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ȷˊŬɔɞɟŮɨŮŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, Ůɝ 

ɞɚɞəɚɐɟɞɡ ɐ ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ, ɔɘŬ Ůɛˊɞɟɘəɧ ůəɞˊɧ. ȺˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬŰɨˊɤůɖ, 

ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ ɔɘŬ ůəɞˊɧ ɛɖ əŮɟŭɞůəɞˊɘəɧ, ŮəˊŬɘŭŮɡŰɘəɐɠ ɐ ŮɟŮɡɜɖŰɘəɐɠ 

űɨůɖɠ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɜŬ ŬɜŬűɏɟŮŰŬɘ ɖ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ əŬɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ Űɞ 

ˊŬɟɧɜ ɛɐɜɡɛŬ. ȺɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɢɟɐůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɔɘŬ əŮɟŭɞůəɞˊɘəɧ 

ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞ ůɡɔɔɟŬűɏŬ.  

  

Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ Űɞ ɏɔɔɟŬűɞ ŮəűɟɎɕɞɡɜ Űɞ 

ůɡɔɔɟŬűɏŬ əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɟɛɖɜŮɡŰŮɑ ɧŰɘ ŮəűɟɎɕɞɡɜ Űɘɠ ŮˊɑůɖɛŮɠ ɗɏůŮɘɠ Űɞɡ ȷ.Ʉ.Ū. 
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Ʉɟɧɚɞɔɞɠ  

  

ɀŮ Űɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɏɜŬ ůˊɞɡŭŬɑɞ əŮűɎɚŬɘɞ ůŰɖ ɕɤɐ ɛɞɡ, ɛɘŬ ŭɨůəɞɚɖ ŬɚɚɎ 

əŬɘ ůɖɛŬɜŰɘəɐ  ˊŮɟɑɞŭɞɠ, əŬɗɩɠ ůŰŬ ˊɚŬɑůɘŬ ŬˊɧəŰɖůɖɠ Űɞɡ ŭɘˊɚɩɛŬŰɞɠ Űɞɡ ũŮɤɚɧɔɞɡ 

ɛˊɧɟŮůŬ ɜŬ ŬˊɞəŰɐůɤ ůɖɛŬɜŰɘəɏɠ ɔɜɩůŮɘɠ  ůŮ ɏɜɜɞɘŮɠ Űɖɠ ŰŮɢɜɘəɐɠ ɔŮɤɚɞɔɑŬɠ   

ȾŬŰô ŬɟɢɎɠ ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ɛɞɡ əŬɘ  ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ 

ɇŮɢɜɘəɐɠ ũŮɤɚɞɔɑŬɠ Űɞɡ ŰɛɐɛŬŰɞɠ ũŮɤɚɞɔɑŬɠ Űɞɡ ȷɟɘůŰɞŰŮɚŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ə. ȸŬůɑɚɖ 

ɀŬɟɑɜɞ, ɔɘŬ Űɖɜ ŮɡəŬɘɟɑŬ ˊɞɡ ɛɞɡ ɏŭɤůŮ ɜŬ ŮɛˊɚɞɡŰɑůɤ Űɘɠ ɔɜɩůŮɘɠ ɛɞɡ ɛɏůŬ Ŭˊɧ Űɖɜ 

ŬɜɎɗŮůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɛŬɕɑ ɛŮ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ əŬɘ ŮˊɑɓɚŮɣɖ Űɞɡ əŬɗô ɧɚɖ 

Űɖɜ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ.    

ȺɡɢŬɟɘůŰɩ Űɞɜ ɡˊɞɣɐűɘɞ ŭɘŭɎəŰɞɟŬ ȾŬɟŬɜŰŬɜɏɚɚɖ ȺɡůŰɟɎŰɘɞ ˊɞɡ ɐŰŬɜ ˊɟɧɗɡɛɞɠ ɜŬ ɛŮ 

ɓɞɖɗɐůŮɘ əŬɘ ɜŬ ɛɞɡ ɚɨůŮɘ ɞˊɞɘŬŭɐˊɞŰŮ ŬˊɞɟɑŬ ůŰɖɜ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɘŭɘŬɑŰŮɟŬ ůŮ 

ɗɏɛŬŰŬ ŭɘŬɢŮɑɟɘůɖɠ ɚɞɔɘůɛɘəɩɜ ŰŬ ɞˊɞɑŬ ɐŰŬɜ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɐ Űɖɠ.  

ɃűŮɑɚɤ Ůˊɑůɖɠ ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɜ ə .ȸŬɚəŬɜɘɩŰɖ ɆɤŰɐɟɖ, ȹɟ. ũŮɤɚɧɔɞ Űɞɡ 

ȷɟɘůŰɞŰŮɚŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɞɜɑəɖɠ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ ůŰɖɜ 

ˊɟɞɢɩɟɖůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ əŬɗɩɠ ɞɘ ɞŭɖɔɑŮɠ əŬɘ ůɡɛɓɞɡɚɏɠ Űɞɡ ɡˊɐɟɝŬɜ 

əŬŰŬɚɡŰɘəɏɠ ůŰɖ ŭɘŬɢŮɑɟɘůɖ əŬɘ ŭɘŮəˊŮɟŬɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ.  

ɇɏɚɞɠ ɏɢɤ Űɖɜ ŬɜɎɔəɖ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɞɘəɞɔɏɜŮɘɎ əŬɘ Űɞɡɠ űɑɚɞɡɠ ɛɞɡ ɔɘŬ Űɖɜ ůŰɐɟɘɝɐ Űɞɡɠ 

ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ, əŬɗɩɠ ɢɤɟɑɠ Űɖɜ ɓɞɐɗŮɘɎ Űɞɡɠ ŭŮɜ ɗŬ ŰŬ ŮɑɢŬ əŬŰŬűɏɟŮɘ.    
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ɄŮɟɑɚɖɣɖ  

  

ȼ əŬŰɞɚɑůɗɖůɖ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ űɡůɘəɧ əɑɜŭɡɜɞ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛŬɕɘəɐ ɛŮŰŬəɑɜɖůɖ 

ŮŭɎűɞɡɠ, ˊŮŰɟɤɛɎŰɤɜ əŬɘ / ɐ ɚɎůˊɖɠ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɨɜŬɛɖɠ Űɖɠ ɓŬɟɨŰɖŰŬɠ. ɇɘɠ ˊŮɟɘůůɧŰŮɟŮɠ 

űɞɟɏɠ ŮəŭɖɚɩɜɞɜŰŬɘ ůŰŬŭɘŬəɎ, ŬɚɚɎ ɞɟɘůɛɏɜŮɠ űɞɟɏɠ ɖ Ůəŭɐɚɤůɐ Űɞɡɠ ŮɑɜŬɘ ŬˊɧŰɞɛɖ. ȺɑɜŬɘ 

ɏɜŬ űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ, ˊɞɚɚɏɠ űɞɟɏɠ, ŭŮɜ ŮɑɜŬɘ ˊɟɞɓɚɏɣɘɛɞ əŬɘ ŭɡůŰɡɢɩɠ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ůɖɛŬɜŰɘəɏɠ ɕɖɛɘɏɠ əŬɘ ŬɜɡˊɞɚɧɔɘůŰŮɠ ɞɘəɞɜɞɛɘəɏɠ ŬˊɩɚŮɘŮɠ, ŮˊɖɟŮɎɕɞɜŰŬɠ ˊɞɚɚɏɠ 

ˊŰɡɢɏɠ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ɕɤɐɠ. Ƀɘ ŮəŰŮŰŬɛɏɜŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ, ɞɘ ůŮɘůɛɞɑ, ɖ ŭɡůɛŮɜɐɠ ɔŮɤɚɞɔɑŬ 

əŬɘ ɖ Ŭɜɗɟɩˊɘɜɖ ˊŬɟɏɛɓŬůɖ ŮɑɜŬɘ ɛŮɟɘəɞɑ ŮɜŮɟɔɞˊɞɘɖŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ˊɟɞəŬɚɏůɞɡɜ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ. ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɛŮŰɟɘŬůŰŮɑ ɞ əɑɜŭɡɜɞɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ɔɘŬ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɖ ɓɏɚŰɘůŰɖ 

ŬůűɎɚŮɘŬ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ŬˊŬɘŰɞɨɜŰŬɘ ɜɏŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɛɘŬɠ əŬɚɨŰŮɟɖɠ 

ŬɜŰɑɚɖɣɖɠ Űɤɜ əɘɜŭɨɜɤɜ əŬŰɞɚɑůɗɖůɖɠ. ɀŮ Űɘɠ ˊɟɧůűŬŰŮɠ ŮɝŮɚɑɝŮɘɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ, ɏɢɞɡɜ 

ŬɜŬˊŰɡɢɗŮɑ ŭɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ ŰɖɚŮŬɜɑɢɜŮɡůɖɠ ˊɞɡ ˊŬɟɏɢɞɡɜ ɢɟɐůɘɛŬ ŰɞˊɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɏɢɞɡɜ ɚɖűɗŮɑ ɚŮˊŰɞɛŮɟɐ ŭŮŭɞɛɏɜŬ Ůɘəɧɜɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ɆɡůŰɐɛŬŰŬ ɛɖ ȺˊŬɜŭɟɤɛɏɜɤɜ ŬŮɟɞůəŬűɩɜ (UAV). ɇŬ UAV, Ůˊɑůɖɠ ɔɜɤůŰɎ ɤɠ drones, ŮɑɜŬɘ 

ŬŮɟɞůəɎűɖ ɧˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɚŬɛɓɎɜɞɡɜ ŮɘəɧɜŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ əŬɘ ɜŬ ˊŬɟɎɔɞɡɜ ɛɏůɤ 

űɤŰɞɔɟŬɛɛŮŰɟɘəɞɨ ɚɞɔɘůɛɘəɞɨ, ɜɏűɞɠ ŰɟɘůŭɘɎůŰŬŰɤɜ ůɖɛŮɑɤɜ, ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ 

ŬɚɚɎ əŬɘ ŬɜŰɑůŰɞɘɢŮɠ  ɞɟɗɞűɤŰɞɔɟŬűɑŮɠ. ȺɑɜŬɘ ˊɚɏɞɜ ɛɘŬ ˊɞɚɨŰɘɛɖ ˊɖɔɐ ŭŮŭɞɛɏɜɤɜ ɛŮ 

ŮəŰŮŰŬɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ ůŰɖɜ ŮˊɘŰɐɟɖůɖ, Űɖɜ ŮˊɘɗŮɩɟɖůɖ, Űɖ ɢŬɟŰɞɔɟɎűɖůɖ əŬɘ Űɖɜ 

ŰɟɘůŭɘɎůŰŬŰɖ ŬˊŮɘəɧɜɘůɖ. Ɇəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ əŬɘ ɖ ŬɜɑɢɜŮɡůɖ 

ˊɘɗŬɜɩɜ ŰɞˊɞɔɟŬűɘəɩɜ ɛŮŰŬɓɞɚɩɜ ɛɘŬɠ ɛŮɔɎɚɖɠ əŬŰɞɚɑůɗɖůɖɠ ɛŮ Űɖ ɢɟɐůɖ ˊɞɚɚŬˊɚɩɜ 

ɢɟɞɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ UAV. ɄɟɞəŮɘɛɏɜɞɡ ɧɛɤɠ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ɏəŰŬůɖ əŬɘ ɖ űɨůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ŬˊŬɟŬɑŰɖŰɖ ɐŰŬɜ ɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɧˊɞɡ 

ɛŮɚŮŰɐɗɖəŬɜ ɞɘ ɔŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɔŮɤɚɞɔɘəɧ ɢɎɟŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ, Űɞ 

ŰŮəŰɞɜɘəɧ əŬɗŮůŰɩɠ ŬɚɚɎ ŮɜŰɞˊɑůŰɖəŬɜ əŬɘ ŭɞɛɏɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖɜ ɞɚɑůɗɖůɖ. ȼ 

əŬŰɞɚɑůɗɖůɖ ŬɡŰɐ ŮəŭɖɚɩɗɖəŮ ůŰɖɜ əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ əŬɘ ŬˊɞŰŮɚŮɑ ɛŮɔɎɚɞ əɑɜŭɡɜɞ, 

əŬɗɩɠ ɏɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɞɡ ɢɤɟɘɞɨ ŮˊɖɟŮɎůŰɖəŮ (ˊɚɎŰɞɠ ˊŮɟɑˊɞɡ 280 ɛ. əŬɘ ɛɐəɞɠ 750 

ɛ.).ɇɞ ɢɤɟɘɧ ɅɞˊɞŰɧ ŬɜɐəŮɘ ůŰɞɜ ȹɐɛɞ Ʉɨɚɖɠ ůŰɞ Ɂɞɛɧ ɇɟɘəɎɚɤɜ ůŰɞ əŮɜŰɟɘəɧ ŰɛɐɛŬ Űɖɠ 

ȺɚɚɎŭŬɠ əŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ ɔŮɤɚɞɔɘəɧ ɢɎɟŰɖ (1:50.000), ɛŮ Űɞɜ ŰɑŰɚɞ çɀɞɡɕɎəɘɞɜè, ŬɜɐəŮɘ 

ůŰɖ ɔŮɤŰŮəŰɞɜɘəɐ ɕɩɜɖ Űɖɠ Ʉɑɜŭɞɡ (ɀɞɡɜŰɟɎəɖɠ, 1985). ȼ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɡɠ Ŭəɧɚɞɡɗɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ: Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɞɡ űɚɨůɢɖ 

ɖɚɘəɑŬɠ ɄŬɚŬɘɞəŬɑɜɞɡ-ȼɤəŬɑɜɞɡ (ɛŮŰŬɓŬŰɘəɎ ůŰɟɩɛŬŰŬ  űɚɨůɢɖ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ) ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɐ ŮŰŮɟɞɔɏɜŮɘŬ (ɣŬɛɛɑŰŮɠ, ŬůɓŮůŰɧɚɘɗɞɘ, ɘɚɡɧɚɘɗɞɘ əŬɘ ɣŬɛɛɑŰɖɠ ɛŮ 

ůɢɘůŰɧɚɘɗɞ (ɀ. ɀŬɘůŰɟɑɢŰɘɞ-Ⱦ. ɄŬɚŬɘɧəŬɘɜɞ) əŬɘ Űɞɜ ɚŮˊŰɞůŰɟɤɛŬŰɩŭɖ ŬůɓŮůŰɧɚɘɗɞ 

(ɇɞɡɟɩɜɘɞ-ɀŬɘůŰɟɑɢŰɘɞɜ). ȼ ŰŮəŰɞɜɘəɐ ŬɜɎˊŰɡɝɖ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ɅɞˊɧŰɞɡ ŮˊɖɟɏŬůŮ ɧɚɞɡɠ 

Űɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ əŬɘ əɡɟɑɤɠ Űɞɡɠ ɜŮɧŰŮɟɞɡɠ (űɚɨůɢɖ əŬɘ ɛŮŰŬɓŬŰɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ), ɏŰůɘ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɘůɞəɚɘɜŮɑɠ ˊŰɡɢɏɠ əŬɗɩɠ əŬɘ ŬɜɎůŰɟɞűŬ ɟɐɔɛŬŰŬ. ȰŰůɘ, ɞ ůɢɖɛŬŰɘůɛɧɠ Űɞɡ 

űɚɨůɢɖ ŮˊɖɟŮɎůŰɖəŮ Ŭˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ ůɡɛˊɑŮůɖɠ ˊɞɡ Űɞɜ ˊŬɟŬɛɧɟűɤůŬɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ. 

ȻɩɜŮɠ ŭɘɎŰɛɖůɖɠ ŬɚɚɎ əŬɘ ɛɘəɟɧŰŮɟŬ ɟɐɔɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ Ůˊɑůɖɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɚɧɔɤ Űɖɠ 

ŰŮəŰɞɜɘəɐɠ ŭɘŬŰŬɟŬɢɐɠ. ȷɡŰɎ ŰŬ ɔŮɤɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɞŭɐɔɖůŬɜ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ˊɞɚɨ 

ŬŭɨɜŬɛɤɜ ůɢɖɛŬŰɘůɛɩɜ ɞɘ ɞˊɞɑɞɘ ůɡɛɓɎɚŬɜŮ ůŰɖɜ Ůəŭɐɚɤůɖ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ. Ƀɘ 

əŮɟɛŬŰɘůɛɏɜɞɠ ŬůɓŮůŰɧɚɘɗɞɠ ŭɖɛɘɞɨɟɔɖůŮ ˊɞɚɨ ŭɘŬˊŮɟŬŰɏɠ ɕɩɜŮɠ, ɏŰůɘ ůɡɢɜɎ ŬɜŬˊŰɨůůɞɜŰŬɜ 

ˊɞɚɨ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ ɜŮɟɞɨ ɤɗɩɜŰŬɠ ˊɟɞɠ ɞɚɑůɗɖůɖ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ, ŮɝɖɔŮɑ əŬɘ Űɖɜ ˊŬɟɞɡůɑŬ 

ɜŮɟɞɨ ɛŮŰŬɝɨ Űɞɡ űɚɨůɢɖ əŬɘ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɞɡ  ŬůɓŮůŰɧɚɘɗɞɡ ŰŬ ɞˊɞɑŬ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ 

ůŰɟɩɛŬŰŬ ˊɚŮɡɟɘəɩɜ əɞɟɖɛɎŰɤɜ. ȷɡŰɧ ŮɑɢŮ ɤɠ ůɡɜɏˊŮɘŬ ɖ əŬŰɞɚɑůɗɖůɖ ɜŬ ŮəŭɖɚɤɗŮɑ ɛŮŰɎ 
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Ŭˊɧ 12 ɩɟŮɠ ɏɜŰɞɜɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ ɛŮ Űɖɜ ŬůŰɞɢɞɨůŬ ɛɎɕŬ ɜŬ űŰɎɜŮɘ ɛɏɢɟɘ əŬɘ Űɞ ɓɎɗɞɠ 

Űɤɜ ɛŮŰŬɓŬŰɘəɩɜ ůŰɟɤɛɎŰɤɜ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ əŮɜŰɟɘəɐɠ ɡˊɞŭɞɛɐɠ 

Űɞɡ ɢɤɟɘɞɨ əŬŰɏɟɟŮɡůŮ.   

ũɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɛŮŰŬɓɞɚɩɜ ɚɧɔɤ Űɖɜ əŬŰɞɚɑůɗɖůɖɠ, ŬˊŬɘŰŮɑŰŬɘ ɏɟŮɡɜŬ 

ˊŮŭɑɞɡ əŬɘ ůɡɜɐɗɤɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ŮˊɘŰɧˊɞɡ ɢŬɟŰɞɔɟɎűɖůɖ ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ 

ɔŮɤɛɞɟűɞɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ. ȺˊɘˊɟɧůɗŮŰŬ, ɡˊɎɟɢɞɡɜ ɞɟɘůɛɏɜɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ŬɝɘɞɚɞɔɞɨɜŰŬɘ ůɡɜŮɢɩɠ ɧˊɤɠ ŮɑɜŬɘ ɖ ɏəŰŬůɖ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ, ɖ ŬɜɑɢɜŮɡůɖ Űɤɜ ŭɞɛɩɜ ˊɞɡ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ ŬɡŰɐ ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɟɤɔɛɏɠ Űɞɡ ŮŭɎűɞɡɠ əŬɗɩɠ əŬɘ ɞ ɖ ŰŬɢɨŰɖŰŬ Űɤɜ 

ɛŮŰŬŰɞˊɑůŮɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬůŰɞɢɑŬ. ɇɞ ŰŮɚŮɡŰŬɑɞ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

əɚɑɛŬəŬ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ ˊɞɚɨŰɘɛɞ ɢɟɧɜɞ, Ůɜɩ Űɞ ŬɜɩɛŬɚɞ ɏŭŬűɞɠ ɛˊɞɟŮɑ 

ɜŬ ˊŮɟɘɞɟɑůŮɘ Űɖɜ ˊɟɧůɓŬůɖ, Ůˊɞɛɏɜɤɠ ɖ ŮəŰɑɛɖůɖ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ŭŮɜ ɗŬ ŮɑɜŬɘ 

ɞɚɞəɚɖɟɤɛɏɜɖ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ əŬŰŬɜɞɖŰɧɠ ɞ ɛɖɢŬɜɘůɛɧɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ, ˊɟɏˊŮɘ ɜŬ 

ɛŮŰɟɖɗɞɨɜ Űɧůɞ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ɧůɞ əŬɘ ɞɘ əŬɘ əŬŰŬəɧɟɡűŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ. ɃɟɘůɛɏɜŮɠ ɛɏɗɞŭɞɘ 

ŰɖɚŮŬɜɑɢɜŮɡůɖɠ ŬˊɞŰŮɚɞɨɜ ˊɞɚɨŰɘɛŬ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŬɡŰɐ. Ⱥˊɞɛɏɜɤɠ, ŮəŰɧɠ Ŭˊɧ 

Űɖɜ ɞˊŰɘəɐ ŮɟɛɖɜŮɑŬ, ŮɘəɧɜŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ŬˊɞŰɡˊɩɗɖəŬɜ Ŭˊɧ  UAV Űɞ ɞˊɞɑɞ ˊŬɟɏɢŮɘ 

ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɖ ɢɤɟɘəɐ ŬɜɎɚɡůɖ əŬɘ ŬəɟɑɓŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ 

ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ɢɟɞɜɘəɩɜ ŬɚɚŬɔɩɜ. ɆŰɖɜ əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ əŬŰŬɔɟɎűɖəŬɜ ŬɟəŮŰɏɠ 

ɛŮŰŬəɘɜɐůŮɘɠ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ. ȼ ˊɟɩŰɖ ɛŮŰŬəɑɜɖůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞ 1963, Ůɜɩ 

ɖ ŰŮɚŮɡŰŬɑŬ ŮˊŮɘůɞŭɘŬəɐ əŬŰɞɚɑůɗɖůɖ ůɡɜɏɓɖ Űɞ 2012. ȷˊɧ ŰɧŰŮ ɖ əŬŰɞɚɑůɗɖůɖ ŮɝŮɚɑůůŮŰŬɘ 

ůŰŬŭɘŬəɎ ɢɤɟɑɠ ɏɜŰɞɜŮɠ ɛŮŰŬəɘɜɐůŮɘɠ. ɆŮ ŬɡŰɐ Űɖɜ ɏɟŮɡɜŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ŬɡŰɏɠ 

ɞɘ ŬɚɚŬɔɏɠ, ůɡɔəɟɑɗɖəŬɜ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡ Űɖɠ 

ˊŮɟɘɞɢɐɠ.  

ȷɟɢɘəɎ, ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ŬɡŰɩɜ Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ  ŬˊŬɘŰɞɨɜŰŬɘ ŭŮŭɞɛɏɜŬ ˊɟɘɜ Ŭˊɧ Űɖɜ 

əŬŰŬůŰɟɞűɐ. ɇŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ŭɘŬŰɏɗɖəŬɜ Ŭˊɧ Űɞ ȾŰɖɛŬŰɞɚɧɔɘɞ Űɖɠ ȺɚɚɎŭŬɠ ɧˊɞɡ ɣɖűɘŬəɎ 

ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ (DEM) - LSO (Large Scale Orthophotos) ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛŮ Űɖ ɢɟɐůɖ 

ŬŮɟɞůəŬűɩɜ Ůɝɞˊɚɘůɛɏɜɤɜ ɛŮ ɞˊŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ ɡɣɖɚɐɠ ŰŮɢɜɞɚɞɔɑŬɠ ɛŮŰŬɝɨ Űɤɜ ŮŰɩɜ 

2007 əŬɘ 2009 ɛŮ ŬɜɎɚɡůɖ ůŰŬ 5 ɛ. ȷɡŰɎ ŰŬ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ ŬˊɞŰŮɚɞɨɜ ɛɘŬ 

ŮɝŮɘŭɘəŮɡɛɏɜɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ŰɞˊɞɔɟŬűɘəɧ ŬɜɎɔɚɡűɞ Űɖɠ ŮˊɘűɎɜŮɘŬ 

ɛŮŰŬɝɨ ůɖɛŮɑɤɜ ɔɜɤůŰɞɨ ɡɣɞɛɏŰɟɞɡ. ɀŮ Űɖɜ ˊŬɟŮɛɓɞɚɐ ɔɜɤůŰɩɜ ůŰɞɘɢŮɑɤɜ ɡɣɞɛɏŰɟɞɡ Ŭˊɧ 

ˊɖɔɏɠ ɧˊɤɠ ɞɘ ɏɟŮɡɜŮɠ ŮŭɎűɞɡɠ əŬɘ ɖ ɚɐɣɖ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ɛˊɞɟŮɑ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ɞɟɗɞɔɩɜɘɞ ˊɚɏɔɛŬ ɣɖűɘŬəɩɜ ɛɞɜŰɏɚɤɜ. ɀŮ Űɞɜ əŬɗɞɟɘůɛɧ ŬɡŰɩɜ Űɤɜ 

űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ əɎŰɤ Ŭˊɧ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ, ŮɝɎɔɞɜŰŬɘ ŭɨɞ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ ɞˊɞɑŬ əŬɘ ůɡɔəɟɑɜɞɜŰŬɘ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɏɢɞɡɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ DEM ˊɞɡ 

Ŭűɞɟɞɨɜ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ɞɔəɞɛŮŰɟɘəɐɠ ɛŮŰŬɓɞɚɐɠ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ 

űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ŭŮɑɢɜɞɡɜ ɛɏɟɖ ɛŮ ˊɟɧůɗŮŰɞ ɐ ɛŮɘɤɛɏɜɞ ɡɚɘəɧ.  

 ȼ əŬŰɞɚɑůɗɖůɖ ɚɞɘˊɧɜ ůŰɖɜ əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɜŮɟɔɐ əŬŰɞɚɑůɗɖůɖ ɛŮ 

ůŰŬŭɘŬəɎ ŮɝŮɚɘůůɧɛŮɜŮɠ ɛŮŰŬəɘɜɐůŮɘɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŮŰɩɜ. ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ůɡɜŮɢɐɠ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɏəŰŬůɖɠ, Űɞɡ 

ɛŮɔɏɗɞɡɠ əŬɘ Űɞɡ ɛɖɢŬɜɘůɛɞɨ Űɖɠ, ɔɘŬ ŬɝɘɞɚɞɔɐůŮɘɠ əɘɜŭɨɜɞɡ əŬɘ Ŭəɧɛɖ əŬɘ ɔɘŬ ŭɘŬɢŮɑɟɘůɖ 

əɘɜŭɨɜɞɡ ɏəŰŬəŰɖɠ ŬɜɎɔəɖɠ. ɇɏɚɞɠ, ɖ ŬɜɎɔəɖ ŮűŬɟɛɞɔɐɠ ɛɖ ŮˊŬɜŭɟɤɛɏɜɤɜ ŮɜŬɏɟɘɤɜ 

ɞɢɖɛɎŰɤɜ (UAV) ůŰɘɠ ŮəŰɘɛɐůŮɘɠ Űɤɜ əɘɜŭɨɜɤɜ əŬŰɞɚɑůɗɖůɖɠ ŬɡɝɎɜŮŰŬɘ ŭɘŬɟəɩɠ, əŬɗɩɠ 

ˊŬɟɏɢŮɘ ɏɜŬɜ ŬůűŬɚɐ, ɔɟɐɔɞɟɞ əŬɘ ɏɜŬ ˊɘɗŬɜɩɠ ŬəɟɘɓɏůŰŮɟɞ Űɟɧˊɞ ŮˊɘɗŮɩɟɖůɖɠ ɛŮɔɎɚɤɜ əŬɘ 

ŭɨůəɞɚŬ ˊɟɞůɓɎůɘɛɤɜ ˊŮɟɘɞɢɩɜ ŬˊŬɘŰɩɜŰŬɠ ŮɚɎɢɘůŰɞɡɠ Ŭɜɗɟɩˊɘɜɞɡɠ ˊɧɟɞɡɠ. ɋůŰɧůɞ, ɔɘŬ 

Űɖ ŭɘŮəˊŮɟŬɑɤůɖ ŬɡŰɩɜ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɖ ůɡɛɓɞɚɐ əŬɘ ɖ əɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Ůɜɧɠ 

Ůɘŭɘəɞɨ  ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ.  
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Abstract 

A landslide constitutes a significant natural hazard that includes mass movement of soil, rocks 

and/or mud due to the pull of gravity, most of them occurring gradually, but some may be 

abrupt. It is a phenomenon which most of the times it is not predictable and unfortunately 

unavoidable and can cause significant casualties and immeasurable economic losses, effecting 

many aspects of human life. Extensive rainfall, earthquakes, unfavorable geology and human 

intervention are some potential triggering factors that can induce a landslide event. According 

the aforementioned, it is necessary to mitigate the landslide hazard to ensure optimum security. 

As a result, new methodologies are required to develop a better perception of landslide hazards. 

With the recent advances of technology, various remote sensing methods have been developed 

providing useful topographic data. In the current study, detailed imagery data has been obtained 

by using Unmanned Aerial Vehicles (UAV). The UAVs, also known as drones, are aircrafts 

where are capable of taking high-resolution images and producing via photogrammetric 

software, precise 3D point cloud, Digital Surface Models and respective Orthophoto. Valuable 

data source with extended applications on surveillance, inspection, mapping and 3D imaging 

are now available. The purpose of this study is to investigate and detect potential topographic 

changes of a mega-landslide by using multi-temporal UAV data. However, in order to estimate 

the extent of the problem, field mapping was needed, including geological mapping, defining 

the tectonic regime and also the structures related to the landslide. The landslide is induced at 

the community of Ropoto and constitutes a great risk while a large part of the village has been 

affected (approximately 280m wide and 750m long) (Figure 1). Ropoto village, belongs to the 

Municipality of Trikala in the Central part of Greece and according to the geological map 

(1:50.000), with the title ñMouzakionò, belongs to the geotectonic zone of Pindos (Mountrakis,  

1985). The geology of the area of interest consists of the following formations: 

PaleoceneEocene flysch formations (transition flysch units in this case) that present a high 

heterogeneity (sandstones, conglomerates, limestones, siltstones, shales, marls), transition beds 

consisted of thick-bedded limestones with sandstone and shale (M. Maastrichtian-L. Paleocene) 

and the thin-bedded limestone formation (Turonian-M. Maastrichtian). The tectonic 

development of the Ropoto area affected all of the formations and mainly the newer ones 

(flysch and transition formations), thus isoclinal folds and thrust faults were created. Flysch has 

thus suffered from compressional forces being highly deformed. Shear zones and smaller faults 

are also present in the site specific area due to this tectonic disturbance. These geological 

characteristics produced very weak rock masses which presented the landslide. Brittle rock 

formations, such as limestones here, created very permeable zones, so very high pore water 

pressure is often developed triggering the landslide. The latter, explains the water presence 

between the flysch and thick-bedded limestone formations covered by scree. Consequently, the 

landslide occurred after 12 hours of intense rainfall within the weathered mantle of flysch depth 

of the transition beds. As a result, the greater part of the central village infrastructure massively 

collapsed.  

For the detection of surface deformation due to landsliding, field investigation is requisite and 

typically involve field mapping to characterize the geomorphological conditions. Additionally, 

there is a number of factors that need to be continuously assessed: the extent of the landslide, 

detection of fissure structures, topography of the land and the rate of displacements that could 

be related to the fracture (Niethammer et al. 2010). The latter, depending on the scale of the 

problem, can take valuable time while rough terrain can constitute access restrictions, therefore 

the assessment of the landslide is deficient. In order to understand the mechanism of the 
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landslide, horizontal and vertical displacements should be measured. A number of remote 

sensing methods are valuable tools towards this assessment. Therefore, except the visual 

interpretation, high resolution images were captured by the UAV while it provides ultra-high 

spatial resolution and accuracy that is needed to monitor temporal changes. At the community 

of Ropoto, several movements have been recorded during the last decades., First movement 

occurred in 1963, while the last episodic large landslide happened in 2012. Ever since the 

landslide is evolving gradually without perceivable movements. In this survey, in order to 

detect these changes multi-temporal digital elevation models of the area we quantified and 

compared.  

Initially, for change the detection assessment, pre-disaster data is required. The reference data 

is provided by the Land Registry of Greece where Digital Elevation Models (DEM) - LSO 

(Large Scale Orthophotos) were created with the use of aircrafts equipped with high-end optical 

sensors between 2007 and 2009 with pixel resolution of 5 m. Those digital elevation models 

are specialized database that represents the topographic relief of a surface between points of 

known elevation. By interpolating known elevation data from sources such as ground surveys 

and photogrammetric data capture, a rectangular digital elevation model grid can be created. 

By setting these multi-temporal photogrammetric products under two different procedures, two 

deferent results were given. As a result, we have two DEMôs of difference involving 

quantifying volumetric change between these multi-temporal photogrammetric products 

showing parts with gain or loss material.   

Concluding, Ropoto landslide constitute an active landslide that shows gradually evolving 

movements through the years. As so, the continuous monitoring of the landslide in 6 monthsô 

period, it is required to determine the extent, magnitude and style of landslide movement, for 

risk and even emergency risk management assessments. Last but not least, the need of 

implementing Unmanned Aerial Vehicles (UAV) in landslide risk assessments is constantly 

increasing while they provide a safe, quick and potentially more accurate way of inspecting 

large scale and difficult to access areas, requiring minimal human resources. However, in order 

to process these results, the contribution and critical evaluation of an expert is obligatory.   
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1. ȺȽɆȷũɋũȼ  

 

1.1 ȷɜŰɘəŮɑɛŮɜɞ əŬɘ ɗɏůɖ ɏɟŮɡɜŬɠ  

 

ɆŰŬ ˊɚŬɑůɘŬ ŬɡŰɐɠ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ŭɘŮɟŮɡɜɎŰŬɘ ɖ Ůɝɏɚɘɝɖ Űɤɜ əŬŰɞɚɘůɗɖŰɘəɩɜ 

űŬɘɜɞɛɏɜɤɜ ůŰɖɜ əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ, Ɂ. ɇɟɘəɎɚɤɜ ˊɞɡ ŮəŭɖɚɩɗɖəŬɜ ɔɘŬ ˊɟɩŰɖ 

űɞɟɎ ůŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 1960. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ɏɟŮɡɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ-ɔŮɤŰŮɢɜɘəɐ ŮɝɏŰŬůɖ Űɤɜ űŬɘɜɞɛɏɜɤɜ ŬůŰɎɗŮɘŬɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ 

ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ əŬɗɩɠ əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ˊɞɡ ŬɡŰɎ 

Ůɔəɡɛɞɜɞɨɜ. ȺˊɘˊɟɧůɗŮŰŬ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ɢŬɟŰɞɔɟɎűɖůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ ŬɡŰɩɜ Űɤɜ 

űŬɘɜɞɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡůŰɐɛŬŰŬ ŰŮɚŮɡŰŬɑŬɠ ŰŮɢɜɞɚɞɔɑŬɠ ůŰɞ ɢɩɟɞ Űɖɠ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ ɖ Ůɝɏɚɘɝɖ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ əŬɘ ɞɘ 

ˊŮɟŬɘŰɏɟɤ ɛŮŰŬəɘɜɐůŮɘɠ Űɖɠ ŬɜɎɛŮůŬ ůŮ ŭɨɞ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ. ɇɏɚɞɠ ŮɝŮŰɎɕŮŰŬɘ ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ əŬɘ ŮɔəɡɟɧŰɖŰŬ ɞɟɘůɛɏɜɤɜ  ɛŮɗɧŭɤɜ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɡŰɐɠ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ ůɡɔəŮəɟɘɛɏɜɤɜ ɚɞɔɘůɛɘəɩɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞŰŬɗŮɑ ɖ 

ˊɚɏɞɜ əŬŰɎɚɚɖɚɖ.  

ȳůɞɜ ŬűɞɟɎ Űɖ ɗɏůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ ɖ əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ ɓɟɑůəŮŰŬɘ 

ɁɞŰɘɞŭɡŰɘəɎ Űɞɡ ɜɞɛɞɨ ɇɟɘəɎɚɤɜ əŬɘ ɡˊɎɔŮŰŬɘ ůŰɞɜ ȹɐɛɞ Ʉɨɚɖɠ ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ 

Űɞɡɠ Ůɝɐɠ ůɡɜɞɘəɘůɛɞɨɠ:  

i. ȾŮɜŰɟɘəɧɠ ůɡɜɞɘəɘůɛɧɠ  

ii.  Ɇˊɨɟɞɡ  

iii.  ɇůŮəɞɨɟŬ ɐ ȷɚɏɝɖ  

iv. ȯɔɘɞɠ ȽɤɎɜɜɖɠ  

v. ȾŬŰɘɜɏɚɘ  

vi. ȹɖɛɖŰɎəŬɘɜŬ  

vii.  ȿɞɔɔɑŮɠ  

 

  
ɉɎɟŰɖɠ 1: ȹɐɛɞɠ Ʉɨɚɖɠ 
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   ȺɘəɧɜŬ 1: ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ 

  

1.2 ȽůŰɞɟɘəɧ   

 

ȼ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ŬůŰɞɢɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɅɞˊɞŰɞɨ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ ˊɟɩŰɖ 

űɞɟɎ ůŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1960 ɧˊɞɡ ŭɖɛɘɞɨɟɔɖůŮ ˊɟɞɓɚɐɛŬŰŬ ůŮ ɞɚɧəɚɖɟɖ 

Űɖɜ əɞɘɜɧŰɖŰŬ ɛŮ Űɞɜ ȾŮɜŰɟɘəɧ ɧɛɤɠ ɞɘəɘůɛɧ ɜŬ ŭɏɢŮŰŬɘ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ˊɚɐɔɛŬŰŬ 

əŬɗɩɠ ůɖɛŮɘɩɗɖəŬɜ ůɞɓŬɟɏɠ ɕɖɛɘɏɠ ůŮ  ůˊɑŰɘŬ, ŭɟɧɛɞɡɠ ŬɚɚɎ əŬɘ əŬɚɚɘŮɟɔɐůɘɛŮɠ 

ŮəŰɎůŮɘɠ.  

ɀŮŰŬɔŮɜɏůŰŮɟŬ Űɞ 1970 ŰŬ əŬŰɞɚɘůɗɖŰɘəɎ űŬɘɜɧɛŮɜŬ ɏˊɚɖɝŬɜ ɔɘŬ ŭɨɞ Ŭəɧɛɖ  űɞɟɏɠ 

(1976 əŬɘ 1979) ɛɏůŬ ůŮ 3 ɢɟɧɜɘŬ Űɖɜ əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ ɏɢɞɜŰŬɠ Ŭəɧɛɖ ˊɘɞ 

ůɞɓŬɟɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞɜ ȾŮɜŰɟɘəɧ ɞɘəɘůɛɧ. ȰəŰɞŰŮ ůɖɛŮɘɩɗɖəŬɜ ˊɞɚɚɏɠ 

ɛɘəɟɞɛŮŰŬəɘɜɐůŮɘɠ ɛŮ Űɖɜ ˊɘɞ ˊɟɧůűŬŰɖ əŬɘ ůɖɛŬɜŰɘəɐ Ůəŭɐɚɤůɐ Űɖɠ ɜŬ ůɖɛŮɘɩɜŮŰŬɘ 

Űɞ 2012  ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ ŮɜŮɟɔɧŰɖŰŬ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ.  

 

ȺɘəɧɜŬ 2: ȺɘəɧɜŬ əŬŰɞɚɑůɗɖůɖɠ ɅɞˊɞŰɞɨ ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ Ůəŭɐɚɤůɖ  ŰŬ ɏŰɖ 2007, 2014 əŬɘ 

2018 
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1.3 ɀŮɗɞŭɞɚɞɔɑŬ ɏɟŮɡɜŬɠ  

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊɚɐɟɞɡɠ ŬɜɎɚɡůɖɠ əŬɘ ŬˊɞŰɨˊɤůɖɠ Űɖɠ ɞɚɞəɚɖɟɤɛɏɜɖɠ ŮɘəɧɜŬɠ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ ŬɡŰɞɨ, ŮəŰŮɚɏůɗɖəŮ ˊɚɐɗɞɠ ŮɟɔŬůɘɩɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɧůɞ Űɖɜ əŬŰŬɜɧɖůɖ 

Űɞɡ ɛɖɢŬɜɘůɛɞɨ əŬɘ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ, ɧůɞ əŬɘ Űɖɜ ŮɝŬɔɤɔɐ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ Űɖɜ 

ŮɜŮɟɔɧŰɖŰŬ əŬɘ Ůɝɏɚɘɝɐ Űɞɡ.  

ȷɟɢɘəɎ, ůɡɔəŮɜŰɟɩɗɖəŬɜ ɓɘɓɚɘɞɔɟŬűɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ əŬŰɞɚɑůɗɖůɖ 

ɧˊɤɠ, ˊɟɞɔŮɜɏůŰŮɟŮɠ ɛŮɚɏŰŮɠ Űɧůɞ ɔɘŬ Űɞ űŬɘɜɧɛŮɜɞ ɧůɞ əŬɘ ɔɘŬ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ 

ŬɚɚɎ əŬɘ ŮˊɘůŰɖɛɞɜɘəɏɠ ɏɟŮɡɜŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ˊŬɟŮɚɗɧɜ.  

ɆŰɞɘɢŮɑŬ ˊɞɡ Ůˊɑůɖɠ ůɡɔəŮɜŰɟɩɗɖəŬɜ ŮɑɜŬɘ əɡɟɑɤɠ ɢɎɟŰŮɠ Űɘɠ ˊŮɟɘɞɢɐɠ ɧˊɤɠ 

ɔŮɤɚɞɔɘəɞɑ (Űɞɡ Ƚ.ũ.ɀ.Ⱥ), ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ŬɚɚɎ əŬɘ ɡŭɟɞɛŮŰŮɤɟɞɚɞɔɘəɞɑ. 

ȺˊɘˊɟɧůɗŮŰŬ, ůɡɚɚɏɢɗɖəŬɜ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ Űɘɠ ˊŮɟɘɞɢɐɠ ɔɘŬ ɛɘŬ ˊɟɩŰɖ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ ˊɟɘɜ Űɖɜ ŮˊɘŰɧˊɞɡ ˊŬɟŬŰɐɟɖůɖ.  

Ⱥűɧůɞɜ ŮɝŮŰɎůŰɖəŬɜ ŰŬ ˊŬɟŬˊɎɜɤ ůŰɞɘɢŮɑŬ, ŬəɞɚɞɨɗɖůŮ ŮˊɑůəŮɣɖ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ 

Ůəˊɧɜɖůɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ Űɖɜ ŬˊɞŰɨˊɤůɖ 

əɡɟɑɤɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ əŬɘ Űɤɜ ŭɘɎűɞɟɤɜ ŬůŰɞɢɘɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ 

ɛŮ ŬɡŰɐ, ɧˊɤɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɟɤɔɛɏɠ, ŮɝɎɟůŮɘɠ ŬɜŬɔɚɨűɞɡ, ˊŬɟɞɡůɑŬ ɡŭɎŰɤɜ ŬɚɚɎ əŬɘ 

əŬɗɞɟɘůɛɧɠ Űɤɜ ɞɟɑɤɜ Űɖɠ. ȼ ŮˊɘŰɧˊɞɡ ɏɟŮɡɜŬ ůɡɛˊŮɟɘɚɎɛɓŬɜŮ  əŬɘ ŮɜŰɞˊɘůɛɧ Űɤɜ 

ůɢɖɛŬŰɘůɛɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɢɎɟŰŮɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

ɛŮŰɟɐůŮɘɠ ŰŮəŰɞɜɘəɩɜ ůŰɞɘɢŮɑɤɜ əŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ. ȺˊɘˊɟɧůɗŮŰŬ ůɖɛŮɘɩɗɖəŬɜ ɞɘ 

əŬŰŬůŰɟɞűɏɠ ˊɞɡ ɏˊɚɖɝŬɜ Űɖɜ ɞɘəɞŭɞɛɘəɐ əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ ŮˊɘŭŮɘəɜɨɞɜŰŬɠ Űɘɠ 

ɞɘəɞɜɞɛɘəɏɠ ůɡɜɏˊŮɘŮɠ ŬɚɚɎ əŬɘ Űɖɜ ɛŮɔɎɚɖ ŮˊɘəɘɜŭɡɜɧŰɖŰŬ Űɞɡ űŬɘɜɞɛɏɜɞɡ.  

ȺɝŬɘŰɑŬɠ Űɖɠ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɚɚɎ əŬɘ ůɖɛŮɑɤɜ ɛŮ ˊŮɟɘɞɟɘůɛɏɜɖ 

ˊɟɧůɓŬůɖ, ɖ ˊŮɟɘɞɢɐ Űɖɠ əɞɘɜɧŰɖŰŬɠ Űɞɡ ɅɞˊɞŰɞɨ ŬˊɞŰɡˊɩɗɖəŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ 

ůɨɔɢɟɞɜɤɜ ůɡůŰɖɛɎŰɤɜ ˊŬɟŬəɞɚɞɨɗɖůɖɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ ɛɖ 

ŮˊŬɜŭɟɤɛɏɜɞɡ ŬŮɟɞůəɎűɞɡɠ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ɔɜɤůŰɧ ɤɠ UAV ŬˊɞŰɨˊɤůŮ Űɖɜ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ůŮ 340 űɤŰɞɔɟŬűɑŮɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ Ůˊɑůɖɠ ɏɜŬ point cloud 

ˊɡəɜɧŰɖŰŬ 2400 points/m3.   

Ɇəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɞ ŮɜŰɞˊɘůɛɧɠ Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ əŬŰɎ ɛɐəɞɠ Űɖɠ 

əŬŰɞɚɑůɗɖůɖɠ ŬɚɚɎ əŬɘ ɖ ˊɞůɞŰɘəɞˊɞɑɖůɐ Űɞɡɠ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧ Űɞ 

ȾŰɖɛŬŰɞɚɧɔɘɞ Űɖɠ ȺɚɚɎŭŬɠ ɛŬɠ ˊŬɟŮɑɢŮ ůŰɞɘɢŮɑŬ Űɞɡ 2007 ˊɟɘɜ Űɖɜ Ůəŭɐɚɤůɖ Űɖɠ 

ŬůŰɞɢɑŬɠ ŰŬ ɞˊɞɑŬ ůɡɔəɟɑɗɖəŬɜ ɛŮ ŬɡŰɎ ˊɞɡ ŬˊɞŰɡˊɩɗɖəŬɜ Ŭˊɧ Űɖɜ ŮˊɘŰɧˊɞɡ ɏɟŮɡɜŬ.  

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ůɨɔəɟɘůɖ ŬɡŰɐ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ əŬŰɎɚɚɖɚɖ 

ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɚɞɔɘůɛɘəɩɜ. ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ 

ˊŮɟɑˊŰɤůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ɚɞɔɘůɛɘəɎ ArcGIS, Global Mapper əŬɘ 

CloudCompare ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ŮɝɐɢɗɖůŬɜ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ əŬɘ ɡɣɞɛɏŰɟɞɡ 

ŬˊŮɘəɞɜɑɕɞɜŰŬɠ Űɖɜ ˊŮɟɘɞɢɐ ůŮ ŬɟɢŮɑŬ ɛɞɟűɐɠ raster ŬɚɚɎ əŬɘ point cloud.   

ȷəɞɚɞɡɗɩɜŰŬɠ ɚɞɘˊɧɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ, ɛŮ Űɖɜ ˊɟɩŰɖ ɜŬ ŬűɞɟɎ Űɖɜ 

ŮɜŰɞɚɐ Minus ɛɏůɤ ArcGIS əŬɘ ɖ ŭŮɨŰŮɟɖ Űɖɜ ŮɜŰɞɚɐ M3C2 ɛɏůɤ CloudCompare, 

ɏɢɞɡɛŮ ůŰɖ ŭɘɎɗŮůɐ ɛŬɠ ŭɨɞ raster ˊɎɜɤ ůŰŬ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ɛŮŰŬŰɞˊɑůŮɘɠ Űɞɡ 

ŮŭɎűɞɡɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬɚɚŬɔɏɠ Űɞɡ ɡɣɞɛɏŰɟɞɡ. ȷˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ 

ŬɜŰɘɚŬɛɓŬɜɧɛŬůŰŮ əɡɟɑɤɠ ŰŬ ůɖɛŮɑŬ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ 

ŬɚɚɎ əŬɘ Űɖɜ ůɡɜŮɢɐ Ůɝɏɚɘɝɐ Űɖɠ.  

ȷɝɘɞɚɞɔɩɜŰŬɠ ŰŬ ˊŬɟŬˊɎɜɤ ˊɟɞŰŮɑɜɞɜŰŬɘ Ůˊɑůɖɠ ɏɟɔŬ ŬɜŰɘɛŮŰɩˊɘůɖɠ əŬɘ ŬɜŰɘůŰɐɟɘɝɖɠ 

Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɚɚɎ əŬɘ ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬɜɞɖɗŮɑ ˊɚɐɟɤɠ ɞ 

ɛɖɢŬɜɘůɛɧɠ Űɖɠ ɞɚɑůɗɖůɖɠ.  
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2. ŪȺɋɅȼɇȽȾȷ  ɆɇɃȽɉȺȽȷ ɄȺɅȽ ȾȷɇɃȿȽɆŪȼɆȺɋɁ  
 

2.1 ɇɘ ŮɑɜŬɘ əŬŰɞɚɑůɗɖůɖ  
 

O ɧɟɞɠ əŬŰɞɚɑůɗɖůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣŮɘ Űɖɜ ˊŰɩůɖ əŬɘ Űɖɜ ˊɟɞɠ ŰŬ ɏɝɤ 

ɛŮŰŬəɑɜɖůɖ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ɞɘ ɞˊɞɑɞɘ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɓɟɎɢɞ, ɏŭŬűɞɠ, 

ɞɟɔŬɜɘəɎ ɡɚɘəɎ ɐ əŬɘ ůɡɜŭɡŬůɛɞɨɠ ŬɡŰɩɜ ɡˊɧ Űɖɜ ŮˊɐɟŮɘŬ Űɖɠ ɓŬɟɨŰɖŰŬɠ əŬɘ ɞűŮɑɚŮŰŬɘ 

ůŮ űɡůɘəɎ ɐ ŰŮɢɜɖŰɎ ŬɑŰɘŬ (Highland & ȸobrowsky, 2008). H ŭɨɜŬɛɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ 

ŮˊɖɟŮɎɕŮɘ ɧɚŬ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ŮˊɎɜɤ ůŰɖ ũɖ Ŭˊɧ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ɓɞɡɜɎ ɛɏɢɟɘ əŬɘ Űɞɡɠ 

ɛɘəɟɞɨɠ əɧəəɞɡɠ Ɏɛɛɞɡ, ɏɚəɞɜŰŬɠ ŰŬ ˊɎɜŰŬ ůŮ ɛɘŬ əŬŰŮɨɗɡɜůɖ ˊɟɞɠ Űɞ əɏɜŰɟɞ Űɞɡ 

ˊɚŬɜɐŰɖ (Ɂagel, 2004). ȷɡŰɏɠ ɞɘ əɘɜɐůŮɘɠ ɛɎɕŬɠ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŭɘŬŰɛɖŰɘəɩɜ 

ŰɎůŮɤɜ ůŰɘɠ ˊɚŬɔɘɏɠ ( ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖ ɓŬɟɨŰɖŰŬ, Űɞ ɓɎɟɞɠ Űɞɡ ɡɚɘəɞɨ əŬɘ Űɞɡ ɜŮɟɞɨ 

ůŰɞ ɏŭŬűɞɠ) ɝŮˊŮɟɜɩɜŰŬɠ Űɖɜ ŬɜŰɑůŰŬůɖ Űɞɜ ɑŭɘɤɜ Űɤɜ ɡɚɘəɩɜ( ɧˊɤɠ ůɡɜŮəŰɘəɧŰɖŰŬ əŬɘ 

ŮůɤŰŮɟɘəɐ Űɟɘɓɐ) (Hart, 1986). ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɞɘ ŮˊɘůŰɐɛɞɜŮɠ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊɞɚɚɞɨɠ ɧɟɞɡɠ ɔɘŬ ŬɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ, ɧˊɤɠ çəŬŰɞɚɑůɗɖůɖè, çɞɚɑůɗɖůɖ 

ŮŭɎűɞɡɠè, çɓŬɟɡŰɘəɐ əɑɜɖůɖè, çɛŬɕɘəɐ ɛŮŰŬəɑɜɖůɖè əŬɘ çəŮəɚɘɛɏɜɖ əɑɜɖůɖè "(Terzaghi 

, 1950; Varnes, 1978) əŬɘ ŮəűɟɎɕŮɘ ɞɡůɘŬůŰɘəɎ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɜŬɕɐŰɖůɖɠ ɛɘŬɠ ɜɏŬɠ 

əŬŰɎůŰŬůɖɠ ɘůɞɟɟɞˊɑŬɠ Űɞɡ ŮŭɎűɞɡɠ.  

ɀɑŬ əŬŰɞɚɑůɗɖůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ ɛɏɟɖ ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ 

ůɢɐɛŬ:  

  

ɆɢɐɛŬ 1: ɀɏɟɖ əŬŰɞɚɑůɗɖůɖɠ. ɇɞ ůɢɐɛŬ ŭŮɑɢɜŮɘ ɛɘŬ ˊŮɟɘůŰɟɞűɘəɐ ɞɚɑůɗɖůɖ ˊɞɡ ɏɢŮɘ ŮɝŮɚɘɢɗŮɑ ůŮ 

ɟɞɐ ŮŭɎűɞɡɠ ( ŰɟɞˊɞˊɞɘɐɗɖəŬ Ŭˊɧ Varnes 1978)  
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2.2 ɇɨˊɞɘ əŬŰɞɚɘůɗɐůŮɤɜ  
 

Ƀ ɧɟɞɠ "əŬŰɞɚɑůɗɖůɖ" ˊŮɟɘɔɟɎűŮɘ ɛɘŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ŭɘŬŭɘəŬůɘɩɜ ɧˊɞɡ  ŬɜɎɚɞɔŬ ɛŮ 

Űɞ Ůɑŭɞɠ Űɖɠ əɑɜɖůɖɠ  ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ: ŬɜŬŰɟɞˊɏɠ(toppling), ˊŰɩůŮɘɠ(falls), 

ɞɚɘůɗɐůŮɘɠ(slides), ɟɞɏɠ(flows) əŬɘ ŮɝŬˊɚɩůŮɘɠ(spreads).Ⱥˊɑůɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ůŰɎŭɘɞ 

Ůɝɏɚɘɝɖɠ Űɞɡɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ: ŮɜŮɟɔɏɠ, ŬɜŮɜŮɟɔɏɠ, ŮˊŬɜŮɟɔɞˊɞɘɖɛɏɜŮɠ ŬŭɟŬɜŮɑɠ əŬɘ 

ŬɟɢŬɑŮɠ ɐ ŬˊɞɚɘɗɤɛɏɜŮɠ. ȰɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ŮˊɘůŰɖɛɧɜɤɜ ɏɢŮɘ ŰŬɝɘɜɞɛɐůŮɘ Űɘɠ 

əŬŰɞɚɘůɗɐůŮɘɠ əŬɘ ɖ  ˊŬɔəɧůɛɘŬ ˊɚɏɞɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ ŮɑɜŬɘ ɖ USGS 

(2004) əŬɘ Varnes (1978)  (ȺɘəɧɜŬ 1).  

  

ɆɢɐɛŬ 2: ɇɨˊɞɘ əŬŰɞɚɘůɗɐůŮɤɜ ( Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɞ USGS, 2004 & VARNES, 1978)  

2.3 Ⱦɨɟɘɞɘ ˊŬɟɎɔɞɜŰŮɠ ŬůŰɎɗŮɘŬɠ əŬɘ ŬɘŰɑŮɠ əŬŰɞɚɘůɗɐůŮɤɜ 

  

Ʉɞɚɚɞɑ Ɏɚɚɞɘ ˊŬɟɎɔɞɜŰŮɠ, ŮəŰɧɠ Ŭˊɧ Űɖ ɓŬɟɨŰɖŰŬ əŬɘ Űɞ ɜŮɟɧ, ˊɟɞəŬɚɞɨɜ ɛŬɕɘəɏɠ 

ɛŮŰŬəɘɜɐůŮɘɠ (əŬŰɞɚɘůɗɐůŮɘɠ), ɧˊɤɠ ɖ əɚɑůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ ɛŬɕɑ ɛŮ Űɖɜ 

ŮůɤŰŮɟɘəɐ ɔŮɤɛŮŰɟɑŬ Űɞɡ ɡɚɘəɞɨ, ɖ ˊŬɟɞɡůɑŬ ɡɚɘəɞɨ Ŭɟɔɘɚɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ əŬɗɩɠ 

əŬɘ ɖ ˊŬɟɞɡůɑŬ ɡˊɧɔŮɘɞɡ əŬɘ ŮˊɘűŬɜŮɘŬəɞɨ ɜŮɟɞɨ. Ⱥˊɑůɖɠ ˊɟɞɓɚɐɛŬŰŬ ŬůŰɎɗŮɘŬɠ 

ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɢŬɛɖɚɐɠ ŬɜŰɞɢɐɠ, ŬˊɞůŬɗɟɤɛɏɜɞ ɐ ŭɘŬŰɛɖɛɏɜɞ ɡɚɘəɧ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

ˊɟɞɥɧɜ ˊŬɚŬɘɧŰŮɟɖɠ əŬŰɞɚɑůɗɖůɖɠ ɐ ŬˊɞŰɏɚŮůɛŬ ŰŮəŰɞɜɘəɐɠ ŭɘŬŰŬɟŬɢɐɠ. ɇɏɚɞɠ ɞ 

ŭɡůɛŮɜɐɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ ŭɘŬűɧɟɤɜ Űɨˊɤɜ ŬůɡɜŮɢŮɘɩɜ (ůŰɟɩůɖ, ŭɘɎəɚŬůɖ, 
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ůɢɘůŰɧŰɖŰŬ, ɟɐɔɛŬ), ɏɜŬɠ ůŮɘůɛɧɠ əŬɗɩɠ əŬɘ ɞɘ ŭɘɎűɞɟŮɠ ŬɜɗɟɩˊɘɜŮɠ ˊŬɟŮɛɓɎůŮɘɠ 

ŮɑɜŬɘ Ůɝɑůɞɡ ůɖɛŬɜŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ.  

Ƀɘ ɔŮɜɘəɏɠ əŬɘ ˊɘɗŬɜɏɠ ŬɘŰɑŮɠ Űɤɜ əŬŰɞɚɘůɗɐůŮɤɜ ŮɑɜŬɘ ɔŮɤɚɞɔɘəɏɠ űɡůɘəɏɠ, 

ɔŮɤɛɞɟűɞɚɞɔɘəɏɠ əŬɘ  ŬɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ.  

ɆŰɘɠ ɔŮɤɛɞɟűɞɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ŮɜŰɎůůɞɜŰŬɘ: ɖ ŰŮəŰɞɜɘəɐ Ŭɜɨɣɤůɖ əŬɘ ɖ Ŭɜɨɣɤůɖ 

ɚɧɔɤ ɖűŬɘůŰŮɑɤɜ, ɖ ŮˊɑŭɟŬůɖ ˊŬɔŮŰɩɜɤɜ, ɖ ŭɘɎɓɟɤůɖ Űɖɠ ɓɎůɖɠ Űɞɡ ˊɟŬɜɞɨɠ ŮɝŬɘŰɑŬɠ 

Ůɜɧɠ ˊɞŰŬɛɞɨ ɐ Űɖɠ ɗɎɚŬůůŬɠ, ɖ ŮůɤŰŮɟɘəɐ ŭɘɎɓɟɤůɖ, ɖ űɧɟŰɘůɖ Ŭˊɧ űɡůɘəɐ ŬˊɧɗŮůɖ 

ɡɚɘəɩɜ ůŰɖ ůŰɏɣɖ Űɞɡ ˊɟŬɜɞɨɠ əŬɘ Űɏɚɞɠ ɖ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ űɡŰɞəɎɚɡɣɖɠ ˊɞɡ ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ˊɡɟəŬɔɘɎɠ ɐ ŭɘɎɓɟɤůɖɠ.  

ȷˊɧ Űɖɜ Ɏɚɚɖ ůŰɘɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŭɘŬŭɘəŬůɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ: ɖ ŭɘŬɟɟɞɐ ɡŭɎŰɤɜ 

Ŭˊɧ ŰŮɢɜɘəɎ ɏɟɔŬ, ɞɘ ŰŮɢɜɖŰɏɠ ŭɞɜɐůŮɘɠ (əɡəɚɞűɞɟɑŬɠ ɞɢɖɛɎŰɤɜ, ŬɜŬŰɘɜɎɝŮɘɠ), ɞɘ 

ŮəůəŬűɏɠ ůŰɖ ɓɎůɖ Űɞɡ ˊɟŬɜɞɨɠ, ɞ ɡˊɞɓɘɓŬůɛɧɠ Űɖɠ ůŰɎɗɛɖɠ ůŮ ŰŬɛɘŮɡŰɐɟŮɠ, ɖ 

Ŭˊɞɣɑɚɤůɖ Űɤɜ ŭŬůɩɜ, ɖ űɧɟŰɘůɖ ůŰɞ ɛɏŰɤˊɞ ɐ ŮˊɎɜɤ Ŭˊɧ Űɖ ůŰɏɣɖ Űɞɡ ˊɟŬɜɞɨɠ, ɖ 

ɎɟŭŮɡůɖ, ŰŬ ɚŬŰɞɛŮɑŬ əŬɘ ŰŬ ɛŮŰŬɚɚŮɑŬ əŬɘ ɖ əŬəɐ ůɡɜŰɐɟɖůɖ ŬˊɞůŰɟŬɔɔɘůŰɘəɩɜ 

ɏɟɔɤɜ.  

ɇɏɚɞɠ, ůŰɘɠ űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ůɡɛɓɎɚɚɞɡɜ: ɖ ɏɜŰɞɜɖ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ ɓɟɞɢɧˊŰɤůɖ, 

ɖ ˊŬɟŬŰŮŰŬɛɏɜɖ ɡɣɖɚɐ ɓɟɞɢɧˊŰɤůɖ, ɖ ŬˊɞůɎɗɟɤůɖ ɚɧɔɤ ˊŬɔŮŰɞɨ ɐ Ŭˊɧ ŭɘɧɔəɤůɖ 

əŬɘ ůɡɟɟɑəɜɤůɖ Űɤɜ ŮŭŬűɩɜ əŬɘ Űɞ ɔɟɐɔɞɟɞ ɚɑɤůɘɛɞ Űɞɡ ɢɘɞɜɘɞɨ  

2.4 ɀɏɗɞŭɞɘ ɇɖɚŮˊɘůəɧˊɖůɖɠ əŬɘ əŬŰɞɚɘůɗɐůŮɘɠ  
 

ȼ  ŮˊɘůŰɐɛɖ Űɖɠ ɇɖɚŮˊɘůəɧˊɖůɖ ŬűɞɟɎ Űɖɜ ŬˊɧəŰɖůɖ ɛŮŰɟɖŰɘəɐɠ əŬɘ ˊɞɘɞŰɘəɐɠ  

ˊɚɖɟɞűɞɟɑŬɠ Ůɜɧɠ űŬɘɜɞɛɏɜɞɡ ɐ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ Ŭˊɧ ŬˊɧůŰŬůɖ, ɢɤɟɑɠ ŭɖɚŬŭɐ 

űɡůɘəɐ ŮˊŬűɐ ɛŮ Űɞ ɡˊɧ ɛŮɚɏŰɖ űŬɘɜɧɛŮɜɞ ɐ ŬɜŰɘəŮɑɛŮɜɞ. ɆŰɞɜ Ⱥɚɚɖɜɘəɧ ɢɩɟɞ, ɖ 

ůɡɛɓɞɚɐ Űɖɠ ɇɖɚŮˊɘůəɧˊɖůɖɠ əɟɑɜŮŰŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɛŮ ŰŬ 

ůɡɢɜɎ əŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ Űɤɜ əŬŰɞɚɘůɗɐůŮɤɜ. ȼ ɚɘɗɞɚɞɔɘəɐ ůɨůŰŬůɖ əŬɘ ɖ 

ůɢŮŰɘəɎ ɛɘəɟɐ ɖɚɘəɑŬ Űɤɜ ˊŮɟɘůůɞŰɏɟɤɜ ůɢɖɛŬŰɘůɛɩɜ, ɖ ɔŮɤɛɞɟűɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ , ɖ 

ŭɟɎůɖ ˊɟɧůűŬŰɤɜ ŰŮəŰɞɜɘəɩɜ ŭɡɜɎɛŮɤɜ əŬɘ ɞɘ ɡɣɖɚɏɠ ɓɟɞɢɞˊŰɩůŮɘɠ, ŭɖɛɘɞɡɟɔɞɨɜ 

əŬŰɎɚɚɖɚŮɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ Ůəŭɐɚɤůɖ ůɡɢɜɩɜ ŬůŰɞɢɘɩɜ ˊɟŬɜɩɜ ˊɞɘəɑɚɖɠ əɚɑɛŬəŬɠ 

əŬɘ ɔɘô ŬɡŰɧ ŬˊɞŰŮɚŮɑ ŬɜŬˊɧůˊŬůŰɞ əɞɛɛɎŰɘ ůŮ ŮˊɑˊŮŭɞ ŭɘŬɢŮɑɟɘůɖɠ əɟɑůŮɤɜ əŬɘ ɚɐɣɖɠ 

ŬˊɞűɎůŮɤɜ.  

ȼ ɇɖɚŮˊɘůəɧˊɖůɖ ɛˊɞɟŮɑ ɜŬ ůɡɛɓɎɚŮɘ ɛŮ ŰŬ ŮɟɔŬɚŮɑŬ, ŰŬ ŭŮŭɞɛɏɜŬ əŬɘ Űɘɠ ɛŮɗɧŭɞɡɠ Űɖɠ 

ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Űɞɡ űŬɘɜɞɛɏɜɞɡ :  

Å ɄɟɧɓɚŮɣɖ-ȺˊɘəɘɜŭɡɜɧŰɖŰŬ ˊŮɟɘɞɢɐɠ  

Å ȷɜɑɢɜŮɡůɖ əŬŰɞɚɑůɗɖůɖɠ  

Å ɄŬɟŬəɞɚɞɨɗɖůɖ əŬŰɞɚɑůɗɖůɖɠ  

Å ɉŬɟŰɞɔɟɎűɖůɖ ˊŮɟɘɞɢɐɠ  
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Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɏŰůɘ ɩůŰŮ ɜŬ 

ŮɝɡˊɖɟŮŰɖɗŮɑ ŬɡŰɧɠ ɞ ůəɞˊɧɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ:  

ȹɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ (Google earth)  

Mɏůɤ Űɘɠ ˊɚŬŰűɧɟɛŬɠ Űɞɡ Google earth ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬˊɧəŰɖůɖɠ ŭɤɟŮɎɜ 

ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ əŬɘ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ Ŭˊɧ ɧɚɞ Űɞɜ əɧůɛɞ ɞɘ ɞˊɞɑŮɠ 

ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ əɎɛŮɟŮɠ ůŮ ŬŮɟɞůəɎűɖ əŬɘ ŭɞɟɡűɧɟɞɡɠ ůɡɚɚɏɔɞɜŰŬɠ ŮɘəɧɜŮɠ ůŮ 

ůɡɔəŮəɟɘɛɏɜɖ ɩɟŬ əŬɘ ɖɛŮɟɞɛɖɜɑŬ.  Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ˊŬɟɏɢŮɘ ůŰɞɡɠ ɢɟɐůŰŮɠ ɏɜŬ 

ɛŮɔɎɚɞ ˊɚɐɗɞɠ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ŭɘɎűɞɟɞɡɠ ŰɞɛŮɑɠ 

Ŭˊɧ Űɖɜ ˊɟɞůɤˊɘəɐ ɢɟɐůɖ ɛɏɢɟɘ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ɏɟŮɡɜŬ.  

 

ȺɘəɧɜŬ 3: ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ  

ȷŮɟɞűɤŰɞɔɟŬűɑŮɠ əŬɘ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ Ŭˊɧ USGS əŬɘ ȾŰɖɛŬŰɞɚɧɔɘɞ  

H ɓɎůɖ ŭŮŭɞɛɏɜɤɜ USGS (Earth Explorer) ˊŬɟɏɢŮɘ ůŰɞɡɠ ɢɟɐůŰŮɠ ɔŮɤɔɟŬűɘəɎ 

ŭŮŭɞɛɏɜŬ ɧˊɤɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ Landsat, ŭŮŭɞɛɏɜŬ UAS, ŭŮŭɞɛɏɜŬ ɟŬɜŰɎɟ, 

ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ, ɣɖűɘŬəɎ ŭŮŭɞɛɏɜŬ Sentinel, ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ, ɣɖűɘŬəɎ 

ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɞɜ Ⱥɗɜɘəɧ ɉɎɟŰɖ ŬɚɚɎ əŬɘ Ůɛˊɞɟɘəɏɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ (IKONOS 

əŬɘ OrbView3).  

To Ⱥɚɚɖɜɘəɧ ȾŰɖɛŬŰɞɚɧɔɘɞ ŭɖɛɘɞɨɟɔɖůŮ Űɖɜ ɈˊɖɟŮůɑŬ ŪɏŬůɖɠ ɃɟɗɞűɤŰɞɔɟŬűɘɩɜ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟɏɢŮɘ ůŰɞɡɠ ˊɞɚɑŰŮɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ŭɤɟŮɎɜ ˊŮɟɘɐɔɖůɖ ůŰɞ 

ɢŬɟŰɞɔɟŬűɘəɧ ɡɚɘəɧ ɞɚɧəɚɖɟɖɠ Űɖɠ ɢɩɟŬɠ. Ƀɘ ɞɟɗɞűɤŰɞɔɟŬűɑŮɠ ŬɡŰɏɠ Ŭűɞɟɞɨɜ Űɞ 

ůɨɜɞɚɞ Űɖɠ Ⱥɚɚɖɜɘəɐɠ ȺˊɘəɟɎŰŮɘŬɠ ɛŮ ŮɝŬɑɟŮůɖ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ (ˊŬɟŬɛŮɗɧɟɘŮɠ ɐ 

ˊŮɟɘɞɢɏɠ ˊɞɡ ɘůɢɨɞɡɜ ˊŮɟɘɞɟɘůɛɞɑ əŬɘ ŬˊŬɔɞɟŮɨůŮɘɠ Ŭˊɧ Űɘɠ ȷɟɛɧŭɘŮɠ ȷɟɢɏɠ əŬɘ 

ɈˊɖɟŮůɑŮɠ). ȼ ɢɤɟɘəɐ ŬɜɎɚɡůɖ ŬɡŰɩɜ Űɤɜ Ůɘəɧɜɤɜ ŮɑɜŬɘ 20 Ůə. ɔɘŬ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ 

əŬɘ 50 Ůə. ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ˊŮɟɘɞɢɏɠ. ɇŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ɚɐɣŮɘɠ Űɖɠ 

ˊŮɟɘɧŭɞɡ 2007 ɏɤɠ 2009 əŬɘ ŬˊɞŰŮɚɞɨɜ Űɞ ˊɚɏɞɜ ˊɟɧůűŬŰŬ ŮɜɖɛŮɟɤɛɏɜɞ 

ɢŬɟŰɞɔɟŬűɘəɧ ɡɚɘəɧ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ŬɜɎɚɡůɖ.  
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ɃɟɗɞűɤŰɞɔɟŬűɑŮɠ əŬɘ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ ɛɏůɤ UAV Űɞ ɞˊɞɑɞ ŬɜŬɚɨŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ   

2.4.1 ɆɡůŰɐɛŬŰŬ ɛɖ ȺˊŬɜŭɟɤɛɏɜɤɜ ŬŮɟɞůəŬűɩɜ (UAV)  

 

2.4.1.1 ɇɘ ŮɑɜŬɘ ŰŬ ɛɖ ŮˊŬɜŭɟɤɛɏɜŬ ŬŮɟɞůəɎűɖ  

ȾɎɗŮ ˊŰɡɢɐ Űɞɡ ŬɡŰɞɛŬŰɘůɛɞɨ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɞɚɞɏɜŬ ŬɡɝŬɜɧɛŮɜɖɠ ŬɜɎɔəɖɠ Űɞɡ 

Ŭɜɗɟɩˊɞɡ ɜŬ əɎɜŮɘ Űɖɜ ɕɤɐ Űɞɡ ŮɡəɞɚɧŰŮɟɖ, ɔŮɔɞɜɧɠ ˊɞɡ ɞŭɐɔɖůŮ əŬɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ 

Űɤɜ UAV (Unnamed Aerial Vehicle).  

 

ȺɘəɧɜŬ 4: ɇɞ UAV  ́ ɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

  

TŬ UAV ɚɞɘˊɧɜ, ɔɜɤůŰɎ əŬɘ ɤɠ drones, ŮɑɜŬɘ ŬŮɟɞůəɎűɖ ɐ Ŭɚɚɘɩɠ çɛɖ ŮˊŬɜŭɟɤɛɏɜŬ 

ɘˊŰɎɛŮɜŬ ɞɢɐɛŬŰŬè ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɚɐɣɖɠ űɤŰɞɔɟŬűɘɩɜ ɡɣɖɚɐɠ 

ŬɜɎɚɡůɖɠ. ɆɐɛŮɟŬ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ˊɞɚɨŰɘɛɖ ˊɖɔɐ ŭŮŭɞɛɏɜɤɜ ɛŮ ŮűŬɟɛɞɔɏɠ ůŮ ɗɏɛŬŰŬ 

ŮˊɘŰɐɟɖůɖɠ, ŮˊɘɗŮɩɟɖůɖɠ, ɢŬɟŰɞɔɟɎűɖůɖɠ əŬɘ ŰɟɘůŭɘɎůŰŬŰɖɠ ŬˊŮɘəɧɜɘůɖɠ. ɆɨɛűɤɜŬ 

ɛŮ Űɞɜ ɞɟɘůɛɧ Űɖɠ UVS International, ɏɜŬ UAV ŮɑɜŬɘ ɏɜŬ ɔŮɜɘəɧ ůɢɏŭɘɞ ŬŮɟɞůəɎűɞɡɠ 

ɔɘŬ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɢɤɟɑɠ ˊɘɚɧŰɞ.  

ȼ ɢɟɐůɖ Űɞɡɠ ŮɑɜŬɘ Ŭˊɚɐ əŬɘ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŬɡŰɧɛŬŰŬ ɛŮ ˊɟɞůɢŮŭɘŬůɛɏɜɞ ůɢɏŭɘɞ 

ˊŰɐůɖɠ ɐ ɢŮɘɟɞəɑɜɖŰŬ  əŬɗɩɠ ɚŮɘŰɞɡɟɔɞɨɜ ŬɡŰɧɜɞɛŬ, əŬŰŮɡɗɡɜɧɛŮɜŬ Ŭˊɧ ɛɞɜɎŭŬ GPS 

əŬɘ ɔŮɜɘəɎ Ŭˊɧ ɏɜŬ IMU ŬɘůɗɖŰɐɟŬ. ɀŮ ɏɜŬ Űɡˊɘəɧ űɤŰɞɔɟŬɛɛŮŰɟɘəɧ Ŭɔɤɔɧ, ɛˊɞɟɞɨɜ 

ɜŬ ˊŬɟŬɢɗɞɨɜ, ɛŮ ɏɜŬɜ ɚɞɔɘəɧ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞ Űɟɧˊɞ, 3D ŬˊɞŰŮɚɏůɛŬŰŬ ɧˊɤɠ Űɞ 

DSM / DTM, ŰŬ ŰɟɘůŭɘɎůŰŬŰŬ ɛɞɜŰɏɚŬ, ŰŬ ŭɘŬɜɡůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ əɚˊ. ɇŬ UAVôs 

ŮɑɜŬɘ ɏɜŬɠ ŬˊŬɟŬɑŰɖŰɞɠ ɓɞɖɗɧɠ ůŮ ˊɞɚɚɏɠ ŮɟɔŬůɑŮɠ - ɢŬɟŰɞɔɟŬűɐůŮɘɠ. ɀŮ Űɖɜ 

ŮɜůɤɛɎŰɤůɖ ŮɚŬűɟɘɩɜ űɤŰɞɔɟŬűɘəɩɜ ɛɖɢŬɜɩɜ ˊɎɜɤ ůŰɞ drone əŬɘ Űɖ ůɡɛɓɞɚɐ Űɞɡ 

GPS, əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɐ ɖ ůɡɔəɏɜŰɟɤůɖ ɣɖűɘŬəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ɔɘŬ ɛɘŬ ŭŮŭɞɛɏɜɖ 

ˊŮɟɘɞɢɐ. ȼ ɚɐɣɖ űɤŰɞɔɟŬűɘɩɜ ɔɑɜŮŰŬɘ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ. Ⱥɜ 

ůɡɜŮɢŮɑŬ Ůɘŭɘəɞɑ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ Űɘɠ űɤŰɞɔɟŬűɑŮɠ Ŭˊɧ Űɞ UAV əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ 

Űɖɜ əɚɑɛŬəŬ ɛɏŰɟɖůɖɠ əŬɘ Űɘɠ ůɤůŰɏɠ ɔŮɤɔɟŬűɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůɢɖɛŬŰɑɕɞɡɜ ŮɜŰɏɚŮɘ 

ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ ŮɘəɧɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ.  
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ɆɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ UAV ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ŮˊŬɜŭɟɤɛɏɜŬ ůɡůŰɐɛŬŰŬ 

ŬŮɟɞůəŬűɩɜ ŮɑɜŬɘ ɧŰɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ əŬŰŬůŰɎůŮɘɠ ɡɣɖɚɞɨ əɘɜŭɨɜɞɡ 

ɢɤɟɑɠ ɜŬ ŰɑɗŮŰŬɘ ůŮ əɑɜŭɡɜɞ ɖ Ŭɜɗɟɩˊɘɜɖ ɕɤɐ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŮ ŭɡůˊɟɧůɘŰŮɠ 

ˊŮɟɘɞɢɏɠ, ůŮ ɢŬɛɖɚɧ ɡɣɧɛŮŰɟɞ əŬɘ ůŮ ˊŰɐůŮɘɠ əɞɜŰɎ ůŰŬ ŬɜŰɘəŮɑɛŮɜŬ ɧˊɞɡ ŭŮɜ 

ɛˊɞɟɞɨɜ ɜŬ ˊŮŰɎɝɞɡɜ ŮˊŬɜŭɟɤɛɏɜŬ ůɡůŰɐɛŬŰŬ. ɆŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɖ ˊɟɧůɓŬůɖ ŮɑɜŬɘ 

ŭɨůəɞɚɖ əŬɘ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŬ ŮˊŬɜŭɟɤɛɏɜŬ ŬŮɟɞůəɎűɖ ɐ Ŭəɧɛɖ ŭŮɜ 

ɢɞɟɖɔŮɑŰŬɘ ɎŭŮɘŬ ˊŰɐůɖɠ, ɖ ɢɟɐůɖ Űɞɡ UAV ɛŮɟɘəɏɠ űɞɟɏɠ ɖ ɛɧɜɖ ˊɟŬəŰɘəɐ əŬɘ 

ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ. ɇɏɚɞɠ ŰŬ ˊɟɧůɗŮŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŮɑɜŬɘ ɖ ɘəŬɜɧŰɖŰŬ ŬˊɧəŰɖůɖɠ 

ŭŮŭɞɛɏɜɤɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ɏɢɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ŭŮŭɞɛɏɜŬ ŮɘəɧɜŬɠ, ɓɑɜŰŮɞ əŬɘ 

ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ.  

ȷˊŬɟŬɑŰɖŰɖ ŮɑɜŬɘ ɖ  ŬɜŬűɞɟɎ ůŰɞɜ ɧɟɞ űɤŰɞɔɟŬɛɛŮŰɟɑŬ. ȼ ɣɖűɘŬəɐ űɤŰɞɔɟŬɛɛŮŰɟɑŬ 

ɛŮ Űɖ ɢɟɐůɖ ɣɖűɘŬəɩɜ əŬɛŮɟɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑ ɚɐɣɖ űɤŰɞɔɟŬűɘɩɜ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ 

ɐ Űɞɡ ɢɩɟɞɡ Ŭˊɧ ˊɞɚɚɏɠ əŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɗŮůɑŮɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɞɘ ŮɘəɧɜŮɠ ŬɡŰɏɠ 

ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ɛŮ Űɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɞɡ ɚɞɔɘůɛɘəɞɨ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬɗɞɟɘůŰɞɨɜ ɞɘ 

ŬəɟɘɓŮɑɠ ŰɞˊɞɗŮůɑŮɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɏɔɘɜŮ ɖ ɚɐɣɖ Űɤɜ űɤŰɞɔɟŬűɘɩɜ. ȰˊŮɘŰŬ 

ŮɝŮɘŭɘəŮɡɛɏɜɞ ɚɞɔɘůɛɘəɧ ŮɚɏɔɢŮɘ ɔɘŬ əɞɘɜɎ ůɖɛŮɑŬ ɛŮŰŬɝɨ ŭɨɞ ɐ əŬɘ ˊŮɟɘůůɧŰŮɟɤɜ 

űɤŰɞɔɟŬűɘɩɜ ɩůŰŮ ɜŬ əŬɗɞɟɘůŰŮɑ ɖ ɗɏůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɞɜ ŰɟɘůŭɘɎůŰŬŰɞ ɢɩɟɞ. 

ɀŮ Űɖɜ ɢɟɐůɖ Űɖɠ ŬɏɟɘŬɠ űɤŰɞɔɟŬɛɛŮŰɟɑŬɠ əŬɘ Űɖɜ ŮɜůɤɛɎŰɤůɖ Űɖɠ əɎɛŮɟŬɠ ůŰɞ 

UAV, ɛŮ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ůɡɜɐɗɤɠ əɎɗŮŰŬ ˊɟɞɠ Űɞ ɏŭŬűɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ 

ŭɖɛɘɞɡɟɔɑŬ ŰɟɘůŭɘɎůŰŬŰɤɜ ɢŬɟŰɩɜ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ŰɟɘůŭɘɎůŰŬŰɖɠ ŬˊɞŰɨˊɤůɖɠ 

ɛɜɖɛŮɑɤɜ ɐ ŬɔŬɚɛɎŰɤɜ ɖ əɎɛŮɟŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ɞɟɘɕɧɜŰɘŬ ůŰɞ drone. Ⱥˊɑůɖɠ ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ ɡɣɖɚɐɠ əɎɚɡɣɖɠ ɖ ˊŰɐůɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŮɑɜŬɘ ŬɡŰɧɜɞɛɖ. ɇɞ ɔŮɔɞɜɧɠ 

ŬɡŰɧ ŮɑɜŬɘ ˊɞɡ əŬɗɘůŰɎ ŰŮɚɘəɩɠ ŬˊŬɟŬɑŰɖŰɖ Űɖ ɢɟɐůɖ Űɞɡ UAV. ȼ űɤŰɞɔɟŬɛɛŮŰɟɑŬ 

ɏɢŮɘ ɧɛɤɠ ŰŬ ɗŮŰɘəɎ Űɖɠ əŬɘ ŰŬ ŬɟɜɖŰɘəɎ Űɖɠ ŬˊɞŰŮɚɏůɛŬŰŬ. ȾɎˊɞɘŬ Ŭˊɧ ŰŬ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ɏɢŮɘ ŮɑɜŬɘ ɞ ˊɞɚɨ űɗɖɜɧɠ Ůɝɞˊɚɘůɛɧɠ Űɖɠ, ɖ əŬɚɨŰŮɟɖ ɞˊŰɘəɐ 

ŬɜŬˊŬɟɎůŰŬůɖ ůŮ ŮˊɘűɎɜŮɘŮɠ ɡűɐɠ, ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ ŬɜŬɓɎɗɛɘůɖɠ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɧˊɞŰŮ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ əŬɘɜɞɨɟɔɘɞɠ Ůɝɞˊɚɘůɛɧɠ ɔɘŬ ɜŬ 

ŬɜŰŬˊŮɝɏɚɗŮɘ ůŮ ɜɏŮɠ ŬˊŬɘŰɐůŮɘɠ ŬˊɞŰɨˊɤůɖɠ. ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ˊɞɡ ɏɢŮɘ ŮɑɜŬɘ ɞɘ 

ˊŮɟɘɞɟɘůɛɞɑ ŬɜɎɚɡůɖɠ ɚɧɔɤ Űɤɜ űŬəɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɞɘ əɎɛŮɟŮɠ ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ŭɘŬŰɖɟɐůɞɡɜ Űɖɜ ŭɘŬɨɔŮɘŬ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ. Ⱥˊɑůɖɠ 

ɛŮɘɞɜɏəŰɖɛŬ ŬˊɞŰŮɚɞɨɜ əŬɘ ɞɘ ɚɘɔɧŰŮɟŮɠ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŮɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ɞŭɖɔɞɨɜ 

ůŮ ɛŮɔŬɚɨŰŮɟŬ ůűɎɚɛŬŰŬ ɛɏŰɟɖůɖɠ əŬɗɩɠ ɔɑɜŮŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ŮˊŮɝŮɟɔŬůɑŬ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ɛŮɔɎɚɖ ŮɝŮɘŭɑəŮɡůɖ ɔɘŬ 

ŮˊɑŰŮɡɝɖ ɛɘəɟɧŰŮɟɤɜ ůűŬɚɛɎŰɤɜ ɛŮ ůɡɜŮˊŬəɧɚɞɡɗɞ Űɞɜ ˊŮɟɘůůɧŰŮɟɞ ɢɟɧɜɞɠ ɔɘŬ Űɖ 

ɚɐɣɖ ɢɤɟɘəɩɜ ɛŮŰɟɐůŮɤɜ.  

ɇɏɚɞɠ ˊɟɘɜ Ŭˊɧ əɎɗŮ ŮűŬɟɛɞɔɐ, ůɢŮŭɘɎɕŮŰŬɘ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɏɜŬ ůɢɏŭɘɞ ˊŰɐůɖɠ ɛŮ 

Ůɘŭɘəɧ ɚɞɔɘůɛɘəɧ ŮˊɘɚɏɔɞɜŰŬɠ ŬɟɢɘəɎ Űɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ (ȷɃȽ), əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ɏŭŬűɞɠ (GSD). ȰɢɞɜŰŬɠ ɚɞɘˊɧɜ əŬɗɞɟɑůŮɘ 

Űɖɜ əɚɑɛŬəŬ Űɖɠ ŮɘəɧɜŬɠ əŬɘ Űɞ ŮůŰɘŬəɧ ɛɐəɞɠ Űɖɠ əɎɛŮɟŬ ɏɢɞɡɛŮ ˊɚɏɞɜ Űɞ ɨɣɞɠ Űɖɠ 

ˊŰɐůɖɠ.  
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ȺɘəɧɜŬ 5: ɄŮɟɘɞɢɐ ˊŰɐůɖɠ 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɖ ɢɟɐůɖ Űɞɡ UAV əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɗɩɠ ˊŬɟɏɢŮɘ ɢɤɟɘəɎ 

ŭŮŭɞɛɏɜŬ ɔɘŬ ɞɟɗɞűɤŰɞɔɟŬűɑŮɠ ɐ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ɛŮɚɏŰɖ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ.  

  

2.4.1.2 ɉɟɐůɖ Űɤɜ ɛɖ ȺˊŬɜŭɟɤɛɏɜɤɜ ŬŮɟɞůəŬűɩɜ ůŰɖ ɛŮɚɏŰɖ ȾŬŰɞɚɘůɗɐůŮɤɜ  

ȼ ɛŮɚɏŰɖ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ůɡɜɐɗɤɠ ŬˊŬɘŰŮɑ Űɖɜ ɢŬɟŰɞɔɟɎűɖůɖ ˊŮŭɑɞɡ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɢŬɟŬəŰɖɟɘůŰɞɨɜ ɞɘ ɔŮɤɛɞɟűɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ  əŬɘ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ 

Űɡɢɧɜ əɑɜŭɡɜɞɘ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ əɚɑɛŬəŬ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ŭɘŬɟəɏůŮɘ 

ŬɟəŮŰɧ ɢɟɧɜɞ əŬɘ Űɞ ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɞɟɑůŮɘ Űɖɜ ˊɟɧůɓŬůɖ ůŮ ɞɟɘůɛɏɜŬ 

ůɖɛŮɑŬ. Ƀɘ ɔəɟŮɛɞɑ əŬɘ ɞɘ ŬˊɧŰɞɛŮɠ ˊɚŬɔɘɏɠ ɛˊɞɟɞɨɜ ɜŬ ɛŮɚŮŰɖɗɞɨɜ ɛŮ Űɖ ɢɟɐůɖ 

ůɢɞɘɜɘɞɨ (Hunter et. Al., 2009), ɤůŰɧůɞ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ Ŭɟɔɐ əŬɘ ŬˊŬɘŰŮɑ 

ůɖɛŬɜŰɘəɧ əɧůŰɞɠ. Ɇɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ ŰɖɚŮŬɜɑɢɜŮɡůɖɠ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ɢŬɟŰɞɔɟɎűɖůɖ əŬɘ ɛŮɚɏŰɖ Űɞɡ ˊŮŭɑɞɡ əŬɘ ɛɑŬ Ŭˊɧ 

ŬɡŰɏɠ ŮɑɜŬɘ ɖ ŬɏɟɘŬ űɤŰɞɔɟŬɛɛŮŰɟɑŬ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ɛɖ 

ŮˊŬɜŭɟɤɛɏɜɤɜ ŬŮɟɞůəŬűɩɜ UAV.  

ɇɞ UAV ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ŰɖɚŮˊɘůəɧˊɖůɖ əŬɘ ɢŬɟŰɞɔɟɎűɖůɖ Ŭɟɔɩɜ 

əŬŰɞɚɘůɗɐůŮɤɜ əŬɗɩɠ ŬˊɞŰŮɚŮɑ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ Űɧůɞ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ ɧůɞ əŬɘ 

ůŰɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡɠ. ɇŬ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

ˊŬɟɏɢɞɡɜ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ ɢɎɟŰŮɠ 

ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ əŬŰɞɚɘůɗɐůŮɤɜ. ȷɟəŮŰɎ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ ůɡɛɓɞɚɐ Űɤɜ ůɡůŰɖɛɎŰɤɜ 
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UAV ůŰɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ ŮɜŮɟɔɩɜ əŬŰɞɚɘůɗɐůŮɤɜ əŬɗɩɠ ŭɑɜŮŰŬɘ ɞɘ ŭɡɜŬŰɧŰɖŰŬ 

ɛɏŰɟɖůɖɠ əŬɘ ŮɜŰɞˊɘůɛɞɨ ŭɡɜɖŰɘəɩɜ ɛŮŰŬəɘɜɐůŮɤɜ ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ 

ůɞɓŬɟɧ ŬɜŰɑəŰɡˊɞ Űɧůɞ ůŰɞ űɡůɘəɧ ŬɜɎɔɚɡűɞ ɧůɞ əŬɘ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɕɤɐ. 

ȺˊɘˊɟɧůɗŮŰŬ ɞ Ůɝɞˊɚɘůɛɧɠ ŰɖɚŮˊŬɟŬəɞɚɞɨɗɖůɖɠ ɡɣɖɚɐɠ ŮɡəɟɑɜŮɘŬɠ ˊɞɡ ŮɑɜŬɘ 

ŮɔəŬŰŮůŰɖɛɏɜɞɠ ůŮ UAV ɛˊɞɟŮɑ Ůɝɑůɞɡ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖ ůɡɚɚɞɔɐ ɡˊɧɔŮɘɤɜ 

ŭŮŭɞɛɏɜɤɜ ɧˊɤɠ ɖ ɡɔɟŬůɑŬ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ɛŮůŬɑɞɡ əɧəəɞɡ 

(Niethammer et al., 2011).  

ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɣɖűɘŬəɩɜ ɛɞɜŰɏɚɤɜ ŮŭɎűɞɡɠ ɛɏůɤ Űɞɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɡɚɚɏɔŮɘ Űɞ 

UAV ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜɑɢɜŮɡůɖɠ əŬɘ ŬɜŬɔɜɩɟɘůɖɠ ˊŬɚŬɘɧŰŮɟɤɜ əŬŰɞɚɘůɗɐůŮɤɜ 

ˊŬɟŬŰɖɟɩɜŰŬɠ Űɖ ɛɞɟűɞɚɞɔɑŬ Űɞɡɠ ŮŭɎűɞɡɠ. ȺɜŭŮɑɝŮɘɠ ˊŬɚŬɘɧŰŮɟɤɜ əŬŰɞɚɘůɗɐůŮɤɜ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɞɘ ŬɘűɜɑŭɘŮɠ əŬɘ ŬˊɧŰɞɛŮɠ ŬɚɚŬɔɏɠ Űɘɠ əɚɑůɖɠ Űɞɡ ŮŭɎűɞɡɠ ɐ ŰɞɝɞŮɘŭɐɠ 

ŬůɡɜɏɢŮɘŮɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɞŭɖɚɩɜɞɡɜ Űɖ ůŰɏɣɖ ɐ Űɞ ˊɧŭɘ əɎˊɞɘŬɠ ˊŬɚŬɘɧŰŮɟɖɠ 

əŬŰɞɚɑůɗɖůɖɠ ɐ Ŭəɧɛɖ əŬɘ ŰŬ ɧɟɘŬ Űɖɠ.  
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3. ũȺɋȿɃũȽȾȺɆ  ɆɈɁŪȼȾȺɆ  ɇȼɆ  ɄȺɅȽɃɉȼɆ 

ȺɅȺɈɁȷɆ  

3.1 ũŮɤɛɞɟűɞɚɞɔɑŬ  

3.1.1 ũŮɤɛɞɟűɞɚɞɔɑŬ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ  

 

ɉɎɟŰɖɠ 2: ɉɎɟŰɖɠ Űɖɠ ȺɚɚɎŭɞɠ-Ɂɞɛɧɠ ɇɟɘəɎɚɤɜ 

  

ȼ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ŬɜɐəŮɘ ůŰɞɜ Ɂɞɛɧ ɇɟɘəɎɚɤɜ ɞ ɞˊɞɑɞɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ ȾŮɜŰɟɘəɐ ȺɚɚɎŭŬ 

əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖ ŪŮůůŬɚɑŬ ŬˊɞŰŮɚɩɜŰŬɠ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ŰɏůůŮɟɘɠ ɜɞɛɞɨɠ Űɖɠ. ȼ 

ɏəŰŬůɖ Űɞɡ ŮɑɜŬɘ 3.384 ŰŮŰɟŬɔɤɜɘəɎ ɢɘɚɘɧɛŮŰɟŬ əŬɘ ŬˊɞŰŮɚŮɑ Űɞ 24% Űɖɠ ɏəŰŬůɖɠ Űɖɠ 

ɄŮɟɘűɏɟŮɘŬɠ Űɖɠ ŪŮůůŬɚɑŬɠ əŬɘ Űɞ 2,6% Űɖɠ ȺɚɚɎŭŬɠ ɛŮ Űɞɜ ˊɚɖɗɡůɛɧ Űɞɡ ɜŬ ŬɜɏɟɢŮŰŬɘ ůŰɞɡɠ 

140.000 əŬŰɞɑəɞɡɠ. Ƀ ɜɞɛɧɠ ůɡɜɞɟŮɨŮɘ ɜɧŰɘŬ ɛŮ Űɞɜ Ɂɞɛɧ ȾŬɟŭɑŰůŬɠ, ɓɧɟŮɘŬ ɛŮ Űɞɜ Ɂɞɛɧ 

ũɟŮɓŮɜɩɜ, ŬɜŬŰɞɚɘəɎ ɛŮ Űɞɜ Ɂɞɛɧ ȿɎɟɘůŬɠ əŬɘ ŭɡŰɘəɎ ɛŮ Űɞɡɠ Ɂɞɛɞɨɠ ȽɤŬɜɜɑɜɤɜ əŬɘ ȯɟŰŬɠ.  

ɇŬ 4/5 ˊŮɟɑˊɞɡ Űɞɡ ɜɞɛɞɨ ŮɑɜŬɘ ɞɟŮɘɜɏɠ (71,9%) əŬɘ ɖɛɘɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ (11,3%) , ɛŮ Űɞ 

ɁɞŰɘɞŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɞɡ ɜŬ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɖɠ  ɛŮɔɎɚɖɠ ˊŮŭɘɎŭŬɠ Űɖɠ ŪŮůůŬɚɑŬɠ (16,8%). 

Ƀɘ ůɖɛŬɜŰɘəɧŰŮɟɞɘ ɞɟŮɘɜɞɑ ɧɔəɞɘ Űɤɜ ɇɟɘəɎɚɤɜ ŮɑɜŬɘ ɖ ȾŬəŬɟŭɑŰůŬ ůŰŬ ȷɗŬɛŬɜɘəɎ ɧɟɖ ɐ 

ɇɕɞɡɛɏɟəŬ (2.429 m), o ȿɎəɛɞɠ ɐ ɄŮɟɘůŰɏɟɘ (2.295m), ɖ ɇɟɘɔɔɑŬ (2.204m), Űɞ ȷɡɔɧ (2.178m), 

əŬɘ ɞ ȾɧɕɘŬəŬɠ ɐ ȾŮɟəɏŰɘɞ (1.901m), ŰŬ ɞˊɞɑŬ ɛŬɕɑ ŬˊɞŰŮɚɞɨɜ ŰɛɐɛŬŰŬ Űɖɠ ɜɧŰɘŬɠ ɞɟɞůŮɘɟɎɠ 

Űɖɠ Ʉɑɜŭɞɡ. ȸɞɟŮɘɧŰŮɟŬ Űɞɡ ɜɞɛɞɨ ɓɟɑůəɞɜŰŬɘ ɞɘ ɞɟɞůŮɘɟɏɠ Űɤɜ ɉŬůɑɤɜ əŬɘ Űɤɜ ȷɜŰɘɢŬůɑɤɜ 

ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ əŬɘ ɞɘ ɢŬɛɖɚɧŰŮɟŮɠ (1.564m). ɇŬ əɡɟɘɧŰŮɟŬ ˊɞŰɎɛɘŬ ˊɞɡ ŭɘŬůɢɑɕɞɡɜ Űɖɜ 

ˊŮɟɘɞɢɐ ŮɑɜŬɘ ɞɘ ˊŬɟŬˊɧŰŬɛɞɘ Űɞɡ ȷɢŮɚɩɞɡ əŬɘ Űɞɡ ɄɖɜŮɘɞɨ əŬɘ ˊɖɔɎɕɞɡɜ Ŭˊɧ ŰŬ ɓɞɡɜɎ Űɖɠ 

Ʉɑɜŭɞɡ.  
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ɆɢɐɛŬ 1: ũɟɎűɖɛŬ əŬŰŬɜɞɛɐɠ Űɖɠ ɏəŰŬůɖɠ Űɞɡ ɜɞɛɞɨ ɇɟɘəɎɚɤɜ 

 

3.1.2 ũŮɤɛɞɟűɞɚɞɔɑŬ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ  

Ƀ əŮɜŰɟɘəɧɠ ɞɘəɘůɛɧɠ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ ŬɜŬŰɞɚɘəɧ ˊɟŬɜɏɠ Űɞɡ ŬɜŰŮɟŮɑůɛŬŰɞɠ 

çȷɚŬŰŬɟɘɏɠè ɛŮ ɛɏɔɘůŰɞ ɡɣɧɛŮŰɟɞ ŰŬ 1.085m  əŬɘ ɛŮ ŭɘŮɨɗɡɜůɖ ȸɞɟɟɎ-ɁɧŰɞ ɛŮ Űɖɜ 

ɞɘəɞŭɞɛɘəɐ ˊŮɟɘɞɢɐ ɜŬ ɓɟɑůəŮŰŬɘ ŬɜɎɛŮůŬ ůŰŬ 700 ɛŮ 850 m. ɆŰŬ 200 m əŬŰɎɜŰɖ Űɞɡ 

ɞɘəɘůɛɞɨ  ŭɘɏɟɢŮŰŬɘ Ŭɜɩɜɡɛɞ ɟɏɛŬ ȸȸȷ-ɁɁȹ/əɖɠ ŭɘŮɨɗɡɜůɖɠ Űɞ ɞˊɞɑɞ əŬŰŬɚɐɔŮɘ 

ůŰɖɜ əɞɘɚɎŭŬ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɞ ɛŮɔɎɚɞ ɟɏɛŬ çɄɞɟŰŬɥəɧɠè ȷȸȷ/əɖɠ 

ŭɘŮɨɗɡɜůɖɠ. ɆŰɞ ŬɜŬŰɞɚɘəɧ ˊɟŬɜɏɠ Űɞɡ ŬɜŰŮɟŮɑůɛŬŰɞɠ çȷɚŬŰŬɟɘɏɠè  ɞɘ ɛɞɟűɞɚɞɔɘəɏɠ 

əɚɑůŮɘɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 25ɞ-50ɞ Ůɜɩ ůŰŬ ɡˊɧɚɞɘˊŬ ŬɜŰŮɟŮɑůɛŬŰŬ ɞɘ Űɘɛɏɠ Űɤɜ 

əɚɑůŮɤɜ űɗɎɜɞɡɜ ɏɤɠ Űɘɠ 30ɞ.  

  

3.2 ũŮɤɚɞɔɑŬ-ɇŮəŰɞɜɘəɐ-ɈŭɟɞɔŮɤɚɞɔɑŬ  

 

3.2.1 ũŮɤɚɞɔɑŬ  

 

3.2.1.1 ũŮɤɚɞɔɑŬ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ  

Ƀɘ ůɢɖɛŬŰɘůɛɞɑ Űɞɡ Ⱥɚɚɖɜɘəɞɨ ɢɩɟɞɡ ŮɑɜŬɘ ɔɜɤůŰɞɑ ɔɘŬ Űɖ ůɨɜɗŮŰɖ ɔŮɤɚɞɔɘəɐ ŭɞɛɐ 

Űɞɡɠ əŬɘ Űɖɜ ɏɜŰɞɜɖ ŰŮəŰɞɜɘəɐ əŬŰŬˊɧɜɖůɖ, Űɖɜ ɞˊɞɑŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ ɚɧɔɤ Űɞɜ 

ŮˊɎɚɚɖɚɤɜ ɞɟɞɔŮɜŮŰɘəɩɜ əɘɜɐůŮɤɜ ˊɞɡ ɏɚŬɓŬɜ ɢɩɟŬ ůŰɞ ˊŬɟŮɚɗɧɜ. ȼ ŭɖɛɘɞɡɟɔɑŬ əŬɘ 

ɖ ˊŰɨɢɤůɖ Űɤɜ Ⱥɚɚɖɜɑŭɤɜ ɞɟɞůŮɘɟɩɜ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ȷɚˊɘəɐɠ ɞɟɞɔɏɜŮůɖɠ 

,ɖɚɘəɑŬɠ ɀŮůɞɕɤɘəɞɨ- ɇɟɘŰɞɔŮɜɞɨɠ, ɛŬɕɑ ɛŮ Űɘɠ əŬŰŬəɧɟɡűŮɠ ɛŮŰŬəɘɜɐůŮɘɠ Űɞɡ 

ɇŮŰŬɟŰɞɔŮɜɞɨɠ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬˊɧŰɞɛɤɜ ŬəŰɩɜ əŬŰɎ Űɞ ɁŮɞɔŮɜɏɠ  ɛŮ Űɘɠ ɞˊɞɑŮɠ 

ůɡɜŭɏŮŰŬɘ ɖ ɏɜŰɞɜɖ ůŮɘůɛɘəɧŰɖŰŬ Űɤɜ ˊŮɟɘɞɢɩɜ ŬɡŰɩɜ (Ⱦɞɨəɖɠ, 1993).  

Ƀɘ ɞɟɞůŮɘɟɏɠ ŬɡŰɏɠ ɡˊɞŭɘŬɘɟɞɨɜŰŬɘ ůŮ ɔŮɤŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ ɞɘ ɞˊɞɑŮɠ ɞɜɞɛɎɕɞɜŰŬɘ 

çȺɚɚɖɜɑŭŮɠ ɕɩɜŮɠè əŬɘ əɎɗŮ ɛɘŬ Ŭˊɧ ŬɡŰɏɠ ŭɘŬəɟɑɜŮŰŬɘ Ŭˊɧ ɞɟɘůɛɏɜɖ ůŰɟɤɛŬŰɞɔɟŬűɑŬ, 

  

71 ,9% 

11 ,3% 
16 ,8% 

ȾŬŰŬɜɞɛɐ Űɖɠ ɏəŰŬůɖɠ Űɞɡ ɜɞɛɞɨ ɇɟɘəɎɚɤɜ 

ɃɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ ȼɛɘɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ ɄŮŭɘɎŭŮɠ 
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ůɡɔəŮəɟɘɛɏɜɖ ŰŮəŰɞɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ əŬɘ  ɘŭɘŬɑŰŮɟɞɡɠ ɚɘɗɞɚɞɔɘəɞɨɠ ɢŬɟŬəŰɐɟŮɠ, 

ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɎɟɟɖəŰŬ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ Űɖɜ ˊŬɚŬɘɞɔŮɤɔɟŬűɘəɐ Űɖɠ ɗɏůɖ.  

ɆŰɖɜ ɖˊŮɘɟɤŰɘəɐ ȺɚɚɎŭŬ  ɞɘ ɔŮɤŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ ɏɢɞɡɜ ŭɘŮɨɗɡɜůɖ ȸȸȹ-ɁɁȷ əŬɘ 

ŭɘŬəɟɑɗɖəŬɜ Ŭˊɧ Űɞɜ Brunn (1956) ůŮ ŮɝɤŰŮɟɘəɏɠ əŬɘ ŮůɤŰŮɟɘəɏɠ  

ɆŰɘɠ ŮɝɤŰŮɟɘəɏɠ ɕɩɜŮɠ Ŭɜɐəɞɡɜ: ɖ ɕɩɜɖ ɄŬɝɩɜ, Ƚɧɜɘɞɠ ɕɩɜɖ, ɖ ɕɩɜɖ ũŬɓɟɧɓɞɡ, ɖ ɕɩɜɖ 

Ʉɑɜŭɞɡ əŬɘ ɖ ɕɩɜɖ ɄŬɟɜŬůůɞɨ-ũəɘɩɜŬɠ.  

ɆŰɘɠ ŮůɤŰŮɟɘəɏɠ ɕɩɜŮɠ Ŭɜɐəɞɡɜ: ɖ ɄŮɚŬɔɞɜɘəɐ ɕɩɜɖ, ɖ ɕɩɜɖ ȷɝɘɞɨ, ɖ 

ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ ɕɩɜɖ əŬɘ ɖ ɛɎɕŬ Űɖɠ Ʌɞŭɧˊɖɠ. ȼ ɈˊɞˊŮɚŬɔɞɜɘəɐ ɕɩɜɖ ŬˊɞŰŮɚŮɑ Űɞ 

ɧɟɘɞ ŬɜɎɛŮůŬ ůŰɘɠ ŮůɤŰŮɟɘəɏɠ əŬɘ ŮɝɤŰŮɟɘəɏɠ ɕɩɜŮɠ.  

 

ɉɎɟŰɖɠ 3: ȹɘŬɑɟŮůɖ Űɞɡ Ⱥɚɚɖɜɘəɞɨ ɢɩɟɞɡ ůŮ ɔŮɤŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ (Ʉɖɔɐ: 

mailto:https://www.orykta.gr/geologia-oryktologia/geologia-elladas) 

  
ɈɄɃɀɁȼɀȷ  

Px: ɕɩɜɖ ɄŬɝɩɜ, Ƚ: Ƚɧɜɘɞɠ ɕɩɜɖ, G: ɕɩɜɖ ũŬɓɟɧɓɞɡ, Ʌ: ɕɩɜɖ ɋɚɞɜɞɨ Ʉɑɜŭɞɡ, Pk: 

ɕɩɜɖ ɄŬɟɜŬůůɞɨ-ũəɘɩɜŬɠ, Sp: ɈˊɞˊŮɚŬɔɞɜɘəɐ ɕɩɜɖ, Pg: ɄŮɚŬɔɞɜɘəɐ ɕɩɜɖ, ɕɩɜɖ 

ȷɝɘɞɨ ɐ ȸŬɟŭɎɟɖ ( Al: ɕɩɜɖ ȷɚɛɤˊɑŬɠ, Pa: ɕɩɜɖ ɄɎɥəɞɡ,Pe: ɕɩɜɖ ɄŬɘɞɜɑŬɠ), Sm:  

mailto:https://www.orykta.gr/geologia-oryktologia/geologia-elladas
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ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ ɛɎɕŬ ɐ ɕɩɜɖ, Rh: ɕɩɜɖ ɐ ɛɎɕŬ Űɖɠ Ʌɞŭɧˊɖɠ  

3.2.1.1 ȺɡɟɨŰŮɟɞ ɔŮɤɚɞɔɘəɧ ˊɚŬɑůɘɞ  

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊŬɟŬəɎŰɤ űɨɚɚɞ ɢɎɟŰɖ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ çɀɞɡɕɎəɘɞɜè ɞɘ ɔŮɤɚɞɔɘəɞɑ 

ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Ŭɜɐəɞɡɜ ůŰɖ ɕɩɜɖ Űɖɠ Ʉɑɜŭɞɡ.  

 

ɉɎɟŰɖɠ 4: Ɋɖűɘɞˊɞɘɖɛɏɜɞɠ ɢɎɟŰɖɠ ˊŮɟɘɞɢɐɠ . ɇɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ Ƚ.ũɀ.Ⱥ űɨɚɚɞ çɀɞɡɕɎəɘɞɜè 
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ɆɢɐɛŬ 2: ɇɛɐɛŬ ɔŮɤɚɞɔɘəɐɠ Űɞɛɐɠ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɅɞˊɞŰɞɨ Ŭˊɧ Űɞ ũŮɤɚɞɔɘəɧ űɨɚɚɞ 

çɀɞɡɕɎəɘɞɜè Űɞɡ Ƚ.ũ.ɀ.Ⱥ  

  

3.2.1.2 ũŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ  

Ƀɘ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ ɔŮɤŰŮəŰɞɜɘəɐ ɕɩɜɖ Űɖɠ Ʉɑɜŭɞɡ ŬˊɞŰŮɚɞɨɜ Űɞ 

ɔŮɤɚɞɔɘəɧ ɡˊɧɓŬɗɟɞ Űɖɠ ˊŮɟɘɞɢɐɠ  əŬɘ Ŭˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ ůɡɜŬɜŰɩɜŰŬɘ 1) ɞɘ 

ɚɘɗɞɚɞɔɘəɏɠ űɎůŮɘɠ Űɞɡ űɚɨůɢɖ 2) ŰŬ ůŰɟɩɛŬŰŬ çɛŮŰɎɓŬůɖɠè əŬɘ 3) ɞɘ ɚŮˊŰɞˊɚŬəɩŭŮɘɠ 

ŬůɓŮůŰɧɚɘɗɞɘ.  

Ƀɘ ɚɘɗɞɚɞɔɘəɏɠ űɎůŮɘɠ Űɞɡ űɚɨůɢɖ ŮɜŬɚɚɎůůɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ űɎůŮɤɜ Űɤɜ ɣŬɛɛɘŰɩɜ,  

ɧˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɛɞɟűɐ ɣŬɛɛɘŰɘəɩɜ ˊɎɔəɤɜ ɛŮ ˊɎɢɞɠ ˊŮɟɑˊɞɡ 15 ŮəŬŰɞůŰɎ, 

Űɤɜ ŬůɓŮůŰɘŰɘəɩɜ ɣŬɛɛɘŰɩɜ əŬɘ Űɤɜ Ŭɟɔɘɚɘəɩɜ ůɢɘůŰɞɚɑɗɤɜ. Ƀɘ ůɢɘůŰɞɚɘɗɘəɞɑ 

ůɢɖɛŬŰɘůɛɞɑ ŮɑɜŬɘ ˊɟŬəŰɘəɎ ůŰŮɔŬɜɞɑ ŮɛűŬɜɑɕɞɜŰŬɠ əŬɚɎ ɛɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, 

ɛŮ Űɖ ůɢɘůŰɧŰɖŰɎ Űɞɡɠ ɜŬ ŮɑɜŬɘ ŬɜŰɑɟɟɞˊɖ ɤɠ ˊɟɞɠ Űɞ ˊɟŬɜɏɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɘɕɐɛŬŰŬ 

ɏɜŰɞɜŬ ˊŰɡɢɤɛɏɜŬ Ŭˊɧ Űɖɜ ŰŮəŰɞɜɘəɐ Űɤɜ ɚŮˊɑɤɜ əŬɘ Űɤɜ ŮűɘˊˊŮɨůŮɤɜ. ȼ ɖɚɘəɑŬ Űɞɡ 

űɚɨůɢɖ ŮəŰɘɛɎŰŬɘ ɛŮŰŬɝɨ ɛɏůɞɡ ɀŬɘůŰɟɑɢŰɘɞɡ əŬɘ əŬŰɩŰŮɟɞɡ ɄŬɚŬɘɧəŬɘɜɞɡ.  

 

ȺɘəɧɜŬ 6:  ɆɢɖɛŬŰɘůɛɧɠ űɚɨůɢɖ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ- ɊŬɛɛɘŰɘəɞɑ ˊɎɔəɞɘ 
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ɇɖ ɛŮŰɎɓŬůɖ Űɞɡ űɚɨůɢɖ ˊɟɞɠ Űɞɡɠ ɡˊɞəŮɑɛŮɜɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ ŬˊɞŰŮɚɞɨɜ ŰŬ 

çůŰɟɩɛŬŰŬ ɛŮŰɎɓŬůɖɠè. ɇŬ ůŰɟɩɛŬŰŬ ŬɡŰɎ, ŮɑɜŬɘ ɏɜŰɞɜŬ ˊŰɡɢɤɛɏɜŬ əŬɘ ŰŮəŰɞɜɘəɎ 

əŬŰŬˊɞɜɖɛɏɜŬ ɛŮ Űɞ ˊɎɢɞɠ Űɞɡɠ ɜŬ ŮəŰɘɛɎŰŬɘ ůŮ ˊŮɟɑˊɞɡ 40 ɛɏŰɟŬ, ŮɑɜŬɘ ɘɕɖɛŬŰɞɔŮɜŮɑɠ 

ůɢɖɛŬŰɘůɛɞɑ ɛŮ Űɞɡɠ ɣŬɛɛɑŰŮɠ ɜŬ ŮˊɘəɟŬŰɞɨɜ ůŰŬ ŬɜɩŰŮɟŬ ɛɏɚɖ Ůɜɩ ɓŬɗɨŰŮɟŬ əŬɘ ɛŮ 

Űɖɜ ůŰŬŭɘŬəɐ  Ŭɨɝɖůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ ŬůɓɏůŰɘɞ ɛŮŰŬˊɑˊŰɞɡɜ ŰŮɚɘəɎ ůŮ 

ŬůɓŮůŰɞɚɑɗɞɡɠ.  

 

 

ȺɘəɧɜŬ 7: ɀŮŰŬɓŬŰɘəɎ ůŰɟɩɛŬŰŬ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ 

 

Ƀɘ ůŰɟɤɛŬŰɞɔɟŬűɘəɩɠ ɡˊɞəŮɑɛŮɜɞɘ ůɢɖɛŬŰɘůɛɞɑ Űɤɜ çůŰɟɤɛɎŰɤɜ ɛŮŰɎɓŬůɖɠè ŮɑɜŬɘɘ 

ɞɘ ɚŮˊŰɞˊɚŬəɩŭŮɘɠ ŬůɓŮůŰɧɚɘɗɞɘ ɖɚɘəɑŬɠ ŬɜɩŰŮɟɞ ȾɟɖŰɘŭɘəɧ. ȷˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ 

Ŭˊɧ ˊŮɚŬɔɘəɞɨɠ ˊɚŬəɩŭŮɘɠ ŬůɓŮůŰɞɚɑɗɞɡɠ ɛŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ ˊɡɟɘŰɞɚɑɗɤɜ Ůɜɩ ɚŮˊŰɏɠ 

ŮɜůŰɟɩůŮɘɠ ɛŬɟɔɩɜ əŬɘ Ŭɟɔɘɚɘəɩɜ ůɢɘůŰɞɚɑɗɤɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬŰɎ ɗɏůŮɘɠ. ɄɟɧəŮɘŰŬɘ 

ɔɘŬ ɏɜŬɜ ɘůɢɡɟɎ ˊŰɡɢɤɛɏɜɞ əŬɘ ŭɘŮɟɟɖɔɛɏɜɞ ɓɟŬɢɩŭɖ ůɢɖɛŬŰɘůɛɧ ɛŮ ɘəŬɜɞˊɞɘŰɘəɐ 

ɔŮɤɛɖɢŬɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ.. Ƀ ůɢɖɛŬŰɘůɛɧɠ ŬɡŰɧɠ ŮɛűŬɜɑɕŮŰŬɘ ɜɧŰɘŬ əŬɘ 

ɜɞŰɘɞŬɜŬŰɞɚɘəɎ Űɞɡ əŮɜŰɟɘəɞɨ ɞɘəɘůɛɞɨ.  
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ȺɘəɧɜŬ 8: ȿŮˊŰɞůŰɟɤɛŬŰɩŭɖɠ ŬůɓŮůŰɧɚɘɗɞɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ 

ȺəŰɧɠ Ŭˊɧ Űɞɡ ɔŮɤɚɞɔɘəɞɨɠ ŬɡŰɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɞ ɡˊɧɓŬɗɟɞ Űɖɠ 

ˊŮɟɘɞɢɐɠ, Űɖ ɔŮɤɚɞɔɘəɐ ŭɞɛɐ ůɡɛˊɚɖɟɩɜɞɡɜ əŬɘ ŭɨɞ ŮŭŬűɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ.  

Ƀ ˊɟɩŰɞɠ ŮɑɜŬɘ ɞ ɛŬɜŭɨŬɠ ŬˊɞůɎɗɟɤůɖɠ Űɞɡ űɚɨůɢɖ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ 

ŭɘɎɓɟɤůɖɠ əŬɘ ŬˊɞůɎɗɟɤůɖɠ  Űɤɜ ɣŬɛɛɘŰɘəɩɜ əŬɘ əɡɟɑɤɠ Űɤɜ ůɢɘůŰɞɚɘɗɘəɩɜ 

ůŰɟɤɛɎŰɤɜ Űɞɡ űɚɨůɢɖ. ɇɞ ˊɎɢɞɠ Űɞɡ ŭɘŬűɏɟŮɘ əŬŰɎ ɗɏůŮɘɠ  űɗɎɜɞɜŰŬɠ ůŮ ɞɟɘůɛɏɜŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŰŬ 10 ɛɏŰɟŬ. ȷˊɧ əɞəəɞɛŮŰɟɘəɐ Ɏˊɞɣɖ ŬˊɞŰŮɚɏɘŰŬɘ Ŭˊɧ Ŭɟɔɘɚɞɥɚɨ ɛŮ ɚɑɔŬ 

ɗɟŬɨůɛŬŰŬ ɛŮɔɏɗɞɡɠ ɢŬɚɘəɩɜ əŬɘ ɛŮ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ Ɏɛɛɞɡ. ȺˊɘˊɟɧůɗŮŰŬ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɡɣɖɚɐ ɡŭɟɞŬˊɞɟɟɞűɖŰɘəɧŰɖŰŬ, ɛɏŰɟɘŬ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ əŬɘ 

ɢŬɛɖɚɐ ůɡɜŮəŰɘəɧŰɖŰŬ. ɇɏɚɞɠ ŮɛűŬɜɑɕɞɜŰŬɘ ŬɜɎɜŰɘ Űɞɡ ɞɘəɘůɛɞɨ ŬɚɚɎ əŬɘ 

ɜɞŰɘɞŬɜŬŰɞɚɘəɎ, ŮəŰɧɠ Űɖɠ ɞɘəɞŭɞɛɖɛɏɜɖɠ ˊŮɟɘɞɢɐɠ.  

ɇɞɜ ŭŮɨŰŮɟɞ ŮŭŬűɘəɧ ůɢɖɛŬŰɘůɛɧ ŬˊɞŰŮɚɞɨɜ ŰŬ əɞɟɐɛŬŰŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ 

Űɖɠ ŭɘɎɓɟɤůɖɠ əŬɘ Űɖɠ ŬˊɞůɎɗɟɤůɖɠ Űɤɜ çůŰɟɤɛɎŰɤɜ ɛŮŰɎɓŬůɖɠè əŬɗɩɠ əŬɘ Űɤɜ 

ŬůɓŮůŰɞɚɑɗɤɜ.  
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ȺɘəɧɜŬ 9: ȷůɓŮůŰɞɚɘɗɘəɎ əɞɟɐɛŬŰŬ  

  

 

ɆɢɐɛŬ 3: ũŮɤɚɞɔɘəɐ Űɞɛɐ ˊŬɟɎɚɚɖɚŬ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ 
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3.2.2 ɇŮəŰɞɜɘəɐ  

ɀŬɕɑ ɛŮ Űɖɜ ŰŮɚɘəɐ ɞɟɞɔɏɜŮůɖ əŬɘ ˊŰɨɢɤůɖ Űɤɜ ůŰɟɤɛɎŰɤɜ ůŰɞ ȷɜɩŰŮɟɞ 

ȼɩəŬɘɜɞȾɎŰɤ ɃɚɘɔɧɜŬɘɜɞ ŬɜŬŭɨɗɖəŬɜ ŰŬ ůŰɟɩɛŬŰŬ Űɖɠ ɔŮɤŰŮəŰɞɜɘəɐɠ ɕɩɜɖɠ Űɖɠ 

Ʉɑɜŭɞɡ ɔŮɔɞɜɧɠ ˊɞɡ ˊɟɞəɚɐɗɖəŮ ŮɝŬɘŰɑŬɠ Űɖɠ ɖˊŮɘɟɤŰɘəɐɠ ůɨɔəɟɞɡůɖɠ Űɖɠ ȷˊɞɡɚɑŬɠ 

ɛŮ Űɖɜ ȺɡɟŬůɑŬ, ůɨɔəɟɞɡůɖ ˊɞɡ ŮɑɢŮ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɨˊŬɟɝɖ ɘůɢɡɟɩɜ 

ůɡɛˊɘŮůŰɘəɩɜ ŰɎůŮɤɜ. Ƀɘ ŰɎůŮɘɠ ŬɡŰɏɠ ˊɟɞəɎɚŮůŬɜ Űɖɜ ˊŰɨɢɤůɖ əŬɘ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ 

ɚŮˊɑɤůɖ Űɤɜ ůŰɟɤɛɎŰɤɜ Űɖɠ ɕɩɜɖɠ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ ɏŰůɘ ɩůŰŮ ŰŮɚɘəɎ ɜŬ ŮűɘˊŮɨůŮɘ  

ˊɎɜɤ ůŰɖɜ ɕɩɜɖ ũŬɓɟɧɓɞɡ-ɇɟɑˊɞɚɖɠ. ȼ ŭɘŮɨɗɡɜůɖ ˊɞɡ ɏɢɞɡɜ ŰŬ ŰŮəŰɞɜɘəɎ ŬɡŰɎ ɚɏˊɘŬ 

Űɖɠ Ʉɑɜŭɞɡ ŮɑɜŬɘ ȸ-Ɂ ɏɤɠ ȸȸȹ-ɁɁȹ ɛŮ əɚɑůɖ ˊɟɞɠ ŰŬ ȷɜŬŰɞɚɘəɎ. ɇŬ ŰŮəŰɞɜɘəɎ ŬɡŰɎ 

ɚɏˊɘŬ ŰɏɛɜɞɜŰŬɘ ŮɔəɎɟůɘŬ Ŭˊɧ ɏɜŬɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɟɖɔɛɎŰɤɜ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬŰɧˊɘůɖɠ 

ŰŬ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊŰɨɢɤůɖɠ.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ ŮəŰɧɠ Ŭˊɧ Űɘɠ ˊŰɡɢɩůŮɘɠ ɛŮɔɎɚɖɠ ŬəŰɑɜŬɠ 

əŬɛˊɡɚɧŰɖŰŬɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬɘ ˊŰɡɢɩůŮɘɠ  ɛɘəɟɐɠ ŬəŰɑɜŬɠ əŬɛˊɡɚɧŰɖŰŬɠ, ɧˊɞɡ 

ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɐůŮɘ ůɢŮŭɧɜ əŬŰŬəɧɟɡűŬ ɟɐɔɛŬŰŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ 

ůŰɟɤɛŬŰɞɔɟŬűɘəɏɠ əɚɑůŮɘɠ ɜŬ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 30ɞ -40ɞ , ˊɟɞɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ŭɘŮɡɗɨɜůŮɘɠ.  

ɆŰɖɜ əɞɘɜɞŰɘəɐ ˊŮɟɘɞɢɐ Űɞɡ ɅɞˊɞŰɞɨ əŬɘ əɡɟɑɤɠ əŬŰɎ ɛɐəɞɠ Űɖɠ əɨɟɘŬɠ ɟŮɛŬŰɘɎɠ ˊɞɡ 

ɞɟɘɞɗŮŰŮɑ ŰŬ ŬɜŰŮɟŮɑůɛŬŰŬ çȾŬɟŬɛɐŰůɞɡè əŬɘ çȷɚŬŰŬɟɘɏɠè ŮɑɜŬɘ ɞɟŬŰɎ ŰŬ ɟɐɔɛŬŰŬ 

ɛŮɔɎɚɤɜ ŭɘŬůŰɎůŮɤɜ ɏɜŬ Ůə Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ əŬŰŬəɧɟɡűɞ ɛŮ ŭɘŮɨɗɡɜůɖ ȸ30ɞ  əŬɘ 

űɞɟɎ əɚɑůɖɠ ˊɟɞɠ ŰŬ ɁɞŰɘɞŬɜŬŰɞɚɘəɎ.  

Ƀ űɚɨůɢɖɠ əŬɘ ŰŬ çůŰɟɩɛŬŰŬ ɛŮŰɎɓŬůɖɠè ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ɏɢɞɡɜ ŮˊɖɟŮŬůŰŮɑ 

ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɖɜ ŰŮəŰɞɜɘəɐ. ɆɡɜɏˊŮɘŬ ŬɡŰɐɠ Űɖɠ ŰŮəŰɞɜɘəɐɠ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ 

ɢŬɚŬɟɞɨ ŰɛɐɛŬŰɞɠ ɧˊɞɡ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŭɘɎɓɟɤůɖ əŬɘ Űɖɜ ŬˊɞůɎɗɟɤůɖ 

ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ ŮˊɘűŬɜŮɘŬəɧ ŰɛɐɛŬ, Űɞ ɚŮɔɧɛŮɜɞ ɛŬɜŭɨŬ ŬˊɞůɎɗɟɤůɖɠ, Űɞ ɞˊɞɑɞ 

űɗɎɜŮɘ əŬŰɎ ɗɏůŮɘɠ ŰŬ 10 ɛɏŰɟŬ. Ƀɘ ɑŭɘŮɠ ŭɘŮɟɔŬůɑŮɠ ůŰɞɜ ŬůɓŮůŰɧɚɘɗɞ ɏɢɞɡɜ ůŬɜ 

ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ əɞɟɖɛɎŰɤɜ  ɛŮ ůɖɛŬɜŰɘəɐ ŬɜɞɛɞɘɞɔɏɜŮɘŬ əŬɘ ŬɟəŮŰɎ 

ɢŬɛɖɚɐ ůɡɜŮəŰɘəɧŰɖŰŬ.  

ɇɏɚɞɠ, ůɨɛűɤɜŬ ɛŮ Űɖɠ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ ˊɞɡ əŬɚɨˊŰɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, 

ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ŮɛűŬɜɑɕɞɜŰŬɘ ŭɨɞ əɨɟɘŬ ůɡůŰɐɛŬŰŬ ŭɘŬɟɟɐɝŮɤɜ ɛŮ ŭɘŮɡɗɨɜůŮɘɠ ȸȹ 

320ɞ ï 345ɞ  əŬɘ ȸȷ 50ɞ -60ɞ. ɇŬ ŭɨɞ ŬɡŰɎ ůɡůŰɐɛŬŰŬ ɟɖɔɛɎŰɤɜ ŮɑɜŬɘ ůɢŮŭɧɜ əɎɗŮŰŬ 

ɛŮŰŬɝɨ Űɞɡɠ , ɛŮ Űɞ ˊɟɩŰɞ ɜŬ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ ŭɘŬɛɧɟűɤůɖ Űɤɜ əɨɟɘɤɜ 

ɡŭɟɞɔɟŬűɘəɩɜ Ŭɝɧɜɤɜ ŬɚɚɎ əŬɘ Űɤɜ ɓɡɗɘůɛɎŰɤɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ, Ůɜɩ Űɞ 

ŭŮɨŰŮɟɞ ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ əɨɟɘɤɜ ŭɘŬɟɟɐɝŮɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ  

3.2.3 ɈŭɟɞɔŮɤɚɞɔɑŬ  

ɆŰɖɜ ˊŮɟɘɞɢɐ ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ɖ əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɞɘ ˊɚɏɞɜ 

əŬŰɎɚɚɖɚŮɠ ɡŭɟɞɔŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ ůɡɔəɏɜŰɟɤůɖ əŬɘ ůɡɔəɟɎŰɖůɖ Űɞɡ 

ɜŮɟɞɨ. Ƀɘ ůɡɜɗɐəŮɠ ŬɡŰɏɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ ůɢɖɛŬŰɘůɛɞɨɠ ɛŮ űŰɤɢɎ ɔŮɤŰŮɢɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɤɜ ɞˊɞɑɤɜ ɓɟɑůəŮŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ 

ȾŮɜŰɟɘəɞɨ ɞɘəɘůɛɞɨ. ȺəŰɧɠ Űɖɠ ɞɘəɞŭɞɛɘəɐɠ ɕɩɜɖɠ, ŭɖɚŬŭɐ ŬɜɎɜŰɘ Űɞɡ ȾŮɜŰɟɘəɞɨ 

ɞɘəɘůɛɞɨ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ɏɜŰɞɜŬ ŰŮəŰɞɜɘůɛɏɜɞɘ ɚŮˊŰɞˊɚŬəɩŭŮɘɠ ŬůɓŮůŰɧɚɘɗɞɘ 

ůɖɛŬɜŰɘəɐɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ. ɈˊŮɟəŮɑɛŮɜɞɠ ůɢɖɛŬŰɘůɛɧɠ əŬɘ ůŮ ŮˊŬűɐ, ˊɘɗŬɜɧɜ 

ŰŮəŰɞɜɘəɐ, ɛŮ Űɞɜ ŬůɓŮůŰɧɚɘɗɞ ŮɑɜŬɘ ɞ űɚɨůɢɖɠ, ɞ ɞˊɞɑɞɠ ůŮ ˊɞɚɚɏɠ ɗɏůŮɘɠ əŬɚɨˊŰŮŰŬɘ 

Ŭˊɧ ɛŬɜŭɨŬ ŬˊɞůɎɗɟɤůɖɠ ůɖɛŬɜŰɘəɞɨ ˊɎɢɞɡɠ. ȺɝŬɘŰɑŬɠ Űɖɠ ɘəŬɜɞˊɞɘɖŰɘəɐɠ 
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ůŰŮɔŬɜɧŰɖŰŬɠ Űɞɡɠ űɚɨůɢɖ, Űɞ ŮˊɘűŬɜŮɘŬəɧ ɜŮɟɧ ˊɞɡ əŬŰŮɘůŭɨŮɘ ůŰɞ ɡŭɟɞˊŮɟŬŰɧ 

ůŰɟɩɛŬ Űɞɡ ɛŬɜŭɨŬ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬɜ ŮˊɘəɟŮɛɎɛɛŮɜɞ ɡŭɟɞűɞɟɏŬ ɞˊɞɑɞɠ ŭɖɛɘɞɡɟɔŮɑ 

ˊɖɔɏɠ əŬɘ ŮəűɞɟŰɑɕŮɘ ůŮ ŭɘɎűɞɟŮɠ ɗɏůŮɘɠ ɛɏůŬ ůŰɞɜ əŮɜŰɟɘəɧ ɞɘəɘůɛɧ. Ƀ ɡŭɟɞűɞɟɏŬɠ 

ŬɡŰɧɠ ŮəűɞɟŰɑɕŮŰŬɘ ɛŮ ŭɨɞ Űɟɧˊɞɡɠ, ŮɑŰŮ ůŬɜ ˊɖɔɐ ŮˊŬűɐɠ ůɡɜŮɢɞɨɠ ˊŬɟɞɢɐɠ, ŮɑŰŮ ůŬɜ 

ŭɘɨɔɟŬɜůɖ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ˊŮɟɘɞŭɘəɐ ŮɛűɎɜɘůɖ ŬɜɎ ɏŰɞɠ.  

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɔŮɤŰŮɢɜɘəɐ-ɡŭɟɞɔŮɤɚɞɔɘəɐ ɛŮɚɏŰɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɖɜ 

əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ Űɞ 2011 Ŭˊɧ Űɞ ȽɜůŰɘŰɞɨŰɞ ũŮɤɚɞɔɘəɩɜ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɩɜ 

ȺɟŮɡɜɩɜ əŬɘ ɀŮɚŮŰɩɜ (Ƚ.ũ.ɀ.Ⱥ.ɀ) ɞɘ ůɢɖɛŬŰɘůɛɞɑ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ŭɘŬəɟɑɗɖəŬɜ 

ůŮ ŰɟŮɘɠ ɡŭɟɞɚɘɗɞɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ ɛŮŰɎ Ŭˊɧ ɛŮŰɟɐůŮɘɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ k : 1. ɆŮ ˊŮɟŬŰɞɨɠ  

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Ŭɜɐəɞɡɜ ŰŬ əɞɟɐɛŬŰŬ, ɞ ɛŬɜŭɨŬɠ ŬˊɞůɎɗɟɤůɖɠ əŬɘ ɞɘ 

ˊŮɚŬɔɘəɞɑ ɚŮˊŰɞˊɚŬəɩŭŮɘɠ ŬůɓŮůŰɧɚɘɗɞɘ Űɖɠ Ʉɑɜŭɞɡ. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ k  əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 2,5x10-3 cm/sec ɏɤɠ 1,4x 10-1 cm/sec  

2. ȼɛɘˊŮɟŬŰɞɨɠ  

ɆŰɞɡɠ ɖɛɘˊŮɟŬŰɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ŰŬ ůŰɟɩɛŬŰŬ ɛŮŰɎɓŬůɖɠ ŰŬ 

ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŮɜŬɚɚŬɔɏɠ ŬůɓŮůŰɞɚɑɗɞɡ (ɡŭɟɞˊŮɟŬŰɧɠ) əŬɘ ɚŮˊŰɩɜ 

Ŭɟɔɘɚɘəɩɜ ŮɜůŰɟɩůŮɤɜ ɡɣɖɚɐɠ ůŰŮɔŬɜɧŰɖŰŬɠ. Ƀɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ k əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 1x 10-4 cm/ sec ɏɤɠ 1x10-2 cm/sec  

3. ȷŭɘŬˊɏɟŬŰɞɡɠ ɐ ˊɟŬəŰɘəɎ ůŰŮɔŬɜɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ  

O űɚɨůɢɖɠ Űɖɠ ɕɩɜɖɠ Űɖɠ Ʉɑɜŭɞɡ, ŬɜɐəŮɘ ůŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ əŬɗɩɠ ůŰɞ 

ůɨɜɞɚɞ Űɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɣŬɛɛɑŰŮɠ əŬɘ Ŭɟɔɘɚɘəɞɨɠ ůɢɘůŰɞɚɑɗɞɡɠ ˊɞɡ ŮɑɜŬɘ 

ˊɟŬəŰɘəɎ ůŰŮɔŬɜɞɑ ůɢɖɛŬŰɘůɛɞɑ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ k ŮəŰɘɛɎŰŬɘ 

ɧŰɘ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ Ŭˊɧ 1x10-4 cm/sec.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɧůɞɜ ŬűɞɟɎ Űɘɠ ˊɖɔɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ɞɘəɘůɛɧ ɚɧɔɤ Űɤɜ 

ˊŬɟŬˊɎɜɤ ɡŭɟɞɔŮɤɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ, ůɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɞɘ ˊŬɟɞɢɏɠ ɞɟɘůɛɏɜɤɜ Ŭˊɧ 

ŬɡŰɩɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ əŬɘ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ˊɘɗŬɜɧɜ ůŰɘɠ ˊɚŮɡɟɘəɏɠ Ůɘůɟɞɏɠ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ ŬɜɎɜŰɘ ůɢɖɛŬŰɘůɛɧ Űɞɡ ŬůɓŮůŰɞɚɑɗɞɡ.  

3.3 ɈŭɟɞɛŮŰŮɤɟɞɚɞɔɑŬ  

3.3.1 ɇɨˊɞɠ əɚɑɛŬŰɞɠ  

ȼ ȺɚɚɎŭŬ ɔŮɜɘəɎ ɏɢŮɘ ŮɜŰŬɢɗŮɑ Ŭˊɧ ŮɟŮɡɜɖŰɏɠ ůŰɘɠ ɛɏŰɟɘŬ ŮɨəɟŬŰŮɠ ɏɤɠ ɡˊɞŰɟɞˊɘəɏɠ 

ɕɩɜŮɠ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ Űɡˊɘəɧ ɀŮůɞɔŮɘŬəɧ əɚɑɛŬ. ɇŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ  

ŬɡŰɞɨ Űɞɡ əɚɑɛŬŰɞɠ ŮɑɜŬɘ ɞɘ ɐˊɘɞɘ əŬɘ ɡɔɟɞɑ ɢŮɘɛɩɜŮɠ ɛŮ ůɢŮŰɘəɎ ɡɣɖɚɞɨɠ Ŭɜɏɛɞɡɠ əŬɘ 

ŰŬ ɝɖɟɎ əŬɘ ůɢŮŰɘəɎ ɗŮɟɛɎ əŬɚɞəŬɑɟɘŬ ɛŮ ɐˊɘɞɡɠ Ŭɜɏɛɞɡɠ.  

ȺɝŬɘŰɑŬɠ Űɖɠ ɏɜŰɞɜɖɠ ŰɞˊɞɔɟŬűɘəɐɠ ŭɘŬɛɧɟűɤůɖɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ ȺɚɚɎŭŬ, ˊɞɡ 

ɞűŮɑɚŮŰŬɘ ůŰɘɠ ɛŮɔɎɚŮɠ ɞɟɞůŮɘɟɏɠ əŬɘ Űɞɡɠ ɞɟŮɘɜɞɨɠ ɧɔəɞɡɠ əŬŰɎ ɛɐəɞɠ Űɖɠ əŮɜŰɟɘəɐɠ 

ɢɩɟŬɠ ŬɚɚɎ əŬɘ ůŰɖɜ ŮɜŬɚɚŬɔɐ ɗɎɚŬůůŬɠ əŬɘ ɝɖɟɎɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ Űɞɡ 

əɚɘɛŬŰɘəɞɨ Űɨˊɞɡ ůŰɘɠ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ.  

ũŮɜɘəɧŰŮɟŬ ŮɎɜ ɢɤɟɑůɞɡɛŮ Űɞ əɚɑɛŬ Űɖɠ ȺɚɚɎŭɞɠ ůŮ ŭɨɞ Ůˊɞɢɏɠ ɗŬ ɏɢɞɡɛŮ Űɖɜ ɣɡɢɟɐ 

əŬɘ ɡɔɟɐ Ůˊɞɢɐ ˊɞɡ ɗŮɤɟŮɑŰŬɘ Űɞ ŭɘɎůŰɖɛŬ ɃəŰɤɓɟɑɞɡ- ɀŬȶɞɡ əŬɘ Űɖɜ ɗŮɟɛɐ Ɏɜɞɛɓɟɖ 

Ůˊɞɢɐ Űɞ ŭɘɎůŰɖɛŬ ɀŬȶɞɡ- ɃəŰɤɓɟɑɞɡ. ȷˊɧ ɗŮɟɛɞəɟŬůɘŬəɐɠ ˊɚŮɡɟɎɠ ɞɘ ɣɡɢɟɧŰŮɟɞɘ 

ɛɐɜŮɠ ŮɑɜŬɘ ɞ ȽŬɜɞɡɎɟɘɞɠ əŬɘ ɞ ūŮɓɟɞɡɎɟɘɞɠ Ůɜɩ ɞɘ ɗŮɟɛɧŰŮɟɞɘ ɞ Ƚɞɨɚɘɞɠ əŬɘ ɞ 

ȷɨɔɞɡůŰɞɠ.  
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ɇɏɚɞɠ ɞɘ ɓɟɞɢɞˊŰɩůŮɘɠ ůŰɖ ɢɩɟŬ ɛŬɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɞ ɨɣɞɠ əŬɘ ɏɜŰŬůɖ əɡɟɑɤɠ 

ˊɎɜɤ Ŭˊɧ Űɘɠ ɞɟŮɘɜɏɠ əŬɘ ŭɡŰɘəɏɠ ˊŮɟɘɞɢɏɠ əŬɗɩɠ Űɞ ŬɜɎɔɚɡűɞ ˊŬɑɕŮɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ 

ɟɧɚɞ ůŰɖɜ əŬŰŬɜɞɛɐ Űɞɡɠ.  

 

 

ɉɎɟŰɖɠ 5: ȺŰɐůɘŬ əŬŰŬɜɞɛɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ůŰɖɜ ȺɚɚɎŭŬ 

 

ȺɘŭɘəɧŰŮɟŬ, ůɨɛűɤɜŬ ɛŮ Űɖɜ əŬŰɎŰŬɝɖ Űɞɡɠ əɚɑɛŬŰɞɠ əŬŰɎ ɇhornthwaite ( ȾŬɟɟɎɠ 1973) ɖ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɛŬɠ ˊŬɟɞɡůɘɎɕŮɘ ɝɖɟɧ əɚɑɛŬ ɛŮ Ŭˊɧəɚɘůɖ ˊɟɞɠ ɖɛɘɡɔɟɧ ɛŮ ɛɘəɟɧ ˊɚŮɧɜŬůɛŬ 

ɜŮɟɞɨ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ ɢŮɘɛɩɜŬ ɛŮ ɗŮɟɛɘəɐ əŬŰɎůŰŬůɖ ɛŮůɧɗŮɟɛɞɡ əɚɑɛŬŰɞɠ. Ƀɘ ˊŮɟɘɞɢɏɠ 

Űɖɠ ŭɡŰɘəɐɠ ŪŮůůŬɚɑŬɠ əŬɘ Űɖɠ əŮɜŰɟɘəɐɠ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ Ŭɜɐəɞɡɜ ůŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ( 

ɉɎɟŰɖɠ 2 ).  

  

3.3.2 ɀŮŰŮɤɟɞɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ  

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ɛɏůɞ ɧɟɞ Űɖɠ 

ŮŰɐůɘŬɠ ɓɟɞɢɧˊŰɤůɖɠ Ŭˊɧ Űɞ ůŰŬɗɛɧ Űɖɠ ȺɚɎŰɖɠ ɔɘŬ ŰŬ ɏŰɖ 1982 ɏɤɠ 2011. Ƀ ɛɏůɞɠ 

ɧɟɞɠ Űɤɜ ŮŰɐůɘɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ ɡˊɞɚɞɔɑůŰɖəŮ ůŰŬ 1412 mm.  

  

  

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

34  

  

ɄɑɜŬəŬɠ 1: ɀɏůɞɠ ɧɟɞɠ ŮŰɐůɘŬɠ ɓɟɞɢɧˊŰɤůɖɠ-ɆŰŬɗɛɧɠ ȺɚɎŰɖ 

ȰŰɞɠ  ȴɣɞɠ ɓɟɞɢɐɠ (mm)  

1981  2218,8  

1982  1074,5  

1983  1677,8  

1984  1644,2  

1985  1142,5  

1986  1616,7  

1987  1134,1  

1988  1189,1  

1989  1275,9  

1990  1275,9  

1991  1073,5  

1992  1015  

1993  1497,6  

1994  1506,5  

1995  1725  

1996  1798  

1997  1484  

1998  1066  

1999  843  

2000  1054  

2001  1115  

2002  1550  

2003  -  

2004  1550  

2005  471  

2006  1260  

2007  1256  

2008  1180  

2009  1737  

2010  1658  

2011  476  
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3.4 ɆŰɞɘɢŮɑŬ ůŮɘůɛɘəɧŰɖŰŬɠ  

 

ɇɞ əɨɟɘɞ ůɨůŰɖɛŬ ɟɖɔɛɎŰɤɜ ˊɞɡ ɡˊɎɟɢŮɘ ůŮ ŬˊɧůŰŬůɖ 10 km Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ 

ɛŬɠ ŮɑɜŬɘ ŬɡŰɧ Űɖɠ ȾŬɟŭɑŰůŬɠ ɛŮ ŰŬ Ůɝɐɠ ůŰɞɘɢŮɑŬ:  

  

ɄɑɜŬəŬɠ 2: ȷˊɧ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ GreDaSS 

-  ɄŬɟɎɛŮŰɟɞɠ  ɆŰɞɘɢŮɑŬ  

ȺɚɎɢɘůŰɞɠ ɓɎɗɞɠ (km)  0  -  

ɀɏɔɘůŰɞ ɓɎɗɞɠ (km)  14  -  

ɄŬɟɎŰŬɝɖ ( ɛɞɑɟŮɠ)  260-280  -  

Ⱦɚɑůɖ ( ɛɞɑɟŮɠ)  40-75  -  

ȹɘŮɨɗɡɜůɖ ɞɚɑůɗɖůɖɠ  260-280  -  

ɀɏɔŮɗɞɠ  ɛŮŰŬŰɧˊɘůɖɠ 

(mm/year)  

0.3-0.6  ɈˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ ŭɘɎűɞɟɞɡɠ 

ɔŮɤŭŬɘŰɘəɞɨɠ ɢɎɟŰŮɠ ɏɜŰŬůɖɠ 

Űɖɠ ŰŬɢɨŰɖŰŬɠ  

ɀɏɔɘůŰɞ ɛɏɔŮɗɞɠ (Mw)  6.6  ɈˊɞɚɞɔɑůŰɖəŮ  ůŮɘůɛɘəɏɠ 

ůɢɏůɖɠ əɚɘɛɎəɤůɖɠ ( Wells & 

Coppersmith 1994)  

  

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ ɢɎɟŰɖ (ɆɢɐɛŬ 7) ɖ ȺɚɚɎŭŬ ɢɤɟɑɕŮŰŬɘ ůŮ ŰɟŮɑɠ ɕɩɜŮɠ 

ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ( Ƚ, ȽȽ, ȽȽȽ) ɧˊɞɡ ůŮ əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ ŬɜŰɘůŰɞɘɢŮɑ əŬɘ ɛɑŬ 

Űɘɛɐ ůŮɘůɛɘəɐɠ ŮˊɘŰɎɢɡɜůɖɠ ŮŭɎűɞɡɠ Ŭ. ȼ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ɛŬɠ ɚɞɘˊɧɜ ŬɜɐəŮɘ ůŰɖ 

ɛɏŰɟɘŬ ɕɩɜɖ ůŮɘůɛɘəɐɠ ŮˊɘŰɎɢɡɜůɖɠ I ɛŮ Ŭ= 0,16.  

  

 

ɆɢɐɛŬ 4: ɉɎɟŰɖɠ ɕɤɜɩɜ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ȺɚɚɎŭɞɠ(Ʉɖɔɐ:http://portal.tee.gr) 
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Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŰŬ ɛŮɔɏɗɖ Űɤɜ ůŮɘůɛɩɜ ˊɞɡ ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ ůŮ 

ŬəŰɑɜŬ 100 ɢɘɚɘɞɛɏŰɟɤɜ ɛŮ ɛɏɔŮɗɞɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 5.0 Richter ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ɛŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɔŮɗɞɠ ůŮɘůɛɞɨ ɜŬ ŮɑɜŬɘ 6,1 Richter.  

  

ɆŰɞɜ ˊŬɟŬˊɎɜɤ ɢɎɟŰɖ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ůŮɘůɛɘəɎ ŮˊɑəŮɜŰɟŬ ɓɟɑůəɞɜŰŬɘ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɜɞɛɞɨ ŪŮůˊɟɤŰɑŬɠ ŬɚɚɎ əŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȷɛɓɟŬəɘəɞɨ əɧɚˊɞɡ ůŮ 

ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ ŭɐɛɞ Ʉɨɚɖɠ ˊɞɡ ŮɑɜŬɘ ŮɚɎɢɘůŰŬ.  

  

 

ɉɎɟŰɖɠ 6: ɉɎɟŰɖɠ ɛŮ ŰŬ ŮˊɑəŮɜŰɟŬ Űɤɜ ůŮɘůɛɩɜ ɛŮ ɛɏɔŮɗɞɠ >= 5.0 Richter Ŭˊɧ Űɞ 1966 ɛɏɢɟɘ Űɞ 

2018. ȸɎůɖ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Ⱥɗɜɘəɧ ȷůŰŮɟɞůəɞˊŮɑɞ ȷɗɖɜɩɜ- ũŮɤŭɡɜŬɛɘəɧ ȽɜůŰɘŰɞɨŰɞ 

 

  

  

  

  

 

 

Ȼɩɜɖ  ůŮɘůɛɘəɐɠ  

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ  

Ƚ  ȽȽ  ȽȽȽ  

Ŭ  0,16  0,24  0,36  
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4. ȺȾɇȽɀȼɆȼ ȾȷɇɃȿȽɆŪȼɇȽȾɋɁ ūȷȽɁɃɀȺɁɋɁ ɆɇɃɁ 

ɃȽȾȽɆɀɃ ɇɃɈ ɅɃɄɃɇɃɈ.  

  

4.1 ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ Ŭɝɘɞɚɧɔɖůɖ  
 

ȺəŰɧɠ Ŭˊɧ Űɞ ɔŮɤɚɞɔɘəɧ ɛɞɜŰɏɚɞ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬɜɞɐůɞɡɛŮ 

əŬɚɨŰŮɟŬ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Ůɜɧɠ ɔŮɤɚɞɔɘəɞɨ ůɢɖɛŬŰɘůɛɞɨ (ɓɟɎɢɞɡ ɐ ɓɟŬɢɧɛŬɕŬɠ) 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɛŮ Űɘɠ ŮˊɘŰɧˊɞɡ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ɛŬɕɑ ɛŮ ŰŬ 

ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɡŰɞɨ ŬɚɚɎ əŬɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ŭɞɛɩɜ Űɞɡ.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɓɟŬɢɧɛŬɕŬɠ ɏɢɞɡɛŮ ɏɜŬ ŬůɡɜŮɢɏɠ ɛŮ ɛŮɔɎɚɖ 

ŮŰŮɟɞɔɏɜŮɘŬ ɛɏůɞ ˊɟɎɔɛŬ ˊɞɡ ɞŭɖɔŮɑ ůŮ ɛɘŬ ˊŮɟɘůůɧŰŮɟɞ ˊŮɟɑˊɚɞəɖ ůɡɛˊŮɟɘűɞɟɎ 

əŬɗɩɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ əŬɘ Űɘɠ 

ˊŮɟɘůůɧŰŮɟŮɠ űɞɟɏɠ ŭɘŬŰɏɛɜŮŰŬɘ Ŭˊɧ ŬůɡɜɏɢŮɘŮɠ( ŭɘŬəɚɎůŮɘɠ, ɟɤɔɛɏɠ, ɟɐɔɛŬŰŬ ə.Ŭ.). 

ȺˊɘˊɟɧůɗŮŰŬ ɖ ŮɝŬɚɚɞɑɤůɖ, ɖ ŬˊɞůɎɗɟɤůɖ əŬɘ ɞ ɓŬɗɛɧɠ əŮɟɛŬŰɘůɛɞɨ ˊɞɡ Űɖɜ 

ɢŬɟŬəŰɖɟɑɕɞɡɜ ŭɘŬűɏɟɞɡɜ əɎɗŮ űɞɟɎ. ȺɝŮŰɎɕɞɜŰŬɠ ŰŬ ɔŮɤŰŮɢɜɘəɎ     ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ˊɞɡ Ůˊɘŭɟɞɨɜ ˊɟɤŰɞɔŮɜɩɠ əŬɘ ŭŮɡŰŮɟɞɔŮɜɩɠ ůŰɖ ɓɟŬɢɧɛŬɕŬ ŮˊɖɟŮɎɕɞɜŰŬɠ Űɖɜ 

ůɡɜɞɚɘəɐ ůɡɛˊŮɟɘűɞɟɎ  ˊɟɞəɨˊŰŮɘ ɧŰɘ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ŰŬ Ůɝɐɠ:  

1. ȼ ɔŮɤɚɞɔɑŬ  

  

ȾɎɗŮ ˊɏŰɟɤɛŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ 

Űɧůɞ Ŭˊɧ ŰŬ ɞɟɡəŰɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ ŬɚɚɎ əŬɘ Ŭˊɧ Űɞɜ Űɟɧˊɞ 

ůɡɔəɧɚɚɖůɖɠ əŬɘ ůɡɜŬɟɛɞɚɧɔɖůɐɠ Űɞɡɠ. Ƀɘ ɘŭɘɧŰɖŰŮɠ ŬɡŰɏɠ əŬɗɞɟɑɕɞɡɜ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɗŬ ůɡɛˊŮɟɘűŮɟɗŮɑ ɏɜŬ ˊɏŰɟɤɛŬ Űɧůɞ ůŮ 

űɡůɘəɏɠ ůɡɜɗɐəŮɠ ɧůɞ əŬɘ ɛŮŰɎ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ŭŮɡŰŮɟɞɔŮɜɩɜ ŭɘŮɟɔŬůɘɩɜ.  

  

2. ȼ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ˊɞɡ ŭɞɛŮɑ Űɖ ɓɟŬɢɧɛŬɕŬ  

  

ȳŰŬɜ ɏɜŬ ůɩɛŬ ɡˊɞɓɎɚɚŮŰŬɘ ůŮ ŬɡɝŬɜɧɛŮɜɖ əŬŰŬˊɧɜɖůɖ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ɛɖɢŬɜɘəɐ Űɞɡ ůɡɛˊŮɟɘűɞɟɎ ɗŬ ˊŬɟŬɛɞɟűɤɗŮɑ ɐ ɗŬ ɡˊɞůŰŮɑ ɗɟŬɨůɖ ɛɧɚɘɠ 

ɝŮˊŮɟŬůŰŮɑ Űɞ ɧɟɘɞ ŮɚŬůŰɘəɧŰɖŰɎɠ Űɞɡ. ȼ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ŬɡŰɐ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰɎ Űɞɡ ŭɖɚŬŭɐ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ůŮ ɗɟŬɨůɖ ɚɧɔɤ 

ŭɘŬŰɛɖŰɘəɩɜ ŭɡɜɎɛŮɤɜ.  

ȼ ŬɜŰɞɢɐ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ŮˊɘŰɧˊɞɡ ůŰɖɜ ɨˊŬɘɗɟɞ ɛŮ :  

 

Å ɉɟɐůɖ ɔŮɤɚɞɔɘəɞɨ ůűɡɟɘɞɨ  

Å ɉɟɐůɖ ůűɨɟŬɠ Schmidt  ȹɞəɘɛɐ ůɖɛŮɘŬəɐɠ 

űɞɟŰɑůŮɤɠ  

 

ȺəűɟɎɕŮŰŬɘ ɛŮ Űɞɜ ɧɟɞ ůci əŬɘ ŬˊɞŰŮɚŮɑ Űɖɜ ŬɜŰɞɢɐ ɎɟɟɖəŰɞɡ ɓɟɎɢɞɡ ůŮ 

ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ.  
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ɄɑɜŬəŬɠ 2 : ȾŬŰɖɔɞɟɑŮɠ ˊŮŰɟɤɛɎŰɤɜ ɛŮ ɓɎůɖ Űɖɜ ŬɜŰɞɢɐ (ISRM, 1981)  

ȷɜŰɞɢɐ ůci (Mpa)  ȾŬŰɖɔɞɟɑŬ ˊŮŰɟɩɛŬŰɞɠ  

>250  ȺɝŬɘɟŮŰɘəɎ ɘůɢɡɟɧ  

100-250  Ʉɞɚɨ ɘůɢɡɟɧ  

50-100  Ƚůɢɡɟɧ  

25-50  ɀŮŰɟɑɤɠ ɘůɢɡɟɧ  

5-25  ȷůɗŮɜɏɠ  

1-5  Ʉɞɚɨ ŬůɗŮɜɏɠ  

<1  ȺɝŬɘɟŮŰɘəɎ ȷůɗŮɜɏɠ  

  

  

Ⱥˊɑůɖɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɛɏůɤ Űɞɡ əɟɘŰɖɟɑɞɡ ŬůŰɞɢɑŬɠ Hoek & Brown :  

  

ȾɟɘŰɐɟɘɞ ŬůŰɞɢɑŬɠ ȼoek and Brown : ȾɟɘŰɐɟɘɞ ɗɟŬɨůɖɠ ɛŮ ŰɟɘŬɝɞɜɘəɎ ŭŮŭɞɛɏɜŬ ůŮ 

ɧɟɞɡɠ ɛɏɔɘůŰɖɠ əɨɟɘŬɠ ŰɎůɖɠ əŬŰɎ Űɖɜ ɗɟŬɨůɖ, ɏɜŬɜŰɘ ŮɚɎɢɘůŰɖɠ əɨɟɘŬɠ ŰɎůɖɠ.  

ɈˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ Űɖɠ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖɠ:  

  

  
  
ȳˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ ůŰŬɗŮɟɎ Űɞɡ ɡɚɘəɞɨ mi (ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ɓŬɗɛɧ 

ŬɚɚɖɚɞəɚŮɘŭɩɛŬŰɞɠ Űɤɜ əɧəəɤɜ)  

   

ɶˇŜƪ ϧ .ǊƻǿƴΣ 

2002  
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ɄɑɜŬəŬɠ 3: ɆŰŬɗŮɟɎ Űɞɡ ɡɚɘəɞɨ mi (Hoek and Marinos, 2000) 

  
  

ȺˊɘˊɟɧůɗŮŰŬ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŬɟŬɛɏŰɟɞɡɠ ɛˊɞɟɞɨɛŮ ɜŬ ŮűŬɟɛɧůɞɡɛŮ Űɞɜ 

ȾɟɘŰɐɟɘɞ ŬůŰɞɢɑŬɠ Mohr-Coulomb:  

ȾɟɘŰɐɟɘɞ ŬůŰɞɢɑŬɠ Mohr-Coulomb: ȾɟɘŰɐɟɘɞ ɗɟŬɨůɖɠ ˊɞɡ ŮəűɟɎɕŮɘ Űɖɜ ŬɜŰɞɢɐ ůŮ 

ŭɘɎŰɛɖůɖ ɛŮ ɧɟɞɡɠ ŮɜŮɟɔɩɜ ɞɟɗɩɜ ŰɎůŮɤɜ ˊɞɡ ŮˊŮɜŮɟɔɞɨɜ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ŮˊɑˊŮŭɞ ɐ ɕɩɜɖ 

ŬŭɡɜŬɛɑŬɠ.  

 

ȺəűɟɎɕŮŰŬɘ Ŭˊɧ Űɘɠ Ůɝɐɠ ˊŬɟŬɛɏŰɟɞɡɠ:  

Å Ɇɡɜɞɢɐ c (Kpa): ȺəűɟɎɕŮɘ Űɞ ŭɏůɘɛɞ Űɤɜ əɧəəɤɜ ɖ Űɤɜ ŰŮɛŬɢɩɜ  

Å ũɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ ű (ɞ) : ɇɟɘɓɐ ŬɜɎɛŮůŬ ůŰŬ ɞɟɡəŰɎ ɐ ůŰŬ ŰŮɛɎɢɖ ˊɞɡ ŬɜŰɘůŰɏəŮŰŬɘ 

ůŰɖ ŭɘɎŰɛɖůɖ. 

 

ɈˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ ŰŬɨŰɘůɖɠ Űɤɜ ŭɨɞ əŬɛˊɡɚɩɜ ɗɟŬɨůɖɠ Hoek-Brown əŬɘ Mohr-Coulomb ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ ů3.  
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ɆɢɐɛŬ 5 : Ɉˊɞɚɞɔɘůɛɧɠ ˊŬɟŬɛɏŰɟɤɜ ŬɜŰɞɢɐɠ c əŬɘ ű 

  

ũŮɜɘəɧŰŮɟŬ ůŰɖ űɨůɖ ɖ ŬɜŰɞɢɐ Ůɜɧɠ ˊŮŰɟɩɛŬŰɞɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɞɡ 

ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ əŬɘ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊŬɟɞɡůɑŬ ŬůɡɜŮɢŮɘɩɜ.  

  

3. Ƀ ɓŬɗɛɧɠ əŮɟɛŬŰɘůɛɞɨ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ-ŭŮɑəŰɖɠ RQD  

  

ɀŮ Űɞɜ ɧɟɞ RQD (Rock Quality Designation) ŮɜɜɞɞɨɛŮ Űɖɜ ɛɏɗɞŭɞ ɛŮ Űɖɜ 

ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɛɘŬ ɓɟŬɢɧɛŬɕŬ ɛŮ ɓɎůɖ Űɞɜ əŮɟɛŬŰɘůɛɧ Űɖɠ ɚɧɔɤ Űɤɜ 

ŭɘŬəɚɎůŮɤɜ əŬɘ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ˊɞɡ Űɖɜ ŭɘŬŰɟɏɢɞɡɜ. ȺűŬɟɛɧɕŮŰŬɘ əɡɟɑɤɠ ůŮ 

ˊɡɟɐɜŮɠ ɔŮɤŰɟɐůŮɤɜ əŬɘ ŮəűɟɎɕŮŰŬɘ ɛŮ Űɞɜ ɚɧɔɞ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ 

ŰŮɛŬɢɩɜ ɛŮ ɛɐəɞɠ  >10cm ˊɟɞɠ Űɞ ůɡɜɞɚɘəɧ ɛɐəɞɠ Űɞɡ ˊɡɟɐɜŬ ůŮ ˊɞůɞůŰɧ 

Ůˊɑ Űɞɘɠ ŮəŬŰɧ (%).  

  

ɄɑɜŬəŬɠ 4: ɄɞɘɧŰɖŰŬ ɓɟŬɢɧɛŬɕŬɠ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ŭŮɑəŰɖ RQD (Deere, 1989) 

RQD (%)  ɄɞɘɧŰɖŰŬ ɓɟŬɢɧɛŬɕŬɠ  

>90  ȺɝŬɘɟŮŰɘəɐ  

75-90  ȾŬɚɐ  

50-75  ɀɏŰɟɘŬ  

25-50  ɄŰɤɢɐ  

<25  Ʉɞɚɨ ˊŰɤɢɐ  

  

4. Ƀ ɓŬɗɛɧɠ ŬˊɞůɎɗɟɤůɖɠ  

  

ȼ ŬˊɞůɎɗɟɤůɖ ŮɑɜŬɘ ɛɘŬ ŭɘŮɟɔŬůɑŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬəɟɘɗŮɑ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ 

ůŰɖ űɡůɘəɐ əŬɘ ůŰɖɜ ɢɖɛɘəɐ.  

ȼ űɡůɘəɐ ŬˊɞůɎɗɟɤůɖ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛɖɢŬɜɘəɐ Ŭɚɚɞɑɤůɖ 

ˊɟɤŰɞɔŮɜɩɜ ɞɟɡəŰɩɜ ŬɚɚɎ əŬɘ Űɞɜ əŮɟɛŬŰɘůɛɧ Űɞɡɠ ŭɖɚŬŭɐ Űɖɜ Ŭɚɚɞɑɤůɖ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɘɠ ɛɖɢŬɜɘəɏɠ Űɞɡ ɘŭɘɧŰɖŰŮɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ 

ˊɞɚɚɞɨɠ Űɟɧˊɞɡɠ :  

ɁŮɟɧ: ɀɖɢŬɜɘəɐ Űɟɘɓɐ, ɛŮŰŬűɞɟɎ əŬɘ ŬˊɧɗŮůɖ ɛɘəɟɩɜ ŰŮɛŬɢɑɤɜ  

ɄŬɔŮŰɧɠ: ɧŰŬɜ Űɞ ɜŮɟɧ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ˊɎɔɞ ɏɢŮɘ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ ŬɡɝɎɜŮŰŬɘ ɞ 

ɧɔəɞɠ Űɞɡ  

ɄŬɔŮŰɩɜŬɠ: ɀŮɔɎɚŮɠ Űɟɘɓɏɠ əŬɘ ɛŮŰŬűɞɟɘəɏɠ ɘəŬɜɧŰɖŰŮɠ  

ȯɜŮɛɞɠ: ŭɘɎɓɟɤůɖ əŬɘ ɛŮŰŬűɞɟɎ ŰŮɛŬɢɑɤɜ  

ŪŮɟɛɞəɟŬůɑŬ: ȯɜɘůŮɠ ˊɘɏůŮɘɠ ɚɧɔɤ ŭɘŬűɞɟɎɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ => 

Ŭˊɞűɚɞɑɤůɖ  
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ȼ ɢɖɛɘəɐ ŬˊɞůɎɗɟɤůɖ Ŭˊɧ Űɖɜ Ɏɚɚɖ ɞŭɖɔŮɑ ůŰɖɜ ɢɖɛɘəɐ Ŭɚɚɞɑɤůɖ Űɤɜ 

ˊɟɤŰɞɔŮɜɩɜ ɞɟɡəŰɩɜ əŬɗɩɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɚɚŮɘɣɖ ɢɖɛɘəɐɠ ɘůɞɟɟɞˊɑŬɠ 

ɜŮɟɞɨ-ɞɟɡəŰɞɨ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞɡɠ Ůɝɐɠ Űɟɧˊɞɡɠ:  

Å ȹɘɎɚɡůɖ  

Å ɃɝŮɑŭɤůɖ  

Å ȷɜŬɔɤɔɐ  

Å Ɉŭɟɧɚɡůɖ  

Å ȺɜɡŭɎŰɤůɖ  

ȼ ˊŬɟŬˊɎɜɤ ŭɘŮɟɔŬůɑŮɠ ɚɞɘˊɧɜ ɛˊɞɟɞɨɜ ɜŬ ŮˊɖɟŮɎůɞɡɜ əŬɘ ɜŬ ŰŬˊŮɘɜɩůɞɡɜ 

ůɖɛŬɜŰɘəɎ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ˊŮŰɟɩɛŬŰɞɠ əŬɗɩɠ əŬɘ Űɖɜ ŬɜŰɞɢɐ Űɞɡ. ũɘŬ 

Űɞɜ ɚɧɔɞ ŬɡŰɧ əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɓŬɗɛɞɨ Űɖɠ 

ŬˊɞůɎɗɟɤůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɏɢɞɡɛŮ ɞɚɞəɚɖɟɤɛɏɜɖ ŮɘəɧɜŬ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ 

Űɞɡ.  

 

ɄɑɜŬəŬɠ 5: ȾŬŰɖɔɞɟɑŮɠ ˊŮŰɟɤɛɎŰɤɜ ɛŮ ɓɎůɖ Űɞɜ ɓŬɗɛɧ ŬˊɞůɎɗɟɤůɖɠ (ůɨɛűɤɜŬ ɛŮ Űɖɜ ISRM) 

ȾŬŰɖɔɞɟɑŬ ˊŮŰɟɩɛŬŰɞɠ  ɄŮɟɘɔɟŬűɐ  ȾŬŰɖɔɞɟɑŬ  

əŬŰɎ ISRM  

Űɖɜ  

Ɉɔɘɏɠ  ɉɤɟɑɠ ɑɢɜɖ ŬˊɞůɎɗɟɤůɖɠ  I   

ȺɚɎɢɘůŰŬ ŬˊɞůŬɗɟɤɛɏɜɞ  ȼ ŬˊɞůɎɗɟɤůɖ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɘɠ 

ŮˊɘűɎɜŮɘŮɠ Űɤɜ  

ŬůɡɜŮɢŮɘɩɜ  

II   

ȿɑɔɞ ŬˊɞůŬɗɟɤɛɏɜɞ  ȰɜŰɞɜɖ ŬˊɞůɎɗɟɤůɖ ůŰɘɠ ŮˊɘűɎɜŮɘŮɠ 

Űɤɜ ŬůɡɜŮɢŮɘɩɜ əŬɘ ŮɚŬűɟɎ 

ŬˊɞůɎɗɟɤůɖ ůŰɖ ɛɎɕŬ Űɞɡ ɡɚɘəɞɨ  

III   

ɀɏŰɟɘŬ ŬˊɞůŬɗɟɤɛɏɜɞ  ȺəŰŮŰŬɛɏɜɖ ŬˊɞůɎɗɟɤůɖ ůŰɖ ɛɎɕŬ 

Űɞ ɡɚɘəɞɨ ɢɤɟɑɠ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ 

ŮɡɗɟɡˊŰɧŰɖŰŬ Űɞɡ  

IV   

ȰɜŰɞɜŬ ŬˊɞůŬɗɟɤɛɏɜɞ  ȺəŰŮŰŬɛɏɜɖ ŬˊɞůɎɗɟɤůɖ ůŰɖ ɛɎɕŬ 

Űɞ ɡɚɘəɞɨ ɛŮ Űɞˊɘəɐ ŮɡɗɟɡˊŰɧŰɖŰɎ 

Űɞɡ  

V   

Ʉɚɐɟɤɠ ŬˊɞůŬɗɟɤɛɏɜɞ  Ʉɚɐɟɖɠ ŬˊɞůɎɗɟɤůɖ əŬɘ ɛŮɔɎɚɖ 

ŮɡɗɟɡˊŰɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ ɛŮ 

ŭɘŬŰɐɟɖůɖ Űɖɠ ɡűɐɠ əŬɘ Űɖɠ ŭɞɛɐɠ Űɞɡ  

VI  

ȰŭŬűɞɠ  ȼ ɡűɐ əŬɘ ɖ ŭɞɛɐ Űɞ ɡɚɘəɞɨ ɏɢŮɘ 

əŬŰŬůŰɟŬűŮɑ əŬɘ Űɞ ɡɚɘəɧ ɛˊɞɟŮɑ ɜŬ 

ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ɏŭŬűɞɠ ( 

ɡˊɞɚŮɘɛɛŬŰɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ)  

-  

  

5. ȼ ŭɞɛɐ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ (ůŰɟɩůɖ, ůɢɘůŰɧŰɖŰŬ, ˊŰɨɢɤůɖ ŭɘŬəɚɎůŮɘɠ)  

  

ɇŬ ɘɕɖɛŬŰɞɔŮɜɐ əŬɘ ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ŮˊɘűɎɜŮɘŮɠ Űɖɠ ůŰɟɩůɖɠ əŬɘ Űɖɠ ůɢɘůŰɧŰɖŰŬɠ ŬɜŰɑůŰɞɘɢŬ. ȼ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ 

ŭɞɛɐɠ ŬɡŰɐɠ ɞűŮɑɚŮŰŬɘ ůŮ ˊɟɤŰɞɔŮɜɐɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬŰɎ 
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Űɖ ŭɘɎɟəŮɘŬ ůɢɖɛŬŰɘůɛɞɨ ɐ əɟɡůŰɎɚɚɤůɖɠ Űɞɡ  ˊŮŰɟɩɛŬŰɞɠ. Ƀɘ ŮˊɘűɎɜŮɘŮɠ 

ŬɡŰɏɠ ŬˊɞŰŮɚɞɨɜ ɕɩɜŮɠ ŬŭɡɜŬɛɑŬɠ ɛŮ ɛŮɔɎɚɖ Ůɛɛɞɜɐ ɔɘŬ Űɞɜ ŮəɎůŰɞŰŮ 

ůɢɖɛŬŰɘůɛɧ əŬɗɩɠ ŭɘŬŰɟɏɢɞɡɜ ɧɚɖ Űɖɜ ɏəŰŬůɐ Űɞɡ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ 

ŮŰŮɟɞɔŮɜɐɠ əŬɘ ɛɖ ůɡɛˊŬɔɐɠ ɞŭɖɔɩɜŰŬɠ ɏŰůɘ ůŰɖɜ ŬɜɘůɧŰɟɞˊɖ ůɡɛˊŮɟɘűɞɟɎ 

Űɞɡ ɛŮ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɞɡɠ ɜŬ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ.  

ɆŮ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ əŬɗɩɠ ŰŬ ˊŮŰɟɩɛŬŰŬ ŬɡŰɎ ɗŬ ŮˊɖɟŮŬůŰɞɨɜ Ŭˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ 

Űɖɠ ŰŮəŰɞɜɘəɐɠ ( ůɡɛˊɑŮůɖ, ŮűŮɚəɡůɛɧɠ) ɗŬ ɡˊɞůŰɞɨɜ ŬɚɚŬɔɏɠ ůŰɖ ŭɞɛɐ Űɞɡɠ. 

ȷɡŰɧ ɗŬ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɞ ˊɏŰɟɤɛŬ ɜŬ ˊŰɡɢɩɜŮŰŬɘ ɐ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

ɟɐɔɛŬŰŬ (əŬɜɞɜɘəɎ ɐ ŬɜɎůŰɟɞűŬ). ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ˊŰɡɢɩůŮɤɜ ɞŭɖɔŮɑ ůŰɖɜ 

ɏɜŰɞɜɖ əŬŰŬˊɧɜɖůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ɧˊɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰɎɠ 

Űɞɡ əɎɛˊŰŮŰŬɘ ɐ əŬŰŬəŮɟɛŬŰɑɕŮŰŬɘ. ȸɏɓŬɘŬ, ɖ ˊŰɨɢɤůɐ Űɞɡ ŬɡŰɐ ɞŭɖɔŮɑ ůŰɞ 

ŬɚɚɖɚɞəɚɏɘŭɤɛŬ Űɞɜ ŰŮɛŬɢɩɜ Űɞɡ ŬˊɞŰɟɏˊɞɜŰŬɠ ɏŰůɘ Űɖɜ Ůəŭɐɚɤůɖ ŬůŰɞɢɘɩɜ 

ɛŮɔɎɚɤɜ ŭɘŬůŰɎůŮɤɜ.  

ȺəŰɧɠ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ŭɞɛɏɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ ůŮ ɏɜŬ ˊɏŰɟɤɛŬ 

ɛˊɞɟɞɨɜ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ əŬɘ ɛɘəɟɧŰŮɟŮɠ ŭŮɡŰŮɟɞɔŮɜɐɠ ŭɞɛɏɠ ɧˊɤɠ ɞɘ 

ŭɘŬəɚɎůŮɘɠ ɛŮ ɛɘəɟɐ ůɢŮŰɘəɎ Ůɛɛɞɜɐ. ȹɖɛɘɞɡɟɔɞɨɜŰŬɘ ůɡɜɐɗɤɠ ůŮ ˊŮŰɟɩɛŬŰŬ 

ɛŮ ɛɘəɟɧ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ əŬɗɩɠ ɛŮŰɎ Ŭˊɧ ɏɜŰɞɜɖ ŭɟɎůɖ ůɡɛˊɑŮůɖɠ ɐ 

ŮűŮɚəɡůɛɞɨ ŮˊɏɟɢŮŰŬɘ ɖ ɗɟŬɨůɖ əŬɘ ɟɤɔɛɎŰɤůɐ Űɞɡɠ.  

  

6. Oɘ ŬůɡɜɏɢŮɘŮɠ əŬɘ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ  

  

ɆɨɛűɤɜŬ ɛŮ Űɖ ȹɘŮɗɜɐ Ȱɜɤůɖ ȸɟŬɢɞɛɖɢŬɜɘəɐɠ (I.S.R.M, 1981) ɖ ɛɖɢŬɜɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŬůɡɜŮɢŮɘɩɜ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ:  

  

Å ɄɟɞůŬɜŬŰɞɚɘůɛɧɠ (ɄŬɟɎŰŬɝɖ-əɚɑůɖɠ- ŭɘŮɨɗɡɜůɖ əɚɑůɖɠ)  

Ƀ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ˊŬɑɕŮɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ŬɜɎɚɞɔŬ ɛŮ Űɖ 

ŭɘŮɨɗɡɜůɖ əŬŰŬůəŮɡɐɠ Űɞɡ ŰŮɢɜɘəɞɨ ɏɟɔɞɡ ( ɞɟɨɔɛŬŰɞɠ, ůɐɟŬɔɔŬɠ əɚˊ.)  

  

Å Ⱥɛɛɞɜɐ  

H Ůɛɛɞɜɐ Űɤɜ ŬůɡɜŮɢŮɘɩɜ əŬɗɞɟɑɕŮɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ 

əŬɗɩɠ ɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ Űɧůɞ ŭɡůɛŮɜɏůŰŮɟɖ ɖ ɛɖɢŬɜɘəɐ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎ.  

 

 
ɄɑɜŬəŬɠ 6: ȾŬŰɎŰŬɝɖ Ůɛɛɞɜɐɠ ŬůɡɜŮɢŮɘɩɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ I.S.R.M , 1981 

Ⱥɛɛɞɜɐ ŬůɡɜɏɢŮɘŬɠ  ɉŬɟŬəŰɖɟɘůɛɧɠ  

< 1 m  Ʉɞɚɨ ɛɘəɟɐ  

1-3 m  ɀɘəɟɐ  

3 ï 10 m  ɀɏŰɟɘŬ  

10- 20 m  ɀŮɔɎɚɖ  

>20 m  Ʉɞɚɨ ɛŮɔɎɚɖ  
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Å ȷˊɧůŰŬůɖ  

ȼ ŬˊɧůŰŬůɖ Űɤɜ ŬůɡɜŮɢŮɘɩɜ əŬɗɞɟɑɕŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɞ ɛɏɔŮɗɞɠ əŬɘ 

Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɤɜ ŰŮɛŬɢɩɜ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ˊɞɡ ŭɨɜŬŰŬɘ ɜŬ 

ŬůŰɞɢɐůɞɡɜ.  

  

ɄɑɜŬəŬɠ 7: ȾŬŰɎŰŬɝɖ ŬˊɧůŰŬůɖɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ I.S.R.M, 1981 

ȷˊɧůŰŬůɖ  ɉŬɟŬəŰɖɟɘůɛɧɠ  

2 cm  ɄɎɟŬ ˊɞɚɨ ɛɘəɟɐ  

2-6 cm  Ʉɞɚɨ ɛɘəɟɐ  

6-20 cm  ɀɘəɟɐ  

20-60 cm  ɀɏůɖ  

60-200 cm  ɀŮɔɎɚɖ  

200-600 cm  Ʉɞɚɨ ɛŮɔɎɚɖ  

>600 cm  ɄɎɟŬ ˊɞɚɨ ɛŮɔɎɚɖ  

  

Å ɇɟŬɢɨŰɖŰŬ  

ɀŮ ŮɝŬɑɟŮůɖ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɤɜ ɟɖɔɛɎŰɤɜ, ɞɘ ŮˊɘűɎɜŮɘŮɠ Űɤɜ 

ŬůɡɜŮɢŮɘɩɜ ŭŮɜ ŮɑɜŬɘ ˊɞŰɏ ɚŮɑŮɠ əŬɘ ŮˊɑˊŮŭŮɠ ŬɚɚɎ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ɛɘəɟɏɠ əɡɛŬŰɩůŮɘɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ŰɟŬɢɨŰɖŰŬ. ȼ ŰɟŬɢɨŰɖŰŬ 

Űɤɜ ŬůɡɜŮɢŮɘɩɜ ˊŬɑɕŮɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ əŬɗɩɠ ɖ ɔɤɜɑŬɠ Űɟɘɓɐɠ Űɖɠ ŮɑɜŬɘ ɑůɖ ɛŮ Űɞɜ ɎɗɟɞɘůɛŬ Űɖɠ 

Űɟɘɓɐɠ Űɖɠ ɚŮɑŬɠ ŮˊɘűɎɜŮɘŬɠ (űb) , əŬɘ Űɖɠ ɔɤɜɑŬɠ Űɖɠ əɡɛɎŰɤůɖɠ (i).  

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŰɟŬɢɨŰɖŰŬɠ ɔɑɜŮŰŬɘ Ŭˊɧ ŰɡˊɞˊɞɘɖɛɏɜŬ ˊɟɞűɑɚ ɛŮ 

Űɘɛɏɠ JRC ɔɘŬ Űɞ əɎɗŮ ɏɜŬ Ŭˊɧ ŬɡŰɎ əŬɘ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ 

Űɨˊɞ.  

  

  
  

JRC: ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ JCS: 

ŬɜŰɞɢɐ ŰɞɘɢɤɛɎŰɤɜ (ůűɨɟŬ Schmidt) ůn: 

ɞɟɗɐ ŰɎůɖ  

  

Barton & Choubey, 1977  
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ɄɑɜŬəŬɠ 8: ȾɚŬůůɘəɐ ˊŮɟɘɔɟŬűɐ Űɖɠ ŰɟŬɢɨŰɖŰŬɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ əŬŰɎ Barton. ɆɢɖɛŬŰɘəɧɠ ˊɑɜŬəŬɠ Űɤɜ 

"ˊɟɞűɑɚ" Űɤɜ ŬůɡɜŮɢŮɘɩɜ əŬɘ Űɖɠ Űɘɛɐɠ ŰɟŬɢɨŰɖŰŬɠ JRC. 

  
Å ȷɜŰɞɢɐ ŰɞɘɢɤɛɎŰɤɜ  

ɇɘɠ ˊŮɟɘůůɧŰŮɟŮɠ űɞɟɏɠ ŮɝŬɘŰɑŬɠ Űɖɠ ŬˊɞůɎɗɟɤůɖɠ ɖ ŬɜŰɞɢɐ Űɤɜ 

ŰɞɘɢɤɛɎŰɤɜ Űɤɜ ŬůɡɜŮɢŮɘɩɜ  ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɞɡ 

ɎɟɟɖəŰɞɡ ɓɟɎɢɞɡ, ȼ ŮəŰɑɛɖůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ŮˊɘŰɧˊɞɡ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ 

ůűɨɟŬɠ Schmidt ɐ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɔŮɤɚɞɔɘəɞɨ ůűɡɟɘɞɨ.  

  

ɄɑɜŬəŬɠ 9: ȾŬŰɎŰŬɝɖ ŬɜŰɞɢɐɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ I.S.R.M, 1981  
 

ȷɜŰɞɢɐ  ɉŬɟŬəŰɖɟɘůɛɧɠ  

<10 Mpa  Ʉɞɚɨ ɛŬɚŬəɎ  

10-20 Mpa  ɀŬɚŬəɎ  

20-50 Mpa  ɀɏŰɟɘŬ  

50-60 Mpa  ɆəɚɖɟɎ  

>60 Mpa  Ʉɞɚɨ ůəɚɖɟɎ  
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Å Ɉɚɘəɧ ˊɚɐɟɤůɖɠ  

ɇɞ ɡɚɘəɧ ˊɚɐɟɤůɖɠ ɛŬɕɑ ɛŮ Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ 

ŬůɡɜɏɢŮɘŬɠ əŬɗɞɟɑɕɞɡɜ Űɖɜ ŬɜŰɞɢɐ Űɖɠ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɡɚɘəɞɨ 

ˊɚɐɟɤůɖɠ ˊɞɡ ˊŬɑɕɞɡɜ ɟɧɚɞ ŮɑɜŬɘ:  

1) ɇɞ ˊɎɢɞɠ Űɞɡ. ȳůɞ ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ˊɎɢɞɠ Űɞɡ ɡɚɘəɞɨ 

ˊɚɐɟɤůɖɠ Űɧůɞ əŬɘ ɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Űɖɠ ŬůɡɜɏɢŮɘŬɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŬɡŰɧ.  

2) ȼ ůɨůŰŬůɖ Űɞɡ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ Ŭɟɔɘɚɘəɧ ɡɚɘəɧ ˊɚɐɟɤůɖɠ ɖ 

ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Űɖɠ ŬůɡɜɏɢŮɘŬɠ ɛŮɘɩɜŮŰŬɘ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ 

ŬůɓŮůŰɘŰɘəɧ ɐ ɢŬɚŬɕɘŬəɧ ɡɚɘəɧ ůŰɞ ɞˊɞɑɞ ŬɡɝɎɜŮŰŬɘ  

Å ȯɜɞɘɔɛŬ  

To ɎɜɞɘɔɛŬ ɛɑŬɠ ŬůɡɜɏɢŮɘŬɠ ɞɟɑɕŮŰŬɘ ɛŮŰɟɩɜŰŬɠ Űɖɜ əɎɗŮŰɖ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɖɠ. ɀŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŬˊɧůŰŬůɖɠ ŬɡŰɐɠ 

ɛŮɘɩɜŮŰŬɘ əŬɘ ɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ əŬŰɎ ɛɐəɞɠ Űɖɠ ŬůɡɜɏɢŮɘŬɠ.  

  

 

ɄɑɜŬəŬɠ 10; ȾŬŰɎŰŬɝɖ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ I.S.R.M , 

1981 

ȯɜɞɘɔɛŬ  ɉŬɟŬəŰɖɟɘůɛɧɠ  

< 0,1 mm  Ʉɞɚɨ əɚŮɘůŰɏɠ  

0,1-0,25 mm  ȾɚŮɘůŰɏɠ  

0,25- 0,50 mm  ɀŮɟɘəɎ ŬɜɞɘəŰɏɠ  

0,50 -2,5 mm  ȷɜɞɘəŰɏɠ  

2,5 -10 mm  ɀɏŰɟɘŬ ˊɚŬŰɘɏɠ  

>10 mm  ɄɚŬŰɘɏɠ  

1-10 cm  Ʉɞɚɨ ˊɚŬŰɘɏɠ  

10-100 cm  ȺɝŬɘɟŮŰɘəɎ ɄɚŬŰɘɏɠ  

  
  

7. ȼ ˊŬɟɞɡůɑŬ ɡˊɧɔŮɘɞɡ əŬɘ ŮˊɘűŬɜŮɘŬəɞɨ ɜŮɟɞɨ  

ȾŬŰɎ ɛɐəɞɠ Űɤɜ ŮˊɘűŬɜŮɘɩɜ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɛŮ ɛŮɑɤůɖ Űɤɜ 

ŮɜŮɟɔɩɜ ŰɎůŮɤɜ ŮɝŬɘŰɑŬɠ Űɖɠ ˊŬɟɞɡůɑŬɠ Űɞɡ ɜŮɟɞɨ. ɀŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ 

ɡŭɟɞůŰŬŰɘəɩɜ ˊɘɏůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ŭɟɞɡɜ ɛŮ ŬɜŰɑɗŮŰɖ űɞɟɎ ůŰɘɠ ɞɟɗɏɠ ŰɎůŮɘɠ 

ɛŮɘɩɜŮŰŬɘ ɖ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Űɤɜ ŮˊɘűŬɜŮɘɩɜ.  

ȺˊɘˊɟɧůɗŮŰŬ Űɞɜ ɜŮɟɧ ɏɢŮɘ Űɖɜ ŰɎůɖ ɜŬ ŬˊɞůŬɗɟɩɜŮɘ, ɜŬ ŭɘŬɓɟɩɜŮɘ, ɜŬ  

əŬɟůŰɘəɞˊɞɘŮɑ əŬɘ ɜŬ ŭɘŬɚɨŮɘ Űɖ ɓɟŬɢɧɛŬɕŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɩɜŮɘ Űɖɜ 

ŬɜŰɞɢɐ əŬɘ ŰɟŬɢɨŰɖŰŬ Űɤɜ ŮˊɘűŬɜŮɘɩɜ əŬɘ ŰŮɚɘəɎ Űɖɜ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ.  

ɇɏɚɞɠ, ŮəŰɧɠ Ŭˊɧ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ Űɞ ɜŮɟɧ ɛˊɞɟŮɑ ɜŬ ŮɘůɏɚɗŮɘ ůŰɞ 

ˊɏŰɟɤɛŬ ɐ Űɞɜ ůɢɖɛŬŰɘůɛɧ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɐ Űɞ ɡˊɏŭŬűɞɠ ŭɘŬɛɏůɞɡ Űɞ 

ˊɟɤŰɞɔŮɜɞɨɠ ˊɞɟɩŭɞɡɠ. ȷɡŰɧ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɜŬˊŰɨůůɞɜŰŬɘ 

ɡŭɟɞűɞɟŮɑɠ ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ŮɛűɎɜɘůɖ ŭɘŬűɡɔɩɜ ɐ ˊɖɔɩɜ.  
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8. Ƀɘ ɔŮɤŰŮɢɜɘəɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ  

ũŮɤŰŮɢɜɘəɐ ŰŬɝɘɜɧɛɖůɖ GSI  

O ŭŮɑəŰɖɠ GIS ŬˊɞŰŮɚŮɑ ɏɜŬɜ ɔŮɤɚɞɔɘəɧ ŭŮɑəŰɖ ŬɜŰɞɢɐɠ ɔɘŬ Űɞ ˊɞůɞŰɘəɧ 

ɢŬɟŬəŰɖɟɘůɛɧ ɛɘŬɠ ɓɟŬɢɧɛŬɕŬɠ.  ȷɟɢɘəɎ ˊɟɞŰɎɗɖəŮ Ŭˊɧ Űɞɡɠ Hoek, Wood əŬɘ 

Shah (1992), ɏˊŮɘŰŬ ɓŮɚŰɘɩɗɖəŮ əŬɘ ŮˊŮəŰɎɗɖəŮ ɔɘŬ ŬůɗŮɜɐɠ ɓɟŬɢɧɛŬɕŮɠ Ŭˊɧ 

Hoek, ɀŬɟɑɜɞ  əŬɘ Benissi (1998), ˊŬɑɟɜɞɜŰŬɠ ůŰɖ ůɡɜɏɢŮɘŬ Űɖɜ ŰŮɚɘəɐ ɛɞɟűɐ 

Űɞɡ Ŭˊɧ Hoek əŬɘ ɀŬɟɑɜɞ (2000).   Ƀ ŭŮɑəŰɖɠ ŬɡŰɧɠ ŮəűɟɎɕŮɘ ŬɟɘɗɛɖŰɘəɎ Űɖɜ 

ŬˊɞɛŮɑɤůɖ Űɤɜ ůŰŬɗŮɟɩɜ Űɞɡ ɡɚɘəɞɨ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ  ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɚɐɗɞɠ 

əŬɘ Űɞ ŬɚɚɖɚɞəɚɏɘŭɤɛŬ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ɛŬɕɑ ɛŮ Űɖɜ əŬŰɎůŰŬůɖ Űɤɜ 

ŮˊɘűŬɜŮɘɩɜ Űɞɡɠ. ɇɏɚɞɠ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ  Űɞɡ 

əɟɘŰɖɟɑɞɡ ɗɟŬɨůɖɠ Hoek & Brown.  

ȷˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ GSI ŮɑɜŬɘ ɖ 

ɓɟŬɢɧɛŬɕŬ ɜŬ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɘůɧŰɟɞˊŬ ɢɤɟɑɠ ɖ ŬůŰɞɢɑŬ ɜŬ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ 

ůɡɔəŮəɟɘɛɏɜŮɠ ŬůɡɜɏɢŮɘŮɠ (ŬɜɘůɧŰɟɞˊɖ ŬůŰɞɢɑŬ).  

  

ɄɑɜŬəŬɠ 11: ȸŬůɘəɧ ŭɘɎɔɟŬɛɛŬ ȹŮɑəŰɖ ũŮɤɚɞɔɘəɐɠ ȷɜŰɞɢɐɠ GSI ( Hoek & Marinos, 2000) 
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4.2 ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬŰɞɚɑůɗɖůɖɠ  

ȳˊɤɠ ŬɜŬűɏɟŮŰŬɘ əŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɧ 1.2 ůŰɖɜ ˊŮɟɘɞɢɐ ɡˊɎɟɢŮɘ ɏɜŬ ɘůŰɞɟɘəɧ 

ˊŬɚŬɘɞŰɏɟɤɜ ɛŮŰŬəɘɜɐůŮɤɜ Ŭˊɧ Űɞ 1963 ɛŮ Űɖɜ əŬŰɞɚɑůɗɖůɖ ŬɡŰɐ ɜŬ ŬˊɞŰŮɚŮɑ 

ŮˊŬɜŬŭɟŬůŰɖɟɘɞˊɞɑɖůɖ ˊŬɚŬɘɧŰŮɟɖɠ ůŰɞɜ ɑŭɘɞ ɢɩɟɞ ɛŮ ŰŬ ɑŭɘŬ ɧɟɘŬ əŬɘ ɛŮ Űɖɜ əŬŰɎůŰŬůɖ 

ɏəŰɞŰŮ ɜŬ ɏɢŮɘ ŮˊɘŭŮɘɜɤɗŮɑ ůɖɛŬɜŰɘəɎ ŮˊɖɟŮɎɕɞɜŰŬɠ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɧůɞ Űɞ 

ŰɞˊɞɔɟŬűɘəɧ ŬɜɎɔɚɡűɞ ɧůɞ əŬɘ Űɖɜ ɞɘəɞŭɞɛɘəɐ əɞɘɜɧŰɖŰŬ Űɞɡ ɅɞˊɞŰɞɨ.  

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɖ ůɖɛŮɟɘɜɐ ŮɘəɧɜŬ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ Űɖ ɓɚɏˊɞɡɛŮ ɜŬ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɞɜ 

ŬɜɩŰŮɟɞ ŭŬůɘəɧ ŭɟɧɛɞ ɛɏɢɟɘ əŬɘ ŰŬ əŬŰɩŰŮɟŬ ŰɞˊɞɔɟŬűɘəɩɠ ůˊɑŰɘŬ Űɞɡ ɞɘəɘůɛɞɨ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɞ Ůˊɘɛɐəɖɠ ɎɝɞɜŬɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ŬɜŬˊŰɨůůŮŰŬɘ ůɢŮŭɧɜ ŮɔəɎɟůɘŬ ɤɠ 

ˊɟɞɠ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɞɘəɞŭɞɛɘəɐɠ əɞɘɜɧŰɖŰŬɠ ɛŮ ŭɘŮɨɗɡɜůɖ ȹɁȹ-ȷȸȷ, ŮˊɖɟŮɎɕɞɜŰŬɠ 

ɛŮɔɎɚɞ əɞɛɛɎŰɘ Űɖɠ. ɇɞ ɛɐəɞɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ŮəŰɘɛɎŰŬɘ ůŰŬ 750 m ɛŮ Űɞ ˊɚɎŰɞɠ Űɖɠ 

ɜŬ ˊɞɘəɑɚŮɘ Ŭˊɧ 100 ɛɏɢɟɘ əŬɘ 280 m (ȺɘəɧɜŬ 10). ɇɞ Ɏɜɤ ɐ ȹȸȹ ɧɟɘɞ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ( 

űɟɨŭɘ ) ɓɟɑůəŮŰŬɘ ůŮ ɡɣɧɛŮŰɟɞ 940 m Ůɜɩ Űɞ əɎŰɤ ɐ ȷȸȷ ɧɟɘɞ ( ˊɧŭɘ ) ŮəŰɘɛɎŰŬɘ ɧŰɘ 

ɓɟɑůəŮŰŬɘ ůŰŬ 640 m.  

 

ȺɘəɧɜŬ 10: Ɇɡɜɞɚɘəɐ ŮɘəɧɜŬ əŬŰɞɚɑůɗɖůɖɠ 

   

ɆŰɞ űɟɨŭɘ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ŰŬ ɡɚɘəɎ ˊɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ əŬɘ əŬŰɞɚɘůɗŬɑɜɞɡɜ ŮɑɜŬɘ əɡɟɑɤɠ 

ŰŬ ŬůɓŮůŰɞɚɘɗɘəɎ əɞɟɐɛŬŰŬ (ȺɘəɧɜŬ 11) ɛɘəɟɞɨ ˊɎɢɞɡɠ. ɇɞˊɞɔɟŬűɘəɎ ɢŬɛɖɚɧŰŮɟŬ, ɞɘ 

ŮŭŬűɘəɏɠ ɛɎɕŮɠ ɞɘ ɞˊɞɑŮɠ  əŬŰɞɚɘůɗŬɑɜɞɡɜ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞɜ ɛŬɜŭɨŬ ŬˊɞůɎɗɟɤůɖɠ 

Űɧůɞ Űɞɡ ɡˊɞəŮɑɛŮɜɞɡ űɚɨůɢɖ ɧůɞ əŬɘ Űɖɠ ɛŮŰŬɓŬŰɘəɐɠ ɕɩɜɖɠ  (ȺɘəɧɜŬ 12)  

ɄŬɟŬŰɖɟɞɨɜŰŬɘ Ůˊɑůɖɠ əŬɘ ɑɢɜɖ ˊŬɚŬɘɧŰŮɟɤɜ ŬɚɚɎ əŬɘ ůɨɔɢɟɞɜɩɜ ŮŭŬűɘəɩɜ 

ɛŮŰŬəɘɜɐůŮɤɜ əŬɘ ɗɟŬɨůŮɤɜ ɛɘəɟɐɠ əɚɑɛŬəŬɠ əɡɟɑɤɠ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ŭɞɛɞɨɜŰŬɘ Ŭˊɧ Űɞɜ 

ůɢɖɛŬŰɘůɛɧ Űɞɡ űɚɨůɢɖ ɞɘ ɞˊɞɑŮɠ ɧɛɤɠ ɏɢɞɡɜ ɛɘəɟɧ ɓɎɗɞɠ əŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ ɏəŰŬůɖ. ɇŬ 

ɡɚɘəɎ ŬɡŰɎ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɤɠ ɏŭŬűɞɠ Űɞ ɞˊɞɑɞ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ŮɝŬɘɟŮŰɘəɎ ŬůŰŬɗɏɠ 

ŮɝŬɘŰɑŬɠ Űɤɜ ɡŭɟɞɔŮɤɚɞɔɘəɩɜ əŬɘ ɛɞɟűɞɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ əŬɗɩɠ ɖ 
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əɞɟŮůɛɏɜɖ ŮŭŬűɘəɐ ɛɎɕŬ ɞɚɘůɗŬɑɜŮɘ  ˊɎɜɤ ůŰɖɜ ɡˊɞəŮɑɛŮɜɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬŭɘŬˊɏɟŬŰɞɡ 

űɚɨůɢɖ.  

 

 

ȺɘəɧɜŬ 11: ȷůɓŮůŰɞɚɑɗɘəɎ əɞɟɐɛŬŰŬ-űɟɨŭɘ əŬŰɞɚɑůɗɖůɖɠ 

  

 

ȺɘəɧɜŬ 12: ɀŬɜŭɨŬɠ ŬˊɞůɎɗɟɤůɖɠ-əɏɜŰɟɞ əŬŰɞɚɑůɗɖůɖ 
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4.2.1 ɆŰɞɘɢŮɑŬ ŮˊɘŰɧˊɞɡ ɏɟŮɡɜŬɠ  

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ əŬŰŬɜɞɖŰɧɠ ɞ ɛɖɢŬɜɘůɛɧɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬɝɘɜɞɛɐůŮɘɠ əŬɘ ɞɟɞɚɞɔɑŬ Űɖɠ 

ŭɞɛɘəɐɠ ɔŮɤɚɞɔɑŬɠ əŬɗɩɠ ɖ ɔŮɤɛŮŰɟɑŬ əŬɘ ɞɘ ŭɘɎűɞɟŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ 

ɛŮ ŬəɟɑɓŮɘŬ.  

ȷɟɢɘəɎ ŮɜŰɞˊɑůŰɖəŬɜ ŰŬ ɧɟɘŬ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ɔɑɜŮɘ 

ŬɜŰɘɚɖˊŰɧ Ŭˊɧ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ əŬɘ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ əŬɗɩɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮ ɟɐɝɖ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ ŭɘŬɛɞɟűɩɜɞɜŰŬɠ ɛɘŬ ŬˊɧŰɞɛɖ əŬɘ əŬɚɎ əŬɗɞɟɘůɛɏɜɖ ŮˊɘűɎɜŮɘŬ. ȷɟɢɘəɎ 

ˊŬɟŬŰɖɟɞɨɛŮ Űɞ űɟɨŭɘ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ˊɞɡ ŬˊɞŰŮɚŮɑ əŬɘ Űɖɜ ŮˊɘűɎɜŮɘŬ ŭɘɎɟɟɖɝɐɠ Űɖɠ Űɞ ɞˊɞɑɞ 

ɏɢŮɘ ́ ɚɎŰɞɠ ˊŮɟɑˊɞɡ 245 m (ȺɘəɧɜŬ 13).  ȷˊɞŰɏɚŮůɛŬ Űɖɠ ɛŮŰŬəɑɜɖůɖɠ Űɤɜ ŮŭŬűɘəɩɜ ɡɚɘəɩɜ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ űɟɡŭɘɞɨ ŮɑɜŬɘ əɞɛɛɎŰɘ Űɖɠ ŭŬůɘəɐɠ ɏəŰŬůɖɠ ɜŬ ɛŮŰŬŰɞˊɘůŰŮɑ ɛŮ ŰŬ ŭɏɜŰɟŬ ɜŬ 

ɓɟɑůəɞɜŰŬɘ ˊɚɏɞɜ ůŮ ŬɜŰɑɗŮŰɖ əɚɑůɖ Ŭˊɧ ŬɡŰɐ Űɖɠ ˊɚŬɔɘɎɠ (ȺɘəɧɜŬ 16). ɆŰɖ ůɡɜɏɢŮɘŬ 

ŮɜŰɞˊɑůŰɖəŬɜ əŬɘ ŰŬ ˊɚŮɡɟɘəɎ ɧɟɘŬ Űɖɠ ɧˊɞɡ ŮɝŬɘŰɑŬɠ  Űɖɠ ŬˊɧŰɞɛɖɠ ɛɞɟűɞɚɞɔɑŬɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ˊŬɟŬŰɖɟɞɨɛŮ əŬɘ Űɞ ɡˊɧɓŬɗɟɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮ ŮɛűɎɜɘůɖ Űɤɜ ůŰɟɤɛɎŰɤɜ Űɞɡ 

űɚɨůɢɖ (ȺɘəɧɜŬ 15).  

 

ȺɘəɧɜŬ 13: ūɟɨŭɘ əŬŰɞɚɑůɗɖůɖɠ 
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ȺɘəɧɜŬ 14: ȷɜŮůŰɟŬɛɛɏɜŬ ŭɏɜŰɟŬ 

  

 

 

 

ȺɘəɧɜŬ 15: ȸɧɟŮɘɞ ˊɚŮɡɟɘəɧ ɧɟɘɞ-űɚɨůɢɖɠ 

ɄŬɟŬŰɖɟɩɜŰŬɠ ɛɞɟűɞɚɞɔɘəɎ Űɖɜ əŬŰɞɚɑůɗɖůɖ ˊŮɟɑˊɞɡ ůŰɞ əŮɜŰɟɘəɧ ŰɛɐɛŬ Űɖɠ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɘŬ ŬɜŬɗɧɚɤůɖ ɖ ɞˊɞɑŬ ŮəŰŮɑɜŮŰŬɘ ůŮ ɧɚɞ Űɞ ˊɚɎŰɞɠ Űɖɠ əŬɘ ɞűŮɑɚŮŰŬɘ ůŰɖ 

ůɡůůɩɟŮɡůɖ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ. ȼ ůɡɔəɏɜŰɟɤůɖ ŬɡŰɐ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ŮŭŬűɘəɩɜ ɡɚɘəɩɜ 

ŮɜŰɞˊɑɕŮŰŬɘ əŬɘ ůŮ ɛɘŬ ɛɘəɟɧŰŮɟɖɠ əɚɑɛŬəŬɠ ŬɜŬɗɧɚɤůɖ əŬɘ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ůŰɞ əŬŰɩŰŮɟɞ 

ŰɛɐɛŬ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ əŬŰɎɜŰɘ Űɖɠ ŮəəɚɖůɑŬɠ Űɞɡ ɢɤɟɘɞɨ ɛŮ Űɖɜ ɛɞɟűɞɚɞɔɘəɐ əɚɑůɖ ɜŬ 

ŮəŰɘɛɎŰŬɘ ˊŮɟɑˊɞɡ 15ɞ. ȺəŰɧɠ ɧɛɤɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŬɜŬɗɞɚɩůŮɘɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬɘ ɛɘəɟɧŰŮɟŮɠ 

ŮɝɎɟůŮɘɠ Űɞɡ ŬɜŬɔɚɨűɞɡ ˊɞɡ ˊɟɞəɎɚŮůŬɜ əŬŰŬůŰɟɞűɏɠ ůŮ ˊŬɚŬɘɧŰŮɟŮɠ əŬŰŬůəŮɡɏɠ ɞɘ ɞˊɞɑŮɠ 

ůŰɧɢŮɡŬɜ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɖɜ ŬɜŬŰɟɞˊɐ Űɤɜ 

ůŮɘɟɩɜ Ŭˊɧ ůɡɟɛŬŰɞəɘɓɩŰɘŬ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨůŬɜ ůŬɜ ŬɜŰɑɓŬɟɞ ůŰɘɠ ɞɚɘůɗŬɑɜɞɡůŮɠ ɛɎɕŮɠ. 

 1  

: 
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(ȺɘəɧɜŬ 18) ŬɚɚɎ əŬɘ Űɖɜ əŬŰŬůŰɟɞűɐ Űɖɠ ŰůɘɛŮɜŰɏɜɘŬɠ ŬɨɚŬəŬɠ ˊɞɡ ŮɝɡˊɖɟŮŰɞɨůŮ ůŰɖɜ 

ŮəŰɟɞˊɐ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ (ȺɘəɧɜŬ 19).ɆŰɞ əŮɜŰɟɘəɧ əɞɛɛɎŰɘ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ 

ŮɜŰɞˊɑůŰɖəŬɜ ŬɟəŮŰɏɠ ŮűŮɚəɡůŰɘəɏɠ ɟɤɔɛɩůŮɘɠ ˊɞɡ ŬɟɢɘəɎ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ Ŭˊɧ Űɖɜ əɑɜɖůɖ 

Űɖɠ əŬŰɞɚɑůɗɖůɖɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŭɘŮɡɟɨɜɗɖəŬɜ Ŭˊɧ Űɖɜ  ŮˊɑŭɟŬůɖ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ ɜŮɟɧ. ȷɡŰɧ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ 

ɜŬ Ůɘůɢɤɟɞɨɜ ůŮ ɓɎɗɞɠ ŮɜŰɧɠ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ.  

 

 

ȺɘəɧɜŬ 16: ȾŬŰŮůŰɟŬɛɛɏɜŬ ůɡɟɛŬŰɞəɘɓɩŰɘŬ 

  

 

ȺɘəɧɜŬ 17: ȾŬŰŮůŰɟŬɛɛɏɜɖ ŰɎűɟɞɠ ŬˊɞůŰɟɎɔɔɘůɖɠ  

ȿɧɔɤ ɚɞɘˊɧɜ Űɖɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ɡˊɏůŰɖůŬɜ ˊɞɚɚɏɠ əŬŰŬůŰɟɞűɏɠ əŬɘ ŬɟəŮŰɎ  

ɞɘəɞŭɞɛɐɛŬŰŬ Űɖɠ əɞɘɜɧŰɖŰŬɠ. ȰɜŬ ŰɏŰɞɘɞ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɖ əŬŰŬůŰɟɞűɐ Űɤɜ ɗŮɛŮɚɑɤɜ Ůɜɧɠ 

ůˊɘŰɘɞɨ Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ Ŭəɟɘɓɩɠ ˊɎɜɤ ůŰɞ ɓɧɟŮɘɞ ˊɚŮɡɟɘəɧ ɧɟɘɞ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ (ȺɘəɧɜŬ 

18). ȰɜŬ Ŭˊɧ ŰŬ ˊɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧɛɤɠ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ ɡˊɞŭŮɘəɜɨɞɡɜ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

əŬŰɞɚɑůɗɖůɖɠ ŮɑɜŬɘ ɖ ɛŮŰŬŰɧˊɘůɖ Űɖɠ ŮəəɚɖůɑŬɠ Űɞɡ ɢɤɟɑɞɡ 50m Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ Űɖɠ ɗɏůɖ ɧˊɞɡ 

ˊɚɏɞɜ ɓɟɑůəŮŰŬɘ ůŮ əŮəɚɘɛɏɜɖ ŮˊɘűɎɜŮɘŬ (ȺɘəɧɜŬ 19).  
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ȺɘəɧɜŬ 18: ȾŬŰŮůŰɟŬɛɛɏɜɞ ɞɘəɞŭɧɛɖɛŬ 

  

 

ȺɘəɧɜŬ 19: ȺəəɚɖůɑŬ əɞɘɜɧŰɖŰŬɠ ɅɞˊɞŰɞɨ 

  

ɀŮ Űɖɜ  Ůəŭɐɚɤůɖ ŬɡŰɐɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ŮˊɖɟŮɎůŰɖəŬɜ əŬɘ ˊŮɟɘɞɢɏɠ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Űɖɠ ɛŮ 

Űɖɜ Ůəŭɐɚɤůɖ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ŮŭŬűɘəɩɜ ɛŮŰŬəɘɜɐůŮɤɜ əŬɘ ɟɤɔɛɩůŮɤɜ ůŰŬ ˊɟŬɜɐ ŮəŬŰɏɟɤɗŮɜ 

ŬɡŰɐɠ. ɆŰŬ 250m ɓɧɟŮɘŬ Űɞɡ űɟɡŭɘɞɨ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ŮɜŰɞˊɑůŰɖəŬɜ ɛɘəɟɧŰŮɟɖɠ əɚɑɛŬəŬɠ 

ŮˊɘŭŮɟɛɘəɏɠ əŬŰɞɚɘůɗɐůŮɘɠ ůŰɞɜ ɛŬɜŭɨŬ ŬˊɞůɎɗɟɤůɖɠ Űɞɡ űɚɨůɢɖ ɞɘ ɞˊɞɑŮɠ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ 

ɢŬɚɎɟɤůɖ Űɖɠ űɡůɘəɐɠ ŬɜŰɘůŰɐɟɘɝɖɠ (ȺɘəɧɜŬ 20 əŬɘ ȺɘəɧɜŬ 21).  
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ȺɘəɧɜŬ 20: ȺˊɘŭŮɟɛɘəɐ əŬŰɞɚɑůɗɖůɖ 

 

 

ȺɘəɧɜŬ 21: ȺˊɘŭŮɟɛɘəɐ əŬŰɞɚɑůɗɖůɖ  

ȸɧɟŮɘŬ Ůˊɑůɖɠ Űɞɡ űɟɡŭɘɞɨ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ŮɜŰɞˊɑůŰɖəŮ ɟɤɔɛɐ ɛɐəɞɡɠ 150 m ɛŮ Űɞ 

ɎɜɞɘɔɛɎ Űɖɠ ɜŬ űŰɎɜŮɘ  ˊŮɟɑˊɞɡ Űɞ 1 m (ȺɘəɧɜŬ 22)ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɜŬ ůɡɜŭɏŮŰŬɘ ɛŮ 

Űɖ ɟɐɝɖ Űɞɡ űɟɡŭɘɞɨ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ. ȼ ɟɤɔɛɐ ŬɡŰɐ ɝŮəɘɜɎŮɘ Ŭˊɧ Űɞ ɨɣɞɠ Űɞɡ ŭŬůɘəɞɨ 

ŭɟɧɛɞɡ (ȺɘəɧɜŬ 24) əŬɘ ůɡɜŮɢɑɕŮŰŬɘ ŬɜŬŰɞɚɘəɎ ˊŬɟɎɚɚɖɚŬ  ɛŮ Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ űɟɡŭɘɞɨ 

ɧˊɞɡ ɛŮŰɎ ŰŬ ˊɟɩŰŬ 100 m ˊŬɟŬŰɖɟɞɨɛŮ ɜŬ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ɛɏɟɖ ɛŮ Űɞ ˊɟɩŰɞ ɜŬ 

ŮəŰŮɑɜŮŰŬɘ ȷɁȷ əŬɘ Űɞ ŭŮɨŰŮɟɞ ȸȸȷ. ȺɝŮŰɎɕɞɜŰŬɠ ŮůɤŰŮɟɘəɎ Űɖɜ ɟɤɔɛɐ ůŰɞ ɨɣɞɠ Űɞɡ 

ŭŬůɘəɞɨ ŭɟɧɛɞɡ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɞ ɡɚɘəɧ ŮɑɜŬɘ ŬɟəŮŰɎ ˊŰɤɢɐɠ ˊɞɘɧŰɖŰŬɠ ɛŮ ɛŮɔɎɚɞ 

ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ ɛŮ Űɘɠ ůɢɘůŰɞɚɘɗɘəɏɠ ŮɜůŰɟɩůŮɘɠ Űɞɡ űɚɨůɢɖ  ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ 

ŮɝŬɚɚɞɘɤɛɏɜŮɠ (ȺɘəɧɜŬ 23). ɇɏɚɞɠ, ɓɧɟŮɘŬ əŬɘ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ  əŬŰɎ 

ɛɐəɞɠ Űɞɡ ŭɟɧɛɞɡ ŮɜŰɞˊɑůɗɖəŮ ˊɖɔɐ ůɡɜŮɢɞɨɠ ɟɞɐɠ (ȺɘəɧɜŬ 25)
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ȺɘəɧɜŬ 22: Ʌɤɔɛɐ ɓɧɟŮɘŬ Űɞɡ űɟɡŭɘɞɨ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ 

ȺɘəɧɜŬ 23: ȰɜŰɞɜŬ ŭɘŬŰɛɖɛɏɜŮɠ əŬɘ 

ŮˊɘűŬɜŮɘŬəɎ ŬˊɞůŬɗɟɤɛɏɜŮɠ 

ůɢɘůŰɞɚɘɗɘəɏɠ ŮɜůŰɟɩůŮɘɠ ŮůɤŰŮɟɘəɎ 

Űɖɠ ɟɤɔɛɐɠ  

 

ȺɘəɧɜŬ 24: ɇɏɚɞɠ ɟɤɔɛɐɠ əŬŰɎ ɛɐəɞɠ Űɞɡ 

ŭŬůɘəɞɨ ŭɟɧɛɞɡ 
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