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Earth Pressure Balance Machine (EPB) ʺ {ƭǳǊǊȅ {ƘƛŜƭŘ ¢ǳƴƴŜƭ .ƻǊƛƴƎ aŀŎƘƛƴŜ ό¢.aύΣ ˍʰ 

ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˉʾʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹˌ ˉˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ ˃ʷˍ˖ˉˇ 

ʶˁˋˁʰ˒ʺˌΦ ʅˍʹ ˋˎ˃ʲʰˍʽˁʺ ˈˊˎ˅ʹ ˋʹˊʱʴʴ˖˄Σ ʹ ˉʰˊʰ˃ˇˊ˒˖ˋʽʰˁʺ ʰˉˈˁˊʽˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ 

ʶˁˋˁʰ˒ʺˌ ʲʶ˂ˍʽ˗˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʰʴˁˎˊʾ˖˄ ˃ʶˍ˗ˉˇˎ ŦƛōŜǊƎƭŀǎǎ όˎʰ˂ˇ˄ʹ˃ʱˍ˖˄ύ ʺκˁʰʽ ˇ˃ˉˊʷ˂ʰ 

˃ʶˍʰ˂˂ʽˁ˗˄ ʵˇˁ˗˄ ˉˊˇˉˇˊʶʾʰˌΦ ʆʰ ʰʴˁˏˊʽʰ ˃ʶˍ˗ˉˇˎ ʶˉʽʵˊˇˏ˄ ˋˍˇ˄ ˉˎˊʺ˄ʰ ˉˊˇ˗ʻʹˋʹˌ ˖ˌ 

ˉʾʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹˌΥ ʶʾ˄ʰʽ ʶˉˇ˃ʷ˄˖ˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˈˍʰ˄ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʶʾ˄ʰʽ ʹ ʶˎˋˍʱʻʶʽʰ ˍˇˎ 

˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌΣ ʶ˄˗ ʹ ˇ˃ˉˊʷ˂ʰ ˃ʶˍʰ˂˂ʽˁ˗˄ ʵˇˁ˗˄ ˉˊˇˉˇˊʶʾʰˌ ʶʾ˄ʰʽ ˁʰˍʱ ʲʱˋʹ ˃ʷˍˊˇ 

ˉˊˇˋˍʰˋʾʰˌ ʴʽʰ ˍˇ ʰ˄ˎˉˇˋˍʺˊʽˁˍˇ ˍ˃ʺ˃ʰ ˍʹˌ ʶˁˋˁʰ˒ʺˌΦ ʆʰ ˃ʷˍˊʰ ˎˉˇˋˍʺˊʽ˅ʹˌ ˃ʶʽ˗˄ˇˎ˄ ˍʹ˄ 

ʷˁʻ˂ʽ˕ʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌΣ ˍʹ˄ ˉˊˇˋˏʴˁ˂ʽˋʹ ˁʰʽ ˍʹ˄ ʰˉˇˍˈ˄˖ˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌ 

ˁʰʽ ˍˇˎ ˉˎˊʺ˄ʰ ˉˊˇ˗ʻʹˋʹˌ ˉˊʽ˄ ˍʹ˄ ˍˇˉˇʻʷˍʹˋʹ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ 

ˉˊˇˁʰ˂ˇˏ˄ ʰˏ˅ʹˋʹ ˋˍʰ ˒ˇˊˍʾʰ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌΦ ʅˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˎˉʱˊ˔ˇˎ˄ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʶ˃ˉʶʽˊʽˁʷˌΣ ʰ˄ʰ˂ˎˍʽˁʷˌ ʺ ʰˊʽʻ˃ʹˍʽˁʷˌ ˃ʷʻˇʵˇʽ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˋˍʹ˄ 

ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ʺ ˍʹ˄ ˍʶ˂ʽˁʺ ʶˉʷ˄ʵˎˋʹΦ ʍˋˍˈˋˇΣ ˈ˂ʶˌ ˇʽ ˃ʷʻˇʵˇʽ ʵʶ˄ ˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ˍʹ˄ 

ʶˉʾʵˊʰˋʹ ˍ˖˄ ˃ʷˍˊ˖˄ ˎˉˇˋˍʺˊʽ˅ʹˌ ˍˇˎ ˃ʶˍ˗ˉˇˎ ˋˍʰ ˒ˇˊˍʾʰ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌΦ ɳˉˇ˃ʷ˄˖ˌΣ 

ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʶˊʴʰˋʾʰˌΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˍˊʽʵʽʱˋˍʰˍʶˌ ʰˊʽʻ˃ʹˍʽˁʷˌ 

ʰ˄ʰ˂ˏˋʶʽˌ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ˃ʹ˔ʰ˄ʽˋ˃ˇ  ˏˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˁʰʽ ˍʹˌ 

ˉˇˋˇˍʽˁˇˉˇʾʹ̀́  ̩ˍʹ̩ ʰˏ˅ʹˋʹ ̩ˋˍʰ ˒ˇˊˍʾʰ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˎ˄ʰˊˍʺˋʶʽ ˍ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ 

ˁʰʽ ʴʶ˖ˍʶ˔˄ʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄Φ 

 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄ ʴʽʰ ˍˇ ʶˏˊˇˌ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄ 

ʷʵʶʽ˅ʰ˄ ˈˍʽ ˍʰ ˒ˇˊˍʾʰ ˃ˉˇˊʶʾ ˄ʰ ʰˎ˅ʹʻˇˏ˄ ʷ˖ˌ ˁʰʽ ψπ Ϸ ʴʽʰ ( ς$ ςπ Í ˁʰʽ ʷ˖ˌ τπ Ϸ ʴʽʰ 

( υ$ υπ ÍΦ ʁʽ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ ʶʾ˄ʰʽ ʹ ˉʾʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ 

ˁʰʽ ʹ ʴ˖˄ʾʰ ˍˊʽʲʺˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏΣ ʹ ˇˉˇʾʰ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˎˉˇˋˍʹˊʽʴ˃ʷ˄ˇˎ ˃ʶˍ˗ˉˇˎ 

ʶˁˋˁʰ˒ʺˌ ʶˉʹˊʶʱʸʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ ʵʽʰˍ˃ʹˍʽˁʺ ʰ˄ˍˇ˔ʺ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˋˍʽˌ ʵˎ˄ʹˍʽˁʷˌ 

ʶˉʽ˒ʱ˄ʶʽʶˌ ʰˋˍˇ˔ʾʰˌΦ ɮ˄ˍʾʻʶˍʰΣ ˍˇ ˃ʷˍˊˇ ˉʰˊʰ˃ˇˊ˒˖ˋʽ˃ˈˍʹˍʰˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ʵʶ˄ ʶˉʹˊʶʱʸʶʽ 

ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ʴʽʰˍʾ ˁʰˍʱ ʲʱˋʹ ˁʰʻˇˊʾʸʶʽ ˍˇ ζʵˎ˄ʹˍʽˁˈ ˒ˇˊˍʾˇηΣ ʰ˂˂ʱ ʵʶ˄ 

ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ʰˉˇˍˈ˄˖ˋʹ ˃ˉˊˇˋˍʱ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌΦ ʁ ˊˈ˂ˇˌ ˍˇˎ ˏ˕ˇˎˌ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ 

ʶʾ˄ʰʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇˌ ˋˍˇˎˌ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ ÐȾʎȟ  ˁʰʽ ʎȾʎȟ  ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˊʴʰˋʾʰ ʴʽʰˍʾ ˇʽ ˍʽ˃ʷˌ ˍˇˎ ˂ˈʴˇˎ ÐȟȾÐ ȟ  ˉʰˊˇˎˋʽʱʸˇˎ˄ 

˃ʽˁˊʷˌ ʵʽʰ˒ˇˊʷˌ ʴʽʰ ˍˇ ʾʵʽˇ ʶˏˊˇˌ ʴʶ˖ˍʶ˔˄ʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄Φ ɶ ˋˎ˄ˇ˔ʺ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˃ˉˇˊʶʾ ˄ʰ 

ʵʽʰ˒ˇˊˇˉˇʽʶʾ ˍˇ ˂ˈʴˇ ÐȟȾÐ ȟ  ˋʶ ˃ʶʴʱ˂ˇ ʶˏˊˇˌ ʴʶ˖ˍʶ˔˄ʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ ʰ˂˂ʱ ʰ˄ ʰˉˇ˃ˇ˄˖ʻʶʾ 

ˍˇ ʁˏ ˊˇˌ ˁˇ˄ˍʱ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ʰˋˍʱʻʶʽʰ ̩ ˍˈˍʶ ˇ ˊˈ˂ˇˌ ˍʹˌ ˋˎ˄ˇ˔ʺˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ 

ˉʶˊʽˇˊʾʸʶˍʰʽΦ ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰΣ ˉˊˇˍʶʾ˄ʶˍʰʽ ʷ˄ʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ 

ʶˏˊˇˌ ˍˇˎ ˂ˈʴˇˎ ÐȟȾÐ ȟ  ʴʽʰ ˁʱʻʶ ˋˎ˄ʵˎʰˋ˃ˈ ˍ˖˄ ˋʹ˃ʰ˄ˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄Υ ʴ˖˄ʾʰ ˍˊʽʲʺˌ ˁʰʽ 



  ʃʶˊʾ˂ʹ˕ʹ 
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ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʹ ˉʾʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹˌ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌ ÐȾʎ . ʁʽ ˉʶˊʽˉˍ˗ˋʶʽˌ 

ʴʶ˖ˍʶ˔˄ʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ ʵʶ˄ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰ˄ ˃ʷˍˊʰ ˎˉˇˋˍʺˊʽ˅ʹˌ ˍˇˎ ˃ʶˍ˗ˉˇˎ 

ʶˁˋˁʰ˒ʺˌ ʵʶ˄ ʷ˔ˇˎ˄ ˋˎ˄ˎˉˇ˂ˇʴʽˋˍʶʾΦ 

 

ʆʰ ˋˏ˃ʲˇ˂ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˊʴʰˋʾʰ ʶʾ˄ʰʽΥ Ð : ˇ˂ˇ˃ʷˍ˖ˉʹ 

ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʹ ˉʾʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌ, Ð & Ð : ˍʶ˂ʽˁˈ ˒ˇˊˍʾˇ 

ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ˋʺˊʰʴʴʰˌ ʴʽʰ ˎˉˇˋˍʹˊʽʴ˃ʷ˄ˇ ˁʰʽ ʰ˄ˎˉˇˋˍʺˊʽˁˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ 

ˍʹˌ ˋʺˊʰʴʴʰˌ όˇ ʵʶʾˁˍʹˌ Ƴ ˉˊˇˋʵʽˇˊʾʸʶʽ ˍˇ ˃ʷˋˇ ˈˊˇ ˋˍʹ ʵʽʰˍˇ˃ʺ ˍʹˌ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌύ, 

ʎ  & ʎȟ : ˇˊʽʸˈ˄ˍʽʰ ˁʰʽ ˃ʷˋʹ ʴʶ˖ˋˍʰˍʽˁʺ ˍʱˋʹ ˋˍˇ ʶˉʾˉʶʵˇ ˍˇˎ ʵʽʰ˃ʺˁʹ ʱ˅ˇ˄ʰ ˍʹˌ ˋʺˊʰʴʴʰˌ, 

ʎ: h ˄ˍˇ˔ʺ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˋʶ ʰ˄ʶ˃ˉˈʵʽˋˍʹ ʻ˂ʾ˕ʹ. 

 
ʃʾ˄ʰˁʰˌΥ ʃˊˇˍʶʽ˄ˈ˃ʶ˄ʰ ʶˏˊʹ ˍʽ˃˗˄ ʴʽʰ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ˋʺˊʰʴʴʰˌ όǇs,m/p us,m)  

˂ˈʴ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˃ʷˍˊ˖˄ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌ 

 

H=2D=20 m H=5D=50 m 

˒Ґнл
ˇ
 ˒Ґнр

ˇ
 ˒Ґол

ˇ
 ˒Ґор

ˇ
 ˒Ґнр

ˇ
 ˒Ґол

ˇ
 ˒Ґор

ˇ
 

ps,m/pus,m ps,m/pus,m ps,m/pus,m ps,m/pus,m ps,m/pus,m ps,m/pus,m ps,m/pus,m 

pfsκh̀o=0.10 1.00-1.10 1.10-1.15 1.10-1.20 1.20-1.25 1.10-1.20 1.10-1.25 1.15-1.35 

pfsκh̀o=0.20 1.10-1.20 1.20-1.30 1.25-1.35 1.35-1.45 1.20-1.30 1.25-1.40 1.30-1.50 

pfsκh̀o=0.40 1.25-1.35 1.35-1.45 1.45-1.60 1.55-1.70 
 

pfsκh̀o=0.50 1.30-1.40 1.45-1.55 1.55-1.70 1.60-1.80 
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Abstract 

 

Face treatment measures are often used in tunnelling through weak formations in order to 

improve the face stability conditions, limit stress release (deconfinement) in front of the tunnel 

and thus reduce surface settlements in case of shallow tunnels and the interaction between the 

two branches in case of twin tunnels. In mechanized tunnelling using Earth Pressure Balance 

Machine (EPB) or Slurry Shield Tunnel Boring Machine (TBM), this is achieved by the pressure 

exerted on the excavation face. In conventional tunnelling, the behaviour of the tunnel face is 

often improved by fibreglass nails or/and forepole umbrella. Face nailing acts on the advance core 

as a retaining pressure; it is therefore very efficient when face stability is the problem and 

forepole umbrella is mainly a protective measure for the unsupported span of the tunnel. Face 

treatment measures decrease face extrusion, pre - convergence and deconfinement before the 

installation of the temporary support, and thus result in an increase of the loads on the support 

shell. Different methods can be found in the literature for estimating the loads on the temporary 

support or final lining based on empirical, analytical and numerical methods. Yet, all these 

approaches do not take into account the effect of face treatment on the loading of the support 

shell. Therefore, in the frame of this thesis, a set of 3D numerical analyses has been carried out 

aiming to describe the mechanism of this phenomenon and quantify the increase of the tunnel 

loads as a function of the geometrical and geotechnical parameters. 

 

The numerical analyses results showed that, for the examined range of cases, the tunnel loads can 

be increased up to ψπ Ϸ for ( ς$ ςπ Í and up to τπ Ϸ for ( υ$ υπ Í. The most 

significant parameters are the face pressure and the geomaterial friction angle, which in the case 

of the supported tunnel face affects significantly the shear stress that is developed on the 

potential failure surfaces. On the contrary, geomaterial deformation modulus does not affect 

ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǘƘŜ ƭƻŀŘ ƛƴŎǊŜŀǎŜ ǎƛƴŎŜ ƛǘ Ƴŀƛƴƭȅ ŎƻƴǘǊƻƭǎ ǘƘŜ άƭƻŀŘ ǇƻǘŜƴǘƛŀƭέ ŀƴŘ ƴƻǘ ǘƘŜ 

deconfinement in front of the excavation face. The role of the overburden height is incorporated 

in the normalized factors ÐȾʎȟ  and ʎȾʎȟ  that are used in the thesis since the values of the 

ratio ps,m/pus,m are very close for the same range of geotechnical conditions. The geomaterial 

cohesion may differentiate the ratio ÐȟȾÐ ȟ  in a large range of geotechnical conditions, but if 

the range close to instability is isolated then its role is reduced. Taking into account the 

aforementioned, a represenative range for the ÐȟȾÐ ȟ  ratio is proposed for every combination 

of the significant parameters: friction angle and normalized face pressure ÐȾʎ . The cases of 

favourable geotechnical conditions where face treatment would not be used have not been co - 

evaluated. 

 

The symbols that are used in the thesis are Ð : tunnel face support pressure, Ð & Ð : final tunnel 

load for supported & unsupported tunnel face (the subscript Í indicates the average around the 

section), ʎ  & ʎȟ : horizontal & mean geostatic stress before the excavation at the level of the 

tunnel center, ʎ: geomaterial uniaxial compressive strength. 
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Table: Proposed ranges of values for the tunnel load increase on the temporary support (ps,m/p us,m)  

due to tunnel face support 

Normalized 

Face 

Pressure 

H=2D=20 m H=5D=50 m 

˒Ґнл
ˇ
 ˒Ґнр

ˇ
 ˒Ґол

ˇ
 ˒Ґор

ˇ
 ˒Ґнр

ˇ
 ˒Ґол

ˇ
 ˒Ґор

ˇ
 

ps,m/pus,m ps,m/pus,m ps,m/pus,m ps,m/pus,m ps,m/pus,m ps,m/pus,m ps,m/pus,m 

pfsκh̀o=0.10 1.00-1.10 1.10-1.15 1.10-1.20 1.20-1.25 1.10-1.20 1.10-1.25 1.15-1.35 

pfsκh̀o=0.20 1.10-1.20 1.20-1.30 1.25-1.35 1.35-1.45 1.20-1.30 1.25-1.40 1.30-1.50 

pfsκh̀o=0.40 1.25-1.35 1.35-1.45 1.45-1.60 1.55-1.70 
 

pfsκh̀o=0.50 1.30-1.40 1.45-1.55 1.55-1.70 1.60-1.80 
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1. ɳʽˋʰʴ˖ʴʺ 
 

ɶ ʵʽʱ˄ˇʽ˅ʹ ˋʺˊʰʴʴʰˌ ˉˊˇˁʰ˂ʶʾ ˃ʶˍʰʲˇ˂ʷˌ ˋˍˇ ʶ˄ˍʰˍʽˁˈ ˁʰʽ ˉʰˊʰ˃ˇˊ˒˖ˋʽʰˁˈ ˉʶʵʾˇ ˍˇˎ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʴʶ˖ˎ˂ʽˁˈ ˋˍʹ ʵʽʰˍˇ˃ʺ ˍʹˌ ʶˁˋˁʰ˒ʺˌ ˁʰʽ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˂ˈʴ˖ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˍʹˌ ʵʽʱ˄ˇʽ˅ʹˌ ˋˎ˄ˍʶ˂ʶʾˍʰʽ ʰ˄ʰˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˍʱˋʶ˖˄ ˋˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˉˇˎ ʷ˔ʶʽ ʶˁˋˁʰ˒ʻʶʾ ˁʰʽ ˎˉˇˋˍʹˊʽ˔ʻʶʾ ˉʾˋ˖ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌ ˁʰʽ 

ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ˉˊˇˋˍʱ ˁʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌΦ ɶ ˋˎ˄ʷˉʶʽʰ ˍʹˌ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˃ʶˍʰʲˇ˂ʺˌ ˋˍˇ ʶ˄ˍʰˍʽˁˈ ˉʶʵʾˇ ʶʾ˄ʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ˁʰʽ ˋˍʽˌ ʵˏˇ 

ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌ ˉʶˊʽˇ˔ʷˌΦ ɰʰˋʽˁˈ ˋˍˇʽ˔ʶʾˇ ʵʽʶˊʶˏ˄ʹˋʹˌ ˋˍʹ ʵʽʱ˄ˇʽ˅ʹ ˋʹˊʱʴʴ˖˄ ʶʾ˄ʰʽ ʹ 

ʶˁˍʾ˃ ʹˋʹΣ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˁʰʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ 

ˋʺˊʰʴʴʰˌΦ ʍˋˍˈˋˇΣ ˇʽ ˃ʷʻˇʵˇʽ ʶˁˍʾ˃ʹˋʹˌΣ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˁʰʽ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˋˍʹ˄ 

ʱ˃ʁˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ˋʺˊʰʴʴʰˌ ʵʶ˄ ˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍ˖˄ ˃ʷˍˊ˖˄ 

ˎˉˇˋˍʺˊʽ˅ʹˌκʰ˄ˍʽˋˍʺˊʽ˅ʹˌ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌΦ ɳˉˇ˃ʷ˄˖ˌΣ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ 

ʶˊʴʰˋʾʰˌΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˍˊʽʵʽʱˋˍʰˍʶˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ 

˃ʹ˔ʰ˄ʽˋ˃ˇˏ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˁʰʽ ˍʹˌ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹˌ ˍʹˌ ʰˏ˅ʹˋʹˌ ˋˍʰ ˒ˇˊˍʾʰ 

ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˎ˄ʰˊˍʺˋʶʽ ˍ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˁʰʽ ʴʶ˖ˍʶ˔˄ʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄Φ 

 

ʆʰ ˃ʷˍˊʰ ˎˉˇˋˍʺˊʽ˅ʹˌ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ ʵʽʱ˄ˇʽ˅ʹ ˋʹˊʱʴʴ˖˄ ˋʶ 

ʰˋʻʶ˄ʺ ʴʶ˖ˎ˂ʽˁʱΣ ˗ˋˍʶ ˄ʰ ʲʶ˂ˍʽ˗ˋˇˎ˄ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ʶˎˋˍʱʻʶʽʰˌ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌΣ ˄ʰ 

ˉʶˊʽˇˊʾˋˇˎ˄ ˍʹ˄ ʰˉˇˍˈ˄˖ˋʹ ˃ˉˊˇˋˍʱ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ˄ʰ ˃ʶʽ˗ˋˇˎ˄ ˍʽˌ 

ˁʰʻʽʸʺˋʶʽˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰʲʰʻ˗˄ ˋʹˊʱʴʴ˖˄Σ ˄ʰ ˉʶˊʽˇˊʾˋˇˎ˄ ˍˇ ʶˏˊˇˌ ˍʹˌ 

ˉ˂ʰˋˍʽˁʺˌ ʸ˗˄ʹˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ˄ʰ ˃ʶʽ˗ˋˇˎ˄ ˍʹ˄ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ʵˏˇ ˁ˂ʱʵ˖˄ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʵʾʵˎ˃˖˄ ˋʹˊʱʴʴ˖˄ ˁʰʽ ˄ʰ ˃ʶʽ˗ˋˇˎ˄ ˍʹ ʵʽʶˁˍˊˇˉʽˁʺ ˍʱˋʹ 

ˉʰˊʶ˃ˉˇʵʾʸˇ˄ˍʰˌ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄ʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ όˍˇ˄ ʶˊˉˎˋ˃ˈύ ˍˇˎ 

ʴʶ˖ˎ˂ʽˁˇˏΦ ʅˍʹ ˃ʹ˔ʰ˄ʽˁʺ ˈˊˎ˅ʹ ˋʹˊʱʴʴ˖˄ ˃ʶ ˍʹ ˔ˊʺˋʹ 9ŀǊǘƘ tǊŜǎǎǳǊŜ .ŀƭŀƴŎŜ aŀŎƘƛƴŜ ό9t.ύ ʺ 

{ƭǳǊǊȅ {ƘƛŜƭŘ ¢ǳƴƴŜƭ .ƻǊƛƴƎ aŀŎƘƛƴŜ ό¢.aύΣ ˍʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˉʾʶˋʹ 

ˎˉˇˋˍʺˊʽ˅ʹˌ ˉˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌΦ ʅˍʹ ˋˎ˃ʲʰˍʽˁʺ ˈˊˎ˅ʹ ˋʹˊʱʴʴ˖˄Σ ʹ 

ˉʰˊʰ˃ˇˊ˒˖ˋʽʰˁʺ ʰˉˈˁˊʽˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌ ʲʶ˂ˍʽ˗˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʰʴˁˎˊʾ˖˄ 

˃ʶˍ˗ˉˇˎ ŦƛōŜǊƎƭŀǎǎ όˎʰ˂ˇ˄ʹ˃ʱˍ˖˄ύ ʺκˁʰʽ ˇ˃ˉˊʷ˂ʰ ˃ʶˍʰ˂˂ʽˁ˗˄ ʵˇˁ˗˄ ˉˊˇˉˇˊʶʾʰˌΦ ʆʰ ʰʴˁˏˊʽʰ 

˃ʶˍ˗ˉˇˎ ʶˉʽʵˊˇˏ˄ ˋˍˇ˄ ˉˎˊʺ˄ʰ ˉˊˇ˗ʻʹˋʹˌ ˖ˌ ˉʰʻʹˍʽˁʺ ˉʾʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹˌΥ ʶʾ˄ʰʽ ʶˉˇ˃ʷ˄˖ˌ 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˈˍʰ˄ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʶʾ˄ʰʽ ʹ ʶˎˋˍʱʻʶʽʰ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌΣ ʶ˄˗ ʹ ˇ˃ˉˊʷ˂ʰ 

˃ʶˍʰ˂˂ʽˁ˗˄ ʵˇˁ˗˄ ˉˊˇˉˇˊʶʾʰˌ ʶʾ˄ʰʽ ˁʰˍʱ ʲʱˋʹ ˃ʷˍˊˇ ˉˊˇˋˍʰˋʾʰˌ ʴʽʰ ˍˇ ʰ˄ˎˉˇˋˍʺˊʽˁˍˇ ˍ˃ʺ˃ʰ 

ˍʹˌ ʶˁˋˁʰ˒ʺˌ: ʶˉʽʵˊʱ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ˍʱˋʹ ˉˇˎ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˉʰˊʰ˂ʱʲʶʽ ˇ ˉˎˊʺ˄ʰˌ 

ˉˊˇ˗ʻʹˋʹˌΦ ʆʰ ˃ʷˍˊʰ ˎˉˇˋˍʺˊʽ˅ʹˌ ˃ʶʽ˗˄ˇˎ˄ ˍʹ˄ ʷˁʻ˂ʽ˕ʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌΣ ˍʹ˄ 

ˉˊˇ̀ˏ ʴˁ˂ʽˋʹ ˁʰʽ ˍʹ˄ ʰˉˇˍˈ˄˖ˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌ ˁʰʽ ˍˇˎ ˉˎˊʺ˄ʰ ˉˊˇ˗ʻʹˋʹˌ ˉˊʽ˄ ˍʹ˄ 

ˍˇˉˇʻʷˍʹˋʹ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ˉˊˇˁʰ˂ˇˏ˄ ʰˏ˅ʹˋʹ ˋˍʰ ˒ˇˊˍʾʰ ˍʹˌ ʱ˃ʶˋʹˌ 

ˎˉˇˋˍʺˊʽ˅ʹˌ. 

 

ɱʽʰ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹˌ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˍʹˌ ˋʺˊʰʴʴʰˌ 

ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˃ʷˍˊ˖˄ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˍˊʽʵʽʱˋˍʰˍʶˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌΦ ʁʽ ˍˊʽʵʽʱˋˍʰˍʶˌ ʰˊʽʻ˃ʹˍʽˁʷˌ 
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ʰ˄ʰ˂ˏˋʶʽˌ ˉˊˇˍʽ˃ʺʻʹˁʰ˄ ʴʽʰˍʾ ˉˊˇˋˇ˃ˇʽ˗˄ˇˎ˄ ˃ʶ ʶˉʱˊˁʶʽʰ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˍˊʽʰ˅ˇ˄ʽˁʺˌ ʶ˄ˍʰˍʽˁʺˌ 

ˁʰˍʱˋˍʰˋʹˌ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ ˁˇ˄ˍʱ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌ ˁʰʽ ˍʹ˄ ˉˊˇˇʵʶˎˍʽˁʺ 

˃ʶˍʱʲʰˋʹ ˋˍʽˌ ˋˎ˄ʻʺˁʶˌ ʶˉʾˉʶʵʹˌ ʶ˄ˍʰˍʽˁʺˌ ˁʰˍʱˋˍʰˋʹˌ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ ˃ʰˁˊʽʱ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ 

ʶˁˋˁh ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˉˊˇˋˇ˃ˇʽ˗˄ˇˎ˄ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ˍʹ˄ ʰˉˇˍˈ˄˖ˋʹΣ ˍʹ˄ 

ˉʰˊʰ˃ˇˊ˒˖ˋʽʰˁʺ ʰˉˈˁˊʽˋʹ ˁʰʽ ˍʹ˄ ʰ˄ʰˁʰˍʰ˄ˇ˃ʺ ˍʱˋʶ˖˄ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˉˇˎ 

ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱ˄ˇʽ˅ʹ ˍʹˌ ˋʺˊʰʴʴʰˌ ˁʰʽ ˍʹ˄ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˍ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ 

˒ʰʽ˄ˇ˃ʷ˄˖˄Φ ɳˉʽˉˊˈˋʻʶˍʰΣ ˋˎ˄ʶˁˍʽ˃ˇˏ˄ ˁʰʽ ʶ˄ˋ˖˃ʰˍ˗˄ˇˎ˄ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍʹˌ ˉʰˊʰ˃ˇˊ˒˖ˋʽʰˁʺˌ 

ʰˉˈˁˊʽˋʹˌ ˍˇˎ ˃ʶˍ˗ˉˇˎ ʶˁˋˁʰ˒ʺˌ όʷˁʻ˂ʽ˕ʹύ ˁʰʽ ˍˇˎ ˉˎˊʺ˄ʰ ˉˊˇ˗ʻʹˋʹˌ όˉˊˇˋˎʴˁ˂ʾˋʶʽˌύ ˍʹˌ 

ˋʺˊʰʴʴʰˌ ˉˇˎ ˁʰʻˇˊʾʸʶʽ ˍʽˌ ˋˎʴˁ˂ʾˋʶʽˌ όʰˁˍʽ˄ʽˁʷˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌύ ˁʰʽ ˍʰ ˒ˇˊˍʾʰ ˋˍʹ˄ ʱ˃ʶˋʹ 

ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ˋʺˊʰʴʴʰˌΦ ɳʽʵʽˁˈˍʶˊʰΣ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ʵʽʶˊʶˎ˄ʺʻʹˁʶ ʹ 

ʶˁˍʷ˂ʶˋʹ ˍˊʽʵʽʱˋˍʰˍ˖˄ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄ ʻʶ˖ˊʺʻʹˁʶ ʶˉʽʲʶʲ˂ʹ˃ʷ˄ʹΣ ˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʹ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˃ʷˍˊ˖˄ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌΦ ʆʰ 

˃ʷˍˊʰ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌ ˉˇˎ ʵʽʶˊʶˎ˄ʺʻʹˁʰ˄ ʶʾ˄ʰʽΥ 

 

V ʹ ʶ˒ʰˊ˃ˇʴʺ ˇ˂ˇ˃ʷˍ˖ˉʹˌ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʹˌ ˉʾʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ 

ό˃ʹ˔ʰ˄ʽˁʺ ˈˊˎ˅ʹ ˋʹˊʱʴʴ˖˄ ˃ʶ 9t.ύ 

 

V ʹ ̔ˋˇʵˏ˄ʰ˃ʹ ˉʾʶˋʹ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˂ˈʴ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ 

ʰʴˁˎˊʾ˖˄ ŦƛōŜǊƎƭŀǎǎ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ όˋˎ˃ʲʰˍʽˁʺ ˈˊˎ˅ʹ ˋʹˊʱʴʴ˖˄ύ 

 

 



ɼʶ˒ʱ˂ʰʽˇ нˇ  ɾʹ˔ʰ˄ʽˁʺ ˍ˖˄ ʅʹˊʱʴʴ˖˄ 

3 
 

 

2. ɾʹ˔ʰ˄ʽˁʺ ˍ˖˄ ʅʹˊʱʴʴ˖˄ 
 

ɶ ʵʽʱ˄ˇʽ˅ʹ ˋʺˊʰʴʴʰˌ ˉˊˇˁʰ˂ʶʾ ˃ʶˍʰʲˇ˂ʷˌ ˋˍˇ ʶ˄ˍʰˍʽˁˈ ˁʰʽ ˉʰˊʰ˃ˇˊ˒˖ˋʽʰˁˈ ˉʶʵʾˇ ˍˇˎ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʴʶ˖ˎ˂ʽˁˈ ˋˍʹ ʵʽʰˍˇ˃ʺ ˍʹˌ ʶˁˋˁʰ˒ʺˌ ˁʰʽ ˋˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˂ˈʴ˖ ˍʹˌ ʵʽʱ˄ˇʽ˅ʹˌ ˋʺˊʰʴʴʰˌ ˋˎ˄ˍʶ˂ʶʾˍʰʽ ʰ˄ʰˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˍʱˋʶ˖˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ 

ˉˇˎ ʷ˔ʶʽ ʶˁˋˁʰ˒ʻʶʾ ˁʰʽ ˎˉˇˋˍʹˊʽ˔ʻʶʾ ˉʾˋ˖ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌ ˁʰʽ ˋˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˃ˉˊˇˋˍʱ ˁʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌΦ ɶ ˋˎ˄ʷˉʶʽʰ ˍʹˌ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˃ʶˍʰʲˇ˂ʺˌ ˋˍˇ ʶ˄ˍʰˍʽˁˈ ˉʶʵʾˇ ʶʾ˄ʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ˁʰʽ ˋˍʽˌ ʵˏˇ 

ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌ ˉʶˊʽˇ˔ʷˌΦ ɰʰˋʽˁˈ ˋˍˇʽ˔ʶʾˇ ʵʽʶˊʶˏ˄ʹˋʹˌ ˋˍʹ ʵʽʱ˄ˇʽ˅ʹ ˋʹˊʱʴʴ˖˄ ʶʾ˄ʰʽ ʹ 

ʶˁˍʾ˃ʹˋʹΣ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌΣ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ˋʺˊʰʴʴʰˌ. 

 

2.1. ʊˇˊˍʾʰ ˋˍʹ˄ ɯ˃ʶˋʹ ʇˉˇˋˍʺˊʽ˅ʹ ˍʹ ̩ʅ̋ ˊʰʴʴʰˌ 
 

ʁʽ ˃ʷʻˇʵˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ˋʺˊʰʴʴʰˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ 

ʶ˃ˉʶʽˊʽˁʷˌ ˃ʶʻˈʵˇˎˌΣ ʰ˄ʰ˂ˎˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˒ˇˊˍʾʸˇ˄ˍˇˌ ˋˍʶˊʶˇˏΣ ʰ˄ʰ˂ˎˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ 

ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ʴʶ˖ˎ˂ʽˁˇˏ - ˎ ˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ʰˊʽʻ˃ʹˍʽˁʷˌ ˃ʶʻˈʵˇˎˌΦ 

 

2.1.1. ɳ˃ˉʶʽˊʽˁʷˌ ɾʷʻˇʵˇʽ 
 

ʁʽ ʶ˃ˉʶʽˊʽˁʷˌ ˃ʷʻˇʵˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ˋʺˊʰʴʴʰˌ 

ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ʴʽʰ ʵʽʱ˄ˇʽ˅ʹ ˋʺˊʰʴʴʰˌ ˋʶ ʲˊʰ˔˗ʵʶʽˌ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˁʰʽ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˉˇʽˇˍʽˁʺ 

ˉʶˊʽʴˊʰ˒ʺΣ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˁʰʽ ˍˇ ˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˍˇˎ ʲˊʰ˔˗ʵˇˎˌ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏΦ ʁʽ ˋˎˋ˔ʶˍʾˋʶʽˌ 

ˉˇˎ ˉˊˇˍʶʾ˄ˇ˄ˍʰʽ ʷ˔ˇˎ˄ ˉˊˇˁˏ˕ʶʽ ʰˉˈ ʶˉʾ ˍˈˉˇˎ ˉʰˊʰˍʹˊʺˋʶʽˌ ˁʰʽ ʶˉʾ ˍˈˉˇˎ ˃ʶˍˊʺˋʶʽˌ ˍʱˋʶ˖˄ 

ˁʰʽ ˉʰˊʷ˔ˇˎ˄ ʽˁʰ˄ˇˉˇʽʹˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˎˉˈ ˍʹ˄ ˉˊˇːˉˈʻʶˋʹ ˈˍʽ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ʴʶ˖˂ˇʴʽˁʷˌ 

ˁʰʽ ʴʶ˖ˍʶ˔˄ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ˋˎʴˁ˂ʾ˄ˇˎ˄ ˃ʶ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ 

ʲʰʻ˃ˇ˄ˈ˃ʹˋʺ ˍˇˎˌΦ ɾʶ ʲʱˋʹ ˍˇˎˌ 9ƛƴǎǘŜƛƴ Ŝǘ ŀƭΦ όмфтфύ ˇʽ ʶ˃ˉʶʽˊʽˁʷˌ ˃ʷʻˇʵˇʽ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ 

ˉˇʽˇˍʽˁʷˌ ό¢ŜǊȊŀƎƘƛ мфпсύ ˁʰʽ ˉˇˋˇˍʽˁʷˌ ό5ŜŜǊŜ Ŝǘ ŀƭΦ мфсф ŀƴŘ мфтлΣ .ŀǊǘƻƴ Ŝǘ ŀƭΦ мфтпΣ ²ƛŎƪƘŀƳ 

Ŝǘ ŀƭΦ мфтпΣ ¦ƴŀƭ мфуоύ ˃ʶ ˁˊʽˍʺˊʽˇ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ 

ˍˇˎ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏΦ 

 

2.1.2. ɮ˄ʰ˂ˎˍʽˁʷˌ ɾʷʻˇʵˇʽ ʊˇˊˍʾʸˇ˄ˍˇˌ ʅˍʶˊʶˇˏ 
 

ʁʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˃ʷʻˇʵˇʽ ˒ˇˊˍʾʸˇ˄ˍˇˌ ˋˍʶˊʶˇˏ ʰˉˇˍʶ˂ˇˏ˄ ˉʽˇ ˃ʹ˔ʰ˄ʽˋˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˍˇˎ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ˋʺˊʰʴʴʰˌ ˁʰʽ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʽˌ ʶ˅ʽˋ˗ˋʶʽˌ 

ʽˋˇˊˊˇˉʾʰˌ ʶ˄ˈˌ ˋˍʶˊʶˇˏ ˋ˗˃ʰˍˇˌ ʴʶ˖ˎ˂ʽˁˇˏΣ ˉʱ˄˖ ʰˉˈ ˍʹ ʵʽʰˍˇ˃ʺ ˍʹˌ ʶˁˋˁʰ˒ʺˌ ˍʹˌ 

ˋʺˊʰʴʴʰˌΦ ʁʽ ʲʰˋʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ ˍ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˃ʶʻˈʵ˖˄ ʶʾ˄ʰʽ ʹ ʶˉʾʵˊʰˋʹ ˍˇˎ ˏ˕ˇˎˌ ˍ˖˄ 

ˎˉʶˊˁʶʽ˃ʷ˄˖˄ ˁʰʽ ʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ˒ˇˊˍʾʸˇ˄ˍˇˌ ˋˍʶˊʶˇˏΦ ʁʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ʷʻˇʵˇʽ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ 

ˋʶ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΥ όƛύ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ˍˇ ˏ˕ˇˌ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ (Bierbaumer 

мфмоΣ aŀƛƭƭŀǊǘ мфноΣ 9ǎȊǘƻ мфофΣ ¢ŜǊȊŀƎƘƛ мфпоΣ .ŀƭƭŀ мфсоύ ˋˍʽˌ ˇˉˇʾʶˌ ˍʰ ˒ˇˊˍʾʰ ˉˊˇˁˏˉˍˇˎ˄ ˖ˌ 

ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ʰˊ˔ʽˁˇˏ όʴʶ˖ˋˍʰˍʽˁˇˏύ ʶ˄ˍʰˍʽˁˇˏ ˉʶʵʾˇˎ ˁʰʽ όƛƛύ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ˉˇˎ ʵʶ˄ 

˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ˍˇ ˏ˕ˇˌ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ ό9ƴƎŜǎǎŜǊ муунΣ CƻǊchheimer 1882, Kommerel 1912, 
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Protodyakonov 1948, Szechy мфсоΣ мфсс ŀƴŘ мфтлύ ˋˍʽˌ ˇˉˇʾʶˌ ʹ ˒ˈˊˍʽˋʹ ʻʶ˖ˊʶʾˍʰʽ ʰ˄ʶ˅ʱˊˍʹˍʹ 

ˍˇˎ ˏ˕ˇˎˌ ˎˉʶˊˁʶʽ˃ʷ˄˖˄ ˁʰʽ ˍʰ ˒ˇˊˍʾʰ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ ʰ˄ʹʴ˃ʷ˄ˇ ʲʱˊˇˌ ˎˉʶˊˁʶʾ˃ʶ˄ˇˎ 

ˋˍʶˊʶˇˏ ʴʶ˖ˎ˂ʽˁˇˏΣ ʴʶ˄ʽˁʱ ˉʰˊʰʲˇ˂ʽˁˇˏ ˋ˔ʺ˃ʰˍˇˌΦ ʁʽ ˋˎ ʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ʷʻˇʵˇʽ ˉˇˎ ʶ˄ˍʱˋˋˇ˄ˍʰʽ 

ˋˍʹ ʵʶˏˍʶˊʹ ˁʰˍʹʴˇˊʾʰ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ˁˇˁˁ˗ʵʹΣ ˃ʹ ˋˎ˄ʶˁˍʽˁʱ ʴʶ˖ˎ˂ʽˁʱ ˋˍʰ ˇˉˇʾʰ 

ʶ˄ʶˊʴˇˉˇʽʶʾˍʰʽ ʹ ˍˊʽʲʺ ˋˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˇ˂ʾˋʻʹˋʹˌ ʰˉˈ ˍʹ˄ ˉʰˊʰ˃ˇˊ˒˖ˋʽʰˁʺ ʰˉˈˁˊʽˋʹ ˉˇˎ 

ˉˊˇˁʰ˂ʶʾˍʰʽ ˂ˈʴ˖ ˍʹˌ ʵʽʱ˄ˇʽ˅ʹˌΦ 

 

2.1.2.1. ɾʷʻˇʵˇˌ ɿʶˁˊˇˏ ʊˇˊˍʾˇˎ ˁ ʰʽ ʃ˂ʰˋˍʽˁʺˌ ɵ˗˄ʹˌ 
 

ʁʽ ʊˇˊˍˋʱˁʹˌ Ŝǘ ŀƭΦ όнллсύ ˁʰʽ ˇʽ ʊˇˊˍˋʱˁʹˌ ˁʰʽ ɼʰʲʲʰʵʱˌ όнлмлύ ˉʰˊˇˎˋʾʰˋʰ˄ ˍʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ 

ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʽˌ ˋʺˊʰʴʴʶˌ ˍʹˌ ɳʴ˄ʰˍʾʰˌ ʁʵˇˏ ˋˍʹ˄ ˇˉˇʾʰ ˎʽˇʻʶˍʺʻʹˁʶ ʹ ˃ʷʻˇʵˇˌ ˍˇˎ 

˄ʶˁˊˇˏ ˒ˇˊˍʾˇˎ ˍʹˌ ˉ˂ʰˋˍʽˁʺˌ ʸ˗˄ʹˌΦ ɾʶ ʲʱˋʹ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ˍˇ 

˒ˇˊˍʾˇ ˉˇˎ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˉʰˊʰ˂ʱʲʶʽ ʹ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ʶʾ˄ʰʽ ˍˇ ʰ˄ʹʴ˃ʷ˄ˇ ʲʱˊˇˌ ˍˇˎ 

ʴʶ˖ˎ˂ʽˁˇˏ ʶ˄ˍˈˌ ˍʹˌ ˉ˂ʰˋˍʽˁʺˌ ʸ˗˄ʹˌΦ ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˋˎ˄ʽˋˍʱ ˎʲˊʽʵʽˁʺ ˃ʷʻˇʵˇ 

ζ˒ˇˊˍʾʸˇ˄ˍˇˌ ˋˍʶˊʶˇˏη ˁʰʽ ζʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ʴʶ˖ˎ˂ʽˁˇˏ - ˎˉˇˋˍʺˊʽ˅ʹˌη ʴʽʰˍʾ ˉˊˇˋˉʰʻʶʾ ˄ʰ 

ˉˊˇˋʶʴʴʾˋʶʽ ˇˊʻˇ˂ˇʴʽˁʱ ˍʹ ˃ʱʸʰ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˉˇˎ ˒ˇˊˍʾʸʶʽ ˍʹ ˋʺˊʰʴʴʰΣ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ˈ˂ʶˌ ˇʽ 

ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌ ˃ʷʻˇʵˇʽ ˎʽˇʻʶˍˇˏ˄ ʰˎʻʰʾˊʶˍʶˌ ˃ʹ˔ʰ˄ʽˋˍʽˁʷˌ ˉʰˊʰʵˇ˔ʷˌ ˖ˌ ˉˊˇˌ ˍˇ ˋ˔ʺ˃ʰ ˁʰʽ 

ˍˇ ʶˏˊˇˌΦ 

 

 
ʅ˔ʺ˃ʰ 2.1Υ ɼʰ˃ˉˏ˂ʹ ˋˏʴˁ˂ʽˋʹˌ - h ˉˇˍˈ˄˖ˋʹˌ ˁʰʽ ˁʰ˃ˉˏ˂ʹ ˄ʶˁˊˇˏ ˒ˇˊˍʾˇˎ ˉ˂ʰˋˍʽˁʺˌ ʸ˗˄ʹˌ όʊˇˊˍˋʱˁʹˌ нлмнύ 

 

ʅˍˇ ʅ˔ʺ˃ʰ 2.1 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˁʰ˃ˉˏ˂ʹ ˋˏʴˁ˂ʽˋʹˌ - ʰˉˇˍˈ˄˖ˋʹˌ ʶ˂ʰˋˍʽˁˇˏ - ʰˉˇ˂ˏˍ˖ˌ 

ˉ˂ʰˋˍʽˁˇˏ ʴʶ˖ˎ˂ʽˁˇˏ ˁʰʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˁʰ˃ˉˏ˂ʹ ˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ˒ˇˊˍʾˇˎ ˍʹˌ ˃ʶʻˈʵˇˎ ˍˇˎ ˄ʶˁˊˇˏ 

˒ˇˊˍʾˇˎΦ ɾʶ ʲʱˋʹ ˍʹ ʻʶ˖ˊʾʰ ˍ˖˄ ˁʰ˃ˉˎ˂˗˄ ˋˏʴˁ˂ʽˋʹˌ - ʰˉˇˍˈ˄˖ˋʹˌ ʹ ʰˏ˅ʹˋʹ ˍ˖˄ ʰˁˍʽ˄ʽˁ˗˄ 

˃ʶˍʰˍˇˉʾˋʶ˖˄Σ ˇʵʹʴʶʾ ˋʶ ʰˏ˅ʹˋʹ ˍʹˌ ʰˉˇˍˈ˄˖ˋʹˌ ˁʰʽ ˍˇˎ ʶˏˊˇˎˌ ˍʹˌ ˉ˂ʰˋˍʽˁʺˌ ʸ˗˄ʹˌΣ ʰ˂˂ʱ ˋʶ 
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˃ʶʾ˖ˋʹ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹΦ ɳˉˇ˃ʷ˄˖ˌΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ʶ˃˒ʰ˄ʷˌ ˁʰʽ ʰˉˈ ˍˇ ʅ˔ʺ˃ʰ 

2.1Σ ʹ ˂ˇʴʽˁʺ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ʰ˄ˍʽˍʾʻʶˍʰʽ ˋʶ ʲʰˋʽˁʷˌ ʰˊ˔ʷˌ ˍʹˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˍ˖˄ 

ˋʹˊʱʴʴ˖˄Σ ʴʽʰˍʾ ˃ʶʾ˖ˋʹ ˍʹˌ ʰˉˇˍˈ˄˖ˋʹˌ ό˃ʶʾ˖ˋʹ ʲʺ˃ʰˍˇˌ ʶˁˋˁʰ˒ʺˌΣ ˍˇˉˇʻʷˍʹˋʹ ˃ʷˍˊ˖˄ ˉˊˇ - 

ˎ̄ ˇˋˍʺˊʽ˅ʹˌύ ˇʵʹʴʶʾ ˋʶ ˃ʶʾ˖ˋʹ ˍˇˎ ʶˏˊˇˎˌ ˍʹˌ ˉ˂ʰˋˍʽˁʺˌ ʸ˗˄ʹˌΣ ʱˊʰ ˁʰʽ ˋʶ ˃ʶʾ˖ˋʹ ˍ˖˄ ˒ˇˊˍʾ˖˄ 

ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ. 

ɶ ˒ʽ˂ˇˋˇ˒ʾʰ ˍʹˌ ˃ʶʻˈʵˇˎ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˊʶʰ˂ʽˋˍʽˁʺΣ ˃ˈ˄ˇ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʵʹ˃ʽˇˎˊʴʾʰˌ 

ʶ˄ˈˌ ʰ˄ˇʵʽˁˇˏ ˁ˂ʱʵˇˎ ˋˍʹ˄ ˁʰ˃ˉˏ˂ʹ ˋˏʴˁ˂ʽˋʹˌ - ʰˉˇˍˈ˄˖ˋʹˌ ʴʽʰ ˉˇ˂ˏ ˃ʶʴʱ˂ʶˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌΣ ˇ 

ˇˉˇʾˇˌ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ʶˁˍʶˍʰ˃ʷ˄ʹ ˔ʰ˂ʱˊ˖ˋʹ ˁʰʽ ʰˉˇʵʽˇˊʴʱ˄˖ˋʹ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏΦ ʁ ˁ˂ʱʵˇˌ 

ʰˎˍˈˌ ˃ʶ ʲʱˋʹ ˍʽˌ ˁʰ˃ˉˏ˂ʶˌ ˋˏʴˁ˂ʽˋʹˌ - ʰˉˇˍˈ˄˖ˋʹˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋʶʴʴʽˋˍʶʾ ˉˇˋˇˍʽˁʱ ˇˏˍʶ 

ʴʽʰ ʴʶ˖ˎ˂ʽˁʱ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˔ʰ˂ʱˊ˖ˋʹ ʺ ˕ʰʻˎˊʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˃ʶˍʱ ˍʹ˄ ʰˋˍˇ˔ʾʰΦ ɾʶ ʲʱˋʹ 

ˍˇˎˌ YƻǾŀǊƛ όнлллύΣ YƻƭȅƳōŀǎ όнллуύ ˁʰʽ CŀƛǊƘǳǎǘ ŀƴŘ /ŀǊǊŀƴȊŀ - ¢ƻǊǊŜǎ όнллнύ ˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ 

ˁ˂ʱʵˇˌΣ ʰ˄ ˉʰˊˇˎˋʽʰˋˍʶʾΣ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ʹʴʹʻʶʾ ˁʰʽ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˃ʷˋ˖ ˍ˖˄ ˁʰ˃ˉˎ˂˗˄ 

ˋˏʴˁ˂ʽˋʹˌ - h ˉˇˍˈ˄˖ˋʹˌΦ 

 

2.1.3. ɮ˄ʰ˂ˎˍʽˁʷˌ ɾʷʻˇʵˇʽ ɮ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ɱʶ˖ˎ˂ʽˁˇˏ - ʇˉˇˋˍʺˊʽ˅ʹˌ 
 

ɾ  ʁˍʽˌ ʰ˄ʰ˂ˎˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ʴʶ˖ˎ˂ʽˁˇˏ - ˎˉˇˋˍʺˊʽ˅ʹˌ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˃ʶ ˍʹ˄ 

ʶˉʾ˂ˎˋʹ ˍ˖˄ ʵʽʰ˒ˇˊʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄ ʽˋˇˊˊˇˉʾʰˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˁʰˍʱ ˍʹ˄ ˉˊˇ˔˗ˊʹˋʹ ˍʹˌ 

ʵʽʱ˄ˇʽ˅ʹˌ ˍʹˌ ˋʺˊʰʴʴʰˌ, ˍˇ ˒ˇˊˍʾˇ ˉˇˎ ˉʰˊʰ˂ʰ˃ʲʱ˄ʶʽ ʹ ʵʽʰˍˇ˃ʺ ̱́ ˌ ˎˉˇˋˍʺˊʽ˅ʹˌΦ ʁʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ʷʻˇʵˇʽ ˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ˍˇ ɹʁ ˖ˋˍʰˍʽˁˈ ʶ˄ˍʰˍʽˁˈ ˉʶʵʾˇΣ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ 

ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˁʰʽ ˍʹ˄ ʰ˄ʰˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˍʱˋʶ˖˄ ˉˇˎ ̄́ˇˁʰ˂ʶʾˍʰʽ ˂ˈʴ˖ ˍʹˌ ʵʽʱ˄ˇʽ˅ʹˌ ˍʹˌ 

ˋʺˊʰʴʴʰˌ ˁʰʽ ˇʵʹʴˇˏ˄ ˋˍʹ˄ ʶ˅ʰʴ˖ʴʺ ʰ˄ʰ˂ˎˍʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˁ˂ʶʽˋˍʺˌ ˃ˇˊ˒ʺˌ ʴʽʰ ˍʽˌ 

ˉˊˇˁʰ˂ˇˏ˃ʶ˄ʶˌ ˃ ʶˍʰˁʽ˄ʺˋʶʽˌ ˁʰʽ ˍʰ ʶˉʽʲʰ˂˂ˈ˃ʶ˄ʰ ˒ˇˊ̱ʾʰ ˋˍʹ ʵʽʰˍˇ˃ʺ ˍʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌΦ 

 

ʍˋˍˈˋˇΣ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΣ ˇʽ ˃ʷʻˇʵˇʽ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ 

ˎʽˇʻʶˍˇˏ˄ ʰˉ˂ˇˉˇʽʹˍʽˁʷˌ ̄ ʰˊʰʵˇ˔ʷˌΣ ʴʽʰ ˍʽˌ ʶ˅ʺˌ ˉʰˊʰ˃ʷˍˊˇˎˌ: 

 

V ʴʁ ˖˃ʶˍˊʾʰ ʵʽʰˍˇ˃ʺˌ ˋʺˊʰʴʴʰˌ όˁˎˁ˂ʽˁʺΣ ˇˊʻˇʴ˖˄ʽˁʺΣ ˉʶˍʰ˂ˇʶʽʵʺˌύ 

 

V ʲɦ ʻˇˌ ʵʽʱ˄ˇʽ˅ʹˌ ˋʺˊʰʴʴʰˌ όˏ˕ˇˌ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ύΣ ˍˇ ˇˉˇʾˇ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 

ʰ˄ʱˉˍˎ˅ʹˌ ˍʹˌ ˍˇ˅˖ˍʺˌ ˂ ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ 

 

V ʶ̄ ʾ˂ˎˋʹ ˃ʶ ʻʶ˗ˊʹˋʹ ʵʽʵʽʱˋˍʰˍʹˌ ʺ ˍˊʽʵʽʱˋˍʰˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ όˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

ˍˊʽʵʽʱˋˍʰˍ˖˄ ʶˉʽ˂ˏˋʶ˖˄Σ ʹ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄ ʴʾ˄ʶˍʰʽ ˋʶ ˉʶˊʽˇ˔ʺ ˁˇ˄ˍʱ 

ˋˍˇ ˃ʷˍ˖ˉˇ ˍʹˌ ʶˋˁʰ˒ʺˌύ 

 

V ˋˎ˄ˍʶ˂ʶˋˍʺ ̩̌ ˊʽʸˇ˄ˍʾ˖˄ ˍʱˋʶ˖˄ 

 

V ʶ˂ ʰˋˍʽˁʺ ʺ ʶ˂ʰˋˍˇˉ˂ʰˋˍʽˁʺ ʻʶ˗ˊʹˋʹ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ 

 

V ˁ́ ʽˍʺˊʽˇ ʰˋˍˇ˔ʾʰˌ ˍˇˎ ɹʁ ˖ˎ˂ʽˁˇˏ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ʻʶ˗ˊʹˋʹˌ ʶ˂ʰˋˍˇˉ˂ʰˋˍʽˁʺˌ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ όˉΦ˔Φ aƻƘǊ - Coulomb, Hoek - Brown) 
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V ˋˎ ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˃ʶˍʱ ˍʹ˄ ʰˋˍˇ˔ʾʰ όˉΦ˔Φ ʶ˂ʰˋˍʽˁˈ - ʰˉˇ˂ˏˍ˖ˌ ˉ˂ʰˋˍʽˁˈ 

ʴʶ˖ˎ˂ʽˁˈΣ ̝ ʰ˂ʱˊ˖ˋʹ ˃ʶˍʱ ˍʹ˄ ʰˋˍˇ˔ʾʰύ 

 

V ˔́ ˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ όʶˊˉˎˋ˃ˈˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏύ 

 

V ˋˎ˄ʶˁˍʾ˃ʹˋʹ ̀ ˎ˄ʻʹˁ˗˄ ˎˉˇʴʶʾ˖˄ ˎʵʱˍ˖˄ ˁʰʽ ˎˉˈʴʶʽʰˌ ˊˇʺˌ ˂ˈʴ˖ ˍʹˌ ʵʽʱ˄ˇʽ˅ʹˌ 

 

V ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ʶˁˍˇ˅ʶˎˈ˃ʶ˄ˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌ όʶˊˉˎˋ˃ˈˌ ˍˇˎ 

ʶˁˍˇ˅ʶˎˈ˃ʶ˄ˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌύ 

 

ʅˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˉˊˇˍʶʾ˄ʶˍʰʽ ˃ʶʴʱ˂ˇˌ ʰˊʽʻ˃ˈˌ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ 

ʴʶ˖ˎ˂ʽˁˇˏ - ˎˉˇˋˍʺˊʽ˅ʹˌΣ ˇʽ ˇˉˇʾʶˌ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˋʹ˃ʰ˄ˍʽˁˈ ʲʰʻ˃ˈ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ ˖ˌ 

ˉˊˇˌ ˍʽˌ ˉʰˊʰʵˇ˔ʷˌ ˍˇˎˌ ˁʰʽ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʶˉʾ˂ˎˋʺˌ ˍˇˎˌΦ 

 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˋˏ˄ˇ˕ʹ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ʴʶ˖ˎ˂ʽˁˇˏ - 

ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍˇ˄ ʃʾ˄ʰˁʰ нΦм ˈˉ˖ˌ ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˋˍʹ ʵʽʵʰˁˍˇˊʽˁʺ ʵʽʰˍˊʽʲʺ ˍˇˎ ʊˇˊˍˋʱˁʹ 

(2012). 

 

  



ɼʶ˒ʱ˂ʰʽˇ нˇ  ɾʹ˔ʰ˄ʽˁʺ ˍ˖˄ ʅʹˊʱʴʴ˖˄ 

7 
 

 

 
 

  



ɼʶ˒ʱ˂ʰʽˇ нˇ  ɾʹ˔ʰ˄ʽˁʺ ˍ˖˄ ʅʹˊʱʴʴ˖˄ 

8 
 

 

 
 

ʃʾ˄ʰˁʰˌ 2.1 ʅˏ˄ˇ˕ʹ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ʴʶ˖ˎ˂ʽˁˇˏ - ˎ ˉˇˋˍʺˊʽ˅ʹˌ όʊˇˊˍˋʱˁʹˌ нлмнύ 
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2.1.3.1. ɾʷʻˇʵˇˌ ʅˏʴˁ˂ʽˋʹˌ - ɮˉˇˍˈ˄˖ˋʹˌ 
 

ɶ ˃ʷʻˇʵˇˌ ˋˏʴˁ˂ʽˋʹˌ - ʰˉˇˍˈ˄˖ˋʹˌ (convergence - confinement method CCM) hˉˇˍʶ˂ʶʾ ˍʹ˄ ˉʽˇ 

ʰˉˇʵʶˁˍʺ ˁʰʽ ˂ˇʴʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˍʹˌ ʵʽʱ˄ˇʽ˅ʹˌ ˋʹˊʱʴʴ˖˄ ˃ʶ ʲʱˋʹ ˍˇˎˌ 

Fairhust and Carranza - ¢ƻǊǊŜǎ όнллнύΦ ʅˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʶʵʱ˒ʽˇ ˉʰˊˇˎˋʽʱʸ̌ ˄ˍʰʽ ˇʽ ʰˊ˔ʷˌ ˁʰʽ ˇʽ 

ˉʰˊʰʵˇ˔ʷˌ ˍʹˌ ˃ʶʻˈʵˇˎΣ ˇʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ 

ˍʱˋʶ˖˄ ˁʰʽ ˍ˖˄ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ̀ ˍʹ ʵʽʰˍˇ˃ʺ ˍʹˌ ʶˁˋˁʰ˒ʺˌ ˁʰʽ  ́ˁʰ˃ˉˏ˂ ́ˋˏʴˁ˂ʽˋʹˌ - h ˉˇˍˈ˄˖ˋʹˌ 

ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ. 

 

× ɮˊ˔ʷˌ ϧ ʃʰˊʰʵˇ˔ʷˌ 
 

ʁʽ h́˔ʷˌ ˁʰʽ ˇʽ ˉʰˊʰʵˇ˔ʷˌ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

 

V ˋʺˊʰʴʴʰ ˁˎˁ˂ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ ˃ ʶ ʰˁˍʾ˄ʰ w 

 

V ˋˎ˄ʻʺˁʶˌ ʶˉʾˉʶʵʹˌ ˉʰˊʰ˃ˈˊ˒˖ˋʹˌ ˁʰˍʱ ˍˇ˄ ʱ˅ˇ˄ʰ ˍʹˌ ̀ ʺˊʰʴʴʰˌ όʱ˅ˇ˄ʰˌ Ȅύ 

 

V ʽˋˈˍˊˇˉˇ ʴʶ˖ˋˍʰˍʽˁˈ ʶ˄ˍʰˍʽˁˈ ˉʶʵʾˇ όYo=1) 

 

V ʶ˂ʰˋˍʽˁˈ - ʰˉˇ˂ˏˍ˖ˌ ˉ˂ʰˋˍʽˁ ̍ʴʶ˖ˎ˂ʽˁˈ aƻƘǊ - Coulomb (M - C / E - P) ˃ʶ ʵʽʰˋˍˇ˂ʽˁʺ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˃ʶˍʱ ˍʹ˄ ʰˋˍˇ˔ʾʰ 

 

V ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ˍʹˌ ʶˁˋˁʰ˒ʺˌ 

 

ɽˈʴ˖ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ʶˉʾˉʶʵʹˌ ˉʰˊʰ˃ˈˊ˒˖ˋʹˌ ˁʰʽ ˍˇˎ ʽˋˈˍˊˇˉˇˎ ʴʶ˖ˋˍʰˍʽˁˇˏ ʶ˄ˍʰˍʽˁˇˏ ˉʶʵʾˇˎ 

ˍˇ ʰ˅ˇ˄ˇˋˎ˃˃ʶˍˊʽˁˈ ˉˊˈʲ˂ʹ˃ʰ ˖ˌ ˉˊˇˌ ˍˇ˄ ʱ˅ˇ˄ʰ ˍʹˌ ˋʺˊʰʴʴʰˌ ʶˁ˒ˎ˂ʾʸʶˍʰʽ ˋʶ ˃ˇ˄ˇʵʽʱˋˍʰˍˇ 

ˉˊˈʲ˂ʹ˃ʰ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ ˁʷ˄ˍˊˇ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ˍʹˌ ˋʺˊʰʴʴʰˌ όǊύ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʹ 

ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˁʰʻʾˋˍʰˍʰʽ ʶ˒ʽˁˍʺ ˃ʶ ʰ˄ʰ˂ˎˍʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌΦ 

 

ʆˇ ʴʶ˖ˎ˂ʽˁˈ ʽˁʰ˄ˇˉˇʽʶʾ ˍˇ ˁˊʽˍʺˊʽˇ ʰˋˍˇ˔ʾʰˌ aƻƘǊ - Coulomb. 

 

ϽἚ Ἣἵ 2.1 

 

ˈˉˇˎΥ 

 

.
ρ ÓÉÎʒ

ρ ÓÉÎʒ
ÔÁÎτυ

ʒ

ς
ρ 

ʎ ςϽÃϽ.  

ÃΥ ˋˎ˄ˇ˔ʺ ʴʶ˖ˎ˂ʽˁˇˏ 

ʒΥ ʴ˖˄ʾʰ ʶˋ˖ˍʶˊʽˁʺˌ ˍˊʽʲʺˌ ʴʶ˖ˎ˂ʽˁˇˏ 
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ɶ ʴˊʰ˒ʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʰˊ˔˗˄ ˁʰʽ ˍ˖˄ ˉʰˊʰʵˇ˔˗˄ ʴʽʰ ˍˇ ʽˋˈˍˊˇˉˇ ʴʶ˖ˋˍʰˍʽˁˈ ʶ˄ˍʰˍʽˁˈ ˉʶʵʾˇ 

ˁʰʽ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 2.2 ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ́  ʵʽʰʵʽˁʰˋʾʰ ʶˉʾ˂ˎˋʹˌ ̱ ˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ. 

 
ʅ˔ʺ˃ʰ 2.2Υ ɮˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʰˊ˔˗˄ ˁʰʽ ˍ˖˄ ˉʰˊʰʵˇ˔˗˄ ˍʹˌ ˃ʶʻˈʵˇˎ ˋˏʴˁ˂ʽˋʹˌ - h ˉˇˍˈ˄˖ˋʹˌ (ʊˇˊˍˋʱˁʹˌ нлмнύ 

 

× ɰʰˋʽˁʱ ɾʶʴʷʻʹ 
 

ʆʰ ʲʰˋʽˁʱ ˃ʶʴʷʻʹ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ˍʰ ʶ˅ʺˌΥ 

 

ÔÁÎɿ
ʀ

ʀ

ʀ ʀ

ʀ ʀ
π 2.2 

 

+
ρ ÔÁÎɿ

ρ ÔÁÎɿ

ʀ

ʀ

ʀ ʀ

ʀ ʀ
ρ 2.3 

 

ʀ
ÄÕ

ÄÒ
 2.4 

 

ʀ
Õ

Ò
 2.5 

 

.
ςϽÐ

ʎ
 Σ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˎˉʶˊ˒ˈˊˍʽˋʹˌ 2.6 

 

ʇ ρ
Ð

Ð
 Σ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰˉˇˍˈ˄˖ˋʹˌ 2.7 

 



ɼʶ˒ʱ˂ʰʽˇ нˇ  ɾʹ˔ʰ˄ʽˁʺ ˍ˖˄ ʅʹˊʱʴʴ˖˄ 

11 
 

 

ʇ ρ
ς

ρ ɦ
Ͻ
. ρ

.
 Σ ˁˊʾˋʽ˃ˇˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰˉˇˍˈ˄˖ˋʹˌ 2.8 

 
Ð

Ð
ρ ʇ  2.9 

 

ɣ
ʉ

ρ ʉ
 2.10 

 

ˈˉˇˎΥ 

 

ʒΥ ʴ˖˄ʾʰ ʶˋ˖ˍʶˊʽˁʺˌ ˍˊʽʲʺˌ ɹ ʶ˖ˎ˂ʽˁˇˏ 

ɿΥ ʴ˖˄ʾʰ ʵʽʰˋˍˇ˂ʽˁˈˍʹˍʰˌ ɹ ʶ˖ˎ˂ʽˁˇˏ 

ʀ Υ ˇʴˁˇ˃ʶˍˊʽˁʺ ˉʰˊʰ˃ˈˊ˒˖ˋʹ 

ʀ Υ ʵʽʰˍ˃ʹˍʽˁʺ ˉʰˊʰ˃ˈˊ˒˖ˋʹ 

ÕΥ ʰˁˍʽ˄ʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ 

ÒΥ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ ˁʷ˄ˍˊˇ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ˍʹˌ ʶˁˋˁʰ˒ʺˌ 

ÐΥ ʴʶ˖ˋˍʰˍʽˁʺ ˍʱˋʹ ˋˍˇ ʶˉʾˉʶʵˇ ˍˇˎ ʱ˅ˇ˄ʰ ˍʹˌ ˋʺˊʰʴʴʰˌ 

ÐΥ ʶˋ˖ˍʶˊʽˁʺ ˉʾʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹˌ 

%Υ ˃ʷˍˊˇ ˉʰˊʰ˃ˇˊ˒˖ˋʽ˃ˈˍʹˍʰˌ ɹ ʶ˖ˎ˂ʽˁˇˏ 

ʉΥ ˂ˈʴˇˌ ˍˇˎ tƻƛǎǎƻƴ ɹ ʶ˖ˎ˂ʽˁˇˏ 

 

ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ʵʽʱ˄ˇʽ˅ʹˌ ˍʹˌ ˋʺˊʰʴʴʰˌ ʴʾ˄ʶˍʰʽ ˖ˌ ʶ˅ʺˌΥ ʹ ʰˊ˔ʽˁʺ ˍʽ˃ʺ ˍʹˌ ʶˋ˖ˍʶˊʽˁʺ ̩̄ ʾʶˋʹ ̩

ʶʾ˄ʰʽ ʴʶ˖ˋˍʰˍʽˁʺ Ð Ð Σ ʹ ʶ˄ʵʽʱ˃ʶˋʹ ˍʽ˃ʺ ˍʹˌ ʶˋ˖ˍʶˊʽˁʺ ̩ˉʾʶˋʹ ̩˃ʶʽ˗˄ʶˍʰʽ π Ð Ð  ˁʰʽ 

ʹ ˍʶ˂ʽˁʺ ˍʽ˃ʺ ˍʹˌ ʶˋ˖ˍʶˊʽˁʺ ̩ˉʾʶˋʹ ̩ʴʾ˄ʶˍʰʽ ˃ʹʵʶ˄ʽˁʺ Ð πΦ ʅˍʹ˄ ʰˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ ʹ ˍʽ˃ʺ ˍˇˎ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˉˇˍˈ˄˖ˋʹˌ ʶʾ˄ʰʽ ʇ ρ ˁʰʽ ˋˍʹ˄ ˍʶ˂ʽˁʺ ˁʰˍʱˋˍʰˋʹ ʶʾ˄ʰʽ ʇ πΦ ɳˉˇ˃ʷ˄˖ˌΣ ʹ ˃ʶʾ˖ˋʹ 

ˍʹˌ ˍʽ˃ʺˌ ˍʹˌ ʶˋ˖ˍʶˊʽˁʺˌ ˉʾʶˋʹˌ ʰˉˈ Ð Ð ˋ ʁÐ πΣ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸʶʽ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˍʽ˃ʺˌ ˍˇˎ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˉˇˍˈ˄˖ˋʹˌ ʰˉˈ ʇ π ̀ ʶ ʇ ρ. 

 

× ɳ˅ʽˋ˗ˋʶʽˌ ɹˋˇˊˊˇˉʾʰˌ 

 

ɶ ʶ˅ʾˋ˖ˋʹ ʽˋˇˊˊˇˉʾʰˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʴʽʰ ˋˎ˄ʻʺˁʶˌ ʶˉʾˉʶʵʹˌ ˉʰˊʰ˃ˈˊ˒˖ˋʹˌ ˋʶ ˁˎ˂ʽ˄ʵˊʽˁʷˌ 

ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ʶʾ˄ʰʽΥ 

 

Äʎ

ÄÒ

ʎ ʎ

Ò
πᵼ
Äʎ

ÄÒ

ʎ ʎ

Ò
π 2.11 

 

ˈˉˇˎΥ 

 

ʎΥ ʰ˅ˇ˄ʽˁʺ ˍʱˋʹ 

ʎΥ ʶ˒ʰˉˍˇ˃ʶ˄ʽˁʺ ˍʱˋʹ 

ʎ ʎ Ð 
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ʎ ʎ Ð 

 

× ɳ˂ʰˋˍʽˁʺ ɮˉˈˁˊʽˋʹ ˍˇˎ ɱʶ˖ˎ˂ʽˁˇˏ 

 

ʆˇ ʴʶ˖ˎ˂ʽˁˈ ˉʰˊˇˎˋʽʱʸʶʽ ʶ˂ʰˋˍʽˁʺ ʰˉˈˁˊʽˋʹ ʰ˄ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽ, ʶʾˍʶ ʹ ˋˎ˄ʻʺˁʹ όɹ), ʶʾˍʶ ʹ ˋˎ˄ʻʺˁʹ 

(ɹɹ) ˁ ʰʽ ʶʽʵʽˁˈˍʶˊʰ ʵʶ˄ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˉ˂ʰˋˍʽˁʺ ʸ˗˄ʹ. 

 

ˋˎ˄ʻʺˁʹ όɹύΥ . ρ Ǫ ʇ ρ 

ˋˎ˄ʻʺˁʹ όɹɹύΥ . ρ Ǫ ʇ ρ Ǫ ʇ ʇ  

 

× ʅˎ˄ˇˊʽʰˁʷˌ ʅˎ˄ʻʺˁʶˌ 

 

Ò ЊᵼÕ π 2.12 

Ò 2ᵼʎ Ð 2.13 

 

× ʆɦ ˋʶʽˌ 

 

ɶ ʰˁˍʽ˄ʽˁʺ ˁʰʽ ʹ ʶ˒ʰˉˍˇ˃ʶ˄ʽˁʺ ˍʱˋʹ ʶʾ˄ʰʽΥ 

 

ʎ ÐϽρ ʇϽ
2

Ò
ȟÒ 2 2.14 

 

ʎ ÐϽρ ʇϽ
2

Ò
 Ò 2 2.15 

 

ʅˍʹ˄ ˉʶˊʾ˃ʶˍˊˇ ˍʹˌ ʶˁˋˁʰ˒ʺˌ Ò 2 ʁ ʾ˄ʰʽΥ 

 

ʎ ÐϽρ ʇᵾ ʎ Ð 2.16 

 

ʎ ÐϽρ ʇʎ ᵾ ςϽÐ Ð 2.17 

 

× ɾʶˍʰˁʽ˄ʺˋʶʽˌ 

 

ɶ ʰˁˍʽ˄ʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ ʶʾ˄ʰʽΥ 

 
Õ

2
ʇϽ
Ð

ςϽ'
Ͻ
2

Ò
 2.18 

 

Õ

2

Ð

ςϽ'
Ͻ
2

Ò
 2.19 
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Õ

Õ
ʇ 2.20 

 

ʅˍʹ˄ ˉʶˊʾ˃ʶˍˊˇ ˍʹˌ ʶˁˋˁʰ˒ʺˌ Ò 2 ʁ ʾ˄ʰʽΥ 

 
Õ

2
ʇϽ
Ð

ςϽ'
 2.21 

 
Õ

2

Ð

ςϽ'
 2.22 

 
Õ

Õ
ʇ 2.23 

 

ˈˉˇˎΥ 

 

'Υ ˃ʷˍˊˇ ʵʽʱˍ˃ʹˋʹˌ ʴʶ˖ˎ˂ʽˁˇˏ 

ÕΥ ʰˁˍʽ˄ʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ 

ÕΥ ʰˁˍʽ˄ʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ ˋˍʹ˄ ˉʶˊʾ˃ʶˍˊˇ ˍʹˌ ʶˁˋˁʰ˒ʺˌ 

Õ Υ ˍʶ˂ʽˁʺ ʰˁˍʽ˄ʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ ʴʽʰ ˉ˂ʺˊʹ ʰˉˇˍˈ˄˖ˋʹ ʇ ρ 

Õ Υ ˍʶ˂ʽˁʺ ʰˁˍʽ˄ʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ ˋˍʹ˄ ˉʶˊʾ˃ʶˍˊˇ ˍʹˌ ʶˁˋˁʰ˒ʺˌ ʴʽʰ ˉ˂ʺˊʹ ʰˉˇˍˈ˄˖ˋʹ ʇ ρ 

 

 
ɱˊʱ˒ʹ˃ʰ 2.1: ɼʰˍʰ˄ˇ˃ʺ ˍʹˌ ʶ˒ʰˉˍˇ˃ʶ˄ʽˁʺ ˍʱˋʹˌ ˋ ̒ˁ ʰʽ ˍʹˌ ʰˁˍʽ˄ʽˁʺˌ ˍʱˋʹˌ ˋr ɹ ʽʰ ʶ˂ʰˋˍʽˁʺ ʰˉˈˁˊʽˋʹ ˍˇˎ 

ʴʶ˖ˎ˂ʽˁˇˏ 

 

  

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

ˋ
κp

o
 

r/R 

r̀/po  ˋʻκpo 
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× ɳ˂ʰˋˍʽˁʺ - ɮˉˇ˂ˏˍ˖ˌ ʃ˂ʰˋˍʽˁʺ ɮˉˈˁˊʽˋʹ ˍˇˎ ɱʶ˖ˎ˂ʽˁˇˏ 

 

ʆˇ ɹʁ ˖ˎ˂ʽˁˈ ˉʰˊˇˎˋʽʱʸʶʽ ʶ˂ʰˋˍʽˁʺ - ʰˉˇ˂ˏˍ˖ˌ ˉ˂ʰˋˍʽˁʺ ʰˉˈˁˊʽˋʹ ʰ˄ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽ ʹ ˋˎ˄ʻʺˁʹ 

(ɹɹɹ) ˁ ʰʽ ʶʽʵʽˁˈˍʶˊʰ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˉ˂ʰˋˍʽˁʺ ʸ˗˄ʹΦ 

 

ˋˎ˄ʻʺˁʹ όɹɹɹύΥ . ρ Ǫ ʇ ρ Ǫ ʇ ʇ  

 

× ʅˎ˄ˇˊʽʰˁʷˌ ʅˎ˄ʻʺˁʶˌ 

 

Ò ЊᵼÕ π 2.24 

Ò 2ᵼʎ Ð 2.25 

Ò Òᵼʎȟ ʎȟ  2.26 

Ò ÒᵼÕȟ Õȟ  2.27 

 

ˈˉˇˎΥ 

 

ÒΥ ʰˁˍʾ˄ʰ ˉ˂ʰˋˍʽˁʺˌ ʸ˗˄ʹˌ 

ʎȟ : h ˁˍʽ˄ʽˁʺ ˍʱˋʹ ˋˍʹ˄ ʶ˂ʰˋˍʽˁʺ ʸ˗˄ʹ 

ʎȟΥ ʰˁˍʽ˄ʽˁʺ ˍʱˋʹ ˋˍʹ˄ ˉ˂ʰˋˍʽˁʺ ʸ˗˄ʹ 

ÕȟΥ ʰˁˍʽ˄ʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ ˋˍʹ˄ ʶ˂ʰˋˍʽˁʺ ʸ˗˄ʹ 

ÕȟΥ ʰˁˍʽ˄ʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ ˋˍʹ˄ ˉ˂ʰˋˍʽˁʺ ʸ˗˄ʹ 

 

× ʆʱˋʶʽˌ 

 

ɶ ʰˁˍʽ˄ʽˁʺ ˁʰʽ ʹ ʶ˒ʰˉˍˇ˃ʶ˄ʽˁʺ ˍʱˋʹ ˋˍʹ˄ ˉ˂ʰˋˍʽˁʺ ʸ˗˄ʹ ʶʾ˄ʰʽΥ 

 

ʎ ÐϽ ρ ʇ
ς

ɦ ρϽɦ
Ͻ
Ò

2

ς

ɦ ρϽɦ
ȟ2 Ò Ò 2.28 

 

ʎ ɦ Ͻʎ
ςϽÐ

.
ȟ2 Ò Ò 2.29 

 

ɶ ʰˁˍʽ˄ʽˁʺ ˁʰʽ ʹ ʶ˒ʰˉˍˇ˃ʶ˄ʽˁʺ ˍʱˋʹ ˋˍʹ˄ ʶ˂ʰˋˍʽˁʺ ʸ˗˄ʹ ʶʾ˄ʰʽΥ 

 

ʎ ÐϽ ρ ʇ
ς

ɦ ρϽɦ
Ͻ
Ò

2

ς

ɦ ρϽɦ
ȟÒ Ò 2.30 

 

ʎ ɦ Ͻʎ
ςϽÐ

.
ȟÒ Ò 2.31 

 

ʅˍʹ˄ ˉʶˊʾ˃ʶˍˊˇ ˍʹˌ ʶˁˋˁʰ˒ʺˌ Ò 2 ʁ ʾ˄ʰʽΥ 
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ʅˍʹ˄ ˉʶˊʾ˃ʶˍˊˇ ˍʹˌ ʶˁˋˁʰ˒ʺˌ Ò 2 ʁ ʾ˄ʰʽΥ 
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2.1.4. ɮˊʽʻ˃ʹˍʽˁʷˌ ɾʷʻˇʵˇʽ 
 

ʁʽ ʰˊʽʻ˃ʹˍʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍˇ ˉˊˇˍʷˊʹ˃ʰ ˈˍʽ ˁʰʻʽˋˍˇˏ˄ ʶ˒ʽˁˍʺ ˍʹ˄ ʶˉʰˊˁʺ ˁʰʽ 

ˁʰˍʱ ˍˇ ʵˎ˄ʰˍˈ ʰˁˊʽʲʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ʵʽʱ˄ˇʽ˅ʹˌ ˍʹˌ ˋʺˊʰʴʴʰˌ ˁʰʽ ˍʹˌ ˒ˈˊˍʽˋʹˌ ˍʹˌ ʱ˃ʶˋʹˌ 

ˎˉˇˋˍʺˊʽ˅ʹˌΣ ˔˖ˊʾˌ ˄ʰ ˎˉˈˁʶʽ˄ˍʰʽ ˋʶ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˖ˌ ˉˊˇˌ ˍʹ ʴʶ˖˃ʶˍˊʾʰΣ ˍˇ ʶ˄ˍʰˍʽˁˈ ˉʶʵʾˇ ˁʰʽ 

ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍ˖˄ ʴʶ˖ˎ˂ʽˁ˗˄Φ ʁʽ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʴʽʰ ˍʹ˄ 

ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˃ʷˋ˖ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ ˋ˔ʶˍʾʸˇ˄ˍʰʽΣ ʶʾˍʶ ˃ʶ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ʶ˂ʷˍʶˌΣ ʶʾˍʶ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˃ʽˁˊˈ ʶˏˊˇˌ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˁʰʽ ʴʶ˖ˍʶ˔˄ʽˁ˗˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ʴʶ˄ʽˁˈˍʹˍʰΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˖ˌ ʶˉʾ ˍˇ ˉ˂ʶʾˋˍˇ 

ˎʽˇʻʶˍˇˏ˄ˍʰʽ ʰ˅ˇ˄ˇˋˎ˃˃ʶˍˊʽˁʱ ˉˊˇˋˇ˃ˇʽ˗˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʻʶ˖ˊʹʻˇˏ˄ ˊʶʰ˂ʽˋˍʽˁʱ 

˃ˈ˄ˇ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˁˎˁ˂ʽˁ˗˄ ˋʹˊʱʴʴ˖˄ ˃ʶ ˃ʶʴʱ˂ˇ ˏ˕ˇˌ ˎˉʶˊˁʶʾ˃ʶ˄˖˄ ˁʰʽ ˎʵˊˇˋˍʰˍʽˁˈ 

ʶ˄ˍʰˍʽˁˈ ˉʶʵʾˇΦ ɳ˄ʵʶʽˁˍʽˁʱΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʱˉˇʽʶˌ ʰˉˈ ˍʽˌ ˃ʶʻˇʵˇ˂ˇʴʾʶˌ ˉˇˎ ˉˊˇˍʶʾ˄ˇ˄ˍʰʽ ˋˍʹ 

ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΦ 

 

ʁʽ DǊŀȊƛŀƴƛ Ŝǘ ŀƭΦ όнллрύ ˃ʶ ˍʹ ˄ʶˁˍʷ˂ʶˋʹ ʰ˅ˇ˄ˇˋˎ˃˃ʶˍˊʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄ ˉˊˇˍʶʾ˄ˇˎ˄ ˍʽ˃ʷˌ ʴʽʰ ˍˇ 

ʰ˄ʹʴ˃ʷ˄ˇ ʰ˅ˇ˄ʽˁˈ ˒ˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ ˔ˊˇ˄ʽˁʺ ˃ʶˍʰʲˇ˂ʺ 

ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ ˁʶ˂ˏ˒ˇˎˌ ˍˇˎ ʶˁˍˇ˅ʶˎˈ˃ʶ˄ˇˎ ̀ ˁˎˊˇʵʷ˃ʰˍˇˌΦ ɳˉʾˋʹˌΣ ʰ˄ʰ˒ʷˊˇˎ˄ ˈˍʽ ʹ ˋ˔ʶˍʽˁʺ 

ʵˎˋˁʰ˃˕ʾʰ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʴʶ˖ˎ˂ʽˁˇˏ ʶʾ˄ʰʽ ˇ ˉʰˊʱʴˇ˄ˍʰˌ ˃ʶ ˍʹ 

˃ʶʴʰ˂ˏˍʶˊʹ ʶˉʾʵˊʰˋʹΣ ʶ˄˗ ʹ ʰ˄ˍˇ˔ʺ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ʶˉʹˊʶʱʸʶʽ ˉʶˊʽˋˋˈˍʶˊˇ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ 

ˉˊˇˋˎʴˁ˂ʾˋʶ˖˄ ˂ˈʴ˖ ˍʹˌ ʶˉʽʲˇ˂ʺ ̩ˍʹˌ ˒ˈˊˍʽˋʹˌ ˁʰʽ ˍʽˌ ˋˎʴˁ˂ʾˋʶʽˌ ˃ʶˍʱ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍʹˌ 

ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌΦ 

 

 
ʅ˔ʺ˃ʰ 2.3: ʃˊˇˋˇ˃ˇʾ˖˃ʰ ʰ˅ˇ˄ˇˋˎ˃˃ʶˍˊʽˁ˗˄ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄ όDǊŀȊƛŀƴƛ Ŝǘ ŀƭΦ 2005) 
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ʅ˔ʺ˃ʰ 2.4Υ ɮ˄ʹʴ˃ʷ˄ˇ ʰ˅ˇ˄ʽˁˈ ˒ˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ̀ ˍʹ ʻʷˋʹ ʽˋˇˊˊˇˉʾʰˌ ˃ʶ ˍˇ ʴʶ˖ˎ˂ʽˁˈ ( :˒ ́  ʴ˖˄ʾʰ 
ˍˊʽʲʺˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏΣ Ŏ: ́  ˋˎ˄ˇ˔ʺ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏΣ ˋ:̌ ́  ʰˊ˔ʽˁʺ ʴʶ˖ˋˍʰˍʽˁʺ ˍʱˋʹ ˋˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ˋʺˊʰʴʴʰˌΣ ˄Υ ̌  
ˊˎʻ˃ˈˌ ˉˊˇ˔˗ˊʹˋʹˌ ˍʹˌ ʵʽʱ˄ˇʽ˅ʹˌΣ ɼ: ́  ʵˎˋˁʰ˃˕ʾʰ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ǉ ˍˇ ˒ˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ 

ˎˉˇˋˍʺˊʽ˅ʹˌ) (Graziani et al. 2005) 

 

ʁʽ wŀƳƻƴƛ Ŝǘ ŀƭΦ όнлммύ ˃ʶ ˍʹ ˄ʶˁˍʷ˂ʶˋʹ ʰ˅ˇ˄ˇˋˎ˃˃ʶˍˊʽˁ˗˄ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄ ˃ʶ˂ʷˍʹˋʰ˄ 

ˍˇ ˒ˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰˍʱ ˍʹ ʵʽʱ˄ˇʽ˅ʹ ˋʹˊʱʴʴ˖˄ ˃ʶ ʆɰɾΦ ɾʶ ʲʱˋʹ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄, ˉˊˈˍʶʽ˄ʰ˄ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʰ ʵʽʰʴˊʱ˃˃ʰˍʰΣ ˋˍʰ ˇˉˇʾʰ 

ʶ˄ˋ˖˃ʰˍ˗ʻʹˁʶ ˃ʶʴʱ˂ˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˎˉʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍʹ ʵʽʱ˄ˇʽ˅ʹ ˋʹˊʱʴʴ˖˄ ˃ʶ 

˃ʹ˔ʰ˄ʽˁʺ ˈˊˎ˅ʹ ˁʰʽ ˍʰ ˇˉˇʾʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʶ˄ʵʶʽˁˍʽˁʱ ˋˍˇ ʅ˔ʺ˃ʰ 2.5 ˁʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 2.6Φ ɮˉˈ ˍʰ 

ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉˊˇˁˏˉˍʶʽ ˈˍʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˋˍʹ˄ ˇˉˇʾʰ ˇʽ 

ʴʶ˖ˍʶ˔˄ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶʾ˄ʰʽ ʵˎˋ˃ʶ˄ʶʾˌ, ʹ ̡ʁ ˂ˍʾ˖ˋʹ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ (ʹ hˏ ˅ʹˋʹ ˍˇˎ 

˂ˈʴ̌ˎ  ÆȾʎύ ˇʵʹʴʶʾ ˋʶ ʰˏ˅ʹˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ˉˇˎ ʶˉʽʲʱ˂˂ʶˍʰʽ ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ. 

ɳˉʽˉˊˈˋʻʶˍʰΣ ʰ˄ʱ˂ˇʴʹ ʰˏ˅ʹˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ˉˇˎ ʶˉʽʲʱ˂˂ʶˍʰʽ ˋˍʹ˄ ʱ˃ʶˋʹ ˎˉˇˋˍʺˊʽ˅ʹ ˉˊˇˁˏˉˍʶʽ 

ʴʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ʵˎˋˁʰ˃˕ʾʰˌ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ˃ʶʾ˖ˋʹ ˍʹˌ ʰˉˈˋˍʰˋʹˌ ˍˇˉˇʻʷˍʹˋʹˌ ˍʹˌ 

ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌΦ 
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ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˋˎ˄ʽˋˍʱ ˉʰˊʱʵˇ˅ˇ ˋˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄ 

ˁʰʽ ʶˉʽʲʶʲʰʽ˗˄ʶˍʰʽ ˋˍʽˌ ʶˊʴʰˋʾʶˌ ˍ˖˄ /ŀƴǘƛŜƴƛ and !ƴŀƎƴƻǎǘƻǳ όнллфύ ˁʰʽ /ŀƴǘƛŜƴƛ and 

Anagnostou (2011). 

 

 

 

 
ʅ˔ʺ˃ʰ 2.5: ɼʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ˇ ʵʽʱʴˊʰ˃˃ʰ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʰ˄ʹʴ˃ʷ˄ˇˎ ʰ˅ˇ˄ʽˁˇˏ ˒ˇˊˍʾˇˎ ˍʹˌ ʱ˃ʶˋʹˌ 

ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰˍʱ ˍʹ ʵʽʱ˄ˇʽ˅ʹ ˋʹˊʱʴʴ˖˄ ˃ʶ ʆɰɾΦ ό˒Υ ʹ ʴ˖˄ʾʰ ˍˊʽʲʺˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏΣ ˕Υ ʹ ʴ˖˄ʾʰ ʵʽʰˋˍˇ˂ʽˁˈˍʹˍʰˌ 
ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏΣ Ŧc: ́  ʰ˄ˍˇ˔ʺ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˋʶ ʰ˄ʶ˃ˉˈʵʽˋˍʹ ʻ˂ʾ˕ʹ ˁʰˍʱ aƻƘǊ - /ƻǳƭƻƳōΣ ˋΥ̌ ʹ ʰˊ˔ʽˁʺ ʴʶ˖ˋˍʰˍʽˁʺ 
ˍʱˋʹ ˋˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ˋʺˊʰʴʴʰˌΣ ɳΥ ˍˇ ˃ʷˍˊˇ ˉʰˊʰ˃ˇˊ˒˖ˋʽ˃ˈˍʹˍʰˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˁʰʽ ǇΥ ˍˇ ˒ˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ 

ˎˉˇˋˍʺˊʽ˅ʹˌύ όwŀƳƻƴƛ Ŝǘ ŀƭΦ нлммύ 
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ʅ˔ʺ˃ʰ 2.6: ɼʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ˇ ʵʽʱʴˊʰ˃˃ʰ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʰ˄ʹʴ˃ʷ˄ˇˎ ʰ˅ˇ˄ʽˁˇˏ ˒ˇˊˍʾˇˎ ˍʹˌ ʱ˃ʶˋʹˌ 

ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰˍʱ ˍʹ ʵʽʱ˄ˇʽ˅ʹ ˋʹˊʱʴʴ˖˄ ˃ʶ ʆɰɾΦ ό˒Υ ʹ ʴ˖˄ʾʰ ˍˊʽʲʺˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏΣ ˕Υ ʹ ʴ˖˄ʾʰ ʵʽʰˋˍˇ˂ʽˁˈˍʹˍʰˌ 
ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏΣ ŦcΥ ʹ ʰ˄ˍˇ˔ʺ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˋʶ ʰ˄ʶ˃ˉˈʵʽˋˍʹ ʻ˂ʾ˕ʹ ˁʰˍʱ aƻƘǊ - /ƻǳƭƻƳōΣ ˋΥ̌ ʹ ʰˊ˔ʽˁʺ ʴʶ˖ˋˍʰˍʽˁʺ 
ˍʱˋʹ ˋˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ˋʺˊʰʴʴʰˌΣ ɳΥ ˍˇ ˃ʷˍˊˇ ˉʰˊʰ˃ˇˊ˒˖ˋʽ˃ˈˍʹˍʰˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˁʰʽ ǇΥ ˍˇ ˒ˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ 

ˎˉˇˋˍʺˊʽ˅ʹˌύ όwŀƳƻƴƛ Ŝǘ ŀƭΦ нлммύ 
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ʁʽ /ŀƴǘƛŜƴƛ ŀƴŘ !ƴŀƎƴƻǎǘƻǳ όнлмлύ ˋʶ ʰˊʽʻ˃ʹˍʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌ ˉˇˎ ʶˁˍʷ˂ʶˋʰ˄Σ ʶˉʶˋʺ˃ʰ˄ʰ˄ ˍʹ˄ 

ˉˊˇh˄ʰ˒ʶˊʻʶʾˋʰ ˉʰˊʱʵˇ˅ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁʰʽ ˁʰˍʷ˂ʹ˅ʰ˄ ˈˍʽ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʽˌ ʶ˅ʺˌ ˉʰˊʰʵˇ˔ʷˌ ˉˇˎ 

ˎʽˇʻʶˍˇˏ˄ˍʰʽ ˋˍʹ˄ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄Υ όƛύ ʹ ˃ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ˔ˊˇ˄ʽˁʱ 

ʶ˅ʰˊˍʹ˃ʷ˄ʹˌ όʶˊˉˎˋˍʽˁʺˌύ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏΣ όƛƛύ ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ʰˁʰˊʽʰʾʰˌ 

ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍʹˌ ˉ˂ʺˊˇˎˌ ʵˎˋˁʰ˃˕ʾʰˌ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍʽˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌΣ ʹ 

ˇˉˇʾʰ ˋˍˇ ˉʶʵʾˇ ʵʶ˄ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʱ˃ʶˋʰ ˂ˈʴ˖ ˍ˖˄ ˁʰˍʰˋˁʶˎʰˋˍʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄Φ ʁʽ ʵˏˇ 

ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌ ˉʰˊʰʵˇ˔ʷˌ ˍˇ˄ʾˋˍʹˁʰ˄ ˖ˌ ˇʽ ʲʰˋʽˁˈˍʶˊˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ˁʰʽ 

ˍˊˇ˒ˇʵˇˍˇˏ˄ ˍʹ˄ ˉʰˊʱʵˇ˅ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˁʰʻˇˊʽˋˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ʺ ˋˍˇ˄ 

ˉʶˊʽˇˊʽˋ˃ˈ ˍʹˌ ˉʰˊʱʵˇ˅ʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ʵʽʰʵˊʰ˃ʰˍʾʸʶʽ ʹ ʰˉˈˋˍʰˋʹ ˍˇˉˇʻʷˍʹˋʹˌ ˍʹˌ ʱ˃ʶˋʹˌ 

ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌΦ ʆʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 2.7 ˁʰʽ 

ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ʹ ʶˉʽˊˊˇʺ ˍʹˌ ʵˎˋˁʰ˃˕ʾʰˌ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ˍʹˌ ʰˉˈˋˍʰˋʹˌ 

ˍˇˉˇʻʷˍʹˋʹˌ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ. ʍˋˍˈˋˇΣ ʶˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˈˍʽ ˋˍʽˌ 

ʰˊʽʻ˃ʹˍʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌ ˇʽ ʵʰˁˍˏ˂ʽˇʽ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ʻʶ˖ˊʺʻʹˁʰ˄ ˃ʹ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇʽ 

˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰˍʱ ˍˇ˄ ʵʽʰ˃ʺˁʹ ʱ˅ˇ˄ʰ ˍʹˌ ˋʺˊʰʴʴʰˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ˋˎ˄ʶˁˍʽ˃ʺʻʹˁʶ ʹ ʵʽʰ˃ʺˁʹˌ 

ʵˎˋˁʰ˃˕ʾʰ ˍˇˎ ˁʶ˂ˏ˒ˇˎˌ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˈ ʶˁˍˇ˅ʶˎ˃ʷ˄ˇ ˋˁˎˊˈʵʶ˃ʰΦ 

 

 
ʅ˔ʺ˃ʰ 2.7Υ ʊˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˎ˄ʰˊˍʺˋʶʽ ˍʹˌ ʰ˄ˍˇ˔ʺˌ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ όǇқΥ ˍˇ ˒ˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ 
ˎˉˇˋˍʺˊʽ˅ʹˌΣ ŦcΥ ʹ ʰ˄ˍˇ˔ʺ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˋʶ ʰ˄ʶ˃ˉˈʵʽˋˍʹ ʻ˂ʾ˕ʹ ˁʰˍʱ aƻƘǊ - /ƻǳƭƻƳōΣ ƪΥ ʹ ʵˎˋˁʰ˃˕ʾʰ ˍʹˌ ʱ˃ʶˋʹˌ 
ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ŜΥ ʹ ʰˉˈˋˍʰˋʹ ˍˇˉˇʻʷˍʹˋʹˌ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌύ (Cantieni and 

Anagnostou 2010) 

 

ʅˍˇ ʅ˔ʺ˃ʰ 2.8 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʰ ˉʰˊʱʵˇ˅ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʴʽʰ ʰ˅ˇ˄ˇˋˎ˃˃ʶˍˊʽˁʷˌ 

ʰˊʽʻ˃ʹˍʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌ ˉˇˎ ʶˁˍʶ˂ʷˋˍʹˁʰ˄. ɳʽʵʽˁˈˍʶˊʰ, ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ʴʽʰ ˍˇ ˒ˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˉʾˋ˖ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ 

ʶˁˋˁʰ˒ʺˌ ˁʰʽ ˋˍˇ˄ ˉˎˊʺ˄ʰ ˉˊˇ˗ʻʹˋʹˌ ˃ˉˊˇˋˍʱ ˁʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ όˍˇ 

ʴʶ˖ˎ˂ʽˁˈ ˎ˕ʹ˂ˈˍʶˊʹˌ ʰ˄ˍˇ˔ʺˌ ˉʰˊˇˎˋʽʱʸʶʽ ˃ʶʴʰ˂ˏˍʶˊˇ ˒ˇˊˍʾˇ ˉˇˎ ʶˉʽʲʱ˂˂ʶˍʰʽ ˋˍʹ˄ ʱ˃ʶˋʹ 

ˎˉˇˋˍʺˊʽ˅ʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ʴʶ˖ˎ˂ʽˁˈ ˔ʰ˃ʹ˂ˈˍʶˊʹˌ ʰ˄ˍˇ˔ʺˌύΦ ʍˋˍˈˋˇΣ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʶ˅ʰ˂ʶʾ˒ʶˍʰʽ ˉ˂ʺˊ˖ˌ ˖ˌ ˉˊˇˌ ˍʽˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˁʰʽ ˍˇ ʶˏˊˇˌ ˍʹˌ ˉ˂ʰˋˍʽˁʺˌ ʸ˗˄ʹˌ 

ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʱ˅ˇ˄ʰ ˍʹˌ ˋʺˊʰʴʴʰˌΦ ɶ ʶˉʽˊˊˇʺ ˍʹˌ ʵˎˋˁʰ˃˕ʾʰˌ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ˍʹˌ 

ʰˉˈˋˍʰˋʹˌ ˍˇˉˇʻʷˍʹˋʹˌ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ 

ʅ˔ʺ˃ʰ 2.9. 
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ʅ˔ʺ˃ʰ 2.8: όŀύ ʃˊˇˋˇ˃ˇʾ˖˃ʰ ʰ˅ˇ˄ˇˋˎ˃˃ʶˍˊʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄ όōύ ɳˏˊˇˌ ˉ˂ʰˋˍʽˁʺˌ ʸ˗˄ʹˌ Ǌ όŎύ ɾʶˍʰˁʽ˄ʺˋʶʽˌ ǳ όŘύ 
ʊˇˊˍʾˇ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ p ˁ ʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʱ˅ˇ˄ʰ ȅ ˍʹˌ ˋʺˊʰʴʴʰˌ (fcΥ ʹ ʰ˄ˍˇ˔ʺ ˍˇˎ ʴʶ˖ˎ˂ʽˁˇˏ ˋʶ 
ʰ˄ʶ˃ˉˈʵʽˋˍʹ ʻ˂ʾ˕ʹ ˁʰˍʱ aƻƘǊ - /ƻǳƭƻƳōΣ ƪΥ ʹ ʵˎˋˁʰ˃˕ʾʰ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˁʰʽ ŜΥ ʹ ʰˉˈˋˍʰˋʹ 
ˍ̌ ˉˇʻʷˍʹˋʹˌ ˍʹˌ ʱ˃ʶˋʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ʶˁˋˁʰ˒ʺˌύ ό/ŀƴǘƛŜƴƛ ŀƴŘ !ƴŀƎƴƻǎǘƻǳ нлмлύ 

 

  




