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1. ȺɘůŬɔɤɔɐ 
ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʰ˒ˇˊʱ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 

˃ʶʻˈʵˇˎ ˉʰˊˇʵʽˁ˗˄ ˁˎ˃ʰˍˇ˃ˇˊ˒˗˄ ό˃ʷʻˇʵˇˌ ʆɳɾύ ʴʽʰ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ 

ʻʰ˃˃ʷ˄˖˄ ʵʶ˅ʰ˃ʶ˄˗˄Φ  

ʁʽ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʰʽ ˋ˔ˇ˂ʽʱʸˇ˄ˍʰʽ ˋˍʰ ʶˉˈ˃ʶ˄ʰ 

ˁʶ˒ʱ˂ʰʽʰΣ ˈˉ˖ˌ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ hˎˍʷˌ ʰˉˇˍʶ˂ˇˏ˄ 

˃ʷˊˇˌ ˃ʾʰˌ ʴʶ˖˒ˎˋʽˁʺˌ ʵʽʰˋˁˈˉʹˋʹˌ ˃ʶʴʰ˂ˏˍʶˊʹˌ ˁ˂ʾ˃ʰˁʰˌ ˉˇˎ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˉˊ˗ʹ˄ ˋˍˊʰˍˇˉʷʵˇˎ ˁʰʽ ˍ˗ˊʰ ˔˗ˊˇˎ 

ʰ˄ʰ˕ˎ˔ʺˌ ̀ ˍˇ ɲʺ˃ˇ ɾʶ˄ʶ˃ʷ˄ʹˌ ˋˍʹ ɸʶˋˋʰ˂ˇ˄ʾˁʹΦ  ʅˁˇˉˈˌ ʰˎˍʺˌ ˍʹˌ 

ʴʶ˖˒ˎˋʽˁʺˌ ʵʽʰˋˁˈˉʹˋʹˌ ʺˍʰ˄ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ʻʰ˃˃ʷ˄˖˄ ʵʶ˅ʰ˃ʶ˄˗˄ ˋˍʹ˄ 

ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ ˉʱˊˁˇˎ ό̄ ˊ˗ʹ˄ ˋˍˊʰˍˇˉʷʵˇˎύ ˗ˋˍʶ ˃ʶ̱ʱ ʰˉˈ ̱ ʹ˄ 

ʶˁˍʰ˒ʺ ˁʰʽ ˍʹ˄ ʰˉˇ˃ʱˁˊˎ˄ˋʺ ˍˇˎˌ ˇ ˔˗ˊˇˌ ˄ʰ ʰˉˇʵˇʻʶʾ ʴʽʰ ʱ˂˂ʶˌ ˔ˊʺˋʶʽˌΦ 

ʅˍʹ˄ ʴʶ˄ʽˁˈˍʶˊʹ ʷˊʶˎ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˃ʰʴ˄ʹˍʽˁʷˌΣ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʷˌ 

όDt9 ˁ ʰʽ ʆɳɾύ ˁʰʽ ʹ˂ʶˁˍˊʽˁʷˌ ˃̫ ʻˇʵˇʽ ʵʽʰˋˁˈˉʹˋʹˌΦ ʁʽ ˃ʶˍˊʺˋʶʽˌ 

ʶˁˍʶ˂ʷˋˍʹˁʰ˄ ʰˉˈ ˍʰ ˃ʷ˂ʹ ˍˇˎ ɳˊʴʰˋˍʹˊʾˇˎ ɳ˒ʰˊ˃ˇˋ˃ʷ˄ʹˌ ɱʶ˖˒ˎˋʽˁʺˌ ˍˇˎ 

ɮΦʃΦɸΦ  

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˃ʁ ʻˈʵˇˎ 

ˍ˖˄ ˉʰˊˇʵʽˁ˗˄ ˁˎ˃ʰˍˇ˃ˇˊ˒˗˄ ό˃ʷʻˇʵˇˌ ʆɳɾύ ˉˇˎ ʷʴʽ˄ʶ ˋʶ ˁʱ˄˄ʰʲˇ ˉʱ˄˖ 

ʰˉˈ ˃ʽʰ ʵʶ˅ʰ˃ʶ˄ʺ ʶ˄˗ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰʽ ˍˇ˃ʺ ʹ˂ʶˁˍˊʽˁʺˌ ˍˇ˃ˇʴˊʰ˒ʾʰˌ ˉˇˎ 

ʵʽʷˊ˔ʶˍʰʽ ̄ʱ˄˖ ʰˉˈ ˍʹ ʻʷˋʹ ˍʹˌ ʻʰ˃˃ʷ˄ʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌΦ 

ɱʶ˄ʽˁʱΣ ʹ ˃ʷʻˇʵˇˌ ˉʰˊˇʵʽˁ˗˄ ˉʶʵʾ˖˄ ʵʽʰ˒ʷˊʶʽ ʰˉˈ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ 

˃ʶʻˈʵˇˎˌ ʴʶ˖˒ˎˋʽˁʺˌ ʵʽʰˋˁˈˉʹˋʹˌ ˁʰʻ˗ˌ ʰˉˇˍʶ˂ʶʾ ˃ʷʻˇʵˇ ˃ʷˍˊʹˋʹˌ ˋˍˇ 

ˉʶʵʾˇ ˍ˖˄ ˔ˊˈ˄˖˄Σ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ˃ʶʻˈʵˇˎˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇ 

ˉʶʵʾˇ ˍ˖˄ ˋˎ˔˄ˇˍʺˍ˖˄Φ ʆˇ ˉˊ˖ˍˇʴʶ˄ʷˌ ˉʶʵʾˇ ˍʹˌ ˃ʶʻˈʵˇˎ ʰˎˍʺˌ ʵʶ˄ ʶʾ˄ʰʽ 

ˋˎ˄ʶ˔ʷˌΣ ʰ˂˂ʱ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˃ʾʰ ʰˁˇ˂ˇˎʻʾʰ ʵʽʰˁˇˉˍˈ˃ʶ˄˖˄ ˉʰ˂˃˗˄ ˉˇˎ 

ʵʽʰˊˁˇˏ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ʁʽ ˉʰ˂˃ˇʾ ʰˎˍˇʾ ʵʽʰ˔ʷˇ˄ˍʰʽ ˋˍˇ 

ʷʵʰ˒ˇˌ ˁʰʽ ˈˍʰ˄ ʶ˄ˍˇˉʽˋˍʶʾ ˁʱˉˇʽˇˌ ˁʰ˂ˈˌ ʰʴ˖ʴˈˌ ˍˇˎ ˊʶˏ˃ʰˍˇˌ 

ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˃ʷˋʰ ˋʶ ʰˎˍˈ˄ ʁ ˉʰʴ˖ʴʽˁʱ ˁˏ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ˉʰˊʱʴˇˎ˄ ʷ˄ʰ 

ʵʶˎˍʶˊˇʴʶ˄ʷˌ ˃ʰʴ˄ʹˍʽˁˈ ˉʶʵʾˇΦ ʆˇ ˉʶʵʾˇ ʰˎˍˈ ʶˉʽˋˍˊʷ˒ʶʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʽ 

ˁʰʻ˗ˌ ˇ ˉˇ˃ˉˈˌ ʴʾ˄ʶˍʰʽ ʰ˄ʶ˄ʶˊʴˈˌ ˃ ʶˍˊʽʷˍʰʽ ʹ ʷ˄ˍʰˋʹ ˍˇˎ ʵʶˎˍʶˊˇʴʶ˄ˇˏˌ 

ˉʶʵʾˇˎ ˉˇˎ ʵʽʷˊ˔ʶˍʰʽ ʰˉˈ ˍˇ ʵʷˁˍʹ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ʰˉˇˎˋʾʰ ˍˇˎ ˉˊ˖ˍˇʴʶ˄ˇˏˌ 

ˉʶʵʾˇˎΦ  

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ʶˊʴʰˋʾʰˌ ʷʴʽ˄ʰ˄ ˃ʶˍˊʺˋʶʽˌ ̄ʰˊˇʵʽˁ˗˄ ˁˎ˃ʰˍˇ˃ˇˊ˒˗˄ 

ό˃ʷʻˇʵˇˌ ʆɳɾύ ˃ʶ ˍˇ ˈˊʴʰ˄ˇ ²¢9aπнΦ ɱʽʰ ˍʹˌ ˃ʶˍˊʺˋʶʽˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ 

ʵʽʱˍʰ˅ʹ ˍˇˎ ˋˎ˃ˉʾˉˍˇ˄ˍˇˌ ̡ ˊˈʴ˔ˇˎ όˇ ʲˊˈʴ˔ˇˌ ˍˇˎ ˉˇ˃ˉˇˏ ˁʰʽ ˍˇˎ ʵʷˁˍʹ 

ˉˊʰˁˍʽˁʱ ˍʰˎˍʾʸˇ˄ˍʰʽ ˔˖ˊʽˁʱΦ ɱʽʰ ˍʹ˄ ʰˁˊʽʲʺ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ʻʷˋʶ˖˄ ˍ˖˄ 

˃ʶˍˊʺˋʶ˖˄ ̄ ˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʵʽʰ˒ˇˊʽˁˈ Dt{ 

ό¢ǊƛƳǇƭŜ wс ς ¢{/оύ ˃ʁ  ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌ I9th{Σ ɹ̔ ʰ ˍˇ˄ ʰˁˊʽʲʺ ʶ˄ˍˇˉʽˋ˃ˈ 

ˍ˖˄ ʻʷˋʶ˖˄ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ ʁʽ ˋˎ˄ˍʰʴ˃ʷ˄ʶˌ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʶʾ˄ʰʽ ˋˍˇ 

ˋˏˋˍʹ˃ʰ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ɳɱʅɮ утΦ  
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ʁʽ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˊʴʰˋʾʰ ʁˁˍʶ˂ʷˋˍʹˁʰ˄ 

ˋʶ ˁʱ˄˄ʰʲˇ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ мо ˉʰˊʱ˂˂ʹ˂ʰ ˉˊˇ˒ʾ˂ ̄ˇˎ ʶʾ˔ʰ˄ hˉˈˋˍʰˋʹ 

˃ʶˍʰ˅ˏ ˍˇˎˌ  м ˃ʷˍˊˇˎΣ ˃ʶ ʶ˅ʰʾˊʶˋʹ ʶ˄ˈˌ ˉˊˇ˒ʾ˂ ˉˇˎ ˃ʶˍˊʺʻʹˁʶ ˋʶ ʰˉˈˋˍʰˋʹ 

˃ʽˋˇˏ ˃ʷˍˊˇˎ ʰˉˈ ˍˇ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˁʰʽ ˍˇ ʶˉˈ˃ʶ˄ˇ ˉˊˇ˒ʾ˂Φ ʅʶ ˁʱʻʶ ˉˊˇ˒ʾ˂ 

ʴʽ˄ˈˍʰ˄ ˃ʷˍˊʹˋʹ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˉʰˊˇʵʽˁ˗˄ ˁˎ˃ʰˍˇ˃ˇˊ˒˗˄ h ˄ʱ м ˃ʷˍˊˇ ʴʽʰ 

ʰˉˈˋˍʰˋʹ нл ˃ʷˍˊ˖˄ όнл ʲˎʻˇˋˁˇˉʺˋʶʽˌ ʰ˄ʱ ˉˊˇ˒ʾ˂ύΦ ɳˉˇ˃ʷ˄˖ˌΣ ˋˎ˄ˇ˂ʽˁʱ 

ʶˁˍʶ˂ʷˋˍʹˁʰ˄ моʋнл ʲˎʻˇˋˁˇˉʺˋʶʽˌ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ʆɳɾΦ  

ʃʰˊʱ˂˂ʹ˂ʰΣ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˋˍʹ 

ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ aŀǘ[ŀō ̫ ˄ʰ ʲˇʹʻʹˍʽˁˈ ˉˊˈʴˊʰ˃˃ʰ ˃ʶˍʰˍˊˇˉʺˌ 

ˍ˖ ˄́ ˂ʶˁˍˊʽˁ˗˄ ˍʱˋʶ˖˄ ˋʶ ˒ʰʽ˄ˈ˃ʶ˄ʶˌ ʹ˂ʶˁˍˊʽˁʷˌ ʰ˄ˍʽˋˍʱˋʶʽˌ ˁʰʽ ˁʰˍˈˉʽ˄ ˋʶ 

˒ʰʽ˄ˈ˃ʶ˄ʹ ʲʱʻʹ ˃ʶ ˍʹ ˔ˊʺˋʹ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˉˇˎ ʻʰ ʰ˄ʰ˂ˎʻˇˏ˄ 

ˋʶ ʶˉˈ˃ʶ˄ ̌ˁ ʶ˒ʱ˂ʰʽΦ̌ ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʰˎˍˈ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʵʹ˃ʽˇˎˊʴʶʾ ˍˇ˃ʷˌ 

˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ό˕ʶˎʵˇˍˇ˃ʷˌύ ˋʶ ʵʽˋʵʽʱˋˍʰˍʹ ʰˉʶʽˁˈ˄ʽˋʹ ˁʰʽ ʷˉʶʽˍʰ 

ˋˎ˄ʵˎʱʸˇ˄ˍʰˌ ˍʽˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʰˉˈ ˍʽ ̩мо ̱ˇ˃ʷˌ όˉˊˇ˒ʾ˂ύ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ˕ʁ ʽ 

˃ʾʰ ˍˊʽˋʵʽʱˋˍʰˍ ́hˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ˒ʰʽ˄ˈ˃ʶ˄˖˄ ʰ˄ˍʽˋˍʱˋʶ˖˄ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˍˇˎ ˁʰ˄˄ʱʲˇˎ ˋˍˇ˄ ˇˉˇʾˇ˄ ̄ˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˃ʶˍˊʺˋʶʽˌΦ  

ʅˍˇ н ̌ˁ ʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʴʶ˄ʽˁʷˌ ʰˊ˔ʷˌ ˍʹˌ ˃ʶ̒ˈʵˇˎ ˍ˖˄ 

ˉʰˊˇʵʽˁ˗˄ ˁˎ˃ʰˍˇ˃ˇˊ˒˗˄ ʆɳɾΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ˈˊʴʰ˄ˇ ˃ʷˍˊʹˋʹˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˁʰʽ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʰˉˈ ˍˇ 

ˈˊʴʰ˄ˇ ˃ʶˍʱ ʰˉˈ ˁʱʻʶ ˃ʷˍˊʹˋʹΦ  

ʅˍˇ о ̌ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰʽ ʰ˄ʰ˂ˏʶˍʰʽ ˍˇ ʲˇʹʻʹˍʽˁˈ 

ˉˊˈʴˊʰ˃˃ʰ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˋˍʹ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ aŀǘ[ŀō ɹ ʽʰ ˍʹ˄ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˁʰʽ ʰ˅ʽˇˉˇʾʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʽˌ 

˃ʶˍˊʺˋʶʽˌΦ  

ʅˁˇˉˈˌ ˍˇˎ пˇ ˎˁ ʶ˒ʰ˂ʰʾˇˎ ʶʾ˄ʰʽ ʹ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ʷˊʶˎ˄ʰˌ ˁʰʽ ˍ˖˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˋˍˊʰˍˇˉʷʵˇˎ ˍʹˌ ɾʶ˄ʶ˃ʷ˄ʹˌ ˋˍʹ 

ɸʶˋˋʰ˂ˇ˄ʾˁʹΦ 

ʅˍˇ р ̌ˁ ʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ 

ʰˉˈ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʷˊʶˎ˄ʰΣ ʶ˄˗ ˍʷ˂ˇˌ ˉʰˊʰˍʾʻʶˍʰʽ ʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΦ  

ɸʰ ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇˎˌ ʶˉʽʲ˂ʷˉˇ˄ˍʶˌ ɼʰʻʹʴʹˍʷˌ ̱ˇˎ ʆ˃ʺ˃ʰˍˇˌ 

ɱʶ˖˂ˇʴʾʰˌ ˍˇˎ ɮʃɸ ˁˏˊʽˇ ʆˋˇˏˊ˂ˇ ʃʰ˄ʰʴʽ˗ˍʹΣ  ˁʰʽ ɰʰˊʴʶ˃ʷʸʹ ɱʶ˗ˊʴʽˇ ɹʽʰ ˍʹ˄ 

ˉˇ˂ˏˍʽ˃ʹ ʲˇʺʻʶʽʰ ˍˇˎˌ ˋˍʹ˄ ˉˊ˗ˍʹ ˃ˇˎ ʶˉʰ˒ʺ ˋˍˇ ˉʶʵʾˇ ʴʽʰ ˍʹ˄ ˋˎ˂˂ˇʴʺ ˁʰʽ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ʴʶ˖˒ˎˋʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʽˌ ˋˎ˃ʲˇˎ˂ʷˌ ̱ ˇˎˌ ʴʽʰ ˍʹ˄ ʶˉʽˍˎ˔ʺ 

ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʵʽʰˍˊʽʲʺˌ ˃ˇˎΦ ʆˇˎˌ ʶˎ˔ʰˊʽˋˍ˗ ʶˉʾˋʹˌ ˈ˔ʽ ˃ˈ˄ˇ ʴʽʰ ˍʹ˄ 

ˋˎ˄ʶˊʴʰˋʾʰ ˋˍˇ ˉ˂ʰʾˋʽˇ ʰˎˍʺˌ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌΣ ʰ˂˂ʱ ʴʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˃ˇˎ 

ˋˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ʶ˒ʰˊ˃ˇˋ˃ʷ˄ʹˌ ʴʶ˖˒ˎˋʽˁʺˌ ˁʰˍʱ ˍʹ˄ ʵʽʱˊˁʶʽʰ ˍ˖˄ 

ˉˊˇˉˍˎ˔ʽʰˁ˗˄ ˋˉˇˎʵ˗˄ ˃ˇˎΦ  

 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

о 
 

2. ɶ˂ʶˁˍˊˇ˃ʰʴ˄ʽˁʷˌ ˃ʷʻˇʵˇʽ ˁʰʽ ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ 

ˉʰˊˇʵʽˁ˗˄ əɡɛŬŰɞɛɞɟűɩɜ όɾʷʻˇʵˇˌ ʆɳɾύ 

 

2.1 ũŮɜɘəɎ  

ʁʽ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʷˌ ˃ʷʻˇʵˇʽ ʶˊʶˎ˄ˇˏ˄ ˍʹ˄ ʰˉˈˁˊʽˋʹ ˍ˖˄ ʶʵʰ˒˗˄ ˋʶ 
ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʱ ˉʶʵʾʰΦ ɶ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʱ ˁˏ˃ʰˍʰ ʶˁˉʷ˃ˉˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ 
ˉˇ˃ˉˈΣ ˍʰ ˇˉˇʾʰ ʵʽʰʵʾʵˇ˄ˍʰʽ ˋˍˇ ʷʵʰ˒ˇˌΦ ʆʰ ˁˏ˃ʰˍʰ ʰˎˍʱ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ 
ˉˊ˖ˍˇʴʶ˄ʷˌ ˉʶʵʾˇΦ ʂˍʰ˄ ʰˎˍʱ ˋˎ˄ʰ˄ˍʺˋˇˎ˄ ʷ˄ʰ˄ ˁʰ˂ˈ ʰʴ˖ʴˈ όˉΦ˔Φ ʷ˄ʰ 
˃ʶˍʰ˂˂ʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇύ ˉˊˇˁʰ˂ʶʾˍʰʽ ˊˇʺ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄˖˄ ˊʶˎ˃ʱˍ˖˄ ˋˍˇ 
ˎˉʷʵʰ˒ˇˌΣ ˍʰ ˇˉˇʾʰ ʶˉʱʴˇˎ˄ ʷ˄ʰ ʵʶˎˍʶˊˇʴʶ˄ʷˌ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁˈ ˉʶʵʾˇΣ ˍˇ 
ˇˉˇʾˇ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʰˉˈ ˍˇ˄ ʵʷˁˍʹ όʶʽˁˈ˄ʰ нΦмΦмύΦ ʆˇ 
ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁˈ ˉʶʵʾˇ ʰˎˍˈ ʶ˅ʰˊˍʱˍʰʽ ʱ˃ʶˋʰ ʰˉˈ ˍʽˌ ʴʶ˖ʹ˂ʶˁˍˊʽˁʷˌ 
ʽʵʽˈˍʹˍʶˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ˋˍˇ ˇˉˇʾˇ ʵʽʶ˅ʱʴʶˍʰʽ ʹ ʷˊʶˎ˄ʰΦ ʅˍˈ˔ˇˌ ʰˉˇˍʶ˂ʶʾ ʹ 
ʶˏˊʶˋʹ ˍ˖˄ ʴʶ˖ʹ˂ʶˁˍˊʽˁ˗˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ ʶʵʱ˒ˇˎˌ ˃ʷˋ˖ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ 
ʵʶˎˍʶˊˇʴʶ˄ˇˏˌ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁˇˏ ˉʶʵʾˇˎ ˉˇˎ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋˍˇ ʵʷˁˍʹΦ  

ȺɘəɧɜŬ 2.1.1 ɉɟɐůɖ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ɛŮɗɧŭɤɜ ɔɘŬ Űɖɜ ŮɨɟŮůɖ ůŰɧɢɞɡ ůŰɞ 

ɡˊɏŭŬűɞɠ (ɇůɞɨɟɚɞɠ Ʉ , ȸŬɟɔŮɛɏɕɖɠ ũ.,  2023). 

ʁʽ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʺ ʵʽʰˋˁˈˉʹˋʹ ʴʾ˄ʶˍʰʽ ˃ʶ ˃ʶʻˈʵˇˎˌ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ʰ ˔ʰ˃ʹ˂ʺˌ ˋˎ˔˄ˈˍʹˍʰˌ ˊʶˏ˃ʰˍʰ ʵʾ˔˖ˌ ˍʹ ˔ˊʺˋʹ 
ʹ˂ʶˁˍˊˇʵʾ˖˄Φ ʆˇ ʶˏˊˇˌ ˍ˖˄ ˋˎ˔˄ˇˍʺˍ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶʾ˄ʰʽ млπолΦлл 
IȊ όʶʽˁˈ˄ʰ нΦмΦнύΦ  
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ȺɘəɧɜŬ 2.1.2 Ⱥɨɟɞɠ ůɡɢɜɞŰɐŰɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŭɘŬůəɧˊɖůɖ əŬɘ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ůɡɢɜɧŰɖŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ɛɏɗɞŭɞ GPR 

(ɇůɞɨɟɚɞɠ Ʉ , ȸŬɟɔŮɛɏɕɖɠ ũ.,  2023).  

 

2.2 ɀɏɗɞŭɞɘ Ŭ́ɟɞŭɘəɩɜ Ů́ŭɑɤɜ (ɇȺɀ) 

 
ɶ ˃ʷʻˇʵˇˌ ˉʰˊˇʵʽˁ˗˄ ˁˎ˃ʰˍˇ˃ˇˊ˒˗˄ ʰˉˇˍʶ˂ʶʾ ˃ʾʰ 

ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʺ ˃ʷʻˇʵˇ ˉˇˎ ʵʽʰ˒ʷˊʶʽ ʰˉˈ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ˁʰʻ˗ˌ ˇʽ 
˃ʶˍˊʺˋʶʽˌ ˃ʶ ʰˎˍʺ ˍʹ ˃ʷʻˇʵˇ ʴʾ˄ˇ˄ˍʰʽ ˋˍˇ ˉʶʵʾˇ ˍˇˎ ˔ˊˈ˄ˇˎ ˁʰʽ ˈ˔ʽ ˍ˖˄ 
ˋˎ˔˄ˇˍʺˍ˖˄Σ ˈˉ˖ˌ ˋˎ˃ʲʰʾ˄ʶʽ ˃ʶ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʷˌ ˃ʶʻˈʵˇˎˌΦ 
ɼʰˍʱ ˍʹ ˔ˊʺˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ ʰˎˍʺˌ ˉʰˊʱʴʶˍʰʽ ʷ˄ʰ ˉˊ˖ˍˇʴʶ˄ʷˌ ˉʶʵʾˇ ʰˉˈ ˍˇ˄ 
ˉˇ˃ˉˈΦ ʍˋˍˈˋˇΣ ˍˇ ˊʶˏ˃ʰ ʰˎˍˈ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵʽʰˁˇˉˍˈ˃ʶ˄ˇˎˌ ˉʰ˂˃ˇˏˌ 
ˋˎ˄ʶ˔ˇˏˌ ˊʶˏ˃ʰˍˇˌΦ ʁʽ ˉʰ˂˃ˇʾ ʵʽʰˊˁˇˏ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʶ˄˗ 
ʵʽʰˁˈˉˍˇ˄ˍʰʽ ʰˉˈˍˇ˃ʰΦ ʂˉ˖ˌ ˁʰʽ ˋˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʷˌ 
˃ʶʻˈʵˇˎˌΣ ʷˍˋʽ ˁʰʽ ˋˍʹ ˃ʷʻˇʵˇ ˉʰˊˇʵʽˁ˗˄ ˉʶʵʾ˖˄ ˉʰˊʱʴʶˍʰʽ ˍˇ ˉˊ˖ˍˇʴʶ˄ʷˌ 
ˉʶʵʾˇΣ ˍˇ ˇˉˇʾˇ ˈˍʰ˄ ˋˎ˄ʰ˄ˍʺˋʶʽ ʷ˄ʰ˄ ˁʰ˂ˈ ʰʴ˖ʴˈ ˋˍˇ ˎˉʷʵʰ˒ˇˌ ̄ ˊˇˁʰ˂ʶʾ 
ˋˍˇ˄ ʰʴ˖ʴˈ ʶˉʰʴ˖ʴʽˁʱ ˊʶˏ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌ ˉʰˊʱʴˇˎ˄ ˍˇ 
ʵʶˎˍʶˊʶˏˇ˄ ˃ʰʴ˄ʹˍʽˁˈ ˉʶʵʾˇΦ ʁ ʵʷˁˍʹˌ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˁʰˍʰʴˊʱ˒ʶʽ ˋˍʹ˄ 
ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˍˇ ʵʶˎˍʶˊʶˏˇ˄ ʰˎˍˈ ˉʶʵʾˇΣ ˍˇ ˇˉˇʾˇ ˁʰˍʰ˒ʻʱ˄ʶʽ ˋˍˇ˄ 
ʵʷˁˍʹ ˈˍʰ˄ ˇ ˉˇ˃ˉˈˌ ʵʶ˄ ʶˁˉʷ˃ˉʶʽ ˉʽʰ ˊʶˏ˃ʰΣ ʶʾ˄ʰʽ ʵʹ˂ʰʵʺ ʰ˄ʶ˄ʶˊʴˈˌΦ 
ɳˉˇ˃ʷ˄˖ˌΣ ˍˇ ʵʶˎˍʶˊˇʴʶ˄ʷˌ ˉʶʵʾˇ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʵʾ˔˖ˌ ˍʹ˄ ˉʰˊˇˎˋʾʰ 
ˉˊ˖ˍˇʴʶ˄ˇˏˌ όʶʽˁˈ˄ʰ нΦнΦмύΦ 
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р 
 

 
ȺɘəɧɜŬ 2.2.1 ɄŬɟɎŭŮɘɔɛŬ ŭɘɎŰŬɝɖɠ Űɖɠ ɛŮɗɧŭɞɡ ˊŬɟɞŭɘəɩɜ ˊŮŭɑɤɜ ((ɇůɞɨɟɚɞɠ Ʉ , 

ȸŬɟɔŮɛɏɕɖɠ ũ.,  2023).  

 

2.3 ɀŮŰɟɐůŮɘɠ ɛŮ Űɖ ɛɏɗɞŭɞ ˊŬɟɞŭɘəɩɜ ˊŮŭɑɤɜ 

 
ɮˊ˔ʽˁʱΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʷ˄ʰˌ ˉˇ˃ˉˈˌ ˇ ˇˉˇʾˇˌ ˉʰˊʱʴʶʽ ʹ˂ʶˁˍˊʽˁˈ 

ˉʰ˂˃ˈ ˋˎ˄ʶ˔ˇˏˌ ʵʽʰˁˇˉˍˈ˃ʶ˄ˇˎ ˊʶˏ˃ʰˍˇˌΣ ˇ ˇˉˇʾˇˌ ʰ˄ˇʾʴʶʽ ˁʰʽ ˁ˂ʶʾ˄ʶʽ ˃ ʶ 
ˉˇ˂ˏ ʴˊʺʴˇˊˇ ˊˎʻ˃ˈΦ  ɴˍˋʽΣ ˇ ˉʰ˂˃ˈˌ ʰˎˍˈˌ ˒ˍʱ˄ʶʽ ˋʶ ʷ˄ʰ˄ ʲˊˈʴ˔ˇ ˁʰ˂˖ʵʾ˖˄ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˃ʺˁˇˎˌ όˉΦ˔Φ h ˉˈ  н  ̫ ˖ˌ рлл ˃ʷˍˊʰύ ̄ ˇˎ ˍˇˉˇʻʶˍʶʾˍʰʽ ˋˍˇ 
ʷʵʰ˒ˇˌΦ ʁ ˉʰ˂˃ˈˌ ʰˎˍˈˌ ʰˉˇˍʶ˂ʶʾ ˍˇ ˉˊ˖ˍˇʴʶ˄ʷˌ ˉʶʵʾˇΦ ɾʷˋ˖ ˍˇˎ ʲˊˈʴ˔ˇˎ 
ˍˇ ˊʶˏ˃ʰ ʵʽʰ˔ʷʶˍʰʽ ˋˍˇ ʷʵʰ˒ˇˌ ˖ˌ ˃ʾʰ ˋʶʽˊʱ ˉʰ˂˃˗˄Φ  
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с 
 

ȺɘəɧɜŬ 2.3.1 ɆɡɜŮɢɧɛŮɜɞɘ ŭɘŬəɞˊŰɧɛŮɜɞɘ ˊŬɚɛɞɑ (ˊɟɤŰɞɔŮɜɏɠ ˊŮŭɑɞ) ˊɞɡ ŭɘŬɢɏɞɜŰŬɘ 

ɧɚɞ əŬɘ ɓŬɗɨŰŮɟŬ ɧůɞ ˊŮɟɜɎŮɘ ɞ ɢɟɧɜɞɠ (ɇůɞɨɟɚɞɠ Ʉ , ȸŬɟɔŮɛɏɕɖɠ ũ.,  2023).  
 
 ʆˇ ʵʶˎˍʶˊʶˏˇ˄ ˉʶʵʾˇ ˉˇˎ ˉʰˊʱʴʶˍʰʽ ˈˍʰ˄ ˍˇ ˉˊ˖ˍˇʴʶ˄ʷˌ ˉʶʵʾˇ 
ˋˎ˄ʰ˄ˍʺˋʶʽ ˁʱˉˇʽˇ˄ ˁʰ˂ˈ ʰʴ˖ʴˈ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ʰˉˈ ˍˇ˄ ʵʷˁˍʹ 
ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ˄ ˔ˊˈ˄ˇΦ ɮˉˈ ˍʹ˄ ˃ʶʽˇˏ˃ʶ˄ʹ ˃ʶ ˍˇ˄ ˔ˊˈ˄ˇ ˍʱˋʹ ˍˇˎ 
ʵʶˎˍʶˊˇʴʶ˄ˇˏˌ ˉʶʵʾˇˎ ʴʾ˄ʶˍʰʽ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʰ˄ˍʾˋˍʰˋʹˌ 
ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ʲʱʻˇˎˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ˄ ˔ˊˈ˄ˇΦ  

ɳˉʾˋʹˌΣ ˈˋˇ ˉʶˊ˄ʱʶʽ ˇ ˔ˊˈ˄ˇˌ ˍˇ ˋʺ˃ʰ ʵʽʰ˔ʷʶˍʰʽ ˈ˂ˇ ˁʰʽ ʲʰʻˏˍʶˊʰ ˋˍˇ 
ʷʵʰ˒ˇˌΣ ʶˉˇ˃ʷ˄˖ˌ ˈˋˇ ˉʽˇ ʰˊʴʱ ˁʰˍʰ˒ʻʱ˄ʶʽ ˍˇ ˋʺ˃ʰ ˋˍˇ˄ ʵʷˁˍʹΣ ˍˈˋˇ 
˃ʶʴʰ˂ˏˍʶˊˇ ʶʾ˄ʰʽ ˍˇ ʲʱʻˇˌ ʰˉˈ ˍˇ ˇˉˇʾˇ ˒ʻʱ˄ʶʽ όʶʽˁˈ˄ʰ нΦоΦмύΦ ɳˉʽˉ˂ʷˇ˄Σ ʷ˄ʰ 
ˋʹ˃ʰ˄ˍʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˃ʶʻˈʵˇˎ ʰˎˍʺˌ ʶʾ˄ʰʽ ˈˍʽ ˍˇ ʰˋʻʶ˄ʷˌ 
ʵʶˎˍʶˊˇʴʶ˄ʷˌ ˉʶʵʾˇ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʵʾ˔˖ˌ ˍʹ˄ ˏˉʰˊ˅ʹ ˍˇˎ ʽˋ˔ˎˊˇˏ 
ˉˊ˖ˍˇʴʶ˄ˇˏˌΣ ʶˉˇ˃ʷ˄˖ˌ ʶʾ˄ʰʽ ʰʵˏ˄ʰˍˇ hˎˍˈ ˄ʰ ʶˉʹˊʶʱˋʶʽ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺΦ ʁ 
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т 
 

˔ˊˈ˄ˇˌ ˉˇˎ ˃ʶˋˇ˂ʰʲʶʾ ʰˉˈ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ʵʽʰˁˈˉˍʶˍʰʽ ˍˇ ˊʶˏ˃ʰ ˍˇˎ ˉˇ˃ˉˇˏ 
˃ʷ˔ˊʽ ˍʹ˄ ˉˊ˗ˍʹ ˁʰˍʰʴˊʰ˒ʺ ˍˇˎ ʵʶˎˍʶˊʶˏˇ˄ˍˇˌ ˉʶʵʾˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ wŀƳǇ 
¢ƛƳŜ όʶʽˁˈ˄ʰ нΦоΦнύΦ 
 

ȺɘəɧɜŬ 2.3.2 ȾŬŰŬɔɟŬűɐ ˊɟɤŰɞɔŮɜɞɨɠ əŬɘ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ˊŮŭɑɞɡ ɛŮ Űɖ ɛɏɗɞŭɞ ɇȺɀ 

ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞɜ ɢɟɧɜɞ (ɇůɞɨɟɚɞɠ Ʉ , ȸŬɟɔŮɛɏɕɖɠ ũ.,  2023). 

 
 
 ʆˇ ʲʱʻˇˌ ˋˍˇ ˇˉˇʾˇ ˒ˍʱ˄ʶʽ ˍˇ ˊʶˏ˃ʰ ˍˇˎ ˉˊ˖ˍˇʴʶ˄ˇˏˌ ˉʶʵʾˇˎ 
ʶ˅ʰˊˍʱˍʰʽ ʱ˃ʶˋʰ ʰˉˈ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ ʲˊˈʴ˔ˇˎ ˍ˖˄ ˁʰ˂˖ʵʾ˖˄ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽΦ ɴ˄ʰˌ ʶ˃ˉʶʽˊʽˁˈˌ ˁʰ˄ˈ˄ʰˌ ˎˉˇ˂ˇʴʾʸʶʽ ˉ˖ˌ ˍˇ ʲʱʻˇˌ ˋˍˇ ˇˉˇʾˇ 
ʻʰ ˒ˍʱˋʶʽ ˍˇ ˊʶˏ˃ʰ ʶʾ˄ʰʽ р ˒ˇˊʷˌ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ˍˇ ˃ʷʴʶʻˇˌ ʲˊˈʴ˔ˇˎΦ ɱʽʰ 
ˉʰˊʱʵʶʽʴ˃ʰ ʷ˄ʰˌ ʲˊˈʴ˔ˇˌ мл ˃ʷˍˊ˖˄ ˋʹ˃ʰʾ˄ʶʽ ˉ˖ˌ ˍˇ ˊʶˏ˃ʰ ˍˇˎ 
ˉˊ˖ˍˇʴʶ˄ˇˏˌ ˉʶʵʾˇˎ ʻʰ ˒ˍʱˋʶʽ ˋʶ ʲʱʻˇˌ рл ˃ʷˍˊ˖˄ ˋˍˇ ˎˉʷʵʰ˒ˇˌΦ ʍˋˍˈˋˇΣ 
ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ʲʱʻˇˌ ˋˍˇ ˇˉˇʾˇ ʻʰ ˒ˍʱˋʶʽ ˍˇ ˊʶˏ˃ʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˃ʾʰˌ 
˃ʷˍˊʹˋʹˌ ʶ˅ʰˊˍʱˍʰʽ ʶˉʾˋʹˌ ˍˈˋˇ ʰˉˈ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ʶʵʱ˒ˇˎˌ όˉΦ˔Φ ˍʹ˄ 
ʰʴ˖ʴʽ˃ˈˍʹˍʱ ˍˇˎύ ˈˋˇ ˁʰʽ ʰˉˈ ˍʰ ˍʶ˔˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˇˊʴʱ˄˖˄ ˍʹˌ 
˃ʷˍˊʹˋʹˌΦ ʁʽ о ˁˎˊʽˈˍʶˊʶˌ ʵʽʰ˃ˇˊ˒˗ˋʶʽˌ ˍʹˌ ˃ʷˍˊʹˋʹˌ ʆɳɾ ʶʾ˄ʰʽ ˇ 
ˋˎ ˃ˉʾˉˍ˖˄  ʲˊˈ˔ˇˌΣ ˇ ˁʶ˄ˍˊʽˁˈˌ ʲˊˈ˔ˇˌ ˁ ʰʽ ˇ ʲˊˈ˔ˇˌ ʵʾ̄̌ ˂ˇΦˎ ʁʽ 
ʵʽʰ˃ˇˊ˒˗ˋʶʽˌ ʰˎˍʷˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍ ̌̄ʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰ όʶʽˁˈ˄ʰ нΦоΦоύΦ    
 
 
 

wŀƳǇ 

¢ƛƳŜ 
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у 
 

 
ȺɘəɧɜŬ 2.3.3 Ƀɘ 3 əɡɟɘɧŰŮɟŮɠ ŭɘŬɛɞɟűɩůŮɘɠ Űɖɠ ɛɏŰɟɖůɖɠ ɇȺɀ ((ɇůɞɨɟɚɞɠ Ʉ , 

ȸŬɟɔŮɛɏɕɖɠ ũ.,  2023). 

 

2.4 ɄɚŮɞɜŮəŰɐɛŬŰŬ- ɀŮɘɞɜŮəŰɐɛŬŰŬ əŬɘ ŮűŬɟɛɞɔɏɠ Űɖɠ ɛŮɗɧŭɞɡ 

ˊŬɟɞŭɘəɩɜ ˊŮŭɑɤɜ. 

 
ʆʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ ˃ʶʻˈʵˇˎ ˉʰˊˇʵʽˁ˗˄ ˉʶʵʾ˖˄ ʶʾ˄ʰʽ ʹ ˍʰ˔ˏˍʹˍʰ 

ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˍʹˌ ˃ʷˍˊʹˋʹˌΣ ˁʰʻ˗ˌ ʹ ˁʱʻʶ ˃ʷˍˊʹˋʹ ʵʽʰˊˁʶʾ ʵʶˎˍʶˊˈ˂ʶˉˍʰ 
ʶ˄˗ ʹ ˉ˂ʶˎˊʽˁʺ ʰ˄ʱ˂ˎˋʹ ʶʾ˄ʰʽ ˉˇ˂ˏ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˂ˈʴ˖ ˍʹˌ ʵʽʱ˔ˎˋʹˌ ˍˇˎ 
ˊʶˏ˃ʰˍˇˌ ˍˇˎ ˉˊ˖ˍˇʴʶ˄ˇˏˌ ˉʶʵʾˇˎΦ ɳˉʾˋʹˌΣ ˉʰˊʷ˔ʶʽ ˃ʶʴʱ˂ʹ ˂ʶˉˍˇ˃ʷˊʶʽʰ ˋʶ 
˃ʶˍˊʺˋʶʽˌ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ ʰʴ˗ʴʽ˃ˇ ˁʰʽ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍʹ 
ʵʽʱʵˇˋʹ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ˋʶ ʶʵʱ˒ʹ ˃ʶʴʱ˂ʹˌ ʰ˄ˍʾˋˍʰˋʹˌΦ  

ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˖ˌ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˂ˇʴʾʸʶˍʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʵʶ˄ 
ʰ˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ˋʶ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ʶʵʱ˒ʹ ˉˇ˂ˏ ˃ʶʴʱ˂˖˄ 
ʰ˄ˍʽˋˍʱˋʶ˖˄Φ ɳˉʾˋʹˌΣ ʶʾ˄ʰʽ ʶˎʰʾˋʻʹˍʹ ˋˍˇ˄ ʻˈˊˎʲˇ ˁʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 
ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ʰˎˍˈ˄ ˁʰʻ˗ˌ ˍˇ ʵʶˎˍʶˊˇʴʶ˄ʷˌ ˉʶʵʾˇ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ 
ʰˉˈ ˍˇˎˌ ʰʴ˖ʴˇˏˌ ˉˇˎ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ʶʾ˄ʰʽ ˉˇ˂ˏ ʰˋʻʶ˄ʷˌΦ ʆʷ˂ˇˌΣ ʹ ˎ˂ˇˉˇʾʹˋʹ 
ʲˊˈʴ˔˖˄ ˃ʶʴʱ˂ˇˎ ˃ʶʴʷʻˇˎˌΣ ˇʽ ˇˉˇʾˇʽ ʶˎ˄ˇˇˏ˄ ˍʹ˄ ʷˊʶˎ˄ʰ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʰ 
ʲʱʻʹΣ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ʹ ˋʶ ʵˏˋʲʰˍʶˌ ˉʶˊʽˇ˔ʷˌΦ  

ɳ˒ʰˊ˃ˇʴʷˌ ʹ ˃ʷʻˇʵˇˌ ˉʰˊˇʵʽˁ˗˄ ˉʶʵʾ˖˄ ʲˊʾˋˁʶʽ ˋʶ ˃ʶˍʰ˂˂ʶˎˍʽˁʷˌ 
ʷˊʶˎ˄ʶˌΣ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ˁʰʽ ʴʶ˖ˍʶ˔˄ʽˁʷˌ ʷˊʶˎ˄ʶˌΣ ʷˊʶˎ˄ʰ ʴʶ˖ʻʶˊ˃ʽˁ˗˄ 
ˉʶʵʾ˖˄ ˁʰʽ ˋˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˊʹ˔˗˄ ˃ʶˍʰ˂˂ʽˁ˗˄ ˋˍˈ˔˖˄ ˁʰʻ˗ˌ ˁʰʽ ˎʵˊˇ˒ˈˊ˖˄ 
ˁʰʽ ˎ˒ʱ˂˃ˎˊ˖˄ ˇˊʽʸˈ˄ˍ˖˄Φ  
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ф 
 

2.5 ȳɟɔŬɜŬ ɛɏŰɟɖůɖɠ Űɖɠ ɛŮɗɧŭɞɡ ɇȺɀ əŬɘ ŭŮŭɞɛɏɜŬ USF  

 
ʆ ̌̍ ˊʴʰ˄ˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˍʹ ˂ʺ˕ʹ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˉˇˎ 

ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˊʴʰˋʾʰ ʶʾ˄ʰʽ ˍˇ ²ǘŜƳπн  ̱ ˇˎ ˇʾˁˇˎ [ŀƴŘDŜƻ 
όʶʽˁˈ˄ʰ нΦрΦмπ̄ ʱ˄˖ύΦ  

 

 
ȺɘəɧɜŬ 2.5.1 (ŮˊɎɜɤ) ɇɞ ɧɟɔŬɜɞ ɛɏŰɟɖůɖɠ WTEM-2 əŬɘ ɖ ˊɖɔɐ ɟŮɨɛŬŰɞɠ 

(ɛˊŬŰŬɟɑŬ) ˊɞɡ Űɞ ŰɟɞűɞŭɞŰŮɑ (WTEM-2 User's Manual). (əɎŰɤ) ɇɞ ɚɞɔɘůɛɘəɧ  

Ůɚɏɔɢɞɡ Űɞɡ ɞɟɔɎɜɞɡ. 
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мл 
 

ʁ ˉˇ˃ˉˈˌ ˍˇˎ ˇˊʴʱ˄ˇˎ ʷ˔ʶʽ ˍʱˋʹ ʰˉˈ  мнπнлл± ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʶˉʱʴʶʽ 
ˊʶˏ˃ʰ ʷ˄ˍʰˋʹˌ ˃ʷ˔ˊʽ ˁʰʽ ʹ сл ɮΦ ɶ ʵʽʱˊˁʶʽʰ ˍˇˎ ˉʰ˂˃ˇˏ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʰˉˈ 
мс ǎŜŎ ό˃ʶʴʱ˂ʰ ʲʱʻʹύ ʷ˖ˌ ˁʰʽ лΦло ǎŜŎ ˃ ʶ мл ʶ˄ʵʽʱ˃ʶˋʶˌ ʵʽʰʲʰʻ˃ʾˋʶʽˌΦ ʁ 
ʵʷˁˍʹˌ ˁʰˍʰʴˊʱ˒ʶʽ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ˋʶ ˃ʷ˔ˊʽ ˁʰʽ ом ˔ˊˇ˄ʽˁʱ ˉʰˊʱʻˎˊʰΦ ʆˇ ˈˊʴʰ˄ˇ 
ʶ˂ʷʴ˔ʶˍʰʽ ʰˉˈ ʶʽʵʽˁˈ ˂ˇʴʽˋ˃ʽˁˈ όɳʽˁˈ˄ʰ нΦрΦм πˁ ʱˍ˖ύ ˉˇˎ ʶʾ˄ʰʽ ˒ˇˊˍ˖˃ʷ˄ˇ ˋʶ  
ǘŀōƭŜǘ  ˁʰʽ ʶˉʽˁˇʽ˄˖˄ʶʾ ˃ʶ ˍˇ ˈˊʴʰ˄ˇ ˃ʷˋ˖  .ƭǳŜǘƻƻǘƘΦ 

 ʁʽ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋˍˇ  ǘŀōƭŜǘ ̀ ʶ 
ˍˎˉˇˉˇʽʹ˃ʷ˄ˇ ʰˊ˔ʶʾˇ ˃ʶ ˁʰˍʱ˂ʹ˅ʹ ¦{C ό¦ƴƛǾŜǊǎŀƭ {ǳōǝǘƭŜ CƻǊƳŀǘύ ̱̌  ˇˉˇʾˇ 
ʶʾ˄ʰʽ ˍˏˉˇˎ !{/L ˁ ʰ ̔˃ ˉˇˊʶʾ ʱ˃ʶˋʰ ˄ʰ ʵʽʰʲʰˋˍʶʾ ˃ʷˋ˖ ˋʹ˃ʶʽ˖˃ʰˍʱˊʽˇˎ ʺ 
ˇˉˇʽˇˎʵʺˉˇˍʶ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʰ˄ˇʾʴʶʽ ˁʰʽ ʶˉʶ˅ʶˊʴʱʸʶˍʰʽ ʰˊ˔ʶʾʰ ˍˏˉˇˎ ΦǘȄǘ 
όʰˊ˔ʶʾʰ !{/LύΦ ʆˇ ʰˊ˔ʶʾˇ ʰˎˍˈ ˉʰˊʷ˔ʶʽ ̍˂ʶˌ ˍʽˌ ̝ˊʺˋʽ˃ʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ 
˃ʷˍˊʹˋʹ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽΦ ɮˊ˔ʽˁʱ ˁʰˍʰʴˊʱ˒ʶʽ ˉˈˋʶˌ ʲˎʻˇˋˁˇˉʺˋʶʽˌ 
ό{ƻǳƴŘƛƴƎǎύ ̫ ʴʽ˄ʰ˄ ˋˍ ̌ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˊˇ˒ʾ˂Φ ɳˉʾˋʹˌΣ ˁʰˍʰʴˊʱ˒ʶʽ 
ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ʰʸʽ˃ˇˏʻʽˇΣ ˍˇ ˈˊʴʰ˄ˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽΣ ˍʹ ˃ˇ˄ʱʵʰ 
˃ʷˍˊʹˋʹˌ ˍʹˌ ˍʱˋʹˌΣ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ˃ʷˍˊʹˋʹΣ ˍˇ 
˃ʷʴʶʻˇˌ ˍˇˎ ʲˊˈʴ˔ˇˎ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽΣ ˍʹ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ˍʹˌ ˊʱ˃ˉʰˌ 
όwŀƳǇ ¢ƛƳŜΣ ʵʹ˂ʰʵʺ ̌  ˔ˊˈ˄ˇˌ ˉˇˎ ˃ʶˋˇ˂ʰʲʶʾ ʰˉˈ ˍʹ ʵʽʰˁˇˉʺ ˍˇˎ ˉˇ˃ˉˇˏ 
˃ʷ˔ˊʽ ˍʹ˄ ˉˊ˗ˍʹ ˁʰˍʰʴˊʰ˒ʺύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋʶ ʵʽʰʵˇ˔ʽˁʷˌ ˋʶʽˊʷˌ ʵʶʾ˔˄ʶʽ ˍˇ 
ʵˎ˄ʰ˃ʽˁˈ ό±h[¢!D9ύ ˁh ʽ ˍˇ ˋ˒ʱ˂˃ʰ ό9wwhwψ.!wύ ̄ ˇˎ ˁʰˍʷʴˊʰ˕ʶ ˇ ˉˇ˃ˉˈˌ 
ˋʶ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ом ˔ˊˇ˄ʽˁʱ ˉʰˊʱʻˎˊʰ ό¢La9Σ²L5¢IύΦ ʅˍʹ˄ ʶʽˁˈ˄ʰ нΦрΦн  
ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˍˎˉʽˁˈ ʵʶʾʴ˃ʰ ʰˊ˔ʶʾˇˎ ¦{CΦ 

ɶ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˎ˄ʶ˔ʾʸʶʽ ˁʰʽ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ʴʽʰ ˈˋʶˌ 
ʲˎʻˇˋˁˇˉʺˋʶʽˌ ό{ƻǳƴŘƛƴƎǎύ ̄́ ʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽΦ    
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мм 
 

 

 
ȺɘəɧɜŬ 2.5.2 ȷɟɢŮɑɞ USF əŬɘ ɞɘ əŬŰŬɔɟŬűɏɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɔɘŬ ɛɑŬ ɛɏŰɟɖůɖ. 

  
ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍʹˌ ˃ʶʽˇˏ˃ʶ˄ʹˌ ˃ʶ ˍˇ˄ ˔ˊˈ˄ˇ ˍʱˋʹ ˃ʶ 

ˁʰˍʱ˂˂ʹ˂ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˉˊˇˁˏˉˍʶʽ ʹ ˒ʰʽ˄ˈ˃ʶ˄ʹ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌ ˋʶ 
ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ˄ ˔ˊˈ˄ˇΦ  
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мн 
 

 
ȺɘəɧɜŬ 2.5.3 ɀɏŰɟɖůɖ Űɖɠ ɛŮɘɞɨɛŮɜɖɠ ŰɎůɖɠ ɛɑŬɠ ɛɏŰɟɖůɖɠ ɇȺɀ əŬɘ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

űŬɘɜɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ɑŭɘŬɠ ɛɏŰɟɖůɖɠ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞɜ ɢɟɧɜɞ. 

 

 

 ʂˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌΣ ʹ 
ˍʱˋʹ ˂ˈʴ˖ ˍʹˌ ˃ʶʴʱ˂ʹˌ ʰˉˈˋʲʶˋʹˌ ˃ʶʽ˗˄ʶˍʰʽ ʵʽʰˊˁ˗ˌ ˈˋˇ ˉʶˊ˄ʱʶʽ ˇ ˔ˊˈ˄ˇˌΣ ˖ˋˍˈˋˇ 
ʹ ˎˉˇ˂ˇʴʽˋ˃ʷ˄ʹ ˒ʰʽ˄ˈ˃ʶ˄ʹ ʹ˂ʶˁˍˊʽˁʺ ʰ˄ˍʾˋˍʰˋʹ h ˎ˅ʱ˄ʶˍʰʽ ̋  ˃ʶʽ˗˄ʶˍʰʽ  ̍ ˍʰ˄ ˍˇ 
ˊʶˏ˃ʰ ˋˎ˄ʰ˄ˍʺˋʶʽ ʷ˄ʰ˄ ˁʰˁˈ ʺ ˁʰ˂ˈ ʰʴ˖ʴˈΣ h˄ ˍʾˋˍˇʽ˔ʰ όʶʽˁˈ˄ʰ нΦрΦоύΦ  
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мо 
 

3. ȸɞɖɗɖŰɘəɧ ˊɟɧɔɟŬɛɛŬ ɡˊɞɚɞɔɘůɛɞɨ űŬɘɜɧɛŮɜɖɠ 

ŬɜŰɑůŰŬůɖɠ 

 
3.1 ɀɏɗɞŭɞɠ- ɇɨˊɞɘ  

 
ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʶˊʴʰˋʾʰˌ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʷ˄ʰ ʲˇʹʻʹˍʽˁˈ 

ˉˊˈʴˊʰ˃˃ʰ ̀ ˍ ́ɹ ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ aŀǘ[ŀōΣ ˍˇ ˇˉˇʾˇ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ 
˒ʰʽ˄ˈ˃ʶ˄ʹ ʰ˄ˍʾˋˍʰˋʹ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ 
ˍʽˌ ʲˎʻˇˋˁˇˉʺˋʶʽˌ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˉʰˊˇʵʽˁ˗˄ ˉʶʵʾ˖˄Φ  

ɱʽʰ ˍ̌ ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˒ʰʽ˄ˈ˃ʶ˄˖˄ ʰ˄ˍʽˋˍʱˋʶ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ 
ˇ ̔ʁ ˅ʽˋ˗ˋʶʽˌ ˉˇˎ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋˍʹ˄ ʶˊʴʰˋʾʰ {Ƙǳ ̧ ŀƴ ˁ ΦʰΦ όнллфύΦ ɶ ˉˊ˗ˍʹ 
ʶ˅ʾˋ˖ˋʹ ˉˇˎ ʰ˅ʽˇˉˇʽʺʻʹˁʶ ˋˍˇ˄ ˁ˗ʵʽˁʰ ʰ˒ˇˊʱ ˍʹ˄ ˒ʰʽ˄ˈ˃ʶ˄ʹ ʹ˂ʶˁˍˊʽˁʺ 
ʰ˄ˍʾˋˍʰˋʹΦ  

 

  όоΦмύ 
  

  

 ɾʶ ˍʹ˄ ˉʰˊʰˉʱ˄˖ ʶ˅ʾˋ˖ˋʹ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˒ʰʽ˄ˈ˃ʶ˄ʹ ʶʽʵʽˁʺ 
ʹ˂ʶˁˍˊʽˁʺ ʰ˄ˍʾˋˍʰˋʹ όˊύh ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍʹ˄ h̄ˈ˂ˎˍʹ ʵʽʹ˂ʶˁˍˊʽˁʺ ˋˍʰʻʶˊʱ 
ˍˇˎ ˁʶ˄ˇˏ л˃Σ ʹ ˇˉˇʾʰ ʽˋˇˏˍʰʽ ˃ʶ ˃лҐп̄млπтΣ ˍˇ˄ ˔ˊˈ˄ˇ όǘύ ˁh ʽ ˍʹ˄ ˍʱˋʹ ό±ύ ̄ˇˎ 
ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍˇ ˔ˊˇ˄ʽˁˈ ˉʰˊʱʻˎˊˇ ˍʹˌ ʲˎʻˇˋˁˈˉʹˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˋˍʰ ŀΣō ̱ʰ 
ˇˉˇʾʰ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ˃ʺˁˇˌ ˁʰʽ ˍˇ ˉ˂ʱˍˇˌ ˍˇˎ ʲˊˈʴ˔ˇˎ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 
ʴʽʰ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ όŀҐō  ̀ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʶˍˊʰʴ˖˄ʽˁˇˏ ʲˊˈ˔ˇˎύΦ  
 ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˅ʽˇˉˇʽʶʾˍʰʽ ˃ʾʰ ʰˁˈ˃ʰ ʶ˅ʾˋ˖ˋʹ ˍʹˌ ʾʵʽʰˌ ʵʹ˃ˇˋʾʶˎˋʹˌΣ 
ʹ ˇˉˇʾʰ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌΦ ɮˎˍˈ ˉˊˇˁˏˉˍʶʽ ʰ˒ˇˏ ˎˉˇ˂ˇʴʽˋˍʶʾ ʹ 
˒ʰʽ˄ˈ˃ʶ˄ʹ ʹ˂ʶˁˍˊʽˁʺ ʰ˄ˍʾˋˍʰˋʹΣ ʰ˒ˇˏ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ 
ʰˎˍʺΦ  
 

   όоΦнύ 
 

ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌ όɶύ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ʷ˄ʰ˄ 
ˋˎ˄ˍʶ˂ʶˋˍʺ ʵʽˈˊʻ˖ˋʹˌ  ɼΣ ˇ ˇˉˇʾˇˌ ˋˎ˄ʺʻ˖ˌ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊˇˌ ˍˇˎ м όɼғмΣ лΦп 
ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰύΣ ˍʹ˄ ˒ʰʽ˄ˈ˃ʶ˄ʹ ʹ˂ʶˁˍˊʽˁʺ ʰ˄ˍʾˋˍʰˋʹ όˊύh ˉˇˎ 
ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˅ʾˋ˖ˋʹΣ ˍˇ˄ ˔ˊˈ˄ˇ όǘύ ̄ ˇˎ ˉˊˇʷˁˎ˕ʶ 
ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ ˍʹ˄  ʰˉˈ˂ˎˍʹ ʵʽʹ˂ʶˁˍˊʽˁʺ ˋˍʰʻʶˊʱ ˍˇˎ ˁʶ˄ˇˏ л˃Σ ʾˋʹ ˃ʶ 

л˃Ґп̄млπтΦ 
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мп 
 

3.2 ɄŬɟɎŭŮɘɔɛŬ ȺűŬɟɛɞɔɐɠ ůŮ ɛɘŬ ɓɡɗɞůəɧˊɖůɖ 

 
ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ ˍˏˉ˖˄ ʶ˄ʵʶʽˁˍʽˁʱ 

ˋˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˃ʾʰ̩ ̡ ˎʻˇˋˁˈˉʹˋʹΦ̩ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˃ʾʰ 
ʲˎʻˇˋˁˈˉʹˋʹ h˒ˇˊˇˏ˄ ˍʹ ˃ʷˍˊʹˋʹ ˍˇˎ ʵʶˎˍʶˊˇʴʶ˄ˇˏˌ ˉʶʵʾˇˎ ̀ʶ ʷ˄ʰ ˋʹ˃ʶʾˇ 
ˉˇˎ ˉˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ˍʹ ʵʽʱ˔ˎˋʹ ˊʶˏ˃ʰˍˇˌ ˃ʷˋ˖ ˍˇˎ ˉˇ˃ˉˇΦˏ ʃˊˇˁˏˉˍʶʽ ʹ 
˃ʷˍˊʹˋʹ ˍʹˌ ˃ʶʽˇˏ˃ʶ˄ʹˌ ˍʱˋʹˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ˄ ˔ˊˈ˄ˇΦ ɴˉʶʽˍʰΣ ˃ʷˋ˖ ˍʹˌ 
ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˃ʶ ˍʽˌ ʶ˅ʽˋ˗ˋʶʽˌ ˉˇˎ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˉˊˇˁˏˉˍʶʽ ʹ ˒ʰʽ˄ˈ˃ʶ˄ʹ 
ʹ˂ʶˁˍˊʽˁʺ ʰ˄ˍʾˋˍʰˋʹ ˁʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌ ˋˍˇ ˋʹ˃ʶʾˇ ˉˇˎ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʹ ʲˎʻˇˋˁˈˉʹˋʹ όʶʽˁˈ˄ʰ оΦнΦмύ ˁʰʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ʷˉʶʽˍʰ 
ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ оΦм ˉˊˇˁˏˉˍʶʽ ʹ ˒ʰʽ˄ˈ˃ʶ˄ʹ ʰ˄ˍʾˋˍʰˋʹ 
όʶʽˁˈ˄ʰ оΦнΦнύΦ  

  
 

 
ȺɘəɧɜŬ 3.2.1 ȼ ɛɏŰɟɖůɖ Űɖɠ ɛŮɘɞɨɛŮɜɖɠ ŰɎůɖɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɛɑŬ ɓɡɗɞůəɧˊɖůɖ 

ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞɜ ɢɟɧɜɞ.   
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мр 
 

 
ȺɘəɧɜŬ 3.2.2 Ƀɘ Űɘɛɏɠ Űɖɠ űŬɘɜɧɛŮɜɖɠ ŬɜŰɑůŰŬůɖɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ɛŮɘɞɨɛŮɜɖɠ ŰɎůɖɠ.  

 

 ʆʷ˂ˇˌΣ ʰ˒ˇˏ ˎˉˇ˂ˇʴʽˋˍʶʾ ́  ˒ʰʽ˄ˈ˃ʶ˄ʹ ʰ˄ˍʾˋˍʰˋʹΣ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˍˇ 
˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌ όʶʽˁˈ˄ʰ оΦнΦоύ ʴʽʰ ˁʱʻʶ ˉʰˊʱʻˎˊˇ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 
ʶ˅ʾˋ˖ˋʹˌ оΦнΦ  
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мс 
 

 
ȺɘəɧɜŬ 3.2.3 Ƀɘ Űɘɛɏɠ Űɞɡ űŬɘɜɧɛŮɜɞɡ ɓɎɗɞɡɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ɛŮɘɞɨɛŮɜɖɠ ŰɎůɖɠ əŬɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ űŬɘɜɧɛŮɜɖɠ 

ŬɜŰɑůŰŬůɖɠ.  

 

 

3.3 ȺűŬɟɛɞɔɐ ůŮ Űɞɛɐ (2D) 

 
ɶ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ʰ˄ʰ˂ˏʻʹˁʶ ˉʰˊʰˉʱ˄˖ ʰ˒ˇˊʱ ˃ʾʰ ʲˎʻˇˋˁˈˉʹˋʹΦ 

ʂˍʰ˄ ʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋʶ ˈ˂ʶˌ ˍʽˌ ̡ ˎʻˇˋˁˇˉʺˋʶʽˌ ˉˇˎ 
ʷ˔ˇˎ˄ ˂ʹ˒ʻʶʾ ˋʶ ʷ˄ʰ ˉˊˇ˒ʾ˂ ˉˊˇˁˏˉˍʶʽ ˃ʾʰ ˍˇ˃ʺ  ɹ ʽʰ ˍʹ˄ ˇˉˇʾʰ ̫ ˔ʶʽ 
ˎˉˇ˂ˇʴʽˋˍʶʾ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌ ˁ ʰʽ ʹ ˒ʰʽ˄ˈ˃ʶ˄ʹ ́ ˂ʶˁˍˊʽˁʺ h ˄ˍʾˋˍʰˋʹ ʴʽʰ 
ˁʱʻʶ ˃ʷˍˊʹˋʹ ˍʹˌ ʲˎʻˇˋˁˈˉʹˋʹˌ ˍˇˎ ˉˊˇ˒ʾ˂Φ ɱʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˊʴʰˋʾʰ 
ˁʱʻʶ ˉˊˇ˒ʾ˂ ʰˉˇˍʶ˂ʶʾˍʰʽ h ˉˈ нл ʲˎʻˇˋˁˇˉʺˋʶʽˌ ˃ ʶˍˊʹ˃ʷ˄ʶˌ ʰ˄ʱ м ˃ʷˍˊˇΣ 
ʶˉˇ˃ʷ˄˖ˌ ˁʱʻʶ ˉˊˇ˒ʾ˂ ˃ʷˍˊʹˋʹˌ ʷ˔ʶʽ ˃ʺˁˇˌ нл ˃ʷˍˊʰΦ ɮ˒ˇˏ ˎˉˇ˂ˇʴʽˋˍʶʾ ʹ 
˒ʰʽ˄ˈ˃ʶ˄ʹ ʶʽʵʽˁʺ ʹ˂ʶˁˍˊʽˁʺ ʰ˄ˍʾˋˍʰˋʹ ˁʰʽ ˍˇ ˒ ʰʽ˄ˈ˃ʶ˄ˇ ̡ ʱʻˇˌ ʴʽʰ ˁʱʻʶ 
˔ˊˇ˄ʽˁˈ ˉʰˊʱʻˎˊˇ ˁʱʻʶ ʲˎʻˇˋˁˈˉʹˋʹˌ ˃ʷˋ˖ ˍˇˎ ʲˇʹʻʹˍʽˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 
ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˍˇ˃̋ ˃ʶ ̱̔ˌ ʽˋπ̌h ˄ˍʽˋˍʰˍʽˁʷˌ ˁʰ˃ˉˏ˂ʶˌ ʴʶ˃ʽˋ˃ʷ˄ʶˌ ˃ʶ ˔ˊ˗˃ʰˍʰ 
ʲʱˋʶʽ ˔ˊ˖˃ʰˍʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ˇˎˊʱ˄ʽˇˎ ˍˈ˅ˇˎΦ ʆˎˉʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ˍʷˍˇʽʰˌ 
ˍˇ˃ʺˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ʶʽˁˈ˄ʰ оΦоΦмΦ 
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мт 
 

 
ȺɘəɧɜŬ 3.3.1 ɇɞɛɐ (ˊɟɞűɑɚ) Űɤɜ űŬɘɜɧɛŮɜɤɜ ŬɜŰɘůŰɎůŮɤɜ əŬɘ Űɤɜ űŬɘɜɧɛŮɜɤɜ 

ɓŬɗɩɜ ɛŮ əɚɑɛŬəŬ ɞɡɟɎɜɘɞɡ Űɧɝɞɡ. 

 

3.4 ȺűŬɟɛɞɔɐ ůŮ ŰɟɘůŭɘɎůŰŬŰɖ ˊɟɞɓɞɚɐ 

 
ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˋˎ˄ʵˎʱʸˇ˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˈ˂˖˄ ˍ˖˄ ʵʽˋʵʽʱˋˍʰˍ˖˄ 

ˉˊˇʲˇ˂˗˄Σ ʵʹ˂ʰʵʺ ˈ˂˖˄ ˍ˖˄ ʴˊʰ˃˃˗˄ ˋˍʽˌ ˇˉˇʾʶˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ 
ʲˎʻˇˋˁˇˉʺˋʶʽˌΣ ˉˊˇˁˏˉˍʶʽ ˃ʷˋ˖ ˍˇˎ ʲˇʹʻʹˍʽˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 
ˍˊʽˋʵʽʱˋˍʰˍʹ ˉˊˇʲˇ˂ʺ ˇ˂ˈˁ˂ʹˊˇˎ ˍˇˎ ˔˗ˊˇˎ ˋˍˇ˄ ˇˉˇʾˇ ˂ʺ˒ʻʹˁʰ˄ 
˃ʶˍˊʺˋʶʽˌ ˃ʶ ˉ˂ʹˊˇ˒ˇˊʾʰ ʴʽʰ ˍʹ˄ ˒ʰʽ˄ˈ˃ʶ˄ʹ ʹ˂ʶˁˍˊʽˁʺ ʰ˄ˍʾˋˍʰˋʹ ˁʰʽ ˍˇˎ 
˒ʰʽ˄̍ ˃ʶ˄ˇˎ ʲʱʻˇˎˌ ʴʽʰ ˁʱʻʶ ˋʹ˃ʶʾˇ όʶʽˁˈ˄ʰ оΦпΦмΦύΦ  
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му 
 

 
ȺɘəɧɜŬ 3.4.1 ɇɟɘůŭɘɎůŰŬŰɖ ˊɟɞɓɞɚɐ Űɖɠ ˊŮɟɘɛɏŰɟɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮŰɟɐůŮɤɜ  ɛŮ 
ˊɚɖɟɞűɞɟɑŬ Űɖɠ űŬɘɜɧɛŮɜɖɠ ŬɜŰɑůŰŬůɖɠ əŬɘ Űɞɡ űŬɘɜɧɛŮɜɞɡ ɓɎɗɞɡɠ ůŮ ɧɚŬ ŰŬ 

ůɖɛŮɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮ ɢɟɤɛŬŰɘəɐ əɚɑɛŬəŬ ɞɡɟɎɜɘɞɡ Űɧɝɞɡ.   
 
 

3.5 ɄŮɟɘɔɟŬűɐ Űɞɡ ɓɞɖɗɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ 

 
ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ʵʾ˄ʶˍʰʽ ˃ʽʰ ˋˏ˄ˍˇ˃ʹ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ʲˇʹʻʹˍʽˁˇˏ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˉˇˎ ˉʶˊʽʶʴˊʱ˒ʹˁʶΦ ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ˉʰˊʰˍʾʻʶˍʰʽ 
ˇ ˋ˔ʶˍʽˁˈˌ ˁ˗ʵʽˁʰˌ ǘŜƳψǳǎŦΦƳ όɹ ˂˗ˋˋʰ aŀǘ[ŀōύΦ  ɮˊ˔ʽˁʱΣ ˉˊʷˉʶʽ ˄ʰ 
ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʷ˄ʰ ʰˊ˔ʶʾˇ ʶˉʽˁʶ˒ʰ˂ʾʵʰ όƘŜŀŘŜǊ ŬƭŜύΣ ˍˇ ˇˉˇʾˇ ˇˎˋʽʰˋˍʽˁʱ 
ˁʰˍʶˎʻˏ˄ʶʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˋˍˇ ˉˇʽʰ ʰˊ˔ʶʾʰ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽ ˁʰˍʱ ˍʹ˄ 
ʶˁˍʷ˂ʶˋʹ ˍˇˎ ̄ˊˇʴˊʱ˃˃ʰˍˇˌ όʁ ʽˁˈ˄ʰ оΦрΦмύΦ  
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мф 
 

 
ȺɘəɧɜŬ 3.5.1 ɇɞ ŬɟɢŮɑɞ ŮˊɘəŮűŬɚɑŭŬ (header file), Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŮɠ Űɘɠ 

ɔɟŬɛɛɏɠ ɓɡɗɞůəɧˊɖůɖɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ. 

 

  
 ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍʹ ˄̄ ʰˊʰˉʱ˄˖ ʶ̔ ˁˈ˄ʰ ̱ ˇ ʰˊ˔ʶʾˇ ʰˎˍˈ ʶʾ˄ʰʽ ʷ˄ʰ 
ʰˊ˔ʶʾˇ ΦǘȄǘΣ ˋˍˇ ˇˉˇʾˇ ˋˍʹ˄ ˉˊ˗ˍʹ ˋˍʺ˂ʹ ʰ˄ʰʴˊʱ˒ʶˍʰʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ΦǳǎŦ 
ʰˊ˔ʶʾˇˎ ˉˇˎ ̄ˊʷˉʶʽ ˄ʰ ʰ˄ˇʾ˅ʶʽ ˁʰʽ ˄ʰ ʵʽʰʲʱˋʶʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˁʰʽ ˋˍʹ ʵʶˏˍʶˊʹ 
ˋˍʺ˂ʹ ʰ˄ʰʴˊʱ˒ʶˍʰʽ ˍˇ ˋʹ˃ʶʾˇ ˋˍˇ˄ ʱ˅ˇ˄ʰ ʇ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˍˇ ˁʱʻʶ ˉˊˇ˒ʾ˂ 
˃ʶ ˍʽˌ ʲˎʻˇˋˁˇˉʺˋʶʽˌ ¢9aΦ ʆˇ ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ʰ˄ʰʴˊʱ˒ʶˍʰʽ ˋˍˇ ʰˊ˔ʶʾˇ 
ʶˉʽˁʶ˒ʰ˂ʾʵʰ ʵʽˈˍʽ ʹ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʵʶ˄ ʶʾ˄ʰʽ ˉʱ˄ˍʰ 
ˋˍʰʻʶˊʺ ˁʰʽ ˍˇ ʰˊ˔ʶʾˇ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʽˌ ʰˉˇˋˍʱˋʶʽˌ ʰˎˍʷˌ ˋˍʰ ʵʽʱ˒ˇˊʰ 
ʴˊʰ˒ʺ˃ʰˍʰ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾΣ ʶˉˇ˃ʷ˄˖ˌ ˔ˊʶʽʱʸʶˍʰʽ ʶ˅Ω ʰˊ˔ʺˌ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ 
ˍˇˎ ˋʹ˃ʶʾˇˎ ʷ˄ʰˊ˅ʹˌ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˋˍˇ˄ ʱ˅ˇ˄ʰ Φ̧ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋˍʽˌ 
˃ʶˍˊʺˋʶʽˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˊʴʰˋʾʰ ˉʰˊʰˍʹˊʶʾˍʰʽ 
ˉ˖ˌ ˃ʾʰ ˃ʷˍˊʹˋʹ ʰˉʷ˔ʶʽ ˃ʽˋˈ ˃ʷˍˊˇ ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˁʰʽ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ 
ʰ˄ˍʾ ʴʽʰ м ˃ʷˍˊˇΣ ʶ˄˗ ˃ʾʰ ʱ˂˂ʹ ʰˉʷ˔ʶʽ н ˃ʷˍˊʰ ʰ˄ˍʾ ʴʽʰ м ʰˉˈ ˍʹ˄ ʶˉˈ˃ʶ˄ʹΦ  
 ʆˇ ˉˊˈʴˊʰ˃˃ʰ ˃ˈ˂ʽˌ ʶˁˍʶ˂ʶˋˍʶʾ ʵʹ˃ʽˇˎˊʴʶʾ ˋˍˇ˄ ˒ʱˁʶ˂ˇ ˉˇˎ 
ʲˊʾˋˁˇ˄ˍʰʽ ˍʰ ʰˊ˔ʶʾʰ ΦǳǎŦ ̫ ˄ʰ˄ ˄ʷˇ ˒ʱˁʶ˂ˇ ˃ʶ ˈ˄ˇ˃ʰ ΨhǳǘǇǳǘψDǊŀǇƘǎΩ ̍ ˉˇˎ 
ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˈ˂ʰ ˍʰ ʴˊʰ˒ʺ˃ʰˍʰ ˉˇˎ ʻʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʺ 
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ˍˇˎΦ ɳˉʾˋʹˌΣ ˉˊˇˍˇˏ ˅ʶˁʽ˄ʺˋʶʽ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ʸʹˍʱʶʽ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ ˍʹ˄ 
ʶʽˋʰʴ˖ʴʺ ˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ɼΣ ˇ ˇˉˇʾˇˌ ʶʾ˄ʰʽ ʷ˄ʰˌ ʵʽˇˊʻ˖ˍʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺ ̩̀ˍʹ˄ 
ʶ˅ʾˋ˖ˋʹ оΦм ˁʰʽ ˉʰʾˊ˄ʶʽ ˍʽ˃ʷˌ ˋˎ˄ʺʻ˖ˌ ˃ʽˁˊˈˍʶˊʶˌ ˍˇˎ м ˁʰʽ ʶˉʹˊʶʱʸʶʽ ˍʽˌ 
ˍʽ˃ʷˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁʰʽ ˍˇˎ ˒ʰʽ˄ˈ˃ʶ˄ˇˎ ʲʱʻˇˎˌ ˉˇˎ 
ˎˉˇ˂ˇʴʾʸʶʽ ʰˊʴˈˍʶˊʰΦ ɾʶˍʱ ʰˉˈ ʵˇˁʽ˃ʷˌ ˁʰˍʰ˂ʺ˅ʰ˃ʶ ˈˍʽ ʴʽʰ ̱ʽˌ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ 
ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˇ ˉʽˇ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʵʽˈˊʻ˖ˋʹˌ ʶʾ˄ʰʽ ˇ ɼҐлΦп 
ˁʰʻ˗ˌ ʵʾ˄ʶʽ ˊʶʰ˂ʽˋˍʽˁʷˌ ˍʽ˃ʷˌ ʴʽʰ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʲʱʻʹΦ  
 ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʰ˄ˇʾʴʶʽ ˁʰʽ ʵʽʰʲʱʸʶʽ ˃ʶ ˍʹ ˋʶʽˊʱ ˉˇˎ 
ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ ƘŜŀŘŜǊ ŬƭŜ ̱ʰ ΦǳǎŦ hˊ˔ʶʾʰΦ ɳˉˇ˃ʷ˄˖ˌΣ ˋˍʹ˄ ˉˊ˗ˍʹ ʶˁˍʷ˂ʶˋʹ 
ʰ˄ˇʾʴʶʽ ˁʰʽ ʵʽʰʲʱʸʶʽ ̱ˇ ʰˊ˔ʶʾˇ ΨнŘψƭƴмΦǳǎŦΩΦ ʅʶ ʰˎˍˈΣ ʵʽʰʲʱʸʶʽ ˁʰʽ ʰˉˇʻʹˁʶˏʶʽ 
ʵʽʱ˒ˇˊʶˌ ˔ˊʺˋʽ˃ʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʰ ʴʶ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ 
˃ʶˍˊʺˋʶ˖˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰˉˇʻʹˁʶˏʶʽ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ ʲˊˈʴ˔ˇˎ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽΣ ˁʰʻ˗ˌ ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ 
˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʰ˄ˍʾˋˍʰˋʹˌΣ ˁʰʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˒ˇˊ˗˄ ˉˇˎ ˋˍʱ˂ʻʹˁʶ ˊʶˏ˃ʰ ʰˉˈ 
ˍˇ˄ ˉˇ˃ˉˈ ˋˍˇ ʷʵʰ˒ˇˌ ̀ʶ ˁʱʻʶ ʲˎʻˇˋˁˈˉʹˋʹ όǇƻƛƴǘǎύΦ  
 ɴˉʶʽˍʰΣ ̱ˇ ˉˊˈʴˊʰ˃˃ʰ ʵʽʰʲʱʸʶʽ ˍʽˌ ˋˍʺ˂ʶˌ ˍˇˎ ΦǳǎŦ hˊ˔ʶʾˇˎ ˋˍʽˌ ˇˉˇʾʶˌ 
ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ʹ ˍʽ˃ʺ ˍʹˌ ˍʱˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˉˇˎ ʷʴʽ˄ʶ ʹ 
ˁʰˍʰʴˊʰ˒ʺ ɹ ʽʰ ˁʱʻʶ ˃ʽʰ ʲˎʻˇˋˁˈˉʹˋʹ ˍˇˎ ˉˊˇ˒ʾ˂Φ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ 
˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʽˌ ˍʽ˃ʷˌ ʰˎˍʷˌ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ ˒ʰʽ˄ˈ˃ʶ˄ʹ ʹ˂ʶˁˍˊʽˁʺ 
ʰ˄ˍʾˋˍʰˋʹ ˁ ʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌ ʴʽʰ ˍˇ ˉˊˇ˒ʾ˂ ˁ ʱ˄ˇ˄ˍʰˌ ˔ˊʺˋʹ ˍ˖˄ 
ʶ˅ʽˋ˗ˋʶ˖˄ ˉˇˎ ˉʶˊʽʶʴˊʱ˒ʹˁʰ˄ όʶ˅ʽˋ˗ˋʶʽˌ оΦм ˁʰʽ оΦнύΦ 
 ɾʶˍʱ ʰˉˈ ʰˎˍʺ ˍʹ ʵʽʰʵʽˁʰˋʾʰΣ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʵʹ˃ʽˇˎˊʴʶʾ ˃ʽʰ ˍˇ˃ʺ 
ʵʶʵˇ˃ʷ˄˖˄ ʋΣ ɵ ˃ʁ  ˍˇ ʋ ˄ʰ ʶʾ˄ʰʽ ʹ ʻʷˋʹ ˍˇˎ ˋʹ˃ʶʾˇˎ ˋˍˇ˄ ʱ˅ˇ˄ʰ ˍˇˎ ˃ʺˁˇˎˌ 
όˇˎˋʽʰˋˍʽˁʱ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ ʻʷˋʹ ˍʹˌ ˁʱʻʶ ʲˎʻˇˋˁˈˉʹˋʹˌύ ˁʰʽ  ˍˇ ½  ˄ʰ ʶʾ˄ʰʽ 
ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌ ˍˇˎ ˋʹ˃ʶʾˇˎΦ ʃʱ˄˖ ˋʶ ʰˎˍˈ˄ ˍˇ ɻʾˁˍˎˇ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˇʽ 
ʰ˄ˍʾˋˍˇʽ˔ʶˌ  ̱ʽ˃ʷˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ 
ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ʵʽˋʵʽʱˋˍʰˍˇ ˔ˊ˖˃ʰˍʽˋ˃ʷ˄ˇ ˔ʱˊˍʹ 
ʽˋˇː˕˗˄ όCƛƭƭŜŘ нπ5 ŎƻƴǘƻǳǊ Ǉƭƻǘύ ̍ˉˇˎ h̄ ˇˍˎˉ˗˄ˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ̱ ʹˌ 
˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋˍʰ ʵʽʱ˒ˇˊʰ ʲʱʻʹ ˃ʶ ˍʹ ˔ˊʺˋʹ 
˔ˊ˖˃ʰˍʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ̌ˎˊʱ˄ʽˇˎ ˍˈ˅ˇˎ όˉΦ̝Φ ɳʽˁˈ˄ʰ оΦрΦнύΦ  

ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˋʶ ʰˎˍˈ ˋˍˇ ˋʹ˃ʶʾˇ ˈˍʽ ʴʽʰ ˂ˈʴˇˎˌ ˁʰ˂ˏˍʶˊʹˌ 
ʰˉʶʽˁˈ˄ʽˋʹˌ ό˃ʽˁˊˈˍʶˊˇ ʵˎ˄ʰ˃ʽˁˈ ʶˏˊˇˌύ ʶˉʽ˂ʷʴʶˍʰʽ ˄ʰ ˔ʰˊˍˇʴˊʰ˒ʹʻʶʾ ˇ 
˂ˇʴʱˊʽʻ˃ˇˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˁʰʽ ˈ˔ʽ ʰˉʶˎʻʶʾʰˌ 
ʹ ˒ʰʽ˄ˈ˃ʶ˄ʹ ʰ˄ˍʾˋˍʰˋʹΦ 
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ȺɘəɧɜŬ 3.5.2 ɄŬɟɎŭŮɘɔɛŬ ŭɘůŭɘɎůŰŬŰɞɡ ɢɟɤɛŬŰɘůɛɏɜɞɡ ɢɎɟŰɖ ɘůɞɦɣɩɜ ˊɞɡ 

ŭɖɛɘɞɡɟɔŮɑ Űɞ ˊɟɧɔɟŬɛɛŬ. 

 

 ɮ˒ˇˏ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʴʽʰ ˍˇ ˉˊ˗ˍˇ ʰˊ˔ʶʾˇ όʵʹ˂Φ 
ˉˊˇ˒ʾ˂ύΣ ̱ˇ ˂ˇʴʽˋ˃ʽˁˈ ̄ˊˇ˔˖ˊʱʶʽ ˋˍʰ ʶˉˈ˃ʶ˄ʰ ˉˊˇ˒ʾ˂ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ 
ˋ̱ ˇ ʰˊ˔ʶʾˇ ʶˉʽˁʶ˒ʰ˂ʾʵʰ όIŜŀŘŜǊ ŬƭŜύ ˁ ʰʽ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ʰˁˊʽʲ˗ˌ ˍʹ˄ ʾʵʽʰ 
ʵʽʰʵʽˁʰˋʾʰ ɹʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ʰˎˍʱΦ 
 ɾˈ˂ʽˌ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ˍˇ˃˗˄ ʴʽʰ ˁʱʻʶ ˉˊˇ˒ʾ˂ ˍˇˎ 
ƘŜŀŘŜǊ ŬƭŜ ̱ˇ ˉˊˈʴˊʰ˃˃ʰ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˄ʷˇ ˁʱ˄˄ʰʲˇ ʵʶʵˇ˃ʷ˄˖˄Σ ʰˎˍʺ ˍʹ 
˒ˇˊʱ ˍˊʽˋʵʽʱˋˍʰˍˇ ˋˎ˄ʵˎʱʸˇ˄ˍʰˌ ˈ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ ˉˊˇ˒ʾ˂ ˃ʶ ʲʱˋʹ ˍʹ ʻʷˋʹ 
ˍˇˎˌ ˋˍˇ ʱ˅ˇ˄ʰ ʇ όˉ˂ʱˍˇˌύ ʲʱˋʶʽ ˍʹˌ ʵʶˏˍʶˊʹˌ ˋˍʺ˂ʹˌ ˍˇˎ ʰˊ˔ʶʾˇˎ 
ʶˉʽˁʶ˒ʰ˂ʾʵʰˌ όƘŜŀŘŜǊ ŬƭŜύ όʶʽˁˈ˄ʰ оΦрΦмύΦ ʅˍˇ ˍʶ˂ʽˁˈ ʰˊ˔ʶʾˇ ˁʱʻʶ ˃ʷˍˊʹˋʹ ʷ˔ʶʽ 
ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ʋΣ ʇΣ ɵΦ ʍˌ ʋ ̌ ˊʾʸʶˍʰʽ ʹ ʻʷˋʹ ̱ ʹˌ ˃ʷˍˊʹˋʹˌ ˋˍˇ ʱ˅ˇ˄ʰ ˍˇˎ 
˃ʺˁˇˎˌΣ ʇ ʹ ʻʷˋʹ ˍʹˌ ˋˍˇ˄ ʱ˅ˇ˄ʰ ˍˇˎ ˉ˂ʱˍˇˎˌ ˁʰʽ ɵ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʲʱʻˇˌ ˍʹˌΦ 
ʅʁ  ˁʱʻʶ ˋʹ˃ʶʾˇ ʰ˄ˍʽˋˍˇʽ˔ʾʸʶˍʰʽ ʹ ̱ʽ˃̋ ̱ ʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ 
ˁʰʽ ʶʽʵʽˁˈˍʶˊʰ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˗ˋˍʶ ˄ʰ ʵʹ˃ʽˇˎˊʴʶʾˍʰ ̫̔ ˄ʰˌ ˉ˂ʺˊ˖ˌ 
ˍˊʽˋʵʽʱˋˍʰˍˇ ̩̝ʱˊˍʹˌ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ 

ɰʱˋʶʽ ʰˎˍˇˏ ˍˇˎ ˔ʱˊˍʹ ˉˊˇʲʱ˂˂ˇ˄ˍʰʽ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ  ̌ ˊʽʸˈ˄ˍʽʶˌ 
ˍˇ˃ʷˌ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʲʱʻʹ όŘŜǇǘƘπǎƭƛŎŜǎύ ̱ ˇˎ ˈʴˁˇˎΣ ˁ ʰˍʰˁˈˊˎ˒ʶˌ ˍˇ˃ʷˌ 
όǎŜŎǝƻƴǎύ ̀ʁ  ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉ˂ʱˍʹ ˁʰʽ ˃ʺˁʹ ˍˇˎ ˈʴˁˇˎ ˁʰʻ˗ˌ ˁʰʽ ˋˎ˄ʵˎʰˋ˃ˇʾ 
ˍ˖˄ ˉʰˊʰˉʱ˄˖ όˉΦ˔Φ ʶʽˁˈ˄ʰ оΦрΦоύΦ   
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ȺɘəɧɜŬ 3.5.3 ɄŬɟɎŭŮɘɔɛŬ ŰɟɘůŭɘɎůŰŬŰɞɡ ɢɎɟŰɖ ɛŮ ɢɟɤɛŬŰɘəɐ əɚɑɛŬəŬ əŬɘ 

ɞɟɘɕɧɜŰɘŮɠ Űɞɛɏɠ (Depth-Slices) ůŰɞɜ ɎɝɞɜŬ Ȼ əŬɘ əŬŰŬəɧɟɡűŮɠ Űɞɛɏɠ (sections) 

ůŰɞɡɠ ɎɝɞɜŮɠ ɉ əŬɘ Ɉ ɔɘŬ ɓɎɗɞɠ ɑůɞ ɛŮ 6.25m. 

 

 ʆʷ˂ˇˌΣ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇ ˔ˊʺˋˍʹ ˉˇˎ ˍˇ ʶˁˍʶ˂ʶʾ 
˄ hɻ ʹ˃ʽˇˎˊʴʺˋʶʽ ʷ˄ʰ ˍˊʽˋʵʽʱˋˍʰˍˇ ʴˊʱ˒ʹ˃ʰ ˃ʶ ˈˋʶˌ ʶˉʽ˒ʱ˄ʶʽʶˌ όǎƭƛŎŜǎύ 
ʶˉʽʻˎ˃ʶʾ ˁʰʽ ˄ʰ ˍˇ ˋ˗ˋʶʽ ˋˍˇ ˄˒ ʱˁʶ˂ˇ ˃ ʰʸʾ ˃ ʶ ˍʰ ˎˉˈ˂ˇʽˉʰ ʴˊʰ˒ʺ˃ʰˍʰ 
όʶʽˁˈ˄ʰ оΦрΦпύΦ  

 

 
ȺɘəɧɜŬ 3.5.4 ȼ ɔɟŬɛɛɐ ŮɜŰɞɚɩɜ ůŰɖɜ ɞˊɞɑŬ ɞ ɢɟɐůŰɖɠ ɗɏŰŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ɔɟŬűɐɛŬŰɞɠ ˊɞɡ ɗɏɚŮɘ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ. 
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3.6 ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ  

 
ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ˍˇˎ ʲˇʹʻʹˍʽˁˇˏ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ ǘŜƳψǳǎŦΦƳΦ ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ˉʰˊʰˍʾʻʶˍʰʽ ˇ 
ˋ˔ʶˍʽˁˈˌ ˁ˗ʵʽˁʰˌ ˋʶ ʴ˂˗ˋˋʰ aŀǘ[ŀōΦ   

 
 
 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

нп 
 

4.  ȺűŬɟɛɞɔɐ ůŰɖɜ ˊŮɟɘɞɢɐ ɀŮɜŮɛɏɜɖɠ, ŪŮůůŬɚɞɜɑəɖ 

 

4.1 ɄŮɟɘɔɟŬűɐ ˊŮɟɘɞɢɐɠ  

 
ʅˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɾʶ˄ʶ˃ʷ˄ʹˌ ˋˍʹ ɸʶˋˋʰ˂ˇ˄ʾˁʹ ʸʹˍʺʻʹˁʶ ˄ʰ ʴʾ˄ʶʽ ˃ʾʰ 

ʷˊʶˎ˄ʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʶ˄ˈˌ ˉʰ˂ʽˇˏ ˋˍˊʰˍˇˉʷʵˇˎ ʴʽʰ ˍʹ˄ ʰ˄ʱˉ˂ʰˋʹ ˍʹˌ 
ˉʶˊʽˇ˔ʺˌ ˁ ʰʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʵʹ˃ˇˍʽˁˇˏ ˔˗ˊˇˎ ʰ˄ʰ˕ˎ˔ʺˌ όʶʽˁˈ˄ʰ пΦмΦмύΦ ɶ 
ʶˊʶˏ˄ʰ ʰˎˍʺ ʰ˒ˇˊˇˏˋʶ ˁʱˉˇʽʶˌ ʻʰ˃˃ʷ˄ʶˌ ʵʶ˅ʰ˃ʶ˄ʷˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺΦ ɾʶ 
ˋˁˇˉˈ ˄ʰ ʲˊʶʻˇˏ˄ ˍʰ ˋʹ˃ʶʾʰ ˋˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ʻʰ˃˃ʷ˄ʶˌ ʷʴʽ˄ʰ˄ ʷˊʶˎ˄ʶˌ ˃ʶ 
ʴʶ˖˒ˎˋʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʵʽʱ˒ˇˊʶˌ 
˃ʶˍˊʺˋʶʽˌ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˉʰˊˇʵʽˁ˗˄ ˉʶʵʾ˖˄Φ  

 

 

  
 ȺɘəɧɜŬ 4.1.1 ȷŮɟɞűɤŰɞɔɟŬűɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ.  

 
ʅˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶˍˊʺˋʶʽˌ ˃ʶ ˍʹ ˃ʷʻˇʵˇ 

ˉʰˊˇʵʽˁ˗˄ ˉʶʵʾ˖˄ ˋʶ ʵʽʱ˒ˇˊʰ ˋʹ˃ʶʾʰ ˍʹˌ ˁʰʻ˗ˌ ʷˉˊʶˉʶ ˄ʰ ʶˊʶˎ˄ʹʻʶʾ ̱ ˇ 
ʶ˄ʵʶ˔ˈ˃ʶ˄ˇ ˏˉʰˊ˅ʹˌ ˉˇ˂˂˗˄ ʻʰ˃˃ʷ˄˖˄ ˋˍˈ˔˖˄ ˋʶ ˈ˂ʹ ˍʹˌ ˍʹ˄ ʷˁˍʰˋʹ όʶʽˁˈ˄ʰ 
пΦмΦнύΦ  
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 ȺɘəɧɜŬ 4.1.2 ȹɘɎűɞɟŮɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ.  

  
ʆʶ˂ʽˁʱΣ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʷˉʶʽˍʰ ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ʵʽʰˉʽˋˍ˗ʻʹˁʶ ʹ ˏˉʰˊ˅ʹ о ʻʰ˃˃ʷ˄˖˄ ʵʶ˅ʰ˃ʶ˄˗˄ ˋˍʹ˄ ʶˎˊˏˍʶˊʹ 
ˉʶˊʽˇ˔ʺ ˍˇˎ ʶʴˁʰˍʰ˂ʶ˂ʶʽ˃˃ʷ˄ˇˎ ˋˍˊʰˍˇˉʷʵˇˎ όʶʽˁˈ˄ʰ пΦнΦмύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʶˁˍʰ˒ʺ ˁʰʽ ʰˉˇ˃ʱˁˊˎ˄ˋʺ ˍˇˎˌΦ  

 
  

 

4.2 ɀŮŰɟɐůŮɘɠ Űɖɠ ɔɟŬɛɛɐɠ ERT2 
 
ʁʽ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ʰ˄ʰ˂ˏʻʹˁʰ˄ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʰˉˇˍʶ˂ˇˏ˄ ̱̔  ̩

˃ʶˍˊʺˋʶʽˌ ˍʹˌ ʴˊʰ˃˃ʺˌ 9w¢н ˁ ʰʽ ʰ˒ˇˊˇˏ˄ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ɲн 
όʶʽˁˈ˄ʰ пΦнΦмύΦ ʁ ˍˊˈˉˇˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˃ʶˍˊʺˋʶʽˌ ʰˎˍʷˌ ʶʾ˄ʰʽ ˇ 
ʶ˅ʺˌΥ ɮˊ˔ʽˁʱΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ мо ˃ʶˍˊʺˋʶʽˌ ˋʶ ˉʰˊʱ˂˂ʹ˂ʶˌ ʶˎʻʶʾʶˌ ˃ʶ 
ʰˉˈˋˍʰˋʹ м ˃ʷˍˊˇˎ ˃ʶˍʰ˅ˏ ˍˇˎˌΣ ʶˁˍˈˌ ˁʱˉˇʽ˖˄ ʶ˅ʰʽˊʷˋʶ˖˄ ˉˇˎ ʻʰ 
ʰ˄ʰ˂ˎʻˇˏ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˃ʶ ˋʹ˃ʶʾˇ ʰ˒ʶˍʹˊʾʰˌ ˍʰ л ˃ʷˍˊʰΦ ɳˉʾˋʹˌΣ ˋʶ 
ˁʰʻʶ˃ʾʰ ʰˉˈ ˍʽˌ ʶˎʻʶʾʶˌ ʰˎˍʷˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ нл ʲˎʻˇˋˁˇˉʺˋʶʽˌ ˋʶ 
ʰˉˈˋˍʰˋʹ м ˃ʷˍˊˇˎ ʹ ˁʰʻʶ˃ʾʰΦ ɳˉˇ˃ʷ˄˖ˌΣ ˁʱʻʶ ʴˊʰ˃˃ʺ ʷ˔ʶʽ ˃ʺˁˇˌ нл ˃ʷˍˊʰΦ  

ɳ˅ʰʽˊʷˋʶʽˌ ˍˇˎ м ˃ʷˍˊˇˎ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉʰˊʱ˂˂ʹ˂˖˄ ʴˊʰ˃˃˗˄ 
ˍ˖˄ ʲˎʻˇˋˁˇˉʺˋʶ˖˄ ʰˉˇˍʶ˂ˇˏ˄ ʹ ʴˊʰ˃˃ʺ ˃ʶ ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ˍʰ нΦр ˃ʷˍˊʰ 
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όΨнŘψƭƴоψрΦǳǎŦΩύΣ ʹ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ˋʶ ʰˉˈˋˍʰˋʹ лΦр ˃ʷˍˊˇˎ ʰˉˈ ˍʹ˄ 
ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˁʰʽ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʴˊʰ˃˃ʺΦ ɳˉʾˋʹˌΣ ʰˉˇˎˋʽʱʸʶʽ ʹ ˃ʷˍˊʹˋʹ ˃ʶ 
ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ˍʰ с ˃ʷˍˊʰΣ ʶˉˇ˃ʷ˄˖ˌ ʹ ʴˊʰ˃˃ʺ ˃ʶ ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ˍʰ р ˃ʷˍˊʰ 
όΨнŘψƭƴсΦǳǎŦΩύ ˁʰʽ ʹ ʴˊʰ˃˃ʺ ˃ʁ  ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ˍʰ т ˃ʷˍˊʰ όΨнŘψƭƴуΦǳǎŦΩύ ʷ˔ˇˎ˄ 
ʰˉˈˋˍʰˋʹ н ˃ʷˍˊ˖˄ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ  ʅˍʹ˄ ʶ̔ ˁˈ˄ʰ пΦнΦо  ʁ˃˒ʰ˄ʾʸʶˍʰʽ ˇ ˁɦ ˄˄ʰʲˇˌ 
ˁʰʽ ˍʰ ˉˊˇ˒ʾ˂ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʆɳɾ ˁʰʻ˗ˌ ˁʰʽ ʹ ̒ ʷˋʹ ˍˇˎ ˋˍˈ˔ˇˎ ˉˇˎ 
ʶ˄ˍˇˉʾˋˍʹˁʶ ˖ˌ ˉˊʱˋʽ˄ˇˌ ˁˏˁ˂ˇˌΦ 

 
 
 
 

 
ȺɘəɧɜŬ 4.2.1 Ƀɘ ŭɘɎűɞɟŮɠ ŭŮɝŬɛŮɜɏɠ ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ əŬɘ ɖ ɛŬɨɟɖ 

ɔɟŬɛɛɐ ŬˊɞŰŮɚŮɑ Űɖ ɔɟŬɛɛɐ ɛŮŰɟɐůŮɤɜ ˊɞɡ ŬűɞɟɎ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɖɠ ŭŮɝŬɛŮɜɐɠ 

ȹ2.  
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ȺɘəɧɜŬ 4.2.3 ȷˊɞŰɨˊɤůɖ Űɞɡ əŬɜɜɎɓɞɡ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɗɩɠ əŬɘ Űɤɜ ˊɟɞűɑɚ ˊɞɡ 

ɛŮŰɟɐɗɖəŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ TEM  ůŮ ɔŮɤŬɜŬűŮɟɛɏɜɖ ŮɘəɧɜŬ (ŮˊɎɜɤ) əŬɘ ůŮ 

ɛŮɔɏɗɡɜůɖ (əɎŰɤ).ȼ ɗɏůɖ Űɞɡ ůŰɧɢɞɡ ́ ɞɡ ŮɜŰɞˊɑůŰɖəŮ ŮɛűŬɜɑɕŮŰŬɘ ɤɠ ˊɟɎůɘɜɞɠ 

əɨəɚɞɠ. 
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ʆ̌  ˈˊʴʰ˄ˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʶʾ˄ʰʽ ˍˇ ²ǘŜƳπн ̱ ˇ ˇˉˇʾˇ 
ˉʶˊʽʶʴˊʱ˒ʹˁʶ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇ ˁʰʽ ˇ ʲˊˈʴ˔ˇˌ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʁʾ˔ʶ ˃ʺˁˇˌ н ˃ʷˍˊʰ ˁʰʽ ˉ˂ʱˍˇˌ ʶˉʾˋʹˌ н ˃ʷˍˊʰΦ  

 
ȺɘəɧɜŬ 4.2.4 ɀŮŰɟɐůŮɘɠ ˊŬɟɞŭɘəɩɜ ˊŮŭɑɤɜ ɛŮ Űɞ Wtem-2 əŬɘ ɞ ɓɟɧɔɢɞɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ. 

 
ɳˉʾˋʹˌΣ ˋˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʶˉʽˉ˂ʷˇ˄ ˃ʶˍˊʺˋʶʽˌ ˃ʶ 

˃ʾʰ ʵʽʰ˒ˇˊʶˍʽˁʺ ˃ʷʻˇʵˇ ʴʶ˖˒ˎˋʽˁʺˌ ʵʽʰˋˁˈˉʹˋʹˌΣ ʰˎˍʺ ˍʹˌ ʹ˂ʶˁˍˊʽˁʺˌ 
ˍˇ˃ˇʴˊʰ˒ʾʰˌΦ ɾʶ ˍʹ ˃ʷʻˇʵˇ ʰˎˍʺ ʶˉʽʲʶʲʰʽ˗ʻʹˁʶ όʁ̔ ˁˈ˄ʰ пΦнΦрύ ́  ˏˉʰˊ˅ʹ 
ʶ˄ˈˌ ˃ʶˍʰ˂˂ʽˁˇˏ ˋˍˈ˔ˇ ˎόh ˊˁʶˍʱ ˔ʰ˃ʹ˂ʷˌ ʹ˂ʶˁˍˊʽˁʷˌ ʰ˄ˍʽˋˍʱˋʶʽˌ ς ɹ ʰ˂ʱʸʽˇ 
˔ˊ˗˃ʰύ ̀ʶ ʲʱʻˇˌ hˉˈ ϤлΦс ʷ˖ˌ ˁʰʽ нƳ  hˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ʷ˄ˍˇ˄ʹ 
ʹ ʰ˄ˍʾʻʶˋʹ ˍʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʹ˃ʶʾˇ ˋˎʴˁˊʽˍʽˁʱ 
˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ  

 

 
ȺɘəɧɜŬ 4.2.5 ȷˊɞŰɏɚŮůɛŬ ɛɏŰɟɖůɖɠ ɛŮ Űɖ ɛɏɗɞŭɞ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ əŬɘ ɞ 

ůŰɧɢɞɠ ɛɏůŬ ůŰɞɜ ɛŬɨɟɞ əɨəɚɞ.  
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ʆʷ˂ˇˌ ̀ ʶ ˏˋˍʶˊʹ ˒ʱˋʹ ʶ˄ˍˇˉʾˋˍʹˁʶ ʹ ʵʶ˅ʰ˃ʶ˄ʺ ɲн όʶʽˁˈ˄ʰ пΦнΦсύ 
˃ʺˁˇˎˌ оΦр˃ ˃ʶ ʵʽʱ˃ʶˍˊˇ  5Ґн˃ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʹ ʶˁˍʰ˒ʺ ˍʹˌΦ  

 

 
ȺɘəɧɜŬ 4.2.6 ȼ ŭŮɝŬɛŮɜɐ ȹ2 Ŭűɞɨ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ŮəŰŬűɐ Űɖɠ. 

    

4.3 ɄŬɟɞɡůɑŬůɖ əŬɘ ŬɜɎɚɡůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŭɘůŭɘɎůŰŬŰɤɜ Űɞɛɩɜ 

ɇȺɀ 

      
ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ʻʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˁʰʽ ʻʰ ʰ˄ʰ˂ˎʻˇˏ˄ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ 
˃ʶˍˊʺˋʶ˖˄ ˃ʷˋ˖ ˍˇˎ ʲˇʹʻʹˍʽˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˁʰʽ 
ʰ˄ʰ˂ˏʻʹˁʶ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰΣ ˋʶ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ aŀǘ[ŀōΦ  

ɱʶ˄ʽˁʱΣ ˋʶ ˈ˂ʰ ˍʰ ˋ˔ʺ˃ʰˍʰ ˉˇˎ ʻʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˔ˊ˖˃ʰˍʽˁʺ ˁ˂ʾ˃ʰˁʰ ˍˇˎ ζ̌ ˎˊʱ˄ʽˇˎ ˍˈ˅ˇˎη ʴʽʰ ʶ˃˒ʰ˄ʺ 
ʰˉˇˍˏˉ˖ˋʹ ˍ˖˄ ʵʽʱ˒ˇˊ˖˄ ʰ˄ˍʽˋˍʱˋʶ˖˄ ˋˍˇ ʲʱʻˇˌΣ ˃ʶ ˁˈˁˁʽ˄ʰ ̝ ˊ˗˃ʰˍʰ ˄ʰ 
ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˃ʶʴʱ˂ʶˌ ˍʽ˃ʷˌ ˁʰʽ ˃ˉ˂ʶ ̝ˊ˗˃ʰˍʰ ˄ʰ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ̀  ʁ˃ʽˁˊʷˌ 
ˍʽ˃ʷˌΦ ɱʽʰ ˁʰ˂ˏˍʶˊʹ ˋˏʴˁˊʽˋʹ ˈ˂˖˄ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ 
ʾʵʽʰ ˔ˊ˖˃ʰˍʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ˃ʶ ˍˇ ʾʵʽˇ ʶˏˊˇˌ ˍʽ˃˗˄Φ ɳˉʾˋʹˌΣ ʴʽʰ ˁʰ˂ˏˍʶˊʹ ˁʰʽ ˉʽˇ 
ˁʰˍʰ˄ˇʹˍʺ ʰˉˇˍˏˉ˖ˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˈ˂ʰ ˍʰ 
ˋ˔ʺ˃ʰˍʰ ˇ ˂ˇʴʱˊʽʻ˃ˇˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌΦ  

ɳˉʽˉ˂ʷˇ˄Σ ˎˉʶ˄ʻˎ˃ʾʸʶˍʰʽ ˉ˖ˌ ˈ˂ʶˌ ˇʽ ˃ʶˍˊʺˋʶʽˌ ʷ˔ˇˎ˄ ˃ʺˁˇˌ нл ˃ʷˍˊʰΣ 
ˁʰʻ˗ˌ ˋʶ ˁʱʻʶ ʴˊʰ˃˃ʺ ˃ʷˍˊʹˋʹˌ ʷʴʽ˄ʰ˄ нл ʲˎʻˇˋˁˇˉʺˋʶʽˌ ʰ˄ʱ м ˃ʷˍˊˇΦ  
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ол 
 

ɳˉʽˉˊˇˋʻʷˍ˖ˌΣ ˉˊʽ˄ ˅ʶˁʽ˄ʺˋʶʽ ˇ ʶˁˍʶ˄ʺˌ ˋ˔ˇ˂ʽʰˋ˃ˈˌ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʾʰ ʴˊʰ˒ʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ όˁʰ˄˄ʱʲˇˎύ 

ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˁʰʽ ˇʽ ˍˇ˃ʷˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ˃ʷˋ˖ ˍˇˎ ʲˇʹʻʹˍʽˁˇˏ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ ̄ ˇˎ h˄ ʰˉˍˏ˔ʻʹˁʶ όʶʽˁˈ˄ʰ пΦоΦмΦмύΦ 

ȺɘəɧɜŬ 4.3.1.1 ũɟŬűɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɧɚɤɜ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ˊɟɞűɑɚ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ. 

 

ʅˍˇ ʴˊʱ˒ʹ˃ʰ ʰˎˍˈ ˒ʰʾ˄ˇ˄ˍʰʽ ̍ ˂ʶˌ ˇʽ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄Φ 

ɳˉʾˋʹˌΣ ʹ ˁʱʻʶ ˃ʷˍˊʹˋʹ ʷ˔ʶʽ ʵʽʰ˒ˇˊʶˍʽˁˈ ˃ʷʴʽˋˍˇ ʲʱʻˇˌ ˁʰʻ˗ˌ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ʲʱʻˇˌ 

ˋˍˇ ˇˉˇʾˇ ʻʰ ˒ˍʱˋʶʽ ˍˇ ˊʶˏ˃ʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˃ʾʰˌ ˃ʷˍˊʹˋʹˌ ʶ˅ʰˊˍʱˍʰʽ ʶˉʾˋʹˌ ˍˈˋˇ 

ʰˉˈ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ʶʵʱ˒ˇˎˌ όˉΦ˔Φ ˍʹ˄ ʰʴ˖ʴʽ˃ˈˍʹˍʱ ˍˇˎύ ˈˋˇ ˁʰʽ ʰˉˈ ˍʹ ʴʶ˖˃ʶˍˊʾʰ 

ˁʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ  ˍʹˌ ˃ʷˍˊʹˋʹˌΦ ɳˉʽˉ˂ʷˇ˄Σ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌΣ ˉʰˊˈ˂ˇ ˉˇˎ ˇʽ 

ˉʶˊʽˋˋˈˍʶˊʶˌ ˃ʶˍˊʺˋʶʽˌ ʰˉʷ˔ˇˎ˄ м ˃ʷˍˊˇ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˋˍˇ˄ ʇ ɦ ˅ˇ˄ʰ όˉ˂ʱˍˇˌύΣ ʹ 

ˍʷˍʰˊˍʹ ˃ʷˍˊʹˋʹ όΨнŘψƭƴоψрΦǳǎŦΩύ ʰˉʷ˔ʶʽ ˃ʽˋˈ ˃ʷˍˊˇ ˍˈˋˇ ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˈˋˇ 

ˁʰʽ ʰˉˈ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ ˃ʷˍˊʹˋʹΦ ɳˉʾˋʹˌΣ ʹ ˈʴʵˇʹ ˃ʷˍˊʹˋʹ όΨнŘψƭƴуΦǳǎŦΩύ ʰˉʷ˔ʶʽ н ˃ʷˍˊʰ 

ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˃ʷˍˊʹˋʹ όΨнŘψƭƴсΦǳǎŦΩύ ˁh ʻ˗ˌ ʰ˄ʰ˃ʶˋʱ ˍˇˎˌ ʵʶ˄ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʷˍˊʹˋʹΦ ɳ˄ʵʶʽˁˍʽˁʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʱˉˇʽʶˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʷˌ 

ˍˇ˃ʷˌ ˉˇˎ ˃ʶˍˊʺʻʹˁʰ˄Φ  
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ом 
 

4.3.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ ˊɟɞűɑɚ ɇȺɀ 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ʻʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉˊˇ˒ʾ˂ ¢9aΦ ɳʽʵʽˁˈˍʶˊʰ ʻʰ 

ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˁʰʽ ˋ˔ˇ˂ʽʰˋˍˇˏ˄ ˍʰ ˍʷˋˋʶˊʰ ˉˊˇ˒ʾ˂ ˈˉ˖ˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ пΦоΦмΦмΦ 

 

ɆɢɐɛŬ 4.3.1.1 ȼ ɗɏůɖ Űɤɜ ˊɟɞűɑɚ ɇȺɀ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ. 

 

ʆʰ ˉˊˇ˒ʾ˂ ʰˎˍʱ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ʶ˄ʵʶʽˁˍʽˁʱ ˗ˋˍʶ ˄ʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ʹ 

ʶʽˁˈ˄ʰ ˍ˖˄ ˉˊˇ˒ʾ˂ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ˄ ˋˍˈ˔ˇ ˁʰʽ ˂ʰ˃ʲʱ˄ˇˎ˄ 

ˉ˂ʹˊˇ˒ˇˊʾʰ ʰˉˈ ʰˎˍˈ˄  ˁʰʻ˗ˌ ˁʰʽ ʷ˄ʰ ˉˊˇ˒ʾ˂ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˃ʰˁˊʽʱ ʰˉˈ ˍˇ˄ 

ˋˍˈ˔ˇ ˁʰʽ ʵʶ˄ ˉʰˊʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽΩ ʰˎˍˈ˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʰ ˉˊˇ˒ʾ˂ Ψ[ƛƴŜ 

оΩΣ Ψ[ƛƴŜ оψрΩΣ Ψ[ƛƴŜ пΩ ʲˊʾˋˁˇ˄ˍʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ˄ ˋˍˈ˔ˇ όʵʶ˅ʰ˃ʶ˄ʺύΣ ʶˉˇ˃ʷ˄˖ˌ ˇʽ 

˃ʶˍˊʺˋʶʽˌ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ʰˎˍˈ˄Σ ʶ˄˗ ˍˇ ˉˊˇ˒ʾ˂ Ψ[ƛƴŜ нΩ ʲˊʾˋˁʶˍʰʽ ˃ʰˁˊʽʱ 

ʰˉˈ ˍˇ˄ ˋˍˈ˔ˇΣ ʶˉˇ˃ʷ˄˖ˌ ˇʽ ˃ʶˍˊʺˋʶʽˌ ˋˍˇ ˉˊˇ˒ʾ˂ ʰˎˍˈ ʵʶ˄ ʶˉʹˊʶʱʸˇ˄ˍʰʽ 

ʰˉˈ ˍˇ˄ ˋˍˈ˔ˇΦ  
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он 
 

Ʉɟɞűɑɚ 2d_ln2.usf 

ɆɢɐɛŬ 4.3.1.2 ɀɏŰɟɖůɖ ůŰɖ ɔɟŬɛɛɐ 2d_ln2.usf. 

 
ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ˄ ʵʶˏˍʶˊʹ ɹˊʰ˃˃ʺ ˃ʷˍˊʹˋʹˌ ˃ʶ ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ̀ ˍˇ˄ 

ʱ˅ˇ˄ʰ ʇ ̱̌ м ˃ ʷˍˊˇΦ ʅˍˇ ˉˊˇ˒ʾ˂ ʰˎˍˈ ʵʶ˄ ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʱˉˇʽʰ ʰ˄ˍʾʻʶˋʹ ˁʰʽ  
˃ʽˁˊʷˌ ˍʽ˃ʷˌ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌΣ 
ʶˉˇ˃ʷ˄˖ˌ ˋˍˇ ʲʱʻˇˌ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁʱˉˇʽˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ όˉΦ˔Φ 
ˁʱˉˇʽˇ ˃ʶˍʰ˂˂ʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΣ ˈˉ˖ˌ ʹ ʵʶ˅ʰ˃ʶ˄ʺ ˉˇˎ ʰ˒ˇˊʱ ˍʹ˄ ˉʰˊˇˏˋʰ 
ʷˊʶˎ˄ʰύΦ  
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оо 
 

Ʉɟɞűɑɚ 2d_ln3.usf 

ɆɢɐɛŬ 4.3.1.3 ɀɏŰɟɖůɖ ůŰɖ ɔɟŬɛɛɐ 2d_ln3.usf. 
 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ˄ ʵʶˏˍʶˊʹ ɹˊʰ˃˃ʺ ˃ʷˍˊʹˋʹˌ ˃ʶ ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ̀ ˍˇ˄ 
ʱ˅ˇ˄ʰ ʇ ̱h н ˃ʷˍˊΦh ʅʶ ʰˎˍˈ ˍˇ ˉˊˇ˒ʾ˂ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʾʰ ʷ˄ˍˇ˄ʹ ʰ˄ˍʾʻʶˋʹ ˋˍʽˌ 
ˍʽ˃ʷˌ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋˍˇ ˋʹ˃ʶʾˇ ˍ˖˄ 
мл ˃ʷˍˊ˖˄ ˋˍˇ˄ ʱ˅ˇ˄ʰ ʋΦ ʃʰˊʰˍʹˊʶʾˍʰʽ ˃ʾʰ ˁ˂ʽ˃ʰˁ˖ˍʺ ˃ʶʾ˖ˋʹ ˋˍʽˌ ˍʽ˃ʷˌ ˍʹˌ 
˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋˍˇ ʲʱʻˇˌ ˃ʶ ˍʽ˃ʷˌ ʰˉˈ πлΦр ˃ʷ˔ˊʽ πмΦрΣ 
ʶ˄˗ ˇʽ ˍʽ˃ʷˌ ˋˍˇ˄ ˎˉˈ˂ˇʽˉˇ ˔˗ˊˇ ʶʾ˄ʰʽ ˃ʹʵʶ˄ʽˁʷˌ ˁʰʽ ʻʶˍʽˁʷˌΦ ɮˎˍʺ ʹ ʷ˄ˍˇ˄ʹ 
ʰ˄ˍʾʻʶˋʹ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇʽ ˃ʽˁˊʷˌ ˍʽ˃ʷˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ 
ʰ˄ˍʾˋˍʰˋʹˌ ˎˉˇʵʶʽˁ˄ˏˇˎ˄ ˍʹ˄ ˏˉʰˊ˅ʹ ʶ˄ˈˌ ˃ʶˍʰ˂˂ʽˁˇˏ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ όʵʹ˂ʰʵʺ 
ˍˇˎ ˋˍˈ˔ˇˎ ˉˇˎ ʶˊʶˎ˄ʱˍʰʽύ ̀ˍʰ ˋʹ˃ʶʾʰ ˉˇˎ ̄ʰˊʰˍʹˊˇˏ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ʰˎˍʷˌΦ  
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оп 
 

Ʉɟɞűɑɚ 2d_ln3_5.usf 

ɆɢɐɛŬ 4.3.1.4 ɀɏŰɟɖůɖ ůŰɖ ɔɟŬɛɛɐ 2d_ln3.usf. 

  
ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ˄ ˍʷˍʰˊˍʹ ɹˊʰ˃˃ʺ ˃ʷˍˊʹˋʹˌ ˃ʶ ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ̀ˍˇ˄ ɦ˅ˇ˄ʰ ʇ 

ˍh  нΦр ˃ʷˍˊʰΦ ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˊˇ˒ʾ˂ ʰˉʷ˔ʶʽ лΦр ˃ʷˍˊʰ ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˁʰʽ ˍʹ˄ 
ʶˉˈ˃ʶ˄ʹ ʴˊʰ˃˃ʺ ˃ʷˍˊʹˋʹˌ ˁʰʻ˗ˌ ʲˊʾˋˁʶˍʰʽ ʰˁˊʽʲ˗ˌ ˉʱ˄˖ ʰˉˈ ˍˇ ˁʷ˄ˍˊˇ ˍˇˎ 
ˋˍˈ˔ˇˎΦ ʅˍˇ ˋʹ˃ʶʾˇ ˍ˖˄ мл ˃ʷˍˊ˖˄ ˍˇˎ ʱ˅ˇ˄ʰ ʋ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʾʰ ˁ˂ʽ˃ʰˁ˖ˍʺ ˃ʶʾ˖ˋʹ 
ˍʹˌ ˍʽ˃ʺˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋˍˇ ʲʱʻˇˌ ˃ʶ ˍʽ˃ʷˌ ʰˉˈ πлΦр ˃ʷ˔ˊʽ π
нΦрΣ ʶ˄˗ ˋˍˇ˄ ˎˉˈ˂ˇʽˉˇ ˔˗ˊˇ ˁˎˊʽʰˊ˔ˇˏ˄ ˃ʹʵʶ˄ʽˁʷˌ ˁʰʽ ʻʶˍʽˁʷˌ ˍʽ˃ʷˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ 
ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌΦ ɮˎˍʺ ʹ ʷ˄ˍˇ˄ʹ ʰ˄ˍʾʻʶˋʹ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇʽ ˃ʽˁˊʷˌ ˍʽ˃ʷˌ ˍʹˌ 
˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˒ʰ˄ʶˊ˗˄ˇˎ˄ ̝ ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹ˄ ˏˉʰˊ˅ʹ ˍˇˎ 
ˋˍˈ˔ˇˎ όʵʶ˅ʰ˃ʶ˄ʺύ ̀ˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΦ   
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ор 
 

Ʉɟɞűɑɚ 2d_ln4.usf 

ɆɢɐɛŬ 4.3.1.5 ɀɏŰɟɖůɖ ůŰɖ ɔɟŬɛɛɐ 2d_ln3_5.usf. 
  

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ˄ ˉʷ˃ˉˍʹ ɹˊʰ˃˃ʺ ˃ʷˍˊʹˋʹˌ ˃ʶ ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ̀ ˍˇ˄ ʱ˅ˇ˄ʰ ʇ 
ˍʰ о ˃ ʷˍˊʰΦ ʅˍˇ ˋʹ˃ʶʾˇ ˍ˖˄ мл ˃ʷˍˊ˖˄ ˍˇˎ ʱ˅ˇ˄ʰ ʋ ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʰʽ ˋʶ ʰˎˍˈ ˍˇ 
ˉˊˇ˒ʾ˂ ˃ʾʰ ˁ˂ʽ˃ʰˁ˖ˍʺ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʽ˃ʺˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋˍˇ 
ʲʱʻˇˌ ˃ʶ ˍʽ˃ʷˌ ʰˉˈ πм ˃ʷ˔ˊʽ πнΦрΣ ʶ˄˗ ˋˍˇ˄ ˎˉˈ˂ˇʽˉˇ ˔˗ˊˇ όʰˊʽˋˍʶˊʱ ˁʰʽ ʵʶ˅ʽʱ ʰˉˈ 
ˍʽˌ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌύ  ˁˎˊʽʰˊ˔ˇˏ˄ ˃ʹʵʶ˄ʽˁʷˌ ˁʰʽ ʻʶˍʽˁʷˌ ˍʽ˃ʷˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ 
ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌΦ ɮˎˍʺ ʹ ʷ˄ˍˇ˄ʹ ʰ˄ˍʾʻʶˋʹ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇʽ ˃ʽˁˊʷˌ ˍʽ˃ʷˌ ˍʹˌ 
˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˒ʰ˄ʶˊ˗˄ˇˎ˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹ˄ ˏˉʰˊ˅ʹ ˍˇˎ 
ˋˍˈ˔ˇˎ όʵʶ˅ʰ˃ʶ˄ʺύ ˋˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΦ   
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ос 
 

4.4 ɄŬɟɞɡůɑŬůɖ əŬɘ ŬɜɎɚɡůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŰɟɘůŭɘɎůŰŬŰɤɜ Űɞɛɩɜ 

  
 ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇ ʲˇʹʻʹˍʽˁˈ ˉˊˈʴˊʰ˃˃ʰ ʵʹ˃ʽˇˎˊʴʶʾ ˍˊʾʰ ̱ ˊʽˋʵʽʱˋˍʰˍʰ 
ʴˊʰ˒ʺ˃ʰˍʰ ʶ˄ʵʶʽˁˍʽˁʱ ʴʽʰ ʵʽʱ˒ˇˊʰ ʲʱʻʹ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˉʽˍˊʷˉʶʽ 
ˋˍˇ˄ ˔ˊʺˋˍʹ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ˍʰ ʵʽˁʱ ˍˇˎ ˍˊʽˋʵʽʱˋˍʰˍʰ ʴˊʰ˒ʺ˃ʰˍʰ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 
ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ ˋʹ˃ʶʾˇ ʶˉʽʻˎ˃ʶʾ ˁʰʽ ʴʽʰ ˇˉˇʽˇ˄ɻ ʺˉˇˍʶ ʱ˅ˇ˄ʰ ό·Σ ̧Σ ½ύ ʁ̄ ʽʻˎ˃ʶʾΦ 
ʆʷ˂ˇˌΣ ʹ ˁ˂ʾ˃ʰˁʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶʾ˄ʰʽ ʹ ʾʵʽʰ ˃ʶ ʰˎˍʺ ˍ˖˄ ʵʽˋʵʽʱˋˍʰˍ˖˄ 
ʴˊʰ˒ʹ˃ʱˍ˖˄Φ ʃʰˊʰˁʱˍ˖Σ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʶ˄ʵʶʽˁˍʽˁʱ ʵˏˇ ʰˉˈ ʰˎˍʱΦ  
 
 

4.4.1 ũɟɎűɖɛŬ ɔɘŬ Űɞ ɓɎɗɞɠ Űɤɜ 3.375 ɛɏŰɟɤɜ 

  
ʆ̌  ˉˊˈʴˊʰ˃˃ʰ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˍˊʽˋʵʽʱˋˍʰˍˇ ʴˊʱ˒ʹ˃ʰ ˃ʶ ˉˊˇʲˇ˂ʺ ˍ˖˄ 

ˋʹ˃ʶʾ˖˄ ˃ʶ ˍʽ˃ʺ ˋˍˇ˄ ʱ˅ˇ˄ʰ ɵ ̱ ʹ˄ ˃ʽˋʺ ʰˉˈ ʰˎˍʺ ˍˇˎ ˃ʷʴʽˋˍˇˎ ʲʱʻˇˎˌ ˃ʷˍˊʹˋʹˌΣ 

ˍʽ˃ʺ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ ɱʽʰ ̱ ʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ 

ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˃ʶˍˊʺˋʶ˖˄ ʹ ˍʽ˃ʺ ʰˎˍʺ ʶʾ˄ʰʽ ˍˇ оΦотр όʶʽˁˈ˄ʰ пΦпΦмΦмύΦ 

ȺɘəɧɜŬ 4.4.1.1 ɇɟɘůŭɘɎůŰŬŰɞɠ ɢɎɟŰɖɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ ɚɞɔŬɟɑɗɛɞɡ Űɖɠ űŬɘɜɧɛŮɜɖɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɔɘŬ ɓɎɗɞɠ ɑůɞ ɛŮ 3,375m. 

 

 ʅ̱ ˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʴˊʱ˒ʹ˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˍʽ˃ʺ ˍˇˎ ˍʽ˃ʺ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ 
ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ ˔˗ˊˇ ˉˇˎ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ ʴʽʰ ʲʱʻˇˌ оΦотр ˃ʷˍˊʰΦ ʅˍʹ˄ ʻʷˋʹ ɮ ˋˍʹ˄ 
ˁˎˁ˂˖˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉˍ˗ˋʹ ̀ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ 
ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ όˍʽ˃ʺ ˃ʶˍʰ˅ˏ ˍˇˎ πо ˁʰʽ ̱ ˇˎ πпύΣ ˁʰʻ˗ˌ ˋˍˇ ˋʹ˃ʶʾˇ ʶˁʶʾ˄ˇ 
ʶ˄ˍˇˉʾʸʶˍʰʽ ˇ ˋˍˈ˔ˇˌ όʵʶ˅ʰ˃ʶ˄ʺύ ˁʰʽ ʹ ʰ˄ˍʾʻʶˋʹ ˍ˖˄ ˍʽ˃˗˄ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ʰˎˍʷˌ ˍʹˌ 
ˉʶˊʽˇ˔ʺˌ ʴˏˊ˖ ˍˇˎ ʶʾ˄ʰʽ ʷ˄ˍˇ˄ʶˌΦ  

 ɳˉʽˉ˂ʷˇ˄Σ ˋˍʹ˄ ʻʷˋʹ ɰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʾʰ ʰˁˈ˃ʰ ʷ˄ˍˇ˄ʹ ʰ˄ˍʾʻʶˋʹ ˋˍʽˌ ˍʽ˃ʷˌ 
ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˃ ʶ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌ ˃ʶˍʰ˅ˏ 

ɮ 

ɰ 
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от 
 

ˍˇˎ πо ˁʰʽ ˍˇˎ πпΦ ʁʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ ˏˉʰˊ˅ʹ ˁʱˉˇʽˇˎ 
˃ʶˍʰ˂˂ʽˁˇˏ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˋˍˇ ˎˉʷʵʰ˒ˇˌΣ ˈˉ˖ˌ ˋ˖˂ʹ˄˗ˋʶʽˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΦ ʍˋˍˈˋˇΣ 
ʰˉˇʵʶʾ˔ʻʹˁʶ ˉ˖ˌ ˇʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍˇ ʰˉˇˍˏˉ˖˃ʰ ˃ʾʰˌ ʱ˂˂ʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ 
ˉˇˎ ʲˊʾˋˁʶˍʰʽ ʲˇˊʶʽˈˍʶˊʰ ˍˇˎ ˁʰ˄˄ʱʲˇˎ ό˅ʶˁʽ˄ʱ ˋˍʰ ˈˊʽʰ ˍˇˎύ ˋˍˇ˄ ˇˉˇʾˇ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˃ʶˍˊʺˋʶʽˌ ¢9aΦ 

 

4.4.2 ũɟɎűɖɛŬ ɔɘŬ Űɞ ɓɎɗɞɠ Űɤɜ 4.375 ɛɏŰɟɤɜ 

 
 ɳˉʽˉ˂ʷˇ˄Σ ̱̌  ˉˊˈʴˊʰ˃˃ʰ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˍˊʽˋʵʽʱˋˍʰˍˇ ʴˊʱ˒ʹ˃ʰ ˃ʶ ˉˊˇʲˇ˂ʺ 
ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˃ʶ ˍʽ˃ʺ ˋˍˇ˄ ʱ˅ˇ˄ʰ ɵ ̱ʹ˄ ˃ʽˋʺ ʰˉˈ ʰˎˍʺ ˍˇˎ ˃ʷʴʽˋˍˇˎ ʲʱʻˇˎˌ ˃ʷˍˊʹˋʹˌ 
ˋˎ˄ м ˃ʷˍˊˇΣ ˍʽ˃ʺ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ ɱʽʰ ˍʰ 
ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˃ʶˍˊʺˋʶ˖˄ ʹ ˍʽ˃ʺ ʰˎˍʺ ʶʾ˄ʰʽ ˍˇ пΦотр όʶʽˁˈ˄ʰ пΦпΦмΦнύΦ 

ȺɘəɧɜŬ 4.4.1.2 ɇɟɘůŭɘɎůŰŬŰɞɠ ɢɎɟŰɖɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ ɚɞɔŬɟɑɗɛɞɡ Űɖɠ űŬɘɜɧɛŮɜɖɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɔɘŬ ɓɎɗɞɠ ɑůɞ ɛŮ 4,375m. 

 
ʅˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʴˊʱ˒ʹ˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˍʽ˃ʺ ˍˇˎ ˍʽ˃ʺ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ 

ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ ˔˗ˊˇ ˉˇˎ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ ʴʽʰ ʲʱʻˇˌ пΦотр ˃ʷˍˊʰΦ ʅˍʹ ʻʷˋʹ ɮ ˋˍʹ˄ 
ˁˎˁ˂˖˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶʾ˖ˋʹ ˋˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ 
˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ όˍʽ˃ʺ ˃ʶˍʰ˅ˏ ̱ˇˎ πо ˁʰʽ ˍˇˎ πпύ Σ ˁʰʻ˗ˌ ˋˍˇ ˋʹ˃ʶʾˇ 
ʶˁʶʾ˄ˇ ʶ˄ˍˇˉʾʸʶˍʰʽ ˇ ˋˍˈ˔ˇˌ όʵʶ˅ʰ˃ʶ˄ʺύ ˁʰʽ ʹ ʰ˄ˍʾʻʶˋʹ ˍ˖˄ ˍʽ˃˗˄ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ʰˎˍʷˌ 
ˍʹˌ ˉʶˊʽˇ˔ʺˌ ʴˏˊ˖ ˍˇˎ ʶʾ˄ʰʽ ʷ˄ˍˇ˄ʶˌΦ ɳˉʽˉ˂ʷˇ˄Σ ˋˍʹ˄ ʻʷˋʹ ɰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʾʰ ʰˁˈ˃ʰ 
ʷ˄ˍˇ˄ʹ ʰ˄ˍʾʻʶˋʹ ˋˍʽˌ ˍʽ˃ʷˌ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌΣ 
ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʴˏˊ˖ ˍˇˎˌΣ ˃ʶ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌ 
˃ʶˍʰ˅ˏ ˍˇˎ πо ˁʰʽ ˍˇˎ πпΦ ʁʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ ˏˉʰˊ˅ʹ ˁʱˉˇʽˇˎ 
˃ʶˍʰ˂˂ʽˁˇˏ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˋˍˇ ˎˉʷʵʰ˒ˇˌΣ ˈˉ˖ˌ ˋ˖˂ʹ˄˗ˋʶʽˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΦ ʍˋˍˈˋˇΣ 
ʰˉˇʵʶʾ˔ʻʹˁʶ ˉ˖ˌ ˇʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍˇ ʰˉˇˍˏˉ˖˃ʰ ˃ʾʰˌ ʱ˂˂ʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ 

ɮ 

ɰ 
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ˉˇˎ ʲˊʾˋˁʶˍʰʽ ʲˇˊʶʽˈˍʶˊʰ ˍˇˎ ˁʰ˄˄ʱʲˇˎ ό˅ʶˁʽ˄ʱ ˋˍʰ ˈˊʽʰ ˍˇˎύ ˋˍˇ˄ ˇˉˇʾˇ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˃ʶˍˊʺˋʶʽˌ ¢9aΦ 

 

4.5 ɄŬɟɞɡůɑŬůɖ əŬɘ ŬɜɎɚɡůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛɏůɤ Voxler  

 
ʆˇ ˉˊˈʴˊʰ˃˃ʰ ±ƻȄƭŜǊΣ ʵʹ˃ʽˇˎˊʴʶʾ ˍˊʽˋʵʽʱˋˍʰˍʶˌ ʶʽˁˈ˄ʶˌ ˁʰʽ ˃ˇ˄ˍʷ˂ʰ ˁʰʽ 

ʴʽ˘ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˎˊʷ˖ˌ ˋˍʽˌ ʴʶ˖˂ˇʴʽˁʷˌ ʷˊʶˎ˄ʶˌΦ ʃʰˊʰˁʱˍ˖Σ 
ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ̱ ˖˄ 
ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˃ʶ ˍˇ ±ƻȄƭŜǊΣ ʷˉʶʽˍʰ ʰˉˈ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ 
ˍʹˌ ˍʽ˃ʺˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ˒ʰʽ˄ˈ˃ʶ˄ˇˎ ʲʱʻˇˎˌΦ 
ʂˉ˖ˌ ʶʾ˄ʰʽ ˂ˇʴʽˁˈΣ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʰ ʴˊʰ˒ʺ˃ʰˍʰ ʰˎˍʱ ʶʾ˄ʰʽ 
ʾʵʽʰ ˃ʶ ʰˎˍʱ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʷˋ˖ ˍˇˎ ʲˇʹʻʹˍʽˁˇˏ 
ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶΦ  

ʂˉ˖ˌ ˁʰʽ ˋˍʰ ˉˊˇʹʴˇˏ˃ʶ˄ʰ ʴˊʰ˒ʺ˃ʰˍʰ ʷˍˋʽ ˁʰʽ ˋʶ ʰˎˍʱ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 
˔ˊ˖˃ʰˍʽˁʺ ˁ˂ʾ˃ʰˁʰ ˍˇˎ ζˇˎˊʱ˄ʽˇˎ ˍˈ˅ˇˎη ʴʽʰ ʶ˃˒ʰ˄ʺ ʰˉˇˍˏˉ˖ˋʹ ˍ˖˄ ʵʽʱ˒ˇˊ˖˄ 
ʰ˄ˍʽˋˍʱˋʶ˖˄ ˋˍˇ ʲʱʻˇˌΣ ˃ʶ ˁˈˁˁʽ˄ʰ ̝ˊ˗˃ʰˍʰ ˄ʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˃ʶʴʱ˂ʶˌ ˍʽ˃ʷˌ ˁʰʽ 
˃˖ʲ ˔ˊ˗˃ʰˍʰ ˄ʰ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˃ʽˁˊʷˌ ˍʽ˃ʷˌΣ ˃ʁ  ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˁʰʽ ˍʽˌ ˍʽ˃ʷˌ ˍʹˌ ˄ʰ 
ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋʶ ˁʱʻʶ ʴˊʱ˒ʹ˃ʰΦ 

ȺɘəɧɜŬ 4.5.1 ɇɟɘůŭɘɎůŰŬŰɞɠ ɢɎɟŰɖɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ ɚɞɔŬɟɑɗɛɞɡ Űɖɠ űŬɘɜɧɛŮɜɖɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɛŮ ɘůɞŮˊɘűɎɜŮɘŬ ůŰɞ Voxler. 
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ʅˍˇ ʴˊʱ˒ʹ˃ʰ ̱ ʹˌ ʶʽˁˈ˄ʰˌ пΦрΦм ̄ ʰˊʰˍʹˊˇˏ˄ˍʰʽ ˇʽ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ 
˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋʶ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ̄ ʶˊʽˇ˔ʺ ˍ˖˄ 
˃ʶˍˊʺˋʶ˖˄Σ ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ʹ ʽˋˇʶˉʽ˒ʱ˄ʶʽʰΣ ʵʹ˂ʰʵʺ ʶˉʽ˒ʱ˄ʶʽʰ ˉˇˎ 
ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˃ʶ ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺΣ ˃ʶ ˍʽ˃ʺ πмΦлурфорфлп ˍˇˎ 
˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌΦ ɶ ʶˉʽ˒ʱ˄ʶʽʰ ʰˎˍʺ ʰˉˇˁʰ˂ˏˉˍʶʽ 
ˁʰʽ ˍˇ˄ ˋˍˈ˔ˇ όʵʶ˅ʰ˃ʶ˄ʺύ ˁʰʽ ˈˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˇʽ ˍʽ˃ʷˌ ̱ ˇˎ 
˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ʁ ʾ˄ʰʽ ˉˇ˂ˏ ˃ʽˁˊʷˌ ό˃ˉ˂ʶ ˔ˊ˗˃ʰύ 
ˁʰʽ ʰʴʴʾʸˇˎ˄ ˍʽˌ ʶ˂ʱ˔ʽˋˍʶˌ ˍʹˌ ˁ˂ʾ˃ʰˁʰˌΦ  
 

ȺɘəɧɜŬ 4.5.2 ɇɟɘůŭɘɎůŰŬŰɞɠ ɢɎɟŰɖɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ ɚɞɔŬɟɑɗɛɞɡ Űɖɠ űŬɘɜɧɛŮɜɖɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɛŮ ́ɟɞɓɞɚɐ ŮˊɘűŬɜŮɘɩɜ ůŰɞ Voxler. 
 
 ʅˍˇ ʴˊʱ˒ʹ˃ʰ ˍʹˌ ʶʽˁˈ˄ʰˌ пΦрΦн ̄ʰˊˇˎˋʽʱʸʶˍʰʽ ˇ˂ˈˁ˂ʹˊʹ ʹ ˉʶˊʽˇ˔ʺ ˋˍʹ˄ ˇˉˇʾʰ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶˍˊʺˋʶʽˌΣ ˃ʶ ˈ˂ʶˌ ˍʽˌ ˍʽ˃ʷˌ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ 
ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁ ʰ ̔́  ʽˋˇʶˉʽ˒ʱ˄ʶʽʰ ˃ʶ ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ 
˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʰ˄ˍʾˋˍʰˋʹˌ όπмΦлурфорфлпύΦ ʃʰˊʱ˂˂ʹ˂ʰ ˉˊˇʲʱ˂˂ˇ˄ˍʰʽ ˁʰʽ о ʶˉʽ˒ʱ˄ʶʽʶˌΣ 
˃ʾʰ ʴʽʰ ˁʱʻʶ ʱ˅ˇ˄ʰ όʋΣʇΣɵύΦ ɶ ʶˉʽ˒ʱ˄ʶʽʰ ʇɵ ʷ˔ʶʽ ˍʽ˃ʺ ʋҐфΦп ˃ʷˍˊʰΣ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ʋɵ ʷ˔ʶʽ 
ˍʽ˃ʺ ɵҐпΦр ˃ʷˍˊʰ ˁʰʽ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ʋʇ ʷ˔ʶʽ ˍʽ˃ʺ ɵҐоΦф ˃ʷˍˊʰΦ ʅˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˋˍˈ˔ˇˎ 
όʵʶ˅ʰ˃ʶ˄ʺύΣ ʵʹ˂ʰʵʺ ˋˍʹ ʻʷˋʹ ɮΣ ̄ʰˊʰˍʹˊˇˏ˄ˍʰʽ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ ˍʽ˃ʷˌ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ 
ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ό˃ˉ˂ʶ ˔ˊ˗˃ʰύΣ ˁʱˍʽ ˉˇˎ ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ 
ˏˉʰˊ˅ʹ ˍˇˎ ˋˍˈ˔ˇˎ ˋˍˇ ˋʹ˃ʶʾˇ ʶˁʶʾ˄ˇΦ 

ɮ 

ɰ 
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ȺɘəɧɜŬ 4.5.3 ɇɟɘůŭɘɎůŰŬŰɞɠ ɢɎɟŰɖɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ ɚɞɔŬɟɑɗɛɞɡ Űɖɠ űŬɘɜɧɛŮɜɖɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɛŮ ́ɟɞɓɞɚɐ ŮˊɘűŬɜŮɘɩɜ ůŰɞ Voxler. 

 
 ʆˇ ʴˊʱ˒ʹ˃ʰ ˋˍʹ˄ ʶʽˁˈ˄ʰ пΦрΦо ʶʾ˄ʰʽ ʾʵʽˇ ˃ʶ ˍˇ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˍʹˌ ʶʽˁˈ˄ʰˌ пΦрΦн 
ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʺ ˇˉˍʽˁʺ ʴ˖˄ʾʰΦ ʅʶ ʰˎˍˈ ˍˇ ʴˊʱ˒ʹ˃ʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ʶˁˍˈˌ ʰˉˈ ˍʹ˄ 
ʵʶ˅ʰ˃ʶ˄ʺ ˍʹˌ ʻʷˋʹˌ ɮ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ˋˍʹ ʻʷˋʹ ɰ ˁʱˉˇʽʶˌ ʽˋˇʶˉʽ˒ʱ˄ʶʽʶˌ ˃ʶ ˍʹ˄ ʾʵʽʰ 
ˍʽ˃ʺ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʰ˄ˍʾˋˍʰˋʹˌΣ ʵʹ˂ʰʵʺ πмΦлурфорфлпΦ ʁʽ ˍʽ˃ʷˌ 
ʰˎˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ ˏˉʰˊ˅ʹ ˁʱˉˇʽˇˎ ˃ʶˍʰ˂˂ʽˁˇˏ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˋˍˇ 
ˎˉʷʵʰ˒ˇˌΣ ˈˉ˖ˌ ˋ˖˂ʹ˄˗ˋʶʽˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΦ ʍˋˍˈˋˇΣ ʰˉˇʵʶʾ˔ʻʹˁʶ ˉ˖ˌ ˇʽ ˍʽ˃ʷˌ 
ʰˎˍʷˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍˇ ʰˉˇˍˏˉ˖˃ʰ ˃ʾʰˌ ʱ˂˂ʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ʲˇˊʶʽˈˍʶˊʰ 
ˍˇˎ ˁʰ˄˄ʱʲˇˎ ό˅ʶˁʽ˄ʱ ˋˍʰ ˈˊʽʰ ˍˇˎύ ˋˍˇ˄ ˇˉˇʾˇ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˃ʶˍˊʺˋʶʽˌ 
¢9aΦ 
 
 
 
 
 
 
 
 

ɰ 
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5. ɆɡɛˊŮɟɎůɛŬŰŬ 
  
 ɶ ˃ʷʻˇʵˇˌ ˍ˖˄ ˉʰˊˇʵʽˁ˗˄ ˉʶʵʾ˖˄ ʰˉˇˍʶ˂ʶʾ ˔ˊʺˋʽ˃ˇ ʶˊʴʰ˂ʶʾˇ ˋˍʹ˄ ˃ʶ˂ʷˍʹ 
ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˁʰʽ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ ˎˉʶʵʱ˒ˇˎˌ ˁʰʽ ˋˍʹ˄ ʶˏˊʶˋʹ ˋˍˈ˔˖˄ 
˃ʶ ʷ˄ˍˇ˄ʹ ʰ˄ˍʾʻʶˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɳˉʽˉ˂ʷˇ˄Σ ʹ 
ˁʰˍʱ˂˂ʹ˂ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʲˇʹʻʱʶʽ ˋˍˇ˄ ʰˁˊʽʲʺ ʶ˄ˍˇˉʽˋ˃ˈ ˁʰʽ 
ʰˉʶʽˁˈ˄ʽˋʹ ˃ʷˋ˖ ˃ˇ˄ˍʷ˂˖˄ ˁʰʽ ʴˊʰ˒ʹ˃ʱˍ˖˄ ˍˇˎ ˋˍˈ˔ˇˎ ˉˇˎ ʶˊʶˎ˄ʱˍʰʽ ʰ˂˂ʱ ˁʰʽ 
ʴʶ˄ʽˁˈˍʶˊʰ ˉˊˇˁˏˉˍʶʽ ˃ʾʰ ˉˇ˂ˏ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʺ ʶʽˁˈ˄ʰ ˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ ˒ʰʽ˄ˈ˃ʶ˄˖˄ 
ʰ˄ˍʽˋˍʱˋʶ˖˄ ˋʶ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ˃ʶˍˊʺˋʶʽˌΦ  
 ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʹ˄ ʷˊʶˎ˄ʰ ˉˇˎ ʰ˄ʰ˂ˏʻʹˁʶ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˊʴʰˋʾʰ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶˍˊʺˋʶʽˌ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ʶ˄ˈˌ ʻʰ˃˃ʷ˄ˇˎ ˋˍˈ˔ˇˎ όʵʶ˅ʰ˃ʶ˄ʺύ 
ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʁ˄ˈˌ ˉʰ˂ʽˇˏ ˋˍˊʰˍˇˉʷʵˇˎ ˋˍʹ˄ ˉʶˊʽˇ˔ʺˌ ɾʶ˄ʶ˃ʷ˄ʹˌ ˋˍʹ ɸʶˋˋʰ˂ˇ˄ʾˁʹΦ 
ɳˁʶʾΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ ̫ˉʶʽˍʰ ʰˉˈ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ 
ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ˄ ʷˊʶˎ˄ʰ ʁ˄ˍˇˉʾˋˍʹˁʶ ʶˉʽˍˎ˔˗ˌ ̌ ʻʰ˃˃ʷ˄ˇˌ ˋˍˈ˔ˇˌ όʵʶ˅ʰ˃ʶ˄ʺύΦ  
 ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʶˉʽʲʶʲʰʾ˖ˋʰ˄ ˍʹ˄ 
ˏˉʰˊ˅ʹ ʶ˄ˈˌ ʻʰ˃˃ʷ˄ˇˎ ˃ʶˍʰ˂˂ʽˁˇˏ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˋˍˇ ˋʹ˃ʶʾˇ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ ɴˍˋʽΣ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʶˊʴʰˋʾʶˌ ˁʰʽ ʰ˄ʰˋˁʰ˒ʷˌ ʴʽʰ ˍʹ˄ ʶˁˍʰ˒ʺ ˍˇˎΦ  
 ɳˉʽˉ˂ʷˇ˄Σ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʴˊʰ˃˃ʺ ˃ʷˍˊʹˋʹˌΣ ʵʹ˂ʰʵʺ ʴʽʰ ɵҐ мн ƳΣ 
ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʾʰ ˋʹ˃ʰ˄ˍʽˁʺ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ˏˉʰˊ˅ʹ ˔ʰ˃ʹ˂˗˄  ̱ʽ˃˗˄ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ 
ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˋˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΦ ʁʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ 
ˏˉʰˊ˅ʹ ˁʱˉˇʽˇˎ ˃ʶˍʰ˂˂ʽˁˇˏ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˋˍˇ ˎˉʷʵʰ˒ˇˌΣ ˈˉ˖ˌ ˋ˖˂ʹ˄˗ˋʶʽˌ ʴʽʰ 
ˉʰˊʱʵʶʽʴ˃ʰΦ ʍˋˍˈˋˇΣ ʰˉˇʵʶʾ˔ʻʹˁʶ ˉ˖ˌ ˇʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍˇ ʰˉˇˍˏˉ˖˃ʰ 
˃ʾʰˌ ʱ˂˂ʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ʲˇˊʶʽˈˍʶˊʰ ˍˇˎ ˁʰ˄˄ʱʲˇˎ ό˅ʶˁʽ˄ʱ ˋˍʰ ˈˊʽʰ ˍˇˎύ 
ˋˍˇ˄ ˇˉˇʾˇ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˃ʶˍˊʺˋʶʽˌ ¢9aΦ ʁ ˋˍˈ˔ˇˌ ʰˎˍˈˌ ʶ˄ˍˇˉʾˋˍʹˁʶ ˃ ʶ 
ʱ˂˂ʶˌ ʴʶ˖˒ˎˋʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺΦ  

ʅˍˇ˄ ˔ʱˊˍʹ ˉʰˊʰˁʱˍ˖ όʶʽˁˈ˄ʰ рΦмύ ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʶ˂ʽˁ˗ˌ ˇ ˁʱ˄˄ʰʲˇˌΣ 
ʵʹ˂ʰʵʺ ˍʰ ʰˁˊʽʲʺ ˋʹ˃ʶʾʰ ˁʰʽ ˋˎ˄ˇ˂ʽˁʷˌ ʵʽʰˋˍʱˋʶʽˌΣ ˋˍˇ˄ ˇˉˇʾˇ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ 
ˇʽ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ʰ˄ʰ˂ˏʻʹˁʰ˄ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˁʰʻ˗ˌ ˁʰʽ ˇ ˋˍˈ˔ˇˌ ˋˍʹ˄ 
ʰˁˊʽʲʺ ʻʷˋʹ ˉˇˎ ʶ˄ˍˇˉʾˋˍʹˁʶ ˋˍˇ ˎˉʷʵʰ˒ˇˌΦ  
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пн 
 

 
ȺɘəɧɜŬ 5.1 Ƀ əɎɜɜŬɓɞɠ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ɞ ůŰɧɢɞɠ (ŭŮɝŬɛŮɜɐ). 

 

 ʅˍʹ˄ ˉʰˊʰˉʱ˄˖ ʰʶˊˇ˒˖ˍˇʴˊʰ˒ʾʰ όʁ ʽˁˈ˄ʰ рΦмύ ˒ ʰʾ˄ʶˍʰʽ ˋˍˇ ˃ʰˏˊˇ ˉ˂ʰʾˋʽˇ 
ˇ˂ˈˁ˂ʹˊʹ ʹ ˉʶˊʽˇ˔ʺ ˔ʰˊˍˇʴˊʱ˒ʹˋʹˌ ˃ʶ ʵʽʰˋˍʱˋʶʽˌ нлȄмнΣ ʵʹ˂ʰʵʺ ˃ʶ ˃ʺˁˇˌ нл ˃ʷˍˊʰ 
˃ʺˁˇˌ ˃ʶ ˃ʾʰ ʲˎʻˇˋˁˈˉʹˋʹ ʰ˄ʱ ˃ʷˍˊˇ ˋʶ ˁʱʻʶ ʴˊʰ˃˃ʺ ˁʰʽ мн ˃ʷˍˊʰ ˉ˂ʱˍˇˌ ˃ʶ ˍʹ 
ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ мо ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʴˊʰ˃˃˗˄ ˃ʶˍˊʺˋʶ˖˄Φ  
 ɳˉʽˉ˂ʷˇ˄Σ ˃ʶ ˍʹ˄ ˉˊʱˋʽ˄ʹ ˁˇˎˁʾʵʰ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˇ ˋˍˈ˔ˇˌΣ ʵʹ˂ʰʵʺ ʹ ʵʶ˅ʰ˃ʶ˄ʺ 
ˉˇˎ ʶ˄ˍˇˉʾˋˍʹˁʶΦ ʆʶ˂ʽˁʱΣ ʹ ʵʶ˅ʰ˃ʶ˄ʺ ʶ˄ˍˇˉʾˋˍʹˁʶ ˁʰʽ ʶʾ˔ʶ ˃ʺˁˇˌ ɾҐоΦр ˃ʷˍˊʰ ˁʰʽ 
ʵʽɦ˃ ʶ̱́ ˇ̩ 5Ґ н ˃ʷˍˊʰ ˁʰʽ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ  
 

 
ȺɘəɧɜŬ 5.2 ȼ ŭŮɝŬɛŮɜɐ ˊɞɡ ŮɜŰɞˊɑůŰɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ. 
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ʅˍʹ˄ ʶʽˁˈ˄ʰ рΦо ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʾʰ ʽˋˇʶˉʽ˒ʱ˄ʶʽʰ ˃ʶ ˍʽ˃ʺ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎ ˍʹˌ 
˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ όπмΦлурфорфлпύΣ ˖ˋˍˈˋˇ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ 
ʶˉʽ˒ʱ˄ʶʽʶˌ ˋʶ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌ όɮ ˁʰʽ ɰύΦ ɶ ʻʷˋʹ ɮ ʲˊʾˋˁʶˍʰʽ ˋˍʰ нΦр ˃ʷˍˊʰ 
ˍˇˎ ʱ˅ˇ˄ʰ ʋ ʶ˄˗ ʹ ʻʷˋʹ ɰΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʷˉʶʽˍʰ ʰˉˈ ˍʽˌ 
˃ʶˍˊʺˋʶʽˌ ˎˉʷʵʶʽ˅ʰ˄ ˍʹ˄ ˏˉʰˊ˅ʹ ˃ʾʰˌ ʻʰ˃˃ʷ˄ʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ̀ˍʹ˄ ʻʷˋʹ ɮ όʶʽˁˈ˄ʰ рΦнύ 
ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˉˇˎ ʶˉʽʲʶʲʰʽ˗ʻʹˁʶ ʰˉˈ ˍʹ˄ ˃ʶˍʷˉʶʽˍʰ ʶˁˋˁʰ˒ʺΦ     
 ʍˋˍˈˋˇΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍʹ ʻʷˋʹ ɰ ˁʰʽ ˃ʾʰ ʽˋˇʶˉʽ˒ʱ˄ʶʽʰ ˃ʶ ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺΦ ʁʽ 
ˍʽ˃ʷˌ ʰˎˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ ˏˉʰˊ˅ʹ ˁʱˉˇʽˇˎ ˃ʶˍʰ˂˂ʽˁˇˏ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˋˍˇ 
ˎˉʷʵʰ˒ˇˌΣ ˈˉ˖ˌ ˋ˖˂ʹ˄˗ˋʶʽˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΦ ʍˋˍˈˋˇΣ ʰˉˇʵʶʾ˔ʻʹˁʶ ˉ˖ˌ ˇʽ ˍʽ˃ʷˌ 
ʰˎˍʷˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍˇ ʰˉˇˍˏˉ˖˃ʰ ˃ʾʰˌ ʱ˂˂ʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌΣ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʹˌ ɲм 
όʶʽˁˈ˄ʰ пΦнΦмύΣ ̄ ˇˎ ʲˊʾˋˁʶˍʰʽ ʲˇˊʶʽˈˍʶˊʰ ˍˇˎ ˁʰ˄˄ʱʲˇˎ ό˅ʶˁʽ˄ʱ ˋˍʰ ˈˊʽʰ ˍˇˎύ ˋˍˇ˄ 
ˇˉˇʾˇ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˃ʶˍˊʺˋʶʽˌ ¢9aΦ 

ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱ ʹ ˔ˊʺˋʹ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ʲˇʺʻʹˋʶ ˋˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʰˉʶʽˁˈ˄ʽˋʹ 
ˁʰʽ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʆɳɾ ˈˉ˖ˌ ʰˎˍˈ ʶˉʽʲʶʲʰʽ˗˄ʶˍʰʽ ʰˉˈ ˍʹ ʰˁˊʽʲʺ 
ˍˊʽˋʵʽʱˋˍʰˍʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍʹˌ ʵˇ˃ʺˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˇˎ ˎˉˇʵʶʽˁ˄ˏʶʽ ˍʹ 
ʵʽʰˉʽˋˍ˖˃ʷ˄ʹ ʻʷˋʹ ˍʹˌΦ 

ȺɘəɧɜŬ 5.3 ɇɟɘůŭɘɎůŰŬŰɞɠ ɢɎɟŰɖɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ ɚɞɔŬɟɑɗɛɞɡ Űɖɠ űŬɘɜɧɛŮɜɖɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɛŮ ˊɟɞɓɞɚɐ ŮˊɘűŬɜŮɘɩɜ ůŰɞ Voxler. 

 

ɮ 

ɰ 
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ʅˎ˄ˇ˕ʾʸˇ˄ˍʰˌΣ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˍˈˋˇ 

ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˈˋˇ ˁʰʽ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ 

˂ˇʴʾʸˇ˄ˍʰʽ ʰ˅ʽˈˉʽˋˍʰ ˖ˌ ˉˊˇˌ ˍʹ˄ ˉˇʽˈˍʹˍʱ ˍˇˎˌΦ ʆʹ˄ ʶˉʽʲʶʲʰʾ˖ˋʹ ˍʹˌ ʶʴˁˎˊˈˍʹˍʰˌ 

ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʵʾ˄ʶʽ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʶˁˋˁʰ˒ʺ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ 

ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˁʰʽ ʶˉʽʲʶʲʰʽ˗ʻʹˁʶ ʹ ˏˉʰˊ˅ʹ ˃ʾʰˌ ˃ʶˍʰ˂˂ʽˁʺˌ ɻʶ˅ʰ˃ʶ˄ʺˌΣ ʹ ˇˉˇʾʰ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ʰ˄ʰˋˏˊʻʹˁʶΦ 
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6. ȸɘɓɚɘɞɔɟŬűɑŬ 
  

{Ƙǳ ¸ŀƴΣ aƛƴƎ {ƘŜƴƎ /ƘŜƴ ϧ ·ƛŀƴ ·ƛƴ {Ƙƛ όнллфύ ¢ǊŀƴǎƛŜƴǘ ŜƭŜŎǘǊƻƳŀƎƴŜǝŎ ǎƻǳƴŘƛƴƎ 
ǳǎƛƴƎ ŀ р Ƴ ǎǉǳŀǊŜ ƭƻƻǇΣ 9ȄǇƭƻǊŀǝƻƴ DŜƻǇƘȅǎƛŎǎΣ плΥнΣ мфоπмфсΣ 5hLΥ 
млΦмлтмκ9Dлумнн 

 
ɰ˂ʰ˔ˇ˄ʱˋʽˇˌ ʋˊʽˋˍˇ˒ˇˊʾʵʹˌ ɳˉʰ˃ʶʽ˄˗˄ʵʰˌΣ ɸʶˋˋʰ˂ˇ˄ʾˁʹΦ ɳʊɮʄɾʁɱɶ ʆɶʅ 
ɶɽɳɼʆʄɹɼɶʅ ʆʁɾʁɱʄɮʊɹɮʅ ɱɹɮ ʆʁɿ ɳɿʆʁʃɹʅɾʁ ɽɳɹʌɮɿʍɿ ɸɮɾɾɳɿʁʇ 
ɲʄʁɾʁʇΦ ɲʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰΦ 

 
ƘǧǇǎΥκκǿǿǿΦƳŀǘƘǿƻǊƪǎΦŎƻƳκǇǊƻŘǳŎǘǎκƳŀǘƭŀōΦƘǘƳƭ 

 
 ʃʰˉʰʸʱ˔ˇˌ ɰʰˋʾ˂ʶʽˇˌΣ ɸʶˋˋʰ˂ˇ˄ʾˁʹ мффсΦ ɳʽˋʰʴ˖ʴʺ ˋˍʹ˄ ɳ˒ʰˊ˃ˇˋ˃ʷ˄ʹ ɱʶ˖˒ˎˋʽˁʺΦ 
ɳˁʵˈˋʶʽˌ ɵɶʆɶΦ 

 
ʆˋʶ˂ʷ˄ˍʹˌ ɯˁʹˌΣ ʃʰˊʰˋˁʶˎˈˉˇˎ˂ˇˌ ʃΦ ɳ˒ʰˊ˃ˇˋ˃ʷ˄ʹ ɱʶ˖˒ˎˋʽˁʺΦ ɳˁʵˈˋʶʽˌ [ƛōŜǊŀƭ 
.ƻƻƪǎΦ Σ ɮʻʺ˄ʰ нлмо 
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https://www.mathworks.com/products/matlab.html
https://elearning.auth.gr/
http://www.langeoinstrument.com/Transient_Electromagnetic_Instrument/_33.html
http://www.langeoinstrument.com/Transient_Electromagnetic_Instrument/_33.html
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ɄŬɟɎɟŰɖɛŬ  
 

ʅˍˇ ˉʰˊʱˊˍʹ˃ʰ ʰˎˍˈ ʲˊʾˋˁʶˍʰʽ ˍˇ ʲˇʹʻʹˍʽˁˈ ˉˊˈʴˊʰ˃˃ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ 

˒ʰʽ˄ˈ˃ʶ˄ʹˌ ʰ˄ˍʾˋˍʰˋʹˌ ̄ˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ όʴ˂˗ˋˋʰ aŀǘ[ŀōύΦ  

% *************** *** *************   tem_usf.m ********************** ** **********  
% voithitiko programma ypologismou fainomenis antistasis  
% kai fainomenou vathous kai dhmiourgia 2D kai 3D grafhmmatwn twn apotelesmatwn  
% Diplwmatikh ergasia ,  Papanikolaou Dimitrios, AEM:5797   
% Tmhma Geologias AUTh-  06/23  

 

clc  
clear  
m0=4*pi*(10^( - 7));  
%%user inserts K value  
K= input( 'Input K : ' );  
%%Create folder for output files  
mkdir Output_Graphs  
fname= [pwd '/Output_Graphs' ];  
%%Graph for profile  
graphname2= 'Profile for all soundings' ;  
stack=figure( 'Name' ,graphname2, 'NumberTitle' , 'off' );  
%Create colorbar  
colormap(jet);  
c = colorbar;  
c.Label.String = 'Log(Apparent Resistivity)' ;  
c.Location = 'southoutside' ; %change location of colorbar  
hold on 
%%Open header file  
filename= 'header_file.txt' ;  
trg=fopen(filename, 'r' );  
%count number of files  
fid = fopen(filename, 'r' );  
M = 0;  
while ~feof(fid)  
    fgetl(fid);  
    M = M+1;  
end 
fclose(fid);  
M; 
%Count starting points of each measurement  
for l=1:M  
fline1=fgets(trg);  
line1= textscan(fline1, '%s %s' );  
num_all(l)=line1{2};  
numdouble(l) = str2double(num_all(l));  
end 
%read file names  
filename= 'header_file.txt' ;  
trg=fopen(filename, 'r' );  
fid = fopen(filename, 'r' );  
N = 0;  
while ~feof(fid)  
    fgetl(fid);  
    N = N+1;  
end 
fclose(fid);  
N; 
for k=1:N 
fline=fgets(trg);  
line= textscan(fline, '%s %s' );  
name(k)=line{1};  
num(k)=line{2};  
f=char(name(k));  
numchar(k) = str2double(num(k));  
file0=fopen(f, "r" );  
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%read text into file  
    fgets(file0); %title  
    sound=fgets(file0); %n of soundings  
    nsound= regexp(sound, ' \ d+' , 'match' );  
    repeat= str2double(nsound);  
    fgets(file0); %end 
   for r=1:repeat %loop for all soundings  
    fgets(file0); %void 
    fgets(file0); %array  
    fgets(file0); %azimuth  
    fgets(file0); %instrument  
    fgets(file0); %volt_units  
    fgets(file0); %date 
    str1=fgets(file0); %loop_size  
    loop= regexp(str1, ' \ d+' , 'match' ) ;  
     size= str2double(loop) ;  
     a=size(1);  
     b=size(3);  
    fgets(file0); %loop_turns  
    fgets(file0); %profile  
    fgets(file0); %ramp_time 
    fgets(file0); %sweeps 
    str2= fgets(file0); %points  
    p= regexp(str2, ' \ d+' , 'match' ) ;  
     iwant = str2double(p) ;  
    fgets(file0); %sname 
    fgets(file0); %snumber 
    fgets(file0); %location  
    fgets(file0); %coil_size  
    fgets(file0); %void 
    f gets(file0); %sweep_number 
    fgets(file0); %current  
    fgets(file0); %frequency  
    fgets(file0); %end 
    fgets(file0); %header_indx  
     % read_sounding  
    for i=1:iwant  
         tline=fgets(file0);  
         se=textscan(tline, '%d %*s %f %*s %f %*s %f %*s %f %*s %d %*s' );  
    time(i,r)=se{2};  
    volt(i,r)=se{4};  
    volt(i,r)= max(volt(i,r),0);  
    end 
    %Calculate apparent resistivit y 
for i=1:iwant  
    ar(i,r)= (m0/(4*pi*time(i,r)))*power( ((2*m0*a*b)/(5*time(i,r)*volt(i,r))),2/3);  
if ar(i,r)==inf  
    ar(i,r)=0; % replaces with zero  
end 
end 
    %Calculate apparent depth  
    for i=1:iwant  
         H(i,r)= K* power( (ar(i,r)*time(i,r))/(2*m0),0.5);  
    end 
fgets(file0); %/end 
   end 
   apres=ar(3:20,1:20);  
   all_depth=H(3:20,1:20);  
   zz=mean(H(3:20,1:2),2);  
%  subplot (2,1,1);  
%    imagesc(log(apres))  
% subplot (2,1,2);  
%    imagesc(all_depth)  
   m=height(apres);  
   n=width(apres);  
   p=0;  
      for j=1:n % soundings  
       for i=1:m % channels  
   p=p+1;  
       x(p)=j - 0.5;  
       z(p)= - zz(i);  
       res(p)=apres(i,j);  
       P=mean(res);  
       if res(p)==0 %error if res(p) is 0  
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           res(p)= P;  
       end 
      end 
       end 
%Oria perioxhs xartografhshs  
x1=min(x);  
x2=max(x);  
y1=min(z);  
y2=max(z);  
%Orismos grid interval  
d=0.125;  
%Strogilopoisi oriwn  
x1n=(floor(x1/d))*d;  
x2n=(ceil(x2/d))*d;  
y1n=(floor(y1/d))*d;  
y2n=(ceil(y2/d))*d;  
%Dhmiourgia kannavou dedomenwn (grid)  
[X,Y]=meshgrid(x1n:d:x2n,y1n:d:y2n);  
%Ypologismos antistasis sta shmeia tou kannavou (grid)  
ires=griddata(x,z,log(res),X,Y, 'v4' );  
%%KATASKEYH XARTH 
%Orismos isoilektrikis  
iso=0.1;  
%Elaxisti antistasi  
res1=min(res);  
%Megisti antistasi  
res2=max(res);  
%Pinakas me isoilektrikes  
rr=log(res1):iso:log(res2);  
%Figures names  
graphname = sprintf( '%s' ,f);  
graphname= graphname(1:end - 4);  
figure( 'Name' ,graphname, 'NumberTitle' , 'off' );  
%Sxediasmos xarth  
c=contourf(X,Y,ires,rr);  
%Xrwmatikh klimaka  
colo rmap(jet);  
c1=colorbar;  
c1.Location = 'southoutside' ;  
c1.Label.String = 'Log(Apparent Resistivity)' ;  
%save files  
saveas(gcf,fullfile(fname,graphname));  
close(graphname);  
%%plot all contours in one plot  
%Oria perioxhs xartografhshs  
x1=min(x);  
x2=max(x);  
y1=min(abs(z));  
y2=max(abs(z));  
%Orismos grid interval  
d=0.125;  
%Strogilopoisi oriwn  
x1n=(floor(x1/d))*d;  
x2n=(ceil(x2/d))*d;  
y1n=(floor(y1/d))*d;  
y2n=(ceil(y2/d))*d;  
%Dhmiourgia kannavou dedomenwn (grid)  
[X,Y]=meshgrid(x1n:d:x2n,y1n:d:y2n);  
%Ypologismos antistasis sta shmeia tou kannavou (grid)  
ires=griddata(x,abs(z),log(res),X,Y, 'v4' );  
%KATASKEYH XARTH 
%Orismos isoilektrikis  
iso=0.1;  
%Elaxisti antistasi  
res1=min(res);  
%Megisti antistasi  
res2=max(res);  
%Pinakas me isoilektrikes  
rr=log(res1):iso:log(res2);  
% Figure's name  
figure(stack)  
%Create profiles  
level= numchar(k);  
[~,h] = contourf(Y,X,ires,rr);  
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zticks(numdouble)  
zticklabels(name)  
h.ContourZLevel = level;  
view(3)  
camup([ - 1 0 0]);  
%save graph  
saveas(gcf,fullfile(fname,graphname2));  
%%plot 4D map 
%Create matrix with all the info  
tv1=length(res);  
tv2=tv1*k;  
tv3=((k - 1)*tv1)+1;  
    for l=tv3:tv2  
        y(l)=numchar(k);  
    xall(tv3:tv2)=x;  
    zall(tv3:tv2)=z;  
    resall(tv3:tv2)=res;  
    end 
end 
%save all info in a 4680x4 matrix  
resall=log(resall);  
info=[xall;y;zall;resall];  
info3=[xall;y;zall];  
info=(info)';  
info3=info3';  
resall=resall';  
%Create 4D map 
F=scatteredInterpolant(info3,resall);  
%Oria perioxhs xartografhshs  
x1=min(xall);  
x2=max(xall);  
y1=min(y);  
y2=max(y);  
z1=min(zall);  
z2=max(zall);  
%Orismos grid interval  
d=0.125;  
%Strogilopoisi oriwn  
x1new=(floor(x1/d))*d;  
x2new=(ceil(x2/d))*d;  
y1new=(floor(y1/d))*d;  
y2new=(ceil(y2/d))*d;  
z1new=(ceil(z1/d))*d;  
z2new=(floor(z2/d))*d;  
%Dhmiourgia kannavou dedomenwn (grid)  
[Xnew,Ynew,Znew]=meshgrid(x1new:d:x2new,y1new:d:y2new,z1new:d:z2new);  
interp_res= F(Xnew,Ynew,Znew);  
%graph for top view (6m)  
hd=abs(z1new) - 0.5;  
hdname=num2str(hd);  
hdcomma=replace(hdname, "." , "," );  
graphname3= [ 'Graph for depth(z)=' ,hdcomma,' m' ];  
topv=figure( 'Name' ,graphname3, 'NumberTitle' , 'off' );  
hold on 
view(3)  
% Figure's name  
figure(topv);  
%%First figure(depth=6m)  
slice(Xnew,Ynew,Znew,interp_res,(x2new/2),(y2new/2), - hd)  
rotate3d(topv, 'on' );  
%Xrwmatikh klimaka  
colormap(jet);  
clim([ - 4 4.5])  
c2=colorbar;  
c2.Label.String = 'Log(Apparent Resistivity)' ;  
%save files  
saveas(gcf,fullfile(fname,graphname3));  
%graph for top view (3m)  
hd1=abs(z1new)/2;  
hd1name=num2str(hd1);  
hd1comma=replace(hd1name, "." , "," );  
graphname4=[ 'Graph for depth(z)=' ,hd1comma,' m' ];  
topv1=figure( 'Name' ,graphname4, 'NumberTitle' , 'off' );  
hold on 
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view(3)  
% Figure's name  
figure(topv1);  
%Second figure(depth=3m)  
slice(Xnew,Ynew,Znew,interp_res,[],[], - hd1)  
rotate3d(topv1, 'on' );  
%Xrwmatikh klimaka  
colormap(jet);  
clim([ - 4 4.5])  
c3=colorbar;  
c3.Label.String = 'Log(Apparent Resistivity)' ;  
%save files  
saveas(gcf,fullfile(fname,graphname4));  
%graph for top view (4m)  
hd2=hd1+1;  
hd2name=num2str(hd2);  
hd2comma=replace(hd2name, "." , "," );  
graphname5=[ 'Graph for depth(z)=' ,hd2comma, ' m' ];  
topv2=figure( 'Name' ,graphname5, 'NumberTitle' , 'off' );  
hold on 
view(3)  
% Figure's name  
figure(topv2);  
%Third figure(depth=4m)  
slice(Xnew,Ynew,Znew,interp_res,[],[], - hd2)  
rotate3d(topv2, 'on' );  
%Xrwmatikh klimaka  
colormap(jet);  
clim([ - 4 4.5])  
c4=colorbar;  
c4.Label.String = 'Log(Apparent Resistivity)' ;  
%save files  
saveas(gcf,fullfile(fname,graphname5));  
%graph for top view  
graphname6= 'All measurements' ;  
topv3=figure( 'Name' ,graphname6, 'NumberTitle' , 'off' );  
hold on 
view(3)  
% Figure's name  
figure(topv3);  
%Second figure(depth=3m)  
slice(Xnew,Ynew,Znew,interp_res,[x1new x2new],[y1new y2new],z1new);  
rotate3d(topv3, 'on' );  
%Xrwmatikh klimaka  
colormap(jet);  
clim([ - 4 4.5])  
c5=colorbar;  
c5.Label.String = 'Log(Apparent Resistivity)' ;  
%save files  
saveas(gcf,fullfile(fname,graphname6));  
%User creates figures  
ys=1;  
gr=0;  
numx1new=num2str(x1new);  
numx2new=num2str(x2new);  
numy1new=num2str(y1new);  
numy2new=num2str(y2new);  
numz1new=num2str(z1new);  
numz2new=num2str(z2new);  
while ys==1 
xa=1;  
ya=1;  
za=1;  
choice= input( 'Do you want to create another figure? (1 means Yes, 2 means No): ' );  
if choice==1  
    while xa==1 
     xslice=input([ 'Input xslice(' numx1new ' - ' numx2new '): ' ]);  
     if (any(xslice<x1new) || any(xslice>x2new))  
         disp( 'Value out of boundaries!' )  
         xa=1;  
     else  
         xa=0;  
     end 
    end 
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    while ya==1 
     yslice=input([ 'Input yslice(' numy1new ' - ' numy2new '): ' ]);  
      if (any(yslice<y1new) || any(yslice>y2new))  
         disp( 'Value out of boundaries!' )  
         ya=1;  
      else   
          ya=0;  
      end 
    end 
    while za==1 
     zslice=input([ 'Input zslice(' numz2new ' - ' '(' numz1new ')' '): ' ]);  
      if (any(zslice<z1new) || any(zslice>z2new))  
         disp( 'Value out of boundaries!' )  
         za=1;  
      else  
          za=0;  
      end 
     end 
    %user created graph for top view  
    gr=gr+1;  
    gr1=num2str(gr);  
    user_graph=num2str(abs(zslice));  
    user_graph= strrep(user_graph, '  ' , '&' );  
    
    graphname6=[ 'User created top view figure ' ,gr1];  
    topv4=figure( 'Name' ,graphname6, 'NumberTitle' , 'off' );  
    title([ 'Depth(z)= ' ,user_graph, ' m' ]);  
    hold on 
    view(3)  
    % Figure's name  
    figure(topv4);  
    %Create slices  
    slice(Xnew,Ynew,Znew,interp_res,xslice,yslice,zslice);  
    rotate3d(to pv4, 'on' );  
    %Xrwmatikh klimaka  
    colormap(jet);  
    clim([ - 4 4.5])  
    c6=colorbar;  
    c6.Label.String = 'Log(Apparent Resistivity)' ;  
    %save files  
    saveas(gcf,fullfile(fname,graphname6));  
    ys=1;  
else  
    clc  
    return  
end  
end 

 


