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                            ȺɈɉȷɅȽɆɇȽȺɆ 

 

ɀŮ Űɖɜ Ůəˊɧɜɖůɖ əŬɘ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ůɖɛŬŰɞŭɞŰŮɑŰŬɘ əŬɘ Űɞ Űɏɚɞɠ Űɖɠ 

űɞɑŰɖůɐɠ ɛɞɡ, ůŰɖɜ Ɇɢɞɚɐ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ. ɋɠ 

Ůə ŰɞɨŰɞɡ ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɘɠ ɗŮɟɛɏɠ əŬɘ ŮɘɚɘəɟɘɜŮɑɠ ɛɞɡ ŮɡɢŬɟɘůŰɑŮɠ ˊɟɞɠ ɧɚɞɡɠ ɧůɞɡɠ 

ɓɞɐɗɖůŬɜ ůŰɖɜ ˊɟɞůˊɎɗŮɘɎ ɛɞɡ ŬɡŰɐ. 

ɄɟɩŰɞɜ Ŭˊȭɧɚɞɡɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ Űɖɠ 

ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ ə. ȷɜŭɟɏŬ ȺɡůŰɟŬŰɘɎŭɖ, Ⱥˊɑə. ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ., ɔɘŬ Űɖɜ ŮɡəŬɘɟɑŬ 

ˊɞɡ ɛɞɡ ɏŭɤůŮ ŬɜŬɗɏŰɞɜŰɎɠ ɛɞɡ ɏɜŬ Űɧůɞ ŮɜŭɘŬűɏɟɞɜ ɗɏɛŬ, ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛɞɡ 

ɏŭŮɘɝŮ əŬɘ ˊɞɡ ůɡɜŮɢɑɕŮɘ ɜŬ ɛɞɡ ŭŮɑɢɜŮɘ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ ˊɞɡ ŮɑɢŬɛŮ ɧɚɞ 

ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ. ȼ ŬɔɎˊɖ Űɞɡ ɔɘŬ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬůŰŮɑɟŮɡŰɖ ɧɟŮɝɐ Űɞɡ 

ɜŬ Űɞ ɛŮŰŬŭɩůŮɘ ůŰɞɡɠ űɞɘŰɖŰɏɠ əŬɘ Űɞ Ůɘɚɘəɟɘɜɏɠ ŮɜŭɘŬűɏɟɞɜ ŬˊɏɜŬɜŰɑ Űɞɡɠ, Űɞɜ əŬɗɘůŰɞɨɜ 

ɧɢɘ ɛɧɜɞ ˊɟɧŰɡˊɞ əŬɗɖɔɖŰɐ ŬɚɚɎ əŬɘ Ŭɜɗɟɩˊɞɡ.  

ɆŰɖ ůɡɜɏɢŮɘŬ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ Ɉˊɞɣ. ȹɟ. ɇɕɤɟŰɕɑɜŬ ɆŬəəɐ ɔɘŬ Űɖ ɓɞɐɗŮɘɎ Űɖɠ, 

ɔɘŬ Űɘɠ ůŰɞɢŮɡɛɏɜŮɠ əŬɘ ɢɟɐůɘɛŮɠ ůɡɛɓɞɡɚɏɠ Űɖɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůɡɔɔɟŬűɐɠ Űɖɠ Ůɜ ɚɧɔɤ 

ŭɘˊɚɤɛŬŰɘəɐɠ.  

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Ŭˊɧ əŬɟŭɘɎɠ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ, Űɞɡɠ ɔɞɜŮɑɠ əŬɘ Űɘɠ ŬŭŮɟűɏɠ 

ɛɞɡ ɔɘŬ Űɖɜ ůŰɐɟɘɝɐ Űɞɡɠ əŬɘ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛɞɡ ɏŭŮɘɢɜŬɜ Ŭˊɧ ŰŬ ůɢɞɚɘəɎ ɛɏɢɟɘ ŰŬ 

űɞɘŰɖŰɘəɎ ɛɞɡ ɢɟɧɜɘŬ. ȹŮ ɗŬ ɛˊɞɟɞɨůŬ ɜŬ ɛɖɜ ŬɜŬűŮɟɗɩ əŬɘ ůŰɞɡɠ ŬɔŬˊɖɛɏɜɞɡɠ ɛɞɡ űɑɚɞɡɠ, 

ˊɞɡ ɢɤɟɑɠ ŬɡŰɞɨɠ ɖ űɞɑŰɖůɐ ɛɞɡ ůŰɖ ůɢɞɚɐ ŭŮ ɗŬ ɐŰŬɜ Űɧůɞ ɧɛɞɟűɖ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ůɡɜŮɢɐ 

ůŰɐɟɘɝɖ əŬɘ ŮɜɗɎɟɟɡɜůɐ Űɞɡɠ. 
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                            ɄȺɅȽȿȼɊȼ 

 

ɆŮ ɏɜŬɜ ŰŬɛɘŮɡŰɐɟŬ, ɞɘ ůɢɏůŮɘɠ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ ŮɑɜŬɘ ŬɜŬɔəŬɑŮɠ 

Űɧůɞ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ ɧůɞ əŬɘ əŬŰɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ɞ 

ůɖɛŬɜŰɘəɧɠ Űɞɡɠ ɟɧɚɞɠ ůŰɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ, ɧˊɤɠ ɖ ŬɜŰɘˊɚɖɛɛɡɟɘəɐ 

ˊɟɞůŰŬůɑŬ, ɖ ˊŬɟŬɔɤɔɐ ɡŭɟɞɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɖ ɨŭɟŮɡůɖ əŬɘ ɖ ɎɟŭŮɡůɖ. ɆŰɞ ˊŬɟŮɚɗɧɜ, 

ɏɢɞɡɜ ɔɑɜŮɘ ˊɞɚɚɏɠ ˊɟɞůˊɎɗŮɘŮɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ůŰɎɗɛɖɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ 

Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ũŮɜɘəɎ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ŬɡŰɩɜ Űɤɜ ɛŮɔŮɗɩɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɢɏůŮɘɠ ŭɨɜŬɛɖɠ, ˊɞɡ ŬɜŰɘəŬŰɞˊŰɟɑɕɞɡɜ ɛŮ ŬɟəŮŰɐ ŬəɟɑɓŮɘŬ Űɖ ɛŮŰŬɝɨ Űɞɡɠ 

ůɡůɢɏŰɘůɖ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɨɞ ůɡɜŰŮɚŮůŰɏɠ (əɚɑɛŬəŬɠ əŬɘ ůɢɐɛŬŰɞɠ) ɔɘŬ əɎɗŮ ɕŮɡɔɎɟɘ 

ŭŮŭɞɛɏɜɤɜ (ůŰɎɗɛɖ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ, ůŰɎɗɛɖ ï ŮˊɘűɎɜŮɘŬ). Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ŮɝŬɢɗɞɨɜ ɔŮɜɘəŮɡɛɏɜŮɠ ŮɝɘůɩůŮɘɠ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï 

ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ, ůŰɘɠ ɞˊɞɑŮɠ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ ŮɑɜŬɘ ůŰŬɗŮɟɧɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞ Űɡˊɘəɧ 

ůɢɐɛŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ȺɘŭɘəɧŰŮɟŬ, ŭɑɜŮŰŬɘ ɏɛűŬůɖ ůŰɖ ůɢɏůɖ ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ, ɛŮ 

ůəɞˊɧ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Űɖɠ Ůɝɑůɤůɖɠ ŭɨɜŬɛɖɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ. 

ȷɟɢɘəɎ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ, ůŮ ɗŮɤɟɖŰɘəɧ ŮˊɑˊŮŭɞ, ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɎɗɛɖɠ ï 

ŮˊɘűɎɜŮɘŬɠ ï ɢɤɟɖŰɘəɧŰɖŰɠ  6.824 űɟŬɔɛɎŰɤɜ ˊŬɔəɞůɛɑɤɠ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɖ ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ ReGeom (Global Reservoir Geometry Database). ɆŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɐ ɞɘ 

ŰŬɛɘŮɡŰɐɟŮɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ, ůŮ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ ůɢɐɛŬŰŬ əŬɘ ŮɝɎɔɞɜŰŬɘ ɞɘ ɔŮɜɘəŮɡɛɏɜŮɠ 

ŮɝɘůɩůŮɘɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 38 ɜɏɞɘ Ůɜ ŭɡɜɎɛŮɘ ŰŬɛɘŮɡŰɐɟŮɠ, ɛŮ Űɖ ɢɟɐůɖ Űɤɜ ɚɞɔɘůɛɘəɩɜ 

Google Earth əŬɘ ArcGIS, əŬɘ ɏˊŮɘŰŬ Ŭˊɧ ŮˊŮɝŮɟɔŬůɑŬ ŭɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ɞɘ ůɡɜŰŮɚŮůŰɏɠ Űɖɠ 

ůɢɏůɖɠ ŭɨɜŬɛɖɠ ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ, ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ, ŭɖɚŬŭɐ 

Ŭˊɧ Űɖɜ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, Űɖɜ əɚɑůɖ əŬɘ Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ əŬɘ Űɞ ɛɏůɞ ˊɚɎŰɞɠ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ. ɀŮ Űɖɜ ɑŭɘŬ ɚɞɔɘəɐ, ɏɢɞɜŰŬɠ ŭŮŭɞɛɏɜŬ Ŭˊɧ 16 Ⱥɚɚɖɜɘəɞɨɠ ŰŬɛɘŮɡŰɐɟŮɠ, 

ŭɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ɖ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ůŰɎɗɛɖ Űɞɡ ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɖɜ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ ˊŮɟɘɛŮŰɟɘəɎ Űɖɠ ɚŮəɎɜɖɠ əŬŰɎəɚɡůɖɠ əŬɘ Ŭˊɧ Űɖɜ əɚɑůɖ Űɞɡ 

ˊɡɗɛɏɜŬ, ˊɞɡ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ. ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ ůŰŬŰɘůŰɘəɎ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ, ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ (ůɡɜŰŮɚŮůŰɐɠ 

Nash-Sutcliffe, NSE əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ, RMSE). 

ɇɏɚɞɠ, ɔɘŬ Űɖɜ Ůˊɘəɨɟɤůɖ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɞɘ ŮɝŬɔɩɛŮɜŮɠ ůɢɏůŮɘɠ Űɤɜ 

ˊɟɞɖɔɞɨɛŮɜɤɜ əŮűŬɚŬɑɤɜ ŮɝŮŰɎůŰɖəŬɜ ůŮ 7 ɜɏɞɡɠ ɡűɘůŰɎɛŮɜɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ, ɞɘ ɞˊɞɑɞɘ 

ˊɟɞůɞɛɞɘɩɗɖəŬɜ ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ˊɚɐɟɤůɐ Űɞɡɠ ɔɘŬ Űɖɜ ŬůűŬɚɐ Ŭɝɘɞɚɧɔɖůɐ Űɞɡɠ. 
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                            ABSTRACT 

 

Depth ï area ï storage relationships are the most important factors for both the design and the 

function of  reservoir in order to control the multiple purposes of water management including 

flood protection, hydropower energy and water supply and irrigation. Previous land surface 

modeling studies used simplified depth ï area ï storage relationships for reservoir modeling. 

Generally, the most widely used relationship for the estimation of the three characteristic 

geometrical variables of reservoirs are power law storage ï area ï depth relationships that use 

a shape factor and a scale factor for each pair (e.g. depth ï storage power law, depth ï area 

power law) and whose accuracy is very high. The aim of this study is to develop generalized 

elevation ï area ï storage power type relationships, with the shape parameter kept stable, and 

subsequently, emphasizing to the elevation ï storage equation, to investigate how the two factors 

are dependent to the typical shape of the reservoir. 

To begin with, the theoretical analysis was based on data originating from the Global Reservoir 

Geometry Database, which is a global-scale reservoir storage ï area ï depth dataset including 

6.824 major reservoirs. For each reservoir, the storage-area-depth relationships were derived 

from an optimal geometric shape selected iteratively from, eventually, three possible regular 

geometric shapes and export the generalized equations. 

In order to test this framework, 38 hypothetical reservoirs were created by using Google Earth 

and ArcGIS. After a long procedure, it was determined that the factors of the aforementioned 

relationship (i.e., scale and shape factor) depend on the surrounding landscape characteristics, 

such as the terrain slope, riverbed slope, the bed width and the mean width of the reservoir. 

Therefore, by using data from 16 Greek Dams, it was confirmed that the storage of a reservoir, 

as a function of its depth, depends on the surrounding terrain slope and the riverbed slope, 

which is easily-calculated. For the evaluation of the results, two statistical performance criteria, 

Nash-Sutcliffe efficiency coefficient (NSE) and root-mean-square error (RMSE), were used to 

compare the simulated and real depth ï storage curves. 

Lastly, for validation purpose, the exported relationships that were described in the previous 

chapters, were tested in 7 new existing reservoirs, simulated before and after the filling for safe 

evaluation. 
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1. ȺɘůŬɔɤɔɐ 

 

1.1 ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ɀŮɚɏŰɖɠ 
 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬˊɞůəɞˊŮɑ ůŰɖɜ ŮɝŬɔɤɔɐ əŬŰɎɚɚɖɚɤɜ ŮɝɘůɩůŮɤɜ ˊɞɡ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖ 

ůɢɏůɖ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ Ůɜɧɠ ŰŬɛŮɡŰɐɟŬ. ȺɘŭɘəɧŰŮɟŬ, ɛŮɚŮŰɎŰŬɘ ɖ 

ůɡůɢɏŰɘůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ əɚɑɛŬəŬɠ əŬɘ ůɢɐɛŬŰɞɠ Űɖɠ Ůɝɑůɤůɖɠ Ὤ ‗ Ὓ  ɛŮ ŰŬ 

ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɚŮəɎɜɖɠ əŬŰɎəɚɡůɖɠ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ əŬɘ Űɞ ŮɡɟɨŰŮɟɞ 

ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ.  

ȷɟɢɘəɎ, ɔɑɜŮŰŬɘ ɛɑŬ ˊɟɩŰɖ ŮˊŮɝŮɟɔŬůɑŬ ɛŮ ŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ 

əŬɛˊɡɚɩɜ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ Ŭˊɧ Űɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ReGeom, 

ɓŬůɘůɛɏɜɖ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ GRanD ɛŮ əɎˊɞɘŮɠ ˊɟɧůɗŮŰŮɠ ŬɜŬɚɨůŮɘɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɜɏŮɠ ɗɏůŮɘɠ ŰŬɛɘŮɡŰɐɟɤɜ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɞɨ ArcGIS əŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ 

ŬɡŰɞɨ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ůɢɏůɖ ˊɞɡ ɏɢɞɡɜ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɞɡ ŰŬɛɘŮɡŰɐɟŬ.  

ɇŮɚɘəɧɠ ůəɞˊɧɠ Űɖɠ ɏɟŮɡɜŬɠ ŮɑɜŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ Ὤ ‗ Ὓ, ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɞ ɏɜŬɠ Ůə 

Űɤɜ ŭɨɞ ůɡɜŰŮɚŮůŰɐɠ ɛŮ əɎˊɞɘɞ ɛɞɜŬŭɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ɧˊɤɠ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ɖ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ Űɖɠ ɔɨɟɤ ˊŮɟɘɞɢɐɠ, ɐ ɖ əɚɑůɖ Űɖɠ ɚŮəɎɜɖɠ əŬɘ ɏŰůɘ ɖ 

ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɜŬ ˊŮɟɘɏɢŮɘ ɛɧɜɞ ɏɜŬɜ ɎɔɜɤůŰɞ ůɡɜŰŮɚŮůŰɐ. 

 

1.2 ȹɘɎɟɗɟɤůɖ ŰŮɨɢɞɡɠ 
 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊŮɟɘɏɢŮɘ 8 əŮűɎɚŬɘŬ, ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ, ɔɑɜŮŰŬɘ ɛɑŬ ŮɘůŬɔɤɔɐ ɔɘŬ Űɞ ŬɜŰɘəŮɑɛŮɜɞ əŬɘ Űɞɜ ůəɞˊɧ Űɖɠ ˊŬɟɞɨůŬɠ 

ɏɟŮɡɜŬɠ. 

ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɖɛŬůɑŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ Űɖɠ ɏɟŮɡɜŬɠ ɔɘŬ Űɖɜ 

əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ əŬɘ əŬŰȭŮˊɏəŰŬůɖ Űɖɜ əŬɚɨŰŮɟɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɢɟɐůɖɠ Űɞɡ ɜŮɟɞɨ, ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ɎɚɚŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ. Ⱥˊɑůɖɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŮɟɘɚɖˊŰɘəɎ ˊŬɚŬɘɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ŮɜŬůɢɧɚɖůɖɠ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ, əŬɗɩɠ əŬɘ 

əɎˊɞɘŮɠ ɢɟɐůɘɛŮɠ ŮɝɘůɩůŮɘɠ ˊɞɡ ɏɢɞɡɜ ŮɝŬɢɗŮɑ. 

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɛɑŬ ŮɘůŬɔɤɔɐ ůŰɖ Global Reservoir Geometry Database (ReGeom) 

əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɩůŰŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ 

ŬɚɚɖɚɞɡɢɑŬ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ ɔɘŬ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ Űɖɠ ɓɎůɖɠ 

GRanD. 

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ ɏɝɘ (6) ɓŬůɘəɩɜ ŮɝɘůɩůŮɤɜ ˊɞɡ ˊɟɞůɞɛɞɘɩɜɞɡɜ ŰŬ ŰɟɑŬ ɛŮɔɏɗɖ Űɖɠ ůŰɎɗɛɖɠ -

ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ. ȷˊɧ ŰŬ 5 əɡɟɑŬɟɢŬ ůɢɐɛŬŰŬ ŰŬɛɘŮɡŰɐɟɤɜ Űɖɠ ɓɎůɖɠ, 

əŬŰŬɚɐɔɞɡɛŮ ůŮ ŰɟɑŬ əɨɟɘŬ ůɢɐɛŬŰŬ Űɖɠ ŮɔəɎɟůɘŬɠ ŭɘŬŰɞɛɐɠ Űɞɡɠ, ŰŬ ɞˊɞɑŬ ɗŬ ŬˊɞŰŮɚɏůɞɡɜ 

Űɖ ɓɎůɖ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ. 
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ɆŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 38 ɜɏɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ 

ArcGIS, ɩůŰŮ ɜŬ ɔɑɜŮɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ, ˊɟɘɜ Űɖɜ ˊɚɐɟɤůɐ Űɞɡɠ ɛŮ ɜŮɟɧ, ɏŰůɘ 

ɩůŰŮ ɜŬ űŬɜŮɑ ɖ ůɡůɢɏŰɘůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ əɚɑɛŬəŬɠ ɚ əŬɘ ůɢɐɛŬŰɞɠ ə Űɖɠ Ůɝɑůɤůɖɠ Ὤ

‗ Ὓ ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 

ɆŰɞ ɏəŰɞ əŮűɎɚŬɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮˊŮɝŮɟɔŬůɑŬ 16 ɡűɘůŰɎɛŮɜɤɜ Ⱥɚɚɖɜɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ 

əŬɘ ŮɝŮŰɎɕŮŰŬɘ ɖ ůɡůɢɏŰɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ůɡɜŰŮɚŮůŰɩɜ ɚ əŬɘ ə ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ, ɛŮŰɎ Űɖɜ ˊɚɐɟɤůɖ Űɖɠ ɚŮəɎɜɖɠ. 

ɆŰɞ ɏɓŭɞɛɞ əŮűɎɚŬɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ůˊɘəɨɟɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŭɨɞ 

ˊɟɞɖɔɞɨɛŮɜɤɜ əŮűŬɚŬɑɤɜ, ɛŮ 7 ɜɏɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ. 

ɆŰɞ ɧɔŭɞɞ əŮűɎɚŬɘɞ, ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ əŬɘ ˊɟɞŰŮɑɜɞɜŰŬɘ 

ŬɜŰɘəŮɑɛŮɜŬ ɛŮɚɚɞɜŰɘəɐɠ ɏɟŮɡɜŬɠ. 
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2. ŪŮɤɟɖŰɘəɧ ɈˊɧɓŬɗɟɞ  

 

2.1 ɆɖɛŬůɑŬ Űɤɜ əŬɛˊɡɚɩɜ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɏɛŬŰɞɠ 
 

ȼ ůɖɛŬůɑŬ Űɞɡ əɨəɚɞɡ Űɞɡ ɜŮɟɞɨ ůŰɞɜ əɨəɚɞ ɕɤɐɠ ŮɑɜŬɘ ɧɢɘ ŬˊɚɎ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ Űɖɠ 

ŬɚɚɎ Ŭˊɧ ŰŬ ˊɘɞ ɓŬůɘəɎ. ɇɞ ɜŮɟɧ, ɧɜŰŬɠ ɏɜŬ Ŭˊɧ ŰŬ əɡɟɑŬɟɢŬ ůŰɞɘɢŮɑŬ Űɞɡ əɧůɛɞɡ, Űɖɠ 

ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ Űɖɠ ɕɤɐɠ, ɡˊɐɟɝŮ ˊɎɜŰɞŰŮ ůŰɞ ŮˊɑəŮɜŰɟɞ Űɤɜ ŮˊɘůŰɖɛɞɜɘəɩɜ, ɗɟɖůəŮɡŰɘəɩɜ, 

ɛɡɗɞɚɞɔɘəɩɜ əŬɘ űɘɚɞůɞűɘəɩɜ ŬɜŬɕɖŰɐůŮɤɜ Űɞɡ Ŭɜɗɟɩˊɞɡ. ȹŮɜ ɡˊɎɟɢŮɘ ůɢŮŭɧɜ əŬɛɑŬ 

Ŭɜɗɟɩˊɘɜɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ, ůŰɖɜ ɞˊɞɑŬ ɜŬ ɛɖɜ ůɡɛɛŮŰɏɢŮɘ ɏɛɛŮůŬ ɐ ɎɛŮůŬ Űɞ ɜŮɟɧ ůŮ 

ɞˊɞɘŬŭɐˊɞŰŮ ɛɞɟűɐ Űɞɡ. 

Ƀ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ ɜŮɟɞɨ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɖ ũɖ ŮəŰɘɛɎŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ 1.360 ŮəŬŰɞɛɛɨɟɘŬ 

əɡɓɘəɎ ɢɘɚɘɧɛŮŰɟŬ. ȼ əŬŰŬɜɞɛɐ Űɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 2.1 

ɄɑɜŬəŬɠ 2.1: ɄŬɔəɧůɛɘŬ əŬŰŬɜɞɛɐ Űɞɡ ɜŮɟɞɨ (Ʉɖɔɐ: Bouwer, 1978) 

 ȳɔəɞɠ x 1000 km3 ɄɞůɞůŰɧ (%) 

ɁŮɟɧ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ 13 0,001 

ȺˊɘűŬɜŮɘŬəɎ ɜŮɟɎ   

ɁŮɟɎ ůŰɞɡɠ ɤəŮŬɜɞɨɠ 1320000 97,2 

ȷɚɛɡɟɧ ɜŮɟɧ ůŮ ɚɑɛɜŮɠ 104 0,008 

ũɚɡəɧ ɜŮɟɧ ůŮ ɚɑɛɜŮɠ 125 0,009 

ũɚɡəɧ ɜŮɟɧ ůŮ ˊɞŰŬɛɞɨɠ 1,25 0,0001 

ɄŬɔŮŰɩɜŮɠ 29000 2,15 

ɁŮɟɧ ůŰɖ ɓɘɞɛɎɕŬ 50 0,004 

ɈˊɧɔŮɘŬ ɜŮɟɎ   

ɁŮɟɧ ůŰɖɜ ŬəɧɟŮůŰɖ ɕɩɜɖ 67 0,005 

ɈˊɧɔŮɘŬ ɜŮɟɎ ůŮ ɓɎɗɞɠ 800 m 4200 0,31 

ɈˊɧɔŮɘŬ ɜŮɟɎ ůŮ ɓɎɗɞɠ Ŭˊɧ 800 ï 4000 m 4200 0,31 

Ɇɨɜɞɚɞ 1360000 100 

 

ɀŮ Űɖɜ əŬŰŬůəŮɡɐ Ůɜɧɠ űɟɎɔɛŬŰɞɠ, ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛɑŬ ŰŮɢɜɖŰɐ ɚɑɛɜɖ (ŰŬɛɘŮɡŰɐɟŬɠ), ɤɠ 

ůɡɜɏˊŮɘŬ Űɖɠ űɟŬɔɐɠ Űɖɠ ɟɞɐɠ ŬɜɎɜŰɖ Űɞɡ űɟɎɔɛŬŰɞɠ, ɧˊɞɡ ŬˊɞɗɖəŮɨŮŰŬɘ Űɞ ɜŮɟɧ. ȼ 

ŬˊɞɗɐəŮɡůɖ Űɞɡ ɜŮɟɞɨ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ ˊɞɚɚŬˊɚɩɜ ɢɟɐůŮɤɜ ɧˊɤɠ: 

¶ ȴŭɟŮɡůɖ 

¶ ȯɟŭŮɡůɖ 

¶ ɈŭɟɞɖɚŮəŰɟɘəɐ ɄŬɟŬɔɤɔɐ 

¶ ȷɜŰɘˊɚɖɛɛɡɟɘəɐ ˊɟɞůŰŬůɑŬ  

¶ ȽɢɗɡɞəŬɚɚɘɏɟɔŮɘŬ 

¶ ȷɜŬɣɡɢɐ 

ɇŬ űɟɎɔɛŬŰŬ əŬɘ ɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɞɜ ɏɚŮɔɢɞ əŬɘ Űɖ 

ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɡŭɎŰɘɜɤɜ ˊɧɟɤɜ. ȷɜŬɛűɑɓɞɚŬ, ɞ ɛŮŰɟɘŬůɛɧɠ Űɤɜ ˊɚɖɛɛɡɟɩɜ, ɖ ŮɝŬůűɎɚɘůɖ 

Űɤɜ ŬˊɞɗŮɛɎŰɤɜ ɜŮɟɞɨ əŬɘ ɖ ˊŬɟɞɢɐ ɡŭɟɞɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɏɢɞɡɜ ɤűŮɚɐůŮɘ Űɘɠ 

ŬɜɗɟɩˊɘɜŮɠ əɞɘɜɤɜɑŮɠ ɛŮ ˊɞɚɚɞɨɠ Űɟɧˊɞɡɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ɡɔŮɑŬɠ, 
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Űɖɜ ŮˊɏəŰŬůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɟɞűɑɛɤɜ əŬɘ Űɖɜ ɞɘəɞɜɞɛɘəɐ ŬɜɎˊŰɡɝɖ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŰŬ 

ɛŮɔɎɚŬ űɟɎɔɛŬŰŬ ŮəŰɘɛɎŰŬɘ ɧŰɘ ůɡɛɓɎɚɚɞɡɜ ɎɛŮůŬ ůŰɞ 12-16% Űɖɠ ˊŬɔəɧůɛɘŬɠ ˊŬɟŬɔɤɔɐɠ 

Űɟɞűɑɛɤɜ (WCD 2000). ɄɟɧůűŬŰŮɠ ˊɟɞɓɚɏɣŮɘɠ ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ɗŬ ɢɟŮɘŬůŰŮɑ 70% 

ˊŮɟɘůůɧŰŮɟɖ Űɟɞűɐ ɛɏɢɟɘ Űɞ 2050 (ůɢŮŭɧɜ 100% ůŰɘɠ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɢɩɟŮɠ) ɔɘŬ ɜŬ 

ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ɖ Ŭɨɝɖůɖ Űɞɡ ˊŬɔəɧůɛɘɞɡ ˊɚɖɗɡůɛɞɨ əŬŰɎ 40% əŬɘ ɜŬ ˊɟɞůŬɟɛɞůŰɞɨɜ ɞɘ 

ŬɜŬɛŮɜɧɛŮɜŮɠ ŬɚɚŬɔɏɠ ůŰŬ ˊŬɔəɧůɛɘŬ ŭɘŬŰɟɞűɘəɎ ˊɟɧŰɡˊŬ (Bruinsma 2009). 

ȷŭɘŬɛűɘůɓɐŰɖŰŬ, ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɢɟɐůŮɘɠ ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɞɜ 

Ɏɜɗɟɤˊɞ əŬɘ ŰŬ ɕɩŬ. ȰŰůɘ, ɛŮ Űɖɜ əŬŰŬŰɞˊɘůŰɘəɐ ɔɜɩůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ (ŮɚɎɢɘůŰɖ ůŰɎɗɛɖ, ɛɏɔɘůŰɖ ůŰɎɗɛɖ, ɢɤɟɖŰɘəɧŰɖŰŬ, 

ŮˊɘűɎɜŮɘŬ əŬŰɎɚɖɣɖɠ) ŮɚɏɢɔɞɜŰŬɘ əŬɘ ɞɘ ˊŬɟŬˊɎɜɤ ɢɟɐůŮɘɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ůŰɎɗɛɖɠ, Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ŮɑɜŬɘ 

əŬɗɞɟɘůŰɘəɐɠ ůɖɛŬůɑŬɠ. 

 

2.2 Ⱥˊɘůəɧˊɖůɖ ɢɟɐůɘɛɤɜ ɛŮɗɧŭɤɜ ˊɟɞůŭɘɞɟɘůɛɞɨ ůɢɏůŮɤɜ ůŰɎɗɛɖɠ ï 

ŮˊɘűɎɜŮɘŬɠ - ŬˊɞɗɏɛŬŰɞɠ 
 

ɆŰɞ ˊŬɟŮɚɗɧɜ, ɏɢɞɡɜ ɔɑɜŮɘ ŬɟəŮŰɏɠ ˊɟɞůˊɎɗŮɘŮɠ ůɡůɢɏŰɘůɖɠ Űɤɜ Űɟɘɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

ɛŮɔŮɗɩɜ. ȾɎˊɞɘŮɠ ɏɢɞɡɜ ŬɟəŮŰɎ Ŭˊɚɞˊɞɘɖɛɏɜɞ ɡˊɧɓŬɗɟɞ, Ůˊɞɛɏɜɤɠ ŭŮɜ ˊŬɟɏɢɞɡɜ ɡɣɖɚɐ 

ŬəɟɑɓŮɘŬ, Ůɜɩ ɎɚɚŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊɘɞ ˊŮɟɑˊɚɞəɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ˊɘɞ 

ɟŮŬɚɘůŰɘəɧ. ɋůŰɧůɞ, ɧɚŮɠ ɞɘ ɛɏɗɞŭɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɨɞ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮŰŬɝɨ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɏɛŬŰɞɠ ŬɜɎ ɕŮɨɔɖ. ɄŬɟŬəɎŰɤ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ. 

ȷɟɢɘəɎ, ɞ Neumann (1959) ˊɟɧŰŮɘɜŮ ɛɑŬ ˊɟɞůɏɔɔɘůɖ ɧˊɞɡ ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɏɜŬ ŮɚɚŮɘˊŰɘəɧ ůɢɐɛŬ, Ůɜɩ ɖ ŭɘŬŰɞɛɐ Űɞɡ ŮɑɜŬɘ ɖɛɘŰɞɜɞŮɘŭɐɠ. ȼ 

ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ ŬɡŰɐ, ˊɟɞɐɚɗŮ Ŭˊɧ ɛɑŬ ŮˊŮɝŮɟɔŬůɑŬ 107 ɚɘɛɜɩɜ. ȺˊŬəɧɚɞɡɗŮɠ ɛŮɚɏŰŮɠ 

(Anderson, 1961 & Lehman 1975), ɤůŰɧůɞ, ɡˊɞůŰɖɟɑɕɞɡɜ ˊɤɠ ɖ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ 

ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ ɛŮ ůɢŮŰɘəɐ ŬəɟɑɓŮɘŬ ɛɧɜɞ Űɘɠ ɡˊɧ ɛŮɚɏŰɖ ɚɑɛɜŮɠ. 

Ƀ Lehman (1975) ŭɘŬŰɐɟɖůŮ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɤɠ ɏɚɚŮɘɣɖ, ŬɚɚɎ ɖ ŭɘŬŰɞɛɐ Űɞɡ, 

ŮəŰɧɠ Ŭˊɧ ɖɛɘŰɞɜɞŮɘŭɐɠ, ɛˊɞɟɞɨůŮ ɜŬ ɏɢŮɘ ˊŬɟŬɓɞɚɘəɧ, ŮɚɚŮɘˊŰɘəɧ ɐ əɡɚɘɜŭɟɘəɧ ůɢɐɛŬ. 

ɋůŰɧůɞ əŬɘ ůŰɘɠ ŭɨɞ ŬɡŰɏɠ ɡˊɞɗɏůŮɘɠ, ɡɘɞɗŮŰŮɑŰŬɘ ɖ ɗŮɩɟɖůɖ ˊɤɠ ɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ɏɢɞɡɜ 

ɛɏɔɘůŰɞ ɓɎɗɞɠ ůŰɞ əɏɜŰɟɞ Űɞɡɠ, Ůɜɩ ɏɢɞɡɜ ɛɖŭŮɜɘəɧ ɓɎɗɞɠ ůŰɖɜ ˊŮɟɘűɏɟŮɘŬ. 

ɀɑŬ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ (Johansson et al., 2007) ́ ɟɞůŭɘɞɟɑɕŮɘ Űɞɜ ɧɔəɞ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ əŬɘ Űɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡ, ŮˊŮɝŮɟɔɎɕɞɜŰŬɠ ŭŮŭɞɛɏɜŬ Ŭˊɧ 105 

ɚɑɛɜŮɠ ůŰɖ ɆəŬɜŭɘɜŬɓɑŬ.  

ɆɖɛŬɜŰɘəɧ ŮˊɑŰŮɡɔɛŬ ɐŰŬɜ ɖ ŬɜɎˊŰɡɝɖ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ Global Reservoir and Dam 

(Lehner et al., 2011), ɧˊɞɡ ˊŬɟɏɢɞɜŰŬɘ ŭŮŭɞɛɏɜŬ ɔɘŬ ˊɎɜɤ Ŭˊɧ 6.500 űɟɎɔɛŬŰŬ ˊŬɔəɞůɛɑɤɠ, 

əŬɗɩɠ ɏɤɠ ŰɧŰŮ ŰŬ ˊŬɔəɧůɛɘŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊŮɟɘɏɔɟŬűŬɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ŰŬɛɘŮɡŰɐɟɤɜ ɐŰŬɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ůɚɚɘˊɐ. ɇŬ ŭŮŭɞɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ GRanD 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ (ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ) Űɞ ɧɜɞɛŬ Űɞɡ űɟɎɔɛŬŰɞɠ, Űɘɠ ɢɤɟɘəɏɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ, Űɞ ɏŰɞɠ əŬŰŬůəŮɡɐɠ Űɞɡ űɟɎɔɛŬŰɞɠ, ŰŬ ˊɞɚɨɔɤɜŬ ŮˊɘűɎɜŮɘŬɠ, Űɖɜ 

ɢɤɟɖŰɘəɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ, Űɞ ɨɣɞɠ űɟɎɔɛŬŰɞɠ əŬɘ Űɖɜ əɨɟɘŬ ɢɟɐůɖ Űɞɡ.  
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ȺɘəɧɜŬ 2.1: ɄŬɔəɧůɛɘŬ əŬŰŬɜɞɛɐ (ŬɜɎ ɢɩɟŬ) ɛŮɔɎɚɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ GRanD, ˊɖɔɐ: Lehner et al., 2011 
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ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ɏɟŮɡɜŬ, ŮɝɐɢɗɖůŬɜ ŭɨɞ ůɢɏůŮɘɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɧɔəɞɡ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 

ɆŰɖɜ ˊɟɩŰɖ ɤɠ ɞɟɑůɛŬŰŬ Ůɘůɧŭɞɡ, ɡˊŮɘůɏɟɢɞɜŰŬɘ ɖ ŮˊɘűɎɜŮɘŬ əŬɘ ɖ ůŰɎɗɛɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, 

ɛŮ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɞɨ R2 = 0,92 əŬɘ ůŰɖ ŭŮɨŰŮɟɖ ɞ ɧɔəɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɧɜɞ Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘɎ Űɞɡ, ɛŮ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 = 0,80. 

 

   ὠ πȟφχψ ὃὬ ȟ  (2.1) 
 

ὠ σπȟφψτ ὃȟ  (2.2) 
 

 

ɧ́ ɞɡ  V = ɧɔəɞɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ (106 m3), 

          A = ŮˊɘűɎɜŮɘŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ (km2) 

           h = ůŰɎɗɛɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ (m) 

 

ɇɏɚɞɠ, ɛɑŬ Ɏɚɚɖ ŮɟŮɡɜɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ (Liebe et al., 2009) ŬűɞɟɎ ůŮ ɛɘəɟɞɨɠ ŰŬɛɘŮɡŰɐɟŮɠ 

ɢɤɟɖŰɘəɧŰɖŰŬɠ ɏɤɠ 186 hm3, əŬɘ ˊɟɞůŭɘɞɟɑɕŮɘ Űɞɜ ɧɔəɞ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ȼ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɛɘŬ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ũəɎɜŬɠ əŬɘ ˊŮɟɘɏɢŮɘ ɏɜŬ ŭŮɑɔɛŬ 

154 ŰŬɛɘŮɡŰɐɟɤɜ. ȸŬůɘəɐ ɡˊɧɗŮůɖ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ ŮɑɜŬɘ ˊɤɠ ɞ ŰŬɛɘŮɡŰɐɟŬɠ ɏɢŮɘ ůɢɐɛŬ 

ˊɡɟŬɛɑŭŬɠ ɛŮ ŰŮŰɟŬɔɤɜɘəɐ ɓɎůɖ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.2. 

 

ȰˊŮɘŰŬ Ŭˊɧ əɎˊɞɘŮɠ ŮˊŮɝŮɟɔŬůɑŮɠ, ɖ ŰŮɚɘəɐ ůɢɏůɖ ˊɞɡ ůɡůɢŮŰɑɕŮɘ Űɞɜ ɧɔəɞ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɛŮ 

Űɖɜ ŮˊɘűɎɜŮɘŬ ŬɡŰɞɨ ŮɑɜŬɘ: 

 

     ὠ πȟππψυχ ΅ȟ  (2.3) 
 

  

ɧ́ ɞɡ ɞ ŰŮɚɘəɧɠ ɧɔəɞɠ V ŬɜŬűɏɟŮŰŬɘ ůŮ m3. 

ɆŰŬ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ, ɗŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ɞɘ ůɢɏůŮɘɠ (2.1), (2.2), (2.3) ůŰɞɡɠ ɡˊɧ ɛŮɚɏŰɖ 

ŰŬɛɘŮɡŰɐɟŮɠ Űɞɡ 5ɞɡ əŮűŬɚŬɑɞɡ əŬɘ ůŰɞɡɠ Ⱥɚɚɖɜɘəɞɨɠ ŰŬɛɘŮɡŰɐɟŮɠ Űɞɡ 6ɞɡ əŮűŬɚŬɑɞɡ. 

 

ȺɘəɧɜŬ 2.2: ɀɞɜŰɏɚɞ ŰŬɛɘŮɡŰɐɟŬ, ˊɖɔɐ: Liebe et al., 2009 
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3. Global Reservoir Geometry Database 

 

3.1 ȺɘůŬɔɤɔɐ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ReGeom 
 

ȼ ɓɎůɖ ŬɡŰɐ ɏɢŮɘ ɤɠ ůŰɧɢɞ ɜŬ ˊɟɞůɞɛɞɘɩůŮɘ Űɖɜ ŬɚɚɖɚɞɡɢɑŬ ɓɎɗɞɡɠ ï ŮˊɘűɎɜŮɘŬɠ ï 

ɢɤɟɖŰɘəɧŰɖŰŬɠ əɎɗŮ űɟɎɔɛŬŰɞɠ ɛɏůɤ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ, ɛŮ ɔɜɩɛɞɜŬ 

ˊŬɚŬɘɧŰŮɟŮɠ ɡˊɞɗɏůŮɘɠ əŬɘ ɏɟŮɡɜŮɠ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŬɜ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ.  

ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɓɎůɖɠ ˊɟɞɏɟɢɞɜŰŬɘ ɤɠ Ůˊɑ Űɞ 

ˊɚŮɑůŰɞɜ Ŭˊɧ Űɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ GRanD (Lehner et al., 2011), ɧˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ 

ɔɘŬ 6.824 ŰŬɛɘŮɡŰɐɟŮɠ, Űɤɜ ɞˊɞɑɤɜ ɖ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ ɡˊŮɟɓŬɑɜŮɘ Űɞ 1 hm3, ɧˊɤɠ: 

¶ ɖ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, 

¶ Űɞ ɨɣɞɠ əɎɗŮ űɟɎɔɛŬŰɞɠ əŬɘ Űɞ ɛɏůɞ ɓɎɗɞɠ ŬɡŰɞɨ, 

¶ ŰŬ ˊɞɚɨɔɤɜŬ ŮˊɘűɎɜŮɘŬɠ (Ŭˊɧ ŭŮŭɞɛɏɜŬ ŰɖɚŮˊɘůəɧˊɖůɖɠ), 

¶ ɖ ɢɤɟɖŰɘəɧŰɖŰŬ əŬɘ ɖ ɛɏɔɘůŰɖ ŮˊɘűɎɜŮɘŬ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ 

ȳůɞɜ ŬűɞɟɎ ůŰŬ ˊɞɚɨɔɤɜŬ ŮˊɘűɎɜŮɘŬɠ, ŮɜŭɏɢŮŰŬɘ ɜŬ ɛɖɜ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ ɛŮ 

ŬˊɧɚɡŰɖ ůɡɜɏˊŮɘŬ, əŬɗɩɠ ŬɡŰɎ ůɡɚɚɏɢɗɖəŬɜ ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰɎ Űɞɡɠ Ŭˊɧ ɛɑŬ ˊŬɟŬŰɐɟɖůɖ ůŰɞ 

ɢɟɧɜɞ. ɋɠ ɔɜɤůŰɧ, ɖ ůŰɎɗɛɖ əɎɗŮ űɟɎɔɛŬŰɞɠ ŬɚɚɎɕŮɘ ɛŮ Űɞɜ ɢɟɧɜɞ, ůɡɜŮˊɩɠ əŬɘ ɖ ŮˊɘűɎɜŮɘɎ 

Űɞɡ. ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ɏɟŮɡɜŬɠ ɗŮɤɟŮɑŰŬɘ ˊɤɠ ɖ ŮˊɘűɎɜŮɘŬ ŬɡŰɐ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɜ 

ŰŬɛɘŮɡŰɐɟŬ ɧŰŬɜ Űɞ ɓɎɗɞɠ Űɞɡ ŮɑɜŬɘ Űɞ ɛɏɔɘůŰɞ, ɎɟŬ əŬɘ ɖ ŬˊɞɗɖəŮɡŰəɧŰɖŰɎ Űɞɡ ɚŬɛɓɎɜŮɘ Űɖɜ 

ɛɏɔɘůŰɖ Űɘɛɐ. 

ȺɘəɧɜŬ 3.1: ȾŬŰŬɜɞɛɐ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ Űɖɠ ɓɎůɖɠ GRanD ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰɎ Űɞɡɠ (Lehner et al., 

2011) 



16 
 

ɀɑŬ ɜɏŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ HydroLAKES (Messager et al., 2016) ˊŬɟɏɢŮɘ ˊɘɞ 

ŮɜɖɛŮɟɤɛɏɜŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ 70 ŰŬɛɘŮɡŰɐɟŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɜůɤɛŬŰɩɗɖəŬɜ ůŰɖ ɓɎůɖ GRanD. 

ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŭɨɞ ɎɚɚŮɠ ɓɎůŮɘɠ ɔɘŬ ɚɧɔɞɡɠ ůɨɔəɟɘůɖɠ, 

Űɖɜ ñGlobal Lake and Wetland Databaseò ɛŮ 4.627 ŰŬɛɘŮɡŰɐɟŮɠ (Lehner & Dºll, 2004) əŬɘ Űɖɜ 

ñDams, Lakes and Reservoirs Database for the World Water Development Report IIò ɛŮ 668 

ŰŬɛɘŮɡŰɐɟŮɠ (Vºrºsmarty et al., 1997, 2003).  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɏɟŮɡɜŬɠ, ŮˊɘəɡɟɩɗɖəŬɜ Ŭˊɧ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɐɚɗŬɜ Ŭˊɧ ŭɨɞ 

ɝŮɢɤɟɘůŰɏɠ ˊɖɔɏɠ. ȼ ˊɟɩŰɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůɢɏůŮɘɠ ɓɎɗɞɡɠ ï ŮˊɘűɎɜŮɘŬɠ ï ɢɤɟɖŰɘəɧŰɖŰŬɠ 

Ŭˊɧ ŭɨɞ ɛŮɚɏŰŮɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɔɘŬ 52 ŰŬɛɘŮɡŰɐɟŮɠ ůŮ ɧɚɞɜ Űɞɜ 

əɧůɛɞ (Gao et al., 2012 əŬɘ Zhang et al., 2014). ɇŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ɏɢɞɡɜ ˊɟɞɏɚɗŮɘ Ŭˊɧ 

ŬɜŬɚɨůŮɘɠ ɛŮŰɟɐůŮɤɜ Ůɨɟɞɡɠ 20 ɢɟɧɜɤɜ, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ əŬɚɨŰŮɟŬ Űɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ.  ȼ ŭŮɨŰŮɟɖ ˊɖɔɐ ŬˊɞŰŮɚŮɑŰŬɘ ɛɧɜɞ Ŭˊɧ ůɢɏůŮɘɠ ɓɎɗɞɡɠ ï 

ɢɤɟɖŰɘəɧŰɖŰŬɠ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ɔɘŬ 34 ŰŬɛɘŮɡŰɐɟŮɠ, 28 Ŭˊɧ Űɞ US Geological Survey, ŰɟŮɘɠ 

Ŭˊɧ Űɞ Texas Water Development Board (https://waterdatafortexas.org/reservoirs ) əŬɘ 

ŰɟŮɘɠ Ŭˊɧ Űɖɜ ȾɑɜŬ (Cao, 2014 əŬɘ Shang & Bin, 2014). 

 

3.2 ɀŮɗɞŭɞɚɞɔɑŬ ŬɜɎˊŰɡɝɖɠ Űɖɠ ȸɎůɖɠ 
 

ȷɟɢɘəɎ, ŮɜŰɞˊɑůŰɖəŬɜ ŰŬ əŬŰɎɚɚɖɚŬ ůɢɐɛŬŰŬ ɔɘŬ Űɖ ɔŮɤɛŮŰɟɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ əɎɗŮ 

ŰŬɛɘŮɡŰɐɟŬ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɏɢɞɜŰŬɠ ɤɠ ɔɜɩɛɞɜŬ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɖ ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ GRanD, ŭɖɚŬŭɐ Űɞ ɨɣɞɠ Űɞɡ űɟɎɔɛŬŰɞɠ, Űɞ ɛɏůɞ ɓɎɗɞɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ əŬɘ Űɖɜ 

ŮˊɘűɎɜŮɘɎ Űɞɡ, ɡˊɞɚɞɔɑůŰɖəŬɜ ɛŮɔɏɗɖ ɧˊɤɠ Űɞ ɛɐəɞɠ, Űɞ ˊɚɎŰɞɠ əŬɘ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŬɡŰɞɨ. 

ɀŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ŬɡŰɩɜ Űɤɜ ɛŮɔŮɗɩɜ, ŮˊɧɛŮɜɞ ɓɐɛŬ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ŮɑɜŬɘ ɜŬ ŮˊɘɚŮɢɗŮɑ 

Űɞ əŬŰɎɚɚɖɚɞ ůɢɐɛŬ ɔɘŬ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ ɝŮɢɤɟɘůŰɎ, ŭɘŬŰɖɟɩɜŰŬɠ əŬŰɎ Űɞ ŭɡɜŬŰɧŰŮɟɞ ŰŬ 

ɔɜɤůŰɎ ɛŮɔɏɗɖ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ.  

ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ŮɜůɤɛŬŰɩɗɖəŬɜ ɞɘ Űɘɛɏɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ Űɞɡ əɎɗŮ 

ŰŬɛɘŮɡŰɐɟŬ, ˊɞɡ ŮɑɜŬɘ Ůˊɑůɖɠ ɔɜɤůŰɏɠ, ɩůŰŮ ŰŬ ůɢɐɛŬŰŬ ˊɞɡ ɗŬ ŮˊɘɚŮɢɗɞɨɜ ɤɠ ɓɏɚŰɘůŰŬ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘɞɨɜ Űɞ ůűɎɚɛŬ ɛŮŰŬɝɨ Űɤɜ ŮəŰɘɛɩɛŮɜɤɜ Űɘɛɩɜ, ɔɘŬ Űɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ Űɞɜ ɧɔəɞ 

Űɞɡ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ, əŬɘ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ Űɘɛɩɜ. 

ɇɏɚɞɠ, ŮɝɎɔɞɜŰŬɘ ɞɘ ůɢɏůŮɘɠ Űɨˊɞɡ ŭɨɜŬɛɖɠ ɔɘŬ Űɞ ɓɎɗɞɠ, Űɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ Űɖ ɢɤɟɖŰɘəɧŰɖŰŬ 

ɔɘŬ 6.824 űɟɎɔɛŬŰŬ ˊŬɔəɞůɛɑɤɠ. Ƀɘ ůɢɏůŮɘɠ ŬɡŰɏɠ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛŮɠ ɛɏůɤ Űɖɠ ŭɘŮɨɗɡɜůɖɠ 

https://wowuoh.wixsite.com/home/models-data.  

ɄŬɟŬəɎŰɤ ŬəɞɚɞɡɗŮɑ ɏɜŬ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɤɜ ŮɜŮɟɔŮɘɩɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ əŬɘ əŬŰɧˊɘɜ 

ŬɜŬɚɡŰɘəɎ ŰŬ ɓɐɛŬŰŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ, ŰŮɚɘəɎ, Űɤɜ Űɘɛɩɜ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɏɛŬŰɞɠ 

ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ Űɖɠ ɓɎůɖɠ.  

https://waterdatafortexas.org/reservoirs
https://wowuoh.wixsite.com/home/models-data
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ü ȸɐɛŬ 1ɞ 

 

ȷɟɢɘəɎ, ŮˊɘɚɏɢɗɖəŬɜ 12 ɡˊɞɣɐűɘŬ ůɢɐɛŬŰŬ ɔɘŬ ɜŬ ˊɟɞůɞɛɞɘɩůɞɡɜ, əŬŰɎ Űɞ ɓɏɚŰɘůŰɞ, Űɞɜ 

əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ ɝŮɢɤɟɘůŰɎ. ȼ əŮɜŰɟɘəɐ ɘŭɏŬ ɐŰŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɏɜŬ ɔŮɤɛŮŰɟɘəɧ ůɢɐɛŬ 

ɔɘŬ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ɧˊɤɠ i) Űɟɘɔɤɜɘəɧ (Triangular), ii ) ́ ŬɟŬɓɞɚɘəɧ (Parabolic), 

iii ) ŮɚɚŮɘɣɞŮɘŭɏɠ (Elliptical) əŬɘ iv) ɞɟɗɞɔɩɜɘɞ (Rectangular) əŬɘ ɏɜŬ ɔɘŬ Űɖɜ ŮɔəɎɟůɘŬ ŭɘŬŰɞɛɐ 

Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ɧˊɤɠ i) Űɟɘɔɤɜɘəɧ ɐ ůűɖɜɞŮɘŭɏɠ (Wedge), ii ) ɖɛɘəɡəɚɘəɧ (Bowl), iii ) 

ɞɟɗɞɔɤɜɘəɧ ɐ ˊɟɘůɛŬŰɘəɧ (Prism). ɇŬ ůɢɐɛŬŰŬ ŬɡŰɎ ŮˊɘɚɏɢɗɖəŬɜ ůɨɛűɤɜŬ ɛŮ ˊŬɚŬɘɧŰŮɟŮɠ 

ˊɟɞůŮɔɔɑůŮɘɠ, Ůɜɩ ŬˊɞűŮɨɢɗɖəŬɜ ˊɘɞ ůɨɜɗŮŰŬ ůɢɐɛŬŰŬ ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ. 

 

 

ü ȸɐɛŬ 2ɞ 

 

Ⱥűôɧůɞɜ ɏɢɞɡɜ əŬɗɞɟɘůŰŮɑ ŰŬ ɡˊɞɣɐűɘŬ ɔŮɤɛŮŰɟɘəɎ ůɢɐɛŬŰŬ, ɛɏɜŮɘ ɜŬ ŮəŰɘɛɖɗɞɨɜ Űɞ ɛɐəɞɠ, 

Űɞ ˊɚɎŰɞɠ əŬɘ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɇɞ ɛɐəɞɠ əŬɘ Űɞ ˊɚɎŰɞɠ ŮəŰɘɛɩɜŰŬɘ Ŭˊɧ ŰŬ 

ˊɞɚɨɔɤɜŬ ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ůŰɖ ɓɎůɖ GRanD, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ůŮ ɛɞɟűɐ raster əɘ 

ɏɢɞɡɜ ŬəɟɑɓŮɘŬ 90 Ĭ 90 m2. ũɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ Űɞ ɛɐəɞɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɑŬ 

ŭɘŬŭɞɛɐ Ŭˊɧ Ůˊɘɛɏɟɞɡɠ ŰɛɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ Űɞ ɛɏůɞ ɛɐəɞɠ Űɤɜ ŭɘŬŭɞɢɘəɩɜ əŮɚɘɩɜ 

ˊɞɡ ɏɢɞɡɜ Űɞɜ ɑŭɘɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ůŰɞ ˊɞɚɨɔɤɜɞ. ɇɞ ůɡɜɞɚɘəɧ ɛɐəɞɠ ŮɑɜŬɘ Űɞ ɎɗɟɞɘůɛŬ 

ŬɡŰɩɜ Űɤɜ ɛɘəɟɧŰŮɟɤɜ ɛɖəɩɜ.  

 

 

 

 

ȾŬɗɞɟɘůɛɧɠ 
Ɉˊɞɣɐűɘɤɜ 
ɆɢɖɛɎŰɤɜ

ÅȸɐɛŬ 1ɞ 

ȺəŰɑɛɖůɖ ŮɜŮɟɔɞɨ 
ɛɐəɞɡɠ, ˊɚɎŰɞɡɠ əŬɘ 
ɛɏɔɘůŰɞɡ ɓɎɗɞɡɠ 
ŰŬɛɘŮɡŰɐɟŬ

ÅȸɐɛŬ 2ɞ

Ⱥˊɘɚɞɔɐ 
əŬŰɎɚɚɖɚɞɡ 
ůɢɐɛŬŰɞɠ 
ŰŬɛɘŮɡŰɐɟŬ

ÅȸɐɛŬ 3ɞ

ȺɝŬɔɤɔɐ əŬɛˊɡɚɩɜ 
ůŰɎɗɛɖɠ -
ŮˊɘűɎɜŮɘŬɠ -
ɢɤɟɖŰɘəɧŰɖŰŬɠ

ÅȸɐɛŬ 4ɞ
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ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ŮəŰɑɛɖůɖ Űɞɡ ˊɚɎŰɞɡɠ, ŬɡŰɧ ɡˊɞɚɞɔɑůŰɖəŮ ɤɠ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ˊɚŬŰɩɜ Űɤɜ 

ɔɟŬɛɛɩɜ/ůŰɖɚɩɜ, ɡˊɞɗɏŰɞɜŰŬɠ ˊɤɠ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ əŮɚɘɩɜ ŮɑɜŬɘ ɞɟɗɞɔɩɜɘɞɠ. Ⱥˊɑůɖɠ, 

Űɞ ˊɚɎŰɞɠ ŮəŰɘɛɐɗɖəŮ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ŮɑɜŬɘ Űɞ ŭɡɜŬŰɧŰŮɟɞɜ əɎɗŮŰɞ ůŰɞ ŮəŰɘɛɩɛŮɜɞ 

ɛɐəɞɠ.  

 

ɇɏɚɞɠ, Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣŮɘ ŮɑŰŮ Ŭˊɧ Űɞ ɛɏůɞ ɓɎɗɞɠ ŮɑŰŮ Ŭˊɧ 

Űɞ ɨɣɞɠ Űɞɡ űɟɎɔɛŬŰɞɠ ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ůŰɖ ɓɎůɖ GRanD. ȳɛɤɠ, Űɞ ɛɏůɞ ɓɎɗɞɠ ŭŮɜ ɏɢŮɘ 

ˊɟɞɏɚɗŮɘ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ŬɚɚɎ Ŭˊɧ Űɞɜ ɚɧɔɞ Űɞɡ ɧɔəɞɡ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡ, 

əŬɘ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɡˊɞŮəŰɑɛɖůɖ Űɖɠ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ȰŰůɘ ɤɠ 

ŭŮŭɞɛɏɜɞ ɚŬɛɓɎɜŮŰŬɘ Űɞ ɨɣɞɠ Űɞɡ űɟɎɔɛŬŰɞɠ, əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞ 95% Űɞɡ ɨɣɞɡɠ, əŬɗɩɠ 

ŮɑɜŬɘ Ůɨɚɞɔɞ ɜŬ ɗŮɤɟɖɗŮɑ ˊɤɠ ůŮ ɧɚŬ ŰŬ űɟɎɔɛŬŰŬ ŬűɐɜŮŰŬɘ ɏɜŬ ŮɚŮɨɗŮɟɞ ˊŮɟɘɗɩɟɘɞ Űɖɠ ŰɎɝɖɠ 

Űɞɡ 5% Űɞɡ ɨɣɞɡɠ Ŭˊɧ Űɖɜ ɛɏɔɘůŰɖ ůŰɎɗɛɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɤɠ Űɖ ůŰɏɣɖ Űɞɡ. 

ȺɘəɧɜŬ 3.2: ȺəŰɑɛɖůɖ Űɞɡ ůɡɜɞɚɘəɞɨ ɛɐəɞɡɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ Ŭˊɧ ŰŬ ˊɞɚɨɔɤɜŬ 

ȺɘəɧɜŬ 3.3: ȺəŰɑɛɖůɖ Űɞɡ ůɡɜɞɚɘəɞɨ ́ɚɎŰɞɡɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ Ŭˊɧ ŰŬ ˊɞɚɨɔɤɜŬ 

ȺəŰɘɛɩɛŮɜɞ ɀɐəɞɠ = Ɇ(L1:L i) 

ɧˊɞɡ i = 1,2,3én , n: ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůŰɐɚɤɜ/ɔɟŬɛɛɩɜ 

L i = ɀɐəɞɠ ŰɛɐɛŬŰɞɠ ɛŮŰŬɝɩ Űɤɜ ŭɘŬŭɞɢɘəɩɜ ůɖɛŮɑɤɜ 

 

ȺəŰɘɛɩɛŮɜɞ ɄɚɎŰɞɠ = ɛɏůɖ Űɘɛɐ(W1:Wj) 

ɧˊɞɡ j = 1,2,3én , n: ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůŰɐɚɤɜ/ɔɟŬɛɛɩɜ 

Wj = ɄɚɎŰɞɠ Űɤɜ ůŰɖɚɩɜ/ɔɟŬɛɛɩɜ 

 

ɄɚɎŰɞɠ ůŰɖɚɩɜ 

ɄɚɎŰɞɠ ɔɟŬɛɛɩɜ 

L i 

Wj 
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ü ȸɐɛŬ 3ɞ 

 

ɀŮŰɎ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ɛŮɔŮɗɩɜ, ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ůɢɐɛŬŰɞɠ ɔɘŬ 

əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ. ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ůɢɏůŮɘɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɞɡ 

ɧɔəɞɡ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɛɐəɞɡɠ, ˊɚɎŰɞɡɠ əŬɘ ɛɏɔɘůŰɞɡ ɓɎɗɞɡɠ. Ƀ ˊɑɜŬəŬɠ 

ŬűɞɟɎ ůŰŬ 5 ŰŮɚɘəɎ ůɢɐɛŬŰŬ ˊɞɡ əɡɟɘɎɟɢɖůŬɜ, ɧˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ ˊŬɟŬəɎŰɤ. 

 

 
ɄɑɜŬəŬɠ 3.1: Ɉˊɞɚɞɔɘůɛɧɠ ȺˊɘűɎɜŮɘŬɠ əŬɘ ɧɔəɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɐəɞɠ, Űɞ ˊɚɎŰɞɠ əŬɘ Űɞ ɛɏɔɘůŰɞ 

ɓɎɗɞɠ əɎɗŮ ɡˊɞɣɐűɘɞɡ ůɢɐɛŬŰɞɠ 

ɆɢɐɛŬ Ɉˊɞɚɞɔɘůɛɧɠ ȺˊɘűɎɜŮɘŬɠ Ɉˊɞɚɞɔɘůɛɧɠ ȳɔəɞɡ 
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ȼ ɔŮɤɛŮŰɟɑŬ Űɤɜ ůɢɖɛɎŰɤɜ űŬɑɜŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ɄŬɟɎɟŰɖɛŬ ȷ. Ⱥˊɑůɖɠ, ɔɘŬ əɎɗŮ ůɢɐɛŬ 

ɡɘɞɗŮŰɐɗɖəŮ ɏɜŬɠ ůɡɜŰŮɚŮůŰɐɠ ɓŬɗɛɞɜɧɛɖůɖɠ Cvol əŬɘ CAr, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɧɔəɞɡ əŬɘ 

Űɖɠ ŮˊɘűɎɜŮɘŬɠ ŬɜŰɑůŰɞɘɢŬ, ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŰŮɚɘəɏɠ Űɘɛɏɠ Űɞɡɠ. 

 ὠ ὅ ὠ  

 

(3.1) 

 
   

 ὃ ὅ ὃ  

 

(3.2) 

 
   

ȼ Ůˊɘɚɞɔɐ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ ůɢɐɛŬŰɞɠ ɔɘŬ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ ɔɑɜŮŰŬɘ ɤɠ Ůɝɐɠ. ɆɨɛűɤɜŬ ɛŮ 

Űɞɡɠ Űɨˊɞɡɠ Űɞɡ ɄɑɜŬəŬ 3.1 ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ůɡɜɞɚɘəɐ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ əŬɘ ɖ ɛɏɔɘůŰɖ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ůɢŮŰɘəɧ ůűɎɚɛŬ: 

 
‐

ὠ ὠ

ὠ
ρππϷ 

 

(3.3) 

 

 
‐

ὃ ὃ

ὃ
ρππϷ 

 

(3.4) 
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ɧ́ ɞɡ Vsim, Asim : ȺəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ ɧɔəɞɡ əŬɘ ŮˊɘűɎɜŮɘŬɠ ŬɜŰɑůŰɞɘɢŬ 

         VGRanD, AGRanD : ɄɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ Űɖɠ ɓɎůɖɠ GRanD 

  

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŭɩŭŮəŬ (12) űɞɟɏɠ, ɛɑŬ űɞɟɎ ɔɘŬ əɎɗŮ ɡˊɞɣɐűɘɞ ůɢɐɛŬ, 

əŬɘ ɔɘŬ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ ŮˊɘɚɏɔŮŰŬɘ Űɞ ůɢɐɛŬ ˊɞɡ ɗŬ ŭɩůŮɘ Űɞ ɛɘəɟɧŰŮɟɞ ůűɎɚɛŬ.  

 

ɄɑɜŬəŬɠ 3.2: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Cvol, CAr 

 
ɆɡɜŰŮɚŮůŰɐɠ 

Cvol 

ɆɡɜŰŮɚŮůŰɐɠ 

CAr  

ɀɏůɖ 

ɇɘɛɐ 
1,09 0,925 

ɇɡˊɘəɐ 

ȷˊɧəɚɘůɖ 
3,47 0,24 

ɀɏɔɘůŰɖ 

ɇɘɛɐ 
199,75 8,57 

ȺɚɎɢɘůŰɖ 

ɇɘɛɐ 
0,03 0,24 

 

ȺɑɜŬɘ ůŬűɏɠ ˊɤɠ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɞɨɜŰŬɘ ŰŬ ŭɨɞ ůűɎɚɛŬŰŬ ŰŬɡŰɧɢɟɞɜŬ, ɔɘŬ ŬɡŰɧ 

Űɞ ɚɧɔɞ ŭɑɜŮŰŬɘ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ Űɖɠ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ 

Ůstor, Ŭűɞɨ əɟɑɜŮŰŬɘ ˊɘɞ ůɖɛŬɜŰɘəɐ ɖ ɔɜɩůɖ Űɞɡ ɧɔəɞɡ ŬˊôɧŰɘ Űɖɠ ŮˊɘűɎɜŮɘŬɠ.  
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ȺɘəɧɜŬ 3.4: Ɇɢɏůɖ ɛŮŰŬɝɨ ůɡɜŰŮɚŮůŰɩɜ Cvol, CAr 

ȺɘəɧɜŬ 3.5: ɆɢŮŰɘəɧ ůűɎɚɛŬ (%) ŮəŰɘɛɩɛŮɜɞɡ ɧɔəɞɡ ȺɘəɧɜŬ 3.6: ɆɢŮŰɘəɧ ůűɎɚɛŬ (%) ŮəŰɘɛɩɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ  
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ȰˊŮɘŰŬ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ɓŬɗɛɞɜɧɛɖůɖ, Ŭˊɧ ŰŬ ŬɟɢɘəɎ 12 ɔŮɤɛŮŰɟɘəɎ ůɢɐɛŬŰŬ əɡɟɘɎɟɢɖůŬɜ ŰŬ 

5 Ŭˊɧ ŬɡŰɎ, ŰŬ ɞˊɞɑŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.7. ũɘŬ ŬˊɚɞɡůŰŮɡŰɘəɞɨɠ ɚɧɔɞɡɠ, ŬɚɚɎ əŬɘ 

ɔɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ çɡˊŮɟ-ˊɟɞůŬɟɛɞɔɐè, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɏɢɞɜŰŬɠ ɛɧɜɞ 

ŰŬ ˊɏɜŰŮ ŬɡŰɎ ůɢɐɛŬŰŬ ɤɠ ɡˊɞɣɐűɘŬ. 

 

 

 

 

 

 

 

 

  

  

  

 

 

 

 

 

 

ü ȸɐɛŬ 4ɞ 

 

ɇŮɚŮɡŰŬɑɞ ɓɐɛŬ ŮɑɜŬɘ ɖ ŮɝŬɔɤɔɐ Űɤɜ əŬɛˊɡɚɩɜ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ 

ɔɘŬ ɧɚɞ Űɞ Ůɨɟɞɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ɡˊɧ ɛŮɚɏŰɖ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɛɐəɞɠ, Űɞ ˊɚɎŰɞɠ əŬɘ Űɞ 

ɛɏɔɘůŰɞ ɓɎɗɞɠ Űɞɡ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ Űɡˊɞɚɧɔɘɞ Űɞɡ ɄɑɜŬəŬ 3.1. 

ȺɘəɧɜŬ 3.7: ɇŮɚɘəɎ ɔŮɤɛŮŰɟɘəɎ ůɢɐɛŬŰŬ Ŭ) ŮˊɘűɎɜŮɘŬɠ əŬɘ ɓ) ŮɔəɎɟůɘŬɠ 

ŭɘŬŰɞɛɐɠ 

ɆɢɐɛŬŰŬ ȺˊɘűɎɜŮɘŬɠ 

Parabolic Rectangular Elliptical  

ɄɚɎŰɞɠ 

ɆɢɐɛŬŰŬ ȹɘŬŰɞɛɩɜ 

Wedge Bowl Prism 
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3.3 ȷˊɞŰŮɚɏůɛŬŰŬ ȰɟŮɡɜŬɠ 
 

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɡɠ 6.824 ŰŬɛɘŮɡŰɐɟŮɠ Űɖɠ ɓɎůɖɠ 

GRanD, ɗŮɤɟɩɜŰŬɠ 5 ɡˊɞɣɐűɘŬ ɔŮɤɛŮŰɟɘəɎ ůɢɐɛŬŰŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘəŬŰɞˊŰɟɑůɞɡɜ ɏɜŬɜ 

ŰŬɛɘŮɡŰɐɟŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮˊŬɚɐɗŮɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ɏɟŮɡɜŬɠ, 

ůɡɔəɟɑɜɞɜŰɎɠ ŰŬ ɛŮ ˊɟŬɔɛŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ɓɎɗɞɡɠ ï ɢɤɟɖŰɘəɧŰɖŰŬɠ (Gao et al., 2012 & Zhang 

et al., 2014).  
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ȺɘəɧɜŬ 3.8: ɆɡůɢɏŰɘůɖ ŮəŰɘɛɩɛŮɜɖɠ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ əŬɘ ŭŮŭɞɛɏɜɤɜ Űɖɠ ɓɎůɖɠ 

GRanD 
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ȺɘəɧɜŬ 3.9: ɆɡůɢɏŰɘůɖ ŮəŰɘɛɩɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ ŭŮŭɞɛɏɜɤɜ Űɖɠ ɓɎůɖɠ GRanD 
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3.3.1 ȷɝɘɞɚɧɔɖůɖ ȷˊɞŰŮɚŮůɛɎŰɤɜ 
 

ɇɞ ůɢŮŰɘəɧ ůűɎɚɛŬ ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ ɓɎůɖɠ GRanD əŬɘ Űɤɜ ŮəŰɘɛɐůŮɤɜ ɔɘŬ Űɖɜ 

ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ŭŮɜ ɝŮˊŮɟɜɎ Űɞ 5% ɔɘŬ 4.516 ŰŬɛɘŮɡŰɐɟŮɠ (66% Űɞɡ 

ůɡɜɧɚɞɡ) əŬɘ 50% ɔɘŬ 6.757 ŰŬɛɘŮɡŰɐɟŮɠ (99% Űɞɡ ůɡɜɧɚɞɡ). ȳůɞɜ ŬűɞɟɎ ůŰɞ ůɢŮŰɘəɧ 

ůűɎɚɛŬ ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ ŮəŰɘɛɐůŮɤɜ ɔɘŬ Űɖɜ ŮˊɘűɎɜŮɘŬ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ, ŮɑɜŬɘ 

ŮɚŬűɟɩɠ ɛŮɔŬɚɨŰŮɟɞ Ŭűɞɨ ŭɧɗɖəŮ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ Ůstor. ɋůŰɧůɞ ŭŮɜ 

ɡˊŮɟɓŬɑɜŮɘ Űɞ 10% ɔɘŬ 6.000 ŰŬɛɘŮɡŰɐɟŮɠ, ŭɖɚŬŭɐ 88% Űɞɡ ůɡɜɧɚɞɡ. 

ȼ ɚɞɔɘəɐ ɔɘŬ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɓŬɗɛɞɜɧɛɖůɖɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ɓɏɚŰɘůŰɞɡ ůɢɐɛŬŰɞɠ əɎɗŮ 

ŰŬɛɘŮɡŰɐɟŬ ŮɑɜŬɘ ɜŬ ɓɟɑůəɞɜŰŬɘ əŬŰɎ Űɞ ŭɡɜŬŰɧŰŮɟɞɜ əɞɜŰɎ ůŰɖ ɛɞɜɎŭŬ, Űɞ ɞˊɞɑɞ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɔɘŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ ŬɡŰɩɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ Űɞɜ ůɡɜŰŮɚŮůŰɐ Cvol, 

Űɞ 85% Űɞɡ ůɡɜɧɚɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰɞ Ůɨɟɞɠ 0,50 Ò Cvol Ò 1,50 əŬɘ ɔɘŬ Űɞɜ ůɡɜŰŮɚŮůŰɐ CAr ɛɧɜɞ 

12 ŰŬɛɘŮɡŰɐɟŮɠ ɏɢɞɡɜ Űɘɛɏɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɞɡ 2. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ ŮɑɜŬɘ Ůɨɚɞɔɖ ɖ ɔŮɤɛŮŰɟɘəɐ 

ŬɜŬˊŬɟɎůŰŬůɖ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ ɛŮ ɏɜŬ Ŭˊɧ ŰŬ ɡˊɞɣɐűɘŬ ůɢɐɛŬŰŬ ˊɞɡ ŬɜŬɚɨɞɜŰŬɘ ůŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŮɟŮɡɜɖŰɘəɐ ˊɟɞůˊɎɗŮɘŬ. 

 

ȺɘəɧɜŬ 3.10: ȾŬŰŬɜɞɛɐ ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ Űɤɜ ůɢŮŰɘəɩɜ ůűŬɚɛɎŰɤɜ Ŭ) ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɓ) 

ŮˊɘűɎɜŮɘŬɠ (Yigzaw, et al., 2018). 
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3.3.2 ȺˊŬɚɐɗŮɡůɖ ȰɟŮɡɜŬɠ 
 

Ƀɘ ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ ŮˊŬɚɖɗŮɨɞɜŰŬɘ ɛŮ ŭŮŭɞɛɏɜŬ 

ɛŮŰɟɐůŮɤɜ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰɟɑŬ ůŰŬŰɘůŰɘəɎ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ. 

¶ ɆɡɜŰŮɚŮůŰɐɠ Ʉɟɞůŭɘɞɟɘůɛɞɨ R2 (coefficient of determination) 

Ὑ ρ
В ὠ ὠ

В ὠ ὠ
 

ɧˊɞɡ Vsim, Vob : ɞɘ ŮəŰɘɛɩɛŮɜŮɠ əŬɘ ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ 

ὠ  : ɖ ɛɏůɖ Űɘɛɐ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ˊŬɟŬŰɖɟɐůŮɤɜ  

ɔɘŬ i = 1, 2, 3é.n, ɧˊɞɡ n: ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ 

 

¶ ɀŮɟɞɚɖɣɑŬ (Bias) 

ὄὭὥί άὧά ὠ ὠ  

 

¶ ɀɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE (%) (Root Mean Square Error) 

ὙὓὛὉ 

В ὠ ὠ
ὲ

ὠ
ρππϷ 

 

ɆŰɞɜ ɄɑɜŬəŬ 3.3 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ɓŬůɘəɎ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ Űɟɘɩɜ 

ɛɏŰɟɤɜ Ŭˊɧŭɞůɖɠ. 

 

      ɄɑɜŬəŬɠ 3.3: ɀɏůɖ, ɛɏɔɘůŰɖ əŬɘ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ Űɟɘɩɜ ůŰŬŰɘůŰɘəɩɜ ɛɏŰɟɤɜ 

 R2 Bias (mcm) RMSE (%) 

ɀɏůɖ ɇɘɛɐ 0,85 0,03 16,92 

ɀɏɔɘůŰɖ ɇɘɛɐ 0,99 419,00 72,00 

ȺɚɎɢɘůŰɖ ɇɘɛɐ 0,52 -348,00 0,00 

 

ɆŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ Űɖɠ ɏɟŮɡɜŬɠ, ɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Ůˊɘəɨɟɤůɖ ŮɑɜŬɘ ŭɨɞ Űɨˊɤɜ 

ɔŮɤɛŮŰɟɘəɩɜ ůɢɖɛɎŰɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŮɔəɎɟůɘŬ ŭɘŬŰɞɛɐ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ŭɖɚŬŭɐ ŮɑɜŬɘ 

Űɨˊɞɡ ñBowlò əŬɘ ñWedgeò. 
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4.ȺˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ 

ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ Űɖɠ ɓɎůɖɠ ReGeom 

 

ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï 

ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ 6.824 ŰŬɛɘŮɡŰɐɟɤɜ Űɖɠ ɓɎůɖɠ ReGeom ɛŮ ůəɞˊɧ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ůɢɏůŮɤɜ. 

4.1 ɄɟɞəŬŰŬɟəŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ŭŮɑɔɛŬŰɞɠ ŰŬɛɘŮɡŰɐɟɤɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ Excel 
   

 ȷɟɢɘəɎ, ŮˊɘɚɏɢɗɖəŬɜ ɛŮɟɘəɞɑ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɞɑ ŰŬɛɘŮɡŰɐɟŮɠ Ŭˊɧ əɎɗŮ ůɢɐɛŬ ɩůŰŮ ɜŬ ɔɑɜŮɘ 

ɛɘŬ ˊɟɩŰɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ. 

ɄɑɜŬəŬɠ 4.1: ȾŬŰŬɜɞɛɐ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ Ůɜɧɠ ˊɟɩŰɞɡ ŭŮɑɔɛŬŰɞɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ                                                                          

ɔŮɤɛŮŰɟɘəɧ Űɞɡɠ ůɢɐɛŬ  

ũŮɤɛŮŰɟɘəɧ ɆɢɐɛŬ ȷɟɘɗɛɧɠ ɇŬɛɘŮɡŰɐɟɤɜ 

Rectangular Prism 38 

Rectangular Bowl 17 

Rectangular Wedge 23 

Parabolic Wedge 11 

Elliptical Bowl 22 

 

ɆŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ŮɝŬɢɗɞɨɜ  ůɢɏůŮɘɠ ɓɎɗɞɡɠ ï ŮˊɘűɎɜŮɘŬɠ ï ɢɤɟɖŰɘəɧŰɖŰŬɠ ůŮ əɎɗŮ əŬŰɖɔɞɟɑŬ 

ɔɘŬ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ. ȹɞəɘɛɎůŰɖəŬɜ ŭɘɎűɞɟŮɠ ůɢɏůŮɘɠ ɧˊɤɠ ɚɞɔŬɟɘɗɛɘəɏɠ, ˊɞɚɡɤɜɡɛɘəɏɠ əŬɘ 

ůɢɏůŮɘɠ ŭɨɜŬɛɖɠ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘəŬŰɞˊŰɟɑɕɞɡɜ əŬɚɨŰŮɟŬ Űɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ůŰɞ ůɨɜɞɚɞ Űɤɜ 

ůɢɖɛɎŰɤɜ. Ƀɘ ɕɖŰɞɨɛŮɜŮɠ ůɢɏůŮɘɠ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

 

 Ὤ ‗ Ὓ (4.1) 

 Ὓ ‌ Ὤ (4.2) 

 Ὓ ὧ ὃ  (4.3) 

 ὃ ὧ Ὓ  (4.4) 

 ὃ ὸ Ὤ (4.5) 

 
ɇɏɚɞɠ, ŭɞəɘɛɎɕŮŰŬɘ ɖ əŬŰɎɟŰɘůɖ ɛɑŬɠ ůɢɏůɖɠ ˊŬɟɧɛɞɘŬɠ ɛɞɟűɐɠ Űɖɠ Ůɝɑůɤůɖɠ (2.1). 

 Ὓ ὰ ὃὬ  (4.6) 

 

ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɝŮɢɤɟɘůŰɏɠ Űɘɛɏɠ ˊŬɟŬɛɏŰɟɤɜ, ŭɖɚŬŭɐ ɛɑŬ çŰɞˊɘəɐè ɔɘŬ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ, əŬɘ 

ůŰɖ ůɡɜɏɢŮɘŬ ɞɟɑɕɞɜŰŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ (ɔŮɜɘəŮɡɛɏɜŮɠ) Űɘɛɏɠ ɔɘŬ əɎɗŮ Űɨˊɞ ůɢɐɛŬŰɞɠ. 
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ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ əŬɘ Űɤɜ ůɢɏůŮɤɜ əŬɘ Űɖɜ ůɨɔəɟɘůɖ Űɤɜ Űɞˊɘəɩɜ (local) əŬɘ ɔŮɜɘəŮɡɛɏɜɤɜ 

(global) ˊŬɟŬɛɏŰɟɤɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ ůŰŬŰɘůŰɘəɎ əɟɘŰɐɟɘŬ Ŭˊɧŭɞůɖɠ: 

 

¶ ȹŮɑəŰɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ NSE  (Nash & Sutcliffe, 1970 ) 

 

Ƀ ŭŮɑəŰɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ (ŬɜŬűɏɟŮŰŬɘ ůɡɢɜɎ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ɤɠ ŭŮɑəŰɖɠ Nash-

Sutcliffe efficiency, NSE) ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

ὔὛὉρ  
В ώ ώ

В ώ ώ
 

ɧ́ ɞɡ n: ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ, ώ: ɞɘ ŮəŰɘɛɖɛɏɜŮɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ, ώ: ɖ ɛɏůɖ Űɘɛɐ 

Űɖɠ ɛŮŰŬɓɚɖŰɐɠ əŬɘ yi: ɞɘ ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ. 

ɇɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɑɜŬɘ  

Њ ὔὛὉρ 

Ƀɘ Űɘɛɏɠ ůŰɞ Ůɨɟɞɠ π ὔὛὉρ ɗŮɤɟɞɨɜŰŬɘ ŬˊɞŭŮəŰɏɠ, Ůɜɩ Űɞ ɛɞɜŰɏɚɞ ɗŮɤɟŮɑŰŬɘ 

ɘəŬɜɞˊɞɘɖŰɘəɧ Ŭɜ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ Ŭˊɧ 0.70 əŬɘ ˊɎɜɤ.  

 

¶ ɅɑɕŬ ɀɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE (Root Mean Squared Error) 

ȼ ɟɑɕŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ɑŭɘŮɠ ɘŭɘɧŰɖŰŮɠ ɛŮ Űɞ ɛɏůɞ 

ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (MSE) Űɞ ɞˊɞɑɞ ɡˊɞɚɞɔɑɕŮɘ Űɖɜ Ŭˊɧəɚɘůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ɡɣɤɛɏɜɞ ůŰɞ 

ŰŮŰɟɎɔɤɜɞ ɔɘŬ ɧɚɞ Űɞ ůɨɜɞɚɞ Űɤɜ ŮəŰɘɛɩɛŮɜɤɜ Űɘɛɩɜ. ɋůŰɧůɞ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɟɑɕŬ ŬɡŰɞɨ 

əŬɗɩɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ ɑŭɘŬ əɚɑɛŬəŬ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ, ɎɟŬ ŮɑɜŬɘ ˊɘɞ ŮɨɢɟɖůŰɞ. 

ὙὓὛὉ  
ρ

ὲ
  ώ ώ  

ɧˊɞɡ ŬɜŰɑůŰɞɘɢŬ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ŮɑɜŬɘ ɑŭɘŮɠ ɛŮ ŬɡŰɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ. 

ɇɞ ůűɎɚɛŬ ŬɡŰɧ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ əɚɑɛŬəŮɠ, ɐŰɞɘ local ï global. ɆŮ ŬɡŰɐ Űɖ űɎůɖ 

Űɖɠ ɏɟŮɡɜŬɠ, ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɞ RMSE ɤɠ Űɞ ɛɧɜɞ ɛɏŰɟɞ Ŭˊɧŭɞůɖɠ. 

ȳůɞɜ ŬűɞɟɎ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ əŬɛˊɡɚɩɜ ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ, Űɞ ŬˊɧɗŮɛŬ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ 

ůŰɎɗɛɖ ɛŮ ɛɑŬ ɔŮɜɘəɐ ůɢɏůɖ Űɖɠ ɛɞɟűɐɠ   ὗ ὥ Ὤ, ůɡɜŮˊɩɠ əŬɘ ɞɘ ɚɞɔɎɟɘɗɛɞɘ Űɤɜ Q əŬɘ 

h, ůɡɜŭɏɞɜŰŬɘ ɛŮ ɛɑŬ ɔɟŬɛɛɘəɐ ůɢɏůɖ. ȼ ůɢɏůɖ ŬɡŰɐ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ ɛŮ ɔɟŬɛɛɘəɐ 

ˊŬɚɘɜŭɟɧɛɖůɖ ɛŮŰŬɝɨ Űɤɜ ɚɞɔŬɟɑɗɛɤɜ  Űɖɠ ˊŬɟɞɢɐɠ (y) əŬɘ Űɖɠ ůŰɎɗɛɖɠ (x), ˊɞɡ ŭɑɜŮɘ ŰŮɚɘəɎ 

Űɖɜ Ůɝɑůɤůɖ Űɖɠ ɛɞɟűɐɠ: 

ὗ ὥ Ὤ   ᵼ   ÌÎὗ  ÌÎὥ ὦ  ÌÎὬ  ᵼ  ώ ὥ ὦ ὼ 

ȳˊɞɡ b: ɖ əɚɑůɖ Űɖɠ ŮɡɗŮɑŬɠ (slope) əŬɘ a: ɖ ůŰŬɗŮɟɎ (intercept) 

ȰŰůɘ ˊɟɞəɨˊŰŮɘ ɖ ŰŮɚɘəɐ əŬɛˊɨɚɖ Űɖɠ ɛɞɟűɐɠ (4.1)  
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Á Rectangular Prism 

ɆŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ, ɏˊŮɘŰŬ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ 

RMSE global, ˊŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ ə, ˊŬɟɏɛŮɜŮ ůɢŮŭɧɜ ůŰŬɗŮɟɧɠ ɔɘŬ 

ɧɚɞɡɠ Űɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ. ɇɞ ɑŭɘɞ ůɡɜɏɓɖ əŬɘ ůŰɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ ˊɞɡ 

ůɡɜŭɏŮɞɡɜ ŮˊɘűɎɜŮɘŬ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ. Ƀɘ ůɢɏůŮɘɠ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

 

 Ὤ ‗ Ὓȟ  (4.1.1) 

 Ὓ ‌ Ὤȟ  (4.2.1) 

 Ὓ ὧ ὃȟ  (4.3.1) 

 ὃ ὧ Ὓȟ  (4.4.1) 

 ὃ ὸ Ὤȟ  (4.5.1) 

 Ὓ ὰ ὃὬ ȟ  (4.6.1) 

 

Á Rectangular Bowl 

 

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ŮɑɜŬɘ ɖ ɑŭɘŬ, ɛŮ ŭɘŬűɞɟɎ ˊɤɠ ɔɘŬ Űɖɜ əŬɛˊɨɚɖ ŬˊɞɗɏɛŬŰɞɠ ï 

ůŰɎɗɛɖɠ (S ï h), ŭɞəɘɛɎůŰɖəŮ ɛɑŬ Ůˊɘˊɚɏɞɜ ůɢɏůɖ ɛŮ ŰɟŮɘɠ (3) ɧɛɤɠ ˊŬɟŬɛɏŰɟɞɡɠ, ŭɑɜɞɜŰŬɠ 

ɤůŰɧůɞ ɧˊɤɠ ŬɜŬɛɏɜŮŰŬɘ ɛɘəɟɧŰŮɟɞ ůűɎɚɛŬ. ȼ ůɢɏůɖ ŬɡŰɐ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

 Ὓ Ὡ    (4.7) 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ůɢɏůŮɘɠ ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮŰŬɝɨ 

Űɞɡɠ, ɞˊɧŰŮ ŰŮɚɘəɎ ɗŬ ˊɟɞəɨɣŮɘ ɛɑŬ ůɢɏůɖ ɛŮ ŭɨɞ ɎɔɜɤůŰŮɠ ˊŬɟŬɛɏŰɟɞɡɠ. ɆŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ɧɛɤɠ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ ɜŬ ŮɝɎɔɞɡɛŮ ůɢɏůŮɘɠ ɛŮ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɚɘɔɧŰŮɟŮɠ ɎɔɜɤůŰŮɠ 

ˊŬɟŬɛɏŰɟɞɡɠ.  

Ƀɘ ŰŮɚɘəɏɠ ůɢɏůŮɘɠ ŭɨɜŬɛɖɠ ɔɘŬ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

y = 1,1596x-0,278
wч Ґ лΣуттт
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y = 61,301x - 55,934
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ɆɢɐɛŬ 4.1: ȹɘŬɔɟɎɛɛŬŰŬ ůɡůɢɏŰɘůɖɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ Ůɝɑůɤůɖɠ (4.7) 
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 Ὤ ‗ Ὓȟ  (4.1.2) 

 Ὓ ‌ Ὤȟ  (4.2.2) 

 Ὓ ὧ ὃȟ  (4.3.2) 

 ὃ ὧ Ὓȟ  (4.4.2) 

 ὃ ὸ Ὤȟ  (4.5.2) 

 
 

Ὓ ὰ ὃὬ ȟ  
 

(4.6.2) 

 
 

Á Rectangular Wedge  

ȼ ɘŭɘŬɘŰŮɟɧŰɖŰŬ ůŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ŮɑɜŬɘ ˊɤɠ ŭɞəɘɛɎůŰɖəŮ ɛɘŬ ˊɞɚɡɤɜɡɛɘəɐ ůɢɏůɖ ɔɘŬ 

Űɖɜ əŬɛˊɨɚɖ (S ï A) Űɖɠ ɛɞɟűɐɠ: 

 Ὓ ὥ  ÌÎὃ ὦ  ÌÎὃ ὧ (4.8) 

ȳˊɞɡ ɏˊŮɘŰŬ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ  ɞ ůɡɜŰŮɚŮůŰɐɠ Ŭ ɘůɞɨŰŬɘ ɛŮ Ŭ = 0,21. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ ɖ 

Ůɝɑůɤůɖ ŬɡŰɐ ɡˊɞɚɞɔɑɕŮɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ Űɖɜ ŮˊɘűɎɜŮɘŬ, ŬɚɚɎ ˊŬɟŬɛɏɜɞɡɜ ɎɔɜɤůŰɞɘ 

ŭɨɞ (2) ůɡɜŰŮɚŮůŰɏɠ.  

Ƀɘ ŰŮɚɘəɏɠ ůɢɏůŮɘɠ ŭɨɜŬɛɖɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

 Ὤ ‗ Ὓȟ  (4.1.3) 

 Ὓ ‌ Ὤȟ  (4.2.3) 

 Ὓ ὧ ὃȟ  (4.3.3) 

 ὃ ὧ Ὓȟ  (4.4.3) 

 ὃ ὸ Ὤȟ  (4.5.3) 

 Ὓ ὰ ὃὬ ȟ  (4.6.3) 

 
Á Parabolic Wedge 

ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ əŬŰɖɔɞɟɑŬ (ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ˊŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ 

əŬɗɩɠ əŬɘ ɞɘ ŭɨɞ ŮɑɜŬɘ ůűɖɜɞŮɘŭŮɑɠ) ɖ ˊɞɚɤɜɡɛɘəɐ ůɢɏůɖ Űɖɠ ˊŬɟŬəɎŰɤ ɛɞɟűɐɠ Űɖɠ əŬɛˊɨɚɖɠ 

(S ï A) ŮɑɜŬɘ ɖ Ůɝɐɠ: 

 Ὓ ὥ  ÌÎὃ ὦ  ÌÎὃ ὧ (4.9) 

ȳˊɞɡ ɞ ůɡɜŰŮɚŮůŰɐɠ Ŭ1 ɘůɞɨŰŬɘ ɛŮ Ŭ1 = 0,23. Ƀɘ ŰŮɚɘəɏɠ ůɢɏůŮɘɠ ŭɨɜŬɛɖɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

 Ὤ ‗ Ὓȟ  (4.1.4) 

 Ὓ ‌ Ὤȟ  (4.2.4) 

 Ὓ ὧ ὃȟ  (4.3.4) 
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 ὃ ὧ Ὓȟ  (4.4.4) 

 ὃ ὸ Ὤȟ  (4.5.4) 

 Ὓ ὰ ὃὬ ȟ  (4.6.4) 

 

ȳˊɤɠ űŬɑɜŮŰŬɘ ɞɘ ŭɨɞ əŬŰɖɔɞɟɑŮɠ ɏɢɞɡɜ ˊŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ (ɧˊɤɠ ŬɜŬɛŮɜɧŰŬɜ), ɞˊɧŰŮ ůŰɖ 

ůɡɜɏɢŮɘŬ ɗŬ ŮˊŮɝŮɟɔŬůŰɞɨɜ ůŬɜ ɛɑŬ ɔŮɜɘəɐ əŬŰɖɔɞɟɑŬ ůɢɐɛŬŰɞɠ Wedge. 

 

Á Elliptical  Bowl 

ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ŬɡŰɐ əŬŰɖɔɞɟɑŬ, ŭɞəɘɛɎůŰɖəŮ ɖ ˊɞɚɡɤɜɡɛɘəɐ ůɢɏůɖ Űɖɠ ɛɞɟűɐɠ 

 Ὓ ὥ  ÌÎὃ ὦ  ÌÎὃ ὧ (4.10) 

ȳˊɞɡ ɞ ůɡɜŰŮɚŮůŰɐɠ Ŭ2 ŮɑɜŬɘ ůŰŬɗŮɟɧɠ əŬɘ ɘůɞɨŰŬɘ ɛŮ Ŭ2 = 0,19 əŬɘ ɞɘ ɞɘ ŭɨɞ ɎɚɚŮɠ ˊŬɟɎɛŮŰɟɞɘ 

ůɡůɢŮŰɑɕɞɜŰŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ. 

ȳɛɤɠ, Ŭɜ ɤɠ ɎɔɜɤůŰɞɠ ůɡɜŰŮɚŮůŰɐɠ ˊŬɟŬɛŮɑɜŮɘ ɛɧɜɞ ɛɑŬ ˊŬɟɎɛŮŰɟɞɠ, ɖ Ůɝɑůɤůɖ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ ŭŮɜ ŮɑɜŬɘ Űɧůɞ Ŭəɟɘɓɐɠ ɧůɞ ŮɑɜŬɘ ɖ ůɢɏůɖ ŭɨɜŬɛɖɠ ɛŮ ɎɔɜɤůŰɖ ɛɑŬ ˊŬɟɎɛŮŰɟɞ. ũɘŬ 

ŬɡŰɧ ɞɘ ůɢɏůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

 

 Ὤ ‗ Ὓȟ  (4.1.5) 

 Ὓ ‌ Ὤȟ  (4.2.5) 

 Ὓ ὧ ὃȟ  (4.3.5) 

 ὃ ὧ Ὓȟ  (4.4.5) 

 ὃ ὸ Ὤȟ  (4.5.5) 

 Ὓ ὰ ὃὬ ȟ  (4.6.5) 

    

y = -1,675ln(x) + 3,9239
wч Ґ лΣсусу
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ɆɢɐɛŬ 4.2: ȹɘɎɔɟŬɛɛŬ ůɡůɢɏŰɘůɖɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Űɖɠ Ůɝɑůɤůɖɠ (4.10) 
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ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜɤɜ əŬŰɖɔɞɟɘɩɜ, ɖ ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɐɠ ɛŮ 

Űɖɜ əŬŰɖɔɞɟɑŬ Űɞɡ Rectangular Bowl űŬɑɜŮŰŬɘ ˊɤɠ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ, ɔɘŬ ŬɡŰɧ ɗŬ 

ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ ůŬɜ ɛɑŬ əŬŰɖɔɞɟɑŬ ůŰɖɜ ŮˊɧɛŮɜɖ ŮˊŮɝŮɟɔŬůɑŬ. 

 

4.2 ȺˊŮɝŮɟɔŬůɑŬ 6.824 ŰŬɛɘŮɡŰɐɟɤɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ Octave ï ɆŰŬŰɘůŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬɛɏŰɟɤɜ 
 

ȼ ˊɟɞəŬŰŬɟəŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɑɖɗɖəŮ ɏŭɤůŮ ɛɑŬ ˊɟɩŰɖ ŮɘəɧɜŬ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ əŬɘ Űɖɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɞɡɠ. ɆŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ Űɖɠ ɏɟŮɡɜŬɠ, ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮˊŮɝŮɟɔŬůɑŬ ůŰɞ ůɨɜɞɚɞ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ɔɘŬ ŰɟŮɘɠ (3) ɔŮɜɘəɏɠ əŬŰɖɔɞɟɑŮɠ:  

I. Prism 

II.  Bowl 

III.  Wedge 

 

ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ ůɢŮŰɘəɎ Ŭˊɚɐ əŬɘ ŬˊŮɘəɞɜɑɕŮŰŬɘ ˊŬɟŬəɎŰɤ. 

 

 

Ɇəɞˊɧɠ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ŮɝŬɢɗɞɨɜ ɞɘ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜŮɠ ůɢɏůŮɘɠ Űɤɜ ˊŬɟŬˊɎɜɤ 

ɛɞɟűɩɜ ɔɘŬ ŰŬ ŰɟɑŬ (3) ůɢɐɛŬŰŬ ɔɘŬ ɧɚɞ Űɞ Ůɨɟɞɠ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. ɆŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ, ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛɧɜɞ ɞɘ ůɢɏůŮɘɠ Űɨˊɞɡ ŭɨɜŬɛɖɠ, ɗŮɤɟɩɜŰŬɠ ɧŰɘ ŮɑɜŬɘ ɞɘ ˊɚɏɞɜ 

ɓɏɚŰɘůŰŮɠ ɔɘŬ ɜŬ ˊɟɞůɞɛɞɘɩůɞɡɜ ɏɜŬɜ ŰŬɛɘŮɡŰɐɟŬ. 

 

ȸɐɛŬ 1ɞ

ÅɆŰɎɗɛɖ

ÅȺˊɘűɎɜŮɘŬ

ÅɉɤɟɖŰɘəɧŰɖŰŬ

ȸɐɛŬ 2ˇ

ÅȺˊɘɚɞɔɐ ŮɝɘůɩůŮɤɜ (ŭɨɜŬɛɖɠ, ˊɞɚɡɤɜɡɛɘəɐ)

ÅȹɖɛɘɞɡɟɔɑŬ ůɡɜŬɟŰɐůŮɤɜ ɛɏŰɟɤɜ Ŭˊɧŭɞůɖɠ (RMSE, NSE)

ȸɐɛŬ 3ɞ

ÅɆɡɜŰŮɚŮůŰɏɠ əɚɑɛŬəŬɠ

ÅɆɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ

ȸɐɛŬ 4ɞ

ÅȺˊɘɚɞɔɐ ůŰŬɗŮɟɞɨ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ 

ÅȺɚŬɢɘůŰɞˊɞɑɖůɖ RMSE

ÅɀŮɔɘůŰɞˊɞɑɖůɖ NSE

ȸɐɛŬ 5ɞ

ÅɇŮɚɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ ůɢɐɛŬŰɞɠ

ÅɇŮɚɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ əɚɑɛŬəŬɠ
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     ɄɑɜŬəŬɠ 4.2: ɇŮɚɘəɏɠ ůɢɏůŮɘɠ Űɨˊɞɡ ŭɨɜŬɛɖɠ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ 

Prism Bowl Wedge 

Ⱥɝɑůɤůɖ NSE Ⱥɝɑůɤůɖ NSE Ⱥɝɑůɤůɖ NSE 

h = ɚ S 0,55 0,998 h = ɚ S 0,44 0,999 h = ɚ S 0,36 0,999 

S = a h 1,83 0,997 S = a h 2,31 0,997 S = a h 2,79 0,998 

S = c A 2,55 0,944 S = c A 1,91 0,982 S = c A 1,64 0,993 

A = c1 S 0,39 0,97 A = c1 S 0,52 0,99 A = c1 S 0,61 0,995 

A = t h 0,70 0,959 A = t h 1,20 0,974 A = t h 1,70 0,973 

S = l1 (Ah)1,07 0,996 S = l1 (Ah)1,05 0,998 S = l1 (Ah)1,03 0,998 

 

ȺɘŭɘəɧŰŮɟŬ, ɔɘŬ Űɖɜ ŰŮɚŮɡŰŬɑŬ ůɢɏůɖ əɎɗŮ əŬŰɖɔɞɟɑŬɠ ɖ ŮˊŮɝŮɟɔŬůɑŬ ŮˊŮəŰɎɗɖəŮ ɩůŰŮ ɜŬ 

ůŰŬɗŮɟɞˊɞɘɖɗŮɑ əŬɘ ɞ ůɡɜŰŮɚŮůɐɠ l1 ůŮ ɛɑŬ ůŰŬɗŮɟɐ Űɘɛɐ, ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛɑŬ ůɢɏůɖ Űɖɠ 

ɛɞɟűɐɠ (2.1).  

Prism Ὓ πȟτ ὃὬ ȟ  (4.6.6) 

Bowl Ὓ πȟςψ ὃὬ ȟ  (4.6.7) 

Wedge Ὓ πȟςσ ὃὬ ȟ  (4.6.8) 

 

ɄŬɟŬəɎŰɤ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ɄɑɜŬəŬɠ 4.3 ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ ŰŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ əɚɑɛŬəŬɠ ɚ ɔɘŬ Űɖɜ əŬɛˊɨɚɖ ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ. Ƀɘ ˊɑɜŬəŮɠ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ 

ůɢɏůŮɘɠ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ ȸ. 

 

      ɄɑɜŬəŬɠ 4.3: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɡɜŰŮɚŮůŰɩɜ əɚɑɛŬəŬɠ ɚ, ůŰɎɗɛɖɠ - ŬˊɞɗɏɛŬŰɞɠ 

 Prism Bowl Wedge 

 ə = 0,55 ə = 0,44 ə = 0,36 

 Local ɚ Global ɚ* Local ɚ Global ɚ* Local ɚ Global ɚ* 

ȺɚɎɢɘůŰɖ 

ɇɘɛɐ 
0,028 0,029 0,126 0,129 0,271 0,276 

ɀɏɔɘůŰɖ 

ɇɘɛɐ 
54,016 54,567 58,997 59,358 55,337 53,869 

ɀɏůɖ ɇɘɛɐ 4,161 4,176 7,435 7,481 9,76 9,724 

ɇɡˊɘəɐ 

ȷˊɧəɚɘůɖ 
4,404 4,428 6,402 6,425 7,149 7,142 

ȷůɡɛɛŮŰɟɑŬ 2,701 2,711 2,123 2,105 1,682 1,668 

ȹɘɎɛŮůɞɠ 2,696 2,702 5,63 5,665 8,109 8,08 
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ɆŰɖ ůɡɜɏɢŮɘŬ, ŭɞəɘɛɎůŰɖəŮ ɛɑŬ əŬɘɜɞɨɟɘŬ ůɢɏůɖ Űɖɠ ɛɞɟűɐɠ (2.1) ˊɞɡ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ əŬɚɨŰŮɟŬ Űɞ ŬˊɧɗŮɛŬ Űɞɡ ŮəɎůŰɞŰŮ ŰŬɛɘŮɡŰɐɟŬ ůɡɜŬɟŰɐůŮɘ Űɖɠ ůŰɎɗɛɖɠ əŬɘ 

Űɖɠ ŮˊɘűɎɜŮɘɎɠ Űɞɡ. ȼ ůɢɏůɖ ŬɡŰɐ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

 Ὓ πȟσψ ὃὬ (4.11) 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ɞɘ əŬɛˊɨɚŮɠ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï 

ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ ŮɝɐɢɗɖůŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɖ ɓɎůɖ GRanD. Ⱥˊɞɛɏɜɤɠ, 

Űɞ 54,7% Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ŬɜŰɘˊɟɞůɤˊŮɨŰŬɘ əŬɚɨŰŮɟŬ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ (2.1). Ʉɘɞ ŬɜŬɚɡŰɘəɎ: 

ü ũɘŬ Űɞɡɠ ˊɟɘůɛŬŰɘəɞɨɠ (Prism) ŰŬɛɘŮɡŰɐɟŮɠ, Űɞ 73% ŬɡŰɩɜ ŬɜŰɘˊɟɞůɤˊŮɨŰŬɘ 

əŬɚɨŰŮɟŬ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ (2.1), ɛŮ ɛɏůɞ NSE = 0,81 ɔɘŬ Űɞ 89% ŬɡŰɩɜ. 

 

 

ü ũɘŬ Űɞɡɠ ɖɛɘəɡəɚɘəɞɨɠ (Bowl) ŰŬɛɘŮɡŰɐɟŮɠ, Űɞ 72% ŬɡŰɩɜ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ 

əŬɚɨŰŮɟŬ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ (4.11), ɛŮ ɛɏůɞ NSE = 0,86 ɔɘŬ Űɞ 83% ŬɡŰɩɜ. 

 

 

ü ũɘŬ Űɞɡɠ ůűɖɜɞŮɘŭŮɑɠ (Wedge) ŰŬɛɘŮɡŰɐɟŮɠ, Űɞ 66% ŬɡŰɩɜ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ 

əŬɚɨŰŮɟŬ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ (4.11), ɛŮ ɛɏůɞ NSE = 0,72 ɔɘŬ Űɞ 69% ŬɡŰɩɜ 

 

ȾŬɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ ŮɝɘůɩůŮɘɠ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ ŭŮɜ ŭɑɜɞɡɜ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ, ɔɘŬ ŬɡŰɧ Ŭɜ ŮɑɜŬɘ 

ɔɜɤůŰɧ Űɞ ůɢɐɛŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ŮɑɜŬɘ ˊɘɞ Ůɨɚɞɔɞ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ŮɝɘůɩůŮɘɠ (4.6.6), 

(4.6.7) əŬɘ (4.6.8). 

ɇɏɚɞɠ, ŭɞəɘɛɎůŰɖəŮ ɛɑŬ ɔŮɜɘəɐ ůɢɏůɖ ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ ɛŮ ůŰŬɗŮɟɧ Űɞɜ ůɡɜŰŮɚŮůŰɐ 

ůɢɐɛŬŰɞɠ ə. ȰˊŮɘŰŬ Ŭˊɧ ŭɞəɘɛɏɠ, ɖ ɓɏɚŰɘůŰɖ Űɘɛɐ Űɞɡ ɘůɞɨŰŬɘ ɛŮ ə = 0,49 əŬɘ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

 Ὤ ‗ Ὓȟ  (4.12) 

ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ, ɔɘŬ Űɘɠ ŭɨɞ ˊɟɩŰŮɠ əŬŰɖɔɞɟɑŮɠ ɖ ůɢɏůɖ ɏɢŮɘ ɡɣɖɚɧ 

ŭŮɑəŰɖ NSE (ɞɘ əŬɛˊɨɚŮɠ Űɞɡ ˊŬɟŬəɎŰɤ ůɢɐɛŬŰɞɠ ˊɟŬəŰɘəɎ ŰŬɡŰɑɕɞɜŰŬɘ), Ůɜɩ ɔɘŬ Űɖɜ ŰɟɑŰɖ 

ŭŮɜ ŭɑɜŮɘ Űɧůɞ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ. ȷɡŰɧ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ, Ŭűɞɨ ɔɘŬ Űɞɡɠ ůűɖɜɞŮɘŭŮɑɠ 

ŰŬɛɘŮɡŰɐɟŮɠ, ɞ ůɡɜŰŮɚŮůŰɐɠ ə ɘůɞɨŰŬɘ ɛŮ ə = 0,36 ɞ ɞˊɞɑɞɠ ŬˊɏɢŮɘ ůɢŮŰɘəɎ ˊɞɚɨ Ŭˊɧ Űɖɜ Űɘɛɐ 

ə = 0,49. 
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ɆɢɐɛŬ 4.4: ȹɘɎɔɟŬɛɛŬ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɞɜ ůɡɜŰŮɚŮůŰɐ NSE əŬɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ 

ɡˊɏɟɓŬůɖɠ (%) Űɤɜ Űɟɘɩɜ ůɢɖɛɎŰɤɜ Űɖɠ Ůɝɑůɤůɖɠ (4.12) 
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5. ȹɘŬɛɧɟűɤůɖ ɡˊɞɗŮŰɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ 

 

ɆŰɧɢɞɠ Űɞɡ əŮűŬɚŬɑɞɡ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɘəŬɜɞˊɞɘɖŰɘəɞɨ Ŭɟɘɗɛɞɨ ɚŮəŬɜɩɜ əŬŰɎəɚɡůɖɠ, 

ˊɟɘɜ Űɖɜ ˊɚɐɟɤůɐ Űɞɡɠ, ɏŰůɘ ɩůŰŮ ɜŬ ɔɑɜŮɘ ɛɘŬ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ůɢɏůŮɤɜ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ 

ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ (ɛŮ ɏɛűŬůɖ ůŰɘɠ əŬɛˊɨɚŮɠ ůŰɎɗɛɖɠ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ) ůɨɛűɤɜŬ ɛŮ 

ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əɎɗŮ ɚŮəɎɜɖɠ. 

5.1 ȾŬŰŬɜɞɛɐ Űɤɜ ɗɏůŮɤɜ Űɤɜ ɡˊɞɣɐűɘɤɜ ŰŬɛɘŮɡŰɐɟɤɜ 
 

Ƀɘ Ůɜ ŭɡɜɎɛŮɘ ŰŬɛɘŮɡŰɐɟŮɠ ɡˊɧ ŮˊŮɝŮɟɔŬůɑŬ ɓɟɑůəɞɜŰŬɘ əɨɟɘɤɠ ŮɜŰɧɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȼɩɜɖɠ, 

ɛŮ ŮɝŬɑɟŮůɖ 7 ɗɏůŮɘɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɢɩɟŮɠ Űɖɠ ȷůɑŬɠ. ȼ Ůˊɘɚɞɔɐ Űɤɜ ɗɏůŮɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ɛɞɜŬŭɘəɧ əɟɘŰɐɟɘɞ Űɞ ŬɜɎɔɚɡűɞ əŬɘ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ, Ůɜɩ ŭŮɜ 

ŮɝŮŰɎůŰɖəŮ Űɞ ɏŭŬűɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ, ŰŬ ˊŮŰɟɩɛŬŰŬ, ɞɨŰŮ ɞɘ ɢɟɐůŮɘɠ ɔɖɠ ɐ Ŭɜ ɡˊɎɟɢɞɡɜ ɞɘəɘůɛɞɑ 

ŮɜŰɧɠ Űɖɠ ɚŮəɎɜɖɠ. ɄŬɟŬəɎŰɤ, űŬɑɜɞɜŰŬɘ ˊɘɞ ŬɜŬɚɡŰɘəɎ ɞɘ ɗɏůŮɘɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ.  

                                                 ɄɑɜŬəŬɠ 5.1: ɈˊɞɣɐűɘŮɠ ɗɏůŮɘɠ ŬɜɎ ɢɩɟŬ  

ɉɩɟŬ 
ȷɟɘɗɛɧɠ 

ɇŬɛɘŮɡŰɐɟɤɜ 

ȺɚɚɎŭŬ 7 

ȷɚɓŬɜɑŬ 1 

ȽŰŬɚɑŬ 7 

ȽůˊŬɜɑŬ 7 

ɄɞɟŰɞɔŬɚɑŬ 1 

ɆɚɞɓŬəɑŬ 2 

ȷɡůŰɟɑŬ 1 

ȷɔɔɚɑŬ 1 

ɁɞɟɓɖɔɑŬ 3 

ɆɞɡɖŭɑŬ 1 

ɇɞɡɟəɑŬ 2 

ɅɤůɑŬ 1 

ũŮɤɟɔɑŬ 4 

Ɇɨɜɞɚɞ 38 

 

ɄŬɟŬəɎŰɤ űŬɑɜɞɜŰŬɘ ɞɘ ŬəɟɘɓŮɑɠ ɗɏůŮɘɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ, ůŮ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɛŮ 

ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ ůŮ WGS 84. ɇɞ ɄŬɔəɧůɛɘɞ ũŮɤŭŬɘŰɘəɧ ɆɨůŰɖɛŬ (WGS) ŬˊɞŰŮɚŮɑ ˊɟɧŰɡˊɞ 

ɔɘŬ ɢɟɐůɖ ůŰɖ ɢŬɟŰɞɔɟŬűɑŬ, Űɖ ɔŮɤŭŬɘůɑŬ əŬɘ Űɖɜ ˊɚɞɐɔɖůɖ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ GPS. 

ɄŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ Űɡˊɞˊɞɘɖɛɏɜɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ Űɖ ũɖ, ɛɘŬ Űɡˊɘəɐ ŮˊɘűɎɜŮɘŬ 

ůűŬɘɟɞŮɘŭɞɨɠ ŬɜŬűɞɟɎɠ (Űɞ ŮɚɚŮɘɣɞŮɘŭɏɠ ŬɜŬűɞɟɎɠ ɐ ŬɜŬűɞɟɎɠ) ɔɘŬ ŭŮŭɞɛɏɜŬ ŬəŬŰɏɟɔŬůŰɞɡ 

ɡɣɞɛɏŰɟɞɡ əŬɘ ɛɘŬ ŮˊɘűɎɜŮɘŬ ŮɝɘůɞɟɟɞˊɑŬɠ ɓŬɟɨŰɖŰŬɠ (geoid) ˊɞɡ əŬɗɞɟɑɕŮɘ Űɖɜ ɞɜɞɛŬůŰɘəɐ 

ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ. Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.2. 
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                ɄɑɜŬəŬɠ 5.2: ũŮɤɔɟŬűɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŮ ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ WGS 84 Űɤɜ ɗɏůŮɤɜ 

 ɆɡɜŰŮŰŬɔɛɏɜŮɠ (WGS 

84) 
 ɆɡɜŰŮŰŬɔɛɏɜŮɠ (WGS 

84) 

Ūɏůɖ 1 40o37' B 24o38' E Ūɏůɖ 20 39ɞ12' ȸ 1ɞ14' ȹ 

Ūɏůɖ 2 35o07' B 25o34' E Ūɏůɖ 21 39ɞ26' ȸ 1ɞ32' ȹ 

Ūɏůɖ 3 39o28' B 21o18' E Ūɏůɖ 22 37ɞ27' ȸ 3ɞ10' ȹ 

Ūɏůɖ 4 38o29' B 23o41' E Ūɏůɖ 23 39ɞ11' ȸ 7ɞ11' ȹ 

Ūɏůɖ 5 38o27' B 23o54' E Ūɏůɖ 24 59ɞ41' ȸ 6ɞ36' Ⱥ 

Ūɏůɖ 6 39o23' B 21o37' E Ūɏůɖ 25 59ɞ40' ȸ 6ɞ57' Ⱥ 

Ūɏůɖ 7 38o31' B 16o04' E Ūɏůɖ 26 61ɞ47' ȸ 11ɞ08' Ⱥ 

Ūɏůɖ 8 39o08' B 16o36' E Ūɏůɖ 27 67ɞ09' ȸ 18ɞ06' Ⱥ 

Ūɏůɖ 9 39o30' B 16o44' E Ūɏůɖ 28 39ɞ40' ȸ 21ɞ31' Ⱥ 

Ūɏůɖ 10 40o15' B 16o06' E Ūɏůɖ 29 39ɞ53' ȸ 20ɞ20' Ⱥ 

ȺɘəɧɜŬ 5.1: ɉɎɟŰɖɠ ɔŮɤɔɟŬűɘəɐɠ əŬŰŬɜɞɛɐɠ Űɤɜ ɗɏůŮɤɜ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ ArcGIS  
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Ūɏůɖ 11 42o33' B 12o43' E Ūɏůɖ 30 48ɞ46' ȸ 20ɞ47' Ⱥ 

Ūɏůɖ 12 46o20' B 10o21' E Ūɏůɖ 31 48ɞ33' ȸ 20ɞ24' Ⱥ 

Ūɏůɖ 13 46o14' B   9o38' E Ūɏůɖ 32 39ɞ32' ȸ 31ɞ43' Ⱥ 

Ūɏůɖ 14 47o18' B 14o23' E Ūɏůɖ 33 37ɞ50' ȸ 28ɞ05' Ⱥ 

Ūɏůɖ 15 54o17' B   2o31' ȹ Ūɏůɖ 34 43ɞ32' ȸ 41ɞ47' Ⱥ 

Ūɏůɖ 16 40ɞ51' ȸ   4ɞ05' ȹ Ūɏůɖ 35 42ɞ47' ȸ 42ɞ42' Ⱥ 

Ūɏůɖ 17 40ɞ25' ȸ   3ɞ20' ȹ Ūɏůɖ 36 42ɞ36' ȸ 42ɞ58' Ⱥ 

Ūɏůɖ 18 41ɞ00' ȸ   2ɞ40' ȹ Ūɏůɖ 37 41ɞ51' ȸ 44ɞ33' Ⱥ 

Ūɏůɖ 19 43ɞ15' ȸ   3ɞ36' ȹ Ūɏůɖ 38 42ɞ14' ȸ 44ɞ40' Ⱥ 

 

5.2 ȹɖɛɘɞɡɟɔɑŬ ȾŬɛˊɡɚɩɜ ï ȺɘůŬɔɤɔɐ ůŰɞ ArcGIS 
 

ɇɞ ArcGIS Desktop ŮɑɜŬɘ Ŭˊɧ ŰŬ əɨɟɘŬ ˊɚŬɑůɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ArcGIS  əŬɘ  ŬˊɞŰŮɚŮɑ  ɏɜŬ  

ɞɚɞəɚɖɟɤɛɏɜɞ  ůɨɜɞɚɞ  ŮɟɔŬɚŮɑɤɜ  ˊɞɡ  ˊŬɟɏɢɞɡɜ  ůŰɞɜ  ɢɟɐůŰɖ ˊɟɧůɓŬůɖ  ůŮ  ɔŮɤɔɟŬűɘəɏɠ  

ɞɜŰɧŰɖŰŮɠ  əŬɘ  ŭɡɜŬŰɧŰɖŰŮɠ  ŮəŰɏɚŮůɖɠ  ɢɤɟɘəɩɜ  ŭɘŮɟɔŬůɘɩɜ. ȷˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ŮɝŮɘŭɘəŮɡɛɏɜŬ 

ɡˊɞůɡůŰɐɛŬŰŬ ɛŮ ŬɜŰɘəŮɑɛŮɜɞ Űɖɜ Ůˊɘůəɧˊɖůɖ, ŮˊŮɝŮɟɔŬůɑŬ, ŬɜɎɚɡůɖ  əŬɘ  Ŭˊɧŭɞůɖ  ɢɤɟɘəɩɜ  

ŭŮŭɞɛɏɜɤɜ  əŬɘ  ůɡɛˊɚɖɟɩɜŮŰŬɘ  Ŭˊɧ  ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ŮˊŮəŰɎůŮɘɠ (extensions). Ƀɘ ŮűŬɟɛɞɔɏɠ 

ŬɡŰɏɠ ŮɑɜŬɘ: 

¶ ArcCatalog 

¶ ArcToolbox 

¶ ArcMap 

Ⱥˊɘˊɚɏɞɜ,  ŭɘŬŰɑɗŮɜŰŬɘ  əŬɘ  ɡˊɞůɡůŰɐɛŬŰŬ  ˊɞɡ  ŮɑɜŬɘ  ɔɜɤůŰɎ  ɤɠ  ŮˊŮəŰɎůŮɘɠ  əŬɘ 

ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ əŬŰɎ ˊŮɟɑˊŰɤůɖ. ɃɟɘůɛɏɜŮɠ Ŭˊɧ ŬɡŰɏɠ ŮɑɜŬɘ: 

¶ 3D Analyst.  

¶ Data Interoperability.  

¶ Geostatistical Analyst.  

¶ Network Analyst.  

¶ Publisher.  

¶ Schematics.  

¶ Spatial Analyst.  

¶ Statistical Analyst.  

¶ Tracking Analyst.  

¶ Production Manager. 

 

ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ɏɟŮɡɜŬ, ɞɘ ŮˊŮəŰɎůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ ɞɘ ñ3D Analystò əŬɘ 

ñSpatial Analystò. ɇɞ ŰɟɘůŭɘɎůŰŬŰɞ ŮˊɑˊŮŭɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɛɏůɤ Űɞɡ ArcScene Ůɜɩ Űɞ əɨɟɘɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɖɠ ŬɜɎɚɡůɖɠ ɔɑɜŮŰŬɘ ůŰɞ ArcMap, ɧˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŮɜŰɞɚɏɠ ůŮ 

ŭɘůŭɘɎůŰŬŰɞ ŮˊɑˊŮŭɞ.  
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5.2.1 ȹɖɛɘɞɡɟɔɑŬ ɊɖűɘŬəɞɨ ɀɞɜŰɏɚɞɡ ȺŭɎűɞɡɠ (ɊɀȺ) ï ȺˊɞˊŰŮɑŬ 3D ȷɜɎɚɡůɖɠ 

ȷɟɢɘəɎ, ɖ ɘůŰɞůŮɚɑŭŬ http://www.diva-gis.org/gdata ˊŬɟɏɢŮɘ ŭɤɟŮɎɜ ŭŮŭɞɛɏɜŬ ɣɖűɘŬəɩɜ 

ɛɞɜŰɏɚɤɜ ŮŭɎűɞɡɠ, ˊɞŰŬɛɩɜ, ɚɘɛɜɩɜ əŬɘ Ɏɚɚɤɜ ɔɘŬ ɧɚŮɠ Űɘɠ ɢɩɟŮɠ ˊŬɔəɞůɛɑɤɠ. ũɘŬ Űɞɜ 

ȺɚɚŬŭɘəɧ ɢɩɟɞ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɑŬ ɛɘəɟɐ ŮˊŮɝŮɟɔŬůɑŬ, ɖ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭŮɜ 

ˊŬɟɏɢŮɘ ŮˊŬɟəɐ ŬɝɘɞˊɘůŰɑŬ. ɆɡɔəŮɟəɘɛɏɜŬ, ɖ çŰŬɡŰɧŰɖŰŬè Űɞɡ ŬɟɢŮɑɞɡ Űɞɡ ɊɀȺ Űɖɠ ȺɚɚɎŭŬɠ 

ɏɢŮɘ Űɘɠ Ůɝɐɠ ˊɚɖɟɞűɞɟɑŮɠ. 

                      ɄɑɜŬəŬɠ 5.3: ȽŭɘɧŰɖŰŮɠ ɊɀȺ Űɖɠ ȺɚɚɎŭŬɠ Ŭˊɧ Űɖ ɓɎůɖ DIVA -GIS, ˊɖɔɐ ArcMap 

Property Value 

Raster Information  

Columns and Rows 1260, 852 

Number of Bands 1 

Cell Size (X, Y) 0,008333, 0,008333 

Spatial Reference <Undefined> 

XY Coordinate System Unknown 

 

ȺˊŮɘŭɐ ɖ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ (Cell Size) ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɖ, ɎɟŬ ŭŮɜ ˊŬɟɏɢŮɘ ŬɝɘɧˊɘůŰŬ 

ŭŮŭɞɛɏɜŬ əŬɘ Űɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬůɢɖɛŬŰɘůŰŮɑ, əɟɑɜŮŰŬɘ ŬɜŬɔəŬɑɞ 

ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ɏɟŮɡɜŬ ɜŬ ˊɟɞɏɚɗɞɡɜ Ŭˊɧ Ŭɚɚɞɨ. Ⱥˊɞɛɏɜɤɠ, ŰŬ 

ŭŮŭɞɛɏɜŬ ɗŬ ˊɟɞɏɚɗɞɡɜ ɛɏůɤ Űɞɡ Google Earth əŬɘ ɗŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ŬɟɢŮɑɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

çŭɘŬɓɎůŮɘè Űɞ ɚɞɔɘůɛɘəɧ ArcGIS. ȸŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ŮɡəɞɚɑŬ 

ŭɖɛɘɞɡɟɔɑŬɠ ŭŮŭɞɛɏɜɤɜ ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ, ůŮ ɧˊɞɘɞ ůɖɛŮɑɞ Űɞɡ ˊŬɔəɧůɛɘɞɡ ɢɎɟŰɖ 

ŮˊɘɗɡɛŮɑ ɞ ɢɟɐůŰɖɠ. ȷɜŰɑɗŮŰŬ, ɏɜŬ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ˊɤɠ ɖ ŬəɟɑɓŮɘŬ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ŭŮɜ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɐ, ɤůŰɧůɞ ɔɘŬ Űɞɜ ůəɞˊɧ Űɖɠ ŮɟɔŬůɑŬɠ əɟɑɜŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ 

ɔɘŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ.  

ȼ ɛŮŰŬŰɟɞˊɐ ɔɑɜŮŬɘ ɛɏůɤ Űɞɡ https://www.gpsvisualizer.com/elevation ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬəɎŰɤ. ȹɑɜŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ŬˊɞŰɨˊɤůɖɠ Űɞɡ ŬɜŬɔɚɨűɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ Ŭ) 

ůŰɞ Google Earth əŬɘ ɓ) ůŰɖ ˊɚŬűɧɟɛŬ ɛŮŰŬŰɟɞˊɐɠ GPSVisualizer ɔɘŬ ɛɘŬ ˊŮɟɘɞɢɐ Űɖɠ 

ȷŰŰɘəɐɠ. 

ȺɘəɧɜŬ 5.2: Ʉɟɞűɑɚ Ŭɜɨɣɤůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ, (Ʉɖɔɐ: Google Earth) 

http://www.diva-gis.org/gdata
https://www.gpsvisualizer.com/elevation
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ɇɞ ŭŮɨŰŮɟɞ ŭɘɎɔɟŬɛɛŬ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ɛɏɔɘůŰɖ Űɘɛɐ ɡɣɞɛɏŰɟɞɡ (526 m ɏɜŬɜŰɘ 519 m) əŬɘ 

ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ Űɖɠ ŬˊɧůŰŬůɖ Űɞɡ ɉ ɎɝɞɜŬ (465,3 km ɏɜŬɜŰɘ 421 km), ɤůŰɧůɞ ɔɘŬ Űɞɡɠ 

ůəɞˊɞɨɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ɖ ŬəɟɑɓŮɘŬ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ ɗŮɤɟŮɑŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ. 

ũɘŬ ɜŬ ŮɝŬɢɗɞɨɜ ŭŮŭɞɛɏɜŬ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ɢɤɟɖŰɘəɧŰɖŰŬɠ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɡɜ əɎˊɞɘŮɠ 

ˊɟɞŮɟɔŬůɑŮɠ.  

ü ȸɐɛŬ 1ɞ:  

Ⱥˊɘɚɞɔɐ ɗɏůɖɠ ŰŬɛɘŮɡŰɐɟŬ ɛŮ ɛɞɜŬŭɘəɧ əɟɘŰɐɟɘɞ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ (ŭŮɜ 

ŮɝŮŰɎɕŮŰŬɘ Űɞ ɔŮɤɚɞɔɘəɧ ɡˊɧɓŬɗɟɞ Űɖɠ əɎɗŮ ɗɏůɖɠ, ɞɨŰŮ Ŭɜ ɡˊɎɟɢɞɡɜ ɞɘəɘůɛɞɑ ůŰɖɜ 

ˊŮɟɘɞɢɐ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɘɞ ˊɎɜɤ). ȼ Ůˊɘɚɞɔɐ ɔɑɜŮŰŬɘ Ŭˊɧ Űɞ Google Earth, ɛŬɟəɎɟŮŰŬɘ 

ɖ ˊŮɟɘɞɢɐ Ŭˊɧ ŰŬ ůɖɛŮɑŬ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ əŬɘ Űɖ ɔɨɟɤ ˊŮɟɘɞɢɐ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ŮɘůɎɔŮŰŬɘ ůŰɞ ArcMap. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ɊɖűɘŬəɧ ɀɞɜŰɏɚɞ 

ȺŭɎűɞɡɠ (ɊɀȺ) ɐ Digital Elevation Model (DEM). ɇɏɚɞɠ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ŮˊɑˊŮŭɞ TIN 

(Triangular irregular networks) ɧˊɞɡ ŬɜŬˊŬɟɘůŰɎ Űɞ ŬɜɎűɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. 

 

ũɘŬ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɤɠ ˊŬɟɎŭŮɘɔɛŬ ɛɑŬ ˊŮɟɘɞɢɐ ůŰɞ ɜɖůɑ Űɖɠ ŪɎůɞɡ. ɆŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɖ ˊŮɟɘɞɢɐ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖ 

ɚŮəɎɜɖ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɔɘŬ əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɞɡ ŬɜŬɔɚɨűɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ. ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ 

ɗɏůŮɘɠ ɤůŰɧůɞ ɖ ɚŮəɎɜɖ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ŬɚɚɎ ˊŬɟŬɛɏɜŮɘ ŬɟəŮŰɎ ɛŮɔɎɚɖ 

ɩůŰŮ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ɜŬ ŮɑɜŬɘ ŬəɟɘɓŮɑɠ. 

 

 

 

ȺɘəɧɜŬ 5.3: Ʉɟɞűɑɚ Ŭɜɨɣɤůɖɠ (Ůˊɘɚɞɔɐ elevation profile) Űɖɠ ˊŮɟɘɞɢɐɠ, (Ʉɖɔɐ: GPSVisualizer) 
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ȺɘəɧɜŬ 5.4: ȾɎŰɞɣɖ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ (Ʉɖɔɐ: Google 

Earth) 
ȺɘəɧɜŬ 5.5: ȺɜŰɞˊɘůɛɧɠ ɗɏůɖɠ ŰŬɛɘŮɡŰɐɟŬ (Ʉɖɔɐ: 

Google Earth) 

ɀŬɟəɎɟɘůɛŬ 
ˊŮɟɘɞɢɐɠ 

(Google Earth)

ȷˊɞɗɐəŮɡůɖ 
ɛɏɟɞɡɠ ɤɠ 

kml

ɀŮŰŬŰɟɞˊɐ & 
ˊɟɞůɗɐəɖ 
ɡɣɞɛɏŰɟɤɜ 

(GPSVisualizer)

ArcToolbox : 
From GPX to 

Features
Create TIN

ȺɘəɧɜŬ 5.6: ȹɖɛɘɞɡɟɔɑŬ ůɖɛŮɑɤɜ Űɤɜ ɡɣɞɛɏŰɟɤɜ Űɖɠ 

ˊŮɟɘɞɢɐɠ, ɛɏůɤ Űɞɡ ArcMap 
ȺɘəɧɜŬ 5.7: ȹɖɛɘɞɡɟɔɑŬ Ůˊɘˊɏŭɞɡ TIN, ɛɏůɤ Űɞɡ ArcMap 
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5.2.2 ȺɝŬɔɤɔɐ ȹŮŭɞɛɏɜɤɜ ɆŰɎɗɛɖɠ ï ȺˊɘűɎɜŮɘŬɠ ï ȷˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ 
 

Ⱥűôɧůɞɜ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ Űɞ ŮˊɑˊŮŭɞ ˊɞɡ ŬɜŬˊŬɟɘůŰɎ Űɞ ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ, ˊɟɏˊŮɘ ɜŬ 

ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ ɗɏůɖ Űɞɡ űɟɎɔɛŬŰɞɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɖ ɚŮəɎɜɖ əŬŰɎəɚɡůɖɠ. ȳɛɤɠ, ˊɟɘɜ Ŭˊɧ 

ɞˊɞɘŭɐˊɞŰŮ ŭɘŮɟɔŬůɑŬ, ˊɟɏˊŮɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɐůŮɘ Űɞ ɊɀȺ ɜŬ 

ɛŮŰŬůɢɖɛŬŰɘůŰɞɨɜ ůŰɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɖɠ ɢɩɟŬɠ ɛŬɠ. ȷɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ 

ŮɜŰɞɚɐ Project (Data Management) əŬɘ ŮˊɘɚɏɔɞɜŰŬɠ ůŰɞ Coordinate System Ą Greek Grid. 

ü ȸɐɛŬ 2ɞ:  

ɄɟɞůŭɘɞɟɑɕŮŰŬɘ ɞ ɎɝɞɜŬɠ Űɞɡ űɟɎɔɛŬŰɞɠ. ȹɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ əŬɘɜɞɨɟɘɞ ŬɟɢŮɑɞ shapefile 

ɧˊɞɡ ɞɜɞɛɎɕŮŰŬ ñdam axisò əŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ editor Ą start editing Ą Ůˊɘɚɞɔɐ Űɞɡ 

ŬɟɢŮɑɞɡòdam axisò Ą create features Ą Construction Tools Ą Ⱥˊɘɚɞɔɐ line. Ƀ ɎɝɞɜŬɠ 

ůɢŮŭɘɎɕŮŰŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ əɎɗŮŰŬ ůŰɖ ɟɞɐ Űɞɡ ɜŮɟɞɨ əŬɘ ůŮ ůɖɛŮɑɞ ɧˊɞɡ ŰŬ ˊɟŬɜɐ ɏɢɞɡɜ 

ɛŮɔŬɚɨŰŮɟɖ əɚɑůɖ.  

ü ȸɐɛŬ 3ɞ: 

ȹɖɛɘɞɡɟɔɑŬ Űɖɠ ɛɏɔɘůŰɖɠ ɢɤɟɞůŰŬɗɛɘəɐɠ əŬɛˊɨɚɖɠ. ȷɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ 

Surface Contour (3D Analyst). ɆŰɖɜ Ůˊɘɚɞɔɐ Contour Interval ŮˊɘɚɏɔŮŰŬɘ ɛɑŬ ɛŮɔɎɚɖ Űɘɛɐ, 

ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ 3000, əŬɗɩɠ ŮˊɘɚɏɔŮŰŬɘ ŬɜɎ ˊɧůŬ ɛɏŰɟŬ ɗɏɚɞɡɛŮ ɜŬ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɖ ɢɤɟɞůŰŬɗɛɘəɐ əŬɛˊɨɚɖ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ. ɆŰɖɜ Ůˊɘɚɞɔɐ Base 

Contour ŮˊɘɚɏɔŮŰŬɘ ɖ ɘůɞɦɣɐɠ ˊɞɡ ɗɏɚɞɡɛŮ, Ůŭɩ ŮˊɘɚɏɔŮŰŬɘ ɖ ɘůɞɦɣɐɠ 210.  

 

 

ü ȸɐɛŬ 4ɞ:  

ȹɖɛɘɞɡɟɔɑŬ ɛɑŬɠ çɛɎůəŬɠè ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ɧɟɘŬ Űɖɠ ɚŮəɎɜɖɠ əŬŰɎəɚɡůɖɠ. 

ȷɟɢɘəɎ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŮɜŰɞɚɐ contour with barriers (3D Analyst), ɧˊɞɡ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɞɘ ɘůɞɦɣŮɑɠ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɚŮəɎɜɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ editor ŮɜɩɜɞɜŰŬɘ ɞɘ ɘůɞɦɣŮɑɠ ɛŮŰŬɝɨ Űɞɡɠ ůŰŬ ɎəɟŬ ɩůŰŮ ɜŬ 

ůɢɖɛŬŰɘůŰŮɑ ɏɜŬ ˊɞɚɨɔɤɜɞ, Űɞ ɞˊɞɑɞ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ feature to polygon. 

ȺɘəɧɜŬ 5.8: ɀɏɔɘůŰɖ ɉɤɟɞůŰŬɗɛɘəɐ əŬɛˊɨɚɖ 

(ŮɜŰɞɚɐ Surface Contour), ɛɏůɤ Űɞɡ ArcMap 
ȺɘəɧɜŬ 5.9: ȹɖɛɘɞɡɟɔɑŬ ɘůɞɦɣɩɜ (contour with 

barriers), ɛɏůɤ Űɞɡ ArcMap 
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ɇɏɚɞɠ, ŮɝɎɔŮŰŬɘ ɖ çɛɎůəŬè Űɖɠ ɚŮəɎɜɖɠ ɛŮ Űɖɜ ŮɜŰɞɚɐ extract by mask, ɧˊɞɡ ŬˊɞŰŮɚŮɑ 

ŮˊɑˊŮŭɞ raster. 

 

ü ȸɐɛŬ 5ɞ:  

ɇŮɚŮɡŰŬɑɞ ɓɐɛŬ ŮɑɜŬɘ ɖ ŮɝŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɀŮ Űɖɜ ŮɜŰɞɚɐ Surface Volume ˊŬɟɏɢŮŰŬɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɧɔəɞɡ əŬɘ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əɎŰɤ Ŭˊɧ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ  ɨɣɞɠ. 

 

 

Ⱥŭɩ, ŮˊɘɚɏɔŮŰŬɘ (ŬɡɗŬɑɟŮŰŬ) Űɞ ɨɣɞɠ Űɞɡ űɟɎɔɛŬŰɞɠ ɜŬ ɘůɞɨŰŬɘ ɛŮ 140 m, ˊɞɡ ŮɑɜŬɘ 

ůɡɔəɟɑůɘɛɞ ɛŮ ŰŬ ɛŮɔŬɚɨŰŮɟŬ űɟɎɔɛŬŰŬ Űɖɠ ȺɚɚɎŭŬɠ (ŪɖůŬɡɟɧɠ: 170 m, ȾɟŮɛŬůŰɎ: 160 m). 

ȺɘəɧɜŬ 5.10: ȹɖɛɘɞɡɟɔɑŬ ɚŮəɎɜɖɠ əŬŰɎəɚɡůɖɠ 

Ŭˊɧ Űɘɠ ɘůɞɦɣŮɑɠ Űɖɠ ˊŮɟɘɞɢɐɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

Űɞɡ ArcMap 

ȺɘəɧɜŬ 5.11: ȹɖɛɘɞɡɟɔɑŬ çɛɎůəŬɠè ɚŮəɎɜɖɠ 

əŬŰɎəɚɡůɖɠ (extract by mask) ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

Űɞɡ ArcMap 

ȺɘəɧɜŬ 5.12: ɉɟɖůɘɛɧŰɖŰŬ ŮɜŰɞɚɐɠ Surface Volume. ȰɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɡˊɞɚɞɔɑůŮɘ Űɞɜ ɧɔəɞ əŬɘ Űɖɜ 

ŮˊɘűɎɜŮɘŬ ˊɎɜɤ Ŭˊɧ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɨɣɞɠ (ɛŮ Űɖɜ Ůˊɘɚɞɔɐ above Ą ŮɎɜ ɗɏɚɞɡɛŮ Űɞɜ ɧɔəɞ Ůɜɧɠ ɓɞɡɜɞɨ) əŬɘ 

əɎŰɤ Ŭˊɧ ŬɡŰɐ (ɛŮ Űɖɜ Ůˊɘɚɞɔɐ below Ą  ɧˊɤɠ ɖ ˊŮɟɑˊŰɤůɖ ɛŬɠ), ˊɖɔɐ: ArcGIS Manual 
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ũɘŬ Űɖɜ ɡɣɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ əŬɘ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮˊɘɚɏɔŮŰŬɘ ɓɐɛŬ 10 m. ȷˊɧ Űɖɜ 

ŮɜŰɞɚɐ ɤůŰɧůɞ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮˊɘɚŮɢɗŮɑ ɞˊɞɘɞŭɐˊɞŰŮ ɓɐɛŬ, ŬəɧɛŬ əŬɘ 0,5 m. ȰŰůɘ 

ˊŬɟɏɢɞɜŰŬɘ ɧɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ.  

ȼ ŬəɟɑɓŮɘŬ Űɤɜ ɚŮəŬɜɩɜ əŬŰɎəɚɡůɖɠ ɛɏůɤ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ŭɖɛɘɞɡɟɔɑŬɠ ɊɀȺ űŬɑɜŮŰŬɘ 

ůŰɞɜ ɄɑɜŬəŬ 5.4. 

                              ɄɑɜŬəŬɠ 5.4: ȷəɟɑɓŮɘŬ ɊɖűɘŬəɩɜ ɀɞɜŰɏɚɤɜ ȺŭɎűɞɡɠ 

Ūɏůɖ 
ɀɏɔŮɗɞɠ 

əŮɚɘɩɜ 
Ūɏůɖ 

ɀɏɔŮɗɞɠ 

əŮɚɘɩɜ 

Ūɏůɖ 1 36Ĭ36 Ūɏůɖ 20 20Ĭ20 

Ūɏůɖ 2 22Ĭ22 Ūɏůɖ 21 18Ĭ18 

Ūɏůɖ 3 20Ĭ20 Ūɏůɖ 22 25Ĭ25 

Ūɏůɖ 4 46Ĭ46 Ūɏůɖ 23 35Ĭ35 

Ūɏůɖ 5 31Ĭ31 Ūɏůɖ 24 9Ĭ9 

Ūɏůɖ 6 16Ĭ16 Ūɏůɖ 25 50Ĭ50 

Ūɏůɖ 7 22Ĭ22 Ūɏůɖ 26 69Ĭ69 

Ūɏůɖ 8 17Ĭ17 Ūɏůɖ 27 200Ĭ200 

Ūɏůɖ 9 46Ĭ46 Ūɏůɖ 28 26Ĭ26 

Ūɏůɖ 10 22Ĭ22 Ūɏůɖ 29 145Ĭ145 

Ūɏůɖ 11 18Ĭ18 Ūɏůɖ 30 17Ĭ17 

Ūɏůɖ 12 15Ĭ15 Ūɏůɖ 31 60Ĭ60 

Ūɏůɖ 13 26Ĭ26 Ūɏůɖ 32 45Ĭ45 

Ūɏůɖ 14 29Ĭ29 Ūɏůɖ 33 200Ĭ200 

Ūɏůɖ 15 28Ĭ28 Ūɏůɖ 34 80Ĭ80 

Ūɏůɖ 16 16Ĭ16 Ūɏůɖ 35 30Ĭ30 

Ūɏůɖ 17 8Ĭ8 Ūɏůɖ 36 14Ĭ14 

Ūɏůɖ 18 21Ĭ21 Ūɏůɖ 37 47Ĭ47 

Ūɏůɖ 19 31Ĭ31 Ūɏůɖ 38 31Ĭ31 

ȺɘəɧɜŬ 5.13: ɇɟɘůŭɘɎůŰŬŰɖ ŬˊŮɘəɧɜɘůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ Ŭ) Ʉɟɘɜ Űɖɜ ˊɚɐɟɤůɐ Űɞɡ (ŬɟɘůŰŮɟɎ) əŬɘ ɓ) ɀŮŰɎ Űɖɜ 

ˊɚɐɟɤůɐ Űɞɡ ɏɤɠ Űɖ ůŰɎɗɛɖ ŮɜŭɘŬűɏɟɞɜŰɞɠ (ŭŮɝɘɎ), ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ArcScene 
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ɆŮ ŰɟŮɘɠ ɗɏůŮɘɠ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əŮɚɘɩɜ ɝŮˊŮɟɜɎ Űɞ 100Ĭ100 m, ŭɖɚŬŭɐ ɖ ŬəɟɑɓŮɘŬ ŭŮɜ ŮɑɜŬɘ 

ɛŮɔɎɚɖ, ɤůŰɧůɞ ŭŮɜ ŭɖɛɘɞɡɟɔŮɑ ˊɟɧɓɚɖɛŬ ɔɘŬ Űɞɡɠ ůəɞˊɞɨɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

ȼ ɗɏůɖ 3 Űɞɡ ɄɑɜŬəŬ 5.2 ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ űɟɎɔɛŬ Űɖɠ ɀŮůɞɢɩɟŬɠ, ɤůŰɧůɞ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ 

ɤɠ ɡˊɞɣɐűɘŬ ɗɏůɖ Ŭűɞɨ ŭŮɜ ɏɢŮɘ ŰŮɗŮɑ ŬəɧɛŬ ůŮ ɚŮɘŰɞɡɟɔɑŬ. ũɘŬ ɜŬ ŮˊŬɚɖɗŮɡŰŮɑ ˊɤɠ ɖ ɛɏɗɞŭɞɠ 

ˊɞɡ ŬɜŬűɏɟɗɖəŮ ˊŬɟɏɢŮɘ Ŭəɟɘɓɐ ŭŮŭɞɛɏɜŬ, ˊŬɟŬəɎŰɤ ɗŬ ůɡɔəɟɘɗŮɑ ɖ əŬɛˊɨɚɖ ůŰɎɗɛɖɠ ï 

ŬˊɞɗɏɛŬŰɞɠ ˊɞɡ ŮɝɎɔŮŰŬɘ ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ɛɏɗɞŭɞ ɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɐ əŬɛˊɨɚɖ ůŰɎɗɛɖɠ ï 

ŬˊɞɗɏɛŬŰɞɠ Űɖɠ ɀŮůɞɢɩɟŬɠ. 

ɇɞ ɊɀȺ ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɢŮɘ ŬəɟɑɓŮɘŬ 20Ĭ20 m ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.4 

əŬɘ ɤɠ ɛɏɔɘůŰɖ ɢɤɟɞůŰŬɗɛɘəɐ əŬɛˊɨɚɖ ŮˊɘɚɏɔŮŰŬɘ ɖ ɘůɞɦɣɐɠ Űɤɜ 790 m. 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ Űɤɜ ŭɨɞ ŭŮɘɔɛɎŰɤɜ ɘůɞɨŰŬɘ ɛŮ r = 0,999 əŬɘ ɞ ŭŮɑəŰɖɠ əŬɚɐɠ 

ˊɟɞůŬɟɛɞɔɐɠ ŮɑɜŬɘ ɑůɞɠ ɛŮ NSE = 0,997. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŭɑɜŮɘ 

ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ, ŰŬ ɞˊɞɑŬ ɤůŰɧůɞ ŮɝŬɟŰɞɨɜŰŬɘ əŬɘ ůŮ əɎˊɞɘɞ ɓŬɗɛɧ Ŭˊɧ Űɖɜ 

ŬəɟɑɓŮɘŬ Űɤɜ ɊɖűɘŬəɩɜ ɀɞɜŰɏɚɤɜ ȺŭɎűɞɡɠ. 

5.2.3   ɀŮɗɞŭɞɚɞɔɑŬ ůɡůɢɏŰɘůɖɠ ˊŬɟŬɛɏŰɟɤɜ ůɨɛűɤɜŬ ɛŮ ŰŬ ɔŮɤɔɟŬűɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ ï ȺɝŬɔɤɔɐ ŰŮɚɘəɩɜ ůɢɏůŮɤɜ 
 

ũɘŬ Űɞɡɠ 38 ŰŬɛɘŮɡŰɐɟŮɠ ɏɔɘɜŮ ŬɜɎɚɡůɖ əŬɘ ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ůɡɜŰŮɚŮůŰɏɠ əɚɑɛŬəŬɠ, ɚ əŬɘ ɞɘ 

ůɡɜŰŮɚŮůŰɏɠ ůɢɐɛŬŰɞɠ, ə. ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ɏɢɞɡɜ ɤɠ Ůɝɐɠ: 

V RMSE = 28,64 

V NSE = 0,999 

 

5.2.3.1: 1ɖ ɀɏɗɞŭɞɠ 

 

ȰɢɞɜŰŬɠ ɓɟŮɘ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ, ɗŬ ɔɑɜŮɘ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ůŮ ŰɟɑŬ ůɢɐɛŬŰŬ, 

ɧˊɤɠ ɏɔɘɜŮ əŬɘ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ Űɖɠ ŮɟɔŬůɑŬɠ. ȼ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɔɘŬ Ŭɟɢɐ çŬɡɗŬɑɟŮŰŬè, ŬɜɎɚɞɔŬ ɛŮ ˊɧůɞ çəɞɜŰɎè ŮɑɜŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ə ůŮ 

ɛɑŬ Ŭˊɧ Űɘɠ 3 Űɘɛɏɠ. 
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ȺɘəɧɜŬ 5.14: Ɇɨɔəɟɘůɖ Űɤɜ ŭɨɞ əŬɛˊɡɚɩɜ ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ Ŭ) ˊɟŬɔɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ əŬɘ ɓ) ůŰɞɘɢŮɑɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ ArcGIS 
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                ɄɑɜŬəŬɠ 5.5: ȷɟɘɗɛɖŰɘəɏɠ çɛɏůŮɠè Űɘɛɏɠ Űɤɜ Űɟɘɩɜ ɓŬůɘəɩɜ ůɢɖɛɎŰɤɜ ŰŬɛɘŮɡŰɐɟɤɜ 

ɆɢɐɛŬ ɇɘɛɐ 

Prism 0,55 

Bowl 0,44 

Wedge 0,36 

  

ȰŰůɘ, Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ, ɞɘ 18 ɏɢɞɡɜ ůűɖɜɞŮɘŭɏɠ ůɢɐɛŬ, ɞɘ 12 ɏɢɞɡɜ ɖɛɘəɡəɚɘəɧ 

əŬɘ ɞɘ 8 ɏɢɞɡɜ ˊɟɘůɛŬŰɘəɧ.  

ɆŰɖ ůɡɜɏɢŮɘŬ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛɏůɤ Űɞɡ GIS Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, b əŬɘ Űɞ 

ɛɏůɞ ˊɚɎŰɞɠ Űɞɡ B, əŬɘ əŬŰɧˊɘɜ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɚɧɔɞɠ   
ὦ

ὄ
. ȷɡŰɧ ɔɑɜŮŰŬɘ əŬɗɩɠ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ə űŬɑɜŮŰŬɘ ˊɤɠ ŮˊɖɟŮɎɕŮŰŬɘ ɎɛŮůŬ Ŭˊɧ ŬɡŰɧ Űɞ ɚɧɔɞ. ɄɟɎɔɛŬŰɘ, ˊŬɟŬəɎŰɤ űŬɑɜɞɜŰŬɘ ŰŬ 

ɘůŰɞɔɟɎɛɛŬŰŬ ɔɘŬ Űɘɠ 3 əŬŰɖɔɞɟɑŮɠ. 

 

ȺɘəɧɜŬ 5.15: ȽůŰɧɔɟŬɛɛŬ ɚɧɔɞɡ ˊɚɎŰɞɡɠ ˊɡɗɛɏɜŬ ˊɟɞɠ ɛɏůɞɡ ˊɚɎŰɞɡɠ  

ɔɘŬ ŰŬɛɘŮɡŰɐɟŮɠ Űɨˊɞɡ Wedge 

 

ȺɘəɧɜŬ 5.16: ȽůŰɧɔɟŬɛɛŬ ɚɧɔɞɡ ˊɚɎŰɞɡɠ ˊɡɗɛɏɜŬ ˊɟɞɠ ɛɏůɞɡ ˊɚɎŰɞɡɠ  

ɔɘŬ ŰŬɛɘŮɡŰɐɟŮɠ Űɨˊɞɡ Bowl 
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ȰŰůɘ, ɔɑɜŮŰŬɘ ɛɑŬ ɜɏŬ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ˊɞɡ ɏɢŮɘ ŰŬ Ůɝɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

             ɄɑɜŬəŬɠ 5.6: Ⱥɨɟɞɠ ŭɘŬəɨɛŬɜůɖɠ Űɞɡ ɚɧɔɞɡ b/B ɔɘŬ Űɘɠ ŰɟŮɘɠ əŬŰɖɔɞɟɑŮɠ ŰŬɛɘŮɡŰɐɟɤɜ 

 b/B 

ɆɡɜŰŮɚŮůŰɐɠ, ə ȺɚɎɢɘůŰɖ Űɘɛɐ ɀɏɔɘůŰɖ Űɘɛɐ 

0,36 0 0,091 

0,44 0,092 0,278 

0,55 0,279 0,54 

 

ɀŮ Űɖ ɜɏŬ ŬɡŰɐ ɗŮɩɟɖůɖ, ɛɧɜɞ ůŮ  ɏɜŬɜ ŰŬɛɘŮɡŰɐɟŬ ŬɚɚɎɕŮɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ə Ůɜɩ ůŰɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ çŬɡɗŬɑɟŮŰɖè əŬŰɖɔɞɟɘɞˊɞɑɖůɖ. Ƀɘ 

ŬɚɚŬɔɏɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ ůɡɜŰŮɚŮůŰɐ NSE ˊɞɡ ɛŮɘɩɜŮŰŬɘ ŮɚŬűɟɩɠ ůŮ ŬɡŰɧɜ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ. 

ȼ ɜɏŬ ŬɡŰɐ ˊɟɞůɏɔɔɘůɖ ɛˊɞɟŮɑ ɜŬ ɛŮɑɤůŮ ŮɚŬűɟɩɠ Űɞɜ ůɡɜɞɚɘəɧ ŭŮɑəŰɖ əŬɚɐɠ ˊɟɞůŬɟɛɞɔɐɠ 

NSE (Ŭˊɧ NSE = 0,995 ɛŮɘɩɗɖəŮ ůŰɞ NSE = 0,992) ŬɚɚɎ ˊŬɟŬɛɏɜŮɘ ɛɑŬ Ŭəɟɘɓɐɠ ˊɟɞůɏɔɔɘůɖ, 

ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɞɜ ɏɜŬɜ ůɡɜŰŮɚŮůŰɐ ůŮ ůɢɏůɖ ɛŮ ɏɜŬ ɔŮɤɛŮŰɟɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ɚ ˊŬɟŬɛɏɜŮɘ ůŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ ŬɜŮɝɎɟŰɖŰɞɠ. 

 

5.2.3.2: 2ɖ ɀɏɗɞŭɞɠ 

 

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ ɖ ˊɘɞ Ŭˊɚɐ əŬɘ ɏɢŮɘ ůŬɜ ɚɞɔɘəɐ ɜŬ ŭɘŬŰɖɟɐůŮɘ Űɞɜ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ŭɨɞ 

ůɡɜŰŮɚŮůŰɏɠ ůŰŬɗŮɟɧ.  

Á ɆɡɜŰŮɚŮůŰɐɠ ə 

ɆŮ ŬɡŰɐɜ Űɖɜ əŬŰɖɔɞɟɑŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɧɠ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ, əŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ 

əɚɑɛŬəŬɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞɠ. ȰˊŮɘŰŬ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŮˊɘɚɏɔŮŰŬɘ ůŬɜ ɓɏɚŰɘůŰɖ ɖ Űɘɛɐ       ə 

= 0,40. ȰŰůɘ, ɘůɢɨŮɘ: 

V RMSE = 119 

V NSE = 0,979 

ȺɘəɧɜŬ 5.17: ȽůŰɧɔɟŬɛɛŬ ɚɧɔɞɡ ˊɚɎŰɞɡɠ ˊɡɗɛɏɜŬ ˊɟɞɠ ɛɏůɞɡ 

ˊɚɎŰɞɡɠ  ɔɘŬ ŰŬɛɘŮɡŰɐɟŮɠ Űɨˊɞɡ Prism 
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Á ɆɡɜŰŮɚŮůŰɐɠ ɚ 

ɆŮ ŬɡŰɐɜ Űɖɜ əŬŰɖɔɞɟɑŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɧɠ ɞ ůɡɜŰŮɚŮůŰɐɠ əɚɑɛŬəŬɠ, Ůɜɩ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ůɢɐɛŬŰɞɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞɠ. ȰˊŮɘŰŬ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŮˊɘɚɏɔŮŰŬɘ ůŬɜ ɓɏɚŰɘůŰɖ ɖ Űɘɛɐ ɚ = 

13,64. ȰŰůɘ, ɘůɢɨŮɘ: 

V RMSE = 218,08 

V NSE = 0,92 

Ⱥˊɞɛɏɜɤɠ, Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ, ůŰɖ ɛɏɗɞŭɞ ŬɡŰɐ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɧɠ ɞ ůɡɜŰŮɚŮůŰɐɠ ə, Ůɜɩ ɞ 

ůɡɜŰŮɚŮůŰɐɠ ɚ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. 

ɆŰɞ Ůɝɐɠ, ɞɘ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɞɘ ůɡɜŰŮɚŮůŰɏɠ ɚ Ŭˊɧ Űɖɜ 1ɖ ɛɏɗɞŭɞ (Űɖ ɛɏɗɞŭɞ əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ 

ɓɎůŮɘ Űɞɡ ɚɧɔɞɡ b/B) ɗŬ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ ɚ* əŬɘ ɞɘ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɞɘ ůɡɜŰŮɚŮůŰɏɠ ɚ ŬɡŰɐɠ 

Űɖɠ ɛŮɗɧŭɞɡ (ɛɏɗɞŭɞɠ ůŰŬɗŮɟɞɨ ůɡɜŰŮɚŮůŰɐ ə) ɗŬ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ ɚ**. 

 

5.2.3.3: 3ɖ ɀɏɗɞŭɞɠ 

 

ȺˊɧɛŮɜɞ ɓɐɛŬ Űɖɠ ŮɟɔŬůɑŬɠ, ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ ɜŬ ůɡůɢŮŰɘůŰŮɑ ɛŮ əɎˊɞɘŮɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ˊɞɡ Ŭűɞɟɞɨɜ ůŰɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ŭɘŬŰɖɟɩɜŰŬɠ Űɞɜ ůɡɜŰŮɚŮůŰɐ ə ůŰŬɗŮɟɧ. Ƀɘ 

ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɞɑ ŮɑɜŬɘ: 

Á Ⱦɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, slope (%) 

Á Ⱦɚɑůɖ Űɖɠ ɚŮəɎɜɖɠ, J  

Á ɄɚɎŰɞɠ ˊɡɗɛɏɜŬ, b (m) 

 

ȼ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ (ɗŬ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ ñslopeò) ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ GIS ɛŮ Űɖɜ ŮɜŰɞɚɐ 

slope (Spatial Analyst). ɆŬɜ ñinputò ŮɘůɏɟɢŮŰŬɘ Űɞ ŮˊɑˊŮŭɞ Űɖɠ çɛɎůəŬɠè (mask) ˊɞɡ ɏɢŮɘ 

ɡˊɞɚɞɔɘůŰŮɑ əŬɘ ŮˊɘɚɏɔŮŰŬɘ ɞ Űɟɧˊɞɠ ɛɏŰɟɖůɖɠ ɜŬ ŮɑɜŬɘ Ůˊɑ Űɞɘɠ ŮəŬŰɧ (%). 

ȺɘəɧɜŬ 5.18: Ⱦɚɑůɖ Űɤɜ ˊɟŬɜɩɜ Űɖɠ ɚŮəɎɜɖɠ 

əŬŰɎəɚɡůɖɠ ɛŮ Űɖɜ ŮɜŰɞɚɐ slope, ˊɖɔɐ: ArcMap 
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ɋɠ əɚɑůɖ ˊɡɗɛɏɜŬ ɞɟɑɕŮŰŬɘ ɞ ɚɧɔɞɠ Űɖɠ ɡɣɞɛŮŰɟɘəɐɠ ŭɘŬűɞɟɎɠ ŬɜɎɛŮůŬ ůŰɖɜ əŬŰɩŰŮɟɖ əŬɘ 

Űɖɜ ŬɜɩŰŮɟɖ ɘůɞɦɣɐ ˊɞɡ ˊŮɟɘəɚŮɑŮŰŬɘ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ ˊɟɞɠ Űɞ ɛɐəɞɠ Űɞɡ əɨɟɘɞɡ 

ɡŭŬŰɞɟŮɨɛŬŰɞɠ. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɡˊɎɟɢɞɡɜ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ ɡŭŬŰɞɟŮɨɛŬŰŬ, ɞɘ Űɘɛɏɠ Űɞɡɠ 

ŬɗɟɞɑɕɞɜŰŬɘ. ȼ ůɢɏůɖ ɡˊɞɚɞɔɘůɛɞɨ ŮɑɜŬɘ: 

ὐ  
ῳῷ

ὒ
 

ɇɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ ɏɢŮɘ ɐŭɖ ɡˊɞɚɞɔɘůŰŮɑ ɔɘŬ Űɞɡɠ ůəɞˊɞɨɠ əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ Űɤɜ 

ŰŬɛɘŮɡŰɐɟɤɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɢɐɛŬ Űɞɡɠ. 

Ɇəɞˊɧɠ ŮɑɜŬɘ ɜŬ ůɡůɢŮŰɘůŰŮɑ ɖ ˊŬɟɎɛŮŰɟɞɠ ɚ** Űɞɡ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ Űɞɡ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ. ȷˊɧ ŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ űŬɑɜŮŰŬɘ ˊɤɠ ɧůɞ ɓŮɚŰɘůŰɞˊɞɘŮɑŰŬɘ Űɞ 

çůɨůŰɖɛŬè, ɎɟŬ ɧůɞ ɓŮɚŰɘůŰɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ɚ, Űɧůɞ ˊŮɟɘůůɧŰŮɟɞ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ 

əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, Űɞɜ ˊɡɗɛɏɜŬ əŬɘ Ŭˊɧ Űɞ ˊɚɎŰɞɠ Űɞɡ. 
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ȺɘəɧɜŬ 5.19: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ ůɡɜŰŮɚŮůŰɐ ɚ ï əɚɑůɖɠ ˊɟŬɜɩɜ 
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ȺɘəɧɜŬ 5.20: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ ůɡɜŰŮɚŮůŰɐ ɚ* ï əɚɑůɖɠ ˊɟŬɜɩɜ 
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ɇɞ ɑŭɘɞ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ɛŮ ŰŬ ŭɨɞ ɎɚɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŭɖɚŬŭɐ ɖ ˊŬɟɎɛŮŰɟɞɠ ɚ** ɏɢŮɘ 

əŬɚɨŰŮɟɞ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ R2. ɄŬɟŬəɎŰɤ Ŭəɞɚɞɡɗɞɨɜ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ůɡůɢɏŰɘůɖɠ 

Űɞɡ ɚ** ɛŮ Űɖɜ əɚɑůɖ J əŬɘ Űɞ ˊɚɎŰɞɠ b.  
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ȺɘəɧɜŬ 5.21: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ ůɡɜŰŮɚŮůŰɐ ɚ** ï əɚɑůɖɠ 

ˊɟŬɜɩɜ 

ȺɘəɧɜŬ 5.22: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ ůɡɜŰŮɚŮůŰɐ ɚ** ï əɚɑůɖɠ 

ˊɡɗɛɏɜŬ J 
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ȺɘəɧɜŬ 5.23: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ ůɡɜŰŮɚŮůŰɐ ɚ** ï ˊɚɎŰɞɡɠ 

ˊɡɗɛɏɜŬ b 
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Ⱥˊɞɛɏɜɤɠ, ŮɑɜŬɘ ɞɟɗɧ ɜŬ ɡˊɞɗɏůɞɡɛŮ ˊɤɠ ɞ ůɡɜŰŮɚŮůŰɐɠ əɚɑɛŬəŬɠ ɚ** ůɡůɢŮŰɑɕŮŰŬɘ Ŭˊɧ ŰŬ 

ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ.  

ȷɟɢɘəɎ, ɗŬ ŮɝŬɢɗɞɨɜ ŭɨɞ ůɢɏůŮɘɠ, ɛɑŬ ŬɗɟɞɘůŰɘəɐ əŬɘ ɛɑŬ ˊɞɚɚŬˊɚŬůɘŬůŰɘəɐ, Űɞɡ ůɡɜŰŮɚŮůŰɐ 

ɚ** ůɡɜŬɟŰɐůŮɘ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ɗŬ ɓŮɚŰɘůŰɞˊɞɘɖɗŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ə, ɏŰůɘ ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ əŬɛˊɨɚŮɠ ůŰɎɗɛɖɠ 

ï ŬˊɞɗɏɛŬŰɞɠ ɛŮ ɏɜŬɜ ɎɔɜɤůŰɞ ůɡɜŰŮɚŮůŰɐ ŬɜŰɑ ɔɘŬ ŭɨɞ. 

Á ȷɗɟɞɘůŰɘəɐ Ɇɢɏůɖ 

ȼ ůɢɏůɖ ŬɡŰɐ ŮɝɎɔŮŰŬɘ ɔɘŬ ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ. ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ 

ˊɞɚɚŬˊɚŬůɘŬůŰɘəɐ ůɢɏůɖ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ˊŬɟŬəɎŰɤ. 

ɄɑɜŬəŬɠ 5.7: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɛŮŰɎ Ŭˊɧ     

ˊɞɚɚŬˊɚɐ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ** ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ŰŬɛɘŮɡŰɐɟɤɜ. 

ɆŰŬŰɘůŰɘəɎ ˊŬɚɘɜŭɟɧɛɖůɖɠ   ɆɡɜŰŮɚŮůŰɏɠ 

ɄɞɚɚŬˊɚɧ R 0,955  ɆŰŬɗŮɟɎ 3,91 

R ɇŮŰɟɎɔɤɜɞ 0,912  slope 0,12 

ɄɟɞůŬɟɛɞůɛɏɜɞ R ɇŮŰɟɎɔɤɜɞ 0,904  J 372,42 

ɇɡˊɘəɧ ůűɎɚɛŬ 2,273  b -0,001 

ɀɏɔŮɗɞɠ ŭŮɑɔɛŬŰɞɠ 38    

 

ɆŰɖɜ ˊɞɚɚŬˊɚɐ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ, ˊɘɞ ŬɝɘɧˊɘůŰɞɠ ɗŮɤɟŮɑŰŬɘ ɞ ˊɟɞůŬɟɛɞůɛɏɜɞɠ 

ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Radj
2, əŬɗɩɠ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬɘ ɞɘ ɓŬɗɛɞɑ ŮɚŮɡɗŮɟɑŬɠ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ. ɋůŰɧůɞ, ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɏɢŮɘ ɛɘəɟɐ ŭɘŬűɞɟɎ Ŭˊɧ Űɞɜ Ŭˊɚɧ 

ůɡɜŰŮɚŮůŰɐ R2.  

ȴůŰŮɟŬ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ çůɡůŰɐɛŬŰɞɠè ˊɟɞəɨˊŰŮɘ ŰŮɚɘəɎ ɖ ůɢɏůɖ: 

‗ υȟπρπȟπτὛ τυυὐ (5.1) 

  

ɧ́ ɞɡ S: ɖ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ (%) 

           J: ɖ əɚɑůɖ Űɖɠ ɚŮəɎɜɖɠ  

əŬɘ ɛŮ ŬɜŮɝɎɟŰɖŰɞ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ ə.  

Á ɄɞɚɚŬˊɚŬůɘŬůŰɘəɐ Ɇɢɏůɖ 

 

ȼ ůɡůɢɏŰɘůɖ (correlation) əɎɗŮ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ɛŮɔɏɗɞɡɠ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ ɚ** ŭɑɜŮŰŬɘ 

ˊŬɟŬəɎŰɤ. 

                       ɄɑɜŬəŬɠ 5.8: ɆɡůɢɏŰɘůɖ ɔŮɤɛŮŰɟɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ ɚ** 

ɀɏɔŮɗɞɠ ɆɡůɢɏŰɘůɖ 

Ⱦɚɑůɖ ˊɟŬɜɩɜ, S (%) 0,828 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,938 

ɄɚɎŰɞɠ ˊɡɗɛɏɜŬ, b (m) -0,386 
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ȴůŰŮɟŬ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ˊɟɞɏəɡɣŮ ɖ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

‗
χψὛȟ ὐȟ

ὦȟ
 

(5.2) 

 

ŭɘŬŰɖɟɩɜŰŬɠ Űɞɜ ůɡɜŰŮɚŮůŰɐ ə ŬɜŮɝɎɟŰɖŰɞ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ŬɜɎɚɡůɖ ŮɡŬůɗɖůɑŬɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ́ ɞɡ ɞɘ ˊŬɟɎɛŮŰɟɞɘ 

Űɞɡ ɛɞɜŰɏɚɞɡ ɡˊɞůŰɞɨɜ ɛŮŰŬɓɞɚɐ Űɖɠ ŰɎɝɖɠ Űɞɡ Ñ 20%, ɔɘŬ ŰŬ ŭɨɞ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ, Űɞɜ 

ůɡɜŰŮɚŮůŰɐ NSE əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE. 

 

ɄɑɜŬəŬɠ 5.9: ɇŮɚɘəɏɠ Űɘɛɏɠ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 3ɖ ɀɏɗɞŭɞ. 

ɆɡɜŰŮɚŮůŰɐɠ NSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% NSE -20% NSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 18,28 21,936 0,9730 14,624 0,9719 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,019 0,0228 0,9728 0,0152 0,9699 

ɄɚɎŰɞɠ ˊɡɗɛɏɜŬ, b (m) 506,36 607,632 0,9724 405,088 0,9730 

 

 

ɄɑɜŬəŬɠ 5.10: ɇŮɚɘəɏɠ Űɘɛɏɠ RMSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 3ɖ ɀɏɗɞŭɞ. 

ɇŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE 
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ȺɘəɧɜŬ 5.24: ɆɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ɚ** əŬɘ Űɞɡ ˊɟɞůɞɛɞɘɤɛɏɜɞɡ ɚô** 
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 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% RMSE -20% RMSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 18,28 21,936 134,08 14,624 138,64 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,019 0,0228 134,30 0,0152 144,29 

ɄɚɎŰɞɠ ˊɡɗɛɏɜŬ, b (m) 506,36 607,632 136,92 405,088 134,33 

 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭɨɞ ŭɘŬɔɟɎɛɛŬŰŬ ŬɜɎɚɡůɖɠ ŮɡŬɘůɗɖůɑŬɠ. 

 

Ƀɘ Űɘɛɏɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ ɛɏŰɟɤɜ NSE əŬɘ RMSE ŭŮɜ ŮˊɖɟŮɎɕɞɜŰŬɘ ˊɟŬəŰɘəɎ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ 

ɐ ɛŮɑɤůɖ əŬŰɎ 20% Űɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ. 
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ȺɘəɧɜŬ 5.25: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ůɡɜŰŮɚŮůŰɐ NSE ɔɘŬ Űɖɜ 3ɖ ɀɏɗɞŭɞ. 
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ȺɘəɧɜŬ 5.26: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɔɘŬ Űɖɜ 

3ɖ ɀɏɗɞŭɞ. 
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5.2.4: ȺɝŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ ɆŰɎɗɛɖɠ ï ȺˊɘűɎɜŮɘŬɠ ï ȷˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ ɛŮ ɛɘəɟɧŰŮɟɞ 

ɓɐɛŬ  
 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ, ɔɘŬ Űɖɜ ɗɏůɖ 1 Űɞ ɓɐɛŬ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 10 m ɔɘŬ űɟɎɔɛŬ 

ɨɣɞɡɠ 140 m. ɀɘŬ ŰɏŰɞɘŬ ŬɜŬɚɞɔɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ɗɏůŮɘɠ, ɤůŰɧůɞ 

ŰɑɗŮŰŬɘ Űɞ ŮɟɩŰɖɛŬ əŬŰɎ ˊɧůɞ ŮɝŬɟŰɎŰŬɘ Űɞ ɓɐɛŬ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ɛŮ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ůɢɏůŮɤɜ 

ˊɞɡ ŮɝɎɔɞɜŰŬɘ. ȰŰůɘ, ŮˊɘɚɏɔɞɜŰŬɘ ŭɨɞ ɗɏůŮɘɠ, ɖ ɗɏůɖ 30 əŬɘ ɖ ɗɏůɖ 37, ɧˊɞɡ ɖ ŭɘŬűɞɟɎ ŬɜɎɛŮůŬ 

ůŰɖɜ ŮɚɎɢɘůŰɖ əŬɘ Űɖ ɛɏɔɘůŰɖ ůŰɎɗɛɖ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ ŮɑɜŬɘ ȹȼ = 43 m əŬɘ ȹȼ = 56 m 

ŬɜŰɑůŰɞɘɢŬ, ɧˊɞɡ ɗŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɚ əŬɘ ə ɛŮ ɓɐɛŬ 0,5 m.  

Á Ūɏůɖ 30 

ɆŰɖɜ Ŭɟɢɘəɐ ŮˊŮɝŮɟɔŬůɑŬ, Űɞ ɓɐɛŬ ɘůɞɨŰŬɘ ɛŮ ȹH = 5 m. Ƀɘ ŬɜŰɑůŰɞɘɢɞɘ ůɡɜŰŮɚŮůŰɏɠ ŮɑɜŬɘ: 

ɄɑɜŬəŬɠ 5.11: ȹɘŬűɞɟɎ ůɡɜŰŮɚŮůŰɩɜ ɚ əŬɘ ə ɛŮ Ŭ) ɓɐɛŬ 5 m əŬɘ ɓ) ɓɐɛŬ 0,5 m ɔɘŬ Űɖ ɗɏůɖ 30 

 ɆɡɜŰŮɚŮůŰɐɠ ɚ ɆɡɜŰŮɚŮůŰɐɠ ə ɆɡɜŰŮɚŮůŰɐɠ ɚ* ɆɡɜŰŮɚŮůŰɐɠ ə* 

ȸɐɛŬ 5 (m) 15,22 0,372 15,62 0,36 

ȸɐɛŬ 0,5 (m) 14,94 0,377 15,45 0,36 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ ɛŮɑɤůɖ 1,8% Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ, ɛɑŬ Ŭɨɝɖůɖ 1,4% Űɞɡ ůɡɜŰŮɚŮůŰɐ ə əŬɘ ɛɑŬ 

ɛŮɑɤůɖ 1,1% Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ*, Ůɜɩ ůɨɛűɤɜŬ ɛŮ ɧůŬ ɏɢɞɡɜ ŮɘˊɤɗŮɑ ůŰɞ ɡˊɞəŮűɎɚŬɘɞ 5.2.3 

ɞ ůɡɜŰŮɚŮůŰɐɠ ə* ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ, ɖ ŭɘŬűɞɟɎ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɗŮɤɟŮɑŰŬɘ ŬɛŮɚɖŰɏŬ. 

Á Ūɏůɖ 37 

ɆŰɖɜ Ŭɟɢɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɞ ɓɐɛŬ ɘůɞɨŰŬɘ ɛŮ ȹH = 5 m. Ƀɘ ŬɜŰɑůŰɞɘɢɞɘ ůɡɜŰŮɚŮůŰɏɠ ŮɑɜŬɘ: 
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ȺɘəɧɜŬ 5.27: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɤɜ ɔɘŬ ɓɐɛŬ d=5 m 

ɔɘŬ Űɖ ɗɏůɖ 30 

ȺɘəɧɜŬ 5.28: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ Űɤɜ 
ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɤɜ ɔɘŬ ɓɐɛŬ 

d=0,5 m ɔɘŬ Űɖ ɗɏůɖ 30 
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ɄɑɜŬəŬɠ 5.12: ȹɘŬűɞɟɎ ůɡɜŰŮɚŮůŰɩɜ ɚ əŬɘ ə ɛŮ Ŭ) ɓɐɛŬ 5 m əŬɘ ɓ) ɓɐɛŬ 0,5 m ɔɘŬ Űɖ ɗɏůɖ 37 

 ɆɡɜŰŮɚŮůŰɐɠ ɚ ɆɡɜŰŮɚŮůŰɐɠ ə ɆɡɜŰŮɚŮůŰɐɠ ɚ* ɆɡɜŰŮɚŮůŰɐɠ ə* 

ȸɐɛŬ 5 (m) 9,98 0,27 5,96 0,36 

ȸɐɛŬ 0,5 (m) 8,90 0,29 5,98 0,36 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ ɛŮɑɤůɖ 10,8% Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ, ɛɑŬ Ŭɨɝɖůɖ 7,4% Űɞɡ ůɡɜŰŮɚŮůŰɐ ə əŬɘ 

ɛɑŬ ɛŮɑɤůɖ 0,33% Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ*, Ůɜɩ ůɨɛűɤɜŬ ɛŮ ɧůŬ ɏɢɞɡɜ ŮɘˊɤɗŮɑ ůŰɞ ɡˊɞəŮűɎɚŬɘɞ 

5.2.3 ɞ ůɡɜŰŮɚŮůŰɐɠ ə* ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ. ȼ ɛŮŰŬɓɞɚɐ Űɤɜ çŰɞˊɘəɩɜè ůɡɜŰŮɚŮůŰɩɜ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ɗɏůɖɠ, Ůɜɩ ɖ ɛŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ*, 

ɖ ɞˊɞɑŬ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ, ɏɢŮɘ ŬɛŮɚɖŰɏŬ ɛŮŰŬɓɞɚɐ. 

ɋɠ ˊɟɞɠ Űɞ ŭɡůɛŮɜɏůŰŮɟɞ ůŮɜɎɟɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɑŬ ɛɘəɟɐ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɛŮ Ŭ) 

ŰŬɡŰɧɢɟɞɜɖ ɛŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ əŬŰɎ 10,8% əŬɘ Űɞɡ ůɡɜŰŮɚŮůŰɐ ə əŬŰɎ 7,4% əŬɘ ɓ) 

ɛŮ ɛŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ* əŬŰɎ 1,1% ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE əŬɘ 

Űɞɜ ŭŮɑəŰɖ əŬɚɐɠ ˊɟɞůŬɟɛɞɔɐɠ NSE. 

 

ɄɑɜŬəŬɠ 5.13: ɀŮŰŬɓɞɚɐ ŭŮɑəŰɖ NSE ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɛŮŰŬɓɞɚɐ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɚ, ə ɔɘŬ Űɞ 

ŭɡůɛŮɜɏůŰŮɟɞ ůŮɜɎɟɘɞ 

 

ȷɟɢɘəɐ ɀɏůɖ 

ɇɘɛɐ 

ɚ: +10,8% 

ə:-7,4% 
NSE 

ɚ: -10,8% 

ə:+7,4% 
NSE 

ɆɡɜŰŮɚŮůŰɐɠ ɚ  13,23 14,66 
0,963 

11,80 
0,978 

ɆɡɜŰŮɚŮůŰɐɠ ə 0,41 0,38 0,44 
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ȺɘəɧɜŬ 5.29: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ Űɤɜ 
ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɤɜ ɔɘŬ ɓɐɛŬ d=5 m 

ɔɘŬ Űɖ ɗɏůɖ 37 

ȺɘəɧɜŬ 5.30: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ Űɤɜ 
ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɤɜ ɔɘŬ ɓɐɛŬ d=0,5 

m ɔɘŬ Űɖ ɗɏůɖ 37 
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ɄɑɜŬəŬɠ 5.14: ɀŮŰŬɓɞɚɐ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɛŮŰŬɓɞɚɐ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ɚ, ə ɔɘŬ Űɞ ŭɡůɛŮɜɏůŰŮɟɞ ůŮɜɎɟɘɞ 

 

ȷɟɢɘəɐ ɀɏůɖ 

ɇɘɛɐ 

ɚ: +10,8% 

ə:-7,4% 
RMSE 

ɚ: -10,8% 

ə:+7,4% 
RMSE 

ɆɡɜŰŮɚŮůŰɐɠ ɚ  13,23 14,66 
138,76 

11,80 
139,14 

ɆɡɜŰŮɚŮůŰɐɠ ə 0,41 0,38 0,44 

  

 

ȼ Ŭɟɢɘəɐ Űɘɛɐ Űɤɜ ɛŮɔŮɗɩɜ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ ɢɤɟɑɠ əŬɛɑŬ ɛŮŰŬɓɞɚɐ ŮɑɜŬɘ: 

V NSE = 0,999 

V RMSE = 28,64 

 

ɄɑɜŬəŬɠ 5.15: ɀŮŰŬɓɞɚɐ Űɞɡ ŭŮɑəŰɖ NSE ɛŮ ɛŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ*  ɔɘŬ Űɞ ŭɡůɛŮɜɏůŰŮɟɞ 

ůŮɜɎɟɘɞ 

 ȷɟɢɘəɐ ɀɏůɖ 

ɇɘɛɐ 
ɚ*: +1,1% NSE  ɚ*: -1,1% NSE  

ɆɡɜŰŮɚŮůŰɐɠ ɚ* 12,36 12,48 0,994 12,24 0,994 
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NSE

high low
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130,00 132,00 134,00 136,00 138,00 140,00

RMSE

high low

ȺɘəɧɜŬ 5.31: ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ Űɞɡ ŭŮɑəŰɖ 

NSE ɔɘŬ ɛŮŰŬɓɞɚɐ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɚ-ə ɔɘŬ Űɞ 

ŭɡůɛŮɜɏůŰŮɟɞ ůŮɜɎɟɘɞ 

ȺɘəɧɜŬ 5.32: ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ Űɞɡ ůűɎɚɛŬŰɞɠ 

RMSE ɔɘŬ ɛŮŰŬɓɞɚɐ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɚ-ə ɔɘŬ Űɞ 

ŭɡůɛŮɜɏůŰŮɟɞ ůŮɜɎɟɘɞ 
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ɄɑɜŬəŬɠ 5.15: ɀŮŰŬɓɞɚɐ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɛŮ ɛŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ*  ɔɘŬ 

Űɞ ŭɡůɛŮɜɏůŰŮɟɞ ůŮɜɎɟɘɞ 

 ȷɟɢɘəɐ ɀɏůɖ 

ɇɘɛɐ 
ɚ*: +1,1% RMSE  ɚ*: -1,1% RMSE  

ɆɡɜŰŮɚŮůŰɐɠ ɚ* 12,36 12,48 66,38 12,24 65,53 

 

ȼ Ŭɟɢɘəɐ Űɘɛɐ Űɤɜ ɛŮɔŮɗɩɜ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ ɢɤɟɑɠ əŬɛɑŬ ɛŮŰŬɓɞɚɐ ŮɑɜŬɘ: 

V NSE = 0,995 

V RMSE = 60,65 

 

ȺˊɘɓŮɓŬɘɩɜŮŰŬɘ ɛɏůŬ Ŭˊɧ ŬɡŰɐɜ Űɖɜ ŬɜɎɚɡůɖ ˊɤɠ Űɞ ɓɐɛŬ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ 

Űɤɜ əŬɛˊɡɚɩɜ ŭŮɜ ɗŮɤɟŮɑŰŬɘ əŬɗɞɟɘůŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ, ɔɘŬ Űɞɡɠ ůŰɧɢɞɡɠ Űɖɠ ŮɟɔŬůɑŬɠ, 

Ůˊɞɛɏɜɤɠ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ 

ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ŬɝɘɧˊɘůŰŬ. 

 

5.3 ȷɝɘɞɚɧɔɖůɖ ŰŬɛɘŮɡŰɐɟɤɜ ɛŮ Űɘɠ ŮɝɘůɩůŮɘɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ 
 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ 2ɞ əŮűɎɚŬɘɞ, ɗŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ɞɘ ɡˊɧ ɛŮɚɏŰɖ ŰŬɛɘŮɡŰɐɟŮɠ Ŭˊɧ Űɘɠ 

ŮɝɘůɩůŮɘɠ (2.1), (2.2), (2.3). Ƀ ůɡɜŰŮɚŮůŰɐɠ əŬɚɐɠ ˊɟɞůŬɟɛɞɔɐɠ NSE ɔɘŬ əɎɗŮ ɗɏůɖ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.17. 

 

0,9940

0,9938

0,9936 0,9938 0,9940 0,9942 0,9944 0,9946

NSE

high low

ȺɘəɧɜŬ 5.33: ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ Űɞɡ ŭŮɑəŰɖ 

NSE ɔɘŬ ɛŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ* ɔɘŬ Űɞ 

ŭɡůɛŮɜɏůŰŮɟɞ ůŮɜɎɟɘɞ 

65,53

66,37

60,00 62,00 64,00 66,00 68,00

RMSE

high low

ȺɘəɧɜŬ 5.34: ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ Űɞɡ ůűɎɚɛŬŰɞɠ 
RMSE ɔɘŬ ɛŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ* ɔɘŬ Űɞ 

ŭɡůɛŮɜɏůŰŮɟɞ ůŮɜɎɟɘɞ 
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ɄɑɜŬəŬɠ 5.17: ȷɝɘɞɚɧɔɖůɖ ŭŮɑəŰɖ NSE Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ Űɘɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ 

ɇŬɛɘŮɡŰɐɟŬɠ 
V = 0,678 (Ah)0,9229 

(2.1) 

V = 30,684 A0,9578 

(2.2) 

V = 0,00857 A1,4357 

(2.3) 

 NSE 

Ūɏůɖ 1 0,9525 0,7605 0,4015 

Ūɏůɖ 2 0,8320 0,5459 -0,2038 

Ūɏůɖ 3 0,9283 0,8038 0,6102 

Ūɏůɖ 4 0,9708 0,9249 0,9663 

Ūɏůɖ 5 0,6998 0,5012 0,2335 

Ūɏůɖ 6 0,8359 0,8725 -0,4419 

Ūɏůɖ 7 0,9486 0,7158 0,8057 

Ūɏůɖ 8 0,4824 0,2927 0,5347 

Ūɏůɖ 9 0,9967 0,8758 0,4380 

Ūɏůɖ 10 0,9781 0,6602 0,2675 

Ūɏůɖ 11 0,7497 0,5330 0,2515 

Ūɏůɖ 12 0,9579 0,6001 0,0367 

Ūɏůɖ 13 0,9448 0,3623 -0,7946 

Ūɏůɖ 14 0,8433 0,8854 0,2980 

Ūɏůɖ 15 0,8647 0,6281 0,4698 

Ūɏůɖ 16 0,5408 0,8162 0,0577 

Ūɏůɖ 17 0,9286 -0,9971 0,8207 

Ūɏůɖ 18 0,9160 0,6567 0,3442 

Ūɏůɖ 19 0,9813 0,7290 -0,2926 

Ūɏůɖ 20 0,8732 0,7273 -0,0891 

Ūɏůɖ 21 0,6581 -0,0598 0,2941 

Ūɏůɖ 22 0,7385 0,0696 0,9556 

Ūɏůɖ 23 0,8710 -0,4249 0,9455 

Ūɏůɖ 24 -0,8917 0,4072 0,1511 

Ūɏůɖ 25 0,9755 0,5622 -0,2054 

Ūɏůɖ 26 0,3302 0,2395 0,7528 

Ūɏůɖ 27 0,9873 0,6538 0,9691 

Ūɏůɖ 28 0,9965 0,7836 0,1535 

Ūɏůɖ 29 0,9735 0,8823 -2,9064 

Ūɏůɖ 30 0,5990 -3,1383 0,5312 

Ūɏůɖ 31 0,9785 0,9033 0,6974 

Ūɏůɖ 32 0,8176 0,1020 0,9704 

Ūɏůɖ 33 0,5346 0,6975 -18,1736 

Ūɏůɖ 34 0,9198 0,8970 0,6568 

Ūɏůɖ 35 0,9226 0,8934 -0,2064 

Ūɏůɖ 36 0,8891 0,8025 -0,5527 

Ūɏůɖ 37 0,8382 -0,1783 -2,4890 

Ūɏůɖ 38 0,9725 0,8814 0,2883 

ȹɘɎɛŮůɞɠ 0,9026 0,6584 0,2912 
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ɆŰɞ ŮˊɧɛŮɜɞ ŭɘɎɔɟŬɛɛŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɔɟŬűɘəɎ ɞ ŭŮɑəŰɖɠ NSE əŬɘ ŬˊɞŰɡˊɩɜŮŰŬɘ əŬɘ ɖ 

əŬɛˊɨɚɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɔɘŬ ɚɧɔɞɡɠ ůɨɔəɟɘůɖɠ. ȹɖɚŬŭɐ, ɧůɞ ˊɘɞ əɞɜŰɎ ɓɟɑůəŮŰŬɘ ɖ əŬɛˊɨɚɖ 

Űɖɠ ŮəɎůŰɞŰŮ ůɢɏůɖɠ ůŰɖɜ əŬɛˊɨɚɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, Űɧůɞ əŬɚɨŰŮɟŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ ɖ ůɢɏůɖ 

ůŰɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ. Ƀ ŭŮɑəŰɖɠ NSE ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ, ɤůŰɧůɞ ɔɘŬ əŬɚɨŰŮɟɖ 

əŬŰŬɜɧɖůɖ ůŰɞ ŭɘɎɔɟŬɛɛŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɛɧɜɞ ɞɘ ɛɖ ŬɟɜɖŰɘəɏɠ Űɞɡ Űɘɛɏɠ. 

ȳˊɤɠ ŬɜŬɛɏɜŮŰŬɘ, ɖ Ůɝɑůɤůɖ (2.1) ŮɑɜŬɘ ˊɘɞ əɞɜŰɎ ůŰɖɜ əŬɛˊɨɚɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɎɟŬ 

ˊɟɞůŬɟɛɧɕŮŰŬɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ ůŰŬ ŭŮŭɞɛɏɜŬ. ȳůɞɜ ŬűɞɟɎ ůŰɘɠ ŭɨɞ ɎɚɚŮɠ ŮɝɘůɩůŮɘɠ, 

űŬɑɜŮŰŬɘ ˊɤɠ ɔɘŬ Űɞ 15% ˊŮɟɑˊɞɡ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ɖ Ůɝɑůɤůɖ (2.3) ŭɑɜŮɘ əŬɚɨŰŮɟŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ŬɚɚɎ ůɡɜɞɚɘəɎ ɖ Ůɝɑůɤůɖ (2.2) ŮɑɜŬɘ ŬəɟɘɓɏůŰŮɟɖ. ɋůŰɧůɞ Ŭˊɧ ŬɡŰɐɜ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ, űŬɑɜŮŰŬɘ ˊɤɠ ɛɑŬ Ůɝɑůɤůɖ ŭɡůəɞɚŮɨŮŰŬɘ ɜŬ ŭɩůŮɘ ɡɣɖɚɧ ŭŮɑəŰɖ NSE ɔɘŬ əɎɗŮ 

Ůɑŭɞɡɠ ŰŬɛɘŮɡŰɐɟŬ. ɇɏɚɞɠ, ɏɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ əŬɘ ɖ ŭɘɎɛŮůɞɠ Űɞɡ ŭŮɑəŰɖ NSE əɎɗŮ Ůɝɑůɤůɖɠ, 

əŬɗɩɠ űŬɑɜŮŰŬɘ ˊɘɞ ŬɝɘɧˊɘůŰɞ ɛɏŰɟɞ Ŭˊɧ Űɖɜ ɛɏůɖ Űɘɛɐ ˊɞɡ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ŬəɟŬɑŮɠ Űɘɛɏɠ 

(ŮɘŭɘəɎ ůŰɖɜ Ůɝɑůɤůɖ (2.3) əɎˊɞɘɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ɏɢɞɡɜ ŬɟəŮŰɎ ɢŬɛɖɚɧ ŭŮɑəŰɖ NSE (<0) ɧˊɞɡ 

ŭŮɜ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ ɖ Ŭəɟɘɓɐɠ Űɘɛɐ Űɞɡ). 

5.4 ȷˊɞŰŮɚɏůɛŬŰŬ ï ɆɡɛˊŮɟɎůɛŬŰŬ ȷɜɎɚɡůɖɠ 
 

Ƀɘ ůɢɏůŮɘɠ (5.1) əŬɘ (5.2) Űɖɠ 3ɖɠ ɛŮɗɧŭɞɡ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɞɡůɘŬůŰɘəɎ Ŭˊɧ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ 

ɚ** ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ 2ɖ ɛɏɗɞŭɞ.  

ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ, ɗŬ ůɡɔəɟɘɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛŮɗɧŭɤɜ əŬɘ ɗŬ əŬŰŬɟŰɘůŰɞɨɜ ɞɘ 

ŰŮɚɘəɏɠ ůɢɏůŮɘɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɚ**, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ɗŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. 

 

                           ɄɑɜŬəŬɠ 5.18: ɀɏŰɟŬ Ŭˊɧŭɞůɖɠ Űɤɜ ɛŮɗɧŭɤɜ ˊɞɡ ɡɚɞˊɞɘɐɗɖəŬɜ 

 1ɖ ɀɏɗɞŭɞɠ 2ɖ ɀɏɗɞŭɞɠ 3ɖ ɀɏɗɞŭɞɠ 

NSE 0,992 0,979 0,973 

RMSE 65,9 119,0 135,5 
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ȺɘəɧɜŬ 5.35: ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ŭŮɑəŰɖ NSE ɔɘŬ əɎɗŮ ůɢɏůɖ Űɖɠ 

ɓɘɓɚɘɞɔɟŬűɑŬɠ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ əŬɛˊɨɚɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ 
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¶ ȹɘŮɡɟŮɨɜɖůɖ 3ɖɠ ɀŮɗɧŭɞɡ 

 

ü ȺɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɛɧɜɞ ɖ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, slope (%) 

 

ŪŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ ůɡɜŬɟŰɐůŮɘ Űɖɠ əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ, ɛŮ ŬɜŮɝɎɟŰɖŰɞ 

ůɡɜŰŮɚŮůŰɐ ə. 

‗ ςȟςτὛȟ  (5.3) 

 

ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

V NSE = 0,953 

V RMSE = 171,7 

ɀŮ ɛɑŬ ˊɟɞůŬɨɝɖůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ Ñ 20% ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɛɏŰɟɤɜ ŮɑɜŬɘ: 

 

ɄɑɜŬəŬɠ 5.19: ɇŮɚɘəɏɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 1ɖ 

ɡˊɞˊŮɟɑˊŰɤůɖ. 

ɆɡɜŰŮɚŮůŰɐɠ NSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% NSE -20% NSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 18,28 21,936 0,9538 14,624 0,9486 
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ȺɘəɧɜŬ 5.36: Ɇɢɏůɖ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ Ŭɟɢɘəɧ, 

ůɡɜŬɟŰɐůŮɘ Űɖɠ əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ 
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ɄɑɜŬəŬɠ 5.20: ɇŮɚɘəɏɠ Űɘɛɏɠ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 1ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 

ɇŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% RMSE -20% RMSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 18,28 21,94 176,908 14,624 178,71 
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ȺɘəɧɜŬ 5.37: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ůɡɜŰŮɚŮůŰɐ NSE ɔɘŬ Űɖɜ 1ɖ 

ɡˊɞˊŮɟɑˊŰɤůɖ. 
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ȺɘəɧɜŬ 5.38: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɔɘŬ 

Űɖɜ 1ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 
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Ƀɘ Űɘɛɏɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ ɛɏŰɟɤɜ NSE əŬɘ RMSE ŭŮɜ ŮˊɖɟŮɎɕɞɜŰŬɘ ˊɟŬəŰɘəɎ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ 

ɐ ɛŮɑɤůɖ əŬŰɎ 20% Űɤɜ ˊŬɟŬɛɏŰɟɤɜ. 

 

ü ȺɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɛɧɜɞ ɖ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, J 

 

ŪŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ ůɡɜŬɟŰɐůŮɘ Űɖɠ əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ, ɛŮ ŬɜŮɝɎɟŰɖŰɞ 

ůɡɜŰŮɚŮůŰɐ ə. 

         ‗ ρπωȟρ ὐ (5.4) 

 

ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ: 

V NSE = 0,961 

V RMSE = 156,05 

ɀŮ ɛɑŬ ˊɟɞůŬɨɝɖůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ Ñ 20% ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɛɏŰɟɤɜ ŮɑɜŬɘ: 

 

ɄɑɜŬəŬɠ 5.20: ɇŮɚɘəɏɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 2ɖ 

ɡˊɞˊŮɟɑˊŰɤůɖ. 

ɆɡɜŰŮɚŮůŰɐɠ NSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% NSE -20% NSE 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J  0,019 0,0228 0,960 0,0152 0,959 
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ȺɘəɧɜŬ 5.39: Ɇɢɏůɖ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ Ŭɟɢɘəɧ, ůɡɜŬɟŰɐůŮɘ Űɖɠ 
əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 
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ɄɑɜŬəŬɠ 5.21: ɇŮɚɘəɏɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 2ɖ 

ɡˊɞˊŮɟɑˊŰɤůɖ 

ɇŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% RMSE -20% RMSE 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,019 0,0228 157,33 0,0152 166,48 
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ȺɘəɧɜŬ 5.40: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ůɡɜŰŮɚŮůŰɐ NSE ɔɘŬ Űɖɜ 2ɖ ɡˊɞˊŮɟɑˊŰɤůɖ 

166,48

157,33

156,00 158,00 160,00 162,00 164,00 166,00

ɼ
˂
ʾ
ˋ
ʹ
 
ˉ
ˎ
ʻ
˃
ʷ
˄
ʰ
Σ
 

J

RMSE

high low

ȺɘəɧɜŬ 5.41: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE 

ɔɘŬ Űɖɜ 2ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 
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ü ȺɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, slope (%) əŬɘ ɖ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ, J 

 

ȳˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɗŬ ŮɝŬɢɗŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ ůɡɜŬɟŰɐůŮɘ Űɤɜ ɛŮɔŮɗɩɠ S əŬɘ J. 

         ‗ υχȟς Ὓȟ ὐ (5.5) 

 

ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

V NSE = 0,964 

V RMSE = 152,8 

ɀŮ ɛɘŬ ˊɟɞůŬɨɝɖůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ Ñ 20% ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɛɏŰɟɤɜ ŮɑɜŬɘ: 

 

ɄɑɜŬəŬɠ 5.22: ɇŮɚɘəɏɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 2ɖ 

ɡˊɞˊŮɟɑˊŰɤůɖ. 

ɆɡɜŰŮɚŮůŰɐɠ NSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% NSE -20% NSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 18,28 21,936 0,9650 14,624 0,9637 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,019 0,0228 0,9646 0,0152 0,9611 
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ȺɘəɧɜŬ 5.42: Ɇɢɏůɖ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ Ŭɟɢɘəɧ, ůɡɜŬɟŰɐůŮɘ 

Űɖɠ əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ əŬɘ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ 
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ɄɑɜŬəŬɠ 5.23: ɇŮɚɘəɏɠ Űɘɛɏɠ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 2ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 

ɇŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% RMSE -20% RMSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 18,28 21,936 152,12 14,624 155,22 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,019 0,0228 153,71 0,0152 160,41 
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ȺɘəɧɜŬ 5.43: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ůɡɜŰŮɚŮůŰɐ NSE ɔɘŬ Űɖɜ 2ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 
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ȺɘəɧɜŬ 5.44: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɔɘŬ 

Űɖɜ 2ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 
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ü ȺɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, slope (%), ɖ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ, J əŬɘ Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ, b (m) 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ɚ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ (5.2) əŬɘ ŰŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬ 5.18. ɄɟɎɔɛŬŰɘ, ɏɢɞɜŰŬɠ ɤɠ ŭŮŭɞɛɏɜŬ əŬɘ ŰŬ ŰɟɑŬ ɔŮɤɛŮŰɟɘəɎ ɛŮɔɏɗɖ, ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ 

ɞ ŭŮɑəŰɖɠ NSE əŬɘ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE.  

ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɖ 1ɖ ɀɏɗɞŭɞɠ űŬɑɜŮŰŬɘ ˊɤɠ ŮɑɜŬɘ ɖ ˊɘɞ ŬɝɘɧˊɘůŰɖ, Ŭɜ ŮˊɘɚŮɢɗŮɑ ɞ 

ůɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ ə ɜŬ ůɡůɢŮŰɘůŰŮɑ ɛŮ Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ b (m) əŬɘ Űɞ ɛɏůɞ ˊɚɎŰɞɠ 

Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, B (m). 

ɇɏɚɞɠ, ɗŬ ŮɚŮɔɢɗŮɑ ɏɜŬɠ ůɡɜŭɡŬůɛɧɠ Űɖɠ 1ɖɠ əŬɘ Űɖɠ 3ɖɠ ɀŮɗɧŭɞɡ, ŭɖɚŬŭɐ ɗŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗŮɑ 

ɞ ůɡɜŰŮɚŮůŰɐɠ ə ůɨɛűɤɜŬ ɛŮ Űɖɜ ɡˊɞŮɜɧŰɖŰŬ 5.2.3.1 əŬɘ ɗŬ ůɡůɢŮŰɘůŰŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ ɛŮ 

ŰŬ ŰɟɑŬ ɔŮɤɛŮŰɟɘəɎ ɛŮɔɏɗɖ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ, ɛŮ ɛɑŬ ůɢɏůɖ ˊŬɟɧɛɞɘŬ Űɖɠ (5.2) 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ȺɘəɧɜŬ 5.20, ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ* ɏɢŮɘ ɢŬɛɖɚɧŰŮɟɞ R2 Ŭˊɧ Űɞɜ ůɡɜŰŮɚŮůŰɐ ɚ** 

(ȺɘəɧɜŬ 5.21) ůŮ ůɢɏůɖ ɛŮ Űɖɜ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, Ůˊɞɛɏɜɤɠ ŬɜŬɛɏɜŮŰŬɘ ˊɤɠ ɖ ůɢɏůɖ Űɞɡ ɜɏɞɡ 

ůɡɜŰŮɚŮůŰɐ ɚô* ɗŬ ɏɢŮɘ ɢŬɛɖɚɧŰŮɟɖ ŬəɟɑɓŮɘŬ Ŭˊɧ Űɖɜ ůɢɏůɖ (5.2). 

 

                                 ‗
ωτὛȟ ὐȟ

ὦȟ
 

 (5.6) 

 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ɚ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ (5.5) əŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ə Ŭˊɧ Űɞ ůɢɐɛŬ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ. ȷˊɧ Űɞɡɠ 38 ŰŬɛɘŮɡŰɐɟŮɠ, ɞɘ 8 ɛŮ Űɖɜ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ŭɑɜɞɡɜ ŬɟɜɖŰɘəɧ ŭŮɑəŰɖ 

NSE, ɞˊɧŰŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɝɎɔɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 30 (ˊɞůɞůŰɧ 79% Űɞɡ ůɡɜɧɚɞɡ). 

ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ: 

V NSE = 0,86 

V RMSE = 289,8 
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ȺɘəɧɜŬ 5.45: Ɇɢɏůɖ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚô* ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ Ŭɟɢɘəɧ, ůɡɜŬɟŰɐůŮɘ Űɖɠ 

əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ,Űɖɠ əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ əŬɘ Űɞɡ ˊɚɎŰɞɡɠ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ 
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ȳˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, ɧŰŬɜ əŬɜŮɑɠ Ŭˊɧ Űɞɡɠ ŭɨɞ ůɡɜŰŮɚŮůŰɏɠ ŭŮɜ ɗŮɤɟŮɑŰŬɘ ŬɜŮɝɎɟŰɖŰɞɠ ɖ 

ŬəɟɑɓŮɘŬ ŭŮɜ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ. ɋůŰɧůɞ, ŮɜŭŮɢɞɛɏɜɤɠ ůŮ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ ˊɟɞůɏɔɔɘůɖ 

ŬɡŰɐ ɜŬ ŭɩůŮɘ ɛɘŬ ˊɟɩŰɖ ŮɘəɧɜŬ ɔɘŬ Űɘɠ əŬɛˊɨɚŮɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ŮɎɜ ŭŮɜ ɡˊɎɟɢŮɘ əŬɜɏɜŬ 

Ɏɚɚɞ ŭŮŭɞɛɏɜɞ, Ŭűɞɨ əŬɘ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ 11/30 ŰŬɛɘŮɡŰɐɟŮɠ ɏɢɞɡɜ ŭŮɑəŰɖ NSE 

> 0,95 əŬɘ 4/11 ɏɢɞɡɜ NSE > 0,99. 

ũɘŬ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ, ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ, Ŭűɞɨ ŮɑɜŬɘ ˊɟɞűŬɜɏɠ 

ˊɤɠ Űɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ ɐŭɖ ˊɞɚɨ ŮɡŬɑůɗɖŰɞ, ɎɟŬ ɛŮ Űɖɜ ˊɟɞůŬɨɝɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɖ 

ŬəɟɑɓŮɘɎ Űɞɡ ɗŬ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɐ. 
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6. ȺˊŮɝŮɟɔŬůɑŬ Ⱥɚɚɖɜɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ 

 

6.1 ũŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Ⱥɚɚɖɜɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ 
 

Ƀɘ Ⱥɚɚɖɜɘəɞɑ ŰŬɛɘŮɡŰɐɟŮɠ ˊɞɡ ɡˊɧəŮɘɜŰŬɘ ůŮ ŮˊŮɝŮɟɔŬůɑŬ ŮɑɜŬɘ 16 əŬɘ ŬˊɞŰŮɚɞɨɜ Űɞɡɠ 

ɛŮɔŬɚɨŰŮɟɞɡɠ Ůɜ ɚŮɘŰɞɡɟɔɑŬ ɛɏɢɟɘ ůŰɘɔɛɐɠ. ɆŰɞɜ ˊŬɟŬəɎŰɤ ɢɎɟŰɖ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɗɏůŮɘɠ 

Űɞɡɠ, əŬɗɩɠ əŬɘ ɖ ɢɟɖůɘɛɧŰɖŰɎ Űɞɡɠ. 

ȺɘəɧɜŬ 6.1: ũŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Ⱥɚɚɖɜɘəɩɜ ɇŬɛɘŮɡŰɐɟɤɜ 
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ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ɢɎɟŰɖ Űɖɠ ȺɘəɧɜŬɠ 6.1, ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ ŰŬɛɘŮɡŰɐɟŮɠ Ŭˊɞůəɞˊɞɨɜ ůŮ 

ˊɞɚɚŬˊɚɏɠ ɢɟɐůŮɘɠ. ɆŰɞɜ ɄɑɜŬəŬ 6.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ɗɏůŮɤɜ 

Űɤɜ űɟŬɔɛɎŰɤɜ, ɖ ŮˊɘűɎɜŮɘŬ əŬɘ ɖ ɢɤɟɖŰɘəɧŰɖŰɎ Űɞɡɠ, əŬɗɩɠ əŬɘ ɖ ɢɟɖůɘɛɧŰɖŰɎ Űɞɡɠ. 

 

ɄɑɜŬəŬɠ 6.1: ũŮɤɔɟŬűɘəɐ ɗɏůɖ ŰŬɛɘŮɡŰɐɟɤɜ, ɢŬɟŬəŰɖɟɘůŰɘəɎ ŰŬɛɘŮɡŰɐɟŬ əŬɗɩɠ əŬɘ ůəɞˊɘɛɧŰɖŰŬ 

(óɈŭɟ: ȴŭɟŮɡůɖ, Ɉ/ȼ: ɈŭɟɞɖɚŮəŰɟɘəɐ ɄŬɟŬɔɤɔɐ, ȯɟŭ: ȯɟŭŮɡůɖ, ȷɜŰɘˊɚ. ɄɟɞůŰ: ȷɜŰɘˊɚɖɛɛɡɟɘəɐ 

ɄɟɞůŰŬůɑŬ, Ʉɖɔɐ: Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ɀŮɔɎɚɤɜ ūɟŬɔɛɎŰɤɜ, çɇŬ ūɟɎɔɛŬŰŬ ɇɖɠ ȺɚɚɎŭŬɠè 

ūɟɎɔɛŬ 

Ūɏůɖ ɉŬɟŬəŰɖɟɘůŰɘəɎ ɇŬɛɘŮɡŰɐɟŬ 

Ɇəɞˊɧɠ ũŮɤɔɟŬűɘəɧ 

ɄɚɎŰɞɠ 

ũŮɤɔɟŬűɘəɧ 

ɀɐəɞɠ 

ɉɤɟɖŰɘəɧŰɖŰŬ 

(Ĭ103 m3) 

ȺˊɘűɎɜŮɘŬ          

(Ĭ103 m2) 

ȷˊɞůŮɚɏɛɖɠ 35ɞ14'56.69'' Ɂ 25ɞ24'00.91'' Ⱥ 36.200 1.600 'Ɉŭɟ 

ũŬŭɞɡɟɎɠ 36ɞ09'58.20'' Ɂ 28ɞ00'00.11'' Ⱥ 67.000 4.380 'Ɉŭɟ 

Ⱥɨɖɜɞɠ 38ɞ40'17.65'' Ɂ 21ɞ50'16.32'' Ⱥ 138.000 3.600 Ɉ/ȼ, ȴŭɟ 

ŪɖůŬɡɟɧɠ 41ɞ35'45.00'' Ɂ 24ɞ36'70.00'' Ⱥ 705.000 20.000 
Ɉ/ȼ, ȯɟŭ,      

ȷɜŰɘˊɚ. Ʉɟɞů. 

ȽɚŬɟɑɤɜŬɠ 40ɞ05.51.20'' Ɂ 21ɞ48'24.60'' Ⱥ 520.000 18.000 
Ɉ/ȼ, ȴŭɟ,         

ȯɟŭ 

ȾŬůŰɟɎəɘ 38ɞ45'00.77'' Ɂ 21ɞ22'28.01'' Ⱥ 165.000 24.200 
Ɉ/ȼ, ȴŭɟ,         

ȯɟŭ 

ȾɟŮɛŬůŰɎ 38ɞ53'09.16'' Ɂ 21ɞ29'48.05'' Ⱥ 4.750.000 80.600 
Ɉ/ȼ, ȷɜŰɘˊɚ. 

Ʉɟɞů. 

ɀŬɟŬɗɩɜŬɠ 38o10'01.99' 'Ɂ 23ɞ54'20.64'' Ⱥ 41.000 2.450 ȴŭɟ 

ɀɧɟɜɞɠ 38ɞ31'29.03'' Ɂ 22ɞ07'17.39'' Ⱥ 764.000 19.900 ȴŭɟ, ȯɟŭ. 

ɄɚŬůŰɐɟŬɠ 39ɞ14'19.18'' Ɂ 21ɞ44'41.84'' Ⱥ 400.000 25.200 
Ɉ/ȼ, ȴŭɟ, 

ȯɟŭ, ȷɜŬɣ 

ɄɚŬŰŬɜɧɓɟɡůɖ 41ɞ20'11.31'' Ɂ 24ɞ27'50.95'' Ⱥ 57.000 3.300 Ɉ/ȼ, ȯɟŭ 

ɄɞɚɨűɡŰɞ 40ɞ18'08.38'' Ɂ 22ɞ06'01.44'' Ⱥ 2.244.000 74.000 

Ɉ/ȼ, ȴŭɟ, 

ȯɟŭ, ȷɜŰɘˊɚ. 

Ʉɟɞů. 

ɄɞɡɟɜɎɟɘ 39ɞ11'16.98'' Ɂ 21ɞ01'48.45'' Ⱥ 730.000 20.600 
Ɉ/ȼ, ȷɜŰɘˊɚ. 

Ʉɟɞů. 

Ɇɛɧəɞɓɞ 39ɞ08'49.48'' Ɂ 22ɞ03'45.94'' Ⱥ 240.000 8.400 
ȯɟŭ, ȷɜŰɘˊɚ. 

Ʉɟɞů. 

ɆŰɟɎŰɞɠ 38ɞ40'36.09'' Ɂ 21ɞ20'05.17'' Ⱥ 14.900 8.400 Ɉ/ȼ, ȯɟŭ 

ɆűɖəɘɎ 40ɞ23'50.10'' Ɂ 22ɞ11'26.71'' Ⱥ 99.000 4.300 Ɉ/ȼ 

 

Ƀɘ Ⱥɚɚɖɜɘəɞɑ ŰŬɛɘŮɡŰɐɟŮɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ŮˊŬɚɖɗŮɨůɞɡɜ Űɖɜ ŮɝɎɟŰɖůɖ 

Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ɚ əŬɘ ə Ŭˊɧ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŮəɎůŰɞŰŮ ŰŬɛɘŮɡŰɐɟŬ. ȳɛɤɠ, 

ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ əɚɑůŮɤɜ Űɤɜ ˊɟŬɜɩɜ əɎŰɤ Ŭˊɧ Űɖ ůŰɎɗɛɖ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ, ŬɚɚɎ ɞɨŰŮ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ˊɚɎŰɞɡɠ ˊɡɗɛɏɜŬ, b.  

ɄɟɞɖɔɞɨɛŮɜŮɠ ɏɟŮɡɜŮɠ ŭŮɑɢɜɞɡɜ ˊɤɠ ɖ ɓŬɗɡɛŮŰɟɑŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ əɚɑůɖ 

Űɤɜ ˊɟŬɜɩɜ ůŮ əɞɜŰɘɜɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ɑɢɜɞɠ Űɞɡ. ȷɟɢɘəɎ, űŬɑɜŮŰŬɘ ˊɤɠ  əɟɑůɘɛɖ ŮɑɜŬɘ ɖ 
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ɛɏɔɘůŰɖ əɚɑůɖ ůŮ ŬˊɧůŰŬůɖ 50 ɛɏŰɟɤɜ Ŭˊɧ Űɖɜ ŬəŰɞɔɟŬɛɛɐ (Sobek et al., 2011), Ůɜɩ ŬɟɔɧŰŮɟŬ 

ůŰɞ ɑŭɘɞ ɛɞŰɑɓɞ ŬɜŬˊŰɨɢɗɖəŮ ɖ ɚɞɔɘəɐ ɧŰɘ Űɞ ɓɎɗɞɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ŬɜŰɘəŬŰɞˊŰɟɑɕŮŰŬɘ 

əŬɚɨŰŮɟŬ Ŭˊɧ Űɖɜ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ ůŮ ŬˊɧůŰŬůɖ 100 ɛɏŰɟɤɜ Ŭˊɧ Űɖɜ ŬəŰɞɔɟŬɛɛɐ 

(Messager, et al., 2016). 

Ⱥˊɞɛɏɜɤɠ, ɗŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ɊɖűɘŬəɧ ɀɞɜŰɏɚɞ ȺŭɎűɞɡɠ ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ 

ůŰɖɜ ŮɜɧŰɖŰŬ 5.2.1, ůŰɞ ɞˊɞɑɞ ɗŬ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ əŬɘ ɖ əɚɑůɖ Űɤɜ 

ˊɟŬɜɩɜ ůŮ ŬˊɧůŰŬůɖ ˊŮɟɑˊɞɡ 100 ɛɏŰɟɤɜ ɔɨɟɤ Ŭˊɧ ŬɡŰɐ. 

 

6.2 ȹɖɛɘɞɡɟɔɑŬ ɊɖűɘŬəɩɜ ɀɞɜŰɏɚɤɜ ȺŭɎűɞɡɠ (ɊɀȺ) 
 

ɋɠ ɛŮɗɞŭɞɚɞɔɑŬ ŮɑɜŬɘ ɑŭɘŬ ɧˊɤɠ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ ɛŬɟəɎɟŮŰŬɘ ɖ 

ˊŮɟɘɞɢɐ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬŰɎəɚɡůɖɠ əŬɘ ɖ ɔɨɟɤ ˊŮɟɘɞɢɐ ŬˊɧůŰŬůɖɠ 100 ɛɏŰɟɤɜ 

(ˊɟɞůŮɔɔɘůŰɘəɎ). ɋɠ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ əŬɘ ŮˊɞˊŰŮɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɚɑɛɜɖ 

Űɞɡ ɀŬɟŬɗɩɜŬ. 

 

 

ɇŬ ůɖɛŮɑŬ ˊɞɡ ɗŬ ŬˊɞŰŮɚɏůɞɡɜ Űɞ DEM ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ Űɖɠ əɧəəɘɜɖɠ ˊŮɟɘɞɢɐɠ, ŭɖɚŬŭɐ ɛɘŬɠ 

ɜɞɖŰɐɠ ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ˊŮɟɘəɚŮɑŮɘ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɚɑɛɜɖɠ əŬɘ Űɖɜ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ Űɞɡ 

ŮŭɎűɞɡɠ ŮɜŰɧɠ Űɤɜ 100 ɛɏŰɟɤɜ. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ, ŰŬ ůɖɛŮɑŬ ˊɞɡ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ 

Ŭˊɧ Űɞ Google Earth, ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ɛɞɟűɐ raster ɛɏůɤ Űɖɠ ŮɜŰɞɚɐɠ IDW (Spatial Analyst), 

Űɞ ɞˊɞɑɞ ɗŬ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ ɊɀȺ. ɆŰɖ ůɡɜɏɢŮɘŬ, əŬŰɎ ŰŬ ɔɜɤůŰɎ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ŮˊɑˊŮŭɞ 

əɚɑůŮɤɜ (slope) Űɞ ɞˊɞɑɞ ŮɑɜŬɘ Ůˊɑůɖɠ ɛɞɟűɐɠ raster. ũɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ əɚɑůɖ Űɞɡ ŮŭɎűɞɡɠ 

ɧůɞ ɔɑɜŮŰŬɘ ˊɘɞ əɞɜŰɎ ůŰɖɜ ˊɟŬɔɛŬŰɘəɐ Űɖɠ Űɘɛɐ, ŮɝŬɘɟɞɨɜŰŬɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ ŭŮɜ ɓɟɑůəɞɜŰŬɘ 

ŮɜŰɧɠ Űɖɠ ɡˊɧ ɛŮɚɏŰɖɠ ˊŮɟɘɞɢɐɠ. ȷɡŰɧ ŮɑɜŬɘ Ůɨəɞɚɞ, əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɘɠ ˊɘɞ ɢŬɛɖɚɏɠ Űɘɛɏɠ 

Űɖɠ əɚɑůɖɠ Ůűȭɧůɞɜ ɖ ůŰɎɗɛɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ˊɟɞůŮɔɔɑɕŮŰŬɘ ɤɠ ůŰŬɗŮɟɐ.  

ȺɘəɧɜŬ 6.2: ȾɎŰɞɣɖ ɚɑɛɜɖɠ ɀŬɟŬɗɩɜŬ, ůŰɞ ArcMap ȺɘəɧɜŬ 6.3: ȺˊɘűɎɜŮɘŬ ɚɑɛɜɖɠ ɛŮ ɛˊɚŮ ɢɟɩɛŬ (Surface) 

əŬɘ ɖ ˊŮɟɘɛŮŰɟɘəɐ ŬˊɧůŰŬůɖ 100 m Ŭˊɧ Űɖɜ 

ŬəŰɞɔɟŬɛɛɐ ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ (Buffer_100 m), ůŰɞ 

ArcMap 
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ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɓɟɑůəɞɜŰŬɘ ˊɟɞůŮɔɔɘůŰɘəɎ ɞɘ əɚɑůŮɘɠ Űɤɜ ˊɟŬɜɩɜ ɧɚɤɜ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ. 

 

6.3 ɀŮɗɞŭɞɚɞɔɑŬ ůɡůɢɏŰɘůɖɠ ˊŬɟŬɛɏŰɟɤɜ ůɨɛűɤɜŬ ɛŮ ŰŬ ɔŮɤɔɟŬűɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əɎɗŮ ŰŬɛɘŮɡŰɐɟŬ 
 

ɇŮɚŮɡŰŬɑɞ ɓɐɛŬ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŮɑɜŬɘ ɜŬ ɓɟŮɗŮɑ ɖ ůɡůɢɏŰɘůɖ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɘɠ ɐŭɖ ɔɜɤůŰɏɠ 

ˊŬɟŬɛɏŰɟɞɡɠ ɚ əŬɘ ə ɛŮŰŬɝɨ Űɞɡɠ ɐ ɛŮ Űɖɜ əɚɑůɖ Űɞɡ ŮŭɎűɞɡɠ (slope). ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ Űɖɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ˊɞɡ ɏɔɘɜŮ Űɤɜ Űɞˊɘəɩɜ (local) ůɡɜŰŮɚŮůŰɩɜ ɚ əŬɘ ə ɏɢɞɡɜ ɤɠ Ůɝɐɠ: 

V RMSE = 18,11 

V NSE = 0,998 

 

6.3.1 1ɖ ɀɏɗɞŭɞɠ (ɀɏɗɞŭɞɠ ȸɘɓɚɘɞɔɟŬűɑŬɠ) 
 

ɆŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɡˊɎɟɢŮɘ ůɡůɢɏŰɘůɖ ŬɜɎɛŮůŬ ůŰɘɠ 2 ˊŬɟŬɛɏŰɟɞɡɠ, ɞˊɧŰŮ 

ɖ ˊŬɟɎɛŮŰɟɞɠ ɚ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ə (Efstratiadis et al., 2021) Ŭˊɧ Űɖ ůɢɏůɖ: 

‗ πȟπσψφ‖ πȟςυ ȟ  (6.1) 

 

Ƀɘ ůɡɜɞɚɘəɞɑ ŰŬɛɘŮɡŰɐɟŮɠ Űɖɠ ˊŬɟŬˊɎɜɤ ɛŮɚɏŰɖɠ ŮɑɜŬɘ 20, ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ɧɛɤɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ 16 Ŭˊɧ Űɞɡɠ 20, əŬɗɩɠ ɞɘ ɡˊɧɚɞɘˊɞɘ 4 ŭŮɜ ŮɑɜŬɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ, ɎɟŬ ŭŮɜ 

ɏɢŮɘ ˊɟɞɏɚɗŮɘ ɖ ˊɚɐɟɤůɐ Űɞɡɠ. ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɩɜ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ, ŰŬ ɛɏŰɟŬ 

Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ: 

 

V RMSE = 36,96 

V NSE = 0,981 

ȺɘəɧɜŬ 6.4: Ⱦɚɑůɖ Űɤɜ ˊɟŬɜɩɜ (%) ůŮ ŬˊɧůŰŬůɖ 100 m ˊŮɟɘɛŮŰɟɘəɎ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ 
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6.3.2 2ɖ ɀɏɗɞŭɞɠ 

 
ɆŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ, ɧˊɤɠ ŬɜŰɑůŰɞɘɢŬ əŬɘ ůŰɖ ɛɏɗɞŭɞ Űɖɠ ŮɜɧŰɖŰŬɠ 5.2.3.1, ɞ ůɡɜŰŮɚŮůŰɐɠ ə 

ɚŬɛɓɎɜŮɘ Űɘɠ əŬŰɎɚɚɖɚŮɠ Űɘɛɏɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɢɐɛŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ, b Ŭˊɧ ŰŬ ɔɜɤůŰɎ ŮɟɔŬɚŮɑŬ, Ůˊɞɛɏɜɤɠ Űɞ 

əɟɘŰɐɟɘɞ ɔɘŬ Űɖɜ əŬŰɖɔɞɟɞˊɞɘɐůɖ ɗŬ ŮɑɜŬɘ ɖ Űɘɛɐ Űɞɡ çŰɞˊɘəɞɨè ůɡɜŰŮɚŮůŰɐ ə. Ɇəɞˊɧɠ Űɖɠ 

ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ* Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ əŬɘ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ŮɎɜ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ (ɡˊɞɚɞɔɑůɘɛŬ ɐ ɔɜɤůŰɎ) ɔŮɤɛŮŰɟɘəɎ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɎ. 

 

               ɄɑɜŬəŬɠ 6.2: ȾŬŰɖɔɞɟɑŬ ůɢɐɛŬŰɞɠ ŰŬɛɘŮɡŰɐɟŬ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ çŰɞˊɘəɧè ůɡɜŰŮɚŮůŰɐ ə. 

ɇŬɛɘŮɡŰɐɟŬɠ ə ɆɢɐɛŬ (Shape) ə* 

ȷˊɞůŮɚɏɛɖɠ 0,419 ȼɛɘəɡəɚɘəɧ (Bowl) 0,44 

Ⱥɨɖɜɞɠ 0,392 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

ũŬŭɞɡɟɎɠ 0,341 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

ȽɚŬɟɑɤɜŬɠ 0,318 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

ȾŬůŰɟɎəɘ 0,408 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

ȾɟŮɛŬůŰɎ 0,434 ȼɛɘəɡəɚɘəɧ (Bowl) 0,44 

ɀŬɟŬɗɩɜŬɠ 0,484 ȼɛɘəɡəɚɘəɧ (Bowl) 0,44 

ɀɧɟɜɞɠ 0,334 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

ɄɚŬůŰɐɟŬɠ 0,380 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

ɄɚŬŰŬɜɧɓɟɡůɖ 0,325 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

ɄɞɚɨűɡŰɞ 0,384 ȼɛɘəɡəɚɘəɧ (Bowl) 0,44 

ɄɞɡɟɜɎɟɘ 0,448 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

ȺɘəɧɜŬ 6.5: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ ůɡɜŰŮɚŮůŰɩɜ Űɖɠ 1ɖɠ ɀŮɗɧŭɞɡ 
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ɆűɖəɘɎ 0,457 ȼɛɘəɡəɚɘəɧ (Bowl) 0,44 

Ɇɛɧəɞɓɞ 0,333 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

ɆŰɟɎŰɞɠ 0,558 ɄɟɘůɛŬŰɘəɧ (Prism) 0,55 

ŪɖůŬɡɟɧɠ 0,339 ɆűɖɜɞŮɘŭɏɠ (Wedge) 0,36 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ˊɟɘůɛŬŰɘəɧ ůɢɐɛŬ ɏɢŮɘ ɛɧɜɞ Űɞ űɟɎɔɛŬ Űɞɡ ɆŰɟɎŰɞɡ. ũɘŬ Űɘɠ ŮˊɧɛŮɜŮɠ 

ŮˊŮɝŮɟɔŬůɑŮɠ ŭŮ ɗŬ ɚɖűɗŮɑ ɡˊɧɣɖ ŭɘɧŰɘ ŮɜŭɏɢŮŰŬɘ ɜŬ ɛɖɜ ŭɩůŮɘ ŬɝɘɧˊɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ȳɜŰŬɠ ɔɜɤůŰɧɠ ɞ ůɡɜŰŮɚŮůŰɐɠ ə* əŬɘ ɓŮɚŰɘůŰɞˊɞɘɩɜŰŬɠ Űɞ ɛɞɜŰɏɚɞ ˊɟɞəɨˊŰŮɘ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ɚ*, ɞ ɞˊɞɑɞɠ űŬɑɜŮŰŬɘ ˊɤɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ çˊŮɟɘɛŮŰɟɘəɐè əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ. ȼ əɚɑůɖ Űɞɡ 

ˊɡɗɛɏɜŬ, J ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ ŰŬ ŭɘŬɗɏůɘɛŬ ŮɟɔŬɚŮɑŬ, Ŭűɞɨ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ ɡɣɞɛŮŰɟɘəɐ 

ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ɛɏɔɘůŰɖɠ əŬɘ ŮɚɎɢɘůŰɖɠ ůŰɎɗɛɖɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ 

ArcGIS (ɐ ˊɘɞ ŬˊɚɎ əŬɘ Ŭˊɧ Űɞ Google Earth) Űɞ ɛɐəɞɠ Űɞɡ əɨɟɘɞɡ ɡŭŬŰɞɟŮɨɛŬŰɞɠ. 

ɆɡůɢŮŰɑɕɞɜŰŬɠ Űɞɜ ɜɏɞ ůɡɜŰŮɚŮůŰɐ ɚ* ɛŮ Űɖɜ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ, űŬɑɜŮŰŬɘ ˊɤɠ ɏɢɞɡɜ ɛɘŬ ɛɘəɟɐ 

ŮɝɎɟŰɖůɖ. 
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ȺɘəɧɜŬ 6.7: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ Űɖɠ əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ, J 

(m/km) əŬɘ Űɞɡ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚ*. 
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ȺɘəɧɜŬ 6.6: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ Űɖɠ əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ (%) əŬɘ 

Űɞɡ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚ*. 
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ȺˊɧɛŮɜɞ ɓɐɛŬ ŮɑɜŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬɠ ɜɏɞɠ ůɡɜŰŮɚŮůŰɐɠ əɚɑɛŬəŬɠ ɚ**, ŭɘŬŰɖɟɩɜŰŬɠ 

ůŰŬɗŮɟɧ Űɞɜ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ ɛŮ Űɖɜ Űɘɛɐ ə = 0,40, əŬɘ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ŮɝɎɟŰɖůɐ Űɞɡ 

Űɧůɞ Ŭˊɧ Űɖɜ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ˊŬɟŬˊɎɜɤ, ɧůɞ əŬɘ Ŭˊɧ Űɖɜ əɚɑůɖ Űɞɡ 

ˊɡɗɛɏɜŬ, J.  

 

 

ȺˊɘɚɏɔŮŰŬɘ ɖ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ, ŭɖɚŬŭɐ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɚ** əŬɘ ɨůŰŮɟŬ Ŭˊɧ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ ˊɟɞəɨˊŰŮɘ ɖ ůɢɏůɖ: 

‗ υȟωςὛȟ ὐȟ  (6.2) 

 

ŭɘŬŰɖɟɩɜŰŬɠ Űɞɜ ůɡɜŰŮɚŮůŰɐ ə ŬɜŮɝɎɟŰɖŰɞ. 
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ȺɘəɧɜŬ 6.8: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ Űɖɠ əɚɑůɖɠ Űɤɜ 
ˊɟŬɜɩɜ (%) əŬɘ Űɞɡ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚ** 

 

ȺɘəɧɜŬ 6.9: ȹɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɛŮŰŬɝɨ Űɖɠ əɚɑůɖɠ Űɤɜ 
ˊɟŬɜɩɜ (%) əŬɘ Űɞɡ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚ** 
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ȺɘəɧɜŬ 6.10: ɆɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ɚ** əŬɘ Űɞɡ ˊɟɞůɞɛɞɘɤɛɏɜɞɡ 

ɚô** Űɖɠ 2ɖɠ ɛŮɗɧŭɞɡ. 
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ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ ɖ Ůɝɑůɤůɖ (6.2) ŭɘŬűɏɟŮɘ, ɤɠ ˊɟɞɠ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Űɖɠ, Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 

(5.2) Ŭűɞɨ ɖ əɚɑůɖ ɔɨɟɤ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɚŮəɎɜɖɠ əŬŰɎəɚɡůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ 

əɚɑůɖ Űɖɠ ɚŮəɎɜɖɠ, Űɞ ɞˊɞɑɞ ŬˊɞŭŮɘəɜɨŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ ɛɏůɖ Űɘɛɐ Űɖɠ əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ ůŰɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ əŮűŬɚŬɑɞɡ ˊɞɡ ɘůɞɨŰŬɘ ɛŮ 18,28% Ůɜɩ ůŰɞɡɠ Ⱥɚɚɖɜɘəɞɨɠ 

ŰŬɛɘŮɡŰɐɟŮɠ ɘůɞɨŰŬɘ ɛŮ 21,1%. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɑŬ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ́ ɞɡ ɞɘ ˊŬɟɎɛŮŰɟɞɘ 

Űɞɡ ɛɞɜŰɏɚɞɡ ɡˊɞůŰɞɨɜ ɛŮŰŬɓɞɚɐ Űɖɠ ŰɎɝɖɠ Űɞɡ Ñ 20%, ɔɘŬ ŰŬ ŭɨɞ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ, Űɞɜ 

ůɡɜŰŮɚŮůŰɐ NSE əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE. 

 

ɄɑɜŬəŬɠ 6.3: ɇŮɚɘəɏɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 2ɖ  

ɀɏɗɞŭɞ. 

ɆɡɜŰŮɚŮůŰɐɠ NSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% NSE -20% NSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 21,10 25,32 0,981 16,88 0,964 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,007 0,0084 0,979 0,0056 0,976 

 

 

ɄɑɜŬəŬɠ 6.4: ɇŮɚɘəɏɠ Űɘɛɏɠ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 2ɖ  ɀɏɗɞŭɞ. 

ɇŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% RMSE -20% RMSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 21,10 25,32 46,39 16,88 53,63 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,01 0,0084 47,32 0,0056 49,45 

 

ȺɘəɧɜŬ 6.11: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ůɡɜŰŮɚŮůŰɐ NSE ɔɘŬ Űɖɜ 2ɖ ɀɏɗɞŭɞ. 
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6.4 ȷɝɘɞɚɧɔɖůɖ Ⱥɚɚɖɜɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ ɛŮ Űɘɠ ŮɝɘůɩůŮɘɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ 

ɓɘɓɚɘɞɔɟŬűɑŬɠ 
 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ 2ɞ əŮűɎɚŬɘɞ, əŬɘ ɡɚɞˊɞɘɐɗɖəŮ ůŰɞ 5ɞ əŮűɎɚŬɘɞ, ɗŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ 

ɞɘ ɡˊɧ ɛŮɚɏŰɖ ŰŬɛɘŮɡŰɐɟŮɠ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ (2.1), (2.2), (2.3) əŬɘ ɔɘŬ Űɞɡɠ 20 Ⱥɚɚɖɜɘəɞɨɠ 

ŰŬɛɘŮɡŰɐɟŮɠ. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ NSE ɔɘŬ əɎɗŮ ɗɏůɖ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 6.5. 

 

ɄɑɜŬəŬɠ 6.5: ȷɝɘɞɚɧɔɖůɖ ŭŮɑəŰɖ NSE Űɤɜ Ⱥɚɚɖɜɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ Űɖɠ 

ɓɘɓɚɘɞɔɟŬűɑŬɠ. 

ɇŬɛɘŮɡŰɐɟŬɠ 
V = 0,678 (Ah)0,9229 

(2.1) 

V = 30,684 A0,9578 

(2.2) 

V = 0,00857 A1,4357 

(2.3) 

 NSE 

ȷˊɞůŮɚɏɛɖɠ 0,918 -0,320 0,717 

Ⱥɨɖɜɞɠ 0,988 0,860 0,311 

ũŬŭɞɡɟɎɠ 0,871 -0,848 0,984 

ȽɚŬɟɑɤɜŬɠ 0,371 0,876 -0,631 

ȾŬůŰɟɎəɘ 0,925 0,908 0,963 

ȾɟŮɛŬůŰɎ 0,791 0,407 0,885 

ɀŬɟŬɗɩɜŬɠ 0,987 -3,047 0,876 

ɀɧɟɜɞɠ 0,967 0,902 0,958 

ɀŮůɞɢɩɟŬ 0,972 0,733 0,489 

ɀɞɡɕɎəɘ 0,979 0,514 0,423 

ɄɚŬůŰɐɟŬɠ 0,506 -5,007 -8,160 

ɄɚŬŰŬɜɧɓɟɡůɖ 0,780 0,932 0,659 

ɄɞɚɨűɡŰɞ 0,996 0,909 0,667 

Ʉɨɚɖ 0,972 0,868 0,364 

ȺɘəɧɜŬ 6.11: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE 

ɔɘŬ Űɖɜ 2ɖ ɀɏɗɞŭɞ. 
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ɆűɖəɘɎ 0,857 0,879 0,565 

Ɇɛɧəɞɓɞ 0,868 0,947 0,905 

ɆŰɟɎŰɞɠ 0,917 -10,049 -2,074 

ɆɡəɘɎ 0,950 0,819 0,682 

ŪɖůŬɡɟɧɠ 0,777 0,880 0,938 

ȹɘɎɛŮůɞɠ 0,918 0,860 0,667 

 

 

ȺˊɘɓŮɓŬɘɩɜŮŰŬɘ, ˊɤɠ ɖ ůɢɏůɖ (2.1) ɏɢŮɘ əŬɚɨŰŮɟɖ ˊɟɞůŬɟɛɞɔɐ ůŰɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ ůŮ ůɢɏůɖ ɛŮ 

Űɘɠ ɎɚɚŮɠ ŭɨɞ, ɛŮ ŭɘɎɛŮůɞ ůɢŮŭɧɜ ɑůɖ ɛŮ Űɖ ŭɘɎɛŮůɞ ˊɞɡ ˊɟɞɏəɡɣŮ ůŰɖɜ ŮɜɧŰɖŰŬ 5.3 (0,918 

Ůŭɩ ɏɜŬɜŰɘ 0,903 Ŭˊɧ Űɞɜ ɄɑɜŬəŬ 5.17), Űɘɛɐ ɖ ɞˊɞɑŬ ˊɚɖůɘɎɕŮɘ Űɖɜ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2 = 0,92 ˊɞɡ ɡˊɞŭɖɚɩɜŮŰŬɘ ůŰɖ ɓɎůɖ GRanD. Ⱥˊɑůɖɠ, əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ 

ůɢɏůŮɘɠ űŬɑɜŮŰŬɘ ˊɤɠ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ əŬɚɨŰŮɟŬ ůŰɞɡɠ Ⱥɚɚɖɜɘəɞɨɠ ŰŬɛɘŮɡŰɐɟŮɠ, ɛŮ Űɖɜ 

Ůɝɑůɤůɖ (2.2) ɜŬ ɡˊŮɟŰŮɟŮɑ əŬɘ ˊɎɚɘ Űɖɠ Ůɝɑůɤůɖɠ (2.3).  

ɄŬɟŬəɎŰɤ, ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ŭɘŬɔɟŬɛɛŬŰɘəɎ ɞɘ ůɡɜŰŮɚŮůŰɏɠ NSE ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ 

ɡˊɏɟɓŬůɐɠ Űɞɡ, ŬɜŰɑůŰɞɘɢŬ ɛŮ Űɞ 5ɞ əŮűɎɚŬɘɞ. ɄɎɚɘ, ɧůɞ ˊɘɞ əɞɜŰɎ ɓɟɑůəŮŰŬɘ ɛɑŬ Ůə Űɤɜ Űɟɘɩɜ 

əŬɛˊɡɚɩɜ ůŰɖɜ əŬɛˊɨɚɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, Űɧůɞ əŬɚɨŰŮɟɖ ˊɟɞůŬɟɛɞɔɐ (ŭɖɚŬŭɐ ɡɣɖɚɧŰŮɟɞ 

ůɡɜŰŮɚŮůŰɐ NSE) ŭɘŬɗɏŰŮɘ. 

 

 

6.5 ȷˊɞŰŮɚɏůɛŬŰŬ ï ɆɡɛˊŮɟɎůɛŬŰŬ ȷɜɎɚɡůɖɠ 
 

ɆŰɞɜ ɄɑɜŬəŬ 6.6 űŬɑɜɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɤɜ ɛɏŰɟɤɜ Ŭˊɧŭɞůɖɠ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ. ȼ ˊɟɩŰɖ ɛɏɗɞŭɞɠ 

(ɛɏɗɞŭɞɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ) ůɡůɢŮŰɑɕŮɘ Űɞɡɠ ŭɨɞ ůɡɜŰŮɚŮůŰɏɠ Űɖɠ ůɢɏůɖɠ ŭɨɜŬɛɖɠ ůŰɎɗɛɖɠ ï 

ŬˊɞɗɏɛŬŰɞɠ əŬɘ ɖ ŭŮɨŰŮɟɖ ɛɏɗɞŭɞɠ ůɡůɢŮŰɑɕŮɘ Űɞɜ ůɡɜŰŮɚŮůŰɐ ɚ ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 
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ȺɘəɧɜŬ 6.12: ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ŭŮɑəŰɖ NSE ɔɘŬ əɎɗŮ ůɢɏůɖ Űɖɠ 

ɓɘɓɚɘɞɔɟŬűɑŬɠ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ əŬɛˊɨɚɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞɡɠ Ⱥɚɚɖɜɘəɞɨɠ 

ŰŬɛɘŮɡŰɐɟŮɠ. 
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                                       ɄɑɜŬəŬɠ 6.6: ɀɏŰɟŬ Ŭˊɧŭɞůɖɠ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ 

 1ɖ ɀɏɗɞŭɞɠ 2ɖ ɀɏɗɞŭɞɠ 

NSE 0,981 0,978 

RMSE 36,96 48,13 

 

ŪŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɑŬ ŭɘŮɟŮɨɜɖůɖ Űɖɠ 2ɖɠ ɛŮɗɧŭɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɧůŬ ɔŮɤɛŮŰɟɘəɎ 

ɢŬɟŬəŰɟɘůŰɘəɎ ɗŬ ŮɑɜŬɘ ɔɜɤůŰɎ ůŮ ɛɑŬ ŬɜɎɚɡůɖ, ɖ ɞˊɞɑŬ ŬəɞɚɞɡɗŮɑŰŬɘ əŬɘ ɛŮ ɛɘŬ ŬɜɎɚɡůɖ 

ŮɡŬɘůɗɖůɑŬɠ. 

¶ ȹɘŮɟŮɨɜɖůɖ 2ɖɠ ɀŮɗɧŭɞɡ 

 

ü ȺɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɛɧɜɞ ɖ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, slope (%) 

 

ŪŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ ůɡɜŬɟŰɐůŮɘ Űɖɠ əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ, ɛŮ ŬɜŮɝɎɟŰɖŰɞ 

ůɡɜŰŮɚŮůŰɐ ə. 

‗ ρȟςςὛȟ  (6.3) 

 

ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

V NSE = 0,98 

V RMSE = 45,56 

 

ɀŮ ɛɘŬ ˊɟɞůŬɨɝɖůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ Ñ 20% ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɛɏŰɟɤɜ ŮɑɜŬɘ: 
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ȺɘəɧɜŬ 6.13: Ɇɢɏůɖ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ Ŭɟɢɘəɧ, ůɡɜŬɟŰɐůŮɘ 

ɛɧɜɞ Űɖɠ əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ Űɤɜ Ⱥɚɚɖɜɘəɩɜ ɇŬɛɘŮɡŰɐɟɤɜ. 
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ɄɑɜŬəŬɠ 6.7: ɇŮɚɘəɏɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɖɠ əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ (%) ɔɘŬ 

Űɖɜ 1ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 

ɆɡɜŰŮɚŮůŰɐɠ NSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% NSE -20% NSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 21,10 25,32 0,983 16,88 0,971 

 

 

ɄɑɜŬəŬɠ 6.8: ɇŮɚɘəɏɠ Űɘɛɏɠ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɖɠ 

əɚɑůɖɠ Űɤɜ ˊɟŬɜɩɜ (%) ɔɘŬ Űɖɜ 1ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 

ɇŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% RMSE -20% RMSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ (%) 21,10 25,32 43,88 16,88 54,16 
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ȺɘəɧɜŬ 6.14: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ůɡɜŰŮɚŮůŰɐ NSE ɔɘŬ Űɖɜ 1ɖ  

ɡˊɞˊŮɟɑˊŰɤůɖ  
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ȺɘəɧɜŬ 6.15: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ 

RMSE ɔɘŬ Űɖɜ 1ɖ  ɡˊɞˊŮɟɑˊŰɤůɖ 
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ūŬɑɜŮŰŬɘ ˊɤɠ ɛɘŬ ɛŮŰŬɓɞɚɐ Ñ 20% ˊɟŬəŰɘəɎ ŭŮɜ ŮˊɖɟŮɎɕŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖɜ ŬəɟɑɓŮɘŬ 

Űɞɡ ɛɞɜŰɏɚɞɡ.  

ü ȺɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɛɧɜɞ ɖ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ, J 

 

ȺəŰɘɛɎŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ ůɡɜŬɟŰɐůŮɘ Űɖɠ əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ, ɛŮ ŬɜŮɝɎɟŰɖŰɞ ůɡɜŰŮɚŮůŰɐ ə. 

‗ ρπσ ὐ (6.4) 

 

 

ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

V NSE = 0,964 

V RMSE = 60,23 

 

ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞ ůɡɜŰŮɚŮůŰɐɠ R2 Űɖɠ ȺɘəɧɜŬɠ 6.16 ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɞɠ Ŭˊɧ ŬɡŰɧɜ Űɖɠ 

ȺɘəɧɜŬɠ 6.13 əŬɘ ŬɟəŮŰɎ ɢŬɛɖɚɧŰŮɟɞɠ Űɖɠ ȺɘəɧɜŬɠ 6.10 ( R2 = 0,845 əŬɘ R2 = 0,913 ŬɜŰɑůŰɞɘɢŬ) 

ɖ Ŭˊɧŭɞůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ŭŮɜ ŮɑɜŬɘ ɢŬɛɖɚɐ. 

ɀŮ ɛŮŰŬɓɞɚɐ Űɖɠ ŰɎɝɖɠ Űɞɡ Ñ 20% ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɛɏŰɟɤɜ ŮɑɜŬɘ: 

 

ɄɑɜŬəŬɠ 6.9: ɇŮɚɘəɏɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɖɠ əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ  ɔɘŬ Űɖɜ 

2ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 

ɆɡɜŰŮɚŮůŰɐɠ NSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% NSE -20% NSE 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,007 0,0084 0,966 0,0056 0,960 
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ȺɘəɧɜŬ 6.16: Ɇɢɏůɖ ɜɏɞɡ ůɡɜŰŮɚŮůŰɐ ɚ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ Ŭɟɢɘəɧ, ůɡɜŬɟŰɐůŮɘ 

Űɖɠ əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ Űɤɜ Ⱥɚɚɖɜɘəɩɜ ɇŬɛɘŮɡŰɐɟɤɜ. 
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ɄɑɜŬəŬɠ 6.10: ɇŮɚɘəɏɠ Űɘɛɏɠ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ20% Űɖɠ 

əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ ɔɘŬ Űɖɜ 2ɖ ɡˊɞˊŮɟɑˊŰɤůɖ. 

ɇŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% RMSE -20% RMSE 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 0,007 0,0084 59,69 0,0056 62,65 

 

 

ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ˊɤɠ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ ŭɑɜŮɘ ɖ Ůɝɑůɤůɖ (6.2) ɛŮ ˊŬɟŬɛɏŰɟɞɡɠ əŬɘ Űɘɠ ŭɨɞ 

əɚɑůŮɘɠ, ɤůŰɧůɞ ŮɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɛɧɜɞ ɖ ɛɑŬ Ůə Űɤɜ ŭɡɞ əɚɑůŮɤɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŮɔɔɘůŰŮɑ ɛŮ 

ůɢŮŰɘəɐ ŬəɟɑɓŮɘŬ ɞ ůɡɜŰŮɚŮůŰɐɠ əɚɑɛŬəŬɠ ɚ. 

0,960 0,966

0,959 0,960 0,961 0,962 0,963 0,964 0,965 0,966

ɼ
˂
ʾ
ˋ
ʹ
 
ˉ
ˎ
ʻ
˃
ʷ
˄
ʰ
Σ
 

J

NSE

high low

ȺɘəɧɜŬ 6.17: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ůɡɜŰŮɚŮůŰɐ NSE ɔɘŬ Űɖɜ 2ɖ  ɡˊɞˊŮɟɑˊŰɤůɖ 

59,69 62,65

59,00 59,50 60,00 60,50 61,00 61,50 62,00 62,50 63,00

ɼ
˂
ʾ
ˋ
ʹ
 
ˉ
ˎ
ʻ
˃
ʷ
˄
ʰ
Σ
 

J

RMSE

high low

ȺɘəɧɜŬ 6.18: ȹɘɎɔɟŬɛɛŬ Tornado Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE 

ɔɘŬ Űɖɜ 2ɖ  ɡˊɞˊŮɟɑˊŰɤůɖ 
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7. Ⱥˊɘəɨɟɤůɖ ȷˊɞŰŮɚŮůɛɎŰɤɜ 

 

7.1 ũŮɤɔɟŬűɘəɐ ȾŬŰŬɜɞɛɐ Ɂɏɤɜ ŰŬɛɘŮɡŰɐɟɤɜ 
 

ũɘŬ ɜŬ ɗŮɤɟɖɗɞɨɜ ŬɝɘɧˊɘůŰŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ əŮűŬɚŬɑɤɜ, əɟɑɜŮŰŬɘ 

ůəɧˊɘɛɞ ɜŬ ŮˊŬɚɖɗŮɡŰɞɨɜ əŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ŰŬɛɘŮɡŰɐɟŮɠ. ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ, 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 7 ɜɏɞɘ ŰŬɛɘŮɡŰɐɟŮɠ, ɞɘ ˊɏɜŰŮ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ȺɚɚɎŭŬ əŬɘ ɞɘ ŭɨɞ ůŰɖɜ Ⱦɨˊɟɞ. 

Ƀɘ ŰŬɛɘŮɡŰɐɟŮɠ ŬɡŰɞɑ ˊɟɞůɞɛɞɘɩɜɞɜŰŬɘ ɛŮ Űɖɜ ɛɏɗɞŭɞ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ 5.2.1 

əŬɘ ŮˊɘɚɏɢɗɖəŬɜ ɛŮ ɓɎůɖ Űɞ ɏŰɞɠ əŬŰŬůəŮɡɐɠ Űɞɡɠ. ɇɞ Google Earth ˊŬɟɏɢŮɘ ŭŮŭɞɛɏɜŬ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ Ŭˊɧ Űɞ 1984 əŬɘ ůŮ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭˊɧ ɛŮŰŬɔŮɜɏůŰŮɟɖ ɢɟɞɜɞɚɞɔɑŬ, 

Ůˊɞɛɏɜɤɠ ůŮ ɧůŬ űɟɎɔɛŬŰŬ ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ŰŬ ɡɣɧɛŮŰɟŬ Űɞɡ 

ŮŭɎűɞɡɠ Űɖɠ ɚŮəɎɜɖɠ Űɞɡɠ ɛˊɞɟɞɨɜ ɜŬ ɓɟŮɗɞɨɜ Ŭˊɧ Űɞ Google Earth. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ əŬɘ 

əɎˊɞɘɞɘ ŰŬɛɘŮɡŰɐɟŮɠ Űɞɡ 6ɞɡ əŮűŬɚŬɑɞɡ (ɞɘ ˊɘɞ ˊɟɧůűŬŰɞɘ) ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ 

ɜŬ Ůˊɘəɡɟɩůɞɡɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ 5ɞɡ əŮűŬɚŬɑɞɡ, ɧˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɖɜ ŮɜɧŰɖŰŬ 7.2, 

ŭɖɚŬŭɐ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ˊɟɘɜ Űɖɜ ˊɚɐɟɤůɖ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ. Ƀɘ ŰŬɛɘŮɡŰɐɟŮɠ ŮɑɜŬɘ: 

¶ ȷˊɞůŮɚɏɛɖɠ 

¶ Ⱥɨɖɜɞɠ 

¶ ȽɚŬɟɑɤɜŬɠ 

¶ Ɇɛɧəɞɓɞ 

ɆŰɞ ɢɎɟŰɖ Űɖɠ ȺɘəɧɜŬɠ 7.1, ɛŮ ɔŬɚɎɕɘɞ ɢɟɩɛŬ ůɖɛŮɘɩɜɞɜŰŬɘ ɞɘ ˊŬɟŬˊɎɜɤ ŰŬɛɘŮɡŰɐɟŮɠ Ůɜɩ ɛŮ 

əɧəəɘɜɞ ɢɟɩɛŬ ɞɘ ɜɏɞɘ ŰŬɛɘŮɡŰɐɟŮɠ. 

ȺɘəɧɜŬ 7.1: ũŮɤɔɟŬűɘəɐ ȾŬŰŬɜɞɛɐ ŰŬɛɘŮɡŰɐɟɤɜ 
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ɆŰɞɜ ɄɑɜŬəŬ 7.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ, ŭɖɚŬŭɐ ɖ ɗɏůɖ Űɞɡɠ, ɖ 

ɢɤɟɖŰɘəɧŰɖŰŬ əŬɘ ɖ ŮˊɘűɎɜŮɘɎ Űɞɡɠ, əŬɗɩɠ əŬɘ ɖ ůəɞˊɘɛɧŰɖŰɎ Űɞɡɠ. 

 

ɄɑɜŬəŬɠ 7.1: ũŮɤɔɟŬűɘəɐ ɗɏůɖ ŰŬɛɘŮɡŰɐɟɤɜ, ɢŬɟŬəŰɖɟɘůŰɘəɎ ŰŬɛɘŮɡŰɐɟŬ əŬɗɩɠ əŬɘ ůəɞˊɘɛɧŰɖŰŬ 

(óɈŭɟ: ȴŭɟŮɡůɖ, Ɉ/ȼ: ɈŭɟɞɖɚŮəŰɟɘəɐ ɄŬɟŬɔɤɔɐ, ȯɟŭ: ȯɟŭŮɡůɖ, ȸɘɞɛ: ȸɘɞɛɖɢŬɜɘəɐ ɉɟɐůɖ (Ůŭɩ: 

ɣɨɝɖ ȷȼɆ ɀŮɚɑŰɖɠ), (*): ȹŮɜ ɡˊɎɟɢŮɘ ŭɘŬɗɏůɘɛɖ ˊɚɖɟɞűɞɟɑŬ), ˊɖɔɐ: Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ɀŮɔɎɚɤɜ 

ūɟŬɔɛɎŰɤɜ, çɇŬ ūɟɎɔɛŬŰŬ ɇɖɠ ȺɚɚɎŭŬɠè & ȿŮɡəɤůɑŬ: ɇɛɐɛŬ ȷɜŬˊŰɨɝŮɤɠ ɈŭɎŰɤɜ, çūɟɎɔɛŬŰŬ Űɖɠ 

Ⱦɨˊɟɞɡè. 

ūɟɎɔɛŬ 

Ūɏůɖ ɉŬɟŬəŰɖɟɘůŰɘəɎ ɇŬɛɘŮɡŰɐɟŬ 

Ɇəɞˊɧɠ ũŮɤɔɟŬűɘəɧ 

ɄɚɎŰɞɠ 

ũŮɤɔɟŬűɘəɧ 

ɀɐəɞɠ 

ɉɤɟɖŰɘəɧŰɖŰŬ 

(Ĭ103 m3) 

ȺˊɘűɎɜŮɘŬ          

(Ĭ103 m2) 

ȸŬɚůŬɛɘɩŰɖ 35o26'30.06'' N 23o53'08,97'' E 6.000 *  *  

ũɟŬŰɘɜɐɠ 41ɞ09'23.53'' Ɂ 25ɞ31'30.19'' Ⱥ 12.800 982 'Ɉŭɟ 

ȹɘˊɧŰŬɛɞɡ 

(Ⱦɨˊɟɞɠ) 
34ɞ85'48.67'' Ɂ 33ɞ35'78.04'' Ⱥ 15.500 1.000 'Ɉŭɟ, ȯɟŭ 

ȾŬɜɜŬɓɘɞɨ 

(Ⱦɨˊɟɞɠ) 
34ɞ55'43.24'' ȸ 32ɞ35'27.55'' Ⱥ 18.000 9.260 'Ɉŭɟ, ȯɟŭ 

ɄŬˊŬŭɘɎɠ 40ɞ53'04.57'' Ɂ 21ɞ41'30.31'' Ⱥ 14.000 598 
Ɉ/ȼ, 

ȸɘɞɛ, ȯɟŭ 

ɄɟŬɛɧɟɘŰůŬɠ 40ɞ12'29.57'' Ɂ 21ɞ09'00.13'' Ⱥ 5.586 109 Ɉ/ȼ, ȴŭɟ 

ūŬɜŮɟɤɛɏɜɖɠ 

ɀŮůůŬɟɎɠ 
35ɞ05'37.61'' Ɂ 24ɞ51'07.83'' Ⱥ 19.679 1.000 ȯɟŭ 

 

7.2 ȺˊŮɝŮɟɔŬůɑŬ ŰŬɛɘŮɡŰɐɟɤɜ ˊɟɘɜ Űɖɜ ˊɚɐɟɤůɖ 
 

ɆŮ ŬɡŰɐɜ Űɖɜ ŮɜɧŰɖŰŬ, ɗŬ Ůˊɘəɡɟɤɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ 5ɞɡ əŮűŬɚŬɑɞɡ ɛŮ Űɞɡɠ ɜɏɞɡɠ 

ŰŬɛɘŮɡŰɐɟŮɠ. ɆŮ ŬɡŰɞɨɠ ɗŬ ˊɟɞůŰŮɗɞɨɜ əŬɘ ɞɘ 4 ŰŬɛɘŮɡŰɐɟŮɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ ŮɜɧŰɖŰŬ 

7.1, əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɧůɞ ɖ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ Űɖɠ ɚŮəɎɜɖɠ əŬŰɎəɚɡůɖɠ, ɧůɞ əŬɘ 

Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ. 

ȼ ŬəɟɑɓŮɘŬ Űɤɜ ɊɀȺ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ŮɑɜŬɘ ůɢŮŰɘəɎ əŬɚɐ, ŮɘŭɘəɎ ɔɘŬ Űɞɡɠ ɜŮɧɡɠ ŰŬɛɘŮɡŰɐɟŮɠ, 

ɞɘ ɞˊɞɑɞɘ ɓɏɓŬɘŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ.  

 

                                          ɄɑɜŬəŬɠ 7.2: ȷəɟɑɓŮɘŬ ŰŬɛɘŮɡŰɐɟɤɜ Ůˊɘəɨɟɤůɖɠ 

ūɟɎɔɛŬ ɀɏɔŮɗɞɠ əŮɚɘɩɜ 

ȸŬɚůŬɛɘɩŰɖ 4Ĭ4 

ũɟŬŰɘɜɐɠ 10Ĭ10 

https://el.wikipedia.org/wiki/%CE%9B%CE%B5%CF%85%CE%BA%CF%89%CF%83%CE%AF%CE%B1
https://el.wikipedia.org/w/index.php?title=%CE%A4%CE%BC%CE%AE%CE%BC%CE%B1_%CE%91%CE%BD%CE%B1%CF%80%CF%84%CF%8D%CE%BE%CE%B5%CF%89%CF%82_%CE%A5%CE%B4%CE%AC%CF%84%CF%89%CE%BD&action=edit&redlink=1
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ȹɘˊɧŰŬɛɞɡ 10Ĭ10 

ȾŬɜɜŬɓɘɞɨ 7Ĭ7 

ɄŬˊŬŭɘɎɠ 7Ĭ7 

ɄɟŬɛɧɟɘŰůŬɠ 7Ĭ7 

ūŬɜŮɟɤɛɏɜɖɠ 

ɀŮůůŬɟɎɠ 
10Ĭ10 

ȷˊɞůŮɚɏɛɖɠ 6Ĭ6 

Ⱥɨɖɜɞɠ 11Ĭ11 

ȽɚŬɟɑɤɜŬɠ 40Ĭ40 

Ɇɛɧəɞɓɞ 24Ĭ24 

 

ũɘŬ Űɞɡɠ 7 ŰŬɛɘŮɡŰɐɟŮɠ ɏɔɘɜŮ ŬɜɎɚɡůɖ əŬɘ ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ Űɞˊɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ əɚɑɛŬəŬɠ, ɚ 

əŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ůɢɐɛŬŰɞɠ, ə (ɔɘŬ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 4 ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɏɢɞɡɜ ůɡɛˊŮɟɘɚɖűɗŮɑ 

ůŮ ŬɜɎɚɡůɖ ˊɟɞɖɔɞɨɛŮɜɞɡ əŮűŬɚŬɑɞɡ). ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ɏɢɞɡɜ ɤɠ Ůɝɐɠ: 

V NSE = 0,999 

V RMSE = 3,44 

 

7.2.1 1ɖ ɀɏɗɞŭɞɠ 
 

Ⱥűô ɧůɞɜ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ b Ŭˊɧ Űɞ ɊɖűɘŬəɧ ɀɞɜŰɏɚɞ ȺŭɎűɞɡɠ, 

əŬɘ Űɞ ɛɏůɞ ˊɚɎŰɞɠ B Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ɗŬ ɔɑɜŮɘ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ ə 

ŬɜŰɑůŰɞɘɢɖ ɛŮ ŬɡŰɐɜ Űɖɠ ŮɜɧŰɖŰŬɠ 5.2.3.1. ȷɟɢɘəɎ ůɡɛˊɚɖɟɩɜŮŰŬɘ ůŰɖɜ 3ɖ ůŰɐɚɖ Űɞɡ ɄɑɜŬəŬ 

7.3 ɞ ůɡɜŰŮɚŮůŰɐɠ ə* (global) ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ůɡɜŰŮɚŮůŰɐ ə (local) Űɖɠ 2ɖɠ ůŰɐɚɖɠ, 

ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ əɎˊɞɘɞ ɔŮɤɛŮŰɟɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɆŰɘɠ 

ŮˊɧɛŮɜŮɠ ůŰɐɚŮɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɚɧɔɞɠ  ὦ
ὄ , Űɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ ɔɘŬ əɎɗŮ əŬŰɖɔɞɟɑŬ (ɓɚ. 

ɄɑɜŬəŬ 5.6) əŬɘ Űɏɚɞɠ ŮɎɜ çůɡɛűɤɜŮɑè ɖ Űɘɛɐ Űɖɠ 3ɖɠ ůŰɐɚɖɠ ɛŮ Űɖɜ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ə ́ ɞɡ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ɚɧɔɞ. 

 

ɄɑɜŬəŬɠ 7.3: ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ůɡɜŰŮɚŮůŰɐ ə* ůɢŮŰɘəɎ ɛŮ Űɞɜ ɚɧɔɞ Űɞɡ ˊɚɎŰɞɡɠ Űɞɡ ˊɡɗɛɏɜŬ, b ˊɟɞɠ 

Űɞ ɛɏůɞ ˊɚɎŰɞɠ Űɞɡ ɇŬɛɘŮɡŰɐɟŬ, B. 

ūɟɎɔɛŬ 
ɆɡɜŰŮɚŮůŰɐɠ 

ə (local) 

ɆɡɜŰŮɚŮůŰɐɠ 

ə* (global) 
ὦ
ὄ 

ȺɚɎɢɘůŰɖ 

ɇɘɛɐ 

ɀɏɔɘůŰɖ 

ɇɘɛɐ 
 

ȸŬɚůŬɛɘɩŰɖ 0,460 0,44 0,1809 Ó 0,092 Ò 0,278 ã 

ũɟŬŰɘɜɐɠ 0,358 0,36 0,0839 Ó 0 Ò 0,091 ã 

ȹɘˊɧŰŬɛɞɡ 0,405 0,44 0,0998 Ó 0,092 Ò 0,278 ã 

ȾŬɜɜŬɓɘɞɨ 0,421 0,44 0,1076 Ó 0,092 Ò 0,278 ã 

ɄŬˊŬŭɘɎɠ 0,436 0,44 0,2413 Ó 0,092 Ò 0,278 ã 
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ɄɟŬɛɧɟɘŰůŬɠ 0,405 0,44 0,1023 Ó 0,092 Ò 0,278 ã 

ūŬɜŮɟɤɛɏɜɖɠ 

ɀŮůůŬɟɎɠ 
0,337 0,36 0,0905 Ó 0 Ò 0,091 ã 

ȷˊɞůŮɚɏɛɖɠ 0,419 0,44 0,1924 Ó 0,092 Ò 0,278 ã 

Ⱥɨɖɜɞɠ 0,392 0,36 0,0842 Ó 0 Ò 0,091 ã 

ȽɚŬɟɑɤɜŬɠ 0,318 0,36 0,0246 Ó 0 Ò 0,091 ã 

Ɇɛɧəɞɓɞ 0,333 0,36 0,0902 Ó 0 Ò 0,091 ã 

 

ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ Űɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ Űɞɡ ɚɧɔɞɡ  ὦ
ὄ  ɔɘŬ ŰŬ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ 

ůɢɐɛŬŰŬ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ (ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ ŬɜɎɚɡůɖ ŭŮɜ ɏɢŮɘ əɎˊɞɘɞɠ ŰŬɛŮɡŰɐɟŬɠ 

ˊɟɘůɛŬŰɘəɧ ůɢɐɛŬ, Ůˊɞɛɏɜɤɠ ŮɝŮŰɎɕŮŰŬɘ ɖ Ůˊɘəɨɟɤůɖ Űɞɡ Ůɨɟɞɡɠ Űɤɜ Űɘɛɩɜ Űɞɡ ɚɧɔɞɡ Űɤɜ 

ŭɨɞ Ůə Űɤɜ Űɟɘɩɜ ůɢɖɛɎŰɤɜ) ŮˊŬɚɖɗŮɨŮŰŬɘ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ, ɞˊɧŰŮ ɛɏůɤ ŬɡŰɐɠ Űɖɠ 

ɛŮɗɧŭɞɡ űŬɑɜŮŰŬɘ ˊɤɠ ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ. ȹɘŬŰɖɟɩɜŰŬɠ Űɘɠ Űɘɛɏɠ 

Űɖɠ 3ɖɠ ůŰɐɚɖɠ Űɞɡ ɄɑɜŬəŬ 7.2 ɤɠ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ə* əŬɘ ɓŮɚŰɘůŰɞˊɞɘɩɜŰŬɠ Űɞɜ 

ůɡɜŰŮɚŮůŰɐ ɚ (ɞ ɞˊɞɑɞɠ ˊŬɟŬɛɏɜŮɘ ŬɜŮɝɎɟŰɖŰɞɠ) ˊɟɞəɨˊŰŮɘ: 

V NSE = 0,998 

V RMSE = 3,44 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ NSE ɛŮɘɩɗɖəŮ əŬŰɎ 0,1% (Ŭˊɧ 0,999 ůŮ 0,998) Ůɜɩ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ 

ůűɎɚɛŬ ŮɑɜŬɘ Űɞ ɑŭɘɞ. ȷɡŰɧ ɡˊɞŭɖɚɩɜŮɘ ˊɤɠ ɖ ŬəɟɑɓŮɘŬ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔɎɚɖ. 

7.2.2 2ɖ ɀɏɗɞŭɞɠ 
 

ɆŮ ŬɡŰɐɜ Űɖɜ ɛɏɗɞŭɞ ůɡůɢŮŰɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ ɛŮ ŰŬ ŰɟɑŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ (əɚɑůɖ ˊɟŬɜɩɜ slope (%), əɚɑůɖ ˊɡɗɛɏɜŬ J, ˊɚɎŰɞɠ ˊɡɗɛɏɜŬ b (m)) ŭɘŬŰɖɟɩɜŰŬɠ 

Űɞɜ ůɡɜŰŮɚŮůŰɐ ə ŬɜŮɝɎɟŰɖŰɞ. 

ü ȺɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, slope (%), ɖ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ, J əŬɘ Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ, b (m) 

 

ɀŮ ŮűŬɟɛɞɔɐ Űɖɠ Ůɝɑůɤůɖɠ (5.2) ˊɟɞəɨˊŰɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ (ɚŬɛɓɎɜɞɜŰŬɠ əŬɘ Űɞɡɠ 11 

ŰŬɛɘŮɡŰɐɟŮɠ ůŰɖɜ ŬɜɎɚɡůɖ): 

V NSE = 0,988 

V RMSE = 17,00 

 

ɆŰɞ ɄŬɟɎɟŰɖɛŬ ȹ ɓɟɑůəɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŭɘŬůˊɞɟɎɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ Űɞɡ 

ˊŬɟɧɜŰɞɠ əŮűŬɚŬɑɞɡ (ŬɚɚɎ əŬɘ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ). 

ŪŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɑŬ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ, ŬɜŰɑůŰɞɘɢɖ ɛŮ ŬɡŰɐ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ 

əŮűŬɚŬɑɤɜ, ɔɘŬ ɛŮŰŬɓɞɚɐ Ñ 20% Űɤɜ Űɟɘɩɜ ɔŮɤɛŮŰɟɘəɩɜ ɛŮɔŮɗɩɜ. 
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ɄɑɜŬəŬɠ 7.4: ɇŮɚɘəɏɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ 20% Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 2ɖ 

ɀɏɗɞŭɞ Űɖɠ Ůˊɘəɨɟɤůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

ɆɡɜŰŮɚŮůŰɐɠ NSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% NSE -20% NSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ, slope (%) 15,789 18,9468 0,990 12,6312 0,984 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J (%) 0,017 0,0204 0,991 0,0136 0,975 

ɄɚɎŰɞɠ ˊɡɗɛɏɜŬ b (m) 57,29 68,748 0,986 45,832 0,990 

 

 

ɄɑɜŬəŬɠ 7.5: ɇŮɚɘəɏɠ Űɘɛɏɠ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ 20% Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ 2ɖ ɀɏɗɞŭɞ Űɖɠ Ůˊɘəɨɟɤůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

ɇŮŰɟŬɔɤɜɘəɧ ɆűɎɚɛŬ RMSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% RMSE -20% RMSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ, slope (%) 15,789 18,9468 15,800 12,6312 19,757 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J (%) 0,017 0,0204 15,041 0,0136 24,722 

ɄɚɎŰɞɠ ˊɡɗɛɏɜŬ b (m) 57,29 68,748 18,199 45,832 16,025 
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ȺɘəɧɜŬ 7.2: ȹɘɎɔɟŬɛɛŬ Tornado ůɡɜŰŮɚŮůŰɐ NSE ɔɘŬ Űɖɜ 2ɖ ɀɏɗɞŭɞ Ůˊɘəɨɟɤůɖɠ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 
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ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɖɜ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ Űɞɡ Űɖɠ ŮɜɧŰɖŰŬɠ 5.2.3.3 ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ əɚɑůɖɠ 

Űɤɜ ˊɟŬɜɩɜ əŬɘ Űɖɠ əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ (ɝŮɢɤɟɘůŰɎ), ɞ ůɡɜŰŮɚŮůŰɐɠ NSE ŬɡɝɎɜŮŰŬɘ əŬɘ Űɞ 

ɛɏŰɟɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE ɛŮɘɩɜŮŰŬɘ. ɋůŰɧůɞ, ɖ ŭɘŬűɞɟɎ ŭŮɜ ŮɑɜŬɘ ɛŮɔɎɚɖ əŬɘ Űɞ 

Ůɨɟɞɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ ɛɏŰɟɤɜ Ŭˊɧŭɞůɖɠ ŭŮɜ ɛŮŰŬɓɎɚɚŮŰŬɘ ůŮ ůɖɛŬɜŰɘəɧ ɓŬɗɛɧ. 

ũɘŬ ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.6 ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ, ŭɖɚŬŭɐ ɧŰŬɜ ŮɑɜŬɘ ɔɜɤůŰɎ ɛɧɜɞ əɎˊɞɘŬ Ŭˊɧ ŰŬ ɔŮɤɛŮŰɟɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 

 

ɄɑɜŬəŬɠ 7.6: ɇɘɛɏɠ Űɤɜ ɛɏŰɟɤɜ Ŭˊɧŭɞůɖɠ ɔɘŬ Űɘɠ 3 ɡˊɞˊŮɟɘˊŰɩůŮɘɠ Űɖɠ Ůɝɑůɤůɖɠ (5.2) 

ũɜɤůŰɎ ɛŮɔɏɗɖ Ⱥɝɑůɤůɖ NSE RMSE 

Ⱦɚɑůɖ ˊɟŬɜɩɜ,   

S (%) 
‗ ςȟςτὛȟ  0,956 24,139 

Ⱦɚɑůɖ 

ŰŬɛɘŮɡŰɐɟŬ, J 
‗ ρπωȟρ ὐ 0,969 27,088 

Ⱦɚɑůɖ ˊɟŬɜɩɜ, S 

(%) + Ⱦɚɑůɖ 

ŰŬɛɘŮɡŰɐɟŬ, J 
‗ υχȟς Ὓȟ ὐ 0,965 28,022 

 

ȺˊɘɓŮɓŬɘɩɜŮŰŬɘ ˊɤɠ ɖ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ J ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ůɡůɢɏŰɘůɖ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ ɚ 

ůɢŮŰɘəɎ ɛŮ Űɖɜ əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, Ůɜɩ ɖ Ůɝɑůɤůɖ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ Űɘɠ ŭɨɞ ˊŬɟŬɛɏŰɟɞɡɠ 

ŭɑɜŮɘ ŮɚŬűɟɩɠ ɢŮɘɟɧŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ, Űɞ ɞˊɞɑɞ ŮɜŭŮɢɞɛɏɜɤɠ ůɡɛɓŬɑɜŮɘ ɚɧɔɤ Űɞɡ ɛɘəɟɞɨ 

Ŭɟɘɗɛɞɨ Űɞɡ ŭŮɑɔɛŬŰɞɠ. 
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ȺɘəɧɜŬ 7.3: ȹɘɎɔɟŬɛɛŬ Tornado ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɔɘŬ Űɖɜ 

2ɖ ɀɏɗɞŭɞ Ůˊɘəɨɟɤůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 
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ɇɏɚɞɠ, ɗŬ ŮɚŮɔɢɗŮɑ ɏɜŬɠ ůɡɜŭɡŬůɛɧɠ Űɖɠ 1ɖɠ əŬɘ Űɖɠ 3ɖɠ ɛŮɗɧŭɞɡ, ɧˊɤɠ ůŰɖɜ ŮɜɧŰɖŰŬ 5.4, 

ŭɖɚŬŭɐ ɗŬ ůɡůɢŮŰɘůŰŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ɚ ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (5.6) əŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ə* ɗŬ ɚɎɓŮɘ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ Űɖɠ 1ɖɠ 

ɛŮɗɧŭɞɡ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɢɐɛŬ Űɞɡɠ. ɇŬ ɛɏŰɟŬ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ: 

V NSE = 0,914 

V RMSE = 48,03 

 

ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ˊɤɠ əŬɘ ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɧŰŬɜ ŭŮɜ ŭɘŬŰɖɟŮɑŰŬɘ ŬɜŮɝɎɟŰɖŰɞɠ ɞ ɏɜŬɠ Ůə 

Űɤɜ ŭɨɞ ůɡɜŰŮɚŮůŰɩɜ ɖ ŬəɟɑɓŮɘŬ ŮɑɜŬɘ ɢŬɛɖɚɐ əŬɘ ŰŬ ŬˊɞŰɏɚŮůɛŬŰŬ ɧɢɘ ŬɟəŮŰɎ ŬɝɘɧˊɘůŰŬ. 

ɋůŰɧůɞ, ɞ ŭŮɑəŰɖɠ NSE ŮɛűŬɜɑɕŮŰŬɘ Ŭɡɝɖɛɏɜɞɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ŭŮɑəŰɖ Űɖɠ 

ŮɜɧŰɖŰŬɠ 5.4 (NSE = 0,914 ɏɜŬɜŰɘ 0,86) əŬɘ ɛɎɚɘůŰŬ 5 Ŭˊɧ Űɞɡɠ 11 ŰŬɛɘŮɡŰɐɟŮɠ ɏɢɞɡɜ NSE > 

0,95 Ůɜɩ ɞɘ ŭɨɞ Ůɝ ŬɡŰɩɜ ɏɢɞɡɜ NSE > 0,99. ȷɡŰɧ ŮˊɘɓŮɓŬɘɩɜŮɘ ˊɤɠ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ ŭɩůŮɘ ɛɑŬ ˊɟɩŰɖ ŮɘəɧɜŬ Űɖɠ ůɢɏůɖɠ ůŰɎɗɛɖɠ - ŬˊɞɗɏɛŬŰɞɠ, 

ɧŰŬɜ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ. 

 

7.2.3 3ɖ ɀɏɗɞŭɞɠ (ɀɏɗɞŭɞɠ ȸɘɓɚɘɞɔɟŬűɑŬɠ) 
 

ũɘŬ ɚɧɔɞɡɠ ůɨɔəɟɘůɖɠ, ɗŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɛŮ ŮűŬɟɛɞɔɐ Űɖɠ 

Ůɝɑůɤůɖɠ (6.1) (Efstratiadis et al., 2021) ůŰɞɡɠ ɡˊɧ ɛŮɚɏŰɖ ŰŬɛɘŮɡŰɐɟŮɠ. ɈˊŮɜɗɡɛɑɕŮŰŬɘ ˊɤɠ ɖ 

ůɢɏůɖ ŬɡŰɐ ɏɢŮɘ ˊɟɞəɨɣŮɘ Ŭˊɧ 20 ŰŬɛɘŮɡŰɐɟŮɠ, ůŰɞɡɠ ɞˊɞɑɞɡɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ əŬɘ ɞɘ 4 

ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɖɜ ŮɜɧŰɖŰŬ 7.1 (ȷˊɞůŮɚɏɛɖɠ, Ⱥɨɖɜɞɠ, ȽɚŬɟɑɤɜŬɠ, Ɇɛɧəɞɓɞ) ɞɘ ɞˊɞɑɞɘ ɗŬ 

ŮɝŮŰŬůŰɞɨɜ əŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮˊŮɝŮɟɔŬůɑŬ.  

ɆŰɞɜ ɄɑɜŬəŬ 7.7 űŬɑɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ ɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 2ɖɠ ɛŮɗɧŭɞɡ, ŭɖɚŬŭɐ Űɖɠ Ůɝɑůɤůɖɠ (5.2), ɖ ɞˊɞɑŬ ŭɑɜŮɘ Űɞɜ ɡɣɖɚɧŰŮɟɞ ŭŮɑəŰɖ 

əŬɚɐɠ ˊɟɞůŬɟɛɞɔɐɠ NSE ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɢŬɛɖɚɧŰŮɟɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE. 

 

                          ɄɑɜŬəŬɠ 7.7: Ɇɨɔəɟɘůɖ ɛɏŰɟɤɜ Ŭˊɧŭɞůɖɠ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ 

Ⱥɝɑůɤůɖ NSE RMSE 

‗ πȟπσψφ‖ πȟςυ ȟ  0,986 17,73 

‗
χψὛȟ ὐȟ

ὦȟ
 0,988 17,00 

 

7.3 ȺˊŮɝŮɟɔŬůɑŬ ŰŬɛɘŮɡŰɐɟɤɜ ɛŮŰɎ Űɖɜ ˊɚɐɟɤůɖ 
 

ɆŮ ŬɡŰɐɜ Űɖɜ ŮɜɧŰɖŰŬ, ɗŬ Ůˊɘəɡɟɤɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ 6ɞɡ əŮűŬɚŬɑɞɡ ɛŮ Űɞɡɠ ɜɏɞɡɠ 

ŰŬɛɘŮɡŰɐɟŮɠ. ȼ ŬɜɎɚɡůɖ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ ɡűɘůŰɎɛŮɜɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ, ɧˊɞɡ ɖ ŮɨɟŮůɖ 

Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŮɑɜŬɘ ŭɡůɢŮɟɏůŰŮɟɖ, Ůˊɞɛɏɜɤɠ ŬɜŬɛɏɜŮŰŬɘ ɖ ŬəɟɑɓŮɘŬ Űɤɜ 
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ŬˊɞŰŮɚŮůɛɎŰɤɜ ɜŬ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɟɘɜ Űɖɜ 

ˊɚɐɟɤůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 

Ⱥˊɑůɖɠ, ɞɘ çˊŮɟɘɛŮŰɟɘəɏɠè əɚɑůŮɘɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ Űɘɠ əɚɑůŮɘɠ Űɤɜ ˊɟŬɜɩɜ Űɖɠ ɚŮəɎɜɖɠ 

əŬŰɎəɚɡůɖɠ, Űɞ ɞˊɞɑɞ ŮˊɘɓŮɓŬɘɩɜŮɘ ˊɤɠ ɞɘ ŮɝɘůɩůŮɘɠ (5.5) əŬɘ (6.2) ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ 

ɑŭɘɞɡɠ ůɡɜŰŮɚŮůŰɏɠ.  

7.3.1 1ɖ ɀɏɗɞŭɞɠ  
 

ɀŮ ŮűŬɟɛɞɔɐ Űɖɠ Ůɝɑůɤůɖɠ (6.2) ˊɟɞəɨˊŰɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ (ɚŬɛɓɎɜɞɜŰŬɠ Űɞɡɠ 7 ɜɏɞɡɠ 

ŰŬɛɘŮɡŰɐɟŮɠ ůŰɖɜ ŬɜɎɚɡůɖ): 

V NSE = 0,931 

V RMSE = 18,25 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ ɛŮ ɛŮŰŬɓɞɚɐ Ñ 20% Űɤɜ ŭɨɞ 

əɚɑůŮɤɜ. 

 

ɄɑɜŬəŬɠ 7.8: ɇŮɚɘəɏɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ NSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ 20% Űɤɜ ŭɨɞ əɚɑůŮɤɜ ɔɘŬ Űɖɜ 1ɖ 

ɀɏɗɞŭɞ ɛŮŰɎ Űɖɜ ˊɚɐɟɤůɖ. 

ɆɡɜŰŮɚŮůŰɐɠ NSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% NSE -20% NSE 

çɄŮɟɘɛŮŰɟɘəɐè əɚɑůɖ, slope (%) 37,404 44,88 0,957 29,92 0,890 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J (%) 0,022 0,03 0,944 0,018 0,914 

 

 

ɄɑɜŬəŬɠ 7.9: ɇŮɚɘəɏɠ Űɘɛɏɠ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ Ñ 20% Űɤɜ ŭɨɞ 

əɚɑůŮɤɜ ɔɘŬ Űɖɜ 1ɖ ɀɏɗɞŭɞ ɛŮŰɎ Űɖɜ ˊɚɐɟɤůɖ. 

ɀɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ RMSE 

 ȷɟɢɘəɐ 

ɀɏůɖ ɇɘɛɐ 
20% RMSE -20% RMSE 

çɄŮɟɘɛŮŰɟɘəɐè əɚɑůɖ, slope (%) 37,404 44,88 12,819 29,92 24,728 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J (%) 0,022 0,03 15,745 0,018 21,224 

 

ȳˊɤɠ űŬɑɜŮŰŬɘ, Űɞ Ůɨɟɞɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ ɛɏŰɟɤɜ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ ůɡɔəɟɘŰɘəɎ ɛŮ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ŬɜŬɚɨůŮɘɠ, ŭɖɚŬŭɐ Űɞ ɛɞɜŰɏɚɞ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ŮɡŬɘůɗɖůɑŬ. ɄɎɚɘ, ˊŬɟŬŰɖɟŮɑŰŬɘ 

ˊɤɠ ɛŮ ɛŮŰŬɓɞɚɐ əŬŰɎ 20% Űɖɠ çˊŮɟɘɛŮŰɟɘəɐɠè əɚɑůɖɠ əŬɘ Űɖɠ əɚɑůɖɠ Űɞɡ ˊɡɗɛɏɜŬ, ɡˊɎɟɢŮɘ 

əŬɚɨŰŮɟɖ ˊɟɞůŬɟɛɞɔɐ. 
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7.3.2 Ɇɨɔəɟɘůɖ ɀŮɗɧŭɤɜ  
 

ɇŬ ́ŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ůɡɔəɟɘɗɞɨɜ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖ 

ɛɏɗɞŭɞ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, əŬɗɩɠ əŬɘ ɛŮ Űɘɠ ŮɝɘůɩůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɏˊŮɘŰŬ Ŭˊɧ ŭɘŮɟŮɨɜɖůɖ 

Űɖɠ ůɢɏůɖɠ (6.2) (ɓɚ. ȺɜɧŰɖŰŬ 6.5). 
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ȺɘəɧɜŬ 7.4: ȹɘɎɔɟŬɛɛŬ Tornado ůɡɜŰŮɚŮůŰɐ NSE ɔɘŬ Űɖɜ 1ɖ ɀɏɗɞŭɞ ɛŮŰɎ Űɖɜ 

ˊɚɐɟɤůɖ. 
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ȺɘəɧɜŬ 7.5: ȹɘɎɔɟŬɛɛŬ Tornado ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ RMSE ɔɘŬ Űɖɜ 1ɖ 

ɀɏɗɞŭɞ ɛŮŰɎ Űɖɜ ˊɚɐɟɤůɖ. 
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ɄɑɜŬəŬɠ 7.9: Ɇɨɔəɟɘůɖ ɛɏŰɟɤɜ Ŭˊɧŭɞůɖɠ Űɤɜ ɛŮɗɧŭɤɜ ɛŮŰɎ Űɖɜ ˊɚɐɟɤůɖ. 

ũɜɤůŰɎ ɛŮɔɏɗɖ Ⱥɝɑůɤůɖ 
 

NSE RMSE 

- ‗ πȟπσψφ‖ πȟςυ ȟ  
 

0,985 9,81 

çɄŮɟɘɛŮŰɟɘəɐè 

əɚɑůɖ, slope (%) & 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J 
‗ υȟωςὛȟ ὐȟ  

 

0,931 18,25 

çɄŮɟɘɛŮŰɟɘəɐè 

əɚɑůɖ, slope (%) 

 

‗ ρȟςςὛȟ  

 

 

0,784 31,91 

Ⱦɚɑůɖ ˊɡɗɛɏɜŬ, J ‗ ρπσ ὐ  0,953 16,64 

 

ȼ Ůɝɑůɤůɖ (6.1) űŬɑɜŮŰŬɘ ˊɤɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ əŬɚɨŰŮɟŬ Űɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ ɛŮŰɎ Űɖɜ ˊɚɐɟɤůɐ 

Űɞɡɠ. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɖ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ ůɡůɢŮŰɑɕŮŰŬɘ əŬɚɨŰŮɟŬ ɛŮ Űɞɜ 

ůɡɜŰŮɚŮůŰɐ əɚɑɛŬəŬɠ ɚ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ çˊŮɟɘɛŮŰɟɘəɐè əɚɑůɖ, ɖ ɞˊɞɑŬ ŭɡůɢŮɟŬɑɜŮɘ əŬɘ Űɖɜ 

ˊɟɞůŬɟɛɞɔɐ Űɖɠ ŭŮɨŰŮɟɖɠ Ůɝɑůɤůɖɠ (6.2). ɈˊŮɜɗɡɛɑɕŮŰŬɘ, ˊɤɠ ůŰɖɜ ŬɜɎɚɡůɖ Űɞɡ 6ɞɡ 

əŮűŬɚŬɑɞɡ ɖ Ůɝɑůɤůɖ ˊɞɡ ˊŮɟɘɏɢŮɘ ɛɧɜɞ Űɖɜ çˊŮɟɘɛŮŰɟɘəɐè əɚɑůɖ ˊɟɞůŬɟɛɧɕŮŰŬɘ əŬɚɨŰŮɟŬ 

Ŭˊɧ ŬɡŰɐɜ ˊɞɡ ˊŮɟɘɏɢŮɘ ɛɧɜɞ Űɖɜ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ.  

 

7.4 ɆɡɛˊŮɟɎůɛŬŰŬ ȷɜɎɚɡůɖɠ 
 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ɧŰŬɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ɧɚŬ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ 

ŰŬɛɘŮɡŰɐɟŬ (əɚɑůɖ ˊɟŬɜɩɜ, əɚɑůɖ ˊɡɗɛɏɜŬ, ˊɚɎŰɞɠ ˊɡɗɛɏɜŬ, ɛɏůɞ ˊɚɎŰɞɠ ŰŬɛɘŮɡŰɐɟŬ), ŮɑɜŬɘ 

Ůɨɚɞɔɞ ɜŬ ůɡůɢŮŰɘůŰŮɑ ɞ ɏɜŬɠ Ůə Űɤɜ ŭɨɞ ůɡɜŰŮɚŮůŰɩɜ ɛŮ ŬɡŰɎ, ŭɘŬŰɖɟɩɜŰŬɠ Űɞɜ Ɏɚɚɞɜ 

ŬɜŮɝɎɟŰɖŰɞ ɨůŰŮɟŬ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮɘ Űɞɜ ɡɣɖɚɧŰŮɟɞ 

ůɡɜŰŮɚŮůŰɐ əŬɚɐɠ ˊɟɞůŬɟɛɞɔɐɠ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ. ɋůŰɧůɞ, ɖ 

ůɡůɢɏŰɘůɖ Űɤɜ ŭɨɞ ůɡɜŰŮɚŮůŰɩɜ, ˊɞɡ ŭŮɜ ˊɟɞŬˊŬɘŰŮɑ Űɖɜ ɔɜɩůɖ əɎˊɞɘŬɠ Ɏɚɚɖɠ ˊŬɟŬɛɏŰɟɞɡ, 

űŬɑɜŮŰŬɘ ɜŬ ŬˊɞŭɑŭŮɘ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ. 
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8. ɆɡɛˊŮɟɎůɛŬŰŬ 

 

Ɇəɞˊɧɠ Űɖɠ ɏɟŮɡɜŬɠ ɐŰŬɜ ɖ ŮɝŬɔɤɔɐ ŮɝɘůɩůŮɤɜ ˊɞɡ ɡˊɞɚɞɔɑɕɞɡɜ Űɘɠ əŬɛˊɨɚŮɠ ůŰɎɗɛɖɠ ï 

ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ, ɛŮ ɏɛűŬůɖ ůŰɘɠ ŭŮɨŰŮɟŮɠ, ůɡůɢŮŰɑɕɞɜŰŬɠ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ 

Űɖɠ ůɢɏůɖɠ Ὤ ‗ Ὓ  ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɄɟɎɔɛŬŰɘ, ɞɘ 

ůɡɜŰŮɚŮůŰɏɠ ŬɡŰɞɑ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ əɎˊɞɘŬ ɔŮɤɛŮŰɟɘəɎ ɛŮɔɏɗɖ, ɧˊɤɠ ɖ əɚɑůɖ Űɞɡ ˊɡɗɛɏɜŬ, ɖ 

əɚɑůɖ Űɤɜ ˊɟŬɜɩɜ, Űɞ ˊɚɎŰɞɠ Űɞɡ ˊɡɗɛɏɜŬ. ɄŬɟŬəɎŰɤ ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɤɜ 

ŬɜŬɚɨůŮɤɜ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ əŮűŬɚŬɑɤɜ ɛŮ əɎˊɞɘŬ ůɡɛˊɚɖɟɤɛŬŰɘəɎ ůɢɧɚɘŬ. 

8.1 ɆɡɛˊŮɟɎůɛŬŰŬ ŬɜɎɚɡůɖɠ Űɖɠ ɓɎůɖɠ ReGeom 
 

ɀŮ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 6.824 ŰŬɛɘŮɡŰɐɟɤɜ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ Global Reservoir Geometry 

(ReGeom) ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əɎˊɞɘŮɠ ŮɝɘůɩůŮɘɠ (ɓɚ. ɄɑɜŬəŬ 4.2) ɧˊɞɡ ɞɘ ůɡɜŰŮɚŮůŰɏɠ 

ůɢɐɛŬŰɞɠ, ɚŬɛɓɎɜɞɡɜ ɛɘŬ ůŰŬɗŮɟɐ Űɘɛɐ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɢɐɛŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ Űɖɜ Ůɝɑůɤůɖ ŭɨɜŬɛɖɠ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ůɢɏůɖ ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ, ɛŮ 

ŰŬ ɡˊɎɟɢɞɜŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ɓɎůɖɠ ˊɟɞɏəɡɣŮ ɛɑŬ ɛɏůɖ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ ɑůɖ ɛŮ 

ə = 0,49. ɋůŰɧůɞ ŮˊɧɛŮɜŮɠ ŬɜŬɚɨůŮɘɠ ɏŭŮɘɝŬɜ ɧŰɘ ɛɘŬ ɛɏůɖ Űɘɛɐ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ əŬɚɨŰŮɟŬ Űɞɡɠ 

ɡˊɧ ɛŮɚɏŰɖ ŰŬɛɘŮɡŰɐɟŮɠ ŮɑɜŬɘ ɑůɖ ɛŮ ə = 0,40. ȼ ŭɘŬűɞɟɎ ŬɡŰɐ, ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ˊɤɠ ůŰɖ 

ɓɎůɖ ReGeom ɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ɛŮ Űɞ ˊɟɘůɛŬŰɘəɧ ůɢɐɛŬ űŬɑɜŮŰŬɘ ˊɤɠ ɡˊŮɟŮəŰɘɛɞɨɜŰŬɘ. Ƀ 

ɘůɢɡɟɘůɛɧɠ ŬɡŰɧɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ŮˊɘɢŮɘɟɐɛŬŰŬ. 

¶ ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ Űɞɡ ˊŬɟɧɜŰɞɠ ŰŮɨɢɞɡɠ ŬɜŬűɏɟŮŰŬɘ ˊɤɠ ɔɘŬ Űɖɜ Ůˊɘəɨɟɤůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ɏɟŮɡɜŬɠ (Wondmagegn, et al., 2018) ŮˊɘɚɏɢɗɖəŬɜ ŰŬɛɘŮɡŰɐɟŮɠ 

ůɢɐɛŬŰɞɠ ñBowlò & ñWedgeò. ɄɟɎɔɛŬŰɘ, ɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ŬɡŰɞɑ ɏŭɤůŬɜ ŬˊɞŰŮɚɏůɛŬŰŬ 

əŬɚɐɠ ŮűŬɟɛɞɔɐɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ, ɤůŰɧůɞ ɔɘŬ 

Űɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ Űɨˊɞɡ ñPrismò ŭŮɜ ɡˊɐɟɝŮ əɎˊɞɘŬ Ůˊɘəɨɟɤůɖ, Ůˊɞɛɏɜɤɠ ŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ ɛŮ ŬůűɎɚŮɘŬ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ Ŭűɞɟɞɨɜ 

ŰŬɛɘŮɡŰɐɟŮɠ ŬɡŰɩɜ Űɤɜ ůɢɖɛɎŰɤɜ. 

 

¶ ȷˊɧ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɏɟŮɡɜŬ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ˊɟɞəɨˊŰŮɘ ɞ Ŭəɧɚɞɡɗɞɠ ɢɎɟŰɖɠ. 

ȺɘəɧɜŬ 8.1: ȾŬŰŬɜɞɛɐ Űɤɜ ˊɏɜŰŮ ůɢɖɛɎŰɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ůŰɖɜ Ⱥɡɟɩˊɖ, (Ʉɖɔɐ: 

Yigzaw, et al., 2018) 
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ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ůŰɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ŮɑɜŬɘ ɛŬɟəŬɟɘůɛɏɜɖ, ŭɖɚŬŭɐ ůŰɖɜ ȺɚɓŮŰɑŬ ˊɞɡ 

Űɞ ŬɜɎɔɚɡűɞ ŮɑɜŬɘ ɞɟŮɘɜɧ, ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ɏɢɞɡɜ ˊɟɞůɞɛɞɘɤɗŮɑ ɤɠ 

ˊɟɘůɛŬŰɘəɞɑ. ȷɡŰɧ ůŮ əɎˊɞɘɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ ɛˊɞɟŮɑ ɜŬ ŮɝɖɔɖɗŮɑ Ŭˊɧ Űɖɜ əɚɑůɖ Űɤɜ 

ˊɟŬɜɩɜ ˊŮɟɘɛŮŰɟɘəɎ Űɖɠ ɚŮəɎɜɖɠ əŬŰɎəɚɡůɖɠ, ɧˊɞɡ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɖ (ůɢŮŭɧɜ 

əŬŰŬəɧɟɡűɖ), ɎɟŬ ˊɟɎɔɛŬŰɘ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ɛŮ Űɞ ůɢɐɛŬ ñPrismò. ȳɛɤɠ 

ŬɡŰɧ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ. ȺɜŭŮɘəŰɘəɎ ɏɔɘɜŬɜ 

ůɡɜɞɚɘəɎ ŰɏůůŮɟɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ůŮ əɎˊɞɘŮɠ ɡˊɞɣɐűɘŮɠ ɗɏůŮɘɠ űɟŬɔɛɎŰɤɜ, ŰɟŮɘɠ Ůə 

Űɤɜ ŰŮůůɎɟɤɜ ɏɢɞɡɜ ˊŬɟɧɛɞɘɞ ŬɜɎűɚɡűɞ ɛŮ 3 ŰŬɛɘŮɡŰɐɟŮɠ ˊɞɡ ůŰɖɜ ɓɎůɖ ReGeom 

ɏɢɞɡɜ ˊɟɞůɞɛɞɘɤɗŮɑ ɤɠ ñPrismò, Űɤɜ ɞˊɞɑɤɜ ɞɘ ɗɏůŮɘɠ əŬɘ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ űŬɑɜɞɜŰŬɘ 

ůŰɞ ɄŬɟɎɟŰɖɛŬ Ⱥ. ɇɞ ůɡɛˊɏɟŬůɛŬ ŮɑɜŬɘ ˊɤɠ ɔɘŬ əŬɜɏɜŬɜ ŰŬɛɘŮɡŰɐɟŬ ŭŮɜ ˊɟɞɏəɡɣŮ 

ůɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ ə = 0,55 ɎɟŬ űŬɑɜŮŰŬɘ ˊɤɠ ɏɢŮɘ ɔɑɜŮɘ ɡˊŮɟŮəŰɑɛɖůɖ Űɤɜ 

ˊɟɘůɛŬŰɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ əŬɘ ɡˊɞŮəŰɑɛɖůɖ Űɤɜ Ɏɚɚɤɜ ŭɨɞ ůɢɖɛɎŰɤɜ. 

 

¶ ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ɛŮ ˊɟɘůɛŬŰɘəɧ ůɢɐɛŬ 

əŬŰŬɚŬɛɓɎɜɞɡɜ Űɞ 57% Űɤɜ ůɡɜɞɚɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ, Ůɜɩ ůŰɞ 6ɞ əŮűɎɚŬɘɞ ɛɧɜɞ Űɞ 

űɟɎɔɛŬ Űɞɡ ɆŰɟɎŰɞɡ ɏɢŮɘ ˊɟɘůɛŬŰɘəɧ ůɢɐɛŬ, ɛŮ Űɞ ůűɖɜɞŮɘŭɏɠ ůɢɐɛŬ ɜŬ ɡˊŮɟŰŮɟŮɑ. 

 

 

 

8.2 ɆɡɛˊŮɟɎůɛŬŰŬ ŬɜɎɚɡůɖɠ Űɤɜ ɡˊɞɣɐűɘɤɜ ŰŬɛɘŮɡŰɐɟɤɜ 
 

ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ 5ɞɡ əŮűŬɚŬɑɞɡ ˊɟɞɏəɡɣŬɜ əɎˊɞɘŮɠ ŮɝɘůɩůŮɘɠ ůɡůɢɏŰɘůɖɠ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ɚ ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɆŰɖɜ Ůɝɑůɤůɖ (5.2) ɧˊɤɠ ɏɢŮɘ 

ŬɜŬűŮɟɗŮɑ ɞ ɛɏůɞɠ ůɡɜŰŮɚŮůŰɐɠ əŬɚɐɠ ˊɟɞůŬɟɛɞɔɐɠ ŮɑɜŬɘ ɑůɞɠ ɛŮ NSE = 0,973. ȷˊɧ ŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ˊŬɟŬɟŰɐɛŬŰɞɠ ȹ ˊɟɞəɨˊŰŮɘ ɧŰɘ: 

 

57%
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34%
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5%
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ȺɘəɧɜŬ 8.2: ȾŬŰŬɜɞɛɐ Űɤɜ Űɟɘɩɜ ůɢɖɛɎŰɤɜ Ŭ) ɆŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ReGeom ˊŬɔəɟɞůɛɑɤɠ, b) ɆŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ReGeom 

ůŰɖɜ ȺɚɚɎŭŬ, c) ɆŰɞɡɠ Ⱥɚɚɖɜɘəɞɨɠ ɇŬɛɘŮɡŰɐɟŮɠ Űɞɡ 6ɞɡ əŮűŬɚŬɑɞɡ.  
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1) 4/8 ŰŬɛɘŮɡŰɐɟŮɠ ůɢɐɛŬŰɞɠ ñPrismò 

ɏɢɞɡɜ NSE < 0,955 

 

2) 3/18 ŰŬɛɘŮɡŰɐɟŮɠ ůɢɐɛŬŰɞɠ ñWedgeò 

ɏɢɞɡɜ NSE < 0,955 

 

3) ȳɚɞɘ ɞɘ ŰŬɛɘŮɡŰɐɟŮɠ Űɨˊɞɡ ñBowlò 

ɏɢɞɡɜ NSE > 0,98 

 

ȷɟɢɘəɎ, Ŭˊɧ Űɖɜ ȺɘəɧɜŬ 8.3 ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ɞ ɘůɢɡɟɘůɛɧɠ Űɖɠ ŮɜɧŰɖŰŬɠ 8.1 ˊŮɟɑ ɡˊŮɟŮəŰɑɛɖůɖɠ 

Űɤɜ ˊɟɘůɛŬŰɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ. Ⱥˊɑůɖɠ űŬɑɜŮŰŬɘ ˊɤɠ ɞɘ ŰŬɛɘŮɡŰɐɟŮɠ Űɨˊɞɡ ñPrismò ɏɢɞɡɜ 

Ŭɡɝɖɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ˊŬɟɞɡůɘɎůɞɡɜ ɢŬɛɖɚɧŰŮɟɞ NSE ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ. 

ɋůŰɧůɞ, ɖ ůɢɏůɖ (5.2) əŬɘ ɧůŮɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŭɘŮɟŮɨɜɖůɖ ŬɡŰɐɠ ŭɑɜŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ. 

 

8.3 ɆɡɛˊŮɟɎůɛŬŰŬ ŬɜɎɚɡůɖɠ Űɤɜ Ⱥɚɚɖɜɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ 
 

ȼ ŬɜɎɚɡůɖ Űɤɜ Ⱥɚɚɖɜɘəɩɜ ŰŬɛɘŮɡŰɐɟɤɜ ůɖɛŬŰɞŭɞŰŮɑ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ ɛŮŰɎ Űɖɜ 

ˊɚɐɟɤůɐ Űɞɡɠ ɛŮ ɜŮɟɧ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ɡˊɞɚɞɔɘůŰɞɨɜ ŮɑɜŬɘ ˊɘɞ ˊŮɟɘɞɟɘůɛɏɜŬ, ɎɟŬ əŬɘ ɖ ŮɝɎɟŰɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Űɖɠ əŬɛˊɨɚɖɠ 

ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ ˊɘɞ ŭɨůəɞɚɖ. ɄŬɟô ɧɚŬ ŬɡŰɎ ɖ ˊɟɞůŬɟɛɞɔɐ Űɖɠ ůɢɏůɖɠ (6.2) űŬɑɜŮŰŬɘ 

ˊɤɠ ŮɑɜŬɘ əŬɚɐ ůŰŬ ŭŮŭɞɛɏɜŬ, ɛŮ ŮɝŬɑɟŮůɖ Űɞ űɟɎɔɛŬ Űɞɡ ȽɚŬɟɑɤɜŬ (NSE = 0,91) əŬɘ ŰŬ 

űɟɎɔɛŬŰŬ ȸŬɚůŬɛɘɩŰɖ (NSE = 0,73) əŬɘ ɀŮůůɎɟŬɠ (NSE= 0,91). 

 

8.4 ɄɟɞŰɎůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ɏɟŮɡɜŬ 
 

ɇɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŬűɞɟɎ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖɜ ŮɝɎɟŰɖůɖ 

Űɤɜ ůɡɜŰŮɚŮůŰɩɜ əɚɑɛŬəŬɠ əŬɘ ůɢɐɛŬŰɞɠ Űɖɠ ůɢɏůɖɠ ŭɨɜŬɛɖɠ ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ ɛŮ Űɖ 

ɔŮɤɛŮŰɟɑŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ɋůŰɧůɞ əɎˊɞɘŬ ůɖɛŮɑŬ ˊɞɡ ɢɟɐɕɞɡɜ ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬɠ ŮɑɜŬɘ: 

¶ Ƀ ɏɚŮɔɢɞɠ Űɖɠ ˊɟɞůŬɟɛɞɔɐɠ ůɢɏůŮɤɜ Ɏɚɚɞɡ Ůɑŭɞɡɠ (Ŭˊɧ Ůɝɑůɤůɖ ŭɨɜŬɛɖɠ) ˊɞɡ 

ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ əŬɚɨŰŮɟŬ Űɖɜ ŬɚɚɖɚɞɡɢɑŬ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ ï ŬˊɞɗɏɛŬŰɞɠ ɛŮ 

ŬűŮŰɖɟɑŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ Űɞɡ ŰŮɨɢɞɡɠ. 

 

¶ ȼ ŬɜɎɚɡůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ůɢɏůɖ ůŰɎɗɛɖɠ ï ŬˊɞɗɏɛŬŰɞɠ ɜŬ ŮˊŮəŰŬɗŮɑ 

əŬɘ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ůɢɏůŮɘɠ (ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ, ŬˊɞɗɏɛŬŰɞɠ ï ŮˊɘűɎɜŮɘŬɠ) əŬɘ ɜŬ 

ŭɘŮɟŮɡɜɖɗŮɑ ɖ ɧˊɞɘŬ ŮɝɎɟŰɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Űɤɜ ŮɝɘůɩůŮɤɜ ɛŮ ŰŬ ɔŮɤɛŮŰɟɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ.  

 

21%

32%

47%
Prism

Bowl

Wedge

ȺɘəɧɜŬ 8.3: ȾŬŰŬɜɞɛɐ ůɢɖɛɎŰɤɜ ɡˊɞɣɐűɘɤɜ 

ŰŬɛɘŮɡŰɐɟɤɜ. 
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¶ ȼ ŭɖɛɘɞɡɟɔɑŬ ˊŮɟɘůůɧŰŮɟɤɜ ɡˊɞɣɐűɘɤɜ ŰŬɛɘŮɡŰɐɟɤɜ əŬɘ ɖ ůɡɚɚɞɔɐ ˊŮɟɘůůɧŰŮɟɤɜ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɡűɘůŰɎɛŮɜɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ ɩůŰŮ ɜŬ ŮˊŬɚɖɗŮɡŰɞɨɜ ɞɘ  ŮɝŬɔɩɛŮɜŮɠ 

ůɢɏůŮɘɠ əŬɘ ɖ ŮɜŭŮɢɧɛŮɜɖ ɓŮɚŰɑɤůɐ Űɞɡɠ. 

 

¶ Ƀ ɏɚŮɔɢɞɠ Űɖɠ ŬɝɘɞˊɘůŰɑŬɠ Űɤɜ ɊɖűɘŬəɩɜ ɀɞɜŰɏɚɤɜ ȺŭɎűɞɡɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟɧɜ ŰŮɨɢɞɠ, ɛɏůɤ Űɞɡ Google Earth, ůɡɔəɟɑɜɞɜŰɎɠ ŰŬ ɛŮ 

ˊɟŬɔɛŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ 

Ŭɝɘɞˊɞɑɖůɖɠ Űɤɜ ˊɟɩŰɤɜ ůŮ ůŰɎŭɘɞ ˊɟɞəŬŰŬɟəŰɘəɐɠ ɛŮɚɏŰɖɠ.  

 

¶ ȼ ŭɘŮɟŮɨɜɖůɖ ɎɜŰɚɖůɖɠ ˊɚɖɟɞűɞɟɘɩɜ Ŭˊɧ Űɞ ɔŮɤɛŮŰɟɘəɧ ůɢɐɛŬ Űɖɠ əɎŰɞɣɖɠ Űɤɜ 

ŰŬɛɘŮɡŰɐɟɤɜ əŬɘ ɖ Ůɨəɞɚɖ ɏɜŰŬɝɐ Űɞɡɠ ůŮ əɎˊɞɘŬ əŬŰɖɔɞɟɑŬ, ɔŮɤɛŮŰɟɘəɞɨ ɢŬɟŬəŰɐɟŬ, 

ɩůŰŮ ɜŬ ŮɝŬɢɗɞɨɜ ɔɟɐɔɞɟŬ ůɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ɞɘ ɔŮɜɘəŮɡɛɏɜŮɠ ůɢɏůŮɘɠ 

ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŬɡŰɞɨɠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



93 
 

ȸȽȸȿȽɃũɅȷūȽȷ 
 

 

Ⱥɚɚɖɜɘəɐ ȸɘɓɚɘɞɔɟŬűɑŬ 

 

¶ Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ɀŮɔɎɚɤɜ ūɟŬɔɛɎŰɤɜ, 2013. çɇŬ űɟɎɔɛŬŰŬ Űɖɠ ȺɚɚɎŭŬɠè. 
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ɄȷɅȷɅɇȼɀȷ ȷ: ɇŮɚɘəɎ ɡˊɞɣɐűɘŬ ůɢɐɛŬŰŬ ŰŬɛɘŮɡŰɐɟɤɜ 
 

             

    

 

 

                ὒ ὒ ὒ ὒ ρ  

                ὡ ὡ ρ  

                ὃ ὒ ὡ  

               ὃ ὒ ὡ ὒ ὡ ρ ρ  

               ὠ ὃ ὃ ὤ ὤ ὃ ὃ ῳῶ 

 

                     ὛόὶὪὥὧὩ ὃὶὩὥȟὃ ὅ ὃ  

                      Ὕέὸὥὰ ὠέὰόάὩȟ ὠ ὅ  ὠ 

 

 

 

Rectangular Wedge 

D = ȸɎɗɞɠ 

W = ɄɚɎŰɞɠ 

L = ɀɐəɞɠ 
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W = ɄɚɎŰɞɠ 

L = ɀɐəɞɠ 

Rectangular Bowl 
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D = ȸɎɗɞɠ 

W = ɄɚɎŰɞɠ 

L = ɀɐəɞɠ 

Rectangular Prism 
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                      Ὕέὸὥὰ ὠέὰόάὩȟ ὠ ὅ  ὠ 

 

 

 

 

Parabolic Wedge 

D = ȸɎɗɞɠ 

W = ɄɚɎŰɞɠ 

L = ɀɐəɞɠ 
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Elliptical Bowl 
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W = ɄɚɎŰɞɠ 

L = ɀɐəɞɠ 
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ɄȷɅȷɅɇȼɀȷ ȸ: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɡɜŰŮɚŮůŰɩɜ 

Űɤɜ ůɢɏůŮɤɜ ůŰɎɗɛɖɠ ï ŮˊɘűɎɜŮɘŬɠ - ŬˊɞɗɏɛŬŰɞɠ 
 

 

    ɄɑɜŬəŬɠ 4.4: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɡɜŰŮɚŮůŰɩɜ əɚɑɛŬəŬɠ Ŭ, ŬˊɞɗɏɛŬŰɞɠ - ůŰɎɗɛɖɠ 

 Prism Bowl Wedge 

 b = 1,83 b = 2,31 b = 2,79 

 Local a Global a* Local a Global a* Local a Global a* 

ȺɚɎɢɘůŰɖ 

ɇɘɛɐ 
0,001 0,0001 0,126 0,129 0,271 0,276 

ɀɏɔɘůŰɖ 

ɇɘɛɐ 
652,81 634,63 117,91 113,43 36,37 34,80 

ɀɏůɖ ɇɘɛɐ 2,11 1,80 0,43 0,41 0,12 0,11 

ɇɡˊɘəɐ 

ȷˊɧəɚɘůɖ 
14,71 13,90 4,08 3,91 1,31 1,23 

ȷůɡɛɛŮŰɟɑŬ 26,83 28,98 20,50 20,79 21,80 23,09 

ȹɘɎɛŮůɞɠ 0,164 0,159 0,019 0,018 0,003 0,003 

 

 

 

ɄɑɜŬəŬɠ 4.5: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɡɜŰŮɚŮůŰɩɜ əɚɑɛŬəŬɠ c, ŬˊɞɗɏɛŬŰɞɠ ï ŮˊɘűɎɜŮɘŬɠ 

 Prism Bowl Wedge 

 d = 2,55 d = 1,91 d = 1,64 

 Local c Global c* Local c Global c* Local c Global c* 

ȺɚɎɢɘůŰɖ 

ɇɘɛɐ 
0,0000001 0,0000003 0,001 0,0009 0,0016 0,0016 

ɀɏɔɘůŰɖ 

ɇɘɛɐ 
4806,70 5253,90 186,87 200,21 89,19 80,82 

ɀɏůɖ ɇɘɛɐ 37,03 40,40 8,92 8,97 5,62 5,65 

ɇɡˊɘəɐ 

ȷˊɧəɚɘůɖ 
186,13 206,79 17,13 17,62 8,21 7,90 

ȷůɡɛɛŮŰɟɑŬ 14,74 14,21 4,17 4,34 3,93 3,40 

ȹɘɎɛŮůɞɠ 1,89 1,94 2,48 2,53 2,77 2,86 
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 ɄɑɜŬəŬɠ 4.6: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɡɜŰŮɚŮůŰɩɜ əɚɑɛŬəŬɠ c1, ŮˊɘűɎɜŮɘŬɠ - ŬˊɞɗɏɛŬŰɞɠ 

 Prism Bowl Wedge 

 d1 = 2,55 d1 = 1,91 d1 = 1,64 

 Local c1 Global c1* Local c1 Global c1* Local c1 Global c1* 

ȺɚɎɢɘůŰɖ 

ɇɘɛɐ 
0,0346 0,0349 0,0644 0,0636 0,0704 0,0697 

ɀɏɔɘůŰɖ 

ɇɘɛɐ 
414,40 410,17 43,66 40,83 51,81 50,22 

ɀɏůɖ ɇɘɛɐ 2,54 1,91 1,44 1,28 1,20 1,06 

ɇɡˊɘəɐ 

ȷˊɧəɚɘůɖ 
9,77 8,40 3,03 2,33 3,06 2,55 

ȷůɡɛɛŮŰɟɑŬ 23,59 34,35 13,02 6,87 9,70 12,11 

ȹɘɎɛŮůɞɠ 0,806 0,791 0,639 0,632 0,542 0,529 

 

 

 

 

   ɄɑɜŬəŬɠ 4.7: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɡɜŰŮɚŮůŰɩɜ əɚɑɛŬəŬɠ t, ŮˊɘűɎɜŮɘŬɠ - ůŰɎɗɛɖɠ 

 Prism Bowl Wedge 

 v = 0,70 v = 1,20 v = 1,70 

 Local t Global t* Local t Global t* Local t Global t* 

ȺɚɎɢɘůŰɖ 

ɇɘɛɐ 
0,002 0,002 0,002 0,001 0,001 0,001 

ɀɏɔɘůŰɖ 

ɇɘɛɐ 
2911,00 2893,20 282,95 273,14 261,16 255,29 

ɀɏůɖ ɇɘɛɐ 4,78 4,34 1,59 1,43 0,75 0,70 

ɇɡˊɘəɐ 

ȷˊɧəɚɘůɖ 
55,56 55,07 10,83 10,24 8,73 8,45 

ȷůɡɛɛŮŰɟɑŬ 40,72 41,07 16,01 16,88 24,80 25,39 

ȹɘɎɛŮůɞɠ 0,405 0,403 0,081 0,079 0,015 0,015 
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ɄɑɜŬəŬɠ 4.8: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɡɜŰŮɚŮůŰɩɜ əɚɑɛŬəŬɠ l1, ŬˊɞɗɏɛŬŰɞɠ ůɡɜŬɟŰɐůŮɘ ůŰɎɗɛɖɠ 

- ŮˊɘűɎɜŮɘŬɠ 

 Prism Bowl Wedge 

 k1 = 0,70 k1 = 1,20 k1 = 1,70 

 Local l1 Global l1* Local l1 Global l1* Local l1 Global l1* 

ȺɚɎɢɘůŰɖ 

ɇɘɛɐ 
0,012 0,012 0,019 0,02 0,012 0,013 

ɀɏɔɘůŰɖ 

ɇɘɛɐ 
114,63 118,55 0,50 0,50 1,00 0,99 

ɀɏůɖ ɇɘɛɐ 0,708 0,679 0,278 0,284 0,231 0,239 

ɇɡˊɘəɐ 

ȷˊɧəɚɘůɖ 
2,903 2,788 0,086 0,088 0,082 0,078 

ȷůɡɛɛŮŰɟɑŬ 24,54 28,64 -0,44 -0,43 1,52 0,095 

ȹɘɎɛŮůɞɠ 0,422 0,428 0,291 0,296 0,240 0,251 
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   ɄȷɅȷɅɇȼɀȷ ũ: ɈˊɞɣɐűɘŮɠ ŪɏůŮɘɠ ŰŬɛɘŮɡŰɐɟɤɜ 
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