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Ʉɟɧɚɞɔɞɠ 

     ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰɞ ˊɚŬɑůɘɞ ŬˊɧəŰɖůɖɠ Űɞɡ 

ɛŮŰŬˊŰɡɢɘŬəɞɨ ŰɑŰɚɞɡ Űɞɡ ȹɘŬŰɛɖɛŬŰɘəɞɨ ɄɟɞɔɟɎɛɛŬŰɞɠ ɀŮŰŬˊŰɡɢɘŬəɩɜ Ɇˊɞɡŭɩɜ 

ḺɆɢŮŭɘŬůɛɧɠ əŬɘ ȾŬŰŬůəŮɡɐ ɈˊɞɔŮɑɤɜ Ȱɟɔɤɜḻ, ůŰɞ ɞˊɞɑɞ ůɡɜŮɟɔɎɕɞɜŰŬɘ ɞɘ ůɢɞɚɏɠ 

ɀŮŰŬɚɚŮɘɞɚɧɔɤɜ ï ɀŮŰŬɚɚɞɡɟɔɩɜ ɀɖɢŬɜɘəɩɜ, ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ əŬɘ ȷɔɟɞɜɧɛɤɜ & 

ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ ï ɀɖɢŬɜɘəɩɜ ũŮɤˊɚɖɟɞűɞɟɘəɐɠ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ 

ɄɞɚɡŰŮɢɜŮɑɞɡ. ɇɞ ŬɜŰɘəŮɑɛŮɜɞ ŭɘŮɟŮɨɜɖůɖɠ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ əŬɘ ɔŮɤŰŮɢɜɘəɐ ɗŮɩɟɖůɖ ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ 

ɔɜŮɡůɘŬəɩɜ ɓɟŬɢɞɛŬɕɩɜ, ɛŮ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ŭŮŭɞɛɏɜɤɜ ɛŮɚɏŰɖɠ əŬɘ əŬŰŬůəŮɡɐɠ. 

    ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ŬɜŬˊŰɨůůŮŰŬɘ Űɞ ɓŬůɘəɧ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ 

ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ ůɖɟɎɔɔɤɜ. ȷɜŬɚɨɞɜŰŬɘ ŭɖɚŬŭɐ ɞɘ ŭɘŬɗɏůɘɛŮɠ ɛɏɗɞŭɞɘ 

əŬŰŬůəŮɡɐɠ, ŰŬ ŭɘŬɗɏůɘɛŬ ɛɏŰɟŬ ˊɟɞůɤɟɘɜɐɠ ɡˊɞůŰɐɟɘɝɖɠ əŬɗɩɠ əŬɘ ɞɘ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ 

əŬɘ ůɢŮŭɘŬůɛɞɨ. Ⱥˊɑůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ Űɟɧˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ 

Űɖɠ ɓɟŬɢɧɛŬɕŬɠ əŬɘ ɖ ŮəŰɑɛɖůɖ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ əŬŰɎ Űɖɜ 

ŭɘɎɜɞɘɝɖ. 

     ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ ŬɜŬɚɨŮŰŬɘ Űɞ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ˊɟɧŰɡˊɞ Űɤɜ ɔɜŮɡůɘŬəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŬɟɢɘəɎ ˊŬɟŬɗɏŰɞɜŰŮ əɎˊɞɘŮɠ ɔŮɜɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ 

ɔɜŮɡůɘŬəɎ ˊŮŰɟɩɛŬŰŬ ɞɘ ɞˊɞɑŮɠ Ŭűɞɟɞɨɜ Űɖɜ ɚɘɗɞɚɞɔɑŬ Űɞɡɠ, Űɞɜ ŰŮəŰɞɜɘůɛɧ Űɞɡɠ, Űɞɜ 

Űɟɧˊɞ ŬˊɞůɎɗɟɤůɖɠ Űɞɡɠ əŬɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɜŮɟɞɨ ůŮ ŬɡŰɎ. ȰˊŮɘŰŬ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ 

ɓŬůɘəɞɑ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɑ Űɨˊɞɘ Űɤɜ Ůɜ ɚɧɔɤ ˊŮŰɟɤɛɎŰɤɜ əŬɘ ŮɝɎɔɞɜŰŬɘ ɞɘ Űɡˊɘəɏɠ 

Ŭ́ɟɎɛŮŰɟɞɘ ůɢŮŭɘŬůɛɞɨ ɔɘŬ əŬɗɏɜŬ Ŭˊɧ ŬɡŰɞɨɠ. ɆŰɞ Űɏɚɞɠ Űɞɡ əŮűŬɚŬɑɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

əŬɘ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŭɘɎɜɞɘɝɖɠ ůɖɟɎɔɔɤɜ ˊɞɡ ɏɢɞɡɜ ŭɘŬɜɞɘɢɗŮɑ ůŮ ˊŮɟɘɓɎɚɚɞɜ 

ɔɜŮɡůɑɤɜ ŬɜɎ Űɞɜ əɧůɛɞ, ůɖɛŮɘɩɜɞɜŰŬɠ Űɘɠ ůɢŮŰɘəɏɠ ˊɟɞəɚɐůŮɘɠ ɛɖɢŬɜɘůɛɩɜ ŬůŰɞɢɑŬɠ əŬɘ 

ɡˊɞůŰɐɟɘɝɖɠ. 

     ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɡɞ ˊŮɟɘˊŰɩůŮɘɠ ŭɘɎɜɞɘɝɖɠ ůɖɟɎɔɔɤɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ 

ɔɜŮɡůɘŬəɩɜ ˊŮŰɟɤɛɎŰɤɜ ůŰɞɜ ŮɚɚŬŭɘəɧ ɢɩɟɞ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɀŬəŮŭɞɜɑŬɠ. ȼ ˊɟɩŰɖ 

ˊŮɟɑˊŰɤůɖ ŬűɞɟɎ Űɖ ŭɘɎɜɞɘɝɖ Űɖɠ ůɐɟŬɔɔŬɠ ȾɚŮɘůɞɨɟŬɠ ůŰɖɜ ŮˊŬɟɢɘŬəɐ ɞŭɧ ȾŬůŰɞɟɘɎɠ ï 

ɄŰɞɚŮɛŬȶŭŬɠ əŬɘ ɖ ŭŮɨŰŮɟɖ ŬűɞɟɎ Űɖɜ ŭɘɎɜɞɘɝɖ ŰŮůůɎɟɤɜ ůɖɟɎɔɔɤɜ ůŰɖɜ ȺɔɜŬŰɑŬ Ƀŭɧ. 

ũɘŬ əɎɗŮ ɏɟɔɞ ŬɟɢɘəɎ ŬɜŬűɏɟŮŰŬɘ ɞ ůəɞˊɧɠ əŬɘ ŰŬ ɓŬůɘəɎ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ɏɟɔɞɡ, ůŰɖɜ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ɔŮɤɚɞɔɘəɏɠ əŬɘ ɔŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ 

ŮˊɘəɟŬŰɞɨɜ əŬŰŬ ɛɐəɞɠ Űɖɠ ɢɎɟŬɝɖɠ Űɖɠ ůɐɟŬɔɔŬɠ əŬɘ Űɏɚɞɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɖ ɛɏɗɞŭɞɠ 

ŮəůəŬűɐɠ əŬɘ ɞɘ əŬŰɖɔɞɟɑŮɠ ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ.  



ŔŔ 
 

     ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ, ŬɟɢɘəɎ ŬɜŬɚɨŮŰŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ əɎɗŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨ Űɨˊɞɡ 

ɔɜŮɡůɘŬəɐɠ ɓɟŬɢɧɛŬɕŬɠ, əŬŰɎ Űɖɜ ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ əŬɘ ɔɑɜŮŰŬɘ ɖ ˊɞɘɞŰɘəɐ Ůˊɘɚɞɔɐ Űɤɜ 

ɛɏŰɟɤɜ ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ ɔɘŬ əɎɗŮ Űɨˊɞ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊɞɟŮɑŬ əŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɤɜ 

ɛɏŰɟɤɜ ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ ɔɘŬ əɎɗŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ Űɨˊɞ ɔɜŮɡůɘŬəɐɠ ɓɟŬɢɧɛŬɕŬɠ.  

     ɆŰɞ ́ɏɛˊŰɞ əŬɘ ŰŮɚŮɡŰŬɑɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ əŬɘ ɔŮɤŰŮɢɜɘəɐɠ ɗŮɩɟɖůɖɠ ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ 

ɔɜŮɡůɘŬəɩɜ ɓɟŬɢɞɛŬɕɩɜ əŬɘ ŭɑɜŮŰŬɘ ɏɜŬɠ ůɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ ɛŮ ŰŬ ŮɜŭŮɘəŰɘəɎ ɛɏŰɟŬ 

ɡˊɞůŰɐɟɘɝɖɠ ɔɘŬ əɎɗŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ Űɨˊɞ ɔɜŮɨůɘɞɡ ɧˊɤɠ ŬɡŰɎ ˊɟɞɏəɡɣŬɜ ɛŮŰŬ Ŭˊɧ Űɘɠ 

ŬɜŬɚɨůŮɘɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ŔŔŔ 
 

ȺɡɢŬɟɘůŰɑŮɠ 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɞɟɘůɛɏɜŬ ɎŰɞɛŬ, ŰŬ ɞˊɞɑŬ ɛŮ ɓɞɐɗɖůŬɜ əŬɘ ůɡɜɏɓŬɚŬɜ ɛŮ 

ɞˊɞɘɞŭɐˊɞŰŮ Űɟɧˊɞ ůŰɖɜ  ŮˊɘŰɡɢɐ Ůəˊɧɜɖůɖ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ. 

    ȷɟɢɘəɎ, ɞűŮɑɚɤ ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ɛɞɡ ȸŬůɑɚɖ ɀŬɟɑɜɞ 

ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ əŬɘ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɞɡ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ ůɡɔɔɟŬűɐɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŮɟɔŬůɑŬɠ. Ƀɘ ůɡɛɓɞɡɚɏɠ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ Ŭˊɧ Űɖɜ ŮɛˊŮɘɟɑŬ Űɞɡ əŬɘ ɖ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ 

ɛŮ ɓɞɐɗɖůŬɜ ɜŬ ŮɝŮɚɘɢɗɩ əŬɘ ɜŬ ɛɎɗɤ ˊɞɚɚɎ ˊɟɎɔɛŬŰŬ.  

     ȷəɧɛɖ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ȹɖɛɐŰɟɖ ũŮɤɟɔɑɞɡ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɞɡ 

ůŰɘɠ ŬɟɘɗɛɖŰɘəɏɠ ŬɜŬɚɨůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɑɖůŬ ůŰɞ ɚɞɔɘůɛɘəɧ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 

RS2, əŬɗɩɠ ɞɘ ůɡɛɓɞɡɚɏɠ Űɞɡ əŬɘ ɖ əŬɗɞŭɐɔɖůɖ Űɞɡ ɐŰŬɜ əŬɑɟɘŬɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ 

ŭɘŮɝŬɔɤɔɐ Űɤɜ Ůɜ ɚɧɔɤ ŬɜŬɚɨůŮɤɜ. 

     Ⱥˊɑůɖɠ, əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰŬˊŰɡɢɘŬəɩɜ ɛɞɡ ůˊɞɡŭɩɜ ŮɑɢŬ Űɖɜ ɢŬɟɎ ɜŬ ɔɜɤɟɑůɤ 

əŬɘ ɜŬ ůɡɜŬɜŬůŰɟŬűɩ ɛŮ ˊɞɚɨ əŬɚɞɨɠ ŮˊŬɔɔŮɚɛŬŰɑŮɠ, əŬɘ ˊɎɜɤ Ŭˊȭ ɧɚŬ Ŭɜɗɟɩˊɞɡɠ, Ŭˊɧ 

ŭɘŬűɞɟŮŰɘəɎ ŮˊŬɔɔŮɚɛŬŰɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ ůŰɞɜ ɢɩɟɞ Űɖɠ ɔŮɤŰŮɢɜɘəɐɠ ɛɖɢŬɜɘəɐɠ, ɞɘ ɞˊɞɑɞɘ 

ɛɏůŬ Ŭˊɧ Űɘɠ ˊɞɘəɑɚŮɠ ɔɜɩůŮɘɠ əŬɘ ŮɛˊŮɘɟɑŮɠ Űɞɡɠ ɛŮ ɓɞɐɗɖůŬɜ ɜŬ ŮɝŮɚɘɢɗɩ ůŬɜ 

ŮˊŬɔɔŮɚɛŬŰɑŬɠ əŬɘ ɜŬ ŮəŰɘɛɐůɤ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟɞ Űɖɜ ůɖɛŬůɑŬ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ ɛŮŰŬɝɨ 

Űɤɜ ŭɘŬűɧɟɤɜ ŮɘŭɘəɞŰɐŰɤɜ. Ƀɘ ůɡɛűɞɘŰɖŰɏɠ əŬɘ ˊɚɏɞɜ űɑɚɞɘ ɛɞɡ ɏəŬɜŬɜ Űɖɜ ŮɛˊŮɘɟɑŬ Űɞɡ 

ɛŮŰŬˊŰɡɢɘŬəɞɨ ŮɡɢɎɟɘůŰɖ əŬɘ ŮˊɞɘəɞŭɞɛɖŰɘəɐ ůŮ ɧɚŬ ŰŬ ŮˊɑˊŮŭŬ. 

     ɇɏɚɞɠ, ŮɡɢŬɟɘůŰɩ Űɞɡɠ ɔɞɜŮɑɠ ɛɞɡ əŬɘ Űɘɠ ŬŭŮɟűɏɠ ɛɞɡ ɔɘŬ Űɖɜ ůɡɜŮɢɐ ɡˊɞůŰɐɟɘɝɐ Űɞɡɠ 

əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ. ȼ ůŰɐɟɘɝɐ Űɞɡɠ ɛŮ ɏəŬɜŮ ɜŬ ɜɘɩɗɤ ˊɘɞ ůɑɔɞɡɟɖ 

ɔɘŬ Űɞɜ ŮŬɡŰɧ ɛɞɡ ŬɚɚɎ əŬɘ ɜŬ ůɡɜŮɢɑɕɤ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ůŰɘɠ ˊŮɟɘɧŭɞɡɠ ˊɞɡ ŮɑɢŬ əɞɡɟŬůŰŮɑ. 
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Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ                                                                   

ȹɘŬŰɛɖɛŬŰɘəɧ ɄɟɧɔɟŬɛɛŬ ɀŮŰŬˊŰɡɢɘŬəɩɜ Ɇˊɞɡŭɩɜ 

ɆɢŮŭɘŬůɛɧɠ əŬɘ ȾŬŰŬůəŮɡɐ ɈˊɞɔŮɑɤɜ Ȱɟɔɤɜ 
 

 

ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɐ əŬɘ ɔŮɤŰŮɢɜɘəɐ ɗŮɩɟɖůɖ ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ ůŮ 

ˊŮɟɘɓɎɚɚɞɜ ɔɜŮɡůɘŬəɩɜ ɓɟŬɢɞɛŬɕɩɜ. ɆɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ŭŮŭɞɛɏɜɤɜ 

ɛŮɚɏŰɖɠ əŬɘ əŬŰŬůəŮɡɐɠ. 

 

ɀŮŰŬˊŰɡɢɘŬəɐ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

Űɖɠ 

ũɘŬɜɜɎəɞɡ Ɂɑəɖɠ 

Ⱥˊɘɓɚɏˊɤɜ: ȸŬůɑɚŮɘɞɠ Ʉ. ɀŬɟɑɜɞɠ, Ⱥˊ. ȾŬɗɖɔɖŰɐɠ ȺɀɄ 
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ɄŮɟɑɚɖɣɖ 

     ɇɞ ŬɜŰɘəŮɑɛŮɜɞ ŭɘŮɟŮɨɜɖůɖɠ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ əŬɘ 

ɔŮɤŰŮɢɜɘəɐ ɗŮɩɟɖůɖ ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ ɔɜŮɡůɘŬəɩɜ ɓɟŬɢɞɛŬɕɩɜ, 

ɛŮ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ŭŮŭɞɛɏɜɤɜ ɛŮɚɏŰɖɠ əŬɘ əŬŰŬůəŮɡɐɠ. ȷɟɢɘəɎ ŬɜŬɚɨŮŰŬɘ Űɞ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ˊɟɧŰɡˊɞ Űɤɜ ɔɜŮɡůɘŬəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɛŮ ůəɞˊɧ Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɖɠ 

ˊɞɘɧŰɖŰŬɠ Űɤɜ ɔɜŮɡůɘŬəɩɜ ɓɟŬɢɞɛŬɕɩɜ ůŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨɠ Űɨˊɞɡɠ. ɄŬɟŬŰɑɗŮɜŰŬɘ 

əɎˊɞɘŮɠ ɔŮɜɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ ɔɜŮɡůɘŬəɎ ˊŮŰɟɩɛŬŰŬ ɞɘ ɞˊɞɑŮɠ Ŭűɞɟɞɨɜ Űɞɜ Űɟɧˊɞ 

ůɢɖɛŬŰɘůɛɞɨ Űɞɡɠ, Űɖɜ ɚɘɗɞɚɞɔɑŬ Űɞɡɠ, Űɞɜ ŰŮəŰɞɜɘůɛɧ Űɞɡɠ, Űɞɜ Űɟɧˊɞ ŬˊɞůɎɗɟɤůɖɠ Űɞɡɠ 

əŬɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɜŮɟɞɨ ůŮ ŬɡŰɎ. Ƀɘ ɔɜŮɨůɘɞɘ, ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɔɜɩɟɘůɛŬ Űɖɜ 

ŰŬɘɜɘɤŰɐ Űɞɡɠ ɡűɐ, ŮɑɜŬɘ ɔŮɜɘəɎ ɡɣɖɚɐɠ ŬɜŰɞɢɐɠ ˊŮŰɟɩɛŬŰŬ ɛŮ ˊɞɚɨ əŬɚɐ ůɡɛˊŮɟɘűɞɟɎ 

ɧŰŬɜ ŮɑɜŬɘ ɡɔɘŮɑɠ. ȳɛɤɠ ɛŮ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ŬˊɞůɎɗɟɤůɖɠ ɖ ˊɞɘɧŰɖŰŬ Űɞɡɠ ɡˊɞɓŬɗɛɑɕŮŰŬɘ. 

ɆŰŬ Ůɜ ɚɧɔɤ ˊŮŰɟɩɛŬŰŬ ɖ ŬˊɞůɎɗɟɤůɖ ɝŮəɘɜɎ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ˊɟɞɢɤɟɎŮɘ ůŮ ɓɎɗɞɠ 

ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ɓŬɗɛɧ əŬɘ Űɞɜ Űɟɧˊɞ ŰŮəŰɞɜɘůɛɞɨ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. ȺɑɜŬɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ 

əɨɟɘɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬɠ Űɤɜ ɔɜŮɡůɑɤɜ, ůŮ ůɡɜŭɡŬůɛɧ űɡůɘəɎ ɛŮ 

Űɞɜ ɓŬɗɛɧ əŮɟɛŬŰɘůɛɞɨ. ũɘ ŬɡŰɧ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɞɡɠ ůŮ ɞəŰɩ ɓŬůɘəɞɨɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨɠ 

Űɨɞ́ɡɠ ɔɑɜŮŰŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɞɜ ɓŬɗɛɧ ŬˊɞůɎɗɟɤůɖɠ, Űɞɜ ɓŬɗɛɧ ůɢɘůŰɞˊɞɑɖůɖɠ 

Űɞɡɠ əŬɘ Űɞɜ ɓŬɗɛɧ əŮɟɛŬŰɘůɛɞɨɠ Űɞɡɠ. 

      ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ɔɜŮɡůɘŬəɩɜ ɓɟŬɢɞɛŬɕɩɜ əŬŰɎ Űɖɜ 

ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊɘɞ ˊŮɟɘɚɖˊŰɘəɎ 
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ɞɟɘůɛɏɜŬ ɏɟɔŬ ůɖɟɎɔɔɤɜ ˊɞɡ ɏɢɞɡɜ ŭɘŬɜɞɘɢɗŮɑ ůŮ ˊŮɟɘɓɎɚɚɞɜ ɔɜŮɡůɑɤɜ ŬɜɎ Űɞɜ əɧůɛɞ, 

ŬɚɚɎ əŬɘ ŬɜŬɚɡŰɘəɧŰŮɟŬ Ŭˊɧ Űɞɜ ŮɚɚŬŭɘəɧ ɢɩɟɞ. ȳůɞɜ ŬűɞɟɎ ŰŬ ɏɟɔŬ ůŰɖɜ ȺɚɚɎŭŬ, 

ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɘɢŮɑŬ Ŭˊɧ ŭɡɞ ˊŮɟɘˊŰɩůŮɘɠ ŭɘɎɜɞɘɝɖɠ ůɖɟɎɔɔɤɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ ɔɜŮɡůɘŬəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɀŬəŮŭɞɜɑŬɠ. ȼ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ŬűɞɟɎ Űɖɜ ŭɘɎɜɞɘɝɖ Űɖɠ 

ůɐɟŬɔɔŬɠ ȾɚŮɘůɞɨɟŬɠ ůŰɖɜ ŮˊŬɟɢɘŬəɐ ɞŭɧ ȾŬůŰɞɟɘɎɠ ï ɄŰɞɚŮɛŬȶŭŬɠ əŬɘ ɖ ŭŮɨŰŮɟɖ ŬűɞɟɎ 

Űɖɜ ŭɘɎɜɞɘɝɖ ŰŮůůɎɟɤɜ ůɖɟɎɔɔɤɜ ůŰɖɜ ȺɔɜŬŰɑŬ Ƀŭɧ. ũɘŬ əɎɗŮ ɏɟɔɞ ŬɟɢɘəɎ ŬɜŬűɏɟɞɜŰŬɘ ɞ 

ůəɞˊɧɠ əŬɘ ŰŬ ɓŬůɘəɎ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɏɟɔɞɡ, ůŰɖɜ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ 

ɔŮɤɚɞɔɘəɏɠ əŬɘ ɔŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ əŬŰŬ ɛɐəɞɠ Űɖɠ ɢɎɟŬɝɖɠ Űɖɠ 

ůɐɟŬɔɔŬɠ əŬɘ Űɏɚɞɠ ŭɑɜɞɜŰŬɘ ɖ ɛɏɗɞŭɞɠ ŮəůəŬűɐɠ əŬɘ ɞɘ əŬŰɖɔɞɟɑŮɠ ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ.  

     ɆŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ ɓɎůɖ ɧɚɖ Űɖɜ ŮɛˊŮɘɟɑŬ Ŭˊɧ ɏɟɔŬ ůɖɟɎɔɔɤɜ ůŮ ɔɜŮɨůɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ɖ ŬɜŬɛŮɜɧɛŮɜɖ  ůɡɛˊŮɟɘűɞɟɎ əɎɗŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɞɨ Űɨˊɞɡ ɔɜŮɡůɘŬəɐɠ ɓɟŬɢɧɛŬɕŬɠ əŬŰɎ 

Űɖɜ ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ əŬɘ ɔɑɜŮŰŬɘ ɖ ˊɞɘɞŰɘəɐ Ůˊɘɚɞɔɐ Űɤɜ ɛɏŰɟɤɜ ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ ɔɘŬ 

əɎɗŮ Űɨˊɞ. Ƀɘ Ůɜ ɚɧɔɤ Ůˊɘɚɞɔɏɠ ŮɚɏɔɢɞɜŰŬɘ ɛŮ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ˊɟɞůɞɛɞɘɩůŮɘɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŰɞ ɚɞɔɘůɛɘəɧ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ RS2, ɔɘŬ ɓɎɗɞɠ ůɐɟŬɔɔŬɠ 200 

m ɔɘŬ Űɘɠ ɡɔɘŮɑɠ əŬɘ ŮɚɎɢɘůŰŬ ɏɤɠ ŬˊɞůŬɗɟɤɛɏɜŮɠ ɓɟŬɢɧɛŬɕŮɠ (Űɨɞ́ɘ Ƚ, II, III , IV, V əŬɘ 

VIII ) əŬɘ 50 m ɔɘŬ Űɘɠ ˊɞɚɨ ɏɤɠ ˊɚɐɟɤɠ ŬˊɞůŬɗɟɤɛɏɜŮɠ ˊɞɘɧŰɖŰŮɠ (Űɨˊɞɠ VI əŬɘ VII). ɀŮ 

ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ Ůɜ ɚɧɔɤ ŬɜŬɚɨůŮɤɜ ɔɑɜŮŰŬɘ ɖ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɤɜ ɛɏŰɟɤɜ 

ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ ɔɘŬ əɎɗŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ Űɨˊɞ ɛŮ ɓɎůɖ Űɘɠ ŮˊɘɚŮɔɛɏɜŮɠ ůɡɜɗɐəŮɠ. 

     ɇɏɚɞɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ əŬɘ ɔŮɤŰŮɢɜɘəɐɠ 

ɗŮɩɟɖůɖɠ ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ ɔɜŮɡůɘŬəɩɜ ɓɟŬɢɞɛŬɕɩɜ əŬɘ ŭɑɜŮŰŬɘ 

ɏɜŬɠ ůɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ ɛŮ ŰŬ ŮɜŭŮɘəŰɘəɎ ɛɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ ɔɘŬ əɎɗŮ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ Űɨˊɞ ɔɜŮɨůɘɞɡ.  
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Extended Abstract 

     The subject of the postgraduate thesis is the engineering geological and geotechnical 

evaluation for tunnelling in gneissic rock mass, with comparative evaluation of design and 

construction data. First, the geotechnical model of the gneissic rocks is presented to separate 

the quality of gneissic rock masses into geotechnical types. To define and understand the 

geotechnical model, some general information about the gneissic rocks is necessary, which 

relates to their mode of formation, their lithology, their tectonism, their weathering and the 

behavior of water in them. Gneisses belong to the category of metamorphic rocks. They are 

formed by the metamorphism of either sedimentary or igneous rocks and the main minerals 

of which they are composed are quartz, feldspar and mica. They are characterized by their 

banded texture and are generally rocks with high strength and very good behavior when 

healthy. However, as weathering progresses, their quality deteriorates. Weathering starts at 

the surface and progresses in depth depending on the degree and mode of tectonisation of 

the rock mass. More specifically, weathering in the gneisses occurs because of the 

weathering of the feldspars and is initially manifested at the surface of the unconformities 

through the formation of low-strength clay materials. As the degree of weathering increases, 

the thickness of the clay minerals increases, resulting in a decrease in the friction angle of 

discontinuities. Subsequently, the weathering extends along the length of the gneissic 

texture, resulting in the degradation of the strength of the unconfined fragments. Finally, at 
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full weathering, the formation becomes soil due to the predominance of clay materials 

Regarding the presence of water, gneisses are generally low permeability to impermeable 

formations. However, when they are strongly crenulated, selective water circulation is 

observed along the discontinuities. Water flow decreases with increasing weathering of these 

formations as the clay minerals formed on the surfaces of the unconformities are 

impermeable. Weathering is one of the main factors that determine the quality of the gneiss, 

in combination of course with the degree of waxing. For this reason, their division into eight 

main technical-geological types is made taking into account the degree of weathering, the 

degree of fissuring and the degree of weathering. These types are as follows:  

ǐ Type I: Fresh gneiss rock mass  

The rock mass is fresh, compact with light to moderate fragmentation. Its quality is 

determined by the degree of fragmentation, and the strength of the intact rock is very high 

but also anisotropic due to the gneissic texture. The discontinuities create large blocks of 

intact rock, they have a high friction angle and  are closed with rough surfaces and 

considerable persistence. The gneissic texture is a discontinuity but due to the lack of 

weathering no separation planes are created.  

ǐ Type II: Slightly weathered gneissic rock mass  

The rock mass is slightly weathered with moderate to intense fragmentation. Weathering 

occurs only on the surfaces of the discontinuities with the presence of minimal clay material 

without affecting the strength of the intact rock, only minimally. The discontinuities have a 

reduced angle of friction as they are open with moderate to poor surface quality and have 

significant persistence. The main discontinuity surface is the gneissic texture, and 

weathering extends only along the foliation and does not create new discontinuities of 

separation.  

ǐ Type III: Slightly weathered schistosed gneissic rock mass  

The rock mass is slightly weathered with moderate to intense fragmentation and has 

pronounced schistosity, which is the main discontinuity. The discontinuities have a reduced 

angle of friction as they are open with moderate to poor surface quality and have significant 

persistence. The weathering is more extensive than Type II due to the more pronounced 

schistosity. However, it is limited to the surfaces of discontinuities which have been 

eliminated creating a very thin film of silty sandy material which reduces their friction angle. 
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The fissuring separates the rock mass into thinner, now moderately sized, fragments and 

creates poorer interlocking.  

ǐ Type IV: Moderately weathered gneissic rock mass  

The rock mass is moderately weathered with moderate to very intense fragmentation. The 

weathering extends throughout the rock mass, determines its quality and has reduced the 

strength of the intact fragments considerably, resulting in intact rock having moderate to high 

strength values without being friable. The discontinuities with basic the gneissic texture are 

open with surfaces of poor to very poor quality and limited persistence due to frequent 

interruption by the clay weathering material. Weathering has separated the surfaces of the 

discontinuities into clay zones of small thickness and creates new discontinuities of 

separation. The rock mass consists of small blocks of low interlocking and reduced friction.  

ǐ Type V: Moderately weathered schistosed gneissic rock mass  

The rock mass is moderately weathered with very pronounced fragmentation and intense 

schistosity. The weathering has created new zones in a frequent arrangement, extending 

throughout the rock mass, the intact rock has moderate to high strength values without being 

friable. Discontinuities with basic the gneissic texture are open with surfaces of poor to very 

poor quality and limited persistence due to frequent interruption by the weathering clay 

material. Compared to type IV, here the intense schistosity leads to more extensive and easier 

weathering which separates the surfaces in a dense arrangement with clay zones of small 

thickness, leading to even poorer interlocking due to reduced friction.  

ǐ Type VI: Highly weathered gneissic rock mass  

The rock mass is highly weathered with intense fragmentation. Due to the intense 

weathering, the strength of the intact blocks, which are partly friable, has been significantly 

reduced. The structure is very open, and the discontinuities are open with poor to very poor-

quality surfaces, weathered with silty sandy weathering material. The gneissic texture is the 

main discontinuitie surface with high persistence while the discontinuities perpendicular to 

it are interrupted by clay weathering material and thus have limited persistence. Weathering 

has detached the surfaces in clay zones thicker than that of type V, which also extends 

perpendicular to the gneissic texture creating very small fragments with very poor 

interlocking.  

ǐ Type VI: Completely weathered gneissic rock mass  
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The rock mass is completely weathered with traces of wedged structures. It is restricted to 

the category of disorganized structure and at the same time due to the intense weathering the 

strength of the intact rock is low, and the rock mass is very friable while retaining features 

from the original structure. The banded texture and the gneissic foliation are preserved but 

interspersed with a clay zone of considerable thickness. Discontinuities are not clearly 

discernible as the structure is highly disordered - laminated to disorganized, consisting of 

small fragments bounded by weathering clay material and having very poor interlocking 

resulting in easy rotation due to the low friction of the clay materials separating them.  

ǐ Type VIII: Foliated-sheared schistosed gneissic rock mass  

The rock mass is strongly foliated and sheared. Due to the intense cleavage caused by 

shearing, the strength of the unbroken fragments is moderate and is further reduced when 

the material between the foliations has an increased mica composition and an increased 

contribution of a fine fraction of low cohesion. The foliation planes have very low shear 

strength as they have poor to very poor discontinuity quality. The rock mass has poor quality 

and strong anisotropic behavior due to foliation.  

     In the following, for a better understanding of the behavior of gneissic rock masses during 

tunnelling depending on their quality, some tunnel projects that have been opened in gneissic 

environments around the world, but also in more detail from Greece, are presented. As far 

as the projects in Greece are concerned, data from two cases of tunnelling in a gneissic rock 

environment in the region of Macedonia are presented. The first case concerns the opening 

of the Kleisoura tunnel on the Kastoria-Ptolemaida road and the second concerns the opening 

of four tunnels on the Egnatia High speed Road. For each project, the purpose and the main 

technical characteristics of the project are first described, then the geological and 

geotechnical conditions prevailing along the tunnel alignment are described and finally the 

excavation method and the support categories are given.  

     Then, based on all the experience from tunnelling projects in gneiss, the expected 

behavior of each geotechnical type of gneiss rock mass during tunnelling is presented and 

the qualitative selection of support measures for each type is made. These choices are tested 

by a series of simulations carried out in the finite element software RS2, for a tunnel depth 

of 200 m for healthy and slightly to fully weathered rock masses (types I, II, III, IV, V and 

VIII) and 50 m for highly and completely weathered grades (types VI and VII). Based on 

the results of these analyses, the final selection of support measures for each geotechnical 
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type is made based on the selected conditions. The design parameters for each type, and the 

selection of support measures are presented in the tables below. ɇhe parameters presented 

are indicative of the qualities analysed in this work. Also, the calculated cohesion and friction 

angle values are made using the RSdata program for the specific tunnel depths. 

Indicative design parameters for each geotechnical type: 
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     Finally, the conclusions of the engineering geological and geotechnical considerations for 

tunnelling in a gneissic rock mass environment are presented and a summary table with the 

indicative support measures for each engineering geological type of gneissic rock mass for 

the conditions studied is given. 
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1. ȾŮűɎɚŬɘɞ 1ɞ: ŪŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ ůɢŮŭɘŬůɛɞɨ əŬɘ 

əŬŰŬůəŮɡɐɠ ůɖɟɎɔɔɤɜ 

     ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ŬɜŬˊŰɨůůŮŰŬɘ Űɞ ɓŬůɘəɧ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ 

ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ ůɖɟɎɔɔɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ ŬɜŬɚɨɞɜŰŬɘ ɞɘ ŭɘŬɗɏůɘɛŮɠ 

ɛɏɗɞŭɞɘ əŬŰŬůəŮɡɐɠ, ŰŬ ɛɏŰɟŬ ˊɟɞůɤɟɘɜɐɠ ɡˊɞůŰɐɟɘɝɖɠ əŬɗɩɠ əŬɘ ɞɘ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ 

əŬɘ ůɢŮŭɘŬůɛɞɨ. Ⱥˊɑůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ Űɟɧˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɛɖɢŬɜɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ 

Űɖɠ ɓɟŬɢɧɛŬɕŬɠ əŬɘ ɖ ŮəŰɑɛɖůɖ Űɖɠ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ əŬŰɎ Űɖɜ 

ŭɘɎɜɞɘɝɖ. 

1.1 ɀɏɗɞŭɞɘ ŭɘɎɜɞɘɝɖɠ ɆɖɟɎɔɔɤɜ 

     Ƀɘ ŭɘŬɗɏůɘɛŮɠ ɛɏɗɞŭɞɘ ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ Űɤɜ ůɖɟɎɔɔɤɜ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŰɏůůŮɟŮɘɠ 

əŬŰɖɔɞɟɑŮɠ. ȷɡŰɏɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ:  

(1)  ȹɘɎɜɞɘɝɖ ɛŮ Űɖɜ ůɡɛɓŬŰɘəɐ ɛɏɗɞŭɞ (ɛŮ ɢɟɐůɖ ŮəɟɖəŰɘəɩɜ ɡɚɩɜ ɐ ɛŮ ɢɟɐůɖ 

ɛɖɢŬɜɖɛɎŰɤɜ ůɖɛŮɘŬəɐɠ ́ɟɞůɓɞɚɐɠ) 

(2)  ȹɘɎɜɞɘɝɖ ɛŮ ɢɟɐůɖ ɛɖɢŬɜɖɛɎŰɤɜ ɞɚɞɛɏŰɤˊɖɠ əɞˊɐɠ ï TBM 

(3)  ȹɘɎɜɞɘɝɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ Cut & Cover 

(4)  ȹɘɎɜɞɘɝɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ Cover & Cut 

     ȳůɞ ŬűɞɟɎ Űɖɜ ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ ɛŮ Űɖɜ ůɡɛɓŬŰɘəɐ ɛɏɗɞŭɞ, ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘɐŰŬɘ 

ŮɑŰŮ ɛŮ Űɖɜ ɢɟɐůɖ ŮəɟɖəŰɘəɩɜ ɡɚɩɜ ůŰɘɠ ˊɘɞ ůɡɛˊŬɔŮɑɠ əŬɘ ɛŮɔŬɚɨŰŮɟɖɠ ŬɜŰɞɢɐɠ 

ɓɟŬɢɧɛŬɕŮɠ, ŮɑŰŮ ɛŮ Űɖɜ ɢɟɐůɖ ɛɖɢŬɜɖɛɎŰɤɜ ůɖɛŮɘŬəɐɠ ˊɟɞůɓɞɚɐɠ ůŰɘɠ əŮɟɛŬŰɘůɛɏɜŮɠ, 

ɛɘəɟɧŰŮɟɖɠ ŬɜŰɞɢɐɠ ɓɟŬɢɧɛŬɕŮɠ ɐ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɖ ɢɟɐůɖ 

ŮəɟɖəŰɘəɩɜ ɡɚɩɜ. ȼ ŭɘɎɜɞɘɝɖ ɛŮ ŬɡŰɐ Űɖɜ ɛɏɗɞŭɞ ŮɑɜŬɘ ŮɑŰŮ ɞɚɞɛɏŰɤˊɖ ŮɑŰŮ ŰɛɖɛŬŰɘəɐɠ 

ŮəůəŬűɐɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŭɘŬŰɞɛɐɠ əŬɘ Űɘɠ ɔŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ. ȼ ŭɘɎɜɞɘɝɖ 

ůɖɟɎɔɔɤɜ ɛŮ ɢɟɐůɖ ɛɖɢŬɜɖɛɎŰɤɜ ɞɚɞɛɏŰɤˊɖɠ əɞˊɐɠ (TBM) ŮɑɜŬɘ ɛɘŬ ˊɚɐɟɤɠ 

ŮəɛɖɢŬɜɘɛɏɜɖ ŭɘɎɜɞɘɝɖ ɛŮ ŮəůəŬűɐ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ŰŬɡŰɧɢɟɞɜŬ ůŮ ɧɚɞ Űɞ ɛɏŰɤˊɞ Űɖɠ 

ůɐɟŬɔɔŬɠ. ȼ ɛɏɗɞŭɞɠ əŬŰŬůəŮɡɐɠ ůɖɟɎɔɔɤɜ Cut & Cover ɝŮəɘɜɎ ɛŮ Űɖɜ ɡɚɞˊɞɑɖůɖ ɛɘŬɠ 

ŬɜɞɘəŰɐɠ ŮəůəŬűɐɠ ɛɏɢɟɘ Űɞ ŮˊɑˊŮŭɞ Űɞɡ ŭŬˊɏŭɞɡ Űɖɠ ůɐɟŬɔɔŬɠ, ŮɜŰɧɠ Űɖɠ ɞˊɞɑŬɠ 

əŬŰŬůəŮɡɎɕŮŰŬɘ Űɞ ́ŮɟɘŰɨˊɤɛŬ Űɖɠ ůɐɟŬɔɔŬɠ. ɀŮŰŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ Ůˊɏɜŭɡůɖɠ Űɖɠ 

ůɐɟŬɔɔŬɠ ŬɡŰɐ ŮˊŬɜŮˊɘɢɩɜŮŰŬɘ ɩůŰŮ ɜŬ ŬˊɞəŬŰŬůŰŬɗŮɑ Űɞ Ŭɟɢɘəɧ ŬɜɎɔɚɡűɞ. ɃɡůɘŬůŰɘəɎ 

ůŮ ŬɡŰɐ Űɖɜ ɛɏɗɞŭɞ Űɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ ŮɑɜŬɘ ɖ ŮɡůŰɎɗŮɘŬ Űɤɜ ˊɟŬɜɩɜ Űɖɠ ŬɜɞɘəŰɐɠ 

ŮəůəŬűɐɠ ɛɏɢɟɘ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ əŬŰŬůəŮɡɐɠ.  ɇɏɚɞɠ, əŬŰɎ Űɖɜ ŭɘɎɜɞɘɝɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ 
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Cover & Cut ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ŬɜŰɑůŰɟɞűɖ ŭɘŬŭɘəŬůɑŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ Cut & Cover. 

Ⱥŭɩ ŬɟɢɘəɎ əŬŰŬůəŮɡɎɕŮŰŬɘ ɖ ɞɟɞűɐ əŬɘ ɞɘ ˊŬɟŮɘɏɠ Űɖɠ ůɐɟŬɔɔŬɠ, Ůɜɩ ůŰɖɜ ůɡɜɏɢŮɘŬ 

ŮəůəɎˊŰŮŰŬɘ Űɞ ɡɚɘəɧ əɎŰɤ Ŭˊɧ Űɖɜ ɐŭɖ ɡˊɞůŰɖɟɘɔɛɏɜɖ ŭɘŬŰɞɛɐ. 

 

ȺɘəɧɜŬ 1.1: ɄŬɟɞɡůɑŬůɖ Űɤɜ ɓɖɛɎŰɤɜ əŬŰŬůəŮɡɐɠ ůɖɟɎɔɔɤɜ ɛŮ Űɖɜ ɛɏɗɞŭɞ Cut & Cover (ˊɎɜɤ) 

əŬɘ ɛŮ Űɖɜ ɛɏɗɞŭɞ Cover & Cut (əɎŰɤ) (ɆɞűɘŬɜɧɠ ȷ. Ƚ., 2018) 

1.1.1 ȹɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ ɛŮ Űɖɜ ɆɡɛɓŬŰɘəɐ ɀɏɗɞŭɞ  

     ȼ ůɡɛɓŬŰɘəɐ ɛɏɗɞŭɞɠ ŭɘɎɜɞɘɝɖɠ ůɖɟɎɔɔɤɜ ŮɑɜŬɘ ɖ ˊɘɞ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜɖ ɛɏɗɞŭɞɠ əŬɘ 

ɡɚɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ɛŮ Űɖɜ ɢɟɐůɖ ŮəɟɖəŰɘəɩɜ ɡɚɩɜ ŮɑŰŮ ɛŮ Űɖɜ ɢɟɐůɖ ɛɖɢŬɜɖɛɎŰɤɜ ůɖɛŮɘŬəɐɠ 

ˊɟɞůɓɞɚɐɠ. ȾŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ ɖ ŮəůəŬűɐ Űɖɠ ŭɘŬŰɞɛɐɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɞɚɞɛɏŰɤˊɖ ŮɑŰŮ 

ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐŰŬɘ ůŮ ŰɛɐɛŬŰŬ (űɎůŮɘɠ ŮəůəŬűɐɠ). ȷɡŰɧ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

ŭɘŬŰɞɛɐɠ əŬɘ Űɘɠ ɔŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɖɜ ŮɡůŰɎɗŮɘŬ Űɖɠ ŭɘŬŰɞɛɐɠ əŬɘ Űɞɡɠ 

Űɟɧˊɞɡɠ ŬůŰɞɢɑŬɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ.  

     ȼ ɔŮɜɘəɐ űɘɚɞůɞűɑŬ Ůˊɘɚɞɔɐɠ Űɖɠ ɢɟɐůɖɠ ŮəɟɖəŰɘəɩɜ ɡɚɩɜ ɐ Űɖɠ ɢɟɐůɖɠ ɛɖɢŬɜɐɛŬŰɞɠ 

ůɖɛŮɘŬəɐɠ ˊɟɞůɓɞɚɐɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ȺɘəɧɜŬɠ 1.2. ȼ ɢɟɐůɖ ŮəɟɖəŰɘəɩɜ 

ɡɚɩɜ ŮˊɘɚɏɔŮŰŬɘ əɡɟɑɤɠ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ Űɞ ˊɟɞɠ Ůɝɧɟɡɝɖ ɡɚɘəɧ ŮɑɜŬɘ ůɡɛˊŬɔɏɠ ɐ ɛŮ 

ɚɑɔŮɠ ŬůɡɜɏɢŮɘŮɠ əŬɘ ɏɢŮɘ ɛŮɔɎɚɖ ŬɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ. ȷɜŰɑɗŮŰŬ ɖ ɢɟɐůɖ 

ɛɖɢŬɜɘəɩɜ ɛɏůɤɜ ɔɘŬ Űɖɜ Ůɝɧɟɡɝɖ ŮˊɘɚɏɔŮŰŬɘ əɡɟɑɤɠ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ Űɞ ˊɟɞɠ Ůɝɧɟɡɝɖ 

ɡɚɘəɧ ɏɢŮɘ ˊɞɚɚɏɠ ŬůɡɜɏɢŮɘŮɠ əŬɘ ɛɘəɟɐ ŬɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ. (ɄŬɜŬɔɘɩŰɞɡ, 2022) 
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ȺɘəɧɜŬ 1.2: Ⱥˊɘɚɞɔɐ ŮəɟɖəŰɘəɩɜ ɡɚɩɜ ɐ ɛɖɢŬɜɐɛŬŰɞɠ ůɖɛŮɘŬəɐɠ ˊɟɞůɓɞɚɐɠ ɔɘŬ Űɖɜ Ůɝɧɟɡɝɖ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬɜŰɞɢɐ əŬɘ Űɞɜ ɓŬɗɛɧ əŮɟɛŬŰɘůɛɞɨ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ (ɄŬɜŬɔɘɩŰɞɡ, 2022) 

     ȼ ůɡɛɓŬŰɘəɐ ɛɏɗɞŭɞɠ əŬɚŮɑŰŬɘ ˊɞɚɚɏɠ űɞɟɏɠ əŬɘ ɛɏɗɞŭɞɠ NATM (New Austrian 

Tunneling Method). ȷɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ɎɛŮůɖ ɡˊɞůŰɐɟɘɝɖ Űɖɠ ůɐɟŬɔɔŬɠ ɛŮ 

ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ɐ/əŬɘ ŬɔəɨɟɘŬ ɓɟɎɢɞɡ əŬɘ ůɡɜŮɢɐ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ 

ůɡɔəɚɑůŮɤɜ Űɖɠ ŭɘŬŰɞɛɐɠ. ȾŬŰɎ Űɖɜ űɘɚɞůɞűɑŬ Űɖɠ ɛŮɗɧŭɞɡ ɗŬ ˊɟɏˊŮɘ ɖ ɓɟŬɢɧɛŬɕŬ ɜŬ 

ŬˊɞŰɞɜɩɜŮŰŬɘ ŮɚŮɔɢɧɛŮɜŬ ɏŰůɘ ɩůŰŮ ɜŬ ŮɜŮɟɔɞˊɞɘɖɗŮɑ ɏɜŬ ˊɞůɞůŰɧ Űɖɠ ŬɜŰɞɢɐɠ Űɖɠ. 

ȹɖɚŬŭɐ ɖ ɓɟŬɢɧɛŬɕŬ ŭŮɜ ɗŮɤɟŮɑŰŬɘ ɛɧɜɞ ɤɠ űɞɟŰɑɕɞɜ ůŰɞɘɢŮɑɞ ˊɞɡ űɞɟŰɑɕŮɘ ŰŬ ɛɏŰɟŬ 

ɡˊɞůŰɐɟɘɝɖɠ ŬɚɚɎ əŬɘ ɤɠ űɏɟɞɜ ůŰɞɘɢŮɑɞ. ɀŮ ɚɑɔŬ ɚɧɔɘŬ ɖ Ɂȷɇɀ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ 

űŬɘɜɧɛŮɜɞ Űɞɡ ɗɧɚɞɡ ́ ɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɚɧɔɤ Űɖɠ ŬɜŬəŬŰŬɜɞɛɐɠ əŬɘ Űɖɠ ŬɚɚŬɔɐɠ Űɤɜ 

ŰɎůŮɤɜ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ˊɏŰɟɤɛŬ əŬŰɎ Űɖɜ ŮəůəŬűɐ Űɖɠ ŭɘŬŰɞɛɐɠ. ȾŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ 

ůɐɟŬɔɔŬɠ ůŰɞ ɧɟɘɞ Űɖɠ ŮəůəŬűɐɠ ɖ ŬəŰɘɜɘəɐ ŰɎůɖ (ůr) ɛɖŭŮɜɑɕŮŰŬɘ əŬɘ ŬɜŬˊŰɨůůŮŰŬɘ ɛɘŬ 

ŮűŬˊŰɞɛŮɜɘəɐ ŰɎůɖ (ůɗ) ɖ ɞˊɞɑŬ ŮɜŮɟɔɞˊɞɘŮɑ Űɖɜ ŬɡŰɞɡˊɞůŰɐɟɘɝɖ Űɖɠ ɞɟɞűɐɠ Űɖɠ ůɐɟŬɔɔŬɠ 

ɛɏůɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɞɡ ɗɧɚɞɡ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.3. 

 

ȺɘəɧɜŬ 1.3: ȷɜŬəŬŰŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ ɔɨɟɤ Ŭˊɧ Űɞ ɧɟɘɞ Űɖɠ ŮəůəŬűɐɠ əŬɘ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ Űɞɡ ɗɧɚɞɡ (Ŭˊɧ ɀŬɟɑɜɞɠ) 
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     ȾŬŰɎ Űɖɜ ŭɘɎɜɞɘɝɖ ɛŮ Ɂȷɇɀ ɖ əŬŰɎɚɚɖɚɖ ɗɏůɖ əŬɘ ɢɟɞɜɘəɐ ŬɜŬɛɞɜɐ Ŭˊɧ Űɖɜ ɩɟŬ Űɖɠ 

ŮəůəŬűɐɠ ɛɏɢɟɘ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɖɠ ɡˊɞůŰɐɟɘɝɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ɟɡɗɛɧ əŬɘ Űɞ ɛɏɔŮɗɞɠ 

ŬˊɞŰɧɜɤůɖɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. ȾŬɗɩɠ ŮɝŮɚɑůůŮŰŬɘ ɖ ŮəůəŬűɐ, ŰŬ ŰɞɘɢɩɛŬŰŬ Űɖɠ ŭɘŬŰɞɛɐɠ 

ůɡɔəɚɑɜɞɡɜ ɚɧɔɤ Űɖɠ ŬɚɚŬɔɐɠ Űɤɜ ŰɎůŮɤɜ ˊɞɡ ˊɟɞəɚɐɗɖəŮ Ŭˊɧ Űɖɜ ŬˊɧůˊŬůɖ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ ůŰɖɜ ɗɏůɖ Űɖɠ ůɐɟŬɔɔŬɠ. ȼ ůɨɔəɚɘůɖ ɝŮəɘɜɎŮɘ ɜŬ ŬɜŬˊŰɨůůŮŰŬɘ ŬəɧɛŬ əŬɘ 

ɛˊɟɞůŰɎ Ŭˊɧ Űɞ ɛɏŰɤˊɞ əŬɘ ůŰŬɛŬŰɎŮɘ ůŮ ɛɘŬ ŬˊɧůŰŬůɖ ˊɑůɤ Ŭˊɧ ŬɡŰɧ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 1.4. ũɘŬ Űɖɜ əɎɗŮ ɓɟŬɢɧɛŬɕŬ ɛˊɞɟŮɑ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɖ əŬɛˊɨɚɖ ůɨɔəɚɘůɖɠ ï 

ŬˊɞŰɧɜɤůɖɠ (ȺɘəɧɜŬ 1.5) ɓɎůɖ Űɖɠ ɞˊɞɑŬɠ ɞ ɛŮɚŮŰɖŰɐɠ ŮˊɘɚɏɔŮɘ Űɖɜ ɗɏůɖ ŰɞˊɞɗɏŰɖůɖɠ Űɖɠ 

ɡˊɞůŰɐɟɘɝɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ŮˊɘɗɡɛɖŰɧ ɛɏɔŮɗɞɠ Űɖɠ ůɨɔəɚɘůɖɠ əŬɘ Űɖɜ ŬəŬɛɣɑŬ Űɤɜ ɛɏŰɟɤɜ 

ɡˊɞůŰɐɟɘɝɖɠ. 

 
ȺɘəɧɜŬ 1.4: Ⱥɝɏɚɘɝɖ Űɖɠ ůɨɔəɚɘůɖɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɖɠ ůɐɟŬɔɔŬɠ əŬŰɎ Űɖɜ ŮəůəŬűɐ (Hoek E. , 2023) 

     ȾŬɗɩɠ ůɡɔəɚɑɜɞɡɜ ŰŬ ŰɞɘɢɩɛŬŰŬ Űɖɠ ŮəůəŬűɐɠ, ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɖ ŬɜŰɞɢɐ Űɖɠ 

ˊŮɟɘɓɎɚɚɞɡůŬɠ ɓɟŬɢɧɛŬɕŬɠ əŬɘ ɏŰůɘ ɛŮɘɩɜɞɜŰŬɘ ɞɘ ˊɘɏůŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰŬ ɛɏŰɟŬ ɎɛŮůɖɠ 

ɡˊɞůŰɐɟɘɝɖɠ. ɆŰɧɢɞɠ Űɞɡ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɖɠ ůɡɜŮɢɞɨɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɤɜ ůɡɔəɚɑůŮɤɜ 

əŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ɖ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ɗɏůɖɠ ŰɞˊɞɗɏŰɖůɖɠ Űɤɜ ɛɏŰɟɤɜ 

ɡˊɞůŰɐɟɘɝɖɠ ůŰɞ ůɖɛŮɑɞ ɞˊɞɡ ɏɢŮɘ ŮɜŮɟɔɞˊɞɘɖɗŮɑ ůŮ ɛɏɔɘůŰɞ ɓŬɗɛɧ ɖ ŬɜŰɞɢɐ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ (ɎɟŬ ŬůəŮɑŰŬɘ ůŰŬ ɛɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ ɖ ŮɚɎɢɘůŰɖ ˊɑŮůɖ Ŭˊɧ Űɖɜ ɓɟŬɢɧɛŬɕŬ) 

əŬɘ ŰŬɡŰɧɢɟɞɜŬ ŬɡŰɐ ŭɘŬŰɖɟŮɑ Űɖɜ ůɡɜɞɢɐ əŬɘ Űɞ ŬɚɚɖɚɞəɚŮɑŭɤɛɎ Űɖɠ ɢɤɟɑɠ ɜŬ 

ŬˊɞŭɘɞɟɔŬɜɩɜŮŰŬɘ. ɇɞ ůɖɛŮɑɞ ŬɡŰɧ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧ ɔɘŬ əɎɗŮ Űɨˊɞ əŬɘ ˊɞɘɧŰɖŰŬ 

ɓɟŬɢɞɛɎɕŬɠ əŬɗɩɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɛɞɜɞŬɝɞɜɘəɐ Űɖɠ ŬɜŰɞɢɐ, Űɞɜ ɓŬɗɛɧ əŮɟɛŬŰɘůɛɞɨ 

Űɖɠ, Űɞ ŬɚɚɖɚɞəɚŮɑŭɤɛŬ ɛŮŰŬɝɨ Űɤɜ ŰŮɛŬɢɩɜ ə.Ŭ. ɆŮ ŬɡŰɐ Űɖɜ ŬˊɧűŬůɖ ɞ ɛɖɢŬɜɘəɧɠ 

ŬɝɘɞˊɞɘŮɑ Űɘɠ əŬɛˊɨɚŮɠ Panet (ȺɘəɧɜŬ 1.6) ́ ɞɡ ŮɝɎɔɞɜŰŬɘ ɔɘŬ Űɖɜ ɡˊɧ ŮɝɏŰŬůɖ ɓɟŬɢɧɛŬɕŬ, 

ɛŮ ɓɎůɖ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɜŰɞɢɐɠ əŬɘ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰɎɠ Űɖɠ. Ƀɘ əŬɛˊɨɚŮɠ ŬɡŰɏɠ 
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ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ Ůɝɏɚɘɝɖ Űɤɜ ůɡɔəɚɑůŮɤɜ əŬŰɎ ɛɐəɞɠ Űɖɠ ŮəůəŬűɐɠ ɧůɞ Űɞ 

ɛɏŰɤˊɞ ˊɟɞɢɤɟɎŮɘ. ȰŰůɘ ɞ ɛɖɢŬɜɘəɧɠ ɛŮ ŭŮŭɞɛɏɜŮɠ Űɘɠ əŬɛˊɨɚŮɠ Panet əŬɘ ůɡɜŭɡɎɕɞɜŰɎɠ 

ŰŮɠ ɛŮ Űɖɜ ɔŮɤŰŮɢɜɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ůɡɔəɚɐůŮɤɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ɏɟɔɞɡ, 

ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ŬˊɞűɎůŮɘɠ ɔɘŬ ŰŬ ɛɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ. 

 
ȺɘəɧɜŬ 1.5: ȾŬɛˊɨɚɖ ůɨɔəɚɘůɖɠ ï ŬˊɞŰɧɜɤůɖɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ əŬɘ Ůˊɘɚɞɔɐ Űɖɠ  ŰɞˊɞɗɏŰɖůɖɠ Űɖɠ 

ɡˊɞůŰɐɟɘɝɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ůɡɔəɚɑůŮɤɜ (ȾŬɓɓŬŭɎɠ, 2005) 

 
ȺɘəɧɜŬ 1.6: ȾŬɛˊɨɚɖ Panet ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ůɡɔəɚɑůŮɤɜ ɛŮ əŬɘ ɢɤɟɑɠ ɡˊɞůŰɐɟɘɝɖ əŬŰɎ ɛɐəɞɠ 

Űɖɠ ŭɘɎɜɞɘɝɖɠ (Ŭˊɧ ɀŬɟɑɜɞɠ) 
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1.2 ɀɏŰɟŬ ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ  

     ȾŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ ɛɘŬɠ ůɐɟŬɔɔŬɠ ɛŮ Űɖɜ ůɡɛɓŬŰɘəɐ ɛɏɗɞŭɞ ˊɟɩŰŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŰŬ 

ɛɏŰɟŬ ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ ŮəůəŬűɐ əɎɗŮ ɓɐɛŬŰɞɠ ˊɟɞɢɩɟɖůɖɠ. ɆŮ 

ɛŮŰŬɔŮɜɏůŰŮɟɞ ůŰɎŭɘɞ, ůɡɜɐɗɤɠ ɛŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ůɡɜɧɚɞɡ Űɖɠ ŭɘɎɜɞɘɝɖɠ, 

əŬŰŬůəŮɡɎɕŮŰŬɘ ɖ ɛɧɜɘɛɖ Ůˊɏɜŭɡůɖ Űɖɠ ůɐɟŬɔɔŬɠ. ɇŬ ŭɘŬɗɏůɘɛŬ ɛɏŰɟŬ ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ 

Űɖɠ ŮəůəŬűɐɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

(1)  ȺəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ (ɞˊɚɘůɛɏɜɞ ɛŮ ɛŮŰŬɚɚɘəɧ ˊɚɏɔɛŬ ɐ ɛŮŰŬɚɚɘəɏɠ ɑɜŮɠ ɞˊɚɘůɛɞɨ) 

(2)  ȷɔəɨɟɘŬ ȸɟɎɢɞɡ 

(3)  ɀŮŰŬɚɚɘəɎ ˊɚŬɑůɘŬ 

(4)  ɀɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ Űɞɡ ɛŮŰɩˊɞɡ (ȺɚŬűɟɎ ɓɚɐŰɟŬ ˊɟɞˊɞɟŮɑŬɠ, ɃɛˊɟɏɚŬ ɓŬɟɘɩɜ ŭɞəɩɜ 

ˊɟɞˊɞɟŮɑŬɠ əŬɘ ŬɔəɨɟɘŬ ɛŮŰɩˊɞɡ) 

(5)  Ʉɟɞůɤɟɘɜɧ əŬɘ ɀɧɜɘɛɞ ŬɜɎůŰɟɞűɞ Űɧɝɞ 

1.2.1 ȺəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ  

     ɇɞ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ́ ŬɟŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ ɛɑɝɖ ŰůɘɛɏɜŰɞɡ, ɜŮɟɞɨ əŬɘ 

ɚŮˊŰɧəɞəəɤɜ ŬŭɟŬɜɩɜ. ɇŬ ɡɚɘəɎ ŮəŰɞɝŮɨɞɜŰŬɘ Ŭˊɧ Ŭəɟɞűɨůɘɞ əŬɘ ŭɘŬůŰɟɩɜɞɜŰŬɘ ˊɎɜɤ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɞɟɞűɐɠ, Űɤɜ ́ ŬɟŮɘɩɜ əŬɘ Űɞɡ ɛŮŰɩˊɞɡ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ 

ˊŮˊɘŮůɛɏɜɞɡ ŬɏɟŬ. ȺɑɜŬɘ ɏɜŬ ɛɏŰɟɞ ɡˊɞůŰɐɟɘɝɖɠ ˊɞɡ ˊɟɞůŬɟɛɧɕŮŰŬɘ ˊɚɐɟɤɠ ůŰɖɜ 

ɔŮɤɛŮŰɟɑŬ əŬɘ Űɘɠ ŬŰɏɚŮɘŮɠ Űɤɜ ˊŬɟŮɘɩɜ Űɖɠ ŮəůəŬűɐɠ əŬɘ ɔŮɛɑɕŮɘ Űɘɠ Űɡɢɧɜ ɡˊŮɟŮəůəŬűɏɠ 

ɢɤɟɑɠ ɜŬ ɢɟŮɘɎɕŮŰŬɘ əŬɚɞɨˊɘ. ɇɞˊɞɗŮŰŮɑŰŬɘ ůŮ ůŰɟɩůŮɘɠ ŭɘŬűɞɟŮŰɘəɞɨ ɐ ɑŭɘɞɡ ˊɎɢɞɡɠ. ȼ 

ˊɟɩŰɖ ůŰɟɩůɖ, ɛŮŰɎ Űɖɜ ˊɚɐɟɤůɖ Űɤɜ ɡˊŮɟŮəůəŬűɩɜ, ŮɑɜŬɘ ůɡɜɐɗɤɠ ˊɎɢɞɡɠ 5-7 cm əŬɘ 

ůəɞˊɧɠ Űɖɠ ɔɟɐɔɞɟɖɠ ŰɞˊɞɗɏŰɖůɐɠ Űɖɠ ŮɑɜŬɘ ɖ ůűɟɎɔɘůɖ Űɤɜ ŬůɡɜŮɢŮɘɩɜ əŬɘ ɖ ŬˊɞŰɟɞˊɐ 

Űɖɠ ˊŮɟŬɘŰɏɟɤ ɢŬɚɎɟɤůɖɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɚɧɔɤ ɏəɗŮůɐɠ Űɖɠ ůŮ ɜŮɟɧ ɐ ɡɔɟŬůɑŬ. Ⱥˊɘˊɚɏɞɜ, 

ŰɞˊɞɗŮŰŮɑŰŮ əŬɘ ɔɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ Űɞɡ ˊɟɞůɤˊɘəɞɨ əŬɗɩɠ ůɡɛɓɎɚŮɘ ůŰɖɜ ŬˊɞŰɟɞˊɐ Űɤɜ 

ˊŰɩůŮɤɜ ɛɘəɟɩɜ əɞɛɛŬŰɘɩɜ ɓɟɎɢɞɡ. 

     ȳůɞ ŬűɞɟɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ, Űɞ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ůɡɛɓɎɚŮɘ ůŰɖɜ ŭɘŬŰɐɟɖůɖ 

Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɞɡ ɗɧɚɞɡ. ɆŰŬŰɘəɎ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŰɟɘůŭɘɎůŰŬŰɞ əɏɚɡűɞɠ ́ ɞɡ ůŰɖɟɑɕŮɘ Űɖɜ 

ɢŬɚŬɟɤɛɏɜɖ ɓɟŬɢɧɛŬɕŬ ɛɏůɤ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ əŬɘ ɗɚɘˊŰɘəɐɠ Űɞɡ ŬɜŰɞɢɐɠ. 
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ȺɘəɧɜŬ 1.7: ȸɐɛŬŰŬ ɣŮəŬůɛɞɨ Űɞɡ ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ (ɆɞűɘŬɜɧɠ ȷ. Ƚ., 2018) 

 

ȺɘəɧɜŬ 1.8: ȹɟɎůɖ Űɞɡ ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ůŰɖɜ ŬˊɞŰɟɞˊɐ ɞɚɑůɗɖůɖɠ əŬɘ əŬŰɎˊŰɤůɖɠ 

ŰŮɛŬɢɩɜ. (ɆɞűɘŬɜɧɠ ȷ. Ƚ., 2018) 

     ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ Űɞ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ɏɢŮɘ əŬɘ 

ŭɘŬűɞɟŮŰɘəɧ ůəɞˊɧ ŰɞˊɞɗɏŰɖůɖɠ. ɆŰɘɠ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ ɓɟŬɢɧɛŬɕŮɠ əɡɟɑɤɠ ůɡɛɓɎɚŮɘ ɛŮ Űɖɜ 

ŭɘŬŰɛɖŰɘəɐ Űɞɡ ŬɜŰɞɢɐ ůŰɖɜ ˊŬɟŮɛˊɧŭɘůɖ Űɖɠ ˊŰɩůɖɠ ɐ Űɖɠ ɞɚɑůɗɖůɖɠ ŰŮɛŬɢɩɜ. ɆŰɘɠ ˊɘɞ 

əŮɟɛŬŰɘůɛɏɜŮɠ əŬɘ ŬˊɞŭɘɞɟɔŬɜɤɛɏɜŮɠ ɓɟŬɢɧɛŬɕŮɠ ŰɞˊɞɗŮŰŮɑŰŬɘ ɎɛŮůŬ ɛŮŰɎ Űɖɜ ŮəůəŬűɐ 

ɩůŰŮ ɜŬ ůɡɔəɟŬŰɐůŮɘ ŰŬ ŰŮɛɎɢɖ əŬɘ ɜŬ ŭɘŬŰɖɟɐůŮɘ Űɞ ɧˊɞɘɞ ŬɚɚɖɚɞəɚŮɑŭɤɛŬ ɛŮŰŬɝɨ Űɞɡɠ 
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ɛŮ ůəɞˊɧ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ ŬůŰɞɢɑŮɠ Űɨˊɞɡ əŬɛɘɜɎŭŬɠ ɐ ɟɞɐɠ ɔŮɤɡɚɘəɞɨ. ɆŰɘɠ ŬůɗŮɜŮɑɠ 

ɓɟŬɢɧɛŬɕŮɠ ɞˊɞɡ ŬɜŬɛɏɜɞɜŰŬɘ ɛŮɔɎɚŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɖ ŭɟɎůɖ Űɞɡ ŮəŰɞɝŮɡɧɛŮɜɞɡ 

ůəɡɟɞŭɏɛŬŰɞɠ ůɡɜɑůŰŬŰŬɘ əɡɟɑɤɠ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůɡɜɐɗɤɠ əɚŮɘůŰɞɨ ŭŬəŰɡɚɑɞɡ, 

ɘəŬɜɞɨ ˊɎɢɞɡɠ ˊɞɡ ůəɞˊɧɠ Űɞɡ ŮɑɜŬɘ ɞ ɏɚŮɔɢɞɠ Űɤɜ ůɡɔəɚɑůŮɤɜ əŬɘ ɖ ɛŮɑɤůɖ Űɞɡɠ ůŮ 

ŬˊɞŭŮəŰɎ ŮˊɑˊŮŭŬ. ɇɏɚɞɠ, ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ŭɘŬůŰɟɩɜŮŰŬɘ əŬɘ ůŰɞ ɛɏŰɤˊɞ ɛŮŰɎ Ŭˊɧ 

əɎɗŮ ɓɐɛŬ ˊɟɞɢɩɟɖůɖɠ ɔɘŬ Űɖɜ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ ŬůŰŬɗɩɜ ɧɔəɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

ůŮ ŬɡŰɧ ŬɚɚɎ əŬɘ ɔɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ Űɞɡ ˊɟɞůɤˊɘəɞɨ Ŭˊɧ Űɘɠ ɛɘəɟɏɠ əŬŰŬˊŰɩůŮɘɠ 

ɓɟɎɢɞɡ. 

     ɋɠ Ůˊɏɜŭɡůɖ Űɞ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ́ ɟɞůűɏɟŮɘ ůŰŬŰɘəɐ Ůɜɑůɢɡůɖ ůŰɖɜ 

ɢŬɚŬɟɤɛɏɜɖ ɓɟŬɢɧɛŬɕŬ ɛɏůɤ Űɖɠ ́ ŬɟŮɛˊɧŭɘůɖɠ ɐ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ Űɖɠ ɢŬɚɎɟɤůɖɠ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ, ɛŮ Űɖɜ ɘůɢɡɟɞˊɞɑɖůɖ Űɖɠ ɛɎɕŬɠ Űɖɠ ɞˊɞɑŬɠ ɔŮɛɑɕɞɜŰŬɘ ŰŬ əŮɜɎ, ɛŮ Űɖ ɛŮŰŬűɞɟɎ 

Űɞɡ űɞɟŰɑɞɡ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ůŮ ɔŮɘŰɞɜɘəɧ ŮɡůŰŬɗɏɠ ˊɏŰɟɤɛŬ ɛŮ ŭɡɜɎɛŮɘɠ ŭɘɎŰɛɖůɖɠ ɐ 

ůɡɔəɧɚɚɖůɖɠ, əŬɘ Űɏɚɞɠ ɛŮ ɚŮɘŰɞɡɟɔɑŬ ɛŮɛɓɟŬɜɘəɞɨ űɞɟɏŬ (ɆɞűɘŬɜɧɠ ȷ. Ƚ., 2018). ȼ 

ůŰŬŰɘəɐ ŬɡŰɐ Ůɜɑůɢɡůɖ ŮɝŬɟŰɎŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ŮəŰɞɝŮɡɛɏɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ. 

 

ȺɘəɧɜŬ 1.9: ȹɘɎůŰɟɤůɖ ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ɢŮɘɟɤɜŬəŰɘəɎ (ŬɟɘůŰŮɟɎ) əŬɘ ɛŮ ɢɟɐůɖ Robot 

ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ (ŭŮɝɘɎ) (ɆɞűɘŬɜɧɠ ȷ. Ƚ., 2018) 

     ȳůɞ ŬűɞɟɎ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ, ŬɡŰɐ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɞɡ 

ˊɎɢɞɡɠ Űɞɡ əŬɘ Űɞɡ ɞˊɚɘůɛɞɨ Űɞɡ. ɆɨɛűɤɜŬ ɛŮ ŰŬ ŮˊɘɓŬɚɚɧɛŮɜŬ ůŰɖ ɡˊɞůŰɐɟɘɝɖ űɞɟŰɑŬ 

əŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɑŮůɖ ɡˊɞůŰɐɟɘɝɖɠ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ˊŮŰɨɢɞɡɛŮ ɩůŰŮ ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ 

ůɡɔəɚɑůŮɘɠ, ŭɘŬɚɏɔɞɡɛŮ əŬɘ Űɞ əŬŰɎɚɚɖɚɞ ˊɎɢɞɠ ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ. ȳůɞ 

ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ˊɎɢɞɠ Űɞɡ, Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ɗɚɘˊŰɘəɐ əŬɘ ŭɘŬŰɛɖŰɘəɐ Űɞɡ 

ŬɜŰɞɢɐ. Ⱥˊɘˊɚɏɞɜ, ɛŮ Űɖɜ ɢɟɐůɖ ɞˊɚɘůɛɞɨ ɓŮɚŰɘɩɜɞɜŰŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ 

əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ ɖ ŭɡůɗɟŬɡůŰɧŰɖŰɎ Űɞɡ əŬɘ ɏŰůɘ ŭɨɜŬŰŬɘ ɜŬ ŬɜŬɚɎɓŮɘ ɛŮɔŬɚɨŰŮɟŮɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ. Ⱥˊɑůɖɠ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ ɞˊɚɘůɛɞɨ ŬɡɝɎɜŮŰŬɘ ɖ ŬɜŰɞɢɐ Űɞɡ ůŮ 

ŮűŮɚəɡůɛɧ əŬɘ əɎɛɣɖ. ɋɠ ɞˊɚɘůɛɧɠ Űɞɡ ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɐŰŬɘ 
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ɛŮŰŬɚɚɘəɧ ŭɞɛɘəɧ ˊɚɏɔɛŬ ɐ ɑɜŮɠ. Ƀɘ ɑɜŮɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɢŬɚɨɓŭɘɜŮɠ ɐ ɑɜŮɠ ˊɟɞˊɡɚŮɜɑɞɡ, ɛŮ 

ɎɔəɘůŰɟŬ ůŰŬ ɎəɟŬ ɐ ɔɟŬɛɛɩůŮɘɠ (ɆɞűɘŬɜɧɠ ȷ. Ƚ., 2018). ȾŬŰɎ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ 

ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ŬɜɎɛŮůŬ ůŰɞ ˊɚɏɔɛŬ ˊɟɏˊŮɘ ɜŬ ŭɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ 

ůŰɖ ŬɜŬˊɐŭɖůɖ Űɤɜ ŬŭɟŬɜɩɜ əŬɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ əŮɜɩɜ ˊɑůɤ Ŭˊɧ Űɞ ˊɚɏɔɛŬ, Ůɜɩ ɧůɞ 

ŬűɞɟɎ Űɘɠ ɑɜŮɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ůɤůŰɐ ŬɜɎɛɘɝɐ Űɞɡɠ ɛŮ Űɞ ůəɡɟɧŭŮɛŬ ɩůŰŮ ɜŬ 

ŮɝŬůűŬɚɑɕŮŰŬɘ ɖ əŬŰɎɚɚɖɚɖ ˊɞůɧŰɖŰŬ  ɞˊɚɘůɛɞɨ ŬɜɎ əɡɓɘəɧ ɛɏŰɟɞ ůəɡɟɞŭɏɛŬŰɞɠ.  

 

ȺɘəɧɜŬ 1.10: Ƀˊɚɘůɛɧɠ ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ɛŮ ŭɞɛɘəɧ ˊɚɏɔɛŬ (ŬɟɘůŰŮɟɎ) əŬɘ ɛŮ ɑɜŮɠ 

(ŭŮɝɘɎ) (ɆɞűɘŬɜɧɠ ȷ. Ƚ., 2018) 

1.2.2 ȷɔəɨɟɘŬ ɓɟɎɢɞɡ  

     ɇŬ ŬɔəɨɟɘŬ ɓɟɎɢɞɡ ŮɑɜŬɘ ɏɜŬ ɛɏŰɟɞ ɡˊɞůŰɐɟɘɝɖɠ ˊɞɡ ŰɞˊɞɗŮŰŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɖɜ 

ŮůɤŰŮɟɘəɐ Ůɜɑůɢɡůɖ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ůɡɔəɟɎŰɖůɖ ůűɖɜɩɜ. ɇŬ ŬɔəɨɟɘŬ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŮɜŰɧɠ ŭɘŬŰɟɖɛɎŰɤɜ əŬŰɎɚɚɖɚɤɜ ŭɘŬůŰɎůŮɤɜ ŰŬ ɞˊɞɑŬ ŭɘŬɜɞɑɔɞɜŰŬɘ ůŰɞ 

ˊɏŰɟɤɛŬ. ɆŰɖɜ ȺɘəɧɜŬ 1.11 űŬɑɜɞɜŰŬɘ ŰŬ ŰɟɑŬ ɛɏɟɖ Ůɜɧɠ Ŭɔəɡɟɑɞɡ. ȷɡŰɎ ŮɑɜŬɘ: Űɞ ůŰɏɚŮɢɞɠ, 

ɖ ŮůɤŰŮɟɘəɐ əŬɘ ɖ ŮɝɤŰŮɟɘəɐ ůɨɕŮɡɝɖ ɛŮ Űɞ ˊɏŰɟɤɛŬ. ɇɞ ůŰɏɚŮɢɞɠ ŮɑɜŬɘ ɛɘŬ ɢŬɚɨɓŭɘɜɖ 

ɟɎɓŭɞɠ ɞˊɚɘůɛɞɨ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ ɛŮ ɜŮɡɟɩůŮɘɠ ɐ ɢɤɟɑɠ.  ȼ ŮůɤŰŮɟɘəɐ ůɨɕŮɡɝɖ ŬˊɞŰŮɚŮɑ 

Űɖɜ ůɨɕŮɡɝɖ Űɞɡ ůŰŮɚɏɢɞɡɠ ɛŮ Űɞ ˊɏŰɟɤɛŬ. ȷɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɞɡ Ŭɔəɡɟɑɞɡ (ŮɜŮɟɔɖŰɘəɧ 

ɐ ˊŬɗɖŰɘəɧ) ɖ ŮůɤŰŮɟɘəɐ ůɨɕŮɡɝɖ ŮɜŭɏɢŮŰŬɘ ɜŬ ŮɑɜŬɘ ůɖɛŮɘŬəɐ ůŰɞ ɓɎɗɞɠ Űɞɡ ŭɘŬŰɟɐɛŬŰɞɠ 

ɐ ɞɚɧůɤɛɖ əŬɗô ɧɚɞ Űɞ ɛɐəɞɠ ŬɡŰɞɨ. ȼ ŮɝɤŰŮɟɘəɐ ůɨɕŮɡɝɖ Űɞɡ Ŭɔəɡɟɑɞɡ ɛŮ Űɞ ˊɏŰɟɤɛŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ ɛɘŬɠ ŮˊɑˊŮŭɖɠ ɛŮŰŬɚɚɘəɐɠ ˊɚɎəŬɠ əŬɘ Ůɜɧɠ ˊŮɟɘəɞɢɚɑɞɡ, Űɞ ɞˊɞɑɞ ůŮ 

əɎˊɞɘŬ ŬɔəɨɟɘŬ (ˊ.ɢ ůŰŬ ŬɔəɨɟɘŬ Űɟɘɓɐɠ) ɚŮɑˊŮɘ.  
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ȺɘəɧɜŬ 1.11: ɇŬ ɛɏɟɖ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ ɏɜŬ Ŭɔəɨɟɘɞ (ɆɞűɘŬɜɧɠ ȷ. , 2018) 

     ɇŬ ŬɔəɨɟɘŬ-ɐɚɞɘ ɓɟɎɢɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɡɞ ɛŮɔɎɚŮɠ 

əŬŰɖɔɞɟɑŮɠ, ŰŬ ŮɜŮɟɔɖŰɘəɎ əŬɘ ŰŬ ˊŬɗɖŰɘəɎ. ɇŬ ŮɜŮɟɔɖŰɘəɎ ŬɔəɨɟɘŬ əŬŰɎ Űɖɜ ŰɞˊɞɗɏŰɖůɖ 

Űɞɡɠ ŰŬɜɨɞɜŰŬɘ əŬɘ ɏŰůɘ ŮűŬɟɛɧɕɞɡɜ ŭɡɜɎɛŮɘɠ ůŰɖɜ ɓɟŬɢɧɛŬɕŬ ˊɟɘɜ ŬɡŰɐ ˊŬɟŬɛɞɟűɤɗŮɑ. 

ȷɜŰɑɗŮŰŬ, ŰŬ ˊŬɗɖŰɘəɎ ŬɔəɨɟɘŬ ŭɏɢɞɜŰŬɘ Űɘɠ ŭɡɜɎɛŮɘɠ Ŭˊɧ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ əŬɘ ɝŮəɘɜɞɨɜ ɜŬ Ŭůəɞɨɜ ŭɡɜɎɛŮɘɠ ůŮ ŬɡŰɐ Ŭűɞɨ ɖ ɓɟŬɢɧɛŬɕŬ ŬɟɢɑůŮɘ ɜŬ 

ˊŬɟŬɛɞɟűɩɜŮŰŬɘ.  

     ȼ ŮůɤŰŮɟɘəɐ ůɨɕŮɡɝɖ Űɤɜ ŮɜŮɟɔɖŰɘəɩɜ ɐɚɤɜ ŮɑɜŬɘ ůɡɜɐɗɤɠ Űɞˊɘəɐ ůŰɞ ɓɎɗɞɠ Űɞɡ 

ŭɘŬŰɟɐɛŬŰɞɠ əŬɘ Űɞ Ůɑŭɞɠ Űɖɠ ŭɘŬɢɤɟɑɕŮɘ Űɞɡɠ ɐɚɞɡɠ ŬɡŰɞɨɠ ůŮ ŰɟŮɑɠ əŬŰɖɔɞɟɑŮɠ (ɆɞűɘŬɜɧɠ 

ȷ. , 2018):  

(Ŭ) ȱɚɞɘ ɛŮ Ůɔəɞˊɐ əŬɘ ůűɐɜŬ 

(ɓ) ȱɚɞɘ ɛŮ ˊɎəŰɤůɖ ɛŮ ɛɖɢŬɜɘůɛɧ ŭɘŬůŰŮɚɚɧɛŮɜɞɡ Ɏəɟɞɡ  

(ɔ) ȱɚɞɘ ɛŮ ˊɎəŰɤůɖ ɛŮ ɟɖŰɑɜɖ 

ɆŰɘɠ ŭɨɞ ˊɟɩŰŮɠ əŬŰɖɔɞɟɑŮɠ ɖ ˊɎəŰɤůɖ ɔɑɜŮŰŬɘ ɛŮ ɛɖɢŬɜɘəɎ ɛɏůŬ əŬɘ ŮɑɜŬɘ Űɞˊɘəɐ Ůɜɩ ůŰɖɜ 

ŰɟɑŰɖ əŬŰɖɔɞɟɑŬ ɔɑɜŮŰŬɘ ɛŮ ɟɖŰɑɜɖ əŬɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Űɞˊɘəɐ ɐ ɞɚɧůɤɛɖ. ȼ ŮűŬɟɛɞɔɐ Űɖɠ 

ŰɎɜɡůɖɠ ůŮ ɧɚŮɠ Űɘɠ əŬŰɖɔɞɟɑŮɠ ɔɑɜŮŰŬɘ ɛŮŰŬ Űɖɜ ˊɎəŰɤůɖ Űɞɡ Ŭɔəɡɟɑɞɡ. 

     ȳůɞ ŬűɞɟɎ Űɞɡɠ ˊŬɗɖŰɘəɞɨɠ ɐɚɞɡɠ, ɖ ˊɎəŰɤůɐ Űɞɡɠ ŮɑɜŬɘ ɞɚɧůɤɛɖ əŬɗȭ ɧɚɞ Űɞ ɛɐəɞɠ 

Űɞɡ ŭɘŬŰɟɐɛŬŰɞɠ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɐŰŬɘ ɛɏůɤ ůɡɔəɧɚɚɖůɖɠ ɛŮ ŰůɘɛŮɜŰɞəɞɜɑŬɛŬ ŮɑŰŮ ŭɘŬ 

Űɟɘɓɐɠ. ȰŰůɘ ŰŬ ˊŬɗɖŰɘəɎ ŬɔəɨɟɘŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɡɞ ɛŮɔɎɚŮɠ əŬŰɖɔɞɟɑŮɠ: 

(Ŭ) ȱɚɞɘ ˊɚɐɟɞɡɠ ˊɎəŰɤůɖɠ ŭɘŬ ůɡɔəɧɚɚɖůɖɠ ɛŮ ŰůɘɛŮɜŰɞəɞɜɑŬɛŬ 

(ɓ) ȱɚɞɘ Űɟɘɓɐɠ 

     Ƀɘ ɐɚɞɘ ˊɚɐɟɞɡɠ ˊɎəŰɤůɖɠ ŭɘŬ ůɡɔəɧɚɚɖůɖɠ ɛŮ ŰůɘɛŮɜŰɞəɞɜɑŬɛŬ ůɡɜɐɗɤɠ ŬˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ɛɘŬ ɞɚɧůɤɛɖ ɟɎɓŭɞ ɞˊɚɘůɛɞɨ əŬɚɡɛɛɏɜɖ ɛŮ ŰůɘɛŮɜŰɞəɞɜɑŬɛŬ ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɖɠ. 

ɈˊɎɟɢɞɡɜ ɧɛɤɠ əŬɘ ˊŬɟŬɚɚŬɔɏɠ ˊɞɡ ŮɝɡˊɖɟŮŰɞɨɜ ůɡɔəŮəɟɘɛɏɜŮɠ ɔŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ. ȼ 

ɟɎɓŭɞɠ ɛˊɞɟŮɑ ɜŬ ŰɞˊɞɗŮŰɐŰŬɘ ŮɜŰɧɠ ŭɘɎŰɟɖŰɞɡ ůɤɚɐɜŬ əŬɘ ɧɢɘ əŬŰŮɡɗŮɑŬɜ ɛɏůŬ ůŰɞ 

ŭɘɎŰɟɖɛŬ ɛŮ ůəɞˊɧ Űɖɜ ɛɖ ůˊŬŰɎɚɖ ŰůɘɛŮɜŰɞəɞɜɘɎɛŬŰɞɠ ɧŰŬɜ Űɞ ˊɏŰɟɤɛŬ ŮɑɜŬɘ ˊɞɟɩŭŮɠ ɐ 
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əŮɟɛŬŰɘůɛɏɜɞ ɛŮ ˊɞɚɚɎ əŮɜɎ. Ⱥˊɑůɖɠ ɡˊɎɟɢɞɡɜ ɐɚɞɘ ŰɛɖɛŬŰɘəɐɠ ˊɎəŰɤůɖɠ ɞɘ ɞˊɞɑɞɘ 

ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Űɞˊɘəɐ ŭɘŬɟɟɞɐ Űɞɡ ůŰŮɚɏɢɞɡɠ ɢɤɟɑɠ ɜŬ ŭɘŬɟɟɏŮɘ ɧɚɞɠ ɞ ɐɚɞɠ. ȷɡŰɞɑ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɧŰŬɜ ŬɜŬɛɏɜɞɜŰŬɘ ɛŮɔɎɚŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɐ ŭɡɜŬɛɘəɎ űɞɟŰɑŬ. ɇɏɚɞɠ, 

ɧŰŬɜ ŰŬ ŭɘŬŰɟɐɛŬŰŬ ŭŮɜ ŮɑɜŬɘ ŮɡůŰŬɗɐ əŬɘ əŬŰŬɟɟɏɞɡɜ ɏɤɠ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɤɜ Ŭɔəɡɟɑɤɜ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɡŰɞŭɘŬŰɟɘɧɛŮɜɞɘ ɐɚɞɘ ɞɘ ɞˊɞɑɞɘ ɚŮɘŰɞɡɟɔɞɨɜ əŬɘ ɤɠ ůŰɏɚŮɢɞɠ ŭɘɎŰɟɖůɖɠ 

ŬɚɚɎ əŬɘ ɤɠ ɟɎɓŭɞɠ Űɞɡ Ŭɔəɡɟɑɞɡ. 

     Ƀɘ ɐɚɞɘ Űɟɘɓɐɠ ˊŬəŰɩɜɞɜŰŬɘ əŬŰŮɡɗŮɑŬɜ ɛɏůŬ ůŰɞ ŭɘɎŰɟɖɛŬ əŬɘ ŬɜŬɚŬɛɓɎɜɞɡɜ ɎɛŮůŬ 

űɞɟŰɑŬ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɡɠ ɐɚɞɡɠ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ əŬŰɖɔɞɟɑŬɠ ɞˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɐɝŮɘ 

ˊɟɩŰŬ Űɞ ŰůɘɛŮɜŰɞəɞɜɑŬɛŬ ɔɘŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬɚɎɓɞɡɜ űɞɟŰɑŬ. ɀɏůɤ Űɖɠ Űɟɘɓɐɠ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŮůɤŰŮɟɘəɐ ůɨɕŮɡɝɖ Űɞɡɠ, Ůɜɩ ɔɘŬ Űɖɜ ŮɝɤŰŮɟɘəɐ ůɨɕŮɡɝɖ ɢɟŮɘɎɕŮŰŬɘ ɛɧɜɞ 

ɛɘŬ ˊɚɎəŬ ɢɤɟɑɠ ˊŮɟɘəɧɢɚɘɞ. ȷɡŰɞɑ ŮɑɜŬɘ ŭɨɞ Űɨˊɤɜ, ŮɑŰŮ ůɡůŰŮɚɚɧɛŮɜɞɘ ɐɚɞɘ (Split Set) ŮɑŰŮ 

ŭɘŬůŰŮɚɚɧɛŮɜɞɘ ɐɚɞɘ (Swellex). Ƀɘ ůɡůŰŮɚɚɧɛŮɜɞɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬɜ əɞɨűɘɞ ůɤɚɐɜŬ 

ɛŮ ɛɘŬ ůɢɘůɛɐ əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ŭɘɎŰɟɖɛŬ ɛɘəɟɧŰŮɟɖɠ ŭɘŬɛɏŰɟɞɡ ɩůŰŮ ɛŮ Űɖɜ ůɡůŰɞɚɐ 

Űɞɡɠ əŬŰɎ Űɖɜ ŰɞˊɞɗɏŰɖůɖ ɜŬ Ŭůəɞɨɜ ŭɡɜɎɛŮɘɠ Űɟɘɓɐɠ ůŰŬ ŰɞɘɢɩɛŬŰŬ Űɞɡ ŭɘŬŰɟɐɛŬŰɞɠ. Ƀɘ 

ŭɘŬůŰŮɚɚɧɛŮɜɞɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ůɤɚɖɜɤŰɧ ůŰɏɚŮɢɞɠ Ŭˊɧ ɧɚəɘɛɞ ɢɎɚɡɓŬ ɡɣɖɚɐɠ 

ŬɜŰɞɢɐɠ. ɇɞˊɞɗŮŰɞɨɜŰŬɘ ŮɜŰɧɠ ŭɘŬŰɟɐɛŬŰɞɠ ɛŮɔŬɚɨŰŮɟɖɠ ŭɘŬɛɏŰɟɞɡ əŬɘ ɛŮŰɎ Űɖɜ 

ŰɞˊɞɗɏŰɖůɖ Űɞɡɠ ŮɘůˊɘɏɕŮŰŬɘ ɜŮɟɧ ŮɜŰɧɠ Űɞɡ ůɤɚɐɜŬ ɛŮ ůəɞˊɧ Űɖɜ ŭɘŬůŰɞɚɐ Űɞɡ əŬɘ Űɖɜ 

ŮˊŬűɐ Űɞɡ ɛŮ ŰŬ ŰɞɘɢɩɛŬŰŬ Űɞɡ ŭɘŬŰɟɐɛŬŰɞɠ ɩůŰŮ ɜŬ Ŭůəɖɗɞɨɜ ɞɘ ŭɡɜɎɛŮɘɠ Űɟɘɓɐɠ. 
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ȺɜŮɟɔɖŰɘəɞɑ ɐɚɞɘ ɄŬɗɖŰɘəɞɑ ɐɚɞɘ 

(Ŭ) ȱɚɞɘ ɛŮ Ůɔəɞˊɐ əŬɘ ůűɐɜŬ 

 

(Ŭ) ȱɚɞɘ ˊɚɐɟɞɡɠ ˊɎəŰɤůɖɠ ŭɘŬ ůɡɔəɧɚɚɖůɖɠ  

ɛŮ ŰůɘɛŮɜŰɞəɞɜɑŬɛŬ 

 

 

 

(ɓ) ȱɚɞɘ ɛŮ ˊɎəŰɤůɖ ɛŮ ɛɖɢŬɜɘůɛɧ 

ŭɘŬůŰŮɚɚɧɛŮɜɞɡ Ɏəɟɞɡ  

 

(ɓ) ȱɚɞɘ Űɟɘɓɐɠ 

ɆɡůŰŮɚɚɧɛŮɜɞɘ ɐɚɞɘ: 

 

ȹɘŬůŰŮɚɚɧɛŮɜɞɘ ɐɚɞɘ: 

 

(ɔ) ȱɚɞɘ ɛŮ ˊɎəŰɤůɖ ɛŮ ɟɖŰɑɜɖ 

 

 

ȺɘəɧɜŬ 1.12: ȹɘŬɢɤɟɘůɛɧɠ Űɤɜ Űɨˊɤɜ Űɤɜ Ŭɔəɡɟɑɤɜ (ɆɞűɘŬɜɧɠ ȷ. , 2018) (https://www.elebor.gr, 

2024 ȷɨɔɞɡůŰɞɠ) 
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ШШШШШȳůɞ ŬűɞɟɎ Űɘɠ ɢɟɐůŮɘɠ Űɤɜ Ŭɔəɡɟɑɤɜ, ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ůəɚɖɟɎ ˊŮŰɟɩɛŬŰŬ 

əɡɟɑɤɠ ɔɘŬ Űɖɜ ůŰŬɗŮɟɞˊɞɑɖůɖ ŮˊɘůűŬɚɩɜ ɧɔəɤɜ əŬɘ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŭɞɛɘəɩɜ 

ŬůŰɞɢɘɩɜ ůŮ əŮɟɛŬŰɘůɛɏɜŮɠ ɓɟŬɢɧɛŬɕŮɠ.  Ⱥˊɑůɖɠ,  ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŬůɗŮɜɐ ˊŮŰɟɩɛŬŰŬ 

ɔɘŬ Űɖɜ ŬəŰɘɜɘəɐ ůŰɐɟɘɝɖ Űɖɠ ŭɘŬŰɞɛɐɠ əŬɘ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɤɜ ůɡɔəɚɑůŮɤɜ, əŬɗɩɠ əŬɘ ɔɘŬ 

Űɖɜ ŮɚŮɔɢɧɛŮɜɖ ŭɘŬɟɟɞɐ Űɖɠ ůɡɜɗɚɑɓɞɡůŬɠ ɓɟŬɢɧɛŬɕŬɠ. Ⱥˊɘˊɚɏɞɜ, Ůɜɘůɢɨɞɡɜ Űɞ 

ŬɚɚɖɚɞəɚŮɑŭɤɛŬ ɛŮŰŬɝɨ Űɤɜ ŰŮɛŬɢɩɜ ůŰɘɠ əŬŰŬəŮɟɛŬŰɘůɛɏɜŮɠ ɓɟŬɢɧɛŬɕŮɠ. ɇɏɚɞɠ 

ŬˊɞŰɟɏˊɞɡɜ Űɞɜ ɚɡɔɘůɛɧ Űɤɜ ˊɚŬəɩɜ ůŰɖɜ ɞɟɞűɐ əŬɘ ůŰɘɠ ˊŬɟŮɘɏɠ Űɖɠ ŮəůəŬűɐɠ ůŮ 

ůŰɟɤůɘɔŮɜɐ ˊŮŰɟɩɛŬŰŬ. Ɇəɞˊɧɠ Űɤɜ Ŭɔəɡɟɑɤɜ ŮɑɜŬɘ ɜŬ Ŭɡɝɐůɞɡɜ Űɖɜ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ 

Űɤɜ ŬůɡɜŮɢŮɘɩɜ ůŮ ɞɔəɞŰŮɛŬɢɘůɛɏɜŮɠ ɓɟŬɢɧɛŬɕŮɠ, ɜŬ ůɡɛɓɎɚɞɡɜ ůŰɖɜ ŭɘŬɛɧɟűɤůɖ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ Űɞɡ ɗɧɚɞɡ əŬɘ ɜŬ ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɑŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ.   

 
ȺɘəɧɜŬ 1.13: ɉɟɐůŮɘɠ Ŭɔəɡɟɑɤɜ (ɆɞűɘŬɜɧɠ ȷ. , 2018) 

     ɇŬ ŬɔəɨɟɘŬ ŮɑɜŬɘ ɏɜŬ ŮɡɏɚɘəŰɞ ɛɏŰɟɞ ɡˊɞůŰɐɟɘɝɖɠ əŬɘ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ŮɨəɞɚŬ ůŮ əɎɗŮ 

ɔŮɤɛŮŰɟɑŬ ŬɜɞɑɔɛŬŰɞɠ. ɇɞˊɞɗŮŰɞɨɜŰŬɘ əŬɘ ɛŮɛɞɜɤɛɏɜŬ ɔɘŬ Űɖɜ ůɡɔəɟɎŰɖůɖ ůűɖɜɩɜ ŬɚɚɎ 

ˊɘɞ ůɡɜɖɗɘůɛɏɜɖ ŮɑɜŬɘ ɖ ŭɘɎŰŬɝɐ Űɞɡɠ ůŮ əɎɜɜŬɓɞ ůɡɔəŮəɟɘɛɏɜɤɜ ŭɘŬůŰɎůŮɤɜ əŬŰɎ ɛɐəɞɠ 
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Űɖɠ ˊɟɞɢɩɟɖůɖɠ əŬɘ əŬŰɎ Űɖɜ ŭɘŬŰɞɛɐ Űɖɠ ŮəůəŬűɐɠ. Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ əŬɜɎɓɞɡ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ˊɑŮůɖ ɡˊɞůŰɐɟɘɝɖɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮűŬɟɛɞůŰŮɑ, ŬɚɚɎ əŬɘ 

Ŭˊɧ Űɞɜ ɓŬɗɛɧ əŮɟɛŬŰɘůɛɞɨ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. ɇɞ ɛɐəɞɠ Űɞɡɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ůəɞˊɧ 

ŰɞˊɞɗɏŰɖůɖɠ Űɞɡɠ. ȷɡŰɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɧ ɩůŰŮ ɜŬ ŬɔəɡɟɤɗŮɑ ɏɝɤ Ŭˊɧ Űɖɜ ɕɩɜɖ 

ŭɘŬŰŬɟŬɢɐɠ ɖ ɡˊɞůŰɐɟɘɝɖ əŬɘ ŰŬ ŰŮɛɎɢɖ ˊɞɡ ɏɢɞɡɜ ŬɟɢɑůŮɘ ɜŬ ɛŮŰŬəɘɜɞɨɜŰŬɘ. ȳŰŬɜ ŬɡŰɧ 

ŭŮɜ ŮɑɜŬɘ ŮűɘəŰɧ ɚɧɔɤ Űɖɠ ɛŮɔɎɚɖɠ ɏəŰŬůɖɠ Űɖɠ ˊɚŬůŰɘəɐɠ ɕɩɜɖɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ŮəůəŬűɐ, 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ˊŬɗɖŰɘəɎ ŬɔəɨɟɘŬ  ůŮ ˊɡəɜɧ əɎɜɜŬɓɞ ŮɜŰɧɠ Űɖɠ ˊɚŬůŰɘəɐɠ ɕɩɜɖɠ. ȰŰůɘ ɛɏůɤ 

Űɞɡ ŰůɘɛŮɜŰɞəɞɜɘɎɛŬŰɞɠ ɓŮɚŰɘɩɜɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ əŬɘ ˊŬɟɎɚɚɖɚŬ Űɖɜ 

ůɡůűɑɔɔɞɡɜ ɛɏůɤ Űɤɜ ɞɟɗɩɜ ŰɎůŮɤɜ ˊɞɡ ŮˊɘɓɎɚɞɡɜ ůŰɖɜ ɓɟŬɢɧɛŬɕŬ ŬɜŬɛŮůɎ Űɞɡɠ. 

 

ȺɘəɧɜŬ 1.14: ɇɞˊɞɗɏŰɖůɖ ɛŮɛɞɜɤɛɏɜɤɜ Ŭɔəɡɟɑɤɜ (ŬɟɘůŰŮɟɎ) əŬɘ əŬɜɜɎɓɞɡ Ŭɔəɡɟɑɤɜ (ŭŮɝɘɎ) 

(ɆɞűɘŬɜɧɠ ȷ. , 2018) 

 

 
ȺɘəɧɜŬ 1.15: ȷɟɢɏɠ ůɢŮŭɘŬůɛɞɨ Űɞɡ ɛɐəɞɡɠ əŬɘ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɞɡ əŬɜɜɎɓɞɡ Űɤɜ  Ŭɔəɡɟɑɤɜ ůŮ 

ŬůɗŮɜŮɑɠ ɓɟŬɢɧɛŬɕŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɏəŰŬůɖ Űɖɠ ɕɩɜɖɠ ŭɘŬŰŬɟŬɢɐɠ (ɆɞűɘŬɜɧɠ ȷ. Ƚ., 2018) 
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1.2.3 ɀŮŰŬɚɚɘəɎ ˊɚŬɑůɘŬ 

     ɇŬ ɛŮŰŬɚɚɘəɎ ˊɚŬɑůɘŬ ɚŮɘŰɞɡɟɔɞɨɜ ŭɘŭɘɎůŰŬŰŬ. ȺɑɜŬɘ ŮˊɑˊŮŭɞɘ űɞɟŮɑɠ ˊɞɡ ɏɢɞɡɜ ɛŮɔɎɚɖ 

ŭɡůəŬɛɣɑŬ ůŰɞ ŮˊɑˊŮŭɧ Űɞɡɠ əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ ɩůŰŮ ɜŬ 

ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ŬɜŮɝɎɟŰɖŰŬ Űɞ ɏɜŬ Ŭˊɧ Űɞ Ɏɚɚɞ (ɆɞűɘŬɜɧɠ ȷ. , 2018). ɄɟɞůŬɟɛɧɕɞɜŰŬɘ 

ůŰɖɜ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ, ŮɑɜŬɘ ˊɟɞəŬŰŬůəŮɡŬůɛɏɜŬ ůŮ əɞɛɛɎŰɘŬ əŬɘ 

ůɡɜŬɟɛɞɚɞɔɞɨɜŰŬɘ ůŰɞ ɛɏŰɤˊɞ. ȾŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ ɖ ůɡɜɐɗɖɠ əŬɘ ůɤůŰɐ ˊɟŬəŰɘəɐ ŮɑɜŬɘ 

ɖ ŰɞˊɞɗɏŰɖůɖ Ůɜɧɠ ˊɚŬɘůɑɞɡ ɛŮŰŬ Ŭˊɧ əɎɗŮ ɓɐɛŬ ˊɟɞɢɩɟɖůɖɠ əŬɘ ɞ ŮɔəɘɓɤŰɘůɛɧɠ Űɞɡ ůŰɞ 

ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ. ɇŬ ˊɚŬɑůɘŬ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ˊŬɗɖŰɘəɧ ɛɏŰɟɞ ɡˊɞůŰɐɟɘɝɖɠ əŬɗɩɠ 

ŬɜŬɚŬɛɓɎɜɞɡɜ űɞɟŰɑŬ ɛŮŰɎ Űɖɜ ɛŮŰŬəɑɜɖůɖ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. ȺɔəɘɓɤŰɑɕɞɜŰŬɘ ůŰɞ 

ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ɩůŰŮ ɜŬ ɏɟɢɞɜŰŬɘ ůŮ ɎɛŮůɖ ŮˊŬűɐ ɛŮ Űɖɜ ɓɟŬɢɧɛŬɕŬ əŬɗô ɧɚɞ Űɞ 

ɛɐəɞɠ Űɞɡɠ, ɛŮ ůəɞˊɧ Űɖɜ ɎɛŮůɖ ŬɜɎɚɖɣɖ Űɤɜ űɞɟŰɑɤɜ Űɖɠ ɢŬɚŬɟɤɛɏɜɖɠ ɓɟŬɢɧɛŬɕŬɠ əŬɘ 

Űɖɜ Ůɜɑůɢɡůɖ Űɞɡ əŮɚɨűɞɡɠ Űɞɡ ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ. 

 

ȺɘəɧɜŬ 1.16: ȺɔəɘɓɤŰɘůɛɏɜŬ ˊɚŬɑůɘŬ ɛɏůŬ ůŮ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ. 

ɇŬ ˊɚŬɑůɘŬ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŰɟŮɑɠ ɓŬůɘəɞɨɠ Űɨˊɞɡɠ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ɞɘ Ůɝɐɠ (ɆɞűɘŬɜɧɠ ȷ. , 

2018): 

(Ŭ) ɃɚɧůɤɛŬ ɛŮŰŬɚɚɘəɎ ˊɚŬɑůɘŬ Ŭˊɧ ˊɟɧŰɡˊŮɠ ŭɘŬŰɞɛɏɠ 

(ɓ) ɃɚɘůɗŬɑɜɞɜŰŬ ɛŮŰŬɚɚɘəɎ ˊɚŬɑůɘŬ 

(ɔ) ȹɘəŰɡɤŰɎ ˊɚŬɑůɘŬ 

     ɇŬ ɞɚɧůɤɛŬ ŮɑɜŬɘ ˊɚŬɑůɘŬ ŭɘŬŰɞɛɐɠ ŭɘˊɚɞɨ ɇ, ˊɚŬŰɨˊŮɚɛŮɠ ŭɘŬŰɞɛɏɠ (ŮɚŬűɟɏɠ HEA ɐ 

ɓŬɟɘɏɠ HEB) ɐ ɡɣɑəɞɟɛŮɠ ŭɘŬŰɞɛɏɠ (IPE). Ȱɢɞɡɜ ɛŮɔɎɚɖ ŬəŬɛɣɑŬ ɚɧɔɤ Űɖɠ ɛŮɔɎɚɖɠ ɟɞˊɐɠ 

ŬŭɟɎɜŮɘŬɠ Űɤɜ ŭɘŬŰɞɛɩɜ Űɞɡɠ. ũɘô ŬɡŰɧ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɘɠ ŬůɗŮɜŮɑɠ ɓɟŬɢɧɛŬɕŮɠ ɩůŰŮ ɜŬ 

ŬɜɗɑůŰŬɜŰŬɘ ůŰɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ ɛɏɢɟɘ Űɞ ɧɟɘɞ Űɖɠ 

űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡɠ. Ⱥˊɑůɖɠ, ŰŬ ˊɚŬɑůɘŬ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŬˊɞůŰɎŰŮɠ, 

ŭɖɚŬŭɐ ɢŬɚɨɓŭɘɜŮɠ ɟɎɓŭɞɡɠ ́ ɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ əŬŰɎɚɚɖɚɞɡɠ ɡˊɞŭɞɢŮɑɠ ˊɎɜɤ ůŰɞ 
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ˊɚŬɑůɘɞ, ɛŮ ůəɞˊɧ Űɖɜ Ŭˊɞűɡɔɐ Űɞɡ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ Űɞɡɠ əŬɘ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ ůɤůŰɐɠ 

ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ Űɞɡɠ.  

 

ȺɘəɧɜŬ 1.17: ɃɚɧůɤɛŬ ɛŮŰŬɚɚɘəɎ ˊɚŬɑůɘŬ ůŮ əɞɛɛɎŰɘŬ ˊɟɘɜ Űɖɜ ůɡɜŬɟɛɞɚɧɔɖůɐ Űɞɡɠ (ŬɟɘůŰŮɟɎ) əŬɘ 

ŮɔəŬŰŮůŰɖɛɏɜŬ ůŰɞ ɛɏŰɤˊɞ ɛŬɕɑ ɛŮ Űɞɡɠ ŬˊɞůŰɎŰŮɠ (ŭŮɝɘɎ) (ɆɞűɘŬɜɧɠ ȷ. , 2018) 

ɇɏɚɞɠ, ŰŬ ˊɚŬɑůɘŬ ɔɘŬ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ůɤůŰɎ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬɔəɡɟɤɛɏɜŬ ɛŮ ɏɜŬ 

ɕŮɨɔɞɠ ˊŬɗɖŰɘəɩɜ Ŭɔəɡɟɑɤɜ ůŰɘɠ ˊŬɟɘɏɠ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ əŬɘ Ůˊɘˊɚɏɞɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ůɤůŰɎ ɗŮɛŮɚɘɤɛɏɜŬ ůŰɞ ŭɎˊŮŭɞ. ũɘŬ ŬɡŰɧ ŮŭɟɎɕɞɜŰŬɘ ˊɎɜɤ ůŮ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ɐ 

ůŮ ŰůɘɛŮɜŰɧɚɘɗɞɡɠ ɐ ůŮ Ɏɚɚɞ ɓɞɖɗɖŰɘəɧ ɛɏůɞ. Ʉɞɚɚɏɠ űɞɟɏɠ, ɧŰŬɜ ɞɘ ɔŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ 

ŮɑɜŬɘ ˊɞɚɨ ˊŰɤɢɏɠ əŬɘ ŰŬ űɞɟŰɑŬ ˊɞɡ əŬɚŮɑŰŬɘ ɜŬ ŬɜŬɚɎɓŮɘ Űɞ ˊɚŬɑůɘɞ ŮɑɜŬɘ ɛŮɔɎɚŬ, 

ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜŮɘ ŭɘŮɨɟɡɜůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɏŭɟŬůɐɠ Űɞɡɠ əŬɗɩɠ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ 

ŰɞˊɞɗɏŰɖůɖ Ůɘŭɘəɩɜ ɛŮɟɩɜ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ óóŮɚŮűŬɜŰɞˊɧŭŬɟŬ ɐ ˊɞŭŬɟɘəɎôô. 

ШШШ  

ȺɘəɧɜŬ 1.18: ȷɔəɨɟɤůɖ Űɤɜ ˊɚŬɘůɑɤɜ ɛŮ ɕŮɨɔɞɠ Ŭɔəɡɟɑɤɜ ůŰɘɠ ˊŬɟɘɏɠ (ŬɟɘůŰŮɟɎ) əŬɘ ŮɘəɧɜŬ Űɤɜ 

ˊɞŭŬɟɘəɩɜ (ŭŮɝɘɎ). (Ŭˊɧ ɀŬɟɑɜɞɠ) 

      ɆŰɞɜ ŭŮɨŰŮɟɞ Űɨˊɞ ˊɚŬɘůɑɤɜ Ŭɜɐəɞɡɜ ŰŬ ɞɚɘůɗŬɑɜɞɜŰŬ ˊɚŬɑůɘŬ. ȷɡŰɎ ŮɑɜŬɘ ŭɘŬŰɞɛɐɠ ɇȼ 

əŬɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰɛɐɛŬŰŬ ˊɞɡ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɞɚɘůɗŬɑɜɞɡɜ Űɞ ɏɜŬ ůŮ ůɢɏůɖ 

ɛŮ Űɞ Ɏɚɚɞ ɩůŰŮ ɜŬ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ ŭɘŬŰɞɛɐɠ. ȼ ɞɚɑůɗɖůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ 

ɛŮ Űɖɜ ɓɞɐɗŮɘŬ əŬŰɎɚɚɖɚɤɜ ůɡɜŭɏůŮɤɜ Űɟɘɓɐɠ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ ůŰŬ Ůˊɘɛɏɟɞɡɠ ŰɛɐɛŬŰŬ ɜŬ 
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ɡˊɞɢɤɟɞɨɜ ɡˊɧ ůɡɔəŮəɟɘɛɏɜɞ ɛɏɔŮɗɞɠ űɞɟŰɑɞɡ. ȷɡŰɧɠ ɞ Űɨˊɞɠ ˊɚŬɘůɑɤɜ ŰɞˊɞɗŮŰɐŰŬɘ ůŮ 

ˊŰɤɢɐɠ ˊɞɘɧŰɖŰŬɠ ɔŮɤɡɚɘəɎ ɞˊɞɡ ŬɜŬɛɏɜɞɜŰŬɘ ɛŮɔɎɚŮɠ ůɡɔəɚɑůŮɘɠ. 

 

ȺɘəɧɜŬ 1.19: Ƀɚɑůɗɖůɖ Űɤɜ ŰɛɖɛɎŰɤɜ Űɞɡ ɞɚɘůɗŬɑɜɞɜŰɞɠ  ˊɚŬɘůɑɞɡ əŬŰɎ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ 

ŭɘŬŰɞɛɐɠ (Ŭɟɢɘəɧ ůɢɐɛŬ ŬɟɘůŰŮɟɎ əŬɘ ŰŮɚɘəɧ ůŰŬ ŭŮɝɘɎ) (ɆɞűɘŬɜɧɠ ȷ. , 2018) 

 
ȺɘəɧɜŬ 1.20: ȹɘŬŰɞɛɐ ɇȼ Űɤɜ ɞɚɘůɗŬɑɜɞɜŰɤɜ ˊɚŬɘůɑɤɜ (ŬɟɘůŰŮɟɎ) əŬɘ ɞɘ əŬŰɎɚɚɖɚɞɘ ůɨɜŭŮůɛɞɘ 

Űɟɘɓɐɠ (ŭŮɝɘɎ) (ɆɞűɘŬɜɧɠ ȷ. , 2018) 

     ɆŰɞɜ ŰɟɑŰɞ əŬɘ ŰŮɚŮɡŰŬɑɞ Űɨˊɞ ˊɚŬɘůɑɤɜ Ŭɜɐəɞɡɜ ŰŬ ŭɘəŰɡɤŰɎ ˊɚŬɑůɘŬ. ȷɡŰɎ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰɟŮɑɠ ɐ ŰɏůůŮɟŮɘɠ ŭɘŬɛɐəɖɠ ɟɎɓŭɞɡɠ ɞˊɚɘůɛɞɨ ůəɡɟɞŭɏɛŬŰɞɠ 

ůɡɜŭŮŭŮɛɏɜŮɠ əŬŰɎɚɚɖɚŬ ɛŮŰŬɝɨ Űɞɡɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ɢɤɟɞŭɘəŰɨɤɛŬ. ȺɔəɘɓɤŰɑɕɞɜŰŬɘ 

ůŰɞ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ əɡɟɑɤɠ ɤɠ ɞˊɚɘůɛɧɠ Űɞɡ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

Űɞ ŭɞɛɘəɧ ˊɚɏɔɛŬ. ȹɖɚŬŭɐ ŭŮɜ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛŮ ůəɞˊɧ ɜŬ ŬɜŬɚɎɓɞɡɜ űɞɟŰɑŬ Ŭˊɧ ɛɧɜŬ 

Űɞɡɠ, əŬɗɩɠ ŭŮɜ ɏɢɞɡɜ ɛŮɔɎɚɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ, ŬɚɚɎ ɓɞɖɗɞɨɜ ůŰɖɜ Ůɜɑůɢɡůɖ Űɞɡ 

ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ. ȳůɞ ŬűɞɟɎ Űɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ Űɞɡɠ, ŬɡŰɎ ŮˊɘɚɏɔɞɜŰŬɘ ůŰɘɠ 

ůɢŮŰɘəɎ ŮɡůŰŬɗŮɑɠ ɓɟŬɢɧɛŬɕŮɠ ɩůŰŮ ɜŬ ŭɟɞɡɜ ɤɠ ɞˊɚɘůɛɏɜŮɠ ŭɘŬŰɞɛɏɠ ůŮ ůɡɢɜɏɠ 

ŬˊɞůŰɎůŮɘɠ. 

  

ȺɘəɧɜŬ 1.21: ȹɘəŰɡɤŰɎ ˊɚŬɑůɘŬ ůŮ əɞɛɛɎŰɘŬ ˊɟɘɜ Űɖɜ ůɡɜŬɟɛɞɚɧɔɖůɐ Űɞɡɠ (ŬɟɘůŰŮɟɎ) əŬɘ 
ŮɔəŬŰŮůŰɖɛɏɜŬ ůŰɞ ɛɏŰɤˊɞ ɛŬɕɑ ɛŮŰŬɚɚɘəɧ ŭɞɛɘəɧ ˊɚɏɔɛŬ(ŭŮɝɘɎ) (ɆɞűɘŬɜɧɠ ȷ. , 2018) 
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1.2.4 ɀɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ Űɞɡ ɛŮŰɩˊɞɡ 

     ȾŬŰɎ Űɖɜ ŮəůəŬűɐ ůɖɟɎɔɔɤɜ ůŮ ɢŬɛɖɚɐɠ ŬɜŰɞɢɐɠ ɓɟŬɢɧɛŬɕŮɠ ɛŮ ɛŮɔɎɚɞ ŰŬůɘəɧ ˊŮŭɑɞ 

ɐ ůŮ əŬŰŬəŮɟɛŬŰɘůɛɏɜŮɠ ɓɟŬɢɧɛŬɕŮɠ ɛŮ űŰɤɢɧ ŬɚɚɖɚɞəɚŮɑŭɤɛŬ ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ 

əŬŰɎɟɟŮɡůɖɠ Űɞɡ ɛŮŰɩˊɞɡ Űɖɠ ŮəůəŬűɐɠ ŮɑŰŮ ɛŮ ɓŬɟɡŰɘəɐ ŬůŰɞɢɑŬ ŮɑŰŮ ɤɠ Ůɝɩɗɖůɖ 

ɛŮŰɩˊɞɡ. ɀɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ Űɞɡ ɛŮŰɩˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ ɩůŰŮ ɜŬ 

ŮɑɜŬɘ ŮɡůŰŬɗɏɠ Űɞ ɛɏŰɤˊɞ əŬŰɎ Űɖɜ ˊɟɞɢɩɟɖůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. 

Ш  
ȺɘəɧɜŬ 1.22: ũŮɤɛŮŰɟɑŬ Űɞɡ ˊɟɑůɛŬŰɞɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮɡůŰŬɗŮɑ ɛˊɟɞůŰɎ Ŭˊɧ Űɞ ɛɏŰɤˊɞ ůɨɛűɤɜŬ ɛŮ 

Űɞɡɠ Kovari əŬɘ ȷɜŬɔɜɩůŰɞɡ (ȾŬɓɓŬŭɎɠ, 2005) 

     ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Kovari əŬɘ ȷɜŬɔɜɩůŰɞɡ, ɖ ŮɝŬůűɎɚɘůɖ Űɖɠ ŮɡůŰɎɗŮɘŬɠ Űɞɡ ɛŮŰɩˊɞɡ 

Űɖɠ ůɐɟŬɔɔŬɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ůŰŮɟŮɞůŰŬŰɘəɐ ɘůɞɟɟɞˊɑŬ Ůɜɧɠ ˊɟɑůɛŬŰɞɠ ůŰɞ ɛɏŰɤˊɞ Űɖɠ 

ůɐɟŬɔɔŬɠ, Űɞ ɞˊɞɑɞ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.22 ˊɘɞ ˊɎɜɤ. ȰŰůɘ ɔɘŬ ɜŬ ŮɑɜŬɘ ŮɡůŰŬɗɏɠ Űɞ 

ɛɏŰɤˊɞ ɗŬ ˊɟɏˊŮɘ ˊɟɩŰɤɜ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɡɣɖɚɐ ɖ Űɘɛɐ Űɖɠ ů3 əŬɘ ŭŮɨŰŮɟɞɜ ɜŬ ɛŮɘɤɗŮɑ ɖ 

Űɘɛɐ Űɖɠ ů1 ́ɞɡ ŬůəɞɨɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɟɑůɛŬŰɞɠ. ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ ŰŬ ŭɨɞ ɓŬůɘəɎ 

ɛɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ ŮɑɜŬɘ ŬűŮɜɧɠ ɖ Ůɜɑůɢɡůɖ Űɞɡ ɛŮŰɩˊɞɡ ɛŮ ŬɔəɨɟɘŬ ɛŮŰɩˊɞɡ Ŭˊɧ 

fiberglass əŬɘ ŬűŮŰɏɟɞɡ ɖ ŰɞˊɞɗɏŰɖůɖ ɓɚɐŰɟɤɜ ɐ ŭɞəɩɜ ˊɟɞˊɞɟŮɑŬɠ ůŰɖɜ ůŰɏɣɖ Űɖɠ 

ŭɘŬŰɞɛɐɠ. 
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Ш  

ȺɘəɧɜŬ 1.23: ɇɞˊɞɗɏŰɖůɖ Ŭɔəɡɟɑɤɜ ɛŮŰɩˊɞɡ Ŭˊɧ fiberglass əŬɘ ŭɞəɩɜ ˊɟɞˊɞɟŮɑŬɠ (ȾŬɓɓŬŭɎɠ, 

2005)Ю 

1.2.4.1 ȸɚɐŰɟŬ əŬɘ ŭɞəɞɑ ˊɟɞˊɞɟŮɑŬɠ 

     ɇŬ ɓɚɐŰɟŬ əŬɘ ɞɘ ŭɞəɞɑ ˊɟɞˊɞɟŮɑŬɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɖɜ ɞɟɞűɐ Űɖɠ ŭɘŬŰɞɛɐɠ, ůɡɜɐɗɤɠ 

ůŮ Űɧɝɞ ŮűŬɟɛɞɔɐɠ 120ɞ, ɛŮ ůəɞˊɧ Űɖɜ ɛŮɑɤůɖ Űɖɠ ŰɎůɖɠ ů1 ́ɞɡ ŬůəŮɑŰŬɘ ůŰɞ ɡˊɧ ɞɚɑůɗɖůɖ 

ˊɟɑůɛŬ ɛˊɟɞůŰɎ Ŭˊɧ Űɞ ɛɏŰɤˊɞ. ũɘŬ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡɠ ŭɘŬɜɞɑɔɞɜŰŬɘ ŭɘŬŰɟɐɛŬŰŬ ɞˊɞɡ 

ɛŮŰŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ Űɞɡɠ ŮɜŮɛŬŰɧɜɞɜŰŬɘ. ȼ ůŰɐɟɘɝɐ Űɞɡɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɛŮ ˊɎəŰɤůɖ Űɞɡ Ůɜɧɠ Ɏəɟɞɡ Űɞɡɠ ɛɏůŬ ůŰɖɜ ɓɟŬɢɧɛŬɕŬ ɛˊɟɞůŰɎ Ŭˊɧ Űɞ ɛɏŰɤˊɞ əŬɘ ɛŮ 

ůŰɐɟɘɝɖ ɛɏɟɞɡɠ Űɞɡ ɛɐəɞɡɠ Űɞɡɠ ˊɎɜɤ ůŮ ɛŮŰŬɚɚɘəɎ ˊɚŬɑůɘŬ. ũɘŬ Űɖɜ ůɤůŰɐ ůŰɐɟɘɝɖ əŬɘ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŰɞˊɞɗɏŰɖůɖ ůŮ əɎɗŮ ɓɐɛŬ ŮəůəŬűɐɠ Ɏɜɘůɤɜ 

ɛŮŰŬɚɚɘəɩɜ ˊɚŬɘůɑɤɜ Űɤɜ ɞˊɞɑɤɜ ɖ ŭɘŬŰɞɛɐ ɛŮɔŬɚɩɜŮɘ ɛŮ Űɖɜ ˊɟɞɢɩɟɖůɖ Űɖɠ ůɐɟŬɔɔŬɠ. 

Ⱥˊɑůɖɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɡˊɧ ɛɘəɟɐ əɚɑůɖ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ Űɖɠ ŮəůəŬűɐɠ əŬɘ ˊɟɞɓɚɏˊŮŰŬɘ 

ɛɘŬ ŮˊɘəɎɚɡɣɖ əŬŰɎ Űɞ ɏɜŬ ŰɟɑŰɞ Űɞɡ ɛɐəɞɡɠ Űɞɡɠ. ȰŰůɘ ɖ ɞɟɞűɐ Űɖɠ ůɐɟŬɔɔŬɠ ɧŰŬɜ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŭɞəɞɑ ɐ ɓɚɐŰɟŬ ˊɟɞˊɞɟŮɑŬɠ ɏɢŮɘ ɛɞɟűɐ ůəŬɚɞˊŬŰɘɩɜ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 1.24 ˊŬɟŬəɎŰɤ. 

   

ȺɘəɧɜŬ 1.24: ɀɞɟűɐ Űɖɠ ůɐɟŬɔɔŬɠ ɛŮŰŬ Űɖɜ ŰɞˊɞɗɏŰɖůɖ ŭɞəɩɜ ˊɟɞˊɞɟŮɑŬɠ (E. Hoek, 1993). 

     ɇŬ ŮɚŬűɟɎ ɓɚɐŰɟŬ ˊɟɞˊɞɟŮɑŬɠ (spiles) ŮɑɜŬɘ Ŭˊɚɏɠ ɟɎɓŭɞɘ ɞˊɚɘůɛɞɨ ɐ əɞɑɚŮɠ ŭɞəɞɑ 

ɛɘəɟɐɠ ŭɘŬɛɏŰɟɞɡ. ɆŰɖɟɑɕɞɜŰŬɘ ůŮ ŮɚŬűɟɎ ɛŮŰŬɚɚɘəɎ ˊɚŬɑůɘŬ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ 
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ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ ɓŬɟɡŰɘəɩɜ ŬůŰɞɢɘɩɜ ůŮ ɓɟŬɢɧɛŬɕŮɠ əŬŰŬəŮɟɛŬŰɘůɛɏɜŮɠ ɐ 

ŬˊɞŭɘɞɟɔŬɜɤɛɏɜŮɠ ɛŮ ˊŰɤɢɧ ŬɚɚɖɚɞəɚŮɑŭɤɛŬ. ȰŰůɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɖɜ ɞɟɞűɐ Űɖɠ 

ůɐɟŬɔɔŬɠ ůŮ əŬŰɎɚɚɖɚŮɠ ŬˊɞůŰɎůŮɘɠ ɩůŰŮ ɜŬ ŬˊɞŰɟɏˊɞɡɜ Űɖɜ əŬŰɎˊŰɤůɖ ŰŮɛŬɢɩɜ əŬɘ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ɡˊŮɟŮəůəŬűɩɜ Űɨˊɞɡ əŬɛɘɜɎŭŬɠ ɐ ɟɞɐɠ ɡɚɘəɞɨ. ȿɧɔɤ Űɖɠ ɛɘəɟɐɠ ŭɘŬŰɞɛɐɠ Űɞɡɠ 

űɡůɘəɎ ŭŮɜ ɏɢɞɡɜ ɛŮɔɎɚɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ əŬɘ ɔɘô ŬɡŰɧ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬɚɎɓɞɡɜ 

əŬɛˊŰɘəɎ űɞɟŰɑŬ ́ŬɟŬɛɧɜɞ ɜŬ ůɡɔəɟŬŰɐůɞɡɜ ŰŬ ŰŮɛɎɢɖ ɏɜŬɜŰɘ ɓŬɟɡŰɘəɩɜ ŬůŰɞɢɘɩɜ. 

     ȳŰŬɜ ŬɜŬɛɏɜɞɜŰŬɘ ɛŮɔɎɚŬ əŬɛˊŰɘəɎ űɞɟŰɑŬ ŮˊɘɚɏɔŮŰŬɘ ɖ ŰɞˊɞɗɏŰɖůɖ ɓŬɟɘɩɜ ŭɞəɩɜ 

ˊɟɞˊɞɟŮɑŬɠ əŬɘ ɧɢɘ ɓɚɐŰɟɤɜ. Ƀɘ ŭɞəɞɑ ˊɟɞˊɞɟŮɑŬɠ ŮɑɜŬɘ əɞɑɚŮɠ ɛŮŰŬɚɚɘəɞɑ ŭɞəɞɑ ɛŮɔɎɚɖɠ 

ŭɘŬɛɏŰɟɞɡ əŬɘ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ. ɆŰɖɟɑɕɞɜŰŬɘ ůŮ ɓŬɟɘɎ ɛŮŰŬɚɚɘəɎ ˊɚŬɑůɘŬ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ůŮ ɓɟŬɢɧɛŬɕŮɠ ɢŬɛɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ɞˊɞɡ ŬɜŬɛɏɜɞɜŰŬɘ ŰŬůɘəɏɠ 

ŬůŰɞɢɑŮɠ ɛŮ ůəɞˊɧ Űɖɜ ɛŮɑɤůɖ Űɖɠ ɏəɗɚɘɣɖɠ Űɞɡ ɛŮŰɩˊɞɡ. ȺɑɜŬɘ ŭɞəɞɑ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ 

əɎɛɣɖ ɛŮ ůəɞˊɧ ɜŬ ŬɜŬɚɎɓɞɡɜ ɏɜŬ ɛɏɟɞɠ Űɖɠ əŬŰŬəɧɟɡűɖɠ ŰɎůɖɠ ů1 əŬɘ ɜŬ ɛŮɘɩůɞɡɜ ɏŰůɘ 

Űɖɜ ́ɟɞ-ůɨɜɗɚɘɣɖ Űɞɡ ˊɟɞɠ Ůɝɧɟɡɝɖ ˊɡɟɐɜŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ɛˊɟɞůŰɎ Ŭˊɧ Űɞ ɛɏŰɤˊɞ. 

ШШ  

ȺɘəɧɜŬ 1.25: ɇɞˊɞɗɏŰɖůɖ ɓŬɟɘɩɜ ŭɞəɩɜ ˊɟɞˊɞɟŮɑŬɠ (ȾŬɓɓŬŭɎɠ, 2005) (Lunardi, 2008) 

1.2.4.2 ȷɔəɨɟɘŬ ɀŮŰɩˊɞɡ 

     ɇŬ ŬɔəɨɟɘŬ ɛŮŰɩˊɞɡ Ŭˊɧ fiberglass ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞ ɛɏŰɤˊɞ ɛŮ ůəɞˊɧ Űɖɜ ŭɘŬŰɐɟɖůɖ 

Űɖɠ ɡɣɖɚɐɠ Űɘɛɐɠ Űɖɠ ů3 ůŰɞɜ ˊɟɞɠ Ůɝɧɟɡɝɖ ˊɡɟɐɜŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ɛˊɟɞůŰɎ Ŭˊɧ Űɞ ɛɏŰɤˊɞ. 

Ȱɢɞɡɜ ůɡɜɐɗɤɠ ɛɐəɞɠ ŭɩŭŮəŬ ɛɏŰɟŬ, ɛŮŰɎ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡɠ ŮɜŮɛŬŰɧɜɞɜŰŬɘ əŬɘ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛŮ ŮˊɘəɎɚɡɣɖ. Ƀ əɎɜɜŬɓɞɠ ŰɞˊɞɗɏŰɖůɐɠ Űɞɡɠ əŬɘ ɎɟŬ Űɞ ˊɚɐɗɞɠ Űɞɡɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ɛŮŰɩˊɞɡ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɑŮůɖ ˊɞɡ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ ŬůəɖɗŮɑ ůŮ ŬɡŰɧ. 

ɇɞ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ Űɞɡɠ (ůɡɜɐɗɤɠ fiberglass) ŮɑɜŬɘ ŰɏŰɞɘɞ ɩůŰŮ ɜŬ ɏɢŮɘ ɛŮɔɎɚɖ 

ŮűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ ŬɚɚɎ ˊɞɚɨ ɛɘəɟɐ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ. ȰŰůɘ, ɛɏůɤ Űɖɠ ɛŮɔɎɚɖɠ 

ŮűŮɚəɡůŰɘəɐɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡɠ ŮɑɜŬɘ ɘəŬɜɎ ɜŬ ůɡɔəɟŬŰɞɨɜ Űɞɜ ˊɟɞɠ ŮəůəŬűɐ 

ˊɡɟɐɜŬ, ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ɚɧɔɤ Űɖɠ ɛɘəɟɐɠ ŬɜŰɞɢɐɠ Űɞɡɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ 
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əŬŰŬůŰɟɏűɞɜŰŬɘ ŮɨəɞɚŬ Ŭˊɧ ŰŬ ɛɖɢŬɜɐɛŬŰŬ ŮəůəŬűɐɠ ɩůŰŮ ɜŬ ŭɘŮɡəɞɚɨɜŮŰŬɘ ɖ ˊɟɞɢɩɟɖůɖ 

Űɞɡ ɛŮŰɩˊɞɡ. 

 

ȺɘəɧɜŬ 1.26: ɇɞˊɞɗɏŰɖůɖ Ŭɔəɡɟɑɤɜ ɛŮŰɩˊɞɡ Ŭˊɧ fiberglass (Lunardi, 2008) 

1.2.5 Ʉɟɞůɤɟɘɜɧ əŬɘ ɀɧɜɘɛɞ ŬɜɎůŰɟɞűɞ Űɧɝɞ 

     ȼ ŭɘŬɛɧɟűɤůɖ ˊɟɞůɤɟɘɜɞɨ ɐ ɛɧɜɘɛɞɡ ŬɜɎůŰɟɞűɞɡ Űɧɝɞɡ əŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ 

ŭɘŬŰɞɛɐɠ ŮɑɜŬɘ ɏɜŬ ɛɏŰɟɞ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɧŰŬɜ ɖ ŭɘɎɜɞɘɝɖ ˊɟŬɔɛŬŰɞˊɞɘɐŰŬɘ ůŮ ɛŬɚŬəɞɨɠ 

əŬɘ ŬůɗŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɨɠ ůŮ ɛŮůŬɑŬ ɏɤɠ ɛŮɔɎɚŬ ɓɎɗɖ. ɆŮ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ ɖ ŬɜŰɞɢɐ 

Űɞɡ ɔŮɤɡɚɘəɞɨ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɘɠ ŮˊɘŰɧˊɞɡ ŰɎůŮɘɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŰɎůŮɘɠ ˊɞɡ 

ŬůəɞɨɜŰŬɘ ůŰŬ ɛɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚŮɠ. ȿɧɔɤ Űɤɜ ɡɣɖɚɩɜ ŰɎůŮɤɜ ɞɘ 

ɞˊɞɑŮɠ ŭŮɜ əŬŰŬɜɏɛɞɜŰŬɘ ůɤůŰɎ, ˊɟɞəŬɚŮɑŰŬɘ Ŭɜɨɣɤůɖ Űɞɡ ŭŬˊɏŭɞɡ Űɖɠ ŮəůəŬűɐɠ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɢɎɜŮŰŬɘ ɖ ɗŮɛŮɚɑɤůɖ ɧɚɞɡ Űɞɡ əŮɚɨűɞɡɠ Űɖɠ ɡˊɞůŰɐɟɘɝɖɠ. 

ШШШ Ш 

ȺɘəɧɜŬ 1.27: Ʉɟɞůɤɟɘɜɧ ŬɜɎůŰɟɞűɞ Űɧɝɞ ůŰɖɜ Ɏɜɤ ɖɛɘŭɘŬŰɞɛɐ ůŮ ɡˊɧ əŬŰŬůəŮɡɐ ůɐɟŬɔɔŬ 

(ŬɟɘůŰŮɟɎ) əŬɘ ɛɧɜɘɛɞ ŬɜɎůŰɟɞűɞ Űɧɝɞ (ŭŮɝɘɎ) (Lunardi, 2008) (ȾŬɓɓŬŭɎɠ, 2005) 

     Ɇəɞˊɧɠ Űɖɠ ŭɘŬɛɧɟűɤůɖɠ ŬɜɎůŰɟɞűɞɡ Űɧɝɞɡ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ əɚŮɘůŰɞɨ əŮɚɨűɞɡɠ 

Űɖɠ Ůˊɏɜŭɡůɖɠ ɩůŰŮ ɞɘ ŰɎůŮɘɠ ɜŬ əŬŰŬɜɏɛɞɜŰŬɘ əŬɚɨŰŮɟŬ əŬɘ ɜŬ ɛɖɜ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɜɨɣɤůɖ 
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Űɞɡ ˊɡɗɛɏɜŬ. ɇɞ ˊɟɞůɤɟɘɜɧ ŬɜɎůŰɟɞűɞ Űɧɝɞ ŭɘŬɛɞɟűɩɜŮŰŬɘ ůŰɖɜ Ɏɜɤ ɖɛɘŭɘŬŰɞɛɐ Űɖɠ 

ŮəůəŬűɐɠ Ůɜɩ Űɞ ɛɧɜɘɛɞ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛŮŰɎ Űɖɜ ŮəůəŬűɐ əŬɘ Űɖɠ əɎŰɤ ɖɛɘŭɘŬŰɞɛɐɠ. ȳůɞ 

ŬűɞɟɎ Űɖɜ əŬŰŬůəŮɡɐ ɔŮɜɘəɎ ůɡɜɑůŰŬŰŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɖ ɏɔəŬɘɟɖ əŬŰŬůəŮɡɐ Űɞɡ 

ˊɟɞůɤɟɘɜɞɨ ŬɜɎůŰɟɞűɞɡ Űɧɝɞɡ əŬɘ Űɞ əɚŮɑůɘɛɞ Űɖɠ ŭɘŬŰɞɛɐɠ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɚɖůɘɏůŰŮɟŬ 

ůŰɞ ɛɏŰɤˊɞ. ɇɞ ˊɟɞůɤɟɘɜɧ ŬɜɎůŰɟɞűɞ Űɧɝɞ əŬɗŬɘɟŮɑŰŬɘ ɛŮŰɎ Űɖɜ ŮəůəŬűɐ Űɖɠ əɎŰɤ 

ɖɛɘŭɘŬŰɞɛɐɠ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ɞˊɚɘůɛɏɜɞ ůɡɜɐɗɤɠ ɛŮ 

ɛŮŰŬɚɚɘəɧ ˊɚɏɔɛŬ ɐ ɑɜŮɠ. ȷɜŰɑɗŮŰŬ Űɞ ɛɧɜɘɛɞ ŬɜɎůŰɟɞűɞ Űɧɝɞ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɖɠ ɛɧɜɘɛɖɠ 

Ůˊɏɜŭɡůɖɠ Űɖɠ ůɐɟŬɔɔŬɠ əŬɘ ɔɘô ŬɡŰɧ əŬŰŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ ɏɔɢɡŰɞ ůəɡɟɧŭŮɛŬ ɞˊɚɘůɛɏɜɞ 

ɧˊɤɠ ɐ ɛɧɜɘɛɖ Ůˊɏɜŭɡůɖ. 

1.3 ɀɏɗɞŭɞɘ ȷɜɎɚɡůɖɠ - ɆɢŮŭɘŬůɛɞɨ ɆɖɟɎɔɔɤɜ 

     ũɘŬ Űɖɜ ŭɘŮɟŮɨɜɖůɖ əŬɘ Űɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ əŬŰŬɚɚɖɚɧŰŮɟɤɜ ɛɏŰɟɤɜ ɡˊɞůŰɐɟɘɝɖɠ ůŮ ɛɘŬ 

ɡˊɧɔŮɘŬ əŬŰŬůəŮɡɐ, ɚɧɔɤ Űɞɡ ˊɞɚɡˊŬɟŬɛŮŰɟɘəɞɨ ɢŬɟŬəŰɐɟŬ Űɤɜ ɏɟɔɤɜ ŬɡŰɩɜ, ɏɢɞɡɜ 

ŬɜŬˊŰɡɢɗŮɑ əŬɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ˊɞɚɚɏɠ ɛɏɗɞŭɞɘ ŬɜɎ ŰŬ ɢɟɧɜɘŬ. ȷɡŰɏɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɟŮɑɠ 

əŬŰɖɔɞɟɑŮɠ: 

(Ŭ) ȺɛˊŮɘɟɘəɏɠ ɛɏɗɞŭɞɘ 

(ɓ) ȷɜŬɚɡŰɘəɏɠ ɛɏɗɞŭɞɘ 

(ɔ) ȷɟɘɗɛɖŰɘəɏɠ ɛɏɗɞŭɞɘ 

     ȳůɞ ŬűɞɟɎ Űɘɠ ŮɛˊŮɘɟɘəɏɠ ɛŮɗɧŭɞɡɠ, ŬɡŰɏɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ Ůˊɘɚɞɔɐ Űɤɜ ɛɏŰɟɤɜ 

ɡˊɞůŰɐɟɘɝɖɠ ɛŮ ɓɎůɖ ŰŬ ůɡůŰɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ, əŬɘ ɏɢɞɡɜ ŰɨɢŮɘ ŮɡɟŮɑŬɠ 

ɢɟɐůɖɠ ůŰɞ ˊŬɟŮɚɗɧɜ. ɇŬ ůɡůŰɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ ůŰɞɢŮɨɞɡɜ ůŰɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ əŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɜŰɞɢɐɠ əŬɘ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰɎɠ Űɖɠ 

ɛɏůɤ ŮɛˊŮɘɟɘəɩɜ ůɢɏůŮɤɜ. ɇŬ ŰɟɑŬ ɓŬůɘəɎ əŬɘ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ůɡůŰɐɛŬŰŬ 

ŰŬɝɘɜɧɛɖůɖɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŮ ŮˊɧɛŮɜɖ ˊŬɟɎɔɟŬűɞ.  

     Ƀɘ ŬɜŬɚɡŰɘəɏɠ ɛɏɗɞŭɞɘ ɓŬůɑɕɞɜŰŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŰɎůŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɖɜ 

ɡˊɞůŰɐɟɘɝɖ əŬɘ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ, ɛɏůɤ Űɖɠ ɢɟɐůɖɠ əŬŰɎɚɚɖɚɤɜ 

ŬɜŬɚɡŰɘəɩɜ ŮɝɘůɩůŮɤɜ. ȳɛɤɠ ɖ ɢɟɐůɖ Űɞɡɠ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ ŬˊɚɎ ɔŮɤɛŮŰɟɘəɎ ˊɟɞɓɚɐɛŬŰŬ 

əɡɟɑɤɠ ůŮ ůɐɟŬɔɔŮɠ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ.  

     Ƀɘ ŬɟɘɗɛɖŰɘəɏɠ ɛɏɗɞŭɞɘ ŬˊɞŰŮɚɞɨɜ Űɘɠ ˊɘɞ ůɨɔɢɟɞɜŮɠ ɛŮɗɧŭɞɡɠ ŬɜɎɚɡůɖɠ ůɖɟɎɔɔɤɜ. 

ȸŬůɑɕɞɜŰŬɘ ůŰɖɜ ɢɟɐůɖ ɚɞɔɘůɛɘəɩɜ ́ ŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ɩůŰŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɜ Űɖɜ 

ŬɚɚŬɔɐ əŬɘ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ ŰŬůɘəɞɨ ˊŮŭɑɞɡ ɔɨɟɤ Ŭˊɧ Űɖɜ ŮəůəŬűɐ, ŬɚɚɎ əŬɘ ɜŬ 

ˊɟɞůɞɛɞɘɩůɞɡɜ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. Ⱥˊɑůɖɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ ŬɜŰɞɢɐɠ əŬɘ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰŬɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɡˊɞɚɞɔɑɕɞɡɜ Űɞ ɛɏɔŮɗɞɠ 
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Űɖɠ ɕɩɜɖɠ Ůˊɘɟɟɞɐɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ŮəůəŬűɐ əŬɘ Ůɜ ŰɏɚŮɘ ŬˊɞŭŮɘəɜɨɞɡɜ Űɖɜ ŮˊɎɟəŮɘŬ ɐ Űɖɜ 

ɛɖ ŮˊɎɟəŮɘŬ Űɤɜ ɛɏŰɟɤɜ ɡˊɞůŰɐɟɘɝɖɠ. 

 

ȺɘəɧɜŬ 1.28: ɄŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɐɠ ŬɟɘɗɛɖŰɘəɐɠ ɛŮɗɧŭɞɡ (ɛɏɗɞŭɞɠ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ) ůŰɖɜ 

ŬɜɎɚɡůɖ ůɖɟɎɔɔɤɜ. 

1.4 ɄŬɟɎɛŮŰɟɞɘ ɆɢŮŭɘŬůɛɞɨ  

     ȾŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ ůɖɟɎɔɔɤɜ ɖ ɓɟŬɢɧɛŬɕŬ, ŭɖɚŬŭɐ Űɞ ɎɟɟɖŰɞ ˊɏŰɟɤɛŬ  ɛŬɕɑ ɛŮ Űɘɠ 

ŬůɡɜɏɢŮɘŮɠ, ŬˊɞŰŮɚŮɑ Űɞ ˊɟɞɠ Ůɝɧɟɡɝɖ ɔŮɤɡɚɘəɧ ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ŮɑɜŬɘ Űɞ űɞɟŰɑɕɞɜ əŬɘ 

űɞɟŰɘɕɧɛŮɜɞ ɛɏůɞ. ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɤɜ ůɖɟɎɔɔɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɜŰɞɢɐɠ əŬɘ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰŬɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ, 

ŭɖɚŬŭɐ Űɖɠ ɛɞɜɞŬɝɞɜɘəɐɠ ŬɜŰɞɢɐɠ Űɖɠ (ůcm) əŬɘ Űɞɡ ɛɏŰɟɞɡ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰɎɠ Űɖɠ (Em). 

ȷɡŰɏɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ɔŮɤɚɞɔɘəɐ Űɖɠ ˊɟɞɏɚŮɡůɖ əŬɘ Űɖɜ ŭɞɛɐ Űɖɠ, ɞɘ ɞˊɞɑŮɠ ɛŮ Űɖɜ 

ůŮɘɟɎ Űɞɡɠ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ əɎɗŮ ɓɟŬɢɧɛŬɕŬɠ əŬŰɎ Űɖɜ ŭɘɎɜɞɘɝɖ. ȳˊɤɠ 

ˊɟɞŬɜŬűɏɟɗɖəŮ ɖ ɓɟŬɢɧɛŬɕŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɎɟɟɖəŰɞ ˊɏŰɟɤɛŬ ŬɚɚɎ əŬɘ Ŭˊɧ ŬůɡɜɏɢŮɘŮɠ. 

ũɘô ŬɡŰɧ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŬɜŰɞɢɐɠ əŬɘ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰɎɠ Űɖɠ ŭŮɜ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ ŬɡŰɏɠ Űɞɡ 

ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ. Ⱥˊɑůɖɠ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ ůɖɟɎɔɔɤɜ ŬˊŬɟŬɑŰɖŰɖ ŮɑɜŬɘ ɖ ɔɜɩůɖ 

əŬɘ Ɏɚɚɤɜ ˊŬɟŬɛɏŰɟɤɜ ɧˊɤɠ: 

(1) ɇɞ ɨɣɞɠ Űɤɜ ɡˊŮɟəŮɘɛɏɜɤɜ 

(2) ȼ Űɘɛɐ Űɖɠ ɔŮɤŰŮɢɜɘəɐɠ ŰŬɝɘɜɧɛɖůɖɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ 

(3) ȼ ɛɞɜɞŬɝɞɜɘəɐ ŬɜŰɞɢɐ Űɞɡ ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ 

(4) ȼ ůŰŬɗŮɟɎ ɡɚɘəɞɨ mi 

(5) ȼ ɘůɞŭɨɜŬɛɖ ůɡɜɞɢɐ əŬɘ ɔɤɜɑŬ Űɟɘɓɐɠ  

(6) Ƀ ɚɧɔɞɠ Űɞɡ Poisson 

(7) Ƀ ůɡɜŰŮɚŮůŰɐɠ ɔŮɤůŰŬŰɘəɩɜ ɤɗɐůŮɤɜ Ⱦ 

ȳůɞ ŬűɞɟɎ Űɖɜ ŬɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ, Űɞ ɛɏŰɟɞ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰŬɠ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ, Űɖɜ Űɘɛɐ Űɖɠ ɔŮɤŰŮɢɜɘəɐɠ ŰŬɝɘɜɧɛɖůɖɠ, Űɖɜ ɘůɞŭɨɜŬɛɖ ůɡɜɞɢɐ əŬɘ ɔɤɜɑŬ 
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Űɟɘɓɐɠ əŬɘ Űɖɜ ůŰŬɗŮɟɎ ɡɚɘəɞɨ mi, ŬɡŰɏɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɘɠ ŮˊɧɛŮɜŮɠ ŮɜɧŰɖŰŮɠ 

Ůɜɩ ɞɘ ɡˊɧɚɞɘˊŮɠ ɗŬ ˊŬɟŬŰŮɗɞɨɜ ůɡɜɞˊŰɘəɎ. 

     ɇɞ ɨɣɞɠ Űɤɜ ɡˊŮɟəŮɘɛɏɜɤɜ (h) ŬɜŬűɏɟŮŰŮ ůŰɞ ɨɣɞɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ˊɞɡ ɡˊɎɟɢŮɘ Ŭˊɧ 

Űɖɜ ɞɟɞűɐ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɛɏɢɟɘ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. ȺɑɜŬɘ ɏɜŬ ɛɏɔŮɗɞɠ ˊɞɡ 

ɛŮŰŬɓɎɚɚŮŰŮ əŬŰɎ ɛɐəɞɠ Űɖɠ ůɐɟŬɔɔŬɠ əŬɘ ůŰɞɜ ůɢŮŭɘŬůɛɧ ɔɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ 

ŮˊɘɚɏɔŮŰŬɘ Űɖ ɛɏɔɘůŰɖ Űɘɛɐ Űɞɡ ůŮ əɎɗŮ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ. 

     ȼ ŬɜŰɞɢɐ Űɞɡ ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ (ůci) ́ ɟɞůŭɘɞɟɑɕŮŰŬɘ ɛŮ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ 

ɛɞɜɞŬɝɞɜɘəɐɠ ɗɚɑɣɖɠ ůŮ ŭɞəɑɛɘŬ ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ ˊɞɡ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ Ŭˊɧ ˊɡɟɐɜŮɠ 

ɔŮɤŰɟɐůŮɤɜ. 

     Ƀ ɚɧɔɞɠ Poisson (v) Űɞɡ ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɚɧɔɞɠ Űɖɠ əɚɑůɖɠ Űɖɠ 

əŬɛˊɨɚɖɠ Ŭɝɞɜɘəɐɠ ŰɎůɖɠ - Ŭɝɞɜɘəɐɠ Űɟɞˊɐɠ ˊɟɞɠ Űɖɜ əɚɑůɖ Űɖɠ əŬɛˊɨɚɖɠ Ŭɝɞɜɘəɐɠ ŰɎůɖɠ 

ï ŭɘŬɛŮŰɟɘəɐɠ Űɟɞˊɐɠ ůŰɘɠ ŭɞəɘɛɏɠ ɛɞɜɞŬɝɞɜɘəɐɠ ɗɚɑɣɖɠ, Ůɜɩ ɔɘŬ Űɖɜ ɓɟŬɢɧɛŬɕŬ ɖ Űɘɛɐ Űɞɡ 

ɚŬɛɓɎɜŮŰŬɘ ŮɛˊŮɘɟɘəɎ. 

ШШ  

ȺɘəɧɜŬ 1.29: ȾŬůɎəɘ ɛŮ ˊɡɟɐɜŮɠ ɔŮɤŰɟɐůŮɤɜ (ŬɟɘůŰŮɟɎ) əŬɘ ŭɞəɑɛɘŬ ɛɞɜɞŬɝɞɜɘəɐɠ ŬɜŰɞɢɐɠ (ŭŮɝɘɎ) 

(Hoek E. , 2023) 

     Ƀ ůɡɜŰŮɚŮůŰɐɠ ɔŮɤůŰŬŰɘəɩɜ ɤɗɐůŮɤɜ (Ⱦ) ůɡɜŭɏŮɘ Űɘɠ əŬŰŬəɧɟɡűŮɠ ɔŮɤůŰŬŰɘəɏɠ ŰɎůŮɘɠ 

ɛŮ Űɘɠ ɞɟɘɕɧɜŰɘŮɠ. ȼ Űɘɛɐ Űɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɨɣɞɠ Űɤɜ ɡˊŮɟəŮɘɛɏɜɤɜ əŬɘ Ŭˊɧ ŰɞˊɞɔɟŬűɘəɎ 

əŬɘ ŰŮəŰɞɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ɏɟɔɞɡ. ȼ ŮəŰɑɛɖůɖ Űɖɠ Űɘɛɐɠ Űɞɡ ɢɟŮɘɎɕŮŰŬɘ 

Űɖɜ ŮəŰɏɚŮůɖ ŮˊɘŰɧˊɞɡ ŭɞəɘɛɩɜ ŬɚɚɎ ůɡɜɐɗɤɠ ɚŬɛɓɎɜŮŰŬɘ ŮɛˊŮɘɟɘəɎ.  
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1.4.1 ɇŬɝɘɜɧɛɖůɖ Űɖɠ ȸɟŬɢɧɛŬɕŬɠ 

     ɇŬ ŰɟɑŬ ɓŬůɘəɎ əŬɘ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ůɡůŰɐɛŬŰŬ ŰŬɝɘɜɧɛɖůŮɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ 

ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

(1) ɆɨůŰɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ RMR 

(2) ɆɨůŰɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ Q 

(3) ũŮɤɚɞɔɘəɧɠ ŭŮɑəŰɖɠ GSI 

1.4.1.1 ɆɨůŰɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ RMR 

     ɇɞ ůɨůŰɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ RMR ɐ ɔŮɤɛɖɢŬɜɘəɐ ŰŬɝɘɜɧɛɖůɖ ɐ ůɨůŰɖɛŬ Bieniawski 

ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞɜ Bieniawski Űɞ 1989. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɧ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ 

ɓŬɗɛɞɚɞɔŮɑŰŬɘ ɛŮ ɏɜŬ Ůɨɟɞɠ Űɘɛɩɜ RMR ́ ɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ ŭɘɎůŰɖɛŬ Ŭˊɧ 0 ɏɤɠ 100. ɇɞ  

RMR ŮɑɜŬɘ Űɞ ɎɗɟɞɘůɛŬ ɓŬɗɛɩɜ Űɤɜ ˊŬɟŬəɎŰɤ ɏɝɘ Ůˊɘɛɏɟɞɡɠ ŭŮɘəŰɩɜ: 

1. ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ (ůci) 

2. RQD 

3. ȷˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ŬůɡɜŮɢŮɘɩɜ 

4. ȾŬŰɎůŰŬůɖ ŬůɡɜŮɢŮɘɩɜ 

5. ɈˊɧɔŮɘŬ ɨŭŬŰŬ 

6. ɄɟɞůŬɜŬŰɞɚɘůɛɧɠ ŬůɡɜŮɢŮɘɩɜ ɤɠ ˊɟɞɠ Űɞ ɏɟɔɞ 

     ɀŮ ɓɎůɖ Űɖɜ Űɘɛɐ əɎɗŮ ŭŮɑəŰɖ ŭɑɜŮŰŬɘ ůŰɖɜ ɓɟŬɢɧɛŬɕŬ ɛɘŬ ɓŬɗɛɞɚɞɔɑŬ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ (ɄɑɜŬəŮɠ 1 ɏɤɠ 4). ȷɟɢɘəɎ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

Űɞɡ ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ əŬɘ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɧůɞ ŬűɞɟɎ Űɖɜ əŬŰɎůŰŬůɖ 

Űɤɜ ŬůɡɜŮɢŮɘɩɜ, Űɞɜ əŮɟɛŬŰɘůɛɧ, Űɖɜ ŬˊɧůŰŬůɖ Űɤɜ ŬůɡɜŮɢŮɘɩɜ əŬɘ Űɖ əŬŰɎůŰŬůɖ Űɤɜ 

ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɓŬůɘəɐ Űɘɛɐ Űɞɡ RMR (RMRbas) Ŭˊɧ Űɖɜ ɓŬɗɛɞɚɞɔɑŬ Űɤɜ 

ˊɏɜŰŮ ˊɟɩŰɤɜ ŭŮɘəŰɩɜ Űɞɡ ɄɑɜŬəŬ 1. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɖ ɓŬůɘəɐ Űɘɛɐ ŬˊɞɛŮɘɩɜŮŰŬɘ ůɨɛűɤɜŬ 

ɛŮ Űɖɜ  ɓŬɗɛɞɚɞɔɑŬ Űɞɡ ɏəŰɞɡ ŭŮɑəŰɖ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɤɜ 

ŬůɡɜŮɢŮɘɩɜ ůŮ ůɢɏůɖ ɛŮ Űɞ ɏɟɔɞ. 



ΞΣ 
 

ɄɑɜŬəŬɠ 1: ȸŬɗɛɞɚɧɔɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɤɜ ŬůɡɜŮɢŮɘɩɜ, Űɞɜ ŭŮɑəŰɖ 

RQD əŬɘ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ. (Hoek E. , 2023) 

 

     Ƀɘ Űɘɛɏɠ ɔɘŬ Űɘɠ ŰɟŮɑɠ ́ ɟɩŰŮɠ ˊŬɟŬɛɏŰɟɞɡɠ, ŭɖɚŬŭɐ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ɎɟɟɖəŰɞɡ 

ˊŮŰɟɩɛŬŰɞɠ, Űɞ RQD əŬɘ Űɖɜ ŬˊɧůŰŬůɖ Űɤɜ ŬůɡɜŮɢŮɘɩɜ, ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŮɟɔŬůŰɖɟɘŬəɏɠ 

ŭɞəɘɛɏɠ əŬɘ Ŭˊɧ Űɖɜ ŮɝɏŰŬůɖ ˊɡɟɐɜɤɜ ɔŮɤŰɟɐůŮɤɜ ɐ ˊɟŬɜɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɏɟɔɞɡ. ȼ 

ɓŬɗɛɞɚɞɔɑŬ Űɖɠ ŰɏŰŬɟŰɖɠ ˊŬɟŬɛɏŰɟɞɡ ɛˊɞɟŮɑ ɜŬ ŮɝŬɢɗŮɑ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ 1 Ůűɧůɞɜ ɖ 

ˊŮɟɘɔɟŬűɐ Űɖɠ əŬŰɎůŰŬůɖɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ŰŬɘɟɘɎɕŮɘ ɛŮ əɎˊɞɘŬ Ŭˊɧ Űɘɠ ˊŮɟɘɔɟŬűɏɠ Űɞɡ 

ˊɑɜŬəŬ ɐ ŮɜŬɚɚŬəŰɘəɎ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɞ ɄɑɜŬəŬɠ 2. ȸɎůɖ ŬɡŰɞɨ ŭɑɜɞɜŰŬɘ 

ɓŬɗɛɞɚɞɔɑŮɠ ɔɘŬ ˊɏɜŰŮ Ůˊɘɛɏɟɞɡɠ ŭŮɑəŰŮɠ Űɖɠ əŬŰɎůŰŬůɖɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ɩůŰŮ ɜŬ 

ˊɟɞəɨɣŮɘ ɖ ŰŮɚɘəɐ ɓŬɗɛɞɚɞɔɑŬ Űɖɠ ŰɏŰŬɟŰɖɠ ˊŬɟŬɛɏŰɟɞɡ Űɞɡ RMR. 

     ȾŬŰɎ Űɖɜ ɓŬɗɛɞɚɧɔɖůɖ ŮɎɜ ɛɘŬ ˊŬɟɎɛŮŰɟɞɠ ŮɛˊɑˊŰŮɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ ɓŬɗɛɞɚɞɔɑŬɠ 

ŰɧŰŮ ŭɑɜŮŰŬɘ ŭɘˊɚɐ ɓŬɗɛɞɚɞɔɑŬ ůŰɖɜ Ůɜ ɚɧɔɤ ˊŬɟɎɛŮŰɟɞ əŬɘ ɏŰůɘ ˊɟɞəɨˊŰŮɘ Ůɨɟɞɠ Űɘɛɩɜ 

RMR. ũŮɜɘəɎ əŬŰɎ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɛŮ Űɞ ůɨůŰɖɛŬ RMR ůɡůŰɐɜŮŰŬɘ ɜŬ 

ŭɑɜŮŰŬɘ Ůɨɟɞɠ Űɘɛɩɜ ůŰɘɠ ˊŬɟŬɛɏŰɟɞɡɠ əŬɘ ɜŬ ɛɖɜ ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɖɠ ɛɏůɖɠ Űɘɛɐɠ. ȰŰůɘ 

ˊɟɞəɨˊŰŮɘ əŬɘ ɏɜŬ Ůɨɟɞɠ Űɘɛɩɜ RMR əŬɘ ɧɢɘ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ. 
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ɄɑɜŬəŬɠ 2: ȺɜŬɚɚŬəŰɘəɧɠ Űɟɧˊɞɠ ɓŬɗɛɞɚɞɔɑŬɠ Űɖɠ əŬŰɎůŰŬůɖɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ (Hoek E. , 2023) 

 

     ȼ Űɘɛɐɠ Űɖɠ ɏəŰɖɠ ˊŬɟŬɛɏŰɟɞɡ ˊɞɡ ŬűɞɟɎ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ůŮ 

ůɢɏůɖ ɛŮ Űɞ ɏɟɔɞ ŮɚɏɔɢŮŰŬɘ ɔɘŬ Űɞ əɡɟɑŬɟɢɞ ůɨůŰɖɛŬ ŬůɡɜŮɢŮɘɩɜ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. 

ɃɡůɘŬůŰɘəɎ ɛŮ ɓɎůɖ Űɖɜ əɚɑůɖ Űɞɡ əɨɟɘɞɡ ůɡůŰɐɛŬŰɞɠ ŬůɡɜŮɢŮɘɩɜ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ Űɖɠ 

ůɐɟŬɔɔŬɠ ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ Űɞɜ ɄɑɜŬəŬ 3 Ŭɜ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ŮɑɜŬɘ ˊɞɚɨ Ůɡɜɞɥəɧɠ, 

Ůɡɜɞɥəɧɠ, ŭɡůɛŮɜɐɠ, ˊɞɚɨ ŭɡůɛŮɜɐɠ ɐ ɛɏŰɟɘɞɠ. ȰˊŮɘŰŬ ɛŮ ɓɎůɖ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ ŬɡŰɧ, Ŭˊɧ 

Űɞɜ ɄɑɜŬəŬ 4 ŭɑɜŮŰŬɘ ɛɘŬ ɓŬɗɛɞɚɞɔɑŬ ůŰɖɜ ɏəŰɖ ˊŬɟɎɛŮŰɟɞ Űɞɡ RMR. ȼ ˊŬɟɎɛŮŰɟɞɠ ŬɡŰɐ 

ŮɑŰŮ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ Űɘɛɐ Űɞɡ ŰŮɚɘəɞɨ RMR ŮɎɜ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ŮɑɜŬɘ ˊɞɚɨ Ůɡɜɞɥəɧɠ, 

ŮɑŰŮ Űɖɜ ŬˊɞɛŮɘɩɜŮɘ ɚɑɔɞ ɐ ˊɞɚɨ ůŮ əɎɗŮ Ɏɚɚɖ ˊŮɟɑˊŰɤůɖ.  

ɄɑɜŬəŬɠ 3: ȾŬɗɞɟɘůɛɧɠ Űɖɠ ůɖɛŬůɑŬɠ Űɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ Űɖɠ 

ůɐɟŬɔɔŬɠ (Hoek E. , 2023) 

 

ɄɑɜŬəŬɠ 4: ȸŬɗɛɞɚɧɔɖůɖ Űɖɠ ɏəŰɖɠ ˊŬɟŬɛɏŰɟɞɡ Űɞɡ RMR ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɧůɞ Ůɡɜɞɥəɧɠ ɐ ŭɡůɛŮɜɐɠ 

ŮɑɜŬɘ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ɤɠ ˊɟɞɠ Űɞ ɏɟɔɞ (Hoek E. , 2023) 
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     ȷűɞɨ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŰŮɚɘəɐ Űɘɛɐ Űɞɡ RMR ɛŮ ɓɎůɖ ŬɡŰɐ ɖ ɓɟŬɢɧɛŬɕŬ ŮɜŰɎůůŮŰŬɘ ůŮ ɛɘŬ 

Ŭˊɧ Űɘɠ ˊɏɜŰŮ əŬŰɖɔɞɟɑŮɠ ́ ɞɘɧŰɖŰŬɠ Ŭˊɧ Űɞ Ƚ ɏɤɠ Űɞ V (ɄɑɜŬəŬɠ 5)ˊɞɡ ˊɟɞŰŮɑɜŮɘ ɞ 

Bieniawski. ȳůɞ ŬɡɝɎɜŮŰŬɘ ɖ Űɘɛɐ Űɞɡ RMR Űɧůɞ əŬɚɨŰŮɟɖɠ ˊɞɘɧŰɖŰŬɠ ŮɑɜŬɘ ɖ ɓɟŬɢɧɛŬɕŬ. 

Ⱥˊɑůɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əŬŰɖɔɞɟɑŬ ɏɜŰŬɝɖɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɞ Bieniawski ŮəŰɘɛɎ Űɞɜ ɢɟɧɜɞ 

ŬɡŰɞɦˊɞůŰɐɟɘɝɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ, ŭɖɚŬŭɐ ɢɤɟɑɠ Űɖɜ ŮűŬɟɛɞɔɐ ɛɏŰɟɤɜ ɡˊɞůŰɐɟɘɝɖɠ. 

ɄɑɜŬəŬɠ 5: ȾŬŰɎŰŬɝɖ ɓɟŬɢɧɛŬɕŬɠ ůŮ əŬŰɖɔɞɟɑŬ ˊɞɘɧŰɖŰŬɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Űɘɛɐ Űɞɡ RMR (Hoek E. , 

2023) 

 

 

ȺɘəɧɜŬ 1.30: ȺəŰɑɛɖůɖ Űɞɡ ɢɟɧɜɞɡ ŬɡŰɞɦˊɞůŰɐɟɘɝɖɠ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

ŮəůəŬűɐɠ əŬɘ ɖɜ əŬŰɖɔɞɟɑŬ ˊɞɘɧŰɖŰŬɠ ɓɎůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŰŬɝɘɜɧɛɖůɖɠ RMR 

     ȺəŰɧɠ Ŭˊɧ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ɢɟɧɜɞɡ ŬɡŰɞɦˊɞůŰɐɟɘɝɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɡˊɎɟɢɞɡɜ əŬɘ 

ˊɑɜŬəŮɠ (ɧˊɤɠ ɞɘ ɄɑɜŬəŮɠ 6 əŬɘ 7) ɞˊɞɡ ˊɟɞŰŮɑɜɞɜŰŬɘ ɛɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ Űɖɠ ůɐɟŬɔɔŬɠ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əŬŰɖɔɞɟɑŬ ˊɞɘɧŰɖŰŬɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. 
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ɄɑɜŬəŬɠ 6: ɄɟɞŰŮɘɜɧɛŮɜŬ ɛɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ ɔɘŬ ŬɓŬɗŮɑɠ ˊŮŰŬɚɞŮɘŭɐɠ ůɐɟŬɔɔŮɠ ŭɘŬɛɏŰɟɞɡ 5-12 m. 

 

ɄɑɜŬəŬɠ 7: ȾŬŰŮɡɗɡɜŰɐɟɘŮɠ ɞŭɖɔɑŮɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ Űɟɧˊɞɡ ŮəůəŬűɐɠ əŬɘ Űɖɠ ˊɟɞůɤɟɘɜɐɠ 

ɡˊɞůŰɐɟɘɝɖɠ ůɖɟɎɔɔɤɜ ŭɘŬɛɏŰɟɞɡ 10m ůŮ ɛɘəɟɧ ɓɎɗɞɠ 
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1.4.1.2 ɆɨůŰɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ Q 

     ɇɞ ůɨůŰɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ Q ŬɜŬˊŰɨɢɗɖəŮ Űɞ 1974 Ŭˊɧ Űɞɜ Barton əŬɘ Űɞɡɠ ůɡɜŮɟɔɎŰŮɠ 

Űɞɡɠ ůŰɞ NGI (Norwegian Geotechnical Institute) əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑ Űɘɠ Ůɝɐɠ ɏɝɘ ˊŬɟŬɛɏŰɟɞɡɠ 

ɔɘŬ Űɞɜ ˊɞůɞŰɘəɧ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ: 

1. RQD 

2. ȷɟɘɗɛɧɠ ůɡůŰɖɛɎŰɤɜ ŬůɡɜŮɢŮɘɩɜ (Jn) 

3. ɇɟŬɢɨŰɖŰŬ (Jr) 

4. ɆɡɜŰŮɚŮůŰɐɠ Ŭɚɚɞɑɤůɖɠ ŬůɡɜŮɢŮɘɩɜ (Ja) 

5. ȾŬŰɎůŰŬůɖ ŬůɡɜŮɢŮɘɩɜ Ŭˊɧ ˊɚŮɡɟɎɠ ɨŭŬŰɞɠ (Jw) 

6. ɇŬůɘəɧ ˊŮŭɑɞ, ɛɏůɤ Ůɜɧɠ ůɡɜŰŮɚŮůŰɐ ŬɜŬɔɤɔɐɠ ŰɎůŮɤɜ SRF 

ȷˊɧ Űɘɠ Űɘɛɏɠ Űɤɜ ɏɝɘ ˊŬɟŬˊɎɜɤ ˊŬɟŬɛɏŰɟɤɜ ˊɟɞəɨˊŰŮɘ ɖ Űɘɛɐ Űɞɡ Q ɤɠ ŭŮɑəŰɖɠ ˊɞɘɧŰɖŰŬɠ 

Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. ɇɞ Q ɚŬɛɓɎɜŮɘ Űɘɛɏɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 10-3 ɏɤɠ 103 əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ 

Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ (1.1) (Grimstad, 2014) : 

                                                Q = 
  
 Ͻ  Ͻ                                                      (1.1) 

     ɇɞ ˊɟɩŰɞ əɚɎůɛŬ Űɖɠ Ůɝɑůɤůɖɠ (RQD/Jn) ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŭɞɛɐ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ əŬɗɩɠ 

ˊŮɟɘɔɟɎűŮɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ŰŮɛŬɢɑɤɜ ˊɞɡ Űɖɜ ŭɞɛɞɨɜ. ɇɞ ŭŮɨŰŮɟɞ əɚɎůɛŬ  (Jr/Ja) ŮɝŮŰɎɕŮɘ 

Űɖɜ əŬŰɎůŰŬůɖ ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ɞɘ ŮˊɘűɎɜŮɘŮɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ, Ŭűɞɨ ŬɜŬűɏɟŮŰŮ ůŰɖɜ 

ŰɟŬɢɨŰɖŰŬ əŬɘ Űɖɜ ŬˊɞůɎɗɟɤůɖ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɤɜ ŬůɡɜŮɢŮɘɩɜ. ɇɏɚɞɠ Űɞ ŰɟɑŰɞ əɚɎůɛŬ 

(Jw/SRF) ŬɜŬűɏɟŮŰŮ ůŰɞ ŮɜŰŬŰɘəɧ ˊŮŭɑɞ. 

     ȳůɞ ŬűɞɟɎ Űɘɠ Űɘɛɏɠ Űɤɜ ɏɝɘ ˊŬɟŬɛɏŰɟɤɜ, ŬɡŰɏɠ ŭɑɜɞɜŰŬɘ ɛŮ ɓɎůɖ Űɞɡɠ ɄɑɜŬəŮɠ 8 ɏɤɠ 

13. ȼ ˊɟɩŰɖ ˊŬɟɎɛŮŰɟɞɠ ŬűɞɟɎ Űɞɜ ɓŬɗɛɧ əŮɟɛŬŰɘůɛɞɨ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ əŬɗɩɠ ɚŬɛɓɎɜŮɘ 

Űɖɜ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ ˊɞɘɧŰɖŰŬɠ ɓɟŬɢɧɛŬɕŬɠ RQD ɧˊɤɠ ŬɡŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ŮɟɔŬůɑŮɠ 

ɡˊŬɑɗɟɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɏɟɔɞɡ. ȼ ŭŮɨŰŮɟɖ ˊŬɟɎɛŮŰɟɞɠ Jn ɚŬɛɓɎɜŮɘ Űɖɜ Űɘɛɐ Űɖɠ ŬɜɎɚɞɔŬ 

ɛŮ Űɞ ˊɚɐɗɞɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ Űɤɜ ŬůɡɜŮɢŮɘɩɜ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ 

Űɘɛɐ Űɞɡ Jn Űɧůɞ ɛŮɘɩɜŮŰŬɘ ɖ Űɘɛɐ Űɞɡ Q ŭɖɚŬŭɐ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ əŬɗɩɠ Űɞ ŬɡŰɐ 

ɔɑɜŮŰŬɘ ˊɘɞ əŮɟɛŬŰɘůɛɏɜɖ.  
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ɄɑɜŬəŬɠ 8: ɇɘɛɏɠ Űɞɡ ŭŮɑəŰɖ ˊɞɘɧŰɖŰŬɠ ɓɟŬɢɧɛŬɕŬɠ RQD. (Grimstad, 2014) 

 

ɄɑɜŬəŬɠ 9: ɇɘɛɏɠ ɔɘŬ Űɖɜ ˊŬɟɎɛŮŰɟɞ Jn ́ ɞɡ ŬűɞɟɎ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɡůŰɖɛɎŰɤɜ Űɤɜ ŬůɡɜŮɢŮɘɩɜ 

ůŰɖɜ ɓɟŬɢɧɛŬɕŬ (Grimstad, 2014) 

 

     ȼ ŰɟɑŰɖ əŬɘ ɖ ŰɏŰŬɟŰɖ  ˊŬɟɎɛŮŰɟɞɠ (Jr əŬɘ Ja) ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ əŬŰɎůŰŬůɖ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɞɡ əɨɟɘɞɡ ůɡůŰɐɛŬŰɞɠ ŬůɡɜŮɢŮɘɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ ɖ 

ˊŬɟɎɛŮŰɟɞɠ Jr ŮɝŮŰɎɕŮɘ Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ əŬɘ ɧůɞ ˊɘɞ ŰɟŬɢŮɑŮɠ ŮɑɜŬɘ ɞɘ 

ŮˊɘűɎɜŮɘŮɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ Űɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ Űɘɛɐ Űɖɠ, ɎɟŬ əŬɘ ɖ Űɘɛɐ Űɞɡ Q, ŭɖɚŬŭɐ 

ŬɡɝɎɜŮŰŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ. ȼ ́ŬɟɎɛŮŰɟɞɠ Ja ŮɝŮŰɎɕŮɘ Űɞɜ ɓŬɗɛɧ ŬˊɞůɎɗɟɤůɖɠ 

Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɤɜ ŬůɡɜŮɢŮɘɩɜ. ɆŰɖɜ Űɘɛɐ Űɞɡ Ja ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ Űɞ Űɡɢɧɜ ɡɚɘəɧ 

ˊɚɐɟɤůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢŮɘ ůŰɘɠ ŬůɡɜɏɢŮɘŮɠ, Ŭűɞɨ Űɞ ˊɎɢɞɠ Űɞɡ ɛŬɕɑ ɛŮ Űɖɜ ŰɟŬɢɨŰɖŰŬ 

Űɖɠ ŬůɡɜɏɢŮɘŬɠ əŬɗɞɟɑɕɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮˊɑŰŮɡɝɖɠ ŮˊŬűɐɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ ˊɟɘɜ Ŭˊɧ 

ɞɚɑůɗɖůɖ 10 cm. 
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ɄɑɜŬəŬɠ 10: ɇɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ Jr ́ ɞɡ ŬűɞɟɎ Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɤɜ ŬůɡɜŮɢŮɘɩɜ (Grimstad, 2014) 

 

     ȼ ˊɏɛˊŰɖ ˊŬɟɎɛŮŰɟɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ Q, ɖ ˊŬɟɎɛŮŰɟɞɠ Jw ŮɝŮŰɎɕŮɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ 

ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ ůŰɞ ŬɜŬˊŰɡůůɧɛŮɜɞ ŰŬůɘəɧ ˊŮŭɑɞ ɔɨɟɤ Ŭˊɧ Űɖɜ ŮəůəŬűɐ. ȸŬɗɛɞɜɞɛŮɑŰŬɘ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɞůɧŰɖŰŬ Ůɘůɟɞɐɠ ɜŮɟɞɨ ůŰɖɜ ŮəůəŬűɐ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɔɘŬŰɑ Űɞ ɜŮɟɧ ˊɞɡ 

ŮɘůɟɏŮɘ ůŰɖɜ ŮəůəŬűɐ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɏəˊɚɡůɖ Űɞɡ ɡɚɘəɞɨ ˊɚɐɟɤůɖɠ Űɤɜ 

ŭɘŬəɚɎůŮɤɜ ɐ ɜŬ ŬɡɝɐůŮɘ Űɖɜ ˊɑŮůɖ Űɞɡ ɜŮɟɞɨ ůŰɘɠ ŭɘŬəɚɎůŮɘɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɤɗŮɑ ɖ 

ɞɟɗɐ ŰɎůɖ əŬɘ ɜŬ ŭɘŮɡəɞɚɡɜɗŮɑ ɖ ɞɚɑůɗɖůɖ. 

     ȼ ɏəŰɖ əŬɘ ŰŮɚŮɡŰŬɑŬ ́ ŬɟɎɛŮŰɟɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ Q, ɖ ˊŬɟɎɛŮŰɟɞɠ SRF ŮɝŮŰɎɕŮɘ Űɖɜ 

əŬŰɎůŰŬůɖ Ŭˊɧ ˊɚŮɡɟɎɠ ŰɎůŮɤɜ ˊɞɡ ŮˊɘəɟŬŰŮɑ ɔɨɟɤ Ŭˊɧ Űɖɜ ŮəůəŬűɐ, əŬɗɩɠ ŮəűɟɎɕŮɘ Űɖɜ 

ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ əŬɘ Űɖɠ ŮɜŰŬŰɘəɐɠ əŬŰɎůŰŬůɖɠ ˊɞɡ ŮˊɘəɟŬŰŮɑ. 
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ɄɑɜŬəŬɠ 11: ɇɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ Ja ́ ɞɡ ŬűɞɟɎ Űɖɜ ŮɝŬɚɚɞɑɤůɖ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɤɜ ŬůɡɜŮɢŮɘɩɜ 

(Grimstad, 2014) 

 

ɄɑɜŬəŬɠ 12: ɇɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ Jw ́ ɞɡ ŬűɞɟɎ Űɖɜ əŬŰɎůŰŬůɖ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ (Grimstad, 

2014) 
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ɄɑɜŬəŬɠ 13: ɇɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ SRF ́ɞɡ ŬűɞɟɎ Űɞ ŰŬůɘəɧ ˊŮŭɑɞ (Grimstad, 2014) 

 

ɄɑɜŬəŬɠ 14: ȹɘŬɢɤɟɘůɛɧɠ Űɤɜ əŬŰɖɔɞɟɘɩɜ ˊɞɘɧŰɖŰŬɠ ɓɟŬɢɧɛŬɕŬɠ ɛŮ ɓɎůɖ Űɖɜ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ Q. 

(Grimstad, 2014) 
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     ɆɨɛűɤɜŬ ɛŮ Űɖɜ Űɘɛɐ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ Q ɖ ɓɟŬɢɧɛŬɕŬ ŮɜŰɎůůŮŰŬɘ ůŮ ɛɘŬ əŬŰɖɔɞɟɑŬ 

ˊɞɘɧŰɖŰŬɠ. Ƀ Barton ɛɏůɤ ŭɘŬɔɟŬɛɛɎŰɤɜ ůɡɜŭɏŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɛŮ Űɖɜ 

ˊɑŮůɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɖɜ ɞɟɞűɐ Űɖɠ ŮəůəŬűɐɠ. Ⱥˊɑůɖɠ ɓɎůɖ Űɖɠ Űɘɛɐɠ Űɞɡ Q ́ ɟɞŰŮɑɜɞɜŰŬɘ 

ɛɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɛɏůɤ ˊɘɜɎəɤɜ ŬɚɚɎ əŬɘ ŭɘŬɔɟŬɛɛɎŰɤɜ ɧˊɤɠ ŬɡŰɧ ůŰɖɜ 

ȺɘəɧɜŬ 1.32. Ⱥŭɩ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ, Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŮəůəŬűɐɠ 

ŬɚɚɎ əŬɘ Űɞ Ůɑŭɞɠ Űɞɡ ɏɟɔɞɡ ɛɏůɤ Ůɜɧɠ ŭŮɑəŰɖ ESR. Ƀ ESR ɞɜɞɛɎɕŮŰŬɘ ɚɧɔɞɠ ɡˊɞůŰɐɟɘɝɖɠ 

Űɖɠ ŮəůəŬűɐɠ əŬɘ ɞɘ Űɘɛɏɠ Űɞɡ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ Ůɑŭɞɠ Űɞɡ ɏɟɔɞɡ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ 

ŬůűŬɚŮɑŬɠ ŬɡŰɞɨ. ȰŰůɘ ɛɏůɤ Űɞɡ ESR ŬɡɝɎɜŮŰŬɘ ɐ ɛŮɘɩɜŮŰŬɘ ˊɚŬůɛŬŰɘəɎ Űɞ ˊɟŬɔɛŬŰɘəɧ 

ɛɏɔŮɗɞɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɛŮ ůəɞˊɧ Űɞɜ ˊɘɞ ůɡɜŰɖɟɖŰɘəɧ ɐ Űɞɜ ɚɘɔɧŰŮɟɞ ůɡɜŰɖɟɖŰɘəɧ ŬɜŰɑůŰɞɘɢŬ 

ůɢŮŭɘŬůɛɧ Űɤɜ ɛɏŰɟɤɜ ɡˊɞůŰɐɟɘɝɖɠ. 

 

ȺɘəɧɜŬ 1.31: ȹɘɎɔɟŬɛɛŬ ŬɜŰɘůŰɞɑɢɘůɖɠ Űɖɜ ˊɞɘɧŰɖŰŬɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɛŮ Űɖɜ ˊɑŮůɖ ˊɞɡ ŬůəŮɑŰŬɘ 

ůŰɖɜ ɞɟɞűɐ Űɖɠ ůɐɟŬɔɔŬɠ (Grimstad, 2014) 

ɄɑɜŬəŬɠ 15: Ⱥˊɘɚɞɔɐ Űɖɠ Űɘɛɐɠ Űɞɡ ŭŮɑəŰɖ ESR ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɞɡ ɏɟɔɞɡ (Grimstad, 2014) 
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ȺɘəɧɜŬ 1.32: ȹɘɎɔɟŬɛɛŬ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ɛɏŰɟɤɜ ɡˊɞůŰɐɟɘɝɖɠ ɛŮ ɓɎůɖ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Q (Grimstad, 

2014) 

1.4.1.3 ũŮɤɚɞɔɘəɧɠ ȹŮɑəŰɖɠ GSI 

     Ƀ ɔŮɤɚɞɔɘəɧɠ ŭŮɑəŰɖɠ ŬɜŰɞɢɐɠ (Geological Strength Index ï GSI) ́ɟɞŰɞŮɘůɐɢɗɖ Ŭˊɧ Űɞɡɠ 

Hoek, Wood əŬɘ Shah to 1992 əŬɘ ŮˊŮəŰɎɗɖəŮ ˊŮɟŮŰŬɑɟɤ ɔɘŬ Űɘɠ ŬůɗŮɜŮɑɠ ɓɟŬɢɧɛŬɕŮɠ Ŭˊɧ 

Űɞɡɠ Marinos əŬɘ Hoek Űɞ 2000. ɇɞ GSI ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɛˊŮɘɟɘəɧ ůɨůŰɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ ɔɘŬ 

Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬˊɞɛŮɑɤůɖɠ Űɖɠ ŬɜŰɞɢɐɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɎɟɟɖəŰɞ ɓɟɎɢɞ. 

ȼ Űɘɛɐ Űɞɡ GSI ŮɝɎɔŮŰŬɘ Ŭˊɧ ˊŬɟŬŰɖɟɐůŮɘɠ Űɖɠ ɡˊɧ ŮɝɏŰŬůɖ ɓɟŬɢɧɛŬɕŬɠ ůŰɞ ɨˊŬɘɗɟɞ. ũɘŬ 

Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ Űɘɛɐɠ Űɞɡ GSI ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ ŭɨɞ ˊŬɟɎɛŮŰɟɞɘ: 

1. ȼ ŭɞɛɐ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ 

2. ȼ ˊɞɘɧŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ŬůɡɜŮɢŮɘɩɜ 

Ƀ ˊɑɜŬəŬɠ ŮɝŬɔɤɔɐɠ Űɖɠ Űɘɛɐɠ Űɞɡ GSIŭɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.33. ũɘŬ Űɖɜ ŭɞɛɐ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ ɡˊɎɟɢɞɡɜ ɏɝɘ Ůˊɘɚɞɔɏɠ ɛŮ Űɞ ŬɚɚɖɚɞəɚŮɑŭɤɛŬ Űɤɜ ŰŮɛŬɢɩɜ ɜŬ ɛŮɘɩɜŮŰŬɘ Ŭˊɧ 

ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ ůŰɞɜ ˊɑɜŬəŬ Űɞɡ GSI, Ůɜɩ ɔɘŬ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ 

ŬůɡɜŮɢŮɘɩɜ ɡˊɎɟɢɞɡɜ ˊɏɜŰŮ Ůˊɘɚɞɔɏɠ ɛŮ Űɖɜ əŬŰɎůŰŬůɖ Űɤɜ ŬůɡɜŮɢŮɘɩɜ ɜŬ ɛŮɘɩɜŮŰŬɘ Ŭˊɧ 

ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ ŭŮɝɘɎ. Ƀɘ Ůˊɘɚɞɔɏɠ ůŰɞɜ ˊɑɜŬəŬ Űɞɡ GSI ŭŮɜ ŮɑɜŬɘ ŬɡůŰɖɟɏɠ əŬɘ ɡˊɎɟɢŮɘ ɖ 
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ŭɡɜŬŰɧŰɖŰŬ Ůˊɘɚɞɔɐɠ ŭɨɞ Ůˊɘɚɞɔɩɜ Ŭˊɧ əɎɗŮ ˊŬɟɎɛŮŰɟɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɡˊɧ ŮɝɏŰŬůɖ 

ɓɟŬɢɧɛŬɕŬ ŮɛˊɑˊŰŮɘ ůŮ ŭɨɞ ŭɘˊɚŬɜɏɠ əŬŰɖɔɞɟɑŮɠ ŭɞɛɐɠ ɐ ˊɞɘɧŰɖŰŬɠ ŬůɡɜŮɢŮɘɩɜ. 

 

ȺɘəɧɜŬ 1.33: ɄɑɜŬəŬɠ ŮɝŬɔɤɔɐɠ Űɖɠ Űɘɛɐɠ Űɞɡ GSI (ɀŬɟɑɜɞɠ ȸ., 2004) 

1.4.2 ɄŬɟɎɛŮŰɟɞɘ ŬɜŰɞɢɐɠ əŬɘ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰŬɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ 

     Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɜŰɞɢɐɠ əŬɘ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰŬɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ 

ŭŮɜ ŮɑɜŬɘ Ůɨəɞɚɞɠ əŬɗɩɠ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ɎɟɟɖəŰɞ ˊɏŰɟɤɛŬ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ 

ŭɘŬɛɞɟűɤɗɞɨɜ ŭɞəɑɛɘŬ ɛŮ ůəɞˊɧ ɜŬ ɔɑɜɞɡɜ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ, ŬɚɚɎ ˊŬɟŬɛɧɜɞ 

ŮˊɘŰɧˊɞɡ ŭɞəɘɛɏɠ ɞɘ ɞˊɞɑŮɠ ɧɛɤɠ ŮɑɜŬɘ ŭɨůəɞɚŮɠ, ɢɟɞɜɞɓɧɟŮɠ əŬɘ Ŭəɟɘɓɏɠ ŭɞəɘɛɏɠ. ũɘŬ ŬɡŰɧ 

ɖ ŮəŰɑɛɖůɖ Űɤɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɛɏůɤ Űɤɜ əɟɘŰɖɟɑɤɜ ŬůŰɞɢɑŬɠ, 
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ůŰɖɟɑɕŮŰŬɘ əɡɟɑɤɠ ůŰŬ ůɡůŰɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ, ȰɜŬ Ŭˊɧ ŰŬ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜŬ əɟɘŰɐɟɘŬ 

ŬůŰɞɢɑŬɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɘɠ ɔŮɤŰŮɢɜɘəɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ ŮɑɜŬɘ Űɞ əɟɘŰɐɟɘɞ Hoek and Brown 

Űɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ GSI ůŰɞ ɔŮɜɘəŮɡɛɏɜɞ əɟɘŰɐɟɘɞ Hoek and Brown, ˊɞɡ ŬűɞɟɎ ɧɢɘ 

ˊɚɏɞɜ Űɞ ɎɟɟɖəŰɞ ˊɏŰɟɤɛŬ ŬɚɚɎ Űɖɜ ɓɟŬɢɧɛŬɕŬ. 

 

ȺɘəɧɜŬ 1.34: ȹɘɎɔɟŬɛɛŬ ˊɞɡ ŭŮɑɢɜŮɘ Űɖɜ ɛŮŰɎɓŬůɖ Ŭˊɧ Űɞ ɎɟɟɖəŰɞ ˊɏŰɟɤɛŬ ůŰɖɜ ɓɟŬɢɧɛŬɕŬ ɛŮ Űɖɜ 

Ŭɨɝɖůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ (E. Hoek, 1993) 

1.4.2.1 ɄŬɟɎɛŮŰɟɞɘ ŬɜŰɞɢɐɠ ɓɟŬɢɧɛŬɕŬɠ 

     ȼ ɛɏɔɘůŰɖ ɛɞɜɞŬɝɞɜɘəɐ ŬɜŰɞɢɐ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ŮɑɜŬɘ ɑůɖ ɛŮ ŬɡŰɐ Űɞɡ ɎɟɟɖəŰɞɡ 

ˊŮŰɟɩɛŬŰɞɠ (ůci). ȳɛɤɠ ɚɧɔɤ Űɞɡ ɧŰɘ ɖ ɓɟŬɢɧɛŬɕŬ ŮɑɜŬɘ Űɞ ɎɟɟɖəŰɞ ˊɏŰɟɤɛŬ ɛŬɕɑ ɛŮ 

ŬůɡɜɏɢŮɘŮɠ, ɖ ŬɜŰɞɢɐ Űɞɡ ɎɟɟɖəŰɞɡ ŬˊɞɛŮɘɩɜŮŰŬɘ əŬɘ űŰɎɜŮɘ Űɖɜ Űɘɛɐ Űɖɠ ŬɜŰɞɢɐɠ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ (ům). ȼ ŬˊɞɛŮɑɤůɖ ŬɡŰɐ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ ůŮ əɎɗŮ ɔŮɤɡɚɘəɧ əŬɘ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɞɜ ɓŬɗɛɧ ŭɘŬŰŬɟŬɢɐɠ əŬɘ əŮɟɛŬŰɘůɛɞɨ Űɞɡ ɎɟɟɖəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ, Ŭˊɧ Űɞɜ ɓŬɗɛɧ 

ŬˊɞůɎɗɟɤůɐɠ Űɞɡ əŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ Ɏɚɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ.  

     Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŬɜŰɞɢɐɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛɏůɤ Űɞɡ ɔŮɜɘəŮɡɛɏɜɞɡ əɟɘŰɖɟɑɞɡ 

Hoek-Brown ́ ɞɡ ŭɘŬŰɡˊɩɗɖəŮ Űɞ 2002. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɧ ɖ ɛɏɔɘůŰɖ (ů1) əŬɘ ɖ ŮɚɎɢɘůŰɖ 

əɨɟɘŬ ŰɎůɖ (ů3) ůɡɜŭɏɞɜŰŬɘ ɛɏůɤ Űɖɠ Ůɝɑůɤůɖɠ (1.2) (Evert Hoek, 2002): 

                                  ů1 = ů3 + ůci Ͻ ( mb Ͻ  + s ) a                                (1.2) 

ɞˊɞɡ ůci ŮɑɜŬɘ ɖ ŬɜŰɞɢɐ Űɞɡ ɎɟɟɖəŰɞɡ ɓɟɎɢɞɡ ɧˊɤɠ ŬɡŰɐ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŮɟɔŬůŰɖɟɘŬəɏɠ 

ŭɞəɘɛɏɠ ůŮ ŭɞəɑɛɘŬ ŬɟɟɐəŰɞɡ ˊŮŰɟɩɛŬŰɞɠ, mb ,s əŬɘ a ŮɑɜŬɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ 
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Űɖɜ ɓɟŬɢɧɛŬɕŬ əŬɘ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ GSI əŬɘ ɏɜŬɜ ůɡɜŰŮɚŮůŰɐ ŭɘŬŰŬɟŬɢɐɠ D. Ƀɘ 

ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɞɑ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ŮɝɘůɩůŮɘɠ (Evert Hoek, 2002): 

                                                  mb = mi Ā exp(
 Ͻ 
                                           (1.3) 

                                                      s = exp(
  Ͻ 

                                                   (1.4) 

                                                  a =  + 
 
 Ͻ (Ὡ  Ὡ                                            (1.5) 

ȼ ˊŬɟɎɛŮŰɟɞɠ mi ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɞɟɡəŰɞɚɞɔɘəɐ ůɨůŰŬůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ əŬɘ ŭɑɜŮŰŬɘ 

Ŭˊɧ Űɞɜ ˊɑɜŬəŬ Űɖɠ ȺɘəɧɜŬɠ 1.36. 

 

ȺɘəɧɜŬ 1.35: ɇɘɛɏɠ Űɞɡ mi ŬɜɎ ɚɘɗɞɚɞɔɘəɧ Űɨˊɞ ˊŮŰɟɩɛŬŰɞɠ (Evert Hoek, 2002) 



ΠΜ 
 

     Ƀ ůɡɜŰŮɚŮůŰɐɠ ŭɘŬŰŬɟŬɢɐɠ D (disturbance factor) ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ɓŬɗɛɧ ŭɘŬŰŬɟŬɢɐɠ 

Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ůŰɞ ŮəɎůŰɞŰŮ ɏɟɔɞ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ ŭɘɎɜɞɘɝɖɠ əŬɘ ɖ Űɘɛɐ Űɞɡ 

ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ Űɖɠ ȺɘəɧɜŬɠ 1.37. ȿŬɛɓɎɜŮɘ Űɘɛɏɠ Ŭˊɧ 0 ɏɤɠ 1. ȺɑɜŬɘ ɑůɞɠ ɛŮ 0 

ɧŰŬɜ ɖ ŮəůəŬűɐ ŭŮɜ ˊɟɞəŬɚŮɑ əŬɛɑŬ ŭɘŬŰŬɟŬɢɐ ůŰɖɜ ˊŮɟɘɓɎɚɚɞɡůŬ ɓɟŬɢɧɛŬɕŬ, ɧˊɤɠ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŭɘɎɜɞɘɝɖɠ ɛŮ ɇBM, Ůɜɩ ŮɑɜŬɘ ɑůɞɠ ɛŮ 1 ɧŰŬɜ ɖ ŭɘŬŰŬɟŬɢɐ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɖ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ əŬəɐɠ ŬɜŬŰɑɜŬɝɖɠ ůŮ 

ɡˊɧɔŮɘɞ ɛɏŰɤˊɞ. 

 
ȺɘəɧɜŬ 1.36: Ⱥˊɘɚɞɔɏɠ Űɖɠ Űɘɛɐɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŭɘŬŰŬɟŬɢɐɠ D (Evert Hoek, 2002) 














































































































































































































































































































































































































































































































































