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

 

ɀŮ Űɞ ˊɏɟŬɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Ŭˊɧ əŬɟŭɘɎɠ Űɞɜ 

ə. ũŮɩɟɔɘɞ ȸŬɟɔŮɛɏɕɖ, ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ ȷ.Ʉ.Ū. əŬɘ Ůˊɘɓɚɏˊɤɜ Űɖɠ ŭɘŬŰɟɘɓɐɠ 

ŬɡŰɐɠ, ŬűŮɜɧɠ ɔɘŬ Űɘɠ ɔɜɩůŮɘɠ ˊɞɡ ɛɞɡ ɛŮŰɏŭɤůŮ ůŮ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ, 

əŬɘ ŬűŮŰɏɟɞɡ ɔɘŬ Űɖ ůɡɜŮɢɐ ůŰɐɟɘɝɖ əŬɘ əŬɗɞŭɐɔɖůɐ Űɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ 

Űɖɠ ŭɘŬŰɟɘɓɐɠ ŬɡŰɐɠ. Ƀɘ ůɡɛɓɞɡɚɏɠ əŬɘ ɖ ůűŬɘɟɘəɐ ŬɜŰɑɚɖɣɐ Űɞɡ ˊɎɜɤ ůŮ ŭɘɎűɞɟŬ 

ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ɏɟŮɡɜŬ ɛŮ ɏəŬɜŬɜ ɜŬ əŬŰŬɜɞɐůɤ əŬɘ ɜŬ ŬɔŬˊɐůɤ ˊŮɟŬɘŰɏɟɤ Űɖɜ 

ŮˊɘůŰɐɛɖ Űɖɠ ɔŮɤɚɞɔɑŬɠ. 

ŪŬ ɐɗŮɚŬ Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ə. ɄŬɜŬɔɘɩŰɖ ɇůɞɨɟɚɞ, ȾŬɗɖɔɖŰɐ 

ȷ.Ʉ.Ū., ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ ɔɜɩůŮɘɠ əŬɘ ůɡɛɓɞɡɚɏɠ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ Űɧůɞ ůŰŬ ˊɚŬɑůɘŬ 

Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ɧůɞ əŬɘ ůŰɖɜ ŮˊɘůŰɐɛɖ Űɖɠ ɔŮɤűɡůɘəɐɠ ɔŮɜɘəɧŰŮɟŬ, əŬɗɩɠ əŬɘ 

ɔɘŬ Űɘɠ ŮɡəŬɘɟɑŮɠ ˊɞɡ ɛɞɡ ɏŭɤůŮ ɜŬ ůɡɛɛŮŰɏɢɤ ůŮ ˊɞɚɚɎ ŮɟŮɡɜɖŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ. 

ȺɡɢŬɟɘůŰɩ Ŭəɧɛɖ Űɞɜ ə. ũɟɖɔɧɟɘɞ ɇůɧəŬ, ȾŬɗɖɔɖŰɐ ȷ.Ʉ.Ū., ɔɘŬ Űɖɜ 

ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɏŭŮɘɝŮ ůŰɞ ˊɟɧůɤˊɧ ɛɞɡ ŭɑɜɞɜŰŬɠ ɛɞɡ Űɖɜ ŮɡəŬɘɟɑŬ Ŭˊɧ ˊɞɚɨ ɜɤɟɑɠ 

ɜŬ ůɡɛɛŮŰɏɢɤ ůŮ ˊɚɖɗɩɟŬ ŮɟŮɡɜɖŰɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ, əŬɘ əŬŰôŮˊɏəŰŬůɖ ŮɘůɎɔɞɜŰɎɠ 

ɛŮ ůŰɖɜ ŮˊɘůŰɐɛɖ Űɖɠ ɔŮɤűɡůɘəɐɠ. 

Ⱥˊɑůɖɠ ŮɡɢŬɟɘůŰɩ Űɞɡɠ ȹɟ. ȼɚɑŬ ūɑəɞ əŬɘ ȹɟ. ȷɚɏɝŬɜŭɟɞ ɆŰŬɛˊɞɚɑŭɖ, Ⱥ.ȹȽ.Ʉ. 

ȷ.Ʉ.Ū., ɔɘŬ Űɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ ůŰɞ ɨˊŬɘɗɟɞ əŬɘ Űɘɠ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ ˊɞɡ ɛɞɡ 

ˊŬɟŮɑɢŬɜ. 

Ⱥˊɘˊɚɏɞɜ, ŮɡɢŬɟɘůŰɩ Űɞɡɠ ůɡɛűɞɘŰɖŰɏɠ ɛɞɡ ȷɚɛˊɎɜɖ ȯɔɔŮɚɞ, ȷɛŬɜŬŰɑŭɞɡ 

ȺɡŰɡɢɑŬ, ũɟɞɨɛˊŬ ɀɡɟŰɩ, ūɘɚɘˊˊɎəɞ ũɘɩɟɔɞ əŬɘ ɉɟɘůŰɞűɧɟɞɡ ɉɟɑůŰɞ, Űɧůɞ ɔɘŬ Űɖɜ 

ɎɟŰɘŬ ůɡɜŮɟɔŬůɑŬ ɛŬɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɛŮŰŬˊŰɡɢɘŬəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ, ɧůɞ əŬɘ ɔɘŬ 

Űɖɜ ɓɞɐɗŮɘɎ Űɞɡɠ ůŰɖɜ ůɡɚɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɡˊŬɑɗɟɞɡ ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ ɔɞɜŮɑɠ ɛɞɡ, ɔɘŬ Űɖ ůɡɜŮɢɐ Űɞɡɠ ůŰɐɟɘɝɖ 

ůŰɘɠ Ůˊɘɚɞɔɏɠ ɛɞɡ. 
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ɄŮɟɑɚɖɣɖ 

 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ŮɑɜŬɘ ɖ ŮűŬɟɛɞɔɐ ɔŮɤűɡůɘəɩɜ ɛŮɗɧŭɤɜ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɄɘɎɓɘŰůŬɠ ɉŬɚəɘŭɘəɐɠ, ůŰɖɜ ɞˊɞɑŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŮˊɘűŬɜŮɘŬəɏɠ 

ŮɛűŬɜɑůŮɘɠ ɛŮŰŬɚɚɞűɞɟɘɩɜ. Ɇəɞˊɧɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ ŮɑɜŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ ŰɏŰɞɘɤɜ ŭɞɛɩɜ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ əŬɘ ɞ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɞɡɠ Űɧůɞ Ŭˊɧ űɡůɘəɐ ɧůɞ əŬɘ Ŭˊɧ ɔŮɤűɡůɘəɐ 

Ɏˊɞɣɖ ɛɏůŬ Ŭˊɧ Űɖɜ ůɡɜŭɡŬůŰɘəɐ ŮɟɛɖɜŮɑŬ ɔŮɤɚɞɔɘəɩɜ, ɔŮɤŰɟɖŰɘəɩɜ əŬɘ 

ɔŮɤűɡůɘəɩɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ŮűŬɟɛɞůɛɏɜŮɠ ɛŮɗɧŭɞɡɠ. 

Ƀɘ ɔŮɤűɡůɘəɏɠ ɛɏɗɞŭɞɘ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɖ 

ɛɏɗɞŭɞɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ əŬɘ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ, ɖ ɛɏɗɞŭɞɠ Űɞɡ 

űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ, əŬɗɩɠ əŬɘ ɖ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ VLF. ɆŮ ˊɟɩŰɞ ůŰɎŭɘɞ 

ŮűŬɟɛɧůŰɖəŮ ɖ ɛɏɗɞŭɞɠ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŮ ˊɚɐɗɞɠ ˊŮɟɘɞɢɩɜ ɧˊɞɡ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ ŬˊɞəɎɚɡɣŬɜ ŮˊɘűŬɜŮɘŬəɏɠ ɕɩɜŮɠ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ, Ůɜɩ ůŰɖɜ ůɡɜɏɢŮɘŬ ŮűŬɟɛɧůŰɖəŬɜ əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ ɛɏɗɞŭɞɘ ůŮ 

ˊŮɟɘɞɢɏɠ ˊɞɡ ˊŬɟɞɡůɑŬůŬɜ ŮɜŭɘŬűɏɟɞɜ ɛɏůɤ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ űɡůɘəɞɨ 

ŭɡɜŬɛɘəɞɨ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɏɟɢɞɜŰŬɘ ůŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ ůŮ əŬɚɐ 

ůɡɛűɤɜɑŬ ɛŮ Űɞ ŮɡɟɨŰŮɟɞ ɔŮɤɚɞɔɘəɧ ɛɞɜŰɏɚɞ Űɖɠ ˊŮɟɘɞɢɐɠ, əŬɗɩɠ əŬɘ ɛŮ Űɞ 

ɛɘəɟɧŰŮɟɖɠ əɚɑɛŬəŬɠ ɔŮɤɚɞɔɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ɔŮɤɚɞɔɘəɩɜ 

ɢŬɟŰɞɔɟŬűɐůŮɤɜ. ȼ ůɡɜŭɡŬůŰɘəɐ ŮɟɛɖɜŮɑŬ Űɤɜ ɔŮɤűɡůɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŬˊɞŭŮɑɢɗɖəŮ 

ɘŭɘŬɑŰŮɟŬ ɤűɏɚɘɛɖ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ɝŮəŬɗŬɟɑɕɞɜŰŬɠ ŬůɎűŮɘŮɠ ˊɞɡ ŭɖɛɘɞɨɟɔɖůŮ 

Űɧůɞ Űɞ ůɨɜɗŮŰɞ ɔŮɤɚɞɔɘəɧ ɛɞɜŰɏɚɞ Űɖɠ ˊŮɟɘɞɢɐɠ, ɧůɞ əŬɘ Űɞ Ůɑŭɞɠ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ 

əŬɘ ɖ ůɢɏůɖ ŬɡŰɐɠ ɛŮ ŰŬ ˊŮŰɟɩɛŬŰŬ ůŰŬ ɞˊɞɑŬ űɘɚɞɝŮɜŮɑŰŬɘ. 

ȼ ŮəŰɑɛɖůɖ ŭŮŭɞɛɏɜɤɜ ɔŮɤŰɟɐůŮɤɜ ŬˊɞŰɏɚŮůŮ Ůˊɑůɖɠ ůɖɛŬɜŰɘəɧ ɞŭɖɔɧ ɔɘŬ Űɖɜ 

əŬɚɨŰŮɟɖ ŮɟɛɖɜŮɑŬ Űɤɜ ɔŮɤűɡůɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɗɩɠ əŬɘ Űɖɜ ůɨɜŭŮůɖ Űɤɜ 

Űɘɛɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŬɡŰɎ ɛŮ Űɞɡɠ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ 

Űɖɜ ˊŮɟɘɞɢɐ, əŬɗɩɠ əŬɘ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ˊɞɡ űɘɚɞɝŮɜŮɑŰŬɘ ůŮ ŬɡŰɎ. 
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Abstract 

 

The subject of this thesis is the application of geophysical methods in Piavitsa 

area, Chalkidiki, where surficial mineralization occurrences appear. The aim of this 

study is the identification of such zones of interest and their characterization both from 

a physical as well as geophysical perspective, through the combined interpretation of 

geological, drilling and geophysical data from multiple applied methods. 

The geophysical methods applied in this study are the Electrical Resistivity 

Tomography (ERT) with both direct current (DC) and induced polarization (IP) data, 

the Self-Potential (SP) method, as well as the VLF electromagnetic method. In the first 

part of the study, the self-potential method was applied in a number of areas where 

previous geological mapping studies revealed surficial zones of interest, while the other 

geophysical methods were subsequently applied in areas where the self-potential results 

suggested existence of possible deposits. 

The results obtained are generally in good agreement with the wider geological 

model of the area, as well as the smaller scale geological model resulting from 

geological mapping data. The combined interpretation of the geophysical data proved 

to be particularly useful in many cases, clarifying ambiguities created by both the 

complex geological model of the area as well as the type of mineralization and its 

relation to the rocks which is hosted. 

The drilling data assessment has also been an important guide for improving the 

interpretation of the geophysical results and linking the resulting values to the 

geological formations of the area, as well as the mineralization hosted within them. 
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ȾȺūȷȿȷȽɃ 1  ȺȽɆȷũɋũȼ 

1 

ȾȺūȷȿȷȽɃ 1ɞ 

 

1 ȺɘůŬɔɤɔɐ 

 

1.1 ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘŬŰɟɘɓɐɠ 

 

ȼ ŮˊɘůŰɐɛɖ Űɖɠ ɔŮɤűɡůɘəɐɠ ŬˊɞŰɏɚŮůŮ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Ŭəɧɛɖ Űɞɡ 19ɞɡ ŬɘɩɜŬ ɏɜŬ 

ůɖɛŬɜŰɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŮɝŮɟŮɨɜɖůɖ ŬɟɢɘəɎ, əŬɘ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ ůŰɖɜ ůɡɜɏɢŮɘŬ, 

ɛŮŰŬɚɚɞűɧɟɤɜ əɞɘŰŬůɛɎŰɤɜ. Ƀ əɨɟɘɞɠ ɚɧɔɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ɞɚɞɏɜŬ əŬɘ ˊɘɞ 

ůɖɛŬɜŰɘəɧ ŮɟɔŬɚŮɑɞ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɛŮŰŬɚɚŮɡŰɘəɐɠ ɏɟŮɡɜŬɠ ŮɑɜŬɘ ɧŰɘ ɛŮɚŮŰɎ əɎˊɞɘŮɠ 

űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ, ɞɘ ɞˊɞɑŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚŮɠ ŬɜŰɘɗɏůŮɘɠ ůŮ 

ůɢɏůɖ ɛŮ ŬɡŰɏɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ ůŰŬ ɞˊɞɑŬ űɘɚɞɝŮɜɞɨɜŰŬɘ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ ɏŰůɘ Űɧůɞ 

Űɞɜ ŮɜŰɞˊɘůɛɧ Űɞɡɠ, ɧůɞ əŬɘ Űɖɜ ɢɤɟɞɗɏŰɖůɐ Űɞɡɠ. ȼ ŮűŬɟɛɞɔɐ Űɤɜ əŬŰɎɚɚɖɚɤɜ 

ɛŮɗɧŭɤɜ ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ ˊɞɡ ɛŮɚŮŰɞɨɜ ŬɡŰɏɠ Űɘɠ ɘŭɘɧŰɖŰŮɠ, ɞ ůɡɜŭɡŬůɛɧɠ 

Űɖɠ ŮɟɛɖɜŮɑŬɠ Űɞɡɠ, əŬɗɩɠ əŬɘ ɖ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ɔŮɤɚɞɔɘəɎ ɐ əŬɘ 

ɔŮɤŰɟɖŰɘəɎ Ŭəɧɛɖ ůŰɞɘɢŮɑŬ, ɛˊɞɟŮɑ ɜŬ ɛŮɔɘůŰɞˊɞɘɐůŮɘ Űɖɜ ŮˊɘŰɡɢɑŬ ɛɑŬɠ 

ɛŮŰŬɚɚŮɡŰɘəɐɠ ɏɟŮɡɜŬɠ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ Űɞɡ 

űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ˊŮɟɘɞɢɐ ɄɘɎɓɘŰůŬ ɉŬɚəɘŭɘəɐɠ ůŮ Ŭɟɢɘəɧ ůŰɎŭɘɞ, ůŮ ˊŮɟɘɞɢɏɠ 

ɧˊɞɡ ɔŮɤɚɞɔɘəɏɠ əŬɘ ɢŬɟŰɞɔɟŬűɘəɏɠ ɛŮɚɏŰŮɠ ŮɛűɎɜɘůŬɜ ŮˊɘűŬɜŮɘŬəɐ ɛŮŰŬɚɚɞűɞɟɑŬ 

ɛŬɔɔŬɜɑɤɜ əŬɘ ůɞɡɚűɘŭɑɤɜ. ɆŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ŮűŬɟɛɧůŰɖəŬɜ ɖ ɛɏɗɞŭɞɠ Űɖɠ Ůɘŭɘəɐɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɧůɞ ɛŮ ŭŮŭɞɛɏɜŬ ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ, ɧˊɞɡ ɛŮŰɟɎŰŬɘ ɖ Ůɘŭɘəɐ 

ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ, ɧůɞ əŬɘ ɛŮ ŭŮŭɞɛɏɜŬ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ, 

ɧˊɞɡ ɛŮŰɟɎŰŬɘ ɖ űɞɟŰɘůŰɘəɧŰɖŰŬ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ, ŭɖɚŬŭɐ ɖ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ 

ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɤɠ ˊɡəɜɤŰɏɠ, əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ŭɘůŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ Űɞɡ 

ŮŭɎűɞɡɠ Űɞ ɞˊɞɑɞ ˊŬɟɏɢŮɘ ˊŮɟɘůůɧŰŮɟɖ ˊɚɖɟɞűɞɟɑŬ. ɇɏɚɞɠ ŮűŬɟɛɧůŰɖəŮ əŬɘ ɖ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ VLF, ɖ ɞˊɞɑŬ ŮɜŰɞˊɑɕŮɘ ɟɖɝɘɔŮɜŮɑɠ ɕɩɜŮɠ ɛɏůŬ ůŰɘɠ ɞˊɞɑŮɠ 

ŬɜŬˊŰɨůůɞɜŰŬɘ ɛŮŰŬɚɚɞűɧɟŬ ůɩɛŬŰŬ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ VLF ˊɟɞəɨˊŰŮɘ ɏɜŬ ɔŮɤɖɚŮəŰɟɘəɧ ɛɞɜŰɏɚɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɛɏŰɟɖůɖɠ, Űɞ 

ɞˊɞɑɞ ˊŬɟɞɡůɘɎɕŮɘ ŬɡɝɞɛŮɘɩůŮɘɠ ůŰɖɜ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ. 

Ɇəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ ŭɞɛɩɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ əŬɘ ɖ 

ŰŬɡŰɞˊɞɑɖůɐ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɤɜ ɢŬɟŰɞɔɟŬűɘəɩɜ ɛŮɚŮŰɩɜ, ɖ ɛŮɚɏŰɖ Űɤɜ 

űɡůɘəɩɜ əŬɘ ɔŮɤűɡůɘəɩɜ Űɞɡɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɖ ůɨɔəɟɘůɖ Űɞɡɠ Űɧůɞ ɛŮ ɔŮɤɚɞɔɘəɎ 

ɧůɞ əŬɘ ɛŮ ɔŮɤŰɟɖŰɘəɎ ŭŮŭɞɛɏɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ, əŬɗɩɠ əŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Űɖɠ ŮɟɛɖɜŮɑŬɠ 

Űɤɜ ɛŮɗɧŭɤɜ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ůŮ əɎɗŮ ˊŮɟɘɞɢɐ, ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ˊɘɞ ŬɝɘɧˊɘůŰɤɜ 

ůɡɛˊŮɟŬůɛɎŰɤɜ. 
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1.2 ȹɞɛɐ əŮűŬɚŬɑɤɜ 

 

ȼ ŭɞɛɐ əɎɗŮ əŮűŬɚŬɑɞɡ ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɡɜɞˊŰɘəɎ 

ˊŬɟŬəɎŰɤ: 

ɆŰɞ 2ɞ ȾŮűɎɚŬɘɞ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɗɏůɖ Űɖɠ ɄɘɎɓɘŰůŬɠ əŬɗɩɠ əŬɘ ˊŮɟɑɔɟŬɛɛŬ ˊɞɡ 

ɞɟɘɞɗŮŰŮɑ Űɞɜ ɢɩɟɞ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ ɏɚŬɓŬɜ ɛɏɟɞɠ ůŮ ŬɡŰɐ, ɔɑɜŮŰŬɘ ɛɑŬ ɘůŰɞɟɘəɐ 

ŬɜŬŭɟɞɛɐ ɔɘŬ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ əɞɘŰŬůɛɎŰɤɜ əŬɘ Űɤɜ ɛŮŰŬɚɚɞűɞɟɘɩɜ ˊɞɡ 

ɡˊɎɟɢɞɡɜ ůŰɖɜ ˊŮɟɘɞɢɐ Ŭˊɧ Űɖɜ ȺɚɚɖɜɘůŰɘəɐ ˊŮɟɑɞŭɞ ɛɏɢɟɘ ɆɐɛŮɟŬ, Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮɡɟɨŰŮɟɖ ɔŮɤɚɞɔɑŬ ˊɞɡ ŬˊŬɟŰɑɕŮɘ Űɖɜ ˊŮɟɘɞɢɐ. ɇɏɚɞɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ 

ˊŮɟɘůůɧŰŮɟŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ŭɟɎůɖ Űɞɡ ɟɐɔɛŬŰɞɠ Űɞɡ ɆŰɟŬŰɤɜɑɞɡ, əŬɗɩɠ əŬɘ Űɤɜ 

əɞɘŰŬůɛɎŰɤɜ ˊɞɡ ůɢɖɛŬŰɑůŰɖəŬɜ ɚɧɔɤ Űɖɠ ŭɟɎůɖɠ ŬɡŰɞɨ. 

ɆŰɞ 3ɞ ȾŮűɎɚŬɘɞ ŬɜŬˊŰɨůůŮŰŬɘ ɖ ɓŬůɘəɐ ɗŮɤɟɑŬ Űɤɜ ɔŮɤűɡůɘəɩɜ ɛŮɗɧŭɤɜ ˊɞɡ 

ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ, əŬɗɩɠ əŬɘ ɖ ůɨɜŭŮůɐ Űɞɡɠ ɛŮ Űɖɜ ɛŮŰŬɚɚɞűɞɟɑŬ 

ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ Ůɘŭɘəɐɠ 

ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ, ɖ ɛɏɗɞŭɞɠ Űɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ, ɖ ɛɏɗɞŭɞɠ Űɞɡ űɡůɘəɞɨ 

ŭɡɜŬɛɘəɞɨ, əŬɗɩɠ əŬɘ ɖ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ VLF, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɔɑɜŮŰŬɘ 

ŬɜŬűɞɟɎ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɞ Ůɑŭɞɠ Űɖɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ɏɢɞɡɜ ůɖɛŬɜŰɘəɎ 

ɞɟɡəŰɎ, ɛŮŰŬɚɚɘəɎ əŬɘ ɛɖ ůŮ ŬɡŰɏɠ Űɘɠ ɛŮɗɧŭɞɡɠ. 

ɆŰɞ 4ɞ ȾŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞɜ Ůɝɞˊɚɘůɛɧ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ɚɐɣɖ Űɤɜ ɛŮŰɟɐůŮɤɜ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ 

ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŬɜŰɘůŰɟɞűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ 

Ŭˊɧ ŬɡŰɏɠ. 

ɆŰɞ 5ɞ ȾŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɔɘŬ əɎɗŮ ˊŮɟɘɞɢɐ ˊɞɡ ɛŮŰɟɐɗɖəŮ ɝŮɢɤɟɘůŰɎ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɟɢɘəɎ ɞɘ ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɖɜ 

əɎɗŮ ɗɏůɖ ɛɏůɤ ɢŬɟŰɩɜ əŬɘ ůŰɞɘɢŮɑɤɜ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ, əŬɘ ˊŬɟŬŰɑɗŮɜŰŬɘ 

ůŰɞɘɢŮɑŬ Ŭˊɧ ŭŮŭɞɛɏɜŬ əɞɜŰɘɜɩɜ ɔŮɤŰɟɐůŮɤɜ, ɧˊɞɡ ŬɡŰɏɠ ɡˊɎɟɢɞɡɜ. ɆŰɖ ůɡɜɏɢŮɘŬ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŮ ɝŮɢɤɟɘůŰɎ ɡˊɞəŮűɎɚŬɘŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ 

əɎɗŮ ɛɏɗɞŭɞ əŬɘ ůɢɞɚɘɎɕɞɜŰŬɘ, Ůɜɩ ɔɑɜŮŰŬɘ əŬɘ ɛɑŬ ůɡɜɞɚɘəɐ ˊŬɟɞɡůɑŬůɖ əŬɘ ŮɟɛɖɜŮɑŬ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ ɧɚŮɠ Űɘɠ ɛŮɗɧŭɞɡɠ ɛŬɕɑ, ɛŮ ɓɎůɖ Űɖ ɗɏůɖ ˊɞɡ ɏɢɞɡɜ ŬɡŰɏɠ 

ůŰɞɜ ɢɩɟɞ. ɇɏɚɞɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɑŬ ůɨɜɞɣɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ ɧɚŮɠ Űɘɠ 

ˊŮɟɘɞɢɏɠ. 

ɆŰɞ 6ɞ ȾŮűɎɚŬɘɞ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖ 

ŭɘŬŰɟɘɓɐ ŬɡŰɐ əŬɗɩɠ əŬɘ əɎˊɞɘŮɠ ˊɟɞŰɎůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ɏɟŮɡɜŬ. 
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ȾȺūȷȿȷȽɃ 2ɞ 
 

2 ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ 

 

ɇɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŬűɞɟɎ Űɖɜ ˊŮɟɘɞɢɐ ůŰɖɜ ɞˊɞɑŬ ɏɚŬɓŮ ɛɏɟɞɠ ɖ ůɡɔəŮəɟɘɛɏɜɖ 

ŮɟɔŬůɑŬ. ȷɟɢɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ Űɖɠ ɄɘɎɓɘŰůŬɠ əŬɗɩɠ əŬɘ ɛŮɟɘəɎ ɘůŰɞɟɘəɎ 

ůŰɞɘɢŮɑŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɛɏɢɟɘ ůɐɛŮɟŬ, 

Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮŰŬɘ ɖ ɔŮɤɚɞɔɑŬ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ. ɇɏɚɞɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ 

ůŰɞɘɢŮɑŬ ɔɘŬ Űɖ ŭɟɎůɖ Űɞɡ ɟɐɔɛŬŰɞɠ Űɞɡ ɆŰɟŬŰɤɜɑɞɡ, əŬɗɩɠ əŬɘ ɔɘŬ Űɞ əɞɘŰŬůɛŬŰɞɚɞɔɘəɧ 

ŮɜŭɘŬűɏɟɞɜ ˊɞɡ ɏɢŮɘ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖ ŭɟɎůɖ ŬɡŰɐ. 

 

2.1 ɄɘɎɓɘŰůŬ 

 

ȼ ˊŮɟɘɞɢɐ ɄɘɎɓɘŰůŬ ŬɜɐəŮɘ ůŰɞɜ ȹɐɛɞ ȷɟɘůŰɞŰɏɚɖ, ˊɟɩɖɜ ȹɐɛɤɜ ȷɟɜŬɑŬɠ, 

ɄŬɜŬɔɑŬɠ əŬɘ ɆŰŬɔŮɑɟɤɜ-ȷəɎɜɗɞɡ ůŰɖɜ ȷɜŬŰɞɚɘəɐ ɉŬɚəɘŭɘəɐ, ůŰɖɜ ɄŮɟɘűɏɟŮɘŬ 

ȾŮɜŰɟɘəɐɠ ɀŬəŮŭɞɜɑŬɠ. ȼ ˊŮɟɘɞɢɐ ɞɟɘɞɗŮŰŮɑŰŬɘ ůŰŬ ȸɞɟŮɘɞŭɡŰɘəɎ Ŭˊɧ Űɞ ɢɤɟɘɧ 

ȸŬɟɓɎɟŬ, ůŰŬ ȷɜŬŰɞɚɘəɎ Ŭˊɧ Űɞ ɢɤɟɘɧ ɆŰɟŬŰɞɜɑəɖ əŬɘ ůŰŬ ɁɞŰɘɞŭɡŰɘəɎ Ŭˊɧ Űɞ ɢɤɟɘɧ 

ɁŮɞɢɩɟɘ. 

 

ɆɢɐɛŬ 2.1 ȼ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ɄɘɎɓɘŰůŬɠ əŬɘ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ (Google Earth) 
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ɆŰɞ ˊŬɟŬˊɎɜɤ ůɢɐɛŬ (ɆɢɐɛŬ 2.1) ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ˊɞɡ 

ŬˊɞŰŮɚŮɑ Űɖɜ ɄɘɎɓɘŰůŬ, əŬɗɩɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ Űɞ ŰɛɐɛŬ ɧˊɞɡ ɏɚŬɓŬɜ ɛɏɟɞɠ ɞɘ 

ɛŮŰɟɐůŮɘɠ ɔɘŬ Űɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ. 

 

2.2 ȽůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ 

 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ȸɞɟŮɘɞŬɜŬŰɞɚɘəɐɠ ɉŬɚəɘŭɘəɐɠ ɏɢŮɘ ŬɝɘɞůɖɛŮɑɤŰɞ ɘůŰɞɟɘəɧ əŬɘ 

ˊɞɚɘŰɘůŰɘəɧ ˊɚɞɨŰɞ, ɞ ɞˊɞɑɞɠ ůɡɜŭɏŮŰŬɘ ɛŮ Űɘɠ ɛŮŰŬɚɚŮɡŰɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ˊɞɡ 

ɏɢɞɡɜ ɚɎɓŮɘ ɛɏɟɞɠ ůŰɖɜ ˊŮɟɘɞɢɐ. ȾŬŰɎ Űɞɜ Davies (1935) ɡˊɐɟɝŮ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůŰŬ 

ɛŮŰŬɚɚŮɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ, əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ɗɏůɖ ɁŮɞɢɩɟɘ, ɖ ɞˊɞɑŬ 

ɢɟɞɜɞɚɞɔŮɑŰŬɘ ůŰɖɜ ŮɚɚɖɜɘůŰɘəɐ ˊŮɟɑɞŭɞ (323-146 ˊ.ɉ.), Ůɜɩ ůɨɛűɤɜŬ ɛŮ Űɞɜ 

ɄŬˊɎɔɔŮɚɞ (1991), ɞ ɞˊɞɑɞɠ ŮɟŮɨɜɖůŮ ŮˊɘűŬɜŮɘŬəɎ Űɖɜ ˊŮɟɘɞɢɐ, ɡˊɎɟɢɞɡɜ ɛɧɜɞ 

ŮɜŭŮɑɝŮɘɠ ɔɘŬ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ əŬŰɎ Űɖ ɅɤɛŬɥəɐ ˊŮɟɑɞŭɞ (146 ˊ.ɉ. ï 330 ɛ.ɉ.) Űɖɠ 

ˊŮɟɘɞɢɐɠ Űɤɜ Ɇəɞɡɟɘɩɜ ůŰɖɜ ɀŮɔɎɚɖ ɄŬɜŬɔɑŬ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŬɜŬɢɗŮɑ ůŮ Ŭəɧɛɖ 

ˊŬɚŬɘɧŰŮɟŬ ɢɟɧɜɘŬ. ɀŮ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɅɤɛŬɥəɐɠ ˊŮɟɘɧŭɞɡ, ɖ ˊŮɟɘɞɢɐ Űɖɠ ȸȷ 

ɉŬɚəɘŭɘəɐɠ ɔɜɩɟɘůŮ ˊŬɟŬəɛɐ əŬɘ ɞɘ ɛŮŰŬɚɚŮɡŰɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ŮɚŬŰŰɩɗɖəŬɜ, ɏɤɠ 

ŰŬ Űɏɚɖ Űɖɠ ȸɡɕŬɜŰɘɜɐɠ ˊŮɟɘɧŭɞɡ (330-1453 ɛ.ɉ.) əŬɘ ɘŭɘŬɑŰŮɟŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ɃɗɤɛŬɜɘəɐɠ ˊŮɟɘɧŭɞɡ, ɧˊɞɡ ɎɜɗɘůŬɜ. 

Ƀɘ ˊɟɩŰŮɠ ůŬűŮɑɠ ɛŬɟŰɡɟɑŮɠ ůŰɖ ȸɡɕŬɜŰɘɜɐ ˊŮɟɑɞŭɞ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ Űɞ 1346 

(ȸompaire, 1964), ɛŮ əɨɟɘɞ ɛŮŰŬɚɚŮɡŰɘəɧ əɏɜŰɟɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɜŬ ŮɑɜŬɘ ŰŬ 

çɆɘŭɖɟɞəŬɨůɘŬè ůŰɖɜ ůɖɛŮɟɘɜɐ ˊŮɟɘɞɢɐ Űɖɠ ɆŰɟŬŰɞɜɑəɖɠ, ˊŬɟɧŰɘ ŬɜŬűɞɟɏɠ ɔɘŬ Űɞ 

əɏɜŰɟɞ ŬɡŰɧ ůɡɜŬɜŰɩɜŰŬɘ ɐŭɖ Ŭˊɧ Űɞ 866 ɛ.ɉ.. ɀŮ Űɞ Űɏɚɞɠ Űɖɠ ȸɡɕŬɜŰɘɜɐɠ ˊŮɟɘɧŭɞɡ 

əŬɘ Űɖɜ əŬŰɎəŰɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ Ŭˊɧ Űɞɡɠ ɃɗɤɛŬɜɞɨɠ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 15ɞɡ ŬɘɩɜŬ, ɖ 

ˊŮɟɘɞɢɐ ɔɜɩɟɘůŮ ɝŬɜɎ ŬəɛɐȚ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɜ əŬŰŮɟɔŬůɑŬ ɛɞɚɨɓŭɞɡ əŬɘ 

ɣŮɡŭŬɟɔɨɟɞɡ, əŬɘ ɚŮɘŰɞɡɟɔɞɨůŬɜ ůɡɜɞɚɘəɎ 500 ɛŮ 600 əŬɛɑɜɘŬ. 

ɆŰɘɠ Ŭɟɢɏɠ Űɞɡ 18ɞɡ ŬɘɩɜŬ, ŰŬ ɢɤɟɘɎ Űɖɠ ˊŮɟɘɞɢɐɠ, ŰŬ ɚŮɔɧɛŮɜŬ çɀŬŭŮɛɞɢɩɟɘŬè, 

ŬˊɏəŰɖůŬɜ Űɖɜ ŬɡŰɞɜɞɛɑŬ Űɞɡɠ, əŬɘ ɞɘ əɎŰɞɘəɞɘ Űɖɠ ˊŮɟɘɞɢɐɠ ŬˊɏəŰɖůŬɜ Ůˊɑůɖɠ Űɞ 

ŭɘəŬɑɤɛŬ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɤɜ ɛŮŰŬɚɚŮɑɤɜ Ŭɟɔɨɟɞɡ. ȼ ŬɡŰɞɜɞɛɑŬ ŬɡŰɐ ŭɘɐɟəɖůŮ ɏɤɠ 

Űɖɜ ŬɜŮˊɘŰɡɢɐ ŮˊŬɜɎůŰŬůɖ Űɞɡ 1822 Ŭˊɧ Űɞɡɠ əŬŰɞɑəɞɡɠ Űɤɜ ɀŬŭŮɛɞɢɤɟɑɤɜ, ˊɞɡ ŮɑɢŮ 

ɤɠ ŬɜŰɑəŰɡˊɞ Űɖɜ əŬŰŬůŰɟɞűɐ Űɤɜ ɢɤɟɘɩɜ Ŭˊɧ Űɞɡɠ ɇɞɨɟəɞɡɠ. 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ȾȺūȷȿȷȽɃ 2  ɄȺɅȽɃɉȼ ɀȺȿȺɇȼɆ 

5 

ȾŬŰɎ Űɖ ůɨɔɢɟɞɜɖ Ůˊɞɢɐ (1821-) ɖ ŮəɛŮŰɎɚɚŮɡůɖ ˊŮɟɘɐɚɗŮ ůŰŬ ɢɏɟɘŬ Űɖɠ 

ɃɗɤɛŬɜɘəɐɠ ɛŮŰŬɚɚŮɡŰɘəɐɠ ŮŰŬɘɟŮɑŬɠ çȾŬůůɎɜŭɟŬè Űɞ 1893, Ůɜɩ Űɖɜ ɑŭɘŬ ɢɟɞɜɘɎ ŰŬ 

ɛŮŰŬɚɚŮɡŰɘəɎ ŭɘəŬɘɩɛŬŰŬ ˊŬɟŬɢɤɟɐɗɖəŬɜ ůŰɖɜ ũɎɚɚɞ-ɃɗɤɛŬɜɘəɐ ŮŰŬɘɟŮɑŬ 

çɀŮŰŬɚɚŮɑŬ ȾŬůůɎɜŭɟŬɠè ɛŮ ɏŭɟŬ ůŰɞ ɄŬɟɑůɘ. ɇɞ ŮɜŭɘŬűɏɟɞɜ Űɖɠ ŮŰŬɘɟŮɑŬɠ 

ůɡɔəŮɜŰɟɩɗɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ ɆŰɟŬŰɞɜɑəɖ, ɧˊɞɡ Űɞ 1901 ɝŮəɑɜɖůŮ ɖ ŮˊɘűŬɜŮɘŬəɐ 

ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ əɞɘŰɎůɛŬŰɞɠ ůɘŭɖɟɞˊɡɟɑŰɖ ůŰɞ ɛŮŰŬɚɚŮɑɞ Űɞɡ çɀŬŭɏɛ ȿɎəəɞɡè.  

ɇɞ 1927 Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ ŭɘŬŭɏɢɗɖəŮ ɖ ȷɜɩɜɡɛɖ Ⱥɚɚɖɜɘəɐ ȺŰŬɘɟŮɑŬ ɉɖɛɘəɩɜ 

ɄɟɞɥɧɜŰɤɜ & ȿɘˊŬůɛɎŰɤɜ (ȷȺȺɉɄ&ȿ), Ůɜɩ Űɞ 1952 ɝŮəɑɜɖůŮ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ˊɟɩŰɞɡ Ůə Űɤɜ Űɟɘɩɜ ůɖɛŮɟɘɜɩɜ ŮɟɔɞůŰŬůɑɤɜ ŮɛˊɚɞɡŰɘůɛɞɨ ɛŮŰŬɚɚŮɡɛɎŰɤɜ ůŰɞ 

ɆŰɟŬŰɩɜɘ, ŬɝɘɞˊɞɘɩɜŰŬɠ əŬɘ ŰŬ űŰɤɢɎ ɛŮɘəŰɎ ɗŮɘɞɨɢŬ ɛŮŰŬɚɚŮɨɛŬŰŬ Űɖɠ ȷɜŬŰɞɚɘəɐɠ 

ɉŬɚəɘŭɘəɐɠ, Ŭˊɧ ŰŬ ɞˊɞɑŬ ˊŬɟɎɔɞɜŰŬɜ ůɡɛˊɡəɜɤɛɏɜŬ ɛŮŰŬɚɚŮɨɛŬŰŬ ůűŬɚŮɟɑŰɖ əŬɘ 

ɔŬɚɖɜɑŰɖ. ɇɞ 1972 ɝŮəɑɜɖůŮ ɖ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ ɛŮŰŬɚɚŮɑɞɡ ɛŮɘəŰɩɜ ɗŮɘɞɨɢɤɜ Űɖɠ 

ɃɚɡɛˊɘɎŭŬɠ əŬɘ Űɞ 1976 əŬŰŬůəŮɡɎůŰɖəŮ Űɞ ɜɏɞ ŮɟɔɞůŰɎůɘɞ ŮɛˊɚɞɡŰɘůɛɞɨ ůŰɖɜ 

ɃɚɡɛˊɘɎŭŬ, ɧˊɞɡ ŰŬ ɛŮŰŬɚɚŮɨɛŬŰŬ ɛŮŰŬűɏɟɞɜŰŬɜ ůŰɞ ɆŰɟŬŰɩɜɘ ɏŰɞɘɛŬ ɔɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ Űɞɡɠ. 

ɇɞɜ ȹŮəɏɛɓɟɖ Űɞɡ 1995 ŰŬ ŭɘəŬɘɩɛŬŰŬ əŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ɛŮŰŬɚɚŮɡŰɘəɩɜ 

ŮɔəŬŰŬůŰɎůŮɤɜ Űɤɜ çɀŮŰŬɚɚŮɑɤɜ ȾŬůůɎɜŭɟŬɠè ˊŮɟɘɐɚɗŬɜ ůŰɖɜ TVX Hellas, 

ɗɡɔŬŰɟɘəɐ ŮŰŬɘɟŮɑŬ Űɖɠ əŬɜŬŭɘəɐɠ TVX Gold, ɛŮ əɨɟɘɞ ůəɞˊɧ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

ɛŮŰŬɚɚɞɡɟɔɑŬɠ ɢɟɡůɞɨ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɃɚɡɛˊɘɎŭŬɠ. Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ Űɖɠ Űɞˊɘəɐɠ 

əɞɘɜɤɜɑŬɠ ůŰɖɜ əɑɜɖůɖ ŬɡŰɐ ˊɎɔɤůŮ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ůɢŮŭɑɞɡ, Ůɜɩ ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ 

ŭɘŬəɧˊɖəŬɜ ɞɘ ŮɟɔŬůɑŮɠ əŬɘ ůŰɞ ɛŮŰŬɚɚŮɑɞ ŮəɛŮŰɎɚɚŮɡůɖɠ ɛŮɘəŰɩɜ ɗŮɘɞɨɢɤɜ Űɤɜ 

ɀŬɨɟɤɜ ɄŮŰɟɩɜ. 

ɇɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2004 ɧɚŬ ŰŬ ŭɘəŬɘɩɛŬŰŬ ˊŬɟŬɢɤɟɐɗɖəŬɜ ůŰɖɜ ŮŰŬɘɟŮɑŬ 

Ⱥɚɚɖɜɘəɧɠ ɉɟɡůɧɠ ȷ.Ⱥ., ɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɖɠ ɞˊɞɑŬɠ ůɡɜŮɢɑɕŮŰŬɘ ɏɤɠ əŬɘ ůɐɛŮɟŬ.  

 

2.3 ũŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

 

ȷˊɧ ɔŮɤɚɞɔɘəɐ ůəɞˊɘɎ, ɖ ɄɘɎɓɘŰůŬ ŬɜɐəŮɘ ůŰɖɜ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ ɔŮɤŰŮəŰɞɜɘəɐ 

ɕɩɜɖ (ɆɢɐɛŬ 2.2), ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ əɟɡůŰŬɚɚɞůɢɘůŰɩŭɖ əŬɘ ˊɡɟɘɔŮɜɐ 

ˊŮŰɟɩɛŬŰŬ. 
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ɆɢɐɛŬ 2.2 ũŮɤŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ Űɖɠ ȺɚɚɎŭŬɠ (ɀɞɡɜŰɟɎəɖɠ, 2010) 

ȼ ɕɩɜɖ ŬɡŰɐ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ŮɜɧŰɖŰŮɠ ɛŮ ɓɎůɖ ŰŬ ˊŮŰɟɩɛŬŰɎ ŰɖɠȚ ůŰɖɜ 

ŬɟɢŬɘɧŰŮɟɖ ůŮ ɖɚɘəɑŬ, əŬŰɩŰŮɟɖ ůŰɟɤɛŬŰɞɔɟŬűɘəɎ ŮɜɧŰɖŰŬ Űɤɜ ȾŮɟŭɡɚɑɤɜ əŬɘ ůŰɖɜ 

ɜŮɧŰŮɟɖ ůŮ ɖɚɘəɑŬ, ŬɜɩŰŮɟɖ ŮɜɧŰɖŰŬ Űɞɡ ȸŮɟŰɑůəɞɡ (ɆɢɐɛŬ 2.3). 

 

ɆɢɐɛŬ 2.3 ɆəŬɟɑűɖɛŬ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ ɛɎɕŬɠ (Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ ɀɞɡɜŰɟɎəɖɠ, 2010) 
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ȼ ŮɜɧŰɖŰŬ Űɤɜ ȾŮɟŭɡɚɑɤɜ ůɡɜŬɜŰɎŰŬɘ ůŰɞ ȷɜŬŰɞɚɘəɧ əɞɛɛɎŰɘ Űɖɠ ɉŬɚəɘŭɘəɐɠ 

Ŭˊɧ Űɘɠ Ůəɓɞɚɏɠ Űɞɡ ɆŰɟɡɛɩɜŬ ɛɏɢɟɘ Űɞ ɢɤɟɘɧ ɆŰɟŬŰɩɜɘ, Ůɜɩ ŰŬ ˊŮŰɟɩɛŬŰŬ Ŭˊɧ ŰŬ 

ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ ŮɑɜŬɘ ɞɘ ɓɘɞŰɘŰɘəɞɑ ɔɜŮɨůɘɞɘ (ɛɘɔɛŬŰɘŰɘəɞɑ), ɞɘ ŭɘɛŬɟɛŬɟɡɔɘŬəɞɑ 

ɔɜŮɨůɘɞɘ (ɔɟŬɜŬŰɞɨɢɞɘ), ɞɘ ŬɛűɘɓɞɚɑŰŮɠ, ɞɘ ŮəɚɞɔɑŰŮɠ (ŬɛűɘɓɞɚɘŰɘɤɛɏɜɞɘ) əŬɗɩɠ əŬɘ ŰŬ 

ɛɎɟɛŬɟŬ, ɖ ɏəŰŬůɖ Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ ŮəŰŮɜɐɠ ůŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ. ɇŬ ˊŮŰɟɩɛŬŰŬ ŬɡŰɎ 

ŮəŰŮɑɜɞɜŰŬɘ ˊŮɟɑ ŰŬ 3000 ɛɏŰɟŬ ůŮ ɓɎɗɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŰŬ əŬɗɘůŰɎ Űɞɡɠ ɓŬɗɨŰŮɟɞɡɠ 

ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ ɛɎɕŬɠ, əŬɘ ˊɘɗŬɜɎ ɞɚɧəɚɖɟɖɠ Űɖɠ ȺɚɚɎŭŬɠ. 

ȼ ŮɜɧŰɖŰŬ Űɞɡ ȸŮɟŰɑůəɞɡ ůɡɜŬɜŰɎŰŬɘ ŭɡŰɘəɎ Űɖɠ ŮɜɧŰɖŰŬɠ Űɤɜ ȾŮɟŭɡɚɑɤɜ əŬɘ 

ŮəŰŮɑɜŮŰŬɘ ȸɧɟŮɘŬ ɏɤɠ ŰŬ ůɨɜɞɟŬ, Ůɜɩ ŰŬ ˊŮŰɟɩɛŬŰŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ ŮɑɜŬɘ ɞɘ 

ɞűɗŬɚɛɞŮɘŭŮɑɠ ɞɟɗɞɔɜŮɨůɘɞɘ (ɛɘɔɛŬŰɘŰɘəɞɑ), ɞɘ ɛŬɟɛŬɟɡɔɘŬəɞɑ ůɢɘůŰɧɚɘɗɞɘ, ŰŬ ɚŮˊŰɎ 

ůŰɟɩɛŬŰŬ ɛŬɟɛɎɟɤɜ əŬɘ ɞɘ ɛŮŰŬɔɎɓɓɟɞɘ əŬɘ ɞɟɗɞŬɛűɘɓɞɚɑŰŮɠ ůŰŬ ŬɜɩŰŮɟŬ əɡɟɑɤɠ 

ůŰɟɩɛŬŰŬ, ŰŬ ɞˊɞɑŬ ˊɟɞɐɚɗŬɜ Ŭˊɧ ɛŮŰŬɛɧɟűɤůɖ ɓŬůɘəɩɜ ˊɡɟɘɔŮɜɩɜ ůɤɛɎŰɤɜ əŬɘ 

ůɡɜŬɜŰɩɜŰŬɘ ɤɠ űŬəɞŮɘŭɐ ůɩɛŬŰŬ ɛɏůŬ ůŰɞɡɠ ɔɜŮɡůɑɞɡɠ. 

 

2.4 ɅɐɔɛŬ ɆŰɟŬŰɤɜɑɞɡ əŬɘ əɞɘŰŬůɛŬŰɞɚɞɔɘəɧ ŮɜŭɘŬűɏɟɞɜ 

 

ȰɜŬ Ŭˊɧ ŰŬ əɡɟɘɧŰŮɟŬ ŬɑŰɘŬ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ ɛŮŰŬɚɚɞűɞɟɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ 

ɖ ŭɟɎůɖ ŰŮəŰɞɜɘəɎ ŮɜŮɟɔɩɜ ɟɖɔɛɎŰɤɜ əŬɘ əɡɟɑɤɠ Űɞɡ ɟɐɔɛŬŰɞɠ Űɞɡ ɆŰɟŬŰɤɜɑɞɡ. 

ɇŬ ɟɐɔɛŬŰŬ ŮɛűŬɜɑɕɞɡɜ Űɟɘɩɜ Ůɘŭɩɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧȚ ȷɜŬŰɞɚɐ-ȹɨůɖ, 

ȸɞɟŮɘɞŭɡŰɘəɧ-ɁɞŰɘɞŬɜŬŰɞɚɘəɧ əŬɘ ȸɞɟŮɘɞŬɜŬŰɞɚɘəɧ-ɁɞŰɘɞŭɡŰɘəɧ. ɇɞ ɟɐɔɛŬ Űɞɡ 

ɆŰɟŬŰɤɜɑɞɡ ŮɑɜŬɘ ɏɜŬ əŬɜɞɜɘəɧ ɟɐɔɛŬ ɛɐəɞɡɠ ˊŮɟɑˊɞɡ 15 ɢɘɚɘɞɛɏŰɟɤɜ, ɛŮ əɨɟɘɞ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ ȷɜŬŰɞɚɐ-ȹɨůɖ, Űɞ ɞˊɞɑɞ ɢɤɟɑɕŮɘ Űɖɜ ŮɜɧŰɖŰŬ Űɤɜ ȾŮɟŭɡɚɑɤɜ ůŰɞɜ 

ȸɞɟɟɎ Ŭˊɧ Űɖɜ ŮɜɧŰɖŰŬ Űɞɡ ȸŮɟŰɑůəɞɡ ůŰɞɜ ɁɧŰɞ (ɆɢɐɛŬ 2.4). ȷˊɧ Űɖɜ ŭɟɎůɖ Űɞɡ 

ɡˊɎɟɢŮɘ ɛɑŬ ˊɞɚɨ ɛŮɔɎɚɖ ɓɨɗɘůɖ Űɞɡ ȸŮɟŰɑůəɞɡ, Űɖɠ ɞɟɞűɐɠ ŭɖɚŬŭɐ Űɞɡ ɟɐɔɛŬŰɞɠ, 

ˊɟɞɠ Űɞɜ ɁɧŰɞ ůŮ ůɢɏůɖ ɛŮ ŰŬ ȾŮɟŭɨɚɘŬ, Űɖɜ ɓɎůɖ Űɞɡ ɟɐɔɛŬŰɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕŮɘ Űɖɜ ŮűŮɚəɡůŰɘəɐ ŭɟɎůɖ Űɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ. ɇŬ ɟɐɔɛŬŰŬ ȸɞɟŮɘɞŭɡŰɘəɞɨ-

ɁɞŰɘɞŬɜŬŰɞɚɘəɞɨ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ ŮɑɜŬɘ ˊɚŬɔɘɞəŬɜɞɜɘəɎ ɟɐɔɛŬŰŬ ŬɟɘůŰŮɟɧůŰɟɞűɖɠ 

ůɡɜɘůŰɩůŬɠ (Pavlides & Tranos, 1991), ůɡɜŭɡɎɕɞɡɜ ŭɖɚŬŭɐ Űɖɜ əɑɜɖůɖ ɟɖɔɛɎŰɤɜ 

əŬŰɎ Űɖɜ ˊŬɟɎŰŬɝɖ (ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬŰɧˊɘůɖɠ) ŬɚɚɎ əŬɘ əŬŰɎ Űɖɜ əɚɑůɖ 

(əŬɜɞɜɘəɎ/ŬɜɎůŰɟɞűŬ), əŬɘ ŮɑɜŬɘ ŬɡŰɎ ŰŬ ɞˊɞɑŬ əɡɟɘŬɟɢɞɨɜ ůŰɖɜ ˊŮɟɘɞɢɐ. 
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ɆɢɐɛŬ 2.4 ɅɐɔɛŬ ɆŰɟŬŰɤɜɑɞɡ əŬɘ ŮɛűŬɜɘůɗŮɑůŮɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȸ.ȷ. ɉŬɚəɘŭɘəɐɠ (Űɟɞˊɞˊɞɘɖɛɏɜɞ 

Ŭˊɧ Galanopoulos & Theodoroudis, 1994) 

ȷˊɧ əɞɘŰŬůɛŬŰɞɚɞɔɘəɐ Ɏˊɞɣɖ, ɖ ȸɞɟŮɘɞŬɜŬŰɞɚɘəɐ ɉŬɚəɘŭɘəɐ ŮɑɜŬɘ ˊɚɞɨůɘŬ ůŮ 

ɛŬɔɔŬɜɘɞɨɢɞ ɛŮŰŬɚɚɞűɞɟɑŬ, ɘŭɘŬɑŰŮɟŬ ůŰŬ ɧɟɘŬ Űɖɠ ŰŮəŰɞɜɘəɐɠ ŬůɡɜɏɢŮɘŬɠ ɆŰɟŬŰɤɜɑɞɡ 

əŬɘ ȸŬɟɓɎɟŬɠ, ɛŮ ůɖɛŬɜŰɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ɜŬ ŬɜŬˊŰɨůůɞɜŰŬɘ Ůˊɑůɖɠ ˊŮɟɘɗɤɟɘŬəɎ 

Űɤɜ əɞɘŰŬůɛɎŰɤɜ ɛŮ ɗŮɘɞɨɢŬ ɓŬůɘəɎ ɛɏŰŬɚɚŬ Űɞɡ ɀŬŭɏɛ ȿɎəəɞɡ əŬɘ Űɖɠ ɃɚɡɛˊɘɎŭŬɠ 

(Galanopoulos & Theodoroudis, 1994). ɇŬ ɓŬůɘəɧŰŮɟŬ ˊɞɚɨŰɘɛŬ ɛɏŰŬɚɚŬ ˊɞɡ 

ůɡɜŬɜŰɩɜŰŬɘ ůŰŬ əɞɘŰɎůɛŬŰŬ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŮɑɜŬɘ ɞ ɢɟɡůɧɠ (Au) əŬɘ ɞ Ɏɟɔɡɟɞɠ (Ag), 

Ůɜɩ ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ ɏɢɞɡɜ Ůˊɑůɖɠ ɞɘ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ůŮ ɛɧɚɡɓŭɞ (Pb) əŬɘ 

ɣŮɡŭɎɟɔɡɟɞ (Zn), ŰŬ ɞˊɞɑŬ ůɡɜŬɜŰɩɜŰŬɘ əɡɟɑɤɠ ůŰŬ ˊŮɟɘɗɩɟɘŬ Űɤɜ ɗŮɘɞɨɢɤɜ 

əɞɘŰŬůɛɎŰɤɜ. ɇɏɚɞɠ, ůɡɜŬɜŰɎŰŬɘ ɞ ůɑŭɖɟɞɠ (Fe), ɘŭɘŬɑŰŮɟŬ ůŰɞɜ ɀŬŭɏɛ ȿɎəəɞ, əŬɗɩɠ 

əŬɘ ɞ ɢŬɚəɧɠ (Cu) ůŰɞɜ ɀˊŬůŭɏə ȿɎəəɞ əŬɘ ůŰɞ ˊɞɟűɡɟɘəɞɨ Űɨˊɞɡ əɞɑŰŬůɛŬ ůŰɘɠ 

Ɇəɞɡɟɘɏɠ. ȼ ɨˊŬɟɝɖ Űɤɜ ɛŮŰɎɚɚɤɜ ŬɡŰɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ ŬˊɞŰŮɚŮɑ ɏɜŭŮɘɝɖ ɔɘŬ Űɖɜ 

ůŰŮɜɐ ɔŮɜŮŰɘəɐ ůɢɏůɖ ˊɞɡ ɏɢɞɡɜ ŰŬ əɞɘŰɎůɛŬŰŬ ɗŮɑɞɡ əŬɘ ɛŬɔɔŬɜɑɞɡ. 

ȳůɞ ŬűɞɟɎ Űɖ ɛŮŰŬɚɚɞűɞɟɑŬ ůŰɖɜ ɄɘɎɓɘŰůŬ, ŬˊɞŰŮɚŮɑ əɡɟɑɤɠ ɛɑŬ 

ŬɜŰɘəŬŰɎůŰŬůɖ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ Ŭˊɧ ɖɛɘůɡɛˊŬɔɐ ˊɟɞɠ ůɡɛˊŬɔɐ ůɞɡɚűɑŭɘŬ, 

ɛŮ ŮəŰŮŰŬɛɏɜŮɠ ɢŬɚŬɕɘŬəɏɠ-ɟɞŭɞɢɟɤůɘŰɘəɏɠ űɚɏɓŮɠ ˊɚɞɨůɘŮɠ ůŮ ɢɟɡůɧ. Ƀɘ űɚɏɓŮɠ 

ŬɡŰɏɠ ˊŮɟɘɏɢɞɡɜ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ŭɘɎůˊŬɟŰɞ ůɘŭɖɟɞˊɡɟɑŰɖ, ůűŬɚŮɟɑŰɖ, ɔŬɚɖɜɑŰɖ, 

ŬɟůŮɜɞˊɡɟɑŰɖ əŬɘ ɓɞɡɚŬɜɕŮɟɑŰɖ. 
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ȼ ŮˊɘűŬɜŮɘŬəɐ ɏəűɟŬůɖ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ŬűɞɟɎ ˊɡɟɘŰɘəɎ ůɩɛŬŰŬ əŬɘ ɞɝŮɑŭɘŬ 

ɛŬɔɔŬɜɑɤɜ, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ ˊɟɞɥɧɜŰŬ ɞɝŮɑŭɤůɖɠ ɛŬɔɔŬɜɘɞɨɢɤɜ ɞɟɡəŰɩɜ, Ůɜɩ ůŮ 

ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ ůɡɜŬɜŰɩɜŰŬɘ ŭɘŬəŮəɞɛɛɏɜŮɠ ɕɩɜŮɠ ůɞɡɚűɘŭɑɤɜ. Ƀɘ ɕɩɜŮɠ ŬɡŰɏɠ 

ŮɛűŬɜɑɕɞɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŮ űŬəɞɨɠ ɛŬɟɛɎɟɤɜ ɞɘ ɞˊɞɑɞɘ ˊŬɟŬůɨɟɞɜŰŬɘ ůŰɖɜ 

ɕɩɜɖ Űɞɡ ɟɐɔɛŬŰɞɠ ɆŰɟŬŰɤɜɑɞɡ ɛŮ Űɟɧˊɞ ˊŬɟŬˊɚɐůɘɞ ɛŮ ŬɡŰɧɜ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰɞ 

əɞɑŰŬůɛŬ Űɤɜ ɀŬɨɟɤɜ ɄŮŰɟɩɜ (Siron et al., 2018). ɇŬ ŬˊɞɗɏɛŬŰŬ ŮəŰɘɛɩɜŰŬɘ ˊŮɟɑ ŰŬ 

10.5 ŮəŬŰɞɛɛɨɟɘŬ Űɧɜɞɡɠ, ɛŮ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ůŮ ɛŬɔɔɎɜɘɞ ɏɤɠ 34% əŬɘ ůŮ ɢɟɡůɧ Ŭˊɧ 

0.84 ɏɤɠ 5.7 ɔɟŬɛɛɎɟɘŬ ŬɜɎ Űɧɜɞ. 
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ȾȺūȷȿȷȽɃ 3ɞ 

 

3 ŪŮɤɟɑŬ ɔŮɤűɡůɘəɩɜ ɛŮɗɧŭɤɜ 

 

ȼ ɔŮɤűɡůɘəɐ ůŰɖɜ ɏɟŮɡɜŬ ɝŮəɑɜɖůŮ ɐŭɖ Ŭˊɧ Űɞ ˊɟɩŰɞ ɛɘůɧ Űɞɡ 19ɞɡ ŬɘɩɜŬ, ɛŮ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ ɛŮɗɧŭɞɡ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ȷɔɔɚɑŬ Ŭˊɧ Űɞɜ Fox 

(1830), Ůɜɩ ůŰɖɜ ɏɟŮɡɜŬ ůɞɡɚűɘŭɑɤɜ Űɞ ˊɟɩŰɞ ůɩɛŬ ɓɟɏɗɖəŮ Űɞ 1907 ůŰɞ ȿŬˊɚɎɜŰ Űɖɠ 

ɆɞɡɖŭɑŬɠ, Ůˊɑůɖɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ (Lundberg, 1929). ȼ ɛɏɗɞŭɞɠ 

ŬɡŰɐ, ɧɜŰŬɠ Ŭɜɏɝɞŭɖ əŬɘ Ůɨəɞɚɖ ůŰɖɜ ŮűŬɟɛɞɔɐ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮəŰŮɜɩɠ ŬɟɢɘəɎ, 

ůɡɛˊɚɖɟɩɗɖəŮ ɧɛɤɠ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ, Űɞɜ 

ůɡɜŭɡŬůɛɧ ŭɖɚŬŭɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ ɓɡɗɞůəɧˊɖůɖɠ əŬɘ ɞɟɘɕɞɜŰɘɞɔɟŬűɑŬɠ. ɀŮ Űɖɜ 

ɖɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ ɛŮŰɟɎŰŬɘ ɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ əŬɗɩɠ əŬɘ 

ɖ űɞɟŰɘůŰɘəɧŰɖŰɎ Űɞɡ, Ůɜɩ ŮűŬɟɛɞɔɏɠ Űɖɠ ůŰɖɜ ɏɟŮɡɜŬ ůɞɡɚűɘŭɑɤɜ ɏɔɘɜŬɜ Ŭˊɧ Űɞɡɠ Bleil 

(1953), Parasnis (1956), Ġumi (1959), Pridmore & Shuey (1976) əŬɘ ˊɞɚɚɞɨɠ Ɏɚɚɞɡɠ. 

ɄɏɟŬ Ŭˊɧ Űɘɠ ɖɚŮəŰɟɘəɏɠ ɛŮɗɧŭɞɡɠ, ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ɏɟŮɡɜŬ ůɞɡɚűɘŭɑɤɜ ɏɢɞɡɜ 

ˊŬɑɝŮɘ əŬɘ ɞɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛɏɗɞŭɞɘ, ɧˊɤɠ ɖ ɛɏɗɞŭɞɠ AFMAG (Audio-Frequency 

MAGnetic method) (Ward, 1959Ț Labson et al., 1985), ɖ ɛɏɗɞŭɞɠ TURAM (Gunn & 

Brook, 1978Ț Langore et al., 1989), ɖ ɛɏɗɞŭɞɠ Űɖɠ ɛŬɔɜɖŰɘəɐɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ 

(Magnetic Induced Polarization, MIP) (Seigel, 1974Ț Gunn & Brook, 1978), Űɖɠ 

ŬəɞɡůŰɘəɐɠ ɛŬɔɜɖŰɞŰŮɚɚɞɡɟɘəɐɠ ɛŮɗɧŭɞɡ (Audio-frequency MagnetoTellurics, AMT) 

(Strangway et al., 1973Ț Kellett et al., 1993) ɖ ɛɏɗɞŭɞɠ Űɤɜ ˊŬɟɞŭɘəɩɜ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ (Transient ElectroMagnetic, TEM) (Swidinsky, Hºlz, & 

Jegen, 2012), əŬɗɩɠ əŬɘ ɖ ɛɏɗɞŭɞɠ Űɞɡ VLF (Pa§l, 1965). 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɗŬ ŬɜŬˊŰɡɢɗɞɨɜ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ əŬɘ ɗŮɤɟɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɘɠ 

ɖɚŮəŰɟɘəɏɠ əŬɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɔŮɜɘəɧŰŮɟŬ, ɛŮ ɏɛűŬůɖ ɧɛɤɠ ůŮ ŬɡŰɏɠ ˊɞɡ 

ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ. ɇɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŭŮɜ ŬˊɞŰŮɚŮɑ ůŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ 

ɛɘŬ ŮəŰŮɜɐ Ůˊɘůəɧˊɖůɖ ɞɚɧəɚɖɟɖɠ Űɖɠ ɗŮɤɟɑŬɠ ˊɞɡ ŭɘɏˊŮɘ Űɘɠ ɖɚŮəŰɟɘəɏɠ əŬɘ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ɧɛɤɠ ˊɞɡ ɗŬ ˊŬɟŬŰŮɗɞɨɜ ɗŬ ɓɞɖɗɐůɞɡɜ 

ůŰɖ ůűŬɘɟɘəɧŰŮɟɖ əŬŰŬɜɧɖůɖ ɧůɤɜ ɗŬ ŬɜŬɚɡɗɞɨɜ ůŮ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ 

(ERT, Electrical Resistivity Tomography) əŬɗɩɠ əŬɘ əɎˊɞɘŮɠ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ ˊɞɡ Űɖ 
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ŭɘɏˊɞɡɜ, ɧˊɤɠ ɖ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ, ɞɘ ŭɘŬŰɎɝŮɘɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ, 

ɞ Ůɝɞˊɚɘůɛɧɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɛɏŰɟɖůɖ əŬɗɩɠ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬɜŰɘůŰɟɞűɐɠ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ  ɛɏɗɞŭɞɠ Űɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ (IP, 

Induced Polarization method) əŬɘ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ (SP, Self-Potential method), 

ɞɘ ɞˊɞɑŮɠ Ŭɜɐəɞɡɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ əŬŰɖɔɞɟɑŬ Űɤɜ ɖɚŮəŰɟɘəɩɜ ɛŮɗɧŭɤɜ ɔŮɤűɡůɘəɐɠ 

ŭɘŬůəɧˊɖůɖɠ ɛŬɕɑ ɛŮ Űɖɜ ɛɏɗɞŭɞ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ. Ⱥˊɘˊɚɏɞɜ, ˊŮɟɘɔɟɎűŮŰŬɘ 

ɖ ɛɏɗɞŭɞɠ VLF-EM (Very Low Frequency Electro-Magnetic method), ɖ ɞˊɞɑŬ 

ŮɜŰɎůůŮŰŬɘ ůŰɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ əŬɘ ŮɑɜŬɘ ɖ ɛɧɜɖ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ, əɡɟɑɤɠ ɚɧɔɤ Űɞɡ ɛɘəɟɞɨ ɓɎɗɞɡɠ 

ŭɘŬůəɧˊɖůɖɠ ˊɞɡ ŮɟŮɡɜɎŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. ɇɏɚɞɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɘɢŮɑŬ ɔɘŬ 

ŰŬ ɔŮɤűɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ɏɢɞɡɜ əɎˊɞɘŬ ɓŬůɘəɎ ɞɟɡəŰɎ, ɧůɞ ŬűɞɟɎ Űɘɠ 

ɖɚŮəŰɟɘəɏɠ əŬɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ Ŭˊɧəɟɘůɖ ˊɞɡ ɏɢɞɡɜ 

ůŰɖɜ ŮűŬɟɛɞɔɐ ŬɡŰɩɜ Űɤɜ ɛŮɗɧŭɤɜ. 
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3.1 ɀɏɗɞŭɞɠ Ⱥɘŭɘəɐɠ ȼɚŮəŰɟɘəɐɠ ȷɜŰɑůŰŬůɖɠ 

 

ȼ ɛɏɗɞŭɞɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ (Electrical Resistivity) ŮɑɜŬɘ ɛɑŬ 

Ŭˊɧ Űɘɠ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŮɠ əŬɘ əɞɘɜɩɠ ŮűŬɟɛɞůɛɏɜŮɠ ɔŮɤűɡůɘəɏɠ ɛŮɗɧŭɞɡɠ ˊŬɔəɞůɛɑɤɠ, 

əŬɗɩɠ ɏɢŮɘ ŮűŬɟɛɞɔɐ ůŮ ɏɜŬ ɛŮɔɎɚɞ Ůɨɟɞɠ ɔŮɤɚɞɔɘəɩɜ ɕɖŰɖɛɎŰɤɜ, ɧˊɤɠ ɞ ŮɜŰɞˊɘůɛɧɠ 

ɛŮŰŬɚɚɞűɞɟɘɩɜ, ɖ ŮɨɟŮůɖ ɡŭɟɞűɞɟɑŬɠ, ɖ ɢŬɟŰɞɔɟɎűɖůɖ ɟɖɔɛɎŰɤɜ əŬɗɩɠ əŬɘ 

ɔŮɜɘəɧŰŮɟŬ ůŰɖɜ əɞɘŰŬůɛŬŰɞɚɞɔɘəɐ, ɡŭɟɞɔŮɤɚɞɔɘəɐ, ɔŮɤɚɞɔɘəɐ, ɔŮɤɗŮɟɛɘəɐ, 

ɔŮɤŰŮɢɜɘəɐ ŬɚɚɎ əŬɘ ŬɟɢŬɘɞɚɞɔɘəɐ ɏɟŮɡɜŬ. ȼ ɛɏɗɞŭɞɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ 

ŬɜŰɑůŰŬůɖɠ ɛŮɚŮŰɎ Űɖɜ ɘŭɘɧŰɖŰŬ Űɞɡ ɡˊŮŭɎűɞɡɠ ɐ Űɞɡ ɛɏůɞɡ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ɜŬ 

ŬɜŰɘůŰɏəŮŰŬɘ ůŰɖɜ ɟɞɐ Űɞɡ ɟŮɨɛŬŰɞɠ ɛɏůŬ Ŭˊɧ ŬɡŰɧ, ŭɖɚŬŭɐ ɛŮɚŮŰɎ Űɖɜ ɖɚŮəŰɟɘəɐ Űɞɡ 

ŬɜŰɑůŰŬůɖ. 

 

3.1.1 ȸŬůɘəɏɠ Ŭɟɢɏɠ 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɖ ŬɜŰɑůŰŬůɖ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɖɜ ŭɡůəɞɚɑŬ 

Űɞɡ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ ɜŬ ŭɘŬůɢɑůŮɘ ɏɜŬ ɛɏůɞ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ ɜɧɛɞ Űɞɡ Ohm, ɖ 

ŬɜŰɑůŰŬůɖ, R, ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ˊɖɚɑəɞ Űɖɠ ŭɘŬűɞɟɎɠ ŭɡɜŬɛɘəɞɨ, V, ɛŮ Űɞ ɟŮɨɛŬ, Ƚ, 

ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ: 

 Ὑ  
ὠ

Ὅ
 (1) 

ȼ ŬɜŰɑůŰŬůɖ, ɧɛɤɠ, ŮɝŬɟŰɎŰŬɘ əŬɘ Ŭˊɧ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ɛɏůɞɡ. 

 

ɆɢɐɛŬ 3.1 Ⱥɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ əɡɚɘɜŭɟɘəɞɨ Ŭɔɤɔɞɨ (ȷˊɞůŰɞɚɧˊɞɡɚɞɠ, 2013) 
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ȰŰůɘ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ əɡɚɘɜŭɟɘəɞɨ Ŭɔɤɔɞɨ (ɆɢɐɛŬ 3.1) ɋɛɘəɐɠ ŬɜŰɑůŰŬůɖɠ 

R, ŭɘŬŰɞɛɐɠ A, əŬɘ ɛɐəɞɡɠ L, ɖ Ůɘŭɘəɐ, ˊɚɏɞɜ, ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ɞɟɑɕŮŰŬɘ ɤɠ: 

 ” Ὑ
ὃ

ὒ
 (2) 

əŬɘ ɏɢŮɘ ɤɠ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ Űɞ Ohm.m. 

ɀɘŬ Ůɝɑůɞɡ ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮɘ ɏɜŬ ɛɏůɞ əŬɘ ůɡɜŭɏŮŰŬɘ 

ɎɛŮůŬ ɛŮ Űɖɜ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ, ŮɑɜŬɘ ɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ů, ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ Űɞ ŬɜŰɑůŰɟɞűɞ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ: 

 „  
ρ

”
 (3) 

əŬɘ ɏɢŮɘ ɤɠ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ Űɞ Siemens/m. 

Ƀɘ ɘůɞŭɡɜŬɛɘəɏɠ ɔɟŬɛɛɏɠ Ůɜɧɠ ɖɚŮəŰɟɞŭɑɞɡ ůɖɛŮɘŬəɐɠ ˊɖɔɐɠ ůŮ ɏɜŬ ɞɛɞɔŮɜɏɠ 

ɢɩɟɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.2. 

 

ɆɢɐɛŬ 3.2 ȾŬŰŮɨɗɡɜůɖ ɟɞɐɠ ɟŮɨɛŬŰɞɠ əŬɘ ɘůɞŭɡɜŬɛɘəɏɠ ɔɟŬɛɛɏɠ ɔɘŬ ˊɖɔɐ Ůɜɧɠ ɖɚŮəŰɟɞŭɑɞɡ (Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ 

Tsourlos, 1995) 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ɖ ŮˊɘűɎɜŮɘŬ Űɤɜ ɘůɞŭɡɜŬɛɘəɩɜ ɔɟŬɛɛɩɜ, S, ŮɑɜŬɘ ɏɜŬ 

ɖɛɘůűŬɑɟɘɞ, ɖ ˊŮɟɘɞɢɐ Űɞɡ ɘůɞɨŰŬɘ ɛŮ: 

 Ὓ ς“ὶ (4) 

ȷˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ (1), (2) əŬɘ (4), Űɞ ŭɡɜŬɛɘəɧ ůŮ əɎɗŮ ůɖɛŮɑɞ P ŬˊɧůŰŬůɖɠ r 

Ŭˊɧ Űɖɜ ˊɖɔɐ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 ὠ  
Ὅ”

ς“ὶ
 (5) 
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŭɨɞ ůɖɛŮɘŬəɩɜ ɖɚŮəŰɟɞŭɑɤɜ ɟŮɨɛŬŰɞɠ, ȷ ɛŮ ɗŮŰɘəɧ űɞɟŰɑɞ (+) 

əŬɘ ȸ ɛŮ ŬɟɜɖŰɘəɧ (-), Űɞ ŭɡɜŬɛɘəɧ ůŮ ɏɜŬ ůɖɛŮɑɞ P ŬˊɧůŰŬůɖɠ ὶ əŬɘ ὶ Ŭˊɧ Űɘɠ ˊɖɔɏɠ 

ȷ əŬɘ ȸ ŬɜŰɑůŰɞɘɢŬ ɗŬ ŮɑɜŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (5): 

 ὠ  
Ὅ”

ς“ὶ
 
Ὅ”

ς“ὶ
 (6) 

ŭɖɚŬŭɐ 

 ὠ  
Ὅ”

ς“
  
ρ

ὶ

ρ

ὶ
  (7) 

ũɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ ɡˊŮŭɎűɞɡɠ, ɢɟŮɘɎɕɞɜŰŬɘ ŭɨɞ ɕŮɨɔɖ 

ɖɚŮəŰɟɞŭɑɤɜ, ŰŬ ŭɨɞ Ůə Űɤɜ ɞˊɞɑɤɜ (ȷ əŬɘ ȸ) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŭɘɎŭɞůɖ 

ɟŮɨɛŬŰɞɠ ůŰɖɜ ũɖ, əŬɘ ŰŬ ɎɚɚŬ ŭɨɞ (ɀ əŬɘ Ɂ) ɛŮŰɟɞɨɜ Űɖɜ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ ŮɝŬɘŰɑŬɠ 

Űɖɠ ŭɘɎŭɞůɖɠ Űɞɡ ɟŮɨɛŬŰɞɠ (ɆɢɐɛŬ 3.3). 

 

ɆɢɐɛŬ 3.3 ȸŬůɘəɐ ŭɘɎŰŬɝɖ ɛɏŰɟɖůɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ 

ɇɞ ŭɡɜŬɛɘəɧ ůŰɞ ůɖɛŮɑɞ ɀ əŬɘ Ɂ ŮɝŬɘŰɑŬɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ɟŮɨɛŬŰɞɠ ȷ əŬɘ ȸ 

ůŰɖ ɓŬůɘəɐ ŭɘɎŰŬɝɖ ɛɏŰɟɖůɖɠ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ 

ɓɟŮɗŮɑ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ůɝɑůɤůɖ (7): 

 ὠ  
Ὅ”

ς“
  
ρ

΅ῼ
 
ρ

`ῼ
  (8) 

 ὠ  
Ὅ”

ς“
  
ρ

΅´
 
ρ

`´
  (9) 

ȰŰůɘ, ɖ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ, ȹV, ɗŬ ŮɑɜŬɘ: 

 ῳὠ  ὠ  ὠ  
Ό”

ς“
  
ρ

΅ῼ
 
ρ

`ῼ
 
ρ

΅´
 
ρ

`´
  

Ὅ”

ς“
Ὃ (10) 

ȿɨɜɞɜŰŬɠ ɤɠ ˊɟɞɠ ɟ ɏɢɞɡɛŮ: 
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 ” ς“
ῳὠ

Ὅ

ρ

ρ
ὃὓ

ρ
ὄὓ

ρ
ὃὔ

ρ
ὄὔ

ς“
ῳὠ

Ὅ

ρ

Ὃ
 (11) 

 

3.1.2 ūŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ 

 

ɇŬ ˊŬɟŬˊɎɜɤ ɘůɢɨɞɡɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɖ ũɖ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ ɏɜŬ 

ɞɛɞɔŮɜɏɠ ɛɏůɞ. ȸɏɓŬɘŬ, ŬɡŰɧ ŬˊɏɢŮɘ ˊɞɚɨ Ŭˊɧ Űɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, əŬɗɩɠ ɖ ũɖ ŮɑɜŬɘ 

Ůɝô ɞɟɘůɛɞɨ ŬɜɞɛɞɘɞɔŮɜɐɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ 

ŮɝŬɟŰɎŰŬɘ ŮˊɘˊɟɧůɗŮŰŬ Ŭˊɧ Űɖ ɔŮɤɖɚŮəŰɟɘəɐ ŭɞɛɐ Űɞɡ ɛɏůɞɡ, əŬɗɩɠ əŬɘ Űɖ ɔŮɤɛŮŰɟɑŬ 

Űɤɜ ɛŮŰɟɐůŮɤɜ, ŭɖɚŬŭɐ Űɖɠ ɗɏůɖɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ůŰɞɜ ɢɩɟɞ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɖ Ůɝɑůɤůɖ (11) ŮəűɟɎɕŮɘ Űɖɜ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ 

ŬɜŰɑůŰŬůɖ, əɎɗŮ ɛɏŰɟɖůɖ Űɖɠ ɞˊɞɑŬɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ɔŮɤɛŮŰɟɘəɧ ˊŬɟɎɔɞɜŰŬ, Űɖ 

ɗɏůɖ ŭɖɚŬŭɐ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ůŰɞɜ ɢɩɟɞ, əŬɘ ɛˊɞɟŮɑ ɜŬ ɔɟŬűŰŮɑ ˊɘɞ ŬˊɚɞˊɞɘɖɛɏɜŬ 

ɤɠ: 

 ” ς“ 
ῳὠ

Ὅ

ρ

Ὃ
ς“
Ὑ

Ὃ
 (12) 

ɧˊɞɡ 

”: ɖ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ 

ȹV: ɖ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ 

I: ɖ ɏɜŰŬůɖ Űɞɡ ɟŮɨɛŬŰɞɠ 

R: ɖ ɋɛɘəɐ ŬɜŰɑůŰŬůɖ Ὑ    

G: ɞ ɔŮɤɛŮŰɟɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ  Ὃ       

ȼ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ŭŮɜ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɟŬɔɛŬŰɘəɐ Ůɘŭɘəɐ 

ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ, ŬɚɚɎ Űɖɜ ŬɜŰɑůŰŬůɖ ˊɞɡ ɗŬ ŮɑɢŮ Űɞ ɡˊɏŭŬűɞɠ, 

ŮɎɜ ɐŰŬɜ ɞɛɞɔŮɜɏɠ. ȾŬŰɎ Űɞɡɠ Robinson & Coruh (1988), ɖ űŬɘɜɧɛŮɜɖ ŬɜŰɑůŰŬůɖ ŮɑɜŬɘ 

ɏɜŬɠ ůŰŬɗɛɘůɛɏɜɞɠ ɛɏůɞɠ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ ɡˊŮŭɎűɞɡɠ, Ůɜɩ ɞ Clark 

(1990) Űɖɜ ɢŬɟŬəŰɖɟɑɕŮɘ ɤɠ Űɞɜ ɛɏůɞ ɧɟɞ Űɖɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ ɧɔəɞɡ ˊɞɡ ŮˊɖɟŮɎɕŮŰŬɘ 

Ŭˊɧ Űɞ ɟŮɨɛŬ ˊɞɡ ŮɘůɎɔŮŰŬɘ ůŰɞ ɡˊɏŭŬűɞɠ. ɀŬɗɖɛŬŰɘəɎ, ŬɡŰɧ ŭŮɜ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ 
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ˊɟŬɔɛŬŰɘəɧŰɖŰŬ (Telford et al., 1990), ɧɛɤɠ ɖ ˊŬɟŬŭɞɢɐ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŮɟɛɖɜŮɑŬ ˊɞɚɚɩɜ Ŭˊɚɩɜ ˊɟɞɓɚɖɛɎŰɤɜ.  

ȾŬɗɩɠ ɖ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ŭŮɜ ŬˊɞŭɑŭŮɘ Űɖɜ ɟŮŬɚɘůŰɘəɐ 

əŬŰŬɜɞɛɐ Űɖɠ ŬɜŰɑůŰŬůɖɠ ůŰɞ ɡˊɏŭŬűɞɠ, ɛɘŬ ˊɞɚɨˊɚɞəɖ ɛŬɗɖɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ 

ɛŮŰŬŰɟɞˊɐɠ Űɤɜ űŬɘɜɧɛŮɜɤɜ ŬɜŰɘůŰɎůŮɤɜ ůŮ ˊɟŬɔɛŬŰɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ 

ŬɜŰɘůŰɟɞűɐ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ, ɩůŰŮ ɜŬ ɚɖűɗŮɑ ɖ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ŮɘəɧɜŬ Űɞɡ 

ɡˊŮŭɎűɞɡɠ ɛɏůŬ Ŭˊɧ Űɖɜ ŮɟɛɖɜŮɑŬ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ. ũɘŬ Űɖɜ ŮűŬɟɛɞɔɐ 

Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ŬɜŰɘůŰɟɞűɐɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɚɡɗŮɑ ˊɟɩŰŬ Űɞ Ůɡɗɨ ˊɟɧɓɚɖɛŬ, 

ɖ ŬɜŰɑůŰɟɞűɖ ŭɖɚŬŭɐ ŭɘŬŭɘəŬůɑŬ, ɧˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ űŬɘɜɧɛŮɜŮɠ ŬɜŰɘůŰɎůŮɘɠ Ŭˊɧ 

ɏɜŬ ɔŮɤɖɚŮəŰɟɘəɧ ɛɞɜŰɏɚɞ ɛŮ ɔɜɤůŰɏɠ ˊɟŬɔɛŬŰɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ, ɛŮ Űɖɜ ɢɟɐůɖ ɛɘŬɠ 

ɔɜɤůŰɐɠ ŭɘɎŰŬɝɖɠ ɖɚŮəŰɟɞŭɑɤɜ, ɛɏůŬ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ ŬɜŬɚɡŰɘəɩɜ ɐ ŬɟɘɗɛɖŰɘəɩɜ 

ɛŮɗɧŭɤɜ. 

 

3.1.3 ȹɘŬŰɎɝŮɘɠ ɖɚŮəŰɟɞŭɑɤɜ 

 

Ƀ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ŭɘŬŰɎůůɞɜŰŬɘ ŰŬ ɖɚŮəŰɟɧŭɘŬ ɟŮɨɛŬŰɞɠ əŬɘ ŭɡɜŬɛɘəɞɨ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ɞɜɞɛɎɕŮŰŬɘ ŭɘɎŰŬɝɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ. ȼ Ůˊɘɚɞɔɐ Űɖɠ 

əŬŰɎɚɚɖɚɖɠ ŭɘɎŰŬɝɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ Űɞ Ůɑŭɞɠ Űɖɠ 

ɏɟŮɡɜŬɠ, Űɞ ŮˊɘɗɡɛɖŰɧ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ůŰɧɢɞɡ. ŪŮɤɟɖŰɘəɎ, 

ɡˊɎɟɢɞɡɜ ɎˊŮɘɟɞɘ Űɟɧˊɞɘ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ŰŬ ɖɚŮəŰɟɧŭɘŬ ůŰɞ ɏŭŬűɞɠ, 

Ůűɧůɞɜ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ ɔŮɤɛŮŰɟɑŬ Űɞɡɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɔŮɤɛŮŰɟɘəɞɨ 

ˊŬɟɎɔɞɜŰŬ, ůŰɖɜ ˊɟɎɝɖ ɧɛɤɠ ɛɧɜɞ ɛŮɟɘəɏɠ Ŭˊɧ ŬɡŰɏɠ ŮűŬɟɛɧɕɞɜŰŬɘ. 

Ƀ ɚɧɔɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŬŰɎɝŮɘɠ ůŰɖɜ ɏɟŮɡɜŬ ɞűŮɑɚŮŰŬɘ 

ůŮ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ ŮɡŬɘůɗɖůɑŬ Űɞɡɠ ůŮ ˊɚŮɡɟɘəɏɠ ɐ əŬŰŬəɧɟɡűŮɠ ŬɚɚŬɔɏɠ, ɖ 

ŭɘŬəɟɘŰɘəɐ Űɞɡɠ ɘəŬɜɧŰɖŰŬ, ɖ ŮɡŬɘůɗɖůɑŬ Ŭˊɧ ŰɞˊɞɔɟŬűɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ əŬɗɩɠ əŬɘ 

ɔɘŬ ˊɘɞ ˊɟŬəŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ŮɑɜŬɘ ɖ ɔŮɤɛŮŰɟɑŬ Űɞɡɠ ůŰɞɜ ɢɩɟɞ, ˊɞɡ ŮˊɖɟŮɎɕŮɘ 

ɎɛŮůŬ Űɖɜ ŮűŬɟɛɞůɘɛɧŰɖŰɎ Űɞɡɠ ůŰɞ ˊŮŭɑɞ. 

ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ ˊɘɞ Ůɡɟɏɤɠ ɔɜɤůŰɏɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŭɘŬŰɎɝŮɘɠ 

ɖɚŮəŰɟɞŭɑɤɜ (ɆɢɐɛŬ 3.4) ɛŬɕɑ ɛŮ Űɘɠ űŬɘɜɧɛŮɜŮɠ ŬɜŰɘůŰɎůŮɘɠ Űɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɖɜ ůɡɜɏɢŮɘŬ. 
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ȹɘɎŰŬɝɖ Wenner: ɇŬ ɖɚŮəŰɟɧŭɘŬ ŭɡɜŬɛɘəɞɨ (ɀ əŬɘ Ɂ) ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŬ ɛŮŰŬɝɨ Űɤɜ 

ɖɚŮəŰɟɞŭɑɤɜ ɟŮɨɛŬŰɞɠ (ȷ əŬɘ ȸ) Ůɜɩ ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬəŮɑɛŮɜɤɜ 

ɖɚŮəŰɟɞŭɑɤɜ ŮɑɜŬɘ ɑůɖ (a). ȷɜŰɘəŬɗɘůŰɩɜŰŬɠ ůŰɖɜ Ůɝɑůɤůɖ (10) ɏɢɞɡɛŮ: 

 Ὃ  
ρ

ὥ
 
ρ

ςὥ
 
ρ

ςὥ
 
ρ

ὥ
  

ρ

ὥ
 (13) 

ŭɖɚŬŭɐ ɖ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ɘůɞɨŰŬɘ ɛŮ: 

 ” ς“ὥ
ῳὠ

Ὅ
 (14) 

ȹɘɎŰŬɝɖ ȹɘˊɧɚɞɡ-ȹɘˊɧɚɞɡ (Dipole-Dipole): ɇŬ ɖɚŮəŰɟɧŭɘŬ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ 

ŭɘŬɢɤɟɘůɛɏɜŬ Ŭˊɧ ŰŬ ɖɚŮəŰɟɧŭɘŬ ŭɡɜŬɛɘəɞɨ. Ƀɘ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

ɖɚŮəŰɟɞŭɑɤɜ ɟŮɨɛŬŰɞɠ ŮɑɜŬɘ ůŰŬɗŮɟɏɠ, a, ɧˊɤɠ ŮɑɜŬɘ əŬɘ ɞɘ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ 

Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ŭɡɜŬɛɘəɞɨ. ȼ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŭɘˊɧɚɤɜ ŮɑɜŬɘ 

ŬɜɎɚɞɔɖ Űɖɠ a (na). ȼ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ɘůɞɨŰŬɘ ɛŮ: 

 ”  “ὲὲ ρ ὲ ςὥ
ῳὠ

Ὅ
 (15) 

ȹɘɎŰŬɝɖ Schlumberger: ɄŬɟŬˊɚɐůɘŬ ɛŮ Űɖ ŭɘɎŰŬɝɖ Wenner, ɧɛɤɠ ɧɚŬ ŰŬ ɖɚŮəŰɟɧŭɘŬ 

ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŬ ůɡɛɛŮŰɟɘəɎ ůŮ ůɢɏůɖ ɛŮ ɏɜŬ əŮɜŰɟɘəɧ ůɖɛŮɑɞ, Ƀ, ůŰɖ 

ŭɘɎŰŬɝɖ. ȺɎɜ ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ɟŮɨɛŬŰɞɠ ɘůɞɨŰŬɘ ɛŮ 2L əŬɘ 

ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ŭɡɜŬɛɘəɞɨ ɛŮ 2l, ɛŮ ὒ  ρπ ὰ, ŰɧŰŮ ɖ 

űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ɘůɞɨŰŬɘ ɛŮ: 

 ”  
“ὒ

ςὰ

ῳὠ

Ὅ
 (16) 

ȹɘɎŰŬɝɖ ȸŬɗɛɑŭŬɠ (Gradient): ȺɑɜŬɘ ˊŬɟŬˊɚɐůɘŬ ɛŮ Űɖɜ ŭɘɎŰŬɝɖ Schlumberger, ɛŮ Űɖ 

ŭɘŬűɞɟɎ ɧŰɘ Űɞ əɏɜŰɟɞ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ŭɡɜŬɛɘəɞɨ ŬˊɏɢŮɘ ŬˊɧůŰŬůɖ x Ŭˊɧ Űɞ 

ůɖɛŮɑɞ ůɡɛɛŮŰɟɑŬɠ Ƀ. ȺɎɜ ὒ  ρπ ὰ ŰɧŰŮ ɖ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ 

ŬɜŰɑůŰŬůɖ ɘůɞɨŰŬɘ ɛŮ: 

 ”  
“

ςὰ

ὒ ὼ

ὒ ὼ

ῳὠ

Ὅ
 (17) 

ȹɘɎŰŬɝɖ Ʉɧɚɞɡ-ȹɘˊɧɚɞɡ (Pole-Dipole): ɇŬ ɖɚŮəŰɟɧŭɘŬ ŭɡɜŬɛɘəɞɨ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŬ 

ɛŮŰŬɝɨ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ɟŮɨɛŬŰɞɠ, ɛŮ Űɞ ɏɜŬ ɖɚŮəŰɟɧŭɘɞ ɟŮɨɛŬŰɞɠ, ˊ.ɢ. Űɞ ȷ, ɜŬ 

ɓɟɑůəŮŰŬɘ ůŮ ˊɞɚɨ ɛŮɔɎɚɖ ŬˊɧůŰŬůɖ Ŭˊɧ ŰŬ ɡˊɧɚɞɘˊŬ ŰɟɑŬ ɖɚŮəŰɟɧŭɘŬ. ȰŰůɘ ɞɘ 

ŬˊɞůŰɎůŮɘɠ ȷɀ əŬɘ ȷɁ ɗŮɤɟɞɨɜŰŬɘ ɎˊŮɘɟŮɠ, ŭɖɚŬŭɐ ɞ ɚɧɔɞɠ ρ Ⱦ ̈́ῼ əŬɘ ρ Ⱦ ̈́  ́

Űɞɡ ɔŮɤɛŮŰɟɘəɞɨ ˊŬɟɎɔɞɜŰŬ ŮɑɜŬɘ ɑůɞɠ ɛŮ ɛɖŭɏɜ. ȺɎɜ ɖ ŬˊɧůŰŬůɖ ȸɁ ɘůɞɨŰŬɘ ɛŮ 
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na əŬɘ ɖ ŬˊɧůŰŬůɖ BM ɛŮ a, ŰɧŰŮ ɖ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ 

ɘůɞɨŰŬɘ ɛŮ: 

 ” ς“
ὲὥὲὥ ὥ

ὥ

ῳὠ

Ὅ
 (18) 

ȹɘɎŰŬɝɖ Ʉɧɚɞɡ-Ʉɧɚɞɡ (Pole-Pole): ȺɑɜŬɘ ˊŬɟŬˊɚɐůɘŬ ɛŮ Űɖɜ ŭɘɎŰŬɝɖ Pole-Dipole, 

ɛɧɜɞ ˊɞɡ ůŮ ŬɡŰɐɜ ɛŮŰŬəɘɜŮɑŰŬɘ ůŮ ˊɞɚɨ ɛŮɔɎɚɖ ŬˊɧůŰŬůɖ əŬɘ ɏɜŬ ɖɚŮəŰɟɧŭɘɞ 

ŭɡɜŬɛɘəɞɨ, ˊ.ɢ. Űɞ Ɂ, ɛŬɕɑ ɛŮ ɏɜŬ ɖɚŮəŰɟɧŭɘɞ ɟŮɨɛŬŰɞɠ, ˊ.ɢ. Űɞ ȸ. ȺɎɜ ɖ 

ŬˊɧůŰŬůɖ ȷɀ ɘůɞɨŰŬɘ ɛŮ a əŬɘ ɞɘ ŬˊɞůŰɎůŮɘɠ ȸɀ, ȸɁ, ȷɁ ŮɑɜŬɘ ɎˊŮɘɟŮɠ, ŰɧŰŮ 

ɖ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ɘůɞɨŰŬɘ ɛŮ: 

 ” ς“‌
ῳὠ

Ὅ
 (19) 

ŭɖɚŬŭɐ ɖ űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ ůŰɖ ŭɘɎŰŬɝɖ ŬɡŰɐ ŮɑɜŬɘ ɑŭɘŬ ɛŮ 

ŬɡŰɐ ůŰɖɜ ŭɘɎŰŬɝɖ Wenner. 

 

ɆɢɐɛŬ 3.4 ȸŬůɘəɏɠ ŭɘŬŰɎɝŮɘɠ ɖɚŮəŰɟɞŭɑɤɜ 

ȳůɞɜ ŬűɞɟɎ Űɘɠ ŭɘŬŰɎɝŮɘɠ, ɞ Ward (1990) ˊŬɟɞɡůɑŬůŮ ɛɘŬ ŬɜŬůəɧˊɖůɖ ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ŭɘŬŰɎɝŮɤɜ, ɛŮ ɓɎůɖ ŭŮəŬŰɏůůŮɟŬ 

əɟɘŰɐɟɘŬ, ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ Űɤɜ ɞˊɞɑɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ 

(ɄɑɜŬəŬɠ 1).  
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ȹɘɎŰŬɝɖ 

ȿɧɔɞɠ 

ɆɐɛŬŰɞɠ-Ūɞɟɨɓɞɡ 

ɄɚŮɡɟɘəɐ 

ȷɜɎɚɡůɖ 

ȾŬŰŬəɧɟɡűɖ 

ȷɜɎɚɡůɖ 

ȺɡŬɘůɗɖůɑŬ 

ůŮ ȸɎɗɞɠ 

Wenner 1 5 1 1 

Dipole-Dipole 5 2 2 2 

Schlumberger 2 4 1 1 

Gradient 3 1 5 5 

Pole-Dipole 4 3 2 3 

1 = əŬɚɨŰŮɟɖ, 5 = ɢŮɘɟɧŰŮɟɖ 

ɄɑɜŬəŬɠ 1 ȷɝɘɞɚɧɔɖůɖ ɓŬůɘəɩɜ ŭɘŬŰɎɝŮɤɜ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ (Ward, 1990) 

 

3.1.4 ȸɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ əŬɘ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ 

 

ȰɜŬɠ Ŭˊɧ Űɞɡɠ ˊɘɞ ɓŬůɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ 

ŭɘɎŰŬɝɖɠ ɖɚŮəŰɟɞŭɑɤɜ ůŰɖɜ ɏɟŮɡɜŬ ŮɑɜŬɘ Űɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ, Űɞ ɛɏɔɘůŰɞ ŭɖɚŬŭɐ 

ɓɎɗɞɠ ůŰɞ ɞˊɞɑɞ ɛɘŬ ŭɘɎŰŬɝɖ ɛˊɞɟŮɑ ɜŬ ŮɜŰɞˊɑůŮɘ ɏɜŬ ůɩɛŬ, ŬɚɚɎ əŬɘ ɖ ŭɘŬəɟɘŰɘəɐ Űɖɠ 

ɘəŬɜɧŰɖŰŬ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɖ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɓɎɗɞɡɠ 

ŭɘŬůəɧˊɖůɖɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Roy & Apparao (1971) ɛɑŬ ɗŮɤɟɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɞ ɓɎɗɞɠ 

ŭɘŮɑůŭɡůɖɠ ŮɑɜŬɘ Űɞ óɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ ɓɎɗɞɡɠ ɏɟŮɡɜŬɠô (Depth of Investigation 

Characteristic, DIC), Űɞ ɞˊɞɑɞ ɡˊɞɚɞɔɑɕŮɘ Űɖ ůɡɛɓɞɚɐ əɎɗŮ ůŰɞɘɢŮɘɩŭɞɡɠ ɧɔəɞɡ Űɞɡ 

ŮŭɎűɞɡɠ ůŰɞ ůɐɛŬ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ɉŬɟŰɞɔɟŬűɩɜŰŬɠ Űɖɜ əŬɛˊɨɚɖ 

DIC ɛŮ Űɞɜ ɚɧɔɞ ὒ Ⱦ ᾀ (ɆɢɐɛŬ 3.5), ŭɖɚŬŭɐ Űɞ ɛɏɔɘůŰɞ ɎɜɞɘɔɛŬ ŭɨɞ ŮɝɤŰŮɟɘəɩɜ 

ŮɜŮɟɔɩɜ ɖɚŮəŰɟɞŭɑɤɜ ɛɑŬɠ ŭɘɎŰŬɝɖɠ ŰŮůůɎɟɤɜ ɖɚŮəŰɟɞŭɑɤɜ ˊɟɞɠ Űɞ ɓɎɗɞɠ, ůŰɞ ůɖɛŮɑɞ 

ɧˊɞɡ ɖ əŬɛˊɨɚɖ DIC ŮɑɜŬɘ ɛɏɔɘůŰɖ ůɡɜŬɜŰɎŰŬɘ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ. 

Ⱥˊɘˊɚɏɞɜ, Űɞ Ůɨɟɞɠ Űɖɠ əŬɛˊɨɚɖɠ DIC ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɖɠ 

ŭɘɎŰŬɝɖɠ, ɧɜŰŬɠ Űɞ ŬɜŰɑůŰɟɞűɞ Űɞɡ Ůɨɟɞɡɠ Űɖɠ əŬɛˊɨɚɖɠ DIC ɧŰŬɜ ŬɡŰɧ ɓɟɑůəŮŰŬɘ ůŰŬ 

ɛɘůɎ Űɖɠ ɛɏɔɘůŰɖɠ Űɘɛɐɠ Űɖɠ. 

ȼ ɗŮɩɟɖůɖ ŬɡŰɐ ŭŮ ɓɟɐəŮ ůɨɛűɤɜŮɠ ˊɞɚɚɏɠ ɛŮŰŬɔŮɜɏůŰŮɟŮɠ ŮɟɔŬůɑŮɠ, əŬɗɩɠ 

ŬɜŬűɏɟŮŰŬɘ ůŮ ɛɞɜŰɏɚɞ ɞɛɞɔŮɜɞɨɠ ŮŭɎűɞɡɠ. Ƀ Edwards (1977) ůɨɔəɟɘɜŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ ɛŮ ŮɛˊŮɘɟɘəɎ, əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ɔɘŬ Űɞ ɓɎɗɞɠ 

ŭɘŬůəɧˊɖůɖɠ Űɤɜ ŭɘŬŰɎɝŮɤɜ, Ůɜɩ əŬɘ ŰŬ ɛŮŰŬɔŮɜɏůŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ Barker 

(1989) űŬɑɜŮŰŬɘ ɜŬ ůɡɛűɤɜɞɨɜ ɛŮ ŬɡŰɎ Űɞɡ Edwards. 
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ɆɢɐɛŬ 3.5 ȾŬɛˊɨɚɖ DIC ɔɘŬ Űɖ ŭɘɎŰŬɝɖ Wenner, Dipole-Dipole əŬɘ Pole-Pole (Tsourlos, 1995) 

ɀɑŬ ůɨɜɞɣɖ ɛŮ ŰŬ ɓɎɗɖ ŭɘŮɑůŭɡůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɏɔɘůŰɞ ɎɜɞɘɔɛŬ ŭɨɞ 

ŮɝɤŰŮɟɘəɩɜ ŮɜŮɟɔɩɜ ɖɚŮəŰɟɞŭɑɤɜ əŬɘ Űɖɜ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ ɔɘŬ ŭɘɎűɞɟŮɠ ɔɜɤůŰɏɠ 

ŭɘŬŰɎɝŮɘɠ Ŭˊɧ Űɞɡɠ Roy & Apparao (1971), Edwards (1977) əŬɘ Barker (1989) 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 2): 

ȹɘɎŰŬɝɖ 

ȸɎɗɞɠ ȹɘŬůəɧˊɖůɖɠ ȹɘŬəɟɘŰɘəɐ 

ȽəŬɜɧŰɖŰŬ Roy (1971) Edwards (1977) Barker (1989) 

Wenner 0.11 L 0.17 L 0.17 L 1/2.25 

Dipole-Dipole 0.195 L 0.25 L 0.25 L 1/3.1 

Schlumberger 0.125 L 0.195 L 0.19 L 1/2.45 

Pole-Dipole - 0.52 L - - 

Pole-Pole 0.35 L 0.77 L - 1/8.4 

ɄɑɜŬəŬɠ 2 ȸɎɗɖ ŭɘŬůəɧˊɖůɖɠ əŬɘ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ ŭɘŬűɧɟɤɜ ŭɘŬŰɎɝŮɤɜ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ 

 

3.1.5 Ⱥɡɗɨ ˊɟɧɓɚɖɛŬ əŬɘ ȷɜŰɘůŰɟɞűɐ 

 

ȼ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ űŬɘɜɧɛŮɜɤɜ ŬɜŰɘůŰɎůŮɤɜ ɛɏůŬ Ŭˊɧ ɏɜŬ 

ɔŮɤɖɚŮəŰɟɘəɧ ɛɞɜŰɏɚɞ ɔɜɤůŰɩɜ ŬɜŰɘůŰɎůŮɤɜ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ɛɑŬɠ ɔɜɤůŰɐɠ 

ŭɘɎŰŬɝɖɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ, ɞɜɞɛɎɕŮŰŬɘ 
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ɚɨůɖ Űɞɡ Ůɡɗɏɞɠ ˊɟɞɓɚɐɛŬŰɞɠ. ɆŰɖɜ ɔŮɤűɡůɘəɐ, ŬɡŰɧ ŮɑɜŬɘ ɏɜŬ ˊɞɚɨ ɢɟɐůɘɛɞ 

ŮɟɔŬɚŮɑɞ, əŬɗɩɠ ɚŬɛɓɎɜŮŰŬɘ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɞ Ůɑŭɞɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ ɗŬ 

ůɡɚɚɏɔɞɜŰŬɜ Ŭˊɧ Űɖɜ ɛŮɚɏŰɖ ɛɑŬɠ ˊŮɟɘɞɢɐɠ ɛŮ ɔɜɤůŰɏɠ ŬɜŰɘůŰɎůŮɘɠ. 

ȼ ɚɨůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ŮɑŰŮ ɛŮ ŬɜŬɚɡŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ɞɘ ɞˊɞɑŮɠ Ŭűɞɟɞɨɜ ŬˊɚɎ 

ɔŮɤɛŮŰɟɘəɎ ɛɞɜŰɏɚŬ ɡˊŮŭɎűɞɡɠ, ɧˊɤɠ ŮɑɜŬɘ ŬɡŰɧ ɛɘŬɠ ɗŬɛɛɏɜɖɠ ůűŬɑɟŬɠ (Cook & Van 

Nostrand, 1954), ŮɑŰŮ ɛŮ ŬɟɘɗɛɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ɧˊɤɠ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ ˊŮˊŮɟŬůɛɏɜɤɜ 

ůŰɞɘɢŮɑɤɜ (Pain et al. (2002), Pridmore et al. (1981), Sasaki (1994), Tsourlos & Ogilvy 

(1999), Yi  et al. (2001)) ůŰɘɠ ɞˊɞɑŮɠ ŮˊɘɚɨɞɜŰŬɘ ˊɞɚɡˊɚɞəɧŰŮɟŬ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ 

ůɨɜɗŮŰɤɜ ɔŮɤɛŮŰɟɘəɩɜ əŬɘ ɔŮɤɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɛɘŬɠ əŬɘ Űɞ ɏŭŬűɞɠ 

ŭɘŬəɟɘŰɞˊɞɘŮɑŰŬɘ ůŮ ˊɞɚɚɎ ɞɛɞɔŮɜɐ ŰɟɘɔɤɜɘəɎ ůŰɞɘɢŮɑŬ, əŬɗɏɜŬ Ůə Űɤɜ ɞˊɞɑɤɜ ɏɢŮɘ 

ŭɘŬűɞɟŮŰɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ. 

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ůɡɜɐɗɤɠ, ůɡɛɓŬɑɜŮɘ ɖ ŬɜŰɑůŰɟɞűɖ ŭɘŬŭɘəŬůɑŬ, ŭɖɚŬŭɐ 

ŭɘŮɝɎɔŮŰŬɘ ɏɟŮɡɜŬ ůŮ ɛɑŬ ˊŮɟɘɞɢɐ ɎɔɜɤůŰɤɜ ŬɜŰɘůŰɎůŮɤɜ əŬɘ ɚŬɛɓɎɜŮŰŬɘ ɏɜŬ ůŮŰ 

ŭŮŭɞɛɏɜɤɜ ɛŮ űŬɘɜɧɛŮɜŮɠ ŬɜŰɘůŰɎůŮɘɠ, ɧˊɞɡ ɛɏůŬ Ŭˊɧ ůɨɜɗŮŰŮɠ ɡˊɞɚɞɔɘůŰɘəɏɠ 

ŭɘŬŭɘəŬůɑŮɠ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ˊɟŬɔɛŬŰɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ. ȼ ŬɜŰɑůŰɟɞűɖ ŬɡŰɐ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ɚɨůɖɠ Űɞɡ Ůɡɗɏɞɠ ˊɟɞɓɚɐɛŬŰɞɠ ɏŭɤůŮ Űɞ ɧɜɞɛŬ ŬɜŰɘůŰɟɞűɐ ůŰɖ 

ŭɘŬŭɘəŬůɑŬ (ɆɢɐɛŬ 3.6). 

 

ɆɢɐɛŬ 3.6 ȹɘŬŭɘəŬůɑŬ ɚɨůɖɠ Ůɡɗɏɞɠ əŬɘ ŬɜŰɘůŰɟɧűɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Ŭˊɚɩɜ ɔŮɤɖɚŮəŰɟɘəɩɜ ɛɞɜŰɏɚɤɜ, ɖ Ůˊɑɚɡůɖ Űɞɡ ŬɜŰɑůŰɟɞűɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ŮɑɜŬɘ Ůɨəɞɚɖ əŬɘ ŮɑɜŬɘ ɔɟŬɛɛɘəɐɠ űɨůɖɠ. ɆŰŬ ˊŮɟɘůůɧŰŮɟŬ ɧɛɤɠ 

ɔŮɤűɡůɘəɎ ˊɟɞɓɚɐɛŬŰŬ, ɞɘ ɔŮɤɖɚŮəŰɟɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɛŮ ŰŬ ůŮŰ ŭŮŭɞɛɏɜɤɜ ŭŮɜ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ ɔɟŬɛɛɘəɧ Űɟɧˊɞ. ũɘ ŬɡŰɧ Űɞ ɚɧɔɞ ɖ ŭɘŬŭɘəŬůɑŬ Ůˊɑɚɡůɐɠ Űɞɡɠ ŬɜɎɔŮŰŬɘ 
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ůŮ ŮˊŬɜŬɚɖˊŰɘəɐ, ŮˊɘɚɨɞɜŰŬɠ ɏŰůɘ ˊɞɚɚɎ ɛɘəɟɧŰŮɟŬ ɔɟŬɛɛɘəɎ ˊɟɞɓɚɐɛŬŰŬ, ɏɤɠ ɧŰɞɡ 

ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɛɞɜŰɏɚɞɡ ɜŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ ůŮŰ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ 

ŭɡɜŬŰɧ ůűɎɚɛŬ. 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɜŰɘůŰɟɞűɐɠ ůɡɜɞˊŰɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɤɠ Ůɝɐɠ (ɆɢɐɛŬ 3.7): 

ȰɜŬ Ŭɟɢɘəɧ ɛɞɜŰɏɚɞ ŬɜŰɑůŰŬůɖɠ ɡɘɞɗŮŰŮɑŰŬɘ, ůɡɜɐɗɤɠ ɞɛɞɔŮɜɞɨɠ ɛɏůɞɡ, Űɞ 

ɞˊɞɑɞ ŭɘŬəɟɘŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɖɠ ɛŮɗɧŭɞɡ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ, ŭɑɜɞɜŰŬɠ Űɘɛɏɠ 

ŬɜŰɑůŰŬůɖɠ ůŮ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ůŰɞɘɢŮɑŬ. ɀŮ Űɖɜ Ůəəɑɜɖůɖ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ 

ŭɘŬŭɘəŬůɑŬɠ əŬɘ Ŭűɞɨ ɏɢŮɘ ɞɟɘůŰŮɑ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ, ɚɨɜŮŰŬɘ Űɞ Ůɡɗɨ 

ˊɟɧɓɚɖɛŬ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əɎˊɞɘŬ ůɡɜɗŮŰɘəɎ ŭŮŭɞɛɏɜŬ. ȷɡŰɎ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ əŬɘ ŮɚɏɔɢɞɜŰŬɘ ɛŮ ɓɎůɖ Űɞ ůűɎɚɛŬ Űɞɡɠ. Ⱥűɧůɞɜ Űɞ ůűɎɚɛŬ 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ɏɜŬ əŬŰɩűɚɘ ˊɞɡ ɞɟɑɕŮŰŬɘ, ɖ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ, Ŭűɞɨ 

ˊɟɩŰŬ ɔɑɜɞɡɜ ɡˊɞɚɞɔɘůɛɞɑ ɔɘŬ Űɖɜ ŭɘɧɟɗɤůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ (ŬɜŰɘůŰɎůŮɤɜ) ˊɞɡ 

ŭɧɗɖəŬɜ ůŰɞ Ŭɟɢɘəɧ ɛɞɜŰɏɚɞ. ȳŰŬɜ Űɞ ůűɎɚɛŬ ˊŮɟɎůŮɘ Űɞ əŬŰɩűɚɘ ˊɞɡ ɏɢŮɘ ɞɟɘůŰŮɑ ɐ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɞ Ŭɟɘɗɛɧɠ ɧɚɤɜ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ, ɖ ŭɘŬŭɘəŬůɑŬ ŰŮɟɛŬŰɑɕŮŰŬɘ. 

 

ɆɢɐɛŬ 3.7 ɆɡɜɞˊŰɘəɧ ŭɘɎɔɟŬɛɛŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɜŰɘůŰɟɞűɐɠ  
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3.2 ɀɏɗɞŭɞɠ ȺˊŬɔɧɛŮɜɖɠ Ʉɧɚɤůɖɠ 

 

ȼ ɛɏɗɞŭɞɠ Űɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ (Induced Polarization, IP) ɛŮɚŮŰɎ Űɖɜ 

űɞɟŰɘůŰɘəɧŰɖŰŬ Űɖɠ ũɖɠ, ɛɘŬ ˊŬɟɎɛŮŰɟɞ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ɘŭɘɧŰɖŰŬ Űɞɡ ɡˊŮŭɎűɞɡɠ 

ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ˊɡəɜɤŰɐɠ, ůɡůůɤɟŮɨɞɜŰŬɠ ɖɚŮəŰɟɘəɎ űɞɟŰɑŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŭɘɎŭɞůɖɠ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ ůŮ ŬɡŰɧ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ 

ůɡɛˊɚɐɟɤůɖ əŬɘ ŮˊɏəŰŬůɖ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ, əŬɗɩɠ ɞ Űɟɧˊɞɠ ɚɐɣɖɠ 

ɛŮŰɟɐůŮɤɜ, ɖ ŭɘɎŰŬɝɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ əŬɘ ɞ Ůɝɞˊɚɘůɛɧɠ ɛɏŰɟɖůɖɠ ŮɑɜŬɘ ɞ ɑŭɘɞɠ, Ůɜɩ 

ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ŬˊɞɗɖəŮɨɞɡɜ ˊŬɟɎɚɚɖɚŬ ˊɚɖɟɞűɞɟɑŬ əŬɘ ɔɘŬ Űɖɜ 

űŬɘɜɧɛŮɜɖ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ. 

 

3.2.1 ȸŬůɘəɏɠ Ŭɟɢɏɠ 

 

ȳˊɤɠ ɐŭɖ ŬɜŬűɏɟɗɖəŮ, űɞɟŰɘůŰɘəɧŰɖŰŬ ŮɑɜŬɘ ɖ ɘŭɘɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ ɜŬ 

ɚŮɘŰɞɡɟɔŮɑ ɤɠ ˊɡəɜɤŰɐɠ. ȰŰůɘ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛɘŬɠ ɖɚŮəŰɟɘəɐɠ 

ŰɞɛɞɔɟŬűɑŬɠ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɞɡ ɡˊŮŭɎűɞɡɠ, ŮəŰɧɠ Ŭˊɧ Űɖɜ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ 

ŬɡŰɞɨ, ɛŮŰɟɎŰŬɘ əŬɘ ɖ űɞɟŰɘůŰɘəɧŰɖŰɎ Űɞɡ, ɘŭɘɧŰɖŰŬ ɖ ɞˊɞɑŬ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖɜ 

ɨˊŬɟɝɖ ɛŮŰŬɚɚɘəɩɜ ɞɟɡəŰɩɜ ůŰɞ ɡˊɏŭŬűɞɠ. 

ȰɜŬ ɓŬůɘəɧ űŬɘɜɧɛŮɜɞ ˊɞɡ ŬűɞɟɎ ɎɛŮůŬ Űɖɜ ɖɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ, əŬɘ əŬŰô 

ŮˊɏəŰŬůɖ Űɘɠ ɛŮŰɟɐůŮɘɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ, ŮɑɜŬɘ ɖ ˊɧɚɤůɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ 

ɟŮɨɛŬŰɞɠ. ȾŬŰɎ Űɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ, ɛŮ Űɖɜ ŭɘɎŭɞůɖ ɟŮɨɛŬŰɞɠ ůŰɞ ɡˊɏŭŬűɞɠ, ɘɧɜŰŬ 

ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ˊɞɡ ɏɢɞɡɜ ŮɘůŬɢɗŮɑ ůŰɞ ɡˊɏŭŬűɞɠ, 

ŬˊɞŰɟɏˊɞɜŰŬɠ Űɖɜ ɞɛŬɚɐ ɟɞɐ Űɞɡ ɟŮɨɛŬŰɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɏɢŮɘ ɎɛŮůɞ ŬɜŰɑəŰɡˊɞ ůŰɖɜ 

ˊɞɘɧŰɖŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɖɠ ˊɧɚɤůɖɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ, ɖ ˊɞɚɘəɧŰɖŰŬ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɞɡ ŭɘŬŭɑŭŮŰŬɘ ŬɚɚɎɕŮɘ ˊŮɟɘɞŭɘəɎ 

(Ŭˊɧ 0.25 ɏɤɠ 4 ŭŮɡŰŮɟɧɚŮˊŰŬ), ˊŬɑɟɜɞɜŰŬɠ Űɖɜ ɛɞɟűɐ ŰŮŰɟŬɔɤɜɘəɞɨ ˊŬɚɛɞɨ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.8. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ ɡˊɎɟɢŮɘ əŬɘ ɛɘŬ 

ɘůɧɢɟɞɜɖ ɛŮ Űɖɜ ŭɘɎŭɞůɖ ˊŬɨůɖ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɟɞŰɞɨ ŬɚɚɎɝŮɘ ɖ ˊɞɚɘəɧŰɖŰŬ Űɞɡ, 

ŭɘɎůŰɖɛŬ ůŰɞ ɞˊɞɑɞ əŬŰŬɔɟɎűŮŰŬɘ ɖ ŬˊɞűɧɟŰɘůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ˊɞɡ 

ˊɘɗŬɜɎ ɏɢɞɡɜ ɚŮɘŰɞɡɟɔɐůŮɘ ɤɠ ˊɡəɜɤŰɏɠ. 
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ɆɢɐɛŬ 3.8 ɀŮŰŬŭɘŭɧɛŮɜɞ ɟŮɨɛŬ ɤɠ ŰŮŰɟŬɔɤɜɘəɧ əɨɛŬ ůŰɖɜ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ əŬɘ Űɖɜ ŮˊŬɔɧɛŮɜɖ ˊɧɚɤůɖ 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ Seigel (1959), ɖ űɞɟŰɘůŰɘəɧŰɖŰŬ, m, ŮɑɜŬɘ ɞ ɚɧɔɞɠ Űɞɡ 

ŭŮɡŰŮɟɞɔŮɜɞɨɠ ŭɡɜŬɛɘəɞɨ (ὠ) ɧŰŬɜ ŬˊŮɜŮɟɔɞˊɞɘŮɑŰŬɘ Űɞ ɟŮɨɛŬ, ˊɟɞɠ Űɖɜ Űɘɛɐ Űɞɡ 

ˊɟɤŰɞɔŮɜɞɨɠ ŭɡɜŬɛɘəɞɨ (ὠ) ɧůɞ Űɞ ɟŮɨɛŬ ŮɑɜŬɘ ŬəɧɛŬ ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ. 

 ά  
ὠ

ὠ
 (20) 

ȳůɞ Űɞ ɟŮɨɛŬ ŮɑɜŬɘ ŬɜŮɜŮɟɔɧ, ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ɏɢŮɘ ůɡůůɤɟŮɡɗŮɑ ůŰŬ ůɩɛŬŰŬ 

ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɡˊɏŭŬűɞɠ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ŰŬ ůɩɛŬŰŬ ŬɡŰɎ ɜŬ 

ŭɟɞɡɜ ɤɠ ŭŮɡŰŮɟɞɔŮɜŮɑɠ ˊɖɔɏɠ ɟŮɨɛŬŰɞɠ. ɇɞ ŭɡɜŬɛɘəɧ ůŮ ŬɡŰɐ Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 

əŬŰŬɔɟɎűŮŰŬɘ Ŭˊɧ Űɞ ɧɟɔŬɜɞ ɛɏŰɟɖůɖɠ ůŮ ŭɘŬűɞɟŮŰɘəɎ ɢɟɞɜɘəɎ ˊŬɟɎɗɡɟŬ ɏɤɠ ɧŰɞɡ 

ɛɖŭŮɜɘůŰŮɑ (ɆɢɐɛŬ 3.9). 

 

ɆɢɐɛŬ 3.9 ȾŬɛˊɨɚɖ ŭɡɜŬɛɘəɞɨ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŮɜŮɟɔɞɨ əŬɘ ŬɜŮɜŮɟɔɞɨ ɟŮɨɛŬŰɞɠ 

ȷˊɧ Űɞ ɆɢɐɛŬ 3.9 ŮɑɜŬɘ Ůɨəɞɚɞ əŬɜŮɑɠ ɜŬ ŬɜŰɘɚɖűɗŮɑ ɧŰɘ ɖ Űɘɛɐ Űɖɠ 

űɞɟŰɘůŰɘəɧŰɖŰŬɠ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ŮɑɜŬɘ ˊɎɜɤ Ŭˊɧ 1 ὠȾὠ, əŬɗɩɠ Űɞ ŭŮɡŰŮɟɞɔŮɜɏɠ 

ŭɡɜŬɛɘəɧ ŮɑɜŬɘ ˊɎɜŰɞŰŮ ɛɘəɟɧŰŮɟɞ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ. ũɘŬ ɚɧɔɞɡɠ ŮɡəɞɚɑŬɠ ɖ ˊŬɟŬˊɎɜɤ 
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Űɘɛɐ ŮəűɟɎɕŮŰŬɘ əŬɘ ɤɠ 1000 άὠȾὠ əŬɘ ŮɑɜŬɘ əŬɘ ɞ Űɟɧˊɞɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ 

ŮəűɟŬůŰŮɑ ůŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ. 

 

3.2.2 ɀɖɢŬɜɘůɛɞɑ ɔɏɜŮůɖɠ 

 

Ƀɘ ɛɖɢŬɜɘůɛɞɑ ˊɞɡ ˊɟɞəŬɚɞɨɜ űŬɘɜɧɛŮɜŬ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ ŮɑɜŬɘ ŭɨɞȚ ɖ 

ˊɧɚɤůɖ ɛŮɛɓɟɎɜɖɠ əŬɘ ɖ ˊɧɚɤůɖ ɖɚŮəŰɟɞŭɑɞɡ. 

Ʉɧɚɤůɖ ɛŮɛɓɟɎɜɖɠ: ɃɜɞɛɎɕŮŰŬɘ Ůˊɑůɖɠ əŬɘ ɖɚŮəŰɟɞɚɡŰɘəɐ ˊɧɚɤůɖ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɡŰɐ, ɧŰŬɜ Űɞ ɟŮɨɛŬ ŭɘŬɢɏŮŰŬɘ ůŰɞ ɏŭŬűɞɠ, ɞ Űɟɧˊɞɠ ˊɞɡ əɘɜŮɑŰŬɘ ɛɏůŬ ůŰŬ 

ˊŮŰɟɩɛŬŰŬ ŮɑɜŬɘ əɡɟɑɤɠ ɛɏůɤ ɖɚŮəŰɟɞɚɡŰɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞɡɠ ˊɧɟɞɡɠ 

ŬɡŰɩɜ. ɇŬ ˊŮŰɟɩɛŬŰŬ ŬɡŰɎ ɏɢɞɡɜ ůɡɜɐɗɤɠ ŬɟɜɖŰɘəɧ űɞɟŰɑɞ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ˊɞɡ 

ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞɜ ɖɚŮəŰɟɞɚɨŰɖ (ɆɢɐɛŬ 3.10Ŭ), ˊɟɞůŮɚəɨɞɜŰŬɠ ɛŮ Űɖ ůŮɘɟɎ 

Űɞɡɠ ɗŮŰɘəɎ űɞɟŰɑŬ ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ. ȳŰŬɜ ɖ ˊɖɔɐ Űɞɡ ɟŮɨɛŬŰɞɠ ůŰŬɛŬŰɎ, ŰŬ 

ůɡɔəŮɜŰɟɤɛɏɜŬ ŬɡŰɎ ŬɟɜɖŰɘəɎ əŬɘ ɗŮŰɘəɎ űɞɟŰɑŬ ŰŮɑɜɞɡɜ ɜŬ ŮˊɘůŰɟɏɣɞɡɜ ůŰɖɜ 

Ŭɟɢɘəɐ Űɞɡɠ əŬŰɎůŰŬůɖ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŰɎůɖ ɖ ɞˊɞɑŬ ɛŮɘɩɜŮŰŬɘ ůŰŬŭɘŬəɎ. 

ȼ ˊɧɚɤůɖ ɛŮɛɓɟɎɜɖɠ ŮɛűŬɜɑɕŮŰŬɘ əɡɟɑɤɠ ůŮ ˊɞɚɨ ɚŮˊŰɧəɞəəŬ ˊŮŰɟɩɛŬŰŬ, ɔŮɔɞɜɧɠ 

ˊɞɡ Űɖ ůɡɜŭɏŮɘ ɎɛŮůŬ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ Ŭɟɔɘɚɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, Ůɜɩ ɖ ˊŬɟɞɡůɑŬ 

ŬɚŬŰɧŰɖŰŬɠ ůŰɞɜ ɖɚŮəŰɟɞɚɨŰɖ ɛŮɘɩɜŮɘ Űɞ űŬɘɜɧɛŮɜɞ. 

 

ɆɢɐɛŬ 3.10 ɀɖɢŬɜɘůɛɞɑ ɔɏɜŮůɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ. Ŭ) ˊɧɚɤůɖ ɛŮɛɓɟɎɜɖɠ, ɓ) ˊɧɚɤůɖ ɖɚŮəŰɟɞŭɑɞɡ 

(Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ Kearey et al., 2002) 

Ʉɧɚɤůɖ ɖɚŮəŰɟɞŭɑɞɡ: ɃɜɞɛɎɕŮŰŬɘ Ůˊɑůɖɠ əŬɘ ɡˊɏɟŰŬůɖ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɧŰŬɜ 

Űɞ ɟŮɨɛŬ ˊɞɡ ŭɘŬɢɏŮŰŬɘ ůŰɞ ɏŭŬűɞɠ ůɡɜŬɜŰɐůŮɘ əɧəəɞɡɠ ɛŮŰŬɚɚɘəɩɜ ɞɟɡəŰɩɜ 

ůŰɞ ˊɏŰɟɤɛŬ, ůɢɖɛŬŰɑɕŮŰŬɘ ɛɘŬ ɖɚŮəŰɟɘəɐ ŭɘŬŭɟɞɛɐ ɔɘŬ Űɖ ɟɞɐ Űɞɡ. ȳˊɤɠ 

űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 3.10ɓ, ɧŰŬɜ Űɞ ɟŮɨɛŬ ůɡɜŬɜŰɎ ɏɜŬ əɧəəɞ ɛŮŰŬɚɚɘəɞɨ 
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ɞɟɡəŰɞɨ ˊɞɡ ŮɛˊɞŭɑɕŮɘ Űɖɜ əɡəɚɞűɞɟɑŬ ůŰɞɜ ˊɧɟɞ, ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ŬɜŰɑɗŮŰŬ 

űɞɟŰɑŬ ůŰɘɠ ɎəɟŮɠ Űɞɡ əɧəəɞɡ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊɟɞəŬɚŮɑŰŬɘ ůɡůůɩɟŮɡůɖ 

ŰɎůɖɠ ůŰɞ ůɖɛŮɑɞ. ȳŰŬɜ ɖ ˊɖɔɐ Űɞɡ ɟŮɨɛŬŰɞɠ ůŰŬɛŬŰɎ, ŰŬ ɘɧɜŰŬ ŬɡŰɎ ŭɘŬɢɏɞɜŰŬɘ 

ůŰŬŭɘŬəɎ ůŰɖɜ Ŭɟɢɘəɐ Űɞɡɠ ɗɏůɖ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛɑŬ űɗɑɜɞɡůŬ ŰɎůɖ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Kearey et al. (2002), Űɞ ɛɏɔŮɗɞɠ Űɖɠ ˊɧɚɤůɖɠ ɖɚŮəŰɟɞŭɑɞɡ ŮɝŬɟŰɎŰŬɘ 

ɧɢɘ ɛɧɜɞ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɞɡ ŭɘŬŭɑŭŮŰŬɘ ůŰɞ ɏŭŬűɞɠ, ŬɚɚɎ əŬɘ Ŭˊɧ 

Űɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ɛŮŰɎɚɚɤɜ ůŰɞ ɏŭŬűɞɠ, Ůɜɩ ɞ Milsom (2003) ŬɜŬűɏɟŮɘ ˊɤɠ 

ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛŮŰɎɚɚɞɡ ˊɞɡ ɚŬɛɓɎɜŮɘ ɛɏɟɞɠ Űɞ 

ɔŮɔɞɜɧɠ, ˊŬɟɎ Ŭˊɧ Űɞɜ ůɡɜɞɚɘəɧ ɧɔəɞ Űɞɡ. ȼ Ŭɨɝɖůɖ Űɤɜ ˊɧɟɤɜ ůŰɞ ˊɏŰɟɤɛŬ 

ɛŮɘɩɜŮɘ Űɖɜ ɖɚŮəŰɟɘəɐ ŭɘŬŭɟɞɛɐ Űɖɠ ˊɧɚɤůɖɠ ɖɚŮəŰɟɞŭɑɞɡ, əŬɗɩɠ Űɞ ɟŮɨɛŬ 

ɓɟɑůəŮɘ ŮɡəɞɚɧŰŮɟɞɡɠ Űɟɧˊɞɡɠ ɔɘŬ Űɖ ŭɘɎŭɞůɐ Űɞɡ. 

ȾŬŰɎ Űɖɜ ɏɟŮɡɜŬ ɞ əɨɟɘɞɠ ɛɖɢŬɜɘůɛɧɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɑɜŬɘ ŬɡŰɧɠ Űɖɠ ˊɧɚɤůɖɠ 

ɖɚŮəŰɟɞŭɑɞɡ, ɞ ɞˊɞɑɞɠ əŬɘ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŭɖɛɘɞɡɟɔŮɑ ɛŮɔŬɚɨŰŮɟŮɠ ŬɜɤɛŬɚɑŮɠ Ŭˊɧ ɧŰɘ 

ɖ ˊɧɚɤůɖ ɛŮɛɓɟɎɜɖɠ ŮɎɜ ŮűŬɟɛɧɕɞɜŰŬɜ ůŮ ɑŭɘɞ ɛɏɔŮɗɞɠ ŮˊɘűɎɜŮɘŬɠ. ɄŬɟô ɧɚŬ ŬɡŰɎ, 

ɚɧɔɤ Űɖɠ ůɖɛŬɜŰɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɖ ŬűɗɞɜɑŬ Ŭɟɔɘɚɘəɏɠ 

ˊŮɟɘɞɢɏɠ Ŭˊɧ ŬɡŰɏɠ ɛŮ ɛŮŰŬɚɚɘəɎ ɞɟɡəŰɎ, ɔŮɔɞɜɧɠ ˊɞɡ ŰŬ əŬɗɘůŰɎ ɘəŬɜɎ ɜŬ ŭɩůɞɡɜ 

ɑŭɘŬ ŬɜɤɛŬɚɑŬ, Ŭɟɔɘɚɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ɤɠ ɗɧɟɡɓɞɠ əŬɘ 

ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ɚɎɗɞɠ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ. 
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3.3 ɀɏɗɞŭɞɠ ūɡůɘəɞɨ ȹɡɜŬɛɘəɞɨ 

 

ȼ ɛɏɗɞŭɞɠ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ (Spontaneous or Self-Potential, SP) ŬˊɞŰŮɚŮɑ 

Űɖɜ ˊŬɚŬɘɧŰŮɟɖ ɔŮɤűɡůɘəɐ ɛɏɗɞŭɞ ŭɘŬůəɧˊɖůɖɠ, ɖ ɞˊɞɑŬ ŬɜŬˊŰɨɢɗɖəŮ ŬɟɢɘəɎ ɔɘŬ Űɞɜ 

ŮɜŰɞˊɘůɛɧ ɗŬɛɛɏɜɤɜ ɛŮŰŬɚɚɞűɞɟɘɩɜ əŬɘ əɡɟɑɤɠ ůɞɡɚűɘŭɑɤɜ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɛŮɚŮŰɎ 

űɡůɘəɎ ɖɚŮəŰɟɘəɎ ŭɡɜŬɛɘəɎ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞ ɡˊɏŭŬűɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ 

ůŰɖɜ ŬˊɞůɎɗɟɤůɖ əɞɘŰŬůɛɎŰɤɜ ůɞɡɚűɘŭɑɤɜ, ůŰɖ ŭɟɎůɖ ŭɘŬɚɡɛɎŰɤɜ, ůŰɖɜ əɑɜɖůɖ 

ɡˊɧɔŮɘɤɜ ɜŮɟɩɜ ɐ ɚɧɔɤ ɞɟɘůɛɏɜɤɜ ɓɘɞɚɞɔɘəɩɜ ŭɘŮɟɔŬůɘɩɜ. ȼ ɢɟɐůɖ Űɖɠ ɐŰŬɜ ŮəŰŮɜɐɠ 

Űɘɠ ˊŮɟŬůɛɏɜŮɠ ŭŮəŬŮŰɑŮɠ, ɚɧɔɤ Űɖɠ ɔɟɐɔɞɟɖɠ ůɡɚɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ ůŰɞ ˊŮŭɑɞ əŬɘ Űɖɠ 

Ŭɜɏɝɞŭɖɠ ŮɝɞˊɚɘůŰɘəɐɠ ŬˊŬɑŰɖůɐɠ Űɖɠ, Ůɜɩ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞɜ 

ŮɜŰɞˊɘůɛɧ Ůɔəɞɑɚɤɜ (Quarto & Schiavone, 1996), ůŰɖɜ ɔŮɤŰŮɢɜɘəɐ ɏɟŮɡɜŬ 

(Markiewicz et al., 1984), ůŰɖɜ ɔŮɤɗŮɟɛɘəɐ ɏɟŮɡɜŬ (Fitterman & Corwin, 1982) əŬɘ 

ůŰɞɜ ŮɜŰɞˊɘůɛɧ ůɞɡɚűɘŭɑɤɜ (Y¿ng¿l, 1950; Corry, 1985). 

 

3.3.1 ȸŬůɘəɏɠ Ŭɟɢɏɠ 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ, ɞ əɨɟɘɞɠ ɚɧɔɞɠ ŮɛűɎɜɘůɖɠ ŬɡŰɩɜ Űɤɜ űɡůɘəɩɜ 

ɖɚŮəŰɟɘəɩɜ ɟŮɡɛɎŰɤɜ ŮɑɜŬɘ ɖ ŬˊɞůɎɗɟɤůɖ ɛŮŰŬɚɚɞűɞɟɑŬɠ ůɞɡɚűɘŭɑɤɜ. ȰŰůɘ, ɧŰŬɜ 

ɏɜŬ əɞɑŰŬůɛŬ ɓɟɑůəŮŰŬɘ əŬŰɎ Űɞ ɐɛɘůɡ ɛɏůŬ ůŰɞɜ ɡˊɧɔŮɘɞ ɡŭɟɞűɞɟɏŬ, ɝŮəɘɜɎ ɜŬ 

ɞɝŮɘŭɩɜŮŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ɟɡɗɛɞɨɠ ŮəŬŰɏɟɤɗŮɜ Űɖɠ ůŰɎɗɛɖɠ Űɞɡ ɡŭɟɞűɧɟɞɡ 

ɞɟɑɕɞɜŰŬ, ɛŮ Űɖɜ ɞɝŮɑŭɤůɖ ůŰɞ ŰɛɐɛŬ ́ ɞɡ ŮɑɜŬɘ ˊɘɞ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ 

ɜŬ ŮɑɜŬɘ ŮɜŰɞɜɧŰŮɟɖ. ȰŰůɘ, ˊŬɟɎɔɞɜŰŬɘ ɗŮɘɥəɎ ɞɝɏŬ əŬɘ ɎɚŬŰŬ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ, ŰŬ 

ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ ɖɚŮəŰɟɞɚɨŰŮɠ. ȿɧɔɤ Űɖɠ ŭɘŬűɞɟɎɠ ůŰɞɜ ɓŬɗɛɧ ɞɝŮɑŭɤůɖɠ Űɤɜ Ɏəɟɤɜ 

Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ ɛŮŰŬɝɨ Űɞɡɠ, ɧˊɞɡ Űɞ ˊɘɞ 

ɞɝŮɘŭɤɛɏɜɞ ˊɎɜɤ Ɏəɟɞ ŭɟŬ ɤɠ ŬɟɜɖŰɘəɧɠ ˊɧɚɞɠ, Ůɜɩ Űɞ ɚɘɔɧŰŮɟɞ ɞɝŮɘŭɤɛɏɜɞ əɎŰɤ 

Ɏəɟɞ ɤɠ ɗŮŰɘəɧɠ ˊɧɚɞɠ (ɆɢɐɛŬ 3.11). ȰŰůɘ, ɖɚŮəŰɟɘəɎ ɟŮɨɛŬŰŬ ŭɘŬɟɟɏɞɡɜ Űɞɜ ɢɩɟɞ 

ɔɨɟɤ Ŭˊɧ Űɞ ɛŮŰɎɚɚŮɡɛŬ, əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬɡŰɧ ɓɟɑůəŮŰŬɘ ůŮ ɛɘəɟɧ ɓɎɗɞɠ, ŰŬ 

ɟŮɨɛŬŰŬ ŬɡŰɎ ŭɘŬɟɟɏɞɡɜ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ 

ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ůɖɛŮɑɤɜ ˊɎɜɤ ůŮ ŬɡŰɐ. ɇɞ ŭɡɜŬɛɘəɧ ŬɡŰɧ ɧŰŬɜ ɛŮŰɟɎŰŬɘ, 

ŭɖɛɘɞɡɟɔŮɑ ŬɜɤɛŬɚɑŮɠ ˊɞɡ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Ŭˊɧ ɛŮɟɘəɏɠ ŭŮəɎŭŮɠ άὠ ɏɤɠ əŬɘ ˊŮɟɑˊɞɡ 

1.5 ὠ. 
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ɆɢɐɛŬ 3.11 Ƀ ɛɖɢŬɜɘůɛɧɠ ŭɖɛɘɞɡɟɔɑŬɠ űɡůɘəɩɜ ɖɚŮəŰɟɘəɩɜ ŭɡɜŬɛɘəɩɜ (Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ Sato & Mooney, 

1960) 

ȷɡŰɐ ɖ ŭɘŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑ Űɖɜ əɡɟɘɧŰŮɟɖ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ űɡůɘəɩɜ ŭɡɜŬɛɘəɩɜ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, ŬɚɚɎ ŭŮɜ ŮɑɜŬɘ ɖ ɛɞɜŬŭɘəɐ. 

 

3.3.2 ɀɖɢŬɜɘůɛɞɑ ɔɏɜŮůɖɠ 

 

ɇŬ űɡůɘəɎ ŭɡɜŬɛɘəɎ, ŬɜɎɚɞɔŬ ɛŮ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ɔɏɜŮůɐɠ Űɞɡɠ, ŭɘŬəɟɑɜɞɜŰŬɘ 

ůŰɘɠ ŬəɧɚɞɡɗŮɠ əŬŰɖɔɞɟɑŮɠ: 

ȹɡɜŬɛɘəɎ ɟɞɐɠ (streaming potential): ɇŬ ŭɡɜŬɛɘəɎ ɟɞɐɠ, ɐ Ŭɚɚɘɩɠ ɖɚŮəŰɟɞəɘɜɖŰɘəɎ 

ŭɡɜŬɛɘəɎ, ɞűŮɑɚɞɡɜ Űɖ ɔɏɜŮůɐ Űɞɡɠ ůŰɖɜ əɑɜɖůɖ Ůɜɧɠ ɖɚŮəŰɟɞɚɨŰɖ ɛɏůŬ Ŭˊɧ 

Űɞɡɠ ˊɧɟɞɡɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ. ȰŰůɘ, ɧŰŬɜ ɞɘ ůɡɜɗɐəŮɠ ŮɑɜŬɘ Ůɡɜɞɥəɏɠ (ɡɣɖɚɎ 

ˊɞůɞůŰɎ ɓɟɞɢɧˊŰɤůɖɠ, ŬˊɧŰɞɛɞ ŬɜɎɔɚɡűɞ, ɨˊŬɟɝɖ ˊɞɟɩŭɞɡɠ ˊŮŰɟɩɛŬŰɞɠ), ɞɘ 

ŬɜɤɛŬɚɑŮɠ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ŮɜŰŮɑɜɞɜŰŬɘ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɛŮɚŮŰɐɗɖəŮ 

ˊɟɩŰɖ űɞɟɎ Ŭˊɧ Űɞɜ Helmholtz Űɞɜ 19ɞ ŬɘɩɜŬ, ɧˊɞɡ ˊŬɟŬŰɐɟɖůŮ ˊɤɠ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ ůŰŬ ɎəɟŬ Ůɜɧɠ ŰɟɘɢɞŮɘŭɞɨɠ ůɤɚɐɜŬ, ɧŰŬɜ 

ŬɡŰɧɠ ŭɘŬɟɟɏŮŰŬɘ Ŭˊɧ ɖɚŮəŰɟɞɚɨŰɖ. ɇɞ ŭɡɜŬɛɘəɧ ɟɞɐɠ, ῳὠ, ˊɞɡ ˊŬɟɎɔŮŰŬɘ 

ɞɟɑɕŮŰŬɘ ɤɠ: 

 ῳὠ   
‐‒

–„
 ῳὖ (21) 

ɧˊɞɡ ȹV: Űɞ ŭɡɜŬɛɘəɧ ɟɞɐɠ 
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Ů: ɖ ŭɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ Űɞɡ ɖɚŮəŰɟɞɚɨŰɖ 

ɕ: ˊŬɟɎɛŮŰɟɞɠ ɖ ɞˊɞɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɡɚɘəɧ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ ůɤɚɐɜŬ əŬɘ Űɞɡ 

ɖɚŮəŰɟɞɚɨŰɖ 

ɖ: Űɞ ɘɝɩŭŮɠ Űɞɡ ɖɚŮəŰɟɞɚɨŰɖ 

ů: ɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ ɖɚŮəŰɟɞɚɨŰɖ 

ȹP: Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŭɘŬűɞɟɎɠ Űɖɠ ˊɑŮůɖɠ Űɤɜ ˊɧɟɤɜ ɖ ɞˊɞɑŬ ɤɗŮɑ Űɖ ɟɞɐ 

Ƀ ɚɧɔɞɠ ῳὠ Ⱦ ῳὖ ɞɜɞɛɎɕŮŰŬɘ ůɡɜŰŮɚŮůŰɐɠ ŭɘŬůŰŬɡɟɞɨɛŮɜɖɠ ůɨɕŮɡɝɖɠ ŭɡɜŬɛɘəɞɨ 

ɟɞɐɠ, ὅ, ɐ ˊɘɞ ŬˊɚɎ ůɡɜŰŮɚŮůŰɐɠ ŭɡɜŬɛɘəɞɨ ɟɞɐɠ, əŬɘ ɢŬɟŬəŰɖɟɑɕŮɘ Űɞɡɠ 

ůɢɖɛŬŰɘůɛɞɨɠ ɛɏůŬ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɟɏŮɘ ɞ ɖɚŮəŰɟɞɚɨŰɖɠ. ȷˊŬɟŬɑŰɖŰɖ 

ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ŭɡɜŬɛɘəɩɜ ɟɞɐɠ ŮɑɜŬɘ ɧɢɘ ɛɧɜɞ ɜŬ ɡˊɎɟɢŮɘ 

əɑɜɖůɖ ɖɚŮəŰɟɞɚɨŰɖ ɛɏůŬ ůŮ ɏɜŬ ůɢɖɛŬŰɘůɛɧ, ŬɚɚɎ ůŮ ɧɟɘɞ ɧˊɞɡ ɞɘ ůɡɜŰŮɚŮůŰɏɠ 

Űɞɡ ŭɡɜŬɛɘəɞɨ ɟɞɐɠ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ɜŬ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɞɑ. ɀŮɟɘəɎ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ŭɡɜŬɛɘəɩɜ ɟɞɐɠ ůŮ ŭɘŬűɞɟŮŰɘəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ űŬɑɜɞɜŰŬɘ ůŰɞ 

ˊŬɟŬəɎŰɤ ůɢɐɛŬ (ɆɢɐɛŬ 3.12). 
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ɆɢɐɛŬ 3.12 ɇɞɛɐ əŬɘ əɎŰɞɣɖ ŬɜɤɛŬɚɘɩɜ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ Ŭˊɧ ɟɞɐ ɖɚŮəŰɟɞɚɨŰɖ ɛŮŰŬɝɨ ůŰɟɤɛɎŰɤɜ ɛŮ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ ŭɡɜŬɛɘəɞɨ ɟɞɐɠ.ɇŬ ɓɏɚɖ ŬɜŬˊŬɟɘůŰɞɨɜ Űɖ ŭɘŮɨɗɡɜůɖ ɟɞɐɠ ůŮ: Ŭ) ˊɚŮɡɟɘəɧ ɧɟɘɞ, ɓ) 

ɎɜŰɚɖůɖ ˊɖɔɐɠ, ɔ) ɞɟɘɕɧɜŰɘɞ ɧɟɘɞ (Schiavone & Quarto, 1984) 

ȹɡɜŬɛɘəɎ ŭɘɎɢɡůɖɠ: ȹɘŬɓŬɗɛɑůŮɘɠ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ɘɧɜŰɤɜ ůŰɞ ɏŭŬűɞɠ ɛˊɞɟɞɨɜ 

ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ ŭɡɜŬɛɘəɎ ŭɘɎɢɡůɖɠ. ȳŰŬɜ ŬɡŰɎ ŰŬ ɘɧɜŰŬ, ŬɜɘɧɜŰŬ əŬɘ 

əŬŰɘɧɜŰŬ, ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ŰŬɢɨŰɖŰŮɠ, ŰŬ ŭɡɜŬɛɘəɎ ŭɘɎɢɡůɖɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ 

ˊŬɟɎɔɞɡɜ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ, ŮˊŮɘŭɐ ŰŬ ŰŬɢɨŰŮɟŬ əɘɜɞɨɛŮɜŬ ɘɧɜŰŬ Űɞɡ Ůɜɧɠ 

űɞɟŰɑɞɡ ɝŮˊŮɟɜɞɨɜ ŰŬ ˊɘɞ ŬɟɔɎ Űɞɡ ŬɜŰɑɗŮŰɞɡ űɞɟŰɑɞɡ (Nyquist & Corry, 2002). 

ɇɞ ŭɡɜŬɛɘəɧ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ŮɝŬɜŬɔəɎɕŮɘ ŰŬ ˊɘɞ ŬɟɔɎ ɘɧɜŰŬ ůŮ ɔɟɖɔɞɟɧŰŮɟɖ 

əɑɜɖůɖ, ɩůŰŮ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɖ ɖɚŮəŰɟɘəɐ ɞɡŭŮŰŮɟɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȳɜŰŬɠ 

ůŮ ɖɚŮəŰɟɘəɐ ɞɡŭŮŰŮɟɧŰɖŰŬ, Űɞ ŭɡɜŬɛɘəɧ ŭɘɎɢɡůɖɠ, ὠ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 ὠ  
ὙὝό ό

ὲὊ
ὰὲ
ὅ

ὅ
 (22) 

ɧˊɞɡ R: ɖ ˊŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ Űɤɜ ŬŮɟɑɤɜ 

T: ɖ ŬˊɧɚɡŰɖ ɗŮɟɛɞəɟŬůɑŬ 

Õ ʆɻʅ Õ: ɞɘ ŰŬɢɨŰɖŰŮɠ Űɤɜ ŬɜɘɧɜŰɤɜ əŬɘ əŬŰɘɧɜŰɤɜ ŬɜŰɑůŰɞɘɢŬ 
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n: Űɞ ůɗɏɜɞɠ Űɤɜ ɘɧɜŰɤɜ 

F: ɖ ůŰŬɗŮɟɎ Űɞɡ Faraday 

# ʆɻʅ #: ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ Űɘɠ ɓŬɗɛɑŭŮɠ 

ŭɘɎɢɡůɖɠ 

ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɞ ɛɖɢŬɜɘůɛɧɠ ŭɘɎɢɡůɖɠ ŭɖɛɘɞɡɟɔŮɑ ŬɜɤɛŬɚɑŮɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 

ŭŮəɎŭɤɜ άὠ, ŬˊɞŰŮɚŮɑ ɧɛɤɠ əɡɟɑɤɠ ˊɖɔɐ ɗɞɟɨɓɞɡ. 

ȸɘɞɖɚŮəŰɟɘəɎ ŭɡɜŬɛɘəɎ: ɆɡɜŭɏɞɜŰŬɘ ɎɛŮůŬ ɛŮ Űɖ ŭɟɎůɖ Űɤɜ űɡŰɩɜ. ȼ ŭɡɜŬŰɧŰɖŰŬ Űɤɜ 

űɡŰɩɜ ɜŬ ŬɜŰɚɞɨɜ ɘɧɜŰŬ əŬɘ ɜŮɟɧ Ŭˊɧ Űɞ ɏŭŬűɞɠ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ŬɜɤɛŬɚɘɩɜ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ, əŬɗɩɠ ɞɘ ɟɑɕŮɠ Űɞɡɠ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ 

ɛŮɛɓɟɎɜŮɠ Ŭˊɞɟɟɧűɖůɖɠ. Ƀɘ ɛŮŰŬɓɞɚɏɠ ůŰɞ űɡůɘəɧ ŭɡɜŬɛɘəɧ ɛˊɞɟŮɑ ˊɞɚɚɏɠ 

űɞɟɏɠ ɜŬ ŮɑɜŬɘ ŬˊɧŰɞɛŮɠ, ɧŰŬɜ ŬɚɚɎɝŮɘ ŬˊɧŰɞɛŬ ɖ ɓɚɎůŰɖůɖ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ ɐ 

ŬɚɚɎɝŮɘ ɖ ůɨůŰŬůɖ Űɤɜ ɡˊɞəŮɑɛŮɜɤɜ ˊŮŰɟɤɛɎŰɤɜ. ȷɡŰɧɠ ɞ ɛɖɢŬɜɘůɛɧɠ ɔɏɜŮůɖɠ 

ŭɖɛɘɞɡɟɔŮɑ ŬɜɤɛŬɚɑŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ űŰɎůɞɡɜ Űɖɜ ŰɎɝɖ Űɤɜ ŮəŬŰɞɜŰɎŭɤɜ ɏɤɠ 

ɢɘɚɘɎŭɤɜ άὠ. 
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3.3.3 Ⱥɝɞˊɚɘůɛɧɠ 

 

Ƀ Ůɝɞˊɚɘůɛɧɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɛŮŰɟɐůŮɤɜ űɡůɘəɞɨ 

ŭɡɜŬɛɘəɞɨ ŮɑɜŬɘ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɔŮɤűɡůɘəɏɠ ɛŮɗɧŭɞɡɠ, ˊɞɚɨ Ŭˊɚɧɠ 

əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɨɞ ɐ əŬɘ ˊŮɟɘůůɧŰŮɟŬ ɛɖ ˊɞɚɞɨɛŮɜŬ ɖɚŮəŰɟɧŭɘŬ, əŬɚɩŭɘŬ 

ůɨɜŭŮůɖɠ, ɓɞɚŰɧɛŮŰɟɞ, əŬɗɩɠ əŬɘ ůɡɜɞŭŮɡŰɘəɧ Ůɝɞˊɚɘůɛɧ, ɧˊɤɠ ůŰɟɞűŮɑɞ ɔɘŬ Űɖɜ 

ˊŮɟɘŰɨɚɘɝɖ Űɞɡ əŬɚɤŭɑɞɡ əŬɘ ŮɟɔŬɚŮɑŬ ůəŬɣɑɛŬŰɞɠ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŮˊŬűɐ Űɞɡ 

ɖɚŮəŰɟɞŭɑɞɡ ɛŮ Űɞ ɏŭŬűɞɠ. 

ȸɞɚŰɧɛŮŰɟɞ: ɇɞ ɓɞɚŰɧɛŮŰɟɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɛŮŰɟɐůŮɤɜ 

űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑ əŬɘ ɏɜŬ ˊɞɚɨɛŮŰɟɞ ŬəɟɘɓŮɑŬɠ ˊɞɡ 

ŭɘŬŰɑɗŮɜŰŬɘ ůŰɞ Ůɛˊɧɟɘɞ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɧɛɤɠ ɜŬ ɏɢŮɘ ɡɣɖɚɐ ŮůɤŰŮɟɘəɐ 

ŬɜŰɑůŰŬůɖ Űɖɠ ŰɎɝɖɠ Űɤɜ 10 MOhm ŰɞɡɚɎɢɘůŰɞɜ, Ůɜɩ ŬɜɎɚɡůɖ Űɖɠ ŰɎɝɖɠ Űɤɜ 

0.1mV ɗŮɤɟŮɑŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ. 

ɀɖ ˊɞɚɞɨɛŮɜŬ ɖɚŮəŰɟɧŭɘŬ: ɇŬ ɖɚŮəŰɟɧŭɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ůŰɘɠ 

ɛŮŰɟɐůŮɘɠ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ɛŮŰŬɚɚɘəɧ ůŰɞɘɢŮɑɞ Űɞ 

ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɎɚŬɠ Űɞɡ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ ɖɚŮəŰɟɧŭɘŬ Ŭɟɔɨɟɞɡ ůŮ 

ŭɘɎɚɡɛŬ ɢɚɤɟɘɞɨɢɞɡ Ŭɟɔɨɟɞɡ (!Ç !Ç#Ì), ɢŬɚəɞɨ ůŮ ŭɘɎɚɡɛŬ ɗŮɘɥəɞɨ ɢŬɚəɞɨ 

(#Õ #Õ3ɨ ) ɐ ɛɞɚɨɓŭɞɡ ůŮ ŭɘɎɚɡɛŬ ɢɚɤɟɘɞɨɢɞɡ ɛɞɚɨɓŭɞɡ (0Â 0Â#Ì), ŰŬ 

ɞˊɞɑŬ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɏŭŬűɞɠ ɛɏůɤ ɛɑŬɠ ˊɞɟɩŭɞɡɠ 

ɛŮɛɓɟɎɜɖɠ ůŰɖɜ ɓɎůɖ Űɞɡ ɖɚŮəŰɟɞŭɑɞɡ (ɆɢɐɛŬ 3.13). 

 

ɆɢɐɛŬ 3.13 ȹɞɛɐ ɛɖ ˊɞɚɞɨɛŮɜɞɡ ɖɚŮəŰɟɞŭɑɞɡ 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ȾȺūȷȿȷȽɃ 3  ŪȺɋɅȽȷ ũȺɋūɈɆȽȾɋɁ ɀȺŪɃȹɋɁ 

33 

 ȾŬɚɩŭɘɞ ůɨɜŭŮůɖɠ: ɇɞ əŬɚɩŭɘɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɛŮŰɟɐůŮɘɠ űɡůɘəɞɨ 

ŭɡɜŬɛɘəɞɨ ɞűŮɑɚŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɐɠ ŭɘŬɛɏŰɟɞɡ ŬɚɚɎ ŬɜɗŮəŰɘəɧ, ɔŮɔɞɜɧɠ ˊɞɡ ɏɢŮɘ 

ɛŮɔɎɚɖ ˊɟŬəŰɘəɐ ɞɡůɑŬ, Űɧůɞ ɔɘŬ Űɞ ɛɎɕŮɛɎ Űɞɡ ůŰɞ əŬɟɞɨɚɘ, ɧůɞ əŬɘ ɔɘŬ Űɖɜ 

Ŭˊɞűɡɔɐ əɞɣɑɛŬŰɧɠ Űɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. ȳůɞ ŬűɞɟɎ Űɖɜ 

ŬɜŰɑůŰŬůɐ Űɞɡ, ɛɘŬɠ əŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ůɡɔəŮɜŰɟɩɜŮŰŬɘ ůŰɖɜ ŮˊŬűɐ Űɞɡ ɖɚŮəŰɟɞŭɑɞɡ ɛŮ Űɞ ɏŭŬűɞɠ, ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ 

ɖ ɢɟɐůɖ Ůɘŭɘəɩɜ əŬɚɤŭɑɤɜ. 

 

3.3.4 ȹɘŬŰɎɝŮɘɠ ɖɚŮəŰɟɞŭɑɤɜ 

 

ɆŰɖ ɛɏɗɞŭɞ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ, ɞɘ əɨɟɘŮɠ ŭɘŬŰɎɝŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ɔɘŬ Űɖ ůɡɚɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ŭɨɞȚ ɖ ŭɘɎŰŬɝɖ ůŰŬɗŮɟɐɠ ɓɎůɖɠ əŬɘ ɖ ŭɘɎŰŬɝɖ 

ɓŬɗɛɑŭŬɠ. 

ȹɘɎŰŬɝɖ ůŰŬɗŮɟɐɠ ɓɎůɖɠ: ɃɜɞɛɎɕŮŰŬɘ Ůˊɑůɖɠ əŬɘ ŭɘɎŰŬɝɖ ɞɚɘəɞɨ ˊŮŭɑɞɡ. ɆŮ ŬɡŰɐɜ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ ɖɚŮəŰɟɧŭɘɞ ɓɎůɖɠ, Űɞ ɞˊɞɑɞ ɛɏɜŮɘ ůŰŬɗŮɟɧ ůŮ ɧɚɖ Űɖ 

ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ, ɘŭŬɜɘəɎ, ŭɘŬŰɖɟŮɑŰŬɘ ůŮ ɞˊɐ ɔŮɛɎŰɖ ɛŮ ɚɎůˊɖ 

ɛˊŮɜŰɞɜɑŰɖ, Ůɜɩ Űɞ ŭŮɨŰŮɟɞ ɖɚŮəŰɟɧŭɘɞ əɘɜŮɑŰŬɘ ɛŮ ůŰŬɗŮɟɧ ɓɐɛŬ (ɆɢɐɛŬ 3.14ȷ). 

ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ, ŮɜɩɜɞɡɛŮ Űɖ ɛɑŬ Ɏəɟɖ Űɞɡ əŬɚɤŭɑɞɡ 

ůŰɞ ɖɚŮəŰɟɧŭɘɞ ɓɎůɖɠ əŬɘ Űɖɜ Ɏɚɚɖ ůŰɞ əɘɜɞɨɛŮɜɞ ɖɚŮəŰɟɧŭɘɞ əŬɘ əɘɜɞɨɛŬůŰŮ 

ɛŬɕɑ ɛŮ Űɞ əŬɚɩŭɘɞ. Ƀ ɗŮŰɘəɧɠ ˊɧɚɞɠ Űɞɡ ɓɞɚŰɧɛŮŰɟɞɡ ůɡɜŭɏŮŰŬɘ ůŰɞ əɘɜɞɨɛŮɜɞ 

ɖɚŮəŰɟɧŭɘɞ, Ůɜɩ ɞ ŬɟɜɖŰɘəɧɠ ůŰɞ əŬɚɩŭɘɞ, Ůɜɩ ɞɘ ɛŮŰɟɐůŮɘɠ ɔɑɜɞɜŰŬɘ ůŮ 

ˊɟɞəŬɗɞɟɘůɛɏɜŬ ůɖɛŮɑŬ ˊɞɡ ɏɢɞɡɛŮ ŮˊɘɚɏɝŮɘ, ɐ ůŮ ůɖɛŮɑŬ ˊɞɡ ŮˊɘɚɏɔɞɡɛŮ ŮəŮɑɜɖ 

Űɖ ůŰɘɔɛɐ. ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ əŬɚɩŭɘɞ ŭŮ ůɏɟɜŮŰŬɘ əŬɗɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ 

ɛŮŰɟɐůŮɤɜ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ŭɘɎŰŬɝɖ ɓŬɗɛɑŭŬɠ, ɛŮɘɩɜŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ 

ˊɟɧəɚɖůɖɠ űɗɞɟɩɜ ůŮ ŬɡŰɧ. ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ Űɘɛɐ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖ 

ŭɘɎŰŬɝɖ ŬɡŰɐ, ŮɎɜ ὖ ŮɑɜŬɘ Űɞ ɞɚɘəɧ ŭɡɜŬɛɘəɧ əŬɘ ὠ Űɞ ŭɡɜŬɛɘəɧ ˊɞɡ ɛŮŰɟɎɛŮ, 

ɘůɢɨŮɘ: 

 

ὖ  ὠ 

ὖ  ὠ  

ȣ 

ὖ  ὠ 

(23) 
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ȸŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ŬɡŰɐɠ Űɖɠ ŭɘɎŰŬɝɖɠ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ɏɢɞɡɛŮ ɛɘŬ ůŰŬɗŮɟɐ 

ɓɎůɖ ůŮ əɎɗŮ ɛɏŰɟɖůɖ, ɔŮɔɞɜɧɠ ˊɞɡ ɛŮɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ 

ůɡůůɩɟŮɡůɖɠ ůűŬɚɛɎŰɤɜ ůŰɘɠ ɛŮŰɟɐůŮɘɠ, ɚɧɔɤ ˊɟɞɓɚɖɛɎŰɤɜ ˊɧɚɤůɖɠ, ŮˊŬűɐɠ 

ɐ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ŭɡɜŬɛɘəɩɜ. ɀɎɚɘůŰŬ, ɖ ŬɜŬɔɜɩɟɘůɖ ŰɏŰɞɘɤɜ 

ůűŬɚɛɎŰɤɜ ŮɑɜŬɘ ˊɞɚɨ ŮɡəɞɚɧŰŮɟɖ ůŮ ŬɡŰɐ Űɖ ŭɘɎŰŬɝɖ, ɧˊɤɠ ŮɑɜŬɘ əŬɘ ɖ 

ŬűŬɑɟŮůɐ Űɞɡɠ. ɇɏɚɞɠ, ɞɘ ɛŮŰɟɐůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ ɛŮ ɏɜŬ ɛɧɜɞ ɎŰɞɛɞ, 

Ŭəɧɛɖ əŬɘ ůŮ ŭɨůəɞɚŬ ˊŮŭɑŬ, ɛŮ ɛŮɔɎɚɖ ŰŬɢɨŰɖŰŬ. 

ɆŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ůɡɔəŬŰŬɚɏɔŮŰŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ɛŮŰŬűɞɟɎ ŮɑɜŬɘ ŭɨůəɞɚɖ, ɛɘŬɠ əŬɘ 

Űɞ əŬɚɩŭɘɞ ŮɑɜŬɘ ɛŬɕŮɛɏɜɞ ůŮ əŬɟɞɨɚɘ, ˊɞɚɚɏɠ űɞɟɏɠ ɛŮɔɎɚɞɡ ɓɎɟɞɡɠ, əŬɗɩɠ 

Ůˊɑůɖɠ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ əŬɚɩŭɘɞ ŮɑɜŬɘ ŮˊɘɟɟŮˊɏɠ ůŰɖ űɗɞɟɎ, Ŭˊɧ űɡůɘəɎ ɐ 

ŬɜɗɟɤˊɞɔŮɜɐ ŬɑŰɘŬ, ɛŮ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɖɠ ɜŬ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɞɜɞɓɧɟɞɠ. 

Ⱥˊɘˊɚɏɞɜ, ɞ ɢɟɧɜɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɞ ůŰɐůɘɛɞ əŬɘ Űɞ ɛɎɕŮɛŬ Űɖɠ ŭɘɎŰŬɝɖɠ 

ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ŭɘɎŰŬɝɖ ɓŬɗɛɑŭŬɠ. 

 

ɆɢɐɛŬ 3.14 ȹɘŬŰɎɝŮɘɠ ɖɚŮəŰɟɞŭɑɤɜ ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ. Ŭ) ŭɘɎŰŬɝɖ ůŰŬɗŮɟɐɠ ɓɎůɖɠ, ɓ) ŭɘɎŰŬɝɖ 

ɓŬɗɛɑŭŬɠ (Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ Kirsch, 2006) 

ȹɘɎŰŬɝɖ ɓŬɗɛɑŭŬɠ: ɃɜɞɛɎɕŮŰŬɘ Ůˊɑůɖɠ əŬɘ ŭɘɎŰŬɝɖ ŭɘˊɧɚɞɡ, ŭɘɎŰŬɝɖ ůŰŬɗŮɟɩɜ 

ɖɚŮəŰɟɞŭɑɤɜ ɐ leapfrog. ɆŮ ŬɡŰɐɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ ɖɚŮəŰɟɧŭɘŬ ˊɞɡ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ əŬɚɩŭɘɞ ůŰŬɗŮɟɞɨ ɛɐəɞɡɠ, ŭɖɚŬŭɐ ɖ ŬˊɧůŰŬůɖ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ 

ůŰŬɗɛɩɜ ɛɏŰɟɖůɖɠ ŮɑɜŬɘ ůŰŬɗŮɟɐ əŬɘ ɑůɖ ɛŮ Űɞ ɛɐəɞɠ ŬɡŰɧ, Ůɜɩ ůɡɜŭɏɞɜŰŬɘ əŬɘ 

ŰŬ ŭɨɞ ůŮ ɏɜŬ ɓɞɚŰɧɛŮŰɟɞ (ɆɢɐɛŬ 3.14ȸ). ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ 
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ɛŮŰɟɐůŮɤɜ, ɖ ŭɘɎŰŬɝɖ ŬɡŰɐ ɛŮŰŬəɘɜŮɑŰŬɘ ɏŰůɘ, ɩůŰŮ Űɞ ˊɟɩŰɞ ɖɚŮəŰɟɧŭɘɞ ɜŬ 

ˊɎɟŮɘ Űɖ ɗɏůɖ Űɞɡ ŭŮɨŰŮɟɞɡ əŬɘ Űɞ ŭŮɨŰŮɟɞ Űɖɜ ɗɏůɖ Űɞɡ ˊɟɩŰɞɡ Űɖɠ ŮˊɧɛŮɜɖɠ 

ɛɏŰɟɖůɖɠ. ɀŮ Űɖɜ ŰŮɢɜɘəɐ ŬɡŰɐ, ˊɞɡ ɏŭɤůŮ əŬɘ Űɞ ɧɜɞɛŬ leapfrog ůŰɖɜ ŭɘɎŰŬɝɖ, 

ɛŮɘɩɜŮŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ůűɎɚɛŬŰɞɠ ɚɧɔɤ ˊɧɚɤůɖɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ. ȷɜŬűɞɟɘəɎ 

ɛŮ Űɖɜ Űɘɛɐ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖ ŭɘɎŰŬɝɖ ŬɡŰɐ, ŮɎɜ ὖ ŮɑɜŬɘ Űɞ ɞɚɘəɧ 

ŭɡɜŬɛɘəɧ əŬɘ ὠ Űɞ ŭɡɜŬɛɘəɧ ˊɞɡ ɛŮŰɟɎɛŮ, ɘůɢɨŮɘ: 

 

ὖ  ὠ 

ὖ  ὠ  ὠ  

ȣ 

ὖ  ὠ  ὠ Ễ  ὠ 

(24) 

ȸŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ŬɡŰɐɠ Űɖɠ ŭɘɎŰŬɝɖɠ ŮɑɜŬɘ Űɞ ɛɘəɟɧ ɛɐəɞɠ əŬɚɤŭɑɞɡ, ɔŮɔɞɜɧɠ ˊɞɡ 

ˊŬɟɏɢŮɘ ɛŮɔɎɚɖ ŮɡəɞɚɑŬ ůɡɚɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ ůŮ ŭɨůəɞɚŬ ˊŮŭɑŬ, ɧˊɤɠ ŮɑɜŬɘ əŬɘ 

ɞ ɏɚŮɔɢɞɠ ŬɡŰɞɨ ůŮ ˊɘɗŬɜɏɠ ɓɚɎɓŮɠ. Ⱥˊɘˊɚɏɞɜ, ɞ ɢɟɧɜɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɞ 

ůŰɐůɘɛɞ əŬɘ Űɞ ɛɎɕŮɛŬ Űɖɠ ŭɘɎŰŬɝɖɠ ŮɑɜŬɘ ˊɞɚɨ ɚɑɔɞɠ. 

ɆŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ůɡɔəŬŰŬɚɏɔŮŰŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɢɟŮɘɎɕɞɜŰŬɘ ŭɨɞ ɎŰɞɛŬ ɔɘŬ Űɖ 

ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ, ɖ ɛŮŰŬəɑɜɖůɖ Űɖɠ ŭɘɎŰŬɝɖɠ ůŮ əɎɗŮ ɛɏŰɟɖůɖ ɛˊɞɟŮɑ ɜŬ 

űɗŮɑɟŮɘ Űɞ əŬɚɩŭɘɞ, əŬɘ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɛŮɘɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɧŰɘ ɖ ŭɘɎŰŬɝɖ ŮɑɜŬɘ 

ŮˊɘɟɟŮˊɐɠ ůŮ ůűɎɚɛŬŰŬ. ɇŬ ůűɎɚɛŬŰŬ ŬɡŰɎ ɛˊɞɟɞɨɜ ɜŬ űŰɎůɞɡɜ ůŮ ɛŮɔɏɗɖ Űɖɠ 

ŬɜɤɛŬɚɑŬɠ ɡˊɧ ɏɟŮɡɜŬ, əŬɗɩɠ ůɡůůɤɟŮɨɞɜŰŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Ɏɗɟɞɘůɖɠ Űɤɜ 

ɛŮŰɟɐůŮɤɜ. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ ŭɘɎŰŬɝɖ ůŰŬɗŮɟɐɠ ɓɎůɖɠ ŭɑɜŮɘ ˊɞɚɨ ɡɣɖɚɧŰŮɟɖɠ ˊɞɘɧŰɖŰŬɠ 

ɛŮŰɟɐůŮɘɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ŭɘɎŰŬɝɖ ɓŬɗɛɑŭŬɠ, əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŮɑɜŬɘ ɖ ŭɘɎŰŬɝɖ ˊɞɡ 

ŮűŬɟɛɧůŰɖəŮ əŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 
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3.4 ɀɏɗɞŭɞɠ VLF-EM 

 

ȼ ɛɏɗɞŭɞɠ VLF-EM (Very Low Frequency ElectroMagnetic method) ŮɜŰɎůůŮŰŬɘ 

ůŰɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑ ɤɠ ˊɖɔɐ 

ŰŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ˊɞɚɨ ɘůɢɡɟɞɨɠ ɟŬŭɘɞˊɞɛˊɞɨɠ ůŰɞ 

Ůɨɟɞɠ ůɡɢɜɞŰɐŰɤɜ Ŭˊɧ 15 ɏɤɠ 30 kHz, ɞɘ ɞˊɞɑɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ůŰɟŬŰɘɤŰɘəɏɠ 

ŮˊɘəɞɘɜɤɜɑŮɠ ɛŮɔɎɚɖɠ ŮɛɓɏɚŮɘŬɠ əŬɗɩɠ əŬɘ ůŮ ůɡůŰɐɛŬŰŬ ˊɚɞɐɔɖůɖɠ. ȹɏəŰɖɠ ŬɡŰɞɨ 

Űɞɡ ůɐɛŬŰɞɠ ŮɑɜŬɘ ŭɨɞ ˊɖɜɑŬ, əɎɗŮŰŬ ɛŮŰŬɝɨ Űɞɡɠ, ŰŬ ɞˊɞɑŬ ůɡɜŰɞɜɑɕɞɜŰŬɘ ůŰɞɜ 

ŮəɎůŰɞŰŮ ˊɞɛˊɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ 

əŬŰŬɔɟɎűɞɡɜ Űɞ ůɐɛŬ ŬɡŰɧ. ȼ ɛɏɗɞŭɞɠ Űɞɡ VLF ŮűŬɟɛɧɕŮŰŬɘ əɡɟɑɤɠ ůŰɞɜ ŮɜŰɞˊɘůɛɧ 

ɟɖɝɘɔŮɜɩɜ ɕɤɜɩɜ, əŬɗɩɠ əŬɘ ůŰɖɜ ŬɜŬɕɐŰɖůɖ ɡŭɟɞűɞɟɑŬɠ ůŮ ŬɡŰɏɠ, ůŮ ůɢŮŰɘəɎ ɛɘəɟɎ 

ɓɎɗɖ ρππÍ , ɢɤɟɑɠ ɓɏɓŬɘŬ ɜŬ ŮɑɜŬɘ ŬɡŰɐ ɖ ɛɞɜŬŭɘəɐ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ. 

 

3.4.1 ȸŬůɘəɏɠ Ŭɟɢɏɠ 

 

ɄɟɞŰɞɨ ŬɜŬɚɡɗŮɑ ˊŮɟŬɘŰɏɟɤ ɖ ɛɏɗɞŭɞɠ Űɞɡ VLF, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ 

ŬɜŬűŮɟɗɞɨɜ əɎˊɞɘŮɠ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɖɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɗŮɤɟɑŬ, ɖ ɞˊɞɑŬ ŭɘɏˊŮɘ 

ɧɚŮɠ Űɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ. 

Ƀɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛɏɗɞŭɞɘ ŭɘŬůəɧˊɖůɖɠ ůŰɖɜ ɔŮɤűɡůɘəɐ ɏɢɞɡɜ Űɖɜ ɓɎůɖ 

Űɞɡɠ ůŰɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŮˊŬɔɤɔɐɠ, Űɞ ɞˊɞɑɞ ɛŮɚŮŰɐɗɖəŮ Ŭˊɧ Űɞɜ Faraday to 1832. ɇɞ 

űŬɘɜɧɛŮɜɞ Űɖɠ ŮˊŬɔɤɔɐɠ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ɛɏůɤ ŭɨɞ ŬɚɚɖɚɏɜŭŮŰɤɜ ɜɧɛɤɜ ˊɞɡ 

ɛŮɚŮŰɞɨɜ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ əŬɘ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ůŰɞɜ ɢɩɟɞȚ Űɞɜ 

ɜɧɛɞ Űɞɡ Faraday əŬɘ Űɞɜ ɜɧɛɞ Űɞɡ Ampere. ɆɨɛűɤɜŬ ɛŮ Űɞɜ ɜɧɛɞ Űɞɡ Faraday, óɖ 

ɛŮŰŬɓɞɚɐ Ůɜɧɠ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɢɟɧɜɞ ůŮ ɏɜŬɜ ɢɩɟɞ, ˊɟɞəŬɚŮɑ Űɖ 

ɔɏɜŮůɖ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ ůŰɞɜ ɢɩɟɞ ŬɡŰɧ, ɛŮ Űɟɧˊɞ ŰɏŰɞɘɞ, ɩůŰŮ ɖ ɖɚŮəŰɟŮɔŮɟŰɘəɐ 

ŭɨɜŬɛɖ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɜŬ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɞɡ ɟɡɗɛɞɨ ɛŮŰŬɓɞɚɐɠ Űɖɠ ɛŬɔɜɖŰɘəɐɠ ɟɞɐɠ, 

ŬɚɚɎ ŬɜŰɑɗŮŰɖɠ űɞɟɎɠô. Ƀ ɜɧɛɞɠ ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ 

Űɞɡ Maxwell: 

 ​ὼὉᴆ  
‬ὄᴆ

‬ὸ
 (25) 

ɧˊɞɡ Ⱥ: ɖ ɏɜŰŬůɖ Űɞɡ ŮˊŬɔɧɛŮɜɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ ὠέὰὸȾά  
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B: ɖ ɛŬɔɜɖŰɘəɐ ŮˊŬɔɤɔɐ ὝὩίὰὥ 

t: ɞ ɢɟɧɜɞɠ ίὩὧ 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞɜ ɜɧɛɞ Űɞɡ Ohm, ɞ ɞˊɞɑɞɠ ɚɏŮɘ ˊɤɠ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ 

ɟŮɨɛŬŰɞɠ, J, ́ ɞɡ ɟɏŮɘ ůŮ ɏɜŬ ɛɏůɞ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ, Ⱥ, ɞűŮɑɚŮŰŬɘ 

ůɡɜɐɗɤɠ ůŰɖɜ ɏɜŰŬůɖ Űɞɡ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ůɢɏůɖ: 

 ὐ „ ῴ (26) 

ɧˊɞɡ ů ŮɑɜŬɘ ɖ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ, əŬɗɩɠ əŬɘ Űɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ Űɞɡ 

Maxwell, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ɏɜŰŬůɖ Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ ˊɞɡ ŮˊɎɔŮŰŬɘ ɛɏůŬ ůŮ ˊɖɜɑɞ 

Ŭˊɧ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ɛŬɔɜɖŰɘəɐɠ ɟɞɐɠ əɎɗŮŰŬ ˊɟɞɠ Űɞ ŮˊɑˊŮŭɞ Űɞɡ ˊɖɜɑɞɡ ŬɡŰɞɨ 

ŬˊɞəŰɎ Űɖ ɛɏɔɘůŰɖ Űɘɛɐ Űɖɠ, ŭɖɚŬŭɐ Űɞ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ ˊɞɡ ŭɘŬɟɟɏŮɘ Űɞ ˊɖɜɑɞ ŮɑɜŬɘ 

ɛɏɔɘůŰɞ (ɆɢɐɛŬ 3.15Ŭ)Ț ŬɜŰɑɗŮŰŬ Űɞ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ ɛɖŭŮɜɑɕŮŰŬɘ ůŰɞ ˊɖɜɑɞ ɧŰŬɜ ɖ 

ɛŮŰŬɓɞɚɐ Űɖɠ ɛŬɔɜɖŰɘəɐɠ ɟɞɐɠ ɔɑɜŮŰŬɘ ˊŬɟɎɚɚɖɚŬ ˊɟɞɠ Űɞ ŮˊɑˊŮŭɞ Űɞɡ ˊɖɜɑɞɡ ŬɡŰɞɨ. 

 

ɆɢɐɛŬ 3.15 ɆɢɏůŮɘɠ əɡəɚɞűɞɟɑŬɠ ɖɚŮəŰɟɘəɞɨ əŬɘ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ůɨɛűɤɜŬ ɛŮ Űɞ ɜɧɛɞ Űɞɡ Faraday əŬɘ Űɞɡ 

Ampere (Grant & West, 1965) 

Ƀ ŭŮɨŰŮɟɞɠ ɜɧɛɞɠ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ 

ůŰɞɜ ɢɩɟɞ ŮɑɜŬɘ ɞ ɜɧɛɞɠ Űɞɡ Ampere, ůɨɛűɤɜŬ ɛŮ Űɞɜ ɞˊɞɑɞ óɧŰŬɜ ɏɜŬ ɛɏůɞ ŭɘŬɟɟɏŮŰŬɘ 

Ŭˊɧ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ, ŰɧŰŮ ˊŬɟɎɔŮŰŬɘ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ɏɜŰŬůɖɠ ŬɜɎɚɞɔɖɠ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ 

ɞɚɘəɞɨ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ, əŬɘ űɞɟɎɠ əɎɗŮŰɖɠ ˊɟɞɠ Űɖ ŭɘŮɨɗɡɜůɖ Űɖɠ ɟɞɐɠ Űɞɡ 

ɟŮɨɛŬŰɞɠô. Ƀ ɜɧɛɞɠ ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ Űɞɡ Maxwell: 

 ​ὼὌᴆ  ὐᴆ
‬Ὀᴆ

‬ὸ
 (27) 

ɧˊɞɡ H: ɖ ɏɜŰŬůɖ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ὃάὴὩὶὩȾά  

J: ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ ὃάὴὩὶὩȾά  

D: ɖ ŭɘɖɚŮəŰɟɘəɐ ɛŮŰŬŰɧˊɘůɖ ὅέόὰέάὦȾά  ɔɘŬ ɞɛɞɔŮɜɏɠ əŬɘ ɘůɧŰɟɞˊɞ ɛɏůɞ 

$ ʀ ɞ, Ů ŭɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ Űɞɡ ɛɏůɞɡ əŬɘ Ⱥ Űɞ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ 
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ȷˊɧ Űɖ ůɢɏůɖ ŬɡŰɐ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɧŰŬɜ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ ŭɘŬɟɟɏŮɘ ɏɜŬɜ Ŭɔɤɔɧ, ɞɘ 

ɔɟŬɛɛɏɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ůŰɞɜ ɢɩɟɞ ɔɨɟɤ Ŭˊɧ Űɞɜ Ŭɔɤɔɧ, 

ɓɟɑůəɞɜŰŬɘ ůŮ ŮˊɑˊŮŭɞ əɎɗŮŰɞ ůŰɖɜ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɔɤɔɞɨ (ɆɢɐɛŬ 3.15ɓ). 

 

3.4.2 ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɗŮɤɟɑŬ 

 

ȳˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ, ɖ ɛɏɗɞŭɞɠ VLF ɢɟɖůɘɛɞˊɞɘŮɑ ŰŬ əɨɛŬŰŬ ˊɞɡ 

ɛŮŰŬŭɑŭɞɡɜ ůŰɟŬŰɘɤŰɘəɞɑ ˊɞɛˊɞɑ ŬɜɎ Űɖɜ ɡűɐɚɘɞ. ɆŮ ŬˊɞůŰɎůŮɘɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 100 

ɢɘɚɘɧɛŮŰɟŬ Ŭˊɧ Űɞɜ ˊɞɛˊɧ, Űɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ ŮˊɑˊŮŭɞ əŬɘ 

ɞɟɘɕɧɜŰɘɞ (ɆɢɐɛŬ 3.16). ȼ ɖɚŮəŰɟɘəɐ ůɡɜɘůŰɩůŬ, %, ɓɟɑůəŮŰŬɘ ůŮ əŬŰŬəɧɟɡűɞ ŮˊɑˊŮŭɞ, 

Ůɜɩ ɖ ɛŬɔɜɖŰɘəɐ ůɡɜɘůŰɩůŬ, (, ŮɑɜŬɘ əɎɗŮŰɖ ůŰɖ ŭɘŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ əŬɘ Űɖɜ 

ɖɚŮəŰɟɘəɐ ůɡɜɘůŰɩůŬ əŬɘ ɓɟɑůəŮŰŬɘ ůŮ ɞɟɘɕɧɜŰɘɞ ŮˊɑˊŮŭɞ. 

 

ɆɢɐɛŬ 3.16 ȷɟɢɐ Űɖɠ ɛŮɗɧŭɞɡ VLF. Ƀɘ ŭɘŬəŮəɞɛɛɏɜŮɠ ɔɟŬɛɛɏɠ ŮɛűŬɜɑɕɞɡɜ Ŭɔɩɔɘɛɞ ůŰɧɢɞ ɛŮ ˊŬɟɎŰŬɝɖ ˊŬɟɎɚɚɖɚɖ 

ůŰɖ ŭɘŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ Űɞɡ əɨɛŬŰɞɠ, ɛŮ Űɞ ɛŬɔɜɖŰɘəɧ ŭɘɎɜɡůɛŬ ɜŬ əɧɓŮɘ əɎɗŮŰŬ Űɞ ůŰɧɢɞ (Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ 

Kearey et al., 2002) 

ȳŰŬɜ ɏɜŬɠ Ŭɔɤɔɧɠ ɛŮ ˊŬɟɎŰŬɝɖ ˊŬɟɎɚɚɖɚɖ ůŰɖ ŭɘŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ Űɞɡ ˊɞɛˊɞɨ 

əɧɓŮŰŬɘ Ŭˊɧ Űɞ ɛŬɔɜɖŰɘəɧ ŭɘɎɜɡůɛŬ, ŮˊŬɔɧɛŮɜɞ ɟŮɨɛŬ ɟɏŮɘ ɛɏůɤ Űɞɡ Ŭɔɤɔɞɨ əŬɘ 

ˊŬɟɎɔŮɘ ŭŮɡŰŮɟɞɔŮɜɏɠ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞɡ Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ŮəŰɧɠ űɎůɖɠ ůŮ ůɢɏůɖ ɛŮ 

Űɞ ˊɟɤŰŮɨɞɜ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ. ɇɞ ŭɘɎɜɡůɛŬ Űɤɜ ŭɨɞ ŬɡŰɩɜ ˊŮŭɑɤɜ, ˊɟɤŰɞɔŮɜɞɨɠ əŬɘ 

ŭŮɡŰŮɟɞɔŮɜɞɨɠ, ůɢɖɛŬŰɑɕŮɘ ɛɑŬ ɏɚɚŮɘɣɖ ɖ ɞˊɞɑŬ ɞɜɞɛɎɕŮŰŬɘ ɏɚɚŮɘɣɖ ˊɧɚɤůɖɠ (ɆɢɐɛŬ 

3.17), ɧˊɞɡ ɖ ɔɤɜɑŬ əɚɑůɖɠ, ʃ, ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ ůɡɜɘůŰɩůŬɠ Űɞɡ 

ůɡɜɘůŰŬɛɏɜɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ (ˊɟŬɔɛŬŰɘəɐ ůɡɜɘůŰɩůŬ), Ůɜɩ ɖ ŮɚɚŮɘˊŰɘəɧŰɖŰŬ, 

ÂȾÁ, ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ əŬŰŬəɧɟɡűɖɠ ůɡɜɘůŰɩůŬɠ Űɞɡ ůɡɜɘůŰŬɛɏɜɞɡ ɛŬɔɜɖŰɘəɞɨ 

ˊŮŭɑɞɡ (űŬɜŰŬůŰɘəɐ ůɡɜɘůŰɩůŬ). 
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ɆɢɐɛŬ 3.17 ȺɚɚŮɘˊŰɘəɧŰɖŰŬ, ὦȾὥ, əŬɘ ɔɤɜɑŬ əɚɑůɖɠ, —, ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ŭŮɡŰŮɟɞɔŮɜɏɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ. ɇŬ 
ŭɘŬɜɨůɛŬŰŬ Ὄ  əŬɘ Ὄ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞ ˊɟɤŰɞɔŮɜɏɠ əŬɘ ŭŮɡŰŮɟɞɔŮɜɏɠ ˊŮŭɑɞ, ŬɜŰɑůŰɞɘɢŬ (Kearey et al., 2002) 

ȼ ˊɟŬɔɛŬŰɘəɐ əŬɘ ɖ űŬɜŰŬůŰɘəɐ ŬɡŰɐ ůɡɜɘůŰɩůŬ, ɏɢɞɡɜ ŭɘˊɞɚɘəɐ ɛɞɟűɐ (ɆɢɐɛŬ 

3.18), əŬɗɩɠ ɖ ɔɤɜɑŬ əɚɑůɖɠ ɛŮŰŬɓɎɚɚŮŰŬɘ əŬɗɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɧŭŮɡůɖɠ, 

ˊŬɑɟɜɞɜŰŬɠ ɗŮŰɘəɏɠ Űɘɛɏɠ ůŮ ˊŮɟɘɞɢɏɠ ˊɟɘɜ Űɖɜ Ŭɔɩɔɘɛɖ ɕɩɜɖ əŬɘ ŬɟɜɖŰɘəɏɠ ɛŮŰɎ Ŭˊɧ 

ŬɡŰɐɜ. ȼ ŮɟɛɖɜŮɑŬ Űɖɠ ŭɘˊɞɚɘəɐɠ ŬɡŰɐɠ ɛɞɟűɐɠ ŮɑɜŬɘ ŭɨůəɞɚɖ, ɔɘôŬɡŰɧ Űɞɜ ɚɧɔɞ ɞɘ 

Űɘɛɏɠ űɘɚŰɟɎɟɞɜŰŬɘ əŬŰɎɚɚɖɚŬ əŬɘ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ɛɞɜɞˊɞɚɘəɐ ɛɞɟűɐ ɛŮ əŬŰɎɚɚɖɚŬ 

űɑɚŰɟŬ, ŰŬ ɞˊɞɑŬ ŬɜŬˊŰɨůůɞɜŰŬɘ ˊŮɟŬɘŰɏɟɤ ůŰɞ ȾŮűɎɚŬɘɞ 4.3.2. 

 

ɆɢɐɛŬ 3.18 ȹɘˊɞɚɘəɐ ɛɞɟűɐ ɛŮŰɟɐůŮɤɜ VLF ˊɎɜɤ Ŭˊɧ Ŭɔɩɔɘɛɖ ɕɩɜɖ 
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3.4.3 Ʉɞɛˊɧɠ əŬɘ ŭɏəŰɖɠ VLF 

 

Ƀɘ ɟŬŭɘɞˊɞɛˊɞɑ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖɜ ˊɖɔɐ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ əɨɛŬŰɞɠ ˊɞɡ 

əŬŰŬɔɟɎűŮŰŬɘ, ɓɟɑůəɞɜŰŬɘ ůəɞɟˊɘůɛɏɜɞɘ ŬɜɎ Űɖɜ ɡűɐɚɘɞ əŬɘ Ůəˊɏɛˊɞɡɜ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ůɡɢɜɧŰɖŰŮɠ. ɀɑŬ ɚɑůŰŬ ɛŮ Űɞɡɠ ɓŬůɘəɧŰŮɟɞɡɠ Ŭˊɧ ŬɡŰɞɨɠ (ɄɑɜŬəŬɠ 3), 

əŬɗɩɠ əŬɘ Űɤɜ ˊŮɟɘɞɢɩɜ ˊɞɡ ŬɡŰɞɑ ɓɟɑůəɞɜŰŬɘ (ɄɑɜŬəŬɠ 4) ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ. 

(kHz) Ⱦɤŭɘəɧɠ ɆŰŬɗɛɞɨ (kHz) Ⱦɤŭɘəɧɠ ɆŰŬɗɛɞɨ 

15.1 FUO HWU VTI 19.9 JJI 

15.3 NHB NPN NPM NLK NEJ 20.2 JJI ICV 

15.5 NWC NPM NAA NSS 20.3 JJI 

15.6 EWB 20.5 3SA 3SB 

15.7 NPM NSS NAK NPL NPG 20.8 ICV 

16.0 GBR 21.0 3SA 

16.2 UGK JAP 21.2 JJI 

16.3 VTX 21.4 NPM NAA NSS 

16.4 JXN 21.6 3SB 

16.6 NPM NSS NAK 21.8 TBA 

16.8 FTA 21.9 JJI 

17.0 VTX 22.2 JJI 

17.1 UMS 22.3 NWC NAA NLK NPC NSS NPM 

17.4 NDT 22.6 GBR 

17.6 JXZ 22.8 NWC 

17.8 NPM NAA NSS 22.9 JJI 

17.9 UBE 23.3 JJI 

18.0 NBA NPL NPG NLK 23.4 NPM 

18.1 UPD 24.0 NPM NBA NSS NLK 

18.2 VTX NSS JJH 24.8 NLK 

18.3 HWU 25.3 NAA 

18.5 DHO NAA 25.5 3SB 

18.6 NHB NPN NPM NAA NLK NPG NEJ 25.8 NSS NAA 

18.7 JJI 26.1 NPM NLK NPG NEJ 

18.9 UMB 27.0 RCV NAU 

19.0 GQD NPM NSS 27.5 NAU 

19.1 JJI 27.7 3SB 

19.2 VTX 28.0 DHO, 3SB 

19.4 NHB NPN NPM NEJ NLK 28.5 NAU NPL 

19.5 3SA 28.6 RAM 

19.6 GBZ 29.0 3SA 

19.8 NWC NPM NLK NPL NPG TBA 30.0 UNW 

ɄɑɜŬəŬɠ 3 ȸŬůɘəɧŰŮɟɞɘ ɟŬŭɘɞˊɞɛˊɞɑ VLF əŬɘ ůɡɢɜɧŰɖŰŮɠ ˊɞɡ Ůəˊɏɛˊɞɡɜ (ABEM, 1989) 

ɆŰŬɗɛɧɠ ɄŮɟɘɞɢɐ ɆŰŬɗɛɧɠ ɄŮɟɘɞɢɐ ɆŰŬɗɛɧɠ ɄŮɟɘɞɢɐ 

3SA Chande, China JXN Helgeland, Norway NPN Guam, Guatemala 

3SB Datong, China JXZ Helgeland, Norway NSS Washington, USA 

DHO Burlage, Germany NAA Cutler ME, USA NWC NW Cape, Australia 
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EWB Odessa, Ukraine NAK Annapolis, USA RAM Moscow, Russia 

FTA Assise, France NAU Aguada, Puerto Rico RCV Rostov, Russia 

FUO Croix, France NBA Balboa, Panama TBA Antalya, Turkey 

GBR Rugby, UK NDT Yokosukaichi, Japan UBE Petrolovsk, Russia 

GBZ Rugby, UK NEJ Seattle, USA UGK Kaliningrad. Russia 

GQD Rugby, UK NHB Kodiak, Alaska UMB Rostov, Russia 

HWU Le Blanc, France NLK Oso Wash, USA UMS Moscow, Russia 

ICV Tavolara, Italy NPC Seattle, USA UNW Kaliningrad, Russia 

JAP Yosami, Japan NPG S. Francisco, USA UPD Murmansk, Russia 

JJH Kure, Japan NPL S. Diego, USA VTI  Bombay, India 

JJI Ebino, Japan NPM Pearl Harbor, Hawaii VTX Vijayanarayanam, India 

ɄɑɜŬəŬɠ 4 Ⱦɤŭɘəɞɑ əŬɘ ɗɏůŮɘɠ ɓŬůɘəɧŰŮɟɤɜ ɟŬŭɘɞˊɞɛˊɩɜ VLF (ABEM, 1989) 

 

ȹɏəŰɖɠ Űɞɡ ůɐɛŬŰɞɠ ŮɑɜŬɘ ŭɨɞ ˊɖɜɑŬ, əɎɗŮŰŬ ɛŮŰŬɝɨ Űɞɡɠ, ɧˊɞɡ Űɞ ɞɟɘɕɧɜŰɘɞ 

ˊɟɞůŬɜŬŰɞɚɑɕŮŰŬɘ ůŰɖ ŭɘŮɨɗɡɜůɖ ŭɘɎŭɞůɖɠ Űɞɡ ůɐɛŬŰɞɠ, əŬɘ əŬŰô ŮˊɏəŰŬůɖ ůŰɖ 

ŭɘŮɨɗɡɜůɖ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ ůɡɜɘůŰɩůŬɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ, Ůɜɩ Űɞ əɎɗŮŰɞ ˊɖɜɑɞ 

ˊɟɞůŬɜŬŰɞɚɑɕŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɖ ůɡɜɘůŰɩůŬ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ. 

 

3.4.4 ȸɎɗɞɠ ŭɘŮɑůŭɡůɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ 

 

ɇɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ Ůɜɧɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ŮɝŬɟŰɎŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɖɜ 

ůɡɢɜɧŰɖŰɎ Űɞɡ əŬɘ Ŭˊɧ Űɖɜ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ ˊɞɡ ŭɘŬŭɑŭŮŰŬɘ. ȳŰŬɜ 

ɏɜŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ əɨɛŬ ŭɘŬŭɑŭŮŰŬɘ ůŰɞ ɡˊɏŭŬűɞɠ, Űɞ ˊɚɎŰɞɠ ŬɡŰɞɨ ɛŮɘɩɜŮŰŬɘ 

ŮəɗŮŰɘəɎ əŬŰɎ Å  ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ: 

 ὃ ΅Ὡ  (28) 

ɧˊɞɡ ! : Űɞ ˊɚɎŰɞɠ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ əɨɛŬŰɞɠ ůŮ ɓɎɗɞɠ Ä 

! : Űɞ ˊɚɎŰɞɠ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ əɨɛŬŰɞɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, Űɞ ɓɎɗɞɠ Ä ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɤɠ: 

 Ὠ  
υπσȢψ

„Ὢ
 (29) 

ɧˊɞɡ Ä: Űɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ ά  

ů: ɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ ὛȾά  

f: ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ˊŮŭɑɞɡ Ὄᾀ 
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ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ, ɛˊɞɟŮɑ ŮɨəɞɚŬ əŬɜŮɑɠ ɜŬ ůɡɛˊŮɟɎɜŮɘ ˊɤɠ Űɞ ɓɎɗɞɠ 

ŭɘŮɑůŭɡůɖɠ ŬɡɝɎɜŮŰŬɘ ɧůɞ ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ˊŮŭɑɞɡ əŬɘ ɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ 

ŮŭɎűɞɡɠ ɛŮɘɩɜɞɜŰŬɘ. ȷɜŰɑɗŮŰŬ, ɏɢɞɜŰŬɠ ɤɠ ɔɜɩůɖ ŬɡŰɐ Űɖ ůɢɏůɖ, ɛˊɞɟŮɑ əɎˊɞɘɞɠ ɜŬ 

ɞɟɑůŮɘ Űɖɜ əŬŰɎɚɚɖɚɖ ůɡɢɜɧŰɖŰŬ ɔɘŬ ɜŬ ŭɘŮɘůŭɨůŮɘ ůŰɞ ŮˊɘɗɡɛɖŰɧ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ. 

ɆŮ ɏɜŬ ɞɛɞɔŮɜɏɠ ɛɏůɞ, Űɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ Űɞɜ Űɨˊɞ: 

 ᾀ
‖

„Ὢ
 (30) 

ɧˊɞɡ ů əŬɘ f ɖ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ əŬɘ ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ˊŮŭɑɞɡ, ŬɜŰɑůŰɞɘɢŬ 

ə: ůŰŬɗŮɟɎ ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ ʆ
Ѝ
ÌÎ 

ɛ: ɖ ɛŬɔɜɖŰɘəɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɞɡ ɛɏůɞɡ 

( : ɖ ɏɜŰŬůɖ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ůŮ ŬˊɧůŰŬůɖ y 

( : ɖ ɏɜŰŬůɖ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ůŰɖɜ ˊɖɔɐ 

ũɘŬ ˊɟŬəŰɘəɞɨɠ ɚɧɔɞɡɠ əŬɘ ɔɘŬ ɛɘŬ ˊɚɖɗɩɟŬ ŮˊɘűŬɜŮɘŬəɩɜ ůɢɖɛŬŰɘůɛɩɜ, ɖ 

ůŰŬɗŮɟɎ ˊŬɑɟɜŮɘ ŮɛˊŮɘɟɘəɎ Űɖɜ Űɘɛɐ ʆḗσυπ. 

 

3.4.5 ȺɟɛɖɜŮɑŬ ɛŮŰɟɐůŮɤɜ VLF 

 

ȾŬŰɎ Űɖɜ ŮɟɛɖɜŮɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ɛŮɗɧŭɞɡ VLF ŮˊɘŭɘɩəŮŰŬɘ ɞ 

ɢŬɟŬəŰɖɟɘůɛɧɠ Űɟɘɩɜ əɡɟɑɤɠ ˊŬɟŬɛɏŰɟɤɜ: ɖ ˊɞɘɧŰɖŰŬ Űɞɡ Ŭɔɤɔɞɨ, Űɞ ɓɎɗɞɠ ˊɞɡ ŬɡŰɧɠ 

ůɡɜŬɜŰɎŰŬɘ əŬɘ ɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ. 

ȳůɞ ŬűɞɟɎ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ Ŭɔɤɔɞɨ, ɛˊɞɟɞɨɜ ɜŬ ɓɔɞɡɜ əɎˊɞɘŬ ůɡɛˊŮɟɎůɛŬŰŬ 

ɛɏůŬ Ŭˊɧ Űɘɠ űɘɚŰɟŬɟɘůɛɏɜŮɠ əŬɛˊɨɚŮɠ Űɞɡ VLF, ɧˊɤɠ Űɞ ˊɧůɞ əŬɚɧɠ ɐ əŬəɧɠ Ŭɔɤɔɧɠ 

ŮɑɜŬɘ, ɐ Űɞ Űɘ ɛˊɞɟŮɑ ŬɡŰɧɠ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɧůɞ Űɖɜ 

ˊɟŬɔɛŬŰɘəɐ ɧůɞ əŬɘ Űɖɜ űŬɜŰŬůŰɘəɐ ůɡɜɘůŰɩůŬ (ɄɑɜŬəŬɠ 5).  
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ɄɟŬɔɛŬŰɘəɐ ůɡɜɘůŰɩůŬ ɗŮŰɘəɐ 

ūŬɜŰŬůŰɘəɐ ɆɡɜɘůŰɩůŬ ɄɞɘɧŰɖŰŬ Ŭɔɤɔɞɨ ȺɟɛɖɜŮɑŬ 

 

ŪŮŰɘəɐ, ɛŮɔɎɚɞ ˊɚɎŰɞɠ ȾŬəɧɠ-ɀɏŰɟɘɞɠ 
ɀɘəɟɐ ˊɘɗŬɜɧŰɖŰŬ ɡŭɟɞűɞɟɑŬɠ, 

ˊɘɗŬɜɐ ŭɘŮɑůŭɡůɖ 

 

ɀɖŭŮɜɘəɧ ˊɚɎŰɞɠ ȾŬɚɧɠ-ɀɏŰɟɘɞɠ ɀŮɔɎɚɖ ˊɘɗŬɜɧŰɖŰŬ ɡŭɟɞűɞɟɑŬɠ 

 

ȷɟɜɖŰɘəɐ, ɛŮɔɎɚɞ ˊɚɎŰɞɠ Ʉɞɚɨ əŬɚɧɠ 
ȷɟɔɘɚɘəɐ ˊɚɐɟɤůɖ, 

ɛŮŰŬɚɚɞűɞɟɑŬ, ɡűŬɚɛɨɟɤůɖ 

ɄɟŬɔɛŬŰɘəɐ ůɡɜɘůŰɩůŬ ŬɟɜɖŰɘəɐ 

 

ȷɟɜɖŰɘəɐ ȾŬəɧɠ 
ɆɩɛŬ ɛŮɔŬɚɨŰŮɟɖɠ ŬɜŰɑůŰŬůɖɠ, 

ŮˊŬűɐ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ 

ɄɑɜŬəŬɠ 5 ɄɞɘɞŰɘəɧɠ ɢŬɟŬəŰɖɟɘůɛɧɠ Ŭɔɤɔɞɨ ůɨɛűɤɜŬ ɛŮ Űɘɠ űɘɚŰɟŬɟɘůɛɏɜŮɠ əŬɛˊɨɚŮɠ VLF 

ũɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡ ɓɎɗɞɡɠ Űɞɡ ůŰɧɢɞɡ, ɡˊɎɟɢŮɘ ɏɜŬɠ ŮɛˊŮɘɟɘəɧɠ əŬɜɧɜŬɠ 

ˊɞɡ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɞ ˊɚɎŰɞɠ Űɖɠ ŬɜɤɛŬɚɑŬɠ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ůɡɜɘůŰɩůŬɠ, ˊɞɡ ɞɟɑɕŮɘ 

Űɞ ɓɎɗɞɠ ɤɠ Űɞ ɛɘůɧ Űɞɡ ɛɐəɞɡɠ Űɖɠ ŬɜɤɛŬɚɑŬɠ ŬɡŰɐɠ. 

 

ɆɢɐɛŬ 3.19 ūɘɚŰɟŬɟɘůɛɏɜŮɠ Űɘɛɏɠ ˊɟŬɔɛŬŰɘəɐɠ ůɡɜɘůŰɩůŬɠ ůŮ ůɡɜɗŮŰɘəɐ ɧŭŮɡůɖ VLF 
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ɆŰɞ ɆɢɐɛŬ 3.19 ŭɘŬəɟɑɜɞɜŰŬɘ ŰɟŮɘɠ ŬɜɤɛŬɚɑŮɠ (Ŭ,ɓ,ɔ). ɀŮ ɓɎůɖ Űɞɜ əŬɜɧɜŬ ŬɡŰɧ, 

ůŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ Űɞ ɓɎɗɞɠ Űɞɡ Ŭɔɤɔɞɨ ɓɟɑůəŮŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ σχȢυ 

ɛɏŰɟŬ, ůŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ůŰŬ χυ ɛɏŰɟŬ, Ůɜɩ ůŰɖɜ ŰɟɑŰɖ ˊŮɟɑˊŰɤůɖ 

ůŰŬ υφπ τπ ɛɏŰɟŬ. Ƀ ˊŬɟŬˊɎɜɤ əŬɜɧɜŬɠ ŮɑɜŬɘ ŮɜŰŮɚɩɠ ˊɟɞůŮɔɔɘůŰɘəɧɠ ɔɘŬ 

Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡ ɓɎɗɞɡɠ Ůɜɧɠ ůŰɧɢɞɡ əŬɘ ůɡɢɜɎ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŭɑɜŮɘ Űɞ ůɤůŰɧ 

ɓɎɗɞɠ, ŮɑɜŬɘ ɧɛɤɠ ɢɟɐůɘɛɞɠ ɔɘŬ Űɞɜ ˊɞɘɞŰɘəɧ ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡ ɓɎɗɞɡɠ ůŰɧɢɤɜ ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ɑŭɘɞ ˊɟɞűɑɚ ɛɏŰɟɖůɖɠ. 

ɇɏɚɞɠ, ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ Ŭɔɤɔɞɨ, ŭɖɚŬŭɐ Űɖɠ əɚɑůɖɠ 

Űɞɡ, ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ ɛɞɟűɐ Űɖɠ űɘɚŰɟŬɟɘůɛɏɜɖɠ əŬɛˊɨɚɖɠ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ 

ůɡɜɘůŰɩůŬɠ (ɆɢɐɛŬ 3.20), ɧˊɞɡ űɏɟɜɞɜŰŬɠ Űɖɜ əŬŰŬəɧɟɡűɞ ˊɞɡ ˊŮɟɜɎŮɘ Ŭˊɧ Űɞ əɏɜŰɟɞ 

Űɖɠ ŬɜɤɛŬɚɑŬɠ, ŭɖɚŬŭɐ Űɖɠ ɛɏɔɘůŰɖɠ Űɘɛɐɠ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ůɡɜɘůŰɩůŬɠ, ɞɟɑɕŮŰŬɘ 

ˊŮɟɘɞɢɐ ɛŮ ŮɛɓŬŭɎ % əŬɘ % ŬɜŰɑůŰɞɘɢŬ. ȼ əɚɑůɖ Űɞɡ ůŰɧɢɞɡ ɞɟɑɕŮŰŬɘ ůŰɞ ůəɏɚɞɠ ˊɞɡ 

ɏɢŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ŮɛɓŬŭɧ. 

 

ɆɢɐɛŬ 3.20 ũŮɤɛŮŰɟɑŬ Ŭɔɤɔɞɨ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɛɞɟűɐ Űɖɠ ŬɜɤɛŬɚɑŬɠ VLF 
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3.5 ũŮɤűɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮŰŬɚɚɘəɩɜ ŬˊɞɗɏůŮɤɜ 
 

ɇŬ ɛŮŰŬɚɚɘəɎ ɞɟɡəŰɎ əŬɘ ɞɘ ɛŮŰŬɚɚɘəɏɠ ŬˊɞɗɏůŮɘɠ ˊŬɟɞɡůɘɎɕɞɡɜ ůŮ ɔŮɜɘəɏɠ 

ɔɟŬɛɛɏɠ ɘůɢɡɟɏɠ ɔŮɤűɡůɘəɏɠ ŬɜŰɘɗɏůŮɘɠ ɛŮ ŰŬ ˊŮŰɟɩɛŬŰŬ ɧˊɞɡ űɘɚɞɝŮɜɞɨɜŰŬɘ, əɡɟɑɤɠ 

ɚɧɔɤ Űɤɜ ůɖɛŬɜŰɘəɩɜ ŭɘŬűɞɟɩɜ ˊɞɡ ɏɢɞɡɜ ɞɘ űɡůɘəɏɠ əŬɘ ɞɘ ɢɖɛɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ. 

ɇɏŰɞɘŮɠ ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ɖ ɓŬɟɨŰɖŰŬ, ɖ ɛŬɔɜɖŰɘəɐ ɏɜŰŬůɖ əŬɘ 

ŮˊɘŭŮəŰɘəɧŰɖŰŬ, ɖ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ (ɐ ŬɔɤɔɘɛɧŰɖŰŬ), ɖ ɟŬŭɘŮɜɏɟɔŮɘŬ, ɖ Ůɘŭɘəɐ 

ˊɡəɜɧŰɖŰŬ, ɖ ŬəɞɡůŰɘəɐ ŰŬɢɨŰɖŰŬ əŬɘ ɖ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ. 

ɆɖɛŬɜŰɘəɧ, Ůˊɑůɖɠ, ɟɧɚɞ ůŰɖɜ ŬɜŰɑɗŮůɖ ŬɡŰɐ ˊŬɑɕŮɘ ɖ ŭɞɛɐ əŬɘ ɖ ɛɞɟűɐ Űɖɠ 

ŬˊɧɗŮůɖɠ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɞ ɛɏɔŮɗɞɠ, Űɞ ɓɎɗɞɠ ůɢɖɛŬŰɘůɛɞɨ, Űɞɜ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ, Űɖɜ ɡűɐ, əŬɗɩɠ əŬɘ Űɖɜ ŭɘŬůˊɞɟɎ ɐ ůɡɔəɏɜŰɟɤůɖ ɛŮŰŬɚɚɘəɩɜ 

ɞɟɡəŰɩɜ ůŮ ŬɡŰɐɜ. ȳůɞ ŬűɞɟɎ Űɖɜ ŭɞɛɐ, ɞɘ ŬˊɞɗɏůŮɘɠ ŬɡŰɏɠ ɏɢɞɡɜ ˊɞɚɚɏɠ űɞɟɏɠ ɏɜŬɜ 

ɢɤɟɘəɧ ˊŮɟɘɞɟɘůɛɧ əŬŰɎ Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŮ 

ɕɩɜŮɠ ŭɘɎŰɛɖůɖɠ, ůŮ ɟɖɝɘɔŮɜŮɑɠ ɕɩɜŮɠ, ůŮ ůŰɟɤɛŬŰɞɔɟŬűɘəɏɠ ŬůɡɜɏɢŮɘŮɠ ɐ ůŮ ˊɘɞ 

ŮɡɟŮɑŬ əɚɑɛŬəŬ, ůŰŬ ɧɟɘŬ ɛŮŰŬɝɨ Űɤɜ ɚɘɗɞůűŬɘɟɘəɩɜ ˊɚŬəɩɜ (Airo, 2015). 

ɀŮɚŮŰɩɜŰŬɠ Űɖ ůɨůŰŬůɖ Űɤɜ ɘɕɖɛŬŰɞɔŮɜɩɜ ˊŮŰɟɤɛɎŰɤɜ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŰɘɠ 

ˊŮɟɘɞɢɏɠ ŬɡŰɏɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟɏɢŮɘ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ Űɟɧˊɞ əŬɘ Űɞ Ůɑŭɞɠ 

Űɖɠ ɛŮŰŬɚɚɞɔɏɜŮůɖɠ. 

 

3.5.1 ȼɚŮəŰɟɘəɎ əŬɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

 

Ƀɘ ɖɚŮəŰɟɘəɏɠ əŬɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛɏɗɞŭɞɘ ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ 

ɛŮɚŮŰɞɨɜ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ (ɐ ŬɔɤɔɘɛɧŰɖŰŬɠ) Űɞɡ ɡˊŮŭɎűɞɡɠ. 

ȼ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ɔŮɤűɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ 

ɞɟɡəŰɩɜ, ŬˊɞŰŮɚŮɑ ɛŮ ŭɘŬűɞɟɎ Űɖɜ ˊɘɞ ŮɡɛŮŰɎɓɚɖŰɖ ɘŭɘɧŰɖŰŬ Űɤɜ ɞɟɡəŰɩɜ əŬɘ 

ˊŮŰɟɤɛɎŰɤɜ, əŬɗɩɠ ŮɝŬɟŰɩɜŰŬɘ ɎɛŮůŬ Ŭˊɧ ˊɞɚɚɏɠ ˊŬɟŬɛɏŰɟɞɡɠ, ɧˊɤɠ ŮɑɜŬɘ Űɞ 

ˊɞɟɩŭŮɠ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ ˊɞɡ Űɞ ŬˊŬɟŰɑɕɞɡɜ, ɞ Űɨˊɞɠ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ, Űɞ Ůɑŭɞɠ Űɞɡ ɡɚŮəŰɟɞɚɨŰɖ ɛɏůŬ ůŮ ŬɡŰɧ, ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ, ɖ ůɡɛɛŮŰɞɢɐ 

ɛŮŰŬɚɚɘəɩɜ ɞɟɡəŰɩɜ ůŮ ŬɡŰɧ əŬɗɩɠ əŬɘ ɞ Űɟɧˊɞɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɔŮɤűɡůɘəɐ 

ŭɘŬůəɧˊɖůɖ, ɛŮŰŬɝɨ ˊɞɚɚɩɜ Ɏɚɚɤɜ. 

ɆŰŬ ˊŮŰɟɩɛŬŰŬ, Űɞ ɟŮɨɛŬ ɛŮŰŬŭɑŭŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɛŮ ɘɞɜɘəɐ 

(ɖɚŮəŰɟɞɚɡŰɘəɐ) ŬɔɤɔɘɛɧŰɖŰŬ ɛɏůɤ Űɤɜ ɟŮɡůŰɩɜ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɞɡɠ ˊɧɟɞɡɠ Űɞɡɠ. ɆŮ 

ˊŮŰɟɩɛŬŰŬ, ɧɛɤɠ, ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ɛŮŰŬɚɚɘəɎ ůŰɞɘɢŮɑŬ, Űɞ ɟŮɨɛŬ ɛŮŰŬŭɑŭŮŰŬɘ ɛŮ 

ɖɚŮəŰɟɞɜɘŬəɐ (ɤɛɘəɐ) ŬɔɤɔɘɛɧŰɖŰŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ ůɖɛŬɜŰɘəɎ ɖ 

ůɡɜɞɚɘəɐ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, Ŭəɧɛɖ əŬɘ ɛŮ Űɖ ɛɘəɟɐ ůɡɛɛŮŰɞɢɐ 

ɛŮŰɎɚɚɤɜ ůŰɞ ˊɏŰɟɤɛŬ. ȼ ɖɚŮəŰɟɞɜɘŬəɐ ŬɔɤɔɘɛɧŰɖŰŬ ůɡɛɓŬɑɜŮɘ ɛŮ Űɖɜ ůɡɛɛŮŰɞɢɐ 

Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ ɛŮŰɎɚɚɤɜ (ɧˊɤɠ ŮɑɜŬɘ ŰŬ ůɞɡɚűɑŭɘŬ, ŮəŰɧɠ Űɞɡ ůűŬɚŮɟɑŰɖ), ŬɚɚɎ 

əŬɘ ɛŮ Űɖɜ ůɡɛɛŮŰɞɢɐ Űɞɡ ɔɟŬűɑŰɖ, Űɞɡ ɚɘɔɜɑŰɖ, Űɞɡ ɛŬɔɜɖŰɑŰɖ, Űɞɡ ˊɡɟɞɚɞɡůɑŰɖ əŬɘ 

ˊɞɚɚɩɜ Ɏɚɚɤɜ ɞɟɡəŰɩɜ ɛŮ ɛŮŰŬɚɚɘəɐ ɚɎɛɣɖ. 

ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɛŮŰŬɚɚŮɨɛŬŰŬ ŮɑɜŬɘ ɖɛɘŬɔɤɔɞɑ Űɞɡ ɟŮɨɛŬŰɞɠ. ȼ ɖɚŮəŰɟɘəɐ Űɞɡɠ, 

ɧɛɤɠ, ŬɜŰɑůŰŬůɖ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ŮɡɛŮŰɎɓɚɖŰɖ əŬɘ ůɡɢɜɎ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɤɜ 

ɛŮŰɎɚɚɤɜ, ɚɧɔɤ Űɖɠ ůɡɛɛŮŰɞɢɐɠ ɘɧɜŰɤɜ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ ˊɟɞůɛŮɑɝŮɘɠ ůŰɞ ˊɚɏɔɛŬ 
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Űɞɡɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŭɟɎ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɖɜ ŬˊɞŰɨˊɤůɖ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ 

Űɞɡɠ ŬɜŰɑůŰŬůɖɠ (Palacky, 1988). ɆŰɞ ɆɢɐɛŬ 3.21 ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ əɎˊɞɘŬ ŰɡˊɘəɎ Ůɨɟɖ 

Űɘɛɩɜ Űɤɜ ɖɚŮəŰɟɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ ɔɘŬ ŭɘɎűɞɟŬ ˊŮŰɟɩɛŬŰŬ əŬɘ ɡɚɘəɎ Űɖɠ ũɖɠ, ɛŮ 

ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ ŭɘŬűɞɟɎ Űɞɡ Ůɨɟɞɡɠ ůŮ ŬɡŰɎ, ɖ ɞˊɞɑŬ 

ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ŬɟəŮŰɏɠ ŰɎɝŮɘɠ ɛŮɔɏɗɞɡɠ. 

 

ɆɢɐɛŬ 3.21 Ⱥɨɟɞɠ ŬɜŰɑůŰŬůɖɠ (əŬɘ ŬɔɤɔɘɛɧŰɖŰŬɠ) ɡɚɘəɩɜ əŬɘ ˊŮŰɟɤɛɎŰɤɜ (Oldenburg & Jones, 2007) 

ɇŬ ůɞɡɚűɑŭɘŬ, ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůɡɜŬɜŰɩɜŰŬɘ ůŰɖɜ űɨůɖ ůŮ ŭɨɞ ɛɞɟűɏɠȚ ɤɠ 

ŭɘɎůˊŬɟŰɖ əŬɘ ɤɠ ůɡɛˊŬɔɐɠ ɛŮŰŬɚɚɞűɞɟɑŬ. ɆŰɖɜ ŭɘɎůˊŬɟŰɖ ɛŮŰŬɚɚɞűɞɟɑŬ, ŰŬ 

ɛŮŰŬɚɚɘəɎ ɞɟɡəŰɎ ɓɟɑůəɞɜŰŬɘ ŭɘŬůəɞɟˊɘůɛɏɜŬ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ɏəŰŬůɖ Ůɜɧɠ 

ˊŮŰɟɩɛŬŰɞɠ əŬɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɞɘ Űɘɛɏɠ Űɖɠ ůɡɜɞɚɘəɐɠ ŬɜŰɑůŰŬůɖɠ ˊɞɡ ɛŮŰɟɎŰŬɘ ŮɑɜŬɘ 

ŮɑŰŮ ɢŬɛɖɚɏɠ ŮɑŰŮ ɡɣɖɚɏɠ. ɆŰɖɜ ůɡɛˊŬɔɐ ɛŮŰŬɚɚɞűɞɟɑŬ, ŰŬ ɛŮŰŬɚɚɘəɎ ɞɟɡəŰɎ 

ɓɟɑůəɞɜŰŬɘ ůŮ ˊɘɞ ɞɛɞɘɞɔŮɜɐ ɛɞɟűɐ əŬɘ ŮɑɜŬɘ ɘəŬɜɎ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ ɛŮɔɎɚŮɠ 

ŮəŰɎůŮɘɠ ɛŮŰŬɚɚŮɨɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ˊŬɟɞɡůɘɎůŮɘ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ 

ŬɜŰɘůŰɎůŮɤɜ. ɆŰɘɠ ŭɨɞ ŬɡŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ŮɑɜŬɘ ŭɡɜŬŰɧ ɞɘ ŬɜŰɘůŰɎůŮɘɠ ɜŬ Ŭɡɝɖɗɞɨɜ, ůŮ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɚɎɓɞɡɜ ɢɩɟŬ ɢɖɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ɐ ɗŮɟɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ, ɞɘ ɞˊɞɑŮɠ 

ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬŰɟɏɣɞɡɜ ŰŬ ɛŮŰŬɚɚɘəɎ ɞɟɡəŰɎ ůŮ ɞɝŮɑŭɘŬ ɐ ɎɚɚŬ, ɚɘɔɧŰŮɟɞ ŬɔɩɔɘɛŬ, 

ɞɟɡəŰɎ. ȼ Ŭˊɧəɟɘůɖ, Ŭˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, Űɖɠ ŭɘɎůˊŬɟŰɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ůŰɖɜ 

ɛɏɗɞŭɞ Űɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ˊɞɚɨ ɘəŬɜɞˊɞɘɖŰɘəɐ, Ůɜɩ ůŰɖ 

ůɡɛˊŬɔɐ ɛŮŰŬɚɚɞűɞɟɑŬ ůɞɡɚűɘŭɑɤɜ, ˊŬɟɧŰɘ ɗŬ ŬɜŬɛɏɜɞɜŰŬɜ ɛɘəɟɧŰŮɟŮɠ ŬˊɞəɟɑůŮɘɠ, 

ůŰɖɜ ˊɟɎɝɖ ŮɑɜŬɘ ˊɞɚɨ əŬɚɏɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůŰɟɩɛŬŰɞɠ 

ɛŮŰŬɚɚɞűɞɟɑŬɠ ɔɨɟɤ Ŭˊɧ ŰŬ ɛŮɔɎɚŬ ŬɡŰɎ ůɩɛŬŰŬ. 

ɄŬɟɎ Űɖɜ əŬɚɐ Ŭˊɧəɟɘůɖ Űɤɜ ůɞɡɚűɘŭɑɤɜ ůŰɘɠ ɖɚŮəŰɟɘəɏɠ əŬɘ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ɡˊɎɟɢɞɡɜ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɖ ɔŮɤűɡůɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

Űɞɡɠ ŭŮɜ ŮɑɢŮ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ ŬˊɞŰɏɚŮůɛŬ. Ƀ Palacky (1988), ŮűŬɟɛɧɕɞɜŰŬɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ˊŬɟŬŰɐɟɖůŮ ůŮ ŭɘɎűɞɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɤɠ Ŭəɧɛɖ əŬɘ ůŮ 

ɛŮŰŬɚɚɞűɞɟɑŬ ůɡɛˊŬɔɩɜ ůɞɡɚűɘŭɑɤɜ, ɧˊɞɡ ŬɜŬɛɏɜɞɜŰŬɜ ɡɣɖɚɏɠ Űɘɛɏɠ ŬɔɤɔɘɛɧŰɖŰŬɠ, 

ɖ Ŭˊɧəɟɘůɖ Űɖɠ ɛŮɗɧŭɞɡ ŭŮɜ ŮɑɢŮ ŬˊɞŰŮɚɏůɛŬŰŬ. ȼ Ůɝɐɔɖůɖ ˊɞɡ ɏŭɤůŮ, ɛŮ ˊɘɞ 

ˊɟɞůŮəŰɘəɐ ˊŬɟŬŰɐɟɖůɖ əŬɘ ŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ, ɐŰŬɜ ˊɤɠ ŰŬ ůɞɡɚűɑŭɘŬ, ˊŬɟɧŰɘ 
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ůɡɛˊŬɔɐ ůŰɖɜ ɧɣɖ, ɐŰŬɜ əŬɚɡɛɛɏɜŬ Ŭˊɧ ɚŮˊŰɧ ˊɡɟɘŰɘəɧ ůŰɟɩɛŬ, ůŮ ɛŬəɟɞůəɞˊɘəɧ ɐ 

Ŭəɧɛɖ əŬɘ ůŮ ɛɘəɟɞůəɞˊɘəɧ ŮˊɑˊŮŭɞ. Ⱥˊɘˊɚɏɞɜ, ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ ɛŮɔɎɚɞ ˊɎɢɞɠ 

Ŭɔɩɔɘɛɤɜ, ɡˊŮɟəŮɑɛŮɜɤɜ ůŰɟɤɛɎŰɤɜ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ Űɞ ůɐɛŬ Űɤɜ ɛŮŰŬɚɚɞűɧɟɤɜ 

ůɤɛɎŰɤɜ ɜŬ ŮˊɘəŬɚɡűɗŮɑ. 

 

3.5.2 ȼɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůɖɛŬɜŰɘəɩɜ ɞɟɡəŰɩɜ 

 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮɟɘəɏɠ ŮɜŭŮɘəŰɘəɏɠ Űɘɛɏɠ Űɖɠ ŬɜŰɑůŰŬůɖɠ, 

ŬɔɤɔɘɛɧŰɖŰŬɠ əŬɘ űɞɟŰɘůŰɘəɧŰɖŰŬɠ ɛŮɟɘəɩɜ ůɖɛŬɜŰɘəɩɜ ɛŮŰŬɚɚɘəɩɜ ɞɟɡəŰɩɜ əŬɘ ɛɖ, 

ŰŬ ɞˊɞɑŬ ůɡɜŬɜŰɩɜŰŬɘ əŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ. 

 

ȼɚŮəŰɟɘəɐ 

ȷɜŰɑůŰŬůɖ 

(Ohm.m) 

ȼɚŮəŰɟɘəɐ 

ȷɔɤɔɘɛɧŰɖŰŬ 

(mS/m) 

ūɞɟŰɘůŰɘ-

əɧŰɖŰŬ 

(msec) 

ɆɞɡɚűɑŭɘŬ    

ɆɘŭɖɟɞˊɡɟɑŰɖɠ σ z ρπ  ρȢυ ρπ ρπ ρσȢτ 
ɉŬɚəɞˊɡɟɑŰɖɠ ρȢς z ρπ  πȢσ ρπ ρπ ρσȢς 
ũŬɚɖɜɑŰɖɠ σ z ρπ  σππ ρȢρρzρπ ρȢτχzρπ σȢχ 

ɆűŬɚŮɟɑŰɖɠ ςȢχ z ρπ  ρςυππ πȢπψσȢχz ρπ  

ɄŮɜŰɚŬɜŭɑŰɖɠ ρρ z ρπ  ρ ρπ ωz ρπ ρπ 
ɄɡɟɞŰɑŰɖɠ ρφπz ρπ  φ φȢςυzρπ υz ρπ ρπ 

ȯɚɚŬ    

ɀŬɔɜɖŰɑŰɖɠ υ z ρπ  υz ρπ πȢρ  ρπ ςȢς 
ȷɘɛŬŰɑŰɖɠ σ z ρπ  ρπ  πȢπ 
ũɟŬűɑŰɖɠ ρπ  ρπ  ρπ ρπ ρρȢς 
ȯɟɔɘɚɞɠ σȢσ ρππ ρπ σππ  

ɀŬɟɛŬɟɡɔɑŬɠ ρπ  ρπ ρπ ρ  

ɉŬɚŬɕɑŬɠ ρπ  ρπ ρπ ρπ   

ɉɟɡůɧɠ ς z ρπ  υz ρπ  

ɉŬɚəɧɠ ρȢςυ z ρπ  πȢσ σz ρπ ψz ρπ ρςȢσ 
ɄɑɜŬəŬɠ 6 ɇɘɛɏɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ, ŬɔɤɔɘɛɧŰɖŰŬɠ əŬɘ űɞɟŰɘůŰɘəɧŰɖŰŬɠ ůɞɡɚűɘŭɑɤɜ əŬɘ ůɢŮŰɘəɩɜ ɞɟɡəŰɩɜ 

(Űɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ Ford et al. (2007), King (2007), Morgan (2010) əŬɘ Airo (2015)) 

ũɘŬ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɖɠ űɞɟŰɘůŰɘəɧŰɖŰŬɠ Ŭˊɧ ÍÓÅÃ ůŮ Í6Ⱦ6 ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ, ɘůɢɨŮɘ ɞ ́ ŬɟŬəɎŰɤ ŮɛˊŮɘɟɘəɧɠ əŬɜɧɜŬɠ (Oldenburg & Jones, 2007), 

ɛŮ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ɖ űɞɟŰɘůŰɘəɧŰɖŰŬ ˊɞɡ ɛŮŰɟɎŰŬɘ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ɧŰŬɜ əɚŮɑɜŮɘ Űɞ ɟŮɨɛŬ π ɥ ρ ŭɖɚŬŭɐ π Í6Ⱦ6

ρπππ: 

ɮʋʍʐʅʎʐʅʆʝʐʂʐɻ ɥ πȢρ ɻʉʐʅʎʐʋʅʔʀʚ ʎʀ ʐʅʈʙ χπ ÍÓÅÃ 
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ȾȺūȷȿȷȽɃ 4ɞ 
 

4 ȿɐɣɖ, Ů́ ŮɝŮɟɔŬůɑŬ əŬɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ ŭŮŭɞɛɏɜɤɜ 
 

ɇɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŬűɞɟɎ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɏɚŬɓŬɜ ɛɏɟɞɠ əŬɗɩɠ əŬɘ ŰŬ ŮɟɔŬɚŮɑŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬˊɧəŰɖůɖ, Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ɛŮɗɧŭɤɜ. 

 

4.1 ȼɚŮəŰɟɘəɐ ɇɞɛɞɔɟŬűɑŬ 
 

ɄŬɟŬəɎŰɤ ŬɜŬɚɨɞɜŰŬɘ ŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ɚɐɣɖ, Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ əŬɘ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɤɜ ŰɞɛɞɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 

 

4.1.1 ȿɐɣɖ ŭŮŭɞɛɏɜɤɜ 

 

ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ əŬɘ 

Űɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɧɟɔŬɜɞ Syscal Pro Ŭˊɧ Űɖɜ IRIS 

Instruments (ɆɢɐɛŬ 4.1), Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɚɐɟɤɠ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞ ůɨůŰɖɛŬ 

ˊɞɡ ˊŮɟɘɏɢŮɘ ɏɜŬɜ ŭɏəŰɖ 10 əŬɜŬɚɘɩɜ, ɞ ɞˊɞɑɞɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɐůŮɘ ŬɜŰɑůŰɞɘɢɞ Ŭɟɘɗɛɧ 

ŭɡɜŬɛɘəɩɜ ɛŮ ɛɑŬ ɏɔɢɡůɖ ɟŮɨɛŬŰɞɠ. 

 

ɆɢɐɛŬ 4.1 ȳɟɔŬɜɞ Syscal Pro Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ IRIS Instruments 

ȼ ɛɏɔɘůŰɖ ɏɜŰŬůɖ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɞɡ ŮɔɢɨŮŰŬɘ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ŰŬ 2.5 A, ɛŮ 

ɛɏɔɘůŰɖ ŰɎůɖ ŰŬ 1000 V əŬɘ ŬəɟɑɓŮɘŬ 1 ɛV, Ůɜɩ ɖ ŬəɟɑɓŮɘŬ Űɞɡ ɞɟɔɎɜɞɡ ŮɑɜŬɘ 0.2 %. 
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Ⱥˊɘˊɚɏɞɜ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɢɎɚəɘɜŬ ˊɞɚɨəɚɤɜŬ əŬɚɩŭɘŬ, ɛˊŬŰŬɟɑŬ 12V ɤɠ 

Ůˊɘˊɚɏɞɜ ˊɖɔɐ, əŬɗɩɠ əŬɘ ɖɚŮəŰɟɧŭɘŬ Ŭˊɧ ŬɜɞɝŮɑŭɤŰɞ ɢɎɚɡɓŬ. ɇŬ ˊɟɞűɑɚ ˊɞɡ 

ɛŮŰɟɐɗɖəŬɜ ŬˊɞŰŮɚɞɨɜŰŬɜ Ŭˊɧ 24 ɖɚŮəŰɟɧŭɘŬ ɛŮ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ 10 ɛɏŰɟŬ, 

űŰɎɜɞɜŰŬɠ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ ŰŬ 65 ɛɏŰɟŬ, Ůɜɩ ɞɘ ŭɘŬŰɎɝŮɘɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ ɖ ŭɘˊɧɚɞɡ-ŭɘˊɧɚɞɡ əŬɘ ɖ ŭɘɎŰŬɝɖ ˊɞɚɚŬˊɚɐɠ ɓŬɗɛɑŭŬɠ 

(multiple gradient). 

ũɘŬ Űɖɜ əɎɚɡɣɖ ˊŮɟɘɞɢɩɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɛŮ ɛŮɔɎɚɞ ɛɐəɞɠ (ςσπÍ) 

ŭɘŮɝɐɢɗɖůŬɜ ůɡɜŮɢɧɛŮɜŮɠ əŬɘ ŮˊɎɚɚɖɚŮɠ ŰɞɛɞɔɟŬűɑŮɠ Űɤɜ 230 ɛɏŰɟɤɜ. ȾŬɗɩɠ ɖ 

ˊŮɟɘɞɢɐ ŮɡŬɘůɗɖůɑŬɠ əɎɗŮ ŰɞɛɞɔɟŬűɑŬɠ űŰɎɜŮɘ ůŰɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ ůŰɞ əŮɜŰɟɘəɧ Űɖɠ 

ŰɛɐɛŬ Ůɜɩ ůŰŬ ɎəɟŬ ŬɡŰɐɠ ɛŮɘɩɜŮŰŬɘ Űɞ ɓɎɗɞɠ ŭɘŬůəɧˊɖůɖɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɞɘ 

ŬɚɚŮˊɎɚɚɖɚŮɠ ɔɟŬɛɛɏɠ ɜŬ ɏɢɞɡɜ ɏɜŬɜ ɓŬɗɛɧ ŬɚɚɖɚŮˊɘəɎɚɡɣɖɠ ɔɘŬ Űɖɜ əɎɚɡɣɖ ɛɑŬɠ 

ˊŮɟɘɞɢɐɠ ůŰɞ ɛɏɔɘůŰɞ ŭɡɜŬŰɧ ɓɎɗɞɠ. ȼ ůɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ŬɡŰɐɠ ůŮ ˊŬɟɎŭŮɘɔɛŬ ŰŮůůɎɟɤɜ ŰɞɛɞɔɟŬűɘɩɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4.2. 

 

ɆɢɐɛŬ 4.2 ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɛŮŰɟɐůŮɤɜ ɛŮ ŮˊɎɚɚɖɚŮɠ ɔɟŬɛɛɏɠ (roll -along) 

 

4.1.2 ȺˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ 

 

ũɘŬ Űɖɜ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ Prosys II  (ɆɢɐɛŬ 4.3), Űɞ ɞˊɞɑɞ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɛŮŰŬűɞɟɎ 

ŭŮŭɞɛɏɜɤɜ, Űɞ űɘɚŰɟɎɟɘůɛŬ əŬɘ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ 

ŬɜŰɑůŰŬůɖɠ əŬɘ űɞɟŰɘůŰɘəɧŰɖŰŬɠ.  

 

ɆɢɐɛŬ 4.3 ɄŮɟɘɓɎɚɚɞɜ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Prosys II  
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ɀŮ ŬɡŰɧ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɏɜŬ Ŭɟɢɘəɧ űɘɚŰɟɎɟɘůɛŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɖɜ 

ŬűŬɑɟŮůɖ ŬɟɜɖŰɘəɩɜ əŬɘ ŬəɟŬɑɤɜ Űɘɛɩɜ (ɆɢɐɛŬ 4.4Ŭ) əŬɗɩɠ əŬɘ Űɖɜ ŬűŬɑɟŮůɖ 

ŭŮŭɞɛɏɜɤɜ ɛŮɔɎɚɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ (ɆɢɐɛŬ 4.4ɓ). ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɖ ŮɝŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɛɞɟűɐ ůɡɛɓŬŰɐ ɛŮ ˊɟɞɔɟɎɛɛŬŰŬ ŬɜŰɘůŰɟɞűɐɠ. 

 

ɆɢɐɛŬ 4.4 ȷűŬɑɟŮůɖ ŬəɟŬɑɤɜ Űɘɛɩɜ (Ŭ) əŬɘ ŭŮŭɞɛɏɜɤɜ ɛŮɔɎɚɖɠ Ŭˊɧəɚɘůɖɠ (ɓ) ůŰɞ Prosys II  

 

4.1.3 ȷɜŰɘůŰɟɞűɐ ŭŮŭɞɛɏɜɤɜ 

 

ɇɞ ɚɞɔɘůɛɘəɧ DC_2DPro (Kim, 2010) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ. ɇɞ ɚɞɔɘůɛɘəɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑ Űɖ ɛɏɗɞŭɞ 

Űɞɡ Occam (Constable et al., 1987) ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ ɛɖ ɔɟŬɛɛɘəɐɠ ŭɘůŭɘɎůŰŬŰɖɠ 

ŬɜŰɘůŰɟɞűɐɠ, Ůɜɩ ɔɘŬ Űɖɜ ɚɨůɖ Űɞɡ Ůɡɗɏɞɠ ˊɟɞɓɚɐɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘŮɑ ŮˊŬɜŬɚɖˊŰɘəɎ 

Űɖɜ ɛɏɗɞŭɞ Űɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. 

ȷɟɢɘəɎ, ɞɟɑůŰɖəŬɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɛɞɜŰɏɚɞɡ, ɧˊɤɠ ŮɑɜŬɘ Űɞ ɓɎɗɞɠ 

ŭɘŬůəɧˊɖůɖɠ, Űɞ ɛɐəɞɠ Űɞɡ ˊɟɞűɑɚ əŬɘ ɞɟɑůŰɖəŮ Űɞ ŭɑəŰɡɞ Űɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ 

ůŰɞɘɢŮɑɤɜ (ɆɢɐɛŬ 4.5), Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ŬəɞɚɞɡɗɐɗɖəŮ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ŬɜŰɘůŰɟɞűɐɠ. 

 

ɆɢɐɛŬ 4.5 Ƀɟɘůɛɧɠ ˊŬɟŬɛɏŰɟɤɜ ɛɞɜŰɏɚɞɡ ůŰɞ ɚɞɔɘůɛɘəɧ DC_2DPro 

ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŬˊɞŰɨˊɤůɖ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ Űɞɡ ɡˊŮŭɎűɞɡɠ, 

ŬűŬɘɟɏɗɖəŬɜ ůűŬɚɛŬŰɘəɏɠ Űɘɛɏɠ (ɆɢɐɛŬ 4.6) əŬɘ ŮˊŬɜŬɚɐűɗɖəŮ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 
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ŬɜŰɘůŰɟɞűɐɠ, ɏɤɠ ɧŰɞɡ Űɞ ˊɞůɞůŰɘŬɑɞ ůűɎɚɛŬ ɛŮŰŬɝɨ ˊɟŬɔɛŬŰɘəɩɜ əŬɘ ůɡɜɗŮŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ɜŬ űŰɎůŮɘ ůŮ ɘəŬɜɞˊɞɘɖŰɘəɧ ŮˊɑˊŮŭɞ (< 10 %). 

 

ɆɢɐɛŬ 4.6 ȷűŬɑɟŮůɖ ůűŬɚɛŬŰɘəɩɜ Űɘɛɩɜ ůŰɞ ɚɞɔɘůɛɘəɧ DC_2DPro 

ɇɞ ŰŮɚɘəɧ ɛɞɜŰɏɚɞ ŬɜŰɘůŰɎůŮɤɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮ ɢɟɩɛŬŰŬ Űɞɡ 

ɞɡɟɎɜɘɞɡ Űɧɝɞɡ, ɧˊɞɡ ŰŬ ɣɡɢɟɧŰŮɟŬ ɢɟɩɛŬŰŬ ŬɜŰɘəŬŰɞˊŰɟɑɕɞɡɜ ɢŬɛɖɚɧŰŮɟŮɠ 

ŬɜŰɘůŰɎůŮɘɠ, Ůɜɩ ŰŬ ɗŮɟɛɧŰŮɟŬ ɡɣɖɚɧŰŮɟŮɠ ŬɜŰɘůŰɎůŮɘɠ (ɆɢɐɛŬ 4.7). 

 

ɆɢɐɛŬ 4.7 ɀɞɜŰɏɚɞ Ůɘŭɘəɩɜ ɖɚŮəŰɟɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ ɛŮŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŬɜŰɘůŰɟɞűɐɠ 

 

4.1.4 ɀɞɜŰŮɚɞˊɞɑɖůɖ ŭŮŭɞɛɏɜɤɜ 

 

ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ əŬɚɨŰŮɟɖɠ ŮɘəɧɜŬɠ ŬɜŰɘůŰɟɞűɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ, 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ůɡɜɗŮŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ŭɞəɘɛɎůŰɖəŬɜ ɞɘ ɓŬůɘəɧŰŮɟɞɘ Űɟɧˊɞɘ 

ŬɜŰɘůŰɟɞűɐɠ Űɞɡɠ, Űɧůɞ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ, ɧůɞ əŬɘ ɔɘŬ 
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ŰŬ ŭŮŭɞɛɏɜŬ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ, ɛŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŭɞəɘɛɎůŰɖəŬɜ ɜŬ Ŭűɞɟɞɨɜ 

Űɖɜ L1 əŬɘ L2 Ůˊɘɚɞɔɐ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ 

ŮɝɞɛɎɚɡɜůɖ Űɞɡ ŰŮɚɘəɞɨ ɛɞɜŰɏɚɞɡ. 

ɇŬ ɛɞɜŰɏɚŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɔɘŬ Űɖɜ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ əŬɘ Űɖɜ 

ŮˊŬɔɧɛŮɜɖ ˊɧɚɤůɖ, ŬɜŰɑůŰɞɘɢŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 4.8. 

 

ɆɢɐɛŬ 4.8 ɆɡɜɗŮŰɘəɎ ɛɞɜŰɏɚŬ ɔɘŬ Űɖɜ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ əŬɘ ŮˊŬɔɧɛŮɜɖ ˊɧɚɤůɖ 

Ƀɘ ŮɘəɧɜŮɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɡɠ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ ŬɜŰɘůŰɟɞűɐɠ ɔɘŬ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 4.9, Ůɜɩ ɔɘŬ 

ŰŬ ŭŮŭɞɛɏɜŬ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ ůŰɞ ɆɢɐɛŬ 4.10. 

 

ɆɢɐɛŬ 4.9 ȹɘŬűɞɟŮŰɘəɏɠ ŮɘəɧɜŮɠ ŬɜŰɘůŰɟɞűɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ 

ɀŮ ɓɎůɖ Űɘɠ ŮɘəɧɜŮɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ, űŬɑɜŮŰŬɘ ˊɤɠ ɖ ŬɜŰɘůŰɟɞűɐ ɛŮ Ůˊɘɚɞɔɐ L2 

ɔɘŬ Űɖɜ ŮɝɞɛɎɚɡɜůɖ (smoothness) Űɞɡ ɛɞɜŰɏɚɞɡ, əŬɘ Űɧůɞ ɛŮ L1 ɧůɞ əŬɘ L2 Ůˊɘɚɞɔɐ 
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ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ (error minimalization), ˊŬɟɞɡůɘɎɕɞɡɜ Űɘɠ ˊɘɞ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ ŮɘəɧɜŮɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɜɘůɢɨŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ɢŬɛɖɚɧŰŮɟɞ 

ˊɞůɞůŰɘŬɑɞ ůűɎɚɛŬ Űɞɡɠ (RMS). ȷɜŰɑůŰɞɘɢŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɟɞəɨˊŰɞɡɜ əŬɘ ɔɘŬ Űɘɠ 

ŮɘəɧɜŮɠ Űɞɡ ɛɞɜŰɏɚɞɡ Űɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ. 

 

ɆɢɐɛŬ 4.10 ȹɘŬűɞɟŮŰɘəɏɠ ŮɘəɧɜŮɠ ŬɜŰɘůŰɟɞűɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ 

ȺűŬɟɛɧɕɞɜŰŬɠ Űɞɡɠ ŭɨɞ ŬɡŰɞɨɠ Űɟɧˊɞɡɠ ŬɜŰɘůŰɟɞűɐɠ ůŮ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ 

ɖɚŮəŰɟɘəɩɜ ŰɞɛɞɔɟŬűɘɩɜ, ŮˊɘɚɏɢɗɖəŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŬɜŰɘůŰɟɞűɐɠ L2 Űɧůɞ ɔɘŬ Űɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ, ɧůɞ əŬɘ ɔɘŬ Űɖɜ ŮɝɞɛɎɚɡɜůɖ Űɞɡ ɛɞɜŰɏɚɞɡ, əŬɘ ŮɑɜŬɘ 

ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ 

ŬɜŰɑůŰŬůɖɠ əŬɘ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ ůŮ ˊŬɟŬəɎŰɤ əŮűɎɚŬɘŬ. 
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4.2 ūɡůɘəɧ ȹɡɜŬɛɘəɧ 
 

ɄŬɟŬəɎŰɤ ŬɜŬɚɨɞɜŰŬɘ ŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ɚɐɣɖ əŬɘ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ. 

 

4.2.1 ȿɐɣɖ ŭŮŭɞɛɏɜɤɜ 

 

ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ŭɨɞ ɛɖ ˊɞɚɞɨɛŮɜŬ ɖɚŮəŰɟɧŭɘŬ 0Â 0Â#Ì (ɆɢɐɛŬ 4.11), əŬɚɩŭɘɞ ɛŮ əŬɟɞɨɚɘ, 

ɓɞɚŰɧɛŮŰɟɞ (0ÒÏÔÅË υπφ $ÉÇÉÔÁÌ -ÕÌÔÉÍÅÔÅÒ) əŬɗɩɠ əŬɘ ŮɟɔŬɚŮɑɞ ůəŬɣɑɛŬŰɞɠ 

(ůəŮˊɎɟɜɘ) ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŮˊŬűɐ Űɞɡ ɖɚŮəŰɟɞŭɑɞɡ ɛŮ Űɞ ɏŭŬűɞɠ. 

 

ɆɢɐɛŬ 4.11 ɉɟɐůɖ ɛɖ ˊɞɚɞɨɛŮɜɤɜ ɖɚŮəŰɟɞŭɑɤɜ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɛŮŰɟɐůŮɤɜ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ 

 

4.2.2 ȺˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ 

 

ȰɢɞɜŰŬɠ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŮ ˊɟɧŰŮɟɖ űɎůɖ ɛŮŰɟɐůŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ɛŮ 

ɑŭɘɞɡ Űɨˊɞɡ ɖɚŮəŰɟɧŭɘŬ, ɗŮɤɟɐɗɖəŮ ůəɧˊɘɛɞ ɜŬ ɓŬɗɛɞɜɞɛɖɗɞɨɜ ɞɘ ˊŬɚŬɘɧŰŮɟŮɠ 

ɛŮŰɟɐůŮɘɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ əŬɘɜɞɨɟɘŮɠ, əŬɗɩɠ ɞ Ůɝɞˊɚɘůɛɧɠ ŬɜŬɜŮɩɗɖəŮ ůŰɞ ŭɘɎůŰɖɛŬ 

ˊɞɡ ɛŮůɞɚɎɓɖůŮ. ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 7) ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɏɜŰɤɜ ɛŮŰɟɐůŮɤɜ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ, ˊŬɚŬɘɩɜ əŬɘ əŬɘɜɞɨɟɘɤɜ, əŬɗɩɠ 

əŬɘ ɖ ɗɏůɖ Űɞɡɠ ůŰɞɜ ɢɎɟŰɖ (ɆɢɐɛŬ 4.12). 
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Ʉɟɞűɑɚ 
ɄŬɚŬɘɎ 

ȼɚŮəŰɟɧŭɘŬ 

ɁɏŬ 

ȼɚŮəŰɟɧŭɘŬ 

01 Ṋ Ṋ 

02 Ṋ Ṋ 

03 Ṋ Ṋ 

04 Ṋ Ṋ 

05 Ṋ Ṋ 

06 Ṋ Ṋ 

07 Ṋ Ṋ 

08 Ṋ Ṋ 

09 Ṋ Ṋ 

10 Ṋ Ṋ 

11 Ṋ Ṍ 

12 Ṋ Ṋ 

13 Ṋ Ṍ 

14 Ṋ Ṋ 

15 Ṋ Ṋ 

16a Ṋ Ṍ 

16b Ṋ Ṍ 

17 Ṋ Ṍ 

18 Ṋ Ṍ 

19 Ṍ Ṋ 

20 Ṍ Ṋ 

21 Ṍ Ṋ 

ɄɑɜŬəŬɠ 7 ɀŮŰɟɖɗɏɜŰŬ ˊɟɞűɑɚ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ɛŮ ˊŬɚŬɘɎ əŬɘ ɜɏŬ ɖɚŮəŰɟɧŭɘŬ 

 

ɆɢɐɛŬ 4.12 ɉɎɟŰɖɠ ɛŮŰɟɖɗɏɜŰɤɜ ˊɟɞűɑɚ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ 
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ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɞɘ əŬɛˊɨɚŮɠ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ɛŮ ɓɎůɖ ŰŬ ˊŬɚɘɎ əŬɘ ŰŬ 

ɜɏŬ ɖɚŮəŰɟɧŭɘŬ ˊŬɟɞɡůɑŬůŬɜ ˊŬɟŬˊɚɐůɘŮɠ ŮɘəɧɜŮɠ ůŰŬ əɞɘɜɎ ɛŮŰɟɖɛɏɜŬ ˊɟɞűɑɚ, 

ŮɛűŬɜɑɕɞɜŰŬɠ ɧɛɤɠ ɛɑŬ ɛŮɔɎɚɖ ŭɘŬűɞɟɎ ůŰɎɗɛɖɠ. ȼ ɓŬɗɛɞɜɧɛɖůɖ ɏɔɘɜŮ əɡɟɑɤɠ ɛŮ 

ɓɎůɖ Űɞ 1ɞ ˊɟɞűɑɚ (ɆɢɐɛŬ 4.13), əŬɗɩɠ ˊŬɟɞɡůɑŬůŮ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ ɞɛɞɘɧŰɖŰŮɠ ůŮ 

ůɢɏůɖ ɛŮ Űɖ ɗɏůɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ůŰɞɜ ɢɩɟɞ, əŬɗɩɠ əŬɘ ɛŮ Űɖɜ ˊɞɘɧŰɖŰŬ əŬɘ Űɘɠ 

əɞɘɜɏɠ ŮɘəɧɜŮɠ Űɤɜ ŬɜɤɛŬɚɘɩɜ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ. 

 

ɆɢɐɛŬ 4.13 ūɡůɘəɧ ŭɡɜŬɛɘəɧ Űɞɡ 1ɞɡ ˊɟɞűɑɚ ɛŮ (Ŭ) ˊŬɚŬɘɎ əŬɘ (ɓ) ɜɏŬ ɖɚŮəŰɟɧŭɘŬ 

ɀŮ ɓɎůɖ Űɘɠ Űɘɛɏɠ ɛŮ ŰŬ ɜɏŬ ɖɚŮəŰɟɧŭɘŬ, ŬűŬɘɟɏɗɖəŮ ɛɘŬ ůŰɎɗɛɖ 416 mV Ŭˊɧ 

ɧɚŮɠ Űɘɠ Űɘɛɏɠ Űɞɡ ɛŮŰɟɖɛɏɜɞɡ ɛŮ ŰŬ ˊŬɚŬɘɎ ɖɚŮəŰɟɧŭɘŬ ˊɟɞűɑɚ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ˊŬɟɞɡůɘɎůɞɡɜ ˊŬɟɧɛɞɘŮɠ ŮɘəɧɜŮɠ (ɆɢɐɛŬ 4.14) 

 

ɆɢɐɛŬ 4.14 ɆɡɜŭɡŬůŰɘəɐ ŮɘəɧɜŬ Űɞɡ 1ɞɡ ˊɟɞűɑɚ ɛŮŰɎ Űɖɜ ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ ˊŬɚŬɘɩɜ ɛŮŰɟɐůŮɤɜ 

ȼ ůŰɎɗɛɖ Űɤɜ 416 mV ŬűŬɘɟɏɗɖəŮ, ůŰɖ ůɡɜɏɢŮɘŬ, Ŭˊɧ ɧɚŬ ŰŬ ˊɟɞűɑɚ ˊɞɡ 

ɛŮŰɟɐɗɖəŬɜ ɛŮ ŰŬ ˊŬɚŬɘɎ ɛɖ ˊɞɚɞɨɛŮɜŬ ɖɚŮəŰɟɧŭɘŬ, əŬɘ ŮɑɜŬɘ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ 

ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůŮ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ. Ⱥˊɘˊɚɏɞɜ, ůŮ Ů́ɟɘɞɢɏɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ əŬɘ ɛŮ ŰŬ ŭɨɞ ůŮŰ ɖɚŮəŰɟɞŭɑɤɜ, ɖ ŮɟɛɖɜŮɑŬ ɗŬ ɔɑɜŮɘ ɛŮ 

ɓɎůɖ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɤɜ ɜɏɤɜ ɖɚŮəŰɟɞŭɑɤɜ, əŬɗɩɠ ɗŮɤɟɐɗɖəŬɜ ˊŮɟɘůůɧŰŮɟɞ 

ŬɝɘɧˊɘůŰŮɠ. 

 

4.2.3 ɀɞɜŰŮɚɞˊɞɑɖůɖ ŭŮŭɞɛɏɜɤɜ 

 

ɆɡɜɗŮŰɘəɎ ŭŮŭɞɛɏɜŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əŬɘ ɔɘŬ Űɖɜ ɛɏɗɞŭɞ Űɞɡ űɡůɘəɞɨ 

ŭɡɜŬɛɘəɞɨ, ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ SPINV (Cooper, 1997). ɆŮ ŬɡŰɧ, ŭɘŬɓɎɕɞɜŰŬɘ 

ŰŬ ́ɟŬɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ Ŭˊɧ əŬŰɎɚɚɖɚŬ ŭɘŬɛɞɟűɤɛɏɜɞ ŬɟɢŮɑɞ, ŮˊɘɚɏɔŮŰŬɘ Űɞ Ůɑŭɞɠ 

Űɞɡ ůŰɧɢɞɡ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ Űɖɜ ŬɜɤɛŬɚɑŬ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ɛŮŰŬɝɨ ŰŮůůɎɟɤɜ 
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Ůˊɘɚɞɔɩɜ ɔŮɤɛŮŰɟɑŬɠ (ůűŬɑɟŬɠ, əɡɚɑɜŭɟɞɡ, Ůˊɘˊɏŭɞɡ əŬɘ ɟɎɓŭɞɡ), əŬɘ ɛˊɞɟɞɨɜ ɜŬ 

ŮɘůŬɢɗɞɨɜ Ůˊɑůɖɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŬɜɤɛŬɚɑŬɠ, Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ 

ůŰɧɢɞɡ Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɞɡ ˊɟɞűɑɚ əŬɘ Űɞɡ ɓɎɗɞɡɠ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ɞ ůŰɧɢɞɠ, ɛŮŰŬɝɨ 

Ɏɚɚɤɜ (ɆɢɐɛŬ 4.15). 

 

ɆɢɐɛŬ 4.15 ɄŮɟɘɓɎɚɚɞɜ ɚɞɔɘůɛɘəɞɨ SPinv 

ɆŰɖ ůɡɜɏɢŮɘŬ, ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɗŬ ɚɎɓɞɡɜ ɛɏɟɞɠ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ 

Űɖɠ ŬɜŰɘůŰɟɞűɐɠ, əŬɗɩɠ əŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ɔɘŬ Űɖɜ ŬɜŰɘůŰɟɞűɐ. ɀŮ Űɖɜ 

Ůəəɑɜɖůɖ Űɖɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎɛŮŰɟɞɘ əŬɘ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ɛɞɜŰɏɚɞ Űɞ ɞˊɞɑɞ ˊɟɞůɞɛɞɘɎɕŮɘ ɛŮ Űɞɜ əŬɚɨŰŮɟɞ Űɟɧˊɞ ŰŬ ŬɟɢɘəɎ 

ŭŮŭɞɛɏɜŬ. 
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4.3 VLF 
 

ɄŬɟŬəɎŰɤ ŬɜŬɚɨɞɜŰŬɘ ŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ɚɐɣɖ, Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ əŬɘ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ɛŮɗɧŭɞɡ Űɞɡ 

VLF. 

 

4.3.1 ȿɐɣɖ ŭŮŭɞɛɏɜɤɜ 

 

ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ VLF ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɧɟɔŬɜɞ Wadi 

Űɖɠ ŮŰŬɘɟŮɑŬɠ ABEM Instruments (ɆɢɐɛŬ 4.16), əŬɗɩɠ əŬɘ GPS ɢŮɘɟɧɠ Űɖɠ ŮŰŬɘɟŮɑŬɠ 

Garmin ɔɘŬ Űɖɜ ˊŬɟɎɚɚɖɚɖ ŬˊɞŰɨˊɤůɖ Űɖɠ ɗɏůɖɠ ůŮ əɎɗŮ ɛɏŰɟɖůɖ. 

 

ɆɢɐɛŬ 4.16 ȳɟɔŬɜɞ VLF Wadi Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ ABEM Instruments 

 

4.3.2 ȺˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ 

 

ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ SECTOR 

(ABEM, 1989), ůŰɞ ɞˊɞɑɞ ŮɘůɐɢɗɖůŬɜ ůŮ əŬŰɎɚɚɖɚɖ ɛɞɟűɐ ŬɟɢŮɑɞɡ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ůŰŬɗɛɞɨ-ˊɞɛˊɞɨ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ əɨɛŬŰɞɠ, Űɖɠ ŬˊɧůŰŬůɖɠ Űɖɠ əɎɗŮ ɛɏŰɟɖůɖɠ 

Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɞɡ ˊɟɞűɑɚ, əŬɗɩɠ əŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ əŬɘ űŬɜŰŬůŰɘəɐɠ 

ůɡɜɘůŰɩůŬɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, Űɞ ɚɞɔɘůɛɘəɧ ɏŭɤůŮ Űɖɜ 

ɘəŬɜɧŰɖŰŬ ŬˊɞŰɨˊɤůɖɠ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ, Űɤɜ űɘɚŰɟŬɟɘůɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ, 

əŬɗɩɠ əŬɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ Űɞɛɩɜ Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɞɡ ɟŮɨɛŬŰɞɠ ůŮ əɎɗŮ ˊɟɞűɑɚ 

(ɆɢɐɛŬ 4.17).  
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ɆɢɐɛŬ 4.17 ɄŬɟɎŭŮɘɔɛŬ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ (Ŭ), űɘɚŰɟŬɟɘůɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ (ɓ) əŬɘ ˊɟɞűɑɚ ˊɡəɜɧŰɖŰŬɠ 

ɟŮɨɛŬŰɞɠ (ɔ) ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ SECTOR 

ɇɞ űɘɚŰɟɎɟɘůɛŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ 

ŭɘŬűɞɟɘəɞɨ űɑɚŰɟɞɡ Fraser (Fraser, 1969), Űɞ ɞˊɞɑɞ ɛŮŰŬŰɟɏˊŮɘ Űɖ ŭɘˊɞɚɘəɐ ɛɞɟűɐ Űɤɜ 

ŬɜɤɛŬɚɘɩɜ ůŮ ɛɞɜɞˊɞɚɘəɐ əŬɘ ɏɢŮɘ Űɖɜ ˊŬɟŬəɎŰɤ ɛɞɟűɐ (Telford et al., 1990): 

 Ὢȟ  ὓ ὓ  ὓ ὓ  (31) 

To ˊɟɞűɑɚ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ɟŮɨɛŬŰɞɠ, ŬɜŰɑůŰɞɘɢŬ, ŮɑɜŬɘ ɛɑŬ ˊɘɞ ɔŮɜɘəŮɡɛɏɜɖ əŬɘ 

ŮɜŭŮɚŮɢɐɠ ɛɞɟűɐ Űɞɡ űɑɚŰɟɞɡ Fraser (Ogilvy & Lee, 1991), ɧˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɠ ɏɜŬ 

ŭɘŬəɟɘŰɧ űɑɚŰɟɞ ůŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ůɡɜɘůŰɩůŬɠ Űɞɡ VLF ŬˊɞəŰɩɜŰŬɘ ɞɘ 

ˊɡəɜɧŰɖŰŮɠ ɟŮɨɛŬŰɞɠ ůŮ ůŰŬɗŮɟɎ ɓɎɗɖ ˊɞɡ ɗŬ ˊɟɞəŬɚɞɨůŮ ɏɜŬ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ɑůɞ 

ɛŮ Űɖɜ ɛɏŰɟɖůɖ. ɇɞ ůɡɛɛŮŰɟɘəɧ ŬɡŰɧ űɑɚŰɟɞ ůɢŮŭɘɎůŰɖəŮ əŬɘ ŮűŬɟɛɧůŰɖəŮ ˊɟɩŰŬ Ŭˊɧ 

Űɞɡɠ Karous & Hjelt (1983) əŬɘ ɏɢŮɘ Űɖɜ ɛɞɟűɐ: 

 

ῳᾀ

ς“
Ὅπ πȢρπςὌ πȢπυωὌ πȢυφρὌ  

πȢυφρὌ πȢπυωὌ πȢρπςὌ  

(32) 

ɧˊɞɡ ) ɖ űŬɘɜɧɛŮɜɖ Űɘɛɐ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ɟŮɨɛŬŰɞɠ əŬɘ )π ) )  

ῷ ȟῷ  é ῷ  ŰŬ ɛŮŰɟɖɛɏɜŬ ŭŮŭɞɛɏɜŬ ůŮ ŭɘŬŭɞɢɘəɞɨɠ ůŰŬɗɛɞɨɠ 
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ȹx ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ŭɘŬŭɞɢɘəɩɜ ůɖɛŮɑɤɜ 

ȹz ŰŬ ɓɎɗɖ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

 

4.3.3 ȷɜŰɘůŰɟɞűɐ ŭŮŭɞɛɏɜɤɜ 

 

ũɘŬ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ VLF ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ 

Inv2DVLF (Santos et al., 2006), Űɞ ɞˊɞɑɞ ɚɨɜŮɘ Űɞ Ůɡɗɨ ˊɟɧɓɚɖɛŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɤɜ 

ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. ɇɞ ɚɞɔɘůɛɘəɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɑŬ ůɨɜɗŮŰɖ ˊɞůɧŰɖŰŬ, 

ɏɜŬɜ ŰŬɜɡůŰɐ ůŰɖɜ ɞɡůɑŬ, ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɟŬɔɛŬŰɘəɐ əŬɘ űŬɜŰŬůŰɘəɐ 

ůɡɜɘůŰɩůŬ, əŬɘ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ůŮ ɛɑŬ ŭŮŭɞɛɏɜɖ ůɡɢɜɧŰɖŰŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ 

ɢɟɞɜɘəɐ əŬɗɡůŰɏɟɖůɖ ɛŮŰŬɝɨ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ əŬɘ əŬŰŬəɧɟɡűɤɜ ˊŮŭɑɤɜ ŮɝŬɘŰɑŬɠ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŮˊŬɔɤɔɐɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɛɏɟɞɠ ůŰɞ ɡˊɏŭŬűɞɠ. 

ȾŬɗɩɠ ŰŬ ɧɟɔŬɜŬ VLF ɛŮŰɟɞɨɜ Űɖɜ ɞɟɘɕɧɜŰɘŬ (( ) əŬɘ Űɖɜ əŬŰŬəɧɟɡűɖ (() 

ůɡɜɘůŰɩůŬ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ůŮ əɎɗŮ ɗɏůɖ ɛɏŰɟɖůɖɠ, ɞ ɓŬɗɛɤŰɧɠ ŬɡŰɧɠ 

ŰŬɜɡůŰɐɠ (ɛ) ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 Ὄ  ` Ὄ  (33) 

Ůɜɩ ɖ ˊɟŬɔɛŬŰɘəɐ əŬɘ űŬɜŰŬůŰɘəɐ ůɡɜɘůŰɩůŬ Űɞɡ ŮəűɟɎɕɞɜŰŬɘ ůɡɜɐɗɤɠ ɤɠ ˊɞůɞůŰɎ. 

ɇɞ ɚɞɔɘůɛɘəɧ ɢɟɖůɘɛɞˊɞɘŮɑ ˊŮɟɘɓɎɚɚɞɜ DOS (disk operating system), Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ɢɤɟɘůɛɏɜɞ ůŮ ŭɨɞ űɎůŮɘɠ. ɆŰɖɜ ˊɟɩŰɖ ŭɑŭɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ 

ˊɞɛˊɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ, Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ɛŮŰɟɐůŮɤɜ, Űɖɠ ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ 

əɎɗŮ ɛɏŰɟɖůɖɠ əŬɗɩɠ əŬɘ Űɤɜ Űɘɛɩɜ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ əŬɘ űŬɜŰŬůŰɘəɐɠ ůɡɜɘůŰɩůŬɠ ůŮ 

əŬŰɎɚɚɖɚŬ ŭɘŬɛɞɟűɤɛɏɜɞ ŬɟɢŮɑɞ, ŰŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ŰɞˊɞɔɟŬűɑŬ ůŮ əɎɗŮ ɗɏůɖ əŬɗɩɠ 

əŬɘ ɛɑŬ Űɘɛɐ ɖɛɘɢɩɟɞɡ ůŮ Ohm.m (ɆɢɐɛŬ 4.18), ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ 

ŬɟɢŮɑɞ ɛŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ɛɞɜŰɏɚɞɡ ůɨɛűɤɜŬ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŭɧɗɖəŬɜ, Űɞ 

ɞˊɞɑɞ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ ŬɜŰɘůŰɟɞűɐ. 

 

ɆɢɐɛŬ 4.18 ɄŬɟŬɛŮŰɟɞˊɞɑɖůɖ ɛɞɜŰɏɚɞɡ ɔɘŬ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ VLF 
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ɆŰɖ ŭŮɨŰŮɟɖ űɎůɖ, ŮɘůɎɔŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ˊɞɡ ɗŬ ɚɎɓɞɡɜ ɛɏɟɞɠ 

ůŰɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŬɜŰɘůŰɟɞűɐɠ, ɖ Űɘɛɐ Űɞɡ ˊɞɚɚŬˊɚŬůɘŬůŰɐ Lagrange əŬɗɩɠ əŬɘ Űɞ 

ɧɜɞɛŬ Űɞɡ ŰŮɚɘəɞɨ ŬɟɢŮɑɞɡ ˊɞɡ ɗŬ ŮɝŬɢɗŮɑ (ɆɢɐɛŬ 4.19), ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɝŮəɘɜɐůŮɘ 

ɖ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ. 

 

ɆɢɐɛŬ 4.19 ȷɜŰɘůŰɟɞűɐ ŭŮŭɞɛɏɜɤɜ VLF ɛŮ Űɞ ɚɞɔɘůɛɘəɧ Inv2DVLF 

ɇɏɚɞɠ, Űɞ ŰŮɚɘəɧ ŬɟɢŮɑɞ ŮɘůɎɔŮŰŬɘ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ůɢŮŭɘŬůŰɘəɧ ˊɟɧɔɟŬɛɛŬ, əŬɘ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ŬɜŰɘůŰɎůŮɤɜ ɛŮ Űɞ ɓɎɗɞɠ (ɆɢɐɛŬ 4.20), ɧˊɞɡ ɛŮ ɣɡɢɟɎ 

ɢɟɩɛŬŰŬ ŮˊɘůɖɛŬɑɜɞɜŰŬɘ ˊŮɟɘɞɢɏɠ ɛŮ ɛɘəɟɧŰŮɟŮɠ ŬɜŰɘůŰɎůŮɘɠ əŬɘ ɛŮ ɗŮɟɛɎ ɢɟɩɛŬŰŬ 

ˊŮɟɘɞɢɏɠ ɛŮ ɣɖɚɧŰŮɟŮɠ ŬɜŰɘůŰɎůŮɘɠ Ŭˊɧ Űɖɜ Űɘɛɐ Űɞɡ ɖɛɘɢɩɟɞɡ (ɚŮɡəɧ ɢɟɩɛŬ) ˊɞɡ 

ɞɟɑůŰɖəŮ ůŰɖɜ ˊɟɩŰɖ űɎůɖ. 

 

ɆɢɐɛŬ 4.20 ɀɞɜŰɏɚɞ ɖɚŮəŰɟɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ VLF 
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4.3.4 ɀɞɜŰŮɚɞˊɞɑɖůɖ ŭŮŭɞɛɏɜɤɜ 

 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɡɜɗŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ VLF ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ 

VLFMOD (Edsen & Nissen, 1997). ɆŮ ŬɡŰɧ, ŭɘŬɓɎɕɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ əŬŰɎɚɚɖɚŬ 

ŭɘŬɛɞɟűɤɛɏɜŬ ŬɟɢŮɑŬ, Ůɜɩ ɛˊɞɟɞɨɜ ɜŬ ŮɘůŬɢɗɞɨɜ Ůˊɑůɖɠ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ŰɞˊɞɔɟŬűɑŬ 

əŬɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ŭɘɞɟɗɩůŮɘɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ɓɎůɖ ŬɡŰɐɜ, əŬɗɩɠ əŬɘ ɜŬ 

ŭɘŬɓŬůŰɞɨɜ Ŭˊɧ ŬɟɢŮɑɞ ɐ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɛɏůŬ ůŰɞ ɚɞɔɘůɛɘəɧ ɛɞɜŰɏɚŬ ɖɚŮəŰɟɘəɩɜ 

ŬɜŰɘůŰɎůŮɤɜ ɤɠ əŮɚɘɎ ɛŮ əɡɓɘəɐ ɔŮɤɛŮŰɟɑŬ (ɆɢɐɛŬ 4.21). 

 

ɆɢɐɛŬ 4.21 ɄŮɟɘɓɎɚɚɞɜ ɚɞɔɘůɛɘəɞɨ VLFMOD 

ɀŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ, ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůɨɔəɟɘůɖ Űɖɠ űɘɚŰɟŬɟɘůɛɏɜɖɠ, 

ˊɟŬɔɛŬŰɘəɐɠ ůɡɜɘůŰɩůŬɠ ˊɞɡ ɗŬ ɛŮŰɟɞɨɜŰŬɜ ˊɎɜɤ Ŭˊɧ ˊŮɟɘɞɢɐ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ɖɚŮəŰɟɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ Űɞɡ ɛɞɜŰɏɚɞɡ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ űɘɚŰɟŬɟɘůɛɏɜɖ əŬɛˊɨɚɖ Űɖɠ 

ˊɟŬɔɛŬŰɘəɐɠ ůɡɜɘůŰɩůŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ůŰɞ ɨˊŬɘɗɟɞ (ɆɢɐɛŬ 4.22). 

 

ɆɢɐɛŬ 4.22 Ɇɨɔəɟɘůɖ ůɡɜɗŮŰɘəɐɠ ɛŮ ɛŮŰɟɖɛɏɜɖ əŬɛˊɨɚɖ ˊɟŬɔɛŬŰɘəɐɠ ůɡɜɘůŰɩůŬɠ ůŰɞ VLFMOD 
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ȾȺūȷȿȷȽɃ 5ɞ 

 

5 ȷˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŮɟɛɖɜŮɑŬ ŭŮŭɞɛɏɜɤɜ 
 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɛŮŰɎ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ, ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ, 

űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ əŬɘ Űɖɠ ɛŮɗɧŭɞɡ VLF ůŮ ɧɚŮɠ Űɘɠ ɛŮŰɟɖɗɏɜŰŮɠ ˊŮɟɘɞɢɏɠ. Ⱥˊɘˊɚɏɞɜ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊɟɧůɗŮŰŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ əɎɗŮ ˊŮɟɘɞɢɐ ɛɏŰɟɖůɖɠ, ɧˊɤɠ ŮɑɜŬɘ ɖ 

ɔŮɤɚɞɔɑŬ əŬɗɩɠ əŬɘ ůŰɞɘɢŮɑŬ ɔŮɤŰɟɐůŮɤɜ, ɧˊɞɡ ŬɡŰɎ ɡˊɎɟɢɞɡɜ. 

ȰɜŬɠ ůɡɜɞˊŰɘəɧɠ ˊɑɜŬəŬɠ ɧɚɤɜ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ ɏɚŬɓŬɜ ɛɏɟɞɠ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ˊŮɟɘɞɢɏɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ (ɄɑɜŬəŬɠ 8), Ůɜɩ ˊŬɟɞɡůɘɎɕŮŰŬɘ Ůˊɘˊɚɏɞɜ ɞ ɢɎɟŰɖɠ 

Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ (Ƚ.ũ.ɀ.Ⱥ., 1978) ɛŮ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɟɞűɑɚ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ, Űɤɜ 

ɗɏůŮɤɜ Űɤɜ ɔŮɤŰɟɐůŮɤɜ əŬɗɩɠ əŬɘ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ŮɛűŬɜɑůŮɤɜ ɛŮŰŬɚɚɞűɞɟɑŬɠ ˊɞɡ 

ˊɟɞɏəɡɣŮ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜŮɠ ɏɟŮɡɜŮɠ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ ůŰɖɜ ˊŮɟɘɞɢɐ. 

ɄŮɟɘɞɢɐ 

Ⱥɘŭɘəɐ 

ȼɚŮəŰɟɘəɐ 

ȷɜŰɑůŰŬůɖ 

ȺˊŬɔɧɛŮɜɖ 

Ʉɧɚɤůɖ 

ūɡůɘəɧ ȹɡɜŬɛɘəɧ 

(ɄŬɚŬɘɎ ȼɚŮəŰɟɧŭɘŬ) 

ūɡůɘəɧ ȹɡɜŬɛɘəɧ 

(ɁɏŬ ȼɚŮəŰɟɧŭɘŬ) 
VLF 

01 Ṋ Ṋ Ṋ Ṋ Ṋ 

02 Ṍ Ṍ Ṋ Ṋ Ṋ 

03 Ṍ Ṍ Ṋ Ṋ Ṋ 

04 Ṍ Ṍ Ṋ Ṋ Ṋ 

05 Ṍ Ṍ Ṋ Ṋ Ṋ 

06 Ṍ Ṍ Ṋ Ṋ Ṋ 

07 Ṍ Ṍ Ṋ Ṋ Ṋ 

08 Ṍ Ṍ Ṋ Ṋ Ṋ 

09 Ṋ Ṋ Ṋ Ṋ Ṋ 

10 Ṋ Ṋ Ṋ Ṋ Ṋ 

11 Ṋ Ṋ Ṋ Ṍ Ṍ 

12 Ṋ Ṋ Ṋ Ṋ Ṋ 

13 Ṋ Ṋ Ṋ Ṍ Ṍ 

14 Ṋ Ṋ Ṋ Ṋ Ṋ 

15 Ṋ Ṋ Ṋ Ṋ Ṋ 

16a Ṍ Ṍ Ṋ Ṍ Ṍ 

16b Ṍ Ṍ Ṋ Ṍ Ṋ 

19 Ṍ Ṍ Ṍ Ṋ Ṋ 

20 Ṍ Ṍ Ṍ Ṋ Ṋ 

21 Ṋ Ṋ Ṍ Ṋ Ṋ 

ɄɑɜŬəŬɠ 8 ɄɑɜŬəŬɠ ůɡɜɞɚɘəɩɜ ɛŮŰɟɐůŮɤɜ ůŰɘɠ ŬɜŰɑůŰɞɘɢŬ ɛŮŰɟɖɗɏɜŰŮɠ ˊŮɟɘɞɢɏɠ 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ȾȺūȷȿȷȽɃ 5  ȷɄɃɇȺȿȺɆɀȷɇȷ & ȺɅɀȼɁȺȽȷ ȹȺȹɃɀȺɁɋɁ 

64 

 

ɉɎɟŰɖɠ əŬɘ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ 

ȼ ŰŮɚɘəɐ ŮɟɛɖɜŮɑŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŮɟɛɖɜŮɑŬɠ əɎɗŮ ɔŮɤűɡůɘəɐɠ 

ɛŮɗɧŭɞɡ ˊɞɡ ŮűŬɟɛɧůŰɖəŮ ůŰɖɜ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐ, Űɖɠ ɔŮɤɚɞɔɑŬɠ ůŮ ŬɡŰɐɜ, əŬɗɩɠ əŬɘ 

Űɤɜ ůŰɞɘɢŮɑɤɜ Ŭˊɧ Űɘɠ ɔŮɤŰɟɐůŮɘɠ, ɧˊɞɡ ŬɡŰɎ ɡˊɎɟɢɞɡɜ. 
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5.1 ɄŮɟɘɞɢɐ 1ɖ 
 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɧˊɤɠ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɞɜ 

ɢɎɟŰɖ Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ ũŮɤɚɞɔɘəɩɜ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ (Ƚ.ũ.ɀ.Ⱥ., 1978), 

ɧˊɞɡ ɏɢɞɡɜ ŮɘůŬɢɗŮɑ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ŭɞɛɐ Űɤɜ ˊɟɞűɑɚ, Űɖɠ ɗɏůɖɠ Űɖɠ ɔŮɩŰɟɖůɖɠ, 

əŬɗɩɠ əŬɘ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ŮɛűŬɜɑůŮɤɜ ɛŮŰŬɚɚɞűɞɟɑŬɠ, ůɨɛűɤɜŬ ɛŮ ˊɟɞɖɔɞɨɛŮɜŮɠ 

ɛŮɚɏŰŮɠ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ. 

 

ɆɢɐɛŬ 5.1 ȹɞɛɐ əŬɘ ɔŮɤɚɞɔɑŬ Űɖɠ 1ɖɠ ˊŮɟɘɞɢɐɠ 

ɇɞ ˊɟɞűɑɚ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ ɏɢŮɘ űɞɟɎ Ŭˊɧ ȸɞɟɟɎ ˊɟɞɠ ɁɧŰɞ, Ůɜɩ ŰŬ 

ˊɟɞűɑɚ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ əŬɘ Űɞɡ VLF ɏɢɞɡɜ ŬɜŰɑɗŮŰɖ űɞɟɎ, ɛŮ ŭɘŮɨɗɡɜůɖ ˊɟɞɠ 

Űɞɜ ȸɞɟɟɎ. Ƀɘ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ŮɑɜŬɘ ɞɘ əɟɞəɎɚŮɠ əŬɘ ɞɘ Ɏɛɛɞɘ ůŰɞ ɁɧŰɞ, 

ˊɞɡ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞɜ ŭɘɛŬɟɛŬɟɡɔɘŬəɧ ɔɜŮɨůɘɞ ůŰɞ ȸɞɟɟɎ, Ůɜɩ ůŰɞ Űɏɚɞɠ Űɤɜ 

ɞŭŮɨůŮɤɜ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ əŬɘ VLF, ůɡɜŬɜŰɎŰŬɘ Űɞ ůɘŭɖɟɞɨɜ ŮˊɘəɎɚɡɛɛŬ. 

ɆŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ ɛŮŰɟɐůŮɘɠ ɛŮ ɖɚŮəŰɟɘəɏɠ ŰɞɛɞɔɟŬűɑŮɠ ɡˊɎɟɢŮɘ 

Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɑŬ ɛɏůɤ ɔŮɤɚɞɔɘəɞɨ ɢɎɟŰɖ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ ŭŮŭɞɛɏɜŬ 

ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ ˊɟɞɖɔɞɨɛŮɜɤɜ ŮɟŮɡɜɩɜ, ůŮ əɚɑɛŬəŬ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŬɡŰɐ 

Űɞɡ ɢɎɟŰɖ Űɞɡ Ƚ.ũ.ɀ.Ⱥ.. ȰɜŬɠ ŰɏŰɞɘɞɠ ɢɎɟŰɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.2, ɞ ɞˊɞɑɞɠ 

ŭɑɜŮɘ ŬɜŰɑůŰɞɘɢŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ŭɞɛɐ Űɤɜ ˊɟɞűɑɚ ůŰɞɜ ɢɩɟɞ, əŬɗɩɠ əŬɘ Űɞɡɠ 

ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ɛŮɚŮŰɎŰŬɘ. 

ɇŬ ˊɟɞűɑɚ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮ Űɖɜ ɑŭɘŬ űɞɟɎ ɧˊɤɠ ůŰɞɜ ˊɟɞɖɔɞɨɛŮɜɞ ɢɎɟŰɖ, ɛŮ 

Űɞɜ ůɢɖɛŬŰɘůɛɧ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ ɁɧŰɞ ɜŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɓɘɞŰɘŰɘəɧɠ-

ŬɛűɘɓɞɚɘŰɘəɧɠ-ŬɜɗɟŬəɘəɧɠ ůɢɘůŰɧɚɘɗɞɠ, ůɡɜŮɢɑɕɞɜŰŬɠ ˊɘɞ ȸɧɟŮɘŬ ɡˊɎɟɢŮɘ ɛɑŬ 

ŭɘŬɓɟɤɛɏɜɖ ɕɩɜɖ ŬɡŰɞɨ Űɞɡ ůɢɘůŰɞɚɑɗɞɡ ɚɧɔɤ Űɖɠ ŭɟɎůɖɠ Űɞɡ ɟɐɔɛŬŰɞɠ Űɞɡ 

ɆŰɟŬŰɤɜɑɞɡ, Ůɜɩ ůŰɞ ȸɞɟŮɘɧŰŮɟɞ əɞɛɛɎŰɘ ůŰɞ Űɏɚɞɠ Űɤɜ ɛŮŰɟɐůŮɤɜ űɡůɘəɞɨ 

ŭɡɜŬɛɘəɞɨ əŬɘ VLF ůɡɜŬɜŰɎŰŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɞɡ ɔɜŮɡůɑɞɡ, ɞ ɞˊɞɑɞɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ 

ɤɠ ɢŬɚŬɕɘŬəɧɠ-ŬůŰɟɘɞɨɢɞɠ-ɛɞůɢɞɓɘŰɘəɧɠ. 
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ɆɢɐɛŬ 5.2 ũŮɤɚɞɔɑŬ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ ɔɘŬ Űɖɜ 1ɖ ˊŮɟɘɞɢɐ 

ȼ ɔŮɩŰɟɖůɖ, ůŰɖɜ ɗɏůɖ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞɜ ɢɎɟŰɖ, ŭɑɜŮɘ ůŰɞɘɢŮɑŬ ɔɘŬ ɛɑŬ 

ŮˊɘűŬɜŮɘŬəɐ ŭɘŬɓɟɤɛɏɜɖ ɕɩɜɖ ɏɤɠ Űɞ ɓɎɗɞɠ Űɤɜ 30 ˊŮɟɑˊɞɡ ɛɏŰɟɤɜ, ůŰŬ ŮˊɧɛŮɜŬ 20 

ˊŮɟɑˊɞɡ ɛɏŰɟŬ ůɡɜŬɜŰɎŰŬɘ ůɢɘůŰɧɚɘɗɞɠ ˊɞɡ ɏɢŮɘ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ŬɛűɘɓɞɚɘŰɘəɧɠ-

ɓɘɞŰɘŰɘəɧɠ-ŬɜɗɟŬəɘəɧɠ, Ůɜɩ ɓŬɗɨŰŮɟŬ, əɎŰɤ Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 50 ɛɏŰɟɤɜ, ůɡɜŬɜŰɎŰŬɘ 

ɞ ůɢɖɛŬŰɘůɛɧɠ Űɤɜ ŬɛűɘɓɞɚɘŰɩɜ ˊɞɡ ˊŮɟɘɏɢŮɘ ŬɜɗɟŬəɘəɏɠ űɚɏɓŮɠ ɛŮ ŬůɓŮůŰɑŰɖ 

(#Á#/) əŬɘ ɟɞŭɞɢɟɤůɑŰɖ (-Î#/) ɏɤɠ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ ˊɞɡ ɛŮɚŮŰɎŰŬɘ Ŭˊɧ Űɘɠ 

ɔŮɤűɡůɘəɏɠ ɛŮɗɧŭɞɡɠ (φͯυÍ). 

 

5.1.1 ȼɚŮəŰɟɘəɐ ɇɞɛɞɔɟŬűɑŬ 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŬɜŰɘůŰɟɞűɐ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ (Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ əŬɘ Űɖɠ 

ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ ŬɜŰɑůŰɞɘɢŬ) ɛŮ ɓɎůɖ Űɖ ɗɏůɖ Űɞɡɠ ůŰɞ ɢɩɟɞ (ɆɢɐɛŬ 5.1), 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.3. 

ɇɞ ɛɞɜŰɏɚɞ Űɤɜ ŬɜŰɘůŰɎůŮɤɜ ɏɟɢŮŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ Űɞ ɔŮɤɚɞɔɘəɧ ɛɞɜŰɏɚɞ, 

əŬɗɩɠ ůŰŬ ˊɟɩŰŬ ɛɏŰɟŬ (π ρππÍ) ůɡɜŬɜŰɎŰŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɞɡ ŭɘɛŬɟɛŬɟɡɔɘŬəɞɨ 

ɔɜŮɨůɘɞɡ ɞ ɞˊɞɑɞɠ ŮɛűŬɜɑɕŮɘ ɛŮɔɎɚŮɠ ŬɜŰɘůŰɎůŮɘɠ ( τππ /ÈÍȢÍ) ůŮ ůɢɏůɖ ɛŮ ŬɡŰɏɠ 

Űɞɡ ɡˊɧɚɞɘˊɞɡ ɛɞɜŰɏɚɞɡ, Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ɞɘ ŬɜŰɘůŰɎůŮɘɠ ɛŮɘɩɜɞɜŰŬɘ, əŬɗɩɠ 

ůɡɜŬɜŰɎŰŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɤɜ əɟɞəŬɚɩɜ əŬɘ Űɤɜ Ɏɛɛɤɜ. 
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ɆɢɐɛŬ 5.3 ɀɞɜŰɏɚɞ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ (Ŭ) əŬɘ ŮˊŬɔɧɛŮɜɖɠ ˊɧɚɤůɖɠ (ɓ) ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 1 

ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ ɖ ˊŮɟɘɞɢɐ ůŰɞ əɏɜŰɟɞ Űɤɜ ɛɞɜŰɏɚɤɜ, ɛŮ ˊɞɚɨ 

ɢŬɛɖɚɏɠ ŬɜŰɘůŰɎůŮɘɠ ( τπ /ÈÍȢÍ) əŬɘ ɡɣɖɚɐ űɞɟŰɘůŰɘəɧŰɖŰŬ ( φπ Í6Ⱦ6), ɖ 

ɞˊɞɑŬ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɗɏůɖ Űɖɠ ɢŬɟŰɞɔɟŬűɖɛɏɜɖɠ ɛŮŰŬɚɚɞűɧɟŬɠ ɕɩɜɖɠ. ɇɧůɞ ɖ ɗɏůɖ 

Űɖɠ ɕɩɜɖɠ, ɧůɞ əŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ŬɜŰɑůŰŬůɖɠ əŬɘ űɞɟŰɘůŰɘəɧŰɖŰŬɠ ŮɑɜŬɘ ŮɜŭŮɘəŰɘəɏɠ Űɞɡ 

Ůɑŭɞɡɠ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ, əŬɗɩɠ ůɡɜŬɜŰɩɜŰŬɘ ˊɎɜɤ ůŰɖ ɗɏůɖ Űɞɡ ɟɐɔɛŬŰɞɠ Űɞɡ 

ɆŰɟŬŰɤɜɑɞɡ, ɛŮ ɓɎůɖ Űɞɜ ɢɎɟŰɖ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ. 

 

5.1.2 ūɡůɘəɧ ȹɡɜŬɛɘəɧ 

 

Ƀɘ əŬɛˊɨɚŮɠ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ, Űɧůɞ ɔɘŬ ŰŬ ˊŬɚɘɎ ɧůɞ əŬɘ ɔɘŬ ŰŬ əŬɘɜɞɨɟɘŬ 

ɖɚŮəŰɟɧŭɘŬ, ůŰɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ɞɘ ɛŮŰɟɐůŮɘɠ ŮɑɜŬɘ əɞɘɜɏɠ (əɧəəɘɜŮɠ ˊŬɨɚŮɠ) 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.4. 

 

ɆɢɐɛŬ 5.4 ȾŬɛˊɨɚɖ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ɛŮ (Ŭ) ˊŬɚŬɘɎ əŬɘ (ɓ) ɜɏŬ ɖɚŮəŰɟɧŭɘŬ ůŰɖɜ ˊŮɟɘɞɢɐ 1 

ɀɑŬ ɛŮɔɎɚɖ ŬɟɜɖŰɘəɐ ŬɜɤɛŬɚɑŬ Űɖɠ ŰɎɝɖɠ Űɤɜ ρτπ Í6 ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ůŰɘɠ 
ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ, ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɢŬɟŰɞɔɟŬűɖɛɏɜɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ, ɔŮɔɞɜɧɠ ˊɞɡ 

ˊɟɞůŭɑŭŮɘ Ůˊɘˊɚɏɞɜ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ŮɝɎˊɚɤůɖ Űɖɠ ɕɩɜɖɠ əŬɘ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ Űɘɛɩɜ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ. 
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ɀŮ ɓɎůɖ Űɖɜ ŮɘəɧɜŬ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ɖɚŮəŰɟɘəɐ ŰɞɛɞɔɟŬűɑŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ 

ˊɤɠ ɖ ŬɜɤɛŬɚɑŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɞ űɡůɘəɧ ŭɡɜŬɛɘəɧ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ 

əɡɚɘɜŭɟɘəɧ ůŰɧɢɞ. ȰŰůɘ, ŮˊɘɚɏɔɞɜŰŬɠ ŬɡŰɧ ɤɠ ɔŮɤɛŮŰɟɘəɧ ůɢɐɛŬ əŬɘ ɔɜɤɟɑɕɞɜŰŬɠ ˊɤɠ 

ɖ ŬɜɤɛŬɚɑŬ ůɢɖɛŬŰɑɕŮŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ 100 ɛɏŰɟŬ Űɖɠ ɧŭŮɡůɖɠ, əŬɗɩɠ əŬɘ Űɞ ɓɎɗɞɠ ˊɞɡ 

ůɡɜŬɜŰɎŰŬɘ ɞ ůŰɧɢɞɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ŰŬ 20 ɛɏŰɟŬ, Űɞ ɛɞɜŰɏɚɞ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɛɏůɤ Űɞɡ 

ɚɞɔɘůɛɘəɞɨ SPINV ŮɑɜŬɘ Űɞ Ŭəɧɚɞɡɗɞ (ɆɢɐɛŬ 5.5). 

 

ɆɢɐɛŬ 5.5 ɄŬɟɎɛŮŰɟɞɘ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɖɜ ŬɜɤɛŬɚɑŬ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ˊŮɟɘɞɢɐ 1 

ȷɜŰɑůŰɞɘɢŬ, ɖ ŮɘəɧɜŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ůɡɜɗŮŰɘəɎ ŭŮŭɞɛɏɜŬ ɛŮ ŬɡŰɏɠ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ (ůɡɜŮɢɐɠ əŬɛˊɨɚɖ) ůŮ ůɢɏůɖ ɛŮ Űɖɜ əŬɛˊɨɚɖ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ (ŭɘŬəŮəɞɛɛɏɜɖ əŬɛˊɨɚɖ) ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.6. 

 

ɆɢɐɛŬ 5.6 ɆɡɜɗŮŰɘəɐ əŬɛˊɨɚɖ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɛŮŰɟɖɛɏɜɖ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 1 

ɆŮ ŬɡŰɏɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ əŬɚɐ ůɡɛűɤɜɑŬ ɛŮŰŬɝɨ Űɤɜ ůɡɜɗŮŰɘəɩɜ əŬɘ Űɤɜ 

ˊɟŬɔɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ɛŮ Űɖɜ əŬɛˊɨɚɖ Űɤɜ ůɡɜɗŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɜŬ ˊɟɞůɞɛɞɘɎɕŮɘ 

ůŮ ɘəŬɜɞˊɞɘɖŰɘəɧ ɓŬɗɛɧ Űɖɜ əŬɛˊɨɚɖ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 
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5.1.3 VLF 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ űɘɚŰɟɎɟɘůɛŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ VLF 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.7, Ůɜɩ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜŰɘůŰɟɞűɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ůŰɞ ɆɢɐɛŬ 5.8. 

 

ɆɢɐɛŬ 5.7 ɄɟɤŰɞɔŮɜɐ ŭŮŭɞɛɏɜŬ (Ŭ), űɘɚŰɟŬɟɘůɛɏɜŬ (ɓ) əŬɘ ɛɞɜŰɏɚɞ ˊɡəɜɧŰɖŰŬɠ ɟŮɨɛŬŰɞɠ (ɔ) ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 1 

ɀŮ ɓɎůɖ ŰŬ űɘɚŰɟŬɟɘůɛɏɜŬ ŭŮŭɞɛɏɜŬ, ŭɘŬəɟɑɜŮŰŬɘ ɛɑŬ ˊɞɚɨ Ŭɔɩɔɘɛɖ ɕɩɜɖ ɛŮ 

əɏɜŰɟɞ ŰŬ 100 ɛɏŰɟŬ ɖ ɞˊɞɑŬ ŭɖɚɩɜŮɘ ˊɞɚɨ Ŭɔɩɔɘɛɖ ɕɩɜɖ (Ŭɟɔɘɚɘəɐ ˊɚɐɟɤůɖ, 

ɛŮŰŬɚɚɞűɞɟɑŬ) əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ɢɤɟɘəɎ ůŰɖɜ ɢŬɟŰɞɔɟŬűɖɛɏɜɖ ɛŮŰŬɚɚɞűɞɟɑŬ. 

Ⱥˊɘˊɚɏɞɜ, ŭɘŬəɟɑɜŮŰŬɘ ɛɘŬ ŬɜɤɛŬɚɑŬ Ŭˊɧ ŰŬ 160 ɏɤɠ ŰŬ 220 ɛɏŰɟŬ, ɖ ɞˊɞɑŬ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŭɘŮɑůŭɡůɖ ůɢɖɛŬŰɘůɛɞɨ, əŬɘ ɏɟɢŮŰŬɘ ůŮ əŬɚɐ ůɡɛűɤɜɑŬ ɛŮ Űɖɜ 

ŮˊŬűɐ Űɤɜ Ɏɛɛɤɜ ɛŮ Űɞ ŭɘɛŬɟɛŬɟɡɔɘŬəɧ ɔɜŮɨůɘɞ. 

ɇɞ ɛɞɜŰɏɚɞ Űɤɜ ŬɜŰɘůŰɎůŮɤɜ ˊŬɟɞɡůɘɎɕŮɘ ɛɑŬ ˊɞɚɨ ˊɘɞ Ŭɔɩɔɘɛɖ ɕɩɜɖ Ŭˊɧ Űɖɜ 

Űɘɛɐ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ (ρπππ /ÈÍȢÍ), ůŰɞ 100ɞ ɛɏŰɟɞ Űɞɡ ˊɟɞűɑɚ əŬɘ 

ůŮ ŮɜŭŮɘəŰɘəɧ ɓɎɗɞɠ ˊŮɟɑˊɞɡ 20 ɛɏŰɟɤɜ, Ůɜɩ ˊŬɟɞɡůɘɎɕŮɘ Ůˊɑůɖɠ ˊŬɟŬˊɚɐůɘŬ ŮɘəɧɜŬ 

ɛŮ Űɞ ɛɞɜŰɏɚɞ Űɤɜ ŬɜŰɘůŰɎůŮɤɜ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŬɜŰɘůŰɟɞűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ 

ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ. 
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ɆɢɐɛŬ 5.8 ɀɞɜŰɏɚɞ ŬɜŰɘůŰɎůŮɤɜ Ŭˊɧ ŬɜŰɘůŰɟɞűɐ ŭŮŭɞɛɏɜɤɜ VLF ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 1 

ɀŮ ɓɎůɖ Űɞ ɔŮɤɖɚŮəŰɟɘəɧ ɛɞɜŰɏɚɞ Űɖɠ ˊŮɟɘɞɢɐɠ, ɧˊɤɠ ŬɡŰɧ ˊɟɞɏəɡɣŮ Ŭˊɧ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɖɠ ɖɚŮəŰɟɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ, ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ˊŬɟŬəɎŰɤ ɛɞɜŰɏɚɞ (ɆɢɐɛŬ 

5.9) ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ VLF, Űɞ ɞˊɞɑɞ ɏɟɢŮŰŬɘ ůŮ əŬɚɐ 

ůɡɛűɤɜɑŬ ɛŮ ŰŬ ˊɟŬɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ ŮɘəɧɜŬ Űɤɜ 

űɘɚŰɟŬɟɘůɛɏɜɤɜ ˊɟŬɔɛŬŰɘəɩɜ ůɡɜɘůŰɤůɩɜ ɛŮŰŬɝɨ Űɤɜ ůɡɜɗŮŰɘəɩɜ əŬɘ Űɤɜ 

ˊɟŬɔɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 

 

ɆɢɐɛŬ 5.9 ɆɡɜɗŮŰɘəɧ ɛɞɜŰɏɚɞ ŬɜŰɘůŰɎůŮɤɜ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 1 

 

5.1.4 ɆɡɜŭɡŬůŰɘəɐ ŮɟɛɖɜŮɑŬ 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬɠ ůɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ Űɤɜ ɛɏůɤɜ Űɘɛɩɜ 

ŬɜŰɑůŰŬůɖɠ, űɞɟŰɘůŰɘəɧŰɖŰŬɠ əŬɘ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ˊɞɡ ŭɖɛɘɞɨɟɔɖůŮ ɖ ɕɩɜɖ 
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ŮɜŭɘŬűɏɟɞɜŰɞɠ ůŰɖɜ ˊŮɟɘɞɢɐ (ɄɑɜŬəŬɠ 9), əŬɗɩɠ əŬɘ ɖ ůɡɜŭɡŬůŰɘəɐ ŮɘəɧɜŬ ɧɚɤɜ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ɛŮɗɧŭɤɜ ɔɘŬ Űɖɜ 1ɖ ˊŮɟɘɞɢɐ (ɆɢɐɛŬ 5.10).  

 
ȼɚŮəŰɟɘəɐ ȷɜŰɑůŰŬůɖ 

(Ohm.m) 

ūɞɟŰɘůŰɘəɧŰɖŰŬ 

(mV/V) 

ūɡůɘəɧ ȹɡɜŬɛɘəɧ 

(mV) 

ɄŮɟɘɞɢɐ 1ɖ 25 87 -113 
ɄɑɜŬəŬɠ 9 Ȳɢɜɞɠ Űɖɠ ɕɩɜɖɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ ůŰɖɜ 1ɖ ˊŮɟɘɞɢɐ 

ɆŰɞ ŰŮɚŮɡŰŬɑɞ ŭɘŬəɟɑɜɞɜŰŬɘ ɛŮ Űɖɜ ůŮɘɟɎ ŰŬ űɘɚŰɟŬɟɘůɛɏɜŬ ŭŮŭɞɛɏɜŬ VLF, Űɞ 

ɛɞɜŰɏɚɞ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ɟŮɨɛŬŰɞɠ, Űɞ ɛɞɜŰɏɚɞ ɖɚŮəŰɟɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ Ŭˊɧ Űɖɜ 

ŬɜŰɘůŰɟɞűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ VLF, Űɞ ɛɞɜŰɏɚɞ ɖɚŮəŰɟɘəɩɜ ŬɜŰɘůŰɎůŮɤɜ Ŭˊɧ Űɖɜ 

ŬɜŰɘůŰɟɞűɐ Űɤɜ ŰɞɛɞɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ, Űɞ ɛɞɜŰɏɚɞ Űɖɠ űɞɟŰɘůŰɘəɧŰɖŰŬɠ əŬɗɩɠ əŬɘ 

ɖ əŬɛˊɨɚɖ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ɗɏůɖ ˊɞɡ ɏɢɞɡɜ ŬɡŰɎ ůŰɞɜ ɢɩɟɞ. 

Ƀɘ ŮɜŭŮɑɝŮɘɠ Űɖɠ ɨˊŬɟɝɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ ŮɑɜŬɘ ɛŮɔɎɚŮɠ, əŬɗɩɠ 

ɧɚŮɠ ɞɘ ɔŮɤűɡůɘəɏɠ ɛɏɗɞŭɞɘ ˊŬɟɞɡůɘɎɕɞɡɜ ˊɞɚɨ ɘůɢɡɟɏɠ ŬɜɤɛŬɚɑŮɠ ˊɎɜɤ Ŭəɟɘɓɩɠ Ŭˊɧ 

Űɖɜ ɕɩɜɖ ˊɞɡ ɞɟɑɕŮɘ ɖ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɧůɞ Űɖ 

ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ, ɧůɞ əŬɘ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɔŮɩŰɟɖůɖɠ ɔɘŬ Űɞ Ůɑŭɞɠ Űɖɠ 

ɛŮŰŬɚɚɞűɞɟɑŬɠ (űɚɏɓŮɠ ŬůɓŮůŰɑŰɖ ɛŮ ɟɞŭɞɢɟɤůɑŰɖȚ ɛɖ ůɡɛˊŬɔɐɠ ɛŮŰŬɚɚɞűɞɟɑŬ), 

ɗŮɤɟŮɑŰŬɘ ŬˊɑɗŬɜɞ ɞɘ ɡɣɖɚɏɠ ŬɜɤɛŬɚɑŮɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ɧɚŮɠ Űɘɠ ɔŮɤűɡůɘəɏɠ 

ɛŮɗɧŭɞɡɠ ɜŬ ɞűŮɑɚɞɜŰŬɘ ɛɧɜɞ ůŰɖɜ ɨˊŬɟɝɖ Űɞɡ ɟɞŭɞɢɟɤůɑŰɖ. 

ɀɑŬ ˊɘɗŬɜɐ Ůɝɐɔɖůɖ ɔɘŬ Űɘɠ ˊɞɚɨ ɡɣɖɚɏɠ ɡˊɞɔɟŬűɏɠ Űɤɜ ɔŮɤűɡůɘəɩɜ ůŰɞ ůɖɛŮɑɞ 

ŬɡŰɧ ŮɑɜŬɘ ɖ ˊŬɟɞɡůɑŬ Űɞɡ ɔɟŬűɑŰɖ (#), ɞ ɞˊɞɑɞɠ ůɡɜŬɜŰɎŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ Űɖɠ 

ɔŮɩŰɟɖůɖɠ (ρͯυπÍ), ɏɢŮɘ ŭɖɚŬŭɐ ˊŬɟɞɡůɑŬ ůŰɖɜ ˊŮɟɘɞɢɐ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ɖ 

ɔŮɩŰɟɖůɖ ɓɟɑůəŮŰŬɘ ůŮ ŬˊɧůŰŬůɖ ˊŮɟɑˊɞɡ 50 ɛɏŰɟɤɜ Ŭˊɧ ŰŬ ɛŮŰɟɖɗɏɜŰŬ ˊɟɞűɑɚ. 

Ƀ ɔɟŬűɑŰɖɠ, ɤɠ ɞɟɡəŰɐ ˊɞɚɡɛɞɟűɘəɐ ɛɞɟűɐ Űɞɡ ɎɜɗɟŬəŬ, ŮɛűŬɜɑɕŮŰŬɘ ůŮ 

ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ əŬɘ əɡɟɑɤɠ ůŰɞɡɠ ůɢɘůŰɞɚɑɗɞɡɠ əŬɘ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ 

ˊɞɚɨ əŬɚɧɠ Ŭɔɤɔɧɠ, Ŭəɧɛɖ əŬɘ ůŮ ɛɘəɟɏɠ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ (Airo, 2015Ț Morgan, 2010), 

ŬɚɚɎ əŬɘ ɤɠ ˊɡəɜɤŰɐɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ŭɨůəɞɚɖ ɖ ŭɘɎəɟɘůɐ Űɞɡ Ŭˊɧ ɎɚɚŬ 

ɛŮŰŬɚɚɘəɎ ɞɟɡəŰɎ ˊɞɡ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɔŮɤűɡůɘəɐ ɡˊɞɔɟŬűɐ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ 

ˊŮɟɘůůɧŰŮɟŬ ůɞɡɚűɑŭɘŬ. 
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ɆɢɐɛŬ 5.10 ɆɡɜŭɡŬůŰɘəɐ ŮɘəɧɜŬ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 1 
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5.2 ɄŮɟɘɞɢɐ 2ɖ 
 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɞɛɐ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ ɏɚŬɓŬɜ ɛɏɟɞɠ ůŰɖɜ 2ɖ 

ˊŮɟɘɞɢɐ, əŬɗɩɠ əŬɘ ɖ ɔŮɤɚɞɔɑŬ ůŮ ŬɡŰɐɜ (ɆɢɐɛŬ 5.11). 

 

ɆɢɐɛŬ 5.11 ȹɞɛɐ əŬɘ ɔŮɤɚɞɔɑŬ Űɖɠ 2ɖɠ ˊŮɟɘɞɢɐɠ 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ Űɧůɞ ɛŮ ŰŬ ˊŬɚɘɎ ɧůɞ əŬɘ ɛŮ 

ŰŬ ɜɏŬ ɖɚŮəŰɟɧŭɘŬ, əŬɗɩɠ əŬɘ ɛɏŰɟɖůɖ VLF ɛŮ űɞɟɎ Ŭˊɧ Űɞ ɁɧŰɞ ˊɟɞɠ Űɞ ȸɞɟɟɎ. Ƀ 

ůɢɖɛŬŰɘůɛɧɠ ˊɞɡ əɡɟɘŬɟɢŮɑ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ɏəŰŬůɖ Űɤɜ ɞŭŮɨůŮɤɜ ŮɑɜŬɘ ŬɡŰɧɠ Űɤɜ 

əɟɞəŬɚɩɜ əŬɘ Űɤɜ Ɏɛɛɤɜ, ɛŮ Űɞɜ ŭɘɛŬɟɛŬɟɡɔɘŬəɧ ɔɜŮɨůɘɞ ɜŬ ŮɑɜŬɘ ɡˊɞəŮɑɛŮɜɞɠ. 

 

5.2.1 ūɡůɘəɧ ȹɡɜŬɛɘəɧ 

 

Ƀɘ əŬɛˊɨɚŮɠ Űɞɡ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ, Űɧůɞ ɔɘŬ ŰŬ ˊŬɚɘɎ ɧůɞ əŬɘ ɔɘŬ ŰŬ əŬɘɜɞɨɟɘŬ 

ɖɚŮəŰɟɧŭɘŬ, ůŰɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ɞɘ ɛŮŰɟɐůŮɘɠ ŮɑɜŬɘ əɞɘɜɏɠ (əɧəəɘɜŮɠ ˊŬɨɚŮɠ) 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.12.  

 

ɆɢɐɛŬ 5.12 ȾŬɛˊɨɚɖ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ ɛŮ (Ŭ) ˊŬɚŬɘɎ əŬɘ (ɓ) ɜɏŬ ɖɚŮəŰɟɧŭɘŬ ůŰɖɜ ˊŮɟɘɞɢɐ 2 
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Ƀɘ ŭɨɞ əŬɛˊɨɚŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ˊŬɟŬˊɚɐůɘŬ ŮɘəɧɜŬ, əŬɗɩɠ əŬɘ ůŰɘɠ ŭɨɞ 

ŮɛűŬɜɑɕŮŰŬɘ ɛɑŬ ɛŮɑɤůɖ Űɤɜ Űɘɛɩɜ ůŰɞ əɏɜŰɟɞ Űɖɠ ɧŭŮɡůɖɠ. ɀɑŬ ŬɜɤɛŬɚɑŬ Űɖɠ ŰɎɝɖɠ 

Űɤɜ σπ Í6 ŮɛűŬɜɑɕŮŰŬɘ ůŰɞɜ ɢɩɟɞ ɛŮŰŬɝɨ Űɞɡ 90ɞɡ əŬɘ Űɞɡ 210ɞɡ ˊŮɟɑˊɞɡ ɛɏŰɟɞɡ 

ůŰɞ ˊɟɞűɑɚ ˊɞɡ ɛŮŰɟɐɗɖəŮ ɛŮ ŰŬ ɜɏŬ ɖɚŮəŰɟɧŭɘŬ, ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ 

ɢŬɟŰɞɔɟŬűɖɛɏɜɖ ɛŮŰŬɚɚɞűɧɟŬ ˊŮɟɘɞɢɐ ůŰɞɜ ɢɎɟŰɖ. 

 

5.2.2 VLF 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ űɘɚŰɟɎɟɘůɛŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ VLF 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.13, Ůɜɩ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜŰɘůŰɟɞűɐɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ůŰɞ ɆɢɐɛŬ 5.14. 

 

ɆɢɐɛŬ 5.13 ɄɟɤŰɞɔŮɜɐ ŭŮŭɞɛɏɜŬ (Ŭ), űɘɚŰɟŬɟɘůɛɏɜŬ (ɓ) əŬɘ ɛɞɜŰɏɚɞ ˊɡəɜɧŰɖŰŬɠ ɟŮɨɛŬŰɞɠ (ɔ) ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 2 

ɀŮ ɓɎůɖ ŰŬ űɘɚŰɟŬɟɘůɛɏɜŬ ŭŮŭɞɛɏɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ Ŭɔɩɔɘɛɖ ɕɩɜɖ ůŰŬ 50 

ɛɏŰɟŬ Űɞɡ ˊɟɞűɑɚ, Ůɜɩ ůŰŬ 90 əŬɘ 210 ɛɏŰɟŬ ŮɛűŬɜɑɕɞɜŰŬɘ ŬɜɤɛŬɚɑŮɠ ˊɞɡ 

ˊŬɟŬˊɏɛˊɞɡɜ ůŮ ŮˊŬűɐ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ, ɛŮ Űɞ ŰɛɐɛŬ ŬɡŰɧ ɜŬ ɞɟɘɞɗŮŰŮɑ Űɖɜ 

ŮˊɘűŬɜŮɘŬəɐ ɢŬɟŰɞɔɟŬűɖɛɏɜɖ ɕɩɜɖ ɛŮŰŬɚɚɞűɞɟɑŬɠ. 
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