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ȺɡɢŬɟɘůŰɑŮɠ 

ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ 

Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ȾŬɟŬŰɕɎ ũŮɩɟɔɘɞ ɔɘŬ Űɖɜ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ əŬɘ Űɖɜ 

ŮɡəŬɘɟɑŬ ˊɞɡ ɛɞɡ ɏŭɤůŮ ɜŬ ɛŮɚŰɐůɤ Űɞ ˊŮŭɑɞ Űɖɠ ɔŮɤůŰŬŰɘůŰɘəɐɠ. 

ȽŭɘŬɑŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ ůŰɞɜ ȹɟ. ȸŬɟɞɡɢɎəɖ ȺɛɛŬɜɞɡɖɚ ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ, Űɖɜ 

əŬɗɞŭɐɔɖůɖ əŬɘ Űɖɜ ɎɟɘůŰɖ ůɡɜŮɟɔŬůɑŬ əŬŰŬ Űɖɜ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ 

ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ Űɞɡɠ əŬɗɖɔɖŰɏɠ Űɖɠ ŰɟɘɛŮɚɞɨɠ ŮɝŮŰŬůŰɘəɐɠ ŮˊɘŰɟɞˊɐɠ ɔɘŬ Űɘɠ 

ɔɜɩůŮɘɠ əŬɘ Űɖɜ ŮɛˊŮɘɟɑŬ ˊɞɡ ɛɞɡ ɛŮŰɏűŮɟŬɜ ɛɏůɤ Űɖɠ ŭɘŭŬůəŬɚɑŬɠ Űɞɡɠ. 

ɇɏɚɞɠ ɗŮɟɛɏɠ ŮɡɢŬɟɘůŰɑŮɠ ˊɟɏˊŮɘ ɜŬ ŭɞɗɞɨɜ ůŰɞɡɠ ůɡɛűɞɘŰɖŰɏɠ əŬɘ űɑɚɞɡɠ ɛɞɡ ˊɞɡ 

ɛŮ ůŰɐɟɘɝŬɜ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ.    
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ɄŮɟɑɚɖɣɖ 

ȼ ɔɜɩůɖ Űɖɠ ɢɤɟɘəɐɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůŰɎɗɛɖɠ ůŮ ɏɜŬ ɡŭɟɞűɞɟɏŬ, ůŰɞɜ ɞˊɞɑɞ ŭŮɜ 

ɡˊɎɟɢɞɡɜ ŬɟəŮŰɎ ůɖɛŮɑŬ ˊŬɟŬŰɐɟɖůɖɠ ɩůŰŮ ɜŬ ŮɚɏɔɢŮŰŬɘ ŮˊŬɟəɩɠ, ˊɟɞůŭɑŭŮɘ 

ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ɡŭɟɞűɞɟɏŬ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛɘŬɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ. Ƀɘ ˊɚɖɟɞűɞɟɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖɠ ůɖɛŬůɑŬɠ ůŮ ɡŭɟɞűɞɟŮɑɠ ɛŮ ˊɟɧɓɚɖɛŬ ɡˊŮɟɎɜŰɚɖůɖɠ, ɧˊɞɡ ɖ ůŰɎɗɛɖ 

ɏɢŮɘ ɛŮɘɤɗŮɑ ŭɟŬɛŬŰɘəɎ. Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ɢɤɟɘəɐɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůŰɎɗɛɖɠ ŭɑɜŮɘ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ ŰɟɤŰɩɜ ˊŮɟɘɞɢɩɜ. ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬůɢɞɚŮɘŰŬɘ 

ɛŮ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɢɤɟɘəɐɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɖɠ ůŰɎɗɛɖɠ ůŰɞɜ ɡˊɧɔŮɘɞ 

ɡŭɟɞűɞɟɏŬ Űɖɠ ɚŮəɎɜɖɠ Űɤɜ ɀɞɘɟɩɜ ůŰɖɜ əɞɘɚɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ, ůŰɞ ȼɟɎəɚŮɘɞ 

ȾɟɐŰɖɠ əŬɘ ɓŬůɑɕŮŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ ɨɣɞɡɠ ůŰɎɗɛɖɠ ˊɞɡ əŬŰŬɔɟɎűɖəŬɜ əŬŰɎ Űɖɜ ɡɔɟɐ 

ˊŮɟɑɞŭɞ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ 2007-2008. ɇɟŮɑɠ ŭɘŬűɞɟŮŰɘəɏɠ ɛɏɗɞŭɞɘ, ɧɚŮɠ 

ɓŬůɘůɛɏɜŮɠ ůŰɖɜ ɛŮɗɞŭɞɚɞɔɑŬ Kriging, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɩůŰŮ ɜŬ ŮəŰɘɛɖɗŮɑ ɖ 

ɢɤɟɘəɐ ɛŮŰŬɓɞɚɐ Űɖɠ ůŰɎɗɛɖɠ Űɞɡ ɡŭɟɞűɞɟɏŬ. ȼ ˊɟɩŰɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ Űɞ Ordinary 

Kriging, ɖ ŭŮɨŰŮɟɖ Űɞ Residual Kriging, Űɞ ɞˊɞɑɞ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ ŭŮɡŰŮɟŮɨɞɡůŬ 

ˊɚɖɟɞűɞɟɑŬ, əŬɘ ɖ ŰɟɑŰɖ ŮɑɜŬɘ Űɞ Indicator Kriging ˊɞɡ ŮəŰɘɛɎ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɖ 

ůŰɎɗɛɖ ɜŬ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ ɛɘŬ ɞɟɘŬəɐ Űɘɛɐ ˊɞɡ ŬűɞɟɎ (Űɘɛɐ əŬŰɤűɚɑɞɡ) Űɖ 

ůŰɎɗɛɖ ŬůűŬɚŮɑŬɠ Űɞɡ ɡŭɟɞűɞɟɏŬ. ɀɘŬ ɜɏŬ ɛɖ ɔɟŬɛɛɘəɐ ɛɏɗɞŭɞɠ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ 

Űɖɜ əŬɜɞɜɘəɞˊɞɑɖůɖ Űɤɜ Ŭɟɢɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɩůŰŮ ɜŬ ɓŮɚŰɘɤɗŮɑ ɖ ŬəɟɑɓŮɘŬ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ, Ůɜɩ ɔɑɜŮŰŬɘ ɢɟɐůɖ əŬɘ Ůɜɧɠ ɜɏɞɡ ɓŬɟɘɞɔɟɎɛɛŬŰɞɠ, Űɞɡ ɆˊŬɟŰɘɎŰɘəɞɡ 

ɛɞɜŰɏɚɞɡ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɢɤɟɘəɐɠ ůɡůɢɏŰɘůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ŮɛˊŮɘɟɘəɞɨ ɓŬɟɘɞɔɟŬɛɛɎŰɞɠ. Ƀɘ ŮəŰɘɛɐůŮɘɠ Űɤɜ ɛŮɗɧŭɤɜ Kriging 

ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɆˊŬɟŰɘɎŰɘəɞ ɛɞɜŰɏɚɞ ɓŬɟɘɞɔɟɎɛɛŬŰɞɠ ŬˊɞŭŮɘəɜɨɞɜŰŬɘ ˊɘɞ 

ŬəɟɘɓŮɑɠ, ůŮ ůɢɏůɖ ɛŮ ŰŬ ɎɚɚŬ ɛɞɜŰɏɚŬ ɓŬɟɘɞɔɟŬɛɛɎŰɤɜ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ, ɓɎůɖ Űɖɠ 

ɛŮɗɧŭɞɡ Űɖɠ ŭɘŬůŰŬɡɟɤɛɏɜɖɠ ŮˊɘɓŮɓŬɑɤůɖɠ (Cross Validation). ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ 

ŮɟɔŬůɑŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɢɎɟŰŮɠ ŮəŰɑɛɖůɖɠ ůŰɎɗɛɖɠ, ɢɎɟŰŮɠ ŮəŰɑɛɖůɖɠ Űɖɠ 

ˊɘɗŬɜɧŰɖŰŬɠ ɖ ůŰɎɗɛɖ ɜŬ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɘɛɏɠ ŬůűŬɚŮɑŬɠ ŬɚɚɎ əŬɘ ɢɎɟŰŮɠ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ Űɤɜ ŮəŰɘɛɐůŮɤɜ, ŭɑɜɞɜŰŬɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɛŮɚɏŰɖɠ 

Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ɡŭɟɞűɞɟɏŬ əŬɘ ɞɟɘɞɗɏŰɖůɖɠ ˊŮɟɘɞɢɩɜ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ɐ 

ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ˊŬɟɞɡůɘɎůɞɡɜ ˊɟɧɓɚɖɛŬ ɚɧɔɤ ɢŬɛɖɚɐɠ ůŰɎɗɛɖɠ Űɞɡ ɡŭɞűɧɟɞɡ 

ɞɟɑɕɞɜŰŬ. Ⱥˊɑůɖɠ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŭɘŬɢŮɘɟɘůŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ Űɤɜ ɡˊɧɔŮɘɤɜ 

ɡŭŬŰɘəɩɜ ˊɧɟɤɜ ɩůŰŮ ɜŬ ɛɖɜ ɝŮˊŮɟŬůŰŮɑ Űɞ ɧɟɘɞ ˊɞɡ ɏɢŮɘ ŰŮɗŮɑ ɔɘŬ Űɖɜ ŬůűŬɚɐ 

ŭɘŬŰɐɟɖůɖ Űɤɜ ŬˊɞɗŮɛɎŰɤɜ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ ůŰɖ ˊŮɟɘɞɢɐ. 



2 
 

Abstract 

 

The knowledge of the spatial variability of the water table in aquifers with limited 

monitoring provides information to understand the aquifer behaviour at different 

locations of the basin. This information becomes more important in basins that are 

under the threat of over-pumping where the water table has fallen significantly. The 

spatial distribution feedback gives the potential to identify vulnerable locations. The 

spatial variability of the water table in this work is based on hydraulic heads measured 

during the wet period of the hydrological year 2007-2008, in Mires basin of the 

Messara valley in Crete, Greece. Three different approaches are used to estimate the 

spatial variability of the water table in the basin. All of them are based on the Kriging 

methodology. The first is the classical Ordinary Kriging approach, the second 

involves information from a secondary variable in terms of Residual Kriging and the 

third calculates the probability to lie below a certain groundwater level limit that 

could cause significant problems in groundwater resources availability. The latter is 

achieved by means of Indicator Kriging. A recently developed non-linear 

normalization method is used to transform both data and residuals closer to normal 

distribution for improved prediction results. In addition, the recently developed 

Spartan variogram model is applied to determine the spatial dependence of the 

measurements. The latter proves to be the optimal model, compared to a series of 

models tested that provide in combination with the Kriging methodologies the most 

accurate cross validation estimations. Groundwater level and probability maps are 

developed providing the opportunity to assess the spatial variability of the 

groundwater level in the basin and the risk that certain locations have in terms of a 

safe groundwater level limit that has been set for the sustainability of the groundwater 

resources of the basin. 

 

 



3 
 

1. ȺɘůŬɔɤɔɐ 

1.1 ũŮɤůŰŬŰɘůŰɘəɐ  

ȼ ŮˊɘůŰɐɛɖ Űɖɠ ũŮɤůŰŬŰɘůŰɘəɐɠ ɏɢŮɘ ɔɜɤɟɑůŮɘ ɘŭɘŬɑŰŮɟɖ ŬɜɎˊŰɡɝɖ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭɨɞ 

ŭŮəŬŮŰɑŮɠ. ɇɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɩɜ Űɖɠ ɏɢŮɘ ŭɘŮɡɟɡɜɗŮɑ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ŮűŬɟɛɞɔɏɠ ˊɞɡ 

ɏɢɞɡɜ ɎɛŮůɖ ůɢɏůɖ ɛŮ Űɘɠ ŮɟŮɡɜɖŰɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ŬɜɑɢɜŮɡůɖɠ əŬɘ ŮɜŰɞˊɘůɛɞɨ 

ɞɟɡəŰɩɜ ˊɧɟɤɜ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ɟɨˊɤɜ. ȼ ɔŮɤůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ŬůɢɞɚŮɑŰŬɘ 

ɛŮ əŬŰŬɜɞɛɏɠ ůŰɘɠ ɞˊɞɑŮɠ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɢɤɟɘəɐɠ ŮɝɎɟŰɖůɖɠ ˊŬɑɕɞɡɜ 

ˊɟɤŰŮɨɞɜŰŬ ɟɧɚɞ. Ƀɘ ɛɏɗɞŭɞɘ ɔŮɤůŰŬŰɘůŰɘəɐɠ ŬɜɎɚɡůɖɠ ɞŭɖɔɞɨɜ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɖɠ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ ɛŮŰŬɓɚɖŰɩɜ ůŮ ůɖɛŮɑŬ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ɧˊɞɡ ɞɘ ɛŮŰŬɓɚɖŰɏɠ 

ŬɡŰɏɠ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɏɠ əŬɘ ɞɘ ɞˊɞɑŮɠ ɢŬɟŬəŰɖɟɑɕɞɡɜ ɛŮɔɏɗɖ ɛŮ ɞɘəɞɜɞɛɘəɐ ɐ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ůɖɛŬůɑŬ. (ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ). 

 

Ƀɘ əɚŬůɘəɏɠ ɔŮɤůŰŬŰɘůŰɘəɏɠ ɛɏɗɞŭɞɘ ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɘůɢɡɟɞɨɠ ɛŬɗɖɛŬŰɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɤɠ ˊɟɞɠ Űɖɜ ŮűŬɟɛɞɔɐ 

Űɞɡɠ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ, ɧŰŬɜ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ŬɡŰɞɑ ŭŮɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ Űɞ 

ˊŮɘɟŬɛŬŰɘəɧ ŭŮɑɔɛŬ, Űɞɡ ɡˊɧ ɛŮɚɏŰɖ űŬɘɜɞɛɏɜɞɡ, ɖ ɢɤɟɘəɐ ŮəŰɑɛɖůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ 

ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɡɣɖɚɧ ˊɞůɞůŰɧ ůűɎɚɛŬŰɞɠ (Hristopulos 2003). 

 

ȼ ũŮɤůŰŬŰɘůŰɘəɐ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ ůɨɜɞɚɞ ůŰŬŰɘůŰɘəɩɜ ŰŮɢɜɘəɩɜ ˊɞɡ Ŭűɞɟɞɨɜ 

ŰɡɢŬɑŮɠ ɛŮŰŬɓɚɖŰɏɠ ɞɘ ɞˊɞɑŮɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ůŰɞ ɢɩɟɞ (ŰɡɢŬɑŬ ˊŮŭɑŬ). Ƀɘ ŰŮɢɜɘəɏɠ 

ŬɡŰɏɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɡˊɧɗŮůɖ ɧŰɘ ɖ ɢɤɟɘəɐ ŭɘŬəɨɛŬɜůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŮɛˊŮɟɘɏɢŮɘ 

ŰɡɢŬɑɞ ɢŬɟŬəŰɐɟŬ, ɞˊɧŰŮ ɢɟɖůɘɛɞˊɞɘɞɨɜ ůŰŬŰɘůŰɘəɏɠ ɛŮɗɞŭɞɚɞɔɑŮɠ (ˊ.ɢ ɛɏůɖ Űɘɛɐ, 

ŭɘŬůˊɞɟɎ ə.Ŭ.) ɔɘŬ ɞˊɞɘŬŭɐˊɞŰŮ ŮəŰɑɛɖůɖ ŬˊɞɟɟɏŮɘ Ŭˊɧ Űɘɠ ůɖɛŮɘŬəɏɠ ɛŮŰɟɐůŮɘɠ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ).  

 

Ʉɘɞ ŬɜŬɚɡŰɘəɎ, ɖ ũŮɤůŰŬŰɘůŰɘəɐ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɛŬɗɖɛŬŰɘəɐ ɏɜɜɞɘŬ Űɞɡ ŰɡɢŬɑɞɡ 

ˊŮŭɑɞɡ. ȼ ũŮɤůŰŬŰɘůŰɘəɐ ɏɢŮɘ əɞɘɜɎ ůɖɛŮɑŬ ɛŮ Űɖ ŪŮɤɟɑŬ ɄɘɗŬɜɞŰɐŰɤɜ əŬɘ Űɖ 

ɆŰŬŰɘůŰɘəɐ. ȼ ŪŮɤɟɑŬ ɄɘɗŬɜɞŰɐŰɤɜ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ 

ŭɘɏˊɞɡɜ Űɘɠ ŰɡɢŬɑŮɠ ɛŮŰŬɓɚɖŰɏɠ. ȼ ɆŰŬŰɘůŰɘəɐ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ůɨɜɞɚɞ Űɤɜ ɛŮɗɧŭɤɜ ɞɘ 

ɞˊɞɑŮɠ ŮˊɘŰɟɏˊɞɡɜ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɘɠ ŰɡɢŬɑŮɠ 

ɛŮŰŬɓɞɚɏɠ ɓɎůŮɘ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȼ ŪŮɤɟɑŬ Űɤɜ ɇɡɢŬɑɤɜ ɄŮŭɑɤɜ ŬˊɞŰŮɚŮɑ ɛɘŬ 

ɔŮɜɑəŮɡůɖ Űɖɠ ŪŮɤɟɑŬɠ ɄɘɗŬɜɞŰɐŰɤɜ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ŰɡɢŬɑŮɠ ɛŮŰŬɓɚɖŰɏɠ ɛŮ 

ɢɤɟɘəɐ ŮɝɎɟŰɖůɖ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ). 
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ȼ ũŮɤůŰŬŰɘůŰɘəɐ ŬˊɞůəɞˊŮɑ ůŰɖɜ ŮəŰɑɛɖůɖ Űɤɜ ůŰŬŰɘůŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ 

ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ ɓɎůŮɘ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ŭŮɑɔɛŬŰɞɠ (ˊ.ɢ. Űɘɛɩɜ 

ůɡɔəɏɜŰɟɤůɖɠ), əŬɗɩɠ əŬɘ ůŰɖ ɢɟɐůɖ ŬɡŰɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮəŰɘɛɖɗɞɨɜ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ ůɖɛŮɑŬ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ (ɉɟɘůŰɧˊɞɡɚɞɠ 

2004b). 

 

ȼ ŬɜɎɔəɖ Űɖɠ ŮəŰɑɛɖůɖɠ űɡůɘəɩɜ ɛŮɔŮɗɩɜ ůŮ ůɖɛŮɑŬ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ, 

ŭŮɜ ŮɑɜŬɘ əŬɘɜɞɨɟɘŬ. ɆŰŬŰɘůŰɘəɞɑ ŮˊɘůŰɐɛɞɜŮɠ, ɛɖɢŬɜɘəɞɑ ɛŮŰŬɚɚŮɑɤɜ, ɛɖɢŬɜɘəɞɑ 

ˊŮŰɟŮɚŬɑɤɜ, ɡŭɟɞɚɧɔɞɘ əŬɘ ɔŮɤɚɧɔɞɘ ɞɘ ɞˊɞɑɞɘ ŬůɢɞɚɐɗɖəŬɜ ɛŮ Űɞ ˊɟɧɓɚɖɛŬ 

ŬɜɏˊŰɡɝŬɜ Űɖɜ ŮˊɘůŰɐɛɖ Űɖɠ ũŮɤůŰŬŰɘůŰɘəɐɠ. ȷɟɢɘəɎ ɖ ũŮɤůŰŬŰɘůŰɘəɐ ŮűŬɟɛɧůŰɖəŮ 

əɡɟɑɤɠ ůŰɖɜ ɔŮɤɚɞɔɑŬ, ůŰɖɜ ɛŮŰŬɚɚŮɘɞɚɞɔɑŬ əŬɘ ůŰɖɜ ɡŭɟɞɚɞɔɑŬ. ɆŰɖɜ ůɡɜɏɢŮɘŬ 

ɓɟɐəŮ ŮűŬɟɛɞɔɏɠ əŬɘ ůŮ ɎɚɚŬ ŮˊɘůŰɖɛɞɜɘəɎ əŬɘ ŰŮɢɜɞɚɞɔɘəɎ ˊŮŭɑŬ (Myers 2005).  

ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ ŮűŬɟɛɞɔɏɠ ůŰɘɠ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɐɛŮɟŬ ɖ ɔŮɤůŰŬŰɘůŰɘəɐ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ): 

 

¶ Tɖɜ ɏɟŮɡɜŬ əɞɘŰŬůɛɎŰɤɜ (ˊ.ɢ. ŮəŰɑɛɖůɖ ɏəŰŬůɖɠ, ɓɎɗɞɠ əŬɘ ˊɞůɞŰɘəɞˊɞɑɖůɖ 

ůɡɜɞɚɘəɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ əɞɘŰɎůɛŬŰɞɠ). 

 

¶ Tɖɜ ɤəŮŬɜɞɔɟŬűɑŬ (ˊ.ɢ. ɢŬɟŰɞɔɟɎűɖůɖ ɓɡɗɞɨ,  ŬɜɎɚɡůɖ əɡɛŬŰɘůɛɩɜ). 

 

¶ Tɖɜ ɛɞɟűɞɚɞɔɘəɐ ŬɜɎɚɡůɖ űɡůɘəɩɜ əŬɘ ŰŮɢɜɞɚɞɔɘəɩɜ ŬɜɞɛɞɘɞɔŮɜɩɜ (ˊ.ɢ. 

ˊɞɟɤŭɩɜ) ɡɚɘəɩɜ. 

 

¶ Tɖɜ ɢŬɟŰɞɔɟɎűɖůɖ əŬɘ Űɖɜ ŬˊŮɘəɧɜɘůɖ ůɡɔəŮɜŰɟɩůŮɤɜ ɟɡˊŬɜŰɩɜ ůŮ 

ŭɘɎűɞɟŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ɛɏůŬ (ŬɏɟŬɠ, ɡˊɏŭŬűɞɠ, ŮˊɘűŬɜŮɘŬəɞɑ-ɡˊɧɔŮɘɞɘ 

ɡŭŬŰɘəɞɑ ˊɧɟɞɘ). 

 

¶ Tɞ ɢŬɟŬəŰɖɟɘůɛɧ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɓɘɞɛɖɢŬɜɘəɩɜ ˊɟɞɥɧɜŰɤɜ (ˊ.ɢ., ˊɟɞɥɧɜŰŬ 

ɢŬɟŰɘɞɨ, ɡɚɘəɎ ɡɣɖɚɐɠ ŰŮɢɜɞɚɞɔɑŬɠ ɧˊɤɠ ɖɛɘŬɔɤɔɞɑ). 

 

¶ Tɖɜ ŰɞˊɞɔɟŬűɘəɐ ŬɜɎɚɡůɖ əŬɘ ůŰŬ ɔŮɤɔɟŬűɘəɎ ůɡůŰɐɛŬŰŬ ˊɚɖɟɞűɞɟɑŬɠ 

(GIS).  
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¶ Tɖɜ ŬɜɎɚɡůɖ ɓɟɞɢɞˊŰɩůŮɤɜ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ɚɑɔɞɘ ɓɟɞɢɞɛŮŰɟɘəɞɑ 

ůŰŬɗɛɞɑ. 

 

¶ Tɞ ˊɟɞůŭɘɞɟɘůɛɧ ɔŮɤɚɞɔɘəɩɜ əŬɘ ɡŭɟɞ-ɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ (ˊ.ɢ. Űɨˊɞɠ 

ɡˊŮŭɎűɞɡɠ, ɡŭɟŬɡɚɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ˊɞɟɩŭŮɠ, ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ, ŮɝŬŰɛɘůɞ-

ŭɘŬˊɜɞɐ, ɡŭɟŬɡɚɘəɧ ɨɣɞɠ). 

 

¶ Tɖɜ ŮəŰɑɛɖůɖ Űɞɡ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ əɘɜŭɨɜɞɡ əŬɘ Űɞɡ əɘɜŭɨɜɞɡ ɔɘŬ Űɖɜ 

Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ (ˊ.ɢ. ŮəŰɑɛɖůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɤɜ ɟɡˊŬɜŰɩɜ 

ůŮ ŮɚŮɔɢɧɛŮɜɖ ˊŮɟɘɞɢɐ, ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ˊɘɗŬɜɞŰɐŰɤɜ ɡˊɏɟɓŬůɖɠ 

əɟɑůɘɛɤɜ ɞɟɑɤɜ). 

 

Ƀ əɞɘɜɧɠ ůŰɧɢɞɠ ůŮ ɧɚŮɠ Űɘɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ũŮɤůŰŬŰɘůŰɘəɐɠ ŮɑɜŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ 

əŬɘ ɞ ɏɚŮɔɢɞɠ Űɖɠ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ ɛŮɔɏɗɖ ɛŮ 

ɞɘəɞɜɞɛɘəɐ ɐ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ůɖɛŬůɑŬ.  

 

Ƀɘ ˊɘɞ ŭɖɛɞűɘɚŮɑɠ əŬɘ ŭɘŬŭŮŭɞɛɏɜŮɠ ɛɏɗɞŭɞɘ ɔŮɤůŰŬŰɘůŰɘəɐɠ ŬɜɎɚɡůɖɠ ŮɑɜŬɘ ɔɜɤůŰɏɠ 

ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ Kriging. ɋůŰɧůɞ ɞɘ ɛɏɗɞŭɞɘ ŬɡŰɏɠ ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛŬɗɖɛŬŰɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɞɘ ɞˊɞɑɞɘ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡɠ.  

 

1.2 ɇɡɢŬɑŬ ˊŮŭɑŬ 

ɋɠ çŰɡɢŬɑɞ ˊŮŭɑɞè ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɏɜŬ ůɨɜɞɚɞ ŰɡɢŬɑɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ 

ˊŮɟɘɔɟɎűɞɡɜ Űɖ ɢɤɟɞɢɟɞɜɘəɐ ɛŮŰŬɓɞɚɐ Űɞɡ ůɢŮŰɘəɞɨ űɡůɘəɞɨ ɛŮɔɏɗɞɡɠ (ˊ.ɢ Űɘɛɏɠ 

ůɡɔəŮɜŰɟɩůŮɤɜ ɟɨˊɤɜ). ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ůɡɜŬɟŰɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ, ˊ.ɢ ( ) cos( )f x x= , ɏɜŬ ŰɡɢŬɑɞ ˊŮŭɑɞ ˊɞɡ ŭŮɜ ɏɢŮɘ 

ůŬűɐ ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ ůɨɜɞɚɞ ŭɡɜŬŰɩɜ əŬŰŬůŰɎůŮɤɜ. 

ȾɎɗŮ əŬŰɎůŰŬůɖ ŬˊɞŰŮɚŮɑ ɏɜŬ ŭŮɑɔɛŬ Űɞɡ ˊŮŭɑɞɡ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ ˊɘɗŬɜɧŰɖŰŬ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ ˊɞɡ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɞɚɡŭɘɎůŰŬŰɖ ɆɡɜɎɟŰɖůɖ ɄɡəɜɧŰɖŰŬɠ 

ɄɘɗŬɜɧŰɖŰŬɠ Űɞɡ ˊŮŭɑɞɡ. Ⱥˊɞɛɏɜɤɠ, ɏɜŬ ŰɡɢŬɑɞ ˊŮŭɑɞ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɛɑŬ 

ˊɞɚɡŭɘɎůŰŬŰɖ ŰɡɢŬɑŬ ɛŮŰŬɓɚɖŰɐ. ȿɧɔɤ Űɖɠ ŬɚɚɖɚŮɝɎɟŰɖůɖɠ Űɤɜ űɡůɘəɩɜ ɛŮɔŮɗɩɜ 
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ůŮ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ Űɞɡ ɢɩɟɞɡ, ŰŬ ŰɡɢŬɑŬ ˊŮŭɑŬ ɏɢɞɡɜ ɘŭɘŬɑŰŮɟŮɠ ɛŬɗɖɛŬŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ ˊɞɡ ŰŬ ɝŮɢɤɟɑɕɞɡɜ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ŬɜŮɝɎɟŰɖŰɤɜ ŰɡɢŬɑɤɜ ɛŮŰŬɓɚɖŰɩɜ 

(ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ). 

 

ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ əŬŰɖɔɞɟɑŮɠ ŰɡɢŬɑɤɜ ˊŮŭɑɤɜ. ȷɜ Űɞ ˊŮŭɑɞ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ ɛɧɜɞ 

Ŭˊɧ ɏɜŬ ɛŮŰɟɐůɘɛɞ ůɨɜɞɚɞ Ŭɟɘɗɛɩɜ ɞɜɞɛɎɕŮŰŬɘ ˊŮŭɑɞ ŭɘŬəɟɘŰɩɜ Űɘɛɩɜ. ȷɜ ɞɘ 

Űɘɛɏɠ Űɞɡ ˊŮŭɑɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɏɜŬ ůɡɜŮɢɏɠ ŭɘɎůŰɖɛŬ ˊɟŬɔɛŬŰɘəɩɜ 

Ŭɟɘɗɛɩɜ, Űɞ ˊŮŭɑɞ ɞɜɞɛɎɕŮŰŬɘ ˊŮŭɑɞ ůɡɜŮɢɩɜ Űɘɛɩɜ. ȳŰŬɜ ɖ ɛŮŰŬɓɞɚɐ ɞɟɑɕŮŰŬɘ ůŮ 

ɏɜŬ ůɡɜŮɢɐ ɢɩɟɞ, ɧˊɤɠ ˊ.ɢ. ůŰŬ űɡůɘəɎ ˊŮŭɑŬ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ˊŮŭɑɞ ůɡɜŮɢɞɨɠ ɢɩɟɞɡ. 

ȷɜŰɑɗŮŰŬ ɧŰŬɜ ɞɟɑɕŮŰŬɘ ůŰɘɠ ɗɏůŮɘɠ Ůɜɧɠ ˊɚɏɔɛŬŰɞɠ (əŬɜɎɓɞɡ) ɞɜɞɛɎɕŮŰŬɘ 

ˊɚŮɔɛŬŰɘəɧ ˊŮŭɑɞ. 

 

ɇŬ ˊɚŮɔɛŬŰɘəɎ ˊŮŭɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɡˊɞɚɞɔɘůŰɘəɏɠ (ˊ.ɢ. ˊɟɞůɞɛɞɑɤůɖ 

əŬŰŬɜɞɛɐɠ ɟɡˊŬɜŰɩɜ ůŮ ɡŭɟɞűɧɟɞ ɞɟɑɕɞɜŰŬ) ŬɚɚɎ əŬɘ ůŮ ɗŮɤɟɖŰɘəɏɠ ɛŮɚɏŰŮɠ ɔɘŬŰɑ 

ɖ ůɡɛɛŮŰɟɑŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɢɟɖůɘɛɞˊɞɑɖůɖ ŬɟɘɗɛɖŰɘəɎ 

ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ɛŮɗɧŭɤɜ (ˊ.ɢ. ŰŬɢŮɑɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨɠ Fourier).  Ⱥˊɘˊɚɏɞɜ ŰŬ 

ˊɚŮɔɛŬŰɘəɎ ˊŮŭɑŬ ŮˊɘŰɟɏˊɞɨɜ Űɖɜ ůɨɔəɟɘůɖ Űɤɜ ŮˊɘŭɧůŮɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ɔŮɤůŰŬŰɘůŰɘəɩɜ ɛŮɗɧŭɤɜ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ). 

 

ɆŰɖɜ ˊɟɎɝɖ ɞɘ ɛŮŰɟɐůŮɘɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɏɜŬ ˊŮˊŮɟŬůɛɏɜɞ ˊɚɐɗɞɠ ůɖɛŮɑɤɜ, ɖ 

əŬŰŬɜɞɛɐ Űɤɜ ɞˊɞɑɤɜ ůŰɞ ɢɩɟɞ ŭŮɜ ɏɢŮɘ əŬŰ' ŬɜɎɔəɖ Űɖ ůɡɛɛŮŰɟɑŬ Ůɜɧɠ əŬɜɞɜɘəɞɨ  

ˊɚɏɔɛŬŰɞɠ. ɆŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞ ŭɑəŰɡɞ Űɤɜ ůɖɛŮɑɤɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮɑɜŬɘ 

ŬɜɞɛɞɘɞɔŮɜɏɠ. Ⱥˊɑůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɧɟɞɠ ɎŰŬəŰɞ ˊɚɏɔɛŬ (disordered lattice) əŬɘ ɞ ɧɟɞɠ 

ŮɝɤˊɚŮɔɛŬŰɘəɐ əŬŰŬɜɞɛɐ (off lattice). ɆŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ɢɟŮɘɎɕɞɜŰŬɘ 

ɔŮɤůŰŬŰɘůŰɘəɏɠ ɛɏɗɞŭɞɘ ˊɞɡ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ɘəŬɜɞˊɞɘɖŰɘəɎ ɛŮ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɖɠ 

ŮəɎůŰɞŰŮ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ. ȷɜ ɖ əŬŰŬɜɞɛɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ŮɝɤˊɚŮɔɛŬŰɘəɐ, ɖ 

ŮəŰɑɛɖůɖ ɐ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɎɜɤ ůŮ ɏɜŬ ˊɚŮɔɛŬŰɘəɧ 

ɡˊɧɓŬɗɟɞ ˊɞɡ əŬɚɨˊŰŮɘ Űɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ).  

 

ȼ ɏɜɜɞɘŬ Űɞɡ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ŭɨɞ ɎɚɚŮɠ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ: Űɖɜ ŰɡɢŬɘɧŰɖŰŬ 

əŬɘ Űɖɜ ŬɚɚɖɚŮɝɎɟŰɖůɖ Űɤɜ Űɘɛɩɜ űɡůɘəɩɜ ɛŮɔŮɗɩɜ ůŮ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ Űɞɡ ɢɩɟɞɡ. ȼ 

ŰɡɢŬɘɧŰɖŰŬ ɢŬɟŬəŰɖɟɑɕŮɘ űŬɘɜɧɛŮɜŬ ůŰŬ ɞˊɞɑŬ ɖ ɔɜɩůɖ ɛɘŬɠ əŬŰɎůŰŬůɖɠ ɛŮ ŬˊɧɚɡŰɖ 

ŬəɟɑɓŮɘŬ ŮɑɜŬɘ ŬŭɨɜŬŰɖ ɚɧɔɤ ŭɘŬűɧɟɤɜ ˊŮɟɘɞɟɘůɛɩɜ. ɇɏŰɞɘɞɘ ˊŮɟɘɞɟɘůɛɞɑ ˊɟɞɏɟɢɞɜŰŬɘ 

Ŭˊɧ Űɖɜ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ŭɘŬűɧɟɤɜ űɡůɘəɩɜ ɛŮɔŮɗɩɜ ůŰɞɜ ɢɩɟɞ əŬɘ Űɖɜ 
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ŬɓŮɓŬɘɧŰɖŰŬ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ˊŮɟɘɞɟɘůɛɏɜɞ Ŭɟɘɗɛɧ ɛŮŰɟɐůŮɤɜ. ɆŮ ŬɡŰɏɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ Űɞ ŬˊɞŰɏɚŮůɛŬ (ɖ Űɘɛɐ Űɞɡ űŬɘɜɞɛɏɜɞɡ) əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ɛɑŬ ůɡɜɎɟŰɖůɖ 

əŬŰŬɜɞɛɐɠ ˊɘɗŬɜɧŰɖŰŬɠ, ɖ ɞˊɞɑŬ ˊɟɞůŭɘɞɟɑɕŮɘ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ ŮɛűɎɜɘůɖɠ əɎɗŮ 

əŬŰɎůŰŬůɖɠ. 

 

ȼ ɢɤɟɘəɐ ŮɝɎɟŰɖůɖ (ŬɚɚɖɚŮɝɎɟŰɖůɖ) ŮɑɜŬɘ Űɞ ɘŭɘŬɑŰŮɟɞ ɔɜɩɟɘůɛŬ Űɤɜ ŰɡɢŬɑɤɜ 

ˊŮŭɑɤɜ əŬɘ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŮɝɎɟŰɖůɖ Űɤɜ Űɘɛɩɜ Űɞɡ ˊŮŭɑɞɡ ůŮ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ 

Űɞɡ ɢɩɟɞɡ ɛŮŰŬɝɨ Űɞɡɠ. ȼ əŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ Űɞɡ ˊŮŭɑɞɡ ŮɛˊŮɟɘəɚŮɑŮɘ 

ůɡůɢŮŰɑůŮɘɠ ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ůɖɛŮɑɤɜ, ɏŰůɘ ɩůŰŮ ɖ ˊɘɗŬɜɧŰɖŰŬ ˊŬɟŬŰɐɟɖůɖɠ 

ɛɘŬɠ Űɘɛɐɠ ůŮ ɏɜŬ ůɖɛŮɑɞ ɜŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ Űɘɛɏɠ ůŰŬ ɔŮɘŰɞɜɘəɎ ůɖɛŮɑŬ 

(ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ). 

 

1.3 ȸŬůɘəɏɠ ɏɜɜɞɘŮɠ ŰɡɢŬɑɤɜ ˊŮŭɑɤɜ 

ȰɜŬ ŰɡɢŬɑɞ ˊŮŭɑɞ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ ( )X s , ɧˊɞɡ s ɏɜŬ ŭɘɎɜɡůɛŬ ɗɏůɖɠ, ( ),x y=s . ɇɞ 

( )X s  ůɡɛɓɞɚɑɕŮɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŭɡɜŬŰɩɜ əŬŰŬůŰɎůŮɤɜ Űɞɡ ˊŮŭɑɞɡ, Ůɜɩ ɤɠ ( )x s  

ůɡɛɓɞɚɑɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɛɘŬ əŬŰɎůŰŬůɖ. ȼ ɆɡɜɎɟŰɖůɖ 

ɄɡəɜɧŰɖŰŬɠ ɄɘɗŬɜɧŰɖŰŬɠ (ɆɄɄ) Űɞɡ ˊŮŭɑɞɡ ˊŬɟɘůŰɎɜŮŰŬɘ ɤɠ [ ( )]Xf x s . Ƀ ŭŮɑəŰɖɠ X  

ŭɖɚɩɜŮɘ Űɞ ˊŮŭɑɞ, Ůɜɩ Űɞ ɧɟɘůɛŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ ŮɑɜŬɘ ɞɘ Űɘɛɏɠ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ ˊŮŭɑɞɡ 

(ˊ.ɢ. ůɡɔəŮɜŰɟɩůŮɘɠ ɟɡˊŬɜŰɩɜ).  

 

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɆɄɄ ɖ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŰɡɢŬɑɞ ˊŮŭɑɞ əŬɜɞɜɘəɐɠ əŬŰŬɜɞɛɐɠ ŭɑɜŮŰŬɘ 

Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 
( )

2

2

( ) ( )1
[ ( )] exp

22
X

X

XX

x m
f x

sps

è ø-
é ù= -
é ùê ú

s s
s .              

 

ȼ ɆɡɜɎɟŰɖůɖ ɄɡəɜɧŰɖŰŬɠ ɄɘɗŬɜɧŰɖŰŬɠ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ Űɘɛɏɠ ůŮ 

ɞɚɧəɚɖɟɞ Űɞ ɢɩɟɞ ɧˊɞɡ ɞɟɑɕŮŰŬɘ Űɞ ˊŮŭɑɞ. Ⱥˊɞɛɏɜɤɠ ŬˊɞŰŮɚŮɑ Űɖɜ əɞɘɜɐ ɆɄɄ ɔɘŬ 

ɏɜŬ ɞˊɞɘɞŭɐˊɞŰŮ ˊɚɐɗɞɠ ůɖɛŮɑɤɜ. ȼ ɛɞɜɞŭɘɎůŰŬŰɖ ɖ Ŭɚɚɘɩɠ ůɖɛŮɘŬəɐ ɆɄɄ ˊŮɟɘɔɟɎűŮɘ 

Űɘɠ ŭɡɜŬŰɏɠ əŬŰŬůŰɎůŮɘɠ Űɞɡ ˊŮŭɑɞɡ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ. ȺɑɜŬɘ ŭɡɜŬŰɧɜ ɖ 

ɛɞɜɞŭɘɎůŰŬŰɖ ɆɄɄ ɜŬ ŬɚɚɎɕŮɘ Ŭˊɧ ůɖɛŮɑɞ ůŮ ůɖɛŮɑɞ əŬɘ ŬɡŰɧ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ Űɞ ˊŮŭɑɞ 

ŮɑɜŬɘ ŬɜɞɛɞɘɞɔŮɜɏɠ. ȷɜɎɚɞɔŬ, ɖ ŭɘůŭɘɎůŰŬŰɖ ɆɄɄ Űɞɡ ˊŮŭɑɞɡ ŮəűɟɎɕŮɘ Űɖɜ 

ŬɚɚɖɚŮɝɎɟŰɖůɖ Űɤɜ ŭɡɜŬŰɩɜ əŬŰŬůŰɎůŮɤɜ ůŮ ŭɨɞ ůɖɛŮɑŬ əŬɘ ɖ ˊɞɚɡŭɘɎůŰŬŰɖ 
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ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŬɚɚɖɚŮɝɎɟŰɖůɖ Űɤɜ ŭɡɜŬŰɩɜ əŬŰŬůŰɎůŮɤɜ ɔɘŬ ɏɜŬ ůɨɜɞɚɞ Ɂ 

ůɖɛŮɑɤɜ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ). 

 

ȰɜŬ Ɏɚɚɞ Ůɑŭɞɠ ůɡɜŬɟŰɐůŮɤɜ Űɞ ɞˊɞɑɞ ŭɑɜŮɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ 

ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ŮɑɜŬɘ ɞɘ ůŰŬŰɘůŰɘəɏɠ ɟɞˊɏɠ. Ƀɘ ůŰŬŰɘůŰɘəɏɠ ɟɞˊɏɠ ŮɑɜŬɘ ŬɘŰɘɞəɟŬŰɘəɏɠ 

ůɡɜŬɟŰɐůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɛɏůŮɠ Űɘɛɏɠ, ɤɠ ˊɟɞɠ ɧɚŮɠ Űɘɠ ŭɡɜŬŰɏɠ 

əŬŰŬůŰɎůŮɘɠ. ɆŰɖɜ ˊɟɎɝɖ ůɡɜɐɗɤɠ ŮɑɜŬɘ ɢɟɐůɘɛŮɠ ɞɘ ɟɞˊɏɠ ɢŬɛɖɚɩɜ ŰɎɝŮɤɜ 

(ɛɏɢɟɘ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ), ɧˊɤɠ ɖ ɛɏůɖ Űɘɛɐ, ɖ ŭɘŬůˊɞɟɎ, ɖ ůɡɜɎɟŰɖůɖ 

ůɡɜŭɘŬůˊɞɟɎɠ, əŬɘ Űɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004a). 

 

1.4 ɀɏůɖ Űɘɛɐ  

ȼ ɛɏůɖ Űɘɛɐ Ůɜɧɠ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ, 

[ ]( ) ( )Xm E X=s s .ɇɞ ůɨɛɓɞɚɞ [ ]( )E X s  ŭɖɚɩɜŮɘ Űɖ ɛɏůɖ Űɘɛɐ ɡˊɞɚɞɔɘůɛɏɜɖ ɤɠ 

ˊɟɞɠ Űɞ ůɨɜɞɚɞ Űɤɜ əŬŰŬůŰɎůŮɤɜ Űɞɡ ˊŮŭɑɞɡ, ŭɖɚŬŭɐ 

 

    [ ]( ) ( ; )XE X dx f x x=ñs s ,                (1.1)  

ɧˊɞɡ x  ɞɘ Űɘɛɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɛɘŬ əŬŰɎůŰŬůɖ. 

 

ɇŬ ɧɟɘŬ Űɞɡ ɞɚɞəɚɖɟɩɛŬŰɞɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞɜ ɢɩɟɞ ůŰɞɜ ɞˊɞɑɞ ɞɟɑɕŮŰŬɘ Űɞ 

ˊŮŭɑɞ ɉ. ȷɜ Űɞ ˊŮŭɑɞ ˊŬɑɟɜŮɘ ɧɚŮɠ Űɘɠ ɗŮŰɘəɏɠ əŬɘ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ Űɞ ɞɚɞəɚɐɟɤɛŬ 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ -¤ ɏɤɠ ¤. ȷɜ Űɞ ˊŮŭɑɞ ˊŬɑɟɜŮɘ ɛɧɜɞ ɗŮŰɘəɏɠ Űɘɛɏɠ ŰɧŰŮ Űɞ 

ɞɚɞəɚɐɟɤɛŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ Űɞ 0 ɏɤɠ Űɞ ¤. ȷɜ ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɞɘ Űɘɛɏɠ Űɞɡ 

ˊŮŭɑɞɡ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŮ ɏɜŬ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ŭɘɎůŰɖɛŬ [Ŭ,ɓ], Űɞ ɞɚɞəɚɐɟɤɛŬ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ.  

ȷˊɧ Űɖɜ Ůɝɑůɤůɖ (1.1) ́ ŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ ɛɏůɖ Űɘɛɐ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ŮɝɎɟŰɖůɖ 

Ŭˊɧ Űɖ ɗɏůɖ s, ɖ ɞˊɞɑŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ˊɘɗŬɜɐ ŮɝɎɟŰɖůɖ Űɖɠ ɛɞɜɞŭɘɎůŰŬŰɖɠ 

ůɡɜɎɟŰɖůɖɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ Ŭˊɧ Űɖ ɗɏůɖ. Ⱥ́ Ůɘŭɐ ɖ ɆɄɄ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ 

ɔɜɤůŰɐ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɖ ɛɏůɖ Űɘɛɐ ŮəŰɘɛɎŰŬɘ Ŭˊɧ Űɞ ŭŮɑɔɛŬ ɛŮ ůŰŬŰɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ. 
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Ⱥ́ Ůɘŭɐ ɖ ɆɄɄ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ ɔɜɤůŰɐ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɖ ɛɏůɖ Űɘɛɐ ŮəŰɘɛɎŰŬɘ Ŭˊɧ Űɞ 

ŭŮɑɔɛŬ ɛŮ ůŰŬŰɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ. ȷɡŰɐ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ ɛɏůɞ ɧɟɞ Űɤɜ Űɘɛɩɜ ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ ŭŮɑɔɛŬ, (ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ),  

 

   
1

1
Ĕ( ) ( )X

M

i

i

m x
M =

= äs s .                 (1.2) 

 

ȼ ɛɏůɖ Űɘɛɐ ˊŮɟɘɔɟɎűŮɘ Űɘɠ ŰɎůŮɘɠ ɛŮɔɎɚɖɠ ŮɛɓɏɚŮɘŬɠ ůŮ ɏɜŬ ŰɡɢŬɑɞ ˊŮŭɑɞ (ˊ.ɢ. ɖ ŰɎůɖ ɛɘŬɠ 

ŰɡɢŬɑŬɠ ɛŮŰŬɓɚɖŰɐɠ ˊɞɡ ɞɟɑɕŮŰŬɘ ůŮ ŭɘɎůŰɖɛŬ [0,L], ɧˊɞɡ L=100, əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 

ůɡɜɎɟŰɖůɖ cos(2 / 20)f Lp=  ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ůɢɐɛŬ 1.1).  

 

ɆɢɐɛŬ 1.1: ũɟɎűɖɛŬ ŰɎůɖɠ ŰɡɢŬɑŬɠ ɛŮŰŬɓɚɖŰɐɠ 
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1.5 ȹɘŬůˊɞɟɎ 

ȼ ŭɘŬůˊɞɟɎ Ůɜɧɠ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ɛɏůɖ Űɘɛɐ Űɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɖɠ 

ŭɘŬəɨɛŬɜůɖɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ: 

 

{ }
22 2( ) ( ) ( ) ( )X XE X m Es cè ø è ø¹ - =ê úê ú

s s s s   (1.3)   

 

ũŮɜɘəɎ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɖ ŭɘŬůˊɞɟɎ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ Ŭˊɧ ůɖɛŮɑɞ ůŮ ůɖɛŮɑɞ Ůɜɩ 

ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɐ ɛɧɜɞ ɧŰŬɜ Űɞ ˊŮŭɑɞ ŮɑɜŬɘ ůŰŬŰɘůŰɘəɎ ɞɛɞɘɞɔŮɜɏɠ.  

 

 

ȼ ŭŮɘɔɛŬŰɘəɐ ŭɘŬůˊɞɟɎ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɐɠ ůɢɏůɖ  

„
ρ

ῼ
 ὼ ά                                                               ρȢτ 

 

ȼ ɛŮŰŬɓɞɚɐ Űɖɠ ŭɘŬůˊɞɟɎɠ Ůɜɧɠ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ůŰɞɜ ɢɩɟɞ ůɖɛŬɑɜŮɘ ɧŰɘ ɞɘ 

ŭɘŬəɡɛɎɜůŮɘɠ Űɞɡ ˊŮŭɑɞɡ ŬɚɚɎɕɞɡɜ ɛɏɔŮɗɞɠ Ŭˊɧ ůɖɛŮɑɞ ůŮ ůɖɛŮɑɞ (Isaaks & 

Srivastava 1989). ɆŰɞ ŮˊɧɛŮɜɞ ůɢɐɛŬ (ɆɢɐɛŬ 1.2) űŬɑɜŮŰŬɘ Űɞ ɔɟɎűɖɛŬ ɛɘŬɠ Ŭˊɚɐɠ 

ůɡɜɎɟŰɖůɖɠ (ɧɢɘ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ) Űɖɠ ɞˊɞɑŬɠ Űɞ ˊɚɎŰɞɠ ŭɘŬəɨɛŬɜůɖɠ ŬɚɚɎɕŮɘ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ Ůɜɧɠ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ɖ ɛŮŰŬɓɞɚɐ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ ŭŮɜ ŮɑɜŬɘ Ůɝɑůɞɡ 

əŬɜɞɜɘəɐ əŬɘ ɧɢɘ ˊɎɜŰɞŰŮ ɞɟŬŰɐ ɛŮ Ŭˊɚɐ Ůˊɘůəɧˊɖůɖ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ). 

 

ɆɢɐɛŬ 1.2: ũɟɎűɖɛŬ ůɡɜɖɛɑŰɞɜɞɡ ɛŮ ŮəɗŮŰɘəɎ ɛŮɘɞɨɛŮɜɞ ˊɚɎŰɞɠ ŭɘŬəɨɛŬɜůɖɠ 

(ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ) 
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1.6 ɇɡˊɘəɐ ȷˊɧəɚɘůɖ 

ȼ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ (standar deviation) „  ŮɑɜŬɘ ɖ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɖɠ ŭɘŬůˊɞɟɎɠ 

əŬɘ ˊɟɞůŭɘɞɟɑɕŮɘ ˊɞůɞŰɘəɎ Űɖɜ Ŭˊɧəɚɘůɖ Űɖɠ əŬŰŬɜɞɛɐɠ Ŭˊɧ Űɖɜ ɛɏůɖ Űɘɛɐ Űɖɠ. 

ɄɞɘɞŰɘəɎ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ˊŮɘ ɧŰɘ Űɞ Ůɨɟɞɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ, 

ŰɞɡɚɎɢɘůŰɞɜ ɔɘŬ ůɡɛɛŮŰɟɘəɏɠ əŬŰŬɜɞɛɏɠ, ŮɑɜŬɘ ŬɜɎɚɞɔɞ ˊɟɞɠ Űɖɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ. ȼ 

Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ŮɑɜŬɘ Űɞ ůŰŬŰɘůŰɘəɧ ɛɏɔŮɗɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŮəűɟŬůŰŮɑ 

Űɞ ˊɘɗŬɜɧ ůűɎɚɛŬ ˊŮɘɟŬɛŬŰɘəɩɜ ɛŮŰɟɐůŮɤɜ əŬɘ Űɞ ůűɎɚɛŬ ŮəŰɑɛɖůɖɠ ˊŬɟŬɛɏŰɟɤɜ 

ɛɘŬɠ əŬŰŬɜɞɛɐɠ ˊɘɗŬɜɧŰɖŰŬɠ Ŭˊɧ ɏɜŬ ˊŮˊŮɟŬůɛɏɜɞ ŭŮɑɔɛŬ. 

 

1.7 ȹɘɎɛŮůɞɠ 

Ƀ ŭɘɎɛŮůɞɠ (median), ὼ  ɐ  ὼȢ , ŮɑɜŬɘ ɖ Űɘɛɐ ŮəŮɑɜɖ ˊɞɡ ɢɤɟɑɕŮɘ Űɖɜ əŬŰŬɜɞɛɐ ůŮ 

ŭɨɞ ɛɏɟɖ, ɏəŬůŰɞ Ůə Űɤɜ ɞˊɞɑɤɜ ˊŮɟɘɏɢŮɘ Űɞ 50% Űɖɠ ůɡɜɞɚɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ. Ƀ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ŭɘɎɛŮůɞɡ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ Ůɝɑůɤůɖɠ:     

ὨὼὪ

Ð

ὼ Ὠὼ

Ð

Ὢ ὼ                                           ρȢυ 

ȼ Ůɝɑůɤůɖ ŬɡŰɐ ɞɟɑɕŮɘ ɧŰɘ ɞ ŭɘɎɛŮůɞɠ ɢɤɟɑɕŮɘ Űɖɜ əŬŰŬɜɞɛɐ ůŮ ŭɨɞ ɘůɞŮɛɓŬŭɘəɎ 

ŰɛɐɛŬŰŬ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŭŮɘɔɛɎŰɤɜ, Ŭɜ ɞɘ Űɘɛɏɠ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŮ ŬɨɝɞɡůŬ ůŮɘɟɎ, ɞ ŭɘɎɛŮůɞɠ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ əɏɜŰɟɞ Űɖɠ əŬŰŬɜɞɛɐɠ.  ȰůŰɤ Űɞ ŭŮɑɔɛŬ Űɘɛɩɜ ὼȟ Ὥ ρȟȣȢȟὓȢ ɇɞ 

ŭɘŬŰŮŰŬɔɛɏɜɞ ŭŮɑɔɛŬ ŮɑɜŬɘ Űɞ ůɨɜɞɚɞ   ὢ ὼ ȟȣȢȟὼ  , ůŰɞ ɞˊɞɑɞ ɞɘ Űɘɛɏɠ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ ŮɛűŬɜɑɕɞɜŰŬɘ əŬŰɎ ŬɨɝɞɡůŬ ůŮɘɟɎ. ȹɖɚŬŭɐ ɞɘ Űɘɛɏɠ ὼ  ŮɑɜŬɘ ŰɏŰɞɘŮɠ ɩůŰŮ 

ὼ ὼ . ȷɜ Űɞ ˊɚɐɗɞɠ əŬŰŬůŰɎůŮɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ ˊŮˊŮɟŬůɛɏɜɞ ɞ 

ŭɘɎɛŮůɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ  ɤɠ Ůɝɐɠ:    

 

ὼ

ὼ Ⱦ  ȟὓ ςά ρ

ὼ ὼ ȟὓ ςά
                                                       (1.6) 
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ȷɜɎɚɞɔŬ ɛŮ Űɞɜ ŭɘɎɛŮůɞ ɞɟɑɕɞɜŰŬɘ ŭɘɎűɞɟŬ ŮəŬŰɞůŰɘŬɑŬ ůɖɛŮɑŬ (percentiles). ȰŰůɘ 

ɤɠ ὼȢ  ɞɟɑɕŮŰŬɘ Űɞ ˊɞůɞůŰɘŬɑɞ ůɖɛŮɑɞ ŬɟɘůŰŮɟɎ Űɞɡ ɞˊɞɑɞɡ ɓɟɑůəŮŰŬɘ Űɞ 25% Űɖɠ 

ůɡɜɞɚɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ɞˊɞɘɞŭɐˊɞŰŮ ˊɞůɞůŰɘŬɑɞ 

ůɖɛŮɑɞ ὼ  Ŭˊɧ ɏɜŬ ŭŮɑɔɛŬ ŭɘɎůŰŬůɖɠ ɀ ɞɟɑɕɞɡɛŮ ɏɜŬ ŬəɏɟŬɘɞ ɛɏɟɞɠ əŬɘ ɏɜŬ 

əɚŬůɛŬŰɘəɧ ɡˊɧɚɞɘˊɞ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ ůɢɏůɖɠ: ὴὓ ρ Ὧ Ὠ , ɧ́ ɞɡ k ŮɑɜŬɘ 

Űɞ ŬəɏɟŬɘɞ ɛɏɟɞɠ əŬɘ 0<ŭ<1 ŮɑɜŬɘ Űɞ əɚŬůɛŬŰɘəɧ ɡˊɧɚɞɘˊɞ (ɉɟɘůŰɧˊɞɡɚɞɠ 2013). 

ɇɧŰŮ Űɞ ˊɞůɞůŰɘŬɑɞ ůɖɛŮɑɞ ὼ ˊɟɞəɨˊŰŮɘ ɤɠ Ůɝɐɠ: 

ὼ ὼ                                        k=0 

ὼ ὼ Ὠὼ ὼ        0<k<M                                                 (1.7) 

ὼ ὼ                                        k=M 

 

 

1.8 ɆɡɜɎɟŰɖůɖ ůɡɜŭɘŬůˊɞɟɎɠ  

ɀɘŬ Ɏɚɚɖ ɘŭɘɧŰɖŰŬ ɖ ɞˊɞɑŬ ŭɑɜŮɘ ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ɏɜŬ ŰɡɢŬɑɞ ˊŮŭɑɞ ŮɑɜŬɘ ɖ 

əŮɜŰɟɘəɐ ůɡɜɎɟŰɖůɖ ůɡɜŭɘŬůˊɞɟɎɠ (ȾɆɆ) ɖ ɞˊɞɑŬ ɞɟɑɕŮŰŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ 

Ůɝɑůɤůɖɠ (1.8), (Isaaks & Srivastava 1989), 

 

{ }{ }1 2 1 1 2 2( , ) ( ) ( ) ( ) ( )X X Xc E X m X mè ø¹ - -ê ús s s s s s .                   (1.8) 

 

ɇɞ ŰɡɢŬɑɞ ˊŮŭɑɞ 1 1 1( ) ( ) ( )XX mc ¹ -s s s  ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ŭɘŬəɨɛŬɜůɖ Űɞɡ ˊŮŭɑɞɡ 

1( )X s  ɔɨɟɤ Ŭˊɧ Űɖɜ ɛɏůɖ Űɘɛɐ ůŰɞ ůɖɛŮɑɞ 1s . ȼ ɛɏůɖ Űɘɛɐ Űɞɡ ˊŮŭɑɞɡ ŭɘŬəɨɛŬɜůɖɠ 

ŮɑɜŬɘ ɑůɖ ɛŮ Űɞ ɛɖŭɏɜ, [ ]1( ) 0E c =s . ȸɎůŮɘ Űɤɜ ˊɟɞɖɔɞɡɛɏɜɤɜ ɖ ȾɆɆ ŮɑɜŬɘ 

ɘůɞŭɨɜŬɛɖ ɛŮ Űɖɜ ůɡɜŭɘŬəɨɛŬɜůɖ, ŭɖɚŬŭɐ [ ]1 2 1 2( , ) ( ) ( )Xc E c c=s s s s .  

 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ȾɆɆ ˊŮɟɘɔɟɎűŮɘ ˊɞůɞŰɘəɎ Űɖɜ ŮɝɎɟŰɖůɖ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ Űɞɡ 

ˊŮŭɑɞɡ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ. ȳŰŬɜ ŰŬ ůɖɛŮɑŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ ůɡɜŭɘŬůˊɞɟɎɠ 

ůɡɛˊɑˊŰɞɡɜ ɖ Űɘɛɐ Űɖɠ ɘůɞɨŰŬɘ ɛŮ Űɖɜ ŭɘŬůˊɞɟɎ Űɞɡ ˊŮŭɑɞɡ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ, 

2

1 1 1( , ) ( )X Xc s s ss= , ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ (1.4) əŬɘ (1.8). ȷɜŰɑɗŮŰŬ ɧŰŬɜ ɖ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ŭɨɞ ůɖɛŮɑɤɜ ɛŮɔŬɚɩɜŮɘ ɖ ŮɝɎɟŰɖůɖ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ ɛŮɘɩɜŮŰŬɘ.  
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ɆŮ ɔŮɤůŰŬŰɘůŰɘəɏɠ ŬɜŬɚɨůŮɘɠ ɖ ˊŮɘɟŬɛŬŰɘəɎ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɖ ɢɤɟɘəɐ ŮɝɎɟŰɖůɖ 

ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŮ ɏɜŬ ɓɏɚŰɘůŰɞ ˊɟɧŰɡˊɞ Űɞ ɞˊɞɑɞ ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ 

ŬˊɞŭŮəŰɩɜ ɗŮɤɟɖŰɘəɩɜ ˊɟɞŰɨˊɤɜ (ˊ.ɢ ŮəɗŮŰɘəɧ, ɔəŬɞɡůɘŬɜɧ). Ⱥˊɞɛɏɜɤɠ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ ůɡɜɗɖəɩɜ Ŭˊɞŭɞɢɐɠ ɔɘŬ Űɖɜ ůɡɜɎɟŰɖůɖ ůɡɜŭɘŬůˊɞɟɎɠ.  

 

Ƀɘ ůɡɜɗɐəŮɠ Ŭˊɞŭɞɢɐɠ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ɗŮɩɟɖɛŬ Űɞɡ Bochner (Bochner 1959). 

ȷɡŰɧ ŮəűɟɎɕŮŰŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ űŬůɛŬŰɘəɐɠ ˊɡəɜɧŰɖŰŬɠ ɘůɢɨɞɠ Űɖɠ 

ůɡɜŭɘŬůˊɞɟɎɠ ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Fourier (Press et all 1992), 

Űɖɠ ůɡɜɎɟŰɖůɖɠ ůɡɜŭɘŬůˊɞɟɎɠ. ȼ űŬůɛŬŰɘəɐ ˊɡəɜɧŰɖŰŬ ɘůɢɨɞɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ 

ɞɚɞəɚɐɟɤɛŬ, 

  

( ) exp( ) ( )X Xc d i c= - Öñk r k r r ,          (1.9) 

 

ɧˊɞɡ r Űɞ ŭɘɎɜɡůɛŬ ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ ŭɨɞ ůɖɛŮɑɤɜ, d dx dy=ñ ñ ñr  əŬɘ k ŮɑɜŬɘ Űɞ 

ŭɘɎɜɡůɛŬ Űɖɠ ɢɤɟɘəɐɠ ůɡɢɜɧŰɖŰŬɠ (əɡɛŬŰɎɜɡůɛŬ). 

 

ɀɘŬ ůɡɜɎɟŰɖůɖ ( )Xc r  ŮɑɜŬɘ ŬˊɞŭŮəŰɐ ůɡɜɎɟŰɖůɖ ůɡɜŭɘŬůˊɞɟɎɠ Ŭɜ ɘůɢɨɞɡɜ ɞɘ 

ˊŬɟŬəɎŰɤ ŰɟŮɘɠ ůɡɜɗɐəŮɠ:  

 

1) ȷɜ ɡˊɎɟɢŮɘ ɖ űŬůɛŬŰɘəɐ ˊɡəɜɧŰɖŰŬ ɘůɢɨɞɠ ( )Xc k  (ŭɖɚŬŭɐ Ŭɜ ɡˊɎɟɢŮɘ ɞ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Fourier Űɖɠ ůɡɜɎɟŰɖůɖɠ). 

 

2)  ȷɜ ɖ ( )Xc k  ŮɑɜŬɘ ɛɖ ŬɟɜɖŰɘəɐ ůŮ ɧɚɞ Űɞ ˊŮŭɑɞ ůɡɢɜɞŰɐŰɤɜ ŭɖɚŬŭɐ 

( ) 0Xc ²k  ɔɘŬ əɎɗŮ k . 

 

3)  ȷɜ Űɞ ɞɚɞəɚɐɟɤɛŬ Űɖɠ ( )Xc k  ůŮ ɞɚɧəɚɖɟɞ Űɞ ˊŮŭɑɞ ůɡɢɜɧŰɖŰŬɠ ŮɑɜŬɘ 

űɟŬɔɛɏɜɞ (ŭɖɚŬŭɐ Ŭɜ ɡˊɎɟɢŮɘ ɖ ŭɘŬůˊɞɟɎ).  

 

ȷˊɧ ˊɟŬəŰɘəɐ Ɏˊɞɣɖ ɔɘŬ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ Ŭɜ ɛɘŬ ůɡɜɎɟŰɖůɖ ŬˊɞŰŮɚŮɑ ŬˊɞŭŮəŰɧ 

ˊɟɧŰɡˊɞ ůɡɜɎɟŰɖůɖɠ ůɡɜŭɘŬůˊɞɟɎɠ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ 

Fourier Űɖɠ ůɡɜɎɟŰɖůɖɠ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004a). 
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1.9  ɆŰŬŰɘůŰɘəɐ ɞɛɞɘɞɔɏɜŮɘŬ 

ɃɟɘůɛɏɜŮɠ ˊŬɟŬŭɞɢɏɠ ˊɞɡ ɗɏŰɞɡɜ ˊŮɟɘɞɟɘůɛɞɨɠ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ 

ɛˊɞɟɞɨɜ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ɛɘŬ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɔŮɤůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ. ȼ ˊɘɞ 

Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɖɛɏɜɖ ŬˊɚɞɡůŰŮɡŰɘəɐ ˊŬɟŬŭɞɢɐ ŮɑɜŬɘ ɖ ůŰŬŰɘůŰɘəɐ ɞɛɞɘɞɔɏɜŮɘŬ, ɖ 

ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ ŮˊɏəŰŬůɖ Űɞɡ əɚŬůɘəɞɨ ɞɟɘůɛɞɨ Űɖɠ ɞɛɞɘɞɔɏɜŮɘŬɠ. ɀɘŬ ɘŭɘɧŰɖŰŬ ŮɑɜŬɘ 

ɞɛɞɘɞɔŮɜɐɠ Ŭɜ ɖ ŬɜŰɑůŰɞɘɢɖ ɛŮŰŬɓɚɖŰɐ ɏɢŮɘ ůŰŬɗŮɟɐ Űɘɛɐ ůŰɞ ɢɩɟɞ. ȷɜŰɑɗŮŰŬ ɏɜŬ 

ŰɡɢŬɑɞ ˊŮŭɑɞ ( )X s  ŮɑɜŬɘ ůŰŬŰɘůŰɘəɩɠ ɞɛɞɘɞɔŮɜɏɠ  Ŭɜ ɖ ɛɏůɖ Űɘɛɐ ŮɑɜŬɘ ůŰŬɗŮɟɐ, 

( )X Xm m=s , ɖ ůɡɜɎɟŰɖůɖ ůɡɜŭɘŬůˊɞɟɎɠ ɞɟɑɕŮŰŬɘ əŬɘ ŮɝŬɟŰɎŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ 

Űɞ ŭɘɎɜɡůɛŬ ŬˊɧůŰŬůɖɠ 1 2= -r s s  ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ůɖɛŮɑɤɜ,  1 2( , ) ( )X Xc c=s s r , əŬɘ ɖ 

ŭɘŬůˊɞɟɎ Űɞɡ ˊŮŭɑɞɡ ŮɑɜŬɘ Ůˊɑůɖɠ ůŰŬɗŮɟɐ.  

 

Ƀɘ ˊŬɟŬˊɎɜɤ ˊɟɞɦˊɞɗɏůŮɘɠ ɞɟɑɕɞɡɜ Űɖɜ ůŰŬŰɘůŰɘəɐ ɞɛɞɘɞɔɏɜŮɘŬ əŬŰɎ Űɖɜ ŬůɗŮɜɐ 

ɏɜɜɞɘŬ. ȰɜŬ ŰɡɢŬɑɞ ˊŮŭɑɞ ŮɑɜŬɘ ůŰŬŰɘůŰɘəɩɠ ɞɛɞɘɞɔŮɜɏɠ əŬŰɎ Űɖɜ ɘůɢɡɟɐ ɏɜɜɞɘŬ ɧŰŬɜ 

ɖ ˊɞɚɡŭɘɎůŰŬŰɖ ɆɄɄ ɔɘŬ Ɂ ůɖɛŮɑŬ (ɧˊɞɡ Ɂ ɞˊɞɘɞůŭɐˊɞŰŮ ɗŮŰɘəɧɠ ŬəɏɟŬɘɞɠ) 

ˊŬɟŬɛɏɜŮɘ ŬɛŮŰɎɓɚɖŰɖ Ŭˊɧ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨɠ ɞɘ ɞˊɞɑɞɘ ŬɚɚɎɕɞɡɜ Űɖɜ ɗɏůɖ Űɤɜ 

ůɖɛŮɑɤɜ ɢɤɟɑɠ ɜŬ ŬɚɚɎɕɞɡɜ Űɘɠ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɞůŰɎůŮɘɠ.  

 

Ⱥˊɞɛɏɜɤɠ ɖ ɏɜɜɞɘŬ Űɖɠ ůŰŬŰɘůŰɘəɐɠ ɞɛɞɘɞɔɏɜŮɘŬɠ ŮɑɜŬɘ ɧŰɘ ɞɘ ůŰŬŰɘůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

Ůɜɧɠ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ŭŮɜ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ ɢɤɟɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůɖɛŮɑɤɜ, 

ɎɟŬ əŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ. ɄɟŬəŰɘəɎ ɖ ůŰŬŰɘůŰɘəɐ ɞɛɞɘɞɔɏɜŮɘŬ ˊɟɞɦˊɞɗɏŰŮɘ 

ɧŰɘ ŭŮɜ ɡˊɎɟɢɞɡɜ ůɡůŰɖɛŬŰɘəɏɠ ŰɎůŮɘɠ ɏŰůɘ ɩůŰŮ ɖ ɛŮŰŬɓɞɚɐ Űɤɜ Űɘɛɩɜ Űɞɡ ˊŮŭɑɞɡ 

ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ůŮ ŭɘŬəɡɛɎɜůŮɘɠ ɔɨɟɤ Ŭˊɧ ɛɘŬ ůŰŬɗŮɟɐ ůŰɎɗɛɖ ɑůɖ ɛŮ Űɖɜ ɛɏůɖ 

Űɘɛɐ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ).  

 

 

1.10 ɆŰŬŰɘůŰɘəɐ ɘůɞŰɟɞˊɑŬ 

ɀɘŬ Ɏɚɚɖ ɘŭɘɧŰɖŰŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ ɢɟɐůɘɛɖ ůŰɖɜ ɔŮɤůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ Ůɜɧɠ 

ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ŮɑɜŬɘ ɖ ůŰŬŰɘůŰɘəɐ ɘůɞŰɟɞˊɑŬ. ȰɜŬ ˊŮŭɑɞ ŮɑɜŬɘ ůŰŬŰɘůŰɘəɩɠ ɘůɞŰɟɞˊɘəɧ 

Ŭɜ ŮɑɜŬɘ ůŰŬŰɘůŰɘəɩɠ ɞɛɞɘɞɔŮɜɏɠ əŬɘ ůɡɔɢɟɧɜɤɠ ɖ ůɡɜɎɟŰɖůɖ ůɡɜŭɘŬůˊɞɟɎɠ 

ŮɝŬɟŰɎŰŬɘ ɛɧɜɞ Ŭˊɧ Űɞ ɛɏŰɟɞ (ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ), ŬɚɚɎ ɧɢɘ Ŭˊɧ Űɖ əŬŰŮɨɗɡɜůɖ 
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Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ ŬˊɧůŰŬůɖɠ r. ȷɡŰɧ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ Ŭˊɧ ˊɟŬəŰɘəɐ Ɏˊɞɣɖ ŮˊŮɘŭɐ 

ŭɘŮɡəɞɚɨɜŮɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɢɤɟɘəɐɠ ŮɝɎɟŰɖůɖɠ. ȷɜ ɛɘŬ ůɡɜɎɟŰɖůɖ 

ůɡɜŭɘŬůˊɞɟɎɠ ŮɑɜŬɘ ůŰŬŰɘůŰɘəɩɠ ɘůɞŰɟɞˊɘəɐ ŮɑɜŬɘ əŬɘ Ůɝ ɞɟɘůɛɞɨ ůŰŬŰɘůŰɘəɩɠ 

ɞɛɞɘɞɔŮɜɐɠ,  ŬɚɚɎ Űɞ ŬɜŰɑůŰɟɞűɞ ŭŮɜ ɘůɢɨŮɘ. 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ůŰŬŰɘůŰɘəɩɠ ɘůɞŰɟɞˊɘəɩɜ ˊŮŭɑɤɜ ɞɘ ŭɨɞ ˊɘɞ ůɖɛŬɜŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ 

ɞɘ ɞˊɞɑŮɠ ˊɟɞůŭɘɞɟɑɕɞɡɜ ˊɞɚɨ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ůɡɜɎɟŰɖůɖɠ ůɡɜŭɘŬůˊɞɟɎɠ 

ŮɑɜŬɘ ɖ ŭɘŬůˊɞɟɎ 2 (0)X Xcs =  əŬɘ Űɞ ɛɐəɞɠ ůɡůɢɏŰɘůɖɠ ɝ. ȼ ŭɘŬůˊɞɟɎ ŬˊɞŰŮɚŮɑ ɛɏŰɟɞ 

Űɞɡ ˊɚɎŰɞɡɠ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ Űɞɡ ˊŮŭɑɞɡ. ɇɞ ɛɐəɞɠ ůɡůɢɏŰɘůɖɠ ɞɟɑɕŮɘ Űɞ ŭɘɎůŰɖɛŬ 

ɛɏůŬ ůŰɞ ɞˊɞɑɞ ɡˊɎɟɢŮɘ ŬɚɚɖɚŮɝɎɟŰɖůɖ, ŭɖɚŬŭɐ ɞɟɑɕŮɘ Űɖɜ ŬˊɧůŰŬůɖ ɛɏůŬ ůŰɖɜ 

ɞˊɞɑŬ ɖ Űɘɛɐ Űɞɡ ˊŮŭɑɞɡ ůŮ ɏɜŬ ůɖɛŮɑɞ ŮˊɖɟŮɎɕŮɘ Űɖɜ Űɘɛɐ ůŮ ɏɜŬ Ɏɚɚɞ ůɖɛŮɑɞ 

(ɉɟɘůŰɧˊɞɡɚɞɠ 2004Ŭ). 

 

 

 

1.11  ȼɛɘ-ȸŬɟɘɧɔɟŬɛɛŬ 

 

ɇɞ ɓŬɟɘɧɔɟŬɛɛŬ ŮɑɜŬɘ Űɞ ɓŬůɘəɧ ŭɘŬɔɜɤůŰɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɞɜ ɢɤɟɘəɧ ɢŬɟŬəŰɖɟɘůɛɧ 

ɛɑŬɠ ɢɤɟɞɛŮŰŬɓɚɖŰɐɠ əŬɘ ŮɑɜŬɘ Ůˊɑůɖɠ əŮɜŰɟɘəɧ ůŰɖɜ ɔŮɤůŰŬŰɘůŰɘəɐ ŮəŰɑɛɖůɖ ɐ ůŰɘɠ 

ɛŮɗɧŭɞɡɠ ˊŬɟŮɛɓɞɚɐɠ (kriging). 

ɇɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ Ůɜɧɠ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

[ ]{ }21
( , ) ( ) ( )

2
X E X Xg = + -s r s r s .                      (1.10) 

 

ȹɖɚŬŭɐ Űɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ɞɟɑɕŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ ɏɜŬ ɕŮɨɔɞɠ ůɖɛŮɑɤɜ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ 

ɛɏůɖɠ Űɘɛɐɠ Űɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɖɠ ŭɘŬűɞɟɎɠ  ( ; ) ( ) ( )X X Xd ¹ + -s r s r s . ɇɞ ˊŮŭɑɞ Űɖɠ 

ŭɘŬűɞɟɎɠ ( ; )Xd s r  ŬˊɞəŬɚŮɑŰŬɘ ɓɐɛŬ ŬˊɧůŰŬůɖɠ r . ȷɜ Űɞ ˊŮŭɑɞ ( )X s  ŮɑɜŬɘ 

ůŰŬŰɘůŰɘəɩɠ ɞɛɞɘɞɔŮɜɏɠ Űɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖɜ ůɡɜɎɟŰɖůɖ 

ůɡɜŭɘŬůˊɞɟɎɠ ɓɎůŮɘ Űɖɠ Ůɝɑůɤůɖɠ 2( ) ( )X X Xcg s= -r r . 

  

ũɘŬ ůŰŬŰɘůŰɘəɩɠ ɞɛɞɘɞɔŮɜɐ ˊŮŭɑŬ Űɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ˊŮɟɘɏɢŮɘ Űɖɜ ɑŭɘŬ ˊɚɖɟɞűɞɟɑŬ 

ɛŮ Űɖɜ ůɡɜɎɟŰɖůɖ ůɡɜŭɘŬůˊɞɟɎɠ. ȷɜ ɖ ŭɘŬűɞɟɎ ( ; )Xd s r  ŮɑɜŬɘ ůŰŬŰɘůŰɘəɎ 

ɞɛɞɘɞɔŮɜɐɠ,  Űɞ ŰɡɢŬɑɞ ˊŮŭɑɞ ( )X s  ɞɜɞɛɎɕŮŰŬɘ ˊŮŭɑɞ ɛŮ ůŰŬŰɘůŰɘəɩɠ ɞɛɞɘɞɔŮɜŮɑɠ 
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ŭɘŬűɞɟɏɠ. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ( )Xg r  ŮɝŬɟŰɎŰŬɘ 

ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ Űɖɜ ŬˊɧůŰŬůɖ r  ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ əŬɘ ŬɡŰɧ ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ Űɖɠ 

ůŰŬŰɘůŰɘəɐɠ ɞɛɞɘɞɔɏɜŮɘŬɠ Űɞɡ ˊŮŭɑɞɡ ŭɘŬűɞɟɩɜ. ȷɜ Űɞ ˊŮŭɑɞ ( )X s  ŮɑɜŬɘ ůŰŬŰɘůŰɘəɎ 

ɞɛɞɘɞɔŮɜɏɠ Űɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɘɠ ŭɘŬűɞɟɏɠ ( ; )Xd s r , Űɞ ŬɜŰɑůŰɟɞűɞ ɧɛɤɠ ŭŮɜ 

ɘůɢɨŮɘ ŬˊŬɟŬɑŰɖŰŬ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ). 

 

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ əŬɗɞɟɑɕɞɡɜ Űɖɜ ɢɤɟɘəɐ ŮɝɎɟŰɖůɖ Űɤɜ Űɘɛɩɜ Űɞɡ 

ˊŮŭɑɞɡ ůŮ ŭɡɞ ɔŮɘŰɞɜɘəɎ ůɖɛŮɑŬ. ȷˊɧ Űɞɜ ɞɟɘůɛɧ Űɞɡ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ 

Űɖɠ ɛɏůɖɠ Űɘɛɐɠ Űɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɤɜ ŭɘŬűɞɟɩɜ ˊɟɞəɨˊŰŮɘ ɧŰɘ Űɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ŮɑɜŬɘ 

ɖɛɘɗŮŰɘəɎ ɞɟɘůɛɏɜɞ, ( ) 0Xg ²r . ɋůŰɧůɞ Űɞ ŬɜŰɑůŰɟɞűɞ ŭŮɜ ɘůɢɨŮɘ ˊɎɜŰɞŰŮ əŬɗɩɠ ɛɘŬ 

ɖɛɘɗŮŰɘəɎ ɞɟɘůɛɏɜɖ ůɡɜɎɟŰɖůɖ ŭŮɜ ŮɑɜŬɘ əŬŰô ŬɜɎɔəɖ ŬˊɞŭŮəŰɐ ɤɠ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ.  

 

ɆŮ ˊŮɟɑˊŰɤůɖ ůŰŬŰɘůŰɘəɎ ɞɛɞɘɞɔŮɜɞɨɠ ˊŮŭɑɞɡ, Ŭɜ ɖ ɢɤɟɘəɐ ŮɝɎɟŰɖůɖ ŮɑɜŬɘ 

ɘůɞŰɟɞˊɘəɐ, Űɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ ŭɨɞ ˊŬɟŬɛɏŰɟɞɡɠ: Űɞ ɧɟɘɞ əŬɘ Űɞ 

ɛɐəɞɠ ůɡůɢɏŰɘůɖɠ. ȼ Űɘɛɐ Űɞɡ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ ɔɘŬ ˊɞɚɨ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ r  

ŰŮɑɜŮɘ ŬůɡɛˊŰɤŰɘəɎ ˊɟɞɠ ɏɜŬ ɧɟɘɞ ɑůɞ ɛŮ Űɖɜ ŭɘŬůˊɞɟɎ 2

Xs  Űɞɡ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ. ȷɡŰɐ 

ɖ ɘŭɘɧŰɖŰŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ůɢɏůɖ 2( ) ( )X X Xcg s= -r r  əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ůŮ ɛŮɔɎɚŮɠ 

ŬˊɞůŰɎůŮɘɠ ɖ Űɘɛɐ Űɖɠ ůɡɜɎɟŰɖůɖɠ ůɡɜŭɘŬůˊɞɟɎɠ ŰŮɑɜŮɘ ˊɟɞɠ Űɞ ɛɖŭɏɜ.  

  

ȼ ˊŬɟɞɡůɑŬ ůɖɛŬɜŰɘəɩɜ ŰɎůŮɤɜ ɛŮɔɎɚɖɠ ŮɛɓɏɚŮɘŬɠ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ˊɟɞɦˊɧɗŮůɖ Űɖɠ 

ůŰŬŰɘůŰɘəɐɠ ɞɛɞɘɞɔɏɜŮɘŬɠ ŭŮɜ ɘůɢɨŮɘ. ɇɧŰŮ Űɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ŭŮɜ ˊɟɞůŮɔɔɑɕŮɘ 

əɎˊɞɘŬ Űɘɛɐ ɘůɞɟɟɞˊɑŬɠ ɧŰŬɜ ɖ ŬˊɧůŰŬůɖ ŰŮɑɜŮɘ ˊɟɞɠ Űɞ ɎˊŮɘɟɞ (ɉɟɘůŰɧˊɞɡɚɞɠ 

2004ɓ).  

ɇɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ Ůɜ ɔɏɜŮɘ ŬɡɝɎɜŮŰŬɘ ŬɜɎɚɞɔŬ, ɧɢɘ əŬŰ' ŬɜɎɔəɖ ɔɟŬɛɛɘəɎ, ɛŮ 

Űɖɜ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŮˊŮɘŭɐ ɖ ŮɝɎɟŰɖůɖ Űɤɜ 

Űɘɛɩɜ Űɞɡ ˊŮŭɑɞɡ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ Űɞɡ ɢɩɟɞɡ ɛŮɘɩɜŮŰŬɘ ɧůɞ 

ŬɡɝɎɜŮɘ ɖ ŬˊɧůŰŬůɖ. ȷəɞɚɞɨɗɤɠ ɞɘ Űɘɛɏɠ Űɞɡ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ ŬɡɝɎɜɞɜŰŬɘ ɧůɞ 

ɛŮɔŬɚɩɜŮɘ ɖ ŬˊɧůŰŬůɖ Ŭűɞɨ ɛŮŰɟɎ ˊɧůɞ ŭɘŬűɏɟɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ɞɘ 

ŭɘŬəɡɛɎɜůŮɘɠ Űɞɡ ˊŮŭɑɞɡ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ŬˊɧůŰŬůɖɠ.  

Ⱥɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɖɛɏɜŬ ɛɞɜŰɏɚŬ ɖɛɘɓŬɟɘɞɔɟŬɛɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŮˊɘŰɟŮˊŰɎ əŬɘ ůŮ 

ˊɟŬəŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ŮɑɜŬɘ Űɞ ŮəɗŮŰɘəɧ, Űɞ ɔəŬɞɡůɘŬɜɧ, Űɞ ůűŬɘɟɘəɧ, Űɞ ɔŮɜɘəŮɡɛɏɜɞ, Űɞ 

ŭɡɜŬɛɞɜɞɛɘəɧ ɐ ŬɚɔŮɓɟɘəɧ əŬɘ Űɞ űŬɘɜɧɛŮɜɞ ˊɡɟɐɜŬ. ɇɞ ŮəɗŮŰɘəɧ ɛɞɜŰɏɚɞ ɢŬɟŬəŰɖɟɑɕŮɘ 
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əŬŰŬɜɞɛɏɠ ɛŮ ŬˊɧŰɞɛŮɠ ɢɤɟɘəɏɠ ɛŮŰŬɓɞɚɏɠ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ɔəŬɞɡůɘŬɜɧ Űɞ ɞˊɞɑɞ 

ɢŬɟŬəŰɖɟɑɕŮɘ ɞɛŬɚɧŰŮɟŮɠ ŬɡɝɞɛŮɘɩůŮɘɠ. ɇɞ ŬɚɔŮɓɟɘəɧ ɛɞɜŰɏɚɞ ɢŬɟŬəŰɖɟɑɕŮɘ ŮɝɎɟŰɖůɖ 

ɛŮ ɛŬəɟɘɎ ɢɤɟɘəɐ ŮɛɓɏɚŮɘŬ Ůɜɩ Űɞ ɛɞɜŰɏɚɞ ˊɡɟɐɜŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛŮŰŬɓɞɚɏɠ ˊɞɡ 

ůɡɜŰŮɚɞɨɜŰŬɘ ůŮ ŬˊɞůŰɎůŮɘɠ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ Űɖ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɞ 

ŭŮɑɔɛŬ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ).  

 

Ʉɟɞůŭɘɞɟɘůɛɧɠ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɟŬəŰɘəɩɜ ŮűŬɟɛɞɔɩɜ, ɧˊɞɡ ŰŬ ŭŮŭɞɛɏɜŬ ˊŮɟɘɞɟɑɕɞɜŰŬɘ 

ůɡɜɐɗɤɠ ůŮ ɏɜŬ ɛɞɜŬŭɘəɧ ŭŮɑɔɛŬ, ŮˊɘɢŮɘɟŮɑŰŬɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɛɘŬ ŮəŰɑɛɖůɖ 

Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ Ŭˊɧ ŬɡŰɧ. ȼ ŮəŰɑɛɖůɖ ŬɡŰɐ ɞɜɞɛɎɕŮŰŬɘ 

ŭŮɘɔɛŬŰɘəɧ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɓɎůŮɘ Űɤɜ Űɘɛɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɤɠ 

Ůɝɐɠ: 

 

  

{ }
( )
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2 ( )
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Z k i j i j k c
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r s s r
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g J
=

è ø= - =ê úä ,                (1.11) 

 

 

 
1, ( )

( )
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i j k

i j k

B

otherwise

s s r
r                       (1.12) 

 

¶ ȼ ůɡɜɎɟŰɖůɖ ŰɎɝɖɠ ( )i j kr  ɞɟɑɕŮɘ ŭɘŬűɞɟŮŰɘəɏɠ ɞɛɎŭŮɠ (ŰɎɝŮɘɠ) ŭɘŬɜɡůɛɎŰɤɜ 

ŬˊɧůŰŬůɖɠ, ŮˊɘɚɏɔɞɜŰŬɠ ŰŬ ŭɘŬɜɨůɛŬŰŬ ŮəŮɑɜŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɛɘŬ əɚŮɘůŰɐ 

ˊŮɟɘɞɢɐ ( )kB r  ɔɨɟɤ Ŭˊɧ Űɞ ŭɘɎɜɡůɛŬ kr  (ɆɢɐɛŬ 1.3). 

 

¶ ȼ  ɛŮŰŬɓɚɖŰɐ N(ὶ) ŮɑɜŬɘ ɑůɖ ɛŮ Űɞ ˊɚɐɗɞɠ Űɤɜ ɕŮɡɔɩɜ ůɖɛŮɑɤɜ ˊɞɡ 

ˊŮɟɘɏɢɞɜŰŬɘ ɛɏůŬ ůŰɖɜ ŰɎɝɖ ( )kB r . 

 

¶ ɇɞ ŭŮɘɔɛŬŰɘəɧ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ɞɟɑɕŮŰŬɘ ɔɘŬ ɏɜŬ ŭɘŬəɟɘŰɧ əŬɘ ˊŮˊŮɟŬůɛɏɜɞ 

ůɨɜɞɚɞ ŬˊɞůŰɎůŮɤɜ , ( 1, , )k ck Nr  Űɞ ˊɚɐɗɞɠ Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ ɑůɞ ɛŮ Űɞɜ 

ůɡɜɞɚɘəɧ Ŭɟɘɗɛɧ ŰɎɝŮɤɜ cN . 
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ɆɢɐɛŬ 1.3: ɆɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ( )B r ɔɨɟɤ Ŭˊɧ Űɞ ŭɘɎɜɡůɛŬ ŬˊɧůŰŬůɖɠ 

(ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ). 

 

 

Ⱥˊɞɛɏɜɤɠ, ɞ ɡˊɞɚɞɔɘůɛɧɠ ŬɡŰɧɠ ˊɟɞůŭɘɞɟɑɕŮɘ ɛɘŬ Űɘɛɐ Űɞɡ ŭŮɘɔɛŬŰɘəɞɨ 

ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ   ɔɘŬ   əɎɗŮ kr  ɓɎůŮɘ   Űɞɡ   ɛɏůɞɡ   ɧɟɞɡ   Űɤɜ   ŭɘŬűɞɟɩɜ  

2

( ) ( )i jZ Zs s  ůŮ ɧɚŬ ŰŬ ɕŮɨɔɖ ůɖɛŮɑɤɜ, Űɞ ŭɘɎɜɡůɛŬ ŬˊɧůŰŬůɖɠ Űɤɜ ɞˊɞɑɤɜ 

ŬɜɐəŮɘ ůŰɖɜ ˊŮɟɘɞɢɐ ( )kB r . ɇɞ Ĕ( )Z krg  ŮɑɜŬɘ ɏɜŬɠ əŬɚɧɠ ŮəŰɘɛɖŰɐɠ Űɞɡ ( )Z krg  ɧŰŬɜ ɞ 

ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŭɘŬűɞɟɩɜ ůŰɖɜ ŰɎɝɖ Űɞɡ kr  ˊɟɞůŮɔɔɑɕŮɘ ɛŮ ŬəɟɑɓŮɘŬ Űɖɜ ɛɏůɖ Űɘɛɐ 

[ ]
2

( ) ( )kE Z Zs s r- +  (ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ). 

 

 

ȷɡŰɧ ɘůɢɨŮɘ ɧŰŬɜ ŮəˊɚɖɟɩɜŮŰŬɘ ɖ Ůɟɔɞŭɘəɐ ɡˊɧɗŮůɖ (Christakos & Hristopulos 1998) 

ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɜŬɚɚŬɔɐ Űɞɡ ůŰɞɢŬůŰɘəɞɨ ɛŮ Űɞɜ ŭŮɘɔɛŬŰɘəɧ ɛɏůɞ. ɆŰɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ ɔɘŬ ɜŬ ɘůɢɨŮɘ ɖ Ůɟɔɞŭɘəɐ ɘŭɘɧŰɖŰŬ ˊɟɏˊŮɘ ɜŬ 

ŮəˊɚɖɟɩɜɞɜŰŬɘ əɎˊɞɘŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ, ɧˊɤɠ: (1) Űɞ ˊŮŭɑɞ ŭɘŬűɞɟɎɠ ( ) ( )kZ Zs s r- +  

ɜŬ ŮɑɜŬɘ ůŰŬŰɘůŰɘəɎ ɞɛɞɘɞɔŮɜɏɠ, (2) Űɞ ˊɚɐɗɞɠ ɕŮɡɔɩɜ ůŮ əɎɗŮ ŰɎɝɖ ɜŬ ŮɑɜŬɘ ɛŮɔɎɚɞ 

ɩůŰŮ ɞ ŭŮɘɔɛŬŰɘəɧɠ ɛɏůɞɠ Űɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɖɠ ŭɘŬűɞɟɎɠ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ əŬɚɐ 
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ůŰŬŰɘůŰɘəɐ ŬəɟɑɓŮɘŬ əŬɘ (3) ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŰɎɝŮɤɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔɎɚɞɠ 

ɩůŰŮ ɜŬ ŮˊɘŰɟɏˊŮɘ ɛɘŬ ˊɡəɜɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɞɡ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ ůŬɜ 

ůɡɜɎɟŰɖůɖ Űɖɠ ŬˊɧůŰŬůɖɠ  (ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ). 

 

 

ȷűɞɨ ɡˊɞɚɞɔɘůŰŮɑ Űɞ ˊŮɘɟŬɛŬŰɘəɧ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŮ ɏɜŬ 

ɗŮɤɟɖŰɘəɧ ɛɞɜŰɏɚɞ, Űɞ ɞˊɞɑɞ ŮˊɘŰɟɏˊŮɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ 

ɔɘŬ ɞˊɞɘŬŭɐˊɞŰŮ ŬˊɧůŰŬůɖ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ŭɟɢɐ Űɤɜ 

ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ, Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ əŬɘ ɞɘ ɓɏɚŰɘůŰŮɠ ˊŬɟɎɛŮŰɟɞɘ 

ɝ (ɛɐəɞɠ ůɡůɢɏŰɘůɖɠ) əŬɘ 2

Xs  (ŭɘŬůˊɞɟɎ) Űɞɡ ɗŮɤɟɖŰɘəɞɨ ɛɞɜŰɏɚɞɡ.  

 

ɇɞ ɗŮɤɟɖŰɘəɧ ˊɟɧŰɡˊɞ ɢɟŮɘɎɕŮŰŬɘ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ Űɘɛɩɜ Űɞɡ ˊŮŭɑɞɡ ůŮ 

ůɖɛŮɑŬ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ ɜŬ ɔɑɜŮɘ ŬˊɞŭŮəŰɧ Űɞ 

ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ɔŮɤůŰŬŰɘəɐ ŬɜɎɚɡůɖ ŮɚɏɔɢŮŰŬɘ 

ůɨɛűɤɜŬ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ Ŭˊɞŭɞɢɐɠ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ (ɉɟɘůŰɧˊɞɡɚɞɠ 2004b).  

 

 

 

ɇɞ ůɢɐɛŬ 1.4 ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ ŰŬ ɞˊɞɑŬ 

ŮɝŮŰɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ˊŬɟŬəɎŰɤ.  
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ɆɢɐɛŬ 1.4: ɄŬɟɞɡůɑŬůɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ  (Surfer V.8.0.4, 2002). 

 

 

¶ ɇɞ űŬɘɜɧɛŮɜɞ ˊɡɟɐɜŬ ˊɞůɞŰɘəɞˊɞɘŮɑ Űɖɜ ŭɘŬůˊɞɟɎ Űɞɡ ŭŮɘɔɛŬŰɘəɞɨ 

ůűɎɚɛŬŰɞɠ əŬɗɩɠ əŬɘ Űɖɜ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬ, ˊ.ɢ. Űɖɜ ɢɤɟɘəɐ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ ˊɞɡ ɡˊɎɟɢŮɘ ůŮ ŬˊɞůŰɎůŮɘɠ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ŬˊɞůŰɎůŮɘɠ 

ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ.  

 

¶ ɇɞ çɧɟɘɞè (ɞɟɞűɐ) ŮɑɜŬɘ ɖ Űɘɛɐ ˊɞɡ ˊɚɖůɘɎɕŮɘ ŬůɡɛˊŰɤŰɘəɎ Űɞ ŭŮɘɔɛŬŰɘəɧ 

ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ.  

 

¶ ȼ çəɚɑɛŬəŬ» (scale) ŮɑɜŬɘ ɖ ŭɘŬűɞɟɎ Űɖɠ çɞɟɞűɐɠè Ŭˊɧ Űɞ çűŬɘɜɧɛŮɜɞ 

ˊɡɟɐɜŬè əŬɘ ŭɖɚɩɜŮɘ Űɖɜ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤ ůɡůɢŮŰɘůɛɏɜɤɜ ŭɘŬəɡɛɎɜůŮɤɜ.  

 

¶ ɇɞ ɛɐəɞɠ ůɡůɢɏŰɘůɖɠ ŮɑɜŬɘ ɖ ŬˊɧůŰŬůɖ ůŰɖɜ ɞˊɞɑŬ Űɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ 

ˊɟɞůŮɔɔɑɕŮɘ ˊɞɚɨ əɞɜŰɎ, ˊ.ɢ. əŬŰɎ 95-97%, Űɖɜ Űɘɛɐ ɞɟɞűɐɠ. 

 

ɾʺˁˇˌ 

ˋˎˋ˔ʷˍʽˋʹˌ 

ζɼ˂ʾ˃ʰˁʰη 

  ɲʽʰˋˉˇˊʱ 

ɸʶ˖ˊʹˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʹ˃ʽʲʰˊʽˇʴˊʱ˃˃ʰˍˇˌ 

ʃʶʽˊʰ˃ʰˍʽˁˈ ʹ˃ʽʲʰˊʽˈʴˊʰ˃˃ʰ 

ʂˊʽˇ όˇˊˇ˒ʺύ 

ʊʰʽ˄ˈ˃ʶ˄ˇ ˉˎˊʺ˄ʰ 
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¶ ȼ ŭɘŬůˊɞɟɎ ŮɑɜŬɘ ɖ ɛɏůɖ ŰŮŰɟŬɔɤɜɘəɐ Ŭˊɧəɚɘůɖ əɎɗŮ Űɘɛɐɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ 

Ŭˊɧ Űɖɜ ɛɏůɖ Űɘɛɐ əŬɘ ŭɖɚɩɜŮŰŬɘ Ŭˊɧ Űɖɜ ŭɘŬəŮəɞɛɛɏɜɖ ɞɟɘɕɧɜŰɘŬ ɔɟŬɛɛɐ 

ůŰɞ ůɢɐɛŬ. 

 

¶ ɇɞ ˊŮɘɟŬɛŬŰɘəɧ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ɞɛɎŭŮɠ Űɤɜ ɕŮɡɔɩɜ ɛŮ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ŭŮɘɔɛŬŰɘəɏɠ Űɘɛɏɠ Űɞɡ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ. 

 

¶ ɇɞ ɗŮɤɟɖŰɘəɧ ɛɞɜŰɏɚɞ ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɡɜŮɢɐ ɗŮɤɟɖŰɘəɐ 

əŬɛˊɨɚɖ ˊɞɡ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŰɞ ˊŮɘɟŬɛŬŰɘəɧ. 

 

ɀɞɜŰɏɚŬ ȼɛɘ-ɓŬɟɘɞɔɟŬɛɛɎŰɤɜ 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŮɝɘůɩůŮɘɠ əɚŬůůɘəɩɜ ɗŮɤɟɖŰɘəɩɜ ɓŬɟɘɞɔɟŬɛɛɎŰɤɜ 

ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. 2

zs   ŮɑɜŬɘ ɖ ŭɘŬůˊɞɟɎ, 

|r| ɖ ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ, əŬɘ ɝ ɖ ŬəŰɑɜŬ ůɡůɢɏŰɘůɖɠ.  

 

Exponential: 2( ) 1 expZ Zg s
x

è øå õ
= - -é ùæ ö

é ùç ÷ê ú

r
r  (1.13)

 

 

Gaussian: 
2

2

2
( ) 1 expZ Zg s

x

è øå õ
= - -é ùæ ö

ç ÷ê ú

r
r  (1.14) 

 

Spherical:  
( ) ( )

32( ) 1.5 / 0.5 /

0, 0, 0, 1

Z Z

if else if

g s x x q x

x q x q

è ø= - -
ê ú

- < = - > =

r r r r

r r

 (1.15) 

 

Power-law: 
2H

( ) , 0 H 1Z cg = < <r r  (1.16) 

                       cŮɑɜŬɘ ɞ ůɡɜŰŮɚůŰɐɠ əŬɘ H  ɞ ŭŮɑəŰɖɠ Hurst. 

 

Linear:     ( )Z cg =r r  (1.17) 
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Ƀɘ ˊŬɟŬˊɎɜɤ ŮɝɘůɩůŮɘɠ ŬˊɞŰŮɚɞɨɜ Űɘɠ ɘůɞŰɟɞˊɘəɏɠ Ůəŭɞɢɏɠ Űɤɜ ɛɞɜŰɏɚɤɜ əŬɘ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŭɡɞ ˊŬɟŬɛɏŰɟɞɡɠ (Christakos 1991, Cressie 1993). ɄŬɟŬəɎŰɤ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɡɞ ŬəɧɛŬ ɗŮɤɟɖŰɘəɎ ɖɛɘ-ɓŬɟɘɞɔɟŬɛɛɎŰŬ  Űɤɜ ɞˊɞɑɤɜ ɞɘ ŮɝɘůɩůŮɘɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ, ɞŭɖɔɩɜŰŬɠ ůŮ ˊɘɞ Ŭəɟɘɓɐ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɇɞ ɗŮɤɟɖŰɘəɧ ɛɞɜŰɏɚɞ Mat®rn ɚɧɔɤ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ɜ ŮəűɟɎɕŮɘ əŬɚɨŰŮɟŬ Űɖɜ 

ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ( )gr  ɔɘŬ ɛɘəɟɏɠ ŬˊɞůŰɎůŮɘɠ 

 

Matérn:     
1

2 2
( ) 1

( )

v
v

Z Z v
v x

g s
x

-ë ûå õ å õî î
= - Kì üæ ö æ ö

G ç ÷ ç ÷î îí ý

r r
r                                             (1.18) 

 

ȳˊɞɡ ɜ>0 ŮɑɜŬɘ Űɞ shape coefficient(ůɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ), (·)G ɖ ůɡɜɎɟŰɖůɖ 

gamma əŬɘ (·)nK  ɖ Űɟɞˊɞˊɞɘɖɛɏɜɖ ůɡɜɎɟŰɖůɖ Bessel. ũɘŬ ɜ=0,5 ɏɢɞɡɛŮ Űɞ ŮəɗŮŰɘəɧ 

ɛɞɜŰɏɚɞ, Ůɜɩ ɧŰŬɜ Űɞ ɜ ŰŮɑɜŮɘ ůŰɞ ɎˊŮɘɟɞ ɏɢɞɡɛŮ Űɞ ɔəŬɞɡůɘŬɜɧ. 

ɇɏɚɞɠ ɗŬ ɔɑɜŮɘ ɛɘŬ ɛɘəɟɐ ŬɜŬűɞɟɎ ůŰŬ ɛɞɜŰɏɚŬ ɆˊŬɟŰɘɎŰɘəɤɜ ɇɡɢŬɑɤɜ ɄŮŭɑɤɜ, 

əŬɗɩɠ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ˊŬɟɞɡůɘŬůŰŮɑ Űɞ ˊɚɐɟŮɠ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ Űɤɜ 

ŮɝɘůɩůŮɤɜ ˊɞɡ ŰŬ ŮəűɟɎɕɞɡɜ.  

ɇŬ ɆˊŬɟŰɘɎŰɘəŬ ɇɡɢŬɑŬ ɄŮŭɑŬ (ɆɇɄ) ŮɑɜŬɘ ɏɜŬ ˊɟɧůűŬŰŬ ŬɜŮˊŰɡɔɛɏɜɞ 

ɔŮɤůŰŬŰɘůŰɘəɧ ɛɞɜŰɏɚɞ (Hristopulos 2002, Hristopulos 2003b), ɛŮ ŮűŬɟɛɞɔɏɠ  

Ŭɝɘɞɚɧɔɖůɖɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ɟɑůəɞɡ (Elogne et al. 2008 ) əŬɘ ŬŰɛɞůűŬɘɟɘəɞɨ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ (Ģukoviļ and Hristopulos 2008). Ƀ ɧɟɞɠ ɆˊŬɟŰɘɎŰɘəɞ ɡˊɞŭɖɚɩɜŮɘ 

ˊŬɟŬɛŮŰɟɘəɎ ůɡɛˊŬɔɐɠ ɞɘəɞɔɏɜŮɘŮɠ ɛɞɜŰɏɚɤɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛɘəɟɧ Ŭɟɘɗɛɧ 

ˊŬɟŬɛɏŰɟɤɜ. ȷɡŰɎ ŰŬ ŰɡɢŬɑŬ ˊŮŭɑŬ ɞɟɑɕɞɜŰŬɘ ɛɏůɤ űɡůɘəɎ əŬɗɞɟɘůɛɏɜɤɜ  ɢɤɟɘəɩɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ŬɜɎɛŮůŬ ůŮ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ˊŮŭɑɞɡ. 

ũŮɜɘəɎ ɏɜŬ ɆɇɄ, ( )Z s ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ ɛŮŰɟɐůŮɘɠ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ɤɠ: 

 

( ) ( ) ( ) e( )ZZ Z m¡= + +s s s s, (1.19) 
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ɧˊɞɡ e( )s  ŮɑɜŬɘ Űɞ ůűɎɚɛŬ ɛɏŰɟɖůɖɠ, ɖ ɞˊɞɑŬ ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɞɛɞɔŮɜɐɠ ůŰɞ ˊŮŭɑɞ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ, ( )Z¡s  ŮɑɜŬɘ ɖ ůɡůɢŮŰɘɕɧɛŮɜɖ ŭɘŬəɨɛŬɜůɖ ɆɇɄ, əŬɘ ( )Zm s  ŮɑɜŬɘ ɛɘŬ 

ɜŰŮŰŮɟɛɘɜɘůŰɘəɐ  ůɡɜɎɟŰɖůɖ ŰɎůɖɠ. ȼ ŰɎůɖ ŬɡŰɐ ŮɑɜŬɘ ɛɘŬ ɛɖ ůŰŬŰɘəɐ ůɡɜɘůŰɩůŬ ˊɞɡ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ, ɜŰŮŰŮɟɛɘɜɘůŰɘəɏɠ ɛŮŰŬɓɞɚɏɠ, ɞɘ ɞˊɞɑŮɠ ɡˊɞɗŮŰɘəɩɠ 

ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɞɜ ůɡɜɞɚɘəɧ ɛɏůɞ ŰɞɡɆɇɄ, 

 

[ ]( ) ( )Zm E Z¡=s s . (1.20) 

 

 

 ɇŬ ɛɞɜŰɏɚŬ  ɆɇɄ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɘŬ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ɔɘŬ Űɖɜ 

ɛŮŰɟɞɨɛŮɜɖ ˊɞůɧŰɖŰŬ ( )Xl s  ɖ ɞˊɞɑŬ ˊŬɟɑůŰŬŰŬɘ ɤɠ ɏɜŬ ŰɡɢŬɑɞ ˊŮŭɑɞ ɛŮ ŭɘŬəɟɘŰɘəɐ 

ɘəŬɜɧŰɖŰŬ ɚ. ȼ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚɖ Űɖɜ 

ˊɚɖɟɞűɞɟɑŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɢɤɟɘəɐ ŮɝɎɟŰɖůɖ. ũŮɜɘəɎ ŰŬ ɛɞɜŰɏɚŬ ɆɇɄ ɛˊɞɟɞɨɜ ɜŬ 

ŮəűɟŬůŰɞɨɜ ɛŮ Űɖɜ Ůɝɐɠ ɛŬɗɖɛŬŰɘəɐ ůɢɏůɖ, 

 

1[ ( )] exp{ [ ( )]}xf X Z H Xl l

-= -s s      (1.21)          

 

ɆŰɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ, [ ( )]xf Xl s  ŮɑɜŬɘ ɖ əɞɘɜɐ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ 

ˊɘɗŬɜɧŰɖŰŬɠ (ɆɄɄ), { }
( )

exp [ ( )]
X

Z H Xl
l

= -ä
s

s  ɛɘŬ ůŰŬɗŮɟɎ əŬɜɞɜɘəɞˊɞɑɖůɖɠ ɖ 

ɞˊɞɑŬ ŮɝŬůűŬɚɑɕŮɘ Űɞ ɓŬůɘəɧ ɗŮɩɟɖɛŬ Űɤɜ ˊɘɗŬɜɞŰɐŰɤɜ, ŭɖɚŬŭɐ ɧŰɘ Űɞ ɎɗɟɞɘůɛŬ 

Űɤɜ ˊɘɗŬɜɩɜ əŬŰŬůŰɎůŮɤɜ Űɞɡ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ŮɑɜŬɘ ɑůɞ ɛŮ Űɖɜ ɛɞɜɎŭŬ, əŬɘ 

[ ( )]H Xl s  ɛɑŬ ůɡɜɎɟŰɖůɖ ɢɤɟɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɖ ɞˊɞɑŬ ŮəűɟɎɕŮɘ Űɘɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɤɜ Űɘɛɩɜ Űɞɡ ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ( )Xl s  ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ůɖɛŮɑɤɜ 

Űɞɡ ɢɩɟɞɡ. Ⱥˊɞɛɏɜɤɠ ɓɎůŮɘ Űɖɠ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖɠ, ŰŬ ɆɇɄ ŬˊɞŰŮɚɞɨɜ ɡˊɞůɨɜɞɚŬ 

Űɤɜ ŰɡɢŬɑɤɜ ˊŮŭɑɤɜ  Gibbs (Hristopulos 2003). 

 

ɇɞ ɜɏɞ ůŰɞɘɢŮɑɞ ˊɞɡ ŮɘůɎɔɞɡɜ ŰŬ ɆɇɄ  ŮɑɜŬɘ ɖ ŮɝɎɟŰɖůɖ Űɞɡ [ ( )]H Xl s  Ŭˊɧ űɡůɘəɎ 

ɛŮɔɏɗɖ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ əŬŰŬɜɞɛɐ ůŰɞ ɢɩɟɞ, ɧˊɤɠ Űɞˊɘəɐ əɚɑůɖ əŬɘ ŬəŰɑɜŬ 

əŬɛˊɡɚɧŰɖŰŬɠ Űɖɠ ŰɞˊɞɔɟŬűɑŬɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɞ ˊɚɐɟɖɠ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ 
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ɢɤɟɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Ŭˊɧ ɏɜŬ ɛɘəɟɧ Ŭɟɘɗɛɧ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ 

ŰŬ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ. 

 

ɇŬ ɆɇɄ ˊŬɟɏɢɞɡɜ ɏɜŬ ɜɏɞ ůɨɜɞɚɞ ɔŮɜɘəŮɡɛɏɜɤɜ ůɡɜŬɟŰɐůŮɤɜ ůɡɜŭɘŬůˊɞɟɎɠ, ɞɘ 

ɞˊɞɑŮɠ ŮɑɜŬɘ Ůɝô ɞɟɘůɛɞɨ ɗŮŰɘəɎ ɞɟɘůɛɏɜŮɠ ɔɘŬ ɟɖŰɎ əŬɗɞɟɘůɛɏɜɞ Ůɨɟɞɠ Űɘɛɩɜ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ. (Hristopoulos 2003b,  Hristopoulos and Elogne 2007). 

ȼ ůɡɜɎɟŰɖůɖ Űɞɡ ɆˊŬɟŰɘɎŰɘəɞɡ ɛɞɜŰɏɚɞɡ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ŭɘɎůŰŬůɖ d ŮəűɟɎɕŮŰŬɘ 

Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

 

1 /2 /2

0 /2 1

/2 2 4

10

( )
( )

(2 ) 1 ( ) ( )

m
d k d

d

Z d

J
C d

h x w w
w

p h wx wx

-

-
=

+ +ñ
r r

r;ɗ                                         (1.22) 

 

ɧˊɞɡ /2 1( )dJ x-  ŮɑɜŬɘ ɖ ůɡɜɎɟŰɖůɖ Bessel ˊɟɩŰɞɡ Ůɑŭɞɡɠ ɛɖŭŮɜɘəɐɠ ŰɎɝɖɠ əŬɘ 

0 1( , , , )mkh h x=q  ŮɑɜŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɛɞɜŰɏɚɞɡ. ɇɞ ɆˊŬɟŰɘɎŰɘəɞ ɖɛɘɓŬɟɘɧɔɟŬɛɛŬ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ ( ) (0 ) ( )Z Z ZC Cg = -r;ɗ ;ɗ r;ɗ. ȼ ˊŬɟɎɛŮŰɟɞɠ əɚɑɛŬəŬɠ 0h 

əŬɗɞɟɑɕŮɘ Űɖɜ ŭɘŬəɨɛŬɜůɖ, ɝ ŮɑɜŬɘ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɐəɞɠ, km ŮɑɜŬɘ Űɞ ɧɟɘɞ Űɞɡ 

ɞɚɞəɚɖɟɩɛŬŰɞɠ ůŰɞɜ ɢɩɟɞ Fourier, Ůɜɩ ɞ ŬŭɘɎůŰŬŰɞɠ ůɡɜŰŮɚŮůŰɐɠ ŭɡůəŬɛɣɑŬɠ 1h 

əŬɗɞɟɑɕŮɘ Űɞ ůɢɐɛŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ ůɡɜŭɘŬůˊɞɟɎɠ ůŮ ůɨɜŭŮůɖ ɛŮ ŰŬ km əŬɘ ɝ (Elogne 

et al. 2008). ũɘŬ 1,3d= ɛˊɞɟɞɨɜ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ ɟɖŰɏɠ ŮəűɟɎůŮɘɠ Űɖɜ 

ůɡɜŭɘŬůˊɞɟɎɠ ůŰɞ ŬůɡɛˊŰɤŰɘəɧ ɧɟɘɞ mk ¤  (Hristopulos and Elogne 2007). 

ȼ ůɡɜɎɟŰɖůɖ ůɡɜŭɘŬůˊɞɟɎɠ ɔɘŬ Űɞ ɆˊŬɟŰɘɎŰɘəɞ ůŮ 3 ŭɘŬůŰɎůŮɘɠ (d=3) ŮəűɟɎɕŮŰŬɘ ɤɠ 

Ŭəɞɚɞɨɗɤɠ: 
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( )
1/2

1,2 1 2w h= D                                                                                        (1.24) 
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1/2

1,2 12 2b h= . (1.25) 

 

ɆŰŬ ˊŬɟŬˊɎɜɤ 
1/2

2

1 4hD= - , 
1,2w  əŬɘ 2b  ŮɑɜŬɘ ŬŭɘɎůŰŬŰɞɘ ůɡɜŰŮɚŮůŰɏɠ ŬˊɧůɓŮůɖɠ, 

1b  ŮɑɜŬɘ ɏɜŬɠ ŬŭɘɎůŰŬŰɞɠ əɡɛŬŰŬɟɘɗɛɧɠ, x  ŮɑɜŬɘ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɐəɞɠ, 

x=h r  ŮɑɜŬɘ Űɞ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɞ ŭɘɎɜɡůɛŬ ŬˊɧůŰŬůɖɠ, | |h=h  ŮɑɜŬɘ ɖ 

ȺɡəɚŮɑŭŮɘŬ ɜɧɟɛŬ əŬɘ 2

zs  ŮɑɜŬɘ ɖ ůɡɜŭɘŬəɨɛŬɜůɖ. ȼ ŮəɗŮŰɘəɐ ůɡɜŭɘŬůˊɞɟɎ 

ŬɜŬəŰɎŰŬɘ ɔɘŬ 1h= 2, Ůɜɩ ɔɘŬ 1h  < 2 ŬɜŬəŰɎŰŬɘ Űɞ ˊɟɞɥɧɜ Űɞɡ ŮəɗŮŰɘəɞɨ əŬɘ 

űŬɘɜɞɛɏɜɞɡ ŰɟɨˊŬɠ ɛɞɜŰɏɚɞɡ. ȼ ůɡɜɎɟŰɖůɖ ůɡɜŭɘŬůˊɞɟɎɠ ˊɞɡ ŮˊɘŰɟɏˊŮŰŬɘ ůŰɘɠ ŰɟŮɑɠ 

ɢɤɟɘəɏɠ ŭɘŬůŰɎůŮɘɠ, ŮˊɘŰɟɏˊŮŰŬɘ Ůˊɑůɖɠ əŬɘ ůŰɘɠ ŭɨɞ ŭɘŬůŰɎůŮɘɠ (Christakos 1991). 

  

 

1.12  ɉɤɟɘəɐ ŮəŰɑɛɖůɖ ï Kriging  

ȼ ɢɤɟɘəɐ ŮəŰɑɛɖůɖ ŮɑɜŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɓɞɖɗɎ ůŰɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Ůɜɧɠ 

ŰɡɢŬɑɞɡ ˊŮŭɑɞɡ ůŮ ůɖɛŮɑŬ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ŬəɟɘɓŮɑɠ Űɘɛɏɠ ɛŮ ɓɎůɖ Űɖɜ 

ŭɘŬɗɏůɘɛɖ ɔɜɩůɖ (ˊ.ɢ. ɛŮŰɟɐůŮɘɠ ůŮ ɔŮɘŰɞɜɘəɎ ůɖɛŮɑŬ, ŮəŰɘɛɐůŮɘɠ Ůɘŭɘəɩɜ, 

ɔŮɤɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ). ȼ ŭɘŬɗɏůɘɛɖ ɔɜɩůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ Ůˊɘɓɚɖɗɞɨɜ 

ůŰŬŰɘůŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůŰŬŰɘůŰɘəɎ ˊɟɧŰɡˊŬ ɢɤɟɘəɐɠ 

ŮɝɎɟŰɖůɖɠ (ɖɛɘɓŬɟɘɞɔɟɎɛɛŬŰŬ) ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ɎɔɜɤůŰŮɠ Űɘɛɏɠ ɓɎůŮɘ Űɖɠ 

ůɡůɢɏŰɘůɖɠ. ȼ ŮˊŬɜɎɚɖɣɖ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ůŮ ɧɚŬ ŰŬ ůɖɛŮɑŬ Ůɜɧɠ 

ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɚɏɔɛŬŰɞɠ ŮˊɘŰɟɏˊŮɘ Űɖ ɢŬɟŰɞɔɟɎűɖůɖ ɛɘŬɠ ɞɚɧəɚɖɟɖɠ ˊŮɟɘɞɢɐɠ 

(ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ). 

 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞ ɧɟɞɠ ɢɤɟɘəɐ ŮəŰɑɛɖůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŮɠ Űɘɠ ɛŬɗɖɛŬŰɘəɏɠ 

ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ Űɘɛɩɜ Űɞɡ ˊŮŭɑɞɡ ůŮ ůɖɛŮɑŬ ůŰŬ 

ɞˊɞɑŬ ŭŮɜ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ ɛɘŬɠ ɘŭɘɧŰɖŰŬɠ. ȼ ɢɤɟɘəɐ ŮəŰɑɛɖůɖ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ŮɑŰŮ ůɖɛŮɘŬəɐ, Ŭɜ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ Űɘɛɐ Űɞɡ ˊŮŭɑɞɡ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ, 

ŮɑŰŮ ɔŮɜɘəɐ, ɞˊɧŰŮ ŬˊɞůəɞˊŮɑ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ ɛɘŬɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ Űɘɛɐɠ ˊɞɡ 

ˊŮɟɘɔɟɎűŮɘ ɞɚɧəɚɖɟɖ Űɖɜ ˊŮɟɘɞɢɐ.  
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ȼ ɢɤɟɘəɐ ŮəŰɑɛɖůɖ Űɞɡ ˊŮŭɑɞɡ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ɨˊŬɟɝɖ Ůɜɧɠ ˊɟɞŰɨˊɞɡ ɢɤɟɘəɐɠ 

ŮɝɎɟŰɖůɖɠ, ɏŰůɘ ɩůŰŮ ɖ Űɘɛɐ Űɖɠ ɘŭɘɧŰɖŰŬɠ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɘɠ ɔŮɘŰɞɜɘəɏɠ Űɘɛɏɠ 

Űɞɡ ˊŮŭɑɞɡ. ȷɡŰɐ ɖ ŬɚɚɖɚŮɝɎɟŰɖůɖ ŮˊɘŰɟɏˊŮɘ ŮəŰɑɛɖůɖ Űɞɡ ˊŮŭɑɞɡ ůŮ ůɖɛŮɑŬ ɧˊɞɡ 

ŭŮɜ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ ɓɎůŮɘ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ůŮ ɔŮɘŰɞɜɘəɎ ɛŮŰɟɖɗɏɜŰŬ ůɖɛŮɑŬ. 

ɆŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ɞ ŰŮɚɘəɧɠ ůŰɧɢɞɠ ŮɑɜŬɘ ɖ ŮəŰɑɛɖůɖ ůŮ ɏɜŬ ůɨɜɞɚɞ ůɖɛŮɑɤɜ 

əŬɘ ɧɢɘ ůŮ ɏɜŬ ɛŮɛɞɜɤɛɏɜɞ ůɖɛŮɑɞ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ŮˊŬɜɎɚɖɣɖ Űɖɠ 

ůɖɛŮɘŬəɐɠ ŮəŰɑɛɖůɖɠ ůŮ ɧɚŬ ŰŬ ůɖɛŮɑŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ. 

 

ɈˊɎɟɢɞɡɜ ɤůŰɧůɞ ŭɘɎűɞɟɞɘ ɛɏɗɞŭɞɘ ɢɤɟɘəɐɠ ŮəŰɑɛɖůɖɠ ɞɘ ɞˊɞɑŮɠ ůŰɖɟɑɕɞɜŰŬɘ ůŮ 

ˊŬɟɧɛɞɘŮɠ Ŭɟɢɏɠ. ȼ ɓŬůɘəɐ ɘŭɏŬ ŮɑɜŬɘ ˊɤɠ ɖ Űɘɛɐ ůŰɞ ůɖɛŮɑɞ ŮəŰɑɛɖůɖɠ ŭɑɜŮŰŬɘ Ŭˊɧ 

ɏɜŬ ůɡɜŭɡŬůɛɧ, ɔɟŬɛɛɘəɧ ɐ ɛɖ ɔɟŬɛɛɘəɧ Űɤɜ ɔŮɘŰɞɜɘəɩɜ Űɘɛɩɜ. ȼ ŮəŰɘɛɞɨɛŮɜɖ 

Űɘɛɐ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ əɎˊɞɘɞɡ ůŰŬŰɘůŰɘəɞɨ ɛɏŰɟɞɡ, ˊ.ɢ. Ŭˊɧ Űɖɜ 

ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɐ Ŭˊɧ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ Űɖɠ 

ŮəŰɑɛɖůɖɠ. Ƀɘ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜŮɠ ɛɏɗɞŭɞɘ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ Űɖɠ ŮəŰɑɛɖůɖɠ. 

ȷɡŰɧ Űɞ ůɨɜɞɚɞ Űɤɜ ɛŮɗɧŭɤɜ ŮɑɜŬɘ ɔɜɤůŰɧ ɤɠ çKrigingè (ɉɟɘůŰɧˊɞɡɚɞɠ 2004ɓ).  

 

ȼ ɗŮɤɟɑŬ Kriging ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ ˊɟɞůˊɎɗŮɘŬ Űɞɡ ɛɖɢŬɜɘəɞɨ ɛŮŰŬɚɚŮɑɤɜ D. G. 

Krige Űɞ 1950 ˊŮɟɑˊɞɡ, ɞ ɞˊɞɑɞɠ ɡˊɐɟɝŮ ˊɟɤŰɞˊɧɟɞɠ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɔŮɤůŰŬŰɘůŰɘəɐɠ 

əŬɘ ŬɜɏˊŰɡɝŮ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ŮɛˊŮɘɟɘəɏɠ ŰŮɢɜɘəɏɠ ɔɘŬ ɜŬ ɡˊɞɚɞɔɑůŮɘ ŬˊɞɗɏɛŬŰŬ 

əɞɘŰŬůɛɎŰɤɜ ɢɟɡůɞɨ ůŰɖ ɁɧŰɘɞ ȷűɟɘəɐ ɛŮ ɓɎůɖ ŭŮŭɞɛɏɜŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ɢɟɡůɞɨ ůŮ əɎɜɜŬɓɞ ɔŮɤŰɟɐůŮɤɜ. ũɘô ŬɡŰɧ əŬɘ ɖ ɗŮɤɟɑŬ ŬɡŰɐ 

ŬˊɞəŬɚŮɑŰŬɘ ůɡɜɐɗɤɠ çKrigingè ˊɟɞɠ ŬɜŬɔɜɩɟɘůɖ Űɞɡ ɗŮɛŮɚɘɤŰɐ Űɖɠ ɘŭɏŬɠ ŬɡŰɐɠ. 

ɆɐɛŮɟŬ ˊɚɏɞɜ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŭɘɎűɞɟŮɠ ˊŬɟŬɚɚŬɔɏɠ Űɖɠ ŰŮɢɜɘəɐɠ kriging əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɡŰɏɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ 

ŮɟɔŬůɑŬ: 

 

¶ ȾŬɜɞɜɘəɧ (ordinary) Kriging: ɓŬůɑɕŮŰŬɘ ůŰɞ ɖɛɘ-ɓŬɟɘɧɔɟŬɛɛŬ ɔɘŬ ˊɟɧɓɚŮɣɖ 

Űɖɠ Űɘɛɐɠ ɛɘŬɠ ɛŮŰŬɓɚɖŰɐɠ ůŮ əɎˊɞɘɞ ůɖɛŮɑɞ, ɢɤɟɑɠ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ ɛɏůɖ 

Űɘɛɐ Űɤɜ ŭŮɘɔɛɎŰɤɜ. ȼ ɛɏůɖ Űɘɛɐ ɗŮɤɟŮɑŰŬɘ ůŰŬɗŮɟɐ ɛɏůŬ ůŰɖɜ ˊŮɟɘɞɢɐ 

ŮəŰɑɛɖůɖɠ. ɄɟɞɦˊɞɗɏŰŮɘ ˊɤɠ Űɞ ŭŮɑɔɛŬ ŬəɞɚɞɡɗŮɑ Űɖɜ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ 

Ůɜɩ, ɚɧɔɤ Űɖɠ ůɡɜɗɐəɖɠ ŬɛŮɟɞɚɖɣɑŬɠ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ůŰŬɗɛɘəɩɜ 
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ůɡɜŰŮɚŮůŰɩɜ (weights) ˊɞɡ ɡˊŮɘůɏɟɢɞɜŰŬɘ ůŰɖɜ Ůɝɑůɤůɖ ˊŬɟŮɛɓɞɚɐɠ ŮɑɜŬɘ 

ɑůɞ ɛŮ Űɖɜ ɛɞɜɎŭŬ. 

 

¶ ȺɜŭŮɘəŰɘəɧ (Indicator) Kriging: ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ɛŮŰŬůɢɖɛŬŰɑɕŮɘ ŰŬ ŬɟɢɘəɎ 

ŭŮŭɞɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬɜ ŮɜŭŮɘəŰɘəɧ (indicator) ɛŮŰŬůɢɖɛŬŰɘůɛɧ.   

ȹɖɚŬŭɐ, ɓɎůɖ ɛɑŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ Űɘɛɐɠ (cut off), ŰŬ ŭŮŭɞɛɏɜŬ ɛŮ Űɘɛɏɠ 

ɛɘəɟɧŰŮɟŮɠ ŬɡŰɐɠ ŮɝɘůɩɜɞɜŰŬɘ ɛŮ Űɞ 1, Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ ɛŮ ɛɖŭɏɜ 

 

¶  Residual Kriging: ŬɡŰɐ ɖ ˊŬɟŬɚɚŬɔɐ Űɞɡ kriging, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɞ 

ˊɚɖɗɡůɛɧɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊŬɟɞɡůɘɎɕŮɘ əɎˊɞɘŬ çŰɎůɖè (trend).  

 

 

ȾŬɜɞɜɘəɧ Kriging 

ɇɞ əŬɜɞɜɘəɧ Kriging (original kriging,OK), ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ Ŭˊɚɐ ɛɞɟűɐ Űɖɠ 

ɛŮɗɧŭɞɡ, əŬɗɩɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɔɜɤůŰɏɠ Űɘɛɏɠ ɛŮŰŬɓɚɖŰɩɜ ɔɘŬ ɜŬ ɡˊɞɚɞɔɑůŮɘ ɎɚɚŮɠ 

ɎɔɜɤůŰŮɠ Űɘɛɏɠ.  ȸŬůɘəɐ ˊŬɟŬŭɞɢɐ Űɖɠ ɛŮɗɧŭɞɡ, ŮɑɜŬɘ ˊɤɠ ɖ ɢɤɟɘəɐ ŰɡɢŬɑŬ 

ɛŮŰŬɓɚɖŰɐ ŮɑɜŬɘ ůŰɎůɘɛɖ (stationary), ŭɖɚŬŭɐ ɞɘ ůŰŬŰɘůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ŮɑɜŬɘ 

ŬɜŬɚɚɞɑɤŰŮɠ ůŰɞ ɢɩɟɞ. ȼ ɡˊɧɗŮůɖ ŬɡŰɐ ŮˊɘŰɟɏˊŮɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ɛɘŬɠ ɎɔɜɤůŰɖɠ 

Űɘɛɐɠ Z , ůŮ ɏɜŬ ůɖɛŮɑɞ xi , ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɑŬ ůŰŬɗɛɘůɛɏɜɖ ɛɏůɖ ŮəŰɘɛɐŰɟɘŬ 

(weighted average), ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ɛŮ Űɖ ůɢɏůɖ: 

                       
}0

0 { :
Ĕ( ) ( )i i ii i
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Í
=ä s

s s                                                         (1.26)                

ɧˊɞɡ 0Ĕ( )z s  ŮɑɜŬɘ ɖ ˊɟɞɓɚŮűɗŮɑůŬ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ 

            il      ŮɑɜŬɘ ɞɘ ůŰŬɗɛɘůɛɏɜɞɘ ůɡɜŰŮɚŮůŰɏɠ Űɞɡ kriging 

         ᾀί   ŮɑɜŬɘ ɞɘ ɛŮŰɟɖɗŮɑůŮɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ  

 ɇŬ ɓɎɟɖ il ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ əŬɘ 

ɓŬůɑɕɞɜŰŬɘ ůŰɞ ɓŬɟɘɧɔɟŬɛɛŬ. ȰɜŬ Ůˊɘˊɚɏɞɜ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ ˊŬɟŬɚɚŬɔɐɠ ŬɡŰɐɠ 

Űɖɠ ɛŮɗɧŭɞɡ Kriging, ŮɑɜŬɘ ˊɤɠ ŰŬ ɓɎɟɖ    il   ɏɢɞɡɜ ɎɗɟɞɘůɛŬ ɑůɞ ɛŮ Űɖɜ ɛɞɜɎŭŬ. 

ȷəɞɚɞɨɗɤɠ ŰŬ  il ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞ 0 0( 1) ( 1)N N ɔɟŬɛɛɘəɧ ůɨůŰɖɛŬ ŮɝɘůɩůŮɤɜ: 
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Í

=ä                                                                                                        (1.28)        

ɧˊɞɡ 0N  ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůɖɛŮɑɤɜ ŮɜŰɧɠ Űɖɠ ŬəŰɑɜŬɠ ŮˊɑŭɟŬůɖɠ Űɞɡ  0s ,

( , )iz js s ŮɑɜŬɘ Űɞ ɖɛɘ-ɓŬɟɘɧɔɟŬɛɛŬ ɛŮŰŬɝɨ ŭɡɞ ůɖɛŮɑɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ si  əŬɘ s j
, 

0( , )s sjz  
Űɞ ɖɛɘ-ɓŬɟɘɧɔɟŬɛɛŬ  ɛŮŰŬɝɨ Űɞɡ s j

 əŬɘ Űɞɡ ůɖɛŮɑɞɡ ŮəŰɑɛɖůɖɠ 0s , əŬɘ  

ŮɑɜŬɘ ɞ ˊɞɚɚŬˊɚŬůɘŬůŰɐɠ  Lagrange ˊɞɡ ŮˊɘɓɎɚŮɘ Űɖɜ ůɡɜɗɐəɖ ŬɛŮɟɞɚɖɣɑŬɠ. 

0 0,1 1, 1N j j N+ = + = ɔɘŬ 0,1,j N= » , Ůɜɩ 0 01 1 0,N N+ + =. (Kitanidis 1993, 

Theodosiou and Latinopoulos 2006) 

 

 

ȼ ɛɏɗɞŭɞɠ Kriging ˊɟɞůűɏɟŮɘ Ůˊɑůɖɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮəŰɑɛɖůɖɠ Űɞɡ ůűɎɚɛŬŰɞɠ Űɖɠ 

ŭɘŬůˊɞɟɎɠ (ůɢŮŰɘəɐ ŬɓŮɓŬɘɧŰɖŰŬ). ũɘŬ Űɞ ɃȾ Űɞ ůűɎɚɛŬ ŬɡŰɧ 1) ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ɛɞɜŰɏɚɞ ɖɛɘ-ɓŬɟɘɞɔɟɎɛɛŬŰɞɠ, 2) ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŭɘŬɛɧɟűɤůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ 

Űɘɠ ŮəŰɘɛɩɛŮɜŮɠ ŬˊɞůŰɎůŮɘɠ Űɞɡɠ Ŭˊɧ Űɞ ůɖɛŮɑɞ 0( )z s , 3) ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞ Ŭˊɧ Űɘɠ 

Űɘɛɏɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ 4) ŮɑɜŬɘ 0  ůŰŬ ůɖɛŮɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ŬɡɝɎɜŮŰŬɘ ɛŬəɟɘɎ 

Ŭˊɧ ŬɡŰɎ Ůɜɩ ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ɔɘŬ ˊŮɟɘˊŰɩůŮɘɠ ůɖɛŮɑɤɜ ŮəŰɧɠ ˊŮŭɑɞɡ ˊŬɟŮɛɓɞɚɐɠ. 

(Kitanidis 1997) 

 

ȼ ŮəŰɑɛɖůɖ Űɖɠ ŭɘŬůˊɞɟɎɠ ůŰɞ ɃȾ ŮɑɜŬɘ, 
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0( ) ( ) Ĕ( )E ZE Zs è ø= -
é ùê ú

s ss , 

 

ȾŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ Ůɝɑůɤůɖ ɧˊɞɡ ɛ ɞ ůɡɜŰŮɚŮůŰɐɠ  Lagrange : 
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Residual Kriging  

ɇɞ Residual Kriging (RK) ɚŮɘŰɞɡɟɔŮɑ ɧˊɤɠ Űɞ ɃȾ ŮɜůɤɛŬŰɩɜɞɜŰŬɠ ůŰɘɠ ŮɝɘůɩůŮɘɠ 

Űɞɡ Űɞˊɘəɏɠ ŭŮɡŰŮɟŮɨɞɡůŮɠ ˊɚɖɟɞűɞɟɑŮɠ. ɄŬɚŬɘɧŰŮɟŮɠ ɏɟŮɡɜŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ˊɤɠ 

ŬɡŰɏɠ ɞɘ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɑŮɠ ɓŮɚŰɘɩɜɞɡɜ ůɖɛŬɜŰɘəɎ Űɖɜ ŬəɟɑɓŮɘŬ Űɖɠ ɢɤɟɘəɐɠ 

ˊŬɟŮɛɓɞɚɐɠ. ɇɞ RK ůɡɜŭɡɎɕŮɘ ɛɘŬ ůɡɜɎɟŰɖůɖ ŰɎůɖɠ ɛŮ ˊŬɟŮɛɓɞɚɐ Űɤɜ ɡˊɞɚɞɑˊɤɜ 

(residuals). ɆŰɞ RK ɖ Ůɝɑůɤůɖ Űɖɠ ŮəŰɑɛɖůɖɠ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

0 0 0( ) Ĕ( ) ( )Ĕ
z zmz s s s¡= + ,                                                                                 (1.30) 

ɧˊɞɡ 0( )zm s  ŮɑɜŬɘ ɖ ůɡɜɎɟŰɖůɖ ŰɎůɖɠ, əŬɘ 0
Ĕ( )z s¡  ŮɑɜŬɘ ŰŬ ɡˊɞɚɞɔɘůɛɏɜŬ ɛŮ ɃȾ 

ɡˊɧɚɞɘˊŬ (Desbarats et al. 2002 Varouchakis and Hristopoulos 2013b). ɇɡˊɘəɎ ɖ 

ůɡɜɎɟŰɖůɖ ŰɎůɖɠ ŮɑɜŬɘ: 

0 0

0

( ) ( )
p

z k k

k

m qs sb
=

=ä ; 0( ) 1kq ¹s ,                                                                  (1.31) 

ɧˊɞɡ 0( )kq s  ŮɑɜŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ŭŮɡŰŮɟŮɨɞɡůŬɠ ɛŮŰŬɓɚɖŰɐɠ  ůŰɞ 0s , kb  ŮɑɜŬɘ ɞ 

ůɡɜŰŮɚŮůŰɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ əŬɘ  p ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŭŮɡŰŮɟŮɡɧɜŰɤɜ ɛŮŰŬɓɚɖŰɩɜ 

(Draper and H. Smith 1981, Hengl et al. 2007,Hengl et al. 2003). ȼ ŭɘŬůˊɞɟɎ Űɤɜ 

ŮəŰɘɛɐůŮɤɜ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ŮɝɘůɩůŮɘɠ: 

2 2 2

0 0 0( ) ( ) ( )d fs s s= +s s s , (1.32) 
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ɧˊɞɡ 2

0( )ds s  ŮɑɜŬɘ ɖ ŭɘŬůˊɞɟɎ Űɖɠ ŰɎůɖɠ, 0q ŮɑɜŬɘ Űɞ ŭɘɎɜɡůɛŬ ( )1 1p+ ³ ŮəŰɘɛɐůŮɤɜ 

ůŰɘɠ ˊŮɟɘɞɢɏɠ ɢɤɟɑɠ ŭŮɑɔɛŬŰŬ, q  ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ ( )( )0 1 1N p+ ³ + ŮəŰɘɛɐůŮɤɜ ůŮ 

ůɖɛŮɑŬ ɛŮ ŭŮɑɔɛŬŰŬ ŮɜŰɧɠ Űɖɠ ŬəŰɑɜŬɠ ůɡůɢɏŰɘůɖɠ, 
'zg  ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ 

ɓŬɟɘɞɔɟɎɛɛŬŰɞɠ ( )( )0 01 1N N+ ³ +  Űɤɜ ɡˊɞɚɞɑˊɤɜ ůŰɘɠ ɛŮŰɟɖɗŮɑůŮɠ 

ˊŮɟɘɞɢɏɠ(ɔŮɘŰɞɜɘɎ) əŬɘ 
2

0( )fs s  ŮɑɜŬɘ ɖ ŭɘŬůˊɞɟɎ Űɤɜ ɡˊɞɚɞɑˊɤɜ ůŰɞ OȾ.  
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Indicator  Kriging   

ɇɞ Indicator Kriging (IK) ŬˊɞŰŮɚŮɑ ɛɘŬ ˊŬɟŬɚɚŬɔɐ Űɞɡ əɚŬůůɘəɞɨ Kriging əŬɘ ŮɑɜŬɘ 

ɛɘŬ ɛɖ-ˊŬɟŬɛŮŰɟɘəɐ  ɔŮɤůŰŬŰɘůŰɘəɐ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɩůŰŮ ɜŬ ŮəŰɘɛɖɗŮɑ 

ɖ ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖɠ Űɘɛɐɠ (əŬŰɤűɚɑɞɡ) ůŮ ˊŮɟɘɞɢɏɠ ŭɑɢɤɠ 

ŭŮŭɞɛɏɜŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŭŮɜ ɡˊɞɗɏŰŮɘ ůɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰŬɜɞɛɐ 

Űɤɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ , ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ, Űɖɜ 

ŬɓŮɓŬɘɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɇɞ ȽȾ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɛŮŰŬŰɟɞˊɐ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ɛŬɠ Ŭˊɧ ůɡɜŮɢɏɠ ůŮ ŭɡŬŭɘəɧ ůɨɛűɤɜŬ ɛŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ. ȼ Űɘɛɐ 

ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ percentile (ήȟȟήȟȟήȟ  Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŬɠ ŮɑŰŮ 

ˊɟɞəŬɗɞɟɘůɛɏɜɖ Űɘɛɐ ɞɟɘŬəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɞ ɡˊɧ ɛŮɚɏŰɖ ůɨůŰɖɛŬ. ȷəɞɚɞɨɗɤɠ 

ŭŮŭɞɛɏɜŬ ɛŮ Űɘɛɏɠ ɢŬɛɖɚɧŰŮɟŮɠ Űɞɡ əŬŰɤűɚɑɞɡ ɚŬɛɓɎɜɞɡɜ Űɘɛɐ 1 Ůɜɩ ɞɘ ɡˊɧɚɞɘˊŮɠ 

Űɘɛɐ 0. (Cheng Wuing Liu et al. 2003) 

( )
1, ( )

( )  
0,

z z
I z

otherwise

¡¢ë
=ì
í

s
s  

ɧˊɞɡ, ( )( )I z s  ŮɑɜŬɘ ɖ ŭɡŬŭɘəɐ ɛŮŰŬɓɚɖŰɐ, ( )z s  ɖ ɛŮŰɟɖɗŮɑɠ Űɘɛɐ and zô ɖ Űɘɛɐ ɧɟɘɞ 

(threshold). 

 ȼ ŮűŬɟɛɞɔɐ Űɞɡ ȽȾ ŮɑɜŬɘ ɖ ɑŭɘŬ ɛŮ Űɞɡ Ŭˊɚɞɨ Kriging ɛŮ Űɖɜ ŭɘŬűɞɟɎ ɧŰɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ˊɚɏɞɜ ɢɎɟŰŮɠ ɛŮ Űɘɛɏɠ ŬɜɎɛŮůŬ ůŮ 0 əŬɘ 1 ˊɞɡ ŮəűɟɎɕɞɡɜ 

ˊɘɗŬɜɧŰɖŰŬ ɜŬ ɘůɢɨŮɘ ɛɘŬ əŬŰɎůŰŬůɖ.  

 

ɇɏɚɞɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ Űɧůɞ ŰŬ ɢɤɟɘəɎ ɛɞɜŰɏɚŬ, ɧůɞ əŬɘ Űɘɠ ɛŮɗɧŭɞɡɠ 

ŮəŰɑɛɖůɖɠ (Kriging) ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůɨɔəɟɘůɖ Űɤɜ Ůɝɐɠ ˊŬɟŬɛɏŰɟɤɜ: 

¶ Mean absolute error (MAE) 

¶ Bias 

¶ Mean absolute relative error (MARE) 

¶ Root mean square error (RMSE) 

¶ Linear Correlation coefficient (R) 

 

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ  ŮɝɎɔɞɜŰŬɘ Ŭˊɞ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɞɡ Cross Validation Kriging, əŬŰŬ Űɖɜ 

ɞˊɞɑŬ ŮɝɎɔŮŰŬɘ ɏɜŬ ɐŭɖ ɔɜɤůŰɧ ůɖɛŮɑɞ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Ůə ɜɏɞɡ ɖ Űɘɛɐ ůŮ ŬɡŰɧ ɛŮ 
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ŮűŬɟɛɞɔɐ Űɞɡ Ordinary Kriging. Ƀɘ ŮɝɘůɩůŮɘɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ  ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ɧˊɞɡ* ( )iz s  əŬɘ ( )iz s ŮɑɜŬɘ ŬɜŰɑůŰɞɘɢŬ ɖ ŮəŰɘɛɩɛŮɜɖ əŬɘ ɖ 

ˊɟŬɔɛŬŰɘəɐ Űɘɛɐ ůŰɞ ůɖɛŮɑɞ is  , Ůɜɩ Ɂ ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ 

(Varouchakis 2012). 

 

 

 

ɄɑɜŬəŬɠ 1.1 ȺɝɘůɩůŮɘɠ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ Cross Validation Kriging 
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2. ɉŬɟŬəŰɖɟɘůŰɘəɎ  ɄŮɟɘɞɢɐɠ  ɀŮɚɏŰɖɠ 

TŬ ɡˊɧɔŮɘŬ ɨŭŬŰŬ ŮɑɜŬɘ ɏɜŬɠ ɘŭɘŬɑŰŮɟŬ ŮɡɎɚɤŰɞɠ űɡůɘəɧɠ ˊɧɟɞɠ, ŬɚɚɎ ˊɞɚɨ 

ůɖɛŬɜŰɘəɧɠ Űɧůɞ ůŰɞɡɠ Ŭɜɗɟɩˊɞɡɠ ɧůɞ əŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. Ⱥˊɞɛɏɜɤɠ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧ ɜŬ ɔɑɜɞɡɜ ŬɜŰɘɚɖˊŰɏɠ ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ Űɖɠ 

ɡˊŮɟŮəɛŮŰɎɚɚŮɡůɖɠ Űɞɡɠ. ȼ ŮˊɏəŰŬůɖ Űɖɠ ŮɜŰŬŰɘəɞˊɞɘɖɛɏɜɖɠ ɔŮɤɟɔɘəɐɠ ˊŬɟŬɔɤɔɐɠ 

əŬɘ ɞ ŬɡɝŬɜɧɛŮɜɞɠ ˊɚɖɗɡůɛɧɠ ɏɢŮɘ ůɞɓŬɟɐ ŮˊɑŭɟŬůɖ ůŰɞɡɠ ɡŭŬŰɘəɞɨɠ ˊɧɟɞɡɠ əŬɘ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ. ȼ ɡˊŮɟŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ ɡˊɧɔŮɘɤɜ ɜŮɟɩɜ ɧɢɘ ɛɧɜɞ ɞŭɖɔŮɑ ůŰɖ ɛŮɑɤůɖ 

Űɞɡ ɡŭŬŰɘəɞɨ ŭɡɜŬɛɘəɞɨ əŬɘ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ, ŬɚɚɎ 

ŮˊɖɟŮɎɕŮɘ Űɖ ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ ɢŮɘɛɎɟɟɤɜ əŬɘ Űɤɜ ˊɞŰŬɛɩɜ, Ůɜɩ Ůˊɑůɖɠ ɞŭɖɔŮɑ ůŮ 

ůɖɛŬɜŰɘəɏɠ ŬˊɩɚŮɘŮɠ ɓɘɧŰɞˊɤɜ əŬɘ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ.  

 

ȺɑɜŬɘ ůŬűɏɠ ɚɞɘˊɧɜ ɧŰɘ ɖ ŮɜŰŬŰɘəɐ ɎɜŰɚɖůɖ ŬˊɞŰŮɚŮɑ ŬˊŮɘɚɐ ɔɘŬ ŰŬ ŬˊɞɗɏɛŬŰŬ 

ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ, ɛŮ ůɞɓŬɟɏɠ ůɡɜɏˊŮɘŮɠ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŮɡɖɛŮɟɑŬ əŬɘ ɞŭɖɔŮɑ ůŰɖɜ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ɡˊɞɓɎɗɛɘůɖ. ȾŬŰɎ ůɡɜɏˊŮɘŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɘɠ əɞɘɜɤɜɑŮɠ ɜŬ 

ˊɟɞůŭɘɞɟɑůɞɡɜ ŰŬ ɓɏɚŰɘůŰŬ ɧɟɘŬ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ əŬɘ ˊɞɘɧŰɖŰŬɠ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ, 

ŬɚɚɎ əŬɘ ɜŬ ɓɟɞɡɜ Űɞɡɠ Űɟɧˊɞɡɠ ɜŬ ˊɟɞůŬɟɛɧůɞɡɜ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ 

ŬɜɎˊŰɡɝɖɠ ůŰɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ űɨůɖɠ. ɇɞ ɜɖůɑ Űɖɠ ȾɟɐŰɖɠ ŭɘŬɗɏŰŮɘ ɞɟɘŬəɎ 

ŬˊɞɗɏɛŬŰŬ ɡˊɧɔŮɘɤɜ ɜŮɟɩɜ, ŰŬ ɞˊɞɑŬ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮəŰŮɜɩɠ ɔɘŬ ɔŮɤɟɔɘəɏɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ əŬɘ ɨŭɟŮɡůɖ. ȰɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ˊŮɟɘɞɢɐɠ ɧˊɞɡ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɡˊŮɟ-ɎɜŰɚɖůɖ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ ŮɑɜŬɘ ɖ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ 

ůŰɖɜ ɜɧŰɘŬ ȾɟɐŰɖ. ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ Űɤɜ ɀɞɘɟɩɜ, əŬɗɩɠ ŮəŮɑ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ˊɟɧɓɚɖɛŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ůŰɎɗɛɖ Űɞɡ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ. Ⱥˊɑůɖɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ ɡˊɎɟɢŮɘ ɏɜŰɞɜɖ ɔŮɤɟɔɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ŮɜɘůɢɨɞɜŰŬɠ ɏŰůɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ 

ŮˊɘŭŮɑɜɤůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɚɧɔɤ Űɞɡ Ŭɡɝɖɛɏɜɞɡ Ŭɟɘɗɛɞɨ ŬɜŰɚɐůŮɤɜ ɔɘŬ ɎɟŭŮɡůɖ. 

ɇɏɚɞɠ ɜŬ ůɖɛŮɘɤɗŮɑ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ɡˊɧɚɞɘˊɖ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůůŬɟɎɠ, ɖ 

ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ Űɤɜ ɛɞɘɟɩɜ ɏɢŮɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ŭŮŭɞɛɏɜŬ(ůŰɎɗɛŮɠ ůɖɛŮɑɤɜ), 

ˊɟɞůűɏɟɞɜŰŬɠ ɏŰůɘ ŮˊŬɟəɐ ŭŮŭɞɛɏɜŬ ɩůŰŮ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ɞɘ ŮˊɘɗɡɛɖŰɏɠ 

ɔŮɤůŰŬŰɘůŰɘəɞɑ ɛɏɗɞŭɞɘ.     
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2.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊŮŭɘɎŭŬɠ Űɖɠ ɀŮůůŬɟɎɠ 

ȼ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůůŬɟɎɠ əŬɚɨˊŰŮɘ ɛɘŬ ɏəŰŬůɖ 398 km2 əŬɘ ɓɟɑůəŮŰŬɘ ůŰɞ əŮɜŰɟɘəɧ-

ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ ȾɟɐŰɖɠ, ˊŮɟɑˊɞɡ 50 km ɜɧŰɘŬ Űɖɠ ˊɧɚɖɠ ȼɟŬəɚŮɑɞɡ. ȼ ˊŮŭɘɎŭŬ 

ŬˊɞŰŮɚŮɑ Űɖ ůɖɛŬɜŰɘəɧŰŮɟɖ ɔŮɤɟɔɘəɐ ˊŮɟɘɞɢɐ Űɖɠ ȾɟɐŰɖɠ. ɄŮɟɑˊɞɡ 250 km2 Űɖɠ 

ůɡɜɞɚɘəɐɠ ɏəŰŬůɖɠ əŬɚɚɘŮɟɔɞɨɜŰŬɘ. Ƀɘ əŬɚɚɘŮɟɔɐůɘɛŮɠ ŮəŰɎůŮɘɠ əŬɚɨˊŰɞɜŰŬɘ əɡɟɑɤɠ 

Ŭˊɧ ŮɚŬɘɩɜŮɠ əŬɘ ŬɛˊŮɚɩɜŮɠ, Ůɜɩ ɖ ɡˊɧɚɞɘˊɖ ɏəŰŬůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

əŬɚɚɘɏɟɔŮɘŬ ɚŬɢŬɜɘəɩɜ, ŮůˊŮɟɘŭɞŮɘŭɩɜ əŬɘ ŭɖɛɖŰɟɘŬəɩɜ. ȼ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ 

ˊŬɟŬɛɏɜŮɘ ɛɘŬ ŬɔɟɞŰɘəɐ ˊŮɟɘɞɢɐ əŬɘ ɏɢŮɘ ˊɚɖɗɡůɛɧ ˊŮɟɑˊɞɡ 40.000 əŬŰɞɑəɞɨɠ. ȼ 

əɨɟɘŬ ˊɖɔɐ ɎɟŭŮɡůɖɠ ŮɑɜŬɘ ŰŬ ɡˊɧɔŮɘŬ ɜŮɟɎ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ˊŬɟɞɡůɑŬ ŮˊɘűŬɜŮɘŬəɩɜ 

ɡŭɎŰɤɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ əŬɚɞəŬɘɟɘɜɩɜ ɛɖɜɩɜ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ. 

 

ɇŬ ŬˊɞɗɏɛŬŰŬ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ ŮɑɜŬɘ ɞ ɓŬůɘəɧɠ űɡůɘəɧɠ ˊɧɟɞɠ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɖɜ 

ɞɘəɞɜɞɛɘəɐ ŬɜɎˊŰɡɝɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ɧɛɤɠ ɖ ɡˊŮɟŮəɛŮŰɎɚɚŮɡůɖ Űɞɡɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ 

ɕɐŰɖůɖ ɏɢŮɘ ŬɡɝɖɗŮɑ ŮɜŰɡˊɤůɘŬəɎ ŰŬ ŰŮɚŮɡŰŬɑŬ ŭŮəŬˊɏɜŰŮ ɢɟɧɜɘŬ, ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŮ 

ůɖɛŬɜŰɘəɐ ˊŰɩůɖ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ. ȼ ˊŰɩůɖ Űɖɠ ůŰɎɗɛɖɠ Űɤɜ ɡˊɧɔŮɘɤɜ 

ɡŭɎŰɤɜ ŮɑɜŬɘ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ ŭŮɑəŰɖɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬɜɗɟɤˊɞɔŮɜɩɜ əŬɘ 

əɚɘɛŬŰɞɚɞɔɘəɩɜ ŮˊɘˊŰɩůŮɤɜ ůŰɖɜ ŭɘŬűŬɘɜɧɛŮɜɖ Ůɟɖɛɞˊɞɑɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ. 

 

ɇɞ 1972 ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɘŬ ɚŮˊŰɞɛŮɟɐɠ ɛŮɚɏŰɖ ɔŮɤɟɔɘəɐɠ ŬɜɎˊŰɡɝɖɠ Ŭˊɧ Űɞɜ 

ɞɟɔŬɜɘůɛɧ ɔɘŬ Űɖɜ ŭɘŬŰɟɞűɐ əŬɘ Űɖɜ ɔŮɤɟɔɑŬ ˊɞɡ ŬɜɐəŮɘ ůŰŬ ȼɜɤɛɏɜŬ Ȱɗɜɖ (F.A.O) 

ɔɘŬ Űɖɜ ɞɟɗɞɚɞɔɘəɐ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ. ȷˊɧ Űɞ 1984 

ɏɜŬ ŮəŰŮɜɏɠ ŭɑəŰɡɞ ɔŮɤŰɟɐůŮɤɜ ɏɢŮɘ ŮɔəŬŰŬůŰŬɗŮɑ ůŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ Űɞ 

ɞˊɞɑɞ ɏɢŮɘ ɛŮŰŬŰɟɏɣŮɘ Űɖɜ ˊŬɟŬŭɞůɘŬəɐ əŬɚɚɘɏɟɔŮɘŬ ůŮ ŮɜŰŬŰɘəɞˊɞɘɖɛɏɜɖ ˊɞŰɘůŰɘəɐ, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ŬűŮɜɧɠ Űɖɜ Ɏɜɞŭɞɠ Űɖɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ ŬűŮŰɏɟɞɡ ŭŮ Űɖɜ ŭɟŬɛŬŰɘəɐ 

ˊŰɩůɖ Űɖɠ ůŰɎɗɛɖɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ. (Kritsotakis 2010) 

 

2.2 ũŮɤɚɞɔɘəɧ ɡˊɧɓŬɗɟɞ 

ȼ ŭɡŰɘəɐ ɀŮůůŬɟɎ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ˊŮŭɘɎŭŬ 112 km2, ˊŮɟɑˊɞɡ 25 km ɛɐəɞɡɠ əŬɘ 

3km ˊɚɎŰɞɡɠ, ɛŮ ŬˊɧŰɞɛŮɠ ɓɞɡɜɞˊɚŬɔɘɏɠ ůŰɞ ɓɧɟɘɞ əŬɘ ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ. ɇɞ 

ɡɣɧɛŮŰɟɞ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 1700 m ůŮ 600 m ůŰɞ ɓɞɟɎ əŬɘ Ŭˊɧ Űɖ ŭɨůɖ ˊɟɞɠ Űɖɜ 
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ŬɜŬŰɞɚɐ. ȼ ɡɣɖɚɧŰŮɟɖ əɞɟɡűɐ ɓɟɑůəŮŰŬɘ ůŰŬ 2540 m əŬɘ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɖɠ 

ɞɟɞůŮɘɟɎɠ Ȳŭɖ, ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɏɜŬɠ ɞɟŮɘɜɧɠ ɧɔəɞɠ ŬůɓŮůŰɧɚɘɗɤɜ. ɆŰɞ 

ɜɧŰɘɞ ŰɛɐɛŬ ɓɟɑůəŮŰŬɘ ɖ ɞɟɞůŮɘɟɎ Űɤɜ ȷůŰŮɟɞɨůɘɤɜ, Űɞ ɡɣɧɛŮŰɟɞ Űɤɜ ɞˊɞɑɤɜ 

űŰɎɜŮɘ ŰŬ 600 ůŰŬ ŭɡŰɘəɎ əŬɘ ůŰŬ 1200 ůŰŬ ŬɜŬŰɞɚɘəɎ. ɆŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ūŬɘůŰɞɨ, 

ůŰɞ ŭɡŰɘəɧ ŰɛɐɛŬ Űɖɠ ˊŮŭɘɎŭŬɠ, ɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ũŮɟɞˊɧŰŬɛɞɡ 

ɓɟɑůəŮŰŬɘ 30 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ. ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ɓɧɟŮɘɤɜ 

ɞɟŮɘɜɩɜ ɧɔəɤɜ əŬŰŬɚŬɛɓɎɜŮɘ ɏəŰŬůɖ 160 km2 Ůɜɩ Űɤɜ ɜɧŰɘɤɜ 126 km2. Ƀɘ 

ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ əŬɚɨˊŰɞɡɜ Űɖɜ ˊŮŭɘɎŭŬ ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ 

ŰŮŰŬɟŰɞɔŮɜŮɑɠ Ŭɚɚɞɨɓɘɞɡɠ Ŭɟɔɑɚɞɡɠ, ɘɚɨɠ, Ɏɛɛɞ əŬɘ ŬɛɛɞɢɎɚɘəŬ ɛŮ ˊɎɢɞɠ ɛŮɟɘəɩɜ 

ɛɏŰɟɤɜ ɛɏɢɟɘ 100 ɐ əŬɘ ˊŮɟɘůůɧŰŮɟɞ. ȼ ŬɜɞɛɞɘɞɔɏɜŮɘŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ŬˊɞɗɏůŮɤɜ 

ˊɟɞəŬɚŮɑ ɏɜŰɞɜŮɠ ŮɜŬɚɚŬɔɏɠ ůŰɘɠ ɡŭɟɞɔŮɤɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ Ŭəɧɛɖ əŬɘ 

ůŮ ɛɘəɟɏɠ ŬˊɞůŰɎůŮɘɠ. Ƀɘ ɓɞɟɘɜɏɠ ˊɚŬɔɘɏɠ ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɘɚɨɠ əŬɘ ɛɎɟɔŬ 

ɜŮɞɔŮɜɩɜ ůɢɖɛŬŰɘůɛɩɜ Ůɜɩ ɞɘ ɜɧŰɘŮɠ ˊɚŬɔɘɏɠ ŮɑɜŬɘ əɡɟɑɤɠ ůɢɘůŰɧɚɘɗɞɘ əŬɘ 

ŬůɓŮůŰɧɚɘɗɞɘ ɛŮůɞɕɤɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ. ȼ Ŭˊɞɟɟɞɐ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ ɏɜŬ əŬɜɎɚɘ Űɞ 

ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŮ ɏɜŬ ŬŭɘŬˊɏɟŬŰɞ ŰɟɘŰɞɔŮɜɏɠ ůŰɟɩɛŬ əɞɜŰɎ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ūŬɘůŰɞɨ. ȼ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ůɢɐɛŬ 2.1. (Kritsotakis 2010) 

 

ɆɢɐɛŬ 2.1: ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ˊŮŭɘɎŭŬɠ Űɖɠ ɀŮůůŬɟɎɠ. 
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2.2.1 ɈŭɟɞɔŮɤɚɞɔɘəɧ ɡˊɧɓŬɗɟɞ 

ȼ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ ɀɞɘɟɩɜ əŬɘ ȸŬɔɘɞɜɘɎɠ. Ƀɘ 

ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɡŭɟɞɚɞɔɘəɏɠ ɚŮəɎɜŮɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ůɢɐɛŬ 2.2. ȼ ɡŭɟɞɚɞɔɘəɐ 

ɚŮəɎɜɖ ɀɞɘɟɩɜ ɏɢŮɘ əŬŰɎ ˊɟɞůɏɔɔɘůɖ 14 km ɛɐəɞɠ əŬɘ ˊŮɟɑˊɞɡ 3 km ˊɚɎŰɞɠ. 

ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŮŰŬɟŰɞɔŮɜɐ ɏɤɠ ˊɟɧůűŬŰɖɠ ɖɚɘəɑŬɠ ŬɚɚɞɨɓɘŬ ɘɕɐɛŬŰŬ, ŰŬ ɞˊɞɑŬ 

ŭɘŬɛɞɟűɩɜɞɡɜ ɛɘŬ ŮɝŬɘɟŮŰɘəɎ ɛŮŰŬɓɚɖŰɐ əŬɘ ůɨɜɗŮŰɖ ŭɘɎ-ůŰɟɤɛŬŰɘəɐ ŬɚɚɖɚɞɡɢɑŬ 

ɢŬɚɘəɘɩɜ, ŬɛɛɞɢɎɚɘəɤɜ, Ɏɛɛɞɡ, ɘɚɨɠ, ɘɚɨɠ-Ɏɛɛɞɡ əŬɘ Ɏɟɔɘɚɤɜ. ȷɡŰɧ ɏɢŮɘ ůŬɜ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ˊɞɚɚŬˊɚɩɜ ɡŭɟɞűɧɟɤɜ ůŰɟɤɛɎŰɤɜ 

ůŰŬ ɞˊɞɑɞ ŰŬ ŭɘŬˊŮɟŬŰɎ ůŰɟɩɛŬŰŬ Ɏɛɛɞɡ əŬɘ ŬɛɛɞɢɎɚɘəɞɡ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ŰɞˊɘəɎ 

ˊɚŮɡɟɘəɎ əŬɘ əɎɗŮŰŬ Ŭˊɧ ɚɘɔɧŰŮɟɞ ŭɘŬˊŮɟŬŰɎ ůŰɟɩɛŬŰŬ Ŭɟɔɑɚɤɜ əŬɘ ɘɚɨɠ.  

 

 

 

ɆɢɐɛŬ 2.2: Ƀɘ əɡɟɘɧŰŮɟŮɠ ɡŭɟɞɚɞɔɘəɏɠ ɚŮəɎɜŮɠ Űɖɠ ˊŮŭɘɎŭŬɠ Űɖɠ ɀŮůůŬɟɎɠ 

 

ɀɘŬ ˊŮɟɘɞɢɐ ɛŮ ɘŭɘŬɑŰŮɟŬ Ŭŭɟɧəɞəɞ ŬɛɛɞɢɎɚɘəɞ ɓɟɑůəŮŰŬɘ ůŰɞ ůɖɛŮɑɞ Űɖɠ ˊŮŭɘɎŭŬɠ 

ɧˊɞɡ ŮəɓɎɚŮɘ ɞ ˊɞŰŬɛɧɠ ȿɘɗɏɞɠ. Ƀ ˊŬɟŬəŮɑɛŮɜɞɠ ɔŮɤɚɞɔɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɣŬɛɛɑŰɖ (Flysch) əŬɘ ɏɢŮɘ ŭɘŬůŰɎůŮɘɠ 3 km ɛɐəɞɡɠ əŬɘ 1.5 km 

ˊɚɎŰɞɡɠ. ȷɡŰɎ ŰŬ ŬɛɛɞɢɎɚɘəŬ ŬˊɞŰŮɚɞɨɜ ˊŬɟŬɔɤɔɘəɎ ɡŭɟɞűɧɟŬ ůŰɟɩɛŬŰŬ. 
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ȷɜɎɚɞɔɞɘ ŬɚɚɎ ɛɘəɟɧŰŮɟɞɘ ůɢɖɛŬŰɘůɛɞɑ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ŭɘɎűɞɟŮɠ ɞɟɘɞɗŮŰɖɛɏɜŮɠ 

ɡˊɧ-ɚŮəɎɜŮɠ ůŰɞɡɠ ˊɟɧˊɞŭŮɠ Űɤɜ ȷůŰŮɟɞɨůɘɤɜ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ ˊŮŭɘɎŭŬɠ, ŬɚɚɎ 

ŭŮɜ ŮɑɜŬɘ Űɧůɞ ŮəŰŮɜŮɑɠ ɐ ůɖɛŬɜŰɘəɞɑ ɧˊɤɠ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɞɡ ȿɘɗɏɞɡ ˊɞŰŬɛɞɨ. 

 

ũŮɤűɡůɘəɏɠ ɏɟŮɡɜŮɠ ɏɢɞɡɜ ŬˊɞəŬɚɨɣŮɘ ɧŰɘ ŰŬ ɎəɟŬ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ Űɤɜ 

ɀɞɘɟɩɜ ŮɑɜŬɘ ŬˊɧəɟɖɛɜŬ əɎŰɘ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ˊɘɗŬɜɐ ˊŬɟɞɡůɑŬ ɟɖɔɛɎŰɤɜ, ɛŮ 

əŬŰŮɨɗɡɜůɖ Ŭˊɧ ŰŬ ŬɜŬŰɞɚɘəɎ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ ɐ ůŮ əɎˊɞɘɞ əŬɜɎɚɘ ŭɘɎɓɟɤůɖɠ ˊɞɡ 

ɓɟɑůəŮŰŬɘ ůŰŬ əŬŰɩŰŮɟŬ ˊɚŮɘůŰɧəŬɘɜŬ ɘɕɐɛŬŰŬ. ȼ ˊŬɟɞɡůɑŬ ŮəŰŮɜɩɜ ɟɖɔɛɎŰɤɜ 

ˊŬɟɎɚɚɖɚŬ əŬɘ ŮɔəɎɟůɘŬ ůŰɖɜ ˊŮŭɘɎŭŬ ɏɢŮɘ ˊɟɞəŬɚɏůŮɘ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ůŰɞ ˊɎɢɞɠ 

Űɤɜ Ŭɚɚɞɨɓɘɤɜ ůɢɖɛŬŰɘůɛɩɜ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ. ɇɞ ɡɣɧɛŮŰɟɞ Űɖɠ 

ɓɎůɖɠ Űɞɡ əŬŰɩŰŮɟɞɡ ŬɚɚɞɡɓɘŬəɞɨ ˊɚŮɘůŰɧəŬɘɜɞɡ ɡŭɟɞűɧɟɞɡ ůŰɟɩɛŬŰɞɠ əɡɛŬɑɜŮŰŬɘ 

Ŭˊɧ -50 ɏɤɠ +100 ɛŮ ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ. ɇŬ ɢŬɛɖɚɧŰŮɟŬ 

ůɖɛŮɑŬ ɓɟɑůəɞɜŰŬɘ ůŰɘɠ ˊŮɟɘɞɢɏɠ ɜɞŰɘɞŬɜŬŰɞɚɘəɎ Űɞɡ ɄŮŰɟɞəŮűŬɚɑɞɡ əŬɘ ɜɧŰɘŬ Űɤɜ 

ɉɞɡůŰɞɡɚɘŬɜɩɜ. ȷɡŰɐ ɖ ŮˊɘűɎɜŮɘŬ ɓŬůɑɕŮŰŬɘ ůŰɞ ɡɣɧɛŮŰɟɞ Űɞɡ ɢŬɛɖɚɧŰŮɟɞɡ 

ŭɘŬˊŮɟŬŰɞɨ ůŰɟɩɛŬŰɞɠ ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɠ ˊɡɟɐɜŮɠ Űɤɜ ɔŮɤŰɟɐůŮɤɜ. ɇɞ 

ˊɎɢɞɠ Űɖɠ əɞɟŮůɛɏɜɖɠ ɕɩɜɖɠ əɡɛŬɑɜŮŰŬɘ ůŮ ɚɘɔɧŰŮɟɞ Űɤɜ 20 m ɛɏɢɟɘ əŬɘ ˊɎɜɤ Ŭˊɧ 

100, ůŰɞ ɢŬɛɖɚɧŰŮɟɞ ɛɏɟɞɠ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ. Ƀ ɡŭɟɞűɞɟɏŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ɛɘŬ ŮɜŬɚɚŬůůɧɛŮɜɖ ŬəɞɚɞɡɗɑŬ Ŭɟɔɑɚɤɜ, ɘɚɨɠ, Ɏɛɛɤɜ əŬɘ ŬɛɛɞɢɎɚɘəɤɜ, ɤůŰɧůɞ 

ŬɜŬˊɧűŮɡəŰŬ ɗŬ ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ ŬŭɘŬˊɏɟŬŰɞɡ ɡɚɘəɞɨ. 

(Donta et al. 2006) 

 

ȼ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ Űɖɠ ȸŬɔɘɞɜɘɎɠ ŬˊɞŰŮɚŮɑŰŬɘ ůŰŬ əŬŰɩŰŮɟŬ ůŰɟɩɛŬŰŬ Ŭˊɧ 

ůɢɖɛŬŰɘůɛɞɨɠ ˊɚŮɘůŰɧəŬɘɜɖɠ ɖɚɘəɑŬɠ əŬɘ ůŰŬ ŬɜɩŰŮɟŬ Ŭˊɧ ˊɚŮɘɧəŬɘɜɖɠ, ɞɘ ɞˊɞɑɞɘ 

ŮəŰŮɑɜɞɜŰŬɘ ŬɜŬŰɞɚɘəɎ Űɖɠ ˊŮɟɘɞɢɐɠ Űɤɜ ȷɔɑɤɜ ȹɏəŬ ɛɏɢɟɘ Űɞ ȷůɐɛɘ. ȼ ɡŭɟɞɚɞɔɘəɐ 

ɚŮəɎɜɖ ɏɢŮɘ ɛɐəɞɠ 12 km əŬɘ ˊɚɎŰɞɠ 5 km. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɘɞɢɐ Űɞ ŰɞˊɞɔɟŬűɘəɧ 

ŬɜɎɔɚɡűɞ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŬɜɞɛɞɘɞɔŮɜɏɠ Ŭˊɧ ŬɡŰɧ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɀɞɘɟɩɜ əŬɘ ɖ 

əɚɑůɖ Űɖɠ ɓɎůɖɠ Űɖɠ ˊŮŭɘɎŭŬɠ ŬɡɝɎɜŮŰŬɘ Ŭˊɧ 1:150 ůŮ 1:75. ȼ ɚɘɗɞɚɞɔɑŬ Űɖɠ 

ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ ŮɑɜŬɘ ůɨɜɗŮŰɖ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ŬəɞɚɞɡɗɑŬ 

ˊɞŰɎɛɘɤɜ əŬɘ ɚɘɛɜŬɑɤɜ əɟɞəŬɚɞˊŬɔɩɜ, ɣŬɛɛɘŰɩɜ, ɘɚɨɠ-ɢŬɚɘəɘɩɜ əŬɘ ɘɚɨɠ-Ŭɟɔɑɚɤɜ ɛŮ 

ɏɜŬɜ ɚŮˊŰɧ ɛŬɜŭɨŬ Ŭɚɚɞɨɓɘɤɜ ɘɕɖɛɎŰɤɜ ɜŬ əŬɚɨˊŰŮɘ Űɞ ɜɧŰɘɞ ɛɘůɧ Űɖɠ ˊŮɟɘɞɢɐɠ.  
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Ƀɘ ŭɞəɘɛŬůŰɘəɏɠ ŬɜŰɚɐůŮɘɠ ɞŭɐɔɖůŬɜ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɖ ˊŮɟɘɞɢɐ ŭŮɜ ŮɑɜŬɘ 

ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŭɞŰɘəɐ. ȼ ɚɘɗɞɚɞɔɑŬ Űɞɡɠ ŮɑɜŬɘ əɡɟɑɤɠ Ŭɟɔɘɚɩŭɖɠ ɐ ɛŬɟɔŬɘəɐ ɛŮ 

ůŮɘɟɏɠ Ŭˊɧ ɣŬɛɛɑŰɖ əŬɘ əɟɞəŬɚɞˊŬɔɩɜ ɞɘ ɞˊɞɑɞɘ ɧɛɤɠ ŮɑɜŬɘ ɚŮˊŰɏɠ əŬɘ ɚɑɔŮɠ ůŰɞɜ 

Ŭɟɘɗɛɧ. Ⱥˊɘˊɚɏɞɜ ɏɜŬ ŮəŰŮɜɏɠ ŬŭɘŬˊɏɟŬŰɞ ůŰɟɩɛŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŭŮɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

əŬŰŮɑůŭɡůɖ. ȺɜŰɞɨŰɞɘɠ ɡˊɧ ŬɡŰɏɠ Űɘɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɡˊɎɟɢɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɎ 

ŬˊɞɗɏɛŬŰŬ ɡŭɎŰɤɜ ɔɘŬ ɜŬ ŬɜŮűɞŭɘɎɕɞɡɜ Űɘɠ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ 

ˊɟɞɏɟɢŮŰŬɘ ɖ ɓŬůɘəɐ ɟɞɐ Űɞɡ ˊɞŰŬɛɧ ũŮɟɞˊɧŰŬɛɞɡ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɝɖɟɐɠ 

ˊŮɟɘɧŭɞɡ. ɇɞ əŬŰɩŰŮɟɞ ɡŭɟɞűɧɟɞ ůŰɟɩɛŬ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ Űɖɠ ȸŬɔɘɞɜɘɎɠ 

ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ əŬɗɞɟɘůŰŮɑ, ˊɟɩŰɞɜ ŮˊŮɘŭɐ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ŭŮɜ ŮɑɜŬɘ 

ŬɟəŮŰɎ ɚŮˊŰɞɛŮɟɐ əŬɘ ˊɚɐɟɖɠ əŬɘ ŭŮɨŰŮɟɞɜ ŮˊŮɘŭɐ ůŮ ɛŮɟɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ 

ŭɨůəɞɚɞ ɜŬ əŬɗɞɟɘůŰŮɑ əɎˊɞɘɞ ɡŭɟɞűɧɟɞ ůŰɟɩɛŬ. ɇɞ ˊɎɢɞɠ Űɖɠ əɞɟŮůɛɏɜɖɠ ɕɩɜɖɠ 

əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 20 əŬɘ 70 m (Donta et al. 2006). ɇɏɚɞɠ ɛɘŬ ŬˊɚɞɡůŰŮɡɛɏɜɖ 

ˊɟɞůɏɔɔɘůɖ Űɖɠ ɔŮɤɚɞɔɑŬɠ Űɖɠ ŭɡŰɘəɐɠ ɀŮůůŬɟɎɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ůɢɐɛŬ 2.3. 

 

ɆɢɐɛŬ 2.3Ŭ: ȷˊɚɞˊɞɘɖɛɏɜɖ ɔŮɤɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ˊŮŭɘɎŭŬɠ Űɖɠ ɀŮůůŬɟɎɠ (Donta et al. 2006) 
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ɆɢɐɛŬ 2.3ɓ: ȷˊɚɞˊɞɘɖɛɏɜɖ ɔŮɤɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ˊŮŭɘɎŭŬɠ Űɖɠ ɀŮůůŬɟɎɠ (Donta et al. 2006) 

 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮɚɏŰɖ ɓŬůɘůɛɏɜɖ ůŮ ŭŮŭɞɛɏɜŬ 43 

ɔŮɤŰɟɐůŮɤɜ ɔɘŬ Űɖɜ ɡɔɟɐ ˊŮɟɑɞŭɞ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ 2007-2008. ɄŬɟŬəɎŰɤ 

ˊŬɟŬŰɑɗŮŰŬɘ ɞ ɢɎɟŰɖɠ ŬˊŮɘəɧɜɘůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɤɜ ɀɞɘɟɩɜ ȼɟŬəɚŮɑɞɡ ȾɟɐŰɖɠ, 

əŬɗɩɠ əŬɘ ŰŬ ůɖɛŮɑŬ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɞˊɞɑɤɜ ŮəˊɞɜɐɗɖəŮ ɖ  

ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. 
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ɆɢɐɛŬ 2.4:ɉɎɟŰɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ əŬɘ ůɖɛŮɑŬ ɔŮɤŰɟɐůŮɤɜ (ɛŮ əɧəəɘɜŬ ŰɟɑɔɤɜŬ), (Varouchakis and 

Hristopulos 2013b). 

 

2.3 ȾɚɘɛŬŰɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ 

ɇɞ əɚɑɛŬ Űɖɠ ˊŮŭɘɎŭŬɠ ŮɑɜŬɘ ɡˊɧ-ɡɔɟɞ (sub-humid) ɛŮ ɐˊɘɞɡɠ ɡɔɟɞɨɠ ɢŮɘɛɩɜŮɠ əŬɘ 

ɝɖɟɎ, ɗŮɟɛɎ əŬɚɞəŬɑɟɘŬ. ɇɞ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬɘɟŮɗŮɑ ůŮ ɡɔɟɐ əŬɘ ɝɖɟɐ 

ˊŮɟɑɞŭɞ. ɄŮɟɑˊɞɡ 40% Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ŮɛűŬɜɑɕŮŰŬɘ Űɞɡɠ ɛɐɜŮɠ ȹŮəɏɛɓɟɘɞ əŬɘ 

ȽŬɜɞɡɎɟɘɞ Ůɜɩ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ ɛɏɢɟɘ Űɞɜ ȷɨɔɞɡůŰɞ ɞɘ ɓɟɞɢɞˊŰɩůŮɘɠ ŮɑɜŬɘ ŬɛŮɚɖŰɏŮɠ. 

ȷɜ əŬɘ ɖ ˊŮŭɘɎŭŬ ɚŬɛɓɎɜŮɘ əŬŰɎ ɛɏůɞɜ ɧɟɞ ˊŮɟɑˊɞɡ 600mm ɓɟɞɢɞˊŰɩůŮɤɜ Űɞ ɢɟɧɜɞ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ˊŮɟɑˊɞɡ Űɞ 65% ɢɎɜŮŰŬɘ ɚɧɔɤ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ, 10% ɚɧɔɤ 

ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ əŬɘ ɛɧɜɞ Űɞ 25% əŬŰŮɘůŭɨŮɘ ɔɘŬ Űɖɜ ŬɜŬɜɏɤůɖ Űɤɜ 

ŬˊɞɗŮɛɎŰɤɜ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ. ȼ ŮɝɎŰɛɘůɖ (Pan evaporation)  ůɨɛűɤɜŬ ɛŮ Űɞɡɠ 
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ůŰŬɗɛɞɨɠ ɛɏŰɟɖůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ 1500Ñ300 mm Űɞ ɢɟɧɜɞ Ůɜɩ ɞɘ ɎɜŮɛɞɘ ŮɑɜŬɘ 

əɡɟɑɤɠ ŭɡŰɘəɞɑ. ȼ ˊɘɗŬɜɐ Űɘɛɐ Űɖɠ ŮɝɎŰɛɘůɖɠ ɤůŰɧůɞ ɡˊɞɚɞɔɑɕŮŰŬɘ 1300 mm Űɞ 

ɢɟɧɜɞ  əŬɘ ɏŰůɘ ɖ ŬɜŬɚɞɔɑŬ Űɖɠ ɛɏůɖɠ ŮŰɐůɘŬɠ ɓɟɞɢɧˊŰɤůɖɠ ˊɟɞɠ Űɖɜ ˊɘɗŬɜɐ 

ŮɝɎŰɛɘůɖ Ŭˊɧ Űɖɜ ˊŮŭɘɎŭŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 0.5. ȸɎůɖ Űɤɜ əɚɘɛŬŰɞɚɞɔɘəɩɜ ůŰɞɘɢŮɑɤɜ 

Űɞɡ ɞɟɔŬɜɘůɛɞɨ UNCED (1994) Űɞ əɚɑɛŬ Űɖɠ ˊŮŭɘɎŭŬɠ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɝɖɟɧ ɡˊɧ-ɡɔɟɞ 

(sub-humid). ȼ ɛɏůɖ ɢŮɘɛŮɟɘɜɐ ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ 12 0C Ůɜɩ Űɞ əŬɚɞəŬɑɟɘ 28 0C. ȼ 

ůɢŮŰɘəɐ ɡɔɟŬůɑŬ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ɢŮɘɛɩɜŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 70% Ůɜɩ Űɞ əŬɚɞəŬɑɟɘ 

ˊŮɟɑˊɞɡ 60%. 

 

2.4 ɈŭɟɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ɇɞ ˊŬɟɎɟŰɖɛŬ Űɞɡ ɡˊɞɡɟɔŮɑɞɡ ũŮɤɟɔɑŬɠ ůŰɖɜ ȾɟɐŰɖ ˊŬɟŬəɞɚɞɡɗŮɑ əŬɘ əŬŰŬɔɟɎűŮɘ 

ŰŬ ŬˊɞɗɏɛŬŰŬ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ ůŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ ɔɘŬ ˊŮɟɑˊɞɡ ŰɟɘɎɜŰŬ 

ɢɟɧɜɘŬ. 

H ɓɟɞɢɧˊŰɤůɖ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɞ ɡɣɧɛŮŰɟɞ Ŭˊɧ ˊŮɟɑˊɞɡ 500 mm ůŰɖɜ ˊŮŭɘɎŭŬ ůŮ 

ˊŮɟɑˊɞɡ 800 mm ůŰɘɠ ˊɚŬɔɘɏɠ Űɖɠ əŬɘ 1100 mm ůŰŬ ȷůŰŮɟɞɨůɘŬ ɓɞɡɜɎ. ɇɞ ůɢɐɛŬ 2.5 

ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ɛɏůŮɠ ŮŰɐůɘŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ ůŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ ɔɘŬ ŰŬ ɏŰɖ 

1969 ɤɠ 2002. ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɞ ůɢɐɛŬ Űɞ ɝɖɟɧŰŮɟɞ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ ɐŰŬɜ 

Űɞ 1989-1990 əŬɘ Űɞ ɡɔɟɧŰŮɟɞ Űɞ 1977-1978. ɇɞ ůɢɐɛŬ 2.6 ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ ɛɏůŮɠ 

ɛɖɜɘŬɑŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ ůŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ. ȼ ɡɔɟɐ ˊŮɟɑɞŭɞɠ ŭɘŬɟəŮɑ Ŭˊɧ Űɞ 

Ɂɞɏɛɓɟɘɞ ɛɏɢɟɘ Űɞɜ ɀɎɟŰɘɞ ɐ Űɞɜ ȷˊɟɑɚɘɞ Ůɜɩ ɖ ɝɖɟɐ ˊŮɟɑɞŭɞɠ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ ɛɏɢɟɘ 

Űɞɜ ɃəŰɩɓɟɘɞ. 
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ɆɢɐɛŬ 2.5: ɀɏůɖ ŮŰɐůɘŬ ɓɟɞɢɧˊŰɤůɖ ůŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ (Donta et al. 2006) 

 

 

 

ɆɢɐɛŬ 2.6: ɀɏůɖ ɛɖɜɘŬɑŬ ɓɟɞɢɧˊŰɤůɖ ůŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ (Donta et al. 2006) 
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ɇɞ əɡɟɑɤɠ ɛɏůɞ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ Űɖɠ ˊŮŭɘɎŭŬɠ ŮɑɜŬɘ ɞ ˊɞŰŬɛɧɠ ũŮɟɞˊɧŰŬɛɞɠ 

ůŰɞ ůŰŮɜɧ Űɖɠ ūŬɘůŰɞɨ ůŰŬ ŭɡŰɘəɎ. ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ Űɞ ɡɣɧɛŮŰɟɞ ŮɑɜŬɘ 30 m ŮˊɎɜɤ 

Ŭˊɧ Űɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ (MASL). Ƀ ˊɞŰŬɛɧɠ ũŮɟɞˊɧŰŬɛɞɠ ɏɟŮŮ ůɡɜŮɢɩɠ, əŬɘ 

ůŰɞ ŭɡŰɘəɧ Ɏəɟɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ  ůŰɖɜ ūŬɘůŰɧ ɡˊɐɟɢŮ ɏɜŬɠ ɡɔɟɧŰɞˊɞɠ. ȼ 

ˊŰɩůɖ ůŰɎɗɛɖɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ ŮɑɢŮ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊɞɝɐɟŬɜůɖ Űɞɡ 

ɡɔɟɧŰɞˊɞɡ, Űɖɜ ŬˊɞɡůɑŬ ɟɞɐɠ ůŰɞɜ ˊɞŰŬɛɧ əŬŰɎ Űɖ ɝɖɟɐ ˊŮɟɑɞŭɞ Űɞɡ ɏŰɞɡɠ 1990 

ɧˊɤɠ Ůˊɑůɖɠ əŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ 1992-1993. ȷɡŰɐ ɐŰŬɜ Űɖɜ 

ˊɟɩŰɖ űɞɟɎ ˊɞɡ ɖ əɞɑŰɖ Űɞɡ ˊɞŰŬɛɞɨ ˊŬɟɏɛŮɘɜŮ ɝɖɟɐ ůɨɛűɤɜŬ ɛŮ ŰŬ ɘůŰɞɟɘəɎ 

ůŰɞɘɢŮɑŬ. ȼ ɛɏůɖ ŮŰɐůɘŬ Ŭˊɞɟɟɞɐ ɡˊɞɚɞɔɑůŰɖəŮ ůŮ 16.88 Mm3, ůɢɐɛŬ 2.6, Ůɜɩ ɖ 

ɡɣɖɚɧŰŮɟɖ ɛɏůɖ ɛɖɜɘŬɑŬ Ŭˊɞɟɟɞɐ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞɡ ɛɐɜŮɠ ȽŬɜɞɡɎɟɘɞ əŬɘ Űɞ 

ūŮɓɟɞɡɎɟɘɞ əŬɘ  ɖ ɢŬɛɖɚɧŰŮɟɖ Űɞɡ ɛɐɜŮɠ Ƚɞɨɚɘɞ əŬɘ ȷɨɔɞɡůŰɞ (ůɢɐɛŬ 2.8). 

 

 

ɆɢɐɛŬ 2.7: ɀɏůɖ ŮŰɐůɘŬ Ŭˊɞɟɟɞɐ ůŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ (Donta et al. 2006) 

 

0

10

20

30

40

50

60

70

m
e

a
n

 a
n

n
u

a
l 

ru
n

o
ff

 (
M

m
3

)



43 
 

 

ɆɢɐɛŬ 2.8: ɀɏůɖ ɛɖɜɘŬɑŬ Ŭˊɞɟɟɞɐ ůŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ (Donta et al. 2006) 

 

ɆŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ Űɧůɞ ɛŮɔɎɚŬ ɧůɞ əŬɘ ɛɘəɟɧŰŮɟŬ 

ɡŭɟɞűɧɟŬ ůŰɟɩɛŬŰŬ ůɨɜɗŮŰɤɜ ɡŭɟɞɔŮɤɚɞɔɘəɩɜ ɘŭɘɞŰɐŰɤɜ. ɀɖɜɘŬɑŮɠ ɛŮŰɟɐůŮɘɠ 

ůŰɎɗɛɖɠ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ əŬŰŬɔɟɎűɞɜŰŬɘ ůŮ ˊɎɜɤ Ŭˊɧ 50 ůɖɛŮɑŬ. ȼ ůŰɎɗɛɖ 

Űɞɡɠ ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ Űɞɜ ɀɎɟŰɘɞ ɐ Űɞɜ ȷˊɟɑɚɘɞ Ůɜɩ ůŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɖɟŮɑŰŬɘ 

ŮəŰŮɜɐɠ ˊŰɩůɖ Űɖɠ ůŰɎɗɛɖɠ ɏɤɠ Űɖɜ ŬɜŬɜɏɤůɖ Űɤɜ ŬˊɞɗŮɛɎŰɤɜ Űɖɜ ɢŮɘɛŮɟɘɜɐ 

ˊŮɟɑɞŭɞ. ɇŬ ɡŭɟɞűɧɟŬ ůŰɟɩɛŬŰŬ ˊŬɟɞɡůɑŬɕŬɜ ɡɣɖɚɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ ɛŮ Űɞ ŭɡɜŬɛɘəɧ 

ɎɜŰɚɖůɖɠ ɜŬ ŮɑɜŬɘ ɡɣɖɚɧ, ˊŮɟɑˊɞɡ 300 m3/hr ůŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ '70. ɆŰɘɠ 

ɛɏɟŮɠ ɛŬɠ ɏɢŮɘ ɛŮɘɤɗŮɑ ůŮ ˊŮɟɑˊɞɡ ɏɜŬ ŭɏəŬŰɞ ŬɡŰɞɨ. ȹɞəɘɛŬůŰɘəɏɠ ŬɜŰɚɐůŮɘɠ ɏŭŮɘɝŬɜ 

ɧŰɘ ɞ ůɡɜŰŮɚŮůŰɐ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ (specific yield) əɡɛŬɘɜɧŰŬɜ ɛŮŰŬɝɨ 0.1 əŬɘ 0.2 Ůɜɩ 

ɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬɓŬůɘɛɧŰɖŰŬ əɡɛŬɘɜɧŰŬɜ ɛŮŰŬɝɨ 0.1 əŬɘ 0.01 m2/s.  

 

Ƀɘ ˊɚŮɡɟɘəɏɠ Ůəɟɞɏɠ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ Ŭˊɧ Űɖɜ ˊŮŭɘɎŭŬ ŮɑɜŬɘ ɛɘəɟɏɠ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ɛɏɔŮɗɞɠ Űɤɜ ŬɜŰɚɐůŮɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ. ȰɜŬ ŮəŰŮɜɏɠ ŭɑəŰɡɞ 

ɔŮɤŰɟɐůŮɤɜ ɏɢŮɘ ŮɔəŬŰŬůŰŬɗŮɑ Ŭˊɧ Űɞ 1984, Űɞ ɞˊɞɑɞ ɏɢŮɘ ɛŮŰŬŰɟɏɣŮɘ Űɖɜ 

ˊŬɟŬŭɞůɘŬəɐ əŬɚɚɘɏɟɔŮɘŬ ůŮ ŮɜŰŬŰɘəɞˊɞɘɖɛɏɜɖ ˊɞŰɘůŰɘəɐ.  ɈˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ˊŮɟɑˊɞɡ 

10 Mm3/yr ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ ŬɜŰɚɞɨɜŰŬɜ Ŭˊɧ ŰŬ ɡŭɟɞűɧɟŬ ůŰɟɩɛŬŰŬ ˊɟɘɜ Ŭˊɧ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ Űɞɡ ŭɘəŰɨɞɡ, Ůɜɩ ůŰɖɜ ůɡɜɏɢŮɘŬ ˊŮɟɑˊɞɡ 40 Mm3/yr.  
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Ƀɘ ůɡɜɏˊŮɘŮɠ ŬɡŰɩɜ Űɤɜ ɢɟɐůŮɤɜ ůɡɜŮŰɏɚŮůŬɜ ůŰɖɜ ŭɟŬɛŬŰɘəɐ ˊŰɩůɖ 35m Űɖɠ 

ůŰɎɗɛɖɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ. ɆŰɘɠ ɛɏɟŮɠ ɛŬɠ ɡˊɎɟɢŮɘ ɛɘəɟɐ ŮˊɘűŬɜŮɘŬəɐ Ŭˊɞɟɟɞɐ 

əŬɘ ŰŬ ŬˊɞɗɏɛŬŰŬ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ ɛŮɘɩɜŮŰŬɘ ɛŮ ɔɞɟɔɞɨɠ ɟɡɗɛɞɨɠ. Ʉɟɘɜ Ŭˊɧ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɎɟŭŮɡůɖɠ ɖ ŮŰɐůɘŬ ŮˊɘűŬɜŮɘŬəɐ Ŭˊɞɟɟɞɐ Űɖɠ ˊŮŭɘɎŭŬɠ 

ɐŰŬɜ ˊŮɟɑˊɞɡ 20 Mm3/yr Űɞ ɞˊɞɑɞ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 50mm Űɖɠ ŮŰɐůɘŬɠ ɓɟɞɢɧˊŰɤůɖɠ. 

ɈˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ɖ ŮŰɐůɘŬ ŬɜŬɜɏɤůɖ Űɤɜ ŬˊɞɗŮɛɎŰɤɜ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ ɐŰŬɜ 

ˊŮɟɑˊɞɡ 60 Mm3/yr (150 mm.) əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ ɚɧɔɤ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ɐŰŬɜ ˊŮɟɑˊɞɡ 

160 Mm3/yr (400 mm.). 

 

Ƀɘ ɡŭɟɞɔŮɤɚɞɔɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɟɞɏɟɢɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞɡɠ ˊɡɟɐɜŮɠ 26 

ŭɞəɘɛŬůŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮŰŬɝɨ 1968 əŬɘ 

1970. Ƀɘ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɡŭɟŬɡɚɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɖ ɡŭɟɞɚɞɔɘəɐ 

ɚŮəɎɜɖ Űɤɜ ɀɞɘɟɩɜ, ɧˊɞɡ ɞɘ ŭɘŬˊŮɟŬŰɧŰɖŰŮɠ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 10 əŬɘ 120 m/day 

ɡˊɞŭɖɚɩɜɞɜŰŬɠ Űɖɜ ˊŬɟɞɡůɑŬ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ ůŮɘɟɩɜ ŬɛɛɞɢɎɚɘəɞɡ ůŰɞɜ 

ŬɚɞɡɓɘŬəɧ ůɢɖɛŬŰɘůɛɧ. ɀɘəɟɧŰŮɟŮɠ Űɘɛɏɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɤɜ ɞɟɑɤɜ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ Űɖɠ ȸŬɔɘɞɜɘɎɠ, ɧˊɞɡ ɖ ŬɟŬɘɐ ˊŬɟɞɡůɑŬ 

ŬɛɛɞɢɎɚɘəɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɞɘ Űɘɛɏɠ ɛŮɘɩɜɞɜŰŬɘ əŬɘ ɖ ɛɏůɖ Űɘɛɐ Űɞɡɠ ŮɑɜŬɘ ɛɧɜɞ 1 m/d. 

ɀɘəɟɧŰŮɟŮɠ Ůˊɑůɖɠ Űɘɛɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖ ɓɧɟŮɘŬ ˊɚŮɡɟɎ Űɖɠ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖɠ 

Űɤɜ ɀɞɘɟɩɜ, ɧˊɞɡ ŰŬ əŬŰɩŰŮɟŬ ˊɚŮɘůŰɧəŬɘɜŬ ˊŮŰɟɩɛŬŰŬ ˊŬɟɧɛɞɘŬ ɛŮ ŮəŮɑɜŬ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȸŬɔɘɞɜɘɎɠ ŬˊɞůŬɗɟɩɜɞɜŰŬɘ.  

 

ȹɨɞ ˊŮɟɘɞɢɏɠ ɛŮ ɛŮɔɎɚɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ŬɜŬŰɞɚɘəɧ ɛɏɟɞɠ Űɖɠ 

ˊŮŭɘɎŭŬɠ. ȼ ˊɟɩŰɖ ŮɑɜŬɘ ůŰɞ ŬɜŬŰɞɚɘəɧ Ɏəɟɞ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ, ɧˊɞɡ ɞɘ Űɘɛɏɠ 

ŬɡɝɎɜɞɜŰŬɘ ŰɞˊɘəɎ ůŮ 40 m/d. ȼ ŭŮɨŰŮɟɖ ɓɟɑůəŮŰŬɘ ůŰɞ ɜɧŰɘɞ ɛɏɟɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ 

ȸŬɔɘɞɜɘɎɠ ůŰɞɡɠ ˊɟɧˊɞŭŮɠ Űɤɜ ȷůŰŮɟɞɨůɘɤɜ. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɘɞɢɐ ɞɘ 

ŭɘŬˊŮɟŬŰɧŰɖŰŮɠ Űɤɜ 200 m/d ůɢŮŰɑɕɞɜŰŬɘ ˊɘɗŬɜɩɠ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ Ůɜɧɠ ɛɘəɟɞɨ 

ˊɞŰɎɛɘɞɡ ůɢɖɛŬŰɘůɛɞɨ ɞ ɞˊɞɑɞɠ űɏɟŮɘ ɡɣɖɚɧ ˊɞůɞůŰɧ Ŭŭɟɧəɞəɞɡ ŬɛɛɞɢɎɚɘəɞɡ. ȷˊɧ 

Űɘɠ ŭɞəɘɛŬůŰɘəɏɠ ŬɜŰɚɐůŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ŬˊɞɗɐəŮɡůɖɠ Űɤɜ 

ɡŭɟɞűɧɟɤɜ ůŰɟɤɛɎŰɤɜ ɏɢɞɡɜ Ůˊɑůɖɠ ɡˊɞɚɞɔɘůŰŮɑ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ŭɞəɘɛŬůŰɘəɩɜ ŬɜŰɚɐůŮɤɜ əŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɡŭɟɞűɞɟɏŬ ɏŭŮɘɝŬɜ ɧŰɘ Ŭɜ əŬɘ 
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ŬɜɞɛɞɘɞɔŮɜɐɠ əŬɘ ŰɞˊɘəɎ ˊŮɟɘɞɟɘůɛɏɜɞɠ, ůŮ ŮˊɑˊŮŭɞ ˊŮŭɘɎŭŬɠ ůɡɛˊŮɟɘűɏɟŮŰŬɘ əŬɘ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŮɚŮɨɗŮɟɞɠ. (Donta et al. 2006) 

 

2.5 ɉɟɐůŮɘɠ ɔɖɠ (ũŮɤɟɔɘəɏɠ ȹɟŬůŰɖɟɘɧŰɖŰŮɠ) 

ȼ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ ŬˊɞŰŮɚŮɑ Űɖ ůɖɛŬɜŰɘəɧŰŮɟɖ ɔŮɤɟɔɘəɐ ˊŮɟɘɞɢɐ Űɖɠ ȾɟɐŰɖɠ. 

ɄŮɟɑˊɞɡ 250 km2 Ŭˊɧ ŰŬ 398 km2 Űɖɠ ůɡɜɞɚɘəɐɠ ɏəŰŬůɖɠ Űɖɠ ˊŮŭɘɎŭŬɠ 

əŬɚɚɘŮɟɔɞɨɜŰŬɘ. ɇɞ 75% Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ŮɑɜŬɘ Ůɚɘɏɠ, 10% ŬɛˊɏɚɘŬ, 2% 

ŮůˊŮɟɘŭɞŮɘŭɐ əŬɘ 13% ŮɑɜŬɘ ɚŬɢŬɜɘəɎ (əɡɟɑɤɠ ɡˊŬɑɗɟɘŮɠ əŬɚɚɘɏɟɔŮɘŮɠ əŬɘ ɛŮɟɘəɎ 

ɗŮɟɛɞəɐˊɘŬ). Ƀɘ ŮɚŬɘɩɜŮɠ əŬŰŬɚŬɛɓɎɜɞɡɜ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ɏəŰŬůɖ Űɖɠ ˊŮŭɘɎŭŬɠ əŬɘ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ ˊɡəɜɧŰɖŰŬ. Ƀɘ ŬɛˊŮɚɩɜŮɠ əŬŰŬɚŬɛɓɎɜɞɡɜ ɛɘəɟɧŰŮɟɖ 

ŮˊɘűɎɜŮɘŬ əŬɘ ɞɘ ŭɨɞ ɛŮɔŬɚɨŰŮɟŮɠ ŮəŰɎůŮɘɠ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɜɧŰɘɞ-ŬɜŬŰɞɚɘəɧ əŬɘ 

ɓɧɟŮɘɞ-ŬɜŬŰɞɚɘəɎ Ɏəɟɞ Űɖɠ ˊŮŭɘɎŭŬɠ.  

 

ȹŬůɘəɏɠ ŮəŰɎůŮɘɠ ɡˊɎɟɢɞɡɜ ɛɧɜɞ ůŮ ůɢŮŰɘəɎ ŬˊɟɧůɘŰŬ ɛɏɟɖ əŬɘ ůŮ űŬɟɎɔɔɘŬ. Ƀɘ 

ŭŬůɘəɏɠ ŮəŰɎůŮɘɠ ůŰŬ ɜɧŰɘŬ əŬɘ ŬɜŬŰɞɚɘəɎ Űɞɡ ɊɖɚɞɟŮɑŰɖ ɏɢɞɡɜ əɖɟɡɢɗŮɑ 

ˊɟɞůŰŬŰŮɡɛɏɜŮɠ ˊŮɟɘɞɢɏɠ. ɆŰɘɠ ˊɚŬɔɘɏɠ Űɞɡ ɊɖɚɞɟŮɑŰɖ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɏɜŬ ɓɟŬɢɩŭŮɠ 

Űɞˊɑɞ, Ůɜɩ ɖ ɓɚɎůŰɖůɖ ůŮ ŬɡŰɎ ŰŬ ůɖɛŮɑŬ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ŬɟŬɘɐ. ȼ ˊɞůɧŰɖŰŬ ɨŭŬŰɞɠ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɘɠ əŬɚɚɘɏɟɔŮɘŮɠ əŬɗɞɟɑɕŮŰŬɘ ŮɛˊŮɘɟɘəɎ, ɧˊɤɠ əŬɘ ŰŬ ŭɘɎűɞɟŬ 

ŮŭŬűɞ-ɓŮɚŰɘɤŰɘəɎ əŬɘ ɚɘˊɎůɛŬŰŬ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ 

ɢŮɘɛɩɜŬ, ɛŮŰɎ Ŭˊɧ Űɖ ůɡɔəɞɛɘŭɐ. ȼ əŬŰŬˊɞɚɏɛɖůɖ Űɤɜ ɕɘɕŬɜɑɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞ 

ɧɟɔɤɛŬ (80%), Ůɜɩ ɕɘɕŬɜɘɞəŰɧɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůˊɎɜɘŬ. (Kritsotakis 2010) 
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ɆɢɐɛŬ 2.9: ũŮɤɟɔɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůŰɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůůŬɟɎɠ (Donta et al. 2006) 
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3. ɀɏɗɞŭɞɠ əŬɘ ȷˊɞŰŮɚɏůɛŬŰŬ 

ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ɛŮɗɞŭɞɚɞɔɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɩůŰŮ ɛŮ 

ɓɎůɖ ŰŬ ŬɟɢɘəɎ ŭŮŭɞɛɏɜŬ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ ɢɎɟŰŮɠ, ɘəŬɜɞɑ ɜŬ ůɡɛɓɎɚɞɡɜ ůŰɖɜ 

ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɠ Űɖɜ ŮəŰɑɛɖůɖ ɔɘŬ Űɖɜ ůŰɎɗɛɖ Űɞɡ 

ɡˊɧɔŮɘɞɡ ɡŭɟɞűɞɟɏŬ ůŮ ɎɔɜɤůŰŬ ůɖɛŮɑŬ. Ƀɘ ɢɎɟŰŮɠ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ɏɜŬ ŮɟɔŬɚŮɑɞ ɔɘŬ 

Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ ˊŮɟɘɞɢɩɜ ɧˊɞɡ ɡˊɎɟɢŮɘ ɛŮɔɏɗɡɜůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ 

ŬˊŬɘŰŮɑŰŬɘ ɎɛŮůɖ ɚɨůɖ. ȼ ŮəŰɑɛɖůɖ Űɖɠ ůŰɎɗɛɖɠ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ 3 

ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ Kriging, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ Űɞ Ordinary Kriging (OK), Indicator Kriging 

(IK) əŬɘ  Űɞ Residual Kriging (RK). 

 

3.1    ȾŬŰŬɔɟŬűɐ ȹŮŭɞɛɏɜɤɜ  

ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ŮɟɔŬůɑŬ ɚɐűɗɖəŬɜ Ŭˊɧ ɛŮŰɟɐůŮɘɠ Űɞɡ 

ȽɜůŰɘŰɞɨŰɞɡ ũŮɤɚɞɔɘəɩɜ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ (ȽũɀȺ) ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɤɜ 

ɀɞɘɟɩɜ əŬɘ Ŭűɞɟɞɨɜ Űɖɜ ɡɔɟɐ ˊŮɟɑɞŭɞ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ 2007-2008. ȼ 

ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞɠ ŮˊɘɚɏɢɗɖəŮ ŭɘɧŰɘ ɡˊɎɟɢɞɡɜ ŮˊŬɟəɐ ŭŮŭɞɛɏɜŬ, ůŮ 

ůɢɏůɖ ɛŮ ɎɚɚŮɠ ɢɟɞɜɘɏɠ, ɩůŰŮ ɜŬ ɔɑɜŮɘ ɘəŬɜɞˊɞɘɖŰɘəɐ ŮűŬɟɛɞɔɐ Űɤɜ ɛŮɗɧŭɤɜ. ɆŰɞɜ 

ɄɑɜŬəŬ 3.2 ˊŬɟŬɗɏŰɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ 43 ɔŮɤŰɟɐůŮɤɜ. ɇŬ ŬɟɢɘəɎ ŭŮŭɞɛɏɜŬ 

ɏɢɞɡɜ ŰŬ Ůɝɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

 

Min Max Stand. Div. 

11,45 72,93 14,86 

 

ɄɑɜŬəŬɠ 3.1: ɆŰɞɘɢŮɑŬ Űɤɜ Ŭɟɢɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

                                           

Ⱥˊɑůɖɠ ˊŬɟɞɡůɘɎɕɞɡɜ əɨɟŰɤůɖ əŬɘ ŬůɡɛɛŮŰɟɑŬ ɑůŮɠ ɛŮ Ĕ
zk =2,9 əŬɘ Ĕzs =0,76 

ŬɜŰɑůŰɞɘɢŬ. 
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ɄɑɜŬəŬɠ 3.2:ȹŮŭɞɛɏɜŬ ɔŮɤŰɟɐůŮɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɛɞɘɟɩɜ ɔɘŬ Űɖɜ ɢɟɞɜɘɎ 2008 
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3.2 ɀɏɗɞŭɞɠ Ordinary  Kriging  

3.2.1 ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ȹŮŭɞɛɏɜɤɜ (ɃȾ) 

 

 ũɘŬ Űɖɜ ɓɏɚŰɘůŰɖ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ Ordinary Kriging əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ 

əŬɚɨŰŮɟɖ əŬŰŬůəŮɡɐ Űɤɜ ɓŬɟɘɞɔɟŬɛɛɎŰɤɜ (ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ŬəɟŬɑŮɠ Űɘɛɏɠ əŬɘ Ŭˊɧ 

Űɖɜ ŬůɡɛɛŮŰɟɑŬ) ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ŰŬ ŭŮŭɞɛɏɜŬ ɜŬ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ əŬɜɞɜɘəɐ 

əŬŰŬɜɞɛɐ, ŭɖɚŬŭɐ Ĕ
zk =3   əŬɘ Ĕzs =0. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧ ɢɟŮɘɎɕŮŰŬɘ ɛŮŰŬŰɟɞˊɐ Űɤɜ Ŭɟɢɘəɩɜ ɛŬɠ ŭŮŭɞɛɏɜɤɜ. 

ȷɟɢɘəɎ ŭɞəɘɛɎůŰɖəŬɜ ɖ ɚɞɔŬɟɑɗɛɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɗɩɠ əŬɘ ɖ ɛɏɗɞŭɞɠ 

Box_Cox, ŬɚɚɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɜ ɐŰŬɜ ɘəŬɜɞˊɞɘɖŰɘəɎ. ȷəɞɚɞɨɗɤɠ ɏɔɘɜŮ 

ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ Modified_Box_Cox (MBC) ɖ ɞˊɞɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ 

Ůɝɑůɤůɖ: 

 

( )12

2

1 2

n

1

mi 1
: ( ; ) , ( , )MBC

T

k
z z k

y g z k k
k

- + -
= = =k k                                                (3.1) 

 

ɧˊɞɡ 1k  ŮɑɜŬɘ ɞ ŮəɗɏŰɖɠ ŭɨɜŬɛɖɠ əŬɘ 2k  ɖ ˊŬɟɎɛŮŰɟɞɠ Ŭˊɧəɚɘůɖɠ. ȼ ɢɟɐůɖ Űɞɡ 

ŰŮɚŮɡŰŬɑɞɡ ŮˊɘŰɟɏˊŮɘ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ ɔɘŬ Űɞ z əŬɘ ɏŰůɘ ɖ ɛŮŰŬŰɟɞˊɐ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬəɧɛŬ əŬɘ ůŮ ŭɘŬəɡɛɎɜůŮɘɠ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ 1 2( , )k k  ŮəŰɘɛɩɜŰŬɘ Ŭˊɧ 

Űɖɜ ŬɟɘɗɛɖŰɘəɐ ɚɨůɖ Űɤɜ ŮɝɘůɩůŮɤɜ 0,ĔĔ 3z zs k= = , ɧˊɞɡ Ĕzs  əŬɘ Ĕzk  ŮɑɜŬɘ ɖ 

ŬůɡɛɛŮŰɟɑŬ əŬɘ ɖ əɨɟŰɤůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŬɜŰɑůŰɞɘɢŬ, 
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2Ĕ Ĕ 3 0z z
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                                                                                               (3.2) 

 

ɧˊɞɡ zm  ŮɑɜŬɘ ɞ ŭɘɎɛŮůɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ. (Varouchakis and Hristopoulos 2013b, 

Varouchakis, Hristopoulos and Karatzas 2012) 
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ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ MBC űŬɑɜɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

 

 Ĕ
zs  Ĕ

zk  

  ȷɟɢɘəɎ 

ȹŮŭɞɛɏɜŬ 
0.76 2.89 

    MBC  -0.15 2.99 

 

ɄɑɜŬəŬɠ 3.3: Ɇɨɔəɟɘůɖ ȾɨɟŰɤůɖɠ əŬɘ ŬůɡɛɛŮŰɟɑŬɠ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ MBC(ɃȾ) 

                         

ȺɜŭŮɘəŰɘəɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭɘɎɔɟŬɛɛŬ Histfit əŬɘ Normplot ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ MBC 

 

ɆɢɐɛŬ 3.1:ȹɘɎɔɟŬɛɛŬ Histfit ɔɘŬ ŰŬ ŬɟɢɘəɎ ŭŮŭɞɛɏɜŬ 
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ɆɢɐɛŬ 3.2:ȹɘɎɔɟŬɛɛŬ Normplot ɔɘŬ ŰŬ ŬɟɢɘəɎ ŭŮŭɞɛɏɜŬ 

 
ɆɢɐɛŬ 3.3:ȹɘɎɔɟŬɛɛŬ Histfit ɔɘŬ ŰŬ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŬ ɛŮ MBC ŭŮŭɞɛɏɜŬ 
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ɆɢɐɛŬ 3.4:ȹɘɎɔɟŬɛɛŬ Normplot ɔɘŬ ŰŬ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŬ ɛŮ MBC ŭŮŭɞɛɏɜŬ 
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3.2.2 ȾŬŰŬůəŮɡɐ ȸŬɟɘɞɔɟŬɛɛɎŰɤɜ (MBC & OK) əŬɘ Cross 

Validation Kriging  

ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ ɏɔɘɜŮ əŬŰŬůəŮɡɐ Űɞɡ ˊŮɘɟŬɛŬŰɘəɞɨ ɓŬɟɘɞɔɟɎɛɛŬŰɞɠ əŬɘ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ɖ ůɨɔəɟɘůɖ Űɞɡ ɛŮ ŰŬ ɗŮɤɟɖŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɞ ȾŮűɎɚŬɘɞ 

1. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɗŮɤɟɖŰɘəɎ ɓŬɟɘɞɔɟɎɛɛŬŰŬ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ˊŮɘɟŬɛŬŰɘəɧ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ Ůˊɘɚɞɔɐ ŮəŮɑɜɞɡ ɛŮ Űɞ əŬɚɨŰŮɟɞ  ñfittingò. 

ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ əŬŰŬůəŮɡɎůŰɖəŬɜ ŭɨɞ ɆˊŬɟŰɘɎŰɘəŬ ɓŬɟɘɞɔɟɎɛɛŬŰŬ əŬɗɩɠ ɛŮ 

əɎˊɞɘŮɠ ɛɘəɟɏɠ ɛŮŰŬɓɞɚɏɠ ůŮ Űɘɛɏɠ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ əɩŭɘəŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ŮɑɜŬɘ ŬɟəŮŰɎ ŭɘŬűɞɟŮŰɘəɎ. ɇɞ ɓŬɟɘɧɔɟŬɛɛŬ 

Spartan_2 ŬˊɞŰŮɚŮɑ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ ɞɛŬɚɐ ˊɟɞůɏɔɔɘůɖ Ůɜɩ Űɞ Spartan_1 ŮɑɜŬɘ ˊɘɞ 

ŬˊɧŰɞɛɞ ˊɟɞůɞɛɞɘɎɕɞɜŰŬɠ ɏŰůɘ ůŮ ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɞɡ 

ˊŮɘɟŬɛŬŰɘəɞɨ ɓŬɟɘɞɔɟɎɛɛŬŰɞɠ. 

 

 

ɆɢɐɛŬ 3.5: Linear Variogramm (OK) 
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ɆɢɐɛŬ 3.6: Exponential Variogramm (OK) 

 

ɆɢɐɛŬ 3.7: Gaussian Variogramm (OK) 
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ɆɢɐɛŬ 3.8: Matérn Variogramm (OK) 

 

ɆxɐɛŬ 3.9: Spherical Variogramm (OK) 






















































































