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ɶ ˉʰˊˇˏˋʰ ɳˍʺˋʽʰ ɳˋ˖ˍʶˊʽˁʺ ɴˁʻʶˋʹ ˍˇˎ ʰˁʰʵʹ˃ʰʿˁˇˏ ʷˍˇˎˌ 2014-2015 ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ 

ˋˎ˄ˍʱ˔ʻʹˁʶ ʰˉˈ ˍʹ˄ ʁɾɳɮ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʰ ˉʰˊʰˁʱˍ˖ ˃ʷ˂ʹ ɲɳʃΥ 

1. ɾʾ˄ˍʸʰˌ ɮ˄ʰˋˍʱˋʽˇˌΣ ɼʰʻʹʴʹˍʺˌ 

2. ɼˇˎˍˋʽˁˈˉˇˎ˂ˇˌ ɼ˖˄ˋˍʰ˄ˍʾ˄ˇˌΣ ɼʰʻʹʴʹˍʺˌ 

3. ɱʽˇ˃ˉˊʷˌ ʃʰ˄ʰʴʽ˗ˍʹˌΣ ɮ˄ʰˉ˂ʹˊ˖ˍʺˌ ɼʰʻʹʴʹˍʺˌ 

4. ɲʶˊ˃˗˄ ɮʽˁʰˍʶˊʾ˄ʹΣ ɮ˄ʰˉ˂ʹˊ˗ˍˊʽʰ ɼʰʻʹʴʺˍˊʽʰ 

5. ɼʾ˂ʽʰˌ ɱʶ˗ˊʴʽˇˌΣ ɮ˄ʰˉ˂ʹˊ˖ˍʺˌ ɼʰʻʹʴʹˍʺˌ 

ˁʰʽ ˋˎ˄ʶˉʽˁˇˎˊʺʻʹˁʶ ʰˉˈ ˍʹ˄ ʇˉˇˋˍʹˊʽˁˍʽˁʺ O˃ ʱʵʰ ˍʹˌ ʁɾɳɮΣ ˈˉ˖ˌ ʰˎˍʺ ˇˊʾˋˍʹˁʶ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ 

ʰˊʽʻ˃Φ ˉˊ˖ˍΦ пмнΣ нтκммκнлмо  ʷʴʴˊʰ˒ˇ ˍˇˎ ʃˊˇʷʵˊˇˎ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁΦ ɼˇˎˍˋʽˁˈˉˇˎ˂ˇΣ ˁʰʽ ʹ ˇˉˇʾʰ  
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ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ 

ʆˇ ʷˊʴˇ ˎ˂ˇˉˇʽʶʾˍʰʽ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ɳˉʽ˔ʶʽˊʹˋʽʰˁˇˏ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ζɳˁˉʰʾʵʶˎˋʹ ˁʰʽ ɲʽʰ ɰʾˇˎ 

ɾʱʻʹˋʹη ˁʰʽ ˋˎʴ˔ˊʹ˃ʰˍˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ɴ˄˖ˋʹ όɳˎˊ˖ˉʰʿˁˈ ɼˇʽ˄˖˄ʽˁˈ ʆʰ˃ʶʾˇύ ˁʰʽ ʰˉˈ 
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ʃˊˈ˂ˇʴˇˌ 

ʆˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ʽʵˊˏʻʹˁʶ ˍˇ мфст ˁʰʽ ʶʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ˉˇˎ ʽʵˊˏʻʹˁʶ ˋʶ ɳ˂˂ʹ˄ʽˁˈ 
ʃʰ˄ʶˉʽˋˍʺ˃ʽˇΦ ʁʽ ˋˉˇˎʵʷˌ ʵʽʰˊˁˇˏ˄ ˍʷˋˋʶˊʰ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷˍʹ ʴʽʰ ˍʹ ˂ʺ˕ʹ ˍˇˎ ʲʰˋʽˁˇˏ ˍʾˍ˂ˇˎ 
ˋˉˇˎʵ˗˄Φ ɮˉˈ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ мффп-мффр ˂ʶʽˍˇˎˊʴʶʾ ˋˍˇ ʆ˃ʺ˃ʰ ˍˇ ζʃˊˈʴˊʰ˃˃ʰ ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ 
ʅˉˇˎʵ˗˄ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌη ˃ʶ ʵˏˇ ˁʰˍʶˎʻˏ˄ˋʶʽˌΥ ζɰʽˇ˂ˇʴʽˁʺ ʆʶ˔˄ˇ˂ˇʴʾʰη ˁʰʽ ζʁʽˁˇ˂ˇʴʾʰΣ ɲʽʰ˔ʶʾˊʽˋʹ 
ˁʰʽ ʃˊˇˋˍʰˋʾʰ ʊˎˋʽˁˇˏ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌηΦ ɳˉʾˋʹˌΣ ʰˉˈ ʽʵˊˏˋʶ˖ˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΣ ˎˉʱˊ˔ʶʽ ʹ 
ʵˎ˄ʰˍˈˍʹˍʰ ʶˁˉˈ˄ʹˋʹˌ ɲʽʵʰˁˍˇˊʽˁʺˌ ɲʽʰˍˊʽʲʺˌ ˉˇˎ ˇʵʹʴʶʾ ˋʶ ˂ʺ˕ʹ ɲʽʵʰˁˍˇˊʽˁˇˏ ɲʽˉ˂˗˃ʰˍˇˌΦ ɸʰ 
ˉˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˉˊˇˉˍˎ˔ʽʰˁ˗˄ ˒ˇʽˍʹˍ˗˄ ʷ˔ʶʽ 
ʰˎ˅ʹʻʶʾ ˁʰˍʱ рл҈Φ ɶ ˎˉʶˊʲˇ˂ʽˁʺ ʰˏ˅ʹˋʹ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ ʵˊʰ˃ʰˍʽˁʺ ˃ʶʾ˖ˋʹ ˍ˖˄ 
˃ʶ˂˗˄ ɲɳʃ ʵˎ̀ ˔ʶˊʰʾ˄ʶʽ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ˍˇ ʶˁˉʰʽʵʶˎˍʽˁˈ ʷˊʴˇ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˉʰˊʱ ˍʽˌ ˒ʽ˂ˈˍʽ˃ʶˌ 
ˉˊˇˋˉʱʻʶʽʶˌ ˍ˖˄ ˃ʶ˂˗˄ ɲɳʃ ˁʰʽ ɳɲɹʃΦ ʃʽˋˍʶˏˇˎ˃ʶ ˉ˖ˌ ʹ ˉˇ˂ʽˍʶʾʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˃ʶʽ˗ˋʶʽ ˋʹ˃ʰ˄ˍʽˁʱ 
ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˄ʶˇʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˒ˇʽˍʹˍ˗˄Φ 

ʆˇ ʆ˃ʺ˃ʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ о ʆˇ˃ʶʾˌΥ ʆˇ˃ʷʰˌ ɰʽˇ˂ˇʴʾʰˌ ɵ˗˖˄Σ ʆˇ˃ʷʰˌ ɰʽˇ˂ˇʴʾʰˌ ʊˎˍ˗˄ ˁʰʽ ʆˇ˃ʷʰˌ 

ɱʶ˄ʶˍʽˁʺˌΣ ɰʽˇ˂ˇʴʾʰˌ ɼˎˍˍʱˊˇˎ ˁʰʽ ɮ˄ʱˉˍˎ˅ʹˌΦ ʆˇ ʵʽʵʰˁˍʽˁˈ ˉˊˇˋ˖ˉʽˁˈ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰˍʱ ˍˇ 

ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ 2014-2015Σ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ о1 ˃ʷ˂ʹ ɲɳʃ ʶ˄˗ ˋˍ hʵˏˇ ʶˉˈ˃ʶ˄ʰ ʷˍʹ ʻʰ ˃ʶʽ˖ʻʶʾ 

ˋʶ 22 ˃ʷ˂ʹ ɲɳʃ. ɹʵʽʰʾˍʶˊʰ ˇ ʆˇ˃ʷʰˌ ɰʽˇ˂ˇʴʾʰˌ ʊˎˍ˗˄ ʻʰ ˃ʶʾ˄ʶʽ ˃ʶ 2 ˃ʷ˂ʹ ɲɳʃΦ ɮ˄ ʹ ˉˇ˂ʽˍʶʾʰ ʵʶ˄ 

˒ˊˇ˄ˍʾˋʶʽ ʴʽʰ ˍʹ˄ ˉˊˈˋ˂ʹ˕ʹ ˄ʷ˖˄ ˃ʶ˂˗˄ ɲɳʃ ˍˈˍʶ ˍˈˋˇ ˍˇ ʶˁˉʰʽʵʶˎˍʽˁˈ ˈˋˇ ˁʰʽ ʶˊʶˎ˄ʹˍʽˁˈ ʷˊʴˇ 

ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʻʰ ˎˉˇʲʰʻ˃ʽˋˍʶʾ ˋʹ˃ʰ˄ˍʽˁʱΦ ɶ ʷˊʶˎ˄ʰ ˉˇˎ ʵʽʶ˅ʱʴʶˍʰʽ ˋˍˇ ʆ˃ʺ˃ʰ ˁʰ˂ˏˉˍʶʽ ʷ˄ʰ 

˃ʶʴʱ˂ˇ ˒ʱˋ˃ʰ ˍ˖˄ ʲʽˇ˂ˇʴʽˁ˗˄ ʶˉʽˋˍʹ˃˗˄ ˋʶ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ʱ˂˂ʰ ʽʵˊˏ˃ʰˍʰ ˁʰʽ ˒ˇˊʶʾˌ ˍʹˌ 

ɳ˂˂ʱʵʰˌ ˁʰʽ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ ˋˍʰ ˉ˂ʰʾˋʽʰ ʶˊʶˎ˄ʹˍʽˁ˗˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄Φ ʆʰ ʶˊʶˎ˄ʹˍʽˁʱ ˁˇ˄ʵˏ˂ʽʰ 

ˉˇˎ ʷ˂ʰʲʶ ˍˇ ʆ˃ʺ˃ʰ ʰˉˈ ʶˊʶˎ˄ʹˍʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ˁʰˍʱ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ ʰ˄ʷˊ˔ˇ˄ˍʰʽ ˋʶ 

2.707.891ϵ ˁʰʽ ʶʾ˄ʰʽ ˎˉʶˊˍˊ̔ˉ˂ʱˋʽʰ ˍʹˌ ˁˊʰˍʽˁʺˌ ʶˉʽ˔ˇˊʺʴʹˋʹˌ ˉˇˎ ʷ˂ʰʲʶ ˍʹ˄ ʾʵʽʰ ˉʶˊʾˇʵˇΦ ʆʹ˄ 

ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ ˍˇ ʶˊʶˎ˄ʹˍʽˁˈ ʷˊʴˇ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʰˎ˅ʺʻʹˁʶ ˋʹ˃ʰ˄ˍʽˁʱ ˍˈˋˇ ˋʶ ʰˊʽʻ˃ˈ ˈˋˇ 

ˁʰʽ ˋʶ ˉˇʽˈˍʹˍʰΦ ɶ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˉʰˊʰʴ˖ʴʺ ˋʶ ʵʽʶʻ˄ʺ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶˊʽˇʵʽˁʱ ˉˇˎ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋˍˇ SCI ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ ʰ˄ʷˊ˔ʶˍʰʽ ˋʶ 227 ʱˊʻˊʰΦ ɶ ˋˎ˄ˇ˂ʽˁʺ 

ʰ˄ʰʴ˄˗ˊʽˋʹ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ʷˊʴˇˎ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ ό8.309ύ ʻʶ˖ˊʶʾˍʰʽ 

ʰˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˁʰʽ ʲˊʾˋˁʶˍʰʽ ˋʶ ʱ˄ˇʵˇΦ 

ɮˉˈ ˍʹ˄ ʾʵˊˎˋʹ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰ ˇʽ ʲʽˇʶˉʽˋˍʺ˃ʶˌ ʲˊʾˋˁˇ˄ˍʰʽ ˎˉˈ ʵʽʰˊˁʺ ˁʰʽ ˊʰʴʵʰʾʰ 
ʶ˅ʷ˂ʽ˅ʹΦ ʍˌ ʶˁ ˍˇˏˍˇˎ ˇ ˋˁˇˉˈˌ ˁʰʽ ˇʽ ʶˉʽ˃ʷˊˇˎˌ ˋˍˈ˔ˇʽ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˋˎ˄ʶ˔˗ˌ ʰ˄ʰˉˊˇˋʰˊ˃ˈʸˇ˄ˍʰʽ 
ˁʰʽ ʶˁˋˎʴ˔ˊˇ˄ʾʸˇ˄ˍʰʽ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉʰˊʷ˔ˇˎ˄ ˋˍˇˎˌ ˒ˇʽˍʹˍʷˌ ʰ˂˂ʱ ˁʰʽ ˋˍʹ˄ ˁˇʽ˄˖˄ʾʰ ˍʰ 
ʶˉʽʵʽ˖ˁˈ˃ʶ˄ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ 
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1 

 

мΦ  ɳɹʅɮɱʍɱɶ 
 
мΦмΦ  ʃʶˊʽʴˊʰ˒ʺ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˁʰʽ ˍʹˌ ˋˎ˂˂ˇʴʺˌ ˋˍˇʽ˔ʶʾ˖˄ 

ʆˇ ʆ˃ʺ˃ʰ ʻʶ˖ˊʶʾ ˈˍʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʶˋ˖ˍʶˊʽˁʺˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ʰˉˇˍʶ˂ʶʾ ˁʾ˄ʹˍˊˇ ʴʽʰ 
˃ʶʴʰ˂ˏˍʶˊʹ ˋˎ˄ʶˊʴʰˋʾʰ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ˋʶ ˈ˂ʰ ˍʰ ʶˉʾˉʶʵʰ ˁʰʽ ˈ˔ʽ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ 
ˍʹ˄ ˇˉˇʾʰ ˃ˈ˄ˇ ˍʰ ˎ˕ʹ˂ˈʲʰʻ˃ʰ ˃ʷ˂ʹ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˁʰ˂ˇˏ˄ˍʰʽ ˄ʰ ʵʽʶˁˉʶˊʰʽ˗ˋˇˎ˄Φ 
ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ ʃʰˍˊ˗˄ ʹ ʶˉʽˍˊˇˉʺ ˋˎˋˍʱʻʹˁʶ ˋˏ˃˒˖˄ʰ 
˃ʶ ˍʹ ʵʽʱˍʰ˅ʹ ˍʹˌ ɮɲɹʃ ʰˉˈ ʰ˄ʰˉ˂ʹˊ˖ˍʷˌ ˁʰʽ ˉˊ˖ˍˇʲʱʻ˃ʽˇˎˌ ˁʰʻʹʴʹˍʷˌΣ ˋˎ˄-
ʶˉʽˁˇˎˊˇˏ˃ʶ˄ʹ ˈ˃˖ˌ ʰˉˈ ˍʰ ˎˉˈ˂ˇʽˉʰ ˃ʷ˂ʹ ɲɳʃ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰʻ˗ˌ ˁʰʽ ʰˉˈ 
ʶˁˉˊˇˋ˗ˉˇˎˌ ˍˇˎ ʵʽˇʽˁʹˍʽˁˇˏ ˁʰʽ ˍʶ˔˄ʽˁˇˏ ˉˊˇˋ˖ˉʽˁˇˏΦ ɶ ʶˉʽ˂ˇʴʺ ʰˎˍʺ ʶʾ˔ʶ ˖ˌ 
ˋˍˈ˔ˇ ʰ˒ʶ˄ˈˌ ˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ˇ˃ˇ˒˖˄ʾʰˌ ʰ˒ʶˍʷˊˇˎ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍˇˎ 
ˍʶ˂ʽˁˇˏ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌΦ 

ʁʽ ˉʹʴʷˌ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ʹ ʁɾɳɮ ʱ˄ˍ˂ʹˋʶ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʺˍʰ˄ ˇʽ ʰˁˈ˂ˇˎʻʶˌΥ 

¶ ʆʰ ʃˊˇʴˊʱ˃˃ʰˍʰ ʃˊˇˉˍˎ˔ʽʰˁ˗˄ ˁʰʽ ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ 

¶ ʆʰ ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽʰ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˉˇˎ ˋˎ˃ˉ˂ʺˊ˖ˋʰ˄ ˇʽ ˒ˇʽˍʹˍʷˌΣ ʴʽʰ ˉˊ˗ˍʹ 
˒ˇˊʱ ˁʰˍʱ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ нлмл-нлммΣ ʴʽʰ ˁʱʻʶ ˃ʱʻʹ˃ʰ ʴʽʰ ˍʹ˄ ˉˇʽˈˍʹˍʰ 
ʵʽʵʰˋˁʰ˂ʾʰˌ ˁʰʽ ˍʹˌ ʶ˄ ʴʷ˄ʶʽ ʶˁˉʰʽʵʶˎˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌΦ 

¶ ʆʰ ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽʰ ˉˇˎ ˋˎ˃ˉ˂ʺˊ˖ˋʰ˄ ˍʰ ˃ʷ˂ʹ ɲɳʃ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʴʽʰ ˍʰ 
˃ʰʻʺ˃ʰˍʰ ˉˇˎ ʵʽʵʱˋˁˇˎ˄ ˁʰʽ ʴʽʰ ˍʽˌ ˎˉˇʵˇ˃ʷˌ ˍˇˎ ʵʽʵʰˁˍʽˁˇˏ ˁʰʽ ʶˊʶˎ˄ʹˍʽˁˇˏ 
ʷˊʴˇˎ ˍˇˎˌΦ 

¶ ʆʰ ʰˊ˔ʶʾʰ ˍʹˌ ɱˊʰ˃˃ʰˍʶʾʰˌΦ 

¶ ʆʰ ʰˊ˔ʶʾʰ ˍʹˌ ɳˉʽˍˊˇˉʺˌ ɳˊʶˎ˄˗˄ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄Φ 

¶ ɲʽʶʻ˄ʶʾˌ ˃ʹ˔ʰ˄ʷˌ ʰ˄ʰʸʺˍʹˋʹˌ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁ˗˄Σ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ˁʰʽ ˋˍʰˍʽˋˍʽˁ˗˄ 
ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ˉˇʽˈˍʹˍʰ ˁʰʽ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ʷˊʴˇˎ 
(Web of Science, Scopus Journal Citation Report, Google Scholar ˁ ˂ˉΦύΦ 

¶ ʃ˂ʹˊˇ˒ˇˊʾʶˌ ʰˉˈ ˍʰ ˋˍʶ˂ʷ˔ʹ ˍʹˌ ˁʶ˄ˍˊʽˁʺˌ ʵʽˇʾˁʹˋʹˌ ˍˇˎ ɹʵˊˏ˃ʰˍˇˌ όɾʁɲɹʃύ 
ˉˇˎ ʶʾ˄ʰʽ ʶˉʽ˒ˇˊˍʽˋ˃ʷ˄ʰ ˃ʶ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˋʶ ʶˉʾˉʶʵˇ 
ɹʵˊˏ˃ʰˍˇˌΦ 

¶ ʁʽ ʵʽʰʵʽˁˍˎʰˁˇʾ ˍˈˉˇʽ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ ˁʰʽ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄Φ 

¶ ɳˉʰ˒ʷˌ ˁʰʽ ʰ˄ˍʰ˂˂ʰʴʷˌ ˃ʶ ˍʰ ˃ʷ˂ʹ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ 

 
мΦнΦ ʅˏ˄ʻʶˋʹ ˍʹˌ ʁɾɳɮ 

ɼʰˍʱ ˍʹ ɱʶ˄ʽˁʺ ʅˎ˄ʷ˂ʶˎˋʹ όɱʅύ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˃ʶ ʰˊʽʻΦ мκнм-10-нлмл ˋˎˋˍʺʻʹˁʶ 
ʶˉʽˍˊˇˉʺ ʶˋ˖ˍʶˊʽˁʺˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ όʁ˃ʱʵʰ ɳˋ˖ˍʶˊʽˁʺˌ ɮ˅ʽˇ˂ˈʴʹˋʹˌΣ ʁɾɳɮύΣ ˋˍʹ˄ 
ˇˉˇʾʰ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ р ˃ʷ˂ʹ ɲɳʃ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΣ ˇ ˁʰʻʹʴʹˍʺˌ ɮΦ ɾʾ˄ˍʸʰˌ ˖ˌ 
ʅˎ˄ˍˇ˄ʽˋˍʺˌ ˍʹˌ ɳˉʽˍˊˇˉʺˌΣ ˇ ˁʰʻʹʴʹˍʺˌ ɼΦ ɼˇˎˍˋʽˁˈˉˇˎ˂ˇˌΣ ɮ˄ʰˉ˂ʹˊ˖ˍʺˌ 
ʃˊˈʶʵˊˇˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΣ ˇʽ ʰ˄ʰˉ˂ʹˊ˖ˍʷˌ ˁʰʻʹʴʹˍʷˌΥ ʃΦ ɱʽˇ˃ˉˊʷˌΣ ɱΦ ɼʾ˂ʽʰˌ ˁʰʽ ɮΦ 
ɲʶˊ˃˗˄Φ ɶ ʁɾɳɮ ˋˎ˄ʶˉʽˁˇˎˊʺʻʹˁʶ ʰˉˈ ˍˇ ˃ʷ˂ˇˌ ɳɲɹʃΣ ɲˊΦ ʅΦ ʅˉʰ˄ˇˏ ˁʰʽ ɾΦ ʆˋʷˉʰΣ 
˃ʷ˂ˇˌ ˍˇˎ ʵʽˇʽˁʹˍʽˁˇˏ ˉˊˇˋ˖ˉʽˁˇˏ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ ʁʽ ˒ˇʽˍʹˍʷˌ ˃ʷˋ˖ ˍˇˎ ˋˎ˂˂ˈʴˇˎ 
ˍˇˎˌ ʰˊ˄ʺʻʹˁʰ˄ ˄ʰ ˋˎ˃˃ʶˍʱˋ˔ˇˎ˄ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʱˉˍˎ˅ʹˌ ˁʰʽ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˍʹˌ 
ʷˁʻʶˋʹˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌΦ 
 
  



2 

 

мΦоΦ ʅˍˇʽ˔ʶʾʰ ˉˊˇˈʵˇˎ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ɴˁʻʶˋʹ 
 
ʆˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ ˋˍˇ ˇˉˇʾˇ ʰ˄ʰ˒ʷˊʶˍʰʽ ʹ ˉʰˊˇˏˋʰ ʷˁʻʶˋʹ ʷʴʽ˄ ʁʰ˄ ʰ˃ˈˊ˒˖ˋʹ 

ˍˇˎ ɾʶˍʰˉˍˎ˔ʽʰˁˇˏ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ̱ ˇˎ ʆ˃ʺ˃ʰˍˇˌ 

 
ɶ ˉʰˊˇˏˋʰ ʷˁʻʶˋʹ ʶʾ˄ʰʽ ʹ ʷ˄ʰˍʹ ̄ ˇˎ ʴʾ˄ʶˍʰʽ ʰˉˈ ˍˇ ʆ˃ʺ˃ʰΦ 

  



3 

 

нΦ ʃɮʄʁʇʅɹɮʅɶ ʆʁʇ ʆɾɶɾɮʆʁʅ 
 
ʆˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ʽʵˊˏʻʹˁʶ ˍˇ мфст ˁʰʽ ʶʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ˉˇˎ 
ʽʵˊˏʻʹˁʶ ˋʶ ɳ˂˂ʹ˄ʽˁˈ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇΦ ʇˉʱʴʶˍʰʽ ˋˍʹ ʅ˔ˇ˂ʺ ɸʶˍʽˁ˗˄ ɳˉʽˋˍʹ˃˗˄ ˍˇˎ 
ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄Σ ʹ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾ ˋˎ˄ʷ˔ʶʽʰ ˍʹˌ ʊˎˋʽˁˇ˃ʰʻʹ˃ʰˍʽˁʺˌ ʅ˔ˇ˂ʺˌ 
ˉˇˎ ʽʵˊˏʻʹˁʶ ˍˇ мфссΦ ʆˇ ɾʱʽˇ ˍˇˎ мфст ˃ʶ ˍˇ ɰɲ олмΣ ʹ ʊˎˋʽˁˇ˃ʰʻʹ˃ʰˍʽˁʺ ʅ˔ˇ˂ʺ 
˔˖ˊʾˋˍʹˁʶ ˋʶ п ʆ˃ʺ˃ʰˍʰΥ ˍʹˌ ɰʽˇ˂ˇʴʾʰˌΣ ˍ˖˄ ɾʰʻʹ˃ʰˍʽˁ˗˄Σ ˍʹˌ ʊˎˋʽˁʺˌ ˁʰʽ ˍʹˌ 
ʋʹ˃ʶʾʰˌΦ ʆˇ ˉˊˈʴˊʰ˃˃ʰ ˋˉˇˎʵ˗˄ ˍʹˌ ɰʽˇ˂ˇʴʾʰˌΣ ˂ʶʽˍˇˏˊʴʹˋʶ ʴʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ˍˇ 
ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ мфстςмфсуΣ ˃ʶ п ˒ˇʽˍʹˍʷˌΦ 
ɾʶ ˍˇ ɿˈ˃ˇ ς ʃ˂ʰʾˋʽˇ мнсу ˍˇˎ мфунΣ ʴʽʰ ˍʰ ɮΦɳΦɹ ˍˇ ʆ˃ʺ˃ʰ ˔˖ˊʾˋˍʹˁʶ ˋˍˇˎˌ 
ʰˁˈ˂ˇˎʻˇˎˌ ˍˊʶʽˌ ʆˇ˃ʶʾˌΥ 

¶ ʆˇ˃ʷʰˌ ɰʽˇ˂ˇʴʾʰˌ ɵ˗˖˄ 

¶ ʆˇ˃ʷʰˌ ɰʽˇ˂ˇʴʾʰˌ ʊˎˍ˗˄ 

¶ ʆˇ˃ʷʰˌ ɱʶ˄ʶˍʽˁʺˌΣ ɰʽˇ˂ˇʴʾʰˌ ɼˎˍˍʱˊˇˎ ˁʰʽ ɮ˄ʱˉˍˎ˅ʹˌ 

ʅˍˇ ʆ˃ʺ˃ʰ ʶʾ˄ʰʽ ˄ˇ˃ˇʻʶˍʹ˃ʷ˄ʰ ˍʰ ʰˁˈ˂ˇˎʻʰ ɳˊʴʰˋˍʺˊʽʰ ˁʰʽ ɾˇˎˋʶʾʰΥ 

¶ ɳˊʴʰˋˍʺˊʽˇ ɰʽˇ˂ˇʴʾʰˌ ɰɲ опуκмфст 

¶ ɳˊʴʰˋˍʺˊʽˇ ɰˇˍʰ˄ʽˁʺˌ ɰɲ опуκмфст 

¶ ɳˊʴʰˋˍʺˊʽˇ ɵ˖ˇ˂ˇʴʾʰˌ ɰɲ опуκмфст 

¶ ɳˊʴʰˋˍʺˊʽˇ ɱʶ˄ʶˍʽˁʺˌ ɰɲ урκмфсу 

¶ ɰˇˍʰ˄ʽˁˈ ɾˇˎˋʶʾˇ ʃɲ ослκмфто 

¶ ɵ˖ˇ˂ˇʴʽˁˈ ɾˇˎˋʶʾˇ ʃɲ ослκмфто 

¶ ɳˊʴʰˋˍʺˊʽˇ ɶ˂ʶˁˍˊˇ˄ʽˁʺˌ ɾʽˁˊˇˋˁˇˉʾʰˌ ʃɲ пррκмфтп 

¶ ɳˊʴʰˋˍʺˊʽˇ ɼʰ˂˂ʽʷˊʴʶʽʰˌ ɹˋˍ˗˄ ʃɲ пррκмфтп 

¶ ɳˊʴʰˋˍʺˊʽˇ ʃʶʽˊʰ˃ʰˍˇʸ˗˖˄ ʃɲ пррκмфтп 

¶ ɳˊʴʰˋˍʺˊʽˇ ʊˎˋʽˇ˂ˇʴʾʰˌ ɮ˄ʻˊ˗ˉˇˎ ϧ ɵ˗˖˄ ʃɲ мумκмфтт 

¶ ɳˊʴʰˋˍʺˊʽˇ ʊˎˋʽˇ˂ˇʴʾʰˌ ʊˎˍ˗˄ ʃɲ мумκмфттΦ 
 

ʆˇ ʵʽʵʰˁˍʽˁˈ ˉˊˇˋ˖ˉʽˁˈ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰˍʱ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ нлм4-2015 
ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ о1 ˃ ʷ˂ʹ ɲɳʃ ʶ˄˗ ˍʰ ʶˉˈ˃ʶ˄ʰ ʵˏˇ ̫ ˍʹ ʻʰ ˃ʶʽ˖ʻʶʾ ˋʶ нн ˃ʷ˂ʹ ɲɳʃΦ  
ɮ˄ʰ˂ˎˍʽˁʱ ˁʰˍʱ ˍˇ ˍˊʷ˔ˇ˄ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ ˋˍˇ ʆ˃ʺ˃ʰ ˎˉʹˊʶˍˇˏ˄Υ 

¶ 10 ɼʰʻʹʴʹˍʷˌ  

¶ 8 ɮ˄ʰˉ˂ʹˊ˖ˍʷˌ ɼʰʻʹʴʹˍʷˌ 

¶ 8 ɳˉʾˁˇˎˊˇʽ ɼʰʻʹʴʹˍʷˌ 

¶ 5 ɽʷˁˍˇˊʶˌ 

¶ 4 ɳɳɲɹʃ 

¶ 3 ɳʆɳʃ 

¶ 4 ɲʽˇʽˁʹˍʽˁˈ ˉˊˇˋ˖ˉʽˁˈ 
 
ʆˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ˇˊʴʰ˄˗˄ʶʽ ˍʰ ʰˁˈ˂ˇˎʻʰ ʃˊˇʴˊʱ˃˃ʰˍʰ ʅˉˇˎʵ˗˄Υ 

ɮΦ ʃˊˈʴˊʰ˃˃ʰ ʃˊˇˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ ˋˍʹ ɰʽˇ˂ˇʴʾʰ  
ʁʽ ˋˉˇˎʵʷˌ ˋˍˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ʵʽʰˊˁˇˏ˄ ˍʷˋˋʶˊʰ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷˍʹ ʴʽʰ ˍʹ ˂ʺ˕ʹ 
ˍˇˎ ʲʰˋʽˁˇˏ ˍʾˍ˂ˇˎ ˋˉˇˎʵ˗˄Φ 
ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˍˇ ʆ˃ʺ˃ʰ ˋˎ˃˃ʶˍʷ˔ʶʽ ˋˍʰ ʃˊˇʴˊʱ˃˃ʰˍʰ ʃˊˇˉˍˎ˔ʽʰˁ˗˄ 
ʅˉˇˎʵ˗˄ ʱ˂˂˖˄ ʆ˃ʹ˃ʱˍ˖˄ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄ ˃ʷˋ˖ ˍʹˌ ʰ˄ʱʻʶˋʹˌ 
ʵʽʵʰˋˁʰ˂ʾʰˌ ˃ʰʻʹ˃ʱˍ˖˄ ˁʰʽ ʵʽʶ˅ʰʴ˖ʴʺˌ ˋʶ˃ʽ˄ʰˊʾ˖˄ ˁʰʽ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ 
ʰˋˁʺˋʶ˖˄ ˋʶ ˃ʷ˂ʹ ɲɳʃ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ ɶ ˏ˂ʹ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ʰ˒ˇˊʱ ˋʶ ʴ˄˖ˋˍʽˁʱ 
ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˃ʶ˂˗˄ ɲɳʃ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˈˉ˖ˌΥ ɱʶ˄ʽˁʺ ɰʽˇ˂ˇʴʾʰΣ ɱʶ˄ʶˍʽˁʺΣ ɰˇˍʰ˄ʽˁʺ 
ˁʰʽ ɾʽˁˊˇʲʽˇ˂ˇʴʾʰΦ ʆʰ ʆ˃ʺ˃ʰˍʰ ˉˇˎ ʰ˄ʰʻʷˍˇˎ˄ ˋˍˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ˍʹ 
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ʵʽʵʰˋˁʰ˂ʾʰ ˃ʰʻʹ˃ʱˍ˖˄ ˁʰʽ ʶˊʴʰˋˍʹˊʾ˖˄ ʁʾ ˄ʰʽ ˍʰ ʆ˃ʺ˃ʰˍʰ ʊˎˋʽˁʺˌΣ ʋʹ˃ʶʾʰˌΣ 
ɳˉʽˋˍʺ˃ʹˌ ʇ˂ʽˁ˗˄Σ ʊʰˊ˃ʰˁʶˎˍʽˁʺˌ ˁʰʽ ɲʹ˃ˇˍʽˁʺˌ ɳˁˉʰʾʵʶˎˋʹˌ. 
ɳˉʾˋʹˌ ˍˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊˇˋ˒ʷˊʶʽ ˋˍˇˎˌ ˒ˇʽˍʹˍʷˌ ˍˇˎ ˈˋˇ ˍˇ 
ʵˎ˄ʰˍˈ ˉʽˇ ʱˊˍʽʶˌ ʴ˄˗ˋʶʽˌ ˋʶ ˈ˂ˇ ˍˇ ˒ʱˋ˃ʰ ˍ˖˄ ʲʽˇʶˉʽˋˍʹ˃˗˄ ʰ˄ʰʻʷˍʶʽ ˍʹ 
ʵʽʵʰˋˁʰ˂ʾʰ ˇˊʽˋ˃ʷ˄˖˄ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ˋʶ ʱ˂˂ʰ ʆ˃ʺ˃ʰˍʰ ˍˇˎ 
ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄Φ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʰʻʺ˃ʰˍʰ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ˏ˂ʹ ʰ˒ˇˊʱ ˋʶ 
ʴ˄˖ˋˍʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉˇˎ ʻʶˊʰˉʶˏˇ˄ˍʰʽ ʰˉˈ ˍʰ ʆ˃ʺ˃ʰˍʰ ʊˎˋʽˁʺˌΣ ʋʹ˃ʶʾʰˌΣ 
ɾʰʻʹ˃ʰˍʽˁ˗˄Σ ɱʶ˖˂ˇʴʾʰˌ  ˁ ʰʽ ʰˉˈ ˍˇ ʃʰʽʵʰʴ˖ʴʽˁˈ ʆ˃ʺ˃ʰ ɲʹ˃ˇˍʽˁʺˌ ɳˁˉʰʾʵʶˎˋʹˌ.  
 

ɰΦ ɾʶˍʰˉˍˎ˔ʽʰˁʱ ʃˊˇʴˊʱ˃˃ʰˍʰ ʅˉˇˎʵ˗˄ 

ʅˍˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄ ˂ʶʽˍˇˎˊʴʶʾ ʰˉˈ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ 
ʷˍˇˌ нллтҍлу ʃˊˈʴˊʰ˃˃ʰ ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʵʽʰˍʱ˅ʶʽˌ ˍʹˌ 
ʰˉˈ˒ʰˋʹˌ ʰˎˍʺˌ ˁʰʽ ˍʽˌ ʵʽʰˍʱ˅ʶʽˌ ˍ˖˄ ʱˊʻˊ˖˄ мл ʷ˖ˌ мн ˍˇˎ ˄Φ нлуоκмффн 
ώʇˉˇˎˊʴʽˁʺ ɮˉˈ˒ʰˋʹ тпррфκɰтκол-11-нллт όʊɳɼ ннулκол-11-нллт ˍΦɰ˘ύϐΦ 
ʆˇ ʃΦɾΦʅΦ ʰ˄ʰ˃ˇˊ˒˗ʻʹˁʶ ˉˊˈˋ˒ʰˍʰ ˋʶ ˍˊʾʰ ʶ˅ʱ˃ʹ˄ʰ ˒ˇʾˍʹˋʹˌ ˁʰʽ ˇʵʹʴʶʾ ˋˍʹ˄ 
ʰˉˇ˄ˇ˃ʺ ɾʶˍʰˉˍˎ˔ʽʰˁˇˏ ɲʽˉ˂˗˃ʰˍˇˌ ɳʽʵʾˁʶˎˋʹˌ όɾΦɲΦɳΦύ ˋˍʽˌ ʶ˅ʺˌ ˁʰˍʶˎʻˏ˄ˋʶʽˌΥ 

¶ ɰʽˇ˂ˇʴʽˁʺ ʆʶ˔˄ˇ˂ˇʴʾʰ 

¶ ʁʽˁˇ˂ˇʴʾʰΣ ɲʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ʃˊˇˋˍʰˋʾʰ ʊˎˋʽˁˇˏ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ 
 
ɱΦ ɲʽʵʰˁˍˇˊʽˁˈ ɲʾˉ˂˖˃ʰ 
ʅˍˇ ʆ˃ʺ˃ʰ ˎˉʱˊ˔ʶʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʶˁˉˈ˄ʹˋʹˌ ɲʽʵʰˁˍˇˊʽˁʺˌ ɲʽʰˍˊʽʲʺˌ ˉˇˎ ˇʵʹʴʶʾ 
ˋʶ ˂ʺ˕ʹ ɲʽʵʰˁˍˇˊʽˁˇˏ ɲʽˉ˂˗˃ʰˍˇˌΦ 
ʁʽ ˁˏˊʽˇʽ ˋˍˈ˔ˇʽ ʶʾ˄ʰʽΥ 
ɶ ˉˊˇʰʴ˖ʴʺ ˍ˖˄ ʲʽˇʶˉʽˋˍʹ˃˗˄ ˃ʷˋ˖ ˍʹˌ ˎ˕ʹ˂ʺˌ ˉˇʽˈˍʹˍʰˌ ʶˁˉʰʾʵʶˎˋʹˌ ˁʰʽ 
ʷˊʶˎ˄ʰˌ ˋˎ˄ʽˋˍ˗˄ˍʰˌ ʷ˄ʰ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈ ˁʷ˄ˍˊˇ ʷˊʶˎ˄ʰˌ ʲʽˇ˂ˇʴʽˁ˗˄ ʶˉʽˋˍʹ˃˗˄ ˋʶ 
ʵʽʶʻ˄ʷˌ ʶˉʾˉʶʵˇΦ 
ɶ ˉʰˊˇ˔ʺ ˋˏʴ˔ˊˇ˄ʹˌ ˁʰʽ ˋˎ˄ʶ˔˗ˌ ʶˉʽˁʰʽˊˇˉˇʽˇˏ˃ʶ˄ʹˌ ʶˁˉʰʾʵʶˎˋʹˌ ˉˇˎ ʻʰ 
ʵʹ˃ʽˇˎˊʴʺˋʶʽ ʶˉʽˋˍʺ˃ˇ˄ʶˌ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˇˏˌ ˍˈˋˇ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ʶˉʽˁˊʱˍʶʽʰˌ 
ˈˋˇ ˁʰʽ ˋˍˇ ʵʽʶʻ˄ʺ ˔˗ˊˇΦ  
ɶ ˁʱ˂ˎ˕ʹ ˍ˖˄ ʰ˄ʰʴˁ˗˄ ˍʹˌ ˋˏʴ˔ˊˇ˄ʹˌ ˁˇʽ˄˖˄ʾʰˌ ʴʽʰ ʰ˄ʻˊ˗ˉʽ˄ˇ ʵˎ˄ʰ˃ʽˁˈ 
ʶˎˊˏˍʶˊʰ ˁʰ˂˂ʽʶˊʴʹ˃ʷ˄ˇ ˁʰʽ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˁʰˍʰˊˍʽˋ˃ʷ˄ˇ ˁʰʽ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇΦ 
ʃʰˊʱ˂˂ʹ˂ʰ ˃ʶ ʰˎˍʱΣ ʹ ʰ˄ʱʴˁʹ ʵʽʶˉʽˋˍʹ˃ˇ˄ʽˁˈˍʹˍʰˌ ˉˇˎ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʷ˄ˍˇ˄ʹ 
ˋˍʽˌ ʶˉʽˋˍʺ˃ʶˌ ˍʹˌ ʸ˖ʺˌΣ ʰˉˇˍʶ˂ʶʾ ˋˎ˄ʶ˔ʺ ʶˉʽʵʾ˖˅ʹ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ 
ʆˇ˃ʶʾˌΦ  
ʁʽ ʶˊʶˎ˄ʹˍʽˁʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰ˂ˏˉˍˇˎ˄ ʷ˄ʰ ʶˎˊˏ 
˒ʱˋ˃ʰ ʲʽˇ˂ˇʴʽˁ˗˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ʰʽ˔˃ʺˌΣ ʰ˂˂ʱ ˁʰʽ ʲʰˋʽˁ˗˄ ʲʽˇ˂ˇʴʽˁ˗˄ ʶˉʽˋˍʹ˃˗˄Φ 
ɾʷˋ˖ ʰˎˍ˗˄ ˁʰ˂ˏˉˍʶˍʰʽ ˍˇ ʶˎˊˏ ˒ʱˋ˃ʰ ˍ˖˄ ʻʶ˃ʱˍ˖˄ ˋˏʴ˔ˊˇ˄ʹˌ ʲʽˇ˂ˇʴʾʰˌ ʰˉˈ 
ˍʰ ˋˏ˄ʻʶˍʰ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ʸʹˍʺ˃ʰˍʰ ʷ˖ˌ ˍʰ ʻʷ˃ʰˍʰ ʰʽ˔˃ʺˌ ˍ˖˄ ʲʽˇʿʰˍˊʽˁ˗˄ 
ʶˉʽˋˍʹ˃˗˄Φ  
ʆˇ ʆ˃ʺ˃ʰ ˉʰˊʷ˔ʶʽ ʱˊʽˋˍʶˌ ʴ˄˗ˋʶʽˌ ˁʰʽ ˉˊʰˁˍʽˁʺ ʶ˃ˉʶʽˊʾʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋʶ ˈ˂ʶˌ ˍʽˌ 
ˉˍˎ˔ʷˌ ˍʹˌ ʶˉʽˋˍʺ˃ʹˌ ˍʹˌ ɰʽˇ˂ˇʴʾʰˌΣ ˈˉ˖ˌ ɱʶ˄ʶˍʽˁʺΣ ɾˇˊʽʰˁʺΣ ɼˎˍˍʰˊʽˁʺ ˁʰʽ 
ɮ˄ʰˉˍˎ˅ʽʰˁʺ ɰʽˇ˂ˇʴʾʰΣ ɲˇ˃ʽˁʺ ɰʽˇ˂ˇʴʾʰΣ ɰʽˇˍʶ˔˄ˇ˂ˇʴʾʰΣ ɾʽˁˊˇʲʽˇ˂ˇʴʾʰΣ 
ʊˎˋʽˇ˂ˇʴʾʰ ʸ˖ʽˁ˗˄ ˁʰʽ ˒ˎˍʽˁ˗˄ ˇˊʴʰ˄ʽˋ˃ˇʾΣ ʆˇ˅ʽˁˇ˂ˇʴʾʰΣ ɳ˅ʶ˂ʽˁˍʽˁʺ ˁʰʽ 
ʅˎˋˍʹ˃ʰˍʽˁʺ ɰʽˇ˂ˇʴʾʰΣ ʁʽˁˇ˂ˇʴʾʰΣ ɹ˔ʻˎˇ˂ˇʴʾʰΣ ʍˁʶʰ˄ˇʴˊʰ˒ʾʰ ˁʰʽ ɲʽʰ˔ʶʾˊʽˋʹ 
ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁʰʽ ʊˎˋʽˁ˗˄ ʃˈˊ˖˄Φ 
ʁʽ ˉˍˎ˔ʽˇˏ˔ˇʽ ʷ˔ˇˎ˄ ˖ˌ ˁˏˊʽˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʶ˄ʰˋ˔ˈ˂ʹˋʹˌ ˍʹ ʵʽʶˏˊˎ˄ˋʹ ˍ˖˄ 
ʴ˄˗ˋʶ˗˄ ˍˇˎˌ ˁʰʽ ˍʹ ˁh ˍʰ˄ˈʹˋʹ ˁʰʽ ʶ˒ʰˊ˃ˇʴʺ ˋˏʴ˔ˊˇ˄˖˄ ˃ʶʻˈʵ˖˄ ʴʽʰ ˍʹ˄ 
ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ʷˊʶˎ˄ʰˌ ˋʶ ˍˇ˃ʶʾˌ ʰʽ˔˃ʺˌ ˍ˖˄ ʲʽˇ˂ˇʴʽˁ˗˄ ˁʰʽ ɰʽˇ-ɹʰˍˊʽˁ˗˄ ʶˊʶˎ˄˗˄. 
ʁʽ ˉˍˎ˔ʽˇˏ˔ˇʽ ˃ˉˇˊˇˏ˄ ˄ʰ ʰˉʰˋ˔ˇ˂ˇˏ˄ˍʰʽ ˋʶ ˒ˇˊʶʾˌ ˍˇˎ ʵʹ˃ˇˋʾˇˎ ˁʰʽ ʽʵʽ˖ˍʽˁˇˏ 
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ˍˇ˃ʷʰ ˁʰ˂ˏˉˍˇ˄ˍʰˌ ʷ˄ʰ ʶˎˊˏ ˒ʱˋ˃ʰ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄Φ ʁʽ ˎˉʹˊʶˋʾʶˌ ˉˇˎ ʶʾ˄ʰʽ ˋʶ 
ʻʷˋʹ ˄ʰ ˉʰˊʱˋ˔ˇˎ˄ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ˃ʶʾˌ ˈˉ˖ˌ ʹ ˎʴʶʾʰΣ ʹ ʶˁˉʰʾʵʶˎˋʹΣ ʹ 
ʲʽˇ˃ʹ˔ʰ˄ʾʰ ˍˊˇ˒ʾ˃˖˄ ʹ ˉˇʽˈˍʹˍʰ ʸ˖ʺˌΣ ʹ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹΣ ˉˊˇˋˍʰˋʾʰ ˁʰʽ 
ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ ɳˉʾˋʹˌ ˇʽ ˉˍˎ˔ʽˇˏ˔ˇʽ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˃ˉˇˊˇˏ˄ ˄ʰ 
ʶˊʴʰˋˍˇˏ˄ ˋʶ ʶˊʶˎ˄ʹˍʽˁʱ ˁʷ˄ˍˊʰ ʺ ʽ˄ˋˍʽˍˇˏˍʰΣ ˒ˇˊʶʾˌ ˁʶ˄ˍˊʽˁʺˌ ʺ ˍˇˉʽˁʺˌ 
ʰˎˍˇʵʽˇʾˁʹˋʹˌΣ ˋ˔ˇ˂ʶʾʰΣ ʶˊʴʰˋˍʺˊʽʰ ˉʰ˄ʶˉʽˋˍʹ˃ʽʰˁ˗˄ ˁʰʽ ˄ˇˋʹ˂ʶˎˍʽˁ˗˄ 
ʽʵˊˎ˃ʱˍ˖˄Σ ʲʽˇ˃ʹ˔ʰ˄ʾʶˌ ς ʲʽˇˍʶ˔˄ʾʶˌ ˉʰˊʰʴ˖ʴʺˌ ˁʰʽ ʶ˃ˉˇˊʾʰˌ ˒ʰˊ˃ʱˁ˖˄ ˁʰʽ 
ˍˊˇ˒ʾ˃˖˄Σ ˒ˇˊʶʾˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁʰʽ ʴˊʰ˒ʶʾʰ ˃ʶ˂ʶˍ˗˄Φ 
 

оΦ ʃʄʁɱʄɮɾɾɮ ʃʄʁʃʆʇʋɹɮɼʍɿ ʅʃʁʇɲʍɿ 

ʆˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ˍˇˎ ʃʰ˄κ˃ʾˇˎ ʃʰˍˊ˗˄ ʰˉˇˍʶ˂ʶʾ ˍˇ ˉˊ˗ˍˇ ɰʽˇ˂ˇʴʽˁˈ ʆ˃ʺ˃ʰ 
ˉˇˎ ˂ʶʽˍˇˏˊʴʹˋʶ ˋˍʹ˄ ɳ˂˂ʱʵʰ ˁʰʽ ʷ˔ʶʽ ˋˎˋˋ˖ˊʶˎ˃ʷ˄ʹ ʶ˃ˉʶʽˊʾʰ ˁʰʽ ˉʰˊʱʵˇˋʹ ˉˇˎ 
ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ʶˁˉʰʽʵʶˎˍʽˁʺ ʶˉʱˊˁʶʽʰ ˍ˖˄ ʰˉˇ˒ˇʾˍ˖˄ ˍˇˎΦ 
ɮˉˈ˒ˇʽˍˇʾ ˍˇˎ ˋˍʶ˂ʷ˔˖ˋʰ˄ ˍˇ ʆ˃ʺ˃ʰ ˁʰʽ ˍʰ ˄ʶˈˍʶˊʰ ˍ˃ʺ˃ʰˍʰ ɰʽˇ˂ˇʴʾʰˌ ˉˇˎ 
ʽʵˊˏʻʹˁʰ˄Φ ʆˇ ʃˊˈʴˊʰ˃˃ʰ ʃˊˇˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ όʃʃʅύ ʰ˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ 
ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ˋˍˇˎˌ ˋˍˈ˔ˇˎˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʴʽʰ ˍʹ˄ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈˍʹˍʰ ˍ˖˄ 
ʰˉˇ˒ˇʾˍ˖˄ ˍˇˎ ˋˍˇ ɳ˂˂ʹ˄ʽˁˈ ʰ˂˂ʱ ˁʰʽ ˋˍˇ ɳˎˊ˖ˉʰʿˁˈ ˁʰʽ ʵʽʶʻ˄ʷˌ ʶˉʾˉʶʵˇΣ ˈˉ˖ˌ 
ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʰʴʴʶ˂˃ʰˍʽˁʺ ˋˍʰʵʽˇʵˊˇ˃ʾʰ ˍˇˎˌ ό˃ʶˍʰˉˍˎ˔ʽʰˁʷˌ 
ˋˉˇˎʵʷˌΣ ˋˍʶ˂ʷ˔˖ˋʹ ˍʹˌ ʶˁˉʰʾʵʶˎˋʹˌΣ ʷˊʶˎ˄ʰˌΣ ˎˉʹˊʶˋʽ˗˄ ˎʴʶʾʰˌ ˁʰʽ 
ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ ˋˍˇ˄ ʵʹ˃ˈˋʽˇ ˁʰʽ ʽʵʽ˖ˍʽˁˈ ˍˇ˃ʷʰύΦ ɶ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍˇˎ ʃʃʅ 
ˍʶˁ˃ʹˊʽ˗˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˍ˖˄ ʰˉˇ˒ˇʾˍ˖˄ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˄ʰ 
ʰ˄ˍʰˉˇˁˊʾ˄ˇ˄ˍʰʽ ʱˊʽˋˍʰ ˋˍʽˌ ʶˉʰʴʴʶ˂˃ʰˍʽˁʷˌ ˍˇˎˌ ʰˉʰʽˍʺˋʶʽˌ ˋʶ ɳ˂˂ʹ˄ʽˁˈΣ 
ɳˎˊ˖ˉʰʿˁˈ ˁʰʽ ʵʽʶʻ˄ʷˌ ʶˉʾˉʶʵˇΦ 

ʆˇ нлло ˃ʶˍʱ ʰˉˈ ʰˉˈ˒ʰˋʹ ˍʹˌ ɱʶ˄ʽˁʺˌ ʅˎ˄ʷ˂ʶˎˋʹˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʻʶˋˉʾˋˍʹˁʰ˄ 
ʵˏˇ ˁʰˍʶˎʻˏ˄ˋʶʽˌΥ ɮύ ɱʶ˄ʶˍʽˁʺΣ ɼˎˍˍʰˊʽˁʺςɾˇˊʽʰˁʺ ɰʽˇ˂ˇʴʾʰ ˁʰʽ ʊˎˋʽˇ˂ˇʴʾʰΣ ɰύ  
ɰʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ ʁʽˁˇ˂ˇʴʾʰ ˁʰʽ ʃʶˊʽʲʱ˂˂ˇ˄Φ ɮˁˇ˂ˇˏʻ˖ˌ ˍˇ нллуΣ ˃ʶˍʱ ʰˉˈ 
ʶˉʰ˄ʶʽ˂ʹ˃˃ʷ˄ʰ ʰʽˍʺ˃ʰˍʰ ˍ˖˄ ˒ˇʽˍʹˍ˗˄Σ ˍˇ ʆ˃ʺ˃ʰ ˁʰˍʱˊʴʹˋʶ ˍʽˌ ʵˏˇ 
ˁʰˍʶˎʻˏ˄ˋʶʽˌΦ ʆˇ ʲʰˋʽˁˈ ˁˊʽˍʺˊʽˇ ˍʹˌ ʰ˄ʰ˃ˈˊ˒˖ˋʹˌ ʰˎˍʺˌ ʰˉˇˍʷ˂ʶˋʶ ʹ ʶˁˍʾ˃ʹˋʹ 
ˍʹˌ ʰ˄ʰʴˁʰʽˈˍʹˍʰˌ ʶ˄ʽʰʾˇˎ ˉˍˎ˔ʾˇˎ ɰʽˇ˂ˇʴʾʰˌ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʵʽʶˏˊˎ˄ˋʹ ˍʹˌ 
ʶˁˉʰʾʵʶˎˋʹˌ ˋˍʽˌ ɰʽˇ˂ˇʴʽˁʷˌ ɳˉʽˋˍʺ˃ʶˌΦ ɴˍˋʽΣ ˇʽ ʰˉˈ˒ˇʽˍˇʽ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʻʰ ʷ˔ˇˎ˄ 
ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʴ˄˗ˋʹ ˈ˂˖˄ ˍ˖˄ ʲʰˋʽˁ˗˄ ˉʶʵʾ˖˄ ˍʹˌ ɰʽˇ˂ˇʴʾʰˌ ʴʶʴˇ˄ˈˌ ˉˇˎ ˍˇˎˌ 
ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˁʰ˂ˏˍʶˊʹ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ʶˉʱˊˁʶʽʰ ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ ʶˉʰʴʴʶ˂˃ʰˍʽˁʺ 
ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈˍʹˍʰΦ ʆʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʵʶˁʰʶˍʾʰ ˉˊˇˋˍʷʻʹˁʰ˄ ˄ʷʰ ˃ʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ 
ˁʰʽ ʷʴʽ˄ʶ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍʹˌ ʶˁˉʰʽʵʶˎˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ˃ʶ ˔ˊʺˋʹ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ 
˃ʷˋ˖˄Φ ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʰˎˍˈ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ʰˎ˅ʹ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ˃ʰʻʹ˃ʱˍ˖˄Σ ˋʶ 
ˋ˔ʷˋʹ ˃ʶ ʱ˂˂ʰ ˍ˃ʺ˃ʰˍʰ ɰʽˇ˂ˇʴʾʰˌ ˋˍʹ˄ ɳ˂˂ʱʵʰ ˁʰʽ ˋˍˇ ʶ˅˖ˍʶˊʽˁˈ ˃ʶ ˋˎ˄ʷˉʶʽʰ ˄ʰ 
ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʲʶʲʰˊʹ˃ʷ˄ˇΦ ʁ ˔ˊˈ˄ˇˌ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ˁʰʽ 
ʶˊʴʰˋˍʹˊʾ˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ʰˉˈ пл-пр ˗ˊʶˌ ˍʹ˄ ʶʲʵˇ˃ʱʵʰΦ ʁ ˋˎ˄ˇ˂ʽˁˈˌ ˒ˈˊˍˇˌ 
ʶˊʴʰˋʾʰˌ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʰˉˈ ˍˇ˄ ˃ʶʴʱ˂ˇ ʰˊʽʻ˃ˈ ˍ˖˄ 
ˎˉˇ˔ˊʶ˖ˍʽˁ˗˄ ˃ʰʻʹ˃ʱˍ˖˄ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʶˉʽ˃ʺˁˎ˄ˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ 
˒ˇʾˍʹˋʹˌ ˁʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˍʹ˄ ˃ʶʾ˖ˋʹ ˍˇˎ ʲʰʻ˃ˇˏ ˉˍˎ˔ʾˇˎΦ ɱʽʰ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ 
˂ˈʴˇˎˌ ˁʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˎˉˇʵʶʾ˅ʶʽˌ ˍʹˌ ɳˉʽˍˊˇˉʺˌ ɳ˅˖ˍʶˊʽˁʺˌ ɮ˅ʽˇ˂ˈʴʹˋʹˌ ˍˇ 
ʆ˃ʺ˃ʰ ˉˊˇʷʲʹˁʶ ˋʶ ˄ʷʰ ʰ˄ʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ʃʃʅ ˃ʶˍʱ ʰˉˈ ʰˉˈ˒ʰˋʹ ˍʹˌ ɱʶ˄ʽˁʺˌ 
ʅˎ˄ʷ˂ʶˎˋʹˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ όмтκтκнлмпύ ˈˉ˖ˌ ʰ˄ʰ˂ˏʶˍʰʽ ˉʰˊʰˁʱˍ˖Φ  

ʆˇ ˄ʷˇ ˉˊˈʴˊʰ˃˃ʰ ʃˊˇˉˍˎ˔ʽʰˁ˗˄ ˋˉˇˎʵ˗˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʶʾ˖ˋʹ ˍ˖˄ 
ˎˉˇ˔ˊʶ˖ˍʽˁ˗˄ ˃ʰʻʹ˃ʱˍ˖˄ ˁʰʽ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ʃˊʰˁˍʽˁʺˌ ɯˋˁʹˋʹˌΣ ˉˇˎ ˈ˃˖ˌ 
ʶˁˁˊʶ˃ʶʾ ʹ ˔ˊʹ˃ʰˍˇʵˈˍʹˋʺ ˍʹˌ ʰˉˈ ˍˇ ˎˉˇˎˊʴʶʾˇ ʃʰʽʵʶʾʰˌΦ ʆˇ ʰ˄ʰ˃ˇˊ˒˖˃ʷ˄ˇ 
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ʃʃʅ ˍʷʻʹˁʶ ˋʶ ʽˋ˔ˏ ʰˉˈ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ нлмп-нлмр ˁʰʽ ʷ˔ˇˎ˄ ˉˊˇʲ˂ʶ˒ʻʶʾ 
˃ʶˍʰʲʰˍʽˁʷˌ ʵʽʰˍʱ˅ʶʽˌ  ʴʽʰ ˍˇˎˌ ʺʵʹ ˒ˇʽˍˇˏ˄ˍʶˌ ˋʶ ˃ʶʴʰ˂ ˏˍʶˊʰ ʷˍʹ ˋˉˇˎʵ˗˄Φ ɱʽʰ 
ˍʹ ˂ʺ˕ʹ ˉˍˎ˔ʾˇˎΣ ʰˉʰʽˍˇˏ˄ˍʰʽ ˋˎ˄ˇ˂ʽˁʱ нпл ˉʽˋˍ˖ˍʽˁʷˌ ˃ˇ˄ʱʵʶˌ ό9/¢{ύΣ  ʵʹ˂ʰʵʺ 
ол 9/¢{ ʰ˄ʱ ʶ˅ʱ˃ʹ˄ˇ ˉ˂ʺˊˇˎˌ ˒ˇʾˍʹˋʹˌΦ ʅˍˇ ˄ʷˇ ʃˊˈʴˊʰ˃˃ʰ ʅˉˇˎʵ˗˄ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ нр ˎˉˇ˔ˊʶ˖ˍʽˁʱ ˃ʰʻʺ˃ʰˍʰ ˉˇˎ ˋˎʴˁʶ˄ˍˊ˗˄ˇˎ˄ мсу 9/¢{ ˁʰʽ 
ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍˇ тл҈ ˍ˖˄ ˋˎ˄ˇ˂ʽˁ˗˄ 9/¢{Φ ɮˉˈ ˍˇ нˇ ʶ˅ʱ˃ʹ˄ˇ ˋˉˇˎʵ˗˄Σ ˇʽ 
˒ˇʽˍʹˍʷˌ ʷ˔ˇˎ˄ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʶˉʽ˂ʷ˅ˇˎ˄ ˃ʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ ʰˉˈ ʷ˄ʰ 
ˁʰˍʱ˂ˇʴˇ ос ˃ʰʻʹ˃ʱˍ˖˄ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˋˉˇˎʵ˗˄ ˍˇˎˌ όˋˎ˄ˇ˂ʽˁʱ тп 9/¢{ύΣ 
ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄˖˄ ˋʶ ˇ˃ʱʵʶˌ ˔ʶʽ˃ʶˊʽ˄˗˄ ˁʰʽ ʶʰˊʽ˄˗˄ ʶ˅ʰ˃ʺ˄˖˄Σ ˋˎ˄ ˍʹ ɲʽˉ˂˖˃ʰˍʽˁʺ 
ɳˊʴʰˋʾʰ ˁʰʽ ˍʹ˄ ʃˊʰˁˍʽˁʺ ɯˋˁʹˋʹΣ ˉˇˎ ʻʶ˖ˊˇˏ˄ˍʰʽ ˁʰʽ ʰˎˍʱ ˃ʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌΦ  

ɮˉˈ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ нлмп-нлмрΣ ˍʰ ˉˊˇˋ˒ʶˊˈ˃ʶ˄ʰ ˃ʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ 
ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ʶ˅ʺˌ ˁʰˍʹʴˇˊʾʶˌΥ ɾʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ ˍʹˌ ʁ˃ʱʵʰˌ ɮ όɳʰˊʽ˄˗˄ 
ɳ˅ʰ˃ʺ˄˖˄ύΥ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽ˂ʶʴˇˏ˄ ʰˉˈ ˍˇ ɰ ɳ˅ʱ˃ʹ˄ˇ ʊˇʾˍʹˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˋˍʰ 
ʶˉˈ˃ʶ˄ʰ ɳʰˊʽ˄ʱ ɳ˅ʱ˃ʹ˄ʰΦ ɾʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ ˍʹˌ ʁ˃ʱʵʰˌ ɰ όʋʶʽ˃ʶˊʽ˄˗˄ 
ɳ˅ʰ˃ʺ˄˖˄ύΥ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽ˂ʶʴˇˏ˄ ʰˉˈ ˍˇ ɳ ɳ˅ʱ˃ʹ˄ˇ ʊˇʾˍʹˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˋˍʰ 
ʶˉˈ˃ʶ˄ʰ ʋʶʽ˃ʶˊʽ˄ʱ ɳ˅ʱ˃ʹ˄ʰΦ ɾʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ ˍʹˌ ʁ˃ʱʵʰˌ ɱ όɳʰˊʽ˄˗˄ 
ɳ˅ʰ˃ʺ˄˖˄ύΥ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽ˂ʶʴˇˏ˄ ʰˉˈ ˍˇ ʅʆ ɳ˅ʱ˃ʹ˄ˇ ʊˇʾˍʹˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˋˍʰ 
ʶˉˈ˃ʶ˄ʰ ɳʰˊʽ˄ʱ ɳ˅ʱ˃ʹ˄ʰΦ ɾʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ ˍʹˌ ʁ˃ʱʵʰˌ ɲ όʋʶʽ˃ʶˊʽ˄ˈ ɳ˅ʱ˃ʹ˄ˇύΥ 
˃̄ ˇˊˇˏ˄ ˄ʰ ʶˉʽ˂ʶʴˇˏ˄ ʰˉˈ ˍˇ ɵ ɳ˅ʱ˃ʹ˄ˇ ʊˇʾˍʹˋʹˌΦ ɾʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ ˍʹˌ 
ʁ˃ʱʵʰˌ ɳ όɳʰˊʽ˄ˈ ɳ˅ʱ˃ʹ˄ˇύΥ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽ˂ʶʴˇˏ˄ ʰˉˈ ˍˇ ɶ ɳ˅ʱ˃ʹ˄ˇ ʊˇʾˍʹˋʹˌΦ 

ɳʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ʷ˔ʶʽ ʰˎ˅ʹʻʶʾ ʹ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹ ˍʹˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ 
ɳˊʴʰˋʾʰˌ ˋʶ нл ECTS  όʰˉˈ мнύ ˉˇˎ ˁʰˍʰ˄ʷ˃ˇ˄ˍʰʽ ˋʶ ʵˏˇ ʶ˅ʱ˃ʹ˄ʰΣ ɶΩ ˁʰʽ ɵ˘ 
ʶ˅ʱ˃ʹ˄ʰΦ  ɶ ʵʶ ʃˊʰˁˍʽˁʺ ɯˋˁʹˋʹ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ с 9/¢{Φ 

ɶ ʶˊʴʰˋˍʹˊʽʰˁʺ ʶˁˉʰʾʵʶˎˋʹ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ʵʽʰˍʹˊʶʾ ˍʹ˄ ˋʹ˃ʰ˄ˍʽˁʺ ʲʰˊˏˍʹˍʰ ˁʰʽ 
ʰˉˇˍʶ˂ʶʾ ʰ˄ʰʴˁʰʾʰ ˉˊˇːˉˈʻʶˋʹ ʴʽʰ ˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ʶˉʱˊˁʶʽʰ ˍ˖˄ ʰˉˇ˒ˇʾˍ˖˄ 
ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΣ ˁʰʻˈˍʽ ʹ ɰʽˇ˂ˇʴʾʰ ʰˉˇˍʶ˂ʶʾ ˁʰˍʶ˅ˇ˔ʺ˄ ˉʶʽˊʰ˃ʰˍʽˁʺ ʶˉʽˋˍʺ˃ʹΦ ʆˇ 
˄ʷˇ ˉˊˈʴˊʰ˃˃ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ор ˎˉˇ˔ˊʶ˖ˍʽˁʱ ˁʰʽ ʶˉʽ˂ˇʴʺˌ ʶ˅ʰ˃ʹ˄ʽʰʾʰ ˃ʰʻʺ˃ʰˍʰ 
˃ʶ ʶˊʴʰˋˍʺˊʽʰ ˉʱʴˁˇˎ ˁʰʽ ʰˋˁʺˋʶʽˌ ˉʶʵʾˇˎΦ Ʌʂ˃˖ˌ ˋˍˇ ˄ʷˇ ˉˊˈʴˊʰ˃˃ʰ ˋˉˇˎʵ˗˄ 
ʷʴʽ˄ʶ ˉˊˇˋˉʱʻʶʽʰ ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ ˃ʰʻʹ˃ʱˍ˖˄ ˋˍˇ ɮΩ ʶ˅ʱ˃ʹ˄ˇ 
ˋˉˇˎʵ˗˄Σ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʽˌ ˉˊˇˍʱˋʶʽˌ ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌ ʶˉʽˍˊˇˉʺˌ 
ʰ˅ʽˇ˂ˈʴʹˋʹˌ. 

ɼʱʻʶ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ ˋˍʹ˄ ɱʶ˄ʽˁʺ ʅˎ˄ʷ˂ʶˎˋʹ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ  ˁʰˍʱ ˍˇ ʶʰˊʽ˄ˈ 
ʶ˅ʱ˃ʹ˄ˇ ʰˉˇ˒ʰˋʾʸˇ˄ˍʰʽ ˍˊˇˉˇˉˇʽʺˋʶʽˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˄ʷ˖˄ 
˃ʰʻʹ˃ʱˍ˖˄ ʶˉʽ˂ˇʴʺˌ ˋʶ ʴ˄˖ˋˍʽˁʱ ˉʶʵʾʰ ʰʽ˔˃ʺˌΦ ʁʽ ʶˁʱˋˍˇˍʶ ˍˊˇˉˇˉˇʽʺˋʶʽˌ 
ʰˉˇˍˎˉ˗˄ˇ˄ˍʰʽ ˋˍˇ˄ ʁʵʹʴˈ ʅˉˇˎʵ˗˄ ˋʶ ʶˍʺˋʽʰ ʲʱˋʹ ˁʰʽ ʷ˔ˇˎ˄ ʶ˒ʰˊ˃ˇʴʺ ʰˉˈ ˍˇ 
ʶˉˈ˃ʶ˄ˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌΦ ʅʺ˃ʶˊʰ ʹ ˃ʶʴʱ˂ʹ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ 
ʰ˄ʰˊˍʹ˃ʷ˄ʰ ˋʶ ʶʽʵʽˁʺ ˎˉʹˊʶˋʾʰ ˍˇˎ ˁʷ˄ˍˊˇˎ ʵʽˁˍˏ˖˄ ˍˇˎ ʃʰ˄κ˃ˇˎ ʃʰˍˊ˗˄Σ E-
classΣ ˈˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˇʽ ˉʰˊʰʵˈˋʶʽˌ ˋʶ ˃ˇˊ˒ʺ ΨǇŘŦΩ ʰˊ˔ʶʾ˖˄ ˁʰʻ˗ˌ ˁʰʽ 
ˋʹ˃ʶʽ˗ˋʶʽˌΦ ɶ ʵʹ˃ˇˋʽˇˉˇʾʹˋʹ ˍˇˎ ʃʃʅ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ ʴʾ˄ʶˍʰʽ 
ʹ˂ʶˁˍˊˇ˄ʽˁʱ ˋˎ˄ʶ˔˗ˌ ˃ʷˋ˖ ˍʹˌ ʽˋˍˇˋʶ˂ʾʵʰˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ 
(http://www.biology.upatras.gr/ύ ˁʰʽ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄ 
(http://www.upatras.gr/index/page/id/5ύΦ ɳˉʾˋʹˌΣ ˋʶ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍʹ˄ ɲʽʶˏʻˎ˄ˋʹ 
ɲʶˎˍʶˊˇʲʱʻ˃ʽʰˌ ɳˁˉʰʾʵʶˎˋʹˌΣ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ʶ˄ʹ˃ʶˊ˖ˍʽˁʷˌ ʶˉʽˋˁʷ˕ʶʽˌ 
˃ʰʻʹˍ˗˄ ɱˎ˃˄ʰˋʾ˖˄ ˁʰʽ ɽˎˁʶʾ˖˄ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ʃʰˍˊ˗˄ ˋˍʰ ˃ˇˎˋʶʾʰ ˁʰʽ ˋˍʰ 
ʶˊʴʰˋˍʺˊʽʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ ɳˉʾˋʹˌ ʴʾ˄ˇ˄ˍʰʽ ʶˊʴʰˋˍʹˊʽʰˁʷˌ ʰˋˁʺˋʶʽˌ ˋˍˇˎˌ ˃ʰʻʹˍʷˌ 
ʶʾˍʶ ˋˍʰ ʶˊʴʰˋˍʺˊʽʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʶʾˍʶ ˋˍˇ ˋ˔ˇ˂ʶʾˇ ˍˇˎˌΦ 

ʆˇ ʆ˃ʺ˃ʰ ʷ˔ʶʽ ʰ˄ʰ˄ʶ˗ˋʶʽ ˍˇ ʵʽʰʻʷˋʽ˃ˇ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ 
όʶˁˉʰʽʵʶˎˍʽˁʷˌ ǾƛŘŜƻ-ˍʰʽ˄ʾʶˌΣ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʰ ˉʰˁʷˍʰ ˋˍʰˍʽˋˍʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ 
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ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʸ˖ʽˁ˗˄ ˇˊʴʰ˄ʽˋ˃˗˄Σ ˁ˂ˉύΦ ɳˉʾˋʹˌ 
ˋˎ˄ʶ˔ʾʸʶˍʰʽ ˃ʶ ʽʵʽʰʾˍʶˊʹ ˉˊˇˋˉʱʻʶʽʰ ʹ ˉʰˊʰʴ˖ʴʺ ʷ˄ˍˎˉˇˎ ˁʰʽ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ 
ʶˁˉʰʽʵʶˎˍʽˁˇˏ ˎ˂ʽˁˇˏ ʴʽʰ ˍʹ˄ ˎˉˇʲˇʺʻʹˋʹ ˍʹˌ ʶˊʴʰˋˍʹˊʽʰˁʺˌ ʶˁˉʰʾʵʶˎˋʹˌ ˍ˖˄ 
˒ˇʽˍʹˍ˗˄Φ ɮ˄ ˁʰʽ ˎˉʱˊ˔ʶʽ ʹ ʵʽʱʻʶˋʹ ˍ˖˄ ˃ʶ˂˗˄ ɲɳʃ ʴʽʰ ˍʽˌ ˉʰˊʰˉʱ˄˖ ʲʶ˂ˍʽ˗ˋʶʽˌ 
ʰˎˍˈ ˉˊˇˋˁˊˇˏʶʽ ˋˍʹ ʵˊʰ˃ʰˍʽˁʺ ˃ʶʾ˖ˋʹ ˍ˖˄ ˃ʶ˂˗˄ ɲɳʃ όˁʰˍʱ пл҈ύ ˁʰʽ ˍ˖˄ 
ˍʰˁˍʽˁ˗˄ ˉʽˋˍ˗ˋʶ˖˄ όˁʰˍʱ ср҈ύ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ʷˍʹΦ 

ʆˇ ʃʃʅ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍˇˎˌ ˉʾ˄ʰˁʶˌ мнΦм ˁʰʽ мнΦнΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 
ˍʹˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ʷˊʴˇˎ ʰˉˈ ˍˇˎˌ ˒ˇʽˍʹˍʷˌ ˁʰʽ ˍʰ ˃ʷ˂ʹ ɲɳʃ 
ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʰ ˉʰˊʰˊˍʺ˃ʰˍʰ ɹ ˁʰʽ ɹɹΦ ʆˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ˋˍʹ˄ 
ʰʴʴ˂ʽˁʺ ʴ˂˗ˋˋʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɹɹɹΦ ʅˍˇʽ˔ʶʾʰ ʴʽʰ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˍ˖˄ 
˒ˇʽˍʹˍ˗˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇˎˌ ˉʾ˄ʰˁʶˌ нΣ оΣ с ˁʰʽ тΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣΣ ˁʰˍʱ ˍˇ ʷˍˇˌ 
2014-мрΣ ˇʽ ʶʴʴʶʴˊʰ˃˃ʷ˄ˇʽ ˉˊˇˉˍˎ˔ʽʰˁˇʾ ˒ˇʽˍʹˍʷˌ ʰ˄ʷˊ˔ˇ˄ˍʰʽ ˋʶ фтт ˁʰʽ  ʶ˄ ˃ʷˊʹ 
ʹ ʰˏ˅ʹˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍˇˎˌ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ 
ʶʽˋʰˁˍʷ˖˄ όˉʾ˄ʰˁʰˌ оύΦ ɶ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʲʰʻ˃ˇ˂ˇʴʾʰˌ ˍ˖˄ ʰˉˇ˒ˇʽˍʹˋʱ˄ˍ˖˄ 
˒ʰʾ˄ʶˍʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ сΣ ˈˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʾʰ ʰˏ˅ʹˋʹ ˁʰˍʱмл҈ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ 
ˉˍˎ˔ʽˇˏ˔˖˄ ˃ʶ ʲʰʻ˃ˈ ˂ʾʰ˄  ˁʰ˂˗ˌΦ ʁʽ ˒ˇʽˍʹˍʷˌ ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ 
˄ˇ˃ʽˁˈ ˉ˂ʰʾˋʽˇΣ ˋˍʽˌ ʶ˅ʶˍʰˋˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˋˍˇ ˍʷ˂ˇˌ ˁʱʻʶ ʶ˅ʰ˃ʺ˄ˇˎ ˁʰʽ ˋˍʹ˄ 
ʶ˅ʶˍʰˋˍʽˁʺ ˉʶˊʾˇʵˇ ˍˇˎ ʅʶˉˍʶ˃ʲˊʾˇˎΦ ʁˊʽˋ˃ʷ˄ʰ ˃ʰʻʺ˃ʰˍʰ ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˁʰʽ ˁʰˍʱ 
ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ʶ˅ʰ˃ʺ˄ˇˎ ˃ʶ ˉˊˇˈʵˇˎˌ ˈˍʰ˄ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ʷ˄ʰˌ 
ˁˏˁ˂ˇˌ ˉʰˊʰʵˈˋʶ˖˄ ˃ʾʰˌ ʻʶ˃ʰˍʽˁʺˌ ʶ˄ˈˍʹˍʰˌκˁʶ˒ʰ˂ʰʾˇˎ ˍˇˎ ˃ʰʻʺ˃ʰˍˇˌΦ ʅʶ 
˃ʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ʴʾ˄ʶˍʰʽ ˁʰʽ ˃ʶ ˉʰˊˇˎˋʽʱˋʶʽˌ 
ʶˊʴʰˋʽ˗˄ ˋʶ ˋ˔ʶˍʽˁʺ ʻʶ˃ʰˍˇ˂ˇʴʾʰ ˍˇˎ ˃ʰʻʺ˃ʰˍˇˌΣ ˈˉˇˎ ˇʽ ˒ˇʽˍʹˍʷˌ ʶˊʴʱʸˇ˄ˍʰʽ 
ʶʾˍʶ ˃ˈ˄ˇʽΣ ʶʾˍʶ ˋʶ ˇ˃ʱʵʶˌ н-п ʰˍˈ˃˖˄ ˉˊˇʱʴˇ˄ˍʰˌ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˁˊʽˍʽˁʺˌ ˋˁʷ˕ʹˌ 
ˁʰʽ ˃ʶˍʱʵˇˋʹˌ ˍʹˌ ʴ˄˗ˋʹˌΦ ʅˍʽˌ ʶˊʴʰˋˍʹˊʽʰˁʷˌ ʰˋˁʺˋʶʽˌΣ ˇʽ ˒ˇʽˍʹˍʷˌ 
ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˃ʶ ˋˏ˄ˍˇ˃ʰ ˍʶˋˍ ˉˊʽ˄ ˍˇ ʶˊʴʰˋˍʺˊʽˇ ˁʰʽ ˃ʶ ˍʹ˄ ˉʰˊʱʵˇˋʹ ʴˊʰˉˍ˗˄ 
ʶˊʴʰˋʽ˗˄Σ ˈˉˇˎ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍʹ˄ ʶˊʴʰˋˍʹˊʽʰˁʺ ʱˋˁʹˋʹ ˁʰʽ ˍʰ ˉʶʽˊʰ˃ʰˍʽˁʱ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʱ ˍˇˎˌΦ  

ɱʽʰ ˍʹ˄ ʵʽʰˋ˒ʱ˂ʽˋʹ ˍʹˌ ʵʽʰ˒ʱ˄ʶʽʰˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ 
ˈ˂ʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰ˄ʰˁˇʽ˄˗˄ˇ˄ˍʰʽ ʵʹ˃ˈˋʽʰ ˁʰʽ ˍʰ ˍʶˁ˃ʺˊʽʰ ˍ˖˄ ʶ˅ʶˍʱˋʶ˖˄ 
όʴˊʰˉˍʱ ˁ˂ˉΦύ ˒ˎ˂ʱˋˋˇ˄ˍʰʽ ʴʽʰ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˍˊʾʰ ˔ˊˈ˄ʽʰ ˁʰʽ ʶʾ˄ʰʽ ˋˍʹ ʵʽʱʻʶˋʹ ˍ˖˄ 
ʶ˄ʵʽʰ˒ʶˊˇ˃ʷ˄˖˄Φ ʁʽ ˒ˇʽˍʹˍʷˌ ʷ˔ˇˎ˄ ʱ˃ʶˋʹ ˁʰʽ ˋˎ˄ʶ˔ʺ ˉˊˈˋʲʰˋʹ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ 
ʵʽʵʱˋˁˇ˄ˍʶˌΦ ʃˊˇʲ˂ʷˉʶˍʰʽ ʶˉʾˋʹˌ ˁʰʽ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʰʲʰʻ˃ˇ˂ˈʴʹˋʹˌΦ ɳˉʾˋʹˌΣ ˋʶ 
ˉʶˊʾˉˍ˖ˋʹ ʰˋˎ˃˒˖˄ʾʰˌ ˃ʶˍʱ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍˇˎ ʴˊʰˉˍˇˏΣ ˇ ˒ˇʽˍʹˍʺˌ ˃ˉˇˊʶʾ ˄ʰ 
ʰˉʶˎʻˎ˄ʻʶʾ ˋˍˇ˄ ʃˊˈʶʵˊˇ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˁʰʽ ˋˍʹ˄ ɳˉʽˍˊˇˉʺ ʃˊˇˉˍˎ˔ʽʰˁ˗˄ 
ʅˉˇˎʵ˗˄Φ ʅ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌΣ ʹ ʵʹ˃ˈˋʽʰ 
ˉʰˊˇˎˋʾʰˋʺ ˍʹˌ ˁʰʽ ʹ ʲʰʻ˃ˇ˂ˈʴʹˋʹ ʰˉˈ ˍˊʽ˃ʶ˂ʺ ʶ˅ʶˍʰˋˍʽˁʺ ʶˉʽˍˊˇˉʺ ˉʽˋˍʶˏˇˎ˃ʶ 
ˉ˖ˌ ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˍʹ ʵʽʰ˒ʱ˄ʶʽʰ ˁʰʽ ˒ʶˊʶʴʴˎˈˍʹˍʰ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌΦ 

 

пΦ ʃʄʁɱʄɮɾɾɮʆɮ ɾɳʆɮʃʆʇʋɹɮɼʍɿ  ʅʃʁʇɲʍɿ-ɲɹɲɮɼʆʁʄɹɼɳʅ ʅʃʁʇɲɳʅ 

ɮˉˈ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ мффп-мффр ˂ʶʽˍˇˎˊʴʶʾ ˍˇ ʃˊˈʴˊʰ˃˃ʰ ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ 
ʅˉˇˎʵ˗˄ όʃɾʅύ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˍˇ ˇˉˇʾˇ ʰ˄ʰʻʶ˖ˊʺʻʹˁʶ ˍˇ мффт ˁʰʽ 
ʰ˄ʰ˃ˇˊ˒˗ʻʹˁʶ ˍˇ нллоΦ ʆˇ нллтҍнллу ˍˇ ʃɾʅ ʰ˄ʰʻʶ˖ˊʺʻʹˁʶ ʶˁ ˄ʷˇˎ ˋˏ˃˒˖˄ʰ 
˃ʶ ˍʽˌ ʵʽʰˍʱ˅ʶʽˌ ˍʹˌ ʇˉˇˎˊʴʽˁʺˌ ɮˉˈ˒ʰˋʹˌ тпррфκɰтκол-11-нллт όʊɳɼ ннулκол-
11-нллт ˍΦɰ˘ύ ˁʰʽ ˍʽˌ ʵʽʰˍʱ˅ʶʽˌ ˍ˖˄ ʱˊʻˊ˖˄ мл ʷ˖ˌ мн ˍˇˎ ˄Φ нлуоκмффнΦ ʆˇ ʆ˃ʺ˃ʰ 
ɰʽˇ˂ˇʴʾʰˌ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄ ˂ʶʽˍˇˎˊʴʶʾ ʰˉˈ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ нлмп-
нлмр ʰ˄ʰ˃ˇˊ˒˖˃ʷ˄ˇ ʃˊˈʴˊʰ˃˃ʰ ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ όʃɾʅύ ϑʊɳɼ 
нтомκˍΦ.˘κмо-10-2014}. ɳˉʾˋʹˌ ˍˇ ʆ˃ʺ˃ʰ ˋˎ˃˃ʶˍʷ˔ʶʽ ˋˍʰ ˉʰˊʰˁʱˍ˖ ʵʽʰˍ˃ʹ˃ʰˍʽˁʱ 
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ˉˊˇʴˊʱ˃˃ʰˍʰΥ  

мΦ Ψʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ɳˉʽˋˍʺ˃ʶˌΩ ˃ʰʸʾ ˃ʶ ˍʰ ˍ˃ʺ˃ʰˍʰ ɱʶ˖˂ˇʴʾʰˌΣ ɾʰʻʹ˃ʰˍʽˁ˗˄Σ 
ʊˎˋʽˁʺˌ ˁʰʽ ʋʹ˃ʶʾʰˌ ˍˇˎ ʃʃΦ 

нΦ Ψʃ˂ʹˊˇ˒ˇˊʽˁʺ ɳˉʽˋˍʹ˃˗˄ ɵ˖ʺˌΩΣ ˃ʰʸʾ ˃ʶ ˍʰ ʆ˃ʺ˃ʰˍʰ ɹʰˍˊʽˁʺˌΣ ʊˎˋʽˁʺˌΣ 
ʊʰˊ˃ʰˁʶˎˍʽˁʺˌΣ ɾʹ˔ʰ˄ʽˁ˗˄ ɶ˂ʶˁˍˊˇ˄ʽˁ˗˄ ʇˉˇ˂ˇʴʽˋˍ˗˄ ˁʰʽ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌ ˍˇˎ 
ʃʃΦ 

оΦ Ψɶ˂ʶˁˍˊˇ˄ʽˁʺ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍʹˌ ʃ˂ʹˊˇ˒ˇˊʾʰˌΩΣ ˃ʰʸʾ ˃ʶ ˍʰ ʆ˃ʺ˃ʰˍʰ ʊˎˋʽˁʺˌΣ 
ɾʹ˔ʰ˄ʽˁ˗˄ ɶκʇΣ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌ ˁʰʽ ɹʰˍˊʽˁʺˌ ˍˇˎ ʃʃΦ 

пΦ Ψɮʶʽ˒ˇˊʽˁʺ ɲʽʰ˔ʶʾˊʽˋʹ ʃˊˇˋˍʰˍʶˎˇ˃ʷ˄˖˄ ˉʶˊʽˇ˔˗˄ΩΣ ˃ʰʸʾ ˃ʶ ˍʰ ʆ˃ʺ˃ʰˍʰ 
ɲʽʰ˔ʶʾˊʽˋʹˌ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁʰʽ ʊˎˋʽˁ˗˄ ʃˈˊ˖˄ ˍˇˎ ʃʰ˄κ˃ʾˇˎ ɹ˖ʰ˄˄ʾ˄˖˄ ˁʰʽ 
ɰʽˇ˂ˇʴʾʰˌ ˍˇˎ ɮˊʽˋˍˇˍʶ˂ʶʾˇˎ ʃʰ˄κ˃ʾˇˎ ɸʶˋˋʰ˂ˇ˄ʾˁʹˌΦ  
 
пΦмΦ ʃˊˈʴˊʰ˃˃ʰ ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ 

ʆˇ ʃɾʅ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ ˇʵʹʴʶʾ ˋˍʹ˄ ˂ʺ˕ʹ ɾʶˍʰˉˍˎ˔ʽʰˁˇˏ ɲʽˉ˂˗˃ʰˍˇˌ 
ɳʽʵʾˁʶˎˋʹˌ όɾɲɳύ ˋˍʽˌ ʶ˅ʺˌ ʵˏˇ ˁʰˍʶˎʻˏ˄ˋʶʽˌΥ ʰύ ɰʽˇ˂ˇʴʽˁʺˌ ʆʶ˔˄ˇ˂ˇʴʾʰˌ ˁʰʽ ʲύ 
ɳ˒ʰˊ˃ˇˋ˃ʷ˄ʹ ʁʽˁˇ˂ˇʴʾʰ  ς  ʵʽʰ˔ʶʾˊʽˋʹ ʁʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ˁʰʽ ɰʽˇ˂ˇʴʽˁ˗˄ ʃˈˊ˖˄ Φ ʁ 
ˍʾˍ˂ˇˌ ˍʹˌ ˁʰˍʶˏʻˎ˄ˋʹˌ ʰ˄ʰʴˊʱ˒ʶˍʰʽ ˋˍˇ ɾɲɳ ˍ˖˄ ˉˍˎ˔ʽˇˏ˔˖˄Φ  

ʁʽ ˁˏˊʽˇʽ ˋˍˈ˔ˇʽ ˍˇˎ ʃɾʅ ʶʾ˄ʰʽ ʹ ˉʰˊˇ˔ʺ ʴ˄˗ˋʶ˖˄ ˉˇˎ ʻʰ ʰˉˇʲ˂ʷˉˇˎ˄ ˋˍʹ˄ ʱˊˍʽʰ 
ʻʶ˖ˊʹˍʽˁʺ ˁʰʽ ˍʶ˔˄ˇ˂ˇʴʽˁʺ ˁʰˍʱˊˍʽˋʹ ʶˉʽˋˍʹ˃ˈ˄˖˄Σ ˇʽ ˇˉˇʾˇʽ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌ ʻʰ 
ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰΥ ʰύ ˋˍʹˊʾ˅ˇˎ˄ ˁʰʽ ˉˊˇ˖ʻʺˋˇˎ˄ ˉʶˊʰʽˍʷˊ˖ ˍʹ ʲʰˋʽˁʺ ˁʰʽ 
ʶ˒ʰˊ˃ˇˋ˃ʷ˄ʹ ʷˊʶˎ˄ʰ ˉˇˎ ʵʽʶ˅ʱʴʶˍʰʽ ˋˍʰ ʃʰ˄ʶˉʽˋˍʺ˃ʽʰ ˁʰʽ ˋˍʰ ʶˊʶˎ˄ʹˍʽˁʱ 
ɹ˄ˋˍʽˍˇˏˍʰ ˍʹˌ ˔˗ˊʰˌ ˁʰʽ ʲύ ˄ʰ ˋˍʶ˂ʶ˔˗ˋˇˎ˄ ˃ʾʰ ˋʶʽˊʱ ʰˉˈ ˎˉʹˊʶˋʾʶˌ ˍˇˎ 
ʽʵʽ˖ˍʽˁˇˏ ˁʰʽ ʵʹ˃ˈˋʽˇˎ ˍˇ˃ʷʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˎʴʶʾʰΣ ˍʹ˄ ˉˇʽˈˍʹˍʰ ʸ˖ʺˌΣ ˍʹ 
ʵʽʰˍˊˇ˒ʺΣ ˁʰʽ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹΣ ˉˊˇˋˍʰˋʾʰ ˁʰʽ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ 
ɶ ʵʹ˃ˇˋʽˇˉˇʾʹˋʹ ˍˇˎ ʃɾʅ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ˃ʷˋ˖ ˍʹˌ ʽˋˍˇˋʶ˂ʾʵʰˌ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ όhttp://www.biology.upatras.grύ ˁʰʽ ˃ʶ ʵʹ˃ˇˋʾʶˎˋʹ ˍ˖˄ 
ˉˊˇˁʹˊˏ˅ʶ˖˄ ˋˍˇ˄ ɮʻʹ˄ʰʿˁˈ ˁʰʽ ˍˇˉʽˁˈ ʹ˃ʶˊʺˋʽˇ ˍˏˉˇΦ  

ɮˁˈ˃ʰ ʵʶ˄ ʷ˔ʶʽ ʴʾ˄ʶʽ ˋˎˋˍʹ˃ʰˍʽˁʺ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ʰˉˈ˕ʶ˖˄ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˁʰʽ ˍ˖˄ 
˃ʶ˂˗˄ ɲɳʃ ʴʽʰ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˁʰʻ˗ˌ ˁʰʽ ʹ ˇˊʴʱ˄˖ˋʹ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ ˋˎ˄ʶ˔ˇˏˌ 
ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ʶˉʰʴʴʶ˂˃ʰˍʽˁʺˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍ˖˄Φ ɮˉˈ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˈ˃˖ˌ ˍ˖˄ 
ʵʽʵʰˋˁˈ˄ˍ˖˄ ˉˇˎ ʵʽʰˍʹˊˇˏ˄ ʶˉʰ˒ʷˌ ˃ʶ ˍˇˎˌ ʰˉˇ˒ˇʾˍˇˎˌ ˍˇˎˌ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ˇʽ 
ˉʶˊʽˋˋˈˍʶˊˇʽ ʰˉˈ˒ˇʽˍˇʽΣ ʽʵʽʰʾˍʶˊʰ ˍʹˌ ˁʰˍʶˏʻˎ˄ˋʹˌ ζɰʽˇ˂ˇʴʽˁʺ ʆʶ˔˄ˇ˂ˇʴʾʰηΣ 
ˋˎ˄ʶ˔ʾʸˇˎ˄ ˃ʶ ʶ˅ʰʽˊʶˍʽˁʺ ʶˉʽˍˎ˔ʾʰ ʰˁʰʵʹ˃ʰʿˁʺ ˋˍʰʵʽˇʵˊˇ˃ʾʰ ˋˍʹ˄ ɳ˂˂ʱʵʰ ˁʰʽ ˋˍˇ 
ʶ˅˖ˍʶˊʽˁˈΦ ɮˊˁʶˍˇʾ ʰˉˈ ˍˇˎˌ ˉˍˎ˔ʽˇˏ˔ˇˎˌ ʶˊʴʱʸˇ˄ˍʰʽ ˋˍʹ ˃ʷˋʹ ʶˁˉʰʾʵʶˎˋʹΣ ˋˍˇ˄ 
ˉˇʽˇˍʽˁˈ ʷ˂ʶʴ˔ˇ ˍ˖˄ ˒ʰˊ˃ʱˁ˖˄ ˁʰʽ ʶʽʵ˗˄ ʵʽʰˍˊˇ˒ʺˌΣ ˋʶ ˍˇ˃ʶʾˌ ˍʹˌ ˎʴʶʾʰˌΣ ˍˇˎ 
ˉˊ˖ˍˇʴʶ˄ˇˏˌ ˉʰˊʰʴ˖ʴʽˁˇˏ ˍˇ˃ʷʰ ˁʰʽ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˍˈˋˇ ˍˇˎ ʽʵʽ˖ˍʽˁˇˏ ˈˋˇ 
ˁʰʽ ˍˇˎ ʵʹ˃ˈˋʽˇˎ  ˍˇ˃ʷʰΦ ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʰ ˉʰˊʰˉʱ˄˖Σ ˍˇ ʆ˃ʺ˃ʰ ʻʶ˖ˊʶʾ ˍʹ˄ 
ʰ˄ˍʰˉˈˁˊʽˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˋˍˇˎˌ ˋˍˈ˔ˇˎˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺΦ  

ʆˇ ʃɾʅ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍˇ˄ ˉʾ˄ʰˁʰ моΦмʰ ˁʰʽ моΦнʰΦ ʆˇ ˉˊˈʴˊʰ˃˃ʰ 
ˋˉˇˎʵ˗˄ ˋˍʹ˄ ʰʴʴ˂ʽˁʺ ʴ˂˗ˋˋʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɹɹɹΦ ʅˍˇʽ˔ʶʾʰ ʴʽʰ ˍʹ˄ 
ʶ˅ʷ˂ʽ˅ʹ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ пʰΦ  

ɶ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ˋˉˇˎʵ˗˄ ˇˊʾʸʶˍʰʽ ˋʶ  ˍˊʾʰ  ʵʽʵʰˁˍʽˁʱ ʶ˅ʱ˃ʹ˄ʰΦ ʆˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ 
ʃʽˋˍ˖ˍʽˁ˗˄ ɾˇ˄ʱʵ˖˄ όʃΦɾΦ ʺ 9/¢{ύ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʰˉˈˁˍʹˋʹ ˍˇˎ ɾΦɲΦɳΦ 
ʰ˄ʷˊ˔ʶˍʰʽ ˋʶ фл 9/¢{Φ ɶ ʵʽʵʰˋˁʰ˂ʾʰ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ˁʰʻ˗ˌ ʹ ˋˎʴʴˊʰ˒ʺ ˍʹˌ 
ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌ ʴʾ˄ʶˍʰʽ ˋˍʹ˄ ɳ˂˂ʹ˄ʽˁʺ ˁʰʽ ˋʶ ʶʽʵʽˁʷˌ 
ˉʶˊʽˉˍ˗ˋʶʽˌ ˋˍʹ˄ ɮʴʴ˂ʽˁʺ ɱ˂˗ˋˋʰΦ  

http://www.biology.upatras.gr/
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ɱʽʰ ˍʹ ˂ʺ˕ʹ ˍˇˎ ɾʶˍʰˉˍˎ˔ʽʰˁˇˏ ɲʽˉ˂˗˃ʰˍˇˌ ɳʽʵʾˁʶˎˋʹˌ όɾΦɲΦɳΦύ ˋˍʹ˄ ɼʰˍʶˏʻˎ˄ˋʹ 
ζɰ̔̌ ˂̌ ʴ̔̋ˁ ʆʶ˄̝ˇ˂̌ ʴʾh ηΣ ˇʽ ˒ˇʽˍʹˍʷˌ ˎˉˇ˔ˊʶˇˏ˄ˍʰʽ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʺˋˇˎ˄ ˁʰʽ ˄ʰ 
ʶ˅ʶˍʰˋˍˇˏ˄ ʶˉʽˍˎ˔˗ˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ʶ˅ʰ˃ʹ˄ʽʰʾ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ˋˍˇ ɮ˘ ʶ˅ʱ˃ʹ˄ˇΣ ˍ˖˄ 
ˇˉˇʾ˖˄ ˍˇ ˋˏ˄ˇ˂ˇ ʶʾ˄ʰʽ ол 9/¢{Σ ˋʶ ʵˏˇ ʶ˅ʰ˃ʹ˄ʽʰʾʰ ˃ʰʻʺ˃ʰˍʰ ʶˉʽ˂ˇʴʺˌ ˁʰʽ ʷ˄ʰ 
ˎˉˇ˔ˊʶ˖ˍʽˁˈ ʶ˅ʰ˃ʹ˄ʽʰʾˇ ˃ʱʻʹ˃ʰ ˋˍˇ ɰ˘ ʶ˅ʱ˃ʹ˄ˇΣ ˍ˖˄ ˇˉˇʾ˖˄ ˍˇ ˋˏ˄ˇ˂ˇ ʶʾ˄ʰʽ нл 
9/¢{Σ ˁʰʽ ˄ʰ ʶˁˉˇ˄ʺˋˇˎ˄ ʶˉʽˍˎ˔˗ˌ ˍʹ˄ ɾʶˍʰˉˍˎ˔ʽʰˁʺ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ ˁʰˍʱ 
ˍˇ ɰ˘ ˁʰʽ ɱ˘ ʶ˅ʱ˃ʹ˄ˇ όɴ˄ʰˊ˅ʹ ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌ ˋˍˇ ɰ˘ 
ʶ˅ʱ˃ʹ˄ˇ ˁʰʽ ʁ˂ˇˁ˂ʺˊ˖ˋʹ ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌ ˋˍˇ ɱ˘ ʶ˅ʱ˃ʹ˄ˇύΦ 
ʆʰ ˃ʰʻʺ˃ʰˍʰ ˉʽˋˍ˗˄ˇ˄ˍʰʽ ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˒ˈˊˍˇ ʶˊʴʰˋʾʰˌ рл 9/¢{ ˁʰʽ ʹ 
ɾʶˍʰˉˍˎ˔ʽʰˁʺ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˒ˈˊˍˇ ʶˊʴʰˋʾʰˌ пл 9/¢{Φ  

ɱʽʰ ˍʹ ˂ʺ˕ʹ ˍˇˎ ɾʶˍʰˉˍˎ˔ʽʰˁˇˏ ɲʽˉ˂˗˃ʰˍˇˌ ɳʽʵʾˁʶˎˋʹˌ όɾΦɲΦɳΦύ  ˋˍʹ˄ 
ɼʰˍʶˏʻˎ˄ˋʹ ζɳ˒ʰ́˃̌ ˋ˃̫ ˄ʹ ʁʽˁ̌˂̌ʴʾ ʰ ς ɻ ʽh ˔ʁʾˊʽˋʹ ʁʽˁ̌ˋˎˋˍ́˃ʱ̱ ˖˄ 
ˁʰ̔ ɰ̔̌ ˂̌ ʴ̠̔ˁ ˄ ʃˈˊ˖η˄Σ ˇʽ ˒ˇʽˍʹˍʷˌ ˎˉˇ˔ˊʶˇˏ˄ˍʰʽ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʺˋˇˎ˄ ˁʰʽ ˄ʰ 
ʶ˅ʶˍʰˋˍˇˏ˄ ʶˉʽˍˎ˔˗ˌ ˋʶ ˍʷˋˋʶˊʰ ˎˉˇ˔ˊʶ˖ˍʽˁʱ ʶ˅ʰ˃ʹ˄ʽʰʾʰ ˃ʰʻʺ˃ʰˍʰ ˋˍˇ ɮ˘ 
ʶ˅ʱ˃ʹ˄ˇΣ ˍ˖˄ ˇˉˇʾ˖˄ ˍˇ ˋˏ˄ˇ˂ˇ ʶʾ˄ʰʽ ол 9/¢{Σ ˋʶ ʵˏˇ ˎˉˇ˔ˊʶ˖ˍʽˁʱ ʶ˅ʰ˃ʹ˄ʽʰʾʰ 
˃ʰʻʺ˃ʰˍʰ ˋˍˇ ɰ˘ ʶ˅ʱ˃ʹ˄ˇΣ ˍ˖˄ ˇˉˇʾ˖˄ ˍˇ ˋˏ˄ˇ˂ˇ ʶʾ˄ʰʽ нл 9/¢{Σ ˁʰʽ ˄ʰ 
ʶˁˉˇ˄ʺˋˇˎ˄ ʶˉʽˍˎ˔˗ˌ ˍʹ˄ ɾʶˍʰˉˍˎ˔ʽʰˁʺ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ ˁʰˍʱ ˍˇ ɰ˘ ˁʰʽ ɱ˘ 
ʶ˅ʱ˃ʹ˄ˇ όɴ˄ʰˊ˅ʹ ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌ ˋˍˇ ɰ˘ ʶ˅ʱ˃ʹ˄ˇ ˁʰʽ 
ʁ˂ˇˁ˂ʺˊ˖ˋʹ ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌ ˋˍˇ ɱ˘ ʶ˅ʱ˃ʹ˄ˇύΦ ʆʰ 
˃ʰʻʺ˃ʰˍʰ ˉʽˋˍ˗˄ˇ˄ˍʰʽ ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˒ˈˊˍˇ ʶˊʴʰˋʾʰˌ рл 9/¢{ ˁʰʽ ʹ ɾʶˍʰˉˍˎ˔ʽʰˁʺ 
ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˒ˈˊˍˇ ʶˊʴʰˋʾʰˌ пл 9/¢{Φ ɱʽʰ ˍˇˎˌ 
˃ʶˍʰˉˍˎ˔ʽʰˁˇˏˌ ˒ˇʽˍʹˍʷˌ ˉˇˎ ʶʾ˄ʰʽ ʰˉˈ˒ˇʽˍˇʽ ˃ʹ ɰʽˇ˂ˇʴʽˁ˗˄ ʆ˃ʹ˃ʱˍ˖˄Σ ʶʾ˄ʰʽ 
ˎˉˇ˔ˊʶ˖ˍʽˁʺ ʹ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˁʰʽ ʹ ʶˉʽˍˎ˔ʺˌ ʶ˅ʷˍʰˋʹ ˋʶ ˉˊˇˉˍˎ˔ʽʰˁʱ ˃ʰʻʺ˃ʰˍʰ 
ό˃ʷ˔ˊʽ ˍʷˋˋʶˊʰύΦ ʆʰ ˃ʰʻʺ˃ʰˍʰ ʰˎˍʱ ˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ɱʅɳʅ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ 
ˉˊˈʴˊʰ˃˃ʰ ˉˊˇˉˍˎ˔ʽʰˁ˗˄ ˋˉˇˎʵ˗˄ ˁʱʻʶ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏ ˒ˇʽˍʹˍʺ ʷˍˋʽ ˗ˋˍʶ ˇʽ 
˒ˇʽˍʹˍʷˌ ʰˎˍˇʾ ˄ʰ ʰˉˇˁˍʺˋˇˎ˄ ˍˇ ʰˉʰˊʰʾˍʹˍˇ ˎˉˈʲʰʻˊˇ ʴ˄˗ˋʶ˖˄ ˁʰʽ ˄ʰ 
˃ˉˇˊʷˋˇˎ˄ ˄ʰ ʰ˄ˍʰˉˇˁˊʽʻˇˏ˄ ˋˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ ʃɾʅΦ ɳʾ˄ʰʽ ʵˎ˄ʰˍˈ˄Σ ʷˉʶʽˍʰ ʰˉˈ 
ʰʾˍʹˋʹ ˍˇˎ ɾʊ ˁʰʽ ʷʴˁˊʽˋʹ ʰˉˈ ˍʹ ʅɳΣ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʺˋʶʽ ˃ʰʻʺ˃ʰˍʰ 
ˍʹˌ ʱ˂˂ʹˌ ˁʰˍʶˏʻˎ˄ˋʹˌ ˍˇˎ ʃɾʅ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʺ ˃ʰʻʺ˃ʰˍʰ ʱ˂˂ˇˎ ʃɾʅ όˍˇˎ ʾʵʽˇˎ 
ʹ ʱ˂˂ˇˎ ʰ˄ʰʴ˄˖ˊʽˋ˃ʷ˄ˇˎ ˉʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʺ ʱ˂˂ˇˎ ʽʵˊˏ˃ʰˍˇˌ ˍʹˌ ʹ˃ʶʵʰˉʺˌ ʺ 
ʰ˂˂̌ɻ ʰˉʺˌύ ˃ʶ ˍʰ ˇˉˇʾʰ ˋˎ˄ʶˊʴʱʸʶˍʰʽ ˍˇ ʆ˃ʺ˃ʰΦ ʁʽ ˉʽˋˍ˖ˍʽˁʷˌ ˃ˇ˄ʱʵʶˌ ό9/¢{ύ ˉˇˎ 
˃ˉˇˊˇˏ˄ ˄ʰ ˉʽˋˍ˖ʻˇˏ˄ ˋˍˇ ɾʊ ʰˉˈ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˃ʰʻʹ˃ʱˍ˖˄ ˍʹˌ 
ˉˊˇʹʴˇˏ˃ʶ˄ʹˌ ˉʶˊʾˉˍ˖ˋʹˌ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˎˉʶˊʲʰʾ˄ˇˎ˄ ˍʽˌ млΦ 

ʁ ̔ɾʊ ʷ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰΣ ˁʰʻΩ ˎˉʷˊʲʰˋʹ ˍ˖˄ фл 9/¢{Σ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʺˋˇˎ˄ 
ˁʰʽ ʱ˂˂ʰ ˃ʰʻʺ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ˈ˃˖ˌ ʵʶ˄ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˋˍˇ ʲʰʻ˃ˈ ˍˇˎ ɾɲɳΦ ɳˉʾˋʹˌ 
ˇ̔  ɾʊΣ ʰˉˈ ˍˇ нˇ ʶ˅ʱ˃ʹ˄ˇ ˋˉˇˎʵ˗˄ ˎˉˇ˔ˊʶˇˏ˄ˍʰʽ ˄ʰ ʶˉʽˁˇˎˊˇˏ˄ ˍˇ ʶˁˉʰʽʵʶˎˍʽˁˈ 
ʷˊʴˇ ˍ˖˄ ˃ʶ˂˗˄ ɲ9ʃΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ˄ ʰˉˈˁˍʹˋʹ ʵʽʵʰˁˍʽˁʺˌ ʶ˃ˉʶʽˊʾʰˌ 
ˋˍˇ ˉ˂ʰʾˋʽˇ ˍ˖˄ ʰˉˇ˒ʱˋʶ˖˄ ˍʹˌ ɱʶ˄ʽˁʺˌ ʅˎ˄ʷ˂ʶˎˋʹˌ ˍˇˎ ʆˇ˃ʷʰ ˋˍˇ˄ ˇˉˇʾˇ 
ʶˁˉˇ˄ʶʾ ʷˁʰˋˍˇˌ ˍʹ ɾʶˍʰˉˍˎ˔ʽʰˁʺ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ ˍˇˎΣ ˁʰʽ ˇ ˇˉˇʾˇˌ ˔ˇˊʹʴʶʾ 
ˍʽˌ ˋ˔ʶˍʽˁʷˌ ʲʶʲʰʽ˗ˋʶʽˌ ˉˊˇˌ ˍʹ ɱˊʰ˃˃ʰˍʶʾʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ ɮˉˇʵʶʵʶʽʴ˃ʷ˄ʹ ˁʰʽ 
ʰ˄ʰʽˍʽˇ˂ˈʴʹˍʹ ʱˊ˄ʹˋʹ ˉʰˊˇ˔ʺˌ ˍˇˎ ʰ˄˖ˍʷˊˇˎ ʶˉʽˁˇˎˊʽˁˇˏ ʵʽʵʰˁˍʽˁˇˏ ʷˊʴˇˎ 
ʰˉˇˍʶ˂ʶʾ ˂ˈʴˇ ˃ʹ ʰˉˇ˄ˇ˃ʺˌ ˍˇˎ ɾɲɳΦ ʅˍˇ ˃ʶˍʰˉˍˎ˔ʽʰˁˈ ˉˊˈʴˊʰ˃˃ʰ ʶˁˍˈˌ ʰˉˈ ˍʽˌ 
ʵʽʰ˂ʷ˅ʶʽˌΣ ʵʾ˄ʶˍʰʽ ʷ˃˒ʰˋʹ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˁˊʽˍʽˁʺˌ ˋˁʷ˕ʹˌ ˃ʷˋʰ ʰˉˈ ʱ˃ʶˋʹ 
ʶˉʰ˒ʺκ ʶˉʶ˅ʶˊʴʰˋʾʰ ˉˊ˖ˍˇʴʶ˄ˇˏˌ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰˌ ʰˉˈ ˍˇˎˌ ˒ˇʽˍʹˍʷˌ ˃ʶ 
ˋˎ˄ˇˉˍʽˁʷˌ ˉʰˊˇˎˋʽʱˋʶʽˌ ˁʰʽ ˋˎʸʺˍʹˋʹ ʶˉʽ˂ʶʴ˃ʷ˄˖˄ ʵʹ˃ˇˋʽʶˏˋʶ˖˄ ˁʰˍʱ ˍʹ˄ 
ʵʽʱˊˁʶʽʰ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄Φ 

ʁʽ ʶ˅ʶˍʱˋʶʽˌ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ˉˇˎ ʶʾ˄ʰʽ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰ ˋˍʰ ʵˏˇ ˉˊ˗ˍʰ ʶ˅ʱ˃ʹ˄ʰ 
ˋˉˇˎʵ˗˄ ʴʾ˄ˇ˄ˍʰʽ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ʶ˅ʰ˃ʺ˄ˇˎ ˋˍˇ ˇˉˇʾˇ ʵʽʵʱ˔ʻʹˁʰ˄Φ ɶ 
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ʶ˅ʷˍʰˋʹ ˋˍʰ ˃ʰʻʺ˃ʰˍʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʴˊʰˉˍʷˌ ʺ ˉˊˇ˒ˇˊʽˁʷˌ ʶ˅ʶˍʱˋʶʽˌ ˁʰʽ 
ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʷˌ ʶˊʴʰˋʾʶˌ ʰ˄ʰˋˁˈˉʹˋʹˌΦ ʅʶ ˇˊʽˋ˃ʷ˄ʰ ˃ʰʻʺ˃ʰˍʰ ˁʰʽ ˃ʶˍʱ ʰˉˈ 
ʶˉʽ˂ˇʴʺ ˍˇˎ ʵʽʵʱˋˁˇ˄ˍʰ ʴʾ˄ʶˍʰʽ ʰ˄ʱʻʶˋʹ ʶˊʴʰˋʽ˗˄ ˋˍˇˎˌ ˒ˇʽˍʹˍʷˌ ˍʽˌ ˇˉˇʾʶˌ 
ˁʰ˂ˇˏ˄ˍʰʽ ʶʾˍʶ ˄ʰ ˉʰˊˇˎˋʽʱˋˇˎ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ ˃ʰʻʺ˃ʰˍˇˌ ʶʾˍʶ ˄ʰ ˍʽˌ 
ˉʰˊʰʵ˗ˋˇˎ˄ ʴˊʰˉˍʷˌ ˃ʶ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍˇˎ ʶ˅ʰ˃ʺ˄ˇˎΦ ʁʽ ʶˊʴʰˋʾʶˌ 
ʲʰʻ˃ˇ˂ˇʴˇˏ˄ˍʰʽ ˁʰʽ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʲʰʻ˃ˈ ˉˇˎ ʶˉʽ˂ʷʴʶˍʰʽ 
ʰˉˈ ˍˇ˄ ʵʽʵʱˋˁˇ˄ˍʰ ˍˇˎ ˃ʰʻʺ˃ʰˍˇˌ ˋˍʹ˄ ˍʶ˂ʽˁʺ ʲʰʻ˃ˇ˂ˇʴʾʰΦ ɶ ʶ˅ʷˍʰˋʹ ˍˇˎ 
ʶˁʱˋˍˇˍʶ ˃ʰʻʺ˃ʰˍˇˌ ʰˉˇˍʶ˂ʶʾ ˃ʷˊˇˌ ˍʹˌ ʰˎˍˇ˄ˇ˃ʾʰˌ ˍˇˎ ʵʽʵʱˋˁˇ˄ˍʰ όʺ ˍ˖˄ 
ʵʽʵʰˋˁˈ˄ˍ˖˄ ʰ˄ ʴʾ˄ʶˍʰʽ ˋˎ˄ʵʽʵʰˋˁʰ˂ʾʰύ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʶ˂ʽˁʺ 
ʴˊʰˉˍʺ ʺ ˉˊˇ˒ˇˊʽˁʺ ʶ˅ʷˍʰˋʹΣ ʺ ˁʰʽ ˍʰ ʵˏˇΣ ʺ ʲʰʻ˃ˇ˂ˈʴʹˋʹ ʰˉˈ ˍʹ˄ ˋˎʴʴˊʰ˒ʺ ˁʰʽ 
ˉʰˊˇˎˋʾʰˋʹ ʶˊʴʰˋʽ˗˄Φ ʅʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ʽʵʽʰʾˍʶˊʰ ˋʶ ˉˊˇ˒ˇˊʽˁʷˌ 
ʶ˅ʶˍʱˋʶʽˌΣ ˁʰ˂ˇˏ˄ˍʰʽ ˇʽ ʾʵʽˇʽ ˇʽ ˒ˇʽˍʹˍʷˌ ˄ʰ ʲʰʻ˃ˇ˂ˇʴʺˋˇˎ˄ ˍˇˎˌ ˋˎ˄ʰʵʷ˂˒ˇˎˌ 
ˍˇˎˌΦ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ʰˉˇˍˎ˔ʾʰˌ ˋʶ ˃ʱʻʹ˃ʰ ˇ ˃ʶˍʰˉˍˎ˔ʽʰˁˈˌ ˒ˇʽˍʹˍʺˌ ʶʾ˄ʰʽ 
ˎˉˇ˔ˊʶ˖˃ʷ˄ˇˌ ˄ʰ ʶˉʰ˄ʰ˂ʱʲʶʽ ˍˇˏˍˇ ˁʰˍʱ ˍʹ˄ ʶ˅ʶˍʰˋˍʽˁʺ ˉʶˊʾˇʵˇ ʅʶˉˍʶ˃ʲˊʾˇˎΦ ʅʶ 
ˉʶˊʾˉˍ˖ˋʹ ʵʶˏˍʶˊʹˌ ʰˉˇˍˎ˔ʾʰˌ ˇ ˃ʶˍʰˉˍˎ˔ʽʰˁˈˌ ˒ˇʽˍʹˍʺˌ ʵʽʰʴˊʱ˒ʶˍʰʽ ʰˉˈ ˍˇ 
ʃΦɾΦʅΦ 

ɶ ʶˁˉˈ˄ʹˋʹ ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌ ʴʾ˄ʶˍʰʽ 
ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˁʰʻˇˊʽʸˈ˃ʶ˄ʰ ʰˉˈ ˍˇ ɿΦ осурκмс-7-нллуΦ ʁ ɾʊ ˎˉˇʲʱ˂˂ʶʽ ˍˇ 
ʰˊʴˈˍʶˊˇ ˃ʷ˔ˊʽ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍˇˎ нˇˎ ʶ˅ʰ˃ʺ˄ˇˎ ˋˉˇˎʵ˗˄Σ ˋˍʹ ɱˊʰ˃˃ʰˍʶʾʰ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌΣ ʰʾˍʹˋʹ ʴʽʰ ʶˁˉˈ˄ʹˋʹ ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌΦ ʅˍʹ 
ˋ˔ʶˍʽˁʺ ʰʾˍʹˋʹ ˉˊˇˍʶʾ˄ʶˍʰʽ ˍˇ ˎˉʶˏʻˎ˄ˇ ˃ʷ˂ˇˌ ɲɳʃ ˁʰʽ ʵʾ˄ʶˍʰʽΣ ʶˉʾˋʹˌΣ ʷ˄ʰ 
ˉʶˊʾʴˊʰ˃˃ʰ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ˉˇˎ ʻʰ ʶˁˉˇ˄ʹʻʶʾΦ ɶ ʰʾˍʹˋʹ ˉˊʷˉʶʽ ˄ʰ 
ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ʷʴʴˊʰ˒ˇ ʰˉˇʵˇ˔ʺˌ ˍˇˎ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ˇˎ ˎˉʶˏʻˎ˄ˇˎ ˃ʷ˂ˇˎˌ ɲɳʃΣ 
ˋˍˇ ˇˉˇʾˇ ʻʰ ʰ˄ʰ˒ʷˊʶʽ ˍˇ ʻʷ˃ʰ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʱ˂˂ʰ ʵˏˇ ˃ʷ˂ʹ ˍʹˌ 
ʆˊʽ˃ʶ˂ˇˏˌ ɳ˅ʶˍʰˋˍʽˁʺˌ ɳˉʽˍˊˇˉʺˌ όʆɳɳύΦ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʴʽʰ ʷ˄ʰ ɾʊΣ ˇ 
ʶˉʽʲ˂ʷˉ˖˄ ˁʰʽ ˍˇ ˎˉʶˏʻˎ˄ˇ ˃ʷ˂ˇˌ ɲɳʃ ˍʹˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ˍˇˎ ʶˊʴʰˋʾʰˌ ʵʶ˄ ʶʾ˄ʰʽ 
ˍˇ ʾʵʽˇ ˉˊˈˋ˖ˉˇΣ ˇ ʶˉʽʲ˂ʷˉ˖˄ ˍˇˎ ɾʊ ʶʾ˄ʰʽ ˎˉˇ˔ˊʶ˖ˍʽˁʱ ˁʰʽ ˃ʷ˂ˇˌ ˍʹˌ ʆɳɳΦɶ 
˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ όпл 9/¢{ύ ʶˁˉˇ˄ʶʾˍʰʽ ˁʰˍʱ ˍˇ нˇ ˁʰʽ оˇ 
ʶ˅ʱ˃ʹ˄ˇ ˋˉˇˎʵ˗˄  

ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʶˊʶˎ˄ʹˍʽˁʺˌ ʶˊʴʰˋʾʰˌ  ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʵʹ˃ˈˋʽʰ ˉʰˊˇˎˋʾʰˋʺ ˍʹˌ 
ʶ˄˗ˉʽˇ˄ ˍʹˌ ˍˊʽ˃ʶ˂ˇˏˌ ʶˉʽˍˊˇˉʺˌΦ ʆʰ ˃ʷ˂ʹ ˍʹˌ ʶˉʽˍˊˇˉʺˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʸʹˍʺˋˇˎ˄ 
ʵʽˇˊʻ˗ˋʶʽˌ ʺ ˉˊˇˋʻʺˁʶˌ ˋˍˇ ˁʶʾ˃ʶ˄ˇ ˍʹˌ ʵʽʰˍˊʽʲʺˌ ʺ ʰˁˈ˃ʰ ˁʰʽ ˉʶʽˊʱ˃ʰˍʰ ˗ˋˍʶ ʹ 
ˉˇʽˈˍʹˍʰ ˍʹˌ ʵʽʰˍˊʽʲʺˌ ˄ʰ ʵʽˁʰʽˇ˂ˇʴʶʾ ˍˇ˄ ˍʾˍ˂ˇ ˍˇˎ ɾɲɳΦ ʅʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ˍˇ 
ˉʰˊʰʴˈ˃ʶ˄ˇ ʶˊʶˎ˄ʹˍʽˁˈ ʷˊʴˇ ˉˊˇˇˊʾʸʶˍʰʽ ʴʽʰ ʵʹ˃ˇˋʾʶˎˋʹΦ  

ɱʽʰ ˍˇ ʲʰʻ˃ˈ ˍˇˎ ɾɲɳ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʹ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍʹˌ ʲʰʻ˃ˇ˂ˇʴʾʰˌ ˋˍʰ 
˃ʰʻʺ˃ʰˍʰ όрл҈ύ ˁʰʽ ˇ ʲʰʻ˃ˈˌ ˍʹˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ʶˊʴʰˋʾʰˌ όрл҈ύΦ ɾʷ˔ˊʽ ˋʺ˃ʶˊʰ 
ˍˇ ʶ˅ʶˍʰˋˍʽˁˈ ˋˏˋˍʹ˃ʰ ʷ˔ʶʽ ˂ʶʽˍˇˎˊʴʺˋʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱΦ ɶ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ 
˃ʶˍʰˉˍˎ˔ʽʰˁ˗˄ ˒ˇʽˍʹˍ˗˄ ʰ˄ˍʶˉʶ˅ʷˊ˔ʶˍʰʽ ʶˉʽˍˎ˔˗ˌ ˔˖ˊʾˌ ˄ʰ ˂ʶʾˉˇˎ˄ ˁʰʽ 
όʶ˂ʱ˔ʽˋˍʶˌύ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˄ ʰˉˇˍˏ˔ʶʽ ˁʰʽ ʶʴˁʰˍʰ˂ʶʾ˕ʶʽ ˍʽˌ ˋˉˇˎʵʷˌ ˍˇˎˌΦ  

I ʵʽʰʵʽˁʰˋʾʰ ʶˉʽ˂ˇʴʺˌ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ʷ˔ʶʽ ˖ˌ ʰˁˇ˂ˇˏʻ˖ˌΥ 

мΦ I ɱʅɳʅ ˇˊʾʸʶʽ ˁʱʻʶ ʷˍˇˌ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʶʽˋʰˁˍʷ˖˄ ˃ʶˍʰˉˍˎ˔ʽʰˁ˗˄ ˒ˇʽˍʹˍ˗˄ ʴʽʰ 
ˍˇ ʶˉˈ˃ʶ˄ˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌΦ ʁ ʰˊʽʻ˃ˈˌ ʰˎˍˈˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ˁʰ˄ˇ˄ʽˋ˃ˈ 
ˋˉˇˎʵ˗˄ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ ʶʾ˄ʰʽ ˁʰˍΩ ʰ˄˗ˍʰˍˇ ˈˊʽˇ ол ˒ˇʽˍʹˍʷˌ ʶˍʹˋʾ˖ˌΦ 

2. ɶ ˉˊˇˁʺˊˎ˅ʹ ʴʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˄ʷ˖˄ ɾʊ ʴʾ˄ʶˍʰʽ ˍʹ˄ ʱ˄ˇʽ˅ʹ ˁʱʻʶ ʷˍˇˎˌΣ ˃ʶ 
ˁʰˍʰ˂ʹˁˍʽˁʺ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ˎˉˇʲˇ˂ʺˌ ˍʹˌ ʰʾˍʹˋʹˌ ˁʰʽ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ʵʽˁʰʽˇ˂ˇʴʹˍʽˁ˗˄ 
ˍʹ˄ нлʹ ɹˇˎ˄ʾˇˎ ˍˇˎ ʽʵʾˇˎ ʷˍˇˎˌΦ ʁʽ ʵʽʰʵʽˁʰˋʾʶˌ ʶˉʽ˂ˇʴʺˌ ˍ˖˄ ɾʊ ˁʰʽ ʶʴʴˊʰ˒ʺˌ 
ˍˇˎˌ ˋˍˇ ʃɾʅ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ʷ˖ˌ ˍʽˌ нл ʅʶˉˍʶ˃ʲˊʾˇˎΦΦ ɾʶ ˒ˊˇ˄ˍʾʵʰ ˍʹˌ 
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ɱˊʰ˃˃ʰˍʶʾʰˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰˍʰ˔˖ˊʶʾˍʰʽ ˋˍʹ˄ ʽˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ 
ˉˊˈˋˁ˂ʹˋʹ ʶˁʵʺ˂˖ˋʹˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʹ ˇˉˇʾʰ ʰ˄ʰˁˇʽ˄˗˄ʶˍʰʽ ˋˍˇ˄ ʹ˃ʶˊʺˋʽˇ 
ˍˇˉʽˁˈ ˁʰʽ ʰʻʹ˄ʰʿˁˈ ˍˏˉˇ ˁʰʽ ˁˇʽ˄ˇˉˇʽʶʾˍʰʽ ˋˍʰ ˇ˃ˈ˂ˇʴʰ ʆ˃ʺ˃ʰˍʰ ˍ˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ 
ɮɳɹΦ ɶ ˉˊˈˋˁ˂ʹˋʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ˉˊˇːˉˇʻʷˋʶʽˌ ˎˉˇʲˇ˂ʺˌ ˎˉˇ˕ʹ˒ʽˇˍʺˍ˖˄Σ ˍʰ 
ʵʽˁʰʽˇ˂ˇʴʹˍʽˁʱ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˎˉˇʲ˂ʹʻˇˏ˄ ˁʰʽ ˍʹ˄ ˁʰˍʰ˂ʹˁˍʽˁʺ ʹ˃ʶˊˇ˃ʹ˄ʾʰ 
ˎˉˇʲˇ˂ʺˌ ˍˇˎˌΦ Φ 

оΦ ʁʽ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇʽ ˎˉˇ˕ʺ˒ʽˇʽ ˒ˇʽˍʹˍʷˌ ˎˉˇʲʱ˂˂ˇˎ˄ ʰʾˍʹˋʹ ˋˍʹ ɱˊʰ˃˃ʰˍʶʾʰ 
ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΣ ˎˉˇʲʱ˂˂ˇ˄ˍʰˌ ˍʰˎˍˈ˔ˊˇ˄ʰ ʲʽˇʴˊʰ˒ʽˁˈ ˋʹ˃ʶʾ˖˃ʰΣ ʰ˄ˍʾʴˊʰ˒ˇ 
ˉˍˎ˔ʾˇˎΣ ˉʽˋˍˇˉˇʽʹˍʽˁˈ ʰ˄ʰ˂ˎˍʽˁʺˌ ʲʰʻ˃ˇ˂ˇʴʾʰˌΣ ˉʽˋˍˇˉˇʽʹˍʽˁˈ ˍʹˌ ʰʴʴ˂ʽˁʺˌ 
ʴ˂˗ˋˋʰˌ ˁʰʽ ˇˉˇʽˇʵʺˉˇˍʶ ʱ˂˂ˇ ˋˍˇʽ˔ʶʾˇΣ ˍˇ ˇˉˇʾˇ ʻʰ ʶ˄ʽˋ˔ˏˋʶʽ ˍʹ˄ ˎˉˇ˕ʹ˒ʽˈˍʹˍʱ 
ˍˇˎ ˁʰʻ˗ˌ ˁʰʽ ʵˏˇ ˋˎˋˍʰˍʽˁʷˌ ʶˉʽˋˍˇ˂ʷˌΦ 

пΦ I ʶˉʽ˂ˇʴʺ ˍ˖˄ ˃ʶˍʰˉˍˎ˔ʽʰˁ˗˄ ˒ˇʽˍʹˍ˗˄ ʴʾ˄ʶˍʰʽ ˋˍʰ ˍʷ˂ʹ ʅʶˉˍʶ˃ʲˊʾˇˎ - ʰˊ˔ʷˌ 
ʁˁˍ˖ʲˊʾˇˎ ˁʱʻʶ ʷˍˇˎˌ ʰˉˈ ˍʰ ˃ʷ˂ʹ ɲɳʃ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ʅˎ˄ˍˇ˄ʽˋˍʽˁʺ ɳˉʽˍˊˇˉʺ 
ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌΦ ɶ ʶˉʽ˂ˇʴʺ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉˊˇˋ˖ˉʽˁʺ 
ˋˎ˄ʷ˄ˍʶˎ˅ʹ ˁʱʻʶ ˎˉˇ˕ʹ˒ʾˇˎ ʶ˄˗ˉʽˇ˄ ˍʹˌ ʅˎ˄ˍˇ˄ʽˋˍʽˁʺˌ ɳˉʽˍˊˇˉʺˌΦ ʆʰ ˃ʷ˂ʹ ˍʹˌ 
ʶˉʽˍˊˇˉʺˌ ʵʹ˂˗˄ˇˎ˄ ˍʹ˄ ʲʰʻ˃ˇ˂ˇʴʾʰ ˍˇˎˌ όм-млύ ʴʽʰ ˍˇ˄ ˁʱʻʶ ˎˉˇ˕ʺ˒ʽˇ ˃ʶ ʲʱˋʹ 
ˍʹ˄ ˉʰˊˇˎˋʾʰ ˍˇˎ ˋˍʹ˄ ˋˎ˄ʷ˄ˍʶˎ˅ʹΣ ˋˎ˄ˎˉˇ˂ˇʴʾʸˇ˄ˍʰˌ ˍˇ ʲʰʻ˃ˈ ˉˍˎ˔ʾˇˎΣ ˍʹ˄ 
ʲʰʻ˃ˇ˂ˇʴʾʰ ˋʶ ˋˎ˄ʰ˒ʺ ˃ʶ ˍˇ ʃɾʅ ˉˊˇˉˍˎ˔ʽʰˁʱ ˃ʰʻʺ˃ʰˍʰΣ ˍʽˌ ˋˎˋˍʰˍʽˁʷˌ 
ʶˉʽˋˍˇ˂ʷˌΣ ˍʹ˄ ʴ˄˗ˋʹ ˍʹˌ ɮʴʴ˂ʽˁʺˌ ʴ˂˗ˋˋʰˌ ˁʰʽ ˍʹ˄ ˍˎ˔ˈ˄ ˏˉʰˊ˅ʹ ʶˊʶˎ˄ʹˍʽˁ˗˄ 
ʶˊʴʰˋʽ˗˄ ʺ ʰ˄ʰˁˇʽ˄˗ˋʶ˖˄ ˋʶ ˋˎ˄ʷʵˊʽʰ ˁʰʽ ʰˁˇ˂ˇˏʻ˖ˌ ˁʰˍʰˊˍʾʸˇˎ˄ ʰ˅ʽˇ˂ˇʴʽˁʺ 
˂ʾˋˍʰ ˃ʶ ˍˇˎˌ ˎˉˇ˕ʹ˒ʾˇˎˌΦ ɶ ˇˊʽˋˍʽˁʺ ʰˉˈ˒ʰˋʹ ʴʽʰ ˍˇˎˌ ʶˉʽˍˎ˔ˈ˄ˍʶˌ 
˃ʶˍʰˉˍˎ˔ʽʰˁˇˏˌ ˒ˇʽˍʹˍʷˌ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ɱʅɳʅ ˃ʶˍʱ ʰˉˈ ˍʹ˄ ʶʽˋʺʴʹˋʹ ˍʹˌ 
ʅˎ˄ˍˇ˄ʽˋˍʽˁʺˌ ɳˉʽˍˊˇˉʺˌΦ ɮˉˈ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ нллф-нлмл ʷ˖ˌ ˁʰʽ ˍˇ 2014-
нлмр ˎˉʶʲ˂ʺʻʹˋʰ˄ ˋˎ˄ˇ˂ʽˁʱ нот ʰʽˍʺˋʶʽˌ ˎˉˇ˕ʹ˒ʾ˖˄ ˃ʶˍʰˉˍˎ˔ʽʰˁ˗˄ ˒ˇʽˍʹˍ˗˄ 
όɾΦʁΦ пл ʰʽˍʺˋʶʽˌκ ʷˍˇˌύ ʴʽʰ ˍʽˌ ˉˊˇˋ˒ʶˊˈ˃ʶ˄ʶˌ нл-ол ʻʷˋʶʽˌκ ʷˍˇˌΦ ɮˉˈ ˍˇˎˌ 
ˎˉˇ˕ʹ˒ʾˇˎˌ ʰˎˍˇˏˌ ˇʽ млп όˉˇˋˇˋˍˈ поΣуу ҈ύ ʺˍʰ˄ ʰˉˈ˒ˇʽˍˇʽ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʶ˄˗ 
ˇʽ моо ʺˍʰ˄ ʰˉˈ˒ˇʽˍˇʽ ʱ˂˂˖˄ ʆ˃ʹ˃ʱˍ˖˄ ɮɳɹ ˁʰʽ ɮʆɳɹΦ ʆˇ ʾʵʽˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ 
ʶʴʴˊʱ˒ʹˁʰ˄ ˋˎ˄ˇ˂ʽˁʱ фу ˎˉˇ˕ʺ˒ʽˇʽ ʶ˄˗ ˇ˂ˇˁ˂ʺˊ˖ˋʰ˄ ˍʽˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʷˌ ˍˇˎˌ 
ˋˉˇˎʵʷˌ фнΦ όʲ˂ʷˉʶ ˋ˔ʶˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˋˍˇ˄ ˉʾ˄ʰˁʰ пʰ ζɳ˅ʷ˂ʽ˅ʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ 
ʻʷˋʶ˖˄ ˁʰʽ ˍ˖˄ ʰˉˇ˒ˇʾˍ˖˄ ˍˇˎ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ηύΦ 

 

4.2Φ  ʃˊˈʴˊʰ˃˃ʰ ɲʽʵʰˁˍˇˊʽˁ˗˄ ʅˉˇˎʵ˗˄ 

ʆˇ ʃˊˈʴˊʰ˃˃ʰ ɲʽʵʰˁˍˇˊʽˁ˗˄ ʅˉˇˎʵ˗˄ όʃɲʅύ ʰˉˇˍʶ˂ʶʾ ˋˎ˄ʷ˔ʶʽʰ ˍˇˎ ʃɾʅ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌΦ ʁʽ ˋˍˈ˔ˇʽ ˍˇˎ ʃɲʅ ʶʾ˄ʰʽ ˄ʰ ˉˊˇʱʴʶʽ ˍʹ ʴ˄˗ˋʹ ˁʰʽ ˍʹ˄ ʷˊʶˎ˄ʰ ˋʶ ˍˇ˃ʶʾˌ 
ʰʽ˔˃ʺˌ ˍʹˌ ʶ˅ʶʽʵʾˁʶˎˋʹˌ ˍˇˎΦ ɾʷ˔ˊʽ нллт ʵʶ˄ ˎˉʺˊ˔ʶ ˇˊʴʰ˄˖˃ʷ˄ˇ ʃˊˈʴˊʰ˃˃ʰ 
ɲʽʵʰˁˍˇˊʽˁ˗˄ ʅˉˇˎʵ˗˄ όʃɲʅύ ˋˍˇ ʆ˃ʺ˃ʰ ˁʰʽ ˇʽ ˎˉˇ˕ʺ˒ʽˇʽ ʵʽʵʱˁˍˇˊʶˌ 
ʶˉʽ˂ʶʴˈ˄ˍˇˎˋʰ˄ ˃ʶ ʲʱˋʶʽ ˍʹ˄ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˍ˖˄ ʶˊʶˎ˄ʹˍʽˁ˗˄ ˉˈˊ˖˄ ˁʰʽ 
ˎˉˇʵˇ˃˗˄ ʰˉˈ ˍˇ˄ ʶˁʱˋˍˇˍʶ ʶˉʽʲ˂ʷˉˇ˄ˍʰΦ ɮˉˈ ˍˇ нллт ˁʰʽ ˃ʶˍʱ ˃ˉʺˁʰ˄ ˍʰ 
ʻʶ˃ʷ˂ʽʰ ʴʽʰ ʷ˄ʰ ˉʽˇ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ʃɲʅΣ ˋˍˇ ˇˉˇʾˇ ʹ ˁʰˍˇ˔ʺ ɾʶˍʰˉˍˎ˔ʽʰˁˇˏ 
ɲʽˉ˂˗˃ʰˍˇˌ ɳʽʵʾˁʶˎˋʹˌ όɾɲɳύ ˋˎ˄ʰ˒ˇˏˌ ˃ʶ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ɲɲ ʶʾ˄ʰʽ 
ˎˉˇ˔ˊʶ˖ˍʽˁʺ ʶ˄˗ ˃ˈ˄ˇ ˋʶ ʶ˅ʰʽˊʶˍʽˁʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ˉˊˇʲ˂ʷˉˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ 
ɼʰ˄ˇ˄ʽˋ˃ˈ ɾʶˍʰˉˍˎ˔ʽʰˁ˗˄ ʅˉˇˎʵ˗˄ ˁʰʽ ˃ʶˍʱ ʰˉˈ ʰʽˍʽˇ˂ˇʴʹ˃ʷ˄ʹ ʰˉˈ˒ʰˋʹ ˍʹˌ 
ɱʅɳʅ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʵʶˁˍˈˌ ˖ˌ ˎˉˇ˕ʺ˒ʽˇˌ ʵʽʵʱˁˍˇˊʰˌ ˁʰʽ ˃ʹ ˁʱˍˇ˔ˇˌ 
˃ʶˍʰˉˍˎ˔ʽʰˁˇˏ ʵʽˉ˂˗˃ʰˍˇˌΦ 

ʅˍʹ˄ ˃ʰˁˊˈ˔ˊˇ˄ʹ ˉˇˊʶʾʰ ˍˇˎ ˇ ʵʽʵʰˁˍˇˊʽˁˈˌ ˁˏˁ˂ˇˌ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ ʷ˔ʶʽ 
ˉʰˊʱʴʶʽ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈˍʰˍˇ ʰˊʽʻ˃ˈ ˄ʷ˖˄ ʶˉʽˋˍʹ˃ˈ˄˖˄ ˎ˕ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ όϤтκʷˍˇˌ 
ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰύ όʃʾ˄ʰˁʰˌ р ζɳ˅ʷ˂ʽ˅ʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ʻʷˋʶ˖˄ ˁʰʽ ˍ˖˄ 
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ʰˉˇ˒ˇʾˍ˖˄ ˍˇˎ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɲʽʵʰˁˍˇˊʽˁ˗˄ ʅˉˇˎʵ˗˄ηύΣ ˃ʶ ʰˊˁʶˍʷˌ ʵʹ˃ˇˋʽʶˏˋʶʽˌ 
ˋʶ ʵʽʶʻ˄ʺ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶˊʽˇʵʽˁʱ ˃ʶ ˁˊʽˍʷˌΣ ˋʶ ˃ʽʰ ˉ˂ʶʽʱʵʰ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˃ʶ 
ʰˎˍʰˉˈʵʶʽˁˍʹ ˋʹ˃ʰˋʾʰ ʴʽʰ ˍʹ˄ ʷˊʶˎ˄ʰΣ ˍʹ˄ ˁˇʽ˄˖˄ʾʰ ˁʰʽ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʾʰ ˍʹˌ ˔˗ˊʰˌ 
ˁʰʽ ʵʽʶʻ˄˗ˌΦ ʅˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉˇˋˇˋˍˈ ˍˇˎΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ʶˊʶˎ˄ʹˍʽˁˈ ʷˊʴˇ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌ ʷ˔ʶʽ ʴʾ˄ʶʽ ʰˉˈ ˍˇˎˌ ˎˉˇ˕ʹ˒ʾˇˎˌ ʵʽʵʱˁˍˇˊʶˌΦ ɮ˄ ˁʰʽ ʵʶ˄ ʷ˔ʶʽ ˇˊʴʰ˄˖ʻʶʾ 
ʰˁˈ˃ʰ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ʶˉʰʴʴʶ˂˃ʰˍʽˁʺˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍ˖˄ 
ˉˍˎ˔ʽˇˏ˔˖˄ ʵʽʵʰˁˍˈˊ˖˄Σ ʰˉˈ ˍʹ˄ ʶˉʽˁˇʽ˄˖˄ʾʰ ˉˇˎ ʵʽʰˍʹˊˇˏ˄ ˃ʶ ˍʰ ˃ʷ˂ʹ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˉˇˋˇˋˍˈ ʰˎˍ˗˄ ʷ˔ˇˎ˄ ʰˁˇ˂ˇˎʻʺˋʶʽ ʶˉʽˍˎ˔ʺ 
ʰˁʰʵʹ˃ʰʿˁʺ ˁʰˊʽʷˊʰ ˋˍˇ ʶ˅˖ˍʶˊʽˁˈ ˁʰʽ ˋˍʹ˄ ɳ˂˂ʱʵʰΦ ɳʾ˄ʰʽ ˋʰ˒ʷˌ ˉ˖ˌ ˍˇ ʆ˃ʺ˃ʰ ʻʰ 
ˉˊʷˉʶʽ ˄ʰ ˇˊʴʰ˄˗ˋʶʽ ˁʰʽ ˄ʰ ˁˊʰˍʱ ʶˉʾˋʹ˃ʹ ʶˉʽˁˇʽ˄˖˄ʾʰ ˃ʶ ˍˇˎˌ ʵʽʵʱˁˍˇˊʷˌ ˍˇˎΦ 

ʆˇ ʃˊˈʴˊʰ˃˃ʰ ɲʽʵʰˁˍˇˊʽˁ˗˄ ʅˉˇˎʵ˗˄ όʃɲʅύ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʰˉʰʽˍʶʾ ˍʹ˄ ˁʰˍˇ˔ʺ 
ɾɲɳ ʷˍˋʽ ˗ˋˍʶ ˇ ʇˉˇ˕ʺ˒ʽˇˌ ɲʽʵʱˁˍˇˊʰˌ όʇɲύ ˄ʰ ʵʽʰʻʷˍʶʽ ʻʶ˖ˊʹˍʽˁʺ ʴ˄˗ˋʹ ˁʰʽ 
ʶˊʶˎ˄ʹˍʽˁʺ ʶ˃ˉʶʽˊʾʰ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏ ʶˉʽˉʷʵˇˎΦ ɶ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ʴʽʰ ˍʹ˄ 
ʰˉˈˁˍʹˋʹ ɲʽʵʰˁˍˇˊʽˁˇˏ ɲʽˉ˂˗˃ʰˍˇˌ ʵʶ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ о ʷˍʹ ˁʰʽ 
˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ у ʷˍʹΦ ɱʽʰ ˍˇˎˌ ʇɲ ˉˇˎ ʴʾ˄ˇ˄ˍʰʽ ʵʶˁˍˇʾ ˁʰˍΩ ʶ˅ʰʾˊʶˋʹ ˔˖ˊʾˌ ˄ʰ 
ʶʾ˄ʰʽ ˁʱˍˇ˔ˇʽ ɾɲɳΣ  ˍˇ ʶ˂ʱ˔ʽˋˍˇ ˔ˊˇ˄ʽˁˈ ˈˊʽˇ ʴʽʰ ˍʹ˄ ʰˉˈˁˍʹˋʹ ˍˇˎ ʵʽʵʰˁˍˇˊʽˁˇˏ 
ʵʽˉ˂˗˃ʰˍˇˌ ʶʾ˄ʰʽ ˍʷˋˋʶˊʰ ʷˍʹΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ˇ ʇɲ ˎˉˇ˔ˊʶˇˏˍʰʽ ˄ʰ 
ˉʶˊʰˍ˗ˋʶʽ ʷ˄ʰ ˁˏˁ˂ˇ ˃ʰʻʹ˃ʱˍ˖˄ ˍˇˎ ʃɾʅ ˉˇˎ ˇˊʾʸˇ˄ˍʰʽ ˁʰˍʱ ˉʶˊʾˉˍ˖ˋʹ ʰˉˈ ˍʰ 
ʰˊ˃ˈʵʽʰ ˈˊʴʰ˄ʰ ˍˇˎ ʃɲʅ ˋʶ ˋˎ˄ʶ˄˄ˈʹˋʹ ˃ʶ ˍˇ˄ ʶˉʽʲ˂ʷˉˇ˄ˍʰ ˁʰʻʹʴʹˍʺΣ 
ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰˉˇˁˍʺˋˇˎ˄ ʴ˄˗ˋʶʽˌ ˁʰʽ ʵʶ˅ʽˈˍʹˍʶˌ ˉˇˎ ʻʰ ʵʽʶˎˁˇ˂ˏ˄ˇˎ˄ ˋˍʹ˄ 
ˋˎ˄ʷ˔ʶʽʰ ˍ˖˄ ˋˉˇˎʵ˗˄ ˍˇˎˌΦ  

ɱʽʰ ˁʱʻʶ ʇɲ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ɱʅɳʅ ˇ ɳˉʽʲ˂ʷˉ˖˄ ɼʰʻʹʴʹˍʺˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰʽ ʱ˂˂ʰ 
ʵˏˇ ˃ʷ˂ʹ ɲɳʃ ʺ ʶˊʶˎ˄ʹˍʷˌ ɳˊʶˎ˄ʹˍʽˁ˗˄ ɹ˄ˋˍʽˍˇˏˍ˖˄ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ʆˊʽ˃ʶ˂ʺ 
ʅˎ˃ʲˇˎ˂ʶˎˍʽˁʺ ɳˉʽˍˊˇˉʺ όʆʅɳύ ˍˇˎ ʇɲΦ ɶ ɳˉʽˍˊˇˉʺ ʰˎˍʺ ˃ʰʸʾ ˍˇ˄ ʇɲ ˁʰʻˇˊʾʸʶʽ ˍˇ 
ʻʷ˃ʰ ˍʹˌ ʵʽʵʰˁˍˇˊʽˁʺˌ ʵʽʰˍˊʽʲʺˌ ˁʰʽ ʵʽʰ˃ˇˊ˒˗˄ʶʽ ʷ˄ʰ ˉ˂ʱ˄ˇ ʶˊʴʰˋʽ˗˄Φ ʍˌ 
ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʷ˄ʰˊ˅ʹˌ ˍʹˌ ʵʽʵʰˁˍˇˊʽˁʺˌ ʵʽʰˍˊʽʲʺˌ ˇˊʾʸʶˍʰʽ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ˇˊʽˋ˃ˇˏ 
ˍʹˌ ʆʅɳ ʰˉˈ ˍʹ ɱʅɳʅΦ ʅʶ ʷ˄ʰ ʷˍˇˌ ʰˉˈ ˍˇ˄ ˇˊʽˋ˃ˈ ˍʹˌ ʆʅɳΣ ˇ ʇɲ ˋˎ˄ˍʱˋˋʶʽ ʷˁʻʶˋʹ 
ˉˊˇˈʵˇˎ ʴʽʰ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʱ ˍˇˎ ˁʰʽ ˍʹ˄ ˎˉˇʲʱ˂˂ʶʽ ˋˍʹ˄ ʆʅɳΣ ʹ ˇˉˇʾʰ 
ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ  ˎˉˇʲʱ˂˂ʶˍʰʽ ˋˍʹ ɱʅɳʅ ʰˉˈ ˍˇ˄ ɳˉʽʲ˂ʷˉˇ˄ˍʰ ɼʰʻʹʴʹˍʺ ˁʰʽ 
ˁʰˍʰ˔˖ˊʶʾˍʰʽ ˋˍˇ˄ ʰˍˇ˃ʽˁˈ ˒ʱˁʶ˂ˇ ˍˇˎ ʇɲΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ 
ˁʱʻʶ ˔ˊˈ˄ˇΦ ɮ˄ ʵʶ˄ ˁʰˍʰˍʶʻʶʾ ˉˈˊʽˋ˃ʰ ˍʹˌ ¢ʅɳ ʶ˄ˍˈˌ мп˃ʺ˄ˇˎ ʰˉˈ ˍʹ˄ ʹ˃ʷˊʰ 
ʰˉˇʵˇ˔ʺˌ ˍˇˎ ʇɲ ˋˍˇ ʃɲʅΣ ʺ ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʰ˅ʽˇ˂ˈʴʹˋʹΣ ʹ ʰˉˈʵˇˋʺ ˍˇˎ 
ʻʶ̟ˊʶʾˍʰʽ ˖ˌ ˃ʹ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺΦ ɴˉʶʽˍʰ ʰˉˈ ʵˏˇ ˋˎ˄ʶ˔ˈ˃ʶ˄ʶˌ ʰ˅ʽˇ˂ˇʴʺˋʶʽˌ ˍʹˌ 
ˉˊˇˈʵˇˎ ˍˇˎ ˖ˌ ˃ʹ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺˌΣ ˇ ʇɲ ʵʽʰʴˊʱ˒ʶˍʰʽ ʰˎˍˇ˃ʱˍ˖ˌ ʰˉˈ ˍˇ ʃɲʅΦ ʆˇ 
ʾʵʽˇ ˋˎ˃ʲʰʾ˄ʶʽ ˁʰʽ ˋˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ʹ ʆʅɳΣ ˋʶ ʵˎˇ ˋˎ˄ʶ˔ˈ˃ʶ˄ʶˌ ʶˁʻʷˋʶʽˌ 
ˉˊˇˈʵˇˎ ˍʹˌΣ ˁˊʾ˄ʶʽ ˍʹ˄ ˉˊˈˇʵˇ ˁʰʽ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ˉʰˊˇˎˋʾʰ ˍˇˎ ʇɲ ˖ˌ ˃ʹ 
ʽˁʰ˄ˇˉˇʽʹˍʽˁʺΦ ɳˉʾˋʹˌ  ˇ ˎˉˇ˕ʺ˒ʽˇˌΣ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˋˉˇˎʵ˗˄ ˍˇˎΣ 
ˉʰˊˇˎˋʽʱʸʶʽ ˍʹ˄ ˉˇˊʶʾʰ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʵʽʰˍˊʽʲʺˌ ˍˇˎ ˋʶ ˍˊʶʽˌΣ 
ˍˇˎ˂ʱ˔ʽˋˍˇ˄Σ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ʹ˃ʶˊʾʵʶˌ ˉˇˎ ˇˊʴʰ˄˗˄ˇ˄ˍʰʽ ʰˉˈ ˍˇˎˌ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏˌ 
˒̌ ʽˍʹˍʷˌΦ  

ʅˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶˁˉʰʾʵʶˎˋʺˌ ˍˇˎˌΣ ˇʽ ʇɲ ˎˉˇ˔ˊʶˇˏ˄ˍʰʽ ˄ʰ ʶˉʽˁˇˎˊˇˏ˄ ˍʰ ˃ʷ˂ʹ ɲ9ʃ 
ˋˍʰ ʶˁˉʰʽʵʶˎˍʽˁʱ ˍˇˎˌ ˁʰʻʺˁˇ˄ˍʰ όʶˊʴʰˋˍʺˊʽʰΣ ˒ˊˇ˄ˍʽˋˍʺˊʽʰΣ ʶˉʽˍʹˊʺˋʶʽˌΣ ˁ˂ˉύΦ  

ɱʽʰ ʇˉˇ˕ʹ˒ʾˇˎˌ ɲʽʵʱˁˍˇˊʶˌ όʇɲύ ʵʶ˄ ʴʾ˄ʶˍʰʽ ˉˊˇˁʺˊˎ˅ʹΦ ʆˇ ʆ˃ʺ˃ʰΣ ˈ˃˖ˌΣ ʵʷ˔ʶˍʰʽ 
ʰʽˍʺˋʶʽˌ ʰˉˈ ʶ˄ʵʽʰ˒ʶˊˇ˃ʷ˄ˇˎˌΣ ˍʽˌ ˇˉˇʾʶˌ ʰ˅ʽˇ˂ˇʴʶʾ ˁʰʽ ʶʴˁˊʾ˄ʶʽ ˋʶ ˋˎ˄ʶʵˊʽʱˋʶʽˌ 
ˍʹˌ ɱʅɳʅΦ ʁʽ ˎˉˇ˕ʺ˒ʽˇʽ ʰˉʰʽˍʶʾˍʰʽΥ ʰύ ˄ʰ ʶʾ˄ʰʽ ˁʱˍˇ˔ˇʽ ɾɲɳ ˍˇˎ ʃɾʅ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌΣ ʺ ʱ˂˂ˇˎ ɾɲɳ ˋˎ˄ʰ˒ˇˏˌ ʴ˄˖ˋˍʽˁˇˏ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΣ ʲύ ˄ʰ ˎˉʱˊ˔ʶʽ 
ʰˉˇʵˇ˔ʺ ˍˇˎ ʇɲ ʰˉˈ ˃ʷ˂ˇˌ ɲɳʃ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʴʽʰ ʶˁˉˈ˄ʹˋʹ ʵʽʵʰˁˍˇˊʽˁʺˌ 
ʵʽʰˍˊʽʲʺˌΣ ˁʰʽ ʴύ ˄ʰ ʷ˔ˇˎ˄ ʶˉʰˊˁʺ ʴ˄˗ˋʹ ˍʹˌ ɮʴʴ˂ʽˁʺˌΦ  
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ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇ ˎˉˇ˕ʺ˒ʽˇˌ ʵʽʵʱˁˍˇˊʰˌ ˁʰˍʷ˔ʶʽ ɾɲɳΣ ˍˇ ˇˉˇʾˇ ʷ˔ʶʽ ˃ʽˁˊʺ ʺ 
˃ʶˊʽˁʺ ˋˎ˄ʱ˒ʶʽʰ ˃ʶ ˍˇ ʴ˄˖ˋˍʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍˇˎ ʃɲʅΣ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄Σ ˃ʶ ʰˉˈ˒ʰˋʹ 
ˍʹˌ ɱʅɳʅ ˁʰʽ ʷˉʶʽˍʰ ʰˉˈ ˉˊˈˍʰˋʹ ˍʹˌ ʅˎ˃ʲˇˎ˂ʶˎˍʽˁʺˌ ɳˉʽˍˊˇˉʺˌΣ ˄ʰ 
ˉʰˊʰˁˇ˂ˇˎʻʺˋʶʽ ˃ʶ ʶˉʽˍˎ˔ʾʰ н-р ˃ʰʻʺ˃ʰˍʰ ˍˇˎ ʃɾʅ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ ʅʶ ʶ˅ʰʽˊʶˍʽˁʷˌ 
ˉʶˊʽˉˍ˗ˋʶʽˌΣ ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ ʰˉˇ˒ʰˋʾʸʶʽ ʹ ɱʅɳʅ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˃ʶ ʰˎ˅ʹ˃ʷ˄ʹ 
ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ нκо ˍ˖˄ ˉʰˊˈ˄ˍ˖˄ ˃ʶ˂˗˄Σ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʵʶˁˍˈˌ ʷ˄ʰˌ ˎˉˇ˕ʺ˒ʽˇˌ 
ˉˇˎ ʵʶ˄ ˁʰˍʷ˔ʶʽ ɾɲɳΣ ˃ʶ ˍʽˌ ˉˊˇːˉˇʻʷˋʶʽˌ ˉˇˎ ʻʰ ʻʷˍʶʽ ˁʰʽ ʻʰ ʰʽˍʽˇ˂ˇʴʶʾΣ ˁʰˍʱ 
ˉʶˊʾˉˍ˖ˋʹΣ ʹ ɱʅɳʅΦ ʁʽ ˉˊˇːˉˇʻʷˋʶʽˌ ʰˎˍʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ ʰύ ʰˉˇʵˇ˔ʺ ˍˇˎ ʇɲ 
ʰˉˈ ˉˊˇʴˊʱ˃˃ʰˍʰ ʶˁˉˈ˄ʹˋʹˌ ʵʽʵʰˁˍˇˊʽˁʺˌ ʵʽʰˍˊʽʲʺˌ ˋˍˇ ˉ˂ʰʾˋʽˇ ʶˎˊ˖ˉʰʿˁˇˏ 
ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ʶˁˉʰʾʵʶˎˋʹˌΣ ˋˍʰ ˇˉˇʾʰ ˋˎ˃˃ʶˍʷ˔ʶʽ ˃ʷ˂ˇˌ ɲɳʃ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌΣ ʲύ ʰˉˇʵˇ˔ʺ ˍˇˎ ʇɲ ˋʶ ˉˊˇʴˊʱ˃˃ʰˍʰ ʶˁˉˈ˄ʹˋʹˌ ʵʽʵʰˁˍˇˊʽˁʺˌ ʵʽʰˍˊʽʲʺˌ 
ˋˍˇ ˉ˂ʰʾˋʽˇ ʵʽʶʻ˄˗˄ ˋˎ˄ʶˊʴʰˋʽ˗˄Σ ˋˍʽˌ ˇˉˇʾʶˌ ˋˎ˃˃ʶˍʷ˔ʶʽ ˃ʷ˂ˇˌ ɲɳʃ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌΣ ʴύ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˍˊʽʶˍʺˌ ʶˊʶˎ˄ʹˍʽˁʺ ʶ˃ˉʶʽˊʾʰ ˉˇˎ ˍʶˁ˃ʹˊʽ˗˄ʶˍʰʽ 
ʶˉʰˊˁ˗ˌ ˃ʶ ˋ˔ʶˍʽˁʷˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ʵʹ˃ˇˋʽʶˏˋʶʽˌΣ ʵύ ˍʹ˄ ˁʰˍˇ˔ʺ ʵʽˉ˂˗˃ʰˍˇˌ ʰˉˈ 
ʃʰ˄κ˃ʽˇ ˍʹˌ ɳˎˊ˗ˉʹˌΣ ˍˇ ˇˉˇʾˇ ˁʰˍˇ˔ˎˊ˗˄ʶˍʰʽ ʰˉˈ ˍʹ ˔˗ˊʰ ʰˎˍʺ ˖ˌ ʽˋˈˍʽ˃ˇ ˍˇˎ 
ɾɲɳΦ  

ʅʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ ʹ ˍʶ˂ʽˁʺ ʰˉˈ˒ʰˋʹ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ ʇɲ ʶʾ˄ʰʽ ʰˉˇˍʷ˂ʶˋ˃ʰ 
ˁˊʾˋʹˌ ˍˊʽ˃ʶ˂ˇˏˌ ʶˉʽˍˊˇˉʺˌ ˋˍʹ ˇˉˇʾʰ ˋˎ˃˃ʶˍʷ˔ʶʽ ˇ ɳˉʽʲ˂ʷˉ˖˄ ɼʰʻʹʴʹˍʺˌΦ ɶ 
ʵʽʰʵʽˁʰˋʾʰ ʶˉʽ˂ˇʴʺˌ ˍ˖˄ ʇɲ ʶʾ˄ʰʽ ʰ˄ʰˊˍʹ˃ʷ˄ʹ ˋˍʹ˄ ʽˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰʽ 
ˁʰˍʰʴʶʴˊʰ˃˃ʷ˄ʹ ˋˍˇ˄ ʁʵʹʴˈ ʅˉˇˎʵ˗˄ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ ɮˉˈ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ 
2009-нлмл ʷ˖ˌ ˁʰʽ ˍˇ нлмп-нлмр ʷ˔ˇˎ˄ ˎˉˇʲʱ˂˂ʶʽ ʰʾˍʹˋʹ ʴʽʰ ɲʽʵʰˁˍˇˊʽˁˈ 
ɲʾˉ˂˖˃ʰ оф  ˎˉˇ˕ʺ˒ʽˇʽ ʰˉˈ ˍˇˎˌ ˇˉˇʾˇˎˌ ˇʽ но όˉˇˋˇˋˍˈ руΣфт҈ ύ ʺˍʰ˄ 
ʰˉˈ˒ˇʽˍˇʽ ˍˇˎ ˍ˃ʺ˃ʰˍˈˌ ˃ʰˌΦ ʆˇ ʾʵʽˇ ʵʽʱˋˍʹ˃ʰ пн ˎˉˇ˕ʺ˒ʽˇʽ ˇ˂ˇˁ˂ʺˊ˖ˋʰ˄ 
ʶˉʽˍˎ˔˗ˌ ˍʽˌ ˋˉˇˎʵʷˌ ˍˇˎˌ ʶ˄˗ ʹ ˃ʷˋʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˋˉˇˎʵ˗˄ ˍˇˎˌ ʺˍʰ˄ ˉʶˊʾˉˇˎ 
сΣр ˔ˊˈ˄ʽʰ όʲ˂ʷˉʶ ̄ ʽ˄ʱˁʰ рύΦ  

 

рΦ ɳɼʃɮɹɲɳʇʆɹɼʁ-ɲɹɲɮɼʆɹɼʁ ɳʄɱʁ 

ʁʽ ʲʰˋʽˁʷˌ ʴ˄˗ˋʶʽˌ ˋʶ ˈ˂ʰ ˍʰ ˉʶʵʾʰ ˍ˖˄ ɰʽˇ˂ˇʴʽˁ˗˄ ɳˉʽˋˍʹ˃˗˄ ʶ˅ʰˋ˒ʰ˂ʾʸˇ˄ˍʰʽ 
˃ʷˋʰ ʰˉˈ ˍʹ˄ ˇ˃ʱʵʰ ˍ˖˄ ˎˉˇ˔ˊʶ˖ˍʽˁ˗˄ ˃ʰʻʹ˃ʱˍ˖˄ ˁʰʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ʶˉʽ˂ˇʴʺˌ 
ʰˉˈ ˍˇ˄ ˁʰˍʱ˂ˇʴˇ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ʶˉʽ˂ˇʴʺˌΦ ɼʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ 
ʰˁʰʵʹ˃ʰʿˁˇˏ ʷˍˇˎˌ ʹ ʶˉʽˍˊˇˉʺ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˋˉˇˎʵ˗˄ ˋʶ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍˇˎˌ 
˒ˇʽˍʹˍʷˌ ˁʰʽ ˍˇˎˌ ʵʽʵʱˋˁˇ˄ˍʶˌ ˋˎʸʹˍʱ ˁʰʽ ʶ˄ʾˇˍʶ ˉˊˇˍʶʾ˄ʶʽΣ ˈˍʰ˄ ʰˎˍˈ ˁˊʾ˄ʶˍʰʽ 
ʰ˄ʰʴˁʰʾˇΣ ˍʹ˄ ˁʰˍʱˊʴʹˋʹ ʺ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʷ˖˄ ˃ʰʻʹ˃ʱˍ˖˄Σ ˍʹ˄ ʰ˄ʰ˃ˈˊ˒˖ˋʹ 
ˁʰʽ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍˇˎ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄Σ ˍˇ˄ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈ ˍ˖˄ 
ʶˊʴʰˋˍʹˊʽʰˁ˗˄ ʰˋˁʺˋʶ˖˄ ˃ʶ ˄ʷʶˌ ʰˋˁʺˋʶʽˌΣ ˁʰʽ ˍʹ˄ ʰˉˇ˒ˎʴʺ ʶˉʽˁʰ˂ˏ˕ʶ˖˄Φ 

ɶ ʵʽʵʰˁˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵʽʰ˂ʷ˅ʶʽˌ ʻʶ˖ˊʾʰˌ ˃ʶ ˍʹ ˔ˊʺˋʹ ˋˏʴ˔ˊˇ˄˖˄ 
ʶˉˇˉˍʽˁ˗˄ ˃ʷˋ˖˄Σ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ ʰˋˁʺˋʶ˖˄ ˁʰʽ ʶʽˁˇ˄ʽˁ˗˄ 
ʰˋˁʺˋʶ˖˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ˎˉˇ˂ˇʴʽˋˍ˗˄Σ ʶˁˉʰʽʵʶˎˍʽˁʷˌ ʶˁʵˊˇ˃ʷˌ 
ˉʶʵʾˇˎΣ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʰ˄ʰʸʺˍʹˋʹ ˁʰʽ ˉʰˊˇˎˋʾʰˋʹ ʶˊʶˎ˄ʹˍʽˁ˗˄ ʶˊʴʰˋʽ˗˄Φ ʅˍˇˎˌ 
˒ˇʽˍʹˍʷˌ ʵʾ˄ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍʹˌ ˋˎ˄ʶ˔ˇˏˌΣ ʱ˃ʶˋʹˌ ʶˉʰ˒ʺˌ ˃ʶ ˍˇˎˌ ʵʽʵʱˋˁˇ˄ˍʶˌΦ 
ɾʶ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʽˁʺˌ ˋˍʹ˄ ʶˁˉʰʽʵʶˎˍʽˁʺ 
ʵʽʰʵʽˁʰˋʾʰ ʵʾ˄ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˃ʽʰˌ ˋˎ˄ʶ˔ˇˏˌ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ʰˉˇʵˇˍʽˁʺˌ 
ʶˉʽˁˇʽ˄˖˄ʾʰˌ ˍ˖˄ ʵʽʵʰˋˁˈ˄ˍ˖˄ ˃ʶ ˍˇˎˌ ˒ˇʽˍʹˍʷˌΦ 

ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˉˊˇˉˍˎ˔ʽʰˁ˗˄ ˒ˇʽˍʹˍ˗˄ ˋʶ ˁʱʻʶ ˃ʱʻʹ˃ʰ ʴʾ˄ʶˍʰʽ ˃ʶ ʶ˅ʶˍʱˋʶʽˌ 
ʴˊʰˉˍʷˌ ʺ ˁʰʽ ˉˊˇ˒ˇˊʽˁʷˌΣ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ʵʶ ʹ ˋˎ˄ˇ˂ʽˁʺ ʶˉʾʵˇˋʺ ˍˇˎˌ ˋˍʽˌ 
ʶˊʴʰˋˍʹˊʽʰˁʷˌ ʰˋˁʺˋʶʽˌ ˁʰʽ ˍʽˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˍˇˎ ˁʱʻʶ ˃ʰʻʺ˃ʰˍˇˌΦ ɼʰˍʱ 
ˋˎ˄ʷˉʶʽʰ ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʶˉʾʵˇˋʹˌ ʴʾ˄ʶˍʰʽ ˁʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʶ˅ʰ˃ʺ˄ˇˎ ˃ʶ 
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ʶ˄ʵʽʱ˃ʶˋʶˌ ʰ˅ʽˇ˂ˇʴʺˋʶʽˌ ˁˎˊʾ˖ˌ ˃ʷˋ˖ ʰˎˍˈ˄ˇ˃˖˄ ʰˍˇ˃ʽˁ˗˄ ˁʰʽ ˇ˃ʰʵʽˁ˗˄ 
ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ όʶˁˉˈ˄ʹˋʹ ˋˏ˄ʻʶˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˎˉˇʵʶʽʴ˃ʰˍʽˁʷˌ ˃ʶ˂ʷˍʶˌ 
ˉʶˊʽˉˍ˗ˋʶ˖˄ ˁʰʽ ʶˉʾ˂ˎˋʹ ˊʶʰ˂ʽˋˍʽˁ˗˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ύΦ ɶ ˋˎ˃˃ʶˍˇ˔ʺ ˍ˖˄ 
ˉˊˇˉˍˎ˔ʽʰˁ˗˄ ˒ˇʽˍʹˍ˗˄ ˋˍʽˌ ʶ˅ʶˍʱˋʶʽˌ ˉˇʽˁʾ˂ʶʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˃ʱʻʹ˃ʰΦ ɳ˄ʵʶʽˁˍʽˁʱ 
ʴʽʰ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ нлмпςнлмр ˍˇ ˉˇˋˇˋˍˈ ˋˎ˃˃ʶˍˇ˔ʺˌ ˋˍʽˌ ʶ˅ʶˍʱˋʶʽˌ 
ˎˉˇ˔ˊʶ˖ˍʽˁ˗˄ ˃ʰʻʹ˃ʱˍ˖˄ ˁˎ˃ʰʽ˄ˈˍʰ˄ ʰˉˈ сл-ул҈ ˋˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ʶ˅ʶˍʰˋˍʽˁʺ 
ˉʶˊʾˇʵˇΦ ɼʰˍʱ ˍˇ ʾʵʽˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ ʰˉʶ˒ˇʾˍʹˋʰ˄ уф ˒ˇʽˍʹˍʷˌ ˃ʶ ˃ʷˋˇ ʲʰʻ˃ˈ 
ˉˍˎ˔ʾˇˎ с όʃʾ˄ʰˁʰˌ сύΦ 

ɼʰˍʱ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍˇˎ ʰˁʰʵʹ˃ʰʿˁˇˏ ʷˍˇˎˌ ʰ˄ʰ˄ʶ˗˄ʶˍʰʽ ˇ ʁʵʹʴˈˌ ʅˉˇˎʵ˗˄ ˁʰʽ 
ʰ˄ʰˊˍʱˍʰʽ ˋˍʹ˄ ʽˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ 
(http://www.biology.upatras.gr/index.php?option=com_content&view=article&id=
40&Itemid=297ύΦ ʅˍˇ˄ ʁʵʹʴˈ ʅˉˇˎʵ˗˄ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˇʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ 
ʰ˒ˇˊˇˏ˄ ˍʰ ˉˊˇˉˍˎ˔ʽʰˁʱ ˁʰʽ ˃ʶˍʰˉˍˎ˔ʽʰˁʱ ˃ʰʻʺ˃ʰˍʰΣ ˍˇ ˖ˊˇ˂ˈʴʽˇ ˉˊˈʴˊʰ˃˃ʰ 
ˍ˖˄ ʵʽʰ˂ʷ˅ʶ˖˄ ˁʰʽ ʶˊʴʰˋˍʹˊʾ˖˄Σ ˇʽ ʵʽʵʱˋˁˇ˄ˍʶˌ ˁʱʻʶ ˃ʰʻʺ˃ʰˍˇˌ ˁʰʽ ʴʶ˄ʽˁʱ ˁʱʻʶ 
ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʵʽʶˎˁˇ˂ˏ˄ʶʽ ˍʹ ʵʽʵʰˁˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰΦ ɳˉʾˋʹˌΣ ˋˍʹ˄ 
ʽˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʰ˄ʰˁˇʽ˄˗˄ˇ˄ˍʰʽ ʷʴˁʰʽˊʰ ˍˎ˔ˈ˄ ʰ˂˂ʰʴʷˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 
ˉˊˇˁˏ˕ˇˎ˄ ˉʱ˄ˍˇˍʶ ˋʶ ˋˎ˄ʶ˄˄ˈʹˋʹ ˃ʶˍʰ˅ˏ ʵʽʵʱˋˁˇ˄ˍˇˌ ˁʰʽ ˒ˇʽˍʹˍ˗˄Φ ʆʰ 
ˍʶ˂ʶˎˍʰʾʰ ˍˊʾʰ ʰˁʰʵʹ˃ʰʿˁʱ ʷˍʹ ʵʶ˄ ʵʽʰ˄ʷ˃ʶˍʰʽ ˇ ˇʵʹʴˈˌ ˋˉˇˎʵ˗˄ ˂ˈʴ˖ ˍʹˌ 
ˊʰʴʵʰʾʰˌ ˃ʶʾ˖ˋʹˌ ˍ˖˄ ˍʰˁˍʽˁ˗˄ ˉʽˋˍ˗ˋʶ˖˄ ˁʰʽ ʹ ʶ˄ʹ˃ʷˊ˖ˋʹ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˁʰʽ 
ʱ˂˂˖˄ ʶ˄ʵʽʰ˒ʶˊˇ˃ʷ˄˖˄ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ˍʹˌ ʽˋˍˇˋʶ˂ʾʵʰˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ 
ʆˇ ʵʽʵʰˁˍʽˁˈ ˉˊˇˋ˖ˉʽˁˈ ʰ˅ʽˇ˂ˇʴʺʻʹˁʶ ʰˉˈ ˍˇˎˌ ˉˊˇˉˍˎ˔ʽʰˁˇˏˌ ˒ˇʽˍʹˍʷˌ ˃ʶ ˍʹ 
ˋˎ˃ˉ˂ʺˊ˖ˋʹ ʶˊ˖ˍʹ˃ʰˍˇ˂ˇʴʾ˖˄ ʰ˄˖˄ˏ˃˖ˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʶ˅ʰ˃ʺ˄ˇˎ ˃ʶ 
ˋˁˇˉˈ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ˁʰʽ ʵʽʵʰˁˍʽˁˇˏ ʷˊʴˇˎ όʃʰˊʱˊˍʹ˃ʰ ɹύΦ ɮˉˈ 
ˍʽˌ ʰˉʰ˄ˍʺˋʶʽˌ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˋˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽʰ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ  ʰύ 
ʁʽ ˒ˇʽˍʹˍʷˌ ˉʰˊʰˁˇ˂ˇˎʻˇˏ˄ ˉˇ˂ˏ ˍʰ ˃ʰʻʺ˃ʰˍʰΣ ʲˊʾˋˁˇˎ˄ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍ˖˄ 
˃ʰʻʹ˃ʱˍ˖˄  ˉˇ˂ˏ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˁʰʽ ˔ˊʺˋʽ˃ˇ ʴʽʰ ˍʹ˄ ˉˇˊʶʾʰ ˍ˖˄ ˋˉˇˎʵ˗˄ ˍˇˎˌ ˁʰʽ 
ʻʶ˖ˊˇˏ˄ ˈˍʽ ˎˉʱˊ˔ʶʽ ʰˊˁʶˍʱ ˁʰ˂ʺ ˋˎˋ˔ʷˍʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄Φ ʁʽ ʰʾʻˇˎˋʶˌ 
ʵʽʵʰˋˁʰ˂ʾʰˌ ˁˊʾʻʹˁʰ˄ ˈˍʽ ˔ˊʺʸˇˎ˄ ʲʶ˂ˍʾ˖ˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˖ˊˇ˂ˈʴʽˇ ˉˊˈʴˊʰ˃˃ʰ 
ˋˉˇˎʵ˗˄Φ ʲύ ʁʽ ˒ˇʽˍʹˍʷˌ ʰˉˇ˒ʱ˄ʻʹˁʰ˄ ˈˍʽ ˍʰ ˋˎʴʴˊʱ˃˃ʰˍʰ ˁʰʽ ˇʽ 
ˉʰ˄ʁ̄ ʽˋˍʹ˃ʽʰˁʷˌ ˋʹ˃ʶʽ˗ˋʶʽˌ ˁʰ˂ˏˉˍˇˎ˄ ˍʹ˄ ˏ˂ʹ ˍˇˎ ˃ʰʻʺ˃ʰˍˇˌ ˋʶ ˉˇ˂ˏ ˁʰ˂ˈ 
ʲʰʻ˃ˈ ˁʰʽ ʹ ˉˇʽˈˍʹˍʱ ˍˇˎˌ ʶʾ˄ʰʽ ˁʰ˂ʺΦ ʆʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʷʴˁʰʽˊʹˌ ʵʽʱʻʶˋʹˌ ˍ˖˄ 
ˋˎʴʴˊʰ˃˃ʱˍ˖˄ ʶʾ˄ʰʽ ʶ˃˒ʰ˄ʺΦ ʆʷ˂ˇˌ ʵʽʰˉʽˋˍ˗˄ʶˍʰʽ ˈˍʽ ˇʽ ʵʽʵʱˋˁˇ˄ˍʶˌ ˉˊʷˉʶʽ ˄ʰ 
ˉʰˊˇˍˊˏ˄ˇˎ˄ ˉʶˊʶˍʰʾˊ˖ ˍˇˎˌ ˒ˇʽˍʹˍʷˌ ʴʽʰ ˉʽˇ ˋˎˋˍʹ˃ʰˍʽˁʺ ˔ˊʺˋʹ ˍʹˌ 
ʲʽʲ˂ʽˇʻʺˁʹˌΦ ʴύ ʍˌ ˉˊˇˌ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍʹˌ ʵʽʵʰˋˁʰ˂ʾʰˌΣ ˇʽ ˒ˇʽˍʹˍʷˌ ʰˉˇˁˊʾʻʹˁʰ˄ 
ˈˍʽ ˇʽ ʵʽʵʱˋˁˇ˄ˍʶˌ ʶ˅ʺʴʹˋʰ˄ ˁʰ˂ʱ ˍʹ ˋʹ˃ʰˋʾʰ ˁʰʽ ˍˇˎˌ ˋˍˈ˔ˇˎˌ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄Σ 
ʺˍʰ˄ ˁʰˍʰ˄ˇʹˍˇʾ ˋˍʽˌ ˉʰˊʰʵˈˋʶʽˌ ˍˇˎˌ ˁʰʽ ʶʾ˔ʰ˄ ˁʰ˂ʱ ˇˊʴʰ˄˗ˋʶʽ ˍʹ ʵʽʵʰˋˁʰ˂ʾʰ 
ˍˇˎˌΦ ɳˉʾˋʹˌΣ ˋʶ ʰˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ ʲʰʻ˃ˈ ˇ ʵʽʵʱˋˁ˖˄ ˁʾ˄ʹˋʶ ˍˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ 
ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˁʰʽ ˉˊˇˋʱˊ˃ˇˋʶ ˍʹ ʵʽʵʰˋˁʰ˂ʾʰ ˍˇˎ ˋˍˇ ʶˉʾˉʶʵˈ ˍˇˎˌΦ ʁ 
ʵʽʵʱˋˁˇ˄ˍʶˌ ʶ˄ʻʱˊˊˎ˄ʰ˄ ˋʶ ˉˇ˂ˏ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ ʲʰʻ˃ˈ ˍˇˎˌ ˒ˇʽˍʹˍʷˌ ˄ʰ 
ʵʽʰˍˎˉ˗˄ˇˎ˄ ʰˉˈ˕ʶʽˌ ˁʰʽ ʶˊ˖ˍʺˋʶʽˌ ˁʰʽ ʰˉʰ˄ˍˇˏˋʶ ˁʰˍʰ˄ˇʹˍʱ ˋˍʽˌ ʶˊ˖ˍʺˋʶʽˌ 
ˍˇˎˌΦ ɶ ˉˊˇˋʷ˂ʶˎˋʹ ˍ˖˄ ʵʽʵʰˋˁˈ˄ˍ˖˄ ˋˍʰ ˃ʰʻʺ˃ʰˍʰ ˁˊʾʻʹˁʶ ˉˇ˂ˏ ʷ˖ˌ ˉʱˊʰ ˉˇ˂ˏ 
ˁʰ˂ʺΦ ʁ ˍˊˈˉˇˌ ʶ˅ʷˍʰˋʹˌ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ʻʶ˖ˊʺʻʹˁʶ ʰˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˌ ʴʽʰ 
ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍ˖˄ ʵʽʵʰˁˍʽˁ˗˄ ˋˍˈ˔˖˄Φ ʆʷ˂ˇˌ ˇʽ ʵʽʵʱˋˁˇ˄ˍʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˋʶ 
ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ ʲʰʻ˃ˈ ˍʽˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˁʰʽ ˍʹˌ ʶˉʽˁˇʽ˄˖˄ʾʰˌ ʴʽʰ ˍʽˌ 
ʰ˄ʱʴˁʶˌ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ˍˇˎˌΦ 

ʆʰ ˋˍˇʽ˔ʶʾʰ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ʰˉˈ ˃ʷ˂ˇˌ ˍˇˎ ʵʽˇʽˁʹˍʽˁˇˏ ˉˊˇˋ˖ˉʽˁˇˏ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ 
ˉˇˎ ʶˉʽˁˇˎˊʶʾ ˍʹ˄ ʁɾɳɮ ˁʰʽ ʰˉˇˋˍʷ˂˂ˇ˄ˍʰʽΣ ˃ʷˋ˖ ˍˇˎ ʃˊˇʷʵˊˇˎ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌΣ 
ˋˍʹ ɲʽʶˏʻˎ˄ˋʹ ɳˁˉʰʾʵʶˎˋʹˌ ˁʰʽ ɴˊʶˎ˄ʰˌ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˉˊˇˌ ʶˉʶ˅ʶˊʴʰˋʾʰΦ 
ɾʶˍʱ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʰˉˇˋˍʷ˂˂ˇ˄ˍʰʽ ˋˍˇ ʆ˃ʺ˃ʰ ˉʾ˄ʰˁʶˌ ˃ʶ ˍʰ 

http://www.biology.upatras.gr/index.php?option=com_content&view=article&id=40&Itemid=297
http://www.biology.upatras.gr/index.php?option=com_content&view=article&id=40&Itemid=297
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ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʰˉˇˍʾ˃ʹˋʹ ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ˁʰʽ ʵʽʵʰˁˍʽˁˇˏ 
ʷˊʴˇˎ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ˁʱʻʶ ˃ʷ˂ˇˌ ˅ʶ˔˖ˊʽˋˍʱΦ ʅˍˈ˔ˇˌ ˍʹˌ ˈ˂ʹˌ 
ʵʽʰʵʽˁʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʵʽʵʰˋˁʰ˂ʾʰˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˃ʰʻʹ˃ʱˍ˖˄ ˁʰʽ 
ʶˊʴʰˋˍʹˊʾ˖˄Σ ˇ ˁʰ˂ˏˍʶˊˇˌ ˋˎ˄ˍˇ˄ʽˋ˃ˈˌ ʻʶ˖ˊʾʰˌ ς ʱˋˁʹˋʹˌΣ ʹ ʲʶ˂ˍʾ˖ˋʹ ˍˇˎ 
˖ˊˇ˂ˇʴʾˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˁʰʽ ˍ˖˄ ʰʽʻˇˎˋ˗˄ ʵʽʵʰˋˁʰ˂ʾʰˌ ˁ˂ˉΦ ʃʰˊˈˍʽ ʹ 
ʰ˅̔ˇ˂ˈʴʹˋʹ ʺˍʰ˄ ˉˊˇʰʽˊʶˍʽˁʺΣ ʹ ˋˎ˄ˍˊʽˉˍʽˁʺ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˉˇˎ 
ˉʰˊʰˁˇ˂ˇˎʻˇˏ˄ ˍʰ ˃ʰʻʺ˃ʰˍʰ ˋˎ˃ˉ˂ʺˊ˖ˋʰ˄ ˍʰ ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽʰΣ ʴʶʴˇ˄ˈˌ ˉˇˎ 
ʵʶʾ˔˄ʶʽ ˍʹ˄ ʷ˄ˍˇ˄ʹ ʶˉʽʻˎ˃ʾʰ ˍˇˎˌ ˄ʰ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ʶ˄ʶˊʴʱ ˋˍʹ˄ ˉˊˇˋˉʱʻʶʽʰ 
ʲʶ˂ˍʾ˖ˋʹˌ ˍˇˎ ʶˉʽˉʷʵˇˎ ˍ˖˄ ˋˉˇˎʵ˗˄ ˍˇˎˌΦ 

ʆʰ ˃ʷ˂ʹ ˍˇˎ ʵʽʵʰˁˍʽˁˇˏ ˉˊˇˋ˖ˉʽˁˇˏ ˋˎ˃˃ʶˍʷ˔ˇˎ˄Σ ˁʰˍʱ ˃ʷˋˇ ˈˊˇΣ ˋˍʹ ʵʽʵʰˋˁʰ˂ʾʰ 
ʵˏˇ ˉˊˇˉˍˎ˔ʽʰˁ˗˄Σ ʶ˄ˈˌ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏ ˃ʰʻʺ˃ʰˍˇˌ ˁʰʽ ʶ˄ˈˌ ʶˊʴʰˋˍʹˊʾˇˎ ʰ˄ʱ 
ʶ˅ʱ˃ʹ˄ˇΦ ʁ ˃ʷˋˇˌ ˈˊˇˌ ʶʲʵˇ˃ʰʵʽʰʾˇˎ ˒ˈˊˍˇˎ ʵʽʵʰˁˍʽˁˇˏ ʷˊʴˇˎ ˋʶ ˉˊˇˉˍˎ˔ʽʰˁʱ 
ˁʰʽ ˃ʶˍʰˉˍˎ˔ʽʰˁʱ ˃ʰʻʺ˃ʰˍʰΣ ʶˊʴʰˋˍʺˊʽʰΣ ʰˋˁʺˋʶʽˌ ˎˉʰʾʻˊˇˎ ˁʰʽ ˒ˊˇ˄ˍʽˋˍʹˊʽʰˁʷˌ 
ʰˋˁʺˋʶʽˌΣ ˎˉˇ˂ˇʴʾʸʶˍʰʽ мл-мр ˗ˊʶˌΦ ʁʽ ʵʽʵʱˋˁˇ˄ˍʶˌ ʶˉʽʲ˂ʷˉˇˎ˄ ˁʰʽ ˁʰˍʶˎʻˏ˄ˇˎ˄ 
˃ʾʰ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ʵʽˉ˂˖˃ʰˍʽˁʷˌκ˃ʶˍʰˉˍˎ˔ʽʰˁʷˌκʵʽʵʰˁˍˇˊʽˁʷˌ ʶˊʴʰˋʾʶˌΦ ɼʰˍʱ ˍʹ 
ʵʽʱˊˁʶʽʰ ˍ˖˄ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ ʰˋˁʺˋʶ˖˄ ˍʰ ˃ʷ˂ʹ ɲɳʃ ʶˉʽˁˇˎˊˇˏ˄ˍʰʽ ʰˉˈ 
˃ʶˍʰˉˍˎ˔ʽʰˁˇˏˌ ˒ˇʽˍʹˍʷˌΦ ɳˉʽˉ˂ʷˇ˄Σ ˃ʷ˂ʹ ɲɳʃ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ 
ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋˍʹ˄ ʶˁˉʰʽʵʶˎˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˍ˖˄ ʆ˃ʹ˃ʱˍ˖˄ ʊʰˊ˃ʰˁʶˎˍʽˁʺˌ 
όɰˇˍʰ˄ʽˁʺΣ ʵʽʰ˂ʷ˅ʶʽˌύΣ ʊˎˋʽˁʺˌ όɱʶ˄ʽˁʺ ɰʽˇ˂ˇʴʾʰΣ ʵʽʰ˂ʷ˅ʶʽˌύ ˁʰʽ ˍˇˎ ʃʰʽʵʰʴ˖ʴʽˁˇˏ 
ʆ˃ʺ˃ʰˍˇˌ ɲʹ˃ˇˍʽˁʺˌ ɳˁˉʰʾʵʶˎˋʹˌ όɰʽˇ˂ˇʴʾʰΣ ɰʰˋʽˁʺ ɱʶ˄ʶˍʽˁʺ ˁʰʽ ɱʶ˄ʶˍʽˁʺ ˍʹˌ 
ʅˎ˃ˉʶˊʽ˒ˇˊʱˌΣ ʵʽʰ˂ʷ˅ʶʽˌύ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗˄Φ ʃˇ˂˂ʱ ʰˉˈ ˍʰ ˃ʷ˂ʹ ɲɳʃ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌ ʵʽʵʱˋˁˇˎ˄ ˋʶ ˉʶˊʽˋˋˈˍʶˊʰ ʰˉˈ ʷ˄ʰ ɾʶˍʰˉˍˎ˔ʽʰˁʱ ʃˊˇʴˊʱ˃˃ʰˍʰΦ 

ʅˍʹ˄ ʰˊ˔ʺ ˁʱʻʶ ʶ˅ʰ˃ʺ˄ˇˎ ˇʽ ʵʽʵʱˋˁˇ˄ˍʶˌ ˉˊˇˍʶʾ˄ˇˎ˄ ʵˏˇ ˋˏʴ˔ˊˇ˄ʰ ˋˎʴʴˊʱ˃˃ʰˍʰ 
ʰ˄ʱ ˃ʱʻʹ˃ʰΦ ɳˉʽˉ˂ʷˇ˄ ˈˍʰ˄ ˁˊʾ˄ʶˍʰʽ ʰˉʰˊʰʾˍʹˍˇ ʰˉˈ ˍˇˎˌ ʵʽʵʱˋˁˇ˄ˍʶˌΣ 
ʵʽʰ˄ʷ˃ˇ˄ˍʰʽ ˋˍˇˎˌ ˒ˇʽˍʹˍʷˌ ʶˉʽˁʰʽˊˇˉˇʽʹ˃ʷ˄ʶˌ ˋʹ˃ʶʽ˗ˋʶʽˌΣ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΣ 
ʶˊʶˎ˄ʹˍʽˁʱ ʱˊʻˊʰ ʺ ʱˊʻˊʰ ʰ˄ʰˋˁˈˉʹˋʹˌΦ ʆˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ʃʰˍˊ˗˄ ʵʽʰʻʷˍʶʽ ˃ʽʰ 
ʶ˅ʰʽˊʶˍʽˁʺ ʲʽʲ˂ʽˇʻʺˁʹ ˃ʶ ʵˎ˄ʰˍˈˍʹˍʰ ʰ˄ˇʽˁˍʺˌ ˉˊˈˋʲʰˋʹˌ ˍ˖˄ ʵʽʵʰˋˁˈ˄ˍ˖˄ ˁʰʽ 
˒ˇʽˍʹˍ˗˄ ˋʶ ʲʽʲ˂ʾʰ ˁʰʽ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶˊʽˇʵʽˁʱΦ  

 

ɯ˂˂ʶˌ ˎˉʹˊʶˋʾʶˌ ˁʰʽ ˎˉˇʵˇ˃ʷˌ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˁʰʽ ˍˇˎ ʽʵˊˏ˃ʰˍˇˌΥ 

ʆˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ʵʽʰʻʷˍʶʽ п ʰʾʻˇˎˋʶˌ ʵʽʵʰˋˁʰ˂ʾʰˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌ мптΣ мнлΣ тр 
ˁʰʽ тр ʰˍˈ˃˖˄ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˃ʾʰ ʰʾʻˇˎˋʰ ˋʶ˃ʽ˄ʰˊʾ˖˄ тл ʻʷˋʶ˖˄Σ ʷ˄ʰ ʇˉˇ˂ˇʴʽˋˍʽˁˈ 
ˁʷ˄ˍˊˇ нс ʻʷˋʶ˖˄ ˁʰʽ ʷ˄ʰ ˋˉˇˎʵʰˋˍʺˊʽˇκʲʽʲ˂ʽˇʻʺˁʹ ˉˇˎ ʵʽʰʻʷˍʶʽ ˉˊˈˋʲʰˋʹ ˋˍˇ 
ʵʽʰʵʾˁˍˎˇ ˁʰʽ ˍˇ˄ ˁʰˍʱ˂˂ʹ˂ˇ ʶ˅ˇˉ˂ʽˋ˃ˈ ʴʽʰ ˃ʶ˂ʷˍʹΣ ˋˎʴʴˊʰ˒ʺ ˁʰʽ ʶˁˍˏˉ˖ˋʹ 
ˁʶʽ˃ʷ˄˖˄ ˁʰʽ ʶˊʴʰˋʽ˗˄Σ ˋʱˊ˖ˋʹΣ ˒˖ˍˇˍˎˉʾʶˌΣ ˁ˂ˉΦ ɳˉʽˉ˂ʷˇ˄ ˁʱʻʶ ʆˇ˃ʷʰˌ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌ ʵʽʰʻʷˍʶʽ ˃ʾʰ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰʾʻˇˎˋʶˌ ˋʶ˃ʽ˄ʰˊʾ˖˄ ˁʰʽ ˋˎ˄ʰ˄ˍʺˋʶ˖˄Φ 

ʅˍˇ ʆ˃ʺ˃ʰ ˂ʶʽˍˇˎˊʴˇˏ˄ ˍʰ ʰˁˈ˂ˇˎʻʰ ʶˁˉʰʽʵʶˎˍʽˁʱ ʶˊʴʰˋˍʺˊʽʰΥ 

ɰˇˍʰ˄ʽˁʺˌ ˃ʶ ол ʻʷˋʶʽˌ ʶˊʴʰˋʾʰˌΣ ʊˎˋʽˇ˂ˇʴʾʰˌ ʊˎˍ˗˄ ˃ʶ нп ʻʷˋʶʽˌΣ ʁʽˁˇ˂ˇʴʾʰˌ 
ʊˎˍ˗˄ ˃ʶ нр ʻʷˋʶʽˌΣ ɱʶ˄ʶˍʽˁʺˌ-ɾʽˁˊˇˋˁˇˉʾʰˌ ˃ʶ оп ʻʷˋʶʽˌΣ ʊˎˋʽˇ˂ˇʴʾʰˌ ɵ˗˖˄ ˃ʶ 
он ʻʷˋʶʽˌΣ н ʶˊʴʰˋˍʺˊʽʰ ɰʽˇ˔ʹ˃ʶʾʰˌΣ ɾʽˁˊˇʲʽˇ˂ˇʴʾʰˌ ˁʰʽ ɼˎˍˍʰˊʽˁʺˌ-ɾˇˊʽʰˁʺˌ 
ɰʽˇ˂ˇʴʾʰˌ пр ʻʷˋʶ˖˄ ˁʰʽ н ʶˊʴʰˋˍʺˊʽʰ ɵ˖ˇ˂ˇʴʾʰˌ ˁʰʽ ʁʽˁˇ˂ˇʴʾʰˌ ɵ˗˖˄ ˃ʶ см 
ʻʷˋʶʽˌΦ ʂ˂ʰ ˍʰ ʶˊʴʰˋˍʺˊʽʰ ʵʽʰʻʷˍˇˎ˄ ˍˇ˄ ˁʰˍʱ˂˂ʹ˂ˇ ʶ˅ˇˉ˂ʽˋ˃ˈΣ 
ˉʰˊʰˋˁʶˎʰˋˍʺˊʽˇΣ ʰˉˇʻʹˁʶˎˍʽˁˇˏˌ ˔˗ˊˇˎˌΣ ʶˋˍʾʶˌ ˁʰʽ ˕ˎʴʶʾʰΦ ɶ ʶˉʱˊˁʶʽʰ ˍˇˎ 
ʶ˅ˇˉ˂ʽˋ˃ˇˏ ʴʽʰ ˍˇ ʶˁˉʰʽʵʶˎˍʽˁˈ ʷˊʴˇ ˁˊʾ˄ʶˍʰʽ ʰˉˈ ˍˇˎˌ ʵʽʵʱˋˁˇ˄ˍʶˌ ˋ˔ʶˍʽˁʱ 
ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ʰ˄ ˁʰʽ ˋʶ ʰˊˁʶˍʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉʶˉʰ˂ʰʽ˖˃ʷ˄ʹ ˔˖ˊʾˌ ʵˎ˄ʰˍˈˍʹˍʰ 
ʱ˃ʶˋʹˌ ʰ˄ʰˉ˂ʺˊ˖ˋʹˌ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʷ˂˂ʶʽ˕ʹˌ ʰ˄ʱ˂ˇʴ˖˄ ˁˇ˄ʵˎ˂ʾ˖˄Φ ʅʶ ʰˊˁʶˍʷˌ 
ˉʶˊʽˉˍ˗ˋʶʽˌ ʲʰˋʽˁʱ ˈˊʴʰ˄ʰ ˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ʰˉˈ ˍˇˎˌ ʶˊʶˎ˄ʹˍʽˁˇˏˌ ˔˗ˊˇˎˌ ˋˍʰ 
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ʶˁˉʰʽʵʶˎˍʽˁʱ ʶˊʴʰˋˍʺˊʽʰ ʴʽʰ ˍʹ˄ ˉ˂ʹˊʷˋˍʶˊʹ ʶˁˉʰʾʵʶˎˋʹ ˍ˖˄ ˉˊˇˉˍˎ˔ʽʰˁ˗˄ 
˒ˇʽˍʹˍ˗˄Φ 

ʁʽ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˉ˂ʹˊˇ˒ˇˊʽˁʺˌ  ˁʰʽ ʶˉʽˁˇʽ˄˖˄ʽ˗˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˎˊʷ˖ˌ ˋˍʹ˄ 
ʶˁˉʰʽʵʶˎˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ ˉʰˊˇˎˋʽʱˋʶ˖˄ όǇƻǿŜǊ Ǉƻƛƴǘύ ˁʰˍʱ ˍʹ 
ʵʽʱˊˁʶʽʰ ˍ˖˄ ʵʽʰ˂ʷ˅ʶ˖˄Σ ˋʶ˃ʽ˄ʰˊʾ˖˄ ˍ˖˄ ʵʽʵʰˋˁˈ˄ˍ˖˄ ˁʰʽ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˁʰʽ ˍʹ˄ 
ʶˁˍʷ˂ʶˋʹ ʶʽˁˇ˄ʽˁ˗˄ ʶˊʴʰˋˍʹˊʾ˖˄Φ ʁʽ ˒ˇʽˍʹˍʷˌ ʶˁˉʰʽʵʶˏˇ˄ˍʰʽ ˋˍʹ ˔ˊʺˋʹ 
ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ˎˉˇ˂ˇʴʽˋˍ˗˄Σ ˋˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˁʶʽ˃ʷ˄ˇˎ ˁʰʽ ʵʶʵˇ˃ʷ˄˖˄Σ 
ʰ˄ʰʸʺˍʹˋʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰˌ ˁ˂ˉΦ ʂ˂ˇʽ ˇʽ ʶˊʴʰˋˍʹˊʽʰˁˇʾ ˔˗ˊˇʽΣ ˍʰ ʴˊʰ˒ʶʾʰ ˁʰʽ ʹ 
ʲʽʲ˂ʽˇʻʺˁʹ ʵʽʰʻʷˍˇˎ˄ ˉˊˈˋʲʰˋʹ ˋˍˇ ʵʽʰʵʾˁˍˎˇ ˃ʷˋ˖ ˍˇˎ ˁʶ˄ˍˊʽˁˇˏ ʵʽʰˁˇ˃ʽˋˍʺ 
(serverύ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˁʰʽ ˋˍʽˌ ʵʽʶʻ˄ʶʾˌ ʲʱˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʷˋ˖ ˍʹˌ 
ˁʁ ˄ˍˊʽˁʺˌ ʲʽʲ˂ʽˇʻʺˁʹˌΦ ɳˉʽˉ˂ʷˇ˄ ˇʽ ˒ˇʽˍʹˍʷˌ ʷ˔ˇˎ˄ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ 
ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ʹˌ ˋˏ˄ʵʶˋʹˌ ʰˉˈ ˍˇ ˋˉʾˍʽ ˍˇˎˌ ˃ʶ ˍˇ˄ ˁʶ˄ˍˊʽˁˈ ʵʽʰˁˇ˃ʽˋˍʺ ˍˇˎ 
ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎΦ  

ʆʰ ˃ʷ˂ʹ ɲɳʃ ʷ˔ˇˎ˄ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʶˉʽˁˇʽ˄˖˄ˇˏ˄ ˃ʶ ˍˇˎˌ ˒ˇʽˍʹˍʷˌ ˃ʷˋ˖ ˍˇˎ Ŝ-
ŎƭŀǎǎΣ ˄ʰ ʰ˄ʰˊˍˇˏ˄ ʰ˄ʰˁˇʽ˄˗ˋʶʽˌΣ ˋʹ˃ʶʽ˗ˋʶʽˌ ˁʰʽ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʱ ʵʶʵˇ˃ʷ˄ʰΦ ʁʽ 
˒ˇʽˍʹˍʷˌ ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ʶˉʽˁˇʽ˄˖˄ˇˏ˄ ˃ʶ ˍˇˎˌ ʵʽʵʱˋˁˇ˄ˍʶˌ ˁʰʽ ˃ʶ ˍʹ ʴˊʰ˃˃ʰˍʶʾʰ 
˃ʷˋ˖ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ˍʰ˔ˎʵˊˇ˃ʶʾˇˎΦ  

ʆʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ˍˇ ʆ˃ʺ˃ʰ ʷ˔ʶʽ ʶˉʶ˄ʵˏˋʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˁˇ˄ʵˏ˂ʽʰ ʴʽʰ ˍʹ˄ ʰʴˇˊʱ 
ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ˎˉˇ˂ˇʴʽˋˍ˗˄ ʴʽʰ ˍˇ˄ ʶ˅ˇˉ˂ʽˋ˃ˈ ˍˇˎ ʇˉˇ˂ˇʴʽˋˍʽˁˇˏ ɼʷ˄ˍˊˇˎ ˁʰʽ ˍˇˎ 
ˋˉˇˎʵʰˋˍʹˊʾˇˎκʲʽʲ˂ʽˇʻʺˁʹˌΦ ʍˋˍˈˋˇ ˇʽ ʰʾʻˇˎˋʶˌ ʵʽʵʰˋˁʰ˂ʾʰˌ ˋˍʶˊˇˏ˄ˍʰʽ 
˃ˈ˄ʽ˃˖˄ ʶˉˇˉˍʽˁ˗˄ ˃ʷˋ˖˄ ˁʰʽ ˎˉʱˊ˔ʶʽ ˇʽˁˇ˄ˇ˃ʽˁʺ ʰʵˎ˄ʰ˃ʾʰ ʰ˄ʰ˄ʷ˖ˋʹˌ ˍˇˎ 
ˎˉʱˊ˔ˇ˄ˍˇˌ ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˁʰʽ ˋ˔ʶʵʽʰˋ˃ˇˏ ˎˉʹˊʶˋʽ˗˄ ˍʹ˂ʶʵʽʱˋˁʶ˕ʹˌΦ 

ɶ ʰ˄ʰ˂ˇʴʾʰ ʵʽʵʰˋˁˈ˄ˍ˖˄ όɲɳʃύκ ʶ˄ʶˊʴˇˏˌ ˉˊˇˉˍˎ˔ʽʰˁˇˏˌ ˁʰʽ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏˌ 
˒ˇʽˍʹˍʷˌ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ мκнрΦ ʅˍʰ ʶˊʴʰˋˍʺˊʽʰ ˍˇ ʷˊʴˇ ˍ˖˄ ˃ʶ˂˗˄ ɲɳʃ ʶˉʽˁˇˎˊʶʾˍʰʽ 
ʰˉˈ п ˃ʷ˂ʹ ɳɹɲɹʃ ˁʰʽ о ɳʆɳʃ ʶ˄˗ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˁʰʽ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏˌ ˒ˇʽˍʹˍʷˌΦ ʅˍˇ 
ʆ˃ʺ˃ʰ ʵʶ˄ ʷ˔ˇˎ˄ ʻʶˋˉʽˋˍʶʾ ˗ˊʶˌ ʴˊʰ˒ʶʾˇˎ ʴʽʰ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍˇˎˌ ˒ˇʽˍʹˍʷˌΦ ɶ 
ʶˉʽˁˇʽ˄˖˄ʾʰ ʵʽʵʰˋˁˈ˄ˍ˖˄κʵʽʵʰˋˁˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ʰ˄ˇʽˁˍʺ ˁʰʽ ˇʽ ˒ˇʽˍʹˍʷˌ ˃ˉˇˊˇˏ˄ ˄ʰ 
ʷˊʻˇˎ˄ ˋʶ ʶˉʰ˒ʺ ˃ʶ ˍˇˎˌ ˁʰʻʹʴʹˍʷˌ ˋʶ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌΣ ʶʾˍʶ ˃ʷˋ˖ 
ˉˊˇˋ˖ˉʽˁʺˌ ʶˉʰ˒ʺˌ ʶʾˍʶ ˃ʷˋ˖ ʹ˂ʶˁˍˊˇ˄ʽˁʺˌ ʰ˂˂ʹ˂ˇʴˊʰ˒ʾʰˌΦ ʁʽ ʵʽʵʱˋˁˇ˄ˍʶˌ ʶʾ˄ʰʽ 
ˉʱ˄ˍʰ ˉˊˈʻˎ˃ˇʽ ˄ʰ ˋˎ˄ʶˊʴʰˋˍˇˏ˄ ˃ʶ ˍˇˎˌ ˒ˇʽˍʹˍʷˌ ˄ʰ ˋˎʸʹˍʺˋˇˎ˄ ʰˉˇˊʾʶˌΣ ˄ʰ 
ʶˉʽ˂ˏˋˇˎ˄ ˍˎ˔ˈ˄ ˉˊˇʲ˂ʺ˃ʰˍʰ ˍʹˌ ʶˁˉʰʽʵʶˎˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ˁʰʽ ˄ʰ ʶ˄ʹ˃ʶˊ˗ˋˇˎ˄ 
ˍˇˎˌ ˒ˇʽˍʹˍʷˌ ʴʽʰ ˍʰ ʶˊʶˎ˄ʹˍʽˁʱ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰ ˍˇˎˌΦ  

ʆˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ˋˎ˄ʶˊʴʱʸʶˍʰʽ ˃ʶ ˉˇ˂˂ʱ ˍ˃ʺ˃ʰˍʰ ˍˈˋˇ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ 
ʃʰˍˊ˗˄ ˈˋˇ ˁʰʽ ʱ˂˂˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ ʃʰ˄ʶˉʽˋˍʹ˃ʾ˖˄ ˁʰʽ ɳˊʶˎ˄ʹˍʽˁ˗˄ ɹ˄ˋˍʽˍˇˏˍ˖˄ 
ˋˍʰ ˉ˂ʰʾˋʽʰ ˁˇʽ˄˗˄ ʶˊʶˎ˄ʹˍʽˁ˗˄ ʶ˄ʵʽʰ˒ʶˊˈ˄ˍ˖˄ ˁʰʽ ˉˊˇʴˊʰ˃˃ʱˍ˖˄Φ ʁʽ ˒ˇʽˍʹˍʷˌ 
ˉˇˎ ʶˁˉˇ˄ˇˏ˄ ʵʽˉ˂˖˃ʰˍʽˁʷˌ ʶˊʴʰˋʾʶˌ ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ʶˉʽˋˁʷˉˍˇ˄ˍʰʽ ˋˎ˄ʶˊʴʰʸˈ˃ʶ˄ʰ 
ʶˊʴʰˋˍʺˊʽʰΣ ˄ʰ ʶ˄ʹ˃ʶˊ˗˄ˇ˄ˍʰʽΣ ˄ʰ ʶˁˉʰʽʵʶˏˇ˄ˍʰʽ ˋʶ ˍʶ˔˄ʽˁʷˌΣ ˄ʰ ʶˁˉˇ˄ˇˏ˄ ˃ʷˊˇˌ 
ˍʹˌ ʶˊʴʰˋʾʰˌ ˍˇˎˌΦ ɶ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ʶˁˉʰʽʵʶˎˍʽˁʱ ˁʷ˄ˍˊʰ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ 
ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 9ǊŀǎƳǳǎΣ ˈˉˇˎ ˇʽ ˒ˇʽˍʹˍʷˌ ʵˏ˄ʰ˄ˍʰʽ 
˄ʰ ʶʴʴˊʰ˒ˇˏ˄ ʴʽʰ ʷ˄ʰ ʺ ʵˏˇ ʶ˅ʱ˃ʹ˄ʰΣ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʺˋˇˎ˄ ˃ʰʻʺ˃ʰˍʰ ˁʰʽ 
ʶˊʴʰˋˍʺˊʽʰ ˁʰʽ ˄ʰ ˃ʶˍʰ˒ʷˊˇˎ˄ ˍʽˌ ˉʽˋˍ˖ˍʽˁʷˌ ˃ˇ˄ʱʵʶˌ ˋˍˇ ʆ˃ʺ˃ʰΦ ʆʰ ˃ʷ˂ʹ ɲɳʃ 
ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʷ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ʴʽʰ ˋˎ˃˃ʶˍˇ˔ʺ ˋʶ ˋˎ˄ʷʵˊʽʰΣ 
ʶˉʾˋˁʶ˕ʹ ˋʶ ɹʵˊˏ˃ʰˍʰ ˍˇˎ ɳˋ˖ˍʶˊʽˁˇˏ ʺ ɳ˅˖ˍʶˊʽˁˇˏ ˋˍʰ ˉ˂ʰʾˋʽʰ ʶˊʶˎ˄ʹˍʽˁ˗˄ 
ˋˎ˄ʶˊʴʰˋʽ˗˄ ˁʰʽ ʵʽʰ˂ʷ˅ʶ˖˄Φ ɱʽʰ ʲˊʰ˔ˏ˔ˊˇ˄ʹ ʰˉˇˎˋʾʰΣ ʲʰˋʽˁʺ ˉˊˇːˉˈʻʶˋʹ ʶʾ˄ʰʽ 
˄ʰ ˃ʹ ˉʰˊʰˁ˖˂ˏʶˍʰʽ ˍˇ ʶˁˉʰʽʵʶˎˍʽˁˈ ʷˊʴˇΦ ɶ ˉʰˊʰ˃ˇ˄ʺ ˃ʷ˂ˇˎˌ ɲɳʃ ˋʶ ʱ˂˂ˇ 
ɺʵˊˎ˃ʰ ʴʽʰ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʵʽʷˉʶˍʰʽ ʰˉˈ ˍˇ ˄ˈ˃ˇ ˉʶˊʾ ʶˁˉʰʽʵʶˎˍʽˁʺˌ 
ʱʵʶʽʰˌΦ ʆʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ п ˃ʷ˂ʹ ɲɳʃ ʷˁʰ˄ʰ˄ ˔ˊʺˋʹ ˍˇˎ ʵʽˁʰʽ˗˃ʰˍˇˌ 
ʶˁˉʰʽʵʶˎˍʽˁʺˌ ʱʵʶʽʰˌ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍ˖˄ ʰˁʰʵʹ˃ʰʿˁ˗˄-ʶˊʶˎ˄ʹˍʽˁ˗˄ 
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ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˍˇˎˌΦ 

ɶ ˁʽ˄ʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ʶ˄ʽˋ˔ˏʶˍʰʽ ˃ʷˋ˖ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 9ǊŀǎƳǳǎΦ ʆʰ 
ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ˒ˇʽˍʹˍʷˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɰʽˇ˂ˇʴʾʰˌ ˋˎ˃˃ʶˍʶʾ˔ʰ˄ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ 
ʶ˄˗ ˒ˇʽˍʹˍʷˌ ɹʵˊˎ˃ʱˍ˖˄ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ ˉʰˊʰˁˇ˂ˇˏʻʹˋʰ˄ ˃ʰʻʺ˃ʰˍʰ ˁʰʽ 
ʶˊʴʰˋˍʺˊʽʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ ʃʰˊˈ˂ˇ ˉˇˎ ˇʽ ˒ˇʽˍʹˍʷˌ ˃ʰˌ ˉʰˊˇˍˊˏ˄ˇ˄ˍʰʽ ˄ʰ 
ˋˎ˃˃ʶˍʱˋ˔ˇˎ˄ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ ˇ ʰˊʽʻ˃ˈˌ ˉʰˊʰ˃ʷ˄ʶʽ ˃ʽˁˊˈˌ ˁˎˊʾ˖ˌ ʴʽʰ 
ˇʽˁˇ˄ˇ˃ʽˁˇˏˌ ˂ˈʴˇˎˌΦ ʆˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌΣ ʵʽʰ ˍˇˎ ˎˉʶˏʻˎ˄ˇˎ ˃ʷ˂ˇˎˌ ɲɳʃΣ 
ʶ˄ʹ˃ʶˊ˗˄ʶʽ ˁʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʰˁʰʵʹ˃ʰʿˁˇˏ ʷˍˇˎˌ ˍˇˎˌ ˒ˇʽˍʹˍʷˌ ʴʽʰ ˍʽˌ 
ˉˊˇːˉˇʻʷˋʶʽˌ ˁʰʽ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˍʹˌ ˋˎ˃˃ʶˍˇ˔ʺˌ ˋˍˇ ʃˊˈʴˊʰ˃˃ʰ 9ǊŀǎƳǳǎΦ ʆˇ 
ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ʃʰˍˊ˗˄ ʵʽʰʻʷˍʶʽ ɱˊʰ˒ʶʾˇ ɲʽʶʻ˄˗˄ ˁʰʽ ɳˎˊ˖ˉʰʿˁ˗˄ ʃˊˇʴˊʰ˃˃ʱˍ˖˄ 
ˍ ̌ˇˉˇʾˇ ˉʰˊʷ˔ʶʽ ˍʹ˄ ʰˉʰˊʰʾˍʹˍʹ ʲˇʺʻʶʽʰ ʴʽʰ ˍʹ ˃ʷʴʽˋˍʹ ʰ˅ʽˇˉˇʾʹˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ 
ˉʰˊʰ˃ˇ˄ʺˌ ˁʰʽ ʶˁˉʰʾʵʶˎˋʹˌ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˋˍˇ ɺʵˊˎ˃ʰ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏΦ ɮ˄ˍʾˋˍˇʽ˔ʰ 
ˇʽ ˒ˇʽˍʹˍʷˌ ʰˉˈ ˍʰ ɹʵˊˏ˃ʰˍʰ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ ˎˉˇˋˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍˇ ɱˊʰ˒ʶʾˇ 
ɲʽʶʻ˄˗˄ ʅ˔ʷˋʶ˖˄Σ ʵʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶ˅ʶˏˊʶˋʹ ˁʰˍˇʽˁʾʰˌΣ ʶ˄ʹ˃ʶˊ˗˄ˇ˄ˍʰʽ ʴʽʰ 
ˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ʃʰˍˊ˗˄Σ ʴʽʰ ˍʹ˄ ˇˊʴʱ˄˖ˋʹ ˃ʰʻʹ˃ʱˍ˖˄ ɳ˂˂ʹ˄ʽˁʺˌ ʴ˂˗ˋˋʰˌ ˁ˂ˉΦ 
ʰˉˈ ˍʽˌ ʰˊ˃ˈʵʽʶˌ ˎˉʹˊʶˋʾʶˌ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎΦ ʆˇ ˎˉʶˏʻˎ˄ˇ ˃ʷ˂ˇˌ ɲɳʃ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌ ʲˊʾˋˁʶˍʰʽ ˋʶ ˋˎ˄ʶ˔ʺ ʶˉʰ˒ʺ ˃ʶ ˍˇˎˌ ˒ˇʽˍʹˍʷˌΣ ˍˇˎˌ ʶ˄ʹ˃ʶˊ˗˄ʶʽ ˁʰʽ ˍˇˎˌ 
ˋˎ˃ʲˇˎ˂ʶˏʶʽ ʴʽʰ ˍʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ˉˇˎ ʶˉʽ˂ʷʴˇˎ˄ ˁʰʽ ʶˉʽ˂ˏʶʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ 
ˉˊˇˁˏˉˍˇˎ˄Φ ʃʰˊˈ˂ˇ ˉˇˎ ˍʰ ˉˊˇˉˍˎ˔ʽʰˁʱ ˃ʰʻʺ˃ʰˍʰ ʵʽʵʱˋˁˇ˄ˍʰʽ ˋˍʹ˄ ʶ˂˂ʹ˄ʽˁʺ ˇʽ 
ʵʽʵʱˋˁˇ˄ˍʶˌ ˋʶ ˉˊˇˋ˖ˉʽˁʺ ʶˉʽˁˇʽ˄˖˄ʾʰ ˉʰˊʷ˔ˇˎ˄ ˋˍˇˎˌ ʰ˂˂ˇʵʰˉˇˏˌ ˒ˇʽˍʹˍʷˌ 
˅ʶ˄ˈʴ˂˖ˋˋʰ ʲˇʹʻʺ˃ʰˍʰ ˁʰʽ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ 
ˁʰˍʰ˄ˇʺˋˇˎ˄ ˍʹ˄ ˏ˂ʹ ˍ˖˄ ˃ʰʻʹ˃ʱˍ˖˄ ˁʰʽ ˄ʰ ʶ˅ʶˍʰˋˍˇˏ˄ ʶˉʽˍˎ˔˗ˌΦ ɮ˅ʾʸʶʽ ˄ʰ 
ˋʹ˃ʶʽ˖ʻʶʾ ʹ ˃ʶʴʱ˂ʹ ʲˇʺʻʶʽʰ ˍ˖˄ ˃ʶˍʰˉˍˎ˔ʽʰˁ˗˄ ˁʰʽ ˍ˖˄ ˉˊˇˉˍˎ˔ʽʰˁ˗˄ ˒ˇʽˍʹˍ˗˄ 
ˋˍˇˎˌ ˅ʶ˄ˈʴ˂˖ˋˋˇˎˌ ˒ˇʽˍʹˍʷˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ʶˊʴʰˋˍʹˊʽʰˁ˗˄ h ˋˁʺˋʶ˖˄Φ 

ʆˇ ʶˁˉʰʽʵʶˎˍʽˁˈ ʷˊʴˇ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ ʱ˂˂ʰ ˋˎ˄ʶˊʴʰʸˈ˃ʶ˄ʰ ɹʵˊˏ˃ʰˍʰ 
˃ʷˋ˖ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 9ǊŀǎƳǳǎ ʰ˄ʰʴ˄˖ˊʾʸʶˍʰʽ ʲʱˋʶʽ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˋˎ˃˒˖˄ʽ˗˄ 
ˁʰʽ ˍˇˎ ˄ˈ˃ˇˎ ˉʶˊʾ ˃ʶˍʰ˒ˇˊʱˌ ˉʽˋˍ˖ˍʽˁ˗˄ ˃ˇ˄ʱʵ˖˄Φ ʆʰ ˉʽˋˍˇˉˇʽʹˍʽˁʱ 
ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˁʰʽ ʲʰʻ˃ˇ˂ˇʴʾʰˌ ʶ˂ʷʴ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ ˎˉʶˏʻˎ˄ˇ ˍˇˎ 
ʃˊˇʴˊʱ˃˃ʰˍˇˌ ˁʰʽ ˍʹ˄ ɳˉʽˍˊˇˉʺ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ʅˉˇˎʵ˗˄ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰʽ 
ˉʽˋˍ˗˄ˇ˄ˍʰʽ ˋˍʹ ˁʰˊˍʷ˂ʰ ˍˇˎ ˒ˇʽˍʹˍʺΦ 

 
сΦ ɳʄɳʇɿɶʆɹɼʁ-ɳʃɹʅʆɶɾʁɿɹɼʁ ɳʄɱʁ 
 
ɶ ʷˊʶˎ˄ʰ ˉˇˎ ʵʽʶ˅ʱʴʶˍʰʽ ˋˍˇ ʆ˃ʺ˃ʰ ˁʰ˂ˏˉˍʶʽ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˒ʱˋ˃ʰ ˍ˖˄ ʲʽˇ˂ˇʴʽˁ˗˄ 
ʶˉʽˋˍʹ˃˗˄Φ ɶ ˉˇ˂ʽˍʽˁʺ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˋˍˇ˔ʶˏʶʽ ˋˍʹ˄ ʷˊʶˎ˄ʰ ˎ˕ʹ˂ʺˌ ˉˇʽˈˍʹˍˇˌ ˁʰʽ 
ˋˍʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʰˍʺ ˁʱ˂ˎ˕ʹ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ˉʶˊʽˇ˔˗˄ ʰʽ˔˃ʺˌ ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˎˉΩ 
ˈ˕ʽ˄ ʶˉʾˋʹˌ ˍ˖˄ ʵʽʵʰˁˍʽˁ˗˄ ʰ˄ʰʴˁ˗˄ ˍˇˎΦ ɱʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍ˖˄ ˋˍˈ˔˖˄ ʰˎˍ˗˄ ˍʰ 
˃ʷ˂ʹ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʷ˔ˇˎ˄ ˋˎ˄ʱ˕ʶʽ ˋ˔ʷˋʶʽˌ ˋˎ˄ʶˊʴʰˋʾʰˌ ˃ʶ ʶˊʶˎ˄ʹˍʷˌ ʰˉˈ ʱ˂˂ʰ 
ˍ˃ʺ˃ʰˍʰ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˁʰʽ ʱ˂˂ʰ ʽʵˊˏ˃ʰˍʰ ʶ˄ˍˈˌ ˁʰʽ ʶˁˍˈˌ ɳ˂˂ʱʵˇˌ ʴʽʰ ˍʹ˄ 
ˋˎ˄ʶ˔ʺ ʰ˄ʰ˄ʷ˖ˋʹ ˍʹˌ ˍʶ˔˄ˇʴ˄˖ˋʾʰˌΣ ʴʽʰ ˉˊˈˋʲʰˋʹ ˋʶ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇ ʶ˅ˇˉ˂ʽˋ˃ˈ 
ˁ˂ˉΦ ʁʽ ˋˎ˄ʶˊʴʰˋʾʶˌ ʰˎˍʷˌ ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋˍʰ ˉ˂ʰʾˋʽʰ ʶˊʶˎ˄ʹˍʽˁ˗˄ 
ˉˊˇʴˊʰ˃˃ʱˍ˖˄Φ  

ʆˇ ʆ˃ʺ˃ʰ ʷ˔ʶʽ ʶˉʽʵʽ˗˅ʶʽ ˍʹ˄ ˉˊˇˋʷ˂ˁˎˋʹ ʰ˅ʽˈ˂ˇʴ˖˄ ˃ʶ˂˗˄ ɲɳʃ ˃ʶ ʶˊʶˎ˄ʹˍʽˁˈ 
ʷˊʴˇ ˋʶ ʻʷ˃ʰˍʰ ʰʽ˔˃ʺˌ ˉˇˎ ʷ˔ˇˎ˄ ʰˉˇˁˍʺˋʶʽ ʵʽʵʰˁˍˇˊʽˁˈ ʵʾˉ˂˖˃ʰ ʺ ʻʺˍʶˎˋʰ˄ ʴʽʰ 
˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˋʶ ʱ˂˂ʰ ʽʵˊˏ˃ʰˍʰ ˍˇˎ ʶˋ˖ˍʶˊʽˁˇˏ ˁʰʽ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏΦ 
ɮˎˍˈ ʶʾ˔ʶ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇ˄ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˃ʶ ˄ʷʰ ʶˊʶˎ˄ʹˍʽˁʱ 
ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˈˉ˖ˌ ɮ˄ˇˋˇʲʽˇ˂ˇʴʾʰΣ ɲˇ˃ʽˁʺ ɰʽˇ˂ˇʴʾʰΣ ɰʽˇˍʶ˔˄ˇ˂ˇʴʾʰΣ ɳ˅ʶ˂ʽˁˍʽˁʺ 
ɵ˖ˇ˂ˇʴʾʰΣ ɳ˒ʰˊ˃ˇˋ˃ʷ˄ʹ ɾʽˁˊˇʲʽˇ˂ˇʴʾʰΣ ɮ˄ʰˉˍˎ˅ʽʰˁʺ ɿʶˎˊˇʲʽˇ˂ˇʴʾʰ ˁʰʽ 
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ʆˇ˅ʽˁˇ˂ˇʴʾʰΦ ʅˍʽˌ ʱ˃ʶˋʶˌ ˉˊˇˍʶˊʰʽˈˍʹˍʶˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˁʱˉˇʽʶˌ ʰˉˈ ˍʽˌ 
ʻʷˋʶʽˌ ˉˇˎ ˉʽʻʰ˄ˈ˄ ˄ʰ ʵˇʻˇˏ˄ ˋˍˇ ʆ˃ʺ˃ʰ ˄ʰ ˉˊˇˁʹˊˎ˔ʻˇˏ˄ ˋʶ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ 
ɱʶ˄ʶˍʽˁʺˌ ˁʰʽ ɰˇˍʰ˄ʽˁʺˌΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˋʶ ˃ʾʰ ʵʽʶˍʾʰ ʵʶ˄ ʻʰ ˎˉʱˊ˔ʶʽ ˁʰ˄ʷ˄ʰ ˃ʷ˂ˇˌ 
ɲɳʃ ˋ ʁʰˎˍʱ ˍʰ ʴ˄˖ˋˍʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΦ ɳˉʾˋʹˌ ˋˍʽˌ ˉˊˇˍʶˊʰʽˈˍʹˍʶˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ 
ʶʾ˄ʰʽ ʹ ˉˊˈˋ˂ʹ˕ʹ ˄ʷ˖˄ ˃ʶ˂˗˄ ˋʶ ˄ʷˇˎˌ ˍˇ˃ʶʾˌ ʰʽ˔˃ʺˌ ˈˉ˖ˌ ʹ ɱˇ˄ʽʵʽ˖˃ʰˍʽˁʺΣ ʹ 
ʃˊ˖ˍʶˇ˃ʽˁʺ ˁʰʽ ʹ ɰʽˇˉ˂ʹˊˇ˒ˇˊʽˁʺΦ 

ɶ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ˎ˂ˇˉˇʾʹˋʹˌ ˍʹˌ ʶˊʶˎ˄ʹˍʽˁʺˌ ˉˇ˂ʽˍʽˁʺˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ 
ʴʾ˄ʶˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ ˁʱʻʶ ʷˍˇˎˌ ˈˉˇˎ ˃ʶˍʱ ʰˉˈ ʶ˄ˍˇ˂ʺ ˍˇˎ ʃˊˇʷʵˊˇˎ ʶ˄ʹ˃ʶˊ˗˄ʶˍʰʽ 
ʹ ʽˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˁʰʽ ˍ˖˄ ˃ʶ˂˗˄ ɲɳʃ ˃ʶ ˍʽˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ʵʹ˃ˇˋʽʶˏˋʶʽˌ 
ˍˇˎ ʷˍˇˎˌ ˉˇˎ ʷ˂ʹ˅ʶ ˁʰʽ ʶʾ˄ʰʽ ʷˍˋʽ ʵʹ˃ˈˋʽʰ ʵʽʰʻʷˋʽ˃ʰΦ ɶ ʃˊˎˍʰ˄ʶʾʰ ʸʹˍʱ ʶˉʾˋʹˌ ˋʶ 
ˍʰˁˍʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˋˎ˄ˇ˂ʽˁʱ ˋˍˇʽ˔ʶʾʰ ʶˊʶˎ˄ʹˍʽˁʺˌ ʰˉˈʵˇˋʹˌ ˍʰ ˇˉˇʾʰ 
ʵʹ˃ˇˋʽʶˏˇ˄ˍʰʽ ˋˍʹ˄ ɳˊʶˎ˄ʹˍʽˁʺ ɳˉʶˍʹˊʾʵʰ ˉˇˎ ʶˁʵʾʵʶˍʰʽ ʰˉˈ ˍʰ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 
ˁʱʻʶ п ˔ˊˈ˄ʽʰ ʶ˄˗ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ˃ʷ˂ˇˌ ɲɳʃ ˎˉʱˊ˔ʶʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʶˉʽˍʶˎʴ˃ʱˍ˖˄ 
ˍˇˎ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˁˊʾˋʶ˖˄Φ ʆʷ˂ˇˌΣ ʹ ʶˍʺˋʽʰ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ʹ˃ʶˊʾʵʰ ˉˇˎ 
ˇˊʴʰ˄˗˄ʶˍʰʽ ʰˉˈ ˍˇˎˌ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏˌ ˒ˇʽˍʹˍʷˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ˄ 
ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍ˖˄ ʶˊʶˎ˄ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍ˖˄ ʶˊʶˎ˄ʹˍʽˁ˗˄ ˇ˃ʱʵ˖˄ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌΦ ɯ˂˂ˇʽ ˉˇʽˇˍʽˁˇʾ ʵʶʾˁˍʶˌ όˉ˔Φ ʰˊʽʻ˃ˈˌ ʰ˄ʰ˒ˇˊ˗˄ ˁ˂ˉΦύ ʶʾ˄ʰʽ ˉˊˇˋʲʱˋʽ˃ˇʽ 
˃ʷˋ˖ ˍ˖˄ ˋˎ˄ʺʻ˖˄ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ ˎˉʱˊ˔ʶʽ ʵ˖ˊʶʱ˄ ˉˊˈˋʲʰˋʹ 
ˋʶ ˈ˂ˇ ˍˇ ʶˉʽˋˍʹ˃ˇ˄ʽˁˈ ʵˎ˄ʰ˃ʽˁˈ ˍʹˌ ˔˗ˊʰˌ ˁʰʽ ˋˍˇˎˌ ˒ˇʽˍʹˍʷˌΦ  

ʁʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ˍʰˁˍʽˁʷˌ ˉʽˋˍ˗ˋʶʽˌΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ˂ʾʴʶˌ ˁʰʽ ʰˉˇˋˉʰˋ˃ʰˍʽˁʷˌ  
ˉˊˇˁʹˊˏ˅ʶʽˌ  ʶʻ˄ʽˁ˗˄ ʶˊʶˎ˄ʹˍʽˁ˗˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄Σ ʵʶ˄ ʶˉʽˍˊʷˉˇˎ˄ ˋˍˇ ʆ˃ʺ˃ʰ ˄ʰ 
ˉʰˊʱˋ˔ʶʽ ʽʵʽʰʾˍʶˊʹ ˇʽˁˇ˄ˇ˃ʽˁʺ ʲˇʺʻʶʽʰ ˋˍʰ ˄ʷʰ ˃ʷ˂ʹ ɲɳʃ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 
ˇˊʴʰ˄˗ˋˇˎ˄ ˍʰ ʶˊʴʰˋˍʺˊʽʱ ˍˇˎˌΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ  ʷ˔ʶʽ ʰˊ˄ʹˍʽˁˈ ʰ˄ˍʾˁˍˎˉˇ ˋˍʹ˄ 
ʰˉˈʵˇˋʺ ˍˇˎˌ ˍʰ ˉˊ˗ˍʰ ˔ˊˈ˄ʽʰΣ ʽʵʽʰʾˍʶˊʰ ʰ˄ ʵʶ˄ ʷ˔ˇˎ˄ ˋˎ˄ʶˊʴʰˋʾʶˌ ˃ʶ 
ʶˊʶˎ˄ʹˍʽˁʱ ɹʵˊˏ˃ʰˍʰ ˍʹˌ ɳ˂˂ʱʵˇˌ ˁʰʽ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏΦ ʃʰˊʱ ˍʰˏˍʰ ˁʰˍʰʲʱ˂˂ʶˍʰʽ 
ˉˊˇˋˉʱʻʶʽʰ ˄ʰ ˍˇˎˌ ˉʰˊʷ˔ˇ˄ˍʰʽ ˈˊʴʰ˄ʰ ˁʰʽ ˎ˂ʽˁʱ ʰˉˈ ˍʰ ʰˊ˔ʰʽˈˍʶˊʰ ˃ʷ˂ʹ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌΦ ɳˉʾˋʹˌ ʹ ɳˉʽˍˊˇˉʺ ɳˊʶˎ˄˗˄ ˉˊˇˁʹˊˏˋˋʶʽ ˁʱʻʶ ˔ˊˈ˄ˇ ʶˋ˖ˍʶˊʽˁʱ 
ʰ˄ˍʰʴ˖˄ʽˋˍʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ˉˇˎ ˉˊʽ˃ˇʵˇˍˇˏ˄ ˍʰ ˄ʷʰ ˃ʷ˂ʹ ɲɳʃ ˍ˖˄ ˔ʰ˃ʹ˂ˈˍʶˊ˖˄ 
ʲʰʻ˃ʾʵ˖˄Φ ɶ ʶ˄ʹ˃ʷˊ˖ˋʹ ˍˇˎ ˉˊˇˋ˖ˉʽˁˇˏ ʴʽʰ ʵˎ˄ʰˍˈˍʹˍʶˌ ˔ˊʹ˃ʰˍˇʵˈˍʹˋʹˌ ˍʹˌ 
ʷˊʶˎ˄ʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰˉˈ ˍʹ˄ ɳˉʽˍˊˇˉʺ ɳˊʶˎ˄˗˄ ʹ ˇˉˇʾʰ ʶ˄ʹ˃ʶˊ˗˄ʶʽ 
ˋˎˋˍʹ˃ʰˍʽˁʱ ό˃ʶ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ˍʰ˔ˎʵˊˇ˃ʶʾˇύ ʴʽʰ ˍʽˌ ˃ʶʾʸˇ˄ʶˌ ˉˊˇˁʹˊˏ˅ʶʽˌ ˋʶ 
ʻʷ˃ʰˍʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʰ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΣ ˇˊʴʰ˄˗˄ˇ˄ˍʰˌ 
ˁʰʽ ʶʽʵʽˁʷˌ ʹ˃ʶˊʾʵʶˌ ʴʽʰ ˍˇ˄ ˋˁˇˉˈ ʰˎˍˈΦ ɰʷʲʰʽʰ ˁʱʻʶ ˃ʷ˂ˇˌ ɲɳʃ ʷ˔ʶʽ ʶˉʾˋʹˌ 
ˉ˂ʹˊˇ˒ˈˊʹˋʹ ʴʽʰ ˍˇ˄ ʶʽʵʽˁˈˍʶˊˇ ˍˇ˃ʷʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍˇˎ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ˍ˖˄ 
ˋˎ˄ʶˊʴʰˍ˗˄ ˍˇˎ ˋʶ ʵʽʱ˒ˇˊʶˌ ʱ˂˂ʶˌ ʶˎˊ˖ˉʰʿˁʷˌ ˔˗ˊʶˌΦ 

ɶ ʶˊʶˎ˄ʹˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˎˉˇˋˍʹˊʾʸʶˍʰʽ ˇʽˁˇ˄ˇ˃ʽˁʱ ʰˉˈ ʶˎˊ˖ˉʰʿˁʱ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁʱ 
ʶˊʶˎ˄ʹˍʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ˁʰʻ˗ˌ ˁʰʽ ʰˉˈ ˍʰ όˋ˔ʶˍʽˁʱ ˉʶˊʽˇˊʽˋ˃ʷ˄ʰύ ˁˇ˄ʵˏ˂ʽʰ ˍʹˌ 
ɱɱɳʆΣ ʺ ʰˉˈ ʷˊʴʰ ˉʰˊˇ˔ʺˌ ˎˉʹˊʶˋʽ˗˄ ˃ʶ ˒ˇˊʶʾˌ ˍˇˎ ʵʹ˃ˇˋʾˇˎ ʺ ʰˁˈ˃ʹ ˉʽˇ ˋˉʱ˄ʽʰ 
ˍˇˎ ʽʵʽ˖ˍʽˁˇˏ ˍˇ˃ʷʰ ˁʰʽ ˎˉˇˋˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ɳɽɼɳΦ ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˉʰˊʰˁʱˍ˖ 
ˇʽ ˉʽˋˍ˗ˋʶʽˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʰˉˈ ˍˇ˄ ˁˊʰˍʽˁˈ ˉˊˇːˉˇ˂ˇʴʽˋ˃ˈ ʶʾ˄ʰʽ ˉʶ˄ʽ˔ˊʷˌΦ 

ʆʰ ʶˊʶˎ˄ʹˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʵʽʰ˔ʷˇ˄ˍʰʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˃ʷˋ˖ ˍʹˌ 
ʶˍʺˋʽʰˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ʹ˃ʶˊʾʵʰˌ ˉˇˎ ˇˊʴʰ˄˗˄ʶˍʰʽ ʰˉˈ ˍˇˎˌ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏˌ 
˒̌ ʽˍʹˍʷˌ ˁʰʽ ˃ʷˋ˖ ʰ˄ʱˊˍʹˋʹˌ ǇƻǎǘŜǊǎΦ ɶ ʵʽʱ˔ˎˋʹ ʰˎˍʺ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶ˄ʽˋ˔ˎʻʶʾ ˃ʶ 
ˇˊʴʰ˄˖˃ʷ˄ʰ ʶˊʶˎ˄ʹˍʽˁʱ ˋʶ˃ʽ˄ʱˊʽʰ ˁʰʽ ˃ʾʰ ʶˍʺˋʽʰ ʶˋ˖ˍʶˊʽˁʺ ʹ˃ʶˊʾʵʰ ˋˍʹ˄ ʰˊ˔ʺ 
ˁʱʻʶ ʰˁʰʵʹ˃ʰʿˁˇˏ ʷˍˇˎˌ ˈˉˇˎ ˍʰ ˃ʷ˂ʹ ɲɳʃ ʻʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍˇ ʶˊʶˎ˄ʹˍʽˁˈ ˍˇˎˌ 
ʷˊʴˇ ˁʰʽ ˍʰ ˍˊʷ˔ˇ˄ˍʰ ʶˊʶˎ˄ʹˍʽˁʱ ˍˇˎˌ ˉˊˇʴˊʱ˃˃ʰˍʰ ˋˍˇˎˌ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏˌ 
˒ˇʽˍʹˍʷˌΦ ɶ ʵʽʱ˔ˎˋʹ ˍ˖˄ ʶˊʶˎ˄ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʶˁˍˈˌ ʆ˃ʺ˃ʰˍˇˌ ˋˍʹ˄ 
ʶ˂˂ʹ˄ʽˁʺ ˁʰʽ ʵʽʶʻ˄ʺ ʰˁʰʵʹ˃ʰʿˁʺ ˁˇʽ˄ˈˍʹˍʰ ʴʾ˄ʶˍʰʽ ˃ʶ ʵʹ˃ˇˋʽʶˏˋʶʽˌ ˋʶ ʵʽʶʻ˄ʺ 
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ˁˎˊʾ˖ˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶˊʽˇʵʽˁʱ ˁʰʽ ˃ʶ ʰ˄ʰˁˇʽ˄˗ˋʶʽˌ ˋʶ ʶ˂˂ʹ˄ʽˁʱ ˁʰʽ ʵʽʶʻ˄ʺ 
ˋˎ˄ʷʵˊʽʰΦ 

ʆʰ ʶˊʶˎ˄ʹˍʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ˁʰʽ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˉˇˎ ˎ˂ˇˉˇʽʺʻʹˁʰ˄ ʺ ʲˊʾˋˁˇ˄ˍʰʽ 
ˋʶ ʶ˅ʷ˂ʽ˅ʹ ˁʰˍʱ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ ˋˍˇ ʆ˃ʺ˃ʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 1 ˁʰʽ 
ˋˍˇ˄ ˉʾ˄ʰˁʰ мтΦ ʂ˂ʰ ˍʰ ˃ʷ˂ʹ ɲɳʃ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˍˈˋˇ ˋˍʹ˄ ʷˊʶˎ˄ʰ 
ˈˋˇ ˁʰʽ ˋˍʹ˄ ˉˊˇˋʷ˂ˁˎˋʹ ʶˊʶˎ˄ʹˍʽˁ˗˄ ˁˇ˄ʵˎ˂ʾ˖˄ ˃ʶ ʵʽʱ˒ˇˊʰ ˉˇˋˇˋˍʱ ʶˉʽˍˎ˔ʾʰˌΦ 
ʅˍʰ ʶˊʶˎ˄ʹˍʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ʶ˅˖ˍʶˊʽˁˇʾ ˋˎ˄ʶˊʴʱˍʶˌ ˁʰʽ 
˃ʶˍʰˉˍˎ˔ʽʰˁˇʾ ˒ˇʽˍʹˍʷˌΦ  

 

 

 

 

 

 

 

 

 

 

 

 

ɳʽˁˈ˄ʰ 1Υ ʋˊʹ˃ʰˍˇʵˈˍʹˋʹ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ.  ɼˊʰˍʽˁʺ ˔ˊʹ˃ʰˍˇʵˈˍʹˋʹ ό˃ʰˏˊʶˌ 
˃ˉʱˊʶˌύΦ ʋˊʹ˃ʰˍˇʵˈˍʹˋʹ ʰˉˈ ˉˊˇʴˊʱ˃˃ʰˍʰ όˁˈˁˁʽ˄ʶˌ ˃ˉʱˊʶˌύ 

ʆʰ ˉʶˊʽˋˋˈˍʶˊʰ ʶˊʶˎ˄ʹˍʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʶʻ˄ʽˁˇˏˌ 

˔ˊʹ˃ʰˍˇʵˇˍʽˁˇˏˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌΦ ɲʶʵˇ˃ʷ˄ˇˎ ˍˇˎ ˃ʽˁˊˇˏ ʰˊʽʻ˃ˇˏ  ʶˊʶˎ˄ʹˍʽˁ˗˄ 

ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˉˇˎ ˉˊˇˁʹˊˏ˔ˍʹˁʰ˄ ʰˉˈ ˍʹ ɱɱɳʆ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰΣ ʆh  

ʶˊʶˎ˄ʹˍʽˁʱ ˁˇ˄ʵˏ˂ʽʰ ˉˇˎ ʷ˂ʰʲʶ ˍˇ ʆ˃ʺ˃ʰ ˁʰˍʱ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ 

(2.707.891ϵύ ʻʶ˖ˊˇˏ˄ˍʰʽ ʰˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱΦ ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ʹ ˁˊʰˍʽˁʺ 

˔ˊʹ˃ʰˍˇʵˈˍʹˋʹ ˍʹ˄ ʾʵʽʰ ˉʶ˄ˍʰʶˍʾʰ ʺˍʰ˄ 847.385 ϵΦ ʆʰ ˃ʷ˂ʹ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˈ˃˖ˌ ʻʰ 

ˉˊʷˉʶʽ ˄ʰ ˁʰˍʰʲʱ˂ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˊˇˋˉʱʻʶʽʰ ʴʽʰ ˍʹ˄ ʵʽʶˁʵʾˁʹˋʹ ʶˎˊ˖ˉʰʿˁ˗˄ 

ˁʰʽ ʱ˂˂˖˄ ʵʽʶʻ˄˗˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ʰˎ˅ʱ˄ˇ˄ˍʰˌ ˍʽˌ ˋˎ˄ʶˊʴʰˋʾʶˌ ˍˇˎˌ ˃ʶ 

ˋˎ˄ʰʵʷ˂˒ˇˎˌ ˍˇˎˌ ˋˍʹ˄ ɳˎˊ˗ˉʹ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ʶˊʶˎ˄ʹˍʽˁʱ ˉˊˇʹʴ˃ʷ˄ʶˌ ˔˗ˊʶˌΦ 

ɳˉʾˋʹˌ ʹ ˉˇ˂ʽˍʶʾʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˁʰʻʽʶˊ˗ˋʶʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˉˊˇˁʺˊˎ˅ʹˌ ʶˊʶˎ˄ʹˍʽˁ˗˄ 

ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˋʶ ˍʰˁˍʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˁʰʽ ˈ˔ʽ ʰˉˇˋˉʰˋ˃ʰˍʽˁʱ ˈˉ˖ˌ ʴʾ˄ʶˍʰʽ 

˃ʷ˔ˊʽ ˋʺ˃ʶˊʰΦ 

ʅˍˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ ˂ʶʽˍˇˎˊʴˇˏ˄ мф ʶˊʶˎ˄ʹˍʽˁʱ ʶˊʴʰˋˍʺˊʽʰ ˋˎ˄ˇ˂ʽˁˇˏ ʶ˃ʲʰʵˇˏ 
2.190 m2Φ ʅˍˇ рл҈ ˉʶˊʾˉˇˎ ˍ˖˄ ʶˊʴʰˋˍʹˊʾ˖˄ ʰˎˍ˗˄ ˋˎˋˍʶʴʱʸˇ˄ˍʰʽ ʰˉˈ н-о ˃ʷ˂ʹ 
ɲɳʃ ʴʶʴˇ˄ˈˌ ˉˇˎ ʲˇʹʻʱ  ˋˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʰ˅ʽˇˉˇʾʹˋʹ ˍ˖˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ˇˊʴʱ˄˖˄Φ 
ʁʽ ʶˊʶˎ˄ʹˍʽˁˇʾ ˔˗ˊˇʽ ʶʾ˄ʰʽ ʶˉʰˊˁʶʾˌ ˁʰʽ ˋʶ ˁʰ˂ʺ ˁʰˍʱˋˍʰˋʹΣ ˈ˃˖ˌ ˇ 
ʶˊʴʰˋˍʹˊʽʰˁˈˌ ʶ˅ˇˉ˂ʽˋ˃ˈˌ ʶʾ˄ʰʽ ˉʰ˂ʽˈˌ όмл-нл ʶˍ˗˄ύ ˁʰʽ ˁʰ˂ˏˉˍʶʽ ˇˊʽʰˁʱ ˍʽˌ 
ʶˊʶˎ˄ʹˍʽˁʷˌ ʰ˄ʱʴˁʶˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌΦ ɽˈʴ˖ ˍˇˎ ˔ʰ˃ʹ˂ˇˏ ˊˎʻ˃ˇˏ ʰ˄ʰ˄ʷ˖ˋʹˌΣ ʺʵʹ 
ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰʽ ʶ˂˂ʶʾ˕ʶʽˌ ʶ˄˗ ˃ʶ ˍˇ ˉʰˊˈ˄ ʶˉʾˉʶʵˇ ˁˊʰˍʽˁ˗˄ 
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ˉʽˋˍ˗ˋʶ˖˄ ʶʾ˄ʰʽ ˉˊʰˁˍʽˁʱ ʰʵˏ˄ʰˍʹ ʹ ˉˊˇ˃ʺʻʶʽʰ ˁʰʽ˄ˇˏˊʴʽˇˎ ʶ˅ˇˉ˂ʽˋ˃ˇˏΦ ʁʽ 
˃ˈ˄ʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˉˇˎ ʶʾ˔ʶ ˍˇ ʆ˃ʺ˃ʰ ʴʽʰ ˍʹ˄ ʰ˄ʰ˄ʷ˖ˋʹ ˍˇˎ ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˍˇˎ ʺˍʰ˄ 
ʶˊʶˎ˄ʹˍʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰΣ ʵˏˇ ˉˊˇʴˊʱ˃˃ʰˍʰ ɳʃɳɮɳɼ ˁʰʽ ˇʽ ɲʹ˃ˈˋʽʶˌ ɳˉʶ˄ʵˏˋʶʽˌ 
ˇʽ ˇˉˇʾʶˌ ʷ˔ˇˎ˄ ˉ˂ʷˇ˄  ˁʰˍʰˊʴʹʻʶʾΦ ɾʾʰ ʰˉˈ ˍʽˌ ʰʵˎ˄ʰ˃ʾʶˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʹ 
ʷ˂˂ʶʽ˕ʹ ˃ʶʴʱ˂˖˄ ˁʶ˄ˍˊʽˁ˗˄ ˇˊʴʱ˄˖˄ όŎƻǊŜ ŦŀŎƛƭƛǘiesύ ˁʰʽ ʶ˄ˈˌ ˋˏʴ˔ˊˇ˄ˇˎ 
ʸ˖ˇˍˊˇ˒ʶʾˇˎΦ ʅˍˇ ˎˉˈʴʶʽˇ ˍˇˎ ˁˍʽˊʾˇˎ ˉˇˎ ˋˍʶʴʱʸʶˍʰʽ ˍˇ ʆ˃ʺ˃ʰ ɰʽˇ˂ˇʴʾʰˌ 
ʲˊʾˋˁʶˍʰʽ ˍˇ ʵʽʰˍ˃ʹ˃ʰˍʽˁˈ ɳˊʴʰˋˍʺˊʽˇ ɶ˂ʶˁˍˊˇ˄ʽˁʺˌ ɾʽˁˊˇˋˁˇˉʾʰˌ ϧ 
ɾʽˁˊˇʰ˄ʱ˂ˎˋʹˌ ˋˍˇ ˇˉˇʾˇ ˍʰ ˃ʷ˂ʹ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ʷ˔ˇˎ˄ ʶˏˁˇ˂ʹ ˉˊˈˋʲʰˋʹΦ ʆˇ 
ʶˊʴʰˋˍʺˊʽˇ ʰˎˍˈ ʷ˔ʶʽ ˋˏʴ˔ˊˇ˄ʰ ˃ʶʴʱ˂ʰ ˈˊʴʰ˄ʰ ˈˉ˖ˌ ˍˇ ɶ˂ʶˁˍˊˇ˄ʽˁˈ ɾʽˁˊˇˋˁˈˉʽˇ 
ʅʱˊ˖ˋʹˌ ˍˏˉˇˎ W9h[ солл  ˁʰʽ ˍˇ ɶ˂ʶˁˍˊˇ˄ʽˁˈ ɾʽˁˊˇˋˁˈˉʽˇ ɲʽʶ˂ʶˏˋʶ˖ˌ ˍˏˉˇˎ 
JEM-нмлл ˁʰʽ ʷ˔ʶʽ ˋˍʶ˂ʶ˔˖ʻʶʾ ʰˉˈ ʵˏˇ ʷ˃ˉʶʽˊˇˎˌ ˍʶ˔˄ʽˁˇˏˌΦ ʃˊˈˋ˒ʰˍʰ 
ʶʴˁʰˍʰˋˍʱʻʹˁʰ˄ ˋʶ ˁʰˍʱ˂˂ʹ˂ʰ ʵʽʰ˃ˇˊ˒˖˃ʷ˄ˇˎˌ ˔˗ˊˇˎˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˍʰ 
ˉʰ́ʰˁʱˍ˖ ˁʶ˄ˍˊʽˁʱ ˈˊʴʰ˄ʰΥ ɲˏˇ ˋˎˋˍʺ˃ʰˍʰ ˉʶˊʾʻ˂ʰˋʹˌ ʰˁˍʾ˄˖˄ ʋ ʴʽʰ ˃ˇ˄ˇ-
ˁˊˎˋˍʱ˂˂ˇˎˌ ˁʰʽ ˉˇ˂ˎˁˊˎˋˍʰ˂˂ʽˁʱ ˎ˂ʽˁʱΥ όʰύ YŀǇǇŀ//5Σ .ǊǳƪŜǊ ˉʶˊʽʻ˂ʰˋʾ˃ʶˍˊˇ 
˃ˇ˄ˇ-ˁˊˎˋˍʱ˂˂˖˄ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˃ʽˁˊʷˌ ˒ʰˊ˃ʰˁʶˎˍʽˁʷˌ ʶ˄˗ˋʶʽˌ ʰ˂˂ʱ ˁʰʽ 
ʲʽˇ˂ˇʴʽˁʱ ˃ʰˁˊˇ˃ˈˊʽʰΣ όʲύ ·ϥǇŜǊǘ tǊƻ at5Σ t!bŀƭȅǘƛŎŀƭ ˉʶˊʽʻ˂ʰˋʾ˃ʶˍˊˇ ʴʽʰ 
ˉˇ˂ˎˁˊˎˋˍʰ˂˂ʽˁʱ ˎ˂ʽˁʱΦ ɳˉʾˋʹˌ ʷ˄ʰ ʅˍʶˊʶˇˋˁˈˉʽˇ ˒ʻˇˊʽˋ˃ˇˏΣ Leica M1205FA ˁʰʽ 
ʷ˄ʰ ʅˎ˄ʶˋˍʽʰˁˈ ɾʽˁˊˇˋˁˈˉʽˇ ʊʻˇˊʽˋ˃ˇˏΣ Leica SP5. 

 

 
 

       

     

 

  

     

     

          
     
        
        

        
         

        
       

                
 ɳʽˁˈ˄ʰ 2Υ ɲʹ˃ˇˋʽʶˏˋʶʽˌ ˋʶ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶˊʽˇʵʽˁʱ ˃ʶ ˁˊʽˍʷˌ (SCI) 
 
ʁʽ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ʵʹ˃ˇˋʽʶˏˋʶʽˌ ˍ˖˄ ˃ʶ˂˗˄ ɲɳʃ ˁʰʽ ɳɲɹʃ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ 
˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ мр ˁʰʽ ˉʰˊʱˍʹ˃ʰ IVΦ ɰʱˋʶʽ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʷ˔ˇˎ˄ 
ˋˎ˂˂ʶ˔ʻʶʾ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ˋʶ ʵʽʶʻ˄ʺ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶˊʽˇʵʽˁʱ ˋˍˇ SCI ˍʹ˄ 
ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ ʰ˄ʷˊ˔ʶˍʰʽ ˋʶ ннт όɳʽˁˈ˄ʰ 2ύΦ ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ˋʶ 
ˉˊʰˁˍʽˁʱ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ˋˎ˄ʶʵˊʾ˖˄ ˃ʶ ˁˊʽˍʷˌ ʰ˄ʷˊ˔ʶˍʰʽ ˋʶ мнфΣ ʶ˄˗ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 
ʶˊʴʰˋʽ˗˄ ˋʶ ˉˊʰˁˍʽˁʱ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ˋˎ˄ʶʵˊʾ˖˄ ˔˖ˊʾˌ ˁˊʽˍʷˌ ʰ˄ʷˊ˔ʶˍʰʽ ˋʶ фпΦ ɱʽʰ 
ˍʰ ˋˍˇʽ˔ʶʾʰ ʰˎˍʱ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʵʽʶʻ˄ʶʾˌ ˃ʹ˔ʰ˄ʷˌ ʰ˄ʰʸʺˍʹˋʹˌ 
ʲʽʲ˂ʽˇʴˊʰ˒ʽˁ˗˄Σ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ˁʰʽ ˋˍʰˍʽˋˍʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ 
ˉˇʽˈˍʹˍʰ ˁʰʽ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ʷˊʴˇˎ ό²Ŝō ƻŦ {ŎƛŜƴŎŜΣ {ŎƻǇǳǎ WƻǳǊƴŀƭ 
ƛǘŀǘƛƻƴ wŜǇƻǊǘΣ ˁ˂ˉύ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʲʽˇʴˊʰ˒ʽˁʱ ˍ˖˄ ˃ʶ˂˗˄ ɲɳʃΦ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ 
ɳʽˁˈ˄ʰ оΣ ˉʰˊʱ ˍʹ ʵˊʰˋˍʽˁʺ ˃ʶʾ˖ˋʹ ˍ˖˄ ˃ʶ˂˗˄ ɲɳʃΣ ˍˇ ʶˊʶˎ˄ʹˍʽˁˈ ʷˊʴˇ ˍˇˎ 
ʆ˃ʺ˃ʰˍˇˌ ʵʶ˄ ʷ˔ʶʽ ˃ʶʽ˖ʻʶʾ ˋʹ˃ʰ˄ˍʽˁʱΦ 
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ʁ ʲʰʻ˃ˈˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˍʹˌ ʷˊʶˎ˄ʰˌ ˉˇˎ ʴʾ˄ʶˍʰʽ ˋˍˇ ʆ˃ʺ˃ʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 
п ˁʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ мс. ɰʱˋʶʽ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˋˎ˂˂ʶ˔ʻʶʾ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 
ʶˍʶˊˇʰ˄ʰ˒ˇˊ˗˄  ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ʴʽʰ ˍʽˌ ʵʹ˃ˇˋʽʶˏˋʶʽˌ ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˍʹ˄ 
ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ ʰ˄ʷˊ˔ʶˍʰʽ ˋʶ фΦмлф. ɳʾ˄ʰʽ ˋʰ˒ʷˌ ˈˍʽ ˇʽ ʰ˄ʰ˒ˇˊʷˌ ˋˍˇ 
ʶˉʽˋˍʹ˃ˇ˄ʽˁˈ ʷˊʴˇ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʰˎ˅ʹˍʽˁʺ ˍʱˋʹ ˁʰˍʱ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ 
ʶ˅ʰʶˍʾʰΦ ɳˉʾˋʹˌ ˎˉʱˊ˔ˇˎ˄ н39 ʰ˄ʰ˒ˇˊʷˌ ʶʽʵʽˁˇˏκʶˉʽˋˍʹ˃ˇ˄ʽˁˇˏ ˍˏˉˇˎ, 43 
ˋˎ˃˃ʶˍˇ˔ʷˌ ˋʶ ʶˉʽˍˊˇˉʷˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ˋˎ˄ʶʵˊʾ˖˄Σ 80 ˋˎ˃˃ʶˍˇ˔ʷˌ ˋʶ 
ˋˎ˄ˍʰˁˍʽˁʷˌ ʶˉʽˍˊˇˉʷˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ˉʶˊʽˇʵʽˁ˗˄ ˁʰʽ 65 ˉˊˇˋˁ˂ʺˋʶʽˌ ʴʽʰ 
ʵʽʰ˂ʷ˅ʶʽˌΦ ɶ ˋˎ˄ˇ˂ʽˁʺ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ʷˊʴˇˎ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ˍʹ˄ 
ˍʶ˂ʶˎˍʰʾʰ ˉʶ˄ˍʰʶˍʾʰ ʻʶ˖ˊʶʾˍʰʽ ʰˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˃ʶ ʲʱˋʹ ˍʹ˄ ʶ˃ˉʶʽˊʾʰ ˃ʰˌ 
ʰˉˈ ˍʹ˄ ɳ˂˂ʱʵʰ ˁʰʽ ˍˇ˄ ʶˎˊˏˍʶˊˇ ʶˉʽˋˍʹ˃ˇ˄ʽˁˈ ˔˗ˊˇ ˍʹˌ ɳˎˊ˗ˉʹˌΣ ɰΦ ɮ˃ʶˊʽˁʺˌ 
ˁ˂ˉΦ 
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ʃɮʄɮʄʆɶɾɮ L 

 

 

1. ɲʶʾʴ˃ʰˍʰ ʶˊ˖ˍʹ˃ʰˍˇ˂ˇʴʾ˖˄ ˉˇˎ ˋˎ˃ˉ˂ʺˊ˖ˋʰ˄ ˇʽ ˒ˇʽˍʹˍʷˌΦ 
 

2. ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʰˍʽˋˍʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʰˉʰ˄ˍʺˋʶ˖˄ ˍ˖˄ 
˒ˇʽˍʹˍ˗˄ ˋˍʰ ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽʰ ˉˇˎ ˋˎ˃ˉ˂ʺˊ˖ˋʰ˄ ˁʰˍʱ ˍˇ ˔ʶʽ˃ʶˊʽ˄ˈ ʶ˅ʱ˃ʹ˄ˇ 
ʴʽʰ ˍʰ ˉˊˇˉˍˎ˔ʽʰˁʱ ˁʰʽ ˃ʶˍʰˉˍˎ˔ʽʰˁʱ ˃ʰʻʺ˃ʰˍʰΣ ˁʰʽ ʴʽʰ ˍʰ ʶˊʴʰˋˍʺˊʽʰ ˍˇˎ 
ʰˁhʵʹ˃ʰʿˁˇˏ ʷˍˇˎˌ нлм4ς2015. 
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1. ɲʶʾʴ˃ʰˍʰ ʶˊ˖ˍʹ˃ʰˍˇ˂ˇʴʾ˖˄ ˉˇˎ ˋˎ˃ˉ˂ʺˊ˖ˋʰ˄ ˇʽ ˒ˇʽˍʹˍʷˌΦ 
 

ʃˊˇˉˍˎ˔ʽʰˁʱ ˃ ʰʻʺ˃ʰˍʰ 
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ɾʶˍʰˉˍˎ˔ʽʰˁʱ ˃ ʰʻʺ˃ʰˍʰ 
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ɳˊʴʰˋˍʺˊʽh 
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2.1 ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʰˍʽˋˍʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʰˉʰ˄ˍʺˋʶ˖˄ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˋˍʰ 
ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽʰ ˉˇˎ ˋˎ˃ˉ˂ʺˊ˖ˋʰ˄ ˁʰˍʱ ˍˇ ˔ʶʽ˃ʶˊʽ˄ˈ ʶ˅ʱ˃ʹ˄ˇ ʴʽʰ ˍʰ ˉˊˇˉˍˎ˔ʽʰˁʱ ˃ʰʻʺ˃ʰˍʰ 
ˍˇˎ ʰˁʰʵʹ˃ʰʿˁˇˏ ʷˍˇˎˌ нлм4ς2015. 
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нΦм ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʰˍʽˋˍʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʰˉʰ˄ˍʺˋʶ˖˄ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˋˍʰ 
ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽʰ ˉˇˎ ˋˎ˃ˉ˂ʺˊ˖ˋʰ˄ ˁʰˍʱ ˍˇ ˔ʶʽ˃ʶˊʽ˄ˈ ʶ˅ʱ˃ʹ˄ˇ ʴʽʰ ˃ʶˍʰˉˍˎ˔ʽʰˁʱ ˃ʰʻʺ˃ʰˍʰ ˍˇˎ 
ʰˁʰʵʹ˃ʰʿˁˇˏ ʷˍˇˎˌ нлмпς2015. 
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нΦм ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʰˍʽˋˍʽˁʺˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʰˉʰ˄ˍʺˋʶ˖˄ ˍ˖˄ ˒ˇʽˍʹˍ˗˄ ˋˍʰ 
ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽʰ ˉˇˎ ˋˎ˃ˉ˂ʺˊ˖ˋʰ˄ ˁʰˍʱ ˍˇ ˔ʶʽ˃ʶˊʽ˄ˈ ʶ˅ʱ˃ʹ˄ˇ ʴʽʰ ˍʰ ʶˊʴʰˋˍʺˊʽʰ ˍˇˎ 
ʰˁʰʵʹ˃ʰʿˁˇˏ ʷˍˇˎˌ нлмпς2015. 
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ʃɮʄɮʄʆɶɾɮ ɹɹɹ 

ʃʶˊʽʶ˔ˈ˃ʶ˄ˇ ˃ʰʻʹ˃ʱˍ˖˄ ˋˍʹ˄ ʰʴʴ˂ʽˁʺ ʴ˂˗ˋˋʰ 
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UNDERGRADUATE CURRICULUM 

Compulsory Courses 

Course title ECTS 
credits 

Course contents 

Developmental 
Biology 

7  Primordial germ cells. Oogenesis and spermatogenesis. 
Fertilization. Activation of egg metabolism. Mechanisms of 
cleavage. Early development and embryonic axis determination. 
Maternal mRNA. Embryonic genome activation. Cytoplasmic 
determinants. Morphogens and morphogenetic fields. 
Nieuwkoop center and the Spemann and Mangold organizer. 
Gastrulation and germ layer formation. Embryonic axes 
specification: anterior/ posterior- and dorsal/ventral- polarity in 
invertebrates and vertebrates. Cell commitment and 
differentiation. Neurulation and formation of the neural tube. 
Cell adhesion molecules. The extracellular matrix as a source of 
developmental signals. Signal transduction cascades. Cellular 
interactions and migrations. Genes that pattern the body plan: 
maternal effect genes, segmentation and homeotic selector 
genes. Cloning of amphibians and mammals. Transgenic 
organisms.    

Cell Biology I 6  Cell structure and function. Plasma membrane and ER. 
Interactions of cells and extracellular matrix. Mitochondria and 
chloroplasts.  

/Ŝƭƭ .ƛƻƭƻƎȅ Lɹ 7 Cytoskeleton. Cell Movement.  Cellςcell and Cell-extracellular 
matrix interactions. Cell recognition and Cell Communication. Cell 
cycle regulation.  The growth and division of cells. Cell Aging and 
Death (apoptosis). Cancer cells. Cellular and molecular basis of 
immune reactions. 

Biostatistics 6  Introduction to the Theory of Probabilities. Definition of 
probability, events, conditional probability, independence, 
theorem of total probability, Bayes theorem. Random variables 
(discrete, continuous), commonly used distributions (Bernoulli, 
binomial, Poisson exponential, normal), moments, central limit 
theorem. Introduction to Statistics Descriptive statistics, 
graphical representation of data, measures of location and 
dispersion, sampling techniques. Estimation, confidence intervals 
for the parameters of one population (mean & variance, 
percentage) or two independent populations (difference 
between two means, ratio of variances, difference between two 
percentaƎŜǎύ ¢Ŝǎǘ ƻŦ ƘȅǇƻǘƘŜǎŜǎ ŦƻǊ ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎΦ tŜŀǊǎƻƴΩǎ 
test for goodness of fit, contingency tables for testing 
independence and heterogeneity. Regression model, parameter 
estimation, predictions  

Biochemistry I 7  Chemical elements, molecules and macromolecules of life, weak 
bases/acids and buffers, amino acids, protein structure and 
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function, protein characterization and purification, enzymes 
(mechanisms of enzyme action, control of enzymatic activity, 
coenzymes/cofactors), carbohydrates, lipids, nucleic acids, 
biological redox systems, bioenergetics and oxidative 
phosphorylation.  

Biochemistry II 5  Membrane transport systems, Krebs cycle, endocellular 
transport of NADH and NADPH, prosthetic groups and 
coenzymes, vitamins, carbohydrate metabolism (glycolysis, 
gluconeogenesis, glycogen degradation and biosynthesis, control 
of glucose level in the blood, pentose phosphate pathway, 
photosynthesis and Kalvin cycle, fatty acid metabolism 
(biosynthesis and degradation, ketone bodies), amino acid 
metabolism (biosynthesis, degradation, urea cycle), porphyrin 
biosynthesis, nucleotide/nucleoside metabolism (biosynthesis, 
degradation), cholesterol and lipoprotein (VLDL, LDL, HDL) 
biosynthesis, integration of metabolism.  

Genetics I 7  1. Mendelian analysis, General genetical approaches. 2. 
Chromosome theory of inheritance, Chromosomal structure and 
organization. Cell cycle. 3. Mentelism Relative experiments and 
aŜƴŘŜƭΩǎ ƭŀǿǎΦ aƻŘŜǊƴ ŎƻƴŎŜǇǘƛƻƴ ƻŦ aŜƴŘŜƭΩǎ ǊǳƭŜǎΦ пΦ 
Chromosomal theory Genes and chromosomes. Sex-linked traits 
ς Cellular evidence of the chromosomal theory. 5. Extensions to 
Mendelian analysis Multiple alleles. Epistasis. Genotype ς 
phenotype. 6. Recombination, linkage, mapping The linkage 
phenomenon. Methods for genetic mapping in haploid and 
diploid eukaryotic organisms. Cellular evidence of the 
recombination. Mitotic crossing-over. DNA markers mapping. 7. 
Quantitative Genetics Basic statistical means. Methods of 
statistical analysis of genetical data. Quantitative traits loci. 8. 
Mutations A general approach of gene mutation phenomenon. 
Chromosomal changes. 9. Genetics of bacteria and viruses 
Mutations and genetical analysis in bacteria and viruses. 10. 
Exonuclear inheritance Inheritance of chracters located on the 
cytoplasmic organelles mitochondria and chloroplasts. 11. 
Pharmakogenetics The genetics of drugs metabolism. Examples 
of pharmakogenetical polymorphism in human. Laboratory 
Exercises 1. Monohybrid or dihybrid crosses using D. 
melanogaster strains. 2. Human chromosomes and caryotype 
synthesis. 3. Human hemoglobins  

DŜƴŜǘƛŎǎ ɹL 6  1. The genetic material The molecular nature of the genetic 
material. 2. Transmission of genetic information, The Central 
Dogma of Biology. 3. Genetic code Genetical and biochemical 
approach for elucidating the genetic code. 4. Gene fine structure, 
Modern conception of the gene structure and function. Genetical 
and biochemical approach. 5. Mutations Molecular basis of the 
mutations. Mutagens mutagenisity and cancer. Repair DNA 
mechanisms and molecular knowledge of recombination. 6. 
Transposable genetic elements In pro-and eukaryotic organism. 
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Relative transposition mechanisms and their role in the genome 
shaping. 7. Gene regulation in prokaryotic organisms General 
characteristics of the gene regulation. Lac and Trp operons 
structure and function, genetical and biochemical approach. 8. 
Gene regulation in eukaryotic organisms The various levels of 
gene regulation. The role of hormones, gene amplification, 
epigenetic changes. 9. Developmental genetics The genetical 
approach of the development. Homeotic genes. Differential gene 
expression. Tanden gene activity. Sex determination. 10. 
Ongogenes and cancer. Genetial conception of cancer. Onogenes 
and the mechanisms of theit activity. Epigenetic mechanisms in 
cancer. 11. Behavioral genetics An introduction. Genes and 
behavior ς some examples. Intelligent coefficient, personality etc. 
12. Biomedical and biotechnological applications Genetic 
consouling. Gene therapy. Reproductive and therapeutic cloning. 
Molecular approach of genetic diseases. Biodiversity and 
conservation genetics. Labopratory Exercises Mutagenesis in D. 
melanogaster. Isozymes ς ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎΦ [ȅƻƴΩǎ ƘȅǇƻǘƘŜǎƛǎΦ 
Glutathione Transferase polymorphisms.  

General 
Chemistry 

6  1. Calculations with Chemical Formulas and Equations Molecular 
weight and formula weight. The mole concept. Mass percentages 
from the formula. Elemental analysis: Percentages of carbon, 
hydrogen and oxygen. Determining formulas. Molar 
interpretation of a chemical equation. Amounts of substances in 
a chemical reaction. Limiting reactant: Theoretical and 
percentage yields. 2. Chemical Reactions: Introduction Ionic 
theory of solutions. Molecular and ionic equations. Precipitation 
reactions. Acid ς base reactions. Oxidation ς reduction reactions. 
Balancing simple oxidation ς reduction reactions. Molar 
concentration. Diluting solutions. Gravimetric analysis. 
Volumetric analysis. 3. Thermochemistry Energy and its units. 
Heat of reaction. Enthalpy and enthalpy change. Thermochemical 
equations. Applying stoichiometry to heat of reaction. Measuring 
ƘŜŀǘ ƻŦ ǊŜŀŎǘƛƻƴΦ IŜǎǎΩǎ ƭŀǿΦ {ǘŀƴŘŀǊŘ ŜƴǘƘŀƭǇƛŜǎ ƻŦ ŦƻǊƳŀǘƛƻƴΦ 
Fuels-foods, commercial fuels and rocket fuels. 4. Quantum 
Theory of the Atom The wave nature of light. Quantum effects 
and photons. The Bohr theory of the hydrogen atom. Quantum 
mechanics. Quantum numbers and atomic orbitals. 5. Electron 
Configurations and Periodicity Electron spin and the Pauli 
exclusion principle. Building-up principle and the periodic table. 
Writing electron configurations using the periodic table. Orbital 
diagrams of atoms ς IǳƴŘΩǎ ǊǳƭŜΦ aŜƴŘŜƭŜŜǾΩǎ ǇǊŜŘƛŎǘƛƻƴǎ ŦǊƻƳ 
the periodic table. Periodic properties (atomic radii, ionization 
energies, electron affinities). Periodicity in the main-group 
elements. 6. Ionic and Covalent Bond Describing ionic bonds. 
Electron configuration of ions. Ionic radii. Describing covalent 
bonds. Polar covalent bonds. Electronegativity. Writing Lewis 
electron-dot formulas. Delocalized bonding ς Resonance. Formal 



 ȷ.ȹȽ.Ʉ.                                                                                                                                      ɄȷɅȷɅɇȼɀȷ 

33 

 

charge and Lewis formulas. Bond length and bond order. Bond 
energy. 7. Molecular Geometry and Chemical Bonding Theory 
The VSEPR model. Dipole moment and molecular geometry. 
Valence bond theory. Description of multiple bonding. Principles 
of molecular orbital theory. Electron configurations of diatomic 
molecules of the second-period elements. 8. Solutions Types of 
solutions. Solubility and the solution process. Effect of 
tempetrature and pressure on solubility. Ways of expressing 
concentration. Vapor pressure of a solution. Boiling-Point 
elevation and Freezing-point depression. Osmosis. Colligative 
properties of ionic solutions. Coloids. 9. Rates of reaction 
Definition of reaction rate. Experimental determination of rate. 
Dependence of rate on concentration. Change of concentration 
with time. Temperature and rate; Collision and transition-state 
theories. Arrhenius equation. Elementary reactions. The rate law 
and the mechanism. Catalysis. 10. Chemical Equilibrium Chemical 
Equilibrium-A dynamic equilibrium. The equilibrium constant. 
Heterogeneous equilibria. Solvents in homogenius equilibria. 
Qualitatively interpreting the equilibrium contant. Predicting the 
direction of reaction. Calculating equilibrium concentrations. 
Removing products or adding reactants. Changing the pressure 
and temperature. Effect of a catalyst. 11. Acids and Bases 
!ǊǊƘŜƴƛǳǎ ŎƻƴŎŜǇǘ ƻŦ ŀŎƛŘǎ ŀƴŘ ōŀǎŜǎΦ .ǊǄƴǎǘŜŘςLowry concept 
of acids and bases. Lewis concept of acids and bases. Relative 
strengths of acids and bases. Molecular structure and acid 
strength. Self ionization of water. Solutions of a strong acid or 
base. The pH of a solution. 12. Acid-Base Equilibria Acid-
ionization equilibria. Polyprotic acid. Base-ionization equilibria. 
Acid-base properties of salt solutions. Common-ion effect. 
Buffers. Acid-base titration curves 13. Thermodynamics and 
Equilibrium First Law of Thermodynamics. Enthalpy. Entropy and 
the second law of thermodynamics. Standard entropies and the 
third law of thermodynamics. Free energy and spontaneity. 
Interpretation of free energy. Relating ɲǦ  to the equilibrium 
constant. Change of free energy with temperature.  

Evolution 5 1.Basic evolutionary concepts and the evolution of the 
evolutionary thought. The history of the evolutionary thought 
from the ancient times to the present. 2.Random genetic changes 
in populations. Molecular and neutral evolution. The role of 
mutations, recombination, genetic drift and migration on the 
populations genetic structure. The neural theory. Debate 
between neutralist and selectionist. 3. Adaptive evolution 
Natural selection. Types of selection. The maintainance of genetic 
variability. 4. The evolution of development Developmental 
constrains. Ontogeny and phylogeny. 5. Genome evolution c- 
value padadox. The origin of new genes. Gene dublication. 6. The 
evolutionary investment of the sex Sex function and sexual 
selection. 7. The mean of species and speciation The species 
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definition, genetic differentiation and speciation. Isolation 
mechanisms. Speciation forms and theories. 8. Phylogenetic 
relationships and molecular plylogeny Phylogeny and taxonomy. 
The molecular chock. Phylogenetic trees. 9. Ecological, 
biopegraphical and coevolutionary species interactions Evolution 
and ecology, evolutionary biogeography, coevolution among 
organisms and species. 10. The evolution on the cosmological, 
geological and palaiobiological level The palaiontological record 
and the phenomenon of species extinction. 11. The major 
evolutionary events. The origin of life and DNA. Genetic code 
evolution and biochemical unity of life. The Cambrian 
evolutionary explotion of life and the evolution of animal and 
plants. 12. The mankind origin, Monkeys and mankind. African 
replacement theory and multiregional evolution. The human 
άǊŀŎŜǎέΦ моΦ{ƻŎƛŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴ ŀƴŘ ŎǳƭǘǳǊŀƭ ŜǾƻƭǳǘƛƻƴ ¢ƘŜ ŎǳƭǘǳǊŀƭ 
evolution of mankind. 14. Philosophical issues of the evolutionary 
theory Central philosophical questions, teleology and evolution. 
Science and methodology. Vitalism and mechanism in theoriring 
the life. ¢ƘŜ 5ŀǊǿƛƴΩǎ ƳŜǘƘƻƭŘƻƭƻƎȅΦ {ƻŎƛŀƭ ŜȄǘŜƴǘƛƻƴǎ ƻŦ 
evolutionary thought  

Zoology I 7 1. Introduction to zoology. Aim and importance of zoology. Basic 
principles. Animal nomenclature. 2. Basic evolutionary principles. 
Basic principles of phylogeny, with emphasis on animals. 3. 
Reproduction in the animal kingdom and basic principles of 
development. 4. Animal tissues. 5. Morphology, organization, 
systematic and evolution of Protozoa. 6. Morphology, 
organization, systematic and evolution of Porifera. 7. 
Morphology, organization, systematic and evolution of Cnidozoa. 
8. Morphology, organization, systematic and evolution of 
Platyhelminthes. 9. A first contact with animals in the field. 
Examples of trapping and collecting common animals.  

Zoology II 7 External morphology, organization, systematics and evolution of 
Annelida, Mollusca, Arthropoda, Lophophorate phyla and 
Echinodermata.  

Zoology III 7 Morphological characteristics of the phylum Chordata 
(chordates). Evolutionary differentiation from the non-chordate 
animals. External morphology and internal structure. Life history 
and taxonomy of the subphyla Urochordata (urochordates, 
tunicates) and Cephalochordata (cephalochordates, acranians). 
Morphological characteristics and evolutionary differentiation of 
their organic systems of the subphylum Vertebrata (vertebrates). 
External morphology and internal structure. Life history and 
taxonomy of the classes Agnatha (agnathans, jawless fish), 
Chondrichthyes (cartilaginous fish), Osteichthyes (bony fish), 
Amphibia (amphibians), Reptilia (reptiles), Aves (birds) and 
Mammalia (mammals). Phylogenetic relationships.  

Mathematics 5 Functions. Limits. Continuity. Differentiation and derivatives. 
Exponential and logarithmic functions. Trigonometric and inverse 
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ǘǊƛƎƻƴƻƳŜǘǊƛŎ ŦǳƴŎǘƛƻƴǎΣ aŜŀƴ ǾŀƭǳŜ ǘƘŜƻǊŜƳΦ wƻƭƭŜΩǎ ǘƘŜƻǊŜƳΦ 
¢ŀȅƭƻǾ ǎŜǊƛŜǎΦ [Ω IƻǎǇƛǘŀƭΩǎ ǊǳƭŜΦ aƻƴƻǘƻƴƛŎƛǘȅΦ {ǘŀǘƛƻƴŀǊȅ ǇƻƛƴǘǎΣ 
Riemann integral. Methods of integration. Ordinary differential 
equations, O.D.Es of separated variables. Linear O.D.Es of first 
order. Linear O.D.Es of second order homogeneous with constant 
coefficients. Initial and boundary value problems.  

Microbiology 6 1. Evolution of the science of Microbiology 2. Organization and 
structure of prokaryotic and eukaryotic cell: cytoplasmic 
membrane and its functional role, cell wall, flagellum. 
Chemotaxis. The bacterial endospore. Chromosome and 
plasmids. Ribosomes. 3. Molecular biology of microorganisms: 
DNA replication, gene expression, regulation of gene expression, 
DNA transfer in bacteria. 4. Generation of energy in aerobic and 
anaerobic microorganisms, chemoautotrophy, photoautotrophy. 
5. Microorganisms without a cellular structure. 6. Taxonomic 
hierarchies and taxonomic unit. 7. The microbial world. 7.1. Gram 
negative bacteria [aerobic. facultative anaerobic], Gram positive 
[cocci, spore forming, regular and irregular non-spore forming]. 
Mycobacteria. Photosynthetic. Aerobic chemolithotrophic. 
Actinomycetes. 7.2. Archaea (methanogens, sulfate reducers, cell 
wall-less, extremely halophilic, extremely thermophilic sulfur-
metabolizing). 7.3. Characteristics of Fungi. Chytridiomycota, 
Zygomycota [Rhizopus, Mucor, Mycorrhizae], Ascomycota 
[Schizosaccharomyces, Aspergillus and Penicillium, Order 
Lecanorales, Order Saccharomycetales], Basidiomycota [genus 
Agaricus, White and brown rot fungi, Order Uredinales - the rust 
fungi, Order Ustilaginales ς the smut fungi]. 7.4. Fungi-like 
organisms. 7.5. Viruses: Animal viruses [Adenoviruses, 
Retroviruses], plant viruses [tobacco mosaic virus], phages [ʆ4, 
]˂.  

Molecular 
Biology I 

7 The genetic material: Structure and topology of nucleic acids. 
Organization of prokaryotic and eukaryotic genome: Repetitive 
and non repetitive DNA. Structure of genes. Role of introns. 
Chromatin and chromosomes: The packaging of DNA. 
Nucleosomes. Active and non-active chromatin. Methylation of 
DNA. DNA replication: Replication in Prokaryotes and Eukaryotes 
Mechanisms of replication. Initiation, elongation and termination 
process. Genetic engineering: Restriction enzymes. Plasmids and 
phages as cloning vectors. Construction of DNA and genomic 
libraries.  

Molecular 
Biology II 

6 Structure, function, stability and turn-over of procaryotic and 
eucaryotic mRNAs. Gene expression in procaryotic and eucaryotic 
organisms (transcription-translation). Interactions of proteins and 
nucleic acids. Structure and function of response elements and 
transcription factors. Regulation of transcription in procaryotes 
and eucaryotes. Post-transcriptional modifications of eucaryotic 
mRNAs. Splicing of precursor mRNAs. RNA editting. Catalytic RNA 
and ribozymes. Introduction into the chromatin control of gene 




