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ȺɡɢŬɟɘůŰɑŮɠ 

 

ȾŬɗɩɠ ɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊɞɡ ɛɞɡ ŬɜŬŰɏɗɖəŮ Ŭˊɧ Űɞɜ ə. ũŮɩɟɔɘɞ ȷˊɞůŰɞɚɧˊɞɡɚɞ, 

ŬɜŬˊɚɖɟɤŰɐ əŬɗɖɔɖŰɐ Űɞɡ ȺɀɄ, ɞɚɞəɚɖɟɩɗɖəŮ ɗŬ ɐɗŮɚŬ ɜŬ Űɞɜ ŮɡɢŬɟɘůŰɐůɤ ɔɘŬ Űɖɜ 

ŮɡəŬɘɟɑŬ ˊɞɡ ɛɞɡ ɏŭɤůŮ ɜŬ ŮɟɔŬůŰɩ ɛŬɕɑ Űɞɡ ůŮ ɏɜŬ Ŭˊɧ ŰŬ ɏɟɔŬ ˊɞɡ ŬɜŬŰɏɗɖəŬɜ ůŰɞ 

ȺɟɔŬůŰɐɟɘɞ ȺűŬɟɛɞůɛɏɜɖɠ ũŮɤűɡůɘəɐɠ Űɖɠ ůɢɞɚɐɠ ɀɖɢ. ɀŮŰŬɚɚŮɑɤɜ ï ɀŮŰŬɚɚɞɡɟɔɩɜ 

Űɞɡ ȺɀɄ. Ƀ ə. ȷˊɞůŰɞɚɧˊɞɡɚɞɠ ŮɑɜŬɘ ɏɜŬɠ Ɏɜɗɟɤˊɞɠ ˊɞɡ ůŮ əŮɟŭɑɕŮɘ Ŭˊɧ Űɖɜ ˊɟɩŰɖ 

ůŰɘɔɛɐ ɛŮ Űɞ ɏɟɔɞ Űɞɡ əŬɘ Űɞ ɛŮɟɎəɘ Űɞɡ ɜŬ ůŮ əɎɜŮɘ ɜŬ ŬɜŬəŬɚɨɣŮɘɠ Űɘɠ ɘəŬɜɧŰɖŰɏɠ ůɞɡ əŬɘ 

ɜŬ ˊɟɞɢɤɟɐůŮɘɠ Űɧůɞ ůŰɖɜ ŮˊɘůŰɐɛɖ ůɞɡ ɧůɞ əŬɘ ůŰɖɜ ɕɤɐ ůɞɡ. ȼ ɓɞɐɗŮɘɎ Űɞɡ əŬɘ ɖ 

ˊŬɟɞɡůɑŬ Űɞɡ Űɧůɞ ůŰɞ ˊŮŭɑɞ, ɧůɞ əŬɘ ůŰɞ ŮɟɔŬůŰɐɟɘɞ əŬɗɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ ůɡɔɔɟŬűɐɠ Űɖɠ 

ŮɟɔŬůɑŬɠ ɐŰŬɜ ˊɞɚɨŰɘɛɖ. ȹɑˊɚŬ ɛɞɡ ůŮ ŬɡŰɐɜ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ɐŰŬɜ əŬɘ ɞ ə. ũŮɩɟɔɘɞ 

ȷɛɞɚɞɢɑŰɖ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ȺűŬɟɛɞůɛɏɜɖɠ ũŮɤűɡůɘəɐɠ, Űɞɜ ɞˊɞɑɞ ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ. ȰɜŬ 

ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ɞűŮɑɚɤ əŬɘ ůŰɞɡɠ Ɉˊ. ȹɘŭɎəŰɞɟŮɠ ȹɖɛɐŰɟɖ ȾŬɟŬȶůəɞ əŬɘ ɆŰŬɨɟɞ 

ȾŬɟɘɕɩɜɖ ɔɘŬ Űɘɠ ůɡɛɓɞɡɚɏɠ Űɞɡɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ůɡɔɔɟŬűɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ (Űɞɜ 

ȹɖɛɐŰɟɖ əŬɘ ɔɘŬ Űɖɜ ˊɟɞůűɞɟɎ Űɞɡ ůŰɞ ˊŮŭɑɞ), əŬɗɩɠ əŬɘ Űɞɡɠ ůɡɛűɞɘŰɖŰɏɠ ɛɞɡ ȷɚŮɝɎɜŭɟŬ 

ɆŬəŬɚɑŭɖ əŬɘ ȾɤɜůŰŬɜŰɑɜɞ Ⱦɞɟɛˊɐ ɔɘŬ Űɖ ɓɞɐɗŮɘŬ Űɞɡɠ ůŰɞ ɨˊŬɘɗɟɞ. ŪŬ ɐɗŮɚŬ Ůˊɑůɖɠ, ɜŬ 

ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ȺűɞɟɑŬ ȷɟɢŬɘɞŰɐŰɤɜ ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ əŬɘ ɘŭɘŬɘŰɏɟɤɠ Űɖɜ Ȱűɞɟɞ əŬ 

ȷɜŭɟɑəɞɡ ɔɘŬ Űɖɜ ɎŭŮɘŬ ˊɞɡ ɢɞɟɐɔɖůŮ ůŰɞ ȺɟɔŬůŰɐɟɘɞ ũŮɤűɡůɘəɐɠ ɔɘŬ ɜŬ ŭɘŮɝŬɢɗɞɨɜ ɞɘ 

ɛŮŰɟɐůŮɘɠ ůŰɞ ɜŬɧ Űɖɠ ȷɟŰɏɛɘŭɞɠ əŬɗɩɠ əŬɘ ˍʹ˄ ʰˊ˔ʰʽˇ˂ˈʴˇ ɳʽˊʺ˄ʹ ʅˎˊʽʰ˄ˇˏ ʴʽʰ ˍʽˌ 

˔ˊʺˋʽ˃ʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˁʰʽ ʰˊ˔ʰʽˇ˂ˇʴʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˃ʰˌ ˉʰˊʶʾ˔ʶ ʴʽʰ ˍˇ˄ ˔˗ˊˇΦ ʆʷ˂ˇˌΣ 

˄ʽ˗ʻ˖ ˍʹ˄ ʰ˄ʱʴˁʹ ˄ʰ ʶˁ˒ˊʱˋ˖ ˍʹ˄ ʶˎʴ˄˖˃ˇˋˏ˄ʹ ˃ˇˎ ˁʰʽ ˋˍˇˎˌ ʵʽˁˇˏˌ ˃ˇˎ ʰ˄ʻˊ˗ˉˇˎˌΣ 

ˍʹ˄ ˇʽˁˇʴʷ˄ʶʽʰ ˃ˇˎ ˁʰʽ ˍˇˎˌ ˒ʾ˂ˇˎˌ ˃ˇˎΣ ˉˇˎ ˔˖ˊʾˌ ˍʹ˄ ʲˇʺʻʶʽʰ ˁʰʽ ˋˍʹ˄ ˋˍʺˊʽ˅ʺ ˍˇˎˌ ʵʶ˄ 

ʻʰ ˍʰ ʶʾ˔ʰ ˁʰˍʰ˒ʷˊʶʽΦ   
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ɄŮɟɑɚɖɣɖ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɖ ɔŮɤűɡůɘəɐ ɏɟŮɡɜŬ ůŰɖɜ ˊŬɟɎəŰɘŬ 

ˊŮɟɘɞɢɐ ˊɚɖůɑɞɜ Űɞɡ ɁŬɞɨ Űɖɠ ȷɟŰɏɛɘŭɞɠ ɇŬɡɟɞˊɧɚɞɡ əŬɘ Űɞɡ ɛɘəɟɧŰŮɟɞɡ ɜŬɞɨ ɜɞŰɘɧŰŮɟŬ 

Űɞɡ ˊɟɩŰɞɡ, ˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ ȹɐɛɞ ɆˊɎŰɤɜ ï ȷɟŰɏɛɘŭɞɠ ɛŮ ůəɞˊɧ Űɖɜ ŮˊɘˊɟɧůɗŮŰɖ 

ŬɜŬɕɐŰɖůɖ ŬɜɗɟɤˊɞɔŮɜɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ Ŭˊɧ Űɞɜ 7ɞ Ŭɘ. Ʉ.ɉ. ɏɤɠ Űɞɜ 1ɞ Ŭɘ. 

ɀ.ɉ., əŬɗɩɠ əŬɘ Űɖɠ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ Űɖɠ ˊŮɟɘɞɢɐɠ. ɇɞ ŮˊɑəŮɜŰɟɞ Űɖɠ ŬɜŬɕɐŰɖůɖɠ 

ˊɟɞůŭɘɞɟɑůŰɖəŮ ůŰɞ ɓɎɗɞɠ Űɞɡ ŬɜŬɔɚɨűɞɡ Űɖɠ ɞɟɞűɐɠ Űɞɡ ɓɟŬɢɩŭɞɡɠ ɡˊɞɓɎɗɟɞɡ əŬɘ ůŰɘɠ 

Űɞˊɘəɏɠ ŭɞɛɏɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ. Ƀ ɜŬɧɠ Űɖɠ ȷɟŰɏɛɘŭɞɠ ɇŬɡɟɞˊɧɚɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ 

ɏɜŬ ɛɜɖɛŮɑɞ ˊɞɚɘŰɘůɛɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ əŬɘ ɖ Ůˊɘˊɚɏɞɜ ɛŮɚɏŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ əɟɑɗɖəŮ 

ŬˊŬɟŬɑŰɖŰɖ Ŭˊɧ Űɖɜ ȺűɞɟŮɑŬ ȷɟɢŬɘɞŰɐŰɤɜ ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɖ 

ȺűɞɟŮɑŬ ȷɟɢŬɘɞŰɐŰɤɜ ɏəɟɘɜŮ ŬˊŬɟŬɑŰɖŰɖ Űɖ ɛŮɚɏŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɛɏůɤ Űɖɠ ɔŮɤűɡůɘəɐɠ 

ɏɟŮɡɜŬɠ ɛŮ ůəɞˊɧ Űɖɜ ŮɨɟŮůɖ əŬɘ ˊɟɞůŰŬůɑŬ ŭɞɛɩɜ ŬɜɗɟɤˊɞɔŮɜɞɨɠ ˊɟɞŮɚŮɨůŮɤɠ, əŬɗɩɠ 

ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮɝŬɔɤɔɐɠ ɘəŬɜɞˊɞɘɖŰɘəɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ ɛŮ ɛɖ əŬŰŬůŰɟɞűɘəɏɠ 

ɛŮɗɧŭɞɡɠ. ȷɟɢɘəɎ, ŮɝŮŰɎůŰɖəŮ ɖ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ əŬɘ ɖ ɡɔɟŬůɑŬ əŬɘ 

əŬŰŬɚɚɖɚɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ ɔɘŬ ŭɘɏɚŮɡůɖ Űɤɜ ɔŮɤűɡůɘəɩɜ ɞɟɔɎɜɤɜ. Ⱥˊɑůɖɠ ˊɞɚɨ 

ůɖɛŬɜŰɘəɧ ŮɟɩŰɖɛŬ ŬˊɞŰɏɚŮůŮ Űɞ ůɖɛŮɑɞ ŬɜŬɕɐŰɖůɖɠ əŬɘ ɞ ůŰɧɢɞɠ ˊɞɡ ɛŮɚŮŰɎŰŬɘ. 

ɆɨɛűɤɜŬ ɛŮ Űɖ űɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɚɚɎ əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ɔŮɤɚɞɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɖɜ ŰɞˊɞɗŮůɑŬ əɟɑɗɖəŮ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɞɘ Ůɝɐɠ 

ɛɏɗɞŭɞɘ: 

¶ ȾɚŬůůɘəɐ ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɀɏɗɞŭɞɠ (EM) 

¶ ȼɚŮəŰɟɘəɐ ɇɞɛɞɔɟŬűɑŬ (ERT) 

¶ ũŮɤɟŬɜŰɎɟ (GPR) 

ȷəɞɚɞɨɗɖůŮ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ əɎɗŮ ɛŮɗɧŭɞɡ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əŬŰɎɚɚɖɚŬ ɚɞɔɘůɛɘəɎ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ ȺɟɔŬůŰɐɟɘɞ ȺűŬɟɛɞůɛɏɜɖɠ 

ũŮɤűɡůɘəɐɠ. ɀŮŰɎ Űɖɜ ŮəŰŮɜɐ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŮɟɛɖɜŮɑŬ Űɤɜ ɔŮɤűɡůɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ˊŬɟŬŰɖɟɐɗɖəŬɜ əɎˊɞɘŮɠ ŬɜɤɛŬɚɑŮɠ Űɞɡ ɡˊŮŭɎűɞɡɠ ˊɞɡ ˊɘɗŬɜɧɜ ɜŬ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ 

Űɞɘɢɑɤɜ əŬɘ Ɏɚɚɤɜ ŭɞɛɩɜ əŬɘ ŮəŰɘɛɩɜŰŬɘ ɜŬ ɏɢɞɡɜ ˊɟɞəɚɖɗŮɑ Ŭˊɧ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŬɘŰɑŮɠ. 
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Abstract 

 

The conducted survey aimed to the geophysical investigation of the coastal region next to 

the temple of Artemida Tavropolou located in the region of Artemida in Attica, Greece in 

order to detect further archeological structures dated back to a specific period from the 7th 

century B.C. to the 1st century A.D. The research focused on identifying the stratigraphy and 

the location of any local archaeological underground man-made structures. As the temple of 

Artemida is a monument of cultural heritage, the Ephorate of Antiquities of East Attica found 

it crucial to conduct further research Therefore, the Ephorate decided that the research 

conducted with any geophysical methods would be the most beneficial as it is a non-

destructive method and will not harm any additional remains. The geology of the region was 

examined thoroughly along with the moisture in the subsurface, the capability of conducting 

the geophysical survey and the structures that are investigated. The research was designed 

after taking into account the geological and historical data, as well as information from 

foreign bibliography from similar case studies. The methods that were performed were the 

following: 

¶ Electromagnetic Method (EM) 

¶ Electrical Resistivity Tomography (ERT) 

¶ Ground Penetrating Radar (GPR) 

Then the processing of the data was processed using suitable software, provided by the 

Laboratory of Applied Geophysics in the School of Mining Engineering at National 

Technical University of Athens. The interpretation of the geophysical results showed some 

underground anomalies, which can potentially demonstrate the existence of walls and other 

structures that likely could have been caused by anthropogenic factors.  
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1 ȺɘůŬɔɤɔɐ 

 ȷɜŰɘəŮɑɛŮɜɞ əŬɘ ůɖɛŬůɑŬ Űɖɠ ŮűŬɟɛɞůɛɏɜɖɠ ɔŮɤűɡůɘəɐɠ 

 

ȼ ɔŮɤűɡůɘəɐ ŬˊɞŰŮɚŮɑ ɛɑŬ ŮˊɘůŰɐɛɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŬɝɘɞˊɞɘɞɨɜŰŬɘ űɡůɘəɎ űŬɘɜɧɛŮɜŬ, ɧˊɤɠ 

ɖ ɓŬɟɨŰɖŰŬ, ɞ ɖɚŮəŰɟɘůɛɧɠ, ɞ ɛŬɔɜɖŰɘůɛɧɠ, ɖ ŭɘɎŭɞůɖ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ əɚ.́ ɀɘŬ 

ɔŮɤűɡůɘəɐ ɛŮɚɏŰɖ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ (Űɖɠ ˊɡəɜɧŰɖŰŬɠ, Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ, Űɖɠ ɛŬɔɜɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ əŬɘ Űɖɠ ŰŬɢɨŰɖŰŬɠ ŭɘɎŭɞůɖɠ 

ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ) ɛŮ ůəɞˊɧ ɜŬ ŮɝŮŰŬůŰŮɑ Űɞ ɡˊɏŭŬűɞɠ Űɖɠ ɔɖɠ. ȸŬůɑɕŮŰŬɘ ůŰɞ ɧŰɘ ŰŬ 

ɔŮɤűɡůɘəɎ ˊŮŭɑŬ ˊɞɡ ɛŮŰɟɞɨɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ, ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ɘŭɘɧŰɖŰŮɠ 

ŭɞɛɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ˊɘɞ ɓŬɗɘɎ ɛɏůŬ ůŰɞ ɏŭŬűɞɠ əŬɘ ˊɞɡ ɞɘ əɚŬůɘəɏɠ ɔŮɤɚɞɔɘəɏɠ ɛɏɗɞŭɞɘ 

ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮɟŮɡɜɐůɞɡɜ.  

 ȼ ŭɘŮɟŮɨɜɖůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ŬˊŬɘŰɖŰɘəɐ ŭɘŬŭɘəŬůɑŬ, əŬɗɩɠ ɓŬůɑɕŮŰŬɘ ůŮ 

ŭŮŭɞɛɏɜŬ Ŭˊɧ ˊɞɘəɑɚŮɠ əŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ. ũɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ ůŮ 

ɛɘŬ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŬˊŬɘŰŮɑŰŬɘ ɞ ůɡůɢŮŰɘůɛɧɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ˊɚɖɟɞűɞɟɘɩɜ ŬˊɧӢ Űɞɜ 

ŰɞɛɏŬ Űɖɠ ŬɟɢŬɘɞɚɞɔɑŬɠ, Űɖɠ ɔŮɤɚɞɔɑŬɠ, Űɖɠ ɡŭɟɞɔŮɤɚɞɔɑŬɠ, Űɖɠ ɔŮɤɛɞɟűɞɚɞɔɑŬɠ, Űɖɠ 

ˊɞɚŮɞŭɞɛɑŬɠ əɚˊ.. ɆŰɞ ŮˊɎɔɔŮɚɛŬ Űɞɡ ɛɖɢŬɜɘəɞɨ ɖ ŮűŬɟɛɞůɛɏɜɖ ɔŮɤűɡůɘəɐ ŮɑɜŬɘ ŮˊɘůŰɐɛɖ 

ɘŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ, Ŭűɞɨ ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮɚɏŰɖɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ůŰɟɤɛɎŰɤɜ 

əŬɘ Űɞɡ űɚɞɘɞɨ Űɖɠ ɔɖɠ, əŬɗɩɠ əŬɘ Űɞɜ ŮɜŰɞˊɘůɛɧ ŭɞɛɩɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖɜ ŮɛűɎɜɘůɖ 

əɞɘŰŬůɛɎŰɤɜ ˊŮŰɟŮɚŬɑɞɡ əŬɘ űɡůɘəɞɨ ŬŮɟɑɞɡ, ŮɜŰɞˊɘůɛɧ ɛŮŰŬɚɚɞűɞɟɑŬɠ, ˊɖɔɩɜ 

ɔŮɤɗŮɟɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ˊɟɞɦˊɎɟɢɞɜŰɤɜ ŭɞɛɩɜ ŬɜɗɟɤˊɞɔŮɜɞɨɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, 

ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ, ŭɘŬəɨɛŬɜůɖɠ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ ə.Ŭ.. ȼ ɔŮɤűɡůɘəɐ ŭɘŬůəɧˊɖůɖ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ɚɐɣɖ ɛŮŰɟɐůŮɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, ɞɘ ɞˊɞɑŮɠ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ 

Űɖɜ ŮůɤŰŮɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ űɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ ɔɖɠ.  ɆɡɜŮˊɩɠ, ɞ ŮɜŰɞˊɘůɛɧɠ əɎˊɞɘŬɠ 

Űɞˊɘəɐɠ ŭɞɛɐɠ ůŰɞ ɡˊɏŭŬűɞɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ˊɞɡ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ 

ůŮ ůɢɏůɖ ɛŮ Űɞɜ ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞ (ŬɜɤɛŬɚɑŮɠ). ɆŮ ɏɜŬɜ ɔŮɤɚɞɔɘəɧ ůɢɖɛŬŰɘůɛɧ ɧɛɤɠ 

ɡˊɎɟɢŮɘ ɛŮɔɎɚɖ ˊɘɗŬɜɧŰɖŰŬ ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖɠ Űɤɜ űɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ 

ŮűŬɟɛɞɔɐ ɛɘŬɠ ɛɧɜɞ ɔŮɤűɡůɘəɐɠ ɛŮɗɧŭɞɡ ɜŬ ɛɖɜ ŮɑɜŬɘ ŬɟəŮŰɐ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ. ũɘŬ Űɖɜ ŭɘŮɝŬɔɤɔɐ ɞɚɞəɚɖɟɤɛɏɜɤɜ əŬɘ  ŬəɟɘɓɏůŰŮɟɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞɠ ɞ ůɡɜŭɡŬůɛɧɠ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ. ȼ Ůˊɘɚɞɔɐ Űɖɠ 

əŬŰɎɚɚɖɚɖɠ ɛŮɗɧŭɞɡ ɔɘŬ ɜŬ ŮˊɘɚɡɗŮɑ ɏɜŬ ˊɟɧɓɚɖɛŬ ɔŮɤűɡůɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ: 

¶ ɇɖ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ 
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¶ ɇɞ ɓɎɗɞɠ Űɞɡ ůŰɧɢɞɡ  

¶ ɇɞ Ůɑŭɞɠ Űɞɡ ůŰɧɢɞɡ  

¶ ɇɞ əŬŰɎ ˊɧůɞɜ ɞɘ ɔŮɤűɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ůŰɧɢɞɡ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ůŮ ůɢɏůɖ ɛŮ 

Űɞɜ ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞ Űɞɡ ůŰɧɢɞɡ  (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

Ƀɘ ɔŮɤűɡůɘəɏɠ ɛɏɗɞŭɞɘ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ űɡůɘəɐ ɘŭɘɧŰɖŰŬ ˊɞɡ Űɖɠ ŭɘɏˊŮɘ ůŰɘɠ 

ˊŬɟŬəɎŰɤ əŬŰɖɔɞɟɑŮɠ: 

ɄɑɜŬəŬɠ 1.1: ũŮɤűɡůɘəɏɠ ɀɏɗɞŭɞɘ 

ɀȺŪɃȹɃɆ ɀȺɇɅɃɈɀȺɁɃ 

ɀȺũȺŪɃɆ 

ūɈɆȽȾȼ 

ȽȹȽɃɇȼɇȷ 

ɆɇɃɉɃɆ 

ȸŬɟɡŰɘəɐ ɀŮŰŬɓɞɚɏɠ Űɖɠ 

ŮˊɘŰɎɢɡɜůɖɠ Űɖɠ 

ɓŬɟɨŰɖŰŬɠ 

ɄɡəɜɧŰɖŰŬ Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ 

əŬŰŬɜɞɛɐɠ Űɖɠ 

ˊɡəɜɧŰɖŰŬɠ Űɤɜ 

ɡˊŮŭŬűɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ 

ɀŬɔɜɖŰɘəɐ ɀŮŰŬɓɞɚɏɠ Űɖɠ 

ɏɜŰŬůɖɠ Űɞɡ 

ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ 

ɀŬɔɜɖŰɘəɐ 

ŮˊɘŭŮəŰɘəɧŰɖŰŬ 

ȺɜŰɞˊɘůɛɧɠ 

ɛŬɔɜɖŰɘůɛɏɜɤɜ 

ˊŮŰɟɤɛɎŰɤɜ, ɛɏůɤ 

Űɖɠ ɛŬɔɜɖŰɘəɐɠ 

ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ əŬɘ 

Űɖɠ ˊŬɟŬɛɏɜɞɡůŬɠ 

ɛŬɔɜɐŰɘůɖɠ 

      ȼɚŮəŰɟɘəɐ 

Ⱥɘŭɘəɐɠ ŬɜŰɑůŰŬůɖɠ 
ȼɚŮəŰɟɘəɐ 

ȷɜŰɑůŰŬůɖ Űɖɠ ũɖɠ 

ȼɚŮəŰɟɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ 
ȾŬɗɞɟɘůɛɧɠ Űɖɠ 

ɔŮɤɖɚŮəŰɟɘəɐɠ ŭɞɛɐɠ 

Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ 

ůŰɟɤɛɎŰɤɜ Űɞɡ űɚɞɘɞɨ 

Űɖɠ ɔɖɠ 

ūɡůɘəɞɨ ȹɡɜŬɛɘəɞɨ 
ȼɚŮəŰɟɞəɘɜɖŰɘəɧ 

ŭɡɜŬɛɘəɧ 

ȼɚŮəŰɟɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ 

ȺˊŬɔɧɛŮɜɖɠ 

ɄɞɚɘəɧŰɖŰŬɠ 
ȹɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ 

ȼɚŮəŰɟɘəɐ 

ɢɤɟɖŰɘəɧŰɖŰŬ 

ɀŬɔɜɖŰɞŰŮɚɚɞɡɟɘəɐ   
 

ɆŮɘůɛɘəɐ ɉɟɧɜɞɠ ŭɘɎŭɞůɖɠ 

Űɤɜ ŭɘŬɗɚɩɛŮɜɤɜ ɐ 

ŬɜŬəɚɩɛŮɜɤɜ 

əɡɛɎŰɤɜ 

ɄɡəɜɧŰɖŰŬ, 

ŮɚŬůŰɘəɧŰɖŰŬ 

ȾŬɗɞɟɘůɛɧɠ Űɖɠ 

ŭɞɛɐɠ Űɤɜ 

ŮˊɘűŬɜŮɘŬəɩɜ 

ůŰɟɤɛɎŰɤɜ Űɞɡ 

űɚɞɘɞɨ Űɖɠ ɔɖɠ 

ɛɏůɤ Űɤɜ 

ŮɚŬůŰɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Űɤɜ 

ˊŮŰɟɤɛɎŰɤɜ 

ɅŬŭɘɞɛŮŰɟɘəɐ ūɡůɘəɐ 

ɟŬŭɘŮɜɏɟɔŮɘŬ 

ȷəŰɘɜɞɓɞɚɑŬ Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ 

űɡůɘəɐɠ 

ɟŬŭɘŮɜɏɟɔŮɘŬɠ Űɤɜ 

ˊŮŰɟɤɛɎŰɤɜ 
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ŪŮɟɛɘəɐ Ʌɞɐ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ 

Űɞ ŮůɤŰŮɟɘəɧ Űɖɠ 

ɔɖɠ  

ŪŮɟɛɞəɟŬůɑŬ Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɤɜ 

ˊŮŰɟɤɛɎŰɤɜ 

ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ȷˊɧəɟɘůɖ ůŮ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŭɘɏɔŮɟůɖ 

ȼɚŮəŰɟɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ, 

ɛŬɔɜɖŰɘəɐ 

ŮˊɘŭŮəŰɘəɧŰɖŰŬ 

ȾŬɗɞɟɘůɛɧɠ Űɖɠ 

ɔŮɤɖɚŮəŰɟɘəɐɠ 

ŭɞɛɐɠ Űɤɜ 

ŮˊɘűŬɜŮɘŬəɩɜ 

ůŰɟɤɛɎŰɤɜ Űɞɡ 

űɚɞɘɞɨ Űɖɠ ɔɖɠ  

ũŮɤɟŬɜŰɎɟ ɉɟɧɜɞɠ ŭɘɎŭɞůɖɠ 

Űɤɜ ŬɜŬəɚɩɛŮɜɤɜ 

ˊŬɚɛɩɜ Űɞɡ 

ũŮɤɟŬɜŰɎɟ ůŮ 

ŬůɡɜɏɢŮɘŮɠ 

ȹɘɖɚŮəŰɟɘəɐ 

ůŰŬɗŮɟɎ, 

ɖɚŮəŰɟɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ 

ȺɜŰɞˊɘůɛɧɠ 

ŬůɡɜŮɢŮɘɩɜ  

 

 

 ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ  Űɖɠ 

ɔŮɤűɡůɘəɐɠ ɏɟŮɡɜŬɠ ůŰɖɜ ˊŬɟɎəŰɘŬ ɕɩɜɖ ˊɚɖůɑɞɜ Űɞɡ ɜŬɞɨ Űɖɠ ȷɟŰɏɛɘŭɞɠ, ˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ 

ůŰɞ ȹɐɛɞ ɆˊɎŰɤɜ ï ȷɟŰɏɛɘŭɞɠ, ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ˊŬɟŬɚɑŬ Űɖɠ ȷɟŰɏɛɘŭɞɠ. 

Ɇəɞˊɧɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɛŮɚɏŰɖɠ ŬˊɞŰŮɚŮɑ ɖ ŭɡɜŬŰɧŰɖŰŬ ŮɜŰɞˊɘůɛɞɨ ŭɞɛɩɜ əŬɘ Űɞɡ 

Űɟɧˊɞɡ ɛŮ Űɞɜ ɞˊɞɑɞɜ ɐŰŬɜ ŭɘŬɛɞɟűɤɛɏɜɖ ɖ ŬəŰɞɔɟŬɛɛɐ Űɖɜ ˊŮɟɑɞŭɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɜŬɞɨ, 

ŬɚɚɎ əŬɘ ɖ ˊŮɟŬɘŰɏɟɤ ŬɜŬɕɐŰɖůɖ ŬɜɗɟɤˊɞɔŮɜɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ  Ŭˊɧ Űɞɜ 

7ɞ Ŭɘ. Ʉ.ɉ. ɏɤɠ Űɞɜ 1ɞ Ŭɘ. ɀ.ɉ.. ɇɞ ŮˊɑəŮɜŰɟɞ Űɖɠ ŬɜŬɕɐŰɖůɖɠ ˊɟɞůŭɘɞɟɑůŰɖəŮ ůŰɞ ɓɎɗɞɠ 

Űɞɡ ŬɜŬɔɚɨűɞɡ Űɖɠ ɞɟɞűɐɠ Űɞɡ ɓɟŬɢɩŭɞɡɠ ɡˊɞɓɎɗɟɞɡ əŬɘ ůŰɘɠ Űɞˊɘəɏɠ ŭɞɛɏɠ Űɖɠ ˊŮɟɘɞɢɐɠ 

ɏɟŮɡɜŬɠ. Ƀ ɜŬɧɠ Űɖɠ ȷɟŰɏɛɘŭɞɠ ɇŬɡɟɞˊɧɚɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɏɜŬ ɛɜɖɛŮɑɞ ˊɞɚɘŰɘůɛɘəɐɠ 

əɚɖɟɞɜɞɛɘɎɠ əŬɘ ɖ Ůˊɘˊɚɏɞɜ ɛŮɚɏŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ əɟɑɗɖəŮ ŬˊŬɟŬɑŰɖŰɖ Ŭˊɧ Űɖɜ ȺűɞɟŮɑŬ 

ȷɟɢŬɘɞŰɐŰɤɜ ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ, ɖ ɞˊɞɑŬ ŬˊŮɡɗɨɜɗɖəŮ ůŰɞ ȺɟɔŬůŰɐɟɘɞ ȺűŬɟɛɞůɛɏɜɖɠ 

ũŮɤűɡůɘəɐɠ, əŬɗɩɠ ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮɝŬɔɤɔɐɠ ɘəŬɜɞˊɞɘɖŰɘəɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ ɛŮ 

ɛɖ əŬŰŬůŰɟɞűɘəɏɠ ɛŮɗɧŭɞɡɠ. 

ȼ ɞɛɎŭŬ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ ŬˊɞŰŮɚɞɨɜŰŬɜ Ŭˊɧ ɛɏɚɖ Űɞɡ 

ȺɟɔŬůŰɖɟɑɞɡ ȺűŬɟɛɞůɛɏɜɖɠ ũŮɤűɡůɘəɐɠ Űɞɡ ɇɞɛɏŬ ɀŮŰŬɚɚŮɡŰɘəɐɠ Űɖɠ Ɇɢɞɚɐɠ 

ɀɖɢŬɜɘəɩɜ ɀŮŰŬɚɚŮɑɤɜ ɀŮŰŬɚɚɞɡɟɔɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ. 

ɈˊŮɨɗɡɜɞɠ Űɖɠ ɏɟŮɡɜŬɠ ɐŰŬɜ ɞ ȹɟ. ũŮɩɟɔɘɞɠ ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ 

Űɞɡ ɇɞɛɏŬ ɀŮŰŬɚɚŮɡŰɘəɐɠ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ɛɏɚɖ ɐŰŬɜ ɞ ȹɟ. ũŮɩɟɔɘɞɠ ȷɛɞɚɞɢɑŰɖɠ ɛɏɚɞɠ 
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Ⱥ.Ⱥ.ȹȽ.Ʉ. Űɞɡ ŰɞɛɏŬ ɛŮŰŬɚɚŮɡŰɘəɐɠ, ɞ ɡˊɞɣɐűɘɞɠ ȹɘŭɎəŰɞɟŬɠ ȹɖɛɐŰɟɘɞɠ ȾŬɟŬȶůəɞɠ əŬɘ 

Űɘɠ ŰŮɚŮɘɧűɞɘŰŮɠ ůˊɞɡŭɎůŰɟɘŮɠ Űɖɠ Ɇɢɞɚɐɠ ɀɖɢŬɜɘəɩɜ ɀŮŰŬɚɚŮɑɤɜ ɀŮŰŬɚɚɞɡɟɔɩɜ Űɞɡ 

Ⱥ.ɀ.Ʉ. ȷɚŮɝɎɜŭɟŬ ɆŬəŬɚɑŭɖ əŬɘ ȺɡůŰŬɗɑŬ ũŬɟɛˊɐ.   

ȴůŰŮɟŬ Ŭˊɧ ɛŮɚɏŰɖ ɔŮɤɚɞɔɘəɩɜ əŬɘ ŬɟɢŬɘɞɚɞɔɘəɩɜ ůŰɞɘɢŮɑɤɜ ŬˊɞűŬůɑůŰɖəŮ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɔŮɤűɡůɘəɏɠ ɛɏɗɞŭɞɘ: 

¶ ȼɚŮəŰɟɘəɐ ɛɏɗɞŭɞɠ 

¶ ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ (EM) 

¶ ɀɏɗɞŭɞɠ ũŮɤɟŬɜŰɎɟ (GPR) 

ȾɎɗŮ ɛɏɗɞŭɞɠ ɢɟŮɘɎůŰɖəŮ ɏɜŬ Ůɘŭɘəɧ ɧɟɔŬɜɞ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ ɏɟŮɡɜŬɠ. ȳůɞɜ ŬűɞɟɎ 

Űɖɜ ɖɚŮəŰɟɘəɐ ɛɏɗɞŭɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɧɟɔŬɜɞ SYLCAL Pro ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɤɜ 

Űɘɛɩɜ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ. ȴůŰŮɟŬ, ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 

ɛŮɗɧŭɞɡ, Űɞ ɧɟɔŬɜɞ ɛɏŰɟɖůɖɠ Űɖɠ GE Instruments ñCMDò ɛŮ Űɘɠ ŭɨɞ ŭɘŬɛɞɟűɩůŮɘɠ Űɞɡ 

CMD-2 ɛŮ ɓɎɗɞɠ ůɡɜɞɚɘəɐɠ ŭɘŬůəɧˊɖůɖɠ 1,5m əŬɘ 3m. ɇɏɚɞɠ ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ ɛŮ Űɖ 

ɛɏɗɞŭɞ ũŮɤɟŬɜŰɎɟ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɑŬ ɗɤɟŬəɘůɛɏɜɖ əŮɟŬɑŬ Űɖɠ MALA  Geoscience ɛŮ 

ůɡɢɜɧŰɖŰŬ 250 MHz. 

ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɏɔɘɜŮ ɛŮ ŰŬ Ůɝɐɠ ɡˊɞɚɞɔɘůŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ: 

¶ ȼɚŮəŰɟɘəɐ ɛɏɗɞŭɞɠ: RES2DINV Űɖɠ Geotomo Software 

¶ ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ (EM): Surfer Űɖɠ Golden Software 

¶ ɀɏɗɞŭɞɠ ũŮɤɟŬɜŰɎɟ (GPR): REFLEXW Űɖɠ Sandmeier Scientific Software 

Ⱥɜ əŬŰŬəɚŮɑŭɘ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɞŭɖɔɞɨɜ ůŮ ɞɟɘůɛɏɜŬ ůɡɛˊŮɟɎůɛŬŰŬ, ŰŬ 

ɞˊɞɑŬ Ŭűɞɟɞɨɜ Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ Űɞˊɘəɩɜ ŭɞɛɩɜ əŬɗɩɠ əŬɘ Űɖɜ ɏəŰŬůɖ Űɞɡ ɓɟŬɢɩŭɞɡɠ 

ɡˊɞɓɎɗɟɞɡ. 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ əŬɘ ɛŮ ŭŮŭɞɛɏɜɞ Űɖɠ ɔŮɘŰɜɑŬůɖɠ Űɖɠ 

ˊŬɟɎəŰɘŬɠ  ˊŮɟɘɞɢɐɠ ˊɞɡ ŮɟŮɡɜɐɗɖəŮ ɡˊɐɟɝŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖ űɞɘŰɐŰɟɘŬ ɆŬəŬɚɑŭɖ 

ȷɚŮɝɎɜŭɟŬ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ɡˊɞɓɎɗɟɞɡ Űɖɠ ŮɟɔŬůɑŬɠ əŬɗɩɠ əŬɘ ůŰɖɜ ŬɜɎɚɡůɖ 

Űɤɜ ɘůŰɞɟɘəɩɜ, ɔŮɤɚɞɔɘəɩɜ əŬɘ ɔŮɤɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 
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 ȹɞɛɐ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

 

ȼ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŭɞɛŮɑŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ ɏɝɘ əŮűɎɚŬɘŬ: 

¶ ȾŮűɎɚŬɘɞ 1: ŮɘůŬɔɤɔɐ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŮűŬɟɛɞůɛɏɜɖɠ ɔŮɤűɡůɘəɐɠ əŬɘ ůŰɞ 

ŮɝŮŰŬɕɧɛŮɜɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ 

¶ ȾŮűɎɚŬɘɞ 2: ŬɜɎˊŰɡɝɖ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ɡˊɞɓɎɗɟɞɡ ɔɘŬ Űɘɠ ɔŮɤűɡůɘəɏɠ ɛŮɗɧŭɞɡɠ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ˊŬɟɞɡůɑŬůɖ Űɤɜ ɞɟɔɎɜɤɜ ɛɏŰɟɖůɖɠ ɔɘŬ Űɖ ɚɐɣɖ 

ŭŮŭɞɛɏɜɤɜ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɏɟŮɡɜŬɠ 

¶ ȾŮűɎɚŬɘɞ 3: ˊŬɟŬŭŮɑɔɛŬŰŬ ɔŮɤűɡůɘəɐɠ ɏɟŮɡɜŬɠ Ŭˊɧ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɛŮ 

ˊŬɟŮɛűŮɟɏɠ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ 

¶ ȾŮűɎɚŬɘɞ 4: ˊŬɟɞɡůɑŬůɖ ˊɚɖɟɞűɞɟɘɩɜ ɔɘŬ Űɖɜ ŮɝŮŰŬɕɧɛŮɜɖ ˊŮɟɘɞɢɐ 

¶ ȾŮűɎɚŬɘɞ 5: əŬŰŬɔɟŬűɐ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ ɛŮŰɟɐůŮɤɜ 

¶ ȾŮűɎɚŬɘɞ 6: ůɢɧɚɘŬ əŬɘ ůɡɛˊŮɟɎůɛŬŰŬ Ŭˊɧ Űɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ ɏɟŮɡɜŬɠ əŬɘ Űɖɠ 

ɏəɓŬůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

¶ ȾŮűɎɚŬɘɞ 7: ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ˊɖɔɏɠ ɔɘŬ Űɖ ůɡɔɔɟŬűɐ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

 

 

ȺɘəɧɜŬ 1.1: ɀŮŰɟɐůŮɘɠ ɔŮɤɟŬɜŰɎɟ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ 
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ȺɘəɧɜŬ 1.2: ȼɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ 
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2 ŪŮɤɟɖŰɘəɧ ɀɏɟɞɠ 

 ȼɚŮəŰɟɘəɏɠ ɀɏɗɞŭɞɘ 

2.1.1 ȺɘůŬɔɤɔɐ 

ȾŬŰɎ Űɖɜ ɖɚŮəŰɟɘəɐ ɛɏɗɞŭɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏŰɟɖůɖ Űɖɠ əŬŰŬɜɞɛɐɠ Űɖɠ Ůɘŭɘəɐɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ůŰɞ ɡˊɏŭŬűɞɠ. ȺűŬɟɛɧůŰɖəŮ ˊɟɩŰɖ űɞɟɎ Ŭˊɧ Űɞɜ Conrad 

Schlumberger Űɞ 1912, ɞ ɞˊɞɑɞ ŬɝɘɞˊɞɑɖůŮ Űɞɡɠ ɜɧɛɞɡɠ Űɞɡ ɔŮɤɖɚŮəŰɟɘůɛɞɨ. ȾɎɜɞɜŰŬɠ  

ɢɟɐůɖ Űɖɠ ŭɘɏɚŮɡůɖɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ Ŭˊɧ Űɞɡɠ ɡˊŮŭŬűɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ  

ɡɚɞˊɞɘɞɨɜŰŬɘ ɏɟŮɡɜŮɠ əŬɘ ŮɜŰɞˊɘůɛɧɠ ɡŭɟɞűɧɟɤɜ ɞɟɘɕɧɜŰɤɜ, Ůˊɑɚɡůɖ ɔŮɤŰŮɢɜɘəɩɜ əŬɘ 

ɛŮŰŬɚɚŮɡŰɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ, ɛŮŰɟɩɜŰŬɘ ŭɘŬűɞɟɏɠ ŭɡɜŬɛɘəɞɨ, ɟŮɨɛŬŰŬ əŬɘ űɡůɘəɎ ɐ 

ŰŮɢɜɖŰɎ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ. (ȯəɖɠ ɇůŮɚɏɜŰɖɠ) 

ɀŮ Űɖ ɢɟɐůɖ ůɡɜŮɢɞɨɠ ɐ ŮɜŬɚɚŬůůɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ ɢŬɛɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ ŮɜŰɞˊɑɕɞɜŰŬɘ 

ɞɟɘɕɧɜŰɘŮɠ əŬɘ əŬŰŬəɧɟɡűŮɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ɖɚŮəŰɟɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɡˊŮŭɎűɞɡɠ. 

2.1.2 ɇɨˊɞɘ ɖɚŮəŰɟɘəɩɜ ɛŮɗɧŭɤɜ 

ɄɑɜŬəŬɠ 1.2: ȹɘɎəɟɘůɖ ȼɚŮəŰɟɘəɩɜ ɀŮɗɧŭɤɜ 
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ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ɨˊŬɟɝɖ űɡůɘəɩɜ ɐ ŰŮɢɜɖŰɩɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ, ɞɘ ɖɚŮəŰɟɘəɏɠ 

ɛɏɗɞŭɞɘ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŮɜŮɟɔɖŰɘəɏɠ əŬɘ ˊŬɗɖŰɘəɏɠ. 

2.1.3 ȼɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ɨɚɖɠ 

2.1.3.1 ȼɚŮəŰɟɘəɎ ȹɡɜŬɛɘəɎ 

ɇŬ űɡůɘəɎ ŭɡɜŬɛɘəɎ Űɞɡ ɡˊŮŭɎűɞɡɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɚɧɔɤ ɖɚŮəŰɟɞɢɖɛɘəɐɠ ɐ ɛɖɢŬɜɘəɐɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŬɠ əŬɘ ůɢŮŰɑɕɞɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɛŮ Űɞ ɡˊɧɔŮɘɞ ɜŮɟɧ. ȹɘŬəɟɑɜɞɜŰŬɘ ůŮ: 

¶ ȼɚŮəŰɟɞəɘɜɖŰɘəɧ ȹɡɜŬɛɘəɧ (ɛɖɢŬɜɘəɐɠ ˊɟɞɏɚŮɡůɖɠ) 

¶ ȹɡɜŬɛɘəɧ ȹɘɎɢɡůɖɠ (ɢɖɛɘəɐɠ ˊɟɞɏɚŮɡůɖɠ) 

¶ ȹɡɜŬɛɘəɧ Nerst (ɢɖɛɘəɐɠ ˊɟɞɏɚŮɡůɖɠ) 

¶ ȹɡɜŬɛɘəɧ ɃɟɡəŰɞɔɏɜŮůɖɠ (ɢɖɛɘəɐɠ ˊɟɞɏɚŮɡůɖɠ) 

¶ ūɡůɘəɧ ȹɡɜŬɛɘəɧ ůɢŮŰɘɕɧɛŮɜɞ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɔŮɤɗŮɟɛɘəɩɜ ˊŮŭɑɤɜ 

2.1.3.2 ȼɚŮəŰɟɘəɐ ȷɔɤɔɘɛɧŰɖŰŬ əŬɘ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ 

ɇɞ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ ŭɘŬŭɑŭŮŰŬɘ ůŰŬ ˊŮŰɟɩɛŬŰŬ əŬɘ ŰŬ ɞɟɡəŰɎ ɛŮ ŰɟŮɘɠ Űɟɧˊɞɡɠ: 

¶ ȼɚŮəŰɟɞɜɘəɎ (ɤɛɘəɎ): ɖ ɟɞɐ Űɞɡ ɟŮɨɛŬŰɞɠ ˊŮɟɘɏɢŮɘ ŮɚŮɨɗŮɟŬ ɖɚŮəŰɟɧɜɘŬ (ɛɏŰŬɚɚŬ). 

¶ ȼɚŮəŰɟɞɚɡŰɘəɎ: Űɞ ɟŮɨɛŬ ɛŮŰŬűɏɟŮŰŬɘ ɛɏůɤ ɘɧɜŰɤɜ ɛŮ ůɢŮŰɘəɎ ɢŬɛɖɚɧ ɟɡɗɛɧ. 

¶ ȹɘɖɚŮəŰɟɘəɎ: ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ űŰɤɢɞɨɠ Ŭɔɤɔɞɨɠ ɐ ɛɞɜɤŰɏɠ ɧˊɞɡ ŰŬ ŬŰɞɛɘəɎ 

ɖɚŮəŰɟɧɜɘŬ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ŮɝɤŰŮɟɘəɞɨ ˊŮŭɑɞɡ ɛŮŰŬəɘɜɞɨɜŰŬɘ ůɢŮŰɘəɎ ɛŮ 

Űɞɜ ˊɡɟɐɜŬ. 

 ȽŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ Űɖɠ ɨɚɖɠ ŬˊɞŰŮɚŮɑ ɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ɖ ɞˊɞɑŬ 

ɢŬɟŬəŰɖɟɑɕŮɘ Ŭɜ ɏɜŬ ɔŮɤɚɞɔɘəɧ ɡɚɘəɧ ŮɑɜŬɘ əŬɚɧɠ ɐ əŬəɧɠ Ŭɔɤɔɧɠ. ȼ ɖɚŮəŰɟɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ů əŬɘ ɛŮŰɟɎŰŬɘ ůŮ Siemens/m əŬɘ ŭŮɑɢɜŮɘ ˊɧůɞ ŮɨəɞɚŬ 

ŭɘŬŭɑŭŮŰŬɘ Űɞ ɖɚŮəŰɟɘəɧ űɞɟŰɑɞ ɛɏůŬ ůŰɞ ˊɏŰɟɤɛŬ. 

                            „                                                 

ɟ: Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ 

ȰůŰɤ əɡɚɘɜŭɟɘəɧɠ Ŭɔɤɔɧɠ ɛɐəɞɡɠ L əŬɘ ŭɘŬŰɞɛɐɠ ȷ ˊɞɡ ŭɘŬɟɟɏŮŰŬɘ Ŭˊɧ ɟŮɨɛŬ I əŬɘ ůŰŬ 

ɎəɟŬ Űɞɡ ɡˊɎɟɢŮɘ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ ȹV. ɆɨɛűɤɜŬ ɛŮ Űɞ ɜɧɛɞ Űɞɡ Ohm ɖ ɖɚŮəŰɟɘəɐ 

ŬɜŰɑůŰŬůɖ R ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ Űɨˊɞ: 

Ὑ  

(2.1) 

(2.2) 



21 

 

ȳɛɤɠ ɖ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ŮɝŬɟŰɎŰŬɘ əŬɘ Ŭˊɧ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɞɡ Ŭɔɤɔɞɨ ůɨɛűɤɜŬ ɛŮ Űɖ 

ůɢɏůɖ: 

Ὑ ”  

ɇɞ ŬɜŰɑɗŮŰɞ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ŮɑɜŬɘ ɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ɟ ˊɞɡ 

ˊŮɟɘɔɟɎűŮɘ ˊɧůɞ ŮɨəɞɚŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬɓɘɓŬůŰŮɑ Űɞ ɟŮɨɛŬ ůŮ ɏɜŬ ɡɚɘəɧ əŬɘ ɘůɞɨŰŬɘ ɛŮ : 

”  

R: ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ (Ohm) 

ȺɘəɧɜŬ  1.1: ȾɨəɚɤɛŬ ȷɜŰɑůŰŬůɖɠ Ʉɖɔɐ: (Philip  Kearey, 2002) 

ȼ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ Ůɜɧɠ ɛɏůɞɡ ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ Űɞɡ Archie ŮɑɜŬɘ: 

” ὥ • ί ”  

ű: ˊɞůɞůŰɧ ɧɔəɞɡ Űɤɜ ˊɧɟɤɜ (ˊɞɟɩŭŮɠ) 

s: ˊɞůɞůŰɧ ˊɧɟɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɜŮɟɧ 

a: ůŰŬɗŮɟɎ 0,5‌ ςȟυ 

m: ůŰŬɗŮɟɎ ρȟσ ά ςȟυ 

ɟw: Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ɜŮɟɞɨ 

ɇŬ ˊŮɟɘůůɧŰŮɟŬ ˊŮŰɟɩɛŬŰŬ ŮɑɜŬɘ əŬəɞɑ Ŭɔɤɔɞɑ (ɡɣɖɚɐ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ), ɧɛɤɠ 

ŮɝŬɘŰɑŬɠ Űɞɡ ˊɞɟɩŭɞɡɠ (əɡəɚɞűɞɟɑŬ ɟŮɡůŰɩɜ ůŰɞɡɠ ˊɧɟɞɡɠ) ɞɘ Ůɘŭɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ ŭŮɜ 

ɏɢɞɡɜ ˊɞɚɨ ɡɣɖɚɏɠ Űɘɛɏɠ. 

ȼ Űɘɛɐ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ: 

(2.3) 

(2.4) 

(2.5) 
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¶ ɇɞ Ůɑŭɞɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ 

ɄɑɜŬəŬɠ 1.3: Ⱥɑŭɞɠ ɄŮŰɟɩɛŬŰɞɠ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

ɈȿȽȾɃ 
ȺȽȹȽȾȼ ȼȿȺȾɇɅȽȾȼ 

ȷɁɇȽɆɇȷɆȼ (Ohm*m) 

ȷɏɟŬɠ Њ 

ɀŬɟɛŬɟɡɔɑŬɠ 9x1012 - 1x1014 

ɉŬɚŬɕɑŬ 4x1010 - 2x1014 

ȷůɓŮůŰɑŰɖɠ 1x1012 ï 1x1013 

ɃɟɡəŰɧ ɎɚŬɠ 30 ï 1x1013 

ɆɘŭɖɟɞˊɡɟɑŰɖɠ 3x10-1 

ũŬɚɖɜɑŰɖɠ 2x10-3 

ũɎɓɓɟɞɠ 1x103 ï 1x106 

ɆɡɛˊŬɔɐɠ ɔɟŬɜɑŰɖɠ 1x102 ï 1x106 

ȷˊɞůŬɗɟɤɛɏɜɞɠ ɔɟŬɜɑŰɖɠ 1 ï 1x102 

ȷůɓŮůŰɧɚɘɗɞɠ 50 ï 1x107 

ȸŬůɎɚŰɖɠ 10 ï 1x107 

ɊŬɛɛɑŰɖɠ 1 ï 1x108 

ɆɢɘůŰɧɚɘɗɞɠ 20 ï 2x103 

ȹɞɚɞɛɑŰɖɠ 1x102 ï 1x104 

ȯɛɛɞɠ 1 ï 1x103 

ȯɟɔɘɚɞɠ 1 ï 1x102 

ȺŭŬűɘəɧ ɜŮɟɧ 0,5 ï 300 

ŪŬɚŬůůɘɜɧ ɜŮɟɧ 0,2 

 

ȰɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ˊɤɠ ŰŬ ˊɡɟɘɔŮɜɐ ˊŮŰɟɩɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ Ůɘŭɘəɐɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ɘɕɖɛŬŰɞɔŮɜɐ, ŰŬ ɞˊɞɑŬ ŮɝŬɘŰɑŬɠ Űɞɡ Ŭɡɝɖɛɏɜɞɡ 
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ˊŮɟɘŮɢɞɛɏɜɞɡ ůŮ ɟŮɡůŰɎ ŮɛűŬɜɑɕɞɡɜ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ. ȳůɞɜ ŬűɞɟɎ ŰŬ ɛŮŰŬɛɞɟűɤɛɏɜŬ 

ˊŮŰɟɩɛŬŰŬ ɏɢɞɡɜ ŮɜŭɘɎɛŮůŮɠ Űɘɛɏɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɛŮ ɏɜŰɞɜŮɠ ŰɎůŮɘɠ 

ŬɚɚɖɚŮˊɘəɎɚɡɣɖɠ. 

¶ ɇɖɜ ŭɞɛɐ əŬɘ Űɞ ˊɞɟɩŭŮɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ 

ȳůɞ ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ˊɞɟɩŭŮɠ Ůɜɧɠ ˊŮŰɟɩɛŬŰɞɠ Űɧůɞ ɛɘəɟɧŰŮɟɖ ŮɑɜŬɘ əŬɘ ɖ Ůɘŭɘəɐ 

ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ. 

¶ ɇɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɎɚŬŰŬ 

ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ ˊɚɐɟɤůɖɠ ůŮ ɎɚŬŰŬ Űɧůɞ ɛɘəɟɧŰŮɟɖ ɖ 

Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ 

¶ ɇɘɠ ŮˊɘŭɟɎůŮɘɠ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ŭɘŮɟɔŬůɘɩɜ 

Ƀɘ ɔŮɤɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ɔŮɜɘəɎ ɛŮɘɩɜɞɡɜ Űɖɜ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ ɧˊɤɠ ɐ Ŭɟɔɘɚɘəɐ 

ŮɝŬɚɚɞɑɤůɖ, ŭɘɎɚɡůɖ, ɟɖɔɛɎŰɤůɖ, Ůɘůɟɞɐ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ, ŭɘɎŰɛɖůɖ əŬɘ 

ŬˊɞůɎɗɟɤůɖ. ɈˊɎɟɢɞɡɜ ɧɛɤɠ əŬɘ ŮɝŬɘɟɏůŮɘɠ ɧˊɤɠ ɖ ůəɚɐɟɡɜůɖ, ɘɕɖɛŬŰɞˊɞɑɖůɖ əŬɘ 

Ŭˊɞɚɑɗɤůɖ ˊɞɡ ŬɡɝɎɜɞɡɜ Űɖɜ Űɘɛɐ Űɖɠ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ Ůɜɩ ɖ ɔŮɤɚɞɔɘəɐ 

ŭɘŮɟɔŬůɑŬ Űɖɠ ɛŮŰŬɛɧɟűɤůɖɠ ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ ɐ ɜŬ ŮɚŬŰŰɩůŮɘ Űɖɜ Űɘɛɐɠ Űɖɠ. 

¶ ɇɖɜ ɖɚɘəɑŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ 

ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ɖɚɘəɑŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ Űɧůɞ ɛŮɔŬɚɨŰŮɟŮɠ ŰŮɑɜɞɡɜ ɜŬ ŮɑɜŬɘ ɞɘ 

Űɘɛɏɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ. 

¶ ɇɞɜ ɓŬɗɛɧ əɞɟŮůɛɞɨ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ 

ȳůɞ ŬɡɝɎɜŮŰŬɘ ɞ ɓŬɗɛɧɠ əɞɟŮůɛɞɨ Ůɜɧɠ ˊŮŰɟɩɛŬŰɞɠ Űɧůɞ ɛŮɘɩɜŮŰŬɘ ɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ 

ŬɜŰɑůŰŬůɖ. 

¶ ɇɘɠ ŮˊɘŭɟɎůŮɘɠ Űɤɜ Ŭɟɔɘɚɘəɩɜ ɞɟɡəŰɩɜ  

ȿɧɔɤ Ŭɡɝɖɛɏɜɖɠ ŬɔɤɔɘɛɧŰɖŰŬɠ Űɤɜ Ŭɟɔɘɚɘəɩɜ ɞɟɡəŰɩɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɢŬɛɖɚɏɠ Űɘɛɏɠ 

Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ. 

¶ ɇɖɜ ɗŮɟɛɞəɟŬůɑŬ 

ȳůɞ ŬɡɝɎɜŮɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ Űɧůɞ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ Űɖɠ Ůɘŭɘəɐɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ. (ŬɝɘɞůɖɛŮɑɤŰŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ 

ůŮ ɔŮɤɗŮɟɛɘəɎ ůɡůŰɐɛŬŰŬ) 
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2.1.4 ɀɏɗɞŭɞɠ Űɖɠ ɖɚŮəŰɟɘəɐɠ Ůɘŭɘəɐɠ ŬɜŰɑůŰŬůɖɠ 

2.1.4.1 ȼɚŮəŰɟɧŭɘɞ ɟŮɨɛŬŰɞɠ ůŮ ɎˊŮɘɟɞ ɞɛɞɔŮɜɐ ɢɩɟɞ 

 

ȺɘəɧɜŬ1.2: ȼɚŮəŰɟɧŭɘɞ ɟŮɨɛŬŰɞɠ ůŮ ɎˊŮɘɟɞ ɞɛɞɔŮɜɐ ɢɩɟɞ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

 

ȼɚŮəŰɟɧŭɘɞ ɛɘəɟɩɜ ŭɘŬůŰɎůŮɤɜ C1 (ůɖɛŮɘŬəɐ ˊɖɔɐ ɟŮɨɛŬŰɞɠ) ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ɛŮɔɎɚɞ 

ɓɎɗɞɠ ůŮ ɘůɧŰɟɞˊɞ əŬɘ ɞɛɞɔŮɜɏɠ ɛɏůɞ əŬɘ ɖɚŮəŰɟɧŭɘɞ C2 ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ ůŮ ɛŮɔɎɚɖ 

ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ C1 (ŬɛŮɚɖŰɏŬ ŮˊɑŭɟŬůɖ ůŰɖɜ ŭɘŬɛɧɟűɤůɖ Űɞɡ ŭɡɜŬɛɘəɞɨ). ɇŬ 

ɖɚŮəŰɟɧŭɘŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ ˊɖɔɐ ɟŮɨɛŬŰɞɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ əɨəɚɤɛŬ ɛŮ ŬəŰɘɜɘəɏɠ ɔɟŬɛɛɏɠ 

ɟɞɐɠ ɟŮɨɛŬŰɞɠ ˊɞɡ ɝŮəɘɜɞɨɜ Ŭˊɧ Űɖɜ ůɖɛŮɘŬəɐ ˊɖɔɐ əŬɘ əŬŰŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ ŰŬ ɏɝɤ. ȾŬŰɎ 

ɛɐəɞɠ ɞɛɧəŮɜŰɟɤɜ əɡəɚɘəɩɜ ɔɟŬɛɛɩɜ ˊɞɡ ɏɢɞɡɜ ɤɠ əɏɜŰɟɞ Űɞ ɖɚŮəŰɟɧŭɘɞ C1 əŬɘ 

ɓɟɑůəɞɜŰŬɘ ůŮ ŭɘɎűɞɟŮɠ ŬˊɞůŰɎůŮɘɠ Ŭˊɧ ŬɡŰɧ (ɘůɞŭɡɜŬɛɘəɏɠ ɔɟŬɛɛɏɠ) ɖ ŭɘŬűɞɟɎ 

ŭɡɜŬɛɘəɞɨ ɚɧɔɤ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ ɛɏůɞɡ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ. ɆŰɘɠ ŰɟŮɘɠ 

ŭɘŬůŰɎůŮɘɠ ɞɘ ɘůɞŭɡɜŬɛɘəɏɠ ɔɟŬɛɛɏɠ ůɢɖɛŬŰɑɕɞɡɜ ɘůɞŭɡɜŬɛɘəɏɠ ůűŬɘɟɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ˊɞɡ 

ɏɢɞɡɜ ɤɠ əɏɜŰɟɞ əŬɘ ˊɎɚɘ Űɞ ɖɚŮəŰɟɧŭɘɞ C1.  

ȼ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ:  

”
τ “ ὶ ὠ

Ὅ
 

V: Űɞ ŭɡɜŬɛɘəɧ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŮ ůɖɛŮɑɞ Űɞɡ ɢɩɟɞɡ ɚɧɔɤ Űɞɡ C1  

r: ɖ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ Ŭˊɧ Űɞ C1 

(2.6) 
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2.1.4.2 ȼɚŮəŰɟɧŭɘɞ ɟŮɨɛŬŰɞɠ ůŮ ɖɛɘɎˊŮɘɟɞ ɞɛɞɔŮɜɐ ɢɩɟɞ 

 

ȺɘəɧɜŬ  1.3: ȼɚŮəŰɟɧŭɘɞ ɟŮɨɛŬŰɞɠ ůŮ ɖɛɘɎˊŮɘɟɞ ɞɛɞɔŮɜɐ ɢɩɟɞ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

 

ɆŰɖɜ ŮˊɘűɎɜŮɘŬ ɖɚŮəŰɟɘəɞɨ ɞɛɞɔŮɜɞɨɠ ɛɏůɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŭɨɞ ɖɚŮəŰɟɧŭɘŬ (C1 əŬɘ C2) 

ɛŮ ɛŮɔɎɚɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡ (ŬɛŮɚɖŰɏŬ ŮˊɑŭɟŬůɖ Űɞɡ C2 ůŰɖɜ ŭɘŬɛɧɟűɤůɖ Űɞɡ 

ŭɡɜŬɛɘəɞɨ), ŰŬ ɞˊɞɑŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ ˊɖɔɐ ɟŮɨɛŬŰɞɠ. ɇɞ ɟŮɨɛŬ Ƚ ŭɖɛɘɞɡɟɔŮɑ ŬəŰɘɜɘəɏɠ 

ɔɟŬɛɛɏɠ ɟɞɐɠ Ŭˊɧ Űɞ C1 ɛŮ əŬŰŮɨɗɡɜůɖ ˊɟɞɠ Űɞ ɏŭŬűɞɠ əŬɘ ɘůɞŭɨɜŬɛŮɠ ŮˊɘűɎɜŮɘŮɠ ï 

ɞɛɧəŮɜŰɟŬ ɖɛɘůűŬɑɟɘŬ.  

ȼ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ:  

”  

2.1.4.3 ȼɚŮəŰɟɧŭɘŬ ɟŮɨɛŬŰɞɠ əŬɘ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɖɛɘɎˊŮɘɟɞɡ ɢɩɟɞɡ 

ɇŬ ɖɚŮəŰɟɧŭɘŬ C1 əŬɘ C2 ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ůŮ ˊŮˊŮɟŬůɛɏɜɖ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɞɡɠ, ɏŰůɘ ɩůŰŮ əŬɘ ŰŬ ŭɨɞ ɜŬ ŮˊɖɟŮɎɕɞɡɜ Űɞ ŭɡɜŬɛɘəɧ ůŮ əɞɜŰɘɜɧ ůɖɛŮɑɞ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ.  

(2.7) 
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ȺɘəɧɜŬ  1.4: ȼɚŮəŰɟɧŭɘŬ ɟŮɨɛŬŰɞɠ əŬɘ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɖɛɘɎˊŮɘɟɞɡ ɞɛɞɔŮɜɞɨɠ ɢɩɟɞɡ 

Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

ȼ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ:  

”  

k: ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɔŮɤɛŮŰɟɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɗɏůŮɘɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ 

C1 əŬɘ C2 

 Ὧ      

2.1.4.4 ūŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɞɛɞɔŮɜɞɨɠ əŬɘ ɘůɧŰɟɞˊɞɡ ɛɏůɞɡ ɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ɟ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ ” . ɄŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ, ɢɤɟɑɠ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ɗɏůɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ əŬɘ ɘůɞɨŰŬɘ ɛŮ Űɖɜ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ɛɏůɞɡ.  

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɏůɞɡ, ɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ŭɘŬűɏɟŮɘ ŬɜɎɚɞɔŬ ɛŮ 

Űɘɠ ɗɏůŮɘɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ əŬɘ ɞɜɞɛɎɕŮŰŬɘ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ.  

ɈˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ əɎɗŮ ɗɏůɖ əŬɘ ŭɘɎŰŬɝɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ Ŭˊɧ Űɞɜ Űɨˊɞ: 

 

”
Ὼ ῳὠ

Ὅ
 

ȼ Űɘɛɐ Űɖɠ űŬɘɜɧɛŮɜɖɠ Ůɘŭɘəɐɠ ŬɜŰɑůŰŬůɖɠ ŭŮɜ ŮɑɜŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ɧɚɞɡ Űɞɡ ůŰɟɩɛŬŰɞɠ 

ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ Ŭűɞɨ ŭɘŬűɏɟŮɘ ŬɜɎ ůɖɛŮɑɞ ůɨɛűɤɜŬ ɛŮ Űɖ ɔŮɤɚɞɔɘəɐ Űɞɛɐ əŬɘ Űɞɜ Űɟɧˊɞ 

(2.8) 

(2.9) 

(2.10) 
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ˊɞɡ əŬŰŬɜɏɛɞɜŰŬɘ ɞɘ Ůɘŭɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ Űɤɜ ůŰɟɤɛɎŰɤɜ ˊɞɡ ŭɘŬɟɟɏɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ɟŮɡɛŬŰɘəɏɠ ɔɟŬɛɛɏɠ.  

2.1.5 ȹɘŬŰɎɝŮɘɠ ɖɚŮəŰɟɞŭɑɤɜ 

Ƀɘ ŭɘŬŰɎɝŮɘɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ Űɞɡ 

ŭɡɜŬɛɘəɞɨ əŬɘ ɟŮɨɛŬŰɞɠ, Űɤɜ ŬˊɞůŰɎůŮɤɜ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ Űɖɠ űŬɘɜɧɛŮɜɖɠ Ůɘŭɘəɐɠ 

ŬɜŰɑůŰŬůɖɠ.  

2.1.5.1 ȹɘɎŰŬɝɖ Schlumberger 

 

ȺɘəɧɜŬ  1.5: ȹɘɎŰŬɝɖ Schlumberger Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

ɇŬ ɖɚŮəŰɟɧŭɘŬ Űɖɠ ŭɘɎŰŬɝɖɠ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɎ ɤɠ ˊɟɞɠ Űɞ əɏɜŰɟɞ Űɖɠ ŬˊɏɢɞɜŰŬɠ ŬˊɧůŰŬůɖ 

L (ɖɚŮəŰɟɧŭɘŬ ɟŮɨɛŬŰɞɠ ) əŬɘ l (ɖɚŮəŰɟɧŭɘŬ ŭɡɜŬɛɘəɞɨ). ȼ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

”   

2.1.5.2 ȹɘɎŰŬɝɖ Wenner 

 

ȺɘəɧɜŬ  1.6: ȹɘɎŰŬɝɖ Wenner Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

 

ȼ ŬˊɧůŰŬůɖ ɧɚɤɜ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ŮɑɜŬɘ ůŰŬɗŮɟɐ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɘůɞɨŰŬɘ ɛŮ Ŭ. 

ȼ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

”  

(2.11) 

(2.12) 
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2.1.5.3 ȹɘɎŰŬɝɖ Dipole-Dipole 

 

ȺɘəɧɜŬ  1.7: ȹɘɎŰŬɝɖ Dipole-Dipole Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘɎŰŬɝɖ ŰŬ ɖɚŮəŰɟɧŭɘŬ ŭɡɜŬɛɘəɞɨ Ŭˊɏɢɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ Ŭ, ɧůɖ 

Ŭˊɏɢɞɡɜ əŬɘ ŰŬ ɖɚŮəŰɟɧŭɘŬ ɟŮɨɛŬŰɞɠ. ȳůɞɜ ŬűɞɟɎ ŰŬ ŭɑˊɞɚŬ, ŬɡŰɎ Ŭˊɏɢɞɡɜ ɛŮŰŬɝɨ 

ˊɞɚɚŬˊɚɎůɘŬ ŬˊɧůŰŬůɖ Ŭ.  

ȼ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

”
ῳὠ “ ὲ ὥ ὲ ρ ὲ ς

Ὅ
 

2.1.5.4 ȹɘɎŰŬɝɖ Pole-Pole  

 

ȺɘəɧɜŬ  1.8: ȹɘɎŰŬɝɖ Pole-Pole Ʉɖɔɐ:  (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

ɇɞ ɏɜŬ ɖɚŮəŰɟɧŭɘɞ ɟŮɨɛŬŰɞɠ ŬˊɏɢŮɘ Ŭˊɧ Űɞ ɏɜŬ ɖɚŮəŰɟɧŭɘɞ ŭɡɜŬɛɘəɞɨ ŬˊɧůŰŬůɖ Ŭ, Ůɜɩ ŰŬ 

ɡˊɧɚɞɘˊŬ ŭɨɞ ɓɟɑůəɞɜŰŬɘ ůŮ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ ŬˊɧůŰŬůɖ. 

 ȼ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

 

”
ῳὠ “ ς ὥ

Ὅ
 

2.1.5.1 ȹɘɎŰŬɝɖ Pole-Dipole 

 

ȺɘəɧɜŬ  1.9: ȹɘɎŰŬɝɖ Pole-Dipole  Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

 

(2.13) 

(2.14) 
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ɇŬ ɖɚŮəŰɟɧŭɘŬ ŭɡɜŬɛɘəɞɨ Ŭˊɏɢɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ Ŭ, Ůɜɩ Űɞ ɏɜŬ ɖɚŮəŰɟɧŭɘɞ 

ɟŮɨɛŬŰɞɠ ɓɟɑůəŮŰŬɘ ůŮ ŬˊɧůŰŬůɖ ˊɞɚɚŬˊɚɎůɘŬ Űɞɡ Ŭ əŬɘ Űɞ Ɏɚɚɞ ɓɟɑůəŮŰŬɘ ůŮ ˊɞɚɨ ˊɘɞ 

ŬˊɞɛŬəɟɡůɛɏɜɞ ůɖɛŮɑɞ. 

2.1.6 ȾŬŰŬɜɞɛɐ ɟŮɨɛŬŰɞɠ əŬɘ ŭɡɜŬɛɘəɞɨ ŮɜŰɧɠ ɞɛɞɔŮɜɞɨɠ ɡˊŮŭɎűɞɡɠ 

 

ȺɘəɧɜŬ  1.10: ȾŬŰŬɜɞɛɐ ɟŮɡɛŬŰɘəɩɜ əŬɘ ŭɡɜŬɛɘəɩɜ ɔɟŬɛɛɩɜ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

ɄŬɟŬˊɎɜɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ əŬŰŬɜɞɛɐ Űɤɜ ɟŮɡɛŬŰɘəɩɜ əŬɘ ŭɡɜŬɛɘəɩɜ ɔɟŬɛɛɩɜ ɔɘŬ ŭɨɞ 

ɖɚŮəŰɟɧŭɘŬ ɟŮɨɛŬŰɞɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɞɛɞɔŮɜɞɨɠ ɡˊŮŭɎűɞɡɠ. 

ɇɞ əɚɎůɛŬ Űɞɡ ɞɚɘəɞɨ ɟŮɨɛŬŰɞɠ ˊɞɡ ˊŮɟɜɎŮɘ Ŭˊɧ ɓɎɗɞɠ z1 ŭɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

ρ ÔÁÎ  

2.1.7 Ⱥɝɞˊɚɘůɛɧɠ ɈˊŬɑɗɟɞɡ 

Ƀ ŬˊŬɟŬɑŰɖŰɞɠ Ůɝɞˊɚɘůɛɧɠ ɔɘŬ Űɖɜ ŭɘŮɝŬɔɤɔɐ ɖɚŮəŰɟɘəɩɜ ɛŮŰɟɐůŮɤɜ ůŰɖɜ ɨˊŬɘɗɟɞ 

ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ: 

¶ ɇɖɜ ˊɖɔɐ Űɞɡ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ, Űɞ ŬɛˊŮɟɧɛŮŰɟɞ əŬɘ Űɞ ɓɞɚŰɧɛŮŰɟɞ, ŰŬ ɞˊɞɑŬ 

ɓɟɑůəɞɜŰŬɘ ůŮ ɏɜŬ ɧɟɔŬɜɞ ɛɏŰɟɖůɖɠ ˊɞɡ ˊŮɟɘɏɢŮɘ Ůˊɘˊɚɏɞɜ ůɨůŰɖɛŬ ŬɜŰɘůŰɎɗɛɘůɖɠ 

ɏŰůɘ ɩůŰŮ Űɞ ɓɞɚŰɧɛŮŰɟɞ ɜŬ ŬűŬɘɟŮɑ űɡůɘəɎ ŭɡɜŬɛɘəɎ. 

¶ ɇɞ ɧɟɔŬɜɞ ɟɨɗɛɘůɖɠ Űɖɠ ŬˊɧůŰŬůɖɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ŭɡɜŬɛɘəɞɨ 

¶ ȾŬɚɩŭɘŬ ůŮ əŬɟɞɨɚɘŬ 

¶ ȼɚŮəŰɟɧŭɘŬ 

(2.15) 
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      ȺɘəɧɜŬ  1.11: Ⱥɝɞˊɚɘůɛɧɠ ɈˊŬɑɗɟɞɡ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

¶ ɇɞ ɧɟɔŬɜɞ Ůˊɘɚɞɔɐɠ Űɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ŭɘɎŰŬɝɖɠ Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ɛŮŰŬɝɨ 

Űɞɡ ɔŮɤűɡůɘəɞɨ ɞɟɔɎɜɞɡ əŬɘ Űɤɜ əŬɚɤŭɑɤɜ (ɟŮɨɛŬŰɞɠ əŬɘ ŭɡɜŬɛɘəɞɨ) əŬɘ ɏɢŮɘ ɤɠ 

ůŰɧɢɞ ɜŬ ŭɘŬŭɩůŮɘ Űɞ ɟŮɨɛŬ ůŰŬ əŬŰɎɚɚɖɚŬ ɖɚŮəŰɟɧŭɘŬ ɟŮɨɛŬŰɞɠ əŬɘ ɜŬ əŬɗɞɟɑůŮɘ 

ŰŬ ɖɚŮəŰɟɧŭɘŬ ŭɡɜŬɛɘəɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɚɐɣɖ Űɤɜ ɛŮŰɟɐůŮɤɜ. ȰŰůɘ 

ŭɘŮəˊŮɟŬɘɩɜŮŰŬɘ ɏɚŮɔɢɞɠ ŮɜŰɞˊɘůɛɞɨ Űɖɠ ŭɘɎŰŬɝɖɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ.  
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ȺɘəɧɜŬ  1.12: ȼɚŮəŰɟɧŭɘɞ əŬɘ əŬɚɩŭɘɞ  Ʉɖɔɐ: ˊɟɞůɤˊɘəɧ ŬɟɢŮɑɞ 

 

ȺɘəɧɜŬ  1.13: ȾŬɟɞɨɚɘ əŬɘ ɧɟɔŬɜɞ Ůˊɘɚɞɔɐɠ Űɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ŭɘɎŰŬɝɖɠ Ʉɖɔɐ: ˊɟɞůɤˊɘəɧ ŬɟɢŮɑɞ 

 

ȺɘəɧɜŬ  1.14: Ŭ) ȳɟɔŬɜɞ Ůˊɘɚɞɔɐɠ Űɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ŭɘɎŰŬɝɖɠ ɓ) ȳɟɔŬɜɞ Ůˊɘɚɞɔɐɠ  

Űɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ŭɘɎŰŬɝɖɠ əŬɘ ˊɖɔɐ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ 

Ŭ) ɓ) 
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ȺɘəɧɜŬ  1.15: ȳɟɔŬɜɞ ɟɨɗɛɘůɖɠ Űɖɠ ŬˊɧůŰŬůɖɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ŭɡɜŬɛɘəɞɨ Ʉɖɔɐ: ˊɟɞůɤˊɘəɧ ŬɟɢŮɑɞ 

2.1.8 ɀŮŰɟɐůŮɘɠ əŬɘ ŰŮɢɜɘəɏɠ ɡˊŬɑɗɟɞɡ 

ɇɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ ŮɑɜŬɘ ŬɜɎɚɞɔɞ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ɟŮɨɛŬŰɞɠ. 

ȳůɞ ŬɡɝɎɜŮŰŬɘ ɖ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ Űɧůɞ ˊɘɞ ɓŬɗɘɎ ŭɘŬŭɑŭŮŰŬɘ Űɞ ɟŮɨɛŬ.  

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ůəɞˊɧ Űɖɠ ɏɟŮɡɜŬ ɖ ɛɏɗɞŭɞɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ŮűŬɟɛɧɕŮŰŬɘ 

ɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ: 

  

ȺɘəɧɜŬ  1.16: ȼɚŮəŰɟɘəɏɠ ɓɡɗɞůəɞˊɐůŮɘɠ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 
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¶ ȼɚŮəŰɟɘəɏɠ ɓɡɗɞůəɞˊɐůŮɘɠ, əŬŰɎ Űɘɠ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɖ ŭɘɎŰŬɝɖ 

Schlumberger əŬɘ ɓɞɖɗɞɨɜ ůŰɞɜ ŮɜŰɞˊɘůɛɧ Űɖɠ ŮɜŬɚɚŬɔɐɠ Űɤɜ ůŰɟɤɛɎŰɤɜ ɛŮ Űɞ 

ɓɎɗɞɠ. ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡ ɓɎɗɞɡɠ ŭɘŬůəɧˊɖůɖɠ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ůɡɛɛŮŰɟɘəɐ 

Ŭɨɝɖůɖ Űɖɠ ŬˊɧůŰŬůɖɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ɟŮɨɛŬŰɞɠ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ 

ŭɘˊɚŬɜɐ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ. 

¶ ɃɟɘɕɧɜŰɘŮɠ ɖɚŮəŰɟɘəɏɠ ɢŬɟŰɞɔɟŬűɐůŮɘɠ əŬŰɎ Űɖɜ ɞˊɞɑŬ ůŬɟɩɜŮŰŬɘ ˊɚŮɡɟɘəɎ, 

əɟŬŰɩɜŰŬɠ ůŰŬɗŮɟɐ Űɖ ŭɘɎŰŬɝɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ, ɛɘŬ ɕɩɜɖ ůɡɔəŮəɟɘɛɏɜɞɡ ˊɎɢɞɡɠ 

əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŭɘŮɝɎɔŮŰŬɘ ɛŮɚɏŰɖ Űɖɠ ˊɚŮɡɟɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɞɡ ɡɚɘəɞɨ Űɖɠ 

ɕɩɜɖɠ Ŭˊɧ Űɖ Űɖɠ űŬɘɜɧɛŮɜɖɠ Ůɘŭɘəɐɠ ŬɜŰɑůŰŬůɖɠ. Ƀɘ ɖɚŮəŰɟɘəɏɠ ɢŬɟŰɞɔɟŬűɐůŮɘɠ 

ůɡɜɖɗɏůŰŮɟŬ ɔɑɜɞɜŰŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ ŭɘɎŰŬɝɖɠ Wenner.  

 

 

                                  ȺɘəɧɜŬ  1.17: ȼɚŮəŰɟɘəɏɠ ɢŬɟŰɞɔɟŬűɐůŮɘɠ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 
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2.1.9 ȾŬŰŬɚɚɖɚɧŰɖŰŬ ŭɘɎŰŬɝɖɠ ɖɚŮəŰɟɞŭɑɤɜ 

ɄɑɜŬəŬɠ 1.4: Ⱥˊɘɚɞɔɐ ŭɘɎŰŬɝɖɠ ɖɚŮəŰɟɞŭɑɤɜ 

 ȹɘɎŰŬɝɖ 

Schlumberger 

ȹɘɎŰŬɝɖ 

Wenner 

ȹɘɎŰŬɝɖ  

Pole-

Dipole 

ȹɘɎŰŬɝɖ  

Dipole-

Dipole 

ȿɧɔɞɠ ůɐɛŬŰɞɠ ˊɟɞɠ ɗɧɟɡɓɞ II  I III  IV  

ȺɡŬɘůɗɖůɑŬ ůŮ ˊŬɟɎˊɚŮɡɟŮɠ 

ŬɜɞɛɞɘɞɔɏɜŮɘŮɠ 

III  IV  II  I 

ȹɘŬɢɤɟɘůɛɧɠ ŭɞɛɩɜ ɛŮ ŬˊɧŰɞɛɖ 

əɚɑůɖ 

I II  IV  III  

ȹɘŬɢɤɟɘůɛɧɠ ɞɟɘɕɧɜŰɘɤɜ 

ůŰɟɤɛɎŰɤɜ 

I I II  II  

ȺɡŬɘůɗɖůɑŬ ůŰɖɜ ɛɞɟűɞɚɞɔɑŬ Űɞɡ 

ɡˊɞɓɎɗɟɞɡ 

III  III  II  I 

ȸɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ II  - - I 

ȺɡŬɘůɗɖůɑŬ ůŮ ɓɎɗɞɠ əŬɘ 

ŭɘŮɘůŭɡŰɘəɧŰɖŰŬ ŭɘŬ ɛɏůɞɡ 

ŮˊɘűŬɜŮɘŬəɞɨ Ŭɔɩɔɘɛɞɡ ůŰɟɩɛŬŰɞɠ 

I I III  II 

ȺɡŬɘůɗɖůɑŬ ůŰɖɜ əɚɑůɖ I I III  II  

ȺɡŬɘůɗɖůɑŬ ůŰɘɠ ŮˊɘűŬɜŮɘŬəɏɠ 

ŬɜɞɛɞɘɞɔɏɜŮɘŮɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɓɡɗɞůəɞˊɐůŮɤɜ  

I - - - 

ȺɡŬɘůɗɖůɑŬ ůŰɘɠ ŮˊɘűŬɜŮɘŬəɏɠ 

ŬɜɞɛɞɘɞɔɏɜŮɘŮɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɖɚŮəŰɟɘəɩɜ ɢŬɟŰɞɔɟŬűɐůŮɤɜ 

III  III  I II  

ȹɘŮɘůŭɡŰɘəɧŰɖŰŬ ŭɘŬ ɛɏůɞɡ 

ŮˊɘűŬɜŮɘŬəɞɨ Ŭɔɩɔɘɛɞɡ ůŰɟɩɛŬŰɞɠ 
I - - - 

ȺɡŬɘůɗɖůɑŬ ůŰɞ ŰɞˊɞɔɟŬűɘəɧ 

ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 
- - - I 

Ƚ: ȾŬŰŬɚɚɖɚɧŰŮɟɖ Ůˊɘɚɞɔɐ                                          II: ȾŬŰɎɚɚɖɚɖ Ůˊɘɚɞɔɐ 

III: ȿɘɔɧŰŮɟɞ əŬŰɎɚɚɖɚɖ Ůˊɘɚɞɔɐ                               IV: ůɢŮŭɧɜ ŬəŬŰɎɚɚɖɚɖ 

(-) : ȹŮɜ ŭɑɜɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ Űɖɠ ɛŮɗɧŭɞɡ 



35 

 

2.1.10 ȼɚŮəŰɟɘəɐ ɇɞɛɞɔɟŬűɑŬ ůŰɖɜ ɂɖɟɎ 

ȼ ɖɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ŭɘŬůəɞˊɐůŮɘɠ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗɏůŮɘɠ ɛŮɔɎɚɖɠ 

ŬəɟɑɓŮɘŬɠ, Űɧůɞ ˊŬɟɎˊɚŮɡɟŬ ɧůɞ əŬɘ ůŮ ɓɎɗɞɠ. ȼ Ůˊɘɚɞɔɐ ŭɘɎŰŬɝɖɠ əŬɗɞɟɑɕŮɘ Űɞ Űɟɧˊɞ 

ɛɏŰɟɖůɖɠ, Űɘɠ ŬˊɞůŰɎůŮɘɠ əŬɘ Űɘɠ ɗɏůŮɘɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ. Ƀɘ Űɘɛɏɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ 

ŮɟɛɖɜŮɨɞɜŰŬɘ ůŮ ɛɑŬ ŭɘůŭɘɎůŰŬŰɖ ɔŮɤɖɚŮəŰɟɘəɐ Űɞɛɐ ɛŮɔɎɚɖɠ ŬəɟɑɓŮɘŬɠ, Űɖ ɔŮɤɖɚŮəŰɟɘəɐ 

ŰɞɛɞɔɟŬűɑŬ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮűŬɟɛɧɕŮŰŬɘ əɡɟɑɤɠ ůŮ ɔŮɤŰŮɢɜɘəɏɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

ŮűŬɟɛɞɔɏɠ. ũɘŬ Űɖɜ ŮˊɘŰɡɢɑŬ Űɖɠ ŭɘůŭɘɎůŰŬŰɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ 

ɚɐɣɖ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɖɚŮəŰɟɧŭɘŬ ˊɞɚɚɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ŬˊɞůŰɎůŮɤɜ əŬŰɎ ɛɐəɞɠ ɛɑŬɠ 

ɔɟŬɛɛɐɠ əŬɘ ˊɡəɜɐ ˊɚŮɡɟɘəɐ əɎɚɡɣɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŬɜɑɢɜŮɡůɖ 

ˊɞɚɨˊɚɞəɤɜ ŭɞɛɩɜ Űɞɡ ɡˊŮŭɎűɞɡɠ. ȺɝŬɘŰɑŬɠ Űɤɜ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ŭŮŭɞɛɏɜɤɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŬ ˊɞɚɡɖɚŮəŰɟɞŭɘŬəɎ ůɡůŰɐɛŬŰŬ, ɚɐɣɖɠ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ŮˊŮɝŮɟɔŬůɑŬɠ.  

 

ȺɘəɧɜŬ  1.18: ȷɚɚɖɚɞɡɢɑŬ ɛŮŰɟɐůŮɤɜ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɣŮɡŭɞŰɛɖɛɎŰɤɜ Ʉɖɔɐ: (Loke, 1999) 

ɆɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ Űɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ ɐ Űɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ 

Űɞɡɠ ŮɡɗŮɑɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ ŬɡŰɧɛŬŰŮɠ ŬɟɘɗɛɖŰɘəɏɠ ŰŮɢɜɘəɏɠ ŬɜŰɑůŰɟɞűɖɠ 

ŭɖɛɘɞɡɟɔɑŬɠ ɛɞɜŰɏɚɤɜ. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɏɠ, Űɞ ɡˊɏŭŬűɞɠ ɢɤɟɑɕŮŰŬɘ ůŮ əŮɚɘɎ ůŰŬɗŮɟɩɜ 

ŭɘŬůŰɎůŮɤɜ əŬɘ ɛŮɔɏɗɞɡɠ ˊɞɡ ŬɡɝɎɜŮɘ ɛŮ Űɞ ɓɎɗɞɠ. ɀɏɢɟɘ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ŬˊɞŭŮəŰɐ 

ůɡɛűɤɜɑŬ ɛŮŰŬɝɨ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ Ŭˊɧəɟɘůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ, ɞɘ Ůɘŭɘəɏɠ ɖɚŮəŰɟɘəɏɠ 

ŬɜŰɘůŰɎůŮɘɠ Űɤɜ əŮɚɘɩɜ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ, ɛɏůɤ ɛɘŬɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ. ũɘŬ Űɖɜ 
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ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ŰɞˊɞɔɟŬűɑŬɠ ŬˊŬɘŰɞɨɜŰŬɘ ŭɘɞɟɗɩůŮɘɠ (ɛŮŰŬŰɟɞˊɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟɘɜ əŬɘ 

ɛŮŰɎ Űɖɜ ŬɜŰɘůŰɟɞűɐ) ɐ ŬˊŮɡɗŮɑŬɠ ŮɘůŬɔɤɔɐ Űɖɠ ůŰɞ ˊɚɏɔɛŬ. (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

 

ȺɘəɧɜŬ  1.19: ȹɘŬɑɟŮůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɡˊŮŭɎűɞɡɠ ŭɘůŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ ůŮ ɞɟɗɞɔɩɜɘŬ ˊɟɑůɛŬŰŬ, 

 ɛŮ Űɖ ɓɞɐɗŮɘŬ ˊɟɞŮˊɘɚŮɔɛɏɜɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ʉɖɔɐ: (Loke, 1999) 

 

ȺɘəɧɜŬ  1.20: : ȹɘŬɑɟŮůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɡˊŮŭɎűɞɡɠ ŭɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ ůŮ ɞɟɗɞɔɩɜɘŬ ˊɟɑůɛŬŰŬ, 

 ɛŮ ˊŮɟɘůůɧŰŮɟŬ əŮɚɘɎ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ. Ʉɖɔɐ: (Loke, 1999) 

 

ȺɘəɧɜŬ  1.21: ɀɞɜŰɏɚɞ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 
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 ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɀɏɗɞŭɞɠ 

ȾŬŰɎ Űɖɜ ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞ (Ⱥɀ) ɖ ŭɘɎŭɞůɖ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ 

Ů́ ɘŰŮɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɖɠ Ŭˊɧəɟɘůɖɠ Űɞɡ ŮŭɎűɞɡɠ. ɇŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŮɜŬɚɚŬůůɧɛŮɜɖ ɖɚŮəŰɟɘəɐ ɏɜŰŬůɖ əŬɘ ɛŬɔɜɖŰɘəɐ ŭɨɜŬɛɖ.  (Philip 

Kearey, 2002) Ⱦɨɟɘɞɠ ůŰɧɢɞɠ Űɖɠ ɛŮɗɧŭɞɡ ŬˊɞŰŮɚŮɑ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ əŬŰŬɜɞɛɐɠ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ Űɞɡ ɡˊŮŭɎűɞɡɠ. 

ȼ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɔɟɐɔɞɟɖ ůŰɖɜ ŬˊɧəŰɖůɖ ŭŮŭɞɛɏɜɤɜ ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ɖɚŮəŰɟɞŭɑɤɜ ůŰɞ 

ɏŭŬűɞɠ. ɇɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ ŮɑɜŬɘ ůɡɔəŮəɟɘɛɏɜɞ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɖ ůɡɢɜɧŰɖŰŬ ɐ 

ŬˊɧůŰŬůɖ ˊɞɛˊɞɨ-ŭɏəŰɖ.  

2.2.1 ȺűŬɟɛɞɔɏɠ Űɖɠ ɛŮɗɧŭɞɡ 

ɆŰɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɔŮɤűɡůɘəɐɠ ɏɟŮɡɜŬɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ˊɞɚɚɏɠ 

ˊŬɟŬɚɚŬɔɏɠ ŰŮɢɜɘəɩɜ əŬɘ ůɡůŰɖɛɎŰɤɜ ɛɏŰɟɖůɖɠ (ŮˊɑɔŮɘŬ ɐ Ŭˊɧ Ŭɏɟɞɠ, ɢɩɟɞɠ ɢɟɧɜɞɡ ɐ 

ůɡɢɜɞŰɐŰɤɜ, əɚˊ.) ˊɞɡ ɏɢɞɡɜ əŬɘ ŬɜŰɑůŰɞɘɢŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ɛŮ ˊɞɚɨ ɛŮɔɎɚɖ əɚɑɛŬəŬ 

ŮűŬɟɛɞɔɩɜ:  

Å ɀŮŰŬɚɚŮɡŰɘəɐ ɏɟŮɡɜŬ  

Å ȺɜŰɞˊɘůɛɧɠ ɟɨˊŬɜůɖɠ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ  

Å ȺɜŰɞˊɘůɛɧɠ ɛŮŰɩˊɞɡ ɡűŬɚɛɨɟɘɜůɖɠ  

Å ũŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ, ɢŬɟŰɞɔɟɎűɖůɖ ŮŭŬűɩɜ, əɟɞəŬɚɩɜ  

Å ȺɜŰɞˊɘůɛɧɠ ɗŬɛɛɏɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ (ůɤɚɖɜɩůŮɘɠ, ŭŮɝŬɛŮɜɏɠ, ŰɞɘɢɑŬ, əɚˊ.).  

Å ȷɟɢŬɘɞɚɞɔɘəɐ ɏɟŮɡɜŬ  

Å ȺɜŰɞˊɘůɛɧɠ Ůɔəɞɑɚɤɜ (ůˊɐɚŬɘŬ, ŮɔəŬŰŬɚŮɚŮɘɛɛɏɜŮɠ ůɐɟŬɔɔŮɠ, əɚˊ.)  

(ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

2.2.2 ɇɨˊɞɘ ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ɆɡůŰɖɛɎŰɤɜ  

Ƀɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛɏɗɞŭɞɘ ɢɤɟɑɕɞɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŮ əŬŰŬɔɟŬűɐ ŭŮŭɞɛɏɜɤɜ 

ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ əŬɘ ůɡɜŬɟŰɐůŮɘ Űɖɠ ůɡɢɜɧŰɖŰŬɠ. 

¶ TEM : Time-domain Elecromagnetic Measurements ï ɀŮŰɟɐůŮɘɠ ůɡɜŬɟŰɐůŮɘ Űɞɡ 

ɢɟɧɜɞɡ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ Ůəˊɞɛˊɐ Űɞɡ ˊɟɤŰŮɨɞɜŰɞɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɤɠ ŬůɡɜŮɢŮɑɠ ŬəɞɚɞɡɗɑŮɠ ˊŬɚɛɩɜ. ȼ əŬŰŬɔɟŬűɐ Űɤɜ 

ŭŮɡŰŮɟŮɡɧɜŰɤɜ əɡɛɎŰɤɜ ɔɑɜŮŰŬɘ əŬŰɎ Űɖ ˊŬɨůɖ Űɤɜ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ˊŬɚɛɩɜ. ȼ 
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ɛɏɗɞŭɞɠ ɇȺɀ ŭɘŮɟŮɡɜɎ Űɖɜ Ŭˊɧəɟɘůɖ Űɖɠ ũɖɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ əŮɜɞɨ ɢɟɧɜɞɡ 

ɛŮŰŬɝɨ Űɤɜ ˊɟɤŰŮɡɧɜŰɤɜ ˊŬɚɛɩɜ, 

¶ FEM: Frequency-domain Elecromagnetic Measurements ï ɀŮŰɟɐůŮɘɠ ůɡɜŬɟŰɐůŮɘ 

Űɖɠ ůɡɢɜɧŰɖŰŬɠ. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞ ŭɘŮɟŮɡɜɎŰŬɘ ɖ Ŭˊɧəɟɘůɖ Űɖɠ ũɖɠ Ŭˊɧ ɛɑŬ 

ŬəɞɚɞɡɗɑŬ ɝŮɢɤɟɘůŰɩɜ ůɡɢɜɞŰɐŰɤɜ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ ɇȺɀ, ŰŬ 

ˊɟɤŰŮɨɞɜŰŬ əɨɛŬŰŬ ŮəˊɏɛˊɞɜŰŬɘ ůŮ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ůɡɢɜɧŰɖŰŮɠ əŬɘ 

əŬŰŬɔɟɎűɞɜŰŬɘ Űɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ɛŮ ŰŬ ŭŮɡŰŮɟŮɨɞɜŰŬ. (ˊ.ɢ. ɀɏɗɞŭɞɠ 

ɞɟɘɕɧɜŰɘɤɜ ɞɛɞŮˊɑŭŮŭɤɜ ɓɟɧɢɤɜ (Slingram), ůɡůŰɐɛŬŰŬ ɢŬɛɖɚɩɜ Ŭɟɘɗɛɩɜ 

ŮˊŬɔɤɔɐɠ ï ɔŮɤŬɔɤɔɘɛɧɛŮŰɟŬ, ɛŬɔɜɖŰɞŰŮɚɚɞɡɟɘəɐ ɛɏɗɞŭɞɠ ŬəɞɡůŰɘəɐɠ 

ůɡɢɜɧŰɖŰŬɠ ŮɚŮɔɢɧɛŮɜɖɠ ˊɖɔɐɠ (CSAMT), ɛɏɗɞŭɞɠ ŬɜŰɘůŰɎɗɛɘůɖɠ, ɛɏɗɞŭɞɠ Turam, 

VLF) (ȯəɖɠ ɇůŮɚɏɜŰɖɠ) 

ȺˊɘˊɟɞůɗɏŰɤɠ, ɔɑɜŮŰŬɘ ŰŬɝɘɜɧɛɖůɖ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ ɛŮŰɟɐůŮɤɜ ˊɞɡ ŮəŰŮɚŮɑ ɞ ŭɏəŰɖɠ: 

¶ ɆɡůŰɐɛŬŰŬ ɛɏŰɟɖůɖɠ ɔɤɜɑŬɠ (angle) 

¶ ɆɡůŰɐɛŬŰŬ ɛɏŰɟɖůɖɠ űɎůɖɠ (phase) 

¶ ɆɡůŰɐɛŬŰŬ ɛɏŰɟɖůɖɠ ɏɜŰŬůɖɠ (intensity) 

ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɑɜŮŰŬɘ ŭɘŬɢɤɟɘůɛɧɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɖɔɐ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

əŬɘ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ: 

¶ ɄŬɗɖŰɘəɎ: ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ űɡůɘəɎ ɡˊŮŭŬűɘəɎ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ůɐɛŬŰŬ (ˊ.ɢ. 

ɀŬɔɜɖŰɞŰŮɚɚɞɡɟɘəɎ (ɀɇ), ɀŬɔɜɖŰɞŰŮɚɚɞɡɟɘəɎ ŬəɞɡůŰɘəɐɠ ůɡɢɜɧŰɖŰŬɠ (ȷɀɇ), 

ũŮɤɛŬɔɜɖŰɘəɐ ɓɡɗɞůəɧˊɖůɖ, ɀŬɔɜɖŰɘəɎ ˊŮŭɑŬ ŬəɞɡůŰɘəɐɠ ůɡɢɜɧŰɖŰŬɠ (AFMAG)) 

(ȯəɖɠ ɇůŮɚɏɜŰɖɠ) 

¶ ȺɜŮɟɔɖŰɘəɎ: ɔɑɜŮŰŬɘ ɢɟɐůɖ ˊɞɛˊɞɨ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨӢ ůɐɛŬŰɞɠ ˊɞɡ ŮˊɎɔŮɘ ɟŮɨɛŬ 

ůŰɞ ɏŭŬűɞɠ 

¶ ɇɞˊɘəɞɨ ˊŮŭɑɞɡ: ɧɟɔŬɜŬ ɛɏŰɟɖůɖɠ ŬɔɤɔɘɛɧŰɖŰŬɠ 

¶ ȷˊɞɛŬəɟɡůɛɏɜɞɡ ˊŮŭɑɞɡ: ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɐɛŬŰŬ ˊɞɚɨ ɢŬɛɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ 

ˊɞɡ ŮəˊɏɛˊŮɘ ˊɞɛˊɧɠ ɔɘŬ ŮˊɘəɞɘɜɤɜɑŬ ɡˊɞɓɟɡɢɑɤɜ 

ɇɏɚɞɠ ɔɑɜŮŰŬɘ ŰŬɝɘɜɧɛɖůɖ ɛŮ ɓɎůɖ ŰŬ ŮˊŬɔɤɔɘəɎ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ůɡůŰɐɛŬŰŬ: 

¶ ɀɘəɟɞɨ ɓɟɧɔɢɞɡ: ȺɑɜŬɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ůɡůŰɐɛŬŰŬ ˊɞɡ ŭɞɡɚŮɨɞɡɜ ůŰɞɜ ɢɩɟɞ Űɤɜ 

ůɡɢɜɞŰɐŰɤɜ əŬɘ əɎˊɞɘŬ ůŰɞɜ ɢɩɟɞ Űɞɡ ɢɟɧɜɞɡ. ũɑɜŮŰŬɘ əɨɟɘŬ ɢɟɐůɖ ůŮ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɉŬɟŬəŰɖɟɘůŰɘəɐ ˊŮɟɑˊŰɤůɖ ŬˊɞŰŮɚɞɨɜ ŰŬ EM31 əŬɘ 

CMD4 ɛŮ ŭɨɞ ɛɘəɟɎ ˊɖɜɑŬ, ɏɜŬ ˊɞɛˊɧ əŬɘ ɏɜŬ ŭɏəŰɖ, ˊɞɡ Ŭˊɏɢɞɡɜ ůŰŬɗŮɟɐ 

ŬˊɧůŰŬůɖ əŬɘ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŬ əɎɗŮŰŬ Űɞɡ ˊɟɞűɑɚ Űɤɜ ɛŮŰɟɐůŮɤɜ. ɇɞ Ⱥɀ34 
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əɎɜŮɘ ɢɟɐůɖ ŭɨɞ ˊɖɜɑɤɜ, Ůɜɧɠ ˊɞɛˊɞɨ əŬɘ ŮŮɜɧɠ ŭɏəŰɖ, ɛŮŰŬɓɚɖŰɐɠ ŬˊɧůŰŬůɖɠ əŬɘ 

ŭɘŬŰɎɝŮɤɜ. ɇŬ ˊɖɜɑŬ ɚɞɘˊɧɜ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ŭɘŬŰŮŰŬɔɛɏɜŬ ɞɟɘɕɧɜŰɘŬ əŬɘ ůŰɞ ɑŭɘɞ 

ŮˊɑˊŮŭɞ, əɎɗŮŰŬ əŬɘ ůŰɞ ɑŭɘɞ ŮˊɑˊŮŭɞ əŬɘ əɎɗŮŰŬ əŬɘ ůŰɞɜ ɑŭɘɞ ɎɝɞɜŬ. 

¶ ɀŮɔɎɚɞɡ ɓɟɧɔɢɞɡ: (5ɛ ɛŮ 100ɛ ɓɟɧɔɢɞɘ). Ⱦɡɟɑɤɠ ůɡůŰɐɛŬŰŬ ůŰɞ ɢɩɟɞ Űɞɡ ɢɟɧɜɞɡ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɛŮŰŬɚɚŮɡŰɘəɐ ɏɟŮɡɜŬ.  

¶ ȺˊɑˊŮŭɞɡ əɨɛŬŰɞɠ: (VLF, ɀŬɔɜɖŰɞŰŮɚɚɞɡɟɘəɎ) ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ 

ɛŮŰŬɚɚŮɡŰɘəɐ ɏɟŮɡɜŬ əŬɘ ůŰɞɜ ŮɜŰɞˊɘůɛɧ ɓŬɗɏɤɜ ɔŮɤɚɞɔɘəɩɜ ŭɞɛɩɜ. 

(ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

 

ȺɘəɧɜŬ  1.22: ȹɘŬŰɎɝŮɘɠ ˊɖɜɑɤɜ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

 

ȺɘəɧɜŬ  1.23: Ŭ) CMD4 ɓ) Ⱥɀ-34 Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 
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2.2.3 ȾŬŰŬůŰŬŰɘəɏɠ ȺɝɘůɩůŮɘɠ Űɞɡ ȼɚŮəŰɟɞɛŬɔɜɖŰɘůɛɞɨ 

ȸŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ŬˊɞŰŮɚŮɑ ɖ əŬŰŬɜɧɖůɖ Űɖɠ ɓŬůɘəɐɠ ɗŮɤɟɑŬɠ əŬɘ Ŭɟɢɐɠ Űɞɡ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘůɛɞɨ ůŮ ŬɜɞɛɞɘɞɔŮɜɐ ɐ ŰɛɖɛŬŰɘəɎ ɞɛɞɔŮɜɐ ɛɏůŬ. Ƀ ɧɟɞɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘůɛɧɠ ŬɜŬűɏɟŮŰŬɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ Ŭˊɧ ɟŮɨɛŬ ˊɞɡ 

ɟɏŮɘ ɛɏůŬ ůŮ ɏɜŬɜ Ŭɔɤɔɧ. (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

Ƀɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛɏɗɞŭɞɘ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ůɐɛŮɟŬ ůŰɖɟɑɕɞɜŰŬɘ ůŰŬ űŬɘɜɧɛŮɜŬ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŮˊŬɔɤɔɐɠ. ũɘŬ ɜŬ ɔɑɜɞɡɜ əŬŰŬɜɞɖŰɎ ŰɏŰɞɘŬ űŬɘɜɧɛŮɜŬ əŬɘ ɞ Űɟɧˊɞɠ ɛŮ 

Űɞɜ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŰŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɤɜ ŮɝɘůɩůŮɤɜ 

Űɞɡ Maxwell (ɆɢɏůŮɘɠ 2.18, 2.19). ɆɨɛűɤɜŬ ɛŮ Űɘɠ ˊŬɟŬəɎŰɤ ŮɝɘůɩůŮɘɠ ɔɑɜŮŰŬɘ ˊŮɟɘɔɟŬűɐ 

Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ ŭɘɎɟəŮɘŬ 

Űɤɜ ɔŮɤűɡůɘəɩɜ ŮűŬɟɛɞɔɩɜ ůŰɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ. 

ᶯ ῴ                                           (2.16) 

ᶯ Ὄ ὐ                                          (2.17) 

ɧˊɞɡ Ⱥ: ɏɜŰŬůɖ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ (V/m)  

        B: ɛŬɔɜɖŰɘəɐ ŮˊŬɔɤɔɐ (ɇ) 

        H: ɏɜŰŬůɖ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ  (A/m) 

        J: ˊɡəɜɧŰɖŰŬ Űɞɡ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ (ȷ/m2) 

        D: ɖ ŭɘɖɚŮəŰɟɘəɐ ɛŮŰŬŰɧˊɘůɖ  (C/m2) 

 

     ȺɘəɧɜŬ  1.24: Ɂɧɛɞɠ Űɞɡ Faraday Ʉɖɔɐ: (Demkowicz) 

ȼ Ůɝɑůɤůɖ 2.16 ŬˊɞŰŮɚŮɑ Űɞ ɜɧɛɞ Űɞɡ Faraday əŬɘ ŭɖɚɩɜŮɘ ɧŰɘ ɖ ɢɟɞɜɘəɐ ɛŮŰŬɓɞɚɐ Űɞɡ 

ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ŭɖɛɘɞɡɟɔŮɑ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ, ŰɏŰɞɘɞ ɩůŰŮ ɖ ˊŬɟŬɔɧɛŮɜɖ ɖɚŮəŰɟɘəɐ ŰɎůɖ 

ɜŬ ŮɑɜŬɘ ŬɜɎɚɞɔɖ ŬɚɚɎ ˊɟɞɠ Űɞ ɟɡɗɛɧ ɛŮŰŬɓɞɚɐɠ Űɖɠ ɛŬɔɜɖŰɘəɐɠ ɟɞɐɠ. (ȺɘəɧɜŬ 2.24) (ȯəɖɠ 

ɇůŮɚɏɜŰɖɠ) 
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ȼ Ůɝɑůɤůɖ 2.17 ŬɜŬűɏɟŮŰŬɘ ůŰɞ ɜɧɛɞ Űɞɡ Ampere. ȼɚŮəŰɟɘəɧ ɟŮɨɛŬ ˊɞɡ ɟɏŮɘ ůŮ Ŭɔɤɔɧ 

ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Ůɜɧɠ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ɖ ɏɜŰŬůɖ Űɞɡ ɞˊɞɑɞɡ ŮɑɜŬɘ 

ŬɜɎɚɞɔɖ Űɞɡ ɞɚɘəɞɨ ɟŮɨɛŬŰɞɠ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞ ɢɩɟɞ əŬɘ ɛŮ ŭɘŮɨɗɡɜůɖ əɎɗŮŰɖ ˊɟɞɠ Űɖ 

ŭɘŮɨɗɡɜůɖ ɟɞɐɠ Űɞɡ ɟŮɨɛŬŰɞɠ (ɇɕɎɜɖɠ, 2016). ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ Űɞɡ Gauss ůŮ 

ŭɘŬűɞɟɘəɐ ɛɞɟűɐ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ůɡɜɞɚɘəɐ ɖɚŮəŰɟɘəɐ ɟɞɐ ˊɞɡ ŭɘŬɟɟɏŮɘ əɚŮɘůŰɐ ŮˊɘűɎɜŮɘŬ 

ŮɑɜŬɘ ɛɖŭɏɜ (2.18) əŬɗɩɠ əŬɘ ɖ ɞɚɘəɐ ɟɞɐ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ŭɘŬ ɛɏůɞɡ əɚŮɘůŰɐɠ ŮˊɘűɎɜŮɘŬɠ 

ŮɑɜŬɘ ɛɖŭɏɜ. (2.19) 

ᶯ Ὄ π                                                            (2.18) 

ᶯ ῴ π                                                        (2.19) 

 

ȺɘəɧɜŬ  1.25: Ƀ ɜɧɛɞɠ Űɞɡ Ampere Ʉɖɔɐ: (Self Study Point) 

ȷɜ ɔɑɜŮɘ ɗŮɩɟɖůɖ ɞɛɞɔŮɜɞɨɠ əŬɘ ɘůɧŰɟɞˊɞɡ ɛɏůɞɡ ɘůɢɨŮɘ ɖ ůɢɏůɖ: 

Ὀ ‐ ῷ 

Ů: ŭɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ Űɞɡ ɛɏůɞɡ 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ůɡɛˊŮɟŬɑɜŮŰŬɘ ɧŰɘ ɔɘŬ ŮɡɗɨɔɟŬɛɛɞ Ŭɔɤɔɧ ˊɞɡ ŭɘŬɟɟɏŮŰŬɘ Ŭˊɧ ɖɚŮəŰɟɘəɧ 

ɟŮɨɛŬ Űɞ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ˊŬɟɎɔŮɘ ɛŬɔɜɖŰɘəɏɠ ɔɟŬɛɛɏɠ əɎɗŮŰŮɠ ůŰɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɔɤɔɞɨ 

əŬɘ ɘůɢɨɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

` ‘ ῷ 

ὐ „ ῴ 

ɛ: ɛŬɔɜɖŰɘəɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬ 

ů: ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ 

(ȯəɖɠ ɇůŮɚɏɜŰɖɠ) 

(2.20) 

(2.21) 

(2.22) 
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2.2.4 ȼɚŮəŰɟɘəɏɠ əŬɘ ɀŬɔɜɖŰɘəɏɠ ȽŭɘɧŰɖŰŮɠ Űɖɠ ɨɚɖɠ 

2.2.4.1 ȼɚŮəŰɟɘəɐ ȷɔɤɔɘɛɧŰɖŰŬ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŮ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ Űɖɠ ɨɚɖɠ 

ŬˊɞŰŮɚŮɑ ɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮɘ Ŭɜ ɏɜŬ ɔŮɤɚɞɔɘəɧ ɡɚɘəɧ ŮɑɜŬɘ 

əŬɚɧɠ ɐ əŬəɧɠ Ŭɔɤɔɧɠ. ȼ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ů əŬɘ ɛŮŰɟɎŰŬɘ ůŮ 

Siemens/m əŬɘ ŭŮɑɢɜŮɘ ˊɧůɞ ŮɨəɞɚŬ ŭɘŬŭɑŭŮŰŬɘ Űɞ ɖɚŮəŰɟɘəɧ űɞɟŰɑɞ ɛɏůŬ ůŰɞ ˊɏŰɟɤɛŬ. 

„
ρ

”
 

ɟ: Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ 

2.2.4.2 ɀŬɔɜɖŰɘəɐ ȺˊɘŭŮəŰɘəɧŰɖŰŬ 

ɀŮ Űɞɜ ɧɟɞ ɛŬɔɜɖŰɘəɐ ŮˊɘŭŮəŰɘəɧŰɖŰŬ (k) ɞɟɑɕŮŰŬɘ ɤɠ ˊɞɡ ɏɜŬ ůɩɛŬ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ɛŬɔɜɖŰɑɕŮŰŬɘ əŬɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŬŭɘɎůŰŬŰɞ ɛɏɔŮɗɞɠ. ȼ ɛŬɔɜɖŰɘəɐ ŮˊɘŭŮəŰɘəɧŰɖŰŬ ŮɑɜŬɘ Űɞ 

ˊɖɚɑəɞ Űɖɠ ɏɜŰŬůɖɠ Űɖɠ ɛŬɔɜɐŰɘůɖɠ Ůɜɧɠ ůɩɛŬŰɞɠ ˊɟɞɠ Űɖ ɛŬɔɜɖŰɘəɐ ɟɞˊɐ. 

Ὧ
ὐ

Ὄ
 

J: ɏɜŰŬůɖ Űɖɠ ɛŬɔɜɐŰɘůɖɠ (Amp/m) 

H: ɏɜŰŬůɖ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ (Amp/m) 

ɀ: ɛŬɔɜɖŰɘəɐ ɟɞˊɐ (Amp*m2)  

ɋɠ ɏɜŰŬůɖ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ́ Ůŭɑɞɡ ȼ ɞɟɑɕŮŰŬɘ ɖ ŭɨɜŬɛɖ ˊɞɡ ŬůəɐɗɖəŮ ůŮ ɛɞɜŬŭɘŬɑɞ ɗŮŰɘəɧ 

ůŮ ɏɜŬ ůɖɛŮɑɞ ˊɞɡ ŬˊɏɢŮɘ ŬˊɧůŰŬůɖ r Ŭˊɧ ɏɜŬ ˊɧɚɞ ɛŬɔɜɖŰɘəɐɠ ˊɞůɧŰɖŰŬɠ m.  

Ὄ
ά

‘ ὶ
 

ɀŬɔɜɖŰɘəɐ ɟɞˊɐ ɞɟɑɕŮŰŬɘ ῼ ά ὰ əŬɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ŬɜɡůɛŬŰɘəɧ ɛɏɔŮɗɞɠ ɛŮ 

ŭɘŮɨɗɡɜůɖ Ŭˊɧ Űɞɜ ŬɟɜɖŰɘəɧ ˊɟɞɠ Űɞ ɗŮŰɘəɧ ˊɧɚɞ, Ŭűɞɨ ɞɘ ˊɧɚɞɘ ɡˊɎɟɢɞɡɜ ˊɎɜŰŬ ůŮ ɕŮɨɔɖ 

əŬɘ ɖ ɓŬůɘəɐ ɛŬɔɜɖŰɘəɐ ɞɜŰɧŰɖŰŬ ŮɑɜŬɘ Űɞ ɛŬɔɜɖŰɘəɧ ŭɑˊɞɚɞ ɛŮ ŭɨɞ ˊɧɚɞɡɠ ɛŬɔɜɖŰɘəɩɜ 

ˊɞůɞŰɐŰɤɜ +m, -m ˊɞɡ Ŭˊɏɢɞɡɜ ŬˊɧůŰŬůɖ 1. 

ɇɏɚɞɠ, ɤɠ ɏɜŰŬůɖ Űɖɠ ɛŬɔɜɐŰɘůɖɠ J ɞɟɑɕŮŰŬɘ ɖ ɏɜŰŬůɖ ɛŮ Űɖɜ ɞˊɞɑŬ ɏɜŬ ɛŬɔɜɖŰɘəɧ ůɩɛŬ 

ůŮ ŮɝɤŰŮɟɘəɧ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ɔɑɜŮŰŬɘ Ůɝ ŮˊŬűɐɠ ɛŬɔɜɖŰɘůɛɏɜɞ. (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

ὐ
ὓ

ὠ
 

(2.23) 

(2.24) 

(2.25) 

(2.26) 
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2.2.5 ȷɟɢɏɠ Űɖɠ ɔŮɤűɡůɘəɐɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ɛŮɗɧŭɞɡ  

ȼ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ (Ⱥɀ) ŮəɛŮŰŬɚɚŮɨŮŰŬɘ Űɖɜ Ŭˊɧəɟɘůɖ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ůəɞˊɧ 

Űɖ ŭɘɎŭɞůɖ Űɤɜ ˊɟɞůˊɘˊŰɞɡůɩɜ ŮɜŬɚɚŬůůɧɛŮɜɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ əɎɗŮŰɞɡɠ ɎɝɞɜŮɠ, Űɖɜ ɖɚŮəŰɟɘəɐ ɏɜŰŬůɖ (Ⱥ) əŬɘ ɛŬɔɜɖŰɘəɐ ŭɨɜŬɛɖ 

(ȼ). (Philip Kearey, 2002) 

ɆŰɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ ɡˊɎɟɢŮɘ Űɞ ˊɟɤŰɞɔŮɜɏɠ (Primary) əŬɘ Űɞ 

ŭŮɡŰŮɟɞɔŮɜɏɠ (Secondary) ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ. ɇŬ ˊɟɤŰɞɔŮɜɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ 

ˊŮŭɑŬ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮ Űɖ ŭɘɏɚŮɡůɖ ŮɜŬɚɚŬůůɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ (ůɢŮŰɘəɎ 

ɢŬɛɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ) ɛɏůɤ Ůɜɧɠ ɛɘəɟɞɨ ˊɖɜɑɞɡ ŬˊɞŰŮɚɞɨɛŮɜɞɡ Ŭˊɧ ˊɞɚɚɏɠ ůˊŮɑɟŮɠ 

ůɨɟɛŬŰɞɠ ɐ ɛɏůɤ Ůɜɧɠ ɛŮɔɎɚɞɡ ɓɟɧɢɞɡ ůɨɟɛŬŰɞɠ. ɇɞ ˊŮŭɑɞ ŬɡŰɧ ŬəɞɚɞɡɗŮɑ Űɘɠ Ůɝɐɠ ŰɟŮɘɠ 

ŭɘŬŭɟɞɛɏɠ: 

 

ȺɘəɧɜŬ  1.26: ɆŰɘɔɛɘɧŰɡˊɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ əɨɛŬŰɞɠ Ʉɖɔɐ: (ūɡůɘəɐ (ũŮɜɘəɐɠ ɄŬɘŭŮɑŬɠ) - ȸɘɓɚɑɞ ɀŬɗɖŰɐ)  

 

¶ ɄɎɜɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ Ŭˊɧ Űɞɜ ˊɞɛˊɧ ůŰɞ ŭɏəŰɖ ɛŮ Űɖ ɛɧɜɖ ŭɘŬűɞɟɞˊɞɑɖůɖ ɜŬ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖ ɛŮɑɤůɖ Űɞɡ ˊɚɎŰɞɡɠ ŮɝŬɘŰɑŬɠ Űɖɠ ɔŮɤɛŮŰɟɘəɐɠ ŭɘɎŭɞůɖɠ 

¶ Ⱥɘůɢɩɟɖůɖ ůŰɞ ɏŭŬűɞɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɑɤůɖ Űɞɡ ˊɚɎŰɞɡɠ ŬɚɚɎ ŭɘŬŰɐɟɖůɖ Űɖɠ 

ůŮ űɎůɖɠ ůɡɜɘůŰɩůŬɠ ɛŮ Űɞ ŮˊɘűŬɜŮɘŬəɧ 

¶ Ⱥɘůɢɩɟɖůɖ ůŮ ɡˊŮŭŬűɘəɧ Ŭɔɤɔɧ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ 

ŮɜŬɚɚŬůůɧɛŮɜɖɠ ŰɎůɖɠ ɛŮ ɑŭɘŬ ůɡɢɜɧŰɖŰŬ ŬɚɚɎ ɛŮ əŬɗɡůŰɏɟɖůɖ űɎůɖɠ əŬŰɎ ˊ/2 

ȼ Ŭˊɧəɟɘůɖ Űɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ŭŮɡŰŮɟɞɔŮɜɩɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ əŬɘ 

ŰŬ ˊɟɞəɨˊŰɞɜŰŬ ˊŮŭɑŬ ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ ŬɜɘɢɜŮɡɗɞɨɜ Ŭˊɧ ŰŬ ŮɜŬɚɚŬůůɧɛŮɜŬ ɟŮɨɛŬŰŬ ˊɞɡ 

ˊɟɞəŬɚɞɨɜ Űɖ ɟɞɐ ůŮ ɏɜŬ ˊɖɜɑɞ ŭɏəŰɖ ɛɏůɤ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 

ŮˊŬɔɤɔɐɠ. ɄɟɧəŮɘŰŬɘ ɞɡůɘŬůŰɘəɎ ɔɘŬ ɛɑŬ ŮɜŮɟɔɖŰɘəɐ ɛɏɗɞŭɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɘɠ ɛŮŰɟɐůŮɘɠ 

Ůɜɧɠ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ŮˊŬɔɤɔɐ ɚɧɔɤ Űɖɠ 

ɟɞɐɠ ɟŮɨɛŬŰɞɠ ɛɏůŬ ůŰɖ ɔɖ. ɆŰɖɜ ŰŮɢɜɘəɐ ŬɡŰɐ, ɏɜŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɞ ɛŬɔɜɖŰɘəɧ 
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ˊŮŭɑɞ ˊŬɟɎɔŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ Űɞ ɞˊɞɑɞ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɞ 

ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ ɛɏůŬ ůŰɖ ɔɖ ɛɏůɤ ŮˊŬɔɤɔɐɠ. (Philip Kearey, 2002) 

 

ȺɘəɧɜŬ  1.27: Ŭ) ȹɘŬűɞɟɎ űɎůɖɠ ɗ ɛŮŰŬɝɨ ŭɨɞ əɡɛɎŰɤɜ ɓ) ũŮɜɘəɐ Ŭɟɢɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŭɘŬůəɧˊɖůɖɠ  

Ʉɖɔɐ:  (Philip  Kearey, 2002) 

ȳůɞɜ ŬűɞɟɎ ŰŬ ŭŮɡŰŮɟɞɔŮɜɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ ˊŬɟɎɔɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ 

ůɢɖɛŬŰɘůɛɞɨɠ ɛŮ ɛŮɔɎɚɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ əŬɘ ŬɜɘɢɜŮɨɞɜŰŬɘ Ŭˊɧ ˊɖɜɑɞ-ŭɏəŰɖ. ɆŮ 

ˊŮɟɑˊŰɤůɖ Ŭɔɩɔɘɛɞɡ ɡˊŮŭŬűɘəɞɨ ɡɚɘəɞɨ ŮˊɎɔɞɜŰŬɘ ŮɜŬɚɚŬůůɧɛŮɜŬ ɟŮɨɛŬŰŬ (Eddy 

Currents) ɛɏůŬ ůŰɞɜ Ŭɔɤɔɧ Ŭˊɧ Űɖ ɛŬɔɜɖŰɘəɐ ůɡɜɘůŰɩůŬ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ əɨɛŬŰɞɠ. 

Ƀ ůɡɜŭɡŬůɛɧɠ Űɞɡ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ˊŮŭɑɞɡ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŮ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɞ 

ˊɟɤŰɞɔŮɜɏɠ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞ ůɡɜɘůŰɎɛŮɜɞ, ɛŮ ŭɘŬűɞɟɎ űɎůɖɠ ɗ ůŰɞ ɔɤɜɘŬəɧ 

ŭɘŬɢɤɟɘůɛɧ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ əŬɘ ŭɘŬűɞɟŮŰɘəɧ ˊɚɎŰɞɠ (ȺɘəɧɜŬ 2.28). ɇɞ ŰŮɚɘəɧ ˊŮŭɑɞ 

ˊŬɟɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɔŮɤɛŮŰɟɑŬ, Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɘɠ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

Űɞɡ Ŭɔɤɔɞɨ Űɞɡ ɡˊŮŭɎűɞɡɠ.  

Ƀɘ ˊŬɟŬˊɎɜɤ ůɢɏůŮɘɠ űɎůɖɠ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ ɛˊɞɟɞɨɜ ɜŬ ŮɟɛɖɜŮɡŰɞɨɜ əŬɘ 

ůŮ ŭɘŬɜɡůɛŬŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ, ɧˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ (ŮɜŰɧɠ űɎůɖɠ) 

ůɡɜɘůŰɩůŮɠ əŬɘ ɞɘ űŬɜŰŬůŰɘəɏɠ (ŮəŰɧɠ űɎůɖɠ) ůɡɜɘůŰɩůŮɠ (ȺɘəɧɜŬ 2.28). ȼ ɔɤɜɑŬ ű ˊɞɡ 

ɛŮŰɟɎŰŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɔɤɜɘŬəɐ əŬɗɡůŰɏɟɖůɖ űɎůɖɠ Űɞɡ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ɨůŰŮɟŬ Ŭˊɧ Űɞ 

ˊɟɤŰɞɔŮɜɏɠ. ũɘŬ Ŭɔɩɔɘɛɞ ɡɚɘəɧ Űɞ ű űŰɎɜŮɘ Űɖ Űɘɛɐ ˊ/2 Ůɜɩ ɔɘŬ ɛɖ Ŭɔɩɔɘɛɞ ɡɚɘəɧ ŮɑɜŬɘ 

ůɢŮŭɧɜ 0. ɆɡɜŮˊɩɠ, Űɞ ŭŮɡŰŮɟɞɔŮɜɏɠ ˊŮŭɑɞ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɏɢŮɘ ɛɘŬ əŬɗɡůŰɏɟɖůɖ Ŭˊɧ Űɞ 

ˊɟɤŰɞɔŮɜɏɠ ˊ/2+ű. ɇɞ ŭŮɡŰŮɟɞɔŮɜɏɠ ˊŮŭɑɞ (S) ɛˊɞɟŮɑ ɜŬ ŮɟɛɖɜŮɡŰŮɑ ůŮ ŭɨɞ ůɡɜɘůŰɩůŮɠ ɛŮ 

Űɖ ɛɑŬ ůɡɜɘůŰɩůŬ ɜŬ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ űɎůɖɠ ɐ ˊɟŬɔɛŬŰɘəɐ (R) Ůɜɩ ɖ ŭŮɨŰŮɟɖ ɜŬ ŮɑɜŬɘ ŮəŰɧɠ 

űɎůɖɠ 90ɞ ɤɠ ˊɟɞɠ Űɞ ˊɟɤŰɞɔŮɜɏɠ ˊŮŭɑɞ ɐ űŬɜŰŬůŰɘəɐ (Ƚ). ɀŮɔŬɚɨŰŮɟɖ ŬɜŬɚɞɔɑŬ R/I 

ɡˊɞŭɖɚɩɜŮɘ əŬɘ ɛŮɔŬɚɨŰŮɟɞ ű, ŭɖɚŬŭɐ ˊɘɞ Ŭɔɩɔɘɛɞ ɡɚɘəɧ. ȼ ŮəŰɧɠ űɎůɖɠ ůɡɜɘůŰɩůŬ Űɞɡ 

ŭŮɡŰŮɟɞɔŮɜɞɨɠ ˊŮŭɑɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ űŬɘɜɧɛŮɜɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Ůɜɩ ɖ ůŮ űɎůɖ 

ŮɑɜŬɘ ŮɡŬɑůɗɖŰɖ ůŮ ɛŮŰŬɓɞɚɏɠ Űɖɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ ŬɔɩɔɘɛŬ ɡɚɘəɎ 

ɧˊɤɠ ɛŮŰŬɚɚɘəɎ ŬɜŰɘəŮɑɛŮɜŬ. ɀŮ Űɞɜ ɧɟɞ űŬɘɜɧɛŮɜɖ ŬɔɤɔɘɛɧŰɖŰŬ ɞɟɑɕŮŰŬɘ ɤɠ ɖ ɛɏůɖ 
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ŬɔɤɔɘɛɧŰɖŰŬ Ůɜɧɠ ɐ ˊŮɟɘůůɞŰɏɟɤɜ ůŰɟɤɛɎŰɤɜ Űɞɡ ɡˊŮŭɎűɞɡɠ ɛŮ Űɞ ɓɎɗɞɠ ŭɘŮɟŮɨɜɖůɖɠ ɜŬ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŬˊɧůŰŬůɖ əŬɘ ŭɘɎůŰŬůɖ Űɤɜ ˊɖɜɑɤɜ əŬɗɩɠ əŬɘ Űɖɜ ůɡɢɜɧŰɖŰŬ ˊɞɡ 

ŮəˊɏɛˊŮŰŬɘ ɔɘŬ Űɞ ˊɟɤŰɞɔŮɜɏɠ ˊŮŭɑɞ əŬɘ Űɖɜ ŬɔɤɔɘɛɧŰɖŰŬ əɎɗŮ ůŰɟɩɛŬŰɞɠ. (ȯəɖɠ 

ɇůŮɚɏɜŰɖɠ) (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) (Parasnis, 1997) 

 
ȺɘəɧɜŬ  1.28: ȹɘŬɜɡůɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ ůɢɏůŮɘɠ űɎůɖɠ əŬɘ ˊɚɎŰɞɡɠ ɛŮŰŬɝɨ ˊɟɤŰɞɔŮɜɞɨɠ, 

 ŭŮɡŰŮɟɞɔŮɜɞɨɠ əŬɘ ŰŮɚɘəɞɨ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ Ʉɖɔɐ: (Philip Kearey, 2002) 

2.2.6 ȸɎɗɞɠ ŭɘŮɑůŭɡůɖɠ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ 

ȽŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ɏɢŮɘ əŬɘ Űɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ d (ůŮ m) ůŰɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ 

ɛŮɗɧŭɞɡɠ Űɞ ɞˊɞɑɞ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ: 

1. Űɖɜ ůɡɢɜɧŰɖŰŬ Űɞɡ ˊŮŭɑɞɡ f (ůŮ Hz) əŬɘ 

2. Űɖɜ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ů (ůŮ S*m-1) Űɞɡ ɛɏůɞɡ ŭɘɎŭɞůɖɠ  

ɇɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ Űɖɠ ɛŮɗɧŭɞɡ ŮˊŬɔɤɔɐɠ EM ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ 

Űɖɠ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ ɛŮŰŬŭɘŭɧɛŮɜɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɤɜ 

əɘɜɖŰɞˊɞɘɖɛɏɜɤɜ ɡˊŮŭŬűɘəɩɜ űɞɟŰɑɤɜ. ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ů 

əŬɘ ɖ ůɡɢɜɧŰɖŰŬ f, Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɧůɞ 

ɛɘəɟɧŰŮɟɞ ŮɑɜŬɘ Űɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ. ɋɠ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ ɐ ɓɎɗɞɠ ŮˊɘŭŮɟɛɑŭŬɠ (d) ɞɟɑɕŮŰŬɘ 

Űɞ ɓɎɗɞɠ ůŰɞ ɞˊɞɑɞ Űɞ ˊɚɎŰɞɠ Űɞɡ ˊŮŭɑɞɡ Ad ɛŮɘɩɜŮŰŬɘ əŬŰɎ ˊŬɟɎɔɞɜŰŬ e-1 (37%) 

ůɡɔəŮəɟɘɛɏɜɞ ɛŮ Űɞ ˊɚɎŰɞɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ȷ0  

΅ ὃὩ  

Ὠ υπσȟψ  

ɧˊɞɡ ɤ=2ˊf : ɖ ɔɤɜɘŬəɐ ůɡɢɜɧŰɖŰŬ 

 

P: ˊɟɤŰɞɔŮɜɏɠ 

S: ŭŮɡŰŮɟɞɔŮɜɏɠ 

R: ŰŮɚɘəɧ 

(2.27) 

(2.28) 
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ɛ: ɖ ɛŬɔɜɖŰɘəɐ ŮˊɘŭŮəŰɘəɧŰɖŰŬ  

ɆɨɛűɤɜŬ ɛŮ ɧůŬ ˊɟɞŬɜŬűɏɟɗɖəŬɜ ŮɑɜŬɘ ŮűɘəŰɧ, ŮűŬɟɛɧɕɞɜŰŬɠ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ 

ůɡɢɜɧŰɖŰŬ ɜŬ əŬɗɞɟɘůŰŮɑ Űɞ ɓɎɗɞɠ ŭɘŮɝŬɔɤɔɐɠ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ɛŮɗɧŭɞɡ. (Everett, 

2013) ɋůŰɧůɞ ɡˊɎɟɢɞɡɜ ˊŮɟɘɞɟɘůɛɞɑ ůŰɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ Ŭűɞɨ ɞɘ ˊɞɚɨ ɢŬɛɖɚɏɠ 

ůɡɢɜɧŰɖŰŮɠ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ˊŬɟŬɢɗɞɨɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ɛŮŰɟɖɗɞɨɜ əŬɘ ɏŰůɘ Űɞ ɛɏɔɘůŰɞ 

ɓɎɗɞɠ űɗɎɜŮɘ ůɡɜɐɗɤɠ ŰŬ 500 m. (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

ȺɛˊŮɘɟɘəɎ ɔɘŬ ɜŬ ˊɟɞůŮɔɔɘůŰŮɑ Űɞ ɓɎɗɞɠ z Űɞɡ Ŭɔɩɔɘɛɞɡ ůɩɛŬŰɞɠ ˊɞɡ ŬɜŬɕɖŰŮɑŰŬɘ əŬɘ ɖ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɩůŮɘ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ: 

Ú ρππ  

(ȯəɖɠ ɇůŮɚɏɜŰɖɠ) 

2.2.7 ɆɡůŰɐɛŬŰŬ ɛɏŰɟɖůɖɠ űɎůɖɠ 

ɀŮ Űɖɜ ɢɟɐůɖ Ůɜɧɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɏɟŮɡɜŬɠ ŭɨɜŬŰŬɘ ɜŬ ɛŮŰɟɐůŮɘ Űɘɠ 

ůɢɏůŮɘɠ űɎůɖɠ əŬɘ ˊɚɎŰɞɡɠ ɛŮŰŬɝɨ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ, ŭŮɡŰŮɟɞɔŮɜɩɜ əŬɘ ŰŮɚɘəɩɜ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ. ɇɞ ŮɜŬɚɚŬůůɧɛŮɜɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟŬůŰŬɗŮɑ Ŭˊɧ ɏɜŬ ɖɛɘŰɞɜɞŮɘŭɏɠ əɨɛŬ ɛɐəɞɡɠ 2ˊ (360ɞ ). ȳŰŬɜ ɏɜŬ ŰɏŰɞɘɞ əɨɛŬ 

ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ Ɏɚɚɞ ɖɛɘŰɞɜɞŮɘŭɏɠ əɨɛŬ, ŬɚɚɎ ŭɘŬŭɑŭɞɜŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ 

ůŰɘɔɛɏɠ ŰɧŰŮ ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ ŮɑɜŬɘ ŮəŰɧɠ űɎůɖɠ. ȼ ŭɘŬűɞɟɎ űɎůɖɠ ɛˊɞɟŮɑ ɜŬ 

ŬɜŰɘˊɟɞůɤˊŮɡŰŮɑ ɛŮ ɔɤɜɑŬ űɎůɖɠ ɗ ůŰɞɜ ɔɤɜɘŬəɧ ŭɘŬɢɤɟɘůɛɧ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ. Ƀɘ 

ůɢɏůŮɘɠ űɎůɖɠ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ ŬɜŬˊŬɟɘůŰɩɜŰŬɘ ůŮ ŮɘŭɘəɎ ŭɘŬɜɡůɛŬŰɘəɎ 

ŭɘŬɔɟɎɛɛŬŰŬ. ɆŮ ŬɡŰɎ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɞ ŭɘŬɜɡůɛŬŰɘəɧ ɛɐəɞɠ ŮɑɜŬɘ ŬɜɎɚɞɔɞ Űɞɡ ˊɚɎŰɞɡɠ 

Űɞɡ ˊŮŭɑɞɡ əŬɘ ɖ ɔɤɜɑŬ ˊɞɡ ɛŮŰɟɘɏŰŬɘ ŬɜŰɑɗŮŰŬ ˊɟɞɠ Űɖ űɞɟɎ Űɤɜ ŭŮɘəŰɩɜ Űɞɡ ɟɞɚɞɔɘɞɨ Ŭˊɧ 

Űɞ ˊɟɤŰɞɔŮɜɏɠ ŭɘɎɜɡůɛŬ ůŰɞ ŭŮɡŰŮɟɞɔŮɜɏɠ ŭɘɎɜɡůɛŬ, ŬˊɞŰŮɚŮɑ Űɖɜ ɔɤɜɘŬəɐ əŬɗɡůŰɏɟɖůɖ 

űɎůɖɠ Űɞɡ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ˊŮŭɑɞɡ ˊɞɡ ŬəɞɚɞɡɗŮɑ Űɞ ˊɟɤŰɞɔŮɜɏɠ. ɇɞ ˊɟɤŰɞɔŮɜɏɠ ˊŮŭɑɞ P 

ɞŭɖɔŮɑŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɞɜ ˊɞɛˊɧ ůŰɞ ŭɏəŰɖ ŮˊɎɜɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ əŬɘ ɢɤɟɑɠ Űɟɞˊɞˊɞɑɖůɖ, 

ˊɏɟŬɜ Ŭˊɧ ɛɘŬ ɛɘəɟɐ ɛŮɑɤůɖ Űɞɡ ˊɚɎŰɞɡɠ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ ɛŮ Űɖ ɔŮɤɛŮŰɟɘəɐ ŭɘɎŭɞůɖ. 

Ⱥˊɑůɖɠ Űɞ ˊɟɤŰɞɔŮɜɏɠ ˊŮŭɑɞ ŮɘůɢɤɟŮɑ ůŰɞ ɏŭŬűɞɠ, ɛŮɘɩɜŮŰŬɘ ˊɞɚɨ Űɞ ˊɚɎŰɞɠ Űɞɡ, ŬɚɚɎ 

ˊŬɟŬɛɏɜŮɘ ůŮ űɎůɖ ɛŮ Űɞ ŮˊɘűŬɜŮɘŬəɧ ˊɟɤŰɞɔŮɜɏɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŮˊŬɔɤɔɐɠ, Űɞ ˊɟɤŰɞɔŮɜɏɠ ˊŮŭɑɞ ˊɟɞəŬɚŮɑ ŮɜŬɚɚŬůůɧɛŮɜɖ ŰɎůɖ ɑŭɘŬɠ 

ůɡɢɜɧŰɖŰŬɠ ůŮ ɡˊŮŭŬűɘəɧ Ŭɔɤɔɧ ɛŮ əŬɗɡůŰɏɟɖůɖ űɎůɖɠ ˊ/2. Ƀɘ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ 

Ŭɔɤɔɞɨ ˊɟɞəŬɚɞɨɜ ɛɘŬ ˊŮɟŬɘŰɏɟɤ əŬɗɡůŰɏɟɖůɖ űɎůɖɠ ˊɞɡ ɘůɞɨŰŬɘ ɛŮ 

(2.29) 
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 ű = tan-1 ( Ⱬ█╛ ► ) 

ȳˊɞɡ f ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, L ɖ ŬɡŰŮˊŬɔɤɔɐ Űɞɡ Ŭɔɤɔɞɨ, r ɖ 

ŬɜŰɑůŰŬůɖ Űɞɡ Ŭɔɤɔɞɨ. ȰɜŬɠ əŬɚɧɠ Ŭɔɤɔɧɠ ɗŬ ɏɢŮɘ ű ˊɞɡ ɗŬ ˊɚɖůɘɎɕŮɘ ŰŬ ˊ/2 Ůɜɩ ɏɜŬɠ 

əŬəɧɠ Ŭɔɤɔɧ Űɞ ɛɖŭɏɜ.  

ȼ ˊɟɞɓɞɚɐ Űɞɡ S ůŰɞɜ ɞɟɘɕɧɜŰɘɞ (ˊɟɤŰɞɔŮɜɏɠ ˊŮŭɑɞ) ɎɝɞɜŬ ŮɑɜŬɘ Ssinű əŬɘ ŮɑɜŬɘ ůŮ ɔɤɜɑŬ 

ˊ, ŮəŰɧɠ űɎůɖɠ ɤɠ ˊɟɞɠ Űɞ Ʌ əŬɘ ɞɜɞɛɎɕŮŰŬɘ ůŮ űɎůɖ ůɡɜɘůŰɩůŬ ɐ in-phase ɐ ́ɟŬɔɛŬŰɘəɐ 

ůɡɜɘůŰɩůŬ Űɞɡ S. ȼ əɎɗŮŰɖ ˊɟɞɓɞɚɐ ŮɑɜŬɘ Scosű, ˊ/2 ŮəŰɧɠ űɎůɖɠ ɤɠ ˊɟɞɠ Űɞ Ʌ, əŬɘ ŮɑɜŬɘ 

ɔɜɤůŰɐ ɤɠ ŮəŰɧɠ űɎůɖɠ, ɐ űŬɜŰŬůŰɘəɐ ůɡɜɘůŰɩůŬ. 

ɇŬ ůɨɔɢɟɞɜŬ ɧɟɔŬɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŭɘŬɢɤɟɑůɞɡɜ Űɞ ŭŮɡŰŮɟɞɔŮɜɏɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ 

ˊŮŭɑɞ ůŮ ˊɟŬɔɛŬŰɘəɐ (RC) əŬɘ űŬɜŰŬůŰɘəɐ (Im) ůɡɜɘůŰɩůŬ. ȼ ˊɞɘɧŰɖŰŬ Űɞɡ Ŭɔɤɔɞɨ ŬɡɝɎɜŮɘ 

ɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ŬɜŬɚɞɔɑŬ RC/Im. ɀŮɟɘəɎ ůɡůŰɐɛŬŰŬ, əɡɟɑɤɠ ŬŮɟɞɛŮŰŬűŮɟɧɛŮɜŬ, 

ɛŮŰɟɞɨɜ ŬˊɚɎ Űɖ ɔɤɜɑŬ űɎůɖɠ ű. ɆŰŬ əɚŬůůɘəɎ ůɡůŰɐɛŬŰŬ ɛɏŰɟɖůɖɠ űɎůɖɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɘɜɞɨɛŮɜɞɘ ˊɞɛˊɞɑ əŬɘ ŭɏəŰŮɠ əŬɘ ɞɜɞɛɎɕɞɜŰŬɘ ůɡůŰɐɛŬŰŬ ɛɏŰɟɖůɖɠ 

ŭɑŭɡɛɞɡ ˊɖɜɑɞɡ (twin-coil) ɐ slingram ůɡůŰɐɛŬŰŬ. ɇŬ ˊɖɜɑŬ ˊɞɛˊɞɨ əŬɘ ŭɏəŰɖ ɏɢɞɡɜ 

ŭɘɎɛŮŰɟɞ 1 m əŬɘ ɛŮŰŬűɏɟɞɜŰŬɘ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ űɞɟɏɠ ɞɟɘɕɧɜŰɘŬ, ŬɚɚɎ ɛˊɞɟɞɨɜ ɜŬ 

ŮűŬɟɛɞůŰɞɨɜ əŬɘ ŭɘŬűɞɟŮŰɘəɞɑ ˊɟɞůŬɜŬŰɞɚɘůɛɞɑ. ɇŬ ˊɖɜɑŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ əŬɚɩŭɘɞ Űɞ 

ɞˊɞɑɞ űɏɟɜŮɘ ɏɜŬ ůɐɛŬ ŬɜŬűɞɟɎɠ əŬɘ ŮɝŬůűŬɚɑɕŮɘ ɧŰɘ ɖ ŬˊɧůŰŬůɖ Űɤɜ ˊɖɜɑɤɜ ŭɘŬŰɖɟŮɑŰŬɘ 

ůŰŬɗŮɟɐ, ůɡɜɐɗɤɠ 30-100 m. ȼ ŰɟɞűɞŭɞůɑŬ Űɞɡ ˊɞɛˊɞɨ ŭɘŮɜŮɟɔŮɑŰŬɘ Ŭˊɧ ɛɑŬ űɞɟɖŰɐ 

ɔŮɜɜɐŰɟɘŬ ŮɜŬɚɚŬůůɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ.  

ɇɞ ůɐɛŬ Ůɝɧŭɞɡ Ŭˊɧ Űɞ ˊɖɜɑɞ ŭɏəŰɖɠ ˊŮɟɜɎŮɘ Ŭˊɧ ɏɜŬɜ ŬɜŰɘůŰŬɗɛɘůŰɐ əŬɘ ɏɜŬɜ ŬɜŬɚɡŰɐ. 

ɇɞ ɧɟɔŬɜɞ ɛŮŰɟɎŮɘ ůŰɖɜ Ŭɟɢɐ Űɞ ɏŭŬűɞɠ (Ŭɔɩɔɘɛɞ ůɩɛŬ) əŬɘ ɞ ŬɜŰɘůŰŬɗɛɘůŰɐɠ ɟɡɗɛɑɕŮŰŬɘ 

ůŰɞ ɜŬ ˊŬɟɎɔŮɘ ɛɖŭŮɜɘəɐ ɏɝɞŭɞ. ȰŰůɘ, Űɞ ˊɟɤŰŬɟɢɘəɧ ˊŮŭɑɞ ŬɜŰɘůŰŬɗɛɑɕŮŰŬɘ ɛŮ ůəɞˊɧ Űɞ 

ůɨůŰɖɛŬ ɜŬ ŬˊɞəɟɑɜŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛɧɜɞ ůŰŬ ŭŮɡŰŮɟɞɔŮɜɐ ˊŮŭɑŬ. Ⱥˊɞɛɏɜɤɠ, ŬɡŰɏɠ ɞɘ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛɏɗɞŭɞɘ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŬˊɞəɎɚɡɣɖ ůɤɛɎŰɤɜ ŬɜɩɛŬɚɖɠ 

ŬɔɤɔɘɛɧŰɖŰŬɠ, ɢɤɟɑɠ ˊŬɟɞɢɐ ˊɚɖɟɞűɞɟɑŬɠ ɔɘŬ Űɘɠ ŬˊɧɚɡŰŮɠ Űɘɛɏɠ ŬɔɤɔɘɛɧŰɖŰŬɠ. ɆŰɖɜ 

ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ, Űɞ ŭŮɡŰŮɟɞɔŮɜɏɠ ˊŮŭɑɞ ɢɤɟɑɕŮŰŬɘ ůŰɘɠ ˊɟŬɔɛŬŰɘəɏɠ əŬɘ űŬɜŰŬůŰɘəɏɠ 

ůɡɜɘůŰɩůŮɠ ˊɞɡ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ űɞɟɏɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɤɠ ˊɞůɞůŰɧ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ 

ˊŮŭɑɞɡ, Űɞ ɛɏɔŮɗɞɠ Űɞɡ ɞˊɞɑɞɡ ŬɜŬɛŮŰŬŭɑŭŮŰŬɘ ɛɏůɤ Űɞɡ ŭɘŬůɡɜŭŮɗɏɜŰɞɠ əŬɚɤŭɑɞɡ. Ƀɘ 

Űɞɛɏɠ ɛɏŰɟɖůɖɠ ŮəŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ əɎɗŮŰŬ ůŰɘɠ ɔŮɤɚɞɔɘəɏɠ ŬůɡɜŮɢŮɑɠ əŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ ɗɏůɖ Űɞɡ ɛŮůŬɑɞɡ ůɖɛŮɑɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ .ɇɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ 

ŬɜɑɢɜŮɡůɖɠ ɘůɞɨŰŬɘ ˊŮɟɑˊɞɡ ɛŮ Űɞ ɛɘůɧ Űɖɠ ŬˊɧůŰŬůɖɠ ˊɞɛˊɞɨ ŭɏəŰɖ.  



48 

 

Ƀɘ ɛŮŰɟɐůŮɘɠ ɡˊŬɑɗɟɞɡ ŮɑɜŬɘ Ŭˊɚɐ ŭɘŬŭɘəŬůɑŬ əŬɘ ŬˊŬɘŰŮɑ ɛɘŬ ɞɛɎŭŬ Űɤɜ ŭɨɞ ɐ Űɟɘɩɜ 

ɢŮɘɟɘůŰɩɜ. ȼ ŬˊɧůŰŬůɖ əŬɘ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ ˊɖɜɑɤɜ ˊŬɑɕɞɡɜ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɟɧɚɞ, 

əŬɗɩɠ ŬəɧɛŬ əŬɘ ɏɜŬ ɛɘəɟɧ ɚɎɗɞɠ ůŰɖɜ ŬˊɧůŰŬůɖ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ Ŭɝɘɧɚɞɔɞ ɚɎɗɞɠ 

ůŰɖ ɛɏŰɟɖůɖ Űɖɠ űɎůɖɠ. ȷˊŬɘŰŮɑŰŬɘ Ůˊɑůɖɠ, ŰŬ ˊɖɜɑŬ ɜŬ əɟŬŰɖɗɞɨɜ Ŭəɟɘɓɩɠ ɞɟɘɕɧɜŰɘŬ əŬɘ 

ůŰɞ ɑŭɘɞ ŮˊɑˊŮŭɞ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ɛɘəɟɏɠ ůɢŮŰɘəɏɠ əɚɑůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɎɔɞɡɜ Ůˊɑůɖɠ 

ɞɡůɘŬůŰɘəɎ ɚɎɗɖ. ɆŮ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ ɛŮ ŬɜɩɛŬɚɖ ŰɞˊɞɔɟŬűɑŬ ɖ ŬəɟɑɓŮɘŬ Űɖɠ 

ŬˊɧůŰŬůɖɠ əŬɘ Űɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ŭɘŬŰɖɟɖɗŮɑ.  (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 

2013) 

2.2.8 ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɧ ɧɟɔŬɜɞ ɛɏŰɟɖůɖɠ ŬɔɤɔɘɛɧŰɖŰŬɠ 

ɇɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ɛŮŰɟɎŰŬɘ ɛŮ Ůɜɧɠ əɘɜɖŰɞɨ ůɡůŰɐɛŬŰɞɠ ˊɞɛˊɞɨ ï ŭɏəŰɖ, Űɞ 

ɞˊɞɑɞ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɜ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ˊɖɜɑɤɜ s, Űɖɜ ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ f 

əŬɘ Űɖɜ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ ɡˊŮŭɎűɞɡɠ ů. ɇɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ Űɞɡ ɞɟɔɎɜɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɖɜ ŬˊɧůŰŬůɖ Űɤɜ ˊɖɜɑɤɜ, ŬɚɚɎ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞ Űɖɠ əŬŰŬɜɞɛɐɠ Űɖɠ ŬɔɤɔɘɛɧŰɖŰŬɠ Űɞɡ 

ɡˊŮŭɎűɞɡɠ.   

ɇŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ɧɟɔŬɜŬ ˊŬɟɏɢɞɡɜ ɎɛŮůɖ ŬɜɎɔɜɤůɖ Űɖɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ůŮ ɏɜŬ 

əŬɗɞɟɘůɛɏɜɞ ɓɎɗɞɠ ůŰɞ ɏŭŬűɞɠ.  

ɇɞ ɧɟɔŬɜɞ CMD ɛŮŰɟɎŮɘ Űɖɜ űŬɘɜɧɛŮɜɖ ŬɔɤɔɘɛɧŰɖŰŬ əŬɘ Űɖɜ in-phase ɛɏŰɟɖůɖ, ŬɜɎɚɞɔɖ 

Űɖɠ ɛŬɔɜɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ, ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɓɎɗɞɠ ŬɜɎɚɞɔŬ ɛŮ Űɖ ŭɘŬɛɧɟűɤůɖ 

Űɞɡ. ɇɞ ɧɟɔŬɜɞ CMD ůɡɜŭɏŮŰŬɘ ɛŮ GPS ɩůŰŮ ɔɘŬ əɎɗŮ ɗɏůɖ ɛɏŰɟɖůɖɠ ɜŬ əŬŰŬɔɟɎűɞɜŰŬɘ 

əŬɘ ɞɘ ɔŮɤɔɟŬűɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ. ɆŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ɏɔɘɜŮ ɢɟɐůɖ ŭɘŬűɞɟɘəɞɨ GPS 

Leica GX 1230 GG RTK Reciever with L2C.  

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ɛɖɢŬɜɐɛŬŰɞɠ ŮɑɜŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ (Ŭˊɧəɟɘůɖ ůɢŮŭɧɜ 0,1s), ɖ 

ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ŭɨɞ ɓɎɗɖ ŭɘŬůəɧˊɖůɖɠ ŬɚɚɎ əŬɘ ɖ ɎɛŮůɖ ůɨɜŭŮůɖ Űɞɡ GPS ɔɘŬ ɔɟɐɔɞɟɞ 

ˊɟɞůŭɘɞɟɘůɛɧ ŬɚɚɎ əŬɘ ŬˊɞɗɐəŮɡůɖ ŭŮŭɞɛɏɜɤɜ ɡɣɞɛɏŰɟɞɡ əŬɘ ɔŮɤɔɟŬűɘəɞɨ ˊɚɎŰɞɡɠ əŬɘ 

ɛɐəɞɡɠ ůŮ əɎɗŮ ůɖɛŮɑɞ ɛɏŰɟɖůɖɠ. ɆŮ ůɡɜŮɢŮɑɠ ɛŮŰɟɐůŮɘɠ, ɧŰŬɜ Űɞ ɧɟɔŬɜɞ ɛŮŰŬəɘɜŮɑŰŬɘ 

ůɡɜŮɢɩɠ ůŰɖ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ, ɖ ɛŮŰɟɞɨɛŮɜɖ ŬɔɤɔɘɛɧŰɖŰŬ əŬɘ ɖ ɛŬɔɜɖŰɘəɐ ŮˊɘŭŮəŰɘəɧŰɖŰŬ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɤɠ ɛɏůɞɠ ɧɟɞɠ Űɤɜ Űɘɛɩɜ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ůŮ əɎɗŮ ɗɏůɖ, ůŮ əɎɗŮ ůŰɘɔɛɐ 

ɛɏŰɟɖůɖɠ. ȿɎɗɞɠ əŬŰɎ Űɖ ɛɏŰɟɖůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ. ɇɞ CMD ŮˊɘŰɟɏˊŮɘ 

Űɞɜ ŬɡŰɧɛŬŰɞ ɏɚŮɔɢɞ ůűɎɚɛŬŰɞɠ. Ƀ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ɞɟɑůŮɘ Űɞ ɛɏɔɘůŰɞ ŬˊɞŭŮəŰɧ ɧɟɘɞ 

ůűɎɚɛŬŰɞɠ (<1%, <2%, <5%, <10%,) əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ ɛɏŰɟɖůɖ ŮˊɘɛɖəɨɜŮŰŬɘ 

ůŰɞ ŭɘˊɚɎůɘɞ. 
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 ũŮɤɟŬɜŰɎɟ (Ground Penetrating Radar ï GPR ) 

ɇɞ ɔŮɤɟŬɜŰɎɟ ŬˊɞŰŮɚŮɑ ɛɑŬ ɛɖ əŬŰŬůŰɟŮˊŰɘəɐ ɔŮɤűɡůɘəɐ ɛɏɗɞŭɞ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ 

ůɢɖɛŬŰɘůɛɞɨɠ ɛŮ ɡɣɖɚɐ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ əŬɘ ŮɑɜŬɘ ɓŬůɘůɛɏɜɖ ůŰɖɜ əŬŰŬəɧɟɡűɖ ŬɜɎəɚŬůɖ 

ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ (8MHz-4GHz) ůŮ ŬůɡɜɏɢŮɘŮɠ ɛɏůɤɜ ůŰŬ 

ɞˊɞɑŬ ɖ ŭɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ Ⱦ (ɘəŬɜɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ ɜŬ ŬˊɞɗɖəŮɨŮɘ űɞɟŰɑɞ ɧŰŬɜ ɓɟŮɗŮɑ 

ůŮ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ) əŬɘ ɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ů ŭŮɜ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ, 

ŬɚɚɎ ɛŮŰŬɓɎɚɚɞɜŰŬɘ. ɄŬɟŬŰɑɗŮŰŬɘ ˊɑɜŬəŬɠ Űɨˊɤɜ ɡɚɘəɩɜ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ ŭɘɎŭɞůɖɠ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ v, Űɖɜ ŭɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ Ⱦ əŬɘ 

Űɖɜ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ů.  

 

ɄɑɜŬəŬɠ 1.5: ȹɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ Ⱦ, ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ů əŬɘ ŰŬɢɨŰɖŰŮɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ V  

ɔɘŬ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ ɡɚɘəɩɜ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

 Ⱦ Ɇ (mS/m) V (m/ns) 

ȷɏɟŬɠ 1 0 0,3 

ȷˊɞůŰŬɔɛɏɜɞ ɜŮɟɧ 80 0,01 0,033 

ũɚɡəɧ ɜŮɟɧ 80 0,5 0,033 

ŪŬɚŬůůɘɜɧ ɜŮɟɧ 80 3000 0,01 

ɂɖɟɎ Ɏɛɛɞɠ 3-5 0,01 0,15 

ȹɘŬˊɞŰɘůɛɏɜɖ 

ȯɛɛɞɠ 
20-30 0,1-1 0,06 

ȷůɓŮůŰɧɚɘɗɞɠ 4-8 0,5-2 0,12 

ɆɢɘůŰɧɚɘɗɞɠ 5-15 1-100 0,09 

Ȳɚɡɠ 5-30 1-100 0,07 

ȯɟɔɘɚɞɠ 5-40 2-1000 0,06 

ũɟŬɜɑŰɖɠ 4-6 0,01-1 0,13 

ɂɖɟɧ ȯɚŬɠ 5-6 0,01-1 0,13 

ɄɎɔɞɠ 3-4 0,01 0,16 
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H ɛɏɗɞŭɞɠ Űɞɡ GPR ŮűŬɟɛɧůŰɖəŮ ŬɟɢɘəɎ Űɞ 1960 əŬɘ Ŭˊɧ Űɖɜ ŭŮəŬŮŰɑŬ Űɞɡ 1980 ɛɏɢɟɘ 

ůɐɛŮɟŬ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ůŮ ŰŮɢɜɘəɎ ɏɟɔŬ, ŭɘŮɟŮɨɜɖůɖ ŭɞɛɩɜ Űɞɡ ɡˊŮŭɎűɞɡɠ 

ůŮ ɛɘəɟɧ ɓɎɗɞɠ, ŬɟɢŬɘɞɚɞɔɘəɏɠ ɏɟŮɡɜŮɠ ə.Ŭ., ɛŮ ůəɞˊɧ Űɖɜ ŬˊŮɘəɧɜɘůɖ ŬɜɩŰŮɟɤɜ 

ɔŮɤɚɞɔɘəɩɜ ůŰɟɤɛɎŰɤɜ əŬɘ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ůɡɜɏɢŮɘŬɠ ŬɡŰɩɜ ůŰɞɜ ɢɩɟɞ ɐ Űɞɜ ŮɜŰɞˊɘůɛɧ 

ɗŬɛɛɏɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ (ŬɜŬəɚɩɛŮɜɞ ůɐɛŬ ŮˊɘůŰɟɞűɐɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ əɎˊɞɘŬɠ 

ŬůɡɜɏɢŮɘŬɠ ɐ ɚɧɔɤ ˊŬɟɞɡůɑŬɠ əɎˊɞɘŬ ŬɜŰɘəŮɘɛɏɜɞɡ). ȼ ŬɜɞɛɞɘɞɔɏɜŮɘŬ Űɞɡ ɡɚɘəɞɨ ůŰɞ ɞˊɞɑɞ 

ŭɘŬŭɑŭŮŰŬɘ ɖ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ ɞ əɨɟɘɞɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ŮɚɏɔɢŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬɜŬəɚɎůŮɤɜ 

ˊɞɡ ɗŬ ɚɖűɗɞɨɜ.  

2.3.1 ȸŬůɘəɎ ůŰɞɘɢŮɑŬ ï ɛɏɟɖ ůɡůŰɐɛŬŰɞɠ ɔŮɤɟŬɜŰɎɟ 

¶ Ʉɖɔɐ: ȼɚŮəŰɟɘəɧ əɨəɚɤɛŬ Űɞ ɞˊɞɑɞ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ əŬŰŬɔɟɎűŮɘ əŬɘ ɛŮ 

ŮɚŮɔɢɧɛŮɜɖ Űɟɧˊɞ ɜŬ ˊŬɟɎɔŮɘ ŮɜŬɚɚŬůůɧɛŮɜɞ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ ůŮ ůɡɔəŮəɟɘɛɏɜɞ 

űɎůɛŬ ůɡɢɜɞŰɐŰɤɜ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ əɎɗŮ ŭɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ.  

¶ ȾŮɟŬɑŬ: ȼ ŬɜŬəɚɩɛŮɜɖ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ ŮɜɏɟɔŮɘŬ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ əŮɟŬɑŬ Űɞɡ 

ŭɏəŰɖ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɞɜɞůŰŬŰɘəɐ, ŭɖɚŬŭɐ ɜŬ ɢɟɖůɘɛŮɨŮɘ əŬɘ ɤɠ ˊɞɛˊɧɠ 

əŬɘ ɤɠ ŭɏəŰɖɠ (ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ŬɜŬəɚɩɛŮɜɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ 

əŬɘ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŬɡŰɩɜ ůŮ ɖɚŮəŰɟɘəɐ ŰɎůɖ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ əŬŰŬɔɟŬűŮɑ əŬɘ 

ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ) , ɐ ɜŬ ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɘŬ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɖ ɛɘŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŬɜ ˊɞɛˊɧɠ əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ ůŬɜ ŭɏəŰŮɠ (ŭɘůŰŬŰɘəɏɠ əŮɟŬɑŮɠ). ȼ 

əŮɟŬɑŬ ˊɞɛˊɧɠ (Tx) ɛŮŰŬŰɟɏˊŮɘ Űɞ ɖɚŮəŰɟɘəɧ ůɐɛŬ Űɖɠ ˊɖɔɐɠ ůŮ ɟŬŭɘɞəɨɛŬ Űɞ ɞˊɞɑɞ 

ŭɘŮɘůŭɨŮɘ ůŰɞ ɡˊɏŭŬűɞɠ ɛɏɢɟɘ Űɞɜ ůŰɧɢɞ. ɇɞ ŬɜŬəɚɩɛŮɜɞ ůɐɛŬ ůŰɖ ůɡɜɏɢŮɘŬ 

ŮɜɘůɢɨŮŰŬɘ əŬɘ əŬŰŬɔɟɎűŮŰŬɘ Ŭˊɧ ɣɖűɘŬəɐ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ ɛŮ ɓɎůɖ Űɞɜ ɢɟɧɜɞ 

ŭɘˊɚɐɠ ŭɘŬŭɟɞɛɐɠ (ɢɟɧɜɞɠ ŭɘŬŭɟɞɛɐɠ Ŭˊɧ Ůəˊɞɛˊɐ ůɐɛŬŰɞɠ ɛɏɢɟɘ Űɞɜ ŬɜŬəɚŬůŰɐɟŬ 

əŬɘ Űɞɜ ɢɟɧɜɞ ŮˊɘůŰɟɞűɐɠ ůŰɖɜ əŮɟŬɑŬ ɚɐɣɖɠ (Rx)). Ƀ Űɨˊɞɠ Űɖɠ əŮɟŬɑŬɠ ˊɞɡ 

ŮˊɘɚɏɔŮŰŬɘ ŮˊɖɟŮɎɕŮɘ Űɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ əŬɘ Űɖɜ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ. ũɘŬ 

ɛŮɔŬɚɨŰŮɟɞ ɓɎɗɞɠ ůŰɧɢɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŮɟŬɑŮɠ ɢŬɛɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ (25-

200ɀȼz), ˊɞɡ ɧɛɤɠ ˊɟɞůűɏɟɞɡɜ ɛɘəɟɐ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ (ŮɜŰɞˊɘůɛɧɠ 

ɔŮɤɚɞɔɘəɩɜ ůŰɟɤɛɎŰɤɜ, ɛŮɔɎɚɤɜ əŬɟůŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɟɖɔɛɎŰɤɜ, ɓŬɗɘɎ 

ɗŬɛɛɏɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ə.Ŭ.). ɇɞ ŬɜŰɑɗŮŰɞ ůɡɛɓŬɑɜŮɘ ɛŮ əŮɟŬɑŮɠ ɡɣɖɚɧŰŮɟɖɠ 

ůɡɢɜɧŰɖŰŬɠ (300-1000 ɀȼz), ɞɘ ɞˊɞɑŮɠ ŮˊɘŰɟɏˊɞɡɜ əŬɚɨŰŮɟɖ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ, 

ŬɚɚɎ ɚŬɛɓɎɜɞɡɜ ŬɜŬəɚɎůŮɘɠ Ŭˊɧ ɛɘəɟɧŰŮɟŬ ɓɎɗɖ (ŮɜŰɞˊɘůɛɧɠ ŮˊɘűŬɜŮɘŬəɎ 

ɗŬɛɛɏɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ, ŬŰůɎɚɘɜɤɜ ŭɞəɩɜ, ůɤɚɐɜɤɜ əŬɘ əŬɚɤŭɑɤɜ ůŰɞ ůəɡɟɧŭŮɛŬ 

ə.Ŭ.).  



51 

 

 

ȺɘəɧɜŬ  1.29: Ⱥɝɞˊɚɘůɛɧɠ ɡˊŬɑɗɟɞɡ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

ɇɞ ůɐɛŬ ˊɞɡ ŮəˊɏɛˊŮŰŬɘ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ɛɘŬɠ ɛɏŰɟɖůɖɠ ɛŮ ɔŮɤɟŬɜŰɎɟ ɛˊɞɟŮɑ ɜŬ 

űŰɎůŮɘ ɛɏɢɟɘ 30m ɓɎɗɞɠ ůŮ ŮŭɎűɖ ˊɞɡ ɏɢɞɡɜ ɢŬɛɖɚɐ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ɧˊɤɠ ŮɑɜŬɘ ɖ 

ɝŮɟɐ Ɏɛɛɞɠ ɐ ɞ ɔɟŬɜɑŰɖɠ, Ůɜɩ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɡˊŮŭɎűɞɡɠ ɛŮ ɡɣɖɚɐ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ 

(ˊ.ɢ. Ŭɟɔɘɚɘəɧ ɏŭŬűɞɠ) Űɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ɛɏɢɟɘ əŬɘ 1m (ɐ əŬɘ 

ɚɘɔɧŰŮɟɞ). ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ŬɔɩɔɘɛŬ ɡɚɘəɎ Ŭˊɞɟɟɞűɞɨɜ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ 

ŮɝŬůɗŮɜɞɨɜ Űɖɜ ŮɜɏɟɔŮɘŬ Űɞɡ əɨɛŬŰɞɠ.  

ɇɞ ɔŮɤɟŬɜŰɎɟ ɛŮŰŬəɘɜŮɑŰŬɘ Ŭˊɧ Űɖɜ ɛɑŬ ɗɏůɖ ɛɏŰɟɖůɖɠ ůŰɖɜ ŮˊɧɛŮɜɖ ɢŮɘɟɞəɑɜɖŰŬ ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ ɟɎɓŭɞɡ ɛŮŰŬűɞɟɎɠ ɐ ɛŮ Űɖɜ ɢɟɐůɖ ɞɢɐɛŬŰɞɠ Űɞ ɞˊɞɑɞ əɘɜŮɑŰŬɘ ɛŮ ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ 

əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. Ƀɘ ɔɟŬɛɛɏɠ ŭɘŬůəɧˊɖůɖɠ ˊɟɏˊŮɘ ɜŬ ŭɘŬˊŮɟɜɞɨɜ ɧůɞ 

Űɞ ŭɡɜŬŰɧɜ əɎɗŮŰŬ ˊɟɞɠ Űɖɜ ˊɚŮɡɟɎ ɛŮɔŬɚɨŰŮɟɖɠ ŭɘɎůŰŬůɖɠ Űɞɡ ŮəɎůŰɞŰŮ ŮɟŮɡɜɞɨɛŮɜɞɡ 

ůŰɧɢɞɡ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɔɟŬɛɛɩɜ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ 

ɞɚɞəɚɖɟɤɗŮɑ ɖ ɛɏŰɟɖůɖ. (ȯəɖɠ ɇůŮɚɏɜŰɖɠ) 

 

ȺɘəɧɜŬ  1.30: ȾŬŰŬəɧɟɡűɖ (ŬɟɘůŰŮɟɎ) əŬɘ ɞɟɘɕɧɜŰɘŬ (ŭŮɝɘɎ) ŬɜɎɚɡůɖ ůɡůŰɖɛɎŰɤɜ ɔŮɤɟŬɜŰɎɟ 

Ʉɖɔɐ: (ɀŬɟɑŬ Ⱦɞɡɐ, 2015) 
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2.3.2 ɀŮŰɟɐůŮɘɠ ɡˊŬɑɗɟɞɡ 

ȹɘɎŰŬɝɖ Common ï offset  

ɇɡˊɘəɐ ŭɘɎŰŬɝɖ ůɡůŰɐɛŬŰɞɠ ɔŮɤɟŬɜŰɎɟ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɞ ˊɞɛˊɧɠ əŬɘ ɞ ŭɏəŰɖɠ ɓɟɑůəɞɜŰŬɘ 

ɛɏůŬ ůŮ ɗɤɟŬəɘůɛɏɜɞ əɞɡŰɑ, ůŮ ůŰŬɗŮɟɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ůɡɚɚɏɔɞɡɜ ŭŮŭɞɛɏɜŬ 

ůɡɜŮɢɩɠ, əŬɗɩɠ ɛŮŰŬəɘɜɞɨɜŰŬɘ əŬŰɎ ɛɐəɞɠ ɛɘŬɠ ɔɟŬɛɛɐɠ ŭɘŬůəɧˊɖůɖɠ ɛŮ ůŰŬɗŮɟɐ (əŬŰɎ 

Űɞ ŭɡɜŬŰɧŰŮɟɞ ůŮ ˊŮɟɑˊŰɤůɖ ɢŮɘɟɞəɑɜɖŰɖɠ ɛŮŰŬűɞɟɎɠ) ŰŬɢɨŰɖŰŬ. ȼ ɨˊŬɟɝɖ Űɞɡ 

ɗɤɟŬəɘůɛɏɜɞɡ əɞɡŰɘɞɨ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛɏɔɘůŰɖ əŬŰŮɡɗɡɜŰɘəɧŰɖŰŬ Űɞɡ ůɐɛŬŰɞɠ 

ˊɟɞɠ Űɞ ɏŭŬűɞɠ əŬɘ Űɖɜ Ŭˊɞűɡɔɐ ŭɘɎŭɞůɖɠ ŮˊɘűŬɜŮɘŬəɩɜ əɡɛɎŰɤɜ.  

ũɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ ɛɘŬɠ Common ï offset ŭɘɎŰŬɝɖɠ ˊɟɏˊŮɘ ɜŬ əŬɗɞɟɘůŰɞɨɜ ɞɘ Ůɝɐɠ 

ˊŬɟɎɛŮŰɟɞɘ:  

¶ ɆɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ əŮɟŬɑŬɠ (operating frequency), ɧˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɞ ɓɎɗɞɠ 

ŭɘŬůəɧˊɖůɖɠ əŬɘ Űɖ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ 

¶ ɉɟɞɜɘəɧ ˊŬɟɎɗɡɟɞ (time window), ŭɖɚŬŭɐ ŰŬ ɢɟɞɜɘəɎ ɧɟɘŬ əŬŰŬɔɟŬűɐɠ Ůɜɧɠ 

ůɐɛŬŰɞɠ. ȺɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ Űɞɡ əɨɛŬŰɞɠ ůŰɞ ɡˊɏŭŬűɞɠ 

əŬɘ Űɖɜ ŮɚɎɢɘůŰɖ ŰŬɢɨŰɖŰŬ ŭɘɎŭɞůɖɠ 

¶ ɉɟɞɜɘəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɛŮŰɟɐůŮɤɜ (temporal sampling interval), 

ɖ ɞˊɞɑŬ ůɨɛűɤɜŬ ɛŮ Űɞ əɟɘŰɐɟɘɞ Nyquist, ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ɝŮˊŮɟɜɎŮɘ Űɞ ɛɘůɧ Űɖɠ 

ˊŮɟɘɧŭɞɡ ɇmin ́ ɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɛŮɔŬɚɨŰŮɟɖ ůɡɢɜɧŰɖŰŬ fmax Űɞɡ ɛŮŰɟɞɨɛŮɜɞɡ 

ůɐɛŬŰɞɠ. 

¶ ȷˊɧůŰŬůɖ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɛŮŰɟɐůŮɤɜ (spatial sampling interval) əŬɘ Űɖɠ 

ˊɡəɜɧŰɖŰŬɠ ůŬɟɩůŮɤɜ ˊɞɡ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ Űɖɜ ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ 

əŮɟŬɑŬɠ 

¶  Ūɏůɖ əŬɘ ˊɡəɜɧŰɖŰŬ ɔɟŬɛɛɩɜ ŭɘŬůəɧˊɖůɖɠ ï line location and spacing 

(ɀŬɟɑŬ Ⱦɞɡɐ, 2015) 

 

ȺɘəɧɜŬ  1.31: Ŭ) ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ Common Offset ŭɘɎŰŬɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ɓ) ŭɘɎɔɟŬɛɛŬ əŬŰŬɔɟŬűɐɠ 

ŬɜŬəɚɩɛŮɜɞɡ ůɐɛŬŰɞɠ ůŮ ŭɘůŭɘɎůŰŬŰɖ ɛɞɟűɐ Ʉɖɔɐ: (ɀŬɟɑŬ Ⱦɞɡɐ, 2015) 
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ɀɏɗɞŭɞɠ əɞɘɜɞɨ ɛŮůŬɑɞɡ ůɖɛŮɑɞɡ Common ï Midpoint  

ȼ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŰŬɢɨŰɖŰŬɠ ŭɘɎŭɞůɖɠ Űɞɡ 

ůɐɛŬŰɞɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ ɤɠ ˊɟɞɠ Űɞ ɓɎɗɞɠ ɛŮ Űɖɜ ɛɏŰɟɖůɖ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡ ɢɟɧɜɞɡ Ŭˊɧ 

əŬɘ ˊɟɞɠ Űɞ ůɖɛŮɑɞ ŬɜɎəɚŬůɖɠ. ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɖ ŬˊɧůŰŬůɖ Űɤɜ əŮɟŬɘɩɜ 

ɛŮŰŬɓɎɚɚŮŰŬɘ əŬŰɎ əŬɗɞɟɘůɛɏɜɖ ŬˊɧůŰŬůɖ, Ůɜɩ Űɞ əɏɜŰɟɞ Űɖɠ ŭɘɎŰŬɝɖɠ ˊŬɟŬɛɏɜŮɘ 

ůŰŬɗŮɟɧ. (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 

 

ȺɘəɧɜŬ  1.32: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɘɎŰŬɝɖɠ Űɞɡ əɞɘɜɞɨ ɛŮůŬɑɞɡ ůɖɛŮɑɞɡ CMP (Common-Midpoint) 

Ʉɖɔɐ: (ɀŬɟɑŬ Ⱦɞɡɐ, 2015) 

2.3.3 ȷˊŮɘəɧɜɘůɖ ɟŬŭɘɞɔɟŬɛɛɎŰɤɜ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ 

ȼ ɞˊŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ɛɘŬɠ ɛɏŰɟɖůɖɠ 

ɔŮɤɟŬɜŰɎɟ ŮɑɜŬɘ ɖ ŬˊŮɘəɧɜɘůɖ Űɞɡ ˊɚɎŰɞɡɠ Űɤɜ ůɖɛɎŰɤɜ ˊɞɡ ůŰɏɚɜɞɜŰŬɘ əŬɘ ŬɜŬəɚɩɜŰŬɘ 

ɤɠ ˊɟɞɠ Űɞɜ ɢɟɧɜɞ. ũɘŬ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŬɜɑɢɜŮɡůɖ Űɞɡ ůɐɛŬŰɞɠ ˊɞɡ ŬɜŬəɚɎŰŬɘ ůŰɞɜ ůŰɧɢɞ 

əŬɘ ŮˊɘůŰɟɏűŮɘ ůŰɞɜ ŭɏəŰɖ, ˊɟɏˊŮɘ Űɞ ˊɚɎŰɞɠ Űɞɡ ůɐɛŬŰɞɠ ŬɡŰɞɨ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 

ŰŬ ˊɚɎŰɖ Űɤɜ ůɖɛɎŰɤɜ Űɞɡ ɗɞɟɨɓɞɡ. ɇŬ ɟŬŭɞɔɟɎɛɛŬŰŬ ˊɞɡ ŬˊɞəŰɩɜŰŬɘ ůŰɖɜ ɨˊŬɘɗɟɞ 

ɢɟŮɘɎɕɞɜŰŬɘ Ůɜɑůɢɡůɖ ɛŮ Űɞɜ ɢɟɧɜɞ əŬɘ űɘɚŰɟɎɟɘůɛŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ůɡɢɜɧŰɖŰŬ, ɏŰůɘ ɩůŰŮ 

ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŬˊɞŰɨˊɤůɖ ɓŬɗɨŰŮɟɤɜ ɞɟɘɕɧɜŰɤɜ ɐ ůɤɛɎŰɤɜ. (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 
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ȺɘəɧɜŬ  1.33: ɄɚɎŰɞɠ ůɐɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɞ ɢɟɧɜɞ Ʉɖɔɐ: (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013)

 

ȺɘəɧɜŬ  1.34: ɅŬŭɧɔɟŬɛɛŬ Ŭˊɧ ɨˊŬɘɗɟɞ Ʉɖɔɐ: (Philip  Kearey, 2002) 

2.3.4 ɄɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ 

Ƀ ɓɏɚŰɘůŰɞɠ Űɟɧˊɞɠ Ůˊɑɚɡůɖɠ ŮˊɘűŬɜŮɘŬəɩɜ ɔŮɤŰŮɢɜɘəɩɜ ɕɖŰɖɛɎŰɤɜ ˊɟɞəɨˊŰŮɘ ɛɏůŬ Ŭˊɧ 

Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ Űɞɡ ũŮɤɟŬɜŰɎɟ. ɇŬ ɓŬůɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ 

ɛɏɗɞŭɞɠ ŬɡŰɐ ɏɜŬɜŰɘ Űɤɜ Ɏɚɚɤɜ ɛŮɗɧŭɤɜ ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ: 

¶ Ɉɣɖɚɐ ŬɜɎɚɡůɖ  

¶ ȯɛŮůɖ əŬɘ ůɡɜŮɢɐɠ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ  

¶ ɀɖ əŬŰŬůŰɟɞűɘəɐ ɛɏɗɞŭɞɠ  

¶ ȷˊŮɘəɧɜɘůɖ ůŮ ŭɘůŭɘɎůŰŬŰɞ əŬɘ ŰɟɘůŭɘɎůŰŬŰɞ ŮˊɑˊŮŭɞ 
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Ʉɟɘɜ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ɛŮɗɧŭɞɡ ˊɟɞɖɔŮɑŰŬɘ ɣɖűɘŬəɐ ŮˊŮɝŮɟɔŬůɑŬ 

Űɞɡ ůɐɛŬŰɞɠ. 

2.3.5 ɀŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ 

ȼ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ ɏɢŮɘ ɞɟɘůɛɏɜɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ. ȼ ɢɟɐůɖ Űɞɡ ɔŮɤɟŬɜŰɎɟ ŭŮɜ 

ŮɜŭŮɑəɜɡŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɡˊɎɟɢɞɡɜ ŮɔəŬŰŮůŰɖɛɏɜɞɘ ɛŮŰŬŭɧŰŮɠ ɟŬŭɘɞəɡɛɎŰɤɜ, ůŮ 

ˊŮɟɘɞɢɏɠ ɛŮ ŮəŰŮŰŬɛɏɜŮɠ ɛŮŰŬɚɚɘəɏɠ əŬŰŬůəŮɡɏɠ ůŰɞ ɡˊɏŭŬűɞɠ ɐ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ůŮ 

ˊŮɟɘɞɢɏɠ ɛŮ ɡɣɖɚɐ ɡɔɟŬůɑŬ əŬɘ ɓɟɧɢɘɜŮɠ ůɡɜɗɐəŮɠ. Ⱥˊɘˊɚɏɞɜ, ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ 

ɛŮŰɟɐůɘɛɖ ŬɜɎəɚŬůɖ, ˊɟɏˊŮɘ ɞɘ ŭɘŬűɞɟɏɠ ůŰɘɠ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŬɜɎɛŮůŬ ůŰɞ ůŰɧɢɞ əŬɘ 

ůŰɞ ɛɏůɞ ŭɘɎŭɞůɖɠ ɜŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ. (ȷũȷɀȺɀɁɃɁɃɆ, 2017) 
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3 ȺűŬɟɛɞɔɏɠ ɔŮɤűɡůɘəɩɜ ɛŮɗɧŭɤɜ ůŮ ˊŬɟɎəŰɘŮɠ 

ˊŮɟɘɞɢɏɠ ŬɜɎ Űɞɜ əɧůɛɞ 

 

 ȺűŬɟɛɞɔɐ GPR əŬɘ Ⱥɀ ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɖɠ 

ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ Űɞɡ ɜɖůɘɞɨ Padre (ɇɏɝŬɠ) əŬŰɎ ɛɐəɞɠ Űɖɠ ŬəŰɐɠ Űɞɡ  

(Bradley A.Weymer, 2013) 

ɆŰɞ ɜɖůɑ Padre (Padre Island National Seashore ï barrier island), ŬˊɏɜŬɜŰɘ Ŭˊɧ Űɖɜ 

ŬəŰɞɔɟŬɛɛɐ Űɖɠ ˊɞɚɘŰŮɑŬɠ Űɤɜ ȼɄȷ, ɇɏɝŬɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ Űɖɜ ˊŮɟɑɞŭɞ 2010-2011 

əŬɘ 2013 ɔŮɤűɡůɘəɏɠ ɏɟŮɡɜŮɠ  ɛŮ ůəɞˊɧ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɢɤɟɘəɎ əŬɘ ɢɟɞɜɘəɎ ɖ 

ůŰɟɤɛŬŰɞɔɟŬűɑŬ Űɞɡ ɜɖůɘɞɨ. ȷɟɢɘəɎ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ (GPR) 

ɔɘŬ ɜŬ ŮɟŮɡɜɖɗŮɑ ɖ ŮůɤŰŮɟɘəɐ ŭɞɛɐ ŭɘŬűɧɟɤɜ ɛŮɔŮɗɩɜ (ɛɘəɟɐ, ɛŮůŬɑŬ, ɛŮɔɎɚɖ) Ŭɛɛɞɗɑɜɤɜ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɏɔɘɜŬɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮŰɟɐůŮɘɠ (Ⱥɀ) ɔɘŬ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ɛŮŰŬɓɞɚɐ 

Űɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ůŰɖɜ ŬɛɛɞɗɑɜŬ ɛŮůŬɑɞɡ ɛŮɔɏɗɞɡɠ, ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɞˊɞɑɤɜ 

ŮɝŮŰɎůŰɖəŬɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɘɠ Ŭɟɢɘəɏɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ŬɚɚɎ əŬɘ 

Ŭˊɧ Űɘɠ ɜɏŮɠ ˊɞɡ ˊɎɟɗɖəŬɜ ůŰɞ ůɖɛŮɑɞ ŭɘŮɝŬɔɤɔɐɠ Űɤɜ Ⱥɀ.  

ɆɐɛŮɟŬ ɖ ŮˊɏəŰŬůɖ Űɞɡ ɜɖůɘɤŰɘəɞɨ űɟŬɔɛɞɨ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

ŬəɟŬɑɤɜ əŬŰŬɘɔɑŭɤɜ ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɟɟɐɝɞɡɜ Űɞɡɠ Ŭɛɛɧɚɞűɞɡɠ əŬɘ ɜŬ 

ŮɜŬˊɞɗɏůɞɡɜ ɘɕɐɛŬŰŬ ůŰɞ ɞˊɑůɗɘɞ űɟɎɔɛŬ. ȼ ˊɘɗŬɜɧŰɖŰŬ ŭɘɎɟɟɖɝɖɠ ɐ ɡˊŮɟɨɣɤůɐɠ Űɞɡɠ, 

ɛŮɘɩɜŮŰŬɘ əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ ɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ. ɆŰɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ɢŬɛɖɚɞɨ ɨɣɞɡɠ 

ŬɛɛɞɗɑɜŮɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ ɟɖɔɛɎŰɤůɖ əŬɘ ɖ ɡˊŮɟˊɚɐɟɤůɖ ŮɑɜŬɘ ůɡɜɖɗɏůŰŮɟŮɠ 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ Űɞ ŭɡɜŬɛɘəɧ ɔɘŬ ŰŬɢŮɑŬ ŮˊɏəŰŬůɖ Ŭəɧɛɖ əŬɘ ɡˊɏɟɓŬůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ 

ɗɎɚŬůůŬɠ. ɆŮ ɛɘəɟɎ ŰɛɐɛŬŰŬ Űɖɠ ɑŭɘŬɠ ˊŬɟŬɚɑŬɠ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ 

ůŰɞ ɨɣɞɠ Űɤɜ Ŭɛɛɞɗɑɜɤɜ ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ŭɘŬűɞɟŮŰɘəɧ ɘůŰɞɟɘəɧ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ əŬŰɎ 

ɛɐəɞɠ Űɖɠ ɗɎɚŬůůŬɠ. ɆŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ Űɞ ɨɣɞɠ Űɞɡ Ŭɛɛɧɚɞűɞɡ ŮɑɜŬɘ ɢŬɛɖɚɧ ɖ ŮˊɏəŰŬůɖɠ 

Űɤɜ ŬˊɞɢŮŰŮɡŰɘəɩɜ Ŭɔɤɔɩɜ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ˊɚŮɡɟɘəɐ ŭɘɎɓɟɤůɖ Űɖɠ ŬɛɛɞɗɑɜŬɠ, Ůɜɩ 

ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɞɘ Ŭɛɛɧɚɞűɞɘ ŮɑɜŬɘ ɣɖɚɞɑ, ɛɧɜɞ ɖ ɓɎůɖ Űɞɡ Ŭɛɛɧɚɞűɞɡ ŭɘŬɓɟɩɜŮŰŬɘ əŬɘ 

ŰŬ ɘɕɐɛŬŰŬ ɛŮŰŬűɏɟɞɜŰŬɘ ˊɟɞɠ Űɖ ɗɎɚŬůůŬ. 

ɇɞ ˊɞůɞůŰɧ ŮˊɏəŰŬůɖɠ Űɞɡ ɜɖůɘɞɨ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɢɟɧɜɞ ŬɜɎəŬɛɣɖɠ ɛŮŰŬɝɨ ŭɨɞ ŬəɟŬɑɤɜ 

əŬŰŬɘɔɑŭɤɜ, əŬɗɩɠ əŬɘ Űɞɡ ɨɣɞɡɠ əŬɘ Űɖɠ ɏəŰŬůɖɠ Űɤɜ Ŭɛɛɞɗɑɜɤɜ. ȼ ŬɜɎəŰɖůɖ Űɞɡ ɢŬɛɏɜɞɡ 

ï ɚɧɔɤ ŭɘɎɓɟɤůɖɠ ï ɨɣɞɡɠ Űɤɜ Ŭɛɛɧɚɞűɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ ɘɕɖɛɎŰɤɜ ɜŬ 

ɛŮŰŬűŮɟɗɞɨɜ Ŭˊɧ Űɖɜ ˊŬɟŬɚɑŬ ůŰɖɜ ŬɛɛɞɗɑɜŬ. Ƀɘ ŭɘŬŰɖɟɖɛɏɜŮɠ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ŭɞɛɏɠ Űɖɠ 
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ˊŬɟŬɚɑŬɠ əŬɘ Űɞɡ Ŭɛɛɧɚɞűɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟɞɡɜ ɛɘŬ ˊŬɟɧɛɞɘŬ ɢɟɞɜɞɚɧɔɖůɖ Űɞɡ 

Űɟɧˊɞɡ ɛŮ Űɞɜ ɞˊɞɑɞ ɞɘ Ŭɛɛɧɚɞűɞɘ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ əŬɘ ŮˊŬɜɏɟɢɞɜŰŬɘ ůŰɖɜ ɛɞɟűɐ ˊɞɡ ŮɑɢŬɜ 

ˊɟɘɜ, Ŭˊɧ ŬəɟŬɑŮɠ əŬŰŬɘɔɑŭŮɠ əŬɘ Űɘɠ ůɡɜɏˊŮɘŮɠ ɔɘŬ Űɖɜ ŬɜŰŬˊɧəɟɘůɖ Űɞɡ ɜɖůɘɞɨ ůŮ ůɢŮŰɘəɐ 

Ŭɨɝɖůɖ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ. 

3.1.1 ũŮɤɟŬɜŰɎɟ 

ɆŮɘɟɎ Ŭˊɧ ɏɟŮɡɜŮɠ GPR ŭɘŮɝɐɢɗɖůŬɜ ɔɘŬ ɜŬ ɛŮɚŮŰɐůɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ŮůɤŰŮɟɘəɏɠ ŭɞɛɏɠ 

Űɟɘɩɜ ɛɞɟűɞŭɡɜŬɛɘəɎ ŭɘŬəɟɘŰɩɜ Ŭɛɛɞɗɑɜɤɜ. ɇŬ ŭŮŭɞɛɏɜŬ ůɡɚɚɏɢɗɖəŬɜ Ŭˊɧ ůɨůŰɖɛŬ 

ŬɘůɗɖŰɐɟɤɜ əŬɘ ɚɞɔɘůɛɘəɞɨ ɛŮ əŮɟŬɑŬ 200 MHz ɟɡɗɛɘůɛɏɜɖ ůŮ standard ŮɡɟŮɑŬɠ 

ŬɜɎəɚŬůɖɠ. ɆŮ əɎɗŮ ɗɏůɖ ŭɘŮɝɐɢɗɖůŬɜ ŰɏůůŮɟŮɘɠ ŭɘŬŭɟɞɛɏɠ. ɀɘŬ əɨɟɘŬ əŬɘ ŭɨɞ ɔŮɘŰɞɜɘəɏɠ 

(ɛɘŬ ɓɧɟŮɘŬ əŬɘ ɛɑŬ ˊɟɞɠ ɜɧŰɞ) ˊɞɡ ˊɟɞůŬɜŬŰɞɚɑɕɞɜŰŬɘ əɎɗŮŰŬ ůŰɞɜ Ŭɛɛɧɚɞűɞ, əŬɗɩɠ əŬɘ 

ɛɘŬ ˊŬɟɎɚɚɖɚɖ əŬŰɎ ɛɐəɞɠ Űɖɠ ŭɘŮˊŬűɐɠ ˊŬɟŬɚɑŬɠ-Ŭɛɛɧɚɞűɤɜ. 

 

ȺɘəɧɜŬ 3.1: ɄŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ɧˊɞɡ űŬɑɜɞɜŰŬɘ ɞɘ ŬɛɛɞɗɑɜŮɠ əŬɘ ɞɘ ŭɘŬŭɟɞɛɏɠ GPR ï Ʉɖɔɐ: (Bradley A.Weymer, 

2013) 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɘɠ ɏɟŮɡɜŮɠ GPR ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ Űɞ 2010-2011 

ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ɡˊɎɟɢɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ůŰɖɜ ŮůɤŰŮɟɘəɐ ŭɞɛɐ əɎɗŮ ŬɛɛɞɗɑɜŬɠ. ɇɞ 

əɨɟɘɞ (əŮɜŰɟɘəɧ) GPR ˊɟɞűɑɚ Űɞɡ ɛɘəɟɞɨ Ŭɛɛɧɚɞűɞɡ ŬˊɞəɎɚɡɣŮ ɢŬɛɖɚɐɠ ɔɤɜɑŬɠ 

ŬɜŬəɚɎůŮɘɠ ɓɡɗɘɕɧɛŮɜŮɠ ˊɟɞɠ Űɖɜ ɛŮɟɘɎ Űɖɠ ɗɎɚŬůůŬɠ, ɞɘ ɞˊɞɑŮɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŮ ɛɏɔɘůŰɞ 

ɓɎɗɞɠ 3,5 m. ɈˊɎɟɢŮɘ ɛɘŬ ɛŮŰɎɓŬůɖ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŬɜŬəɚɎůŮɘɠ ůŰɖ ŭɘŮˊŬűɐ ˊŬɟŬɚɑŬɠ-

Ŭɛɛɧɚɞűɤɜ ůŮ ŬɜŬəɚɎůŮɘɠ ˊɘɞ ůŰŬŭɘŬəɎ ɓɡɗɘɕɧɛŮɜŮɠ ůŰɞ ɏŭŬűɞɠ, ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ˊɑůɤ 

ɛɏɟɞɠ Űɞɡ Ŭɛɛɧɚɞűɞɡ əŬɘ ŮɑɜŬɘ ɢŬɛɖɚɐɠ ɔɤɜɑŬɠ, ŮɚŬűɟɩɠ ɓɡɗɘůɛɏɜŮɠ ůŰɞ ɏŭŬűɞɠ əŬɘ 

ůŰɞɘɓŬɔɛɏɜŮɠ. ɀɏůŬ ůŰɞɜ ˊɡɟɐɜŬ Űɞɡ Ŭɛɛɧɚɞűɞɡ, ɞɘ əɞɑɚŮɠ ŬɜŬəɚɎůŮɘɠ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŮ 

ˊɚɎŰɞɠ 10 m, ɛŮ ˊŬɟɧɛɞɘŬ ɔŮɤɛŮŰɟɑŬ ɜŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ůŰŬ ɔŮɘŰɞɜɘəɎ ˊɟɞűɑɚ. ūŬɑɜŮŰŬɘ 
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ɧŰɘ ɡˊɎɟɢŮɘ ɛɘŬ ɔŮɜɘəɐ ɏɚɚŮɘɣɖ ŭɞɛɐɠ ˊɘɞ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, Ŭɜ əŬɘ ɛɘəɟɏɠ ŬɜŬəɚɎůŮɘɠ 

ŮɑɜŬɘ ŮɛűŬɜŮɑɠ ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɞɡ ˊɟɞűɑɚ ˊɞɡ ŭɑɜŮɘ Űɞ ɔŮɤɟŬɜŰɎɟ. ɀŮ Űɖɜ əɧəəɘɜɖ ɔɟŬɛɛɐ 

(ȺɘəɧɜŬ 3,2) ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ŬɛɛɞɗɑɜŬɠ ɛŮŰɎ Űɖɜ əŬŰŬɘɔɑŭŬ əŬɘ ˊŬɟŬŰɖɟŮɑŰŬɘ 

ɧŰɘ ŭŮɜ ɡˊɎɟɢɞɡɜ ɏɛɓɟɡŬ ɜɏɤɜ ˊɡɟɐɜɤɜ Ŭɛɛɞɗɑɜɤɜ, ŬɚɚɎ ɛɧɜɞ ɞ Ŭɟɢɘəɧɠ ˊɡɟɐɜŬɠ.  

 

ȺɘəɧɜŬ 3.2: GPR ˊɟɞűɑɚ ɛɘəɟɐɠ ŬɛɛɞɗɑɜŬɠ ï Ʉɖɔɐ: (Bradley A.Weymer, 2013) 

ɇɞ ˊɟɞűɑɚ GPR ɔɘŬ Űɞɡ ŮɜŭɘɎɛŮůɞɡ ɨɣɞɡɠ Ŭɛɛɧɚɞűɞ ŬˊɞəŬɚɨˊŰŮɘ ɡˊɞ-ɞɟɘɕɧɜŰɘŮɠ 

əɟɡɛɛɏɜŮɠ, ŬˊŬɚɎ ɓɡɗɘɕɧɛŮɜŮɠ ˊɟɞɠ Űɖɜ ɗɎɚŬůůŬ ŬɜŬəɚɎůŮɘɠ, ˊɞɡ ˊŬɟŬɛɏɜɞɡɜ ůŮ ɛɏɔɘůŰɞ 

ɓɎɗɞɠ 4 m. ɇɞ ˊɘɞ ŬɝɘɞůɖɛŮɑɤŰɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊɞɡ ŮəŰŮɑɜŮŰŬɘ ůŮ ɞɚɧəɚɖɟɞ Űɞ ˊɟɞűɑɚ 

ŮɑɜŬɘ ɖ űɤŰŮɘɜɐ, ůɢŮŭɧɜ ɞɟɘɕɧɜŰɘŬ ŬɜɎəɚŬůɖ ůŮ ɓɎɗɞɠ 1,2 m ˊɞɡ ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ ɎɚɚŮɠ 

ɛɘəɟɏɠ, ɢŬɛɖɚɞɨ ˊɚɎŰɞɡɠ, ŬůɡɜŮɢŮɑɠ əɡɟŰɏɠ əɡɛŬŰɞŮɘŭŮɑɠ ŬɜŬəɚɎůŮɘɠ. ȼ ŬɜɎəɚŬůɖ ŬɡŰɐ 

ŬˊɞŰŮɚŮɑ Űɖɜ ŮˊɘűɎɜŮɘŬ ɛŮŰɎ Űɖɜ əŬŰŬɘɔɑŭŬ (əɧəəɘɜɖ ɔɟŬɛɛɐ). ȼ ŭɘŮˊŬűɐ ˊŬɟŬɚɑŬ-

Ŭɛɛɧɚɞűɤɜ ɓɟɑůəŮŰŬɘ ůŰŬ 11 m əŬɘ űŬɑɜŮŰŬɘ ůŬɜ ɛɘŬ Ŭɘɢɛɐ ůŰɖ ɓɎůɖ Űɖɠ ŬɛɛɞɗɑɜŬɠ. ɆŰɖɜ 

ˊɚŮɡɟɎ ˊɟɞɠ Űɖ ɗɎɚŬůůŬ, ɡ́ Ɏɟɢɞɡɜ ŬůɡɜŮɢŮɑɠ ůɢŮŭɧɜ ɞɟɘɕɧɜŰɘŮɠ ŬɜŬəɚɎůŮɘɠ ́ɞɡ 

ůɡɜŮɢɑɕɞɡɜ ɛɏůŬ ůŰɞɜ Ŭɛɛɧɚɞűɞ. ȾŬŰɎ ɛɐəɞɠ Űɖɠ ɢŮɟůŬɑŬɠ ˊɚŮɡɟɎɠ Űɖɠ əɞɟɡűɞɔɟŬɛɛɐɠ 

ɡˊɎɟɢɞɡɜ ůɢŮŭɧɜ ɞɟɘɕɧɜŰɘŮɠ ŬɜŬəɚɎůŮɘɠ ˊɟɞɠ Űɖɜ ɝɖɟɎ ˊɞɡ ůɡɜŮɢɑɕɞɡɜ ɛɏɢɟɘ Űɞ Űɏɚɞɠ Űɖɠ 

ŭɘŬŭɟɞɛɐɠ. ɄɎɜɤ Ŭˊɧ Űɖɜ əɧəəɘɜɖ ɔɟŬɛɛɐ ŮɜŰɞˊɑɕɞɜŰŬɘ ɏɛɓɟɡŬ ɜɏɤɜ ˊɡɟɐɜɤɜ Ŭɛɛɞɗɑɜɤɜ 

(15 ï 30 m). 
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ȺɘəɧɜŬ 3.3: GPR ˊɟɞűɑɚ ɛŮůŬɑŬɠ ŬɛɛɞɗɑɜŬɠ ï Ʉɖɔɐ: (Bradley A.Weymer, 2013) 

ɇŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŰŬ ˊɟɞűɑɚ GPR ůŰɖɜ ɛŮɔɎɚɖ ŬɛɛɞɗɑɜŬ 

ŮɑɜŬɘ ˊŬəɏŰŬ ůɡɜŮɢɩɜ ŬɜŬəɚɎůŮɤɜ ˊɞɡ ŮəŰŮɑɜɞɜŰŬɘ ůŮ 7-12 m əŬŰɎ ɛɐəɞɠ Űɞɡ əɨɟɘɞɡ 

ˊɟɞűɑɚ. ȷɡŰɏɠ ɞɘ ŬɜŬəɚɎůŮɘɠ ŮəŰŮɑɜɞɜŰŬɘ ůŮ ɓɎɗɞɠ ˊŮɟɑˊɞɡ 7 m əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ 

ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɖ ŭɘŮˊŬűɐ ˊŬɟŬɚɑŬɠ-ŬɛɛɞɗɑɜŬɠ. ɇɞ əɨɟɘɞ ˊɟɞűɑɚ GPR ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ 

ůɢŮŭɧɜ ɞɟɘɕɧɜŰɘŮɠ ŬɜŬəɚɎůŮɘɠ ɓɡɗɘɕɧɛŮɜŮɠ ˊɟɞɠ Űɖɜ ɗɎɚŬůůŬ, ˊɞɡ ŮəŰŮɑɜɞɜŰŬɘ Ŭˊɧ ɓɎɗɞɠ 

1,5 ɏɤɠ 5 m əŬɘ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ŬɜŰŬɜŬəɚɎůŮɘɠ ɛŮɔŬɚɨŰŮɟɖɠ ɔɤɜɑŬɠ ɛŮŰŬɝɨ ɓɎɗɞɡɠ 0,5-

1,5 m. ɆŰɖ ɓɎůɖ Űɞɡ Ŭɛɛɧɚɞűɞɡ, ɡˊɎɟɢɞɡɜ ŬůɡɜŮɢŮɑɠ, əɡɟŰɏɠ ŬɜŬəɚɎůŮɘɠ ɢŬɛɖɚɧŰŮɟɞɡ 

ˊɚɎŰɞɡɠ, ɞɘ ɞˊɞɑŮɠ ɛŮŰŬɓŬɑɜɞɡɜ ůŮ ɛŮɔɎɚɖɠ ɔɤɜɑŬɠ (9-12 m) ́ ɖɔŬɑɜɞɜŰŬɠ Ŭˊɧ Űɖ ɓɎůɖ Űɞɡ 

Ŭɛɛɧɚɞűɞɡ ˊɟɞɠ Űɖɜ əɞɟɡűɐ Űɞɡ. ɆŰɖɜ əɞɟɡűɐ Űɖɠ ŬɛɛɞɗɑɜŬɠ ɞɘ ŬɜŬəɚɎůŮɘɠ ŮɑɜŬɘ ůɢŮŭɧɜ 

ɞɟɘɕɧɜŰɘŮɠ (12-16 m) əŬɘ Ŭɟɢɑɕɞɡɜ ɜŬ ɓɡɗɑɕɞɜŰŬɘ ˊɟɞɠ Űɞ ɏŭŬűɞɠ ůŰɞ ˊɑůɤ ɛɏɟɞɠ (16-20 m).  
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ȺɘəɧɜŬ 3.4: GPR ˊɟɞűɑɚ ɛŮɔɎɚɖɠ ŬɛɛɞɗɑɜŬɠ ï Ʉɖɔɐ: (Bradley A.Weymer, 2013) 

 

3.1.2 ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɎ 

ɇɞɜ ɀɎɘɞ Űɞɡ 2013 ůɡɚɚɏɢɗɖəŬɜ ŭɨɞ ˊɟɞűɑɚ Ⱥɀ ůŮ ɞɚɧəɚɖɟɞ Űɞɜ Ŭɛɛɧɚɞűɞ ɛŮůŬɑɞɡ 

ɛŮɔɏɗɞɡɠ ɔɘŬ ůɨɔəɟɘůɖ ɛŮ ŰŬ ˊɟɞűɑɚ GPR ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ Űɞ 2010-2011 əŬɘ Űɞ 2013. ɇɞ 

ɧɟɔŬɜɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ Űɞ GSSI EMP-400 EM Profiler ɛŮ ɓɐɛŬ 0,5 m. ȼ 

ŭɘŬŭɟɞɛɐ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɐŰŬɜ əɎɗŮŰɖ ˊɟɞɠ Űɖɜ ŬɛɛɞɗɑɜŬ. ũɘŬ əɎɗŮ ɏɟŮɡɜŬ, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰɟŮɘɠ ůɡɢɜɧŰɖŰŮɠ: 1 kHz, 5 kHz əŬɘ 15 kHz. ɇŬ ŭŮŭɞɛɏɜŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ 

ɛŮ ɢɟɞɜɘəɐ ɏɜŭŮɘɝɖ, əŬɗɩɠ əŬŰŬɔɟɎűɞɜŰŬɘ Ůˊɑůɖɠ əŬɘ ŭŮŭɞɛɏɜŬ GPS ɔɘŬ əɎɗŮ ɛɏŰɟɖůɖ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɞ EM ˊɟɞűɑɚ ŭŮɑɢɜɞɡɜ ɧŰɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ əɞɜŰɎ ůŰɖɜ ɗɎɚŬůůŬ ŮɑɜŬɘ 

ˊɞɚɨ Ŭɔɩɔɘɛɞ ɛŮ űŬɘɜɧɛŮɜɖ ŬɔɤɔɘɛɧŰɖŰŬ ˊɞɡ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 700-1000 mS / m Ůɜɩ 

ˊɟɞɠ Űɞɜ Ŭɛɛɧɚɞűɞ, ɖ űŬɘɜɞɛŮɜɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ɛŮɘɩɜŮŰŬɘ ůŰŬ 200 mS / m. ɇŬ ɓɎɗɖ 

ŭɘŬůəɧˊɖůɖɠ ɔɘŬ əɎɗŮ ůɡɢɜɧŰɖŰŬ ŮɑɜŬɘ 16 m, 8 m əŬɘ 5 m ɔɘŬ 1 kHz, 5 kHz əŬɘ 15 kHz, 

ŬɜŰɑůŰɞɘɢŬ. ȼ ůɨɔəɟɘůɖ Űɤɜ ˊɟɞűɑɚ ŬɔɤɔɘɛɧŰɖŰŬɠ ůŮ əɎɗŮ ůɡɢɜɧŰɖŰŬ ŭŮɑɢɜŮɘ ɧŰɘ ɖ 

űŬɘɜɧɛŮɜɖ ŬɔɤɔɘɛɧŰɖŰŬ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ, Ŭűɞɨ ɞɘ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ 

ɛŮŰɟɞɨɜŰŬɘ ůŰɖ ɢŬɛɖɚɧŰŮɟɖ ůɡɢɜɧŰɖŰŬ, 1 kHz.  
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ɀɘŬ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ GPR əŬɘ Űɞɡ ŬɜŰɑůŰɟɞűɞɡ Űɤɜ ŭŮŭɞɛɏɜɤɜ EM ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ůŰɖɜ ŮɘəɧɜŬ 3.6. ȿŬɛɓɎɜɞɜŰŬɠ Űɞ ŬɜŰɑůŰɟɞűɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ EM, ɛˊɞɟɞɨɜ ɜŬ űŬɜɞɨɜ 

ůɖɛŮɑŬ əŬɛˊɐɠ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ əɨɟɘɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ˊŬɟŬɚɑŬɠ-Ŭɛɛɧɚɞűɤɜ. ɀŮ ɓɎůɖ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŰŬ 

ˊɟɞűɑɚ Űɞɡ ɔŮɤɟŬɜŰɎɟ, ɞɘ ɔɜɤůŰɏɠ ɛŮŰŬɓɎůŮɘɠ ŬɜɎɛŮůŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ˊŬɟŬɚɑŬɠ-

Ŭɛɛɧɚɞűɞɡɠ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ ŰŬ ɛɏɔɘůŰŬ əŬɘ ŰŬ ŮɚɎɢɘůŰŬ ůɖɛŮɑŬ ůŰɖɜ ŬɜŰɑůŰɟɞűɖ əŬɛˊɨɚɖ 

EM. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ ˊɟɩŰɞ ůɖɛŮɑɞ əɚɑůɖɠ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ˊŬɟŬɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ 

(ȷ), Ůɜɩ Űɞ ŭŮɨŰŮɟɞ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ɡˊŮɟɎəŰɘŬ (ȸ) ə.ɞ.ə. ȺɎɜ ɞɘ ɔɜɤůŰɏɠ ɛŮŰŬɓɎůŮɘɠ ŮɑɜŬɘ 

ɞɟŬŰɏɠ ɛɏůŬ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ EM, ŰɧŰŮ ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ɗŬ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ EM ůŰɞ ɛɏɚɚɞɜ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ ŮɡɟŮɑŬɠ əɚɑɛŬəŬɠ ŮɟŮɡɜɩɜ ɔɘŬ 

ˊŬɟɧɛɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɜŰɞˊɘůɛɞɨ ŭɞɛɩɜ. 

 

ȺɘəɧɜŬ 3.5: Ⱥɀ ˊɟɞűɑɚ Űɖɠ ɛŮůŬɑŬɠ ŬɛɛɞɗɑɜŬɠ ˊɞɡ ŭŮɑɢɜŮɘ Űɖɜ űŬɘɜɧɛŮɜɖ ŬɔɤɔɘɛɧŰɖŰŬ ɔɘŬ əɎɗŮ ɛɘŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ůɡɢɜɧŰɖŰŬ ï Ʉɖɔɐ: (Bradley A.Weymer, 2013)  

 

ȺɘəɧɜŬ 3.6: Ɇɨɔəɟɘůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ⱥɀ əŬɘ GPR ï Ʉɖɔɐ: (Bradley A.Weymer, 2013) 
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3.1.3 ɆɡɛˊŮɟɎůɛŬŰŬ 

ȰɜŬɠ ůɡɜŭɡŬůɛɧɠ ŭŮŭɞɛɏɜɤɜ GPR əŬɘ EM ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŮ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ ɔɘŬ ɜŬ 

ɢŬɟŬəŰɖɟɑůŮɘ Űɘɠ ŭɘŬűɞɟɏɠ ůŰɖɜ ɡˊɞ-ŮˊɘűŬɜŮɘŬəɐ ůŰɟɤɛŬŰɞɔɟŬűɑŬ ůŮ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ŬɛɛɞɗɑɜŮɠ. ɇŬ ůŰɞɘɢŮɑŬ ŭŮɑɢɜɞɡɜ ɧŰɘ Ŭəɧɛɖ əŬɘ əŬŰɎ ɛɐəɞɠ ɛɘŬɠ ɛɘəɟɐɠ ɏəŰŬůɖɠ Űɖɠ 

ˊŬɟŬɚɑŬ, ɞɘ ɚŮˊŰɏɠ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɞ ɨɣɞɠ əŬɘ Űɖɜ ɏəŰŬůɖ Űɤɜ Ŭɛɛɧɚɞűɤɜ ɗŬ ŮˊɖɟŮɎůɞɡɜ 

Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɞɘ ɛɖɢŬɜɘůɛɞɑ Ŭˊɧəɟɘůɖɠ əŬɘ ŬɜɎəŰɖůɖɠ Űɤɜ ˊŬɟŬɚɘɩɜ əŬɘ Űɤɜ 

Ŭɛɛɞɗɑɜɤɜ ŬɜŰɘŭɟɞɨɜ ůŰɘɠ ŬəɟŬɑŮɠ əŬŰŬɘɔɑŭŮɠ əŬɘ Űɖɜ Ɏɜɞŭɞ Űɖɠ ůŰɎɗɛɖɠ Űɖɠ ɗɎɚŬůůŬɠ. 

ȰŰůɘ, Űɞ ɘůŰɞɟɘəɧ Űɖɠ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ ůŮ əɎɗŮ ŰɞˊɞɗŮůɑŬ ŮɑɜŬɘ ɗŮɛŮɚɘɤŭɩɠ ŭɘŬűɞɟŮŰɘəɧ. 

Ƀ ɛɘəɟɧŰŮɟɞɠ Ŭɛɛɧɚɞűɞɠ, əŬŰɎ Űɖ ɛŮŰɎɓŬůɖ Űɤɜ əŬɗŮůŰɩŰɤɜ ɡˊŮɟˊɚɐɟɤůɖɠ əŬɘ 

ˊɚɖɛɛɡɟɩɜ, ˊŬɟɞɡůɑŬůŮ ŮɚɎɢɘůŰɖ əŬɗŬɟɐ ŭɘɎɓɟɤůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ əŬŰŬɘɔɑŭŬɠ, ŬɚɚɎ 

ˊŬɟɞɡůɑŬůŮ əŬɘ Űɖɜ ŮɚɎɢɘůŰɖ ŬɜɎəŬɛɣɖ. Ƀ ŮɜŭɘɎɛŮůɞɠ Ŭɛɛɧɚɞűɞɠ űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ 

ŭɘŬɓɟɤɗŮɑ ŮɜŰŮɚɩɠ Ŭˊɧ Űɖ ɗɨŮɚɚŬ, ŬɚɚɎ ɏɢŮɘ Ůˊɑůɖɠ ŮˊɘŭŮɑɝŮɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŬɜɎəŬɛɣɖ 

ɚɧɔɤ Űɖɠ ɛŮŰŬɜɎůŰŮɡůɖɠ Űɤɜ ůɡůůɤɟŮɡɛɏɜɤɜ ŬɜŬɢɤɛɎŰɤɜ Ŭˊɧ Űɖ ɛŮŰŬűɞɟɎ ɛŮ Űɞɜ ŬɏɟŬ, 

ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ Ŭɛɛɧɚɞűɤɜ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɞɡ ůɨɔɢɟɞɜɞɡ ˊɡɟɐɜŬ 

Űɞɡ ˊɡɗɛɏɜŬ. Ƀ ɛŮɔŬɚɨŰŮɟɞɠ Ŭɛɛɧɚɞűɞɠ ˊŬɟɞɡůɘɎɕŮɘ ɛɧɜɞ ɏəˊɚɡůɖ ůŰɖ ɓɎůɖ Űɞɡ əŬɘ 

ɛɘəɟɐ ŬɜɎəŬɛɣɖ ɛŮŰɎ Űɖɜ əŬŰŬɘɔɑŭŬ, ɛŮ ŮɝŬɑɟŮůɖ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ ˊŬɟŬɚɑŬɠ. Ƀɘ  

ɛɖɢŬɜɘůɛɞɑ ŬɜɎəŰɖůɖɠ ůŰɞ ˊɟɞ-əŬŰŬɘɔɑŭŬɠ ɨɣɞɠ Űɖɠ ŬɛɛɞɗɑɜŬɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ 

əɚɑɛŬəŬ ŮˊɘˊŰɩůŮɤɜ Űɖɠ əŬŰŬɘɔɑŭŬɠ, əŬɗɩɠ əŬɘ Ŭˊɧ Űɞ ɨɣɞɠ Űɞɡ Ŭɛɛɧɚɞűɞɡ. 
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 ũŮɤűɡůɘəɏɠ ɏɟŮɡɜŮɠ ůŮ ˊŬɟɎəŰɘŬ ŬɟɢŬɘɞɚɞɔɘəɎ ŬɝɘɞɗɏŬŰŬ ůŰɞ 

ȽůɟŬɐɚ 

(Christeen Nahas) 

 Ƀɘ ŬəŰɏɠ Űɞɡ ȽůɟŬɐɚ (ɀŮůɧɔŮɘɞɠ, ŪɎɚŬůůŬ Űɖɠ ũŬɚɘɚŬɑŬɠ, ɁŮəɟɎ ŪɎɚŬůůŬ əŬɘ ȺɟɡɗɟɎ 

ŪɎɚŬůůŬ) ŮɑɜŬɘ ɛŮɔɎɚɞɡ ŬɟɢŬɘɞɚɞɔɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɛŮ ŮɡɟɐɛŬŰŬ ˊɞɡ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ 

Ŭˊɧ Űɖɜ  ˊɟɩɘɛɖ Ůˊɞɢɐ Űɞɡ ɉŬɚəɞɨ, ŭɖɚŬŭɐ ˊŮɟɑˊɞɡ 4.000 ɢɟɧɜɘŬ ˊɟɘɜ Ŭˊɧ ůɐɛŮɟŬ. Ƀɘ 

ˊŮɟɘɞɢɏɠ ɧɛɤɠ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ŬɡŰɎ ŰŬ ŮɡɟɐɛŬŰŬ, ŬˊŮɘɚɞɨɜŰŬɘ Ŭˊɧ ŭɘɎɓɟɤůɖ, ɖ ɞˊɞɑŬ 

ŮɝŮɚɑůůŮŰŬɘ ˊŮɟŬɘŰɏɟɤ əŬŰɎ ɛɐəɞɠ Űɤɜ ɐŭɖ ˊɡəɜɞəŬŰɞɘəɖɛɏɜɤɜ ŬəŰɩɜ, Ŭˊɧ ɕɖɛɘɏɠ ɚɧɔɤ 

ůŰɟŬŰɘɤŰɘəɩɜ ŬůəɐůŮɤɜ, Ŭˊɧ ɓŬɜŭŬɚɘůɛɞɨɠ ə.Ŭ. ŬɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ. Ƀ 

ŮɜŰɞˊɘůɛɧɠ Űɤɜ ŬɟɢŬɘɞɚɞɔɘəɩɜ ɗɏůŮɤɜ əŬɘ ɖ ŰŮəɛɖɟɑɤůɐ Űɞɡɠ ŮɑɜŬɘ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ 

ŭɘŬŰɐɟɖůɐ Űɞɡɠ, ɔɘô ŬɡŰɧ əŬɘ ɛɧɚɘɠ ŮɜŰɞˊɘůɗɞɨɜ, ɞɘ ŬɟɢŬɘɞɚɧɔɞɘ ˊŮɟɘɞɟɑɕɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ 

əŬɘ ɛŮŰɎ Űɞ ˊɏɟŬɠ Űɖɠ ŬɜŬůəŬűɐɠ ůɡɢɜɎ ɞɘ ŰɞˊɞɗŮůɑŮɠ ŬɡŰɏɠ ɝŬɜŬɗɎˊŰɞɜŰŬɘ.  

ɇɞɜ Ƚɞɨɚɘɞ Űɞɡ 2005 ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɔŮɤűɡůɘəɏɠ ɏɟŮɡɜŮɠ ůŮ 4 ŬɟɢŬɘɞɚɞɔɘəɏɠ ɗɏůŮɘɠ 

ɘůŰɞɟɘəɎ ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮ Űɘɠ ŬəŰɏɠ, ůŰɖɜ Yavne,Űɞ Yavne Yam,Űɞ Tel Nami (ŭŮɜ ɡˊɎɟɢɞɡɜ 

ŮˊŮɝŮɟɔŬůɛɏɜŬ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɖɜ ɏɟŮɡɜŬ) əŬɘ ůŰɖɜ Bethsaida.  

3.2.1 Yavne 

ɇɞ Tel Yavne ŮɑɜŬɘ ɏɜŬ ɛŮɔɎɚɞ ŬɟɢŬɑɞ ŬɜɎɢɤɛŬ ˊɞɡ ɓɟɑůəŮŰŬɘ 20 km ɜɧŰɘŬ Űɞɡ ɇŮɚ ȷɓɑɓ, 

ɏɢŮɘ ɏəŰŬůɖ 4 ŮəŰɎɟɘŬ (0.04 km2) əŬɘ ɡɣɩɜŮŰŬɘ ˊŮɟɑˊɞɡ 30 m ˊɎɜɤ  Ŭˊɧ Űɖɜ ˊɚɖɛɛɡɟɘəɐ 

ˊŮŭɘɎŭŬ Űɞɡ ˊɞŰŬɛɞɨ Soreq. ɆŰɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ əɞɛɛɎŰɘŬ Ŭˊɧ ˊɐɚɘɜŬ 

ŬɔɔŮɑŬ Ŭˊɧ Űɞ 1200 ˊ.ɉ. ɇɞ Tel Yavne ɓɟɑůəŮŰŬɘ ˊɎɜɤ ůŰɞ çŭɟɧɛɞ Űɖɠ ɗɎɚŬůůŬɠè ( Via 

Maris), ɛɘŬ ŬɟɢŬɑŬ ɞŭɧ ˊɞɡ ůɡɜɏŭŮŮ Űɖɜ ȷɑɔɡˊŰɞ əŬɘ Űɖɜ ȷɜŬŰɞɚɑŬ ɛɏůɤ Űɖɠ ɄŬɚŬɘůŰɑɜɖɠ 

əŬɘ Űɖɠ Ⱥɨűɞɟɖɠ ȼɛɘůŮɚɐɜɞɡ.  

ȼ ɛŮɔɎɚɖ ɏəŰŬůɖ Űɖɠ ŬɟɢŬɘɞɚɞɔɘəɐɠ ˊŮɟɘɞɢɐɠ, əŬɗɩɠ əŬɘ ɖ ɛŮɔɎɚɖ ɘůŰɞɟɘəɐ Űɖɠ ůɖɛŬůɑŬ 

ɞŭɐɔɖůŮ ůŰɖɜ ŬɜɎɔəɖ ɔɘŬ ˊŮɟŮŰŬɑɟɤ ŭɘŮɟŮɨɜɖůɐɠ Űɖɠ əŬɘ ɏŰůɘ Űɞɜ Ƚɞɨɚɘɞ Űɞɡ 2003 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɔŮɤűɡůɘəɏɠ ɏɟŮɡɜŮɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ 

(ERT), əŬɗɩɠ əŬɘ űɤŰɞɔɟɎűɘůɖ ůŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ˊŮɟɘɔɟŬűŮɑ ɖ əɎŰɞɣɖ əŬɘ ɖ əɎɗŮŰɖ 

ɏəŰŬůɖ Űɤɜ ůɡůůɤɟŮɡɛɏɜɤɜ ˊɞɚɘŰɘůŰɘəɩɜ ɡˊɞɚŮɘɛɛɎŰɤɜ əŬɘ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ Ŭɟɢɘəɏɠ 

ŭɘŬɔɜɤůŰɘəɏɠ ŬɟɢŬɘɞɚɞɔɘəɏɠ ŬɜŬůəŬűɏɠ. ɇɞɜ Ƚɞɨɚɘɞ Űɞɡ 2005, ŭɘŮɝɐɢɗɖůŬɜ 

ůɡɛˊɚɖɟɤɛŬŰɘəɏɠ ɏɟŮɡɜŮɠ ERT əŬɗɩɠ əŬɘ ŮɜŬɏɟɘŬ űɤŰɞɔɟɎűɖůɖ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ. 

ɇɞ ŬɜɎɢɤɛŬ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ ɚɘɗɞɔɟŬűɘəɎ ɘɕɐɛŬŰŬ Űɖɠ ɞɛɎŭŬɠ Űɤɜ Kurkar, ɖ ɞˊɞɑŬ 

ˊŮɟɘɔɟɎűŮɘ ˊŬɟɎəŰɘŬ ɘɕɐɛŬŰŬ Ŭˊɧ Űɞ ɄɚŮɘɧəŬɘɜɞ ɛɏɢɟɘ Űɖɜ ůɨɔɢɟɞɜɖ ˊŮɟɑɞŭɞ əŬɘ ˊŮɟɘɏɢŮɘ 
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ůɖɛŬɜŰɘəɏɠ ˊɞůɧŰɖŰŮɠ ɢŬɚŬɕɘŬəɐɠ Ɏɛɛɞɡ ˊɞɡ ɏɢŮɘ ŮɜŬˊɞŰŮɗŮɑ ŮəŮɑ ɛŮŰŬűŮɟɧɛŮɜɖ ɛɏůɤ 

ŬɏɟŬ Ŭˊɧ Űɞ ŭɏɚŰŬ Űɞɡ ɁŮɑɚɞɡ.  

ɇɞ 2003 ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 8 ɔɟŬɛɛɏɠ ERT ɛŮ ŰŬ ɖɚŮəŰɟɧŭɘŬ ŰɞˊɞɗŮŰɖɛɏɜŬ ůŮ ŬˊɧůŰŬůɖ 

ŰɞɡɚɎɢɘůŰɞɜ 1 m əŬɘ ŭɘɎŰŬɝɖ 2-D ɛŮ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ ŰŬ 12 m. ȼ ɖɚŮəŰɟɘəɐ 

ŬˊŮɘəɧɜɘůɖ ɐŰŬɜ Ůɜ ɛɏɟŮɘ ˊŮŰɡɢɖɛɏɜɖ ůŰɞ Yavne  ɧůɞɜ ŬűɞɟɎ 

¶ Űɖɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ˊɎɢɞɡɠ Űɤɜ ŬɟɢŬɘɞɚɞɔɘəɩɜ ůɡɜŰɟɘɛɛɘɩɜ 

¶ Űɞ ɛɏɔŮɗɞɠ 

¶ Űɖɜ ɏəŰŬůɐ Űɞɡɠ əŬɘ 

¶ Űɞ ɡˊɞəŮɑɛŮɜɞ ɡˊɧɓŬɗɟɞ.  

ɋůŰɧůɞ, Űɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ ɐŰŬɜ ŬɜŮˊŬɟəɏɠ ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ŭɩůŮɘ ŮɘəɧɜŬ ɔɘŬ Űɞ 

ɡˊɧɓŬɗɟɞ ůŰɞ ɡɣɖɚɧŰŮɟɞ ůɖɛŮɑɞɡ Űɞɡ ɚɧűɞɡ, ŬɚɚɎ əŬɘ ůŮ ɞɟɘůɛɏɜŮɠ ɗɏůŮɘɠ əŬŰɎ ɛɐəɞɠ 

Űɖɠ ˊɚŬɔɘɎɠ.  

ɇɞ 2005 ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 5 ɔɟŬɛɛɏɠ ERT. ȼ ɖɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ Űɖɠ ɔɟŬɛɛɐɠ 9 

ŮˊɘɓŮɓŬɑɤůŮ ɧŰɘ ɖ ůɡůůɩɟŮɡůɖ Űɤɜ ŬɟɢŬɘɞɚɞɔɘəɩɜ ůɡɜŰɟɘɛɛɎŰɤɜ ɡˊŮɟɓŬɑɜŮɘ ŰŬ 10 m 

ˊɎɜɤ Ŭˊɧ ŰŬ ŬɜɩŰŮɟŬ ŰɛɐɛŬŰŬ Űɞɡ ŬɜŬɢɩɛŬŰɞɠ, Ůɜɩ Űɖɠ ɔɟŬɛɛɐɠ 10 ŮˊɘɓŮɓŬɘɩɜŮɘ Űɞ 

ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ ůŰɖɜ ŰɞˊɞɔɟŬűɑŬ Űɞɡ ɓɟŬɢɩŭɞɡɠ ɡˊɞɓɎɗɟɞɡ. ȷˊɞəɞɚɚɐůŮɘɠ, ɧˊɤɠ ŬɡŰɏɠ 

ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŰŬ 280 m, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɡɜɐɗɤɠ ůŮ ɡˊɎɟɢɞɜŰŬ ŬˊɞɛŮɘɜɎɟɘŬ Űɞɡ 

ɣŬɛɛɑŰɖ Kurkar. ȹŮɘɔɛŬŰɞɚɖɣɑŬ ůŮ ɓɎɗɞɠ ˊŮɟɑˊɞɡ 4 m əɞɜŰɎ ůŰɖɜ əɞɟɡűɐ Űɞɡ ŬɜŬɢɩɛŬŰɞɠ 

ɏŭŮɘɝŮ ɧɢɘ əŬɚɎ əŬɗɞɟɘůɛɏɜɖ ůŰɟɤɛŬŰɞɔɟŬűɑŬ. ɆŮ ŬɡŰɧ Űɞ ɓɎɗɞɠ ɧɛɤɠ, ɓɟɏɗɖəŬɜ 

ŬɟɢŬɘɞɚɞɔɘəɎ ŮɡɟɐɛŬŰŬ ˊɞɡ ɛŬɟŰɡɟɞɨɜ Űɖɜ Ůˊɞɢɐ əŬŰɞɑəɖůɖɠ əŬɘ Ɏɜɗɘůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ.  

 

ȺɘəɧɜŬ 3.7: ERT ɔɟŬɛɛɐɠ 9 - Ʉɖɔɐ: (Christeen Nahas) 
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ȺɘəɧɜŬ 3.8: ERT ɔɟŬɛɛɐɠ 10 - Ʉɖɔɐ: (Christeen Nahas) 

 

  

3.2.2 Yavne Yam 

ɇɞ Yavne Yam ɓɟɑůəŮŰŬɘ ůŰɖ ɀŮůɧɔŮɘɞ ŪɎɚŬůůŬ, ˊŮɟɑˊɞɡ 14 km Ŭˊɧ Űɞ Yavne əŬɘ 

ɡˊɎɟɢɞɡɜ ŮɜŭŮɑɝŮɘɠ ˊɤɠ əŬŰɞɘəŮɑŰŬɘ Ŭˊɧ Űɖɜ ɀɏůɖ Ůˊɞɢɐ Űɞɡ ɉŬɚəɞɨ ɛɏɢɟɘ əŬɘ Űɞɜ 

ɛŮůŬɑɤɜŬ. Ƀɘ ɨűŬɚɞɘ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ ɣŬɛɛɑŰŮɠ Űɖɠ ɞɛɎŭŬɠ Kurkar ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ 

űɡůɘəɧ ɚɘɛɎɜɘ, ŬɟəŮŰɎ ˊɟɞůŰŬŰŮɡɛɏɜɞ, ˊɞɡ ɏˊŬɘɝŮ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ɘůŰɞɟɑŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ.  

ɀɑŬ ɔɟŬɛɛɐ ERT ɛɐəɞɡɠ 40 m, ɛŮ ŮɚɎɢɘůŰɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ɖɚŮəŰɟɞŭɑɤɜ ŰŬ 0.5 m əŬɘ 

ɛŮ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ ŰŬ 6 m ůɡɚɚɏɢŰɖəŮ əŬŰɎ ɛɐəɞɠ ɛɘŬɠ ɢŮɟůɞɜɐůɞɡ Ŭˊɧ Ɏɛɛɞ, 

ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ŬŮɟɞűɤŰɞɔɟŬűɑŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɛɘŬ ůŮɘɟɎ Ŭˊɧ əɎɗŮŰŬ 

ůŰɞɘɢŮɑŬ, ŰŬ ɞˊɞɑŬ ɡˊɞŭɖɚɩɜɞɡɜ Űɞɑɢɞɡɠ. ũɘŬ Űɖɜ ɚŮˊŰɞɛŮɟɐ ˊŮɟɘɔɟŬűɐ ŬɡŰɩɜ Űɤɜ ŰŮɘɢɩɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɏɟŮɡɜŬ ɛŮ ɔŮɤɟŬɜŰɎɟ GPR. 

 

ȺɘəɧɜŬ 3.9: ȷŮɟɞűɤŰɞɔɟŬűɑŬ ˊɞɡ űŬɑɜɞɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ERT - Ʉɖɔɐ: (Christeen Nahas) 
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ȺɘəɧɜŬ 3.10: Ʉɟɞűɑɚ ERT- Ʉɖɔɐ: (Christeen Nahas) 

 

3.2.3 Bethsaida 

H Bethsaida ɓɟɑůəŮŰŬɘ ůŰɞɜ ȽɞɟŭɎɜɖ ˊɞŰŬɛɧ ˊŮɟɑˊɞɡ 3 km Ŭˊɧ Űɖɜ ůɡɛɓɞɚɐ Űɞɡ ȽɞɟŭɎɜɖ 

əŬɘ Űɖɠ ɗɎɚŬůůŬɠ Űɖɠ ũŬɚɘɚŬɑŬɠ. ȳɚŬ ŰŬ ŬɟɢŬɘɞɚɞɔɘəɎ ï ŬɟɢɘŰŮəŰɞɜɘəɎ ŮɡɟɐɛŬŰŬ (9ɞ ɑůɤɠ 

əŬɘ 10ɞ Ŭɘ. ˊ.ɉ.) ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ Ŭˊɧ ɓŬůɎɚŰɖ ŭɘŬűɧɟɤɜ ɛŮɔŮɗɩɜ. Ƀ ɚɧűɞɠ ŮɑɜŬɘ 

ɢŰɘůɛɏɜɞɠ ˊɎɜɤ ůŮ ɚɎɓŬ Ŭˊɧ Űɞ ɓɞɡɜɧ ũəɞɚɎɜ.  

ȷɜŬůəŬűɏɠ ɏűŮɟŬɜ ůŰɞ űɤɠ ɛɘŬ ŰŮŰɟɎəɚɘɜɖ ŮɜŰɡˊɤůɘŬəɐ ˊɨɚɖ ůŰɖɜ Ůɑůɞŭɞ Űɖɠ ˊɧɚɖɠ, ɛŮ  

8 ˊɨɟɔɞɡɠ Űɤɜ 10 m əŬɘ ɏɜŬ ŰŮɑɢɞɠ ˊɚɎŰɞɡɠ 6 m Ŭˊɧ ɓŬůɎɚŰɖ, ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ Űɞ ɛŮɔŬɚŮɑɞ 

Űɖɠ ˊɧɚɖɠ əŬŰɎ Űɞɜ 9ɞ ï 10ɞ Ŭɘ ˊ.ɉ. əŬɘ Űɖɜ ɘůŰɞɟɘəɐ Űɖɠ ůɖɛŬůɑŬ. ŪŮɛŮɚɘɩŭŮɠ ŮɟɩŰɖɛŬ ɔɘŬ 

Űɞɡɠ ŬɟɢŬɘɞɚɧɔɞɡɠ ŮɑɜŬɘ Ŭɜ ɡˊɎɟɢŮɘ ɐ ɧɢɘ ɏɜŬ Ɏɚɚɞ ůɨůŰɖɛŬ Ůɘůɧŭɞɡ əɎŰɤ Ŭˊɧ ŬɡŰɧ Űɞɡ 

9ɞɡ Ŭɘ ˊ.ɉ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɔŮɤűɡůɘəɏɠ ɏɟŮɡɜŮɠ (ERT) ˊɞɡ 

ŬˊɚɩɗɖəŬɜ ůŰɞ ɛɏůɞ Űɖɠ ŰŮŰɟɎəɚɘɜɖɠ ˊɨɚɖɠ. ɆŮ əɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ ɔɟŬɛɛɏɠ ERT 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŭɞɛɏɠ ɛŮ ɛŮɔɎɚŮɠ Űɘɛɏɠ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖɠ ɔɨɟɤ Ŭˊɧ Űɞɡɠ ɗŬɚɎɛɞɡɠ, ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɞɘ Űɞɑɢɞɘ Ŭˊɧ ɓŬůɎɚŰɖ ɞɘ ɞˊɞɑɞɘ ɞɟɑɕɞɡɜ ɛɘŬ ˊɨɚɖ ɛŮ 4 ɗŬɚɎɛɞɡɠ Űɞɡ 10ɞɡ 

Ŭɘ ˊ.ɉ. ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ ˊɨɚɖ Űɞɡ 9ɞɡ Ŭɘ. ˊ.ɉ. 
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ȺɘəɧɜŬ 3.11: ȷŮɟɞűɤŰɞɔɟŬűɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ - Ʉɖɔɐ: (Christeen Nahas) 

 

ȺɘəɧɜŬ 3.12: ȷŮɟɞűɤŰɞɔɟŬűɑŬ ˊɞɡ űŬɑɜɞɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ERT - Ʉɖɔɐ: (Christeen Nahas) 
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ȺɘəɧɜŬ 3.13: ERT ɔɟŬɛɛɐ 2 - Ʉɖɔɐ: (Christeen Nahas) 
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 ũŮɤűɡůɘəɏɠ ɏɟŮɡɜŮɠ ůŰɞ ˊɞŰɎɛɘɞ ɚɘɛɎɜɘ Űɖɠ ȳůŰɘŬɠ 

(Tina Wunderlich, 2017) 

ȼ ŬɟɢŬɑŬ ˊɧɚɖ Űɖɠ ȳůŰɘŬɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ Ůəɓɞɚɐ Űɞɡ ˊɞŰŬɛɞɨ ɇɑɓŮɟɖ əŬɘ Űɞɜ 2ɞ Ŭɘ ɛ.ɉ. 

ŬˊɞŰŮɚɞɨůŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ əɏɜŰɟɞ ŭɘŬɜɞɛɐɠ əŬɘ Ůɛˊɞɟɑɞɡ ůŰɖɜ ɀŮůɧɔŮɘɞ. ȼ əŮɜŰɟɘəɐ 

ŬůŰɘəɐ ˊŮɟɘɞɢɐ Űɖɠ ŬɟɢŬɑŬɠ ȳůŰɘŬɠ ɏɢŮɘ ŮɟŮɡɜɖɗŮɑ ŮəŰŮɜɩɠ əŬɘ ɏɢɞɡɜ ŬɜŬůəŬűŮɑ ɛŮɔɎɚŬ 

ŰɛɐɛŬŰŬ, Ůɜɩ ɖ ɡˊɞŰɘɗɏɛŮɜɖ ˊŮɟɘɞɢɐ Űɞɡ ɚɘɛŬɜɘɞɨ ůŰŬ ŭɡŰɘəɎ Űɞɡ ŬɟɢŬɘɞɚɞɔɘəɞɨ ɢɩɟɞɡ 

ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ůŮ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ. ɆŰɞ ɚɘɛɎɜɘ Űɖɠ ŬɟɢŬɑŬɠ ȳůŰɘŬɠ Űɖɠ ȽŰŬɚɑŬɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɘŬ ůɡɜŭɡŬůɛɏɜɖ ɔŮɤűɡůɘəɐ əŬɘ ɔŮɤŬɟɢŬɘɞɚɞɔɘəɐ ɛŮɚɏŰɖ ɛŮ ůəɞˊɧ: 

¶ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɏəŰŬůɖɠ Űɖɠ ɚŮəɎɜɖɠ Űɞɡ ɚɘɛŬɜɘɞɨ 

¶ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ Űɖɠ ɘɕɖɛŬŰɞɔŮɜɞɨɠ ˊɚɐɟɤůɖɠ Űɞɡ ɚɘɛŬɜɘɞɨ 

¶ Űɞɡ ɓɎɗɞɡɠ Űɖɠ ɚŮəɎɜɖɠ əŬɘ 

¶  Űɖɜ ŬɜŬɕɐŰɖůɖ ŬɜɗɟɤˊɞɔŮɜɞɨɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ (ɡˊɞɚŮɘɛɛɎŰɤɜ ɚɘɛŮɜɘəɩɜ 

əŬŰŬůəŮɡɩɜ) ɔɨɟɤ Ŭˊɧ Űɖ ɚŮəɎɜɖ ŬɡŰɐ.  

 Ƀɘ ŮűŬɟɛɞɕɧɛŮɜŮɠ ɔŮɤűɡůɘəɏɠ ɛɏɗɞŭɞɘ ɐŰŬɜ ɖ ɖɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ (ERT), Űɞ 

ɔŮɤɟŬɜŰɎɟ (GPR) əŬɘ ɖ ůŮɘůɛɘəɐ ɛŮ əɨɛŬŰŬ S əŬɘ P. ȼ ɏəŰŬůɖ əŬɘ Űɞ ůɢɐɛŬ Űɖɠ ɚŮəɎɜɖɠ 

Űɞɡ ɚɘɛŬɜɘɞɨ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ ERT, ɞɘ ɞˊɞɑŮɠ ůŮ 3D ŬˊŮɘəɧɜɘůɖ ɏŭŮɘɝŬɜ 

ɧŰɘ ɖ ˊɟɩɘɛɖ ɚŮəɎɜɖ Űɖɠ ɚɘɛɜɞɗɎɚŬůůŬɠ Űɞɡ ɚɘɛŬɜɘɞɨ ŮɑɢŮ ŭɘŬůŰɎůŮɘɠ ŰɞɡɚɎɢɘůŰɞɜ 100 m 

x 50 m. ɇŬ ɜɧŰɘŬ ůɨɜɞɟɎ Űɖɠ ŮˊɘɓŮɓŬɘɩɗɖəŬɜ ɛŮ ɛŮŰɟɐůŮɘɠ GPR ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ ɛŮ 

ůŬűɐɜŮɘŬ Űɖɜ ˊɟɩɖɜ ɛŮŰɎɓŬůɖ ŮŭɎűɞɡɠ ï ɜŮɟɞɨ əŬɘ Űɖɜ Ŭɟɢɐ Űɖɠ ŬɟɢŬɑŬɠ ɢŮɟůŬɑŬɠ 

ɞɘəɞŭɞɛɘəɐɠ əŬŰŬůəŮɡɐɠ. ɆŰŬ ŬɜŬŰɞɚɘəɎ Űɖɠ ůɨɜɞɟŬ ŮɜŰɞˊɑůŰɖəŮ ɞɛŬŭɞˊɞɘɖɛɏɜɞɠ 

ɞɟɑɕɞɜŰŬɠ ůŮ ɓɎɗɞɠ 2-3 m Ŭˊɧ ŬɜɎɚɡůɖ Űɤɜ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ P, ɞ ɞˊɞɑɞɠ ˊɘɗŬɜɧŰŬŰŬ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɛɘŬ ŰůɘɛŮɜŰɞŮɘŭɐ ɟɎɛˊŬ, ɏɜŬ ɛɘəɟɧ ɛɏɟɞɠ Űɞɡ ɞˊɞɑɞɡ ŮɑɢŮ ŬɜŬəŬɚɡűɗŮɑ ůŮ 

ˊɟɞɖɔɞɨɛŮɜɖ ɛŮɚɏŰɖ. ȼ ɘɕɖɛŬŰɞɔŮɜɐɠ ˊɚɐɟɤůɖ Űɖɠ ˊɟɩɘɛɖɠ ɚŮəɎɜɖɠ ŭɘŮɟŮɡɜɐɗɖəŮ ɛŮ ɏɜŬ 

ůɡɜŭɡŬůɛɧ vibracoring (ɔŮɤŰɟɐůŮɤɜ), ERT əŬɘ ůŮɘůɛɘəɩɜ.  

ɇŬ ˊɟɞűɑɚ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɖɠ 

ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ, əŬɗɩɠ ɏŭɤůŬɜ ŮɘəɧɜŬ Űɞɡ ɡˊŮŭɎűɞɡɠ ɛŮŰŬɝɨ Űɤɜ ɗɏůŮɤɜ ˊɞɡ ɡˊɐɟɢŬɜ 

ŭŮɑɔɛŬŰŬ Ŭˊɧ ɔŮɤŰɟɐůŮɘɠ (vibracore) ŰŬ ɞˊɞɑŬ ŭɑɜɞɡɜ ɛŮ ŬəɟɑɓŮɘŬ Űɖ ůŰɟɤɛŬŰɞɔɟŬűɑŬ. 

ȷˊɞŭŮɑɢɗɖəŮ ɧŰɘ ɛɘŬ ɘɕɖɛŬŰɞɔŮɜɐɠ ůŰɟɩůɖ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ 

ɚɘɛŬɜɘɞɨ, ŭŮɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɜŰɞˊɘůŰŮɑ Ŭˊɧ ŰŬ ERT ŬɚɚɎ ŬɜɘɢɜŮɨŮŰŬɘ ɝŮəɎɗŬɟŬ ůŰŬ 

ˊɟɞűɑɚ ůŮɘůɛɘəɐɠ ŰŬɢɨŰɖŰŬɠ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɓɎɗɞɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ɚŮˊŰɧ 

ɢɞɜŭɟɧəɞəəɞ ůŰɟɩɛŬ ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ɓɎɗɞɠ 1-2 m, Űɞ ɞˊɞɑɞ ˊɟɞəɚɐɗɖəŮ Ŭˊɧ 

ŰůɞɡɜɎɛɘ ůɨɛűɤɜŬ ɛŮ ˊɟɞɖɔɞɨɛŮɜɖ ɛŮɚɏŰɖ. ȷɡŰɧ Űɞ ůŰɟɩɛŬ ŭɘŬɢɤɟɑɕŮɘ ŭɨɞ űɎůŮɘɠ Űɞɡ 
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ɚɘɛŬɜɘɞɨ: Ŭˊɧ əɎŰɤ ɛɘŬ ˊŬɚŬɘɧŰŮɟɖ ɚɘɛɜɞɗɎɚŬůůŬ ɚɘɛŮɜɘəɐ űɎůɖ əŬɘ ɛɘŬ ɜŮɧŰŮɟɖ űɎůɖ 

ˊɞŰɎɛɘɞɡ ɚɘɛŬɜɘɞɨ Ŭˊɧ ˊɎɜɤ. 

 

3.3.1 ȼɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ 

 

ũɘŬ Űɖɜ ɚɐɣɖ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɜ əɎɚɡɣɖ ɞɚɧəɚɖɟɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ɚɘɛŬɜɘɞɨ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 13 ɔɟŬɛɛɏɠ ERT  ɛŮ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ 0.75 m, 1 m 

əŬɘ 2 m əŬɘ ŭɘŬŰɎɝŮɘɠ ɖɚŮəŰɟɞŭɑɤɜ Dipole ï Dipole, Wenner əŬɘ Schlumberger. ȼ ɗɏůɖ əŬɘ 

Űɞ ɨɣɞɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ɛŮŰɟɐɗɖəŬɜ Ŭˊɧ 2 ŭɘŬűɞɟŮŰɘəɎ ɧɟɔŬɜŬ. ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬŰɎɝŮɘɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ůɡɜŭɡɎůŰɖəŬɜ əŬɘ ŰŬ ɨɣɖ Űɞɡɠ 

(Ŭűɞɨ ˊɟɩŰŬ ůɡɔəɟɑɗɖəŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ Ŭˊɧ Űɞ əɎɗŮ ɧɟɔŬɜɞ) ŮɘůɐɢɗɖůŬɜ ůŰŬ ŭŮŭɞɛɏɜŬ. 

ȼ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ŮŭɎűɞɡɠ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ 

ɡɔɟɞɨ Űɤɜ ˊɧɟɤɜ əŬɘ ůɡɜŮˊɩɠ Űɖɜ ŬɚŬŰɧŰɖŰŬ Űɞɡ əŬɘ Ŭˊɧ Űɞɜ əɞɟŮůɛɧ Űɤɜ ˊɧɟɤɜ. ũɘŬ 

ɘɕɐɛŬŰŬ ɑůɞɡ ˊɞɟɩŭɞɡɠ əŬɘ əɞɟŮůɛɞɨ, ŮəŮɑɜɞ ɛŮ ɡɣɖɚɧŰŮɟɖ ŬɚŬŰɧŰɖŰŬ Űɞɡ ɡɔɟɞɨ Űɤɜ 

ˊɧɟɤɜ ɗŬ ŭŮɑɝŮɘ ɢŬɛɖɚɧŰŮɟɖ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ɢŬɛɖɚɐ ŬɚŬŰɧŰɖŰŬ. ȰɜŬɠ 

Ůˊɘˊɚɏɞɜ ˊŬɟɎɔɞɜŰŬɠ ŮɑɜŬɘ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Ɏɟɔɘɚɞ, ɖ ɞˊɞɑŬ ɏɢŮɘ ŮˊɘˊɟɧůɗŮŰɖ 

ŮˊɘűŬɜŮɘŬəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ɞŭɖɔɩɜŰŬɠ ůŮ ɢŬɛɖɚɧŰŮɟɖ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ Űɤɜ ɘɕɖɛɎŰɤɜ Űɞɡ 

ˊɖɚɞɨ. 

 

3.3.2 ũŮɤɟŬɜŰɎɟ 

 

Ƀɘ ɛŮŰɟɐůŮɘɠ GPR ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɔɨɟɤ Ŭˊɧ Űɞ ɚɘɛɎɜɘ ɔɘŬ Ŭ́ ɞŰɡˊɩůɞɡɜ 

ˊɘɗŬɜɎ ŬˊɞɛŮɘɜɎɟɘŬ ŬɜɗɟɤˊɞɔŮɜɞɨɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ əŬɘ ɜŬ ŮɜŰɞˊɑůɞɡɜ ŰŬ ůɨɜɞɟŬ Űɖɠ 

űɟŬɔɛɏɜɖɠ ɛŮ ɚɎůˊɖ ɚŮəɎɜɖɠ Űɞɡ ɚɘɛŬɜɘɞɨ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɘŬ əŮɟŬɑŬ 200 MHz əŬɘ ɛɘŬ 

ɛɞɜɎŭŬ GSSI SIR-3000. ɇŬ ˊɟɞűɑɚ ŬˊɞəŰɐɗɖəŬɜ əɎɗŮ 0,3 m ɛŮ 100 ůŬɟɩůŮɘɠ / s. ȼ ɗɏůɖ 

Űɖɠ əɎɗŮ ɛɏŰɟɖůɖɠ ŮɜŰɞˊɑůŰɖəŮ ɛŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Ůɜɧɠ ŭŮɑəŰɖ əɎɗŮ 1 m əŬŰɎ ɛɐəɞɠ ɛɘŬɠ 

ɛŮŰɟɖŰɘəɐɠ ŰŬɘɜɑŬɠ əŬɘ ŬɟɔɧŰŮɟŬ ɛŮ Űɖ ɛɏŰɟɖůɖ DGPS. ɇŬ ˊŬɟɎɚɚɖɚŬ ˊɟɞűɑɚ ŮɘůɐɢɗɖůŬɜ 

ůŮ ɏɜŬɜ əɨɓɞ ŭŮŭɞɛɏɜɤɜ 3D əŬɘ əɧˊɖəŬɜ ɞɟɘɕɧɜŰɘŬ ůŮ ɢɟɞɜɘəɎ űɨɚɚŬ. ȼ ŰŬɢɨŰɖŰŬ 

ŭɘɎŭɞůɖɠ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ ˊɟɞůŭɘɞɟɑůŰɖəŮ ɛŮ ɛɏŰɟɖůɖ CMP (Ⱦɞɘɜɐ ɛɏůɖ 

Űɘɛɐ) əŬɘ ɓɟɏɗɖəŮ ɜŬ ŮɑɜŬɘ 10 cm / ns. 
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3.3.3 ɆŰɟɤɛŬŰɞɔɟŬűɑŬ əŬɘ ɓɎɗɞɠ Űɖɠ ɚŮəɎɜɖɠ Űɞɡ ɚɘɛŬɜɘɞɨ 

 

ȷˊɧ Űɖ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ȺRɇ ́ɞɡ ŭɘŬůɢɑɕŮɘ Űɖ ɚŮəɎɜɖ Ŭˊɧ Űɞ ɜɧŰɞ ˊɟɞɠ 

Űɞ ɓɞɟɟɎ əŬɘ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ɛɘəɟɞɨ ɓɎɗɞɡɠ ˊɟɞəɨˊŰŮɘ Űɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɖ ɡɣɖɚɐ 

ŬɜŰɑůŰŬůɖ ůŰɖɜ əɞɟɡűɐ Űɞɡ ůŰɟɩɛŬŰɞɠ ŬɜŮɟɢɧɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 

əɞɚɚɞɡɓɘŬəɎ ɘɕɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ŬɚɚɞɡɓɘŬəɎ ɘɕɐɛŬŰŬ ɢŬɛɖɚɧŰŮɟɖɠ 

ŬɜŰɑůŰŬůɖɠ ɛŮŰŬɝɨ Űɤɜ ɔŮɤŰɟɐůŮɤɜ OST 3 əŬɘ OST 1. Ƀɘ ɔŮɤŰɟɐůŮɘɠ OST 1 əŬɘ 8 

ɛŬɟŰɡɟɞɨɜ ɏɜŬ ůŰɟɩɛŬ ŮɜŬˊɞɗɏůŮɤɜ Ɏɛɛɞɡ ůŮ ɓɎɗɞɠ 1,7-2,7 m (əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ), 

Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ˊɎɢɞɡɠ 1 m əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŮɜŬˊɞɗɏůŮɘɠ ˊɞŰŬɛɩɜ. ȾɎŰɤ Ŭˊɧ ŬɡŰɧ Űɞ 

ůŰɟɩɛŬ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ ŬɡɝɎɜŮŰŬɘ ůɖɛŬɜŰɘəɎ əŬɘ Ŭəɞɚɞɡɗɞɨɜ űɎůŮɘɠ ɡɣɖɚɐɠ 

ŮɜɏɟɔŮɘŬɠ ůŮ ɞɚɧəɚɖɟɞ Űɞ ˊɟɞűɑɚ ˊŮɟɑˊɞɡ 1 m ˊɎɢɞɠ (ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ ŰůɞɡɜɎɛɘ). ɆŰɞ 

ɓɧɟŮɘɞ ɛɘůɧ Űɞɡ ˊɟɞűɑɚ ŬəɞɚɞɡɗŮɑ ɏɜŬ ůŰɟɩɛŬ ɘɕɖɛŬŰɞɔŮɜɩɜ (lagoonal sediments follows) 

ŬˊɞɗɏůŮɤɜ, ˊŮɟɑˊɞɡ 3 m ˊɎɢɞɡɠ, Űɞ ɞˊɞɑɞ ŮɟɛɖɜŮɨŮŰŬɘ ɤɠ ɛɘŬ ˊŬɚŬɘɧŰŮɟɖɠ űɎůɖ ɚŮəɎɜɖɠ 

ɚɘɛɜɞɗɎɚŬůůŬɠ ɛŮ Űɖ ɓɎůɖ Űɖɠ ɜŬ ɓɟɑůəŮŰŬɘ ůŮ ˊŮɟɑˊɞɡ 7,6 m ɓɎɗɞɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ. ȼ 

ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɖɠ ɚɘɛɜɞɗɎɚŬůůŬɠ ɐŰŬɜ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞɡ ɜŮɧŰŮɟɞɡ ˊɞŰɎɛɘɞɡ 

ɚɘɛŬɜɘɞɨ əŬɘ ŮəŰŮɑɜŮŰŬɘ ˊɟɞɠ ŰŬ ɜɧŰɘŬ ˊŮɟɑˊɞɡ ɛɏɢɟɘ Űɖɜ OST 5.  

ɆŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɞɡ ˊɟɞűɑɚ, ɖ ŭɘŬůɨɜŭŮůɖ ɛŮŰŬɝɨ əɞɚɚɞɡɓɘŬəɞɨ ůŰɟɩɛŬŰɞɠ əŬɘ ɕɩɜɖɠ 

ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ɛˊɞɟŮɑ ɜŬ ŮɜŰɞˊɘůŰŮɑ ůŰɖɜ ȺRɇ ɛŮ ɛɘŬ ɘůɢɡɟɐ ɛŮɑɤůɖ Űɖɠ ŬɜŰɑůŰŬůɖɠ 

(Ŭˊɧ> 300 ɋm ɏɤɠ <100 ɋm). ȼ ŬɚɚɞɡɓɘŬəɐ əɎɚɡɣɖ ůŰɖɜ əɞɟɡűɐ Űɤɜ ɘɕɖɛɎŰɤɜ Űɞɡ 

ˊɞŰɎɛɘɞɡ ɚɘɛŬɜɘɞɨ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŮɚŬűɟɩɠ ɡɣɖɚɧŰŮɟɖ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ, ŬɚɚɎ ŭŮɜ 

ɛˊɞɟŮɑ ɜŬ ŭɘŬəɟɘɗŮɑ ɛɘŬ ůŬűɐɠ ŭɘŮˊŬűɐ. ɇŬ ɧɟɘŬ Ŭˊɧ Űɞ ɚɘɛɎɜɘ ï ɚɘɛɜɞɗɎɚŬůůŬ ɏɤɠ ŰŬ 

ɡˊɞəŮɑɛŮɜŬ ɗŬɚɎůůɘŬ ɘɕɐɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜɘɢɜŮɡɗɞɨɜ Ŭˊɧ ɛɘŬ ɘůɢɡɟɐ ɛŮɑɤůɖ Űɤɜ Űɘɛɩɜ 

Ůɘŭɘəɐɠ ŬɜŰɑůŰŬůɖɠ (<10 ɋm) ɛŮŰŬɝɨ Űɤɜ ɔŮɤŰɟɐůŮɤɜ OST 1 əŬɘ 8. ɆŰɘɠ ɗɏůŮɘɠ OST 4, 5 

əŬɘ 3 ŰŬ ɗŬɚɎůůɘŬ ɘɕɐɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŬɜŰɘůŰɎůŮɘɠ ɔɨɟɤ ůŰŬ 50 ɋm, ŬɚɚɎ ůŰŬ 9 m (əɎŰɤ 

Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ) ɞɘ ŬɜŰɘůŰɎůŮɘɠ ɛŮɘɩɜɞɜŰŬɘ ůŮ <10 ɋm. Ƀɘ ɢŬɛɖɚɧŰŮɟŮɠ 

ŬɜŰɘůŰɎůŮɘɠ ůŮ ŬɡŰɧ Űɞ ůŰɟɩɛŬ ˊɟɞɠ ŰŬ ɓɧɟŮɘŬ ɛˊɞɟŮɑ ˊɘɗŬɜɩɠ ɜŬ Ůɝɖɔɖɗɞɨɜ Ŭˊɧ ŰŬ 

ɡˊɧɔŮɘŬ ɜŮɟɎ Ŭɡɝɖɛɏɜɖɠ ŬɚŬŰɧŰɖŰŬɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ əɞɜŰɘɜɧ ˊɞŰŬɛɧ əŬɘ Űɖ 

ůɨɜŭŮůɐ Űɞɡ ɛŮ Űɖ ɀŮůɧɔŮɘɞ ŪɎɚŬůůŬ. ɄŮɟɑˊɞɡ ůŰŬ 10 m Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ ŭɘŮˊŬűɐ ɖ ɞˊɞɑŬ ŭɘŬɢɤɟɑɕŮɘ Űɖɜ ˊŮɟɘɞɢɐ Ŭˊɧ ɛɘŬ ˊŮɟɘɞɢɐ ɛŮ ˊɞɚɨ ɢŬɛɖɚɐ 

Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ (<5 ɋm). ȾŬɗɩɠ ɧɛɤɠ ŭŮɜ ɡˊɎɟɢɞɡɜ ŭŮŭɞɛɏɜŬ Ŭˊɧ vibracoring ŭŮɜ ɛˊɞɟŮɑ 

ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɛŮ ŬəɟɑɓŮɘŬ ɖ ůɨůŰŬůɖ Űɞɡ ůŰɟɩɛŬŰɞɠ. 
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ȺɘəɧɜŬ 3.14: Ʉɟɞűɑɚ ERT Ⱥ1 - Ʉɖɔɐ: (Tina Wunderlich, 2017) 

 

3.3.4 ȼ ŮˊɏəŰŬůɖ Űɖɠ ɚŮəɎɜɖɠ Űɞɡ ɚɘɛŬɜɘɞɨ 

 

ȼ ůɡɜɞɟɘŬəɐ ˊŮɟɘɞɢɐ Űɖɠ ɚɘɛŮɜɘəɐɠ ɚŮəɎɜɖɠ ŭɘŮɟŮɡɜɐɗɖəŮ ɚŮˊŰɞɛŮɟɏůŰŮɟŬ Ŭˊɧ Űɞ GPR. ȼ 

ŮɚŮɔɢɧɛŮɜɖ ˊŮɟɘɞɢɐ ɓɟɑůəŮŰŬɘ ůŰŬ ɜɧŰɘŬ Űɖɠ ˊɟɩɘɛɖɠ ɚɘɛŮɜɘəɐɠ ɚŮəɎɜɖɠ. 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 2 Űɞɛɏɠ GPR, Ůə Űɤɜ ɞˊɞɑɤɜ ɖ ˊɟɩŰɖ ɏŭŮɘɝŮ Űɖ ŭɞɛɐ Űɞɡ ɡˊŮŭɎűɞɡɠ 

ůŮ ɓɎɗɞɠ 0,5 ï 0,75 m əŬɘ ɛɘŬ ůŰŮɜɐ ɕɩɜɖ ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ŬɜɎəɚŬůɖɠ ˊɞɡ ŭɘŬůɢɑɕŮɘ Űɖɜ 

ˊŮɟɘɞɢɐ Ŭˊɧ ŰŬ ɜɞŰɘɞŭɡŰɘəɎ ˊɟɞɠ ŰŬ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ əɞɜŰɎ ůŰɖɜ OST 3. ɀɘŬ ůɨɔəɟɘůɖ ɛŮ 

Űɞ əŬŰŬəɧɟɡűɞ ŰɛɐɛŬ Űɞɡ ɟŬŭɘɞɔɟɎɛɛŬŰɞɠ R1 ŭŮɑɢɜŮɘ ɛɘŬ ŮɚŬűɟɩɠ ɓɡɗɘůɛɏɜɖ  ŮɡɟŮɑŬ 

ŬɜɎəɚŬůɖ ˊɚɎŰɞɡɠ ˊŮɟɑˊɞɡ 3 m, Űɞ Ůɨɟɞɠ Űɖɠ ɞˊɞɑŬɠ ɛŮɘɩɜŮŰŬɘ ɏɜŰɞɜŬ ˊɟɞɠ ŰŬ ɓɧɟŮɘŬ. ȼ 

ŭŮɨŰŮɟɖ Űɞɛɐ ɏŭɤůŮ Űɖɜ  ŭɞɛɐ Űɞɡ ɡˊŮŭɎűɞɡɠ ůŮ ɓɎɗɞɠ 1-1,5 m. ɆŰɞ ˊɟɞűɑɚ ŬɡŰɧ 

ŮɜŰɞˊɑɕɞɜŰŬɘ əŬɘ ŭɘɎűɞɟŬ ɞɟɗɞɔɩɜɘŬ ŬɜŰɘəŮɑɛŮɜŬ ɡɣɖɚɞɨ ˊɚɎŰɞɡɠ ŬɜŬəɚɎůŮɤɠ (ɛˊɚŮ 

əɞɡŰɎəɘŬ), əŬɗɩɠ əŬɘ ɛɘŬ ɕɩɜɖ Ŭɡɝɖɛɏɜɖɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ ɓɧɟŮɘɞ 

ŰɛɐɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ (ˊɞɟŰɞəŬɚɑ əɨəɚɞɠ). Ƀɘ ɞɟɗɞɔɩɜɘŮɠ ŭɞɛɏɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɘůɢɡɟɏɠ 

ŬɜŬəɚɎůŮɘɠ ůŰɞ ɟŬɜŰɎɟ əɎɗŮŰɖɠ Űɞɛɐɠ R1, ɞɘ ɞˊɞɑŮɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŬűɩɠ Ŭˊɧ ɢŬɛɖɚɎ 

ŬɜŬəɚŬůŰɘəɎ əŮɜɎ ˊɚɎŰɞɡɠ 0,5 m. ȿɧɔɤ Űɞɡ ɞɟɗɞɔɤɜɑɞɡ ůɢɐɛŬŰɞɠ əŬɘ Űɤɜ ŭɘŬəɟɘŰɩɜ 

ɞɟɑɤɜ, ɛˊɞɟŮɑ ɜŬ ɡˊɞŰŮɗŮɑ ɧŰɘ ɖ ́ɟɞɏɚŮɡůɖ ŮɑɜŬɘ ŬɜɗɟɤˊɞɔŮɜɐɠ, ŭɖɚ. ɞɘəɞŭɞɛɘəɏɠ 

əŬŰŬůəŮɡɏɠ / ŬˊɞɛŮɘɜɎɟɘŬ. ȼ ˊŮɟɘɞɢɐ ˊɞɡ ůɖɛŮɘɩɜŮŰŬɘ ɛŮ ˊɞɟŰɞəŬɚɑ ɢɟɩɛŬ ɛɘŬ ůɢŮŭɧɜ 

ɞɟɘɕɧɜŰɘŬ ŬɜɎəɚŬůɖ, ɖ ɞˊɞɑŬ ɧɛɤɠ ŭŮɜ ŮɑɜŬɘ Űɧůɞ ɘůɢɡɟɐ əŬɘ ŮˊɑˊŮŭɖ ɧůɞ ŰŬ ɛˊɚŮ əɞɡŰɘɎ. 
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ŪŮɤɟŮɑŰŬɘ ɧŰɘ ɧɚŮɠ ŬɡŰɏɠ ɞɘ ŭɞɛɏɠ ŮɑɜŬɘ ɡˊɞɚŮɑɛɛŬŰŬ əŰɘɟɑɤɜ ɐ ɡˊɞŭɞɛɩɜ, əŬɗɩɠ 

ɓɟɑůəɞɜŰŬɘ ůŰɞ ɑŭɘɞ ɓɎɗɞɠ 1 m ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ŬɟɢŬɑɞ ŮˊɑˊŮŭɞ əŬŰŬůəŮɡɐɠ. ȼ ɚŮəɎɜɖ 

Űɞɡ ɚɘɛŬɜɘɞɨ ŮɑɜŬɘ ŮɛűŬɜɐɠ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ GPR ůŬɜ ́Ůɟɘɞɢɐ ɢŬɛɖɚɐɠ 

ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ əŬɘ ɛŮɘɤɛɏɜɖɠ ŬɜŬɚɞɔɑŬɠ ůɐɛŬŰɞɠ / ɗɞɟɨɓɞɡ (S / N) əɎŰɤ Ŭˊɧ 40 ns. ȼ 

ɛŮɑɤůɖ Űɞɡ ɚɧɔɞɡ S / N ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɢŬɛɖɚɏɠ Űɘɛɏɠ  ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ˊɞɡ 

ɞŭɖɔɞɨɜ ůŮ Ŭɡɝɖɛɏɜɖ ŮɝŬůɗɏɜɖůɖ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ. 

ɇɞ ˊɟɞűɑɚ Ⱥ1 ůɡɔəɟɘɜɧɛŮɜɞ ɛŮ Űɞ ɟŬŭɘɞɔɟɎűɖɛŬ R1 ɏŭŮɘɝŮ ɧŰɘ ɖ ɗɏůɖ Űɖɠ ɘůɢɡɟɐɠ ɔɟŬɛɛɐɠ 

GPR (ůɖɛŮɘɤɛɏɜɖ ɛŮ əɑŰɟɘɜɞ ɢɟɩɛŬ) ůɡɛˊɑˊŰŮɘ ůŰɖɜ ɔɟŬɛɛɐ ERT ɛŮ Űɖ (ůŰŬŭɘŬəɐ) 

ɛŮŰɎɓŬůɖ Ŭˊɧ ŰŬ əɞɚɚɞɡɓɘŬəɎ ɘɕɐɛŬŰŬ ůŮ ˊɞŰɎɛɘŮɠ ŬˊɞɗɏůŮɘɠ. Ⱥˊɞɛɏɜɤɠ, ɡˊɞɗɏŰɞɡɛŮ ɧŰɘ 

ɖ ɔɟŬɛɛɐ GPR ŭŮɑɢɜŮɘ Űɖɜ ˊɟɩɘɛɖ ŬəŰɞɔɟŬɛɛɐ. 

ũɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ˊɚŮɡɟɘəɏɠ ŮəŰɎůŮɘɠ Űɧůɞ Űɖɠ ɚɘɛɜɞɗɎɚŬůůŬɠ ɧůɞ 

əŬɘ Űɞɡ ˊɞŰŬɛɞɨ, ɧɚŬ ŰŬ ˊɟɞűɑɚ ERT ŬɜŰɘůŰŬɗɛɑůŰɖəŬɜ ɛŮ Űɘɠ ɑŭɘŮɠ ɟɡɗɛɑůŮɘɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŬˊŮɘəɞɜɑůŰɖəŬɜ ůŮ 3D. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ŬɡŰɐɠ ɏŭŮɘɝŬɜ ɧŰɘ Űɞ əɞɚɚɞɡɓɘŬəɧ ůŰɟɩɛŬ ůŰɞ ɜɧŰɘɞ əŬɘ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ɤɠ ɕɩɜɖ ɖɚŮəŰɟɘəɎ ɡɣɖɚɐɠ ŬɜŰɞɢɐɠ (əɧəəɘɜɞ əŬɘ əɑŰɟɘɜɞ) ˊɞɡ ŮˊɘəŬɚɨˊŰŮɘ Űɖɜ ˊŬɚɘɎ 

ɚŮəɎɜɖ ɚɘɛɜɞɗɎɚŬůůŬɠ (ůəɞɨɟɞ ɛˊɚŮ) ˊɚŮɡɟɘəɎ əŬŰɎ ˊŮɟɑˊɞɡ 10 m, ˊɟɞŰɞɨ ŬɜŬɓŬɗɛɘůŰŮɑ 

ůŮ  ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ (ˊɟɎůɘɜɞ). ȼ ɏəŰŬůɖ Űɖɠ ɜŮɧŰŮɟɖɠ űɎůɖɠ Űɞɡ ˊɞŰɎɛɘɞɡ ɚɘɛŬɜɘɞɨ 

ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŬɜɘɢɜŮɡɗŮɑ ɛŮ ůŬűɐɜŮɘŬ, ŬɚɚɎ ɤɠ ˊɟɞůɏɔɔɘůɖ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ 

ɛŮŰɎɓŬůɖ ɛŮŰŬɝɨ əɞɚɚɞɡɓɘŬəɞɨ əŬɘ ŬɚɚɞɡɓɘŬəɞɨ ůŰɟɩɛŬŰɞɠ.  



74 

 

 

ȺɘəɧɜŬ 3.15: Ɇɨɔəɟɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ GPR ɛŮ ERT - Ʉɖɔɐ: (Tina Wunderlich, 2017) 
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ȺɘəɧɜŬ 3.16: 3D ŬˊŮɘəɧɜɘůɖ ˊɟɞűɑɚ ERT - Ʉɖɔɐ: (Tina Wunderlich, 2017) 

 

 

3.3.5 ɆɡɛˊŮɟɎůɛŬŰŬ 

 

ɀŮ ɓɎůɖ Űɖɜ ȺRɇ əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ ůŮɘůɛɘəɏɠ ɛŮŰɟɐůŮɘɠ, 

ŬɜŬůəŬűɏɠ əŬɘ ŬɜŬɔɜɤɟɘůŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ, ɛˊɞɟŮɑ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɏɜŬɠ ɢɎɟŰɖɠ Űɖɠ 

ɏəŰŬůɖɠ əŬɘ Űɞɡ ɓɎɗɞɡɠ Űɤɜ ŭɨɞ ɚŮəŬɜɩɜ, ɞˊɞɑɞɠ ŭŮɑɢɜŮɘ Űɖ ɛɘəɟɧŰŮɟɖ ɏəŰŬůɖ Űɞɡ ɜŮɧŰŮɟɞɡ 

ˊɞŰɎɛɘɞɡ ɚɘɛŬɜɘɞɨ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ŮɚɎɢɘůŰŮɠ ŭɘŬůŰɎůŮɘɠ 50 m. (ȸɞɟɟɎ-ɜɧŰɞ) əŬɘ 100 m 

(ŬɜŬŰɞɚɘəɎ-ŭɡŰɘəɎ). ɇɞ ˊŬɚŬɘɧŰŮɟɞ ɚɘɛɜŬɑɞ ɚɘɛɎɜɘ ɏűŰŬůŮ ůŰŬ 8 ɛŮ 15 m ˊɟɞɠ ŰŬ ɜɧŰɘŬ əŬɘ 

ˊɘɗŬɜɧɜ ŬɜŬŰɞɚɘəɎ. ũɘŬ Űɖɜ ɏəŰŬůɖ əŬɘ Űɞ ɓɎɗɞɠ Űɖɠ ɜŮɧŰŮɟɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ˊɞŰŬɛɞɨ 
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ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɛɘəɟɧŰŮɟɞ ɓɎɗɞɠ Űɞɡ ɧˊɞɡ ɖ 

ŬɜɎɚɡůɖ Űɤɜ Ůɘəɧɜɤɜ ERT ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɖ. 

ɇŬ ůŮɘůɛɘəɎ ŭŮŭɞɛɏɜŬ ˊŬɟŮɑɢŬɜ Űɞ ɓɎɗɞɠ Űɞɡ ˊɞŰɎɛɘɞɡ ɚɘɛŬɜɘɞɨ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨůŮ ůŰɖɜ 

əɞɟɡűɐ Űɞɡ ŮɜůɤɛŬŰɤɛɏɜɞɡ ůŰɟɩɛŬŰɞɠ ɡɣɖɚɐɠ ŰŬɢɨŰɖŰŬɠ. ɇɞ ɓɎɗɞɠ Űɞɡ ɚɘɛɜŬɑɞɡ 

ɚɘɛŬɜɘɞɨ ŭŮɜ ɛˊɞɟɞɨůŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Ŭˊɧ ŰŬ ůŮɘůɛɘəɎ. 

ȼ ŬɜɎɚɡůɖ ERT ɛŮɘɩɜŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ˊɟɞɠ Űɞ ɓɎɗɞɠ əŬɘ ˊɟɞɠ Űɘɠ ˊɚŮɡɟɏɠ Űɤɜ 

ˊɟɞűɑɚ, ŬɜɎɚɞɔŬ Ůˊɑůɖɠ ɛŮ Űɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŭɘŬɛɞɟűɩůŮɘɠ ɖɚŮəŰɟɞŭɑɤɜ. Ⱥɜɩ ɞɘ 

ůɡůŰɞɘɢɑŮɠ dipole dipole ˊŬɟɏɢɞɡɜ əŬɚɨŰŮɟɖ ˊɚŮɡɟɘəɐ ŬɜɎɚɡůɖ, ɞɘ ůɡůŰɞɘɢɑŮɠ Wenner əŬɘ 

Schlumberger ɏɢɞɡɜ əŬɚɨŰŮɟɖ əŬŰŬəɧɟɡűɖ ŬɜɎɚɡůɖ. ȰŰůɘ, ɏɜŬɠ ůɡɜŭɡŬůɛɧɠ ŬɡŰɩɜ Űɤɜ 

ŭɘŬɛɞɟűɩůŮɤɜ, ɧˊɤɠ ɏɔɘɜŮ ůŮ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ, ˊŬɟɏɢŮɘ Űɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ŬɜɎɚɡůɖ ůŮ 

ɧɚŮɠ Űɘɠ əŬŰŮɡɗɨɜůŮɘɠ. 

 

 

ȺɘəɧɜŬ 3.17: ȰəŰŬůɖ əŬɘ ɓɎɗɞɠ Űɤɜ ŭɨɞ ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ ɧˊɤɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ 

ɛɏŰɟɖůɖɠ ï Ʉɖɔɐ: (Tina Wunderlich, 2017) 
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ȷɜŬəŮűŬɚŬɘɩɜɞɜŰŬɠ, Ŭˊɧ Űɖɜ ɏɟŮɡɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɃůŰɑŬɠ ˊɟɞɏəɡɣŬɜ ŰŬ Ůɝɐɠ: 

1. ɆŰɟɤɛŬŰɞɔɟŬűɑŬ əŬɘ ɓɎɗɞɠ Űɖɠ ˊɚɐɟɤůɖɠ Űɖɠ ɚŮəɎɜɖɠ: ɇɞ ɚɘɛɎɜɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ 

űɎůŮɘɠ: Ŭ) ɛɘŬ ˊŬɚŬɘɧŰŮɟɖ űɎůɖ ɚɘɛɜɞɗɎɚŬůůŬɠ ɛŮ Űɖ ɓɎůɖ Űɖɠ ůŮ ˊŮɟɑˊɞɡ 7.6 m ɓɎɗɞɠ 

əŬɘ ɓ) ɛɘŬ ɜŮɧŰŮɟɖ űɎůɖ ɢŬɟŬəŰɖɟɘɕɧɛŮɜɖ Ŭˊɧ ˊɞŰɎɛɘŬ ɘɕɐɛŬŰŬ ɛŮ ɓɎůɖ ůŮ ˊŮɟɑˊɞɡ 2,7 m. 

Ƀɘ ŭɨɞ űɎůŮɘɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŬ ɢɞɜŭɟɧəɞəəɞ ɚŮˊŰɧ ůŰɟɩɛŬ ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ, Űɞ 

ɞˊɞɑɞ ŬˊɞŭɧɗɖəŮ ůŮ ɏɜŬ ŰůɞɡɜɎɛɘ əŬɘ Űɞ ɞˊɞɑɞ ŮɜŰɞˊɑɕŮŰŬɘ ůŰŬ ůŮɘůɛɘəɎ ˊɟɞűɑɚ. Ƀɘ ŭɨɞ 

űɎůŮɘɠ Űɞɡ ɚɘɛɏɜŬ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŬɜŬɔɜɤɟɘůŰɞɨɜ ůŰŬ ˊɟɞűɑɚ ERT, ŬɚɚɎ ɖ ERT ŭŮɜ 

ŬɜŬɔɜɤɟɑɕŮɘ Űɖ ůŰɘɓɎŭŬ ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ɚɧɔɤ Űɞɡ ɢŬɛɖɚɞɨ ˊɎɢɞɡɠ Űɖɠ əŬɘ Űɖɠ ɢŬɛɖɚɐɠ 

ŬɜŰɑɗŮůɖɠ ŬɜŰɑůŰŬůɖɠ. 

2. ɄɚŮɡɟɘəɐ ɏəŰŬůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ: ɀŮ ɓɎůɖ Űɞ ɓŬɗɛɞɜɞɛɖɛɏɜɞ ɛŮ ɔŮɤŰɟɐůŮɘɠ 

ȺRɇ, ɛˊɞɟŮɑ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɏɜŬ ŰɟɘůŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ Űɖɠ ɚɘɛŮɜɘəɐɠ ɚŮəɎɜɖɠ, Űɞ ɞˊɞɑɞ 

ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɏɠ ŭɘŬűɞɟɏɠ ůŰɘɠ ˊɚŮɡɟɘəɏɠ ŮəŰɎůŮɘɠ Űɤɜ ŭɨɞ űɎůŮɤɜ. ɇŬ ɧɟɘŬ ŮɑɜŬɘ əŬɚɎ 

əŬɗɞɟɘůɛɏɜŬ ůŰŬ ŬɜŬŰɞɚɘəɎ əŬɘ ŰŬ ɜɧŰɘŬ. ȼ ŮɚɎɢɘůŰɖ ɏəŰŬůɖ Űɖɠ ɚŮəɎɜɖɠ Űɞɡ Ɏɜɤ ˊɞŰɎɛɘɞɡ 

ɚɘɛŬɜɘɞɨ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 100 m 50 m, Ůɜɩ Űɞ ˊŬɚŬɘɧŰŮɟɞ ɚɘɛɜɞɗŬɚɎůůɘɞ ɚɘɛɎɜɘ ɏűŰŬůŮ ŰŬ 8-

15 m Ůˊɘˊɚɏɞɜ ˊɟɞɠ ůŰŬ ɜɧŰɘŬ əŬɘ ůŰŬ ŬɜŬŰɞɚɘəɎ. ɆŰɞ ɜɧŰɞ ŮɛűŬɜɑɕŮŰŬɘ ɛɘŬ əŬɚɎ 

əŬɗɞɟɘůɛɏɜɖ ŬˊɧŰɞɛɖ ɔɟŬɛɛɐ ůŰɘɠ ɛŮŰɟɐůŮɘɠ GPR ˊɞɡ ˊɘɗŬɜɧŰŬŰŬ ɡˊɞŭŮɘəɜɨɞɡɜ ŰŬ ɧɟɘŬ 

Űɖɠ ɚŮəɎɜɖɠ ɜŮɧŰŮɟɤɜ ůŰŬŭɑɤɜ əŬɗɩɠ ůɡɛűɤɜŮɑ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ERT ˊɟɞűɑɚ. 

3. ɇŬ ɡˊɞɚŮɑɛɛŬŰŬ Űɖɠ ɢŮɟůŬɑŬɠ ɡˊɞŭɞɛɐɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢŬɟŰɞɔɟŬűɖɗɞɨɜ Ŭˊɧ Űɞ GPR 

ɜɧŰɘŬ Űɖɠ ɔɟŬɛɛɐɠ ˊɞɡ əŬɗɞɟɑɕŮɘ ŰŬ ɜɧŰɘŬ ůɨɜɞɟŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. ɆŰŬ ŬɜŬŰɞɚɘəɎ 

Űɞɡ ůɨɜɞɟŬ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɢŬɟŰɞɔɟŬűɖɗŮɑ ɏɜŬɠ Ůɜɞˊɞɘɖɛɏɜɞɠ ɞɟɑɕɞɜŰŬɠ ůŮ ɓɎɗɞɠ 2-3 m, 

ɞ ɞˊɞɑɞɠ əŬŰɎ ˊɎůŬ ˊɘɗŬɜɧŰɖŰŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɡˊɞɚŮɑɛɛŬŰŬ Ůɜɧɠ ɚɘɛŮɜɘəɞɨ 

ůɡɔəɟɞŰɐɛŬŰɞɠ. 
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4 ũŮɤűɡůɘəɐ ȰɟŮɡɜŬ ˊɚɖůɑɞɜ Űɞɡ ɜŬɞɨ Űɖɠ ȷɟŰɏɛɘŭɞɠ  

 

 ɄŮɟɘɞɢɐ ŭɘŮɝŬɔɤɔɐɠ ɔŮɤűɡůɘəɐɠ ɏɟŮɡɜŬɠ 

 

ȼ ˊŮɟɘɞɢɐ ɔŮɤűɡůɘəɐɠ ɏɟŮɡɜŬɠ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬɚɑŬ Űɖɠ ȷɟŰɏɛɘŭɞɠ, ɖ 

ɞˊɞɑŬ ŬɜɐəŮɘ ůŰɞ ȹɐɛɞ ɆˊɎŰɤɜ ï ȷɟŰɏɛɘŭɞɠ ˊɞɡ ůɡůŰɎɗɖəŮ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ ȾŬɚɚɘəɟɎŰɖɠ 

Ŭˊɧ Űɖ ůɡɜɏɜɤůɖ Űɤɜ ˊɟɞɦˊŬɟɢɧɜŰɤɜ ŭɐɛɤɜ ɆˊɎŰɤɜ ï ȿɞɨŰůŬɠ əŬɘ ȷɟŰɏɛɘŭɞɠ. (ȺɘəɧɜŬ 

4.1) ȷɜɐəŮɘ ůŰɖɜ ˊŮɟɘűɏɟŮɘŬ ȷŰŰɘəɐɠ, ůŰɞ ˊŮɟɘűŮɟŮɘŬəɧ ŭɘŬɛɏɟɘůɛŬ ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ. 

 

ȺɘəɧɜŬ  4.1: ɉɎɟŰɖɠ ȾŬɚɚɘəɟŬŰŮɑɞɡ ȹɐɛɞɡ ɆˊɎŰɤɜ - ȷɟŰɏɛɘŭɞɠ  

Ʉɖɔɐ: http://www.spata-artemis.gr/userdata/images/map_big.png 

Ƀ ȹɐɛɞɠ ɆˊɎŰɤɜ ï ȷɟŰɏɛɘŭɞɠ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŮŭɘɎŭŬ ɀŮůɞɔŮɑɤɜ, ůŰɖɜ əŮɜŰɟɘəɐ 

ȷŰŰɘəɐ əŬɘ ɏɤɠ ŰŬ ˊŬɟɎɚɘŬ Űɞɡ Ɂ. Ⱥɡɓɞɥəɞɨ. ȼ ˊŮɟɘɞɢɐ, ˊɞɡ ɞɟɑɕŮɘ Űɖɜ əŮɜŰɟɘəɐ ŬɜŬŰɞɚɘəɐ 

ȷŰŰɘəɐ, ŭɘŬɢɤɟɑɕŮŰŬɘ Ŭˊɧ ɎɚɚŮɠ ŮɡɟɨŰŮɟŮɠ ɢɤɟɘəɏɠ ˊŮɟɘɞɢɏɠ (ɓɞɟŮɘɞŬɜŬŰɞɚɘəɐ ȷŰŰɘəɐ ï 

ȿŮəŬɜɞˊɏŭɘɞ ï ɜɧŰɘŬ əŬɘ ɜɞŰɘɞŬɜŬŰɞɚɘəɐ ȷŰŰɘəɐ), ůŮ ŬɜɎˊŰɡɔɛŬ ɖɛɘəɡəɚɑɞɡ Ŭˊɧ ŰŬ űɡůɘəɎ 

çűɟɎɔɛŬŰŬè Űɞɡ ɄŮɜŰŮɚɘəɞɨ ɧɟɞɡɠ, Űɞɡ ɈɛɖŰŰɞɨ əŬɘ Űɖɠ ɀŮɟɏɜŰŬɠ. ȼ ŭɘɞɘəɖŰɘəɐ ŭɞɛɐ Űɞɡ 

ȹɐɛɞɡ ɆˊɎŰɤɜ-ȷɟŰɏɛɘŭɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ȹɖɛɞŰɘəɏɠ ȾɞɘɜɧŰɖŰŮɠ ɆˊɎŰɤɜ ï ȿɞɨŰůŬɠ 

əŬɘ ȷɟŰɏɛɘŭɞɠ. 
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ȼ ȹɖɛɞŰɘəɐ ȾɞɘɜɧŰɖŰŬ ȷɟŰɏɛɘŭɞɠ ɏɢŮɘ ůɡɜɞɚɘəɐ ɏəŰŬůɖ 21,226 ŰŮŰɟŬɔɤɜɘəɎ ɢɘɚɘɧɛŮŰɟŬ 

ɧŰŬɜ ɖ ůɡɜɞɚɘəɐ ɏəŰŬůɖ Űɞɡ ȹɐɛɞɡ ŮɑɜŬɘ 73695 ŰŮŰɟŬɔɤɜɘəɎ ɢɘɚɘɧɛŮŰɟŬ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ 

Űɞɡɠ ɞɘəɘůɛɞɨɠ ȿɞɨŰůŬ, ȸɟŬɡɟɩɜŬ, ȸŮɚŬɜɘŭɏɕŬ, ɄɟɎůɘɜɞɠ ȿɧűɞɠ əŬɘ ȸɟɨůɖ. ȼ ȹɖɛɞŰɘəɐ 

ȾɞɘɜɧŰɖŰŬ ȷɟŰɏɛɘŭɞɠ, ɏɤɠ Űɞ 1962 ŬˊɞŰŮɚɞɨůŮ ůɡɜɞɘəɘůɛɧ Űɞɡ ȹɐɛɞɡ ɆˊɎŰɤɜ əŬɘ 

ɞɜɞɛŬɕɧŰŬɜ ñȿɞɨŰůŬò, ɖ ɞˊɞɑŬ ůŰɖɜ ŬɟɓŬɜɑŰɘəɖ ɔɚɩůůŬ ˊɟɞůŭɘɞɟɑɕŮɘ ɏɜŬ ɛɏɟɞɠ ɛŮ ˊɞɚɨ 

ɜŮɟɧ. ȼ ˊŮɟɘɞɢɐ əŬɘ ɞ Ŭɟɢɘəɧɠ ɞɘəɘůɛɧɠ Űɖɠ ȿɞɨŰůŬɠ ˊŬɟŬɛɏɜŮɘ ůŰŬ ŭɘɞɘəɖŰɘəɎ ɧɟɘŬ Űɤɜ 

ɆˊɎŰɤɜ ɛɏɢɟɘ Űɞ 1974 ɧˊɞɡ ɛŮŰɎ ŬɜŬɔɜɤɟɑɕŮŰŬɘ ɤɠ ȾɞɘɜɧŰɖŰŬ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ ɛŮ 

Űɞ ɧɜɞɛŬ ȷɟŰɏɛɘŭŬ, ɞɜɞɛŬůɑŬ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ŬɟɢŬɑŬ ɗŮɎ ȷɟŰɏɛɘŭŬ, Ŭűɞɨ ůŰɖɜ 

ȸɟŬɡɟɩɜŬ, ˊŬɟŬəŮɑɛŮɜɖ ˊŮɟɘɞɢɐ, ɡˊɎɟɢɞɡɜ ŰŬ ŮɟŮɑˊɘŬ Űɞɡ ɘŮɟɞɨ Űɖɠ ȸɟŬɡɟɤɜɑŬɠ 

ȷɟŰɏɛɘŭɞɠ. Ƀ ˊɚɖɗɡůɛɧɠ Űɞɡ ȹɐɛɞɡ ůɨɛűɤɜŬ ɛŮ Űɞɜ ɄɑɜŬəŬ Ʉɟɞůɤɟɘɜɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

Űɞɡ ɀɧɜɘɛɞɡ Ʉɚɖɗɡůɛɞɨ Űɖɠ ȺɚɚɎŭɞɠ, ŬˊɞɔɟŬűɐ 2011 ŬɜɏɟɢŮŰŬɘ ůŮ 33.843 əŬŰɞɑəɞɡɠ. 

(ȹɐɛɞɠ ɆˊɎŰɤɜ - ȷɟŰɏɛɘŭɞɠ, 2011) 

 

 

ȺɘəɧɜŬ  4.2: ɉɎɟŰɖɠ ȷŰŰɘəɐɠ - ˊŬɟŬɚɑŬ ȷɟŰɏɛɘŭɞɠ Ʉɖɔɐ: Google Earth 
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 ȽůŰɞɟɘəɎ əŬɘ ŬɟɢŬɘɞɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞ ɜŬɧ Űɖɠ ȷɟŰɏɛɘŭɞɠ 

4.1.1 ȷɟɢŬɘɞɚɞɔɘəɧɠ ɉɩɟɞɠ 

Ƀ ȷɟɢŬɘɞɚɞɔɘəɧɠ ɢɩɟɞɠ ůŰɞɜ ɞˊɞɑɞ ŭɘŮɝɎɢɗɖəŮ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɖɠ ɏɟŮɡɜŬɠ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖɜ 

ˊŬɟŬɚɑŬ Űɖɠ ȷɟŰɏɛɘŭɞɠ ůŰɖɜ ɁɞŰɘɞŬɜŬŰɞɚɘəɐ ȷŰŰɘəɐ əŬɘ ŮɑɜŬɘ ɜŬɧɠ ŬűɘŮɟɤɛɏɜɞɠ ůŰɖɜ ɗŮɎ 

ȯɟŰŮɛɘɠ ɇŬɡɟɞˊɧɚɞɡ. ȼ ˊɟɩŰɖ ŬɜŬůəŬűɐ ŭɘŮəˊŮɟŬɘɩɗɖəŮ Űɞ 1925 ɧˊɞɡ əŬɘ ɓɟɏɗɖəŬɜ ŰŬ 

ˊɟɩŰŬ ŮɡɟɐɛŬŰŬ Űɞɡ ɜŬɞɨ Ŭˊɧ Űɞɜ Ȱűɞɟɞ ȷɟɢŬɘɞŰɐŰɤɜ ȷŰŰɘəɐɠ ɁɘəɧɚŬɞ ȾɡˊŬɟɑůůɖ. 

ȾŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ 1956-1957 ɖ ȷɟɢŬɘɞɚɞɔɘəɐ ȺŰŬɘɟŮɑŬ ˊɟɞɢɩɟɖůŮ ůŮ ŭŮɨŰŮɟɖ ůŮɘɟɎ 

ŮɟŮɡɜɩɜ ɡˊɧ Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ ŰɧŰŮ ȹɘŮɡɗɡɜŰɐ ȷɟɢŬɘɞŰɐŰɤɜ ȽɤɎɜɜɖ ɄŬˊŬŭɖɛɖŰɟɑɞɡ əŬɘ 

ɛŮ Űɖ ůɡɜŮɟɔŬůɑŬ Űɤɜ ŰɧŰŮ ȺˊɘɛŮɚɖŰɩɜ ȷɟɢŬɘɞŰɐŰɤɜ ȸŬůɘɚŮɑɞɡ ɉ. ɄŮŰɟɎəɞɡ əŬɘ ȳɚɔŬɠ 

ȷɚŮɝŬɜŭɟɐ. Ⱥˊɘˊɚɏɞɜ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1970 ɏɔɘɜŬɜ ˊŮɟŬɘŰɏɟɤ 

ŬɜŬůəŬűɏɠ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɞɡ ɜŬɞɨ ɧˊɞɡ ɓɟɏɗɖəŬɜ ˊŬɟŬɚɘŬəɎ əŰɖɟɘŬəɎ ůɡɔəɟɞŰɐɛŬŰŬ 

ɚŬŰɟŮɡŰɘəɞɨ ɢŬɟŬəŰɐɟŬ. ȽŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ ŬˊɞŰŮɚŮɑ ɏɜŬɠ ɛɘəɟɧɠ ɜŬɧɠ Ŭˊɧ Űɞɡɠ 

ɔŮɤɛŮŰɟɘəɞɨɠ ɛɏɢɟɘ əŬɘ Űɞɡɠ əɚŬůɘəɞɨɠ ɢɟɧɜɞɡɠ. ɇɏɚɞɠ, ůŰɞɜ ŮɡɟɨŰŮɟɞ ɢɩɟɞ Űɞɡ ɘŮɟɞɨ 

ɏɢɞɡɜ ŮɜŰɞˊɘůɗŮɑ ŭɨɞ ˊɟɧˊɡɚŬ (ŬɜŬŰɞɚɘəɧ əŬɘ ŭɡŰɘəɧ), ɢŬɚɘəɧůŰɟɤŰɞɠ ŭɟɧɛɞɠ əŬɘ ɓɎɗɟŬ 

ŬɜŬɗɖɛɎŰɤɜ. 

ȷˊɧ Űɞ əŮɜŰɟɘəɧ ɜŬɧ ůɩɕŮŰŬɘ ɛɧɜɞ Űɞ ɗŮɛɏɚɘɞ Ůɜɧɠ ŭɤɟɘəɞɨ ˊŮɟɘˊŰɏɟɞɡ űŰɘŬɔɛɏɜɞ Ŭˊɧ 

ˊɤɟɧɚɘɗɞ ɛŮ ŭɘŬůŰɎůŮɘɠ ŮɡɗɡɜŰɖɟɑŬɠ 21,16 ɉ 14,11 m. əŬɘ ŭɘŬůŰɎůŮɘɠ əɡɟɑɤɠ ɜŬɞɨ 7 ɉ 13 

m. Ƀ ˊɤɟɧɚɘɗɞɠ ŬˊɞŰŮɚŮɑ ɡɚɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ɔɘŬ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ 

əŬŰŬůəŮɡɐɠ Űɖɠ Ůˊɞɢɐɠ. Ƀ əɨɟɘɞɠ ɜŬɧɠ ɢɤɟɑɕŮŰŬɘ ůŮ ɏɜŬ ɛŮɔɎɚɞ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ 7 x 5 m 

əŬɗɩɠ əŬɘ ůŮ ɏɜŬ ɛɘəɟɧŰŮɟɞ 5 x 3,2 m Űɞ ɞˊɞɑɞ ɢŬɟŬəŰɖɟɑůŰɖəŮ ɤɠ ɎŭɡŰɞ Ŭˊɧ Űɞɜ Ƚ. ɇɟŬɡɚɧ. 

Ƀ ɜŬɧɠ ɢɟɞɜɞɚɞɔŮɑŰŬɘ ɛŮŰŬɝɨ Űɏɚɞɡɠ Űɞɡ 6ɞɡ Ŭɘ. Ʉ.ɉ. əŬɘ ŰŬ ŭɨɞ ŰɟɑŰŬ Űɞɡ 4ɞɡ Ŭɘ. Ʉ.ɉ. ɚɧɔɤ 

əŬŰŬůəŮɡŬůŰɘəɩɜ ɚŮˊŰɞɛŮɟŮɘɩɜ (ɡˊɞɚŮɑɛɛŬŰŬ Ŭˊɧ ŭɨɞ ɓŬɗɛɑŭŮɠ Űɖɠ əɟɖˊɑŭŬɠ ˊɎɜɤ Ŭˊɧ 

Űɖɜ ŮɡɗɡɜŰɐɟɘŬ Űɞɡ ɜŬɞɨ). Ⱥˊɘˊɚɏɞɜ, ɓɟɏɗɖəŬɜ əŬŰɎ Űɘɠ ŬɜŬůəŬűɏɠ Űɞɡ 1956-1957 ɚŮɑɣŬɜŬ 

Ŭˊɧ Űɞɜ əŮɟŬɛɞˊɚŬůŰɘəɧ ŭɘɎəɞůɛɞ Űɞɡ ɜŬɞɨ əŬɗɩɠ əŬɘ ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ əŮɟŬɛɘəɐɠ əŬɘ 

ɛɘəɟɞŮɡɟɡɛɎŰɤɜ. (ɀɞɡůŮɑɞ ȸɟŬɡɟɩɜŬɠ)  

Ƀ ɜŬɧɠ Űɖɠ ȷɟŰɏɛɘŭɞɠ ɇŬɡɟɞˊɧɚɞɡ ŮɑɜŬɘ ɔɜɤůŰɧɠ Ŭˊɧ ŬɜŬűɞɟɏɠ ůŮ ŬɟɢŬɑŬ əŮɑɛŮɜŬ ɧˊɤɠ ɖ 

ŰɟŬɔɤŭɑŬ Űɞɡ Ⱥɡɟɘˊɑŭɖ çȽűɘɔɏɜŮɘŬ Ůɜ ɇŬɨɟɞɘɠè (ůŰɑɢ. 1446-1457) əŬɗɩɠ əŬɘ ɖ əɤɛɤŭɑŬ Űɞɡ 

ɀŮɜɎɜŭɟɞɡ çȺˊɘŰɟɏˊɞɜŰŮɠè (ůŰɑɢ. 451-454). ɆŰɖɜ ŬɟɢŬɘɧŰɖŰŬ ŬˊɞŰŮɚɞɨůŮ ɘŭɘŬɑŰŮɟɖɠ 

ůɖɛŬůɑŬɠ ɚŬŰɟŮɡŰɘəɧ ɢɩɟɞ, əŬɗɩɠ əŬɘ Űɞ əɏɜŰɟɞ Űɞɡ ŬɟɢŬɑɞɡ ŬŰŰɘəɞɨ ŭɐɛɞɡ Űɤɜ ȷɚɩɜ 

ȷɟŬűɖɜɑŭɤɜ. ȽŭɟɡŰɐɠ Űɞɡ ɜŬɞɨ ůɨɛűɤɜŬ ɛŮ Űɞɜ Ⱥɡɟɘˊɑŭɖ ŮɑɜŬɘ ɞ ɃɟɏůŰɖɠ, ɞ ɞˊɞɑɞɠ  əŬɗɩɠ 

ɛŮŰɏűŮɟŮ Űɞ ɝɧŬɜɞ Űɖɠ ɗŮɎɠ ŬˊɞɓɘɓɎůŰɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ əŬɘ ɏɢŰɘůŮ Űɞ ɜŬɧ. Ƀɘ ŭɨɞ ŬɟɢŬɑɞɘ 

ůɡɔɔɟŬűŮɑɠ ŭɑɜɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ɨűɞɠ əŬɘ Űɘɠ ŰŮɚŮŰɏɠ ˊɞɡ ˊŮɟɘɚɎɛɓŬɜŮ ɖ ŮɞɟŰɐ Űɤɜ 
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çɇŬɡɟɞˊɞɚɑɤɜè ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɜ ˊɟɞɠ Űɘɛɐɜ Űɖɠ ɗŮɎɠ ɧˊɤɠ ɜɡɢŰŮɟɘɜɏɠ ˊɞɛˊɏɠ, 

ŰŮɚŮŰɏɠ ŭɘɞɜɡůɘŬəɞɨ ɢŬɟŬəŰɐɟŬ əŬɘ ŭɟɩɛŮɜŬ ɛŮ ůɡɛɓɞɚɘəɐ ɛɑɛɖůɖ Ŭɜɗɟɤˊɞɗɡůɘɩɜ. 

ȷˊɧ ŰŬ ŮɡɟɐɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɓɟŮɗŮɑ əŬŰɎ əŬɘɟɞɨɠ ůŰɘɠ ŬɜŬůəŬűɏɠ ɡˊɞŭɖɚɩɜŮŰŬɘ ɧŰɘ ɞ ɘŮɟɧɠ 

ɢɩɟɞɠ ɚŮɘŰɞɡɟɔɞɨůŮ Ŭˊɧ Űɞɜ 7ɞ Ŭɘ. Ʉ.ɉ. ɏɤɠ əŬɘ Űɞɜ 1ɞ Ŭɘ. ɀ.ɉ.. ɈˊɎɟɢɞɡɜ ŭɘŬůɤɗɏɜŰŬ 

ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ɛŬɟŰɡɟɞɨɜ Űɖɜ ɢɟɐůɖ Űɞɡ ɘŮɟɞɨ əŬɘ ɛɏɢɟɘ Űɞɜ 4ɞ Ŭɘ ɀ.ɉ. , ˊɞɡ ɧɛɤɠ ŭŮɜ 

ŮˊŬɟəɞɨɜ ɔɘŬ ɜŬ ɔɑɜŮɘ ůɡůɢɏŰɘůɖ ɛŮ ŰŮɚŮŰɏɠ ɚŬŰɟŮɡŰɘəɞɨ ɢŬɟŬəŰɐɟŬ. 

(ȾŬɚɞɔŮɟɧˊɞɡɚɞɠ) (ɆɡɟɘŬɜɞɨ) 

 

ȺɘəɧɜŬ  4.3: ȺɡɟɨŰŮɟɞɠ ȷɟɢŬɘɞɚɞɔɘəɧɠ ɉɩɟɞɠ Ʉɖɔɐ: Google Earth 

 

ȺɘəɧɜŬ  4.4: ȷɟɢŬɘɞɚɞɔɘəɧɠ ɉɩɟɞɠ ŬűɘŮɟɤɛɏɜɞɠ ůŰɖ ɗŮɎ ȷɟŰɏɛɘŭŬ ɇŬɡɟɞˊɧɚɞɡ Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ȷɟɢŮɑɞ 
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4.1.2 Ƀ ɛɨɗɞɠ Űɖɠ ɗŮɎɠ ȯɟŰŮɛɘɠ 

ȾŬŰɎ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ ɇɟɤɘəɞɨ Ʉɞɚɏɛɞɡ ɖ ɗŮɎ ȯɟŰŮɛɘɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮəŭɘəɖɗŮɑ Űɞɜ 

ɓŬůɘɚɘɎ ȷɔŬɛɏɛɜɤɜ ˊɞɡ ůəɧŰɤůŮ Űɞ ȽŮɟɧ ȺɚɎűɘ Űɖɠ, ˊɟɞəɎɚŮůŮ Űɖɜ ˊŬɨůɖ Űɤɜ Ŭɜɏɛɤɜ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɞ ŬɢŬɥəɧɠ ůŰɧɚɞɠ ɜŬ ɛɖɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞˊɚŮɨůŮɘ ŮɜŬɜŰɑɞɜ Űɖɠ ɇɟɞɑŬɠ. ũɘŬ ɜŬ 

ɝŮˊŮɟŬůŰŮɑ ŬɡŰɧ Űɞ Ůɛˊɧŭɘɞ ɞ ɛɎɜŰɖɠ ȾɎɚɢŬɠ ˊɟɞűɐŰŮɡůŮ ɧŰɘ ɗŬ ɏˊɟŮˊŮ ɜŬ ɗɡůɘŬůŰŮɑ ůŰɖɜ 

ɗŮɎ ɖ əɧɟɖ Űɞɡ ȷɔŬɛɏɛɜɤɜ, ȽűɘɔɏɜŮɘŬ ɖ ɞˊɞɑŬ ɏűŰŬůŮ ɛŮ ŭɧɚɞ ůŰɖɜ ȷɡɚɑŭŬ ɛŬɕɑ ɛŮ Űɖɜ 

ɛɖŰɏɟŬ Űɖɠ ȾɚɡŰŬɘɛɜɐůŰɟŬ. ȿɑɔɞ ˊɟɘɜ Űɖɜ ɗɡůɑŬ, ɖ ȯɟŰŮɛɘɠ ɚɡˊɐɗɖəŮ Űɖɜ əɞˊɏɚŬ, ɛŮ ɏɜŬ 

ůɨɜɜŮűɞ Űɖɜ ɎɟˊŬɝŮ, ɎűɖůŮ ůŰɖɜ ɗɏůɖ Űɖɠ ɏɜŬ ŮɚɎűɘ əŬɘ Űɖɜ ɛŮŰɏűŮɟŮ ůŰɖɜ ɇŬɡɟɑŭŬ, ɞˊɞɨ 

Űɖɜ ɏəŬɜŮ ɘɏɟŮɘŬ ůŰɞ ɜŬɧ Űɖɠ, ůŰɞɜ ɞˊɞɑɞ ŰŮɚɞɨŰŬɜ ŬɜɗɟɤˊɞɗɡůɑŮɠ.  

ɀŮŰɎ Űɞ Űɏɚɞɠ Űɞɡ ˊɞɚɏɛɞɡ, ɖ ȾɚɡŰŬɘɛɜɐůŰɟŬ ɞɟɔŬɜɩɜŮɘ Űɞɜ ɗɎɜŬŰɞ Űɞɡ ȷɔŬɛɏɛɜɤɜ ɔɘŬ 

ɜŬ Űɞɜ ŮəŭɘəɖɗŮɑ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ŬəɞɚɞɡɗŮɑ ɖ Ůəŭɑəɖůɖ Űɞɡ ɔɘɞɨ Űɞɡɠ ɃɟɏůŰɖ ɔɘŬ Űɖɜ 

ŭɞɚɞűɞɜɑŬ Űɞɡ ˊŬŰɏɟŬ Űɞɡ. Ƀ ɃɟɏůŰɖɠ əɡɜɖɔɖɛɏɜɞɠ Ŭˊɧ ŰɨɣŮɘɠ əŬɘ ȺɟɘɜɨŮɠ ˊɞɡ ůəɧŰɤůŮ 

Űɖɜ ɛɖŰɏɟŬ Űɞɡ əŬŰŬűŮɨɔŮɘ ůŰɞ ɀŬɜŰŮɑɞ Űɤɜ ȹŮɚűɩɜ Ŭˊɧ ɧˊɞɡ ˊŬɑɟɜŮɘ ɢɟɖůɛɧ ɜŬ ɛŮŰŬɓŮɑ 

ůŰɖɜ ɇŬɡɟɑŭŬ ɜŬ ŬɟˊɎɝŮɘ Űɞ ɝɧŬɜɞ Űɖɠ ȯɟŰŮɛɘɠ Ŭˊɧ Űɞɜ ɜŬɧ, ůŰɞ ɞˊɞɑɞ ŮɑɜŬɘ ɘɏɟŮɘŬ ɖ ŬŭŮɚűɐ 

Űɞɡ ȽűɘɔɏɜŮɘŬ, əŬɘ ɜŬ Űɞ ɛŮŰŬűɏɟŮɘ ůŰɖɜ ȷŰŰɘəɐ.  

Ƀ ɃɟɏůŰɖɠ ɡˊŬəɞɨŮɘ əŬɘ ɛŮŰŬɓŬɑɜŮɘ ˊɟɎɔɛŬŰɘ ůŰɖɜ ɇŬɡɟɑŭŬ. ȺəŮɑ ůɡɚɚŬɛɓɎɜŮŰŬɘ əŬɘ 

ɞŭɖɔŮɑŰŬɘ ůŰɞ ɜŬɧ ɔɘŬ ɗɡůɑŬ. ȳɛɤɠ, ɞ ɃɟɏůŰɖɠ ŬɜŬɔɜɤɟɑɕŮɘ ůŰɞ ˊɟɧůɤˊɞ Űɖɠ ɘɏɟŮɘŬɠ Űɖɜ 

ŬŭŮɚűɐ Űɞɡ, ɖ ɞˊɞɑŬ əŬŰɞɟɗɩɜŮɘ ɜŬ ŮɝŬˊŬŰɐůŮɘ Űɞ ɓŬůɘɚɘɎ ŪɧŬɜŰŬ əŬɘ ɜŬ ŬˊɞŭɟɎůɞɡɜ 

ůɡɜŬˊɞəɞɛɑɕɞɜŰŬɠ əŬɘ Űɞ ɝɧŬɜɞ Űɖɠ ɗŮɎɠ. ɆŰɞ ůɖɛŮɑɞ Űɖɠ ȷŰŰɘəɐɠ ˊɞɡ ɏűŰŬůŬɜ ɞ ɃɟɏůŰɖɠ 

ɑŭɟɡůŮ Űɞɜ ɜŬɧ Űɖɠ ȷɟŰɏɛɘŭɞɠ ɇŬɡɟɞˊɧɚɞɡ. (ɀɐŰŰŬ) (ȷɅũɃȿȽȾȼ ȷɅɉȺȽȷȾȼ 

ȸȽȸȿȽɃŪȼȾȼ ȽɆɇɃɅȽȷɆ ȾȷȽ ɄɃȿȽɇȽɆɀɃɈ) (Jelena, 2007) 

 

ȺɘəɧɜŬ  4.5: ȼ ɗɡůɑŬ Űɖɠ ȽűɘɔɏɜŮɘŬɠ Ʉɖɔɐ: (ȷɅũɃȿȽȾȼ ȷɅɉȺȽȷȾȼ ȸȽȸȿȽɃŪȼȾȼ ȽɆɇɃɅȽȷɆ ȾȷȽ 

ɄɃȿȽɇȽɆɀɃɈ) 

 



83 

 

 ũŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

4.2.1 ũŮɤɚɞɔɑŬ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ 

ɇɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ ŰɛɐɛŬ Űɖɠ ȷŰŰɘəɞəɡəɚŬŭɘəɐɠ ɛɎɕŬɠ ˊɞɡ 

ŮɜŰɎůůŮŰŬɘ ůŰɘɠ əŮɜŰɟɘəɏɠ ȺɚɚɖɜɑŭŮɠ. ɆŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ȷŰŰɘəɐɠ ŮɛűŬɜɑɕɞɜŰŬɘ 

Ŭɚˊɘəɞɑ əŬɘ ɛŮŰŬɚˊɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ, ɛŮ Űɞɡɠ ɛŮŰŬɚˊɘəɞɨɠ ɜŬ ɡˊɏɟəŮɘŰŬɘ Űɤɜ Ŭɚˊɘəɩɜ. ɇŬ 

ŬɚˊɘəɎ ˊŮŰɟɩɛŬŰŬ ŮɛűŬɜɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŰɞɡɠ ɞɟŮɘɜɞɨɠ ɧɔəɞɡɠ əŬɘ Űɞɡɠ ɚɧűɞɡɠ əŬɘ 

Ŭɜɐəɞɡɜ ůŰɖɜ ɄŮɚŬɔɞɜɘəɐ Ȼɩɜɖ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ŬůɓŮůŰɧɚɘɗɞɡɠ, ɛɎɟɛŬɟŬ, ůɢɘůŰɧɚɘɗɞɡɠ, 

űɡɚɚɑŰŮɠ, ŭɞɚɞɛɑŰŮɠ əŬɘ ɞűɘɧɚɘɗɞɡɠ. Ƀɘ ɛŮŰŬɚˊɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ŮɑɜŬɘ ŬˊɞɗɏůŮɘɠ Űɞɡ 

ɁŮɞɔŮɜɞɨɠ əŬɘ Űɞɡ TŮŰŬɟŰɞɔŮɜɞɨɠ, Ůɜɩ ɡˊɎɟɢŮɘ ˊŮɟɘɞɟɘůɛɏɜɖ ŮɛűɎɜɘůɖ ɛŬɔɛŬŰɘəɐɠ 

ŭɘŮɑůŭɡůɖɠ.  

ȼ ˊŮɟɘɞɢɐ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ ŬűɞɟɎ Űɖɜ ˊŬɟŬɚɑŬ Űɖɠ ȷɟŰɏɛɘŭɞɠ ɖ ɞˊɞɑŬ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖɜ 

ˊŬɟɎəŰɘŬ ɕɩɜɖ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ. ȼ ˊŬɚŬɘɞɜŰɞɚɞɔɘəɐ ɏɟŮɡɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɏŭŮɘɝŮ ɧŰɘ 

əɡɟɘŬɟɢɞɨɜ ɞɘ ɛŮŰŬɚˊɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ ŮɑɜŬɘ ŬˊɞɗɏůŮɘɠ Űɞɡ ɇŮŰŬɟŰɞɔŮɜɞɨɠ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɖ ˊŬɟŬɚɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůɨɔɢɟɞɜɞɡɠ ˊŬɟɎəŰɘɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɞɡ 

ɃɚɧəŬɘɜɞɡ ɛŮ ŮɛűŬɜɑůŮɘɠ ŬˊɞɗɏůŮɤɜ ůŰɖɜ əɞɑŰɖ Űɞɡ ɢŮɑɛŬɟɞɡ ˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ɓɧɟŮɘŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ȼ ˊŮɟɘɞɢɐ ŭɡŰɘəɎ ůɡɜɑůŰŬŰŬɘ Ŭˊɧ əŬůŰŬɜɧɢɟɤɛŮɠ ɢŮɟůŬɑŮɠ əŬɘ 

ˊɞŰŬɛɞɢŮɟůŬɑŮɠ ŬˊɧɗŮůŮɘɠ Űɞɡ ɄɚŮɘůŰɧəŮɜɞɡ ɛŮ ůɡɜŮəŰɘəɞɨɠ Ŭɟɔɘɚɞˊɖɚɞɨɠ, ˊɞɘəɑɚɖɠ 

ɚɘɗɞɚɞɔɘəɐɠ ůɨůŰŬůɖɠ ɛŮ ŭɘɎűɞɟŮɠ əɟɞəɎɚŮɠ əŬɘ ɚŬŰɨˊŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ 

ŬˊɞůɎɟɗɟɤůɖ Űɤɜ ɜŮɞɔŮɜɩɜ ůɢɖɛŬŰɘůɛɩɜ əŬɘ ůɡɜŮəŰɘəɎ əɟɞəŬɚɞɚŬŰɡˊɞˊŬɔɐ Ŭˊɧ ŬɚˊɘəɎ 

ˊŮŰɟɩɛŬŰŬ. ɃɚɞəŬɘɜɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ŮɑɜŬɘ Ůˊɑůɖɠ ɞɘ Ɏɛɛɞɘ ŬəŰɩɜ əŬɘ ɞɘ ɛɘəɟɏɠ ɗɑɜŮɠ ˊɞɡ 

ŮɜŰɞˊɑɕɞɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ŭɘŮɝɐɢɗɖ ɖ ɏɟŮɡɜŬ.          (ȺɘəɧɜŬ 4.6, 4.7) 

(ȿŬŰůɞɨŭŬɠ, 2003) (ɆŬ́ɜɞɨ, 2010) (ȾŬɟəɎɜɖ, 2012) 

4.2.2 ɇŮəŰɞɜɘəɐ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 

ȷˊɧ Űɞɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ Űɤɜ ɟɖɔɛɎŰɤɜ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȷŰŰɘəɐɠ 

ůɡɛˊŮɟŬɑɜŮŰŬɘ ˊɤɠ ɏɢŮɘ ɡˊɞůŰŮɑ ɏɜŰɞɜɞ ŰŮəŰɞɜɘůɛɧ, ˊɞɡ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ ɏɜŬ ŰɛɐɛŬ 

Űɖɠ ˊŮɟɘɞɢɐɠ ůŰɞ Ɏɚɚɞ. ɇŬ ɟɐɔɛŬŰŬ ˊŬɑɕɞɡɜ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ ŭɘŬɛɧɟűɤůɖ Űɤɜ 

ˊŰɡɢɩůŮɤɜ Űɞɡ ŬɜŬɔɚɨűɞɡ ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɞɡɠ ɞɟŮɘɜɞɨɠ ɧɔəɞɡɠ əŬɘ ɞɟɘɞɗŮŰɩɜŰŬɠ Űɘɠ 

ˊŮŭɘɜɏɠ ɚŮəɎɜŮɠ, ɛŮ əɨɟɘŬ Űɖ ɚŮəɎɜɖ Űɤɜ ɀŮůɞɔŮɑɤɜ. ɆŰɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ ŬɜŬɔɚɨűɞɡ 

ůɡɜɏɓŬɚŬɜ Ůˊɑůɖɠ, ɞɘ ŮűŮɚəɡůŰɘəɏɠ ŰɎůŮɘɠ ˊɞɡ ŮɛűŬɜɑůŰɖəŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȷɜŬŰɞɚɘəɐɠ 

ȷŰŰɘəɐɠ əŬŰɎ Űɞ ɀŮɘɧəŬɘɜɞ əɡɟɑɤɠ ɚɧɔɤ Űɞɡ ŮűŮɚəɡůɛɞɨ Űɞɡ əŮɜŰɟɘəɞɨ ȷɘɔŬɑɞɡ. ȷɡŰɧ 
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ŮɑɢŬ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ŮɜŮɟɔɞˊɞɑɖůɖ ɟɖɔɛɎŰɤɜ ŰŬ ɞˊɞɑŬ Ůɖ́ɟŮɎɕɞɡɜ 

ɏəŰɞŰŮ Űɖɜ ɔŮɤɛɞɟűɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ˊŮɟɘɞɢɐɠ.  

 

ȺɘəɧɜŬ  4.6: ȷˊŮɘəɧɜɘůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ūɨɚɚɞ  Ⱦɞɟɤˊɑ ï ɄɚɎəŬ ȽũɀȺ Ʉɖɔɐ: (ȿŬŰůɞɨŭŬɠ, 2003) 

 

ȺɘəɧɜŬ  4.7: ũŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ūɨɚɚɞ ȾɞɟɤˊɑӢ ï ɄɚɎəŬ ȽũɀȺ 

Ʉɖɔɐ: (ȿŬŰůɞɨŭŬɠ, 2003) 

 



85 

 

 

 

ȺɘəɧɜŬ  4.8: Ɋɖűɘɞˊɞɘɖɛɏɜɞɠ ɢɎɟŰɖɠ ɛŮ ŰŬ ɟɐɔɛŬŰŬ Űɖɠ ȷŰŰɘəɐɠ ūɨɚɚɞ ȾɞɟɤˊɑӢ ï ɄɚɎəŬ ȽũɀȺ  

Ʉɖɔɐ: (ȿŬŰůɞɨŭŬɠ, 2003) 

ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ɢɎɟŰɖ (ȺɘəɧɜŬ 4.8) ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɖ ˊŮɟɘɞɢɐ Űɖɠ ȷɟŰɏɛɘŭɞɠ ï ́ Ůɟɘɞɢɐ 

ɏɟŮɡɜŬɠ (əɨəɚɞɠ), ŭŮɜ ɏɢŮɘ ɏɜŰɞɜɖ ŰŮəŰɞɜɘəɐ, əŬɗɩɠ ŭŮɜ ɡˊɎɟɢɞɡɜ ɟɐɔɛŬŰŬ. 

4.2.3 ũŮɤɛɞɟűɞɚɞɔɑŬ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 

 

ȺɘəɧɜŬ  4.9: ɉɎɟŰɖɠ Űɖɠ ˊŬɟŬɚɑŬɠ ȷɟŰɏɛɘŭɞɠ Ʉɖɔɐ: (ȾŬɟəɎɜɖ, 2012) 

 

  

ɄŬɟŬɚɑŬ 

 ȷɟŰɏɛɘŭɞɠ 



86 

 

ȼ ůɢŮŰɘəɐ əŬŰɖɔɞɟɑŬ Űɞɡ ɡˊɞɛɜɐɛŬŰɞɠ Űɞɡ ɔŮɤɚɞɔɘəɞɨ ɢɎɟŰɖ Űɞɡ ȽũɀȺ ˊŬɟɏɢŮɘ, ɛŮ 

ŮɚɎɢɘůŰɞ ˊɞůɞůŰɧ ůűɎɚɛŬŰɞɠ, ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

əŬŰŬŰɎůůɞɜŰɎɠ Űɖɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ˊŬɟɎəŰɘɤɜ ˊŮɟɘɞɢɩɜ ɐˊɘɤɜ əɚɑůŮɤɜ (0ɞ ï 5ɞ) ůŮ 

ɇŮŰŬɟŰɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɨɠ.   

Ƀɘ ŬəŰɏɠ ɛɘəɟɐɠ əɚɑůɖɠ ŬˊɞŰŮɚɞɨɜŰŬɘ əŬŰɎ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Ŭˊɧ ɃɚɞəŬɘɜɘəɞɨɠ əŬɘ 

ɄɚŮɘůŰɞəŬɘɜɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ɛŮɔɎɚɖɠ ˊɞɘəɘɚɞɛɞɟűɑŬɠ, ɞɘ ɞˊɞɑɞɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

Ŭɘɞɚɘəɏɠ ŬˊɞɗɏůŮɘɠ Ɏɛɛɤɜ əŬɘ ɛɘəɟɩɜ ɗɘɜɩɜ, ɗŬɚɎůůɘŮɠ ŬˊɞɗɏůŮɘɠ ɛŮ əɟɞəɎɚŮɠ ɐ ŬəŰɏɠ ɛŮ 

əɟɞəɎɚŮɠ əŬɘ Ɏɛɛɞ. 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ȷɟŰɏɛɘŭɞɠ ́ŬɟɞɡůɘɎɕŮɘ ɐˊɘɞ ŬɜɎɔɚɡűɞ, Ŭűɞɨ ɞɘ ɚɧűɞɘ ˊɞɡ Űɖ ŭɘŬɢɤɟɑɕɞɡɜ 

Ŭˊɧ Űɖ ɚŮəɎɜɖ Űɤɜ ɀŮůɞɔŮɑɤɜ ŮɛűŬɜɑɕɞɡɜ ɖˊɘɧŰŮɟŮɠ əɚɑůŮɘɠ ˊɟɞɠ Űɘɠ ŬəŰɏɠ. Ƀɘ ŬəŰɏɠ Űɖɠ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Ŭɘɞɚɘəɏɠ ŬˊɞɗɏůŮɘɠ Ɏɛɛɤɜ əŬɘ ɛɘəɟɩɜ ɗɘɜɩɜ. ɁɞŰɘɧŰŮɟŬ ˊŬɟŬŰɖɟŮɑŰŬɘ 

ɛɘəɟɐ ůŰŬŭɘŬəɐ Ŭɨɝɖůɖ Űɤɜ əɚɑůŮɤɜ Űɤɜ ŬəŰɩɜ, ůŰɘɠ ɞˊɞɑŮɠ ɡˊɎɟɢɞɡɜ əŬŰɎ ɗɏůŮɘɠ ɘɕɐɛŬŰŬ, 

Ůɜɩ ůŰɘɠ Ůəɓɞɚɏɠ Űɤɜ ɟŮɛɎŰɤɜ ɞɘ ˊŬɟŬɚɑŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ əɟɞəɎɚŮɠ əŬɘ Ɏɛɛɞ. (ȿɘɩůɖɠ, 

2013) 

 

ȺɘəɧɜŬ  4.10: ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ ˊŮɟɘɞɢɐɠ (ȽũɀȺ) Ʉɖɔɐ: (ȿɘɩůɖɠ, 2013) 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ˊŬɟŬɚɑŬ Űɖɠ ȷɟŰɏɛɘŭɞɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ŬəŰɧɚɘɗɞɘ (beachrocks), ɞɘ ɞˊɞɑɞɘ 

ɞɟɑɕɞɜŰŬɘ ɤɠ ůəɚɖɟɞɑ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ (ȺɘəɧɜŬ 4.11). ɆɡɜŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊŬɟɎɚɘŬ 
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ɘɕɐɛŬŰŬ əŬɘ ɏɢɞɡɜ ůɡɜɐɗɤɠ ɤɠ ůɡɔəɞɚɚɖŰɘəɧ ɡɚɘəɧ ŬůɓŮůŰɑŰɖ ɡɣɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ 

ɛŬɔɜɐůɘɞ ɐ ŬɟŬɔɤɜɑŰɖ. ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɡɔəɧɚɚɖůɖɠ ŮəŰŮɚŮɑŰŬɘ ŰŬɢɏɤɠ ŮɝŬɘŰɑŬɠ Űɖɠ 

ŬˊɧɗŮůɖɠ əŬɘ əŬɗɑɕɖůɖɠ ŬɜɗɟŬəɘəɩɜ ɡɚɘəɩɜ. ɆŰɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɞɘ ŬəŰɧɚɘɗɞɘ 

əŬŰŬɚŬɛɓɎɜɞɡɜ ɛɑŬ ɏəŰŬůɖ əŬŰɎ ɛɐəɞɠ Űɖɠ ˊŬɟŬɚɑŬɠ ɑůɖ ɛŮ ˊŮɟɑˊɞɡ 350m, ɞɘ ɞˊɞɑɞɘ ŬɜɎ 

ůɖɛŮɑŬ ŮɑɜŬɘ ɡˊɞɚŮɘɛɛŬŰɘəɞɑ Ŭűɞɨ ŮɑŰŮ ɏɢɞɡɜ ɛŮŰŬŰɞˊɘůŰŮɑ ɓŬɗɨŰŮɟŬ ŮɑŰŮ ɏɢɞɡɜ ŬűŬɘɟŮɗŮɑ 

ˊɟɞɔŮɜɏůŰŮɟŬ. 

  

ȺɘəɧɜŬ  4.11: ȷəŰɧɚɘɗɞɘ ůŰɞ ˊŬɟɎəŰɘɞ ŰɛɐɛŬ Űɖɠ ˊŬɟŬɚɑŬɠ Űɖɠ ȷɟŰɏɛɘŭɞɠ Ʉɖɔɐ: (ȾŬɟəɎɜɖ, 2012) 

 

ȺɘəɧɜŬ  4.12: ɆˊŬůɛɏɜŮɠ əŬɘ ɛŮŰŬűŮɟɧɛŮɜŮɠ ˊɚɎəŮɠ Ŭˊɧ ŬəŰɧɚɘɗɞɡɠ ůŮ ɓɎɗɞɠ ˊŮɟɑˊɞɡ 1,5m  

Ʉɖɔɐ: (ȾŬɟəɎɜɖ, 2012) 

 

ȺɘəɧɜŬ  4.13: ɆɢɖɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɤɜ ɡˊɞɗŬɚɎůůɘɤɜ, ŮɜŰɞˊɘɕɧɛŮɜɤɜ ŬəŰɞɚɑɗɤɜ Ʉɖɔɐ: (ȾŬɟəɎɜɖ, 2012) 

ȺɜŰɧɠ Űɖɠ ɗɎɚŬůůŬɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬŰŬəŮɟɛŬŰɘůɛɏɜŬ ŰɛɐɛŬŰŬ ŬəŰɞɚɑɗɤɜ (ȺɘəɧɜŬ 4.12), 

ŬɟəŮŰɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŭŮɜ ɓɟɑůəɞɜŰŬɜ ŮəŮɑ ˊŬɚŬɘɧŰŮɟŬ. ȷˊɧ ɏɟŮɡɜŬ ˊɞɡ ŭɘŮɝɐɢɗɖ Ŭˊɧ Űɖ 
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ɔŮɤɚɧɔɞ ȯɜɜŬ ȾŬɟəɎɜɖ Űɞ 2012 ˊɟɞɏəɡɣŮ ɧŰɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ ŭɘŮɝŬɔɤɔɐɠ Űɖɠ 

ɔŮɤűɡůɘəɐɠ ɏɟŮɡɜŬɠ ˊɚɖůɑɞɜ Űɞɡ ɜŬɞɨ Űɖɠ ȷɟŰɏɛɘŭɞɠ ŮɜŰɞˊɑůŰɖəŬɜ ɡˊɞɗŬɚɎůůɘɞɘ 

ŬəŰɧɚɘɗɞɘ, 48 m Ŭˊɧ Űɖɜ ŬəŰɞɔɟŬɛɛɐ əŬɘ ŮəŰŮɑɜɞɜŰŬɘ ɔɘŬ 20,2 m. ɄŬɟŬŰɖɟɞɨɜŰŬɘ ůŮ ɓɎɗɞɠ 

0,9 m ɏɤɠ 1,4 - 1,8 m əŬɘ ɛɏůɞɡ ˊɎɢɞɡɠ 0,26 m. ɆŰɞ ɓŬɗɨŰŮɟɞ ůɖɛŮɑɞ ŮɜŰɞˊɘůɛɞɨ Űɞɡɠ 

űŰɎɜɞɡɜ ůŮ ˊɎɢɞɠ ŰŬ 0,18 m əŬɘ ŮɑɜŬɘ ɡˊɞůəŬɛɛɏɜɞɘ. (ȺɘəɧɜŬ 4.13) (ȾŬɟəɎɜɖ, 2012) 

 

ȺɘəɧɜŬ  4.14: ȷˊɧůˊŬůɛŬ ɔŮɤɛɞɟűɞɚɞɔɘəɞɨ ɢɎɟŰɖ (ȸȷ ŬəŰɏɠ ȷŰŰɘəɐɠ) Ʉɖɔɐ: (ȿɘɩůɖɠ, 2013) 
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 ũŮɤűɡůɘəɐ ɏɟŮɡɜŬ: ɛŮŰɟɐůŮɘɠ ɡˊŬɑɗɟɞɡ əŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ 

 

4.3.1 Ⱥˊɘɚɞɔɐ ɔŮɤűɡůɘəɩɜ ɛŮɗɧŭɤɜ 

ɀŮŰɎ Ŭˊɧ ɛŮɚɏŰɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ Űɖɠ ɏɟŮɡɜŬɠ ˊɞɡ ŬɜŬŰɏɗɖəŮ Ŭˊɧ Űɖɜ ȺűɞɟɑŬ 

ȷɟɢŬɘɞŰɐŰɤɜ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ ɛŮɚɏŰŮɠ ˊŬɟɧɛɞɘɤɜ ɗŮɛɎŰɤɜ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ Ůˊɘɚɞɔɐ Űɤɜ ɔŮɤűɡůɘəɩɜ ɛŮɗɧŭɤɜ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ. 

ɄɟɤŰŮɨɞɜŰŬ ɟɧɚɞ ůŰɖɜ Ůˊɘɚɞɔɐ ɏˊŬɘɝŮ ɖ ɔŮɤɚɞɔɑŬ, ŬɚɚɎ əŬɘ ɖ ɡɔɟŬůɑŬ əŬɘ əŬŰŬɚɚɖɚɧŰɖŰŬ 

Űɞɡ ŮŭɎűɞɡɠ ɔɘŬ ŭɘɏɚŮɡůɖ Űɤɜ ɔŮɤűɡůɘəɩɜ ɞɟɔɎɜɤɜ, Ŭűɞɨ ɖ ɏɟŮɡɜŬ ŭɘŮɝɐɢɗɖ ůŮ ˊŬɟɎəŰɘŬ 

ˊŮɟɘɞɢɐ, əŬɗɩɠ Ůˊɑůɖɠ, əŬɘ ɞ ůŰɧɢɞɠ ˊɞɡ ŬɜŬŰɏɗɖəŮ ˊɟɞɠ ɛŮɚɏŰɖ (ŰɞˊɞɗŮůɑŬ əŬɘ ɓɎɗɞɠ ˊɞɡ 

ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɜŰɞˊɘůŰŮɑ). ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ˊŬɟŬˊɎɜɤ əɟɑɗɖəŮ ŬˊŬɟŬɑŰɖŰɞ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɞɘ Ůɝɐɠ ɛɏɗɞŭɞɘ: 

¶ ȾɚŬůɘəɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ (Ⱥɀ) 

¶ ȼɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ (ERT) 

¶ ũŮɤɟŬɜŰɎɟ (GPR) 

ȷɟɢɘəɎ ŮˊɘɚɏɢŰɖəŮ ɖ əɚŬůɘəɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ, ůŰɧɢɞɠ Űɖɠ ɞˊɞɑŬɠ (ɧůɞɜ ŬűɞɟɎ 

Űɖɜ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ) ɐŰŬɜ ɖ ŬˊɞŰɨˊɤůɖ Űɖɠ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ, ɖ ŭɘŮɟŮɨɜɖůɖ ɔɘŬ 

Űɡɢɧɜ Ůɘůɟɞɐ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ůŰɞ ɡˊɏŭŬűɞɠ, əŬɗɩɠ əŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ Űɞˊɘəɩɜ ŭɞɛɩɜ ́ ɞɡ 

ɛŬɟŰɡɟɞɨɜ Űɖɜ ɨˊŬɟɝɖ Ŭɜɗɟɩˊɘɜɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ (ˊ.ɢ. ŰɞɘɢɑŬ) ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ 

Ŭɛɛɞɗɑɜɤɜ ɔɨɟɤ Ŭˊɧ Űɞɜ ɐŭɖ ŬɜŬəŬɚɡűɗɏɜŰŬ ŬɟɢŬɑɞ ɜŬɧ ŬɚɚɎ əŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ əɞɜŰɎ 

ůŰɞɜ ˊɟɞɔŮɜɏůŰŮɟɞ ɜŬɧ ɜɞŰɘɧŰŮɟŬ Űɞɡ ɜŬɞɨ Űɖɠ ȷɟŰɏɛɘŭɞɠ. Ƀɘ ɢɎɟŰŮɠ ɛŬɔɜɖŰɘəɐɠ 

ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ůˊɑůɖɠ Ŭˊɧ Űɖɜ ɛɏɗɞŭɞ ŬɡŰɐ ˊŬɟŮɑɢŬɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɚɚɘəɩɜ ůŰɞɘɢŮɑɤɜ ɧˊɤɠ əŬɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮɜŰɞˊɘůɛɞɨ ŭɞɛɩɜ əɞɜŰɎ ůŰɞ 

ŮˊɑˊŮŭɞ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ, Ŭűɞɨ Űɞ ůɐɛŬ ŭŮɜ ŬˊɞɟɟɞűɎŰŬɘ ɚɧɔɤ ŬɚŬŰɧŰɖŰŬɠ əŬɘ 

ɡɔɟŬůɑŬɠ Űɞɡ ɡˊŮŭɎűɞɡɠ. ȼ ŭɘɎŰŬɝɖ Űɤɜ ˊɖɜɑɤɜ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ ɞɟɔɎɜɞɡ ɐŰŬɜ 

ŰɏŰɞɘŬ ɩůŰŮ Űɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ ɜŬ űŰɎůŮɘ ŰŬ 3 m. Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

əŬŰɎ ɛɐəɞɠ Űɖɠ ˊŬɟŬɚɑŬɠ Ŭˊɧ Űɞ ɨɣɞɠ Űɞɡ ɜŬɞɨ Űɖɠ ȷɟŰɏɛɘŭɞɠ ɛɏɢɟɘ Űɞ ɨɣɞɠ Űɞɡ 

ˊɟɞɔŮɜɏůŰŮɟɞɡ ɜŬɞɨ ɜɞŰɘɧŰŮɟŬ ŬɡŰɞɨ. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ɐŰŬɜ ŰɏŰɞɘɞɠ ɩůŰŮ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬɠ ˊɡəɜɧɠ əɎɜɜŬɓɞɠ ɔɘŬ ˊɘɞ ůŬűɐ ŬˊɞŰŮɚɏůɛŬŰŬ.  

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ɞɘ ɛŮŰɟɐůŮɘɠ Ⱥɀ ɏŭŮɘɝŬɜ ŮɜŭɘŬűɏɟɞɜ əŬɘ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ 

ɢɟŮɘŬɕɧŰŬɜ Ůˊɘˊɚɏɞɜ ŭɘŮɟŮɨɜɖůɖ ŮűŬɟɛɧůŰɖəŮ ɖ ɛɏɗɞŭɞɠ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ ɏŰůɘ 

ɩůŰŮ ɜŬ ŬˊɞəŰɖɗɞɨɜ ŭɘůŭɘɎůŰŬŰŮɠ ɔŮɤɖɚŮəŰɟɘəɏɠ Űɞɛɏɠ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ Űɞ ɡˊɏŭŬűɞɠ (ůŰɞ 
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ůɡɔəŮəɟɘɛɏɜɞ ɢɩɟɞ ˊɞɡ ŰɞˊɞɗŮŰɐɗɖəŬɜ ŰŬ ɖɚŮəŰɟɧŭɘŬ) əŬɘ Űɞɡɠ ɡˊɎɟɢɞɜŰŮɠ 

ůɢɖɛŬŰɘůɛɞɨɠ.   

ɆŬɜ ŰŮɚŮɡŰŬɑŬ ɛɏɗɞŭɞɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ Űɤɜ ɔŮɤɟŬɜŰɎɟ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɏɢŮɘ 

ůŰɧɢɞ Űɞɜ ŮɜŰɞˊɘůɛɧ ůɡɜŮəŰɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ɛɏůŬ ůŰɞ ɔŮɜɘəɧŰŮɟɞ ˊŮɟɘɓɎɚɚɞɜ ɢŬɚŬɟɩɜ 

ɘɕɖɛɎŰɤɜ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ůŰɟɤɛɎŰɤɜ. ɇɏŰɞɘɞɘ ůɡɜŮəŰɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ɛˊɞɟɞɨɜ ɜŬ 

Ŭˊɞŭɞɗɞɨɜ ůŮ ŰɞɘɢɑŬ ɜŬɩɜ, ˊɟɧˊɡɚŬ, ˊɚŬəɧůŰɟɤŰŬ əɚˊ.  

 

4.3.2 ȾɚŬůɘəɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ (Ⱥɀ) 

4.3.2.1 ȺɘůŬɔɤɔɐ 

ȼ ɔŮɤűɡůɘəɐ ɏɟŮɡɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɝŮəɑɜɖůŮ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ɛŮɗɧŭɞɡ. 

Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɎɟɗɖəŬɜ əŬŰɎ ɛɐəɞɠ Űɖɠ ˊŬɟŬɚɑŬɠ Ŭˊɧ Űɞ ɨɣɞɠ Űɞɡ ɛŮɔɎɚɞɡ ɜŬɞɨ Űɖɠ 

ȷɟŰɏɛɘŭɞɠ ɛɏɢɟɘ Űɞɜ ɛɘəɟɧŰŮɟɞ ɜŬɧ ˊɞɡ ɓɟɑůəŮŰŬɘ ɜɞŰɘɧŰŮɟŬ. Ƀɘ Űɞɛɏɠ ŮɑɢŬɜ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɞɡɠ ˊŮɟɑˊɞɡ 2 m əŬɘ ŭɘŮɨɗɡɜůɖ ȷɜŬŰɞɚɐɠ ï ȹɨůɖɠ, Ůɜɩ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ əŬɘ 

ŭɨɞ Űɞɛɏɠ ɛŮ ŭɘŮɨɗɡɜůɖ ɁɧŰɞɡ ï ȸɞɟɟɎ əŬɘ əɎɚɡɣŬɜ ɏəŰŬůɖ ˊŮɟɑˊɞɡ 13.600 m2. ɇɞ ɓɐɛŬ 

Űɖɠ ɛɏŰɟɖůɖɠ ɐŰŬɜ 1 m.  

 

4.3.2.2 Ⱥɝɞˊɚɘůɛɧɠ 

ũɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ɛŮɗɧŭɞɡ ɏɔɘɜŮ ɢɟɐůɖ Űɞɡ ɞɟɔɎɜɞɡ ɛɏŰɟɖůɖɠ 

CMD-2, Űɖɠ GE Instruments ñCMDò ɛŮ Űɖɜ ɞɟɘɕɧɜŰɘŬ ŭɘŬɛɧɟűɤůɖ Űɤɜ ˊɖɜɑɤɜ (HCP ï 

Horizontal Coplanar) ɛŮ ůɡɜɞɚɘəɧ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ 3 m. Ƀ Űɟɧˊɞɠ ɛɏŰɟɖůɖɠ Űɞɡ 

ɞɟɔɎɜɞɡ ɐŰŬɜ ůɡɜŮɢɐɠ əŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ŬˊɞɗɖəŮɨɞɜŰŬɜ ůŮ ŬɡŰɧ əŬŰɎ Űɖɜ ŮˊɘɚŮɔɛɏɜɖ 

ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ. Ƀɘ ɛŮŰɟɐůŮɘɠ ůŮ ŬɡŰɧ Űɞ ɓɎɗɞɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛŮɔŬɚɨŰŮɟɖ 

ůŰŬɗŮɟɧŰɖŰŬ, Ŭűɞɨ ŬɜɘɢɜŮɨɞɡɜ ɛŮɔŬɚɨŰŮɟɞ ɧɔəɞ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ. (Vince Gaffney, 2013; 

Vince Gaffney, 2013)  

ũɘŬ Űɖɜ əŬŰŬɔɟŬűɐ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɞɘɢŮɑŬ ɔɘŬ Űɘɠ ŬəɟɘɓŮɑɠ ɗɏůŮɘɠ Űɤɜ 

ɛŮŰɟɐůŮɤɜ (ɔŮɤɔɟŬűɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ůɘŭɘəɧ ɧɟɔŬɜɞ GPS, Űɞ ɞˊɞɑɞ 

ˊɟɞůŭɘɧɟɘɕŮ ůɡɜŮɢɩɠ Űɖɜ ɗɏůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ.  

ɇɞ ɧɟɔŬɜɞ ɛɏŰɟɖůɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ əŬɘ Űɞ ůɨůŰɖɛŬ ˊɞɛˊɞɨ ŭɏəŰɖ. 

ȼ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ CMD ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɧɚɞɡɠ Űɞɡɠ Űɨˊɞɡɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ˊɞɛˊɞɨ ŭɏəŰɖ, 
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Ůɜɩ ɞ Űɨˊɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɏɟŮɡɜŬ ɐŰŬɜ 

ůɡɜŮɢɐɠ ɛɏŰɟɖůɖ ɛŮ GPS.  

 

 

ȺɘəɧɜŬ 4.1: ȹɨɞ ŭɘŬɛɞɟűɩůŮɘɠ ˊɖɜɑɤɜ Űɞɡ CMD-2 (VCP əŬɘ HCP - əɎɗŮŰŬ əŬɘ ɞɟɘɕɧɜŰɘŬ ŬɜŰɑůŰɞɘɢŬ) Ʉɖɔɐ : 

(ResearchGate, n.d.) 

 

 

ȺɘəɧɜŬ 4.2: Ⱥɘŭɘəɧ ɧɟɔŬɜɞ GPS 
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ȺɘəɧɜŬ 4.3: ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɧ ɧɟɔŬɜɞ ɛŮŰɟɐůŮɤɜ CMD-2 

 

 

ȺɘəɧɜŬ 4.4: ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ůŰɞɜ ɢɩɟɞ Űɖɠ ˊŬɟŬɚɑŬɠ 
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4.3.2.3 ȺˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ 

ɇŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɘůɐɢɗɖůŬɜ əŬɘ ŮˊŮɝŮɟɔɎůŰɖəŬɜ Ŭˊɧ Űɞɜ ˊɟɧɔɟŬɛɛŬ Surfer, 

Űɖɠ Golden Software. ɀŮ Űɖɜ ɢɟɐůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɖ ŭɖɛɘɞɡɟɔɑŬ ɢŬɟŰɩɜ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ əŬɘ ɛŬɔɜɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ ɔɘŬ ɓɎɗɞɠ 

ŭɘŬůəɧˊɖůɖɠ 3 m.  

4.3.2.4 ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɞɑ ɢɎɟŰŮɠ 

Ƀɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŭɨɞ űɞɟɏɠ ůŮ ŭɘɎůŰɖɛŬ ŭɨɞ ɖɛŮɟɩɜ. 

ȷˊɧ Űɖɜ ˊŬɟŬŰɐɟɖůɖ əŬɘ ŮɟɛɖɜŮɑŬ Űɤɜ Ⱥɀ ɢŬɟŰɩɜ Űɖɠ ˊɟɩŰɖɠ əŬɘ Űɖɠ ŭŮɨŰŮɟɖɠ ɖɛɏɟŬɠ, 

əɟɑɗɖəŮ ŬˊŬɟŬɑŰɖŰɖ ɖ ůɨɛˊŰɡɝɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ űŬɘɜɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ əŬɘ 

ɛŬɔɜɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ əŬɘ Űɤɜ ŭɨɞ ɖɛŮɟɩɜ ůŮ ɏɜŬɜ ɢɎɟŰɖ űŬɘɜɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ 

ŬɔɤɔɘɛɧŰɖŰŬɠ əŬɘ ůŮ ɏɜŬɜ ɢɎɟŰɖ ɛŬɔɜɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ ŬɜŰɑůŰɞɘɢŬ. ȼ ŭɘŬŭɘəŬůɑŬ 

ŬɡŰɐ ŮɑɢŮ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊɟɧůɗŮůɖ ˊŮɟɘůůɧŰŮɟɤɜ ˊɚɖɟɞűɞɟɘɩɜ Ŭˊô ɧŰɘ ɗɧɟɡɓɞ əŬɘ 

ůɡɜŮˊɩɠ, Űɖɜ ŭɘŮɝŬɔɤɔɐ ˊɘɞ ɏɔəɡɟɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ.  
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ȺɘəɧɜŬ 4.5: ȷɟɘůŰŮɟɎ ɞ ɢɎɟŰɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ Űɖɜ 1ɖ ɖɛɏɟŬ əŬɘ ŭŮɝɘɎ Űɖɜ 2ɖ ɖɛɏɟŬ. ɀŮ Ɏůˊɟɞ 

űŬɑɜɞɜŰŬɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ ˊɎɟɗɖəŬɜ ɛŮŰɟɐůŮɘɠ 
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ȺɘəɧɜŬ 4.6: ɉɎɟŰɖɠ űŬɘɜɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ (ŬɟɘůŰŮɟɎ) əŬɘ ɛŬɔɜɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ (ŭŮɝɘɎ) ï 

ůɨɛˊŰɡɝɖ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ ŭɨɞ ɖɛŮɟɩɜ) 
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ȷˊɧ Űɞɜ ɢɎɟŰɖ Űɖɠ űŬɘɜɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ɛˊɞɟɞɨɜ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ŰŬ Ůɝɐɠ: 

¶ ȾŬŰɎ ɛɐəɞɠ Űɖɠ ŬəŰɞɔɟŬɛɛɐɠ ɞɘ Űɘɛɏɠ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ŮɑɜŬɘ ˊɞɚɨ 

ɛŮɔɎɚŮɠ (80-100 mS/m) ˊɟɎɔɛŬ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ. (ȺɘəɧɜŬ 4.6) 

¶ Ⱥˊɑůɖɠ ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɖɠ ˊŬɟŬɚɑŬɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ ɡˊɎɟɢŮɘ 

ɛɘŬ ɏəŰŬůɖ ˊɘɞ ŭɡŰɘəɎ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮ Űɘɠ ˊɞɚɨ ɡɣɖɚɏɠ Űɘɛɏɠ, ɛŮ Űɘɛɏɠ ɖɚŮəŰɟɘəɐɠ 

ŬɔɤɔɘɛɧŰɖŰŬɠ ˊŮɟɑˊɞɡ 40-50 mS/m, Ůɜɩ ŬəɧɛŬ ˊɘɞ ŭɡŰɘəɎ ɞɘ Űɘɛɏɠ ˊɏűŰɞɡɜ əɎŰɤ 

Ŭˊɧ ŰŬ 30 mS/m. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ, ɞŭɖɔŮɑ ůŰɞ ůɡɛˊɏɟŬůɛŬ ˊɤɠ ɡˊɎɟɢŮɘ əɎˊɞɘŬ 

ŭɞɛɐ ˊɞɡ ŮɛˊɞŭɑɕŮɘ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ɜŬ ŭɘŮɘůŭɨůŮɘ ˊɟɞɠ Űɖɜ ŬəŰɐ. (ȺɘəɧɜŬ 4.7)  

¶ ɄŮɟɘɛŮŰɟɘəɎ Űɞɡ ɛɘəɟɞɨ ɜŬɞɨ, ůŰɞɜ ɢɩɟɞ ˊɞɡ ɚɐűɗɖəŬɜ ŭŮŭɞɛɏɜŬ, Ŭ́ɟŬŰɖɟɞɨɜŰŬɘ 

ŬɟəŮŰɎ ɢŬɛɖɚɏɠ Űɘɛɏɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ (Űɞˊɘəɏɠ ŬɜɤɛŬɚɑŮɠ) ï əɎŰɤ Ŭˊɧ 20 

mS/m (ůɖɛŮɑŬ i, ii  əŬɘ iii ). (ȺɘəɧɜŬ 4.8) 

¶ ɆŰɞ ůɖɛŮɑɞ 1, ůŰɖɜ ˊŮɟɘɞɢɐ ŭɖɚŬŭɐ ˊɞɡ ŮəɓɎɚŮɘ Űɞ ɟɏɛŬ ˊɞɡ ɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ 

ɞɘəɘůɛɧ, ɡˊɎɟɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ŭɘŮɑůŭɡůɖ Űɖɠ ɗɎɚŬůůŬɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŮ əŬŰɎ 

ɓɎɗɞɠ ŭɘɎɓɟɤůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ Ŭˊɧ Űɞ ɟɏɛŬ ˊɞɡ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɖ ˊŮɟɘɞɢɐ ůŮ 

ŮəŮɑɜɞ Űɞ ůɖɛŮɑɞ ɜŬ ɔŮɛɑɕŮɘ ɜŮɟɧ. (ȺɘəɧɜŬ 4.9) 

¶ ɆŰɞ ɑŭɘɞ ɨɣɞɠ, ɓɞɟŮɘɧŰŮɟŬ ˊɟɞɠ Űɞɜ əŮɜŰɟɘəɧ ɜŬɧ, ɞɘ Űɘɛɏɠ Űɖɠ ɖɚŮəŰɟɘəɐɠ 

ŬɔɤɔɘɛɧŰɖŰŬɠ ŮɑɜŬɘ Ůɝô ɑůɞɡ ɢŬɛɖɚɏɠ ůŮ ŬɟəŮŰɎ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɖɠ ˊŬɟŬɚɑŬɠ 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ əɎŰɘ ůŬɜ ŭɘɎŭɟɞɛɞ (ˊŬɟŬɚɚɖɚɧɔɟŬɛɛɞ ůŰɞ ůɖɛŮɑɞ 2) ˊɞɡ ɞŭɖɔŮɑ 

ůŰɖɜ ŬɛɛɞɗɑɜŬ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ Űɞˊɘəɏɠ ŬɜɤɛŬɚɑŮɠ (ůɖɛŮɑŬ 3,4,5,6). 

ȺɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ɞɘ Űɞˊɘəɏɠ 

ŬɜɤɛŬɚɑŮɠ ůɡɛˊɑˊŰɞɡɜ ɛŮ Űɞ ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ. (ȺɘəɧɜŬ 4.10) 

¶ ɄŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ ůɢŮŰɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ Ŭɔɩɔɘɛɖɠ ɕɩɜɖɠ əŬŰɎ ɛɐəɞɠ Űɖɠ 

ŬəŰɐɠ, ɞ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ˊɘɞ ɏɜŰɞɜɖ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ Űɞˊɘəɩɜ ŬɜɤɛŬɚɘɩɜ (ŬɛɛɞɗɑɜŬ), 

ɧˊɞɡ ɞɘ ɡɣɖɚɏɠ Űɘɛɏɠ űŬɘɜɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ůɡɜŮɢɑɕɞɜŰŬɘ əŬɘ ˊɘɞ 

ŭɡŰɘəɎ Ŭˊɧ Űɘɠ Űɞˊɘəɏɠ ŬɜɤɛŬɚɑŮɠ.  
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ȺɘəɧɜŬ 4.7: Ʉɟɞɓɞɚɐ Űɞɡ ɢɎɟŰɖ űŬɘɜɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ůŰɞ Google Earth  

 

 

ȺɘəɧɜŬ 4.8: Ƀ ɛɘəɟɧɠ əŬɘ ˊɟɞɔŮɜɏůŰŮɟɞɠ Űɞɡ ɜŬɞɨ Űɖɠ ȷɟŰɏɛɘŭɞɠ ɜŬɧɠ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ ˊŬɟŬɚɑŬɠ - ɔɨɟɤ Ŭˊɧ Űɞ 

ɜŬɧ űŬɑɜɞɜŰŬɘ ɞɘ ɢŬɛɖɚɏɠ Űɘɛɏɠ ɖɚŮəŰɟɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ 

 


















































