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ʃʄʁɽʁɱʁʅ 

ɶ ʶˁˉˈ˄ʹˋʹ ˍʹˌ ˉʰˊˇˏˋʰˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ʶˊʴʰˋʾʰˌ ˎ˂ˇˉˇʽʺʻʹˁʶ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ 

ɲʽʰˍ˃ʹ˃ʰˍʽˁˇˏ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ ζʃˊˇˋˍʰˋʾʰ ɾ˄ʹ˃ʶʾ˖˄ηΣ ɰ˘ 

ɼʰˍʶˏʻˎ˄ˋʹ : ʇ˂ʽˁʱ ˁʰʽ ɳˉʶ˃ʲʱˋʶʽˌ ʅˎ˄ˍʺˊʹˋʹˌΣ ˃ʶ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˃ʶ˂ʷˍʹˌ ˍˇ˄ ɿʰˈ ˍˇˎ 

ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰ ˋˍʹ˄ ɮˊ˔ʰʾʰ ɮˁˊˈˉˇ˂ʹ ˍʹˌ ʄˈʵˇˎΦ  

ʅˁˇˉˈˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ʶʾ˄ʰʽ ʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ ˄ʰˇˏ 

ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰ ˋˍʹ˄ ɮˊ˔ʰʾʰ ɮˁˊˈˉˇ˂ʹ ˍʹˌ ʄˈʵˇˎ ˁʰʽ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ˍ˖˄ ˉʶˊʽˇ˔˗˄ 

ˈˉˇˎ ˇʽ ˎˉʶˊʲʱˋʶʽˌ ˍ˖˄ ˃ʹ˔ʰ˄ʽˁ˗˄ ʰ˄ˍˇ˔˗˄ ˍˇˎ ʻʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ʵˇ˃ʽˁʷˌ ʲ˂ʱʲʶˌΦ ɾʶ 

ʲʱˋʹ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ʴʾ˄ʶˍʰʽ ʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ʴʽʰ ˍʹ˄ ʶˎˋˍʱʻʶʽʰ 

ˍˇˎ ˃˄ʹ˃ʶʾˇˎΣ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ˍʹ˄ ʷˁˍʰˋʹ ˁʰʽ ˋˇʲʰˊˈˍʹˍʰ ˍ˖˄ ʲ˂ʰʲ˗˄ ˉˇˎ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ 

ˋʶ ʰˎˍˈΦ ɳ˄ ˋˎ˄ʶ˔ʶʾʰ ʵʽʰˍˎˉ˗˄ˇ˄ˍʰʽ ˉˊˇˍʱˋʶʽˌ ʴʽʰ ˍʹ ʵˇ˃ʽˁʺ ʶ˄ʾˋ˔ˎˋʹ ˍˇˎ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ 

ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ  ̀ ʶʽˋ˃ʽˁʺ ̩h ˉˈˁˊʽˋʹ ̩̱ ˇˎΦ 

ʅʶ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇ ʻʰ ʺʻʶ˂ʰ ˄ʰ ʶˁ˒ˊʱˋ˖ ˍʽˌ ʻʶˊ˃ʷˌ ʶˎ˔ʰˊʽˋˍʾʶˌ ˃ˇˎ ˉˊˇˌ ˍˇˎˌ 

ʶˉʽʲ˂ʷˉˇ˄ˍʶˌ ˍʹˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ʶˊʴʰˋʾʰˌ ˃ˇˎΦ  

ʆʹ˄ ɼʰʻΦ ɮΦ ɾˇˊˇˉˇˏ˂ˇˎ ʴʽʰ ˍʹ˄ ʶ˃ˉʽˋˍˇˋˏ˄ʹ ˉˇˎ ˃ˇˎ ʷʵʶʽ˅ʶ ˋˍʹ˄ ʰ˄ʱʻʶˋʹ ˍˇˎ ʻʷ˃ʰˍˇ̩Σ 

ˍʹ˄ ʶˎˁʰʽˊʾʰ ˉˇˎ ˃ˇˎ ʷʵ˖ˋʶ ˄ʰ ʶʾ˃ʰʽ ˃ʷ˂ˇˌ ˃ʽʰˌ ʵʽʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˇ˃ʱʵʰˌ ˃ʶ˂ʷˍʹˌ ʴʽʰ ˍʹ˄ 

ʰˉˇˁʰˍʱˋˍʰˋʹ ʶ˄ˈˌ ˃˄ʹ˃ʶʾˇˎ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˁʰʽ ˍʹ ˋˎ˄ʶ˔ʺ ˎ ˉˇˋˍʺˊʽ˅ʹ ˍʹˌΦ 

ʆˇ˄ ɼʰʻΦ ɹΦ ʌˎ˔ʱˊʹ ʴʽʰ ̱ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉˇˎ ˃ˇˎ ʷʵ˖ˋʶ ˄ʰ ˃ʶ˂ʶˍʺˋ˖ ʷ˄ʰ ˍˈˋˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ 

ʻʷ˃ʰΣ ʰˉˇˁˇ˃ʾʸˇ˄ˍʰˌ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʶˌ ʴ˄˗ˋʶʽˌ ˋˍˇ ˉʶʵʾˇ ˍʹˌ ʰ˄ˍʽˋʶʽˋ˃ʽˁʺˌ ˃ʶ˂ʷˍʹˌ 

˃ʷˋʰ ʰˉˈ ˍʹ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʰʸʾ ̱ ˇˎΣ ˍʹ ʵʽʰˊˁʺ ˁ ʰʻˇʵʺʴʹˋʹ ˁʰʽ ʲˇʺʻʶʽʰ ˍˇˎΦ 

ʆˇ˄ ɼʰʻΦ ʋΦ ɾˇˎʸʱˁʹ ʴʽʰ ˍʹ˄ ˁʰʻˇˊʽˋˍʽˁʺ ˋˎ˃ʲˇ˂ʺ ˍˇˎ ˋˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˃ʹ˔ʰ˄ʽˁ˗˄ 

ʰ˄ˍˇ˔˗˄ ˍ˖˄ ʶ˅ʶˍʰʸˈ˃ʶ˄˖˄ ˎ˂ʽˁ˗˄ ˃ʷˋʰ ʰˉˈ ˍʹ˄ ʵʽʶ˄ʷˊʴʶʽʰ ˍ˖˄ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ ʵˇˁʽ˃˗˄ 

ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ ʰ˄ˍʽˋʶʽˋ˃ʽˁʺˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˍˇˎ ɳɾʃΦ 

ɮˁˈ˃ʰ ʻʰ ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˈ˂ʹ ˍʹ˄ ʶˊʶˎ˄ʹˍʽˁʺ ˇ˃ʱʵʰ ˍˇˎ ɳɾʃ ˉˇˎ ˃ʶ ʲˇʺʻʹˋʶ 

ʰˉˈ ˍʹ˄ ˉˊ˗ˍʹ ˋˍʽʴ˃ʺΦ ʆˇ˄ ʇΦɲΦ ɰΦ ɼʶˊʰ˃ʾʵʰ ʴʽʰ ˍʹ˄ ˋˎ˄ʶ˔ʺ ˎˉˇˋˍʺˊʽ˅ʹ ˍˇˎ ˁʰʻΩ ˈ˂ʹ ˍʹ 

ʵʽʱˊˁʶʽʰ ˍʹˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌΣ ˍʹ˄ ˁʰʻˇˊʽˋˍʽˁʺ ˋˎ˄ʵˊˇ˃ʺ ˍˇˎ ˋˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍ˖˄ 

ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʵˇˁʽ˃˗˄ ˁ ʰʽ ˍʹ ʵʽʰˊˁʺ ʶ˄ʻʱˊˊˎ˄ˋʹ ˍˇˎ. ʆʹ˄ ʇΦɲΦ ɾΦ ɼˊˇˎˋˍʰ˂˂ʱˁʹ ʴʽʰ ˍʹ˄ 

ʱˊʽˋˍʹ ˋˎ˄ʶˊʴʰˋʾʰΣ ˍʹ˄ ˁʰʻˇˊʽˋˍʽˁʺ ˋˎ˃ʲˇ˂ʺˌ ˍʹˌ ˋˍˇ ˋˍʱʵʽˇ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˍ˖˄ 

ʰˉ̌ˍʶ˂ʶˋ˃ʱˍ˖˄ ˁʰʽ ˍʹ˄ ˋˎ˄ʶ˔ʺ ˁʰʻˇʵʺʴʹˋʹ ˍʹˌ. ʆˇ˄ ʇΦ ɲΦ ɳΦ ɮˎʴʶ˄ʱˁʹ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ 

ˍˇˎ ʰˊʽʻ˃ʹˍʽˁˇˏ ˉˊˇˋˇ˃ˇʽ˗˃ʰˍˇˌ ˁʰʽ ˍʹ˄ ˉʰˊˇ˔ʺ ʲˇʺʻʶʽʰˌ ˋʶ ˍʶ˔˄ʽˁʱ ʸʹˍʺ˃ʰˍʰ, ̱ ʹ˄ ʇΦɲΦ 

ɾΦ ɮˉ̌ˋˍˇ˂ˇˉˇˏ˂ˇˎ ʴʽʰ ˍʹ ʲˇʺʻʶʽʰ ˍʹˌ ˋ̱ ˇ ˉʶʽˊʰ˃ʰˍʽˁˈ ˋˁʷ˂ˇˌ ˁʰʽ ˍˇ˄ ɲˊΦ ɼΦ 

ɽʰ˃ˉˊˈˉˇˎ˂ˇ ɹ ʽʰ ˍʹ˄ ˉʰˊˇ˔ʺ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʶˉʾ ˍˈˉˇˎ ˃ʶˍˊʺˋʶ˖˄ ˋˍˇ ˃˄ʹ˃ʶʾˇΦ 

ɸʶˊ˃ʷˌ ʶˎ˔ʰˊʽˋˍʾʶˌ ʻʰ ʺʻʶ˂ʰ ˄ʰ ʰˉʶˎʻˏ˄˖ ˁʰʽ ˋˍʹ˄  ɴ˒ˇˊˇ ɮˊ˔ʰʽˇˍʺˍ˖˄ ɲ˖ʵʶˁʰ˄ʺˋˇˎ 

ˁʰΦ ɾΦ ɾʽ˔ʰʹ˂ʾʵˇˎ ˁʰʻ̠̩  ˁʰʽ ˍʹ ʵʹ˃ˇˍʽˁʺ ʰˊ˔ʺ ˁʰʽ ˍˇ˄ ˍʷ˖ˌ ʵʺ˃ʰˊ˔ˇ ʄˈʵˇˎ ˁΦ ʊΦ 

ʋʰˍʸʹʵʽʱˁˇ  ˉˇˎ ʶˉʷˍˊʶ˕ʰ˄ ˍʹ˄ ˉˊˈˋʲʰˋʹ ˃ʰˌ ˋˍˇ ˃˄ʹ˃ʶʾˇ ʴʽʰ ˍʹ ʵʽʶ˄ʷˊʴʶʽʰ ʰˎˍˇ˕ʾʰˌ. 

ɮˁˈ˃ʰ ʻʰ ʶˉʽʻˎ˃ˇˏˋʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ̔ ʵʽʰʽˍʷˊ˖ˌ ˍˇˎˌ ˋˎ˃˒ˇʽˍʹˍʷˌ ˃ˇˎ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ 

˃ʶ˂ʶˍʺˋʰ˃ʶ ʰˉˈ ˁˇʽ˄ˇˏ ˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍˇˎ ɿʰˇˏ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰ ʴʽʰ ˍʹ˄ 

ʶˉˇʽˁˇʵˇ˃ʹˍʽˁʺ  ˋˎ˄ʶˊʴʰˋʾʰ ˉˇˎ ʶʾ˔ʰ˃ʶΣ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˋˎ˃˒ˇʽˍʹˍ˗˄ ˃ˇˎ ʴʽʰ ˍʹ˄ 

ˎˉˇˋˍʺˊʽ˅ʹ ˍˇˎˌΣ ˍˇˎˌ ˒ʾ˂ˇˎˌ ˃ˇˎ ʴʽʰ ˍʹ˄ ˋˎ˃ˉʰˊʱˋˍʰˋʹ ̱ ˇˎˌΦ 

ɼh  ̔ˍʷ˂ˇˌΣ ˒ˎˋʽˁʱ ˍʹ˄ ˇʽˁˇʴʷ˄ʶʽʰ ˃ˇˎ ˉˇˎ ʺˍʰ˄ ˈˉ˖ˌ ˉʱ˄ˍʰ ʵʾˉ˂ʰ ˃ˇˎ ˁʰʽ ˋʶ ʰˎˍʺ ˍʹ˄ 

ˉˊˇˋˉʱʻʶʽʰΦ 
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            ʃɳʄɹɽɶʌɶ  

ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ̄ ʰˊˇˏˋʰ ̩ʁ ˊʴʰˋʾʰ ̩ʁ ʾ˄ʰʽ ʹ ɻ ʽʁ́ ʶˏ˄ʹˋʹ ̱ ʹ̩ ̀ ʶʽˋ˃ʽˁʺ ̩̀ ˎ˃ˉʶˊʽ˒ˇˊʱ ̩̱ ˇˎ 

˄ʰˇˏ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰ ˋˍʹ˄ ɮˊ˔ʰʾʰ ɮˁˊˈˉˇ˂ʹ ˍʹˌ ʄˈʵˇˎ ˁʰʽ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ˍ˖˄ 

ˉʶˊʽˇ˔˗˄ ˈˉˇˎ ˇʽ ˎˉʶˊʲʱˋʶʽˌ ˍ˖˄ ˃ʹ˔ʰ˄ʽˁ˗˄ ʰ˄ˍˇ˔˗˄ ˍ˖˄ ˎ˂ʽˁ˗˄ ˍˇˎ ʻʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ 

ʵˇ˃ʽˁʷˌ ʲ˂ʱʲʶˌ ˋʶ ʰˎˍˈ˄. ɾʷˋʰ ʰˉˈ ˍʹ˄  ʰˉˇˍʾ˃ʹˋʹ ˍʹˌ ʶˎˋˍʱʻʶʽʰˌ ˁʰʽ ˍʹˌ ˉʰʻˇ˂ ˇʴʾʰˌ 

ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ʴʾ˄ʶˍʰʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ ˃ʷˍˊ˖˄ ʵˇ˃ʽˁʺˌ ʶ˄ʾˋ˔ˎˋʹˌ ʴʽʰ 

ˍʹ˄ ˋʶʽˋ˃ʽˁʺ ʻ˖ˊʱˁʽˋʹ ˍˇˎΦ  

ɮˉʰˊʰʾˍʹˍʹ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ʺˍʰ˄ ʹ ˁʰˍʰˋˁʶˎʺ ʰˁˊʽʲˇˏˌ ʰˊʽʻ˃ʹˍʽˁˇˏ 

ˉˊˇˋˇ˃ˇʽ˗˃ʰˍˇˌ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ ABAQUSΣ ˋˍˇ ˇˉˇʾˇ 

ʷʴʽ˄ʶ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ ˁʰʽ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎΦ ɶ ˃ʶ˂ʷˍʹ ˍˇˎ ˄ʰˇˏΣ ˋˏ˃˒˖˄ʰ ˃ʶ 

ˍʹ˄ ˉˊˈˍʰˋʹ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˍˇˎΣ ʴʾ˄ʶˍʰʽ ʴʽʰ ˍˇ˄ ʰ˄ʰˋˍʹ˂˖˃ʷ˄ˇ ˒ˇˊʷʰ ˉˇˎ ʻʰ 

ʶˉʰ˄ʰ˒ʷˊʶʽ ˍʹ˄ ʰˊ˔ʽˁʺ ˉˇ˂ˎˋˉˇ˄ʵˎ˂˖ˍʺ ˂ʶʽˍˇˎˊʴʾʰ  ʷ˄ʰ˄ˍʽ ˍʹˌ ˎ˒ʽˋˍʱ˃ʶ˄ʹˌ 

˃ˇ˄ˇ˂ʽʻʽˁʺˌΦ ɳˉˇ˃ʷ˄˖ˌ ʵʶʵˇ˃ʷ˄ʹˌ ˍʹˌ ˉˇ˂ˎˋˉˇ˄ʵˎ˂˖ˍʺˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʹ ˋʶʽˋ˃ʽˁʺ 

ʰ˄ʱ˂ˎˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʻʶ˖ˊ˗˄ˍʰˌ ʶ˂ʰˋˍʽˁʺ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˎ˂ʽˁ˗˄ ˁʰʽ ˃ʹ 

ʴˊʰ˃˃ʽˁʺ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˋˍʽˌ ʻʷˋʶʽˌ ʰˊ˃˗˄Σ ˗ˋˍʶ ˄ʰ ˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʹ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˍˇˎ  

˂ʽˁ˄ʽˋ˃ˇˏ ˁʰʽ ˍʹˌ ˇ˂ʾˋʻʹˋʹˌΦ ɳˉʽ˂ʷ˔ʻʹˁʰ˄ ˋʶʽˋ˃ʽˁʱ ˋʶ˄ʱˊʽʰ ˁˇ˄ˍʽ˄ˇˏ ˁʰʽ ˃ʰˁˊʽ˄ˇˏ 

ˉʶʵʾˇˎΣ ˍʰ ˇˉˇʾʰ ̄ ʰˊˇˎˋʽʱʸˇˎ˄ ˋˎ˃ʲʰˍˈˍʹˍʰ ˃ʶ  ˍʰ ˋʶʽˋ˃ˇˍʶˁˍˇ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ʁʽ ˍʽ˃ʷˌ ˍ˖˄ ˃ʹ˔ʰ˄ʽˁ˗˄ ʰ˄ˍˇ˔˗˄ ʴʽʰ ˍʰ ˎ˂ʽˁʱ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄ 

ˉˊˇʷˁˎ˕ʰ˄ ˏˋˍʶˊʰ ʰˉˈ ʶˊʴʰˋˍʹˊʽʰˁʷˌ ʵˇˁʽ˃ʷˌΦ  

ʅˍˇ ˒ˇˊʷʰ ˉˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˋˍˇ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʶˉʽʲ˂ʺʻʹˁʰ˄ ˇʽ ˋʶʽˋ˃ʽˁʷˌ 

ʵʽʶʴʷˊˋʶʽˌ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄Φ ɳ˄ ˋˎ˄ʶ˔ʶʾʰ ʷʴʽ˄ʶ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʶˎˋˍʱʻʶʽʰˌ ˍˇˎ ˁʰʽ 

ʶ˄ ˍˇˉʾˋˍʹˁʰ˄ ˇʽ ˉʶˊʽˇ˔ʷˌ ˍ˖˄ ˃ʶ˂˗˄ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ˋˍʽˌ ˇˉˇʾʶˌ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˎˉʷˊʲʰˋʹ 

ˍʹˌ ʻ˂ʽˉˍʽˁʺˌ ʺ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍ˖˄ ˎ˂ʽˁ˗˄ ʰˉˈ ˍʽˌ ˍʱˋʶʽˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽΣ 

˃ʶ ʷ˃˒ʰˋʹ ʰˎˍʷˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍʽˌ ʵʽʶˉʽ˒ʱ˄ʶʽʶˌ ˁʰʽ ˇʵʹʴˇˏ˄ ˋʶ ˋʹ˃ʰ˄ˍʽˁʷˌ 

ʲ˂ʱʲʶˌΦ ɱʽʰ ˍʹ˄ ʶˉʽʲʶʲʰʾ˖ˋʹ ˍʹˌ ˇˊʻˈˍʹˍʰˌ ˍ˖˄  ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ 

ˍʹ˄ ʰ˄ʱ˂ˎˋʹΣ ʷʴʽ˄ʶ ʵʽʶˊʶˏ˄ʹˋʹ ˍˇˎ ʲʰʻ˃ˇˏ ˋˍˇ˄ ˇˉˇʾˇ ʰ˄ˍʰˉˇˁˊʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ˉʰʻˇ˂ˇʴʾʰ 

ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ɴˍˋʽΣ ˃ʷˋʰ ʰˉˈ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˃ʹ˔ʰ˄ʽˋ˃˗˄ ˉˇˎ ˇʵʹʴˇˏ˄ ˋʶ ʰˋˍˇ˔ʾʰ 

ʷʴʽ˄ʶ ʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ʴʽʰ ˍʹ˄ ʷˁˍʰˋʹ ˁʰʽ ˍʹ ˋˇʲʰˊˈˍʹˍʰ ˍ˖˄ ʲ˂ʰʲ˗˄ ˉˇˎ 

ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ˄ʰ ˋˎ˃ʲˇˏ˄ ˋˍˇˎˌ ˋʶʽˋ˃ˇˏˌ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄Σ ˗ˋˍʶ ˄ʰ ʵʽʰˍˎˉ˖ʻˇˏ˄ 

ˉˊˇˍʱˋʶʽˌ ʴʽʰ ˍʹ˄ ˋˍʰˍʽˁʺ ʶ˄ʾˋ˔ˎˋʹ ˁʰʽ ʵˇ˃ʽˁʺ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍˇˎ. 

ɾʽʰ ˋˏ˄ˇ˕ʹ ˍ˖˄ ˉʶˊʽʶ˔ˇ˃ʷ˄˖˄ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ʰ˄ʱ ˁ ʶ˒ʱ˂ʰʽˇ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ 

ˉʰˊʰˁʱˍ˖ : 

ʅˍˇ м ̌ɼʶ˒ʱ˂ʰʽˇ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋʶ ʴʶ˄ʽˁʱ ʻʶ˖ˊʹˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ ˋʶʽˋ˃ʽˁʺ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱΣ ˍˇ˄ ˍˊˈˉˇ ʵˈ˃ʹˋʹˌ ˁʰʽ ˍʹ˄ ˉʰʻˇ˂ˇʴʾʰ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˃˄ʹ˃ʶʾ˖˄ ˁ ʰʽ ˍʽˌ ʰˊ˔ʷˌ 

ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʵʽʷˉˇˎ˄ ˍʽˌ ʶˉʶ˃ʲʱˋʶʽˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˍˇˎˌΦ 

ʅˍˇ н ̌ɼʶ˒ʱ˂ʰʽˇΣ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˍʰ ʶʽʵʽˁʱ ʻʶ˖ˊʹˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇ ɿʰˈ ˍˇˎ 

ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰ ˋˍʹ ʄˈʵˇΦ ɱʾ˄ʶˍʰʽ ˉʰˊʱʻʶˋʹ ʽˋˍˇˊʽˁ˗˄ ˁʰʽ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ 

ʴʽʰ ˍˇ ˄ʰˈΣ ʰ˄ʰ˒ˇˊʱ ˋˍˇ ʵˇ˃ʽˁˈ ˋˏˋˍʹ˃ʰ  ˍˇˎΣ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ʽˍʰ˂ʽˁʺˌ ʰ˄ʰˋˍʺ˂˖ˋʹˌ ˁʰˍʱ 

ˍʹ˄ ˇˉˇʾʰ ˉʺˊʶ ˍʹ ˋʹ˃ʶˊʽ˄ʺ ˃ˇˊ˒ʺ ˍˇˎ ˁʰʽ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˒ˎˋʽˁˇ˔ʹ˃ʽˁ˗˄ ˒ʻˇˊ˗˄ ˁʰʽ 

ʵˇ˃ʽˁ˗˄ ʲ˂ʰʲ˗˄ ˍˇˎΦ 

ʅˍˇ о ̌ ɼʶ˒ʱ˂ʰʽˇ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ ʵˇˁʽ˃˗˄ ˉˇˎ 
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ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌΣ ʻ˂ʽˉˍʽˁʺˌ ˁʰʽ ʵʽʰˍ˃ʹˍʽˁʺˌ 

ʰ˄ˍˇ˔ʺˌ ˍ˖˄ ˎ˂ʽˁ˗˄ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˁʰˍʱ ˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍˇˎ 

˃˄ʹ˃ʶʾˇˎΦ  

ʅˍˇ п ̌ ɼʶ˒ʱ˂ʰʽˇ ʴʾ˄ʶˍʰʽ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ʰˊʽʻ˃ʹˍʽˁˇˏ ˉˊˇˋˇ˃ˇʽ˗˃ʰˍˇˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍˇˎ ˄ʰˇˏΣ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ˉʰˊʰʵˇ˔˗˄ ˉˇˎ ˂ʺ˒ʻʹˁʰ˄ ˋʶ 

ʰˎˍˈ ˁʰʽ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰʴˊʰ˒˗˄ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ 

ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ 

ʅˍˇ рˇ ɼʶ˒ʱ˂ʰʽˇ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʴʽʰ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍʹˌ 

ʶˎˋˍʱʻʶʽʰˌ ˍˇˎ ˄ʰˇˏ  ˎˉˈ ˍʹ˄ ʶˉʽʲˇ˂ʺ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰˉˇ˄ʺˋʶ˖˄Σ ʴʾ˄ʶˍʰʽ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ 

ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˈˉˇˎ ˇʽ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ʶˌ ˍʱˋʶʽˌ ˎˉʶˊʲʰʾ˄ˇˎ˄ ˍʽˌ ˃ʹ˔ʰ˄ʽˁʷˌ ʰ˄ˍˇ˔ʷˌ ˍ˖˄ 

ˎ˂ʽˁ˗˄ ˉˇˎ ʻʶ˖ˊʺʻʹˁʰ˄ ˈˍʽ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍˇ ˃˄ʹ˃ʶʾˇ ˁʰʻ˗ˌ ˋʶ ʰˎˍʷˌ ˍʽˌ 

ˉʶˊʽˇ˔ʷˌ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʶˁʵʹ˂˖ʻˇˏ˄ ʲ˂ʱʲʶˌΦ  

ʅˍˇ с ̌ ɼʶ˒ʱ˂ʰʽˇ ʴʾ˄ʶˍʰʽ ʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˃ʶ ʲʱˋʹ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ 

ʰ˄ʱ˂ˎˋʹˌ ʴʽʰ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍʹˌ ʶˎˋˍʱʻʶʽʰˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ˍʹˌ ˁʰˍʰ˂˂ʹ˂ˈˍʹˍʰˌ ˍ˖˄ 

ˎ˂ʽˁ̠ ˄ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍˇˎΦ 

ʅˍˇ т ̌ɼʶ˒ʱ˂ʰʽˇ ˃ʶ ʲʱˋʹ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄Σ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ʹ ʵʽʰˍˏˉ˖ˋʹ 

ˉˊˇˍʱˋʶ˖˄ ʴʽʰ ˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˒ʷˊˇˎˋʰˌ ʽˁʰ˄ˈˍʹˍʰˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ˍʹ˄ ʻ˖ˊʱˁʽˋʹ 

ˍˇˎ ʷ˄ʰ˄ˍʽ ˋʶʽˋ˃ˇˏΦ  

ʂˉ˖ˌ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˁʰʽ ˋˍˇ ˁʁ˒ʱ˂ʰʽˇ ˃ʶ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰΣ ʰˉˈ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˉˊˇˁˏˉˍʶʽ 

ʹ ˏˉʰˊ˅ʹ ˋʹ˃ʰ˄ˍʽˁʺˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˋʹ˃ʰ˄ˍʽˁ˗˄ ʵˇ˃ʽˁ˗˄ ʲ˂ʰʲ˗˄ ˍˈˋˇ 

ˋˍʰ ʰˊ˔ʰʾʰΣ ˈˋˇ ˁʰʽ ˋˍʰ ˄ʷʰ ʵˇ˃ʽˁʱ ˃ʷ˂ʹ ˍˇˎ ˄ʰˇˏ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˃ʾʰˌ ʽˋ˔ˎˊʺˌ 

ˋʶʽˋ˃ʽˁʺˌ ʵʽʷʴʶˊˋʹˌΦ ʁʽ ʲ˂ʱʲʶˌ ʰˎˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʶˁˍʶˍʰ˃ʷ˄ʶˌ ˁʰʽ ˃ʷˋ˖ ˍʹˌ 
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ABSTRACT 

The main objective of this thesis is the investigation of the seismic response of the temple 

of Pythian Apollo in the ancient Acropole in Rhodes Island and the determination of the 

regions of the structural members of the temple, where the exceedance of the selected 

materials strength will cause serious damages. The prediction of the overall stability and 

the vulnerability of the monument provides the required information for the determination 

of the suitable methods of structural reinforcement. 

The study of the monument demanded the development of a precise numerical model with 

the use of finite element code ABAQUS, which allows the insertion of the geometry of the 

temple and the selected materials properties. The analysis of the temple according to the 

proposed restoration of the monument is based on the original multidrum function of the 

columns, instead of the current monolithic one. By result, the seismic analysis considers 

elastic mechanical behavior of the materials used and nonlinear behavior in the mortar 

between the ancient and the new parts, as well as the interface between the drums, in 

order to allow rocking and sliding. The analysis was performed ground motions recorded 

both near and far the fault, compatible with the seismicity and the tectonics and of the 

region. The material strength values considered in the analyses were derived from 

laboratory tests.   

To estimate the overall stability of the temple the selected seismic excitations were applied 

to the model. The regions, in which the compressive or the tensile strength of both the 

ancient stone and the new stone is exceeded, and especially those across the interfaces, 

were determined. To confirm that the predicted damage derived from the analysis is 

compatible with the damage caused by a strong earthquake, the correlation between the 

stress exceedances predicted by the numerical model and the existing damage in the 

ancient parts of the monument was evaluated. The volume of the expected damages and 

their effect on increasing the vulnerability of the structure is evaluated, in order to 

conclude to the suitable methods of structural reinforcement of the monument. 

A summary of the contents of this thesis divided by chapter is given below: 

The 1st chapter includes the general theoretical information about the seismic response, 

the structural system and the pathology of the ancient monuments and the principles that 

should be taken in consideration during the restoration process. 

In the 2nd chapter, the specific theoretical information concerning the Temple of Pythian 

Apollo in Rhodes Island is presented. This includes historical and architectural information 

about the temple, the description of its structural system and the diagnosis of the stuctural 

and physicochemical damages that are evident on both the ancient and the new materials 

of the structural members. 

The 3rd chapter contains the results of the laboratory tests for the investigation of the 

compressive, tensile and shear strength of the materials that are expected to be used 

during the restoration of the monument. 

The 4th chapter includes the complete description of the numerical model used for the 
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study of the temple, the assumptions made and the characteristics of the seismic 

excitations that were selected for the analysis presented in this study. 

In the 5th chapter, the overall stability of the temple is determined based on the results of 

the analysis for the selected seismic excitations, as long as the damages expected due to 

the stress levels that will exceed the strength of the materials used in the structural 

members of the monument. 

In the 6th chapter conclusions are drawn, based on the latter results of the analysis, about 

the stability of the monument and the adequacy or not of the strength of the proposed 

materials that are expected to be used in the restoration. 

In the 7th chapter based on the conclusions that were presented in the previous chapter, 

suggestions are made in order to reinforce the overall stability of the monument. 

As described in the conclusions, there is a significant possibility that severe structural 

damages will be observed in both the ancient and the new stone parts of the structural 

members of the temple during a strong ground motion. These damages can be extensive 

and could result not only in local cracking, small edge cut-offs and detachment of small 

pieces but, also in through-and-through cuts, leading to loss of support for the 

superstructure and by consequence to partial or total collapse. To prevent these damages 

a useful step would be the use of grout, on both the new and the ancient stone, that could 

increase the total strength of the structure. To ensure the integrity of the connected 

members of the temple, the addition of reinforcement with titanium bars seems necessary, 

due to the low strength and poor adhesion of the connective mortar with the new and 

ancient materials. 
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          1.ɱɳɿɹɼʁ ɸɳʍʄɶʆɹɼʁ 

            1.1  ʅʁ ʽˋ˃ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁʰʽ ˉʰʻˇ˂ˇʴʾʰ ʰˊ˔ʰʾ˖˄ ˄ʰ˗˄  

ʁʽ ʰˊ˔ʰʾˇʽ ˄ʰˇʾ ʵˇ˃ˇˏ˄ˍʰ˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˒ˎˋʽˁ˗˄ ˂ʾʻ˖˄Φ ʁʽ ʵˇ˃ʽˁˇʾ ʰˎˍˇʾ 

˂ʾʻˇʽ ˂ʰ˅ʶˏˇ˄ˍʰ˄ ʶˉʽ˃ʶ˂˗ˌ ˗ˋˍʶ ˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʱˊʽˋˍʹ ʶˉʰ˒ʺ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ʶ˄ 

ˋˎ˄ʁ̝ ʶʾʰ ʴʽ˄ˈˍʰ˄ ʹ ˍˇˉˇʻʷˍʹˋʹ ˍˇˎ ʶ˄ˈˌ ˉʱ˄˖ ˋˍˇ˄ ʱ˂˂ˇΣ ʶ˄ ˅ʹˊ˗Σ ʰˉˇˎˋʾʰ ˋˎ˄ʵʶˍʽˁˇˏ  

ˎ˂ʽˁˇˏΦ ɳˉˇ˃ʷ˄˖ˌ ʶʾ˔ʰ˄ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˋˉˇ˄ʵˎ˂˖ˍ˗˄ ˁʰˍʰˋˁʶˎ˗˄Φ ɽˈʴ˖ ˍˇˎ ˃ʶʴʱ˂ˇˎ 

˃ʶʴʷʻˇˎˌ ˍ˖˄ ˂ʾʻ˖˄ ˉˇˎ ʶˉʽ˂ʷʴˇ˄ˍʰ˄Σ ̌ ʽ ʵˎ˄ʱ˃ʶʽˌ ˍˊʽʲʺˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰ˄ ʺˍʰ˄ ʽˁʰ˄ʷˌ 

˄ʰ ˋˎʴˁˊʰˍʺˋˇˎ˄ ˍˇ ˃˄ʹ˃ʶʾˇ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰˉˇ˄ʺˋʶ˖˄Σ ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ 

ˍʹ˄ ʵˇ˃ʽˁʺ ʶˎˋˍʱʻʶʽʰ ˍˇˎΦ ʃʰˊʱ˂˂ʹ˂ʰ ˇ ˂ʽˁ˄ʽˋ˃ˈˌ ˁʰʽ ʹ ˇ˂ʾˋʻʹˋʹ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰ˄  

˃ʶˍʰ˅ˏ ˍ˖˄ ˃ʶ˂˗˄ ˍ˖˄ ˄ʰ˗˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʵʽʷʴʶˊˋʹˌ ˂ʶʽˍˇˎˊʴˇˏˋʰ˄ 

ˋʰ˄ ʷ˄ʰˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ʰˉˈˋʲʶˋʹˌΣ ʰˉˇˊˊˇ˒˗˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁˈ ˃ʷˊˇˌ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌΦ 

ɶ ˋˎ˃˃ʶˍˊʽˁʺ ʵˇ˃ʺ ˍ˖˄ ˄ʰ˗˄Σ ˁʰʽ ʶ˄ ʴʷ˄ʶʽ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˁˍʽˋ˃ʱˍ˖˄ ̀ ˎ˄ʷʲʰ˂ʶ ʻʶˍʽˁʱ ˋˍʹ˄ 

ʶˎˋˍʱʻʶʽʰ ˍˇˎˌΦ ʆʰ ʾʵʽʰ ʲʱˊʹ ˍˇˎ ʻˊʽʴˁˇˏ ˃ʶˍʰʲʽʲʱʸˇ˄ˍʰ˄ ˃ʷˋ˖ ˍ˖˄ ʵˇˁ˗˄ ˍˇˎ 

ʶˉʽˋˍˎ˂ʾˇˎ ˋˍˇˎˌ ˁʾˇ˄ʶˌ ˁʰʽ ˍˇˎˌ ˍˇʾ˔ˇˎˌ ˍˇˎ ˄ʰˇˏ ˁʰʽ ˃ʷˋ˖ ʰˎˍ˗˄ ˋˍʹ ʻʶ˃ʶ˂ʾ˖ˋʹ ˁʰʽ ʶ˄ 

ˍʷ˂ʶʽ ˋˍˇ ʷʵʰ˒ˇˌΦ ʆʰ ʶˉʽˋˍˏ˂ʽʰ ˂ʶʽˍˇˎˊʴˇˏˋʰ˄ ˋʰ˄ ʰ˃˒ʽʷˊʶʽˋˍʶˌ ʵˇˁˇʾΣ ˃ʶˍʰʲʽʲʱʸˇ˄ˍʰˌ 

ˍʰ ˁʰˍʰˁˈˊˎ˒ʰ ˒ˇˊˍʾʰ ˋˍˇˎˌ ˁʾˇ˄ʶˌ ˁʰʽ ʰˎ˅ʱ˄ˇ˄ˍʰˌ ˍʹ ʵˎˋˁʰ˃˕ʾʰ ˍˇˎ ˒ˇˊʷʰΦ  

ɱʽʰ ˍʹ˄ ˃ʶˍʰ˒ˇˊʱ ˁʰʽ ˍˇˉˇʻʷˍʹˋʹ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰ˄ ˉˈ˂ˇʽ ˁʰʽ ʶ˃ˉˈ˂ʽʰΦ 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˅ˏ˂ʽ˄ˇˎˌ ˋˎ˄ʵʷˋ˃ˇˎˌ ˉˇˎ ʵʶ˄ ˋˎ˄ʶʾˋ˒ʶˊʰ˄ ˈ˃˖ˌ ˋˍʹ˄ ˉʰˊʰ˂ʰʲʺ ˍ˖˄ 

ʶ˒ʶ˂ˁˎˋˍʽˁ˗˄ ˍʱˋʶ˖˄ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰ˄ ʰˉˈ ˍʰ  ˇˊʽʸˈ˄ˍʽʰ ˋʶʽˋ˃ʽˁʱ ˒ˇˊˍʾʰΦ ʅʶ ˂ʾʴʶˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˁˎˊʾ˖ˌ ˁʰˍʱ ˍʹ˄ ʶ˂˂ʹ˄ʽˋˍʽˁʺ ˁʰʽ ˊ˖˃ʰʿˁʺ ʶˉˇ˔ʺΣ ʴʽh ˍʹ ˋˏ˄ʵʶˋʹ ˍ˖˄ 

ˁʰˍʰˁˈˊˎ˒˖˄ ˃ʶ˂˗˄ ˍˇˎ ˄ʰˇˏ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁʰʽ ˃ʶˍʰ˂˂ʽˁˇʾ ʴˈ˃˒ˇʽ ˇʽ ˇˉˇʾˇʽ ʰ˄ 

ʶʾ˄ʰʽ ʶˉʰˊˁ˗ˌ ˋ˒ʹ˄˖˃ʷ˄ˇʽΣ ˈˉ˖ˌ ˋˍˇ ʁ˂ˎ˃ˉʽʶʾˇ ˍʹˌ ɮʻʺ˄ʰˌΣ ˉʰˊʰ˂ʱ˃ʲʰ˄ʰ˄  ˍʽˌ 

ʵʽʰˍ˃ʹˍʽˁʷˌ ˍʱˋʶʽˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰ˄Φ 

ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶΣ ʹ ʵʶˋˉˈʸˇˎˋʰ ˃ˇˊ˒ʺ ˍʰ˂ʱ˄ˍ˖ˋʹˌ ˋˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʽˈ˄˖˄ ˁʰʽ 

ˁʽˇ˄ˇˋˍˇʽ˔ʽ˗˄ ʶʾ˄ʰʽ  ˇ ˂ʽˁ˄ʽˋ˃ˈˌ όtǎȅŎƘŀǊƛǎ et al. 2000 & 2003, Mouzakis et al. 2002, 

Papantonopoulos et al. 2002, Dasiou et al. 2009a&b). ʆ̌  ˉ˂ʺʻˇˌ ˍ˖˄ ˉʽʻʰ˄˗˄ ˃ˇˊ˒˗˄ 

˂ʽˁ˄ʽˋ˃ˇˏ ʰˎ˅ʱ˄ʶˍʰʽ ʶˁʻʶˍʽˁʱ ˋˎ˄ʰˊˍʺˋʶʽ ˍˇˎ ˉ˂ʺʻˇˎ̩  ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄Φ ʅˍˇ ʰ˄˗ˍʶˊˇ 

ˍ˃ʺ˃ʰ ˍ˖˄ ˁʽˈ˄˖˄ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˇ˂ʾˋʻʹˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄Σ ˁʰʻ˗ˌ ˇʽ ʶˉʽˍʰ˔ˏ˄ˋʶʽˌ 

ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ʶʾ˄ʰʽ ʽˁʰ˄ʷˌ ˄  hˎ ˉʶˊ˄ʽˁʺˋˇˎ˄ ̱ ʽˌ ɻ ˎ˄ʱ˃ʶʽˌ ̱ ˊʽʲʺˌΦ ɳˉʾˋʹˌ ˋʶ ̀ ˉˇ˄ʵˏ˂ˇˎˌ 

ˁˎˁ˂ʽˁʺˌ ʵʽʰˍˇ˃ʺˌΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇʽ ˋˉˈ˄ʵˎ˂ˇʽ ˍ˖˄ ˁʽˈ˄˖˄Σ ˋˎ˃ʲʰʾ˄ʶʽ ˁʰʽ ̄ʁˊʽˋˍˊˇ˒ʽˁʺ 

ˁʾ˄ʹˋʹ όǿƻōōƭƛƴƎύΦ 

ɴ˄ʰˌ ˉˇ˂ˎˋˉˈ˄ʵˎ˂ˇˌ ˁ ʾˇ˄ʰˌ ˉʰˊˇˎˋʽʱʸʶʽ ˉˇ˂˂ʷˌ ˃ˇˊ˒ʷˌ ˍʰ˂ʱ˄ˍ˖ˋʹˌΦ ɾˉˇˊʶʾ ˄  h̀ ˎ˃ʲʶʾ 

ʱ˄ˇʽʴ˃ʰ ʰˊ˃˗˄ ˍʰˎˍˈ˔ˊˇ˄ʰ ˋ ʁˉˇ˂˂ˇˏˌ ˋˉˇ˄ʵˏ˂ˇˎˌΣ ʺ ̀ʶ ̌́ ʽˋ˃ʷ˄ʶˌ ˃ˈ˄ˇ ʻʷˋʶʽˌ ˁʰʽ 

ˇ˂ˈˁ˂ʹˊʰ ˍ˃ʺ˃ʰˍʰ ˍˇˎ ˁʾˇ˄ʰ ˄ʰ ˋˎ˃ˉʶˊʽ˒ʷˊˇ˄ˍʰʽ ˋʰ ˄ʰ ʺˍʰ˄ ʺˍh ˄˃ˇ˄ˇ˂ʽʻʽˁʱΦ ʅˍʽˌ 

ʶʽˁˈ˄ʶˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˃ˇˊ˒ʷˌ ˍʰ˂ʱ˄ˍ˖ˋʹˌ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˍ˖˄ ˁʽˈ˄˖˄Φ  
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ɉɻɊ ɉɼɊ 

ɳʽˁˈ˄ʰ 1.  ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˋʶʽˋ˃ʽˁʺ ̩h ˉˈˁˊʽˋʹ ̩ˁ ʽˈ˄˖˄Υ όʰύ ʱ˄ˇʽʴ˃ʰ ʰˊ˃˗˄ ˋʶ ˉˇ˂˂ʷˌ 

ʻʷˋʶʽˌΣ όʲύ ɦ ˄ˇʽʴ˃ʰ ʰˊ˃˗˄ ˋʶ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ʻʷˋʶʽˌ όtǎȅŎƘŀǊƛǎ 2007). 

 

MODE 1 MODE 2 MODE 3 MODE 4 
 

         ɳʽˁˈ˄ʰ 2.  ʁʽ п ˃ ˇˊ˒ʷˌ ˍʰ˂ʱ˄ˍ˖ˋʹˌ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ ʵˏˇ ˋˍʶˊʶ˗˄ ̀ ˖˃ʱˍ˖˄ ɹ ʽʰ ʶˉʾˉʶʵʹ ˁʾ˄ʹˋʹ 
(Psycharis 1990). 

 

ʁʽ ʰˊ˔ʰʾˇʽ ˄ʰˇʾ ˖ˌ ˋˉˇ˄ʵˎ˂˖ˍʷˌ ˁʰˍʰˋˁʶˎʷˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˉˇ˂ˏˉ˂ˇˁʹΣ ˃ʹ-ʴˊʰ˃˃ʽˁʺ 

ˋʶʽˋ˃ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱΦ ɮˁˈ˃ʰ ˁʰʽ ˃ʽˁˊʷˌ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʹ˄ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ˒ˇˊʷʰ ˁʰʽ ˍʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʶʵʰ˒ʽˁʺˌ ˁʾ˄ʹˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ˉˇ˂ˏ ʵʽʰ˒ˇˊʶˍʽˁʺ 

ʰˉˈˁˊʽˋʹΦ ɲʶ˄ ʵʽʰʻʷˍˇˎ˄ ʽʵʽˇ˃ˇˊ˒ʷˌ ˃ʶ ˍʹ˄ ˁ˂ʰˋʽˁʺ ʷ˄˄ˇʽʰ ˁʰʻ˗ˌ ʹ ˉʶˊʾˇʵˇˌ ʶ˂ʶˏʻʶˊ˖˄ 

ˍʰ˂ʰ˄ˍ˗ˋʶ˖˄ ʶ˄ˈˌ ˂ʽˁ˄ʽʸˈ˃ʶ˄ˇˎ ˁʾˇ˄ʰ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˉ˂ʱˍˇˌ ˍʹˌ ˍʰ˂ʱ˄ˍ˖ˋʹˌ ˁʰʽ 

˃ʶʽ˗˄ʶˍʰʽ ˃ʶ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˁˊˇˏˋʶ˖˄ ˉˇˎ ˋˎ˃ʲʰʾ˄ˇˎ˄ ˋˍʹ ʲʱˋʹ.  

ɶ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎˌ ʶʾ˄ʰʽ ˉ˂ʺˊ˖ˌ ˃ʹ ʴˊʰ˃˃ʽˁʺ ʰ˒ˇˏ ˁʱʻʶ ˍʰ˂ʱ˄ˍ˖ˋʹ ˉˇˎ ˁʱ˄ʶʽ ˇ 

˒ˇˊʷʰˌ ˁʰˍʱ ˍʹ˄ ˎˉˇʲˇ˂ʺ ˍˇˎ ˋʶ ˋʶʽˋ˃ʽˁʺ ˁʰˍʰˉˈ˄ʹˋʹ ʷ˔ʶʽ ʵʽʰ˒ˇˊʶˍʽˁʺ ˃ˇˊ˒ʺ ˈˉ˖ˌ 

ʰ˄ʰ˒ʷˊʻʹˁʶ ˉʰˊʰˉʱ˄˖Φ ɴˍˋʽ ˃ʽʰ ˋˉˇ˄ʵˎ˂˖ˍʺ ˁʰˍʰˋˁʶˎʺ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰˍˊʷˉʶˍʰʽ ˋʶ ʷ˄ʰ 

ˋʶʽˋ˃ˈ ʰ˂˂ʱ ˍʰˎˍˈ˔ˊˇ˄ʰ ˄ʰ ɻ̔ ʰˍʹˊʶʾ ˍʹ˄ ʶˎˋˍʱʻʶʽʰ ˍˇˎ ˋˍˇ˄  ʾʵʽˇ ˋʶʽˋ˃ˈ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ 

ʶʵʰ˒ʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍˇˎ ˃ʶʴʶʻˎ˃ʷ˄ʹ  ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇ ˋˎ˄ˍʶ˂ʶˋˍʺΦ  

ʁʽ ˉ˂ʷˇ˄ ˁʰʻˇˊʽˋˍʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ ʴʽʰ ˍʹ˄ ˋʶʽˋ˃ʽˁʺ ʰˉˈˁˊʽˋʹ ˍ˖˄ ˋˉˇ˄ʵˎ˂˖ˍ˗˄ 

ˁʰˍʰˋˁʶˎ˗˄ ʶʾ˄ʰʽ ʹ ʵʶˋˉˈʸˇˎˋʰ ˉʶˊʾˇʵˇ ̩ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ˁʾ˄ʹˋʹˌ ˁʰʽ  ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ 
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ˁʰˍʰˋˁʶˎʺˌΦ ɼʰˍʱ ˁʰ˄ˈ˄ʰ ˁʰˍʰˋˁʶˎʷˌ ˃ʶʴʱ˂ˇˎ ˃ʶʴʷʻˇˎˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ 

ʶˎˋˍʱʻʶʽʰ ʰˉˈ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˉʰˊˈ˃ˇʽʰˌ ʴʶ˖˃ʶˍˊʾʰˌΣ ʰ˂˂ʱ ˃ʽˁˊˈˍʶˊˇˎ ˃ʶʴʷʻˇˎˌΦ 

ɶ ʰˏ˅ʹˋʹ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍʹˌ ʶʵʰ˒ʽˁʺˌ ˁʾ˄ʹˋʹˌ ʷ˔ʶʽ ʵˎˋ˃ʶ˄ʺ ʶˉʾʵˊʰˋʹ ˋˍʹ˄ ʶˎˋˍʱʻʶʽʰ ˍ˖˄ 

ʰˊ˔ʰʾ˖˄ ˄ʰ˗˄Φ ɴ˄ʰˌ ˎ˕ʾˋˎ˔˄ˇˌ ˋʶʽˋ˃ˈˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ  

ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˂ˈʴ˖ ˍʹˌ ˇ˂ʾˋʻʹˋʹˌ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˍˇˎΦ ɮ˄ˍʾʻʶˍʰ ̫ ˄ʰˌ 

˃ʰˁˊˇˉʶˊʾˇʵˇˌ ˋʶʽˋ˃ˈˌ ˃ʶ ʾʵʽʰ ʹ ʰˁˈ˃ʰ ˁʰʽ ˃ʽˁˊˈˍʶˊʹ ˃ʷʴʽˋˍʹ ʶʵʰ˒ʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹΣ ˋˍʹ˄ 

ˇˉˇʾʰ ˁˎˊʽʰˊ˔ʶʾ ˇ ˂ʽˁ˄ʽˋ˃ˈˌΣ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ʰˁˈ˃ʰ ˁʰʽ ˋˍʹ˄ ˁʰˍʱˊˊʶˎˋʹ ˍˇˎ ˄ʰˇˏΦ 

ʆʰ ̀ˎ ˃ˉʶˊʱˋ˃ʰˍʰ ʰˎˍʱ ʴʽʰ ˍʹ˄ ʰˉˈˁˊʽˋʹ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˃˄ʹ˃ʶʾ˖˄ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ 

˃ʶ˂ʷˍʹ ˉ˂ʺʻˇˎˌ ʻʶ˖ˊʹˍʽˁ˗˄ ˁʰʽ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʶˊʶˎ˄˗˄ (Psycharis 1990, Psycharis et al. 

2000, Psycharis et al. 2003,   Psycharis et al. 2013 , Mouzakis et al. 2002,  Allen et al. 1986, 

Sinopoli 1989, Winkler et al. 1995, Konstantinidis & Makris 2005, Papaloizou & 

Komodromos 2009, Papantonopoulos et al. 2002, Dasiou et al. 2009a&b).  

ɶ ʶˎʰʽˋʻʹˋʾʰ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˄ʰ˗˄ ʰˁˈ˃ʰ ˁʰʽ ˋʶ ˃ʽˁˊʷˌ ʰ˂˂ʰʴʷˌ ˍ˖˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ ʴʶ˖˃ʶˍˊʽˁʺ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ˁʰʽ ˍʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʵʽʷʴʶˊˋʹˌ ʷ˔ʶʽ ʶˉʽʲʶʲʰʽ˖ʻʶʾ ˁʰʽ ˉʶʽˊʰ˃ʰˍʽˁʱΣ ʰ˒ˇˏ ʶˉʰ˄ʱ˂ʹ˕ʹ ˍˇˎ 

ʾʵʽˇˎ ˉʶʽˊʱ˃ʰˍˇˌ ʷʵ˖ˋʶ ʰˊˁʶˍʱ ʵʽʰ˒ˇˊʶˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ όaƻǳȊŀƪƛǎ et al. 2002, Dasiou 

et alΦ нллфŀύΦ ɳˉʾˋʹˌ ʹ ʶˎʰʽˋʻʹˋʾʰ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ʰˉˈ ˍʹ˄ ˋʹ˃ʰ˄ˍʽˁʺ ˍˊˇˉˇˉˇʾʹˋʹ ˍ˖˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʴʽʰ ˃ʽˁˊʺ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄  ˉʰˊʰ˃ʷˍˊ˖˄ ˁʰˍʱ ˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˋʶ 

ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˉˊˇˋˇ˃ˇʾ˖˃ʰΦ  

ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱ ˍʰ ʰˊ˔ʰʾʰ ˃˄ʹ˃ʶʾʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʽʰ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ʰˉˈˁˊʽˋʹ ˋʶ 

ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ ˉʰˊʱ ˍʹ˄ ˉˇ˂ˏˉ˂ˇˁʹΣ ˃ʹ ʴˊʰ˃˃ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎˌΣ ʹ ˇˉˇʾʰ 

ʰˉˇˊˊʷʶʽ ʰˉˈ ˍʹ˄ ˋˉˇ˄ʵˎ˂˖ˍʺ ʵˇ˃ʺ ˍˇˎˌΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʷ˔ʶʽ ˇʵʹʴʺˋʶʽ ˋˍʹ ʵʽʱˋ˖ˋʹ 

ˉˇ˂˂˗˄ ʰˊ˔ʰʾ˖˄ ˁˍʽˋ˃ʱˍ˖˄ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰΦ ʂ˃˖ˌ ˇʽ ʲ˂ʱʲʶˌ ˉˇˎ ʷ˔ˇˎ˄ ˋʹ˃ʶʽ˖ʻʶʾ ˋˍˇ˄ 

˒ʷˊˇ˄ˍʰ ˇˊʴʰ˄ʽˋ˃ˈ ˍˇˎˌ ˃ʶ ˍˇ ˉʷˊʰˋ˃ʰ ˍˇˎ ˔ˊˈ˄ˇˎ ʶʾ˄ʰʽ ˉˇ˂˂ʷˌ ˁʰʽ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ 

ˋʶʽˋ˃ʽˁʷˌ ˁʰˍʰˉˇ˄ʺˋʶʽˌΣ ˒ˎˋʽˁʺ ˒ʻˇˊʱ ˍ˖˄ ˎ˂ʽˁ˗˄ ˍˇˎˌΣ ʶ˂˂ʽˉʺ ˋˎ˄ˍʺˊʹˋʹ ˍˇˎˌ ˁʰʽ ˃ʹ 

ˋˎ˃ʲʰˍʷˌ ʶˉʶ˃ʲʱˋʶʽˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˍˇˎˌΦ ʁʽ ʲ˂ʱʲʶˌ ʰˎˍʷˌ  ʶˁʵʹ˂˗˄ˇ˄ˍʰʽ ˃ʶ ˍʹ ˃ˇˊ˒ʺ 

ʰˉˈˍ˃ʹˋʹˌ ʴ˖˄ʽʰˁ˗˄ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎˌ Σ˃ˈ˄ʽ˃ʹˌ ˃ʶˍʰˁʾ˄ʹˋʹˌ ˋˉˇ˄ʵˏ˂˖˄Σ ʰˉˇˋʱʻˊ˖ˋʹˌ 

ʶˉʽ˒ʰ˄ʶʽ˗˄Σ ʻˊʰˏˋʹˌ ˃ʶ˂˗˄ ˉˇˎ ˇʵʹʴʶʾ ˋʶ ʰˉ˗˂ʶʽʰ ˋˍʺˊʽ˅ʹˌ ˍ˖˄ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ ˃ʶ˂˗˄Σ 

ʵʽʱˊˊʹ˅ʹˌ ˂ʾʻ˖˄ ʰˉˈ ˍʹ˄ ˇ˅ʶʾʵ˖ˋʹ ˃ʶˍʰ˂˂ʽˁ˗˄ ˋˎ˄ʵʷˋ˃˖˄Σ ˁˊˎˋˍʱ˂˂˖ˋʹ ʰ˂ʱˍ˖˄ ˁʰʽ 

ˁˎ˕ʷ˂˖ˋʹ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˍˇˎˌ ˁʰʻ˗ˌ ˁʰʽ ˉˇ˂˂˗˄ ʱ˂˂˖˄ ˃ˇˊ˒˗˄ ˍˇˉʽˁʺˌ ʰˋˍˇ˔ʾʰˌΦ 

ʆʷˍˇʽʶˌ ʲ˂ʱʲʶˌ ˃ʶʽ˗˄ˇˎ˄ ˁʰˍʰˁˈˊˎ˒ʰ ˍʹ˄ ʶˎˋˍʱʻʶʽʰ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˋʶ ʷ˄ʰ ʶ˄ʵʶ˔ˈ˃ʶ˄ˇ 

ʽˋ˔ˎˊˈ ˋʶʽˋ˃ˈ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋʶ ˉʶˊʰʽˍʷˊ˖ ʲ˂ʱʲʶˌ ˋˍˇ ʰˎʻʶ˄ˍʽˁˈ ˎ˂ʽˁˈ ˍˇˎˌΣ 

ˋʶ ʰ˄ʰˍˊˇˉʺ ˁʰʽ ʰˉˇˁˈ˂˂ʹˋʹ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎˌΣ ʰ˂˂ʱ ʰˁˈ˃ʰ ˁʰʽ ˋʶ ˃ʶˊʽˁʺ ʺ ˇ˂ʽˁʺ 

ˁʰˍʱˊˊʶˎˋʹ ˍˇˎˌΦ  ɱʽʰ ˍˇ˄ ˂ˈʴˇ ʰˎˍˈΣ ˍʷˍˇʽʶˌ ʲ˂ʱʲʶˌ ˔ˊʺʸˇˎ˄ ʱ˃ʶˋʹˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˃ʶ 

ˍʹ ˔ˊʺˋʹ ˁʰˍʱ˂˂ʹ˂˖˄ ˍʶ˔˄ʽˁ˗˄ ʶ˄ʾˋ˔ˎˋʹˌ ˉˇˎ ʻʰ ʲʶ˂ˍʽ˗ˋˇˎ˄ ˍʹ˄ ˒ʷˊˇˎˋʰ ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ 

˃˄ʹ˃ʶʾˇˎ ˁʰʽ ʻʰ ˍˇ ʻ˖ˊʰˁʾˋˇˎ˄ ʷ˄ʰ˄ˍʽ ʽˋ˔ˎˊ˗˄ ˋʶʽˋ˃ʽˁ˗˄ ʵˊʱˋʶ˖˄Φ 
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1.2 ɰʰˋʽˁʷˌ ʰˊ˔ʷˌ ɮˉˇˁʰˍʱˋˍʰˋʹˌ 

ɶ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˄ʰ˗˄ ˁʰʽ ˍ˖˄ ˃˄ʹ˃ʶʾ˖˄ ʶ˄ ʴʷ˄ʶʽΣ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ 

ˉʰ˄ʰ˄ʻˊ˗ˉʽ˄ʹ ˉˇ˂ʽˍʽˋˍʽˁʺ ˉʰˊʰˁʰˍʰʻʺˁʹ ʰ˄ʶˁˍʾ˃ʹˍʹˌ ʰ˅ʾʰˌΣ ˂ˈʴ˖ ˍʹˌ ˋˉˇˎʵʰʽˈˍʹˍʰˌ 

ˍˇˎˌ ˉˊʷˉʶʽ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʁ ʾˍʰʽ ʲʱˋʶʽ ˁʱˉˇʽ˖˄ ˋʰ˒˗ˌ ˇˊʽˋ˃ʷ˄˖˄ ˉˊˇˍˏˉ˖˄ ˁʰʽ 

ˁʱˉˇʽ˖˄ ˁˇʽ˄ʱ ʰˉˇʵʶˁˍʱ ʰˊ˔˗˄Φ ɾʷ˔ˊʽ ˍʽˌ ʰˊ˔ʷˌ ˍˇˎ нлˇ ˎʰʽ˗˄ʰ ˇʽ ʶˉʶ˃ʲʱˋʶʽˌ ˋˍʰ 

˃˄ʹ˃ʶʾʰ ʵʶ˄ ʴʽ˄ˈˍʰ˄ ʲʱˋʶʽ ˃ʾʰˌ ʶ˄ʽʰʾʰˌ ˁʰˍʰʴʶɹˊʰ˃˃ʷ˄ʹˌ ʻʶ˗ˊʹˋʹˌΦ ʅˍʹˊʽʸˈˍʰ˄ ˋˍʹ˄ 

ʶ˃ˉʶʽˊʾʰ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ʶˉʶ˃ʲʱˋʶ˖˄ ˁʰʽ ˍʽˌ ʻʶ˖ˊʹˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ˁˎˊʽʰˊ˔ˇˏˋʰ˄ 

ˋʶ ˁʱʻʶ ˉʶˊʾˇʵˇΦ  

ɾʽʰ ˉˊ˗ˍʹ ʰˉˈˉʶʽˊʰ ˁʰˍʰʴˊʰ˒ʺˌ ˍ˖˄ ʻʶ˖ˊʹˍʽˁ˗˄ ˁʰʽ ʶ˃ˉʶʽˊʽˁ˗˄ ˉˊˇˋʶʴʴʾˋʶ˖˄ ˋˍʹ˄ 

ʰˉˇˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˃˄ʹ˃ʶʾ˖˄ ʷʴʽ˄ʶ ˃ʶ ˍʹ ˋˏ˄ˍʰ˅ʹ ˍˇˎ ΨΨ ʋʱˊˍʹ ˍ˖˄ ɮʻʹ˄˗˄ΩΩ ˍˇ мфом ˁʰˍʱ 

ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ɲʽʶʻ˄ˇˏˌ ʅˎ˄ʵʽʱˋˁʶ˕ʹˌ ˍ˖˄ ɮʻʹ˄˗˄ ˍˇˎ ʁˁˍ˖ʲˊʾˇˎ ˍˇˎ мфомΦ ʅʶ ʰˎˍˈ ˍˇ 

ˁʶʾ˃ʶ˄ˇ ˍˇ˄ʾʸʶˍʰʽ ʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ʵʽʱˋ˖ˋʹˌ ˍ˖˄ ˃˄ʹ˃ʶʾ˖˄Σ ˍʰ ˇˉˇʾʰ ʰˉˇˍʶ˂ˇˏ˄ ˋˍˇʽ˔ʶʾˇ 

ˍʹˌ ˉˇ˂ʽˍʽˋˍʽˁʺˌ ˁ˂ʹˊˇ˄ˇ˃ʽʱˌ ˁʰʽ ʹ ʰ˄ʰʴˁʰʽˈˍ́ ˍʰ ˂ʺ˕ʹˌ ˋˎ˄ˍˇ˄ʽˋ˃ʷ˄ʹˌ ˁˊʰˍʽˁʺˌ 

˃ʷˊʽ˃˄ʰˌ ʴʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈΦ ʃˊˇˁˊʾ˄ʶˍʰʽ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ʰˊ˔ʽˁʺˌ ˃ˇˊ˒ʺˌ ˁʰʽ ˔ˊʺˋʹˌ 

ˍ˖˄ ˃˄ʹ˃ʶʾ˖˄Σ ˁʰʽ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʹ ʰˉˇˁʰˍʱˋˍʰˋʹ ˁˊʾ˄ʶˍʰʽ ʰ˄ʰʴˁʰʾʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ 

ˋʷʲʶˍʰʽ ˁʰʽ ˄ʰ ˃ʹ˄ ʰ˂˂ˇʽ˗˄ʶʽ ˍʹ˄ ˒ˎˋʽˇʴ˄˖˃ʾʰ ˍˇˎˌΦ ɶ ˔ˊʺˋʹ ˄ʷ˖˄ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁ˗˄ ˃ʶ˂˗˄ 

ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰˉˇ˒ʶˏʴʶˍʰʽ ʰ˂˂ʱ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹΣ ˍˈˍʶ ʰˎˍʱ ʻʰ ˉˊʷˉʶʽ 

˄ʰ ʶʾ˄ʰʽ ʵʽʰˁˊʽˍʱΦ ɮ˄ʰʵʶʽˁ˄ˏʶʽ ˍʹ˄ ʰ˄ʰʴˁʰʽˈˍʹˍʰ ˍʹˌ ʵʽʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˋˎ˄ʶˊʴʰˋʾʰˌΦ 

ʆˇ˄  ΨΨ ʋʱˊˍʹ ˍ˖˄ ɮʻʹ˄˗˄ΩΩ  ʵʽʰʵʷ˔ˍʹˁʶ ˇ ΨΨ ʋʱˊˍʹ ˍʹˌ ɰʶ˄ʶˍʾʰˌΩΩ (ICOMOSΣ мфсрύΣ ˇ ˇˉˇʾˇˌ 

ʵʽʰˍˎˉ˗ʻʹˁʶ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ɰ˘ ɲʽʶʻ˄ˇˏˌ ʅˎ˄ʶʵˊʾˇˎ ˍ˖˄ ɮˊ˔ʽˍʶˁˍˈ˄˖˄ ˁʰʽ ˍ˖˄ 

ʆʶ˔˄ʽˁ˗˄ ˍ˖˄ ɹˋˍˇˊʽˁ˗˄ ɾ˄ʹ˃ʶʾ˖˄ ˋˍʹ ɰʶ˄ʶˍʾʰ ˍˇ ɾʱʽˇ ˍˇˎ мфспΦ ʁ ʋʱˊˍʹˌ ʰˎˍˈˌΣ 

˅ʶˁʽ˄ʱʶʽ ˋˍʹ ʲʱˋʹ ˍʹˌ ˋˎ˄ʷ˔ʽˋʹˌ ˍˇˎ ΨΨ ʋʱˊˍʹ ˍ˖˄ ɮʻʹ˄˗˄ΩΩ ʶˉʽˁʰʽˊˇˉˇʽ˗˄ˍh̩  ˍˇ 

ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ ˃ʶ ʲʱˋʹ ˍʰ ˄ʷʰ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˍʽˌ ʻʶ˖ˊʺˋʶʽˌ ˍʹˌ ʶˉˇ˔ʺˌΦ ʅˍˇ ˁʶʾ˃ʶ˄ˇ ˍˇˎ 

ʵʽʰˍˎˉ˗˄ʶˍʰʽ ʹ ʰ˄ʰʴˁʰʽˈˍʹˍʰ ˍʹˌ ʵʽʰˊˁˇˏˌ ˋˎ˄ˍʺˊʹˋʹˌ ˍ˖˄ ˃˄ʹ˃ʶʾ˖˄ ˁʰʽ 

ˎˉˇʴˊʰ˃˃ʾʸʶˍʰʽ ʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ʵʽʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˉˊˇˋʷʴʴʽˋʹˌ ʴʽʰ ˍʹ ʵʽʱˋ˖ˋʹ ˍˇˎˌΦ ɶ 

ʰˉˇˁʰˍʱˋˍʰˋʹ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˋʷʲʶˍʰʽ ˍʹ˄ ʰˊ˔ʽˁʺ ˃ˇˊ˒ʺ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ˄ʰ ˃ʹ˄ ˍʹ˄ 

ʰ˂˂ˇʽ˗˄ʶʽ ˃ʶ ˍˊˇˉˇˉˇʽʺˋʶʽˌ ˁʰʽ ˉˊˇˋʻʺˁʶˌΦ ʁʽ ʶˉʶ˃ʲʱˋʶʽˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰˉˇ˒ʶˏʴˇ˄ˍʰʽ 

ˁʰʽ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾʶˌ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˃ʷ˔ˊʽ ˍˇ ʲʰʻ˃ˈ ˉˇˎ 

ˍʶˁ˃ʰʾˊʶˍʰʽ ˈˍʽ ʰ˄ˍʰˉˇˁˊʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ʰˊ˔ʽˁʺ ˃ˇˊ˒ʺ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ˋʶ ˁʰ˃ʾʰ 

ˉʶˊʾˉˍ˖ˋʹ ˄ʰ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˎˉˇʻʷˋʶʽˌ ˁʰʽ ʶˁˍʽ˃ʺˋʶʽˌΦ ʂ˂ʶˌ ˇʽ ˇʽˁˇʵˇ˃ʽˁʷˌ ʽˋˍˇˊʽˁʷˌ 

˒ʱˋʶʽˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˃ʷˊˇˌ ˍʹˌ ʶʽˁˈ˄ʰˌ ˍˇˎ ˁʰʽ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ˇ˄ˍʰʽ 

ˋʶʲʰˋˍʷˌΦ ɶ ˔ˊʺˋʹ ˄ʷ˖˄ ˃ʶ˂˗˄ ˁʰʽ ˎ˂ʽˁ˗˄ ʴʽʰ ˋˎ˃ˉ˂ʺˊ˖ˋʹ ˍ˖˄ ʰˎʻʶ˄ˍʽˁ˗˄ ʻʰ ˉˊʷˉʶʽ 

˄ʰ ʰˉˇ˒ʶˏʴʶˍʰʽ ˁʰʽ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʶʾ˄ʰʽ ʰ˄ʰˉˈ˒ʶˎˁˍʹ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʶ˃˒ʰ˄˗ˌ 

ʵʽʰˁˊʽˍʺ ˋˍˇ˄ ʶˉʽˋˁʷˉˍʹΦ ɸʶ˃ʶ˂ʽ˗˄ʶˍʰʽ ʹ ʰ˄ʰʴˁʰʽˈˍʹˍʰ ˍʹˌ ˍʶˁ˃ʹˊʾ˖ˋʹˌ ˍʹˌ ʶˉʷ˃ʲʰˋʹˌΦ 

ʆʷ˂ˇˌ ʹ ʰ˄ʰˁʰˍʰˋˁʶˎʺ ʰˉʰʴˇˊʶˏʶˍʰʽ ˁʰʽ ˉˊˇˁˊʾ˄ʶˍʰʽ ʹ ʰ˄ʰˋˍʺ˂˖ˋʹ ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋ́Φ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʶ ˍʹ ɲʽʰˁʺˊˎ˅ʹ ˍˇˎ ɯ˃ˋˍʶˊ˄ˍʰ˃ όмфтрύ ʵʽʰˍˎˉ˗ʻʹˁʶ ʹ ʷ˄˄ˇʽʰ ˍʹˌ 

ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹˌ ʵʽʰˍʺˊʹˋʹˌΣ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉʷˊʰ ʰˉˈ ˍʹ˄ ʰ˄ʰʴˁʰʽˈˍʹˍʰ ˉˊˇˋˍʰˋʾʰˌ 

ˍˇˎ ˃ʶ˃ˇ˄˖˃ʷ˄ˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˍˇˎ Σ ˁʰʻ˗ˌ ˁʰʽ ˇ˂ˈˁ˂ʹˊʶˌ ˉʶˊʽˇ˔ʷˌ ˁʰʽ 

ˉˈ˂ʶʽˌ ˉˇ˂ʽˍʽˋˍʽˁˇˏ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

ɰʱˋʶʽ ʰˎˍ˗˄ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ Σ ˇʽ ʶˉʶ˃ʲʱˋʶʽˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˃˄ʹ˃ʶʾʰ 

ˋʺ˃ʶˊʰ ˉˊʷˉʶʽ ˄ʰ ʵʽʷˉˇ˄ˍʰʽ ʰˉˈ  ˍʹ ʴʶ˄ʽˁˈˍʶˊʹ ʵʶˇ˄ˍˇ˂ˇʴʾʰ ˍ˖˄ ʶˉʶ˃ʲʱˋʶ˖˄ 
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ˋˎ˄ˍʺˊʹˋʹˌ  ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹˌΣ ˈˉ˖ˌ ʰˎˍʺ ʰˉˇˍˎˉ˗˄ʶˍʰʽ ˋˍʹ˄ ʋʱˊˍʰ ˍʹˌ ɰʶ˄ʶˍʾʰˌ ˁʰʽ 

˃ʶ ʲʱˋʹ ˁʰʽ ˍʽˌ ˋˏʴ˔ˊˇ˄ʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌΦ ɸʰ ˉˊʷˉʶʽ  ˄ʰ ʵʽʰˋ˒ʰ˂ʾʸʶˍʰʽ ʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ 

ʰˎʻʶ˄ˍʽˁˈˍʹˍʰˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ʹ ʰ˄ˍʽˋˍˊʶ˕ʽ˃ˈˍʹˍʰ ˍʹˌ ʶˉʷ˃ʲʰˋʹˌ ˋˍˇ ˃ʷˍˊˇ ˍˇˎ 

ʵˎ˄ʰˍˇˏΦ ɹʵʽʰʾˍʶˊʹ ˋʹ˃ʰˋʾʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵʾ˄ʶˍʰʽ ˋˍʹ ʵʽʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˉˇˎ 

ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾʰ ʴʽʰ ˍʹ˄ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ˉˊˇˋˍʰˋʾʰ ˍ˖˄ ˃˄ʹ˃ʶʾ˖˄Φ 

ʅʶ ˈˍʽ ʰ˒ˇˊʱ ˍʰ ˎ˂ʽˁʱ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄Σ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˉˊˇˋˇ˃ˇʽʱʸˇˎ˄ ˍʽˌ  

ˇˊˎˁˍˇ˂ˇʴʽˁʷˌΣ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʷˌ ˁʰʽ ˃ʹ˔ʰ˄ʽˁʷˌ  ʽʵʽˈˍʹˍʶˌ ˍ˖˄ ʰˎʻʶ˄ˍʽˁ˗˄ ˎ˂ʽˁ˗˄ ˗ˋˍʶ ˄ʰ 

ˎˉʱˊ˔ʶʽ ˋˎ˃ʲʰˍˈˍʹˍʰ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ʅʶ ˈˍʽ ʰ˒ˇˊʱ ˍʰ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ʸʹˍˇˏ˃ʶ˄ˇ ʶʾ˄ʰʽ ʹ ˏˉʰˊ˅ʹ ʰ˄ʱ˂ˇʴʹˌ ˃ʽˁˊˇʵˇ˃ʺˌ ˁʰʽ ʹ ˔ʹ˃ʽˁʺ ˋˎʴʴʷ˄ʶʽʰ  ˃ʶ ʽˋˍˇˊʽˁʱ 

ˎ˂ʽˁʱ  ˗ˋˍʶ ˄ʰ ʵʽʰˋ˒ʰ˂ʾʸʶˍʰʽ ʹ ˔ʹ˃ʽˁʺ ˉˊˈˋ˒ˎˋʹ ˉʷˊʰ ʰˉˈ  ˍʹ ˃ʹ˔ʰ˄ʽˁʺ ˁʰʽ ʹ ʰˉˇˎˋʾʰ 

ˉʰˊʰʴ˖ʴʺˌ ˉʰˊʰˉˊˇʿˈ˄ˍ˖˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʲ˂ʱ˕ˇˎ˄ ˍʰ ˎˉˈ ʴʶʽˍ˄ʾʰˋʹ ʵˇ˃ʽˁʱ ˎ˂ʽˁʱΦ  ʅʶ 

ˈˍʽ ʰ˒ˇˊʱ ˍʰ ˃ʹ˔ʰ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌ  

ʶ˒ʶ˂ˁˎˋˍʽˁ˗˄Σ ʻ˂ʽˉˍʽˁ˗˄ ʰ˄ˍˇ˔˗˄ ˁʰʻ˗ˌ ˁʰʽ ʰ˄ˍˇ˔ʺˌ ˋʶ ˁʱ˃˕ʹ ˃ʶ ˍˇ ʽˋˍˇˊʽˁˈ ˎ˂ʽˁˈ ˁʰʽ 

ˉʰˊˈ˃ˇʽˇ ˃ʷˍˊˇ ʶ˂ʰˋˍʽˁˈˍʹˍʰˌ ˁʰʽ ˋˎ˄ˍʶ˂ʶˋˍʺ ʻʶˊ˃ʽˁʺˌ ʵʽʰˋˍˇ˂ʺˌΦ ɮˁˈ˃ʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ 

ʶʾ˄ʰʽ ˋˎ˃ʲʰˍʱ ʰˉˈ ʰʽˋʻʹˍʽˁʺˌ ˉ˂ʶˎˊʱˌ ˁʰʽ ˄ʰ ʷ˔ʶʽ ˃ʶ˂ʶˍʹʻʶʾ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁʰʽ ʹ 

ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ˍˇˎˌ ˋˍˇ ˔ˊˈ˄ˇ όRodrigues & Grossi, 2007). 

ʁʽ ʶˉʶ˃ʲʱˋʶʽˌ ˋˎ˄ˍʺˊʹˋʹˌ ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˋʶ ʷ˄ʰ ˃˄ʹ˃ʶʾˇ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶ˄ˍʱˋˋˇ˄ˍʰʽ 

ˋˍˇ ˉ˂ʰʾˋʽˇ ʶ˄ˈˌ ʴʶ˄ʽˁˈˍʶˊˇˎ ˋˍˊʰˍʹʴʽˁˇˏ ˋ˔ʶʵʽʰˋ˃ˇˏΣ ˉˇˎ ʻʰ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ 

ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ˋˍʹ˄ ˇˉˇʾʰ ʰˎˍˈ ʲˊʾˋˁʶˍʰʽΣ ˉˇˎ ˃ʶˍʱ ʰˉˈ ˁʰˍʱ˂˂ʹ˂ʹ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˄ʰ ˁʰˍʰ˂ʺʴʶʽ ˋˍʹ˄ ˁʰˍʱˋˍˊ˖ˋʹ ʶ˄ˈˌ 

ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇˎ ˋ˔ʶʵʾˇˎ ʵˊʱˋʹˌΦ ʆˇ ˋ˔ʷʵʽˇ ʰˎˍˈ ʻʰ ˉˊˇʷˊ˔ʶˍʰʽ ʷˉʶʽˍʰ ʰˉˈ ʰ˄ʰ˂ˎˍʽˁʺ 

ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ʰ˄ʰʴˁʰʽˈˍʹˍʰˌ ʶˉʷ˃ʲʰˋʹˌΣ ʵʽʶˊʶˏ˄ʹˋʹ ˁʰʽ ʶˉʽ˂ˇʴʺ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ 

ˉˊˈˍʰˋʹˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ  ˁʰʽ ʰʽˍʽˇ˂ˇʴʹ˃ʷ˄ʹ ˍʶˁ˃ʹˊʾ˖ˋʹ ˍʹˌ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹˌ ʶˉʾʵˊʰˋʹˌ 

ˉˇˎ ʻʰ ʷ˔ʶʽ ˋˍˇ ˃˄ʹ˃ʶʾˇΦ ɱʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ʶ˄ˈˌ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇˎ ˋ˔ʶʵʾˇˎ ʶˉʷ˃ʲʰˋʹˌ 

ˁˊʾ˄ʶˍʰʽ ʰ˄ʰʴˁʰʾʰ ʹ ʵʽʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˋˎ˄ʶˊʴʰˋʾʰ ˈ˂˖˄ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ 

ʶʽʵʽˁˇˍʺˍ˖˄ ˁʰʽ ʹ ˎʽˇʻʷˍʹˋʹ ˃ʾʰˌ ˉˊˈˍˎˉʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ʶˉʶ˃ʲʱˋʶ˖˄Φ  

ɾʾʰ ˍʷˍˇʽʰ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ʰˁˈ˂ˇˎʻʰ ˋˍʱʵʽʰ Υ 

¶ ʃˊˇˁʰˍʰˊˍʽˁʺ ˃ʶ˂ʷˍʹ 

¶ ɲʽʰʴ˄˖ˋˍʽˁʺ ˃ʶ˂ʷˍʹ 

¶ ʆʶ˂ʽˁʺ ˃ʶ˂ʷˍʹ ʶˉʶ˃ʲʱˋʶ˖˄ 

ɮˊ˔ʽˁʱ ˁʰˍʱ ˍˇ ˋˍʱʵʽˇ ˍʹˌ ˉˊˇˁʰˍʰˊˁˍʽˁʺˌ ˃ʶ˂ʷˍʹˌ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˈ˂ʰ ˍʰ ʰ˄ʰʴˁʰʾʰ ˋˍˇʽ˔ʶʾʰ 

ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇ ˃˄ʹ˃ʶʾˇ ˁʰʽ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʰ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍˇˎΦ ʃˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ 

˃ʰˁˊˇˋˁˇˉʽˁˈˌ ʷ˂ʶʴ˔ˇˌ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ʴʾ˄ʶˍʰʽ ˃ʾʰ ˉˊ˗ˍʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˁʰʽ ˁʰˍʰʴˊʰ˒ʺ 

ˍ˖˄ ˎ˂ʽˁ˗˄ ˉˇˎ ʰˉʰˊˍʾʸˇˎ˄ ˍˇ ˃˄ʹ˃ʶʾˇΣ ˍ˖˄ ˍˏˉ˖˄ ˍʹˌ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʺˌ ˒ʻˇˊʱˌ ˉˇˎ 

ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋʶ ʰˎˍˈ ˁʰʽ ˍˊˇˉˇˉˇʽʺˋʶʽˌ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˁʰˍʱ ˍʽˌ ʽˋˍˇˊʽˁʷˌ ˒ʱˋʶʽˌ ˍˇˎ ʺ 

ʰˉˈ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʶˉʶ˃ʲʱˋʶʽˌΦ ɮˎˍʷˌ ˇʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʶˉʽˍˊʷˉˇˎ˄ ˃ʽʰ ˉˊ˗ˍʹ ʶˁˍʾ˃ʹˋʹ 

ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ˁʰˍʱˋˍˊ˖ˋʹ ˍˇˎ ˋ˔ʶʵʾˇˎ ʵˊʱˋʹˌ ˉˇˎ 

ʻʰ ʰˁˇ˂ˇˎʻʹʻʶʾ ˁʰˍʱ ˍʹ˄ ʶˉʷ˃ʲʰˋʹΦ 

ɮˁˇ˂ˇˎʻʶʾ ʹ ʵʽʰʴ˄˖ˋˍʽˁʺ ˃ʶ˂ʷˍʹ  ʰ˒ˇˊʱ ˍʹ ˃ʶ˂ʷˍʹ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ʰˎʻʶ˄ˍʽˁ˗˄ ˎ˂ʽˁ˗˄ ˁʰʽ 

ˍ˖˄ ˃ʹ˔ʰ˄ʽˋ˃˗˄ ˒ʻˇˊʱˌ ˍˇˎˌΦ ʆʹˌ ʵʽʰʴ˄˖ˋˍʽˁʺˌ ˃ʶ˂ʷˍʹˌ ʷˉʶˍʰʽ ʹ ˍʶ˂ʽˁʺ ˃ʶ˂ʷˍʹ 

ʶˉʶ˃ʲʱˋʶ˖˄ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˃ʶ˂ʷˍʹ ʰˉˇˁʰˍʱˋˍʰˋʹˌΣ ˍʹ ˃ʶ˂ʷˍʹ 
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ʵˇ˃ʽˁʺˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˁʰʽ ʶ˄ʾˋ˔ˎˋʹˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΣ ˍʹ ʴʶ˖ˍʶ˔˄ʽˁʺ ˃ʶ˂ʷˍʹΣ ˍʹ ˃ʶ˂ʷˍʹ 

ʶˉʽ˂ˇʴʺˌ  ˍ˖˄  ˎ˂ʽˁ˗˄ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˁʰʽ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ʶˉʶ˃ʲʱˋʶ˖˄ 

ˁʰʻʰˊʽˋ˃ˇˏ ˁʰʽ ˋˎ˄ˍʺˊʹˋʹˌ ˉˇˎ ʻʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋˍˇ ˃˄ʹ˃ʶʾˇΦ 

 ɳʽʵʽˁˈˍʶˊʰ ʴʽʰ ˍʹ ʵʽʰʴ˄˖ˋˍʽˁʺ ˃ʶ˂ʷˍʹΣ ˍˇ ˉˊ˗ˍˇ ˋˍʱʵʽˇ ʶʾ˄ʰʽ ʰˎˍˈ ˍʹˌ ˍʶˁ˃ʹˊʾ˖ˋʹˌΣ ˉˇˎ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ  Υ 

¶ ˍʹ˄ ʽˋˍˇˊʽˁʺ ˍʶˁ˃ʹˊʾ˖ˋʹ 

¶ ˍʹ ʴʶ˖˃ʶˍˊʽˁʺ ˍʶˁ˃ʹˊʾ˖ˋʹΣ  

¶ ˍʹ˄ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ʰˉˇˍˏˉ˖ˋʹ  

¶ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˎ˂ʽˁ˗˄Σ  

¶ ˍʹ  ˔ʰˊˍˇʴˊʱ˒ʹˋʹ  ˒ʻˇˊ˗˄ 

¶ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ʶˉʶ˃ʲʱˋʶ˖˄ 

¶ ˍʹ˄ h ˄ʱ˂ˎˋʹ ɻ ˇ˃ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ʲ˂ʰʲ˗˄ 

ɶ ʽˋˍˇˊʽˁʺ ˍʶˁ˃ʹˊʾ˖ˋʹ ʰ˄ˍ˂ʶʾ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʷˉʶʽˍʰ ʰˉˈ ʶ˄ʵʶ˂ʶ˔ʺ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ˁʰʽ 

ʽˋˍˇˊʽˁʺ ʷˊʶˎ˄ʰ ˁʰʽ ʰ˄ʰʸʺˍʹˋʹ ˒˖ˍˇʴˊʰ˒ʽˁ˗˄ ʰˊ˔ʶʾ˖˄ ʴʽʰ ˍʹ˄ ˍʶˁ˃ʹˊʾ˖ˋʹ ˍʹˌ ˍˈˋˇ 

ˎ˒ʽˋˍʱ˃ʶ˄ʹˌ ˁʰˍʱˋˍʰˋʹˌΣ ˈˋˇ ˁʰʽ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ˍ˖˄ ʽˋˍˇˊʽˁ˗˄ 

ˇʽˁˇʵˇ˃ʽˁ˗˄ ˒ʱˋʶ˖˄ ˍˇˎΦ   

ɶ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ʰˉˇˍˏˉ˖ˋʹ ʷ˔ʶʽ ˋˍˈ˔ˇ ˍʹ˄ ˋ˔ʶʵʽʰˋˍʽˁʺ ʰˉˇˍˏˉ˖ˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ όˈ˕ʶʽˌΣ 

ˁʰˍˈ˕ʶʽˌΣ ˍˇ˃ʷˌύΣ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ʻʷˋʹˌ ˁʰʽ ˍˇˎ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏ ˍˇˎΣ ˍʹ˄ 

˃ˇˊ˒ˇ˂ˇʴʽˁʺ ˍˎˉˇ˂ˇʴʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍˇˎΣ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁʺˌ ˍˇˎ ʵʽʱˊʻˊ˖ˋʹˌ ˁʰʽ 

ˍʹ˄ ˃ʶ˂ʷˍʹ ˍ˖˄ ˇʽˁˇʵˇ˃ʽˁ˗˄ ˍˇˎ ˒ʱˋʶ˖˄Φ  ˍʹ˄ ʶ˃ˉʶˊʽˋˍʰˍ˖˃ʷ˄ʹ ʵʽʶˏˊˎ˄ˋʹ ˍ˖˄ ʴ˄˗ˋʶ˖˄ 

ʴʽʰ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˁʰˍʰˋˁʶˎʺˌΣ ˍʽˌ ˇʽˁˇʵˇ˃ʽˁʷˌ ˒ʱˋʶʽˌ ˁʰʽ ˍʰ ˇʽˁˇʵˇ˃ʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˍʹˌ 

ˎˉʱˊ˔ˇˎˋʰˌ ˁʰˍʱˋˍʰˋʹˌΦ ɮˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˉʷ˄ˍʶ ˋˍʱʵʽʰΣ ˉˇˎ ˈ˃˖ˌ ʵʶ˄ ˋˎ˄ʽˋˍˇˏ˄ 

ˎˉˇ˔ˊʶ˖ˍʽˁʱ ˔˖ˊʽˋˍʷˌ ˒ʱˋʶʽˌΦ 

ɶ ʴʶ˖˃ʶˍˊʽˁʺ ˍʶˁ˃ʹˊʾ˖ˋʹ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰˁˊʽʲʺ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ˃ˇˊ˒ʺˌ ˁʰʽ ˍʹˌ ʻʷˋʹˌ ˍˇˎ 

˃˄ʹ˃ʶʾˇˎΦ ɾʶ ˍʽˌ ˋˏʴ˔ˊˇ˄ʶˌ ˒˖ˍˇʴˊʰ˃˃ʶˍˊʽˁʷˌ ˍʶ˔˄ʽˁʷˌ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʱʴʶʽ ʶʽˁˇ˄ʽˋˍʽˁʱ 

ˉˊˇʿˈ˄ˍʰ ˎ˕ʹ˂ʺˌ ˉˇʽˈˍʹˍʰˌ ˍˈˋˇ ˋʶ ʵʽˋʵʽʱˋˍʰˍˇΣ ˈˋˇ ˁʰʽ ˋʶ ˍˊʽˋʵʽʱˋˍʰˍˇ ʶˉʾˉʶʵˇΦ  

ʆˇ ʶˉˈ˃ʶ˄ˇ ˋˍʱʵʽˇ ʰ˒ˇˊʱ ˍˇ˄ ˃ʰˁˊˇˋˁˇˉʽˁˈ ʷ˂ʶʴ˔ˇ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ʴʾ˄ʶˍʰʽ ˃ʾʰ ˉˊ˗ˍʹ 

ʰ˄ʰʴ˄˗ˊʽˋʹ ˁʰʽ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˎ˂ʽˁ˗˄ ˉˇˎ ʰˉʰˊˍʾʸˇˎ˄ ˍˇ ˃˄ʹ˃ʶʾˇΣ ˍ˖˄ ˍˏˉ˖˄ ˍʹˌ 

˒ˎˋʽˁˇ˔ʹ˃ʽˁʺˌ ˒ʻˇˊʱˌ ˉˇˎ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˁʰʽ ˍˊˇˉˇˉˇʾʹˋʹˌ ˋˍˇ ˃˄ʹ˃ʶʾˇ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ 

ˁʰˍʱ ˍʽˌ ʽˋˍˇˊʽˁʷˌ ˒ʱˋʶʽˌ ˍˇˎ ʺ ʰˉˈ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʶˉʶ˃ʲʱˋʶʽˌΦ ɮˎˍʷˌ ˇʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ 

ʶˉʽˍˊʷˉˇˎ˄ ˃ʽʰ ˉˊ˗ˍʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ 

ˁʰˍʱˋˍˊ˖ˋʹ ˍˇˎ ˋ˔ʶʵʾˇˎ ʵˊʱˋʹˌ ˉˇˎ ʻʰ ʰˁˇ˂ˇˎʻʹʻʶʾ ˁʰˍʱ ˍʹ˄ ʶˉʷ˃ʲʰˋʹΦ 

ɶ ʵˇ˃ˇˋˍʰˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ʰˉˇˋˁˇˉʶʾ ˋˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˍˇˎ ʵˇ˃ʽˁˇˏ 

ˋˎˋˍʺ˃ʰˍˇˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ɾʶ ʰˎˍʺ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˇ ˒ʷˊ˖˄ ˇˊʴʰ˄ʽˋ˃ˈˌ ˃ʷˋ˖ ˍˇˎ 

ˇˉˇʾˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ˃ʶˍʰ˒ˇˊʱ ˍ˖˄ ˒ˇˊˍʾ˖˄Φ ɳ˅ʶˍʱʸʶˍʰʽ ʹ ʶˎˋˍʱʻʶʽʰ ˍˇˎ 

˃˄ʹ˃ʶʾˇˎ ˁʰʽ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʹ ʰ˄ˍˇ˔ʺ ˁʰʽ ˇʽ ʵʽʰˋˍʱˋʶʽˌ ˍ˖˄ ʵˇ˃ʽˁ˗˄ ˃ʶ˂˗˄ ˍˇˎΦ ɱʾ˄ʶˍʰʽ 

ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ʲ˂ʰʲ˗˄ ˁʰʽ ˍ˖˄ ˃ʹ˔ʰ˄ʽˋ˃˗˄ ʰˋˍˇ˔ʾʰˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽΦ ɳ˒ˈˋˇ˄ 

ˁˊʾ˄ʶˍʰʽ ʰ˄ʰʴˁʰʾˇ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʴʶ˖ˍʶ˔˄ʽˁʺ ˃ʶ˂ʷˍʹΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʶ ʲʱˋʹ ˍʰ 

ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʰ˄ˍ˂ˇˏ˄ˍʰʽ ʴʾ˄ʶˍʰʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˋʶ ʰˊʽʻ˃ʹˍʽˁˈ ˎˉˇ˂ˇʴʽˋˍʽˁˈ 

˃ˇ˄ˍʷ˂ˇΦ ɾʶˍʱ ʰˉˈ ˁʰˍʱ˂˂ʹ˂ʹ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌΣ ˍ˖˄ ˎ˂ʽˁ˗˄ ˁʰʽ ˍ˖˄ 



16 
 

 

ˉʰˊʰ˃ʷˍˊ˖˄ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΣ ˁʰʻ˗ˌ ˁʰʽ ˃ʶ˂ʷˍʹ ˋʶʽˋ˃ʽˁʺˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ 

ˋˍʹ˄ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽΣ ʰˉˈ ˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʁ ʾˍʰʽ ʴʽʰ 

ˁʰˍʱ˂˂ʹ˂ʶˌ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ ʶ˅ʱʴˇ˄ˍʰʽ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˋʶʽˋ˃ʽˁʺ 

ʰˉˈˁˊʽˋʹ ˍˇˎΣ ˍʹ˄ ʶˎˋˍʱʻʶʽʰ ˍˇˎ ˁʰʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˍʱˋʶ˖˄ ˁʰʽ ˉʰˊʰ˃ˇˊ˒˗ˋʶ̟˄ ˉˇˎ 

ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽΦ 

ʆˇ ʶˉˈ˃ʶ˄ˇ ˋˍʱʵʽˇ ˍʹˌ ʵʽʰʴ˄˖ˋˍʽˁʺˌ ˃ʶ˂ʷˍʹˌ ʶʾ˄ʰʽ ˇʽ ʶˉʾ ˍˈˉˇˎ ˃ʰˁˊˇˋˁˇˉʽˁʷˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ʴʽʰ ˍʹ˄ ˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˎ˂ʽˁ˗˄Φ ɳˊʶˎ˄ʱˍʰʽ ʹ ˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˎ˂ʽˁ˗˄Σ ʹ 

ˍˎˉˇ˂ˇʴʾʰ ˍ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˒ʻˇˊʱˌ ˁʰʽ ʴʾ˄ʶˍʰʽ ˁʰˍʰʴˊʰ˒ʺ ˍˎ˔ˈ˄ ʶˉʶ˃ʲʱˋʶ˖˄Φ 

ɮˁˇ˂ˇˎʻʶʾ ʹ ˍʶˁ˃ʹˊʾ˖ˋʹΣ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˁʰʽ ˃ʷˍˊʹˋʹ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄Φ 

ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ʰˎˍˇʾ ʰ˒ˇˊˇˏ˄ ˍˇ ˃ʽˁˊˇˁ˂ʾ˃ʰ όʻʶˊ˃ˇˁˊʰˋʾʰΣ ˎʴˊʰˋʾʰΣ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌΣ 

ˍʰ˔ˏˍʹˍʰ ʰ˄ʷ˃˖˄ύ Σ ˍˇˎˌ ˊˏˉˇˎˌ  όˋˍʶˊʶˇ˂ˏ˃ʰˍʰΣ ˎʵˊˇ˂ˏ˃ʰˍʰΣ ʰʶˊˇ˂ˏ˃ʰˍʰΣ ˍʹ ˔ʹ˃ʽˁʺ 

ʰ˄ʱ˂ˎˋʹ ʶʵʱ˒ˇˎˌ ˁʰʽ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ʰ˄ʶˊ˔ˈ˃ʶ˄ʹˌ ˎʴˊʰˋʾʰˌ  ˁʰʽ ˍʹˌ ˏˉʰˊ˅ʹˌ ʰ˂ʱˍ˖˄  

ˋʶ ˎʴˊʺ ʺ ˋˍʶˊʶʺ ˒ʱˋʹΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʴʾ˄ʶˍʰʽ ˔ˊʺˋʹ ʶˉʾ ˍˈˉˇˎ ˃ʹ ˁʰˍʰˋˍˊʶˉˍʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄ ʴʽʰ ˍʹ 

˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍ˖˄ ˎ˂ʽˁ˗˄Σ ˍʹ  ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍʹˌ ˒ʻˇˊʱˌ ˁʰʽ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍ˖˄ 

ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ʶˉʽˉˍ˗ˋʶ˖˄Φ ɱʾ˄ʶˍʰʽ ˍʰˎˍˇˉˇʾʹˋʹ ˍ˖˄ ʵˇ˃ʽˁ˗˄ ˎ˂ʽˁ˗˄ ˁʰʽ ʷˊʶˎ˄ʰ 

ˉˊˇʷ˂ʶˎˋʺˌ ˍˇˎˌ ˋʶ ˈˍʽ ʰ˒ˇˊʱ ˍʹ˄ ˉʶˍˊˇʴˊʰ˒ʽˁʺΣ ˇˊˎˁˍˇ˂ˇʴʽˁʺΣ ˒ˎˋʽˁʺΣ ˔ʹ˃ʽˁʺΣ 

˒ˎˋʽˁˇ˔ʹ˃ʽˁʺΣ ˃ʹ˔ʰ˄ʽˁʺ ˋˏˋˍʰˋʹ ˍˇˎˌ ʷˉʶʽˍʰ ʰˉˈ ˃ʶ˂ʷˍʹ ˁʰʽ ʵʶʾʴ˃ʰˍʰ ʰˉˈ ˍˇ ˃˄ʹ˃ʶʾˇΦ  

ɮˁˇ˂ˇˎʻʶʾ ˃ʶ˂ʷˍʹ ˍʹˌ ˒ʻˇˊʱˌ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ ˃ʶ ˋˎˋˍʹ˃ʰˍʽˁʺ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʺ 

ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˈ˂˖˄ ˍ˖˄ ˃ˇˊ˒˗˄ ˒ʻˇˊʱˌ ʰˉˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˋʹ˃ʶʾʰ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΣ 

˃ʶ˂ʷˍʹ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˒ʻʰˊ˃ʷ˄˖˄ ˎ˂ʽˁ˗˄ όˇˊˎˁˍˇ˂ˇʴʽˁʺΣ ˒ˎˋʽˁʺΣ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʺΣ ˔ʹ˃ʽˁʺΣ 

˃ʹ˔ʰ˄ʽˁʺύ ˁʰʽ ˃ʶ˂ʷˍʹ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍʹˌ ˒ʻˇˊʱˌ όˇˊˎˁˍˇ˂ˇʴʽˁʺΣ ˔ʹ˃ʽˁʺύ Φ ɱʾ˄ʶˍʰʽ 

ˋˏʴˁˊʽˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˎʴʽ˗˄ ˁʰʽ ˒ʻʰˊ˃ʷ˄˖˄ ˎ˂ʽˁ˗˄ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ 

ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ʴʽʰ  ˍˇ ʶʾʵˇˌ ˁʰʽ ˍˇ ʲʰʻ˃ˈ ʵʽʱʲˊ˖ˋʹˌΣ ˍʹ˄ ˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ 

ʵʽʱʲˊ˖ˋʹˌΣ ˍʹ ˒ˎˋʽˁʺ ˁʰˍʱˋˍʰˋʹ ˍʹˌ ʵʽʰʲˊ˖˃ʷ˄ʹˌ ˉʷˍˊʰˌ ˁʰʽ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ 

ʰʽˍʾ˖˄ ˒ʻˇˊʱˌΦ 

ɴ̄ ʶˍʰʽ ʹ ˋˎˋ˔ʷˍʽˋʹ ʶ˄ʵˇʴʶ˄˗˄ ˁʰʽ ʶ˅˖ʴʶ˄˗˄ ˉʰˊʰʴˈ˄ˍ˖˄ ˍʹˌ ˒ʻˇˊʱˌ ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍˇˎ 

˃˄ʹ˃ʶʾˇˎΣ ʹ ʶˁˍʾ˃ʹˋʹ ʰʽˍʾ˖˄ ˁʰʽ ˃ʹ˔ʰ˄ʽˋ˃˗˄ ˍ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˍʹˌ ˒ʻˇˊʱˌ ˃ʶ ʰ˅ʽˇ˂ˈʴʹˋʹ 

ˍ˖˄ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˁ ʰʻ˗ˌ ˁʰʽ ʰˎˍ˗˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ˍ˖˄ ʶˉʾ ˍˈˉˇˎ ˃ʹ ˁʰˍʰˋˍˊʶˉˍʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄Φ ʆʷ˂ˇˌ 

ʴʾ˄ʶˍʰʽ ˉʰˊʰ˃ʶˍˊʽˁʺ ʰ˄ʱ˂ˎˋʹ ς ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ ˋʶ 

ˋˎ˄ʻʺˁʶˌ ʶˉʽˍʰ˔ˎ˄ˈ˃ʶ˄ʹˌ ʴʺˊʰ˄ˋʹˌ ʴʽʰ ˍʹ˄ ʶˉʽʲʶʲʰʾ˖ˋʹ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ʴʽʰ ˍʰ ʰʾˍʽʰ ˁʰʽ 

ˍˇˎˌ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ˍʹˌ ˒ʻˇˊʱˌΦ 

ʁ ̔ ˍʶ˔˄ʽˁʷˌ ˉˇˎ ʻʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ʶˉʾ ˍˈˉˇˎ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁʷˌ ˁʰʻ˗ˌ 

ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ ʶ˅ʷˍʰˋʹ ʶˉʽ˒ʰ˄ʶʽ˗˄ ʶˉʾ ˍˈˉˇˎ ˔˖ˊʾˌ ˂ʺ˕ʹ ʵʶʽʴ˃ʱˍ˖˄ ʵʾ˄ˇˎ˄ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ ˋˍˊ˖˃ʰˍˇʴˊʰ˒ʾʰ ˎ˂ʽˁ˗˄Σ ˍˇʽ˔ˇˉˇʽʽ˗˄ ˁʰʽ ʶˉʽˁʰ˂ˎ˃˃ʷ˄˖˄ 

ʶˉʽ˒ʰ˄ʶʽ˗˄ Σ ˍʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍ˖˄ ˎ˂ʽˁ˗˄ ˁʰʽ ˍʹˌ ˒ʻˇˊʱˌΣ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˉˇʽˈˍʹˍʰˌ ˎ˂ʽˁ˗˄Σ 

ˍˇ˄ ʷ˂ʶʴ˔ˇ ˋˎ˃ʲʰˍˈˍʹˍʰˌ ˎ˂ʽˁ˗˄ ˁʰʽ ʶˉʶ˃ʲʱˋʶ˖˄ ˋˎ˄ˍʺˊʹˋʹˌΦ ɴˍˋʽ ˉʰˊʷ˔ˇˎ˄ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˁʰˍʰʴˊʰ˒ʺˌ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˇˉˍʽˁ˗˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˁʰʽ ˍʹ ˃ʶˍʰˍˊˇˉʺ ˍˇˎˌ 

ʲʱˋʶʽ ˒ˎˋʽˁˇ˔ʹ˃ʽˁ˗˄ ˁˊʽˍʹˊʾ˖˄ ˋʶ ʵʶʾˁˍʶˌ ˉˇʽˈˍʹˍʰˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʺ ˒ʻˇˊʱˌΦ 

ʁʽ ˍʶ˔˄ʽˁʷˌ ʰˎˍʷˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˎ˄ˇˉˍʽˁʱ ˉʰˊʰˁʱˍ˖ Υ 



17 
 

 

¶ ʇˉʷˊˎʻˊʹ ʻʶˊ˃ˇʴˊʰ˒ʾʰ ʴʽʰ ˍʹ ʵʽʱʴ˄˖ˋʹ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˒ʻˇˊʱˌ ˍˇʽ˔ˇˉˇʽʽ˗˄ ˁʰʽ 

ʰˊ˔ʽˍʶˁˍˇ˄ʽˁ˗˄ ʶˉʽ˒ʰ˄ʶʽ˗˄Σ ˍʹ˄ ʰˉˇ˒˂ˇʾ˖ˋʹ ˔ˊ˖˃ʱˍ˖˄ ˁʰʽ ʶˉʽˁʰ˂ˏ˕ʶ˖˄Σ ˍˇ˄ 

ʷ˂ʶʴ˔ˇ ʰˍʶ˂ʶʽ˗˄ ˁʰʽ ʰˋˎ˄ʶ˔ʶʽ˗˄ Σ  ˍʹ˄ ˏˉʰˊ˅ʹ ˊ˖ʴ˃˗˄ ˋʶ ˎ˂ʽˁʱ ˁʰʽ ˁʰˍʰˋˁʶˎʷˌ 

ˁʰʽ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʰ˄ʶˊ˔ˈ˃ʶ˄ʹˌ ˁʰʽ ˉʰˊʰ˃ʷ˄ˇˎˋʰˌ ˎʴˊʰˋʾʰˌ ˁʰʽ ˋˎ˃ˉˏˁ˄˖ˋʹˌ ˋʶ 

ˍˇʽ˔ˇˉˇʽʾʶˌΦ 

¶ ʇˉʶˊʹ˔ˇˋˁˈˉʹˋʹ ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʰˍʶ˂ʶʽ˗˄ ˁʰʽ ʵʽʶˉʽ˒ʰ˄ʶʽ˗˄ Σ ˍʹ˄ ʰˉʶʽˁˈ˄ʽˋʹ 

ˍˇˎ ʲʱʻˇˎˌ ˒ʻˇˊʱˌ ˍˇˎ ˎ˂ʽˁˇˏΣ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍˇˎ ʲʱʻˇˎˌ ʵʽʶʾˋʵˎˋʹˌ ˎ˂ʽˁˇˏ 

ˋˍʶˊʷ˖ˋʹˌΦ 

¶ ɱʶ˖ˊʰ˄ˍʱˊ ʴʽʰ ˍʹ˄ ʰˉˇˁʱ˂ˎ˕ʹ ʶˋ˖ˍʶˊʽˁʺˌ ʵˇ˃ʺˌ ˍˇʽ˔ˇˉˇʽʽ˗˄Σ ʰ˄ʾ˔˄ʶˎˋʹ 

ˊʹʴ˃ʰˍ˗ˋʶ˖˄Σ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˏˉʰˊ˅ʹˌ ˇˉ˂ʽˋ˃˗˄ ˁʰʽ ˃ʶˍʰ˂˂ʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ʶ˄ˍˈˌ 

ˍʹˌ ˍˇʽ˔ˇˉˇʽʾʰˌ Σ ʰˉˇˁʱ˂ˎ˕ʹ ʻʶ˃ʶ˂ʽ˗ˋʶ˖˄ ʽˋˍˇˊʽˁ˗˄ ˁˍʽˋ˃ʱˍ˖˄ ˁʰʽ ˎˉˇ˂ʶʾ˃˃ʰˍʰ 

ʵʽʰ˒ˈˊ˖˄ ˁʰˍʰˋˁʶˎ˗˄ ˋˍˇ ˎˉʷʵʰ˒ˇˌΦ 

¶ ɾʽˁˊˇˁˏ˃ʰˍʰ ˃ʶ ˍʰ ˇˉˇʾʰ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʹ ˋˍˊ˖˃ʰˍˇʴˊʱ˒ʹˋʹ ʶˉʽ˒ʰ˄ʶʽ˗˄Σ ˇ 

ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˉʱ˔ˇˎˌ ˁʱʻʶ ˋˍˊ˗˃ʰˍˇˌ ˁʰʽ ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ ˎ˂ʽˁ˗˄Φ  

¶ ɱʰ˃˃ʰʴˊʰ˒ʾʰ ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˃ʶˍʰ˂˂ʽˁ˗˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ 

˃˄ʹ˃ʶʾʰΣ ʴ˂ˎˉˍʱ ˁʰʽ ˋˏʴ˔ˊˇ˄ʶˌ ˁʰˍʰˋˁʶˎʷˌ ˁʰʽ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍˇˎ ʶʾʵˇˎˌ ˁʰʽ 

ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍˇˎˌΦ  

¶ ʌʹ˒ʽʰˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ʶʽˁˈ˄ʰˌ  ˃ʶ ˍʹ˄ ˇˉˇʾʰ ˁʰʻʾˋˍʰˍʰʽ ʵˎ˄ʰˍʺ ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ 

˂ʽʻˇˍˏˉ˖˄ ˁʰʽ ˍ˖˄ ˃ˇˊ˒˗˄ ˒ʻˇˊʱˌΦ 

¶ ʁˉˍʽˁʷˌ ʾ˄ʶˌ ˃ʶ ˍʽˌ ˇˉˇʾʶˌ ʶ˅ʶˍʱʸʶˍʰʽ ʹ ˃ˇˊ˒ˇ˂ˇʴʾʰ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ Σ ʴʾ˄ʶˍʰʽ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˋˏ˄ʻʶˍ˖˄ ˎ˂ʽˁ˗˄ ˁʰʽ ˉʰˊʰˍʺˊʹˋʹ ʵʽʶˉʽ˒ʰ˄ʶʽʰˁ˗˄ ʵˊʱˋʶ˖˄Σ ʴʾ˄ʶˍʰʽ 

ʰ˄ʾ˔˄ʶˎˋʹ ˍ˖˄ ʰˍʶ˂ʶʽ˗˄ ˋʶ ʵˇ˃ʽˁʱ ˎ˂ʽˁʱ ˁʰʽ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ ˍˏˉ˖˄ ˒ʻˇˊʱˌ ˍˇˎˌ.
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        нΦ ɳɹɲɹɼʁ ɸɳʍʄɶʆɹɼʁ 
 

2.1 ɹ̀ ˍˇˊʽˁʱ ˋˍˇʽ˔ʶʾʰ ̱ ˇˎ ˄ʰˇˏ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰ 

ɶ ɮˁˊˈˉˇ˂ʹ ˍʹˌ ʄˈʵˇˎ ʲˊʾˋˁʶˍʰʽ ̀ ˍˇ ɽˈ˒  ̱̌ ˇˎ ɾˈ˄ˍʶ ʅ˃ʽʻ ʅˍʷ˒ʰ˄ˇ ̀ ˍˇ ʵˎˍʽˁˈ ˃ʷˊˇˌ ˍʹˌ 

ˉˈ˂ʹˌ ˋʶ ˃ʽˁˊʺ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍʹ˄ ʻʱ˂ʰˋˋʰ. ʅʶ ʰˎˍʺ ʵʷˋˉˇʸʶ ˉ˂ʺʻˇˌ ˋʹ˃ʰ˄ˍʽˁ˗˄ 

ˁˍʽˋ˃ʱˍ˖˄  ̍ ˉ˖ˌ  ˇ ˄ʰˈˌ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰΣ ˇ ˄ʰˈˌ ˍʹˌ ɮʻʹ˄ʱˌ ʃˇ˂ʽʱʵˇˌ ˁʰʽ ˍˇˎ ɲʽˈˌΣ 

ˍˇ ʍʵʶʾˇΣ ˍʰ ɿˏ˃˒ʰʽʰΣ ˍˇ ʅˍ˖ʽˁˈ ˁˍʾˋ˃ʰΣ ˍˇ ɮˊˍʶ˃ʾˋʽˇΣ ˍˇ ʅˍʱʵʽˇΣ ʹ ɰ̡̔ ˂ʽˇʻʺˁʹ ˁʰʽ ˍˇ 

ɱˎ˃˄ʱˋʽˇΣ ˍʰ ˇˉˇʾʰ ˔ˊˇ˄ˇ˂ˇʴˇˏ˄ˍʰʽ ˋˍʹ˄ ɳ˂˂ʹ˄ʽˋˍʽˁʺ ˁʰʽ ʇˋˍʶˊˇʶ˂˂ʹ˄ʽˋˍʽˁʺ ʶˉˇ˔ʺ όоˇς̩ 

2ˇ ̩h ʽ˗˄ʰ ̩̄ Φʋ.), ̍ ˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʽˌ ʶˉʽʴˊʰ˒ʷˌ ˉˇˎ ʶ˄ˍˇˉʾˋˍʹˁʰ˄ ˋˍˇ˄ ˔˗ˊˇΦ ɲʶ˄ ʶʾ˔ʶ 

ˇ˔ˎˊ˖˃ʰˍʽˁˈ ˔ʰ́ ʰˁˍʺˊʰ ˈˉ˖ˌ ̌ ʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˊ˔ʰʾʶˌ ʰˁˊˇˉˈ˂ʶʽˌ ʰ˂˂ʱ ˉˊˇˇˊʽʸˈˍʰ˄ ʴʽʰ 

˂ʰˍˊʶˎˍʽˁʷˌΣ ˉʰʽʵʰʴ˖ʴʽˁʷˌ ˁʰʽ ʰʻ˂ʹˍʽˁʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ʰˉˇˍʶ˂˗˄ˍʰˌ ˍˇ ˉˇ˂ʽˍʽˋˍʽˁˈ ˁʰʽ 

ˉ˄ʶˎ˃ʰˍʽˁˈ ˁʷ˄ˍˊˇ ˍʹˌ ˉˈ˂ʹˌΦ ɷˍʰ˄ ʵˇ˃ʹ˃ʷ˄ʹ ˋʶ ˁ˂ʽ˃ʰˁ˖ˍʱ ʶˉʾˉʶʵʰ ˃ʶ ˍʰ ˇʽˁˇʵˇ˃ʺ˃ʰˍʰ 

ʻʶ˃ʶ˂ʽ˖˃ʷ˄ʰ ˋʶ ˉ˂ʰˍ˗˃ʰˍʰ ˉˇˎ ˋˎʴˁˊʰˍˇˏ˄ˍʰ˄ ʰˉˈ ʶ˄ʽˋ˔ˎ˃ʷ˄ˇˎˌ ʰ˄ʰ˂ʹ˃˃ʰˍʽˁˇˏˌ 

ˍˇʾ˔ˇˎˌΦ  

 

ɳʽˁˈ˄ʰ 3. ʁ ˄ʰˈˌ ̱ ˇˎ ʃˎʻʾˇˎ ɮˉˈ˂˂˖˄ʰ ˋˍʹ˄ ɮˊ˔ʰʾʰ ɮˁˊˈˉˇ˂ʹ ̱ ʹˌ 

ʄˈʵˇˎ 

 

нΦн ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ̱ ˇˎ ˄ ʰˇˏ ̱ ˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰ 

ʁ ˄ʰˈˌ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ˃ʶ˂ʷˍʹˌ ̋́ ʻʶ 

ˋˍˇ ˒˖ˌ ʷˉʶʽˍʰ ʰˉˈ ʰ˄ʰˋˁʰ˒ʷˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʰˉˈ ˍʹ˄ ɹ̱ʰ˂ʽˁʺ  ɮˊ˔ʰʽˇ˂ˇʴʽˁʺ 

ʅ˔ˇ˂ʺ ˁʰˍʱ ˍʹ˄ ˉʶˊʾˇʵˇ ʰˉˈ ˍˇ мфнл ʷ˖ˌ ˍˇ мфолΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˉʶˊʾˉˍʶˊˇ ˄ʰˈ ʵ˖ˊʽˁˇˏ 

ˊˎʻ˃ˇˏ, ʵˇ˃ʹ˃ʷ˄ˇˎ ʰˉˈ ˉ˖ˊˈ˂ʽʻˇ ˉˇˎ ʶʾ˄ʰʽ ˇ ˍˇˉʽˁˈˌ ˂ʾʻˇˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ. ɴ˔ʶʽ 

ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ʰˉˈ ˍʹ˄ ʰ˄ʰˍˇ˂ʺ ˋˍʹ ʵˏˋʹ ˁʰʽ ʻʶ˃ʶ˂ʽ˗˄ˇ˄̱ ʰ˄ ˋʶ ˋʹˁˈ ˉʱ˔ˇˎˌ оΣр 

˃ʷˍˊ˖˄ ʰˉˈ ˉ˖ˊˈ˂ʽʻˇ. ʅˏ˃˒˖˄ʰ ˃ʶ ˍʰ ʶˉʽʴˊʰ˒ʽˁʱ ʶˎˊʺ˃ʰˍʰ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˄ʰˈ ʰˊ˔ʽˁ˗˄ 

ʵʽʰˋˍʱˋʶ˖˄ 37.70 m  ˁ ʰʽ 20.05 m ̄ ˇˎ  h ˉˇˍʶ˂ˇˏˍʰ˄ ʰˉˈ  мм ˁʾˇ˄ʶˌ ˋˍʹ ˃ʶʴʱ˂ʹ ʵʽʱˋˍʰˋʹ 
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ˁʰʽ с ˋˍʹ ˃ʽˁˊʺΦ ɼʱʻʶ ˁʾˇ˄ʰˌ ʶʾ˔ʶ ˏ˕ˇˌ  ммΦрн Ƴ ˁʰʽ  ɻ ʽʱ˃ʶˍˊˇ ̀ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʲʱˋʹ̩ ̱ ˇˎ 

1.78 m ˈˉ˖ˌ ˍʶˁ˃ʰʾˊʶˍʰʽ ʰˉˈ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʲˊʷʻʹˁʰ˄. ɳ˅ʷ˔ˇˎˋʰ 

ˋʹ˃ʰˋʾʰ ʰˉˈ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ʱˉˇ˕ʹ ˉʰˊˇˎˋʽʱʸʶʽ ʹ ˍˊʱˉʶʸʰ ˉˇˎ ˎˉʺˊ˔ʶ ˋˍˇ ˁʷ˄ˍˊˇ ˍˇˎ 

ˁʰʽ ʹ ˇˉˇʾʰ ʺˍʰ˄ ʻʶ˃ʶ˂ʽ˖˃ʷ˄ʹ ʶˉʾ ʶʽʵʽˁʱ ʵʽʰ˃ˇˊ˒˖˃ʷ˄ˇˎ ˍʶ˔˄ʹˍˇˏ ʲˊʱ˔ˇˎΣ ˈˉ˖ˌ ˁʰʽ ʹ 

ˏˉʰˊ˅ʹ ˎˉˈʴʶʽ˖˄ ʵ˖˃ʰˍʾ˖˄ ʶʴˁʽʲ˖ˍʽˋ˃ʷ˄˖˄ ˋˍʰ ʻʶ˃ʷ˂ʽʰ ˍˇˎ ˄ʰˇˏ ˋˍʰ ˇˉˇʾʰ ʹ 

ˉˊˈˋʲʰˋʹ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰ˄ ˃ʷˋ˖ ˃ʽʰˌ ˁˎˁ˂ʽˁʺˌ ˂ʰ˅ʶˎˍʺ ̩̀ ˍˇ ʲˊʱ˔ˇ ˁ˂ʾ˃ʰˁʰ.̩ 

ɼʰˍʱ ˍʹ˄ ˉˊ˗ˍʹ ʰ˄ʰˋˁʰ˒ʺ ˍˇˎ нлˇˎ ʰʽ˗˄ʰ όмфмн-мфосύΣ ˍˇ ˃˄ʹ˃ʶʾˇ ʲˊʷʻʹˁʶ ˋʶ ʶˉʾˉʶʵˇ 

ʻʶ˃ʶ˂ʾ˖ˋʹˌ ˁʰʽ ʶ˄ˍˇˉʾˋˍʹˁʰ˄ ʵʽʱˋˉʰˊˍʰ ˂ʽʴˇˋˍʱ ˍ˃ʺ˃ʰˍʰ ʰˉˈ ˍʰ ʶˊʶʾˉʽʰ ˍˇˎ ˄ʰˇˏ ˋˍˇ 

ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ˍʱ˒ˊˇˎ ʻʶ˃ʶ˂ʾ˖ˋʹˌΦ ʅˏ˃˒̟ ˄ʰ ˃ʶ ˍʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʽˌ 

ʰ˄ʰˋˁʰ˒ʷˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ˃ʾʰ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ 

˒ˎˋʽˇʴ˄˖˃ʾʰˌ ˍˇˎ ˄ʰˇˏ ˁʰʽ ˍ˖˄ ʽʵʽʰʾˍʶˊ˖˄ ʴ˄˖ˊʽˋ˃ʱˍ˖˄ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˍ˃ʹ˃ʱˍ˖˄ ˉˇˎ 

ˍˇ˄ ʰˉˇˍʶ˂ˇˏ˄Φ 
 

ɳʽˁˈ˄ʰ 4.  ɼʱˍˇ˕ʹ ̱ ˇˎ ɿʰˇˏ ˍˇˎ ʃˎʻʾˇˎ ɮˉˈ˂˂˖˄ʰ  (Paolini, PD 212, in Livadioti and Rocco 

мффсύΦ ɾʶ ˁˈˁˁʽ˄ˇ ˔ˊ˗˃ʰ  ʶˉʽˋʹ˃ʰʾ˄ˇ˄ˍʰʽ ̌ ʽ ʰ˄ʰˋˍʹ˂˖˃ʷ˄ˇʽ ˁ ʾˇ˄ʶˌ. 

 

ɶ ʻʶ˃ʶ˂ʾ˖ˋʹ ˍˇˎ ˄ʰˇˏ ˉʶˊʽ˃ʶˍˊʽˁʱ  ʴʾ˄ʶˍʰʽ  ˋʶ 2-о ˋˍˊ˗ˋʶʽˌ ˂ʾʻ˖˄ ˋˍʹ ˄ˈˍʽʰ ˁʰʽ ʵˎˍʽˁʺ 

ˉ˂ʶˎˊʱΣ ˈˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ ˋˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˃ʷˊˇˌ ˍʹˌ ʲˈˊʶʽʰˌΦ ʅʶ ʷ˄ʰ ˃ʽˁˊˈ ˍ˃ʺ˃ʰ ˍʹˌ 

ʲˈˊʶʽʰˌ ˉ˂ʶˎˊʱˌ ˃ˈ˄ˇΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ʰ˄ʰˍˇ˂ʽˁʺˌ ʹ ʻʶ˃ʶ˂ʾ˖ˋʹ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ п-р ˋˍˊ˗ˋʶʽˌ ˂ʾʻ˖˄ όɳʽˁˈ˄ʰ тύΦ ʅʶ ˈˍʽ ʰ˒ˇˊʱ ˍˇ ˋʹˁˈΣ ʰˎˍˈˌ 

ʻʶ˃ʶ˂ʽ˗˄ʶˍʰʽ ˋʶ ˎ˕ʹ˂ˈˍʶˊʹ ˋˍʱʻ˃ʹ ˈˉ˖ˌ ˁʰʽ ˇʽ ˁʾˇ˄ʶˌ ˍˇˎ ʃˊˇ˄ʱˇˎ ˉˇˎ ʶʵˊʱʸˇ˄ˍʰʽ ˋʶ 

ʰˊˁʶˍʱ ˎ˕ʹ˂ˈˍʶˊʹ ˋˍʱʻ˃ʹ ʶˉʾ ˍˇˎ ˒ˎˋʽˁˇˏ ʲˊʱ˔ˇˎΦ 
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ɳʽˁˈ˄ʰ 5.  ɼʱˍˇ˕ʹ ˍʹˌ ʻʶ˃ʶ˂ʾ˖ˋʹˌ ˍˇˎ ˄ʰˇˏ ˃ʶˍʱ ˍʹ˄ ɹˍʰ˂ʽˁʺ ʰ˄ʰˋˁʰ˒ʺ όtŀƻƭƛƴƛΣ t5 нммΣ 

in Livadioti and Rocco 1996). 

ʁʽ ˋˍˊ˗ˋʶʽˌ ˍ˖˄ ˂ʾʻ˖˄ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ ʻʶ˃ʶ˂ʾ˖ˋʹ ˍ˖˄ ˁʽˈ˄˖˄ ʶʾ˄ʰʽ ʶʴˁʽʲ˖ˍʽˋ˃ʷ˄ʶˌ ˋˍˇ 

ʷʵʰ˒ˇˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ʷ˔ˇˎ˄ ʵʽˁʺ ˍˇˎˌ ˍʰ˂ʱ˄ˍ˖ˋʹ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˋʶʽˋ˃ˇˏΦ ɱʽʰ ˍˇ ˂ˈʴˇ 

ʰˎˍˈΣ ˋˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ˎʽˇʻʶˍʶʾˍʰʽ ʹ ˉʰˊʰʵˇ˔ʺ ˍʹˌ ʷʵˊʰˋʹˌ ˍ˖˄ ˁʽˈ˄˖˄ ʶˉʾ 

ˋˍʶˊʶˇˏ ʶʵʱ˒ˇˎˌΣ ʶ˄˗ ˇʽ ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˍʹˌ ʻʶ˃ʶ˂ʾ˖ˋʹˌ ʰʴ˄ˇˇˏ˄ˍʰʽΦ  

 

 

 

ɳʽˁˈ˄ʰ 6. ɲʽʰ˃ʺˁʹˌ ˍˇ˃ʺ ˍʹˌ ɸʶ˃ʶ˂ʾ˖ˋʹˌ ˍˇˎ ɿʰˇˏ ˁʰˍʱ tŀƻƭƛƴƛΣ мфоу όtŀƻƭƛƴƛΣ t5 нмтΣ ƛƴ 

Livadioti and Rocco 1996). 

 

ɶ ˁˊʹˉʾʵʰ ʶʵˊʱʸʶˍʰʽ ʶˉʾ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʶ˃ʶ˂ʾ˖ˋʹˌΦ ɶ ˉˊ˗ˍʹ ʲʰʻ˃ʾʵʰ ˍʹˌ ˁˊʹˉʾʵʰˌ 

˂ʶʽˍˇˎˊʴʶʾ ˋʰ˄ ʶˎʻˎ˄ˍʺˊʽʰ ˁʰʽ ʵʽʰ˃ˇˊ˒˗˄ʶˍʰʽ ˋʶ н ʶˉʾˉʶʵʰΦ ʃʱ˄˖ ˋˍʹ˄ ˁˊʹˉʾʵʰ 

ʶʵˊʱʸʶˍʰʽ ˇ ˋˍˎ˂ˇʲʱˍʹˌΦ  

ʁʽ ˊʰʲʵ˗ˋʶʽˌ ˍ˖˄ ˁʽˈ˄˖˄ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˉˇ˂˂ʷˌ ʰ˄ˇ˃ˇʽˇ˃ˇ́˒ʾʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ʆˇ ˉ˂ʱˍˇˌ 
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ˍˇˎˌ ʵʶ˄ ʶʾ˄ʰʽ ˋˍʰʻʶˊˈ ʰ˂˂ʱ ˁˎ˃ʰʾ˄ʶˍʰʽ ʰˉˈ нмΦр ʷ˖ˌ нт ʶˁΦ ˁʰʽ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ 

˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʰˁˈ˃ʰ ˁʰʽ ˁʰʻΩ ˏ ˕ˇˌ ˍˇˎ ʾʵʽˇˎ ˋˉˇ˄ʵˏ˂ˇˎΦ  

 

 

ɳʽˁˈ˄ʰ 7.  ɰˈˊʶʽʰ ˉˊˇˇˉˍʽˁʺ ς ɹ ˊʰ˒ʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍˇˎ ˄ʰˇˏ όtŀƻƭƛƴƛΣ t5 ннлΣ ƛƴ [ƛǾŀŘƛƻǘƛ and 

Rocco 1996). 

ɱʽʰ ˍˇ ʶˉʽˋˍˏ˂ʽˇ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˁʰʻ˗ˌ ʵʶ˄ ʵʽʰˋ˗ʸʶˍʰʽ 

ˁʰ˄ʷ˄ʰ ʰˎʻʶ˄ˍʽˁˈ ˍ˃ʺ˃ʰ ˍˇˎΦ ɮ˄ˍʾʻʶˍʰ ʰ̄ ˈ ˍʹ ʸ˖˒ˈˊˇ ʵʽʰˋ˗ʸʶˍʰʽ ʷ˄ʰ ˃ʶʴʱ˂ˇ 

ˍ˃ʺ˃ʰ  ʶʾ˄ʰʽ ˁʰ˂ʱ ˍʶˁ˃ʹˊʽ˖˃ʷ˄ʹ ˂ˈʴ˖ ˃ʶʴʱ˂ˇˎ ˋ˔ʶʵˈ˄ ʰˁʷˊʰʽˇˎ ˃ʷ˂ˇˎˌ ˉˇˎ 

ʲˊʷʻʹˁʶ ˃ʶ ʵˏˇ ˍˊʾʴ˂ˎ˒ʰ ˁʰʽ ˃ʾʰ ˃ʶˍˈˉʹΦ ʆˇ ˍˏ˃ˉʰ˄ˇ ˍˇˎ ʰʶˍ˗˃ʰˍˇˌ ʲˊʽˋˁˈˍʰ˄ ˋʶ 

ʶʽˋ˔˗ˊʹˋʹ тт ʶˁΦ ˁʰʽ ˈ˔ʽ ˋˍˇ ʾʵʽˇ ˃ʷˍ˖ˉˇ ˃ʶ ˍʰ ʴʶʾˋʰ ˈˉ˖ˌ ˂ʰ˄ʻʰˋ˃ʷ˄ʰ ʷ˔ʶʽ 

ʰ˄ʰˋˍʹ˂˖ʻʶʾΦ  

            нΦо ʃʶˊʽʴˊʰ˒ʺ ʶˉʶ˃ʲʱˋʶ˖˄ ˁʰˍʱ ˍʹ˄ ɹˍʰ˂ʽˁʺ ɮ˄ʰˋˍʺ˂˖ˋʹ 

ʆʹ˄ ˉʶˊʾˇʵˇ мфот-мфоу ˎ˂ˇˉˇʽʶʾˍʰʽ ʹ ʽˍʰ˂ʽˁʺ ʰ˄ʰˋˍʺ˂˖ˋʹ ˍˇˎ ˄ʰˇˏ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ 

ˎˉʶˏʻˎ˄ʹ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ʴʽʰ ˍʹ ˋʹ˃ʶˊʽ˄ʺ ʶʽˁˈ˄ʰ ˍˇˎΣ ˃ʶ ˍˇ˄ ʰˊ˔ʽˍʷˁˍˇ˄ʰ  Paolini ˄ʰ 

ˍˇˉˇʻʶˍʶʾˍʰʽ ʶˉʽˁʶ˒ʰ˂ʺˌΦ ɳˉʶʽʵʺ ʺˍʰ˄ ʵˏˋˁˇ˂ˇ ˄ʰ ʶˁˍʽ˃ʹʻʶʾ ʹ ʰˊ˔ʽˁʺ ʶʽˁˈ˄ʰ ˍˇˎ ˄ʰˇˏ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʶˁˍʶˍʰ˃ʷ˄ʹ  ʰ˄ʰˋˁʰ˒ʺ ˉˇˎ ʶˉʷˍˊʶ˕ʶ ˍʹ˄ ʰˉˇˁʱ˂ˎ˕ʹ ˍʹˌ 

ʻʶ˃ʶ˂ʾ˖ˋʹˌ ˍˇˎ Φ ɾʶ ʲʱˋʹ ˍʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˇ Paolini ˁʰˍʷ˂ʹ˅ʶ ˋˍʹ˄ 

ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ʰˊ˔ʽˁʺˌ ˃ˇˊ˒ʺˌ ˍˇˎ ˁʰʽ ʰˉˇ˒ʱˋʽˋʶ ˍʹ˄ ʰ˄ʰʵˈ˃ʹˋʺ ˍʹˌ ʰ˄ʰˍˇ˂ʽˁʺˌ 

ʴ˖˄ʾʰˌ ˍˇˎ ˄ʰˇˏ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʰ ˎˉʱˊ˔ˇ˄ˍʰ ˍ˃ʺ˃ʰˍʰ ˍʹˌ ʰ˄˖ʵˇ˃ʺˌ ˍˇˎ ˄ʰˇˏ ˉˇˎ 

ʲˊʷʻʹˁʰ˄ ˋˍˇ ʵˎˍʽˁˈ ˃ʷˊˇˌ ˍʹˌ ˍʱ˒ˊˇˎ ʻʶ˃ʶ˂ʾ˖ˋʹˌ ˁʰˍʱ ˍʹ˄ ʰ˄ʰˋˁʰ˒ʺ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ 

ˁʰʽ ʰˉˈ ʰˊ˔ʶʽʰˁʷˌ ˒˖ˍˇʴˊʰ˒ʾʶˌ Φ ʅʺ˃ʶˊʰ ˋ˗ʸˇ˄ˍʰʽ ˍʷˋˋʶˊʾˌ ˁʾˇ˄ʶˌΣ ˇʽ ˇˉˇʾˇʽ 

ʰˉʰˊˍʾʸˇ˄ˍʰʽ ʰˉˈ ʰˎʻʶ˄ˍʽˁˇˏˌ ʰ˂˂ʱ ˁʰʽ ˉˊˈˋʻʶˍˇˎˌ ʰˉˈ ʰ˄ʰˋˍʹ˂˗ˋʶʽˌ ˋˉˇ˄ʵˏ˂ˇˎˌΣ ˁʰʽ 

ʷ˄ʰ ˃ʷˊˇˌ ˍˇˎ ʰ˄ʰˋˍʹ˂˖˃ʷ˄ˇˎ ʰʶˍ˗˃ʰˍˇˌ ˉˇˎ ʶʵˊʱʸʶˍʰʽ ˋʶ ˍˊʶʾˌ ʰˉˈ ʰˎˍˇˏˌ όʶʽˁˈ˄ʰ тύ. 

ɴˍˋʽ ʰ˄ʰˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄  ˋˍʹ˄ ʰ˄ʰˍˇ˂ʽˁʺ ʴ˖˄ʾʰ о ˁʾˇ˄ʶˌ ʰˉˈ ʰˎʻʶ˄ˍʽˁˈ ˁʰʽ ˄ʷˇ ˎ˂ʽˁˈ 

ʶˉʾ ˍ˖˄ ˇˉˇʾ˖˄ ʶʵˊʱʸʶˍʰʽ ˇ ʻˊʽʴˁˈˌ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍ˃ʺ˃ʰ  ˍˇˎ ʰʶˍ˗˃ʰˍˇˌ ˉˇˎ 

ʵʽʰˋ˗ʸʶˍʰʽ  ˁʰʻ˗ˌ ˁʰʽ ʷ˄ʰˌ ˍʷˍʰˊˍˇˌ ʶ˂ʶˏʻʶˊʰ ʽˋˍʱ˃ʶ˄ˇˌ ˁʾˇ˄ʰˌΣ ˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˃ʽʰ 

ʰˋ˒ʰ˂ʺˌ ˁʰʽ ˋˍˇ˔ʶˎ˃ʷ˄ʹ ʰ˄ʰˋˍʺ˂˖ˋʹ ˉˇˎ ʻʰ ʰ˄ʰʵʶʽˁ˄ˏʶʽ ˍʹ˄ ʰˊ˔ʽˁʺ ʶʽˁˈ˄ʰ ˍˇˎ ˄ʰˇˏ 

ˈˉ˖ˌ ˍʹ˄ ˇˊʰ˃ʰˍʽʸˈˍʰ˄ ˇ Paolini. 
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ɼʰˍʱ ˍʹ˄ ʽˍʰ˂ʽˁʺ ʰ˄ʰˋˍʺ˂˖ˋʹ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ˃ʽˁˍˈ ˋˏˋˍʹ˃ʰ ʵˈ˃ʹˋʹˌ ˃ʶ ʲʱˋʹ ˍˇ˄ 

ˋˁˎˊˇʵʶˍʹ˃ʷ˄ˇ ˉˎˊʺ˄ʰ ˁʽˈ˄˖˄ ˉˇˎ ʵʽʰˍˊʷ˔ʶˍʰʽ ʰˉˈ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˇˉ˂ʽˋ˃ˇˏˌ ˁʰʽ ˇ 

ˇˉˇʾˇˌ ˉʶˊʽʲʱ˂˂ʶˍʰʽ ʶ˅˖ˍʶˊʽˁʱ ʰˉˈ ˂ʾʻʽ˄ˇ ˃ʰ˄ʵˏʰ ʰˉˇˍʶ˂ˇˏ˃ʶ˄ˇ ʰˉˈ ʰˎʻʶ˄ˍʽˁˈ 

ˉ˖ˊˈ˂ʽʻˇ ˁʰʽ ˂ʾʻˇ ʰˉˇˁʰˍʱˋˍʰˋʹˌ. ʋˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˏʴ˔ˊˇ˄ʰ ˎ˂ʽˁʱ ˃ʶ ʲʱˋʹ ˍˇ 

ˍˋʽ˃ʷ˄ˍˇ ˈˉ˖ˌ ˇˉ˂ʽˋ˃ʷ˄ˇ ˁʰʽ ʱˇˉ˂ˇ ˋˁˎˊˈʵʶ˃ʰΣ ˍˋʽ˃ʶ˄ˍˇˁˇ˄ʽʱ˃ʰˍʰ ˁʰʽ ˍˋʽ˃ʷ˄ˍˇ ʴʽʰ 

ʶˉʾ˔ˊʽˋ˃ʰΣ ˁʰʻ˗ˌ ˁʰʽ  ˃ʶˍʰ˂˂ʽˁʱ ˎ˂ʽˁʱ ʴʽʰ ˍʹ ˃ʹ˔ʰ˄ʽˁʺ ˋˍʶˊʷ˖ˋʹ ˍ˖˄ ˂ʾʻ˖˄ . 

 ɮˊ˔ʽˁʱ ʷʴʽ˄ʶ ʹ ˍˇˉˇʻʷˍʹˋʹ ˍʹˌ ˁˊʹˉʾʵʰˌ ˉʱ˄˖ ˋˍˇ ʲˊʱ˔ˇΦ ɶ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍʹˌ ʷʴʽ˄ʶ ˃ʶ ˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ˉˎˊʺ˄ʰ ʰˉˈ ʱˇˉ˂ˇ ˋˁˎˊˈʵʶ˃ʰ ̄ ˇˎ ˉʶˊʽʲʱ˂˂ʶˍʰʽ ʶ˅˖ˍʶˊʽˁʱ ʰˉˈ ˃ʰ˄ʵˏʰ ʰˉˈ 

ˉ˖ˊˈ˂ʽʻˇΦ ʃʱ˄˖ ˋʶ ʰˎˍʺ ˍˇˉˇʻʶˍʺʻʹˁʶ ˇ ˋˍˎ˂ˇʲʱˍʹˌ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˁˇ˃˃ʱˍʽʰ 

˂ʽʻˈˉ˂ʽ˄ʻ˖˄Φ 

ʁʽ ʰˊ˔ʰʾˇʽ ˋˉˈ˄ʵˎ˂ˇʽ ˂ʰ˅ʶˏˍʹˁʰ˄ ʶˋ˖ˍʶˊʽˁʱ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˉˎˊʺ˄˖˄ ʵʽʰ˃ʷˍˊˇˎ лΦул 

ʷ˖ˌ мΦлл Ƴ ˋˍˇ˄ ˇˉˇʾˇ ˔ˎˍʶˏˍʹˁʶ ˋˁˎˊˈʵʶ˃ʰ. ɱʽʰ ˍˇˎˌ ˋˉˇ˄ʵˏ˂ˇˎˌ ʰˉˈ ˄ʷˇ ˎ˂ʽˁˈ ˇ  

˂ʾʻʽ˄ˇˌ ˃ʰ˄ʵˏʰˌ ̄ ˇˎ ˉʶˊʽʲʱ˂˂ʶʽ ˍˇ˄ ˋˁˎˊˇʵʶˍʹ˃ʷ˄ˇ ˉˎˊʺ˄ʰ ˍ˖˄ ˁʽˈ˄˖˄ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 

о ʷ˖ˌ п ̱ ˇʽ˔˗˃ʰˍʰ ˄ʷˇˎ ˂ʾʻˇˎ ʲʽˇˁʰ˂ˁʰˊʶ˄ʾˍʹΣ ʶ˄˗ ˍʰ ʰʵˊʰ˄ʺ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ 

ˍʹ˄ ˉʰˊʰˋˁʶˎʺ  ˍˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ ˉˇˎ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ʶʾ˄ʰʽ  h ˃˃ˇ˔ʱ˂ʽˁˇ ˃ʽˁˊ˗˄ ˁʰʽ ˃ʶˋʰʾ˖˄ 

ʵʽʰˋˍʱˋʶ˖˄ ʵʽʰ˃ʷˍˊˇˎ н ƳƳ - рл ƳƳ  ˁʰʽ ˋˁˏˊʰ ˃ʶ  ʵʽʱ˃ʶˍˊˇ ̫ ˖ˌ ˁʰʽ 15 cm. ʅˍʰ ˍ˃ʺ˃ʰˍʰ 

ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˉˇˎ ˉʰˊˇˎˋʾʰʸʰ˄ ʰˉˇˁˇ˂˂ʺˋʶʽˌ ˁʰʽ ʷ˔ˊʽʸʰ˄ ˋˎ˃ˉ˂ʺˊ˖ˋʹˌ ˃ʶ ˂ʾʻˇ 

ʰˁʰ˄ˈ˄ʽˋˍˇˎ ˋ˔ʺ˃ʰˍˇˌ  ̄ ˊˇˁˊʾʻʹˁʶ ʹ ʶ˒ʰˊ˃ˇʴʺ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˃ʶ ˔ˊ˖ˋˍʽˁʺ ˇˎˋʾʰ ˗ˋˍʶ 

˄ʰ ˉˊˇˋˇ˃ˇʽʱʸʶʽ ˍˇ ˒ˎˋʽˁˈ ˔ˊ˗˃ʰ ˍˇˎ ˂ʾʻˇˎ ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ ʷ˄ˍˇ˄ʹˌ ˔ˊ˖˃ʰˍʽˁʺˌ 

ʰ˄ˍʾʻʶˋʹˌ ˉˇˎ ʻʰ ʰ˂˂ˇʾ˖˄ʶ ˍʹ˄ ˒ˎˋʽˇʴ˄˖˃ʾʰ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ʅʶ ˃ʶʴʱ˂ʰ ˍ˃ʺ˃ʰˍʰ ˍʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ˍ˖˄ ˁʽˈ˄˖˄ ˁˎˊʽʰˊ˔ˇˏ˄ ˇʽ ˍˋʽ˃ʶ˄ˍʽˍʽˁʷˌ ʰˉˇ˔ˊ˗ˋʶʽˌ.  

 

 

             ɳʽˁˈ˄ʰ 8. ɽʱ˅ʶˎˋʹ ˉˎˊʺ˄ʰ ˋˍˇ ʰˊ˔ʰʾˇ ˁʽˇ˄ˈˁˊʰ˄ˇΣ мфоу 

  

ɱʽʰ ˍʹ˄ ˃ʶˍʰ˒ˇˊʱ ˁʰʽ ˍˇˉˇʻʷˍʹˋʹ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˋˍʽˌ ʻʷˋʶʽˌ ˉˇˎ ˉˊˇʷʲ˂ʶˉʶ ʹ ˃ʶ˂ʷˍʹ 

ˍˇˎ Paolini ʴʽ˄ˈˍʰ˄ ˁˇˉʺ ˁʱʻʶ ʰˊ˔ʰʾˇˎ ˋˉˇ˄ʵˏ˂ˇˎ ˋʶ ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊʰ ˍʶ˃ʱ˔ʽʰΣ ʶ˄˗ 

ʴʽʰ ˍˇˎˌ ˋˉˇ˄ʵˏ˂ˇˎˌ ʰˉˈ ˄ʷˇ ˂ʾʻˇ ˁh ˍʰˋˁʶˎʱʸˇ˄ˍʰ˄ ʵˏˇ ˂ʾʻʽ˄ˇʽ ʹ˃ʽʵʰˁˍˏ˂ʽˇʽ ʰ˄ʱ 

ˋˉˈ˄ʵˎ˂ˇΣ ʾʵʽ˖˄ ʵʽʰˋˍʱˋʶ˖˄ ˃ʶ ˍˇˎˌ ʰˊ˔ʰʾˇˎˌΦ ɶ ʶˉʾˍʶˎ˅ʹ ˍʹˌ ˋˏ˄ʵʶˋʹ ̩ˍ˖˄ ʵˏˇ 

ʹ˃ʽʵʰˁˍˎ˂ʾ˖˄ ʴʽ˄ˈˍʰ˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ʵˏˇ ˔ʰ˂ˏʲʵʽ˄˖˄ ˉʽˈˋ˔ʹ˃˖˄ ˋˎ˄ʵʷˋ˃˖˄ ʶ˄ ˅ʹˊ˗Σ 
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ʵʹ˂ʰʵʺ ˔˖ˊʾˌ ˔ˊʺˋʹ ˁˇ˄ʽʱ˃ʰˍˇˌ ˋˍʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰ. ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˁˇ˂ˇˎʻˇˏˋʶ ʹ ʵʽʱ˄ˇʽ˅ʹ 

ˇˉ˗˄ ˋˍˇ ˁʷ˄ˍˊˇ ˍ˖˄  ˉ˂ʶˎˊʽˁ˗˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ʴʽʰ ˍʹ˄ ˍˇˉˇʻʷˍʹˋʹ ˅ˏ˂ʽ˄˖˄ 

ʺ ˃ʶˍʰ˂˂ʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʻʰ ʶˉʷˍˊʶˉʰ˄ ˍʹ˄ ʰ˄ˏ˕˖ˋʹ ˍˇˎˌ ˋˍˇ ʰˁˊʽʲʷˌ ˋʹ˃ʶʾˇ 

ʶ̄ ʰ˄ʰ̱ˇ̄ˇʻʷˍʹˋʹˌ ˍˇˎˌΦ ɳˁʶʾ ʴʽ˄ˈˍʰ˄ ʹ ˋˎʴˁˈ˂˂ʹˋʹ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˃ʷˋ˖ ʶ˄ˈˌ 

˃ʶˍʰ˂˂ʽˁˇˏ ˋˎ˄ʵʶˍʺˊʰ ˋ˔ʺ˃ʰˍˇˌ ˉʶˉ˂ʰˍˎˋ˃ʷ˄ˇˎ ζ η ʶʽˋʶˊ˔ˈ˃ʶ˄ˇˎ ˋʶ ˇˉʷˌ ˉˇˎ 

ʲˊʽˋˁˈˍʰ˄ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˍ˖˄ ˂ʾʻ˖˄ ˁʰʽ ˍʹ ˔ˊʺˋʹ ˍˋʽ˃ʶ˄ˍˇˁˇ˄ʾʰˌΦ ʃʰˊʱ˂˂ʹ˂ʰ 

ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ˔ʰ˂ˏʲʵʽ˄ʶˌ ˊʱʲʵˇʽ ˔˖ˊʾˌ ˄ʶˎˊ˗ˋʶʽˌ ˉˇˎ ʵʽʰˍˊʷ˔ˇˎ˄ ˈ˂ˇ ˍˇ ˏ˕ˇˌ ˍ˖˄ 

ˁʽˈ˄˖˄ ˃ʷ˔ˊʽ ˁʰʽ ˍˇ ˁʽˇ˄ˈˁˊʰ˄ˇ ʅˍˇ˄ ʷʲʵˇ˃ˇ ˋˉˈ˄ʵˎ˂ˇ ˍˇˎ ʶ˂ʶˏʻʶˊʰ ʽˋˍʱ˃ʶ˄ˇˎ ˁʾˇ˄ʰ 

ʷʴʽ˄ʶ ˔ˊʺˋʹ ʶ˄ˈˌ ʶ˄ʽʰʾˇˎ ˁˇ˃˃ʰˍʽˇˏ ˂ʾʻˇˎ ˍ̌  ˇˉˇʾˇ ʵʽʰˍˊʺʻʹˁʶ ʴʽʰ ˍʹ˄ ʷʴ˔ˎˋʹ 

ˋˁˎˊˇʵʷ˃ʰ̱ˇˌ ˋˍˇ˄ ˉˎˊʺ˄ʰ ˍˇˎΦ ɮˉˈ ˍˇ˄ ˋˁˎˊˇʵʶˍʹ˃ʷ˄ˇ ˉˎˊʺ˄ʰ ˍˇˎ ˋˉˇ˄ʵˏ˂ˇˎ ʰˎˍˇˏ 

ˉˊˇʶ˅ʷ˔ˇˎ˄ ˉʷ˄ˍʶ ˃ʶˍʰ˂˂ʽˁˇʾ ˋˏ˄ʵʶˋ˃ˇʽ ˃ˇˊ˒ʺˌ ζ η ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ 

˃ʶˍʰ˒ˇˊʱ ˁ ʰʽ ˋ˖ˋˍʺ ˍˇˉˇʻʷˍʹˋʺ ˍˇˎ ˋˍˇ˄ ˁʾˇ˄ʰ.  

 

 

 
 

 
 
 

 

 

 

 

  

               ɳʽˁˈ˄ʰ 9. ɲʽʰ˃ˈˊ˒˖ˋʹ ˉˎˊʺ˄ʰ ʰˉˈ ˇˉ˂ʽˋ˃ʷ˄ˇ ˋˁˎˊˈʵʶ˃ʰ ˋˍˇ˄ ˁʾˇ˄ʰ ˁʰˍʱ ˍʹ˄ ʽˍʰ˂ʽˁʺ ʰ˄ʰˋˍʺ˂˖ˋʹ 

ɶ ˋˏ˄ʵʶˋʹ ˍˇˎ ʱ˄˖ ˍ˃ʺ˃ʰˍˇˌ ˍˇˎ ˁʽˇ˄ˈˁˊʰ˄ˇˎ ˃ʶ ˍˇ ˎˉʶˊˁʶʾ˃ʶ˄ˇ ʶˉʽˋˍˏ˂ʽˇ ˉˇˎ 

ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʰˉˈ ˇˉ˂ʽˋ˃ʷ˄ˇ ˋˁˎˊˈʵʶ˃ʰ ʶˉʽˍʶˏ˔ʻʹˁʶ ˃ʷˋ˖ ˔ʰ˂ˏʲʵʽ˄˖˄ ʰ˄ʰ˃ˇ˄˗˄Φ 

ɱʽʰ ̱ ʹ ˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍˇˎ ʶˉʽˋˍˎ˂ʾˇˎ ˍˇˉˇʻʶˍʺʻʹˁʶ ˃ʶˍʰ˂˂ʽˁˈ ˉ˂ʷʴ˃ʰ ̀ ˍʹ˄ ˁʱˍ˖ ˉ˂ʶˎˊʱ ˍˇˎ. ʆ h

ˎˉˈ˂ˇʽˉʰ ˃ʷ˂ʹ ˍˇˎ ʻˊʽʴˁˇˏΣ ʶˁˍˈˌ ʰˉˈ ˃ʷˊˇˌ ˍˇˎ ʰˎʻʶ˄ˍʽˁˇˏ ʰʶˍ˗˃ʰˍˇˌ ˉˇˎ 

ʵʽʰˋ˗ʸˇ˄̱ ʰ˄ ʰˎˍˇˏˋʽˇ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ˖ˌ ˋˏ˃˃ʶʽˁˍʹ ˁʰˍʰˋˁʶˎʺ ʰˉˈ ˇˉ˂ʽˋ˃ʷ˄ˇ 

ˋˁˎˊˈʵʶ˃ʰ ˁʰʽ ˋˎ˃ˉ˂ʹˊ˗˃ʰˍʰ ˂ʾʻˇˎ. ɱʽʰ ˍʹ˄ ˉ˂ʺˊ˖ˋʹ ˍ˖˄ ˁʶ˄˗˄ ˋʶ ˂ʾʻˇˎˌ ˁʰʽ ˍˇ ˁ˂ʶʾˋʽ˃ˇ 

ˍ˖˄ ʰˊ˃˗˄  ̫ ʴʽ˄ʶ ˔ˊʺˋʹ  ̱ ˋʽ˃ʶ˄ˍˇˁˇ˄ʽʰ˃ʱˍ˖˄Φ  
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 ɳʽˁˈ˄ʰ 10.  ɮ˅ˇ˄ˇ˃ʶˍˊʽˁˈ ˋ˔ʷʵʽˇ ˉˇʽˇˍʽˁʺˌ ʰˉʶʽˁˈ˄ʽˋʹˌ ˍ˖˄ ʻʷˋʶ˖˄ ʷʴ˔ˎˋʹˌ ̌ ˉ˂ʽˋ˃ʷ˄ˇˎ 

ˋˁˎˊˇʵʷ˃ʰˍˇˌ όCŀƛƴ et al. 2015). 

 

 

 

 

 

 

 

ɳʽˁˈ˄ʰ 11. ʅˎ˃ˉˍˎʴ˃ʷ˄ʹ ˈ˕ʹ ʴ˖˄ʾʰˌ ˍˇˎ ˄ʰˇˏ ˃ʶˍʱ ˍʹ˄ ʰ˄ʰˋˍʺ˂˖ˋʹ tŀƻƭƛƴƛ όtŀƻƭƛƴƛΣ PD 

219, in Livadioti and Rocco 1996). 
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ɾʶˍʱ ʰˉˈ ˍʽˌ ʶˁˍʶˍʰ˃ʷ˄ʶˌ ˒ʻˇˊʷˌ  ˉˇˎ ˉˊˇˁ˂ʺʻʹˁʰ˄ ˋˍˇ ˃˄ʹ˃ʶʾˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ 

ɰ˘ ʃʰʴˁˇˋ˃ʾˇˎ ʃˇ˂ʷ˃ˇˎ ʰˉˈ ʲˇ˃ʲʰˊʵʽˋ˃ˇˏˌ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ˍˇˉˇʻʷˍʹˋʹ ˉˎˊˇʲˈ˂˖˄ 

ˈˉ˂˖˄ ˋʶ ʰˎˍˈ ˁʰˍʷˋˍʹ ʶˉʽˍʰˁˍʽˁʺ ʹ ʵʽʶ˄ʷˊʴʶʽʰ ʶˊʴʰˋʽ˗˄ ˋˎ˄ˍʺˊʹˋʹˌ ˁʰʽ 

ʰˉˇˁʰˍʰˋˍʱˋʶʽˌ ˋʶ ʰˎˍˈΦ  ɮˉˈ ˍˇ мфпр ˁʰʽ ʷˉʶʽˍʰ ʵʽʶ˄ʶˊʴʺʻʹˁʰ˄ ˋˎ˄ˍʹˊʺˋʶʽˌ ˋˍˇ ˄ʰˈ  

˂ˈʴ˖ ˍ˖˄ ʶˁˍʶˍʰ˃ʷ˄˖˄ ʸʹ˃ʽ˗˄ ˉˇˎ ˉˊˇˁ˂ʺʻʹˁʰ˄ ʰˉˈ ʲˇ˃ʲʰˊʵʽˋ˃ˇˏˌ ˁʰˍʱ ˍ ̌ɲʶˏˍʶˊˇ 

ʃʰʴˁˈˋ˃ʽˇ ʃˈ˂ʶ˃ˇΦ ʆ ̌1960 ˁ ʰʽ 1970 ́  ʶ˂˂ʹ˄ʽˁʺ ʰˊ˔ʰʽˇ˂ˇʴʽˁʺ ˎˉʹˊʶˋʾʰ ̄ ˊʰʴ˃ʰˍˇˉˇʾʹˋ ʁ

ʶˊʴʰˋʾʶˌ ʰ˄ʰˋˍʺ˂˖ˋʹˌ ˋˍˇ ʵˎˍʽˁˈ ʻʶ˃ʷ˂ʽˇ ˍˇˎ ˄ʰˇˏ ˃ʶ ˍʶ˂ʶˎˍʰʾʰ ʰˎˍʺ ˍˇˎ 1996. 

ʃʰˊʱ˂˂ʹ˂ʰ ʹ ʸ˗˄ʹ ˉˇˎ ˉʶˊʽʲʱ˂˂ʶʽ ˍʹ˄ ʰˊ˔ʰʾʰ  ɮˁˊˈˉˇ˂ʹ ˋˎ˄ˇ˂ʽˁʺˌ ʷˁˍʰˋʹˌ мнрл 

ˋˍˊʶ˃˃ɦ ˍ˖˄ ˔ʰˊʰˁˍʹˊʾˋˍʹˁʶ ʰˊ˔ʰʽˇ˂ˇʴʽˁˈˌ ˔˗ˊˇˌΦ 

ʅˍʰ ˍʷ˂ʹ ˍʹˌ ˉˊˇʹʴˇˏ˃ʶ˄ʹˌ ʵʶˁʰʶˍʾʰˌ ˋˍˇ ˄ʰˈ ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ˋˁʰ˂˖ˋʽʷˌ ʴʽʰ ˍʹ˄ 

ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˋˍʰˍʽˁʺˌ ˍˇˎ ʶˉʱˊˁʶʽʰˌ ˁʰʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶˊʴʰˋʽ˗˄ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˋʶ 

ʰˎˍˈ˄Σ ʶ˄˗ ʰˁˈ˃ʰ ʶˁˁˊʶ˃ʶʾ ʹ ʰ˄ʰˋˁʰ˒ʺ ˋʶ ˈ˂ʹ ˍʹ˄ ʷˁˍʰˋʹ ˍʹˌ ʰˊ˔ʰʾʰˌ ɮˁˊˈˉˇ˂ʹˌ. 

 

ɳʽˁˈ˄ʰ 12.  ʅʹ˃ʶˊʽ˄ʺ ʶʽˁˈ˄ʰ ˍˇˎ ɿʰˇˏ ˃ʶ ˍʹ˄ ˍˇˉˇʻʷˍʹˋʹ ʽˁˊʽ˖˃ʱˍ˖˄ 

 

2.4 ɲˇ˃ʽˁʱ ˎ˂ʽˁʱ ˁʰʽ ˉʰʻˇ˂ˇʴʾʰ ˍˇˎ ˄ʰˇˏ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰ 

ʁ ˄ʰˈˌΣ  ʶʾ˄ʰʽ ʵˇ˃ʹ˃ʷ˄ˇˌ ʰˉˈ ʲʽˇˁ˂ʰˋˍʽˁˈ ˕ʰ˃˃ʽˍʽˁˈ ʰˋʲʶˋˍˈ˂ʽʻˇΦ ɶ ˋˎʴˁˇ˂˂ʹˍʽˁʺ ˇˎˋʾʰ 

ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶʾ˄ʰʽ h ˋʲʶˋˍʽˍʽˁʺˌ ˉˊˇʷ˂ʶˎˋʹˌΣ ˃ʶ ˁ˂ʰˋˍʽˁˇˏˌ ˁˊˎˋˍʱ˂˂ˇˎˌ ˁˎˊʾ˖ˌ 

˔ʰ˂ʰʸʾʰ ˁʰʽ ʰˋʲʶˋˍʾˍʹΦ  

ʁ̔  ʰ˄ʰʲʰʻ˃ˇʾ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ʶʾ˄ʰʽ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇʽ ʰˉˈ ˉ˖ˊˈ˂ʽʻˇ. ʁʽ ˁʾˇ˄ʶˌ ˍˇˎ ˄ʰˇˏ 

ʶʾ˄ʰʽ ʵˇ˃ʹ˃ʷ˄ˇʽ ʰˉˈ ʵˎˇ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˂ʾʻˇˎˌΣ ˍˇ˄ ʰˎʻʶ˄ˍʽˁˈ ˂ʾʻˇ ˁʰʽ ˍˇ˄ ˂ʾʻˇ 

ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˇʽ ˇˉˇʾˇʽ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˉʰˊˈ˃ˇʽʰ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʱ ˁʰʽ ˃ʹ˔ʰ˄ʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ ʁ ˂ʾʻˇˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˁˎˊʽʰˊ˔ʶʾ ˋˍˇˎˌ ˁʾˇ˄ʶˌ ʰˎˍˇˏˌΣ ʰ˒ˇˏ ˂ʾʴʰ 

ˁˇ˃˃ʱˍʽʰ ʰˎʻʶ˄ˍʽˁˇˏ ˂ʾʻˇˎ ˋ˗ʸˇ˄ˍʰʽΦ ʁ ʰˎʻʶ˄ˍʽˁˈˌ ˂ʾʻˇˌ ʲˊʾˋˁʶˍʰʽ ˋʶ ˁʰ˂ˏˍʶˊʹ 
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ˁʰˍʱˋˍʰˋʹ ʰˉˈ ˍˇ˄ ˂ʾʻˇ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˉˇˎ ʶʾ˄ʰʽ ʰˉˇˋʰʻˊ˖˃ʷ˄ˇˌ ˁʰʽ ˊʹʴ˃ʰˍ˖˃ʷ˄ˇˌ. 

ʁ ʰˎʻʶ˄ˍʽˁˈˌ ˂ʾʻˇˌ ˉˇˎ ʵʽʰˋ˗ʸʶˍʰʽ ˉʰˊˇˎˋʽʱʸʶʽ ˎ˕ʹ˂ʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˔˂˖ˊʽˇˏ˔˖˄ 

ʰ˂ʱˍ˖˄Σ ˃ʷˍˊʽʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʻʶʽʽˁ˗˄ ʰ˂ʱˍ˖˄Σ ˋʹ˃ʰ˄ˍʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˎ˂ʽˁˇˏ ˁʰʽ 

ʲʽˇʵʽʱʲˊ˖ˋʹΦ ʁ ˂ʾʻˇˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ʶ˃˒ʰ˄ʾʸʶʽ ˃ʷˍˊʽʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˔˂˖ˊʽˈ˄ˍ˖˄Σ 

ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʻʶʽʽˁ˗˄ ʽˈ˄ˍ˖˄Σ ˉˇ˂ˏ ʷ˄ˍˇ˄ʶˌ ʰˉ˗˂ʶʽʶˌ ˎ˂ʽˁˇˏΣ 

ʰˉˇ˔ˊ˖˃ʰˍʽˋ˃ˇˏˌ ˁ ʰʽ ˂ʶˎˁʷˌ ʶ˅ʰ˄ʻʾˋʶʽˌ . 

ɱʽʰ ˍʹ˄ ˇˊˎˁˍˇ˂ˇʴʽˁʺ ˋˏˋˍʰˋʹ ˍ˖˄ ˂ʾʻ˖˄ ˍˇˎ ˄ʰˇˏ ˃ʶˍʱ ʰˉˈ ʶ˅ʷˍʰˋʹ ˍˇˎˌΣ ˉˊˇʷˁˎ˕ʰ˄ 

ˍʰ ʰˁˈ˂ˇˎʻʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ : 

ʁ ̱ ˇˉʽˁˈˌ ˋˎ˃ˉʰʴʺˌ ˎˉˈ˂ʶˎˁˇˌ ʰˋʲʶˋˍˈ˂ʽʻˇˌ ʷ˔ʶʽ ˁˏˊʽʰ ˇˊˎˁˍˇ˂ˇʴʽˁʺ ˒ʱˋʹ ˍˇ˄ 

ʶ˂ʰ˒ˊ˗ˌ ˃ʰʴ˄ʹˋʽʰˁˈ ʰˋʲʶˋˍʾˍʹ ˁʰʽ ʵʶˎˍʶˊʶˏˇˎˋʶˌ ˍˇ˄ ʴˏ˕ˇΣ ˍˇ ˔ʰ˂ʰʸʾʰ ˁʰʽ ˍˇ˄ 

ʰˊʰʴ˖˄ʾˍʹ . ʁ  ˎˉˇˁʾˍˊʽ˄ˇˌ ʰˋʲʶˋˍˈ˂ʽʻˇˌ  ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹΣ  

ʷ˔ʶʽ  ˁˏˊʽʰ ˇˊˎˁˍˇ˂ˇʴʽˁʺ ˒ʱˋʹ ˍˇ˄ ʶ˂ʰ˒ˊ˗ˌ ˃ʰʴ˄ʹˋʽʰˁˈ ʰˋʲʶˋˍʾˍʹ ˁʰʽ ʵʶˎˍʶˊʶˏˇˎˋʶˌ 

ˍˇ˄ ʰ˂ʾˍʹΣ ˍˇ ˔ʰ˂ʰʸʾʰ ˁʰʽ ˍˇ˄ ʰˊʰʴ˖˄ʾˍʹ Φ ʁ ʴˁˊʾʸˇˌ ˉˇˊ˗ʵʹˌ ʰˋʲʶˋˍˈ˂ʽʻˇˌ ˍˇˎ ˄ˈˍʽˇˎ 

ˁʾˇ˄ʰ ʷ˔ʶʽ ˁʰʽ ʰˎˍˈˌ ˁˏˊʽʰ ˇˊˎˁˍˇ˂ˇʴʽˁʺ ˒ʱˋʹ ˍˇ˄ ʶ˂ʰ˒ˊ˗ˌ ˃ʰʴ˄ʹˋʽʰˁˈ ʰˋʲʶˋˍʾˍʹ ˁʰʽ 

ʵʶˎˍʶˊʶˏˇˎˋʶˌ ˍˇ ˔ʰ˂ʰʸʾʰ ˁʰʽ ˍˇ˄ ʰˊʰʴ˖˄ʾˍʹ. 

ʆˇ ˋˁˎˊˈʵʶ˃ʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʰ˃˃ˇ˔ʱ˂ʽˁˇ ˃ʽˁˊ˗˄ ˁʰʽ ˃ʶˋʰʾ˖˄ ʵʽʰˋˍʱˋʶ˖˄ ʵʽʱ˃ʶˍˊˇ 

ˉˇˎ ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ 2 mm - 50 mm ˁʰʻ˗ˌ ˁʰʽ ˋˁˏˊʰ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ʵʽʱ˃ʶˍˊˇˌ ˒ˍʱ˄ʶʽ 

ʷ˖ˌ мр cm.  ɶ ˃ʶˍʰ˒ˇˊʱ ʵʽʰ˂ˎˍ˗˄ ʰ˂ʱˍ˖˄ ʰˉˈ ˍˇ ˋˁˎˊˈʵʶ˃ʰ ˋˍˇˎˌ ˂ʾʻˇˎˌ ˍˇˎ ˄ʰˇˏ 

ʶˉʽˍʶʾ˄ʶʽ ˍʹ ˒ʻˇˊʱ ˍ˖˄ ˍʶ˂ʶˎˍʰʾ˖˄Φ ɶ ˁʰˍʱˋˍʰˋʹ ʰˎˍʺ ʶ˃ˉˇʵʾʸʶʽ ˍʹ˄ ʵʽʰˉ˄ˇʺ ˍ˖˄ 

ʰˎʻʶ˄ˍʽˁ˗˄ ˎ˂ʽˁ˗˄Σ ˂ˈʴ˖ ʰˋˏ˃ʲʰˍʹˌ ˃ʽˁˊˇʵˇ˃ʺˌ ˁʰʽ ʶ˄ˍʶʾ˄ʶʽ ˍʹ˄ ˋˎˋˋ˗ˊʶˎˋʹ ˎʴˊʰˋʾʰˌ 

ˋˍʰ ʰˎʻʶ˄ˍʽˁʱ ˎ˂ʽˁʱΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ˂ˈʴ˖ ʰˋˎ˃ʲʰˍˈˍʹˍʰˌ ˍ˖˄ ˎ˂ʽˁ˗˄ ʰˋˁˇˏ˄ˍʰʽ ˍʱˋʶʽˌ ˋˍʰ 

ʰˎʻʶ˄ˍʽˁʱ ˎ˂ʽˁʱΦ  

 

 

ɳʽˁˈ˄ʰ мо. ʅˎ˃ˉ˂ʹˊ˗ˋʶʽˌ ʰˊ˔ʰʾˇˎ ˂ʾʻˇˎ ˃ʶ ˍˋʽ˃ʷ˄ˍˇ ˋˍˇ˄ ʻˊʽʴˁˈ 

 

ʆʰ ˁˇ˄ʽʱ˃ʰˍʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁʰˍʱ ˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍˇˎ ˄ʰˇˏ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ 

ʰˉˈ ʰˋʲʶˋˍʾˍʹ ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ  ʴˏ˕ˇΣ  ˔ʰ˂ʰʸʾʰ ˁʰʽ ʰˊʰʴ˖˄ʾˍʹΦ 

ʆʰ ˂ʽʴˇˋˍʱ ʰˎʻʶ˄ˍʽˁʱ ʶˉʽ˔ˊʾˋ˃ʰˍʰ ˉˇˎ ʵʽʰˋ˗ʸˇ˄ˍʰʽ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ  ʰˉˈ ˃ʰʴ˄ʹˋʽʰˁˈ 
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ʰˋʲʶˋˍʾˍʹ ˁ ʰˍʱ ˁˏˊʽˇ ˂ˈʴˇΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ h ˊʰʴ˖˄ʾˍʹ ˁʰʽ ˔ʰ˂ʰʸʾʰΣ  ˁ ʰʽ ˉʰˊˇˎˋʽʱʸˇˎ˄ 

˃ʶʴʱ˂ʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʵʽʰ˂ˎˍ˗˄ ʰ˂ʱˍ˖˄Φ  

ʅˍʰ ˍˋʽ˃ʶ˄ˍˇˁˇ˄ʽʱ˃ʰˍʰ ˍˇˎ ˄ʰˇˏ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˃ʶʴʱ˂ʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʻʶʽʽˁ˗˄ ʰ˂ʱˍ˖˄ 

ˁʰʽ ʰˉˇ˒˂ˇʽ˗ˋʶʽˌΦ 

 

 

ɳʽˁˈ˄ʰ мп. ʊʰʽ˄ˈ˃ʶ˄ʰ ˋˉʹ˂ʰʾ˖ˋʹˌ ˋˍˇˎˌ ˋˉˇ˄ʵˏ˂ˇˎˌ ˍ˖˄ ˁʽˈ˄˖˄ 

 

ɮˉˈ ˍʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʷ˂ʶˋ˃ʰ ʴʾ˄ʶˍʰʽ ʰ˄ˍʽ˂ʹˉˍʺ ʹ ˏˉʰˊ˅ʹ ˍˇˎ ˃ʹ˔ʰ˄ʽˋ˃ˇˏ ˍˊʽ˔ˇʶʽʵˇˏˌ 

ʰ˄ʰˊˊʾ˔ʹˋʹˌ ˍʹˌ ˎʴˊʰˋʾʰˌ ʰˉˈ ˍˇˎˌ ʰ˄ʰʲʰʻ˃ˇˏˌ ˍˇˎ ˄ʰˇˏ ˋˍˇˎˌ ˁʾˇ˄ʶˌΣ ˇ ˇˉˇʾˇˌ 

ʶˉʽˍʰ˔ˏ˄ʶʽ ˍʹ˄ ʰˉˇˋʱʻˊ˖ˋʹ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ʲʱˋʹˌ ˁʰʽ ˍʹ˄ ˃ʹ˔ʰ˄ʽˁʺ ʰˋˍʱʻʶʽʰ ˍ˖˄ 

ˁʽˈ˄˖˄Φ 

 

2.5 ɲ̌ ˃ʽˁˈ ˋˏˋˍʹ˃ʰ ˁʰʽ ʶˎˋˍʱʻʶʽʰ ̀ ˍˇ ˄ʰˈ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰ  

2.5.1 ɮˊ˔ʰʾˇ ʵˇ˃ʽˁˈ ˋˏˋˍʹ˃ʰ 

ʆˇ ʵˇ˃ʽˁˈ ˋˏˋˍʹ˃ʰ  ̱ ˇˎ ˄ʰˇˏ ˁʰˍʱ ˍʹ˄ ʰˊ˔ʽˁʺ ˍˇˎ ˃ˇˊ˒ʺ ˉʰˊˇˎˋʽʱʸʶʽ ˇ˃ˇʽˈˍʹˍʶˌ ˃ʶ ˍʰ 

ʰ˄ˍʾˋˍˇʽ˔ʰ ʵˇ˃ʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˍ˖˄ ˂ʰˍˊʶˎˍʽˁ˗˄ ˄ʰ˗˄ ˍʹˌ ʶ˂˂ʹ˄ʽˋˍʽˁʺˌ ˉʶˊʽˈʵˇˎΦ  

ʆʰ ʾʵʽʰ ʲʱˊʹ ˍˇˎ ʻˊʽʴˁˇˏ ˃ʶˍʰʲʽʲʱʸˇ˄ˍʰ˄ ˃ʷˋ˖ ˍ˖˄ ʵˇˁ˗˄ ˍˇˎ ʶˉʽˋˍˎ˂ʾˇˎ ˋˍˇˎˌ ˁʾˇ˄ʶˌ 

ˁʰʽ ˍˇˎˌ ˍˇʾ˔ˇˎˌ ˍˇˎ ˄ʰˇˏ ˁʰʽ ˃ʷˋ˖ ʰˎˍ˗˄ ˋˍʹ ʻʶ˃ʶ˂ʾ˖ˋʹ ˁʰʽ ʶ˄ ˍʷ˂ʶʽ ˋˍˇ ʷʵʰ˒ˇˌΦ ʆʰ 

ʶˉʽˋˍˏ˂ʽʰ ˂ʶʽˍˇˎˊʴˇˏˋʰ˄ ˋʰ˄ ʰ˃˒ʽʷˊʶʽˋˍʶˌ ʵˇˁˇʾΣ ˃ʶˍʰʲʽʲʱʸˇ˄ˍʰˌ ˍʰ ˁʰˍʰˁˈˊˎ˒ʰ 

˒ˇˊˍʾʰ ˁ ʰʽ ʰˎ˅ʱ˄ˇ˄ˍʰˌ ˍʹ ʵˎˋˁʰ˃˕ʾʰ ˍˇˎ ˒ˇˊʷʰΦ  

ɶ ʻʶ˃ʶ˂ʾ˖ˋʹ ˍˇˎ ˄ʰˇˏ ʺˍʰ˄ ˋˎ˄ʶ˔ʺˌ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ ˁʰˍʰˁˈˊˎ˒˖˄ ˒ʶˊˈ˄ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ 

ˁʰʽ ʴʽ˄ˈˍʰ˄ ʰˉʶˎʻʶʾʰˌ ˋˍˇ ˒ˎˋʽˁˈ ʲˊʱ˔ˇΦ ʁʽ ˋˍˊ˗ˋʶʽˌ ˍ˖˄ ˂ʾʻ˖˄ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ 

ʻʶ˃ʶ˂ʾ˖ˋʹ ˍ˖˄ ˁʽˈ˄˖˄ ʶʾ˄ʰʽ ʶʴˁʽʲ˖ˍʽˋ˃ʷ˄ʶˌ ˋˍˇ ʷʵʰ˒ˇˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ʷ˔ˇˎ˄ ʵʽˁʺ 

ˍˇˎˌ ˍʰ˂ʱ˄ˍ˖ˋʹ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˋʶʽˋ˃ˇˏΦ ɳˉˇ˃ʷ˄˖ˌ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽ ʹ ˉʰˊʰʵˇ˔ʺ ˍʹˌ 

ʷʵˊʰˋʹˌ ˍ˖˄ ˁʽˈ˄˖˄ ʶˉʾ ˋˍʶˊʶˇˏ ʶʵʱ˒ˇˎˌΣ ʶ˄˗ ˇʽ ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˍʹˌ ʻʶ˃ʶ˂ʾ˖ˋʹˌ 

ʰʴ˄ˇˇˏ˄ˍʰʽΦ  

ɶ ʶˎˋˍʱʻʶʽʰ ˍˇˎ ˄ʰˇˏ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰ˄ ˔ʱˊʹ ˋˍˇ˄ ˍˊˈˉˇ ʵˈ˃ʹˋʹˌ ˍˇˎΦ ʂˉ˖ˌ ˋˎ˄ʹʻʾʸˇ˄ˍʰ˄ 
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ˋˍ́˄ ʰˊ˔ʰʾʰ ɳ˂˂ʱʵʰ ˇ ˄ʰˈˌ ˉʰˊˇˎˋʽʱʸʶʽ ˋˎ˃˃ʶˍˊʾʰ ˋˍʹ˄ ˁˏˊʽʰ ʵʽʶˏʻˎ˄ˋʹ ˍˇˎΣ ʴʶʴˇ˄ˈˌ 

ˉˇˎ ʶˎ˄ˇʶʾ ˍʹ˄ ˋʶʽˋ˃ʽˁʺ ʰˉˈˁˊʽˋʹ ˍˇˎΦ ʁʽ ʵˇ˃ʽˁˇʾ ˂ʾʻˇʽ ˍˇˎ  ˂ʰ˅ʶˏˍʹˁʰ˄ ʶˉʽ˃ʶ˂˗ˌ ˗ˋˍʶ 

˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʱˊʽˋˍʹ ʶˉʰ˒ʺ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ʶ˄ ˋˎ˄ʶ˔ʶʾʰ ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ʶ˄ ˅ʹˊ˗Σ 

ʰˉˇˎˋʾʰ ˁˇ˄ʽʱ˃ʰˍˇˌ ˇ ʷ˄ʰˌ ˉʱ˄˖ ˋˍˇ˄ ʱ˂˂ˇΦ ɽˈʴ˖ ˍˇˎ ˃ʶʴʱ˂ˇˎ ˃ʶʴʷʻˇˎˌ ˍˇˎˌ ˇʽ 

ʵˎ˄ʱ˃ʶʽˌ ˍˊʽʲʺˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰ˄ ʺˍʰ˄ ʽˁʰ˄ʷˌ ˄ʰ ˋˎʴˁˊʰˍʺˋˇˎ˄ ˍˇ ˃˄ʹ˃ʶʾˇ ˋʶ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰˉˇ˄ʺˋʶ˖˄Σ ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ˄ ʵˇ˃ʽˁʺ ʶˎˋˍʱʻʶʽʰ ˍˇˎΦ 

ʃʰˊʱ˂˂ʹ˂ʰ ʹ ˇ˂ʾˋʻʹˋʹ ˁʰʽ ˇ ˂ʽˁ˄ʽˋ˃ˈˌ ˍ˖˄ ˁʽˈ˄˖˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ 

ʵʽʷʴʶˊˋʹˌ ˂ʶʽˍˇˎˊʴˇˏˋʶ ˋʰ˄ ʷ˄ʰˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ʰˉˈˋʲʶˋʹˌΣ ʰˉˇˊˊˇ˒˗˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁˈ 

˃ʷˊˇˌ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΦ 

ɱʽʰ ˍʹ˄ ˋˏ˄ʵʶˋʹ ˍ˖˄  ˁʰˍʰˁˈˊˎ˒˖˄ ˃ʶ˂˗˄ ʶʽˁʱʸʶˍʰʽ ˉ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴˈ˃˒ˇʽΣ ˇʽ 

ˇˉˇʾˇʽ ˁʰʽ ̄h ˊʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʽˌ ʵʽʰˍ˃ʹˍʽˁʷˌ ˍʱˋʶʽˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰ˄Σ ʶ˄˗ ʴʽʰ ˍʹ˄ 

ˉʰˊʰ˂ʰʲʺ ˍ˖˄ ʶ˒ʶ˂ˁˎˋˍʽˁ˗˄ ˍʱˋʶ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰ˄ ʶ˃ˉˈ˂ʽʰΣ ˈˉ˖ˌ ˍʶˁ˃ʰʾˊʶˍʰʽ ˁʰʽ 

ʰˉˈ ˍʽˌ ʶ˄ˍˇˊ˃ʾʶˌ ˉˇˎ ʷ˔ˇˎ˄ ʶ˄ˍˇˉʽˋˍʶʾ ˋˍˇ ʴʶʾˋˇΦ 

нΦрΦн ɲˇ˃ʽˁʷˌ ʲ˂ʱʲʶˌ 

ɶ ˂ʱ˅ʶˎˋʹ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˃ʶ˂˗˄ ʴʽʰ ˍʹ˄ ˉ˂ʺˊ˖ˋʹ ˍˇˎ ˉˎˊʺ˄ʰ ˍˇˎˌ ˃ ʶ ˋˁˎˊˈʵʶ˃ʰΣ ˇʵʺʴʹˋʶ 

ˋʶ ˋʹ˃ʰ˄ˍʽˁʷˌ ʲ˂ʱʲʶˌ ˉˇˎ ʶˁʵʹ˂˗ʻʹˁʰ˄ ˃ʶ ʰˉˇˍ˃ʺˋʶʽˌ ˁʰʽ ʻˊʰˏˋʶʽˌ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎˌΦ ɶ 

˃ʶˍʰˍˊˇˉʺ ˍˇˎ ʰˊ˔ʽˁˇˏ ˉˇ˂ˎˋˉˇ˄ʵˎ˂˖ˍˇˏ ʵˇ˃ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˋʶ ˃ˇ˄ˇ˂ʽʻʽˁˈ 

˃ʶˍʷʲʰ˂˂ʶ ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ˄ ˋʶʽˋ˃ʽˁʺ ʰˉˈˁˊʽˋʹ ˍˇˎΦ ʁʽ ʵˎ˄ʱ˃ʶʽˌ ˍˊʽʲʺˌ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ˋˉˇ˄ʵˏ˂˖˄ ˃ʶʽ˗ʻʹˁʰ˄Σ ʶ˄˗ ˋˍˇ ˃ˇ˄ˇ˂ʽʻʽˁˈ ˋˏˋˍʹ˃ʰ ʵʶ˄ ʶˁʵʹ˂˗˄ˇ˄ˍʰʽ ˒ʰʽ˄ˈ˃ʶ˄ʰ 

˂ʽˁ˄ʽˋ˃ˇˏ ˁʰʽ ˇ˂ʾˋʻʹˋʹˌΣ ˃ʷˋ˖ ˍ˖˄ ˇˉˇʾ˖˄ ʶˁˍˇ˄˗˄ˇ˄ˍʰ˄ ʹ ˋʶʽˋ˃ʽˁʺ ʶ˄ʷˊʴʶʽʰ ˋˍˇ 

ˉˇ˂ˎˋˉˇ˄ʵˎ˂˖ˍˈ ˋˏˋˍʹ˃ʰΦ  

ʃʰˊʱ˂˂ʹ˂ʰ ˇʽ ˔ʰ˃ʹ˂ʷˌ ˃ʹ˔ʰ˄ʽˁʷˌ ʰ˄ˍˇ˔ʷˌ ˍˇˎ ˍˇˉʽˁˇˏ ˉ˖ˊˈ˂ʽʻˇˎ ˍʹˌ ʄˈʵˇˎΣ ʰˉˈ ˍˇ˄ 

ˇˉˇʾˇ ʶʾ˄ʰʽ ʵˇ˃ʹ˃ʷ˄ˇˌ ˇ ˄ʰˈˌ ˋˎ˄ʷʲʰ˂ʶ ˋˍʹ˄ ˎˉˇʲʱʻ˃ʽˋʹ ˍʹˌ ˋˍʰˍʽˁʺˌ ʶˉʱˊˁʶʽʰˌ ˍˇˎΦ 

ʁ ˁˏˊʽˇˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ʰˋˍˇ˔ʾʰˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ ʵʽˈʴˁ˖ˋʹ ˍ˖˄ ˃ʶˍʰ˂˂ʽˁ˗˄ ˋˎ˄ʵʷˋ˃˖˄ 

ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁʰˍʱ ˍʹ˄ ʽˍʰ˂ʽˁʺ ʰ˄ʰˋˍʺ˂˖ˋʹΦ ɶ ˃ʹ˔ʰ˄ʽˁʺ ˋˍʺˊʽ˅ʹ ˍ˖˄ ˂ʾʻ˖˄Σ 

˃ʶˍʰ˅ˏ ˍˇˎˌΣ ʷʴʽ˄ʶ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˋʽ˃ʶ˄ˍˇˁˇ˄ʽʱ˃ʰˍˇˌ ˁʰʽ ˍʹ ˔ˊʺˋʹ ˃ʶˍʰ˂˂ʽˁ˗˄ ˋˎ˄ʵʷˋ˃˖˄Σ 

ˇʽ ˇˉˇʾˇʽ ʷ˔ˇˎ˄ ˇ˅ʶʽʵ˖ʻʶʾ ˁʰʽ ʵʽˇʴˁ˖ʻʶʾ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˉʶˊʰʽˍʷˊ˖ ˒ʻˇˊʱ ˍ˖˄ ˂ʾʻ˖˄Φ  

 

ɳʽˁˈ˄ʰ 15.  ɲ̔ ʰʲˊ˖˃ʷ˄ˇˌ ˃ʶˍʰ˂˂ʽˁˈˌ ˋˏ˄ʵʶˋ˃ˈˌ 

ɶ  ʵʽˈʴˁ˖ˋʹ ˍˇˎˌΣ ˉˇˎ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˇ˅ʶʾʵ˖ˋʹ ˁʰʽ ˍʹ ʵʽʱʲˊ˖ˋʹ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍˇˎˌΣ 

ˇʵʺʴʹˋʶ ˋʶ ʵʽʱˊˊʹ˅ʹ ˍˇˎˌ ˂ʾʻˇˎˌΦ ʅʹ˃ʶʽ˗ʻʹˁʰ˄ ʰˉˇˍ˃ʺˋʶʽˌ ˁʰʽ ʻˊʰˏˋʶʽˌ ˍ˃ʹ˃ʱˍ˖˄ 

ˍˇˎˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˇʵʺʴʹˋʶ ˋˍʹ˄ ˃ʶʾ˖ˋʹ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʷʵˊʰˋʹˌ ˍ˖˄ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ 
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˃ʶ˂˗˄Φ ɶ ʰˉ˗˂ʶʽʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˋˍʺˊʽ˅ʹˌ ʶʴˁˎ˃ˇ˄ʶʾ ˁʽ˄ʵˏ˄ˇˎˌ ʴʽʰ ˍʹ ʵˇ˃ˇˋˍʰˍʽˁʺ 

ʶˉʱˊˁʶʽʰ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ʶʾ˄ʰʽ ˈˍʽ ˋˍˇˎˌ ˄ʷˇˎˌ ˋˉˇ˄ʵˏ˂ˇˎˌ ˉʰˊʰˍʹˊʶʾˍʰʽ 

ʰˋˍˇ˔ʾʰ ˋˍʹ ʻʷˋʹ ʰʴˁˏˊ˖ˋʹˌ ˍ˖˄ ˇˉ˂ʽˋ˃˗˄Φ 

ɶ ʰˋˍˇ˔ʾʰ ˍ˖˄ ˋʽʵʹˊ˗˄ ˋˎ˄ʵʷˋ˃˖˄ ˋˎ˄ʷʲʰ˂ʶ ˋˍʹ˄ ʰˉˇˁˈ˂˂ʹˋʹ ˍ˖˄ ʻˊʰˎˋ˃ʷ˄˖˄ ˂ʾʻ˖˄ 

ˁʰʽ ˋˍʹ ʵʽʶˏˊˎ˄ˋʹ ˍ˖˄ ˉʰˊʶʽ˗˄ ˍ˖˄  ʵˏˇ ˍ˃ʹ˃ʱˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ʰˉˈ ˄ʷˇ ˎ˂ʽˁˈΦ ɼʱˉˇʽʶˌ 

ˊʹʴ˃ʰˍ˗ˋʶʽˌ ʶˉʶˁˍʶʾ˄ˇ˄ˍʰʽ ˁʰˍʰˁˈˊˎ˒ʰ ʰˉˈ ˍˇ˄ ʷ˄ʰ ˋˉˈ˄ʵˎ˂ˇ ˋˍˇ˄ ʱ˂˂ˇΣ ˂ˈʴ˖ ˍʹˌ 

ˋˎ˄ʱ˒ʶʽʰˌ ˉˇˎ ʷ˔ʶʽ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʰ˄ʱ˃ʶˋʰ ˍˇˎˌΦ ʃˇ˂ˏ ʷ˄ˍˇ˄ʶˌ ˊʹʴ˃ʰˍ˗ˋʶʽˌ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇˎˌ н ʰˁˊʰʾˇˎˌ ˁʾˇ˄ʶˌ ˍˇˎ ˋˎ˃ˉ˂ʷʴ˃ʰˍˇˌ ˁʽˈ˄˖˄ ς ʰ˄˖ʵˇ˃ʺˌΦ ɳˉʾˋʹˌ 

ʹ ˍˇˉˇʻʷˍʹˋʹ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˋˍˇ˄ ˉˎˊʺ˄ʰ ˍ˖˄ ˁʽˈ˄˖˄ ˇʵʺʴʹˋʶ ˋʶ ˋʹ˃ʰ˄ˍʽˁʷˌ ʲ˂ʱʲʶˌ 

ˋˍˇ˄ ʶ˅˖ˍʶˊʽˁˈ ˂ʾʻʽ˄ˇ ˃ʰ˄ʵˏʰ ˂ˈʴ˖ ˍʹˌ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʺˌ ʰˋˎ˃ʲʰˍˈˍʹˍʰˌ ˍ˖˄ ʵˏˇ ˎ˂ʽˁ˗˄Φ   

ʃ̌ ˂˂ʷˌ ˉ˂ʶˎˊʽˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˍ˖˄ ˁʽˈ˄˖˄ ʷ˔ˇˎ˄  ʰˉˇˋʰʻˊ˖ʻʶʾΣ ˉˇ˂˂ʱ 

ˍ˃ʺ˃ʰˍʰ ˍˇˎˌ ʷ˔ˇˎ˄ ˎˉˇˋˍʶʾ ʻˊʰˏˋʹ ˁʰʽ ʱ˂˂ʰ  ʶʾ˄ʰʽ ʶˍˇʽ˃ˈˊˊˇˉʰΦ ʁʽ ʰˉ˗˂ʶʽʶˌ ˎ˂ʽˁˇˏ 

˃ʶʽ˗˄ˇˎ˄ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˋˍʺˊʽ˅ʹˌ ˍ˖˄ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ ˃ʶ˂˗˄ ˁʰʽ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˇʵʹʴʺˋˇˎ˄ 

ˋʶ ʰ˄ʰˍˊˇˉʺ ˍˇˎˌ Σ ʰ˂˂ʱ ʰˁˈ˃ʰ ˁʰʽ ˋʶ ˃ʶˊʽˁʺ ʺ ˇ˂ʽˁʺ ˁʰˍʱˊˊʶˎˋʹ ˍˇˎ ˄ʰˇˏ ˋˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˃ʾʰˌ ʽˋ˔ˎˊʺˌ ˋʶʽˋ˃ʽˁʺˌ ʵʽʷʴʶˊˋʹˌΦ 

 

 

ɳʽˁˈ˄ʰ 16.  ʅˎ˃ˉ˂ʹˊ˗ˋʶʽˌ ˋˉˇ˄ʵˏ˂ˇˎ ˃ ʶ ˍˋʽ˃ʷ˄ˍˇ 

ɮˁˈ˃ʰΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʶʾ˖ˋʹ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʶˉʰ˒ʺˌ ʰ˄ʱ˃ʶˋʰ ˋˍˇ ʰˊ˔ʰʾˇ ˁʽˇ˄ˈˁˊʰ˄ˇ 

ˍˇˎ ʴ˖˄ʽʰˁˇˏ ˁʾˇ˄ʰ ˁʰʽ ˍʹ˄ ˎˉʶˊˁʶʾ˃ʶ˄ʺ ʵˇˁˈ ˍˇˎ ʶˉʽˋˍˎ˂ʾˇˎΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˇ˒ʶʾ˂ʶˍʰʽ 

ˋˍʹ˄ ʻˊʰˏˋʹ ˍ˃ʹ˃ʱˍ˖˄ ˍʹˌ ˍʶ˂ʶˎˍʰʾʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ˃ʶˍʰ˒ˇˊʱ ʵʽʰ˂ˎˍ˗˄ ʰ˂ʱˍ˖˄ ʰˉˈ 

ˍˇ ˋˁˎˊˈʵʶ˃ʰ ˍˇˎ ʶˉʽˋˍˎ˂ʾˇˎ ˋˍˇ˄ ʰˊ˔ʰʾˇ ˂ʾʻˇΦ  

 

ɳʽˁˈ˄ʰ 17.  ɰ˂ʱʲʶˌ ˋˍˇ ʰˊ˔ʰʾˇ ˁʽˇ˄ˈˁˊʰ˄ˇ 
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ʅˍˇ ʶˉʽˋˍˏ˂ʽˇ ʹ ˇ˅ʶʾʵ˖ˋʹ ˍˇˎ ˇˉ˂ʽˋ˃ˇˏ ˍˇˎ ˇʵʺʴʹˋʶ ˋˍʹ˄ ʻˊʰˏˋʹ ˈ˂ʹˌ ˍʹˌ ʶˉʽˁʱ˂ˎ˕ʹˌ 

ˍˇˎ ˋˍʹ˄ ˁʱˍ˖ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎΦ 

 

 

 

 

 

 

 

 

 

 

ɳʽˁˈ˄ʰ 18.  ɮˉˇˁˈ˂˂ʹˋʹ ʶˉʽˁʱ˂ˎ˕ʹˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˋˍʹ˄ ˁʱˍ˖ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶˉʽˋˍˎ˂ʾˇˎ 

  ɮ˄ˍʾˋˍˇʽ˔ʹ ʶʽˁˈ˄ʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʰʽ ˋˍʰ ˎˉˈ˂ˇʽˉʰ ˃ʷ˂ʹ ˍˇˎ ʻˊʽʴˁˇˏΣ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ 

ʰˉˈ ˋˁˎˊˈʵʶ˃ʰ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˂ʽʴˇˋˍʱ ʻˊʰˏˋ˃ʰˍʰ ˁʰʽ ˍ˃ʺ˃ʰˍʰ ʰˉˈ ˍˇ ʰˊ˔ʰʾˇ ˎ˂ʽˁˈ 

ˉˇˎ ʵʽʰˋ˗ʸˇ˄ˍʰʽΦ ʁʽ ˃ʶˍʰ˂˂ʽˁˇʾ ˇˉ˂ʽˋ˃ˇʾ ˉˇˎ ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ʵʽʰʲˊ˗ʻʹˁʰ˄Σ ˇʵʹʴ˗˄ˍʰˌ 

ˋʁ  ʵʽʱˊˊʹ˅ʹ ˍˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˁʰʽ ˋˍʹ˄ ʰˉˇˁˈ˂˂ʹˋʹ ˇ˂ˈˁ˂ʹˊ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎΦ ʅʶ ˈ˂ʹ 

ˍʹ˄ ʷˁˍʰˋʹ ˍˇˎ ʻˊʽʴˁˇˏ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʰˉˇˍ˃ʺˋʶʽˌ ʴ˖˄ʽ˗˄ ˁʰʽ ʷ˄ˍˇ˄ʶˌ ˊʹʴ˃ʰˍ˗ˋʶʽˌΦ  

ʁʽ ʲ˂ʱʲʶˌ ʰˎˍʷˌΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʽˌ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʷˌ ˒ʻˇˊʷˌ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋˍˇ 

˄ʰˈΣ ˁʰʻʽˋˍˇˏ˄ ʶˉʽˍʰˁˍʽˁʺ ˍʹ˄ ʰ˄ʱʴˁʹ ʵʽʶˊʶˏ˄ʹˋʹˌ ˁʰʽ ʰˉˇˍʾ˃ʹˋʹˌ ˍʹˌ ʶˎˋˍʱʻʶʽʰˌ ˍˇˎ 

ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˋʶʽˋ˃ʽˁʺˌ ˁʰˍʰˉˈ˄ʹˋʹˌ  ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˁʰˍʱ˂˂ʹ˂˖˄ ˃ʷˍˊ˖˄ ʶ˄ʾˋ˔ˎˋʹˌ ˍʹˌ 

˒̫ ˊˇˎˋʰˌ ʽˁʰ˄ˈˍʹˍʰˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ 
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          3. ʃɳɹʄɮɾɮʆɹɼʁ ɾɳʄʁʅ  

            3.1 ɾʶ˂ʷˍʹ ˃ʹ˔ʰ˄ʽˁʺˌ ̀ ˎ˃ˉʶˊʽ˒ˇˊʱˌ ʶ˅ʶˍʰʸˈ˃ʶ˄˖˄ ˎ˂ʽˁ˗˄ 

ʅˍˇ ˉʰˊ˗˄ ˁʶ˒ʱ˂ʰʽˇ ʴʾ˄ʶˍʰʽ  ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ  ˍˇˎ ˂ʾʻˇˎ ˁʰʽ ˍˇˎ 

ˁˇ˄ʽʱ˃ʰˍˇˌ ˉˇˎ ʶ˅ʶˍʱʸˇ˄ˍʰʽΦ  

ʁ ˂ʾʻˇˌ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ ʻʷˋʹ ɮ ˍˇˎ ˂ʰˍˇ˃ʶʾˇˎ ˍ˖˄ ʅ˒ˇˎʴʴʰˊʽ˗˄ ˋˍʹ 

ʄˈʵˇ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ɮˊ˔ʱʴʴʶ˂ˇˌ ˃ʶ ˍʹ˄ ˁ˖ʵʽˁʺ ˇ˄ˇ˃ʰˋʾʰ t!wψ{ŀ ˁʰʽ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ 

ʶˉʰˊˁ˗ˌ ʰˉˈ ˇˊˎˁˍˇ˂ˇʴʽˁʺ ʱˉˇ˕ʹ ˍˇ˄ ʰˊ˔ʰʾˇ ʵˇ˃ʽˁˈ ˂ʾʻˇ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ɴ˔ʶʽ ˎ˕ʹ˂ˈ 

˃ʰˁˊˇˉˇˊ˗ʵʶˌ ˁʰʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˋˍʹ˄ ˁˊˎˋˍʱ˂˂˖ˋʹ ʰ˂ʱˍ˖˄Φ  

ʆˇ ˁˇ˄ʾʰ˃ʰ ˉˇˎ ʶ˅ʶˍʱʸʶˍʰʽ ʁ ʾ˄ʰʽ ˍˇ Master Emaco S 285 TIX ̱ ʹˌ  BASF όɾɳύΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ 

ˁˇ˄ʾʰ˃ʰ ˎʵˊʰˋʲʷˋˍˇˎ ς ̄ ˇʸˇ˂ʱ˄ʹˌΣ ˃ʶ ˉˇˍʰ˃ʾˋʽʰ ˉˎˊʽˍʽˁʱ ʰʵˊʰ˄ʺ ˁʰʽ ˇˊˎˁˍʷˌ ˇˊʴʰ˄ʽˁʷˌ 

ʾ˄ʶˌΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˁˇ˄ʾʰ˃ʰ ˍˇʽ˔ˇˉˇʽʾʰˌ ˍˏˉˇˎ Mмр ˁʰˍʱ EN ффуκн ˃ʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁʷˌ 

˃ʹ˔ʰ˄ʽˁʷˌ ʰ˄ˍˇ˔ʷˌ ˋʶ   ʶ˒ʶ˂ˁˎˋ˃ˈ ˁʰʽ ʵʽʱˍ˃ʹˋʹ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ʻ˂ʾ˕ʹ ˃ʶ ˍʽ˃ʷˌ ʻ˂ʽˉˍʽˁʺˌ 

ʰ˄ˍˇ˔ʺˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˈ мр MPaΦ ɶ ʶˉʽˍʶ˂ʶˋˍʽˁˈˍʹˍʰ ˍˇˎ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʺ ˁʰʽ ʹ  ˎ˕ʹ˂ʺ 

ʵʽʰˉʶˊʰˍˈˍʹˍʰ ˍˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʰˉ˄ˇʺ ˍ˖˄ ʵˇ˃ʽˁ˗˄ ˎ˂ʽˁ˗˄ ˃ʶ ˍʰ ˇˉˇʾʰ ʷˊ˔ʶˍʰʽ ˋʶ 

ʶˉʰ˒ʺΣ ʶ˄˗ ʹ ˔ʰ˃ʹ˂ʺ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˍˇˎ ˋʶ ˎʵʰˍˇʵʽʰ˂ˎˍʱ ʱ˂ʰˍʰ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˍʹ˄ 

ʰˉˇ˒ˎʴʺ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˒ʻˇˊʱˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˁˊˎˋˍʱ˂˂˖ˋʹ ʰ˂ʱˍ˖˄Φ  ɶ ˉ˂ʺˊʹˌ 

ʰˉˇˎˋʾʰ ˍˋʽ˃ʷ˄ˍˇˎ ˋˍˇ ˉˊˇʿˈ˄ ˍˇ ˁʰʻʽˋˍʱ ˋˎ˃ʲʰˍˈ ˃ʶ ˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ˉʰˊʰʵˇˋʽʰˁʱ 

ʵˇ˃ʽˁʱ ˎ˂ʽˁʱ ʶ˅ʰʽˊʶˍʽˁʺ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰˌ ˍʰˎˍˈ˔ˊˇ˄ʰ ˍʹ ˋˏʸʶˎ˅ʹ ʽˋˍˇˊʽˁ˗˄Σ ˍʶ˔˄ˇ˂ˇʴʽˁ˗˄Σ 

ʵˇ˃ʽˁ˗˄ ˁʰʽ ʶˁˍʶ˂ʶˋˍʽˁ˗˄ ʰˉʰʽˍʺˋʶ˖˄Φ ʆʰ ˍʶ˔˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ʷˍˇʽ˃ˇˎ 

ˁˇ˄ʽʱ˃ʰˍˇˌ  ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˍʶ˔˄ʽˁˈ ʵʶ˂ˍʾˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ʰˁˈ˂ˇˎʻˇ ˉʾ˄ʰˁʰ ˁʰʽ 

ʰ˒ˇˊˇˏ˄ ˄˖ˉˈ ˁˇ˄ʾʰ˃ʰ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰˌ мсл-170 mmΣ ˁʰˍʱ EN 1015/3. 

 

ɮ˄ˍˇ˔ʺ ˋʶ ʻ˂ʾ˕ʹ ɳɿ млмрκмм 18 MPaΣ ˁˇ˄ʾʰ˃ʰ ˍˏˉˇˎ ɾмр 

ʅˎ˄ˍʶ˂ʶˋˍʺˌ ʵʽʱ˔ˎˋʹˌ ˎʵˊʰˍ˃˗˄Σ ɳɿ мтпр ˃ғор 

ʇʵʰˍˇʵʽʰ˂ˎˍʱ ʱ˂ʰˍʰ όˁˇ˄ʾʰ˃ʰ ˃ʶˍʱ ˍʹ˄ 

ˋˁ˂ʺˊˎ˄ˋʹύ 

ɳʽʵʽˁʺ ʹ˂ʶˁˍˊʽˁʺ ʰʴ˖ʴʽ˃ˈˍʹˍʰΣ Normal 13/83 

ɹˇ˄ˍʽˁʺ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰΣ Normal 26/87 

ғул˃S.cm-1 

SO4
2-<0.1% 

Na+<0.05% 

K+<0.05% 

ʅˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽ˔ˇʶʽʵˇˏˌ ˊˈ˒ʹˋʹˌΣ ɳɿ млмрκму 0,2Kg.m-2.min-0.5 

ʅˎ˃ˉʶˊʽ˒ˇˊʱ ˋʶ ˒˖ˍʽʱ ɳɿ морлмκм Euroclass A1 

ɮ˄ˍˇ˔ʺ pull out ̀  ʁ́ ʱʲʵˇˎˌ ̝ ʱ˂ˎʲʰ ˁ ʰʽ MBar, 

Rilem-CEM-FIP RC6-78 

>6 MPa 

ʅˍʰˍʽˁˈ ˃ʷˍˊˇ ʶ˂ʰˋˍʽˁˈˍʹˍʰˌ UNI 6556 16.000 MPa 

ʃˊˈˋ˒ˎˋʹ ˋˍˇ ˎˉˈˋˍˊ˖˃ʰ ς ɳɿ млмрκмн ό˃ʶ ʱ˃ʶˋˇ 

ʶ˒ʶ˂ˁˎˋ˃ˈύ 

ɳɿ млрнκо ό˃ʶ ʵʽʱˍ˃ʹˋʹύ 

>0,6 MPa όʻ́h ˏˋʹ ˍˏˉˇˎ ɮ όʵʽʶˉʽ˒ʱ˄ʶʽʰ ˁˇ˄ʽʱ˃ʰ̱ˇˌ ς 

ˎˉˇˋˍˊ˗˃ʰ̱ˇˌ)) 

0̱>0,80 MPa 

ʃʾ˄ʰˁʰˌ 1.  ʆʶ˔˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʷˍˇʽ˃ˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ ɾaster Emaco 
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ɾʷˋ˖ ˍ˖˄ ʵˇˁʽ˃˗˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ ʴʾ˄ʶˍʰʽ ʰˉˇˍʾ˃ʹˋʹ ˍʹˌ ˃ʹ˔ʰ˄ʽˁʺˌ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˂ʾʻˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ ˁʰʻ˗ˌ ˁʰʽ ˍʹˌ ˁʰˍʰ˂˂ʹ˂ˈˍʹˍʰˌ ˍˇˎ 

ˍˏˉˇˎ ˍˇˎ ˂ʾʻˇˎ ˁʰʽ ˍˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ ˉˇˎ ʶ˅ʶˍʱʸˇ˄ˍʰʽΦ 

             3.1.1 ɲˇˁʽ˃ʺ ʰ˄ˍʽʵʽʰ˃ʶˍˊʽˁʺˌ ʻ˂ʾ˕ʹˌ ʵʾˋˁ˖˄  ό.ǊŀȊƛƭƛŀƴ ǘŜǎǘ) 

ɱʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ˂ʽʻˈˍˎˉˇˎ ʅ˒ˇˎʴʴʱˊʽʰ ɮ  

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʵˇˁʽ˃ʺ ʰ˄ˍʽʵʽʰ˃ʶˍˊʽˁʺˌ ʻ˂ʾ˕ʹˌ ʵʾˋˁ˖˄ ˋʶ с ˁˎ˂ʽ˄ʵˊʽˁʱ ʵˇˁʾ˃ʽʰ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˉˊˈˍˎˉˇ L{wa мфтуΦ ʆʰ ʵˇˁʾ˃ʽʰ ʰˎˍʱ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ ʻʷˋʹ ɮ 

˂ʰˍ̌˃ ʶʾˇˎ ˍʹˌ ʄˈʵˇˎ ˁʰʽ ʷ˔ˇˎ˄ ʵʽʱ˃ʶˍˊˇ рΦтŎƳ  ˁʰʽ ˏ˕ˇˎˌ оŎƳΦ  ʆʰ  ʵˇˁʾ˃ʽʰ ˉˇˎ 

ʶ˅ʶˍʱˋˍʹˁʰ˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ʶʽˁˈ˄ʶˌΦ 

 

 

 

ɳʽˁˈ˄ʰ 19. ɼˎ˂ʽ˄ʵˊʽˁʱ ɲˇˁʾ˃ʽʰ ˂ʾʻ˖˄ ʰˉˈ ˍʹ ʻʷˋʹ ɮ ˍˇˎ ɽʰˍˇ˃ʶʾˇˎ ˍʹˌ ʄˈʵˇˎ 
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ʅˍˇ˄ ˉʾ˄ʰˁʰ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ʴʽʰ ˁʰʻʷ˄ʰ 

ʰˉˈ ˍʰ с ˁˎ˂ʽ˄ʵˊʽˁʱ ʵˇˁʾ˃ʽʰ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄Φ 

 

 

ʰκʰ 

ɲˇˁʽ˃ʾˇˎ 
ʂ˄ˇ˃ʰ 

ɲʽʱ˃ʶˍˊˇˌ 

(mm) 

ʈ˕ˇˌ 

(mm) 

Fmax 

(kN) 
ft  (kPa) 

1 ParSa T1 56.9 30.7 2.0 0.73 

2 ParSa T7 57.2 30.8 2.4 0.87 

3 ParSa T15 57.1 30.8 1.7 0.62 

4 ParSa T16 57.1 30.4 3.4 1.25 

5 ParSa T17 57.3 31.0 2.2 0.79 

6 ParSa T18 57.1 30.5 2.4 0.88 

ʃʽ˄ʰˁʰˌ нΦ ʆʽ˃ʷˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ h ˄ˍˇ˔ʺˌ ˍ˖˄ ˁˎ˂ʽ˄ʵˊʽˁ˗˄  ʵˇˁʽ˃ʾ˖˄ 

                 

ɶ ˃ʷˋʹ ˁʰʽ ʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍʽ˃ʺ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍ˖˄ ˂ʾʻ˖˄ ʰˉˈ ˍʹ ʻʷˋʹ ɮ 

˂ʰˍˇ˃ʶʾˇˎ ˍʹˌ ʄˈʵˇˎ ˈˉ˖ˌ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʽˌ ʶˊʴʰˋˍʹˊʽʰˁʷˌ ʵˇˁʽ˃ʷˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ 

ˋˍˇ˄ ʰˁˈ˂ˇˎʻˇ ˉʾ˄ʰˁʰ. 

 

ɲʶʾʴ˃ʰ ɾʷˋʹ ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ όatŀύ  
ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ 

(MPa)  

PAR_Sa_T 2.35 0.86 

ʃʾ˄ʰˁʰˌ о. ɾʷˋʹ ˁʰʽ ̝ ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍʽ˃ʺ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍ˖˄ ˁˎ˂ʽ˄ʵˊʽˁ˗˄  ʵˇˁʽ˃ʾ˖˄ 

 

ʂˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʵˇˁʽ˃ʺˌ ʹ ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ ˍˇˎ ˂ʾʻˇˎ ʰˉˈ 

ˍʹ ʻʷˋʹ ɮ  ̱ ˇˎ ˂ʰˍˇ˃ʶʾˇˎ ˍʹˌ ʄˈʵˇˎ ʶʾ˄ʰʽ h ˊˁʶˍʱ ˃ʽˁˊʺ.  

            3.1.2 ɲˇˁʽ˃ʺ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ  

ɱʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ˂ʽʻˈˍˎˉˇˎ ʅ˒ˇˎʴʴʱˊʽʰ ɮ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ с  

ˁʰˍʱ˂˂ʹ˂ʰ ˁˎ˂ʽ˄ʵˊʽˁʱ ʵˇˁʾ˃ʽʰ  ˂ ʾʻ˖˄ ʰˉˈ ˍʹ ʻʷˋʹ ɮ ˍˇˎ ˂ʰˍˇ˃ʶʾˇˎ ˍʹˌ ʄˈʵˇˎ ˃ʶ ʵʽʱ˃ʶˍˊˇ 

тΦпŎƳ ˁʰʽ ˏ˕ˇˌ мпΦуŎƳΦ ʆʰ ʵˇˁʾ˃ʽʰ ʰˎˍʱ ˎˉˇʲ˂ʺʻʹˁʰ˄ ˋʶ ʵˇˁʽ˃ʺ ʻ˂ʾ˕ʹˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ  

ˉˊˈˍˎˉˇ ASTM D7012 ς 10.  
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ɳʽˁˈ˄ʰ нлΦ ɼˎ˂ʽ˄ʵˊʽˁʱ ɲˇˁʾ˃ʽʰ ˂ʾʻ˖˄ ʰˉˈ ˍʹ ʻʷˋʹ ɮ ˍˇˎ ɽʰˍˇ˃ʶʾˇˎ ˍʹˌ ʄˈʵˇˎ 

 

ʅˍˇˎˌ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ ʵˇˁʽ˃ʺ 

ʻ˂ʾ˕ʹˌ ˍ˖˄ ˁˎ˂ʽ˄ʵˊʽˁ˗˄ ʵˇˁʽ˃ʾ˖˄ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇΦ 

 

ʰκʰ 

ɲˇˁʽ˃ʾˇˎ 
ʂ˄ˇ˃ʰ 

ɲʽʱ˃ʶˍˊˇˌ 

(mm) 

ʈ˕ˇˌ 

(mm) 

   S 
(mm2) 
 

Fm  
(KN) 
 

Rm 

(N/mm2) 

Def 1 Max 

όm˃) 

1 ParSa C1 74.00 14.80 4300.84 39.8 9.26 300.84 

2 ParSa C2 74.00 14.80 4300.84 42.5 9.87 281.77 

3 ParSa C5 74.00 14.80 4300.84 47.2 10.98 316.86 

4 ParSa C6 74.00 14.80 4300.84 40.4 9.38 344.73 

5 ParSa C7 74.00 14.80 4300.84 41.2 9.57 253.69 

6 ParSa C10 74.00 14.80 4300.84 54.0 12.55 289.00 

 ʃʾ˄ʰˁʰˌ 4 ʆʽ˃ʷˌ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍ˖˄ ˁˎ˂ʽ˄ʵˊʽˁ˗˄  ʵˇˁʽ˃ʾ˖˄ 

 

ʁʽ ˍʽ˃ʷˌ ˍʹˌ  ˃ ʷˋʹˌ ˁʰʽ  ̝ ʰ́ʰˁˍʹˊʽˋˍʽˁʺ ̩̱ ʽ˃ʺ ˍʹˌ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍ˖˄ ˂ʾʻ˖˄ ʰˉˈ ˍʹ ʻʷˋʹ 

ɮ ̱̌ ˎ ˂ʰˍˇ˃ʶʾˇˎ ˍʹˌ ʄˈʵˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖. 
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Fm  
(KN) 
 

Rm 

(N/mm2) 

Def 1 Max 

ό˃Ƴ) 

xm 44.2 10.27 297.82 

N. of Tests 6 6 6 

Stdn.Dev 5.5 1.28 31.16 

Var.Coeff. 0.124 0.124 0.124 

Lower Lim 95 % 38.4 8.93 265.12 

Upper Lim 95% 49.9 11.61 330.51 

Min 39.8 9.26 253.69 

Max 54.0 12.55 344.73 

 

ɲʶʾʴ˃ʰ ɾʷˋʹ ʻ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ (MPa) ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ʻ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ όMPa) 

PAR_Sa_C 10.27 8.93 

                     ʃʾ˄ʰˁʰˌ р ɾʷˋʹ ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍʽ˃ʺ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍ˖˄ ˁˎ˂ʽ˄ʵˊʽˁ˗˄  ʵˇˁʽ˃ʾ˖˄ 

 

            3.3.3 ɲˇˁʽ˃ʺ ˉˊˈˋ˒ˎˋʹˌ ˁ ˇ˄ʽʱ˃ʰˍˇˌ ʰˊ˃ˇˏ  

ɶ ʵˇˁʽ˃ʺ ˉˊˈˋ˒ˎˋʹˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄  ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʶˉʽˍʶ˂ʶˋˍʽˁˈˍʹˍʰˌ ˍˇˎ 

ˁˇ˄ʽʱ˃ʰˍˇˌ ʰˊ˃ˇˏ ʰˉˈ Master Emaco ̀ ʶ ˈˍʽ ʰ˒ˇˊʱ ˍʹ ˋˎ˄ʱ˒ʶʽʰ ˁʰʽ ˍʹ˄  ̄ ˊˈˋ˒ˎˋʹ ˃ʶ ˍˇ 

˂ʾʻˇ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˁʰʽ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍʹˌ ˒ʷˊˇˎˋʰˌ ʽˁʰ˄ˈˍʹˍʰˌ ˍˇˎ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ʹ˕ʹ 

ʵʽʰˍ˃ʹˍʽˁ˗˄ ˍʱˋʶ˖˄Φ ɶ ʵʽʰˋ˒ʱ˂ʽˋʹ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺˌ ˃ʹ˔ʰ˄ʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾʰ 

˗ˋˍʶ ˄ʰ ʵʽʰˋ˒ʰ˂ʾʸʶˍʰʽ ʹ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˋˍʰˍʽˁʺ ˁʰʽ ʵˎ˄ʰ˃ʽˁʺ ʰˉˈˁˊʽˋʹ ˍˇˎ ˋˏ˄ʻʶˍˇˎ 

ˋˎˋ̱̋ ˃ʰˍˇˌ  ˂ʾʻˇˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ς ˁˇ˄ʾʰ˃ʰ ς ʰˎʻʶ˄ˍʽˁˈˌ ˂ʾʻˇˌ . ʆˇ ˁˇ˄ʾʰ˃ʰ ʰˊ˃ˇˏ 

ˋˎ˄ʵʷʶʽ ˍˇ ˍ˃ʺ˃ʰ ʰˉˈ ˍˇ ˄̫ ˇ ˂ʾʻˇ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˃ʶ ˍˇ ˍ˃ʺ˃ʰ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 

ʰˎʻʶ˄ˍʽˁˈ ˎ˂ʽˁˈ ˁʰʽ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋˎ˃ʲʰˍˈ ˁʰʽ ˃ʶ ˍʰ  ʵˏˇ ˍˈˋˇ ˋʶ ˈˍʽ ʰ˒ˇˊʱ ˍʽˌ 

˒ˎˋʽˁˇ˔ʹ˃ʽˁʷˌ  ̍ ˋˇ ˁʰʽ ˍʽˌ ˃ʹ˔ʰ˄ʽˁʷˌ ̔ ʵʽˈˍʹˍʶˌ ˁʰʽ ˄ʰ ʶˉʽˍˎʴ˔ʱ˄ʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˋˎ˄ʱ˒ʶʽʰ 

ˁʰʽ ˉˊˈˋ˒ˎˋʹ ˍˈˋˇ ˃ʶ ˍˇ ˄ʷˇ ˂ʾʻˇ ˈˋˇ ˁʰʽ ˃ʶ ˍˇ˄ ʰˎʻʶ˄ˍʽˁˈ ˗ˋˍʶ ˄ʰ ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ ˍˇ 

ˋˏ˄ʻʶˍˇ ˋˏˋˍʹ˃ʰ ˂ʾʻˇˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ς ˁˇ˄ʾʰ˃ʰ ς ʰˎʻʶ˄ˍʽˁˈˌ ˂ʾʻˇˌ ˋˎ˃ˉʶˊʽ˒ʷˊʶˍʰʽ 

˃ʹ˔ʰ˄ʽˁʱ ˖ˌ ʷ˄ʰ ˇ˃ˇʴʶ˄ʷˌ ˋ˗˃ʰΦ 

ɱʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˉˊˈˋ˒ˎˋʹˌ ˍˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ Master Emaco ̀ ˍˇ ˂ʾʻˇ ʰˉˈ ˍʹ ʻʷˋʹ 

ɮ ˍˇˎ ˂ʰˍˇ˃ʶʾˇˎ ˍʹˌ ʄˈʵˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˉʽ˂ˇˍʽˁʱ  ʵˇˁʽ˃ʺ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ 

ˋʶ ʵʽʱˍ˃ʹˋʹ ˋʶ ˉʷ˄ˍʶ ʶʽʵʽˁʱ ʵʽʰ˃ˇˊ˒˖˃ʷ˄ʰ ʵˇˁʾ˃ʽʰΦ ʂ˂ˇʽ ˇʽ ˂ʾʻˇʽ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ 

ˋˍʰ ʵˇˁʾ˃ʽʰ ʰˎˍʱ ʷ˔ˇˎ˄ ʁ ˉʾˉʶʵʹ ˁʰʽ ˂ʶʾʰ ʶˉʽ˒ʱ˄ʶʽʰ ʶˉʰ˒ʺˌ ˃ʶ ˍˇ ˁˇ˄ʾʰ˃ʰΣ ˔˖ˊʾˌ  ˄ ʰ ʷ˔ˇˎ˄ 

ˎˉˇˋˍʶʾ ʶˉʶ˅ʶˊʴʰˋʾʰΦ ʆˇ ˃ʺˁˇˌ ˈ˂˖˄ ˍ˖˄ ˂ʾʻ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶʾ˄ʰʽ нл cm ʁ ˄˗ ˋʶ 

ˈˍʽ ʰ˒ˇˊʱ ˍˇ ˉ˂ʱˍˇˌ ˇʽ ˂ʾʻˇʽ ˉˇˎ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˋˍˇ ˃ʷˋˇ ˍʹˌ ʵʽʱˍʰ˅ʹˌ ʷ˔ˇˎ˄ ˉ˂ʱˍˇˌ мл 

cm ˁʰʽ ˇʽ ˂ʾʻˇʽ ˉˇˎ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ʶ˅˖ˍʶˊʽˁʱ ʷ˔ˇˎ˄ ˉ˂ʱˍˇˌ р cm. ʅˍˇ ˁʷ˄ˍˊˇ ˍʹˌ ʵʽʱˍʰ˅ʹˌ 

ʰ˄ ʱ˃ʶˋʰ ˋˍˇˎˌ ˂ʾʻˇˎˌ ˎˉʱˊ˔ʶʽ ˁʶ˄ˈ 2 cm. ɶ hˁˊʽʲʺˌ ʵʽʱˍʰ˅ʹ  ˍ˖˄ ʵˇˁʽ˃ʾ˖˄ ʴʽʰ ˍˇ˄ 

ˉʶʽˊʰ˃ʰˍʽˁˈ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˋˎ˄ʱ˒ʶʽʰˌ ˁʰʽ ˉˊˈˋ˒ˎˋʹˌ ˂ʾʻˇˎ - ˁˇ˄ʽʱ˃ʰˍˇˌ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ʶʽˁˈ˄ʶˌ. 
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ɳʽˁˈ˄ʰ нмΦ ɲʽʱˍʰ˅ʹ  ˍ˖˄ ʵˇˁʽ˃ʾ˖˄ ʴʽʰ ˍˇ˄ ˉʶʽˊʰ˃ʰˍʽˁˈ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˋˎ˄ʱ˒ʶʽʰˌ ˂ʾʻˇˎ ς ˁ ˇ˄ʽʱ˃ʰˍˇˌ. 

ʁ ̔ˍʽ˃ʷˌ ˍʹˌ ʵʽʰˍ˃ʹˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˋˏ˄ʻʶˍʰ ˉˇˎ 

ʶ˅ʶˍʱˋˍʹˁʰ˄ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰΦ ɮˉˈ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʱ ˉˊˇˁˏˉˍʶʽ ˈˍʽ ʹ ʰ˄ˍˇ˔ʺ ˋʶ ˋˎ˄ʱ˒ʶʽʰ ˍˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ Master Emaco 

˃ʶ ˍˇ˄ ˄ʷˇ ˂ʾʻˇ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʅ˒ˇˎʴʴʱˊʽʰ ɮ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˃ ʽˁˊʺΦ 

ʅˏ˄ʻʶˍˇ ɾʷˋʹ ʵʽʰˍ˃ʹˍʽˁʺ ʰ˄ˍˇ˔ʺόatŀύ  

t!wψ{ŀψɾɳψм 0,204 

t!wψ{ŀψɾɳψн 0,106 

t!wψ{ŀψɾɳψо 0,100 

t!wψ{ŀψɾɳψп 0,085 

t!wψ{ŀψɾɳψр 0,458 

ɾʷˋʹ ˍʽ˃ʺ ʵʽʰˍ˃ʹˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˁˇ˄ʽʱ˃ʰˍˇˌ ʰˊ˃ˇˏ aaster Emaco 0,191 

ʃʾ˄ʰˁʰˌ с ɾʷˋʹ  ̱ ʽ˃ʺ ʵʽʰˍ˃ʹˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ 

10mm 
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ɳʽˁˈ˄ʰ ннΦ ʃʶʽˊʰ˃ʰˍʽˁˈˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˋˎ˄ʱ˒ʶʽʰˌ ˂ʾʻˇˎ ς ˁ ˇ˄ʽʱ˃ʰˍˇˌ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ 

ɶ ɻˇˁʽ˃ʺ ʵʽʱˍ˃ʹˋʹˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʷʴʽ˄ʶ ˉʽ˂ˇˍʽˁʱ ˁʰʻ˗ˌ ʵʶ˄ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ 

ˁʱˉˇʽˇ ˉˊˈˍˎˉˇΦ ɶ ˍˊˇˉˇˉˇʾʹˋʹ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ʶ˒ʰˊ˃ˇʴʺˌ ˈˉ˖ˌ ʶʾ˄ʰʽ ˍˇ ˉʱ˔ˇˌ ˍˇˎ 

ˁʶ˄ˇˏ ˃ʶˍʰ˅ˏ ˍ˖˄ ˂ʾʻ˖˄  ˁʰʽ ˍˇ ˉʱ˔ˇˌ ˍˇˎ ʰˊ˃ˇˏ ˍˇˎ ˁˇ˄ʽʱ˃ʰˍˇˌ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋˍʹ˄ 

ʰ˄ʱʵʶʽ˅ʹ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ˂ˏˋʹˌ ˋʶ ˈˊˇˎˌ ˃ʹ˔ʰ˄ʽˁʺˌ ʰ˄ˍˇ˔ʺˌΦ ɳˉʾˋʹˌ ˋʹ˃ʰ˄ˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌ 

ʶʾ˄ʰʽ ˁʰʽ ˍˇ ˁʰˍʱ ˉˈˋˇ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ʶˉʰ˒ʺˌ ˍˇˎ ˂ʾʻˇˎ ˃ʶ ˍˇ ˁˇ˄ʾʰ˃ʰ ʶʾ˄ʰʽ ˂ʶʾʰ ʹ ˍˊʰ˔ʶʾʰ 

ʶˉʹˊʶʱʸʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌΦ ɾʽʰ ˍˊʰ˔ʶʾʰ ʶˉʽ˒ʱ˄ʶʽʰ ˈˉ˖ˌ ʰˎˍʺ ˍˇˎ 

ʰˎʻʶ˄ˍʽˁˇˏ ˂ʾʻˇˎ  ˉʰˊˇˎˋʽʱʸʶʽ h ˎ˅ʹ˃ʷ˄ʹ ˋˎ˄ʱ˒ʶʽʰ ˃ʶ ˍˇ ˁˇ˄ʾʰ˃ʰ ˈˉ˖ˌ ˉˊˇˁˏˉˍʶʽ h ˉˈ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʵˇˁʽ˃ʺˌΦ ɾʷˋʰ ʰˉˈ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ ʶ˅ʱʴˇ˄ˍʰʽ 

ʰˉˈ ˍʹ ʵˇˁʽ˃ʺ ʰˎˍʺ ʶ˅ʱʴˇ˄ˍʰʽ ˔ˊʺˋʽ˃ʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋˍʹ˄ 

˃ʶ˂˂ˇ˄ˍʽˁʺ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʵʽʱˍʰ˅ʹˌ ˁʰʽ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˁʰʽ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ ˍ˖˄ 

˃ʶ˂˂ˇ˄ˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌΦ 
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         4. ɮʄɹɸɾɶʆɹɼɳʅ ɮɿɮɽʇʅɳɹʅ 

ʂˉ˖ˌ ʰ˄ʰ˂ˏʻʹˁʶ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ м ˇʽ ʰˊ˔ʰʾˇʽ ˄ʰˇʾΣ ˈˉ˖ˌ ˇ ˄ʰˈˌ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰΣ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˉˇ˂ˏˉ˂ˇˁʹ ˁʰʽ ˃ʹ-ʴˊʰ˃˃ʽˁʺ ˋʶʽˋ˃ʽˁʺ ̀ ˎ˃ˉʶˊʽ˒ˇˊʱΦ ʁ ˄ʰˈˌ ʰˎˍˈˌ ˂ˈʴ˖ ˍʹˌ 

ˉˇ˂ˎˋˉˇ˄ʵˎ˂˖ˍʺˌ ʵˇ˃ʺˌ ˍ˖˄ ˁʽˈ˄˖˄ ˍˇˎ Σ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ˍʰ˂ʱ˄ˍ˖ˋʹˌ ˍˇˎ 

ˉʰˊˇˎˋʽʱʸʶʽ ʷ˄ˍˇ˄ʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˂ʽˁ˄ʽˋ˃ˇˏ ˁʰʽ ˇ˂ʾˋʻʹˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˍˇˎΦ ɱʽʰ 

ˍˇ ˂ˈʴˇ ʰˎˍˈ ʴʽʰ ˍʹ˄ ˃ʶ˂ʷˍʹ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˍˇˎ ˋʶ ʵˎ˄ʰ˃ʽˁʱ ˒ˇˊˍʾʰΣ ˁˊʾ˄ʶˍʰʽ ʰ˄ʰʴˁʰʾʰ ʹ 

˔ˊʺˋʹ ˂ˇʴʽˋ˃ʽˁ˗˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˂ʽˁ˄ʽˋ˃ˇˏ ˁʰʽ 

ˇ˂ʾˋʻʹˋʹˌ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄Φ ɶ ˃ʷʻˇʵˇˌ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ˄ ˃ʶ˂ʷˍʹ ˍˇˎ ˉˊˇˌ 

ʶ˅ʷˍʰˋʹ ˃˄ʹ˃ʶʾˇˎ ʶʾ˄ʰʽ ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ ʵʽʰˁˊʽˍ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ό5ƛǎǘƛƴŎǘ 9ƭŜƳent Method ς 

DEM, Cundall 1988), ˍʹˌ ˇˉˇʾʰˌ ʹ ˁʰˍʰ˂˂ʹ˂ˈˍʹˍʰ ʶˉʽʲʶʲʰʽ˗˄ʶˍʰʽ ʰˉˈ ˉ́ ˇʹʴˇˏ˃ʶ˄ʶˌ 

˃ʶ˂ʷˍʶˌ ˁʰʽ ˋˎʴˁˊʾˋʶʽˌ ˃ʶ ˉʶʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ όtŀǇŀƴǘƻƴƻǇƻǳƭƻǎ et al. 2002, 

Dasiou et al. 2009a, Dasiou 2009b). 

ɶ ʶˉʾ˂ˎˋʹ ˍˇˎ ˒ˇˊʷʰ ˉˇˎ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ ʻʰ ˉˊʷˉʶʽ 

˄ʰ ʵʾ˄ʶʽ ʽʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ˋˍʹ˄  ʁ ˉʽ˂ˇʴʺ ˍ˖˄ ˋ˖ˋˍ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˋˍˇˎˌ ʰˊ˃ˇˏˌ ˃ʶ ˔ˊʺˋʹ 

ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ ˋˍ̌̔ ˔ʶʾ˖˄ ʶˉʰ˒ʺˌ όcontact elements)Σ ʶ˄˗ ʽʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ˉˊʷˉʶʽ ˄ʰ 

ʵˇʻʶʾ ˁʰʽ ˋˍʹ˄ ʶˉʽ˂ˇʴʺ ̀ ʶʽˋ˃ʽˁ˗˄ ʵʽʶʴʷˊˋʶ˖˄ ˋˎ˃ʲʰˍ˗˄ ˃ ʶ ˍʰ ˋʶʽˋ˃ˇˍʶˁˍˇ˄ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ 

ˍʹˌ ˉʶˊʽˇ˔ʺˌ. ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ˈ˂ʶˌ ˇʽ ʰˊʽʻ˃ʹˍʽˁʷˌ ʶˉʽ˂ˏˋʶʽˌ ʷʴʽ˄ʰ˄ ˃ʶ ˍˇ˄ ˁ˗ʵʽˁʰ 

ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ !.!v¦{. 

пΦм ɱʶ˄ʽˁʺ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ˃ʶʻˈʵˇˎ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ 

ɶ ˃ʷʻˇʵˇˌ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ ʶʾ˄ʰʽ ˃ʽʰ ʰˊʽʻ˃ʹˍʽˁʺ ˃ʷʻˇʵˇˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˃ʶ 

˔ˊʺˋʹ ɶκʇ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˉˊˇˋʶʴʴʽˋˍʽˁ˗˄ ˂ˏˋʶ˖˄ ˃ʶˊʽˁ˗˄ ʵʽʰ˒ˇˊʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄Φ ɶ 

˔ˊʺˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ʶˎˊˏˍʰˍʰ ʵʽʰʵʶʵˇ˃ʷ˄ʹ ˁʰʻ˗ˌ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ  ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ 

ˋˍʰˍʽˁʺ ˁʰʽ ʵˎ˄ʰ˃ʽˁʺ ʴˊʰ˃˃ʽˁʺ ˁʰʽ ˃ʹ-ʴˊʰ˃˃ʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˁʰˍʰˋˁʶˎ˗˄ ʰˉˈ 

ˊʰʲʵ˖ˍˇˏˌΣ ʶˉʽ˒ʰ˄ʶʽʰˁˇˏˌ ˁʰʽ ˔˖ˊʽˁˇˏˌ ˒ˇˊʶʾˌ ʺ ˋˎ˄ʵˎʰˋ˃ˈ ˍˇˎˌΣ ʴʽʰ ˇˉˇʽˇʵʺˉˇˍʶ 

ʴʶ˖˃ʶˍˊʽˁˈ ɳʽˁˈ˄ʰΣ ˒ˈˊˍʽˋʹ ˁʰʽ ˋˎ˄ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌΦ  

ɾʶ ˍʹ ˃ʷʻˇʵˇ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍˇ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇ ˃˄ʹ˃ʶʾˇ ˎˉˇʵʽʰʽˊʶʾˍʰʽ ˋʶ ʷ˄ʰ 

ˉ˂ʺʻˇˌ ˋˍˇʽ˔ʶʾ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ʵʽʰˋˍʱˋʶ˖˄ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˃ʷˋ˖ ˍ˖˄ 

ˁˈ˃ʲ˖˄ ˋˍʰ ˋˏ˄ˇˊʰ ˍˇˎˌΦ ɴˍˋʽ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ʵʾˁˍˎˇ όmeshύ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ 

ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʹ ʵʽʰˁˊʽˍˇˉˇʾʹˋʹ ˍˇˎ ˒ˇˊʷʰ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶˉʽʻˎ˃ʹˍˈ ʶˉʾˉʶʵˇ ˉˎˁ˄ˈˍʹˍʰˌ 

ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍˇˎ ʵʽˁˍˏˇˎ ʰˎˍˇˏΦ 

ɼʱʻʶ ˍʷˍˇʽˇ ˉʶˉʶˊʰˋ˃ʷ˄ˇ ˋˍˇʽ˔ʶʾˇ ˃ʶ˂ʶˍʱˍʰʽ ˅ʶ˔˖ˊʽˋˍʱ ʰˉˈ ˍˇ ˋˏ˃ˉ˂ʶʴ˃ʰ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ 

ˉˇˎ ˋˎ˄ʻʷˍˇˎ˄ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ ˁʰʽ 

ʷˉʶʽˍʰ ʰ˒ˇˏ ˃ʶ˂ʶˍʹʻʶʾ ˁʰʽ ˁʰʻˇˊʽˋʻʶʾ ʹ ˃ʹ˔ʰ˄ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎ ʴʾ˄ʶˍʰʽ 

ʶˉʰ˄ʰˋˏ˄ʵʶˋʹ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˊˇˌ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍʹˌ ʵʽʰˁˊʽˍˇˉˇʽʹ˃ʷ˄ʹˌ ˁʰˍʰˋˁʶˎʺˌΦ  

ɳˉʶʽʵʺ  ˍˇ !ōŀǉǳǎ ʵʶ˄ ʷ˔ʶʽ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ˃ˇ˄ʱʵʶˌ ʴʽʰ ˁʰ˄ʷ˄ʰ ˒ˎˋʽˁˈ ˃ʷʴʶʻˇˌΣ ʶˁˍˈˌ 

ʰˉˈ ˍʽˌ ˉʶˊʽˋˍˊˇ˒ʷˌ ˁʰʽ ˍʽˌ ʴ˖˄ʾʶˌ ˇʽ ˃ˇ˄ʱʵʶˌ ˃ʷˍˊʹˋʹˌ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˉˊʷˉʶʽ 

˄ʰ ʰ˄ʺˁˇˎ˄ ˋʶ ʷ˄ʰ ʶ˄ʽʰʾˇ ˁʰʽ ˋˍʰʻʶˊˈ ˋˏˋˍʹ˃ʰ ˃ˇ˄ʱʵ˖˄ ˈˉ˖ˌ ʶʾ˄ʰʽ ˍˇ ʵʽʶʻ˄ʷˌ ˋˏˋˍʹ˃ʰ 

˃ˇ˄ʱʵ˖˄ {L ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʶ ˋˍˇ ˉʰˊ˗˄ ˃ˇ˄ˍʷ˂ˇΦ ʆˇ ˃ʺˁˇˌ ʶˁ˒ˊʱʸʶˍʰʽ ˋʶ Ƴ ό˃ʷˍˊʰύΣ ʹ ˃ʱʸʰ 

ˋʶ aƎΣ ˇ ˔ˊˈ˄ˇˌ ˋʶ ǎŜŎ όʵʶˎˍʶˊˈ˂ʶˉˍʰύ ˁʰʽ ʹ ʵˏ˄ʰ˃ʹ ˋʶ ƪbΦ ʅʶ ˈˍʽ ʰ˒ˇˊʱ ˍˇˎˌ ʲʰʻ˃ˇˏˌ 
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ʶ˂ʶˎʻʶˊʾʰˌ ʴʽʰ ˃ʶˍʰˍˈˉʽˋʹ ˁʰˍʱ ˍʹ˄ ʵʽʶˏʻˎ˄ˋʹ ˍ˖˄ ʰ˅ˈ˄˖˄ ȄΣ ȅΣ Ȋ ˇʽ ʵʶʾˁˍʶˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶʾ˄ʰʽ мΣ нΣ о ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ʆˇ ʰˊʽʻ˃ʹˍʽˁˈ ˉˊˇˋˇ˃ˇʽ˗˃ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ  ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ  

ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʶ˄ʵʶ˂ʶ˔˗ˌ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʁ ˄ˈˍʹˍʰΦ 

            пΦн ʃˊˇˋˇ˃ˇʾ˖˃ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ 

пΦнΦм ɾʶʻˇʵˇ˂ˇʴʾʰ ʰˉˇˁʰˍʱˋˍʰˋʹˌ 

ɶ ʁ̔ ˋʰʴ˖ʴʺ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ ˁʰʽ  ̱ ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˎ˂ʽˁ˗˄ ˍˇˎ ˄ʰˇˏ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˂ʰ˃ʲʱ˄ʶʽ 

ˎˉˈ˕ʹ ˍʹ˄ ˉˊˈˍʰˋʹ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˉˇˎ ˎʽˇʻʶˍʺʻʹˁʶ ˁʰʽ ʹ ˇˉˇʾʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ 

ˉʰˊʰˁʱˍ˖Φ  

ɶ ʰ̄̌ ˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˁʽˈ˄˖˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍʹ ʲʱˋʹ ˍʹˌ ʰˉˇˎˋʾʰˌ ˋˏ˄ʵʶˋʹˌ ˍ˖˄ 

ˋˉˇ˄ʵˏ˂˖˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ʴʽʰ ˍʹ˄ ʵʽʰˋ˒ʱ˂ʽˋʹ ˍʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˖ˌ 

ˉˇ˂ˎˋˉˇ˄ʵˎ˂˖ˍʺˌ ˁʰˍʰˋˁʶˎʺˌΣ ˈˉ˖ˌ ʺˍʰ˄ ʹ ʶˎˊʷ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʹ ʵˇ˃ʺ ˍ˖˄ ʰˊ˔ʰʾ˖˄ 

˄ʰ˗˄Σ ˁʰʽ ˈ˔ʽ ˖ˌ ˃ˇ˄ˇ˂ʽʻʽˁʺˌΦ  ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉˊˇʲ˂ʷˉʶʽ : 

¶ ɮˉˇ˃ʱˁˊˎ˄ˋʹ ˍ˖˄ ˄ʷ˖˄ ˂ʾʻ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁʰˍʱ ˍʹ˄ ʽˍʰ˂ʽˁʺ 

ʰ˄ʰˋˍʺ˂˖ˋʹ ˁʰʽ ˁʰʻʰʾˊʶˋʹ ˍˇˎ ˉˎˊʺ˄ʰ h ˉˈ ˋˁˎˊˈʵʶ˃ʰ . 

¶ ʃ˂ʺˊʹ ʰ˄ʰˁʰˍʰˋˁʶˎʺ ʰˉˈ ˄ʷˇ ʶ˄ʽʰʾˇ ˂ʾʻˇ ό˔˖ˊʾˌ ˍʹ˄ ˁˎ˂ʽ˄ʵˊʽˁʺ ˇˉʺ ˍʹˌ ʽˍʰ˂ʽˁʺˌ 

ʰ˄ʰˋˍʺ˂˖ˋʹˌύ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˍˇˎ ˄ʰˇˏ ˉˇˎ ʵʶ˄ ˉʶˊʽʷ˔ˇˎ˄ ʰˊ˔ʰʾˇ ˎ˂ʽˁˈΦ  

¶  ʅˎ˃ˉ˂ʺˊ˖ˋʹ ˃ʶ ˄ʷˇ ˂ʾʻˇ  ˍ˖˄  ˋˉˇ˄ʵˏ˂˖˄ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ˍ˃ʺ˃ʰˍʰ ʰˎʻʶ˄ˍʽˁˇˏ 

ˎ˂̔ˁ ˇΦˏ ɶ ˋˏ˄ʵʶˋʹ ˄ʷˇˎ ˁʰʽ ʰˊ˔ʰʾˇˎ ˂ʾʻˇˎ ʻʰ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˔ˊʺˋʹ ˁˇ˄ʽʱ˃ʰˍˇˌ 

ˉʱ˔ˇˎˌ м ŎƳ.  

¶ ʃ˂ ʺˊ˖ˋʹ  ˃ʶ ˁˇ˄ʾʰ˃ʰ ˍʹˌ ˁʶ˄ˍˊʽˁʺˌ ˁˎ˂ʽ˄ʵˊʽˁʺˌ ˇˉʺˌ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˂ʾʻ˖˄  ʰˉˈ ˍˇˎˌ 

ˇˉˇʾˇˎˌ ʷ˔ʶʽ ʰ˒ʰʽˊʶʻʶʾ ˍˇ ˋˁˎˊˈʵʶ˃ʰΦ  

¶ ʅˎ˃ˉ˂ʺˊ˖ˋʹ ˃ʶ ˁˇ˄ʾʰ˃ʰ ˍ˖˄ ʰˁ˃˗˄ ˁʰʽ ʴ˖˄ʽ˗˄ ˍˇˎ ʰˊ˔ʰʾˇˎ ˂ʾʻˇˎ ˉˇˎ ʷ˔ˇˎ˄ 

ʰˉˇˁˇ˂˂ʹʻʶʾ ʴʽʰ ˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍʹˌ ʰˊ˔ʽˁʺˌ ˍˇˎˌ ʴʶ˖˃ʶˍˊʾʰˌΦ ʆʷˍˇʽʶˌ 

ʰˉˇˍ˃ʺˋʶʽˌ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋʶ ˉˇ˂˂ʷˌ ˋˍʱʻ˃ʶˌ ˍ˖˄ ˁʽˈ˄˖˄Σ ˃ʶ ˍʹ˄ ˉ˂ʷˇ˄ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˄ʰ ʶʾ˄ʰʽ ʰˎˍʺ ˍˇˎ ʴ˖˄ʽʰˁˇˏ ˁʽˇ˄ˈˁˊʰ˄ˇˎΣ ˉˇˎ ˔ˊʺʸʶʽ 

ʰˉˇˁʰˍʱˋˍʰˋʹˌ ʴʽʰ ˄ʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ˒ʷˊʶʽ ˍʰ ˒ˇˊˍʾʰ ˍˇˎ ˎˉʶˊˁʶʾ˃ʶ˄ˇˎ 

ʶˉʽˋˍˎ˂ʾˇˎΦ  

ɶ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ʻˊʽʴˁˇˏ ˉˊˇʲ˂ʷˉʶʽ : 

¶ ɮ˄ʰˁʰˍʰˋˁʶˎʺ ˍˇˎ ʶˉʽˋˍˎ˂ʾˇˎ ˁʰʽ ˍ˖˄ ˎˉˈ˂ˇʽˉ˖˄ ˃ʶ˂˗˄ ˍˇˎ ʻˊʽʴˁˇˏ ʰˉˈ ˍʶ˔˄ʹˍˈ 

˂ʾʻˇ ʰˉˈ ˁˇ˄ʾʰ˃ʰΣ ˃ʶ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ʻˊʰˎˋ˃ʱˍ˖˄ ˁʰʽ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ 

ˍˇˎ ʰˊ˔ʰʾˇˎ ʰʶˍ˗˃ʰˍˇˌ ˉˇˎ ʵʽʰˋ˗ʸʶˍʰʽΦ ɶ ʶˉʽ˂ˇʴʺ ˍˇˎ ˍʶ˔˄ʹˍˇˏ ˂ʾʻˇˎ 

ˉˊˇˁˊʾ˄ʶˍʰʽ ʷ˄ʰ˄ˍʽ ˍˇˎ ˒ˎˋʽˁˇˏ ˂ʾʻˇˎΣ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ʹ ʹ ʶˏˊʶˋʹ ˍʶ˃ʰ˔ʾ˖˄ 

˒ˎˋʽˁˇˏ ˂ʾʻˇˎ ˁʰ˂ʺˌ ˉˇʽˈˍʹˍʰˌ ˁʰʽ ʶˉʰˊˁ˗ˌ ˃ʶʴʱ˂˖˄ ʵʽʰˋˍʱˋʶ˖˄Σ ˈˉ˖ˌ 

ʰˉʰʽˍˇˏ˄ˍʰʽ ˋˍˇ ˃˄ʹ˃ʶʾˇΦ  

¶ ʁʽ ʵˏˇ ˉˊ˗ˍʶˌ ˋˍʱʻ˃ʶˌ ˍˇˎ ʻˊʽʴˁˇˏ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ʶˉʽˋˍˏ ˂ʽˇ ˁʰʽ ʰˉʰˊˍʾʸˇ˄ˍʰʽ ʰˉˈ 

ˍʷˋˋʶˊʽˌ ʵˇˁˇˏˌΣ ʵˏˇ ˋʶ ˁʱʻʶ ʵʽʶˏʻˎ˄ˋʹΦ ɱʽʰ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ˃ˇˊ˒ʺˌ ˍˇˎˌ  

ʰ˄ˍ˂ʺʻʹˁʰ˄ ˋˍˇʽ˔ʶʾʰ ʰˉˈ ̱ ʹ ʵˇ˃ʺ ˍˇˎ ʶˉʽˋˍˎ˂ʾˇˎ ʱ˂˂˖˄ ʰˊ˔ʰʾ˖˄ ˄ʰ˗˄ ʰˎˍˇˏ ˍˇˎ 

ˊˎʻ˃ˇˏΣ ˁʰʻ˗ˌ ˁʰʽ ʰˉˈ ˍʹ ˃ˇˊ˒ʺ ˍ˖˄ ˋ˖ʸˈ˃ʶ˄˖˄ ʰˊ˔ʰʾ˖˄ ˃ʶ˂˗˄ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ 

ˈˉ˖ˌ ˋˎ˄ʷʲʹ ˋˍʹ ʴ˖˄ʾʰ ˍʹˌ ʵʶˏˍʶˊʹˌ ˋˍʱʻ˃ʹˌΦ  
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¶ ɶ ˋˏ˄ʵʶˋʹ ˍ˖˄ ʵˇˁ˗˄ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ ˇˊʽʸˈ˄ˍʽ˖˄ ˋˎ˄ʵʷˋ˃˖˄ 

ˍʽˍʰ˄ʾˇˎ Σ ʵʽʰˍˇ˃ʺˌ н ŎƳ Ҏ м ŎƳ ˁ ʰʽ ˃ʺˁˇˎˌ рл ŎƳΣ ʹ ʵʽʱˍʰ˅ʹ ˍ˖˄ ˇˉˇʾ˖˄ ˒ʰʾ˄ʶˍʰʽ 

ˋˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ʶʽˁˈ˄ʶˌΦ 

¶ ɶ ˋˏ˄ʵʶˋʹ ˍ˖˄ ˁʽˇ˄ˈˁˊʰ˄˖˄ ˃ʶ ˍʰ ˎˉʶˊˁʶʾ˃ʶ˄ʰ ʶˉʽˋˍˏ˂ʽʰΣ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ʵˇˁ˗˄ 

ˍʹˌ ˁʱˍ˖ ˁʰʽ ʱ˄˖ ˋˍʱʻ˃ʹˌ ˍˇˎ ʻˊʽʴˁˇˏ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ  

ˁʰˍʰˁˈˊˎ˒˖˄ ʲ˂ʺˍˊ˖˄ ɻ̔ ʰˍˇ˃ʺˌ н ŎƳ2Σ ˇʽ ʻʷˋʶʽˌ ˍ˖˄ ˇˉˇʾ˖˄ ˒ʰʾ˄ʶˍʰʽ ʶˉʾˋʹˌ ˋˍʽˌ 

ʶʽˁˈ˄ʶˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ Φ 

 

 

ɳʽˁˈ˄ʰ 23. ɮˉˇˍˏˉ˖ˋʹ ˍʹˌ ʻʷˋʹˌ ˍ˖˄ ˋˎ˄ʵʷˋ˃˖˄ ˋˍʹ˄ ˁʱˍˇ˕ʹ ˍʹˌ ˉˊ˗ˍʹˌ όʰˊʽˋˍʶˊʱύ ˁʰʽ 

ʵʶˏˍʶˊʹˌ όʵʶ˅ʽʱύ ˋˍʱʻ˃ʹˌ ˍˇˎ ʻˊʽʴˁˇˏΦ ʆˇ ˃ˉ˂ʶ ˔ˊ˗˃ʰ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʽˌ ʻʷˋʶʽˌ ˍ˖˄ ˇˊʽʸˈ˄ˍʽ˖˄ 

ˋˎ˄ʵʷˋ˃˖˄Σ ʶ˄˗ ˃ʶ ˉˊʱˋʽ˄ˇΣ ˁˈˁˁʽ˄ˇ ˁʰʽ ʴʰ˂ʱʸʽˇ ˔ˊ˗˃ʰ ʰˉˇˍˎˉ˗˄ˇ˄ˍʰʽ ̱ ʰ ʲ˂ʺˍˊʰ ˁʱˍ˖ ʰˉˈ 

ˍʹ˄ ˉˊ˗ˍʹΣ ˍʹ ʵʶˏˍʶˊʹ ˁʰʽ ˍʹ˄ ˍˊʾˍʹ ˋˍʱʻ˃ʹ h ˄ˍʾˋˍˇʽ˔ʰ. 
 

 

 

ɳʽˁˈ˄ʰ 24. ɮˉʶʽˁˈ˄ʽˋʹ ˍʹˌ ˃ ˇˊ˒ʺˌ ˍ˖˄ ̌ ˊʽʸˇ˄ˍʾ˖˄ ˋˎ˄ʵʷˋ˃˖˄ ˍʽˍʰ˄ʾˇˎ ˍ˖˄ ʵˇˁ˗˄ ˍˇˎ ʻˊʽʴˁˇˏΦ 
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              4.2.2 ɳʽˋʰʴ˖ʴʺ ʴʶ˖˃ʶˍˊʾʰˌ ˒ˇˊʷʰ  

ɶ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ ˍˇˎ ˒ˇˊʷʰ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ !.!v¦{ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʶ ˋˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ 

ʶ˄ˈˍʹˍʰ, ʲʰˋʾˋˍʹˁʶ ˋˍʹ˄ ˕ʹ˒ʽʰˁʺ ʰˉˇˍˏˉ˖ˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ Geomagic h ˉˈ  ˍˇ ɳˊʴʰˋˍʺˊʽˇ ʊ˖ˍˇʴˊʰ˃˃ʶˍˊʾʰˌ ˍˇˎ ʆˇ˃ʷʰ ʆˇˉˇʴˊʰ˒ʾʰˌ 

ˍʹˌ ʅ˔ˇ˂ʺˌ ɮʴˊˇ˄ˈ˃˖˄ ˁʰʽ ʆˇˉˇʴˊʱ˒˖˄ ɾʹ˔ʰ˄ʽˁ˗˄ ˍˇˎ ɳʻ˄ʽˁˇˏ ɾʶˍˋˈʲʽˇˎ 

ʃˇ˂ˎˍʶ˔˄ʶʾˇˎ ˃ʶ ʶˉʽˋˍʹ˃ˇ˄ʽˁˈ ˎˉʶˏʻˎ˄ˇ ˍˇ˄ ˁʰʻʹʴʹˍʺ ʋʰˊʱ˂ʰ˃ˉˇ ɹ˖ʰ˄˄ʾʵʹΣ ʹ ˇˉˇʾʰ 

˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʰˁˈ˂ˇˎʻˇ ˋ˔ʺ˃ʰΦ 

 

 

  
 

ɳʽˁˈ˄ʰ 25. ʆˊʽˋʵʽʱˋˍʰˍʹ ̞ ʹ˒ʽʰˁʺ ʰˉˇˍˏˉ˖ˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ʰˉˈ  ˍˇ ɳˊʴʰˋˍʺˊʽˇ ʊ˖ˍˇʴˊʰ˃˃ʶˍˊʾʰˌ ̱ ˇˎ ɳΦɾΦʃΦ 

 

ɱʽʰ ˍʹ ˋ˔ʶʵʾʰˋʹ ˍ˖˄ ˁʽˈ˄˖˄Σ ˍʰ ˏ˕ʹ ˋˍʽˌ ˋˍʱʻ˃ʶˌ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʽˌ 

ʻʷˋʶʽˌ ˍ˖˄ ʰˊ˃˗˄Σ ˈˉ˖ˌ ʰˎˍʷˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ˕ʹ˒ʽʰˁʺ ʰˉˇˍˏˉ˖ˋʹΦ ɮˊ˔ʽˁʱ 

ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ˇʽ ˋˉˈ˄ʵˎ˂ˇʽ ˍ˖˄ ˁʽˈ˄˖˄ ˅ʶ˔˖ˊʽˋˍʱ ˖ˌ ˉʰˊʰ˃ˇˊ˒˗ˋʽ˃ʰ ˋ˗˃ʰˍʰ ˋˍˇ ˔˗ˊˇ 

όо5 ŘŜŦƻǊƳŀōƭŜ ōƻŘƛŜǎύ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ "create part"Φ ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˋˍˇ 

˃ˇ˄ˍʷ˂ˇ ʷʴʽ˄ʶ ˃ʶ ˋ˔ʶʵʾʰˋʹ ˍˇˎˌ ˖ˌ ˁˈ˂ˇˎˊ˖˄ ˁ˗˄˖˄Φ ɴˉʶʽˍʰ ʰˉˈ ʶˉʽ˂ˇʴʺ ˉˇ˂˂˗˄ 

ˋʹ˃ʶʾ˖˄ ˋˍʹ˄ ˉ˂ʶˎˊʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ˁʱʻʶ ˁʾˇ˄ʰΣ ʷʴʽ˄ʶ ʶˉʽ˂ˇʴʺ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ˁˈ˂ˇˎˊˇˎ 

ˁ˗˄ˇˎ ʴʽʰ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ʰˎˍʺΣ ˃ʷˋ˖ ʶ˄ˈˌ ʰ˂ʴˇˊʾʻ˃ˇˎ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹˌ ˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄ 

ˍʹˌ ʵʽʰ˒ˇˊʱˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʰˎˍ˗˄ ʰˉˈ ˍʹ˄ ˉʰˊʱˉ˂ʶˎˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ 

ˁˈ˂ˇˎˊˇˎ ˁ˗˄ˇˎΦ ʁʽ ˁˈ˂ˇˎˊˇʽ ˁ˗˄ˇʽ ʴʽʰ ˍˇˎˌ ˋˉˇ˄ʵˏ˂ˇˎˌ ʰˉˈ ˄ʷˇ ˂ʾʻˇ ʵʽʰ˒ʷˊˇˎ˄ ʰˉˈ 

ʰˎˍˇˏˌ ʴʽʰ ʰˊ˔ʰʾˇ ˉˇˎ ʷ˔ˇˎ˄ ʶ˂ʰ˒ˊ˗ˌ ˃ʽˁˊˈˍʶˊʹ ʵʽʱ˃ʶˍˊˇΦ ɱʽʰ ˍˇˎˌ  ˋˉˈ˄ʵˎ˂ˇˎˌ ʰˉˈ 

ʰˊ˔ʰʾˇ ˂ʾʻˇ  ʹ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ʵʽʱˍˊʹˋʹˌ ʻʶ˖ˊʺʻʹˁʶ 0.78 mΣ ˈˉ˖ˌ ˉˊˇʷˁˎ˕ʶ ʰˉˈ 

ˍʹ˄ ˍˊʽˋʵʽʱˋˍʰˍʹ ˕ʹ˒ʽʰˁʺ ʰˉˇˍˏˉ˖ˋʹΦ ɮˁˇ˂ˇˏʻ˖ˌ ˃ʶ ˍʹ˄ ˇ˃ʱʵʰ ʶ˄ˍˇ˂˗˄ "assembly" 

ˋˎ˄ʰˊ˃ˇ˂ˇʴʺʻʹˁʰ˄ ̍ ˂ʰ ˍʰ ˃ʷˊʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ʰˎˍˈ ʰˉʷˁˍʹˋʶ ˍʹ˄ ˍʶ˂ʽˁʺ ˍˇˎ ˃ˇˊ˒ʺΦ 
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ɳˉʶʽʵʺ ̌  ʶ˄ˍˇˉʽˋ˃ˈˌ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˂ʾʻ˖˄ ʰˉˈ ˍʹ˄ ˕ʹ˒ʽʰˁʺ ʰˉˇˍˏˉ˖ˋʹ ˍˇˎ ˄ʰˇˏ ɻ ʶ˄ ʺˍʰ˄ 

ʶˏˁˇ˂ˇˌ ˇ ʰˁˊʽʲʺˌ ʶ˄ˍˇˉʽˋ˃ˈˌ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˂ʾʻ˖˄Σ ʶʽʵʽˁʱ ˋˍˇ ʻˊʽʴˁˈΣ  ʰ˄ˍ˂ʺʻʹˁʰ˄ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˁʰʽ ʰˉˈ ˍʹ˄ ˉˊˈˍʰˋʹ ˍʹˌ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ˃ʶ˂ʷˍʹˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ όɮ˄ˍ˖˄ʾˇˎ 

2016). ɮˁˈ˃ʰ ˈ˃˖ˌ ˁʰʽ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ˁʱˉˇʽʶˌ ʰ˄ʰ˄ˍʽˋˍˇʽ˔ʾʶˌ ʰ˄ʱ˃ʶˋʰ ˋˍˇ ˒ˇˊʷʰ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ʶʽˁˈ˄ʰ ˍˇˎ ˄ʰˇˏ ˋˍʽˌ ʻʷˋʶʽˌ ˍ˖˄ ˄ʷ˖˄ ˁʰʽ ʰˊ˔ʰʾ˖˄ ˂ʾʻ˖˄Σ 

ʰˎˍˈ ʵʶ˄ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˁʰʻ˗ˌ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ʵˏˇ ˎ˂ʽˁ˗˄ 

ʵʶ˄ ʵʽʰ˒ʷˊʶʽ ˋʹ˃ʰ˄ˍʽˁʱΦ ɮˁˈ˃ʰ ˈˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ˁʰʽ ʰˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ 

ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ рΣ ˇʽ ˍʱˋʶʽˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍˇ ʻˊʽʴˁˈ ʵʶ˄ ʶʾ˄ʰʽ 

ˉˇ˂ˏ ˃ʶʴʱ˂ʶˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʹ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˋˍˇ ˃ʷˍˊˇ ʶ˂ʰˋˍʽˁˈˍʹˍʰˌ ˍ˖˄ ʵˏˇ ˎ˂ʽˁ˗˄ 

ʵʶ˄ ʶˉʹˊʶʱʸʶʽ ʰʽˋʻʹˍʱ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ  

ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎ ˄ʰˇˏ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ !.!v¦{ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʰˁˈ˂ˇˎʻˇ ɳʽˁˈ˄ʰΣ ˈˉˇˎ  

ˍ̌  ˁˈˁˁʽ˄ˇ ˔ˊ˗˃ʰ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ˄ʷˇ ˒ˎˋʽˁˈ ˂ʾʻˇΣ ˍˇ ˂ʶˎˁˈ ˋˍˇ˄ ʰˊ˔ʰʾˇ ˁʰʽ ˍˇ ˉˊʱˋʽ˄ˇ 

ˋˍˇ˄ ˍʶ˔˄ʹˍˈ ˂ʾʻˇ ̱ ˇˎ ʻˊʽʴˁˇˏ ˁ ʰ̔ ˍˇ ˁˇ˄ʾʰ˃ʰ ˍ˖˄ ˋˎ˃ˉ˂ʹˊ˖˃ʱˍ˖˄ ˋˍˇˎˌ ˁʾˇ˄ʶˌΦ 

 

 
 

ɳʽˁˈ˄ʰ 26. ɳʽˋʰʴ˖ʴʺ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ ˍˇˎ ˒ˇˊʷʰ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ !.!v¦{Φ ʆˇ ˁˈˁˁʽ˄ˇ ˔ˊ˗˃ʰ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ˄ʷˇ ˒ˎˋʽˁˈ ˂ʾʻˇΣ ˍˇ ˂ʶˎˁˈ ˋˍˇ˄ ʰˊ˔ʰʾˇ ˁʰʽ ˍˇ ˉˊʱˋʽ˄ˇ ˋˍˇ˄ ˍʶ˔˄ʹˍˈ ˂ʾʻˇ ˁʰʽ 

ˍˇ ˁˇ˄ʾʰ˃ʰ ˍ˖˄ ˋˎ˃ˉ˂ʹˊ˖˃ʱˍ˖˄Φ  

 

ʅˍʽˌ ʶʽˁˈ˄ʶˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ʹ ʵʽʱˊʻˊ˖ˋʹ ˍʹˌ ʵˇ˃ʺˌ ˁʱʻʶ 

˃ʷ˂ˇˎˌ ˍˇˎ ˄ʰˇˏ ˅ʶ˔˖ˊʽˋˍʱ ˋʶ ʰˊ˔ʰʾˇ ˂ʾʻˇΣ ˄ʷˇ ˂ʾʻˇ ˁʰʽ ˁˇ˄ʾʰ˃ʰ Υ 
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¶ ɼʾˇ˄ʰˌ ɼм 

 
ɳʽˁˈ˄ʰ 27.  ɲˇ˃ʺ ˁʾˇ˄ʰ ɼм ˋʶ ˍ˃ʺ˃ʰˍʰ όˍ˃ʺ˃ʰ мˇΥ ˇ˂ˈˁ˂ʹˊˇˌ ˁʾˇ˄ʰˌΣ ˍ˃ʺ˃ʰ нˇΥ ˄ʷˇˌ ˂ʾʻˇˌΣ 

ˍ˃ʺ˃ʰ оˇΥ ʰˊ˔ʰʾˇˌ ˂ʾʻˇˌΣ ˍ˃ʺ˃ʰ пˇΥ ˁˇ˄ʽʱ˃ʰˍʰύΦ 

¶ ɼʾˇ˄ʰˌ ɼн 

 

ɳʽˁˈ˄ʰ 28.  ɲˇ˃ʺ ˁʾˇ˄ʰ ɼн ˋʶ ˍ˃ʺ˃ʰˍʰ όˍ˃ʺ˃ʰ мˇΥ ˇ˂ˈˁ˂ʹˊˇˌ ˁʾˇ˄ʰˌΣ ˍ˃ʺ˃ʰ нˇΥ ˄ʷˇˌ ˂ʾʻˇˌΣ 

ˍ˃ʺ˃ʰ оˇΥ ʰˊ˔ʰʾˇˌ ˂ʾʻˇˌΣ ˍ˃ʺ˃ʰ пˇΥ ˁˇ˄ʽʱ˃ʰˍʰύΦ 
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ɼʾˇ˄ʰˌ ɼо 

 

ɳʽˁˈ˄ʰ 29.  ɲˇ˃ʺ ˁʾˇ˄ʰ ɼо ˋʶ ˍ˃ʺ˃ʰˍʰ όˍ˃ʺ˃ʰ мˇΥ ˇ˂ˈˁ˂ʹˊˇˌ ˁʾˇ˄ʰˌΣ ˍ˃ʺ˃ʰ нˇΥ ˄ʷˇˌ ˂ʾʻˇˌΣ 

ˍ˃ʺ˃ʰ оˇΥ ʰˊ˔ʰʾˇˌ ˂ʾʻˇˌΣ ˍ˃ʺ˃ʰ пˇΥ ˁˇ˄ʽʱ˃ʰˍʰύΦ 

 

ɼʾˇ˄ʰˌ ɼ4 

 

ɳʽˁˈ˄ʰ 30.  ɲˇ˃ʺ ˁʾˇ˄ʰ ɼ4 ̀ ʶ ˍ˃ʺ˃ʰˍʰ όˍ˃ʺ˃ʰ мˇΥ ˇ˂ˈˁ˂ʹˊˇˌ ˁʾˇ˄ʰˌΣ ˍ˃ʺ˃ʰ нˇΥ ˄ʷˇˌ ˂ʾʻˇˌΣ 

ˍ˃ʺ˃ʰ оˇΥ ʰˊ˔ʰʾˇˌ ˂ʾʻˇˌΣ ˍ˃ʺ˃ʰ пˇΥ ˁˇ˄ʽʱ˃ʰˍʰύΦ 
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ɸˊʽʴˁˈˌ 

 

ɳʽˁˈ˄ʰ 31.   ɲˇ˃ʺ ɸˊʽʴˁˇˏ ˋʶ ˍ˃ʺ˃ʰˍʰ όˍ˃ʺ˃ʰ мˇΥ ˇ˂ˈˁ˂ʹˊˇˌ ˇ ɸˊʽʴˁˈˌΣ ˍ˃ʺ˃ʰ нˇΥ ʰˊ˔ʰʾˇˌ 

˂ʾʻˇˌΣ ˍ˃ʺ˃ʰ оˇΥ ˁˇ˄ʽʱ˃ʰˍʰύΦ 

 

пΦнΦо ʃʰˊʰʵˇ˔ʷˌ ˃ˇ˄ˍʷ˂ˇˎ 

ɱʽʰ ˍʽˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ʶˉʽ˂ˏˋʶʽˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ˍʰ ˂ʽʻˇˋ˗˃ʰˍʰ ʻʶ˖ˊʺʻʹˁʰ˄ 

ˉʰˊʰ˃ˇˊ˒˗ˋʽ˃ʰΣ ˗ˋˍʶ ˄ʰ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈˌ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ˍʱˋʶ˖˄ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ 

ˋʶ ʰˎˍʱΦ ʁʽ ʰˊ˃ˇʾ ʵʹ˂˗ʻʹˁʰ˄ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˖ˌ ζƘŀǊŘ ŎƻƴǘŀŎǘǎη ˗ˋˍʶ ˄ʰ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ 

˃ˈ˄ˇ ʻ˂ʽˉˍʽˁʷˌ ˁʰʽ ˈ˔ʽ ʶ˒ʶ˂ˁˎˋˍʽˁʷˌ ̱ ʱˋʶʽˌΣ ʶ˄˗ ʹ ʰ˄ˍˇ˔ʺ ˋʶ ʵʽʱˍ˃ʹˋʹ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʽˌ 

ʵˎ˄ʱ˃ʶʽˌ ˍˊʽʲʺˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽΦ ʅˍʰ ˃ʷ˂ʹ ˍˇˎ ˄ʰˇˏ ˉˇˎ ʷ˔ʶʽ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁˇ˄ʾʰ˃ʰ 

ʴʽʰ ˍʹ˄ ˋˎʴˁˈ˂˂ʹˋʹ ˍˇˎˌΣ ʰˎˍˈ ʵʹ˂˗˄ʶˍʰʽ ˋʰ˄ ˅ʶ˔˖ˊʽˋˍˈ ˋˍˇʽ˔ʶʾˇ ˉʱ˔ˇˎˌ м ŎƳ 

ʻʶ˖ˊ˗˄ˍʰˌ ˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˋˏ˄ʵʶˋʹˌ ʶˉʾˉʶʵʶˌΦ ɶ ̄ ˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ˃ʶˍʰ˂˂ʽˁ˗˄ ˉˈ˂˖˄ ˁʰʽ 

ˋˎ˄ʵʷˋ˃˖˄ ˍˇˎ ʻˊʽʴˁˇ ˏ̀ ˍˇ ˃ˇ˄ˍʷ˂ˇ ̫ ʴʽ˄ʶ ˃  ʁ̱ ʹ ˔ˊʺˋʹ ʶ˂ʰˍʹˊʾ˖˄.     

ʁʽ ʶˉʽ˂ˏˋʶʽˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶ ʻʶ˗ˊʹˋʹ ʶ˂ʰˋˍʽˁ˗˄ ʽʵʽˇˍʺˍ˖˄ ˎ˂ʽˁ˗˄ Σ ˁʰʻ˗ˌ ʹ 

ʰ˄ʶ˂ʰˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ʻʰ ʺˍʰ˄ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊˇ˄ˇʲˈˊʰΦ ɴʴʽ˄ʶ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ 

ˎ˂ʽˁ˗˄ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʽˌ ʶ˄ˍˇ˂ʷˌ Ϧproperty". ʍˌ ˃ˇ˄ʱʵʶˌ ˃ʷˍˊʹˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ 

ʴʽʰ ˍʹ˄ ˉˎˁ˄ˈˍʹˍʰ ˍʰ aƎǊκƳо ˁʰʽ ʴʽʰ ˍˇ ˃ʷˍˊˇ ʶ˂ʰˋˍʽˁˈˍʹˍʰˌ ό¸ƻǳƴƎύ ˍʰ GPa. ɮ˄ʰ˂ˎˍʽˁʱ 

ˇʽ ʶ˂ʰˋˍʽˁʷˌ ˃ʹ˔ʰ˄ʽˁʷˌ ʽʵʽˈˍʹˍʶˌ ˍ˖˄ ʶˉʽ˂ʶʴˈ˃ʶ˄˖˄ ˎ˂ʽˁ˗˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ 

ʰˁˈ˂ˇˎʻˇ ˉʾ˄ʰˁʰ : 

 

ʃʾ˄ʰˁʰˌ т. ɳ˂ʰˋˍʽˁʷˌ ˃ʹ˔ʰ˄ʽˁʷˌ ʽʵʽˈˍʹˍʶˌ ˍ˖˄ ˎ˂ʽˁ˗˄ 

ɹʵʽˈˍʹˍʰ ʇ˂ʽˁˈ                                         ʆʽ˃ʺ 

ɾʷˍˊˇ ʶ˂ʰˋˍʽˁˈˍʹˍʰˌ ɮˊ˔ʰʾˇˌ ˂ʾʻˇˌ    7 GPa 

 ɿʷˇˌ ˂ʾʻˇˌ          7 GPa 

 ɼˇ˄ʾʰ˃ʰ     16 GPa 

 ʅˏ˄ʵʶˋ˃ˇʽ ˍʽˍʰ˄ʾˇˎ       105 GPa 

ʃˎˁ˄ˈˍʹˍʰ ɮˊ˔ʰʾˇˌ ˂ʾʻˇˌ       2.2 Mgr/m3 

 ɿʷˇˌ ˂ʾʻˇˌ       2.0 Mgr/m3 

 ɼˇ˄ʾʰ˃ʰ       1.9 Mgr/m3 

ɽˈʴˇˌ tƻƛǎǎƻƴ ɮˊ˔ʰʾˇˌ ˂ʾʻˇˌ        0.25  

 ɿʷˇˌ ˂ʾʻˇˌ 0.25  

 ɼˇ˄ʾʰ˃ʰ 0.25  
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ʂ˃˖ˌ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶΣ ˋˍˇˎˌ ʰˊ˔ʰʾˇˎˌ ˄ʰˇˏˌ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇ ˄ʰˈˌ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰΣ 

 ́ʵʶˋˉˈʸˇˎˋʰ ˃ˇˊ˒ʺ ˍʰ˂ʱ˄ˍ˖ˋʹˌ ˍ˖˄ ˁʽˈ˄˖˄ ʶʾ˄ʰʽ ˇ ˂ʽˁ˄ʽˋ˃ˈˌ (Psycharis et al. 2000 & 

2003, Mouzakis et al. 2002, Papantonopoulos et al. 2002, Dasiou et al. нллфŀϧō ˃ʶˍʰ˅ˏ 

ʱ˂˂˖˄ύ Σʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˁʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ˇ˂ʾˋʻʹˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ 

ˍˇˎˌΦ ɳˉˇ˃ʷ˄˖ˌ ˋˍˇˎˌ ʰˊ˃ˇˏˌ ʰ˄ʱ˃ʶˋʰ ˋˍʰ ˃ʷ˂ʹ ˍˇˎ ˄ʰˇˏ ʷʴʽ˄ʶ ʻʶ˗ˊʹˋʹ ˃ʹ ʴˊʰ˃˃ʽˁ˗˄ 

ʽʵʽˇˍʺˍ˖˄Σ ˗ˋˍʶ ˄ʰ ʶʾ˄ʰʽ ʶ˒ʽˁˍʺ ʹ ˏˉʰˊ˅ʹ ˇ˂ʾˋʻʹˋʹˌ ˁʰʽ ˂ʽˁ˄ʽˋ˃ˇˏ ˁʰˍʱ ˍˇ˄ ˇˉˇʾˇ ˇʽ 

ʶˉʽ˒ʱ˄ʶʽʶˌ ʰˉˇˁˇ˂˂ˇˏ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ  

ɴʴʽ˄ʶ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ˄ʰˇˏ ˖ˌ ʰ˄ʶ˅ʱˊˍʹˍʰ ʰˎˍˇˍʶ˂ʺ ˍ˃ʺ˃ʰˍʰ (partsύ ˋˍˇ 

˃ˇ˄ˍʷ˂ˇΦ ɼʰʻ˗ˌ ˍʰ ˃ʷ˂ʹ ʰˎˍʱ ʵʶ˄ ʶʾ˄ʰʽ ˋˎ˄ʵʶʵʶ˃ʷ˄ʰ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˃ʶ ˁʱˉˇʽˇ ˁˇ˄ʾʰ˃ʰΣ 

ʷʴʽ˄ʶ ʻʶ˗ˊʹˋʹ ˋˏ˄ʵʶˋʹˌ ˍˇˎˌ ˃ʶ ʶʽʵʽˁʱ ˋˍˇʽ˔ʶʾʰ ʶˉʰ˒ʺˌ (contacts). ɴʴʽ˄ʶ ʶˉʽ˂ˇʴʺ hard 

contacts ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ˈ˄ˇ ʻ˂ʽˉˍʽˁ˗˄ ˍʱˋʶ˖˄ ˁʰʽ ˈ˔ʽ ʶ˒ʶ˂ˁˎˋˍʽˁ˗˄Φ ʁʽ 

ʻ˂ʽˉˍʽˁʷˌ ˍʱˋʶʽˌ ʶˉʰ˒ʺˌ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˃ ˈ˄ˇ ʶ˒ˈˋˇ˄ ˇʽ ʶˉʽ˒ʱ˄ʶʽʶˌ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ʶˉʰ˒ʺ 

˃ʶˍʰ˅ˏ ˍˇˎˌΣ ʶ˄˗ ʰ˄ ʰˎˍʷˌ ʰˉˇ˃ʰˁˊˎ˄ʻˇˏ˄ ˇʽ ˍʱˋʶʽˌ ˃ʹʵʶ˄ʾʸˇ˄ˍʰʽΦ ʅˍʹ ʵʽʰˍ˃ʹˍʽˁʺ 

ʵʽʶˏʻˎ˄ˋʹ ˍ˖˄ ʰˊ˃˗˄ ʷʴʽ˄ʶ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˄ˈ˃ˇˎ ˍˊʽʲʺˌ ˃ʷˋ˖ ˍʹˌ ˃ʶʻˈʵˇˎ ˉˇʽ˄ʺˌ 

όǇŜƴŀƭǘȅ ƳŜǘƘƻŘύ ˃ʶ ˋˎ˄ˍʶ˂ʶˋˍʺ ˍˊʽʲʺˌ ˃ = 0.7. 

ɱʽʰ ˍʹ ˋˏ˄ʵʶˋʹ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ʻˊʽʴˁˇˏ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˍˈˋˇ ˋˏ˄ʵʶˋ˃ˇʽ 

ˍʽˍʰ˄ʾˇˎ ˋˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ʵʽʶˏʻˎ˄ˋʹΣ ˈˋˇ ˁʰʽ ʲ˂ʺˍˊʰ ˋˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ʵʽʶˏʻˎ˄ˋʹΦ 

ɱʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˍ˖˄ ˋˎ˄ʵʷˋ˃˖˄ ˍʽˍʰ˄ʾˇˎ ˋˍʰ ʶˉʽ̱̀ ˏ˂ʽʰ ˁʰʽ ˍʰ ˎˉˈ˂ˇʽˉʰ 

˃ʷ˂ʹ ˍˇˎ ʻˊʽʴˁˇˏ ʷʴʽ˄ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎˌ ˃ʶ ˊʰʲʵ˖ˍʱ ˋˍˇʽ˔ʶʾʰ ʵʽˁˍˎ˗˃ʰˍˇˌ (truss 

elements) ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʰ˄ʶ˂ʰˋˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱΦ ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˎˉˇ˂ˇʴʽˋˍʽˁʺ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱ ̱ ˖˄ ̀ ˍˇʽ˔ʶʾ˖˄ h ˎˍ˗˄ ˁ ʰʽ ˍʹ˄ ʰˉˇ˒ˎʴʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ˍʱˋʶ˖˄Σ ˍʰ ʱˁˊʰ ˍˇˎˌ 

ˋˎ˄ʵʷʻʹˁʰ˄ ˃ʶ ˍˇˎˌ ˁˈ˃ʲˇˎˌ ˋʶ ˃ʽʰ ʶˉʽ˒ʱ˄ʶʽʰ ф ŎƳ Ҏ с ŎƳ ˁʱʻʶˍʰ ˋˍʰ ˋˍˇʽ˔ʶʾʰ ˋʶ ˁʱʻʶ 

ʱˁˊˇ όʶˉʽ˒ʱ˄ʶʽʰ ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʶ ʰˎˍʺ˄ ˍ˖˄ ˉʰˊʶʽ˗˄ ˍ˖˄ ˋˎ˄ʵʷˋ˃˖˄ύ ˃ʷˋ˖ ˁʽ˄ʹ˃ʰˍʽˁ˗˄ 

ˉʶˊʽˇˊʽˋ˃˗˄ ˋˍʶˊʶʱˌ ˁʾ˄ʹˋʹˌΦ 

ɱʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˍ˖˄ ʲ˂ʺˍˊ˖˄ ˉˇˎ ˋˎ˄ʵʷˇˎ˄ ˍʰ ˃ʷ˂ʹ ˍˇˎ ʻˊʽʴˁˇˏ ˋˍʹ˄ 

ˁʰˍʰˁˈˊˎ˒ʹ ʵʽʶˏʻˎ˄ˋʹ ˃ʶˍʰ˅ˏ ˍˇˎˌΣ ˁʰʻ˗ˌ ˁʰʽ ˃ʶ ˍʰ ˎˉˇˁʶʾ˃ʶ˄ʰ ˁʽˇ˄ˈˁˊʰ˄ʰ ˋˍˇ ˇˉˇʾˇ 

ʶʵˊʱʸˇ˄ˍʰʽ ˍʰ ʶˉʽˋˍˏ˂ʽʰΣ ʷʴʽ˄ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎˌ ˃ʶ ʵʽʰˍ˃ʹˍʽˁʱ ʶ˂ʰˍʺˊʽʰ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ʰ˄ˍʾˋˍˇʽ˔˖˄ ˁˈ˃ʲ˖˄ ˋˍʽˌ ʵʽʶˉʽ˒ʱ˄ʶʽʶˌΦ ɽˈʴ˖ ˉʶˊʽˇˊʽˋ˃˗˄ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˋˍˇ ABAQUS 

ˋˍʹ˄ ʶʽˋʰʴ˖ʴʺ ʵʽʰˍ˃ʹˍʽˁ˗˄ ʶ˂ʰˍʹˊʾ˖˄ ˃ʶ ˃ʹ ʴˊʰ˃˃ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱΣ ʷʴʽ˄ʶ ʻʶ˗ˊʹˋʹ ˈˍʽ 

ˍʰ ʶ˂ʰˍʺˊʽʰ ʰˎˍʱ ʶʾ˄ʰʽ ʶ˂ʰˋˍʽˁʱΦ ʂ˃˖ˌ ˍʰ ʶ˂ʰˍʺˊʽʰ ʰˎˍʱΣ ˃ʶ ʶ˄ʶˊʴˈ ˃ʺˁˇˌ 2 cm 

ʵʽʰˊˊʷˇˎ˄ ʴʽʰ  ˋ˔ʶˍʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ ˋˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ʵʽʶˏʻˎ˄ˋʹ ˍ˖˄ ˃ʶ˂˗˄ ˉˇˎ ˋˎ˄ʵʷˇˎ˄   

ʾˋʹ ˃ʶ 8x10ς5 mΦ ɳˉˇ˃ʷ˄˖ˌ ʵʽʰˊˊʷˇˎ˄ ʰˁˈ˃ʰ ˁʰʽ ˋʶ ˋʶʽˋ˃ˇˏˌ ˃ʽˁˊʺˌ ʷ˄ˍʰˋʹˌ ˁʰʽ ʵʶ˄ 

ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˇˎˋʽʰˋˍʽˁʱ ˋˍʹ˄ ˉʰˊʰ˂ʰʲʺ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ʵˊʱˋʶ˖˄Φ
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                    пΦо ʅˍʱʵʽʰ h ˄ʱ˂ˎˋ́ˌ  

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶ ˈ˂ʶˌ ˇʽ ʰ˄ʰ˂ˏˋʶʽˌ ˉˇˎ ʷʴʽ˄ʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʰˊʽʻ˃ʹˍʽˁʷˌ 

ʶˉʽ˂ˏˋʶʽˌ ˃  ʁ̱ ˇ˄ ˁ ˗ʵʽˁʰ ̄ ʶˉʶˊʰˋ˃ʷ˄˖˄ ̀ ˍˇʽ˔ʶʾ˖˄ ABAQUS. 

ɶ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˒ˇˊʷʰ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ʰˁˇ˂ˇˏʻʹˋʶ ˍʰ ʰˁˈ˂ˇˎʻʰ ˋˍʱʵʽʰ: 

¶ ʅˍʰˍʽˁʺ ʶˉʾ˂ˎˋʹ ˍˇˎ ˒ˇˊʷʰ, ˃ ʁ ʶ̄ ʽʲˇ˂ʺ ˍˇˎ ʽʵʾˇˎ ʲʱˊˇˎˌ ˍˇˎ ˄ʰˇˏ ʴʽʰ ˍ˖˄ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˁʰˍʰˁˈˊˎ ˒˖˄ ˒ˇˊˍʾ˖˄Φ ɱʽʰ ˍʹ˄ ʶˉʽʲˇ˂ʺ ˍʹˌ ʲʰˊˏˍʹˍʰˌ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ʶ˄ˍˇ˂ʺ  "apply gravityϦ ˃ʶ ʶˉʽˍʱ˔ˎ˄ˋʹ фΣум Ƴκǎ2. 

¶ ɲˎ˄ʰ˃ʽˁʺ ʰ˄ʱ˂ˎˋʹ ʴʽʰ ˁʱʻʶ ˃ʾʰ ʰˉˈ ˍʽˌ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄Φʅʶ 

ʰˎˍˈ ˍˇ ˋˍʱʵʽˇ ʷʴʽ˄ʶ ʶˉʽʲˇ˂ʺ ˍʹˌ ˔ˊˇ˄ˇʿˋˍˇˊʾʰˌ ˍʹˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˖ˌ ˋˎ˄ˇˊʽʰˁʺˌ 

ˋˎ˄ʻʺˁʹˌ ˋʶ ˁʱʻʶ ʲʰʻ˃ˈ ʶ˂ʶˎʻʶˊʾʰˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʷʵˊʰˋʹˌ ˍʹˌ ʲʱˋʹˌ ˍˇˎ ˄ʰˇˏ 

˃ʶ ˍʹ ˔ˊʺ̀́ ˍʹˌ ʶ˄ˍˇ˂ʺˌ Ϧapply acceleration" ʴʽʰ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ 

ʰ˄ʱ˂ˎˋʹˌ. ɶ ˉ˂ʷˇ˄ ʵˎˋ˃ʶ˄ʺˌ ˋˎ˄ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹ ʶʾ˄ʰʽ ʹ ʶˉʽʲˇ˂ʺ ˍʹˌ ʽˋ˔ˎˊʺˌ 

ˁʾ˄ʹˋʹˌ ˋˍʹ ʵʽʶˏʻˎ˄ˋʹ ˍʹˌ ʵʽ˔ˇˍˈ˃ˇˎ ˍʹˌ ˇˊʻʺˌ ʴ˖˄ʾʰˌ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˇʽ ˍˊʶʽˌ 

ˁʾˇ˄ʶˌΣ ˁʰʻ˗ˌ ʰˎ˅ʱ˄ʶʽ  ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ʰ˄ʰˍˊˇˉʺˌ ˍʹˌ ʰ˄˖ʵˇ˃ʺˌ ˍˇˎ 

˄ʰˇˏΦ 

ɳˉʶʽʵʺ  ˁʰˍʱ ˍʹ˄ ʶˉʽʲˇ˂ʺ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˒ˈˊˍʽˋʹˌ ˋˍˇ ˄ʰˈ ˁˎˊʽʰˊ˔ʶʾ ˇ ˂ʽˁ˄ʽˋ˃ˈˌΣ ʹ 

ˍʰ˂ʱ˄ˍ˖ˋʹ ˍˇˎ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶʽ ˍʹ˄ ʰˉˈˋʲʶˋʹ ˉˇˎ ʷ˔ˇˎ˄ ˇʽ ˋˎ˄ʺʻʶʽˌ ˁʰˍʰˋˁʶˎʷˌ ˁʰʽ ʴʽʰ 

ˍˇ ˂ˈʴˇ ʰˎˍˈ ʹ ʰˉˈˋʲʶˋʹ Rayleigh ˃ ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˃ʹʵʶ˄ʽˁʺ (Papantonopoulos et al. 

2002). ɮ˄ ˁʰʽ ʻʰ ʺˍʰ˄ ʶˉʽʻˎ˃ʹˍʺ ʹ ʶˉʽʲˇ˂ʺ ˃ʽʰˌ ʰˉˈˋʲʶˋʹˌ ˃ʶˍʱ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ 

ˋʶʽˋ˃ʽˁʺˌ ɻ ˊʱˋʹˌ ʴʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍʹˌ ʽˋˇˊ́̌ ˉʾʰˌ ˍˇˎ ˒ˇˊʷʰΣ ʶ˄ ˍˇˏˍˇʽˌ ˉʶˊʽˇˊʽˋ˃ˇʾ ˍˇˎ 

ˁ˗ʵʽˁʰ ABAQUS ɻ ʶ˄ ˍˇ ʶˉʽˍˊʷˉˇˎ˄ ˁʰʽ ʴʽʰ ʰˎˍˈ ʹ ʰˉˈˋʲʶˋʹ ʻʶ˖ˊʶʾˍʰʽ ˃ʹʵʶ˄ʽˁʺ ˁʰʻ˘ ̍ ˂ʹ 

ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ  

ʅˍˇ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍʰ ʲʺ˃ʰˍʰ ʰ˄ʱ˂ˎˋʹˌ ʵʹ˂˗˄ˇ˄ˍʰʽ ˋˍˇ module "stepsϦΦ ʆˇ 

ʰˊ˔ʽˁˈ ʲʺ˃ʰ Ϧinitial stepϦΣ ˍˇ ˇˉˇʾˇ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʰˎˍˈ˃ʰˍʰ ʰˉˈ ˍˇ !ōŀqǳǎΣ ˇˊʾʸʶʽ ˍʽˌ 

ˋˎ˄ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁʰʽ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌΦ ɮˁˇ˂ˇˎʻʶʾ ˍˇ ʵʶˏˍʶˊˇ ʲʺ˃ʰ ˁʰˍʱ 

ˍˇ ˇˉˇʾˇ ʴʾ˄ʶˍʰʽ ʹ ʶˉʽʲˇ˂ʺ ˍʹˌ ʲʰˊˏˍʹˍʰˌ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ "apply gravityϦ ˃ʶ ʶˉʽˍʱ˔ˎ˄ˋʹ 

9,81 m/s2Φ ʆˇ ˍˊʾˍˇ ʲʺ˃ʰ ʰ˒ˇˊʱ ˍʹ˄ ʶ̄ ʽʲˇ˂ʺ ˍʹˌ ˔ˊˇ˄ˇʿˋˍˇˊʾʰˌ ˍʹˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˖ˌ 

ˋˎ˄ˇˊʽʰˁʺˌ ˋˎ˄ʻʺˁʹˌ ˋʶ ˁʱʻʶ ʲʰʻ˃ˈ ʶ˂ʶˎʻʶˊʾʰˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʷʵˊʰˋʹˌ ˍʹˌ ʲʱˋʹˌ ˍˇˎ 

˄ʰˇˏ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ʶ˄ˍˇ˂ʺˌ Ϧapply accelerationϦ ʴʽʰ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ 

ʰ˄ʱ˂ˎˋʹˌ. ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˋˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰΣ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ Ϧinteraction" 

ˇˊʾʸˇ˄ˍʰʽ ˇʽ ʶˉʽ˒ʱ˄ʶʽʶˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌΣ ʵʹ˂ʰʵʺ ˇʽ ʲʱˋʶʽˌ ˁʰʽ ˇʽ ˁˇˊˎ˒ʷˌ ˍ˖˄ 

ˋˉˇ˄ʵˏ˂˖˄Σ ʹ ˁʱˍ˖ ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ʶˉʽˋˍˏ˂ʽ˖˄Σ ʹ ʱ˄˖ ˍˇˎ ˋˍˎ˂ˇʲʱˍʹ ˁʰʽ ˇʽ ʶˉʽ˒ʱ˄ʶʽʶˌ 

ˍ˖˄ ˃ʶ˂˗˄ ˍʹˌ ʰ˄˖ʵˇ˃ʺˌ ˋˍʰ ˋʹ˃ʶʾʰ ˋˏ˄ʵʶˋʹˌ ˍˇˎˌΦ  

ʆʰ ˒ˇˊˍʾʰ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˋˍˇ  module "loadϦΦ ʆ hʾʵʽʰ ʲʱˊʹ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ˒ˇˊʷʰ 

ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ˎ˂ʽˁ˗˄ ˍˇˎˌΦ ɱ̔ ʰ ̱̌ ˄ ˇˊʽˋ˃ˈ ˍ˖˄ ˋˎ˄ˇˊʽʰˁ˗˄ 

ˋˎ˄ʻʹˁ˗˄Σ  ʵʹ˂ʰʵʺ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˋˍʺˊʽ˅ʹˌ ˍˇˎ ˒ˇˊʷʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ ˇ˃ʱʵʰ 

ʶ˄ˍˇ˂˗˄ ϦBCs--> create-->Type: Displacement/RotationϦ ʰ˒ˇˏ ʹ ʲʱˋʹ ʻʶ˖ˊʶʾˍʰʽ 

ˉʰˁˍ˖˃ʷ˄ʹΣ ˂ˈʴ˖ ˍˇˎ ˒ˎˋʽˁˇˏ ʲˊʱ˔ˇˎ ʶˉʾ ˍˇˎ ˇˉˇʾˇˎ ʷ˔ʶʽ ʻʶ˃ʶ˂ʽ˖ʻʶʾ ˇ ˄ʰˈˌΦ ɮˎˍˈ 

ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʵʶˋ˃ʶˏˇ˄ˍʰʽ ˈ˂ˇʽ ˇʽ ʲʰʻ˃ˇʾ ʶ˂ʶˎʻʶˊʾʰˌ ˋˍʽˌ ʲʱˋʶʽˌ ˍ˖˄ ˁʽˈ˄˖˄ ˁʰˍʱ ˍˇ ʲʺ˃ʰ 

"apply gravityϦ ʶ˄˗ ˁʰˍʱ ˍˇ ʲʺ˃ʰ "apply accelerationϦ ʹ ʵʽʶˏʻˎ˄ˋʹ ˋˍʹ˄ ˇˉˇʾʰ ʰˋˁʶʾˍʰʽ 

ʶˉʽˍʱ˔ˎ˄ˋʹ ʶ˂ʶˎʻʶˊ˖˄ʶˍʰʽΣ ˃ʶˍʰʲʱ˂˂ˇ˄ˍʰˌ ˍʹ ˋˎ˄ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹ ˋˍʽˌ ʵˏˇ ˇˊʽʸˈ˄ˍʽʶˌ 

ˋˎ˄ʽˋˍ˗ˋʶˌ ˍʹˌ ˁʾ˄ʹˋʹˌΦ  
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4.4 ɳ̄ ʽ˂ˇʴʺ ˋʶʽˋ˃ʽˁ˗˄ ʵʽʶʴʷˊˋʶ˖˄ 

ɶ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ ˋʶʽˋ˃ʽˁ˗˄ ʵʽʶʴʷˊˋʶ˖˄ ˋˍʽˌ ˇˉˇʾʶˌ ʻʰ ˎˉˇʲ˂ʹʻʶʾ ˇ ˒ˇˊʷʰˌ ˋˍˇ 

ˋˍʱʵʽˇ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ʶʾ˄ʰʽ ˁʰʻˇˊʽˋˍʽˁʺˌ ˋʹ˃ʰˋʾʰˌ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹ̩  

ˋʶʽˋ˃ʽˁʺˌ ʰˉˈˁˊʽˋʹˌ ˍˇˎΦ ʆʰ ˋʶʽˋ˃ʽˁʱ ˋʶ˄ʱˊʽʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ  ˉʰˊˇˎˋʽʱʸˇˎ˄ ˋˎ˃ʲʰˍˈˍʹˍʰ 

˃ʶ ˍʰ ˋʶʽˋ˃ˇˍʶˁˍˇ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ɱʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈ 

ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ˂ʷˍʹ ˋʶʽˋ˃ʽˁʺˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ʴʽʰ ˍʹ ʻʷˋʹ ˍˇˎ 

˃˄́˃ʶʾˇˎΣ ˗ˋˍʶ ˍʰ ʶˉʽˍʰ˔ˎ˄ˋʽˇʴˊʰ˒ʺ˃ʰˍʰ ˉˇˎ ʻʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋˍˇ ˋˍʱʵʽˇ ˍʹˌ 

ʵˎ˄ʰ˃ʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˄ʰ ˉˊˇˋˇ˃ˇʽʱʸˇˎ˄ ˍʰ ʶˉʽˍʰ˔ˎ˄ˋʽˇʴˊʰ˒ʺ˃ʰˍʰ ˍ˖˄ ˋʶʽˋ˃˗˄ ˉˇˎ 

ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ ˋˎ˃ʲˇˏ˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺΦ ʃʰ́ʱ˂˂ʹ˂ʰ ˍʰ ˋʶʽˋ˃ʽˁʱ ˋʶ˄ʱˊʽʰ ˉˇˎ ʻʰ 

ʶˉʽ˂ʶʴˇˏ˄ ˉˊʷˉʶʽ ˄ʰ ˁʰ˂ˏˉˍˇˎ˄ ˇ˂ˈˁ˂ʹˊˇ  ˍˇ ʶˏˊˇˌ ˍˇˎ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇˎ ˋˎ˔˄ˇˍʽˁˇˏ 

ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˍʹˌ ʶʵʰ˒ʽˁʺˌ ˁʾ˄ʹˋʹˌΣ ˁʰʽ ʽʵʽʰʾˍʶˊʰ ˍʹˌ ʵʶˋˉˈʸˇˎˋʰˌ ʽʵʽˇˉʶˊʽˈʵˇˎ ˍˇˎ 

˃˄ʹ˃ʶʾˇˎΦ 

ɱʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˋˍʹ˄ ʰˊ˔ʰʾʰ ɮˁˊˈˉˇ˂ʹ 

ˍʹˌ ʄˈʵˇˎΣ ˈˉˇˎ ʲˊʾˋˁʶˍʰʽ ˍˇ ˃˄ʹ˃ʶʾˇ ʰˊ˔ʽˁʱ ʷʴʽ˄ʶ ˉʽʻʰ˄ˇˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˋʶʽˋ˃ʽˁˇˏ 

ˁʽ˄ʵˏ˄ˇˎΦ ɮˎˍʺ ʷʴʽ˄ʶ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍ ́ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ European Facility for 

Earthquake Hazard and Risk, EFEHR. ɱʽʰ ˍʽˌ  ̀ ˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˉˇˎ ʶʾ˄ʰʽ осΦппϲ 

ʲˈˊʶʽˇ ˉ˂ʱˍˇˌ ˁʰʽ нуΦноϲ ʰ˄ʰˍˇ˂ʽˁˈ ˃ʺˁˇˌΣ ʰˉˈ ˍʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ EFEHR  ˉˊˇʷˁˎ˕ʶ ʹ 

ʰˁˈ˂ˇˎʻʹ ˉʽʻʰ˄ˇˍʽˁʺ ˁʰ˃ˉˏ˂ʹ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ όHazard Curve).  
 

 
 

ɳʽˁˈ˄ʰ 32. ʃʽʻʰ˄ˇˍʽˁʺ ˁʰ˃ˉˏ˂ʹ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ (Hazard Curve) ̀ ˍʹ˄ h ˊ˔ʰʾʰ ɮˁˊˈˉˇ˂ʹ  ̱ ʹˌ 

ʄˈʵˇˎ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ 9C9IwΦ ɶ ˋˎ˄ʶ˔ʺˌ ˁʰ˃ˉˏ˂ʹ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ ˃ʷˋʹ ˍʽ˃ʺ 

ˁʰʽ ʹ ʵʽʰˁʶˁˇ˃˃ʷ˄ʹ ˋˍʹ ˃ʷˋʹ ˍʽ˃ʺ ˋˎ˄ ˃ʾʰ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹΦ 

 

ʁʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʶˌ ˍʽ˃ʷˌ ˍʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ʴʽʰ ˍʹ˄ ʰˊ˔ʰʾʰ ɮˁˊˈˉˇ˂ʹ ˍʹˌ ʄˈʵˇˎ 
ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˎˉʷˊʲʰˋʹˌ ˉˇˎ ʻʶ˖ˊʶʾˍʰʽΣ ˈˉ˖ˌ ˉˊˇʷˁˎ˕ʰ˄ ˃ʷˋʰ ʰˉˈ ˍʹ 
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ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ EFEHR ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰΦ 

ʃʶˊʾˇʵˇˌ 

ʶˉʰ˄ʱ˂ʹ˕ʹˌ 

ʃʽʻʰ˄ˈˍʹˍʰ 
ˎˉʷˊʲʰˋʹˌ ˋʶ рл ʷˍʹ 

EFEHR: PGA (g) EK8: 

ag (g) ɾʷˋʹ ˍʽ˃ʺ ɾʷˋʹ ˍʽ˃ʺ Ҍ м ˍΦʰΦ 

рлл ʷˍʹ 10% 0.51 0.62 0.24 

мллл ʷˍʹ 5% 0.70 0.81 0.31 

нллл ʷˍʹ 2.5% 0.93 1.20 0.40 

 

ʃʾ˄ʰˁʰˌ у. ʆ̔ ˃ʷˌ ˍʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹ ̩ˋˍ́˄ ɮˊ˔ʰʾʰ ɮˁˊˈˉˇ˂ʹ ˍʹˌ ʄˈʵˇˎ ˋˎ˄ʰˊˍʺˋʶʽ ˍʹˌ 
ˉʶˊʽˈʵˇˎ ʁ ˉʰ˄ʱ˂ʹ˕ʹˌ ˋˏ˃˒˖˄ʰ ˃ʶ 9C9Iw ˁʰʽ ɳɼу-1. 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˉˈ ˍʹ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʵʽʷʴʶˊˋʹˌ ˉˇˎ ʻʰ ˉˊˇˁˏ˕ʶʽ 

ʰ˄ ʶ˄ʶˊʴˇˉˇʽʹʻʶʾ ˍˇ ˊʺʴ˃ʰ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋʶ ʰˉˈˋˍʰˋʹ ˉʶˊʾˉˇˎ нл km ʰ˄ʰˍˇ˂ʽˁʱ ˍʹˌ 

ʄˈʵˇˎ ˁʰʽ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΣ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶʵʰ˒ʽˁʺˌ 

ʶˉʽˍʱ˔ˎ˄ˋʹˌ όPGA) ˋˎ˄ʰˊˍʺˋʶʽ ˍʹˌ ʰˉˈˋˍʰˋʹˌ ʰˉˈ ˍˇ ˊʺʴ˃ʰ ʵʾ˄ʶˍʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ ˉˇˎ 

ʰˁˇ˂ˇˎʻʶʾ :  

 

ɳʽˁˈ˄ʰ 33. ʁˊʽʸˇ˄ˍʽˇʴˊʰ˒ʽˁʺ ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ʻʷˋʹˌ ˍˇˎ ́ ʺʴ˃ʰˍˇˌ ʰ˄ʰˍˇ˂ʽˁʱ ˍʹˌ ʄˈʵˇˎ(Howell et 
al. 2015) 

 

ɥʋʉʐʘʇʋ
  RX (km)  

 

 
 
 
 

 
ʝʍʋʏ 

                       

ʃʾ ˄ʰˁʰˌ 9. ɳˁˍʽ˃˗˃ʶ˄ʹ  ˃ ʷˋʹ ˍʽ˃ʺ  ˍʹˌ ˃ʷʴʽˋˍʹ ̩ʁ ʵʰ˒ʽˁʺ ̩ʁ ˉʽˍʱ˔ˎ˄ˋʹ ̩ PGA όƎύ ˋˎ˄ʰˊˍʺˋʶʽ 
ˍʹˌ  ʰˉˈˋˍʰˋʹˌ h ˉˈ ˍˇ ˊʺʴ˃ʰ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ʰ˄ʰˍˇ˂ʽˁʱ ˍʹˌ ʄˈʵˇˎΦ 

 0 2.5 5 10 20 30 40 50 

ASK14 0.665 0.668 0.652 0.606 0.533 0.485 0.446 0.407 

BSSA14 0.469 0.469 0.469 0.469 0.469 0.469 0.469 0.469 

CB14 0.482 0.496 0.494 0.467 0.411 0.374 0.346 0.321 

CY14 0.709 0.784 0.859 0.898 0.749 0.601 0.494 0.417 

IM14 0.839 0.742 0.654 0.525 0.367 0.277 0.218 0.178 

ITA10 1.062 1.062 1.062 1.062 1.062 1.062 1.062 1.062 

ABS13 0.563 0.563 0.563 0.563 0.563 0.563 0.563 0.563 

ɥʘʎʋʏ 
0.684

 
0.683 0.679 0.656 0.593 0.547 0.514 0.488 
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ɶ ʰ˄ʰʸʺˍʹˋʹ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʷʴʽ˄ʶ ʴʽʰ ˋʶʽˋ˃ˇˏˌ 

˃ʶʴʷʻˇˎˌ сΦр ʷ˖ˌ тΦр ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˁʰ˄ˇ˄ʽˁʱ ʺ ʰ˄ʱˋˍˊˇ˒ʰ ˊʺʴ˃ʰˍʰ ˁʰʽ ʷ˔ˇˎ˄ 

ˁʰˍʰʴˊʰ˒ʶʾ ˋʶ ˋˁ˂ʹˊˈ ʷ˖ˌ ʲˊʰ˔˗ʵʶˌ ʷʵʰ˒ˇˌΣ ˗ˋˍʶ ˄ʰ ˉˊˇˋˇ˃ˇʽʱʸˇˎ˄ ˍʽˌ ʶʵʰ˒ʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌ ˋˍʹ ʻʷˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ɮˁˈ˃ʰ ˂ʺ˒ʻʹˁʶ ˃ʷˊʽ˃˄ʰ ˗ˋˍʶ  ˇʽ ˋʶʽˋ˃ʽˁʷˌ ʰˎˍʷˌ 

ʵʽʶʴʷˊˋʶʽˌ ˄ʰ ʲˊʾˋˁˇ˄ˍʰʽ ˉ˂ʹˋʾˇ˄ ˍˇˎ ˊʺʴ˃ʰˍˇˌΣ ˋʶ ʰˉˈˋˍʰˋʹ ʷ˖ˌ ˁʰʽ нл km h ˉˈ ʰˎˍˈΦ 

ɾʾʰ ʰˁˈ˃ʰ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌ ˉˇˎ ˂ʺ˒ʻʹˁʶ ˎˉˈ˕ʹ ˁʰˍʱ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍ˖˄ 

ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰʴˊʰ˒˗˄ ʶʾ˄ʰʽ  ʹ ʰ˄ʱʴˁʹ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹˌ ˍ˖˄ ˋʶʽˋ˃˗˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˗ˋˍʶ 

˄ʰ ˁʰ˂ˏˉˍˇˎ˄ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ʵˎ˄ʰˍˈ ˋˎ˔˄ˇˍʽˁˈ ʶˏˊˇˌ ˋˍˇ ˒ʱˋ˃ʰ ʰˉˈˁˊʽˋʹˌ ˍˇˎˌΦ 

ɹʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ʵˈʻʹˁʶ ˋˍʹ˄ ʶˉʽ˂ˇʴʺ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰʴˊʰ˒˗˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ 

˒ʰʽ˄ˈ˃ʶ˄ʰ ˁʰˍʶˎʻˎ˄ˍʽˁˈˍʹˍʰˌ ˁʰʻ˗ˌ ʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ʰˊ˔ʰʾ˖˄ 

˄ʰ˗˄ ʷ˔ʶʽ ʵʶʾ˅ʶʽ ˈˍʽ ˍʷˍˇʽʶˌ ˁʰˍʰʴˊʰ˒ʷˌ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁʷˌ ʲ˂ʱʲʶˌ ˋʶ ʰˎˍˇˏˌΦ 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ ˉˇˎ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˉ˂ʹˋʾˇ˄ ˍˇˎ ́ ʺʴ˃ʰˍˇˌΣ ʶʴʴˏˌ ˉʶʵʾˇˎΣ 

ˁʰʽ ˉʶˊʽʷ˔ˇˎ˄ ˉʰ˂˃ˇˏˌ ˁʰˍʶˎʻˎ˄ˍʽˁˈˍʹˍʰˌΦ ʁʽ ˉʰ˂˃ˇʾ ʰˎˍˇʾ ʶʾ˄ʰʽ ˃ʶʴʱ˂ʹˌ ˋ˔ʶˍʽˁʱ 

ˉʶˊʽˈʵˇˎ ˁʰʽ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍʹ˄ ʶˎˋˍʱʻʶʽʰ ˍ˖˄ ʰˊ˔ʰʾ˖˄ ˄ʰ˗˄Φ 

ɳˉˇ˃ʷ˄˖ˌ ʷʴʽ˄ʶ ʶˉʽ˂ˇʴʺ ˁʰʽ ˍʷˍˇʽ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰʴˊʰ˒˗˄Σ ˗ˋˍʶ ˄ʰ ʶ˅ʰ˔ʻˇˏ˄ 

ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʴʽʰ ˍʹ˄ ʰˉˈˁˊʽˋʹ ˍˇˎ ˄ʰˇˏ ˋʶ ˍʷˍˇʽʶˌ ʵˎˋ˃ʶ˄ʶʾˌ ˉʶˊʽˉˍ˗ˋʶʽˌΦ ɾʶ ʲʱˋʹ ˍʰ 

ˁˊʽˍʺˊʽʰ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ʷʴʽ˄ʶ ʹ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ˉˇˎ ʻʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˄ 

ˁʰˍʰʴˊʰ˒ʶʾ ˍˈˋˇ ˋˍʹ˄ ɳ˂˂ʱʵʰ όɼˇʸʱ˄ʹύΣ ˈˋˇ ˁʰʽ ˋˍʹ˄ ɹˍʰ˂ʾʰ όCampanoύΣ ˁʰʻ˗ˌ ˁʰʽ ˍʽˌ 

ɶΦʃΦɮΦ όNorthridge,Loma Prieta).  

ɮˉˈ ˍʽˌ с ˁʰˍʰʴˊʰ˒ʷˌ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄Σ ˇʽ п ˁˊʾʻʹˁʶ ʰ˄ʰʴˁʰʾˇ ˄ʰ ˋˍˊʰ˒ˇˏ˄ ˁʰˍʱ˂˂ʹ˂ʰ 

˗ˋˍʶ ʹ [ ˋˎ˄ʽˋˍ˗ˋʰ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʵʽʷʴʶˊˋʹˌ ˄ʰ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ ʵʽʶˏʻˎ˄ˋʹ ˉˇˎ 

˃ʶʴʽˋˍˇˉˇʽʶʾˍʰʽ ̌  ʵʶʾˁˍʹˌ ˉʰ˂˃ʽˁˈˍʹˍʰˌ όYŀǊŘƻǳǘǎƻǳ et al. 2017).  

ʆh  ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ʵʽʶʴʷˊˋʶ˖˄ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ 

ʰˁˈ˂ˇˎʻˇ ˉʾ˄ʰˁʰ :  
 
ʅʶʽˋ˃ˈˌ ɶ˃ʶˊˇ˃ʹ˄ʾʰ Mw ɼʰˍʰʴˊʰ˒ʺ ʅˎ˃ʲˇ˂ʽˋ˃ˈˌ Rx(km) pga(cm/s2) Tp1 

(sec) 
Tp2 
(sec) 

ɾʶʴʷʻˎ˄ˋʹ 
PGA=0.5g 

ɾʶʴʷʻˎ˄ˋʹ 
PGA=0.5g 

Campano Lugano, 
Italy 

1980 6.9 Bagnoli-
Irpino 

BGI 8 L : 183.68  
T : 123.44 

1.28 
1.22 

2.18 
2.18 

3.257 4.560 

Northridge,California 
 

1994 6.7 Santa 
Susana 
Ground 

SSU 17 L : 279.90  
T : 227.10 

1.08 
0.58 

1.90 
1.94 

1.945 2.724 

Northridge,California 
 

1994 6.7 L.A. 00 LAO 19 L : 365.23 
T : 282.52 

0.74 
0.54 

1.50 
1.16 

1.527 2.138 

Northridge,California 
 

1994 6.7 L.A. Dam LDM 6 L : 462.11 
T : 347.28 

1.30 
2.36 

 __ 
1.12 

1.224 1.714 

Loma Prieta, 
California 

1989 6.9 Los Gatos- 
Lexing Dam 

LEX 5 L : 432.85 
T : 446.75 

1.06 
1.06 

 __ 
 __ 

1.115 1.562 

Kozani, Greece 1995 6.6 Kozani 
Prefect. Blg 

KOZ 20 L : 203.90 
T : 139.60 

1.16 
0.40 

0.56 
1.08 

2.907 4.070 

 

1. ʅˍʽˌ ˋˍˊʰ˃˃ʷ˄ʶˌ ˁʰˍʰʴˊʰ˒ʷˌΣ ʹ ˋˎ˄ʽˋˍ˗ˋʰ [ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ ʵʽʶˏʻˎ˄ˋʹ ˍˇˎ ʽˋ˔ˎˊˈˍʶˊˇˎ ʵˎ˄ʰˍˇˏ ˉʰ˂˃ˇˏΦ 
2. ʃʶˊʾˇʵˇˌ ˁˏˊʽˇˎ ˉʰ˂˃ˇˏΦ ɮ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ̞ ʶˎʵˇˍʰ˔ˎˍʺˍ˖˄ ό ʆҔлΦп ǎύ ʴʽʰ ʰˉˈˋʲʶˋʹ р҈Φ 

3. ʃʶˊʾˇʵˇˌ ʵʶˏˍʶˊˇˎ ˉʰ˂˃ˇˏΦ ɮ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ нʹ ˁ̌ ˊˎ˒ʺ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ˕ʶˎʵˇˍʰ˔ˎˍʺˍ˖˄ ˉʷˊʰ˄ ˍʹˌ ʆp-1. 

ʃʾ˄ʰˁʰˌ  10. ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˋʶʽˋ˃ʽˁ˗˄ ˁ ʰˍʰʴˊʰ˒˗˄ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʴʽʰ ˂ˈʴˇˎˌ ˉ˂ʹˊˈˍʹˍʰˌ ʷʴʽ˄ʰ˄ ʰ˄ʰ˂ˏˋʶʽˌ ʴʽʰ ʵˏˇ ˋˍʱʻ˃ʶˌ 

ʶˉʽˍʶ˂ʶˋˍʽˁˈˍʹˍʰˌΣ ˍˈˋˇ ʰˎˍʺˌ ʴʽʰ ˋʶʽˋ˃ˇˏˌ ˃ʶ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ рлл ˔ˊˈ˄ʽʰΣ ˈˋˇ ˁʰʽ 

ˍʹ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹ ʴʽʰ ˋʶʽˋ˃ˇˏˌ ˃ʶ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʰ мллл ˔ˊˈ˄ʽʰΦ ɮ˄ˍʽʻʷˍ˖ˌ ʵʶ˄ 
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ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʰ˄ʱ˂ˎˋʹ ʴʽʰ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ ˃ʶ ˉʶˊʾˇʵˇ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ˍʰ нллл 

˔ˊˈ˄ʽʰ ό ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˉʽʻʰ˄ˈˍʹˍʰ ˎˉʷˊʲʰˋʹˌ н҈ ύ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʵˎˋ˃ʶ˄ʺˌΣ 

ʶ˄˗ ʱ˂˂˖ˋˍʶ ʹ ʶ˅ʷˍʰˋʹ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˋˍʽˌ ʵˏˇ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˋˍʱʻ˃ʶˌ 

ʶˉʽˍʶ˂ʶˋˍʽˁˈˍʹˍʰˌ ʵʾ˄ʶʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍʹ˄ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ 

˃˄ʹ˃ʶʾˇˎΣ ˈˉ˖ˌ ʻʰ ʰ˄ʰ˂ˎʻʶʾ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ р.  

ɶ ˋʶʽˋ˃ʽˁʺ ʵʽʷʴʶˊˋʹ ˃ʶ ˉʶˊʾˇʵˇ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ˍʰ рлл ʷˍʹ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ʶˉʾˉʶʵˇ 

ˋʶʽˋ˃ʽˁʺˌ ʵˊʱˋʹˌ ˃ʶ ˍˇ ˇˉˇʾˇ ˋ˔ʶʵʽʱʸˇ˄ˍʰʽ ˋˏʴ˔ˊˇ˄ʶˌ ˁʰˍʰˋˁʶˎʷˌ ˋˎ˄ʺʻˇˎˌ 

ˋˉˇˎʵʰʽˈˍʹˍʰˌΦ ɮ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ ˋˍʱʻ˃ʹ ʶˉʽˍʶ˂ʶˋˍʽˁˈˍʹˍʰˌ ʴʽʰ ʱ˃ʶˋʹ ˔ˊʺˋʹ ˃ʶˍʱ ˍˇ 

ˋʶʽˋ˃ˈ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˈˍʽ ˁʰ˃ʽʱ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˁˍʽˊʾˇˎ ʵʶ˄ ʵʽʰˁˈˉˍʶˍʰʽ ˁʰˍʱ 

ˍʹ ʵʽʱˊˁʶʽʰ ˁʰʽ ˃ʶˍʱ ˍˇ˄ ˋʶʽˋ˃ˈΣ ʶˁˍˈˌ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ʰˉˈ ˃ʶˊʽˁʷˌ ʵʶˎˍʶˊʶˏˇˎˋʰˌ 

ˋʹ˃ʰˋʾʰˌ ˂ʶʽˍˇˎˊʴʾʶˌΦ ɳʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ ˉʰˊˇˎˋʽʰˋʻˇˏ˄ ˇˊʽˋ˃ʷ˄ʶˌ ˉˇ˂ˏ ʰˊʰʽʷˌ 

ˍˊʽ˔ˇʶʽʵʶʾˌ ˊ˖ʴ˃ʷˌ ˁʰ˃ˉˍʽˁˇˏ ˍˏˉˇˎ ̀ ˍˇ˄ ˒ʷˊˇ˄ˍʰ ˇˊʴʰ˄ʽˋ˃ˈΦ 

ɶ ˋʶʽˋ˃ʽˁʺ ʵʽʷʴʶˊˋʹ ˃ʶ ˉʶˊʾˇʵˇ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ˍʰ мллл ʷˍʹ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ʶˉʾˉʶʵˇ 

ˋʶʽˋ˃ʽˁʺˌ ʵˊʱˋʹˌ ˃ʶ ˍˇ ˇˉˇʾˇ ˋ˔ʶʵʽʱʸˇ˄ˍʰʽ ˋˏʴ˔ˊˇ˄ʶˌ ˁʰˍʰˋˁʶˎʷˌ ˃ʶʴʱ˂ʹˌ 

ˋˉˇˎʵʰʽˈˍʹˍʰˌ ό˃ʶʴʰ˂ˏˍʶˊʹˌ ʰˉˈ ʅо ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ɳˎˊ˖ˁ˗ʵʽˁʰ уύΦ ɮ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ 

ˋˍʱʻ˃ʹ ʶˉʽˍʶ˂ʶˋˍʽˁˈˍʹˍʰˌ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ʸ˖ʺˌΣ ˈˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ 

ʶˉʽˋˁʶˎʱˋʽ˃ʶˌ ʲ˂ʱʲʶˌ ˋˍˇ˄ ˒ʷˊˇ˄ˍʰ ˇˊʴʰ˄ʽˋ˃ˈ ˍˇˎ ˁˍʽˊʾˇˎΣ ˔˖ˊʾˌ ˈ˃˖ˌ ˄ʰ ˋˎ˃ʲʶʾ 

ʻʱ˄ʰˍˇˌ ʺ ˋˇʲʰˊˈˌ ˍˊʰˎ˃ʰˍʽˋ˃ˈˌ ʰˍˈ˃˖˄ ʶ˅ʰʽˍʾʰˌ ˍ˖˄ ʲ˂ʰʲ˗˄ ʰˎˍ˗˄Σ ˁʰʽ ˔˖ˊʾˌ ˄ʰ 

ˋˎ˃ʲˇˏ˄ ˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌ ʲ˂ʱʲʶˌ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺΦ 

ɱʽʰ ˁʱʻʶ ˋʶʽˋ˃ʽˁʺ ˁʰˍʰʴˊʰ˒ʺ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʶΣ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˇ ʴʶ˖˃ʶˍˊʽˁˈˌ ˃ʷˋˇˌ ˍ˖˄ 

ʵˏˇ ˇˊʽʸˈ˄ˍʽ˖˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ όPGAύ Σ ˉˇˎ ʶʾ˄ʰʽ ʾˋˇˌ ˃ʶ 

ˍʹ˄ ˍʶˍˊʰʴ˖˄ʽˁʺ ˊʾʸʰ ˍˇˎ ʴʽ˄ˇ˃ʷ˄ˇˎ ˍˇˎˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʷʴʽ˄ʶ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ˍ˖˄ 

ʴʶ˖˃ʶˍˊʽˁ˗˄ ˃ʷˋ˖˄ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˁ˂ʽ˃ʱˁ˖ˋʹˌ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʽˌ ʵˏˇ 

ˍʶ˂ʶˎˍʰʾʶˌ ˋˍʺ˂ʶˌ ˍˇˎ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ˉʾ˄ʰˁʰΣ ˇˏˍ˖ˌ ˗ˋˍʶ ˇ ʴʶ˖˃ʶˍˊʽˁˈˌ ˃ʷˋˇˌ ˍʹˌ 

˃ʷʴʽˋˍʹˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˍ˖˄ ʵˏˇ ˇˊʽʸˈ˄ˍʽ˖˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ ˄ʰ ʶʾ˄ʰʽ Υ 

 

¶ лΦрл Ǝ ʴʽʰ ˁ˂ʽ˃ʱˁ˖ˋʹ ˋʶ ̀ ʶʽˋ˃ˇˏˌ ˃ʶ ˉʶˊʾˇʵˇ ʶˉʰ˄ʱ˂ʹ˕ʹˌ рлл ʷˍʹ 

¶ лΦтл Ǝ ʴʽʰ ˁ˂ʽ˃ʱˁ˖ˋʹ ˋʶ ˋʶʽˋ˃ˇˏˌ ˃ʶ ˉʶˊʾˇʵˇ ʶˉʰ˄ʱ˂ʹ˕ʹˌ мллл ʷˍʹΦ 

ɮˎˍʷˌ ˇʽ ˍʽ˃ʷˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ PGA h ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ 

˃ʷˋʶˌ ˍʽ˃ʷˌ ˍʹˌ PGA ̄ ˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ  ̱ ʹ˄ ˉʽʻʰ˄ˇˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ˁʾ˄ʹˋʹˌ 

ˁʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˁʰ˂ˏˉˍˇˎ˄ ˁʰʽ ˍʹ ˃ʷˋʹ ˍʽ˃ʺ ˍʹˌ ʶˁˍʽ˃˗˃ʶ˄ʹˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˉˇˎ ˉˊˇˁˏˉˍʶʽ 

ʰˉˈ ˍʹ˄ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˃ˇ˄ˍʷ˂˖˄ ʴʽʰ RX=20 km). 

ɾʷˋʰ ʰˉˈ ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄  ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʴʽʰ ˍʽˌ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 

ˉʶˊʽˈʵˇˎˌ ʶˉʰ˄ʰ˒ˇˊʱˌ ʴʾ˄ʶˍʰʽ ˃ʽʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʰˉˇˍʾ˃ʹˋʹ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʰˉˈˁˊʽˋʹˌ 

ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ɶ ˍʶ˂ʽˁʺ ʶˉʽ˂ˇʴʺ ˍʹˌ ˉˊ˗ˍʹˌ ʹ ˍʹˌ ʵʶˏˍʶˊʹˌ ˁʰˍʹʴˇˊʾʰˌ ʴʾ˄ʶˍʰʽ ʰ˄ʱ˂ˇʴʰ 

˃ʶ ˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ʲ˂ʰʲ˗˄ ˋˍˇ ˃˄ʹ˃ʶʾˇ ˁʰʽ ˋˎ˄ʰˊˍʺˋʶʽ ˍʹˌ ʰˉˇʵʶˁˍʺˌ ˉʽʻʰ˄ˈˍʹˍʰˌ 

ʰˋˍˇ˔ʾʰˌ ˋʶ ˃ʾʰ ˋʶʽˋ˃ʽˁʺ ʵˊʱˋʹ ˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌΦ ʁ ʲʰʻ˃ˈˌ ˉˊˇˋˍʰˋʾʰˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ 

ˁʰʽ ʽʵʽʰʾˍʶˊʰ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ʰˉˈ ʰˎʻʶ˄ˍʽˁˈ ˎ˂ʽˁˈΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ 

ʶˉʷ˃ʲʰˋʹˌ ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˉˇˎ ʶʾ˄ʰʽ ʶ˒ʽˁˍˈ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˋˍˇ ˄ʰˈ ˃ˉˇˊʶʾ 

˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ ʸʹˍˇˏ˃ʶ˄ʹˌ ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱˌΦ ɳˉʾˋʹˌΣ ʰ˄ ˍˇ ˃˄ʹ˃ʶʾˇ 

ʶʾ˄ʰʽ ʶˉʽˋˁʷ˕ʽ˃ˈ ʰˉˈ ˁˈˋ˃ˇΣ ˍˈˍʶ ˉˊʷˉʶʽ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʹ ˉˊˇˋˍʰˋʾʰ ʸ˖ʺˌ ˍ˖˄ 

ʶˉʽˋˁʶˉˍ˗˄ ˁʰʻ˗ˌ ˇ ˄ʰˈˌ ʻʰ ʶʾ˄ʰʽ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˁˍʾˋ˃ʰ ˃ʶʴʱ˂ʹˌ 

ˋˉˇˎʵʰʽˈˍʹˍʰˌΦ  
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ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇ ̔˔ˊˇ˄ˇʿˋˍˇˊʾʶˌ ˍ˖˄ ʵˏˇ ˇˊʽʸˈ˄ˍʽ˖˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ ˍ˖˄ 

ʶˉʽˍʰ˔ˎ˄ˋʽˇʴˊʰ˒ʹ˃ʱˍ˖˄ ˍ˖˄ с ˋʶʽˋ˃ʽˁ˗˄ ʵʽʶʴʷˊˋʶ˖˄ ̄ ˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ :  

 

 

 

                Bagnoli Irpino (L)           Bagnoli Irpino (T) 

 
 

                           Santa Susana Ground (L)                       Santa Susana Ground (T) 

 
 

            L.A. 00 (L)         L.A. 00 (T) 

 
 

              L.A. Dam (L)           L.A. Dam (T) 

 

ɳʽˁˈ˄ʰ 34.  ʋˊˇ˄ˇʿˋˍˇˊʾʶˌ ʶˉʽˍʰ˔ˏ˄ˋʶ˖˄ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰʴˊʰ˒˗˄ ( BGI,SSU,LAO,LDM) 
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           Lexington Dam (L)           Lexington Dam (T) 

 
 

Kozani (L) Kozani (T) 

 
 

ɳʽˁˈ˄ʰ 35. ʋˊˇ˄ˇʿˋˍˇˊʾʶˌ ʶˉʽˍʰ˔ˏ˄ˋʶ˖˄ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰʴˊʰ˒˗˄ (LEX,LDM) 

 

ʆʰ ˒ʱˋ˃ʰˍʰ ʶˉʽˍʰ˔ˏ˄ˋʶ˖˄ ʴʽʰ ˍʽˌ с ˋʶʽˋ˃ʽˁʷˌ ˁʰˍʰʴˊʰ˒ʷˌ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ 
ʰˉˇˍˎˉ˗˄ˇ˄ˍʰʽ ˋˍʰ ˉʰˊʰˁʱˍ˖ ʵʽʰʴˊʱ˃˃ʰˍʰ : 
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 ɳʽˁ̍˄ ʰ 36. ʊʱˋ˃ʰˍʰ ʶˉʽˍʰ˔ˏ˄ˋʶ˖˄ όҐyр҈ύ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰʴˊʰ˒˗˄   
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ʃʰˊʰˁʱˍ˖ ʴʾ˄ʶˍʰʽ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˇˊʽʸˈ˄ˍʽ˖˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ [ ˁʰʽ ʆ ˍ˖˄ ˒ʰˋ˃ʱˍ˖˄ 

ʶˉʽˍʰ˔ˏ˄ˋʶ˖˄ όҐyр҈ύ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰʴˊʰ˒˗˄ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄Σ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄˖˄ 

ˋʶ PGA Ґ лΦр ƎΣ ˃ʶ ˍˇ ˒ʱˋ˃ʰ ˍˇˎ ɳɼу-м ʴ̔h ʷʵʰ˒ˇˌ ˁʰˍʹʴˇˊʾʰˌ ɮ ʴʽʰ ʸ˗˄ʹ ɵн ˃ʶ ag=0.24 g, 

ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ʸ˗˄ʹ ɵо ˃ʶ ag=0.36 g.  

ɶ ˋˏʴˁˊʽˋʹ ˃ʶ ʆˇ ˒ʱˋ˃ʰ ˍˇˎ ɳɼу-м ʴʽʰ ag=0.36 g  ˂ ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʹ ˋˍʹ ˋˏʴˁˊʽˋʹΣ ˁʰʻ˗ˌ 

ʹ ʶʵʰ˒ʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹ ag ˍˇˎ ɳɼу-м ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ ʶ˄ʶˊʴˈ ʶˉʽˍʱ˔ˎ˄ˋʹ όɳʄɮ) ˍ˖˄ 

ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄˖˄ ˋʶʽˋ˃ʽˁ˗˄ ʵʽʶʴʷˊˋʶ˖˄ ˁʰʽ ˈ˔ʽ ˋˍʹ˄ PGA ˉˇˎ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ рл҈ 

˃ʶʴʰ˂ˏˍʶˊʹΦ  

 

 
 

ɳʽˁˈ˄ʰ 37. ʅˏʴˁˊʽˋʹ ˍ˖˄ ̌ ˊʽʸˈ˄ˍʽ˖˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ [ ˁʰʽ ʆ ˍ˖˄  ˒ ʰˋ˃ʱˍ˖˄ ʶˉʽˍʰ˔ˏ˄ˋʶ˖˄ όҐyр҈ύ ˍ˖˄ 

ˋʶʽˋ˃ʽˁ˗˄ ˁʰˍʰʴˊʰ˒˗˄ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄Σˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄˖˄ ˋʶ PGA Ґ лΦр ƎΣ ˃ʶ ˍˇ ˒ʱˋ˃ʰ 

ˍˇˎ ɳɼу-м ʴʽʰ ʷʵʰ˒ˇˌ ˁʰˍʹʴˇˊʾʰˌ ɮ ʴʽʰ ʸ˗˄ʹ ɵн ˃ʶ agҐлΦнп ƎΣ ˁʰʻ˗ˌ ˁ ʰʽ ʴʽʰ ʸ˗˄ʹ ɵо ˃ʶ ag=0.36 

g. 

 

ɮˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ˒ʱˋ˃ʰˍʰ ʶʾ˄ʰʽ ʶ˃˒ʰ˄ʷˌΣ ˈˍʽ ˇʽ ˋʶʽˋ˃ʽˁʷˌ ˁʰˍʰʴˊʰ˒ʷˌ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄Σ 

ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʶˌ ˋʶ ˃ʷʴʽˋˍʹ ʶʵʰ˒ʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹ PGAҐлΦрл ƎΣ ʶʾ˄ʰʽ ʰʽˋʻʹˍʱ 

˃ʶʴʰ˂ˏˍʶˊʶˌΣ ˍˈˋˇ ʰˉˈ ̱ ˇ ˋʶʽˋ˃ˈ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ ɳɼу-м ˃ʶ ag =0.24 g ɹ ʽʰ ˍʹ ʸ˗˄ʹ ɵн ˋˍʹ˄ 

ˇˉˇʾʰ ʰ˄ʺˁʶʽ ʹ ʄˈʵˇˌΣ ˈˋˇ ˁʰʽ ˍˇˎ ʵˎˋ˃ʶ˄ʷˋˍʶˊˇˎ ˋʶʽˋ˃ˇˏ ˋ˔ʶʵʽʰˋ˃ˇˏ ˃ ʶ ag=0.36 g ̄ ˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ʸ˗˄ʹ ɵоΦ 

ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ˒ʱˋ˃ʰˍʰ ʶˉʽˍʰ˔ˏ˄ˋʶ˖˄ ˇʽ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ BGI, 

[9· ˁʰʽ [5a ˉʰˊˇˎˋʽʱʸˇˎ˄ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌ ˒ʰˋ˃ʰˍʽˁʺ ̩ʶˉʽˍʱ˔ˎ˄ˋʹˌ ʴʽʰ ˉʶˊʽˈʵˇˎˌ (T) 

˃ʶʴʰ˂ˏˍʶˊʁ̩  ʰˉˈ лΦс sec. ʁʽ ˎ˕ʹ˂ʷˌ ʰˎˍʷˌ ˍʽ˃ʷˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽΣ ˁʰʻ˗ˌ ˍʰ 

ʶˉʽˍʰ˔ˎ˄ˋʽˇʴˊʰ˒ʺ˃ʰˍʰ ˍ˖˄ ˋʶʽˋ˃˗˄ ʰˎˍ˗˄ ˉʶˊʽʷ˔ˇˎ˄ ˉʰ˂˃ˇˏˌ ˁʰˍʶˎʻˎ˄ˍʽˁˈˍʹˍʰˌ. 

ɮˎˍˈˌ ʶʾ˄ʰʽ ˁʰʽ ˇ ˂ˈʴˇˌ ʶˉʽ˂ˇʴʺˌ ˍˇˎˌ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˋˁˈˉʽ˃ˇ ˄ʰ ʶ˅ʶˍʰˋˍʶʾ ʹ ʰˉˈˁˊʽˋʹ ˍˇˎ 

˃˄ʹ˃ʶʾˇˎ ˋʶ ˋʶʽˋ˃ˇˏˌ ʶʴʴˏˌ ˉʶʵʾˇˎ ˉˇˎ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʵˎˋ˃ʶ˄ʶʾˌ ʴʽʰ ˁʰˍʰˋˁʶˎʷˌ ˈˉ˖ˌ 

ˇ ˉˊˇˌ ʶ˅ʷˍʰˋʹ ˄ʰˈˌΦ  
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          5. ɮʃʁʆɳɽɳʅɾɮʆɮ ɮɿɮɽʇʅɳʍɿ 

ʅʶ ʰˎˍˈ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ 

ˋʶ ˈˍʽ ʰ˒ˇˊʱ ˍʹ˄ ʶˎˋˍʱʻʶʽʰ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˍʱˋʶ˖˄ ˋʶ ʰˎˍˈ ˃ʶ ˋˁˇˉˈ 

˃ʷˋʰ ʰˉˈ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍˇˎˌ ˄ʰ ʴʾ˄ʶʽ ʰˉˇˍʾ˃ʹˋʹ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ ˄ʰˇˏΦ 

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʶ˄ʵʶ˂ʶ˔ʺˌ ˁʰˍʰʴˊʰ˒ʺ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ˍ˖˄  ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʴʾ˄ʶˍʰʽ ˋˍˇ 

ʃʰˊʱˊˍʹ˃ʰ.    

 

           5.1 ʅˎ˄ˇ˂ʽˁʺ ʶˎˋˍʱʻʶʽʰ ς ɼʾ˄ʵˎ˄ˇˌ ˁ ʰˍʱˊˊʶˎˋʹˌ 

ɱʽʰ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ʷʴʽ˄ʶ ʹ ˉʰˊʰʵˇ˔ʺ ˋˍˇ ˋˍʱʵʽˇ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ 

ˈˍʽ ˍʰ ʵˇ˃ʽˁʱ ˃ʷ˂ʹ ˍˇˎ ˄ʰˇˏ ʵʶ˄ ˎ˒ʾˋˍʰ˄ˍʰʽ ʲ˂ʱʲʶˌ ˁʰˍ ɦˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ 

ʵʽʶʴʷˊˋʶ˖˄ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʵʽʰˍʹˊˇˏ˄ ˋˍˇ ʰˁʷˊʰʽˇ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎˌ  ˁʰʽ ˍʽˌ ˃ʹ˔ʰ˄ʽˁʷˌ 

ʰ˄ˍˇ˔ʷˌ ˍˇˎˌΦ  ʅˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ  ˈ˃˖ˌΣ ˈˍʰ˄ ˍˇ ˃˄ʹ˃ʶʾˇ ˎˉˇʲʱ˂˂ʶˍʰʽ ˋʶ ˋʶʽˋ˃ʽˁʷˌ 

ʵˊʱˋʶʽˌ ˃ʶʴʱ˂ʹˌ ʷ˄ˍʰˋʹˌ ˋˎ˄ˍʶ˂ˇˏ˄ˍʰʽ ˋʹ˃ʰ˄ˍʽˁʷˌ ʰˋˍˇ˔ʾʶˌ ˎ˂ʽˁˇˏ ˋʶ ʰˎˍˈΦ ɮˎˍʷˌ 

˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ʰˉˇ˒˂ˇʾ˖ˋʹ ˍ˃ʺ˃ʰˍˇˌ ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌ ˉʰˊʶʽʱˌ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄Σ 

ʰˉˇˍ˃ʺˋʶʽˌ ʰˁ˃˗˄ ʺ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎˌΣ ʰˉˇˁˈ˂˂ʹˋʹ ˋˎ˄ʵʶʵʶ˃ʷ˄˖˄ ˃ʶ˂˗˄ 

ˁʰʽ ʻˊʰˏˋʹ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎˌ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ˄ ˒ʷˊˇˎˋʰ ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ ˄ʰˇˏΦ ʅʶ 

ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ʰˁˈ˃ʰ ˁʰʽ ˋʶ ˍˇˉʽˁʺ ʰˉ˗˂ʶʽʰ ˋˍʺˊʽ˅ʹˌ ˁʰʽ 

ˁʰˍʱˊˊʶˎˋʹ ˁʽˈ˄˖˄Σ ʶ˄˗ ʲ˂ʱʲʶˌ ˁʰʽ ˉʰˊʰ˃ʷ˄ˇˎˋʶˌ ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˁʰʽ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ 

˃ʶ˂˗˄ ʰˉˈ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎˌ ˋʶʽˋ˃ˇˏˌ ʶ˒ˈˋˇ˄ ʵʶ˄ ʰˉˇˁʰˍʰˋˍʰʻˇˏ˄ ʵˎˋ˔ʶˊʰʾ˄ˇˎ˄ ʰʽˋʻʹˍʱ 

ˍʹ˄ ʰ˄ˍˇ˔ʺ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ʹ ˉʽʻʰ˄ˈˍʹˍʰ ˃ʶˊʽˁʺˌ ʹ ˍˇˉʽˁʺˌ ˁʰˍʱˊˊʶˎˋʹˌ 

ˍˇˎ ˄ʰˇˏ ʶʾ˄ʰʽ ʰˎ˅ʹ˃ʷ˄ʹ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʰˎˍʺ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˋˍʽˌ 

ʰ˄ʰ˂ˏˋʶʽˌΦ 

ɴˍˋʽ ʻʶ˖ˊ˗˄ˍʰˌ ˍʽˌ ʰ˄ˍˇ˔ʷˌ ˍ˖˄ ʵˇ˃ʽˁ˗˄ ˃ʶ˂˗˄ ˍˇˎ ˄ʰˇˏ ˃ʶʴʱ˂ʶˌ ˁʰʽ ˍʽˌ ʲ˂ʱʲʶˌ ˉˇˎ 

ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˋʶʽˋ˃˗˄ ʰ˃ʶ˂ʹˍʷʶˌ Σ ʰˁˇ˂ˇˏʻ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ 

ʰˉˈˁˊʽˋʹ ˍˇˎ ˁʰˍʱ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ʵʽʶʴʷˊˋʶ˖˄ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄Φ ɮˊ˔ʽˁʱ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʵˎ˄ʰ˃ʽˁʺ ʰˉˈˁˊʽˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ʴʽʰ ˍˇˎˌ с ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ όBGI, 

SSU, LAO, LDM, LEX, KOZ) ˉˇˎ ˁʰ˄ˇ˄ʽˁˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˃ʷʴʽˋˍʹ ʶʵʰ˒ʽˁʺ ʁ ˉʽˍʱ˔ˎ˄ˋʹ PGA = 

0.5 g ˁ ʰʽ ʶ˄ ˋˎ˄ʶ˔ʶʾʰ ʴʽʰ ˍʽˌ ʾ ʵʽʶˌ с ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ (BGI, SSU, LAO, LDM, LEX, KOZ) ̄̌ ˎ 

ˁʰ˄ˇ˄ʽˁˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˃ʷʴʽˋˍʹ ʶʵʰ˒ʽˁʺ ʁ ˉʽˍʱ˔ˎ˄ˋʹ PGA = 0.7 g.   

ʅˍʹ˄ ˉˊ˗ˍʹ ˉʶˊʾˉˍ˖ˋʹΣ ˈˉˇˎ ˍˇ ˃˄ʹ˃ʶʾˇ ˎˉˇʲʱ˂˂ʶˍʰʽ ˋʶ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ 

ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʶˌ ˋʶ PGA = 0.5 g h ˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˁˏˉˍʶʽ ˈˍʽ : 

¶ ʅ̱ ˇˎˌ ˋʶʽˋ˃ˇˏˌ SSU, LAO, KOZ ̱ ˇ ˃˄ʹ˃ʶʾˇ ʵʽʰˍʹˊʶʾ ˍʹ˄ ʶˎˋˍʱʻʶʽʰ ˍˇˎ ˃ʶ ˋʹ˃ʰ˄ˍʽˁʷˌ 

ˈ˃˖ˌ ˃ʶˍʰˍˇˉʾˋʶʽˌ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ˉˇˎ ˇʵʹʴˇˏ˄ ˋʶ ˃ˈ˄ʽ˃ʶˌ  ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌΦ 

¶ ʅˍˇˎˌ ˋʶʽˋ˃ˇˏˌ LDM ˁ ʰʽ LEX ˁ ʰˍʰˊˊʷʶʽ ˃ˈ˄ˇ ˇ ʶ˂ʶˏʻʶˊʰ ʽˋˍʱ˃ʶ˄ˇˌ ˁʾˇ˄ʰˌ ɼпΣ ʶ˄˗ ˇʽ 

ˍˊʶʾˌ ˁʾˇ˄ʶˌ ˋˍˇˎˌ ˇˉˇʾˇˎˌ ʶʵˊʱʸʶˍʰʽ ˇ ʻˊʽʴˁˈˌ ʰ˄ ˁʰʽ ˎ˒ʾˋˍʰ˄ˍʰʽ ˋʹ˃ʰ˄ˍʽˁʷˌ 

ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ʰˉˈ ˍʹ˄ ˋ˔ʶˍʽˁʺ ˃ʶˍʰˍˈˉʽˋʹ ˁʰʽ ˍʹ ˋˍˊˇ˒ʺ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ 

ˁʰˍʰ˒ʷˊ˄ˇˎ˄ ˄ʰ ʵʽʰˍʹˊʺˋˇˎ˄ ˍʹ˄ ʵˇ˃ʽˁʺ ʶˎˋˍʱʻʶʽʰ ˍˇˎˌΦ 

¶ ʅˍˇ˄ ˋʶʽˋ˃ˈ BGI ˁ ʰˍʰˊˊʷʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ 
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BGI SSU LA0 
 

LDM LEX KOZ 

ɳʽˁˈ˄ʰ 38. ɮˉˈˁˊʽˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʵˈ˄ʹˋʹˌ ˋˍˇˎˌ ˋʶʽˋ˃ˇˏˌ ˉˇˎ   

ʶ˅ʶˍʱˋˍʹˁʰ˄ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ˇˎˌΣ ˋʶ PGA = 0.5 g. ʁ ˃ʶ˃ˇ˄˖˃ʷ˄ˇˌ ˁʾˇ˄ʰˌ ˁʰˍʰˊˊʷʶʽ ˋˍˇˎˌ 

ˋʶʽˋ˃ˇˏˌ .DLΣ [5a ˁʰʽ [9·Σ ʶ˄˗ ˇʽ ˍˊʶʽˌ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇʽ ˁʾˇ˄ʶˌ ˁʰˍʰˊˊʷˇˎ˄ ˃ˈ˄ˇ˄ ˋˍˇ ˋʶʽˋ˃ˈ 

BGI. 

 

 

ʅˍʹ ʵʶˏˍʶˊʹ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍˇ ˃˄ʹ˃ʶʾˇ ˎˉˇʲʱ˂˂ʶˍʰʽ ˋʶ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ 

ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʶˌ ˋʶ PGA = 0.7 g, h ˉˈ ˍʰ h̄ˇˍʶ˂ʷˋ˃ʰˍʰ ̄́ˇˁˏˉˍʶʽ ˈˍʽ :  

¶ ʅˍˇˎˌ ˋʶʽˋ˃ˇˏˌ SSU, LAO, KOZ, LEX ˍˇ ˃˄ʹ˃ʶʾˇ ʵʽʰˍʹˊʶʾ ˍʹ˄ ʶˎˋˍʱʻʶʽʰ ˍˇˎ ˃ʶ 

ˋʹ˃ʰ˄ˍʽˁʷˌ ˈ˃˖ˌ ˃ʶˍʰˍˇˉʾˋʶʽˌ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ˉˇˎ ˇʵʹʴˇˏ˄ ˋʶ ˃ˈ˄ʽ˃ʶˌ  

ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌΦ 

¶ ʅˍˇ˄ ˋʶʽˋ˃ˈ LDM ˁ ʰˍʰˊˊʷʶʽ ˃ˈ˄ˇ ˇ ʶ˂ʶˏʻʶˊʰ ʽˋˍʱ˃ʶ˄ˇˌ ˁʾˇ˄ʰˌ ɼпΣ ʶ˄˗ ˇʽ ˍˊʶʾˌ ˁʾˇ˄ʶˌ 

ˋˍˇˎˌ ˇˉˇʾˇˎˌ ʶʵˊʱʸʶˍʰʽ ˇ ʻˊʽʴˁˈˌ ʰ˄ ˁʰʽ ˎ˒ʾˋˍʰ˄ˍʰʽ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ 

ʰˉˈ ˍʹ˄ ˋ˔ʶˍʽˁʺ ˃ʶˍʰˍˈˉʽˋʹ ˋˉˇ˄ʵˏ˂˖˄ ˁʰˍʰ˒ʷˊ˄ˇˎ˄ ˄ʰ ʵʽʰˍʹˊʺˋˇˎ˄ ˍʹ˄ ʵˇ˃ʽˁʺ 

ʶˎˋˍʱʻʶʽʰ ˍˇˎˌΦ 

¶ ʅˍˇ˄ ˋʶʽˋ˃ˈ BGI ˁ ʰˍʰˊˊʷʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ 
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BGI SSU LA0 

 

LDM LEX KOZ 

ɳʽˁˈ˄ʰ 39. ɮˉˈˁˊʽˋʹ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʵˈ˄ʹˋʹˌ ˋˍˇˎˌ ˋʶʽˋ˃ˇˏˌ ˉˇˎ 

ʶ˅ʶˍʱˋˍʹˁʰ˄ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ˇˎˌ ˋʶ PGA Ґ лΦт ƎΦ ʁ ˃ʶ˃ˇ˄˖˃ʷ˄ˇˌ ˁʾˇ˄ʰˌ ˁʰˍʰˊˊʷʶʽ ˋˍˇˎˌ 

ˋʶʽˋ˃ˇˏˌ .DL ˁʰʽ [5aΣ ʶ˄˗ ˇʽ ˍˊʶʽˌ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇʽ ˁʾˇ˄ʶˌ ˁʰˍʰˊˊʷˇˎ˄ ˃ˈ˄ˇ˄ ˋˍˇ ˋʶʽˋ˃ˈ .DLΦ 

 

ʆˇ ˃˄ʹ˃ʶʾˇ ˉʰˊˇˎˋʽʱʸʶʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ʶˎˋˍʱʻʶʽʰˌ ˁʰʽ ˇʵʹʴʶʾˍʰʽ ˋʶ ˃ʶˊʽˁʺ ʺ ˇ˂ʽˁʺ 

ˁʰˍʱˊˊʶˎˋʹ ˋˍˇˎˌ ˋʶʽˋ˃ˇˏˌ .DLΣ [5a ˁʰʽ [9· ˋˍˇˎˌ ˇˉˇʾˇˎˌ  ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˉʰ˂˃ˇʾ 

˃ʶʴʱ˂ʹˌ ˉʶˊʽˈʵˇˎ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˃ʶʴʱ˂ʶˌ ˒ʰˋ˃ʰˍʽˁʷˌ ʶˉʽˍʰ˔ˏ˄ˋʶʽˌ ʴʽʰ ˉʶˊʾˇʵˇ ˉˇˎ 

ˁˎ˃ʰʾ˄ʶˍʰʽ ˁˇ˄ˍʱ ˋˍˇ м ǎŜŎ. ɮˎˍˈ ʶʾ˄ʰʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇ ˁʰʻ˗ˌ ˉˊˈˁʶʽˍʰʽ ʴʽʰ  ˋʶʽˋ˃ˇˏˌ ˃ʶ 

ʶˉʾˁʶ˄ˍˊˇ ˉ˂ʹˋʾˇ˄ ˍˇˎ ˊʺʴ˃ʰˍˇˌ ʴʶʴˇ˄ˈˌ ˉˇˎ ˍˇˎˌ ˁʰʻʽˋˍʱ ʽʵʽʰʾˍʶˊʰ ʶˉʽˁʾ˄ʵˎ˄ˇˎˌ ʴʽʰ 

ʰˊ˔ʰʾʰ ˃˄ʹ˃ʶʾʰΣ ˈˉ˖ˌ ʶʾ˄ʰʽ  ˇ ˄ʰˈˌ ˍˇˎ ʃˏʻʽˇˎ ɮˉˈ˂˂˖˄ʰΦ ɮˁˈ˃ʰ ˈ˃˖ˌ ˁʰʽ ˋˍˇˎˌ 

ˋʶʽˋ˃ˇˏˌ ˉˇˎ ˇ ˄ʰˈˌ ʵʶ˄ ˁʰˍʰˊˊʷʶʽ ˇʽ ˋ˔ʶˍʽˁʷˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎΣ ˇʵʹʴˇˏ˄ ˋʶ 

ˋʹ˃ʰ˄ˍʽˁʷˌ ˉʰˊʰ˃ʷ˄ˇˎˋʶˌ ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌΣ ˇʽ ˇˉˇʾʶˌ ˔ˊʺʸˇˎ˄ ʱ˃ʶˋʹˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ 

ˁʰʻ˗ˌ ˃ʶʽ˗˄ˇˎ˄ ˁʰˍʰˁˈˊˎ˒ʰ ˍʹ ˒ʷˊˇˎˋʰ  ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍˇ ʶˎʱ˂˖ˍˇ ˋʶ 

˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌΦ  

ʆʷ˂ˇˌΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΣ ˇ ʶ˂ʶˏʻʶˊˇˌ ˁʾˇ˄ʰˌ ʶʾ˄ʰʽ 

ˋʰ˒˗ˌ ˉʽˇ ʶˎʱ˂˖ˍˇˌ ʰˉˈ ˍˇˎˌ ˎˉˈ˂ˇʽˉˇˎˌ ˍˊʶʽˌ ˉˇˎ ʶʾ˄ʰʽ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇʽ ˃ʶ ˍˇ ʻˊʽʴˁˈΦ 

ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ˁʰʻ˗ˌ ʹ ˉˊˈˋʻʶˍʹ ˃ʱʸʰ ˍˇˎ ʶˉʽˋˍˎ˂ʾˇˎ ʰˎ˅ʱ˄ʶʽ ˍʹ˄ ʶˎˋˍʱʻʶʽʰ ˍ˖˄ ˍˊʽ˗˄ 

ˋˎ˄ʵʶʵʶ˃ʷ˄˖˄ ˁʽˈ˄˖˄ όaŀƪǊƛǎ ϧ ±ŀǎǎƛƭƛƻǳ нлмоύΣ ʶ˄˗ ˁʰʻˇˊʽˋˍʽˁʺ ˋʹ˃ʰˋʾʰ ˋˍʹ˄ 

ˍˊ˖ˍˈˍʹˍʰ ˍˇˎ ʵʽʰʵˊʰ˃ʰˍʾʸʶʽ ˍˇ ʰʽˋʻʹˍʱ ˃ʽˁˊˈˍʶˊˇ ˍˇˎ ˃ʷʴʶʻˇˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇˎˌ 

ˎˉˈ˂ˇʽˉˇˎˌ ˁʾˇ˄ʶˌ όPsycharis et al. 2000).  
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ʅˎ˄ˇ˂ʽˁʱ ˇ ˃ʶ˃ˇ˄˖˃ʷ˄ˇˌ ˁ ʾˇ˄ʰ ̩ɼп  ˁ ʰˍʰˊˊʷʶʽ ˋʶ р ˋʶʽˋ˃ʽˁʱ ˋʶ˄ʱˊʽʰ : 

¶ LDM ˃ ʶ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ PGA ̀ ʶ лΦрg  

¶ LEX   ˃ ʶ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ PGA ̀ ʶ лΦрg   

¶ LDM ˃ ʶ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ PGA ̀ ʶ 0.7g   

¶ BGI ˃ ʶ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ PGA ̀ ʶ 0.5g όˇˉˇˏ 

ˁʰˍʰˊˊʷʶʽ ˈ˂ˇˌ ˇ ˄ʰˈˌύ 

¶ BGI ˃ ʶ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶʵʰ˒ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ PGA ̀ ʶ 0.7g όˇˉˇˏ 

 ˁ ʰˍʰˊˊʷʶʽ ˈ˂ˇˌ ˇ ˄ʰˈˌύ 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʷˌ ʶʽˁˈ˄ʶˌ ʰˉˈ ˍʹ˄ ˁʰˍʱˊˊʶˎˋʹ ˍˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʽˌ ʰˁˈ˂ˇˎʻʶˌ   

ʶʽˁˈ˄ʶˌ : 

¶ LDM 0.5 g 

ɼʰˍʰʴˊʱ˒ʶˍʰʽ ˉˍ˗ˋʹ ˍˇˎ ˁʾˇ˄ʰ ɼп ʴʽʰ ˍˇ ˋʶʽˋ˃ʽˁˈ ˋʶ˄ʱˊʽˇ LDM ˃ʶ PGA=05g ˁʰʽ ˇʽ 

˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌ ʰˉˈ ˍʹ˄ ʰˉˈˁ˂ʽˋʺ ˍˇˎ ʰˉˈ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ˇ ˃ʷ˔ˊʽ ˍʹ ˋˏʴˁˊˇˎˋʺ ˍˇˎ ˃ʶ 

ˍˇ ʷʵʰ˒ˇˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ˁʱˍ˖ʻʽ ʶʽˁˈ˄ʶˌΦ 

 

ɳʽˁˈ˄ʰ 40.  ɶ ˉˊ˗ˍʹ ʰˉˈˁ˂ʽˋʹ ˍˇˎ ˁʾˇ˄ʰ Kп ʰˉˈ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ˇ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ фΦсуsec 
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ɳʽˁˈ˄ʰ 41.  ɶ ˋˍʽʴ˃ʺ ˍʹˌ ˉˍ˗ˋʹˌ t=11.56sec 

 

 

 

ɳʽˁˈ˄ʰ 42.  ɶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˍʹˌ ˋˏʴˁˊˇˎˋʹˌ ˃ʶ ˍˇ ʷʵʰ˒ˇˌ t=12.16 
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¶ LDM 0.7g 

ɼʰˍʰʴˊʱ˒ʶˍʰʽ ˉˍ˗ˋʹ ˍˇˎ ˁʾˇ˄ʰ ɼп ʴʽʰ ˍˇ ˋʶʽˋ˃ʽˁˈ ˋʶ˄ʱˊʽˇ LDM ˃ʶ tD!Ґ07g ˁʰʽ ˇʽ 

˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌ ʰˉˈ ˍʹ˄ ʰˉˈˁ˂ʽˋʺ ˍˇˎ ʰˉˈ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ˇ ˃ʷ˔ˊʽ ˍʹ ˋˏʴˁˊˇˎˋʺ ˍˇˎ ˃ʶ 

ˍˇ ʷʵʰ˒ˇˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ˁʱˍ˖ʻʽ ʶʽˁˈ˄ʶˌΦ 

 

ɳʽˁˈ˄ʰ 43.  ɶ  ̄ ˊ˗ˍʹ ʰˉˈˁ˂ʽˋʹ ˍˇˎ ˁʾˇ˄ʰ Kп ʰˉˈ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ˇ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ  t=6.88sec 

 

 

ɳʽˁˈ˄ʰ 44.  ɶ ˋˍʽʴ˃ʺ ˍʹˌ ˉˍ˗ˋʹˌ t=8.58 sec 
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ɳʽˁˈ˄ʰ 45.  ɶ ̝ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˍʹˌ ˋˏʴˁˊˇˎˋʹˌ ˃ʶ ˍˇ ʷʵʰ˒ˇˌ t=10.28 sec 

¶ LEX 0.5g 

ɼʰˍʰʴˊʱ˒ʶˍʰʽ ˉˍ˗ˋʹ ˍˇˎ ˁʾˇ˄ʰ ɼп ʴʽʰ ˍˇ ˋʶʽˋ˃ʽˁˈ ˋʶ˄ʱˊʽˇ LEX ˃ʶ PGA=05g ˁʰʽ ˇʽ 

˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌ ʰˉˈ ˍʹ˄ ʰˉˈˁ˂ʽˋʺ ˍˇˎ ʰˉˈ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ˇ ˃ʷ˔ˊʽ ˍʹ ˋˏʴˁˊˇˎˋʺ ˍˇˎ ˃ʶ 

ˍˇ ʷʵʰ˒ˇˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ˁʱˍ˖ʻʽ ʁ ʽˁˈ˄ʶˌΦ  
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ɳʽˁˈ˄ʰ 46.  ɶ ˉˊ˗ˍʹ ʰˉˈˁ˂ʽˋʹ ˍˇˎ ˁʾˇ˄ʰ Kп ʰˉˈ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ˇ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ t=11.48 sec 

 

ɳʽˁˈ˄ʰ 47.   ɶ ˋˍʽʴ˃ʺ ˍʹˌ ˉˍ˗ˋʹˌ t=13.33 sec 

 

 

ɳʽˁˈ˄ʰ 48.  ɶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˍʹˌ ˋˏʴˁˊˇˎˋʹˌ ˃ʶ ˍˇ ʷʵʰ˒ˇˌ t=15.18 sec 
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          рΦнʆʱˋʶʽˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ς ʆˇˉʽˁʷˌ h ˋˍˇ˔ʾʶˌ 

ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍʽˌ ˁˏˊʽʶˌ 

ʶ˒ʶ˂ˁˎˋˍʽˁʷˌ ˁʰʽ ʻ˂ʽˉˍʽˁʷˌ ˍʱˋʶʽˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍʰ ʶˉʽ˃ʷˊˇˎˌ ʵˇ˃ʽˁʱ ˃ʷ˂ʹ ˍˇˎ 

˄ʰˇˏ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ʵˇ˄ʺˋʶ˖˄ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄Φ ʅˍ́ ˋˎ˄ʷ˔ʶʽʰ ʴʾ˄ʶˍʰʽ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˈˉˇˎ ˇʽ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ʶˌ ˁˏˊʽʶˌ ˍʱˋʶʽˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ 

ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ  ˎˉʶˊʲʰʾ˄ˇˎ˄ ˍʹ˄ ʰ˄ˍˇ˔ʺ ˍ˖˄ ˎ˂ʽˁ˗˄ ˍˇˎ ˃˄ʹ˃ʶʾˇˎΦ ɼʰˍʱ ʰˎˍˈ ˍˇ˄ ˍˊˈˉˇ 

ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ˇʽ ʻʷˋʶʽˌ ˈˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʰˋˍˇ˔ʾʶˌΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʴʽʰ ˍʰ ˎ˂ʽˁʱ 

ʻʶ˖ˊʺʻʹˁʰ˄ ʶ˂ʰˋˍʽˁʷˌ ˃ʹ˔ʰ˄ʽˁʷˌ ʽʵʽˈˍʹˍʶˌΦ  

ʁʽ ˍʽ˃ʷˌ ˍ˖˄ ʰ˄ˍˇ˔˗˄ ʴʽʰ ˍʰ ʵˇ˃ʽˁʱ ˃ʷ˂ʹ ˍˇˎ ˄ʰˇˏ ˉˊˇʷˁˎ˕ʰ˄ ˏˋˍʶˊʰ ʰˉˈ ˍʹ˄ ˉʶʽˊʰ˃ʰˍʽˁʺ 

ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ о ʴʽʰ ˍʰ ˎ˂ʽˁʱ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄. ʅˍˇˎˌ ʶ˂ʷʴ˔ˇˎˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʷˌ ˍʽ˃ʷˌ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ˁʰʽ ʻ˂ʽˉˍʽˁʺˌ ˍ˖˄ ˎ˂ʽˁ˗˄Φ  

ɳˉʶʽʵʺ ˈ˃˖ˌ ˇʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ʶʾ˄ʰʽ ˋʶ ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ  ̄ ˇ˂ˏ ˃ ʽˁˊʷˌ όˈˉ˖ˌ ʹ ʶ˒ʶ˂ˁˎˋˍʽˁʺ 

ʰ˄ˍˇ˔ʺ ˍˇˎ ʰˊ˔ʰʾˇˎ ˁʰʽ ˍˇˎ ˄ʷˇˎ ˒ˎˋʽˁˇˏ ˂ʾʻˇˎ ˉˇˎ ˉˊˇʷˁˎ˕ʶ ʾˋʹ ˃ʶ лΦпл aǇŀύΣ ʷʴʽ˄ʶ 

ʶ˅ʷˍʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˁʰʽ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇʽ ʰ˄ˍˇ˔ʷˌ ˎ˂ʽˁ˗˄ ʻʶ˖ˊʹʻˇˏ˄ 

˃ʶʴʰ˂ˏˍʶˊʶˌ.  

ɱʽʰ ˍˇ˄ ˄ʷˇ ˒ˎˋʽˁˈ ˂ʾʻˇΣ ʹ ʻ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ ˂ʺ˒ʻʹˁʶ ʾˋʹ ˃ʶ ф atŀΣ ˈˉ˖ˌ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍʽˌ 

ʵˇˁʽ˃ʷˌ ʻ˂ʾ˕ʹˌ ˋʶ ʵˇˁʾ˃ʽʰ ʰˉˈ ˂ʾʻˇ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʅ˒ˇˎʴʴʱˊʽʰ ɮΦ ɱʽʰ ˍʹ˄ ʶ˒ʶ˂ˁˎˋˍʽˁʺ 

ʰ˄ˍˇ˔ʺ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ʵˇˁʽ˃ʷˌ Brazilian test (tensile splitting 

test) ˉˇˎ ʷʵ˖ˋʰ˄ 0.86 atŀ ˖ˌ ˃ʷˋʹ ˍʽ˃ʺ ˁʰʽ лΦрл atŀ ˖ˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍʽ˃ʺΦ ɳˉʶʽʵʺ ʹ 

ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ʰˎˍʺ ˍʹ ʵˇˁʽ˃ʺ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ 30% ˃ʶʴʰ˂ˏˍʶˊʹ 

ʰˉˈ ʰˎˍʺ ˍˇˎ ʱ˃ʶˋˇˎ ʶ˒ʶ˂ˁˎˋ˃ˇˏΣ ʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍʽ˃ʺ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ 

˄ʷˇˎ ˒ˎˋʽˁˇˏ ˂ʾʻˇˎ ˂ʺ˒ʻʹˁʶ ʾˋʹ ˃ʶΥ лΦрлκмΦол ḗ 0.40 MPa. ʂ˃˖ˌ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇʷˁˎ˕ʰ˄  ʰˉˈ ˋ˔ʶˍʽˁʱ ˃ʽˁˊˈ ʵʶʾʴ˃ʰ όс ʵˇˁʽ˃ʷˌύ ˁʰʽ ʹ  ˍʽ˃̋ hˎˍʺ ʶʾ˄ʰʽ 

ʰʽˋʻʹˍʱ ˃ʽˁˊˈˍʶˊʹ ʰˎˍʺˌ ˍʹˌ ˋˎ˄ʺʻˇˎˌ ˉʰˊʰʵˇ˔ʺˌ ˈˍʽ ʹ ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ ˂ʰ˃ʲʱ˄ʶˍʰʽ 

ʾˋʹ ˃ʶ ˍˇ мл҈ ˍʹˌ ʻ˂ʽˉˍʽˁʺˌΣ  ʴʾ˄ʶˍʰʽ ʶ˅ʷˍʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˁʰʽ ʴʽʰ ʵʽˉ˂ʱˋʽʰ ˍʽ˃ʺ 

ʶ˒ʶ˂ˁˎˋˍʽˁʺ ̩h ˄ˍˇ˔ʺΣ̩ ʾˋʹ ̩˃ ʶ лΦул atŀΦ 

ɱʽʰ ˍˇ˄ ʰˊ˔ʰʾˇ ˂ʾʻˇΣ ˍʰ ˃ˈ˄ʰ ʵʽʰʻʷˋʽ˃ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ̄ ˊˇʷˊ˔ˇ˄ˍʰʽ  h ˉˈ ˁˊˇˎˋʽ˃ʶˍˊʺˋʶʽˌ 

ˉˇˎ ʵʾ˄ˇˎ˄ ʻ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ ʾˋʹ ˃ʶ мнΦр atŀ ˖ˌ ˃ʷˋʹ ˍʽ˃ʺ ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ оΦро atŀ 

όʴʽʰ ˋˎ˄ˇ˂ʽˁʱ мл ˃ʶˍˊʺˋʶʽˌύΦ ɳˉʶʽʵʺ ˈ˃˖ˌ ˇʽ ˁˊˇˎˋʽ˃ʶˍˊʺˋʶʽˌ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ˄ ˄ʰ 

ˎˉʶˊʶˁˍʽ˃ˇˏ˄ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ʰ˄ˍˇ˔ʺ ˍˇˎ ˂ʾʻˇˎ ˂ˈʴ˖ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˁˊˎˋˍʱ˂˂˖ˋʹˌ ˍˇˎ, 

ˎʽˇʻʶˍˇˏ˄ˍʰʽ ˁʰʽ ʴʽʰ ˍˇ˄ ʰˊ˔ʰʾˇ ˂ʾʻˇ ʾ ʵʽʶˌ ˍʽ˃ʷˌ ʰ˄ˍˇ˔˗˄ ˃ʶ ˍˇ˄ ˄ʷˇΦ 

ɱʽʰ ˍʰ ˁˇ˄ʽʱ˃ʰˍʰ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍ˖˄ ˍʶ˔˄ʹˍ˗˄ ˂ʾʻ˖˄ ˍˇˎ 

ʻˊʽʴˁˇˏΣ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˋˎ˃ˉ˂ʹˊ˖˃ʱˍ˖˄ ˉˇˎ ʻʰ ˍˇˉˇʻʶˍʹʻˇˏ˄ ˋˍˇˎˌ ˁʾˇ˄ʶ ̩ʁ ˅ʶˍʱˋˍʹˁʰ˄ 

ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ ʴʽʰ ˂ˈʴˇˎˌ ˋˏʴˁˊʽˋʹˌ : 

¶ ʲʽˇ˃ʹ˔ʰ˄ˇˉˇʽʹ˃ʷ˄ˇ ˁˇ˄ʾʰ˃ʰ ˍˏˉˇˎ a!{¢9w 9a!/h ˃ʶ ʻ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ мр aǇŀ 

ˁʰʽ ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ мΦр Mpa 

¶ ʶˉʽˍˈˉˇˎ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇ ˁˇ˄ʾʰ˃ʰ ˃ʶ ʻ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ ф aǇŀ ˁʰʽ ʶ˒ʶ˂ˁˎˋˍʽˁʺ лΦу 

ɾpa 
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ɱʽʰ ˍʰ ˁˇ˄ʽʱ˃ʰˍʰ ˋˏ˄ʵʶˋʹˌ ʶ˅ʶˍʱˋˍʹˁʰ˄ ˉʱ˂ʽ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ : 

¶ ˁˇ˄ʾʰ˃ʰ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ммΦр atŀ ˁʰʽ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ мΦ2 Mpa 

¶ ˁˇ˄ʾʰ˃ʰ ʻ˂ʽˉˍʽˁʺ ̩h ˄ˍˇ˔ʺ ̩7.5 Mpa ˁ ʰʽ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ 0.75 Mpa 

ɱʽʰ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˁˇ˄ʽʰ˃ʱˍ˖˄ ʹ ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ ʻʶ˖ˊʺʻʹˁʶ ʾˋʹ ˃ʶ ˍ ̌мл҈ ˍʹˌ 

ʻ˂ʽˉˍʽˁʺˌΦ ɮ˄ʰ˂ˎˍʽˁʱ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ˃ʹ˔ʰ˄ʽˁ˗˄ ʰ˄ˍˇ˔˗˄ ˍ˖˄ ˎ˂ʽˁ˗˄ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄ 

ʵʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ʰˁˈ˂ˇˎʻˇ ˉʾ˄ʰˁʰ : 

 

ʃʾ˄ʰˁʰˌ  11. ɮ˄ˍˇ˔ʷˌ ˎ˂ʽˁ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍˇˎˌ ʶ˂ʷʴ˔ˇˎˌΦ 

ʇ˂ʽˁˈ ɹʵʽˈˍʹˍʰ ʆʽ˃ʺ 

ɮˊ˔ʰʾˇˌ ˂ʾʻˇˌ ɸ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ 9.0 MPa 

 ɳ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ 0.4 MPa 

ɿʷˇˌ ˂ʾʻˇˌ ɸ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ 9.0 MPa 

 ɳ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ 0.4 MPa 

ɼˇ˄ʾʰ˃ʰ ˍʶ˔˄ʹˍˇˏ ˂ʾʻˇˎ ɸ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ 9.0/15.0 MPa 

 ɳ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ 0.8/1.5 MPa 

ɼˇ˄ʾʰ˃ʰ ˋˏ˄ʵʶˋʹˌ ɸ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ 7.5/11.5 MPa 

 ɳ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ 0.75/1.2 MPa 

ʅˏ˄ʵʶˋ˃ˇʽ ˍʽˍʰ˄ʾˇˎ ʆʱˋ́ ʵʽʰˊˊˇʺˌ 300 MPa 

 ʆʱˋʹ ʰˋˍˇ˔ʾʰˌ όʶǳҐнл҈ύ 420 MPa 

 

 

ʁʽ ʶʽˁˈ˄ʶˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ʰˉˇˍˎˉ˗˄ˇˎ˄ ˍʽˌ ˃ʷʴʽˋˍʶˌ ˎˉʶˊʲʱˋʶʽˌ ʰ˄ˍˇ˔˗˄ ˉˇˎ 

ˋʹ˃ʶʽ˗ʻʹˁʰ˄ ˋʶ ˁʱʻʶ ˃ʷ˂ˇˌ ˅ʶ˔˖ˊʽˋˍʱΣ  ˍˈˋˇ ˋʶ ˈˊˇˎˌ ʰˉˈ˂ˎˍʹˌ ˍʽ˃ʺˌ Σ ˈˋˇ ˁʰʽ ˋʶ ˈˊˇˎˌ 

ʷˁˍʰˋʹˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˉˇˎ ˁʰ˂ˏˉˍʶʽ ʹ ˎˉʷˊʲʰˋʹΦ ɼˏ ˊʽʶˌ ʶ˒ʶ˂ˁˎˋˍʽˁʷˌ ˍʱˋʶʽˌ ˉˇˎ 

ˎˉʶˊʲʰʾ˄ˇˎ˄ ˍʹ˄ ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ ̱ ˖˄ ˎ˂ʽˁ˗˄ ˎ ˉˇɻ́ ˂˗˄ˇˎ˄ ʵʽʰˍ˃ʹˍʽˁʺ ʰˋˍˇ˔ʾʰ ˂ˈʴ˖ 

˂ˇ˅ˇˏ ʶ˒ʶ˂ˁˎˋ˃ˇˏΦ ɮˎˍʺ ˇʵʹʴʶʾ  ̀ ʶ ʰˉˇˍ˃ʺˋʶʽˌ ʰˁ˃˗˄Σ ˁʰʻ˗ˌ  ˁ ʰʽ ˃ʶʴʰ˂ˏˍʶˊ˖˄ ˍ˃ʹ˃ʱˍ˖˄ 

ʰˉˈ ˍʰ ˃ʷ˂ʹ ̱ ˇˎ ˄ʰˇˏ. ʇˉʷˊʲʰˋʹ ˍʱˋʶ˖˄ ˋˍˇ ˁˇ˄ʾʰ˃ʰ ˋˏ˄ʵʶˋʹˌ ˋˎ˄ʶˉʱʴʶˍʰʽ ʰˋˍˇ˔ʾʰ ˍˇˎ  

ˉˇˎ ʻʰ ˇʵʹʴʺˋʶʽ ˋʶ ʰˉ˗˂ʶʽʰ ˋˏ˄ʵʶˋʹˌ  ˍ˖˄ ʵˇ˃ʽˁ˗˄ ˃ʶ˂˗˄Φ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ˁˊʾ˄ʶˍʰʽ 

ʶˉʽʲʶʲ˂ʹ˃ʷ˄ʹ ʹ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˋˏ˄ʵʶˋʹˌ ˃ʶ ˍʹ˄ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˋˎ˄ʵʶˍʽˁ˗˄ ˊʱʲʵ˖˄ 

ˍʽˍʰ˄ʾˇˎΦ 

ɶ ʷˁˍʰˋʹ ̱ ʹˌ ˉʶˊʽˇ˔ʺˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ˎˉʷˊʲʰˋʹ ̱ ʱˋʹˌ ˁʰʻˇˊʾʸʶʽ ˁʰʽ ˍʹ˄ ʷˁˍʰˋʹ 

ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˇˉˇˏ ʻʰ ˋʹ˃ʶʽ˖ʻʶʾ ʲ˂ʱʲʹΦ ʇˉʶˊʲʱˋʶʽˌ ˉˇˎ ˁʰ˂ˏˉˍˇˎ˄ ˉˇ˂ˏ ˃ʶʴʱ˂ʹ 

ʶˉʽ˒ʱ˄ʶʽʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋʶ ʰˋˍˇ˔ʾʰ ˁʰʽ ʰˉˇˁˈ˂˂ʹˋʹ ˃ʶʴʱ˂ˇˎ ˍ˃ʺ˃ʰˍˇˌ  ˉˇˎ ˃ʶ 

ˍʹ ˋʶʽˊʱ ˍˇˎ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ˃ ʶʾ˖ˋʹ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˋˍʺˊʽ˅ʹˌ ˍ˖˄ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ 

˃ʶ˂˗˄ ˁʰʽ ʶ˄ ˍʷ˂ʶʽ ˍʹ˄ ˁʰˍʱˊˊʶˎˋʹ ˍˇˎˌΣ ʺ ʰˁˈ˃ʰ ˁʰʽ ˋʶ  ˃ʶˊʽˁʺ ʺ ˇ˂ʽˁʺ ˁʰˍʱˊˊʶˎˋʹ ˍˇˎ 

˃˄ʹ˃ʶʾˇˎΦ ɱʽʰ ʰˎˍˈ ʵʾ˄ʶˍʰʽ ˃ʶʴʱ˂ʹ ˋʹ˃ʰˋʾʰ ˋˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˍ˖˄ ʵˎˋ˃ʶ˄˗˄ ˔ˊˇ˄ʽˁ˗˄ 

ˋˍʽʴ˃˗˄ ˍʹˌ ʰˉˈˁˊʽˋʹˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˈˉˇˎ ˇʽ ʶˉʽ˒ʱ˄ʶʽʶˌ ˋˍʽˌ ˇˉˇʾʶˌ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ 

ˎˉʶˊʲʱˋʶʽˌ ʰ˄ˍˇ˔ʺˌ ˃ʶʴʽˋˍˇˉˇʽˇˏ˄ˍʰʽΦ ʁʽ ˔ˊˇ˄ʽˁʷˌ ʰˎˍʷˌ ˋˍʽʴ˃ʷˌ ʵʽʰ˒ˇˊˇˉˇʽˇˏ˄ˍʰʽ 

ʷ˄ˍˇ˄ʰ ʰˉˈ ˃ʷ˂ˇˌ ˋʶ ˃ʷ˂ˇˌ ʰˁˈ˃ʰ ˁʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʾʵʽˇˎ ˋʶʽˋ˃ˇˏ Σ ˂ˈʴ˖ ˁʰʽ ˍʹˌ 

˃ʹ ʴˊʰ˃˃ʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ ˉˇ˂ˎˋˉˇ˄ʵˎ˂˖ˍˇˏ ˄ʰˇˏΦ ɳʾ˄ʰʽ ʶ˄ʵʶʽˁˍʽˁˈ ˍʹˌ ˔ʰ˃ʹ˂ʺˌ 
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ʰ˄̱ˇ˔ʺˌ ˍ˖˄ ˎ˂ʽˁ˗˄ ˍˇˎ ˄ʰˇˏ ˈˍʽ ˎˉʶˊʲʱˋʶʽˌ ˍʱˋʶ˖˄ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰ˄ ˋˎ˄ʶ˔˗ˌ ˋˍʰ 

ˉʶˊʽˋˋˈˍʶˊʰ ˃ʷ˂ʹ ˍˇˎ ˄ʰˇˏ ˁʰˍʱ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˍˇˎ ʽˋ˔ˎˊˇˏ ˍ˃ʺ˃ʰˍˇˌ 

ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʵˈ˄ʹˋʹˌ ˁʰʽ ˃ʱ˂ʽˋˍʰ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˁʱʻʶ ˒ˇˊʱΦ ɳˉʶʽʵʺ ʶʾ˄ʰʽ 

ʰʵˏ˄ʰˍˇ ˄ʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˈ˂ʶˌ ʰˎˍʷˌ ʶʵ˗Σ ʷʴʽ˄ʶ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˉ˂ʷˇ˄ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁ˗˄. 

ɲʶ˄ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˉʰˊʰʴ˄˖ˊʾʸʶˍʰʽ ˈ˃˖ˌΣ ˍˇ ʴʶʴˇ˄ˈˌ ̄ ˖ˌ ˍˇˉʽˁʷˌ ʰˋˍˇ˔ʾʶˌ ˂ˈʴ˖ ˎˉʷˊʲʰˋʹˌ 

ʰ˄ˍˇ˔˗˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˋʹ˃ʶʽ˖ʻˇˏ˄ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ʻʷˋʶʽˌ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˉˇˎ ʵʶ˄ ʺˍʰ˄ ʶ˒ʽˁˍˈ 

˄ʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˋˍʰ h ˁˈ˂ˇˎʻʰ ˋ˔ʺ˃ʰˍʰ.   

ʆʰ h̄ˇˍʶ˂ʷˋ˃ʰˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ h ˄ʱ ˁ ʰˍʹʴˇˊʾʰ ˎ˂ʽˁˇˏ ̱ ˇˎ ˄ʰˇˏΣ ʵʹ˂ʰʵʺ ɹ ʽʰ h ˊ˔ʰʾˇΣ ˄ʷˇ 

ˁʰʽ ˍʶ˔˄ʹˍˈ ˂ʾʻˇΣ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ  ˁˇ˄ʾʰ˃ʰ ˋˏ˄ʵʶˋʹˌ  ˃ʶ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ 

ˁʰʽ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ. ɱʽʰ ˍˇ ˋʶʽˋ˃ˈ BGI ʵʶ˄ ˁˊʾʻʹˁʶ ˋˁˈˉʽ˃ˇ ˄ʰ ʴʾ˄ʶʽ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋʶ ˈˊˇˎˌ ˍʱˋʶ˖˄ ˁʰʻ˗ˌ ˋʶ ʰˎˍˈ˄ ˁʰˍʰˊˊʷʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ ˄ʰˇˏ ̱ ˈˋˇ ʴʽʰ 

PGA Ґ лΦр Ǝ ˈˋˇ ˁʰʽ ʴʽʰ tD! = 0.7 g. ɮ˄ʰ˂ˎˍʽˁʱ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ 

ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ʃʰˊʱˊˍʹ˃ʰ.  

ʅˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔̋˃ʰ ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ˂ʶˉˍˇ˃ʶˊ˗ˌ ʹ h ˊʾʻ˃ʹˋʹ ˍ˖˄ ˁʽˈ˄˖˄Σ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄ 

ˁʰʽ ˍ˖˄ ʵˇˁ˗˄ ˍˇˎ ʻˊʽʴˁˇˏ. 
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ɣρ ɣς ɣσ ɣτ 

ɳʽˁˈ˄ʰ 50. ɮˊʾʻ˃ʹˋʹ ˋˉˇ˄ʵˏ˂˖˄ ˍ˖˄ ˁʽˈ˄˖˄ 

 
              

 

             5.2.1ɮˊ˔ʰʾˇʽ ˂ ʾʻˇʽ 

ʅˍʽˌ ʶʽˁˈ˄ʶˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʶ˒ʶ˂ˁˎˋˍʽˁʷˌ ˁʰʽ ʻ˂ʽˉˍʽˁʷˌ ˍʱˋʶʽˌ ˉˇˎ 

ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍˇˎˌ ʰˊ˔ʰʾˇˎˌ ˋˉˇ˄ʵˏ˂ˇˎˌ ˍ˖˄ ˁʽˈ˄˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˁʽˇ˄ˈˁˊʰ˄ˇ ˍˇˎ 

ʴ˖˄ʽʰˁˇˏ ˁʾˇ˄ʰ ɼн ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʰˎʻʶ˄ˍʽˁˈ ˎ˂ʽˁˈΦ 

ɱʽʰ ˍʽˌ ˁˏˊʽʶˌ ʶ˒ʶ˂ˁˎˋˍʽˁʷˌ ˍʱˋʶʽˌ ʴʾ˄ʶˍh̔ ʁ ˅ʷˍʰˋʹ ˍˈˋˇ ˃ʶ ʲʱˋʹ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ ʰ˄ˍˇ˔ʺˌ ˉˇˎ 

ʻʶ˖ˊʺʻʹˁʶ  ʾˋʹ ˃ʶ ʰˎˍʺ ˍˇˎ ˄ʷˇˎ ˒ˎˋʽˁˇˏ ˂ʾʻˇˎ (0.4 Mpa), ̍ ˋˇ ˁʰʽ ʴʽʰ ʻʶ˗ˊʹˋʹ ʵʽˉ˂ʱˋʽʰ ̩

ʶ˒ʶ˂ˁˎˋˍʽˁʺ ̩ ʰ˄ˍˇ˔ʺ ̩ (0.8Mpa). ʁʽ ˉʶˊʽˇ˔ʷˌ ˋˍʽˌ ˇˉˇʾʶˌ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˎˉʷˊʲʰˋʹ 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˁʰ˒ʷΣ ˉˇˊˍˇˁʰ˂ʾΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇ ˁʰʽ ʴˁˊʽ ˔ˊ˗˃ʰ ʴʽʰ ʰ˄ˍˇ˔ʺ ʾˋʹ ˃ʶ лΦп 

Mpa ˁ ʰʽ ˋʶ ˉˇˊˍˇˁʰ˂ʾΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇ ˁʰʽ ʴˁˊʽ ˔ˊ˗˃ʰ ʴʽʰ ʰ˄ˍˇ˔ʺ ʾˋʹ ˃ʶ 0.8 Mpa. 

ɮˉˈ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˍʱˋʶ˖˄ ˋˍˇ˄ ʰˊ˔ʰʾˇ ˂ʾʻˇ ʴʽʰ ʰ˄ˍˇ˔ʺ ˋʶ ʶ˒ʶ˂ˁˎˋ˃ˈ ʾˋʹ 

˃ʶ  0.4 Mpa ̄ ˊˇˁˏˉˍˇˎ˄ ˍʰ ʶ˅ʺˌ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰΥ 

¶ ʁʽ ˍʽ˃ʷˌ ˍ˖˄ ˁˏˊʽ˖˄ ʶ˒ʶ˂ˁˎˋˍʽˁ˗˄ ˍʱˋʶ˖˄ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ 

ˋʶʽˋ˃ˇˏˌ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄  ˎˉʶˊʲʰʾ˄ˇˎ˄ ˍʹ˄ ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ ˍˇˎ ʰˊ˔ʰʾˇˎ 

˂ʾʻˇˎ ˍˈˋˇ ʴʽʰ ˍʽ˃ʺ ʾˋʹ ˃ʶ лΦп atŀΣ ˈˉ˖ˌ ˂ʺ˒ʻʹˁʶ ʰˉˈ ˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ 

ʵʽʰʵʽˁʰˋʾʶˌΣ ˈˋˇ ˁʰʽ ʴʽʰ ʻʶ˗ˊʹˋʹ ʵʽˉ˂ʱˋʽʰˌ ʰ˄ˍˇ˔ʺˌ όлΦу Mpa).  

¶ ʁʽ ˎˉʶˊʲʱˋʶʽˌ ˍ˖˄ ˍʱˋʶ˖˄ ˋˍˇˎˌ ˋˉˇ˄ʵˏ˂ˇˎˌ  ˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˒ˇˊʷˌ 

ˉʶˊʽˇˊʾʸˇ˄ˍʰʽ ˋʶ ˃ʾʰ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˋˍˊ˗ˋʹ ˋˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ʶˉʰ˒ʺˌ ˁʰʽ ˇ˒ʶʾ˂ˇ˄ˍʰʽ 

ˋˍʽˌ ˃ʶʴʱ˂ʶˌ ˇˊʻʷˌ ˁʰʽ ʵʽʰˍ˃ʹˍʽˁʷˌ ʵˎ˄ʱ˃ʶʽˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˁʰˍʱ ˍˇ˄ ˂ʽˁ˄ʽˋ˃ˈΦ 

ʁʽ ˎˉʶˊʲʱˋʶʽˌ ʰˎˍʷˌ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʷ˄ˍˇ˄˖˄ 

ˊʹʴ˃ʰˍ˗ˋʶ˖˄ ˋˍʽˌ ʶˉʽ˒ʰ˄ʶʽʰˁʷˌ ʰˎˍʷˌ ˋˍˊ˗ˋʶʽˌΦ  ɴˍˋʽ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ ˋʹ˃ʶʽ˖ʻˇˏ˄ 

ʰˉˇˋʰʻˊ˗ˋʶʽˌ ˋˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ʶˉʰ˒ʺˌ ˍ˖˄ ˋˉˇ˄ʵˏ˂˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ʰˉˇˍ˃ʺˋʶʽˌ 

ʰˁ˃˗˄ ˁʰʽ ˃ʽˁˊ˗˄ ˍ˃ʹ˃ʱˍ˖˄ ˋˍʰ ʱˁˊʰ ˍˇˎˌΦ    

¶ ʅʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈ˃˖ˌΣ ˈˉ˖ˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ʵʽʶʴʷˊˋʶ˖˄ 

[9· ˁʰʽ {{¦ ˇʽ ˉʶˊʽˇ˔ʷˌ ˎˉʷˊʲʰˋʹˌ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ʶˉʶˁˍʶʾ˄ˇ˄ˍʰʽ ˋʶ 

˃ʁ ʴʱ˂ˇ ʲʱʻˇˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˁʰ˂ˏˉˍʶʽ ʰˁˈ˃ʰ ˁʰʽ ̍ ˂ˇ ˍˇ ˏ˕ˇˌ ˍˇˎ ˋˉˇ˄ʵˏ˂ˇˎΦ ɮˎˍˈ 
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˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ʰˉˈˍ˃ʹˋʹ ˃ʶʴʱ˂ˇˎ ˍ˃ʺ˃ʰˍˇˌ ˍˇˎΣ ˉˇˎ ˃ʶ ˍʹ ˋʶʽˊʱ ˍʹˌ 

ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ʰˉ˗˂ʶʽʰ ˋˍʺˊʽ˅ʹˌ ˍ˖˄ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ ˋˉˇ˄ʵˏ˂˖˄ ˁʰʽ ʶ˄ 

ˍʷ˂ʶʽ ˋʶ ˁʰˍʱˊˊʶˎˋʹ ˍˇˎ ˁʾˇ˄ʰΦ 

¶ ʅˍˇ ʰˊ˔ʰʾˇ ˁʽˇ˄ˈˁˊʰ˄ˇ ˍˇˎ ʴ˖˄ʽʰˁˇˏ ˁʾˇ˄ʰ ɼн ˇ ̔ˍʽ˃ʷˌ ˍ˖˄ ˁˏˊʽ˖˄ ʶ˒ʶ˂ˁˎˋˍʽˁ˗˄ 

ˍʱˋʶ˖˄ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˋʶʽˋ˃ˇˏˌ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄  

ˎˉʶˊʲʰʾ˄ˇˎ˄ ˍʹ˄ ʶ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ ˍˇˎ ˁʰʽ ˃ʱ˂ʽˋˍʰ ˋʶ ˉˇ˂ˏ ˃ʶʴʱ˂ʶˌ ˉʶˊʽˇ˔ʷˌ 

ˍˈˋˇ ˋˍʹ˄ ˉʱ˄˖ ˈˋˇ ˁʰʽ ˋˍʹ˄ ˁʱˍ˖ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎΦ ɮ˄ʰ˃ʷ˄ʶˍʰʽ ʶˉˇ˃ʷ˄˖ˌ ʹ 

ʰ˄ʱˉˍˎ˅ʹ ʷ˄ˍˇ˄˖˄ ˊʹʴ˃ʰˍ˗ˋʶ˖˄ ˁʰʽ ʲ˂ʰʲ˗˄ ˋʶ ʰˎˍˈ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˃ʾʰˌ 

ʷ˄ˍˇ˄ʹˌ ̀ ʶʽˋ˃ʽˁʺˌ ʵʽʷʴʶˊˋʹˌ ˋʰ˄ ʰˎˍʷˌ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄Φ 

ɱʽʰ ʻʶ˗ˊʹˋʹ ʵʽˉ˂ʱˋʽʰˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ʰˊ˔ʰʾˇˎ ˂ʾʻˇˎ (0.8 MPa) 

ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʶˉʾˋʹˌ ˉʶˊʽˇ˔ʷˌ ˋˍʽˌ ˇˉˇʾʶˌ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋʹ˃ʰ˄ˍʽˁʷˌ ˎˉʶˊʲʱˋʶʽˌ ˍʱˋʶ˖˄Φ 

ʁʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʶˌ ʲ˂ʱʲʶˌ ʻʰ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹˌ ˁ˂ʾ˃ʰˁʰˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ 

ˉʶˊʾˉˍ˖ˋʹΣ ʰ˂˂ʱ ˉʰˊʰ˃ʷ˄ʶʽ ˎˉʰˊˁˍˈˌ ˇ ˁʾ˄ʵˎ˄ˇˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˊʹʴ˃ʰˍ˗ˋʶ˖˄Σ ʰˉˇˁˇˉʺˌ 

ˁʰʽ ʰˉˈˍ˃ʹˋʹˌ ˍ˃ʹ˃ʱˍ˖˄ ʰˉˈ ˍˇˎˌ ˋˉˇ˄ʵˏ˂ˇˎˌ ˋʶ ʷ˄ʰ ʽˋ˔ˎˊˈ ˋʶʽˋ˃ˈΦ    

 

K1_T5.A 
 

KOZ ɀ PGA=0.5g KOZ ɀ PGA=0.7g 
 

LAO ɀ PGA=0.5g LAO ɀ PGA=0.7g 
 

LDM ɀ PGA=0.5g LDM ɀ PGA=0.7g 
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LEX ɀ PGA=0.5g LEX ɀ PGA=0.7g 
 

SSU ɀ PGA=0.5g SSU ɀ PGA=0.7g 

ɳʽˁˈ˄ʰ 51. ɼˏˊʽʶˌ ʶ˒ʶ˂ˁˎˋˍʽˁʷˌ ˍʱˋʶʽˌ ˋˍˇ˄ ʰˊ˔ʰʾˇ ˋˉˈ˄ʵˎ˂ˇ Yмψ¢рΦ!Φ ʁʽ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˁʰ˒ʷΣ 

ˉˇˊˍˇˁʰ˂ʾΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇ ˁʰʽ ʴˁˊʽ ˔ˊ˗˃ʰ ʵʹ˂˗˄ˇˎ˄ ˎˉʷˊʲʰˋʹ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ 

ˍˇˎ ʃʾ˄ʰˁʰ н όлΦп atŀύΣ ʶ˄˗ ˇʽ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˉˇˊˍˇˁʰ˂ʾΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇ ˁʰʽ ʴˁˊʽ ˔ˊ˗˃ʰ 

ʵʹ˂˗˄ˇˎ˄ ˎˉʷˊʲʰˋʹ ʵʽˉ˂ʱˋʽʰˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ όлΦу atŀύΦ 

 

K3_T5.A 
 

KOZ ɀ PGA=0.5g KOZ ɀ PGA=0.7g 
 

LAO ɀ PGA=0.5g LAO ɀ PGA=0.7g 
 

LDM ɀ PGA=0.5g LDM ɀ PGA=0.7g 
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LEX ɀ PGA=0.5g LEX ɀ PGA=0.7g 
 

SSU ɀ PGA=0.5g SSU ɀ PGA=0.7g 

ɳʽˁˈ˄ʰ 52. ɼˏˊʽʶˌ ʶ˒ʶ˂ˁˎˋˍʽˁʷˌ ˍʱˋʶʽˌ ˋˍˇ˄ ʰˊ˔ʰʾˇ ˋˉˈ˄ʵˎ˂ˇ Yоψ¢рΦ!Φ ʁʽ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˁʰ˒ʷΣ 

ˉˇˊˍˇˁʰ˂ʾΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇ ˁʰʽ ʴˁˊʽ ˔ˊ˗˃ʰ ʵʹ˂˗˄ˇˎ˄ ˎˉʷˊʲʰˋʹ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ 

ˍˇˎ ʃʾ˄ʰˁʰ н όлΦп atŀύΣ ʶ˄˗ ˇʽ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˉˇˊˍˇˁʰ˂ʾΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇ ˁʰʽ ʴˁˊʽ ˔ˊ˗˃ʰ 

ʵʹ˂˗˄ˇˎ˄ ˎˉʷˊʲʰˋʹ ʵʽˉ˂ʱˋʽʰˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ όлΦу atŀύΦ 
 
 

 
 

K2_TOP.A 
 
 

KOZ ɀ PGA=0.5g KOZ ɀ PGA=0.7g 

  

LAO ɀ PGA=0.5g LAO ɀ PGA=0.7g 

LDM ɀ PGA=0.5g LDM ɀ PGA=0.7g 
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LEX ɀ PGA=0.5g LEX ɀ PGA=0.7g 
 

SSU ɀ PGA=0.5g SSU ɀ PGA=0.7g 

ɳʽˁˈ˄ʰ 53. ɼˏˊʽʶˌ ʶ˒ʶ˂ˁˎˋˍʽˁʷˌ ˍʱˋʶʽˌ ˋˍˇ ʰˊ˔ʰʾˇ ˁʽˇ˄ˈˁˊʰ˄ˇ ˍˇˎ ˁʾˇ˄ʰ ɼнΦ ʁʽ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˁʰ˒ʷΣ 

ˉˇˊˍˇˁʰ˂ʾΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇ ˁʰʽ ʴˁˊʽ ˔ˊ˗˃ʰ ʵʹ˂˗˄ˇˎ˄ ˎˉʷˊʲʰˋʹ ˍʹˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ 

ˍˇˎ ʃʾ˄ʰˁʰ н όлΦп atŀύΣ ʶ˄˗ ˇʽ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˉˇˊˍˇˁʰ˂ʾΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇ ˁʰʽ ʴˁˊʽ ˔ˊ˗˃ʰ 

ʵʹ˂˗˄ˇˎ˄ ˎˉʷˊʲʰˋʹ ʵʽˉ˂ʱˋʽʰˌ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ όлΦу atŀύΦ 

 

 ʅˍʽˌ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʶˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˁˏˊʽʶˌ ʻ˂ʽˉˍʽˁʷˌ ˍʱˋʶʽˌΦ ʁʽ ˉʶˊʽˇ˔ʷˌ ˋˍʽˌ ˇˉˇʾʶˌ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ˎˉʷˊʲʰˋʹ ˍʹˌ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ʰˊ˔ʰʾˇˎ ˂ʾʻˇˎ ʹ ˇˉˇʾʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ 

ˉʰˊʰˉʱ˄˖ ʃʾ˄ʰˁʰ  ʶʾ˄ʰʽ ʾˋʹ ˃ʶ фΦл aǇŀ ʶʾ˄ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ʷˁˍʰˋʹˌ ˁʰʽ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ 

ˇʵʹɹ̋ ˋˇˎ˄ ˋʶ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ʲ˂ʱʲʶˌ ˁʰʽ ʰˉˇˍ˃ʺˋʶʽˌ ʰˁ˃˗˄Φ ʁʽ ˎˉʶˊʲʱˋʶʽˌ ʰˎˍʷˌ 

ʵʹ˂˗˄ˇ˄ˍʰʽ ˃ʶ ˊˇʸΣ ˃ˉ˂ʷΣ ʻʰ˂ʰˋˋʾ ˁ ʰʽ ˃ ʰˏ́̌ ̝ ˊ˗˃ʰ ˋˍʽˌ ʶʽˁˈ˄ʶˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄Φ  

ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˎˉʷˊʲʰˋʹ ˍʹˌ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˋʶ ˃ʾʰ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˋˍˊ˗ˋʹ ˉˇˎ ˁʰ˂ˏˉˍʶʽ ˈ˂ˇ ˍˇ ˏ˕ˇˌ ˍˇˎ ˋˉˇ˄ʵˏ˂ˇˎΣ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˂ˈʴ˖ ˍʹˌ 

ˍˇˉʽˁʺˌ ʰˋˍˇ˔ʾʰˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˄ʰ ˉˊˇˁ˂ʹʻʶʾ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʰˉˇ˒˂ˇʾ˖ˋʺ ˍˇˎ ˋʶ ʰˎˍʺ 

ˍʹ˄ ˉʶˊʽˇ˔ʺΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʰʽˍʽˇ˂ˇʴʶʾ ˍʽˌ ʰˉˇ˒˂ˇʽ˗ˋʶʽˌ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋʶ 

ʰˊˁʶˍˇˏˌ ʰˊ˔ʰʾˇˎˌ ˂ʾʻˇˎˌΣ ˇʽ ˇˉˇʾʶˌ ˉˊʷˉʶʽ ˄ʰ ˉˊˇʺ˂ʻʰ˄ ˁʰˍʱ ˍʹ˄ ˎˉˇʲˇ˂ʺ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ 

ˋʶ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ˃ʶʴʷʻˇˎˌ ˁʰˍʱ ˍˇ ˉʰˊʶ˂ʻˈ˄ΦΣ ˈˉ˖ˌ ʻʰ ʰ˄ʰ˂ˎʻʶʾ ˁʰʽ 

ˋʶ ʶˉˈ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ˉʶˊʾˉˍ˖ˋʹ ˍʷˍˇʽʰˌ ˎˉʷˊʲʰˋʹˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍˇ 

ɳʽˁˈ˄ʰ 24,  ʴʽʰ ˎˉˇʲˇ˂ʺ ˍˇˎ ˃˄ʹ˃ʶʾˇˎ ˋˍʹ ˋʶʽˋ˃ʽˁʺ ˁʰˍʰʴˊʰ˒ʺ [5aΣ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʹˌ 

ˋ ʁPGA = 0.7 g. 
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 K1_T5.A 
 

KOZ ɀ PGA=0.5g KOZ ɀ PGA=0.7g 
 

LAO ɀ PGA=0.5g LAO ɀ PGA=0.7g 
 

LDM ɀ PGA=0.5g LDM ɀ PGA=0.7g 
 

LEX ɀ PGA=0.5g LEX ɀ PGA=0.7g 
 

SSU ɀ PGA=0.5g SSU ɀ PGA=0.7g 

ɳʽˁˈ˄ʰ 54. ɼˏˊʽʶˌ ʻ˂ʽˉˍʽˁʷˌ ˍʱˋʶʽˌ ˋˍˇ˄ ʰˊ˔ʰʾˇ ˋˉˈ˄ʵˎ˂ˇ Yмψ¢рΦ!Φ ʁʽ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˊˇʸΣ ˃ˉ˂ʶΣ 

ʻʰ˂ʰˋˋʾ ˁʰʽ ˃ʰˏˊˇ ˔ˊ˗˃ʰ ʵʹ˂˗˄ˇˎ˄ ˎˉʷˊʲʰˋʹ ˍʹˌ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ʃʾ˄ʰˁʰ н (9.0 

MPa). 
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K3_T5.A 
 

KOZ ɀ PGA=0.5g KOZ ɀ PGA=0.7g 
 

LAO ɀ PGA=0.5g LAO ɀ PGA=0.7g 
 

LDM ɀ PGA=0.5g LDM ɀ PGA=0.7g 
 

LEX ɀ PGA=0.5g LEX ɀ PGA=0.7g 
 

SSU ɀ PGA=0.5g SSU ɀ PGA=0.7g 

ɳʽˁˈ˄ʰ 55. ɼˏˊʽʶˌ ʻ˂ʽˉˍʽˁʷˌ ˍʱˋʶʽˌ ˋˍˇ˄ ʰˊ˔ʰʾˇ ˋˉˈ˄ʵˎ˂ˇ Yоψ¢рΦ!Φ ʁʽ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˊˇʸΣ ˃ˉ˂ʶΣ 

ʻʰ˂ʰˋˋʾ ˁʰʽ ˃ʰˏˊˇ ˔ˊ˗˃ʰ ʵʹ˂˗˄ˇˎ˄ ˎˉʷˊʲʰˋʹ ˍʹˌ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ʃʾ˄ʰˁʰ 2 (9.0 

MPa).
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K2_TOP.A 
 

KOZ ɀ PGA=0.5g KOZ ɀ PGA=0.7g 
 

LAO ɀ PGA=0.5g LAO ɀ PGA=0.7g 
 

LDM ɀ PGA=0.5g LDM ɀ PGA=0.7g 
 

LEX ɀ PGA=0.5g LEX ɀ PGA=0.7g 
 

SSU ɀ PGA=0.5g SSU ɀ PGA=0.7g 

ɳʽˁˈ˄ʰ 56. ɼˏˊʽʶˌ ʻ˂ʽˉˍʽˁʷˌ ˍʱˋʶʽˌ ˋˍˇ ʰˊ˔ʰʾˇ ˁʽˇ˄ˈˁˊʰ˄ˇ ˍˇˎ ˁʾˇ˄ʰ ɼнΦ ʁʽ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˊˇʸΣ ˃ˉ˂ʶΣ 

ʻʰ˂ʰˋˋʾ ˁʰʽ ˃ʰˏˊˇ ˔ˊ˗˃ʰ ʵʹ˂˗˄ˇˎ˄ ˎˉʷˊʲʰˋʹ ˍʹˌ ʻ˂ʽˉˍʽˁʺˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ʃʾ˄ʰˁʰ н όфΦл 

MPa). 

 

 












































































































































































































































































































