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ɄɅɃȿɃũɃɆ 

Ƀɘ ɔŮɤɚɞɔɘəɏɠ ŬɓŮɓŬɘɧŰɖŰŮɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŮ ɛɘŬ ŬůŰɘəɐ ˊŮɟɘɞɢɐ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ɏɜŬ 

ůɡɜŭɡŬůɛɧ űɡůɘəɩɜ əɘ ŬɜɗɟɤˊɞɔŮɜɩɜ ˊŬɟŬɔɧɜŰɤɜ, ŬɜŰŬɜŬəɚɩɜŰŬɠ Űɖɜ ˊɞɚɨˊɚɞəɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ 

ɛŮŰŬɝɨ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ əŬɘ Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ůŰɘɠ 

ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. ȼ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ŮəəɘɜŮɑ Ŭˊɧ Űɖ ŬɜɎɔəɖ ŬɜɎˊŰɡɝɖɠ ɛɑŬɠ 

ɞɚɞəɚɖɟɤɛɏɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ, ɖ ɞˊɞɑŬ ŬɝɘɞˊɞɘŮɑ əŬɘ ŬɝɘɞɚɞɔŮɑ ůŮ ɓɎɗɞɠ Űɖ ŭɘŬɗɏůɘɛɖ ɔŮɤɚɞɔɘəɐ əŬɘ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ˊɚɖɟɞűɞɟɑŬ, ɛŮ ůŰɧɢɞ Űɖɜ ŬˊɞɛŮɑɤůɖ ŬɡŰɩɜ Űɤɜ ŬɓŮɓŬɘɞŰɐŰɤɜ. ȼ ŬűŮŰɖɟɑŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ 

ůŰɞɜ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, Űɖ ŭɘŬɢŮɑɟɘůɖ ɏɜŬɜŰɘ ɔŮɤəɘɜŭɨɜɤɜ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ 

ɔŮɤˊŮɟɘɓɎɚɚɞɜŰɞɠ ůŰɖ ɚŮəɎɜɖ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ.  

ɀŮ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ əŬɘ ɔŮɤŰŮɢɜɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ 

ŮɑɜŬɘ ɘəŬɜɐ ɖ ůɡɔəɏɜŰɟɤůɖ, ŮˊŮɝŮɟɔŬůɑŬ əɘ Ŭɝɘɞɚɧɔɖůɖ Ůɜɧɠ ɛŮɔɎɚɞɡ ˊɚɐɗɞɡɠ ŭŮŭɞɛɏɜɤɜ ɛŮ ůəɞˊɧ 

Űɖ ŭɘŮɝɞŭɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ əŬɘ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ 

ŭŮɨŰŮɟɖɠ ɛŮɔŬɚɨŰŮɟɖɠ ˊɧɚɖɠ ůŰɖɜ ȺɚɚɎŭŬ. ɇŬ ŭŮŭɞɛɏɜŬ Ŭűɞɟɞɨɜ ůô ɏɜŬ ˊɚɐɗɞɠ ˊɟɤŰɞɔŮɜɩɜ 

ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůŰɞɘɢŮɑɤɜ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 600 ɔŮɤŰɟɐůŮɘɠ 

ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŬɜ ůŰɞ ˊɚŬɑůɘɞ ˊɚɐɗɞɠ ɔŮɤŰŮɢɜɘəɩɜ ŮɟŮɡɜɩɜ əŬɘ ɛŮɚŮŰɩɜ, ŰŬ ɞˊɞɑŬ ŭŮɜ ɐŰŬɜ 

ŭɘŬɗɏůɘɛŬ ɛɏɢɟɘ ˊɟɧŰɘɜɞɠ. ɇɞɨŰŬ ŬɜŬűɏɟɞɜŰŬɘ ůŮ űɡůɘəɏɠ, ɛɖɢŬɜɘəɏɠ əŬɘ ɡŭɟŬɡɚɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ɧˊɤɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ əɘ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɩɜ ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŬɜ 

ůŰɞɡɠ ŮŭŬűɘəɞɨɠ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ, ŭɖɚŬŭɐ Űɘɠ ŰŮɢɜɖŰɏɠ ŮˊɘɢɩůŮɘɠ əŬɘ 

Űɘɠ ŬˊɞɗɏůŮɘɠ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ. 

ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ əŬɘ ůɡůɢɏŰɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɘəŬɜɐ ɖ ŬˊɞɛŮɑɤůɖ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ůŰɞ 

ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɛɏůɤ: 

¶ Űɖɠ ŬɜŬˊŬɟɎůŰŬůɖɠ Űɤɜ ŮɔɔŮɜɩɜ ɔŮɤɚɞɔɘəɩɜ ŭɘŬəɡɛɎɜůŮɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ ˊɎɢɞɠ 

əŬɘ ɓɎɗɞɠ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 

¶ Űɖɠ ɚŮˊŰɞɛŮɟɞɨɠ ŭɘŮɟŮɨɜɖůɖɠ Űɖɠ ŮŰŮɟɞɔɏɜŮɘŬɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ŬˊɞɗɏůŮɘɠ 

ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ɤɠ ˊɟɞɠ Űɖ ůɨůŰŬůɐ Űɞɡɠ 

¶ Űɞɡ əŬɗɞɟɘůɛɞɨ Űɤɜ ŭɘŬűɞɟɞˊɞɘɐůŮɤɜ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ŰŬ ɔŮɤɡɚɘəɎ ɤɠ ˊɟɞɠ Űɖɜ 

ŮˊɘəɟɎŰɖůɖ Űɖɠ əɞəəɞɛŮŰɟɑŬɠ 

¶ Űɖɠ ɏɟŮɡɜŬɠ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɧůɞ 

ŮˊɘűŬɜŮɘŬəɎ, ɧůɞ əŬɘ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ůŮ ɓɎɗɞɠ ɛŮ: 

ü Űɖɜ ˊŬɟɎɗŮůɖ Ůɨɟɞɡɠ Űɘɛɩɜ ˊɚɐɗɞɡɠ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ 

ü Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡɠ 
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¶ Űɞɡ ŮɜŰɞˊɘůɛɞɨ ɕɤɜɩɜ Ŭɡɝɖɛɏɜɖɠ ɔŮɤɚɞɔɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɔɘŬ: 

ü Űɖɜ Ŭˊɞűɡɔɐ ŰɏŰɞɘɤɜ ˊŮɟɘɞɢɩɜ əŬŰɎ Űɞɜ Ŭɟɢɘəɧ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, ůŮ ŮˊɑˊŮŭɞ 

ɢɎɟŬɝɖɠ ŬɚɚɎ əŬɘ ˊɟɧŭɟɞɛɖɠ ŬɜɎɚɡůɖɠ 

ü Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Ůəŭɐɚɤůɖɠ ɔŮɤəɘɜŭɨɜɤɜ 

ȺɘŭɘəɧŰŮɟŬ, ɛɏůɤ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ Ůɨɟɞɠ ɢɟɐůŮɤɜ Űɖɠ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɏɢɞɡɜ ůəɞˊɧ:  

i. ɁŬ ŬɜŬŭŮɑɝɞɡɜ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ ůɡɛɓɎɚɚŮɘ ůŰɖ 

ŭɘŬůűɎɚɘůɖ Űɖɠ ŬůűɎɚŮɘŬɠ əŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ ŬůŰɘəɩɜ ɏɟɔɤɜ ɡˊɞŭɞɛɐɠ, ɧˊɤɠ ŰŬ 

əŰɑɟɘŬ, ɞɘ ŭɟɧɛɞɘ əŬɘ ŰŬ ɡˊɧɔŮɘŬ ɏɟɔŬ 

ii.  ɁŬ ˊɟɞŰŮɑɜɞɡɜ ɓɏɚŰɘůŰŮɠ ɛŮɗɧŭɞɡɠ əŬɘ ˊɟŬəŰɘəɏɠ ɩůŰŮ ɜŬ ˊɟɞɚɖűɗŮɑ ɐ/əŬɘ ɜŬ ɛŮɘɤɗŮɑ ɞ 

əɑɜŭɡɜɞɠ ŬůŰɞɢɑŬɠ əŬŰɎ Űɞ Ŭɟɢɘəɧ ůŰɎŭɘɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ  

iii.  ɁŬ əŬɗɞɟɑůɞɡɜ Ůɨɟɖ ˊŬɟŬɛɏŰɟɤɜ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ ɏɜŬ 

ˊɟɧŭɟɞɛɞ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ˊɟɧŰɡˊɞ əŬɘ ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ˊŮɟŬɘŰɏɟɤ 

ŭɘŮɜɏɟɔŮɘŬ ůŰɞɢŮɡɛɏɜɞɡ ɔŮɤŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ɛŮ ůəɞˊɧ Űɞɜ ɚŮˊŰɞɛŮɟɐ ůɢŮŭɘŬůɛɧ 

ŰŮɢɜɘəɩɜ ɏɟɔɤɜ 

iv. ɁŬ ˊɟɞůŭɘɞɟɑůɞɡɜ ˊɘɗŬɜɞɨɠ ɔŮɤəɘɜŭɨɜɞɡɠ ŮɜŰɧɠ ŬůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɧˊɤɠ ɞɘ 

əŬɗɘɕɐůŮɘɠ əŬɘ ɖ ɟŮɡůŰɞˊɞɑɖůɖ  

v. ɁŬ Űɞɜɑůɞɡɜ Űɖ ůɖɛŬůɑŬ əŬɘ ɘŭɘŬɑŰŮɟɖ ůɡɛɓɞɚɐ Űɖɠ ɚŮˊŰɞɛŮɟɞɨɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ 

ɏɟŮɡɜŬɠ ɛŮ ůəɞˊɧ Űɞɜ ɛŮŰɟɘŬůɛɧ ŬɡŰɩɜ Űɤɜ ɔŮɤəɘɜŭɨɜɤɜ 

vi. ɁŬ Ůɜɘůɢɨůɞɡɜ Űɘɠ ŭɘɎűɞɟŮɠ ŭɘŬŭɘəŬůɑŮɠ ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ: 

ü Űɞɜ ŬůűŬɚɐ ŬůŰɘəɧ ůɢŮŭɘŬůɛɧ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ Ŭˊɧ 

ɔŮɤəɘɜŭɨɜɞɡɠ 

ü ɕɖŰɐɛŬŰŬ ˊɞɚɘŰɘəɐɠ ˊɟɞůŰŬůɑŬɠ əŬɘ ŭɘŬɢŮɑɟɘůɖɠ əɟɑůŮɤɜ 

ɆɡɜɞɚɘəɎ, ɖ əŬɘɜɞŰɞɛɑŬ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ ɏɔəŮɘŰŬɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ˊɞɚɨŰɘɛɞɡ əŬɘ 

ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɞɡ ŮɟɔŬɚŮɑɞɡ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɘəŬɜɧ ɩůŰŮ ɜŬ ŬɝɘɞˊɞɘŮɑ ŭɘŮɝɞŭɘəɎ Űɖ ŭɘŬɗɏůɘɛɖ 

ɔŮɤɚɞɔɘəɐ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɔɜɩůɖ, əŬɗɘůŰɩɜŰŬɠ ɎɛŮůɖ əɘ Ůɨəɞɚɖ Űɖɜ Ŭɝɘɞˊɞɑɖůɐ Űɖɠ Ŭˊɧ Űɘɠ 

ŮɜŭɘŬűŮɟɧɛŮɜŮɠ ŮɘŭɘəɧŰɖŰŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɡɠ ŰɞɛŮɑɠ Űɖɠ ŰŮɢɜɘəɐɠ ɔŮɤɚɞɔɑŬɠ, ɔŮɤŰŮɢɜɘəɐɠ 

ɛɖɢŬɜɘəɐɠ ŬɚɚɎ əŬɘ ˊɞɚɘŰɘəɐɠ ˊɟɞůŰŬůɑŬɠ. 
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ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŰɟɘɓɐɠ, Ůˊɘɗɡɛɩ ɜŬ ŮəűɟɎůɤ Űɖɜ Ůɡɔɜɤɛɞůɨɜɖ əŬɘ Űɘɠ ɗŮɟɛɏɠ 

ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ, ůŮ ɧɚɞɡɠ ŮəŮɑɜɞɡɠ ˊɞɡ ůɡɜɏɓŬɚŬɜ ˊɞɘəɘɚɞŰɟɧˊɤɠ ůŰɖɜ Ůəˊɧɜɖůɐ Űɖɠ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ: 

ɇɞɜ ŮˊɘɓɚɏˊɞɜŰŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ Ⱥˊɑə. ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ. ȸŬůɑɚɖ ɀŬɟɑɜɞ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ Űɞɡ 

ɗɏɛŬŰɞɠ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. ɇɞɜ ŮɡɢŬɟɘůŰɩ Ŭˊɧ əŬɟŭɘɎɠ ɔɘŬ Űɖ ůɡɜŮɢɐ əŬɗɞŭɐɔɖůɖ, Űɖɜ 

ŮɛˊɘůŰɞůɨɜɖ Űɞɡ əŬɘ Űɞ ɞɡůɘŬůŰɘəɧ ŮɜŭɘŬűɏɟɞɜ əŬɗɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ. ɀŬ əɡɟɑɤɠ ɔɘŬ ɧɚŬ 

ŰŬ ɛŬɗɐɛŬŰŬ ˊɞɡ ɛɞɡ ŭɑŭŬɝŮ ŮɜŰɧɠ ɔɟŬűŮɑɞɡ ŬɚɚɎ əŬɘ ůŰɖɜ ɨˊŬɘɗɟɞ, ŮəŮɑ ɧˊɞɡ əɘ ɞ ɑŭɘɞɠ ɔɜɩɟɘůŮ əɘ 

ŬɔɎˊɖůŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ɇŮɢɜɘəɐɠ ũŮɤɚɞɔɑŬɠ Ŭˊɧ Űɞɜ ˊŬŰɏɟŬ Űɞɡ. ɇɞɜ ŮɡɢŬɟɘůŰɩ ɓŬɗɘɎ ɔɘŬ Űɘɠ 

ŬɜɗɟɩˊɘɜŮɠ ůŰɘɔɛɏɠ ˊɞɡ ɛɞɘɟŬůŰɐəŬɛŮ əŬɘ Űɖ űɘɚɑŬ ˊɞɡ ŬɜŬˊɧűŮɡəŰŬ ŬɜŬˊŰɨɢɗɖəŮ ɛŮŰŬɝɨ ɛŬɠ.  

 ɇɞɜ ȷɜŬ.́ ȾŬɗɖɔɖŰɐ ȷ.Ʉ.Ū. ũɘɩɟɔɞ ɄŬˊŬɗŬɜŬůɑɞɡ ɔɘŬ Űɞ Ŭɚɖɗɘɜɧ ŮɜŭɘŬűɏɟɞɜ Űɞɡ ůŮ ɧɚŬ ŰŬ 

ůŰɎŭɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ, Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ əɘ ŮɜɗɎɟɟɡɜůɖ Űɞɡ ŮɘŭɘəɎ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ 

Űɖɠ ŭɘŬŰɟɘɓɐɠ. ɇɞɜ ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ ɔɘŬ Űɖ ůɖɛŬɜŰɘəɐ ůŰɐɟɘɝɖ ůŮ ɧɚŬ ŰŬ ŮˊɑˊŮŭŬ əŬɘ ɘŭɘŬɑŰŮɟŬ ɔɘŬ 

Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɏŭŮɘɝŮ ůŰɖ ŭɞɡɚŮɘɎ ɛɞɡ, Űɖɜ ɞˊɞɑŬ ɡˊɞůŰɐɟɘɝŮ ɛŮ əɎɗŮ ŮɡəŬɘɟɑŬ. 

ɇɞɜ Ⱥˊɑə. ȾŬɗɖɔɖŰɐ ȷ.Ʉ.Ū. ȷɜŰɩɜɖ ɀɞɡɟŬŰɑŭɖ ɔɘŬ Űɘɠ ůɡɜŮɢŮɑɠ əɘ ŬɜŬɚɡŰɘəɏɠ ůɡɕɖŰɐůŮɘɠ ɛŮ 

ůəɞˊɧ Űɖ ŬɜŬɓɎɗɛɘůɖ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ ůɡɔəŮəɟɘɛɏɜɤɜ ŮɜɞŰɐŰɤɜ Űɖɠ ŭɘŬŰɟɘɓɐɠ əŬɘ Űɖɜ ŬɜɎŭŮɘɝɖ Űɖɠ 

ŭɞɛɐɠ əŬɘ ŭɘɎɟɗɟɤůɖɠ Űɞɡ əŮɘɛɏɜɞɡ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖ ůɡɛɛŮŰɞɢɐ Űɞɡ ůŰɖɜ ɇɟɘɛŮɚɐ ɆɡɛɓɞɡɚŮɡŰɘəɐ 

ȺˊɘŰɟɞˊɐ. 

ɇɞɜ ȾŬɗɖɔɖŰɐ ȷ.Ʉ.Ū. ȾɤɜůŰŬɜŰɑɜɞ ȸɞɡŭɞɨɟɖ ɔɘŬ Űɖɜ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ Űɞɡ ůɡɛɓɞɚɐ əŬɘ 

əŬɗɞŭɐɔɖůɐ ůŰɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ ɛŮ ɢɟɐůɘɛŮɠ ůɡɕɖŰɐůŮɘɠ əŬɘ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ ůŮ ŮˊɑˊŮŭɞ 

ŮˊɘůŰɖɛɞɜɘəɐɠ əŬɗɞŭɐɔɖůɖɠ. 

ɇɞɜ Ⱥˊɑə. ȾŬɗɖɔɖŰɐ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ ɁɘəɧɚŬɞ ȹŮˊɞɨɜŰɖ ɔɘŬ Űɘɠ ɞɡůɘŬůŰɘəɏɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ůŰɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ Űɖɠ ŭɘŬŰɟɘɓɐɠ əŬɘ Űɖ ůɡɛɛŮŰɞɢɐ Űɞɡ ůŰɖɜ ȺˊŰŬɛŮɚɐ 

ȺɝŮŰŬůŰɘəɐ ȺˊɘŰɟɞˊɐ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. 

ɇɞɜ ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ. ȾɤɜůŰŬɜŰɑɜɞ ȿɞɡˊŬůɎəɖ ɔɘŬ Űɘɠ ůɡɛɓɞɡɚɏɠ əŬɘ Űɖ ɓɞɐɗŮɘɎ Űɞɡ ůŰɖɜ 

ŬɜŬɕɐŰɖůɖ ɓɘɓɚɘɞɔɟŬűɑŬɠ, ŬɚɚɎ əŬɘ ɔɘŬ Űɘɠ ůɖɛŬɜŰɘəɏɠ ˊŬɟŬɘɜɏůŮɘɠ Űɞɡ ůŮ ŭɘɎűɞɟŬ ůŰɎŭɘŬ Űɖɠ 

ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ.  

ɇɖɜ Ⱥˊɑə. ȾŬɗɖɔɐŰɟɘŬ ȷ.Ʉ.Ū. ɀŬɟɑŬ ɀŬɜɎəɞɡ ɔɘŬ Űɖ ɚŮˊŰɞɛŮɟŮɑɠ ŭɘɞɟɗɩůŮɘɠ ŬɚɚɎ əŬɘ Űɘɠ 

ɢɟɐůɘɛŮɠ ˊɟɞŰɎůŮɘɠ Űɖɠ əŬŰɎ Űɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ ŰŮɚɘəɞɨ əŮɘɛɏɜɞɡ Űɖɠ ŭɘŬŰɟɘɓɐɠ.  

ɇɞɜ ũŮɤɚɧɔɞ ə. ȾɤɜůŰŬɜŰɑɜɞ ȹɖɛŬɟɎ əŬɗɩɠ əŬɘ Űɞ ˊɟɞůɤˊɘəɧ Űɖɠ ũŮɩɔɜɤůɖɠ ȷ.Ⱥ. ɔɘŬ Űɖ 

ɓɧɖɗŮɘŬ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŬɜ ůŰɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɞ ŮɡɢɎɟɘůŰɞ əɚɑɛŬ ˊɞɡ ŭɖɛɘɞɨɟɔɖůŬɜ əŬŰɎ 

Űɖɜ ˊŬɟŬɛɞɜɐ ɛɞɡ ůŰŬ ɔɟŬűŮɑŬ Űɖɠ ŮŰŬɘɟŮɑŬɠ. 

ɇɞɜ MSc ɇŮɢɜɘəɧ ũŮɤɚɧɔɞ ũŮɩɟɔɘɞ ɆŰɞɨɛˊɞ, əŬɗɩɠ əŬɘ Űɖɜ MSc ɈŭɟɞɔŮɤɚɧɔɞ ȹɐɛɖŰɟŬ 

ɄŬɞ́ɨɚɖ ɔɘŬ Űɖɜ ˊŬɟŬɢɩɟɖůɖ ˊɚɐɗɞɡɠ ŭŮŭɞɛɏɜɤɜ Ůə ɛɏɟɞɡɠ Űɖɠ ŮŰŬɘɟŮɑŬɠ Ⱥɚɚɖɜɘəɧ ɀŮŰɟɧ ȷ.Ⱥ. 
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ɇɞɜ MSc ɇŮɢɜɘəɧ ũŮɤɚɧɔɞ ŪŮɧŭɤɟɞ ɆŰɘɛɎɟŬŰɕɖ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɔŮɤŰɟɐůŮɘɠ. 

ɇɖɜ ȺɔɜŬŰɑŬ Ƀŭɧ ȷ.Ⱥ. əŬɗɩɠ əŬɘ Űɞ ȾŮɜŰɟɘəɧ ȺɟɔŬůŰɐɟɘɞ ȹɖɛɞůɑɤɜ Ȱɟɔɤɜ (Ⱦ.Ⱥ.ȹ.Ⱥ.) ɔɘŬ Űɖ 

ŭɘɎɗŮůɖ ɔŮɤŰŮɢɜɘəɩɜ ɛŮɚŮŰɩɜ. 

ɇɞɜ ȾŬɗɖɔɖŰɐ ȷ.Ʉ.Ū. ȹɖɛɐŰɟɖ ɄɘŰɘɚɎəɖ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ ŭŮŭɞɛɏɜɤɜ ůɢŮŰɘəɎ ɛŮ ŰŬ ůŮɘůɛɘəɎ 

ůŮɜɎɟɘŬ ˊɞɡ ŬɝɘɞɚɞɔɐɗɖəŬɜ. 

ɇɞɜ MSc ɈŭɟɞɔŮɤɚɧɔɞ ŪɤɛɎ ɆˊɎɢɞ Űɖɠ ȺŰŬɘɟŮɑŬɠ ȴŭɟŮɡůɖɠ əɘ ȷˊɞɢɏŰŮɡůɖɠ ŪŮůůŬɚɞɜɑəɖɠ 

(Ⱥ.Ɉ.ȷ.Ū.) ɔɘŬ Űɖ ŭɘɎɗŮůɖ ŭŮŭɞɛɏɜɤɜ ɛɏŰɟɖůɖɠ ůŰɎɗɛɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ. 

ɇɞɜ Ⱥˊɑə. ȾŬɗɖɔɖŰɐ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ ȯəɖ ȾŬɕɎəɖ əŬɘ Űɖ ȹɟ. ɈŭɟɞɔŮɤɚɧɔɞ ȯɜɜŬ 

ȻŮɟɓɞˊɞɨɚɞɡ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ ůŰɞɘɢŮɑɤɜ ůŮ ɣɖűɘɞˊɞɘɖɛɏɜɖ ɛɞɟűɐ. 

ɇɞɜ ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ ɀɑəɟŬɠ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ ɓɟɞɢɞɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɞ Ⱥɗɜɘəɧ 

ȾŰɖɛŬŰɞɚɧɔɘɞ ɔɘŬ Űɖ ŭɘɎɗŮůɖ Űɞɡ ɣɖűɘŬəɞɨ ɡɣɞɛŮŰɟɘəɞɨ ɛɞɜŰɏɚɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ. 

ɇɞ ˊɟɞůɤˊɘəɧ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ɇŮɢɜɘəɐɠ ũŮɤɚɞɔɑŬɠ əŬɘ ɈŭɟɞɔŮɤɚɞɔɑŬɠ Űɞɡ ŰɛɐɛŬŰɞɠ 

ũŮɤɚɞɔɑŬɠ ȷ.Ʉ.Ū. ɔɘŬ Űɘɠ ůɡɜŮɢŮɑɠ ŮˊɘůŰɖɛɞɜɘəɏɠ ůɡɕɖŰɐůŮɘɠ əŬɘ Űɞ űɘɚɘəɧ əɚɑɛŬ ˊɞɡ ŭɖɛɘɞɨɟɔɖůŬɜ. 

ɇɞɡɠ űɑɚɞɡɠ əŬɘ ůɡɜŬŭɏɚűɞɡɠ ȹɟ. ɈŭɟɞɔŮɤɚɧɔɞ ũɘɞɨɚɖ ȸŮɜŮŰůɎɜɞɡ, ɔŮɤɚɧɔɞ ȷɢɘɚɚɏŬ 

ɄŮɥŰůɑŭɖ əŬɘ Ɉˊ. ȹɘŭ. ũɘɎɜɜɖ ɇůɘŰɟɞɨɚɖ ɔɘŬ Űɖ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŬɜ ůŮ ŭɘɎűɞɟŬ ůŰɎŭɘŬ 

Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. 

ɇɘɠ ˊɞɚɨ əŬɚɏɠ ɛɞɡ űɑɚŮɠ Ȱɚɚɖ ȷˊɞůŰɞɚɎəɖ, MEd ȾɚŬůůɘəɐ ūɘɚɧɚɞɔɞ əŬɘ ȰɡŬ ũŬɜɑŭɞɡ,       

ȹɟ. ɁŮɞŮɚɚɖɜɘəɐɠ ūɘɚɞɚɞɔɑŬɠ ɔɘŬ Űɖ ůɡɛɓɞɚɐ Űɞɡɠ ůŰɖɜ ŮˊɘɛɏɚŮɘŬ Űɞɡ əŮɘɛɏɜɞɡ əŬɘ Űɖɜ ůŰɐɟɘɝɐ Űɞɡɠ 

ůŮ ŬɡŰɧ Űɞ ŮɔɢŮɑɟɖɛŬ. 

ɇɞɜ ũɘɎɜɜɖ ȷůɓŮůŰɎ, softwear engineer, ɔɘŬ Űɖɜ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ ˊɚɐɗɞɡɠ ŭɘŬŭɘəŬůɘɩɜ ŮɜŰɧɠ 

Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, ŬɚɚɎ ˊɟɞŰɑůŰɤɠ ɔɘŬ Űɖ ůɡɜŮɢɐ ŮɜɗɎɟɟɡɜůɖ əŬɘ Ůɘɚɘəɟɘɜɐ ůɡɛˊŬɟɎůŰŬůɖ ůŰɘɠ 

ŭɡůəɞɚɑŮɠ ˊɞɡ ůɡɜɎɜŰɖůŬ ůŰɖɜ ˊɞɟŮɑŬ ŬɡŰɐɠ Űɖɠ ˊɟɞůˊɎɗŮɘŬɠ. 

ɇɏɚɞɠ, Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ, ɔɘŬ Űɖɜ ŬɛɏɟɘůŰɖ ɖɗɘəɐ, ůɡɜŬɘůɗɖɛŬŰɘəɐ əŬɘ ɞɘəɞɜɞɛɘəɐ ůŰɐɟɘɝɖ 

əŬɗɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ. ɇɞɡɠ ŮɡɢŬɟɘůŰɩ ɓŬɗɘɎ ɔɘŬ Űɖ űɟɞɜŰɑŭŬ əɘ ŬɔɎˊɖ ˊɞɡ ɛɞɡ 

ˊɟɞůűɏɟɞɡɜ ŬˊɚɧɢŮɟŬ. 
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ɄȺɅȽȿȼɊȼ 

ȼ ́ ŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɖɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ Ŭɝɘɞɚɧɔɖůɖ əŬɘ 

ŰŬɝɘɜɧɛɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ Űɞɡ ŬůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɛŮ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ əŬɘ ɢɟɐůɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. ȼ ɏɟŮɡɜŬ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖ ɚŮˊŰɞɛŮɟɐ 

ŭɘŮɟŮɨɜɖůɖ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ůɨůŰŬůɖɠ, Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ɘŭɘɞŰɐŰɤɜ əŬɘ Űɖɠ ɡŭɟɞɔŮɤɚɞɔɘəɐɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ əɘ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ, ɛŮ 

ůəɞˊɧ Űɖɜ ŬˊɞɛŮɑɤůɖ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ŬɓŮɓŬɘɧŰɖŰŬɠ əŬɘ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ˊɟɞəɚɐůŮɤɜ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛô ŬɡŰɐ. 

ɇɞ ɕɐŰɖɛŬ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ ŭɘŬɢŮɑɟɘůɖɠ ɛŮɔɎɚɞɡ ˊɚɐɗɞɡɠ ŭŮŭɞɛɏɜɤɜ ɓɟɑůəŮŰŬɘ ůŰɖɜ 

ŮˊɘəŬɘɟɧŰɖŰŬ Űɖɠ ɏɟŮɡɜŬɠ, ɘŭɑɤɠ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ŬůűŬɚɞɨɠ ˊɞɚŮɞŭɞɛɘəɞɨ ůɢŮŭɘŬůɛɞɨ. ɀɎɚɘůŰŬ, 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ ŬůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɧˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ əŬŰɎ ɓɎůɖ ŮŭŬűɘəɎ ɔŮɤɡɚɘəɎ, ɖ 

ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ŰɏŰɞɘŬɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ŮˊɘŰŬəŰɘəɐ əŬɗɩɠ ůɡɜŭɟɎɛŮɘ ůŰɖɜ ŬˊɞɛŮɑɤůɖ Űɖɠ 

ɔŮɤɚɞɔɘəɐɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ: 

¶ Űɖɜ ɏɚɚŮɘɣɖ ɐ/əŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ ˊɟɞůɓŬůɘɛɧŰɖŰŬ ůŮ ɔŮɤɚɞɔɘəɎ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɎ 

ŭŮŭɞɛɏɜŬ 

¶ Űɖ ɔŮɤɚɞɔɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ Űɞɡ ɡˊŮŭɎűɞɡɠ, Űɖ ŭɘŬəɨɛŬɜůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ 

ůŰɞ ɢɩɟɞ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ  

¶ Űɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ŬɜɎ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ 

¶ Űɖɜ ɨˊŬɟɝɖ ɕɤɜɩɜ əŬɘ ˊŮɟɘɞɢɩɜ ɔŮɤɚɞɔɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 

¶ Űɘɠ ˊɟɞəɚɐůŮɘɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ əŬŰɎ Űɞ ůɢŮŭɘŬůɛɧ ɏɟɔɤɜ ɡˊɞŭɞɛɐɠ 

¶ Űɖɜ Ůəŭɐɚɤůɖ ɔŮɤəɘɜŭɨɜɤɜ (ˊ.ɢ. ɟŮɡůŰɞˊɞɑɖůɖ əŬɘ əŬɗɘɕɐůŮɘɠ) 

 ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŮɘůɐɢɗɖůŬɜ əɘ ŮˊŮɝŮɟɔɎůŰɖəŬɜ ŮɜŰɧɠ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 600 ɔŮɤŰɟɐůŮɘɠ ˊɚɐɗɞɡɠ ɔŮɤŰŮɢɜɘəɩɜ ŮɟŮɡɜɩɜ əŬɘ 

ɛŮɚŮŰɩɜ əɘ Ŭűɞɟɞɨɜ ůŮ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɟɔŬůŰɖɟɘŬəɩɜ əɘ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɩɜ ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŬɜ ůŰɞɡɠ 

ŮɝŮŰŬɕɧɛŮɜɞɡɠ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ. ȸŬůɘəɧɠ ůŰɧɢɞɠ Űɖɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ, ŮɑɜŬɘ ɜŬ ŬɜŬŭŮɑɝŮɘ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɖ ɔŮɤɚɞɔɘəɐ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɔɜɩůɖ 

ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɢŮɘɟɘůŰɞɨɜ ůŮ ɛɘŬ əŬɚɎ ɞɟɔŬɜɤɛɏɜɖ ˊɚŬŰűɧɟɛŬ. ɋůŰɧůɞ, ɞɘ ŭɡɜŬŰɧŰɖŰɏɠ Űɖɠ ŭŮɜ 

ˊŮɟɘɞɟɑɕɞɜŰŬɘ ɛɧɜɞ ůŰɖɜ ˊŬɟɞɢɐ ˊɚɖɟɞűɞɟɘɩɜ ŬɟɢŮɘŬəɞɨ ɢŬɟŬəŰɐɟŬ, ŬɚɚɎ ŮůŰɘɎɕɞɡɜ ůŰɖ ɚŮˊŰɞɛŮɟɐ 

ŬɜɎɚɡůɖ əŬɘ ůɡůɢɏŰɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɞɨŰɤɠ ɩůŰŮ ɜŬ ˊɟɞəɨɣɞɡɜ ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ŬůűŬɚɐ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, Űɖ ŭɘŬɢŮɑɟɘůɖ ɏɜŬɜŰɘ ɔŮɤəɘɜŭɨɜɤɜ əŬɘ Űɖɜ 

ˊɟɞůŰŬůɑŬ Űɞɡ ɔŮɤˊŮɟɘɓɎɚɚɞɜŰɞɠ ůŰɖ ɚŮəɎɜɖ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. 

ȼ ɘŭɘŬɑŰŮɟɖ ůɡɛɓɞɚɐ Űɖɠ ɏɟŮɡɜŬɠ ŮɜɘůɢɨŮŰŬɘ Ŭˊɧ Űɖ ɚŮˊŰɞɛŮɟɐ ɛŮɗɞŭɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ ˊɞɡ 

ŬəɞɚɞɡɗŮɑŰŬɘ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ůɡɜŭɡɎɕɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɎ ɚɞɔɘůɛɘəɎ (ArcGIS, LeapfrogWorks, Cliq, 
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AutoCAD), ŮˊɘůŰɖɛɞɜɘəɎ ŮɟɔŬɚŮɑŬ (Surfer, Grapher), ɔŮɤůŰŬŰɘůŰɘəɏɠ əŬɘ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɏɠ 

ŰŮɢɜɘəɏɠ (R Studio, node.js) ɛŮ ůəɞˊɧ Űɖɜ ŬɜɎɚɡůɖ, ůɡůɢɏŰɘůɖ əŬɘ ˊŬɟɞɡůɑŬůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

ȺɘŭɘəɧŰŮɟŬ, ɛɏůɤ ŬɡŰɐɠ Űɖɠ ́ɟɞůɏɔɔɘůɖɠ, ˊŬɟɎɔŮŰŬɘ ɏɜŬ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ˊŬɟŬɔɧɛŮɜɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ŬɜŬɚɨɞɜŰŬɘ ŬɜɎ əŬŰɖɔɞɟɑŮɠ ɤɠ Ůɝɐɠ: 

¶ ŪŮɛŬŰɘəɞɑ ɢɎɟŰŮɠ: 

i. əŬŰŬɜɞɛɐɠ ˊɎɢɞɡɠ Űɤɜ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ əɘ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ 

ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ  

ii.  əŬŰŬɜɞɛɐɠ ɓɎɗɞɡɠ Űɤɜ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ əɘ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ 

ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ɛŮ ŬˊŮɘəɧɜɘůɖ ɘůɞɓŬɗɩɜ əŬɛˊɨɚɤɜ  

iii.  əŬŰŬɜɞɛɐɠ ɚŮˊŰɧəɞəəɤɜ əɘ Ŭŭɟɧəɞəəɤɜ ɡɚɘəɩɜ ɔɘŬ Űɘɠ ŬˊɞɗɏůŮɘɠ ɇŮŰŬɟŰɞɔŮɜɞɨɠ 

əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ɔɘŬ ŰŬ ɓɎɗɖ: 0-5, 5-10, 10-15 əŬɘ 15-20 m ɞɘ ɞˊɞɑɞɘ 

ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ɗɖəɞɔɟɎɛɛŬŰŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŬɜɎ 0.5 m  

iv. ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ ˊɚɐɗɞɡɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŬɜɎ 5 m, ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɤɜ 20 m  

v. ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ ˊɚɐɗɞɡɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ ůɡɔəŮəɟɘɛɏɜŬ 

Ůɨɟɖ Űɘɛɩɜ ůŰɞɡɠ ɞˊɞɑɞɡɠ ˊɟɞɓɎɚɚɞɜŰŬɘ ɞɘ ɘůɞɓŬɗŮɑɠ əŬɛˊɨɚŮɠ ŬɜɎ 2 m.  

¶ ɆŰŬŰɘůŰɘəɏɠ əŬŰŬɜɞɛɏɠ ˊɞůɞůŰɘŬɑŬɠ ůɡɛɛŮŰɞɢɐɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ əŬŰŬɜɞɛɐɠ Űɤɜ 

ŮɝŮŰŬɕɧɛŮɜɤɜ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ ɛŮ Űɞ ɓɎɗɞɠ əɘ ŬɜɎ əŬŰɖɔɞɟɑŬ ɔŮɤɡɚɘəɞɨ  

¶ ȹɘůŭɘɎůŰŬŰŮɠ Űɞɛɏɠ əŬɘ ŰɟɘůŭɘɎůŰŬŰŬ ɔŮɤɚɞɔɘəɎ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɎ ɛɞɜŰɏɚŬ ůŰŬ ɞˊɞɑŬ 

ˊɟɞɓɎɚɚɞɜŰŬɘ:  

i. ɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ɤɠ ˊɟɞɠ Űɖɜ 

ŮˊɘəɟɎŰɖůɖ Űɖɠ ɚɘɗɞɚɞɔɑŬɠ əŬɘ Űɖ ŭɘŬəɨɛŬɜůɖ ŬɡŰɐɠ ɛŮ Űɞ ɓɎɗɞɠ 

ii.  ɖ ɢɤɟɘəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ŮəɎůŰɞŰŮ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ 

ŭɘŮɟŮɡɜɩɜŰŬɘ ŬɜɎ ɓɎɗɞɠ 

¶ Ƀ ɜɏɞɠ ŮˊɘəŬɘɟɞˊɞɘɖɛɏɜɞɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɞɡ ɚŮəŬɜɞˊŮŭɑɞɡ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ 

ɛŮ Űɞɜ ŮˊŬɜŬˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ŮˊŬűɩɜ ɛŮ ɓɎůɖ ŰŬ ɜɏŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ 

¶ Ⱥɨɟɖ Űɘɛɩɜ əŬɘ ůŰŬŰɘůŰɘəɞɑ ŭŮɑəŰŮɠ ɔɘŬ Űɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ űɡůɘəɏɠ, ɛɖɢŬɜɘəɏɠ əŬɘ ɡŭɟŬɡɚɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ, ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŬɜɎ 5 m ɏɤɠ Űɞ ɓɎɗɞɠ Űɤɜ 25 m, 

ɧˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ˊɞɚɚɎ əŬɘ ɚŮˊŰɞɛŮɟɐ ŭŮŭɞɛɏɜŬ 

¶ ɄŬɟŬŭŮɑɔɛŬŰŬ ůɡɔəŮəɟɘɛɏɜɤɜ ŮűŬɟɛɞɔɩɜ-ɢɟɐůŮɤɜ Űɖɠ ɓɎůɖɠ, ɛŮ ɏɛűŬůɖ ůŰɖ ŭɘŮɟŮɨɜɖůɖ 

əɘ ŮəŰɑɛɖůɖ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ ɓɎůŮɘ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ (Ůŭɩ 

ɟŮɡůŰɞˊɞɑɖůɖɠ əɘ Ůəŭɐɚɤůɖɠ əŬɗɘɕɐůŮɤɜ) əŬɘ Ůɑŭɞɡɠ ŰŮɢɜɘəɞɨ ɏɟɔɞɡ (ŭɘɎɜɞɘɝɖ ŬůŰɘəɩɜ 

ůɖɟɎɔɔɤɜ əŬɘ əŬŰŬůəŮɡɐ ůɖɛŬɜŰɘəɩɜ ɗŮɛŮɚɘɩůŮɤɜ) 
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ɀɏůɤ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ˊɚɐɗɞɡɠ ˊɟɤŰɞɔŮɜɩɜ 

ŭŮŭɞɛɏɜɤɜ - ɛɖ ŭɘŬɗɏůɘɛɤɜ ɏɤɠ ůɐɛŮɟŬ - ůŮ ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ 

ˊŮɟŬɘŰɏɟɤ Űɧůɞ ůŮ ŮɟŮɡɜɖŰɘəɧ, ɧůɞ əŬɘ ŰŮɢɜɘəɧ ŮˊɑˊŮŭɞ. ȰŰůɘ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ˊɞɚɨŰɘɛɞ ŮɟɔŬɚŮɑɞ 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ Ŭˊɧ ŭɘɎűɞɟŮɠ ŮɛˊɚŮəɧɛŮɜŮɠ ŮɘŭɘəɧŰɖŰŮɠ, ɛŮ ůəɞˊɧ Űɖɜ Ůɜɑůɢɡůɖ Űɤɜ 

ŭɘŬŭɘəŬůɘɩɜ ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬůűŬɚɐ ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ 

Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ Ŭˊɧ ɔŮɤəɘɜŭɨɜɞɡɠ. 
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Abstract 

The doctoral thesis deals with the engineering geological assessment and classification of the 

geological formations of Thessalonikiôs urban area through the creation and use of a geotechnical 

database. The research focuses on the detailed investigation of the geological composition, engineering 

geological properties and hydrogeological behavior of fill deposits and sediments of Quaternary and 

Neogene age, in order to reduce the geological uncertainty and to address related challenges. 

The issue of big data management is of high significance on the research community, especially 

in the context of safe urban planning. In fact, in case of an urban environment where soil geomaterials 

are predominant, the creation of such a database is crucial as it assists in reducing the geological 

uncertainty related to: 

¶ lack of and/or limited access to geological and engineering geological data 

¶ geological heterogeneity of the subsurface, spatially variation of geological formations and 

groundwater conditions  

¶ discrimination of engineering geological conditions per engineering geological units 

¶ existence of geological hazardous zones 

¶ challenges encountered in the early stages of designing infrastructure projects 

¶ the occurrence of geohazards (e.g. liquefaction and settlement) 

The data entered and processed within the engineering geological database originate from more 

than 600 boreholes of numerous geotechnical investigations for the construction of engineering 

projects and refer to the results of laboratory and field tests carried out in the geological formations of 

the research area. 

The main objective of the database is to highlight how geological and engineering geological 

knowledge can be managed in a well-organized platform. Its potential is not only limited to provide 

archival information; it goes beyond that, focusing on developing various correlations in order to 

generate useful information related to the safe design of engineering projects, management against 

geohazards and protection of the geoenvironment in the Thessaloniki basin. 

The remarkable contribution of the research is enhanced by the detailed methodological approach 

followed, which combines different software (ArcGIS, LeapfrogWorks, Cliq, AutoCAD), scientific 

tools (Surfer, Grapher), geostatistical and coding techniques (R Studio, node.js) in order to analyse, 

correlate and present the data. In particular, by means of this approach, a large amount of produced 

outcomes is generated, categorized as follows: 
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¶ Thematic maps displaying: 

i. thickness distribution of fill  deposits and sediments of Quaternary and Neogene age  

ii.  depth distribution of fill  deposits and sediments of Quaternary and Neogene age with 

isobaths 

iii.  the distribution of fine and coarse-grained materials for sediments of Quaternary and 

Neogene age for depths of 0-5, 5-10, 10-15 and 15-20 m, accompanied by detailed 

boxplots per 0.5 m  

iv. spatial distribution of a significant number of engineering geological physical and 

mechanical parameters at 5 m intervals up to a depth of 20 m  

v. spatial distribution of a significant number of engineering geological parameters for 

specific ranges of values with isobaths of 2 m 

¶ Statistical plots and relative frequency of the distributions on the physical and mechanical 

properties, by depth and geomaterial category 

¶ Two-dimensional sections and three-dimensional geological and engineering geological 

models displaying:  

i. the spatial distribution of the geological formations investigated, illustrating details 

of the predominance of lithology and its variation by depth 

ii.  the spatial variability of the physical and mechanical parameters by depth 

¶ The new updated engineering geological map of Thessaloniki basin highlighting the 

redefinition of the geological contacts based on the new available data 

¶ Range of values and statistical indices for the physical, mechanical and hydraulic properties 

of the geological formations examined in detail at 5 m intervals up to the depth of 25 m, 

where a large amount of detailed data is available 

¶ Examples of specific applications-usages of the database, with emphasis on the investigation 

and assessment of the engineering geological evaluation based on geohazards (here, 

liquefaction and settlement) and type of engineering project (urban tunneling and 

construction of major foundations) 

Through this methodology, a large amount of primary data - not available until now - is 

transformed into useful information that can be further exploited both on research and technical level. 

Thus, a useful tool is created which can be utilized by various disciplines involved, in order to optimize 

decision-making process related to safe urban development and protection of Thessaloniki from 

geohazards. 
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1. ȺɘůŬɔɤɔɐ 

1.1. ȷɜŰɘəŮɑɛŮɜɞ ï Ɇəɞˊɧɠ 

ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ, Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŬůűŬɚɞɨɠ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ɓɟɑůəŮŰŬɘ ůŰɞ 

ŮˊɑəŮɜŰɟɞ Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ əɞɘɜɧŰɖŰŬɠ. Ƀ əɚɎŭɞɠ Űɖɠ ŰŮɢɜɘəɐɠ ɔŮɤɚɞɔɑŬɠ 

ŭɘŬŭɟŬɛŬŰɑɕŮɘ ɓŬůɘəɧ ɟɧɚɞ ˊɟɞɠ ŬɡŰɐɜ Űɖɜ əŬŰŮɨɗɡɜůɖ, əŬɗɩɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ 

ɛŮɑɤůɖ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ůŮ ŮˊɑˊŮŭɞ ůɢŮŭɘŬůɛɞɨ Űɞɡ ɔŮɤɚɞɔɘəɞɨ-ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨ 

ˊɟɞůɞɛɞɘɩɛŬŰɞɠ əŬɘ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ Űɤɜ ɔŮɤɡɚɘəɩɜ. ɇɏŰɞɘŮɠ ˊɟɞəɚɐůŮɘɠ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ 

ŮɔɔŮɜɐ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ:  

¶ ůŰɖɜ ŮŰŮɟɞɔɏɜŮɘŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ɔŮɤɡɚɘəɎ ɤɠ ˊɟɞɠ Űɖɜ əɞəəɞɛŮŰɟɑŬ əŬɘ Űɖ ůɨůŰŬůɐ 

Űɞɡɠ, Űɧůɞ ůŮ ɓɎɗɞɠ, ɧůɞ əŬɘ ůŮ ɞɟɘɕɧɜŰɘŬ ŭɘŮɨɗɡɜůɖ 

¶ ůŰɖɜ ˊŬɟɞɡůɑŬ ˊɟɧůűŬŰɤɜ ŬˊɞɗɏůŮɤɜ əŬɘ Űɘɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ůŰɞ ɢɩɟɞ 

ɞɘ űɡůɘəɏɠ, ɛɖɢŬɜɘəɏɠ əŬɘ ɡŭɟŬɡɚɘəɏɠ ɘŭɘɧŰɖŰɏɠ Űɞɡɠ 

¶ ůŰɖɜ ɨˊŬɟɝɖ ɕɤɜɩɜ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ɔŮɤɡɚɘəɎ ɛŮ ˊŰɤɢɏɠ űɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

¶ ůŰɖ ŭɡɜŬɛɘəɐ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ əŬɘ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɡŭɟɞɔŮɤɚɞɔɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ 

¶ ůŰɖɜ Ůəŭɐɚɤůɖ ɔŮɤəɘɜŭɨɜɤɜ əŬɘ Űɖɜ Ŭɡɝɖɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ ŮəŰŮŰŬɛɏɜɤɜ ŮˊɘˊŰɩůŮɤɜ ůô ɏɜŬ 

ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ 

¶ ůŰɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ Űɤɜ ŭɘɎűɞɟɤɜ ɏɟɔɤɜ ɡˊɞŭɞɛɐɠ əŬɘ ɔŮɤɡɚɘəɩɜ ůŰŬ ɞˊɞɑŬ 

ŮŭɟɎɕɞɜŰŬɘ 

ȼ ŭɘŬɢŮɑɟɘůɖ ɛŮɔɎɚɞɡ ˊɚɐɗɞɡɠ ŭŮŭɞɛɏɜɤɜ ɓɟɑůəŮŰŬɘ ůŰɞ ˊɟɞůəɐɜɘɞ Űɖɠ ɏɟŮɡɜŬɠ, ɘŭɑɤɠ ůŰɞ 

ˊɚŬɑůɘɞ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ ůɨɔɢɟɞɜɤɜ ˊɧɚŮɤɜ, əŬɗɩɠ ɖ ŬɜɎɔəɖ ɔɘŬ ŬůűŬɚɐ ŬɜɎˊŰɡɝɖ ɓɘɩůɘɛɤɜ 

ŬůŰɘəɩɜ əɏɜŰɟɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮůŰɘɎɕŮɘ ŬűŮɜɧɠ ůŰɖɜ ŬˊɞɗɐəŮɡůɖ əɘ 

ŮˊŮɝŮɟɔŬůɑŬ ůɖɛŬɜŰɘəɞɨ Ŭɟɘɗɛɞɨ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ ŮɟɔŬɚŮɑɤɜ əɘ ŬűŮŰɏɟɞɡ ůŰɞɜ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧ ŬɡŰɩɜ ůŮ ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭɟɎɛɞɡɜ ůŰɖ ɚɐɣɖ 

ŰŮəɛɖɟɘɤɛɏɜɤɜ ŬˊɞűɎůŮɤɜ ɔɘŬ Űɖɜ ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ. ȺɘŭɘəɧŰŮɟŬ, ůŰɞ ˊŮŭɑɞ Űɖɠ ŰŮɢɜɘəɐɠ ɔŮɤɚɞɔɑŬɠ, 

ɖ ůɡɜŮɢɐɠ ŬɡɝŬɜɧɛŮɜɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɗɘůŰɎ 

ŮˊɘŰŬəŰɘəɐ Űɖɜ ŬɜɎɔəɖ ŭɘŬɢŮɑɟɘůɐɠ Űɞɡɠ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ 

ůŰɞɜ ŬůűŬɚɐ ŬůŰɘəɧ ůɢŮŭɘŬůɛɧ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɖ ɔŮɤəɘɜŭɨɜɤɜ. 

ȼ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ɏɢŮɘ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɖɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ Ŭɝɘɞɚɧɔɖůɖ əŬɘ ŰŬɝɘɜɧɛɖůɖ 

Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ Űɞɡ ŬůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘ 

ɢɟɐůɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, Űɖ ŭɘŬɢŮɑɟɘůɖ ɏɜŬɜŰɘ 

ɔŮɤəɘɜŭɨɜɤɜ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ ɔŮɤˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ 

ɏɟŮɡɜŬ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖ ɚŮˊŰɞɛŮɟɐ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ůɨůŰŬůɖɠ, Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ 
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ɘŭɘɞŰɐŰɤɜ əŬɘ Űɖɠ ɡŭɟɞɔŮɤɚɞɔɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ əŬɘ Űɤɜ ŬˊɞɗɏůŮɤɜ 

ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ, ɛŮ ůəɞˊɧ Űɖɜ ŬˊɞɛŮɑɤůɖ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ŬɓŮɓŬɘɧŰɖŰŬɠ əŬɘ 

Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ˊɟɞəɚɐůŮɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛô ŬɡŰɐ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɑŬ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ůŰɖɜ ɞˊɞɑŬ 

Ůɘůɐɢɗɖ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɚɐɗɞɠ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 600 ɔŮɤŰɟɐůŮɘɠ 

ɔŮɤŰŮɢɜɘəɐɠ ɏɟŮɡɜŬɠ ˊɞɡ ŭɘŮɝɐɢɗɖůŬɜ ůŰɞ ˊɚŬɑůɘɞ ɛŮɚŮŰɩɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŭɘɎűɞɟɤɜ ŰŮɢɜɘəɩɜ 

ɏɟɔɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. ȼ ŬˊɞɡůɑŬ Ůɜɧɠ ŰɏŰɞɘɞɡ ŮɔɢŮɘɟɐɛŬŰɞɠ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ 

ɛŮɔɎɚɞ ˊɚɐɗɞɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ űɞɟŮɑɠ əŬɘ ŰŮɢɜɘəɏɠ 

ŮŰŬɘɟɑŮɠ, ŬˊɞŰŮɚɞɨɜ əɘɜɖŰɐɟɘŬ ŭɨɜŬɛɖ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. 

ɀɏůɤ Űɖɠ ɓɎůɖɠ, ŮɑɜŬɘ ɘəŬɜɐ ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŭɘŬɢŮɑɟɘůɖ, ŬɜɎɚɡůɖ əŬɘ ůɡůɢɏŰɘůɖ ɛŮɔɎɚɞɡ ˊɚɐɗɞɡɠ 

ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ůəɞˊɧ Űɖ ɚŮˊŰɞɛŮɟɐ ŭɘŮɟŮɨɜɖůɖ Űɖɠ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ Űɧůɞ ůŮ ŮˊɑˊŮŭɞ 

ɛɘəɟɐɠ ɧůɞ əŬɘ ůŮ ŮˊɑˊŮŭɞ ɛŮɔɎɚɖɠ ɢŬɟŰɞɔɟŬűɘəɐɠ əɚɑɛŬəŬɠ. 

ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜŬɚɡŰɘəɐ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ 

ɔŮɤɡɚɘəɩɜ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊɚɐɗɞɡɠ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ɔŮɤɚɞɔɘəɐɠ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ əŬɘ ŭɘŬɔɟŬɛɛɎŰɤɜ əŬŰŬɜɞɛɐɠ ́ɞůɞůŰɘŬɑŬɠ ůɡɛɛŮŰɞɢɐɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɘŭɘɞŰɐŰɤɜ ɛŮ 

ɚŮˊŰɞɛɏɟŮɘŬ ůŮ ɓɎɗɞɠ əɘ ŬɜɎ əŬŰɖɔɞɟɑŬ ɔŮɤɡɚɘəɞɨ. ɆɡɔəŮəɟɘɛɏɜŬ, ɛɏůɤ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɞ ɜɏɞɠ ŮˊɘəŬɘɟɞˊɞɘɖɛɏɜɞɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ əŬɘ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭəɟɘɓɐ Ůɨɟɖ 

Űɘɛɩɜ ɔɘŬ Űɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ űɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŬɜɎ ůɢɖɛŬŰɘůɛɧ əŬɘ 

ůŮ ɓɎɗɞɠ. Ⱥˊɘˊɚɏɞɜ, əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɢɎɟŰŮɠ ŭɘŬəɨɛŬɜůɖɠ ˊɎɢɞɡɠ, ɓɎɗɞɡɠ əŬɘ ůɨůŰŬůɖɠ Űɤɜ 

ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ əŬɗɩɠ əŬɘ ˊɚɖɗɩɟŬ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ əŬŰŬɜɞɛɐɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ 

űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ ɔɘŬ ŭɘɎűɞɟŬ ɓɎɗɖ. 

ȼ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ ŬˊɞůəɞˊŮɑ ůŰɖɜ ŮˊɘŰɧˊɞɡ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ əŬɘ ɡˊɧɔŮɘɤɜ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ɛɏůɤ Űɖɠ əŬŰŬůəŮɡɐɠ ŭɘůŭɘɎůŰŬŰɤɜ ɛɖəɞŰɞɛɩɜ əŬɘ ŰɟɘůŭɘɎůŰŬŰɤɜ 

ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ɛɞɜŰɏɚɤɜ ˊɞɡ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ŭɘŬɔɟɎɛɛŬŰŬ əŬŰŬɜɞɛɐɠ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. ɄŬɟɎɚɚɖɚŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ůɨɜɞɚɞ ŮűŬɟɛɞɔɩɜ 

ˊɟɞůŬɜŬŰɞɚɘůɛɏɜŮɠ ůŰɞɜ ŬůűŬɚɐ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ əŬɘ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɤɜ ŬůŰɘəɩɜ 

ˊŮɟɘɞɢɩɜ Ŭˊɧ ɔŮɤəɘɜŭɨɜɞɡɠ, ŭɑɜɞɜŰŬɠ ɏɛűŬůɖ ůŰɖɜ ŬɜɎŭŮɘɝɖ Űɤɜ ˊɞɚɚŬˊɚɩɜ ɢɟɐůŮɤɜ Űɖɠ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. 

ȺɘŭɘəɧŰŮɟŬ, ɖ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ŬˊɞůəɞˊŮɑ: 

¶ ůŰɖɜ ˊɚɐɟɖ əŬŰŬɜɧɖůɖ Űɞɡ ɔŮɤɚɞɔɘəɞɨ-ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨ ˊɟɞŰɨˊɞɡ ɛɏůɤ: 

i. Űɖɠ ŬɜŬˊŬɟɎůŰŬůɖɠ Űɤɜ ŮɔɔŮɜɩɜ ɔŮɤɚɞɔɘəɩɜ ŭɘŬəɡɛɎɜůŮɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ 

ˊɎɢɞɠ əŬɘ ɓɎɗɞɠ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 
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ii.  Űɖɠ ɚŮˊŰɞɛŮɟɞɨɠ ŭɘŮɟŮɨɜɖůɖɠ Űɖɠ ŮŰŮɟɞɔɏɜŮɘŬɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ŬˊɞɗɏůŮɘɠ 

ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ɤɠ ˊɟɞɠ Űɖ ůɨůŰŬůɖ əŬɘ ɚɘɗɞɚɞɔɑŬ Űɞɡɠ 

iii.  Űɞɡ əŬɗɞɟɘůɛɞɨ Űɤɜ ŭɘŬűɞɟɞˊɞɘɐůŮɤɜ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ŰŬ ɔŮɤɡɚɘəɎ ɤɠ ˊɟɞɠ Űɖɜ 

ŮˊɘəɟɎŰɖůɖ Űɖɠ əɞəəɞɛŮŰɟɑŬɠ 

iv. Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ Űɖɠ ɡŭɟɞɔŮɤɚɞɔɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɔŮɤɡɚɘəɩɜ 

ɛŮ Űɞ ɓɎɗɞɠ 

¶ ůŰɖɜ ŬɜŬɚɡŰɘəɐ ɏɟŮɡɜŬ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ 

Űɧůɞ ŮˊɘűŬɜŮɘŬəɎ, ɧůɞ əŬɘ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ůŮ ɓɎɗɞɠ ɛŮ: 

i. Űɖɜ ˊŬɟɎɗŮůɖ Ůɨɟɞɡɠ Űɘɛɩɜ ˊɚɐɗɞɡɠ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ  

ii.  Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ əŬɘ Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɖɠ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡɠ 

¶ ůŰɖɜ Ŭˊɞɛɞɑɤůɖ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ůŰɞ ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ 

ɛɏůɤ: 

i. Űɖɠ ŬɜɎŭŮɘɝɖɠ ˊŮɟɘɞɢɩɜ ˊɞɡ ɢɟɐɕɞɡɜ ˊŮɟŬɘŰɏɟɤ ŭɘŮɜɏɟɔŮɘŬɠ ůŰɞɢŮɡɛɏɜɞɡ 

ɔŮɤŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ɛŮ ůəɞˊɧ Űɞɜ ɚŮˊŰɞɛŮɟɐ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ 

ii.  Űɖɠ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ ɓɏɚŰɘůŰɞɡ ůɢŮŭɘŬůɛɞɨ əŬɘ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɏɟɔɤɜ ůŮ 

ˊŮɟɘɞɢɏɠ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ŭŮɜ ɡˊɐɟɢŬɜ, ɛɏɢɟɘ ˊɟɧŰɘɜɞɠ, ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ 

iii.  Űɞɡ ŮɜŰɞˊɘůɛɞɨ ɕɤɜɩɜ Ŭɡɝɖɛɏɜɖɠ ɔŮɤɚɞɔɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɛŮ ůəɞˊɧ Űɖɜ 

Ŭˊɞűɡɔɐ ŰɏŰɞɘɤɜ ˊŮɟɘɞɢɩɜ əŬŰɎ Űɞɜ Ŭɟɢɘəɧ ůɢŮŭɘŬůɛɧ əŬɘ Űɖ ŭɘŮɟŮɨɜɖůɐ Űɞɡɠ ɤɠ 

ˊɟɞɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ Ůəŭɐɚɤůɖɠ ɔŮɤəɘɜŭɨɜɤɜ 

iv. Űɖɠ ŬɜɎɚɡůɖɠ əŬɘ ŭɘŬɢŮɑɟɘůɖɠ ŬůŰɘəɩɜ ɔŮɤəɘɜŭɨɜɤɜ ɧˊɤɠ ɖ ɟŮɡůŰɞˊɞɑɖůɖ əŬɘ ɞɘ 

əŬɗɘɕɐůŮɘɠ 

ɀɏůɤ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ůŰɞɜ ɛɏɔɘůŰɞ ɓŬɗɛɧ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ, 

ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ɡˊɎɟɢɞɡůŬ ɔɜɩůɖ ɔɨɟɤ Ŭˊɧ Űɘɠ ɔŮɤɚɞɔɘəɏɠ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ. ȽŭɘŬɑŰŮɟɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ ŬˊɞŰŮɚŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɔŮűɡɟɩɜŮɘ 

ůɖɛŬɜŰɘəɎ Űɞ əŮɜɧ ˊɞɡ ɡˊɐɟɢŮ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɖ ŮɟŮɡɜɖŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ. 

ȷɡŰɧ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ɞɚɞəɚɖɟɤɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ ŭɘŬɢŮɑɟɘůɖɠ ˊɚɖɗɩɟŬɠ 

ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ůɡɛɓɎɚɚɞɜŰŬɠ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŰɖɜ Ůɜɑůɢɡůɖ Űɖɠ 

ŬəɟɑɓŮɘŬɠ əŬɘ ŬůűɎɚŮɘŬɠ Űɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŰŮɢɜɘəɐ ɔŮɤɚɞɔɑŬ əŬɘ 

ɔŮɤŰŮɢɜɘəɐ ɛɖɢŬɜɘəɐ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ɓɘɩůɘɛɖɠ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ.  

1.2. ɀŮɗɞŭɞɚɞɔɑŬ 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ŭɘŬŰɟɘɓɐɠ ŬəɞɚɞɡɗɐɗɖəŮ ɖ ˊŬɟŬəɎŰɤ ɛŮɗɞŭɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ: 

ȾŬŰɎ Űɞ ˊɟɩŰɞ ůŰɎŭɘɞ, ůɡɔəŮɜŰɟɩɗɖəŬɜ əɘ ŬɜŬɚɨɗɖəŬɜ ɞɘ ɓɘɓɚɘɞɔɟŬűɘəɏɠ ŬɜŬűɞɟɏɠ ɔɘŬ Űɖɜ 

ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ, ŬɜŰɚɩɜŰŬɠ ůŰɞɘɢŮɑŬ Ŭˊɧ ɢɎɟŰŮɠ, ŰŮɢɜɘəɏɠ ŮəɗɏůŮɘɠ, ɛŮɚɏŰŮɠ əŬɘ ůɢŮŰɘəɏɠ ŮɟɔŬůɑŮɠ. 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ȹȽȹȷȾɇɃɅȽȾȼ ȹȽȷɇɅȽȸȼ ȷ.Ɂ. ȾɃȾȾȷȿȷ                                                                                                                                           28                                                                                                    

 

ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ Ŭűɞɟɞɨɜ ůŮ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ ŰŬ ɔŮɤɚɞɔɘəɎ, ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɎ əŬɘ 

ɔŮɤŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɔŮɤɡɚɘəɩɜ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. 

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ɝŮəɘɜɎ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ, ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŭɘŬɢŮɑɟɘůɖ Ůɜɧɠ ɛŮɔɎɚɞɡ ɧɔəɞɡ ɔŮɤ-ŭŮŭɞɛɏɜɤɜ.ȷɡŰɐ 

ɓŬůɑůŰɖəŮ, ɛŮ əŬŰɎɚɚɖɚŮɠ ˊɟɞůŬɟɛɞɔɏɠ ɤɠ ˊɟɞɠ Űɖ ŭɞɛɐ əŬɘ Űɖ ůɨɜŭŮůɖ Űɤɜ ˊɘɜɎəɤɜ, ůŰɞ çɆɨůŰɖɛŬ 

Ʉɚɖɟɞűɞɟɘɩɜ əŬɘ ȷɜɎɚɡůɖɠ ɆɖɟɎɔɔɤɜè - ɇIAS (Tunnel Information Analysis System) (AGS, 1999; 

Marinos et al., 2013). ɆɡɜɞɚɘəɎ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮŭɞɛɏɜŬ Ŭˊɧ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 600 ɔŮɤŰɟɐůŮɘɠ, 

ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ Űɖɜ ȷŰŰɘəɧ ɀŮŰɟɧ ȷ.Ⱥ., Űɖ ũŮɩɔɜɤůɖ ȷ.Ⱥ., Űɖɜ ȺɔɜŬŰɑŬ Ƀŭɧ ȷ.Ⱥ. əŬɘ Űɞ ȾŮɜŰɟɘəɧ 

ȺɟɔŬůŰɐɟɘɞ ȹɖɛɞůɑɤɜ Ȱɟɔɤɜ (ȾȺȹȺ). ȼ ŭɞɛɐ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ŭɘŬəɚŬŭɑɕŮŰŬɘ ůŮ ˊɏɜŰŮ əɨɟɘŮɠ 

ŭɘŬəɟɘŰɏɠ əŬŰɖɔɞɟɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ůŰŬ ůŰɞɘɢŮɑŬ Űɤɜ ɔŮɤŰɟɐůŮɤɜ, ůŰɖɜ ˊŮɟɘɔɟŬűɐ Űɤɜ ɔŮɤɚɞɔɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ, ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊɘŰɧˊɞɡ əɘ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ (ɄɑɜŬəŬɠ 1.1) əŬɘ ůŮ ɚɞɘˊɎ 

ůɡɜɞŭŮɡŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ɔŮɜɘəɧŰŮɟɖ ŭɞɛɐ əŬɘ ůɨɜŭŮůɖ Űɤɜ ˊɞɚɡɎɟɘɗɛɤɜ ˊŮŭɑɤɜ 

ŮɜŰɧɠ Űɤɜ ˊɘɜɎəɤɜ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. ȰˊŮɘŰŬ Ŭˊɧ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŭɘɎűɞɟɤɜ ůŰɞɘɢŮɑɤɜ ůŰŬ 

ŬɜŰɑůŰɞɘɢŬ ˊŮŭɑŬ ˊɘɜɎəɤɜ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ Ŭɚɔɧɟɘɗɛɞɡɠ əŬɘ ɛŬəɟɞŮɜŰɞɚɏɠ ŮɜŰɧɠ Űɖɠ 

ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŮ ůəɞˊɧ Űɖɜ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ ŭɘŬŭɘəŬůɘɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ŬɜɎɚɡůɖɠ əŬɘ ůɡůɢɏŰɘůɐɠ Űɞɡɠ. 

 

ɄɑɜŬəŬɠ 1.1: ɆɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ ŭŮŭɞɛɏɜɤɜ ŮɘůŬɔɤɔɐɠ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ŬɜɎ ˊŬɟɎɛŮŰɟɞ əŬɘ 

əŬŰɖɔɞɟɑŬ ŭɞəɘɛɩɜ 

ȾŬŰɖɔɞɟɑŬ ŭɞəɘɛɩɜ ɄŬɟɎɛŮŰɟɞɘ 

 

ȺɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ 

 

ɄŬɟɎɛŮŰɟɞɘ ūɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

ȳɟɘɞ ɡŭŬɟɧŰɖŰŬɠ - LL 

ȳɟɘɞ ˊɚŬůŰɘəɧŰɖŰŬɠ - PL 

ȹŮɑəŰɖɠ ˊɚŬůŰɘəɧŰɖŰŬɠ - PI 

ȹŮɑəŰɖɠ ůɡɜŮəŰɘəɧŰɖŰŬɠ - ) 

ɄŮɟɘŮɢɧɛŮɜɖ űɡůɘəɐ ɡɔɟŬůɑŬ - w 

ȸŬɗɛɧɠ əɞɟŮůɛɞɨ - S 

ȹŮɑəŰɖɠ ˊɧɟɤɜ - e 

ɄɞɟɩŭŮɠ - n 

Ɉɔɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ - ɔb 

ɂɖɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ - ɔd 

ȾɞəəɞɛŮŰɟɘəɐ ŭɘŬɓɎɗɛɘůɖ 
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ȺɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ 

 

ɄŬɟɎɛŮŰɟɞɘ ɀɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

ȷɜŰɞɢɐ ůŮ ŬɜŮɛˊɧŭɘůŰɖ ɗɚɑɣɖ - Ñ 

ȹɞəɘɛɐ ɎɛŮůɖɠ ŭɘɎŰɛɖůɖɠ: 

¶ Ɇɡɜɞɢɐ - c 

¶ ũɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ - ű  

ȹɞəɘɛɐ ŰɟɘŬɝɞɜɘəɐɠ űɧɟŰɘůɖɠ: 

¶ Ɇɡɜɞɢɐ - c 

¶ ũɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ - ű  

 

 

ȺˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ 

ȹɞəɘɛɐ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ - ɦ  

ɆɡɜŰŮɚŮůŰɐɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ - k 

ȹɞəɘɛɐ ůŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ: 

¶ ȷɜŰɑůŰŬůɖ Ŭɘɢɛɐɠ - Ñ 

¶ ɇɞˊɘəɐ ˊɚŮɡɟɘəɐ Űɟɘɓɐ - Æ 

 

ȰˊŮɘŰŬ, ŭɧɗɖəŮ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ůŰɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɛŮ ůəɞˊɧ Űɖɜ Ůˊɘɚɞɔɐ 

Űɖɠ ɓɏɚŰɘůŰɖɠ ɛŮɗɧŭɞɡ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ɔɘŬ Űɖɜ ˊŮɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ əɘ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ 

ɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ŮˊɧɛŮɜŬ ůŰɎŭɘŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭɖɛɘɞɡɟɔɐɗɖəŮ 

ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɧɠ əɩŭɘəŬɠ ɔɘŬ Űɖ ŭɘŬɛɧɟűɤůɖ əɘ Ůˊɘɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛŮ 

ůəɞˊɧ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɛŮɗɧŭɤɜ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ. ȼ ůɨɔəɟɘůɖ 

ɛŮŰŬɝɨ Űɤɜ ŭɘɎűɞɟɤɜ ɛŮɗɧŭɤɜ ˊŬɟŮɛɓɞɚɐɠ əŬɘ ɖ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɖɠ ɓɏɚŰɘůŰɖɠ Ůɝ ŬɡŰɩɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ ɔŮɤůŰŬůŰɘůŰɘəɐɠ ŬɜɎɚɡůɖɠ. 

ȷəɞɚɞɨɗɤɠ, ɛŮ ůəɞˊɧ Űɖɜ əŬɚɨŰŮɟɖ ˊŬɟɞɡůɑŬůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɞɦˊɎɟɢɞɡůŬ ɔɜɩůɖ, ůɡɜŰɎɢɗɖəŮ ɏɜŬ 

ůɨɜɞɚɞ Ŭˊɧ ɢɎɟŰŮɠ ˊɞɡ Ŭűɞɟɞɨɜ: 

¶ ůŰɞ ɔŮɤɚɞɔɘəɧ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ɢɎɟŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 

¶ ůŰɞ ɛɞɟűɞɚɞɔɘəɧ ŬɜɎɔɚɡűɞ əŬɘ ůŰɖ ůɨɜɗŮůɖ Űɞɡ ɣɖűɘŬəɞɨ ɡɣɞɛŮŰɟɘəɞɨ ɛɞɜŰɏɚɞɡ 

¶ ůŰɘɠ ɛɞɟűɞɚɞɔɘəɏɠ əɚɑůŮɘɠ  

¶ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɡŭɟɞɔɟŬűɘəɞɨ ŭɘəŰɨɞɡ  

¶ ůŰɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ 

¶ ůŰɖɜ əŬŰŬɜɞɛɐ Űɞɡ ɞŭɘəɞɨ ŭɘəŰɨɞɡ 

ɄŬɟɎɚɚɖɚŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɘŬ ɔŮɜɘəɐ Ůˊɘůəɧˊɖůɖ ɤɠ ˊɟɞɠ Űɘɠ ɔŮɤŰŮɢɜɘəɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ 

əŬɘ ŰŬ ůɡůŰɐɛŬŰŬ əŬŰɎŰŬɝɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ űɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ 
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ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŭɘŮɟŮɡɜɩɜŰŬɘ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ. Ƀɘ əŬŰŬŰɎɝŮɘɠ ŬɡŰɏɠ 

ˊɟɞɏɟɢɞɜŰŬɘ Űɧůɞ Ŭˊɧ Űɖ ŭɘŮɗɜɐ, ɧůɞ əɘ Ŭˊɧ Űɖɜ ŮɔɢɩɟɘŬ ɓɘɓɚɘɞɔɟŬűɑŬ əɘ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɛɘŬ ɞɛɎŭŬ 

ˊɟɞŰɨˊɤɜ əŬɘ əŬɜɞɜɘůɛɩɜ ɔɘŬ Űɞɜ ɔŮɤŰŮɢɜɘəɧ ůɢŮŭɘŬůɛɧ ɏɟɔɤɜ ˊɞɚɘŰɘəɞɨ ɛɖɢŬɜɘəɞɨ.  

ɆŰɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ŬɜɎɚɡůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ ɡŭɟɞɔŮɤɚɞɔɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ. ɀŮ ůəɞˊɧ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ, ŬɜŬˊŰɨɢɗɖəŮ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ 

ɗŮɛŬŰɘəɞɨɠ ɢɎɟŰŮɠ ůɡɜɞɚɘəɎ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ, əŬɗɩɠ əŬɘ ŰɟɘůŭɘɎůŰŬŰŬ ɔŮɤɚɞɔɘəɎ ɛɞɜŰɏɚŬ 

ɔɘŬ ŮˊɘɚŮɔɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ɓɎůŮɘ Űɞɡ ŭɘəŰɨɞɡ Űɤɜ ɔŮɤŰɟɐůŮɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɞɘ Ůɝɐɠ 

ɗŮɛŬŰɘəɞɑ ɢɎɟŰŮɠ: 

¶ ɉɎɟŰŮɠ əŬŰŬɜɞɛɐɠ ˊɎɢɞɡɠ Űɤɜ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ əɘ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ 

ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ  

¶ ɉɎɟŰŮɠ əŬŰŬɜɞɛɐɠ ɓɎɗɞɡɠ Űɤɜ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ əɘ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ 

ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ  əŬɘ ŬˊŮɘəɧɜɘůɖ ɘůɞɓŬɗɩɜ əŬɛˊɨɚɤɜ  

¶ ɉɎɟŰŮɠ əŬŰŬɜɞɛɐɠ ɡɚɘəɩɜ Űɤɜ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ɔɘŬ ŰŬ 

Ůɝɐɠ ɓɎɗɖ: 0-5, 5-10, 10-15 əŬɘ 15-20 m ɞɘ ɞˊɞɑɞɘ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ɗɖəɞɔɟɎɛɛŬŰŬ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŬɜɎ 0.5 m  

ȼ ŰŮɚŮɡŰŬɑŬ əŬŰɖɔɞɟɑŬ ɢŬɟŰɩɜ ŮɜɘůɢɨɗɖəŮ ˊŮɟŬɘŰɏɟɤ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ əɞəəɞɛŮŰɟɘəɩɜ 

əŬɛˊɨɚɤɜ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŬɜɎ 5 m ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɤɜ 25 m ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ 

ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ůɨɛűɤɜŬ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɘɠ əɞəəɞɛŮŰɟɘəɏɠ ŬɜŬɚɨůŮɘɠ ɛŮ əɧůəɘɜŬ. 

ɇŬ ŰɟɘůŭɘɎůŰŬŰŬ ɔŮɤɚɞɔɘəɎ ɛɞɜŰɏɚŬ, ɞɘ ɛɖəɞŰɞɛɏɠ əŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ çűɟɎɢŰɖè (fence 

diagrams) ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Leapfrog Works ɛŮ ůəɞˊɧ: 

¶ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ɔŮɤɚɞɔɑŬɠ əŬɘ Űɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ 

¶ Űɖɜ ŮˊɘəɟɎŰɖůɖ Űɖɠ ɚɘɗɞɚɞɔɑŬɠ əŬɘ Űɖ ŭɘŬəɨɛŬɜůɖ ŬɜɎ ůɢɖɛŬŰɘůɛɧ əŬɘ ɓɎɗɞɠ 

¶ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ 

¶ Űɖɜ ŬˊɞŰɨˊɤůɖ Űɖɠ ɔŮɤɛɞɟűɞɚɞɔɑŬɠ əŬɘ 

¶ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ɔŮɤɚɞɔɘəɎ Ůˊɘəɑɜŭɡɜɤɜ ˊŮɟɘɞɢɩɜ ɤɠ ˊɟɞɠ: 

i. Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ 

ii.  Űɖ ŭɡɜŬŰɧŰɖŰŬ Ůəŭɐɚɤůɖɠ ɔŮɤəɘɜŭɨɜɤɜ 

ȷɜŬűɞɟɘəɎ ɛŮ Űɘɠ ɡŭɟɞɔŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ, ŭɘŬəɟɑɗɖəŬɜ ŭɨɞ əŬŰɖɔɞɟɑŮɠ ɤɠ ˊɟɞɠ ŰŬ ŭɘŬɗɏůɘɛŬ 

ŭŮŭɞɛɏɜŬ. ȼ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ŭŮŭɞɛɏɜɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ 

ɧˊɤɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ ŮɘůˊɑŮůɖɠ ɜŮɟɞɨ ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŬɜ ůŰɘɠ ɔŮɤŰɟɐůŮɘɠ ɛŮ ůəɞˊɧ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ŭɘŬɔɟŬɛɛɎŰɤɜ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ Űɤɜ ŭɘɎűɞɟɤɜ 

ɔŮɤɡɚɘəɩɜ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ. ȼ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɑŬ ŬűɞɟɎ ůŰɘɠ ŭɘŬɗɏůɘɛŮɠ ůŰɎɗɛŮɠ 

ɔŮɤŰɟɐůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ŬɝɘɞˊɞɘɐɗɖəŬɜ ɛŮ ůəɞˊɧ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŭɘŬɔɟŬɛɛɎŰɤɜ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ 
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ůŰɎɗɛɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ əŬɘ ˊɘŮɕɞɛŮŰɟɘəɩɜ ɢŬɟŰɩɜ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗɏůŮɘɠ ŮɜŰɧɠ Űɖɠ ˊŮɟɘɞɢɐɠ 

ɏɟŮɡɜŬɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, Ŭˊɧ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ˊɟɞɏəɡɣŮ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

ŮˊɘəŬɘɟɞˊɞɘɖɛɏɜɞɡ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨ ɢɎɟŰɖ Űɞɡ ɚŮəŬɜɞˊŮŭɑɞɡ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ŬɜŬɗŮɤɟɩɜŰŬɠ 

ůŰɞɘɢŮɑŬ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ɢɎɟŰɖ əɘ ŮˊŬɜŬˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ Űɘɠ ɔŮɤɚɞɔɘəɏɠ ŮˊŬűɏɠ ɛŮ ɓɎůɖ ŰŬ ɜɏŬ 

ŭɘŬɗɏůɘɛŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬɜ ˊɞɚɨŰɘɛɞ ɞŭɖɔɧ Űɧůɞ ɔɘŬ Űɞɜ ŬůŰɘəɧ ůɢŮŭɘŬůɛɧ, 

ɧůɞ əŬɘ ɔɘŬ Űɖ ɔŮɤŰŮɢɜɘəɐ ŬɜɎˊŰɡɝɖ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ.  

ȰˊŮɘŰŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɚŮˊŰɞɛŮɟɐɠ ŬɜɎɚɡůɖ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ŬɜɎ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ ŭɑɜɞɜŰŬɠ ɏɛűŬůɖ ůŰɘɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ŮɜŰɧɠ Űɤɜ 

ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ůɡɜɞɚɘəɎ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ůŰŬŰɘůŰɘəɏɠ əŬŰŬɜɞɛɏɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ əŬŰŬɜɞɛɐɠ ůŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬəɨɛŬɜůɖ əɘ 

ŮˊɘəɟɎŰɖůɖ Űɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ, ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ Űɤɜ ŰŮɢɜɖŰɩɜ 

ŮˊɘɢɩůŮɤɜ əŬɘ Űɤɜ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ. ũɘŬ Űɘɠ ɇŮŰŬɟŰɞɔŮɜŮɑɠ əŬɘ 

ɁŮɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ ɔɑɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ŭɘɎəɟɘůɖ ɤɠ ˊɟɞɠ Űɖɜ ŮˊɘəɟɎŰɖůɖ Űɤɜ ɚŮˊŰɧəɞəəɤɜ əɘ 

Ŭŭɟɧəɞəəɤɜ ɡɚɘəɩɜ. Ƀɘ űɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 1.2. 

 

ɄɑɜŬəŬɠ 1.2: ɆɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ ŮɝŮŰŬɕɧɛŮɜɤɜ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

ůŰŬŰɘůŰɘəɩɜ əŬŰŬɜɞɛɩɜ 

ȾŬŰɖɔɞɟɑŬ ŭɞəɘɛɩɜ ɄŬɟɎɛŮŰɟɞɘ 

ȺɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ 

ɄŬɟɎɛŮŰɟɞɘ ūɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

ȳɟɘɞ ɡŭŬɟɧŰɖŰŬɠ - LL 

ȳɟɘɞ ˊɚŬůŰɘəɧŰɖŰŬɠ - PL 

ȹŮɑəŰɖɠ ˊɚŬůŰɘəɧŰɖŰŬɠ - PI 

ȹŮɑəŰɖɠ ůɡɜŮəŰɘəɧŰɖŰŬɠ - ) 

ɄŮɟɘŮɢɧɛŮɜɖ ɡɔɟŬůɑŬ - w 

ȸŬɗɛɧɠ əɞɟŮůɛɞɨ - S 

ȹŮɑəŰɖɠ ˊɧɟɤɜ - e  

ɄɞɟɩŭŮɠ - n 

Ɉɔɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ - ɾ 

ɂɖɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ - ɾ 

ȾɞəəɞɛŮŰɟɘəɐ ŭɘŬɓɎɗɛɘůɖ 
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ȺɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ 

ɄŬɟɎɛŮŰɟɞɘ ɀɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

ȷɜŰɞɢɐ ůŮ ŬɜŮɛˊɧŭɘůŰɖ ɗɚɑɣɖ - Ñ 

ȹɞəɘɛɐ ɎɛŮůɖɠ ŭɘɎŰɛɖůɖɠ:  

¶ Ɇɡɜɞɢɐ - c 

¶ ũɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ - ű  

ȹɞəɘɛɐ ŰɟɘŬɝɞɜɘəɐɠ űɧɟŰɘůɖɠ: 

¶ Ɇɡɜɞɢɐ - c 

¶ ũɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ - ű 

ȺˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ ȹɞəɘɛɐ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ - ɦ  

 

ɆŰɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɞ ɜɏɞɠ ŮˊɘəŬɘɟɞˊɞɘɖɛɏɜɞɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ ˊɞɡ 

ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŬɗŮɩɟɖůɖ Űɞɡ Ůɨɟɞɡɠ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ ɔŮɤɡɚɘəɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ, Ŭˊɧ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ˊɟɞɏəɡɣŮ ɖ ŭɖɛɘɞɡɟɔɑŬ ɜɏɤɜ űŬůɛɎŰɤɜ Űɘɛɩɜ, ůɡɜɞŭŮɡɧɛŮɜŮɠ Ŭˊɧ 

ůŰŬŰɘůŰɘəɞɨɠ ŭŮɑəŰŮɠ ɔɘŬ Űɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ. ȼ ɜɏŬ 

ˊɚɖɟɞűɞɟɑŬ ůɢŮŰɘəɎ ɛŮ ŰŬ Ůɨɟɖ Űɘɛɩɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ Ŭˊɧ Űɘɠ ˊɟɞɔŮɜɏůŰŮɟŮɠ 

ŭɘŬɗɏůɘɛŮɠ Űɘɛɏɠ, əŬɗɩɠ ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ əɎɗŮ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ əŬɘ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ɤɠ ˊɟɞɠ ŰŬ ŬəɧɚɞɡɗŬ ɓɎɗɖ: 0-5, 5-10, 10-15, 15-20 

əŬɘ 20-25 m.  

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɞɘ űɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 1.3. ȺɘŭɘəɧŰŮɟŬ, ɔɘŬ əŬɗŮɛɑŬ 

ˊŬɟɎɛŮŰɟɞ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ: 

¶ ɢɎɟŰŮɠ əŬŰŬɜɞɛɐɠ ŬɜɎ 5 m, ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɤɜ 20 m, ɞɘ ɞˊɞɑɞɘ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ 

ůɡɔəŮəɟɘɛɏɜŬ Ůɨɟɖ Űɘɛɩɜ ŰŬ ɞˊɞɑŬ ŮˊɘɚɏɔɞɜŰŬɘ əɡɟɑɤɠ ɛŮ ɓɎůɖ Űɘɠ ɔŮɤŰŮɢɜɘəɏɠ 

ŰŬɝɘɜɞɛɐůŮɘɠ əŬɘ əŬŰŬŰɎɝŮɘɠ, əŬɗɩɠ əŬɘ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ 

¶ ɘůɞɓŬɗŮɑɠ ɢɎɟŰŮɠ əŬŰŬɜɞɛɐɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ, ɔɘŬ ůɡɔəŮəɟɘɛɏɜŬ Ůɨɟɖ 

Űɘɛɩɜ. Ɇô ŬɡŰɞɨɠ ˊɟɞɓɎɚɚɞɜŰŬɘ ɞɘ ɘůɞɓŬɗŮɑɠ əŬɛˊɨɚŮɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŮɝɎɔŮŰŬɘ ɖ ˊɚɖɟɞűɞɟɑŬ 

ůɢŮŰɘəɎ ɛŮ Űɞ ˊɩɠ əŬŰŬɜɏɛɞɜŰŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ Ůɨɟɖ Űɘɛɩɜ ůŰɞ ɓɎɗɞɠ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŬɜɎ 2 

m. 
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ɄɑɜŬəŬɠ 1.3: ɆɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ ŮɝŮŰŬɕɧɛŮɜɤɜ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

Űɤɜ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ 

ȾŬŰɖɔɞɟɑŬ ŭɞəɘɛɩɜ ɄŬɟɎɛŮŰɟɞɘ 

 

 

 

 

 

ȺɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ 

 

ɄŬɟɎɛŮŰɟɞɘ ūɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

ȳɟɘɞ ɡŭŬɟɧŰɖŰŬɠ - LL 

ȳɟɘɞ ˊɚŬůŰɘəɧŰɖŰŬɠ - PL 

ȹŮɑəŰɖɠ ˊɚŬůŰɘəɧŰɖŰŬɠ - PI 

ȹŮɑəŰɖɠ ůɡɜŮəŰɘəɧŰɖŰŬɠ - ) 

ɄŮɟɘŮɢɧɛŮɜɖ ɡɔɟŬůɑŬ - w 

ȸŬɗɛɧɠ əɞɟŮůɛɞɨ - S 

Ɉɔɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ - ɾ 

ɂɖɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ - ɾ 

ɄŬɟɎɛŮŰɟɞɘ ɀɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

ȷɜŰɞɢɐ ůŮ ŬɜŮɛˊɧŭɘůŰɖ ɗɚɑɣɖ - Ñ 

ȺˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ ȹɞəɘɛɐ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ - ɦ  

 

ȷəɞɚɞɨɗɤɠ, əŬŰŬůəŮɡɎůŰɖəŬɜ ŰɟɘůŭɘɎůŰŬŰŬ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɎ ɛɞɜŰɏɚŬ ůŮ ŮˊɘɚŮɔɛɏɜŮɠ 

ˊŮɟɘɞɢɏɠ. Ɇô ŬɡŰɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮəŰɧɠ Ŭˊɧ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ əŬɘ ɖ 

ɢɤɟɘəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ŮəɎůŰɞŰŮ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ŮɜŰɧɠ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ. ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ŭɘŬɔɟɎɛɛŬŰŬ ůŰŬŰɘůŰɘəɩɜ əŬŰŬɜɞɛɩɜ ɧˊɞɡ 

ˊɟɞɓɎɚɚŮŰŬɘ ɖ ůɢŮŰɘəɐ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ɔɘŬ ŰŬ ŭɘɎűɞɟŬ Ůɨɟɖ Űɘɛɩɜ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ 

ˊŬɟŬɛɏŰɟɤɜ. 

ɇɏɚɞɠ, ˊɟɞŰɎɗɖəŬɜ ŮˊɘɚŮəŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ɢɟɐůɖɠ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ 

ɛŮ Űɖ ɛɞɟűɐ ůɡɔəŮəɟɘɛɏɜɤɜ ŮűŬɟɛɞɔɩɜ ŬɜŬŭŮɘəɜɨɞɜŰŬɠ ˊŮɟŬɘŰɏɟɤ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ɏɟŮɡɜŬɠ. ɇŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮűŬɟɛɞɔɩɜ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɑɜŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜŬ ůŰɞɜ ŬůűŬɚɐ 

ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ ɧˊɤɠ ŬůŰɘəɏɠ ůɐɟŬɔɔŮɠ ɐ ůɖɛŬɜŰɘəɏɠ ɗŮɛŮɚɘɩůŮɘɠ ŬɚɚɎ əŬɘ ůŰɖɜ ŬɜɎɚɡůɖ 

Ůəŭɐɚɤůɖɠ ɔŮɤəɘɜŭɨɜɤɜ ɧˊɤɠ ɟŮɡůŰɞˊɞɑɖůɖ ɐ əŬɗɘɕɐůŮɘɠ.  
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Ɇô ŬɡŰɧ Űɞ ůɖɛŮɑɞ, əɘ Ŭűɞɨ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ŮəŰŮɜɩɠ ɖ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ ɏɟŮɡɜŬɠ, əɟɑɜŮŰŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ŬɜŬűɞɟɎ ůŰɘɠ ˊŬɟŬŭɞɢɏɠ ůŰɘɠ ɞˊɞɑŮɠ ɓŬůɑɕŮŰŬɘ ɖ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ: 

¶ Ƀɘ ɗŮɛŬŰɘəɞɑ ɢɎɟŰŮɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ˊŬɟɏɢɞɡɜ əŬŰɎ ɗɏůŮɘɠ 

ɛɘŬ ŮəŰɑɛɖůɖ Űɤɜ Űɘɛɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ əŬŰɎ ˊŮɟɑˊŰɤůɖ. ɇɡɢɧɜ 

ŬɓŮɓŬɘɧŰɖŰŮɠ ůɢŮŰɘəɎ ɛŮ: 

ü Űɞ ˊɎɢɞɠ əŬɘ ɓɎɗɞɠ ŮɛűɎɜɘůɖɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ  

ü ŰŬ ɧɟɘŬ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ ɤɠ ˊɟɞɠ Űɖɜ ŮˊɘəɟɎŰɖůɖ Űɤɜ ɡɚɘəɩɜ 

ü əŬɘ Űɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ŭɘɎűɞɟɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ  

ɛŮɘɩɜɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɞ əŬŰɎ Űɧˊɞɡɠ ŭɘŬɗɏůɘɛɞ ŭɑəŰɡɞ Űɤɜ ɔŮɤŰɟɐůŮɤɜ. Ⱥˊɞɛɏɜɤɠ, 

ɧˊɞɡ ŮɑɜŬɘ ˊɘɞ ˊɡəɜɧ Űɞ ŭɘŬɗɏůɘɛɞ ŭɑəŰɡɞ Űɤɜ ɔŮɤŰɟɐůŮɤɜ, ɞɘ ŮˊɘűɎɜŮɘŮɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ ˊŬɟŮɛɓɞɚɐ ˊɟɞůɞɛɞɘɎɕɞɡɜ əŬɚɨŰŮɟŬ Űɖɜ ŮɘəɧɜŬ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ 

ŮˊɘűŬɜŮɘɩɜ. ɆɡɜŮˊɩɠ, ɞˊɞɘŬŭɐˊɞŰŮ ŭɘŬűɞɟɎ ůŮ ůɢɏůɖ ɛŮ Űɘɠ əŬŰɎ ɗɏůŮɘɠ ŮəŰɘɛɩɛŮɜŮɠ 

Űɘɛɏɠ əŬɘ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ ůŰŬ ŬɜŰɑůŰɞɘɢŬ ůɖɛŮɑŬ, əŬɚŮɑŰŬɘ ɤɠ ŮɔɔŮɜɐɠ ŬɓŮɓŬɘɧŰɖŰŬ 

Űɖɠ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ. 

¶ ȼ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ŬˊɞŰŮɚŮɑ ɏɜŬ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŭɘŬɢŮɑɟɘůɖ Űɤɜ 

ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůŰɞɜ ˊɞɚŮɞŭɞɛɘəɧ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ 

ˊɟɞůŰŬůɑŬ Űɖɠ ɡˊɧ ɏɟŮɡɜŬ ˊŮɟɘɞɢɐɠ Ŭˊɧ ɔŮɤəɘɜŭɨɜɞɡɠ. ɋůŰɧůɞ, ŭŮɜ ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɟɐůɖ 

Űɞɡ ɤɠ ɏɜŬ ŮɔɢŮɘɟɑŭɘɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ əŬɗɞɚɘəɎ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ůŮ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ. ȼ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛŮɗɞŭɞɚɞɔɑŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɖɛŬɜŰɘəɐ ˊɟɩŰɖ 

əŬŰŮɨɗɡɜůɖ ůŰɖ ůɡɜɞɚɘəɐ əŬŰŬɜɧɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ əŬɘ ŭŮɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ɢɤɟɑɠ Űɖ ŭɏɞɡůŬ 

ůɡɜŮəŰɑɛɖůɖ Űɤɜ əŬŰɎ ˊŮɟɑˊŰɤůɖ Ůɘŭɘəɩɜ ůɡɜɗɖəɩɜ. Ⱥˊɞɛɏɜɤɠ, ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ 

ˊɞɚɨŰɘɛɞ ɞŭɖɔɧ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŮˊɑˊŮŭɞ ˊɟɞɛŮɚɏŰɖɠ, ɖ ŮűŬɟɛɞɔɐ Űɞɡ 

ɞˊɞɑɞɡ ůɡɜɘůŰɎŰŬɘ ɜŬ ɔɑɜŮŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ŭɘŮɜɏɟɔŮɘŬ ŮˊɘŰɧˊɞɡ ɔŮɤŰŮɢɜɘəɩɜ 

ŮɟŮɡɜɩɜ ɛŮ ůəɞˊɧ Űɖɜ ˊŮɟŬɘŰɏɟɤ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůŰɞɘɢŮɑɤɜ ůŮ ɛɘŬ ɞɟɘůŰɘəɐ 

ɛŮɚɏŰɖ. 
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1.3. ȹɘɎɟɗɟɤůɖ ȹɘŬŰɟɘɓɐɠ  

ȼ ŭɞɛɐ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɘɠ ŬəɧɚɞɡɗŮɠ ˊŬɟŬɔɟɎűɞɡɠ. 

ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ (1ɞ) ŭɘŬɟɗɟɩɜŮŰŬɘ ɖ ŮɘůŬɔɤɔɐ ɧˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ, ɞ 

ůəɞˊɧɠ əŬɘ ɖ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ. 

ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ (2ɞ) ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɞɛɐ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɔŮɤŰŮɢɜɘəɐɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɞɡɠ ůəɞˊɞɨɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ. ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ 

ŬɜŬűɞɟɎ ůŰɘɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ŮɘŭɘəɧŰŮɟŬ ůŰɖ ɓɎůɖ TIAS ˊɞɡ ůŰɖɟɑɢɗɖəŮ ɖ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ 

Ůɜɩ ŬɜŬɚɨɞɜŰŬɘ ŮəŰŮɜɩɠ ɞɘ ůŰɧɢɞɘ əŬɘ ŰŬ ůŰɎŭɘŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ ŬůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŪŮůůŬɚɞɜɑəɖɠ. Ⱥˊɑůɖɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ŰŬ ŭɘŬɗɏůɘɛŬ 

ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ŬɜɎ əŬŰɖɔɞɟɑŬ ŭɞəɘɛɩɜ əɘ ŬɜɎ űɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ ́ ŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ 

ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ əɘ ŬɜŬɚɨɞɜŰŬɘ ˊŮɟŬɘŰɏɟɤ ůŮ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ. 

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ (3ɞ) ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔŮɤůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ əŬɘ ŭɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ 

ůŰɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɛŮ ůəɞˊɧ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ɓɏɚŰɘůŰɖɠ ɛŮɗɧŭɞɡ ɢɤɟɘəɐɠ 

ˊŬɟŮɛɓɞɚɐɠ ɔɘŬ Űɖɜ ˊŮɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ əɘ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ.  

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ (4ɞ) ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ŰŬ ɔŮɤɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ, əŬɗɩɠ əŬɘ Űɞ ɡˊɧɓŬɗɟɞ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ. Ⱥˊɘˊɚɏɞɜ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ɔŮɜɘəɐ Ůˊɘůəɧˊɖůɖ ɤɠ ˊɟɞɠ Űɘɠ ɔŮɤŰŮɢɜɘəɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ əŬɘ ŰŬ ůɡůŰɐɛŬŰŬ 

əŬŰɎŰŬɝɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ əŬŰɎ Űɖɜ ŬɜɎɚɡůɖ əŬɘ ˊŬɟɞɡůɑŬůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ 

ŭŮŭɞɛɏɜɤɜ.  

ɆŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ (5ɞ) ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŬɜɎɚɡůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 

ȷɟɢɘəɎ, ŬɜŬˊŰɨůůŮŰŬɘ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ ɗŮɛŬŰɘəɞɨɠ ɢɎɟŰŮɠ ɔɘŬ ɞɚɧəɚɖɟɖ Űɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ, ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ Űɖ ŭɘŬəɨɛŬɜůɖ Űɞɡ ˊɎɢɞɡɠ əŬɘ ɓɎɗɞɡɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ. ȷəɧɛɖ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɢɎɟŰŮɠ ŮˊɘəɟɎŰɖůɖɠ ɡɚɘəɩɜ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŬɜɎ ůɡɔəŮəɟɘɛɏɜɞ ɓɎɗɞɠ, ůɡɜɞŭŮɡɧɛŮɜɞɘ 

Ŭˊɧ ɗɖəɞɔɟɎɛɛŬŰŬ əŬɘ əɞəəɞɛŮŰɟɘəɏɠ əŬɛˊɨɚŮɠ ˊɞɡ Ůɜɘůɢɨɞɡɜ ˊŮɟŬɘŰɏɟɤ Űɖɜ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ Ŭˊô ŬɡŰɞɨɠ. Ⱥˊɑůɖɠ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰɟɘůŭɘɎůŰŬŰŬ ɔŮɤɚɞɔɘəɎ ɛɞɜŰɏɚŬ ɔɘŬ ŮˊɘɚŮɔɛɏɜŮɠ 

Ů́ɟɘɞɢɏɠ ŮɜŰɧɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ ɛŮ ůəɞˊɧ Űɧůɞ Űɖɜ ˊŬɟɞɡůɑŬůɖ, ɧůɞ əŬɘ Űɖɜ ŬɜɎŭŮɘɝɖ 

ɔŮɤɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɧˊɤɠ ɖ ůŰɟɤɛŬŰɞɔɟŬűɑŬ, ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ ɚɘɗɞɚɞɔɑŬɠ, ɖ ŭɘɎŰŬɝɖ Űɤɜ 

ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ əŬɘ ɖ ŬˊɞŰɨˊɤůɖ Űɤɜ ɔŮɤɛɞɟűɞɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. Ⱥˊɘˊɚɏɞɜ 

ŭɘŮɟŮɡɜɩɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ɞɘ ɡŭɟɞɔŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ, ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŭɘŬɔɟŬɛɛɎŰɤɜ 

ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ Űɤɜ ŭɘɎűɞɟɤɜ ɔŮɤɡɚɘəɩɜ. ȷəɧɛɖ, 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ůŰɎɗɛɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ əŬɘ ˊɘŮɕɞɛŮŰɟɘəɞɑ ɢɎɟŰŮɠ ůŮ 

ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ɛŮ ůəɞˊɧ Űɖɜ ŮɜŭŮɚŮɢɐ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ŮˊɘŰɧˊɞɡ ɡŭɟɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ. 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ȹȽȹȷȾɇɃɅȽȾȼ ȹȽȷɇɅȽȸȼ ȷ.Ɂ. ȾɃȾȾȷȿȷ                                                                                                                                           36                                                                                                    

 

ɆŰɞ ɏəŰɞ əŮűɎɚŬɘɞ (6ɞ) ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɚŮˊŰɞɛŮɟɐɠ ŬɜɎɚɡůɖ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ 

ůɡɜɗɖəɩɜ ɔɘŬ Űɘɠ ŰŮɢɜɖŰɏɠ ŮˊɘɢɩůŮɘɠ əŬɘ Űɘɠ ŬˊɞɗɏůŮɘɠ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ŭɑɜɞɜŰŬɠ 

ɏɛűŬůɖ ůŰɘɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ŮɜŰɧɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ. ɆŰɞ ˊɚŬɑůɘɞ 

ŬɡŰɧ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰŬŰɘůŰɘəɏɠ əŬŰŬɜɞɛɏɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ əŬŰŬɜɞɛɐɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɛŮ Űɞ 

ɓɎɗɞɠ, ŬɜɎ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ 

ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ɖ ŭɘŬŭɘəŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŬɜɎ ɡɚɘəɧ, ŮɜɘůɢɨɞɜŰŬɠ ˊŮɟŬɘŰɏɟɤ 

Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ɔŮɤɡɚɘəɩɜ. ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɞ 

ɜɏɞɠ ŮˊɘəŬɘɟɞˊɞɘɖɛɏɜɞɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɧˊɞɡ ŮˊŬɜŬˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ŰŬ 

ɧɟɘŬ Űɤɜ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ. 

ɄŬɟɎɚɚɖɚŬ, ˊɟɞŰŮɑɜɞɜŰŬɘ ɚŮˊŰɞɛŮɟɐ Ůɨɟɖ Űɘɛɩɜ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ, ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ ˊɞɡ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ 

ůŮ ɓɎɗɞɠ. 

ȷəɞɚɞɨɗɤɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɚɡůɖ əɘ ŮɟɛɖɜŮɑŬ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůŮ 

ˊŮɟɘɓɎɚɚɞɜ GIS ɛŮ ůəɞˊɧ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ŬɜɎ ůɡɔəŮəɟɘɛɏɜɞ ɓɎɗɞɠ, ůŰɞɡɠ ɞˊɞɑɞɡɠ 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ɢɤɟɘəɎ ɖ əŬŰŬɜɞɛɐ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ. Ƀɘ ɢɎɟŰŮɠ ŬɡŰɞɑ ůɡɛɓɎɚɚɞɡɜ 

ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ŬůűŬɚɐ ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ, əŬɗɩɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ əŬŰŬɚɚɖɚɧɚɖŰŬɠ əŬɘ ůŰɖɜ ˊɟɞůŰŬůɑŬ Ŭˊɧ ˊɘɗŬɜɞɨɠ ɔŮɤəɘɜŭɨɜɞɡɠ. ȰˊŮɘŰŬ, 

ůɡɜŭɡɎɕɞɜŰŬɠ Űɖɜ ŰɟɘůŭɘɎůŰŬŰɖ ɔŮɤɚɞɔɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ ɛŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ, 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰɟɘůŭɘɎůŰŬŰŬ ɛɞɜŰɏɚŬ ůŮ ŮˊɘɚŮɔɛɏɜŮɠ ˊŮɟɘɞɢɏɠ, ůŰŬ ɞˊɞɑŬ ˊɟɞɓɎɚɚŮŰŬɘ ŮəŰɧɠ Ŭˊɧ 

Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ əŬɘ ɖ ɢɤɟɘəɐ ŭɘŬəɨɛŬɜůɖ Űɤɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡɠ. 

ɇɏɚɞɠ, ůŰɞ ɏɓŭɞɛɞ əŮűɎɚŬɘɞ (7ɞ) ˊŬɟɞɡůɘɎɕɞɜŰŬɘ, ŮˊɘɚŮəŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ɢɟɐůɖɠ Űɖɠ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, ˊɟɞůŬɜŬŰɞɚɘůɛɏɜŬ ůŰɞɜ ŬůűŬɚɐ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ 

(ɓŬɗɘɏɠ ɗŮɛŮɚɘɩůŮɘɠ əŬɘ ŭɘɎɜɞɘɝɖ ŬůŰɘəɩɜ ůɖɟɎɔɔɤɜ) əŬɘ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ Ŭˊɧ 

ɔŮɤəɘɜŭɨɜɞɡɠ (əŬɗɘɕɐůŮɘɠ əŬɘ ɟŮɡůŰɞˊɞɑɖůɖ). 

ɇŬ ɓŬůɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɧɔŭɞɞ 

əŮűɎɚŬɘɞ (8ɞ). Ⱥˊɑůɖɠ, ůŰɞ ɑŭɘɞ əŮűɎɚŬɘɞ ŬɜŬűɏɟɞɜŰŬɘ ŮˊɘɔɟŬɛɛŬŰɘəɎ ɞɘ ˊɟɞɞˊŰɘəɏɠ ɔɘŬ ˊŮɟŬɘŰɏɟɤ 

ɏɟŮɡɜŬ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ ůɡɕɐŰɖůɖ ɔɨɟɤ Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŬŰɟɘɓɐɠ. 
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2. ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ 

əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ Ŭˊɧ ɔŮɤəɘɜŭɨɜɞɡɠ  

2.1. ũŮɜɘəɎ 

Ƀ ɓŬůɘəɧɠ ůŰɧɢɞɠ Űɞɡ ˊŬɟɧɜŰɞɠ əŮűŬɚŬɑɞɡ ŮɑɜŬɘ ɜŬ ŬɜŬŭŮɑɝŮɘ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɖ 

ɔŮɤɚɞɔɘəɐ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɔɜɩůɖ ɛˊɞɟŮɑ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ůŮ ɛɘŬ əŬɚɎ ɞɟɔŬɜɤɛɏɜɖ ɔŮɤŰŮɢɜɘəɐ 

ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŬɜŬˊŰɨɝŮɘ ŭɘɎűɞɟɞɡɠ ůɡůɢŮŰɘůɛɞɨɠ əŬɘ ɜŬ ˊŬɟɏɢŮɘ 

ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ůŰŬ ůŰɎŭɘŬ ůɢŮŭɘŬůɛɞɨ əŬɘ əŬŰŬůəŮɡɐɠ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ ɛŮ ɔɜɩɛɞɜŬ Űɖ 

ŭɘŬɢŮɑɟɘůɖ, Űɞɜ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ Ŭˊɧ ɔŮɤəɘɜŭɨɜɞɡɠ. ȼ ŭɘŬɢŮɑɟɘůɖ 

ɛŮɔɎɚɞɡ ɧɔəɞɡ ŭŮŭɞɛɏɜɤɜ, çbig data managementè ɧˊɤɠ ɏɢŮɘ ŮˊɘəɟŬŰɐůŮɘ ˊŬɔəɞůɛɑɤɠ ůŰɖ 

ɓɘɓɚɘɞɔɟŬűɑŬ, ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬˊɞɗɐəŮɡůɖ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ ɛŮ ůəɞˊɧ Űɖɜ 

Ůɜɑůɢɡůɖ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬůűŬɚɐ ŬɜɎˊŰɡɝɖ Űɤɜ ˊŮɟɘɞɢɩɜ ůŮ ŮˊɑˊŮŭɞ 

ɔŮɤŰŮɢɜɘəɐɠ ɛɖɢŬɜɘəɐɠ. Ƀɘ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ŭŮɜ ŬˊɞŰŮɚɞɨɜ ŮɝŬɑɟŮůɖ ůô ŬɡŰɧ, əŬɗɩɠ ɖ çŮɡűɡɑŬè Űɤɜ 

ˊɧɚŮɤɜ, ŮɘŭɘəɎ ůŰŬ ɗɏɛŬŰŬ ŭɘŬɢŮɑɟɘůɖɠ ˊɞɚɘŰɘəɐɠ ˊɟɞůŰŬůɑŬɠ, ŮɝŬɟŰɎŰŬɘ ɎɛŮůŬ Ŭˊɧ ŰŬ ŭɘɎűɞɟŬ 

ůɡůŰɐɛŬŰŬ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ˊŬɟɏɢɞɡɜ ˊɚɖɗɩɟŬ ŭŮŭɞɛɏɜɤɜ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ 

ɓɎůɖ ɔɘŬ Űɖ ɚɐɣɖ ŬˊɞűɎůŮɤɜ. 

ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ɏɢŮɘ ŬɡɝɖɗŮɑ ɘŭɘŬɑŰŮɟŬ Űɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ çŮɡűɡɩɜ 

ˊɧɚŮɤɜè ɛɏůŬ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ɛŮɔɎɚɞɡ ɧɔəɞɡ ŭŮŭɞɛɏɜɤɜ, ŮɜɘůɢɨɞɜŰŬɠ ɘŭɘŬɑŰŮɟŬ Űɖɜ 

ŬɚɚɖɚŮɝɎɟŰɖůɖ ɛŮŰŬɝɨ Űɞɡɠ (Shahat Osman əŬɘ Elragal, 2021). Ƀ ůɡɜŭɡŬůɛɧɠ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ 

ŬˊɞɗɐəŮɡůɖɠ əŬɘ ŭɘŬɢŮɑɟɘůɖɠ Űɤɜ çbig dataè ŮɜŰɧɠ ɛɘŬɠ ŰɟɎˊŮɕŬɠ ŭŮŭɞɛɏɜɤɜ, əŬŰɏůŰɖůŮ Űɘɠ 

ŮűŬɟɛɞɔɏɠ ɓɎůŮɤɜ ŭŮŭɞɛɏɜɤɜ ŬɜŬˊɧůˊŬůŰɞ ɛɏɟɞɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ ůŰɞɜ ŬůŰɘəɧ 

ůɢŮŭɘŬůɛɧ. ɄɞɚɡɎɟɘɗɛŮɠ ɏɟŮɡɜŮɠ ɏɢɞɡɜ ŮůŰɘɎůŮɘ ůŰɖɜ ŮəŰɑɛɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ ɔŮɤŰŮɢɜɘəɩɜ 

ůɡɜɗɖəɩɜ ɛŮ ůəɞˊɧ ɜŬ Ůɜɘůɢɨůɞɡɜ Űɖɜ ŬůűŬɚɐ ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ (Fuchu et al., 1994; Dai et al., 2001; 

El May et al., 2010; Donghee et al., 2012; Kolat et al., 2012). ɄɟɧůűŬŰŮɠ ɓɘɓɚɘɞɔɟŬűɘəɏɠ 

ŬɜŬůəɞˊɐůŮɘɠ ŮˊɘəŮɜŰɟɩɗɖəŬɜ ůŰɖ ŭɘŮɟŮɨɜɖůɖ çŬˊɟɧɓɚŮˊŰɤɜè ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ 

ůɡɜɗɖəɩɜ əŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ ŭɘɎűɞɟɤɜ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, əŬɗɩɠ əŬɘ ůŰŬ ɞűɏɚɖ Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ 

ɔŮɤŰŮɢɜɘəɩɜ ůŰɞɘɢŮɑɤɜ ůŮ ɛɘŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ (Babendererde et al., 2004; Marinos et al., 2009; 

Mohammadi et al., 2016).  

Ƀɘ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ ŮˊɘŰɟɏˊɞɡɜ ɏɜŬɜ ŬɡɝŬɜɧɛŮɜɞ Ŭɟɘɗɛɧ ŮűŬɟɛɞɔɩɜ, ɧˊɞɡ ɖ ɢɟɐůɖ Űɞɡɠ ŮɑɜŬɘ 

ɘŭɘŬɑŰŮɟŬ ŭɖɛɞűɘɚɐɠ ůŮ ŭɘɎűɞɟɞɡɠ ŮˊɘůŰɖɛɞɜɘəɞɨɠ ŰɞɛŮɑɠ, əɡɟɑɤɠ ɚɧɔɤ Űɖɠ Ůɨəɞɚɖɠ əŬɘ ɔɟɐɔɞɟɖɠ 

ŬɜɎəɚɖůɖɠ ŭŮŭɞɛɏɜɤɜ (Ko­kar əŬɘ Akg¿n, 2008; Foster et al., 2012; Todo et al., 2013). ɆɖɛŬɜŰɘəɧɠ 

ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ɓɎůŮɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ˊŬɔəɞůɛɑɤɠ (Veeger 

et al., 2004; Chung and Rogers, 2010; Chmelina et al., 2013; Marinos et al., 2013), ŮɜɘůɢɨɞɜŰŬɠ Űɖ 

ůɖɛŬůɑŬ Űɖɠ ŬɜɎɚɡůɖɠ ɛŮɔɎɚɞɡ ɧɔəɞɡ ŭŮŭɞɛɏɜɤɜ ůŮ ŮˊɑˊŮŭɞ ůɢŮŭɘŬůɛɞɨ əŬɘ əŬŰŬůəŮɡɐɠ ŰŮɢɜɘəɩɜ 
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ɏɟɔɤɜ. ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟŮŰŬɘ ɖ ŮɟɔŬůɑŬ Űɤɜ Grafinger əŬɘ Zischinsky (2005) ˊɞɡ ŮůŰɑŬůŬɜ ůŰɖ 

ŭɘŬɢŮɑɟɘůɖ, ˊɟɞɦˊɎɟɢɞɜŰɤɜ ŭŮŭɞɛɏɜɤɜ ɔŮɤɛɖɢŬɜɘəɐɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ, ŭɑɜɞɜŰŬɠ ɏɛűŬůɖ ůŰɖ 

ɔɟɐɔɞɟɖ ŬɜɎəŰɖůɐ Űɞɡɠ əŬɘ Űɖɜ ɞˊŰɘəɞˊɞɑɖůɐ Űɞɡɠ ɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ əŬŰɎɚɚɖɚɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ. 

ȷəɧɛɖ, ɞɘ Kimmance et al. (1999) ŬůɢɞɚɐɗɖəŬɜ ɛŮ Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ Űɘɠ ŮˊɘŭɧůŮɘɠ Ůɜɧɠ 

ůɡůŰɐɛŬŰɞɠ ŭɘŬɢŮɑɟɘůɖɠ əŬɘ ŬɜɎɚɡůɖɠ ˊɚɖɟɞűɞɟɘɩɜ ůɢŮŰɘəɩɜ ɛŮ ɛŮɔɎɚŬ əŬŰŬůəŮɡŬůŰɘəɎ ɏɟɔŬ, 

ŮůŰɘɎɕɞɜŰŬɠ ůŰɖ ŭɘŬŭɘəŰɡŬəɐ ɢɟɐůɖ ɛɏůɤ ˊŮɟɘɓɎɚɚɞɜŰɞɠ GIS (Geographic Information System) ˊɞɡ 

ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ Űɖ ɔŮɤŰŮɢɜɘəɐ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. 

 ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ŭɘɎűɞɟŮɠ ɓɎůŮɘɠ ɔŮɤŰŮɢɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɧɢɘ ɛɧɜɞ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞɡɠ ůəɞˊɞɨɠ, ɧˊɤɠ ˊŮɟɘɔɟɎűɖůŬɜ ˊŬɟŬˊɎɜɤ, ŬɚɚɎ 

ˊɟɞůŬɟɛɧɕɞɜŰŬɘ əŬɘ ůŰɞ ɛɏɔŮɗɞɠ Űɤɜ ɏɟɔɤɜ ɔɘŬ ŰŬ ɞˊɞɑŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ. ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ˊŬɔəɞůɛɑɤɠ ŬɜŬɔɜɤɟɘůɛɏɜɤɜ ɓɎůŮɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŮ 

ůɖɛŬɜŰɘəɐɠ əɚɑɛŬəŬɠ ɔŮɤɚɞɔɘəɏɠ əŬɘ ɔŮɤŰŮɢɜɘəɏɠ ɏɟŮɡɜŮɠ ŮɑɜŬɘ: 

¶ ɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ çGEOSISè Űɞɡ çJubilee Line Extension Projectè ůŰɞ ȿɞɜŭɑɜɞ (Black et 

al., 2001),   

¶ ɖ çEngineering Geological Databaseè ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɞ Polish Geological Survey 

Project, BDGI (Watson et al., 2017), 

¶ ɖ çNational Geotechnical Properties Databaseè Űɖɠ British Geological Survey (BGS) (Self 

et al., 2012), əŬɗɩɠ əŬɘ 

¶ ɖ çTunnel Information Analysis Systemè Űɖɠ ȺɔɜŬŰɑŬɠ Ƀŭɞɨ ȷ.Ⱥ. (Marinos et al., 2013) 

ɧɚŮɠ ůɡɛɓŬŰɏɠ ɛŮ Űɞ ɛɞɜŰɏɚɞ ŭŮŭɞɛɏɜɤɜ AGSÉ, çThe Association of Geotechnical and 

Geoenvironmental Specialistsè (AGS, 1999). 

2.2. Ɇəɞˊɧɠ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ  

ɇɞ əɑɜɖŰɟɞ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ ŬɡŰɐɠ Űɖɠ ɏɟŮɡɜŬɠ ɐŰŬɜ ɖ ŬˊɞɡůɑŬ ɛɘŬɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, Űɖ ŭɘŬɢŮɑɟɘůɖ ɏɜŬɜŰɘ ɔŮɤəɘɜŭɨɜɤɜ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ 

Űɞɡ ɔŮɤˊŮɟɘɓɎɚɚɞɜŰɞɠ ůŰɖ ɚŮəɎɜɖ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. ȼ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ɏɢŮɘ ɛŮɔɎɚɖ ůɖɛŬůɑŬ, 

əŬɗɩɠ, ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɘəŬɜɐ ɖ 

ůɡɔəɏɜŰɟɤůɖ, əŬŰɧˊɘɜ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ, Ůɜɧɠ ɛŮɔɎɚɞɡ ɧɔəɞɡ ŭɘŬɗɏůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ 

ůəɞˊɧ Űɖɜ ŬɜɎŭŮɘɝɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ əŬɘ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ŭŮɨŰŮɟɖɠ 

ɛŮɔŬɚɨŰŮɟɖɠ ˊɧɚɖɠ ůŰɖɜ ȺɚɚɎŭŬ. ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬɜɎɚɡůɖ əŬɘ Ŭɝɘɞˊɞɑɖůɖ Ůɜɧɠ ɛŮɔɎɚɞɡ ɧɔəɞɡ 

ŭŮŭɞɛɏɜɤɜ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ůŰɖɜ Ůɨɟɡɗɛɖ ɚŮɘŰɞɡɟɔɑŬ ˊɞɚɚɩɜ ɡˊɖɟŮůɘɩɜ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ŬɡŰɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬůűŬɚɐ ŬɜɎˊŰɡɝɖ əɘ ŮˊɏəŰŬůɖ ŬůŰɘəɩɜ 

ˊŮɟɘɞɢɩɜ, ɧˊɤɠ ŬɡŰɐ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. 
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ȼ ɎɛŮůɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ əɨɟɘŬ ŬɜɞɘəŰɎ ɕɖŰɐɛŬŰŬ ˊɞɡ 

ˊɟɏˊŮɘ ɜŬ ŭɘŮɟŮɡɜɖɗɞɨɜ ˊŮɟŬɘŰɏɟɤ, ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɘŬ ˊɘɞ ɞɚɞəɚɖɟɤɛɏɜɖ Ɏˊɞɣɖ ɔɨɟɤ Ŭˊɧ Űɖɜ 

ŬɜɎˊŰɡɝɖ ɓɘɩůɘɛɤɜ əŬɘ ɚŮɘŰɞɡɟɔɘəɩɜ ˊɧɚŮɤɜ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɖ ůɡɔəɏɜŰɟɤůɖ əɘ ŮˊŮɝŮɟɔŬůɑŬ 

ɔŮɤŰŮɢɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɖ ɢɟɐůɖ ɛɘŬɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɗŬ ůɡɛɓɎɚɚŮɘ 

ɘŭɘŬɑŰŮɟŬ ůŰɖ ŭɘŬŭɘəŬůɑŬ ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ ůŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ ůɢŮŭɘŬůɛɞɨ əŬɘ əŬŰŬůəŮɡɐɠ 

ŮˊɘűŬɜŮɘŬəɩɜ əŬɘ ɡˊɧɔŮɘɤɜ ŬůŰɘəɩɜ ɏɟɔɤɜ. ɀɎɚɘůŰŬ, ŮɘŭɘəɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ˊɞɡ 

ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŮŭŬűɘəɎ ɔŮɤɡɚɘəɎ, əɟɑɜŮŰŬɘ ŮˊɘŰŬəŰɘəɐ ɖ ŬɜɎɔəɖ ɔɘŬ Ŭˊɞɛɞɑɤůɖ Űɖɠ 

ɔŮɤɚɞɔɘəɐɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ɛŮ Űɖ ůɡɛɓɞɚɐ ɛɘŬɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ ůŰɧɢɞɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɔŮɤŰŮɢɜɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮűŮɝɐɠ: 

¶ ȼ ůɡɔəɏɜŰɟɤůɖ, Ůɜɧɠ ŰŮɟɎůŰɘɞɡ ɧɔəɞɡ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŮɠ Ŭˊɧ ŭɘɎűɞɟŮɠ 

ŰŮɢɜɘəɏɠ ɏɟŮɡɜŮɠ əŬɘ ɛŮɚɏŰŮɠ. 

¶ ȼ ŰŬɝɘɜɧɛɖůɖ əɘ ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊɞɚɚŬˊɚɞɨɠ űɞɟŮɑɠ, ɛŮ 

ůəɞˊɧ Űɖɜ ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɢŮɑɟɘůɐ Űɞɡɠ ůô ɏɜŬ ŮɜɘŬɑɞ ůɨůŰɖɛŬ. 

¶ ȼ ŬɜɎɚɡůɖ əɘ ɞ ůɡůɢŮŰɘůɛɧɠ ŬɡŰɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ůŰɧɢɞ ɜŬ ŮɜɘůɢɡɗŮɑ ɖ ɔɜɩůɖ ɔɨɟɤ 

Ŭˊɧ ɗɏɛŬŰŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ɔŮɤɚɞɔɘəɏɠ-ɔŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ, Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ 

ɔŮɤɡɚɘəɩɜ əŬɘ Űɘɠ ɛŮɗɧŭɞɡɠ ůɢŮŭɘŬůɛɞɨ əŬɘ əŬŰŬůəŮɡɐɠ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ 

ɏɟŮɡɜŬɠ. 

¶ ȼ ɎɛŮůɖ ɎɜŰɚɖůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ˊɚɖɟɞűɞɟɘɩɜ, ɏˊŮɘŰŬ Ŭˊɧ ŬɘŰɐɛŬŰŬ ɢɟɖůŰɩɜ, ɞɘ ɞˊɞɑŮɠ 

ŮɑɜŬɘ ɢɟɐůɘɛŮɠ Űɧůɞ ůŰɖɜ ɏɟŮɡɜŬ, ɧůɞ əŬɘ ůŰɖ ɛŮɚɏŰɖ əŬɘ əŬŰŬůəŮɡɐ ɜɏɤɜ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ. 

¶ ȼ Ŭɛűɑŭɟɞɛɖ ůɨɜŭŮůɖ əŬɘ ůɡɛɓŬŰɧŰɖŰŬ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŮ ɎɚɚŬ ůɡůŰɐɛŬŰŬ əŬɘ 

ɚɞɔɘůɛɘəɎ ɛŮ ůəɞˊɧ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊŮɟŬɘŰɏɟɤ Ŭɝɘɞˊɞɑɖůɖɠ ŬɡŰɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

¶ Ƀ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɢɟɐůɘɛŮɠ əɘ ɎɛŮůŬ ˊɟɞůɓɎůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɛŮ Űɖ 

ɛɞɟűɐ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ, ŭɘŬɔɟŬɛɛɎŰɤɜ, ůŰŬŰɘůŰɘəɩɜ əŬŰŬɜɞɛɩɜ əŬɘ ŰɟɘůŭɘɎůŰŬŰɤɜ 

ɛɞɜŰɏɚɤɜ. 

¶ ȼ ŬɜɎˊŰɡɝɖ ůɡɔəŮəɟɘɛɏɜɤɜ ŮűŬɟɛɞɔɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ, ɞɘ ɞˊɞɑŮɠ ŮɝŮŰɎɕɞɜŰŬɘ Űɧůɞ 

ɡˊɧ Űɞ ˊɟɑůɛŬ Űɞɡ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɖɠ əŬŰŬůəŮɡɐɠ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, ɧůɞ əŬɘ ɔɘŬ Űɖ 

ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɔŮɤəɘɜŭɨɜɤɜ.  

¶ ȼ ˊŬɟɞɢɐ ɢɟɐůɘɛɤɜ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ůɜɘůɢɨůɞɡɜ Űɘɠ ŭɘɎűɞɟŮɠ ŭɘŬŭɘəŬůɑŮɠ 

ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ ůŮ ɕɖŰɐɛŬŰŬ ˊɞɚɘŰɘəɐɠ ˊɟɞůŰŬůɑŬɠ, ůŰɞɜ ŬůűŬɚɐ ůɢŮŭɘŬůɛɧ ɡˊɞŭɞɛɩɜ, 

ůŰɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ əɟɑůŮɤɜ əŬɘ ůŰɞ ɛŮŰɟɘŬůɛɧ Űɤɜ ŮˊɘˊŰɩůŮɤɜ Űɤɜ ɔŮɤəɘɜŭɨɜɤɜ. 
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¶ ȼ ŭɡɜŬŰɧŰɖŰŬ ůɡɜŮɢɞɨɠ ŬɜŬɜɏɤůɖɠ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɖɜ ŬˊɞɗɐəŮɡůɖ ɜɏɤɜ 

ůŰɞɘɢŮɑɤɜ ɏŰůɘ ɩůŰŮ ɜŬ ŮɛˊɚɞɡŰɘůŰŮɑ ˊŮɟŬɘŰɏɟɤ ɖ ɡˊɎɟɢɞɡůŬ ɔɜɩůɖ ɔɨɟɤ Ŭˊɧ Űɞ 

ůɡɔəŮəɟɘɛɏɜɞ ŬɜŰɘəŮɑɛŮɜɞ. 

2.3. ȼ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ TIAS 

ȼ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŮɛˊŮɘɟɑŬ Űɞɡ çɆɡůŰɐɛŬŰɞɠ Ʉɚɖɟɞűɞɟɘɩɜ əŬɘ ȷɜɎɚɡůɖɠ 

ɆɖɟɎɔɔɤɜè - TIAS (Tunnel Information Analysis System), ɛɘŬɠ ɔŮɤŰŮɢɜɘəɏɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ 

ůɖɟɎɔɔɤɜ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ ȺɔɜŬŰɑŬɠ Ƀŭɞɨ ůŰɖ ɓɧɟŮɘŬ 

ȺɚɚɎŭŬ (AGS, 1999; Marinos et al., 2013). ȼ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɞɛɎŭŬɠ ɚɞɔɘůɛɘəɩɜ ŮɟɔŬɚŮɑɤɜ Űɞɡ TIAS 

ɐŰŬɜ ŬˊŬɟŬɑŰɖŰɖ ɩůŰŮ ɜŬ ɔɑɜŮɘ ŭɡɜŬŰɐ ɖ ŭɘŬɢŮɑɟɘůɖ, ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŬɜɎɚɡůɖ Űɞɡ ÕŮɔɎɚɞɡ ɧɔəɞɡ 

əŬɘ Űɖɠ ˊɞɚɡÕɞɟűɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŰŬ ůŰɎŭɘŬ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɘɠ ŰŮɢɜɘəɏɠ 

əŬŰŬůəŮɡɐɠ Űɤɜ ůɖɟɎɔɔɤɜ. ɇɞ TIAS ŮɑɜŬɘ ɏɜŬ ɞɚɞəɚɖɟɤÕɏɜɞ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖÕŬ ˊɞɡ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɓɎůɖ ŭŮŭɞÕɏɜɤɜ əŬɘ Űɞ ɚɞɔɘůÕɘəɧ ŭɘŬɢŮɑɟɘůɖɠ ÕŮ Űɞ ɞˊɞɑɞ ɞ ɢɟɐůŰɖɠ ÕˊɞɟŮɑ ɜŬ 

ŬɜŬɚɨůŮɘ əŬɘ ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ ŰŬ ŭɘɎűɞɟŬ ŭŮŭɞÕɏɜŬ. ȼ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŬˊɞŰŮɚŮɑ Űɞɜ əŮɜŰɟɘəɧ 

ˊɡɟɐɜŬ ɞɚɧəɚɖɟɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɗɩɠ ůô ŬɡŰɐɜ ŮɘůɎɔɞɜŰŬɘ, ŬɜŬɚɨɞɜŰŬɘ əŬɘ ůɡůɢŮŰɑɕɞɜŰŬɘ ɧɚŬ 

ŰŬ ɔŮɤŰŮɢɜɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɘɠ ůɐɟŬɔɔŮɠ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɓŬůɑɕŮŰŬɘ ůŰɖ ŭɞɛɐ Űɤɜ 

ŬɟɢŮɑɤɜ Űɖɠ AGS, ɔɜɤůŰɐ ɤɠ AGS Format (AGS, 1999, 2017). ɋůŰɧůɞ, ɖ ŭɞɛɐ Űɖɠ TIAS ŭŮɜ 

ˊŮɟɘɞɟɑɕŮŰŬɘ ɛɧɜɞ ůŰŬ ɧɟɘŬ Űɖɠ AGS, ŬɚɚɎ ŮˊŮəŰŮɑɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ əŬɘ ŭɘŬɢŮɑɟɘůɖ 

ˊɚɖɗɩɟŬɠ ˊɘɜɎəɤɜ. ȷɡŰɞɑ ŬɜŬűɏɟɞɜŰŬɘ Űɧůɞ ůŮ ŬɜŬɚɡŰɘəɎ ůŰɞɘɢɑŬ ůɖɟɎɔɔɤɜ (ɔŮɤɛŮŰɟɑŬ, ɔŮɤɚɞɔɑŬ, 

ɛɏɗɞŭɞɘ ŮəůəŬűɐɠ, ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ, ɡˊɞůŰɐɟɘɝɖ ə.ɚˊ.), ɧůɞ əŬɘ ůŮ ɚɞɘˊɎ ɔŮɤŰŮɢɜɘəɎ 

ŭŮŭɞɛɏɜŬ, ɢɟɐůɘɛŬ ůŮ ŭɘɎűɞɟŬ ŰŮɢɜɘəɎ ɏɟɔŬ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ TIAS, ɖ ŬˊɞɗɖəŮɡÕɏɜɖ ˊɚɖɟɞűɞɟɑŬ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬůɢɖɛŬŰɘůɗŮɑ ÕŮ Űɖɜ 

ɢɟɐůɖ Űɖɠ ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ SQL (Structured Query Language). ȿɧɔɤ Űɞɡ ɧɔəɞɡ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ Microsoft SQL Server 2000, ˊɞɡ ŬˊɞŰŮɚŮɑ ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ ɏɜŬ Ŭˊɧ 

ŰŬ əɞɟɡűŬɑŬ ˊɟɞɥɧɜŰŬ ˊŬɔəɞůɛɑɤɠ ůŰɞɜ ŰɞɛɏŬ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ŭɘŬɢŮɘɟɑůŮɤɠ 

ŭŮŭɞɛɏɜɤɜ (relational database management system). Ⱥˊɘˊɚɏɞɜ, Űɞ ůɨůŰɖɛŬ TIAS ɏɢŮɘ 

əŬŰŬůəŮɡŬůɗŮɑ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŬɜŬɚɡŰɘəɐ əŬɘ ˊɚɐɟɖɠ ˊŮɟɘɔɟŬűɐ ɧɚɤɜ Űɤɜ 

ˊɘɜɎəɤɜ əŬɘ Űɤɜ ˊŮŭɑɤɜ Űɞɡɠ, ɩůŰŮ ɜŬ ŮˊɘŰɟɏˊŮŰŬɘ ůŰɞ ɢɟɐůŰɖ ɜŬ ɏɢŮɘ ůŬűɐ əŬɘ Ŭəɟɘɓɐ ˊɚɖɟɞűɧɟɖůɖ 

ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ůɡɜŬɜŰɎ ɛɏůŬ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ.  

ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛŮ ůəɞˊɧ Űɖ ŭɘŬɢŮɑɟɘůɖ ɔŮɤŰŮɢɜɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ɛŮ ŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ ůɢŮŭɘŬůɛɞɨ əŬɘ əŬŰŬůəŮɡɐɠ 

ůɖɟɎɔɔɤɜ. ɄŬɟɧɚŬ ŬɡŰɎ, ŮɑɜŬɘ ŮűɘəŰɐ ɖ ŭɘŬŰɐɟɖůɖ Űɞɡ ɓŬůɘəɞɨ ɎɝɞɜŬ ŭɘŬɢŮɑɟɘůɐɠ Űɞɡ, ɞɨŰɤɠ ɩůŰŮ, 

ɛŮ əŬŰɎɚɚɖɚŮɠ ˊɟɞůŬɟɛɞɔɏɠ, ɖ ɢɟɐůɖ Űɞɡ ɜŬ ŮˊŮəŰŬɗŮɑ ůŮ ŭɘɎűɞɟŬ ɔŮɤŰŮɢɜɘəɎ ɏɟɔŬ. ɆŰɖ 

ůɡɔəŮəɟɘɛɏɜŬ ɏɟŮɡɜŬ, ɞɘ ˊɟɞůŬɟɛɞɔɏɠ ŬɡŰɏɠ ŮůŰɘɎɕɞɡɜ ŬűŮɜɧɠ ůŰɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ əŬɘ Űɞ Ůɑŭɞɠ Űɤɜ 
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ŭŮŭɞɛɏɜɤɜ, əɘ ŬűŮŰɏɟɞɡ ůŰɘɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ŮɑɜŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ. 

ɆŰŬ ŮˊɧɛŮɜŬ ɡˊɞəŮűɎɚŬɘŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŮəŰŮɜɩɠ ɖ ŭɞɛɐ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ůŰɖ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ, ɞɘ ˊɖɔɏɠ əŬɘ Űɞ Ůɑŭɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɡɔəŮɜŰɟɩɗɖəŬɜ, ɖ ŭɘŬŭɘəŬůɑŬ 

ŮɘůŬɔɤɔɐɠ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ůŰɞɘɢŮɑɤɜ əŬɘ Űɏɚɞɠ ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ Ůɝɏɚɘɝɐ Űɖɠ. 

2.4. ȹɞɛɐ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ  

ȼ ˊŬɟɞɨůŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɓŬůɑůŰɖəŮ ůŰɖ ŭɞɛɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ TIAS, ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ 

ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 2.3, əŬɘ ŬɜŬűɏɟŮŰŬɘ ůŰɞ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ ɔŮɤŰŮɢɜɘəɩɜ 

ůɖɟɎɔɔɤɜ. ɋůŰɧůɞ, ɖ ɓɎůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ɏɟŮɡɜŬ ŮɑɜŬɘ ɔŮɜɘəŮɡɛɏɜɖ əŬɗɩɠ 

ŬɜŬűɏɟŮŰŬɘ Űɧůɞ ůŰɖ ŭɘŬɢŮɑɟɘůɖ əɘ ŮˊŮɝŮɟɔŬůɑŬ ɔŮɤɚɞɔɘəɩɜ əŬɘ ɔŮɤŰŮɢɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞɜ 

ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ ɔŮɤŰŮɢɜɘəɩɜ ɏɟɔɤɜ, ɧůɞ əŬɘ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ Ŭˊɧ 

ŭɘɎűɞɟɞɡɠ ɔŮɤəɘɜŭɨɜɞɡɠ ɛŮ ɔɜɩɛɞɜŬ Űɖɜ ŬůűŬɚɐ ˊɞɚŮɞŭɞɛɘəɐ ŬɜɎˊŰɡɝɐ Űɖɠ. 

ɆŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ, ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ Űɞ ɔŮɜɘəɧ ˊɚŬɑůɘɞ Űɖɠ ŭɞɛɐɠ Űɖɠ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, ɧˊɤɠ ŭɘŬɛɞɟűɩɗɖəŮ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. 

ȼ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŭɘŬɛɞɟűɩɜŮŰŬɘ ŬɜŰɑůŰɞɘɢŬ, Ŭəɧɛɖ əŬɘ ɛŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ 

ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ, ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŮ ɜɏŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ əŬɘ ůŰɖɜ ŮɘůŬɔɤɔɐ 

ɜɏɤɜ ˊŮŭɑɤɜ. 

ɇŬ ůŰɎŭɘŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

i. ɄɟɞůŬɟɛɞɔɐ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ TIAS ɤɠ ˊɟɞɠ Űɖ ŭɞɛɐ əŬɘ Űɖ ůɨɜŭŮůɖ Űɤɜ ˊɘɜɎəɤɜ 

Űɖɠ 

ii.  ɆɡɔəɏɜŰɟɤůɖ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ˊɚɖɟɞűɞɟɘɩɜ 

iii.  ȷɝɘɞɚɧɔɖůɖ ˊɚɖɟɞűɞɟɘɩɜ ɤɠ ˊɟɞɠ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɞɡɠ 

iv. Ⱥˊɘɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɤɠ ˊɟɞɠ Űɖ ɢɟɖůɘɛɧŰɖŰɎ Űɞɡɠ 

v. ȺɘůŬɔɤɔɐ Űɤɜ ŭɘɎűɞɟɤɜ ůŰɞɘɢŮɑɤɜ ůŰŬ ŬɜŰɑůŰɞɘɢŬ ˊŮŭɑŬ ˊɘɜɎəɤɜ 

vi. ȹɖɛɘɞɡɟɔɑŬ Ŭɚɔɧɟɘɗɛɤɜ əŬɘ ɛŬəɟɞŮɜŰɞɚɩɜ ŮɜŰɧɠ Űɖ ɓɎůɖɠ ɛŮ ůəɞˊɧ Űɖɜ 

ŬɡŰɞɛŬŰɞˊɞɑɖůɖ ŭɘŬŭɘəŬůɘɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ 

vii.  ȷɜɎɚɡůɖ əŬɘ ůɡůɢɏŰɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ũŮɜɘəɎ, ɛɘŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɛɘŬ ůɡɚɚɞɔɐ ŭɘŬəɟɘŰɩɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ ˊɑɜŬəŮɠ əŬɘ ɓŬůɑɕɞɜŰŬɘ ůŮ ɘŮɟŬɟɢɘəɐ ɚŮɘŰɞɡɟɔɑŬ. ɆŮ əɎɗŮ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɔɟŬűɐ ɔɘŬ ɜŬ ŮəűɟɎůŮɘ Űɖɜ əɨɟɘŬ ŭɞɛɐ, əŬɗɩɠ əŬɘ Űɖ ůɢɏůɖ 

ɛŮŰŬɝɨ Űɤɜ ˊɘɜɎəɤɜ. ȳɚŮɠ ɞɘ ŮɔɔɟŬűɏɠ ɏɢɞɡɜ Űɖ ŭɘəɐ Űɞɡɠ ŰŬɡŰɧŰɖŰŬ ŮɜŰɧɠ Űɖɠ ɓɎůɖɠ əŬɘ ŬɜɎ ˊɎůŬ 

ůŰɘɔɛɐ, ŰŬ ŭŮŭɞɛɏɜŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬəŰɖɗɞɨɜ ůɨɛűɤɜŬ ɛŮ Űɞ ˊŮŭɑɞ ůŰɞ ɞˊɞɑɞ ŮɑɜŬɘ əŬŰŬɢɤɟɖɛɏɜŬ.  
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Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ŭɞɛɐ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ŭɘŬəɚŬŭɑɕŮŰŬɘ ůŮ ˊɏɜŰŮ 

əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ əŬɘ 14 ˊɑɜŬəŮɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ.. ȷˊô ŬɡŰɞɨɠ, ɞɘ 8 ˊŮɟɘɏɢɞɡɜ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ əɘ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɩɜ əŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ 6 ŬɜŬűɏɟɞɜŰŬɘ ůŰŬ ůŰɞɘɢŮɑŬ 

Űɤɜ ɔŮɤŰɟɐůŮɤɜ, əŬɗɩɠ əŬɘ ɔŮɜɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ɞɟɔɎɜɤůɖ əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɖɠ 

ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɞɘ ˊɑɜŬəŮɠ ŬɡŰɞɑ Ůˊɘəɞɘɜɤɜɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ ŬɜɎ əŬŰɖɔɞɟɑŬ, ɛŮ 

Űɖ ɢɟɐůɖ ůɨɜɗŮůɖɠ əɚŮɘŭɘɩɜ çIDè ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ŬɜŬűɞɟɎ ůŰɖ ůɨɜŭŮůɖ ɛŮ Ɏɚɚɞɡɠ ˊɑɜŬəŮɠ. ȼ 

ˊŮɟɘɔɟŬűɧɛŮɜɖ ŭɞɛɐ Űɖɠ ɓɎůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɡɜɞˊŰɘəɎ ůŰɞɜ ˊɑɜŬəŬ 2.1, ɧˊɞɡ űŬɑɜŮŰŬɘ ɖ ůɨɜŭŮůɖ 

ɛŮŰŬɝɨ Űɤɜ ˊɘɜɎəɤɜ ŮɘůŬɔɤɔɐɠ ŭŮŭɞɛɏɜɤɜ ŬɜɎ əŬŰɖɔɞɟɑŬ, əŬɗɩɠ əŬɘ ŰŬ ˊŮɟɘŮɢɧɛŮɜŬ ŬɡŰɩɜ.  

 

ɄɑɜŬəŬɠ 2.1: ȹɞɛɐ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ 

ȾŬŰɖɔɞɟɑŬ ɃɜɞɛŬůɑŬ ˊɑɜŬəŬ ɄŮɟɘŮɢɧɛŮɜŬ 

ɆŰɞɘɢŮɑŬ ɔŮɤŰɟɐůŮɤɜ 
SAMP ɆŰɞɘɢŮɑŬ ŮɟɔŬůŰɖɟɘŬəɞɨ ŭŮɑɔɛŬŰɞɠ 

HOLE ɆŰɞɘɢŮɑŬ ɗɏůɖɠ ɔŮɤŰɟɐůŮɤɜ 

ɄŮɟɘɔɟŬűɐ ɔŮɤɚɞɔɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ 

GEOL ũŮɜɘəɐ ɔŮɤɚɞɔɘəɐ ˊŮɟɘɔɟŬűɐ 

DETL ȿŮˊŰɞɛŮɟɐɠ ˊŮɟɘɔɟŬűɐ ůŰɟɤɛɎŰɤůɖɠ 

 

ȺɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ 

GRAD ȾɞəəɞɛŮŰɟɘəɐ ŭɘŬɓɎɗɛɘůɖ 

CLSS ȹɞəɘɛɏɠ əŬŰɎŰŬɝɖɠ 

SHBG ȹɞəɘɛɏɠ ɎɛŮůɖɠ ŭɘɎŰɛɖůɖɠ 

TRIG ȹɞəɘɛɏɠ ŰɟɘŬɝɞɜɘəɐɠ űɧɟŰɘůɖɠ 

ROCK ȹɞəɘɛɏɠ ŬɜŮɛˊɧŭɘůŰɖɠ ɗɚɑɣɖɠ 

 

 

ȺˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ 

ISPT ȹɞəɘɛɏɠ ˊɟɧŰɡˊɖɠ ŭɘŮɑůŭɡůɖɠ 

IPRM ȹɞəɘɛɏɠ ŮɘůˊɑŮůɖɠ ɜŮɟɞɨ 

SCPT ȹɞəɘɛɏɠ ůŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ 

 

ȿɞɘˊɎ ůɡɜɞŭŮɡŰɘəɎ ůŰɞɘɢŮɑŬ 

ABBR ɆɡɜŰɞɛɞɔɟŬűɑŮɠ 

UNIT Ⱦɤŭɘəɏɠ ɞɜɞɛŬůɑŮɠ ɛɞɜɎŭɤɜ ɛɏŰɟɖůɖɠ 

 

 ȯɝɘɞ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ˊŬɟɧŰɘ əɎˊɞɘɞɘ ˊɑɜŬəŮɠ ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɖɜ 

Ŭɟɢɘəɐ ŭɞɛɐ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ TIAS, ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɚɚɎ ŮɜŰɎůůɞɜŰŬɘ əŬɜɞɜɘəɎ ůŰɖ 

ůɡɜɞɚɘəɐ ŭɞɛɐ Űɖɠ ɓɎůɖɠ ɢɤɟɑɠ ˊŮɟŬɑŰŮɟɤ ŮˊŮɝŮɟɔŬůɑŬ. ȷɡŰɞɑ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ɤɠ əŮɜɞɑ ˊɑɜŬəŮɠ, 

ŭɘŬůűŬɚɑɕɞɜŰŬɠ Űɖ ůŬűɐ əŬɘ ůɡɜŮɢɐ ůɨɜŭŮůɖ ɛŮ ˊɑɜŬəŮɠ ˊɞɡ ɏɢɞɡɜ əɞɘɜɐ ˊɟɞɏɚŮɡůɖ əŬɘ ŮˊɖɟŮɎɕɞɡɜ 

ɎɛŮůŬ Űɖ ɓɎůɖ, ůɨɛűɤɜŬ ɛŮ Űɞɜ ɛɞɟűɧŰɡˊɞ Űɤɜ ˊɘɜɎəɤɜ Űɖɠ AGS. ȷəɧɛɖ ɏɜŬ ůɖɛŬɜŰɘəɧ 

ˊɚŮɞɜɏəŰɖɛŬ, ŮɑɜŬɘ ɧŰɘ əɎɗŮ ˊɚɖɟɞűɞɟɑŬ ɛˊɞɟŮɑ ɜŬ űɘɚŰɟŬɟɘůŰŮɑ, ɏŰůɘ ɩůŰŮ ɞ ɢɟɐůŰɖɠ ɜŬ ɏɢŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ˊɟɧůɓŬůɖɠ ůŮ ˊɚɖɟɞűɞɟɑŮɠ ůɨɛűɤɜŬ ɛŮ əɎˊɞɘɞ ůɡɔəŮəɟɘɛɏɜɞ ŮɟɩŰɖɛŬ (query). Ƀɘ 
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ŬɜŬɚɨůŮɘɠ ŬɡŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɏɢɞɡɜ ůŰɞɜ ɢɟɐůŰɖ Űɧůɞ ˊɞɘɞŰɘəɎ ɧůɞ əŬɘ ˊɞůɞŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŰŬ ɞˊɞɑŬ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɞ ůɡɜŭɡŬůɛɧ əŬɘ Űɖ ůɡůɢɏŰɘůɖ Ůɜɧɠ ŰŮɟɎůŰɘɞɡ ɧɔəɞɡ ŭŮŭɞɛɏɜɤɜ.  

ȼ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ˊɘɜɎəɤɜ ˊɞɡ ɏɢɞɡɜ Űɖ ɛɞɟűɐ ɡˊɞɚɞɔɘůŰɘəɩɜ 

űɨɚɚɤɜ. ȷɡŰɞɑ ɞɘ ˊɑɜŬəŮɠ ɏɢɞɡɜ ɞɜɞɛŬůŰŮɑ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ˊɞɡ ɞɟɑɕŮŰŬɘ ůŰɞ ɛɞɟűɧŰɡˊɞ ŭŮŭɞɛɏɜɤɜ 

AGS ɔɘŬ ŰŬ ŬɟɢŮɑŬ ɔŮɤŰɟɐůŮɤɜ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɞɛɐ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɘɎůˊŬůɖ Űɤɜ ŮɔɔɟŬűɩɜ 

ɔŮɤŰɟɐůŮɤɜ ůŮ ŮˊɘəŮűŬɚɑŭŮɠ ˊŮŭɑɤɜ, ˊɞɡ ɏɢɞɡɜ ɞɟɘůŰŮɑ ɤɠ ɞɜɧɛŬŰŬ ɞɛɎŭɤɜ ŰŮůůɎɟɤɜ ɔɟŬɛɛɎŰɤɜ 

(ɆɢɐɛŬ 2.1). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɞ ŬɟɢŮɑɞ ñGEODò ŮɘůɎɔɞɜŰŬɘ ɛŮ ɛɞɟűɐ əɤŭɘəɞˊɞɑɖůɖɠ ɧɚɞɘ ɞɘ 

ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɘɠ ˊŮɟɘɔɟŬűɏɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰŬ ɛɖŰɟɩŬ Űɤɜ 

ɔŮɤŰɟɐůŮɤɜ. ȷəɧɛɖ, ɞɘ ɔŮɜɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ əɎɗŮ ɔŮɩŰɟɖůɖɠ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ñHOLEò. ɇɞ ñGEOLò ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɔŮɜɘəɏɠ ɔŮɤɚɞɔɘəɏɠ 

ˊŮɟɘɔɟŬűɏɠ əŬɘ Űɞ ñDETLò ɔɘŬ ɚŮˊŰɞɛŮɟɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ˊɞɡ 

ůɡɜŬɜŰɐɗɖəŬɜ ůô ɧɚɞ Űɞ ɓɎɗɞɠ Űɖɠ ɔŮɩŰɟɖůɖɠ. ȷɡŰɏɠ ɞɘ ŮˊɘəŮűŬɚɑŭŮɠ ŮɑɜŬɘ ŭɞɛɖɛɏɜŮɠ ɏŰůɘ ɩůŰŮ Űɞ 

ɧɜɞɛŬ Űɞɡ ˊɑɜŬəŬ ˊ.ɢ. ñGEOLò ɜŬ ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ɛɘŬ ˊŮɟŬɘŰɏɟɤ ˊŮɟɘɔɟŬűɐ Űɞɡ Ůɜ ɚɧɔɤ ˊŮŭɑɞɡ 

Űɖɠ ɓɎůɖɠ, ɛŮ ɧɜɞɛŬ ɛɐəɞɡɠ ɏɤɠ əŬɘ ŰŮůůɎɟɤɜ ɔɟŬɛɛɎŰɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ ñGEOL_TOPò 

ˊŮɟɘɔɟɎűŮɘ Űɞ ˊŮŭɑɞ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮɑɜŬɘ Űɞ çɓɎɗɞɠ ɛɏɢɟɘ Űɖɜ ɞɟɞűɐ Űɞɡ ůŰɟɩɛŬŰɞɠè əɘ 

ŬɜŰɑůŰɞɘɢŬ Űɞ ñGEOL_BASEò ˊŮɟɘɔɟɎűŮɘ Űɞ ˊŮŭɑɞ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ çɓɎɗɞɠ ɛɏɢɟɘ Űɖ ɓɎůɖ Űɞɡ 

ůŰɟɩɛŬŰɞɠè (ɆɢɐɛŬ 2.2). 
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ɆɢɐɛŬ 2.1: ɆɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ ŬɜŬˊŬɟɎůŰŬůɖɠ Űɖɠ ůɨɜŭŮůɖɠ Űɤɜ ŭɘɎűɞɟɤɜ ˊɘɜɎəɤɜ ŮɜŰɧɠ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ 
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 ɆɢɐɛŬ 2.2: ɄɑɜŬəŬɠ ñGEOLò, ɧˊɞɡ ŭɘŬəɟɑɜŮŰŬɘ ɖ ůɨɜŭŮůɖ ɛŮ Űɞ ˊŮŭɑɞ ñHOLE_IDò, ɖ ɔŮɜɘəɐ ɔŮɤɚɞɔɘəɐ ˊŮɟɘɔɟŬűɐ Ŭˊɧ ŰŬ ɛɖŰɟɩŬ ɔŮɤŰɟɐůŮɤɜ əŬɘ ɞɘ 

əɤŭɘəɞˊɞɘɖɛɏɜŮɠ əŬŰŬɢɤɟɐůŮɘɠ ˊɞɡ ŭɘŬəɟɘŰɞˊɞɘɞɨɜ Űɖ ɔŮɤɚɞɔɘəɐ ˊɚɖɟɞűɞɟɑŬ 
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Ƀɘ ŮɟɔŬůŰɖɟɘŬəɏɠ əɘ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɤɠ ɝŮɢɤɟɘůŰɐ əŬŰɖɔɞɟɑŬ, ŮˊŮɘŭɐ 

Ŭűɞɟɞɨɜ ˊɞůɞŰɘəɏɠ əŬɘ ɧɢɘ ˊɞɘɞŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ Űɤɜ ɔŮɤɡɚɘəɩɜ. ȷɡŰɧɠ ŮɑɜŬɘ ɞ ɚɧɔɞɠ ˊɞɡ 

ŮɝŮŰɎɕɞɜŰŬɘ ˊŮɟŬɘŰɏɟɤ ůŰɞ əŮűɎɚŬɘɞ 2.6. ɄŬɟɧɚŬ ŬɡŰɎ, ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůô ŬɡŰɏɠ, əŬɗɩɠ ůŰɘɠ 

ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ, ŰŬ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɘɠ ɔŮɤŰɟɐůŮɘɠ ɚŬɛɓɎɜɞɡɜ ɏɜŬ ɛɞɜŬŭɘəɧ ŬɜŬɔɜɤɟɘůŰɘəɧ 

ŭŮɑɔɛŬŰɞɠ ůŰɞɜ ˊɑɜŬəŬ ñSAMPò, ɏŰůɘ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ůɡɔəɟɘɗɞɨɜ ŭɘŬűɞɟŮŰɘəɏɠ ŭɞəɘɛɏɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŰŬ ɑŭɘŬ ŮŭɎűɖ. ɇɞ ŬɜŬɔɜɤɟɘůŰɘəɧ ŬɡŰɧ əŬŰŬɔɟɎűŮŰŬɘ ůŰɖɜ ůŰɐɚɖ ɧˊɞɡ ɡˊɎɟɢŮɘ 

Űɞ ˊŮŭɑɞ ñSAMP_REFò. 

ɇɏɚɞɠ ůŰɞɡɠ ˊɑɜŬəŮɠ ñUNITò (ɆɢɐɛŬ 2.3) əŬɘ ñABBRò (ɆɢɐɛŬ 2.4) ŮɘůɎɔɞɜŰŬɘ ɞɘ 

ůɡɜŰɞɛɞɔɟŬűɑŮɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰŬ ŭɘɎűɞɟŬ ˊŮŭɑŬ Űɤɜ ɡˊɧɚɞɘˊɤɜ ˊɘɜɎəɤɜ. ȺəŮɑ, ɔɑɜŮŰŬɘ ɖ 

ˊŮɟɘɔɟŬűɐ ɧɚɤɜ ŬɡŰɩɜ Űɧůɞ ůŰɖɜ Ůɚɚɖɜɘəɐ, ɧůɞ əŬɘ ůŰɖɜ Ŭɔɔɚɘəɐ ɔɚɩůůŬ. ɀô ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, əɎɗŮ 

ŭŮɑɔɛŬ ůɡɜŭɏŮŰŬɘ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɞəɘɛɩɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůô ŬɡŰɧ. ɆɡɜŮˊɩɠ, 

ŭɘŬˊɘůŰɩɜŮŰŬɘ ŮɨəɞɚŬ ɧŰɘ ŮˊɘəɟŬŰŮɑ ɛɘŬ ŭɘŬɟəɐɠ ɚɞɔɘəɐ ůɨɜŭŮůɖɠ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ Űɖɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ. ȷɡŰɐ ɖ ŭɞɛɐ ŮˊɘŰɟɏˊŮɘ ůô ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ŮɜŰɧɠ əɎɗŮ əŬŰɖɔɞɟɑŬɠ ɜŬ ŮɑɜŬɘ ůŬűɩɠ 

əŬɗɞɟɘůɛɏɜŬ əŬɘ ůɡɛɓŬŰɎ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ɛɞɟűɞˊɞɑɖůɖɠ ŭŮŭɞɛɏɜɤɜ (Gilder et al., 2020).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 2.3: ɄɑɜŬəŬɠ ñUNITò, ɧˊɞɡ ŭɘŬəɟɑɜŮŰŬɘ ɖ ŬɜɎɔəɖ ɔɘŬ ɞɛŬŭɞˊɞɘɖɛɏɜɖ əŬŰŬɢɩɟɖůɖ Űɤɜ 

ɛɞɜɎŭɤɜ ɛɏŰɟɖůɖɠ ɛŮ Űɖ ɛɞɟűɐ ůɡɜŰɛɐůŮɤɜ 
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ɆɢɐɛŬ 2.4: ɄɑɜŬəŬɠ ñABBRò, ɧˊɞɡ ŭɘŬəɟɑɜŮŰŬɘ ɖ ŬɜɎɔəɖ ɔɘŬ ɞɛŬŭɞˊɞɘɖɛɏɜɖ əŬŰŬɢɩɟɖůɖ Űɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ ɛŮ ůɡɜŰɛɐůŮɘɠ 
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2.5. ɆɡɔəɏɜŰɟɤůɖ ɔŮɤɚɞɔɘəɩɜ əŬɘ ɔŮɤŰŮɢɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

ȼ ɡɚɞˊɞɑɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ ˊɟɞɦˊɞɗɏŰŮɘ ŬɟɢɘəɎ Űɖ ůɡɔəɏɜŰɟɤůɖ əɘ ɏˊŮɘŰŬ Űɖɜ 

ŮɘůŬɔɤɔɐ, ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ůɡůɢɏŰɘůɖ ɧɚɤɜ Űɤɜ ůɢŮŰɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. Ƀ 

ˊɚɏɞɜ ɓŬůɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɖ ŭɘŬɗŮůɘɛɧŰɖŰɎ 

Űɞɡɠ, ɚɧɔɤ ŭɘəŬɘɤɛɎŰɤɜ ɘŭɘɞəŰɖůɑŬɠ ɐ/əŬɘ ŭŮɞɜŰɞɚɞɔɘəɩɜ ˊɟɞɓɚɖɛŬŰɘůɛɩɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ 

ˊɟɧůɓŬůɖ ůŰŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ŭɨůəɞɚɖ ɏɤɠ əŬɘ ŬŭɨɜŬŰɖ, əŬɗɩɠ ŬɡŰɎ ŮɑŰŮ ŭŮɜ ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ 

ŮɟŮɡɜɖŰɘəɞɨɠ ůəɞˊɞɨɠ ŮɑŰŮ ɗŮɤɟɞɨɜŰŬɘ ŮɛˊɘůŰŮɡŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ůɡɜŮˊɩɠ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŰɞɡɠ 

ŮəɎůŰɞŰŮ űɞɟŮɑɠ ɢɤɟɑɠ ɜŬ ɡˊɎɟɢŮɘ ŭɡɜŬŰɧŰɖŰŬ ˊŮɟŬɘŰɏɟɤ ŮəɛŮŰɎɚɚŮɡůɖɠ ŬɡŰɩɜ. ɆŰɖɜ ˊŬɟɞɨůŬ 

ɏɟŮɡɜŬ, ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ ˊɟɞɏɟɢɞɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ ŮəɗɏůŮɘɠ əŬɘ ɛŮɚɏŰŮɠ ŰŮɢɜɘəɩɜ 

ɏɟɔɤɜ ɐ Ŭəɧɛɖ əŬɘ ɛŮɛɞɜɤɛɏɜŬ ɛɖŰɟɩŬ ɔŮɤŰɟɐůŮɤɜ ŰŬ ɞˊɞɑŬ ŭɘŬŰɏɗɖəŬɜ Ŭˊɧ ŭɖɛɧůɘɞɡɠ űɞɟŮɑɠ əŬɘ 

ɘŭɘɤŰɘəɏɠ ŮŰŬɘɟɑŮɠ. 

ɆɡɜɞɚɘəɎ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮŭɞɛɏɜŬ 618 ɔŮɤŰɟɐůŮɤɜ Ŭˊɧ Űɖɜ ȷŰŰɘəɧ ɀŮŰɟɧ ȷ.Ⱥ., Űɖ 

ũŮɩɔɜɤůɖ ȷ.Ⱥ., Űɖɜ ȺɔɜŬŰɑŬ Ƀŭɧ ȷ.Ⱥ., Űɞ ȾŮɜŰɟɘəɧ ȺɟɔŬůŰɐɟɘɞ ȹɖɛɞůɑɤɜ Ȱɟɔɤɜ (ȾȺȹȺ) əŬɘ Űɞɜ 

ɔŮɤɚɧɔɞ ɆŰɘɛɎɟŬŰɕɖ ŪŮɧŭɤɟɞ. ȼ əŬŰŬɜɞɛɐ Űɞɡɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.5 ɧˊɞɡ ɞɟɘɞɗŮŰŮɑŰŬɘ ɖ ˊŮɟɘɞɢɐ 

ɏɟŮɡɜŬɠ Űɖɠ ɚŮəɎɜɖɠ ŪŮůůŬɚɞɜɑəɖɠ əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 4. ȼ ˊɚŮɘɞɜɧŰɖŰŬ 

Űɤɜ ɔŮɤŰɟɐůŮɤɜ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ əŮɜŰɟɘəɧ əŬɘ ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ, Ůɜɩ ɛɘəɟɧŰŮɟɖ 

ŭɘŬɗŮůɘɛɧŰɖŰŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ŭɡŰɘəɧ əŬɘ ɜɞŰɘɞŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ. ũŮɜɘəɎ, Űɞ ɘůŰɞɟɘəɧ əɏɜŰɟɞ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ ŬˊɞŰŮɚŮɑŰŬɘ ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰɞɜ Ŭˊɧ ˊŬɚŬɘɎ əŰɑɟɘŬ Űɤɜ ŭŮəŬŮŰɘɩɜ 1950-1970, ɛŮ 

ŮɚɎɢɘůŰŮɠ ŮɝŬɘɟɏůŮɘɠ ůŮ ŮɜŬˊɞɛŮɑɜŬɜŰŬ ɞɘəɧˊŮŭŬ ɧˊɞɡ ŬɜŮɔɏɟɗɖəŬɜ əŬŰŬůəŮɡŬůŰɘəɎ ɏɟɔŬ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 2000. ȷˊɧ Űɞ 2000 ɏɤɠ Űɞ 2008, ɞˊɧŰŮ əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰŬŭɘŬəɐ ɨűŮůɖ 

ůŰɞɜ əŬŰŬůəŮɡŬůŰɘəɧ əɚɎŭɞ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɏɜŰɞɜɖ ŮˊɏəŰŬůɖ Űɞɡ ɞɘəɘůŰɘəɞɨ ɢɩɟɞɡ ůŮ ́Ůɟɘɞɢɏɠ ɧˊɤɠ 

ɞ Ⱥɨɞůɛɞɠ əŬɘ Űɞ ȺɚŮɡɗɏɟɘɞ ȾɞɟŭŮɚɘɧ ůŰŬ ŭɡŰɘəɎ əŬɘ ɖ ɄɡɚŬɑŬ ɛŮ Űɞɜ ȷɔ. ȽɤɎɜɜɖ ȾŬɚŬɛŬɟɘɎɠ ůŰŬ 

ŬɜŬŰɞɚɘəɎ. 

ɆŰɞ ɆɢɐɛŬ 2.6 űŬɑɜŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ɔŮɤŰɟɐůŮɤɜ ŬɜɎ ɏŰɞɠ. ȺɜŭɘŬűɏɟɞɜ 

ˊŬɟɞɡůɘɎɕŮɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Ŭˊɧ Űɞ 2006 ɏɤɠ Űɞ 2010 ˊŬɟŬŰɖɟŮɑŰŬɘ ŬűɗɞɜɑŬ ɤɠ ˊɟɞɠ Űɘɠ ŭɘŬɗɏůɘɛŮɠ 

ɔŮɤŰɟɐůŮɘɠ, ɚɧɔɤ Űɤɜ ɔŮɤŰŮɢɜɘəɩɜ ŮɟɔŬůɘɩɜ ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŬɜ ůŰɞ ˊɚŬɑůɘɞ əŬŰŬůəŮɡɐɠ Űɞɡ ɛŮŰɟɧ 

Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɞ ɆɢɐɛŬ 2.7, Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 60 

m, ŬɚɚɎ ɖ ˊɚŮɘɞɜɧŰɖŰŬ ɏɢŮɘ ɓɎɗɞɠ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 40 m. 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ȹȽȹȷȾɇɃɅȽȾȼ ȹȽȷɇɅȽȸȼ ȷ.Ɂ. ȾɃȾȾȷȿȷ                                                                                                       49                                                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 2.5: ȾŬŰŬɜɞɛɐ ŭɘŬɗɏůɘɛɤɜ ɔŮɤŰɟɐůŮɤɜ ŮɜŰɧɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ
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ɆɢɐɛŬ 2.6: ȷɟɘɗɛɧɠ ŭɘŬɗɏůɘɛɤɜ ɔŮɤŰɟɐůŮɤɜ ŬɜɎ ɏŰɞɠ 

 

 

ɆɢɐɛŬ 2.7: ɀɏɔɘůŰɞ ɓɎɗɞɠ ɔŮɤŰɟɐůŮɤɜ 

 

ȳɚŮɠ ɞɘ ɔŮɤŰɟɐůŮɘɠ, ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ əɘ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ ŭɘŮɝɐɢɗɖůŬɜ əŬŰɎ Űɟɧˊɞ ůɨɛűɤɜɞ ÕŮ 

Űɘɠ ůɢŮŰɘəɏɠ ȹɖɛɧůɘŮɠ ɇŮɢɜɘəɏɠ ɄɟɞŭɘŬɔɟŬűɏɠ (ɈɄȺɉɋȹȺ, Ⱥ101-83, Ⱥ106-86), Ŭˊɧ ŮɝŮɘŭɘəŮɡɛɏɜŬ 

ůɡɜŮɟɔŮɑŬ əŬɘ əŬŰɎɚɚɖɚɞ ɔŮɤŰɟɖŰɘəɧ Ůɝɞˊɚɘůɛɧ. ȷɜŰɑůŰɞɘɢŬ, ɧɚŮɠ ɞɘ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ 

ŮŭŬűɞɛɖɢŬɜɘəɐɠ ˊɞɡ ŬɜŬɔɟɎűɞɜŰŬɘ ůŰɘɠ ɛŮɚɏŰŮɠ ŮəŰŮɚɏůŰɖəŬɜ ůɨɛűɤɜŬ ɛŮ Űɘɠ çɄɟɞŭɘŬɔɟŬűɏɠ 

ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ ŮŭŬűɞɛɖɢŬɜɘəɐɠè (ɈɄȺɉɋȹȺ, Ⱥ105-86, ūȺȾ 955/31-12-1986, ɇŮɨɢɞɠ ȸ), 

əŬɗɩɠ əŬɘ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ASTM əŬɘ AASHTO. ɋɠ Ůə ŰɞɨŰɞɡ, ɞɘ əŬŰŬɔɟŬűɏɠ Űɤɜ ɛɖŰɟɩɤɜ 
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ɔŮɤŰɟɐůŮɤɜ əŬɘ ŰŬ ŭɘɎűɞɟŬ ůŰɞɘɢŮɑŬ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŮəɗɏůŮɤɜ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ŮɜɘŬɑŬ ˊɟɧŰɡˊŬ, 

Ŭəɧɛɖ əŬɘ əɘ Ŭɜ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɞɨɠ űɞɟŮɑɠ. ȷɡŰɧ ŮɜɘůɢɨŮɘ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɤɜ ŭɘŬɗɏůɘɛɤɜ 

ŭŮŭɞɛɏɜɤɜ, əŬɗɩɠ ɏŰůɘ ŭɘŬůűŬɚɑɕŮŰŬɘ ɖ ɞɛɞɘɞɛɞɟűɑŬ əŬɘ ɖ ŬəŮɟŬɘɧŰɖŰɎ Űɞɡɠ. ȷəɧɛɖ ɏɜŬ 

ˊɚŮɞɜɏəŰɖɛŬ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ əŬɚɨˊŰɞɡɜ ɛɘŬ ůɖɛŬɜŰɘəɐ ɏəŰŬůɖ ɤɠ ˊɟɞɠ Űɖɜ ˊŮɟɘɞɢɐ 

ɏɟŮɡɜŬɠ, əɘ ɏŰůɘ ŮɑɜŬɘ ŮűɘəŰɐ ɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ ŬɡŰɩɜ, ɛŮ ůəɞˊɧ Űɖɜ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɜɧɖůɖ Űɤɜ 

ɔŮɤɚɞɔɘəɩɜ əŬɘ ɔŮɤŰŮɢɜɘəɩɜ ůɡɜɗɖəɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ.  

ɇŬ ŬɟɢŮɑŬ ɔŮɤŰɟɐůŮɤɜ ˊɞɡ ɐŰŬɜ ŭɘŬɗɏůɘɛŬ ŮɑŰŮ ůŮ ɏɜŰɡˊɖ ɛɞɟűɐ, ŮɑŰŮ ɤɠ ůŬɟɩůŮɘɠ ůŮ ɛɞɟűɐ 

pdf, ɛŮŰŬŰɟɎˊɖəŬɜ ůŮ ɣɖűɘŬəɎ ŭŮŭɞɛɏɜŬ. ȾɎɗŮ ŮɔɔɟŬűɐ Ůɘůɐɢɗɖ ɢŮɘɟɞəɑɜɖŰŬ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ 

əŬɘ əɎɗŮ ɗɏůɖ ɔŮɩŰɟɖůɖɠ ɔŮɤŬɜŬűɏɟɗɖəŮ ůŮ ŮɜɘŬɑɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ. ɆŮ ɞɟɘůɛɏɜŮɠ ɛŮɚɏŰŮɠ, 

ɐŰŬɜ ŭɘŬɗɏůɘɛŮɠ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ɔŮɤŰɟɐůŮɤɜ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɛˊɞɟɞɨůŮ ɜŬ ŮɝŬɢɗŮɑ ɖ Ŭəɟɘɓɐɠ 

ɗɏůɖ Űɞɡɠ. ɋůŰɧůɞ, ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ ŬɡŰɩɜ ŭŮɜ ɐŰŬɜ ɎɛŮůŬ ŭɘŬɗɏůɘɛŮɠ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ. Ɇô ŬɡŰɏɠ 

Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ɖ ɔŮɤŬɜŬűɞɟɎ əɎɗŮ ɔŮɩŰɟɖůɖɠ ́ ɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ Google Earth Ê 

əŬɘ ɛɏůɤ ɏɛɛŮůɤɜ ˊɚɖɟɞűɞɟɘɩɜ Ŭˊɧ Űɘɠ ɛŮɚɏŰŮɠ, ɧˊɤɠ ŬɜŬɔɟŬűɧɛŮɜŮɠ ŭɘŮɡɗɨɜůŮɘɠ, ŭɘŬɗɏůɘɛɞɘ 

ŰɞˊɞɔɟŬűɘəɞɑ ɢɎɟŰŮɠ əŬɘ ůəŬɟɘűɐɛŬŰŬ ˊɞɡ ůɡɜɧŭŮɡŬɜ ŰŬ ɛɖŰɟɩŬ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ɐ/əŬɘ əɎˊɞɘŬ 

ˊɚɖɟɞűɞɟɑŬ ɧˊɤɠ ˊ.ɢ. Űɞ ɧɜɞɛŬ ɛɘŬɠ əɞɜŰɘɜɐɠ ŮˊɘɢŮɑɟɖůɖɠ ɐ ɞ Ŭɟɘɗɛɧɠ Űɞɡ ɞɘəɞˊɏŭɞɡ/ŬɔɟɞŰŮɛŬɢɑɞɡ. 

ȷɡŰɏɠ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ůɖɛŮɑŬ ŬɜŬűɞɟɎɠ ɔɘŬ ɜŬ ɚɖűɗŮɑ ɖ ˊɘɗŬɜɧŰŮɟɖ ɗɏůɖ əɎɗŮ 

ɔŮɩŰɟɖůɖɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ɖ əɚɑɛŬəŬ Űɤɜ ŰɞˊɞɔɟŬűɘəɩɜ ɢŬɟŰɩɜ əŬɘ ŭɘŬɔɟŬɛɛɎŰɤɜ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ 

Űɞɡ 1:1000 əŬɘ ɛŮɔŬɚɨŰŮɟɖ. ɆɡɜŮˊɩɠ, ɖ ŬəɟɑɓŮɘŬ, ŬɜŬűɞɟɘəɎ ɛŮ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɗɏůŮɤɜ Űɤɜ 

ɔŮɤŰɟɐůŮɤɜ, ɗŮɤɟŮɑŰŬɘ ŬɟəŮŰɎ əŬɚɐ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞˊɞɘŬŭɐˊɞŰŮ Ŭˊɧəɚɘůɖ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ 

ŬˊɧůŰŬůɖ Űɞ ˊɞɚɨ 10 m Ŭˊɧ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ɗɏůɖ. 

2.6. ūɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ 

ũŮɜɘəɎ, ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ, ŮɑŰŮ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ əŬŰŬůəŮɡɐɠ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, ŮɑŰŮ əŬŰɎ Űɖɜ ˊɟɧɚɖɣɖ Űɤɜ ɔŮɤəɘɜŭɨɜɤɜ, ɐ Ŭəɧɛɖ əŬɘ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ ŮŭɎűɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŭɞɛɘəɎ ɡɚɘəɎ (ˊ.ɢ. ŮˊɘɢɩɛŬŰŬ ɞŭɞˊɞɘɑŬɠ, 

ɞˊɚɘůɛɏɜɞ ɏŭŬűɞɠ ə.Ŭ.). ɆɡɜŮˊɩɠ, ɖ ˊŮɟɘɔɟŬűɐ Űɖɠ ůɨɜɗŮŰɖɠ űɨůɖɠ, Űɖɠ əŬŰɎůŰŬůɖɠ əŬɘ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ɗŮɤɟɞɨɜŰŬɘ ɡɣɑůŰɖɠ ůɖɛŬůɑŬɠ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŬˊŬɘŰŮɑ 

Űɞɜ ɞɟɘůɛɧ əŬɘ Űɖ ɢɟɐůɖ Ůɜɧɠ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ űɡůɘəɩɜ əŬɘ ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ.  

Ƀɘ űɡůɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɛŮɔɏɗɖ ˊɞɡ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ əŬɘ Űɖɜ əŬŰɎŰŬɝɐ Űɞɡɠ. Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡɠ ɔɑɜŮŰŬɘ ɛɏůɤ 

ŮɟɔŬůŰɖɟɘŬəɩɜ əɘ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɩɜ. ȺɟɔŬůŰɖɟɘŬəɎ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɟɘůɛɏɜŬ űɡůɘəɎ ɛŮɔɏɗɖ, Ůɜɩ ɞɘ 

ɡˊɧɚɞɘˊŮɠ ˊŬɟɎɛŮŰɟɞɘ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ɛŬɗɖɛŬŰɘəɏɠ ůɢɏůŮɘɠ ˊɞɡ ůɡɜŭɏɞɡɜ ŰŬ ŭɘɎűɞɟŬ űɡůɘəɎ 

ɛŮɔɏɗɖ ɛŮŰŬɝɨ Űɞɡɠ. Ƀɘ ɛɖɢŬɜɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɤɜ ŮŭŬűɩɜ ŭŮɜ ůɡɜŭɏɞɜŰŬɘ ɎɛŮůŬ ɛŮ Űɘɠ űɡůɘəɏɠ. 
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ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ŮɛˊŮɘɟɘəɏɠ ůɢɏůŮɘɠ əŬɘ ɜɞɛɞɔɟŬűɐɛŬŰŬ (əŮűɎɚŬɘɞ 4.3.3) ́ ɞɡ ŮˊɘŰɟɏˊɞɡɜ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ Ŭˊɧ Űɘɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ.  

ȼ ŭɞɛɐ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 2.4, ɧˊɞɡ ɔɑɜŮŰŬɘ ůɨɜŰɞɛɖ 

ŬɜŬűɞɟɎ ůŰɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ əɘ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ. ȷɡŰɏɠ ŬˊɞŰŮɚɞɨɜ Űɘɠ ˊɚɏɞɜ ůɖɛŬɜŰɘəɏɠ əŬŰɖɔɞɟɑŮɠ 

Űɞɡ əŮɜŰɟɘəɞɨ ˊɡɟɐɜŬ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, əŬɗɩɠ ŮəŮɑ ŮɘůɎɔɞɜŰŬɘ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŬɜŬɚɨɞɜŰŬɘ əŬɘ 

ůɡůɢŮŰɑɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɞəɘɛɩɜ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ űɡůɘəɩɜ əŬɘ 

ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. ɀŮ ůəɞˊɧ Űɖɜ ˊŬɟɞɡůɑŬůɖ ŬɡŰɩɜ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɞ ɄɑɜŬəŬɠ 2.2, ůŰɞɜ ɞˊɞɑɞ 

ŭɑɜŮŰŬɘ ůɡɜɞˊŰɘəɎ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ ɔɘŬ əɎɗŮ ɛɘŬ ˊŮɟɑˊŰɤůɖ ˊŬɟŬɛɏŰɟɞɡ, 

ůŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɞɡɠ ˊɑɜŬəŮɠ ɧˊɞɡ ŬɡŰɏɠ ŮɘůɎɔɞɜŰŬɘ (ɆɢɐɛŬ 2.1). 

 

ɄɑɜŬəŬɠ 2.2: ȷɟɘɗɛɧɠ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ ŬɜɎ əŬŰɖɔɞɟɑŬ ŭɞəɘɛɩɜ 

ȾŬŰɖɔɞɟɑŬ ŭɞəɘɛɩɜ ɄŬɟɎɛŮŰɟɞɘ ȷɟɘɗɛɧɠ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ 

 

 

ȺɟɔŬůŰɖɟɘŬəɏɠ 

ŭɞəɘɛɏɠ 

 

ɄŬɟɎɛŮŰɟɞɘ ūɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

ȳɟɘɞ ɡŭŬɟɧŰɖŰŬɠ - LL 5595 

ȳɟɘɞ ˊɚŬůŰɘəɧŰɖŰŬɠ - PL 5094 

ȹŮɑəŰɖɠ ˊɚŬůŰɘəɧŰɖŰŬɠ - PI 5748 

ȹŮɑəŰɖɠ ůɡɜŮəŰɘəɧŰɖŰŬɠ - ) 2496 

ɄŮɟɘŮɢɧɛŮɜɖ űɡůɘəɐ ɡɔɟŬůɑŬ - w 5223 

ȸŬɗɛɧɠ əɞɟŮůɛɞɨ - S 1718 

ȹŮɑəŰɖɠ ˊɧɟɤɜ - e 2268 

ɄɞɟɩŭŮɠ - n 2272 

Ɉɔɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ - ɔb 3259 

ɂɖɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ - ɔd 2634 

ȾɞəəɞɛŮŰɟɘəɐ ŭɘŬɓɎɗɛɘůɖ 5300 

ɄŬɟɎɛŮŰɟɞɘ ɀɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

ȷɜŰɞɢɐ ůŮ ŬɜŮɛˊɧŭɘůŰɖ ɗɚɑɣɖ - Ñ 2315 

ȹɞəɘɛɐ ɎɛŮůɖɠ ŭɘɎŰɛɖůɖɠ: 

¶ Ɇɡɜɞɢɐ - c 

¶ ũɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ - ű 

 

749 

682 

ȹɞəɘɛɐ ŰɟɘŬɝɞɜɘəɐɠ űɧɟŰɘůɖɠ: 

¶ Ɇɡɜɞɢɐ - c 

¶ ũɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ - ű 

 

350 

359 
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ȺˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ 

ȹɞəɘɛɐ ɄɟɧŰɡˊɖɠ ȹɘŮɑůŭɡůɖɠ - ɦ  5043 

ɆɡɜŰŮɚŮůŰɐɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ - k 999 

ȹɞəɘɛɐ ůŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ: 

¶ ȷɜŰɑůŰŬůɖ Ŭɘɢɛɐɠ - Ñ 

¶ ɇɞˊɘəɐ ˊɚŮɡɟɘəɐ Űɟɘɓɐ - Æ 

 

2760 

2760 

 

Oɘ ŭɡɞ əŬŰɖɔɞɟɑŮɠ ŭɞəɘɛɩɜ (ŮɟɔŬůŰɖɟɘŬəɏɠ əɘ ŮˊɘŰɧˊɞɡ) ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ əŬŰɎ Űɖɜ ŮɘůŬɔɤɔɐ 

Űɞɡɠ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɤɠ ŭɨɞ ɢɤɟɘůŰɏɠ ŮɜɧŰɖŰŮɠ. ɋůŰɧůɞ ŬɡŰɧ ŭŮɜ ɏɢŮɘ əɎˊɞɘŬ ŮˊɑˊŰɤůɖ ůŰɖ 

ůɨɜŭŮůɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ ˊɚɖɟɞűɞɟɘɩɜ əŬŰɎ Űɖɜ ŬɜɎəŰɖůɐ Űɞɡɠ Ŭˊɧ Űɖ ɓɎůɖ. ũɘŬ Űɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ 

ŭɞəɘɛɏɠ ůɡɛˊɚɖɟɩɜŮŰŬɘ Űɞ ŬɟɢŮɑɞ ɛŮ əɤŭɘəɐ ɞɜɞɛŬůɑŬ ñSAMPò (ɆɢɐɛŬ 2.8). ɆɨɛűɤɜŬ ɛô ŬɡŰɧ, əɎɗŮ 

ŭŮɑɔɛŬ ůɡɜŭɏŮŰŬɘ ɛɏůɤ əɤŭɘəɞɨ (SAMP_REF) ɛŮ Űɖ ɔŮɩŰɟɖůɖ Ŭˊɧ Űɖɜ ɞˊɞɑŬ Ůɚɐűɗɖ (HOLE_ID) 

əŬɘ ŭɑɜɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ŰŬ ɔŮɜɘəɎ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɞ́ɡ Ŭűɞɟɞɨɜ Űɧůɞ ůŰɖ ɔŮɜɘəɐ ɔŮɤɚɞɔɘəɐ 

ˊŮɟɘɔɟŬűɐ (ˊɑɜŬəŬɠ GEOL), ɧůɞ əŬɘ ůŰɖ ɚŮˊŰɞɛŮɟɐ ˊŮɟɘɔɟŬűɐ Űɖɠ ɚɘɗɞɚɞɔɑŬɠ Űɞɡ ɔŮɤɡɚɘəɞɨ 

(ˊɑɜŬəŬɠ DETL), ɛŮ Űɖ ɛɞɟűɐ ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ əɤŭɘəɩɜ ɞɜɞɛŬůɘɩɜ. ɆŰɖ ůɡɜɏɢŮɘŬ, əɎɗŮ ŭŮɑɔɛŬ 

ůɡɜŭɏŮŰŬɘ ɛô ɧɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ŭɞəɑɛɘŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůô ŬɡŰɧ 

(SPEC_REF) əŬɘ ŮɘůɎɔɞɜŰŬɘ ůŮ ŭɘŬəɟɘŰɎ ɛŮŰŬɝɨ Űɞɡɠ ŬɟɢŮɑŬ. ɀô ɎɚɚŬ ɚɧɔɘŬ, Űɞ ˊŮŭɑɞ ñSPEC_REFò 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ Ŭɟɑɗɛɖůɖ Űɤɜ ŭɞəɘɛɑɤɜ Űɤɜ ŭŮɘɔɛɎŰɤɜ Űɖɠ əɎɗŮ ɔŮɩŰɟɖůɖɠ əŬɘ ɡˊɎɟɢŮɘ ůô ɧɚɞɡɠ 

Űɞɡɠ ˊɑɜŬəŮɠ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ ɏŰůɘ ɩůŰŮ ɜŬ ˊɟɞəɨˊŰŮɘ ɖ ůɨɜŭŮůɖ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ 

(ɆɢɐɛŬ 2.9). ȷɜŰɑůŰɞɘɢŬ, ɔɘŬ Űɘɠ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ, ŬɡŰɏɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖ ɔŮɩŰɟɖůɖ ůŰɖɜ ɞˊɞɑŬ 

ŮəŰŮɚɏůŰɖəŬɜ (HOLE_ID), Ůɜɩ ɛŮ ŬɜŬűɞɟɎ ůŰɞ ɓɎɗɞɠ ɞɟɞűɐɠ (TOP) əŬɘ ɓɎůɖɠ (BASE) Űɖɠ ŭɞəɘɛɐɠ, 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŬˊŬɟŬɑŰɖŰɖ ůɨɜŭŮůɖ ɛŮ Űɖ ɚɘɗɞɚɞɔɑŬ.  
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ɆɢɐɛŬ 2.8: ɄɑɜŬəŬɠ ñSAMPò, ɧˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ŬɜɎ ɓɎɗɖ ɞɘ ůɢŮŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

ɔŮɤŰɟɐůŮɤɜ 
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ɆɢɐɛŬ 2.9: ɄɑɜŬəŬɠ ñCLSSò, ɧˊɞɡ ŭɘŬəɟɑɜŮŰŬɘ ɖ ůɨɜŭŮůɖ ɛŮ ŰŬ ŭŮɑɔɛŬŰŬ əŬɘ ŭɞəɑɛɘŬ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ɛɏůɤ Űɤɜ ˊŮŭɑɤɜ ñSAMP_REFò əŬɘ ñSPEC_REFò 
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ȷəɞɚɞɨɗɤɠ, ŭɑɜŮŰŬɘ ɖ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ ŬɡŰɩɜ, ɛŮ əɎˊɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ŮɝŬɔɤɔɐɠ ŭŮŭɞɛɏɜɤɜ, ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ: 

 

i. ȺɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ  

ȹɞəɘɛɏɠ əŬŰɎŰŬɝɖɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ űɡůɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ  

ȳɟɘŬ Atterberg  

ɆŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ ɧɜɞɛŬ ñCLSSò (ɆɢɐɛŬ 2.9) əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ˊŮŭɑŬ ñCLSS_LLò, 

ñCLSS_PLò, ñCLSS_PIò əŬɘ ñCLSS_Icò  ŮɘůɎɔɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡ ɞɟɑɞɡ ɡŭŬɟɧŰɖŰŬɠ (%), ɞɟɑɞɡ 

ˊɚŬůŰɘəɧŰɖŰŬɠ (%), Űɞɡ ŭŮɑəŰɖ ˊɚŬůŰɘəɧŰɖŰŬɠ (%) əŬɘ Űɞɡ ŭŮɑəŰɖ ůɡɜŮəŰɘəɧŰɖŰŬɠ ŬɜŰɑůŰɞɘɢŬ.  

ūɡůɘəɐ ɡɔɟŬůɑŬ  

ɆŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ ɧɜɞɛŬ ñCLSSò əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ˊŮŭɑɞ ñCLSS_NMCò ŮɘůɎɔɞɜŰŬɘ 

ɞɘ Űɘɛɏɠ Űɖɠ űɡůɘəɐɠ ɡɔɟŬůɑŬɠ (%), ɧˊɤɠ ŬɡŰɏɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ.  

ȸŬɗɛɧɠ əɞɟŮůɛɞɨ  

ɆŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ ɧɜɞɛŬ ñCLSSò əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ˊŮŭɑɞ ñCLSS_Srò ŮɘůɎɔɞɜŰŬɘ ɞɘ 

Űɘɛɏɠ Űɞɡ ɓŬɗɛɞɨ əɞɟŮůɛɞɨ (%). 

ȹŮɑəŰɖɠ əŮɜɩɜ  

ɆŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ ɧɜɞɛŬ ñCLSSò əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ˊŮŭɑɞ ñCLSS_eò ŮɘůɎɔɞɜŰŬɘ ɞɘ 

Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ əŮɜɩɜ. 

ɄɞɟɩŭŮɠ  

ɆŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ ɧɜɞɛŬ ñCLSSò əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ˊŮŭɑɞ ñCLSS_nò ŮɘůɎɔɞɜŰŬɘ ɞɘ 

Űɘɛɏɠ Űɞɡ ˊɞɟɩŭɞɡɠ (%). 

Ɉɔɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ  

ɆŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ ɧɜɞɛŬ ñCLSSò əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ˊŮŭɑɞ ñCLSS_BDENò ŮɘůɎɔɞɜŰŬɘ 

ɞɘ Űɘɛɏɠ Űɞɡ ɡɔɟɞɨ űŬɘɜɧɛŮɜɞɡ ɓɎɟɞɡɠ (Ë.Íϳ ). 

 ɂɖɟɧ űŬɘɜɧɛŮɜɞ ɓɎɟɞɠ  

 ɆŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ ɧɜɞɛŬ ñCLSSò əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ˊŮŭɑɞ ñCLSS_DDENò ŮɘůɎɔɞɜŰŬɘ 

ɞɘ Űɘɛɏɠ Űɞɡ ɝɖɟɞɨ űŬɘɜɧɛŮɜɞɡ ɓɎɟɞɡɠ (Ë.Íϳ ). 

ȾɞəəɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ əɞəəɞɛŮŰɟɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮ əɧůəɘɜŬ ŮɘůɎɔɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ 

ɧɜɞɛŬ "GRAD" (ɆɢɐɛŬ 2.10). ɇŬ ˊŮŭɑɞ ñGRAD_SIZEò ˊɞɡ ůɡɛˊɚɖɟɩɜŮŰŬɘ, ŬɜŬűɏɟŮŰŬɘ ůŰɖ 

ŭɘɎɛŮŰɟɞ Űɤɜ əɧəəɤɜ ůŮ mm, Ůɜɩ Űɞ ñGRAD_PERPò ůŰɞ ˊɞůɞůŰɧ Űɤɜ ŭɘŮɟɢɧɛŮɜɤɜ (%).  
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ȹɞəɘɛɏɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ  

ȹɞəɘɛɐ ŬɜŮɛˊɧŭɘůŰɖɠ ɗɚɑɣɖɠ  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɐɠ Űɖɠ ŭɞəɘɛɐɠ əŬŰŬɢɤɟɞɨɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ ɧɜɞɛŬ ñROCKò. 

ɆɡɛˊɚɖɟɩɜŮŰŬɘ Űɞ ˊŮŭɑɞ ñROCK_UCSò, ɧˊɞɡ ŭɑɜŮŰŬɘ ɖ Űɘɛɐ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ŬɜŮɛˊɧŭɘůŰɖ ɗɚɑɣɖ. 

ȹɞəɘɛɐ ɎɛŮůɖɠ ŭɘɎŰɛɖůɖɠ  

ũɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ Űɘɛɩɜ Űɖɠ ůɡɜɞɢɐɠ (kPa) əŬɘ Űɖɠ ɔɤɜɑŬɠ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ (Á) 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ˊŮŭɑŬ ñSHBG_PCOHò əŬɘ ñSHBG_PHIò Űɞɡ ˊɑɜŬəŬ ñSHBGò (ɆɢɐɛŬ 2.11). 

ȹɞəɘɛɐ ŰɟɘŬɝɞɜɘəɐɠ űɧɟŰɘůɖɠ  

ɆŰɞ ˊŮŭɑɞ ñTRIG_TYPEò Űɞɡ ˊɑɜŬəŬ ñTRIGò ŮɘůɎɔŮŰŬɘ Űɞ Ůɑŭɞɠ Űɖɠ ŰɟɘŬɝɞɜɘəɐɠ ŭɞəɘɛɐɠ, Ůɜɩ 

ůŰŬ ˊŮŭɑŬ ñTRIG_COHò əŬɘ ñTRIG_PHIò ŮɘůɎɔɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ůɡɜɞɢɐɠ (kPa) əŬɘ Űɖɠ ɔɤɜɑŬɠ 

ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ (Á)  

 

ii.  Ⱥ́ ɑ Űɧˊɞɡ ŭɞəɘɛɏɠ  

ȹɞəɘɛɐ ˊɟɧŰɡˊɖɠ ŭɘŮɑůŭɡůɖɠ  

Ƀ ˊɑɜŬəŬɠ ñISPTò ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɧˊɤɠ ŬɡŰɎ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɖɠ ŭɞəɘɛɐɠ ˊɟɧŰɡˊɖɠ ŭɘŮɑůŭɡůɖɠ (ɆɢɐɛŬ 2.12). Ƀɘ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ 

ŮɘůɎɔɞɜŰŬɘ ŮɑɜŬɘ Űɞ ɓɎɗɞɠ Űɖɠ ɞɟɞűɐɠ Űɖɠ ŮəŰŮɚŮůɗŮɑůŬɠ ŭɞəɘɛɐɠ ůŰɞ ˊŮŭɑɞ ñISPT_TOPò əŬɘ ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ əɟɞɨůŮɤɜ (. ) ˊɞɡ ɛŮŰɟɐɗɖəŬɜ əŬŰɎ Űɖɜ ŭɘŮɑůŭɡůɖ Űɞɡ ˊɟɧŰɡˊɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ ůŰɞ 

ˊŮŭɑɞ ñISPT_NVALò. 

ȹɞəɘɛɐ ŮɘůˊɑŮůɖɠ ɜŮɟɞɨ 

Ƀɘ ŭɞəɘɛɏɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ ɛŮ əɤŭɘəɧ ɧɜɞɛŬ ñIPRMò. ȺɘůɎɔŮŰŬɘ 

Űɞ ɓɎɗɞɠ Ŭɟɢɐɠ ñIPRM_TOPò əŬɘ Űɏɚɞɡɠ ñIPRM_BASEò Űɖɠ ɕɩɜɖɠ ůŰɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɖ ŭɞəɘɛɐ, ɖ Űɘɛɐ Űɖɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ (m/sec) Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ůŰɞ ñIPRM_IPRMò, əŬɗɩɠ əŬɘ ɞ 

Űɨˊɞɠ Űɖɠ ŭɞəɘɛɐɠ (Maag, Lefranc) ůŰɞ ˊŮŭɑɞ ñIPRM_TYPEò. 

ȹɞəɘɛɐ ůŰŬŰɘəɐɠ ˊŮɜŮŰɟɞɛɏŰɟɖůɖɠ 

ɆŰɞɜ ˊɑɜŬəŬ ñSCPTò ŮɘůɎɔŮŰŬɘ Űɞ ɓɎɗɞɠ Űɖɠ ŭɞəɘɛɐɠ ůŰɞ ˊŮŭɑɞ ñSCPT_DPTHò, əŬɗɩɠ əŬɘ ɞɘ 

Űɘɛɏɠ Űɖɠ ŬɜŰɑůŰŬůɖɠ Ŭɘɢɛɐɠ (MPa) əŬɘ Űɖɠ Űɞˊɘəɐɠ ˊɚŮɡɟɘəɐɠ Űɟɘɓɐɠ (kPa) ůŰŬ ́ŮŭɑŬ ñSCPT_RESò 

əŬɘ ñSCPT_FRESò ŬɜŰɑůŰɞɘɢŬ. 
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ɆɢɐɛŬ 2.10: ɄɑɜŬəŬɠ ñGRADò, ɧˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɘɠ əɞəəɞɛŮŰɟɘəɏɠ 

ŬɜŬɚɨůŮɘɠ əɘ ŮɜŰɎůůɞɜŰŬɘ ůŰŬ ˊŮŭɑŬ ñGRAD_SIZEò əŬɘ  GRAD_PERPò 
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ɆɢɐɛŬ 2.11: ɄɑɜŬəŬɠ ñSHBGò, ɧˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ŰŬ ˊŮŭɑŬ ŮɘůŬɔɤɔɐɠ Űɤɜ Űɘɛɩɜ ůɡɜɞɢɐɠ, ɔɤɜɑŬɠ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ  

əŬɘ ɞ Űɨˊɞɠ ŭɞəɘɛɐɠ ůŰŬ ñSHBG_PCOHò ñSHBG_PHIò əŬɘ ñSHBG_TYPEò
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ɆɢɐɛŬ 2.12: ɄɑɜŬəŬɠ ñISPTò, ɧˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ Űɞ ˊŮŭɑɞ ŮɘůŬɔɤɔɐɠ Űɤɜ Űɘɛɩɜ .  ˊɞɡ ɛŮŰɟɐɗɖəŬɜ əŬŰɎ 

Űɖ ŭɘŮɑůŭɡůɖ Űɞɡ ˊɟɧŰɡˊɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ ůŰɞ ˊŮŭɑɞ ñISPT_NVALò 
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3. ɀɏɗɞŭɞɘ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ əŬɘ ɔŮɤůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ 

3.1. ũŮɜɘəɎ 

ɇŬ ɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ (Geographical Information Systems - GIS) 

ɗŮɤɟɞɨɜŰŬɘ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ɤɠ ɏɜŬ Ŭˊɧ ŰŬ ˊɚɏɞɜ ɓŬůɘəɎ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖ ůɡɚɚɞɔɐ, ůɡɜŰɐɟɖůɖ 

əɘ ŬɜɎɚɡůɖ ɢɤɟɘəɎ ůɢŮŰɘɕɧɛŮɜɤɜ ˊɚɖɟɞűɞɟɘɩɜ (Bowman, 1998; Parsons and Frost, 2000). ȼ ŰŬɢŮɑŬ 

ŬɜɎˊŰɡɝɖ Űɤɜ GIS, Űɞɡɠ ɏŭɤůŮ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ůɡɟɏɤɠ ŬɜɎ Űɞɜ əɧůɛɞ ůŮ ˊɞɚɚɞɨɠ 

ŮˊɘůŰɖɛɞɜɘəɞɨɠ ŰɞɛŮɑɠ. ɀŮŰŬɝɨ ŬɡŰɩɜ, ŮɑɜŬɘ əŬɘ ɞ ŰɞɛɏŬɠ Űɖɠ ŰŮɢɜɘəɐɠ ɔŮɤɚɞɔɑŬɠ əŬɘ ɔŮɤŰŮɢɜɘəɐɠ 

ɛɖɢŬɜɘəɐɠ, ɧˊɞɡ ɖ ɢɟɐůɖ Űɤɜ GIS Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŭɖɛɞűɘɚɐɠ ůŮ ŬɜŰɘəŮɑɛŮɜŬ 

ɧˊɤɠ ɖ ŮəŰɑɛɖůɖ Űɖɠ əŬŰɞɚɘůɗɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ (Tsangaratos et al., 2018; Matsakou et al., 2021; 

Tavoularis et al., 2021), ɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ůɡɜɗɖəɩɜ ɗŮɛŮɚɑɤůɖɠ ɔɘŬ ŭɘɎűɞɟŬ ɏɟɔŬ ɡˊɞŭɞɛɐɠ (Kunapo 

et al., 2005; Chander et al., 2018) əŬɘ ɖ ŬɜɎŭŮɘɝɖ Ůˊɘəɑɜŭɡɜɤɜ ˊŮɟɘɞɢɩɜ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ɢŬɟŰɩɜ ɕɤɜɤˊɞɑɖůɖɠ (Arshid et al., 2013; Akhter et al., 2014; Kokkala and 

Marinos, 2022; Ullah et al., 2022).  

ȷəɧɛɖ ɏɜŬ ˊɚŮɞɜɏəŰɖɛŬ Űɤɜ GIS ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ, ɧŰɘ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ 

ŭɘŬŭɟŬůŰɘəɎ ɛŮ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ. ȼ ŬˊɞɗɐəŮɡůɖ ˊɚɖɟɞűɞɟɘɩɜ ůŮ ůɢŮůɘŬəɏɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ 

ɖ ˊɘɞ ůɡɜɖɗɘůɛɏɜɖ əɘ Ůˊɑ Űɞɡ ˊŬɟɧɜŰɞɠ ɖ ɓɏɚŰɘůŰɖ Ůˊɘɚɞɔɐ (Veeger et al., 2004). ɀɎɚɘůŰŬ, Űɘɠ 

ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ Űɞ ŮɜŭɘŬűɏɟɞɜ ŮůŰɘɎɕŮŰŬɘ ůŰɖ ůɖɛŬůɑŬ Űɤɜ ɣɖűɘŬəɩɜ ɓɎůŮɤɜ ŭŮŭɞɛɏɜɤɜ 

(Culshaw et al., 2006), əŬɗɩɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Ůɨəɞɚɖ ŮˊŮɝŮɟɔŬůɑŬ, Ůɜɖɛɏɟɤůɖ ɐ əɞɘɜɐ ɢɟɐůɖ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ ɛɏůɤ Űɤɜ GIS. ȰŰůɘ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ŬˊɞŭɞŰɘəɐ ŭɘŬɢŮɑɟɘůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ (Wu et al., 2002), ˊŮɟɘɞɟɑɕŮŰŬɘ ůɖɛŬɜŰɘəɎ ɞ əɑɜŭɡɜɞɠ ŬˊɩɚŮɘŬɠ ɐ/əŬɘ 

Ŭɚɚɞɑɤůɐɠ Űɞɡɠ. 

Ⱥˊɘˊɚɏɞɜ, ɛŮ Űɖ ɢɟɐůɖ Űɤɜ GIS ŮɑɜŬɘ ŮűɘəŰɐ ɖ ɚŮˊŰɞɛŮɟɐɠ ɞˊŰɘəɞˊɞɑɖůɖ əŬɘ ˊŬɟɞɡůɑŬůɖ Űɤɜ 

ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ Űɖɠ ŬˊŮɘəɧɜɘůɐɠ Űɞɡɠ. ȼ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŰŬ ɛɞɜŰɏɚŬ ůɡɜŮɢɩɜ ŮˊɘűŬɜŮɘɩɜ. ũɘŬ Űɖ ˊŬɟŬɔɤɔɐ 

ŰɏŰɞɘɤɜ ɛɞɜŰɏɚɤɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘɎűɞɟŬ ɚɞɔɘůɛɘəɎ, ɧˊɤɠ Űɞ ArcGISÊ Űɖɠ ESRIÈ, ŰŬ ɞˊɞɑŬ 

ŭɘŬɗɏŰɞɡɜ ůɡɔəŮəɟɘɛɏɜŬ ŮɟɔŬɚŮɑŬ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ, ɔɜɤůŰɎ ɤɠ ɛɏɗɞŭɞɘ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ.  

Ƀɘ ɛɏɗɞŭɞɘ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŮ ŭɘɎűɞɟɞɡɠ ŮˊɘůŰɖɛɞɜɘəɞɨɠ 

ŰɞɛŮɑɠ, ˊ.ɢ. ɛŮ ůəɞˊɧ Űɖɜ ŬɜɎˊŰɡɝɖ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ (Deligiannakis et al., 2018; Sauti et al., 2021), Űɖ ŭɘŮɟŮɨɜɖůɖ Űɞɡ ŭɡɜŬɛɘəɞɨ 

ɟŮɡůŰɞˊɞɑɖůɖɠ (Bourenane et al., 2018; Das et al., 2019;  Boumpoulis et al., 2021), Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ 

əɚɘɛŬŰɘəɩɜ ŮˊɘˊŰɩůŮɤɜ (Yang et al., 2015) əŬɘ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ 

(Nas and Berktay, 2010; Elumalai et al., 2017). ȽŭɘŬɑŰŮɟŬ ŮəŰŮŰŬɛɏɜɖ ŮɑɜŬɘ ɖ ɢɟɐůɖ ŬɡŰɩɜ Űɤɜ 

ɛŮɗɧŭɤɜ əŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ɢŬɟŰɩɜ ˊɞɡ ɓɞɖɗɞɨɜ ůŰɖɜ Ůɨəɞɚɖ 
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əŬɘ ɔɟɐɔɞɟɖ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɞɓɎɚɚɞɜŰŬɘ ůô ŬɡŰɞɨɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ 

ŭɘŬŰɟɘɓɐ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ Űɖɠ ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ 

ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ɔŮɤɚɞɔɘəɐɠ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ɛŮ Űɖ ɢɟɐůɖ ŭɘɎűɞɟɤɜ ɛŮɗɧŭɤɜ 

ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ (əŮűɎɚŬɘŬ 5.3.1.1 əŬɘ 6.6.1). 

3.2. ɀŮɗɞŭɞɚɞɔɑŬ 

Ɇəɞˊɧɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ŮɜůɤɛɎŰɤůɖ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ, ŮɑɜŬɘ ɜŬ ˊŬɟɏɢŮɘ ɏɜŬ ŮɟɔŬɚŮɑɞ ɛŮ Űɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ŮɨəɞɚŬ əŬɘ ɎɛŮůŬ 

ɖ ŬɜɎɚɡůɖ, ůɡůɢɏŰɘůɖ əɘ ŬˊŮɘəɧɜɘůɖ ŭŮŭɞɛɏɜɤɜ ůŮ ɢɎɟŰŮɠ, ˊɑɜŬəŮɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ ɧɚŮɠ Űɘɠ 

ŮɜŭɘŬűŮɟɧɛŮɜŮɠ ŮɘŭɘəɧŰɖŰŮɠ. ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬɜŬɚɨŮŰŬɘ ŮəŰŮɜɩɠ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ, 

ɗŮɤɟŮɑŰŬɘ əɟɑůɘɛɖ əŬɗɩɠ ɛɏůɤ ŬɡŰɐɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ 

ɔŮɤˊɚɖɟɞűɞɟɘɩɜ ɛŮ ůəɞˊɧ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ.  

ɆɨɛűɤɜŬ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ (ɆɢɐɛŬ 3.1), ɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŬˊɞŰŮɚŮɑ Űɖɜ əŮɜŰɟɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ, əŬɗɩɠ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ŮɘůɎɔɞɜŰŬɘ, ŬɜŬɚɨɞɜŰŬɘ əŬɘ ůɡůɢŮŰɑɕɞɜŰŬɘ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɖɠ. ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ůô ŬɡŰɐ, Ŭűɞɟɞɨɜ Űɧůɞ ůŮ ŭɘŬɜɡůɛŬŰɘəɎ (vector) əŬɘ 

ɣɖűɘŭɤŰɎ (raster) ŭŮŭɞɛɏɜŬ, ɧůɞ əŬɘ ůŮ ŭŮŭɞɛɏɜŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ŰŮɢɜɘəɏɠ ɛŮɚɏŰŮɠ əɘ ɏɟŮɡɜŮɠ ˊɞɡ 

ɏɢɞɡɜ ŭɘŮɝŬɢɗŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, ŰŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ůŮ ɛɞɟűɐ 

raster əŬɘ vector, ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ɎɛŮůŬ ŭɘŬɢŮɘɟɑůɘɛŬ ůŮ ˊŮɟɘɓɎɚɚɞɜ GIS. ȼ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ 

ŭŮŭɞɛɏɜɤɜ, ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ɢɟɞɜɞɓɧɟŬ ŭɘŬŭɘəŬůɑŬ əŬɗɩɠ ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŰŮɢɜɘəɩɜ ŮəɗɏůŮɤɜ 

ŭɘŬŰɑɗŮŰŬɘ əɡɟɑɤɠ ůŮ PDF ɐ ůŮ ɏɜŰɡˊɖ ɛɞɟűɐ əɘ Ůˊɞɛɏɜɤɠ ŮɑɜŬɘ ˊɟɞŬˊŬɘŰɞɨɛŮɜɖ ɖ ɛɖɢŬɜɞɔɟɎűɖůɐ 

Űɞɡɠ. ɇŬ ůŰɞɘɢŮɑŬ ˊɞɡ ɛŮŰŬŰɟɏˊɞɜŰŬɘ Ŭˊɧ ŬɜŬɚɞɔɘəɐ ůŮ ɣɖűɘŬəɐ ɛɞɟűɐ, ŬɜŬűɏɟɞɜŰŬɘ ůŰŬ ŭɘɎűɞɟŬ 

ůŰɞɘɢŮɑŬ ́ ɞɡ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖ ɗɏůɖ Űɤɜ ɔŮɤŰɟɐůŮɤɜ (x, y, z), ůŰɖ ůŰɟɤɛŬŰɞɔɟŬűɑŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ əŬɘ ůŰɘɠ űɡůɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ (ɓɚ. 

ɑ́ɜŬəŬ 2.2). 

ɆŰɖɜ ŮˊɧɛŮɜɖ űɎůɖ, əɘ Ůɜɩ ɏɢŮɘ ɞɚɞəɚɖɟɤɗŮɑ ɖ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ŰŬ ŭŮŭɞɛɏɜŬ ŬɜŬɚɨɞɜŰŬɘ ɛŮ ůəɞˊɧ Űɞɜ ŮɜŰɞˊɘůɛɧ ůűŬɚɛɎŰɤɜ, 

ŭɘˊɚɩɜ ŮɔɔɟŬűɩɜ ɐ/əŬɘ ŬˊɞəɚɑůŮɤɜ ɤɠ ˊɟɞɠ Űɘɠ Ŭɟɢɘəɏɠ ŭɘŬɗɏůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ. ɄŬɟɎɚɚɖɚŬ 

ŭɘŮɜŮɟɔŮɑŰŬɘ ŭɘŬŭɘəŬůɑŬ ŮˊŬɚɐɗŮɡůɖɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɖ ůɤůŰɐ ɛɞɟűɐ, 

Űɖɜ ɞɛŬŭɞˊɞɑɖůɖ ɗŮɛŬŰɘəɎ ɞɛɞɘɞɔŮɜɩɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɞɜ ɏɚŮɔɢɞ ůɢŮŰɘəɎ ɛŮ Űɞ Ŭɜ ɞɘ 

Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŮˊɘůŰɟɏűɞɡɜ ŰŬ ůɤůŰɎ ŭŮŭɞɛɏɜŬ ɛŮŰɎ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɖɠ 

ŮəɎůŰɞŰŮ ŮɜŰɞɚɐɠ. ȰˊŮɘŰŬ, ŰŬ ŭŮŭɞɛɏɜŬ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ŮˊŮɝŮɟɔŬůɑŬ ůŮ ˊŮɟɘɓɎɚɚɞɜ GIS, ɛŮ ůəɞˊɧ 

Űɖɜ Ůɜɞˊɞɑɖůɐ Űɞɡɠ ůŮ ɏɜŬ əɞɘɜɧ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ɔŮɜɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ, ˊɞɡ ɓɞɖɗɞɨɜ ůŰɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ.  
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ɆŰɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ ŬəɟɑɓŮɘŬɠ (cross validation) Űɤɜ 

ŭŮŭɞɛɏɜɤɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ əɟɑůɘɛɖ ŭɘŬŭɘəŬůɑŬ, əŬɗɩɠ ɛɏůɤ ŬɡŰɐɠ ůɡɔəɟɑɜɞɜŰŬɘ ŭɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ 

ˊŬɟŮɛɓɞɚɐɠ (interpolation methods) ɛŮ ůəɞˊɧ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ˊɚɏɞɜ ɓɏɚŰɘůŰɖɠ ɔɘŬ Űɖɜ 

ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ ɔŮɤŰŮɢɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ ɛɏůɤ Űɖɠ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ. ȼ 

əŬŰŬůəŮɡɐ Űɤɜ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ɔŮɤɚɞɔɘəɐɠ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, ɖ ŬɜɎɚɡůɖ Űɤɜ 

ɞˊɞɑɤɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰŬ əŮűɎɚŬɘŬ 5 əŬɘ 6 ŬɜŰɑůŰɞɘɢŬ, ŬˊɞŰŮɚŮɑ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ 

ˊŮɟɘɔɟŬűɧɛŮɜɖɠ ŭɘŬŭɘəŬůɑŬɠ. 
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ɆɢɐɛŬ 3.1: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ 
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3.3. ɀɏɗɞŭɞɘ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ 

ɆŰɞ ˊɚŬɑůɘɞ Űɤɜ GIS, ɢɤɟɘəɐ ˊŬɟŮɛɓɞɚɐ (spatial interpolation) ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮəŰɑɛɖůɖɠ 

Űɖɠ Űɘɛɐɠ ɛɘŬɠ ɛŮŰŬɓɚɖŰɐɠ ůŮ ɗɏůŮɘɠ ɧˊɞɡ ŬɡŰɐ ŭŮɜ ɏɢŮɘ ɛŮŰɟɖɗŮɑ ɎɛŮůŬ, ɛŮ ɓɎůɖ Űɘɠ ɔɜɤůŰɏɠ Űɘɛɏɠ 

ůŰŬ ɔɨɟɤ ůɖɛŮɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ȼ ɢɤɟɘəɐ ˊŬɟŮɛɓɞɚɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ ůəɞˊɧ Űɖ ɛŮŰŬŰɟɞˊɐ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ůɖɛŮɘŬəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ ůŮ ůɡɜŮɢŮɑɠ ŮˊɘűɎɜŮɘŮɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ 

ˊɟɧɓɚŮɣɖ ɘŭɘɞŰɐŰɤɜ ůŰŬ ůɖɛŮɑŬ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ. ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊŬɟŮɛɓɞɚɐɠ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɡˊɧɗŮůɖ, ɧŰɘ ɢɤɟɘəɎ əŬŰŬɜŮɛɖɛɏɜŬ ŬɜŰɘəŮɑɛŮɜŬ ůɡůɢŮŰɑɕɞɜŰŬɘ ˊŮɟɘɞɢɘəɎ, ŭɖɚŬŭɐ 

ŬɜŰɘəŮɑɛŮɜŬ ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ůŮ əɞɜŰɘɜɐ ŬˊɧůŰŬůɖ ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ ɏɢɞɡɜ ˊŬɟɧɛɞɘŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ.  

Ƀɘ ɛɏɗɞŭɞɘ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬəɟɘɗɞɨɜ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ: Űɘɠ ɜŰŮŰŮɟɛɘɜɘůŰɘəɏɠ 

ɛŮɗɧŭɞɡɠ (deterministic methods) əŬɘ Űɘɠ ɔŮɤůŰŬŰɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ (geostatistical methods), ŬɜɎɚɞɔŬ 

ɛŮ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ əŬɗŮɛɑŬ ɤɠ ɡˊɧɓŬɗɟɞ ɔɘŬ Űɖɜ ŮɜůɤɛɎŰɤůɖ ˊɚɖɟɞűɞɟɘɩɜ ůɢŮŰɘəɎ ɛŮ 

Űɖ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ Űɤɜ ůɖɛŮɑɤɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (Isaaks and Srivastava, 1990; Schloeder et al., 

2001). Ƀɘ McCoy et al. (2001) əŬɘ Childs (2004) ˊŮɟɘɔɟɎűɞɡɜ Űɘɠ ɛŮɗɧŭɞɡɠ ɜŰŮŰŮɟɛɘɜɘůŰɘəɐɠ 

ˊŬɟŮɛɓɞɚɐɠ ɤɠ ŮəŮɑɜŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ŮˊɘűɎɜŮɘŮɠ ɛŮ ɓɎůɖ ɛŮŰɟɖɛɏɜŬ ůɖɛŮɑŬ ɐ ɛŬɗɖɛŬŰɘəɞɨɠ 

Űɨˊɞɡɠ, Ůɜɩ ɞɘ ɛɏɗɞŭɞɘ ɔŮɤůŰŬŰɘůŰɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɗŮɤɟɑŬ ŰɡɢŬɑɤɜ ůɡɜŬɟŰɐůŮɤɜ ɔɘŬ 

Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ ɢɤɟɘəɐ ŮəŰɑɛɖůɖ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ ɜŰŮŰŮɟɛɘɜɘůŰɘəɏɠ ɛɏɗɞŭɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ɔɘŬ Űɖɜ 

ˊŬɟŬɔɤɔɐ Űɖɠ ɢɤɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, ŭŮ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ Űɘɠ ůɢɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ əŬɘ ŭŮɜ ˊŬɟɏɢɞɡɜ ɛɏŰɟɞ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɤɜ ŮəŰɘɛɐůŮɤɜ. Ƀɘ ŮˊɘűɎɜŮɘŮɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛŮ 

Űɖ ɢɟɐůɖ ŬɡŰɩɜ Űɤɜ ɛŮɗɧŭɤɜ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ɞɛɞɘɧŰɖŰŬ ɐ Űɞ ɓŬɗÕɧ ɞÕɞɘɞɔɏɜŮɘŬɠ Űɤɜ 

ŮɝŮŰŬɕɧɛŮɜɤɜ ůɖɛŮɑɤɜ.  

Ƀɘ ɔŮɤůŰŬŰɘůŰɘəɏɠ ɛɏɗɞŭɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ůŰŬŰɘůŰɘəɎ ɛɞɜŰɏɚŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ɢɤɟɘəɩɜ 

ŮˊɘűŬɜŮɘɩɜ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ Űɖ ɢɤɟɘəɐ ůɡůɢɏŰɘůɖ ˊɞɡ ŮɚɏɔɢŮɘ Űɖɜ ŬˊɧůŰŬůɖ ɐ Űɖɜ 

əŬŰŮɨɗɡɜůɖ ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ȰɜŬ Ŭˊɧ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ ɔŮɤůŰŬŰɘůŰɘəɩɜ 

ɛŮɗɧŭɤɜ, ŮɑɜŬɘ ɧŰɘ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊŬɟɏɢɞɡɜ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ŬəɟɑɓŮɘŬ Űɖɠ ˊɟɧɓɚŮɣɖɠ. 

ɀŮɘɞɜɏəŰɖɛɎ Űɞɡɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɜŰŮŰŮɟɛɘɜɘůŰɘəɏɠ, ŮɑɜŬɘ ɧŰɘ ŮɑɜŬɘ ˊɞɚɨˊɚɞəŮɠ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ɖ 

ɚɐɣɖ ŬɟəŮŰɩɜ ŬˊɞűɎůŮɤɜ ůɢŮŰɘəɎ ɛŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ɛɞɜŰɏɚɞɡ.  

Ƀɘ ɛɏɗɞŭɞɘ ˊŬɟŮɛɓɞɚɐɠ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ŮɑɜŬɘ ɞɘ: 

¶ Inverse Distance Weighted (ɆŰɎɗɛɘůɖ Űɖɠ ȷɜŰɑůŰɟɞűɖɠ ȷˊɧůŰŬůɖɠ) 

¶ Ordinary Kriging (ȾŬɜɞɜɘəɧ Kriging)  

¶ Topo to Raster (ɇɞˊɞɔɟŬűɑŬ ůŮ ɣɖűɘŭɤŰɎ) 

ȷɡŰɏɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ. 
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3.3.1 Inverse Distance Weighted - IDW (ɆŰɎɗɛɘůɖ Űɖɠ ȷɜŰɑůŰɟɞűɖɠ ȷˊɧůŰŬůɖɠ) 

ȼ çɆŰɎɗɛɘůɖ Űɖɠ ȷɜŰɑůŰɟɞűɖɠ ȷˊɧůŰŬůɖɠè ŮɑɜŬɘ ɖ ŬˊɚɞɨůŰŮɟɖ ɛɏɗɞŭɞɠ ˊŬɟŮɛɓɞɚɐɠ əŬɘ 

ɓŬůɑɕŮŰŬɘ ůŮ ɛɘŬ ɓŬůɘəɐ Ŭɟɢɐ Űɖɠ ɔŮɤɔɟŬűɑŬɠ, ɧŰɘ ŰŬ ˊɟɎɔɛŬŰŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ Űɞ ɏɜŬ ůŰɞ 

Ɏɚɚɞ çɛɞɘɎɕɞɡɜè ˊŮɟɘůůɧŰŮɟɞ (McCoy et al., 2001). ȼ ɛɏɗɞŭɞɠ Inverse Distance Weighted, ɐ IDW 

ɧˊɤɠ ɏɢŮɘ ŮˊɘəɟŬŰɐůŮɘ ŭɘŮɗɜɩɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɧŰŬɜ Űɞ ůɨɜɞɚɞ Űɤɜ ůɖɛŮɑɤɜ ŮɑɜŬɘ ŬɟəŮŰɎ ˊɡəɜɧ 

ɩůŰŮ ɜŬ ŬˊɞŰɡˊɩɜŮɘ Űɖɜ ɏəŰŬůɖ Űɖɠ Űɞˊɘəɐɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŬɜɎɚɡůɖ. ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ˊŬɟŮɛɓɞɚɐɠ ŬˊɞŭɑŭɞɜŰŬɘ ɓɎɟɖ ůŰŬ ɔŮɘŰɞɜɘəɎ ɔɜɤůŰɎ ůɖɛŮɑŬ Űɞɡ əɎɗŮ 

ŮəŰɘɛɩɛŮɜɞɡ ɎɔɜɤůŰɞɡ ůɖɛŮɑɞɡ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ Űɘɛɐɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ůô ŬɡŰɎ. ɇŬ ɔɜɤůŰɎ 

ůɖɛŮɑŬ ůŰŬɗɛɑɕɞɜŰŬɘ ɓɎůŮɘ Űɖɠ ŬɜŰɑůŰɟɞűɖɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ ŰŬ ɎɔɜɤůŰŬ ˊɟɞɠ ŰŬ ɔɜɤůŰɎ ůɖɛŮɑŬ. ɇɞ 

ɓɎɟɞɠ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɖɠ ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ Űɖɠ ŮəŰɘɛɩɛŮɜɖɠ Űɘɛɐɠ əŬɘ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ŬˊɧůŰŬůɖ, Űɧůɞ ɛɘəɟɧŰŮɟɖ ŮɑɜŬɘ ɖ Ůˊɘɟɟɞɐ ůŰɞ 

ůɖɛŮɑɞ ɧˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɔɑɜŮɘ ˊɟɧɓɚŮɣɖ Űɘɛɐɠ (Childs, 2004; Robinson and Metternicht, 2006; 

Setianto and Triandini, 2013; Bhunia et al., 2018). Ⱥˊɞɛɏɜɤɠ, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ Űɘɛɐ Űɞɡ 

ůɡɔəŮəɟɘɛɏɜɞɡ əŮɚɘɞɨ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɛɏůŬ ůŮ ɛɑŬ ˊɟɞəŬɗɞɟɘůɛɏɜɖ 

ŬəŰɑɜŬ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ əŬŰɎɚɚɖɚɖ, ɧŰŬɜ ɖ ɢɤɟɞɛŮŰŬɓɚɖŰɐ ˊɞɡ ɛŮɚŮŰɎŰŬɘ, ɏɢŮɘ ŮɝŬůɗŮɜɖɛɏɜɖ 

Ůˊɘɟɟɞɐ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ Ŭˊɧ ŰŬ ˊɟɤŰɞɔŮɜɐ ŭŮɑɔɛŬŰŬ. Ƀɘ Űɘɛɏɠ ůŰŬ ɎɔɜɤůŰŬ ůɖɛŮɑŬ 

ŮəŰɘɛɩɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ŭəɧɚɞɡɗɖ Ůɝɑůɤůɖ: 

                ὤȟ = 
          

    

                      (3.1) 

ɧˊɞɡ:  

:ȟ: ɖ Űɘɛɐ Űɞɡ ůɖɛŮɑɞɡ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖ ɗɏůɖ ɛŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ x, y ˊɞɡ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ (Űɘɛɐ 

ˊŬɟŮɛɓɞɚɐɠ), 

::  ɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ Űɘɛɐ ůŰɞ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɧ ůɖɛŮɑɞ i, 

N:  ɞɘ Űɘɛɏɠ Űɤɜ ůɡɜɞɚɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ,  

i:    ɖ i-ɞůŰɐ Űɘɛɐ ŭŮŭɞɛɏɜɤɜ əŬɘ  

7 : Űɞ ɓɎɟɞɠ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɖɜ ůɢŮŰɘəɐ ůˊɞɡŭŬɘɧŰɖŰŬ Űɤɜ ɛŮɛɞɜɤɛɏɜɤɜ ůɖɛŮɑɤɜ Ůɚɏɔɢɞɡ 

(control points). 

3.3.2 Ordinary Kriging (ȾŬɜɞɜɘəɧ Kriging )  

Ƀɘ ɔŮɤůŰŬŰɘůŰɘəɏɠ ɛɏɗɞŭɞɘ ŮɑɜŬɘ ůɡɜɡűŬůɛɏɜŮɠ ɛŮ Űɖ ɛɏɗɞŭɞ Kriging əŬɘ Űɘɠ ˊŬɟŬɚɚŬɔɏɠ Űɖɠ. 

ɇɞ Kriging ˊɟɞůŬɟɛɧɕŮɘ ɛɘŬ ůɡɜɎɟŰɖůɖ ůŮ ɏɜŬɜ əŬɗɞɟɘůɛɏɜɞ Ŭɟɘɗɛɧ ůɖɛŮɑɤɜ ɐ ůŮ ɧɚŬ ŰŬ ůɖɛŮɑŬ 

ŮɜŰɧɠ ɛɘŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŬəŰɑɜŬɠ ɔɘŬ ɜŬ əŬɗɞɟɑůŮɘ Űɖɜ Űɘɛɐ Ůɝɧŭɞɡ ɔɘŬ əɎɗŮ ɗɏůɖ. ɇɞ Ordinary 

Kriging, ɔɜɤůŰɧ ɤɠ çȾŬɜɞɜɘəɧ Krigingè ůŰɖɜ Ůɚɚɖɜɘəɐ ɓɘɓɚɘɞɔɟŬűɑŬ, ŮɑɜŬɘ ɖ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜɖ Ŭˊɧ 
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ɧɚŮɠ Űɘɠ ɛŮɗɧŭɞɡɠ Kriging. ȼ ɛɏɗɞŭɞɠ Ordinary Kriging ɢɟɖůɘɛɞˊɞɘŮɑ əɘ ŬɡŰɐ ɓɎɟɖ ůŰɘɠ ɛŮŰɟɐůŮɘɠ 

Űɤɜ ůɖɛŮɑɤɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɗŬ ˊɟɞɓɚŮűɗŮɑ ɛɑŬ Űɘɛɐ. ȳɛɤɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ 

ɜŰŮŰŮɟɛɘɜɘůŰɘəɐ ɛɏɗɞŭɞ IDW, ŰŬ ɓɎɟɖ ŭŮɜ ɓŬůɑɕɞɜŰŬɘ ɛɧɜɞ ůŰɖɜ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ 

ůɖɛŮɑɤɜ əŬɘ Űɖɠ ɗɏůɖɠ ˊɟɧɓɚŮɣɖɠ, ŬɚɚɎ əŬɘ ůŰɖ ůɡɜɞɚɘəɐ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ ɛŮŰŬɝɨ Űɤɜ 

ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ ůɖɛŮɑɤɜ. ɆɡɜŮˊɩɠ ɔɘŬ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ Űɤɜ ɎɔɜɤůŰɤɜ ɢɤɟɘəɩɜ Űɘɛɩɜ ɢɟɖůɘɛɞˊɞɘŮɑ 

ɛɧɜɞ Űɘɠ Űɞˊɘəɏɠ Űɘɛɏɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ Űɖɠ ɎɛŮůɖɠ ɔŮɘŰɞɜɘɎɠ. ȷɡŰɧ ˊɟɞɦˊɞɗɏŰŮɘ, Űɖɜ ɨˊŬɟɝɖ Ůɜɧɠ 

ɛŮɔɎɚɞɡ ůɢŮŰɘəɎ Ŭɟɘɗɛɞɨ ŭŮɘɔɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ əŬɚɨˊŰɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɎ ɧɚɞ Űɞ ɢɩɟɞ Űɖɠ ɡˊɧ ɛŮɚɏŰɖ 

ˊŮɟɘɞɢɐɠ. ȼ Ůɝɑůɤůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůȭŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ: 

       ὤȟ =      ‗ὤ                  (3.2) 

ɧˊɞɡ:  

:ȟ: ɖ Űɘɛɐ Űɞɡ ůɖɛŮɑɞɡ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖ ɗɏůɖ ɛŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ x, y ˊɞɡ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ (Űɘɛɐ 

ˊŬɟŮɛɓɞɚɐɠ), 

::  ɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ Űɘɛɐ ůŰɞ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɧ ůɖɛŮɑɞ i, 

N:  ɞɘ Űɘɛɏɠ Űɤɜ ůɡɜɞɚɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ,  

i:    ɖ i-ɞůŰɐ Űɘɛɐ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ɚi:  Űɞ ɓɎɟɞɠ ɔɘŬ Űɖɜ Űɘɛɐ :.  

3.3.3 Topo to Raster (ɇɞˊɞɔɟŬűɑŬ ůŮ ɣɖűɘŭɤŰɎ) 

ȼ ɛɏɗɞŭɞɠ çɇɞˊɞɔɟŬűɑŬ ůŮ ɣɖűɘŭɤŰɎè, ɐ Ŭɚɚɘɩɠ Topo to Raster ɧˊɤɠ ŮɑɜŬɘ ɔɜɤůŰɐ ůŰɖɜ 

ˊŬɔəɧůɛɘŬ ɓɘɓɚɘɞɔɟŬűɑŬ, ɢɟɖůɘɛɞˊɞɘŮɑ ɛɘŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŰŮɢɜɘəɐ ˊŬɟŮɛɓɞɚɐɠ ˊŮˊŮɟŬůɛɏɜɤɜ 

ŭɘŬűɞɟɩɜ ˊɞɡ ɓŮɚŰɘůŰɞˊɞɘŮɑ Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɤɜ ɛŮɗɧŭɤɜ Űɞˊɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ, 

ɧˊɤɠ ɖ IDW, ɢɤɟɑɠ ɜŬ ɢɎɜŮɘ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ůɡɜɏɢŮɘŬ Űɤɜ ɛŮɗɧŭɤɜ ɔŮɜɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ, ɧˊɤɠ ɖ 

spline (ɜŰŮŰŮɟɛɘɜɘůŰɘəɐ ɛɏɗɞŭɞɠ) əŬɘ ɖ kriging (ɔŮɤůŰŬŰɘůŰɘəɐ ɛɏɗɞŭɞɠ) (Childs, 2004). ȸŬůɑɕŮŰŬɘ 

ůŰɞ ˊɟɧɔɟŬɛɛŬ ANUDEM ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞɜ Michael Hutchinson (Hutchinson, 1989, 2000; 

Hutchinson et al., 2011) əŬɘ ɗŮɤɟŮɑŰŬɘ ɛɑŬ Ŭˊɧ  Űɘɠ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

ŰɞˊɞɔɟŬűɘəɩɜ ŮˊɘűŬɜŮɘɩɜ, əŬɗɩɠ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɠ ɧɚŬ ŰŬ ɔɜɤůŰɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ ɣɖűɘŬəɞɨ 

ɡɣɞɛŮŰɟɘəɞɨ ɛɞɜŰɏɚɞɡ (Digital Elevation Model, DEM). Ⱥˊɑ Űɖɠ ɞɡůɑŬɠ, ɖ Topo to Raster ŮɑɜŬɘ ɛɘŬ 

ůɡɜŭɡŬůɛɏɜɖ ɛɏɗɞŭɞɠ ˊŬɟŮɛɓɞɚɐɠ, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɘŬ ŭɘŬəɟɘŰɐ ŰŮɢɜɘəɐ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ 

ˊɞɚɡɤɜɡɛɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŮˊɘűŬɜŮɘɩɜ, ɧˊɤɠ ŰŬ DEM ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ŬˊɧŰɞɛŮɠ ŬɚɚŬɔɏɠ ůŰɞ ˊŮŭɑɞ, ˊ.ɢ. ɡɣɞɛŮŰɟɘəɏɠ ŭɘŬűɞɟɏɠ (Arseni et al., 2019).  
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3.4. ȹɘŬɛɧɟűɤůɖ əɘ Ůˊɘɚɞɔɐ ŭŮŭɞɛɏɜɤɜ 

ũɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ɛŮɗɧŭɤɜ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ əŬɘ Űɖɜ ˊŮɟŬɘŰɏɟɤ Ŭɝɘɞɚɧɔɖůɐ Űɞɡɠ, ŮɑɜŬɘ 

ˊɟɞŬˊŬɘŰɞɨɛŮɜɖ ɖ Ůˊɘɚɞɔɐ Ůɜɧɠ ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ, Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ ůəɞˊɧ Űɖɜ 

ŮəˊŬɑŭŮɡůɖ Űɞɡ ŮəɎůŰɞŰŮ ɛɞɜŰɏɚɞɡ (training set). ɇɞ training set ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ Űɞɡ ůɡɜɞɚɘəɞɨ 

Ŭɟɘɗɛɞɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŰŬ ɞˊɞɑŬ ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŮɠ ɛŮŰɟɐůŮɘɠ. ɇɞ ɡˊɧɚɞɘˊɞ ɛɏɟɞɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ɚŮɔɧɛŮɜɞ çtest setè əɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ɛɞɜŰɏɚɞɡ. 

ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ, ɛɞɜŰɏɚŬ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛɏůɤ 

Űɞɡ ArcGIS. ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ Ůɝɐɠ ůŰɎŭɘŬ: 

i. ɇɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ŭɖɚŬŭɐ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ůŰɖɜ ˊŬɟɞɨůŬ, ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ 

ɡˊɞůɨɜɞɚŬ, Űɞ training set əŬɘ Űɞ test set. 

ii.  ȰˊŮɘŰŬ, ɔɘŬ əɎɗŮ ɏɜŬ ɛɞɜŰɏɚɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɧɜɞ Űɞ training set ɛŮ ůəɞˊɧ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

ŮˊɘűŬɜŮɘɩɜ ˊŬɟŮɛɓɞɚɐɠ Ŭˊɧ ɧˊɞɡ ŮəŰɘɛɩɜŰŬɘ Űɘɛɏɠ ɔɘŬ ŰŬ ůɖɛŮɑŬ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ŭŮŭɞɛɏɜŬ. 

iii.  ɆŰɖ ůɡɜɏɢŮɘŬ ɞɘ ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ training set ůŰɘɠ 

ɗɏůŮɘɠ Űɞɡ test set, ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ Űɘɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ Űɘɛɏɠ Űɞɡ test set. 

iv. ɇɏɚɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭɝɘɞɚɧɔɖůɖ ɔɘŬ Űɞ əɎɗŮ ɏɜŬ ɛɞɜŰɏɚɞ əɘ ŮˊɘɚɏɔŮŰŬɘ ŬɡŰɧ ɛŮ Űɖ 

ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ, ŭɖɚŬŭɐ ŬɡŰɧ, Űɞɡ ɞˊɞɑɞɡ ɞɘ ˊɟɞɓɚɏɣŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ, 

ŮɑɜŬɘ ˊɘɞ əɞɜŰɎ ɛŮ Űɘɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ Űɞɡ test set. 

ȼ ɡɚɞˊɞɑɖůɖ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ əŬɚŮɑŰŬɘ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ (cross-validation). ȷɡŰɐ 

ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 3.5 ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŰŬ ůŰɎŭɘŬ ii , iii  əŬɘ iv. ɆŰɞ ˊŬɟɧɜ, 

ŭɑɜŮŰŬɘ ɏɛűŬůɖ ůŰɖ ŭɘŬŭɘəŬůɑŬ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ (ůŰɎŭɘɞ i) ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛŮŰɏˊŮɘŰŬ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɛŮɗɧŭɤɜ ˊŬɟŮɛɓɞɚɐɠ. ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ 

ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ (machine learning) əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮ ůəɞˊɧ Űɖ 

ŭɘŬɛɧɟűɤůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, Űɖɜ ŮəˊŬɑŭŮɡůɖ əɘ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬəɟɑɓŮɘɎɠ Űɞɡɠ (King et al. 2021). 

ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŮɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ:  

¶ Hold-out 

¶ K-folds 

¶ Leave-one-out 

¶ Leave-p-out 

¶ Stratified K-folds 

¶ Repeated K-folds 

¶ Nested K-folds 

¶ Time series cross-validation 
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ɆŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ, ŮűŬɟɛɧůŰɖəŮ ɖ ɛɏɗɞŭɞɠ çHold-outè. H ɛɏɗɞŭɞɠ ŬɡŰɐ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ŬˊɞəɚɑůŮɤɜ ɛŮŰŬɝɨ Űɖɠ çŬɜŬŰɟɞűɞŭɧŰɖůɖɠè əŬɘ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ Űɤɜ ɛɞɜŰɏɚɤɜ 

(Yadav and Shukla, 2016; Kopper et al., 2020). ɀŮŰŬɝɨ Ɏɚɚɤɜ, ɗŮɤɟŮɑŰŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɞ ŬɝɘɧˊɘůŰŮɠ 

ɛŮɗɧŭɞɡɠ ůŰɞɜ əŬɗɞɟɘůɛɧ Űɞɡ training set əŬɘ test set, əŬɗɩɠ əŬɘ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ Ůɜɧɠ 

ɛɞɜŰɏɚɞɡ ˊɟɧɓɚŮɣɖɠ (Hastie et al., 2009; Refaeilzadeh et al., 2009; James et al., 2013). ɄɟɧəŮɘŰŬɘ ɔɘŬ 

ɛɘŬ ůɡɜɖɗɘůɛɏɜɖ ŰŮɢɜɘəɐ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ ŬəɟɑɓŮɘŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ˊɞɡ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɛŮɔɎɚɞɠ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ŭɘŬɢɤɟɘůɛɧ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ůŮ ŭɨɞ ɛɏɟɖ ɛŮ ůəɞˊɧ Űɖ ɢɟɐůɖ Űɞɡ Ůɜɧɠ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ Űɞɡ Ɏɚɚɞɡ 

ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ əŬɘ Űɞɜ ɏɚŮɔɢɧ Űɞɡ.  

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖɜ çHold-outè, ɛŮ ůəɞˊɧ Űɞ ŭɘŬɢɤɟɘůɛɧ Űɞɡ ůɡɜɧɚɞɡ 

ŭŮŭɞɛɏɜɤɜ, ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůɡɜɞˊŰɘəɎ ůŰɞ ɆɢɐɛŬ 3.2. ɆɨɛűɤɜŬ ɛô ŬɡŰɧ, Űɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ 

ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ɡˊɞůɨɜɞɚŬ. ɇɞ ˊɟɩŰɞ ɡˊɞůɨɜɞɚɞ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ training set, Ůɜɩ Űɞ ŭŮɨŰŮɟɞ 

ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ Űɞ test set. ɇɞ ˊɞůɞůŰɧ ŭɘŬɢɤɟɘůɛɞɨ ŬˊɞűŬůɑɕŮŰŬɘ ɛŮ ɓɎůɖ Űɞɜ ɧɔəɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ. Ɇɡɜɐɗɤɠ, əŬŰɎ Űɞ ŭɘŬɢɤɟɘůɛɧ (split) Űɞɡ ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ, Űɞ 70-80% 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ əŬɘ Űɞ 20-30% ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬɜŰɑůŰɞɘɢŬ ɔɘŬ Űɖ ŭɞəɘɛɐ Űɞɡ 

ɛɞɜŰɏɚɞɡ. ȷɡŰɐ ɖ ŰŮɢɜɘəɐ ɗŮɤɟŮɑŰŬɘ ɤɠ ɖ ˊɚɏɞɜ əŬŰɎɚɚɖɚɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ůŰɧɢɞɠ ŮɑɜŬɘ ɜŬ 

ůɡɔəɟɘɗɞɨɜ ŰŬ ɛɞɜŰɏɚŬ ɛŮ ɓɎůɖ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡ ŮəɎůŰɞŰŮ ɛɞɜŰɏɚɞɡ ůŰɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŭɞəɘɛɐɠ 

əŬɘ ɜŬ ŮˊɘɚŮɔŮɑ ɖ ˊɚɏɞɜ ɓɏɚŰɘůŰɖ ɛɏɗɞŭɞɠ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ, ɤɠ ˊɟɞɠ Űɖɜ Ŭˊɧŭɞůɐ Űɖɠ.  

 

 

 

 

 

 

ɆɢɐɛŬ 3.2: ȼ ŭɘŬŭɘəŬůɑŬ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ çHold-outè  

 

ɄŬɟɧŰɘ ɖ ůɡɔəŮəɟɘɛɏɜɖ ˊɟɞůɏɔɔɘůɖ ɏɢŮɘ Űɞ ˊɚŮɞɜɏəŰɖɛŬ, ɧŰɘ ŮɑɜŬɘ Ŭˊɚɐ ůŰɖɜ ŮűŬɟɛɞɔɐ, ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ŮɡŬɑůɗɖŰɖ ůŰɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŰŬ ŭŮŭɞɛɏɜŬ ɢɤɟɑɕɞɜŰŬɘ ůŰŬ ŭɨɞ ɡˊɞůɨɜɞɚŬ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭŮ ɔɑɜŮɘ ŰɡɢŬɑŬ, ŰɧŰŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛŮɟɞɚɖˊŰɘəɎ. ȷɡŰɧ ɗŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ əŬɚɐ ˊɟɞůŬɟɛɞɔɐ Űɞɡ 

ŮəɎůŰɞŰŮ ɛɞɜŰɏɚɞɡ ůŰɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŭɞəɘɛɐɠ (test set). ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ŰŬ ɛɞɜŰɏɚŬ 

çŮəˊŬɘŭŮɨɞɜŰŬɘè ůŰɞ ɜŬ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ əŬɚɎ əŬɘ ɜŬ ɓŮɚŰɘɩɜɞɡɜ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɞ 

ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŭɞəɘɛɐɠ (test set). ɆɡɜŮˊɩɠ, əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŭɘŬɢɤɟɘůɛɞɨ Űɞɡ Ŭɟɢɘəɞɨ ůɡɜɧɚɞɡ 

ŭŮŭɞɛɏɜɤɜ ůŮ training set əŬɘ test set, ɗŬ ˊɟɏˊŮɘ ŬɡŰɎ ɜŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ŰɡɢŬɑɞ, ŬɚɚɎ 
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ɘůɞɟɟɞˊɖɛɏɜɞ ŭŮɑɔɛŬ ŭŮŭɞɛɏɜɤɜ, ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ɤɠ ˊɟɞɠ Űɖɜ ŮˊɘɗɡɛɖŰɐ əɚɎůɖ ůŰɖɜ ɞˊɞɑŬ ɗŬ 

ɔɑɜŮɘ ɖ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ (ˊ.ɢ. 80-20%). 

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ, ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ Ŭəɞɚɞɨɗɤɠ. 

ɇɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 618 ɔŮɤŰɟɐůŮɘɠ. ȷˊɧ ŬɡŰɏɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ 

492 (80%) ɤɠ training set əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ 126 (20%) ɤɠ test set (ɆɢɐɛŬ 3.3). ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ 

əŬŰŬɜɞɛɐ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ŮɑɜŬɘ ɞɛŬŭɞˊɞɘɖɛɏɜɖ (clustered) (ɆɢɐɛŬ 3.4), ɖ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ 

ɢɤɟɑůŰɖəŮ ůŮ 5 ɡˊɞˊŮɟɘɞɢɏɠ ɛŮ ůəɞˊɧ Űɖɜ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ əŬɚɨŰŮɟɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɞɡ training 

set, Ŭəɧɛɖ əŬɘ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ Űɞ ůɡɜɞɚɘəɧ ŭɑəŰɡɞ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ŭŮɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ˊɡəɜɧ ɐ ŮɑɜŬɘ 

ŭɘɎůˊŬɟŰɞ. ũɘŬ əɎɗŮ ɛɑŬ ɡˊɞˊŮɟɘɞɢɐ ŮˊɘɚɏɢɗɖəŮ Űɞ 80% Űɤɜ ɔŮɤŰɟɐůŮɤɜ ɤɠ training set əŬɘ ůŰɞ Űɏɚɞɠ 

ŭɘŬɛɞɟűɩɗɖəŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ˊɞůɞůŰɧ ɔɘŬ Űɖ ůɡɜɞɚɘəɐ ˊŮɟɘɞɢɐ. ɀô ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ 

əŬɘ ɞɘ ɗɏůŮɘɠ Űɤɜ ɔŮɤŰɟɐůŮɤɜ Űɞɡ test set (ɡˊɧɚɞɘˊɞ 20%), ɞɘ ɞˊɞɑŮɠ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛŮŰɏˊŮɘŰŬ 

ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ɛɞɜŰɏɚɞɡ, ŭɖɚŬŭɐ Űɤɜ ɛŮɗɧŭɤɜ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ. 

ɆɢɐɛŬ 3.3: ɈˊɞŭɘŬɑɟŮůɖ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ ůŮ ɛɘəɟɧŰŮɟŮɠ ˊŮɟɘɞɢɏɠ əŬɘ ˊŬɟɞɡůɑŬůɖ  

Űɤɜ ɔŮɤŰɟɐůŮɤɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŰŬ ɡˊɞůɨɜɞɚŬ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ (training set)  

əŬɘ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ ŬəɟɑɓŮɘɎɠ Űɞɡ (test set) 
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ɆɢɐɛŬ 3.4: ȷˊɞŰŮɚɏůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ɧˊɤɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ 

Average Nearest Neighbor ï ANN ɛɏůɤ ArcGIS  

 

ȺəŰɧɠ Ŭˊɧ Űɞ ɢɤɟɘəɧ əɟɘŰɐɟɘɞ ˊɞɡ ɚɐűɗɖəŮ ɡˊɧɣɖ, ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ training set ŮˊɘɚɏɢɗɖəŬɜ 

əŬŰɎ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ɔŮɤŰɟɐůŮɘɠ, ůŰɘɠ ɞˊɞɑŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ɧɚɞɘ ɞɘ ŮɝŮŰŬɕɧɛŮɜɞɘ ůɢɖɛŬŰɘůɛɞɑ. ȷɡŰɧ 

ŮˊɘŰŮɨɢɗɖəŮ ɛŮ Űɖɜ Ŭˊɧŭɞůɖ ɓŬɟɩɜ, ɛŮ ůəɞˊɧ Űɖɜ ɘŮɟɎɟɢɖůɖ Űɤɜ ɔŮɤŰɟɐůŮɤɜ əŬŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡɠ, 

ɞɨŰɤɠ ɩůŰŮ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ŮɝŬɑɟŮůɖ ɗɏůŮɤɜ ɛŮ ůɖɛŬɜŰɘəɐ ɔŮɤɚɞɔɘəɐ əŬɘ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ 

ˊɚɖɟɞűɞɟɑŬ ůŮ ɓɎɗɞɠ. ȼ ɢɟɐůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ əɟɘŰɖɟɑɞɡ ˊŬɟɧŰɘ ŮɛˊŮɟɘɏɢŮɘ Ŭəɧɛɖ ɛɑŬ 

ˊŬɟɎɛŮŰɟɞ ɔɘŬ Űɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ ŰŮɚɘəɞɨ training set, ɗŮɤɟŮɑŰŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɞɡɠ ůəɞˊɞɨɠ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɏɟŮɡɜŬɠ. 

ɆŰɞ ɆɢɐɛŬ 3.5 ́ ŬɟɞɡůɘɎɕŮŰŬɘ ŰɛɐɛŬ Űɞɡ əɩŭɘəŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖ ŭɘŬŭɘəŬůɑŬ Ůˊɘɚɞɔɐɠ 

Űɤɜ training set əŬɘ test set ůɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ çHold-outè. ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŮˊŮɝŮɟɔɎůŰɖəŬɜ 

ˊɟɞɐɚɗŬɜ Ŭˊɧ ŬɟɢŮɑŬ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ 

ɔŮɤŰɟɐůŮɤɜ əŬɘ Űɖ ɔŮɜɘəɐ ɔŮɤɚɞɔɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ŬɜɎ ɓɎɗɖ. ȷɡŰɎ ɡˊɏůŰɖůŬɜ 

ŮˊŮɝŮɟɔŬůɑŬ ůŮ ˊŮɟɘɓɎɚɚɞɜ node.js, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Javascript. ȼ 

ŭɘŬŭɘəŬůɑŬ ɝŮəɘɜɎŮɘ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ splitAreas əŬɘ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ůŰɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ɡˊɞˊŮɟɘɞɢɏɠ. ȰˊŮɘŰŬ, ɔɘŬ əɎɗŮ ɛɘŬ ˊŮɟɘɞɢɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ůɡɜɎɟŰɖůɖ addBorWeight 

ɛŮ ůəɞˊɧ ɜŬ ˊɟɞůŰŮɗɞɨɜ ɓɎɟɖ ůŰɘɠ ɔŮɤŰɟɐůŮɘɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŰŬ ŭŮŭɞɛɏɜŬ ŰŬɝɘɜɞɛɐɗɖəŬɜ ůɨɛűɤɜŬ 

ɛŮ Űɞ ɓɎɟɞɠ Űɞɡɠ əŬŰɎ űɗɑɜɞɡůŬ ůŮɘɟɎ, Ŭűɞɨ ˊɟɩŰŬ ŬɜŬŭɘŬŰɎɢɗɖəŬɜ ɛŮ ŰɡɢŬɑŬ ůŮɘɟɎ ɛŮ Űɖ ɢɟɐůɖ 
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Űɖɠ shuffleAndSort. ȷˊɧ Űɞɜ ˊɑɜŬəŬ ˊɞɡ ˊɟɞɏəɡɣŮ, ŮˊɘɚɏɢɗɖəŬɜ ŰŬ ˊɟɩŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ 

ůŰɞ 80% Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ůəɞˊɧ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ training set. ɇɞ ɡˊɧɚɞɘˊɞ 20% Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬˊɏɛŮɘɜŮ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞ test set. ɀŮ Űɖ ɢɟɐůɖ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ xlsx 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ŮɝŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ŬɟɢŮɑŬ ɛɞɟűɐɠ excel ɛŮ ůəɞˊɧ Űɖɜ ˊŮɟŬɘŰɏɟɤ 

ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɛŮɗɧŭɤɜ ˊŬɟŮɛɓɞɚɐɠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 3.5: ɇɛɐɛŬ əɩŭɘəŬ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖ ŭɘŬŭɘəŬůɑŬ Ůˊɘɚɞɔɐɠ  

Űɤɜ training set əŬɘ test set ůɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ çHold-outè 
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3.5. ȷɝɘɞɚɧɔɖůɖ ɛŮɗɧŭɤɜ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ əŬɘ ɔŮɤůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ 

Ƀ ůŰɧɢɞɠ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ ŬəɟɑɓŮɘŬɠ (cross validation) ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ ůɢŮŰɘəɎ ɛŮ ˊɞɘɎ 

Ŭˊɧ Űɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ɛŮɗɧŭɞɡɠ, ˊŬɟɏɢŮɘ Űɘɠ ˊɘɞ ŬəɟɘɓŮɑɠ ˊɟɞɓɚɏɣŮɘɠ (Schneider and Martinoni, 2001). 

Ⱥˊɞɛɏɜɤɠ, ɛɏůɤ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ɛŮɗɧŭɞɡ ɢɤɟɘəɐɠ 

ˊŬɟŮɛɓɞɚɐɠ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ ɖ ɛɘəɟɧŰŮɟɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ ɛŮŰɟɐůŮɤɜ 

əŬɘ Űɤɜ ŮəŰɘɛɩɛŮɜɤɜ Űɘɛɩɜ, ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ŭɘɎűɞɟɤɜ ɛŮɗɧŭɤɜ ɢɤɟɘəɐɠ 

ˊŬɟŮɛɓɞɚɐɠ. ȼ ůɡɔəɟɘŰɘəɐ ŬɜɎɚɡůɖ ɛŮŰŬɝɨ ŭɘɎűɞɟɤɜ ɛŮɗɧŭɤɜ ˊŬɟŮɛɓɞɚɐɠ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ 

ŭɘŮɟŮɨɜɖůɖɠ ˊɞɚɚɩɜ ɛŮɚŮŰɖŰɩɜ, Űɧůɞ ůŮ Ŭɛɘɔɩɠ ɔŮɤŰŮɢɜɘəɐɠ űɨůŮɤɠ ŬɜŰɘəŮɑɛŮɜŬ (Al -Mamoori et 

al., 2021; Hassan et al., 2023; Ijaz et al., 2023) ɧůɞ əŬɘ ůŮ ɔŮɤɚɞɔɘəɎ, ɡŭɟɞɔŮɤɚɞɔɘəɎ, ɛŮŰŮɤɟɞɚɞɔɘəɎ 

əŬɘ ɚɞɘˊɎ ˊŮŭɑŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ (Adhikary and Dash, 2017; Meng et al., 2018; Amini et al., 2019; 

Boumpoulis et al., 2023). 

3.5.1 ɆŰŬŰɘůŰɘəɞɑ ŭŮɑəŰŮɠ 

ɆŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ, ŰŬ ɡˊɎɟɢɞɜŰŬ ůɨɜɞɚŬ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ əŬɘ ŮəŰɘɛɩɛŮɜɤɜ Űɘɛɩɜ 

ŭɘŬůŰŬɡɟɩɗɖəŬɜ ɔɘŬ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ əŬŰŬɚɚɖɚɧŰɖŰŬ Űɤɜ ɛŮɗɧŭɤɜ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, ɖ ůŰŬŰɘůŰɘəɐ 

ŬɓŮɓŬɘɧŰɖŰŬ ɛˊɞɟŮɑ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ əŬɘ ɜŬ ŮˊɘɚŮɔŮɑ ɖ ɓɏɚŰɘůŰɖ ɛɏɗɞŭɞɠ ˊŬɟŮɛɓɞɚɐɠ (Guarascio 

et al., 1976; Knudsen and Kim, 1978; Isaaks and Srivastava, 1990). Ƀ ɏɚŮɔɢɞɠ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ 

ɛŮɗɧŭɞɡ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ ŭɘɎűɞɟɤɜ ůŰŬŰɘůŰɘəɩɜ ŭŮɘəŰɩɜ ˊɞɡ 

ɡˊɞɚɞɔɑůŰɖəŬɜ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰŬ ũɄɆ (Salih əŬɘ Mohammed, 2017; Ahmed et al., 

2020). ȷəɞɚɞɨɗɤɠ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ ůŰŬŰɘůŰɘəɞɑ ŭŮɑəŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬŰɎ Űɖ 

ŭɘŬŭɘəŬůɑŬ ŭɘŮɟŮɨɜɖůɖɠ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ɛŮɗɧŭɞɡ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ. 

ɀɏůɞ ȷˊɧɚɡŰɞ ɆűɎɚɛŬ (Mean Absolute Error - MAE)  

ɇɞ ɛɏůɞ ŬˊɧɚɡŰɞ ůűɎɚɛŬ (MAE) ŮɑɜŬɘ ɞ ɛɏůɞɠ ɧɟɞɠ ůŰɞ ŭŮɑɔɛŬ ŭɞəɘɛɐɠ Űɤɜ ŬˊɧɚɡŰɤɜ 

ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ˊŬɟŬŰɖɟɞɨɛŮɜɖɠ əŬɘ ŮəŰɘɛɩɛŮɜɖɠ Űɘɛɐɠ. ȾŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

                                                 MAE =     ȿ ȿ   
                            (3.3) 

ɧˊɞɡ: 

Ɂ: ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ ůɖɛŮɑɤɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ,  

xi: ɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ Űɘɛɐ ůŮ ɛɘŬ ɗɏůɖ (i) əŬɘ  

yi: ɖ ŮəŰɘɛɩɛŮɜɖ Űɘɛɐ ůŰɖɜ i-ɞůŰɐ ɗɏůɖ.  

ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɧůɞ ɢŬɛɖɚɧŰŮɟɖ ŮɑɜŬɘ ɖ Űɘɛɐ ɔɘŬ Űɞ MAE Űɧůɞ əŬɚɨŰŮɟŬ ɏɜŬ ɛɞɜŰɏɚɞ, ůŰɖɜ 

ˊɟɞəŮɘɛɏɜɖ ɛɏɗɞŭɞ ˊŬɟŮɛɓɞɚɐɠ, ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ˊɟɞůŬɟɛɧůŮɘ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. 
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ɀɏůɞ ɇŮŰɟŬɔɤɜɘəɧ ɆűɎɚɛŬ (Mean Squared Error - MSE) 

ɇɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (MSE) ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ ˊɞůɞŰɘəɞˊɞɘɐůŮɘ Űɖɜ 

Ŭˊɧəɚɘůɖ ɛɑŬɠ Űɘɛɐɠ ˊɞɡ ŮəŰɘɛɐɗɖəŮ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɐ Űɘɛɐ Űɖɠ ˊɞůɧŰɖŰŬɠ ˊɞɡ ŮɟŮɡɜɎŰŬɘ 

əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

                                                                    MSE =                                    (3.4) 

ɧ́ ɞɡ: 

Ɂ: ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ ůɖɛŮɑɤɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ,  

xi: ɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ Űɘɛɐ ůŮ ɛɘŬ ɗɏůɖ (i) əŬɘ  

yi: ɖ ŮəŰɘɛɩɛŮɜɖ Űɘɛɐ ůŰɖɜ i-ɞůŰɐ ɗɏůɖ.  

ȳůɞ ɢŬɛɖɚɧŰŮɟɖ ŮɑɜŬɘ ɖ Űɘɛɐ ɔɘŬ Űɞ MSE Űɧůɞ əŬɚɨŰŮɟŬ ɛɑŬ ɛɏɗɞŭɞɠ ˊŬɟŮɛɓɞɚɐɠ ŮɑɜŬɘ ůŮ ɗɏůɖ 

ɜŬ ˊɟɞůŬɟɛɧůŮɘ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. 

 

ɅɑɕŬ Űɞɡ ɀɏůɞɡ ɇŮŰɟŬɔɤɜɘəɞɨ ɆűɎɚɛŬŰɞɠ (Root Mean Square Error - RMSE) 

ɇɞ RMSE ŮɑɜŬɘ ɏɜŬɠ ŭŮɑəŰɖɠ ˊɞɡ ɛŮŰɟɎ Ůˊɑůɖɠ Űɞ ɛɏůɞ ɛɏɔŮɗɞɠ Űɞɡ ůűɎɚɛŬŰɞɠ. ȺɑɜŬɘ ɖ 

ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ŮəŰɘɛɩɛŮɜɖɠ əŬɘ 

ˊŬɟŬŰɖɟɞɨɛŮɜɖɠ Űɘɛɐɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ Ůɝɑůɤůɖ: 

                                                                 RMSE =                                    (3.5) 

ɧ́ ɞɡ: 

Ɂ: ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ ůɖɛŮɑɤɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ,  

xi: ɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ Űɘɛɐ ůŮ ɛɘŬ ɗɏůɖ (i) əŬɘ  

yi: ɖ ŮəŰɘɛɩɛŮɜɖ Űɘɛɐ ůŰɖɜ i-ɞůŰɐ ɗɏůɖ.  

ȳůɞ ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ RMSE, Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ˊɟɞɓɚŮˊɧɛŮɜɤɜ 

əŬɘ Űɤɜ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ Űɘɛɩɜ, ˊɟɎɔɛŬ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ɛɏɗɞŭɞɠ ˊŬɟŮɛɓɞɚɐɠ ˊɟɞůŬɟɛɧɕŮŰŬɘ 

ɢŮɘɟɧŰŮɟŬ ůŰŬ ŭŮŭɞɛɏɜŬ. ȾŬɗɩɠ Űɞ RMSE ˊɚɖůɘɎɕŮɘ Űɞ ɛɖŭɏɜ, ɖ ŮəŰɑɛɖůɖ ŮɑɜŬɘ ˊɘɞ Ŭəɟɘɓɐɠ.  

 

ɆɡɜŰŮɚŮůŰɐɠ ɆɡůɢɏŰɘůɖɠ Pearson (Pearsonôs corellation coefficient - P.Correlation) 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ Pearson ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŬˊɞəŬɚɨɣŮɘ Űɞ ɓŬɗɛɧ ŮɝɎɟŰɖůɖɠ Űɖɠ 

ɛɘŬɠ ɛŮŰŬɓɚɖŰɐɠ Ŭˊɧ Űɖɜ Ɏɚɚɖ. ȾŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɛɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ Űɞɡ Ůɨɟɞɡɠ [ī1, +1] əŬɘ 

ɖ ɘůɢɡɟɧŰŮɟɖ ɗŮŰɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ əɘ ŮəŰɘɛɩɛŮɜɤɜ Űɘɛɩɜ ŮɛűŬɜɑɕŮŰŬɘ ɧŰŬɜ Űɞ P. 

Correlation ˊɟɞůŮɔɔɑɕŮɘ Űɖɜ Űɘɛɐ 1.  
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ɆɡɜŰŮɚŮůŰɐɠ Ʉɟɞůŭɘɞɟɘůɛɞɨ (Coefficient of determination - 2) 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ (2), ɡˊɞɚɞɔɑɕŮŰŬɘ ɡɣɩɜɞɜŰŬɠ ůŰɞ ŰŮŰɟɎɔɤɜɞ Űɞɜ ůɡɜŰŮɚŮůŰɐ 

ůɡůɢɏŰɘůɖɠ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ŮəűɟɎɕŮɘ ůŮ ˊɞɘɞ ɓŬɗɛɧ ɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ 

ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ (ŮəŰɘɛɩɛŮɜɖ Űɘɛɐ) ŮɝɖɔŮɑŰŬɘ Ŭˊɧ Űɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ŬɜŮɝɎɟŰɖŰɖɠ 

(ˊŬɟŬŰɖɟɞɨɛŮɜɖ Űɘɛɐ). ɄŬɑɟɜŮɘ ůɡɜɐɗɤɠ Űɘɛɏɠ ůŰɞ Ůɨɟɞɠ [0, +1] əŬɘ ɖ Űɘɛɐ 1 ɡˊɞŭɖɚɩɜŮɘ, ɧŰɘ ɞɘ 

ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ. 

 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ, əɟɑɗɖəŮ ůəɧˊɘɛɞ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŮəŰŮɜɩɠ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɤɜ ɛŮɗɧŭɤɜ ˊŬɟŮɛɓɞɚɐɠ, ́ ɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ əŬŰŬůəŮɡɐ 

Űɤɜ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ɓɎɗɞɡɠ əŬɘ ˊɎɢɞɡɠ ŮɛűɎɜɘůɖɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 5.3.1. Ƀɘ ŰɟŮɘɠ ɛɏɗɞŭɞɘ ˊŬɟŮɛɓɞɚɐɠ ůɡɔəɟɑɗɖəŬɜ əɘ 

ŬɝɘɞɚɞɔɐɗɖəŬɜ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ əŬɘ Űɘɠ ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ ɔɘŬ əɎɗŮ ɛɑŬ ˊŮɟɑˊŰɤůɖ.  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ůŰŬŰɘůŰɘəɩɜ ŭŮɘəŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ( ɑ́ɜŬəŬɠ 3.1) ɏŭŮɘɝŬɜ, ɧŰɘ ɖ 

ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ Topo to Raster ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ɎɚɚŮɠ 

ɛŮɗɧŭɞɡɠ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ůŰŬŰɘůŰɘəɎ ůűɎɚɛŬŰŬ (MAE, 

MSE, RMSE) ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ Űɖɜ Topo to Raster ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟŬ ůŮ ɧɚŬ ŰŬ ɓɎɗɖ əŬɘ ˊɎɢɖ 

Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ. ɋůŰɧůɞ, ɞɘ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ ůűŬɚɛɎŰɤɜ ɔɘŬ Űɘɠ 

ɛŮɗɧŭɞɡɠ Topo to Raster əŬɘ IDW ŭŮɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɛŮɔɎɚŮɠ. ȷɝɘɞůɖɛŮɑɤŰɞ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ, ɧŰɘ Űɞ 

MSE ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ɔɘŬ Űɖɜ Ordinary Kriging ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ, ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɎ ɛɘəɟɧŰŮɟɞ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ŭŮɑəŰɖ ɔɘŬ Űɘɠ ŬˊɞɗɏůŮɘɠ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ 

ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ, ɧŰɘ ɔɘŬ Űɘɠ ŰŮɢɜɖŰɏɠ ŮˊɘɢɩůŮɘɠ, ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ 

ŮəŰɘɛɩɛŮɜɖɠ əŬɘ ˊŬɟŬŰɖɟɞɨɛŮɜɖɠ Űɘɛɐɠ Ø Ù  ŭŮɜ ŮɑɜŬɘ ɛŮɔɎɚɖ. ȷɡŰɧ ůɖɛŬɑɜŮɘ, ɧŰɘ ɞ ɓŬɗÕɧɠ 

ɞÕɞɘɞɔɏɜŮɘŬɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɖɛŮɑɤɜ ɛŮŰŬɝɨ ŮəŰɘɛɩɛŮɜɤɜ əŬɘ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ Űɘɛɩɜ ŮɑɜŬɘ 

ɛŮɔɎɚɞɠ. ȷɜŰɑůŰɞɘɢŬ, ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɔŮɤŰɟɐůŮɤɜ, ɖ ŭɘŬűɞɟɎ ŬɜɎɛŮůŬ ůŰɘɠ 

ŮəŰɘɛɩɛŮɜŮɠ əŬɘ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ Űɘɛɏɠ ɔɘŬ Űɞ ɓɎɗɞɠ əŬɘ ˊɎɢɞɠ Űɤɜ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ 

ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔɎɚɖ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŬŭɡɜŬɛɑŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɛŮɗɧŭɞɡ 

ɜŬ ˊŬɟɎɔŮɘ ɓɏɚŰɘůŰŮɠ ŮˊɘűɎɜŮɘŮɠ ˊŬɟŮɛɓɞɚɐɠ ɔɘŬ Űɞɡɠ ůɡɔəŮəɟɘɛɏɜɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ.  

Ⱥˊɘˊɚɏɞɜ, ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ Pearson əŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ɡˊɞŭŮɘəɜɨɞɡɜ 

ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ Ordinary Kriging, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ŭɨɞ ɛŮɗɧŭɞɡɠ 

Ŭ́ɟŮɛɓɞɚɐɠ. Ⱥˊɑůɖɠ, ɞɘ Topo to Raster əŬɘ IDW ˊŬɟɞɡůɘɎɕɞɡɜ ˊɞɚɨ əɞɜŰɘɜɏɠ Űɘɛɏɠ, Ůɜɩ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞɡ P.Correlation ɔɘŬ Űɞ ɓɎɗɞɠ Űɤɜ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ əŬɘ ŰŬ ˊɎɢɖ Űɤɜ ŬˊɞɗɏůŮɤɜ 

ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ, ŬɡŰɏɠ ɞɘ Űɘɛɏɠ ŮɑɜŬɘ ɑŭɘŮɠ.  
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ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ŬˊɞəɚɑůŮɘɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ 

Űɖ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ Ordinary Kriging ůŮ ůɢɏůɖ ɛŮ ŬɡŰɏɠ ˊɞɡ ŮəŰɘɛɐɗɖəŬɜ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ IDW əŬɘ 

Topo to Raster. ȼ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɐ ŭɖɛɘɞɡɟɔɑŬ ŮˊɘűŬɜŮɘɩɜ ɛŮ Űɖ ɛɏɗɞŭɞ Ordinary Kriging ŬˊɞŭɑŭŮŰŬɘ 

əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖ ůɡɜɞɚɘəɐ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ˊɞɡ ɚɐűɗɖəŬɜ ɡˊɧɣɖ ɤɠ 

ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ Űɘɛɏɠ. ɇɏɚɞɠ, ŬɜŰɘˊŬɟŬɓɎɚɚɞɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ůŰŬŰɘůŰɘəɩɜ ŭŮɘəŰɩɜ Űɤɜ 

ŮɜŬˊɞɛŮɑɜŬɜŰɤɜ ɛŮɗɧŭɤɜ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ Topo to Raster ɗŮɤɟŮɑŰŬɘ ɖ 

ɓɏɚŰɘůŰɖ, əŬɗɩɠ ɡˊŮɟŰŮɟŮɑ Űɖɠ IDW.  

 

ɄɑɜŬəŬɠ 3.1: ȷˊɞŰŮɚɏůɛŬŰŬ ůŰŬŰɘůŰɘəɩɜ ŭŮɘəŰɩɜ ɔɘŬ Űɘɠ ɛŮɗɧŭɞɡɠ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ˊɞɡ ŬɝɘɞɚɞɔɐɗɖəŬɜ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MAE (m) MSE (m) RMSE (m) P. Correlation (m) R^2 (m) 

Ordinary Kriging 1.21 2.76 1.66 0.80 0.65

Topo to Raster 0.39 0.53 0.73 0.97 0.93

IDW 0.43 0.63 0.80 0.96 0.92

MAE (m) MSE (m) RMSE (m) P. Correlation (m) R^2 (m) 

Ordinary Kriging 1.23 2.83 1.68 0.80 0.64

Topo to Raster 0.41 0.55 0.74 0.96 0.93

IDW 0.44 0.68 0.82 0.96 0.91

MAE (m) MSE (m) RMSE (m) P. Correlation (m) R^2 (m) 

Ordinary Kriging 4.61 49.90 7.06 0.81 0.65

Topo to Raster 1.74 10.40 3.22 0.96 0.93

IDW 1.83 12.13 3.48 0.96 0.92

MAE (m) MSE (m) RMSE (m) P. Correlation (m) R^2 (m) 

Ordinary Kriging 4.70 51.36 7.17 0.81 0.66

Topo to Raster 1.79 11.98 3.46 0.96 0.92

IDW 1.87 13.63 3.69 0.95 0.91

MAE (m) MSE (m) RMSE (m) P. Correlation (m) R^2 (m) 

Ordinary Kriging 3.92 30.53 5.53 0.89 0.79

Topo to Raster 1.27 6.11 2.47 0.98 0.96

IDW 1.35 7.12 2.67 0.98 0.95

MAE (m) MSE (m) RMSE (m) P. Correlation (m) R^2 (m) 

Ordinary Kriging 4.42 42.01 6.48 0.76 0.57

Topo to Raster 1.50 9.25 3.04 0.95 0.91

IDW 1.64 11.14 3.34 0.94 0.89

ɀɏɗɞŭɞɘ ˊŬɟŮɛɓɞɚɐɠ
ɄɎɢɞɠ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ

ɀɏɗɞŭɞɘ ˊŬɟŮɛɓɞɚɐɠ
ȸɎɗɞɠ ŬˊɞɗɏůŮɤɜ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ

ɀɏɗɞŭɞɘ ˊŬɟŮɛɓɞɚɐɠ
ɄɎɢɞɠ ŬˊɞɗɏůŮɤɜ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ

ɀɏɗɞŭɞɘ ˊŬɟŮɛɓɞɚɐɠ
ȸɎɗɞɠ ŬˊɞɗɏůŮɤɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ

ɀɏɗɞŭɞɘ ˊŬɟŮɛɓɞɚɐɠ
ɄɎɢɞɠ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ

ɀɏɗɞŭɞɘ ˊŬɟŮɛɓɞɚɐɠ
ȸɎɗɞɠ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ
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3.5.2 ȹɘŬɔɟɎɛɛŬŰŬ Taylor  

ȼ ůɨɔəɟɘůɖ Űɤɜ Űɟɘɩɜ ɛŮɗɧŭɤɜ ˊŬɟŮɛɓɞɚɐɠ, ŮˊɘŰŮɨɢɗɖəŮ ˊɏɟŬ Ŭˊɧ Űɖ ɢɟɐůɖ Űɤɜ ůŰŬŰɘůŰɘəɩɜ 

ŭŮɘəŰɩɜ əŬɘ ɛɏůɤ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Taylor. TŬ ŭɘŬɔɟɎɛɛŬŰŬ Taylor ŬˊɞŰŮɚɞɨɜ ɏɜŬ ůɖɛŬɜŰɘəɧ əɘ 

ŬɝɘɧˊɘůŰɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ˊɞɚɨˊɚɞəɤɜ ɛɞɜŰɏɚɤɜ əŬɘ ɛŮɗɧŭɤɜ, əŬɗɩɠ ŬɜŬˊŬɟɘůŰɞɨɜ, 

ůɡɜɞˊŰɘəɎ, Űɞ ɓŬɗɛɧ ˊɞɡ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɟɞůŮɔɔɑɕŮɘ Űɘɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ Űɘɛɏɠ (Űɘɛɏɠ 

ŬɜŬűɞɟɎɠ). ȼ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɟɘɩɜ ůŰŬŰɘůŰɘəɩɜ ɛŮɔŮɗɩɜ: Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ůɡůɢɏŰɘůɖɠ (Coefficient Correlation), Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ (Standard Deviation) əŬɘ Űɖɠ 

ɟɑɕŬɠ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ (RMSE). Ƀɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡůɢɏŰɘůɖɠ ˊɟɞəɨˊŰɞɡɜ 

Ŭˊɧ Űɘɠ ŬəŰɑɜŮɠ, Ůɜɩ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɞɡɠ ɎɝɞɜŮɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ, ɧˊɞɡ ɖ 

ůɨɜŭŮůɐ Űɞɡɠ ůɢɖɛŬŰɑɕŮɘ ɜɞɖŰɎ ɖɛɘəɨəɚɘŬ. ɇɏɚɞɠ, ɖ ɟɑɕŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ 

(RMSE) ŭɑɜŮŰŬɘ ɛɏůɤ Űɤɜ ɖɛɘəɡəɚɑɤɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ (ɆɢɐɛŬ 3.6) (Taylor, 2001). 

 

 

ɆɢɐɛŬ 3.6: ȺɜŭŮɘəŰɘəɧ ŭɘɎɔɟŬɛɛŬ Taylor  

 

Ⱥˊɞɛɏɜɤɠ, ɔɘŬ Űɖɜ ˊŬɟŬŰɖɟɞɨɛŮɜɖ Űɘɛɐ (x) əŬɘ Űɖɜ ŮəŰɘɛɩɛŮɜɖ Űɘɛɐ (y), ɞ ůɡɜŰŮɚŮůŰɐɠ 

ůɡůɢɏŰɘůɖɠ (R) əŬɘ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ŬɡŰɩɜ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ Ŭəɧɚɞɡɗɞɡɠ ɛŬɗɖɛŬŰɘəɞɨɠ Űɨˊɞɡɠ 

(Taylor, 2001): 

        Ὑ
В  

 (3.6) 
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      „ В ὼ ὼ               (3.7) 

                                                                 „ В ώ ώ                                              (3.8) 

ɧ́ ɞɡ: 

ůx : ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɖɠ ˊŬɟŬŰɖɟɞɨɛŮɜɖɠ Űɘɛɐɠ əŬɘ 

ůy: ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɖɠ ŮəŰɘɛɩɛŮɜɖɠ Űɘɛɐɠ.  

ȼ ɟɑɕŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ (RMSE) ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ 3.1 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ, ɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Taylor ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ Űɖɠ 

ůŰŬŰɘůŰɘəɐɠ ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ R (Hothorn and Everitt, 2014). ȼ ůɡɔəŮəɟɘɛɏɜɖ ɔɚɩůůŬ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ŭɘŬŰɑɗŮŰŬɘ ůŰɞ ŭɘŬŭɑəŰɡɞ (https://www.r-project.org/), ɔŮɔɞɜɧɠ ˊɞɡ ůɡɜɏɓŬɚɚŮ 

əŬɗɞɟɘůŰɘəɎ ůŰɖɜ ɟŬɔŭŬɑŬ ŬɜɎˊŰɡɝɐ Űɖɠ (R Core Team, 2016). ũɘŬ Űɖɜ ŮűŬɟɛɞɔɐ əŬɘ Űɖɜ Ůˊɑɚɡůɖ 

Űɤɜ ůŰŬŰɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ŮɘůɎɔɞɜŰŬɘ ˊŬəɏŰŬ (packages), ŰŬ ɞˊɞɑŬ Ůˊɑůɖɠ ŭɘŬŰɑɗŮɜŰŬɘ ŮɚŮɨɗŮɟŬ 

ůŰɞɡɠ ɢɟɐůŰŮɠ. ɀŮ ůəɞˊɧ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Taylor ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ˊŬəɏŰŬ 

Metrics əŬɘ plotrix. 

ȷɜŬɚɨɞɜŰŬɠ əɘ ŬɝɘɞɚɞɔɩɜŰŬɠ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Taylor (ɆɢɐɛŬ 3.7) ůɡɛˊŮɟŬɑɜŮŰŬɘ ɧŰɘ ɖ ɛɏɗɞŭɞɠ 

ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ Ordinary Kriging ŬɜŬˊŬɟɎɔŮɘ ŬɜŮˊŬɟəɩɠ ŰŬ ŭŮŭɞɛɏɜŬ. ɄŬɟɧŰɘ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ůɡůɢɏŰɘůɖɠ ɡˊŮɟɓŬɑɜŮɘ Űɞ 0.75 ůô ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ɞɘ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ əŬɘ 

Űɞɡ RMSE, ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɡˊɧɚɞɘˊŮɠ ɛŮɗɧŭɞɡɠ, Űɖɜ əŬɗɘůŰɞɨɜ ɛɖ ŬɝɘɧˊɘůŰɖ. ȷɜŰɘɗɏŰɤɠ, ɖ Topo 

to Raster əŬɘ ɖ IDW, ˊɟɞůŮɔɔɑɕɞɡɜ ˊɞɚɨ ɘəŬɜɞˊɞɘɖŰɘəɎ Űɘɠ ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ, ŮɛűŬɜɑɕɞɜŰŬɠ Űɞɡɠ 

ɛŮɔŬɚɨŰŮɟɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ůɡůɢɏŰɘůɖɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ɖ Topo to Raster ɡˊŮɟɏɢŮɘ Űɤɜ Ɏɚɚɤɜ ɛŮɗɧŭɤɜ, 

əŬɗɩɠ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɘəɟɧŰŮɟɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ, Űɖ ɛɘəɟɧŰŮɟɖ ɟɑɕŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ 

ůűɎɚɛŬŰɞɠ (RMSE) əŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ůɡɜŰŮɚŮůŰɐ ůɡůɢɏŰɘůɖɠ. 

ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ Ŭɝɘɞɚɧɔɖůɖ əŬɘ ůɡɜɞɚɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ŮɑɜŬɘ ˊɟɧŭɖɚɞ 

Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ˊɚɏɞɜ ɛɖ ŬɝɘɧˊɘůŰɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɖ Ordinary Kriging. ȼ ŬŭɡɜŬɛɑŬ Űɖɠ Ordinary 

Kriging ɜŬ ˊɟɞůɞɛɞɘɩůŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ŰŬ ɓɎɗɖ əŬɘ ˊɎɢɖ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ, əŬɗɘůŰɎ ŬɜŬˊɧűŮɡəŰɖ Űɖɜ ŮűŬɟɛɞɔɐ ɛɑŬɠ Ůə Űɤɜ ŭɨɞ Ɏɚɚɤɜ ɛŮɗɧŭɤɜ ɛŮ ɧůɞ Űɞ 

ŭɡɜŬŰɧɜ ɛɘəɟɧŰŮɟŮɠ ŬɓŮɓŬɘɧŰɖŰŮɠ. ɆɡɜŮˊɩɠ, Ŭˊɧ Űɖ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ, əŬɗɩɠ əŬɘ Űɖ ůɨɔəɟɘůɖ Űɤɜ 

ŭɘŬɔɟŬɛɛɎŰɤɜ ŭɘŬůˊɞɟɎɠ Űɤɜ Űɟɘɩɜ ɛŮɗɧŭɤɜ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ůɡɛˊŮɟŬɑɜŮŰŬɘ, ɧŰɘ ɖ Topo to 

Raster ŮɑɜŬɘ ɖ ˊɚɏɞɜ ɓɏɚŰɘůŰɖ ɛɏɗɞŭɞɠ, əŬɗɩɠ ŬɜŬˊŬɟɎɔŮɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɎ, Ůɜ ůɡɔəɟɑůŮɘ Űɤɜ 

ɡˊɞɚɞɑˊɤɜ ɛŮɗɧŭɤɜ, Űɘɠ ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ.  

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ȹȽȹȷȾɇɃɅȽȾȼ ȹȽȷɇɅȽȸȼ ȷ.Ɂ. ȾɃȾȾȷȿȷ                                                                                                                                      79                                                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 3.7: ȹɘŬɔɟɎɛɛŬŰŬ Taylor ůŰŬ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ůŰŬŰɘůŰɘəɐ ůɨɔəɟɘůɖ Űɤɜ ɛŮɗɧŭɤɜ ˊŬɟŮɛɓɞɚɐɠ: Ordinary kriging (ɟɞɕ), IDW (ɛˊɚŮ) əŬɘ Topo to raster 

(əɧəəɘɜɞ) ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ ˊɎɢɞɡɠ (1ɖ ůŮɘɟɎ) əŬɘ ɓɎɗɞɡɠ (2ɖ ůŮɘɟɎ) Űɤɜ ŰŮɢɜɖŰɩɜ ŮˊɘɢɩůŮɤɜ əŬɘ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ 
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4. ũŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ 

4.1. ũŮɤɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

4.1.1 ũŮɤɔɟŬűɘəɐ ɗɏůɖ 

ȼ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ əŮɜŰɟɘəɐ ɀŬəŮŭɞɜɑŬ, ůŰɖ ɓɧɟŮɘŬ 

ȺɚɚɎŭŬ. ȼ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬůŰɘəɐ ˊŮɟɘɞɢɐ ɛŬɕɑ ɛŮ ŰŬ ˊŮɟɑɢɤɟŬ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ 

əŬɘ əŬŰŬɚŬɛɓɎɜŮɘ ɏəŰŬůɖ 144 ËÍ. ȷɡŰɐ ɞɟɘɞɗŮŰŮɑŰŬɘ ɓɞɟŮɘŬɜŬŰɞɚɘəɎ Ŭˊɧ Űɖɜ Ʉɞɚɑɢɜɖ, Űɘɠ Ɇɡəɘɏɠ, 

Űɖɜ ȯɜɤ ɇɞɨɛˊŬ əŬɘ Űɖɜ ɄɡɚŬɑŬ, ɜɧŰɘŬ əŬɘ ɜɞŰɘɞŬɜŬŰɞɚɘəɎ Ŭˊɧ Űɖɜ ɄŮɟŬɑŬ əŬɘ Űɖ Ūɏɟɛɖ, ŭɡŰɘəɎ 

Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ ȾŬɚɞɢɤɟɑɞɡ əŬɘ Űɖɜ Ɂ. ɀŬɔɜɖůɑŬ, Ůɜɩ ˊɟɞɠ ɓɧɟŮɘŬ Ŭˊɧ Űɖɜ ȺɡəŬɟˊɑŬ (ɆɢɐɛŬ 4.1). 

ɆɢɐɛŬ 4.1: ɉɎɟŰɖɠ ŬˊŮɘəɧɜɘůɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 
 

ɇɞ ɈŭŬŰɘəɧ ȹɘŬɛɏɟɘůɛŬ (Ɉȹ) ȾŮɜŰɟɘəɐɠ ɀŬəŮŭɞɜɑŬɠ (GR 10), ůŰɞ ɞˊɞɑɞ ŮɜŰɎůůŮŰŬɘ ɖ ˊŮɟɘɞɢɐ 

ɏɟŮɡɜŬɠ (ɆɢɐɛŬ 4.2), ɏɢŮɘ ɏəŰŬůɖ 10.163,38 ËÍəŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɏůůŮɟɘɠ (4) ȿŮəɎɜŮɠ ȷˊɞɟɟɞɐɠ 

ɄɞŰŬɛɩɜ (ȿȷɄ): ȷɝɘɞɨ (GR03), ũŬɚɚɘəɞɨ (GR04), ɉŬɚəɘŭɘəɐɠ (GR05) əŬɘ ȯɗɤ (GR43). ȼ ˊŮɟɘɞɢɐ 

ɏɟŮɡɜŬɠ ŬɜɐəŮɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖ ȿȷɄ ɉŬɚəɘŭɘəɐɠ əŬɘ ɞɟɘŬəɎ ůŰɖ ȿȷɄ ũŬɚɚɘəɞɨ (ɆɢɐɛŬ 4.3). 
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ɃɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ ŰŬ ɧɟɖ KŮɟŭɨɚɘŬ, ȸŮɟŰɑůəɞɠ, KɟoɨůɘŬ əŬɘ ɀˊɏɚŮɠ ůŰŬ ŬɜŬŰɞɚɘəɎ, Űɞ ɧɟɞɠ 

ɄɎɘəɞ əŬɘ Űɖɜ ˊŮɟɘűŮɟŮɘŬəɐ ŰɎűɟɞ ůŰŬ ŭɡŰɘəɎ əŬɘ ůŰŬ ɓɧɟŮɘŬ Ŭˊɧ Űɖɜ ɞɟɞůŮɘɟɎ ȾŮɟəɑɜɖ (ɀˊɏɚŮɠ) 

əŬɘ ŰŬ ůɨɜɞɟŬ ȺɚɚɎŭŬɠ ï ȹɖɛɞəɟŬŰɑŬ Űɖɠ ȸ. ɀŬəŮŭɞɜɑŬɠ. ɆŰŬ ŬɜŬŰɞɚɘəɎ ůɡɜɞɟŮɨŮɘ ɛŮ Űɞ ɈŭŬŰɘəɧ 

ȹɘŬɛɏɟɘůɛŬ ȷɜŬŰɞɚɘəɐɠ ɀŬəŮŭɞɜɑŬɠ (GR 11) əŬɘ ůŰŬ ŭɡŰɘəɎ ɛŮ Űɞ ɈŭŬŰɘəɧ ȹɘŬɛɏɟɘůɛŬ ȹɡŰɘəɐɠ 

ɀŬəŮŭɞɜɑŬɠ (GR 09), Ůɜɩ ɞɘ Ŭˊɞɟɟɞɏɠ Űɞɡ əŬŰŬɚɐɔɞɡɜ ɜɧŰɘŬ-ɜɞŰɘɞŬɜŬŰɞɚɘəɎ ůŰɞ ŪŮɟɛŬɥəɧ əŬɘ Űɞɡɠ 

əɧɚˊɞɡɠ ɛŮŰŬɝɨ Űɤɜ ŬəɟɤŰɖɟɑɤɜ Űɖɠ ɉŬɚəɘŭɘəɐɠ (ɈɄȺɁ ȺũɈ, 2017).  

 

ɆɢɐɛŬ 4.2: ɉɎɟŰɖɠ ŬˊŮɘəɧɜɘůɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ ŮɜŰɧɠ Űɞɡ Ɉȹ ȾŮɜŰɟɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 
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ɆɢɐɛŬ 4.3:ɉɎɟŰɖɠ ŬˊŮɘəɧɜɘůɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ ŮɜŰɧɠ Űɤɜ ȿȷɄ ũŬɚɚɘəɞɨ əŬɘ ɉŬɚəɘŭɘəɐɠ 

 

4.1.2 ɀɞɟűɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɛɞɟűɞɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ ŮˊɘŰŮɨɢɗɖəŮ ɛɏůɤ 

Űɞɡ ɊɖűɘŬəɞɨ ɀɞɜŰɏɚɞɡ ȺŭɎűɞɡɠ (Digital Elevation Model/DEM), ŭɘŬɗɏůɘɛɞ ɔɘŬ Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 

2008 ɛŮ ɢɤɟɘəɐ ŬɜɎɚɡůɖ 5 m, Űɞ ɞˊɞɑɞ ˊŬɟŬɢɤɟɐɗɖəŮ Ŭˊɧ Űɞ Ⱥɗɜɘəɧ ȾŰɖɛŬŰɞɚɧɔɘɞ, ůŮ ˊŮɟɘɓɎɚɚɞɜ 

GIS. ɋɠ ˊɟɞɓɞɚɘəɧ ůɨůŰɖɛŬ ɞɟɑůŰɖəŮ Űɞ Ⱥɚɚɖɜɘəɧ ũŮɤŭŬɘŰɘəɧ ɆɨůŰɖɛŬ ȷɜŬűɞɟɎɠ 1987 (ȺũɆȷô87). 

ȼ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ŮəŰŮɑɜŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞɜ ŪŮɟɛŬɥəɧ əɧɚˊɞ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ŰɞˊɞɔɟŬűɘəɧ 

ŬɜɎɔɚɡűɞ ˊɞɡ ŬɟɢɑɕŮɘ ůŰɖɜ ˊŬɟŬɚɘŬəɐ ɕɩɜɖ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ əŬŰŬɚɐɔŮɘ ůŰɘɠ 

ɓɞɟŮɘɞŬɜŬŰɞɚɘəɏɠ ˊŬɟɡűɏɠ Űɖɠ, ɧˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ɡɣɧɛŮŰɟŬ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ 

Dikau (1989), Űɞ ŬɜɎɔɚɡűɞ ŰŬɝɘɜɞɛŮɑŰŬɘ ůŮ ŰɏůůŮɟɘɠ (4) əŬŰɖɔɞɟɑŮɠ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ 

ŰŬ ɡɣɧɛŮŰɟŬ ůŮ ˊŮŭɘɜɧ, ɚɞűɩŭŮɠ, ɖɛɘɞɟŮɘɜɧ əŬɘ ɞɟŮɘɜɧ (ɄɑɜŬəŬɠ 4.1). Ⱥˊɞɛɏɜɤɠ, ůɨɛűɤɜŬ ɛŮ Űɞ 

ɆɢɐɛŬ 4.4 ɖ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊŮŭɘɜɐ əŬɘ ɚɞűɩŭɖɠ əŬɗɩɠ Űɞ ɛɏɔɘůŰɞ əɘ ŮɚɎɢɘůŰɞ 

ɡɣɧɛŮŰɟɞ ŬɡŰɐɠ, ŮɑɜŬɘ -0.35 m əŬɘ 311 m, ŬɜŰɑůŰɞɘɢŬ. 
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ɄɑɜŬəŬɠ 4.1: ɉŬɟŬəŰɖɟɘůɛɧɠ Űɞɡ ŬɜŬɔɚɨűɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ, Dikau (1989) 

ɈɣɧɛŮŰɟɞ (m) ɉŬɟŬəŰɖɟɘůɛɧɠ ˊŮɟɘɞɢɐɠ 

< 150 ɄŮŭɘɜɐ 

150 ï 600 ȿɞűɩŭɖɠ 

600 ï 900 ȼɛɘɞɟŮɘɜɐ 

> 900 ɃɟŮɘɜɐ 

 

 

ɆɢɐɛŬ 4.4: ɀɞɟűɞɚɞɔɘəɧɠ ɢɎɟŰɖɠ ɡɣɞɛɏŰɟɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 
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ɆɨɛűɤɜŬ ɛŮ Űɞɜ ɢɎɟŰɖ ɛɞɟűɞɚɞɔɘəɩɜ əɚɑůŮɤɜ (ɆɢɐɛŬ 4.5) ˊɞɡ ŬˊɞŰɡˊɩɜŮɘ Űɘɠ ˊɞůɞůŰɘŬɑŮɠ 

əɚɑůŮɘɠ, ɖ əɚɑůɖ ŬɡɝɎɜŮŰŬɘ Ŭˊɧ Űɞ ɜɧŰɘɞ ˊɟɞɠ Űɞ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬɜŬűɏɟŮŰŬɘ 

ɧŰɘ ůŰɞ ŭɡŰɘəɧ əŬɘ ɜɧŰɘɞ ˊŮŭɘɜɧ ŰɛɐɛŬ, ɖ əɚɑůɖ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0Á ɏɤɠ 15Á. ɇɞˊɘəɎ, ɔɨɟɤ Ŭˊɧ Űɞ 

ɘůŰɞɟɘəɧ əɏɜŰɟɞ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɡɣɖɚɏɠ Űɘɛɏɠ əɚɑůŮɤɜ ɞɘ ɞˊɞɑŮɠ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ 

ŬˊɞŰɨˊɤůɖ Űɤɜ ɡűɘůŰɎɛŮɜɤɜ əŰɘɟɑɤɜ Űɞɡ ˊɞɚŮɞŭɞɛɘəɞɨ ɘůŰɞɨ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. ũɘô ŬɡŰɧ Űɞɜ ɚɧɔɞ, 

ŭŮɜ əɟɑɜŮŰŬɘ ůəɧˊɘɛɖ ɖ ˊŮɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ Űɞɡ ŬɜɎɔɚɡűɞɡ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ɢɎɟŰɖ 

ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ əɚɘŰɨɤɜ. 

ɆɢɐɛŬ 4.5: ɉɎɟŰɖɠ ɛɞɟűɞɚɞɔɘəɩɜ əɚɑůŮɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 
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4.1.3 ũŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ  

4.1.3.1 ũŮɜɘəɎ  

ȼ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŬŰɟɘɓɐɠ əŬɘ Űɤɜ ůŰɧɢɤɜ ˊɞɡ əŬɚŮɑŰŬɘ ɜŬ ŮəˊɚɖɟɩůŮɘ. ɀɏɢɟɘ ůŰɘɔɛɐɠ, ɖ ŮəŰŮɜɐɠ ŭɘŮɟŮɨɜɖůɖ Űɤɜ 

ɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ Űɖɠ ŬůŰɘəɐɠ ˊŮɟɘɞɢɐɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ˊŮɟɘɞɟɘůɛɏɜɖ. ɆŰɞ 

ůɨɜɞɚɧ Űɞɡɠ, ɞɘ ˊɟɞɦˊɎɟɢɞɡůŮɠ ɏɟŮɡɜŮɠ ŮɑŰŮ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɓŬůɘəɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ ůɢɖɛŬŰɘůɛɩɜ ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜɞɡɠ ůəɞˊɞɨɠ, ŮɑŰŮ ŮůŰɘɎɕɞɡɜ ůŮ ˊŮɟɘɞɢɏɠ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ɛŮ ůəɞˊɧ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ 

ɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ůŰɞ ˊɚŬɑůɘɞ əɎˊɞɘɞɡ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ. ȷɜŰɑůŰɞɘɢŬ, ɛɘəɟɧɠ Ŭɟɘɗɛɧɠ 

ŮˊɘůŰɖɛɞɜɘəɩɜ ŮɟɔŬůɘɩɜ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŮəŰŮɜɐ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ əŬɘ ůŰɖɜ 

Ŭəɟɘɓɐ ɢŬɟŰɞɔɟɎűɖůɖ, ŮˊɘűŬɜŮɘŬəɐ əŬɘ ɡˊɧɔŮɘŬ, ŬɡŰɩɜ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖ 

ɚŮəɎɜɖ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. 

ȼ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŮˊɘɢŮɘɟŮɑ ɜŬ çəŬɚɨɣŮɘè ŰŬ əŮɜɎ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖ ɔŮɤɚɞɔɘəɐ əŬɘ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɔɜɩůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ 

ŭɘŬɢŮɑɟɘůɖ Ůɜɧɠ ɛŮɔɎɚɞɡ ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ, ɩůŰŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ˊɚɐɟɤɠ ɞɘ ɔŮɤɚɞɔɘəɏɠ əŬɘ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɏɠ ŮˊɘəɟŬŰɞɨůŮɠ ůɡɜɗɐəŮɠ Űɧůɞ ŮˊɘűŬɜŮɘŬəɎ, ɧůɞ əŬɘ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ůŮ ɓɎɗɞɠ. 

ȺɘŭɘəɧŰŮɟŬ, ɖ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ŬˊɞůəɞˊŮɑ ůŰɖɜ ˊɚɐɟɖ əŬŰŬɜɧɖůɖ Űɞɡ ɔŮɤɚɞɔɘəɞɨ-

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨ ˊɟɞŰɨˊɞɡ ɛɏůɤ: 

v. Űɖɠ ŬɜŬˊŬɟɎůŰŬůɖɠ Űɤɜ ŮɔɔŮɜɩɜ ɔŮɤɚɞɔɘəɩɜ ŭɘŬəɡɛɎɜůŮɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ 

ˊɎɢɞɠ əŬɘ ɓɎɗɞɠ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 

vi. Űɖɠ ɚŮˊŰɞɛŮɟɞɨɠ ŭɘŮɟŮɨɜɖůɖɠ Űɖɠ ŮŰŮɟɞɔɏɜŮɘŬɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ŬˊɞɗɏůŮɘɠ 

ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ ɁŮɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ ɤɠ ˊɟɞɠ Űɖ ůɨůŰŬůɖ əŬɘ ɚɘɗɞɚɞɔɑŬ Űɞɡɠ 

vii.  Űɞɡ əŬɗɞɟɘůɛɞɨ Űɤɜ ŭɘŬűɞɟɞˊɞɘɐůŮɤɜ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ŰŬ ɔŮɤɡɚɘəɎ ɤɠ ˊɟɞɠ Űɖɜ 

ŮˊɘəɟɎŰɖůɖ Űɖɠ əɞəəɞɛŮŰɟɑŬɠ 

viii.  Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ Űɖɠ ɡŭɟɞɔŮɤɚɞɔɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɔŮɤɡɚɘəɩɜ 

ɛŮ Űɞ ɓɎɗɞɠ 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɧůɞ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ, ɧůɞ əŬɘ 

ˊŮɟɘɞɢɘəɎ, ůŮ ŭɘɎűɞɟŮɠ ɗɏůŮɘɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ, ůɡɛˊɚɖɟɩɜɞɜŰŬɠ əŬɘ ŮɜɘůɢɨɞɜŰŬɠ ɖ ɛɑŬ ŭɘŬŭɘəŬůɑŬ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ɏɚɚɖɠ. ɇɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ əŬɘ ɔŮɤŰŮɢɜɘəɐɠ ɔɜɩůɖɠ ɔɨɟɤ 

Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ, ŭŮɜ ŬɜŬˊŰɨůůŮŰŬɘ Ůŭɩ, əŬɗɩɠ ŬɜŬɚɨŮŰŬɘ ŭɘŮɝɞŭɘəɎ ůŮ ŮˊɧɛŮɜɞ 

ɡˊɞəŮűɎɚŬɘɞ. ȺɜŰɞɨŰɞɘɠ, ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůô ŬɡŰɧ, əŬɗɩɠ ɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ əŬɘ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɤɠ ŬŭɘɎůˊŬůŰɞ ůɨɜɞɚɞ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ. 
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ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɔŮɤɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ, 

ůɨɛűɤɜŬ ɛŮ ŰŬ ˊɟɞɦˊɎɟɢɞɜŰŬ ůŰɞɘɢŮɑŬ. ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ŮůŰɘɎɕŮɘ ůŰɖ ůɡɜŮɢɐ 

Ůˊɘůəɧˊɖůɖ ŭɘŬɗɏůɘɛɤɜ ɓɘɓɚɘɞɔɟŬűɘəɩɜ ůŰɞɘɢŮɑɤɜ ůɢŮŰɘəɩɜ ɛŮ Űɞ ɔŮɤɚɞɔɘəɧ, ɡŭɟɞɔŮɤɚɞɔɘəɧ, 

ɔŮɤŰŮəŰɞɜɘəɧ əŬɘ ůŮɘůɛɞŰŮəŰɞɜɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ, ŰŬ ɞˊɞɑŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŮɟɘŮəŰɘəɎ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ.  

ũɘŬ Űɖ ɔŮɤɚɞɔɑŬ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɡˊɎɟɢɞɡɜ ɞɘ ŭɘŬɗɏůɘɛɞɘ ɔŮɤɚɞɔɘəɞɑ 

(Kockel et al. 1978a, 1978b) əŬɘ ɜŮɞŰŮəŰɞɜɘəɞɑ ɢɎɟŰŮɠ (Ƀ.ȷ.Ɇ.Ʉ., 1996) (ɄŬɟɎɟŰɖɛŬ I). ȷəɧɛɖ, ɖ 

ȻŮɟɓɞˊɞɨɚɞɡ (2010), ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ Űɖɠ, ɢŬɟŰɞɔɟŬűŮɑ ŮˊɘűŬɜŮɘŬəɎ Űɞɡɠ 

ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ, ŭɑɜɞɜŰŬɠ ɏɛűŬůɖ ůŰɖɜ ŬˊɞŰɨˊɤůɖ Űɤɜ ɜŮɞŰŮəŰɞɜɘəɩɜ ɟɖɔɛɎŰɤɜ ůŰɖɜ 

ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɛŮ ɛɞɟűɞŰŮəŰɞɜɘəɏɠ ɛŮɗɧŭɞɡɠ əŬɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŮɟŮɡɜɖŰɘəɏɠ 

ɔŮɤŰɟɐůŮɘɠ. Ƀɘ Anastasiadis et al. (2001) ůŰɞ ˊɚŬɑůɘɞ ɛɘəɟɞɕɤɜɘəɐɠ ɛŮɚɏŰɖɠ ŭɖɛɘɞɨɟɔɖůŬɜ ɏɜŬɜ 

ɔŮɤŰŮɢɜɘəɧ ɢɎɟŰɖ əŬɗɩɠ əɘ Ůˊɘɛɏɟɞɡɠ ɗŮɛŬŰɘəɞɨɠ ɢɎɟŰŮɠ ˊɞɡ ˊɟɞŰɎɗɖəŬɜ ɔɘŬ Űɖɜ ŬůŰɘəɐ ˊŮɟɘɞɢɐ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ ɞɘ ɞˊɞɑɞɘ, ˊɟɞɏəɡɣŬɜ Ŭˊɧ Ŭɟɘɗɛɧ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ, Ůˊɘ Űɧˊɞɡ əŬɘ 

ŮɟɔŬůŰɖɟɘŬəɩɜ ɔŮɤŰŮɢɜɘəɩɜ ŭɞəɘɛɩɜ, ɔŮɤűɡůɘəɩɜ ŭɘŬůəɞˊɐůŮɤɜ, ůŮɘůɛɘəɐɠ ŭɘɎɗɚŬůɖɠ əŬɘ 

ɛŮŰɟɐůŮɘɠ ŬɜŰɘůŰɟɞűɐɠ ŮˊɘűŬɜŮɘŬəɩɜ əɡɛɎŰɤɜ. Ƀɘ Apostolidis et al. (2004) ŭɘŮɟŮɨɜɖůŬɜ Űɖɜ 

ŮəŰɑɛɖůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ (Vs) Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ əŬɘ Űɖɠ ŮŭŬűɘəɐɠ ŭɞɛɐɠ ɛŮ Űɖ ɢɟɐůɖ 

ɛɘəɟɞɗɞɟɨɓɞɡ əŬɘ Űɖɠ ɛŮɗɧŭɞɡ Űɞɡ ɉɤɟɘəɞɨ ɆɡɜŰŮɚŮůŰɐ ȷɡŰɞůɡůɢɏŰɘůɖɠ (SPAC) ůŰɖɜ ˊɧɚɖ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ. ɆŰɖɜ ŮɟɔŬůɑŬ Űɤɜ ɀŬɜɎəɞɡ əŬɘ ůɡɜ. (2008) ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɛŮŰɟɐůŮɤɜ ɛɘəɟɞɗɞɟɨɓɞɡ əɡəɚɘəɐɠ ŭɘɎŰŬɝɖɠ ɞɘ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŬɜŬŰɞɚɘəɐ əŬɘ 

ŭɡŰɘəɐ ŪŮůůŬɚɞɜɑəɖ. Ɇəɞˊɧɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ ŮŭŬűɘəɐɠ ŭɞɛɐɠ əŬŰɎɚɚɖɚɖɠ ɔɘŬ 

Űɖɜ ɛŮɚɏŰɖ Űɖɠ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ. Ƀɘ Raptakis əŬɘ Makra (2010) ŬůɢɞɚɐɗɖəŬɜ ɛŮ Űɞɜ əŬɗɞɟɘůɛɧ 

Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ ɘɕɖɛɎŰɤɜ ůŰɞ ŭɡŰɘəɧ ŰɛɐɛŬ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɢɟɐůɘɛŮɠ ɔɘŬ Űɖɜ 

ˊɟɧɓɚŮɣɖ ɘůɢɡɟɩɜ ŮŭŬűɘəɩɜ əɘɜɐůŮɤɜ.  

Ʉɚɐɗɞɠ ŮɟŮɡɜɖŰɘəɩɜ ŮɟɔŬůɘɩɜ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ ŬɜŰɘəŮɑɛŮɜɞ Űɖ ůŮɘůɛɘəɧŰɖŰŬ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ əŬɘ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ. Ƀ Sherif (1973) ˊɟŬɔɛŬŰɞˊɞɑɖůŮ, ůŰɞ ˊɚŬɑůɘɞ 

ˊɟɞɔɟɎɛɛŬŰɞɠ Űɖɠ Unesco/United Nations Development (UNDP), ɛŮɚɏŰɖ ůŮɘůɛɘəɧŰɖŰŬɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɤɜ ȸŬɚəŬɜɑɤɜ ŮˊɘŭɘɩəɞɜŰŬɠ Űɖ ɛɘəɟɞɕɤɜɘəɐ ɛŮɚɏŰɖ Űɖɠ ˊɧɚɖɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. Ƀɘ 

Ch§vez-Garc²a et al. (1990) ŭɘŮɟŮɨɜɖůŬɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ Űɞˊɘəɩɜ ɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ůŰɖɜ 

Ůɜɑůɢɡůɖ Űɞɡ ůŮɘůɛɘəɞɨ əɟŬŭŬůɛɞɨ Űɞɡ ŮŭɎűɞɡɠ Űɖɠ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ˊɧɚɖɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. 

ȷəɧɛɖ, ɞɘ Lachet et al. (1996) ŬůɢɞɚɐɗɖəŬɜ ɛŮ Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ ůŮɘůɛɩɜ əŬɘ Űɞɡ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ 

ɗɞɟɨɓɞɡ ůŮ ˊŮɟɘɞɢɏɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɛŮ ŭɘŬűɞɟŮŰɘəɎ ɔŮɤŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. Ƀɘ 

Triantafyllidis et al. (2004) ůŰɞ ˊɚŬɑůɘɞ ɛŮɚɏŰɖɠ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ŮəŰɑɛɖůŬɜ 

Űɖ ɗŮɤɟɖŰɘəɐ Ŭˊɧəɟɘůɖ Űɖɠ ˊŮɟɘɞɢɐɠ əŬŰɎ ɛɐəɞɠ ŮˊŰɎ ŭɘŬŰɞɛɩɜ. Ƀɘ Raptakis et al. (2004) 

ŭɖɛɘɞɨɟɔɖůŬɜ ɏɜŬ ɛɞɜŰɏɚɞ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ŭɞɛɐɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ 
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ŬˊɞŰŮɚɏůɛŬŰŬ ŮɛŮˊɘɟɘəɩɜ əŬɘ ɗŮɤɟɖŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ 

Ŭˊɧəɟɘůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ. Ⱥˊɘˊɚɏɞɜ, ɞɘ Smerzini et a. (2016) ŬɝɘɞɚɧɔɖůŬɜ Űɖ ůŮɘůɛɘəɐ ŮŭŬűɘəɐ əɑɜɖůɖ 

ůŰɖɜ ŬůŰɘəɐ ˊŮɟɘɞɢɐ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɛŮ Űɖ ɢɟɐůɖ ŰɟɘůŭɘɎůŰŬŰɖɠ ŬɟɘɗɛɖŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ 

űŬůɛŬŰɘəɩɜ ůŰɞɘɢŮɑɤɜ. Ƀɘ Panou et al. (2005) ůŮ ɛɑŬ ˊɟɞůˊɎɗŮɘŬ ɛŮɚɏŰɖɠ Űɤɜ Űɞˊɘəɩɜ ŮŭŬűɘəɩɜ 

ůɡɜɗɖəɩɜ ůŰɞ ɘůŰɞɟɘəɧ əɏɜŰɟɞ Űɖɠ ˊɧɚɖɠ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ɚŮˊŰɞɛɏɟŮɘŬ, ŮűɎɟɛɞůŬɜ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ 

Űɞɡ űŬůɛŬŰɘəɞɨ ɚɧɔɞɡ H/V Űɞɡ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ɗɞɟɨɓɞɡ ɛŮ ɔŮɤɚɞɔɘəɎ əŬɘ ɔŮɤŰŮɢɜɘəɎ ŭŮŭɞɛɏɜŬ 

Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ. ȷəɧɛɖ, ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ Űɞɡ ȷɜɗɡɛɑŭɖ (2020) ɐŰŬɜ ɖ 

ŬɜŬɔɜɩɟɘůɖ Űɤɜ əɨɟɘɤɜ ŮˊɘűŬɜŮɘɩɜ ŬůɡɜɏɢŮɘŬɠ Űɖɠ ŮŭŬűɘəɐɠ ŭɞɛɐɠ, əŬɗɩɠ əŬɘ Űɖɠ ɢɤɟɘəɐɠ 

əŬŰŬɜɞɛɐɠ Űɖɠ Vs ůŰɞ ɡˊɏŭŬűɞɠ Űɞɡ əŮɜŰɟɘəɞɨ ŰɛɐɛŬŰɞɠ Űɖɠ ˊɧɚɖɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. ɇɏɚɞɠ, ɞɘ 

Raptakis et al. (2023) ˊɟɞůŭɘɧɟɘůŬɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɡˊŮŭɎűɘŬɠ ŭɞɛɐɠ əŬɘ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ 

ɛŮ əŬŰŬɔɟŬűɏɠ ůŮɘůɛɩɜ əŬɘ ɗɞɟɨɓɞɡ, ůŰɖɜ ˊŬɟɎəŰɘŬ ɕɩɜɖ Űɖɠ ŬɜŬŰɞɚɘəɐɠ ŪŮůůŬɚɞɜɑəɖɠ. 

ɇɖɜ ŰŮɚŮɡŰŬɑŬ ŮɘəɞůŬŮŰɑŬ, ɡɚɞˊɞɘɐɗɖəŮ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ ŮɟŮɡɜɖŰɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ, 

ŮɡɟɤˊŬɥəɩɜ əŬɘ ɛɖ, ɛŮ ůəɞˊɧ Űɖ ŭɘŮɨɟɡɜůɖ Űɤɜ ɔɜɩůŮɤɜ ɔɨɟɤ Ŭˊɧ Űɖ ůŮɘůɛɘəɐ ŮˊɘəɘɜŭɡɜɧŰɖŰŬ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ. ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ɛŮɚɏŰɖɠ Űɤɜ ɄɘŰɘɚɎəɖɠ əŬɘ ůɡɜ. (2004) ɐŰŬɜ ɖ ŮəŰɑɛɖůɖ Űɖɠ 

ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ əŬɘ ɖ ɛŮɚɏŰɖ Űɖɠ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ, ɔɘŬ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ ɘůɢɡɟɐɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ əŬŰɎ ɛɐəɞɠ Űɞɡ ɎɝɞɜŬ ɢɎɟŬɝɖɠ Űɞɡ 

ɀŮŰɟɧ ŪŮůůŬɚɞɜɑəɖɠ. ɆŰɞ ˊɚŬɑůɘɞ Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ çSRM-LIFEè (ɄŬˊŬɥɤɎɜɜɞɡ, 

2004) ŮəˊɞɜɐɗɖəŮ Ůɘŭɘəɐ ɛŮɚɏŰɖ ɔɘŬ Űɖ ůŰɞɢŬůŰɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ. ȷɜŰɑůŰɞɘɢɖ ˊŮɟɑɞŭɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞ ŮɟŮɡɜɖŰɘəɧ ˊɟɧɔɟŬɛɛŬ çSEISIMPACT-

THESSè (ȾɞɡŰɞɡˊɏɠ et al.2004, Kiratzi et al. 2004). ɇɞ ɏɟɔɞ ŬűɞɟɞɨůŮ ůŰɖɜ ŬɜɎˊŰɡɝɖ Ůɜɧɠ 

ˊɚɖɟɞűɞɟɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ŬɜɞɘəŰɐɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɓɚŬɓɩɜ 

Ŭˊɧ ůŮɘůɛɧ ůŰŬ əŰɑɟɘŬ ɔɘŬ ɞˊɞɘɞŭɐˊɞŰŮ ůɡɛɓɎɜ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ɛɏɟɞɠ Űɖɠ ȺɚɚɎŭŬɠ, ɛŮ ˊɘɚɞŰɘəɐ 

ŮűŬɟɛɞɔɐ Űɖ ŪŮůůŬɚɞɜɑəɖ. Ƀɘ ȻŮɟɓɞˊɞɨɚɞɡ əŬɘ ɄŬɡɚɑŭɖɠ (2005) ɛɏůŬ Ŭˊɧ Űɖ ɛŮɚɏŰɖ Űɖɠ 

ɛɞɟűɞɚɞɔɑŬɠ, Űɞɡ ɡŭɟɞɔɟŬűɘəɞɨ ŭɘəŰɨɞɡ əŬɘ Űɤɜ ɛɞɟűɞŰŮəŰɞɜɘəɩɜ ŭŮɘəŰɩɜ, ŮɜŰɧˊɘůŬɜ, 

ɢŬɟŰɞɔɟɎűɖůŬɜ əɘ ŮɝɏŰŬůŬɜ ŰɟɑŬ ɜŮɞŰŮəŰɞɜɘəɎ ɟɐɔɛŬŰŬ ɛŮ ůəɞˊɧ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ űɡůɘəɞɨ 

əɘɜŭɨɜɞɡ Űɤɜ ůŮɘůɛɩɜ ŬɚɚɎ əŬɘ Űɖɠ ůŮɘůɛɘəɐɠ ŰɟɤŰɧŰɖŰŬɠ ɔɘŬ Űɞ ˊɞɚŮɞŭɞɛɘəɧ ůɡɔəɟɧŰɖɛŬ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ. Ƀɘ ȾŬɟŬɛɐŰɟɞɡ et al. (2008) əŬŰŬůəŮɨŬůŬɜ ɢɎɟŰŮɠ əŬŰŬɜɞɛɐɠ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ 

ɘůɢɡɟɐɠ ŮŭŬűɘəɐɠ əɑɜɖůɖɠ (ɛɏɔɘůŰɤɜ ŮŭŬűɘəɩɜ əŬɘ ɛɏɔɘůŰɤɜ űŬůɛŬŰɘəɩɜ ŮˊɘŰŬɢɨɜůŮɤɜ) ˊɞɡ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ůŮɜɎɟɘŬ ůŮɘůɛɩɜ ɛŮůŬɑɞɡ ɛŮɔɏɗɞɡɠ Űɟɘɩɜ ɟɖɔɛɎŰɤɜ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ 

ˊɞɚŮɞŭɞɛɘəɞɨ ůɡɔəɟɞŰɐɛŬŰɞɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. ɄɟɧůɗŮŰŮɠ ŭɖɛɞůɘŮɨůŮɘɠ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ 

ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ůɡɔəŮəɟɘɛɏɜɤɜ ˊŮɟɘɞɢɩɜ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɏɢɞɡɜ ŭɘŮɝŬɢɗŮɑ Ŭˊɧ Űɞɡɠ 

Pitilakis et al (2016), Bindi et al. (2015), Karapetrou et al. (2014) əŬɘ Roumelioti et al. (2015). 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ȹȽȹȷȾɇɃɅȽȾȼ ȹȽȷɇɅȽȸȼ ȷ.Ɂ. ȾɃȾȾȷȿȷ                                                                                                                                      88                                                                                                     

 

ɇɏɚɞɠ, ŬɜŰɘəŮɑɛŮɜɞ ŭɘŮɟŮɨɜɖůɖɠ ˊɚɖɗɩɟŬɠ ŮˊɘůŰɖɛɞɜɘəɩɜ Ɏɟɗɟɤɜ əŬɘ ŮɟŮɡɜɖŰɘəɩɜ ŮɟɔŬůɘɩɜ 

ŬˊɞŰŮɚŮɑ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ, Űɞɡ ɡŭɟɞɔɟŬűɘəɞɨ ŭɘəŰɨɞɡ, ŬɚɚɎ əŬɘ ɞ ˊŮɟɘɞɢɘəɧɠ 

ŮɜŰɞˊɘůɛɧɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ. Ƀ ɆɤŰɖɟɘɎŭɖɠ (2002) ˊɟŬɔɛŬŰɞˊɞɑɖůŮ 

ɏɟŮɡɜŬ ˊɞɡ ŬűɞɟɎ ůŰɖɜ ŮˊɏɛɓŬůɖ Űɞɡ Ŭɜɗɟɩˊɞɡ ůŰɖɜ ɛɞɟűɞɚɞɔɑŬ Űɖɠ ŬɜŬŰɞɚɘəɐɠ ŪŮůůŬɚɞɜɑəɖɠ, 

ɚɧɔɤ Űɤɜ ŭɡůɛŮɜɩɜ ůɡɜŮˊŮɘɩɜ Űɤɜ ɏɜŰɞɜɤɜ əŬɘɟɘəɩɜ űŬɘɜɞɛɏɜɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ. Ƀɘ ȷůŰɎɟŬɠ əŬɘ 

Ƀɘəɞɜɞɛɑŭɖɠ (2002) ɛŮɚɏŰɖůŬɜ Űɞ ɡŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ Űɞɡ æŮɜŭɟɞˊɧŰŬɛɞɡ, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ 

ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ ɛŮ ůəɞˊɧ Űɞɜ ŮɜŰɞˊɘůɛɧ əɚɎŭɤɜ Űɞɡ ɡŭɟɞɔɟŬűɘəɞɨ ŭɘəŰɨɞɡ ɞɘ ɞˊɞɑɞɘ ŭŮɜ ɐŰŬɜ 

əŬŰŬɔŮɔɟŬɛɛɏɜɞɘ ůŮ əŬɜɏɜŬ ŰɞˊɞɔɟŬűɘəɧ ɢɎɟŰɖ ɏɤɠ ŰɧŰŮ. Ƀ ɀŬɜɎəɞɠ (2002Ŭ, 2002ɓ, 2002ɔ, 2002ŭ) 

ůŰɞ ˊɚŬɑůɘɞ Ůəˊɧɜɖůɖɠ ɔŮɤɚɞɔɘəɩɜ-ɡŭɟɞɔŮɤɚɞɔɘəɩɜ ɛŮɚŮŰɩɜ ɔɘŬ Űɞ ȽũɀȺ, ŬůɢɞɚɐɗɖəŮ ɛŮ Űɞɜ 

ŮɜŰɞˊɘůɛɧ əŬɘ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɡˊɧɔŮɘɤɜ ɜŮɟɩɜ ɔɘŬ ŬɟŭŮɡŰɘəɐ ɢɟɐůɖ, ůŮ ŭɘɎűɞɟɞɡɠ ŭɐɛɞɡɠ Űɞɡ 

ˊɞɚŮɞŭɞɛɘəɞɨ ůɡɔəɟɞŰɐɛŬŰɞɠ ŪŮůůŬɚɞɜɑəɖɠ.  

4.1.3.2 ȿɘɗɞɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ 

ũŮɤŰŮəŰɞɜɘəɎ, ɖ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ, ŮɜŰɎůůŮŰŬɘ ůŰɘɠ ɕɩɜŮɠ ȷɝɘɞɨ əŬɘ 

ɄŮɟɘɟɞŭɞˊɘəɐɠ (ɆɢɐɛŬ 4.6). 
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ɆɢɐɛŬ 4.6: ũŮɤŰŮəŰɞɜɘəɧ ůɢɐɛŬ Űɤɜ Ⱥɚɚɖɜɑŭɤɜ ɕɤɜɩɜ ůŰɞ ɞˊɞɑɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ 

 (Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ Mountrakis et al., 1983)
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