
 
ɳɸɿɹɼʁ ɾɳʆʅʁɰɹʁ ʃʁɽʇʆɳʋɿɳɹʁ 
 
ʆɾɶɾɮ ɿɮʇʃɶɱʍɿ ɾɶʋκɱʍɿ ɾɶʋɮɿɹɼʍɿ 
 
ʆʁɾɳɮʅ ɿɮʇʆɹɼɶʅ ɼɮɹ ɸɮɽɮʅʅɹɮʅ ʇɲʄʁɲʇɿɮɾɹɼɶʅ 
 

 
 

 

ɲɹʃɽʍɾɮʆɹɼɶ ɳʄɱɮʅɹɮ ɾɳ ɸɳɾɮ: 
 

«ʇʃʁɽʁɱɹʅɾʁʅ ʆɶʅ ɮɿʆɹʅʆɮʅɶʅ ɼʇɾɮʆɹʅɾʁʇ ʅɳ ʃɽʁɹɮ ɱɳʍɾɳʆʄɹɮʅ 
 

ʅʇʅʆɶɾɮʆɹɼʍɿ ʅɳɹʄʍɿ сл ɾɳ ʋʄɶʅɶ ʆɶʅ ɸɳʍʄɹɮʅ ɲʇɿɮɾɹɼʁʇ  
 

ɼɮɹ ɾɳɽɳʆɶ ʆɶʅ ɳʃɹɲʄɮʅɶʅ ʆɶʅ ʇʃɮʄʀɶʅ ɰʁɽɰʁʇ ɼɮɹ ʆʍɿ ɱɳʍɾɳʆʄɹɼʍɿ  
 

 ʋɮʄɮɼʆɶʄɹʅʆɹɼʍɿ ɮʇʆʁʇ ʅʆɶ ɾɳʆɮɰʁɽɶ ʆɶʅ ɮɿʆɹʅʆɮʅɶʅ ɼʇɾɮʆɹʅɾʁʇ» 
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1. ʃɳʄɹɽɶʌɶ 
 
ɮˊ˔ʽˁˈˌ ˋˍˈ˔ˇˌ ʰˎˍʺˌ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʁ ʾ˄ʰʽ ʹ ʶˉʷˁˍʰˋʹ ˍˇˎ ζʰˊ˔ʶʾˇˎη ʴʽʰ ˍʹ˄ ˉˊˈ˂ʶ˅ʹ ˍʹˌ 

ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏΣ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˃ˇ˄ˍʷ˂ʰ ̱́ ˌ ˋˎˋˍʹ˃ʰˍʽˁʺˌ ˋʶʽˊʱˌ сл ˈˍʰ˄ ˁʽ˄ˇˏ˄ˍʰʽ ˋʶ ʰʵʽʰˍʱˊʰˁˍʹ 

ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˔˖ˊʾˌ ʰˊ˔ʽˁʺ ʵʽʰʴ˖ʴʺ. ɱʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ʰˎˍˇˏ ˍˇˎ ˋˍˈ˔ˇˎ ʷʴʽ˄ʶ ˔ˊʺˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 

panelw.f, ̱ ˇ ˇˉˇʾˇ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˍˇ ɳˊʴʰˋˍʺˊʽˇ ɿʰˎˍʽˁʺˌ ˁʰʽ ɸʰ˂ʱˋˋʽʰˌ ʇʵˊˇʵˎ˄ʰ˃ʽˁʺˌ ˍˇˎ ɳʻ˄ʽˁˇˏ 
ɾʶˍˋˈʲʽˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎ όɳɾʃύ ʰˉˈ ˍˇ˄ ɼʰʻʹʴʹˍʺ ɱʶ˗ˊʴʽˇ ʆʸʰ˃ˉʾˊʰ ˁʰʽ ʶ˄ˋ˖˃ʰˍ˗˄ʶʽ ˍʹ ʻʶ˖ˊʾʰ ʵˎ˄ʰ˃ʽˁˇˏΣ ʹ 

ˇˉˇʾʰ ʵʾ˄ʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏΦ 

 

 ɶ ˉʰˊʰˉʱ˄˖ ʻʶ˖ˊʾʰ ʲʰˋʾʸʶˍʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʰˊʰʵˇ˔ʷˌΦ ʆˇ ˊʶˎˋˍˈ ʻʶ˖ˊʶʾˍʰʽ ˃ʹ - ̀ ˎ˄ʶˁˍʽˁˈ ˁʰʽ 
ʰˋˎ˃ˉʾʶˋˍˇ ˁʰʽ ˍˇ ˉʶʵʾˇ ˊˇʺˌ ʰˋˍˊˈʲʽ˂ˇΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʴʾ˄ʶʽ ʵˎ˄ʰˍʺ ʹ ʶˉʾ˂ˎˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶ˅ʽˋ˗ˋʶ˖˄ 

Navier ς Stokes ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʹ ˊˇʺ ʴˏˊ˖ ʰˉˈ ˍʹ ʴʱˋˍˊʰ ˍˇˎ ˉ˂ˇʾˇˎΦ ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺΣ ˈ˃˖ˌΣ ˉˊˇːˉˇʻʷˍʶʽ 

ˍʹ˄ ʶ˅Ωʰˊ˔ʺˌ ʴ˄˗ˋʹ ˍʹˌ ˃ˇˊ˒ʺˌ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌΣ ˁʱˍʽ ˉˇˎ ʵʶ˄ ʽˋ˔ˏʶʽ ʴʽʰ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ 
˃ʶ˂ʶˍˇˏ˄ˍʰʽΦ ɼʱ˄ˇ˄ˍʰˌΣ ˈ˃˖ˌΣ ˔ˊʺˋʹ ˃ʽʰˌ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʴʾ˄ʶˍʰʽ ʵˎ˄ʰˍˈˌ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ 

ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˃ʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ʰˁˊʾʲʶʽʰ, ʁ ˁˍˈˌ ʲʷʲʰʽʰ h ˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˇ˃ˈˊˊˇˎ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ʵʶ˄ 

ʽˋ˔ˏˇˎ˄ ˇʽ ˉʰˊʰʵˇ˔ʷˌ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˋˍʹ˄ ʰˊ˔ʺΦ ɶ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰΣ ˈˉ˖ˌ ˁʰʽ ʹ ʲˎʻʽˋ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ 

ʴʱˋˍˊʰˌ ʰ˄ʰˉʰˊʽˋˍ˗˄ˍʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˁʱˉˇʽ˖˄ ˍʶˍˊʱˉ˂ʶˎˊ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ˁʰ˂ˇˏ˄ˍʰʽ panelsΦ ʅʶ ˁʱˉˇʽˇ 
ʶ˄ʵʽʱ˃ʶˋˇ ʲʺ˃ʰ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ  ́ʁ ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ʻʶ˖ˊʶʾˍʰʽ ʴ˄˖ˋˍʺ ˁʰʽ ʶˉʽʲʱ˂˂ʶˍʰʽ  ́ˁ ʽ˄ʹ˃ʰˍʽˁʺ ˇˊʽʰˁʺ 

ˋˎ˄ʻʺˁʹ ʻʶ˖ˊ˗˄ˍʰˌ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ˉʹʴʺˌ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˋˍʰʻʶˊʺ ˁʰʽ ʶˉʽ˂ˏʶˍʰʽ ˍˇ ʶˎʻˏ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ 

ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏΦ ʅʶ ˁʱʻʶ ʶ˄ʵʽʱ˃ʶˋˇ ʲʺ˃ʰ ʹ ʵˎ˄ʰ˃ʽˁʺ ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹ ʵʶ˄ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽΣ ʵʹ˂ʰʵʺ ʹ ˉʾʶˋʹ ˉˇˎ 
ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʵʶ˄ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ όˋˍʰˍʽˁʺ Ґ л Ҍ ˎʵˊ̌ ˋˍʰˍʽˁʺ Ґ ˊgzύΦ ɶ ʵʽʰ˒ˇˊʱ ˍˇˎˌ ʶʽˋʱʴʶˍʰʽ ˋʰ˄ 

ˈˊˇˌ ˉʹʴʺˌ ˋˍʹ˄ ʰˍˊʽʲʺ ʶ˅ʾˋ˖ˋʹ ˃ʶˍʰ˒ˇˊʱˌ ʴʽʰ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ˋˎ˄ʽˋˍ˗ˋʰ uz*Φ ɾʶ ˍʹ ʵʽˇˊʻ˖˃ʷ˄ʹ ˁʰˍʰˁˈˊˎ˒ʹ 

ˋˎ˄ʽˋˍ˗ˋʰ ʶˉʰ˄ʰˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʹ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˋʶ ʵˏˇ ʲʺ˃ʰˍʰΦ ɱʽʰ ˍʹ ˄ʷʰ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ʶˉʽ˂ˏʶˍʰʽ 

˅ʰ˄ʱ ˍˇ ʶˎʻˏ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏΦ ɶ ˋˏʴˁ˂ʽˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˍʰˎˍˈ˔ˊˇ˄ʹ 
ʽˁʰ˄ˇˉˇʾʹˋʹ ˍʹˌ ˁʽ˄ʹ˃ʰˍʽˁʺˌ ˁʰʽ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˇˊʽʰˁʺˌ ˋˎ˄ʻʺˁʹˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʶ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ˉʾʶˋʹˌ ˋʶ 

ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ʴʱˋˍˊʰˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʰ˄ˍʾˋˍʰˋʹ ˉʾʶˋʹˌ ˉˇˎ ʻʶ˖ˊʶʾˍʰʽ ʶʵ˗ ʾˋʹ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ 

ˁˎ˃ʰˍʽˋ˃ˇˏΣ ˂ˈʴ˖ ˍ˖˄ ˉʰˊʰʵˇ˔˗˄ ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏ ʴʽʰ ʰˋˍˊˈʲʽ˂ˇ ˁʰʽ ʰˍˊʽʲʷˌ ˉʶʵʾˇΦ ɱʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 
ˍ˖˄ panels ɹ ʾ˄ʶˍʰʽ ˎˉˇʵʽʰʾˊʶˋʹ ˍʹˌ ʴʱˋˍˊʰˌ ˋʶ р ˉʶˊʽˇ˔ʷˌΦ ɼʱʻʶ ˉʶˊʽˇ˔ʺ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵʽʵʽʱˋˍʰˍʶˌ ʶʴˁʱˊˋʽʶˌ 

ˍˇ˃ʷˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ʰˉˈ ˍˇ ˋˏ˃˃ˇˊ˒ˇ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈΦ 

 

ɲʶˏˍʶˊˇˌ ˋˍˈ˔ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʰˎˍʺˌ ʶʾ˄ʰʽ ˄ʰ ʵʽʰˉʽˋˍ˗ˋʶʽ ˍʰ ˇ˒ʷ˂ʹ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ˇ ʲˇ˂ʲˈˌΣ ˈˍʰ˄ 
ʰˎˍˈˌ ʶʽˋʱʴʶˍʰʽ ˋˍʰ ˉ˂ˇʾʰ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ ˍʹˌ ˋʶʽˊʱˌ слΣ ˋˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˉˇˎ ˎˉˇ˂ˇʴʾʸʶˍʰʽ, ˃ʶ ˍˇ 

ʰ˄ˍʾˋˍˇʽ˔ˇ ˃ˇ˄ˍʷ˂ˇ ˔˖ˊʾˌ ʲˇ˂ʲˈΦ ʁʽ ʲˇ˂ʲˇʾ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˃ʶ ʲʱˋʹ ˍʽˌ ˋ˔ʶʵʽʰˋˍʽˁʷˌ ˇʵʹʴʾʶˌ ˍˇˎ A.M. Kracht ˖ˌ ̌̔  

ʲʷ˂ˍʽˋˍˇʽ. ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ˉ˂ˇʾˇˎ ˃ʶ ʲˇ˂ʲˈ ʷʴʽ˄ʶ ˉʱ˂ʽ ˔ˊʺˋʹ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ panelw.f ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉʰˊʰˉʱ˄˖Φ ɶ ʴʶ˖˃ʶˍˊʾʰ ˍ˖˄ ˉ˂ˇʾ˖˄ ˋʶʽˊʱˌ сл ˍˊˇˉˇˉˇʽʺʻʹˁʶ ʷˍˋʽ 
˗ˋˍʶ ˄ʰ ʶ˄ˋ˖˃ʰˍ˖ʻʶʾ ˇ˃ʰ˂ʱ ˇ ʲˇ˂ʲˈˌΦ ɶ ˍʶ˂ʶˎˍʰʾʰ ʶ˄ʷˊʴʶʽʰ ˎ˂ˇˉˇʽʶʾˍʰʽ ʰˉˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰ adbulb.exeΣ ˉˇˎ 

ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˍˇ ɳˊʴʰˋˍʺˊʽˇ ɿʰˎˍʽˁʺˌ ˁʰʽ ɸʰ˂ʱˋˋʽʰˌ ʇʵˊˇʵˎ˄ʰ˃ʽˁʺˌ ˁʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ 

ˉʰˊʰˁʱˍ˖Φ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍʰ ˍʶˍˊʱˉ˂ʶˎˊʰ ˋˍˇʽ˔ʶʾʰ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ʴʽʰ ˍʹ ˄ʷʰ ʴʶ˖˃ʶˍˊʾʰ ˍʹˌ ʴʱˋˍˊʰˌ ˈˉ˖ˌ ˁʰʽ 
ʴʽʰ ˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ, ˃ ʶ ˔ˊʺˋʹ ˍˇˎ ˋˏ˃˃ˇˊ˒ˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏΦ ɱʽʰ ˈ˂ʶˌ ˍʽˌ ˁʰˍʰˋˍʱˋʶʽˌ ˉˇˎ 

ʶ˅ ʶˍʱˋˍʹˁʰ˄Σ ʵʹ˂ʰʵʺΣ ʴʽʰ ˂ʶˉˍˈʴˊʰ˃˃ʰ ˉ˂ˇʾʰ ˃ʶ ˃ʶʴʱ˂ʶˌ ˍʰ˔ˏˍʹˍʶˌ ˁʰʽ ʴʽʰ ˉʽˇ ζʴʶ˃ʱˍʶˌη ʴʶ˖˃ʶˍˊʾʶˌ ˃ʶ ˃ʽˁˊʷˌ 

ˍʰ˔ˏˍʹˍʶˌ ʵʽʰˉʽˋˍ˗ʻʹˁʶ ˃ʶʾ˖ˋʹ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ˃ʶ ˍʹ ˔ˊʺˋʹ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏΣ ˁʱˍʽ ˉˇˎ ʺˍʰ˄ ˁʰʽ ʰˊ˔ʽˁʱ 

ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇΦ 
 

ʍˌ ˍʶ˂ʽˁˈ ˋˍˈ˔ˇ ʹ ʶˊʴʰˋʾʰ ʰˎˍʺ ʷ˔ʶʽ ˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ ʺ ʰˉˈˊˊʽ˕ʹ ˍ˖˄ ˉˊˇʲ˂ʷ˕ʶ˖  ˄ˍˇˎ A. M. Kracht 

ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍˇˎ ʲˇ˂ʲˇˏ ˋˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ˃ʶ ˔ˊʺˋʹ 
ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏ. ɳ˅ˎˉʹˊʶˍ˗˄ˍʰˌ ʰˎˍˈ ˍˇ ˋˁˇˉˈ, п ʰˁˈ˃ʰ ʲˇ˂ʲˇʾ ʴʽʰ ˁʱʻʶ ʴʶ˖˃ʶˍˊʾʰ ʶˉʽ˂ʷ˔ʻʹˁʰ˄Σ 

ʵʹ˂ʰʵʺ мн ˋˍˇ ˋˏ˄ˇ˂ˇ, ˁʰʽ ʰ˒ˇˏ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˇʽ ʶˉʾ ˃ʷˊˇˎˌ ʰ˄ˍʽˋˍʱˋʶʽˌ ˍˇˎˌΣ ʷʴʽ˄ʶ ˋˏʴˁˊʽˋʹ ˃ʶ ʰˎˍʷˌ ˍ˖˄ 

ʲʷ˂ˍʽˋˍ˗˄ ˍˇˎˌ ʴʶ˖˃ʶˍˊʽ˗˄Φ ʃʰˊʰˍʹˊʺʻʹˁʶ ʰˉˈˁ˂ʽˋʹ ˍ˖˄ ˉˊˇʲ˂ʷ˕ʶ˖˄ ˍˇˎ Kracht, ʰˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʺˌ 

ˍʹˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ʹ ʰˉˈˁ˂ʽˋʹ ʰˎˍʺ ʵʽˁʰʽˇ˂ˇʴʶʾˍʰʽ ʶ˄ ˃ʷˊʶʽ ʰˉˈ ˍʹ˄ ˃ʹ ˉ˂ʹˊˈˍʹˍʰ ˍ˖˄ ʵʽʰʴˊʰ˃˃ʱˍ˖˄ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˇ Kracht. 



[3] 

 

2. ɳʇʋɮʄɹʅʆɹɳʅ 
 
ɮˊ˔ʽˁʱ, ʻʰ ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇ˄ ɼʰʻʹʴʹˍʺ ɱʶ˗ˊʴʽˇ ʆʸʰ˃ˉʾˊʰ ˉˇˎ ˃ˇˎ ʷʵ˖ˋʶ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ 

ʰˋ˔ˇ˂ʹʻ˗ ˃ʶ ʷ˄ʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ˃ˇˎ ʶˊʴʰˋʾʰˌΦ ʆˇ˄ ʶˎ˔ʰˊʽˋˍ˗ 
ʶˉʾˋʹˌΣ ʴʽʰ ˍʹ ʲˇʺʻʶʽʰ ˉˇˎ ˃ˇˎ ˉʰˊʶʾ˔ʶ ˈˉˇˍʶ ˍʹ ˔ˊʶʽʱˋˍʹˁʰ ˋˍʹ˄ ˉˇˊʶʾʰΦ 

 
ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ, ʻʰ ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇ˄ ˎˉˇ˕ʺ˒ʽˇ ɲʽʵʱˁˍˇˊʰ ʅˍˎ˂ʽʰ˄ˈ ʃˇ˂ˏʸˇΣ ʹ ˋˎ˃ʲˇ˂ʺ ˍˇˎ 

ˇˉˇʾˇˎ ˎˉʺˊ˅ʶ ˋʹ˃ʰ˄ˍʽˁʺ ɹ ʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ʰˎˍʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌΦ 
 
ʆʷ˂ˇˌΣ ʻʷ˂˖ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇˎˌ ʴˇ˄ʶʾˌ ˁʰʽ ˍˇ˄ ʰʵʶˊ˒ˈ ˃ˇˎ ʴʽʰ ˍʹ ˋˍʺˊʽ˅ʹ ˉˇˎ ˃ˇˎ ˉʰˊʶʾ˔ʰ˄ ˁʰʻΩ 

ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˉʱʻʶʽʱˌ ˃ˇˎ ʰˎˍʺˌΦ 
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4. ɳɹʅɮɱʍɱɶ 
 
 ʆˇ ˉʶʵʾˇ ˊˇʺˌ ʴˏˊ˖ ʰˉˈ ˉ˂ˇʾʰ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ˍʽˌ ʶ˅ʽˋ˗ˋʶʽˌ Navier ς Stokes ˁʰʽ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ 

ˋˎ˄ʷ˔ʶʽʰˌΦ ɶ ʶˉʾ˂ˎˋʹ ʰˎˍ˗˄ ˍ˖˄ ˃ʹ ς ʴˊʰ˃˃ʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˁʰʻʾˋˍʰˍʰʽ ʰʵˏ˄ʰˍʹ ˔˖ˊʾˌ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ 
ˁʱˉˇʽ˖˄ ˉʰˊʰʵˇ˔˗˄Φ ʅʶ ʰˎˍʺ ˍʹ˄ ʶˊʴʰˋʾʰΣ ˍˇ ˉʶʵʾˇ ˊˇʺˌ ʻʶ˖ˊʶʾˍʰʽ ʰˋˍˊˈʲʽ˂ˇ ˁʰʽ ˍˇ ˊʶˎˋˍˈ ˃ʹ ς ˋˎ˄ʶˁˍʽˁˈ 
ˁʰʽ ʰˋˎ˃ˉʾʶˋˍˇΦ ɴˍˋʽ ˇʽ ˃ʹ ς ɹ ˊʰ˃˃ʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ Navier ς Stokes, ʰˉ˂ˇˉˇʽˇˏ˄ˍʰʽ ˍ˗ˊʰ ˋʶ ʶ˅ʽˋ˗ˋʶʽˌ ˍˏˉˇˎ 
Euler ˁ ʰʽ ˍˇ ʵˎ˄ʰ˃ʽˁˈ  ˒ˍʹˌ ˊˇʺˌ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˍ˗ˊʰ ʰˉˈ ˃ʽʰ ʶ˅ʾˋ˖ˋʹ ˍˏˉˇˎ Laplace. ʃ˂ʷˇ˄ ʹ ʶˉʾ˂ˎˋʹ ˍˇˎ 
ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʻʾˋˍʰˍʰʽ ʶˏˁˇ˂ʹ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏΦ ɶ ˍʶ˂ʶˎˍʰʾʰΣ ˈ˃˖ˌΣ ˉˊˇːˉˇʻʷˍʶʽ ˍʹ˄ 
ʶ˅Ω ʰˊ˔ʺˌ ʴ˄˗ˋʹ ˍʹˌ ˃ˇˊ˒ʺˌ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌΣ ˁʱˍʽ ˉˇˎ ʵʶ˄ ʽˋ˔ˏʶʽ ˋʶ ʰˎˍʺ ˍʹ˄ ʶˊʴʰˋʾʰΦ ʆˇ 
ˉˊˈʲ˂ʹ˃ʰ ʰˎˍˈ ʶˉʽ˂ˏʶˍʰʽ ˃ʶ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˃ʽʰˌ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ 
ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌΣ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˍˇ ɳˊʴʰˋˍʺˊʽˇ ɿʰˎˍʽˁʺˌ ˁʰʽ ɸʰ˂ʱˋˋʽʰˌ 
ʇʵˊˇʵˎ˄ʰ˃ʽˁʺˌ ˍˇˎ ɳʻ˄ʽˁˇˏ ɾʶˍˋˈʲʽˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎ όɳɾʃύ h ˉˈ ˍˇ˄ ɼʰʻʹʴʹˍʺ ɱʶ˗ˊʴʽˇ ʆʸʰ˃ˉʾˊʰ. ɶ 

ˉʰˊʰˉʱ˄˖ ˍʶ˔˄ʽˁʺ ʶ˄ˋ˖˃ʰˍ˗˄ʶˍʰʽ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ panelw.f, ̱ ˇ ˇˉˇʾˇ ˃ʰˌ ʵʾ˄ʶʽ ˍʶ˂ʽˁʱ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 
ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏΣ ˉˇˎ ʶʾ˄ʰʽ ˁʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˉˇˎ ˃ʰˌ ʶ˄ʵʽʰ˒ʷˊʶʽ ˋʶ ʰˎˍʺ ˍʹ˄ 

ʶˊʴʰˋʾʰΦ 
 

 ʅˎ˄ˇˉˍʽˁʱ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ʶ˅ʺˌΦ ɶ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰΣ ˈˉ˖ˌ ˁʰʽ ʹ ʲˎʻʽˋ˃ʷ˄ʹ 
ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʱˋˍˊʰˌ ʰ˄ʰˉʰˊʽˋˍ˗˄ˍʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˁʱˉˇʽ˖˄ ˍʶˍˊʱˉ˂ʶˎˊ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ˁʰ˂ˇˏ˄ˍʰʽ 

panels. ɱʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ panels ɹ ʾ˄ʶˍʰʽ ˎˉˇʵʽʰʾˊʶˋʹ ˍʹˌ ʴʱˋˍˊʰˌ ˋʶ р ˉʶˊʽˇ˔ʷˌΦ ɼʱʻʶ ˉʶˊʽˇ˔ʺ 
ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵʽʵʽʱˋˍʰˍʶˌ ʶʴˁʱˊˋʽʶˌ ˍˇ˃ʷˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ʰˉˈ ˍˇ ˋˏ˃˃ˇˊ˒ˇ 
˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈΦ 

 ʅʶ ˁʱˉˇʽˇ ʶ˄ʵʽʱ˃ʶˋˇ ʲʺ˃ʰ ˍʹˌ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʹ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ʻʶ˖ˊʶʾˍʰʽ ʴ˄˖ˋˍʺ 
ˁʰʽ ʶˉʽʲʱ˂˂ʶˍʰʽ  ́ˁ ʽ˄ʹ˃ʰˍʽˁʺ ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹ ʻʶ˖ˊ˗˄ˍʰˌ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ˉʹʴʺˌ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˋˍʰʻʶˊʺ 

ˁʰʽ ʶˉʽ˂ˏʶˍʰʽ ˍˇ ʶˎʻˏ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏΦ  
 ɶ ˉʾʶˋʹ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ʵʶ˄ ʽˁʰ˄ˇˉˇʽʶʾ ˍʹ˄ ʵˎ˄ʰ˃ʽˁʺ ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹ ˁʰʽ ʹ ʵʽʰ˒ˇˊʱ 

ʶʽˋʱʴʶˍʰʽ ˋʰ˄ ˈˊˇˌ ˉʹʴʺˌ ˋˍʹ˄ ʰˍˊʽʲʺ ʶ˅ʾˋ˖ˋʹ ˃ʶˍʰ˒ˇˊʱˌ ʴʽʰ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ˋˎ˄ʽˋˍ˗ˋʰ uz*. ɾʶ ˍʹ 
ʵʽˇˊʻ˖˃ʷ˄ʹ ˁʰˍʰˁˈˊˎ˒ʹ ˋˎ˄ʽˋˍ˗ˋʰ ʶˉʰ˄ʰˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʹ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˋʶ ʵˏˇ ʲʺ˃ʰˍʰ. 

 ɱʽʰ ˍʹ ˄ʷʰ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ʶˉʽ˂ˏʶˍʰʽ ˅ʰ˄ʱ ˍˇ ʶˎʻˏ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏΦ ɶ 
ˋˏʴˁ˂ʽˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˍʰˎˍˈ˔ˊˇ˄ʹ ʽˁʰ˄ˇˉˇʾʹˋʹ ˍʹˌ ˁʽ˄ʹ˃ʰˍʽˁʺˌ ˁʰʽ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ 

ˇˊʽʰˁʺˌ ˋˎ˄ʻʺˁʹˌ. 
 ʅ̱ ʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʶ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ˉʾʶˋʹˌ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ʴʱˋˍˊʰˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʰ˄ˍʾˋˍʰˋʹ 

ˉʾʶˋʹˌ. ʅˍˇ ˉʰˊˈ˄Σ ʹ ʰ˄ˍʾˋˍʰˋʹ ˉʾʶˋʹˌ ʽˋˇˏˍʰʽ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ CwΣ ˁʰʻ˗ˌ ˂ˈʴ˖ ˍ˖˄ 
ˉʰˊʰʵˇ˔˗˄ ʹ ʰ˄ˍʾˋˍʰˋʹ ˉʾʶˋʹˌ ˂ˈʴ˖ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰˌ ˁʰʽ ʹ ʰ˄ˍʾˋˍʰˋʹ ˍˊʽʲʺˌ ʻʶ˖ˊˇˏ˄ˍʰʽ ˃ʹʵʶ˄ʽˁʷˌΦ 
 
 ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˉʰˊʰˉʱ˄˖ ˉˊˈʴˊʰ˃˃ʰ ʷʴʽ˄ʶ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍˇˎ Cw ʴʽʰ о ˁʰˍʰˋˍʱˋʶʽˌ ʴʱˋˍˊʰˌ 
˔˖ˊʾˌ ʲˇ˂ʲˈ ˁʰʽ мр ˈ˃ˇʽʶˌ ˁʰˍʰˋˍʱˋʶʽˌ όCB, FN) ɹ ʱˋˍˊʰˌ ˃ʶ ʲˇ˂ʲˈΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˁʰʽ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ˁˏˊʽˇ ˋ˗˃ʰ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ 6.2.  
 ʆʰ ˉ˂ˇʾʰ ˍʹˌ ˋˎˋˍʹ˃ʰˍʽˁʺˌ ˋʶʽˊʱˌ сл ˉʰˊʰʵˇˋʽʰˁʱ ʵʶ˄ ʵʽʰʻʷˍˇˎ˄ ʲˇ˂ʲˈΦ ɱʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ 

ʲˇ˂ʲˇʶʽʵˇˏˌ ˉ˂˗ˊʰˌ ˋˍʰ ˉ˂ˇʾʰ ˍʹˌ ˋʶʽˊʱˌ ʷʴʽ˄ʶ ˃ʶ˂ʷˍʹ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˍˇˎ ʲˇ˂ʲˇˏ. ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʹ 
ʶˉʽ˂ˇʴʺ ˍˇˎ ʶˁʱˋˍˇˍʶ ʲˇ˂ʲˇˏ ʵʶ˄ ʷʴʽ˄ʶ ʰˎʻʰʾˊʶˍʰΣ ʰ˂˂ʱ ʲʰˋʾˋˍʹˁʶ ˋʶ ˉˊˇːˉʱˊ˔ˇˎˋʶˌ ˋ˔ʶʵʽʰˋˍʽˁʷˌ ˇʵʹʴʾʶˌ 

(Kracht, 1978) ˃ ʶ ˋˍˈ˔ˇ ˍʹ˄ ʶˉʽʲʶʲʰʾ˖ˋʹ ʺ ˍʹ˄ ʰˉˈˊˊʽ˕ʺ ˍˇˎˌΦ 
 

 ɶ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ʲˇ˂ʲˇˏ ʷ˔ʶʽ ʶˉʽˁˊʰˍʺˋʶʽ ˉ˂ʷˇ˄ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˍˏˉˇˎˌ ˉ˂ˇʾ˖˄ ˂ˈʴ˖ ˍ˖˄ ˁʰ˂˗˄ 
ʽʵʽˇˍʺˍ˖˄ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ˋˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ˋʶ ʺˊʶ˃ˇ ˄ʶˊˈΦ ɶ ˍʶ˂ʶˎˍʰʾʰ ˉʰʾˊ˄ʶʽ ˃ʶʴʱ˂ʶˌ ˍʽ˃ʷˌ ˋʶ 
ˉ˂ˇʾʰ ˉˇˎ ʷ˔ˇˎ˄ ˎ˕ʹ˂ʷˌ ˍʰ˔ˏˍʹˍʶˌ ˋ˔ʶʵʾʰˋʹˌΦ ɮˁˈ˃ʰ ˈ˃˖ˌ ˁʰʽ ˋʶ ʲˊʰʵʷʰΣ ˇʴˁ˗ʵʹ ˋˁʱ˒ʹ ʷ˔ˇˎ˄ 
ˉʰˊʰˍʹˊʹʻʶʾ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏΣ ˂ˈʴ˖ ˍ˖˄ ʷ˄ˍˇ˄˖˄ ˁ˂ʾˋʶ˖˄ ˍʹˌ ʴʱˋˍˊʰˌ ˉʶˊʾ ˍʽˌ ˉʰˊʶʽʷˌ 
ˋˍʹ˄ ˉ˂˗ˊʹ όʃʰˉʰ˄ʽˁˇ˂ʱˇˎΣ нллфύΦ ʅˎ˄ʶˉ˗ˌ ʴʾ˄ʶˍʰʽ ʰ˄ˍʽ˂ʹˉˍʺ ʹ ˃ʶʴʱ˂ʹ ʲʰˊˏˍʹˍʰ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ 
ˁˎ˃ʰˍʽˋ˃ˇˏ ʶˉʾ ˍʹˌ ˇ˂ʽˁʺˌΦ ɴˍˋʽΣ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌ ˍʹˌ ʲˇ˂ʲˇʶʽʵˇˏˌ ˉ˂˗ˊʰˌ ˁʰˍʰˋˍʱˍʰʽ 
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ʶ˄ʵʽʰ˒ʷˊˇ˄, ʰ˂˂ʱ ʵʶ˄ ˉʰˏʶʽ ˄h  ʰˉˇˍʶ˂ʶʾ ˁʰʽ ʵˏˋˁˇ˂ˇ ʶʴ˔ʶʾˊʹ˃ʰ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˍˈˋˇ ˔ˊˇ˄ˇʲˈˊʰΣ ˈˋˇ ˁʰʽ 
ʵʰˉʰ˄ʹˊʺ ʹ ʵʽʶ˅ʰʴ˖ʴʺ ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˋʶ ʵʶ˅ʰ˃ʶ˄ʺΦ ʅˍˇ ˉʰˊʶ˂ʻˈ˄ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ ʵʽʱ˒ˇˊʶˌ 

ˉˊˇˋˉʱʻʶʽʶˌ ˗ˋˍʶ ˄ʰ ˁʰ˂ˏ˕ˇˎ˄ ˍˇ ˁʶ˄ˈ ˍ˖˄ ˋ˔ʶʵʽʰˋˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ ʲˇ˂ʲ˗˄ ˃ʶ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹ ˍʹ ˄
ʷˊʶˎ˄ʰ ˍˇˎ A. M. Kracht (Kracht, 1978).  

 ɶ ̄ʰˊ̌ˏ ˋʰ ʶˊʴʰˋʾʰ, ̀ ˍʹˊʾʸʶˍʰʽ ˋˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ ˃ʶ˂ʷˍʹ ˍˇˎ KrachtΣ ˍʰ 
ˇˉˇʾʰ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌ ʶʾ˄ʰʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˍ˖˄ ̄ ʶʽˊʰ˃ʱˍ˖˄ ˉˇˎ ʵʽʶ˄ʶˊʴʺʻʹˁʰ˄ ˋˍʽˌ 
ɲʶ˅ʰ˃ʶ˄ʷˌ ʃˊˇˍˏˉ˖˄ ˍˇˎ ɮ˃ʲˇˏˊʴˇˎ ˁʰʽ ˍˇˎ ɰʶˊˇ˂ʾ˄ˇˎ, HSVA ˁʰʽ VWS ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆʰ ˉʰˊʰˉʱ˄˖ 
ʶ˃ˉ˂ˇˎˍʾˋˍʹˁʰ˄ ˃ʶ ʶˉʾ ˉ˂ʷˇ˄ ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ ˄ʰ ˁʰ˂ˎ˒ʻˇˏ˄ ˍʰ ˁʶ˄ʱΦ 
 
 ʅˍˈ˔ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ʶˉʽʲʶʲʰʾ˖ˋʹ ʺ ʹ ʰˉˈˊˊʽ˕ʹ ˍʹˌ ˁˇʽ˄ʺˌ ˉʰˊʰʵˇ˔ʺˌ ˍʹˌ ʻʶˍʽˁʺˌ ʶˉʾʵˊʰˋʹˌ 
ˍ˖˄ ʲˇ˂ʲ˗˄ ˋˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ˎˉˇ˂ˇʴʽˋˍʽˁʺˌ ˊʶˎˋˍˇ˃ʹ˔ʰ˄ʽˁʺˌΦ ɱʽʰ ˍʽˌ ˍˊʶʽˌ 
ʴʶ˖˃ʶˍˊʾʶˌ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˉʰˊʰˉʱ˄˖Σ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˁʰʽ ʶ˄ˋ˖˃ʰˍ˗ʻʹˁʶ ˋˍʹ˄ ˉ˂˗ˊʹ ʲˇ˂ʲˈˌΣ ˇ ˇˉˇʾˇˌ 
ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ Kracht ˉʰˊˇˎˋʽʱʸʶʽ ˍʹ ʲʷ˂ˍʽˋˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏΦ 
ɮˎˍʷˌ ˇʽ ʶ˄ʷˊʴʶʽʶˌ ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ adbulb.exe, ́  ʵˊʱˋʹ ˍˇˎ ˇˉˇʾˇˎ 

ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ 5.4Φ ʆʰ ʰˊ˔ʶʾʰ ʶ˅ˈʵˇˎ ˍˇˎ adbulb, ʶʽˋʱʴˇ˄ˍʰʽ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ 
condor.exeΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˇ ˁ˗ʵʽˁʰˌ ʵˎ˄ʰ˃ʽˁʺˌ ˊˇʺˌ ʷˍˊʶ˅ʶ ʶˁ ˄ʷˇˎ ˁʰʽ ˉʰˊˇˎˋʾʰˋʶ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍˇ˄ 
ˋˎ˄ˍʶ˂ʶˋˍʺ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏ Cw ˍˇˎ ˁʱʻʶ ˉ˂ˇʾˇˎΦ ɶ ʰ˄ˍʾˋˍʰˋʹ ˉ˂ˇʾˇˎ ˃ʶ ˁʰʽ ˔˖ˊʾˌ ʲˇ˂ʲˈ 
ˋˎʴˁˊʾ˄ʶˍʰʽ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ 6.2 ˁʰʽ ʴʾ˄ʶˍʰʽ ˍʶ˂ʽˁʱ ʹ ʶˉʽʲʶʲʰʾ˖ˋʹ ˍʹˌ ʻʶˍʽˁʺˌ ʶˉʾʵˊʰˋʹˌ ˍˇˎ ʲˇ˂ʲˇˏ ˋˍʹ˄ 
ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ˃ʶ ̝́ ʺˋʹ ˎˉˇ˂ˇʴʽˋˍʽˁʺˌ ˊʶˎˋˍˇ˃ʹ˔ʰ˄ʽˁʺˌΦ 
 
 ʁ ˍʶ˂ʽˁˈˌ ˋˍˈ˔ˇˌ ˉˇˎ ˍʷʻʹˁʶ ˁʰʽ ʶˉʽˍʶˏ˔ʻʹˁʶ ʶʾ˄ʰʽ ʹ ˉˇʽˇˍʽˁʺ ˁʰʽ ʹ ˉˇˋˇˍʽˁʺ ʶˉʾʵˊʰˋʹ ˍ˖˄ 
ʴʶ˖˃ʶˍˊʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍˇˎ ʲˇ˂ʲˇˏ ˋˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏΦ ʁʽ ʲʰˋʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ ˍˇˎ ʲˇ˂ʲˇˏ 
ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ 5.6Φ ɾʶ ˉʰˊʰ˂˂ʰʴʺ ʵˏˇ ˁʱʻʶ ˒ˇˊʱ ʶ˅ ʰˎˍ˗˄Σ ˃ʶˍˊʺʻʹˁʶ ʹ ˄ʷʰ ʰ˄ˍʾˋˍʰˋʹ 
ˁˎ˃ʰˍʽˋ˃ˇˏ ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ ˉˇˎ ʷ˔ˇˎ˃ʶ ʺʵʹ ˉʶˊʽʴˊʱ˕ʶʽ ˄˖ˊʾˍʶˊʰΦ ʅˎ˄ˇ˂ʽˁʱ ˃ʶ˂ʶˍʺʻʹˁʰ˄ мр ʴʱˋˍˊʶˌ ˃ʶ 
ʲˇ˂ʲˈΣ ʺ ˉʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 5 ɹ ʶ˖˃ʶˍˊʾʶˌ ʴʽʰ ˁʱʻʶ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ о ̀ ˎ˄ˍʶ˂ʶˋˍʷ ̩˃ˇˊ˒ʺˌ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ 

ˉʰˊʰˉʱ˄˖. ɱʽʰ ˁʱʻʶ ˋˎ˄ˍʶ˂ʶˋˍʺ ˃ˇˊ˒ʺˌ ˃ʶ˂ʶˍʺʻʹˁʶ ʹ ˉʶˊʾˉ˖ˋʹ ʴʱˋˍˊʰˌ ˔˖ˊʾˌ ʲˇ˂ʲˈΣ ˉʶˊʾˉˍ˖ˋʹ ʴʱˋˍˊʰˌ 
˃ʶ ˍˇ ʲʷ˂ˍʽˋˍˇ ˁʰˍʱ ˍˇ˄ Kracht ʲˇ˂ʲˈ ˁʰʽ п ˉʶˊʽˉˍ˗ˋʶʽˌ ʴʱˋˍˊʰˌ ˃ʶ ˉʰˊʰ˂˂ʰʴʺ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍˇˎ 

ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏΦ ɮˎˍˈ ˉˇˎ ˍʶ˂ʽˁʱ ˉʰˊʰˍʹˊʺʻʹˁʶΣ ʶʾ˄ʰʽ ʹ ˋ˔ʶˍʽˁʺ ʰˉˈˁ˂ʽˋʹ ˍ˖˄ ˉˊˇʲ˂ʷ˕ʶ˖˄ ˍˇˎ Kracht 
ʰˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌΦ  
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5. ɮʄɹɸɾɶʆɹɼɶ ɾɳɸʁɲʁʅ 
 
ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏ ˍˇˎ ˉ˂ˇʾˇˎΣ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʰˊʽʻ˃ʹˍʽˁʺ ˃ʷʻˇʵˇˌ ˉˇˎ 

ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʻʶ˖ˊʾʰ ʵˎ˄ʰ˃ʽˁˇˏΦ ɶ ʶˉʾ˂ˎˋʹ ʴʾ˄ʶˍʰʽ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ panelw.f ˉˇˎ ʷ˔ʶʽ 
ʰ˄ ʰˉˍˎ˔ʻʶʾ ˋˍˇ ɳˊʴʰˋˍʺˊʽˇ ɿʰˎˍʽˁʺˌ ˁʰʽ ɸʰ˂ʱˋˋʽʰˌ ʇʵˊˇʵˎ˄ʰ˃ʽˁʺˌ ˍˇˎ ɳʻ˄ʽˁˇˏ ɾʶˍˋˈʲʽˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎ 
όɳɾʃύ h ˉˈ ˍˇ˄ ɼʰʻʹʴʹˍʺ ɱʶ˗ˊʴʽˇ ʆʸʰ˃ˉʾˊʰ. Ť  ˉʶʵʾˇ ˊˇʺˌ ʻʶ˖ˊʶʾˍʰʽ ʰˋˎ˃ˉʾʶˋˍˇΣ ʰˍˊʽʲʷˌ ˁʰʽ ʰˋˍˊˈʲʽ˂ˇΦ ʁ 
ˍˊˈˉˇˌ ʶˉʾ˂ˎˋʹˌ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʵʽʰˍˏˉ˖ˋʹ ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏ ˍ˖˄ Hess & Smith (Hess & J.L.Smith, 1966) 

 
5.1 ɮʄɹɸɾɶʆɹɼɶ ɳʃɹɽʇʅɶ ʆɶʅ ɸɳʍʄɹɮʅ ɲʇɿɮɾɹɼʁʇ 
 

ɱʽʰ ʷ˄ʰ ʰˋˎ˃ˉʾʶˋˍˇ ˁʰʽ ʰˍˊʽʲʷˌ ˊʶˎˋˍˈ ˈˉ˖ˌ ʰˎˍˈ ˉˇˎ ʷ˔ʶʽ ˎˉˇˍʶʻʶʾ ʴʽʰ ʰˎˍʺ ˍʹ˄ ʷˊʶˎ˄ʰΣ ˊ Ґ const. 
ˁʰʽ ˃ Ґ ˄ Ґ лΣ ˋˎ˄ʶˉ˗ˌ ˇʽ ʴʶ˄ʽˁʶˎ˃ʷ˄ʶˌ Navier ς Stokes ʶ˅ʽˋ˗ˋʶʽˌ ό5ΦмΦмύ ˎˉˇʲʽʲʱʸˇ˄ˍʰʽ ˋˍʹ ˃ˇˊ˒ʺ ˍʹˌ Euler-
ʽʰ˄ʺˌ ʶ˅ʾˋ˖ˋʹˌ ˍʹˌ ˁʾ˄ʹˋʹˌ ό5.1.2): 
 
 

         

ɟux

t
divɟuxἣ

p

x
divɛ gradux SMx

ɟuy

t
divɟuyἣ

p

y
divɛ graduy SMy

ɟuz

t
divɟuzἣ

p

z
divɛ graduz SMzữ

Ử
Ữ

Ử
ử

    (5.1.1) 

 

      

ux

t
divuxἣ

1

ɟ

p

x

uy

t
divuyἣ

1

ɟ

p

y

uz

t
divuzἣ

1

ɟ

p

zữ
Ử
Ữ

Ử
ử

                (5.1.2a) 

     

 

               
ἣ

t
ἣϽgradἣ

1

ɟ
gradp                 (5.1.2b) 

 
 
ɼʰʽ ʶˉʾˋʹˌΣ ʹ ʶ˅ʾˋ˖ˋʹ ˋˎ˄ʷ˔ʶʽʰˌ ό5ΦмΦоύ ʰˉ˂ˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ό5.1.4): 
 

           
ɟ

t
divɟἣ 0       (5.1.3) 

  
 
                 divἣ 0       (5.1.4) 
   
 

 ɱʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʶ˅ʽˋ˗ˋʶ˖˄Σ ˉˊʷˉʶʽ ˄ʰ ʶʽˋʰ˔ʻˇˏ˄ ˇˊʽˋ˃ʷ˄ʶˌ ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌΦ ɶ 
˃ʷʻˇʵˇˌ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾˍʰʽ όHess, 1966) ˃ ˉˇˊʶʾ ˄ʰ ˂ˏˋʶʽ ˍˇ ʶˎʻˏ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ˊʶˎˋˍˇ˃ʹ˔ʰ˄ʽˁʺˌΣ ˃ʶ ˍʹ˄ 

ˉˊˇːˉˈʻʶˋʹ ˈˍʽ ˇʽ ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌΣ ʷˋˍ˖ ˋˎ˄ʰˊˍʺˋʶʽˌ ˍˇˎ ˔ˊˈ˄ˇˎ ˁʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ˍˇˎ 
ˊʶˎˋˍˇˏ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ʴ˄˖ˋˍʺ ˉʱ˄˖ ˋˍʰ ˋˏ˄ˇˊʰΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˃ʶ˂ʶˍʱ˃ʶ ˉʰˊΩ ˈ˂ʰ ʰˎˍʱΣ ˍʰ ˋˏ˄ˇˊʰ 
ʵʶ˄ ʶʾ˄ʰʽ ʴ˄˖ˋˍʱ ʶ˅Ω ʰˊ˔ʺˌΣ ˁ ʰʻ˗ˌ ʵʶ˄ ʶʾ˄ʰʽ ʴ˄˖ˋˍʺ ʹ ˃ˇˊ˒ʺ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌΣ ˈˉ˖ˌ ˁʰʽ ʹ 
ʵˎ˄ʰ˃ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ˉ˂ˇʾˇˎΦ ɱʽʰ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍʶʾ ʰˎˍˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰΣ ˎʽˇʻʶˍʶʾˍʰʽ ˃ʽʰ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ 
ʵʽʰʵʽˁʰˋʾʰ ˈˉˇˎ ʹ ˃ˇˊ˒ʺ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʻʶ˖ˊʶʾˍʰʽ ʴ˄˖ˋˍʺ ʶ˅Ω ʰˊ˔ʺˌΣ ˃ʶ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ˉʶʵʾˇ ˊˇʺˌ 
˄ʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˁʰʽ ˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˄ʰ ʰ˄ʰ˄ʶ˗˄ʶˍʰʽ ˋˍˇ ˍʷ˂ˇˌ όʲ˂Φ ˁʰʽ 5.2) (Tzabiras, 
2008). 
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ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʹ ˋˎ˄ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹ ʻʰ ʴˊʱ˒ʶˍʰʽ ʴʽʰ ˈ˂ˇ ˍˇ ˋˏ˄ˇˊˇ S ˖ˌΥ  
 

               ἣϽἶȿἡ ἐ       (5.1.5) 
      

ʂˉˇˎ n ʶʾ˄ʰʽ ˍˇ ˃ˇ˄ʰʵʽʰʾˇ ˁʱʻʶˍˇ ʵʽʱ˄ˎˋ˃ʰ ˋʶ ˁʱˉˇʽˇ ˋʹ˃ʶʾˇ ˍˇˎ SΣ ˁʰʽ F = F (x,t) ʶʾ˄ʰʽ ˃ʽʰ ʴ˄˖ˋˍʺ 
ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ʻʷˋʹˌ ˉʱ˄˖ ˋˍˇ S ˁʰʽ ˍˇˎ ˔ˊˈ˄ˇˎΦ ʅˍˇ ˉˊˈʲ˂ʹ˃ʱ ˃ʰˌ ˍʰ ˋˏ˄ˇˊʰ ʻʶ˖ˊˇˏ˄ˍʰʽ ʰˁʾ˄ʹˍʰΣ 
ˋˎ˄ʶˉ˗ˌΥ 
               ἣϽἶȿἡ π       (5.1.6) 
             
ɳˉʾˋʹˌΣ ˔ˊʶʽʱʸʶˍʰʽ ˁʰʽ ʹ ˁʰˍʱ˂˂ʹ˂ʹ ˋˎ˄ʻʺˁʹ ˋˍˇ ʱˉʶʽˊˇΦ 
 
ʁʽ ˉʰˊʰˉʱ˄˖ ʶ˅ʽˋ˗ˋʶʽˌ ˇˊʾʸˇˎ˄ ʷ˄ʰ ʰˋˎ˃ˉʾʶˋˍˇ ˁʰʽ ˃ʹ ˋˎ˄ʶˁˍʽˁˈ ˉʶʵʾˇΣ ʰ˂˂ʱ ˈ˔ʽ ˁʰʽ ʷ˄ʰ ˉʶʵʾˇ ʵˎ˄ʰ˃ʽˁʺˌ 
ˊˇʺˌΦ ɱʽʰ ʷ˄ʰ ˉʶʵʾˇ ʵˎ˄ʰ˃ʽˁʺˌ ˊˇʺˌ ʽˋ˔ˏʶʽ ˈˍʽ ˍˇ ʱ˄ˎˋ˃ʰ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ʽˋˇˏˍʰʽ ˃ʶ ˍʹ˄ ʰˊ˄ʹˍʽˁʺ ˁ˂ʾˋʹ ˃ʽʰ ̩
ʲʰʻ˃˖ˍʺˌ ˋˎ˄ʱˊˍʹˋʹˌ ʵˎ˄ʰ˃ʽˁˇˏ :˒ 

 
       ἣ űɳ       (5.1.7) 
 
ɮˉˈ ˍʹ ʵʽʰ˄ˎ˃ʰˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈ ˈˍʽ ʹ ˋˍˊˇʲʽ˂ˈˍʹˍʰ ʶ˄ˈˌ ˉʶʵʾˇˎ ʵˎ˄ʰ˃ʽˁˇˏ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ лΥ 
 
       ᶯ űɳ 0                     (5.1.8) 
 
ʅˎ˄ʶˉ˗ˌ ʹ ˋˍˊˇʲʽ˂ˈˍʹˍʰ ʶ˄ˈˌ ˉʶʵʾˇˎ ʵˎ˄ʰ˃ʽˁʺˌ ˊˇʺˌ ʶʾ˄ʰʽ ˃ʹʵʶ˄ʽˁʺΥ 
 
       ᶯ ἣ 0                     (5.1.9) 
 

ʅˎ˄ʶˉ˗ˌ ʷ˄ʰ ˉʶʵʾˇ ʵˎ˄ʰ˃ʽˁˇˏ ʶʾ˄ʰʽ ʷ˄ʰ ʰˋˍˊˈʲʽ˂ˇ ˉʶʵʾˇΦ 
       

 
ʅˏ˃˒̟ ˄ʰ ˃ʶ ˍʹ ʻʶ˗ˊʹˋʹ ˍˇˎ Hess ̒ ʶ˖ˊˇˏ˃ʶ ˈˍʽ ˍˇ ʱ˄ˎˋ˃ʰ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ U ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʹˌ 

ʶˉΩ ʱˉʶʽˊˇ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ˉʶʵʾˇˎ ˁʰʽ ˍʹˌ ʵʽʰˍʰˊʰ˔ʺˌ ˂ˈʴ˖ ˍʹˌ ˉʰˊˇˎˋʾʰˌ ˍˇˎ ˋˎ˄ˈˊˇˎΥ 
 

       ἣ ἣ Ἵ                             (5.1.10) 
 
ɸʶ˖ˊˇˏ˃ʶ ˈˍʽ ʹ ʵʽʰˍʰˊʰ˔ʺ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ʶʾ˄ʰʽ ʷ˄ʰ ʵˎ˄ʰ˃ʽˁˈ ˉʶʵʾˇΥ 

 
       Ἵ gradű                            (5.1.11) 

 
ʁˉˈˍʶ ʹ u ʽˁʰ˄ˇˉˇʽʶʾ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ ό5.1.4): 

 
       divἽ 0                  (5.1.12) 

 
ʅˎ˄ʶˉ˗ˌ ˍˇ ʵˎ˄ʰ˃ʽˁˈ  ˒ˍʹˌ ʵʽʰˍʰˊʰ˔ʺˌ ʽˁʰ˄ˇˉˇʽʶʾ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ Laplace: 

 

       ᶯ2ű 0                             (5.1.13) 

 
ʁʽ ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ʴʽʰ ˍˇ  ˒ʴˊʱ˒ˇ˄ˍʰʽΥ  
 

      ÇÒÁÄʒϽἶȿἡ
ű

ἶἡ
ἣÐϽἶȿἡ                           (5.1.14) 
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       ȿgradűȿO 0                           (5.1.15) 
 

ʁʽ ʶ˅ʽˋ˗ˋʶʽˌ (5.1.13), (5ΦмΦмпύ ˁʰʽ ό5ΦмΦмрύ ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ ˁʰ˂˗ˌ ˍʶʻʽ˃ʷ˄ˇ ˉˊˈʲ˂ʹ˃ʰ ʴʽʰ ˍˇ ʵˎ˄ʰ˃ʽˁˈ Σ˒ ˍˇ 
ˇˉˇʾˇ ˁʰʽ ʶˉʽ˂ˏʶˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ  

 
ʆˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶʽ ʹ ʻʶ˖ˊʾʰ ʵˎ˄ʰ˃ʽˁˇˏ ʶʾ˄ʰʽ ˇ ʰ˄ʶ˅ʱˊˍʹˍˇˌ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ʰˉˈ ˍʹ˄ 
ˉʾʶˋʹΣ ˁʰʻ˗ˌ ʵʶ˄ ʰˉʰʽˍʶʾˍʰʽ ʹ ʶˉʾ˂ˎˋʹ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˃ʶˍʰ˒ˇˊʱˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌΦ 
 
ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˉʾʶˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ό5ΦмΦнύ ʶ˅ʾˋ˖ˋʹ Bernoulli: 
 

      p p
Ð

1

2
ɟȿἣÐȿ

2 ȿἣȿ2                            (5.1.16) 

 

ʂˉˇˎ pЊ = 0 ʹ ˉʾʶˋʹ ˋˍˇ ʱˉʶʽˊˇΦ 
 

ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ CpΣ ʹ ό5ΦмΦмсύ ʶˉʰ˄ʰʵʽʰˍˎˉ˗˄ʶˍʰʽ ˖ˌ ʶ˅ʺˌΥ 
 

      CP
pp

Ð
1

2
ɟȿἣȿ2

1
ȿἣȿ2

ȿἣÐȿ
2                            (5.1.17) 

 

ɶ ʻʶ˖ˊʾʰ ʵˎ˄ʰ˃ʽˁˇˏ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽʴˊʱ˕ʶʽ ˃ʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˊˇʷˌ ˋˍʽˌ ˇˉˇʾʶˌ ʹ 
ˋˎ˄ʶˁˍʽˁˈˍʹˍʰ ˁʰʽ ʹ ˋˍˊˇʲʽ˂ˈˍʹˍʰ ʵʶ˄ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʷˌΦ ɮˉˇˍˎʴ˔ʱ˄ʶʽΣ ˂ˇʽˉˈ˄ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˇ˃ˈˊˊˇˎ ˁʰʽ 

ˍ˖˄ ˇˊʽʰˁ˗˄ ˋˍˊ˖˃ʱˍ˖˄Φ ʅˍʹ˄ ʷˊʶˎ˄ʰ ʰˎˍʺ ˂ˇʽˉˈ˄Σ ˋˍʹ˄ ˇˉˇʾʰ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ˄ʰ ˉˊˇˋʵʽˇˊʽˋʻʶʾ ʰˊ˔ʽˁʱ ʹ 
ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰΣ ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ˁʰ˂ʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˈ˂ˇ ˍˇ ˉ˂ˇʾˇ ʶˁˍˈˌ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ˉˊˏ˃˄ʹˌΦ 

 
ɱʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ό5.1.13), (5ΦмΦмпύ ˁʰʽ ό5ΦмΦмрύ ʶˊʴʰʸˈ˃ʰˋˍʶ ˖ˌ ʶ˅ʺˌΦ ɸʶ˖ˊˇˏ˃ʶ ˈˍʽ ʹ ʶ˂ʶˏʻʶˊʹ 
ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ʲˊʶ˔ˈ˃ʶ˄ˇ ˃ʷˊˇˌ ˍʹˌ ʴʱˋˍˊʰˌ όʵʹ˂ʰʵʺ ˍˇ ˋˏ˄ˇˊ̌  S) ̝ ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˃ʾʰ 
ˁʰˍʰ˄ˇ˃ʺ ʷ˄ˍʰˋʹˌ ˍˇˎ ʵˎ˄ʰ˃ʽˁˇˏ ˋόq) Σ ˈˉˇˎ q ˁʱˉˇʽˇ ˋʹ˃ʶʾˇ ˍˇˎ ˋˎ˄ˈˊˇˎ S. ʆˈˍʶ ʴʽʰ ˄ʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ 
ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʽˋ˔ˏʶʽ ʹ ˉʰˊʰˁʱˍ˖ ˋ˔ʷˋʹΥ 

 

         ςʌʎÐ ḃ
ȟ
ʎÑÄ3 ἶÐϽἣ                  (5.1.18) 

 
ɲʽʰˁ́ ʽˍˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ό5ΦмΦмуύ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ʴˊʰ˃˃ʽˁ˗˄ ʰ˂ʴʶʲˊʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄Φ ɸʶ˖ˊˇˏ˃ʶ 

ˈˍʽ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˋˍʶˊʶˇˏ ˋˎ˄ˈˊˇˎ S, ˁ ʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ɿ ˃ʽˁˊʱ ʶˉʾˉʶʵʰ ˋˍˇʽ˔ʶʾʰΦ ɼʱʻʶ ˋˍˇʽ˔ʶʾˇ 
ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶˍʰʽ ʰˉˈ ʷ˄ʰ ˋʹ˃ʶʾˇ ʶ˂ʷʴ˔ˇˎ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ˁʷ˄ˍˊˇ ˍˇˎ ˁʰʽ ʻʶ˖ˊˇˏ˃ʶ ˈˍʽ ʹ ʷ˄ˍʰˋʹ ˍˇˎ 
ʵˎ˄ʰ˃ʽˁˇˏ ʶʾ˄ʰʽ ˋˍʰʻʶˊʺ ˋʶ ˈ˂ʹ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˋˍˇʽ˔ʶʾˇˎΦ ɾʶ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ό5ΦмΦмуύ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ 
ˉˊˇˁˏˉˍʶʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ɿxɿ ʁ ˅ʽˋ˗ˋʶ˖˄ ʴʽʰ ˍʹ˄ ʷ˄ˍʰˋʹ ˍˇˎ ʵˎ˄ʰ˃ʽˁˇˏ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇΦ ɳˉʽ˂ˏˇ˄ˍʰˌ ˍˇ 
ˋˏˋˍʹ˃ʰ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˉˊˇˁˏˉˍˇˎ˄ ˇʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ʴʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˁʰʽ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʶ˅Φ 
Bernoulli (5ΦмΦмсύ ˉʰʾˊ˄ˇˎ˃ʶ ˍʹ˄ ˉʾʶˋʹΦ 
 
 
ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶʾ˄ʰʽ ʶˉʽ˂ˏˋʽ˃ʹ ʹ ό5ΦмΦмуύ ʰˉʰʽˍʶʾˍʰʽ ʹ ʶ˅Ω ʰˊ˔ʺˌ ʴ˄˗ˋʹ ˍˇˎ ˋˍʶˊʶˇˏ ˋˎ˄ˈˊˇˎ SΣ ˁʱˍʽ ˉˇˎ ʵʶ 
ˋˎ˃ʲʰʾ˄ʶʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˃ʶ˂ʶˍʱ˃ʶΦ ɱʽʰ ˄ʰ ˎˉˇ˂ˇʴʽˋʻʶʾΣ ˂ˇʽˉˈ˄Σ ʹ ˃ˇˊ˒ʺ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ 

ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʹ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ʹ ˇˉˇʾʰ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ 
 

 
 

 



[10] 

 

5Φн ʇʃʁɽʁɱɹʅɾʁʅ ʆɶʅ ɳɽɳʇɸɳʄɶʅ ɳʃɹʊɮɿɳɹɮʅ 
 

ʅʶ ˁʱˉˇʽˇ ʶ˄ʵʽʱ˃ʶˋˇ ʲʺ˃ʰ ʻʶ˖ˊˇˏ˃ʶ ˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ʴ˄˖ˋˍʺ ˁʰʽ ˂ˏ˄ˇˎ˃ʶ ˍˇ ʶˎʻˏ 

ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏ ό5ΦмύΦ ɼʰˍʰˋˁʶˎʱʸˇˎ˃ʶ ˍʶˍˊʱˉ˂ʶˎˊʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˁʰ˂ˏˉˍˇˎ˄ ˍʹ˄ 
ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˈˉ˖ˌ ˁʰʽ ˍʹ ʲˎʻʽˋ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʱˋˍˊʰˌΣ ʻʶ˖ˊ˗˄ˍʰˌ ˍʹ˄ ʷ˄ˍʰˋʹ ˍˇˎ ʵˎ˄ʰ˃ʽˁˇˏ 

ˋˍʰʻʶˊʺ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʱ ˍˇˎˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˉʽʲʱ˂˂ˇˎ˃ʶ ˍʹ˄ ˁʽ˄ʹ˃ʰˍʽˁʺ ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇΣ 
ʵʹ˂ʰʵʺ uz* = 0 ʴʽʰ ˍʰ panels ̱ ʹˌ ʶ˂ˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ u · n = 0, ̍ ˉˇˎ n ˋˎ˃ʲˇ˂ʾʸʶʽ ˍˇ ˁʱʻʶˍˇ ˋˍʹ ʴʱˋˍˊʰ 

ˁʱʻʶ ˒ˇˊʱ ˃ˇ˄ʰʵʽʰʾˇ ʵʽʱ˄ˎˋ˃ʰΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˉʽ˂ˏʶˍʰʽ ʹ ό5ΦмΦмуύ ˁʰʽ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ̱ ʹˌ 
ˍʰ˔ˏˍʹˍʰˌ ux, uy, uz ʴʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇΦ ʆʷ˂ˇˌΣ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʶ˅Φ Bernoulli (5.1.16) ˎ ˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˉʾʶˋʹ p*. 

 
 ʅʰ˒˗ˌ ʹ ˉʾʶˋʹ p*  ̄ ˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʵʶ˄ ʽˋˇˏˍʰʽ ˃ʶ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺΣ ʵʹ˂ʰʵʺ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʹˌ 

ˋˍʰˍʽˁʺˌ Ґ л Ҍ ˎʵˊˇˋˍʰˍʽˁʺˌ Ґ ˊgh , ʁ ˒ˈˋˇ˄ ʹ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ʷ˔ʶʽ ˎˉˇˍʶʻʶʾ ˍˎ˔ʰʾʰ ˋˍʹ˄ ʰˊ˔ʺΦ ɮˎˍʺ ʹ 
ʵʽʰ˒ˇˊʱ ˉʾʶˋʹˌ ʶʽˋʱʴʶˍʰʽ ˋʰ˄ ˈˊˇˌ ˉʹʴʺˌ ˋˍʹ˄ ʰˍˊʽʲʺ ʶ˅ʾˋ˖ˋʹ ˃ʶˍʰ˒ˇˊʱˌ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˁ ʰˍʰˁˈˊˎ˒ʹ ̩
ˋˎ˄ʽˋˍ˗ˋʰ ̩̱ ʹˌ ˍʰ˔ˏˍʹˍʰˌ uz*: 

 

          ɟ
uxuz
ᶻ

x

uyuz
ᶻ

y

uzuz
ᶻ

z

p
ᶻ

z
       (4.2.1) 

 
ɱʽʰ ˍʹ ˂ˏˋʹ ˍʹˌ ˉʰˊʰˉʱ˄˖ ʶ˅ʾˋ˖ˋʹˌ ʴʾ˄ʶˍʰʽ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˃ʶʻˈʵˇˎ ˍ˖˄ ˈʴˁ˖˄ ʶ˂ʷʴ˔ˇˎΣ ˋʶ ˈʴˁˇˎˌ ˉˇˎ 
ˇˊʾʸʶʽ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎ ˁʰʽ ʷ˄ʰ ˏ˕ˇˌ zɻ*  όʅ˔ʺ˃ʰ 5Φмύ ˍˇ ˇˉˇʾˇ ʶʽˋʱʴʶʽ ˇ ˔ˊʺˋˍʹˌ ˁʰʽ ʶˉʽʵˊʱ ˋˍʹ 

ˋˏʴˁ˂ʽˋʹ ˍʹˌ ˃ʶʻˈʵˇˎΦ ɱʽʰ ˍˇˎˌ ˈˊˇˎˌ ˃ʶˍʰ˒ˇˊʱˌ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˍˇ ˉˊ˖ˍˇˍʱ˅ʽˇ ʱ˄ʰ˄ˍʶˌ ˋ˔ʺ˃ʰΦ ʆʶ˂ʽˁʱ 
ˉˊˇˁˏˉˍʶʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ʶ˅ʽˋ˗ˋʶ˖˄ ˍˇ ˇˉˇʾˇ ʵʽʰˍˎˉ˗˄ʶˍʰʽ ˋˍʹ ˋˎ˄ʺʻʹ ˃ˇˊ˒ʺΥ 

 
         APuzȟP

ᶻ AEuzȟE
ᶻ AWuzȟW

ᶻ AUuzȟU
ᶻ ADuzȟD

ᶻ E1234pP
ᶻ ɟgzP     (4.2.2) 

 
 

 
 

ʅ˔ʺ˃ʰ 5.мΥ ʃʶˉʶˊʰˋ˃ʷ˄ˇˌ ˈʴˁˇˌ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ˃ʶˍʰ˒ˇˊʱˌ 

 

ɼʰʻ˗ˌ ˇʽ ˈˊˇʽ ˃ʶˍʰ˒ˇˊʱˌ ˉˊˇˋʶʴʴʾʸˇ˄ˍʰʽ ʰˉˈ ˉˊ˖ˍˇˍʱ˅ʽˇ ˋ˔ʺ˃ʰΣ ʰˉʰʽˍʶʾˍʰʽ ˃ʶʴʱ˂ˇˌ ʰˊʽʻ˃ˈˌ ˋˍˇʽ˔ʶʾ˖˄ ʴʽʰ 

ˍʹ˄ ʰˁˊʽʲʺ ˂ˏˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ  



[11] 

 

 ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˉʰ˄ʰˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˋʶ ʵˏˇ ʲʺ˃ʰˍʰ (Tzabiras, 2004) 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ ʵʽˇˊʻ˖˃ʷ˄ʹ ˁʰˍʰˁˈˊˎ˒ʹ ˋˎ˄ʽˋˍ˗ˋʰ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌΦ ɮˊ˔ʽˁʱΣ ˉˊˇʶˁˍʶʾ˄ˇ˄ˍʰˌ ˍˇ ˄ʷˇ 

ʵʽʱ˄ˎˋ˃ʰ ˍʰ˔ˏˍʹˍʰˌ U ˍʷ˃˄ˇ˄ˍʰʽ ˋʶ н ˄ʷʰ ˋʹ˃ʶʾʰ ˇʽ ʴˊʰ˃˃ʷˌ ˊˇʺˌ ɼ ˁʰʽ ɼҌм ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ˋ˔ʺ˃ʰ 5.2 

ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˃ʽʰ ˄ʷʰ ˍˇ˃ʺΦ ɴˉʶʽˍʰΣ ʹ ˄ʷʰ ˍˇ˃ʺ ʵʽˇˊʻ˗˄ʶˍʰʽ ˁʰˍʱ ˍˇ ˏ˕ˇˌ ʵz, ̠ ˋˍʶ ʹ ˉʰˊˇ˔ʺ ʰˉˈ ˍʹ ˄ʷʰ 

ʶˉʽ˒ʱ˄ʶʽʰ ˄ʰ ˃ʹʵʶ˄ʾʸʶˍʰʽΣ ʵʹ˂ʰʵʺ ʶˉʽʲʱ˂˂ʶˍʰʽ ʶˁ ˄ʷˇˎ ʹ ˁʽ˄ʹ˃ʰˍʽˁʺ ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹ όʅ˔ʺ˃ʰ 5ΦоύΦ ɶ 

ʵʽʰʵʽˁʰˋʾʰ ˋˍʰʻʶˊˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˃ʽʰˌ ʶ˅˖ˍʶˊʽˁʺˌ ˉʰˊʰ˃ʷˍˊˇˎ ˉˇˎ ˉʶˊʽˇˊʾʸʶʽ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ˃ʶ ˋˎ˄ʷˉʶʽʰ ˁʰʽ ˍʹ˄ ʶˉʽʲˊʱʵˎ˄ˋʹ ˍʹˌ ˋˏʴˁ˂ʽˋʹˌΦ 

 

 

 

 

 

 

 

 

 

 

ʅ˔ʺ˃ʰ 5ΦнΥ ʃˊ˗ˍˇ ʲʺ˃ʰ ʵʽˈˊʻ˖ˋʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ 

 

 

ʅ˔ʺ˃ʰ 5ΦоΥ ɲʶˏˍʶˊˇ ʲʺ˃ʰ ʵʽˈˊʻ˖ˋʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ 

  

 



[12] 

 

 ɴ˔ˇ˄ˍʰˌ ˍʹ˄ ʰ˄ʰ˄ʶ˖˃ʷ˄ʹ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰΣ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏ ˂ˏ˄ʶˍʰʽ ʶˁ ˄ʷˇˎ 

ˁʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ʷ˔ˊʽ ˄ʰ ʽˁʰ˄ˇˉˇʽʹʻˇˏ˄ ˍʰˎˍˈ˔ˊˇ˄ʰ ˁʰʽ ʹ ˁʽ˄ʹ˃ʰˍʽˁʺ ˁʰʽ ʹ ʵˎ˄ʰ˃ʽˁʺ 

ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹΦ ɶ ʽˁʰ˄ˇˉˇʾʹˋʹ ˍʹˌ ˍʶ˂ʶˎˍʰʾʰˌ ʶ˂ʷʴ˔ʶˍʰʽ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ɹzɻɹΣ ʹ ˇˉˇʾʰ ˋˎ˃ʲˇ˂ʾʸʶʽ 

ˍʹ˄ ʰˉˈ˂ˎˍʹ ˍʽ˃ʺ ˍʹˌ ʵʽʰ˒ˇˊʱˌ ˍʹˌ ˉˊʰʴ˃ʰˍʽˁʺˌ ˉʾʶˋʹˌ ʰˉˈ ˍʹ˄ ˎˉˇ˂ˇʴʽʸˈ˃ʶ˄ʹ ˋˍʰ ˋʹ˃ʶʾʰ ʶ˂ʷʴ˔ˇˎ ˍ˖˄ 

ˋˍˇʽ˔ʶʾ˖˄Φ ɽˈʴ˖ ˍʹˌ ˒ˏˋʹˌ ˍʹˌ ˃ʶʻˈʵˇˎΣ ˎˉʱˊ˔ʶʽ ʷ˄ʰ ˁʰˍ˗ˍʰˍˇ ˈˊʽˇ ˋˍʹ˄ ˍʽ˃ʺ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˂ʱʲʶʽ ʹ 

˃ʶˍʰʲ˂ʹˍʺ ʰˎˍʺΦ ʂˋˇ ˃ʽˁˊˈˍʶˊʹ ˉʱ˄ˍ˖ˌ ʶʾ˄ʰʽ ʹ ˍʽ˃ʺ ˍʹˌΣ ˍˈˋˇ ˉʽˇ ʰˁˊʽʲʺˌ ʶʾ˄ʰʽ ˁʰʽ ʹ ˂ˏˋʹ - ˍˈˋˇ ˉʽˇ ˇˊʻʱ 

ʰ˄ʰˉʰˊʾˋˍʰˍʰʽ ʹ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰΦ  

ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋˏʴˁ˂ʽˋʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʵʾ˄ʶˍʰʽ ˉʰˊʰˁʱˍ˖ ʴʽʰ ˉʶʾˊʰ˃ʰ ˉˇˎ ʷʴʽ˄ʶ ˋˍʰ ˉ˂ʰʾˋʽʰ 

ʰˎˍʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌ: 

 

ɲʽʱʴˊʰ˃˃ʰ 1Υ ʋˊˇ˄ʽˁʺ ʽˋˍˇˊʾʰ ˋˏʴˁ˂ʽˋʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˉʶʽˊʱ˃ʰˍˇˌ p60bcllm 

 ɱʽʰ ˍˇ ˉʰˊʰˉʱ˄˖ ʵʽʱʴˊʰ˃˃ʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʽʰ ʰˉˈˍˇ˃ʹ ˁˇˊˎ˒ʺ ˉʶˊʾ ˍʰ плл ʲʺ˃ʰˍʰ ˉˇˎ ˒ʰʾ˄ʶˍʰʽ ˄ʰ 

ʲʴʰʾ˄ʶʽ ʷ˅˖ ʰˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʵʶ ˂ʺ˒ʻʹˁʶ ˋˇʲʰˊʱ ˎˉΩ ˈ˕ʹ ʴʽʰˍʾ ʰˉˈ ˈˍʽ ˒ʰʾ˄ʶˍʰʽ ˍˇ 

ˉˊˈʴˊʰ˃˃ʰ ˉʰˊˇˎˋʾʰˋʶ ˋˏʴˁ˂ʽˋʹ ʶ˄ ˍʷ˂ʶʽΦ ɳˁʶʾ˄ʹ ʷ˔ʶʽ ʶˉʽˍʶˎ˔ʻʶʾ ˉʶˊʾ ˍʰ мслл ζʲʺ˃ʰˍʰηΣ ˉʰˊΩ ˈ˂ʰ ʰˎˍʱ 

ˁˊʾ˄ʶˍʰʽ ʰˋ˒ʰ˂ʷˋˍʶˊˇ ˄ʰ ˍˊʷ˅ʶʽ ˖ˌ ˍʰ ˉʶˊʾˉˇˎ нпллΦ 

 

5Φо ʇʃʁɽʁɱɹʅɾʁʅ ʆʁʇ ʅʇɿʆɳɽɳʅʆɶ ɮɿʆɹʅʆɮʅɶʅ Cw 

 ɾʶ ˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ʴ˄˖ˋˍʺΣ ˁʰʽ ˍʽˌ ˍʽ˃ʷˌ ˍʹˌ ˉʾʶˋʹˌ ˁʰʽ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˄ʰ ʷ˔ˇˎ˄ ˋˎʴˁ˂ʾ˄ʶʽΣ 

ʶʾ˃ʰˋˍʶ ˍ˗ˊʰ ˋʶ ʻʷˋʹ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰ˄ˍʾˋˍʰˋʹˌ Cw ˃ʷˋ˖ ˍʹˌ ˇ˂ˇˁ˂ʺˊ˖ˋʹˌ ˍʹˌ ˉʾʶˋʹˌ ʴʽʰ 

ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˉʱ˄˖ ˋˍʹ ʲˎʻʽˋ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʱˋˍˊʰˌΦ ʅˍˇ ˉʰˊˈ˄ ʹ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ʻʶ˖ˊʶʾˍʰʽ 

ʾˋʹ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˉʾʶˋʹˌΣ ˁʰʻ˗ˌ ʹ ʰˊʽʻ˃ʹˍʽˁʺ ˃ʷʻˇʵˇˌ ʰʵˎ˄ʰˍʶʾ ˄ʰ ˉˊˇʲ˂ʷ˕ʶʽ ˍʽˌ ʱ˂˂ʶˌ ˃ˇˊ˒ʷˌ 

ʰ˄ˍʾˋˍʰˋʹˌ όʰ˄ˍʾˋˍʰˋʹ ˉʾʶˋʹˌ ˂ˈʴ˖ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰˌ ˁʰʽ ʰ˄ˍʾˋˍʰˋʹ ˍˊʽʲʺˌύΦ 

     2 Ḁ Ðᶻ ʍÇÈϽἶϽἱ ÄÓ       (4.3.1) 

 
ʂˉˇˎ n ʶʾ˄ʰʽ ˍˇ ˁʱʻʶˍˇ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʱˋˍˊʰˌ ˃ˇ˄ʰʵʽʰʾˇ ʵʽʱ˄ˎˋ˃ʰ ˁʰʽ i ̱ ˇ ˃ˇ˄ʰʵʽʰʾˇ ʵʽʱ˄ˎˋ˃ʰ 
ˉʰˊʱ˂˂ʹ˂ˇ ˋˍˇ˄ x ς ɦ ˅ˇ˄ʰΦ ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏ Cw ˇˊʾʸʶˍʰʽ ˖ˌΥ 
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         #
ϽϽ Ͻ

       (4.3.2) 

 
 

ʂˉˇˎ  ́ʹ ̄ˎ ˁ˄ˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏΣ WS ʹ ʲˊʶ˔ˈ˃ʶ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʱˋˍˊʰˌ ˁʰʽ Vs ʹ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˉ˂ˇʾˇˎΦ  
 

 
ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍˇˎ Cw ʵʾ˄ʶˍʰʽ ˉʰˊʰˁʱˍ˖ ˃ʰʸʾ ˃ʶ ˍʹ ˔ˊˇ˄ʽˁʺ ʽˋˍˇˊʾʰ ˍʹˌ ˋˏʴˁ˂ʽˋʺˌ ˍˇˎ ʴʽʰ 
ʷ˄ʰ ˉʶʾˊʰ˃ʰ ˉˇˎ ʷʴʽ˄ʶ ˋˍʰ ˉ˂ʰʾˋʽʰ ʰˎˍʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌΥ 
 

 
 

ɲʽʱʴˊʰ˃˃ʰ 2Υ ˔ˊˇ˄ʽˁʺ ʽˋˍˇˊʾʰ ˋˏʴˁ˂ʽˋʹˌ Cw ˉʶʽˊʱ˃ʰˍˇˌ p60bcllm 
 
ɮ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˍˇˎ Cw ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˏʴˁ˂ʽˋʹ ʰˉˈ ˍʽˌ улл ˉʶˊʾˉˇˎ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˁʰʽ ˃ʶˍʱΣ 
ʰ˂˂ʱ ʰ˒ʺ˄ʶˍʰʽ ˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˋˍʰʻʶˊˈˍʹˍʰ ˖ˌ ˍʰ ˉʶˊʾˉˇˎ нплл ʲʺ˃ʰˍʰΦ 
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5Φп ɱɳʍɾɳʆʄɹɼɶ ɮɿɮʃɮʄɮʅʆɮʅɶ ʆɶʅ ɱɮʅʆʄɮʅ 
 

ʆʰ ˋˍˇʽ˔ʶʾʰ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʱˋˍˊʰˌΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎˌ ˍʽˌ ʵʽʵʽʱˋˍʰˍʶˌ 

ʶʴˁʱˊˋʽʶˌ ˍˇ˃ʷˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰ˄ʰ˂ˎˍʽˁʱ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˋˏ˃˃ˇˊ˒ˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏΦ  

 

                       (5.4.1) 

 

ʅˎ˄ʺʻ˖ˌ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˍˇ˃˗˄ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍʹ ʴʱˋˍˊʰ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊˇˌ ʰˉˈ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˍˇ˃˗˄ ˉˇˎ 

ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄Φ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʶ˄ˋ˖˃ʰˍ˗˄ʶʽ ʵʽʱ˒ˇˊʶˌ 

˃ʶʻˈʵˇˎˌ ˉʰˊʶ˃ʲˇ˂ʺˌ (Tzabiras & Kontogiannis, 2009). 

 

ɱʽʰ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʴʶ˖˃ʶˍˊʾʰˌ ˍʹˌ ʴʱˋˍˊʰˌ ˇ ˁ˗ʵʽˁʰˌ ˎˉˇʵʽʰʽˊʶʾ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˋʶ р ˉʶˊʽˇ˔ʷˌΦ ɶ 

ʵʽʰ˃ʺˁʹˌ ʻʷˋʹ ˍʹˌ ˉˊ˖ˊʰʾʰˌ ˁʰʻʷˍˇˎ ˇˊʾʸʶˍʰʽ ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʹ ʶ˒ʰˉˍˇ˃ʷ˄ʹ ˍˇˎ ʵʽʰ˃ʺˁˇˎˌ ˉʶˊʽʴˊʱ˃˃ʰˍˇˌ 

ˍʹˌ ˉ˂˗ˊʹˌ ʶʾ˄ʰʽ ˁʱʻʶˍʹ όʅ˔ʺ˃ʰ 5.4).  

ɶ ˉʶˊʽˇ˔ʺ м ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ˃ʷˊˇˌ ˍˇˎ ˉ˂ˇʾˇˎ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˉˊ˗ˊʰʻʶ˄ ˍʹˌ ˉˊ˖ˊʰʾʰˌ ˁʰʻʷˍˇˎ όF.P.) ˁ ʰʽ 

ʱ˄˖ʻʶ˄ ˍˇˎ ʲˇ˂ʲˇˏΣ ʶ˄˗ ʹ ˉʶˊʽˇ˔ʺ н ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ʲˇ˂ʲˈ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˉˊ˗ˊʰʻʶ˄ ˍʹˌ ˉˊ˖ˊʰʾʰˌ ˁʰʻʷˍˇˎ 

(F.PΦύΦ ʍˌ ˉʶˊʽˇ˔ʺ о ˇˊʾʸʶˍʰʽ ʹ ˉʶˊʽˇ˔ʺ ʰ˄ʱ˃ʶˋʰ ˋˍʹ˄ ˉˊ˖ˊʰʾʰ (F.P.) ˁ ʰʽ ˍʹ˄ ˉˊˎ˃˄ʰʾʰ (A.P.) ˁ ʱʻʶˍˇΦ ʁʽ 

ˉʶˊʽˇ˔ʷˌ п ˁʰʽ р ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˉˊˏ˃˄ʹʻʶ˄ ˍʹˌ ˉˊˎ˃˄ʰʾʰˌ ˁʰʻʷˍˇˎ όA.P.).  

ɼʰˍΩ ʰ˄ˍʽˋˍˇʽ˔ʾʰ ˇˊʾʸˇˎ˃ʶ ˍʹ ʵʽʰ˃ʺˁʹ ʻʷˋʹ ˍʹˌ ˉˊˎ˃˄ʰʾʰˌ ˁʰʻʷˍˇˎΣ ˋˍˇ ˋʹ˃ʶʾˇ ˈˉˇˎ ʹ ʶ˒ʰˉˍˈ˃ʶ˄ʹ ˍˇˎ 

ʵʽʰ˃ʺˁˇˎˌ ˉʶˊʽʴˊʱ˃˃ʰˍˇˌ ˍʹˌ ˉˊˏ˃˄ʹˌ ʶʾ˄ʰʽ ˁʱʻʶˍʹΦ  

ʅ˔ʺ˃ʰ 5.4Υ ʁˊʽˋ˃ˈˌ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˍʹˌ ʴʱˋˍˊʰˌ ˁʰʽ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ 

 

ɼʱʻʶ ˉʶˊʽˇ˔ʺ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ʷ˄ʰ ˉ˂ʺʻˇˌ ˄ˇ˃ʷ˖˄ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˃ʺˁˇˌ ˁʰʽ ˍʹ˄ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʱ ˍʹˌΦ ʁʽ 

˄ˇ˃ʶʾˌ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˉ˂ʺʻˇˌ ˋʹ˃ʶʾ˖˄ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʶ˅ʾˋˇˎ ʰ˄ʱ˂ˇʴˇ ˃ʶ ˍʹ˄ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˁʰʽ ˍʹ ʻʷˋʹ 

ˍˇˎ ˁʱʻʶ ˄ˇ˃ʷʰΦ  

ɽˈʴ˖ ˍʹˌ ˉʽˇ ʰˉʰʽˍʹˍʽˁʺˌ ʴʶ˖˃ʶˍˊʾʰˌ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ мΣ нΣ п ˁʰʽ р ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˉʶˊʽˋˋˈˍʶˊˇʽ ʰ˄ʰ˂ˇʴʽˁʱ ˖ˌ 

ˉˊˇˌ ˍˇ ˃ʺˁˇˌ ˄ˇ˃ʶʾˌΦ ɽˈʴ˖ ˍˇˎ ˃ʺˁˇˎˌ ˈ˃˖ˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ оΣ ʶˁʶʾ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˁʰʽ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉ˂ʺʻˇˌ 

˄ˇ˃ʷ˖˄Φ ɱʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ˉʶˊʽˇ˔ʺˌ м ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʰˉˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰ п ˄ˇ˃ʶʾˌΣ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ о 

ʶˉʽ˂ʷ˔ʻʹˁʰ˄ см ˄ˇ˃ʶʾˌΣ ˇʽ о ˉˎˁ˄ˈˍʶˊʰ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇʽ ˁˇ˄ˍʱ ˋˍʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˉʶˊʽˇ˔ʺˌ мΣо ˁʰʽ ˇʽ ˎˉˈ˂ˇʽˉˇʽ 

ру ˁʰˍʱ ˍˇ ˃ʺˁˇˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ оΦ ɱʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ʲˇ˂ʲˇˏ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ нн ˄ˇ˃ʶʾˌΣ ʶ˄˗ ʴʽʰ ˍʹ˄ 

ˉʶˊʽˇ˔ʺ п ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ф ˄ˇ˃ʶʾˌΦ ʆʰ ˉ˂ˇʾʰ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʵʶ˄ ʶʾ˔ʰ˄ ˉ˂ʺ˃˄ʹ ˇˉˈˍʶ ʹ ˉʶˊʽˇ˔ʺ р ʰʴ˄ˇʺʻʹˁʶΦ  
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ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˇ ˍˊˈˉˇˌ ʶʽˋʰʴ˖ʴʺˌ ˍ˖˄ ˄ˇ˃ʷ˖˄ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ʰˊ˔ʶʾ˖˄ ˁʶʽ˃ʷ˄ˇˎ 

ό˔ʰˊʰˁˍʺˊ˖˄ ASCII). ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʷ˄ʰ ʰˊ˔ʶʾˇ ʴʽʰ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˈ˂ʹˌ ˍʹˌ ʴʱˋˍˊʰˌ ˉ˂ʹ˄ ˍʹˌ ˉʶˊʽˇ˔ʺˌ 2 ˁ ʰʽ 

ʷ˄ʰ ˅ʶ˔˖ˊʽˋˍˈ ʰˊ˔ʶʾˇ ʴʽʰ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ʲˇ˂ʲˇˏΦ ɱʽʰ ˍˇ˄ ˁʱʻʶ ˄ˇ˃ʷʰ ʶʽˋʱʴʶˍʰʽ ˉˊ˗ˍʰ ʹ ʵʽʰ˃ʺˁʹˌ ʻʷˋʹˌ 

ˍˇˎΣ ˏˋˍʶˊʰ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˉˇˎ ˍˇ˄ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˁʰʽ ˍʷ˂ˇˌ ˇʽ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ y,z ˍˇˎ ˁʱʻʶ ˋʹ˃ʶʾˇˎ 

ʵʽʰ˔˖ˊʽˋ˃ʷ˄ʰ ˃ʶ ˁʶ˄ˈ ˔ʰˊʰˁˍʺˊʰΦ ɱʽʰ ˍˇˎˌ ˄ˇ˃ʶʾˌ ˉˇˎ ˋˎ˃ˉʾˉˍˇˎ˄ ˃ʶ ˍʹ˄ ˍˇ˃ʺ ʵˏˇ ˉʶˊʽˇ˔˗˄Σ ˇ ˄ˇ˃ʷʰˌ 

ʶʽˋʱʴʶˍʰʽ ʶʽˌ ʵʽˉ˂ˇˏ˄Σ ˃ʾʰ ˒ˇˊʱ ʴʽʰ ˁʱʻʶ ˉʶˊʽˇ˔ʺΦ 

 ʆˇ ʰˊ˔ʶʾˇ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍʹˌ ʴʱˌˍˊʰˌ ˉ˂ˇʾˇˎ ˍʹˌ ˋˎˋˍʹ˃ʰˍʽˁʺˌ ˋʶʽˊʱˌ сл ˂ʷʴʶˍʰʽ 

dcondor2.txt ˁʰʽ ʶ˅ʱʴʶˍʰʽ ʰˉʶˎʻʶʾʰˌ ʰˉˈ ˍʹ ζʲʽʲ˂ʽˇʻʺˁʹη ˍˇˎ ɳˊʴʰˋˍʹˊʾˇˎ ɿʰˎˍʽˁʺˌ ˁʰʽ ɸʰ˂ʱˋˋʽʰˌ 

ʇʵˊˇʵˎ˄ʰ˃ʽˁʺˌ ʴʽʰ ˍʰ ˉ˂ˇʾʰ ˍ˖˄ ˋʶʽˊ˗˄ сл ˃ʷˋ˖ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ Rhinoceros.exe. ʆˇ dcondor1.txt, 

ˉʶˊʽʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˈˉ˖ˌ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˄ˇ˃ʷ˖˄ ˁʱʻʶ ˉʶˊʽˇ˔ʺˌ ˁʰʽ ʶ˅ʱʴʶˍʰʽ ˁʰʽ ʰˎˍˈ ʰˉʶˎʻʶʾʰˌ ʰˉˈ ˍˇ 

ˉˊˈʴˊʰ˃˃ʰ Rhinoceros.exe. 

 ʆˇ ʰˊ˔ʶʾˇ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ʲˇ˂ʲˇˏ ˂ʷʴʶˍʰʽ dcondor3 ˁʰʽ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ 

ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ adbulb.exeΣ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˉˇˎ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˋ˔ʶʵʽʰˋ˃ʷ˄ˇ ʰˉˈ ˍˇ ɳˊʴʰˋˍʺˊʽˇ ɿʰˎˍʽˁʺˌ 

ˁʰʽ ɸʰ˂ʱˋˋʽʰˌ ʇʵˊˇʵˎ˄ʰ˃ʽˁʺˌΦ 

  

ʆˇ ˉˊˈʴˊʰ˃˃ʰ adbulb.exe 

 ʆˇ adbulb.exe ˔ˊʶʽʱʸʶˍʰʽ ˍˇ ʰˊ˔ʶʾˇ dad ˖ˌ ʵʶʵˇ˃ʷ˄ˇ ˍˇ ˇˉˇʾˇ ˋˎ˃ˉ˂ʹˊ˗˄ʶˍʰʽ ʰˉˈ ˍˇ ˔ˊʺˋˍʹΣ ˃ʶ ˍˇ˄ 

ˍʶ˂ʶˎˍʰʾˇ ˄ʰ ʶʽˋʱʴʶʽ ˃ʶ ʰˉ˂ˈ ˍˊˈˉˇ ˍʰ ʲʰˋʽˁʱ ˃ʶʴʷʻʹ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ ˍʹˌ ʴʱˋˍˊʰˌΣ ʰ˂˂ʱ ˁʰʽ ˍˇˎ ʲˇ˂ʲˇˏ 

ˉˇˎ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˋ˔ʶʵʽʰˋˍʶʾΦ ʅˍˇ ˉˊˈʴˊʰ˃˃ʰ ʶʽˋʱʴˇ˄ˍʰʽ ʶˉʾˋʹˌ ˁʰʽ ˍʰ dcondor1.txt ˁʰʽ dcondor2.txt. 

 ɾʶ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ adbulb.exeΣ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˁʰˍʰˋˁʶˎʱʸʶʽ ˍˇ ʲˇ˂ʲˈ ˃ʶ ˍʰ ʴʶ˖˃ʶˍˊʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉˇˎ ʸʹˍʺʻʹˁʰ˄ ˁ ʰʽ ˍˇ˄ ˍˇˉˇʻʶˍʶʾ ˋˍʹ ʵʽʰ˃ʺˁʹ ʻʷˋʹ ˍʹˌ ̄ ˊ˖ˊʰʾʰˌ ˁʰʻʷˍˇˎ ˍˇˎ ˉ˂ˇʾˇˎΦ ɶ 

ˉˊ˖ˊʰʾʰ ˁʱʻʶˍˇˌ ˇˊʾʸʶˍʰʽ ˋˎ˃ʲʰˍʽˁʱ ˖ˌ ʹ ˁʱʻʶˍʹ ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʹ ʾˋʰ˂ˇˌ ˍʷ˃˄ʶʽ ˍˇ ˉˊˇ˒ʾ˂ ˍʹˌ ˉ˂˗ˊʹˌΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˉˊˇʶˁˍʶʾ˄ʶʽ ʰˉˈ ˍʹ˄ ˉˊ˖ˊʰʾʰ ˁʱʻʶˍˇ ˉʰˊʱ˂˂ʹ˂ʰ ˃ʶ ˍˇ˄ ʱ˅ˇ˄ʰ Z (ʶʵ˗Σ ʵʽʰ˃ʺˁʹˌ ʱ˅ˇ˄ʰˌύ ̍ ˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ˋˍˇ ˋ˔ʺ˃ʰ 5Φс ˗ˋˉˇˎ ˄ʰ ˋˎ˄ʰ˄ˍʺˋʶʽ ˍˇ ˉʶˊʾʴˊʰ˃˃ʰ ˍʹˌ ˁʶ˄ˍˊʽˁʺˌ ʵʽʰ˃ʺˁˇˎˌ ˍˇ˃ʺˌ ˍˇˎ ˉ˂ˇʾˇˎΦ  

 ɼʰˍʱ ˋˎ˄ʷˉʶʽʰΣ ˇʽ ˉʶˊʽˇ˔ʷˌ м ˁʰʽ о ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ ʷʴʽ˄ʶ ˂ˈʴˇˌ ˄˖ˊʾˍʶˊʰ ʷ˔ˇˎ˄ ˍ˗ˊʰ ʰ˂˂ʱ˅ʶʽ ʵˎ˄ʰ˃ʽˁʱΣ 

˃ʶ ˍʹ˄ м ˄ʰ ʷ˔ʶʽ ˎˉˇ˔˖ˊʺˋʶʽ ˁʰʽ ˍʹ˄ о ˄ʰ ʷ˔ʶʽ ʶˉʶˁˍʰʻʶʾ όʅ˔ʺ˃ʰ рΦсύΦ ɽˈʴ˖ ˍʹˌ ˏˉʰˊ˅ʹˌ ˍˇˎ ʲˇ˂ʲˇˏΣ ʹ 

ʴʶ˖˃ʶˍˊʾʰ ˋˍʹ ˄ʷʰ ˉʶˊʽˇ˔ʺ о ˁʰʽ ʶʽʵʽˁʱ ˁˇ˄ˍʱ ˋˍʹ˄ baseline ʁ ʾ˄ʰʽ ˉʽˇ ˉˇ˂ˏˉ˂ˇˁʹΦ ɱʽΩ ʰˎˍˈ ˍˇ ˂ˈʴˇΣ ʶˉʽ˂ʷ˅ʰ˃ʶ 

˄˖ˊʾˍʶˊʰ ˄ʰ ʷ˔ˇˎ˃ʶ о ˉʽˇ ˉˎˁ˄ʱ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇˎˌ ˄ˇ˃ʶʾˌ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ˉʶˊʽˇ˔ʺˌ оΦ 

 ʆ̌  ˉˊˈʴˊʰ˃˃ʰΣ ʶˉʾˋʹˌΣ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇ ˔ˊʺˋˍʹ ˄ʰ ˃ʶˍʰ˒ʷˊʶʽ ˍʹ˄ ʰˊ˔ʺ ˍ˖˄ ʰ˅ˈ˄˖˄ ʰˉΩˍʹ 

ʻʷˋʹ ZCUT1 ̀ ˍʹ ʻʷˋʹ ZCUTмΩ  όʅ˔ʺ˃ʰ рΦс), ˃ ʶ ̀ˎˉ˂ʺˊ˖ˋʹ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ZFP ̀ ˍˇ ʰˊ˔ʶʾˇ input dad.  

 ʅˍˇ ˍʷ˂ˇˌΣ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʶ˅ʱʴʶʽ ˍˇ dcondor3 ˃ʶ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ʲˇ˂ʲˇˏΣ ˈˉ˖ˌ ˁʰʽ ˍʰ dcondor1, 

dcondor2, ˃ʶ ˍʹ˄ ʰ˄ʰ˄ʶ˖˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʱˋˍˊʰˌ ˃ʰʸʾ ˃ʶ ˍˇ ʲˇ˂ʲˈΦ 

 ʆˇ ˍʶ˂ʶˎˍʰʾˇ ʲʺ˃ʰ ˍʹˌ ʴʶ˖˃ʶˍˊʽˁʺˌ ʰ˄ʰˉʰˊʱˋˍʰˋʹˌ ˍʹˌ ʴʱˋˍˊʰˌΣ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ζʶʾˋˇʵˇη ˍ˖˄ о 

ˉʰˊʰˉʱ˄˖ ʰˊ˔ʶʾ˖˄ ˁʶʽ˃ʷ˄ˇˎ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ condor.exeΣ ˍˇ ˇˉˇʾˇ ˁʰˍʰˋˁʶˎʱʸʶʽ ˁʰʽ ˍˇˉˇʻʶˍʶʾ ˍʰ panels 

ˉʱ˄˖ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʱˋˍˊʰˌ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ˋˏ˃˃ˇˊ˒ˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ.  

 ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΣ ˍˇ˄ʾʸʶˍʰʽ ˋʶ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇΣ ˈˍʽ ʹ ʰ˅ʾʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ adbulb.exe ʶʾ˄ʰʽ ˈˍʽ 

ʵʹ˃ʽˇˎˊʴʶʾ ˁʰʽ ˉˊˇˋʻʷˍʶʽ ʲˇ˂ʲˈ ˋˍʹ ʴʱˋˍˊʰ ˍˇˎ ˉ˂ˇʾˇˎ ˃ʶ ˍʷˍˇʽˇ ˍˊˈˉˇΣ ˗ˋˍʶ ˋʶ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍˇ 

ˉˊˈʴˊʰ˃˃ʰ condor.exe ˄ʰ ˉʰˊʰ˔ʻʶʾ ʹ ˍʶ˂ʽˁʺ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ˉ˂ˇʾˇˎ ˃ʶ ʲˇ˂ʲˈ ˉʰˊʰˁʱ˃ˉˍˇ˄ˍʰˌ ˍʹ 

ʵʽʰʵʽˁʰˋʾʰ ʶ˅ˇ˃ʱ˂ˎ˄ˋʹˌ ˍ˖˄ ʴˊʰ˃˃˗˄ ˍˇˎ ˉ˂ˇʾˇˎ ˋˍʰ ˏ˒ʰ˂ʰ ˍʹˌ ˉ˂˗ˊʹˌ ˃ʶ ˁʱˉˇʽˇ ˉˊˈʴˊʰ˃˃ʰ 

ʶ˅ˇ˃ʱ˂ˎ˄ˋʹˌ όˉΦ˔Φ AVEVA Marine ʺ Rhinoceros). 
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ʅ˔ʺ˃ʰ 5.5Υ ɳ˄ʷˊʴʶʽʶˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ adbulb.exe 

 

5Φр ʅʇɾɾʁʄʊʁʅ ɾɳʆɮʅʋɶɾɮʆɹʅɾʁʅ 

ɶ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ˍʰ panels h ˉˇˁˍʱˍʰʽ ʰˉˈ ˍʽˌ ʵʽʵʽʱˋˍʰˍʶˌ ʶʴˁʱˊˋʽʶˌ ˍˇ˃ʷˌ 

ˋˍʽˌ ˇˉˇʾʶˌ ˎˉˇʵʽʰʽˊʶʾˍʰʽ ʹ ʴʱˋˍˊʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˁʱʻʶ ˄ˇ˃ʷʰˌ ʰ˄ʰˉʰˊʽˋˍʱˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 

ˋˏ˃˃ˇˊ˒ʹˌ ʰˉʶʽˁˈ˄ʽˋʹˌΦ ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ʰˉˈ ˍˇ˄ ˁʰʻʹʴʹˍʺ ɱΦ ʆʸʰ˃ˉʾˊʰ (Tzabiras, 2009). 

ʅˎ˄ʺʻ˖ˌ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˄ˇ˃ʷ˖˄ ˉˇˎ ʷ˔ˇˎ˃ʶ ˋˍʹ ʵʽʱʻʶˋʺ ˃ʰˌ ʶʾ˄ʰʽ ˃ʽˁˊˈˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ 

˄ˇ˃ʷ˖˄ ˉˇˎ ˔ˊʶʽʱʸˇ˄ˍʰʽ ʴʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ˍʰ ˍʶˍˊʱˉ˂ʶˎˊʰ ˋˍˇʽ˔ʶʾʰΦ ɱʽʰ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍʶʾ ʰˎˍˈ ˍˇ 

ˉˊˈʲ˂ʹ˃ʰ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʵʽʱ˒ˇˊʶˌ ˍʶ˔˄ʽˁʷˌ ˉʰˊʶ˃ʲˇ˂ʺˌ ˄ˇ˃ʷ˖˄Φ 

 

ʁ ˋˏ˃˃ˇˊ˒ˇˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʶ˄ˈˌ ʵʽʵʽʱˋˍʰˍˇˎ ʶʴˁʱˊˋʽˇˎ ˄ˇ˃ʷʰ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ʷ˄ʰ ˉ˂ˇʾˇ ʵʾ˄ʶˍʰʽ 

ʰˉˈ ˍˇ˄ (Kerczek, 1969) ˖ˌΥ 

               (5.5.1) 

ʂˉˇˎ ʸΥ ˋˎ˃ʲˇ˂ʾʸʶʽ ˍˇ ˃ʽʴʰʵʽˁˈ ʶˉʾˉʶʵˇ ˍˇˎ ˃ˇ˄ʰʵʽʰʾˇˎ ˁˏˁ˂ˇˎ ˁʰʽ z: ˍˇ ʶˉʾˉʶʵˇ ˍˇˎ ˄ˇ˃ʷʰΦ ɮ˄ ˇ ˄ˇ˃ʷʰˌ 

ʶʾ˄ʰʽ ˋˎ˃˃ʶˍˊʽˁˈˌ ˖ˌ ˉˊˇˌ ˍˇ˄ y ς ʱ˅ˇ˄ʰΣ ˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ Cn h ˄ʱʴˇ˄ˍʰʽ ˋʶ ˉˊʰʴ˃ʰˍʽˁˇˏˌ ʰn ˁ ʰʽ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ 

ˁʰʽ ˃ʽʴʰʵʽˁˈ ˃ʷˊˇˌ ˍˇˎ z όрΦрΦмύ ʴˊʱ˒ˇ˄ˍʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰΥ  

 

            

               (5.5.2) 
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           ʅ˔ʺ˃ʰ 5.6Υ ʃʶˊʽʴˊʰ˒ʺ ʶ˄ˈˌ ˄ˇ˃ʷʰ ˍˇˎ ˉ˂ˇʾˇˎ ˋˍˇ˄ ˃ʽʴʰʵʽˁˈ ˃ˇ˄ʰʵʽʰʾˇ ˁˏˁ˂ˇΦ 

ʅˍʹ˄ ʶ˅ʾˋ˖ˋʹ όрΣрΦнύΣ  ˒= arg(x,y) ˋˍˇ ˃ˇ˄ʰʵʽʰʾˇ ˁˏˁ˂ˇΣ ʶ˄˗ ˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʰn ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʰˊʴˈˍʶˊʰ 

(Tzabiras, Dimas, & Loukakis, 1986)Σ ʶʾˍʶ ʰˉ ˉʰˊʰˁʱˍ˖ ˇ˂ˇˁ˂ʹˊ˗˃ʰˍʰΥ 

 

   

                        (5.5.3a), 

 

 

ʶʾˍʶ ʰˉˈ ˍʰ ˇ˂ˇˁ˂ʹˊ˗˃ʰˍʰΥ 

 

 

                         (5.5.3b) 

     

 

  

 ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰn ɹ ʽʰ ˍʽˌ ʵˏˇ ˃ʶʻˈʵˇˎˌ ̒ ʰ ʺˍʰ˄ ʾʵʽʰ ʶʱ˄ ʰ˒ʺ˄ʰ˃ʶ ˍˇ N Ą қ. ʅʶ ˉˊʰʴ˃ʰˍʽˁʷˌΣ 

ˈ˃ ˖ˌΣ ʶ˒ʰˊ˃ˇʴʷˌ ˍˇ ɿ ʶʾ˄ʰʽ ˉʶˉʶˊʰˋ˃ʷ˄ˇˌ ʰˊʽʻ˃ˈˌ ˁʰʽ ʱˊʰ ˇʽ ˍʽ˃ʷˌ ʴʽʰ ˍʰ ʰn
(1) ˁ ʰʽ ʰn

(2) ɻ ʽʰ˒ʷˊˇˎ˄Φ ɱʽʰ ˄ʰ 

ˁʰˍʰ˂ʺ˅ˇˎ˃ʶ ˋʶ ˃ʽʰ ˍʽ˃ʺΣ ʽˋ˔ˎˊʽʸˈ˃ʰˋˍʶ ˈˍʽ ʹ ˋ˔ʷˋʹ ˍ˖˄ ʵˏˇ ˉˊˇˋʶʴʴʾˋʶ˖˄ ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁʺΥ 

                           (5.5.4) 

ɾʶ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʲʰˊˏˍʹˍʰˌ r ˄ʰ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʶ˂ʰ˔ʽˋˍˇˉˇʽ˗˄ˍh ˌ ˍˇ ˇ˂ʽˁˈ ˋ˒ʱ˂˃ʰΥ 

                           (5.5.5) 

ʂˉˇˎ P ʶʾ˄ʰʽ ˇ ʰˊʻ˃ˈˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ (xp, ypύ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍˇ ˄ˇ˃ʷʰΦ  

 

ʆˈˍʶ ˍˇ r ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˂ˏ˄ˇ˄ˍʰˌ ˍʹ ʴˊʰ˃˃ʽˁʺ ˋ˔ʷˋʹΥ         (5.5.6) 



[18] 

 

5Φс ʃɳʄɹɱʄɮʊɶ ɲɹɮɲɹɼɮʅɹɮʅ ʍʅ ʆɶɿ ɳʀɮɱʍɱɶ ʆʍɿ ɮʃʁʆɳɽɳʅɾɮʆʍɿ 
 

ɱʶ˄ʽˁʱ 
 ɮˊ˔ʽˁʱ ʷʴʽ˄ʰ˄ ˍʰ ʰˊʽʻ˃ʹˍʽˁʱ ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ о ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌΦ ɾʶ˂ʶˍʺʻʹˁʰ˄ ˇʽ 
ˉʶˊʽˉˍ˗ˋʶʽˌ CB Ґ лΦс ˁʰʽ FN = 0.290, CB Ґ лΦт ˁʰʽ FN Ґ лΦнсл ˁʰʽ CB Ґ лΦу ˁʰʽ FN Ґ лΦнлл ˔˖ˊʾˌ ʲˇ˂ʲˈΦ ʅˍʹ 
ˋˎ˄ʷ˔ʶʽʰ ˉˊˇˋˍʷʻʹˁʶ ˇ ʲʷ˂ˍʽˋˍˇˌ ʲˇ˂ʲˈˌ ˁʰˍʱ ˍˇ˄ A. M. Kracht (Kracht, 1978) ʴʽʰ ˍʹ˄ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΦ 
ʆʷ˂ˇˌΣ ˃ʶ ʰ˂˂ʰʴʺ ˋʶ ʷ˄ʰ ʸʶˎʴʱˊʽ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ʲˇ˂ʲˇˏ ˁʱʻʶ ˒ˇˊʱ ʷʴʽ˄ʰ˄ п 
ʰˁˈ˃ʰ ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ ˍˇ˄ ˁʱʻʶ ˋˎ˄ˍʶ˂ʶˋˍʺ ˃ˇˊ˒ʺˌΣ ˋˏ˄ˇ˂ˇ ʵʹ˂ʰʵʺ ʱ˂˂ʰ мн ˉʶʽˊʱ˃ʰˍʰΦ ʅˎ˄ˇ˂ʽˁʱ ˇ ˁ˗ʵʽˁʰˌ 
ʷˍˊʶ˅ʶ нм ˒ˇˊʷˌ ʶˁ ˍ˖˄ ˇˉˇʾ˖˄ ˇʽ о ʰ˒ˇˊˇˏˋʰ˄ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄Σ о ˔˖ˊʾˌ 
ʲˇ˂ʲˈΣ о ˃ʶ ˍˇ ʲʷ˂ˍʽˋˍˇ ˁʰʽ мн ˉʰˊʰ˂˂ʰʴʷˌ  ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏΦ 

ʁ ˁ˗ʵʽˁʰˌ ˔ˊʶʽʱʸʶˍʰʽ ˍʰ ʰˊ˔ʶʾʰ dpanelw ˁʰʽ filecond ɹ ʽʰ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽΣ ˃ʶ ˍʰ ˇˉˇʾʰ ˇ ˔ˊʺˋˍʹˌ ʷ˔ʶʽ 
ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉʶˊʽˋˋˈˍʶˊˇ ʺ ˂ ʽʴˈˍʶˊˇΣ ˄ʰ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽ ˃ʶ ˍˇ ˉˊˈʴˊʰ˃˃ʰ panelw.f.  

ʆˇ dpanelw.txt ˉʶˊʽʷ˔ʶʽ ʲʰˋʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˈˉ˖ˌ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ panelsΣ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ 
ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄Σ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˁʰʽ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍʹˌ ʴʱˋˍˊʰˌΣ ˍʹ˄ ˏˉʰˊ˅ʹ ʺ ˈ˔ʽ ʲˇ˂ʲˇˏ ˋˍʹ˄ ˉ˂˗ˊʹΣ ʰˊ˔ʽˁʺ 

ʵʽʰʴ˖ʴʺΣ ˈˉ˖ˌ ˁʰʽ ʱ˂˂ʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˉˇˎ ʶˉʽʵˊˇˏ˄ ˋˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍʹˌ ˋˏʴˁ˂ʽˋʹˌΦ ɱʽʰ ˁʱʻʶ ʵʽʰ˒ˇˊʶˍʽˁˈ run, 
ˎˉʱˊ˔ʶʽ ˂ˇʽˉˈ˄ ˁʰʽ ʷ˄ʰ ˅ʶ˔˖ˊʽˋˍˈ dpanelw.txt.  

 ʆˇ ʰˊ˔ʶʾˇ filecond ̄ ʶˊʽʷ˔ʶʽ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍʹˌ ʴʱˋˍˊʰˌΣ ˈˉ˖ˌ ʷ˔ʶʽ ˉʰˊʰ˔ʻʶʾ ˃ʶˍʱ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ 
ˋˏ˃˃ˇˊ˒ˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏΦ 

 ʁ ˋˏ˃˃ˇˊ˒ˇˌ ʶˁˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰ condor.exeΣ ˍˇ ˇˉˇʾˇ ʰˉʰʽˍʶʾ ˁʱˉˇʽʰ input ʰˊ˔ʶʾʰ ʴʽʰ ˄ʰ 
˂ʶʽˍˇˎˊʴʺˋʶʽ ˋ˖ˋˍʱΦ ɮˎˍʱ ʶʾ˄ʰʽ ˍʰ ʰˊ˔ʶʾʰ dcondor1, dcondorн ˁʰʽ dcondor3 ˁʰʽ ˉʶˊʽʷ˔ˇˎ˄ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍ˖˄ 
ʵʽʵʽʱˋˍʰˍ˖˄ ʶʴˁʱˊˋʽ˖˄ ˍˇ˃˗˄ ˍʹˌ ʴʱˋˍˊʰˌ ˋʶ ˃ˇˊ˒ʺ ʇ-ɵ ̀ ˎ˄ˍʶˍʰʴ˃ʷ˄˖˄Φ ʆˇ dcondor1 ˉʰˊʷ˔ʶʽ ˍʽˌ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˈˉ˖ˌ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˍˇ˃˗˄ ʴʽʰ ˁʱʻʶ ˎˉˇʵʽʰʽˊʶ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ʴʱˋˍˊʰˌ όʲ˂Φ 5.4ύΣ ʶ˄˗ ˍˇ 
dcondor2 ˉʶˊʽʷ˔ʶʽ ˍʹ˄ ˉ˂ʹˊˇ˒ˇˊʾʰ ʴʽʰ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍʹˌ ʴʱˋˍˊʰˌ ʰˎˍʺˌ ˁʰʻΩ ʶʰˎˍʺˌΦ ʆʷ˂ˇˌΣ ˍˇ dcondor3 

ˉʶˊʽʷ˔ʶʽ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ʲˇ˂ʲˇˏΦ ɾʶˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˋˏ˃˃ˇˊ˒ˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏΣ ˍˇ ʰˊ˔ʶʾˇ filecond 
ˉʶˊʽʷ˔ʶʽ ˍʹ˄ ʰˉʰˊʰʾˍʹˍʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ ˍˇ panelw.f ʴʽʰ ˄ʰ ˅ʶˁʽ˄ʺˋʶʽ ˍʽˌ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ʴʽʰ ˍˇ˄ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍʹˌ ʻʶ˖ˊʾʰˌ ʵˎ˄ʰ˃ʽˁˇˏΦ 
 

ɱʽʰ ˍˇˎˌ ʲˇ˂ʲˇˏˌ 
 

 ɱʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ˃ˇˊ˒ʺˌ ˍˇˎ ʲˇ˂ʲˇˏ ʷ˅ʽ ˉʰˊʱ˃ʶˍˊˇʽ ˁˊʾʻʹˁʰ˄ ʰ˄ʰʴˁʰʾʶˌΦ ɮˉˈ ʰˎˍʷˌ ˇʽ ˍˊʶʽˌ 

ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁʷˌ ˁʰʽ ˇʽ ˍˊʶʽˌ ˃ʹ ʴˊʰ˃˃ʽˁʷˌ όʅˉˏˊˇˎΣ мфупύΦ ʁʽ ʴˊʰ˃˃ʽˁʷˌ ʶʾ˄ʰʽΥ  
 

1. ɶ ˉʰˊʱ˃ʶˍˊˇˌ ˉ˂ʱˍˇˎˌΣ ʵʹ˂ʰʵʺ ˍˇ ˃ʷʴʽˋˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ʲˇ˂ʲˇˏ Bb ˉˊˇˌ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ˉ˂ˇʾˇˎ ˋˍˇ 
˃ʷˋˇ˄ BMS 

ὅὄὄ
ὄὄ

ὄὓὛ
 

2. ɶ ˉʰˊʱ˃ʶˍˊˇˌ ˃ʺˁˇˎˌΣ ʵʹ˂ʰʵʺ ˍˇ ˉˊˇʶ˅ʷ˔ˇ˄ ˍ˃ʺ˃ʰ ˍˇˎ ʲˇ˂ʲˇˏ LBULB ɻ ʽʰ ˍˇˎ ˃ʺˁˇˎˌ Lpp ˍˇˎ 
ˉ˂ˇʾˇˎ 

ὅὒὖὙ
ὒὄὟὒὄ

ὒὴὴ
 

3. ɶ ˉʰˊʱ˃ʶˍˊˇˌ ʲˎʻʾˋ˃ʰˍˇˌΣ ʵʹ˂ʰʵʺ ˍˇ ˏ˕ˇˌ ZB ̱ ˇˎ ˉʽˇ ʰˁˊʰʾˇˎ ˁʰˍʱ ˃ʺˁˇˌ ˋʹ˃ʶʾˇˎ ˍˇˎ ʲˇ˂ʲˇˏ 
ʵʽʰʽˊʶ˃ʷ˄ˇ ˃ʶ ˍˇ ʲˏʻʽˋ˃ʰ TFP ̱ ˇˎ ˉ˂ˇʾˇˎ ˋˍʹ˄ ˉˊ˖ˊʰʾʰ ˁʱʻʶˍˇ 

ὅὤὄ
ὤὄ

ὝὊὖ
 

 
ˁʰʽ ˇʽ ˃ʹ ς ɹ ˊʰ˃˃ʽˁʷˌΥ  
 



[19] 

 

4. ɶ ˉʰˊʱ˃ʶˍˊˇˌ ʶʴˁʱˊˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ (cross section parameter)Σ ʵʹ˂ʰʵʺ ʹ ʶʴˁʱˊˋʽʰ ʶˉʽ˒ʱ˄ʶʽʰ ABT 
ˍʹˌ ʲˇ˂ʲˇʶʽʵˇˏˌ ˉ˂˗ˊʹˌ ˋˍʹ˄ ˉˊ˖ˊʰʾʰ ˁʱʻʶˍˇΣ ʵʽʰʽˊʶ˃ʷ˄ʹ ˃ʶ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ AMS ˋˍˇ ˃ʷˋˇ ˍˇˎ 

ˉ˂ˇʾˇˎ 

ὅὃὄὝ
ὃὄὝ

ὃὓὛ
 

 

5. ɶ ˉ˂ʱʴʽʰ ˉʰˊʱ˃ʶˍˊˇˌ (lateral parameter)Σ ʵʹ˂ʰʵʺ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˍˇ˃ʺˌ ˍˇˎ ʲˇ˂ʲˇˏ ˃ʶ ˍˇ ˁʶ˄ˍˊʽˁˈ 
ʵʽʱ˃ʹˁʶˌ ʶˉʾˉʶʵˇΣ ʵʽʰʽˊʶ˃ʷ˄ʹ ˃ʶ AMS 

ὅὃὄὒ
ὃὄὒ

ὃὓὛ
 

 
6. ɶ ˇʴˁˇ˃ʶˍˊʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌΣ ʵʹ˂ʰʵʺ ˇ ˈʴˁˇˌ VPR ˍˇˎ ˉˊˇʶ˅ʷ˔ˇ˄ˍˇˌ ˃ʷˊˇˌ ˍˇˎ ʲˇ˂ʲˇˏ ˉˊˇˌ ˍˇ˄ ˈʴˁˇ 
ʶˁˍˇˉʾˋ˃ʰˍˇˌ ˍˇˎ ˉ˂ˇʾˇˎ 

ὅὠὖὙ
ὠὖὙ

ὠὡὒ
 

ʅˍʽˌ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʶˌ ˒ʰʾ˄ˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˇʽ ʵʽʰˋˍʱˋʶʽˌ ˍˇˎ ʲˇ˂ʲˇˏ ˁʰʽ ˍˇˎ ˉ˂ˇʾˇˎΦ 
 
   
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 

 
 

ʅ˔ʺ˃ʰ 5.7: ɮˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʴˊʰ˃˃ʽˁ˗˄            ʅ˔ʺ˃ʰ 5.8: ɮˉʶʽˁˈ˄ʽˋʹ ˃ʹ ς ʴˊʰ˃˃ʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄  
 ˉʰˊʰ˃ʷˍˊ˖˄ ʲˇ˂ʲˇˏ.                       ɰˇ˂ʲˇˏ. 
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ɶ ʶˉʽ˂ˇʴʺ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ʲˇ˂ʲ˗˄ ʷʴʽ˄ʶ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˇʵʹʴʾʶˌ ˍˇˎ A. M. Kracht ˋˍʹ ʵʹ˃ˇˋʾʶˎˋʺ ˍˇˎ 
«Design of Bulbous Bows» (Kracht, 1978)Φ ɶ ʶˊʴʰˋʾʰ ʰˎˍʺ ˉˊˇˋ˒ʷˊʶʽ ʵʽʰʴˊʱ˃˃ʰˍʰ ˉˇˎ ʵʶʾ˔˄ˇˎ˄ ˉ˗ˌ ʶˉʽʵˊʱ 

ˉˇʽˇˍʽˁʱ ˍˇ ˁʱʻʶ ʴʶ˖˃ʶˍˊʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍˇˎ ʲˇ˂ʲˇˏ ˔˖ˊʽˋˍʱΣ ˋˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˎˉˈ˂ˇʽˉʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁʰʽ 
ˁʰ˂ˏˉˍʶʽ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ˃ʶ˂ʶˍʱ˃ʶΦ ʅˍˇ ˉʰˊˈ˄ ʹ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ʻʶ˖ˊʶʾˍʰʽ ʾˋʹ ˃ʶ ˍʹ˄ 

ˎˉˈ˂ˇʽˉʹ ʰ˄ˍʾˋˍʰˋʹ ˁʰʻ˗ˌ ʹ ʰ˄ˍʾˋˍʰˋʹ ˂ˈʴ˖ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰˌ ˁʰʽ ʹ ʰ˄ˍʾˋˍʰˋʹ ˃ˇˊ˒ʺˌ ʻʶ˖ˊˇˏ˄ˍʰʽ 
˃ʹʵʶ˄ʽˁʷˌΦ ɳˉʽ˂ʷ˔ʻʹˁʶ ʰˎʻʰʾˊʶˍʰ ˖ˌ ˁˏˊʽʰ ˋ˔ʶʵʽʰˋˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌ ʹ CLBΣ ʹ ˇˉˇʾʰ ʵʾ˄ʶʽ ˍʹ ˃ʽˁˊˈˍʶˊʹ 
ʰ˄ˍʾˋˍʰˋʹ ʴʽʰ ˍʹ˄ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΦ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰˎˍʺ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ ˍ˗ˊʰ ˄ʰ 
ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ˇʽ ˎˉˈ˂ˇʽˉˇʽ р ˉʰˊʱ˃ʶˍˊˇʽ ʰˉˈ ˍʰ ʱ˂˂ʰ ʵʽʰʴˊʱ˃˃ʰˍʰΦ ʁ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ 
ˇʵʹʴʶʾ ˋˍʹ ˋ˔ʶʵʾʰˋʹ ʶ˄ˈˌ ˃ˇ˄ʰʵʽˁˇˏ ˁʱʻʶ ˒ˇˊʱ ʲˇ˂ʲˇˏ ˇ ˇˉˇʾˇˌ ʶ˄ˋ˖˃ʰˍ˗ʻʹˁʶ ˋˍʹ ʴʱˋˍˊʰ ˁʰʽ ˍˇ 
ˉˊˈʴˊʰ˃˃ʰ ˎˉˇ˂ˈʴʽˋʶ ʶˁ ˄ʷˇˎ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ˋˁʱ˒ˇˎˌΦ 
 

 

ʅ˔ʺ˃ʰ рΦфΥ ɮˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˍˇˎ ʲˇ˂ʲˇˏ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˇ˄ˇ˃ʰˋʾʰ ˍˇˎˌ ˋˍˇ ʰˊ˔ʶʾˇ input dad. 
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6. ɮʄɹɸɾɶʆɹɼɮ ɮʃʁʆɳɽɳʅɾɮʆɮ 
 

6.1 ɰʷ˂ˍʽˋˍˇˌ ʰˊʽʻ˃ˈˌ panels 
 

 ʆˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ʺˍʰ˄ ʹ ʶˉʽ˂ˇʴʺ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ˍʶˍˊʱˉ˂ʶˎˊ˖˄ ˁʰˍʰˋˁʶˎʰˋˍʽˁ˗˄ 
ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʰˉʰˊˍʾʸˇˎ˄ ˍʹ ʲˎʻʽˋ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʱˋˍˊʰˌ ˁʰʽ ˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰΦ ɶ ʶˉʽ˂ˇʴʺ ʰˎˍʺ 
ʲʰˋʾˋˍʹˁʶ ˋʶ ʵˏˇ ʰ˄ˍʾˊˊˇˉˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌΦ ɮˉˈ ˍʹ ˃ʾʰΣ ˃ʶʴʱ˂ˇˌ ʰˊʽʻ˃ˈˌ panels ʁ ˃˒ʰ˄ʾʸʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ 
ʰˁˊʾʲʶʽʰ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ʰ˂˂ʱ ʰˉˈ ˍʹ˄ ʱ˂˂ʹΣ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˔ˊˈ˄ˇΦ ɶ ʶˉʽʻˎ˃ʹˍʺ ς ̡ ʷ˂ˍʽˋˍʹ 
˂ˏˋʹ ʲˊʷʻʹˁʶ ˃ʶ ˍʹ ʵʽʶ˅ʰʴ˖ʴʺ о ʰˊʽʻ˃ʹˍʽˁ˗˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˁʰʽ ˍʹ˄ ʶˉʽˁˊʱˍʹˋʹ ˍˇˎ ˉʶʽˊʱ˃ʰˍˇˌ ˉˇˎ ʷʵʽ˄ʶ 
˃ʽˁˊˈˍʶˊʹ ˍʽ˃ʺ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ɹzɻɹ.  

ɮˉˈ ˉʰ˂ʰʽˈˍʶˊʶˌ ʶˊʴʰˋʾʶˌ ʶʾ˔ʶ ʵʽʰˉʽˋˍ˖ʻʶʾ ˈˍʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ʰˁˊʾʲʶʽʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ʴʽʰ ˍˇ˄ ʰˊʽʻ˃ˈ 
ˍ˖˄ ˉʶˊʾˉˇˎ нмллл panels (Fragkoulis, 2015)Φ ɱʽʰ ʰˎˍʺ ˍʹ˄ ʶˊʴʰˋʾʰ ˉˊˇˍʽ˃ʺʻʹˁʶ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˁˊʾʲʶʽʰ ˋʶ 
ʲʱˊˇˌ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ ˔ˊˈ˄ˇˎ ˁʰʽ ʷˍˋʽ ʷʴʽ˄ʰ˄ ʵˇˁʽ˃ʷˌ ʴʽʰ оуллл panelsΣ ˈˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ ʴʽʰ нуллл ˁʰʽ 
ʴʽʰ ппллл. ɱʽʰ ˍʽˌ ʵˇˁʽ˃ʷˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˃ˇ˄ˍʷ˂ˇ ʴʶ˖˃ʶˍˊʾʰˌ ˋˎˋˍʹ˃ʰˍʽˁʺˌ ˋʶʽˊʱˌ сл ˃ʶ ˋˎ˄ˍʶ˂ʶˋˍʺ 
˃ˇˊ˒ʺˌ CB Ґ лΦсл ˁʰʽ ʰˊʽʻ˃ˈ Froude FN = 0.316. ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʵˇˁʽ˃˗˄ ʷʵʶʽ˅ʰ˄ ˈˍʽ ʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹ 
ʴʽʰ ˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ʵʾ˄ʶˍʰʽ ʴʽʰ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ оуллл ˋˍˇʽ˔ʶʾ˖˄Φ ɶ ˉˇʽˈˍʹˍʰ ˍʹˌ ˋˏʴˁ˂ʽˋʹˌ ʶ˂ʷʴ˔ʶˍʰʽ 
˃ʶ ˍʹ ˃ʶˍʰʲ˂ʹˍʺ ɹzɻɹΣ ˉˇˎ ʽˋˇˏˍʰʽ ˃ʶ ˍˇ ˃ʷˋˇ ˈˊˇ ˍ˖˄ ʰˉˇ˂ˏˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ ʵʽʰ˒ˇˊ˗˄ ˍʹˌ ˎˉˇ˂ˇʴʽʸˈ˃ʶ˄ʹˌ 

ˉʾʶˋʹˌ ʰˉˈ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ʴʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇΦ ʅˎ˄ʶˉ˗ˌ ˃ʽˁˊˈˍʶˊʹ ˍʽ˃ʺ ɹzɻɹ ˋʹ˃ʰʾ˄ʶʽ ˁʰʽ ʰˁˊʽʲʷˋˍʶˊʹ ˂ˏˋʹΦ 
ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˃ʶ ˉʶˊʰʽˍʷˊ˖ ʰˏ˅ʹˋʹ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ʵʶ˄ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʶʾ˖ˋʹ ˋˍʹ˄ 

ˍʽ˃ʺ ˍˇˎ ɹzɻɹΣ ʶ˄˗ ʹ ʰˏ˅ʹˋʹ ʰˉˈ ˍʰ нуллл ˋˍʰ оуллл panels ̄ ˊˇˋ˒ʷˊʶʽ ˋ˔ʶˍʽˁʺ ʲʶ˂ˍʾ˖ˋʹ ˋˍʹ˄ ʰˁˊʾʲʶʽʰ ˍʹˌ 
˂ˏˋʹˌΦ 

 
 

CB = 0.60 & FN = 0.316 Cw dz 

# panels   

28000 1.55E-03 1.31E-03 

38000 1.53E-03 1.21E-03 

44000 1.53E-03 1.21E-03 
 

ʃʾ˄ʰˁʰˌ мΥ ʅˎ˄ˍʶ˂ʶˋˍʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏ Cw ˁʰʽ ˎˉˈ˂ˇʽˉʹˌ ˉʾʶˋʹˌ ɹʵzɹ ʵʽʰ˒ˇˊʶˍʽˁˈ ʰˊʽʻ˃ˈ panels 

 

 
ɲʽʱʴˊʰ˃˃ʰ 3Υ ʅˏʴˁ˂ʽˋʹ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʴʽʰ ˁʱʻʶ ʰˊʽʻ˃ˈ panels 
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ɲʽʱʴˊʰ˃˃ʰ 4Υ ʆʽ˃ʷˌ ˍˇˎ Cw ɹ ʽʰ ˍˇ˄ ˁʱʻʶ ʰˊʽʻ˃ˈ panels 

 
 
 ɮˉˈ ˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ʴʾ˄ʶˍʰʽ ˋʰ˒ʷˌ ˈˍʽ ʹ ˁʰ˂ˏˍʶˊʹ ˂ˏˋʹ ʶʾ˄ʰʽ ʰˎˍʺ ˍ˖˄ оуллл panels ɹ ʽʰˍʾ ˉˊˇˋ˒ʷˊʶʽ 

˃ʽˁˊˈˍʶˊʹ ˍʽ˃ʺ ɹzɻɹ ˁʰʽ ʱˊʰ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˁˊʾʲʶʽʰ όɲʽʱʴˊʰ˃˃ʰ 3ύ ʴʽʰ ˍˇ ʾʵʽˇ ˉʶˊʾˉˇˎ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇˎ 
ˋˎ˄ˍʶ˂ʶˋˍʺ Cw (ɲʽʱʴˊʰ˃˃ʰ 4). 
 

 
ʅ˔ʺ˃ʰ 6.1Υ ʆʶ˂ʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʴʱˋˍˊʰˌ ˁʰʽ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˃ʶ оуллл panels 
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6.2 ʃʰˊˇˎˋʾʰˋʹ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 
 

[CB = 0.60 & FN = 0.290] 

 
ɶ ˉˊ˗ˍʹ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʶ ʰ˒ˇˊʱ ˉ˂ˇʾˇ ʴʶ˖˃ʶˍˊʾʰˌ ˋˎˋˍʹ˃ʰˍʽˁʺˌ ˋʶʽˊʱˌ сл ˃ʶ ˋˎ˄ˍʶ˂ʶˋˍʺ 

˃ˇˊ˒ʺˌ CB Ґ лΦсл ˁʰʽ ʰˊʽʻ˃ˈ Froude = лΦнфлΦ ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶʴʷʻʹ 
ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ 
 

MAIN PARTICULARS (CB = 0.60) 

Overall Length Loa 3.158 [m] 

Length Bet. Perp. Lbp 3.048 [m] 

Waterline Length Lwl 3.099 [m] 

Beam B 0.406 [m] 

Draft T 0.163 [m] 

Depth D 0.245 [m] 

Bilge radius r 0.064 [m] 

Displacement Volume V 0.121 [m^3] 

Wetted Surface WS 1.524 [m^2] 

Block Coeff. CB 0.599 [-] 

Prismatic Coeff. Cp 0.617 [-] 

Entr. Prismatic Coeff. Cpe 0.606 [-] 

Run Prismatic Coeff. Cpr 0.536 [-] 

Midship Coeff. Cx 0.973 [-] 

Center of Boyancy (+fwd)  LCB -1.271 [%] 

Entrance Length Le 49.97 [%] 

Midship Length Lx 10 [%] 

Run Length Lr 40.03 [%] 

***********************  *******  **********  ******  

Z-Bow ZBOW -0.022 [m] 

Z-Bulb ZBULB No Bulb [m] 

Z-mid ZMID 1.495 [m] 

Z-cut ZCUT2 2.99 [m] 

Z-stern ZSTER 3.136 [m] 

Z-hub ZHUB No Hub [m] 

 
ʃʾ˄ʰˁʰˌ 1Υ ɱʶ˖˃ʶˍˊʾʰ ˉ˂ˇʾˇˎ CB = 0.60 

 
ɾʶˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ˂ʺ˒ʻʹˁʰ˄ ˍʰ ˉʰˊʰˁʱˍ˖ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰ˄ˍʾˋˍʰˋʹˌ 

Cw ˁʰʽ ˍˇ˄ ˈˊˇ ˎˉˈ˂ˇʽˉʹˌ ˉʾʶˋʹˌ ɹzɻɹΣ ˈˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˃ʰʸʾ ˃ʶ ˍʹ˄ ʽˋˍˇˊʾʰ ˋˏʴˁ˂ʽˋʺˌ ˍˇˎˌ ̀ ˍˇ 
ʵʽʱʴˊʰ˃˃ʰ 1. ʅˍˇ˄ ˉʾ˄ʰˁʰ 2 ˒ ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˍʶ˂ʽˁʷˌ ˍʽ˃ʷˌ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˃ʶˍʱ ˍʹ ˋˏʴˁ˂ʽˋʹ ˍʹˌ ʰˊʽʻ˃ʹˍʽˁʺˌ 
˃ʶʻˈʵˇˎΦ 
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CB = 0.60 & FN = 0.290 

 values units 

Cw 1.458E-03 - 

ɹʵȊɹ 1.040E-03 - 

TOTAL RES. (ITTC) 9.7608 Nt 

TOTAL RES. (ATTC)  9.5535 Nt 

BUOYANCY 1185.2 Nt 

LCB  1.55E+00 m 

KB  -7.58E-02 m 

ɲʽʱʴˊʰ˃˃ʰ 1Υ ɹˋˍˇˊʾʰ ˋˏʴˁ˂ʽˋʹˌ ˉˇˋˇˍʺˍ˖˄ Cw         ʃʾ˄ʰˁʰˌ 2Υ ʆʽ˃ʷˌ h ˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋˏʴˁ˂ʽˋʹˌ 

 ˁʰʽ ɹzɻI ʴʽʰ CB = 0.60 ˁʰʽ FN = 0.290.   
 

 
 
 

 
 
ʅ˔ʺ˃ʰ 1Υ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ CB = 0.60 ˁ ʰʽ FN = 0.290 ̝ ˖ˊʾˌ ʲˇ˂ʲˈΦ 
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      Wave on hull      Wavecut at BMS + 10 cm 
 

 
ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉˊˇˋˍʷʻʹˁʶ ʲˇ˂ʲˈˌ ˋˍʹ˄ ˉ˂˗ˊʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˍʰ ʴʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ 

ˇˉˇʾˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˃ʶ ʲʱˋʹ ˍʽˌ ˇʵʹʴʾʶˌ ˍˇˎ A. M. Kracht (Kracht, 1978) ˁʰʽ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ 
ˉʾ˄ʰˁʰ. ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˍˇˎ ʲˇ˂ʲˇˏ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ 5.6Φ ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʷˍˊʶ˅ʶ ʴʽʰ ˍʹ ˄ʷʰ ʴʶ˖˃ʶˍˊʾʰ 

ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ ʵʽʱʴˊʰ˃˃ʰ 2. ʅˍˇ˄ ˉʾ˄ʰˁʰ 4 ˒ʰʾ˄ˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄ ˇʽ ˍʶ˂ʽˁʷˌ ˍʽ˃ʷˌ ʴʽʰ 
ˍʰ Cw ˁʰʽ ɹzɻɹ ˃ʶˍʱ ˍʹ ˋˏʴˁ˂ʽˋʹ ˍʹˌ ˃ʶʻˈʵˇˎΦ ɶ ˉʰˊʱ˃ʶˍˊˇˌ CZBROOT ̔ ˋˇˏˍʰʽ ˃ʶ ˍˇ ˏ˕ˇˌ ˍˇˎ ʲˇ˂ʲˇˏ ˉˊˇˌ ˍˇ 

ʲˏʻʽˋ˃ʰ ˍˇˎ ˉ˂ˇʾˇˎ ˋˍʹ˄ ˉˊ˖ˊʰʾʰ ˁʱʻʶˍˇ ˁʰʽ ʹ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ˁˊʾʻʹˁʶ ʰ˄ʰʴˁʰʾʰ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎ 
ʲˇ˂ʲˇˏΦ ɶ ˍʽ˃ʺ ˍˇˎ ˏ˕ˇˎˌ ˍˇˎ ʲˇ˂ʲˇˏ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ʽˁˊˈˍʶˊʹ ˉʱ˄ˍʰ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ʲˎʻʾˋ˃ʰˍˇˌ ˃ʶʾ˖˄ ˍˇ 

ˉ˂ʱˍˇˌ ˍˇˎ ʲˇ˂ʲˇˏ όʃʰˉʰ˄ʽˁˇ˂ʱˇˎΣ нллфύ. 
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1st CASE: OPTIMAL BULB 

CB 0.60 

FN  0.29 

CVPR 0.00355 

CLPR 0.03360 

CBB 0.15500 

CZB 0.60000 

CZBROOT 0.80000 

CABL 0.16000 

CABT 0.10000 

     
ʃʾ˄ʰˁʰˌ 3Υ ɱʶ˖˃ʶˍˊʾʰ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏ ʴʽʰ CB = 0.60 

 
 

 
 

 
 

 

ɲʽʱʴˊʰ˃˃ʰ 2Υ ɹˋˍˇˊʾʰ ˋˏʴˁ˂ʽˋʹˌ ˉˇˋˇˍʺˍ˖˄ Cw      ʃʾ˄ʰˁʰˌ 4: ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ʴʽʰ ʲʷ˂ˍʽˋˍˇ 
ˁʰʽ ɹʵzI ʴʽʰ CB = 0.60, FN Ґ лΦнфл ˁʰʽ ʲʷ˂ˍʽˋˍˇ ʲˇ˂ʲˈ.    ʲˇ˂ʲˈ. 
 

    
     

CB = 0.60 Optimal bulb 

 values units 

Cw 1.150E-03 - 

ɹʵȊɹ 1.013E-03 - 

TOTAL RES. (ITTC) 9.3517 Nt 

TOTAL RES. (ATTC) 9.1433 Nt 

BUOYANCY  1197.9 Nt 

LCB  1.54E+00 m 

KB -7.59E-02 m 
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ʅ˔ʺ˃ʰ нΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ case 1: CB = 0.60 optimal bulb. 
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   Wave on hull      Wavecut at BMS + 10 cm 
 
 
ɴˉʶʽˍʰΣ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏ ʴʽʰ CB Ґ лΦсл ˁʰʽ FN Ґ лΦнфлΦ ɳˉʽ˔ʶʽˊʶʾˍʰʽ ˁʱʻʶ 

˒ˇˊʱΣ ʰ˂˂ʰʴʺ ˋʶ ʷ˄ʰ ʸʶˎʴʱˊʽ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʺˁˇˎˌ ʺ ˉ˂ʱˍˇˎˌΦ ɮˉˈ ˍˇ˄ ˇˊʽˋ˃ˈ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˒ʰʾ˄ʶˍʰʽ ˄ʰ 
ˎˉʱˊ˔ʶʽ ˋˏ˄ʵʶˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ˃ʺˁˇˎˌ ˍˇˎ ʲˇ˂ʲˇˏ όCLPRύ ˁʰʽ ˍʹˌ ˉ˂ʱʴʽʰˌ ˉʰˊʰ˃ʷˍˊˇˎ όCABL), 
ˈˉ˖ˌ ˁʰʽ ˍʹˌ ̄ ʰˊʰ˃ʷˍˊˇˎ ˉ˂ʱˍˇˎˌ όCBBύ ˃ʶ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ ʶʴˁʱˊˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ όCABTύΦ ɳˉʽ˂ʷ˔ʻʹˁʶ ʷˍˋʽ ˄ʰ 
ʴʾ˄ʶʽ ˃ʶ˂ʷˍʹ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˃ʶˍʰʲˇ˂ʺˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʺˁˇˎˌ ˁʰˍʱ ҕмл҈ ˁʰʽ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉ˂ʱˍˇˎˌ 

ҕмл҈Φ ʃˊˇʷˁˎ˕ʰ˄ ʷˍˋʽ п ˄ʷˇʽ ʲˇ˂ʲˇʾΣ ˇʽ ˇˉˇʾˇʽ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˃ʶ ˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ ˃ʷʻˇʵˇ ˁʰʽ ˍʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʵˇˁʽ˃˗˄ ˒ʰʾ˄ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 
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ü ʃʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃ʶ Ҍмл҈ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ CBB ˁ ʰʽ CABT 
 

 
 

Case +10% CBB, CABT BULB 

CB 0.60 

FN 0.29 

CVPR 0.00355 

CLPR 0.03360 

CBB 0.17050 

CZB 0.60000 

CZBROOT 0.80000 

CABL 0.16000 

CABT 0.11000 

 

ʃʾ˄ʰˁʰˌ 5Υ ɱʶ˖˃ʶˍˊʾʰ ˍˇˎ ʲˇ˂ʲˇˏ  
 

 
 

ɲʽʱʴˊʰ˃˃ʰ 3Υ ɹˋˍˇˊʾʰ ˋˏʴˁ˂ʽˋʹˌ ˉˇˋˇˍʺˍ˖˄ Cw ˁ ʰʽ ɹʵzI   ʃʾ˄ʰˁʰˌ 6Υ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ʴʽʰ 
ʴʽʰ CB = 0.6, FN Ґ лΦнфл ˁʰʽ Ҍмл҈ ɰ ʲˇ˂ʲˈ.    Ҍмл҈ ɰ ʲˇ˂ʲˈ. 

 
 

 
 
 
 

 
 

CB = 0.60 +10% CBB, CABT bulb 

 values units 

Cw 1.016E-03 - 

ɹʵȊɹ -9.749E-04 - 

TOTAL RES. (ITTC) 9.0768 Nt 

TOTAL RES. (ATTC) 8.8679 Nt 

BUOYANCY  1200 Nt 

LCB  1.53E+00 m 

KB  -7.59E-02 m 

0.00E+00

5.00E-04

1.00E-03

1.50E-03

2.00E-03

2.50E-03

3.00E-03

0 500 1000 1500 2000

C
w

, ɹ
zɻɹ

Steps

p60bclbp   Cw & dz - Steps 

dz - Steps

Cw - Steps
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ʅ˔ʺ˃ʰ оΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ case 2: CB = 0.60 bclbp. 
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   Wave on hull      Wavecut at BMS + 10 cm 
 

ü ʃʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃ʶ -мл҈ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ CBB ˁ ʰʽ CABT 
 

CASE -10% CBB, CABT BULB 

CB 0.60 

FN 0.29 

CVPR 0.00355 

CLPR 0.03360 

CBB 0.13950 

CZB 0.60000 

CZBROOT 0.80000 

CABL 0.16000 

CABT 0.09000 

 

 
 

 
 

 
 

 
 
 
 

 
 
 
 

ɲʽʱʴˊʰ˃˃ʰ 4Υ ɹˋˍˇˊʾʰ ˋˏʴˁ˂ʽˋʹˌ ˉˇˋˇˍʺˍ˖˄ Cw ˁ ʰʽ ɹʵzI   ʃʾ˄ʰˁʰˌ 7Υ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ʴʽʰ 
 ʴʽʰ CB = 0.6, FN Ґ лΦнфл ˁʰʽ -мл҈ ɰ ʲˇ˂ʲˈ.     -мл҈ ɰ ʲˇ˂ʲˈ. 

CB = 0.60 p60bclbm 

 values units 

Cw 1.208E-03 - 

ɹʵȊɹ 9.830E-04 - 

TOTAL RES. (ITTC) 9.4922 Nt 

TOTAL RES. (ATTC) 9.2841 Nt 

BUOYANCY  1196.1 Nt 

LCB  1.54E+00 m 

KB  -7.58E-02 m 

0.00E+00
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1.00E-03
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2.00E-03

2.50E-03

3.00E-03
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Steps

p60bclbm   Cw & dz - Steps 

dz - Steps

Cw - Steps
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ʅ˔ʺ˃ʰ пΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ case 3: CB = 0.60 bclbm. 
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      Wave on hull              Wavecut at BMS + 10 cm 
 
ü ʃʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃ʶ Ҍмл҈ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ CLPR ˁ ʰʽ CABL 
 

CASE +10% CLPR, CABL BULB 

CB 0.60 

FN 0.29 

CVPR 0.00355 

CLPR 0.03696 

CBB 0.15500 

CZB 0.60000 

CZBROOT 0.80000 

CABL 0.17600 

CABT 0.10000 

 

 
ɲʽʱʴˊʰ˃˃ʰ 5Υ ɹˋˍˇˊʾʰ ˋˏʴˁ˂ʽˋʹˌ ˉˇˋˇˍʺˍ˖˄ Cw ˁ ʰʽ ɹʵzI   ʃʾ˄ʰˁʰˌ 8Υ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ʴʽʰ 

 ʴʽʰ CB = 0.6, FN Ґ лΦнфл ˁʰʽ Ҍмл҈ L ʲˇ˂ʲˈ.     +10% L ʲˇ˂ʲˈ. 

CB = 0.60 p60bcllp 

 values units 

Cw 1.162E-03 - 

ɹʵȊɹ 9.796E-04 - 

TOTAL RES. (ITTC) 9.407 Nt 

TOTAL RES. (ATTC) 9.1987 Nt 

BUOYANCY 1198.3 Nt 

LCB  1.54E+00 m 

KB  -7.59E-02 m 
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p60bcllp   Cw & dz - Steps 

dz - Steps

Cw - Steps
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ʅ˔ʺ˃ʰ рΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ case 4: CB = 0.60 bcllp. 
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          Wave on hull      Wavecut at BMS + 10 cm 
 
ü ʃʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃  ʁ-мл҈ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ CLPR ˁ ʰʽ CABL 

 

CASE -10% CLPR, CABL BULB 

CB 0.60 

FN 0.29 

CVPR 0.00355 

CLPR 0.03024 

CBB 0.15500 

CZB 0.60000 

CZBROOT 0.80000 

CABL 0.14400 

CABT 0.10000 

 

ɲʽʱʴˊʰ˃˃ʰ 6: ɹˋˍˇˊʾʰ ˋˏʴˁ˂ʽˋʹˌ ˉˇˋˇˍʺˍ˖˄ Cw ˁ ʰʽ ɹʵzI      ʃʾ˄ʰˁʰˌ 9Υ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ʴʽʰ 

 ʴʽʰ CB = 0.6, FN Ґ лΦнфл ˁʰʽ Ҍмл҈ ɰ ʲˇ˂ʲˈ.     Ҍмл҈ ɰ ʲˇ˂ʲˈ.   

CB = 0.60 p60bcllm 

 values units 

Cw 1.164E-03 - 

ɹʵȊɹ 9.832E-04 - 

TOTAL RES. (ITTC) 9.3523 Nt 

TOTAL RES. (ATTC) 9.1437 Nt 

BUOYANCY 1197.5 Nt 

LCB  1.54E+00 m 

KB  -7.59E-02 m 

0.00E+00
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ʅ˔ʺ˃ʰ сΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ case 5: CB = 0.60 bcllm. 
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   Wave on hull      Wavecut at BMS + 10 cm 
 
 

ʅˏʴˁˊʽˋʹ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ̀ ˎ˄ˍʶ˂ʶˋˍʺ ˃ˇˊ˒ʺˌ CB = 0.60 
 

ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʴʾ˄ʶˍʰʽ ʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˍʽ˃˗˄ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏ ʴʽʰ ˍʰ ˉ˂ˇʾʰ ˃ʶ 
ˋˎ˄ˍʶ˂ʶˋˍʺ CB Ґ лΦслΦ ɮˊ˔ʽˁʱΣ ˋˎʴˁˊʾ˄ʶˍʰʽ ʹ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏ ˁʰʽ ˍˇˎ ˉ˂ˇʾˇˎ ˔˖ˊʾˌ ʲˇ˂ʲˈ 
ʴʽʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʷʵ˖ˋʶ ʹ ʻʶ˖ˊʾʰ ʵˎ˄ʰ˃ʽˁˇˏ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˎʴˁˊʾ˄ʶˍʰʽ ˇ ʲʷ˂ˍʽˋˍˇˌ ʲˇ˂ʲˈˌ ˋʶ 
ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ п ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ ˁʰʽ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ˍˇ ʰ˄ ˁʰʽ ˁʰˍʱ ˉˈˋˇ ʶʾ˄ʰʽ ʶˏˋˍˇ˔ʶˌ ˇʽ ˉˊˇʲ˂ʷ˕ʶʽˌ 
ˍˇˎ A.M. KrachtΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʰˊʰʻʷˍˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

 
 

ɮ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ˉ˂ˇʾˇˎ ˔˖ˊʾˌ ʲˇ˂ʲˈ vsΦ ˉ˂ˇʾˇ ˃ʶ ˍˇ˄ ʲʷ˂ˍʽˋˍˇ ʲˇ˂ʲˈ 
 

 ɮˉˈ ˍˇ ʵʽɦɹ ˊʰ˃˃ʰ ˁʰʽ ˍˇ˄ ˉʾ˄ʰˁʰΣ ˒ʰʾ˄ʶˍʰʽ 
ˁʰʻʰˊʱ ʹ ˎˉʶˊˇ˔ʺ ˍˇˎ ˉ˂ˇʾˇˎ ˃ʶ ʲˇ˂ʲˈΣ ˈˋˇ˄ 
ʰ˒ˇˊʱ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏΦ ɶ ˍʶ˂ʶˎˍʰʾʰ 
ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʶʽ˖˃ʷ˄ʹ ˁʰˍʱ ˉʶˊʾˉˇˎ 20% 
ˉʰˊˇˎˋʾʰ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏΦ ɾʽʰ ˍʷˍˇʽʰ 
ˉˍ˗ˋʹ ˍʹˌ ˍʽ˃ʺˌ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ʺˍʰ˄ 

ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍʺ ʹ 
˔ˊʹˋʽ˃ˈˍʹˍʰ ˍˇˎ ʲˇ˂ʲˇˏ ˋʶ ˂ʶˉˍˈʴˊʰ˃˃ʰ ˁʰʽ 
ʴˊʺʴˇˊʰ ˉ˂ˇʾʰ ˈˉ˖ˌ ʰˎˍˈ ˍʹˌ ˋʶʽˊʱˌ сл ˃ʶ CB = 
лΦсл ˁʰʽ FN = 0.290. 

 
 

CB = 0.60 & FN = 0.290 

 Normal run Optimal bow run ɲCw 

Cw 1.458E-03 1.150E-03 -21.12% 
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Cb0.60Fn0.290   Cw - Steps
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ɮ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ˉ˂ˇʾˇˎ ˃ʶ ʲʷ˂ˍʽˋˍˇ ʲˇ˂ʲˈ vsΦ ˉ˂ˇʾˇ ˃ʶ ʲˇ˂ʲˈ ˃ʶ ˉʰˊʰ˂˂ʰʴʷˌ 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ʵʽʱʴˊʰ˃˃ʰ ˁʰʽ ˍˇ˄ ˉʾ˄ʰˁʰ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ʹ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ʰˎ˅ʱ˄ʶˍʰʽ ˃ʶ ˍʹ˄ 

ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏ ʶˁˍˈˌ ʰˉˈ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʰˎ˅ʱ˄ˇˎ˃ʶ ˍˇ ˉ˂ʱˍˇˌ ˁʰʽ ˍʹ˄ ʶʴˁʱˊˋʽʰ 
ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʲˇ˂ʲˇˏ ˁʰˍʱ мл҈Φ ɮˉˇʵʶʽˁ˄ˏʶˍʰʽ ˈˍʽ ʷ˄ʰˌ ˉʽˇ ζʴʶ˃ʱˍˇˌη ʲˇ˂ʲˈˌ ˉˊˇˋʵʾʵʶʽ ˁʰ˂ˏˍʶˊʶˌ 

ʽʵʽˈˍʹˍʶˌ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˋʶ ʷ˄ʰ ˋ˔ʶˍʽˁʱ ʴˊʺʴˇˊˇ ˁʰʽ ˂ʶˉˍˈʴˊʰ˃˃ˇ ˉ˂ˇʾˇΦ 
ʅˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˋˍʺ˂ʹ ˍˇˎ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˉˊˇʲ˂ʷ˕ʶʽˌ ˉˇˎ ʶʾ˔ʶ ˁʱ˄ʶʽ ˇ Kracht ʴʽʰ ˍʹ˄ ʵʽʰ˒ˇˊʱ 

ˋˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʷ˔ʶʽ ʹ ˁʱʻʶ ˃ʶˍʰʲˇ˂ʺ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˋ˔ʶʵʾʰˋʹˌ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ 
ʲˇ˂ʲˇˏΦ ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ˋʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌ ˇʽ ˉˊˇʲ˂ʷ˕ʶʽˌ ˍˇˎ ʵʶ˄ ʶʾ˄ʰʽ ʶˏˋˍˇ˔ʶˌΣ ˁʰʻ˗ˌ ˁʰʽ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ 

ʵʶ˄ ʵʽˁʰʽˇ˂ˇʴʶʾˍʰʽ ˇ ˍʾˍ˂ˇˌ ˍˇˎ «ʲʷ˂ˍʽˋˍˇˎ» ʴʽʰ ˍˇ˄ ʲˇ˂ʲˈ ˉˇˎ ʷ˔ʶʽ ʶˉʽ˂ʷ˅ʶʽ.  
ɳʾ˄ʰʽ ˂ˇʴʽˁˈ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ ʶ˄ˍʶ˂˗ˌ ʶˏˋˍˇ˔ʶˌ ˇʽ ˉʰˊʰˍʹˊʺˋʶʽˌ ˍˇˎ KrachtΣ ˁʰʻ˗ˌ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ 

ʵʽʰʴˊʰ˃˃ʱˍ˖˄ ʰˉˈ ˍʰ ˇˉˇʾʰ ʶˁ˂ʷ˔ʻʹˁʰ˄ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ʴʽʰ ʰˎˍʺ ˍʹ˄ ʶˊʴʰˋʾʰΣ ʷ˔ʶʽ ʲʰˋʽˋˍʶʾ ˁʰˍʱ ʷ˄ʰ ˃ʷˊˇˌ 
ˋʶ ˉʶʽˊʱ˃ʰˍʰ ˋʶ ʵʶ˅ʰ˃ʶ˄ʺ ˁʰʽ ˁʰˍʱ ʷ˄ʰ ˃ʷˊˇˌ ˋˍʹ ʴˊʰ˃˃ʽˁʺ ʻʶ˖ˊʾʰ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏ, (Inui, 

Takahei, & Kumano, 1961; Weinblum, 1935; Wigley, 1935)Σ ʵʹ˂ʰʵʺΣ ˈ˔ʽ ʶ˅ ˇ˂ˇˁ˂ʺˊˇˎ ˋʶ ˉʶʽˊʱ˃ʰˍʰΦ ɲʶ˄ ʶʾ˄ʰʽ 
ʵʹ˂ʰʵʺ ʵʶʵˇ˃ʷ˄ˇ ˈˍʽ ˇʽ ˉʰˊʰ˂˂ʰʴʷˌ ˍ˖˄ ʲˇ˂ʲ˗˄ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˁʰʽ ˋʶ ʲˇ˂ʲˇˏˌ ˉˇˎ 
ˎˉʱˊ˔ˇˎ˄ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΦ ʃʽʻʰ˄ʷˌ ʰˋˍˇ˔ʾʶˌ ˃ˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 

ʵʽʰˋˍʱˋʶʽˌ ʴʽʰ ˍʹ ʴʱˋˍˊʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶΣ ˃ʶ ʰˎˍʷˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ 
ʵʽʰʴˊʰ˃ ˃ɦ̱˖˄Φ 

Test cases for CB = 0.60 & FN = 0.290 

 Cw ɲ/ǿ ŀŦǘŜǊ ǇƻǘŜƴǘƛŀƭ Ǌǳƴ ɲ/ǿ YǊŀŎƘǘϥǎ ǇǊŜŘƛŎǘƛƻƴ 

1st Case: Optimal bulb 1.15E-03 - - 

2nd Case: +10% CBB, CABT bulb 1.02E-03 -13.13% -0.4% 

3rd Case: -10% CBB, CABT bulb 1.21E-03 4.84% 3.50% 

4th Case: +10% CLPR, CABL bulb 1.16E-03 1.07% 7.35% 

5th Case: -10% CLPR, CABL bulb 1.16E-03 1.27% -5.85% 
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ʅˏʴˁˊʽˋʹ ʽˋˇː˕˗˄ ̱ ˇ˃˗˄ ˁʰʽ ˎˉʷˊʻʶˋʹ ˍ˖˄ wavecuts ɹ ʽʰ Cɰ = 0.60 
 

              NORMAL VIEW      ZOOMED ς IN 
 

 

ʅ˔ʺ˃ʰ 7: case 1: Optimal bulb (ˉʱ˄˖) VS. bulbless ship (ˁ ʱˍ˖) 

 
 
 

 

ʅ˔ʺ˃ʰ 8: case 1: Optimal bulb (ˉʱ˄˖) VS. case 3: bclbm (ˁʱˍ˖) 
 

 
 

 
ʅ˔ʺ˃ʰ 9: case 1: Optimal bulb (ˉʱ˄˖) VS. case 2: bclbp (ˁʱˍ˖) 
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          NORMAL VIEW                     ZOOMED ς IN 
 

 

ʅ˔ʺ˃ʰ 10: case 1: Optimal bulb (ˉʱ˄˖) VS. case 5: bcllm (ˁʱˍ˖) 

 
 

 

ʅ˔ʺ˃ʰ 11: case 1: Optimal bulb (ˉʱ˄˖) VS. case 4: bcllp (ˁʱˍ˖) 

 
 
 

 
ɲʽʱʴˊʰ˃˃ʰ 7Υ ʅˏʴˁˊʽˋʹ ˍ˖˄ wavecuts ˋʶ ʰˉˈˋˍʰˋʹ млcm ʰˉˈ ˍˇ BMS  ʴʽʰ CB = 0.60. 
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ɲʽʱʴˊʰ˃˃ʰ 8Υ ʆˇ ˏ˕ˇˌ ˍˇˎ ˁˏ˃ʰˍˇˌ ˋˍʹ ʻʷˋʹ ˍʹˌ ˉ˂˗ˊʹˌ ˋʶ ʰˉˈˋˍʰˋʹ BMS + 10cm ʴʽʰ CB = 0.60. 

 
 ʆh ˉʰˊʰˉʱ˄˖ ʵʽʰɹ ˊʰɦ˃˃ʰ̱h  όт ϧ уύ ʵʶʾ˔˄ˇˎ˄ ˍˇ ˏ˕ˇˌ ˍˇˎ ˁˏ˃ʰˍˇˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ˉ˂˗ˊʹˌΦ ʂˉ˖ˌ 
˃ˉˇˊʶʾ ˄ʰ ˉʰˊʰˍʹˊʹʻʶʾΣ ˍˇ ˏ˕ˇˌ ˁˏ˃ʰˍˇˌ ˋˍʹ˄ ˉ˂˗ˊʹ ʴʽʰ ˉ˂ˇʾˇ ˔˖ˊʾˌ ʲˇ˂ʲˈ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ˁʰˍʱ нл҈ 
ˉʶˊʾˉˇˎΦ ɳʾ˄ʰʽ ʰˋ˒ʰ˂ʷˌ ˄ʰ ʲʴʱ˂ˇˎ˃ʶ ˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˈˍʽ ˃ʶʴʰ˂ˏˍʶˊˇˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏ 
Cw ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˃ʶʴʰ˂ˏˍʶˊˇ ˁˏ˃ʰ ˋˍʹ˄ ˉ˂˗ˊʹΦ ʅˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ˉ˂˗ˊʹˌ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʰˍʹˊʹʻʶʾ ʶˉʾˋʹˌ 
ʹ ʶˉʰ˂˂ʹ˂ʾʰ ˍ˖˄ ˁˎ˃ʱˍ˖˄ ˂ˈʴ˖ ˍʹˌ ˏˉʰˊ˅ʹˌ ˍˇˎ ʲˇ˂ʲˇˏ ˇ ˇˉˇʾˇˌ ˉˊˇˁʰ˂ʶʾ ʻˊʰˏˋʹ ˍˇˎ ˁˏ˃ʰˍˇˌ. 

 
 

ʅˏʴˁˊʽˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰ˄ˍʾˋˍʰˋʹˌ ˉʾʶˋʹˌ Cp ̍ ˂˖˄ ˍ˖˄ cases 
 

 

 
 

ɲʽʱʴˊʰ˃˃ʰ 9Υ ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ Cp ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʴʱˋˍˊʰˌΦ 
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ɲʽʱʴˊʰ˃˃ʰ 10Υ ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ Cp ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʴʱˋˍˊʰˌ ˋʶ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹΦ 
 

 

 ʅˍʰ ˉʰˊʰˉʱ˄˖ ʵʽʰʴˊʱ˃˃ʰˍʰ (9 & 10) ̄ ʰˊʽˋˍʱˍʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˉʾʶˋʹˌ Cp ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ 
ʴʱˋˍˊʰˌ ˍˇˎ ˉ˂ˇʾˇˎ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄Φ ɱʽʰ ˍʹ˄ ˉʰˊˇˏˋʰ ʷˊʶˎ˄ʰ ʹ ʰ˄ˍʾˋˍʰˋʹ ˉʾʶˋʹˌ 

ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ, ɦ ˊʰ ˍˇ Cp ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ˍˇ Cw. ɳ˄ʵʽʰ˒ʷˊˇ˄ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ 
ʴʶʴˇ˄ˈˌ ˈˍʽ ʶ˄˗ ˇ ʲˇ˂ʲˈˌ ʰˎ˅ʱ˄ʶʽ ʰˊ˔ʽˁʱ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˋˍʹ˄ ˉ˂˗ˊʹΣ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ˃ʶʽ˗˄ʶʽ ˍʽˌ 

ˉʽʷˋʶʽˌ ˈˋˇ ˉʹʴʰʾ˄ˇˎ˃ʶ ˉˊˇˌ ˍʹ˄ ˉˊˏ˃˄ʹΣ ʶˉʶʽʵʺ ʶˉʽʵˊʱ ˋˍˇ ˋˏˋˍʹ˃ʰ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Φ ɶ ˋˎ˄ˇ˂ʽˁʺ 
ʶˉʾʵˊʰˋʹ ˍˇˎ ʲˇ˂ʲˇˏ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ʶʾ˄ʰʽ ʶˎʶˊʴʶˍʽˁʺΣ ˁʰʻ˗ˌ ˁˊʰˍʱʶʽ ʰˎˍˈ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˉˍ˗ˋʹˌ ˉʾʶˋʹˌ 

˃ʷ˔ˊʽ ˍʹ˄ ˉˊˏ˃˄ʹΣ ˃ʶ ˃ˈ˄ʹ ʰˏ˅ʹˋʹ ʰˎˍʺ ˉˇˎ ˋˎ˃ʲʰʾ˄ʶʽ ˋˍʹ˄ ˉ˂˗ˊʹΦ 
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[CB = 0.70 & FN = 0.260] 
 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶ˅ʶˍʱˋˍʹˁʶ ˉ˂ˇʾˇ ʴʶ˖˃ʶˍˊʾʰˌ ˋˎˋˍʹ˃ʰˍʽˁʺˌ ˋʶʽˊʱˌ сл ˃ʶ ˋˎ˄ˍʶ˂ʶˋˍʺ ˃ˇˊ˒ʺˌ CB= 0.70 
ˁʰʽ ʰˊʽʻ˃ˈ Froude Ґ лΦнслΦ ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶʴʷʻʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ 

  
 

MAIN PARTICULARS (CB = 0.70) 

Overall Length Loa 3.15800 [m] 

Length Bet. Perp. Lbp 3.04800 [m] 

Waterline Length Lwl 3.09900 [m] 

Beam B 0.469 [m] 

Draft T 0.163 [m] 

Depth D 0.245 [m] 

Bilge radius r 0.051 [m] 

Displacement Volume V 0.163 [m^3] 

Wetted Surface WS 1.783 [m^2] 

Block Coeff. CB 0.70 [-] 

Prismatic Coeff. Cp 0.71 [-] 

Entr. Prismatic Coeff. Cpe 0.642 [-] 

Run Prismatic Coeff. Cpr 0.69900 [-] 

Midship Coeff. Cx 0.98500 [-] 

Center of Boyancy (+fwd) LCB -1.53100 [%] 

Entrance Length Le 41.92600 [%] 

Midship Length Lx 11.86100 [%] 

Run Length Lr 46.21300 [%] 

*************************************************************************  

Z-Bow ZBOW -0.022 [m] 

Z-Bulb ZBULB No Bulb [m] 

Z-mid ZMID 1.495 [m] 

Z-cut ZCUT2 2.99 [m] 

Z-stern ZSTER 3.136 [m] 

Z-hub ZHUB No Hub [m] 

 
ʃʾ˄ʰˁʰˌ 1Υ ɱʶ˖˃ʶˍˊʾʰ ˉ˂ˇʾˇˎ CB = 0.70 

 
ɾʶˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ˂ʺ˒ʻʹˁʰ˄ ˍʰ ˉʰˊʰˁʱˍ˖ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰ˄ˍʾˋˍʰˋʹˌ 

Cw ˁʰʽ ˍˇ˄ ˈˊˇ ˎˉˈ˂ˇʽˉʹˌ ˉʾʶˋʹˌ ɹzɻɹΦ ʅˍˇ˄ ˉʾ˄ʰˁʰ 2 ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˍʶ˂ʽˁʷˌ ˍʽ˃ʷˌ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˃ʶˍʱ ˍʹ 
ˋˏʴˁ˂ʽˋʹ ˍʹˌ ʰˊʽʻ˃ʹˍʽˁʺˌ ˃ʶʻˈʵˇˎΦ 
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CB = 0.70 & FN = 0.260 

 values units 

Cw 2.171E-03 - 

ɹʵȊɹ 1.369E-03 - 

TOTAL RES. (ITTC) 10.74 Nt 

TOTAL RES. (ATTC) 10.531 Nt 

BUOYANCY 1594.6 Nt 

LCB  1.55E+00 m 

KB  -7.76E-02 m 

     ʃʾ˄ʰˁʰˌ 2Υ ʆʽ˃ʷˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋˏʴˁ˂ʽˋʹˌ  
 
 

 
 

 
 

 

 
 

ʅ˔ʺ˃ʰ 1Υ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ 
(ʰˁˇ˂ˇˎʻʶʾύ ʴʽʰ normal: CB = 0.70 ˁ ʰʽ FN = 0.260. 
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  Wave on hull       Wavecut at BMS + 10 cm 
 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉˊˇˋˍʷʻʹˁʶ ʲˇ˂ʲˈˌ ˋˍʹ˄ ˉ˂˗ˊʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˍʰ ʴʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ 
ˇˉˇʾˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˃ʶ ʲʱˋʹ ˍʽˌ ˇʵʹʴʾʶˌ ˍˇˎ A. M. Kracht (Kracht, 1978) ˁʰʽ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ 

ˉʾ˄ʰˁʰΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˍˇˎ ʲˇ˂ʲˇˏ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ 5.6Φ ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʷˍˊʶ˅ʶ ʴʽʰ ˍʹ ˄ʷʰ ʴʶ˖˃ʶˍˊʾʰ 
ˁʰʽ ˋˍ̌˄ ˉʾ˄ʰˁʰ 4 ˒ʰʾ˄ˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄ ˇʽ ˍʶ˂ʽˁʷˌ ˍʽ˃ʷˌ ʴʽʰ ˍʰ Cw ˁʰʽ ɹzɻɹ ˃ʶˍʱ ˍʹ ˋˏʴˁ˂ʽˋʹ ˍʹˌ ˃ʶʻˈʵˇˎΦ 

ɶ ˉʰˊʱ˃ʶˍˊˇˌ CZBROOT ̔ ˋˇˏˍʰʽ ˃ʶ ˍˇ ˏ˕ˇˌ ˍˇˎ ʲˇ˂ʲˇˏ ˉˊˇˌ ˍˇ ʲˏʻʽˋ˃ʰ ˍˇˎ ˉ˂ˇʾˇˎ ˋˍʹ˄ ˉˊ˖ˊʰʾʰ ˁʱʻʶˍˇ ˁʰʽ 
ʹ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ˁˊʾʻʹˁʶ ʰ˄ʰʴˁʰʾʰ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ʲˇ˂ʲˇˏΦ ɶ ˍʽ˃ʺ ˍˇˎ ˏ˕ˇˎˌ ˍˇˎ ʲˇ˂ʲˇˏ ˂ʰ˃ʲʱ˄ʶˍʰʽ 

˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ʲˎʻʾˋ˃ʰˍˇˌ ˃ʶʾ˖˄ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ʲˇ˂ʲˇˏ όʃʰˉʰ˄ʽˁˇ˂ʱˇˎΣ нллфύ. 
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1st CASE OPTIMAL BULB 

CB 0.70 

FN 0.26 

CVPR 0.00585 

CLPR 0.03695 

CBB 0.19000 

CZTIP 0.57500 

CZBROOT 0.85000 

CABL 0.16150 

CABT 0.12250 

ʃʾ˄ʰˁʰˌ оΥ ɱʶ˖˃ʶˍˊʾʰ ʲʷ˂ˍʽˋˍˇˎ      ʃʾ˄ʰˁʰˌ 4: ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ʴʽʰ ʲʷ˂ˍʽˋˍˇ ʲˇ˂ʲˈ 
 ʲˇ˂ʲˇˏ ʴʽʰ CB = 0.70. 
 
 
 
 
 

 
 

ʅ˔ʺ˃ʰ нΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ 

όʰˁˇ˂ˇˎʻʶʾύ ʴʽʰ case 1: CB = 0.70 optimal bulb. 
 

 
 

 

CB = 0.70 p70bcl 

 values units 

Cw 1.964E-03 - 

ɹʵȊɹ 1.302E-03 - 

TOTAL RES. (ITTC) 1.05E+01 Nt 

TOTAL RES. (ATTC) 10.245 Nt 

BUOYANCY 1610.7 Nt 

LCB  1.54E+00 m 

KB  -7.76E-02 m 
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        Wave on hull          Wavecut at BMS + 10 cm 
 

 ɴˉʶʽˍʰΣ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏ ʴʽʰ CB = 0.7л ˁʰʽ FN = 0.26лΦ ɳˉʽ˔ʶʽˊʶʾˍʰʽ 
ˁʱʻʶ ˒ˇˊʱΣ ʰ˂˂ʰʴʺ ˋʶ ʷ˄ʰ ʸʶˎʴʱˊʽ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʺˁˇˎˌ ʺ ˉ˂ʱˍˇˎˌΦ ɮˉˈ ˍˇ˄ ˇˊʽˋ˃ˈ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ 

˒ʰʾ˄ʶˍʰʽ ˄ʰ ˎˉʱˊ˔ʶʽ ˋˏ˄ʵʶˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ˃ʺˁˇˎˌ ˍˇˎ ʲˇ˂ʲˇˏ όCLPRύ ˁʰʽ ˍʹˌ ˉ˂ʱʴʽʰˌ 
ˉʰˊʰ˃ʷˍˊˇˎ όCABLύΣ ˈˉ˖ˌ ˁʰʽ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ˉ˂ʱˍˇˎˌ όCBBύ ˃ʶ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ ʶʴˁʱˊˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ όCABT). 

ɳˉʽ˂ʷ˔ʻʹˁʶ ʷˍˋʽ ˄ʰ ʴʾ˄ʶʽ ˃ʶ˂ʷˍʹ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˃ʶˍʰʲˇ˂ʺˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʺˁˇˎˌ ˁʰˍʱ ҕмл҈ ˁʰʽ ˍ˖˄ 
ˉʰˊʰ˃ʷˍˊ˖˄ ˉ˂ʱˍˇˎˌ ҕмл҈Φ ʃˊˇʷˁˎ˕ʰ˄ ʷˍˋʽ п ˄ʷˇʽ ʲˇ˂ʲˇʾΣ ˇʽ ˇˉˇʾˇʽ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˃ʶ ˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ 

˃ʷʻˇʵˇ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʵˇˁʽ˃˗˄ ˒ʰʾ˄ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 
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ü 2  ́̄ ʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃ʶ Ҍмл҈ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ CBB ˁ ʰʽ CABT 

 

2nd CASE +10% CBB & CABT 

CB 0.70 

FN 0.26 

CVPR 0.00585 

CLPR 0.03695 

CBB 0.20900 

CZTIP 0.57500 

CZBROOT 0.85000 

CABL 0.16150 

CABT 0.13475 

       ʃʾ˄ʰˁʰˌ 5Υ ɱʶ˖˃ʶˍˊʾʰ ˍˇˎ ʲˇ˂ʲˇˏ   ʃʾ˄ʰˁʰˌ 6Υ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ʴʽʰ Ҍмл҈ ɰ ʲˇ˂ʲˈ. 

 
 

 

 
 

 
 
ʅ˔ʺ˃ʰ оΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ 

όʰˁˇ˂ˇˎʻʶʾύ ʴʽʰ case 2: CB = 0.70 bclbp. 
 

CB = 0.70 p70bclbp 
 values units 

Cw 1.917E-03 - 

ɹʵȊɹ 1.309E-03 - 

TOTAL RES. (ITTC) 10.43 Nt 

TOTAL RES. (ATTC) 10.22 Nt 

BUOYANCY 1613.2 Nt 

LCB  1.53E+00 m 

KB  -7.76E-02 m 
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     Wave on hull             Wavecut at BMS + 10 cm   
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ü 3  ́̄ ʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃ʶ -мл҈ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ CBB ˁ ʰʽ CABT 

 
 

 
 

 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

 
 

ʅ˔ʺ˃ʰ пΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ 

όʰˁˇ˂ˇˎʻʶʾύ ʴʽʰ case 3: CB = 0.70 bclbm. 
 

 
 

3rd CASE -10% CBB & CABT 

CB 0.70 

FN 0.26 

CVPR 0.00585 

CLPR 0.03695 

CBB 0.17100 

CZTIP 0.57500 

CZBROOT 0.85000 

CABL 0.16150 

CABT 0.11025 

CB = 0.70 p70bclbm 

 values units 

Cw 1.987E-03 - 

ɹʵȊɹ 1.295E-03 - 

TOTAL RES. (ITTC) 10.567 Nt 

TOTAL RES. (ATTC) 10.358 Nt 

BUOYANCY 1608.5 Nt 

LCB  1.54E+00 m 

KB -7.76E-02 m 
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  Wave on hull       Wavecut at BMS + 10 cm 
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ü 4  ́̄ ʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃ ʁ+10% ̱ ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ̄ ʰˊʰ˃ʷˍˊˇˎˌ CLPR ˁ ʰʽ CABL 

 
 

 
 

 
 
 
 
 

 
 
 

 
 
 

 
 
 
 
 

 
 

ʅ˔ʺ˃ʰ рΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ 
όʰˁˇ˂ˇˎʻʶʾύ ʴʽʰ case 4: CB = 0.70 bcllp. 

 

4th CASE +10% CLPR, CABL 

CB 0.70 

FN 0.26 

CVPR 0.00585 

CLPR 0.04065 

CBB 0.19000 

CZTIP 0.57500 

CZBROOT 0.85000 

CABL 0.17765 

CABT 0.12250 

CB = 0.70 p70bcllp 

 values units 

Cw 1.973E-03 - 

ɹʵȊɹ 1.280E-03 - 

TOTAL RES. (ITTC) 10.608 Nt 

TOTAL RES. (ATTC) 10.399 Nt 

BUOYANCY 1611.6 Nt 

LCB  1.54E+00 m 

KB   -7.76E-02 m 
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   Wave on hull      Wavecut at BMS + 10 cm 
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ü 5  ́̄ ʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃ ʁ-10% ̱ ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ CLPR ˁ ʰʽ CABL 

 
 

 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 

ʅ˔ʺ˃ʰ сΥ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ 
όʰˁˇ˂ˇˎʻʶʾύ ʴʽʰ case 5: CB = 0.70 bcllm. 

 
 
 

5th CASE -10% CLPR, CABL 

CB 0.70 

FN 0.26 

CVPR 0.00585 

CLPR 0.03326 

CBB 0.19000 

CZTIP 0.57500 

CZBROOT 0.85000 

CABL 0.14535 

CABT 0.12250 

CB = 0.70 p70bcllm 

 values units 

Cw 1.936E-03 - 

ɹʵȊɹ 1.309E-03 - 

TOTAL RES. (ITTC) 10.357 Nt 

TOTAL RES. (ATTC) 10.147 Nt 

BUOYANCY 1610.1 Nt 

LCB 1.54E+00 m 

KB  -7.76E-02 m 
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   Wave on hull           Wavecut at BMS + 10 cm 
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ʅˏʴˁˊʽˋʹ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ̀ ˎ˄ˍʶ˂ʶˋˍʺ ˃ˇˊ˒ʺˌ CB = 0.70 
 

ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʴʾ˄ʶˍʰʽ ʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˍʽ˃˗˄ ˍʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁˎ˃ʰˍʽˋ˃ˇˏ ʴʽʰ ˍʰ ˉ˂ˇʾʰ ˃ʶ 

ˋˎ˄ˍʶ˂ʶˋˍʺ CB = 0.7лΦ ɮˊ˔ʽˁʱΣ ˋˎʴˁˊʾ˄ʶˍʰʽ ʹ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏ ˁʰʽ ˍˇˎ ˉ˂ˇʾˇˎ ˔˖ˊʾˌ ʲˇ˂ʲˈ 
ʴʽʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʷʵ˖ˋʶ ʹ ʻʶ˖ˊʾʰ ʵˎ˄ʰ˃ʽˁˇˏ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˎʴˁˊʾ˄ʶˍʰʽ ˇ ʲʷ˂ˍʽˋˍˇˌ ʲˇ˂ʲˈˌ ˋʶ 

ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ п ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ ˁʰʽ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ˍˇ ʰ˄ ˁʰʽ ˁʰˍʱ ˉˈˋˇ ʶʾ˄ʰʽ ʶˏˋˍˇ˔ʶˌ ˇʽ ˉˊˇʲ˂ʷ˕ʶʽˌ 
ˍˇˎ A.M. KrachtΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʰˊʰʻʷˍˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

 
ɮ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ˉ˂ˇʾˇˎ ˔˖ˊʾˌ ʲˇ˂ʲˈ vsΦ ˉ˂ˇʾˇ ˃ʶ ˍˇ˄ ʲʷ˂ˍʽˋˍˇ ʲˇ˂ʲˈ 

 

 ɮˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˁʰʽ ˍˇ˄ ˉʾ˄ʰˁʰΣ ˒ʰʾ˄ʶˍʰʽ 
ˁʰʻʰˊʱ ʹ ˎˉʶˊˇ˔ʺ ˍˇˎ ˉ˂ˇʾˇˎ ˃ʶ ʲˇ˂ʲˈΣ 

ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏΦ ɶ 
ˍʶ˂ʶˎˍʰʾʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʶʽ˖˃ʷ˄ʹ ˁʰˍʱ 

ˉʶˊʾˉˇˎ 1л҈ ˉʰˊˇˎˋʾʰ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ 
ʲˇ˂ʲˇˏΦ ɱʾ˄ʶˍʰʽ ʶˉˇ˃ʷ˄˖ˌ ʰ˄ˍʽ˂ʹˉˍʺ ˁʰʽ ʹ 
ʻʶˍʽˁʺ ʶˉʾʵˊʰˋʹ ˍˇˎ ʲˇ˂ʲˇˏ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ 
ˁh ʽ ˉʷˊʰ˄ ˍʹˌ ˂ʶˉˍˈʴˊʰ˃˃ʹˌ ʴʱˋˍˊʰˌ ˁʰʽ ˍ˖˄ 

ˎ˕ʹ˂˗˄ ˍʰ˔ˎˍʺˍ˖˄Φ ɶ ˃ʶʾ˖ˋʹ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˈˍʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˉʽˇ ˂ʶˉˍˈʴˊʰ˃˃ʹˌ ʴʱˋˍˊʰˌ όCB = 

лΦслύ ʰ˂˂ʱ ʶ˅ʰˁˇ˂ˇˎʻʶʾ ˄ʰ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʺΦ 
 

ɮ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ˉ˂ˇʾˇˎ ˃ʶ ʲʷ˂ˍʽˋˍˇ ʲˇ˂ʲˈ vsΦ ˉ˂ˇʾˇ ˃ʶ ʲˇ˂ʲˈ ˃ʶ ˉʰˊʰ˂˂ʰʴʷˌ 
 

 
 

ʅˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˁʰ˂ˏˍʶˊʰ ˇʽ ˍʶ˂ʽˁʷˌ ˍʽ˃ʷˌ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʽˋˍˇˊʾʰˌ ˍˇˎ /ǿΦ 
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Cɻw 
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Test cases for CB = 0.70 & FN = 0.260 

 Cw 
ɲ/ǿ ŀŦǘŜǊ 

potential run 
ɲ/ǿ YǊŀŎƘǘΩs 
prediction 

1st Case:  Optimal bulb 0.001964 - - 

2nd Case:  +10% CBB, CABT bulb 0.001917 -2.43% 2.9% 

3rd Case:  -10% CBB, CABT bulb 0.001987 1.17% 27.6% 

4th Case:  +10% CLPR, CABL bulb 0.001973 0.46% 32.1% 

5th Case:  -10% CLPR, CABL bulb 0.001936 -1.44% 15.5% 

 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ʵʽʱʴˊʰ˃˃ʰ ˁʰʽ ˍˇ˄ ˉʾ˄ʰˁʰ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ʹ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ ʾʵʽʰ 
˃ʶ ˃ʽˁˊʷˌ ʰˎ˅ˇ˃ʶʽ˗ˋʶʽˌ ʴʽʰ ˍʽˌ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ ʲˇ˂ʲˇˏΦ ʁ Kracht ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʰˋˍˇ˔ʶʾ ˍʶ˂ʶʾ˖ˌ ˋˍʽˌ 

ˉˊˇʲ˂ʷ˕ʶʽˌ ˍˇˎ ˍˈˋˇ ˉˇˋˇˍʽˁʱΣ ˈˋˇ ˁʰʽ ˉˇʽˇˍʽˁʱΦ ʁʽ ˂ˈʴˇʽ ˍʹˌ ʰˋˍˇ˔ʾʰˌ ˍ˖˄ ˉˊˇʲ˂ʷ˕ʶ˗˄ ˍˇˎ ʶʾ˄ʰʽ ʾʵʽˇʽ ˃ʶ 
ʰˎˍˇˏˌ ˉˇˎ ʰ˄ʰ˂ˏʻʹˁʰ˄ ʴʽʰ ˍˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ CB = 0.60. 
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ʅˏʴˁˊʽˋʹ ʽˋˇː˕˗˄ ˍˇ˃˗˄ ˁʰʽ ˎˉʷˊʻʶˋʹ ˍ˖˄ wavecuts ɹ ʽʰ Cɰ = 0.70 
 

   NORMAL VIEW      ZOOMED ς IN 
 

 
ʅ˔ʺ˃ʰ 7: normal (ˉʱ˄˖) VS. case 1: optimal bulb (ˁʱˍ˖) 

 

 

 
ʅ˔ʺ˃ʰ 8: case 1: Optimal bulb (ˉʱ˄˖) VS. case 3: bclbm (ˁ ʱˍ˖) 

 

 
 

 
ʅ˔ʺ˃ʰ 9: case 1: Optimal bulb (ˉʱ˄˖) VS. case 2: bclbp (ˁʱˍ˖) 
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   NORMAL VIEW      ZOOMED ς IN 
 

 
ʅ˔ʺ˃ʰ 10: case 1: Optimal bulb (ˉʱ˄˖) VS. case 5: bcllm (ˁ ʱˍ˖) 

 
 

 

 
ʅ˔ʺ˃ʰ 11: case 1: Optimal bulb (ˉʱ˄˖) VS. case 4: bcllp (ˁ ʱˍ˖) 

 
 

 
ɲʽʱʴˊʰ˃˃ʰ 1Υ ʅˏʴˁˊʽˋʹ ˍ˖˄ wavecuts ˋʶ ʰˉˈˋˍʰˋʹ млcm ʰˉˈ ˍˇ BMS  ʴʽʰ CB = 0.70. 
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ɲʽʱʴˊʰ˃˃ʰ 2Υ ʆˇ ˏ˕ˇˌ ˍˇˎ ˁˏ˃ʰˍˇˌ ˋˍʹ ʻʷˋʹ ˍʹˌ ˉ˂˗ˊʹˌ ˋʶ ʰˉˈˋˍʰˋʹ ɰMS + 10cm ʴʽʰ CB = 0.70. 

 

 ʃʰˊʰˍʹˊʶʾˍʰʽ ˃ʶʾ˖ˋʹ ˍˇˎ ˏ˕ˇˎˌ ˍˇˎ ˁˏ˃ʰˍˇˌ ˁˇ˄ˍʱ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ˉ˂˗ˊʹˌ ˁʰˍʱ ˉʰˊʰˉʱ˄˖ ʰˉˈ 
ол҈ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʲˇ˂ʲˇˏΦ ʃʰˊʰˍʹˊʶʾˍʰʽ ʶˉʾˋʹˌ ʰˏ˅ʹˋʹ ˍˇˎ ˏ˕ˇˎˌ ˍˇˎ ˁˏ˃ʰˍˇˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʰˎˍˈ ˍʹˌ 

ˉʶˊʾˉˍ˖ˋʹˌ CB = 0.60 ̄ ˇˎ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˃ʽʰ ˉʽˇ ˂ʶˉˍˈʴˊʰ˃˃ʹ ʴʶ˖˃ʶˍˊʾʰΦ  
 

ʅˏʴˁˊʽˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰ˄ˍʾˋˍʰˋʹˌ ˉʾʶˋʹˌ Cp ̍ ˂˖˄ ˍ˖˄ Cases 
 

 
 

 ʅˍˇ ˉʰˊʰˉʱ˄˖ ʵʽʱʴ́ʰ˃˃ʰ ˉʰˊʽˋˍʱˍʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˉʾʶˋʹˌ Cp ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʴʱˋˍˊʰˌ 

ˍˇˎ ˉ˂ˇʾˇˎ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄Σ ˋʶ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ. ʆʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʶʾ˄ʰʽ 
ʾʵʽʰ ˃ʶ ˍˇ CB =0.60. ɱʽʰ ˍʹ˄ ˉʰˊˇˏˋʰ ʷˊʶˎ˄ʰ ʹ ʰ˄ˍʾˋˍʰˋʹ ˉʾʶˋʹˌ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁˎ˃ʰˍʽˋ˃ˇˏ, ɦ ˊʰ 

ˍˇ Cp ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ˍˇ Cw. ɳ˄ʵʽʰ˒ʷˊˇ˄ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʶ˄˗ ˇ ʲˇ˂ʲˈˌ ʰˎ˅ʱ˄ʶʽ ʰˊ˔ʽˁʱ ˍʹ˄ 
ʰ˄ˍʾˋˍʰˋʹ ˋˍʹ˄ ˉ˂˗ˊʹΣ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ˃ʶʽ˗˄ʶʽ ˍʽˌ ˉʽʷˋʶʽˌ ˈˋˇ ˉʹʴʰʾ˄ˇˎ˃ʶ ˉˊˇˌ ˍʹ˄ ˉˊˏ˃˄ʹΣ 

ʶˉʶʽʵʺ ʶˉʽʵˊʱ ˋˍˇ ˋˏˋˍʹ˃ʰ ˍ˖˄ ˁˎ˃ʰˍʽˋ˃˗˄Φ ɶ ˋˎ˄ˇ˂ʽˁʺ ʶˉʾʵˊʰˋʹ ˍˇˎ ʲˇ˂ʲˇˏ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ʶʾ˄ʰʽ 

ʶˎʶˊʴʶˍʽˁʺΣ ˁʰʻ˗ˌ ˁˊʰˍʱʶʽ ʰˎˍˈ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˉˍ˗ˋʹˌ ˉʾʶˋʹˌ ˃ʷ˔ˊʽ ˍʹ˄ ˉˊˏ˃˄ʹΣ ˃ʶ ˃ˈ˄ʹ ʰˏ˅ʹˋʹ ʰˎˍʺ 
ˉˇˎ ˋˎ˃ʲʰʾ˄ʶʽ ˋˍʹ˄ ˉ˂˗ˊʹΦ 
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[CB = 0.80 & FN = 0.200] 
 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶ˅ʶˍʱʸʁ̱ ʰʽ ˉ˂ˇʾˇ ʴʶ˖˃ʶˍˊʾʰˌ ˋˎˋˍʹ˃ʰˍʽˁʺˌ ˋʶʽˊʱˌ сл ˃ʶ ˋˎ˄ˍʶ˂ʶˋˍʺ ˃ˇˊ˒ʺˌ CB = 0.80 
ˁʰʽ ʰˊʽʻ˃ˈ Froude = 0.20лΦ ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶʴʷʻʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ 

  

MAIN PARTICULARS (CB = 0.80) 

Overall Length Loa 3.15800 [m] 

Length Bet. Perp. Lbp 3.04800 [m] 

Waterline Length Lwl 3.09900 [m] 

Beam B 0.55500 [m] 

Draft T 0.16300 [m] 

Depth D 0.24500 [m] 

Bilge radius r 0.01500 [m] 

Displacement Volume V 0.221 [m^3] 

Wetted Surface WS 2.157 [m^2] 

Block Coeff. CB 0.8 [-] 

Prismatic Coeff. Cp 0.805 [-] 

Entr. Prismatic Coeff. Cp 0.697 [-] 

Run Prismatic Coeff. Cpr 0.738 [-] 

Midship Coeff. Cx 0.999 [-] 

Center of Boyancy (+fwd) LCB -0.04 [%] 

Entrance Length Le 30.705 [%] 

Midship Length Lx 30.222 [%] 

Run Length Lr 39.072 [%] 

************************************************ *************************  

Z-Bow ZBOW -0.022 [m] 

Z-Bulb ZBULB No Bulb [m] 

Z-mid ZMID 1.495 [m] 

Z-cut ZCUT2 2.99 [m] 

Z-stern ZSTER 3.136 [m] 

Z-hub ZHUB No Hub [m] 

 

ʃʾ˄ʰˁʰˌ 1Υ ɱʶ˖˃ʶˍˊʾʰ ˉ˂ˇʾˇˎ CB = 0.80 
 

ɾʶˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ˂ʺ˒ʻʹˁʰ˄ ˍʰ ˉʰˊʰˁʱˍ˖ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰ˄ˍʾˋˍʰˋʹˌ 
Cw ˁʰʽ ˍˇ˄ ˈˊˇ ˎˉˈ˂ˇʽˉʹˌ ˉʾʶˋʹˌ ɹzɻɹ. ʅˍˇ˄ ˉʾ˄ʰˁʰ 2 ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˍʶ˂ʽˁʷˌ ˍʽ˃ʷˌ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˃ʶˍʱ ˍʹ 

ˋˏʴˁ˂ʽˋʹ ˍʹˌ ʰˊʽʻ˃ʹˍʽˁʺˌ ˃ʶʻˈʵˇˎΦ 
 
 
 
 



[62] 

 

CB =0.80 & FN = 0.200 

 values units 

Cw 5.384E-04 - 

ɹʵȊɹ 7.549E-04 - 

TOTAL RES. (ITTC) 50.149 Nt 

TOTAL RES. (ATTC) 209.45 Nt 

BUOYANCY 2237.2 Nt 

LCB  1.52E+00 m 

KB  -8.24E-02 m 

ʃʾ˄ʰˁʰˌ 2Υ ʆʽ˃ʷˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋˏʴˁ˂ʽˋʹˌ  
 
 
 

 
 

ʅ˔ʺ˃ʰ 1Υ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ normal: CB = 0.80 ˁ ʰʽ FN = 0.200. 
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  Wave on hull           Wavecut at BMS + 10 cm 
 
 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉˊˇˋˍʷʻʹˁʶ ʲˇ˂ʲˈˌ ˋˍʹ˄ ˉ˂˗ˊʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˍʰ ʴʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ 
ˇˉˇʾˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˃ʶ ʲʱˋʹ ˍʽˌ ˇʵʹʴʾʶˌ ˍˇˎ A. M. Kracht (Kracht, 1978)ˁ ʰʽ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ 
ˉʾ˄ʰˁʰΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˍˇˎ ʲˇ˂ʲˇˏ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ 5.6Φ ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʷˍˊʶ˅ʶ ʴʽʰ ˍʹ ˄ʷʰ ʴʶ˖˃ʶˍˊʾʰ 
ˁʰʽ ˋ̱ ˇ˄ ˉʾ˄ʰˁʰ 4 ˒ʰʾ˄ˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄ ˇʽ ˍʶ˂ʽˁʷˌ ˍʽ˃ʷˌ ʴʽʰ ˍʰ Cw ˁʰʽ ɹzɻɹ ˃ʶˍʱ ˍʹ ˋˏʴˁ˂ʽˋʹ ˍʹˌ ˃ʶʻˈʵˇˎΦ 
ɶ ˉʰˊʱ˃ʶˍˊˇˌ CZBROOT ̔ ˋˇˏˍʰʽ ˃ʶ ˍˇ ˏ˕ˇˌ ˍˇˎ ʲˇ˂ʲˇˏ ˉˊˇˌ ˍˇ ʲˏʻʽˋ˃ʰ ˍˇˎ ˉ˂ˇʾˇˎ ˋˍʹ˄ ˉˊ˖ˊʰʾʰ ˁʱʻʶˍˇ ˁʰʽ 

ʹ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ˁˊʾʻʹˁʶ ʰ˄ʰʴˁʰʾʰ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ʲˇ˂ʲˇˏΦ ɶ ˍʽ˃ʺ ˍˇˎ ˏ˕ˇˎˌ ˍˇˎ ʲˇ˂ʲˇˏ ˂ʰ˃ʲʱ˄ʶˍʰʽ 
˃ʽˁˊˈˍʶˊʹ ˉʱ˄ˍʰ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ʲˎʻʾˋ˃ʰˍˇˌ ˃ʶʾ˖˄ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ʲˇ˂ʲˇˏ όʃʰˉʰ˄ʽˁˇ˂ʱˇˎΣ нллфύ. 

 
 

1st CASE: OPTIMAL BULB 

CB 0.80 

FN 0.20 

CVPR 0.00117 

CLPR 0.02070 

CBB 0.13700 

CZTIP 0.40000 

CZBROOT 0.80000 

CABL 0.08100 

CABT 0.08650 

 ʃʾ˄ʰˁʰˌ 3Υ ɱʶ˖˃ʶˍˊʾʰ ʲʷ˂ˍʽˋˍˇˎ   ʃʾ˄ʰˁʰˌ 4: ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ʴʽʰ ʲʷ˂ˍʽˋˍˇ ʲˇ˂ʲˈΦ 
 ɰ̌ ˂ʲˇˏ ʴʽʰ CB = 0.80. 

 
 

CB = 0.80 p80bcl 

 values units 

Cw 3.766E-04 - 

ɹʵȊɹ 7.441E-04 - 

TOTAL RES. (ITTC) 5.5999 Nt 

TOTAL RES. (ATTC) 5.4201 Nt 

BUOYANCY 2168 Nt 

LCB  1.55E+00 m 

KB  -7.94E-02 m 
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ʅ˔ʺ˃ʰ 2Υ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ case 1: CB = 0.80 optimal bulb. 

 
 

   Wave on hull             Wavecut at BMS + 10 cm 
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ɴˉʶʽˍʰΣ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ʲˇ˂ʲˇˏ ʴʽʰ CB = 0.8л ˁʰʽ FN = 0.20лΦ ɳˉʽ˔ʶʽˊʶʾˍʰʽ ˁʱʻʶ 
˒ˇˊʱΣ ʰ˂˂ʰʴʺ ˋʶ ʷ˄ʰ ʸʶˎʴʱˊʽ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʺˁˇˎˌ ʺ ˉ˂ʱˍˇˎˌΦ ɮˉˈ ˍˇ˄ ˇˊʽˋ˃ˈ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˒ʰʾ˄ʶˍʰʽ ˄ʰ 

ˎˉʱˊ˔ʶʽ ˋˏ˄ʵʶˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ˃ʺˁˇˎˌ ˍˇˎ ʲˇ˂ʲˇˏ όCLPRύ ˁʰʽ ˍʹˌ ˉ˂ʱʴʽʰˌ ˉʰˊʰ˃ʷˍˊˇˎ όCABL), 
ˈˉ˖ˌ ˁʰʽ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ˉ˂ʱˍˇˎˌ όCBB) ˃ ʶ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ ʶʴˁʱˊˋʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ όCABTύΦ ɳˉʽ˂ʷ˔ʻʹˁʶ ʷˍˋʽ ˄ʰ 

ʴʾ˄ʶʽ ˃ʶ˂ʷˍʹ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˃ʶˍʰʲˇ˂ʺˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʺˁˇˎˌ ˁʰˍʱ ҕмл҈ ˁʰʽ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉ˂ʱˍˇˎˌ 
ҕмл҈Φ ʃˊˇʷˁˎ˕ʰ˄ ʷˍˋʽ п ˄ʷˇʽ ʲˇ˂ʲˇʾΣ ˇʽ ˇˉˇʾˇʽ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˃ʶ ˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ ˃ʷʻˇʵˇ ˁʰʽ ˍʰ 
ʰ̄ ˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʵˇˁʽ˃˗˄ ˒ʰʾ˄ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

 
 
 
 
ü 2  ́̄ ʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃ʶ Ҍмл҈ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ CBB ˁ ʰʽ CABT 

 
 

2nd CASE: +10% CBB & CABT 

CB 0.80 

FN 0.20 

CVPR 0.00117 

CLPR 0.02070 

CBB 0.15070 

CZTIP 0.40000 

CZBROOT 0.80000 

CABL 0.08100 

CABT 0.09515 

 

ʃʾ˄ʰˁʰˌ 5Υ ɱʶ˖˃ʶˍˊʾʰ ˍˇˎ ʲˇ˂ʲˇˏ ˃ʶ   ʃʾ˄ʰˁʰˌ 6: ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ɹ ʽʰ +10% ɰ ʲˇ˂ʲˈ. 
    Ҍмл҈ ˉʰˊʰ˃ʷˍˊˇˎˌ ˉ˂ʱˍˇˎˌΦ    

 

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 

 

CB = 0.80 p80bclbp 

 values units 

Cw 3.628E-04 - 

ɹʵȊɹ 8.414E-04 - 

TOTAL RES. (ITTC) 5.5582 Nt 

TOTAL RES. (ATTC) 5.3783 Nt 

BUOYANCY 2169.2 Nt 

LCB  1.55E+00 m 

KB  -7.94E-02 m 
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ʅ˔ʺ˃ʰ 3Υ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ case 2: CB = 0.80 bclbp. 

 

   Wave on hull      Wavecut at BMS + 10 cm 
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ü 3  ́̄ ʶˊʾˉˍ˖ˋʹ ʲˇ˂ʲˇˏ ˃ʶ -мл҈ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ CBB ˁ ʰʽ CABT 

 
 

 
 
 

 

3rd CASE -10% CBB & CABT 

CB 0.80 

FN 0.20 

CVPR 0.00117 

CLPR 0.02070 

CBB 0.12330 

CZTIP 0.40000 

CZBROOT 0.80000 

CABL 0.08100 

CABT 0.07785 

 ʃʾ˄ʰˁʰˌ 7Υ ɱʶ˖˃ʶˍˊʾʰ ˍˇˎ ʲˇ˂ʲˇˏ   ʃʾ˄ʰˁʰˌ 8: ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˏʴˁ˂ʽˋʹˌ ɹ ʽʰ -10% ɰ      
 ˃ʶ -мл҈ ˉʰˊʰ˃ʷˍˊˇˎˌ ˉ˂ʱˍˇˎˌΦ            ɰ̌ ˂ʲˈ. 
   
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 

 

CB = 0.80 p80bclbm 

 values units 

Cw 4.515E-04 - 

ɹʵȊɹ 8.010E-04 - 

TOTAL RES. (ITTC) 5.7273 Nt 

TOTAL RES. (ATTC) 5.5478 Nt 

BUOYANCY 2167 Nt 

LCB  1.55E+00 m 

KB  -7.94E-02 m 
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ʅ˔ʺ˃ʰ 4Υ ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ɹˋˇː˕˗˄ ˍˇ˃˗˄ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˎ˄ˋʹ ˋˍʹ˄ ˉ˂˗ˊʹ όˁʱˍ˖ύ 

ʴʽʰ case 3: CB = 0.80 bclbm. 

 
 

 

   Wave on hull         Wavecut at BMS + 10 cm 


