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Ʉɟɧɚɞɔɞɠ 

 

 Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎɚɡůɖ ŭɘŬɟɟɐɝŮɤɜ ůŮ 

ŬɜɗɟŬəɘəɞɨɠ ŰŬɛɘŮɡŰɐɟŮɠ Űɖɠ ŭɡŰɘəɐɠ ȺɚɚɎŭŬɠ. ȼ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ɡɣɖɚɐɠ 

ŬɜɎɚɡůɖɠ ŮˊɘŰŮɨɢɗɖəŮ ɛŮ Űɖ ɢɟɐůɖ ɛŮɗɧŭɤɜ űɤŰɞɔɟŬɛɛŮŰɟɑŬɠ əŬɘ ɛŮ ɚɞɔɘůɛɘəɎ 

ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŬɜɎɚɡůɖɠ ŭɘŬəɚɎůŮɤɜ. ȷɜŬɚɨŮŰŬɘ ɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɔŮɤɛɞɜŰɏɚɞɡ ŬɜɗɟŬəɘəɞɨ ŰŬɛɘŮɡŰɐɟŬ ɛŮ Űɖ 

ɢɟɐůɖ ɛŮɗɞŭɞɚɞɔɑŬɠ ŬɜɎɚɡůɖɠ ŭɘŬəɚɎůŮɤɜ P10 əŬɘ P21. ũŮɜɘəɎ, ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ŰŬ 

ɔŮɤɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ ˊŮŭɑɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ɛɘŬ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɞɜ 

ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ əŬɘ ŭɑɜɞɡɜ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ ŬɜŬűɞɟɘəɎ ɛŮ Űɞ ˊɞɟɩŭŮɠ əŬɘ Űɖɜ ŭɘŬˊŮɟŬŰɧŰɖŰŬ.  

 ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ 

ɗŮɟɛɏɠ ŮɡɢŬɟɘůŰɑŮɠ ůŰɞɜ Ⱥˊɑəɞɡɟɞ əŬɗɖɔɖŰɐ Űɞɡ Ⱥ.ɀ.Ʉ. ə. ȽɤɎɜɜɖ ȸŬəŬɚɎ, Űɞɡ ŰɞɛɏŬ 

ɔŮɤɚɞɔɘəɩɜ ŮˊɘůŰɖɛɩɜ Űɖɠ ůɢɞɚɐɠ ɀɖɢŬɜɘəɩɜ ɀŮŰŬɚɚŮɑɤɜ-ɀŮŰŬɚɚɞɡɟɔɩɜ, ɔɘŬ Űɖɜ 

ŬɜɎɗŮůɖ əŬɘ ŮˊɑɓɚŮɣɖ Űɖɠ ŮɟɔŬůɑŬɠ, ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ Űɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɖɠ ůɡɔɔɟŬűɐɠ Űɖɠ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ.  

 ȰɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰŬ ɛɏɚɖ Űɖɠ ŮɝŮŰŬůŰɘəɐɠ ŮˊɘŰɟɞˊɐɠ, ůŰɞɜ ȾŬɗɖɔɖŰɐ ə. 

ũŮɩɟɔɘɞ ȷˊɞůŰɞɚɧˊɞɡɚɞ əŬɘ Ⱥˊɑəɞɡɟɞ ȾŬɗɖɔɖŰɐ ə. ȸŬůɑɚŮɘɞ ũŬɔɎɜɖ, ɔɘŬ ŰŬ ŮűɧŭɘŬ 

ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŬɜ əŬɗɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ űɞɑŰɖůɐɠ ɛɞɡ ůŰɞ ŰɛɐɛŬ Űɤɜ ɀɖɢŬɜɘəɩɜ 

ɀŮŰŬɚɚŮɑɤɜ-ɀŮŰŬɚɚɞɡɟɔɩɜ Űɞɡ Ⱥ.ɀ.Ʉ. 

 ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ ɔɘŬ Űɖɜ ɖɗɘəɐ ɡˊɞůŰɐɟɘɝɖ ˊɞɡ 

ɛɞɡ ˊŬɟŮɑɢŮ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ ŬɚɚɎ əŬɘ 

ůɡɜɞɚɘəɎ əŬɗɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ˊɟɞˊŰɡɢɘŬəɩɜ ɛɞɡ ůˊɞɡŭɩɜ. 
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ɄŮɟɑɚɖɣɖ 

 

 ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɖɜ ŬɜɎɚɡůɖ ŭɘŬəɚɎůŮɤɜ 

ŬɜɗɟŬəɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ Űɖɠ ȹɡŰɘəɐɠ ȺɚɚɎŭŬɠ. Ƀɘ ŬɜɗɟŬəɘəɞɑ ŰŬɛɘŮɡŰɐɟŮɠ ɏɢɞɡɜ 

əŮɜŰɟɑůŮɘ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɖɠ ˊŮŰɟŮɚŬɥəɐɠ ɓɘɞɛɖɢŬɜɑŬɠ əŬɗɩɠ ůŮ ŬɡŰɞɨɠ ŮɛˊŮɟɘɏɢɞɜŰŬɘ 

ůɖɛŬɜŰɘəɎ ŬˊɞɗɏɛŬŰŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ.  

 ɀɑŬ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ŬɜɗɟŬəɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ ŮɑɜŬɘ 

ŮəŮɑɜɖ Űɖɠ ŬɜɎɚɡůɖɠ Űɞɡ ŭɘəŰɨɞɡ Űɤɜ ŭɘŬəɚɎůŮɩɜ Űɞɡɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɔŮɤɚɞɔɘəɎ 

ŭŮŭɞɛɏɜŬ ˊŮŭɑɞɡ. ɀŮ Űɖɜ əɚŬůɘəɐ ɛɏɗɞŭɞ ŬɜɎɚɡůɖɠ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ůŮ 

ɛɑŬ ˊɟɩŰɖ űɎůɖ ɛŮ ůəɞˊɧ ɜŬ ɚɖűɗɞɨɜ ˊɡəɜɧŰɖŰŮɠ ŭɘŬəɚɎůŮɤɜ əŬŰɎ ɛɐəɞɠ Ůɜɧɠ 

ˊɟŬɜɞɨɠ əŬɘ ɞɘ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɞůŰɎůŮɘɠ. ȼ ŬɜɎɚɡůɖ ŭɘŬəɚɎůŮɤɜ P10, ůŰɖɟɘɕɧɛŮɜɖ ůŰɞ 

ɚɞɔɘůɛɘəɧ DigiFract, ɚŬɛɓɎɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊŮŭɑɞɡ ɤɠ ůŰɞɘɢŮɑŬ Ůɘůɧŭɞɡ əŬɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɣɖűɘɞˊɞɑɖůɖɠ Űɤɜ ŭɘŬəɚɎůŮɤɜ Űɤɜ ˊɟŬɜɩɜ, ŮɝɎɔŮɘ ůŰŬŰɘůŰɘəɎ 

ůŰɞɘɢŮɑŬ, ɧˊɤɠ Űɖɜ ˊɡəɜɧŰɖŰŬ (m-1) Űɤɜ ŭɘŬəɚɎůŮɤɜ, Űɞ ɛɏůɞ ɧɟɞ Űɖɠ ŬˊɧůŰŬůɖɠ (m) 

ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ŭɘŬəɚɎůŮɤɜ ŬɚɚɎ əŬɘ Űɞ ɛɏůɞ ɧɟɞ Űɞɡ ɛɐəɞɡɠ (m) ɛɑŬɠ 

ŭɘɎəɚŬůɖɠ. ȼ ŬɜɎɚɡůɖ ŭɘŬəɚɎůŮɤɜ P21, ůŰɖɟɘɕɧɛŮɜɖ ůŰɞ ɚɞɔɘůɛɘəɧ ArcGIS ɚŬɛɓɎɜŮɘ 

Űɘɠ ɣɖűɘɞˊɞɘɖɛɏɜŮɠ ŭɘŬəɚɎůŮɘɠ ɤɠ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ əŬɘ ŮɝɎɔŮɘ ˊɡəɜɧŰɖŰŮɠ 

ŭɘŬəɚɎůŮɤɜ ŬɜɎ ŰŮŰɟŬɔɤɜɘəɧ ɛɏŰɟɞ ˊɟŬɜɞɨɠ əŬɘ ɘůŰɞɔɟɎɛɛŬŰŬ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ 

ɧŰɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɔŮɤŬɜŬűɞɟɎ Űɤɜ ŭŮŭɞɛɏɜɤɜ űɤŰɞɔɟŬɛɛŮŰɟɑŬɠ ˊɞɡ ɏɢɞɡɜ 

ɚɖűɗŮɑ ɛŬɕɑ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊŮŭɑɞɡ ɔɘŬ Űɖ ůɤůŰɐ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ˊɟŬɜɩɜ ůŰŬ 

ˊŮɟɘɓɎɚɚɞɜŰŬ Űɤɜ ɚɞɔɘůɛɘəɩɜ.  

 ɀŮ ɓɎůɖ Űɖɜ ŬɜɎɚɡůɖ, ŮɝɎɔɞɜŰŬɘ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖ űɨůɖ Űɞɡ ŭɘəŰɨɞɡ Űɤɜ 

ŭɘŬəɚɎůŮɤɜ ɔɘŬ ɞɟɑɕɞɜŰŮɠ ŬůɓŮůŰɞɚɑɗɞɡ ȼɤəŬɑɜɞɡ əŬɘ ŬůɓŮůŰɞɚɑɗɞɡ ɆŮɜɤɜɑɞɡ Űɖɠ 

ȽɧɜɘŬɠ Ȼɩɜɖɠ ůŰɖ ȹɡŰɘəɐ ȺɚɚɎŭŬ. ȷˊɞŭŮɘəɜɨŮŰŬɘ ɖ ɞɛɞɘɞɔɏɜŮɘŬ Űɞɡ 

ɚŮˊŰɞůŰɟɤɛŬŰɩŭɞɡɠ ȼɤəŬɘɜɘəɞɨ ŬůɓŮůŰɞɚɑɗɞɡ əŬɘ ɖ ŮŰŮɟɞɔɏɜŮɘŬ Űɞɡ 

ˊŬɢɡůŰɟɤɛŬŰɩŭɞɡɠ ŬůɓŮůŰɞɚɑɗɞɡ ɆŮɜɤɜɑɞɡ. ɇɏɚɞɠ, ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɖɜ ŰŬɝɘɜɧɛɖůɖ 

əŬŰɎ (Nelson, 2001) ɔɘŬ ŭɘŬəɚŬůɛɏɜɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ. . ȼ ŮɝŬɔɤɔɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ P10 

əŬɘ P21 ɛŮ Űɖɜ ɢɟɐůɖ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬɠ ɛˊɞɟŮɑ ɜŬ ůɡɜŮɘůűɏɟŮɘ ůŰɖɜ ŬɟɘɗɛɖŰɘəɐ 

ŮəŰɑɛɖůɖ Űɖɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ȼ Űɘɛɐ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮɘůŬɢɗŮɑ ɤɠ 

ŭŮŭɞɛɏɜɞ Ůɘůɧŭɞɡ ůŰŬ ŭɡɜŬɛɘəɎ ɛɞɜŰɏɚŬ ˊɟɞůɞɛɞɑɤůɖɠ ŰŬɛɘŮɡŰɐɟɤɜ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ. 
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Abstract 

The present thesis deals with the fracture analysis of carbonate reservoirs in Western 

Greece. Carbonate reservoirs have attracted the interest of the oil industry as they 

contain significant hydrocarbon reserves globally. 

A first approach for the characterization of carbonate reservoirs is that of analysing their 

fractured network by capturing geological field data. The classical analysis method 

processes the data in a primary step to obtain fracture densities along an outcrop and 

the distance between them. The P10 fractures analysis, based on the DigiFract software, 

uses field data as input and as a result of the digitisation of the outcrop fractures, extracts 

statistics such as the density (m-1) of fractures, the average distance (m) between two 

consecutive fractures and the average length (m) of a fracture. The P21 fractures 

analysis, based on ArcGIS software, uses the digitized fractures as input data and 

exports fracture density per square meter of  outcrop lenght and histograms. It is worth 

noting that it is necessary to georeference the photogrammetry data obtained together 

with the field data for the correct positioning of the slopes in the software environments.  

Based on the analysis, conclusions are drawn on the nature of the fault network for 

Eocene and Senonian limestone of the Ionian Zone in Western Greece. The 

homogeneity of the Eocene fine-layered limestone and the heterogeneity of the thick-

layered Senonian limestone are verified. Finally, they are characterized according to  

Nelsonôs (2001) classification for fractured reservoirs. The extraction of P10 and P21 

parameters using further processing can contribute to the numerical estimation of 

reservoir permeability. This value can be entered as input data in dynamic hydrocarbon 

reservoir simulation models. 
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1 ȺɘůŬɔɤɔɐ 
 

1.1 Ɇəɞˊɧɠ 
 

 Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎɚɡůɖ ŭɘŬɟɟɐɝŮɤɜ ůŮ 

ŬɜɗɟŬəɘəɞɨɠ ŰŬɛɘŮɡŰɐɟŮɠ Űɖɠ ŭɡŰɘəɐɠ ȺɚɚɎŭŬɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŮ űɡůɘəɎ  

ŭɘŬɟɟɖɔɛɏɜɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ. ȼ əŬɑɟɘŬ ůɖɛŬůɑŬ Űɤɜ ŬɜɗɟŬəɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ 

ůɡɜɑůŰŬŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊŮɟɑˊɞɡ ŰŬ ɛɘůɎ ŬˊɞɗɏɛŬŰŬ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊŬɔəɞůɛɑɤɠ (Ahr, 2008) əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

ɔŮɤɗŮɟɛɑŬɠ ɢɎɟɖ ůŰŬ ɡˊɧɔŮɘŬ ɜŮɟɎ ˊɞɡ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɞɡɠ ˊɧɟɞɡɠ ŬɡŰɩɜ. Ƀɘ 

ŬɜɗɟŬəɘəɞɑ ŰŬɛɘŮɡŰɐɟŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŬɜɞɛɞɘɞɔɏɜŮɘŬ əŬɗɩɠ Űɞ ɛɏɔŮɗɞɠ, Űɞ ůɢɐɛŬ əŬɘ 

ɖ ˊɟɞɏɚŮɡůɖ Űɤɜ ˊɧɟɤɜ Űɞɡɠ ˊɞɘəɑɚɞɡɜ. ȷɡŰɧ əɎɜŮɘ ˊɘɞ ŭɨůəɞɚɖ Űɖɜ ɛŮɚɏŰɖ Űɞɡɠ ůŮ 

ůɢɏůɖ ɛŮ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ŰŬɛɘŮɡŰɐɟŮɠ (ɣŬɛɛɑŰŮɠ), əŬɗɩɠ ŭŮɜ ɡˊɎɟɢŮɘ ůɡɔəŮəɟɘɛɏɜɞ 

ɛɞɜŰɏɚɞ ůɡůɢɏŰɘůɖɠ Űɞɡ ˊɞɟɩŭɞɡɠ ɛŮ Űɖɜ ŭɘŬˊŮɟŬŰɧŰɖŰŬ. 

 ȼ ɛŮɚɏŰɖ űɡůɘəɎ ŭɘŮɟɟɖɔɛɏɜɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ əɞɛɛɎŰɘ Űɖɠ 

ˊŮŰɟŮɚŬɥəɐɠ ɓɘɞɛɖɢŬɜɑŬɠ, əŬɗɩɠ ɞɘ ŭɘŬəɚɎůŮɘɠ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ 

ŰŬɛɘŮɡŰɐɟɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ůŰŬŭɑɞɡ Űɖɠ Ůɝɧɟɡɝɖɠ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ. 

ȷɜɎɚɞɔŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, Űɞ ŭɑəŰɡɞ Űɤɜ ŭɘŬəɚɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ 

ŮɜɘůɢɨůŮɘ ɐ ŬəɧɛŬ əŬɘ ɜŬ ˊŬɟŮɛˊɞŭɑůŮɘ Űɖ ɟɞɐ Űɤɜ ɟŮɡůŰɩɜ ɛɏůŬ Ŭˊɧ Űɖ ɛɎɕŬ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ. Ƀɘ ŭɘŬəɚɎůŮɘɠ ɛŮŰŬŰɟɏˊɞɡɜ ɏɜŬɜ ŰŬɛɘŮɡŰɐɟŬ ɢŬɛɖɚɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ůŮ 

ŭɡɜɖŰɘəɎ ŮəɛŮŰŬɚɚŮɨůɘɛɞ ůŰɧɢɞ, əŬɗɩɠ Ůɜɘůɢɨɞɡɜ Űɞ ŮɜŮɟɔɧ ́ɞɟɩŭŮɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ 

ůŰɞɜ ɞˊɞɑɞ ŮɛˊŮɟɘɏɢɞɜŰŬɘ Y/ȷ ɓŮɚŰɘɩɜɞɜŰŬɠ Űɞɜ ɟɡɗɛɧ ˊŬɟŬɔɤɔɐɠ ɔɘŬ ŭŮŭɞɛɏɜɖ 

ˊŰɩůɖ ˊɑŮůɖɠ (Nelson, 2001) (Wanjing Luo, 2017). ɄɏɟŬ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ, ɏɜŬ ŭɑəŰɡɞ ŭɘŬəɚɎůŮɤɜ ɛˊɞɟŮɑ ŬəɧɛŬ əŬɘ ɜŬ Űɖɜ ŮɛˊɞŭɑůŮɘ, 

ɚŮɘŰɞɡɟɔɩɜŰŬɠ ɤɠ űɟɎɔɛŬ ůŰɖ ɟɞɐ  (Bourbiaux, et al., 2016) (Spence, et al., 2014). 

 

 

 

 



н 
 

1.2 ɀŮɗɞŭɞɚɞɔɑŬ 
 

1.2.1 ȿɐɣɖ ŭŮŭɞɛɏɜɤɜ ˊŮŭɑɞɡ ï ȾɚŬůɘəɐ ɀɏɗɞŭɞɠ 

  

 ɇŬ ŭŮŭɞɛɏɜŬ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ɚɐűɗɖəŬɜ Ŭˊɧ ŭɨɞ ŮɔəŬŰŬɚŮɚŮɘɛɛɏɜŬ 

ɚŬŰɞɛŮɑŬ ŬŭɟŬɜɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɜɞɛɞɨ ȽɤŬɜɜɑɜɤɜ, ůŰɖ ȹɡŰɘəɐ ȺɚɚɎŭŬ. ȼ ˊɟɩŰɖ 

ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ  ɓɟɑůəŮŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɀŬɕɘɎɠ (ȺɘəɧɜŬ 1-2) əŬɘ ɚɐűɗɖəŬɜ 

ŭŮŭɞɛɏɜŬ ŭɘŬəɚɎůŮɤɜ Ŭˊɧ ŰɟɑŬ ˊɟŬɜɐ, Űɞ scanline 1.1 ɛŮ ˊɟɞůŬɜŬŰɞɚɘůɛɧ 

ȸɞɟŮɘɞŭɡŰɘəɧ, Űɞ scanline 1.2 ȸɞɟŮɘɞŬɜŬŰɞɚɘəɧ əŬɘ Űɞ scanline 1.3 ȸɧɟŮɘɞ. ȼ ŭŮɨŰŮɟɖ 

ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ (ȺɘəɧɜŬ 1-4) ɓɟɑůəŮŰŬɘ 2 ɢɚɛ ȸɧɟŮɘŬ Űɞɡ ɢɤɟɘɞɨ ȷɜŬɟɔɨɟɤɜ 

əŬɘ 12 ɢɚɛ ȹɡŰɘəɎ Ŭˊɧ Űɖɜ ˊɧɚɖ Űɤɜ ȽɤŬɜɜɑɜɤɜ əŬɘ ɚɐűɗɖəŬɜ ŭŮŭɞɛɏɜŬ ŭɘŬəɚɎůŮɤɜ 

Ŭˊɧ ŰɟɑŬ ˊɟŬɜɐ, Űɞ scanline 2.1 ɛŮ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ȸɧɟŮɘɞ, Űɞ scanline 2.2 ȷɜŬŰɞɚɘəɧ 

əŬɘ Űɞ scanline 2.3 ȹɡŰɘəɧ.  

 

 

 

 

 

 

 ȺɘəɧɜŬ 1-1: ȼ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ˊɧɚɖɠ ȽɤŬɜɜɑɜɤɜ Ŭˊɧ ŭɞɟɡűɧɟɞ Űɖɠ Google 

ȺɘəɧɜŬ 1-2: ȼ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɖɠ ɀŬɕɘɎɠ Ŭˊɧ ŭɞɟɡűɧɟɞ Űɖɠ Google 



о 
 

 

 

 Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ əɎɗŮ ˊɟŬɜɏɠ ɏɢɞɡɜ ůɢɏůɖ ɛŮ Űɘɠ ŭɘŬəɚɎůŮɘɠ. 

ɆɖɛŮɘɩɜɞɜŰŬɘ ɖ ɛŮŰɟɞɨɛŮɜɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɞɡ ˊɟŬɜɞɨɠ ůŮ ɞɟɘɕɧɜŰɘŬ 

ŭɘŮɨɗɡɜůɖ, ɖ ɛŮŰŬɝɨ ŬˊɧůŰŬůɖ dx ɛŮŰŬɝɨ ŭɨɞ ɔŮɘŰɞɜɘəɩɜ ŭɘŬəɚɎůŮɤɜ, ɖ əɚɑůɖ əŬɘ 

ŭɘŮɨɗɡɜůɖ əɚɑůɖɠ əɎɗŮ ŭɘɎəɚŬůɖɠ əŬɘ Űɏɚɞɠ Ŭɜ ŮɑɜŬɘ ŬɜɞɘɢŰɐ ɐ əɚŮɘůŰɐ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ ŬɜɞɘɢŰɐ, ɚŬɛɓɎɜŮŰŬɘ Űɞ ˊɚɎŰɞɠ Űɞɡ ŬɜɞɑɔɛŬŰɧɠ Űɖɠ ůŮ mm əŬɘ ůŮ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ əɚŮɘůŰɐ Űɘ ˊɚɖɟɤɛɏɜɞ ɡɚɘəɧ ůɡɜŬɜŰɎŰŬɘ (Ůŭɩ ɡˊɎɟɢŮɘ ɛɧɜɞ 

ŬůɓŮůŰɑŰɖɠ). ɇŬ ŭŮŭɞɛɏɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ɄŬɟɎɟŰɖɛŬ (ȹŮŭɞɛɏɜŬ 

ˊŮŭɑɞɡ). 

ȺɘəɧɜŬ 1-4: ȼ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɤɜ ȷɜŬɟɔɨɟɤɜ Ŭˊɧ ŭɞɟɡűɧɟɞ Űɖɠ 

Google 

ȺɘəɧɜŬ 1-3: ȼ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ȹɡŰɘəɎ Űɖɠ ˊɧɚɖɠ Űɤɜ ȽɤŬɜɜɑɜɤɜ Ŭˊɧ 

ŭɞɟɡűɧɟɞ Űɖɠ Google 
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 ȺˊɘˊɟɞůɗɏŰɤɠ, ɚɐűɗɖəŬɜ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ ɛɏůɤ drone ɔɘŬ Űɖɜ ɣɖűɘŬəɐ ŬˊŮɘəɧɜɘůɖ 

Űɤɜ ˊɟŬɜɩɜ ŬɚɚɎ əŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŰɟɘůŭɘɎůŰŬŰɤɜ ɛɞɜŰɏɚɤɜ. 

 

1.2.2 ȷɜɎɚɡůɖ ȹɘəŰɨɞɡ ȹɘŬəɚɎůŮɤɜ  
 

 ũɘŬ Űɞ ɢŬɟŬəŰɖɟɘůɛɧ əŬɘ Űɖ ɛŮɚɏŰɖ Ůɜɧɠ ŭɘəŰɨɞɡ ŭɘŬəɚɎůŮɤɜ ɓŬůɘɕɧɛŬůŰŮ ůŮ ɏɜŬ 

ůɨůŰɖɛŬ ɛɏŰɟɖůɖɠ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ŭɘŬəɚɎůŮɤɜ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əɚɑɛŬəŬ əŬɘ Űɘɠ 

ŭɘŬůŰɎůŮɘɠ ůŰɞ ɢɩɟɞ Űɘɠ ɞˊɞɑŮɠ ŮɜŭɘŬűŮɟɧɛŬůŰŮ ɜŬ ŬɜŬˊŰɨɝɞɡɛŮ (Dershowitz & 

Herda, 1992). Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Pij ́ ŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1-1 (Rogers, Bewick, 

Brzovic, & Gaudreau, 2017) ůɡɔəŮɜŰɟɤŰɘəɎ. ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɘɠ 

ŬɜŬɚɨůŮɘɠ P10 əŬɘ P21. 

 

ɄɑɜŬəŬɠ 1-1: ɇɞ ůɨůŰɖɛŬ Pij ́ ɡəɜɧŰɖŰŬɠ ŭɘŬəɚɎůŮɤɜ 

 ȼ ŬɜɎɚɡůɖ  P10 (=n/m) ŬɜŬűɏɟŮŰŬɘ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭɘŬəɚɎůŮɤɜ ŬɜɎ ɛɐəɞɠ ˊɟŬɜɞɨɠ. 

ȼ ŬɜɎɚɡůɖ ɔɑɜŮŰŬɘ ůŮ ɛɑŬ ŭɘɎůŰŬůɖ əŬɘ ůŰɖɟɑɕŮŰŬɘ ůŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɏɢɞɡɜ ɚɖűɗŮɑ ůŰɞ 

ˊŮŭɑɞ ɄŬɟɎɟŰɖɛŬ (ȹŮŭɞɛɏɜŬ ˊŮŭɑɞɡ). H ŬɜɎɚɡůɖ P21(=m/m2) ŬɜŬűɏɟŮŰŬɘ ůŰɞ 

ůɡɔəŮɜŰɟɤŰɘəɧ ɛɐəɞɠ ŭɘŬəɚɎůŮɤɜ ŬɜɎ ŮˊɘűɎɜŮɘŬ əŬɘ ůŰɖɟɘɕɧɛŮɜɖ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɖɠ P10, ŬɜɎɔŮɘ Űɖɜ ŬɜɎɚɡůɖ ɛɏůɤ əŬŰɎɚɚɖɚɞɡ ɚɞɔɘůɛɘəɞɨ ůŰɘɠ ŭɨɞ ŭɘŬůŰɎůŮɘɠ.   
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1.2.3 ȿɞɔɘůɛɘəɎ 

 

 ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ˊɞɡ ɚɐűɗɖəŬɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ Ůɝɐɠ ɚɞɔɘůɛɘəɎ: 

¶ QGIS, ŭɤɟŮɎɜ əŬɘ ŬɜɞɘɢŰɞɨ Űɨˊɞɡ ŮűŬɟɛɞɔɐ ɔɘŬ ɢɟɐůɖ ůŮ ɡˊɞɚɞɔɘůŰɐ ˊɞɡ 

ŮˊŮɝŮɟɔɎɕŮŰŬɘ ůɡůŰɐɛŬŰŬ ɔŮɤɔɟŬűɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ 

ŬɜɎɚɡůɖ ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ 

ɔŮɤŬɜŬűɞɟɎ Űɤɜ ŮˊɘűŬɜŮɘɩɜ Űɤɜ ˊɟŬɜɩɜ Űɞɡ ŬůɓŮůŰɧɚɘɗɞɡ ɔɘŬ ɛŮŰɏˊŮɘŰŬ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭɘŬəɚɎůŮɤɜ. (ȺɘəɧɜŬ 1-5)   

 

ȺɘəɧɜŬ 1-5: ɇɞ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ Űɞɡ ɚɞɔɘůɛɘəɞɨ QGIS 

 

ȺɘəɧɜŬ 1-6: ɇɞ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ Űɞɡ ɚɞɔɘůɛɘəɞɨ Agisoft Metashape 
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¶ Agisoft Metashape Professional (one-month free trial edition), ɚɞɔɘůɛɘəɧ 

űɤŰɞɔɟŬɛɛŮŰɟɑŬɠ ŭɖɚŬŭɐ ŭɖɛɘɞɡɟɔɑŬɠ ŰɟɘůŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ əɎˊɞɘɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ ɐ ŮˊɘűɎɜŮɘŬɠ ɛɏůɤ Űɖɠ ɢɟɐůɖɠ űɤŰɞɔɟŬűɘɩɜ ɡɣɖɚɐɠ ůɡɜɐɗɤɠ 

ŬɜɎɚɡůɖɠ. (ȺɘəɧɜŬ 1-6) 

¶ ɉɎɟɖ  ůŰɞ ɚɞɔɘůɛɘəɧ DigiFract ɚŬɛɓɎɜŮɘ əŬɜŮɑɠ ŭŮŭɞɛɏɜŬ ŭɘŬəɚɎůŮɤɜ Ŭˊɧ 

ˊɟŬɜɐ ɛŮ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɧ əŬɘ ɞɚɞəɚɖɟɤɛɏɜɞ Űɟɧˊɞ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŮɠ 

ŬɜŰɑůŰɞɘɢŮɠ ɛŮɗɧŭɞɡɠ. ȺůŰɘɎɕŮɘ ůŰɖ ůɡůŰɖɛŬŰɘəɐ ůɡɚɚɞɔɐ ɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

ůŮ ɣɖűɘŬəɐ ɛɞɟűɐ, ŭɖɚŬŭɐ ɔŮɤɛŮŰɟɘɩɜ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ́ ɟŬɜɩɜ əŬɘ 

ŬɜŰɚŮɑ ɢɤɟɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɛɏůɤ ɛŮŰŬɔŮɜɏůŰŮɟɤɜ ŬɜŬɚɨůŮɤɜ ŮɜŰɧɠ Űɞɡ 

ɚɞɔɘůɛɘəɞɨ. ɇɞ ɚɞɔɘůɛɘəɧ ŬɜŬˊŰɨɢɗɖəŮ ůŰɖ ɚɞɔɘəɐ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

ɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ɏŰůɘ ɩůŰŮ ɜŬ ŮəɛŮŰŬɚɚŮɡɗŮɑ ŰŬ ŭŮŭɞɛɏɜŬ ɣɖűɘŭɤŰɐɠ 

ŭɘŬɛɏɟɘůɖɠ əŬɘ ŰŬ ŭɘŬɜɡůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɖ 

ɔŮɤŬɜŬűɞɟɎ űɤŰɞɔɟŬűɘɩɜ ˊɟŬɜɩɜ (ȺɘəɧɜŬ 1-7) əŬɘ ŮɟɔŬɚŮɑŬ ɣɖűɘɞˊɞɑɖůɖɠ 

əŬɘ əŬŰŬɢɩɟɖůɖɠ ˊɚɖɟɞűɞɟɘɩɜ ɛɏůɤ ůɢŮŭɑŬůɖɠ (ȺɘəɧɜŬ 1-8). ȸŬůɘəɐ ŭɘŬűɞɟɎ 

Űɞɡ DigiFract, ůŮ ůɢɏůɖ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ GIS, ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ůɡɚɚɏɔŮɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŮ ɛɘŬ ŮˊɘűɎɜŮɘŬ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰɞ ɢɩɟɞ. ȷɡŰɐ ɖ 

ŮˊɘűɎɜŮɘŬ ŮˊɘəŬɚɨˊŰŮŰŬɘ ɛŮ ɛɘŬ űɤŰɞɔɟŬűɑŬ ˊɟŬɜɞɨɠ əŬɘ ɢɟɖůɘɛŮɨŮɘ ɤɠ 

ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ ɔɘŬ Űɖɜ ɣɖűɘɞˊɞɑɖůɖ ɔŮɤɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ɀɏůɤ 

Űɞɡ ɚɞɔɘůɛɘəɞɨ ɚŬɛɓɎɜɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɤɜ 

ŭɘŬəɚɎůŮɤɜ, Űɞ ɛɐəɞɠ əŬɘ Űɖ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ. (Hardebol & Bertotti, 

2012)

 

ȺɘəɧɜŬ 1-7: ɇɞ ˊŮɟɘɓɎɚɚɞɜ ɣɖűɘŭɤŰɐɠ ŭɘŬɛɏɟɘůɖɠ Űɞɡ ɚɞɔɘůɛɘəɞɨ DigiFract 
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ȺɘəɧɜŬ 1-8: ɇɞ ˊŮɟɘɓɎɚɚɞɜ ɣɖűɘɞˊɞɑɖůɖɠ ŭɘŬəɚɎůŮɤɜ Űɞɡ ɚɞɔɘůɛɘəɞɨ DigiFract 

¶ ArcGIS (ArcMap), ɚɞɔɘůɛɘəɧ ŮˊŮɝŮɟɔŬůɑŬɠ ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛŮ ůəɞˊɧ Űɖɜ ŬˊɞŰɨˊɤůɖ Űɤɜ ŭɘŬəɚɎůŮɤɜ Űɤɜ ˊɟŬɜɩɜ ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ, ŭɖɚŬŭɐ ɔɘŬ Űɖɜ ˊɡəɜɧŰɖŰɎ Űɞɡɠ. (ȺɘəɧɜŬ 1-9) 

 

ȺɘəɧɜŬ 1-9: ɇɞ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ Űɞɡ ɚɞɔɘůɛɘəɞɨ ArcGIS 
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1.2.4 ȺˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ 

  

 ȷɟɢɘəɎ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ űɤŰɞɔɟŬɛɛŮŰɟɘəɐ ŬɜɎɚɡůɖ ɛɏůɤ Űɞɡ Agisoft 

Metashape ɛŮ ŰŮɚɘəɧ ˊɟɞɥɧɜ ɏɜŬ tiled model əŬɘ ɏɜŬ ɞɟɗɞɛɤůŬɥəɧ ɔɘŬ əɎɗŮ ˊɟŬɜɏɠ əŬɘ 

əɎŰɞɣɖ Űɤɜ ˊŮɟɘɞɢɩɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ȰˊŮɘŰŬ, ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ QGIS, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔŮɤŬɜŬűɞɟɎ ɧɚɤɜ Űɤɜ ŰŮɚɘəɩɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ ɓɐɛŬ ɔɘŬ Űɖɜ ůɤůŰɐ ŰɞˊɞɗɏŰɖůɖ əŬɘ ŬɜŬˊŬɟɎůŰŬůɐ Űɞɡɠ ůŰɞ ɢɩɟɞ 

Űɞɡ DigiFract, ůŰɞ ɞˊɞɑɞ Ůɜ ůɡɜŮɢŮɑŬ,  ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ɣɖűɘɞˊɞɑɖůɖ Űɤɜ ŭɘŬəɚɎůŮɤɜ.  

 ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ɣɖűɘɞˊɞɑɖůɖɠ ɔɘŬ əɎɗŮ ˊɟŬɜɏɠ ɛˊɞɟŮɑ ˊɚɏɞɜ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŬɜɎɚɡůɖ ŭɘŬəɚɎůŮɤɜ P10.  

 ȼ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ˊɡəɜɧŰɖŰŬɠ 

ŭɘŬəɚɎůŮɤɜ ɛɏůɤ Űɞɡ ArcMap, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɖɜ ŬɜɎɚɡůɖ ŭɘŬəɚɎůŮɤɜ P21.  

 ȺˊɘˊɟɞůɗɏŰɤɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ əŬɘ ɡˊɞɚɞɔɘůɛɞɑ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊŮŭɑɞɡ ůŮ ɡˊɞɚɞɔɘůŰɘəɎ 

űɨɚɚŬ (əɚŬůɘəɐ ɛɏɗɞŭɞɠ) ɔɘŬ ɚɧɔɞ ůɨɔəɟɘůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮŰŬɝɨ Űɤɜ 

ɛŮɗɧŭɤɜ.  
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2 ŪŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ 

 

2.1 Ƀɟɘůɛɧɠ ŭɘŬəɚɎůŮɤɜ 

  

 ɋɠ ŭɘŬəɚɎůŮɘɠ ɞɟɑɕɞɜŰŬɘ ɞɘ űɡůɘəɎ ˊɟɞŮɟɢɧɛŮɜŮɠ ɛŬəɟɞůəɞˊɘəɏɠ ŮˊɑˊŮŭŮɠ ŬůɡɜɏɢŮɘŮɠ 

ɓɟŬɢɧɛŬɕŬɠ ɚɧɔɤ ˊŬɟŬɛɧɟűɤůɖɠ ɐ űɡůɘəɐɠ ŭɘŬɔɏɜŮůɖɠ (Ahr, 2008) ɆɢɖɛŬŰɑɕɞɜŰŬɘ 

ůɡɜɐɗɤɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɣŬɗɡɟɐɠ əŬɘ ŮɚŬůŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ ɡˊɧ ŭɘŬűɞɟɘəɧ 

əŬɗŮůŰɩɠ ŰɎůŮɤɜ (Ahr, 2008). ɆɡɜŮˊɩɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɘŬůŰɞɚɐ ɐ Ůˊɘɛɐəɡɜůɖ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ əɎɗŮŰŬ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ŬůɡɜɏɢŮɘŬɠ (ɅɞɜŰɞɔɘɎɜɜɖ, 2018). Ƀɘ ŮˊɘűŬɜŮɘŬəɏɠ 

ŮɛűŬɜɑůŮɘɠ ɓɟŬɢɧɛŬɕŬɠ ŬůɓŮůŰɧɚɘɗɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɣŬɗɡɟɐ ˊŬɟŬɛɧɟűɤůɖ 

ɚɧɔɤ Űɤɜ ɢŬɛɖɚɩɜ ŮˊɘűŬɜŮɘŬəɩɜ ɗŮɟɛɞəɟŬůɘɩɜ əŬɘ Űɤɜ ˊŮɟɘɞɟɘůɛɏɜɤɜ ˊɘɏůŮɤɜ (Ahr, 

2008). ɆŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ˊɘɏůŮɘɠ əɡɟɘŬɟɢŮɑ ɧɚəɘɛɖ ůɡɛˊŮɟɘűɞɟɎ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊɟɞəŬɚŮɑŰŬɘ əɎɛɣɖ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ŬɜŰɑ ɔɘŬ ɟɤɔɛŬŰɘůɛɧ Űɖɠ, əɎŰɘ Űɞ 

ɞˊɞɑɞ ůɡɜŬɜŰɎŰŬɘ əɡɟɑɤɠ ůŮ ɛɞɟűɐ ɕɤɜɩɜ Űɖɠ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ɓɟŬɢɧɛŬɕŬɠ əŬɘ ɧɢɘ 

ɤɠ ŭɘŬəɟɘŰɏɠ əŬŰŬɜɞɛɏɠ ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɘŬəɚɎůŮɤɜ (Ahr, 2008).  

 

2.2 Ƀɟɘůɛɧɠ ŰŬɛɘŮɡŰɐɟŬ 
 

 ɋɠ ŰŬɛɘŮɡŰɐɟŬɠ ůŰɖ ɛɖɢŬɜɘəɐ ˊŮŰɟŮɚŬɑɤɜ ɞɟɑɕŮŰŬɘ ɛɘŬ ɓɟŬɢɧɛŬɕŬ ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ˊɞɟɩŭŮɠ əŬɘ ŭɘŬˊŮɟŬŰɧŰɖŰŬ əŬɘ ŮɛˊŮɟɘɏɢŮɘ ůŰɖ ɛɎɕŬ Űɖɠ ˊɞůɧŰɖŰŬ 

ɡŭɟɞɔɞɜɎɜɗɟŬəŬ ˊɞɡ ɢɟɐɕŮɘ Ůɛˊɞɟɘəɐɠ ŮəɛŮŰɎɚɚŮɡůɖɠ. ɇɞ ˊɞɟɩŭŮɠ əŬɘ ɖ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ ɛˊɞɟɞɨɜ ɜŬ ɞűŮɑɚɞɜŰŬɘ ůŮ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ 

ŭɘŬɔɏɜŮůɖ, ŬˊɧɗŮůɖ əŬɘ ɟɤɔɛŬŰɘůɛɧ, ŭɘŬəɟɘŰɎ ŬɚɚɎ əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮŰŬɝɨ Űɞɡɠ. 

Ƀɘ ŰŬɛɘŮɡŰɐɟŮɠ ŮɑɜŬɘ ŰɟɘůŭɘɎůŰŬŰŬ ůɩɛŬŰŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ 

(rock matrix) əŬɘ ɏɜŬ ŭɑəŰɡɞ ŭɘŬůŰŬɡɟɧɛŮɜɤɜ ˊɧɟɤɜ (interconnected pores) (Ahr, 

2008). ũɘŬ Űɖɜ ɞɚɞəɚɖɟɤɛɏɜɖ ɛŮɚɏŰɖ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŮɑɜŬɘ 

ɔɜɤůŰɐ ɖ ŰɟɘůŭɘɎůŰŬŰɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŭɘəŰɨɞɡ Űɤɜ ˊɧɟɤɜ. 

 

 

 



мл 
 

2.3 ȹɘŮɟɟɖɔɛɏɜɞɘ ŰŬɛɘŮɡŰɐɟŮɠ (fractured reservoirs) 
  

 ȾŬŰɎ (Nelson, 2001) ŭɘŮɟɟɖɔɛɏɜɞɘ ŰŬɛɘŮɡŰɐɟŮɠ (fractured reservoirs) ŮɑɜŬɘ 

ñŰŬɛɘŮɡŰɐɟŮɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ űɡůɘəɎ ůɢɖɛŬŰɘůɛɏɜŮɠ ŭɘŬəɚɎůŮɘɠ ɏɢɞɡɜ, ɐ ˊɟɧəŮɘŰŬɘ ɜŬ 

ɏɢɞɡɜ, ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖ ɟɞɐ ɟŮɡůŰɞɨ ŮɑŰŮ ɛŮ Űɖ ɛɞɟűɐ Ŭɨɝɖůɖɠ Űɖɠ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ŮɑŰŮ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŬɜɘůɞŰɟɞˊɑŬɠ Űɖɠ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ.ò  

 ɇɞ ŭɑəŰɡɞ Űɤɜ ŭɘŬəɚɎůŮɤɜ ůŮ ɏɜŬɜ ŰŬɛɘŮɡŰɐɟŬ ŮɑɜŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɔŮɤɚɞɔɘəɐɠ 

ɘůŰɞɟɑŬɠ ˊɞɡ ɏɢŮɘ ŭɘŬɜɨůŮɘ ɡˊɧ Űɖɜ ɏɜɜɞɘŬ Űɤɜ ŰɎůŮɤɜ ˊɞɡ ɏɢɞɡɜ ŮűŬɟɛɞůɗŮɑ ůŰɖ 

ɓɟŬɢɧɛŬɕŬ ŬɚɚɎ əŬɘ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ. ɋɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ 

ɚɘɗɞɚɞɔɘəɏɠ, ˊŮŰɟɞűɡůɘəɏɠ əŬɘ ɘɕɖɛŬŰɞɚɞɔɘəɏɠ Ŭɟɢɘəɏɠ űɎůŮɘɠ Űɞɡ ɛɖŰɟɘəɞɨ 

ˊŮŰɟɩɛŬŰɞɠ, ɞ ɢɟɧɜɞɠ ɚɘɗɞˊɞɑɖůɖɠ əŬɘ ɞ ɢɟɧɜɞɠ Űɞɡ ŭɘŬɔŮɜŮŰɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ. 

ɄɎɜɤ ůŮ ŬɡŰɏɠ Űɘɠ ɘŭɘɧŰɖŰŮɠ ŭɟɞɡɜ ɤɠ ŮɝɤŰŮɟɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ɞɘ ŭɘɎűɞɟŮɠ ŰɎůŮɘɠ əŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɔŮɤɚɞɔɘəɞɨ ɢɟɧɜɞɡ ɞɘ ɞˊɞɑŮɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ: ŰɞˊɘəɎ ŰŮəŰɞɜɘəɎ 

əŬɗŮůŰɩŰŬ, ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŰŮəŰɞɜɘəɩɜ ŰɎůŮɤɜ ɧˊɤɠ ɟɐɔɛŬŰŬ əŬɘ ˊŰɡɢɩůŮɘɠ, 

ŮɜŰŬűɘŬůɛɧ, ŬˊɞűɧɟŰɘůɖ ɚɧɔɤ ŬˊɞůɎɗɟɤůɖɠ əŬɘ ɗŮɟɛɘəɏɠ ŰɎůŮɘɠ ˊɢ ɣɨɝɖ ɚɧɔɤ 

ŬˊɞůɎɗɟɤůɖɠ. 

 ȼ ɛŮɚɏŰɖ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ ɔɑɜŮŰŬɘ ůŮ ŭɘɎűɞɟŮɠ əɚɑɛŬəŮɠ (ɛɘəɟɞůəɞˊɘəɐ əŬɘ 

ɛŬəɟɞůəɞˊɘəɐ). ȼ ˊɟɩŰɖ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭɘŬəɚɎůŮɤɜ ˊɞɡ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɛɏůɤ ɚɐɣɖɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɔŮɤŰɟɐůŮɘɠ (well logs) əŬɘ ɛŮɗɧŭɤɜ 

űɤŰɞɔɟŬɛɛŮŰɟɘɎɠ (image log data). ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɖ ɛŮɚɏŰɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ 

ɔɑɜŮŰŬɘ ůŮ ɛŮůɞůəɞˊɘəɐ əɚɑɛŬəŬ. ȿɧɔɞɡ ɢɎɟɖ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɖ ɛŬəɟɞůəɞˊɘəɐ 

əɚɑɛŬəŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ɔŮɤűɡůɘəɏɠ ɛŮɗɧŭɞɡɠ ůŮɘůɛɘəɩɜ əɡɛɎŰɤɜ. 

 

2.4 Ƀɟɘůɛɧɠ ŬɜɗɟŬəɘəɞɨ ŰŬɛɘŮɡŰɐɟŬ 
 

 ɇŬ ŬɜɗɟŬəɘəɎ (CO2-3) ́ ŮŰɟɩɛŬŰŬ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖ űɨůɖ ůŮ ɛɞɟűɐ ɓɘɞəɚŬůŰɘəɩɜ 

ɘɕɖɛɎŰɤɜ, Ŭˊɧ Űɞɡɠ ŬůɓŮůŰɘŰɘəɞɨɠ ůəŮɚŮŰɞɨɠ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ. ɇŬ ɗɟŬɨůɛŬŰŬ Űɤɜ 

ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ŬɡŰɩɜ ˊɞɡ ɕɞɨůŬɜ ůŰɞɜ ˊɡɗɛɏɜŬ ɟɖɢɞɨ ɗŬɚɎůůɘɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, 

ŭɏɢɞɜŰŬɘ ůɡɔəɧɚɚɖůɖ (cementation) ɢɎɟɖ ůŰɞ ŬɜɗɟŬəɘəɧ ɎɚŬɠ ˊɞɡ əŬŰŬəɟɖɛɜɑɕŮŰŬɘ 

Ŭˊɧ Űɞ ɜŮɟɧ (Darling, 2005). ȷɜɗɟŬəɘəɞɑ ŰŬɛɘŮɡŰɐɟŮɠ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ Űɟɘɩɜ Űɨˊɤɜ 



мм 
 

ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡɠ: ɟɖɢɐɠ ɗŬɚɎůůɖɠ, ɓŬɗɏɤɜ ɡŭɎŰɤɜ əŬɘ 

ɡűɎɚɤɜ.  

 ȼ ůɖɛŬůɑŬ Űɤɜ ŬɜɗɟŬəɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ ŮˊɑəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ˊŮɟɑˊɞɡ ŰŬ ɛɘůɎ ŬˊɞɗɏɛŬŰŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊŬɔəɞůɛɑɤɠ (Ahr, 2008). ɇɞ 

ŮɜŭɘŬűɏɟɞɜ Űɤɜ ŬɜɗɟŬəɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ ŮˊŮəŰŮɑɜŮŰŬɘ əŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ɔŮɤɗŮɟɛɑŬɠ 

ɢɎɟɖ ůŰŬ ɡˊɧɔŮɘŬ ɜŮɟɎ ˊɞɡ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɞɡɠ ˊɧɟɞɡɠ ŬɡŰɩɜ. Ƀɘ ŬɜɗɟŬəɘəɞɑ 

ŰŬɛɘŮɡŰɐɟŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŬɜɞɛɞɘɞɔɏɜŮɘŬ əŬɗɩɠ Űɞ ɛɏɔŮɗɞɠ, Űɞ ůɢɐɛŬ əŬɘ ɖ 

ˊɟɞɏɚŮɡůɖ Űɤɜ ˊɧɟɤɜ Űɞɡɠ ˊɞɘəɑɚɞɡɜ. ȷɡŰɧ əɎɜŮɘ ˊɘɞ ŭɨůəɞɚɖ Űɖɜ ɛŮɚɏŰɖ Űɞɡɠ ůŮ 

ůɢɏůɖ ɛŮ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ŰŬɛɘŮɡŰɐɟŮɠ (ɣŬɛɛɑŰŮɠ), əŬɗɩɠ ŭŮɜ ɡˊɎɟɢŮɘ ůɡɔəŮəɟɘɛɏɜɞ 

ɛɞɜŰɏɚɞ ůɡůɢɏŰɘůɖɠ Űɞɡ ˊɞɟɩŭɞɡɠ ɛŮ Űɖɜ ŭɘŬˊŮɟŬŰɧŰɖŰŬ. ɉɟŮɘɎɕŮŰŬɘ ůɡɜŮˊɩɠ 

əɎˊɞɘɞɠ ɜŬ ŭɘŬŰɟɏɝŮɘ ůŮ ɛɞɜŰɏɚŬ ŰŬɝɘɜɧɛɖůɖɠ. 

 

2.5 ɇŬɝɘɜɧɛɖůɖ əŬŰɎ Nelson (2001) ɔɘŬ ŭɘŮɟɟɖɔɛɏɜɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ  

 

Ƀ Nelson ŭɖɛɘɞɨɟɔɖůŮ ɛɘŬ ŰŬɝɘɜɧɛɖůɖ ɔɘŬ Űɞɡɠ űɡůɘəɎ ŭɘŮɟɟɖɔɛɏɜɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ ɛŮ 

ɓɎůɖ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬəɚɎůŮɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ.  

¶ ɇɨˊɞɠ I: Űɞ ůɨůŰɖɛŬ Űɤɜ ŭɘŬəɚɎůŮɤɜ ɏɜŰɞɜɖɠ ˊɡəɜɧŰɖŰŬɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ 

ůɡɜɞɚɘəɐ ŬˊɞɗɖəŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ əŬɘ ɘəŬɜɧŰɖŰŬ ɟɞɐɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. Ƀɘ 

ŭɘŬəɚɎůŮɘɠ ɞɡůɘŬůŰɘəɎ ˊŬɟɏɢɞɡɜ Ůɝɞɚɞəɚɐɟɞɡ Űɞ ˊɞɟɩŭŮɠ əŬɘ Űɖ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɆɡɜŬɜŰɎŰŬɘ ůˊɎɜɘŬ ůŮ ŰŬɛɘŮɡŰɐɟŮɠ ˊɡɗɛɏɜŬ 

(basement reservoir) əŬɘ ɖűŬɘůŰŮɘŬəɐɠ ˊɟɞɏɚŮɡůɖɠ ɓɟŬɢɧɛŬɕŬ.  

¶ ɇɨˊɞɠ II: ɖ ɘəŬɜɧŰɖŰŬ ɟɞɐɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Űɤɜ ŭɘŬəɚɎůŮɤɜ 

Ůɜɩ ɖ ŬˊɞɗɖəŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ůɡůɢŮŰɑɕŮŰŬɘ Űɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ. ɇɡˊɘəɎ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ŬˊɞŰŮɚɞɨɜ ŬɜɗɟŬəɘəɞɑ ŰŬɛɘŮɡŰɐɟŮɠ ŮˊɖɟŮŬůɛɏɜɞɘ Ŭˊɧ 

ɛɘəɟɞˊɞɟɩŭŮɠ ɐ ŭɘŬɔŮɜŮŰɘəɧ ŬˊɞŰɨˊɤɛŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ɏɛɓɚɡɜůɖ Űɖɠ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ɧˊɤɠ ůŰɟɩɛŬŰŬ ŬůɓŮůŰɞɚɑɗɞɡ. 

¶ ɇɨˊɞɠ III: ɖ ɘəŬɜɧŰɖŰŬ ɟɞɐɠ ŮɜɘůɢɨŮŰŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Űɤɜ ŭɘŬəɚɎůŮɤɜ Ůɜɩ 

ɖ ŬˊɞɗɖəŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ůɡůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ (Egya, 2018). 

ȷɜŬűɏɟŮŰŬɘ ůŮ ŰŬɛɘŮɡŰɐɟŮɠ ˊɞɡ ɏɢɞɡɜ ɐŭɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɔɤɔɐɠ əŬɘ ŰɡˊɘəɎ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ŮɑɜŬɘ ɣŬɛɛɑŰŮɠ ɐ ŬɜɗɟŬəɘəɎ ɧˊɤɠ ůŰɞ Kirkuk field (ȽɟŬɜ) əŬɘ Űɞ 

Dukhan (ȾŬŰɎɟ) (Ahr, 2008).  



мн 
 

¶ ɇɨˊɞɠ IV: ɞɘ ŭɘŬəɚɎůŮɘɠ ŭŮɜ ˊŬɟɏɢɞɡɜ ŮˊɘˊɟɧůɗŮŰɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ ɐ ˊɞɟɩŭŮɠ 

ŬɚɚɎ ŬˊŮɜŬɜŰɑŬɠ ɛˊɞɟɞɨɜ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ ŮɛˊɧŭɘŬ ůŰɖ ɟɞɐ Űɞɡ ɟŮɡůŰɞɨ.  ȼ 

ɘəŬɜɧŰɖŰŬ ɟɞɐɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ ŮɝŬɟŰɩɜŰŬɘ ˊɚɐɟɤɠ Ŭˊɧ Űɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ. 

 

ȺɘəɧɜŬ 2-1: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ əŬŰɎ Nelson (2001) 

  



мо 
 

3 ũŮɤɚɞɔɘəɧ ɈˊɧɓŬɗɟɞ 
  

3.1 ũŮɜɘəɎ 
  

 ɆŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɔŮɤɚɞɔɘəɏɠ ɕɩɜŮɠ ɛŮ ŰŬ ɑŭɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ,  ɤɠ 

ˊɟɞɠ Űɞɜ ˊŬɚŬɘɞɔɟŬűɘəɧ ɢɩɟɞ ůŰɞɜ ɞˊɞɑɞ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŰŬ ˊŮŰɟɩɛŬŰŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ 

ŬɡŰɏɠ ůɡɜɑůŰŬɜŰŬɘ. ȷɡŰɞɑ ɞɘ ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ ŭɘŬŰɟɏɢɞɡɜ əŬŰɎ ɛɐəɞɠ Űɞɜ 

əɞɟɛɧ Űɖɠ ɢɩɟŬɠ əŬɘ ŮɑɜŬɘ ůɢŮŭɧɜ ˊŬɟɎɚɚɖɚɞɘ ɛŮŰŬɝɨ Űɞɡɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ ɕɤɜɩŭɖ 

əŬŰŬɜɞɛɐ ɛŮ ȸȸȹ -ɁɁȷ əŬŰŮɨɗɡɜůɖ, əŬɛˊɡɚɩɜɞɜŰŬɘ ɁɧŰɘŬ əŬɘ ŰŮɚɘəɎ əɚŮɑɜɞɡɜ ůŰɖɜ 

ȷɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ ɛŮ ŰɞɝɞŮɘŭɏɠ ůɢɐɛŬ (ɅɞɜŰɞɔɘɎɜɜɖ, 2018). Ƀɘ ɕɩɜŮɠ ŬɡŰɏɠ ˊɞɡ 

əŬŰɎ ɛɐəɞɠ Űɞɡɠ ɡˊɎɟɢɞɡɜ ŰŬ ɑŭɘŬ ˊŮŰɟɩɛŬŰŬ ɞɜɞɛɎɕɞɜŰŬɘ ɔŮɤŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ 

(ȺɘəɧɜŬ 3-1) əŬɘ ŮɑɜŬɘ ˊŮɟɘɞɢɏɠ ɛŮ ˊŬɟɧɛɞɘŬ ɔŮɤɚɞɔɘəɐ ŭɞɛɐ əŬɘ ɞɟɞɔŮɜŮŰɘəɐ Ůɝɏɚɘɝɖ 

(ɅɞɜŰɞɔɘɎɜɜɖ, 2018). ɀɎɚɘůŰŬ, əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ ɏɢɞɡɜ ɞɟɘůɛɏɜɖ ůŰɟɤɛŬŰɞɔɟŬűɘəɐ 

ŭɘŬŭɞɢɐ, ɘŭɘŬɑŰŮɟɞɡɠ ɚɘɗɞɚɞɔɘəɞɨɠ ɢŬɟŬəŰɐɟŮɠ əŬɘ ɘŭɘŬɑŰŮɟɖ ŰŮəŰɞɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

(ɅɞɜŰɞɔɘɎɜɜɖ, 2018). 

 

 

 Ƀɘ ˊŮɟɘɞɢɏɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŮɚɐűɗɖůŬɜ ŭŮŭɞɛɏɜŬ, Ŭɜɐəɞɡɜ ůŰɖɜ Ƚɧɜɘɞ 

ɐ ȷŭɟɘŬŰɘəɞɥɧɜɘɞ ɕɩɜɖ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɤɜ ȺɝɤŰŮɟɘəɩɜ Ⱥɚɚɖɜɑŭɤɜ əŬɘ 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ȹɡŰɘəɐ ȺɚɚɎŭŬ. Ƀɘ ɔŮɤŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ Űɘɠ ȺɚɚɎŭŬɠ ŬɜŬɚɡŰɘəɧŰŮɟŬ, 

ȺɘəɧɜŬ 3-1:ɉɎɟŰɖɠ Űɤɜ ɔŮɤŰŮəŰɞɜɘəɩɜ ɕɤɜɩɜ Űɖɠ ȺɚɚɎŭŬɠ 

(Űɟɞˊɞˊɞɘɖɛɏɜɞɠ Ŭˊɧ ɀˊɞɟɜɧɓŬ & ɅɞɜŰɞɔɘɎɜɜɖ 1983) 



мп 
 

Ŭˊɧ ŰŬ ȷɜŬŰɞɚɘəɎ ˊɟɞɠ ŰŬ ȹɡŰɘəɎ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: ȼ ɛɎɕŬ Ʌɞŭɧˊɖɠ, ɖ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ 

ɛɎɕŬ, ɖ ɄŮɟɘɟɞŭɞˊɘəɐ ɕɩɜɖ, ɖ ɕɩɜɖ ȷɝɘɞɨ, ɖ ɄŮɚŬɔɞɜɘəɐ Ȼɩɜɖ, ɖ ȷŰŰɘəɞəɡəɚŬŭɘəɐ 

ɛɎɕŬ, ɖ ɈˊɞˊŮɚŬɔɞɜɘəɐ ɕɩɜɖ ( ɐ ɕɩɜɖ ȷɜŬŰɞɚɘəɐɠ ȺɚɚɎŭŬɠ ɐ ɛɖ ɛŮŰŬɛɞɟűɤɛɏɜɖ 

ɄŮɚŬɔɞɜɘəɐ ɕɩɜɖ), ɖ ɕɩɜɖ ɄŬɟɜŬůůɞɨ-ũəɘɩɜŬɠ, ɖ ɕɩɜɖ ɋɚɞɜɞɨ-Ʉɑɜŭɞɡ, ɖ ɕɩɜɖ 

ũŬɓɟɧɓɞɡ-ɇɟɘˊɧɚŮɤɠ, ɖ Ƚɧɜɘɞɠ ɐ ȷŭɟɘŬŰɘəɞɥɧɜɘɞɠ ɕɩɜɖ əŬɘ ɖ ɕɩɜɖ ɄŬɝɩɜ ɐ 

ɄɟɞŬˊɞɨɚɘŬ (ɅɞɜŰɞɔɘɎɜɜɖ, 2018). 

 ȼ Ƚɧɜɘɞɠ ɐ ȷŭɟɘŬŰɘəɞɥɧɜɘɞɠ ɕɩɜɖ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ ŰŬ ůɨɜɞɟŬ ɛŮ Űɖɜ ȷɚɓŬɜɑŬ ˊɟɞɠ ŰŬ 

ɁɧŰɘŬ, ŭɖɚŬŭɐ ˊɟɞɠ Űɖɜ ȹɡŰɘəɐ ȼˊŮɘɟɤŰɘəɐ ȺɚɚɎŭŬ (ȱˊŮɘɟɞɠ əŬɘ ȷəŬɟɜŬɜɑŬ), ŰŬ 

ȺˊŰɎɜɖůŬ, Űɖ ȸȹ ɄŮɚɞˊɧɜɜɖůɞ əŬɘ əŬŰɎ Űɧˊɞɡɠ Űɖɜ ȾɟɐŰɖ (ȾŬŰůɘəɎŰůɞɠ, 1992). 

ɆŰɖɜ Ƚɧɜɘɞ ɕɩɜɖ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ əŬɘ ɛɘŬ ůŮɘɟɎ əɟɡůŰŬɚɚɘəɩɜ ŬůɓŮůŰɞɚɑɗɤɜ ɔɜɤůŰɐ 

ɤɠ ɆŮɘɟɎ ɄɚŬəɤŭɩɜ ȷůɓŮůŰɞɚɑɗɤɜ  (ɐ ˊŮɚŬɔɘəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ) ɐ Plattenkalk, ˊɞɡ 

ŬˊŬɜŰɞɨɜ ůŮ ɛŮɔɎɚɖ ɏəŰŬůɖ ůŰɖɜ ɄŮɚɞˊɧɜɜɖůɞ əŬɘ ůŰɖɜ ȾɟɐŰɖ əŬɘ ɗŮɤɟɞɨɜŰŬɘ ɖ ɤɠ 

ˊɟɞɠ Űɞ ɁɧŰɞ ɛŮŰŬɛɞɟűɤɛɏɜɖ ůɡɜɏɢŮɘɎ Űɖɠ (ɅɞɜŰɞɔɘɎɜɜɖ, 2018). 

 

 

 

 ɆɨɛűɤɜŬ ɛŮ Űɞɜ (Aubouin, 1959) ɖ ȽɧɜɘŬ ɕɩɜɖ ŬˊɞŰŮɚɞɨůŮ ɛɘŬ ɡˊɞɗŬɚɎůůɘŬ ŬɨɚŬəŬ 

ˊɞɡ ́ ŬɟŮɛɓŬɚɚɧŰŬɜ ŬɜɎɛŮůŬ ůŰɞ ɡˊɞɗŬɚɎůůɘɞ ɨɓɤɛŬ Űɖɠ ȷˊɞɨɚɘŬɠ ɕɩɜɖɠ ́ ɟɞɠ ŰŬ 

ȺɘəɧɜŬ 3-2: ȼ Ůˊɑ ɛɏɟɞɡɠ ŭɘɎəɟɘůɖ Űɖɠ ȽɧɜɘŬɠ ɕɩɜɖɠ əŬɘ ɖ Ůˊɤɗɖɛɏɜɖ 
ɕɩɜɖ Űɖɠ Ʉɑɜŭɞɡ (ȾŬŰɎ ɔŬɚɚɘəɧ ɘɜůŰɘŰɞɨŰɞ ˊŮŰɟŮɚŬɑɞɡ əŬɘ Ƚ.ũ.Ⱥ.Ɉ. ɛŮ 

ŰɟɞˊɞˊɞɘɐůŮɘɠ Ŭˊɧ (Aubouin, Desprairies, & Terry, 1977)) 

 



мр 
 

ŭɡŰɘəɎ əŬɘ ůŰɞ ɨɓɤɛŬ Űɖɠ ɕɩɜɖɠ ũŬɓɟɧɓɞɡ-ɇɟɘˊɧɚŮɤɠ ́ ɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ 

(ȾŬŰůɘəɎŰůɞɠ, 1992).  

 ȼ ˊŮɟɘɞɢɐ ɏɢŮɘ əŮɜŰɟɑůŮɘ Űɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ ˊŮŰɟŮɚŬɥəɐ ɏɟŮɡɜŬ Ůŭɩ əŬɘ ˊɞɚɚɎ ɢɟɧɜɘŬ. 

ɄŬɟɧɚŬ ŬɡŰɎ ɡˊɎɟɢŮɘ ŬəɧɛŬ ŬɟəŮŰɐ ŬůɎűŮɘŬ ůŰɖ ɓŬɗɨŰŮɟɖ ŭɞɛɐ Űɞɡ űɚɞɘɞɨ əŬɘ ɞɘ 

ŮɝɤŰŮɟɘəɏɠ ȺɚɚɖɜɑŭŮɠ (ůŰɘɠ ɞˊɞɑŮɠ ŬɜɐəŮɘ ɖ Ƚɧɜɘɞɠ) ɗŮɤɟɞɨɜŰŬɘ ɤɠ ɛɘŬ ́ Ůɟɘɞɢɐ ́ ɞɡ 

ŬˊɞŰŮɚŮɑŰŬɘ ŮɑŰŮ Ŭˊɧ ɚŮˊŰɞɨɠ ŮɑŰŮ Ŭˊɧ ́ɘɗŬɜɐ ůɡɜɨˊŬɟɝɖ ɚŮˊŰɩɜ əŬɘ ɛŮɔɎɚɞɡ ˊɎɢɞɡɠ 

ůɢɖɛŬŰɘůɛɩɜ Űɖɠ ɀŮůɞɕɤɘəɐɠ əŬɘ ȾŬɘɜɞɕɤɘəɐɠ ˊŮɟɘɧŭɞɡ ˊɎɜɤ Ŭˊɧ ŮɓŬˊɞɟɑŰŮɠ 

ŰɟɘŬŭɘəɐɠ ɖɚɘəɑŬɠ əŬɘ ɄɏɟɛɘŬɠ ɖɚɘəɑŬɠ ůɢɖɛŬŰɘůɛɞɨɠ (Vakalas, et al., 2023) 

 ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɖ Ƚɧɜɘɞɠ ɕɩɜɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɘɕɖɛŬŰɞɔŮɜɐ ˊŮŰɟɩɛŬŰŬ. ɀŮ ɓɎůɖ Űɖ 

ůŰɟɤɛŬŰɞɔɟŬűɘəɐ ůŰɐɚɖ (ȺɘəɧɜŬ 3-3), ůŰɖɜ Ƚɧɜɘɞ ɕɩɜɖ, ɞɘ ˊŬɚŬɘɧŰŮɟɞɘ ůɢɖɛŬŰɘůɛɞɑ 

ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ŮɑɜŬɘ ɞɘ ŮɓŬˊɞɟɑŰŮɠ ŰɟɘŬŭɘəɐɠ ɖɚɘəɑŬɠ, ɞɘ ɞˊɞɑɞɘ ůɨɛűɤɜŬ ɛŮ 

ɔŮɤŰɟɐůŮɘɠ ˊɞɡ ɏɚŬɓŬɜ ɢɩɟŬ ɔɘŬ Űɖɜ ŬɜŮɨɟŮůɖ ˊŮŰɟŮɚŬɑɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȼˊŮɑɟɞɡ 

ɏɢɞɡɜ ɛŮɔɎɚɞ ˊɎɢɞɠ, ɛŮɔŬɚɨŰŮɟɞ Űɤɜ 3000ɛ (ȾŬŰůɘəɎŰůɞɠ, 1992). Ⱥɜ ůɡɜŮɢŮɑŬ, 

Ŭəɞɚɞɡɗɞɨɜ ůɢɖɛŬŰɘůɛɞɑ Űɞɡ ŬɜɩŰŮɟɞɡ ɇɟɘŬŭɘəɞɨ, ˊɞɡ ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ ůŰɞɡɠ 

ŮɓŬˊɞɟɑŰŮɠ əŬɘ ɞɜɞɛɎůŰɖəŬɜ Ŭˊɧ Űɞɜ C. Renz ȷůɓŮůŰɧɚɘɗɞɘ ūɞɡůŰŬˊɐŭɖɛŬ. 

ȷəɞɚɞɡɗɞɨɜ ɎůŰɟɤŰɞɘ ŭɞɚɞɛɑŰŮɠ əŬɘ ɜɖɟɘŰɘəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ ȷɜɩŰŮɟɞɡ ɇɟɘŬŭɘəɞɨ ɏɤɠ 

ȾŬŰɩŰŮɟɞɡ ȿɘŬůɑɞɡ ɛŮ ˊɎɢɞɠ ˊɞɡ ɡˊŮɟɓŬɑɜŮɘ ŰŬ 1000 ɛɏŰɟŬ (ȾŬŰůɘəɎŰůɞɠ, 1992). 

ȰˊŮɘŰŬ, ůɡɜŬɜŰɩɜŰŬɘ ŬůɓŮůŰɧɚɘɗɞɘ Ɇɘɜɑɤɜ Űɞɡ ɀɏůɞɡ ȿɘɎůɘɞɡ əŬɘ ŬˊɞŰŮɚɞɨɜ 

ɛŮŰŬɓŬŰɘəɎ ɘɕɐɛŬŰŬ ɟɖɢɐɠ ˊɟɞɠ ɓŬɗɘɎɠ ɗŬɚɎůůɖɠ (ȾŬŰůɘəɎŰůɞɠ, 1992). ɆŰɞ ŬɜɩŰŮɟɞ 

ȿɘɎůɘɞ (ɇɞɎɟůɘɞ) ɡˊɎɟɢɞɡɜ ŮɟɡɗɟɞɥɩŭŮɘɠ əɞɜŭɡɚɩŭŮɘɠ ŬůɓŮůŰɧɚɘɗɞɘ ɛŮ ŬɛɛɤɜɑŰŮɠ 

(ammonitico rosso) ɛɘəɟɞɨ ˊɎɢɞɡɠ əŬɘ ůŰɞ ȹɞɔɔɏɟɘɞ əŬŰɩŰŮɟɞɘ ˊɡɟɘŰɘəɞɑ ůɢɘůŰɧɚɘɗɞɘ 

ɛŮ Posidonia ɛɘəɟɞɨ ˊɎɢɞɡɠ (ȾŬŰůɘəɎŰůɞɠ, 1992). Ƀɘ ŬůɓŮůŰɧɚɘɗɞɘ ȸɑɔɚŬɠ 

ɡˊɏɟəŮɘɜŰŬɘ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɞɡ ȹɞɔɔŮɟɑɞɡ əŬɘ ŮɑɜŬɘ ɚŮˊŰɞˊɚŬəɩŭŮɘɠ ˊŮɚŬɔɘəɞɑ 

ŬůɓŮůŰɧɚɘɗɞɘ ɛŮ ˊɎɢɞɠ ɏɤɠ ŰŬ 700 ɛɏŰɟŬ ɖɚɘəɑŬɠ ȷɜɩŰŮɟɞɡ ȽɞɡɟŬůɘəɞɨ ɏɤɠ 

ȾŬŰɩŰŮɟɞɡ ɆŮɜɤɜɑɞɡ (ȾŬŰůɘəɎŰůɞɠ, 1992). ɆŰŬ ŬɜɩŰŮɟŬ ɛɏɚɖ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ 

ɡˊɎɟɢɞɡɜ ˊɡɟɘŰɧɚɘɗɞɘ, ŬůɓŮůŰɧɚɘɗɞɘ, ɛɎɟɔŮɠ əŬɘ Ŭɟɔɘɚɘəɞɑ ůɢɘůŰɧɚɘɗɞɘ ɖɚɘəɑŬɠ 

ȷɜɩŰŮɟɞɡ ȷɚɓɑɞɡ ɏɤɠ ɇɞɡɟɤɜɑɞɡ. ȺˊɘˊɟɞůɗɏŰɤɠ, Ŭəɞɚɞɡɗɞɨɜ ůŰɟɩůŮɘɠ 

ŬůɓŮůŰɞɚɑɗɤɜ ɆŮɜɤɜɑɞɡ, ɄŬɚŬɘɞəŬɑɜɞɡ əŬɘ ȼɤəŬɑɜɞɡ. ɇŮɚɘəɎ, ŮɛűŬɜɑɕŮŰŬɘ ɖ ŬˊɧɗŮůɖ 

Űɞɡ űɚɨůɢɖ ɃɚɘɔɞəŬɑɜɞɡ, ɞ ɞˊɞɑɞɠ əŬŰɎ ɗɏůŮɘɠ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ əŬɘ ŰŬ 2500 ɛɏŰɟŬ 

(ɅɞɜŰɞɔɘɎɜɜɖ, 2018). ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ůɢɖɛŬŰɘůɛɞɑ Űɖɠ Ƚɞɜɑɞɡ 

ɕɩɜɖɠ ŮɛűŬɜɑɕɞɜŰŬɘ ɏɜŰɞɜŬ ˊŰɡɢɤɛɏɜɞɘ, ůɢɖɛŬŰɑɕɞɜŰŬɠ ɛŮɔɎɚŬ ůɨɔəɚɘɜŬ əŬɘ 

ŬɜŰɑəɚɘɜŬ.  



мс 
 

 

ȺɘəɧɜŬ 3-3: ɆŰɟɤɛŬŰɞɔɟŬűɘəɐ ůŰɐɚɖ Űɖɠ Ƚɞɜɑɞɡ Ȼɩɜɖɠ (Vakalas, et al., 2023) 

 

  



мт 
 

 ȷɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ůŰɞ ɧɟɘɞ Űɖɠ Ƚɞɜɑɞɡ ɕɩɜɖɠ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ 

ŭɘŮɘůŭɡŰɘəɞɑ ŮɓŬˊɞɟɑŰŮɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞ ɢŬɛɖɚɧŰŮɟɞ ŮˊɑˊŮŭɞ Ŭˊɞəɧɚɚɖůɖɠ 

Űɤɜ ŮˊɤɗɐůŮɤɜ Űɤɜ ȺɝɤŰŮɟɘəɩɜ Ⱥɚɚɖɜɑŭɤɜ (Karakitsios, 2013) ʁʽ ŮɓŬˊɞɟɑŰŮɠ ŬɡŰɞɑ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɛɞɟűɐ ŭɘɎˊɡɟɤɜ ŮɑŰŮ ɤɠ ɞɟɑɕɞɜŰŮɠ Ůˊɑ Űɤɜ ɞˊɞɑɤɜ ŮɡɜɞŮɑŰŬɘ ɖ 

əɑɜɖůɖ ŮˊɤɗɖŰɘəɩɜ ɟɖɔɛɎŰɤɜ. ȼ ˊŬɟŬɛɧɟűɤůɖ ůɡůŰɞɚɐɠ ɐŰŬɜ Űɧůɞ ɏɜŰɞɜɖ ˊɞɡ 

ŮˊɘůəɑŬůŮ Űɘɠ əɘɜɐůŮɘɠ Űɤɜ ŬɚɎŰɤɜ (halokinesis) ́ ɞɡ ˊɟɞɏəɡɣŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ɀŮůɞɕɤɘəɐɠ Ůˊɞɢɐɠ (Vakalas, et al., 2023) 

 

3.2  ɄŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ 
 

 ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ ˊɟɩŰɖ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ůŰɞ ɚŬŰɞɛŮɑɞ Űɖɠ ɀŬɕɘɎɠ, ŰŬ 

ŭŮŭɞɛɏɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ůŮ ŬůɓŮůŰɧɚɘɗɞ ȼɤəŬɑɜɞɡ, əɎŰɘ Űɞ ɞˊɞɑɞ ɡˊɞůŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

Űɖɜ ɨˊŬɟɝɖ ŬˊɞɚɘɗɤɛɎŰɤɜ ɁɞɡɛɛɞɡɚɘŰɩɜ (Nummulite) ɑŭɘŬɠ ɖɚɘəɑŬɠ ɞɘ ɞˊɞɑɞɘ 

ůɡɜŬɜŰɩɜŰŬɘ ůŮ ˊŮɚŬɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ȼɤəŬɑɜɞɡ  əŬɘ ɀŮɘɞəŬɑɜɞɡ (ȺɘəɧɜŮɠ 3-4 əŬɘ 

3-5). 

 

ȺɘəɧɜŬ 3-4: ɁɞɡɛɛɞɡɚɑŰɖɠ ɧˊɤɠ ɓɟɏɗɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɖɠ ɀŬɕɘɎɠ ˊɎɜɤ ůŮ ŬůɓŮůŰɧɚɘɗɞ 

ȼɤəŬɑɜɞɡ, ůŮ ɛŮɔɏɗɡɜůɖ 

 

ȺɘəɧɜŬ 3-5: ȹŮɨŰŮɟɞ ŭŮɑɔɛŬ ɁɞɡɛɛɞɡɚɑŰɖ ůŰɖɜ ɑŭɘŬ ˊŮɟɘɞɢɐ, ůŮ ɛŮɔɏɗɡɜůɖ 



му 
 

 ȷɜɎ ɗɏůŮɘɠ, ůŰɖɜ ˊɟɩŰɖ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞɜ ŬůɓŮůŰɧɚɘɗɞ 

Űɞɡ ȼɤəŬɑɜɞɡ, əŮɟŬŰɞɚɘɗɘəɞɑ űŬəɞɑ ɐ ŮɜůŰɟɩůŮɘɠ (chert nodules)(ȺɘəɧɜŬ 3-6). Ƀɘ 

ŮɛűŬɜɑůŮɘɠ ŬɡŰɏɠ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ŭɘŬɔŮɜŮŰɘəɩɜ ŭɘŮɟɔŬůɘɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ ůŰɖɜ 

ˊŮɟɘɞɢɐ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ɞˊɞɑɤɜ Űɞ ˊɡɟɑŰɘɞ ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ Ŭˊɧ əŮɚɨűɖ 

ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ŬɜŰɘəŬɗɘůŰɎ Űɞ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ. (Chert Nodule, 2023)  

 

ȺɘəɧɜŬ 3-6: ȾŮɟŬŰɞɚɘɗɘəɞɑ űŬəɞɑ ɧˊɤɠ ɓɟɏɗɖəŬɜ ůŰɞ ɚŬŰɞɛŮɑɞ Űɖɠ ɀŬɕɘɎɠ 

 

 ȺɜŭŮɘəŰɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŮˊɘűŬɜŮɘŬəɐ ŮɛűɎɜɘůɖ űɚɨůɢɖ ůŮ ˊŮɟɘɞɢɐ əɞɜŰŬ ůŰɖɜ ˊɧɚɖ 

Űɤɜ ȽɤŬɜɜɑɜɤɜ ɛŮ ɏɜŰɞɜɞ ɔŮɤɚɞɔɘəɧ ŮɜŭɘŬűɏɟɞɜ. Ƀ űɚɨůɢɖɠ Űɖɠ Ƚɞɜɑɞɡ ɕɩɜɖɠ 

ˊŬɟɞɡůɘɎɕŮɘ ɏɜŰɞɜŮɠ ˊŰɡɢɩůŮɘɠ ɛŮ ɛŮɔɎɚŮɠ ŬəŰɑɜŮɠ əŬɛˊɡɚɧŰɖŰŬɠ əŬɘ ɛŮɔɎɚŬ 

ůɨɔəɚɘɜŬ (ȺɘəɧɜŬ 3-7).  

 

ȺɘəɧɜŬ 3-7: ūɚɨůɢɖɠ ȹɡŰɘəɐɠ ȺɚɚɎŭŬɠ ɏɜŰɞɜŬ ˊŰɡɢɤɛɏɜɞɠ 

   



мф 
 

 ȯɚɚŮɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ŭɞɛɏɠ ˊɞɡ ůɡɜŬɜŰɐɗɖəŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɚɐɣɖɠ ŭŮŭɞɛɏɜɤɜ 

ɐŰŬɜ: ɞ ɚɘɗɞɔɟŬűɘəɧɠ ŬůɓŮůŰɧɚɘɗɞɠ (ȺɘəɧɜŬ 3-9), ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ŮɜŭŮɘəŰɘəɧɠ Űɞɡ 

ˊɟɤŰɞɔŮɜɞɨɠ ˊɞɟɩŭɞɡɠ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ əŬɘ ɞ ŭɘŬɔŮɜɜŮŰɘəɧɠ ůŰɡɚɧɚɘɗɞɠ (ȺɘəɧɜŬ 3-

8), ɞ ɞˊɞɑɞɠ ŮəŰŮɑɜŮŰŬɘ ˊŬɟɎɚɚɖɚŬ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ůŰɟɩůɖɠ.  

 

ȺɘəɧɜŬ 3-8: ȹɘŬɔŮɜɜŮŰɘəɧɠ ůŰɡɚɧɚɘɗɞɠ 

 

ȺɘəɧɜŬ 3-9: ȿɘɗɞɔɟŬűɘəɧɠ ŬůɓŮůŰɧɚɘɗɞɠ 

 

  



нл 
 

 ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɚŮˊŰɞˊɚŬəɩŭɖɠ ŬůɓŮůŰɧɚɘɗɞɠ 

ȼɤəŬɑɜɞɡ (ȺɘəɧɜŬ 3-10), Ůɜɩ ůŰɖ ŭŮɨŰŮɟɖ ŬůɓŮůŰɞɚɘɗɞɠ ɆŮɜɤɜɑɞɡ (ȺɘəɧɜŬ 3-11) ɞ 

ɞˊɞɑɞɠ ŭŮɜ ŮɑɜŬɘ ɏɜŰɞɜŬ əŬŰŬˊɞɜɖɛɏɜɞɠ. ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŮɛűŬɜɑɕɞɜŰŬɘ 

ŭɘŬəɚɎůŮɘɠ ŬɜɞɘɢŰɞɨ əŬɘ əɚŮɘůŰɞɨ Űɨˊɞɡ, ɛŮ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ ˊɞɚɨ 

ɛɘəɟɧŰŮɟɖ ůɡɢɜɧŰɖŰŬ əŬɘ ɜŬ ŮɑɜŬɘ ŭŮɡŰŮɟɞɔŮɜɩɠ ˊɚɖɟɤɛɏɜŮɠ ɛŮ ŬůɓŮůŰɑŰɖ (ɎɜɞɘɔɛŬ Ò 

1mm).  

 

ȺɘəɧɜŬ 3-10: ȷůɓŮůŰɧɚɘɗɞɠ ȼɤəŬɑɜɞɡ 

 

ȺɘəɧɜŬ 3-11: ȷůɓŮůŰɧɚɘɗɞɠ ɆŮɜɤɜɑɞɡ 

 

  



нм 
 

 

ȺɘəɧɜŬ 3-12: ȹɘŬəɚɎůŮɘɠ ŭŮɡŰŮɟɞɔŮɜɩɠ ˊɚɖɟɤɛɏɜŮɠ ɛŮ ŬůɓŮůŰɑŰɖ 

  



нн 
 

4  ȹɘŬŭɘəŬůɑŬ ȿɐɣɖɠ əŬɘ ȺˊŮɝŮɟɔŬůɑŬɠ ȹŮŭɞɛɏɜɤɜ ɄŮŭɑɞɡ 
 

4.1  ūɤŰɞɔɟŬɛɛŮŰɟɑŬ ɛɏůɤ Agisoft Metashape Professional 
 

 Ƀɘ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ ˊɞɡ ɚɐűɗɖəŬɜ Űɧůɞ ɔɘŬ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɟŬɜɞɨɠ (scanline) 

ɧůɞ əŬɘ ɔɘŬ Űɖɜ əɎŰɞɣɖ Űɖɠ ˊŮɟɘɞɢɐɠ (topview) ŬˊɞŰŮɚɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ əŬɘ 

ˊɎɟɗɖəŬɜ ɛŮ Űɖ ɢɟɐůɖ drone DJI Phantom 4 Pro (ȺɘəɧɜŮɠ 4-1 əŬɘ 4-2). ȼ 

ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖ (side and front overlap) Űɤɜ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ ɛŮ ůɢɏŭɘɞ ˊŰɐůɖɠ 

ɐŰŬɜ ˊŮɟɑˊɞɡ 65-75% ůŰɘɠ əŬŰɧɣŮɘɠ əŬɘ ůŰɘɠ ɢŮɘɟɞəɑɜɖŰŮɠ əŬŰô ŮəŰɑɛɖůɖ. ɄŬɟŬəɎŰɤ 

ɗŬ ɛŮɚŮŰɖɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ Ůɜɧɠ ŰɟɘůŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ, Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

scanline 1.1, ůŰɞ ȸȹ ˊɟŬɜɏɠ ŮɔəŬŰŬɚŮɚŮɘɛɛɏɜɞɡ ɚŬŰɞɛŮɑɞɡ ŬŭɟŬɜɩɜ əɞɜŰɎ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɖɠ ɀŬɕɘɎɠ. ũɘŬ ŰŬ ɡˊɧɚɞɘˊŬ ɛɞɜŰɏɚŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɧɛɞɘŬ ŭɘŬŭɘəŬůɑŬ.  

 

ȺɘəɧɜŬ 4-1 ɇɞ drone DJI Phantom 4 Pro ɛŬɕɑ ɛŮ ŰɖɚŮɢŮɘɟɘůŰɐɟɘɞ ɧˊɤɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɞ ˊŮŭɑɞ 

 

ȺɘəɧɜŬ 4-2: ɇɞ drone əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ˊŰɐůɖɠ ɔɘŬ ɚɐɣɖ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ ůŰɞ ɚŬŰɞɛŮɑɞ Űɖɠ ɀŬɕɘɎɠ 

 

4.1.1 ȺɘůŬɔɤɔɐ Űɤɜ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ ůŰɞ ɚɞɔɘůɛɘəɧ 

 

 ȺˊɘɚɏɔŮŰŬɘ ñworkflowò ɛɏůɤ Űɖɠ ŮɟɔŬɚŮɘɞɗɐəɖɠ əŬɘ ɏˊŮɘŰŬ ůŰɞ ŬɜŬŭɡɧɛŮɜɞ ɛŮɜɞɨ 

Ůˊɘɚɞɔɐ Űɞɡ ñadd photosò ɐ ñadd folderôô, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰɞˊɞɗŮůɑŬ Űɤɜ űɤŰɞɔɟŬűɘɩɜ 

ůŰɞɜ ɡˊɞɚɞɔɘůŰɐ (ȺɘəɧɜŬ 4-3). 



но 
 

 

ȺɘəɧɜŬ 4-3: ȺɘůŬɔɤɔɐ ůŰɞɘɢŮɑɤɜ Ůɘůɧŭɞɡ ɛɏůɤ ŮɟɔŬɚŮɘɞɗɐəɖɠ 

 

4.1.2 ȺɡɗɡɔɟɎɛɛɘůɖ űɤŰɞɔɟŬűɘɩɜ (photo alignment) 
 

 ɀŮŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ űɤŰɞɔɟŬűɘɩɜ, ůŰɞ ɢɩɟɞ ŮɟɔŬůɘɩɜ (workspace) ŮɛűŬɜɑɕŮŰŬɘ 

ɞ Ŭɟɘɗɛɧɠ ŬɡŰɩɜ ůŰɞ ˊɟɩŰɞ chunk ɤɠ cameras. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŰŬ ŭŮŭɞɛɏɜŬ 

Ůɘůɧŭɞɡ ŮɑɜŬɘ 139. ȷˊɧ Űɖɜ ŮɟɔŬɚŮɘɞɗɐəɖ, ŮˊɘɚɏɔŮŰŬɘ ñworkflowò əŬɘ ɏˊŮɘŰŬ ñalign 

photosò (ȺɘəɧɜŬ 4-4). ɀŮ ɓɎůɖ Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ Űɞɡ ɡˊɞɚɞɔɘůŰɐ ŮˊɘɚɏɔŮŰŬɘ ůŰɞ 

ŬɜŬŭɡɧɛŮɜɞ ˊŬɟɎɗɡɟɞ ɖ ˊɞɘɧŰɖŰŬ ůŮ ɛɑŬ əɚɑɛŬəŬ Ŭˊɧ ɢŬɛɖɚɧ ůŮ ˊɞɚɨ ɡɣɖɚɧ. Ⱥŭɩ, 

ŮˊɘɚɏɢɗɖəŮ ɡɣɖɚɐ ˊɞɘɧŰɖŰŬ.  

ȺɘəɧɜŬ 4-4: ȺɡɗɡɔɟɎɛɛɖůɖ 



нп 
 

4.1.3  ȹɖɛɘɞɡɟɔɑŬ ɜɏűɞɡɠ ůɖɛŮɑɤɜ (dense cloud) 

  

 ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɡɗɡɔɟɎɛɛɘůɖɠ Űɤɜ űɤŰɞɔɟŬűɘɩɜ, ŮɛűŬɜɑɕŮŰŬɘ 

Űɞ ŮˊɑˊŮŭɞ ñtie pointsò, ŭɖɚŬŭɐ ŰŬ ůɖɛŮɑŬ ŭɘŬůɨɜŭŮůɖɠ Ŭˊɧ ŰŬ ɞˊɞɑŬ ɗŬ ˊɟɞəɨɣŮɘ Űɞ 

Ŭɟɢɘəɧ ŮˊɑˊŮŭɞ, ˊɎɜɤ ůŰɞ ɞˊɞɑɞ ɗŬ ɡˊɎɟɝŮɘ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ. Ⱥŭɩ ɓɟɏɗɖəŬɜ 

93,717 ůɖɛŮɑŬ ŭɘŬůɨɜŭŮůɖɠ ɛŮŰŬɝɨ ɔŮɘŰɞɜɘəɩɜ űɤŰɞɔɟŬűɘɩɜ. Ⱥɜ ůɡɜŮɢŮɑŬ, ŮˊɘɚɏɔŮŰŬɘ 

ñworkflowò əŬɘ ɏˊŮɘŰŬ ñbuild dense cloudò (ȺɘəɧɜŬ 4-5). ɀŮ ŬɡŰɧ Űɞ ɓɐɛŬ, Űɞ 

ɚɞɔɘůɛɘəɧ ɗŬ ˊɡəɜɩůŮɘ ŰŬ tie points  ɛɏůɤ Űɞɡ ůɡůɢŮŰɘůɛɞɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ. 

Ƀɛɞɑɤɠ ŮˊɘɚɏɔŮŰŬɘ ɡɣɖɚɐ ˊɞɘɧŰɖŰŬ ŬɜɎɚɡůɖɠ. ɇɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɏɜŬ ɜɏűɞɠ 

ůɖɛŮɑɤɜ ˊɞɡ ŭɑɜŮɘ ɛɘŬ Ŭɑůɗɖůɖ ŰɟɘůŭɘɎůŰŬŰɖɠ ŬˊɞŰɨˊɤůɖɠ Űɞɡ ɢɩɟɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ 

 

ȺɘəɧɜŬ 4-5: ȷɜŬˊŬɟɎůŰŬůɖ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ əŬɘ Űɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

Űɞɡ 

 

4.1.4 ȹɖɛɘɞɡɟɔɑŬ Tiled Model  

 

 ȷˊɧ Űɞ ñworkflowò ŮˊɘɚɏɔŮŰŬɘ ñbuild tiled modelò (ȺɘəɧɜŬ 4-6). ɀŮ Űɖɜ ŮɜŰɞɚɐ ŬɡŰɐ, 

Űɞ ɚɞɔɘůɛɘəɧ ɚŬɛɓɎɜŮɘ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ Űɞɡ dense cloud əŬɘ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɛɞɜŰɏɚɞ 

ŰɟɘůŭɘɎůŰŬŰɞ ˊɞɚɨ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ (ȺɘəɧɜŬ 4-8), ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ɧŰɘ ɏɜŬ 3D model 

(ȺɘəɧɜŬ 4-7) ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ Ŭˊɧ ˊɚɏɔɛŬ (mesh) əŬɘ ˊɟɧůŭɞůɖ ɡűɐɠ (texture) 

ůŮ ŬɡŰɧ. ȰŰůɘ ɛŮɘɩɜɞɜŰŬɘ ŰŬ ŮˊɑˊŮŭŬ Ůɝɧŭɞɡ (output) Ŭˊɧ ŭɨɞ ůŮ ɏɜŬ əŬɘ ɛɎɚɘůŰŬ ˊɞɚɨ 

əŬɚɨŰŮɟɖɠ ŬɜɎɚɡůɖɠ.  
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ȺɘəɧɜŬ 4-6: ȷɜŬˊŬɟɎůŰŬůɖ Űɞɡ tiled model əŬɘ Űɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

 

 

ȺɘəɧɜŬ 4-7: ȷɜŬˊŬɟɎůŰŬůɖ 3D model (ɛɘəɟɧŰŮɟɖɠ ŬɜɎɚɡůɖɠ ɛɞɜŰɏɚɞ) 

 

  

ȺɘəɧɜŬ 4-8: ȷɜŬˊŬɟɎůŰŬůɖ tiled model (ɡɣɖɚɧŰŮɟɖɠ ŬɜɎɚɡůɖɠ 

ɛɞɜŰɏɚɞ) 
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4.1.5  ȹɖɛɘɞɡɟɔɑŬ ɊɖűɘŬəɞɨ ɀɞɜŰɏɚɞɡ ȺŭɎűɞɡɠ (DEM) 

  

 ȷˊɧ Űɞ ñworkflowò ŮˊɘɚɏɔŮŰŬɘ ñbuild DEMò (ȺɘəɧɜŬ 4-10). ȷˊɧ Űɞ ŬɜŬŭɡɧɛŮɜɞ ɛŮɜɞɨ 

(ȺɘəɧɜŬ 4-9), ŮˊɘɚɏɔŮŰŬɘ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɟɞɓɞɚɘəɧ ůɨůŰɖɛŬ (Ůŭɩ Űɞ Greek Grid 2100) 

əŬɘ ɖ ˊɖɔɐ ŭŮŭɞɛɏɜɤɜ (source data) ɤɠ Űɞ dense cloud. ɇɞ ˊŬɟŬɔɧɛŮɜɞ ɛɞɜŰɏɚɞ ɚɧɔɤ 

ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ, ˊŮɟɘɏɢŮɘ əŬɘ ɑɢɜɖ Űɖɠ ɓɚɎůŰɖůɖɠ. ɃɡůɘŬůŰɘəɎ Űɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ 

ŮŭɎűɞɡɠ ŬɜŬˊŬɟɘůŰɎ Űɞ ŬɜɎɔɚɡűɞ Űɞɡ ŮŭɎűɞɡɠ ɛɏůɤ Űɖɠ ɢɟɐůɖɠ ůɖɛŮɑɤɜ ɔɜɤůŰɐɠ 

ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐɠ ɗɏůɖɠ əŬɘ ɡɣɞɛɏŰɟɞɡ.  

 

ȺɘəɧɜŬ 4-9: ȷɜŬŭɡɧɛŮɜɞ ɛŮɜɞɨ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ DEM 

 

ȺɘəɧɜŬ 4-10: ȷɜŬˊŬɟɎůŰŬůɖ Űɞɡ DEM əŬɘ Űɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 
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4.1.6  ȹɖɛɘɞɡɟɔɑŬ ɃɟɗɞɛɤůŬɥəɞɨ  (Orthomosaic) 

 

 ȷˊɧ Űɖɜ ŮɟɔŬɚŮɘɞɗɐəɖ ñworkflowò ŮˊɘɚɏɔŮŰŬɘ ñbuild orthomosaicò (ȺɘəɧɜŬ 4-11).  ɆŰɞ 

ŬɜŬŭɡɧɛŮɜɞ ˊŬɟɎɗɡɟɞ Ůɚɏɔɢɞɡ ŮˊɘɚɏɔŮŰŬɘ Űɞ ˊɟɞɓɞɚɘəɧ ůɨůŰɖɛŬ əŬɘ ɚŬɛɓɎɜɞɜŰŬɘ 

ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ɞɟɗɞɛɤůŬɥəɞɨ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɞɡ DEM. ɇɞ 

ŮˊɑˊŮŭɞ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ ɛɘŬ ɔŮɤŬɜŬűŮɟɛɏɜɖ űɤŰɞɔɟŬűɑŬ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ 

(1.93mm/pixel) Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ ůŮ əɎŰɞɣɖ ˊɞɡ ˊɟɞɏəɡɣŮ Ůɝɞɚɞəɚɐɟɞɡ 

Ŭˊɧ Űɘɠ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ (ȺɘəɧɜŬ 4-12). ɄŬɟɧɚŬ ŬɡŰɎ, ůŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ, ɗŬ ŮɝŬɢɗŮɑ 

Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ Agisoft ɔɘŬ ˊŮɟŬɘŰɏɟɤ ɔŮɤŬɜŬűɞɟɎ ɔɘŬ ɚɧɔɞɡɠ ŮˊŬɚɐɗŮɡůɖɠ əŬɘ ɔɘŬ 

Ŭˊɞűɡɔɐ ůűŬɚɛɎŰɤɜ ůŮ ɏɜŬ əɟɑůɘɛɞ ůŰɎŭɘɞ. 

 

ȺɘəɧɜŬ 4-11: ȷɜŬˊŬɟɎůŰŬůɖ Űɞɡ orthomosaic əŬɘ Űɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

Űɞɡ 

 

ȺɘəɧɜŬ 4-12: ȷˊŮɘəɞɜɑɕŮŰŬɘ ůŮ ɛŮɔɏɗɡɜůɖ ɖ ɡɣɖɚɐ ŬɜɎɚɡůɖ ůŰɖɜ ɞˊɞɑŬ ɚŬɛɓɎɜŮŰŬɘ Űɞ ɞɟɗɞɛɤůŬɥəɧ 

ɢɎɟɖ ůŰɖ ɢɟɐůɖ ŭŮŭɞɛɏɜɤɜ ŮɘůŬɔɤɔɐɠ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ DEM 
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4.1.7  ɇŮɚɘəɎ ˊɟɞɥɧɜŰŬ űɤŰɞɔɟŬɛɛŮŰɟɑŬɠ 

 

 ɇŮɚɘəɎ, ɚŬɛɓɎɜɞɜŰŬɘ ɔɘŬ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ ˊŮɟɘɞɢɏɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɏɜŬ tiled model 

əŬɘ ɏɜŬ orthomosaic ɔɘŬ əɎɗŮ ˊɟŬɜɏɠ Űɞɡ ɞˊɞɑɞɡ ɞɘ ŭɘŬəɚɎůŮɘɠ ɗŬ ŮˊŮɝŮɟɔŬůŰɞɨɜ ůŮ 

ŮˊɧɛŮɜŬ ůŰɎŭɘŬ. ȷɜŬɚɡŰɘəɎ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ űɤŰɞɔɟŬɛɛŮŰɟɑŬɠ 

ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ Agisoft Metashape Professional. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛɧɜɞ ŰŬ ɞɟɗɞɛɤůŬɥəɎ Űɤɜ əŬŰɧɣŮɤɜ, əŬɗɩɠ ɔɘŬ ŰŬ ůɢŮŭɧɜ 

əŬŰŬəɧɟɡűŬ ˊɟŬɜɐ ŭŮɜ ɏɢŮɘ ɜɧɖɛŬ. 

 

ȺɘəɧɜŬ 4-13:  ɇɞ tiled model ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɘŬəɚɎůŮɤɜ Űɞɡ ɛŮŰɩˊɞɡ scanline 1.1 

 

ȺɘəɧɜŬ 4-14: ɇɞ tiled model ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɘŬəɚɎůŮɤɜ Űɞɡ ɛŮŰɩˊɞɡ scanline 1.2 

 

ȺɘəɧɜŬ 4-15: ɇɞ tiled model ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɘŬəɚɎůŮɤɜ Űɞɡ ɛŮŰɩˊɞɡ scanline 1.3 
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ȺɘəɧɜŬ 4-16: ɇɞ tiled model ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ əɎŰɞɣɖɠ Űɞɡ ɚŬŰɞɛŮɑɞɡ Űɖɠ ɀŬɕɘɎɠ 

 

ȺɘəɧɜŬ 4-17: ɇɞ orthomosaic ɔɘŬ Űɖɜ ɔŮɤŬɜŬűɞɟɎ Űɖɠ əɎŰɞɣɖɠ Űɞɡ ɚŬŰɞɛŮɑɞɡ Űɖɠ ɀŬɕɘɎɠ 

 



ол 
 

 

ȺɘəɧɜŬ 4-19: ɇɞ tiled model ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɘŬəɚɎůŮɤɜ Űɞɡ ɛŮŰɩˊɞɡ scanline 2.2 

 

 

ȺɘəɧɜŬ 4-20: ɇɞ tiled model ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɘŬəɚɎůŮɤɜ Űɞɡ ɛŮŰɩˊɞɡ scanline 2.3 

  

 
ȺɘəɧɜŬ 4-18: ɇɞ tiled model ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɘŬəɚɎůŮɤɜ Űɞɡ ɛŮŰɩˊɞɡ scanline 2.1 



ом 
 

 

ȺɘəɧɜŬ 4-21 ɇɞ tiled model ɔɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ əɎŰɞɣɖɠ Űɞɡ ůɖɛŮɑɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɤɜ 

ȷɜŬɟɔɨɟɤɜ 

 

 

ȺɘəɧɜŬ 4-22 ɇɞ orthomosaic ɔɘŬ Űɖɜ ɔŮɤŬɜŬűɞɟɎ Űɖɠ əɎŰɞɣɖɠ Űɞɡ ůɖɛŮɑɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɤɜ 

ȷɜŬɟɔɨɟɤɜ 

 

 

 

 

  

 



он 
 

4.2 ũŮɤŬɜŬűɞɟɎ ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ QGIS 
 

 ũɘŬ Űɖɜ ŮˊŮɝɐɔɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ űɡůɘəɐ ůɡɜɏɢŮɘŬ ɖ 

ɛŮɗɞŭɞɚɞɔɑŬ ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ ɔɘŬ Űɞ scanline 1.1. ȼ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ŬəɞɚɞɡɗɐɗɖəŮ 

əŬɘ ɔɘŬ ŰŬ ɡˊɧɚɞɘˊŬ 5 ˊɟŬɜɐ. 

 ɇɞ ɞɟɗɞɛɤůŬɥəɧ ŮɑɜŬɘ ɐŭɖ ůɤůŰɎ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞ ůŰɞ ɢɩɟɞ, ŬɚɚɎ ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ŰɞˊɞɗŮŰɖɗŮɑ ůŮ ɏɜŬ ŮɘəɞɜɘůŰɘəɧ ŬɟɢŮɑɞ, Űɞɜ ɢɎɟŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɛɏůɤ 

ɔŮɤŬɜŬűɞɟɎɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɚɞɔɘůɛɘəɧ QGIS. ɀŮ ɓɎůɖ Űɞɡɠ (Sommer & Wade, 

2006) ɔŮɤŬɜŬűɞɟɎ ɞɟɑɕŮŰŬɘ ɤɠ ɖ ñŮɡɗɡɔɟɎɛɛɘůɖ ɔŮɤɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɏɜŬ 

ɔɜɤůŰɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚɖɗɞɨɜ, ɜŬ ŬɜŬɕɖŰɖɗɞɨɜ 

əŬɘ ɜŬ ŬɜŬɚɡɗɞɨɜ ɛŮ ɎɚɚŬ ɔŮɤɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬò. ɋɠ ŬˊɞŰɏɚŮůɛŬ Ůɜɧɠ 

ɔŮɤŬɜŬűŮɟɛɏɜɞɡ ɢɎɟŰɖ ɐ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ əɎɗŮ ůɖɛŮɑɞ ŬɡŰɩɜ 

ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɛŮ ŮɚɎɢɘůŰɖ Ŭˊɧəɚɘůɖ ˊɎɜɤ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ, ɢɎɟɖ ůŰɞ əɞɘɜɧ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ. ɃɡůɘŬůŰɘəɎ, ɖ ˊɚɖɟɞűɞɟɑŬ Űɤɜ ŮůɤŰŮɟɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

ŮɑɜŬɘ ŬˊɞɗɖəŮɡɛɏɜɖ ůŮ ŬɟɢŮɑɞ ŮɘəɧɜŬɠ Űɖɠ ɛɞɟűɐɠ GEOTIFF. 

 

4.2.1  ȺɝŬɔɤɔɐ ŬɟɢŮɑɞɡ ŮɘəɧɜŬɠ Űɞɡ ɛŮŰɩˊɞɡ 

 

 ȷɟɢɘəɎ, Ŭˊɧ Űɞ Agisoft ɔɑɜŮŰŬɘ ŮɝŬɔɤɔɐ Űɞɡ ɞɟɗɞɛɤůŬɥəɞɨ ůŮ ɛɞɟűɐ  TIF. ȷˊɧ Űɖɜ 

ŮɟɔŬɚŮɘɞɗɐəɖ ŮˊɘɚɏɔŮŰŬɘ ůŰŬ ñfilesò Űɞ ñexportò, ɏˊŮɘŰŬ ñexport orthomosaicò əŬɘ 

ŰŮɚɘəɎ ñexport JPEG/TIFF/PNGò (ȺɘəɧɜŬ 4-23). ɆŰɞ ŬɜŬŭɡɧɛŮɜɞ ˊŬɟɎɗɡɟɞ 

ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ŮˊɘɗɡɛɖŰɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ (Ůŭɩ Űɞ GREEK GRID) əŬɘ ŮˊɘɚɏɔŮŰŬɘ export 

ůŰɞ ŮˊɘɗɡɛɖŰɧ ŬɟɢŮɑɞ. ȰŰůɘ ɚŬɛɓɎɜŮŰŬɘ Űɞ ɞɟɗɞɛɤůŬɥəɧ ůŮ ŮɘəɞɜɘůŰɘəɧ ŬɟɢŮɑɞ ɛɞɟűɐɠ 

GEOTIFF.  
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ȺɘəɧɜŬ 4-23:  ȹɘŬŭɘəŬůɑŬ ŮɝŬɔɤɔɐɠ ŬɟɢŮɑɞɡ ŮɘəɧɜŬɠ ɛŮŰɩˊɞɡ 

 

4.2.2 ȺɝŬɔɤɔɐ ŬɟɢŮɑɞɡ ŮɘəɧɜŬɠ Űɖɠ ɓɎůɖɠ Űɞɡ ɢɎɟŰɖ 

  

 ũɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ɔŮɤŬɜŬűŮɟɛɏɜɤɜ ɛŮŰɩˊɤɜ Űɞɡ ɚŬŰɞɛŮɑɞɡ Űɖɠ ɀŬɕɘɎɠ, ɤɠ 

ɓɎůɖ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɞ Ⱥɚɚɖɜɘəɧ ȾŰɖɛŬŰɞɚɧɔɘɞ ɢɎɟŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɤɜ ɛŮŰɟɐůŮɤɜ 

ůŮ əɚɑɛŬəŬ 1:2500. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ WMS (Web Map Service), Űɞ ɞˊɞɑɞ ŭɑɜŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬɜŰŬɚɚɎůůŮŰŬɘ ɢɤɟɘəɐ ˊɚɖɟɞűɞɟɑŬ ůŮ ɛɞɟűɐ Ůɘəɧɜɤɜ. ȷəɞɚɞɡɗŮɑŰŬɘ 

ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ɓɐɛŬ ɔɘŬ ɜŬ ɚɖűɗŮɑ ɞɟɗɞɛɤůŬɥəɧ ůŮ ŮɘəɞɜɘůŰɘəɧ 

ŬɟɢŮɑɞ ɛɞɟűɐɠ GEOTIFF. 

 

4.2.3 ȺɘůŬɔɤɔɐ ɢɎɟŰɖ-ɓɎůɖɠ 

  

 ɀŮŰɎ Űɖɜ ŮɝŬɔɤɔɐ Űɞɡ ɢɎɟŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɞ ɞˊɞɑɞɠ ɗŬ ɚŮɘŰɞɡɟɔɐůŮɘ ɤɠ ɖ ɓɎůɖ ůŰɖɜ 

ɞˊɞɑŬ ɗŬ ɔŮɤŬɜŬűŮɟɗɞɨɜ ŰŬ ɛɏŰɤˊŬ, ɔɑɜŮŰŬɘ Ůəəɑɜɖůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ QGIS. 

ȺˊɘɚɏɔɞɜŰŬɠ ɜɏɞ project ŬɜɞɑɔŮɘ ɜɏɞ ŬɟɢŮɑɞ ŮɟɔŬůɑŬɠ. ȷˊɧ Űɖɜ ŮɟɔŬɚŮɘɞɗɐəɖ 

ŮˊɘɚɏɔŮŰŬɘ ñopen data source managerò (ȺɘəɧɜŬ 4-24) əŬɘ Ŭˊɧ Űɞ ŬɜŬŭɡɧɛŮɜɞ 

ˊŬɟɎɗɡɟɞ (ȺɘəɧɜŬ 4-25), ůŰɖɜ əŬŰɖɔɞɟɑŬ ñŮɘəɞɜɘůŰɘəɧò (raster) ŮˊɘɚɏɔŮŰŬɘ Űɞ ŬɟɢŮɑɞ-

ˊɖɔɐ Ŭˊɧ Űɞɜ űɎəŮɚɞ ůŰɞɜ ɞˊɞɑɞ ŬˊɞɗɖəŮɨŰɖəŮ Űɞ ŮɘəɞɜɘůŰɘəɧ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ 

ɓɐɛŬŰɞɠ.  
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ȺɘəɧɜŬ 4-24:  ȼ ŮɜŰɞɚɐ open data source manager Ŭˊɧ Űɖɜ  ŮɟɔŬɚŮɘɞɗɐəɖ 

 

 

ȺɘəɧɜŬ 4-25: Ⱥˊɘɚɞɔɐ ŬɟɢŮɑɞɡ ˊɖɔɐɠ Ŭˊɧ Űɞ ŬɜŬŭɡɧɛŮɜɞ ɛŮɜɞɨ ɔɘŬ ŮɘůŬɔɤɔɐ ŮɘəɞɜɘůŰɘəɞɨ ŬɟɢŮɑɞɡ 

 

 

ȺɘəɧɜŬ 4-26: Ƀ ɔŮɤŬɜŬűŮɟɛɏɜɞɠ ɢɎɟŰɖɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ɚɞɔɘůɛɘəɞɨ QGIS 

 



ор 
 

4.2.4 ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ  

 

 ɇɞ ŮɘəɞɜɘůŰɘəɧ ŬɟɢŮɑɞ ɓɟɑůəŮŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ Ŭˊɧ ɧŰɘ Űɞ 

ŮˊɘɗɡɛɖŰɧ. ũɘŬ ɜŬ ɛŮŰŬůɢɖɛŬŰɘůŰɞɨɜ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ Ůɚɚɖɜɘəɧ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ GREEK GRID: EPSG 2100 ɩůŰŮ ɜŬ ůɡɛˊɏůŮɘ ɞ ɢɎɟŰɖɠ ůɤůŰɎ ˊɎɜɤ ůŰɖɜ 

ˊɟŬɔɛŬŰɘəɐ əɎŰɞɣɖ Űɞɡ ɚŬŰɞɛŮɑɞɡ ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ Űɖɜ ŮɟɔŬɚŮɘɞɗɐəɖ Űɞ ñrasterò, 

ɏˊŮɘŰŬ Űɞ ñɢŬɟŰɞɔɟŬűɘəɏɠ ˊɟɞɓɞɚɏɠò əŬɘ ŰŮɚɘəɎ ñɛŮŰŬůɢɖɛŬŰɘůɛɧɠ (ůɡɜŰŮŰŬɔɛɏɜɤɜ)ò 

(ȺɘəɧɜŬ 4-27).  

 

ȺɘəɧɜŬ 4-27: ȷɜŬˊŬɟɎůŰŬůɖ ŮɜŰɞɚɩɜ ɔɘŬ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ůɡɜŰŮŰŬɔɛɏɜɤɜ Ŭˊɧ Űɖɜ ŮɟɔŬɚŮɘɞɗɐəɖ 

 ɆŰɞ ŬɜŬŭɡɧɛŮɜɞ ˊŬɟɎɗɡɟɞ ŮˊɘɚɏɔŮŰŬɘ ɤɠ ŮˊɑˊŮŭɞ ŮɘůŬɔɤɔɐɠ Űɞ ŮɘəɞɜɘůŰɘəɧ ŬɟɢŮɑɞ əŬɘ 

ɤɠ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ˊɟɞɞɟɘůɛɞɨ Űɞ Greek Grid (ȺɘəɧɜŬ 4-28). 

ȺˊɘɚɏɔŮŰŬɘ ŮəŰɏɚŮůɖ əŬɘ ɏŰůɘ ŮɛűŬɜɑɕŮŰŬɘ ɏɜŬ ˊɟɞůɤɟɘɜɧ ŮˊɑˊŮŭɞ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɤɜ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ.  

  ɆŮ ŬɡŰɧ Űɞ ŮˊɑˊŮŭɞ ɛŮ ñŭŮɝɑ əɚɘəò ŮɛűŬɜɑɕŮŰŬɘ ɏɜŬ ˊŬɟɎɗɡɟɞ, ůŰɞ ɞˊɞɑɞ ŮˊɘɚɏɔŮŰŬɘ 

ñexportò əŬɘ ɛŮŰɎ ñsave asò (ȺɘəɧɜŬ 4-29). ȺˊɘɚɏɔŮŰŬɘ Űɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ əŬɘ ɞ 

ˊɟɞɞɟɘůɛɧɠ ŬˊɞɗɐəŮɡůɐɠ Űɞɡ, Ůɜɩ űŬɑɜŮŰŬɘ əŬɘ Űɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ˊɞɡ 

ɞɟɑůŰɖəŮ (ȺɘəɧɜŬ 4-30). 
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ȺɘəɧɜŬ 4-28: ȷɜŬŭɡɧɛŮɜɞ ɛŮɜɞɨ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

 

ȺɘəɧɜŬ 4-29: ȹɘŬŭɘəŬůɑŬ ŮɝŬɔɤɔɐɠ Űɞɡ Ůˊɘˊɏŭɞɡ ɛŮ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

  



от 
 

 

ȺɘəɧɜŬ 4-30: ȷɜŬŭɡɧɛŮɜɞ ɛŮɜɞɨ ŬˊɞɗɐəŮɡůɖɠ Űɞɡ ɔŮɤŬɜŬűŮɟɛɛɏɜɞɡ Ůˊɘˊɏŭɞɡ 

  

 ȰŰůɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ, ɏɢɞɜŰŬɠ ɏɜŬ ŮˊɑˊŮŭɞ ɔŮɤŬɜŬűŮɟɛɏɜɞ, ůŮ ɛɞɟűɐ 

GEOTIFF ůŰɞ Ůɚɚɖɜɘəɧ ˊɟɞɓɞɚɘəɧ ůɨůŰɖɛŬ, ˊɎɜɤ ůŰɞ ɞˊɞɑɞ ɗŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ŰŬ 

ɞɟɗɞɛɤůŬɥəɎ Űɤɜ ˊɟŬɜɩɜ ɛŮ Űɘɠ ŭɘŬəɚɎůŮɘɠ. ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŬəɟɑɓŮɘŬ Űɖɠ 

ɔŮɤŬɜŬűɞɟɎɠ, ŮɛˊŮɟɘɏɢŮɘ ɏɜŬ ůűɎɚɛŬ Űɖɠ ŰɎɝɖɠ Űɤɜ 3ɛ (ŬəɟɑɓŮɘŬ GPS drone). 

 

4.2.5 ũŮɤŬɜŬűɞɟɎ Űɤɜ ˊɟŬɜɩɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ 

  

  ɀŮ Ŭəɟɘɓɩɠ Űɖɜ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ, ɔŮɤŬɜŬűɏɟɞɜŰŬɘ ŰŬ ɞɟɗɞɛɤůŬɥəɎ ɔɘŬ əɎɗŮ ˊɟŬɜɏɠ 

Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɀŬɕɘɎɠ əŬɘ Űɤɜ ȷɜŬɟɔɨɟɤɜ. 
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4.2.6 ȷˊɞŰɏɚŮůɛŬ ɔŮɤŬɜŬűɞɟɎɠ 

 

ȷɜ ɖ ŭɘŬŭɘəŬůɑŬ ɏɢŮɘ ŬəɞɚɞɡɗɖɗŮɑ ůɤůŰɎ, ɗŬ űŬɑɜɞɜŰŬɘ ɧɚŬ ŰŬ ŮɘəɞɜɘůŰɘəɎ ŬɟɢŮɑŬ 

ˊɎɜɤ ůŰɞ ɢɎɟŰɖ-ɓɎůɖ. ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɔŮɤŬɜŬűɞɟɎɠ 

əŬɘ ůŰɘɠ ŭɡɞ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ 

 

ȺɘəɧɜŬ 4-31: Ƀɘ ɗɏůŮɘɠ Űɤɜ ˊɟŬɜɩɜ ůŰɞ ɚŬŰɞɛŮɑɞ ɀŬɕɘɎɠ 

 

ȺɘəɧɜŬ 4-32: ɇŬ ŬɜŰɑůŰɞɘɢŬ ɛɏŰɤˊŬ ɔŮɤŬɜŬűŮɟɛɏɜŬ ůŰɞ ɢɩɟɞ Űɞɡ ɚŬŰɞɛŮɑɞɡ 

  
























































































