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ɄɅɃȿɃũɃɆ  

Ɇəɞˊɧɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ əɡɟɑɤɠ ɖ ŬˊŮɘəɧɜɘůɖ əŬɘ Űɞ ɓɎɗɞɠ 

ŬɜɎˊŰɡɝɖɠ Űɤɜ Ŭɛɛɞɗɘɜɩɜ, ɖ ŬˊŮɘəɧɜɘůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ əŬɘ ɖ ɛŮɚɏŰɖ 

Űɞɡ ɟɘɕɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɤɜ əɏŭɟɤɜ Űɖɠ ˊŬɟŬɚɑŬɠ Űɞɡ əŮŭɟɧŭŬůɞɡɠ ŭɘˊɚɎ ůŰɞ 

ŮɚŬűɞɜɐůɘ ɉŬɜɑɤɜ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ ŮɡɟɤˊŬɥəɞɨ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɞɡ ŬűɞɟɎ Űɖɜ Ůˊɘɓɑɤůɖ ˊŮɟɘɞɢɩɜ ůŰɖɜ Ⱥɡɟɩˊɖ ɛŮ ˊɚɞɨůɘɞ űɡůɘəɧ 

ˊɚɞɨŰɞ.  

ȼ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ɏɔɘɜŮ ɛŮ Űɘɠ ɔŮɤűɡůɘəɏɠ ɛŮɗɧŭɞɡɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ əŬɘ 

Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ. 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ əɎˊɞɘɞɡɠ Ŭɜɗɟɩˊɞɡɠ ɞɘ ɞˊɞɑɞɘ ÕŮ ůŰɐɟɘɝŬɜ əŬɘ ÕŮ 

ɓɞɐɗɖůŬɜ ůŰɖɜ ˊŮɟɎŰɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ. 

ȷɟɢɘəɎ, ɞűŮɑɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ə. ȷɜŰɩɜɘɞ ȸŬűŮɑŭɖ, əŬɗɖɔɖŰɐ əŬɘ 

ˊɟɧŮŭɟɞ Űɞɡ ŰɛɐɛŬŰɞɠ ɀɖɢŬɜɘəɩɜ ɃɟɡəŰɩɜ Ʉɧɟɤɜ Űɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ ȾɟɐŰɖɠ ɔɘŬ 

Űɖɜ ŬɜɎɗŮůɖ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ Űɖ ůɡɜŮɢɐ ŮˊɘůŰɖɛɞɜɘəɐ ɡˊɞůŰɐɟɘɝɖ əŬɗô ɧɚɖ Űɖ 

ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɐɠ Űɖɠ. 

Ⱥˊɑůɖɠ ˊɟɏˊŮɘ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ ɡˊŮɨɗɡɜɞɡɠ Ŭˊɧ Űɞ ɀ.ȷ.Ƚ.ɉ. ɔɘŬ Űɖ 

ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ Űɞɡɠ ɛɏůɤ Űɤɜ ůŰɞɘɢŮɑɤɜ ŭɘəɐɠ Űɞɡɠ ɏɟŮɡɜŬɠ  ˊɞɡ ŭɞɗɐəŬɜ ɔɘŬ Űɖɜ 

ˊŮɟɎŰɤůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ.  

ɆŰɖɜ ůɡɜŮɢŮɑŬ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ ə. ȼamdam ȼamdam əŬɘ ə. 

Ɂɑəɞ Ƀɘəɞɜɧɛɞɡ ɡˊɞɣɐűɘɞɡɠ ŭɘŭɎəŰɞɟŮɠ Űɞɡ ŰɛɐɛŬŰɞɠ ɀɖɢŬɜɘəɩɜ ɃɟɡəŰɩɜ Ʉɧɟɤɜ 

Űɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ ȾɟɐŰɖɠ. 

ɇɏɚɞɠ ŮɡɢŬɟɘůŰɩ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ ɔɘŬ Űɖɜ ɖɗɘəɐ ɡˊɞůŰɐɟɘɝɖ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 
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ɄȺɅȽȿȼɊȼ 

ȼ Ůɜ ɚɧɔɤ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮůŰɘɎɕŮɘ ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ůŰɘɠ ŭɡɞ 

ɛŮɗɧŭɞɡɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ əŬɘ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ ɏɔɘɜŬɜ ůŰɖɜ 

ˊŬɟŬɚɑŬ Űɞɡ əŮŭɟɧŭŬůɞɡɠ. Ƀ ůəɞˊɧɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ŬˊŮɘəɧɜɘůɖ 

Űɤɜ Ŭɛɛɞɗɘɜɩɜ, ɖ ɛŮɚɏŰɖ Űɞɡ ɟɘɕɘəɞɨ ůɡůŰɐɛŬŰɞɠ əŬɘ ɖ ˊŬɟŬŰɐɟɖůɖ Űɤɜ 

ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ɔɨɟɤ əŬɘ  əɎŰɤ Ŭˊɧ ŬɡŰɏɠ.  ɇŬ ŭŮŭɞɛɏɜŬ ůɡɚɚɏɢɗɖəŬɜ Űɞɜ 

ȷˊɟɑɚɘɞ Űɞɡ 2009 əŬɘ Űɞɜ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2010. 

ȾŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ɚɞɔɘůɛɘəɎ 

ˊŬəɏŰŬ Űɞɡ MATLAB  6.5 əŬɘ Űɞɡ RES2DINV. ɇɞ MATLAB  6.5 ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɔŮɤɟŬɜŰɎɟ ɩůŰŮ ɜŬ ŬɜŬəŰɖɗŮɑ ŬɟɢɘəɎ Űɞ əɡɛɎŰɘŭɘɞ ŬɜŬűɞɟɎɠ 

(wavelet) əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ Ŭˊɞůɡɜɏɚɘɝɖ (deconvolution) Űɤɜ 

ɛŮŰɟɐůŮɤɜ Ŭˊɧ Űɞ əŮŭɟɧŭŬůɞɠ. ȷɜŰɑůŰɞɘɢŬ Űɞ RES2DINV ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ. ȺɘŭɘəɧŰŮɟŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɛɏɗɞŭɞɘ ŬɜŰɘůŰɟɞűɐɠ, əŬɜɞɜɘəɞˊɞɑɖůɖ ɛŮ 

ˊŮɟɘɞɟɘůɛɞɨɠ ŮɝɞɛɎɚɡɜůɖɠ, ůɡɜŭɡŬůɛɏɜɖ ŬɜŰɘůŰɟɞűɐ əŬɘ ŬɜŰɘůŰɟɞűɐ ɛŮ Űɖɜ ɜɧɟɛŬ 

L1 ɛŮ ůəɞˊɧ Űɖɜ ůɨɔəɟɘůɖ Űɞɡɠ əŬɘ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ɔŮɤɖɚŮəŰɟɘəɐɠ 

ŰɞˊɞɔɟŬűɘəɐɠ Űɞɛɐɠ.  

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɏɔɘɜŮ ɖ ɡˊɏɟɗŮůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɩůŰŮ 

ɜŬ ɓɔɞɡɜ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ɗŬ ɓɞɖɗɐůɞɡɜ ůŰɖɜ ɏɟŮɡɜŬ əŬɘ ɗŬ ŭɩůɞɡɜ 

ɢɟɐůɘɛŬ ůŰɞɘɢŮɑŬ ůŰɞ ɀ.ȷ.Ƚ.ɉ. ɔɘŬ Űɞ əŬŰɎ ˊɞůɧ ŮɑɜŬɘ Ůɡɜɞɥəɏɠ ɞɘ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ 

ɓɚɎůŰɖůɖ Űɤɜ əɏŭɟɤɜ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ˊŮɟŬɘŰɏɟɤ Ůˊɘɓɑɤůɖ Űɞɡɠ. 
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1 ȾȺūȷȿȷȽɃ  

ȺȽɆȷũɋũȼ 

1.1 ȺɘůŬɔɤɔɐ 

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮűŬɟɛɧůŰɖəŬɜ ŭɡɞ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛɏɗɞŭɞɘ  ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ ŬɚɚɎ əŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɞɡ ɛŮůɞɨ ˊɎɢɞɡɠ Űɤɜ Ŭɛɛɞɗɘɜɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ ȺɚŬűɞɜɖůɑɞɡ, Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ 

ɟɘɕɘəɞɨ ůɡůŰɐɛŬŰɞɠ, əŬɘ Űɖɜ ŬˊŮɘəɧɜɘůɖ, Ŭɜ ŮɑɜŬɘ ŬɡŰɐ ŮűɘəŰɐ, Űɞɡ ɡŭɟɞűɧɟɞɡ 

ɞɟɑɕɞɜŰŬ. 

ɄɟɧůűŬŰŮɠ ŬɜŬűɞɟɏɠ ɏŭŮɘɝŬɜ ɧŰɘ ɞ ůɡɜŭɡŬůɛɧɠ ɔŮɤűɡůɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ ɔŮɤɖɚŮəŰɟɘəɐ ŭɞɛɐ Űɞɡ ŮŭɎűɞɡɠ əŬɘ 

Űɖɜ Ŭəɟɘɓɐ ɗɏůɖ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ. ȷəɧɛɖ ɗŬ ˊŬɟŬŰŮɗɞɨɜ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ˊŬɚŬɘɞŰɏɟɤɜ ŮɟŮɡɜɩɜ ˊɞɡ ŮůŰɘɎɕɞɡɜ Ŭ) ůŰɖɜ ŬɝɘɞˊɘůŰɑŬ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ 

ůŰɖɜ ŬˊŮɘəɧɜɘůɖ ɡŭɟɞűɧɟɤɜ ůɢɖɛŬŰɘůɛɩɜ əŬɘ ɓ) ůŰɞ ˊɧůɞ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ 

Ŭˊɞůɡɜɏɚɘɝɖ ŭŮŭɞɛɏɜɤɜ ɔŮɤɟŬɜŰɎɟ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ əŬɘ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. 

Ƀ Anicet Beauvais (2003) ɢɟɖůɘɛɞˊɞɑɖůŮ ůɡɜŭɡŬůɛɧ Űɤɜ ŭɡɞ ůɡɔəŮəɟɘɛɏɜɤɜ 

ɛŮɗɧŭɤɜ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ. Ʉɘɞ ŬɜŬɚɡŰɘəɎ ɖ ɛɏɗɞŭɞɠ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ ŮɑɜŬɘ ɢɟɐůɘɛɖ ůŰɖɜ ɏɟŮɡɜŬ ɡˊɧɔŮɘɤɜ ɜŮɟɩɜ əŬɘ ˊŮɟɘɞɢɩɜ ɛŮ 

ŬɟəŮŰɎ ˊɞɚɨˊɚɞəɖ ɔŮɤɚɞɔɑŬ (Griffiths and Barker, 1993 əŬɘ Dahlin and Owen, 

1998). ȼ ɛɏɗɞŭɞɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŮˊɘŰɡɢɖɛɏɜŬ ůŮ 

ɡŭɟɞɔŮɤɚɞɔɘəɏɠ ɏɟŮɡɜŮɠ əŬɘ ůŮ ɢŬɟŰɞɔɟɎűɖůɖ ɡˊŮŭɎűŮɘɤɜ ɓɟŬɢɤŭɩɜ ůɢɖɛŬŰɘůɛɩɜ 

(Van overmeeren, 1994; Doolittle and Collins, 1998; Aranhaet al., 2002). ȼ 

ɖɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɞ ɓɎɗɞɠ ŭɘŬůəɞˊɖůɖɠ ŬɚɚɎ ɏɢŮɘ ɛɘəɟɧŰŮɟɖ 

ŮɡəɟɑɜŮɘŬ Ŭˊɧ Űɞ ɔŮɤɟŬɜŰɎɟ. ȼ ɛɏɗɞŭɞɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ ŮɑɜŬɘ ŬɟəŮŰɎ ŬɝɘɧˊɘůŰɖ ɧůɞ 

əŬɘ ɞɘəɞɜɞɛɘəɎ ůɡɛűɏɟɞɡůŬ ɔɘŬ Űɖɜ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ɢŬɟŰɞɔɟɎűɖůɖ ɡˊŮŭɎűŮɘɤɜ 

ůɢɖɛŬŰɘůɛɩɜ ŬɚɚɎ ůŮ ůɢɖɛŬŰɘůɛɞɨɠ ɛŮ ɡɣɖɚɐ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ɧˊɤɠ 

Ŭɟɔɘɚɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ, Űɞ ȼ/ɀ ůɐɛŬ ŬˊɞůɓɏɜŮɘ ɛŮ ˊɞɚɨ ɔɟɐɔɞɟɞ ɟɡɗɛɧ əŬɘ 

ŭɡůəɞɚŮɨŮɘ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɞɡɠ. Ⱥˊɑůɖɠ əŬɘ ɞɘ ŭɡɞ ɛɏɗɞŭɞɘ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɞɜ 

ŰɡɢŬɘɧ ɗɧɟɡɓɞ. ɋůŰɧůɞ ɞ ůɡɜŭɡŬůɛɧɠ Űɤɜ ŭɡɞ ɛŮɗɧŭɤɜ ŮɑɜŬɘ ɘəŬɜɧɠ ɜŬ ŭɩůŮɘ 
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ŬɜŬɚɡŰɘəɎ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ ɢŬɟŰɞɔɟɎűɖůɖ Űɖɠ ŮəɎůŰɞŰŮ 

ˊŮɟɘɞɢɐɠ.  

Ƀɘ Hamdan et al. (2002) ůŰɖɜ ŮɟɔŬůɑŬ Űɞɡɠ ÕŮ ŰɑŰɚɞ çɇɟɘůŭɘɎůŰŬŰɖ 

ɢŬɟŰɞɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ˊɘɗŬɜɩɜ ɡŭɟɞűɧɟɤɜ ůɢɖÕŬŰɘůÕɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ 

ȾɘůůɎÕɞɡ, Ɂ.ɉŬɜɑɤɜè ŬɜŬɕɐŰɖůŬɜ Űɞɡɠ ɡŭɟɞűɧɟɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ ÕŮ Űɖɜ ɢɟɐůɖ 

ɖɚŮəŰɟɘəɩɜ ɓɡɗɞůəɞˊɐůŮɤɜ əŬɘ ŭɖɛɘɞɨɟɔɖůŬɜ ɛɑŬ ŰɟɘůŭɘɎůŰŬŰɖ ˊɟɞůɞÕɞɑɤůɖ Űɖɠ 

ɔŮɤɚɞɔɘəɐɠ ŭɞɛɐɠ (ÕɞɜŰɏɚɞ) Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ əŬɘ ɘŭɘŬɑŰŮɟŬ ŬɡŰɩɜ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɡŭɟɞɔŮɤɚɞɔɘəɧ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ ȾɑůůŬÕɞɡ Űɞɡ ɜɞÕɞɨ 

ɉŬɜɑɤɜ. Ƀ ŮɜŰɞˊɘůÕɧɠ - ŭɘŬɢɤɟɘůÕɧɠ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ɏɔɘɜŮ ÕŮ 

ɔŮɤɖɚŮəŰɟɘəɐ ŭɘŬůəɧˊɖůɖ.  

ɇɏɚɞɠ ɞɘ Economou and Vafidis (2011a and b) ŬɜɏˊŰɡɝŬɜ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ 

Űɖɜ Ŭˊɞůɡɜɏɚɘɝɖ ŭŮŭɞɛɏɜɤɜ ɔŮɤɟŬɜŰɎɟ ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ S. Oɘ 

Űɞɛɏɠ ɔŮɤɟŬɜŰɎɟ ŬˊɞəŰɞɨɜ ɛŮɑɤůɖ Űɖɠ ɢɟɞɜɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮ Űɞ ɓɎɗɞɠ ɚɧɔɤ Űɞɡ ɧŰɘ 

ŰŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŬˊɧůɓŮůɖ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŮɛűŬɜɏůŰŮɟɖ 

ůŰɘɠ Ŭɟɛɞɜɘəɏɠ ɡɣɖɚɩɜ Ůˊɘˊɏŭɤɜ. Ƀɘ Economou and Vafidis (2010) ˊɟɧŰŮɘɜŬɜ 

ɛŮɗɞŭɞɚɞɔɑŬ Ůɝɘůɞɟɟɧˊɖůɖɠ űɎůɛŬŰɞɠ ɔɘŬ ɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ ɢɟɞɜɘəɐɠ ŬɜɎɚɡůɖɠ 

ŭŮŭɞɛɏɜɤɜ ɔŮɤɟŬɜŰɎɟ ɛŮ ůəɞˊɧ Űɖɜ ŮˊɘŰɡɢɖɛɏɜɖ ŮűŬɟɛɞɔɐ ɛŮɗɧŭɤɜ Ŭˊɞůɡɜɏɚɘɝɖɠ.  

1.2  ɆŰɧɢɞɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ  

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ ŬɝɘɞɚɞɔɞɨɜŰŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɔŮɤűɡůɘəɐɠ ɏɟŮɡɜŬɠ ˊɞɡ ɏɔɘɜŮ ůŰɖɜ ˊŬɟŬɚɑŬ əŮŭɟɧŭŬůɞɡɠ. ȼ ɏɟŮɡɜŬ 

ŬɡŰɐ ɏɔɘɜŮ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ Junicoast (Actions for the 

conservation of coastal dunes with juniperus SPP in Crete and the South Aegean). Ƀ 

ůŰɧɢɞɠ Űɖɠ ɐŰŬɜ ɖ ɢŬɟŰɞɔɟɎűɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ əɡɟɑɤɠ ɜŬ ŮɝŬɢɗɞɨɜ 

ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɞ ˊɎɢɞɠ Űɤɜ Ŭɛɛɞɗɘɜɩɜ.   

ȼ ɔŮɤűɡůɘəɐ ɛŮɚɏŰɖ ˊŮɟɘŮɚɎɛɓŬɜŮ ŭɘŬůəɧˊɖůɖ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ ɖɚŮəŰɟɘəɐɠ 

ŰɞɛɞɔɟŬűɑŬɠ əŬɘ ɔŮɤɟŬɜŰɎɟ. ɇɞ ɓɎɗɞɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɛɏɢɟɘ ŰŬ 5m əŬɘ ɖ 

ɢŬɟŰɞɔɟɎűɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ŬűɞɟɞɨůŮ Űɞɡɠ ŮˊɘűŬɜŮɘŬəɞɨɠ ɔŮɤɚɞɔɘəɞɨɠ 

ůɢɖɛŬŰɘůɛɞɨɠ Űɞ ˊɎɢɞɠ Űɤɜ Ŭɛɛɧɚɞűɤɜ əŬɗɩɠ əŬɘ Űɞ ɓɎɗɞɠ Űɞɡ ɡŭɟɞűɧɟɞɡ 

ɞɟɑɕɞɜŰŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ Ŭűɞɟɞɨɜ ůŰɞ ɛɏůɞ ˊɎɢɞɠ 

Űɤɜ Ŭɛɛɞɗɘɜɩɜ, ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɟɘɕɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɤɜ əɏŭɟɤɜ əŬɘ ůŰɖɜ 



1 ȾȺūȷȿȷȽɃ ȺȽɆȷũɋũȼ 

 

8 

 

ŬˊŮɘəɧɜɘůɖ Űɤɜ ɓɟŬɢɤŭɩɜ ůɢɖɛŬŰɘůɛɩɜ. ɇŬ ůɡɔəŮəɟɘɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ 

ˊŬɟŬŰŮɗɞɨɜ ůŰɞ 5
ɞ
 əŮűɎɚŬɘɞ ůŰɞ ɞˊɞɑɞ ˊŬɟŬŰɑɗŮŰŬɘ ɖ ɡˊɏɟɗŮůɖ ˊɞɡ ˊɟɧŮəɡɣŮ Ŭˊɧ 

Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ.  

1.3 ɆɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ əŮűŬɚŬɑɤɜ 

ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ɏɔɘɜŮ ɛɘŬ ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ Űɞɡ ůŰɧɢɞɡ Űɖɠ 

ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ ɗŬ ɔɑɜŮɘ ɛɘŬ ůɨɜŰɞɛɖ ŬɜŬűɞɟɎ Űɤɜ 

ɓŬůɘəɩɜ Ŭɟɢɩɜ ˊɞɡ ŭɘɏˊɞɡɜ Űɘɠ ŭɡɞ ɔŮɤűɡůɘəɏɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ  ɔɘŬ 

Űɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ.  

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ɗŬ ɔɑɜŮɘ ɛɘŬ ˊŮɟɘɔɟŬűɐ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ Űɤɜ ɔɟŬɛɛɩɜ 

ɛŮɚɏŰɖɠ. Ⱥˊɑůɖɠ ɗŬ ˊŬɟŬŰŮɗɞɨɜ ɔŮɤɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ ɐŰŬɜ ɔɜɤůŰɎ Ŭˊɧ 

ˊŬɚɘɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ˊɞɡ ŮɑɢŬɜ ɔɑɜŮɘ ůŰɖɜ ˊŮɟɘɞɢɐ əŬɗɩɠ əŬɘ ɔŮɤɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ 

ɚɐűɗɖəŬɜ Ŭˊɧ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɔŮɤɚɞɔɘəɞɨɠ ɢɎɟŰŮɠ. 

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ɗŬ ɔɑɜŮɘ ɖ ˊŬɟɞɡůɑŬůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Ŭˊɧ Űɘɠ ŭɡɞ ɔŮɤűɡůɘəɏɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ. 

ŪŬ ŮɝŬɢɗɞɨɜ ŰŬ ˊɟɩŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ŰŬ ɧˊɞɘŬ ɗŬ ɓŬůɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŰɖɜ ŬɜɎɚɡůɖ 

Űɤɜ Ůɘəɧɜɤɜ ɢɤɟɑɠ ɧɛɤɠ ɜŬ ɔɑɜŮɘ ɔŮɤɚɞɔɘəɐ ŮɟɛɖɜŮɑŬ ŬɡŰɩɜ. 

ɇɏɚɞɠ ůŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ ɗŬ ŬəɞɚɞɡɗɐůŮɘ ɖ ɡˊɏɟɗŮůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

Űɤɜ ŭɡɞ ɛŮɗɧŭɤɜ əŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɗŬ 

ˊŬɟŬŰŮɗŮɑ ŮɟɛɖɜŮɑŬ ɛŮ ɓɎůɖ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. 

ȾŬŰɎ ůɡɜɏˊŮɘŬ ůŰɞ Űɏɚɞɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɗŬ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŮɝŬɢɗɞɨɜ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ ŰŬ ɕɖŰɐɛŬŰŬ ˊɞɡ ŰɏɗɖəŬɜ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. 
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2 ȾȺūȷȿȷȽɃ  

ũȺɋūɈɆȽȾȺɆ ɀȺŪɃȹɃȽ 

2.1 ȺɘůŬɔɤɔɐ  

ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɗŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ 

ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ɞɞ́ɑŮɠ ɐŰŬɜ ɖ ɛɏɗɞŭɞɠ Űɞɡ 

ɔŮɤɟŬɜŰɎɟ əŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ.  

 

2.2  ɀɏɗɞŭɞɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ 

ȼ ɛɏɗɞŭɞɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ ŮɑɜŬɘ ɖ ɜŮɧŰŮɟɖ ůŰɞ ŰɞɛɏŬ Űɖɠ ɔŮɤűɡůɘəɐɠ 

ŭɘŬůəɧˊɖůɖɠ. ȼ ůɡɢɜɐ Űɖɠ ŮűŬɟɛɞɔɐ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɏɟŮɡɜŬɠ 

ɏɢŮɘ ŭɩůŮɘ Űɖɜ əŬŰɎɚɚɖɚɖ ŮɛˊŮɘɟɑŬ əŬɘ ŰŮɢɜɞɔɜɤůɑŬ ůŰɞɡɠ ŮˊɘůŰɐɛɞɜŮɠ ɔɘŬ Űɖɜ 

ɢɟɖůɘɛɞˊɞɑɖůɐ Űɖɠ. ȼ ɓŬůɘəɐ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛŮɗɧŭɞɡ Űɞɡ ɔŮɤɟŬɜŰɎɟ ŮɑɜŬɘ 

ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɐ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ ůŮɘůɛɘəɐɠ ŬɜɎəɚŬůɖɠ.  

2.2.1  ȸŬůɘəɏɠ Ŭɟɢɏɠ 

ɇɞ ɔŮɤɟŬɜŰɎɟ ŭɖɛɘɞɡɟɔŮɑ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ ŰŬ ɧˊɞɘŬ ɛɏůɤ Űɖɠ 

ŬˊɧůɓŮůɖɠ ˊɞɡ ɡűɑůŰŬɜŰŬɘ ɛɏůŬ ůŰɞ ɏŭŬűɞɠ ŭɑɜɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ŭɞɛɐ Űɞɡ 

ɡˊŮŭɎűɞɡɠ əŬɘ Űɖɜ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ űɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŭɘŬűɧɟɤɜ ɡɚɘəɩɜ. Ƀɘ 

əɨɟɘŮɠ ɛɏɗɞŭɞɘ ŭɘŬůəɧˊɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ɔŮɤɟŬɜŰɎɟ ŮɑɜŬɘ ŬɡŰɐ Űɖɠ 

ŭɘŬůəɧˊɖůɖɠ ůŮ ɔŮɤŰɟɐůŮɘɠ, əŬɘ Űɖɠ ŬɜɎəɚŬůɖɠ. 

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ˊŬɑɕŮɘ ɖ ŬˊɧůɓŮůɖ Űɤɜ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ. ɆŰɞ ɏŭŬűɞɠ Űɞ ȼ/ɀ əɨɛŬ ŭŮɜ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

Ůɘůɢɩɟɖůɖɠ ůŮ ɛŮɔɎɚɞ ɓɎɗɞɠ ŭɘɧŰɘ ŬˊɞůɓɏɜŮɘ ŬɟəŮŰɎ ɔɟɐɔɞɟŬ ɚɧɔɤ Űɤɜ ɖɚŮəŰɟɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡ ɡˊŮŭɎűɞɡɠ. ɆŰɞ ɔŮɤɟŬɜŰɎɟ ŰŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ ŭɘŬŭɑŭɞɜŰŬɘ 

ɢɤɟɑɠ ŬɟɢɘəɎ ɜŬ ŮɛűŬɜɑɕɞɡɜ ɛŮɔɎɚɖ ŭɘŬůˊɞɟɎ. ɇɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ əɨɛŬ ɛŮ ɓɎůɖ 

Űɖɜ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ ŮəɎůŰɞŰŮ ɡɚɘəɞɨ ˊɞɡ ůɡɜŬɜŰɎŮɘ ŬɚɚɎɕŮɘ 

əŬŰŮɨɗɡɜůɖ, ŭɖɚŬŭɐ ŭɘŬɗɚɎŰŬɘ ɐ ŬɜŬəɚɎŰŬɘ. ɄŮɟɑɗɚŬůɖ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ Űɞ əɨɛŬ 

ůɡɜŬɜŰɐůŮɘ ˊɞɚɨ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ ŮɛˊɧŭɘŬ, ŰŬ ɞˊɞɑŬ Űɞ ŬɜŬɔəɎɕɞɡɜ ɜŬ ŭɘŬŭɑŭŮŰŬɘ 
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ˊɟɞɠ ɧɚŮɠ Űɘɠ əŬŰŮɡɗɨɜůŮɘɠ. Ⱥˊɘˊɚɏɞɜ ɡˊɎɟɢŮɘ əŬɘ ɖ ˊŮɟɑˊŰɤůɖ Űɖɠ ŬɜŰɐɢɖůɖɠ əŬŰɎ 

Űɖɜ ɧˊɞɘŬ Űɞ əɨɛŬ ˊŬɔɘŭŮɨŮŰŬɘ ɛɏůŬ ůŰɞ ɔŮɤɚɞɔɘəɧ ůŰɟɩɛŬ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛŮ ŬɡŰɧ 

Űɞɜ Űɟɧˊɞ ˊɞɚɚŬˊɚɏɠ ŬɜŬəɚɎůŮɘɠ.  

 ɇŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ ɡűɑůŰŬɜŰŬɘ ŬˊɧůɓŮůɖ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ 

ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ Űɖɜ ůɡɢɜɧŰɖŰŬ Ůəˊɞɛˊɐɠ ůŮ ˊŮˊŮɟŬůɛɏɜɞ Ůɨɟɞɠ űɎůɛŬŰɞɠ (1MHz 

ɏɤɠ 1000 MHz (GPR plateau). ȳůɞ ɖ ůɡɢɜɧŰɖŰŬ Ůəˊɞɛˊɐɠ ˊŬɟŬɛɏɜŮɘ ɢŬɛɖɚɐ, ŰŬ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ ŭɘŮɘůŭɨɞɡɜ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ, Ůɜɩ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ 

ůɡɢɜɞŰɐŰɤɜ ɛŮɘɩɜŮŰŬɘ Űɞ ɓɎɗɞɠ ˊɚɐɟɞɡɠ ŬˊɧůɓŮůɖɠ Űɞɡɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɖ ɖɚŮəŰɟɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ, ɛɘŬ ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ, ŮˊɖɟŮɎɕŮɘ Űɖɜ 

ŮɝŬůɗɏɜɖůɖ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ, ɖ ɧˊɞɘŬ ŬɡɝɎɜŮŰŬɘ ɧůɞ ˊɘɞ Ŭɔɩɔɘɛɞ 

ŮɑɜŬɘ Űɞ ɛɏůɞ ŭɘɎŭɞůɖɠ (Ʉɞɡɚɘɞɨŭɖɠ, 2001). ȼ ŮɝŬůɗɏɜɘůɖ Űɤɜ əɡɛɎŰɤɜ ŮˊɘűɏɟŮɘ Űɘɠ 

ˊŬɟŬəɎŰɤ ůɡɜɏˊŮɘŮɠ:  

Ŭ) ɀŮɑɤůɖ Űɞɡ ˊɚɎŰɞɡɠ. ɇɞ ˊɚɎŰɞɠ Űɞɡ əɨɛŬŰɞɠ ȷ ɛŮɘɩɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ Űɘɛɐ 

Űɞɡ ȷɞ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŮɝŬůɗɏɜɘůɖɠ (ůɡɜŰŮɚŮůŰɐɠ ŮɝŬůɗɏɜɘůɖɠ Ŭ), əŬɗɩɠ ɏɢŮɘ 

ŭɘŬɜɨůŮɘ ɛɐəɞɠ x ůŰɞ ɛɏůɞ ŭɘɎŭɞůɖɠ:  

                                                         
axe-A=A o                                                 (2.1) 

ɓ) ɀŮŰŬŰɧˊɘůɖ Űɖɠ əŮɜŰɟɘəɐɠ ůɡɢɜɧŰɖŰŬɠ. ȼ əŮɜŰɟɘəɐ ůɡɢɜɧŰɖŰŬ Űɞɡ űɎůɛŬŰɞɠ Űɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɖ əŮɟŬɑŬ Űɞɡ ŭɏəŰɖ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɖɜ əŮɜŰɟɘəɐ 

ůɡɢɜɧŰɖŰŬ Ůəˊɞɛˊɐɠ. 

ɔ) ɀɘəɟɧŰŮɟɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ. ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ŮɝŬůɗɏɜɘůɖ, Űɧůɞ 

ɛɘəɟɧŰŮɟɞ ɗŬ ŮɑɜŬɘ Űɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ əɨɛŬŰɞɠ. ɀɑŬ 

ŮɛˊŮɘɟɘəɐ ůɢɏůɖ, ˊɞɡ ůɡɜŭɏŮɘ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ dmax ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ 

ŮɝŬůɗɏɜɘůɖɠ Ŭ (dB/m) ŮɑɜŬɘ: 

                                                          
a

d
30

max <                                                       (2.2)  

ȼ ɛɏɗɞŭɞɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ ɏɢŮɘ ŰɟŮɘɠ Űɟɧˊɞɡɠ ŮűŬɟɛɞɔɐɠ: Ŭ) ɖ ˊɟɩŰɖ 

ŮűŬɟɛɞɔɐ  ŬűɞɟɎ ɔŮɤɚɞɔɘəɞɨɠ ůəɞˊɞɨɠ. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ŭŮɜ ˊŬɑɕŮɘ 
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ɛŮɔɎɚɞ ɟɧɚɞ ɖ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ, ɧůɞ Űɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ, ɔɘôŬɡŰɧ əŬɘ 

ŮˊɘɚɏɔɞɜŰŬɘ əŮɟŬɑŮɠ Ůəˊɞɛˊɐɠ ɢŬɛɖɚɩɜ ůɡɢɜɞŰɐŰɤɜ 2 MHz ɏɤɠ 50 MHz. 

ɓ) ȼ ŭŮɨŰŮɟɖ ŮűŬɟɛɞɔɐ ŬűɞɟɎ Űɖɜ ɔŮɤűɡůɘəɐ ŭɘŬůəɧˊɖůɖ ůŰɞɜ ɏɚŮɔɢɞ 

əŬŰŬůəŮɡɩɜ (Non Destructive Testing, NDT) ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ɔŮɤŰŮɢɜɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ ɧˊɞɡ ŮɑɜŬɘ ˊɘɞ ůɖɛŬɜŰɘəɐ ɖ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɖɠ ɛŮɗɧŭɞɡ ɞˊɧŰŮ 

ŮˊɘɚɏɔɞɜŰŬɘ əŮɟŬɑŮɠ Ůəˊɞɛˊɐɠ ɛŮɔɎɚɤɜ ůɡɢɜɞŰɐŰɤɜ 500  ɀHz - 2000 ɀHz. ɔ) ɇɏɚɞɠ 

ŮűŬɟɛɧɕŮŰŬɘ ůŰɖɜ ŮˊɘůŰɐɛɖ Űɖɠ ŬɟɢŬɘɞɚɞɔɑŬɠ ɛŮ əŮɟŬɑŮɠ Ůəˊɞɛˊɐɠ əɡɟɑɤɠ ɛŮůŬɑɤɜ 

ůɡɢɜɞŰɐŰɤɜ 50 ɀHz - 500 ɀHz (ɆˊŬɜɞɡŭɎəɖɠ, 2007). 

2.2.2 ȺˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ɔŮɤɟŬɜŰɎɟ 

Ƀɘ ɓŬůɘəɏɠ ɛɏɗɞŭɞɘ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ɔŮɤɟŬɜŰɎɟ ŮɑɜŬɘ ɖ 

ŬűŬɑɟŮůɖ Űɞɡ ɗɞɟɨɓɞɡ əŬɘ ɖ Ůɜɑůɢɡůɖ Űɞɡɠ (gain). ȼ ŮűŬɟɛɞɔɐ Űɖɠ ŰŮɢɜɘəɐɠ ŬɡŰɐɠ 

ɔɑɜŮŰŬɘ ůŰŬ ˊɟɩŰŬ ůŰŬŭɑŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɩůŰŮ ɜŬ ˊɟɞəɨɣɞɡɜ ŰŬ əŬɚɨŰŮɟŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ.  

2.2.2.1 ȹɘɧɟɗɤůɖ Dewow 

ȰɜŬɠ Ŭˊɧ Űɞɡɠ ɓŬůɘəɞɨɠ Űɟɧˊɞɡɠ ŬűŬɑɟŮůɖɠ Űɤɜ ˊɞɚɨ ɢŬɛɖɚɩɜ ůɡɢɜɞŰɐŰɤɜ 

ŮɑɜŬɘ ɖ ŮűŬɟɛɞɔɐ Ůɜɧɠ űɑɚŰɟɞɡ Ŭˊɞəɞˊɐɠ (high pass ɐ low cut filter) Űɞ ɧˊɞɘɞ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɘɏɚŮɡůɖ ŬəŰɘɜɞɓɞɚɑŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ əŮɜŰɟɘəɐɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ Űɖɜ 

ŬˊŬɔɞɟŮɨŮɘ Űɖɜ ŭɘɏɚŮɡůɖ ȼ/ɀ əɨɛŬŰɞɠ ɢŬɛɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ. ȼ ˊŬɟŬˊɎɜɤ 

ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɔɜɤůŰɐ əŬɘ ɤɠ ñdewowingò.  ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ Űɞ űɑɚŰɟɞ 

ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɜɞɖŰɧ ˊŬɟɎɗɡɟɞ ůŮ əɎɗŮ ůɖɛŮɑɞ Űɞɡ ɑɢɜɞɡɠ , ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ɛɏůɖ 

Űɘɛɐ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɞ ˊŬɟɎɗɡɟɞ əŬɘ Űɖɜ ŬűŬɘɟŮɑ Ŭˊɧ Űɖɜ Űɘɛɐ ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ əŮɜŰɟɘəɧ ůɖɛŮɑɞ. Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ Űɟɧˊɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɔɘŬ ɧɚŬ ŰŬ ůɖɛŮɑŬ Űɞɡ ɑɢɜɞɡɠ.  
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2.2.2.2 ɇŮɢɜɘəɏɠ Ůɜɑůɢɡůɖɠ Űɞɡ ˊɚɎŰɞɡɠ Űɞɡ ůɐɛŬŰɞɠ ůŮ ɛŮɔɎɚɞɡɠ ɢɟɧɜɞɡɠ 

ȷűɞɨ ŬűŬɘɟŮɗɞɨɜ ɞɘ ɢŬɛɖɚɏɠ ůɡɢɜɧŰɖŰŮɠ Űɞɡ ůɐɛŬŰɞɠ ŬəɞɚɞɡɗŮɑ ɖ Ůɜɑůɢɡůɖ 

Űɞɡ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ŬɜŰɘůŰɞɑɢɞɡ űɑɚŰɟɞɡ. ȼ Ůɜɑůɢɡůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ 

ɔɘŬ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ɞɘ ŬɜŬəɚɎůŮɘɠ ůŮ ɛŮɔɎɚɞ ɓɎɗɞɠ ɞɘ ɞˊɞɑŮɠ ɚɧɔɤ Űɤɜ 

ŮɝŬůɗŮɜɖɛɏɜɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ ɏɢɞɡɜ ŬɟəŮŰɎ ɛŮɘɤɛɏɜɞ ˊɚɎŰɞɠ 

(Ʉɞɡɚɘɞɨŭɖɠ, 2001).  

ɇɟŮɘɠ Ŭˊɧ Űɞɡɠ əɨɟɘɞɡɠ Űɟɧˊɞɡɠ Ůɜɑůɢɡůɖɠ ŮɑɜŬɘ: AGC (ȷutomatic Gain 

Control), SEC (Spreading and Exponential Compensation) əŬɘ Ⱥɜɑůɢɡůɖ 

ɄŮɟɘɓɎɚɚɞɡůŬɠ (Envelope Gain) ůɐɛŬŰɞɠ.   

2.2.3 ɆɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ 

ȼ ŮˊŮɝŮɟɔŬůɑŬ ɖ ɞˊɞɑŬ ˊɟɞŰŮɑɜŮŰŬɘ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ əɨɟɘŬ ůŰɎŭɘŬ: Ŭ) Űɖɜ 

Ůɝɘůɞɟɟɧˊɖůɖ űɎůɛŬŰɞɠ əŬɘ ɓ) Űɖɜ Ŭˊɞůɡɜɏɚɘɝɖ əɡɛŬŰɘŭɑɞɡ ɐ Ŭˊɞůɡɜɏɚɘɝɖ 

ɛɖŭŮɜɘəɐɠ űɎůɖɠ.   

2.2.3.1 Ⱥɝɘůɞɟɟɧˊɖůɖ űɎůɛŬŰɞɠ 

ȼ Ůɝɘůɞɟɟɧˊɖůɖ űɎůɛŬŰɞɠ ůŰŬ ŭŮŭɞɛɏɜŬ ɔŮɤɟŬɜŰɎɟ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

əɡɟɑɤɠ ůŰɞ ɢɩɟɞ Űɤɜ ůɡɢɜɞŰɐŰɤɜ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ űɎůɛŬŰɞɠ ŬɜŬűɞɟɎɠ. ɆŰɖɜ 

ůɡɔəŮəɟɘɛɏɜɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ əɡɟɑŬɟɢɖɠ 

ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɧɚɞɡɠ Űɞɡɠ ɢɟɧɜɞɡɠ. 

 

2.2.3.2 Ⱥɝɘůɞɟɟɧˊɖůɖ űɎůɛŬŰɞɠ əŬɘ Ůɜɑůɢɡůɖ ɧɚɤɜ Űɤɜ ůɡɢɜɞŰɐŰɤɜ ůŮ 

Ů́ɟɘɞɟɘůɛɏɜɞ Ůɨɟɞɠ ŬɡŰɩɜ (ȺɃɆɄȺ) 

ȼ Ůɝɘůɞɟɟɧˊɖůɖ űɎůɛŬŰɞɠ ŮɑɜŬɘ ɑůɤɠ ɞ ˊɘɞ ŭɘŬŭɞɛɏɜɞɠ Űɟɧˊɞɠ ɔɘŬ ɜŬ 

ɓŮɚŰɘɤɗɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ ůŮɘůɛɘəɐɠ ŬɜɎəɚŬůɖɠ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɟɘɜ Ŭˊɧ Űɖɜ 

Ŭˊɞůɡɜɏɚɘɝɖ əŬɘ Űɖɜ ŬɜɎɚɡůɖ ŰŬɢɡŰɐŰɤɜ ŬɜŰɑůŰɞɘɢŬ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ űɑɚŰɟɞ Űɞ 

ɞɞ́ɑɞ ɡɚɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞɜ  Yilmaz (1987) ɞɜɞɛɎɕŮŰŬɘ əŬɘ űɑɚŰɟɞ ɛɖŭŮɜɘəɐɠ űɎůɖɠ 

ŭɘɧŰɘ ŮűŬɟɛɧɕŮŰŬɘ ɛɧɜɞ ůŰɞ ˊɚɎŰɞɠ Űɞɡ űɎůɛŬŰɞɠ əŬɘ ɧɢɘ ůŰɖɜ űɎůɖ Űɞɡ. ɀŮ ŬɡŰɧɜ 

Űɞɜ Űɟɧˊɞ ɞɘ ŬɜŬəɚɎůŮɘɠ ŭɘŬŰɖɟɞɨɜ Űɖɜ Ŭɟɢɘəɐ Űɞɡɠ űɎůɖ əŬɘ ŬɚɚɎɕɞɡɜ ɛɧɜɞ Űɖɜ 
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əɡɟɑŬɟɢɖ ůɡɢɜɧŰɖŰɎ Űɞɡɠ. ɆŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɛŮɗɧŭɞɡ əɎɗŮ ɑɢɜɞɠ Űɞɡ űɎůɛŬŰɞɠ  

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ůŰŬɗŮɟɐ Űɘɛɐ əɡɟɑŬɟɢɖɠ ůɡɢɜɧŰɖŰŬɠ ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɞɡ. 

ɇɖɜ ɛɏɗɞŭɞ Űɖɠ Ůɝɘůɞɟɟɧˊɖůɖɠ űɎůɛŬŰɞɠ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ůŰɞ 

ˊŬɟŮɚɗɧɜ ɞɘ Neto əŬɘ Madeiros (2006), ɧˊɤɠ əŬɘ ɞɘ Belina ə.Ɏ. (2008). Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɞɘ Belina ŮűɎɟɛɞůŬɜ ȺɃɆɄȺ ůŰɞ ɢɩɟɞ Űɤɜ ůɡɢɜɞŰɐŰɤɜ. Ƀ ůəɞˊɧɠ 

ɏɟŮɡɜŬɠ Űɞɡɠ ɖ ůɨɔəɟɘůɖ Űɤɜ ɛŮɗɧŭɤɜ Ůɝɘůɞɟɟɧˊɖůɖɠ əŬɘ Ŭˊɞůɡɜɏɚɘɝɖɠ ɩůŰŮ ɜŬ 

əŬŰŬɚɐɝɞɡɜ ůŰɖɜ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ. ɇɏɚɞɠ ɧŰŬɜ ɡˊɎɟɢŮɘ ŮűŬɟɛɞɔɐ űɑɚŰɟɞɡ 

ɛɖŭŮɜɘəɐɠ űɎůɖɠ  ŬɡŰɧɛŬŰŬ ŮűŬɟɛɧɕŮŰŬɘ Ůɝɘůɞɟɟɧˊɖůɖ űɎůɛŬŰɞɠ əŬɘ ɖ ˊɘɞ ůɡɜɐɗɖɠ 

ŮɑɜŬɘ ɖ ȺɃɆɄȺ. 

2.2.3.3 ȷˊɞůɡɜɏɚɘɝɖ ŭŮŭɞɛɏɜɤɜ ɔŮɤɟŬɜŰɎɟ 

ȼ Ŭˊɞůɡɜɏɚɘɝɖ ɓŮɚŰɘɩɜŮɘ Űɖ ɢɟɞɜɘəɐ ŬɜɎɚɡůɖ Űɤɜ ůŮɘůɛɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

(Yilmaz, 1987). Tɞ ůɡɜŮɚɘəŰɘəɧ ɛɞɜŰɏɚɞ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

                                                x(t) = w(t) * e(t) + n(t)                                              (2.3)      

 

ɧˊɞɡ:. 

 x(t) = Űɞ ůŮɘůɛɧɔɟŬɛɛŬ ɐ əŬŰŬɔɟŬűɐ ɔŮɤɟŬɜŰɎɟ 

     w(t) = ɖ əɡɛŬŰɞɛɞɟűɐ Űɖɠ ˊɖɔɐɠ 

 e(t) = ɖ Ŭˊɧəɟɘůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ ůŰɞ ɛɞɜŬŭɘŬɑɞ ˊŬɚɛɧ       

 n(t) = ŰɡɢŬɑɞɠ ɗɧɟɡɓɞɠ  

       *   = ůɡɜɏɚɘɝɖ. 

 

ȾŬŰô ŬɜŰɘůŰɞɘɢɑŬ, ůŰɞɜ ɢɩɟɞ Űɤɜ ůɡɢɜɞŰɐŰɤɜ, ɖ Ůɜ ɚɧɔɤ Ůɝɑůɤůɖ ɛˊɞɟŮɑ ɜŬ 

ɔɟŬűŰŮɑ ɤɠ Ůɝɐɠ (Brigham, 1974): 

 

                                                X(f)=W(f)  E(f) + N(f)                                               (2.4) 
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ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ Űɘɠ ɑŭɘŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ŬɜŰɑůŰɞɘɢŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ 2.3 ůŰɞɜ ɢɩɟɞ Űɤɜ 

ůɡɢɜɞŰɐŰɤɜ ɧˊɞɡ f ɞɟɑɕŮŰŬɘ ɖ ůɡɢɜɧŰɖŰŬ əŬɘ ɖ Ŭˊɞůɡɜɏɚɘɝɖ ɚɧɔɞ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ 

Fourier ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ˊɞɚɚŬˊɚŬůɘŬůɛɧ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɞɜŰɏɚɞ ɘůɢɨŮɘ ɧŰŬɜ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ Ⱥ əŬɘ Ɂ ŭɘŬəŬŰɏɢɞɜŰŬɘ Ŭˊɧ Űɞ ɑŭɘɞ ˊɚɎŰɞɠ űɎůɛŬŰɞɠ ɔɘŬ ɧɚŮɠ Űɘɠ 

ůɡɢɜɧŰɖŰŮɠ Űɞɡ űɎůɛŬŰɞɠ. Ⱥˊɘˊɚɏɞɜ Űɞ Ůɨɟɞɠ Űɞɡ Ⱥ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɞɜɎŭŬ. Ƀ 

ůəɞˊɧɠ Űɞɡ ɛɞɜŰɏɚɞɡ ŮɑɜŬɘ ɖ ŮɨɟŮůɖ Ůɜɧɠ űɑɚŰɟɞɡ G(f) Űɞ ɞˊɞɑɞ ŮűŬɟɛɧɕɞɜŰŬɠ Űɞ 

ůŰɞ ɉ ɜŬ ŭɩůŮɘ ɏɜŬ ŬˊɞŰɏɚŮůɛŬ Y(f), ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ əɞɜŰɎ ůŰɞ E: 

                                   Y(f)=G(f) X(f) ~ E(f)                                                 (2.5) 

ȿɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ Űɞɡ ɗɞɟɨɓɞɡ ɖ ˊɚɐɟɖɠ ŬɜɎəŰɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ŬɜɎəɚŬůɖɠ Ⱥ əŬɗɑůŰŬŰŬɘ ŬŭɨɜŬŰɖ ɔɘôŬɡŰɧ əŬɘ ŮűŬɟɛɧɕŮŰŬɘ Űɞ űɑɚŰɟɞ Wiener Űɞ 

ɞˊɞɑɞ ŮˊɘŰɡɔɢɎɜŮɘ ŰŬɡŰɧɢɟɞɜŬ Űɖɜ Ŭˊɞɗɞɟɡɓɞˊɞɑɖůɖ əŬɘ Űɖɜ ŮˊɘŰɡɢɐ ŬɜɎəŰɖůɖ 

ŬɡŰɩɜ. ɇɞ ˊŬɟŬˊɎɜɤ űɑɚŰɟɞ ŮˊɘɚɨŮɘ Űɞ ˊɟɧɓɚɖɛŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɤɜ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ (Berkhout, 1977). ȷˊɧ Űɖɜ ůŰɘɔɛɐ ˊɞɡ Űɞ əɡɛŬŰɘŭɘɞ Ůəˊɞɛˊɐɠ ŮɑɜŬɘ 

ɔɜɤůŰɧ ŰɧŰŮ Űɞ űɑɚŰɟɞ Wiener ŭɑɜŮŰŬɘ Ŭˊɧ: 

 

                             22
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2.3 ɀɏɗɞŭɞɠ Űɖɠ Ⱥɘŭɘəɐɠ ȼɚŮəŰɟɘəɐɠ ȷɜŰɑůŰŬůɖɠ 

Ƀɘ ɖɚŮəŰɟɘəɏɠ ɛɏɗɞŭɞɘ ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ Ŭɟɢɘəɩɠ ŮɛűŬɜɘůŰɐəŬɜ ůŰɘɠ 

Ŭɟɢɏɠ Űɞɡ 20
ɞɡ

 ŬɘɩɜŬ əŬɘ ɎɟɢɘůŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖɜ 

ŭŮəŬŮŰɑŬ Űɞɡ ó70 ŬəɚɞɡɗɩɜŰŬɠ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ ˊɞɡ 

ɓɞɐɗɖůŮ ůŰɖɜ ůɡɚɚɞɔɐ əŬɘ Űɖɜ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

ɆŰɧɢɞɠ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɖɜ ɖɚŮəŰɟɘəɐ ŰɎůɖ ɜŬ əŬɗɞɟɑůŮɘ Űɘɠ 

ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ůɢɖɛŬŰɘůɛɩɜ Űɞɡ űɚɞɘɞɨ 

Űɖɠ ɔɖɠ. ȷəɧɛɖ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ɛŮŰŬɓɞɚɏɠ Űɖɠ Űɘɛɐɠ ˊɞɡ ɡűɑůŰŬŰŬɘ əŬɘ 

ɏɜŬ Ɏɚɚɞ ɛɏɔŮɗɞɠ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ. 
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ũɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɖ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ ɜŬ ŭɩůŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ˊɟɏˊŮɘ ɞɘ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡˊɧ ɛŮɚɏŰɖ ůɢɖɛŬŰɘůɛɞɨ ɜŬ 

ɏɢɞɡɜ ɛŮɔɎɚɖ ŬɜŰɑɗŮůɖ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ Űɞ ˊŮɟɘɓɎɚɚɞɡɜ. 

ȷˊɧ Űɘɠ ɖɚŮəŰɟɘəɏɠ ɛŮɗɧŭɞɡɠ ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ ɞɘ ˊɘɞ ůɖɛŬɜŰɘəɏɠ 

ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ, ɖ ɛɏɗɞŭɞɠ Űɤɜ ɘůɞŭɨɜŬɛɤɜ 

ɔɟŬɛɛɩɜ, ɖ ɛɏɗɞŭɞɠ Űɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɞɚɘəɧŰɖŰŬɠ, ɖ ɛɏɗɞŭɞɠ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ 

əŬɘ ɖ ɛɏɗɞŭɞɠ Űɤɜ ŰŮɚɚɞɡɟɘəɩɜ ɟŮɡɛɎŰɤɜ. ũɘŬ Űɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ɖ ɖɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ, ɖ ɖɚŮəŰɟɘəɐ ɓɡɗɞůəɧˊɖůɖ əŬɘ ɖ ɖɚŮəŰɟɘəɐ 

ɢŬɟŰɞɔɟɎűɖůɖ (ȸŬűŮɑŭɖɠ ȷ. 2001).  

ȼ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ əŬɘ ɞɟɡəŰɩɜ ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ 

ˊŮɟɘůůɧŰŮɟɞ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ əŬɘ ɞɟɡəŰɩɜ. 

ɄɑɜŬəŬɠ 2.3 : ɇɘɛɏɠ Ůɘŭɘəɩɜ ɖɚŮəŰɟɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ ˊŮŰɟɤɛɎŰɤɜ (ȸŬűŮɑŭɖɠ ȷ. 2001) 

ȺȽȹɃɆ ɄȺɇɅɋɀȷɇɃɆ ȷɁɇȽɆɇȷɆȼ (Ohm.m) 

ȺɄȽūȷɁȺȽȷȾȺɆ ɄɅɃɆɉɋɆȺȽɆ 80-250 

ɁȺɃũȺɁȼ ȽȻȼɀȷɇȷ 

ȯɟɔɘɚɞɘ 

ɀɎɟɔŮɠ 

ȯɛɛɞɘ əŬɘ ɉŬɚɑəɘŬ əɞɟŮůɛɏɜŬ 

ȺɓŬˊɞɟɑŰŮɠ (ũɨɣɞɘ) 

ɀŬɟɔŬɥəɞɑ ȷůɓŮůŰɧɚɘɗɞɘ 

ȾɟɞəŬɚɞˊŬɔɐ ɓɎůŮɤɠ 

ɊŬɛɛɑŰŮɠ 

2 ï 20 

20 ï 60 

50 ï 500 

200 

150 ï 500 

200 ï 300 

50 ï 70 

ȷȿɄȽȾȷ ȽȻȼɀȷɇȷ 

ūɚɨůɢɖɠ 

ɆɢɘůŰɧɚɘɗɞɘ ï Ƀűɘɧɚɘɗɞɘ 

ȷůɓŮůŰɧɚɘɗɞɘ 

 

70 ï 80 

100 ï 300 

>500 
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2.3.1 ȼɚŮəŰɟɘəɐ  ɇɞɛɞɔɟŬűɑŬ 

ɀŮ Űɖɜ ɖɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ ŮˊɘŭɘɩəŮŰŬɘ ɞ əŬɗɞɟɘůɛɧɠ Űɖɠ ɔŮɤɖɚŮəŰɟɘəɐɠ 

ŭɞɛɐɠ Űɞɡ ɡˊŮŭɎűɞɡɠ, ŭɖɚŬŭɐ ɖ əŬŰŬɜɞɛɐ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ůŰɞ 

ɡˊɏŭŬűɞɠ ůŮ ŭɨɞ ɐ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ. 

 ȺˊŮɘŭɐ ŭŮɜ ŮɑɜŬɘ Ůɨəɞɚɞɠ ɞ ɎɛŮůɞɠ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ 

ŬɜŰɑůŰŬůɖɠ ůŰɞ ɡˊɏŭŬűɞɠ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ 

ŬɟɢɘəɎ ɖ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ɟŬ, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ 

əŬɗɞɟɘůɛɧ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ůŰɞ ɡˊɏŭŬűɞɠ (ȸŬűŮɑŭɖɠ 

ȷ. 2001). 

 

2.3.2 ɀɏɗɞŭɞɘ ŬɜŰɘůŰɟɞűɐɠ ŭŮŭɞɛɏɜɤɜ  

ɇɞ ɚɞɔɘůɛɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞ 

RES2DINV ɏŭɘɜŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŬɜŰɘůŰɟɞűɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛŮɗɧŭɞɡɠ: 

 ɀɏɗɞŭɞɠ ȷ):ȾŬɜɞɜɘəɞˊɞɑɖůɖ ɛŮ ˊŮɟɘɞɟɘůɛɞɨɠ ŮɝɞɛɎɚɡɜůɖɠ (Default, 

Smoothness-constrained least-squares method). ȼ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ ŮɝŬůűŬɚɑɕŮɘ 

ɏɜŬ ɛɞɜŰɏɚɞ ɛŮ ɞɛŬɚɐ əŬŰŬɜɞɛɐ Űɖɠ Ůɘŭɘəɐɠ ŬɜŰɑůŰŬůɖɠ. ȷɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ 

ŬˊɞŭŮəŰɐ ɛɧɜɞ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ Űɖɠ Ůɘŭɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ 

ɡˊŮŭɎűɞɡɠ ŬɚɚɎɕɞɡɜ ɛŮ ɞɛŬɚɧ ɐ ůŰŬŭɘŬəɧ Űɟɧˊɞ. 

ɀɏɗɞŭɞɠ ȸ):ɉɟɐůɖ Űɖɠ ɜɧɟɛŬɠ L1  (Robust). ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ 

ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ Űɞ ɡˊŮŭɎűɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ ɜŬɘ 

ɛŮɜ ŮɑɜŬɘ ɞɛɞɘɞɔŮɜŮɑɠ ŬɚɚɎ ˊŬɟɞɡůɘɎɕɞɡɜ ŬˊɧŰɞɛŮɠ ŬɚɚŬɔɏɠ ɛŮŰŬɝɨ Űɞɡɠ. 

ɀɏɗɞŭɞɠ ũ):ȼ ůɡɜŭɡŬůɛɏɜɖ ŬɜŰɘůŰɟɞűɐ (Use combined inversion method). Ƀ 

ůɡɔəŮəɟɘɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɚɧɔɤ Űɖɠ ɛŮɔɎɚɖɠ 

ˊɞɘəɘɚɑŬɠ Űɤɜ Űɘɛɩɜ Űɖɠ Ůɘŭɘəɐɠ ŬɜŰɑůŰŬůɖɠ, ɞɘ Űɘɛɏɠ ŮɡŬɘůɗɖůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ŭɘŬŰŬɟŬɔɛɏɜŮɠ. 
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3 ȾȺūȷȿȷȽɃ   

ɄȺɅȽɃɉȼ ɀȺȿȺɇȼɆ ȾȷȽ ɆɈȿȿɃũȼ ɇɋɁ ȹȺȹɃɀȺɁɋɁ 

3.1  ȺɘůŬɔɤɔɐ 

ɆŰɞ ́Ŭɟɧɜ əŮűɎɚŬɘɞ ɗŬ ˊŬɟŬŰŮɗɞɨɜ ŰŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ɔŮɤɔɟŬűɘəɐ 

ŰɞˊɞɗŮůɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ əŬɘ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ůɡɚɚɞɔɐ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ.  

 

3.2 ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ 

Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŮˊŬɟɢɑŬ ɆŮɚɐɜɞɡ ɖ ɧˊɞɘŬ ɓɟɑůəŮŰŬɘ 

ɜɞŰɘɞŭɡŰɘəɎ Űɞɡ ɜɞɛɞɨ ɉŬɜɑɤɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ 

ˊŬɟɎɚɘŬ əŮŭɟɧŭŬůɞɡɠ ŬɜŬŰɞɚɘəɎ Űɖɠ ˊŬɟŬɚɑŬɠ Űɞɡ ȺɚŬűɞɜɖůɑɞɡ (ɧɟɛɞɠ Űɖɠ 

ȸɟɞɡɚɘɎɠ).  

 

ȺɘəɧɜŬ 3.1 : ɉŬɟŬəŰɖɟɘůŰɘəɏɠ ŮɘəɧɜŮɠ Ŭˊɧ Űɖɜ ˊŬɟŬɚɑŬ əŮŭɟɧŭŬůɞɡɠ. 
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3.2.1 ũŮɤɚɞɔɘəɐ ɛŮɚɏŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ. 

ɆɡɛűɩɜŬ ɛŮ Űɞɜ ɔŮɤɚɞɔɘəɧ ɢɎɟŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ ŮəŰɧɠ Ŭˊɧ Űɘɠ ŬɛɛɞɗɑɜŮɠ ɖ 

ˊŮɟɘɞɢɐ Űɞɡ əŮŭɟɧŭŬůɞɡɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬŭɘŬɘɟɏŰɞɡɠ ɜŮɞɔŮɜŮɑɠ əŬɘ ŰŮŰŬɟŰɞɔŮɜŮɑɠ 

ůɢɖɛŬŰɘůɛɞɨɠ. 

Ƀɘ ŬɛɛɞɗɑɜŮɠ ɐ ɗɑɜŮɠ, ŮɑɜŬɘ ɛɘəɟɞɑ ɚɧűɞɘ Ŭˊɧ Ɏɛɛɞ ˊɞɡ ůɡɜɐɗɤɠ ɓɟɑůəɞɜŰŬɘ  

ůŰɘɠ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ. ȹɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ Ɏɛɛɞ ɖ ɞˊɞɑŬ ˊɟɞɏɟɢŮŰŬɘ əŬɘ 

ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ˊɞŰŬɛɩɜ ɐ əŬɘ Ŭˊɧ ɘɕɐɛŬŰŬ ŭɘŬɓɟɤɛɏɜɤɜ 

ɓɟɎɢɤɜ ɐ əŬɘ ɡˊɞɗŬɚɎůůɘɤɜ ůɡůůɤɟŮɨůŮɤɜ Ɏɛɛɞɡ. Ƀɘ ɗɑɜŮɠ, ŮɝŬɘŰɑŬɠ Űɖɠ Ŭɛɛɩŭɞɡɠ 

ůɨůŰŬůɐɠ Űɞɡɠ, ŬˊɞŰŮɚɞɨɜ ŬůŰŬɗɐ, ŬɚɚɎ ŭɡɜŬɛɘəɐ ɔŮɤɛɞɟűɞɚɞɔɘəɐ əŬɘ ɧɢɘ ɛɧɜɞ 

ŮɜɧŰɖŰŬ, Űɖɠ ˊŬɟɎəŰɘŬɠ ůɡɜɐɗɤɠ ɕɩɜɖɠ. ɇɏɚɞɠ ɞɘ ůɡɔəŮəɟɘɛɏɜŮɠ ŬɛɛɞɗɑɜŮɠ Ŭɜɐəɞɡɜ 

ůŰɞ Ůɑŭɞɠ Űɤɜ əɘɜɞɨɛŮɜɤɜ ɐ ɚŮɡəɩɜ Ŭɛɛɞɗɘɜɩɜ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ŮɡɛŮŰɎɓɚɖŰŮɠ, əŬɗɩɠ 

ɓɟɑůəɞɜŰŬɘ ŭɘŬɟəɩɠ ůŮ ŭɡɜŬɛɘəɐ Ůɝɏɚɘɝɖ, ɛŮ Ŭɛɛɧɚɞűɞɡɠ əɎˊɞɘɞɡ ɨɣɞɡɠ, 

ůŰŬɗŮɟɧŰŮɟŬ ɟɘɕɤɛɏɜŬ űɡŰɎ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɘ ˊɑůɤ Ŭˊɧ Űɘɠ ˊɟɤŰɞɔŮɜŮɑɠ ɗɑɜŮɠ. 

 ȳůɞ ŬűɞɟɎ Űɘɠ ɜŮɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊŬɢɡůŰɟɤɛŬŰɩŭŮɘɠ 

ɛɏɢɟɘ əŬɘ ɎůŰɟɤŰɞɡɠ ɛŬɟɔŬɥəɞɨɠ ŬůɓŮůŰɧɚɘɗɞɡɠ ɢɟɩɛŬŰɞɠ ɚŮɡəɞɨ ɛɏɢɟɘ 

ɚŮɡəɞəɑŰɟɘɜɞɡ. Ⱥˊɑůɖɠ ɞɘ ɜŮɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ ůŰɞɡɠ ŬɜɩŰŮɟɞɡɠ ɞɟɑɕɞɜŰŮɠ Űɖɠ ɔɖɠ 

ŮɝŮɚɑůůɞɜŰŬɘ ůŮ ŬɟɔɘɚɞɛŬɟɔŬɥəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ɢɟɩɛŬŰɞɠ ŰŮűɟɞəɑŰɟɘɜɞɡ ɛŮ 

ŭɘŬůŰɟɩůŮɘɠ Ŭˊɧ ɘɚɨ əŬɘ Ɏɛɛɞ.  

ɇɏɚɞɠ ɞɘ ŰŮŰŬɟŰɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊɚŮɡɟɘəɎ əɞɟɐɛŬŰŬ əŬɘ 

ɚŬŰɨˊŮɠ űɡɚɚɘŰɘəɐɠ əŬɘ ŬɜɗɟŬəɘəɐɠ ůɨůŰŬůɖɠ ŬɜŬɛŮɛɘɔɛɏɜŮɠ ɛŮ Ůɟɡɗɞɔɐ. 
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ȺɘəɧɜŬ 3.2 : ũŮɤɚɞɔɘəɐ ŮɘəɧɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ (Ƚ.ũ.ɀ.Ⱥ. ūɨɚɚɞ ɄŬɚŬɘɞɢɩɟŬɠ) 

 

3.2.2 ɀŮɚɏŰɖ Űɤɜ ɗɏůŮɤɜ Űɤɜ ɔɟŬɛɛɩɜ 

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ɛŮɚɏŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ əŮŭɟɧŭŬůɞɡɠ ůɢŮŭɘɎůŰɖəŮ ɔŮɤűɡůɘəɐ 

ɏɟŮɡɜŬ ɖ ɞˊɞɑŬ ˊŮɟɘɚɎɛɓŬɜŮ Űɖɜ ɔŮɤűɡůɘəɐ ŭɘŬůəɧˊɖůɖ Űɟɘɩɜ ɔɟŬɛɛɩɜ ɛŮɚɏŰɖɠ Űɖɠ 

ɇ1, Űɖɠ ɇ2 əŬɘ Űɖɠ ɇ3 ůɡɜɞɚɘəɞɨ ɛɐəɞɡɠ 200 m. ȼ ɇ1  ŮɑɜŬɘ 100 m, ɖ ɇ2 ŮɑɜŬɘ 50 m 

əŬɘ ɖ ɇ3 ˊɞɡ ŮɑɜŬɘ Ůˊɑůɖɠ 50 m. ɆŰɖɜ ŮɘəɧɜŬ 3.3 ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ŬəɟɘɓŮɑɠ ɗɏůŮɘɠ 

Űɤɜ Űɟɘɩɜ ɔɟŬɛɛɩɜ ɛŮɚɏŰɖɠ ůŮ ŬŮɟɞűɤŰɞɔɟŬűɑŬ ˊɞɡ ɚɐűɗɖəŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ 

Google Earth. 
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ȺɘəɧɜŬ 3.3 : ȷŮɟɞűɤŰɞɔɟŬűɑŬ (GOOGLE EARTH) ˊɞɡ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ŰɟŮɘɠ ɔɟŬɛɛɏɠ 

ɛŮɚɏŰɖɠ ůŰɖɜ ˊŬɟɎɚɘŬ Űɞɡ əŮŭɟɧŭŬůɞɡɠ.  

 

Ʉɘɞ ŬɜŬɚɡŰɘəɎ ɖ ɔɟŬɛɛɐ ɇ1 ɖ ɧˊɞɘŬ ŮɑɜŬɘ əŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɘɠ ɎɚɚŮɠ ŭɡɞ 

ɓɟɑůəŮŰŬɘ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ Űɖɠ ˊŬɟŬɚɑŬɠ ɛŮ ŭɘŮɨɗɡɜůɖ Ɂȷ ï ȸȹ. ȼ ɔɟŬɛɛɐ ɛŮɚɏŰɖɠ 

ɇ2 ɓɟɑůəŮŰŬɘ ŬɜŬŰɞɚɘəɎ Űɖɠ ɔɟŬɛɛɐɠ ɇ1 əŬɘ ɏɢŮɘ ŭɘŮɨɗɡɜůɖ Ɂ ï ȸ. ɇɏɚɞɠ ɖ ɔɟŬɛɛɐ 

ɛŮɚɏŰɖɠ ɇ3 ɓɟɑůəŮŰŬɘ ɓɞɟŮɘɞŭɡŰɘəɎ Űɖɠ ˊŬɟŬɚɑŬɠ Űɞɡ əŮŭɟɧŭŬůɞɡɠ əŬɘ ɏɢŮɘ 

ŭɘŮɨɗɡɜůɖ ȸȹ ï Ɂȷ. 

 

 

 

 

 

 

 

 

ȹɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ 
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ȺɘəɧɜŬ 3.4 : ũŮɤɚɞɔɘəɐ əɎŰɞɣɖ Űɖɠ ˊŬɟŬɚɑŬɠ əŮŭɟɧŭŬůɞɡɠ ɛŮ ŬˊɞŰɨˊɤůɖ Űɤɜ ɔɟŬɛɛɩɜ 

ɛŮɚɏŰɖɠ (Ƚ.ũ.ɀ.Ⱥ. ūɨɚɚɞ ɄŬɚŬɘɞɢɩɟŬɠ).
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ȺɘəɧɜŬ 3.5: ɉŬɟŬəŰɖɟɘůŰɘəɏɠ űɤŰɞɔɟŬűɑŮɠ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ Űɞɡɠ ɓɟŬɢɩŭŮɘɠ ůɢɖɛŬŰɘůɛɞɨɠ 

ůŰɖɜ ˊŬɟɎɚɘŬ Űɞɡ əŮŭɟɧŭŬůɞɡɠ. 

 

ɄŬɟŬˊɎɜɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ űɤŰɞɔɟŬűɑŮɠ Űɤɜ ɓɟŬɢɩŭɤɜ 

ůɢɖɛŬŰɘůɛɩɜ (ɊŬɛɛɑŰŮɠ). ɇŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ˊɎɟɗɖəŬɜ ɢŬɟŬəŰɖɟɘůŰɐəŬɜ ɔŮɤɚɞɔɘəɎ 

əŬɘ ˊŬɟŬŰɖɟɐɗɖəŮ ɖ ɞɛɞɘɞɔɏɜŮɘŬ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ůɢɖɛŬŰɘůɛɩɜ. Ƀɘ ůɢɖɛŬŰɘůɛɞɑ 

ŬˊɞŰŮɚɞɨɜŰŬɜ Ŭˊɧ əɟɞəŬɚɞˊŬɔŮɑɠ - ɚŬŰɡˊɞˊŬɔŮɑɠ , ɣŬɛɛɘŰɘəɏɠ əŬɘ ŬůɓŮůŰɞɚɘɗɘəɏɠ 

ŬˊɞɗɏůŮɘɠ (ůɡɛűɩɜŬ ɛŮ Űɖ ɔŮɤɚɞɔɘəɐ ɛŮɚɏŰɖ) ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ˊɞɚɨ ůɡɛˊŬɔŮɑɠ əŬɘ ŭŮɜ 

Ŭˊɞɟɟɞűɞɨɜ əŬɗɧɚɞɡ ɜŮɟɧ əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬəɧɟŮůŰɖ Ɏɛɛɞ ůɢɖɛŬŰɑɕɞɡɜ Űɞ 

ůŰɟɩɛŬ ˊɞɚɨ ɡɣɖɚɩɜ ɖɚŮəŰɟɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ. 
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3.3  ȹɘŬŭɘəŬůɑŬ ůɡɚɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɖɜ ɛɏɗɞŭɞ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ. 

ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ ɖ ŭɘɎŰŬɝɖ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ ɖ ŭɘˊɧɚɞɡ ï ŭɘˊɧɚɞɡ ɖ ɞˊɞɑŬ ɏɢŮɘ ŮɡŬɘůɗɖůɑŬ ůŰɞ ɗɧɟɡɓɞ 

ŬɚɚɎ əŬɚɨŰŮɟɖ ˊɚŮɡɟɘəɐ ŬɜɎɚɡůɖ Ŭˊɧ Űɖɜ ŭɘɎŰŬɝɖ Wenner - Schlumberger . ȼ ɘůŬˊɧůŰŬůɖ 

Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ Ŭ ɘůɞɨŰŬɜ ɛŮ 1 m əŬɘ ɞ Ŭɟɘɗɛɧɠ ŮˊɑˊŮŭɤɜ ɓɎɗɞɡɠ ɐŰŬɜ 18. Ƀ 

Ůɝɞˊɚɘůɛɧɠ ˊŮɟɘŮɚɎɛɓŬɜŮ 55 ɖɚŮəŰɟɧŭɘŬ , əŬɚɩŭɘŬ ůɡɜŭŮůɛɞɚɞɔɑŬɠ əŬɘ Űɞ ɛɖɢɎɜɖɛŬ 

ůɡɚɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ, STING R1. ȼ ŮəɎůŰɞŰŮ ɔɟŬɛɛɐ ůɖɛŬŭŮɨɞɜŰŬɜ ɛŮ ɛŮŰɟɞŰŬɘɜɑŬ 

ɩůŰŮ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ ŰŬ ɚɎɗɖ ůŰɖɜ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ. ɇɞ ɛɏɔɘůŰɞ 

ŬɜɎˊŰɡɔɛŬ ɖɚŮəŰɟɞŭɑɤɜ ɐŰŬɜ 55 m. ɆŰɘɠ ɛŮŰɟɐůŮɘɠ Űɖɠ ɔɟŬɛɛɐɠ ɛŮɚɏŰɖɠ ɇ2 əŬɘ ɇ3 

ŭŮɜ ɡˊɐɟɝŮ ˊɟɧɓɚɖɛŬ ŭɘɧŰɘ ɐŰŬɜ əŬɘ ɞɘ ŭɡɞ ɛɐəɞɡɠ 50 m. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɇ2 əŬɘ 

ɇ3 ɧɛɤɠ ɖ ɇ1 ɧˊɤɠ ɏɢŮɘ ˊɟɞŬɜŬűŮɟɗŮɑ ŮɑɜŬɘ 100 m ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜŬɔəŬůŰɘəɐ 

ŭɘɢɞŰɧɛɖůɖ Űɖɠ ůŮ ŭɡɞ ɛɏɟɖ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ. ɇɞ ˊɟɩŰɞ 

ɛɏɟɞɠ ɞɜɞɛɎůŰɖəŮ ɇ1a əŬɘ ŬűɞɟɞɨůŮ Űɞ ŭɘɎůŰɖɛŬ 0 ï 54ɞ m Űɖɠ ɔɟŬɛɛɐɠ ɇ1 əŬɘ Űɞ 

ŭŮɨŰŮɟɞ ɛɏɟɞɠ ɞɜɞɛɎůŰɖəŮ ɇ1b əŬɘ ŬűɞɟɞɨůŮ Űɞ ŭɘɎůŰɖɛŬ 46ɞ ï 100ɞ m Űɖɠ ɔɟŬɛɛɐɠ 

ɇ1. ȼ ɏɜɤůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ ŭɡɞ ɔɟŬɛɛɩɜ ɏɔɘɜŮ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Űɞɡ 

EXCEL ɩůŰŮ ɜŬ ŬɜŬəŰɖɗŮɑ ɞɚɧəɚɖɟɖ ɖ ŬɜɎˊŰɡɝɖ Űɖɠ ɔɟŬɛɛɐɠ ɛŮɚɏŰɖɠ ɇ1. ɇɞ 

ŬɜɎˊŰɡɔɛŬ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ŮɑɢŮ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ ɜŬ űŰɎůŮɘ 

ɛɏɢɟɘ ŰŬ 9 m. 

ȺɘəɧɜŬ 3.6: ŬˊŮɘəɧɜɘůɖ ŬɜŬˊŰɨɔɛŬŰɞɠ ɖɚŮəŰɟɞŭɑɤɜ  








































































