɛŬ ɛɏɢɟɘ ɜŬ ůɡɔəɚɑɜŮɘ. 
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4.3. ɇɞ ˊɟɧɓɚɖɛŬ Űɖɠ ůŰŬɗŮɟɐɠ Ɏɟɗɟɤůɖɠ 

 

ȺəŰɧɠ Ŭˊɧ Űɘɠ ůɡɜɖɗɘůɛɏɜŮɠ ůɡɜŭɏůŮɘɠ ŮɝŮŭɟɩɜ, əŬɚɞɨɛŬůŰŮ ˊɞɚɚɏɠ űɞɟɏɠ ɜŬ 

ŮˊɘɚɨůɞɡɛŮ əŬɘ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɡˊɎɟɢŮɘ ůŰŬɗŮɟɞɨ ɓɡɗɑůɛŬŰɞɠ Ɏɟɗɟɤůɖ, ɧˊɤɠ ɖ 

ůɨɜŭŮůɖ Űɖɠ ŮɝɏŭɟŬɠ ɛŮ Űɞ ɛɧɚɞ (ůɢɐɛŬ 4.3.2) ɐ ɖ Ŭɔəɨɟɤůɖ Űɖɠ ůŰɞ ˊɡɗɛɏɜŬ Űɖɠ 

ɗɎɚŬůůŬɠ ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ (ůɢɐɛŬ 4.3.1).  

 

 

 

     ɆɢɐɛŬ 4.3.1 

ȷɔəɨɟɤůɖ ŮɝɏŭɟŬɠ ůŰɞ ˊɡɗɛɏɜŬ Űɖɠ ɗɎɚŬůůŬɠ. 

 

 

 

ɆɢɐɛŬ 4.3.2 

ȺɝɏŭɟŬ ˊɟɞůŭŮɛɏɜɖ ůŮ ɛɧɚɞ. 
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɚɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ ůŰŬɗŮɟɞɨ ůɖɛŮɑɞɡ ˊɟɞůŰɑɗŮŰŬɘ Ɏɚɚɖ ɛɘŬ 

ŭɨɜŬɛɖ, ŬɡŰɐ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɖɠ ůŰŬɗŮɟɐɠ Ɏɟɗɟɤůɖɠ. ȾŬŰɎ 

ůɡɜɏˊŮɘŬ ɚɧɔɤ Űɞɡ Ůˊɘˊɚɏɞɜ ŬɔɜɩůŰɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟɞůɗɏůɞɡɛŮ ůŰɞ ůɨůŰɖɛŬ Ůˊɑɚɡůɖɠ 

Ɏɚɚɖ ɛɘŬ Ůɝɑůɤůɖ. 

ȼ Ůˊɘˊɚɏɞɜ Ůɝɑůɤůɖ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ɘəŬɜɞˊɞɑɖůɖ Űɖɠ ɞɟɘŬəɐ ůɡɜɗɐəɖ ůŰŬɗŮɟɞɨ 

ɓɡɗɑůɛŬŰɞɠ, ŭɖɚŬŭɐ Űɞ ůɩɛŬ ůŰɞ ůɖɛŮɑɞ Űɖɠ Ɏɟɗɟɤůɖɠ ɏɢŮɘ ůŰŬɗŮɟɧ, ŬɛŮŰɎɓɚɖŰɞ  

ɓɨɗɘůɛŬ. ȷˊɧɟɟɞɘŬ ŬɡŰɞɨ, ŮɑɜŬɘ ɧŰɘ ɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ Űɖɠ 

Ɏɟɗɟɤůɖɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ əŬɘ ŬɛŮŰɎɓɚɖŰɖ. 

 

 

 

ɆɢɐɛŬ 4.3.3 

ȷˊɧůŰŬůɖ ůŰŬɗŮɟɞɨ ůɖɛŮɑɞɡ Ɏɟɗɟɤůɖɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ 

 

ȰůŰɤ ɧŰɘ ɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɖɠ Ɏɟɗɟɤůɖɠ əŬɘ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɜŮɟɞɨ 

ŮɑɜŬɘ ɑůɖ ɛŮ x, ŰɧŰŮ ɓɎůŮɘ Űɞɡ ůɢɐɛŬŰɞɠ 4.3.3 Ŭˊɧ ɧɛɞɘŬ ŰɟɑɔɤɜŬ, ɔɘŬ Űɞ ůɩɛŬ Ŭ ɗŬ 

ɘůɢɨŮɘ: 

 

P

D Tx

T T

a a

a a

-
=  (4.3.1) 

ɧˊɞɡ: 

- DŬ : ɇɞ əɞɑɚɞ Űɞɡ ůɩɛŬŰɞɠ Ŭ 

- ɇŬ : ɇɞ ɓɨɗɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ Ŭ əŬɘ 



50 

 

- ɇɅŬ : ŮɑɜŬɘ ɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ (4.3.3) əŬɘ ɔɘŬ Űɖɜ 

ɞˊɞɑŬ ůŰɞ əŮűɎɚŬɘɞ 3.4 ŬˊɞŭŮɑɢɗɖəŮ ɧŰɘ ɘůɢɨŮɘ: 

2 21 tan tan
PT a
a

a aj q

T
=
+ +

 (4.3.2) 

 

ȷˊɧ Űɘɠ ůɢɏůŮɘɠ (4.3.1) əŬɘ (4.3.2) ˊɟɞəɨˊŰŮɘ ŰŮɚɘəɎ ɔɘŬ Űɖɜ ŬˊɧůŰŬůɖ x ɧŰɘ: 

 

2 21 tan tan

D T
x a a

a aj q

-
=
+ +

  (4.3.3) 

 

ɧˊɞɡ: 

¶ x : ŬˊɧůŰŬůɖ Űɖɠ Ɏɟɗɟɤůɖɠ Ŭˊɧ Űɖɜ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ, 

¶ DŬ : Űɞ əɞɑɚɞ Űɞɡ ůɩɛŬŰɞɠ Ŭ  

¶ TŬ : Űɞ ɓɨɗɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ Ŭ  

¶ űŬ : ɖ ŮɔəɎɟůɘŬ əɚɑůɖ Űɞɡ ůɩɛŬŰɞɠ Ŭ, əŬɘ Űɏɚɞɠ  

¶ ɗŬ : ɖ ŭɘŬɛɐəɖɠ əɚɑůɖ Űɞɡ ůɩɛŬŰɞɠ Ŭ 

 

 

Ƀ ɧɟɞɠ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ ŮɑɜŬɘ Űɞ ɇŬ , ɞˊɧŰŮ ŬɜŬůɢɖɛŬŰɑɕɞɡɛŮ: 

 

2 21 tan tana aD T x a aj q- = Ö + +   (4.3.4) 

 

ũɘŬ Űɖɜ ŬˊɚɞɨůŰŮɡůɖ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ əŬɘ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɧɟɤɜ ˊɞɡ ɗŬ ŮɘůŬɢɗɞɨɜ 

ůŰɞ ŰŮɚɘəɧ ůɨůŰɖɛŬ ɤɠ ˊɟɞɠ Ůˊɑɚɡůɖ ɗŬ ɞɟɑůɞɡɛŮ Űɞɜ ɧɟɞ RD2: 

 

2 2

2 1 tan tanRD a aj q= + +   (4.3.5) 

 

ɆɡɜŮˊɩɠ ɖ (4.3.4) ɔɑɜŮŰŬɘ: 

 

2

a aD T x RD- = Ö   (4.3.6) 
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ȳˊɤɠ ŬɜŬɚɨɗɖəŮ ůŰɞ əŮűɎɚŬɘɞ 4.1 Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɞ ɓɨɗɘůɛŬ 

ɇŬ Ůɜɧɠ ůɩɛŬŰɞɠ Ŭ, ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ůɖɛŮɑɞ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

 

a a a a a a a a a a

J K J J K K J J K Ka a a a

o y xa a a a a

T L

P P P y P y P x P x
T T y x

A w GM GMg

+ Ö + Ö Ö + Ö
= + + +

D Ö D Ö

ä ä ä ä ä ä

(4.3.7) 

ɧ́ ɞɡ: 

¶ intJo sPä  ŮɑɜŬɘ Űɞ ůɡɜɞɚɘəɧ ɎɗɟɞɘůɛŬ Űɤɜ ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůɩɛŬ 

Ŭˊɧ Űɘɠ ŬɟɗɟɩůŮɘɠ, 

¶ KnownPä  Űɞ ůɡɜɞɚɘəɧ ɎɗɟɞɘůɛŬ Űɤɜ ɔɜɤůŰɩɜ ɓŬɟɩɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůɩɛŬ 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ, 

¶ ɔ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ůŰɞ ɛŮŰɟɘəɧ ůɨůŰɖɛŬ əŬɘ 

¶ ȷw ɖ ɑůŬɚɞɠ ŮˊɘűɎɜŮɘŬ Űɞɡ ůɩɛŬŰɞɠ.  

¶ yy ŮɑɜŬɘ ɖ ŰŮŰɛɖɛɏɜɖ Űɞɡ ůɖɛŮɑɞɡ ˊɞɡ ɕɖŰɎɛŮ ɜŬ ɓɟɞɨɛŮ Űɞ ɓɨɗɘůɛŬ, 

¶ J JP yÖä  ŮɑɜŬɘ ɖ ɟɞˊɐ ˊɞɡ ŬůəŮɑ əɎɗŮ Ɏɟɗɟɤůɖ ɤɠ ˊɟɞɠ Űɞ əɏɜŰɟɞ 

ˊɚŮɡůŰɧŰɖŰŬɠ (CF) Űɞɡ ůɩɛŬŰɞɠ, 

¶ 
K KP yÖä ŮɑɜŬɘ ɖ ɟɞˊɐ əɎɗŮ ɔɜɤůŰɐɠ ŭɨɜŬɛɖɠ ɤɠ ˊɟɞɠ Űɞ CF Űɞɡ ůɩɛŬŰɞɠ, 

¶ ȹ Űɞ ůɡɜɞɚɘəɧ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ əŬɘ  

¶ GMT Űɞ ŮɔəɎɟůɘɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ. 

¶ xx ŮɑɜŬɘ ɖ ŰŮŰŬɔɛɏɜɖ Űɞɡ ůɖɛŮɑɞɡ ˊɞɡ ɕɖŰɎɛŮ ɜŬ ɓɟɞɨɛŮ Űɞ ɓɨɗɘůɛŬ, 

¶ J JP xÖä  ɖ ɟɞˊɐ əɎɗŮ Ɏɟɗɟɤůɖɠ ɤɠ ˊɟɞɠ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ (CF) Űɞɡ 

ůɩɛŬŰɞɠ, 

¶ 
K KP xÖä ɖ ɟɞˊɐ əɎɗŮ ɔɜɤůŰɐɠ ŭɨɜŬɛɖ ɤɠ ˊɟɞɠ Űɞ (CF) Űɞɡ ůɩɛŬŰɞɠ, 

¶ ȹ Űɞ ůɡɜɞɚɘəɧ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ əŬɘ 

¶ GML Űɞ ŭɘɎɛɖəŮɠ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ. 

 

ɃˊɧŰŮ ŰŮɚɘəɎ ɛŮ ɓɎůɖ Űɘɠ ůɢɏůŮɘɠ (4.3.6) əŬɘ (4.3.7) ˊɟɞəɨˊŰŮɘ: 

2

a a a a a a a a a a

J K J J K K J J K Ka a a a

o y xa a a a a

T L

P P P y P y P x P x
D T y x

A w GM GM

x RD

g

+ Ö + Ö Ö + Ö
- - - - =

D Ö D Ö

= Ö

ä ä ä ä ä ä
 

(4.3.8) 
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ɞˊɧŰŮ ɢɤɟɑɕɞɜŰŬɠ Űɞɡɠ ɔɜɤůŰɞɨɠ ɧɟɞɡɠ əŬɘ Űɘɠ ɔɜɤůŰɏɠ ŭɡɜɎɛŮɘɠ ɛŮ Űɘɠ ɎɔɜɤůŰŮɠ 

ŭɡɜɎɛŮɘɠ Ŭˊɧ Űɘɠ ŬɟɗɟɩůŮɘɠ ˊɟɞəɨˊŰŮɘ: 

 

2

a a a a a

J J J J Ja a

y xa a a a a

T L

a a a a a

K K K K Ka a a a

o y xa a a a a

T L

P P y P x
x RD y x

A w GM GM

P P y P x
T y x D

A w GM GM

g

g

Ö Ö
Ö + + + =

D Ö D Ö

Ö Ö
=- - - - +

D Ö D Ö

ä ä ä

ä ä ä
  (4.3.9) 
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4.4. Ⱥˊɑɚɡůɖ Űɞɡ ɔɟŬɛɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

 

 

ɇɞ ůɨůŰɖɛŬ ˊɞɡ ɏɢɞɡɛŮ ɜŬ ŮˊɘɚɨůɞɡɛŮ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ :  

 

[] []A x Bè øÖ =ê ú
   (4.4.1) 

ɧˊɞɡ :  

 

¶ []A  ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Űɤɜ ŬɔɜɩůŰɤɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ 

ˊɟɩŰɞ ɛɏɚɞɠ Űɤɜ ŮɝɘůɩůŮɤɜ (4.2.1) , (4.2.2) əŬɘ (4.2.3),  

 

¶ []B  ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ Űɤɜ ɔɜɤůŰɩɜ ɧɟɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜŮ Ŭˊɧ Űɞ ŭŮɨŰŮɟɞ ɛɏɚɞɠ 

Űɤɜ ŮɝɘůɩůŮɤɜ (4.2.1) , (4.2.2) əŬɘ (4.2.3) əŬɘ 

 

¶ xè ø
ê ú

 ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ Űɤɜ ɎɔɜɤůŰɤɜ ŭɡɜɎɛŮɤɜ ůŰɘɠ ŬɟɗɟɩůŮɘɠ.  

 

 ũɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ɔɟŬɛɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɖɜ ɛɏɗɞŭɞ 

LU Decomposition, ɖ ɞˊɞɑŬ ŬɜŬɚɨŮŰŬɘ ŭɘŮɝɞŭɘəɎ ůŰɖɜ ůɡɜɏɢŮɘŬ. ȷɠ ɡˊɞɗɏůɞɡɛŮ ɧŰɘ 

ɛˊɞɟɞɨɛŮ ɜŬ ɔɟɎɣɞɡɛŮ Űɞ ˊɑɜŬəŬ ȷ ůŬɜ ɔɘɜɧɛŮɜɞ ŭɨɞ ˊɘɜɎəɤɜ.  

 

     L U AÖ =  (4.4.2) 

ɧˊɞɡ:  

¶ L ŮɑɜŬɘ ɏɜŬɠ əɎŰɤ ŭɘŬɔɩɜɘɞɠ ˊɑɜŬəŬɠ əŬɘ 

¶ U ɏɜŬɠ ˊɎɜɤ ŭɘŬɔɩɜɘɞɠ ˊɑɜŬəŬɠ 

 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ 4 4³  ˊɑɜŬəŬ ȷ, ɖ Ůɝɑůɤůɖ (4.4.2) ɗŬ ɔɑɜŮɘ ɤɠ Ůɝɐɠ: 

 

11 11 12 13 1411 12 13 14

21 22 21 22 23 2422 23 24

31 32 33 31 32 33 3433 34

41 42 43 44 41 42 43 4444

0 0 0

0 0 0
 = 

0 0 0

0 0 0

a a a a a

a a a a a a

a a a a a a a

a a a a a a a a

b b b b

b b b

b b

b

è ø è øè ø
é ù é ùé ù
é ù é ùé ùÖ
é ù é ùé ù
é ù é ùé ù

ê úê ú ê ú

 (4.4.3) 
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=

11 11 11 12 11 13 11 14

21 11 21 12 22 22 21 13 22 23 21 14 22 24

31 11 31 12 32 22 31 13 32 23 33 33 31 14 32 24 33 34

41 11 41 12 42 22 41 13 42 23 43 33 41 14

a a a a

a a a a a a a

a a a a a a a a a

a a a a a a a

b b b b

b b b b b b b

b b b b b b b b b

b b b b b b b

Ö Ö Ö Ö

Ö Ö + Ö Ö + Ö Ö + Ö

Ö Ö + Ö Ö + Ö + Ö Ö + Ö + Ö

Ö Ö + Ö Ö + Ö + Ö Ö42 24 43 34 44 44a a ab b b

è ø
é ù
é ù
é ù
é ù

+ Ö + Ö + Öê ú

  

 

ɀˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɖɜ ŭɘɎůˊŬůɖ Űɞɡ ˊɑɜŬəŬ ɧˊɤɠ ůŰɖɜ (4.4.2) 

ɔɘŬ ɜŬ ɚɨůɞɡɛŮ Űɞ ůɨůŰɖɛŬ: 

 

( ) ( )A x L U x L U x bÖ = Ö Ö = Ö Ö =  (4.4.4) 

 

ɚɨɜɞɜŰŬɠ ˊɟɩŰŬ ɔɘŬ Űɞɜ ˊɑɜŬəŬ y ɏŰůɘ ɩůŰŮ : 

 

L y bÖ =  (4.4.5) 

əŬɘ əŬŰɧˊɘɜ ɚɨɜɞɜŰŬɠ Űɞ : 

U x yÖ =  (4.4.6) 

 

ɇɞ ˊɚŮɞɜɏəŰɖɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɖɜ ŭɘɎůˊŬůɖ Ůɜɧɠ ɔɟŬɛɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůŮ ŭɡɞ 

ŭɘŬŭɞɢɘəɎ ŮɑɜŬɘ ɧŰɘ ɖ ɚɨůɖ Ůɜɧɠ ŭɘŬɔɩɜɘɞɡ ůɡůŰɐɛŬŰɞɠ ŮɝɘůɩůŮɤɜ ŮɑɜŬɘ ŬɟəŮŰɎ Ŭˊɚɐ, 

ɞˊɧŰŮ ɖ Ůɝɑůɤůɖ (4.4.5) ɛˊɞɟŮɑ ɜŬ ɚɡɗŮɑ ɛŮ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ: 

 

1
1

11

b
y

a
=   (4.4.7) 

 

1

1

1
          2,3,4,....,

i

i i ij i

jii

y b a y i N
a

-

=

è ø
= - =é ù
ê ú
ä   (4.4.8) 

 

əŬɘ ɖ Ůɝɑůɤůɖ (4.4.6) ɛˊɞɟŮɑ ɜŬ ɚɡɗŮɑ ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ ŬɜŰɘəŬŰɎůŰŬůɖ: 

 

N
N

NN

y
x

b
=   (4.4.9) 
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1

1
         -1, - 2,....,1

N

i i ij j

j iii

x y x i N Nb
b = +

è ø
= - =é ù

ê ú
ä   (4.4.10) 

 

ɔɘŬ Űɘɠ ŮɝɘůɩůŮɘɠ (4.4.8) əŬɘ (4.4.10) ɔɑɜɞɜŰŬɘ ůɨɜɞɚɞ (ɔɘŬ əɎɗŮ ŭŮɝɘɎ ɛŮɟɘɎ Űɞɡ b) 2N  

ŮəŰŮɚɏůŮɘɠ ɛɘŬɠ ŮůɤŰŮɟɘəɐɠ ŮˊŬɜɎɚɖɣɖɠ ˊŮɟɘɏɢɞɜŰŬɠ ɏɜŬ ˊɞɚɚŬˊɚŬůɘŬůɛɧ əŬɘ ɛɘŬ 

Ɏɗɟɞɘůɖ. ȺɎɜ ɏɢɞɡɛŮ Ɂ ŭŮɝɘɏɠ ɛŮɟɘɏɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɞɘ ɛɘŬɠ ůŰɐɚɖɠ ˊɑɜŬəŮɠ (ɞɘ ɞˊɞɑɞɘ 

ŮɑɜŬɘ ɖ ˊŮɟɑˊŰɤůɖ ůŰɖɜ ɞˊɞɑŬ ŬɜŰɘůŰɟɏűɞɡɛŮ ɏɜŬ ˊɑɜŬəŬ), ŰɧŰŮ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ 

ŰŬ əŬɗɞŭɖɔɖŰɘəɎ ɛɖŭŮɜɘəɎ, ɛŮɘɩɜŮŰŬɘ ɞ ɛŮŰɟɖŰɐɠ ůɡɜɞɚɘəɩɜ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɖɜ 

(4.4.8) Ŭˊɧ 31

2
N  ůŮ 31

6
N , Ůɜɩ ɔɘŬ Űɖɜ (4.4.10) ŭŮɜ ɛŮŰŬɓɎɚɚŮŰŬɘ ˊɏɟŬɜ Űɞɡ 31

2
N

.ɆɖɛŮɘɩɜɞɡɛŮ ɧŰɘ ɧŰŬɜ ɏɢɞɡɛŮ Űɖɜ ɛɏɗɞŭɞ LU ɔɘŬ Űɖɜ ŭɘɎůˊŬůɖ Űɞɡ ȷ ɛˊɞɟɞɨɛŮ ɜŬ 

ŬůɢɞɚɖɗɞɨɛŮ ɛŮ Űɖɜ Ůˊɑɚɡůɖ ɧůɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊɘɜɎəɤɜ b ɗɏɚɞɡɛŮ ŰŬɡŰɞɢɟɧɜɤɠ. 

ȷɡŰɐ ŮɑɜŬɘ əŬɘ ɖ ɞɡůɘɩŭɖɠ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ LU Decomposition Ůɜ ůɢɏůɖ ɛŮ ɎɚɚŮɠ 

ɛŮɗɧŭɞɡɠ. 

 

 

 

ȷɚɔɧɟɘɗɛɞɠ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɖɜ LU Decomposition 

 

 ɄɟɏˊŮɘ ɜŬ ɓɟɞɨɛŮ Űɞɜ ˊɑɜŬəŬ L əŬɘ U, ŭɞɗɏɜŰɞɠ Űɖɠ ȷ . ɄɟɩŰŬ , ɔɟɎűɞɡɛŮ Űɘɠ 

,i j  ůɡɜɘůŰɩůŮɠ Űɖɠ Ůɝɑůɤůɖɠ (4.4.2) ɐ Űɖɠ (4.4.3). ȼ ůɡɜɘůŰɩůŬ ŬɡŰɐ ŮɑɜŬɘ ˊɎɜŰɞŰŮ 

ɏɜŬ ɎɗɟɞɘůɛŬ ɝŮəɘɜɩɜŰŬɠ ɛŮ: 

 

1 1i j ija ab +ÖÖÖ= (4.4.11) 

 

 ɇɞ ůɨɜɞɚɞ Űɤɜ ɧɟɤɜ ůŰɞ ɎɗɟɞɘůɛŬ ŮɝŬɟŰɎŰŬɘ, ůŰɞ ŮɎɜ Űɞ i  ɐ Űɞ j  ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɞɠ Ŭɟɘɗɛɧɠ. ɃˊɧŰŮ ɏɢɞɡɛŮ Űɘɠ əɎŰɤɗɘ ŰɟŮɘɠ ˊŮɟɘˊŰɩůŮɘɠ: 

 

¶ 1 1 2 2          i j i j ii ij iji j a a a ab b b< Ý + +ÖÖÖ+ =  (4.4.12) 

¶ 1 1 2 2          i j i j ii jj iji j a a a ab b b= Ý + +ÖÖÖ+ = (4.4.13) 

¶ 1 1 2 2          i j i j ij jj iji j a a a ab b b> Ý + +ÖÖÖ+ = (4.4.14) 

 Ƀɘ ŮɝɘůɩůŮɘɠ (4.4.12) ï (4.4.14) Ŭɟɘɗɛɞɨɜ ůɨɜɞɚɞ 2N  ŮɝɘůɩůŮɤɜ ɔɘŬ ŰŬ 
2N N+  ɎɔɜɤůŰŬ Ŭ əŬɘ ɓ (ŭɘɧŰɘ ɖ ŭɘŬɔɩɜɘɞɠ ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůɨɜɞɚɞ ŭɡɞ űɞɟɏɠ. Ⱥűɧůɞɜ 
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ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŬɔɜɩůŰɤɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŮɝɘůɩůŮɤɜ, ˊɟɏˊŮɘ ɜŬ 

əŬɗɞɟɑůɞɡɛŮ N  Ŭˊɧ Űɞɡɠ ŬɔɜɩůŰɞɡɠ ŬɡɗŬɘɟɏŰɤɠ əŬɘ əŬŰɧˊɘɜ ɜŬ ˊɟɞůˊŬɗɐůɞɡɛŮ ɜŬ 

ɚɨůɞɡɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ. ɄɟɎɔɛŬŰɘ ɧˊɤɠ ɗŬ ŭɞɨɛŮ, ŮɑɜŬɘ ˊɎɜŰɞŰŮ ŭɡɜŬŰɧ ɜŬ ˊɎɟɞɡɛŮ: 

  

1         1,.....ija i N= =   (4.4.15) 

 ɀɘŬ ˊɞɚɨ əŬɚɐ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ Crout, ɞ ɞˊɞɑɞɠ ˊɞɚɨ ŬˊɚɎ 

ɚɨɜŮɘ Űɞ ůɨůŰɖɛŬ Űɤɜ 2N N+  ŮɝɘůɩůŮɤɜ (4.4.12) ï (4.4.14), ɔɘŬ ɧɚŬ ŰŬ Ŭ əŬɘ ɓ , ŬˊɚɎ 

ŭɘŬŰɎůůɞɜŰŬɠ Űɘɠ ŮɝɘůɩůŮɘɠ ɛŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ůŮɘɟɎ. ȼ ůŮɘɟɎ ŬɡŰɐ ɏɢŮɘ ɤɠ Ůɝɐɠ : 

 

ü ȸɐɛŬ 1 

ŪɏŰɞɡɛŮ 1      ɔɘŬ    1,2,...,ija i N= =    (Ůɝɑůɤůɖ 4.4.15)  

 

 

ü ȸɐɛŬ 2 

ũɘŬ əɎɗŮ  j=2,3,...,Ɂ , əɎɜɞɡɛŮ Űɘɠ ˊŬɟŬəɎŰɤ ŭɡɞ ŭɘŬŭɘəŬůɑŮɠ: 

 

 

a) ũɘŬ i=1,2,é,j  ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɘɠ (4.4.12) əŬɘ (4.4.15) ɔɘŬ ɜŬ ɚɨůɞɡɛŮ 

ɔɘŬ Űɖɜ 
ijb  ɤɠ Ůɝɐɠ: 

 

1

1

i

ij ij ik kj

k

a ab b
-

=

= -ä   (4.4.16) 

(ȳŰŬɜ i=1 ŰɧŰŮ ůŰɖɜ (4.4.16) ɞ ŬɗɟɞɘůŰɘəɧɠ ɧɟɞɠ ɚŬɛɓɎɜŮŰŬɘ ɛɖŭɏɜ ). 

 

 

b) ũɘŬ  i=j+1, j+2,é,N  ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɖɜ (4.4.16) ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ija  ɤɠ Ůɝɐɠ: 

 

1

1

1 j

ij ij ik kj

kii

a a a b
b

-

=

å õ
= -æ ö

ç ÷
ä   (4.4.17) 

 

ȼ ˊɟɩŰɖ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɖ ŭŮɨŰŮɟɖ ŭɘŬŭɘəŬůɑŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ɞɚɞəɚɖɟɩɜɞɜŰŬɘ 

ˊɟɩŰɞɨ ůɡɜŮɢɑůɞɡɛŮ ɛŮ Űɖɜ ŮˊɧɛŮɜɖ Űɘɛɐ.  

ȺɎɜ ɔɑɜɞɡɜŮ ɛŮɟɘəɏɠ ŮˊŬɜŬɚɐɣŮɘɠ Űɘɠ ˊŬɟŬˊɎɜɤ ɛŮɗɧŭɞɡ, ɗŬ ŭɞɨɛŮ ɧŰɘ ŰŬ Ŭ əŬɘ ɓ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜŮ ůŰɞ ŭŮɝɑ ɛɏɚɞɠ Űɤɜ ŮɝɘůɩůŮɤɜ (4.4.16) əŬɘ (4.4.17) ŮɑɜŬɘ ɐŭɖ 
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əŬɗɞɟɘůɛɏɜŮɠ Ŭˊɧ Űɖɜ ůŰɘɔɛɐ ˊɞɡ ɗŬ Űɘɠ ɢɟŮɘŬůŰɞɨɛŮ. Ⱥˊɑůɖɠ ɗŬ ŭɞɨɛŮ ɧŰɘ əɎɗŮ 
ija  

ɢɟɖůɘɛɞˊɞɘŮɑŰŮ ɛɧɜɞ ɛɘŬ űɞɟɎ əŬɘ ˊɞŰɏ ɝŬɜɎ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ŬɜŰɑůŰɞɘɢɞ 
ija  ɐ 

ijb  ɛˊɞɟŮɑ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ ůŰɖɜ ɗɏůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨůŮ Űɞ Ŭ, ɞˊɧŰŮ ɖ ŭɘɎůˊŬůɖ Űɞɡ 

ˊɑɜŬəŬ ɏɢŮɘ ŬɟɢɑůŮɘ (ŰŬ ŭɘŬɔɩɜɘŬ ɛɞɜŬŭɘŬɑŬ ůŰɞɘɢŮɑŬ iia  (Ůɝɑůɤůɖ 4.4.15) ŭŮɜ 

ŬˊɞɗɖəŮɨɞɜŰŬɘ). ɆɡɜɞˊŰɘəɎ ɖ ɛɏɗɞŭɞɠ Űɞɡ Crout ůɡɛˊɚɖɟɩɜŮɘ ůŰɞɜ ůɡɜŭɡŬůɛɏɜɞ 

ˊɑɜŬəŬ Űɤɜ Ŭ əŬɘ ɓ,  

 

11 12 13 14

21 22 23 24

31 32 33 34

41 42 43 44

a

a a

a a a

b b b b

b b b

b b

b

è ø
é ù
é ù
é ù
é ù
ê ú

  (4.4.18) 

 

əŬŰɎ ůŰɐɚŮɠ Ŭˊɧ ŬɟɘůŰŮɟɎ ůŰŬ ŭŮɝɘɎ, əŬɘ ɛɏůŬ ůŮ əɎɗŮ ůŰɐɚɖ Ŭˊɧ Űɖɜ əɞɟɡűɐ ˊɟɞɠ Űɞ 

Űɏɚɞɠ ɧˊɤɠ ůɢɖɛŬŰɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ (ůɢɐɛŬ 4.4.1). 

 

  

     ɆɢɐɛŬ 4.4.1 

ɆɢɖɛŬŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Crout ɔɘŬ Űɖɜ LU ŭɘɎůˊŬůɖ Ůɜɧɠ 

ˊɑɜŬəŬ. ɆŰɞɘɢŮɑŬ Ŭˊɧ Űɞɜ Ŭɟɢɘəɧ ˊɑɜŬəŬ ŰɟɞˊɞˊɞɘɞɨɜŰŬɘ ɛŮ Űɖɜ ůŮɘɟɎ ˊɞɡ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ 

ɔɟɎɛɛŬŰŬ ɢŬɛɖɚɧŰŮɟɤɜ ˊŮɟɘˊŰɩůŮɤɜ. ɇŬ ɔɟŬɛɛɞůəɘŬůɛɏɜŬ əɞɡŰɘɎ ŭŮɑɢɜɞɡɜ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ 

ŰɟɞˊɞˊɞɘɖɛɏɜŬ ůŰɞɘɢŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ ŭɡɞ Űɡˊɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞ 

əŬɗɏɜŬ ŮɜŭŮɘəɜɡɧɛŮɜɞ Ŭˊɧ ɏɜŬ çɉè . 



58 

 

 ȼ əŬɗɞŭɐɔɖůɖ (ŭɖɚŬŭɐ ɖ Ůˊɘɚɞɔɐ Űɞɡ ůɤůŰɞɨ əŬɗɞŭɖɔɖŰɘəɞɨ ůŰɞɘɢŮɑɞɡ ɔɘŬ 

Űɖɜ ŭɘŬɑɟŮůɖ ůŰɖɜ Ůɝɑůɤůɖ (4.4.17) ŮɑɜŬɘ ŬɜŬɛűɑɓɞɚŬ ɗŮɛŮɚɘɩŭɖ ɔɘŬ Űɖɜ ŮɡůŰɎɗŮɘŬ 

ůŰɖɜ ɛɏɗɞŭɞ Űɞɡ Crout. ɀɧɜɞ ɛŮɟɘəɐ əŬɗɞŭɐɔɖůɖ (ŮɜŬɚɚŬɔɐ Űɤɜ ůŮɘɟɩɜ) ɛˊɞɟŮɑ ɜŬ 

ɡɚɞˊɞɘɖɗŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɎ. ɋůŰɧůɞ ŬɡŰɧ ŮɑɜŬɘ ŬɟəŮŰɧ ɔɘŬ ɜŬ əɎɜŮɘ Űɖɜ ɛɏɗɞŭɞ 

ŮɡůŰŬɗɐ. ȷɡŰɧ ůɖɛŬɑɜŮɘ, ˊŬɟŮɛˊɘˊŰɧɜŰɤɠ, ɧŰɘ ŭŮɜ ŭɘŬůˊɞɨɛŮ ˊɟŬɔɛŬŰɘəɎ Űɤɜ ˊɑɜŬəŬ 

ȷ ůŮ LU ɛɞɟűɐ, ŬɚɚɎ ŭɘŬůˊɞɨɛŮ ɛɘŬ əŬŰɎ ůŮɘɟɎ ŬɜŰɘɛŮŰɎɗŮůɖ Űɞɡ ȷ (ɖ ɞˊɞɑŬ ŮɑɜŬɘ 

Űɧůɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɧůɞ əŬɘ ɖ ŭɘɎůˊŬůɖ Űɞɡ Ŭɟɢɘəɞɨ ˊɑɜŬəŬ). ȼ əŬɗɞŭɐɔɖůɖ ŮɑɜŬɘ 

ɚɑɔɞ ˊŮɟɑˊɚɞəɖ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ Űɞɡ Crout. ɇɞ ůɖɛŮɑɞ əɚŮɘŭɑ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟɞůɏɝɞɡɛŮ 

ŮɑɜŬɘ ɧŰɘ ɖ Ůɝɑůɤůɖ (4.4.16) ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ i=j (ůŰɖɜ ŰŮɚɘəɐ Űɖɠ ŮűŬɟɛɞɔɐ) ŮɑɜŬɘ 

Ŭəɟɘɓɩɠ ɑŭɘŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (4.4.17) ŮəŰɧɠ Ŭˊɧ Űɖɜ ŭɘŬɑɟŮůɖ ůŰɖɜ ŰŮɚŮɡŰŬɑŬ Ůɝɑůɤůɖ, 

əŬɘ ůŰɘɠ ŭɡɞ ˊŮɟɘˊŰɩůŮɘɠ Űɞ Ɏɜɤ ɧɟɘɞ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ ŮɑɜŬɘ k=j-1(=i-1) . ȷɡŰɧ 

ůɖɛŬɑɜŮɘ ɧŰɘ ŭŮɜ ɏɢɞɡɛŮ ɜŬ ŭŮůɛŮɡŰɞɨɛŮ ůŰɞ ŮɎɜ Űɞ ŭɘŬɔɩɜɘɞ ůŰɞɘɢŮɑɞ 
jjb  ŮɑɜŬɘ Űɞ 

ůŰɞɘɢŮɑɞ Űɞ ɞˊɞɑɞ ˊɏűŰŮɘ ůŰɖɜ ŭɘŬɔɩɜɘɞ ɐ ŮɎɜ ŮɑɜŬɘ Űɞ (ŬŭɘŬɑɟŮŰɞ) 
ija əɎŰɤ Ŭˊɧ ŬɡŰɧ 

ůŰɖɜ ůŰɐɚɖ i=j+1,é,N  ŮɑɜŬɘ ŮəŮɑɜɞ ˊɞɡ ɗŬ çˊɟɞŬɢɗŮɑè ɜŬ ɔɑɜŮɘ Űɞ ŭɘŬɔɩɜɘɞ ɓ. ȷɡŰɧ 

ɛˊɞɟŮɑ ɜŬ ŬˊɞűŬůɘůŰŮɑ ɧŰŬɜ ɧɚŬ ŰŬ ɡˊɞɣɐűɘŬ ůŰɞɘɢŮɑŬ ůŰɖɜ ůŰɐɚɖ ŮɑɜŬɘ ˊɟɞɠ ɢɟɐůɖ. 

ɃˊɧŰŮ ɗŬ ŭɘŬɚɏɝɞɡɛŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ůŰɞɘɢŮɑɞ ůŰɖɜ ŭɘŬɔɩɜɘɞ, əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ 

əɎɜɞɡɛŮ ɧɚŮɠ Űɘɠ ŭɘŬɘɟɏůŮɘɠ ɛŮ ŬɡŰɧ Űɞ ůŰɞɘɢŮɑɞ ůɡɜɞɚɘəɎ. ȷɡŰɐ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Crout 

ɛŮɟɘəɐɠ əŬɗɞŭɐɔɖůɖɠ. ȼ ɡɚɞˊɞɑɖůɖ ɏɢŮɘ ɛɑŬ Ůˊɘˊɚɏɞɜ ɚŮˊŰɞɛɏɟŮɘŬ: ŬɟɢɘəɎ ɓɟɑůəŮɘ Űɞ 

ɛŮɔŬɚɨŰŮɟɞ ůŰɞɘɢŮɑɞ ůŮ əɎɗŮ ůŮɘɟɎ, əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ (ɧŰŬɜ ɣɎɢɜŮɘ ɔɘŬ Űɞ ɛɏɔɘůŰɞ 

ůŰɞɘɢŮɑɞ ɞŭɐɔɖůɖɠ) əɚɘɛŬəɩɜɤ Űɖɜ ůɨɔəɟɘůɖ ůŬɜ ɜŬ ŮɑɢŬɛŮ Ŭˊɧ Űɖɜ Ŭɟɢɐ əɚɘɛŬəɩůŮɘ 

ɧɚŮɠ Űɘɠ ŮɝɘůɩůŮɘɠ ɔɘŬ ɜŬ əɎɜɞɡɛŮ Űɞ ɛɏɔɘůŰɞ ůɡɜŰŮɚŮůŰɐ ɑůɞ ɛŮ Űɖɜ ɛɞɜɎŭŬ. 
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5. ȷɜɎɚɡůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 
 

 

5.1. ȷɜɎɚɡůɖ əŬɘ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

 

ɇɞ ˊŬɟɧɜ ˊɟɧɔɟŬɛɛŬ ɏɢŮɘ ɡɚɞˊɞɘɖɗŮɑ ůŮ Fortran 95, ɖ ɞˊɞɑŬ ɛŬɠ ŭɑɜŮɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɢɟɐůɖɠ ɜɏɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŭɘŮɡəɞɚɨɜɞɡɜ Űɧůɞ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ɧůɞ 

əŬɘ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɢɟɧɜɞɡ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ.  

ũɘŬ Űɖɜ Ŭɨɝɖůɖ Űɘɠ ŰŬɢɨŰɖŰŬɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɏˊɟŮˊŮ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ŮɚɎɢɘůŰɖ ŭɡɜŬŰɐ ɛɜɐɛɖ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ 

ŮɜŰɞɚɐɠ Allocate. ɀŮ Űɖɜ ˊŬɟŬˊɎɜɤ ŮɜŰɞɚɐ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ ˊɘɜɎəɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ əŬɗɞɟɑɕɞɜŰŬɘ ŮůɤŰŮɟɘəɎ ůŰɞ 

ˊɟɧɔɟŬɛɛŬ əŬŰɧˊɘɜ Űɖɠ ŬɜɎɔɜɤůɖɠ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ əŬɗɞɟɑɕɞɡɜŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ 

ŮəɎůŰɞŰŮ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ əŬɚɞɨɛŬůŰŮ ɜŬ ŮˊɘɚɨůɞɡɛŮ.  

ɆŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮəŰɧɠ Ŭˊɧ Űɘɠ 

ŬɟɘɗɛɖŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ əŬɘ ŭɡɞ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ əŬɗɞɟɑɕɞɡɜŮ Űɞ ɛŬɗɖɛŬŰɘəɧ 

ɛɞɜŰɏɚɞ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȷɡŰɏɠ ŮɑɜŬɘ ɖ F1 əŬɘ ɖ F2 əŬɘ ɞɟɑɕɞɡɜ ŮɎɜ ɗŬ 

ɚɎɓɞɡɛŮ ɡˊɧɣɖ ɛŬɠ ůŰɖɜ ŬɚɔŮɓɟɘəɐ ůɢɏůɖ Űɖɜ ɗŮɤɟɑŬ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ. 

Ƀɘ ɧɟɞɘ F1 əŬɘ F2 ŮɛˊŮɟɘɏɢɞɜŰŬɘ ůŰɞɡɠ Űɨˊɞɡɠ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ŮɔəɎɟůɘŬɠ əŬɘ 

ŭɘŬɛɐəɞɡɠ ɔɤɜɑŬɠ 

¶ 
2

tan
tan

1 1
2

p

T

Py

KB BM F KG

j
j

=
è øå õå õ
D + + -é ùæ öæ ö
é ùç ÷ç ÷ê ú

 (5.1.1) 

 

¶ 
2

tan
tan

1 2
2

p

L

Px

KB BM F KG

q
q

=
è øå õå õ
D + + -é ùæ öæ ö
é ùç ÷ç ÷ê ú

 (5.1.2) 

əŬɘ ɘůɢɨŮɘ ɧŰɘ 

 

¶ ũɘŬ  F1 = F2 = 0 , (ɧŰŬɜ ŭɖɚŬŭɐ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ɚŬɛɓɎɜɞɡɜ Űɖɜ Űɘɛɐ ɛɖŭɏɜ) 

ŬˊɚɞˊɞɘɞɨɜŰŬɘ ɞɘ ɧɟɞɘ Űɖɠ ŮűŬˊŰɞɛɏɜɖɠ ɗŮɤɟɩɜŰŬɠ ɧŰɘ ɖ ůɡɛɛŮŰɞɢɐ Űɞɡɠ ůŰŬ 

ŬɟɘɗɛɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ, Ůɜɩ  

 

¶ ũɘŬ  F1 = F2 = 1 , (ŭɖɚŬŭɐ ɧŰŬɜ ́ Ŭɑɟɜɞɡɜ Űɘɛɐ ɑůɖ ɛŮ Űɖɜ ɛɞɜɎŭŬ) ɚŬɛɓɎɜɞɜŰŬɘ 

ɡˊɧɣɖ ɧɚɞɘ ɞɘ ɧɟɞɘ ůŰɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 
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5.1.1.  ȹŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ 

 

ȷɜɎɔɜɤůɖ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡɠ  

 

ȷɟɢɘəɎ Űɞ ˊɟɧɔɟŬɛɛŬ ɚŬɛɓɎɜŮɘ Űɘɠ əɨɟɘŮɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ 

¶ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɤɛɎŰɤɜ, 

¶ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬɟɗɟɩůŮɤɜ (Ŭɜ ɡˊɎɟɢɞɡɜ), 

¶ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɔŬůŰɟɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ əŬɚɞɨɛŬůŰŮ ɜŬ ŮˊɘɚɨůɞɡɛŮ əŬɘ 

¶ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ (Ŭɜ ɡˊɎɟɢɞɡɜ), 

¶ Űɞɜ Ŭɟɘɗɛɧ ůɡɔəŮəɟɘɛɏɜɤɜ ůɖɛŮɑɤɜ ůŰŬ ɞˊɞɑŬ ɞ ɢɟɐůŰɖɠ ɕɖŰɎ Űɞ ɓɨɗɘůɛŬ ɛɘŬɠ 

ɔɎůŰɟŬɠ (ŮɎɜ ɡˊɎɟɢɞɡɜ). 

ɆŰɖɜ ŬɜɎɔɜɤůɖ Űɤɜ əɡɟɑɤɜ ɛŮŰŬɓɚɖŰɩɜ ɔɑɜŮŰŬɘ ŬɜɎɔɜɤůɖ əŬɘ Ɏɚɚɤɜ 

ŭŮɡŰŮɟŮɡɧɜŰɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ɗŬ ŭɞɨɛŮ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 6, ɧˊɞɡ əŬɘ 

ˊŮɟɘɔɟɎűŮŰŬɘ ŭɘŮɝɞŭɘəɎ ɖ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɞ ůɨůŰɖɛŬ. 

ȸɎůŮɘ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ Ŭɟɘɗɛɩɜ ɗŬ əŬɗɞɟɘůɗɞɨɜ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ 

ˊɘɜɎəɤɜ ˊɞɡ ɗŬ ŮˊŮɝŮɟɔŬůɗɞɨɛŮ ůŰɞ ˊɟɧɔɟŬɛɛŬ.  

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ  ɔɑɜŮŰŬɘ ŬɜɎɔɜɤůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɖɠ əɎɗŮ ŮɝɏŭɟŬɠ, ŭɖɚŬŭɐ 

¶ Űɖɜ Ŭɟɢɐ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɞɡ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ, 

¶ Űɞ ɛɐəɞɠ, 

¶ Űɞ ˊɚɎŰɞɠ əŬɘ 

¶ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ.  

 

ȷəɞɚɞɨɗɤɠ ŬɟɢɑɕŮɘ ɖ ŬɜɎɔɜɤůɖ Űɤɜ ɔŬůŰɟɩɜ əŬɘ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ. 

ɀˊɞɟɞɨɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ ŰɟŮɘɠ Űɨˊɞɡɠ ɔŬůŰɟɩɜ. 
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Tɨˊɞɠ 1  

ȷɜŰɘůŰɞɘɢŮɑ ůŮ ɔɎůŰɟŬ ɖ ŭɘŬŰɞɛɐ Űɖɠ ɞˊɞɑŬɠ ŮɑɜŬɘ ŰɡɢŬɑŬɠ ɔŮɤɛŮŰɟɑŬɠ.  

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ŮɜŭɘŬűɏɟɞɜ ɜŬ ŬɜŬűŮɟɗŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ŮɨɟŮůɖɠ Űɞɡ ŮɛɓŬŭɞɨ, Űɞɡ əɏɜŰɟɞɡ ɓɎɟɞɡɠ əŬɘ Űɖɠ 2ɖɠ ɟɞˊɐɠ ŬŭɟɎɜŮɘŬɠ.  

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɚɞɘˊɧɜ ɛɘŬɠ ɔɎůŰɟŬɠ Űɖɠ ɞˊɞɑŬɠ ɖ ŮˊɘűɎɜŮɘŬ ɏɢŮɘ ˊɞɚɡɔɤɜɘəɐ 

ŭɘŬŰɞɛɐ (ůɢɐɛŬ 5.1.1.1), Űɞ ŮɛɓŬŭɧɜ ŬɡŰɐɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ ɛɏůɤ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ Shoelace. 

 

 

ɆɢɐɛŬ 5.1.1.1 

Ʉɞɚɡɔɤɜɘəɐ ɔɎůŰɟŬ N ůɖɛŮɑɤɜ 

 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Shoelace ˊŮɟɘŮɔɟɎűɖəŮ Ŭˊɧ Űɞɜ Carl Friedrich Gauss Űɞ 1795, 

ɔɘô ŬɡŰɧ əŬɘ ŮɑɜŬɘ Ůˊɑůɖɠ ɔɜɤůŰɧɠ əŬɘ ɤɠ Gauss area formula. ɀɏůɤ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

ŬɡŰɞɨ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ŮɛɓŬŭɞɨ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Ůɜɧɠ Ŭˊɚɞɨ 

ˊɞɚɡɔɩɜɞɡ (ˊɞɚɨɔɤɜɞ Űɞ ɞˊɞɑɞ ŭŮɜ ɏɢŮɘ ˊɚŮɡɟɏɠ ˊɞɡ ɜŬ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ) 

ɛɏůɤ Űɖɠ ɡˊɞŭɘŬɑɟŮůɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ŬɡŰɐɠ ůŮ ŰɟɑɔɤɜŬ. ȸŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ 

ŬˊɞŰŮɚŮɑ ɖ ɔɜɩůɖ Űɞɡ ɕŮɨɔɞɡɠ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ əɎɗŮ ɔɤɜɑŬ.  

ȽůɢɨŮɘ ɚɞɘˊɧɜ ɧŰɘ, ɔɘŬ ˊɞɚɨɔɤɜɞ ɛŮ Ɂ əɞɟɡűɏɠ xi, yi ( i = 1 ɏɤɠ Ɂ), Űɞ ŮɛɓŬŭɧɜ 

əŬɘ Űɞ əɏɜŰɟɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɐ əɏɜŰɟɞ ɓɎɟɞɡɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ: 

 

¶ ȺɛɓŬŭɧɜ: 

( )
1

1 1

0

1

2

n

i i i i

i

A x y x y
-

+ +

=

= -ä   (4.1.1.1) 
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¶ ȾɏɜŰɟɞ ŮˊɘűɎɜŮɘŬɠ: 

 

( )( )

( )( )

1

1 1 1

0

1

1 1 1

0

1
      

6

1

6

n

x i i i i i i

i

n

y i i i i i i

i

C x x x y x y
A

C y y x y x y
A

-

+ + +

=

-

+ + +

=

û
= + - î

î
ü
î= + -
îý

ä

ä
  (4.1.1.2) 

ɇɞ ůɖɛŮɑɞ xN ŮɑɜŬɘ Űɞ ůɖɛŮɑɞ x0, ŬɡŰɧ ůɖɛŬɑɜŮɘ ɛŮ ɎɚɚŬ ɚɧɔɘŬ ɧŰɘ Űɞ ˊɞɚɨɔɤɜɞ 

ŮɑɜŬɘ ɏɜŬ əɚŮɘůŰɧ ůɢɐɛŬ.  

 

ȼ ŬˊɧŭŮɘɝɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Shoelace ɓŬůɑɕŮŰŬɘ ůŰɖɜ Ůɝɐɠ ɗŮɤɟɑŬ. ȰůŰɤ 

ˊɞɚɨɔɤɜɞ ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ Ɂ Ŭɟɘɗɛɧ ůɖɛŮɑɤɜ (ȷ1, A2 ,é, AN-1, AN). ŪŮɤɟɞɨɛŮ ɏɜŬ 

ůɖɛŮɑɞ Ƀ ŮɜŰɧɠ Űɞɡ ˊɞɚɡɔɩɜɞɡ ɩůŰŮ ɞɘ ůɢɖɛŬŰɘɕɧɛŮɜŮɠ ɔɤɜɑŮɠ  1( ) ( )i iOA OA+  əŬɘ 

1( ) ( )nOA OA  ɜŬ ŮɑɜŬɘ ɗŮŰɘəɏɠ. ɀɏůɤ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ˊɟɞɗɏŰɞɜŰŬɘ ɧɚŮɠ ɞɘ ˊŮɟɘɞɢɏɠ Űɤɜ 

ůɢɖɛŬŰɘɕɧɛŮɜɤɜ Űɟɘɔɩɜɤɜ 
1( )i iOA A

D

+
əŬɘ 

1( )nOA A
D

 ɛŮ Űɖɜ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŮɟɘɞɢɏɠ 

ŬɡŰɏɠ ɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ  1 1
1

2

i i i i
i i

x y x y
OA A + +

+

-
= . ɇɞ ˊɟɞɖɔɞɨɛŮɜɞ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɧŰɘ 

ɖ ůɢɏůɖ 1 1i i i ix y x y+ +-  ɛŬɠ ɡˊɞɚɞɔɑɕŮɘ Űɞ ŮɛɓŬŭɧɜ Ůɜɧɠ ˊŬɟŬɚɚɖɚɞɔɟɎɛɛɞɡ Űɞɡ ɞˊɞɑɞɡ 

Űɞ ɐɛɘůɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ŮɛɓŬŭɧɜ Űɞɡ əɎɗŮ Ůɜɧɠ Ŭˊɧ ŰŬ ůɢɖɛŬŰɘɕɧɛŮɜŬ ŰɟɑɔɤɜŬ. 

ȾŬɗɩɠ ůɡɛɓŬɑɜŮɘ ɖ ŬɜŬŭɑˊɚɤůɖ ɔɨɟɤ Ŭˊɧ Űɞ ˊɞɚɨɔɤɜɞ, ŰŬ ůɢɖɛŬŰɘɕɧɛŮɜŬ ŰɟɑɔɤɜŬ 

ɛŮ ɗŮŰɘəɐ əŬɘ ŬɟɜɖŰɘəɐ ˊŮɟɘɞɢɐ ɗŬ ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ. ȰŰůɘ, ɞɘ 

ˊŮɟɘɞɢɏɠ ɛŮŰŬɝɨ Űɞɡ ůɖɛŮɑɞɡ Ƀ əŬɘ Űɞɡ ˊɞɚɡɔɩɜɞɡ ɜŬ ŮɝɞɡŭŮŰŮɟɤɗɞɨɜ əŬɘ ɜŬ ɏɢɞɡɜ 

ɎɗɟɞɘůɛŬ 0, ˊŬɟŬɛɏɜɞɜŰŬɠ ɛɧɜɞ ɖ ˊŮɟɘɞɢɐ ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ əɎɗŮ Űɟɑɔɤɜɞ. ȺɎɜ 

əɘɜɖɗɞɨɛŮ əŬŰɎ Űɖɜ ɤɟɞɚɞɔɘŬəɐ űɞɟɎ, Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɞɡ ůɖɛŮɑɞɡ Ƀ ŰɧŰŮ ɗŬ 

ˊɟɞůŰŮɗŮɑ ɗŮŰɘəɐ ˊŮɟɘɞɢɐ Ůɜɩ ůŰɖɜ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɗŬ ˊɟɞůŰŮɗŮɑ ŬɟɜɖŰɘəɐ. ȾŬɘ 

ůŰɘɠ 2 ˊŮɟɘˊŰɩůŮɘɠ Űɞ ŮɛɓŬŭɧɜ ˊɞɡ ɗŬ ˊɟɞəɨɣŮɘ ɗŬ ŮɑɜŬɘ ůɤůŰɧ, ɧɛɤɠ Űɞ ˊɟɧůɖɛɞ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ɗŮŰɘəɧ ŮɑŰŮ ŬɟɜɖŰɘəɧ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɚŬɛɓɎɜɞɡɛŮ ˊɎɜŰŬ Űɖɜ 

ŬˊɧɚɡŰɖ Űɘɛɐ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ˊɞɡ ɗŬ ˊɟɞəɨɣŮɘ (ůɢɏůɖ 5.1.1.1). 

 

ũɘŬ Űɖɜ ˊɚɐɟɖ əŬŰŬɜɧɖůɖ Űɖɠ ŬˊɧŭŮɘɝɖɠ Űɞɡ ɗŮɤɟɐɛŬŰɞɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ 

ˊɟɞɖɔɞɡɛɏɜɤɠ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɞ Ŭəɧɚɞɡɗɞ ˊŬɟɎŭŮɘɔɛŬ: 

ȰůŰɤ ˊɞɚɨɔɤɜɞ Ŭɞ́ŰŮɚɞɨɛŮɜɞ Ŭˊɧ 7 ůɖɛŮɑŬ (ůɢɐɛŬ 5.1.1.2) 
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ɆɢɐɛŬ 5.1.1.2 

Ʉɞɚɨɔɤɜɞ Ɂ əɞɟɡűɩɜ. 

ŪŮɤɟɩ Űɞ ůɖɛŮɑɞ Ƀ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ˊɞɚɡɔɩɜɞɡ (ůɢɐɛŬ 5.1.1.3) 

 

ɆɢɐɛŬ 5.1.1.3 

ɆɖɛŮɑɞ Ƀ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ˊɞɚɡɔɩɜɞɡ 

 

ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ ɞˊɞɑɞɡ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɧŰɘ ůɢɖɛŬŰɑɕɞɜŰŬɘ ŰŬ 7 ŰɟɑɔɤɜŬ (ůɢɐɛŬ 

5.1.1.4) ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ: 

1. 
1 2( )OA A
D

   5.    
5 6( )OA A
D

 

2. 2 3( )OA A
D

   6.    6 7( )OA A
D

 

3. 3 4( )OA A
D

   7.    7 1( )OA A
D

 

4. 4 5( )OA A
D
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ɆɢɐɛŬ 5.1.1.4 

ȹɘŬɢɤɟɘůɛɧɠ Űɞɡ ˊɞɚɡɔɩɜɞɡ ůŮ ŰɟɑɔɤɜŬ 

 

ɀɏůɤ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ŬɜɎɚɡůɖɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɞɘ ŭŮɨŰŮɟŮɠ ɟɞˊɏɠ 

ŬŭɟɎɜŮɘŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Ůɜɧɠ ˊɞɚɡɔɩɜɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ: 

 

ȹŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ: 

( )( )

( )( )

( )( )

1
2 2

1 1 1 1

0

1
2 2

1 1 1 1

0

1

1 1 1 1 1 1

0

1
                           

12

1

12

1
2 2

24

n

x i i i i i i i i

i

n

y i i i i i i i i

i

n

xy i i i i i i i i i i i i

i

I y y y y x y x y

I x x x x x y x y

I x y x y x y x y x y x y

-

+ + + +

=

-

+ + + +

=

-

+ + + + + +

=

û
= + + - î

î
î

= + + - ü
î
î

= + + + - î
ý

ä

ä

ä

 (5.1.1.3) 

 

ɀŮ Űɞɡɠ ˊŬɟŬˊɎɜɤ Űɨˊɞɡɠ ɡˊɞɚɞɔɑɕɞɡɛŮ ɧɚŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŰɡɢŬɑŬɠ 

ɔɎůŰɟŬɠ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŬɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɘɠ 

ŬəɧɚɞɡɗŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ: 

¶ ɃɟɑɕɞɡɛŮ ɤɠ ɗŮŰɘəɐ űɞɟɎ ŭɘŬɔɟŬűɐɠ Űɤɜ ůɖɛŮɑɤɜ Űɖɠ ŰɡɢŬɑŬɠ ɔɎůŰɟŬɠ Űɖɜ 

ɤɟɞɚɞɔɘŬəɐ. 

¶ ɇɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ ɔɎůŰɟŬɠ Űɘɠ ɛŮŰɟɎɛŮ ɧɚŮɠ Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɞɡ 

ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ Ŭɝɧɜɤɜ ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŮɝɏŭɟŬ ůŰɖɜ ɞˊɞɑŬ 

ŬɜɐəŮɘ ɖ ɔɎůŰɟŬ ˊɞɡ ɏɢɞɡɛŮ ŮˊɘɚɏɝŮɘ. 

¶ To ˊɟɩŰɞ ɕŮɡɔɎɟɘ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůɡɛˊɑˊŰŮɘ ɛŮ Űɞ ŰŮɚŮɡŰŬɑɞ ɏŰůɘ ɩůŰŮ ɜŬ 

əɚŮɑɜŮɘ ɔŮɤɛŮŰɟɘəɎ ɖ ŮˊɘɚŮɔɛɏɜɖ ˊŮɟɘɞɢɐ. 
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ɇɨˊɞɠ 2 

Ƀ Űɨˊɞɠ 2 ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɔɎůŰɟŬ ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ ŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ 

Űɖɠ ɞˊɞɑŬɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɡɠ əɚŬůůɘəɞɨɠ Űɨˊɞɡɠ ɔɘŬ ɞɟɗɞɔɩɜɘŬ. 

 

ɆɢɐɛŬ 5.1.1.5 

ũɎůŰɟŬ ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ 

 

ȷɜ ɗŮɤɟɐůɞɡɛŮ ɞɟɗɞɔɤɜɘəɐ ɔɎůŰɟŬ ɧˊɤɠ ůŰɞ ůɢɐɛŬ 5.1.1.5 ŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ 

ˊɟɞəɨˊŰɞɡɜ: 

 

¶ ȺɛɓŬŭɧɜ: 

A L B= ³  (5.1.1.4) 

¶ ȾɏɜŰɟɞ ŮˊɘűɎɜŮɘŬɠ: 

/ 2

/ 2    

x

y

C L

C B

= ûî
ü

= îý
  (5.1.1.5) 

¶ ȹŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ: 

2

2

12

12

 

=0              

xx

yy

xy

L B
I

B L
I

I

û³
= î

î
³ î

= ü
î
î
î
ý

  (5.1.16) 
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ɇɨˊɞɠ 3 

Ƀ Űɨˊɞɠ 3 Űɏɚɞɠ, ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɔɎůŰɟŬ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ əŬɘ ɞɛɞɑɤɠ ɛŮ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɖɠ ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ ŰŬ ɔŮɤɛŮŰɟɘəɎ Űɞɡ ůŰɞɘɢŮɑŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ 

Űɞɡɠ əɚŬůůɘəɞɨɠ Űɨˊɞɡɠ ɔɘŬ əɡəɚɘəɏɠ ŮˊɘűɎɜŮɘŮɠ. 

 

 

ɆɢɐɛŬ 5.1.1.6 

ũɎůŰɟŬ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ 

 

ȷɜ ɗŮɤɟɐůɞɡɛŮ əɡəɚɘəɐ ɔɎůŰɟŬ ɧˊɤɠ ůŰɞ ůɢɐɛŬ 5.1.1.6 ŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ 

ˊɟɞəɨˊŰɞɡɜ: 

 

¶ ȺɛɓŬŭɧɜ: 

2A Rp= ³   (5.1.1.4) 

¶ ȾɏɜŰɟɞ ŮˊɘűɎɜŮɘŬɠ: 

ɇɞ əɏɜŰɟɞ (,F Fx y ) Űɞɡ əɨəɚɞɡ 

¶ ȹŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ: 

 

2

    
4

0

xx yy

xy

R
I I

I

p û³
= = î

ü
î= ý

  (5.1.1.6) 
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 ȾŬŰɧˊɘɜ Űɖɠ ŬɜɎɔɜɤůɖɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɤɜ ɔŬůŰɟɩɜ ŬəɞɚɞɡɗŮɑ ɖ ŬɜɎɔɜɤůɖ 

Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɤɜ ŬɟɗɟɩůŮɤɜ. ȹɖɚŬŭɐ ůŮ ˊɞɘŬ ɗɏůɖ ŮɑɜŬɘ ůŰɞ ɞɚɘəɧ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɖ Ɏɟɗɟɤůɖ, ŮɎɜ ŮɑɜŬɘ ŮɚŮɨɗŮɟɖ ɐ ˊŮɟɘɞɟɘůɛɏɜɖ (Ŭɔəɨɟɤůɖ ɐ 

ŭɏůɘɛɞ ůŮ ɛɧɚɞ ) əŬɘ Ůˊɘˊɚɏɞɜ ɛŮ ˊɞɘŬ ůɩɛŬŰŬ ůɡɜŭɏŮŰŬɘ ɖ əɎɗŮ Ɏɟɗɟɤůɖ əŬɘ ůŮ ˊɞɘɞ 

ɨɣɞɠ, Ůɜ ůɢɏůɖ ɛŮ Űɞ ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ əɎɗŮ ŮɝɏŭɟŬɠ. 

 ɆŰɖɜ ůɡɜɏɢŮɘŬ ŮɜŰɧɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŬɜŰɘůŰɟɏűɞɡɛŮ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɘ 

ɡˊɞɚɞɔɑɕɞɡɛŮ ɔɘŬ əɎɗŮ ůɩɛŬ ɛŮ ˊɧůŮɠ əŬɘ ˊɞɘŮɠ ŬɟɗɟɩůŮɘɠ ůɡɜŭɏŮŰŬɘ əŬɗɧŰɘ ɗŬ ɛŬɠ 

ɢɟŮɘŬůŰŮɑ ůŮ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛɏůŬ ůŰɞ ˊɟɧɔɟŬɛɛŬ.  

ȷəɞɚɞɨɗɤɠ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɤɜ ŬɟɗɟɩůŮɤɜ ŮɑɜŬɘ ɖ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɓŬɟɩɜ, ɧˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ůɡɜɘůŰŬɛɏɜɖ ŭɨɜŬɛɖ Űɤɜ 

ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɖɜ ŮɝɏŭɟŬ, ɖ ůɡɜɘůŰŬɛɏɜɖ ɟɞˊɐ Űɞɡɠ əŬɘ Űɞ əɏɜŰɟɞ 

ŮűŬɟɛɞɔɐɠ Űɞɡɠ. 

ȷɛɏůɤɠ ɛŮŰɎ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɡˊɧ əŬŰɎəɚɡůɖ Űɞ 

ˊɟɧɔɟŬɛɛŬ ůɡɜŮɢɑɕŮɘ ɛŮ Űɖɜ ŬɜɎɔɜɤůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɔɘŬ əɎɗŮ ŭɘŬɛɏɟɘůɛŬ. 

ȷɟɢɘəɎ ŭɘŬɓɎɕɞɜŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɞɡ ůɩɛŬŰɞɠ əŬɘ Űɖɠ ɔɎůŰɟŬɠ ɧˊɞɡ ɓɟɑůəŮŰŬɘ Űɞ 

ŭɘŬɛɏɟɘůɛŬ əŬɗɩɠ əŬɘ ɖ ŭɘŬɢɤɟɖŰɧŰɖŰŬ ŬɡŰɞɨ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ŬɜɎɔɜɤůɖ Űɤɜ 

ɔŮɤɛŮŰɟɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əɎɗŮ ŭɘŬɛŮɟɑůɛŬŰɞɠ əŬɗô ɞɛɞɑɤůɖ Űɞɡ Űɟɧˊɞɡ 

ŬɜɎɔɜɤůɖɠ Űɤɜ ɔŬůŰɟɩɜ, ŭɖɚŬŭɐ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ əŬɘ Ůŭɩ ɔɘŬ ŬɜɎɔɜɤůɖ Űɟɘɩɜ 

Űɨˊɤɜ ɔŬůŰɟɩɜ, ˊɞɚɡɔɤɜɘəɐɠ, ɞɟɗɞɔɤɜɘəɐɠ əŬɘ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ 

Űɞɡ ŮɛɓŬŭɞɨ, Űɤɜ ŭŮɨŰŮɟɤɜ ɟɞˊɩɜ əŬɘ Űɞɡ ɔŮɤɛŮŰɟɘəɞɨ əɏɜŰɟɞɡ ɔɑɜŮŰŬɘ əŬɘ Ůŭɩ əŬŰô 

ŬɜŰɘůŰɞɘɢɑŬ ɛŮ ŬɡŰɧɜ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ ɔɘŬ əɎɗŮ ɔɎůŰɟŬ. ɇɞ ɔŮɤɛŮŰɟɘəɧ əɏɜŰɟɞ əŬɘ 

Ůŭɩ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ. 

ɆŰɖɜ ˊŬɟɞɨůŬ űɎůɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɜɏɤɜ ɔŮɤɛŮŰɟɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əɎɗŮ ůɩɛŬŰɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ ɢŬɛɏɜɖɠ 

ɎɜŰɤůɖɠ ɖ ɞˊɞɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 3.5 ɗŬ ˊɟɏˊŮɘ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ 

Űɞ ŮɛɓŬŭɧɜ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ɛŮŰɎ Űɖ ɓɚɎɓɖ Aw1, ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɜɏɞɡ əɏɜŰɟɞɡ 

ˊɚŮɡůŰɧŰɖŰŬɠ (Fx ¡, Fy ¡) əŬɘ Űɏɚɞɠ ɞɘ ɜɏŮɠ 2
Ůɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ (F

xxI
¡
, F

yyI
¡
, F

xyI
¡
) ɤɠ ˊɟɞɠ 

Űɞ ɜɏɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ F¡. 

Ʉɟɘɜ ɞɚɞəɚɖɟɤɗɞɨɜ ɞɘ ŭɘŬŭɘəŬůɑŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ůŰɞɘɢŮɑɤɜ 

ŮɡůŰɎɗŮɘŬɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ůɡɜɏɢŮɘŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ 

ŬˊŬɚɞɘűɐ Űɞɡ ɧɟɞɡ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ F

xyI
¡
 ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɔŬůŰɟɩɜ ŬůɨɛɛŮŰɟɞɡ ůɢɐɛŬŰɞɠ. ȳˊɤɠ ˊŮɟɘŮɔɟɎűɖəŮ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 2 ɗŬ 

ɡˊɞɚɞɔɘůɗŮɑ ɛɑŬ ɔɤɜɑŬ ůŰɟɞűɐɠ Űɤɜ əɡɟɑɤɠ Ŭɝɧɜɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɖɜ ɞˊɞɑŬ 

Űɞ ɔɘɜɧɛŮɜɞ ŬŭɟɎɜŮɘŬɠ ɗŬ ɛɖŭŮɜɘůŰŮɑ. 

ɇɏɚɞɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ ůɖɛŮɑɤɜ ɧˊɞɡ ɕɖŰɎŰŬɘ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ əŬɘ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ɜŬ ˊŬɟɞɡůɘŬůŰŮɑ Űɞ ɓɨɗɘůɛŬ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ůɖɛŮɑŬ ɛɑŬɠ ŮɝɏŭɟŬɠ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɔɜɤůɖ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɞɡ əɎɗŮ Ůɜɧɠ ůɖɛŮɑɞɡ ůŰɞ Űɞˊɘəɧ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ. 
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 ȺˊŮɘŭɐ ɏɢɞɡɛŮ ŭɩůŮɘ ůŰɞ ůɩɛŬ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɏɢŮɘ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ ɛɑŬ 

ɔŬůŰɟɩɜ, əŬɘ ɛɎɚɘůŰŬ ŭɘŬűɞɟŮŰɘəɞɨ əɞɑɚɞɡ ɖ əŬɗŮɛɑŬ, ɢɟŮɘɎɕŮŰŬɘ, ˊɟɞŰɞɨ ŬɟɢɑůɞɡɛŮ 

Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɔɘŬ ŰŬ ɡŭɟɞůŰŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮɝɏŭɟŬɠ, ɜŬ ɞɟɑůɞɡɛŮ ɏɜŬ 

ɛɖŭŮɜɘəɧ ŮˊɑˊŮŭɞ. ɃˊɧŰŮ ɡˊɞɚɞɔɑɕɞɡɛŮ ˊɞɘŬ ɔɎůŰɟŬ ɏɢŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ əɞɑɚɞ, əŬɘ 

ɓɎůɖ Űɞɡ əŬŰɩŰŮɟɞɡ Ůˊɘˊɏŭɞɡ ŬɡŰɐɠ ɗŬ ůɡɜŮɢɑůɞɡɛŮ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŬɠ .  

 Ʉɟɘɜ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɞ əɡɟɑɤɠ ɛɏɟɞɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɡˊɞɚɞɔɘůɗŮɑ Ůˊɑůɖɠ ɖ ůɡɜɘůŰŬɛɏɜɖ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŮ əɎɗŮ ůɩɛŬ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ ɓɎɟɞɡɠ Űɞɡ əŬɗɩɠ əŬɘ ɖ ůɡɜɞɚɘəɐ ɟɞˊɐ ˊɞɡ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɤɠ ˊɟɞɠ Űɞɡɠ ɎɝɞɜŮɠ Ox, Oy əŬɘ Oz. 

 Ⱥűɧůɞɜ Űɞ ˊɟɧɔɟŬɛɛŬ ŬəɞɚɞɡɗŮɑ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ, əɎˊɞɘɞɘ 

ɡˊɞɚɞɔɘůɛɞɑ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŮˊŬɜŬɚɖűɗɞɨɜ ŰɧůŮɠ űɞɟɏɠ ɧůŮɠ əŬɘ ɞɘ ŮˊŬɜŬɚɐɣŮɘɠ ˊɞɡ 

ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ ůɨɔəɚɘůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ əŬɘ Űɖɜ əŬɚɨŰŮɟɖ 

ɞɟɔɎɜɤůɖ Űɞɡ, Űɞ ˊɟɧɔɟŬɛɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ əɨɟɘɞ ɛɏɟɞɠ əŬɘ 11 ɡˊɞɟɞɡŰɑɜŮɠ (ɓɚ. 

ůɢɐɛŬ 4.1.2.1) Űɘɠ ɞˊɞɑŮɠ Űɘɠ əŬɚŮɑ ɧˊɞŰŮ ɢɟŮɘɎɕŮŰŬɘ ɜŬ əɎɜŮɘ ɡˊɞɚɞɔɘůɛɞɨɠ ˊɞɡ 

ůɡɛɛŮŰɏɢɞɡɜŮ ůŰɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ.  

ɄɟɞŰɞɨ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɞɡɠ ɡŭɟɞůŰŬŰɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ 

ɜŬ ɓɟɞɨɛŮ Űɞ ůɡɜɞɚɘəɧ ɓɨɗɘůɛŬ əŬɘ ŮəŰɧˊɘůɛŬ Űɞɡ ůɩɛŬŰɞɠ. ɇɞ ˊɟɧɓɚɖɛŬ ˊɞɡ 

ŬɜŬəɨˊŰŮɘ ŮɑɜŬɘ ɧŰɘ, ŮɎɜ ɡˊɞɚɞɔɑůɞɡɛŮ Űɞ ɓɨɗɘůɛŬ əɎɗŮ ůɩɛŬŰɞɠ ɓɎůŮɘ Űɤɜ Ŭɟɢɘəɩɜ 

ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŮ ŬɡŰɧ Űɞ əɎɗŮ ůɩɛŬ ɗŬ ɘůɞɟɟɞˊɐůŮɘ ůŮ ɗɏůɖ ŭɘŬűɞɟŮŰɘəɐ 

Ŭˊɧ ŬɡŰɐ ˊɞɡ ɞɟɑɕɞɡɜŮ ɞɘ ŬɟɗɟɩůŮɘɠ. Ⱥˊɘˊɚɏɞɜ ɚɧɔɤ Űɤɜ ˊŮɟɘůůɞŰɏɟɤɜ Ŭˊɧ ɛɘŬ 

ŭɡɜɎɛŮɤɜ, Űɞ ůɡɜɘůŰɎɛŮɜɞ Ŭɟɢɘəɧ ɓɎɟɞɠ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŬůəŮɑŰŬɘ ůŰɞ CF Űɞɡ 

ůɩɛŬŰɞɠ, ɞˊɧŰŮ ɖ ůŰɟɞűɐ ɔɨɟɤ Ŭˊɧ Űɞɡɠ ɎɝɞɜŮɠ ɜŬ ɛɖɜ ɔɑɜŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞ ůɤůŰɧ 

ůɖɛŮɑɞ. ũɘŬ ɜŬ ŭɘŮɡəɞɚɨɜɞɡɛŮ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɘ ɜŬ ɘəŬɜɞˊɞɘɞɨɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ 

Űɖɠ ɗŮɤɟɑŬɠ ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ, ɓɎůŮɘ Űɖɠ ɞˊɞɑŬɠ ɏɢɞɡɛŮ ɛɞɜŰŮɚɞˊɞɘɐůŮɘ Űɞ ˊɟɧɓɚɖɛŬ 

ɝŮəɘɜɎɛŮ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮ ɏɜŬ Ŭɟɢɘəɧ ɓɎɟɞɠ ůŰɞ CF Űɞɡ ůɩɛŬŰɞɠ. 

ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ˊɟɩŰɞ ɓɨɗɘůɛŬ ůŰɞ ůɩɛŬ Űɞ ɡˊɞɚɞɔɑɕɞɡɛŮ ɓɎůŮɘ ŬɡŰɞɨ Űɞɡ 

Ŭɟɢɘəɞɨ ɓɎɟɞɡɠ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ. ɄɏɟŬɜ ɧɛɤɠ ŬɡŰɞɨ Űɞɡ 

ůɖɛŮɑɞɡ ˊɟɞůɗɏŰɞɡɛŮ ůŰɞ ůɩɛŬ Űɞ ˊɟŬɔɛŬŰɘəɧ Űɞɡ ɓɎɟɞɠ əŬɘ ŬűŬɘɟɞɨɛŮ Űɞ Ŭɟɢɘəɧ, 

ɞˊɧŰŮ Űɞ ŮɝŬɜŬɔəɎɕɞɡɛŮ ůŮ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ əŬɘ ůŰɟɞűɐ ɔɨɟɤ Ŭˊɧ Űɞ ůɤůŰɧ Ŭɟɢɘəɧ 

əɏɜŰɟɞ ˊŮɟɘůŰɟɞűɐɠ.  

 ũɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɤɜ ŮɝɘůɩůŮɤɜ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɢɟŮɘɎɕŮŰŬɘ ɜŬ  

ɔɜɤɟɑɕɞɡɛŮ ɧɚŬ ŰŬ ɡŭɟɞůŰŬŰɘəɎ əŬɘ ɔŮɤɛŮŰɟɘəɎ Űɖɠ ŮɝɏŭɟŬɠ. ɇŬ ɞˊɞɑŬ ɗŬ 

ɡˊɞɚɞɔɘůɗɞɨɜ ůŰɖɜ ůɡɜɏɢŮɘŬ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɓɡɗɑůɛŬŰɞɠ əŬɘ Űɞɡ 

ŮəŰɞˊɑůɛŬŰɞɠ Űɖɠ əɎɗŮ ŮɝɏŭɟŬɠ əŬɚɞɨɛŮ Űɖɜ ɡˊɞɟɞɡŰɑɜŬ Draught_Displf. ɆŰɖɜ ɞˊɞɑŬ 

ɡˊɞɟɞɡŰɑɜŬ ɡˊɞɚɞɔɑɕɞɡɛŮ ˊɧůɞ ŬˊɏɢŮɘ əɎɗŮ űɞɟɎ ɖ ɑůŬɚɞɠ ŮˊɘűɎɜŮɘŬ Ŭˊɧ Űɞ 

əŬŰɎůŰɟɤɛŬ Űɖɠ ŮɝɏŭɟŬɠ Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɚɧɔɤ Űɞɡ ɧɔəɞɡ Űɞɡ ɜŮɟɞɨ 

əŬŰɎəɚɡůɖɠ. ȾŬŰɧˊɘɜ ɓɟɑůəɞɡɛŮ Űɞ ɓɨɗɘůɛŬ əɎɗŮ ɔɎůŰɟŬɠ əŬɘ Űɏɚɞɠ Űɞ ůɡɜɞɚɘəɧ Űɖɠ 

ŮəŰɧˊɘůɛŬ. 

ȷűɞɨ ɡˊɞɚɞɔɘůɗɞɨɜ ŰŬ ˊŬɟŬˊɎɜɤ ůŰɞɘɢŮɑŬ, əŬɚɞɨɛŮ ˊɚɏɞɜ Űɖɜ ɡˊɞɟɞɡŰɑɜŬ 

CBUOY ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮɨɟŮůɖɠ Űɞɡ əɏɜŰɟɞɡ Ɏɜɤůɖɠ Űɖɠ ŮɝɏŭɟŬɠ Ⱦȸ, LCBx, 

LCBy. ȳˊɤɠ əŬɘ ůŰɖɜ Draught_Displf  ɡˊɞɟɞɡŰɑɜŬ, ɏŰůɘ əŬɘ Ůŭɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

əŬŰɎəɚɡůɖɠ ɡˊɎɟɢŮɘ ɛɑŬ ŭɘŬűɞɟɞˊɞɑɖůɖ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ əɏɜŰɟɞɡ ɎɜŰɤůɖɠ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ ɓɎůɖ Űɞ ůɡɜɞɚɘəɧ ŮəŰɧˊɘůɛŬ ɢɤɟɑɠ Űɞɜ ɧɔəɞ Űɞɡ 
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əŬŰŬəɚɡɕɧɛŮɜɞɡ ɜŮɟɞɨ. ŪŬ ˊɟɏˊŮɘ ɚɞɘˊɧɜ, ɛŮ ŬˊɚɎ ɚɧɔɘŬ çɜŬ ŬűŬɘɟŮɗŮɑè ɖ ɎɜŰɤůɖ 

Űɞɡ ɢɩɟɞɡ ˊɞɡ əŬŰŬəɚɨɕŮŰŬɘ ɧˊɤɠ ɎɚɚɤůŰŮ ɡˊɞɜɞŮɑ əŬɘ Űɞ ɧɜɞɛŬ Űɖɠ ɛŮɗɧŭɞɡ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, çɀɏɗɞŭɞɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠè. 

  ɆŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ɞɟɑůɞɡɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɤɜ ŬɟɗɟɩůŮɤɜ ůŮ əɎɗŮ ŮɝɏŭɟŬ. ɆŰɞ 

űɎəŮɚɞ Ůɘůɧŭɞɡ ɏɢɞɡɛŮ ŭɩůŮɘ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ŬɟɗɟɩůŮɤɜ ůŰɞ ɞɚɘəɧ ůɨůŰɖɛŬ 

Ŭɝɧɜɤɜ. ɃˊɧŰŮ ɔɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŬɠ, ɢɟŮɘŬɕɧɛŬůŰŮ Űɘɠ ůɢŮŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

Űɖɠ Ɏɟɗɟɤůɖɠ (Űɞɡɠ ɛɞɢɚɞɓɟŬɢɑɞɜŮɠ) Ůɜ ůɢɏůŮɘ ɛŮ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ CF Űɖɠ 

ŮɝɏŭɟŬɠ, Űɘɠ ɞˊɞɑŬɠ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɡˊɞɚɞɔɑɕɞɡɛŮ. ɃˊɧŰŮ Ŭˊɧ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɘɠ 

Ɏɟɗɟɤůɖɠ ŬűŬɘɟɞɨɛŮ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ Űɖɠ ŮɝɏŭɟŬɠ 

əŬɘ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ ˊɞɡ ˊŬɟŬɛɏɜŮɘ ŬɛŮŰɎɓɚɖŰɞ əŬɗô ɧɚɖ 

Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ ɛŬɠ. ȺɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɓɟɞɨɛŮ əŬɘ Űɖɜ əŬɗô ɨɣɞɠ 

ɗɏůɖ Űɖɠ Ɏɟɗɟɤůɖɠ ɔɘŬ Űɞɡɠ ˊŬɟŬəɎŰɤ ŭɨɞ ɚɧɔɞɡɠ: 

¶ ɄɟɩŰɞɜ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ ůɡɛɛŮŰɏɢɞɡɜŮ ůŰɖɜ 

ŮɨɟŮůɖ Űɞɡ KG, ɞˊɧŰŮ ˊɟɏˊŮɘ ɜŬ ɔɜɤɟɑɕɞɡɛŮ Űɖɜ ɗɏůɖ Űɖɠ Ůɜ ůɢɏůŮɘ ɛŮ Űɞ 

ɓŬůɘəɧ ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ, əŬɘ 

¶ ȹŮɨŰŮɟɞɜ ŭɘɧŰɘ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ əŬɗô ɨɣɞɠ ŭɘŬűɞɟɎ ůŰɖɜ Ɏɟɗɟɤůɖ 

ůŮ əɎɗŮ ŮɝɏŭɟŬ. ȷɜ ŭɨɞ ŮɝɏŭɟŮɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ Ɏɟɗɟɤůɖ, 

ɏɢɞɡɜŮ ŭɘŬűɞɟŮŰɘəɧ əɞɑɚɞ (ŭɖɚŬŭɐ əŬŰɎ ůɡɜɏˊŮɘŬ ŭɘŬűɞɟŮŰɘəɧ ŮˊɑˊŮŭɞ 

ŬɜŬűɞɟɎɠ) ŰɧŰŮ ɖ ŭɘŬűɞɟɎ ŬɡŰɐ ˊɟɏˊŮɘ ɜŬ ůɡɛˊŮɟɘɚɖűɗŮɑ ůŬɜ ɧɟɞɠ ůŰɞ 

ŭŮɨŰŮɟɞ ɛɏɚɞɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɘůɧŰɖŰŬɠ Űɤɜ ɓɡɗɘůɛɎŰɤɜ, ɩůŰŮ, ɜŬ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɞ ɑŭɘɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ z.  

ɄɟɞŰɞɨ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɞ əɨɟɘɞ ɛɏɟɞɠ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ɡˊɞɚɞɔɑɕɞɡɛŮ ˊɚɏɞɜ Űɞ ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ ŮɝɘůɩůŮɤɜ Űɧůɞ ɔɘŬ ɜŬ 

əŬɗɞɟɑůɞɡɛŮ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ ɢɩɟɞ ɛɜɐɛɖɠ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŭŮůɛŮɨůɞɡɛŮ ůŰɖɜ 

ɛɜɐɛɖ Űɞɡ ɡˊɞɚɞɔɘůŰɐ ɛŬɠ ɧůɞ əŬɘ ɜŬ əŬɗɞɟɑůɞɡɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɡɜɞɚɘəɩɜ 

ŮˊŬɜŬɚɐɣŮɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɞɡ ˊɑɜŬəŬ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Űɤɜ 

ŬɔɜɩůŰɤɜ. 
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5.1.2. Ⱦɨɟɘɞ ɛɏɟɞɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

 

ȷɟɢɘəɎ ɛɖŭŮɜɑɕɞɡɛŮ ɧɚŮɠ Űɘɠ ŭɡɜɎɛŮɘɠ ůŰɘɠ ŬɟɗɟɩůŮɘɠ əŬɘ Űɘɠ ŮűŬˊŰɧɛŮɜŮɠ Űɤɜ 

ůɤɛɎŰɤɜ ɔɘŬ ɜŬ ŬˊɞűɨɔɞɡɛŮ ˊɘɗŬɜɏɠ Ŭɟɢɘəɏɠ Űɘɛɏɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ŭɩůŮɘ ɞ 

ɡˊɞɚɞɔɘůŰɐɠ ůŰɞɡɠ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŮɠ əŬŰɎ Űɞɜ ɞɟɘůɛɧ Űɞɡɠ.  

 

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɗŬ ˊŮɟɘɔɟŬűŮɑ ɔɑɜŮŰŬɘ ŮɑŰŮ ɏɤɠ ɧŰɞɡ Űɞ ˊɟɧɔɟŬɛɛŬ ůɡɔəɚɑɜŮɘ 

ŮɑŰŮ ɛɏɢɟɘ ɜŬ ŮəŰŮɚŮůŰŮɑ ɏɜŬɠ Ŭɟɘɗɛɧɠ ɛŮɔɑůŰɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ˊɞɡ ŮɛŮɑɠ ɏɢɞɡɛŮ ɞɟɑůŮɘ. 

 

ȾŬɚɞɨɛŮ Űɖɜ ɡˊɞɟɞɡŰɑɜŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɟɞˊɩɜ əŬɘ Űɤɜ ŭɡɜɎɛŮɤɜ FANDM . 

ɆŰɖɜ ɡˊɞɟɞɡŰɑɜŬ ŬɗɟɞɑɕɞɜŰŬɘ ɧɚŮɠ ɞɘ ŭɡɜɎɛŮɘɠ Ŭˊɧ Űɘɠ ŬɟɗɟɩůŮɘɠ (ůŰɖɜ ˊɟɩŰɖ 

ŮˊŬɜɎɚɖɣɖ ŮɑɜŬɘ ɛɖŭɏɜ) əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ůɡɜɘůŰŬɛɏɜɖ Űɞɡɠ əŬɘ Űɞ ůɖɛŮɑɞ 

ŮűŬɟɛɞɔɐɠ Űɞɡɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ůɡɜɞɚɘəɐ ŭɨɜŬɛɖ ůŰɞ ůɩɛŬ 

(ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ Űɤɜ ůŰŬɗŮɟɩɜ ɓŬɟɩɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůɩɛŬ 

ŬűŬɘɟɩɜŰŬɠ ɧɛɤɠ ˊɚɏɞɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ Ŭɟɢɘəɐɠ ɡˊɞɗŮŰɘəɐɠ ŭɨɜŬɛɖɠ)  əŬɘ Űɞ ůɖɛŮɑɞ 

ŮűŬɟɛɞɔɐɠ Űɖɠ əŬɗɩɠ əŬɘ ɞɘ ɟɞˊɏɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ ŬɡŰɐ ɤɠ ˊɟɞɠ Űɞ CF . 

ɀŮŰɎ, əŬɚɞɨɛŮ Űɖɜ ɡˊɞɟɞɡŰɑɜŬ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ KG, Űɖɜ DKGT. ũɘŬ Űɖɜ 

ŮɨɟŮůɖ Űɞɡ KG ɡˊɞɚɞɔɑɕɞɡɛŮ əŬŰŮɡɗŮɑŬɜ Űɞ ɔɘɜɧɛŮɜɞ ŮəŰɧˊɘůɛŬ Ůˊɑ KG. Ƀ ɚɧɔɞɠ ŮɑɜŬɘ 

ŭɘɧŰɘ ůŰɞɜ ˊŬɟɞɜɞɛŬůŰɐ Űɤɜ ŮɝɘůɩůŮɤɜ Űɞ GM ɞ́ɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɛŮ Űɞ ŮəŰɧˊɘůɛŬ, 

ɞˊɧŰŮ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ŮɡəɞɚɑŬ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ˊɞɚɚŬˊɚŬůɘɎɕɞɡɛŮ əŬŰŮɡɗŮɑŬɜ 

Űɞɡɠ ɧɟɞɡɠ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ŬˊɞŰŮɚŮɑŰŬɘ Űɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ. 

ɄŬɟɞɛɞɑɤɠ ɡˊɞɚɞɔɑɕɞɡɛŮ əŬɘ Űɞ Ⱦȸ, əŬɚɩɜŰŬɠ Űɖɜ ɡˊɞɟɞɡŰɑɜŬ DKBT. ȾŬɘ ůŮ 

ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ, Ŭűɞɨ Űɞ Ⱦȸ ŮɑɜŬɘ ɧɟɞɠ Űɞɡ GM ɡˊɞɚɞɔɑɕɞɡɛŮ əŬŰŮɡɗŮɑŬɜ Űɞ 

ɔɘɜɧɛŮɜɞ ŮəŰɧˊɘůɛŬ Ůˊɑ Ⱦȸ. 

Ⱥűɧůɞɜ ɔɜɤɟɑɕɞɡɛŮ Űɘɠ ŭɡɜɎɛŮɘɠ əŬɘ Űɘɠ ɟɞˊɏɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŮ əɎɗŮ ŮɝɏŭɟŬ, 

ɗŬ ɡˊɞɚɞɔɑůɞɡɛŮ ɛŮ ɛɘŬ ŮůɤŰŮɟɘəɐ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ůɨɔəɚɘůɖɠ Űɖɜ ɔɤɜɑŬ 

ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ əɎɗŮ ŮɝɏŭɟŬɠ, ɓɎůŮɘ Űɤɜ ɡˊɞɚɞɔɘůɛɏɜɤɜ ŭɡɜɎɛŮɤɜ. 

ȼ ɡˊɞɟɞɡŰɑɜŬ ˊɞɡ əŬɚŮɑ Űɞ ˊɟɧɔɟŬɛɛŬ ŮɑɜŬɘ ɖ FINTAN. ȷɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɛŮ 

ˊŮɟɘɚɖˊŰɘəɎ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ŮűŬˊŰɞɛɏɜɤɜ. ɃɡůɘŬůŰɘəɎ 

ŭɘŬɛɞɟűɩɜɞɡɛŮ Űɞɡɠ Űɨˊɞɠ (3.3.7) əŬɘ (3.3.8) Űɞɡ 3ɞɡ əŮűŬɚŬɑɞɡ, ɛŮ ɛɧɜɖ ŭɘŬűɞɟɎ ɧŰɘ 

ůŰɞɡɠ ɧɟɞɡɠ ůɡɛɛŮŰɞɢɐɠ Űɤɜ ŮűŬˊŰɞɛɏɜɤɜ ůŰɞɜ ˊŬɟɞɜɞɛŬůŰɐ ɛˊŬɑɜɞɡɜ Ůˊɘˊɚɏɞɜ ɞɘ 

ůɡɜŰŮɚŮůŰɏɠ ůɡɛɛŮŰɞɢɐɠ Űɤɜ ɧɟɤɜ Űɤɜ ŮűŬˊŰɞɛɏɜɤɜ, F1, F2 ˊɞɡ ŬɜŬɚɨůŬɛŮ ůŰɖɜ 

Ŭɟɢɐ Űɞɡ əŮűŬɚŬɑɞɡ. ɃˊɧŰŮ ŮˊŬɜŬɚŬɛɓɎɜɞɡɛŮ Űɞɜ Űɨˊɞ ɛɏɢɟɘ, Űɞ ŭŮɝɑ ɛɏɚɞɠ ɜŬ 

ɘůɞɨŰŬɘ ɛŮ Űɞ ŬɟɘůŰŮɟɧ ɔɘŬ Űɖ Űɘɛɐ Űɖɠ ŮűŬˊŰɞɛɏɜɖɠ Ŭˊɧ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮˊŬɜɎɚɖɣɖ 

əŬɘ ɖ ŭɘŬűɞɟɎ Űɞɡɠ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŬəɟɑɓŮɘŬ ˊɞɡ ŮɛŮɑɠ Űɞɡ ɏɢɞɡɛŮ ɞɟɑůŮɘ.  

ȷəɞɚɞɨɗɤɠ , Ŭűɞɨ ˊɚɏɞɜ ɔɜɤɟɑɕɞɡɛŮ ɧɚɞɡɠ Űɞɡɠ ɧɟɞɡɠ Űɞɡ GM, ɡˊɞɚɞɔɑɕɞɡɛŮ, 

ɛŮ Űɖɜ ɡˊɞɟɞɡŰɑɜŬ DGMTL, Űɞ ɞɚɘəɧ ɔɘɜɧɛŮɜɞ ŮəŰɞˊɑůɛŬŰɞɠ Ůˊɑ ɛŮŰŬəŮɜŰɟɘəɞɨ 

ɨɣɞɡɠ, Űɞ ɞˊɞɑɞ ɡˊŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ˊŬɟɞɜɞɛŬůŰɐ Űɘɠ Ůɝɑůɤůɖɠ (4.1.19) Űɞɡ 4ɞɡ 

əŮűŬɚŬɑɞɡ. 
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ɆŰɖɜ ůɡɜɏɢŮɘŬ  əŬɚɞɨɛŮ Űɖɜ ɡˊɞɟɞɡŰɑɜŬ MATRIX_A_AND_B əŬɘ 

əŬŰŬůəŮɡɎɕɞɡɛŮ Űɞɜ ˊɑɜŬəŬ ůɡɜŰŮɚŮůŰɩɜ Űɤɜ ŬɔɜɩůŰɤɜ ȷ, əŬɘ Űɞɜ ˊɑɜŬəŬ ȸ Űɤɜ 

ɔɜɤůŰɩɜ ɧɟɤɜ Űɤɜ ŮɝɘůɩůŮɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɔɘŬ ɜŬ ůɢɖɛŬŰɑůɞɡɛŮ Űɞ ɔɘɜɧɛŮɜɞ 

( A x BÖ =). Ƀ ˊɑɜŬəŬɠ ȷ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟɑŬ ɛɏɟɖ ɞɡůɘŬůŰɘəɎ. ɇɞ ˊɟɩŰɞ ɛɏɟɞɠ, ŮɑɜŬɘ 

Űɞ əɞɛɛɎŰɘ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ɘůɧŰɖŰŬ Űɤɜ ɓɡɗɘůɛɎŰɤɜ ŭɖɚŬŭɐ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 

(4.1.19), Űɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ  ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ŬɚɔŮɓɟɘəɧ ɎɗɟɞɘůɛŬ Űɤɜ ŭɡɜɎɛŮɤɜ 

ůŰɖɜ Ɏɟɗɟɤůɖ əŬɘ Űɞ ŰɟɑŰɞ ɛɏɟɞɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ŬɟɗɟɩůŮɘɠ ůŰŬɗŮɟɞɨ ɓɡɗɑůɛŬŰɞɠ, 

ŭɖɚŬŭɐ Űɖɜ Ůɝɑůɤůɖ (4.3.7). ȷɜŰɑůŰɞɘɢŬ əŬɘ ůŰɞɜ ˊɑɜŬəŬ ȸ Űɞ ˊɟɩŰɞ ɛɏɟɞɠ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ Űɞɡɠ ɔɜɤůŰɞɨɠ ɧɟɞɡɠ Űɖɠ Ůɝɑůɤůɖɠ (4.1.19), Űɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ ɏɢŮɘ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ 

əŬɗɧŰɘ Űɞ ɎɗɟɞɘůɛŬ ɧɚɤɜ Űɤɜ ŭɡɜɎɛŮɤɜ ŮɑɜŬɘ ɛɖŭɏɜ, Ůɜɩ Űɞ ŰɟɑŰɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ 

ɔɜɤůŰɎ ůŰɞɘɢŮɑŬ Űɖɠ Ůɝɑůɤůɖɠ (4.3.7). ȺɜŰɧɠ Űɖɠ ɡˊɞɟɞɡŰɑɜŬɠ MATRIX_A_AND_B 

ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ɞɘ ɧɟɞɘ RD1 əŬɘ RD2 ɔɘŬ ŮɚŮɨɗŮɟɖ əŬɘ ůŰŬɗŮɟɐ Ɏɟɗɟɤůɖ ŬɜŰɑůŰɞɘɢŬ, 

Űɤɜ ɞˊɞɑɤɜ ɞ ɟɧɚɞɠ ˊŮɟɘŮɔɟɎűɖəŮ ůŰɞ əŮűɎɚŬɘɞ 4.2 əŬɘ 4.3, əŬɘ ɞɘ ɞˊɞɑɞɘ ŮɘůɏɟɢɞɜŰŬɘ 

ůŰɘɠ ůɢɏůŮɘɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɞɡɠ ˊɑɜŬəŮɠ ȷ əŬɘ ȸ. 

 

ɀŮŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬˊŬɟŬɘŰɐŰɤɜ ˊɘɜɎəɤɜ ɗŬ əŬɚɏůɞɡɛŮ Űɘɠ ŭɡɞ 

ɡˊɞɟɞɡŰɑɜŮɠ Ludcmp əŬɘ Ludksb ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ ɜŬ ɚɡɗŮɑ Űɞ ůɨůŰɖɛŬ ɛŮ 

Űɖɜ ɛɏɗɞŭɞ LU ˊɞɡ ŬɜŬɚɨůŬɛŮ ŭɘŮɝɞŭɘəɎ ůŰɞ 4.4 əŮűɎɚŬɘɞ.  

 

ɇɏɚɞɠ ŬɝɘɞˊɞɘɩɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ  Űɘɠ ɚɨůɖɠ ɔɟɎűɞɡɛŮ ŰŬ ŮɝŬɔɧɛŮɜŬ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ, ŭɑɜɞɜŰŬɠ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ Űɘɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ əŬɘ ŰŬ 

ɓɡɗɑůɛŬŰŬ Űɤɜ ůɤɛɎŰɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ Ɏɟɗɟɤůɖ.  

 

ɀŮŰɎ Űɞ ˊɏɟŬɠ ɛɘŬɠ ŮˊŬɜɎɚɖɣɖɠ ŮɚɏɔɢŮŰŬɘ ɖ ŭɘŬűɞɟɎ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ 

ˊɟɞɖɔɞɨɛŮɜɖɠ ɚɨůɖɠ ɛŮ Űɖɠ ˊŬɟɞɨůɖɠ, ŮɎɜ ɖ ŭɘŬűɞɟɎ Űɞɡɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Űɖɠ 

ŬəɟɑɓŮɘŬɠ ˊɞɡ ɞɟɑůŬɛŮ ɖ ŭɘŬŭɘəŬůɑŬ ŰŮɟɛŬŰɑɕŮŰŬɘ, Ŭɚɚɘɩɠ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛɏɢɟɘ ɜŬ 

ůɡɔəɚɑɜŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ. 

ɆŰɞ Űɏɚɞɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɔɘŬ ɜŬ ŮɚŮɡɗŮɟɩůɞɡɛŮ Űɖɜ ɛɜɐɛɖ Űɞɡ ɡˊɞɚɞɔɘůŰɐ 

ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŮɠ əɎɜɞɡɛŮ ñDeallocateò ɧɚɞɡɠ Űɞɡɠ ˊɑɜŬəŮɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ůŰɞ ˊɟɧɔɟŬɛɛŬ. 
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ɆɢɐɛŬ 5.1.2.1 

ȿɑůŰŬ Űɤɜ ɡˊɞɟɞɡŰɑɜɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ 
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6. ȺɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ 
 

6.1. ũŮɜɘəɎ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ ŬɟɢŮɑɞ Űɖɠ ɛɞɟűɐɠ name.dat Űɞ 

ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ óŬɜɞɘɢɗŮɑô əŬɘ ɜŬ ŮˊŮɝŮɟɔŬůɗŮɑ Ŭˊɧ ɞˊɞɘɞŭɐˊɞŰŮ ȼ/Ɉ ɛɏůɤ Űɞɡ ˊɟɞ 

ŮɔəŬŰŮůŰɖɛɏɜɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ çɆɖɛŮɘɤɛŬŰɎɟɘɞè ɔɘŬ ȼ/Ɉ ɛŮ ŮɔəŬŰŮůŰɖɛɏɜɞ 

ɚŮɘŰɞɡɟɔɘəɧ Windows ůŰɖɜ Ⱥɚɚɖɜɘəɐ ɔɚɩůůŬ əŬɘ çNotepadè ŬɜŰɑůŰɞɘɢŬ ůŰɖɜ 

ȷɔɔɚɘəɐ. 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜɖ ŭɘɎŰŬɝɖ əŬɘ ŭɞɛɐ əŬɗɩɠ 

ɖ ɞˊɞɘŬŭɐˊɞŰŮ ŬɚɚŬɔɐ ɢɤɟɑɠ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ɔɜɩůɖ ˊɘɗŬɜɧɜ ɜŬ ˊɟɞəŬɚɏůŮɘ 

ŭɡůɚŮɘŰɞɡɟɔɑŬ ůŰɞɜ əɩŭɘəŬ. ɋɠ ŬˊɞŰɏɚŮůɛŬ ɛŮ Űɞ óŰɟɏɝɘɛɞô Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɗŬ 

ˊɟɞəɨɣŮɘ ɏɜŬ Ŭˊɧ ŰŬ ŬəɧɚɞɡɗŬ ŬˊɞŰŮɚɏůɛŬŰŬ: 

1. Ŭˊɧɟɟɘɣɖ Űɞɡ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ, 

2. ŮɝŬɔɤɔɐ ŬɟɢŮɑɞɡ Ůɝɧŭɞɡ ŭɑɢɤɠ ŬˊɞŰŮɚɏůɛŬŰŬ ɐ Űɏɚɞɠ  

3. ŮɝŬɔɤɔɐ ŬɟɢŮɑɞɡ Ůɝɧŭɞɡ Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ɚŬɜɗŬůɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ȷˊɧ Űɘɠ ŰɟŮɑɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ ˊɘɞ óŮˊɘəɑɜŭɡɜɖô ŮɑɜŬɘ ɖ 3ɖ ŭɘɧŰɘ 

ŮɜŭɏɢŮŰŬɘ ɜŬ ɛɖɜ ŮɛűŬɜɘůɗŮɑ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ əŬɜɏɜŬ ɛɐɜɡɛŬ ɚɎɗɞɡɠ əŬɘ ɜŬ 

ɗŮɤɟɖɗŮɑ ɧŰɘ ŭɑɜŮɘ ůɤůŰɎ ŬˊɞŰŮɚɏůɛŬŰŬ.  

 ɀˊɞɟŮɑ ɚɞɘˊɧɜ ɜŬ űŬɜŰŬůŰŮɑ əŬɜŮɑɠ ˊɧůɞ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ əŬɘ ˊɧůɞ ˊɟɞůɞɢɐ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ ůŰɘɠ ɞŭɖɔɑŮɠ 

ˊɞɡ Ŭűɞɟɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ əŬɘ ŬɜŬɚɨɞɜŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ Űɖɠ 

ˊŬɟɞɨůɖɠ ŮɜɧŰɖŰŬɠ. 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 7 ŮɜɧŰɖŰŮɠ: 

1. ȾɨɟɘŮɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ůŰŬɗŮɟɏɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

2. ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůɤɛɎŰɤɜ 

3. ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɔŬůŰɟɩɜ 

4. ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɟɗɟɩůŮɤɜ 

5. ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭɡɜɎɛŮɤɜ 

6. ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ əŬŰŬəɚɡůɗɏɜŰɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ  

7. ɉŬɟŬəŰɖɟɘůŰɘəɎ ůɡɔəŮəɟɘɛɏɜɤɜ ůɖɛŮɑɤɜ ůŮ ɏɜŬ ůɩɛŬ, ůŰŬ ɞˊɞɑŬ ŮˊɘɗɡɛɞɨɛŮ 

ɜŬ ɔɑɜŮɘ ɡˊɞɚɞɔɘůɛɧɠ  Űɞɡ ɓɡɗɑůɛŬŰɞɠ. 

 

ɆŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɡˊɎɟɢɞɡɜ ůŮɘɟɏɠ ɛŮ ŬɚűŬɟɘɗɛɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ, ɛɏůɤ Űɤɜ 

ɞˊɞɑɤɜ ɔɑɜŮŰŬɘ ɖ ŬɜɎɔɜɤůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ŮəɎůŰɞŰŮ ɛŬɗɖɛŬŰɘəɞɨ - ɡŭɟɞůŰŬŰɘəɞɨ ˊɟɞɓɚɐɛŬŰɞɠ. ɇɞ ˊɟɧɔɟŬɛɛŬ ůŰɘɠ 

ůɡɔəŮəɟɘɛɏɜŮɠ ůŮɘɟɏɠ ɗŬ óŭɘŬɓɎɕŮɘô ŬɚűŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ɧɢɘ ɛɧɜɞ Ŭɟɘɗɛɞɨɠ 

ɔɘŬ Űɖɜ ŮɡəɞɚɧŰŮɟɖ əŬŰŬɜɧɖůɖ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ŮɘůɎɔɞɜŰŬɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɏɢŮɘ ɔɑɜŮɘ ˊɟɞůˊɎɗŮɘŬ ɩůŰŮ, Űɧůɞ ɖ 
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Ůɑůɞŭɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɧůɞ əŬɘ ɖ ɏɝɞŭɞɠ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ ɜŬ ŮɚɏɔɢɞɜŰŬɘ ɛɏůɤ Ůɜɧɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

ŬˊŮɘəɧɜɘůɖɠ ˊɘɞ əɞɜŰɎ ůŰɞɜ ɢɟɐůŰɖ, ŮɝɞɘəɞɜɞɛɩɜŰŬɠ ˊɞɚɨŰɘɛɞ ɢɟɧɜɞ. 

ȼ ˊŮɟɘɔɟŬűɐ Űɞɡ ŬɟɢŮɑɞɡ ɗŬ ɔɑɜŮɘ ɛɏůɤ Ůɜɧɠ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ɔɘŬ ɜŬ ŮɑɜŬɘ 

ˊŮɟɘůůɧŰŮɟɞ əŬŰŬɜɞɖŰɐ ɖ ɗɏůɖ Űɤɜ Ŭɟɘɗɛɩɜ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ.  ɇɞ 

ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ŮɑɜŬɘ űŬɜŰŬůŰɘəɧ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 5 ůɩɛŬŰŬ 

əŬɘ 8 ŬɟɗɟɩůŮɘɠ Ůə Űɤɜ ɞˊɞɑɤɜ ɖ ɛɑŬ ɗŬ ŮɑɜŬɘ ůŰŬɗŮɟɞɨ ɓɡɗɑůɛŬŰɞɠ. ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ 

ˊŬɟɎŭŮɘɔɛŬ Ůˊɑůɖɠ, ˊŮɟɘɏɢɞɜŰŬɘ Ůˊɘˊɚɏɞɜ ŭɡɜɎɛŮɘɠ (ŮəŰɧɠ Űɤɜ ŭɡɜɎɛŮɤɜ Űɞɡ ɓɎɟɞɡɠ) 

ŬɚɚɎ əŬɘ ŭɘŬɛŮɟɑůɛŬŰŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ əŬŰɎəɚɡůɖ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ 

ˊŬɟɎŭŮɘɔɛŬ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮˊɘɚɡɗŮɑ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɚɧɔɤ Űɖɠ 

ŰŬɡŰɧɢɟɞɜɖɠ ɨˊŬɟɝɖɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ əŬɘ ŬɟɗɟɩůŮɤɜ, ɧɛɤɠ 

ˊŬɟŬŰɑɗŮŰŬɘ ŭɘɧŰɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ Ŭűɞɟɞɨɜ ŰŬ ŭɘɎűɞɟŬ ˊɟɞɓɚɐɛŬŰŬ 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ əŬɘ ŭŮɜ ɗŬ ɢɟŮɘŬůɗŮɑ ɜŬ ˊŬɟŬŰŮɗɞɨɜ 

ˊŮɟɘůůɧŰŮɟŬ ˊŬɟŬŭŮɑɔɛŬŰŬ. 

 

 

ɆɢɐɛŬ 6.1.1 

ȾɎŰɞɣɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ 5 ůɤɛɎŰɤɜ əŬɘ 8 ŬɟɗɟɩůŮɤɜ, Űɞ ɞˊɞɑɞ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ 

ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ Űɟɧˊɞɡ ŮɘůŬɔɤɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ ůŰɞ ˊɟɧɔɟŬɛɛŬ. 
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Ʉɟɘɜ ɛŮŰŬɓɞɨɛŮ ůŰɖɜ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɞɡ Űɟɧˊɞɡ ˊɞɡ ɞ ɢɟɐůŰɖɠ ŮɘůɎɔŮɘ 

ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ input, ɛɏůɤ Űɤɜ Ůɘəɧɜɤɜ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ ůŮɚɑŭŮɠ, ɗŬ ɔɑɜŮɘ ɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ 

ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ˊŬɟɎŭŮɘɔɛŬ. 

 

 

 

 

ȺɘəɧɜŬ 6.1.2 

ȾɎŰɞɣɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɤɜ 5 ůɤɛɎŰɤɜ əŬɘ 8 ŬɟɗɟɩůŮɤɜ. ɆŰɞ ůɢɐɛŬ Ůˊɑůɖɠ 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ɗɏůɖ Űɤɜ ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ əɎɗŮ ůɩɛŬ (ɛɏůɤ Űɞɡ 

ůɡɛɓɧɚɞɡ )̪, Űɞ əɨɟɘɞ ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ əŬɘ Űɏɚɞɠ Űɞ Űɞˊɘəɧ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ ŰŬ ůɩɛŬŰŬ 1 əŬɘ 5. 
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ȺɘəɧɜŬ 6.1.3 

ȾɎŰɞɣɖ Űɤɜ ɔŬůŰɟɩɜ ɛŮ Űɞɜ Ŭəɟɘɓɐ Űɟɧˊɞ ˊɞɡ ŬɡŰɏɠ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŮɠ ůŰɞ ůɨůŰɖɛŬ 

ˊŬɟɏɢɞɜŰŬɠ Űɖɜ ůɢŮŰɘəɐ ɎɜŰɤůɖ ůŰɖɜ ŮɝɏŭɟŬ ůŰɖɜ ɞˊɞɑŬ Ŭɜɐəɞɡɜ. 

 

ȷəɞɚɞɡɗŮɑ ɖ ˊŬɟɞɡůɑŬůɖ Űɖɠ əɎɗŮ ŮɝɏŭɟŬɠ ɝŮɢɤɟɘůŰɎ ůŰɞ Űɞˊɘəɧ ůɨůŰɖɛŬ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ ɩůŰŮ ɜŬ ɔɑɜɞɡɜ ˊŮɟɘůůɧŰŮɟɞ ŮɡəɟɘɜŮɑɠ ŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ, Űɖɠ 

ɑŭɘŬɠ ŬɚɚɎ əŬɘ Űɖɠ ɔɎůŰɟŬɠ ɐ Űɤɜ ɔŬůŰɟɩɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ŬɡŰɐɜ. 
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ɆɢɐɛŬ 6.1.4 

ȾɎŰɞɣɖ Űɤɜ ůɤɛɎŰɤɜ 1,2 əŬɘ 3 ɛŮ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ɔŬůŰɟɩɜ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ 
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ɆɢɐɛŬ 6.1.5 

ȾɎŰɞɣɖ Űɤɜ ůɤɛɎŰɤɜ 1,2 əŬɘ 3 ɛŮ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ɔŬůŰɟɩɜ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ 
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ɆɢɐɛŬ 6.1.6 

ɄɚɎɔɘŬ ɧɣɖ Ƀxz Űɤɜ ůɤɛɎŰɤɜ 1, 2 əŬɘ 4 ɧˊɞɡ ŭɘŬəɟɑɜŮŰŬɘ Űɞ əɞɑɚɞ Űɖɠ əɎɗŮ ŮɝɏŭɟŬɠ ȼ, ɖ ɔɎůŰɟŮɠ Űɖɠ əɎɗŮ ŮɝɏŭɟŬɠ əŬɘ Űɞ əɞɑɚɞ Dh Űɖɠ əɎɗŮ ɛɑŬɠ Ŭˊɧ ŬɡŰɏɠ. Ⱥˊɑůɖɠ 

ŭɘŬəɟɑɜŮŰŬɘ ɖ Ůˊɘˊɚɏɞɜ ŭɨɜŬɛɖ P ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ ůɩɛŬ 1. 
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ɆɢɐɛŬ 6.1.7 

ɄɚɎɔɘŬ ɧɣɖ Ƀyz Űɤɜ ůɤɛɎŰɤɜ 5, 2 əŬɘ 3 ɧˊɞɡ ŭɘŬəɟɑɜŮŰŬɘ Űɞ əɞɑɚɞ Űɖɠ əɎɗŮ ŮɝɏŭɟŬɠ ȼ, ɖ ɔɎůŰɟŮɠ Űɖɠ əɎɗŮ ŮɝɏŭɟŬɠ əŬɘ Űɞ əɞɑɚɞ Dh Űɖɠ əɎɗŮ ɛɑŬɠ Ŭˊɧ ŬɡŰɏɠ. Ⱥˊɑůɖɠ 

ŭɘŬəɟɑɜŮŰŬɘ ɖ Ůˊɘˊɚɏɞɜ ŭɨɜŬɛɖ P ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ ůɩɛŬ  5 
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6.2. ȾɨɟɘŮɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ůŰŬɗŮɟɏɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

 

Ƀɘ əɨɟɘŮɠ ɛŮŰŬɓɚɖŰɏɠ əŬɗɩɠ əŬɘ ɞɘ ůŰŬɗŮɟɏɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ 

əŬɗɞɟɘůŰɘəɏɠ əŬɘ ɢɤɟɑɠ ŬɡŰɏɠ ŮɑɜŬɘ ŬŭɨɜŬŰɞɜ ɜŬ ɡɚɞˊɞɘɖɗɞɨɜ ɞɘ ɞˊɞɘŬŭɐˊɞŰŮ 

ɡˊɞɚɞɔɘůɛɞɑ. ȼ ŮɜɧŰɖŰŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ŬɡŰɏɠ ɓɟɑůəŮŰŬɘ ˊɟɩŰɖ ůŰɞ 

ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ əŬɗɩɠ ŭɘŬɛɏůɞɡ Űɤɜ əɡɟɑɤɜ ɛŮŰŬɓɚɖŰɩɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɘ ɖ 

ŬɜɎɔɜɤůɖ Űɤɜ ɡˊɞɚɞɑˊɤɜ ɛŮŰŬɓɚɖŰɩɜ.  

ũɘŬ Űɞ ˊŬɟɎŭŮɘɔɛŬ Űɞ ɞˊɞɑɞ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɖ ɛɞɟűɐ Űɖɠ ŮɜɧŰɖŰŬɠ Űɤɜ 

əɡɟɑɤɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ůŰŬɗŮɟɩɜ ŮɑɜŬɘ ɤɠ Ŭəɞɚɞɨɗɤɠ : 

 

--------------------------------------------------------- --------------------------------  

                           Main Program Variables & Constants  

-----------------------------------------------------------------------------------------  

Total Number of  Bodies (NSM)                 :5                                            

Total Number of  Joints (NAR)                 :8      

Total Number of Hulls  (NG S)                 :7                                            

Total Number of  Flooded Compartments (NFC)   :3  

Total Number of  Bodies with Fl. Comp. (NBFC) :2  

Total Number of Req. Draught Location (DRL)  :2                                         

Maximum No. of Hulls/Body                    :3                                            

Maximum No. of Points/Hull                   :9                                            

Maximum No. of Points/Flooded Compartment    :7                                            

Maximum No. of Bodies/Joint                  :2                                           

Maximum No. of Joints/Body                   :1                                           

Maximum No. of Forces/Body                   :2                                                                                     

Water Special Weight [tn/mį] (PKNN)          :1.025000 

------------------- ----------------------------------------------------------------------  

 

 

ȷəɞɚɞɡɗŮɑ ɖ ˊŮɟɘɔɟŬűɐ Űɖɠ əɎɗŮ ɛɑŬɠ Ŭˊɧ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ŬɡŰɏɠ ɛŮ Űɖɜ ůŮɘɟɎ 

ˊɞɡ ɖ əɎɗŮ ɛɑŬ ɓɟɑůəŮŰŬɘ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ. 

 

¶ Total Number of Bodies (NSM) 

ȾŬɗɞɟɑɕŮɘ Űɞɜ ɞɚɘəɧ Ŭɟɘɗɛɧ Űɤɜ ůɤɛɎŰɤɜ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɞ ůɨůŰɖɛŬ Űɤɜ 

ŮɝŮŭɟɩɜ. ɋɠ ůɩɛŬ ɞɟɑɕŮŰŬɘ Űɞ ŮəɎůŰɞŰŮ ůɨůŰɖɛŬ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ 

əŬŰɎůŰɟɤɛŬ (ˊɞɡ ɏɢŮɘ əɎˊɞɘɞ Ŭɟɘɗɛɧ ɔŬůŰɟɩɜ) əŬɘ ůɡɜŭɏŮŰŬɘ ɛɏůɞ ŬɟɗɟɩůŮɤɜ ɛŮ 

ɎɚɚŬ ůɩɛŬŰŬ . ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůɢɐɛŬ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɏɢɞɡɛŮ ůɨɜɞɚɞ 5 ůɩɛŬŰŬ. ȼ 

Ŭɟɑɗɛɖůɖ Űɤɜ ůɤɛɎŰɤɜ ŭɨɜŬŰŬɘ ɜŬ ŮɑɜŬɘ ŰɡɢŬɑŬ, ɧɛɤɠ ɖ Ŭɟɑɗɛɖůɖ Űɞɡ ůɩɛŬŰɞɠ ŭŮɜ 

ɔɑɜŮŰŬɘ ɜŬ ɡˊŮɟɓŬɑɜŮɘ Űɞ ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ Űɞɡɠ, ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ɘůɢɨŮɘ əŬɘ ůŰɖɜ 

Ŭɟɑɗɛɖůɖ Űɤɜ ŬɟɗɟɩůŮɤɜ, Űɤɜ ɔŬůŰɟɩɜ əŬɘ Űɤɜ ŭɡɜɎɛŮɤɜ.  ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ Ůűɧůɞɜ 

ɏɢɞɡɛŮ 5 ůɩɛŬŰŬ ŭŮɜ ɔɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ůɩɛŬ ɛŮ Ŭɟɑɗɛɖůɖ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ 9. 
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¶ Total Number of Joints (NAR)  

ȷɜŬűɏɟŮŰŬɘ ůŰɞɜ ɞɚɘəɧ Ŭɟɘɗɛɧ Űɤɜ ŬɟɗɟɩůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ɞɛɞɑɤɠ ɛŮ ŰŬ ůɩɛŬŰŬ 

ŬɟɘɗɛɞɨɜŰŬɘ ŰɡɢŬɑŬ ɢɤɟɑɠ ɧɛɤɠ ˊɎɚɘ ɜŬ ŮˊɘŰɟɏˊŮŰŬɘ ɖ Ŭɟɑɗɛɖůɖ əɎˊɞɘŬɠ Ɏɟɗɟɤůɖɠ ɜŬ 

ɡˊŮɟɓŬɑɜŮɘ Űɞɜ ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ Űɤɜ ŬɟɗɟɩůŮɤɜ. ɆŰɞ ɡˊɎɟɢɞɜ ˊŬɟɎŭŮɘɔɛŬ ɞ Ŭɟɘɗɛɧɠ 

Űɤɜ ŬɟɗɟɩůŮɤɜ ŮɑɜŬɘ 8 əŬɘ ŮɑɜŬɘ ŮɛűŬɜŮɑɠ Ŭˊɧ ŰŬ ůɢɐɛŬŰŬ ˊɞɡ ˊɟɞɖɔɐɗɖəŬɜ. 

 

¶ Total Number of Hulls (NGS) 

ȾŬɗɞɟɑɕŮɘ Űɞɜ ɞɚɘəɧ Ŭɟɘɗɛɧ Űɤɜ ɔŬůŰɟɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɋɠ ɔɎůŰɟŬ ɞɟɑɕŮŰŬɘ 

Űɞ əɞɛɛɎŰɘ ŮəŮɑɜɞ Űɞɡ ɞˊɞɑɞɡ ɏɜŬ ɛɏɟɞɠ ŮɑɜŬɘ ɓɡɗɘůɛɏɜɞ ůŰɞ ɜŮɟɧ əŬɘ ˊɟɞůűɏɟŮɘ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ Ɏɜɤůɖ ůŰɞ ůɩɛŬ ůŰɞ ɞˊɞɑɞ ŬɜɐəŮɘ. ȾɎɗŮ ůɩɛŬ (Body) ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ 

ɏɢŮɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ ɔɎůŰɟŮɠ ɧˊɤɠ ɗŬ ˊŬɟŬŰɖɟɐůɞɡɛŮ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛɏůɤ 

Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ. 

 

¶ Total Number of Flooded Compartments (NFC) 

ȺɑɜŬɘ ɖ ɛŮŰŬɓɚɖŰɐ ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ əŬɗɞɟɑɕŮŰŬɘ ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɡˊɧ əŬŰɎəɚɡůɖ. ɋɠ ŭɘŬɛɏɟɘůɛŬ ɡˊɧ əŬŰɎəɚɡůɖ 

ɞɟɑɕŮŰŬɘ ɏɜŬ ɛɏɟɞɠ Űɞɡ ɧɔəɞɡ ɛɘŬɠ ɔɎůŰɟŬɠ Űɞ ɞˊɞɑɞ ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɜŮɟɧ ˊɞɡ 

Űɖɜ ˊŮɟɘəɚŮɑŮɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ůɑůɞŭɞ Űɞɡ ɜŮɟɞɨ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ. 

ɇɞ ɜŮɟɧ ŮɘůɏɟɢŮŰŬɘ ŮɜŰɧɠ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ ŭɘŬɛɏůɞɡ ŬɜɞɑɔɛŬŰɞɠ ˊɞɡ ɡˊɎɟɢŮɘ ŮɑŰŮ 

ůŰɞɜ ˊɡɗɛɏɜŬ ŮɑŰŮ ˊɚŮɡɟɘəɎ Űɖɠ ɔɎůŰɟŬɠ əŬɘ əŬŰŬəɚɨɕŮɘ Űɞ ŭɘŬɛɏɟɘůɛŬ ůŰɞ ɞˊɞɑɞ 

ŮɘůɏɟɢŮŰŬɘ ŮɑŰŮ ɏɤɠ Űɞ ɨɣɞɠ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ  ŮɑŰŮ ɛɏɢɟɘ Űɞ ŬɜɩŰŮɟɞ ůɖɛŮɑɞ Űɞɡ 

ŭɘŬɛŮɟɑůɛŬŰɞɠ ŮɎɜ Űɞ ɨɣɞɠ ŬɡŰɞɨ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɞ Ŭˊɧ Űɞ ɨɣɞɠ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ. 

ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ˊŬɟŬɗɏŰɞɡɛŮ ɡˊɎɟɢɞɡɜ 3 ŭɘŬɛŮɟɑůɛŬŰŬ ɡˊɧ əŬŰɎəɚɡůɖ. 

 

¶ Total Number of Bodies with Flooded Compartments (NBFC) 

ȷɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɜ ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ Űɤɜ ɔŬůŰɟɩɜ ůŰɘɠ ɞˊɞɑŮɠ ɡˊɎɟɢŮɘ 

əŬŰŬəɚɡůɗɏɜ ŭɘŬɛɏɟɘůɛŬ əŬɘ ɧˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ ɖ Űɘɛɐ Űɞɡ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ ɑŭɘŬ ɛŮ ŬɡŰɐ 

Űɞɡ ůɡɜɞɚɘəɞɨ Ŭɟɘɗɛɞɨ əŬŰŬəɚɡůɗɏɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ (NFC), ŭɘɧŰɘ ɛˊɞɟŮɑ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ɜŬ ɡˊɎɟɢɞɡɜ 2 əŬŰŬəɚɡůɗɏɜŰŬ ŭɘŬɛŮɟɑůɛŬŰŬ ůŮ 1 ůɩɛŬ əŬɘ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɖ Űɘɛɐ Űɞɡ (NFC) ŬɜŰɘůŰɞɘɢŮɑ ůŮ 2 Ůɜɩ ɖ Űɘɛɐ Űɞɡ (NBFC) ůŮ 1. ɆŰɞ 

ˊŬɟɎŭŮɘɔɛŬ ɏɢɞɡɛŮ 2 ůɩɛŬŰŬ ůŰŬ ɞˊɞɑŬ ɏɢɞɡɛŮ ŭɘŬɛɏɟɘůɛŬ ɡˊɧ əŬŰɎəɚɡůɖ Ŭˊɧ ŰŬ 

ɞˊɞɑŬ ůŰɞ ɏɜŬ Ŭˊɧ ŰŬ ůɩɛŬŰŬ ɏɢɞɡɛŮ 2 ŭɘŬɛŮɟɑůɛŬŰŬ Ůɜɩ ůŰɞ ŭŮɨŰŮɟɞ ɏɢɞɡɛŮ ɏɜŬ. 

 

¶ Total Number of Requested Draught Location (DRL) 

ȼ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŬɡŰɐɠ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ Ŭɟɘɗɛɧ ůɡɔəŮəɟɘɛɏɜɤɜ ůɖɛŮɑɤɜ 

ůŰŬ ɞˊɞɑŬ ŮˊɘɗɡɛɞɨɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ ɜŬ ɡˊɞɚɞɔɑɕŮɘ Űɞ ɓɨɗɘůɛŬ əŬɘ ɜŬ ɛŬɠ Űɞ 

ˊŬɟɞɡůɘɎɕŮɘ ůŰɖɜ ɏɝɞŭɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɆŰɞ ɡˊɎɟɢɞɜ ˊŬɟɎŭŮɘɔɛŬ ɕɖŰɎɛŮ Űɞ 

ɓɨɗɘůɛŬ ůŮ 2 ůɖɛŮɑŬ. 

 



83 

 

¶ Maximum Number of Hulls / Body 

ȹɖɚɩɜŮɘ Űɞɜ ɛɏɔɘůŰɞ Ŭɟɘɗɛɧ Űɤɜ ɔŬůŰɟɩɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ɏɜŬ ůɩɛŬ, ůɡɜŮˊɩɠ 

ůŰɞ ˊŬɟɎŭŮɘɔɛŬ Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɖ ɛŮŰŬɓɚɖŰɐ ŬɡŰɐ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ 3. 

 

¶ Maximum Number of Points / Hull 

ȹɖɚɩɜŮɘ Űɞɜ ɛɏɔɘůŰɞ Ŭɟɘɗɛɧ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ɛɘŬ ɔɎůŰɟŬ ŰɡɢŬɑŬɠ 

ŭɘŬŰɞɛɐɠ (ɇɨˊɞɠ 1), ɧˊɤɠ ŬɡŰɐ ɞɟɑůŰɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ 5.1.1. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ 

ɡˊɎɟɢŮɘ ɔɎůŰɟŬ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ůŰɞ ůɨůŰɖɛŬ ɖ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŬɡŰɐɠ ŭŮɜ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ ůɡɜŮˊɩɠ ůŰɖɜ ɗɏůɖ Űɞɡ Ŭɟɘɗɛɞɨ 6 ˊɞɡ ɓɟɑůəŮŰŬɘ 

ůŰɞ ˊŬɟɎŭŮɘɔɛŬ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰŬɗŮɑ ɛŮ ɞˊɞɘɞŭɐˊɞŰŮ Ɏɚɚɞ ŬəɏɟŬɘɞ Ŭɟɘɗɛɧ ɏɤɠ 

ŰɏůůŮɟŬ ɣɖűɑŬ. ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɡˊɎɟɢŮɘ ˊɞɚɡɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ 

ɔɎůŰɟŬ, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ 9 ůɖɛŮɑŬ (Űɞ ůɖɛŮɑɞ Ɂɞ. 1 əŬɘ Ɂɞ. 9 ŰŬɡŰɑɕɞɜŰŬɘ). 

 

¶ Maximum Number of Points / Flooded Compartment 

ȳˊɤɠ əŬɘ ɔɘŬ əɎɗŮ ɔɎůŰɟŬ ɏŰůɘ əŬɘ əɎɗŮ əŬŰŬəɚɡůɗɏɜ ŭɘŬɛɏɟɘůɛŬ ɖ ŭɘŬŰɞɛɐ  

ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮɑɜŬɘ ŰɡɢŬɑŬɠ ŭɘŬŰɞɛɐɠ (ɇɨˊɞɠ 1), ɎɟŬ ɢɟŮɘŬɕɧɛŬůŰŮ ŬɜŰɑůŰɞɘɢŬ ɛŮ 

ˊɟɞɖɔɞɡɛɏɜɤɠ əŬɘ Ůŭɩ ɛɑŬ ɛŮŰŬɓɚɖŰɐ ɖ ɞˊɞɑŬ ɗŬ ŭɖɚɩɜŮɘ Űɞɜ ɛɏɔɘůŰɞ Ŭɟɘɗɛɧ Űɤɜ 

ůɖɛŮɑɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ ŰɡɢŬɑŬ ŭɘŬŰɞɛɐ Űɞɡ əŬŰŬəɚɡůɗɏɜ ŭɘŬɛŮɟɑůɛŬŰɞɠ. ɇɞ 

ŭɘŬɛɏɟɘůɛŬ ˊɞɡ əŬŰŬəɚɨɕŮŰŬɘ ůŰɞ ˊŬɟɎŭŮɘɔɛŬ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ 7 ůɖɛŮɑŬ (Űɞ ůɖɛŮɑɞ 

Ɂɞ.1 əŬɘ Ɂɞ. 7 ŰŬɡŰɑɕɞɜŰŬɘ) 

 

¶ Maximum Number of Bodies / Joint 

ȼ ɛŮŰŬɓɚɖŰɐ ŬɡŰɐ ŭɖɚɩɜŮɘ Űɞɜ ɛɏɔɘůŰɞ Ŭɟɘɗɛɧ Űɞɜ ůɤɛɎŰɤɜ ˊɞɡ ɛˊɞɟɞɨɜ 

ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮ ɛɑŬ Ɏɟɗɟɤůɖ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɨůŰɖɛŬ. ȰŰůɘ ɚɞɘˊɧɜ ůŰɞ 

ˊŬɟɎŭŮɘɔɛŬ Űɞ ɞˊɞɑɞ ˊŬɟŬɗɏŰɞɡɛŮ, ɧˊɤɠ ŮɑɜŬɘ əŬɘ ŮɛűŬɜɏɠ Ŭˊɧ ŰŬ ůɢɐɛŬŰŬ ˊɞɡ 

ˊɟɞɖɔɐɗɖəŬɜ, ɖ ɛŮŰŬɓɚɖŰɐ ŬɡŰɐ ɞɟɑɕŮŰŬɘ ɑůɖ ɛŮ 2. 

 

¶ Maximum Number of Joints / Body 

ȺɑɜŬɘ ɖ ŬɜŰɑůŰɟɞűɖ ɛŮŰŬɓɚɖŰɐ Ŭˊɧ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ əŬɘ ŭɖɚɩɜŮɘ Űɞɜ ɛɏɔɘůŰɞ 

Ŭɟɘɗɛɧ Űɤɜ ŬɟɗɟɩůŮɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɟɞůŭŮɛɏɜŮɠ ůŮ ɏɜŬ ůɩɛŬ. ɆŰɞ 

ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɖ ɛŮŰŬɓɚɖŰɐ ŬɡŰɐ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ Ŭɟɘɗɛɧ 2. 

 

¶ Maximum Number of Forces / Body 

ɀŮ Űɖɜ ɛŮŰŬɓɚɖŰɐ ŬɡŰɐ əŬɗɞɟɑɕŮŰŬɘ ɞ ɛɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ Űɤɜ ŭɡɜɎɛŮɤɜ ˊɞɡ 

ŬůəɞɨɜŰŬɘ ˊɎɜɤ ůŮ ɏɜŬ ůɩɛŬ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ. ɆŰɞ 

ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɛŮɚŮŰɎɛŮ ɡˊɎɟɢɞɡɜ 2 ůɩɛŬŰŬ ůŰŬ ɞˊɞɑŬ ɏɢɞɡɛŮ ɞɟɑůŮɘ əŬɘ ŬəɧɛŬ ɛɑŬ 
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ŭɨɜŬɛɖ ŮəŰɧɠ Űɞɡ ɓɎɟɞɡɠ Űɞɡɠ ůɡɜŮˊɩɠ ɖ ůɡɔəŮəɟɘɛɏɜɖ ɛŮŰŬɓɚɖŰɐ Ůŭɩ ɗŬ ɞɟɘůɗŮɑ ɑůɖ 

ɛŮ 2. 

 

¶ Water Special Weight [tn/m3]  (PKNN) 

ȺɑɜŬɘ ɖ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ɜŮɟɞɨ ɔ əŬɘ Ŭˊɧ 

Űɖɜ ůŰɘɔɛɐ ɧˊɞɡ ɞɟɘůɗŮɑ ůŰɖɜ ŮɜɧŰɖŰŬ Űɤɜ Ⱦɡɟɑɤɜ ɛŮŰŬɓɚɖŰɩɜ & ɆŰŬɗŮɟɩɜ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ, ŬəɞɚɞɡɗŮɑ Űɖɜ ˊɞɟŮɑŬ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ, ůŰŬɗŮɟɐ ɛɏɢɟɘ Űɞ Űɏɚɞɠ. Ⱥŭɩ 

ɖ Űɘɛɐ Űɖɠ ůŰŬɗŮɟɎɠ ɏɢŮɘ ɞɟɘůɗŮɑ ɑůɖ ɛŮ 1.025 t/m3 ɖ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɗŬɚŬůůɘɜɧ 

ɜŮɟɧ. 

 

ɄŬɟŬŰɖɟɐůŮɘɠ 

1. ȳɚɞɘ ɞɘ Ŭɟɘɗɛɞɑ ˊɞɡ ŬɜŬűɏɟŬɛŮ ɤɠ ŰɩɟŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɖɜ ůŰɐɚɖ 47, Ŭɛɏůɤɠ 

ɛŮŰɎ Űɖɜ Ɏɜɤ əɎŰɤ ŰŮɚŮɑŬ (ɢɤɟɑɠ əŮɜɧ) əŬɘ ɔɘŬ ɜŬ ŮɑɜŬɘ ŮˊɘŰɡɢɐɠ ɖ ŬɜɎɔɜɤůɖ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ɞˊɤůŭɐˊɞŰŮ ůŰɘɠ ɗɏůŮɘɠ ˊɞɡ 

ŬɜŬűɏɟŬɛŮ. 

2. ȳɚɞɘ ɞɘ Ŭɟɘɗɛɞɑ ŮəŰɧɠ Ŭˊɧ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ɜŮɟɞɨ ŮɑɜŬɘ ŬəɏɟŬɘɞɘ əŬɘ 

ɛˊɞɟɞɨɜ ɜŬ ˊɎɟɞɡɜ ɛɏɔɘůŰɖ Űɘɛɐ ŰŮŰɟŬɣɐűɘɞɡ ŬəŮɟŬɑɞɡ. ɇɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ 

ɡɔɟɞɨ ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɧɠ Ŭɟɘɗɛɧɠ ɛŮ 12 ůɖɛŬɜŰɘəɎ ɣɖűɑŬ əŬɘ 6 ŭŮəŬŭɘəɎ. 
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6.3. ɉŬɟŬəŰɖɟɘůŰɘəɎ ůɤɛɎŰɤɜ 

 

ȼ ŭŮɨŰŮɟɖ ŮɜɧŰɖŰŬ Űɞɡ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

əɎɗŮ ɔɎůŰɟŬɠ. ũɘŬ Űɞ ˊŬɟɎŭŮɘɔɛŬ ůŰɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ 

ɏɢŮɘ Űɖɜ ɛɞɟűɐ ˊɞɡ ŬəɞɚɞɡɗŮɑ. ȷəɞɚɞɡɗŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ ŬɜŬɚɡŰɘəɎ ɖ ˊŮɟɘɔɟŬűɐ Űɞɡ 

ˊŮɟɘŮɢɞɛɏɜɞɡ. 

------------------------------ -----------------------------------------------------------  

                              Bodies  Characteristics  

-----------------------------------------------------------------------------------------  

Body No.       |Xref       |Yref        |L           |B           |H  

1            2.000000    32.000000    30.000000    10.000000     3.0 00000  

2           32.000000    32.000000     30.000000    10.000000     4.0 00000  

3           42.000000    42.000000     10.000000    30.000000     2.5 00000  

4           62.000000    32.000000     30.000000    10.000000     2.0 00000  

5           42.000000     2.000000     10.000000    30.000000     3.0 00000  

-----------------------------------------------------------------------------------------  

 

 

 

ȷɟɢɘəɎ ɏɢɞɡɛŮ ŰɏůůŮɟɘɠ ůŮɘɟɏɠ ɛŮ ŬɚűŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ. ȾŬŰɧˊɘɜ ŭɑɜɞɡɛŮ 

Űɞɜ Ŭɟɘɗɛɧ Űɞɡ ůɩɛŬŰɞɠ (ɧɢɘ ŬˊŬɟŬɘŰɐŰɤɠ ɛŮ ŬɨɝɞɡůŬ ůŮɘɟɎ). ũɘŬ Űɞ əɎɗŮ ůɩɛŬ 

ŭɑɜɞɡɛŮ ɤɠ Ŭɟɢɐ Ŭɝɧɜɤɜ Űɞɡ Űɞˊɘəɞɨ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɖɜ 

əɎŰɤ ŬɟɘůŰŮɟɐ ɔɤɜɑŬ ůŰɞ əŬŰɎůŰɟɤɛŬ əɎɗŮ ůɩɛŬŰɞɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 6.1.2 ɔɘŬ Űɞ 

ůɩɛŬ Ɂɞ. 1 əŬɘ Űɞ ůɩɛŬ Ɂɞ. 5. 

ɇɞ ɛɐəɞɠ L, Űɞ ˊɚɎŰɞɠ B əŬɘ Űɞ əɞɑɚɞ H əɎɗŮ ůɩɛŬŰɞɠ Űɞ ɛŮŰɟɎɛŮ ɤɠ ˊɟɞɠ Űɞ 

Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůɨɛűɤɜŬ ɛŮ Űɞ ůɢɐɛŬ 6.3.1. Ƀ Ŭɟɘɗɛɧɠ Űɞɡ ůɩɛŬŰɞɠ 

ŮɑɜŬɘ ŬəɏɟŬɘɞɠ Ŭɟɘɗɛɧɠ Ůɜɩ ɧɚŬ ŰŬ ɔŮɤɛŮŰɟɘəɎ Űɞɡ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ 

ɛŮ 12 ůɖɛŬɜŰɘəɎ ɣɖűɑŬ əŬɘ 6 ŭŮəŬŭɘəɎ. ȼ ŭɘɎŰŬɝɖ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ Ŭɟɘɗɛɩɜ ɧˊɤɠ 

əŬɘ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɧŰŬɜ  ŭŮɜ ɏɢɞɡɛŮ əŬɘ ŬɚűŬɟɘɗɛɖŰɘəɞɨɠ ɢŬɟŬəŰɐɟŮɠ, 

ɗŬ ŮɑɜŬɘ ɢɤɟɑɠ ˊŮɟɘɞɟɘůɛɧ ɗɏůɖɠ (ŭɖɚŬŭɐ unformatted). ɀɞɜŬŭɘəɧɠ ˊŮɟɘɞɟɘůɛɧɠ ŮɑɜŬɘ 

ɞɘ ɛŮŰŬɓɚɖŰɏɠ ɛŮŰŬɝɨ Űɞɡɠ ɜŬ ɢɤɟɑɕɞɜŰŬɘ ɛŮ əŮɜɧ (space bar). Ƀɘ Xref əŬɘ Yref ŮɑɜŬɘ ɞɘ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ůɤɛŬŰɞˊŬɔɞɨɠ ůɡůŰɐɛŬŰɞɠ Ŭɝɧɜɤɜ. ɇɞ L ŮɑɜŬɘ Űɞ ɛɐəɞɠ Űɖɠ 

ŮɝɏŭɟŬɠ, Űɞ ȸ Űɞ ˊɚɎŰɞɠ əŬɘ Űɞ ȼ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ. ȰɢɞɡɛŮ ŰɧůŮɠ ůŮɘɟɏɠ 

ɛŮ ŭŮŭɞɛɏɜŬ ɧůŬ əŬɘ ŰŬ ůɩɛŬŰŬ ˊɞɡ ɡˊɎɟɢɞɡɜŮ ůŰɞ ɡˊɧ ɛŮɚɏŰɖ ůɨůŰɖɛŬ. ɀɧɚɘɠ 

ŰŮɚŮɘɩůŮɘ ɖ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŬɜɎɔɜɤůɖɠ Űɤɜ Xref, Yref, L, B əŬɘ H ɔɘŬ 

əɎɗŮ ůɩɛŬ ɔɑɜŮŰŬɘ ɖ ŬɜɎɔɜɤůɖ ɛɑŬɠ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 
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ɆɢɐɛŬ 6.3.1 

ȷˊŮɘəɧɜɘůɖ Űɞɡ ɛɐəɞɡɠ L, Űɞɡ ˊɚɎŰɞɡɠ B əŬɘ Űɞɡ əɞɑɚɞɡ H, ɛɘŬɠ ŰɡɢŬɑŬɠ ɔɎůŰɟŬɠ ůŰɞ Űɞˊɘəɧ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ 
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6.4. ɉŬɟŬəŰɖɟɘůŰɘəɎ ɔŬůŰɟɩɜ 

 

ɆŰɖɜ ŰɟɑŰɖ ŮɜɧŰɖŰŬ Űɞɡ űŬəɏɚɞɡ ŭɑɜɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

əɎɗŮ ɔɎůŰɟŬɠ ŬɜɎ ŮɝɏŭɟŬ. ũɘŬ Űɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɖ ŮɜɧŰɖŰŬ ŬɡŰɐ 

ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

-----------------------------------------------------------------------------------------  

                              Hulls Characteristics  

-----------------------------------------------------------------------------------------  

------------------------ ---  

Body No.:1   | Hulls/Body:3  

---------------------------  

                             Hull No.:1   |Type:1  

             ---------------------------  

             Depth        |No. of points  

                  8.5 00000 9  

             ---------------------------  

                    xhi        | yhi  

                  1.000000     2.0 00000  

                  2.000000     5 .000000  

                  1.000000     8.0 00000  

                  4.000000     9.000000  

                  8.000000     8.0 00000  

                  8.500000     6.5 00000  

                  8.000000     3.0 00000  

                  4.000000     1.000000  

                  1.000000     2.0 00000  

             ---------------------------  

                             Hull  No.:2   |Type:2  

             -----------------------------------------------------------------  

             Depth        |xh          |yh          |Lh          |Bh  

                 12.0 00000     15.000000     5.000000     6.000000     6 .000000  

             -----------------------------------------------------------------  

                             Hull No.:3   |Type:3  

             ----------------------------------------------------  

             Depth        |xh          |yh          |rh  

                  9.0 00000     25.000000     4.500000     3 .500000  

             ----------------------------------------------------  

---------------------------  

Body No.:2   | Hulls/Body:1  

---------------------------  

                             Hull No.:1   |Type:2  

             -----------------------------------------------------------------  

             Depth        |xh          |yh          |Lh          |Bh  

                  9.0 0000 0    15.000000     5.000000    30 .000000    10 .000000  

             -----------------------------------------------------------------  

---------------------------  

Body No.:3   | Hulls/Body:1  

---------------------------  



88 

 

                             Hull No.:1   |Type:2  

             --------- --------------------------------------------------------  

             Depth        |xh          |yh          |Lh          |Bh  

                 10.0 00000     5.000000     15.000000     8.000000    26 .000000  

             -------------------------------------- ---------------------------  

---------------------------  

Body No.:4   | Hulls/Body:1  

---------------------------  

                             Hull No.:1   |Type:2  

             -----------------------------------------------------------------  

             Depth        |xh          |yh          |Lh          |Bh  

                 13.0 00000     15.000000     5.000000    26.000000     6 .000000  

             -----------------------------------------------------------------  

---------------------------  

Body No.:5   | H ulls/Body:1  

---------------------------  

                             Hull No.:1   |Type:2  

             -----------------------------------------------------------------  

             Depth        |xh          |yh          |Lh          |Bh  

                  8.0 00000      5.000000    15.000000     5 .000 000    24 .000000  

             -----------------------------------------------------------------  

       

 

 

 

ȷɟɢɘəɎ ɧˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ əŬɘ ůŰɞ ˊŬɟɎŭŮɘɔɛŬ ɔɑɜŮŰŬɘ ŬɜɎɔɜɤůɖ Űɟɘɩɜ ůŮɘɟɩɜ 

ɛŮ ŬɚűŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ. 

ȷɛɏůɤɠ ɛŮŰɎ ŬɟɢɑɕŮɘ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɛŮ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ ɑůɞ ɛŮ 

Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɤɛɎŰɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

 ũɘŬ əɎɗŮ ŮˊŬɜɎɚɖɣɖ (ɔɘŬ əɎɗŮ ůɩɛŬ ŭɖɚŬŭɐ), ɗŬ ŬəɞɚɞɡɗɐůŮɘ əŬŰɎ ůŮɘɟɎ ɖ 

ŬɜɎɔɜɤůɖ: 

¶ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ 

¶ ɛɑŬɠ ůŮɘɟɎɠ, ůŰɖɜ ɞˊɞɑŬ ůŰɖɜ ůŰɐɚɖ 10 ŭɘŬɓɎɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ (ŬəɏɟŬɘɞɠ, ɏɤɠ 4 

ɣɖűɑŬ) Űɞɡ ůɩɛŬŰɞɠ Űɞɡ ɞˊɞɑɞɡ ɗŬ ˊŮɟɘɔɟɎɣɞɡɛŮ Űɘɠ ɔɎůŰɟŮɠ əŬɘ ůŰɖ ɑŭɘŬ 

ůŮɘɟɎ ůŰɖɜ ůŰɐɚɖ 27 Űɞɜ Ŭɟɘɗɛɧ (ŬəɏɟŬɘɞɠ, ɏɤɠ 4 ɣɖűɑŬ) Űɤɜ ɔŬůŰɟɩɜ ŬɜɎ 

ůɩɛŬ. 

¶ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ 

ɇɩɟŬ Ůɜɩ ɓɟɘůəɧɛŬůŰŮ ŮɜŰɧɠ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ɔɘŬ əɎɗŮ ůɩɛŬ 

ɝŮəɘɜɎŮɘ ɛɑŬ ŮůɤŰŮɟɘəɐ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɛŮ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ ɑůɞ ɛŮ Űɞɜ 

Ŭɟɘɗɛɧ Űɞɜ ɔŬůŰɟɩɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůɩɛŬ ůŰɞ ɞˊɞɑɞ ɓɟɘůəɧɛŬůŰŮ 

əɎɗŮ űɞɟɎ. 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ɔɑɜŮɘ ŬɜɎɔɜɤůɖ Űɖɠ ůŮɘɟɎɠ ɔɘŬ Űɖɜ ŮəɎůŰɞŰŮ ɔɎůŰɟŬ 

ŭɑɜɞɜŰŬɠ ɛŮŰɎ Űɖɜ Ɏɜɤ əɎŰɤ ŰŮɚŮɑŬ ůŰɖɜ ůŰɐɚɖ 39 Űɞɜ Ŭɟɘɗɛɧ Űɖɠ ɔɎůŰɟŬɠ ˊɞɡ ɗɏɚɤ 

ɜŬ ˊŮɟɘɔɟɎɣɤ əŬɘ ůŰɖɜ ůŰɐɚɖ 48 Űɞɜ Űɨˊɞ Űɖɠ ˊɟɞɠ ˊŮɟɘɔɟŬűɐ ɔɎůŰɟŬɠ. 

 ȷəɞɚɞɡɗŮɑ ɖ ŬɜɎɔɜɤůɖ ŭɨɞ ůŮɘɟɩɜ ɛŮ  ŬɚűŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ. 
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ɆŰɖɜ ůɡɜɏɢŮɘŬ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ Űɖɠ ɔɎůŰɟŬɠ ɏɢɞɡɛŮ ŰɟŮɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

ŮɘůŬɔɤɔɐɠ ŭŮŭɞɛɏɜɤɜ. 

 

 

 

ɆɢɐɛŬ 6.4.1 

ɄɚɎɔɘŬ ɧɣɖ ŰɡɢŬɑɞɡ ůɩɛŬŰɞɠ ɧˊɞɡ ŭɘŬəɟɑɜŮŰŬɘ Űɞ əɞɑɚɞ Űɤɜ ɔŬůŰɟɩɜ ˊɞɡ Űɞ ŬˊŬɟŰɑɕɞɡɜ 

 

 

 

ȳɚɞɘ ɞɘ Ŭɟɘɗɛɞɑ ˊŮɟɘɔɟŬűɐɠ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɤɜ ůɤɛɎŰɤɜ, ɔɘŬ 

ɧɚɞɡɠ Űɞɡɠ Űɨˊɞɡɠ ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ ɛŮ 12 ůɖɛŬɜŰɘəɎ ɣɖűɑŬ (6 ŭŮəŬŭɘəɎ). 

 

ɇɨˊɞɠ 1 ï Ʉɞɚɡɔɤɜɘəɐ ɔɎůŰɟŬ 

ɆŰɞ ˊŬɟɧɜ ˊɟɧɔɟŬɛɛŬ, ɤɠ ɔɜɤůŰɩɜ ɏɢɞɡɛŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛŮɚŮŰɐůɞɡɛŮ 

ŰɟŮɘɠ Űɨˊɞɡɠ ɔŬůŰɟɩɜ. ɋɠ ˊɟɩŰɞ Űɨˊɞ ɔɎůŰɟŬɠ ɞɟɑɕɞɡɛŮ Űɖɜ ˊɞɚɡɔɤɜɘəɐ. 

 

 

ɆɢɐɛŬ 6.4.2 

ȹɘŬŰɞɛɐ ŰɡɢŬɑŬɠ ˊɞɚɡɔɤɜɘəɐɠ ɔɎůŰɟŬɠ (Űɨˊɞɠ 1) 
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ȷɟɢɘəɎ ŭɑɜɞɡɛŮ Űɖ Űɘɛɐ (ˊɟŬɔɛŬŰɘəɧɠ Ŭɟɘɗɛɧɠ ɛŮ 12 ůɖɛŬɜŰɘəɎ ɣɖűɑŬ əŬɘ 6 

ŭŮəŬŭɘəɎ) Űɞɡ əɞɑɚɞɡ (Depth) Űɖɠ ˊɞɚɡɔɤɜɘəɐɠ ɔɎůŰɟŬɠ (Dȼ, ůŰɞ ůɢɐɛŬ 5.4.1) əŬɘ 

əŬŰɧˊɘɜ, ůŰɖ ɑŭɘŬ ůŮɘɟɎ ɔɟɎűɞɡɛŮ Űɞɜ Ŭɟɘɗɛɧ (ŬəɏɟŬɘɞɠ Ŭɟɘɗɛɧɠ, ɏɤɠ 4 ɣɖűɑŬ) Űɤɜ 

ůɖɛŮɑɤɜ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ ˊɞɚɡɔɤɜɘəɞɨ ɢɤɟɑɞɡ (ůŰɞ 

ůɡɔəŮəɟɘɛɏɜɞ ˊŬɟɎŭŮɘɔɛŬ ˊŮɟɘɔɟɎűɞɡɛŮ Űɖɜ ɔɎůŰɟŬ ɛŮ 9 ůɖɛŮɑŬ). Ƀɘ ŭɨɞ 

ˊɟɞɖɔɞɨɛŮɜɞɘ Ŭɟɘɗɛɞɑ ɗŬ ˊɟɏˊŮɘ ɜŬ ɢɤɟɑɕɞɜŰŬɘ ɛŮ əŮɜɧ ɛŮŰŬɝɨ Űɞɡɠ.  

ȷəɞɚɞɡɗŮɑ ɖ ŬɜɎɔɜɤůɖ ŭɨɞ ŬɚűŬɟɘɗɛɖŰɘəɩɜ ůŮɘɟɩɜ 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɝŮəɘɜɎ ɜɏŬ ŮˊŬɜɎɚɖɣɖ ŮɜŰɧɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɛŮ ɓɎůɖ Űɞɜ 

Ŭɟɘɗɛɧ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ɞɟɑůɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ. 

ȰŰůɘ ɚɞɘˊɧɜ ɧůŬ ŮɑɜŬɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ ɞɟɑůŬɛŮ ŰɧůŮɠ ɗŬ ŮɑɜŬɘ əŬɘ ɞɘ ůŮɘɟɏɠ ˊɞɡ 

ɗŬ Ŭəɞɚɞɡɗɐůɞɡɜ ɛŮ Űɖɜ əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ ɜŬ ˊŮɟɘɏɢŮɘ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ (xhi,yhi) 

Űɞɡ əɎɗŮ ůɖɛŮɑɞɡ (ůɢɐɛŬ 6.4.2), Űɘɠ ɞˊɞɑŮɠ ɛŮŰɟɎɛŮ ɤɠ ˊɟɞɠ Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɞɡ 

ŮəɎůŰɞŰŮ Űɞˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ (Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɖɠ ŮɝɏŭɟŬɠ) əŬɘ ɛŮ űɞɟɎ 

ŭɘŬɔɟŬűɐɠ Űɖɜ ɤɟɞɚɞɔɘŬəɐ. Ⱥˊɘˊɚɏɞɜ Űɞ ˊɟɩŰɞ ɕŮɡɔɎɟɘ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůɡɛˊɑˊŰŮɘ ɛŮ 

Űɞ ŰŮɚŮɡŰŬɑɞ ɏŰůɘ ɩůŰŮ ɜŬ əɚŮɑɜŮɘ ɔŮɤɛŮŰɟɘəɎ ɖ ŮˊɘɚŮɔɛɏɜɖ ˊŮɟɘɞɢɐ. Ƀɘ ŭɨɞ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ ŮəűɟɎɕɞɜŰŬɘ ɛɏůɤ ˊɟŬɔɛŬŰɘəɩɜ Ŭɟɘɗɛɩɜ ɛŮ 12 ůɖɛŬɜŰɘəɎ ɣɖűɑŬ əŬɘ 

6 ŭŮəŬŭɘəɎ əŬɘ ɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ɏɜŬ əŮɜɧ. 

ȷəɞɚɞɡɗŮɑ ɖ ŬɜɎɔɜɤůɖ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 

 

 

ɇɨˊɞɠ 2 ï Ƀɟɗɞɔɤɜɘəɐ ɔɎůŰɟŬ 

 

 

ɆɢɐɛŬ 6.4.3 

ȹɘŬŰɞɛɐ ɞɟɗɞɔɤɜɘəɐɠ ɔɎůŰɟŬɠ (Űɨˊɞɠ 2) 

 

ɆŬɜ ŭŮɨŰŮɟɞ Űɨˊɞ ɔɎůŰɟŬɠ ɞɟɑɕɞɡɛŮ Űɞɜ ɞɟɗɞɔɤɜɘəɧ. ũɘô ŬɡŰɧɜ Űɞɜ Űɨˊɞ 

ɔɎůŰɟŬɠ ŬɟɢɘəɎ ŭɑɜɞɡɛŮ Űɖɜ Űɘɛɐ Űɞɡ əɞɑɚɞɡ (Depth) Űɖɠ ɔɎůŰɟŬɠ (Dȼ, ůŰɞ ůɢɐɛŬ 

6.4.1), ůŰɖɜ ůɡɜɏɢŮɘŬ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ Űɘɠ ɔɎůŰɟŬɠ (xh,yh) ɤɠ ˊɟɞɠ Űɖɜ 

Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɞɡ ŮəɎůŰɞŰŮ Űɞˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ (Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɖɠ 
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ŮɝɏŭɟŬɠ), əŬɘ Űɏɚɞɠ Űɞ ɛɐəɞɠ L əŬɘ Űɞ ˊɚɎŰɞɠ B Űɞɡ ɞɟɗɞɔɤɜɑɞɡ (ůɢɐɛŬ 6.4.3). ȾŬɘ ɞɘ 

ŰɏůůŮɟɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮŰŬɓɚɖŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ůŮɘɟɎ, ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɞɑ 

Ŭɟɘɗɛɞɑ ɛŮ 12 ůɖɛŬɜŰɘəɎ ɣɖűɑŬ (6 ŭŮəŬŭɘəɎ) əŬɘ ɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ɏɜŬ əŮɜɧ. 

ȷəɞɚɞɡɗŮɑ ɖ ŬɜɎɔɜɤůɖ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 

 

 

ɇɨˊɞɠ 3 ï Ⱦɡəɚɘəɐ ɔɎůŰɟŬ 

 

 

ɆɢɐɛŬ 6.4.4 

ȹɘŬŰɞɛɐ əɡəɚɘəɐɠ ɔɎůŰɟŬɠ (Űɨˊɞɠ 3) 

 

ɆŬɜ ŰɟɑŰɞ Űɨˊɞ ɔɎůŰɟŬɠ ɏɢɞɡɛŮ ɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ əɡəɚɘəɐɠ ɔɎůŰɟŬɠ. ũɘô ŬɡŰɧɜ 

Űɞɜ Űɨˊɞ ɧˊɤɠ əŬɘ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŭɑɜɞɡɛŮ ˊɟɩŰŬ Űɖɜ Űɘɛɐ Űɞɡ əɞɑɚɞɡ 

Űɖɠ (Dȼ, ůŰɞ ůɢɐɛŬ 6.4.1), Ŭəɞɚɞɨɗɤɠ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ Űɘɠ ɔɎůŰɟŬɠ 

(xh,yh) Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɞɡ ŮəɎůŰɞŰŮ Űɞˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ (Űɖɜ Ŭɟɢɐ Űɤɜ 

Ŭɝɧɜɤɜ Űɖɠ ŮɝɏŭɟŬɠ), əŬɘ Űɏɚɞɠ Űɖɜ ŬəŰɑɜŬ rh Űɞɡ əɨəɚɞɡ (ůɢɐɛŬ 6.4.4). ȾŬɘ ɞɘ 

ŰɏůůŮɟɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮŰŬɓɚɖŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ůŮɘɟɎ, ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɞɑ 

Ŭɟɘɗɛɞɑ ɛŮ 12 ůɖɛŬɜŰɘəɎ ɣɖűɑŬ (6 ŭŮəŬŭɘəɎ) əŬɘ ɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ əŮɜɧ. 

ȷəɞɚɞɡɗŮɑ ɖ ŬɜɎɔɜɤůɖ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 

ɀŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ŬɜɎɔɜɤůɖɠ Űɤɜ ɔŬůŰɟɩɜ əɎɗŮ ůɩɛŬŰɞɠ əŬɘ ˊɟɘɜ ɛŮŰŬɓɞɨɛŮ 

ůŰɖɜ ŬɜɎɔɜɤůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Űɖɠ ŮˊɧɛŮɜɖɠ ŮɜɧŰɖŰŬɠ ɔɑɜŮŰŬɘ ŬɜɎɔɜɤůɖ 

ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 
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6.5. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬɟɗɟɩůŮɤɜ 

 

ɆŰɖɜ ŰɏŰŬɟŰɖ ŮɜɧŰɖŰŬ ŭɑŭɞɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ Ɏɟɗɟɤůɖɠ. ɇɘɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ŬɟɗɟɩůŮɤɜ Űɘɠ ɛŮŰɟɎɛŮ ɤɠ ˊɟɞɠ Űɞ ɞɚɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

ɔɘŬ Űɖɜ ŭɘŬɛɐəɖ əŬɘ Űɖɜ ŮɔəɎɟůɘŬ ɗɏůɖ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ ŮˊɘůɖɛŬɑɜɞɜŰŬɘ ŰŬ ůɩɛŬŰŬ ɛŮ 

ŰŬ ɞˊɞɑŬ ůɡɜŭɏŮŰŬɘ əɎɗŮ Ɏɟɗɟɤůɖ Ůɜɩ Ůˊɑůɖɠ əŬɗɞɟɑɕŮŰŬɘ əŬɘ ɖ ůɢŮŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ 

Űɞ ɨɣɞɠ Űɖɠ əɎɗŮ Ɏɟɗɟɤůɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɩɛŬ ˊɞɡ ůɡɜŭɏŮŰŬɘ. 

ȷəɞɚɞɡɗŮɑ ɖ ɛɞɟűɐ Űɖɠ ŮɜɧŰɖŰŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ input ŬɟɢŮɑɞ ɔɘŬ Űɖɜ 

ŬɜɎɔɜɤůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŬɟɗɟɩůŮɤɜ ůŰɞ ˊŬɟɎŭŮɘɔɛŬ Űɞ ɞˊɞɑɞ 

ˊŬɟŬɗɏůŬɛŮ ůŰɖɜ ŬɟɢŮɑɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɤɜ 5 ůɤɛɎŰɤɜ. ȳˊɤɠ ɗŬ ŭɞɨɛŮ əŬɘ 

ˊŬɟŬəɎŰɤ ŬɚɚɎ ɐŰŬɜ əŬɘ ŮɛűŬɜɏɠ Ŭˊɧ ŰŬ ůɢɐɛŬŰŬ 6.1.1-6.1.3 ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ 

ˊŬɟɎŭŮɘɔɛŬ ɡűɑůŰŬɜŰŬɘ 8 ŬɟɗɟɩůŮɘɠ, ŮˊŰɎ ŮɚŮɨɗŮɟŮɠ əŬɘ ɛɑŬ ůŰŬɗŮɟɐ. 

ɀŮŰɏˊŮɘŰŬ ɗŬ ɔɑɜŮɘ ŬɜŬɚɡŰɘəɎ ɖ ˊŮɟɘɔɟŬűɐ Űɖɠ əɎɗŮ ɛŮŰŬɓɚɖŰɐɠ ˊɞɡ ɚŬɛɓɎɜŮɘ 

ɛɏɟɞɠ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ŬɚɚɎ əŬɘ Űɞɡ Űɟɧˊɞɡ ŮɘůŬɔɤɔɐɠ Űɖɠ ůŰɞ ˊɟɧɔɟŬɛɛŬ. 

 

 

 

 

ɆɢɐɛŬ 6.5.1 

ȾŬɗɞɟɘůɛɧɠ Űɤɜ ůɢŮŰɘəɩɜ ŬˊɞůŰɎůŮɤɜ Űɖɠ Ɏɟɗɟɤůɖɠ 8 Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ Ŭˊɧ Űɞ əɨɟɘɞ 

ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ 
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-----------------------------------------------------------------------------------------  

                            Joints  Characteristics  

-----------------------------------------------------------------------------------------  

Joint No|xj          |yj          |type (F/R)   |Zrestr       |  

1           32.000000    42.000000 F                  0.0 00000  

2           42.000000    42.000000 F                  0.000000  

3           52.000000    42.000000 F                  0.0 00000  

4           62.000000    42.000000 F                  0.0 00000  

5           62.000000    32.000000 F                  0.0 00000  

6           52.000000    32.000000 F                  0.0 00000  

7           42.000000    32.000000 F                  0.0 00000  

8           32.000000    32.000000 R                  6.0 00000  

-----------------------------  

Joint No.:1   |Bodies/Joint:2  

-----------------------------  

Body No.   | zhi  

1               3.0 00000  

2               4.0 00000  

-----------------------------  

Joint No.:2   |Bodies/Joint:2  

-----------------------------  

Body No.   | zhi  

2               4.0 00000  

3               2.5 00000  

-----------------------------  

Joint No.:3   |Bodies/Joint:2  

-----------------------------  

Body No.   | zhi  

2               4.0 00000  

3               2.5 00000  

-----------------------------  

Joint No.:4   |Bodies/Joint:2  

-----------------------------  

Body No.   | zhi  

4               2.0 00000  

2               4.0 00000  

-----------------------------  

Joint No.:5   |Bodies/Joint:2  

-----------------------------  

Body No.   | zhi  

4               2.0 00000  

2               4.0 00000  

-----------------------------  

Joint No.:6   |Bodies/Joint:2  

-----------------------------  

Body No.   | zhi  

5               3.0 00000  

2               4.0 00000  

-- ---------------------------  

Joint No.:7   |Bodies/Joint:2  

-----------------------------  

Body No.   | zhi  
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5               3.0 00000  

2               4.0 00000  

-----------------------------  

Joint No.:8   |Bodies/Joint:2  

-----------------------------  

Body  No.   | zhi  

1               3.0 00000  

2               4.0 00000  

-----------------------------------------------------------------------------------------  

 

 

 

ȼ ŮɜɧŰɖŰŬ Űɖɠ ŬɜɎɔɜɤůɖɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŬɟɗɟɩůŮɤɜ ɝŮəɘɜɎŮɘ ɛŮ Űɞ 

óŭɘɎɓŬůɛŬô Űɤɜ ŮˊɧɛŮɜɤɜ ŰŮůůɎɟɤɜ ŬɚűŬɟɘɗɛɖŰɘəɩɜ ůŮɘɟɩɜ. 

-----------------------------------------------------------------------------------------  

                            Joints  Characteristics  

-----------------------------------------------------------------------------------------  

Joint No|xj          |yj          |type (F/R)   |Zrestr       |  

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ŬɟɢɑɕŮɘ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŬɜɎɔɜɤůɖɠ Űɤɜ ɔŮɜɘəɩɜ 

ůŰɞɘɢŮɑɤɜ əɎɗŮ Ɏɟɗɟɤůɖɠ. ȰŰůɘ ɚɞɘˊɧɜ Ŭəɞɚɞɡɗɞɨɜ ŰɧůŮɠ ůŮɘɟɏɠ ɧůŮɠ ŮɑɜŬɘ əŬɘ 

ŬɟɗɟɩůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŬɠ ɧˊɞɡ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɜ ŭɘəɐ ɛŬɠ ŮɑɜŬɘ ɑůŮɠ ɛŮ 8.  

ȼ ŬɜɎɔɜɤůɖ Űɤɜ ɔŮɜɘəɩɜ ůŰɞɘɢŮɑɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ ˊɏɜŰŮ ɛŮŰŬɓɚɖŰɩɜ ɞɘ 

ɞˊɞɑŮɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ůŮɘɟɎ. ɆŰɖɜ ůŰɐɚɖ 1 ɓɟɑůəŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ (ŬəɏɟŬɘɞɠ, ɏɤɠ 

4 ɣɖűɑŬ) ɞ ɞˊɞɑɞɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ Ɏɟɗɟɤůɖ ɔɘŬ Űɖɜ ɞˊɞɑŬ ŮɝŮŰɎɕɞɡɛŮ əɎɗŮ űɞɟɎ 

(ɞɘ ŬɟɗɟɩůŮɘɠ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɔɟŬűɞɨɜ əŬŰɎ ŬɨɝɞɡůŬ ůŮɘɟɎ). ɆŰɖɜ ůɡɜɏɢŮɘŬ 

ɔɟɎűɞɡɛŮ Űɖɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ əɎɗŮ Ɏɟɗɟɤůɖɠ xj (ůɡɜŰŮŰŬɔɛɏɜɖ Űɖɠ Ɏɟɗɟɤůɖɠ ɤɠ ˊɟɞɠ 

Űɞɜ ɎɝɞɜŬ x ůŰɞ ɞɚɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ), yj (ůɡɜŰŮŰŬɔɛɏɜɖ Űɖɠ Ɏɟɗɟɤůɖɠ ɤɠ 

ˊɟɞɠ Űɞɜ ɎɝɞɜŬ y ůŰɞ ɞɚɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ) ɧˊɤɠ űŬɑɜŮŰŬɘ ɔɘŬ Űɖɜ Ɏɟɗɟɤůɖ 

8 Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ůŰɞ ůɢɐɛŬ 6.5.1. ȷəɞɚɞɡɗŮɑ ɏɜŬɠ ŬɚűŬɟɘɗɛɖŰɘəɧɠ ŭŮɑəŰɖɠ ˊɞɡ 

ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ F ɐ R. ɇɖɜ Űɘɛɐ F (Free) Űɖɜ ŭɑɜɞɡɛŮ ɧŰŬɜ ɖ Ɏɟɗɟɤůɖ ŮɑɜŬɘ ŮɚŮɨɗŮɟɖ, 

Ůɜɩ Űɖɜ Űɘɛɐ R (Restrained) ɧŰŬɜ ɖ Ɏɟɗɟɤůɖ ŮɑɜŬɘ Ŭɔəɨɟɤůɖ ɐ ŭɏůɘɛɞ Űɖɠ ŮɝɏŭɟŬɠ ůŮ 

ɛɧɚɞ . ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ŬəɞɚɞɡɗŮɑ ɏɜŬɠ ɛɖŭŮɜɘəɧɠ Ŭɟɘɗɛɧɠ, Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

Űɖɠ ůŰŬɗŮɟɐɠ Ɏɟɗɟɤůɖɠ ŭɑɜɞɡɛŮ Űɖɜ əŬɗȭ ɨɣɞɠ ɗɏůɖ (Zrestr, ůŰɞ ůɢɐɛŬ 6.5.2) Űɖɠ 

Ɏɟɗɟɤůɖɠ Ůɜ ůɢɏůɖ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ. ɀɧɚɘɠ ŰŮɚŮɘɩůŮɘ ɖ ŬɜɎɔɜɤůɖ Űɖɠ 

əɎɗŮ ůŮɘɟɎɠ ˊɞɡ ŬűɞɟɎ Űɖɜ əɎɗŮ Ɏɟɗɟɤůɖ ŰŮɚŮɘɩɜŮɘ əŬɘ ɖ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɖ 

ɞˊɞɑŬ ɎɟɢɘůŮ ůŰɖɜ Ŭɟɢɐ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɝŮəɘɜɎ ɛɑŬ ɜɏŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɖɜ ŬɜɎɔɜɤůɖ Űɤɜ 

ˊŮɟɘůůɧŰŮɟɞ Ůɘŭɘəɩɜ ůŰɞɘɢŮɑɤɜ əɎɗŮ Ɏɟɗɟɤůɖɠ.  

ũɘŬ əɎɗŮ Ɏɟɗɟɤůɖ ɗŬ ɏɢɞɡɛŮ ŬɟɢɘəɎ Űɖɜ ŬɜɎɔɜɤůɖ ɛɑŬɠ ŬɚűŬɟɘɗɛɖŰɘəɐɠ 

ůŮɘɟɎ. 

ɆŰɖɜ ŮˊɧɛŮɜɖ ůŮɘɟɎ ɏɢɞɡɛŮ Űɖɜ ŬɜɎɔɜɤůɖ Űɖɠ Ɏɟɗɟɤůɖɠ ůŰɖɜ ɞˊɞɑŬ 

ɓɟɘůəɧɛŬůŰŮ əɎɗŮ űɞɟɎ əŬɘ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ůɤɛɎŰɤɜ ˊɞɡ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ Űɖɜ 
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ůɡɔəŮəɟɘɛɏɜɖ Ɏɟɗɟɤůɖ. ɇɖɜ ˊɟɩŰɖ ɛŮŰŬɓɚɖŰɐ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ŬəɏɟŬɘɞɠ Ŭɟɘɗɛɧɠ ɏɤɠ 

4 ɣɖűɑŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ 11ɖ ůŰɐɚɖ (Ŭɛɏůɤɠ ɛŮŰɎ Űɞ ůɨɛɓɞɚɞ Űɖɠ Ɏɜɤ əɎŰɤ 

ŰŮɚŮɑŬɠ) əŬɘ ɖ ŭŮɨŰŮɟɖ ɛŮŰŬɓɚɖŰɐ ˊɎɚɘ Ŭˊɧ ŬəɏɟŬɘɞ Ŭɟɘɗɛɧ ɏɤɠ ŰŮůůɎɟɤɜ ɣɖűɑɤɜ 

Ŭɛɏůɤɠ ɛŮŰɎ Űɞ ůɨɛɓɞɚɞ Űɖɠ Ɏɜɤ əɎŰɤ ŰŮɚŮɑŬɠ). 

ȷəɞɚɞɡɗŮɑ ɖ ŬɜɎɔɜɤůɖ ŭɨɞ ŬɚűŬɟɘɗɛɖŰɘəɩɜ ůŮɘɟɩɜ. 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɝŮəɘɜɎ ɜɏŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɛŮ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ, 

ɎɟŬ əŬɘ ůŮɘɟɩɜ ˊɞɡ ɗŬ Ŭəɞɚɞɡɗɐůɞɡɜ, ŰɧůŮɠ ɧůŮɠ ŮɑɜŬɘ ɞɘ ŮɝɏŭɟŮɠ ˊɞɡ ŮɑɜŬɘ 

ˊɟɞůŭŮɛɏɜŮɠ ůŰɖɜ ŮəɎůŰɞŰŮ Ɏɟɗɟɤůɖ. ɆŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ůŮɘɟɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ɔɘŬ 

ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ Ɏɟɗɟɤůɖ ŭɘŬɓɎɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɖɠ ŮɝɏŭɟŬɠ ˊɞɡ ŮɑɜŬɘ ˊɟɞůŭŮɛɏɜɖ 

əŬɘ ɛŮŰɎ, ůŰɖɜ ɑŭɘŬ ůŮɘɟɎ ɖ ůɢŮŰɘəɐ ŬˊɧůŰŬůɖ zhi əɎɗŮ Ɏɟɗɟɤůɖɠ ůŰɞ Űɞˊɘəɧ ůɨůŰɖɛŬ 

(ůɤɛŬŰɧŭŮŰɞ) Ŭˊɧ Űɞ əŬŰɩŰŮɟɞ ůɖɛŮɑɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ əɎɗŮ ŮɝɏŭɟŬɠ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 6.5.2 ȼ ˊɟɩŰɖ ɛŮŰŬɓɚɖŰɐ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŬəɏɟŬɘɞ Ŭɟɘɗɛɧ (ɏɤɠ 

ŰɏůůŮɟŬ ɣɖűɑŬ) Ůɜɩ ɖ ŭŮɨŰŮɟɖ ůŮ ˊɟŬɔɛŬŰɘəɧ Ŭɟɘɗɛɧ 12 ůɖɛŬɜŰɘəɩɜ ɣɖűɑɤɜ əŬɘ 6 

ŭŮəŬŭɘəɩɜ. ũɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŬɟɎŭŮɘɔɛŬ ɖ Ɏɟɗɟɤůɖ 8 ůɡɜŭɏŮŰŬɘ ɛŮ ŭɨɞ ůɩɛŬŰŬ, 

Űɞ 1 əŬɘ Űɞ 2 (ůɢɐɛŬ 6.5.1). Ƀɘ ŮɔəɎɟůɘŮɠ əŬɘ ŭɘŬɛɐəŮɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ Ɏɟɗɟɤůɖɠ 

ɛŮŰɟɘɞɨɜŰŬɘ Ůˊɑůɖɠ ůŰɞ ɑŭɘɞ ůɢɐɛŬ, Ůɜɩ ɖ əŬɗȭ ɨɣɞɠ ɗɏůɖ Űɖɠ əŬɘ ɖ ŬˊɧůŰŬůɖ Űɖɠ Ŭˊɧ 

Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ (əŬɗɧŰɘ ɗŮɤɟɩ ɧŰɘ ɖ Ɏɟɗɟɤůɖ 8 ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ) 

ɡˊɞɚɞɔɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ ůɢɐɛŬ (6.5.2). 

 

 

 

ɆɢɐɛŬ 6.5.2 

ȷˊɧůŰŬůɖ Ɏɟɗɟɤůɖɠ Ŭˊɧ Űɞ əŬŰɩŰŬŰɞ ůɖɛŮɑɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ Űɖɠ ŮɝɏŭɟŬɠ ůŰɖɜ ɞˊɞɑŬ 

ŬɜɐəŮɘ əŬɘ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ůŰŬɗŮɟɐɠ Ɏɟɗɟɤůɖɠ, 

ɔɘŬ ŰɡɢŬɑɞ ůɩɛŬ. 

 

 

ɇɞ əɞɛɛɎŰɘ Űɖɠ ŬɜɎɔɜɤůɖɠ Űɤɜ ŬɟɗɟɩůŮɤɜ ˊɞɡ ŮɜŰɎůůŮŰŬɘ ůŰɞ ŬɟɢŮɑɞ 

Ůɘůɧŭɞɡ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŰŮɚŮɘɩɜŮɘ ɛŮ Űɖɜ ŬɜɎɔɜɤůɖ ɛɘŬ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 
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6.6. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɡɜɎɛŮɤɜ 

 

ɆŰɖ ˊɏɛˊŰɖ ŮɜɧŰɖŰŬ Űɖɠ ŮɘůŬɔɤɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɜɎɔɜɤůɖɠ ɏɢɞɡɛŮ Űɖɜ 

ŬɜɎɔɜɤůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əɎɗŮ ŭɨɜŬɛɖɠ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɞ əɎɗŮ ůɩɛŬ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ ɓɎɟɞɡɠ ŬɡŰɞɨ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɡŰɎ ɏɢɞɡɜ ɜŬ 

əɎɜɞɡɜ, ˊɟɩŰɞɜ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŭɨɜŬɛɖɠ, əŬɘ ŭŮɨŰŮɟɞɜ ɛŮ Űɞ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ŬɡŰɐ 

ŬůəŮɑŰŬɘ ůŰɞ ŮəɎůŰɞŰŮ ůɩɛŬ ɩůŰŮ ɜŬ ɡˊɞɚɞɔɘůɗɞɨɜ ɞɘ ɟɞˊɏɠ ˊɞɡ ɗŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ. 

ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŮ ɧɚɖ Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɞɡ ŬɟɢŮɑɞɡ 

Ůɘůɧŭɞɡ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɡˊɎɟɢŮɘ ɛɑŬ ŭɨɜŬɛɖ ɔɘŬ əɎɗŮ ůɩɛŬ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ɓɎɟɞɠ 

ŬɡŰɐɠ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ůŰŬ ůɩɛŬŰŬ 1 əŬɘ 5 ŬůəŮɑŰŬɘ Ŭˊɧ ɛɘŬ Ůˊɘˊɚɏɞɜ ŭɨɜŬɛɖ. 

 ȼ ŮɜɧŰɖŰŬ ɔɘŬ Űɞ ˊŬɟɎŭŮɘɔɛŬ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

-----------------------------------------------------------------------------------  

                         External Powers & Characteristics  

-------------- ---------------------------------------------------------------------  

---------------------------  

No. Body:1   | Power/Body:2  

---------------------------  

Power        No.|Power       |xpi         |ypi         |zpi  

1           289.000000    15.000000     5.000000     1.500000  

2            15.000000    26.000000     7.000000     4.000000  

---------------------------  

No. Body:2   | Power/Body:1  

---------------------------  

Power        No.|Power       |xpi         |ypi         |zpi  

1           369.000000    15 .000000     5.000000     1.500000  

---------------------------  

No. Body:3   | Power/Body:1  

---------------------------  

Power        No.|Power       |xpi         |ypi         |zpi  

1           369.000000     5.000000    15.000000     1.500000  

---------------- -----------  

No. Body:4   | Power/Body:1  

---------------------------  

Power        No.|Power       |xpi         |ypi         |zpi  

1           369.000000    15.000000     5.000000     1.500000  

---------------------------  

No. Body:5   | Power/Body:2  

---------- -----------------  

Power        No.|Power       |xpi         |ypi         |zpi  

1           369.000000     5.000000    15.000000     1.500000  

2            10.000000     7.000000     9.000000     4.000000  

-----------------------------------------------------------------------------------  
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ȷɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɔɜɤůɖ Űɤɜ ŮˊɧɛŮɜɤɜ, Űɟɘɩɜ ŬɚűŬɟɘɗɛɖŰɘəɩɜ 

ůŮɘɟɩɜ. 

-----------------------------------------------------------------------------------  

                         External  Powers  & Characteristics  

-----------------------------------------------------------------------------------  

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɝŮəɘɜɎ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɧˊɞɡ ɞɘ ŮˊŬɜŬɚɐɣŮɘɠ ŮɑɜŬɘ 

ŰɧůŮɠ ɧůŮɠ əŬɘ ŰŬ ůɩɛŬŰŬ, ŮɑŰŮ ŬɡŰɎ űɏɟɞɡɜ ɏɝŰɟŬ ŭɨɜŬɛɖ ŮəŰɧɠ Űɞɡ ɓɎɟɞɡɠ Űɞɡɠ ŮɑŰŮ 

ɧɢɘ. 

ũɘŬ əɎɗŮ ɛɑŬ ŮˊŬɜɎɚɖɣɖ ɖ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢŮɑ əŬɘ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɩɛŬ 

ůɡɛɓŬɑɜɞɡɜ ŰŬ Ůɝɐɠ: 

ȷɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɔɜɤůɖ ɛɑŬɠ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ.  

ȾŬŰɧˊɘɜ ŭɑɜɞɡɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɞɡ ůɩɛŬŰɞɠ (ŰŬ ůɩɛŬŰŬ ɧˊɤɠ ɏɢɞɡɛŮ ŬɜŬűɏɟŮɘ 

ˊŬɟŬˊɎɜɤ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɔɟŬűɞɨɜ əŬŰɎ ŬɨɝɞɡůŬ ůŮɘɟɎ). Ƀ Ŭɟɘɗɛɧɠ 

(ŬəɏɟŬɘɞɠ, ɛɏɢɟɘ 4 ɣɖűɑŬ) Űɞɡ ůɩɛŬŰɞɠ ŭɑɜŮŰŬɘ ůŰɖɜ ůŰɐɚɖ 10 (Ŭɛɏůɤɠ ɛŮŰɎ Űɞ 

ůɨɛɓɞɚɞ Űɖɠ Ɏɜɤ əɎŰɤ ŰŮɚŮɑŬɠ) əŬɘ ůŰɖɜ ɑŭɘŬ ůŮɘɟɎ ůŰɖɜ ůŰɐɚɖ 27 (Ŭɛɏůɤɠ ɛŮŰɎ Űɞ 

ůɨɛɓɞɚɞ Űɖɠ Ɏɜɤ əɎŰɤ ŰŮɚŮɑŬɠ) ŭɑɜŮŰŬɘ ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ (ŬəɏɟŬɘɞɠ, ɛɏɢɟɘ 4 ɣɖűɑŬ)  

Űɤɜ ŮɝɤŰŮɟɘəɩɜ ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůɩɛŬ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ 

ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ. 

ȷɜɎɔɜɤůɖ ŭɨɞ ŬɚűŬɟɘɗɛɖŰɘəɩɜ ůŮɘɟɩɜ. 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɝŮəɘɜɎ ɜɏŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɛŮ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ 

ɑůɞ ɛŮ Űɘɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůɩɛŬ ůŰɞ ɞˊɞɑɞ ɓɟɘůəɧɛŬůŰŮ ŮɜŰɧɠ Űɖɠ 

ˊɟɞɖɔɞɨɛŮɜɖɠ ŮˊŬɜɎɚɖɣɖɠ. ȰŰůɘ, ɞɘ ůŮɘɟɏɠ ˊɞɡ ɗŬ Ŭəɞɚɞɡɗɐůɞɡɜ ɗŬ ŮɑɜŬɘ ɧůŮɠ əŬɘ ɞɘ 

ŭɡɜɎɛŮɘɠ ŬɡŰɏɠ əŬɘ ɔɘŬ Űɖɜ əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ ɗŬ ŭɘŬɓŬůŰɞɨɜ ŰŬ Ůɝɐɠ ůŰɞɘɢŮɑŬ. 

ɆŰɖɜ ůŰɐɚɖ 1 ɔɟɎűɞɡɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɖɠ ŭɨɜŬɛɖɠ (ɧɢɘ ɡˊɞɢɟŮɤŰɘəɎ ɛŮ ŬɨɝɞɡůŬ 

ůŮɘɟɎ) əŬɘ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ŬəɏɟŬɘɞɠ, ɛŮŰɎ ŬəɞɚɞɡɗŮɑ ɖ Űɘɛɐ Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ ŭɨɜŬɛɖɠ 

(Force). ȷəɞɚɞɡɗɞɨɜ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɘɠ ŭɨɜŬɛɖɠ ɧˊɞɡ Űɞ xpi (əɏɜŰɟɞ ŮűŬɟɛɞɔɐɠ 

Űɖɠ ŭɨɜŬɛɖɠ ɤɠ ˊɟɞɠ x) əŬɘ Űɞ ypi (əɏɜŰɟɞ ŮűŬɟɛɞɔɐɠ Űɖɠ ŭɨɜŬɛɖɠ ɤɠ ˊɟɞɠ y) 

ɛŮŰɟɘɞɨɜŰŬɘ ɤɠ ˊɟɞɠ Űɞ ůɤɛŬŰɞˊŬɔɏɠ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ, Ůɜɩ Űɞ zpi (əɏɜŰɟɞ ŮűŬɟɛɞɔɐɠ 

Űɖɠ ŭɨɜŬɛɖɠ ɤɠ ˊɟɞɠ z) ɛŮŰɟɘɏŰŬɘ Ŭˊɧ Űɞ əŬŰɩŰŮɟɞ ůɖɛŮɑɞ ɧɚɖɠ Űɖɠ ŮɝɏŭɟŬɠ (ɓɚ. ůɢɐɛŬ 

6.6.1). ȳɚɞɘ ɞɘ Ŭɟɘɗɛɞɑ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ ŭɨɜŬɛɖ (ɛɏɔŮɗɞɠ əŬɘ ůɖɛŮɑɞ ŮűŬɟɛɞɔɐɠ) 

ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ ɛŮ 12 ůɖɛŬɜŰɘəɎ ɣɖűɑŬ (6 ŭŮəŬŭɘəɎ) əŬɘ ɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ 

Űɞɡɠ ɛŮ əŮɜɧ (space bar). 

 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ ůɨůŰɖɛŬ, ŬɡŰɐ 

ŮɑɜŬɘ Űɞ 1 tonne,  ɛɘŬɠ əŬɘ Űɞ ɓɎɟɞɠ Űɞɡ ŮəŰɞˊɑůɛŬŰɞɠ Űɞɡ əɎɗŮ ůɩɛŬŰɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ŭɘŬɛɏůɞɡ Űɖɠ ůɢɏůɖɠ: 

gD= ÖÐ 

ɧˊɞɡ:  

¶ ɔ : Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ɜŮɟɞɨ (1,025 t/m3 ɔɘŬ ɗŬɚŬůůɘɜɧ ɜŮɟɧ) əŬɘ 

¶ Ð: ɞ ůɡɜɞɚɘəɧɠ ŮəŰɞˊɘɕɧɛŮɜɞɠ ɧɔəɞɠ Űɞɡ ůɩɛŬŰɞɠ 
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ɆɢɐɛŬ 6.6.1 

ȷˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ ŮűŬɟɛɞɔɐɠ ɛɘŬɠ ŭɨɜŬɛɖɠ P Ŭˊɧ Űɞɡɠ ɎɝɞɜŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ 

 

ɀŮ Űɞ ŰŮɚŮɑɤɛŬ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ əɎɗŮ ůɩɛŬ əŬɘ ˊɟɘɜ ˊɟɞɢɤɟɐůɞɡɛŮ 

ůŰɖɜ ŬɜɎɔɜɤůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Űɖɠ ŮˊɧɛŮɜɖɠ ŮɜɧŰɖŰŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ 

ŬɜɎɔɜɤůɖ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ ůɖɛŬŰɞŭɞŰŮɑ əŬɘ Űɞ Űɏɚɞɠ Űɖɠ ŮɜɧŰɖŰŬɠ ŬɡŰɐɠ. 
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6.7. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɡˊɧ əŬŰɎəɚɡůɖ 

 

ȼ ŮɜɧŰɖŰŬ ŮɘůŬɔɤɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ ɡˊɧ əŬŰɎəɚɡůɖ ɏɢŮɘ ɓŬůɘůɗŮɑ ůŰɖɜ ŮɜɧŰɖŰŬ ŮɘůŬɔɤɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ɔŬůŰɟɩɜ Ŭűɞɨ ɖ ŭɘŬŰɞɛɐ Ůɜɧɠ əŬŰŬəɚɡůɗɏɜ ŭɘŬɛŮɟɑůɛŬŰɞɠ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Űɨˊɞɡ 1,2 ɐ 3 ɧˊɤɠ əŬɘ ɔɘŬ əɎɗŮ ɔɎůŰɟŬ. ɈˊŮɜɗɡɛɑɕŮŰŬɘ ɧŰɘ ɞ Űɨˊɞɠ 1 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ ˊɞɚɡɔɤɜɘəɐ ŭɘŬŰɞɛɐ, ɞ Űɨˊɞɠ 2 ůŮ ɞɟɗɞɔɤɜɘəɐ ŭɘŬŰɞɛɐ Ůɜɩ ɞ Űɨˊɞɠ 3 

ůŮ əɡəɚɘəɐ ŭɘŬŰɞɛɐ. 

ȳůɞɜ ŬűɞɟɎ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɡˊɧ əŬŰɎəɚɡůɖ ůŮ ɛɑŬ ɔɎůŰɟŬ ŭŮɜ 

ɡˊɎɟɢŮɘ ˊŮɟɘɞɟɘůɛɧɠ ŬɟəŮɑ ɖ ůɡɜɞɚɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡɠ ɜŬ ɛɖɜ ɡˊŮɟɓŬɑɜŮɘ Űɖɜ ŭɘŬŰɞɛɐ 

Űɖɠ ɔɎůŰɟŬɠ ůŰɖɜ ɞˊɞɑŬ Ŭɜɐəɞɡɜ. ŪŬ ˊɟɏˊŮɘ ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɜŬ ŰɞɜɘůɗŮɑ ɧŰɘ ɞ 

ɢɟɐůŰɖɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɖɜ ɞɟɗɐ ŮɘůŬɔɤɔɐ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əɎɗŮ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɏŰůɘ ɩůŰŮ ɜŬ ɛɖɜ ɘůɢɨɞɡɜ ŰŬ əɎŰɤɗɘ: 

i. ɇɞ ůɡɜɞɚɘəɧ ŮɛɓŬŭɧɜ Űɤɜ ŭɘŬŰɞɛɩɜ Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɡˊɧ 

əŬŰɎəɚɡůɖ ɜŬ ɛɖɜ ɡˊŮɟɓŬɑɜŮɘ Űɞ ŮɛɓŬŭɧɜ Űɖɠ ŭɘŬŰɞɛɐɠ Űɖɠ ɔɎůŰɟŬɠ 

ůŰɖɜ ɞˊɞɑŬ Ŭɜɐəɞɡɜ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ 

ii.  ɇŬ ɔŮɤɛŮŰɟɘəɎ ɧɟɘŬ Űɖɠ ŭɘŬŰɞɛɐɠ əɎɗŮ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɜŬ ɓɟɑůəɞɜŰŬɘ 

ŮɜŰɧɠ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɞɟɑɤɜ Űɖɠ ɔɎůŰɟŬɠ ůŰɖɜ ɞˊɞɑŬ Ŭɜɐəɞɡɜ. 

ȾŬŰɎ Űɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɏɜŬ Ŭˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɐ əŬɘ ŰŬ ŭɨɞ ŰŬɡŰɧɢɟɞɜŬ 

ŭŮɜ ůɡɛɓŬɑɜŮɘ ŰɧŰŮ Űɞ ˊɟɧɔɟŬɛɛŬ ɗŬ ɚŮɘŰɞɡɟɔɐůŮɘ əŬɜɞɜɘəɎ ɧɛɤɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ 

ɞˊɞɑŬ ɗŬ ˊŬɟŬɢɗɞɨɜ ɗŬ ŮɑɜŬɘ ɚŬɜɗŬůɛɏɜŬ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɑɜŮŰŬɘ 

ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ əŬŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ŬɚɚɎ əŬɘ 

ɔŮɜɘəɧŰŮɟŬ. 

ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɏɢɞɡɜ ɞɟɘůɗŮɑ 3 ŭɘŬɛŮɟɑůɛŬŰŬ (ɔɘŬ ɜŬ 

ˊŬɟɞɡůɘŬůɗɞɨɜ əŬɘ ɞɘ 3 ˊŮɟɘˊŰɩůŮɘɠ ŭɘŬɛŮɟɑůɛŬŰɞɠ) ůŰŬ ɞˊɞɑŬ ɗŬ ŮˊɏɚɗŮɘ əŬŰɎəɚɡůɖ 

əŬɘ ůŰɞ ŬɟɢŮɑɞ input ɖ əŬŰŬɔɟŬűɐ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ ɏɢŮɘ Űɖɜ Ŭəɧɚɞɡɗɖ 

ɛɞɟűɐ: 

 

 

-----------------------------------------------------------------------------------------  

                         Flooded Compartments Characteristics                                

------------------------------------------------------------------------- ----------------  

---------------------------------------------------------------------------------          

Compartment N o.:1   |Body No.:1   |Hull No.:2    |Type:2   |Permability:1.000                

--------------------------------------------------------- -------------------                 

         |xf          |yf          |Lf          |Bf  

      16.250000     3.500000    3.500000     3 .000000              

----------------------------------------------------------------- ----------------              

Compartment No.:2   |Body No.:4    |Hull No.:1   |Type:1   |Permability:1.000             

----------------------------------------------------------------------------                   

                        No. of points:7  

                 ---------------- -----------  

                     |xf i         |yf i  

                    8.000000    2 .000000                                                    
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                    8.000000    4 .000000                                                    

                   10.000000    4 .000000                                                    

                   10.000000    6 .000000  

                   12.000000    6.000000                                                    

                   12.000000    2.000000                                                    

                    8.000000    2.000000  

                 ---------------------------  

---------------------------------------------------------------------------------          

Compartment N o.:3   |Body No.:4   |Hull No.:1   |Type:3    |Permability:1.000                

----------------------------------------------------------------------------                 

         | xf           | yf           | rf  

      23.000000     4.0 00000    2.000000  

-------------------------------------------------------------------------- ---------------  

 

 

 

 

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ˊŬɟɞɡůɘŬůɗɞɨɜ ůɢɖɛŬŰɘəɎ ŰŬ əŬŰŬəɚɡɕɧɛŮɜŬ ŭɘŬɛŮɟɑůɛŬŰŬ 

ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞ ˊɟɧɓɚɖɛŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ. 

 

 

 

ɆɢɐɛŬ 6.7.1 

ȷˊŮɘəɧɜɘůɖ Űɞɡ əŬŰŬəɚɡɕɧɛŮɜɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ 1, Űɞ ɞˊɞɑɞ ŬɜɐəŮɘ ůŰɖɜ ɔɎůŰɟŬ 2 Űɞɡ ůɩɛŬŰɞɠ 

1 əŬɘ ɖ ŭɘŬŰɞɛɐ Űɞɡ ŮɑɜŬɘ ɞɟɗɞɔɤɜɘəɐ (Űɨˊɞɠ 2). ɆŰɞ ůɢɐɛŬ ŭɘŬəɟɑɜŮŰŬɘ Űɞ ɔŮɤɛŮŰɟɘəɧ əɏɜŰɟɞ 

Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ, ɖ ŬˊɧůŰŬůɖ Űɞɡ Ŭˊɧ Űɞɡɠ ɎɝɞɜŮɠ Űɞɡ Űɞˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

əŬɗɩɠ əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ ɛɐəɞɡɠ L əŬɘ Űɞɡ ˊɚɎŰɞɡɠ ȸ. 



101 

 

 

ɆɢɐɛŬ 6.7.2 

ȷˊŮɘəɧɜɘůɖ Űɞɡ əŬŰŬəɚɡɕɧɛŮɜɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ 2 əŬɘ 3, ŰŬ ɞˊɞɑŬ Ŭɜɐəɞɡɜ ůŰɖɜ ɔɎůŰɟŬ 1 Űɞɡ 

ůɩɛŬŰɞɠ 4 əŬɘ ɖ ŭɘŬŰɞɛɐ Űɞɡɠ ŮɑɜŬɘ ˊɞɚɡɔɤɜɘəɐ (Űɨˊɞɠ 1) əŬɘ əɡəɚɘəɐ (Űɨˊɞɠ 3) ŬɜŰɑůŰɞɘɢŬ. 

ɆŰɞ ůɢɐɛŬ ŭɘŬəɟɑɜŮŰŬɘ Űɞ ɔŮɤɛŮŰɟɘəɧ əɏɜŰɟɞ Űɞɡ əɡəɚɘəɞɨ ŭɘŬɛŮɟɑůɛŬŰɞɠ 3, ɖ ŬˊɧůŰŬůɖ Űɞɡ 

Ŭˊɧ Űɞɡɠ ɎɝɞɜŮɠ Űɞɡ Űɞˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ əŬɗɩɠ əŬɘ ɖ ŬəŰɑɜŬ rh. ũɘŬ Űɞ 

ŭɘŬɛɏɟɘůɛŬ 2 ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞ ŭɘŬɛɏɟɘůɛŬ ɤɠ 

ˊɟɞɠ Űɞ Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

 

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ŭɞɗŮɑ ŬɜŬɚɡŰɘəɎ ɖ ˊŮɟɘɔɟŬűɐ Űɞɡ Űɟɧˊɞɡ ŮɘůŬɔɤɔɐɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŰŬ ŭɘŬɛŮɟɑůɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ əŬŰɎəɚɡůɖ. 

 

ȼ ŮɜɧŰɖŰŬ ɝŮəɘɜɎ ɛŮ Űɖɜ ŬɜɎɔɜɤůɖ Űɤɜ ˊŬɟŬəɎŰɤ, Űɟɘɩɜ ŬɚűŬɟɘɗɛɖŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ: 

-----------------------------------------------------------------------------------------  

                         Flooded  Compartments  Characteristics                                 

------------------------------------------------------------------------- ----------------  

ȷɛɏůɤɠ ɛŮŰɎ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɖɜ ɞˊɞɑŬ ɞ Ŭɟɘɗɛɧɠ 

Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ůɡɛɓŬŭɑɕŮɘ ɛŮ Űɞɜ ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɡˊɧ 

əŬŰɎəɚɡůɖ. ɆŮ əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŮˊŬɜŬɚɐɣŮɘɠ ɗŬ ŭɘŬɓŬůŰɞɨɜ ɧɚŬ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ŭɘŬɛŮɟɑůɛŬŰŬ. ȷɟɢɘəɎ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ 

ŬɜɎɔɜɤůɖ ɛɑŬɠ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. ȰˊŮɘŰŬ ůŰɖɜ ŮˊɧɛŮɜɖ ůŮɘɟɎ ɗŬ ŭɘŬɓŬůŰɞɨɜ ɞɘ 

ɛŮŰŬɓɚɖŰɏɠ: 

¶ ɆŰɖɜ 17ɖ ůŰɐɚɖ ŭɘŬɓɎɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ Űɞ ɞˊɞɑɞ ŮɝŮŰɎɕɞɡɛŮ 

ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ.  

¶ ɆŰɖɜ 31ɖ  ůŰɐɚɖ ŭɘŬɓɎɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɞɡ ůɩɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ Űɞ Ůɜ 

ɚɧɔɤ əŬŰŬəɚɡůɗɏɜ ŭɘŬɛɏɟɘůɛŬ. 
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¶ ɆŰɖɜ ůɡɜɏɢŮɘŬ Űɖɠ ɑŭɘŬɠ ůŮɘɟɎɠ, ůŰɖɜ ůŰɐɚɖ 45 ŭɘŬɓɎɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɖɠ 

ɔɎůŰɟŬɠ, ɖ ɞˊɞɑŬ ŬɜɐəŮɘ ůŰɞ ůɩɛŬ Űɞɡ ɞˊɞɑɞɡ ɞ Ŭɟɘɗɛɧɠ ŭɘŬɓɎůŰɖəŮ 

ˊɟɞɖɔɞɡɛɏɜɤɠ əŬɘ ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ Űɞ əŬŰŬəɚɡůɗɏɜ ŭɘŬɛɏɟɘůɛŬ. 

¶ ɇɏɚɞɠ, ůŰɖɜ ůŰɐɚɖ 62 Űɖɠ ɑŭɘŬɠ ůŮɘɟɎɠ ˊɎɜŰŬ ŭɘŬɓɎɕŮŰŬɘ ɖ ŭɘŬɢɤɟɖŰɧŰɖŰŬ Űɞɡ 

ŭɘŬɛŮɟɑůɛŬŰɞɠ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ Űɘɛɏɠ Ŭˊɧ 0.000 ɏɤɠ 1.000 

ɋɠ ŭɘŬɢɤɟɖŰɧŰɖŰŬ Ůɜɧɠ ɢɩɟɞɠ ɞɟɑɕŮŰŬɘ Űɞ ˊɞůɞůŰɧ Ůˊɑ Űɞɘɠ ŮəŬŰɧ Űɞɡ ɢɩɟɞɡ 

ŬɡŰɞɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ əŬŰŬəɚɡůɗŮɑ. ȼ Űɘɛɐ Űɖɠ ŭɘŬɢɤɟɖŰɧŰɖŰŬɠ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ˊɟŬɔɛŬŰɘəɧ Ŭɟɘɗɛɧ 5 ůɖɛŬɜŰɘəɩɜ ɣɖűɑɤɜ əŬɘ 3 ŭŮəŬŭɘəɩɜ əŬɘ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ Űɘɛɏɠ 

Ŭˊɧ Űɞ 0,000 (0%) ɔɘŬ ɛɖŭŮɜɘəɐ ŭɘŬɢɤɟɖŰɧŰɖŰŬ  ɏɤɠ Űɞ 1,000 (100%) ɔɘŬ ˊɚɐɟɖ 

əŬŰɎəɚɡůɖ ŭɘŬɗɏůɘɛɞɡ ɢɩɟɞɡ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ. 

ȳɚɞɘ ɞɘ ɡˊɧɚɞɘˊɞɘ Ŭɟɘɗɛɞɑ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŬəɏɟŬɘɞ Ŭɟɘɗɛɧ ɞ ɞˊɞɑɞɠ ɛˊɞɟŮɑ ɜŬ 

ɚɎɓŮɘ ɏɤɠ 4 ɣɖűɑŬ. 

ȷəɞɚɞɡɗŮɑ ɛɑŬ ŬɚűŬɟɘɗɛɖŰɘəɐ ůŮɘɟɎ. 

ɇɞ ŮˊɧɛŮɜɞ əɞɛɛɎŰɘ Űɖɠ ŬɜɎɔɜɤůɖɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ 

ɡˊɧ əŬŰɎəɚɡůɖ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ ůŰɞɜ ɞˊɞɑɞ ŬɜɐəŮɘ ɖ ŭɘŬŰɞɛɐ 

Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ. ȼ ŮɘůŬɔɤɔɐ Űɤɜ ůɢŮŰɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ ŮɑɜŬɘ ŬɜŰɑůŰɞɘɢɖ ɛŮ ŬɡŰɐ 

Űɖɠ ŬɜɎɔɜɤůɖɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɔɘŬ Űɖɜ  ɔŮɤɛŮŰɟɑŬ əɎɗŮ ɔɎůŰɟŬɠ, ɛŮ ŮɚɎɢɘůŰŮɠ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ. ȰŰůɘ ɚɞɘˊɧɜ ŬɜɎɚɞɔŬ Űɞɜ Űɨˊɞ Űɖɠ ŭɘŬŰɞɛɐɠ ɢɤɟɑɕɞɡɛŮ ˊŮɟɘˊŰɩůŮɘɠ: 

ɇɨˊɞɠ 1 ï Ʉɞɚɡɔɤɜɘəɐ ŭɘŬŰɞɛɐ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɡˊɧ əŬŰɎəɚɡůɖ 

ȷɟɢɘəɎ, ůŰɖɜ ůŰɐɚɖ 39 ŭɑɜɞɡɛŮ Űɞɜ Ŭɟɘɗɛɧ (ŬəɏɟŬɘɞɠ Ŭɟɘɗɛɧɠ, ɏɤɠ 4 ɣɖűɑŬ) 

Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞ ˊɞɚɡɔɤɜɘəɧ ɢɤɟɑɞ (ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŬɟɎŭŮɘɔɛŬ 

ˊŮɟɘɔɟɎűɞɡɛŮ Űɖɜ ɔɎůŰɟŬ ɛŮ 7 ůɖɛŮɑŬ). 

ȷəɞɚɞɡɗŮɑ ɖ ŬɜɎɔɜɤůɖ ŭɨɞ ŬɚűŬɟɘɗɛɖŰɘəɩɜ ůŮɘɟɩɜ 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɝŮəɘɜɎ ŮˊŬɜɎɚɖɣɖ ŮɜŰɧɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɛŮ ɓɎůɖ Űɞɜ 

Ŭɟɘɗɛɧ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ɞɟɑůɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ. 

ȰŰůɘ ɚɞɘˊɧɜ ɧůŬ ŮɑɜŬɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ ɞɟɑůŬɛŮ ŰɧůŮɠ ɗŬ ŮɑɜŬɘ əŬɘ ɞɘ ůŮɘɟɏɠ ˊɞɡ 

ɗŬ Ŭəɞɚɞɡɗɐůɞɡɜ ɛŮ Űɖɜ əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ ɜŬ ˊŮɟɘɏɢŮɘ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ (xfi,yfi) Űɞɡ 

əɎɗŮ ůɖɛŮɑɞɡ, Űɘɠ ɞˊɞɑŮɠ ɛŮŰɟɎɛŮ ɤɠ ˊɟɞɠ Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɞɡ ŮəɎůŰɞŰŮ Űɞˊɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ (Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɖɠ ŮɝɏŭɟŬɠ) əŬɘ ɛŮ űɞɟɎ ŭɘŬɔɟŬűɐɠ Űɖɜ 

ɤɟɞɚɞɔɘŬəɐ (ɧˊɤɠ ůŰɞ ůɢɐɛŬ 6.7.2). Ⱥˊɘˊɚɏɞɜ Űɞ ˊɟɩŰɞ ɕŮɡɔɎɟɘ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

ůɡɛˊɑˊŰŮɘ ɛŮ Űɞ ŰŮɚŮɡŰŬɑɞ ɏŰůɘ ɩůŰŮ ɜŬ əɚŮɑɜŮɘ ɔŮɤɛŮŰɟɘəɎ ɖ ŮˊɘɚŮɔɛɏɜɖ ˊŮɟɘɞɢɐ. Ƀɘ 

ŭɨɞ ůɡɜŰŮŰŬɔɛɏɜŮɠ ŮəűɟɎɕɞɜŰŬɘ ɛɏůɤ ˊɟŬɔɛŬŰɘəɩɜ Ŭɟɘɗɛɩɜ ɛŮ 12 ůɖɛŬɜŰɘəɎ ɣɖűɑŬ 

əŬɘ 6 ŭŮəŬŭɘəɎ əŬɘ ɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ɏɜŬ əŮɜɧ. 

ȷəɞɚɞɡɗŮɑ ɖ ŬɜɎɔɜɤůɖ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 

ɇɨˊɞɠ 2 ï Ƀɟɗɞɔɤɜɘəɐ ɔɎůŰɟŬ 

ɆŬɜ ŭŮɨŰŮɟɞ Űɨˊɞ ŭɘŬŰɞɛɐɠ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɡˊɧ əŬŰɎəɚɡůɖ, ŬɜŰɑůŰɞɘɢŬ ɛŮ 

Űɘɠ ɔɎůŰɟŮɠ, ɞɟɑɕɞɡɛŮ Űɞɜ ɞɟɗɞɔɤɜɘəɧ. ũɘô ŬɡŰɧɜ Űɞɜ Űɨˊɞ ɔɎůŰɟŬɠ ŬɟɢɘəɎ ŭɑɜɞɡɛŮ Űɘɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ Űɘɠ ŭɘŬŰɞɛɐɠ (xf,yf) ɤɠ ˊɟɞɠ Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɞɡ 

ŮəɎůŰɞŰŮ Űɞˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ (Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɖɠ ŮɝɏŭɟŬɠ), əŬɘ Űɏɚɞɠ Űɞ ɛɐəɞɠ 

L əŬɘ Űɞ ˊɚɎŰɞɠ B Űɞɡ ɞɟɗɞɔɤɜɑɞɡ (ůɢɐɛŬ 6.7.1). ȾŬɘ ɞɘ ŰɟŮɑɠ ˊɟɞɖɔɞɨɛŮɜŮɠ 
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ɛŮŰŬɓɚɖŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ůŮɘɟɎ, ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ ɛŮ 12 ůɖɛŬɜŰɘəɎ 

ɣɖűɑŬ (6 ŭŮəŬŭɘəɎ) əŬɘ ɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ɏɜŬ əŮɜɧ. 

 

ɇɨˊɞɠ 3 ï Ⱦɡəɚɘəɐ ɔɎůŰɟŬ 

Ƀ Űɨˊɞɠ 3 ŬűɞɟɎ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ. ũɘô ŬɡŰɧɜ Űɞɜ Űɨˊɞ 

ŭɑɜɞɡɛŮ ˊɟɩŰŬ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ Űɘɠ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ (xf,yf) Ŭˊɧ Űɖɜ 

Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɞɡ ŮəɎůŰɞŰŮ Űɞˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ (Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɖɠ 

ŮɝɏŭɟŬɠ), əŬɘ Űɏɚɞɠ Űɖɜ ŬəŰɑɜŬ rf Űɞɡ əɨəɚɞɡ (ůɢɐɛŬ 6.7.1). ȾŬɘ ɞɘ ŰɟŮɑɠ ˊɟɞɖɔɞɨɛŮɜŮɠ 

ɛŮŰŬɓɚɖŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ůŮɘɟɎ, ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ ɛŮ 12 ůɖɛŬɜŰɘəɎ 

ɣɖűɑŬ (6 ŭŮəŬŭɘəɎ) əŬɘ ɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ɏɜŬ əŮɜɧ. 

 

ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

əŬŰŬɔɟŬűɐ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞɡ əɎɗŮ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɡˊɧ əŬŰɎəɚɡůɖ ɖ 

ŮɜɧŰɖŰŬ əɚŮɑɜŮɘ ɛŮ Űɖɜ ŬɜɎɔɜɤůɖ ɛɑŬɠ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 

 

ɄŬɟŬŰɐɟɖůɖ: 

H ɨˊŬɟɝɖ Ůɜɧɠ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɡˊɧ əŬŰɎəɚɡůɖ ˊɟɞűŬɜɩɠ ŭŮɜ 

ŮɑɜŬɘ ŬɜŬɔəŬůŰɘəɧ ɜŬ ůɡɛɓŬɑɜŮɘ ˊɎɜŰŬ. ȰŰůɘ ɚɞɘˊɧɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ Ŭɜ ɡˊɎɟɢŮɘ ɏɜŬ 

ŰɞɡɚɎɢɘůŰɞɜ ŭɘŬɛɏɟɘůɛŬ ɛŮ əŬŰɎəɚɡůɖ ˊɟɞəɨˊŰɞɡɜ ŰŬ ŭɨɞ ŮɜŭŮɢɧɛŮɜŬ: 

i. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ůŰɞ ůɨůŰɖɛŬ ɡˊɎɟɢŮɘ ɏɜŬ ŰɞɡɚɎɢɘůŰɞɜ 

əŬŰŬəɚɡůɗɏɜ ŭɘŬɛɏɟɘůɛŬ ɖ ŮɜɧŰɖŰŬ Űɖɠ ɞˊɞɑŬɠ ɖ ŬɜɎɚɡůɖ ˊɟɞɖɔɐɗɖəŮ 

ŮɜůɤɛŬŰɩɜŮŰŬɘ ůŰɞ ŬɟɢŮɑɞ ŮɘůŬɔɤɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ, Ŭɛɏůɤɠ ɛŮŰɎ Űɖɜ 

ŮɜɧŰɖŰŬ 5 ˊɞɡ ŬűɞɟɎ Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ 

ŭɡɜɎɛŮɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

ii.  ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ŭɘŬɛɏɟɘůɛŬ ɡˊɧ əŬŰɎəɚɡůɖ, ŰɧŰŮ 

əŬŰŬɟɢɐɜ ůŰɖɜ 1ɖ ŮɜɧŰɖŰŬ Űɤɜ əɡɟɑɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɞ ɞɚɘəɧɠ 

Ŭɟɘɗɛɧɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɡˊɧ əŬŰɎəɚɡůɖ (NFC) ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɘůŬɢɗŮɑ 

ɛɖŭɏɜ. ȾŬŰɎ ŭŮɨŰŮɟɞɜ ɖ ŮɜɧŰɖŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŬűŬɘɟŮɗŮɑ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ ɞˊɞɘŬůŭɐˊɞŰŮ ůɨɔɢɡůɖɠ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ. 
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6.8. ɉŬɟŬəŰɖɟɘůŰɘəɎ ůɖɛŮɑɤɜ ɧˊɞɡ ŮˊɘɗɡɛɞɨɛŮ ɜŬ ɔɑɜŮɘ ɡˊɞɚɞɔɘůɛɧɠ  

Űɞɡ ɓɡɗɑůɛŬŰɞɠ 

 

ȼ ŮɜɧŰɖŰŬ ŬɡŰɐ, ɛŬɕɑ ɛŮ Űɖɜ ŮɜɧŰɖŰŬ ˊɞɡ ŬűɞɟɎ Űɖɜ əŬŰɎəɚɡůɖ ɏɢɞɡɜ 

ŮɜůɤɛŬŰɤɗŮɑ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ əŬɘ ŭŮɜ ˊɟɞɦˊɐɟɢŬɜ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮŰŬɘ ɖ ŮɜɧŰɖŰŬ ɔɘŬ Űɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ, 

ɧˊɤɠ Ŭəɟɘɓɩɠ ŬɡŰɐ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɞɡ ŬɟɢŮɑɞɡ ŮɘůŬɔɤɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ.  

 

-----------------------------------------------------------------------------------------  

                            Draught at Required Location                                                      

-------------------------------------------------------- ---------------------------------  

--------------------------------------------  

Location No.:1    

----------------  

Body          |xli          |yli  

  1         25.000000     8 .000000  

--------------------------------------------  

Location No.:2     

---------- ------  

Body           | xli           | yli  

  3          3.000000    19 .000000  

-----------------------------------------------------------------------------------------  

 

 

 

 

 

ȼ ŮɜɧŰɖŰŬ ŬɡŰɐ ɧˊɤɠ əŬɘ ɞɘ ˊɟɞɖɔɞɨɛŮɜŮɠ ɝŮəɘɜɎ ɛŮ Űɖɜ ŬɜɎɔɜɤůɖ Űɟɘɩɜ 

ůŮɘɟɩɜ ɛŮ ŬɚűŬɟɘɗɛɖŰɘəɎ ůŰɞɘɢŮɑŬ ɧˊɤɠ ŬəɞɚɞɡɗŮɑ: 

-----------------------------------------------------------------------------------------  

                            Draught  at  Required  Location                                                       

-----------------------------------------------------------------------------------------  

 

ȷɛɏůɤɠ ɛŮŰɎ ɝŮəɘɜɎ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɛŮ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ ɑůɞ ɛŮ 

Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɖɛŮɑɤɜ ůŰŬ ɞˊɞɑŬ ɕɖŰɎɤ Űɞ ɓɨɗɘůɛŬ (ɏɢŮɘ əŬɗɞɟɘůŰŮɑ ůŰɖɜ ˊɟɩŰɖ 

ŮɜɧŰɖŰŬ Űɤɜ əɡɟɑɤɜ ɛŮŰŬɓɚɖŰɩɜ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ). 

ɆŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ŮˊŬɜŬɚɐɣŮɘɠ ůɡɛɓŬɑɜɞɡɜ ŰŬ ŮˊɧɛŮɜŬ: 

¶ ȷɜɎɔɜɤůɖ ɛɑŬɠ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ 

¶ ȷɜɎɔɜɤůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɞɡ ůɖɛŮɑɞɡ ůŰɞ ɞˊɞɑɞ ŮˊɘɗɡɛɞɨɛŮ ɜŬ 

ɡˊɞɚɞɔɘůɗŮɑ Űɞ ɓɨɗɘůɛŬ. ɆɡɔəŮəɟɘɛɏɜŬ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ ŬəɏɟŬɘɞ 

Ŭɟɘɗɛɧ (ɏɤɠ 4 ɣɖűɑŬ) ůŰɖɜ 14ɖ ůŰɐɚɖ Űɖɠ ůŮɘɟɎɠ. 

¶ ȷɜɎɔɜɤůɖ ŭɨɞ ŬɚűŬɟɘɗɛɖŰɘəɩɜ ůŮɘɟɩɜ 

¶ ȷɜɎɔɜɤůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɞɡ ůɩɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ Űɞ 

ŮɝŮŰŬɕɧɛŮɜɞ ůɖɛŮɑɞ ɛɏůɤ ŬəŮɟŬɑɞɡ Ŭɟɘɗɛɞɨ (ɛɏɢɟɘ 4 ɣɖűɑŬ), Űɖɠ 
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ŬˊɧůŰŬůɖɠ xl Űɞɡ ůɖɛŮɑɞɡ Ŭˊɧ Űɞɜ ɎɝɞɜŬ Ƀy Űɞɡ Űɞˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ (Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ Űɖɠ ŮɝɏŭɟŬɠ ůŰɖɜ ɞˊɞɑŬ 

ɓɟɑůəŮŰŬɘ Űɞ ůɖɛŮɑɞ) əŬɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŬˊɧůŰŬůɖ yl Űɞɡ ůɖɛŮɑɞɡ Ŭˊɧ 

Űɞɜ ɎɝɞɜŬ Ƀx Űɞɡ Űɞˊɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɧˊɤɠ ůŰɞ ůɢɐɛŬ 

6.8.1. Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ (xl,yl) Űɞɡ ůɖɛŮɑɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɜŰŬɘ Ŭˊɧ 

ˊɟŬɔɛŬŰɘəɧ Ŭɟɘɗɛɧ 12 ůɖɛŬɜŰɘəɩɜ ɣɖűɑɤɜ (6 ŭŮəŬŭɘəɎ). Ƀɘ ŰɟŮɑɠ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮŰŬɓɚɖŰɏɠ ɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ əŮɜɧ. 

¶ ȷɜɎɔɜɤůɖ ɛɑŬɠ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 

ɀŮ Űɞ Űɏɚɞɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ əŬɘ Űɖɜ ŬɜɎɔɜɤůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɔɘŬ 

əɎɗŮ ůɖɛŮɑɞ ɖ ŮɜɧŰɖŰŬ əɚŮɑɜŮɘ ɛŮ Űɖɜ ŬɜɎɔɜɤůɖ ɛɘŬɠ ŬɚűŬɟɘɗɛɖŰɘəɐɠ ůŮɘɟɎɠ. 

 

 

 

ɆɢɐɛŬ 6.8.1 

ȷˊŮɘəɧɜɘůɖ ůɖɛŮɑɞɡ ůŰɞ ɞˊɞɑɞ ŮˊɘɗɡɛɞɨɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ əŬɘ Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɞɡ ɓɡɗɑůɛŬŰɞɠ, ůŮ ɏɜŬ 

ŰɡɢŬɑɞ ůɩɛŬ. 

 

 

 

ɄŬɟŬŰɐɟɖůɖ: 

ȳˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɡˊɧ əŬŰɎəɚɡůɖ ɏŰůɘ əŬɘ ɔɘŬ Űɖɜ ɕɐŰɖůɖ 

ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɓɡɗɑůɛŬŰɞɠ ůŮ əɎˊɞɘɞ ɐ əɎˊɞɘŬ ůɡɔəŮəɟɘɛɏɜŬ ůɖɛŮɑŬ ɛɑŬɠ ŮɝɏŭɟŬɠ ŮɑɜŬɘ 

ˊɟɞŬɘɟŮŰɘəɐ. ȯɚɚɤůŰŮ ɧˊɤɠ ɗŬ ŭɞɨɛŮ əŬɘ ˊŬɟŬəɎŰɤ ůŰɖɜ ˊŬɟɞɡůɑŬůɖ əŬɘ ŬɜɎɚɡůɖ Űɞɡ 

ŬɟɢŮɑɞɡ Ůɝɧŭɞɡ, ɡˊɎɟɢŮɘ ɖ ŮɜŰɞɚɐ ůŰɖɜ ɏɝɞŭɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɜŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ Űɞ ɓɨɗɘůɛŬ ɔɘŬ əɎɗŮ Ɏɟɗɟɤůɖ (ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɡˊɎɟɢŮɘ 

Ɏɟɗɟɤůɖ). ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ŮɎɜ ŮˊɘɗɡɛɞɨɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ əŬɘ Űɖɜ ŮɛűɎɜɘůɖ Űɞɡ 

ɓɡɗɑůɛŬŰɞɠ ůŰɞ ůɖɛŮɑɞ ɧˊɞɡ ɓɟɑůəŮŰŬɘ ɛɑŬ Ɏɟɗɟɤůɖ ůŰɞ ůɨůŰɖɛŬ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ˊɟɞɓɞɨɛŮ ůŰɖɜ ŮɜůɤɛɎŰɤůɖ Űɖɠ ˊŬɟɞɨůɖɠ ŮɜɧŰɖŰŬɠ ůŰɞ ŬɟɢŮɑɞ input, ŭɘɧŰɘ ɗŬ ɏɢɞɡɛŮ 

Űɖɜ ŮɛűɎɜɘůɖ Űɞɡ ɑŭɘɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ŭɨɞ űɞɟɏɠ. 
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ŭŮɜ ŮˊɘɗɡɛɞɨɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ Űɖɜ 

ŮəŰɨˊɤůɖ Űɞɡ ɓɡɗɑůɛŬŰɞɠ ůŮ əɎˊɞɘɞ ɐ əɎˊɞɘŬ ůɡɔəŮəɟɘɛɏɜŬ ůɖɛŮɑŬ ɛɘŬɠ ŮɝɏŭɟŬɠ ŰɧŰŮ 

ɗŬ ˊɟɏˊŮɘ: 

¶ ȷɟɢɘəɎ ůŰɖɜ 1ɖ ŮɜɧŰɖŰŬ ŮɘůŬɔɤɔɐɠ Űɤɜ əɡɟɑɤɜ ɛŮŰŬɓɚɖŰɩɜ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, 

ɞ Ŭɟɘɗɛɧɠ DRL (ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ ůɖɛŮɑɤɜ ɧˊɞɡ ɕɖŰɎŰŬɘ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ 

Űɞ ɓɨɗɘůɛŬ) ɜŬ ɞɟɘůɗŮɑ ɑůɞɠ ɛŮ ɛɖŭɏɜ (Total  Number of  Req. Draught  Location  

( DRL)  :1  )  . 

¶ ɁŬ ŬűŬɘɟŮɗŮɑ ɖ 8ɖ ŮɜɧŰɖŰŬ ˊɞɡ ŬűɞɟɎ Űɖɠ ŮɘůŬɔɤɔɐ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ əɎɗŮ 

ůɖɛŮɑɞɡ ˊɞɡ ɕɖŰɎɛŮ Űɞ ɓɨɗɘůɛŬ əŬɘ ŬɜŬɚɨɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. 
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6.9. ȷˊɚɧ ɆɩɛŬ 

 

ɇɞ ˊɟɧɔɟŬɛɛŬ ŮəŰɧɠ Ŭˊɧ Űɘɠ ůɨɜɗŮŰŮɠ ˊŮɟɘˊŰɩůŮɘɠ ůɤɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

ůɡɜŭŮŭŮɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŬɟɗɟɩůŮɘɠ, ŮˊɘɚɨŮɘ əŬɘ Űɖɜ ˊŮɟɑˊŰɤůɖ ůɩɛŬŰɞɠ ɛŮ 

ŰɡɢŬɑŮɠ ɔɎůŰɟŮɠ ɢɤɟɑɠ əŬɛɑŬ Ɏɟɗɟɤůɖ. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ 

ɞ űɎəŮɚɞɠ Ůɘůɧŭɞɡ ŭŮŭɞɛɏɜɤɜ ůŮ ɞɟɘůɛɏɜŬ ůɖɛŮɑŬ. ũɘŬ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɖɠ 

Ŭˊɚɐɠ ˊŮɟɑˊŰɤůɖɠ ůɩɛŬŰɞɠ, ˊŬɟŬɗɏŰɞɡɛŮ ˊɟɩŰŬ Űɞ űɎəŮɚɞ Ůɘůɧŭɞɡ Ůɜɧɠ 

ˊŬɟŬŭŮɑɔɛŬŰɞɠ Ůɜɧɠ ůɩɛŬŰɞɠ ɛŮ ɛɑŬ ɔɎůŰɟŬ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ŮˊɘůɖɛɎɜɞɡɛŮ Űɘɠ 

ŭɘŬűɞɟɏɠ. 

 
------------------------------------------------------------------------------------------  

       Main Program Variables & Constants  
-------------- ----------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :1  
Total Number of Joints (NAR)                 :0  
Total Number of Hulls  (NGS)                  :1  
Total Number of  Flooded Compartments (NFC)   :1  
Total Number of Bodies with Fl. Comp. (NBF C) :1  
Total Number of  Req. Draught Location (DRL)  :1                                          
Maximum No. of Hulls/Body                    :1  
Maximum No. of Points/Hull                   :0  
Maximum No. of Points/Flooded Compartment    :0                                            
Maximum No. of Bodies/Joint                  :0  
Maximum No. of Joints/Body                   :0  
Maximum No. of Forces/Body                   :2  
Water Special  Weight [tn/mį] (PKNN)          :1.025000  
------------------------------------------------------------------------------------------  
 
 
------------------------------------------------------------------------------------------     

       Bodies Characteristi cs  
------------------------------------------------------------------------------------------  
Body No.        |Xref        |Yref        |L           |B           |H  
1            2.000000     2.000000    50.000000    10.000000     0.200000  
------------------------------------------------------------------------------------------  
 
 
------------------------------------------------------------------------------------------  
                                  Hulls Characteristics  
---------------- --------------------------------------------------------------------------
--------------------------- -  
Body No.:1   | Hulls/Body:1  
--------------------------- -  
                                Hull No.:1   |Type:2  
          --------------------------------- --------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
             3.800000    25.000000     5.000000    50.000000    10.000000  
          -----------------------------------------------------------------  
------------------------------------------------------------------------------------------  
 
 
------------------------------------------------------------------------------------------  
                            External Powers & Characteristics  
------------------------------------------------------------------------------------------
--------------------------- -  
No. Body:1   | Power/Body:2  
--------------------------- -  
Power No.|Power       |xpi         |ypi         |zpi  
1         563.750000    25 . 000000     5.000000     1.500000  
2          20.0 00000    50.000000    10.000000     4.0 00000  
------------------------------------------------------------------------------------------  
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---------------------------------------------------------------------- --------------------                       
                          Flooded Compartments Characteristics        
------------------------------------------------------------------------------------------  
----------------------------------------------------- ----------------------------  
Compartment No.:1   |Body No.:1   |Hull No.:1   |Type:2   |Permability:1.000  
----------------------------------------------------------------------------  
         |xf          |yf          |Lf          |Bf  
      35.000000     7 .500000   10.000000     5.000000   
------------------------------------------------------------------------------------------  
 

 

 

 

------------------------------------------------------------------------------------------  
                            Draught at Required Location  
------------------------------------------------------------------------------------------
--------------------------------------------  
Location No.:1  
----------------  
Body         |xli          |yli  
 1         1 0.000000     0.000000  
--------------------------------------------  
------------------------------------------------------------------------------------------  
 

 

 

ȷɟɢɘəɎ ɔɘŬ ɜŬ ɔɑɜŮɘ əŬŰŬɜɞɖŰɧ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ ɧŰɘ ɏɢɞɡɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ůɩɛŬŰɞɠ ɢɤɟɑɠ əŬɛɑŬ Ɏɟɗɟɤůɖ ɗɏŰɞɡɛŮ ɞɚɘəɧ Ŭɟɘɗɛɧ ŬɟɗɟɩůŮɤɜ ɛɖŭɏɜ 0 (Total  

Number of  Joints  ( NAR):0 ), ɀɏɔɘůŰɞ Ŭɟɘɗɛɧ ůɤɛɎŰɤɜ ŬɜɎ Ɏɟɗɟɤůɖ ɛɖŭɏɜ 0 (Maximum 

No. of  Bodies / Joint :0) əŬɘ ɛɏɔɘůŰɞ Ŭɟɘɗɛɧ ŬɟɗɟɩůŮɤɜ ŬɜɎ ůɩɛŬ ɛɖŭɏɜ 0 (Maximum 

No. of  Joints / Body :0 ). 

 ȾŬŰɎ ůɡɜɏˊŮɘŬ Ůűɧůɞɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ŬɟɗɟɩůŮɘɠ ůŰɞ űɎəŮɚɞ Ůɘůɧŭɞɡ 

ˊŬɟŬɚŮɑˊŮŰŬɘ ɖ ŮɜɧŰɖŰŬ 6.5 ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɟɗɟɩůŮɤɜ, 

ɧɚŬ ŰŬ ɎɚɚŬ ůŰɞɘɢŮɑŬ Űɞɡ űŬəɏɚɞɡ Ůɘůɧŭɞɡ ɏɢɞɡɜ ɧˊɤɠ ŰŬ ɏɢɞɡɛŮ ˊŮɟɘɔɟɎɣŮɘ ůŰɘɠ 

ˊŬɟŬˊɎɜɤ ŮɜɧŰɖŰŮɠ. 

ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ˊŬɟŬɗɏůŬɛŮ ɔɘŬ Űɞ Ŭˊɚɧ ůɩɛŬ ɏɢɞɡɛŮ ŮˊɘɚɏɝŮɘ əŬɘ Űɖɜ 

ɨˊŬɟɝɖ Ůɜɧɠ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɛŮ əŬŰɎəɚɡůɖ. ȳɛɤɠ ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ɔɘŬ ŰŬ ůɩɛŬŰŬ ˊɞɡ 

ŬˊɞŰŮɚɞɨɜ ɛɏɟɞɠ ůɨɜɗŮŰɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ɛŮ ŬɟɗɟɩůŮɘɠ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ 

ɡˊɎɟɢŮɘ ˊɎɜŰŬ əɎˊɞɘɞɡ Ůɑŭɞɡɠ əŬŰŬəɚɡɕɧɛŮɜɞ ŭɘŬɛɏɟɘůɛŬ, ɧˊɤɠ əŬɘ ŮɑɜŬɘ ŬˊɧɚɡŰŬ 

űɡůɘɞɚɞɔɘəɧ ɎɚɚɤůŰŮ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ɏůŰɤ ɏɜŬ əŬŰŬəɚɡɕɧɛŮɜɞ 

ŭɘŬɛɏɟɘůɛŬ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ɔɘŬ Űɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ŬɟəŮɑ ɜŬ ɞɟɘůɗŮɑ ɑůɞɠ ɛŮ 

ɛɖŭɏɜ ɞ Ŭɟɘɗɛɧɠ NFC (ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ əŬŰŬəɚɡɕɧɛŮɜɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ) ůŰɘɠ 

əɨɟɘŮɠ ɛŮŰŬɓɚɖŰɏɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɞ Ŭɟɘɗɛɧɠ NBFC (Ŭɟɘɗɛɧɠ ůɤɛɎŰɤɜ ɛŮ 

əŬŰŬəɚɡɕɧɛŮɜɞ ŭɘŬɛɏɟɘůɛŬ) Ůɜɩ Űɏɚɞɠ ˊŬɟŬɚŮɑˊŮŰŬɘ ɖ ŮɜɧŰɖŰŬ 6.7 ˊɞɡ ŬűɞɟɎ Űɖɜ 

ŮɘůŬɔɤɔɐ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ůŰɞ ˊɟɧɓɚɖɛŬ. 

ɇɏɚɞɠ ŬɜɎɚɞɔɖ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɑɜŬɘ əŬɘ ɖ ɗɏůɖ Űɖɠ  ŮɜɧŰɖŰŬɠ 6.8 ɔɘŬ ŰŬ 

ůɖɛŮɑŬ ůŰŬ ɞˊɞɑŬ ŮˊɘɗɡɛŮɑ ɞ ɢɟɐůŰɖɠ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ əŬɘ ɜŬ ˊŬɟɞɡůɘŬůɗŮɑ Űɞ ɓɨɗɘůɛŬ 

ɛɑŬɠ ŮɝɏŭɟŬɠ. ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ Ůŭɩ ɔɘŬ Űɞ Ŭˊɚɧ ůɩɛŬ ɕɖŰɐůŬɛŮ 

Űɞ ɓɨɗɘůɛŬ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ. ȺɎɜ ŭŮɜ ŮˊɘɗɡɛɞɨůŬɛŮ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ Űɞ 
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ɓɨɗɘůɛŬ ŬɡŰɧ ŰɧŰŮ ɗŬ ɏˊɟŮˊŮ ůŰɘɠ əɨɟɘŮɠ ɛŮŰŬɓɚɖŰɏɠ ɜŬ ɞɟɘůɗŮɑ ɖ ɛŮŰŬɓɚɖŰɐ DRL 

(ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ůɖɛŮɑɤɜ ůŰŬ ɞˊɞɑŬ ɕɖŰŮɑŰŬɘ Űɞ ɓɨɗɘůɛŬ) ɑůɖ ɛŮ ɛɖŭɏɜ əŬɘ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ŰŬ ˊŬɟŬɚɖűɗŮɑ ɖ 8ɖ ŮɜɧŰɖŰŬ  ˊɞɡ ŬɜŬɚɨɗɖəŮ ůŰɞ ŮŭɎűɘɞ 6.8 Ŭˊɧ Űɞ ŬɟɢŮɑɞ 

ŮɘůŬɔɤɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

 

 

ɄŬɟŬŰɐɟɖůɖ ɔɘŬ ŰŬ ůŰɞɘɢŮɑŬ Ůɘůɧŭɞɡ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. 

ȹŮɜ ɡˊɎɟɢɞɡɜ ́ Ůɟɘɞɟɘůɛɞɑ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɤɛɎŰɤɜ, Űɤɜ ŬɟɗɟɩůŮɤɜ əŬɘ Űɞɡ 

Ŭɟɘɗɛɞɨ Űɤɜ ɔŬůŰɟɩɜ ŬɜɎ ůɩɛŬ. ȳɛɤɠ ɏɢɞɡɛŮ ɞɟɑůŮɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɜŬ ɚɨɜŮɘ 

ůɡůŰɐɛŬŰŬ ɛɏɢɟɘ 100x100 ɞˊɧŰŮ ɞɘ ůɡɜɞɚɘəɞɑ ɎɔɜɤůŰɞɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɡˊŮɟɓŬɑɜɞɡɜ 

Űɞɡɠ 100. Ⱥˊɘˊɚɏɞɜ ŭŮɜ ɔɑɜŮŰŬɘ ɛŮŰŬɝɨ ŭɨɞ ůɤɛɎŰɤɜ ɜŬ ɡˊɎɟɢɞɡɜŮ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ 

2 ŬɟɗɟɩůŮɤɜ ŭɘɧŰɘ Űɞ ůɨůŰɖɛŬ ŰɧŰŮ ŮɑɜŬɘ ɡˊŮɟůŰŬŰɘəɧ əŬɘ Ŭəɧɛɖ əŬɘ Ŭɜ ŭɩůŮɘ ɚɨůɖ 

Űɞ ˊɟɧɔɟŬɛɛŬ ɖ ɚɨůɖ ŬɡŰɐ ŭŮɜ ɗŬ ŮɑɜŬɘ ůɤůŰɐ. Ⱥˊɘˊɚɏɞɜ ŭŮɜ ɔɑɜŮŰŬɘ ůŮ ɏɜŬ ůɩɛŬ ɜŬ 

ɡˊɎɟɢɞɡɜŮ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ Űɟɘɩɜ ůŰŬɗŮɟɩɜ ŬɟɗɟɩůŮɤɜ ŭɘɧŰɘ ŰɧŰŮ ɏɢɞɡɛŮ ˊɎɚɘ 

ɡˊŮɟůŰŬŰɘəɧ ˊɟɧɓɚɖɛŬ Ŭűɞɨ ɞɟɑɕɞɡɛŮ Űɞ ŮˊɑˊŮŭɞ ɓɎůɖ 4 ůɖɛŮɑɤɜ, ˊɟɎɔɛŬ ɎŰɞˊɞ. 

ɇɏɚɞɠ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ Ŭɟɢɐ Űɞɡ əŮűŬɚŬɑɞɡ Űɞ ˊɟɧɔɟŬɛɛŬ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ 

ŮˊɘɚɨůŮɘ ˊɟɞɓɚɐɛŬŰŬ ɛŮ əŬŰɎəɚɡůɖ ɛɧɜɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ Ŭˊɚɞɨ ůɩɛŬŰɞɠ ɧˊɞɡ 

ŭŮɜ ɡˊɎɟɢɞɡɜ ŬɟɗɟɩůŮɘɠ. 
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7. ȺɝŬɔɤɔɐ ŬˊɞŰŮɚŮůɛɎŰɤɜ 
 

 

ɇɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ ŬɟɢŮɑɞ Űɖɠ ɛɞɟűɐɠ name.out. Ƀ 

ɢɟɐůŰɖɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŭɩůŮɘ Űɞ ɧɜɞɛŬ ˊɞɡ ŮəŮɑɜɞɠ 

ŮˊɘɗɡɛŮɑ, Ŭɛɏůɤɠ ɛŮŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ Űɞɡ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ. ȳˊɤɠ 

əŬɘ ɔɘŬ Űɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɏŰůɘ əŬɘ Ůŭɩ Űɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛˊɞɟŮɑ 

ɜŬ óŬɜɞɘɢɗŮɑô əŬɘ ɜŬ ŮˊŮɝŮɟɔŬůɗŮɑ Ŭˊɧ ɞˊɞɘɞŭɐˊɞŰŮ ȼ/Ɉ ɛɏůɤ Űɞɡ ˊɟɞ 

ŮɔəŬŰŮůŰɖɛɏɜɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ çɆɖɛŮɘɤɛŬŰɎɟɘɞè ɔɘŬ ȼ/Ɉ ɛŮ ŮɔəŬŰŮůŰɖɛɏɜɞ 

ɚŮɘŰɞɡɟɔɘəɧ Windows ůŰɖɜ Ⱥɚɚɖɜɘəɐ ɔɚɩůůŬ əŬɘ çNotepadè ŬɜŰɑůŰɞɘɢŬ ůŰɖɜ 

ȷɔɔɚɘəɐ. 

 ɇɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ ŮɑɜŬɘ ɏɜŬ ŬɟɢŮɑɞ ŬɟɘɗɛɖŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɘɎŰŬɝɖ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 6 ŮɜɧŰɖŰŮɠ: 

 

1. ȹɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ŬɜɎ Ɏɟɗɟɤůɖ ůŮ əɎɗŮ ůɩɛŬ 

2. ȺɔəɎɟůɘŬ əŬɘ ŭɘŬɛɐəɖ əɚɑůɖ əɎɗŮ ůɩɛŬŰɞɠ 

3. ȸɡɗɑůɛŬŰŬ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ ŬɜɎ ůɩɛŬ 

4. ȸɡɗɑůɛŬŰŬ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ůɖɛŮɑŬ Ůɜɧɠ ůɩɛŬŰɞɠ 

5. ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ 

6. ɇŬ ɡŭɟɞůŰŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůɤɛɎŰɤɜ ˊɞɡ ɛŮɚŮŰɎɛŮ 

 

Ƀɘ ŮɜɧŰɖŰŮɠ ɓɟɑůəɞɜŰŬɘ ůŰɞ ŬɟɢŮɑɞ ɛŮ Űɖɜ ůŮɘɟɎ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ 

ˊŬɟŬˊɎɜɤ. Ƀɘ ŮɜɧŰɖŰŮɠ 2 əŬɘ 5 ɡˊɎɟɢɞɡɜ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ Ůɜɩ ɞɘ ɡˊɧɚɞɘˊŮɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ Űɞ ˊɟɧɔɟŬɛɛŬ ŮˊɘɚɨŮɘ əɎɗŮ űɞɟɎ. ȰŰůɘ 

ɚɞɘˊɧɜ ɞɘ ŮɜɧŰɖŰŮɠ 1 əŬɘ 2 ɡűɑůŰŬŰŬɘ ɛɧɜɞ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ůŰɞ ˊɟɧɓɚɖɛŬ 

ˊŮɟɘɏɢɞɜŰŬɘ ɛɑŬ ɖ ˊŮɟɘůůɧŰŮɟŮɠ ŬɟɗɟɩůŮɘɠ ( ůŰŬɗŮɟɏɠ ɐ ŮɚŮɨɗŮɟŮɠ). ȼ ŮɜɧŰɖŰŬ 4 

ɡˊɎɟɢŮɘ ɛɧɜɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɕɖŰɖɗŮɑ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɓɡɗɑůɛŬŰɞɠ ɛɑŬɠ 

ɔɎůŰɟŬɠ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ ŬɡŰɐɠ əŬɘ Űɏɚɞɠ ɖ ŮɜɧŰɖŰŬ 5 ɡˊɎɟɢŮɘ ɛɧɜɞ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ůŰɞ ˊɟɧɓɚɖɛŬ ŮɛˊŮɟɘɏɢŮŰŬɘ əŬŰɎəɚɡůɖ Ůɜɧɠ ɐ ˊŮɟɘůůɧŰŮɟɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ. 

ũɘŬ əɎɗŮ ŮɜɧŰɖŰŬ ˊɞɡ ɗŬ ˊŮɟɘɔɟɎɣɞɡɛŮ ŬɜŬɚɡŰɘəɎ ůŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ 

ˊŬɟŬɗɏůɞɡɛŮ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ɗŬ ɔɑɜŮɘ ɖ ˊŮɟɘůůɧŰŮɟɞ əŬŰŬɜɞɖŰɐ ɖ 

ŭɞɛɐ əŬɘ Űɟɧˊɞɠ ˊŬɟɞɡůɑŬůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 
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7.1. ȹɡɜɎɛŮɘɠ ŬɜɎ Ɏɟɗɟɤůɖ ůŮ əɎɗŮ ůɩɛŬ 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɘɠ ŭɡɜɎɛŮɘɠ ɏɢɞɡɜŮ Űɖɜ ˊŬɟŬəɎŰɤ ɛɞɟűɐ ˊɞɡ ɗŬ 

ˊŮɟɘɔɟɎɣɞɡɛŮ ŬɜŬɚɡŰɘəɎ ůŰɖɜ ůɡɜɏɢŮɘŬ. ɆŮ əɎɗŮ Ɏɟɗɟɤůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ 

ɛŮɚŮŰɎɛŮ ɛŬɠ ŭɑɜŮŰŬɘ ɖ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŮ əɎɗŮ ůɩɛŬ Űɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ 

ůɡɔəŮəɟɘɛɏɜɖ Ɏɟɗɟɤůɖ. ɉɎɟɖ ŮɡəɞɚɑŬɠ Űɞɡ ɢɟɐůŰɖ ŮɜŰɧɠ Űɖɠ ˊŬɟŮɜɗɏůŮɤɠ ŭɑˊɚŬ Ŭˊɧ 

Űɖ ɚɏɝɖ BODY ŬɜŬɔɟɎűŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɞɡ ůɩɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ŬɜŬűɏɟŮŰŬɘ ɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɨɜŬɛɖ. ȳŰŬɜ ŰŮɚŮɘɩůŮɘ ɖ ŬɜɎɚɡůɖ ŮɚŮɨɗŮɟɤɜ ŭɡɜɎɛŮɤɜ ŬɜɎ ůɩɛŬ, ŮɎɜ 

ɏɢɞɡɛŮ əŬɘ ˊŮɟɘɞɟɘůɛɏɜŮɠ ŬɟɗɟɩůŮɘɠ ůŰɞ ůɨůŰɖɛŬ, ŮɛűŬɜɑɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɖɠ 

Ɏɟɗɟɤůɖɠ ˊɞɡ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ əŬɘ ɖ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɞ ůŰɏɚŮɢɞɠ, ŮɑŰŮ ŮɑɜŬɘ 

Ŭɔəɨɟɤůɖ ŮɑŰŮ ŮɑɜŬɘ ɛɧɚɞɠ. ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŬɟɎŭŮɘɔɛŬ ɖ ůŰŬɗŮɟɐ Ɏɟɗɟɤůɖ ŮɑɜŬɘ 

ɖ ɧɔŭɞɖ, ɞˊɧŰŮ ɛŮŰɎ Űɞ ˊɏɟŬɠ ɧɚɤɜ Űɤɜ ŬɟɗɟɩůŮɤɜ ˊŬɟŬŰɑɗŮŰŬɘ əŬɘ ɖ ŭɨɜŬɛɖ ˊɞɡ 

ŬůəŮɑŰŬɘ (ůŰɖɜ ˊŮɟɑˊŰɤůɐ ɛŬɠ) ůŰɖɜ ɎɔəɡɟŬ. 

 

 

 

ɆɢɐɛŬ 7.1.1 

ɆɨɛɓŬůɖ ˊɟɞůɐɛɤɜ ɔɘŬ Űɘɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŮ əɎɗŮ ůɩɛŬ Ŭˊɧ Űɖɜ Ɏɟɗɟɤůɖ 

 

 

ȳůɞɜ ŬűɞɟɎ ŰŬ ˊɟɧůɖɛŬ Űɖɠ əɎɗŮ  ŭɨɜŬɛɖɠ, Űɞ ŬɟɜɖŰɘəɧ (-) ˊɟɧůɖɛɞ 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŭɨɜŬɛɖ ŬɜŰɑɗŮŰɖɠ əŬŰŮɨɗɡɜůɖɠ Ŭˊɧ Űɖ ŭɨɜŬɛɖ Űɞɡ ɓɎɟɞɡɠ əŬɘ ŬɜŰɑɗŮŰŬ 

Űɞ ɗŮŰɘəɧ (+) ˊɟɧůɖɛɞ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŭɨɜŬɛɖ ɑŭɘŬɠ əŬŰŮɨɗɡɜůɖɠ ɛŮ Űɖɜ ŭɨɜŬɛɖ Űɞɡ 

ɓɎɟɞɡɠ. ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ ůɢɐɛŬŰɞɠ 7.1.1, ŭɨɞ ŮɝɏŭɟŮɠ 1 əŬɘ 2 ˊɚɏɞɡɜ ŬɟɢɘəɎ 

ɘůɞɓɨɗɘůŰŮɠ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ ɛɧɜɞ Űɞɡ ɓɎɟɞɡɠ əɎɗŮ ɛɑŬɠ W1 əŬɘ W2. ɆŰɖɜ ůɡɜɏɢŮɘŬ 

ŬůəŮɑŰŬɘ ŭɨɜŬɛɖ F ůŰɞ ůɩɛŬ 1 ɛŮ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɧ ɜŬ ˊɎɟŮɘ əɚɑůɖ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɜŬ 

ŬůəɐůŮɘ ŭɨɜŬɛɖ -P ůŰɖɜ Ɏɟɗɟɤůɖ. ȼ Ɏɟɗɟɤůɖ ɛŮ Űɖ ůŮɘɟɎ Űɖɠ ɗŬ ŬůəɐůŮɘ ŬɜŰɑɗŮŰɖ 

ŭɨɜŬɛɖ ůŰɞ ůɩɛŬ 2 (ŭɨɜŬɛɖ P) əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɞ ůɩɛŬ 2 ɗŬ ɚɎɓŮɘ əɚɑůɖ ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůɢɐɛŬ. 
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ɄŬɟɎŭŮɘɔɛŬ ŭɡɜɎɛŮɤɜ ŬɜɎ Ɏɟɗɟɤůɖ ůŮ ŬɟɢŮɑɞ Ůɝɧŭɞɡ 

 

 

 --------------------------   
           FORCES  
 - -------------------------   
 --------------------    
  JOINT             1 
 --------------------    
 F ( t ) BODY (  1)    1 =    - 5.386172 E+00 
 F ( t ) BODY (  2)    2 =     5.386172 E+00 
 ------ --------------    
  JOINT            2  
 --------------------    
 F (t) BODY (  2)    3 =    - 2.072881E+00  
 F (t) BODY (  3)    4 =     2.072881E+00  
 --------------------    
  JOINT            3  
 --------------------    
 F (t) BODY (  2)    5 =    - 1.070452E - 01 
 F (t) BODY (  3)    6 =     1.070452E - 01 
 --------------------    
  JOINT            4  
 --------------------    
 F (t) BODY (  4)    7 =    - 1.458194E+00  
 F (t) BODY (  2)    8 =     1.458194E+00  
 --------------------    
  JOINT            5  
 --------------------    
 F (t) BODY (  4)    9 =    - 1.252 914E+00  
 F (t) BODY (  2)   10 =     1.252914E+00  
 --------------------    
  JOINT            6  
 --------------------    
 F (t) BODY (  5)   11 =    - 1.434976E+00  
 F (t) BODY (  2)   12 =     1.434976E+00  
 --------------------    
  JOINT            7  
 --------------------    
 F (t) BODY (  5)   13 =     4.506870E+00  
 F (t) BODY (  2)   14 =    - 4.506870E+00  
 --------------------    
  JOINT            8  
 --------------------    
 F (t) BODY (  1)   15 =     8.161087E - 01 
 F (t) BODY (  2)   16 =     6.685908 E+00 
 -----------------------    
  JOINT            8RESTRAINED  
 -----------------------    
 F (t)   17 =    - 7.502017E+00  
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7.2. ȺɔəɎɟůɘŬ əŬɘ ŭɘŬɛɐəɖ əɚɑůɖ əɎɗŮ ůɩɛŬŰɞɠ 

 

ɆŮ əɎɗŮ ůɩɛŬ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɜɤɟɑɕɞɡɛŮ Űɖɜ Űɘɛɐ Űɖɠ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɖɠ 

əɚɑůŮɤɠ ˊɞɡ ŬɡŰɧ ɏɢŮɘ. ɇŬ ˊɟɧůɖɛŬ Űɤɜ ɔɤɜɘɩɜ ůŰɖɟɑɕɞɜŰŬɘ ůŰɖɜ ˊŬɟŬŭɞɢɐ ɧŰɘ ɖ Űɘɛɐ 

Űɖɠ ŮűŬˊŰɞɛɏɜɖɠ ɔɨɟɤ Ŭˊɧ ɏɜŬɜ ɎɝɞɜŬ ŮɑɜŬɘ ɗŮŰɘəɐ ɧŰŬɜ çɓɡɗɑɕŮɘè Űɞɜ əɎɗŮŰɞ ůŮ 

ŬɡŰɧɜ ɎɝɞɜŬ . ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɧŰŬɜ ɖ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɖɠ ŮűŬˊŰɞɛɏɜɖɠ ŮɑɜŬɘ ɗŮŰɘəɐ (ɖ 

tany>0 ) ŰɧŰŮ çɓɡɗɑɕɞɜŰŬɘè ŰŬ ɗŮŰɘəɎ Űɞɡ ɎɝɞɜŬ Ƀx. ɆŰɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ɖ Űɘɛɐ Űɤɜ ŮűŬˊŰɞɛɏɜɤɜ əŬɘ Űɤɜ ɔɤɜɘɩɜ ŬɜɎ ŮɝɏŭɟŬ. 

 

 

ɆɢɐɛŬ 7.2.1 

ɆɨɛɓŬůɖ ˊɟɞůɐɛɤɜ ɔɘŬ Űɘɠ ɔɤɜɑŮɠ Űɖɠ ŮɔəɎɟůɘŬɠ (ű) əŬɘ ŭɘŬɛɐəɞɡɠ (ɗ) əɚɑůɖɠ 

 

 

ɄŬɟɎŭŮɘɔɛŬ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ əɎɗŮ ůɩɛŬŰɞɠ ůŮ ŬɟɢŮɑɞ Ůɝɧŭɞɡ 

 

 
 --------------------------   
     BODIES INCLINATION  
 --------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1      - 1.640690E - 02    6.230829E - 02   - 9.399619E - 01    3.565392E+00  
   2      - 1. 640690E - 02   - 1.488850E - 03   - 9.399619E - 01   - 8.530478E - 02 
   3       1.029240E - 02   - 1.488864E - 03    5.896901E - 01   - 8.530558E - 02 
   4      - 1.640689E - 02   - 1.347247E - 02   - 9.399612E - 01   - 7.718689E - 01 
   5      - 4.951016E - 03   - 1.488850E - 03   - 2.836700E - 01   - 8.530474E - 02 
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7.3. ȸɡɗɑůɛŬŰŬ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ ŬɜɎ ůɩɛŬ 

 

Ⱥűɧůɞɜ Űɞ ůɨůŰɖɛŬ Űɤɜ Ůɝɏŭɟɤɜ ŮˊɘɚɨŮŰŬɘ ɛŮ ɓɎůɖ Űɖɠ ŬɟɗɟɩůŮɘɠ, ɢɟŮɘɎɕŮŰŬɘ 

ɜŬ ɔɜɤɟɑɕɞɡɛŮ ŰŬ ɓɡɗɑůɛŬŰŬ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ ŬɜɎ ůɩɛŬ ɞɨŰɞɠ ɩůŰŮ ɜŬ ɏɢɞɡɛŮ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮɚɏɔɝɞɡɛŮ ŮɎɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ ŬůűŬɚŮɑŬɠ əŬɘ ůɢŮŭɘŬůɛɞɨ 

Űɞɡ ˊɟɞɠ ɛŮɚɏŰɖ ůɡůŰɐɛŬŰɞɠ. Ⱥˊɘˊɚɏɞɜ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɓɡɗɑůɛŬŰɞɠ Űɞɡ ůɩɛŬŰɞɠ 

ŬɜŬɔɟɎűɞɡɛŮ ůŰɞ űɎəŮɚɞ Ůɝɧŭɞɡ əŬɘ Űɞɡɠ ɧɟɞɡɠ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ůɢɖɛŬŰɑɕŮŰŬɘ Űɞ 

ɓɨɗɘůɛŬ, ŭɖɚŬŭɐ Űɖ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ (dT), Űɖɜ ůɡɜŮɘůűɞɟɎ ůŰɖɜ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ 

ɚɧɔɤ Űɖɠ ɟɞˊɐɠ ɔɨɟɤ Ŭˊɧ Űɞɜ ɎɝɞɜŬ Ƀx (dTMx) əŬɘ Űɖɜ ůɡɜŮɘůűɞɟɎ ůŰɖɜ ˊŬɟɎɚɚɖɚɖ 

ɓɨɗɘůɖ ɚɧɔɤ Űɖɠ ɟɞˊɐɠ ɔɨɟɤ Ŭˊɧ Űɞɜ ɎɝɞɜŬ Ƀy (dTMy). ɃˊɧŰŮ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ 

ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞ ɓɨɗɘůɛŬ əɎɗŮ ůɩɛŬŰɞɠ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Ɏɟɗɟɤůɖ, 

ɏɢɞɜŰŬɠ ɧɛɤɠ ɔɘŬ əɎɗŮ ůɩɛŬ ɤɠ ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ ɛɏŰɟɖůɖɠ Űɞɡ ɓɡɗɑůɛŬŰɞɠ ŮəŮɑɜɞ 

ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɓŬɗɨŰŮɟɖ ɔɎůŰɟŬ əɎɗŮ ŮɝɏŭɟŬɠ. ȾŬŰɎ ůɡɜŮˊŮɑŬ ŮɚɏɔɢɞɜŰŬɠ ůŰɞ 

ůɖɛŮɑɞ ůɨɜŭŮůɖɠ (ůŰɖɜ Ɏɟɗɟɤůɖ) ŰŬ ɓɡɗɑůɛŬŰŬ Űɤɜ Ůɝɏŭɟɤɜ ˊɟɏˊŮɘ ɜŬ ŭɘŬűɏɟɞɡɜ 

ŬˊɧůŰŬůɖ ɑůɖ ɛŮ Űɖɜ ŭɘŬűɞɟɎ Űɤɜ Ůˊɘˊɏŭɤɜ ŬɜŬűɞɟɎɠ əɎɗŮ ŮɝɏŭɟŬɠ. 

 

 

 

 

ɆɢɐɛŬ 7.3.1 

ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ɓɡɗɘůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ Űɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ ɔɘŬ ŭɨɞ ŮɝɏŭɟŮɠ ůŮ ɛɑŬ 

Ɏɟɗɟɤůɖ ˊɞɡ Űɘɠ ůɡɜŭɏŮɘ 
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ɄŬɟɎŭŮɘɔɛŬ ɓɡɗɘůɛɎŰɤɜ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ ŬɜɎ ůɩɛŬ ůŮ ŬɟɢŮɑɞ Ůɝɧŭɞɡ 

 

 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 -----------------------------------    
 --------------------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    2     1.525760E+00          1.498273E+00     3.274473E - 02    - 5.258477E - 03 
    3     1.525830E+00          1.503288E+00     1.252599E - 02     1.001592E - 02 
    1     1.525748E+00          1.539089E+00     3.274489E - 02    - 4.608562E - 02 
 --------------------    
  JOINT            2  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.460258E+00          1.5 39089E+00    - 3.274489E - 02    - 4.608562E - 02 
    2     1.460270E+00          1.498273E+00    - 3.274473E - 02    - 5.258477E - 03 

 

 

 

 

7.4. ȸɡɗɑůɛŬŰŬ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ůɖɛŮɑŬ Ůɜɧɠ ůɩɛŬŰɞɠ 

 

ȳˊɤɠ ɏɢŮɘ ɔɑɜŮɘ ɔɜɤůŰɧ əŬɘ Ŭˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ Űɖɠ ɛŮɚɏŰɖɠ, ɞ ɜɏɞɠ, 

ŬɜŬɜŮɤɛɏɜɞɠ əɩŭɘəŬɠ, ˊŬɟɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ůŰɞɜ ɢɟɐůŰɖ ŮɎɜ ŮˊɘɗɡɛŮɑ ɜŬ ŮˊɘɚɏɝŮɘ 

ɏɜŬ ɖ ˊŮɟɘůůɧŰŮɟŬ ůɡɔəŮəɟɘɛɏɜŬ ůɖɛŮɑŬ ɔɘŬ ɏɜŬ ůɩɛŬ ɧˊɞɡ Űɞ ˊɟɧɔɟŬɛɛŬ ɗŬ 

ɡˊɞɚɞɔɑɕŮɘ Űɞ ɓɨɗɘůɛŬ əŬɘ ɗŬ Űɞ ˊŬɟɞɡůɘɎůŮɘ ůŰɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

ɀɏɢɟɘ ŰɩɟŬ ɖ Ŭɟɢɘəɐ ɏəŭɞůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɝɐɔŬɔŮ Űɞ ɓɨɗɘůɛŬ Űɤɜ 

ůɤɛɎŰɤɜ ɛɧɜɞ ůŰɞ ůɖɛŮɑɞ Űɖɠ əɎɗŮ Ɏɟɗɟɤůɖɠ ˊɞɡ ŬɡŰɧ ɐŰŬɜ ůɡɜŭŮŭŮɛɏɜɞ. ȼ ŬɜɎɔəɖ 

ɧɛɤɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɓɡɗɑůɛŬŰɞɠ əŬɘ ůŮ ɎɚɚŬ əŬɗɞɟɘůɛɏɜŬ ůɖɛŮɑŬ ˊɎɜɤ ůŰɖɜ 

ŮɝɏŭɟŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ ˊɘɗŬɜɞɨɠ Ůɚɏɔɢɞɡɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɕɖŰɞɨɜŰŬɘ. ȰŰůɘ ɚɞɘˊɧɜ 

ɖ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ŬɜŬɔəŬɑŬ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ ŭɘŬűɧɟɤɜ 

ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ŭɨɜŬŰŬɘ ɜŬ Ůˊɘɚɡɗɞɨɜ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. 

ɆŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ŮɜɧŰɖŰŬ Űɤɜ ɓɡɗɘůɛɎŰɤɜ ůŮ 

ˊɟɞəŬɗɞɟɘůɛɏɜŬ ůɖɛŮɑŬ ŮɘůɎɔɞɜŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɞɡ ůɩɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ Űɞ 

ůɖɛŮɑɞ əŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ ŬɡŰɞɨ ɛŮ ɓɎůɖ Űɞ Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ. 

ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ ˊŬɟɞɡůɑŬůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ůŰɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ ɗŬ 

Űɡˊɤɗɞɨɜ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɗɏůɖɠ Űɞɡ ůɖɛŮɑɞɡ, ůɡɔəŮəɟɘɛɏɜŬ ɞ Ŭɟɘɗɛɧɠ Űɞɡ ůɩɛŬŰɞɠ 

ůŰɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ əŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ (x,y) ɤɠ ˊɟɞɠ Űɞ Űɞˊɘəɧ ůɨůŰɖɛŬ Űɖɠ ŮɝɏŭɟŬɠ 

Ůɜɩ ůŰɖɜ ɑŭɘŬ ůŮɘɟɎ ůŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ŰɡˊɤɗŮɑ Űɞ ɓɨɗɘůɛŬ, ɧˊɤɠ ŬɡŰɧ ɡˊɞɚɞɔɑůŰɖəŮ. 

ɇɞ ɓɨɗɘůɛŬ ˊɞɡ ɛŬɠ ɡˊɞɚɞɔɑɕŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ ɧˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ 

ɓɡɗɑůɛŬŰɞɠ ůŰɘɠ ŬɟɗɟɩůŮɘɠ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ŮɜɧŰɖŰŬɠ, ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ŮˊɑˊŮŭɞ 

ŬɜŬűɞɟɎɠ ɛɏŰɟɖůɖɠ Űɞɡ ɓɡɗɑůɛŬŰɞɠ ŮəŮɑɜɞ ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɓŬɗɨŰŮɟɖ ɔɎůŰɟŬ 

əɎɗŮ ŮɝɏŭɟŬɠ. 
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ɆɢɐɛŬ 7.4.1 

ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɓɡɗɑůɛŬŰɞɠ ˊɞɡ ɛŬɠ ŭɑɜŮɘ Űɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ ɔɘŬ ɛɑŬ ŮɝɏŭɟŬ ůŮ ɏɜŬ 

ˊɟɞəŬɗɞɟɘůɛɏɜɞ ůɖɛŮɑɞ 

  

 

 

ɄŬɟɎŭŮɘɔɛŬ ɓɡɗɘůɛɎŰɤɜ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ůɖɛŮɑŬ ůŮ ŬɟɢŮɑɞ Ůɝɧŭɞɡ 

 

 -------------------------------------------------    
       BODIES DRAUGHT AT REQUIRED LOCATION 
 -------------------------------------------------    
 -------------- -----------    
   LOCATION           1  
 -------------------------    
  BODY        X (m)            Y (m)            T (m)  
    1     3.000000E+01     0.000000E+00     1.824627E+00  
 -------------------------    
   LOCATION           2  
 ------------------------ -    
  BODY        X (m)            Y (m)            T (m)  
    2     5.000000E+00     3.500000E+01     1.839682E+00  
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7.5. ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ 

 

ȰɜŬ ŬəɧɛŬ ŮɟɔŬɚŮɑɞ Űɞ ɞˊɞɑɞ ˊɟɞůŰɏɗɖəŮ ůŰɖɜ ɜɏŬ ɏəŭɞůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ŮɑɜŬɘ ɖ ŬɜŰɘɛŮŰɩˊɘůɖ ˊɟɞɓɚɖɛɎŰɤɜ ɧˊɞɡ ɡˊɎɟɢŮɘ əŬŰɎəɚɡůɖ ůŮ ɏɜŬ ɖ ˊŮɟɘůůɧŰŮɟŬ 

ŭɘŬɛŮɟɑůɛŬŰŬ ɛɑŬɠ ɐ əŬɘ ɡˊɧɚɞɘˊɤɜ ɔŬůŰɟɩɜ Ůɜɧɠ ůɩɛŬŰɞɠ. ȼ ˊɟɞůɗɐəɖ ŬɡŰɐ ŬɡɝɎɜŮɘ 

əŬŰɎ ˊɞɚɨ Űɘɠ ɡˊɞɚɞɔɘůŰɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Ŭűɞɨ ɖ əŬŰɎəɚɡůɖ Ůɜɧɠ 

ɖ ˊŮɟɘůůɧŰŮɟɤɜ ɢɩɟɤɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ŮɡůŰɎɗŮɘŬ Űɞɡ 

ůɩɛŬŰɞɠ ɛŮ ŭɡůɛŮɜŮɑɠ ůɡɜɏˊŮɘŮɠ ɔɘŬ Űɖɜ ŬůűɎɚŮɘŬ. ɄŬɟɎɚɚɖɚŬ ůŮ ɞɟɘůɛɏɜŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ɡˊɎɟɢŮɘ ɖ ŬɜɎɔəɖ ɔɘŬ ɏɚŮɔɢɞ Űɖɠ ɘəŬɜɞˊɞɑɖůɖɠ Űɤɜ ŮəɎůŰɞŰŮ əŬɜɞɜɘůɛɩɜ 

ˊɞɡ ŭɘɏˊɞɡɜ Űɖɜ ŮɡůŰɎɗŮɘŬ Űɞɡ ůɩɛŬŰɞɠ. ȰŰůɘ ɚɞɘˊɧɜ ŬɜŰɘɚŬɛɓɎɜŮŰŬɘ əŬɜŮɑɠ ˊɧůɞ 

ŬˊŬɟŬɑŰɖŰɖ ŮɑɜŬɘ ɖ ɨˊŬɟɝɖ Ůɜɧɠ ŮɟɔŬɚŮɑɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

ŮɡůŰɎɗŮɘŬɠ ɛŮŰɎ Ŭˊɧ ɓɚɎɓɖ ɛŮ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ, ŮɜŰɧɠ ɛɘəɟɞɨ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ. 

ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ŭɘŬɛŮɟɑůɛŬŰŬ 

ɛŮ əŬŰɎəɚɡůɖ ŮɑɜŬɘ ŬɟɢɘəɎ ɞ Ŭɟɘɗɛɧɠ Űɞɡ ůɩɛŬŰɞɠ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ Űɖɠ ɔɎůŰɟŬɠ 

ɧˊɞɡ ɓɟɑůəŮŰŬɘ Űɞ ŭɘŬɛɏɟɘůɛŬ. ɆŰɘɠ ŮˊɧɛŮɜŮɠ ůŮɘɟɏɠ ŰɡˊɩɜŮŰŬɘ ɖ ɑůŬɚɞɠ ŮˊɘűɎɜŮɘŬ ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ əŬŰŬəɚɡůɗɏɜ ŭɘŬɛɏɟɘůɛŬ, ɞ ɧɔəɞɠ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ (TOTAL VOLUME), 

ɖ ŭɘŬɢɤɟɖŰɧŰɖŰŬ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ŭɘŬɛɏɟɘůɛŬ əŬɘ ŰŮɚɘəɎ ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ 

ɡˊɎɟɢŮɘ ůŰɞ ŭɘŬɛɏɟɘůɛŬ (NET VOLUME). ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ɖ ŭɘŬɢɤɟɖŰɧŰɖŰŬ əŬɘ Űɤɜ ŭɨɞ ŭɘŬɛŮɟɘůɛɎŰɤɜ ŬɜŰɘůŰɞɘɢŮɑ  ůŮ 100% ˊɞɡ 

ůɖɛŬɑɜŮɘ ɧŰɘ əŬɘ ŰŬ ŭɨɞ ŭɘŬɛŮɟɑůɛŬŰŬ ŮɑɜŬɘ ŮɜŰŮɚɩɠ ɎŭŮɘŬ. ɆɡɜŮˊɩɠ ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɘůɏɚɗŮɘ ůŰɞ ŭɘŬɛɏɟɘůɛŬ ɘůɞɨŰŬɘ ɛŮ Űɞɜ ůɡɜɞɚɘəɧ ɧɔəɞ Űɞɡ 

ŭɘŬɛŮɟɑůɛŬŰɞɠ. ȼ Űɘɛɐ Űɖɠ ŭɘŬɢɤɟɖŰɧŰɖŰŬɠ ˊɟɞəŬɗɞɟɑɕŮŰŬɘ ůŰɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ əŬɘ 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ Űɘɛɏɠ 1-100% ŬɜɎɚɞɔŬ Űɖɠ ˊɚɖɟɧŰɖŰŬɠ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ. 

 

 

ɄŬɟɎŭŮɘɔɛŬ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɔɘŬ ŭɘŬɛŮɟɑůɛŬŰŬ ɛŮ əŬŰɎəɚɡůɖ ůŮ ŬɟɢŮɑɞ Ůɝɧŭɞɡ 

 

 -----------------------------------------------    
      FLOODING COMPARTMENTS CHARACTERISTICS 
 --------------------------- ------------------ --    
 -------------------------    
   COMPARTMENT           1  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           1  
 WATER AREA    (m^2) =   50.00000          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =   82.39782          NET VOLUME  (m^3) =   82.39782     
 -------------------------    
   COMPARTMENT           2  
 -------------------------    
 LOCATION :       BODY           2  
                  HULL           1  
 WATER AREA    (m^2) =   15.00000          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =   23.84367          NET VOLUME  (m^3) =   23.84367    
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7.6. ɈŭɟɞůŰŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůɤɛɎŰɤɜ 

 

ɇɏɚɞɠ, ůŰŬ ŭŮŭɞɛɏɜŬ Ůɝɧŭɞɡ ɢɟŮɘŬɕɧɛŬůŰŮ ŰŬ ɡŭɟɞůŰŬŰɘəɎ əŬɘ ŰŬ ɔŮɤɛŮŰɟɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əɎɗŮ ŮɝɏŭɟŬɠ ɔɘŬ ɜŬ ɛŮɚŮŰɐůɞɡɛŮ Űɖɜ ŮɡůŰɎɗŮɘŬɠ Űɖɠ. ɆŰɞ űɎəŮɚɞ 

Ůɝɧŭɞɡ, ɚŬɛɓɎɜɞɡɛŮ  

1. Űɞ ůɡɜɞɚɘəɧ ŮəŰɧˊɘůɛŬ Űɞɡ ŮəɎůŰɞŰŮ ůɩɛŬŰɞɠ (DISPLACEMENT( t ) ), 

2. Űɞ əɏɜŰɟɞ Ɏɜɤůɖɠ (KB , LCBx ( m)  , LCBy ( m) ), 

3. Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ (LCFx ( m)  , LCFy ( m) ), 

4. Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ (KG ( m) ), 

5. Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ (WATER AREA  ( m̂ 2) ), 

6. Űɖɜ 2ɖ ɟɞˊɐ ŬŭɟɎɜŮɘŬɠ əŬɘ əŬŰɎ Űɞɡɠ ŭɨɞ ɎɝɞɜŮɠ (Ixx ( m)  , Iyy  ( m) ), 

7. Űɖ ŭɘŬɛɐəɖɠ əŬɘ ŮɔəɎɟůɘŬ ɛŮŰŬəŮɜŰɟɘəɐ ŬəŰɑɜŬ (BML ( m) , BMT ( m) ), 

8. Űɞ ɛɏůɞ ɓɨɗɘůɛŬ (Tm ( m) ) əŬɘ Űɏɚɞɠ 

9. Űɞ ŭɘɎɛɖəŮɠ əŬɘ ŮɔəɎɟůɘɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ (GML ( m) , GMT ( m) ). 

 

ȼ ŬɜɎɚɡůɖ Űɞɡ űŬəɏɚɞɡ Ůɝɧŭɞɡ əɚŮɑɜŮɘ ɛŮ ŰŬ ɡŭɟɞůŰŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ůɤɛɎŰɤɜ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜŮ ůŰɞ ůɨůŰɖɛŬ. 

 

 

 

ɄŬɟɎŭŮɘɔɛŬ Űɤɜ ɡŭɟɞůŰŬŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬɜɎ ůɩɛŬ ůŮ ŬɟɢŮɑɞ Ůɝɧŭɞɡ 

 

 --------------------------------------------    
     GENERAL HYDROSTATIC CHARACTERISTICS 
 --------------------------------------------    
 --------------    
    BODY   1  
 --------------    
DISPLACEMENT(t)  = 3.453318E+02   KB   (m) = 8.571688E - 01   KG    (m)   = 2.027496E+00  
WATER AREA  (m^2)= 2.171172E+02   LCFx (m) = 1.459088E+01   LCFy (m)   = 5.069088E+00  
BML         (m)  = 4.421304E+01   LCBx (m) = 1.468924E+01   Ixx  (m^4) = 1.262226E+03  
BMT         (m)  = 3.746490E+00   LCBy (m) = 5.052477E+00   Iyy  (m^4) = 1.489578E+04  
Tm          (m)  = 2.178668E+00   GML  (m) = 4.304774E+01   GMT  (m)   = 2.581191E+00  
 --------------    
    BODY   2  
 --------------    
DISPLACEMENT(t)  = 3.422543E+02   KB   (m) = 7.453272E - 01   KG   (m)   = 1.304636E+00  
WATER AREA  (m^2)= 2.240000E+02   LCFx (m) = 1.500000E+01   LCFy (m)   = 5.000000E+00  
BML         (m)  = 4.382862E+01   LCBx (m) = 1.500000E+01   Ixx  (m^4) = 1.194667E+03  
BMT         (m)  = 3.577846E+00   LCBy (m) = 5.000000E+00   Iyy  (m^4) = 1.463467E+04  
Tm          (m)  = 1.490654E+00   GML  (m) = 4.326985E+01   GMT  (m)   = 3.019068E+00  
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7.7. ȺɝŬɔɤɔɐ ɔŮɤɛŮŰɟɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ůɤɛɎŰɤɜ əŬɘ Űɤɜ 

ɔŬůŰɟɩɜ 

 

ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ Űɞ ůɨůŰɖɛŬ Űɤɜ ůɤɛɎŰɤɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɞɚɨˊɚɞəɖɠ 

ɔŮɤɛŮŰɟɑŬɠ ɔɎůŰɟŮɠ ŬɚɚɎ əŬɘ ɔŮɜɘəɧŰŮɟŬ, ɞɟɘůɛɏɜŮɠ űɞɟɏɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ŬɜɎɔəɖ 

ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŮˊɘűŬɜŮɘɩɜ Űɤɜ ɔŬůŰɟɩɜ ŬɚɚɎ əŬɘ Űɤɜ 

ůɤɛɎŰɤɜ. ȰŰůɘ ɚɞɘˊɧɜ ůŰɞɜ ŬɜŬɜŮɤɛɏɜɞ əɩŭɘəŬ ɞ ɢɟɐůŰɖɠ ŬˊɞəŰɎ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŮˊɘɚɏɝŮɘ ŮɎɜ ŮˊɘɗɡɛŮɑ Űɞ ˊɟɧɔɟŬɛɛŬ ɜŬ ŮɝɎɔŮɘ ɛŬɕɑ ɛŮ Űɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŮɡůŰɎɗŮɘŬ əŬɘ ɏɜŬ ŭŮɨŰŮɟɞ ŬɟɢŮɑɞ əŮɘɛɏɜɞɡ ůŰɞ 

ɞˊɞɑɞ ɗŬ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ůɨůŰɖɛŬ. 

ɆɡɔəŮəɟɘɛɏɜŬ ůŮ ŬɡŰɧ Űɞ ŬɟɢŮɑɞ Ůɝɧŭɞɡ, Űɞ ɞˊɞɑɞ ɞɜɞɛɎɕŮŰŬɘ ñGeometric 

Characteristicsò ŰɡˊɩɜɞɜŰŬɘ ŰŬ Ůɝɐɠ: 

1) ȺɛɓŬŭɧɜ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ əɎɗŮ ɔɎůŰɟŬɠ ɔɘŬ əɎɗŮ ůɩɛŬ, 

2) 1ɏɠ ɟɞɏ́ɠ ŬŭɟɎɜŮɘŬɠ ɔɘŬ Űɖɜ ɑůŬɚɞ ŮˊɘűɎɜŮɘŬ əɎɗŮ ɔɎůŰɟŬɠ ɔɘŬ əɎɗŮ 

ůɩɛŬ ɤɠ ˊɟɞɠ Űɞ Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ, 

3) 2ɏɠ ɟɞɏ́ɠ ŬŭɟɎɜŮɘŬɠ ɔɘŬ Űɖɜ ɑůŬɚɞ ŮˊɘűɎɜŮɘŬ əɎɗŮ ɔɎůŰɟŬɠ ɔɘŬ əɎɗŮ 

ůɩɛŬ ɤɠ ˊɟɞɠ Űɞ Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ, 

4) ũŮɤɛŮŰɟɘəɧ əɏɜŰɟɞ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ əɎɗŮ ɔɎůŰɟŬɠ ɔɘŬ əɎɗŮ 

ůɩɛŬ, 

5) ȺɛɓŬŭɧɜ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ əɎɗŮ ůɩɛŬŰɞɠ, 

6) 1ɏɠ ɟɞɏ́ɠ ŬŭɟɎɜŮɘŬɠ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ əɎɗŮ ůɩɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɞ 

Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ, 

7) 2Ůɠ ɟɞɏ́ɠ ŬŭɟɎɜŮɘŬɠ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ əɎɗŮ ůɩɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɞ 

Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ, 

8) ũŮɤɛŮŰɟɘəɧ əɏɜŰɟɞ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ əɎɗŮ ůɩɛŬŰɞɠ (əɏɜŰɟɞ 

ˊɚŮɡůŰɧŰɖŰŬɠ ɘůɎɚɞɡ), 

9) ȺɛɓŬŭɧɜ ɘůɎɚɞɡ əɎɗŮ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɛŮ əŬŰɎəɚɡůɖ (ŮɎɜ ɡˊɎɟɢŮɘ), 

10) 1Ůɠ ɟɞɏ́ɠ ŬŭɟɎɜŮɘŬɠ Űɖɠ ɘůɎɚɞɡ əɎɗŮ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɛŮ əŬŰɎəɚɡůɖ (ŮɎɜ 

ɡˊɎɟɢŮɘ) ɤɠ ˊɟɞɠ Űɞ Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ, 

11) 2ɏɠ ɟɞɏ́ɠ ŬŭɟɎɜŮɘŬɠ Űɖɠ ɘůɎɚɞɡ əɎɗŮ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɛŮ əŬŰɎəɚɡůɖ (ŮɎɜ 

ɡˊɎɟɢŮɘ) ɤɠ ˊɟɞɠ Űɞ Űɞˊɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ, 

12) ũŮɤɛŮŰɟɘəɧ əɏɜŰɟɞ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ əɎɗŮ ŭɘŬɛŮɟɑůɛŬŰɞɠ ɛŮ 

əŬŰɎəɚɡůɖ (ŮɎɜ ɡˊɎɟɢŮɘ), 

13) Ɂɏɞ ŮɛɓŬŭɧɜ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ ɔɘŬ əɎɗŮ ůɩɛŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɨˊŬɟɝɖɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ, 

14) ɁɏŮɠ 1Ůɠ ɟɞɏ́ɠ ŬŭɟɎɜŮɘŬɠ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ ɔɘŬ əɎɗŮ ůɩɛŬ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ ɤɠ ˊɟɞɠ Űɞ Űɞˊɘəɧ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ, 

15) ɁɏŮɠ 2Ůɠ ɟɞɏ́ɠ ŬŭɟɎɜŮɘŬɠ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ ɔɘŬ əɎɗŮ ůɩɛŬ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ ɤɠ ˊɟɞɠ Űɞ Űɞˊɘəɧ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ, 

16) Ɂɏɞ ɔŮɤɛŮŰɟɘəɧ əɏɜŰɟɞ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ (əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ) 

ɔɘŬ əɎɗŮ ůɩɛŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ, 

17) 2Ůɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ ɔɘŬ əɎɗŮ ůɩɛŬ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ɤɠ ˊɟɞɠ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ, 



120 

 

18) ũɤɜɑŬ ůŰɟɞűɐɠ ůŰɖ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ Ƚxy, 

19) 2Ůɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ ɔɘŬ əɎɗŮ ůɩɛŬ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ɤɠ ˊɟɞɠ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ, ɔɘŬ Űɘɠ ɞˊɞɑŮɠ Űɞ ɔɘɜɧɛŮɜɞ 

ŬŭɟɎɜŮɘŬɠ Ƚxy ŮɑɜŬɘ ɛɖŭŮɜɘəɧ. 

 

 

ȼ ɛɞɟűɐ Űɞɡ ŬɟɢŮɑɞɡ Ůɝɧŭɞɡ ñGeometric Characteristicsò ɔɘŬ ɏɜŬ ŰɡɢŬɑɞ ˊŬɟɎŭŮɘɔɛŬ 

Ůɜɧɠ ůɩɛŬŰɞɠ ɛŮ ŭɨɞ ɔɎůŰɟŮɠ əŬɘ ɏɜŬ ŭɘŬɛɏɟɘůɛŬ ɛŮ əŬŰɎəɚɡůɖ ůŰɖɜ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ, 

ŮɑɜŬɘ ɧˊɤɠ ŬəɞɚɞɡɗŮɑ: 

 

 ----------------------------------------------------------------  
 -------------------------   Hull Area  -------------------- ------  
 ----------------------------------------------------------------  
 A(Body No.:           1,Hull No.:           1)=   46.00000     
 A(Body No.:           1,Hull No.:           2)=   46.00000     
    
    
 ---------------------------------------------- ------------------  
 -----------------   Hull First Moment of Area  ------------------  
 ----------------------------------------------------------------  
 Mx(Body No.:           1,Hull No.:           1)=   138.0000     
 My(Body No.:           1,Hull No.:           1)=   874.0000     
 Mx(Body No.:           1,Hull No.:           2)=   598.0001     
 My(Body No.:           1,Hull No.:           2)=   874.0001     
    
    
 ----------------------------------------------------------------  
 -----------------   Hull Se cond Moment of Area  -----------------  
 ----------------------------------------------------------------  
 Ixx(Body No.:           1,Hull No.:           1)=   14.33338     
 Iyy(Body No.:           1,Hull No.:           1)=   2062.334     
 Ixy(Body No.:           1,Hull No.:           1)=  2.0837784E - 04 
 Ixx(Body No.:           1,Hull No.:           2)=   14.32861     
 Iyy(Body No.:           1,Hull No.:           2)=   2062.333     
 Ixy(Body No.:           1,Hull No.:           2)= - 3.6411288E - 03 
    
    
 ----------------------------------------------------------------  
 ---------------------   Hull Area Centroid  ---------------------  
 ----------------------------------------------------------------  
 Cx(Body No.:           1,Hull No.:           1)=   19.000 00     
 Cy(Body No.:           1,Hull No.:           1)=   3.000000     
 Cx(Body No.:           1,Hull No.:           2)=   19.00000     
 Cy(Body No.:           1,Hull No.:           2)=   13.00000     
    
    
 ----------------------------------------------------------------  
 -------------------------   Body Area  --------------------------  
 ----------------------------------------------------------------  
 Aw(Body No.:           1)=   92.00000     
    
    
 ------ ----------------------------------------------------------  
 -----------------   Body First Moment of Area  ------------------  
 ----------------------------------------------------------------  
 Mx(Body No.:           1)=   736.0001     
 My(Body No.:           1)=   1748.000     
    
    
 ----------------------------------------------------------------  
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 -----------------   Body Second Moment of Area  -----------------  
 ----------------------------------------------------------------  
 Ixx(Body No.:           1)=   8216.665     
 Iyy(Body No.:           1)=   37336.67     
 Ixy(Body No.:           1)=   13984.00     
    
    
 ----------------------------------------------------------------  
 ----------   Body Area Centroid (Center of Flotati on)  ----------  
 ----------------------------------------------------------------  
 Cx(Body No.:           1)=   19.00000     
 Cy(Body No.:           1)=   8.000001     
    
    
 ----------------------------------------------------------------  
 ------------- -----   Flooded Compartment Area  ------------------  
 ----------------------------------------------------------------  
 a(Compartment No.:           1)=   3.000000     
    
    
 ----------------------------------------------------------------  
 ----------   Fl ooded Compartment First Moment of Area  ----------  
 ----------------------------------------------------------------  
 mx(Compartment No.:           1)=   39.00000     
 my(Compartment No.:           1)=   24.00000     
    
    
 ----------------------------------------------------------------  
 ---------   Flooded Compartment Second Moment of Area  ----------  
 ----------------------------------------------------------------  
 ixx(Compartment No.:           1)=  0.4999695     
 iyy(Compartment No.:           1)=   1.499985     
 ixy(Compartment No.:           1)= - 3.0517578E - 05 
    
    
 ----------------------------------------------------------------  
 -----------   Flooded Compartment Centroid of Area  -------------  
 ------------- ---------------------------------------------------  
 cx(Compartment No.:           1)=   8.000000     
 cy(Compartment No.:           1)=   13.00000     
    
    
 ----------------------------------------------------------------  
 -----------------------   Hull  New Area  ------------------------  
 ----------------------------------------------------------------  
 A"(Body No.:           1,Hull No.:           1)=   43.00000     
 A"(Body No.:           1,Hull No.:           2)=   46.00000     
    
    
 --------------- -------------------------------------------------  
 -----------------------   Body New Area  ------------------------  
 ----------------------------------------------------------------  
 Aw"(Body No.:           1)=   89.00000     
    
    
 ----------------------------------------------------------------  
 ---------------   Body New First Moment of Area  ----------------  
 ----------------------------------------------------------------  
 Mx(Body No.:           1)=   697.0001     
 My(Body No.:           1)=   1724.000     
    
    
 ----------------------------------------------------------------  
 --------------   Body New Second Moment of Area  ----------------  
 ----------------------------------------------------------------  
 Ixx(Body No.:           1)=   7709.165     
 Iyy(Body No.:           1)=   37143.17     
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 Ixy(Body No.:           1)=   13672.00     
    
    
 ----------------------------------------------------------------  
 -------   Body New Centroid  of Area (Center of Floatation)  -------  
 --- -------------------------------------------------------------  
 Cx(Body No.:           1)=   19.37079     
 Cy(Body No.:           1)=   7.831461     
    
    
 ----------------------------------------------------------------  
 -------------   Body Second Moment of Area from CF  -------------  
 ----------------------------------------------------------------  
 Ixx(Body No.:           1)=   2250.636     
 Iyy(Body No.:           1)=   3747.931     
 Ixy(Body No.:           1)=   170.5604     
    
    
 ----------------------------------------------------------------  
 ---------------------   Radius of Gyration  ---------------------  
 ----------------------------------------------------------------  
 a(Bod y No.:           1)=   6.417166     
    
    
 ----------------------------------------------------------------  
 --------   Body Second Moment of Area from CF for Ixy=0  --------  
 ----------------------------------------------------------------  
 Ixx(Body No.:            1)=   2231.453     
 Iyy(Body No.:           1)=   3766.875  
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8. ɄŬɟŬŭŮɑɔɛŬŰŬ əŬɘ ůɨɔəɟɘůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ 
 

 

Ɇəɞˊɧɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ əŮűŬɚŬɑɞɡ ŮɑɜŬɘ ɖ ˊŬɟɞɡůɑŬůɖ ůɡɔəɟɘŰɘəɩɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮŰŬɝɨ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ ɛŮ Űɞɡɠ əɚŬůůɘəɞɨɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ 

Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɞɡ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɗŮɤɟɑŬ 

ɛɘəɟɩɜ ɛŮŰŬɓɞɚɩɜ. ŪŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ ɗŬ ɏɢɞɡɜ Űɖɜ ɛɞɟűɐ 

ŬůəɐůŮɤɜ, ŭɖɚŬŭɐ ˊɟŬɔɛŬŰɘəɩɜ ˊŮɟɘˊŰɩůŮɤɜ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ɓɟɞɨɛŮ Űɖɜ ɗɏůɖ 

ɘůɞɟɟɞˊɑŬɠ Űɞɡ ůɩɛŬŰɞɠ. ɇŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ɗŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ:  

¶ ɄŬɟŬŭŮɑɔɛŬŰŬ Ŭˊɚɩɜ ˊŮɟɘˊŰɩůŮɤɜ ŮɡůŰɎɗŮɘŬɠ ůɩɛŬŰɞɠ. 

¶ ɄŬɟŬŭŮɑɔɛŬŰŬ ɛŮ əŬŰɎəɚɡůɖ Ůɜɧɠ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ. 

¶ ɄŮɟɘˊŰɩůŮɘɠ ˊɞɚɨˊɚɞəɤɜ ůɡɜŭɡŬůɛɩɜ ůɤɛɎŰɤɜ ˊɞɡ ɗŬ ɐŰŬɜ ŬŭɨɜŬŰɐ ɖ 

Ůˊɑɚɡůɖ Űɞɡɠ ɢɤɟɑɠ Űɞ ˊŬɟɧɜ ˊɟɧɔɟŬɛɛŬ. 

 

ɇŬ ůɡɔəɟɘŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůŮ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ɗŬ Ŭűɞɟɞɨɜ: 

1) ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ  Ŭˊɧ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɛɏůɤ Űɤɜ 

əɚŬůůɘəɩɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ. 

2) ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɚŬɛɓɎɜɞɡɛŮ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

a) ɀɏůɤ Űɞɡ Ŭɟɢɘəɞɨ əɩŭɘəŬ ɛŮ Űɘɠ ŬˊɚɞˊɞɘɖɛɏɜŮɠ ɛŮɗɧŭɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨ 

b) ɀɏůɤ Űɞɡ ɜɏɞɡ əɩŭɘəŬ ůŰɞɜ ɞˊɞɑɞ ɏɢŮɘ ɚɖűɗŮɑ ɡˊɧɣɘɜ: 

i. ȼ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ Ixy ˊɞɡ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŮ ˊŮɟɑˊŰɤůɖ ɨˊŬɟɝɖɠ ŬůɨɛɛŮŰɟɤɜ 

ɔŬůŰɟɩɜ. Ƀ Űɟɧˊɞɠ ˊɞɡ ŮˊɘŭɟɎ ɞ ɧɟɞɠ Ixy ůŰŬ ŰŮɚɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬɚɨŮŰŬɘ ůŰɞ əŮűɎɚŬɘɞ 2 Űɖɠ ˊŬɟɞɨůɖɠ 

ɛŮɚɏŰɖɠ. 

ii.  ȼ ŮˊɑŭɟŬůɖ Űɞɡ ɧɟɞɡ  

2 2

2 2

1 tan tan

1 tan tanb b

RD
a aj q

j q

+ +
=

+ +
 

ˊɞɡ ɏɢŮɘ ŮɘůŬɢɗŮɑ əŬŰɎ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ ůɡɜŭɏŮɘ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ 

ɛɘŬɠ Ɏɟɗɟɤůɖɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ɔɘŬ ŭɨɞ 

ůɩɛŬŰŬ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŮ ŬɡŰɐɜ. ɆŰɞ ŮŭɎűɘɞ 3.4 

ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ ɞ ɚɧɔɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ŬɜɎɔəɖ Űɖɠ ŮɘůŬɔɤɔɐɠ Űɞɡ ɧɟɞɡ RD ůŰɞ 

ɛŬɗɖɛŬŰɘəɧ ˊɟɧɓɚɖɛŬ Ůɜɩ ůŰɞ ŮŭɎűɘɞ 4.1 ˊŮɟɘɔɟɎűŮŰŬɘ 

ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɞ ɧɟɞɠ ŬɡŰɧɠ ŮɘůɎɔŮŰŬɘ ůŰɞ 

ůɨůŰɖɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ. 
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ɄŬɟŬŰɐɟɖůɖ  

 

ɄɟɞŰɞɨ ůɡɜŮɢɑůɞɡɛŮ ůŰɖɜ ˊŬɟɞɡůɑŬůɖ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ əŬɘ Űɖɜ ůɨɔəɟɘůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɖɠ ŬɜŬɚɡŰɘəɐɠ ɛŮɗɧŭɞɡ 

əŬɘ Űɖ ɢɟɐůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɟɏˊŮɘ ɜŬ ŮˊɘůɖɛɎɜɞɡɛŮ Űɖɜ ŮˊɑŭɟŬůɖ ˊɞɡ ɏɢɞɡɜ ɞɘ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŬɟŬˊɎɜɤ ŬůəɐůŮɤɜ. 

 

 ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɖɜ Ɏůəɖůɖ 8.1.6 (ŭɡɞ ŮɝɏŭɟŮɠ Ůə Űɤɜ ɞˊɞɑɤɜ ɖ ɛɘŬ ɛŮ 

ˊɞɚɡɔɤɜɘəɐ ɔɎůŰɟŬ), ɛɏůɤ Űɖɠ ŬɜŬɚɡŰɘəɐɠ ɛŮɗɧŭɞɡ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ŭɨɜŬɛɖ ˊɞɡ 

ŬůəŮɑŰŬɘ ůŰɖɜ Ɏɟɗɟɤůɖ ŮɑɜŬɘ Ʌ=2,133 t. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɧɛɤɠ Űɖɠ Ɏůəɖůɖɠ 

ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ Űɞɜ Űɨˊɞ :   

()
22

tan0

tB
TTT +Ö++= jd  

ȾŬŰɎ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŰɩɟŬ, ŮɎɜ ŭŮɜ əɎɜɞɡɛŮ ɢɟɐůɖ Űɞɡ 

ˊŬɟŬˊɎɜɤ Ŭˊɚɞˊɞɘɖɛɏɜɞɡ Űɨˊɞɡ əŬɘ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɖɜ Ůɝɑůɤůɖ ůŰɖɜ ɞˊɞɑŬ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ əŬɘ Űɞ GML ŰɧŰŮ ɖ ŭɨɜŬɛɖ ůŰɖɜ Ɏɟɗɟɤůɖ ˊɟɞəɨˊŰŮɘ Ʌ=2,044 t. 

Ⱥɜɩ ŮɎɜ ˊɎɚɘ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮˊɘɚɏɝɞɡɛŮ ɜŬ ɛɖɜ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ ŮˊɑŭɟŬůɖ 

Űɤɜ ŮűŬˊŰɧɛŮɜɤɜ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ůŰɞ ŮɔəɎɟůɘɞ əŬɘ Űɞ ŭɘɎɛɖəŮɠ 

ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ ŰɧŰŮ ɖ ŭɨɜŬɛɖ ˊɟɞəɨˊŰŮɘ Ʌ=2,053 t.  

 

ȳˊɤɠ ɗŬ ˊŬɟŬŰɖɟɐůɞɡɛŮ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ůˊɑɚɡůɖɠ Űɖɠ Ɏůəɖůɖɠ ɛŮ Űɞ 

ˊɟɧɔɟŬɛɛŬ ɖ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɖɜ Ɏɟɗɟɤůɖ ŮɑɜŬɘ Ʌ=2,044 t , ŬˊɞŰɏɚŮůɛŬ ˊɞɡ 

ɏɟɢŮŰŬɘ ˊɞɚɨ əɞɜŰɎ ůŰɞ ŬˊɞŰɏɚŮůɛŬ ɛŮ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŬɠ ɛŮ Űɞɡɠ ŬɜŬɚɡŰɘəɞɨɠ 

Űɨˊɞɡɠ. ɃˊɧŰŮ ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬůəɐůŮɤɜ ůŰɘɠ ŭɡɜɎɛŮɘɠ ˊɞɡ 

ɗŬ ŬůəɞɨɜŰŬɘ ůŰɘɠ ŬɟɗɟɩůŮɘɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ůŰɘɠ Űɘɛɏɠ Űɤɜ ɔɤɜɘɩɜ ŮɔəɎɟůɘŬɠ əŬɘ 

ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ, ɞűŮɑɚɞɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖɜ ɢɟɐůɖ Űɤɜ Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ 

Ůˊɑɚɡůɖɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ. ũŮɔɞɜɧɠ ɧɛɤɠ ˊɞɡ ŭŮɜ ɛˊɞɟɞɨɛŮ ɜŬ Űɞ ŬˊɞűɨɔɞɡɛŮ Ŭűɞɨ 

ɖ ɢɟɐůɖ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ŮɝɘůɩůŮɤɜ ŬɜŮɓɎɕŮɘ Űɞ ɓŬɗɛɧ Űɖɠ Ůɝɑůɤůɖɠ əŬɘ əŬɗɘůŰɎ Űɖɜ 

Ůˊɑɚɡůɖ Űɖɠ ɢɤɟɑɠ Űɖ ɓɞɐɗŮɘŬ Ŭˊɧ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ ŬŭɨɜŬŰɖ. 
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8.1. ȷˊɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɡůŰɎɗŮɘŬɠ ůɩɛŬŰɞɠ 

 

 

8.1.1. ɄŮɟɑˊŰɤůɖ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ ɛŮ Ŭɔəɨɟɤůɖ 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

ɄɚɤŰɐ ŮɝɏŭɟŬ ˊɞɡ ůŰɖɟɑɕŮŰŬɘ ˊɎɜɤ ůŮ ŰɏůůŮɟɘɠ əɡɚɑɜŭɟɞɡɠ ŮɑɜŬɘ 

Ŭɔəɡɟɞɓɞɚɖɛɏɜɖ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 8.1.1.1. ȷɟɢɘəɎ ŮɑɜŬɘ ɘůɞɓɨɗɘůŰɖ əŬɘ ɖ 

ŬɚɡůɑŭŬ ŭŮɜ ŮɝŬůəŮɑ ˊɎɜɤ Űɖɠ əŬɛɑŬ ŭɨɜŬɛɖ. ɁŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŭɘŬɔɤɔɐ Űɖɠ ŮɝɏŭɟŬɠ 

ɧŰŬɜ ɚɧɔɤ ˊŬɚɑɟɟɞɘŬɠ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ ŬɜɏɓŮɘ əŬŰɎ h. 

 

 

 

 

ɆɢɐɛŬ 8.1.1.1 

ȺɝɏŭɟŬ ŰŮůůɎɟɤɜ ɔŬůŰɟɩɜ ɛŮ ůŰŬɗŮɟɐ Ɏɟɗɟɤůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

ȺˊŮɘŭɐ Űɞ ůɖɛŮɑɞ ˊɟɞůŭɏůŮɤɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ (ɞɘ ɞɟɘɕɧɜŰɘŮɠ ŭɡɜɎɛŮɘɠ ůŰɖɜ 

ɡŭɟɞůŰŬŰɘəɐ ɘůɞɟɟɞˊɑŬ ɏɢɞɡɜ ɛɖŭŮɜɘəɐ ůɡɜɘůŰŬɛɏɜɖ) Űɞ ɓɨɗɘůɛŬ ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ 

ɗŬ ŮɑɜŬɘ ůŰŬɗŮɟɧ. ɃˊɧŰŮ Ŭɜ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ɛŮŰɎ Űɖɜ Ɏɜɞŭɞ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ 

ŮɑɜŬɘ ůŮ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ɇ0 + h. ȼ ŭɘŬɔɤɔɐ Űɖɠ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ 

Űɖ ůɢɏůɖ: 

t
M

MT

L
=

1
   (1) 

 

ɧˊɞɡ ( )4 / 2LM P L R= Ö +  əŬɘ Ʌ ɖ ŬɜŰɑŭɟŬůɖ Űɖɠ ŬɚɡůɑŭŬɠ ůŰɞ ůɖɛŮɑɞ ˊɟɞůŭɏůŮɤɠ 

(ɗŮŰɘəɐ ˊɟɞɠ ŰŬ əɎŰɤ). ȺɑɜŬɘ Ůˊɑůɖɠ: 
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ȼ ŭɨɜŬɛɖ Ʌ ŮɑɜŬɘ ɎɔɜɤůŰɖ əŬɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ůŰŬɗŮɟɧ ɓɨɗɘůɛŬ ůŰɞ 

ůɖɛŮɑɞ ˊɟɞůŭɏůŮɤɠ. Ƀ ůɡɜŭɡŬůɛɧɠ Űɖɠ ˊŬɟɎɚɚɖɚɖɠ ɓɨɗɘůɖɠ, ŮɔəɎɟůɘŬɠ əɚɑůɖɠ əŬɘ 

ŭɘŬɔɤɔɐɠ ˊɞɡ ˊɟɞəŬɚŮɑ ɖ Ʌ ŭɑɜŮɘ ɓɨɗɘůɛŬ ɇ0 + h ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ŭɖɚŬŭɐ: 
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ɧˊɞɡ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ű əŬɘ ɖ ŭɘŬɔɤɔɐ t ɗŮɤɟɞɨɜŰŬɘ ɗŮŰɘəɏɠ ɔɘŬ ɓɨɗɘůɖ Űɞɡ 

ůɖɛŮɑɞɡ ˊɟɞůŭɏůŮɤɠ. 
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ȼ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ ŭɇ ŮɑɜŬɘ: 
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əŬɘ ɖ ɔɤɜɑŬ ű ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 
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(ɖ Ʌ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ ɓŬůɘəɧ ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ) 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ əŬɘ ɖ tan(ű) ŮəűɟɎɕŮŰŬɘ ůɡɜŬɟŰɐůŮɘ Űɖɠ ɎɔɜɤůŰɖɠ ŭɨɜŬɛɖɠ 

Ʌ əŬɘ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ŰŬ t əŬɘ tan(ű) Ŭˊɧ Űɘɠ (1) əŬɘ (3) ůŰɖɜ Ůɝɑůɤůɖ (2) ˊɟɞəɨˊŰŮɘ 

ɛɑŬ Ůɝɑůɤůɖ ŰɟɑŰɞɡ ɓŬɗɛɞɨ ɤɠ ˊɟɞɠ Ʌ. ɀŮ Ůˊɑɚɡůɐ Űɖɠ ɓɟɑůəŮŰŬɘ ɖ Ʌ ɎɟŬ əŬɘ ɖ 

ɕɖŰɞɨɛŮɜɖ ŭɘŬɔɤɔɐ Ŭˊɧ Űɖɜ (1). 
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ȺűŬɟɛɞɔɐ : 

ɃˊɧŰŮ ɔɘŬ :  

¶ ȸ   = 30m 

¶ L   = 10m 

¶ R    = 1m 

¶ ɇɞ  = 1.53m 

¶ To+h  = 2m  

¶ ȹɞ  = 19.32m 

 

ŪŬ ˊɟɞəɨɣŮɘ ɖ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ : 

 

ö
÷

õ
æ
ç

å

+
-

+
+

+
Ö+

Ö
Ö++=

PP

P
P

PPP

32,19

98,28

32,19

337,2901

76,25

706,19
)32,19(

16
16

969,1288,12
47,0  

 

ȿɨɜɞɜŰŬɠ Űɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɗŬ ˊɟɞəɨɣŮɘ: 

¶ P = 1,84 t 

¶ tanű = 0,01024  

¶ tanɗ = 0,03535 
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :1                                           
Total Number of Joints (NAR)                 :1                                           
Total Number of Hulls  (NGS)                 :4                                           
Total Number of Flooded Compartments (NFC)   :0  
Total Number of Bodies with Fl. Comp. (NBFC) :0  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :4                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :1                                           
Maximum No. of Joints/Body                   :1                                           
Maximum No. of Forces/Body                   :1                                                               
Water Spec ial Weight [tn/mį] (PKNN)          :1.025000 
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            2.000000     2.000000    34.000000    14.000000     0.200000  
---- -------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No.:1   | Hulls/Body:4  
---------------------------  
                             Hull No.:1   |Type:3  
             ----------------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.800000     2.000000     2.000000     1.000000  
             ----------------------------------------------------  
                             Hull No.:2   |Type:3  
             ----------------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.800000     2.000000    12.000000     1.000000  
             ------- ---------------------------------------------  
                             Hull No.:3   |Type:3  
             ----------------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.800000    32.00000 0    12.000000     1.000000  
             ----------------------------------------------------  
                             Hull No.:4   |Type:3  
             ----------------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.800000    32.000000     2.000000     1.000000  
             ----------------------------------------------------  
-----------------------------------------------------------------------------------------  
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-----------------------------------------------------------------------------------------  
                            Joints Characteristics  
-----------------------------------------------------------------------------------------  
Joint No|xj          |yj          |type (F/R)   |Zrestr       |  
1           34.000000     3.000000 R                 - 2.000000  
-----------------------------  
Joint No.:1   |Bodies/Joint:1  
-----------------------------  
Body No.   | zhi  
1              - 3.800000  
---------------------- -------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
------------------------------------ -----------------------------------------------------  
---------------------------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1          19.320000    17.000000     7.000000     1.500000  
----- ------------------------------------------------------------------------------------  

 

ɧˊɞɡ 

- 3,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 

 

ɆɢɐɛŬ 8.1.1.2 

ȺɝɏŭɟŬ ŰŮůůɎɟɤɜ ɔŬůŰɟɩɜ ɛŮ ůŰŬɗŮɟɐ Ɏɟɗɟɤůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ ȼ/Ɉ) 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 5ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

 

 -------------------------------------------------------------------------------  
                                 FINAL RESULTS 
 -------------------------------------------------------------------------------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1  
 --------------------    
 F (t) BODY (  1)    1 =     1.856132E+00  
 -----------------------    
  JOINT            1RESTRAINED  
 -----------------------    
 F (t)    2 =    - 1.856132E+00  
    
    
 ---------------------------   
     BODIES INCLINATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1      - 3.546752E - 02    9.633552E - 03   - 2.031287E+00    5.519448E - 01 
    
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 ---- -------------------------------    
 --------------------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     2.001350E+00          1.644042E+00     2.128051E - 01     1.445033E - 01 
    
    
 ---------------------------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   2.117613E+01   KB   (m) =   8.220211E - 01   KG   (m)   =   1.368522E+00  
WATER AREA  (m^2)=   1.256637E+01   LCFx (m) =   1.700000E+01   LCFy (m)   =   7.000000E+00  
BML         (m)  =   1.370099E+02   LCBx (m) =   1.700000E+01   Ixx  (m^4) =   3.173009E+02  
BMT         (m )  =   1.535849E+01   LCBy (m) =   7.000000E+00   Iyy  (m^4) =   2.830575E+03  
Tm          (m)  =   1.644042E+00   GML  (m) =   1.364794E+02   GMT  (m)   =   1.482801E+01  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ 

Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

ȷɟɢɘəɧɠ ȾɩŭɘəŬɠ Ɂɏɞɠ ȾɩŭɘəŬɠ 

B
O

D
Y

 N
O

.1
 

ȹɨɜŬɛɖ: P = -1,84 t -1.8561 t -1.8561 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,035350 -0.035467 -0.035467 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,010240 0.009633 0.009633 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

 

ȳˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ ŭŮɜ ɡˊɎɟɢɞɡɜ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɞ 

Ŭɟɢɘəɧɠ əɩŭɘəŬɠ əŬɘ ɞ ɜɏɞɠ əɩŭɘəŬɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ: 

i. ɆŰɞ ůɨůŰɖɛŬ ˊɞɡ ŮˊɘɚɨɗɖəŮ ŭŮɜ ɡˊɎɟɢɞɡɜ ŬɟɗɟɩůŮɘɠ ɧˊɞɡ ɛɏůŬ Ŭˊɧ Űɘɠ 

ɓŮɚŰɘůŰɞˊɞɘɐůŮɘɠ ˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ ůŰɞɜ ɜɏɞ əɩŭɘəŬ ɗŬ ŮˊɖɟŮɎůɞɡɜ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ. 

ii.  Ƀɘ ɔɎůŰɟŮɠ Űɞɡ ůɩɛŬŰɞɠ ŮɑɜŬɘ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ ɎɟŬ ůɡɛɛŮŰɟɘəɏɠ ɤɠ ˊɟɞɠ Űɞ 

əɏɜŰɟɞ Űɞɡɠ ŬɚɚɎ ŮɑɜŬɘ əŬɘ ůɡɛɛŮŰɟɘəɎ ŰɞˊɞɗŮŰɖɛɏɜŮɠ ůŰɞ ůɩɛŬ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɞ ɔɘɜɧɛŮɜɞ Űɖɠ ɟɞˊɐɠ ŬŭɟɎɜŮɘŬɠ ɜŬ ŮɑɜŬɘ ɛɖŭŮɜɘəɧ (Ixy = 0). ɇɞ 

ɔŮɔɞɜɧɠ ŬɡŰɧ ŭɖɚɩɜŮɘ ɛɖŭŮɜɘəɐ ɔɤɜɑŬ ůŰɟɞűɐɠ əŬɘ ɎɟŬ əŬɛɑŬ ŬɚɚŬɔɐ ůŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ ůŮ ůɢɏůɖ ɛŮ Űɞɜ Ŭɟɢɘəɧ əɩŭɘəŬ ɧˊɞɡ ŭŮɜ 

ɚŬɛɓŬɜɧŰŬɜ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ Ixy. 
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8.1.2. ɄŮɟɑˊŰɤůɖ ŰŮůůɎɟɤɜ ŮɝŮŭɟɩɜ ɛŮ ɛɑŬ Ɏɟɗɟɤůɖ 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɇɏůůŮɟŬ ɧɛɞɘŬ ˊɞɜŰɧɜɘŬ ůɢɐɛŬŰɞɠ ɞɟɗɞɔɤɜɑɞɡ ˊŬɟŬɚɚɖɚŮˊɘˊɏŭɞɡ ůɡɜŭɏɞɜŰŬɘ 

ɛŮŰŬɝɨ Űɞɡɠ ɛŮ Ɏɟɗɟɤůɖ ůŰɞ ůɖɛŮɑɞ ȷ əŬɘ ŮɑɜŬɘ ůŰɖɜ Ŭɟɢɐ ɘůɞɓɨɗɘůŰŬ. ȾŬŰɧˊɘɜ ɓɎɟɞɠ 

w = 10t ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ůɖɛŮɑɞ ȸ Űɞɡ ˊɞɜŰɞɜɘɞɨ Ɂɞ. 1. ȻɖŰɞɨɜŰŬɘ ɞɘ ŮɔəɎɟůɘŮɠ 

əɚɑůŮɘɠ əŬɘ ɞɘ ŭɘŬɔɤɔɏɠ Űɤɜ ŰŮůůɎɟɤɜ ˊɞɜŰɞɜɘɩɜ ɛŮŰɎ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɓɎɟɞɡɠ. 

 

ȹɑɜɞɜŰŬɘ:  

¶ ɀɐəɞɠ ˊɞɜŰɞɜɑɞɡ  L = 30m 

¶ ɄɚɎŰɞɠ   B = 8m 

¶ ɄɚŮɡɟɘəɧ ɨɣɞɠ  D = 4m  

¶ ȷɟɢɘəɧ ɓɨɗɘůɛŬ  T0 = 1.5m 

¶ ȷɟɢɘəɧ KG   KG = 1.5m 

 

 

ɆɢɐɛŬ 8.1.2.1 

ɇɏůůŮɟɘɠ ŮɝɏŭɟŮɠ ɛŮ ɛɑŬ Ɏɟɗɟɤůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ɇŬ ŰɏůůŮɟŬ ˊɞɜŰɧɜɘŬ ɏɢɞɡɜ ůŮ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ Űɞ ɑŭɘɞ ɓɨɗɘůɛŬ ůŰɞ ůɖɛŮɑɞ 

ȷ. Ⱥˊɘˊɚɏɞɜ, ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰŬ ˊɞɜŰɧɜɘŬ 2, 3, 4 ɛɏůɤ Űɖɠ ŬɟɗɟɩůŮɤɠ ȷ 

ŮɑɜŬɘ ɑůŮɠ ɔɘŬŰɑ ŰŬ ˊɞɜŰɧɜɘŬ ɏɢɞɡɜ ŰŬ ɑŭɘŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ əŬɘ Űɖɜ ɑŭɘŬ əŬŰŬɜɞɛɐ 

ɓŬɟɩɜ (ɇȷ = f(Fȷ)). ȷˊɧ Űɖɜ ɘůɞɟɟɞˊɑŬ Űɞɡ əɧɛɓɞɡ ȷ ůɡɜŮˊɎɔŮŰŬɘ ɚɞɘˊɧɜ: 

 

1 43A AF F=-   (1) 

 

ɧˊɞɡ FA1 ŮɑɜŬɘ ɖ əŬŰŬəɧɟɡűɖ ŭɨɜŬɛɖ ˊɞɡ ŮˊɘŭɟɎ ůŰɞ ˊɞɜŰɧɜɘ 1 əŬɘ FA4 ɖ əŬŰŬəɧɟɡűɖ 

ŭɨɜŬɛɖ ˊɞɡ ŮˊɘŭɟɎ ůŰɞ ˊɞɜŰɧɜɘ 4. (ŪŮɤɟɞɨɛŮ ɧŰɘ FA ɗŮŰɘəɧ ɏɢŮɘ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ).  

 

ɇŬ ɓɡɗɑůɛŬŰŬ Űɤɜ ˊɞɜŰɞɜɑɤɜ 1 əŬɘ 4 ůŰɞ ůɖɛŮɑɞ ȷ ŮɑɜŬɘ: 

 

1
1 0 1 1

4
4 0 4 4

tan
2 2

tan    
2 2

A

A

t B
T T T

t B
T T T

d f

d f

û
= + + + îî

ü
î= + - +
îý

  (2) 

 

ɧˊɞɡ ŭɇ, t, ű ŮɑɜŬɘ ɖ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ, ɖ ŭɘŬɔɤɔɐ əŬɘ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ əɎɗŮ 

ˊɞɜŰɞɜɑɞɡ ˊɟɞůɖɛŬůɛɏɜŮɠ ɤɠ ˊɟɞɠ Űɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ (x, y) Űɞɡ ůɢɐɛŬŰɞɠ.  

 

ȺəűɟɎɕɞɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ůɡɜŬɟŰɐůŮɘ Űɖɠ ŭɨɜŬɛɖɠ FA1: 

 

ɄɞɜŰɧɜɘ 1 

¶ 
1
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¶ 
1 1 13 4 10

2 2
T A A

B B
M F W F

å õ
= Ö + Ö - + = -æ ö

ç ÷
 

¶ 1 1 0 1 0 1 0 1 1379A A A Aw F LBT w F LBT w F Fg gD =D =D + + = + + = + + = + 
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593,5 4

379

A

A

KG w D F
KG

F

D + Ö +
= =

D +
 

 

 

ɄɞɜŰɧɜɘ 4 

¶ 
1

1
4

1

3

738

A
A

F
F

T
LB

d
g

=- =- 

¶ 

1

4 1
4

3 2

1 615 123

A

L A

F L
M F

t
MT

Ö

= = =  

¶ 4
4

4 4

tan TM

GM
f=
D

 

¶ 1
4 11.333

3 2

A
T A

F B
M F=- Ö =-  

¶ 1
4 0 1

1
369

3 3

A
A

F
LBT FgD = + = + 

¶ 4 4 4 4GM KB BM KG= + -  

¶ 0 4
4

2

T T
KB

d+
=  

¶ 4
1

1312

369
3
A

BM
F

=

+

 

¶ 

1
0 0

1
4

14

369 1.333

369
3

A

A

A

F
KG D

F
KG

F

D +
+

= =
D

+
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ȷˊɧ Űɖɜ ɘůɧŰɖŰŬ ɇȷ1 = ɇȷ4 ůɡɜŬɟŰɐůŮɘ Űɤɜ (2) ɏɢɞɡɛŮ Űɖɜ Ůɝɑůɤůɖ ɔɘŬ Űɞ FA1: 

 

( )

( )

1 1 1
0

1

1
1

1

1 1 1
0

1

1
1

1

10 50 15 4 10
4

10246 1230
1.5

718,5 4246379
2 379

1.333
4

738 246
1.5

943 1.333738369 0.333
2 369 0.333

A A A

A

A
A

A

A A A

A

A
A

A

F F F
T

F
F

F
F

F F F
T

F
F

F
F

+ - + -
+ + + ³ =

+å õ
+æ ö+

+ ³ +æ ö
+æ ö

ç ÷

- ³
= - - + ³

å õ
-æ ö-

+ ³ +æ ö
+æ ö

ç ÷

 

 

Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ŬɟɘɗɛɖŰɘəɎ: 

 

¶ 1 0,929 AF t=  

¶ 2 0,309 AF t=  

 

Ůɜɩ ɔɘŬ Űɖɜ ŮɔəɎɟůɘŬ əŬɘ ŭɘŬɛɐəɖ əɚɑůɖ ˊɟɞəɨˊŰŮɘ: 

 

ɄɞɜŰɧɜɘ 1 

¶ 
0

1 0.3571f=     Ҧ  1tan 0,006233j=-  

¶ 1 0.05864t m=-    Ҧ  1tan 0,001954q=-  

 

ɄɞɜŰɧɜɘ 4 

¶ ( )4 2 30.00755t m t t= = =   Ҧ  4tan 0,001197j=-  

¶ ( )0

4 2 30.0685f f f= = =   Ҧ  4tan 0,000251q=-  
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :4                                           
Total Number of Joints (NAR)                 :1                                           
Total Number of Hulls  (NGS)                 :4                                           
Total Number of Flooded Compartments (NFC)   :0  
Total Number of Bodies with Fl. Comp. (NBFC) :0  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :4                                           
Maximum No. of Joints/Body                   :2                                           
Maximum No. of Forces/Body                   :2                                        
Water Special Weight [tn/mį] (PKNN)          :1.025000 
---------------------------------------------------------------------------------------- -  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            2.000000     2.000000    30.000000     8.000000     0.200000  
2            2.000000    10.000000    30.000000     8.000000     0.200000  
3           32.000000    10.000000    30.000000     8.000000     0.200000  
4           32.000000     2.000000    30.000000     8.000000     0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
------------------------------------------------------------------------------ -----------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No.:1   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.0000 00 
             -----------------------------------------------------------------  
---------------------------  
Body No.:2   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.000000  
             ---------------- -------------------------------------------------  
---------------------------  
Body No.:3   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             ----------------------------------------------------------- ------  
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             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.000000  
             -----------------------------------------------------------------  
---------------------------  
Body No.:4   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.000000  
             -----------------------------------------------------------------  
------------------------------------------------------------------------ -----------------  
 
 
 
-----------------------------------------------------------------------------------------  
                            Joints Characteristics  
-----------------------------------------------------------------------------------------  
Joint No      |xj          |yj    |type (F/R)    |Zrestr       |  
1           32.000000    10.000000 F                  0.000000  
-----------------------------  
Joint No.:1   |Bodies/Joint:4  
-----------------------------  
Body No.      | zhi  
1               0. 200000  
2               0.200000  
3               0.200000  
4               0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
--------------------------------------------------------------------------------- --------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
No. Body:1   | Power/Body:2  
---------------------------  
Power No.|Powe r       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
2            10.000000    10.000000     3.000000     4.000000  
---------------------------  
No. Body:2   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
---------------------------  
No. Body:3   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
---------------------------  
No. Body:4   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
 
-----------------------------------------------------------------------------------------  

 

ɧˊɞɡ 

- 3,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 
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ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 

 

 

ɆɢɐɛŬ 8.1.2.2 

ɇɏůůŮɟɘɠ ŮɝɏŭɟŮɠ ɛŮ ɛɑŬ Ɏɟɗɟɤůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ ȼ/Ɉ) 

 

 

ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 4ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

 

 

 -------------------------------------------------------------------------------  
                                 FINAL RESULTS 
 -------------------------------------------------------------------------------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1  
 - -------------------    
 F (t) BODY (  1)    1 =     9.380805E - 01 
 F (t) BODY (  2)    2 =    - 3.126935E - 01 
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 F (t) BODY (  3)    3 =    - 3.126935E - 01 
 F (t) BODY (  4)    4 =    - 3.126935E - 01 
    
 ---------------------------   
     BODIES INCLINATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1      - 6.196806E - 03   - 1.979962E - 03   - 3.550463E - 01   - 1.134433E - 01 
   2       1.207272E - 03   - 2.580826E - 04    6.917154E - 02   - 1.478705E - 02 
   3       1.2 07272E - 03    2.580826E - 04    6.917154E - 02    1.478705E - 02 
   4      - 1.207272E - 03    2.580826E - 04   - 6.917153E - 02    1.478704E - 02 
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 -----------------------------------    
 --------- -----------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.489977E+00          1.544464E+00    - 2.478722E - 02    - 2.969942E - 02 
    2     1.490029E+00          1.498729E+00    - 4.829087E - 03    - 3.871240E - 03 
    3     1.490029E+00          1.498729E+00    - 4.829087E - 03    - 3.871240E - 03 
    4     1.490029E+00          1.498729E+00    - 4.829086E - 03    - 3.871239E - 03 
    
 ---------------------------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   3.799381E+02   KB   (m) =   7.722319E - 01   KG   (m)   =   1.571973E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   4.856054E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)  =   3.453194E+00   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.544464E+00   GML  (m) =   4.776096E+01   GMT  (m)   =   2.653615E+00  
 ----------------------    
    BODY             2  
 ----------------------    
DISPLACEMENT(t)  =   3.686873E+02   KB   (m) =   7.493645E - 01   KG   (m)   =   1.497880E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   5.004240E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)  =   3.558571E+00   LCBy (m) =   4.0000 00E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.498729E+00   GML  (m) =   4.929389E+01   GMT  (m)   =   2.810060E+00  
 ----------------------    
    BODY             3  
 ----------------------    
DISPLACEMENT(t)  =   3.686873E+02   KB   (m) =   7.4 93645E - 01   KG   (m)   =   1.497880E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   5.004240E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)  =   3.558571E+0 0   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.498729E+00   GML  (m) =   4.929389E+01   GMT  (m)   =   2.810060E+00  
 
 
 ----------------------    
    BODY             4  
 ----------------------    
DISPLACEMENT(t)  =   3.686873E+02   KB   (m) =   7.493645E - 01   KG   (m)   =   1.497880E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   5.004240E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)  =   3.558571E+00   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.498729E+00   GML  (m) =   4.929389E+01   GMT  (m)   =   2.810060E+00  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ 

Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

ȷɟɢɘəɧɠ ȾɩŭɘəŬɠ Ɂɏɞɠ ȾɩŭɘəŬɠ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ: P = 0,929 t 0,9392 0,9380 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,006233 -0.006192 -0,006196 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,001954 -0,001978 0,001979 

B
O

D
Y

 N
O

. 
2
 

ȹɨɜŬɛɖ: P = -0,309 t -0,3130 -0,3126 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,001197 0,001208 0,001207 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,000251 -0,000258 -0,000258 

B
O

D
Y

 N
O

. 
3
 

ȹɨɜŬɛɖ: P = -0,309 t -0,3130 -0,3126 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,001197 0,001208 0,001207 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,000251 0,000258 0,000258 

B
O

D
Y

 N
O

. 
4
 

ȹɨɜŬɛɖ: P = -0,309 t -0,3130 -0,3126 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,001197 -0,001208 -0,001207 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,000251 0,000258 0,000258 

 

ũɘŬ ůɩɛŬŰŬ 2, 3 əŬɘ 4 ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ɑŭɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɧɛɤɠ ɛŮŰŬɝɨ Űɞɡɠ 

ŭɘŬűɏɟŮɘ Űɞ ˊɟɧůɖɛɞ ɔɘŬ Űɖɜ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ. Ƀ ɟɧɚɞɠ Űɤɜ 

ˊɟɧůɖɛɤɜ ůŰŬ ŬɟɘɗɛɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ˊŬɟɞɡůɑŬůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛɏůɤ Űɞɡ ŬɟɢŮɑɞɡ Ůɝɧŭɞɡ ůŰɞ əŮűɎɚŬɘɞ 7. 
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ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

 

ɀŮŰŬɝɨ Űɤɜ Űɘɛɩɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɛɏůɤ Űɞɡ Ŭɟɢɘəɞɨ əŬɘ Űɞɡ ɜɏɞɡ əɩŭɘəŬ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ ˊɞɚɨ ɛɘəɟɐ ŭɘŬűɞɟɎ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɖ. Ƀ ɚɧɔɞɠ ŮɑɜŬɘ ɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ ˊɞɡ ɏɢŮɘ ŮˊɘŰŮɡɢɗŮɑ ůŰɞ ɜɏɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ɔŮɤɛŮŰɟɘəɐ ůɢɏůɖ ˊɞɡ 

ůɡɜŭɏŮɘ ŭɨɞ ůɩɛŬŰŬ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ Ɏɟɗɟɤůɖ. 
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8.1.3. ɄŮɟɑˊŰɤůɖ ŭɨɞ ˊɚɤŰɩɜ ŮɝŮŭɟɩɜ ůɡɜŭŮŭŮɛɏɜɤɜ ɛŮ ŭɨɞ ŬɟɗɟɩůŮɘɠ 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ȹɡɞ ɧɛɞɘŬ ˊɞɜŰɧɜɘŬ ůɢɐɛŬŰɞɠ ɞɟɗɞɔɤɜɑɞɡ ˊŬɟŬɚɚɖɚŮˊɘˊɏŭɞɡ ůɡɜŭɏɞɜŰŬɘ 

ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŬɟɗɟɩůŮɘɠ ůŰŬ ůɖɛŮɑŬ ȷ əŬɘ ȸ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ. ȷɜ ůŰɞ 

ůɖɛŮɑɞ ũ Űɞɡ ˊɞɜŰɞɜɘɞɨ Ɂɞ. 1 ŰɞˊɞɗŮŰɖɗŮɑ ɓɎɟɞɠ w = 15t ɕɖŰŮɑŰŬɘ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ 

əŬɘ ɖ ŭɘŬɔɤɔɐ ˊɞɡ ɗŬ ɏɢŮɘ əɎɗŮ ˊɞɜŰɧɜɘ. 

 

ȹŮŭɞɛɏɜŬ 

¶ L = 30 m 

¶ B = 8 m 

¶ D = 3 m 

¶ T0 = 1.5 m 

¶ KG (Ŭɟɢɘəɧ) = 1.5 m 

 

ɆɢɐɛŬ 8.1.3.1 

ȹɨɞ ŮɝɏŭɟŮɠ ɛŮ ŭɨɞ ŬɟɗɟɩůŮɘɠ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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ɄŬɟŬŰɐɟɖůɖ 

ŪŬ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ůŰɖɜ ŰŮɚɘəɐ əŬŰɎůŰŬůɖ ŰŬ ˊɞɜŰɧɜɘŬ ŭŮɜ ɏɢɞɡɜ ɎɚɚŬ ůɖɛŮɑŬ 

ŮˊŬűɐɠ ŮəŰɧɠ Ŭˊɧ ŰŬ ůɖɛŮɑŬ Űɤɜ ŬɟɗɟɩůŮɤɜ ȷ əŬɘ ȸ. 

 

 

× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ȿɧɔɤ Űɖɠ əɞɘɜɐɠ Ŭəɛɐɠ ȷȸ ˊɞɡ ɏɢɞɡɜ ŰŬ ˊɞɜŰɧɜɘŬ ɗŬ ɏɢɞɡɜ Űɞ ɑŭɘɞ  ɓɨɗɘůɛŬ 

əŬɘ ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɖɠ ȷȸ, ɎɟŬ əŬɘ ůŰɞ ɛɏůɞ Űɖɠ. ŪŮɤɟɞɨɛŮ ɧŰɘ ůŰɘɠ ŬɟɗɟɩůŮɘɠ ȷ 

əŬɘ ȸ ŮɜŮɟɔɞɨɜ ˊɟɞɠ ŰŬ ˊɎɜɤ ɔɘŬ Űɞ ˊɞɜŰɧɜɘ 1 ɞɘ ŭɡɜɎɛŮɘɠ FA əŬɘ FB ŬɜŰɑůŰɞɘɢŬ (ɧˊɞŰŮ 

ɞɘ ŬɜŰɑɗŮŰɏɠ Űɞɡɠ ɗŬ ŮɜŮɟɔɞɨɜ ůŰɞ ˊɞɜŰɧɜɘ 2). ɇɞ ɓɨɗɘůɛŬ ůŰɞ ɛɏůɞ Űɖɠ ȷȸ ɔɘŬ Űɞ 

ˊɞɜŰɧɜɘ 1 ɛŮ ˊɟɧůɖɛŬ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞɡɠ ɎɝɞɜŮɠ x, y ŮɑɜŬɘ: 

 

T T T
t

M = + +0 1

1

2
d  

əŬɘ ɔɘŬ Űɞ ˊɞɜŰɧɜɘ 2: 

2
0 2

2
M

t
T T Td= + + 

ůɡɜŮˊɩɠ: 

1 2
1 2

2 2

t t
T Td d+ = -  (1) 

ȺəűɟɎɕɞɡɛŮ Űɖɜ ˊŬɟɎɚɚɖɚɖ ɓɨɗɘůɖ əŬɘ Űɖ ŭɘŬɔɤɔɐ əɎɗŮ ˊɞɜŰɞɜɘɞɨ ůɡɜŬɟŰɐůŮɘ Űɤɜ 

FA, FB: 

¶ 
( )( )

1
1 2

15 4
2

12

A B
L

L

L
w F F

M
t

I L B

L

g g

Ö - - + Ö
= =  

¶ 
( )

2
2 2 2

2

12 12

A B
L

L
F F

M
t

L B L Bg g

+ Ö
= =-  
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¶ 
( )

1

A Bw F F
T

LB
d

g

- +
=  

¶ 
( )

2

A BF F
T

LB
d

g

+
=  

 

 

əŬɘ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ůŰɖɜ (1) ɔɘŬ w = 15m, L = 30m, B = 8m ɓɟɑůəɞɡɛŮ: 

FA + FB = 6 t. 

Ⱥˊɞɛɏɜɤɠ ɞɘ ŭɘŬɔɤɔɏɠ Űɤɜ ŭɨɞ ˊɞɜŰɞɜɘɩɜ ŮɑɜŬɘ: 

1 0,0122t m=  əŬɘ  2 0,1460t m=  

 

ȼ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ŮɑɜŬɘ ɑŭɘŬ ɔɘŬ ŰŬ ŭɨɞ ˊɞɜŰɧɜɘŬ (əɞɘɜɐ Ŭəɛɐ ȷȸ) ŭɖɚŬŭɐ: 

 

1 2

1 2

1 1 2 2

tan tan

T T

ɐ

M M

GM GM

j j=

=
D D

  (2) 

ɧˊɞɡ ɔɘŬ Űɞ ˊɞɜŰɧɜɘ 1: 

¶ ( ) ( )1 2 30 4
2 2

T A B A B

B B
M w F F F F

å õ
= - + - = + -æ ö
ç ÷

 

¶ ( )1 0 369 15 6 378A BLBT w F F tgD = + - + = + - = 

¶ 1 1 1 1GM KB BM KG= + -  

¶ 0 1
1

15 6
1.5

1.025 30 8 0.768
2 2

T T
KB m

d
-

+
+ ³ ³= = =  

¶ 

3

1

1

1.025 30 8
3.447

380.625 12

TIBM m
gÖ ³
= = ³ =
D

 

¶ 
( )0 0

1 1.535A BKG w D F F D
KG m

D + Ö - + Ö
= =

D
 

¶ ɄɟɞəɨˊŰŮɘ: 1 2.679GM m=  
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əŬɘ ɔɘŬ Űɞ ˊɞɜŰɧɜɘ 2: 

¶ ( ) ( )2 4
2

T B A B A

B
M F F F F= - Ö = - 

¶ 2 0 369 6 375A BF F tD =D + + = + = 

¶ 2 2 2GM KB BM KG= + -  

¶ 0 2
2

6
1.5

1.025 30 8 0.762
2 2

T T
KB m

d
+

+ ³ ³= = =  

¶ 

3

2

2

30 8
3.523

122
BM m

g ³
= ³ =
D

 

¶ 
( )0 0

2 1.524A BKG F F D
KG m

D + + Ö
= =

D
 

¶ ɄɟɞəɨˊŰŮɘ: 2 2.761GM m=  

 

əŬɘ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ůŰɖ ůɢɏůɖ (2): 

 

( ) ( )
761.2375

4

679.2378

430

³

Ö-
=

³

-+ ABBA FFFF

 

Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ 

FA - FB = -3.791 t 

 

ɃˊɧŰŮ    

FA = 1,104 t    əŬɘ    FB = 4.896 t 

əŬɘ   

tanű = 0.0146    ɐ     ű1 = ű2 = 0.84ɞ 

 

 

 

 

 

 

 

 



147 

 

× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :2                                           
Total Number of Joints (NAR)                 :2                                           
Total Number of Hulls  (NGS)                 :2                                           
Total Number of Flooded Compartments (NFC)   :0  
Total Number of Bodies with Fl. Comp. (NBFC) :0  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :2                                           
Maximum No. of Joints/Body                   :2                                           
Maximum No. of Forces/Body                   :2                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
---------------------------------------------------------------------- -------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1           32.000000     2.000000    30.000000     8.000000     0.200000  
2            2.000000     2.000000    30.000000     8.000000     0.200000  
--------------------------------------------- --------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No.:1   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             ------------------- ----------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
 
                  2.800000    15.000000     4.000000    30.000000     8.000000  
             ----------------------------------------------- ------------------  
---------------------------  
Body No.:2   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  2.800000    15.000000     4.000000    30.000000     8.000000  
             -----------------------------------------------------------------  
----------------------------------------------------- ------------------------------------  
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-----------------------------------------------------------------------------------------  
                            Joints Characteristics  
-----------------------------------------------------------------------------------------  
Joint No      |xj          |yj    |type (F/R)    |Zrestr       |  
1           32.000000    10.000000 F                  0.000000  
2           32.000000     2.000000 F                  0.000000  
-----------------------------  
Joint No.:1   |Bodies/Joint:2  
-----------------------------  
Body No.   | zhi  
1               0.200000  
2               0.200000  
-----------------------------  
Joint No.:2   |Bodies/Joint:2  
-----------------------------  
Body No.   | zhi  
1               0.200000  
2               0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
------------------------------------------------------------------ -----------------------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
No. Body:2   | Power/Body:2  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
2            15.000000    26.000000     2.000000     3.000000  
---------------------------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
-----------------------------------------------------------------------------------------  

 

 

ɧˊɞɡ 

- 2,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 
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ɆɢɐɛŬ 8.1.3.2 

ɇɏůůŮɟɘɠ ŮɝɏŭɟŮɠ ɛŮ ɛɑŬ Ɏɟɗɟɤůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ ȼ/Ɉ) 

 

 

ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 5ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  
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-------------------------------------------------------------------------------  
                                 FINAL RESULTS 
 ---------------------------------------------------------- ---------------------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1  
 --------------------    
 F (t) BODY (  1)    1 =     1.118128E+00  
 F (t) BODY (  2)    2 =    - 1.118128E+00  
 --------------------    
  JOINT            2  
 --------------------    
 F (t) BODY (  1)    3 =     4.876359E+00  
 F (t) BODY (  2)    4 =    - 4.876359E+00  
    
    
 ---------------------------   
     BODIES INCLINATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1      - 1.464201E - 02   - 4.950113E - 03   - 8.388653E - 01   - 2.836183E - 01 
   2      - 1.464196E - 02    4.134463E - 03   - 8.388623E - 01    2.368859E - 01 
    
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 -----------------------------------    
 --------------------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.540051E+00          1.524368E+00    - 5.856803E - 02     7.425170E - 02 
    2     1.540057E+00          1.536608E+00    - 5.856782E - 02     6.201695E - 02 
 --------------------    
  JOINT            2  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.657188E+00          1.524368E+00     5.856803E - 02     7.425170E - 02 
    2     1.657193E+00          1.536608E+00     5.856782E - 02     6.201695E - 02 
    
    
 ---------------- -----------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   3.749945E+02   KB   (m) =   7.621839E - 01   KG   (m)   =   1.523978E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   4.920072E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)  =   3.498718E+00   LC By (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.524368E+00   GML  (m) =   4.843991E+01   GMT  (m)   =   2.737902E+00  
 ----------------------    
    BODY             2  
 ----------------------    
DISPLACEMENT(t)  =   3.780055E+02   KB   (m) =   7.683040E - 01   KG   (m)   =   1.535736E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   4.880881E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)   =   3.470849E+00   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.536608E+00   GML  (m) =   4.804217E+01   GMT  (m)   =   2.704206E+00  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ 

Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

ȷɟɢɘəɧɠ ȾɩŭɘəŬɠ Ɂɏɞɠ ȾɩŭɘəŬɠ 

B
O

D
Y

 N
O

. 
1
 

ȹɡɜɎɛŮɘɠ: 
P1 = 1,104 1,1182 1,1181 

P2 = 4,896 4,8764 4,8763 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,014600 -0,0146419 -0,0146420 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,004860 -0,0049502 -0,0049501 

B
O

D
Y

 N
O

. 
2
 

ȹɡɜɎɛŮɘɠ: 
P1 = -1,104 -1,1182 -1,1181 

P2 = -4,896 -4,8764 -4,8763 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,014600 -0,0146419 -0,0146419 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,004063 -0,0041343 0,0041344 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ ɜɏɞɡ əŬɘ Űɞɡ 

Ŭɟɢɘəɞɨ əɩŭɘəŬ, ɚɧɔɤ Űɖɠ Ɏɟɗɟɤůɖɠ ˊɞɡ ůɡɜŭɏŮɘ ŰŬ ŭɨɞ ůɩɛŬŰŬ ɛŮŰŬɝɨ Űɞɡɠ ŮɑɜŬɘ 

ɚɞɔɘəɧ ɧŰɘ ɛŮ Űɞɜ ɜɏɞ əɩŭɘəŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ɏɢɞɡɜ ŬɚɚɎɝŮɘ. ȼ ŬɚɚŬɔɐ ŬɡŰɐ 

ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ˊɞɡ ɏɢŮɘ ŭŮɢŰŮɑ ɞ əɩŭɘəŬɠ ůŰɞ ɗɏɛŬ Űɖɠ ŬɜɎɚɡůɖɠ Űɞɡ 

Űɟɧˊɞɡ ˊɞɡ ůɡɜŭɏŮŰŬɘ  ɛɑŬ Ɏɟɗɟɤůɖ ɛŮ ɏɜŬ ůɩɛŬ, əŬŰɎ Űɖ űɎůɖ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 
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8.1.4. ɄŮɟɑˊŰɤůɖ ŭɨɞ ˊɚɤŰɩɜ ŮɝŮŭɟɩɜ ɛŮ ŭɨɞ ŬɟɗɟɩůŮɘɠ Ůə Űɤɜ ɞˊɞɑɤɜ 

ɖ ɛɑŬ ůŰŬɗŮɟɐ 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ȹɨɞ ɧɛɞɘŬ ˊɞɜŰɧɜɘŬ ůɢɐɛŬŰɞɠ ɞɟɗɞɔɤɜɑɞɡ ˊŬɟŬɚɚɖɚŮˊɘˊɏŭɞɡ ŮɑɜŬɘ 

ůɡɜŭŮŭŮɛɏɜŬ ɛŮ Ɏɟɗɟɤůɖ ůŰɞ ůɖɛŮɑɞ ȸ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ. ũŮɟŬɜɧɠ ˊɞɡ 

ɓɟɑůəŮŰŬɘ ůŮ ˊɟɞɓɚɐŰŬ ŬɜɡɣɩɜŮɘ Űɞ ˊɞɜŰɧɜɘ 1 Ŭˊɧ Űɞ ůɖɛŮɑɞ ȷ Űɞ ɞˊɞɑɞ ŬˊɞəŰɎ 

ɓɨɗɘůɛŬ ůŰɖ Ɏɟɗɟɤůɖ ɇɞ=1.4m. ȺɎɜ ɖ ŭɘŬɔɤɔɐ Űɞɡ ˊɞɜŰɞɜɑɞɡ 2 ŮɑɜŬɘ ŰɧŰŮ t=0.02m 

(ɏɛˊɟɤɟɖ) ɕɖŰŮɑŰŬɘ ɜŬ ɓɟŮɗŮɑ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ əŬɘ ɖ ŭɘŬɔɤɔɐ Űɞɡ ˊɞɜŰɞɜɑɞɡ Ɂɞ. 1. 

 

ȹɑɜɞɜŰŬɘ:  

¶ ɀɐəɞɠ ˊɞɜŰɞɜɑɞɡ  L = 30m 

¶ ɄɚɎŰɞɠ ˊɞɜŰɞɜɑɞɡ  B = 10m 

¶ ɄɚŮɡɟɘəɧ ɨɣɞɠ  D = 3m  

¶ ȷɟɢɘəɧ ɓɨɗɘůɛŬ  T0 = 1.5m 

¶ ȷɟɢɘəɧ KG   KG = 1.5m 

 

ɆɢɐɛŬ 8.1.4.1 

ȹɨɞ ŮɝɏŭɟŮɠ ɛŮ ɛɑŬ ŮɚŮɨɗŮɟɖ əŬɘ ɛɑŬ ůŰŬɗŮɟɐ Ɏɟɗɟɤůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ɀɏůɤ Űɖɠ Ɏɟɗɟɤůɖɠ ȸ ŮˊɘŭɟɎ ůŰɞ ˊɞɜŰɧɜɘ 2 ɖ əŬŰŬəɧɟɡűɖ ŭɨɜŬɛɖ FB (ɗŮŰɘəɐ 

ˊɟɞɠ ŰŬ əɎŰɤ) ˊɞɡ ˊɟɞəŬɚŮɑ ŭɘŬɔɤɔɐ: 

 

t

F
L

MT

F FB
B B

2 2

2

1

15

1025 30 10

12

15

76875
=

Ö

=
³

³ ³
=

³

. .

 

 

ȹɑɜŮŰŬɘ ɧɛɤɠ t2 = 0.02m ɞˊɧŰŮ FB = 1.025t. ɇɞ ɓɨɗɘůɛŬ ůŰɖ ɗɏůɖ ȸ Űɞɡ 

ˊɞɜŰɞɜɘɞɨ 2 ŮɑɜŬɘ: 

2
0 2

2
B

t
T T Td= + + 

ɧˊɞɡ 

2 0.0033BF
T m

LB
d

g
= =  

 

ůɡɜŮˊɩɠ ˊɟɞəɨˊŰŮɘ ɔɘŬ Űɞ ɓɨɗɘůɛŬ ůŰɞ ůɖɛŮɑɞ ȸ: 

 

1.5 0.0033 0.01 1.513BT m= + + =  

 

ɆŮ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ Űɞ ɓɨɗɘůɛŬ ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ŮɑɜŬɘ əɞɘɜɧ əŬɘ ɔɘŬ ŰŬ ŭɨɞ 

ˊɞɜŰɧɜɘŬ. ȷˊɧ Űɖɜ ɡŭɟɞůŰŬŰɘəɐ ɘůɞɟɟɞˊɑŬ Űɞɡ ˊɞɜŰɞɜɘɞɨ 1 ŮɑɜŬɘ: 

 

1
0 11.5133

2
B

t
T T Td= = + +  (1) 

ɧˊɞɡ 

1

1.025

307.5

BF P P
T

LB
d

g

+ +
=- =-  

 

(ɖ FB Ůŭɩ ɏɢŮɘ ŬɜŰɑɗŮŰɖ űɞɟɎ) 
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( ) ( )
1

1.025 152

1 768.75

B

L
P F P

t
MT

- Ö - ³
= =  

 

əŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (1) ɏɢɞɡɛŮ: 

( )
15133 15

1025

3075

1025 75

76875
. .

.

.

. .

.
= -

+
+
- ³P P

 

ɐ 

Ʌ = 4.1t 

 

ȼ Ŭɟɢɘəɐ ɟɞˊɐ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ůŰɞ ˊɞɜŰɧɜɘ 1 ŮɑɜŬɘ: 

M P
B

tmT = ³ = ³ =
2

41 5 205. .
 

Ůɜɩ Űɞ ŮəŰɧˊɘůɛɎ Űɞɡ: 

D= - - =gLBT P F tB0 456125.  

 

əŬɘ Űɞ Ŭɟɢɘəɧ ɛŮŰŬəŮɜŰɟɘəɧ Űɞɡ ɨɣɞɠ:  

GM = KB+BM-KG 

ɧˊɞɡ 

¶ 0 1

1.025 4.1
1.5

307.5 0.742
2 2

T T
KB m

d
+

-
+

= = =  

¶ 

31.025 30 10
5.618

436.25 12
TBM I m

g ³
= = ³ =
D

 

¶ 
( ) ( )0 0 1.5 1.025 30 10 1.5 4.1 1.025 3

1.483
456.125

BKG P F D
KG m

D - + Ö ³ ³ ³ ³ - + ³
= = =

D

 

ɞˊɧŰŮ ˊɟɞəɨˊŰŮɘ: 

0.742 5.618 1.483 4.877 .GM m= + - =  
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ȼ ŮűŬˊŰɞɛɏɜɖ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ůŮ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ: 

 

tan
.

. .
.j= =

³
=

M

GM

T

D

205

456125 4877
00092

 

 

əŬɘ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 

ű = 0.52ɞ 

Ůɜɩ ɖ ŮűŬˊŰɞɛɏɜɖ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ŮɑɜŬɘ: 

tanɗ=0.002 

əŬɘ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ŮɑɜŬɘ: 

ɗ = 0.114ɞ 

 

 

 

× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
------------------- ----------------------------------------------------------------------  
Total Number of  Bodies (NSM)                 :2                                            
Total Number of  Joints (NAR)                 :2                                            
Total  Number of  Hulls  (NGS)                 :2                                            
Total Number of Flooded Compartments (NFC)   :0  
Total Number of Bodies with Fl. Comp. (NBFC) :0  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :2                                            
Maximum No. of Joints/Body                   :2                                           
Maximum No. of Forces/Body                   :1                                         
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-----------------------------------------------------------------------------------------  
 
 
 
-------------------------------------------------------------------- ---------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1           3 2.000000      2. 000000    30.000000    10 .000000     0.200000  
2            2.000000      2.000000    30.000000    10 .000000     0.200000  
-----------------------------------------------------------------------------------------  
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--------------------------------------------- --------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No.:1   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  2.800000    15.000000     5.000000    30.000000    10 .000000  
             -----------------------------------------------------------------  
---------------------------  
Body No.:2   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |T ype:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  2.800000    15.000000     5.000000    30.000000    10 .000000  
----------------------- ------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                            Joints Characteristics  
--------------------------------------------- --------------------------------------------  
Joint No      |xj          |yj    |type (F/R)    |Zrestr       |  
1           62.000000    12 .00 0000 R                  0.45 0000  
2           32.000000     7 .00 0000 F                  1 .000000  
-----------------------------  
Joint No.:1   |Bodies/Joint:1  
-----------------------------  
Body No.      | zhi  
1             0.200000  
-----------------------------  
Joint No.:2   |Bodies/Joint:2  
-----------------------------  
Body No.      | zhi  
1             0.200000  
2             0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers  & Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           461.250000    15.000000     5 .000000     1.500000  
---------------------------  
No. Body:2   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           461.250000    15.000000     5 .000000     1.500000  
----- ------------------------------------------------------------------------------------  

 

ɧˊɞɡ 

- 2,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 
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ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 

 

 

ɆɢɐɛŬ 8.1.4.2 

ɇɏůůŮɟɘɠ ŮɝɏŭɟŮɠ ɛŮ ɛɑŬ Ɏɟɗɟɤůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ ȼ/Ɉ) 

 

 

ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 4ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  
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-------------------------------------------------------------------------------  
                                 FINAL RESULTS 
 -------------------------------------------------------------------------------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1  
 - -------------------    
 F (t) BODY (  1)    1 =    - 3.965773E+00  
 --------------------    
  JOINT            2  
 --------------------    
 F (t) BODY (  1)    2 =    - 1.004576E+00  
 F (t) BODY (  2)    3 =     1.004576E+00  
 -----------------------    
  JOINT            1RESTRAINED  
 -----------------------    
 F (t)    4 =     3.965772E+00  
    
    
 ---------------------------   
     BODIES INCLINATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1      - 8.915038E - 03   - 1.954653E - 03   - 5.107805E - 01   - 1.119932E - 01 
   2       0.000000E+00    6.633769E - 04    0.000000E+00    3.800869E - 02 
    
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 ------------------------------ -----    
 --------------------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.409941E+00          1.483836E+00    - 4.457519E - 02    - 2.931980E - 02 
 --------------------    
  JOINT            2  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.513156E+00          1.483836E+00     0.000000E+00     2.931980E - 02 
    2     1.513218E+00          1.503267E+00     0.000000E+00     9.950653E - 03 
    
    
 ---------------------------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   4.562797E+02   KB   (m) =   7.419181E - 01   KG   (m)   =   1.483660E+00  
WATER AREA  (m^2)=   3.000000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   5.000000E+00  
BML         (m)  =   5.054466E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   2.500000E +03 
BMT         (m)  =   5.616073E+00   LCBy (m) =   5.000000E+00   Iyy  (m^4) =   2.250000E+04  
Tm          (m)  =   1.483836E+00   GML  (m) =   4.980323E+01   GMT  (m)   =   4.874651E+00  
 ----------------------    
    BODY             2  
 ------------------ ----    
DISPLACEMENT(t)  =   4.622546E+02   KB   (m) =   7.516334E - 01   KG   (m)   =   1.503260E+00  
WATER AREA  (m^2)=   3.000000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   5.000000E+00  
BML         (m)  =   4.989134E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   2.500000E+03  
BMT         (m)  =   5.543482E+00   LCBy (m) =   5.000000E+00   Iyy  (m^4) =   2.250000E+04  
Tm          (m)  =   1.503267E+00   GML  (m) =   4.913972E+01   GMT  (m)   =   4.791867E+00  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ 

Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

ȷɟɢɘəɧɠ ȾɩŭɘəŬɠ Ɂɏɞɠ ȾɩŭɘəŬɠ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ: 
P1 = -4,100 -3,96540 t -3,96577 t 

P2 = -1,025 -1,00214 t -1,00457 t 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,0092 -0,00891425 -0,00891503 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,0020 -0,00195602 -0,00195465 

B
O

D
Y

 N
O

. 
2
 

ȹɨɜŬɛɖ: P = 1,025 t 1,00214 t 1,00457 t 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,0000000 0,0000000 0,0000000 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,0006666 0,00066177 -0,00066337 

 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ȳůɞɜ ŬűɞɟɎ ŰɩɟŬ Űɘɠ ŬˊɞəɚɑůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

Ŭˊɧ Űɞɜ Ŭɟɢɘəɧ əŬɘ Ŭˊɧ Űɞɜ ɜɏɞ əɩŭɘəŬ ŬɡŰɏɠ ˊɟɞɏəɡɣŬɜ ŮɝŬɘŰɑŬɠ Űɖɠ ɨˊŬɟɝɖɠ Űɤɜ 

ŬɟɗɟɩůŮɤɜ (ɛɑŬɠ ůŰŬɗŮɟɐɠ əŬɘ ɛɑŬɠ ŮɚŮɨɗŮɟɖɠ Ɏɟɗɟɤůɖɠ). ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ˊɞɡ 

ŬűɞɟɎ Űɞɜ Űɟɧˊɞ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛɑŬ Ɏɟɗɟɤůɖ ɛŮ ɏɜŬ ůɩɛŬ ŮˊɖɟɏŬůŮ ɧˊɤɠ űŬɑɜŮŰŬɘ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 
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8.1.5. ɄŮɟɑˊŰɤůɖ ɛɘŬɠ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ ɛŮ Ůˊɘˊɚɏɞɜ ɓɎɟɞɠ əŬɘ ɛɑŬ 

ůŰŬɗŮɟɐ Ɏɟɗɟɤůɖ 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɄɚɤŰɧɠ ɔŮɟŬɜɧɠ ůŰŬɗŮɟɐɠ ŮɔəɎɟůɘŬɠ ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ ˊɚɏŮɘ ŬɟɢɘəɎ 

ɘůɞɓɨɗɘůŰɞɠ əŬɘ ŮɑɜŬɘ ŭŮɛɏɜɞɠ ůŮ ˊɟɞɓɚɐŰŬ ɛŮ Űɞ ůɢɞɘɜɑ ȷȸ Űɞɡ ůɢɐɛŬŰɞɠ (ɛɖ ŮəŰŬŰɧ). 

ɇɧŰŮ Űɞ ɛɐəɞɠ Űɞɡ ůɢɞɘɜɘɞɨ ŮɑɜŬɘ ɑůɞ ɛŮ Űɖɜ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ Űɞɡ 

əŬŰŬůŰɟɩɛŬŰɞɠ Űɞɡ ɔŮɟŬɜɞɨ (ůɖɛŮɑɞ ȷ) Ŭˊɧ Űɞ əɎŰɤ ɛɏɟɞɠ Űɖɠ ˊɟɞɓɚɐŰŬɠ (ůɖɛŮɑɞ ȸ) 

əŬɘ ŭŮɜ ɛŮŰŬűɏɟŮɘ əŬɛɛɘɎ ŭɨɜŬɛɖ. Ƀ ɔŮɟŬɜɧɠ ˊɟɧəŮɘŰŬɘ ɜŬ ŬɜɡɣɩůŮɘ ɓɎɟɞɠ W = 15t 

ˊɞɡ ɓɟɑůəŮŰŬɘ ˊɎɜɤ ůŰɖɜ ˊɟɞɓɚɐŰŬ əŬɘ ůŰɖɜ ˊɟɞɏəŰŬůɖ Űɞɡ Ůˊɘˊɏŭɞɡ Űɞɡ ɛɏůɞɡ 

ɜɞɛɏŬ Űɞɡ. 

 

ɆɢɐɛŬ 8.1.5.1 

ȺɝɏŭɟŬ ɛŮ ɛɑŬ ůŰŬɗŮɟɐ Ɏɟɗɟɤůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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ȹɑɜɞɜŰŬɘ:  

¶ ɀɐəɞɠ ɔŮɟŬɜɞɨ   L = 50m 

¶ ɄɚɎŰɞɠ ɔŮɟŬɜɞɨ   B = 20m 

¶ ɄɚŮɡɟɘəɧ ɨɣɞɠ ɔŮɟŬɜɞɨ  D = 4m  

¶ ȷɟɢɘəɧ ɓɨɗɘůɛŬ ɔŮɟŬɜɞɨ  T0 = 1.5m 

¶ ȷɟɢɘəɧ KG ɔŮɟŬɜɞɨ   KG = 1.5m 

¶ ũɤɜɑŬ əɚɑůŮɤɠ ɓŮɚɞɜɘɞɨ  ű= 45ϲ 

¶ ɀɐəɞɠ ɓŮɚɞɜɘɞɨ   l = 30m 

ɇɞ ɓŮɚɧɜɘ ɗŮɤɟŮɑŰŬɘ ŬɓŬɟɏɠ əŬɘ ɖ ɔɤɜɑŬ əɚɑůŮɤɠ Űɞɡ ůŰŬɗŮɟɐ. 

 

ȻɖŰɞɨɜŰŬɘ: 

1. ȼ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ Űɞɡ ɔŮɟŬɜɞɨ ɛɧɚɘɠ ɏɢŮɘ ŬɜɡɣɩůŮɘ Űɞ űɞɟŰɑɞ. 

2. ȼ ŭɘŬɔɤɔɐ Űɞɡ ɔŮɟŬɜɞɨ ɧŰŬɜ Űɞ űɞɟŰɑɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ˊɎɜɤ ůŰɞ əŬŰɎůŰɟɤɛɎ Űɞɡ ůŮ 

ŬˊɧůŰŬůɖ Ŭ = 15m Ŭˊɧ Űɞ ɛɏůɞ ɜɞɛɏŬ Űɞɡ əŬɘ ůŰɞ ŭɘɎɛɖəŮɠ ŮˊɑˊŮŭɞ ůɡɛɛŮŰɟɑŬɠ. 

 

 

× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ȷűɞɨ Űɞ ůɢɞɘɜɑ ȷȸ ŮɑɜŬɘ ɛɐ ŮəŰŬŰɧ Űɞ ůɖɛŮɑɞ ȷ ɗŬ ˊŬɟŬɛŮɑɜŮɘ ůŰŬɗŮɟɧ əŬɘ ůŮ 

ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ Űɞ ɓɨɗɘůɛŬ ůŰɞ ɑŭɘɞ ůɖɛŮɑɞ ɗŬ ŮɑɜŬɘ Ůˊɑůɖɠ ůŰŬɗŮɟɧ, ŭɖɚŬŭɐ: 

T T mA = =0 1  

ȺəűɟɎɕɞɡɛŮ Űɞ ɓɨɗɘůɛŬ ɇȷ ůɡɜŬɟŰɐůŮɘ Űɖɠ ˊŬɟɎɚɚɖɚɖɠ ɓɨɗɘůɖɠ əŬɘ Űɖɠ 

ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ˊɞɡ ɏɢŮɘ ɞ ɔŮɟŬɜɧɠ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ űɞɟŰɑɞɡ W əŬɘ Űɖɠ ŰɎůɖɠ 

Űɞɡ ůɢɞɘɜɘɞɨ Ʌ (ɗŮŰɘəɐɠ ˊɟɞɠ ŰŬ ˊɎɜɤ). 

0 tan
2

A

B
T T Td j= + +   (1) 

(ɖ ɔɤɜɑŬ ű ɗŮɤɟŮɑŰŬɘ ɗŮŰɘəɐ ɔɘŬ ɓɨɗɘůɖ ůŰɞ ȷ)  

ɧˊɞɡ: 

15

1025

w p P
T

LB
d

g

- -
= =   (2) 

əŬɘ                                  tan TM

GM
j=
D

         (3) 



162 

 

ɛŮ 

¶ cos45 15 30 cos45 10 318.2 10
2

T

B
M wl P P P= - = ³ ³ - ³ = - ³ 

¶ 
0 1025 15 1040LBT w P P PgD= + - = + - = - 

¶ GM KB BM KG= + -  

¶ 0

2

T T
KB

d+
=  

¶ 

31.025 50 20 34166.66

1040 12 1040
TBM I

P P

g ³
= = ³ =
D - -

 

¶ 
( )0 0 sin 45 1025 363.19 3

1040

KG W D l PD P
KG

P

D + Ö + - + -
= =

D -
 

 

əŬɘ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ŰŬ ŭɇ əŬɘ tanű Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (2) əŬɘ (3) ůŰɖɜ (1) ɏɢɞɡɛŮ: 

 

( )

T
P P

P

P

P

A = = +
-
+ ³

- ³

- ³

+
-å

ç
æ

õ

÷
ö

+ + ³

å

ç

æ
æ
æ
æ

õ

÷

ö
ö
ö
ö

1 1
15

1025
10

3182 10

1040

1
15

1025

2
3277847 3

.

.

 

Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ: 

Ʌ = 27.6t əŬɘ 

tanű = 0.00126  ɐ  ű = 0.072ɞ. 

 

ȼ ŭɘŬɔɤɔɐ Űɞɡ ɔŮɟŬɜɞɨ ɛŮŰɎ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

2 2

15 15
0.053

1.025 50 201

12 12

LM w a
t m

L BMT
g

Ö ³
= = = =

³ ³
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ɄŬɟŬŰɐɟɖůɖ 

ȼ Ŭəɟɘɓɐɠ ůɡɜɗɐəɖ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɔɤɜɑŬɠ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ű ŮɑɜŬɘ Űɞ ɧŰɘ 

ɖ əŬŰŬəɧɟɡűɖ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ ȷ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ˊŬɟŬɛɏɜŮɘ 

ůŰŬɗŮɟɐ. ȷˊɧ Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ůɢɐɛŬŰɞɠ ŮɑɜŬɘ: 

( )0 cosAh D T D T j= - = -  

ɧˊɞɡ Űɞ ɇȷ ŮəűɟɎɕŮŰŬɘ ɧˊɤɠ ůŰɖɜ (1). ȿɧɔɤ ɧɛɤɠ Űɖɠ ɛɘəɟɐɠ ɔɤɜɑŬɠ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ 

ŮɑɜŬɘ cosű = 1 əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ůɢɏůɖ ɇȷ = ɇ0. 

 

 

 

 

× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
------------------------------------------ -----------------------------------------------  
Total Number of Bodies (NSM)                 :1                                           
Total Number of Joints (NAR)                 :1                                           
Total Number of Hulls  (NGS)                  :1                                           
Total Number of Flooded Compartments (NFC)   :0  
Total Number of Bodies with Fl. Comp. (NBFC) :0  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No . of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :1                                           
Maximum No. of Joints/Body                   :1                                           
Maximum No. of Forces/Body                   :2                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-------------------- ---------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            2.000000     2.000000    50.000000    20.000000     0.200000  
------------------------------------------------- ----------------------------------------  
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-----------------------------------------------------------------------------------------  
                              Hulls Characteristics  
---------------------------------------------------------------------- -------------------  
---------------------------  
Body No.:1   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
 
                  2.800000    25.000000    10.000000    50.000000    20.000000  
             -----------------------------------------------------------------  
--------------------------------------------------- --------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                            Joints Characteristics  
-----------------------------------------------------------------------------------------  
Joint No      |xj          |yj    |type (F/R)    |Zrestr       |  
1           27.000000     2.000000 R                  2.000000  
-----------------------------  
Joint No .:1   |Bodies/Joint:1  
-----------------------------  
Body No.   | zhi  
1               0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
--------------------------------------------------------------------- --------------------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
No. Body:1   | Power/Body:2  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1          1025.000000    25.000000    10.000000     1.000000  
2            15.000000    25.000000   - 11.210000    24.210000  
-----------------------------------------------------------------------------------------  

 

 

Ⱥɜɩ ɔɘŬ Űɞ 2ɞ ɕɐŰɖɛŬ ɖ ŮɜɧŰɖŰŬ External Powers & Characteristics ɔɑɜŮŰŬɘ: 

-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
No. Body:1   | Power/Body:2  
---------------------------  
Power No.|Power       | xpi         |ypi         |zpi  
1          1025.000000    25.000000    10.000000     1.000000  
2            15.000000    40.000000     0.000000     3.000000  
-----------------------------------------------------------------------------------------  

 

ɧˊɞɡ 

- 2,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 
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ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 

 

 

ɆɢɐɛŬ 8.1.5.2 

ȺɝɏŭɟŬ ɛŮ ɛɑŬ ůŰŬɗŮɟɐ Ɏɟɗɟɤůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ ȼ/Ɉ) 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɞ 1ɞ ɕɐŰɖɛŬ ůɡɔəɚɑɜŮɘ ůŰɖɜ 4ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ ŰŬ ŰŮɚɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

 

-------------------------------------------------------------------------------  
                                 FINAL RESULTS 
 ---------------------------------------------------------------------- ---------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1  
 --------------------    
 F (t) BODY (  1)    1 =    - 2.768618E+01  
 -----------------------    
  JOINT            1RESTRAI NED 
 -----------------------    
 F (t)    2 =     2.768618E+01  
    
    
 ---------------------------   
     BODIES INCLINATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1      - 1.237602E - 03    0.000000E+00   - 7.090932E - 02    0.000000E+00  
    
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 -----------------------------------    
 --------------------    
  JOINT            1  
 ------------------ --    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     9.999993E - 01          9.876233E - 01     1.237602E - 02     0.000000E+00  
    
    
 ---------------------------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   1.012314E+03   KB   (m) =   4.938116E - 01   KG   (m)   =   1.289216E+00  
WATER AREA  (m^2)=   1.000000E+03   LCFx  (m) =   2.500000E+01   LCFy (m)   =   1.000000E+01  
BML         (m)  =   2.109441E+02   LCBx (m) =   2.500000E+01   Ixx  (m^4) =   3.333333E+04  
BMT         (m)  =   3.375106E+01   LCBy (m) =   1.000000E+01   Iyy  (m^4) =   2.083333E+05  
Tm          (m)  =   9.876233E - 01   GML  (m) =   2.101487E+02   GMT  (m)   =   3.295568E+01  
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ũɘŬ Űɞ 2ɞ ɕɐŰɖɛŬ əŬɘ Ůŭɩ Űɞ ˊɟɧɔɟŬɛɛŬ ůɡɔəɚɑɜŮɘ ůŰɖɜ 4ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ ŰŬ ŰŮɚɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ: 

 

 

-------------------------------------------------------------------------------  
                                 FINAL RESULTS 
 -------------------------------------------------------------------------------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1  
 --------------------    
 F (t) BODY (  1)    1 =    - 1.500016E+01  
 -----------------------    
  JOINT            1RESTRAINED  
 -----------------------    
 F (t)    2 =     1.500016E+01  
    
    
 ---------------------------   
     BODIES INCLINATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1       4.624661E - 08    1.056193E - 03    2.649736E - 06    6.051537E - 02 
    
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 -----------------------------------    
 --------------------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTM y 
    1     9.999995E - 01          9.999999E - 01    - 4.624661E - 07     0.000000E+00  
    
    
 ---------------------------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   1.025000E+03   KB   (m) =   4.999999E - 01   KG   (m)   =   9.999996E -
01 
WATER AREA  (m^2)=   1.000000E+03   LCFx (m) =   2.500000E+01   LCFy (m)   =   1.000000E+01  
BML         (m)  =   2.0 83333E+02   LCBx (m) =   2.500000E+01   Ixx  (m^4) =   3.333333E+04  
BMT         (m)  =   3.333333E+01   LCBy (m) =   1.000000E+01   Iyy  (m^4) =   2.083333E+05  
Tm          (m)  =   9.999999E - 01   GML  (m) =   2.078335E+02   GMT  (m)   =   3.283345E+01  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ 

Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

ȷɟɢɘəɧɠ 

ȾɩŭɘəŬɠ 
Ɂɏɞɠ ȾɩŭɘəŬɠ 

1
ɞ
 

Ȼ
ɐ
Ű
ɖ
ɛ
Ŭ

 ȹɨɜŬɛɖ: P = 27,6 t 27,6863 27,6861 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,0012600 -0,0012375 -0,0012376 

2
ɞ
 

Ȼ
ɐ
Ű
ɖ
ɛ
Ŭ

 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,00106000 0,00105619 0,00105619 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

 

ũɘŬ Űɖɜ ɛɘəɟɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɞ Ŭɟɢɘəɧɠ əŬɘ 

ɞ ɜɏɞɠ əɩŭɘəŬɠ ɚɧɔɤ Űɖɠ ůŰŬɗŮɟɐɠ Ɏɟɗɟɤůɖɠ ŮɑɜŬɘ ŭɘəŬɘɞɚɞɔɖɛɏɜɖ ɖ Ŭˊɧəɚɘůɖ ɔɘŬ Űɞ 

1ɞ  ɕɐŰɖɛŬ. ũɘŬ Űɞ 2ɞ ɕɐŰɖɛŬ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ əɎˊɞɘɞ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ ŭŮɜ ɏɢɞɡɛŮ ˊɚɏɞɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ 

Ɏɟɗɟɤůɖɠ. 
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8.1.6. ɄŮɟɑˊŰɤůɖ ŭɨɞ ˊɚɤŰɩɜ ŮɝŮŭɟɩɜ ɛŮ ˊɞɚɡɔɤɜɘəɐ ɏəəŮɜŰɟɖ ɔɎůŰɟŬ 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɄɚɤŰɐ ɛŬɟɑɜŬ ˊɞɡ ůɢɖɛŬŰɑɕŮɘ ɔɤɜɑŬ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ŭɨɞ ŰɛɐɛŬŰŬ 1 əŬɘ 2 

ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ Ɏɟɗɟɤůɖ ˊɎɜɤ ůŰɞ əŬŰɎůŰɟɤɛŬ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 

ůɢɐɛŬ. ɁŬ ɡˊɞɚɞɔɘůɗŮɑ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ əŬɘ ŭɘŬɔɤɔɐ Űɞɡ ŰɛɐɛŬŰɞɠ 1 ɧŰŬɜ ɓɎɟɞɠ w 

ŰɞˊɞɗŮŰɖɗŮɑ ůŰɞ ůɖɛŮɑɞ ȷ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ Űɞɡ ŰɛɐɛŬŰɞɠ 2. 

 

ɆɢɐɛŬ 8.1.6.1 

ȹɨɞ ŮɝɏŭɟŮɠ ɛŮ Űɖɜ ɛɑŬ Ůə Űɤɜ ŭɨɞ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɞɚɡɔɤɜɘəɐ ɏəəŮɜŰɟɖ ɔɎůŰɟŬ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 

 

 

 

 



170 

 

× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ɇŬ ŭɨɞ ŰɛɐɛŬŰŬ ɗŬ ɏɢɞɡɜ Űɞ ɑŭɘɞ ɓɨɗɘůɛŬ ůŰɞ ůɖɛŮɑɞ Űɖɠ ŬɟɗɟɩůŮɤɠ. ȷɜ ɛŮŰɎ 

Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ŮɝŬůəŮɑŰŬɘ əŬŰŬəɧɟɡűɖ ˊɟɞɠ ŰŬ əɎŰɤ ŭɨɜŬɛɖ ůŰɞ ŰɛɐɛŬ 

1 ɛɏůɤ Űɖɠ ŬɟɗɟɩůŮɤɠ ɗŬ ŮɑɜŬɘ: 

() 1

1
1 1

tan
MT

GM
j =

¡ ¡D
  (1) 

 

ȺˊŮɘŭɐ Űɞ ŰɛɐɛŬ (1) ŭŮɜ ɏɢŮɘ ŭɘŬɛɐəɖ ɎɝɞɜŬ ůɡɛɛŮŰɟɑŬɠ ˊɟɏˊŮɘ ɜŬ 

ˊɟɞůŭɘɞɟɘůɗŮɑ ˊɟɩŰŬ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ 

ɡŭɟɞůŰŬŰɘəɎ ůŰɞɘɢŮɑŬ. ŪŮɤɟɩɜŰŬɠ Űɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ (xȭ, yȭ) Űɞɡ ůɢɐɛŬŰɞɠ ɏɢɞɡɛŮ: 

 

1 1 1 2WA B L dB= +  

1 2
1 1 2

1
1 1 2 1

2 2

2 2

F

W

F

W

L B
B L dB

x
A

B d
B L dB B

y
A

Ö + Ö
¡=

å õ
Ö + +æ ö

ç ÷¡=

 

 

ɧˊɞɡ ȷW1 Űɞ ŮɛɓŬŭɧɜ Űɖɠ ɘůɎɚɞɡ ŮˊɘűɎɜŮɘŬɠ əŬɘ Fx¡, Fy¡ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ 

ˊɚŮɡůŰɧŰɖŰŬɠ. Ƀɘ ŭŮɨŰŮɟŮɠ ɟɞˊɏɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛŮ Űɞ ɗ. Steiner: 

 

¶ 

2 23 3

1 1 2 1 1
1 1 1 2 1

12 12 2 2
T F F

B L d B B d
I B L y dB B y

å õ å õ
¡ ¡= + + - + + -æ ö æ ö

ç ÷ ç ÷
 

¶ 

2 23 3

1 1 2 1 2
1 1 1 2

12 12 2 2
L F F

L B B d L B
I B L x dB x

å õ å õ
¡= + + - + =æ ö æ ö

ç ÷ ç ÷
 

 

ȼ ɟɞˊɐ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɀɇ ŮɑɜŬɘ: 

( )M P B d yT F= Ö + - ¡1  

əŬɘ ɞɘ ůɡɜɘůŰɩůŮɠ Űɞɡ GM: 
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¶ 

0

0 1 1

2 2

W

P
T

T T A
KB

d g
+

+
¡= =  

¶ 1
1 1 0

1

,T
W

I
BM P A T Pg g¡ ¡= D =D + = +

¡D
 

¶ 1 1

1

KG D P
KG

ÖD + Ö
¡=

¡D
 

 

ɇɏɚɞɠ, ɖ ŭɘŬɛɐəɖɠ ŭɘŬɔɤɔɐ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

1

1

1

11
1

1 L

F

L

LL

I

xPL

I

ML

MT

M
t

gg

¡ÖÖ
-===

 

 

əŬɘ Űɞ ɓɨɗɘůɛŬ Űɞɡ ŰɛɐɛŬŰɞɠ 1 ůŰɖ ɗɏůɖ Űɖɠ ŬɟɗɟɩůŮɤɠ ŮɑɜŬɘ: 

 

()( ) ( )1
1 0 1 1

1

tan F F

t
T T T B d y x

L
d j ¡ ¡= + + Ö + - +  (2) 

 

ɧˊɞɡ ŰŬ ɛŮɔɏɗɖ ŭɇ1, tan(ű)1 əŬɘ t1 ɏɢɞɡɜ ŮəűɟŬůŰŮɑ ɤɠ ůɡɜŬɟŰɐůŮɘɠ Űɖɠ Ʌ. ɇɞ 

ŬɜŰɑůŰɞɘɢɞ ɓɨɗɘůɛŬ Űɞɡ ŰɛɐɛŬŰɞɠ (2) ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ 

ŮˊɘɓŬɚɚɧɛŮɜɤɜ űɞɟŰɑɤɜ w əŬɘ Ʌ (ˊɟɞɠ ŰŬ ˊɎɜɤ): 

 

() 2 2
2 0 2 2

tan
2 2

B t
T T Td f= + + Ö -   (3) 

ɧˊɞɡ 

¶ 
2

2 2

w P
T

L B
d

g

-
=  

¶ () 2

2
2 2

tan
MT

GM
f =

¡ ¡D
 

¶ 2 2 2 0L B T w Pg¡D = + - 

¶ ( ) 2
2

2
T

B
M w P= -  

¶ 2 2 2 2GM KB BM KG¡ ¡ ¡ ¡= + -  
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¶ 0 2
2

2

T T
KB

d+
¡=  

¶ 

3

2 2
2

2 12

L B
BM

g
¡= ³

¡D
 

¶ 
( )2 02

2

2

KG D w P
KG

ÖD + -
¡=

¡D
 

¶ 02 2 2 0L B TgD =  

¶ 2 2
2

2

L

L

L M
t

Ig
=  

¶ 

3

2 2
2

12
L

L B
I =  

¶ ( )2
2

2
L

L
M W P= +  

 

ŮɝɘůɩɜɞɜŰŬɠ ɇ1 = ɇ2 ɓɟɑůəŮŰŬɘ ɖ ŭɨɜŬɛɖ Ʌ əŬɘ ŰŬ ɕɖŰɞɨɛŮɜŬ ɛŮɔɏɗɖ Űɞɡ ŰɛɐɛŬŰɞɠ 1. 

ɃˊɧŰŮ ɔɘŬ : 

¶ L1 =  40m 

¶ B1 =  10m 

¶ d =  5m 

¶ L2 =  30m 

¶ B2 =  10m 

¶ D =  4m 

¶ T0 =  1.5m 

¶ KG =  1.5m 

¶ w =  20 t 

 

ɄɟɞəɨˊŰŮɘ ɧŰɘ :  

 

ũɘŬ Űɞ ůɩɛŬ 1: 

¶ ȹɨɜŬɛɖ ůŰɖɜ Ɏɟɗɟɤůɖ:            P1 = 2,13 t 

¶ ȺɔəɎɟůɘŬ əɚɑůɖ:   tanű1 = 0,003508   Ҧ      ű1 = 0,201 

¶ ȹɘŬɛɐəɖɠ əɚɑůɖ:   tanɗ1 = -0,0006021   Ҧ      ɗ1 = -0,0345 

ũɘŬ Űɞ ůɩɛŬ 2: 

¶ ȹɨɜŬɛɖ ůŰɖɜ Ɏɟɗɟɤůɖ:            P2 = - 2,13 t 

¶ ȺɔəɎɟůɘŬ əɚɑůɖ:   tanű2 = 0,041125   Ҧ      ű2 = 2,355 

¶ ȹɘŬɛɐəɖɠ əɚɑůɖ:   tanɗ2 = 0,014626   Ҧ      ɗ2 = 0,838 
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :2                                           
Total Number o f Joints (NAR)                 :1                                           
Total Number of Hulls  (NGS)                 :2                                           
Total Number of Flooded Compartments (NFC)   :0  
Total Number of Bodies with Fl. Comp. (NBF C) :0  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :7                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :2                                           
Maximum No. of Joints/Body                   :1                                           
Maximum No. of Forces/Body                   :2                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-------------------------------------- ---------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            2.000000     2.000000    40.000000    15.000000     0.200000  
2            2.000000    17.000000    10.000000    30.000000     0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------                                                                 
Body No.:1   | Hulls/Body:1                                                                
---------------------------                                                                 
                             Hull No.:1   |Type:1                                          
             ----------------- ----------                                                    
      Depth        |No. of points                                                          
                  3.800000 7                                                               
             ---------------------------                                                    
               xhi        | yhi                                                            
                  0.000000    15.000000                                                    
                 10.000000    15.000000                                                    
                 10.000000    10.000000                                                    
                 40.000000    10.000000                                                    
                 40.000000     0.000000                                                    
                  0.000000     0.000000                                                    
                  0.000000    15.000000                                                    
             ---------------------------   
---------------------------  
Body No.:2   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
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                  3.800000     5.000000    15.000000    10.000000    30.000000  
             -----------------------------------------------------------------  
-----------------------------------------------------------------------------------------  
 
 
 
------------------------------------------------------------------------------------ -----  
                            Joints Characteristics  
-----------------------------------------------------------------------------------------  
Joint No      |xj          |yj    |type (F/R)    |Zrestr       |  
1            2.000000    17.000000 F                  0.000000  
-----------------------------  
Joint No.:1   |Bodies/Joint:2  
-----------------------------  
Body No.   | zhi  
1               0.200000  
2               0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-------------- ---------------------------------------------------------------------------  
---------------------------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           691.875000    18.333330     5.833330     1.500000  
---------------------------  
No. Body:2   | Power/Body:2  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           461.250000     5.000000    15.000000     1.500000  
2            20.000000     0.000000     30.000000     4.000000  
-----------------------------------------------------------------------------------------  

 

 

ɧˊɞɡ 

- 3,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 
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ɆɢɐɛŬ 8.1.6.2 

ȹɨɞ ŮɝɏŭɟŮɠ ɛŮ Űɖɜ ɛɑŬ Ůə Űɤɜ ŭɨɞ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɞɚɡɔɤɜɘəɐ ɏəəŮɜŰɟɖ ɔɎůŰɟŬ (ɔɘŬ Ůˊɑɚɡůɖ 

ɛɏůɤ ȼ/Ɉ) 

 

 

ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 5ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  
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 -------------------------------------------------------------------------------  
                                 FINAL RESULTS 
 -------------------------------------------------------------------------------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1  
 --------------------    
 F (t) BODY (  1)    1 =     2.038462E+00  
 F (t) BODY (  2)    2 =    - 2.038462E+00  
    
    
 ---------------------------   
     BODIES INCLI NATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1       3.647706E - 03   - 5.727310E - 04    2.089972E - 01   - 3.281507E - 02 
   2       1.457775E - 02   - 4.125647E - 02    8.351844E - 01   - 2.362482E+00  
    
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 -----------------------------------    
 --------------------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.548357E+00          1.504419E+00     3.343730E - 02     1.050007E - 02 
    2     1.546028E+00          1.558412E+00    - 2.186663E - 01     2.062824E - 01 
    
    
 ---------------------------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   6.939135E+02   KB   (m) =   7.522097E - 01   KG   (m)   =   1.507344E+00  
WATER AREA  (m^2)=   4.500000E+02   LCFx (m) =   1.833333E+01   LCFy (m)   =   5.833333E+00  
BML         (m)  =   9.479639E+01   LCBx (m) =   1.833333E+01   Ixx  (m^4) =   5.508255E+03  
BMT         (m)  =   8.136405E+00   LCBy (m) =   5.833333E+00   Iyy  (m^4) =   6.417609E+04  
Tm          (m)  =   1.504419E+00   GML  (m) =   9.404134E+01   GMT  (m)   =   7.381341E+00  
 ----------------------    
    BODY             2  
 ----------------------    
DISPLACEMENT(t)  =   4.792115E+02   KB   (m) =   7.792058E - 01   KG   (m)   =   1.593704E+00  
WATER AREA  ( m^2)=   3.000000E+02   LCFx (m) =   5.000000E+00   LCFy (m)   =   1.500000E+01  
BML         (m)  =   5.347325E+00   LCBx (m) =   5.000000E+00   Ixx  (m^4) =   2.250000E+04  
BMT         (m)  =   4.812593E+01   LCBy (m) =   1.500000E+01   Iyy  (m^4) =   2.5000 00E+03  
Tm          (m)  =   1.558412E+00   GML  (m) =   4.542491E+00   GMT  (m)   =   4.732109E+01  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ 

Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

ȷɟɢɘəɧɠ ȾɩŭɘəŬɠ Ɂɏɞɠ ȾɩŭɘəŬɠ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ: P = 2,13 t 2,04436 2,03846 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,3838 0,003365083 0,003647706 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,00060213 -0,000057824 -0,000057273 

B
O

D
Y

 N
O

. 
2
 

ȹɨɜŬɛɖ: P = -2,13 t -2,04436 -2,03846 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,014620 0,01458161 0,01457775 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,041120 -0,04124274 -0,04125647 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ȼ Ŭˊɧəɚɘůɖ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ Ŭɟɢɘəɧ 

ˊɟɧɔɟŬɛɛŬ əŬɘ Űɞ ɜɏɞ ˊɟɧɔɟŬɛɛŬ ɞűŮɑɚɞɜŰŬɘ ůŰɞɡɠ ŭɨɞ ŮˊɧɛŮɜɞɡɠ ɚɧɔɞɡɠ: 

i. ɆŰɞɜ ɜɏɞ əɩŭɘəŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ, 

ůɡɜŮˊɩɠ ɚɧɔɤ Űɖɠ ˊɞɚɡɔɤɜɘəɐɠ ɛɞɟűɐɠ Űɖɠ ɔɎůŰɟŬɠ Űɞɡ ůɩɛŬŰɞɠ 1, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ůɢŮŰɘəɐ Ŭˊɧəɚɘůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ Ŭɟɢɘəɞɨ əɩŭɘəŬ. 

ii.  ȼ ɨˊŬɟɝɖ Ɏɟɗɟɤůɖɠ, ɖ ɞˊɞɑŬ Ůŭɩ ůɡɔəŮəɟɘɛɏɜŬ ůɡɜŭɏŮɘ ŰŬ ŭɨɞ ůɩɛŬŰŬ ɛŮŰŬɝɨ 

Űɞɡɠ ɗŬ ŮˊɖɟŮɎůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɗŬ ɚɎɓɞɡɛŮ ɚɧɔɤ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

Űɞɡ ɜɏɞɡ əɩŭɘəŬ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ůɢɏůɖɠ ɛɘŬɠ Ɏɟɗɟɤůɖɠ ɛŮ Űɞ ůɩɛŬ ůŰɞ 

ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ. 
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8.1.7. ɄŮɟɑˊŰɤůɖ ˊɟɞůŬɟŬɔɛɏɜɖɠ ŮɝɏŭɟŬɠ (ɛŮ ŭɨɞ ůɖɛŮɑŬ Ŭɔəɨɟɤůɖɠ)  

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ȿɧɔɤ ˊŬɚɑɟɟɞɘŬɠ ɖ ŮɝɏŭɟŬ Űɞɡ ůɢɐɛŬŰɞɠ ɏɢŮɘ ˊɟɞůŬɟɎɝŮɘ ůŰŬ ůɖɛŮɑŬ ȷ əŬɘ ȸ. 

ȷɜ Űɞ ɓɎɗɞɠ Űɞɡ ɜŮɟɞɨ ůŰŬ ůɖɛŮɑŬ ˊɟɞůɎɟŬɝɖɠ ŮɑɜŬɘ ŬɜŰɑůŰɞɘɢŬ hA əŬɘ hB ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ əŬɘ ɖ ŭɘŬɔɤɔɐ Űɖɠ ŮɝɏŭɟŬɠ . ȳɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ůŰɞɘɢŮɑŬ 

űŬɑɜɞɜŰŬɘ ůŰɞ ůɢɐɛŬ. 

 

 

 

ɆɢɐɛŬ 8.1.7.1 

ȺɝɏŭɟŬ ˊɟɞůŬɟŬɔɛɏɜɖ ůŮ ŭɨɞ ůɖɛŮɑŬ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ɀŮ Űɖɜ ɡˊɧɗŮůɖ ɛɘəɟɩɜ Űɘɛɩɜ ɔɤɜɑŬɠ əɚɑůŮɤɠ əŬɘ ŭɘŬɔɤɔɐɠ ŰŬ ɓɡɗɑůɛŬŰŬ ůŰŬ 

ůɖɛŮɑŬ ȷ əŬɘ ȸ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ɑůŬ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ɓɎɗɞɠ Űɞɡ ɜŮɟɞɨ, ŭɖɚŬŭɐ hA əŬɘ hB. 

ȷɜ ɡˊɞɗɏůɞɡɛŮ ɧŰɘ ɖ ɜɏŬ ɑůŬɚɞɠ ˊɚŮɨůɖɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ɘůɞɓɨɗɘůŰɖ 

əŬŰɎůŰŬůɖ (ɇ0) ɛŮ Űɖɜ ůɡɜŭɡŬůɛɏɜɖ Ůˊɘɓɞɚɐ ˊŬɟɎɚɚɖɚɖɠ ɓɨɗɘůɖɠ ŭɇ, ŮɔəɎɟůɘŬɠ 

əɚɑůɖɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɔɤɜɑŬ ű əŬɘ ŭɘŬɔɤɔɐɠ t, ŰŬ ɓɡɗɑůɛŬŰŬ ůŰŬ ůɖɛŮɑŬ ȷ əŬɘ ȸ 

ŮɑɜŬɘ: 

0A AT h T Td= = +   (1a) 

()0 tan
2 2

B B

t B
T h T Td j= = + - -  (1b) 

 

ɧˊɞɡ ɗŮŰɘəɏɠ ű əŬɘ t ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Ŭɜɨɣɤůɖ Űɞɡ ůɖɛŮɑɞɡ ȸ. ŪŮɤɟɩɜŰŬɠ ɧŰɘ 

ůŰŬ ůɖɛŮɑŬ ȷ əŬɘ ȸ Űɞɡ ˊɡɗɛɏɜŬ ŮɜŮɟɔɞɨɜ ˊɟɞɠ ŰŬ ˊɎɜɤ ɞɘ ŭɡɜɎɛŮɘɠ PA əŬɘ Ʌȸ 

ŬɜŰɑůŰɞɘɢŬ ɏɢɞɡɛŮ: 

tan     

      
1

T

L

M

GM

M
t

MT

j
ûå õ

=æ öîîDç ÷
ü
î=
îý

 (2) 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕɞɡɛŮ ŰŬ ɛŮɔɏɗɖ ˊɞɡ ɡˊŮɘůɏɟɢɞɜŰŬɘ ůŰɘɠ (2). 

¶ ȷɟɢɘəɐ ɟɞˊɐ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 

 

2
T B

B
M P= Ö 

¶ Ɂɏɞ ŮəŰɧˊɘůɛŬ: 

0 0B A B AP P LBT P PgD=D - - = - - 

 

¶ Ɂɏɞ Ŭɟɢɘəɧ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ: 

 

GM=KB+BM-KG 
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ɧˊɞɡ 

- ( ) ( )( )0 / 2, /A BKB T T T P P LBd d g= + =- +  

- 
3/ / , /12TBM T I LBg= D =  

- ( )( )0 0 0/ A BKG KG P P= D D - - 

 

(ɞɘ ɟɞˊɏɠ ɤɠ ˊɟɞɠ Űɞ ɓŬůɘəɧ ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ Űɤɜ ŭɡɜɎɛŮɤɜ Ʌȷ əŬɘ Ʌȸ ŮɑɜŬɘ 

ɛɖŭŮɜɘəɏɠ). 

 

¶ Ʌɞˊɐ ŭɘŬɔɤɔɐɠ 

3 2

1
2 12 12

L
L B

L I L B L B
M P MT

L L

g g g
kai= Ö = = =  (3ɓ) 

 

ȷɜ ŬɜŰɘəŬŰŬůŰɐůɞɡɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ɛŮɔɏɗɖ ɛɏůɤ Űɤɜ (2), (3) ůŰɘɠ Ŭɟɢɘəɏɠ 

ŮɝɘůɩůŮɘɠ (1) ɏɢɞɡɛŮ ŬɔɜɩůŰɞɡɠ ŰŬ űɞɟŰɑŬ Ʌȷ əŬɘ Ʌȸ əŬɘ ŮˊɘɚɨɞɜŰŬɠ Űɞ ůɨůŰɖɛŬ Űɤɜ 

(1Ŭ) əŬɘ (1ɓ) ɓɟɑůəɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡɠ, ɎɟŬ əŬɘ ɞɘ ɕɖŰɞɨɛŮɜŮɠ Űɘɛɏɠ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ 

əŬɘ ŭɘŬɔɤɔɐɠ. ȷˊɧ Űɖɜ Ůɝɑůɤůɖ (1Ŭ) ɓɟɑůəŮŰŬɘ əŬŰô ŮɡɗŮɑŬɜ Űɞ ůɡɜɞɚɘəɧ űɞɟŰɑɞ            

Ʌȷ + Ʌȸ   ɔɘŬŰɑ: 

( )0 0
A B

A A B A

P P
h T P P LB T h

LB
g

g

+
- =- Ý + = - 

 

ɞˊɧŰŮ ŮɑɜŬɘ ɔɜɤůŰɎ ŰŬ ɛŮɔɏɗɖ Ⱦȸ, ȸɀ, KG əŬɘ Űɞ ŮəŰɧˊɘůɛŬ ȹ əŬɘ ɖ Ůɝɑůɤůɖ (1ɓ) 

ɔɑɜŮŰŬɘ ˊɟɩŰɞɡ ɓŬɗɛɞɨ ɤɠ ˊɟɞɠ Űɞ űɞɟŰɑɞ Ʌȸ: 

 

2

0

1 1

4 1 4
B B

B
h T T P

MT GM
d

è ø
- + =- + Öé ù

Dê ú
 

 

ɞˊɧŰŮ ŮɨəɞɚŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ Ʌȸ ɎɟŬ əŬɘ Űɞ Ʌȷ. 
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ɃˊɧŰŮ ɔɘŬ : 

¶ ɄɚɎŰɞɠ ŮɝɏŭɟŬɠ:   B =10m 

¶ ɀɐəɞɠ ŮɝɏŭɟŬɠ    L =30m 

¶ ɄɚŮɡɟɘəɧ ɨɣɞɠ ŮɝɏŭɟŬɠ:  D =4m 

¶ ȷɟɢɘəɧ ɓɨɗɘůɛŬ ŮɝɏŭɟŬɠ:  To =1,5m 

¶ ȴɣɞɠ ůɖɛŮɑɞɡ ˊɟɞůɎɟŬɝɖɠ A: hA =1,4m 

¶ ȴɣɞɠ ůɖɛŮɑɞɡ ˊɟɞůɎɟŬɝɖɠ B: hB =1,3m 

 

ɄɟɞəɨˊŰŮɘ ɧŰɘ  

 

¶ ȹɨɜŬɛɖ ůŰɞ ůɖɛŮɑɞ ˊɟɞůɎɟŬɝɖɠ ȷ: 

PA = - 26,057 t 

¶ ȹɨɜŬɛɖ ůŰɞ ůɖɛŮɑɞ ˊɟɞůɎɟŬɝɖɠ ȸ:    

PB = - 4,666 t 

¶ ȺɔəɎɟůɘŬ əɚɑůɖ:  

tanű = - 0,01074  Ҧ ű = - 0,6153 

¶ ȹɘŬɛɐəɖɠ əɚɑůɖ: 

tanɗ= - 0,003087  Ҧ ɗ= - 0,1768 
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number o f Bodies (NSM)                 :1                                           
Total Number of Joints (NAR)                 :2                                           
Total Number of Hulls  (NGS)                 :1                                           
Total Number of Flooded Compartments (NFC)   :0  
Total Number of Bodies with Fl. Comp. (NBFC) :0  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :1                                           
Maximum No. of Joints/Body                   :2                                           
Maximum No. of Forces/Body                   :1                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-------------------------------------------------------- ---------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
---------------------------------------------------------------------------- -------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            2.000000     2.000000    34.000000    14.000000     0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
------------ -----------------------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No. :1   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
 
                  3.800000    15.000000     5.000000    30.000000    10.000000  
             -----------------------------------------------------------------  
-----------------------------------------------------------------------------------------  
 
 
 
----- ------------------------------------------------------------------------------------  
                            Joints Characteristics  
-----------------------------------------------------------------------------------------  
Joint No      |xj          |yj     |type (F/R)    |Zrestr       |  
1           17.000000     7.000000 R                 - 1.400000  
2           32.000000    12.000000 R                 - 1.300000  
-----------------------------  
Joint No.:1   |Bodies/Joint:1  
-----------------------------  
Body No.   | zhi  
1              - 3.800000  
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-----------------------------  
Joint No.:2   |Bodies/Joint:1  
-----------------------------  
Body No.   | zhi  
1              - 3.800000  
--------------------------------------------------------------------------------------- --  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           461.250000    15.000000     5.000000     1.500000  
--------------------------------------------------------- --------------------------------  

 

ɧˊɞɡ 

- 3,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 

 

ɆɢɐɛŬ 8.1.7.2 

ȺɝɏŭɟŬ ˊɟɞůŬɟŬɔɛɏɜɖ ůŮ ŭɨɞ ůɖɛŮɑŬ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ ȼ/Ɉ) 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 5ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

 

 -------------------------------------------------------------------------------  
                                 FINAL RESULTS 
 -------------------------------------------------------------------------------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1  
 --------------------    
 F (t) BODY (  1)    1 =    - 2.611153E+01  
 --------------------    
  JOINT            2  
 --------------------    
 F (t) BODY (  1)    2 =    - 4.665380E+00  
 -----------------------    
  JOINT            1RESTRAINED  
 -----------------------    
 F (t)    3 =     2.611153E+01  
 -----------------------    
  JOINT            2RESTRAINED  
 -----------------------    
 F (t)    4 =     4.665381E+00  
    
    
 ---------------------------   
     BODIES INCLINATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1      - 1.073886E - 02   - 3.086631E - 03   - 6.152678E - 01   - 1.768504E - 01 
    
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 ---------------------------------- -    
 --------------------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.399912E+00          1.399912E+00     0.000000E+00     0.000000E+00  
 --------------------    
  JOINT             2 
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.299919E+00          1.399912E+00    - 5.369432E - 02    - 4.629947E - 02 
    
    
 ---------------------------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   4.304731E+02   KB   (m) =   6.999562E - 01   KG   (m)   =   1.607243E+00  
WATER AREA  (m^2)=   3.000000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   5.000000E+00  
BML         (m)  =   5.357478E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   2.500000E+03  
BMT         (m)  =   5.952753E+00   LCBy (m) =   5.000000E+00   Iyy  (m^4) =   2.250000E+04  
Tm          (m)  =   1.399912E+00   GML  (m) =   5.266809E+01   GMT  (m)   =   5.046064E+00  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ 

Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

ȷɟɢɘəɧɠ ȾɩŭɘəŬɠ Ɂɏɞɠ ȾɩŭɘəŬɠ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ: 
Pȷ = -26,0570 t -26,0570 -26,1115 

Pȸ = -4,66660 t -4,66660 t -4,66538 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,010740 -0,010740040 -0,01073886 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,003087 -0,003087068 -0,003086631 

 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ȼ Ŭˊɧəɚɘůɖ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ Ŭɟɢɘəɧ 

ˊɟɧɔɟŬɛɛŬ əŬɘ Űɞ ɜɏɞ ˊɟɧɔɟŬɛɛŬ ɞűŮɑɚɞɜŰŬɘ ůŰŬ ůɖɛŮɑŬ ˊɟɞůɎɟŬɝɖɠ ŰŬ ɞˊɞɑŬ 

ɚŬɛɓɎɜɞɜŰŬɘ ɤɠ ůŰŬɗŮɟɏɠ ŬɟɗɟɩůŮɘɠ əŬɘ ɗŬ ŮˊɖɟŮɎůɞɡɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɗŬ 

ɚɎɓɞɡɛŮ ɚɧɔɤ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɞɡ ɜɏɞɡ əɩŭɘəŬ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ůɢɏůɖɠ ɛɘŬɠ 

Ɏɟɗɟɤůɖɠ ɛŮ Űɞ ůɩɛŬ ůŰɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ. 
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8.2. ɄŮɟɘˊŰɩůŮɘɠ ŮɡůŰɎɗŮɘŬɠ ůɤɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ 

 

8.2.1. ɄŮɟɑˊŰɤůɖ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ ɛŮ ŭɨɞ əŬŰŬəɚɡɕɧɛŮɜŮɠ ɔɎůŰɟŮɠ 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɁŬ ɓɟŮɗŮɑ ɖ ŭɘŬɔɤɔɐ əŬɘ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ Űɖɠ ŮɝɏŭɟŬɠ Űɞɡ ůɢɐɛŬŰɞɠ ɧŰŬɜ 

əŬŰŬəɚɡůɗɞɨɜ ŰŬɡŰɧɢɟɞɜŬ ɞɘ ŭŮɝŬɛŮɜɏɠ 1 əŬɘ 2. ȳɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ůŰɞɘɢŮɑŬ űŬɑɜɞɜŰŬɘ 

ůŰɞ ůɢɐɛŬ. 

 

 

ɆɢɐɛŬ 8.2.1.1 

ȺɝɏŭɟŬ Űɟɘɩɜ ɔŬůŰɟɩɜ Ůə Űɤɜ ɞˊɞɑɤɜ ɞɘ ŭɨɞ ŭɘŬɗɏŰɞɡɜ ŭɘŬɛɏɟɘůɛŬ ɛŮ əŬŰɎəɚɡůɖ (ɔɘŬ Ůˊɑɚɡůɖ 

ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ȼ Ɏůəɖůɖ ɚɨɜŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ɢŬɛɏɜɖɠ ŬɜŰɩůŮɤɠ. 

ȳɔəɞɠ ɜŮɟɞɨ əŬŰŬəɚɨůŮɤɠ: 

( )1 1 2oU T b l l= +  

ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ ůŮ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ: 

 

( )1 1 1 1 2a 3w w sA A Lb b l lm= - Ö = - + 

 

Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɜɏɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ (1Fx 1Fy ) ɓɟɑůəɞɜŰŬɘ ɛŮ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ ɗŮɤɟɐɛŬŰɞɠ Űɤɜ ɟɞˊɩɜ ɤɠ ˊɟɞɠ Űɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ ˊɞɡ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ 

Űɞ Ŭɟɢɘəɧ ( Fx Fy ): 

( )1 1 1 1 1 2 0w FA y l b b bÖ - Ö + = 

( )1 1 1 2

1

1

F

w

l b b b
y

A

Ö +
Ý =  

1 2
1 1 1 1 2 1( ) ( ) 0

2 2
w F

L l L l
A x l b l b

- -
Ö - + = 

1 2
1 1 2 1

1

1

( ) ( )
2 2

F

w

L l L l
l b l b

x
A

- -
+

Ý =  

 

Ɉˊɞɚɞɔɘůɛɧɠ ŭŮɨŰŮɟɤɜ ɟɞˊɩɜ ɤɠ ˊɟɞɠ Űɞ ɜɏɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ: 

( ) ( )
3 3 3

2 2 21 1 1 2 2
1 1 2 1 1 1 2 1 13 2

12 12 12
T w F

Lb l b l b
I Lb b b l b b b A y¡= + + - - - + - Ö 

2 23 3 3
21 1 1 2 2 1 2

1 1 2 1 1 13
12 12 12 2 2

L w F

L b l b l b L l L l
I l b l b A x

- -å õ å õ
¡= - - - - - Öæ ö æ ö

ç ÷ ç ÷
 

 

H ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

tan TM

GM
j=
DÖ
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ɧˊɞɡ: 

¶ [ ]1 1 1 2 1 2 1 1T o F o FM l bT b b y l bT yg g= + + +  

 

(ɗŮŰɘəɐ ɔɘŬ ɓɨɗɘůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ 1) 

 

¶ 
13 oLbTo gD=D =  

¶ GM KB BM KG= + -  

¶ 
2

oT T
KB

d+
=       ɛŮ    

1w

U
T

A
d =  

¶ 
TBM I

g
¡=

D
 

¶ oKG KG=   (Ŭűɞɨ ŭŮɜ ɏɢɞɡɛŮ ˊɟɞůɗŬűŬɑɟŮůɖ űɞɟŰɑɤɜ ) 

 

ȼ ŭɘŬɔɤɔɐ t ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

1

LM
t

MT
=  

ɧˊɞɡ: 

¶ 1 LI
MT

L

g¡
=     əŬɘ 

¶ 1 2
1 1 1 2 1 1

2 2
L o F o F

L l L l
M l bT x l bT xg g

- -è ø è ø
= + - -é ù é ù

ê ú ê ú
 

 

(ɗŮŰɘəɐ ɔɘŬ ɓɨɗɘůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ 1) 

 

ȺűŬɟɛɞɔɐ: 

¶ L  = 6m 

¶ B  = 5m 

¶ l1  = 0.9m 

¶ l2  = 1.1m 

¶ b1  = 0,5m 

¶ b2  = 1m 

¶ DHULL  = 2m 

¶ DDECK  = 0.5m 

¶ KGo  = 1,5m 

¶ ɛs  = 1 

ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŭŮŭɞɛɏɜŬ əŬɘ Űɘɠ ůɢɏůŮɘɠ ˊɞɡ ˊŮɟɘŮɔɟɎűɖəŬɜ ˊɟɞəɨˊŰŮɘ: 
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¶ 
21 mU =  

¶ 
2

1 8 mwA =  

¶ 1 0,08437 mFy =  

1 0,025 mFx =  

¶ 
412,5972 mTI¡=  

420,6817 mLI¡=  

¶ 0,7783 mTM =  

¶ 0,4100 mLM =  

¶ 
0 9,225 tD=D =  

¶ 0,125 mTd =  

¶ 0,5625 mKB=  

¶ 1,3996 mBM=  

¶ 1,5 moKG KG= =  

¶ 1 3,4791 mMT =  

 

ȼ ŭɘŬɔɤɔɐ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

0,11785 mt=  

ȾŬɘ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 

tan 0,01964q=  Ҧ 1,125q=  ̄

ɇɏɚɞɠ, ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

tan 0,1825j=  Ҧ 10,342j=  ̄
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :1                                           
Total Number of Joints (NAR)                 :0                                           
Total Number of Hulls  (NGS)                 :3                                           
Total Number of Flooded Compartments (NFC)   :2  
Total Number of Bodies with Fl. Comp. (NBFC) :1  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :3                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :0                                           
Maximum No. of Joints/Body                   :0                                           
Maximum No. of Forces/Body                   :1                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-----------------------------------------------------------------------------------------  
 
 
 
------- ----------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            5.000000     5.000000    6.000000    5.000000     0.500000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
------------------------ ---  
Body No.:1   | Hulls/Body:3  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |B h 
                  2.000000     3.000000     0.250000     6.000000     0.500000  
             -----------------------------------------------------------------  
                             Hull No.:2   |Type:2  
             --------------------------------- --------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  2.000000     3.000000     1.750000     6.000000     0.500000  
             -------------------------------------------------------------- ---  
                             Hull No.:3   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  2.000000     3.000000     3.250000     6.000000     0.500000  
             -----------------------------------------------------------------  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
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----------------- ----------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1          9.225000     3.000000     1.750000     1.500000  
----------------------------------------------------------------------------- ------------  
 
 
 
-----------------------------------------------------------------------------------------  
                      Flooded Compartments Characteristics                                
------------------------------------------------------------ -----------------------------  
---------------------------------------------------------------------------------          
Compartment No.:1   |Body No.:1   |Hull No.:1   |Type:2   |Permability:1.000              
---------------------------------------------- ------------------------------               
         |xh          |yh          |Lh          |Bh  
       0.450000     0.250000    0.900000     0.500000             
---------------------------------------------------------------------------------          
Compartment No.:2   |Body No.:1   |Hull No.:2   |Type:2   |Permability:1.000             
----------------------------------------------------------------------------              
         |xh          |yh          |Lh          |Bh  
       5.450000     1.750000    1.100000     0.500000  
-----------------------------------------------------------------------------------------  

 

ɧˊɞɡ 

- 2m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,5m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 
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ɆɢɐɛŬ 8.2.1.2 

ȺɝɏŭɟŬ Űɟɘɩɜ ɔŬůŰɟɩɜ Ůə Űɤɜ ɞˊɞɑɤɜ ɞɘ ŭɨɞ ŭɘŬɗɏŰɞɡɜ ŭɘŬɛɏɟɘůɛŬ ɛŮ əŬŰɎəɚɡůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ 

ȼ/Ɉ) 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 3ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

  
 -------------------------------------------------------------------------------  
                                FINAL RESULTS 
 -------------------------------------------------------------------------------  
 --------------------------   
     BODIES INCLINAT ION  
 --------------------------   
    
  BODY        TANX            TANY            PHI             THETA  
   1      - 1.881838E - 01    1.758443E - 02   - 1.065750E+01    1.007410E+00  
     
     
 -----------------------------------------------    
      FLOODING COMPARTMENTS CHARACTERISTICS 
 -----------------------------------------------    
 -------------------------    
   COMPARTMENT           1  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           1  
 WATER AREA    (m^2) =  0.4500000          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =  0.5062500          NET VOLUME  (m^3) =  0.5062500     
 -------------------------    
   COMPARTMENT           2  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           2  
 WATER AREA    (m^2) =  0.5500000          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =  0.6187501          NET VOLUME  (m^3) =  0.6187501     
    
    
 --------------------------------------------    
     GENERAL HYDROSTATIC CHARACTERISTICS 
 --------------------------------------------    
 --------------    
    BODY             1  
 --------------    
DISPLACEMENT(t)  =   9.225000E+00   KB   (m) =   5.625001E - 01   KG   (m)   =   1.500000E+00  
WATER AREA  (m^2 )=   9.000000E+00   LCFx (m) =   2.975000E+00   LCFy (m)   =   1.834375E+00  
BML         (m)  =   2.334751E+00   LCBx (m) =   2.975000E+00   Ixx  (m^4) =   1.225259E+01  
BMT         (m)  =   1.361398E+00   LCBy (m) =   1.834375E+00   Iyy  (m^4) =   2.101276E +01 
Tm         (m)  =   1.125000E+00   GML  (m) =   1.421718E+00   GMT  (m)   =   4.483651E - 01 
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ: P = - - 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,18250 -0,1881838 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,01964 0,01758443 

 

 

ɆŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮ Űɞɡɠ əɚŬůůɘəɞɨɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ 

ɏɢŮɘ ɗŮɤɟɖɗŮɑ ɗŮŰɘəɐ ɖ ŭɘŬɛɐəɖɠ əɚɑůɖ ɔɘŬ ɓɨɗɘůɖ Űɖɠ ŭŮɝŬɛŮɜɐɠ 1, Ůɜɩ ůŰɖɜ ɚɨůɖ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɗŮŰɘəɐ ɏɢŮɘ ɗŮɤɟɖɗŮɑ ɖ ɗŮŰɘəɐ űɞɟɎ Űɤɜ Ŭɝɧɜɤɜ (ůɢɐɛŬ 

8.2.1.2), ŭɖɚŬŭɐ ɖ ŬɜŰɑɗŮŰɖ. ȷɡŰɧ ŭɘəŬɘɞɚɞɔŮɑ əŬɘ Űɖɜ ŭɘŬűɞɟɎ Űɤɜ ˊɟɧůɖɛɤɜ Űɖɠ tanű. 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ɄŬɟɎɚɚɖɚŬ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ, ůɡɜŮˊɩɠ ɚɧɔɤ Űɖɠ Űɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ ɧˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ůɢŮŰɘəɐ 

Ŭˊɧəɚɘůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɖɠ ŬɜŬɚɡŰɘəɐɠ 

ɛŮɗɧŭɞɡ. 
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8.2.2. ɄŮɟɑˊŰɤůɖ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ ɛŮ əŬŰɎəɚɡůɖ ˊɞɚɡɔɤɜɘəɐɠ ɔɎůŰɟŬɠ 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɁŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ əŬɘ ŭɘŬɔɤɔɐ Űɖɠ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ Űɞɡ 

ůɢɐɛŬŰɞɠ ɧŰŬɜ əŬŰŬəɚɡůɗŮɑ ɖ ŬɟɢɘəɎ əŮɜɐ ŭŮɝŬɛŮɜɐ Ɂɞ. 1. Ƀɘ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘŬůŰɎůŮɘɠ 

ŭɑɜɞɜŰŬɘ ůŰɞ ůɢɐɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ. Ⱥˊɘˊɚɏɞɜ ŮɑɜŬɘ ŭŮŭɞɛɏɜŬ: 

 

 

ɆɢɐɛŬ 8.2.2.1 

ȺɝɏŭɟŬ ŭɨɞ ɔŬůŰɟɩɜ Ůə Űɤɜ ɞˊɞɑɤɜ ɖ ɛɑŬ ŭɘŬɗɏŰŮɘ ŭɘŬɛɏɟɘůɛŬ ůŮ əŬŰɎəɚɡůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

 

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ ɢŬɛɏɜɖɠ ŬɜŰɩůŮɤɠ ɓɟɑůəɞɡɛŮ ŬɟɢɘəɎ ɧɚŬ ŰŬ 

ŬˊŬɟŬɑŰɖŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ: 

 

¶ ȺˊɘűɎɜŮɘŬ əŬŰŬəɚɡůɗɏɜŰɞɠ ŭɘŬɛŮɟɑůɛŬŰɞɠ: 

 

21
a 3 2 3 m

2
= ³ ³ =  

¶ ȺˊɘűɎɜŮɘŬ ɜɏŬɠ ɘůɎɚɞɡ (ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ 

 

[ ] 2

1 a 2 20 2 2 3 3 89 mw w sA A m= - Ö = ³ ³ + ³ - = 

¶ ɆɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɜɏɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ, ɤɠ ˊɟɞɠ Űɞ Ŭɟɢɘəɧ ůɨůŰɖɛŬ 

Ŭɝɧɜɤɜ (x, y): 

 

[ ]
1

3 10 1
0,37 m

89
Fx

³ +
= =  

1

3 5
0,168 m

89
Fy

³
= =  

 

¶ ȹŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ ɤɠ ˊɟɞɠ Űɞ 

ɜɏɞ Ŭɟɢɘəɧ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ: 

 
23 3

2

2

2 4

1 1

20 2 3 1 1 1
2 2 20 5 8 4 1 3 5

12 36 2 3

1 1
    4 1 3 5 2325,56 m

2 3

T

w F

I

A y

è ø³ ³ è ø
¡= ³ + ³ ³ + ³ + ³ ³ ³ ³ + +é ù é ù

ê úê ú

è ø
+ ³ ³ ³ ³ - - Ö =é ù

ê ú

 

23 3
2 4

1 1

2 20 3 1 1 1
2 4 4 3 1 10 3940.98 m

12 36 2 2
L w FI A x

è ø³ ³ è ø
¡= ³ + ³ + ³ ³ ³ ³ + - Ö =é ùé ù

ê úé ùê ú

 

 

(ɟɞˊɐ ŬŭɟɎɜŮɘŬɠ ɞɟɗɞɔɤɜɑɞɡ Űɟɘɔɩɜɞɡ b h³  ɤɠ ˊɟɞɠ Űɞ əɏɜŰɟɞ ŮˊɘűɎɜŮɘŬɠ 

Űɞɡ: 

3

36

b h
i
³

= ) 
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¶ ȳɔəɞɠ ɜŮɟɞɨ əŬŰŬəɚɨůŮɤɠ: 

3a 3 1,5 4,5 moU T= Ö = ³ =  

¶ Ɂɏɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ: 

 

GM KB BM KG= + -  

ɧˊɞɡ: 

 

- 1

1,5

0,781 m
2 2

o w

U

T T A
KB

g

d
+

+
= = =  

- 
1

2325,56
16,85 m

92 1,5

T T

w o

I I
BM

A T

¡ ¡
= = = =
Ð Ö ³

 

- 1,5 moKG KG= =  

ɎɟŬ  

0,781 16,85 1,5 16,131 mGM= + - =  

 

¶ ȾŬɘ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

 

[ ]15 4,5 5,168
tan

92 1,5 16,131

FT
U yM

GM GM

g
j

g

+ ³
= = =
D D ³ ³

 

 

Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ɧŰɘ  

 

tan 0,01047j=  Ҧ 0,6j=  ̄

 

 

¶ ȼ ŭɘŬɔɤɔɐ Űɖɠ ŮɝɏŭɟŬɠ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

[ ]111 4,5 11,37 26
0,338 m

1 / 3940,98

FL

L

U yM
t

MT I L

g

g

+ ³ ³
= = = =

¡
 

 

əŬɘ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ, ɛɏůɤ Űɖɠ ŭɘŬɔɤɔɐɠ ˊɟɞəɨˊŰŮɘ: 

 

0,338
tan

26

t

L
q= =  

 

tan 0,013q=  Ҧ 0,744q=  ̄
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :1                                           
Total Number of Joints (NAR)                 :0                                           
Total Number of Hulls  (NGS)                 :2                                           
Total Number of Flooded Compartments (NFC)   :1  
Total Number of Bodies with Fl. Comp. (NBFC) :1  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :2                                           
Maximum No. of Points/Hull                   :7                                           
Maximum No. of Points/Flooded Compartment    :4                                           
Maximum No. of Bodies/Joint                  :0                                           
Maximum No. of Joints/Body                   :0                                           
Maximum No. of Forces/Body                   :1                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-----------------------------------------------------------------------------------------  
 
 
 
--------------------- --------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            5.000000     5.000000   38.000000   16.000000     0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
------------------------ ---  
Body No.:1   | Hulls/Body:2  
---------------------------  
                             Hull No.:1   |Type:1  
             ---------------------------  
      Depth        |No. of points  
                  4.800000 7  
             ---------------------------  
               xhi        | yhi  
                  6.000000     3.000000  
                  9.000000     4.000000  
                 29.000000     4.000000  
                 32.000000     3.000000  
                 29.000000     2.000000  
                  9.00000 0     2.000000  
                  6.000000     3.000000  
             ---------------------------  
                             Hull No.:2   |Type:1  
             ---------------------------  
      Depth        |No. of points  
                  4.800000 7  
             ---------------------------  
               xhi        | yhi  
                  6.000000    13.000000  
                  9.000000    14.000000  
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                 29.000000    14.000000  
                 32.000000    13.000000  
                 29.000000    12.000000  
                  9.000000    12.000000  
                  6.000000    13.000000  
             ---------------------------  
-----------------------------------------------------------------------------------------  
 
 
 
-- ---------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
------------------- --------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1        141.450000    19.000000     8.000000     1.500000  
------------------------------------------------------------------------------- ----------  
 
 
 
-----------------------------------------------------------------------------------------  
                      Flooded Compartments Characteristics                                
-----------------------------------------------------------------------------------------  
---------------------------------------------------------------------------------          
Compartment No.:1   |Body No.:1   |Hull No.:1   |Type:1   |Permability:1.000               
----------------------------------------------------------------------------               
                        No. of points:4  
                 ---------------------------  
                     |xhi         |yhi  
                    9.000000    14.000000                                                             
                    9.000000   12.000000   
                    6.000000   13.000000                                    
                    9.000000   14.000000                                                          
                 ---------------------------             
-----------------------------------------------------------------------------------------  

 

 

ɧˊɞɡ 

- 4,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 
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ɆɢɐɛŬ 8.2.2.2 

ȺɝɏŭɟŬ ŭɨɞ ɔŬůŰɟɩɜ Ůə Űɤɜ ɞˊɞɑɤɜ ɖ ɛɑŬ ŭɘŬɗɏŰŮɘ ŭɘŬɛɏɟɘůɛŬ ůŮ əŬŰɎəɚɡůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ ȼ/Ɉ) 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 3ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

 
-------------------------------------------------------------------------------  
                                FINAL RESULTS 
 ----------------------------------------------------------------------- --------  
 --------------------------   
     BODIES INCLINATION  
 --------------------------   
    
  BODY        TANX            TANY            PHI             THETA  
   1       1.090946E - 02   - 1.395241E - 02    6.250411E - 01   - 7.993625E - 01 
     
     
 --------- --------------------------------------    
      FLOODING COMPARTMENTS CHARACTERISTICS 
 -----------------------------------------------    
 -------------------------    
   COMPARTMENT           1  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           1  
 WATER AREA    (m^2) =   3.000000          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =   4.651685          NET VOLUME  (m^3) =   4.651685     
    
    
 --------------------------------------------    
     GENERAL HYDROSTATIC CHARACTERISTICS 
 --------------------------------------------    
 --------------    
    BODY             1  
 --------------    
DISPLACEMENT(t)  =   1.414500E+02   KB   (m) =   7.752809E - 01   KG   (m)   =   1.500000E+00  
WATER AREA  (m^2 )=   9.200000E+01   LCFx (m) =   1.937079E+01   LCFy (m)   =   7.831461E+00  
BML         (m)  =   2.729619E+01   LCBx (m) =   1.937079E+01   Ixx  (m^4) =   2.231453E+03  
BMT         (m)  =   1.616995E+01   LCBy (m) =   7.831461E+00   Iyy  (m^4) =   3.766875E +03 
Tm          (m)  =   1.550562E+00   GML  (m) =   2.657509E+01   GMT  (m)   =   1.544885E+01  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ: P = - - 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,01047 0,01090946 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,01300 -0,01395241 

 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ɄŬɟɎɚɚɖɚŬ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ, ůɡɜŮˊɩɠ ɚɧɔɤ Űɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ ɧˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ əŬɘ Űɖɠ ˊɞɚɡɔɤɜɘəɐɠ ɛɞɟűɐɠ Űɤɜ ɔŬůŰɟɩɜ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ůɢŮŰɘəɐ Ŭˊɧəɚɘůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɖɠ ŬɜŬɚɡŰɘəɐɠ ɛŮɗɧŭɞɡ. 
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8.2.3. ɄŮɟɑˊŰɤůɖ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ ˊɞɚɡɔɤɜɘəɞɨ ůɢɐɛŬŰɞɠ ɛŮ əŬŰɎəɚɡůɖ 

ŭɨɞ ŭɘŬɛŮɟɘůɛɎŰɤɜ 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ȼ ˊɚɤŰɐ əŬŰŬůəŮɡɐ Űɞɡ ůɢɐɛŬŰɞɠ ˊɚɏŮɘ ŬɟɢɘəɎ ɘůɞɓɨɗɘůŰɖ ɏɢɞɜŰŬɠ ɇ=2m əŬɘ 

KG=1,5m. ȻɖŰŮɑŰŬɘ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ Űɖɠ əŬɘ ɖ ŭɘŬɔɤɔɐ Űɖɠ (ůŰɟɞűɏɠ 

ˊŬɟɎɚɚɖɚŬ ˊɟɞɠ Űɞɡɠ ɎɝɞɜŮɠ x əŬɘ y ŬɜŰɑůŰɞɘɢŬ, ˊɞɡ ɗŮɤɟɞɨɜŰŬɘ əŬɘ ˊŬɟɎɚɚɖɚɞɘ ˊɟɞɠ 

Űɞɡɠ ŮəɎůŰɞŰŮ əɨɟɘɞɡɠ ɎɝɞɜŮɠ ŬŭɟɎɜŮɘŬɠ) ɧŰŬɜ əŬŰŬəɚɡůɗɞɨɜ ŰŬ ŭɘŬɛŮɟɑůɛŬŰŬ 1 əŬɘ 

2. ȼ ɑůŬɚɞɠ ŮɑɜŬɘ ůŰŬɗŮɟɐ ůŮ əɎɗŮ ɓɨɗɘůɛŬ. Ƀɘ ŭɘŬˊŮɟŬŰɧŰɖŰŮɠ-ŭɘŬɢɤɟɖŰɧŰɖŰŮɠ ɜŬ 

ɗŮɤɟɖɗɞɨɜ ɑůŮɠ ɛŮ 1. 

 

ɆɢɐɛŬ 8.2.3.1 

ȺɝɏŭɟŬ ˊɞɚɡɔɤɜɘəɞɨ ůɢɐɛŬŰɞɠ ɛŮ əŬŰɎəɚɡůɖ ŭɨɞ ŭɘŬɛŮɟɘůɛɎŰɤɜ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ȼ Ɏůəɖůɖ ɚɨɜŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠ. ŪŮɤɟŮɑŰŬɘ Űɞ ŬɡɗŬɑɟŮŰɞ 

ůɨůŰɖɛŬ Ŭɝɧɜɤɜ (x, y) Űɞɡ ůɡůŰɐɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɞ ɞˊɞɑɞ ɗŬ ŬɜŬűɏɟɞɜŰŬɘ ɧɚŮɠ ɞɘ 

ŬˊɞůŰɎůŮɘɠ ɛŮ Űɞ əŬŰɎɚɚɖɚɞ ˊɟɧůɖɛɞ. ȷɟɢɘəɎ ɓɟɑůəɞɜŰŬɘ ŰŬ ɔŮɤɛŮŰɟɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ. 

 

¶ ȷɟɢɘəɐ ŮˊɘűɎɜŮɘŬ ɎɗɘəŰɖɠ ɘůɎɚɞɡ: 

 

( ) ( ) 22 25 5 2 8 5 50 5 580 mwA = ³ ³ + ³ ³ + ³ = 

 

¶ ȺˊɘűɎɜŮɘŮɠ əŬŰŬəɚɡůɗɏɜŰɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ 1 əŬɘ 2: 

 
2

1a 5 5 25 m= ³ =  

2

2a 4 5 20 m= ³ =  

 

¶ ȺˊɘűɎɜŮɘŬ ɘůɎɚɞɡ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ: 

 
2

1 1 2a a 535 mw wA A= - - =  

 

Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ ɓɟɑůəɞɜŰŬɘ Ŭˊɧ Űɞ 

ɗŮɩɟɖɛŬ Űɤɜ ɟɞˊɩɜ ɤɠ ˊɟɞɠ Űɞɡɠ ŮˊɘɚŮɔɛɏɜɞɡɠ ɎɝɞɜŮɠ (x, y). 

(Ɇɡɜɞɚɘəɐ ɟɞˊɐ ɎɗɘəŰɖɠ ŮˊɘűɎɜŮɘŬɠ) = (Ʌɞˊɐ ŮˊɘűɎɜŮɘŬɠ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ) + 

(Ʌɞˊɏɠ ŮˊɘűŬɜŮɘɩɜ əŬŰŬəɚɡůɗɏɜŰɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ) 

ɄɟɞűŬɜɩɠ ɞɘ ůɢŮŰɘəɏɠ ůɡɜɞɚɘəɏɠ ɟɞˊɏɠ ŮɑɜŬɘ ɛɖ ɛɖŭŮɜɘəɏɠ əŬɗɩɠ Űɞ ůɨůŰɖɛŬ Űɤɜ 

Ŭɝɧɜɤɜ ŭŮɜ ɏɢŮɘ ɤɠ Ŭɟɢɐ Űɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ Űɖɠ ɎɗɘəŰɖɠ ɘůɎɚɞɡ CF. 

 

ȰŰůɘ ɏɢɞɡɛŮ: 

¶ Ʌɞˊɏɠ ɤɠ ˊɟɞɠ x: 

 

1 1 22 (25 5 12,5) 2 (8 5 21) 50 5 27,5 a 2,5 a 19w FA y³ ³ ³ + ³ ³ ³ + ³ ³ = Ö + ³ + ³

 

   20,14 mFyÝ =  

¶ Ʌɞˊɏɠ ɤɠ ˊɟɞɠ y: 

1 1 20 a ( 22,5) a ( 7,5)w FA x= Ö + ³ - + ³ + 

    0,771 mFxÝ =  
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ɧˊɞɡ (
Fx ,

Fy ) ŮɑɜŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɛŮŰɎ 

Űɖ ɓɚɎɓɖ 
1wA . Ƀɘ ŭŮɨŰŮɟŮɠ ɟɞˊɏɠ (ŬŭɟɎɜŮɘŬɠ) ɤɠ ˊɟɞɠ Űɞ ɜɏɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ɗŮɤɟɐɛŬŰɞɠ Űɤɜ ˊŬɟŬɚɚɐɚɤɜ Ŭɝɧɜɤɜ: 

 

(Ʌɞˊɐ ŬŭɟɎɜŮɘŬɠ ɤɠ ˊɟɞɠ Űɞ ɜɏɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ ɛŮŰɎ Űɖ ɓɚɎɓɖ) = (Ʌɞˊɐ 

ŬŭɟɎɜŮɘŬɠ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ɤɠ ˊɟɞɠ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ɎɝɞɜŬ) ï (Ʌɞˊɐ ŬŭɟɎɜŮɘŬɠ Űɤɜ 

ŮˊɘűŬɜŮɘɩɜ əŬŰɎəɚɡůɖɠ ɤɠ ˊɟɞɠ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ɎɝɞɜŬ) ï                                

(ȺˊɘűɎɜŮɘŬ ŰŮɚɘəɐɠ ɘůɎɚɞɡ    x   (ȷɜŰɑůŰɞɘɢɖ ůɡɜŰŮŰŬɔɛɏɜɖ Űɞɡ ɜɏɞɡ əɏɜŰɟɞɡ)2) 

 

ɈˊɞɚɞɔɑɕɞɜŰŬɘ əŬŰɎ ůŮɘɟɎ ɞɘ ɧɟɞɘ Űɞɡ ŭŮɨŰŮɟɞɡ ɛɏɚɞɡɠ: 

 

3 3
2 2

3
2 4

25 5 8 5
2 25 5 12,5 2 8 5 21

12 12

50 5
        + 50 5 27,5 273373 m

12

xxI
å õ å õ³ ³

= ³ + ³ ³ + ³ + ³ ³ +æ ö æ ö
ç ÷ ç ÷

å õ³
+ ³ ³ =æ ö

ç ÷

 

3 3
2 2 45 5 5 4

5 5 2,5 5 4 19 7455 m
12 12

xxi
³ ³

= + ³ ³ + + ³ ³ = 

 

ɞɧ́ŰŮ ɖ ɕɖŰɞɨɛŮɜɖ ŭŮɨŰŮɟɖ ɟɞˊɐ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ x ŮɑɜŬɘ: 

2 433983 mxx xx xx w FI I i A y¡= - - Ö =  

 

əŬɘ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ y: 

 

3 3 3
2 2

4

50 5 5 8 5 25
2 5 8 7,5 2 5 25 22,5

12 12 12

     183833 m

yyI
å õ å õ³ ³ ³

= + ³ + ³ ³ + ³ + ³ ³æ ö æ ö
ç ÷ ç ÷

º

 

 

3 3
2 2 45 5 5 4

5 5 22,5 5 4 7,5 13875 m
12 12

yyi
³ ³

= + ³ ³ + + ³ ³ = 

 

2 4169639 myy yy yy w FI I i A x¡= - - Ö =  
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ɀŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ Űɖɠ ɘůɎɚɞɡ ɛŮŰɎ Űɖ ɓɚɎɓɖ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (ɛɘəɟɏɠ ɛŮŰŬɓɞɚɏɠ) : 

 

tan TM

GM
j=
DÖ

 

ɧˊɞɡ: 

¶ ( ) ( )1 22,5 + 19T F FM U y U yg g= Ö Ö - Ö Ö - 

¶ 31,025 580 2 1189 mw oA To gD=D = Ö Ö = ³ ³ = 

¶ 3

1 1 0a 25 2 50 mU T= Ö = ³ = 

¶ 
3

2 2 0a 20 2 40 mU T= Ö = ³ =  

 

  1030,125 tmTMÝ =-  

 

 

¶ GM KB BM KG= + -  

¶ 1,084 m
2

oT T
KB

d+
= =                (ɧˊɞɡ    1 2

w

U U
T

A
d

+
= ) 

¶ 
33980

1,025 29,29 m
1189

xxBM I
g
¡= = ³ =

D
 

¶ 1,5 moKG KG= =   (Ŭűɞɨ ŭŮɜ ɏɢɞɡɛŮ ˊɟɞůɗŬűŬɑɟŮůɖ űɞɟŰɑɤɜ ) 

 

  28,874 mGMÝ =  

 

ȾŬŰŬɚɐɔɞɡɛŮ: 

1030,125
tan

1189 28,874
j

-
=

³
 

 

tan 0,0300j=-  Ҧ 1,718j=- ¯ 

 

 

ȷɜŰɑůŰɞɘɢɎ ɖ ŭɘŬɔɤɔɐ t ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

1

LM
t

MT
=  
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ɧˊɞɡ: 

¶ 
1,025 169639

1 3477,62 t
50

yyI
MT

L

g¡ ³
= = =     əŬɘ 

¶ ( ) ( )1 222,5 7,5 916,75 tmL F FM U x U xg g= Ö Ö + + Ö Ö - =- 

 

0,11785 mt=  

əŬɘ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 

 

tan 0,00526q=  Ҧ 0,3013q=  ̄

 

 

 

 

 

 

× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :1                                           
Total Number of Joints (NAR)                 :0                                           
Total Number of Hulls  (NGS)                 :1                                           
Total Number of Flooded Compartments (NFC)   :2  
Total Number of Bodies with Fl. Comp. (NBFC) :1  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :17                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :0                                           
Maximum No. of Joints/Body                   :0                                           
Maximum No. of Forces/Body                   :1                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Y ref        |L           |B           |H  
1            5.000000     5.000000   50.000000   30.000000     0.200000  
-----------------------------------------------------------------------------------------  
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-----------------------------------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
------------------------ ---  
Body No.:1   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:1  
             ---------------------------  
      Depth        |No. of points  
                  4.800000 17  
             ---------------------------  
               xhi        | yhi  
                  0.000000     0.000000  
                  0.000000    30.000000  
                 50.000000    30.000000  
                 50.000000     0.000000  
                 45.000000     0.000000  
                 45.0000 00    25.000000  
                 35.000000    25.000000  
                 35.000000    17.000000  
                 30.000000    17.000000  
                 30.000000    25.000000  
                 20.000000    25.000000  
                 20.000000    17.000000  
                 15.000000    17.000000  
                 15.000000    25.000000  
                  5.000000    25.000000  
                  5.000000     0.000000  
                  0.000000     0.000000  
             ---------------------------  
--------------- --------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
----------------------------- ------------------------------------------------------------  
---------------------------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1       1189.000000    25.000000    20.137900     1.500000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                      Flooded Compartments Characteristics                                
-----------------------------------------------------------------------------------------  
---------------------------------------------------------------------------- -----          
Compartment No.:1   |Body No.:1   |Hull No.:1   |Type:2   |Permability:1.000              
----------------------------------------------------------------------------               
         |xh          |yh          |Lh          |Bh  
       2.500000     2.500000    5.000000     5.000000             
---------------------------------------------------------------------------------          
Compartment No.:2   |Body No.:1   |Hull No.:1   |Type:2   |Permability:1.000             
----------- -----------------------------------------------------------------              
         |xh          |yh          |Lh          |Bh  
      32.500000    19.000000    5.000000     4.000000  
------------------------------------------------------------------------ -----------------  
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ɧˊɞɡ 

- 4,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɖɠ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 

 

 

ɆɢɐɛŬ 8.2.3.2 

ȺɝɏŭɟŬ ˊɞɚɡɔɤɜɘəɞɨ ůɢɐɛŬŰɞɠ ɛŮ əŬŰɎəɚɡůɖ ŭɨɞ ŭɘŬɛŮɟɘůɛɎŰɤɜ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ ȼ/Ɉ) 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 3ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

-------------------------------------------------------------------------------  
                                FINAL RESULTS 
 ---------- ---------------------------------------------------------------------  
 --------------------------   
     BODIES INCLINATION  
 --------------------------   
    
  BODY        TANX            TANY            PHI             THETA  
   1      - 3.078056E - 02   - 5.26 3659E- 03   - 1.763039E+00   - 3.015826E - 01 
     
     
 -----------------------------------------------    
      FLOODING COMPARTMENTS CHARACTERISTICS 
 -----------------------------------------------    
 -------------------------    
   COMPARTMENT           1  
 -- -----------------------    
 LOCATION :       BODY           1  
                  HULL           1  
 WATER AREA    (m^2) =   25.00000          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =   54.20561          NET VOLUME  (m^3) =   54.20561     
 -------------------------    
   COMPARTMENT           2  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           1  
 WATER AREA    (m^2) =   20.00000          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =   43.36449          NET VOLUME  (m^3) =   43.36449     
    
    
 --------------------------------------------    
     GENERAL HYDROSTATIC CHARACTERISTICS 
 --------------------------------------------    
 --------------    
    BODY             1  
 --------------    
DISPLACEMENT(t)  =   1.189000E+03   KB   (m) =   1.084112E+00   KG   (m)   =   1.500000E+00  
WATER AREA  (m^2)=   5.800000E+02   LCFx (m) =   2.577104E+01   LCFy (m)   =   2.100467E+01  
BML         (m)  =   1.468833E+02   LCBx (m) =   2.577 104E+01   Ixx  (m^4) =   3.312979E+04  
BMT         (m)  =   2.856017E+01   LCBy (m) =   2.100468E+01   Iyy  (m^4) =   1.703846E+05  
Tm          (m)  =   2.168224E+00   GML  (m) =   1.464829E+02   GMT  (m)   =   2.815984E+01  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ: P = - - 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,0300 -0,030780560 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,00526 -0,005263659 

 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ɄŬɟɎɚɚɖɚŬ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ, ůɡɜŮˊɩɠ ɚɧɔɤ Űɖɠ Űɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ ɧˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ ŬɚɚɎ əŬɘ Űɖɠ ˊɞɚɡɔɤɜɘəɐɠ ɛɞɟűɐɠ Űɖɠ ɔɎůŰɟŬɠ, 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ůɢŮŰɘəɐ Ŭˊɧəɚɘůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɖɠ ŬɜŬɚɡŰɘəɐɠ ɛŮɗɧŭɞɡ. 
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8.2.4. ɄŮɟɑˊŰɤůɖ ŮɝɏŭɟŬɠ ɛŮ ɞəŰɩ ɔɎůŰɟŮɠ Ůə Űɤɜ ɞˊɞɑɤɜ ɖ ɛɑŬ 

əŬŰŬəɚɨɕŮŰŬɘ 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɄɚɤŰɐ ŮɝɏŭɟŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ ŮˊɑˊŮŭɖ ŮˊɘűɎɜŮɘŬ ˊɞɡ ŮŭɟɎɕŮŰŬɘ ˊɎɜɤ ůŮ 

ɞəŰɩ əŬŰŬəɧɟɡűɞɡɠ əɡɚɑɜŭɟɞɡɠ ɛŮ Űɘɠ ŭɘŬůŰɎůŮɘɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞ ůɢɐɛŬ. ɁŬ ɓɟŮɗŮɑ 

ɖ ŮɔəɎɟůɘŬ əɚɑůɖ əŬɘ ɖ ŭɘŬɔɤɔɐ Űɖɠ ŮɝɏŭɟŬɠ ɧŰŬɜ əŬŰŬəɚɡůɗŮɑ ɞ əɨɚɘɜŭɟɞɠ Ɂɞ. 1. 

 

ȹɑɜɞɜŰŬɘ: 

¶ ȹɘŬɢɤɟɖŰɧŰɖŰŬ, ŭɘŬˊŮɟŬŰɧŰɖŰŬ ɧɔəɞɡ əɡɚɑɜŭɟɤɜ ɛs = ɛ = 1. 

¶ ȷɟɢɘəɧ ɓɨɗɘůɛŬ ɇɞ = 2m (ɘůɞɓɨɗɘůŰɞɘ əɨɚɘɜŭɟɞɘ) 

¶ ȷɟɢɘəɧ KGɞ = 3 m. 

¶  

                      

ɆɢɐɛŬ 8.2.4.1 

ȺɝɏŭɟŬ ɞəŰɩ ɔŬůŰɟɩɜ Ůə Űɤɜ ɞˊɞɑɤɜ ɖ ɛɑŬ əŬŰŬəɚɨɕŮŰŬɘ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ 

Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ȸɟɑůəɞɡɛŮ ŬɟɢɘəɎ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ ȷW1 ɛŮŰɎ Űɖɜ 

əŬŰɎəɚɡůɖ Űɞɡ əɡɚɑɜŭɟɞɡ 1: 

2 2

1 7 21,99WA R mp= =  

 

ůɡɜŰŮŰŬɔɛɏɜŮɠ ɜɏɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ ɤɠ ˊɟɞɠ Űɞ Ŭɟɢɘəɧ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ (x,y): 

 

2

1

1

2 0,357F

W

b
R

y m
A

p Ö
=- =-  

2

1

1

3

2 1,07F

W

l
R

x m
A

p Ö
=- =-  

 

ȹŮɨŰŮɟŮɠ ɟɞˊɏɠ ɤɠ ˊɟɞɠ Űɞ ɜɏɞ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ: 

 

2 22
2 2 4

1 1

2 22
2 2

1 1

2 2

2 2 4

1 1

7 4 3 140,13
4 2 2

3 1
7 2 2

4 2 2

1
2 588,93

2 2

T F F

L F F

F F

R b b
I R y R y m

R l
I R x R x

l
R x R x m

p
p p

p
p p

p p

è ø è øå õ å õ
¡= + ³ ³ + + ³ - =é ù é ùæ ö æ ö

ç ÷ ç ÷é ù é ùê ú ê ú

è ø è ø
¡= + ³ ³ + + ³ + +é ù é ù

ê ú ê ú

è ø è ø
³ ³ - + - =é ù é ù

ê ú ê ú

 

 

ȼ Ŭɟɢɘəɐ ɟɞˊɐ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ŮɑɜŬɘ: 

 

[ ]2

1 1,025 2 2.5 0,357 18,4
2

T F

b
M U y R tmg p

è ø
= Ö - = ³ ³ ³ + =é ù

ê ú
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əŬɘ Űɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ: 

 

GM = KB + BM - KG 

ɧˊɞɡ: 

¶ 

2

0

1

1,025 2
,         ( 0,293 )

2 21,99W

T T U R
KB T m

A

d g p
d

+ ³ ³
= = = =  

¶ 
2 0,293

1,146
2

KB m
+

= =  

¶ 
2

0

140,13
2,787

8 8 2
T TBM I I m

R T

g g

g p p
¡ ¡= = = =

D ³ ³
 

¶ 0 3KG KG m= =  

   1,146 2,787 3 0,933 .GM mÝ = + - =  

 

ȼ ŮűŬˊŰɞɛɏɜɖ Űɖɠ ɔɤɜɑŬɠ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ŮɑɜŬɘ: 

 

( )
18,4 18,4

tan 0,382
1,025 8 2 0,933 51,5 0,933

TM

GM
f

p
= = = =
D ³ ³ ³ ³ ³

 

 

tan 0,382f=   Ҧ 20,95f=  ̄

 

ȺˊŮɘŭɐ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔɎɚɖ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɞ Űɨˊɞɠ Scribanti (ˊɞɡ Ůŭɩ ŮɑɜŬɘ Ŭəɟɘɓɐɠ) ɔɘŬ ŬəɟɘɓɏůŰŮɟɞ ɡˊɞɚɞɔɘůɛɧ 

Űɖɠ: 

tan
tan

.

. .
tan

.

j
j j

=

+ +
å

ç
æ

õ

÷
ö-

å

ç
æ

õ

÷
ö

=

³ +
å

ç
æ

õ

÷
ö-

è

ê
é

ø

ú
ù

M

KB BM KG

T

D 1
2

184

515 2787 1
2

1854

2 2
 

 

Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

 tan 0,329f=  Ҧ 18,20f=  ̄

tanű = 0.329 ɐ ű = 18.2ɞ. 

 



215 

 

ȼ ŭɘŬɔɤɔɐ Űɖɠ ŮɝɏŭɟŬɠ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

1

LM
t

MT
=  

ɧˊɞɡ: 

¶ [ ]1

31
1,025 2 7,5 1,07 55,19

2
L FM U x tmg p

è ø
= - = ³ ³ ³ + =é ù

ê ú
 

¶ 
1,025 588,93

1 35,5
3 2

LI
MT t

L l R

g¡ ³
= = =

+
 

 

55,19
   1,55

35,5
t mÝ = =  

ȾŬɘ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ŮɑɜŬɘ: 

1,55
 tan

17

t

L
q= =  

 

tan 0,09117q=  Ҧ 5,209q=  ̄

 

ȷɜ ɚɎɓɞɡɛŮ ɡˊɧɣɖ Űɖɜ ŮˊɑŭɟŬůɖ ŬɡŰɐɠ Űɖɠ ůɢŮŰɘəɎ ɛŮɔɎɚɖɠ ŭɘŬɔɤɔɐɠ ůŰɖɜ Ŭɨɝɖůɖ 

Űɞɡ Ⱦȸ  Ŭˊɧ Űɖ ůɢɏůɖ: 

dKB
MT t

L
=

Ö1

2

2

D
 

ŰɧŰŮ ɓɟɑůəɞɡɛŮ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ű = 17.60 (ŬɜŰɑ 18.20) əŬɘ ŮűŬˊŰɞɛɏɜɖ           

tanű = 0,3172. 
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :1                                           
Total Number of Joints (NAR)                 :0                                           
Total Number of Hulls  (NGS)                 :8                                           
Total Number of Flooded Compartments (NFC)   :1  
Total Number of Bodies with Fl. Comp. (NBFC) :1  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :8                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :0                                           
Maximum No. of Joints/Body                   :0                                           
Maximum No. of Forces/Body                   :1                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Y ref        |L           |B           |H  
1            5.000000     5.000000   25.000000   20.000000     0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
--------------------------------------------------- --------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No.:1   | Hulls/Body:8  
------------------- --------  
                             Hull No.:1   |Type:3  
             ----------------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.500000    10.000000    10.000000     1.000000  
             ----------------------------------------------------  
                             Hull No.:2   |Type:3  
             ----------------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.500000    15.000000    10.000000     1.000000  
             ----------------------------------------------------  
                             Hull No.:3   |Type:3  
             ----------------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.500000    20.000000    10.000000     1.000000  
             ----------------------------------------------------  
                             Hull No.:4   |Type:3  
             ----- -----------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.500000    25.000000    10.000000     1.000000  
             ----------------------------------------------------  
                             Hull No.:5   |Type:3  
             ----------------------------------------------------  
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             Depth        |xh          |yh          |rh  
                  3.500000    10.000000    15.000000     1.000000  
             ----- -----------------------------------------------  
                             Hull No.:6   |Type:3  
             ----------------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.500000    15.000 000    15.000000     1.000000  
             ----------------------------------------------------  
                             Hull No.:7   |Type:3  
             ----------------------------------------------------  
             Depth        |xh          |yh          |rh  
                  3.500000    20.000000    15.000000     1.000000  
             ----------------------------------------------------  
                             Hull No.:8   |Type:3  
             ------------------------------------------------- ---  
             Depth        |xh          |yh          |rh  
                  3.500000    25.000000    15.000000     1.000000  
             ----------------------------------------------------  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-------------- ---------------------------------------------------------------------------  
---------------------------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1         51.500000    17.500000    12.5000 00     3.000000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                      Flooded Compartments Characteristic s                                
-----------------------------------------------------------------------------------------  
---------------------------------------------------------------------------------          
Compartment No.:1   |Body No.:1   |Hull No. :8   |Type:3   |Permability:1.000              
----------------------------------------------------------------------------               
         |xh          |yh          |rh  
        25.000000     15.000000     1.000000  
----------------------------------- -----------  
-----------------------------------------------------------------------------------------  

 

ɧˊɞɡ 

- 3,5m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 
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ɆɢɐɛŬ 8.2.1.2 

ȺɝɏŭɟŬ Űɟɘɩɜ ɔŬůŰɟɩɜ Ůə Űɤɜ ɞˊɞɑɤɜ ɞɘ ŭɨɞ ŭɘŬɗɏŰɞɡɜ ŭɘŬɛɏɟɘůɛŬ ɛŮ əŬŰɎəɚɡůɖ (ɔɘŬ Ůˊɑɚɡůɖ 

ɛɏůɤ ȼ/Ɉ) 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 5ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

-------------------------------------------------------------------------------  
                                FINAL RESULTS 
 -------------------------------------------------------------------------------  
 --------------------------   
     BODIES INCLINAT ION  
 --------------------------   
    
  BODY        TANX            TANY            PHI             THETA  
   1       3.667737E - 01    1.040695E - 01    2.014171E+01    5.941354E+00  
     
     
 -----------------------------------------------    
      FLOODING COMPARTMENTS CHARACTERISTICS 
 -----------------------------------------------    
 -------------------------    
   COMPARTMENT           1  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           8  
 WATER AREA    (m^2) =   3.141593          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =   7.177701          NET VOLUME  (m^3) =   7.177701     
    
    
 --------------------------------------------    
     GENERAL HYDROSTATIC CHARACTERISTICS 
 --------------------------------------------    
 --------------    
    BODY             1  
 --------------    
DISPLACEMENT(t)  =   5.150000E+01   KB   (m) =   1.142367E+00   KG   (m)   =   3.000000E+00  
WATER AREA  (m^2)=   2.513274E+01   LCFx (m) =   1.642857 E+01   LCFy (m)   =   1.214286E+01  
BML         (m)  =   1.191404E+01   LCBx (m) =   1.642857E+01   Ixx  (m^4) =   1.302563E+02  
BMT         (m)  =   2.592480E+00   LCBy (m) =   1.214286E+01   Iyy  (m^4) =   5.986079E+02  
Tm          (m)  =   2.284733E+00   G ML  (m) =   1.029530E+01   GMT  (m)   =   9.737381E -
01 
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ: P = - - 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,32900 0,3677370 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,09117 0,1040695 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ɄŬɟɎɚɚɖɚŬ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ, ůɡɜŮˊɩɠ ɚɧɔɤ Űɖɠ Űɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ ɧˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ůɢŮŰɘəɐ 

Ŭˊɧəɚɘůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɖɠ ŬɜŬɚɡŰɘəɐɠ 

ɛŮɗɧŭɞɡ. 
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8.2.5. ɄŮɟɑˊŰɤůɖ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ ˊɞɚɡɔɤɜɘəɞɨ ůɢɐɛŬŰɞɠ ɛŮ əŬŰɎəɚɡůɖ 

ŭɨɞ ŭɘŬɛŮɟɘůɛɎŰɤɜ 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɁŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ əŬɘ ŭɘŬɔɤɔɐ Űɖɠ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ Űɞɡ 

ůɢɐɛŬŰɞɠ ɧŰŬɜ əŬŰŬəɚɡůɗɞɨɜ ɞɘ ŬɟɢɘəɎ əŮɜɏɠ ŭŮɝŬɛŮɜɏɠ Ɂɞ. 1 əŬɘ Ɂɞ. 2. Ⱥˊɑůɖɠ ɜŬ 

ɡˊɞɚɞɔɘůɗŮɑ Űɞ ɓɨɗɘůɛŬ ůŰɞ ůɖɛŮɑɞ ȷ. 

Ƀɘ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘŬůŰɎůŮɘɠ ŭɑɜɞɜŰŬɘ ůŰɞ ůɢɐɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ. Ⱥˊɘˊɚɏɞɜ ŮɑɜŬɘ 

ŭŮŭɞɛɏɜŬ: 

To =3m, KGo =2m, ɛs =0.8 (ŭɘŬɢɤɟɖŰɧŰɖŰŬ) 

 

 

ɆɢɐɛŬ 8.2.5.1 

ȺɝɏŭɟŬ ɛɑŬɠ ɔɎůŰɟŬɠ ˊɞɚɡɔɤɜɘəɞɨ ůɢɐɛŬŰɞɠ ůŰɖɜ ɞˊɞɑŬ ɡˊɎɟɢɞɡɜ ŭɨɞ ŭɘŬɛŮɟɑůɛŬŰŬ ɛŮ 

əŬŰɎəɚɡůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

 

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ ɢŬɛɏɜɖɠ ŬɜŰɩůŮɤɠ ɓɟɑůəɞɡɛŮ ŬɟɢɘəɎ ɧɚŬ ŰŬ 

ŬˊŬɟŬɑŰɖŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ: 

 

¶ ȺˊɘűɎɜŮɘŬ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ: 

 

 
2100 5 15 5 5 5 600 mwA = ³ + ³ + ³ = 

 

 

¶ ȺˊɘűɎɜŮɘŬ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ: 

 
2

1a 5 5 25 m= ³ =  

2

2a 5 5 25 m= ³ =  

 

¶ ȺˊɘűɎɜŮɘŬ ɜɏŬɠ ɘůɎɚɞɡ (ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ) 

 
2

1 1 2a a 600 0.8 25 0.8 25 560 mw w s sA A m m= - Ö - Ö = - ³ - ³ = 

 

¶ ȷˊɧ ɗŮɩɟɖɛŬ ɟɞˊɩɜ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɜɏɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ, ɤɠ 

ˊɟɞɠ Űɞ Ŭɟɢɘəɧ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ (x, y) ŮɑɜŬɘ: 

 

 

1 1 2100 5 50 15 5 2.5 5 5 97.5 0.8 a 2.5 0.8 a 97.5w FA x³ ³ + ³ ³ + ³ ³ = ³ + ³ ³ + ³ ³

 

  45.758 mFxÝ =  

 

1 1 2100 5 17.5 15 5 7.5 5 5 12.5 0.8 a 2.5 0.8 a 17.5w FA y³ ³ + ³ ³ + ³ ³ = ³ + ³ ³ + ³ ³

 

  y 16.473 mFÝ =  
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¶ ȹŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ ɤɠ ˊɟɞɠ Űɞ 

ɜɏɞ Ŭɟɢɘəɧ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ: 

 
3 3 3

2 2 2

3 3
2 2 2 4

1

100 5 15 5 5 5
100 5 17.5 15 5 7.5 5 5 12.5

12 12 12

5 5 5 5
0.8 5 5 2.5 0.8 5 5 17.5 5451.344 m

12 12

F

xx

w F

I

A y

³ ³ ³
= + ³ ³ + + ³ ³ + + ³ ³ -

è ø è ø³ ³
- ³ + ³ ³ - ³ + ³ ³ - Ö =é ù é ù

ê ú ê ú

 

 
3 3 3

2 2 2

3 3
2 2 2 4

1

100 5 5 15 5 5
100 5 50 5 15 2.5 5 5 97.5

12 12 12

5 5 5 5
0.8 5 5 2.5 0.8 5 5 97.5 542094.094 

12 12

F

yy

w F

I

A x m

³ ³ ³
= + ³ ³ + + ³ ³ + + ³ ³ -

è ø è ø³ ³
- ³ + ³ ³ - ³ + ³ ³ - Ö =é ù é ù

ê ú ê ú

 

 

 

¶ ȳɔəɞɠ ɜŮɟɞɨ əŬŰŬəɚɨůŮɤɠ: 

3

1 1a 0.8 25 3 60 ms oU Tm= Ö Ö = ³ ³ = 

3

2 2a 0.8 25 3 60 ms oU Tm= Ö Ö = ³ ³ = 

3

1 2 120 mU U U= + =  

¶ Ɂɏɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ: 

 

GM KB BM KG= + -  

ɧˊɞɡ: 

 

- 

1 2

1

3

1.609 m
2 2

o w

U U

T T A
KB

g g

d

+
+

+
= = =  

- 
1

5451.344
3.028 m

600 3

F F

xx xx

w o

I I
BM

A T
= = = =
Ð Ö ³

 

- 2 moKG KG= =  

ɎɟŬ  

1.609 3.028 2 2.637 mGM= + - =  
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¶ ȾŬɘ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

 

[ ] [ ]

[ ] [ ]

1 22.5 17.5
tan

60 2.5 16.77 60 17.5 16.77 816.083
       

600 3 2.637 4746.6

F FT
U y U yM

GM GM

g g
j

g

- + -
= = =
D D

³ - + ³ - -
= =

³ ³

 

 

Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ɧŰɘ  

 

tan 0,1719j=-  Ҧ 9.753j=- ¯ 

  

 

¶ ȼ ŭɘŬɔɤɔɐ Űɖɠ ŮɝɏŭɟŬɠ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

[ ] [ ]

[ ] [ ]

1 22.5 97.5
tan

60 2.5 45.758 60 97.5 45.758
             0,0009390

542094.049

F FL

F F

yy yy

U x U xM

I I

g g
q
g g

- + -
= = =

³ - + ³ -
= =

 

 

əŬɘ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ˊɟɞəɨˊŰŮɘ: 

 

tan 0.000939q=  Ҧ 0,0538q=  ̄

 

 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɓɡɗɑůɛŬŰɞɠ ůŰɞ ɕɖŰɞɨɛŮɜɞ ůɖɛŮɑɞ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ Űɖɠ ůɢɏůɖɠ: 

 

( ) ( )tan tanA o F FT T x x y yd q j¡ ¡= + T+ - + -  

ɧˊɞɡ:  

¶ ŭT = 1 2

1

0,214
w

U U
m

A

+
=  

¶ ɇo = 3m 

¶ (x, y) = (98, 19), ɤɠ ˊɟɞɠ Űɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ Űɖɠ ɔɎůŰɟŬɠ 

¶ (xF, yF) = (45.758, 16.473) 

ˊɟɞəɨˊŰŮɘ: 

 

ɇA = 2.828 m 
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

--------------- --------------------------------------------------------------------------  
                           Main Program Variables & Constants  
--------------------------------------------------------------------------------------- --  
Total Number of Bodies (NSM)                 :1                                           
Total Number of Joints (NAR)                 :0                                           
Total Number of Hulls  (NGS)                 :1                                           
Total Number of Flooded Compartments (NFC)   :2  
Total Number of Bodies with Fl. Comp. (NBFC) :1  
Total Number of Req. Draught Location (DRL)  :1                                         
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :9                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :0                                           
Maximum No. of Joints/Body                   :0                                           
Maximum No. of Forces/Body                   :1                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-------------------------------------------------------- ---------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
---------------------------------------------------------------------------- -------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            5.000000     5.000000  100.000000   20.000000     0.500000  
-----------------------------------------------------------------------------------------  
 
 
 
-------------- ---------------------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No.:1    | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:1  
             ---------------------------  
      Depth        |No. of points  
                  3.500000 9  
             ---------------------------  
               xhi        | yhi  
                  0.000000     0.000000  
                  0.000000    20.000000  
                100.000000    20.000000  
                100.000000    10.000000  
                 95.000000    10.000000  
                 95.0000 00    15.000000  
                  5.000000    15.000000  
                  5.000000     0.000000  
                  0.000000     0.000000  
             ---------------------------  
------------------------------------------------------------------------------- ----------  
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-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
- --------------------------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1       1845.000000    46.041600    16.041600     2.000000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                      Flooded Compartments Characteristics                                
-----------------------------------------------------------------------------------------  
---------------------------------------------------------------------------------          
Compartment No.:1   |Body No.:1   |Hull No.:1   |Type:2   | Permability:0.800              
----------------------------------------------------------------------------               
         |xh          |yh          |Lh          |Bh  
       2.500000     2.500000    5.000000     5.000000             
----------------- ----------------------------------------------------------------          
Compartment No.:2   |Body No.:1   |Hull No.:1   |Type:2   |Permability:0.800             
----------------------------------------------------------------------------              
         |xh          |yh          |Lh          |Bh  
      97.500000    17.500000    5.000000     5.000000  
-----------------------------------------------------------------------------------------  
 
 
 
-------------------------------------------------------------- ---------------------------  
                            Draught at Required Location                                                      
-----------------------------------------------------------------------------------------  
---------------------------- ----------------  
Location No.:1    
----------------  
Body          |xli          |yli  
  1         98.000000    19 .000000  
-----------------------------------------------------------------------------------------  

 

 

ɧˊɞɡ 

- 3,5m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɖɠ ɔɎůŰɟŬɠ 

- 0,5m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 
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ɆɢɐɛŬ 8.2.2.2 

ȺɝɏŭɟŬ ŭɨɞ ɔŬůŰɟɩɜ Ůə Űɤɜ ɞˊɞɑɤɜ ɖ ɛɑŬ ŭɘŬɗɏŰŮɘ ŭɘŬɛɏɟɘůɛŬ ůŮ əŬŰɎəɚɡůɖ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ ȼ/Ɉ) 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 3ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

-------------------------------------------------------------------------------  
                                FINAL RESULTS 
 -------------------------------------------------------------------------------  
 --------------------------   
     BODIES INCLINATION  
 --------------------------   
    
  BODY        TANX            TANY            PHI             THETA  
   1      - 1.724138E - 01    9.391381E - 04   - 9.782405E+00    5.380863E - 02 
    
    
 -------------------------------------------------    
       BODIES DRAUGHT AT REQUIRED LOCATION 
 -------------------------------------------------    
 -------------------------    
   LOCATION           1 
 -------------------------    
  BODY        X (m)            Y (m)            T (m)  
    1     9.800000E+ 01     1.900000E+01     2.827 695 E+00 
     
     
 -----------------------------------------------    
      FLOODING COMPARTMENTS CHARACTERISTICS 
 -----------------------------------------------    
 -------------------------    
   COMPARTMENT           1  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           1  
 WATER AREA    (m^2) =   20.00000          PERMABILITY  (%)  =   80.00000     
 TOTAL VOLUME  (m^3) =   64.28572          NET VOLUME  (m^3) =   51.42857     
 -------------------------    
   COMPARTMENT           2  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           1  
 WATER AREA    (m^2) =   20.00000          PERMABILITY  (%)  =   80.00000     
 TOTAL VOLUME  (m^3) =   64.28572          NET VOLUME  (m^3) =   51.42857     
    
    
 ------------------------------------ --------    
     GENERAL HYDROSTATIC CHARACTERISTICS 
 --------------------------------------------    
 --------------    
    BODY             1  
 --------------    
DISPLACEMENT(t)  =   1.871357E+03   KB   (m) =   1.607143E+00   KG   (m)   =   2.000000E+00  
WATER AREA  (m^2)=   6.000000E+02   LCFx (m) =   4.575893E+01   LCFy (m)   =   1.647321E+01  
BML         (m)  =   2.970938E+02   LCBx (m) =   4.511444E+01   Ixx  (m^4) =   5.136607E+03  
BMT         (m)  =   2.813478E+00   LCBy (m) =   1.624120E+01   Iyy  (m^4) =   5.424085E+05  
Tm          (m)  =   3.214286E+00   GML  (m) =   2.967485E+02   GMT  (m)   =   2.468103E+00  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

B
O

D
Y

 N
O

. 
1
 

ȸɨɗɘůɛŬ ůŮ  

ůɡɔəŮəɟɘɛɏɜɖ ɗɏůɖ: 
TA = 2,827 2,828 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,1719 -0,1724 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,0009390 0,0009391 

 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ɄŬɟɎɚɚɖɚŬ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ, ůɡɜŮˊɩɠ ɚɧɔɤ Űɖɠ Űɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ ɧˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ ŬɚɚɎ əŬɘ Űɖɠ ˊɞɚɡɔɤɜɘəɐɠ ɛɞɟűɐɠ Űɖɠ ɔɎůŰɟŬɠ, 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ůɢŮŰɘəɐ Ŭˊɧəɚɘůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɖɠ ŬɜŬɚɡŰɘəɐɠ ɛŮɗɧŭɞɡ. 

ȼ ˊɞɚɨ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞ ɕɖŰɞɨɛŮɜɞ, 

ɡˊɞɚɞɔɘůɗɏɜ ɓɨɗɘůɛŬ ɞűŮɑɚŮŰŬɘ ɧˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ Ŭˊɧəɚɘůɖ ˊɞɡ ɏɢɞɡɜ 

ɞɘ Űɘɛɏɠ Űɖɠ ŭɘŬɛɐəɞɡɠ əŬɘ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ. 
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8.2.6. ɄŮɟɑˊŰɤůɖ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ ɛŮ ŭɨɞ əŬŰŬəɚɡɕɧɛŮɜŬ ŭɘŬɛŮɟɑůɛŬŰŬ 

Ŭˊɧ ŰŬ ɞˊɞɑŬ Űɞ ŬɜɩŰŮɟɞ ůɖɛŮɑɞ Ůɜɧɠ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɞ Ŭɟɢɘəɧ 

ɓɨɗɘůɛŬ. 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɁŬ ɡˊɞɚɞɔɘůɗŮɑ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ əŬɘ ɖ ŭɘŬɔɤɔɐ Űɖɠ ˊɚɤŰɐɠ əŬŰŬůəŮɡɐɠ Űɞɡ 

ůɢɐɛŬŰɞɠ ɧŰŬɜ əŬŰŬəɚɡůɗɞɨɜ ɞɘ ŭŮɝŬɛŮɜɏɠ 1 əŬɘ 2. ȹɑɜɞɜŰŬɘ: Űɞ Ŭɟɢɘəɧ ɓɨɗɘůɛŬ ɇɞ = 

3.0 m, Űɞ Ŭɟɢɘəɧ əɏɜŰɟɞ ɓɎɟɞɡɠ KGo = 1.5 m əŬɘ ɖ ŭɘŬɢɤɟɖŰɧŰɖŰŬ ɛɜ = 1.0. 

 

 

ɆɢɐɛŬ 8.2.6.1 

ȺɝɏŭɟŬ ɛɑŬɠ ɔɎůŰɟŬɠ ˊɞɚɡɔɤɜɘəɞɨ ůɢɐɛŬŰɞɠ ůŰɖɜ ɞˊɞɑŬ ɡˊɎɟɢɞɡɜ ŭɨɞ ŭɘŬɛŮɟɑůɛŬŰŬ ɛŮ 

əŬŰɎəɚɡůɖ əŬɘ Űɞ ɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ɏɢŮɘ Ɏɜɤ ɧɟɘɞ Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ɓɨɗɘůɛŬ ɇɞ 

(ɔɘŬ Ůˊɑɚɡůɖ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ȼ ɘŭɘŬɘŰŮɟɧŰɖŰŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ Ɏůəɖůɖɠ ŮɑɜŬɘ ɧŰɘ Űɞ ɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ 

ŭɘŬɛŮɟɑůɛŬŰŬ ˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ, ɏɢŮɘ Ɏɜɤ ŮˊɑˊŮŭɞ Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɞ 

Ŭɟɢɘəɧ ɓɨɗɘůɛŬ ɇɞ (ůɢɐɛŬ 8.2.6.1). ũɘŬ Űɖɜ ɞɟɗɐ ŬɜŰɘɛŮŰɩˊɘůɖ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ˊŮɟɘˊŰɩůŮɤɜ, ɚŬɛɓɎɜɞɡɛŮ ɡˊɧɣɖ ůŰɖɜ ɛɏɗɞŭɞ Űɖɠ ɢŬɛɏɜɖɠ ɎɜŰɤůɖɠ ɛɧɜɞ Űɞ 

ŭɘŬɛɏɟɘůɛŬ ˊɞɡ ɏɢŮɘ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ (Űɞ ŭɘŬɛɏɟɘůɛŬ 1 ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ 

ˊŮɟɑˊŰɤůɖ) əŬɘ Űɞ ŭɘŬɛɏɟɘůɛŬ Űɞ ɞˊɞɑɞ əŬŰŬəɚɨɕŮŰŬɘ ˊɚɐɟɤɠ (ŭɘŬɛɏɟɘůɛŬ 2) ɗŬ 

ɗŮɤɟɖɗŮɑ ŬˊɚɎ ɧŰɘ ŭɖɛɘɞɡɟɔŮɑ ɛɑŬ ŭɨɜŬɛɖ ɑůɖ ɛŮ Űɞ ɓɎɟɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ Űɞ 

əŬŰŬəɚɨɕŮɘ. 

 

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ ɢŬɛɏɜɖɠ ŬɜŰɩůŮɤɠ ɓɟɑůəɞɡɛŮ ŬɟɢɘəɎ ɧɚŬ ŰŬ 

ŬˊŬɟŬɑŰɖŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ: 

 

¶ ȺˊɘűɎɜŮɘŬ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ: 

 

 

( ) 220 5 2 15 10 90 5 800 mwA = ³ ³ + ³ + ³ = 

 

 

¶ ɆɡɜŰŮŰŬɔɛɏɜŮɠ Ŭɟɢɘəɞɨ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ ɤɠ ˊɟɞɠ Űɞ Ŭɟɢɘəɧ ůɨůŰɖɛŬ 

Ŭɝɧɜɤɜ (x, y):  

 

 

( ) ( ) ( ) ( )20 5 10 90 5 2.5 10 15 12.5 20 5 105000

20 5 90 5 10 15 20 5 800
cy

³ ³ + ³ ³ + ³ ³ + ³ ³
= =

³ + ³ + ³ + ³
 

 

6.25 cy m=  

 

ȼ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɐ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ y, 

 

50 cx m=  

 

¶ ȺˊɘűɎɜŮɘŬ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ: 

 
2

1a 2 10 20 m= ³ =  

2

2a 3 5 15 m= ³ =  
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¶ ȺˊɘűɎɜŮɘŬ ɜɏŬɠ ɘůɎɚɞɡ (ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ) 

 
2

1 1a 800 20 780 mw wA A= - = - =  

 

 

¶ ȷˊɧ ɗŮɩɟɖɛŬ ɟɞˊɩɜ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɜɏɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ, ɤɠ 

ˊɟɞɠ Űɞ Ŭɟɢɘəɧ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ (x, y) ŮɑɜŬɘ: 

 

 

( ) ( ) ( ) 1 12 10 20 5 90 5 2.5 10 15 12.5 1.0 a 6w FA y³è ³ ³ ø+ ³ ³ + ³ ³ = ³ + ³ ³ê ú  

  y 6.256 mFÝ =  

 

ɖ ŭŮɝŬɛŮɜɐ 1, ɖ ɞˊɞɑŬ əŬŰŬəɚɨɕŮŰŬɘ ɏɢŮɘ əɏɜŰɟɞ ˊɎɜɤ ůŰɞɜ ɎɝɞɜŬ ůɡɛɛŮŰɟɑŬɠ 

Űɖɠ ɘůɎɚɞɡ ůɡɜŮˊɩɠ ŭŮɜ ŬɚɚɎɕŮɘ ɖ ŬˊɧůŰŬůɖ Űɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ Ŭˊɧ 

Űɞɜ ɎɝɞɜŬ Űɤɜ y. 

  50 mFxÝ =  

 

 

 

 

¶ ȹŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ ɤɠ ˊɟɞɠ Űɞ 

ɜɏɞ Ŭɟɢɘəɧ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ:  

2

1

F

xx xx xx w FI I i A y= - - Ö 

 
3 3 3

2 2 2

3
2 2 4

20 5 15 10 5 90
2 20 5 10 15 10 12.5 15 10 2.5

12 12 12

2 10
2 10 6 780 6.256 25408.72 m

12

F

xxI
å õ å õ å õ³ ³ ³

= ³ + ³ ³ + + ³ ³ + + ³ ³ -æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

å õ³
- + ³ ³ - ³ =æ ö
ç ÷

 

 
2

1

F

yy yy yy w FI I i A x= - - Ö 

 
3 3 3

2 2 2

3 3
2 2 2 4

5 20 5 20 10 15
5 20 97.5 5 20 2.5 10 15 50

12 12 12

90 5 10 2
90 5 50 10 2 50 780 50 756500.3 

12 12

F

yyI

m

å õ å õ å õ³ ³ ³
= + ³ ³ + + ³ ³ + + ³ ³ +æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

å õ å õ³ ³
+ + ³ ³ - + ³ ³ - ³ =æ ö æ ö
ç ÷ ç ÷
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¶ ȳɔəɞɠ ɜŮɟɞɨ əŬŰŬəɚɨůŮɤɠ: 

3

1 1a 20 3 60 moU T= Ö = ³ = 

3

2 2a 15 2 30 mU h= Ö = ³ = 

¶ Ɂɏɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ: 

 

GM KB BM KG= + -  

ɧˊɞɡ: 

 

- 

1

1

603 3
780 1.538 m

2 2 2

o w

U

T T A
KB

g

d g
+ +

+
= = = =  

- 
1

25408.72
10.586 m

800 3

F F

xx xx

w o

I I
BM

A T
= = = =
Ð Ö ³

 

- 1.5 moKG KG= =  

ɎɟŬ  

1.538 10.586 1.5 10.624 mGM= + - =  

 

 

 

¶ ȾŬɘ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

 

[ ] [ ]

[ ] [ ]

1 1 2 2
tan

1.025 60 6 6.256 1.025 30 1.5 6.256 161.991
       

2460 10.624 26135.04

F FT
U y y U y yM

GM GM

g g
j

- + -
= = =
D D

³ ³ - + ³ ³ - -
= =

³

 

 

Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ɧŰɘ  

 

tan 0.006198j=-  Ҧ 0.3551j=- ¯ 

  

 

¶ ȼ ŭɘŬɔɤɔɐ Űɖɠ ŮɝɏŭɟŬɠ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 
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[ ] [ ]

[ ] [ ]

1 1 2 2
tan

1.025 60 50 50 1.025 30 2.5 50
             

1.025 756500.3

F FL

F F

yy yy

U x x U x xM

I I

g g
q
g g

- + -
= = =

³ ³ - + ³ ³ -
=

³

 

 

əŬɘ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ˊɟɞəɨˊŰŮɘ: 

 

tan 0.0018836q=-  Ҧ 0,1079q=- ¯ 
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
---------------------------------------------------------- -------------------------------  
Total Number of Bodies (NSM)                 :1                                           
Total Number of Joints (NAR)                 :0                                           
Total Number of Hulls  (NGS)                 :1                                           
Total Number of Flooded Compartments (NFC)   :1  
Total Number of Bodies with Fl. Comp. (NBFC) :1  
Total Number of  Req. Draught Location (DRL)  :0                                          
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :13                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :0                                           
Maximum No. of Joints/Body                   :0                                           
Maximum No. of Forces/Body                   :2                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
---------------------------------------------------------------------- -------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            5.000000     5.000000  100.000000   20.000000     0.500000  
-----------------------------------------------------------------------------------------  
 
 
 
---------------------------- -------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No.:1   | Hulls/Bod y:1  
---------------------------  
                             Hull No.:1   |Type:1  
             ---------------------------  
      Depth        |No. of points  
                  5.0 00000 13  
             ---------------------------  
               xhi        | yhi  
                  0.000000     0.000000  
                  0.000000    20.000000  
                  5.000000    20.000000  
                  5.000000     5.000000  
                 45.000000     5.000000  
                 45.0000 00    20.000000  
                 55.000000    20.000000  
                 55.000000     5.000000  
                 95.000000     5.000000  
                 95.000000    20.000000  
                100.000000    20.000000  
                100.000000     0.000000  
                  0.000000     0.000000  
             ---------------------------  
-----------------------------------------------------------------------------------------  

 
------------------------------------------------------------------------------------ -----  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
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---------------------------  
No. Body:1   | Power/Body:2  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1       2460.000000    50.000000     6.250000     1.500000  
2         30.750000     2.500000     1.500000     1.000000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                      Flooded Compartments Characteristics                                
---------------------------------------------------------------------------- -------------  
---------------------------------------------------------------------------------          
Compartment No.:1   |Body No.:1   |Hull No.:1   |Type:2   |Permability:1.000             
--------------------------------------------------------------- --------------              
         |xh          |yh          |Lh          |Bh  
      50.000000     6.000000   10.000000     2.000000  
-----------------------------------------------------------------------------------------  
 

ɧˊɞɡ 

- 5m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɖɠ ɔɎůŰɟŬɠ 

- 0,5m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 

 

ɆɢɐɛŬ 8.2.6.2 

ȺɝɏŭɟŬ ɛɑŬɠ ɔɎůŰɟŬɠ ˊɞɚɡɔɤɜɘəɞɨ ůɢɐɛŬŰɞɠ ůŰɖɜ ɞˊɞɑŬ ɡˊɎɟɢɞɡɜ ŭɨɞ ŭɘŬɛŮɟɑůɛŬŰŬ ɛŮ əŬŰɎəɚɡůɖ 

əŬɘ Űɞ ɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ɏɢŮɘ Ɏɜɤ ɧɟɘɞ Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ɓɨɗɘůɛŬ ɇɞ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ 

ȼ/Ɉ) 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 3ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

 -------------------------------------------------------------------------------  
                                FINAL RESULTS 
 -------------------------------------------------------------------------------  
 --------------------------   
     BODIES INCLINATION  
 --------------------------   
    
  BODY        TANX            TANY            PHI             THETA  
   1      - 6.183096E - 03   - 1.883271E - 03   - 3.542608E - 01   - 1.079033E - 01 
    
     
     
 -----------------------------------------------    
      FLOODING COMPARTMENTS CHARACTERISTICS 
 -----------------------------------------------    
 -------------------------    
   COMPARTMENT           1  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           1  
 WATER AREA    (m^2) =   20.00000          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =   62.30769          NET VOLUME  (m^3) =   62.30769     
    
    
 --------------------------------------------    
     GENERAL HYDROSTATIC CHARACTERISTICS 
 --------------------------------------------    
 --------------    
    BODY             1 
 --------------    
DISPLACEMENT(t)  =   2.490750E+03   KB   (m) =   1.557692E+00   KG   (m)   =   1.493827E+00  
WATER AREA  (m^2)=   8.000000E+02   LCFx (m) =   5.000000E+01   LCFy (m)   =   6.256410E+00  
BML         (m)  =   3.113170E+02   LCBx (m) =    5.000000E+01   Ixx  (m^4) =   2.540872E+04  
BMT         (m)  =   1.045627E+01   LCBy (m) =   6.256411E+00   Iyy  (m^4) =   7.565003E+05  
Tm          (m)  =   3.115385E+00   GML  (m) =   3.113817E+02   GMT  (m)   =   1.052088E+01  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,006198 -0,006183 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,0018836 0,0018832 

 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ɄŬɟɎɚɚɖɚŬ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ, ůɡɜŮˊɩɠ ɚɧɔɤ Űɖɠ Űɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ ɧˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ ŬɚɚɎ əŬɘ Űɖɠ ˊɞɚɡɔɤɜɘəɐɠ ɛɞɟűɐɠ Űɖɠ ɔɎůŰɟŬɠ, 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ůɢŮŰɘəɐ Ŭˊɧəɚɘůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɖɠ ŬɜŬɚɡŰɘəɐɠ ɛŮɗɧŭɞɡ. 
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8.2.7. ɄŮɟɑˊŰɤůɖ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ ɛŮ 3 ɔɎůŰɟŮɠ Ůə Űɤɜ ɞˊɞɑɤɜ ůŰɘɠ ŭɨɞ 

ɡˊɎɟɢŮɘ ŭɘŬɛɏɟɘůɛŬ ɛŮ əŬŰɎəɚɡůɖ 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɁŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŮɔəɎɟůɘŬ əɚɑůɖ əŬɘ ŭɘŬɔɤɔɐ Űɖɠ ˊɚɤŰɐɠ ŮɝɏŭɟŬɠ Űɞɡ 

ůɢɐɛŬŰɞɠ ɧŰŬɜ əŬŰŬəɚɡůɗɞɨɜ ɞɘ ŬɟɢɘəɎ əŮɜɏɠ ŭŮɝŬɛŮɜɏɠ Ɂɞ. 1 əŬɘ Ɂɞ. 2. Ⱥˊɑůɖɠ ɜŬ 

ɡˊɞɚɞɔɘůɗŮɑ Űɞ ɓɨɗɘůɛŬ ůŰɞ ůɖɛŮɑɞ ȷ. 

Ƀɘ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘŬůŰɎůŮɘɠ ŭɑɜɞɜŰŬɘ ůŰɞ ůɢɐɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ. Ⱥˊɘˊɚɏɞɜ ŮɑɜŬɘ 

ŭŮŭɞɛɏɜŬ: To =3m, KGo =1.5m, ɛs =1.0 (ŭɘŬɢɤɟɖŰɧŰɖŰŬ) 

 

 

ɆɢɐɛŬ 8.2.5.1 

ȺɝɏŭɟŬ ɛŮ ŰɟŮɑɠ ɔɎůŰɟŮɠ Ůə Űɤɜ ɞˊɞɑɤɜ ɞɘ ŭɨɞ ɏɢɞɡɜ ŭɘŬɛɏɟɘůɛŬ ˊɞɡ əŬŰŬəɚɨɕŮŰŬɘ (ɔɘŬ Ůˊɑɚɡůɖ 

ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ) 
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× ȿɈɆȼ ɀȺ ȷɄȿɃɄɃȽȼɀȺɁɃɈɆ ɇɈɄɃɈɆ ɇȼɆ ɈȹɅɃɆɇȷɇȽȾȼɆ 

 

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ ɢŬɛɏɜɖɠ ŬɜŰɩůŮɤɠ ɓɟɑůəɞɡɛŮ ŬɟɢɘəɎ ɧɚŬ ŰŬ 

ŬˊŬɟŬɑŰɖŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ɜɏŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ: 

 

¶ ȺˊɘűɎɜŮɘŬ Ŭɟɢɘəɐɠ ɘůɎɚɞɡ ˊɚŮɨůɖɠ: 

 

 
215 20 5 5 8 5 365 mwA = ³ + ³ + ³ = 

 

¶ ȷɟɢɘəɧ ŮəŰɧˊɘůɛŬ: 

 

365 3 1.025 1122.375 tw oA T gD= Ö Ö = ³ ³ =  

 

 

¶ ȺˊɘűɎɜŮɘŬ ŭɘŬɛŮɟɘůɛɎŰɤɜ ɛŮ əŬŰɎəɚɡůɖ: 

 
2

1a 4 4 16 m= ³ =  

2

2a 5 4 20 m= ³ =  

 

¶ ȺˊɘűɎɜŮɘŬ ɜɏŬɠ ɘůɎɚɞɡ (ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ) 

 
2

1 1 2a a 365 16 20 329 mw wA A= - - = - - = 

 

 

¶ ɆɡɜŰŮŰŬɔɛɏɜŮɠ Ŭɟɢɘəɞɨ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ ɤɠ ˊɟɞɠ Űɞ Ŭɟɢɘəɧ ůɨůŰɖɛŬ 

Ŭɝɧɜɤɜ (x, y):  

 

7.5 300 9.5 25 3 40
2.5

365
cy

³ + ³ + ³
= +  

 

9.643 cy m=  

 

10 300 35 25 50 40
2

365
cx

³ + ³ + ³
= + 

 

18.095 cx m=  
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¶ ȷˊɧ ɗŮɩɟɖɛŬ ɟɞˊɩɜ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ɜɏɞɡ əɏɜŰɟɞɡ ˊɚŮɡůŰɧŰɖŰŬɠ, ɤɠ 

ˊɟɞɠ Űɞ Ŭɟɢɘəɧ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ (x, y) ŮɑɜŬɘ: 

 

 

20 15 7.5 5 5 9.5 8 5 3 4 4 13 5 4 1

329
Fy

³ ³ + ³ ³ + ³ ³ - ³ ³ - ³ ³
=  

 

  y 9.732 mFÝ =  

 

 

20 15 12 5 5 37 8 5 52 4 4 4 5 4 52

329
Fx

³ ³ + ³ ³ + ³ ³ - ³ ³ - ³ ³
=  

  16.720 mFxÝ =  

 

 

¶ ȹŮɨŰŮɟŮɠ ɟɞˊɏɠ ŬŭɟɎɜŮɘŬɠ ɘůɎɚɞɡ ˊɚŮɨůŮɤɠ ɛŮŰɎ Űɖɜ əŬŰɎəɚɡůɖ ɤɠ ˊɟɞɠ Űɞ 

ɜɏɞ Ŭɟɢɘəɧ əɏɜŰɟɞ ˊɚŮɡůŰɧŰɖŰŬɠ: 

 
2

1

F

xx xx xx w FI I i A y= - - Ö 

 
3 3 3

2 2 2

3 3
2 2 2 4

15 20 5 5 8 5
15 20 10 5 5 12 8 5 5.5

12 12 12

4 4 4 5
4 4 15.5 4 5 3.5 329 9.732 5400.024 m

12 12

F

xxI
å õ å õ å õ³ ³ ³
= + ³ ³ + + ³ ³ + + ³ ³ -æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

å õ å õ³ ³
- + ³ ³ - + ³ ³ - ³ =æ ö æ ö
ç ÷ ç ÷

 

 
2

1

F

yy yy yy w FI I i A x= - - Ö 

 
3 3 3

2 2 2

3 3
2 2 2 4

15 20 5 5 8 5
15 20 12 5 5 37 8 5 52

12 12 12

4 4 4 5
4 4 4 4 5 52 329 16.72 49346.702 m

12 12

F

yyI
å õ å õ å õ³ ³ ³
= + ³ ³ + + ³ ³ + + ³ ³ -æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

å õ å õ³ ³
- + ³ ³ - + ³ ³ - ³ =æ ö æ ö
ç ÷ ç ÷

 

 

¶ ȳɔəɞɠ ɜŮɟɞɨ əŬŰŬəɚɨůŮɤɠ: 

3

1 1a 16 3 48 moU T= Ö = ³ = 

3

2 2a 20 3 60 moU T= Ö = ³ =  
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¶ Ɂɏɞ ɛŮŰŬəŮɜŰɟɘəɧ ɨɣɞɠ: 

 

GM KB BM KG= + -  

ɧˊɞɡ: 

 

- 

1 2

1

48 603 3
329 1.664 m

2 2 2

o w

U U

T T A
KB

g g

d g

+ ++ +
+

= = = =  

- 
1

5400.024
4.931 m

329 3

F F

xx xx

w o

I I
BM

A T
= = = =
Ð Ö ³

 

- 1.5 moKG KG= =  

ɎɟŬ  

1.664 4.931 1.5 5.095 mGM= + - =  

 

¶ ȾŬɘ ɖ ɔɤɜɑŬ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

 

[ ] [ ]

[ ] [ ]

1 1 2 2
tan

1.025 48 15.5 9.732 1.025 60 3.5 9.732 99.537
       

1122.375 5.095 5718.500

F FT
U y y U y yM

GM GM

g g
j

- + -
= = =
D D

³ ³ - + ³ ³ - -
= =

³
 

 

Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ɧŰɘ  

 

tan 0,01740j=-  Ҧ 0.9968j=- ¯ 

  

 

¶ ȼ ŭɘŬɔɤɔɐ Űɖɠ ŮɝɏŭɟŬɠ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

[ ] [ ]

[ ] [ ]

1 1 2 2
tan

1.025 48 4 16.720 1.025 60 52 16.720
             

1.025 49346.702

F FL

F F

yy yy

U x x U x xM

I I

g g
q
g g

- + -
= = =

³ ³ - + ³ ³ -
=

³

 

 

əŬɘ ɖ ɔɤɜɑŬ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ˊɟɞəɨˊŰŮɘ: 

 

tan 0.03052q=  Ҧ 1.7481q=  ̄
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Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɓɡɗɑůɛŬŰɞɠ ůŰɞ ɕɖŰɞɨɛŮɜɞ ůɖɛŮɑɞ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ Űɖɠ ůɢɏůɖɠ: 

 

( ) ( )tan tanA o F FT T x x y yd q j¡ ¡= + T+ - + -  

ɧˊɞɡ:  

¶ ŭT = 1 2

1

0,328
w

U U
m

A

+
=  

¶ ɇo = 3m 

¶ (x, y) = (42, 19), ɤɠ ˊɟɞɠ Űɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ Űɖɠ ɔɎůŰɟŬɠ 

¶ (xF, yF) = (16.720, 9.732) 

ˊɟɞəɨˊŰŮɘ: 

 

ɇA = 3.938 m 
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɇɞ ŬɟɢŮɑɞ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :1                                           
Total Number o f Joints (NAR)                 :0                                           
Total Number of Hulls  (NGS)                 :3                                           
Total Number of Flooded Compartments (NFC)   :2  
Total Number of Bodies with Fl. Comp. (NBFC) :1  
Total Number of Req. Draught Location (DRL)  :1                                         
Maximum No. of Hulls/Body                    :3                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :0                                           
Maximum No. of Joints/Body                   :0                                           
Maximum No. of Forces/Body                   :1                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
---------------------------------- -------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.|Xref        |Yref        |L           |B           |H  
1            5.000000     5.000000   53.000000   20.000000     0.500000  
------------------------------- ----------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Hulls Characteristics  
---------------------------------------------------- -------------------------------------  
---------------------------  
Body No.:1   | Hulls/Body:3  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  4.500000    12.000000    10.000000    20.000000    15.000000  
             -----------------------------------------------------------------  
                             Hull No.:2   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  4.500000    37.000000    12.000000     5.000000     5.000000  
             -----------------------------------------------------------------  
                             Hull No.:3   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  4.500000    52.000000     5.500000     5.000000     8.000000  
             -----------------------------------------------------------------  
------------------------------------------------------------------------------------- ----  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
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--------- ------------------  
No. Body:1   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1       1122.375000    18.095000     9.643000     1.500000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                      Flooded Compartments Characteristics                                
-----------------------------------------------------------------------------------------  
---------------------------------------------------------------------------------          
Compartment No.:1   |Body No.:1   |Hull No.:1   |Type:2   | Permability:1.000              
----------------------------------------------------------------------------               
         |xh          |yh          |Lh          |Bh  
       4.000000    15.500000    4.000000     4.000000             
----------------- ----------------------------------------------------------------          
Compartment No.:2   |Body No.:1   |Hull No.:3   |Type:2   |Permability:1.000             
----------------------------------------------------------------------------              
         |xh          |yh          |Lh          |Bh  
      52.000000     3.500000    5.000000     4.000000  
-----------------------------------------------------------------------------------------  
 
 
 
--------------------------------------------------------- --------------------------------  
                            Draught at Required Location                                                      
-----------------------------------------------------------------------------------------  
--------------------------------------------  
Location No.:1    
----------------  
Body          |xli          |yli  
  1         42.000000    19.000000  
-----------------------------------------------------------------------------------------  

 

ɧˊɞɡ 

- 4,5m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɖɠ ɔɎůŰɟŬɠ 

- 0,5m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

 

 

ɇɞ ůɢɐɛŬ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞɔɟŬɛɛŬŰɑůŬɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 
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ɆɢɐɛŬ 8.2.7.2 

ȺɝɏŭɟŬ ɛŮ ŰɟŮɑɠ ɔɎůŰɟŮɠ Ůə Űɤɜ ɞˊɞɑɤɜ ɞɘ ŭɨɞ ɏɢɞɡɜ ŭɘŬɛɏɟɘůɛŬ ˊɞɡ əŬŰŬəɚɨɕŮŰŬɘ (ɔɘŬ Ůˊɑɚɡůɖ ɛɏůɤ 

ȼ/Ɉ) 
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ɇɞ ́ɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 3ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

 

 -------------------------------------------------------------------------------  
                                FINAL RESULTS 
 -------------------------------------------------------------------------------  
 --------------------------   
     BODIES INCLINATION  
 --------------------------   
    
  BODY        TANX            TANY            PHI             THETA  
   1      - 1.750472E - 02    3.037845E - 02   - 1.002844E+00    1.740022E+00  
    
    
 -------------------------------------------------    
       BODIES DRAUGHT AT REQUIRED LOCATION 
 -------------------------------------------------    
 -------------------------    
   LOCATION           1 
 -------------------------    
  BODY        X (m)            Y (m)            T (m)  
    1     4.200000E+01     1.900000E+01     3.933999E+00  
     
     
 -----------------------------------------------    
      FLOODING COMPARTMENTS CHARACTERISTICS 
 -----------------------------------------------    
 -------------------------    
   COMPARTMENT           1  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           1  
 WATER AREA    (m^2) =   16.00000          PERMABI LITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =   53.25228          NET VOLUME  (m^3) =   53.25228     
 -------------------------    
   COMPARTMENT           2  
 -------------------------    
 LOCATION :       BODY           1  
                  HULL           3 
 WATER AREA    (m^2) =   20.00000          PERMABILITY  (%)  =   100.0000     
 TOTAL VOLUME  (m^3) =   66.56535          NET VOLUME  (m^3) =   66.56535     
    
    
 --------------------------------------------    
     GENERAL HYDROSTATIC CHARACTERISTICS 
 --------------------------------------------    
 --------------    
    BODY             1  
 --------------    
DISPLACEMENT(t)  =   1.122375E+03   KB   (m) =   1.664134E+00   KG   (m)   =   1.500000E+00  
WATER AREA  (m^2 )=   3.650000E+02   LCFx (m) =   1.672036E+01   LCFy (m)   =   9.732523E+00  
BML         (m)  =   4.506467E+01   LCBx (m) =   1.672036E+01   Ixx  (m^4) =   5.396770E+03  
BMT         (m)  =   4.928557E+00   LCBy (m) =   9.732523E+00   Iyy  (m^4) =   4.934581E+04  
Tm          (m)  =   3.328268E+00   GML  (m) =   4.525035E+01   GMT  (m)   =   5.114240E+00  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ 

Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ ȼ/Ɉ 

B
O

D
Y

 N
O

. 
1
 

ȸɨɗɘůɛŬ ůŮ  

ůɡɔəŮəɟɘɛɏɜɖ ɗɏůɖ: 
TA = 3,938 3,933 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,01740 -0,01750 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,03052 0,03037 

 

 

ȼ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɛŬɠ ŭɑɜŮɘ ɖ Ůˊɑɚɡůɖ Űɖɠ 

Ɏůəɖůɖɠ ɛŮ Űɞɡɠ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɘŭɘəɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟŬŰɐɟɖůɖ ˊɞɡ əɎɜŬɛŮ ůŰɖɜ 8.1 ˊŬɟɎɔɟŬűɞ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɞɜ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ Űɨˊɤɜ Űɖɠ ɡŭɟɞůŰŬŰɘəɐɠ, ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ Űɨˊɞɘ. 

ɄŬɟɎɚɚɖɚŬ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŬŭɟɎɜŮɘŬɠ, ůɡɜŮˊɩɠ ɚɧɔɤ Űɖɠ Űɤɜ 

ŭɘŬɛŮɟɘůɛɎŰɤɜ ɧˊɞɡ əŬŰŬəɚɨɕɞɜŰŬɘ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ůɢŮŰɘəɐ 

Ŭˊɧəɚɘůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ ɛɏůɤ Űɖɠ ŬɜŬɚɡŰɘəɐɠ 

ɛŮɗɧŭɞɡ. 

ȼ ˊɞɚɨ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞ ɕɖŰɞɨɛŮɜɞ, 

ɡˊɞɚɞɔɘůɗɏɜ ɓɨɗɘůɛŬ ɞűŮɑɚŮŰŬɘ ɧˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ Ŭˊɧəɚɘůɖ ˊɞɡ ɏɢɞɡɜ 

ɞɘ Űɘɛɏɠ Űɖɠ ŭɘŬɛɐəɞɡɠ əŬɘ ŮɔəɎɟůɘŬɠ əɚɑůɖɠ. 
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8.3. ɄɞɚɨˊɚɞəŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɡůŰɎɗŮɘŬɠ ůɤɛɎŰɤɜ 

 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŬɟɎɔɟŬűɞ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ 

ůɡɜŭɡŬůɛɩɜ ˊɚɤŰɩɜ ŮɝŮŭɟɩɜ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ Ůˊɑɚɡůɖ Űɞɡɠ ɢɤɟɑɠ Űɖ 

ɢɟɐůɖ ɡˊɞɚɞɔɘůŰɐ ɚɧɔɤ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŬɔɜɩůŰɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ. 

 

 

8.3.1. ɄŮɟɑˊŰɤůɖ ůɡůŰɐɛŬŰɞɠ Űɟɘɩɜ Ůɝɏŭɟɤɜ ɛŮ ŭɨɞ ŬɟɗɟɩůŮɘɠ 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɆɨůŰɖɛŬ Űɟɘɩɜ ůɤɛɎŰɤɜ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛɏůɤ ŭɨɞ ŬɟɗɟɩůŮɤɜ ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ. ȻɖŰŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ 

əɚɑůɖɠ əɎɗŮ ŮɝɏŭɟŬɠ, əŬɗɩɠ əŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ, ɨůŰŮɟŬ 

Ŭˊɧ Űɖɜ Ůˊɘɓɞɚɐ ŭɨɜŬɛɖɠ 10 Űɧɜɤɜ ůŰɞ ůɖɛŮɑɞ ȸ Űɞɡ ůɩɛŬŰɞɠ 1. ȳɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ 

ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ůɨůŰɖɛŬ ɓɟɑůəɞɜŰŬɘ ůŰɞ ůɢɐɛŬ. 

 

 

ɆɢɐɛŬ 8.3.1.1 

ɇɟŮɘɠ ŮɝɏŭɟŮɠ ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŭɨɞ ŬɟɗɟɩůŮɘɠ 
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɟɘɩɜ ŮɝŮŭɟɩɜ ɛŮ ŭɡɞ ŬɟɗɟɩůŮɘɠ ɏɢɞɡɛŮ ůɡɜɞɚɘəɎ 5 

ŬɔɜɩůŰɞɡɠ  ŰɟŮɘɠ Ŭˊɧ Űɖɜ Ɏɟɗɟɤůɖ 1 əŬɘ 2 Ŭˊɧ Űɖɜ Ɏɟɗɟɤůɖ 2, ɞˊɧŰŮ əŬŰɎ ůɡɜɏˊŮɘŬ 

əŬɘ Űɞ ůɨůŰɖɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ 5x5. 

 

Ƀ űɎəŮɚɞɠ Ůɘůɧŭɞɡ ˊɞɡ  ɢɟŮɘŬɕɧɛŬůŰŮ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

-----------------------------------------------------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :3                                           
Total Number o f Joints (NAR)                 :2                                           
Total Number of Hulls  (NGS)                 :3                                           
Total Number of Flooded Compartments (NFC)   :0  
Total Number of Bodies with Fl. Comp. (NBF C) :0  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :3                                           
Maximum No. of Joints/Body                   :2                                           
Maximum No. of Forces/Body                   :2                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-------------------------------------- ---------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.       |Xref        |Yref        |L           |B           |H  
1            2.000000    10.000000    30.000000     8.000000     0.200000  
2           32.000000    10.000000    30.000000     8.000000     0.200000  
3           32.000000     2.000000    30.000000     8.000000     0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
------------------------------------- ----------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No.:1   | Hulls/Body:1  
----- ----------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.000000  
             -----------------------------------------------------------------  
---------------------------  
Body No.:2   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8. 000000  
             -----------------------------------------------------------------  
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---------------------------  
Body No.:3   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.000000  
             ---------------- -------------------------------------------------  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Joints Characteristics  
-----------------------------------------------------------------------------------------  
Joint No|xj          |yj          |type (F/R)   |Zrestr       |  
1           32.000000    10.000000 F                  0.000000  
2           32.000000    18.000000 F                  0.000000  
-----------------------------  
Joint No.:1   |Bodies/Joint:3  
-----------------------------  
Body No.   | zhi  
2               0.200000  
3               0.200000  
1               0.200000  
-------------------- ---------  
Joint No.:2   |Bodies/Joint:2  
-----------------------------  
Body No.   | zhi  
1               0.200000  
2               0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-----------------------------------------------------------------------------------------  
----------------- ----------  
No. Body:1   | Power/Body:2  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
2            10.000000    10.000000     2.000000     4.000000  
---------------------------  
No. Body:2   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
---------------------------  
No. Body:3   | Power/Body:1  
- --------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
-----------------------------------------------------------------------------------------  

ɧˊɞɡ 

- 3,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 5ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

------------------------------------------------------------------------- ------  
                                 FINAL RESULTS 
 -------------------------------------------------------------------------------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1 
 --------------------    
 F (t) BODY (  2)    1 =     8.480998E - 01 
 F (t) BODY (  3)    2 =     8.088965E - 01 
 F (t) BODY (  1)    3 =    - 1.656996E+00  
 --------------------    
  JOINT            2  
 --------------------    
 F (t) BODY (  1)    4 =     1.272853E+00  
 F (t) BODY (  2)    5 =    - 1.272853E+00  
    
    
 ---------------------------   
     BODIES INCLINATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1      - 8.186222E - 03   - 3.072375E - 03   - 4.690255E - 01   - 1.760335E - 01 
   2      - 8.186182E - 03    3.505652E - 04   - 4.690232E - 01    2.008590E - 02 
   3       3.131496E - 03   - 6.677281E - 04    1.794209E - 01   - 3.825800E - 02 
    
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 -----------------------------------    
 --------------------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    2     1.525760E+00          1.498273E+00     3.274473E - 02    - 5.258477E - 03 
    3     1.525830E+00          1.503288E+00     1.252599E - 02     1.001592E - 02 
    1     1.525748E+00          1.539089E+00     3.274489E - 02    - 4.608562E - 02 
 --------------------    
  JOINT            2  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.460258E+00          1.539089E+00    - 3.274489E - 02    - 4.608562E - 02 
    2     1.460270E+00          1.498273E+00    - 3.274473E - 02    - 5.258477E - 03 
    
    
 ---------------------------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   3.786158E+02   KB   (m) =   7.695444E - 01   KG   (m)   =   1.563494E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   4.873013E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m )  =   3.465254E+00   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.539089E+00   GML  (m) =   4.793653E+01   GMT  (m)   =   2.671651E+00  
 ----------------------    
    BODY             2  
 ----------------------    
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DISPLACEMENT(t)  =   3.685753E+02   KB   (m) =   7.491367E - 01   KG   (m)   =   1.497119E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   5.005762E+01   LCBx (m) =   1.500000E+01   Ixx  (m^ 4) =   1.280000E+03  
BMT         (m)  =   3.559653E+00   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.498273E+00   GML  (m) =   4.930976E+01   GMT  (m)   =   2.811793E+00  
 ----------------------    
    BODY             3  
 ----------------------    
DISPLACEMENT(t)  =   3.698089E+02   KB   (m) =   7.516442E - 01   KG   (m)   =   1.505468E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   4.989063E+01   LCBx (m) =    1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)  =   3.547778E+00   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.503288E+00   GML  (m) =   4.913683E+01   GMT  (m)   =   2.793983E+00  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

ȷɟɢɘəɧɠ əɩŭɘəŬɠ Ɂɏɞɠ əɩŭɘəŬɠ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ1: Pȷ1 = 0,8487245 t 0,8480998 t 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ2: Pȷ2 = 1,2730380 t 1,2728530 t 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,008189317 -0,008186222 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,003071427 -0,003072375 

B
O

D
Y

 N
O

. 
2
 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ1: Pȷ1 = 0,8073096 t 0,8088965 t 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ2: Pȷ2 = -1,2730380 t -1,2728530 t 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,008189318 -0,008186182 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,000350202 0,0003505652 

B
O

D
Y

 N
O

. 
3 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ1: Pȷ1 = -1,6560340 t -1,6569960 t 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,003125341 0,003131496 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,000666418 -0,0006677281 

 

 

Ƀɘ ŭɘŬűɞɟɏɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ Űɞɡ Ŭɟɢɘəɞɨ əŬɘ Űɞɡ ɜɏɞɡ 

əɩŭɘəŬ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɜɏɞɡ əɩŭɘəŬ  ůŰɞ əɞɛɛɎŰɘ Űɖɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ ŬűɞɟɎ Űɖɜ ɔŮɤɛŮŰɟɘəɐ ůɢɏůɖ ˊɞɡ ɏɢŮɘ ɛɑŬ 

Ɏɟɗɟɤůɖ ɛŮ Űɞ ůɩɛŬ ůŰɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ.  
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8.3.2. ɄŮɟɑˊŰɤůɖ ůɡůŰɐɛŬŰɞɠ ŰŮůůɎɟɤɜ Ůɝɏŭɟɤɜ ɛŮ ŰɏůůŮɟɘɠ ŬɟɗɟɩůŮɘɠ 

 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɆɨůŰɖɛŬ ŰŮůůɎɟɤɜ ůɤɛɎŰɤɜ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛɏůɤ ŰŮůůɎɟɤɜ 

ŬɟɗɟɩůŮɤɜ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ. ȻɖŰŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ əɎɗŮ ŮɝɏŭɟŬɠ, əŬɗɩɠ əŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ 

ůŮ əɎɗŮ Ɏɟɗɟɤůɖ, ɨůŰŮɟŬ Ŭˊɧ Űɖɜ Ůˊɘɓɞɚɐ ŭɨɜŬɛɖɠ 10 Űɧɜɤɜ ůŰɞ ůɖɛŮɑɞ ȸ Űɞɡ 

ůɩɛŬŰɞɠ 1. ȳɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ůɨůŰɖɛŬ 

ɓɟɑůəɞɜŰŬɘ ůŰɞ ůɢɐɛŬ. 

 

 

 

ɆɢɐɛŬ 8.3.2.1 

ɇɏůůŮɟɘɠ ŮɝɏŭɟŮɠ ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŰɏůůŮɟɘɠ ŬɟɗɟɩůŮɘɠ 
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× ȺɄȽȿɈɆȼ ɀȺ ɄɅɃũɅȷɀɀȷ ɆȺ ȼ/Ɉ 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŰŮůůɎɟɤɜ Ůɝɏŭɟɤɜ ɛŮ ŰɏůůŮɟɘɠ ŬɟɗɟɩůŮɘɠ ɏɢɞɡɛŮ ůɡɜɞɚɘəɎ 

10 ŬɔɜɩůŰɞɡɠ: ŰɟŮɘɠ Ŭˊɧ Űɖɜ Ɏɟɗɟɤůɖ 1, ŰɟŮɘɠ Ŭˊɧ Űɖɜ Ɏɟɗɟɤůɖ 2, ŭɡɞ Ŭˊɧ Űɖɜ 

Ɏɟɗɟɤůɖ 3 əŬɘ ŭɡɞ Ŭˊɧ Űɖɜ Ɏɟɗɟɤůɖ 4, ɞˊɧŰŮ əŬŰɎ ůɡɜɏˊŮɘŬ əŬɘ Űɞ ůɨůŰɖɛŬ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ 10x10. ɇɞ ůɨůŰɖɛŬ ŮɑɜŬɘ ŬɟəŮŰɎ ˊɞɚɨˊɚɞəɞ əŬɘ ŭɨůəɞɚɞ ɜŬ ŮˊɘɚɡɗŮɑ 

ɛŮ əɚŬůůɘəɏɠ ɛŮɗɧŭɞɡɠ Ůˊɑɚɡůɖɠ əŬɗɘůŰɩɜŰŬɠ ŬˊŬɟŬɑŰɖŰɖ Űɖɜ ɢɟɐůɖ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ɔɘŬ Űɖɜ ŰŬɢɨŰŮɟɖ əŬɘ ŬəɟɘɓɏůŰŮɟɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

 

Ƀ űɎəŮɚɞɠ Ůɘůɧŭɞɡ ˊɞɡ  ɢɟŮɘŬɕɧɛŬůŰŮ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

--------------------------------------------- --------------------------------------------  
                           Main Program Variables & Constants  
-----------------------------------------------------------------------------------------  
Total Number of Bodies (NSM)                 :4                                           
Total Number of Joints (NAR)                 :4                                           
Total Number of Hulls  (NGS)                 :4                                           
Total Number of Flooded Compartments (NFC)   :0  
Total Number of Bodies with Fl. Comp. (NBFC) :0  
Total Number of Req. Draught Location (DRL)  :0                                         
Maximum No. of Hulls/Body                    :1                                           
Maximum No. of Points/Hull                   :0                                           
Maximum No. of Points/Flooded Compartment    :0                                           
Maximum No. of Bodies/Joint                  :3                                           
Maximum No. of Joints/Body                   :4                                           
Maximum No. of Forces/Body                   :2                                                                                    
Water Special Weight [tn/mį] (PKNN)          :1.025000 
-----------------------------------------------------------------------------------------  
 
 
 
--------------------------------------- --------------------------------------------------  
                              Bodies Characteristics  
-----------------------------------------------------------------------------------------  
Body No.       |Xref        |Yref        |L           |B           |H  
1            2.000000    10.000000    30.000000     8.000000     0.200000  
2           32.000000    10.000000    30.000000     8.000000     0.200000  
3           32.000000     2.000000    30.000000     8.000000     0.200000  
4           32.000000    1 8.000000    30.000000     8.000000     0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                              Hulls Characteristics  
-----------------------------------------------------------------------------------------  
---------------------------  
Body No.:1   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.000000  
             ---------------- -------------------------------------------------  
---------------------------  
Body No.:2   | Hulls/Body:1  
---------------------------  
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                             Hull No.:1   |Type:2  
             ----------------------------------------------------------- ------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.000000  
             -----------------------------------------------------------------  
---------------------- -----  
Body No.:3   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.000000  
             -----------------------------------------------------------------  
---------------------------  
Body No.:4   | Hulls/Body:1  
---------------------------  
                             Hull No.:1   |Type:2  
             -----------------------------------------------------------------  
             Depth        |xh          |yh          |Lh          |Bh  
                  3.800000    15.000000     4.000000    30.000000     8.000000  
             -----------------------------------------------------------------  
-----------------------------------------------------------------------------------------  
 
 
 
----- ------------------------------------------------------------------------------------  
                              Joints Characteristics  
-----------------------------------------------------------------------------------------  
Joint No|xj          |yj          |type (F/R)   |Zrestr       |  
1           32.000000    10.000000 F                  0.000000  
2           32.000000    18.000000 F                  0.000000  
3           62.000000    18.000000 F                  0.000000  
4           62.000000    10.000 000 F                  0.000000  
-----------------------------  
Joint No.:1   |Bodies/Joint:3  
-----------------------------  
Body No.   | zhi  
2               0.200000  
3               0.200000  
1               0.200000  
-----------------------------  
Joint No.:2   |Bodies/Joint:3  
-----------------------------  
Body No.   | zhi  
1               0.200000  
2               0.200000  
4               0.200000  
-----------------------------  
Joint No.:3   |Bodies/Joint:2  
-----------------------------  
Body No.   | zhi  
4               0.200000  
2               0.200000  
-----------------------------  
Joint No.:4   |Bodies/Joint:2  
-----------------------------  
Body No.   | zhi  
3               0.200000  
2               0.200000  
-----------------------------------------------------------------------------------------  
 
 
 
-----------------------------------------------------------------------------------------  
                         External Powers & Characteristics  
-------------- ---------------------------------------------------------------------------  
---------------------------  
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No. Body:1   | Power/Body:2  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
2            10.000000    26.000000     2.000000     4.000000  
---------------------------  
No. Body:2   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000      4.000000     1.500000  
---------------------------  
No. Body:3   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
---------------------------  
No. Body:4   | Power/Body:1  
---------------------------  
Power No.|Power       |xpi         |ypi         |zpi  
1           369.000000    15.000000     4.000000     1.500000  
--------------------------------------------------------------------------------------- --  

 

 

ɧˊɞɡ 

- 3,8m ŮɑɜŬɘ Űɞ əɞɑɚɞ əɎɗŮ ɔɎůŰɟŬɠ 

- 0,2m ŮɑɜŬɘ Űɞ əɞɑɚɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

 

 

ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ůɡɔəɚɑɜŮɘ ůŰɖɜ 5ɖ ŮˊŬɜɎɚɖɣɖ əŬɘ 

ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ:  

 

 -------------------------------------------------------------------------------  
                                 FINAL RESULTS 
 -------------------------------------------------------------------------------  
    
 --------------------------   
           FORCES  
 --------------------------   
 --------------------    
  JOINT            1  
 --------------------    
 F (t) BODY (  2)    1 =     2.708297E+00  
 F (t) BODY (  3)    2 =     1.899303E+00  
 F (t) BODY (  1)    3 =    - 4.607600E+00  
 --------------------    
  JOINT            2  
 --------------------    
 F (t) BODY (  1)    4 =    - 9.988304E - 01 
 F (t) BODY (  2)    5 =     2.073140E - 01 
 F (t) BODY (  4)    6 =     7.915165E - 01 
 --------------------    
  JOINT            3  
 --------------------    
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 F (t) BODY (  4)    7 =    - 1.077818E+00  
 F (t) BODY (  2)    8 =     1.077818E+00  
 --------------------    
  JOINT            4  
 --------------------    
 F (t) BODY (  3)    9 =     3.048180E - 02 
 F (t) BODY (  2)   10 =    - 3.048180E - 02 
    
    
 ---------- -----------------   
     BODIES INCLINATION  
 ---------------------------   
  BODY        TANX            TANY            PHI             THETA  
   1      - 5.432673E - 03    1.426223E - 03   - 3.112662E - 01    8.171647E - 02 
   2      - 5.432655E - 03   - 1.542888E - 03   - 3.112651E - 01   - 8.840089E - 02 
   3       7.490733E - 03   - 1.542908E - 03    4.291793E - 01   - 8.840206E - 02 
   4       1.105425E - 03   - 1.542866E - 03    6.333616E - 02   - 8.839962E - 02 
    
    
 -----------------------------------    
     BODIES DRAUGHT AT THE JOINT  
 -----------------------------------    
 --------------------    
  JOINT            1  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    2     1.560984E+00          1.516110E+00     2.173062E - 02     2.314332E - 02 
    3     1.560951E+00          1.507845E+00     2.996293E - 02     2.314362E - 02 
    1     1.560984E+00          1.517860E+00     2.173069E - 02     2.139334E - 02 
 ------------------ --    
  JOINT            2  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    1     1.517523E+00          1.517860E+00    - 2.173069E - 02     2.139334E - 02 
    2     1.517522E+00          1.516110E+00    - 2.173 062E- 02     2.314332E - 02 
    4     1.517557E+00          1.498836E+00    - 4.421700E - 03     2.314298E - 02 
 --------------------    
  JOINT            3  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    4     1.471272E+00          1.498836E+00    - 4.421700E - 03    - 2.314298E - 02 
    2     1.471236E+00          1.516110E+00    - 2.173062E - 02    - 2.314332E - 02 
 --------------------    
  JOINT            4  
 --------------------    
  BODY      T (m)                 dT               dTMx             dTMy  
    3     1.514664E+00          1.507845E+00     2.996293E - 02    - 2.314362E - 02 
    2     1.514697E+00          1.516110E+00     2.173062E - 02    - 2.314332E - 02 
    
    
 ---------------------------------------------    
      GENERAL HYDROSTATIC CHARACTERISTICS 
 ---------------------------------------------    
 ----------------------    
    BODY             1  
 ----------------------    
DISPLACEMENT(t)  =   3.733936E+02   KB   (m) =   7.589300E - 01   KG   (m)   =   1.529417E+0 0 
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   4.941167E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)  =   3.513719E+00   LCBy (m) =   4.000000E+00   Iyy  ( m^4) =   1.800000E+04  
Tm          (m)  =   1.517860E+00   GML  (m) =   4.864129E+01   GMT  (m)   =   2.743334E+00  
 ----------------------    
    BODY             2  
 ----------------------    
DISPLACEMENT(t)  =   3.729630E+02   KB   (m) =   7.580548E - 01   KG   (m)   =   1.526564E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   4.946872E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
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BMT         (m)  =   3.517776E+00   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.516110E+00   GML  (m) =   4.870032E+01   GMT  (m)   =   2.749377E+00  
 ----------------------    
    BODY             3  
 ----------------------    
DISPLACEMENT(t)  =   3.709298E+02   KB   (m)  =   7.539224E - 01   KG   (m)   =   1.513006E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   4.973987E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)  =   3.5 37058E+00   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.507845E+00   GML  (m) =   4.898095E+01   GMT  (m)   =   2.778132E+00  
 ----------------------    
    BODY             4  
 ----------------------    
DISPLACEMENT(t)  =   3.687137E+02   KB   (m) =   7.494181E - 01   KG   (m)   =   1.498059E+00  
WATER AREA  (m^2)=   2.400000E+02   LCFx (m) =   1.500000E+01   LCFy (m)   =   4.000000E+00  
BML         (m)  =   5.003883E+01   LCBx (m) =   1.500000E+01   Ixx  (m^4) =   1.280000E+03  
BMT         (m)  =   3.558316E+00   LCBy (m) =   4.000000E+00   Iyy  (m^4) =   1.800000E+04  
Tm          (m)  =   1.498836E+00   GML  (m) =   4.929025E+01   GMT  (m)   =   2.809737E+00  
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× ɆɈũȾɅȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

 

Ɉˊɞɚɞɔɘůɛɞɑ ɛŮ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ɡŭɟɞůŰŬŰɘəɐɠ 

ȷɟɢɘəɧɠ əɩŭɘəŬɠ Ɂɏɞɠ əɩŭɘəŬɠ 

B
O

D
Y

 N
O

. 
1
 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ1: Pȷ1 = -4,608087 -4,607600 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ2: Pȷ2 = -0,9983464 t -0,9988304 t 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,005428883 -0,005432673 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= 0,001426220 0,001426223 

B
O

D
Y

 N
O

. 
2
 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ1: Pȷ1 = 2,708339 t 2,708297 t 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ2: Pȷ2 = 0,2073289 0,2073140 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ3: Pȷ3 = 1,078345 1,077818 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ4: Pȷ4 = -0,03095085 -0,03048180 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = -0,005428882 -0,005432655 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,001542888 -0,001542888 

B
O

D
Y

 N
O

. 
3 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ1: Pȷ1 = 1,899747 1,899303 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ4: Pȷ4 = 0,03095085 0,03048180 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,007494294 0,007490733 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,001542888 -0,001542908 

B
O

D
Y

 N
O

. 
4 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ2: Pȷ2 = 0,7910176 0,7915165 

ȹɨɜŬɛɖ Ɏɟɗɟɤůɖɠ ȷ3: Pȷ3 = -1,078345 -1,077818 

ȺűŬˊŰɧɛŮɜɖ 

 ŮɔəɎɟůɘŬɠ əɚɑůɖɠ: 
tan(ű) = 0,001109380 0,001105425 

ȺűŬˊŰɧɛŮɜɖ 

 ŭɘŬɛɐəɞɡɠ əɚɑůɖɠ: 
tan(ɗ)= -0,001542888 -0,001542866 
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Ƀɘ ŭɘŬűɞɟɏɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ Űɞɡ Ŭɟɢɘəɞɨ əŬɘ Űɞɡ ɜɏɞɡ 

əɩŭɘəŬ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɜɏɞɡ əɩŭɘəŬ  ůŰɞ əɞɛɛɎŰɘ Űɖɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ ŬűɞɟɎ Űɖɜ ɔŮɤɛŮŰɟɘəɐ ůɢɏůɖ ˊɞɡ ɏɢŮɘ ɛɑŬ 

Ɏɟɗɟɤůɖ ɛŮ Űɞ ůɩɛŬ ůŰɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ.  
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8.3.3. ɄŮɟɑˊŰɤůɖ ůɡůŰɐɛŬŰɞɠ ˊɏɜŰŮ Ůɝɏŭɟɤɜ ɛŮ ɞəŰɩ ŬɟɗɟɩůŮɘɠ 

 

× ȺȾūɋɁȼɆȼ ȷɆȾȼɆȼɆ 

 

ɆɨůŰɖɛŬ ˊɏɜŰŮ ůɤɛɎŰɤɜ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛɏůɤ ɞəŰɩ ŬɟɗɟɩůŮɤɜ ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ. ȻɖŰŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŮɔəɎɟůɘŬɠ əŬɘ ŭɘŬɛɐəɞɡɠ 

əɚɑůɖɠ əɎɗŮ ŮɝɏŭɟŬɠ, əŬɗɩɠ əŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŮ əɎɗŮ Ɏɟɗɟɤůɖ, ɨůŰŮɟŬ 

Ŭˊɧ Űɖɜ Ůˊɘɓɞɚɐ ŭɨɜŬɛɖɠ 15 Űɧɜɤɜ ůŰɞ ůɖɛŮɑɞ ȸ Űɞɡ ůɩɛŬŰɞɠ 1 əŬɘ ŭɨɜŬɛɖɠ 10 Űɧɜɤɜ 

ůŰɞ ůɩɛŬ 5. ȳɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ɔŮɤɛŮŰɟɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ůɨůŰɖɛŬ 

ɓɟɑůəɞɜŰŬɘ ůŰɞ ůɢɐɛŬ. 

 

 

ɆɢɐɛŬ 8.3.3.1 

ɄɏɜŰŮ ŮɝɏŭɟŮɠ ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ɞəŰɩ ŬɟɗɟɩůŮɘɠ 








































