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ɳʇʋɮʄɹʅʆɹɳʅ 

ȷɟɢɘəɎ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ɛɞɡ ə. ȾŬɟŬŰɕɎ ũŮɩɟɔɘɞ 

ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛɞɡ ɏŭŮɘɝŮ, ŬɜŬɗɏŰɞɜŰŬɠ ɛɞɡ Űɞ ɗɏɛŬ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, 

ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ůɡɜŮɢɐ Űɞɡ əŬɗɞŭɐɔɖůɖ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ȹɟ. ȾɞɡɟɔɘŬɚɎ ɁŮəŰɎɟɘɞ, ɛɏɚɞɠ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ 

ũŮɤˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ɀɖɢŬɜɘəɐɠ əŬɘ ɛɏɚɞɠ Űɖɠ ŮɝŮŰŬůŰɘəɐɠ ɛɞɡ ŮˊɘŰɟɞˊɐɠ ɔɘŬ Űɖɜ ɎɟɘůŰɖ 

ůɡɜŮɟɔŬůɑŬ ɛŬɠ, Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɞɡ əŬɘ Űɞɜ ɢɟɧɜɞ ˊɞɡ ŭɘɏɗŮůŮ ɔɘŬ Űɖɜ ŮɟɔŬůɑŬ ɛɞɡ ɧɚɞ 

ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ. 

ŪŬ ɐɗŮɚŬ Ůˊɑůɖɠ ɜŬ ŮəűɟɎůɤ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ůŰɞ ŰɟɑŰɞ ɛɏɚɞɠ Űɖɠ ŮɝŮŰŬůŰɘəɐɠ ŮˊɘŰɟɞˊɐɠ 

Űɞɜ əŬɗɖɔɖŰɐ ə. ɁɘəɞɚŬȶŭɖ ɁɘəɧɚŬɞ ɔɘŬ Űɞ ɢɟɧɜɞ ˊɞɡ ŭɘɏɗŮůŮ ɔɘŬ Űɖɜ ŮɟɔŬůɑŬ ɛɞɡ əŬɘ Űɖɜ ˊŬɟɞɢɐ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ. 

ũɘŬ Űɖɜ ˊŬɟɞɢɐ ŭŮŭɞɛɏɜɤɜ ɗŬ ɐɗŮɚŬ Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ȹɟ ȷɚŮɝɎəɖ 

ȹɖɛɐŰɟɖ, ɛɏɚɞɠ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ȹɘŬɢŮɑɟɘůɖɠ ɈŭŬŰɘəɩɜ Ʉɧɟɤɜ əŬɘ ɄŬɟɎəŰɘŬɠ ɀɖɢŬɜɘəɐɠ əŬɘ 

Űɞɡɠ ɡˊɞɣɐűɘɞɡɠ ȹɘŭɎəŰɞɟŮɠ ɁŮɟŬɜŰɕɎəɖ ɆɞűɑŬ əŬɘ ũɘŬɜɜɎəɖ ũɘɩɟɔɞ, ɛɏɚɖ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ 

ɈŭɟɞɔŮɤɢɖɛɘəɐɠ ɀɖɢŬɜɘəɐɠ əŬɘ ȷˊɞəŬŰɎůŰŬůɖɠ ȺŭŬűɩɜ. 

ŪŬ ɐɗŮɚŬ Ŭəɧɛɖ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ŮŰŬɘɟŮɑŬ DHI ɔɘŬ Űɖɜ ŭɤɟŮɎɜ ˊŬɟɞɢɐ Űɤɜ ɡŭɟŬɡɚɘəɩɜ 

ɛɞɜŰɏɚɤɜ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ɘŭɘŬɑŰŮɟŬ Űɞɜ ŬɜŰɘˊɟɧůɤˊɞ Űɖɠ ůŰɖɜ ȺɚɚɎŭŬ ə. ɀɞɡůůɞɨɚɖ ȼɚɑŬ 

ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ əŬɘ Űɖɜ əŬɗɞŭɐɔɖůɖ Űɞɡ ůŰɖɜ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ ȹɟ ȹɧəɞɡ Ȼɤɐ əŬɘ ȹɟ ȸŬɟɞɡɢɎəɖ ɀŬɜɩɚɖ, 

ɛɏɚɖ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ũŮɤˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ɀɖɢŬɜɘəɐɠ əŬɘ Űɘɠ ȹɟ ȸɞɕɘɜɎəɖ Ⱥɘɟɐɜɖ, ȹɟ 

ɇŬˊɧɔɚɞɡ ȺɡŭɞəɑŬ əŬɘ Űɖɜ ɈˊɞɣɐűɘŬ ȹɘŭɎəŰɤɟ ȿŮɞɜŰɞˊɞɨɚɞɡ ũŮɤɟɔɑŬ ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ 

ůɡɛɓɞɡɚɏɠ Űɞɡɠ əŬɘ Űɖɜ əŬɗɞŭɐɔɖůɖ Űɞɡɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

Ⱥˊɑůɖɠ, ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ əŬɘ ŬűɘŮɟɩɜɤ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ, ɔɘŬ Űɖɜ ɖɗɘəɐ 

əŬɘ ɡɚɘəɐ Űɞɡɠ ɡˊɞůŰɐɟɘɝɖ ɧɚɞ ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ. 
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ʃɳʄɹɽɶʌɶ 

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ɨɣɞɡɠ ɜŮɟɞɨ, Űɖɠ ŰŬɢɨŰɖŰŬɠ ɟɞɐɠ 

əŬɘ Űɖɠ ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ ůŰɞ əŬŰɎɜŰɖ ŰɛɐɛŬ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ (ȾɟɐŰɖ ï ȺɚɚɎŭŬ). ũɘŬ 

Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ˊŬɟŬˊɎɜɤ ŮɔɢŮɘɟɐɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ŭɘůŭɘɎůŰŬŰŬ ɡŭɟŬɡɚɘəɎ 

ɛɞɜŰɏɚŬ MIKE 21 əŬɘ MIKE 21C. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɛɘŬ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ 

ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɖ ůɨɔəɟɘůɖ, Űɞɡ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ ɡŭɟɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ 

MIKE 21 ɛŮ ŬɡŰɧ Űɞɡ ɀȽȾȺ 21C ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ. To 

ɛɞɜŰɏɚɞ ɀȽȾȺ 21C ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ŮɘŭɘəɎ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŭɘůŭɘɎůŰŬŰɖɠ ɟɞɐɠ əŬɘ Űɖɠ 

ŬɚɚŬɔɐɠ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ ˊɞŰɎɛɘɤɜ ůɡůŰɖɛɎŰɤɜ. ȺɑɜŬɘ ɓŬůɘůɛɏɜɞ ůŮ ɏɜŬ ɞɟɗɞɔɩɜɘɞ 

əŬɛˊɡɚɧɔɟŬɛɛɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɚɏɔɛŬ əŬɘ ˊŮɟɘɏɢŮɘ ŭɨɞ ɛɏɟɖ: Ŭ) Űɞ ɡŭɟɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ Űɞ 

ɞˊɞɑɞ ŮˊɘɚɨŮɘ Űɘɠ ŮɝɘůɩůŮɘɠ Saint-Venant əŬɘ ɓ) Űɞ ɛɞɜŰɏɚɞ ŬɚɚŬɔɐɠ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ Űɤɜ 

ɡŭŬŰɞɟŮɛɎŰɤɜ əŬɗɩɠ əŬɘ Űɖɠ ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ɛɞɜŰɏɚɞ ɀȽȾȺ 21C ɖ ɔŮɜɘəɐ 

ɛɞɟűɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɀȽȾȺ 21 ɓŬůɑɕŮŰŬɘ ůŮ ŮɡɗɨɔɟŬɛɛɞ ˊɚɏɔɛŬ. ȼ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɞɡ 

əŬɛˊɡɚɧɔɟŬɛɛɞɡ əŬɘ Űɞɡ ŮɡɗɨɔɟŬɛɛɞɨ ˊɚɏɔɛŬŰɞɠ ŮɑɜŬɘ ɧŰɘ ɞɘ ɔɟŬɛɛɏɠ ˊɚɏɔɛŬŰɞɠ Űɞɡ ˊɟɩŰɞɡ 

Ŭəɞɚɞɡɗɞɨɜ Űɘɠ ɔɟŬɛɛɏɠ Űɤɜ ɧɢɗŮɤɜ Űɞɡ ˊɞŰŬɛɞɨ, ˊŬɟɏɢɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ əŬɚɨŰŮɟɖ ŬɜɎɚɡůɖ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɨɞ ɛɞɜŰɏɚɤɜ ůɡɔəɟɑɗɖəŬɜ ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ ˊŮŭɑɞɡ əŬɘ ɛŮ ɓɎůɖ Űɖɜ 

ŮűŬɟɛɞɔɐ ŭɘŬűɧɟɤɜ ůŰŬŰɘůŰɘəɩɜ ŭŮɘəŰɩɜ ŬˊɞŭŮɑɢɗɖəŮ ɧŰɘ ɖ ɢɟɐůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ŮɑɜŬɘ 

ɓŬůɘůɛɏɜɞ ůŮ əŬɛˊɡɚɧɔɟŬɛɛɞ ˊɚɏɔɛŬ (ɀȽȾȺ 21C) ˊɟɞůɞɛɞɘɩɜŮɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ Űɘɠ 

ŭɘɎűɞɟŮɠ ɡŭɟŬɡɚɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ɧˊɤɠ ŮɑɜŬɘ ɖ ŰŬɢɨŰɖŰŬ əŬɘ Űɞ ɨɣɞɠ ɟɞɐɠ ůŮ ˊɞŰɎɛɘŬ 

ůɡůŰɐɛŬŰŬ. ɀŮŰɎ Űɖ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŭɨɞ ɛɞɜŰɏɚɤɜ ŮˊɘɚɏɔŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ 

MIKE 21C ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɛŮŰŬűɞɟɎɠ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ. 

ɇŬ əɨɟɘŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ŬűɞɟɞɨůŬɜ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ˊɡəɜɞɨ əŬɛˊɡɚɧɔɟŬɛɛɞɡ ˊɚɏɔɛŬŰɞɠ 

əŬɘ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ɓŬɗɡɛŮŰɟɑŬɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɣɖűɘŬəɧ ŬɟɢŮɑɞ ŮŭɎűɞɡɠ (DEM) ́ ɞɚɨ ɡɣɖɚɐɠ 

ŬɜɎɚɡůɖɠ, 1m x 1m. Ⱥˊɑůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮŭɞɛɏɜŬ ɢɟɞɜɞůŮɘɟɩɜ ˊŬɟɞɢɐɠ Ŭˊɧ ɡŭɟɞɛŮŰɟɘəɧ 

ůŰŬɗɛɧ ůŰŬ ŬɜɎɜŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. ȷɜŰɑůŰɞɘɢŬ, ůŰɞ ɛɞɜŰɏɚɞ ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ, 

ŮɘůɐɢɗɖůŬɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɘɕɐɛŬŰɞɠ, ɧˊɤɠ ɖ ɛɏůɖ ŭɘɎɛŮŰɟɞɠ əɧəəɤɜ, Ŭˊɧ ɛŮŰɟɐůŮɘɠ ˊŮŭɑɞɡ, 

əŬɘ ɢɟɞɜɞůŮɘɟɏɠ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ. ɇɞ ɛɞɜŰɏɚɞ MIKE 21C ɓŬɗɛɞɜɞɛɐɗɖəŮ əŬɘ 

ŮˊŬɚɖɗŮɨŰɖəŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛŮŰɟɐůŮɘɠ ˊŮŭɑɞɡ ɔɘŬ Űɞ ɓɎɗɞɠ ɜŮɟɞɨ əŬɘ Űɖ ůɡɔəɏɜŰɟɤůɖ 

ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ, ɞɘ ɞˊɞɑŮɠ ůɡɚɚɏɢɗɖəŬɜ ůŮ ˊŮɟɘɧŭɞɡɠ ɡɣɖɚɩɜ əŬɘ ɢŬɛɖɚɩɜ ˊŬɟɞɢɩɜ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɐŰŬɜ ůŮ əŬɚɐ ůɡɛűɤɜɑŬ ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ ˊŮŭɑɞɡ, 
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ABSTRACT 

The objective of this work was the simulation of water depth, flow velocity and sediment 

transport in the downstream part of the Koiliaris River (Crete ï Greece). The two-dimensional 

hydraulic models MIKE 21 and MIKE 21C were used. More specifically, an important approach 

of the present study was the comparison of the widely used MIKE 21 hydrodynamic model with 

the MIKE 21C, which also is a hydrodynamic model for the simulation of the Koiliaris river flow. 

The MIKE 21C model has been developed specifically to simulate 2D flow and morphological 

changes in rivers. It is based on an orthogonal curvilinear grid and comprises two parts: (a) the 

hydrodynamic part that is based on the Saint-Venant equations and (b) the morphological changes 

part for the simulation of sediment transport. In contrast to model MIKE 21 C, the general version 

of MIKE 21 is based on a rectilinear grid. The difference between the curvilinear and the rectilinear 

grid is that the grid lines of the curvilinear grid follow the bank lines of the river, providing a better 

resolution of the flow near the boundaries. The water depth results of the two models compared 

with the field observations and a series of statistical indicators proved that the curvilinear grid 

based model results were in better agreement. After comparing the results of the two models the 

MIKE 21C model was selected for the simulation of suspended sediment transport. 

The curvilinear grid and bathymetry files were generated using a very high resolution DEM 

1m x 1m. Time series discharge data from a hydrometric station also introduced as input 

parameters in the hydrodynamic part of the model. Regarding the sediment transport model, the 

field measurements of the sediment characteristics (grain size) and the suspended sediment 

concentration were used. The model was calibrated and verified using water level field data and 

sediment concentration data that have been collected during high and low flow discharges. Model 

simulation results were in good agreement with the field observations, as indicated by a variety of 

statistical measures. The results of the model were presented as 2D maps of flow velocity, water 

depth, sediment transport and bed level changes. Using the obtained results, extreme hydrological 

events such as flash-floods transporting large sediment loads to the downstream area, can be 

successfully monitored. 
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1. ɼɳʊɮɽɮɹʁ мΥ̌ ɳʽˋʰʴ˖ʴʺ 

 

ȼ ɟɞɐ Űɤɜ ˊɞŰŬɛɩɜ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ Űɤɜ ɡŭɟɞɚɞɔɘəɩɜ ɛŮɚŮŰɩɜ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ɞˊɞɑɤɜ ŮɑɜŬɘ ɢɟɐůɘɛŬ ɔɘŬ Űɖɜ ́ ɟɧɓɚŮɣɖ əŬɘ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŬəɟŬɑɤɜ űŬɘɜɞɛɏɜɤɜ ɧˊɤɠ ŮɑɜŬɘ ɞɘ 

ˊɚɖɛɛɨɟŮɠ. ɇɞ űɡůɘəɧ űŬɘɜɧɛŮɜɞ Űɖɠ ˊɚɖɛɛɨɟŬɠ ŬˊŬůɢɞɚŮɑ ɘŭɘŬɘŰɏɟŬ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ ŰŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ŭɘɧŰɘ ɏɢŮɘ ɎɛŮůŮɠ ŮˊɘˊŰɩůŮɘɠ ůŰɘɠ ɡˊɞŭɞɛɏɠ əŬɘ ůŰɘɠ ɔŮɤɟɔɘəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ. Ƀɘ 

ɕɖɛɘɏɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ˊɚɖɛɛɨɟŬɠ ŮˊɘŰŮɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ɛŮŰŬűɞɟɎ 

ɚɎůˊɖɠ əŬɘ Ɏɚɚɤɜ ɟɡˊŬɜŰɩɜ. 

ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ ɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮɝŮŰɎɕŮŰŬɘ əŬɘ 

Űɞ ŬɘɤɟɞɨɛŮɜɞ ɑɕɖɛŬ ˊɞɡ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűɏɟŮɘ. ɇŬ ɘɕɐɛŬŰŬ ˊŬɑɕɞɡɜ ɏɜŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧ 

ɟɧɚɞ ůŰɞ ɡŭŬŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ, ŭɘɧŰɘ ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ əŬɘ Űɖ ɛŮŰŬűɞɟɎ Ůɜɧɠ 

ɛŮɔɎɚɞɡ ɛɏɟɞɡɠ ɗɟŮˊŰɘəɩɜ ɞɡůɘɩɜ əŬɘ ɟɨˊɤɜ. ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɘɕɐɛŬŰŬ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ɜŮɟɎ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŭɘɎɓɟɤůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ (əɞɑŰɖ əŬɘ ɧɢɗŮɠ) əŬɘ ˊŮɟɘɏɢɞɡɜ 

ɞɟɡəŰɎ ůɡůŰŬŰɘəɎ, ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖ ŭɘɎɓɟɤůɖ Űɞɡ ɓɟŬɢɩŭɞɡɠ ɡˊɞůŰɟɩɛŬŰɞɠ, ŬɚɚɎ əŬɘ 

ɞɟɔŬɜɘəɎ ůɡůŰŬŰɘəɎ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŭɘŬŭɘəŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ Űɞɡ ŮŭɎűɞɡɠ (ˊŬɟŬɔɤɔɐ 

əŬɘ ŬˊɞůɨɜɗŮůɖ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ). ɇŬ ɞɟɔŬɜɘəɎ ůɡůŰŬŰɘəɎ Űɤɜ ɘɕɖɛɎŰɤɜ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ 

ˊɟɞɏɟɢɞɜŰŬɘ əŬɘ Ŭˊɧ Űɘɠ ɓɘɞɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɞ ɡŭɎŰɘɜɞ ůɩɛŬ. 

ȼ ˊɟɞůɞɛɞɑɤůɖ əŬɘ ɞ ɏɚŮɔɢɞɠ Űɤɜ ɟɞɩɜ ɜŮɟɞɨ əŬɘ ɘɕɐɛŬŰɞɠ, ŮɑɜŬɘ ɘŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ əŬɘ 

ɘŭɘŬɑŰŮɟŬ ůŰɘɠ ɔŮɤɟɔɘəɏɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Űɖɠ ɀŮůɞɔŮɑɞɡ, ɞɘ ɞˊɞɑŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŬ 

ɛɞɜŬŭɘəɧ ɛɘəɟɞ-əɚɑɛŬ əŬɘ ɛɑŬ ɘŭɘŬɑŰŮɟɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ. Ƀɘ ŭɨɞ ŬɡŰɞɑ ˊŬɟɎɔɞɜŰŮɠ ɞŭɖɔɞɨɜ ůŰɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ŮˊɞɢɘŬəɩɜ ɢŮɘɛɎɟɟɤɜ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɗŮɟɘɜɩɜ ˊŮɟɘɧŭɤɜ ɞɘ ɢŮɑɛŬɟɟɞɘ ŮɑɜŬɘ 

ůŰŮɔɜɞɑ, Ůɜɩ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɢŮɘɛɩɜŬ ɏɢɞɡɜ Ŭɡɝɖɛɏɜɖ ɟɞɐ əŬɘ ůɡɢɜɎ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ 

űŬɘɜɧɛŮɜŬ ɝŬűɜɘəɩɜ ˊɚɖɛɛɡɟɩɜ (flash floods). Ƀɘ ɛŮɔɎɚŮɠ ŰŬɢɨŰɖŰŮɠ ůŰɞɡɠ ɢŮɘɛɎɟɟɞɡɠ ŮɑɜŬɘ 

ɡˊŮɨɗɡɜŮɠ ɔɘŬ Űɖ ŭɘɎɓɟɤůɖ əŬɘ Űɖ ɛŮŰŬűɞɟɎ ɘɕɐɛŬŰɞɠ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮɝŮŰɎɕŮŰŬɘ ŬɟɢɘəɎ ɖ ɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ, ɞ ɞˊɞɑɞɠ ɓɟɑůəŮŰŬɘ 

ůŰŬ ŭɡŰɘəɎ Űɖɠ ȾɟɐŰɖɠ - ȺɚɚɎŭŬ, ɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ŭɘůŭɘɎůŰŬŰŬ ɡŭɟŬɡɚɘəɎ ɛɞɜŰɏɚŬ, Űɞ ɀȽȾȺ 

21 əŬɘ Űɞ ɀȽȾȺ 21C. ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ɓŬůɑɕɞɜŰŬɘ ůŮ ˊɚɏɔɛŬŰŬ ɡˊɞɚɞɔɘůŰɘəɐɠ Ůˊɑɚɡůɖɠ Űɤɜ 

ŮɝɘůɩůŮɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ, ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɖ ŭɘůŭɘɎůŰŬŰɖ ɟɞɐ. ɇɞ ɛɞɜŰɏɚɞ ɀȽȾȺ 

21 ɓŬůɑɕŮŰŬɘ ůŮ ɏɜŬ ŮɡɗɨɔɟŬɛɛɞ ˊɚɏɔɛŬ ŰŮŰɟŬɔɩɜɤɜ, Ůɜɩ Űɞ ɛɞɜŰɏɚɞ MIKE 21C ůŮ ɏɜŬ 

əŬɛˊɡɚɧɔɟŬɛɛɞ ˊɚɏɔɛŬ ŰŮŰɟŬɔɩɜɤɜ ɧˊɞɡ ɞɘ ɔɟŬɛɛɏɠ Űɞɡ ˊɚɏɔɛŬŰɞɠ Ŭəɞɚɞɡɗɞɨɜ Űɘɠ ɔɟŬɛɛɏɠ 

Űɤɜ ɧɢɗŮɤɜ ůŰɞ ˊɞŰɎɛɘ. ɆŰɖɜ ɞɡůɑŬ ŭŮɜ ŬɚɚɎɕŮɘ əɎŰɘ ůŰɘɠ űɡůɘəɏɠ ŮɝɘůɩůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ 
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ŰŬ ŭɨɞ ɛɞɜŰɏɚŬ ŬɚɚɎ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡɠ, ŭɖɚŬŭɐ ůŰɞɜ əɎɜɜŬɓɞ. ɀŮŰɎ Űɖ ůɨɔəɟɘůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɡŭɟŬɡɚɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɧˊɤɠ Űɞɡ ɨɣɞɡɠ ɟɞɐɠ əŬɘ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰɟɐůŮɘɠ ˊŮŭɑɞɡ ˊɟɞɏəɡɣŮ ɧŰɘ Űɞ ɛɞɜŰɏɚɞ MIKE 21C ́ ɟɞůɞɛɞɘɩɜŮɘ 

ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ Űɖ ɟɞɐ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɞɜŰɏɚɞ MIKE 21. 

ɀŮ ɓɎůɖ ŰŬ ŬɜɤŰɏɟɤ ŮˊɘɚɏɔŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ MIKE 21C ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɛŮŰŬűɞɟɎɠ 

ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɜŬ ɓŬɗɛɞɜɞɛɖɗŮɑ Űɧůɞ Űɞ ɡŭɟɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ ɧůɞ əŬɘ Űɞ 

ɛɞɜŰɏɚɞ ɛɞɟűɞɚɞɔɑŬɠ, ůŰɞ ɚɞɔɘůɛɘəɧ MIKE 21C, ɩůŰŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡɠ ɜŬ ůɡɛűɤɜɞɨɜ ɛŮ 

Űɘɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ɛŮŰɟɐůŮɘɠ ɨɣɞɡɠ ɜŮɟɞɨ əŬɘ ůɡɔəɏɜŰɟɤůɖɠ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ ŬɜŰɑůŰɞɘɢŬ. 

ɀŮ Űɖ ɢɟɐůɖ Űɞɡ ɓŬɗɛɞɜɞɛɖɛɏɜɞɡ əŬɘ ŮˊŬɚɖɗŮɡɛɏɜɞɡ ɛɞɜŰɏɚɞɡ MIKE 21C ɛŬɠ ŭɑɜŮŰŬɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ŭɘůŭɘɎůŰŬŰɖɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ɨɣɞɡɠ ɜŮɟɞɨ ůŰɞ ˊɞŰɎɛɘ, Űɖɠ ŰŬɢɨŰɖŰŬɠ ɟɞɐɠ, Űɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ ɘɕɐɛŬŰɞɠ əŬɘ Űɖɠ ŬɚɚŬɔɐɠ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ Űɞɡ əŬɜŬɚɘɞɨ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ɢɟɞɜɘəɐ 

ůŰɘɔɛɐ. 
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2. ɼɳʊɮɽɮɹʁ нΥ̌ ɸʶ˖ˊʹˍʽˁˈ ʇˉˈʲʰʻˊˇ 

 

2.1. ʁˊʽˋ˃ˇʾ ˁʰʽ ɰʰˋʽˁʷˌ ɴ˄˄ˇʽʶˌ 

2.1.1. ʇʵˊˇ˂ˇʴʽˁˈˌ ɼˏˁ˂ˇˌ 

Ƀ Ɉŭɟɞɚɞɔɘəɧɠ əɨəɚɞɠ ŬˊɞŰŮɚŮɑ Űɖ ůɢɖɛŬŰɘəɐ ˊŮɟɘɔɟŬűɐ ɛɘŬɠ ůŮɘɟɎɠ ŭɘŬŭɘəŬůɘɩɜ ɛŮ Űɘɠ 

ɞˊɞɑŮɠ Űɞ ɜŮɟɧ əɡəɚɞűɞɟŮɑ ůŰɖ űɨůɖ ɛŮŰŬɝɨ ŬŰɛɧůűŬɘɟŬɠ ɝɖɟɎɠ əŬɘ ɗɎɚŬůůŬɠ. ɆŮ ŬɡŰɐɜ Űɖɜ 

ŬɚɡůɑŭŬ Űɤɜ ŮɛűŬɜɑůŮɤɜ Űɞ ɜŮɟɧ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛô ɧɚŮɠ Űɘɠ ˊɘɗŬɜɏɠ əŬŰŬůŰɎůŮɘɠ: ɡɔɟɧ, Ŭɏɟɘɞ 

(ɡŭɟŬŰɛɧɠ), ůŰŮɟŮɧ (ɢɘɧɜɘ/ ɢŬɚɎɕɘ). 

ȼ ůŮɘɟɎ Űɤɜ ŮɛűŬɜɑůŮɤɜ Űɞɡ ɜŮɟɞɨ ůŰɖ űɨůɖ ŭŮɜ ɏɢŮɘ ˊɟŬəŰɘəɎ Ŭɟɢɐ əŬɘ Űɏɚɞɠ. ȳɛɤɠ ɖ Ŭɟɢɐ 

ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɧˊɞɡ Űɞ ɜŮɟɧ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ɛŮ ɛɞɟűɐ ɡŭɟŬŰɛɩɜ 

ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮɝɎŰɛɘůɖ Űɞɡ ɜŮɟɞɨ ˊɟɞɠ Űɘɠ ɗɎɚŬůůŮɠ, ɚɑɛɜŮɠ, ˊɞŰŬɛɞɨɠ, ɏŭŬűɞɠ, 

ɓɚɎůŰɖůɖ ə.ɚˊ.  

Ƀɘ ɡŭɟŬŰɛɞɑ ɛŮŰŬűɏɟɞɜŰŬɘ Ŭˊɧ ŬɏɟɘŮɠ ɛɎɕŮɠ əŬɘ ɛˊɞɟŮɑ əɎŰɤ Ŭˊɧ əŬŰɎɚɚɖɚŮɠ ůɡɜɗɐəŮɠ ɜŬ 

ůɡɛˊɡəɜɤɗɞɨɜ ůŮ ůɨɜɜŮűŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮ ɛɞɟűɐ ŬŰɛɞůűŬɘɟɘəɩɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ɜŬ 

ŮˊŬɜŮɛűŬɜɘůŰɞɨɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ. 

ȰɜŬ ɛɏɟɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ űŰɎɜŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ ůɡɔəɟŬŰŮɑŰŬɘ Ŭˊɧ Űɖ ɓɚɎůŰɖůɖ əŬɘ 

ŮɝŬŰɛɑɕŮŰŬɘ ɐ ŭɘŬˊɜɏŮŰŬɘ Ŭˊɧ ŰŬ űɡŰɎ. ȰɜŬ Ɏɚɚɞ ɛɏɟɞɠ Űɞɡ ɜŮɟɞɨ ŭɘɖɗŮɑŰŬɘ ůŰɞ ɏŭŬűɞɠ Ůɜɩ Űɞ 

ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ŬˊɞɟɟɏŮɘ ŮˊɘűŬɜŮɘŬəɎ ˊɟɞɠ ŰŬ ɟɏɛŬŰŬ əŬɘ əŬŰŬɚɐɔŮɘ 

ůŮ ɚɑɛɜŮɠ əŬɘ ɗɎɚŬůůŮɠ. ȾŬŰɎ Űɖɜ ˊɞɟŮɑŬ ŬɡŰɐ ɏɜŬ ɛɏɟɞɠ Űɞɡ ɜŮɟɞɨ ŮɝŬŰɛɑɕŮŰŬɘ. ɇɞ ɡˊɧɚɞɘˊɞ 

Űɞɡ ɜŮɟɞɨ ˊɞɡ ŭɘɖɗŮɑŰŬɘ, ŬˊɞɗɖəŮɨŮŰŬɘ ɤɠ ɡˊɧɔŮɘɞ ɜŮɟɧ əŬɘ ůɡɢɜɎ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

Űɖɠ ɔɖɠ ůŮ ɢŬɛɖɚɧŰŮɟŬ ůɖɛŮɑŬ. ɇɏɚɞɠ Űɞ ɜŮɟɧ Űɖɠ ɗɎɚŬůůŬɠ ɛŮ Űɖɜ ŮɝɎŰɛɘůɖ ŮˊŬɜɏɟɢŮŰŬɘ ůŰɖɜ 

ŬŰɛɧůűŬɘɟŬ əŬɘ ɛŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ əɚŮɑɜŮɘ ɞ ɡŭɟɞɚɞɔɘəɧɠ əɨəɚɞɠ (ȺɘəɧɜŬ 2.1.) (ɇůŬəɑɟɖɠ, 1995). 
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ȺɘəɧɜŬ 2. 1. ȷˊɚɞˊɞɘɖɛɏɜɖ ɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ əɨəɚɞɡ 

(http://plemenosem.wikispaces.com/). 

 

2.1.2.  ʃˇˍʰ˃ˇʾ ˁʰʽ ʋʶʾ˃ʰˊˊˇʽ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ɟɏŮɘ 

ŮˊɘűŬɜŮɘŬəɎ ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ əɚɑůɖɠ əŬɘ Űɤɜ ɛɘəɟɧŰŮɟɤɜ 

Ůɛˊɞŭɑɤɜ. ȼ ɟɞɐ ŬɡŰɐ Űɞɡ ɜŮɟɞɨ ɔɑɜŮŰŬɘ ŭɘŬɛɏůɞɡ Űɞɡ ɡŭɟɞɔɟŬűɘəɞɨ ŭɘəŰɨɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ, Űɞ 

ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ ůŰɖɜ Ŭɟɢɐ Ŭˊɧ ɛɘəɟɏɠ ɢŬɟŬŭɟɩůŮɘɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘ Ŭˊɧ ɛŮɔŬɚɨŰŮɟŬ ɟŮɨɛŬŰŬ 

(ɆŰŮűŬɜɑŭɖɠ 2008) 

Ƀɘ ůˊɞɡŭŬɘɧŰŮɟŮɠ ɡŭɟɞɚɞɔɘəɏɠ əŬŰɖɔɞɟɑŮɠ ɟŮɡɛɎŰɤɜ ŮɑɜŬɘ ɞɘ ˊɞŰŬɛɞɑ əŬɘ ɞɘ ɢŮɑɛŬɟɟɞɘ. Ƀɘ 

ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ ˊɞŰŬɛɩɜ əŬɘ ɢŮɘɛɎɟɟɤɜ ůɡɜɑůŰŬɜŰŬɘ ůŰŬ Ůɝɐɠ (ȾɤŰɞɨɚŬɠ 2001): 

Ƀɘ ́ ɞŰŬɛɞɑ ɟɏɞɡɜ əŬŰɎ əŬɜɧɜŬ ůŮ ŮɡɟŮɑŮɠ əɞɘɚɎŭŮɠ, ɏɢɞɡɜ ɛŮɔɎɚɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ, ˊɚŬŰɘɎ 

əɞɑŰɖ, ɛŮɔɎɚɖ ˊŬɟɞɢɐ, ɛŮ ůɢŮŰɘəɎ ůŰŬɗŮɟɐ ŭɑŬɘŰŬ, ɛɘəɟɐ əɚɑůɖ ˊɡɗɛɏɜŬ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ 

ˊŬɟŬŰŮŰŬɛɏɜŮɠ ˊɚɖɛɛɨɟŮɠ. ɆŰɘɠ ɚŮəɎɜŮɠ Űɞɡɠ əɡɟɘŬɟɢɞɨɜ ŰŬ ŰɛɐɛŬŰŬ ɛŮ ɖɛɘˊŮŭɘɜɐ, ɚɞűɩŭɖ əŬɘ 

ɖɛɘɞɟŮɘɜɐ ŭɘŬɛɧɟűɤůɖ. 

Ƀɘ ɢŮɑɛŬɟɟɞɘ ɟɏɞɡɜ ůŮ ˊɞɚɨ ɛɘəɟɏɠ əɞɘɚɎŭŮɠ əŬɘ ůŮ ɢŬɟɎŭɟŮɠ, ɏɢɞɡɜ ɛɘəɟɐ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

(ɏɤɠ 300 km2) əŬɘ əɚɑůɖ ůɢŮŰɘəɎ ɏɜŰɞɜɖ, ůŰŮɜɐ əɞɑŰɖ ɛŮ ůɖɛŬɜŰɘəɐ əɚɑůɖ ˊɡɗɛɏɜŬ, ɛɘəɟɐ ůɢŮŰɘəɎ 
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ɡŭŬŰɞˊŬɟɞɢɐ, ŬɜɩɛŬɚɖ ŭɑŬɘŰŬ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ ŬɘűɜɑŭɘŮɠ əŬɘ ůɨɜŰɞɛŮɠ ˊɚɖɛɛɨɟŮɠ. ɆŰɘɠ ɚŮəɎɜŮɠ 

Űɞɡɠ əɡɟɘŬɟɢɞɨɜ ŰŬ ŰɛɐɛŬŰŬ ɛŮ ɖɛɘɞɟŮɘɜɐ, ɞɟŮɘɜɐ əŬ ˊɞɚɨ ɞɟŮɘɜɐ ŭɘŬɛɧɟűɤůɖ. 

ɆŰɖɜ ȺɚɚɎŭŬ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ȾɟɐŰɖ, ɛŮɔɎɚɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ ɡŭŬŰɞˊŬɟɞɢɐɠ ŮɛűŬɜɑɕɞɡɜ 

ŮəŰɧɠ Ŭˊɧ Űɞɡɠ ɢŮɑɛŬɟɟɞɡɠ əŬɘ ɞɘ ɢŮɘɛŬɟɟɞˊɧŰŬɛɞɘ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ əɎŰɘ ŮɜŭɘɎɛŮůɞ ůŰɘɠ ŭɨɞ 

əŬŰɖɔɞɟɑŮɠ. 

ɇɧůɞ ɞɘ ˊɞŰŬɛɞɑ ɧůɞ əŬɘ ɞɘ ɢŮɑɛŬɟɟɞɘ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬűɏɟɞɡɜ ůŰŮɟŮɎ ɡɚɘəɎ (űŮɟŰɏɠ ɨɚŮɠ). 

Ƀɘ əɞɑŰŮɠ Űɤɜ ˊɞŰŬɛɩɜ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ɛŮ ɡɚɘəɎ, ŰŬ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞɡɠ 

ɢŮɘɛɎɟɟɞɡɠ (ˊŬɟŬˊɧŰŬɛɞɡɠ) ˊɞɡ ŮəɓɎɚɞɡɜ ůô ŬɡŰɞɨɠ, Ůɜɩ ɞɘ əɞɑŰŮɠ Űɤɜ ɢŮɘɛɎɟɟɤɜ 

ŮɛˊɚɞɡŰɑɕɞɜŰŬɘ ɛŮ űŮɟŰɏɠ ɨɚŮɠ ˊɞɡ ŬˊɞůˊɩɜŰŬɘ Ŭˊɧ Űɘɠ ɔɨɟɤ ˊŮɟɘɞɢɏɠ, əŬɗɩɠ əŬɘ Ŭˊɧ ŰŬ ˊɟŬɜɐ 

əŬɘ Űɞɜ ˊɡɗɛɏɜŬ Űɞɡɠ (ɆŰŮűŬɜɑŭɖɠ 2008). 

 

 

2.2. ɾʶˍʰ˒ˇˊʱ ɹʸʺ˃ʰˍˇˌ ˋʶ ˉˇˍʱ˃ʽ 

2.2.1. ɼʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ʽʸʹ˃ʱˍ˖˄ 

ɇŬ ɘɕɐɛŬŰŬ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ɜŮɟɎ ɛˊɞɟɞɨɜ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ ɤɠ əŬɗɘɕɎɜɞɜŰŬ əŬɘ 

ŬɘɤɟɞɨɛŮɜŬ. ȾŬɗɘɕɎɜɞɜŰŬ ůŰŮɟŮɎ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ůɡɜŬɜŰɎɛŮ ůŰɖɜ əɞɑŰɖ Ůɜɧɠ ˊɞŰŬɛɞɨ ɐ ɛɘŬɠ 

ɚɑɛɜɖɠ Ůɜɩ ŬɘɤɟɞɨɛŮɜŬ ůŰŮɟŮɎ ɞɜɞɛɎɕɞɜŰŬɘ ŮəŮɑɜŬ ˊɞɡ ůɡɜŬɜŰɎɛŮ ůŰɞ ɡŭɎŰɘɜɞ ůɩɛŬ (ŭŮɜ 

əŬɗɘɕɎɜɞɡɜ) əŬɘ ɛŮŰŬűɏɟɞɜŰŬɘ ɛŮ Űɖɜ əɑɜɖůɖ Űɞɡ ɜŮɟɞɨ (Bartram et al., 1996). 

ɇŬ ɘɕɐɛŬŰŬ ůŰŬ ˊɞŰɎɛɘŬ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůɨɛűɤɜŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

əɧəəɤɜ Űɞɡɠ ůŮ ůɡɜŮəŰɘəɎ (cohesive) əŬɘ ɛɖ-ůɡɜŮəŰɘəɎ (non-cohesive). ɇŬ ůɡɜŮəŰɘəɎ ɘɕɐɛŬŰŬ 

ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ˊɖɚɧ əŬɘ ɘɚɨ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɚŮˊŰɧəɞəəŬ ɡɚɘəɎ, ŰŬ ɞˊɞɑŬ ˊɟɞůɟɞűɞɨɜ 

ŮɨəɞɚŬ ɞɟɔŬɜɘəɐ ɨɚɖ ɧŰŬɜ ŬɡŰɐ ŮɘůɎɔŮŰŬɘ ůŮ ɏɜŬ ɡŭɎŰɘɜɞ ůɨůŰɖɛŬ. ɇŬ ɓŬɟɏŬ ɛɏŰŬɚɚŬ əŬɘ ɞɘ 

ɞɟɔŬɜɘəɏɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ŮɑɜŬɘ Ůˊɑůɖɠ ɘŭɘŬɑŰŮɟŬ ŮˊɘɟɟŮˊɐ ůŰɖɜ ˊɟɞůɟɧűɖůɖ ůŮ ɚŮˊŰɧəɞəəŬ 

ɘɕɐɛŬŰŬ. ɇŬ ɛɖ-ůɡɜŮəŰɘəɎ ɘɕɐɛŬŰŬ ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɛɘəɟɐɠ əŬɘ ɛŮůŬɑŬɠ ŭɘŬɛɏŰɟɞɡ 

Ɏɛɛɞɡ əŬɘ ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ŭŮɜ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɛɞɚɡůɛŬŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ȹŮɜ ɡˊɎɟɢŮɘ ůŬűɏɠ 

ɧɟɘɞ ɛŮŰŬɝɨ ůɡɜŮəŰɘəɞɨ əŬɘ ɛɖ ůɡɜŮəŰɘəɞɨ ɘɕɐɛŬŰɞɠ. ɇŬ ɛŮɔɏɗɖ Űɤɜ ɘɕɖɛɎŰɤɜ ɛŮ ŭɘɎɛŮŰɟɞ 

əɧəəɤɜ ɛɘəɟɧŰŮɟɖ Ŭˊɧ 2ɛm (Ɏɟɔɘɚɞɠ) ɔŮɜɘəɎ ɗŮɤɟɞɨɜŰŬɘ ɤɠ ůɡɜŮəŰɘəɎ ɘɕɐɛŬŰŬ əŬɘ ɘɕɐɛŬŰŬ ɛŮ 

ŭɘɎɛŮŰɟɞ ɛŮɔɏɗɞɡɠ ɛŮɔŬɚɨŰŮɟɞɡ Ŭˊɧ 63 ɛm ɤɠ ɛɖ-ůɡɜŮəŰɘəɎ. Ƚɚɨɠ ɛŮ ɛɏɔŮɗɞɠ əɧəəɤɜ ɛŮŰŬɝɨ 

2ɛm əŬɘ 63ɛm ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɧŰɘ ŮɑɜŬɘ ɛŮŰŬɝɨ ůɡɜŮəŰɘəɞɨ əŬɘ ɛɖ ůɡɜŮəŰɘəɞɨ ɘɕɐɛŬŰɞɠ 

(Yang, 2006). Ɉɚɘəɧ ŭɘŬɛɏŰɟɞɡ ɛɘəɟɧŰŮɟɖɠ Űɤɜ 0.45 ɛm ɗŮɤɟŮɑŰŬɘ ŭɘŬɚɡɛɏɜɞ ůŰɞ ɜŮɟɧ. 
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2.2.2. ɶ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʵʽʱʲˊ˖ˋʹˌ 

ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɘɎɓɟɤůɖɠ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ ůŮ ŰɟɑŬ ůŰɎŭɘŬ: Űɖɜ Ŭˊɞəɧɚɚɖůɖ, Űɖ 

ɛŮŰŬűɞɟɎ əŬɘ Űɖɜ ŮɜŬˊɧɗŮůɖ. ȼ Ŭ́ɞəɧɚɚɖůɖ Űɤɜ ɘɕɖɛɎŰɤɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ. ȼ ŬˊɧůˊŬůɖ ɚɧɔɤ ɓɟɞɢɧˊŰɤůɖɠ 

ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ŰɞˊɘəɎ ɏɜŰɞɜŮɠ ŭɘŬŰɛɖŰɘəɏɠ ŰɎůŮɘɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ŮŭɎűɞɡɠ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ɓɟɞɢɐɠ. Ƀɛɞɑɤɠ, ɖ ŮˊɘűŬɜŮɘŬəɐ Ŭˊɞɟɟɞɐ ˊɟɞəŬɚŮɑ ɛɘŬ ŭɘŬŰɛɖŰɘəɐ 

ŰɎůɖ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ɖ ɞˊɞɑŬ, Ŭɜ ɡˊŮɟɓŬɑɜŮɘ Űɖ ůɡɜŮəŰɘəɐ ŬɜŰɞɢɐ Űɞɡ ŮŭɎűɞɡɠ, 

ŭɖɚŬŭɐ Űɖɜ əɟɑůɘɛɖ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊɧůˊŬůɖ Űɞɡ ɘɕɐɛŬŰɞɠ (Merritt et 

al., 2003). 

ɈˊɎɟɢɞɡɜ ŰɏůůŮɟɘɠ ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ ŭɘɎɓɟɤůɖɠ: ɖ ŮˊɘűŬɜŮɘŬəɐ, ɖ ŭɘɎɓɟɤůɖ ůŮ ɛɘəɟɎ 

ɟɡɎəɘŬ, ɖ ŭɘɎɓɟɤůɖ ůŮ ɟɏɛŬ əŬɘ ɖ ŭɘɎɓɟɤůɖ ɛɏůŬ ůŰɖ ɟɞɐ ˊɞŰŬɛɞɨ, ŬɜŬɚɡŰɘəɧŰŮɟŬ  

¶ ȼ ŮˊɘűŬɜŮɘŬəɐ ŭɘɎɓɟɤůɖ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɞɛɞɘɧɛɞɟűɖ ŬˊɧůˊŬůɖ əŬɘ ŬűŬɑɟŮůɖ ɢɩɛŬŰɞɠ, 

ɘɕɐɛŬŰɞɠ ɐ ůɤɛŬŰɘŭɑɤɜ ŮŭɎűɞɡɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɚɧɔɤ ɓɟɞɢɐɠ ɐ ɢŮɟůŬɑŬɠ ɟɞɐɠ əŬɘ 

əŬŰŬɜɏɛŮŰŬɘ ɞɛɞɘɧɛɞɟűŬ ůŮ ɧɚɖ Űɖɜ ˊɚŬɔɘɎ (Bonell et al., 2005). 

¶ ȼ ŭɘɎɓɟɤůɖ ůŮ ɟɡɎəɘ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ Űɞ ɜŮɟɧ ˊɞɡ əɘɜŮɑŰŬɘ ůŰɖ ŮˊɘűɎɜŮɘŬ, ˊŬɟŬůɏɟɜɞɜŰŬɠ 

ůŰŮɟŮɎ ɡɚɘəɎ, ŬəɞɚɞɡɗŮɑ ɛɘəɟɏɠ ɢŬɟŬŭɟɩůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ. ȼ ŭɘɎɓɟɤůɖ ůŮ ɟɡɎəɘ əŬɘ ɖ 

ŭɘɎɓɟɤůɖ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ ůɡɢɜɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɤɠ ɛɘŬ 

əŬŰɖɔɞɟɑŬ, ŭɘɧŰɘ ŰŬ ɟɡɎəɘŬ ŭŮɜ ɏɢɞɡɜ ɛŮɔɎɚɞ ɓɎɗɞɠ əŬɘ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɞɜ ŬɔɟɞŰɘəɧ 

ˊŬɟɎɔɞɜŰŬ (Merritt et al., 2003). 

¶ ȼ ŭɘɎɓɟɤůɖ ůŮ ɟɏɛŬ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ŭɘɎɓɟɤůɖ ůŮ ɟɡɎəɘ, ŬˊŬɜŰɎŰŬɘ ůŮ əŬɜɎɚɘŬ 

ůɡɛˊɡəɜɤɛɏɜɖɠ ɟɞɐɠ ɛŮ ɛŮɔɎɚɞ ɓɎɗɞɠ ˊɞɡ ŭŮɜ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ Űɖɠ 

ɔɖɠ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ɖ ɓɟɞɢɧˊŰɤůɖ ŭŮɜ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ŬɜŰɑůŰŬůɖ Űɖɠ 

ɟɞɐɠ ɐ ůŰɖɜ Ŭˊɞəɧɚɚɖůɖ ůɤɛŬŰɘŭɑɤɜ. ɇɖ ɟɞɐ ɜŮɟɞɨ əŬɘ Űɖ ŭɘɎɓɟɤůɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɡŰɐ ˊɟɞəŬɚŮɑ ɖ əɚɑůɖ Űɞɡ ŮŭɎűɞɡɠ Űɖɠ ˊŮɟɘɞɢɐɠ (Loch et al., 1996). 

¶ ȼ ŭɘɎɓɟɤůɖ ɛɏůŬ ůŮ ˊɞŰɎɛɘ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ɎɛŮůɖ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɘɕɖɛɎŰɤɜ Ŭˊɧ ŰŬ 

ˊɟŬɜɐ Űɞɡ ˊɞŰŬɛɞɨ (ˊɚŮɡɟɘəɐ ŭɘɎɓɟɤůɖ) ɐ Űɖɜ əɞɑŰɖ Űɞɡ. Ⱥˊɞɛɏɜɤɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

ˊŮɟɘɧŭɤɜ ɡɣɖɚɐɠ ɟɞɐɠ, ɏɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɞɡ ɘɕɐɛŬŰɞɠ ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ ɛɏůɤ Űɞɡ 

ŭɘəŰɨɞɡ Űɞɡ ˊɞŰŬɛɞɨ ɛˊɞɟŮɑ ɜŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ɑŭɘɞ Űɞ əŬɜɎɚɘ (Merritt et al., 2003).  
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2.2.3. ʆˊˈˉˇʽ ˃ʶˍʰ˒ˇˊʱˌ ʽʸʺ˃ʰˍˇˌ ˋʶ ˉˇˍʱ˃ʽʰ 

ȼ ɛŮŰŬűɞɟɎ ɘɕɖɛɎŰɤɜ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ əɑɜɖůɖɠ Űɞɡ ɜŮɟɞɨ. ȾŬŰɎ Űɖ ɛŮŰŬűɞɟɎ ůŮ ɏɜŬ 

ůɩɛŬ ɜŮɟɞɨ, ŰŬ ůɤɛŬŰɑŭɘŬ ɘɕɐɛŬŰɞɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɟŮɘɠ əŬŰɖɔɞɟɑŮɠ: ŬɘɤɟɞɨɛŮɜɞ űɞɟŰɑɞ 

(suspended load) Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɖɚɧ, Ɏɟɔɘɚɞ əŬɘ Ɏɛɛɞ, Űɞ ɢɞɜŭɟɧ əŬɘ ůɢŮŰɘəɎ ŬɜŮɜŮɟɔɧ 

űɞɟŰɑɞ əɞɑŰɖɠ (bed load) əŬɘ Űɞ űɞɟŰɑɞ ŬɜŬˊɐŭɖůɖɠ (saltation load) (Bartram et al., 1996). 

ɇɞ ŬɘɤɟɞɨɛŮɜɞ űɞɟŰɑɞ (suspended load) ˊŮɟɘɚŬɛɓɎɜŮɘ ɡɚɘəɎ ůŰɞ ɛɏɔŮɗɞɠ Űɞɡ ˊɖɚɞɨ, Űɞɡ 

Ŭɟɔɑɚɞɡ əŬɘ Űɖɠ Ɏɛɛɞɡ (<63ɛm ůɤɛŬŰɘŭɘŬəɐɠ ŭɘŬɛɏŰɟɞɡ) əŬɘ ůɡɜɐɗɤɠ ŬɜŬűɏɟŮŰŬɘ ɤɠ 

çɚŮˊŰɧəɞəəɞ ɑɕɖɛŬè. ȼ ˊɞůɧŰɖŰŬ Űɞɡ ŬɘɤɟɞɨɛŮɜɞɡ űɞɟŰɑɞɡ ŮɑɜŬɘ Ůɡɗɏɤɠ ŬɜɎɚɞɔɖ Űɤɜ ɛŮɔɎɚɤɜ 

ŰŬɢɡŰɐŰɤɜ Űɞɡ ɜŮɟɞɨ ůŰɞ ˊɞŰɎɛɘ əŬɘ ˊɟɞɏɟɢŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ŭɘɎɓɟɤůɖ Űɖɠ əɞɑŰɖɠ əŬɘ Űɤɜ 

ɧɢɗŮɤɜ Űɞɡ ˊɞŰŬɛɞɨ. ɆŮ ˊɞɚɚɎ ˊɞŰɎɛɘŬ, ŰŬ ŬɘɤɟɞɨɛŮɜŬ ɘɕɐɛŬŰŬ ŬˊɞŰŮɚɞɨɜ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ 

Űɞɡ ɞɚɘəɞɨ ɛŮŰŬűŮɟɧɛŮɜɞɡ űɞɟŰɑɞɡ (total load). 

ɇɞ űɞɟŰɑɞ əɞɑŰɖɠ (bed load) ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɡɚɘəɎ ɧˊɤɠ ɢŬɚɑəɘŬ əŬɘ ɓɧŰůŬɚŬ ŰŬ ɞˊɞɑŬ 

əɡɚɎɜŮ əŬŰɎ ɛɐəɞɠ Űɞɡ ˊɞŰŬɛɞɨ. ɇɞ űɞɟŰɑɞ əɞɑŰɖɠ ůɡɜŬɜŰɎŰŬɘ əɡɟɑɤɠ ůŮ ˊŮɟɘɧŭɞɡɠ ɛŮɔɎɚɤɜ 

ˊŬɟɞɢɩɜ ɐ ůŮ ŬɜɎɔɚɡűŬ ˊɞŰŬɛɩɜ ɛŮ ŬˊɧŰɞɛŮɠ əɚɑůŮɘɠ. ɆˊɎɜɘŬ ɧɛɤɠ Űɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɢŬɛɖɚɧ ɡɣɧɛŮŰɟɞ. 

ɇɞ űɞɟŰɑɞ ŬɜŬˊɐŭɖůɖɠ (saltation load) ŮɑɜŬɘ ɏɜŬɠ ɧɟɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ 

ˊŮɟɘɔɟɎɣŮɘ ŰŬ ɘɕɐɛŬŰŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŬɜɎɛŮůŬ ůŰɘɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ əŬŰɖɔɞɟɑŮɠ. ɇŬ 

ŮɚŬűɟɨŰŮɟŬ ůɤɛŬŰɑŭɘŬ Űɖɠ əɞɑŰɖɠ ŬɜŬůɖəɩɜɞɜŰŬɘ Ŭˊɧ ŬɡŰɐɜ ɧŰŬɜ Űɞ ɜŮɟɧ ɏɢŮɘ ɛŮɔɎɚɖ ŰŬɢɨŰɖŰŬ, 

ŬɚɚɎ ˊŬɟŬɛɏɜɞɡɜ ŬɟəŮŰɎ ɓŬɟɘɎ ɔɘŬ ɜŬ Ŭɘɤɟɖɗɞɨɜ əŬɘ ɓɡɗɑɕɞɜŰŬɘ ɝŬɜɎ, ˊɟɞəŬɚɩɜŰŬɠ ɏŰůɘ Űɞ 

űŬɘɜɧɛŮɜɞ Űɖɠ ŬɜŬˊɐŭɖůɖɠ. 

Ƀɘ ŭɨɞ ŰŮɚŮɡŰŬɑŮɠ əŬŰɖɔɞɟɑŮɠ ŭŮɜ ŬˊɞŰŮɚɞɨɜ ůɡɜɐɗɤɠ ŬɜŰɘəŮɑɛŮɜɞ ɡŭɟɞɚɞɔɘəɩɜ ɛŮɚŮŰɩɜ. 

Ⱥɜɩ ɖ ɛŮɚɏŰɖ Űɤɜ ŬɘɤɟɞɨɛŮɜɤɜ ɘɕɖɛɎŰɤɜ ůŰŬ ˊɞŰɎɛɘŬ ɔɑɜŮŰŬɘ ɞɚɞɏɜŬ əŬɘ ˊɘɞ ůɖɛŬɜŰɘəɐ əŬɗɩɠ 

ŬɡɝɎɜŮŰŬɘ ɖ ŬɜɎɔəɖ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ɞɘ ɟɞɏɠ Űɤɜ ɗɟŮˊŰɘəɩɜ ɞɡůɘɩɜ əŬɘ ɟɨˊɤɜ. ȰɜŬ Ŭˊɧ ŰŬ 

ůɞɓŬɟɧŰŮɟŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ůɡɛɓɎɚŮɘ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ ŬɘɤɟɞɨɛŮɜɤɜ ɘɕɖɛɎŰɤɜ, 

ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŮɑɜŬɘ ɖ ŭɘɎɓɟɤůɖ. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ŭɘɎɓɟɤůɖ ŮɑɜŬɘ 

ɏɜŬ űɡůɘəɧ űŬɘɜɧɛŮɜɞ, Űɞ ˊɞůɞůŰɧ Űɖɠ ŬˊɩɚŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ ŬɡɝɎɜŮŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ ɛɖ 

ŭɧəɘɛŮɠ ɔŮɤɟɔɘəɏɠ ˊɟŬəŰɘəɏɠ, ɧˊɤɠ ŮɑɜŬɘ ɖ ɢɟɐůɖ ɛŮɔɎɚɤɜ ɔŮɤɟɔɘəɩɜ ɛɖɢŬɜɖɛɎŰɤɜ (ˊ.ɢ. 

ŰɟŬəŰɏɟ) ́ ɞɡ əŬŰŬůŰɟɏűɞɡɜ Űɞɡɠ ŬɜŬɓŬɗɛɞɨɠ əŬɘ ɖ ɡˊŮɟɓɧůəɖůɖ, ɞɘ ɞˊɞɑŮɠ ɞŭɖɔɞɨɜ ɛŮ Űɖ ůŮɘɟɎ 

Űɞɡɠ ůŰɖɜ Ŭɨɝɖůɖ Űɤɜ ŬɘɤɟɞɨɛŮɜɤɜ ɘɕɖɛɎŰɤɜ ůŰŬ ɔɚɡəɎ ɨŭŬŰŬ (Bartram et al., 1996). 

ɆŰɖɜ ȺɘəɧɜŬ 2.2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŰɟŮɑɠ Űɟɧˊɞɘ ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ. 
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ȺɘəɧɜŬ 2. 2. ɇɟɧˊɞɘ ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ ůŮ ˊɞŰɎɛɘŬ. 

 

2.2.4. ɮʽ˖ˊˇˏ˃ʶ˄ʰ ˋˍʶˊʶʱ ˋʶ ˉˇˍʱ˃ʽʰ ˋˎˋˍʺ˃ʰˍʰ. 

ȼ ɛŮŰŬűɞɟɎ ŬɘɤɟɞɨɛŮɜɤɜ ůŰŮɟŮɩɜ, Ŭˊɧ ŬɔɟɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ ůŰŬ ˊɞŰɎɛɘŬ ůɡůŰɐɛŬŰŬ, ŮɑɜŬɘ 

ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Űɤɜ ɡŭɎŰɤɜ ɚɧɔɤ Űɖɠ ɛŮŰŬűɞɟɎɠ ɟɨˊɤɜ (űɡŰɞűɎɟɛŬəŬ, ɗɟŮˊŰɘəɏɠ 

ɞɡůɑŮɠ, ɓŬɟɏŬ ɛɏŰŬɚɚŬ əŬɘ ɎɚɚŮɠ Űɞɝɘəɏɠ ɞɡůɑŮɠ). ɇɞ űŬɘɜɧɛŮɜɞ Űɤɜ ɏɜŰɞɜɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ ŮɑɜŬɘ 

ɏɜŬ űɡůɘəɧ űŬɘɜɧɛŮɜɞ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ ɛɏůŬ ůŮ ˊɞŰɎɛɘŬ əŬɘ 

ɚɑɛɜŮɠ (Ramos et al., 2015). 

ȳŰŬɜ ɡɣɖɚɐɠ ɏɜŰŬůɖɠ ɓɟɞɢɏɠ ˊɏűŰɞɡɜ ˊɎɜɤ ůŮ ɝɖɟɧ ɏŭŬűɞɠ ɛŮŰɎ Ŭˊɧ ɛŬəɟɏɠ ˊŮɟɘɧŭɞɡɠ 

ɝɖɟŬůɑŬɠ ˊɟɞəŬɚŮɑŰŬɘ ˊɞɚɨ ɔɟɐɔɞɟɖ əŬɘ ɏɜŰɞɜɖ ŮˊɘűŬɜŮɘŬəɐ Ŭˊɞɟɟɞɐ. Ƀɘ ˊɟɩŰŮɠ ŮəŭɖɚɩůŮɘɠ 

Űɤɜ ɝŬűɜɘəɩɜ ŬɡŰɩɜ ˊɚɖɛɛɡɟɩɜ (flash floods) ɛŮŰŬűɏɟɞɡɜ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ɘɕɖɛɎŰɤɜ əŬɘ 

ɟɨˊɤɜ Űɧůɞ ůŰɘɠ ŬůŰɘəɏɠ ɧůɞ əŬɘ ůŰɘɠ ŬɔɟɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ. Ƀɘ ɢŮɑɛŬɟɟɞɘ əŬɘ ŰŬ ˊɞŰɎɛɘŬ 

ˊŬɟŬɚŬɛɓɎɜɞɡɜ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ŮŰɐůɘɞɡ űɞɟŰɑɞɡ ɟɨˊŬɜůɖɠ Ŭˊɧ ŰŬ ɚɑɔŬ ˊɚɖɛɛɡɟɘəɎ 

ɔŮɔɞɜɧŰŬ ŰŬ ɞˊɞɑŬ ůɡɜɐɗɤɠ ŭɘŬɟəɞɨɜ ŮɚɎɢɘůŰŮɠ ɩɟŮɠ (Moraetis et al., 2010). 

ɀɏůŬ Ŭˊɧ ŮˊɘůŰɖɛɞɜɘəɏɠ ɛŮɚɏŰŮɠ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɞɘ ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɡɔŮɑŬ Űɞɡ 

Ŭɜɗɟɩˊɞɡ əŬɘ Űɤɜ ˊŬɟɧɢɗɘɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ ŬɡɝɎɜŮɘ, əŬɗɩɠ ŰŬ ŮˊɑˊŮŭŬ ɗɞɚɧŰɖŰŬɠ, ŬɟɎ əŬɘ ɖ 

ůɡɔəɏɜŰɟɤůɖ ɘɕɐɛŬŰɞɠ, ŬɡɝɎɜɞɜŰŬɘ. ɇɞ ŬˊɞŭŮəŰɧ Ůɨɟɞɠ Űɖɠ ɗɞɚŮɟɧŰɖŰŬɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ɛɏɔŮɗɞɠ əŬɘ Űɘɠ Űɞˊɘəɏɠ ůɡɜɗɐəŮɠ Űɞɡ ́ ɞŰŬɛɞɨ ˊɞɡ ɛŮɚŮŰɎŰŬɘ. ɄŬɟ 'ɧɚŬ ŬɡŰɎ, ɏɜŬɠ ɔŮɜɘəɧɠ ɞŭɖɔɧɠ 

ɔɘŬ ɛɘəɟɎ ˊɞŰɎɛɘŬ, ɧˊɤɠ ŰŬ ˊɞŰɎɛɘŬ ˊɞɡ ůɡɜŬɜŰɎɛŮ ůŰɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ȺɚɚɎŭŬɠ, ŮɑɜŬɘ ɧŰɘ 

ɖ ɗɞɚɧŰɖŰŬ ˊɎɜɤ Ŭˊɧ 5 NTU ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ (WHO, 
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2003, Kourgialas et al., 2013). ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɛŮɚɏŰɖ əŬɘ ɞ ɏɚŮɔɢɞɠ Űɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ŬɘɤɟɞɨɛŮɜɤɜ ůŰŮɟŮɩɜ ůŮ ˊɞŰɎɛɘŬ ůɡůŰɐɛŬŰŬ ɔŮɤɟɔɘəɩɜ ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ. 

 

2.2.5. ʆˊˈˉˇʽ ˃ʷˍˊʹˋʹˌ ˍ˖˄ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋˍʶˊʶ˗˄ ˋʶ ˉˇˍʱ˃ʽʰ ˋˎˋˍʺ˃ʰˍʰ 

ȼ ɛɏŰɟɖůɖ Űɞɡ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ɛɑŬ ŭɨůəɞɚɖ ˊŰɡɢɐ Űɖɠ ɏɟŮɡɜŬɠ ɔɘŬ Űɖ 

ɛŮŰŬűɞɟɎ ɘɕɐɛŬŰɞɠ ůŮ ˊɞŰɎɛɘŬ. ȷəɟɘɓŮɑɠ ɛŮŰɟɐůŮɘɠ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ 

ŮˊɘŰŮɡɢɗɞɨɜ, ŭɘɧŰɘ Űɞ űɞɟŰɑɞ Űɞɡ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ ŮɑɜŬɘ ůɡɜŮɢɩɠ ɛŮŰŬɓŬɚɚɧɛŮɜɞ ůŰɞɜ ɢɩɟɞ 

əŬɘ Űɞ ɢɟɧɜɞ (Nerantzaki, 2014). ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ˊŮɟɘɔɟɎűɞɜŰŬɘ əɎˊɞɘŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ 

ɛɏŰɟɖůɖɠ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ŬɘɤɟɞɨɛŮɜɤɜ ůŰŮɟŮɩɜ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Bartram et al. (1996) ɡˊɎɟɢɞɡɜ ŰɏůůŮɟɘɠ əɡɟɑɤɠ Űɨˊɞɘ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ: 

¶ ɞɚɞəɚɖɟɤɛɏɜɞɘ ŭŮɘɔɛŬŰɞɚɐˊŰŮɠ (integrated samplers), 

¶ ŭŮɘɔɛŬŰɞɚɐˊŰŮɠ ůŰɘɔɛɘŬɑŬɠ ŬɟˊŬɔɐɠ (instantaneous grab samplers), 

¶ ŭŮɘɔɛŬŰɞɚɐˊŰŮɠ ŬɜŰɚɑŬɠ (pump samplers), əŬɘ 

¶ ˊŬɔɑŭŮɠ ɘɕɐɛŬŰɞɠ (sedimentation traps) 

ȼ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ŬɘɤɟɞɨɛŮɜɤɜ ůŰŮɟŮɩɜ ŬɡɝɎɜŮɘ ɧůɞ ɓŬɗŬɑɜŮɘ ɞ ˊɡɗɛɏɜŬɠ Űɞɡ əŬɜŬɚɘɞɨ. 

ȷɡŰɧɠ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɞɡ ɡɚɘəɞɨ ůɨɛűɤɜŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ ŬˊŬɘŰŮɑ ŰŮɢɜɘəɏɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ŭŮɑɔɛŬ Ŭˊɧ ˊŮɟɘɞɢɏɠ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɘɕɐɛŬŰɞɠ 

ůŰɞ əɎɗŮŰɞ ˊɟɞűɑɚ Űɞɡ ˊɞŰŬɛɞɨ.  

ȼ ɀɏɗɞŭɞɠ ˊŬɔɑŭŮɡůɖɠ ɘɕɐɛŬŰɞɠ, ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ ˊɞɡ ɗŬ ŮůŰɘɎůɞɡɛŮ, ɔɘŬŰɑ ŮɑɜŬɘ ɖ ŰŮɢɜɘəɐ 

ɛŮ Űɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ. Ⱥˊɑůɖɠ ɔɑɜŮŰŬɘ ˊŬɟɎɗŮůɖ Ůɜɧɠ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ɔɘŬ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ 

əŬŰɖɔɞɟɑŮɠ. 

 

ɄŬɔɑŭŮɠ ɘɕɐɛŬŰɞɠ (sedimentation traps) 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Bloesch et al. (1980) ɖ ˊɟɩŰɖ ɢɟɐůɖ Űɖɠ ˊŬɔɑŭŬɠ ɘɕɐɛŬŰɞɠ ɏɔɘɜŮ Ŭˊɧ Űɞɜ 

Albert Heim ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 1900. ɀɧɜɞ Ŭˊɧ Űɞ 1950 əŬɘ ɛŮŰɎ ɧɛɤɠ ɞɘ ˊŬɔɑŭŮɠ ɘɕɐɛŬŰɞɠ ŮɑɜŬɘ ɏɜŬ 

ŭɖɛɞűɘɚɏɠ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ɏɟŮɡɜŬ ůŮ ˊɞŰɎɛɘŬ, ɚɑɛɜŮɠ əŬɘ ɤəŮŬɜɞɨɠ. Ʉɞɚɚɞɑ ɛŮɚŮŰɖŰɏɠ (Bloesch 

et al., 1980, Gardner, 1980, Butman et al., 1986, Rosa et al., 1994) ɏɢɞɡɜ ŮɟɔŬůɗŮɑ ůɢɞɚŬůŰɘəɎ ɔɘŬ 

Űɖɜ ɓŮɚŰɑɤůɖ əŬɘ Űɖɜ ŮűŬɟɛɞɔɐ ŬɡŰɐɠ Űɖɠ ŰŮɢɜɘəɐɠ. 
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ɀɏɢɟɘ ŰɩɟŬ, ɖ ŮəŰɑɛɖůɖ Űɞɡ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ ůŮ ˊɞŰɎɛɘŬ ŭɘŮɝɎɔɞɜŰŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ 

ɛŮ ŭɘɐɗɖůɖ ŰɡɢŬɑɤɜ ŭŮɘɔɛɎŰɤɜ ɜŮɟɞɨ. ȼ ŰŮɢɜɘəɐ ŬɡŰɐ ˊŬɟɏɢŮɘ ɛɧɜɞ ɛɘŬ ˊɟɧɢŮɘɟɖ ŮəŰɑɛɖůɖ Űɖɠ 

ɛŮŰŬűɞɟɎɠ ɘɕɖɛɎŰɤɜ. ũɘŬ ɜŬ ɝŮˊŮɟŬůŰŮɑ ŬɡŰɧ, əŬɗɩɠ əŬɘ ɖ ɏɚɚŮɘɣɖ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ 

ůŰɞɘɢŮɑɤɜ ɛŮŰŬűɞɟɎɠ űŮɟŰɩɜ ɡɚɩɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŬəɟŬɑɤɜ űŬɘɜɞɛɏɜɤɜ ɟɞɐɠ (ˊ.ɢ. ˊɚɖɛɛɨɟŮɠ), 

ɞɘ Sibetheros et al 2013, ́ ŬɟɞɡůɑŬůŬɜ ɛɘŬ ůɡůəŮɡɐ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɘɕɖɛɎŰɤɜ 

(Sediment Trap), ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ Űɖ ɗɞɚɧŰɖŰŬ əŬɘ Űɞ ŮˊɑˊŮŭɞ Űɞɡ ɜŮɟɞɨ ɤɠ ɏɜŬɡůɛŬ ɔɘŬ Űɖɜ 

ɏɜŬɟɝɖ Űɖɠ ɛɏŰɟɖůɖɠ. ȳŰŬɜ ɏɜŬɠ əŬɗɞɟɘůɛɏɜɞɠ ɧɔəɞɠ ɜŮɟɞɨ ˊŮɟɜɎ Ŭˊɧ ɏɜŬ ůɖɛŮɑɞ Ůɚɏɔɢɞɡ, ɞ 

ɛŮŰɟɖŰɐɠ ɟɞɐɠ ŮɜŮɟɔɞˊɞɘŮɑ ɏɜŬ ŬɡŰɧɛŬŰɞ ŭŮɘɔɛŬŰɞɚɐˊŰɖ ŬɜɎɚɖɣɖɠ Ůɜɧɠ ɧɔəɞɡ (50ml-500ml) Űɞɡ 

ŭŮɑɔɛŬŰɞɠ. ɇŬ ŭŮɑɔɛŬŰŬ ŬɡŰɎ ŮɑɜŬɘ ɔɜɤůŰɎ ɤɠ əɚɎůɛŬŰŬ (aliquots). Ƀ ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ ɗŬ 

ůɡɜŮɢɑůŮɘ ɜŬ ŬɜŰɚŮɑ ŭŮɑɔɛŬŰŬ ůŮ əŬɗɞɟɘůɛɏɜŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ. ɆŮ ɡɣɖɚɧŰŮɟɞɡɠ ɟɡɗɛɞɨɠ 

ɟɞɐɠ, ɞɘ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɧŰŮɟŬ əŬɘ Űɞ ůɨɜɞɚɞ ɧɚɤɜ ŬɡŰɩɜ Űɤɜ 

əɚŬůɛɎŰɤɜ ŮɑɜŬɘ Űɞ ůɨɜɗŮŰɞ ŭŮɑɔɛŬ ůŰŬɗɛɘůɛɏɜɖɠ ɟɞɐɠ. ȼ əŬɘɜɞŰɞɛɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɡŰɞɨ 

ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ əŬɜɏɜŬɠ ˊŮɟɘɞɟɘůɛɧɠ ůɢŮŰɘəɎ ɛŮ Űɞɜ ɧɔəɞ Űɞɡ ŭŮɑɔɛŬŰɞɠ Űɞɡ 

ɜŮɟɞɨ, ŭɘɧŰɘ Űɞ ůɨɜɗŮŰɞ ŭŮɑɔɛŬ ˊŮɟɜɎ ɛɏůŬ Ŭˊɧ Űɞ űɑɚŰɟɞ əŬɘ ɛɧɜɞ Űɞ ŬɘɤɟɞɨɛŮɜɞ ɑɕɖɛŬ 

ŭɘŬŰɖɟŮɑŰŬɘ. ɀɘŬ Ɏɚɚɖ ŭɘŬűɞɟɎ ɛŮ Űɘɠ ůɡɜɖɗɘůɛɏɜŮɠ ŬɜŬɚɞɔɘəɐɠ ɟɞɐɠ ŰŮɢɜɘəɏɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ɜŮɟɞɨ ŮɑɜŬɘ ɧŰɘ, ŰɩɟŬ ŬɡŰɧ ˊɞɡ ŬɚɚɎɕŮɘ ůŮ ŬɜŬɚɞɔɑŬ ˊɟɞɠ Űɖ ɟɞɐ ŮɑɜŬɘ ɞ ɟɡɗɛɧɠ ɎɜŰɚɖůɖɠ, əŬɘ 

ɧɢɘ ɖ ˊɡəɜɧŰɖŰŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ (Nerantzaki, 2014). 

ɆŰɖɜ ȺɘəɧɜŬ 2.3.Ŭ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ŮɔəŬŰɎůŰŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ: Űɞ ɨɣɞɠ Űɞɡ ɜŮɟɞɨ əŬɘ 

ŬɘůɗɖŰɐɟŮɠ ɗɞɚŮɟɧŰɖŰŬɠ, əŬɘ ɖ ŬɜŰɚɑŬ ˊɞɡ ŮəəɘɜŮɑ Űɖ ůɡɚɚɞɔɐ ɧŰŬɜ ɚɎɓŮɘ ůɐɛŬ. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ 

ɜŮɟɧ ˊŮɟɜɎ ɛɏůŬ Ŭˊɧ Űɖɜ ˊŬɔɑŭŬ Űɤɜ ɘɕɖɛɎŰɤɜ, ɧˊɞɡ űɘɚŰɟɎɟŮŰŬɘ. ɆŰɖɜ ȺɘəɧɜŬ 2.3.ɓ 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊɟŬɔɛŬŰɘəɐ ůɡůəŮɡɐ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɛˊŬŰŬɟɑŬ, Űɞ ɖɚŮəŰɟɞɜɘəɧ ůɨůŰɖɛŬ əŬɘ ɖ 

ɛˊŬŰŬɟɑŬ ŮɑɜŬɘ ɛɏůŬ ůŰɖɜ ˊŬɔɑŭŬ, Ůɜɩ ɖ ŬɜŰɚɑŬ əŬɘ Űɞ űɑɚŰɟɞ ŮɑɜŬɘ ůŰɖɜ ŮɝɤŰŮɟɘəɐ ˊɚŮɡɟɎ Űɖɠ. 
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ȺɘəɧɜŬ 2. 3. Ŭ) ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɘɕɖɛɎŰɤɜ, ɓ) 

űɤŰɞɔɟŬűɑŬ Űɖɠ ůɡůəŮɨɖɠ. (Nerantzaki, 2014) 

 

 

Ƀɚɞəɚɖɟɤɛɏɜɞɘ ŭŮɘɔɛŬŰɞɚɐˊŰŮɠ (integrated samplers) 

Ƀ Scrudto (1988) ŭɖɛɘɞɨɟɔɖůŮ ɏɜŬɜ in-situ ɞɚɞəɚɖɟɤɛɏɜɞ ŭŮɘɔɛŬŰɞɚɐˊŰɖ (in-situ integrated 

sampler), ɞ ɞˊɞɑɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ űɡůɘəɐ ŭɘŬŭɘəŬůɑŬ Űɖɠ əŬɗɑɕɖůɖɠ əŬɘ ůɡɚɚɏɔŮɘ ůɡɜŮɢɩɠ 

ŬɘɤɟɞɨɛŮɜŬ ɘɕɐɛŬŰŬ Ŭˊɧ ɏɜŬ ɟɏɞɜ ɟŮɨɛŬ ɔɘŬ ˊŬɟŬŰŮŰŬɛɏɜŮɠ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ. ȰɜŬ ŬɜɎɜŰɖ 

ɢɤɜɑ ůɡɚɚŬɛɓɎɜŮɘ ɏɜŬ ɛɏɟɞɠ Űɞɡ ɟɏɞɜŰɞɠ ɟŮɨɛŬŰɞɠ əŬɘ Űɞ əŬŰŮɡɗɨɜŮɘ ůŮ ɏɜŬ ɗɎɚŬɛɞ ɘɕɐɛŬŰɞɠ, 

ɧˊɞɡ ɖ ɟɞɐ ŮˊɘɓɟŬŭɨɜŮŰŬɘ ŮˊŬɟəɩɠ ɔɘŬ ɜŬ ˊɟɞəɚɖɗŮɑ əŬɗɑɕɖůɖ Űɞɡ ɘɕɐɛŬŰɞɠ. ȰɜŬ ŭɞɢŮɑɞ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ɛɏůŬ ůŰɞ ɗɎɚŬɛɞ Űɞ ɞˊɞɑɞ ůɡɚɚɏɔŮɘ Űɞ ɑɕɖɛŬ əŬɘ, ɛɏůɤ əɎˊɞɘɤɜ ɞˊɩɜ Űɞɡ, ŮˊɘŰɟɏˊŮɘ 

ůŰɞ ŮˊɘˊɚŮɧɜ ɜŮɟɧ ɜŬ ŭɘŬűɨɔŮɘ Ŭˊɧ Űɞ ɗɎɚŬɛɞ. ȰɜŬɠ ˊɎůůŬɚɞɠ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ əɞɑŰɖ Űɞɡ 

ɟɏɛŬŰɞɠ ɞ ɞˊɞɑɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ əŬɘ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ 

ŭŮɘɔɛŬŰɞɚɐˊŰɖ ůŮ ɏɜŬ ŮˊɘɗɡɛɖŰɧ ɓɎɗɞɠ. 

 

ȺɘəɧɜŬ 2. 4. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɞɚɞəɚɖɟɤɛɏɜɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ (Scrudto, 1988). 
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ȹŮɘɔɛŬŰɞɚɐˊŰŮɠ ůŰɘɔɛɘŬɑŬɠ ŬɟˊŬɔɐɠ (instantaneous grab samplers) 

ȼ ˊɘɞ ɔɜɤůŰɐ ɛɏɗɞŭɞɠ ůŰɘɔɛɘŬɑŬɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮɑɜŬɘ ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛŮ űɘɎɚɖ (bottle 

sampling), ɧˊɞɡ ɏɜŬ ŭŮɑɔɛŬ ɜŮɟɞɨ ï ɘɕɐɛŬŰɞɠ ůɡɚɚŬɛɓɎɜŮŰŬɘ ɘůɞəɘɜɖɛŬŰɘəɎ ɛŮ Űɖ ɓɨɗɘůɖ ɛɑŬɠ 

űɘɎɚɖɠ ůŰɞ ɜŮɟɧ Űɞɡ ˊɞŰŬɛɞɨ. ɆŰɖ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ŬɜɎɚɡůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŰɞ ŮɟɔŬůŰɐɟɘɞ. ȺɑɜŬɘ 

ɛɑŬ ŬˊɞŭŮəŰɐ ɛɏɗɞŭɞɠ, əŬɚɎ ŰŮəɛɖɟɘɤɛɏɜɖ, əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ. ɇɞ ɓɎɗɞɠ əŬɘ Űɞ ůɖɛŮɑɞ 

ŮɜůɤɛɎŰɤůɖɠ ŭŮɘɔɛŬŰɞɚɖ́ Űɩɜ ˊɟɏˊŮɘ ɜŬ ŮˊɘŰɟɏˊɞɡɜ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ŭŮɑɔɛŬŰŬ ůɢŮŭɧɜ ůŮ 

ɞɚɧəɚɖɟɞ Űɞ ɓɎɗɞɠ ɟŮɨɛŬŰɞɠ. ȼ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛŮ űɘɎɚɖ ɔŮɜɘəɎ ɗŮɤɟŮɑŰŬɘ Űɞ ˊɟɧŰɡˊɞ ɓɎůŮɘ Űɞɡ 

ɞˊɞɑɞɡ ɞɘ Ɏɚɚɞɘ Űɨˊɞɘ ŭŮɘɔɛŬŰɞɚɖˊŰɩɜ ɓŬɗɛɞɜɞɛɞɨɜŰŬɘ. ɇɞ ɓŬůɘəɧ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ 

ŮɑɜŬɘ ɖ əŬəɐ ɢɟɞɜɘəɐ ŬɜɎɚɡůɖ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŮɠ ɛŮɗɧŭɞɡɠ, ɧˊɤɠ ɖ ŬɜŰɚɑŬ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, Űɞ ˊɟɞůɤˊɘəɧ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ůŮ ŮŰɞɘɛɧŰɖŰŬ ɔɘŬ Űɖ ɚɐɣɖ ŭŮɘɔɛɎŰɤɜ. ȷɡŰɧ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ůɡɢɜɎ Űɖɜ ŮɟɔŬůɑŬ ŬɟɔɎ Űɖ ɜɨɢŰŬ ůŮ ůɡɜɗɐəŮɠ əŬŰŬɘɔɑŭŬɠ (Wren et al., 2000). 

 

ȹŮɘɔɛŬŰɞɚɐˊŰŮɠ ŬɜŰɚɑŬɠ (pump samplers) 

Ƀɘ Walling et al. (1971) əŬŰŬůəŮɨŬůŬɜ əŬɘ ŮɔəŬŰɏůŰɖůŬɜ ůŮ ɛɘŬ ɛɘəɟɐ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

ɏɜŬɜ Ŭˊɚɧ ŭŮɘɔɛŬŰɞɚɐˊŰɖ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɎɜŰɚɖůɖ (pumping suspended 

sediment sampler). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟŮɑɢŬɜ ɢɟɐůɘɛŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ 

ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ əŬɘ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŭɘŬɚɡɛɏɜɞɡ űɞɟŰɑɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ 

əŬŰŬɘɔɑŭŬɠ əŬɘ ɔɘŬ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ Ůɚɏɔɢɞɡɜ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ ůɡɔəɏɜŰɟɤůɖ ŬɘɤɟɞɨɛŮɜɤɜ 

űŮɟŰɩɜ ɡɚɩɜ ůŮ ɏɜŬ ɟŮɨɛŬ. ɇŬ əɨɟɘŬ ɛɏɟɖ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ ŮɑɜŬɘ ɖ ŬɜŰɚɑŬ, Űɞ 

ůɨůŰɖɛŬ ɢɞɟɐɔɖůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŮ ɏɜŬ ůɨɜɞɚɞ űɘŬɚɩɜ, ɞ ɛɖɢŬɜɘůɛɧɠ ɢɟɞɜɘůɛɞɨ ɔɘŬ Űɞɜ 

ɏɚŮɔɢɞ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ ɎɜŰɚɖůɖɠ əŬɘ ɏɜŬɠ ɛɖɢŬɜɘůɛɧɠ ŭɘŬəɞˊɐɠ ɔɘŬ ɜŬ ˊŮɟɘɞɟɑɕŮɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ ůŮ ˊŮɟɘɧŭɞɡɠ əŬŰŬɘɔɑŭŬɠ - ɛŮɔɎɚɖɠ Ŭˊɞɟɟɞɐɠ. 
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ȺɘəɧɜŬ 2. 5. ȷɜŰɚɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ, ȷ) Űɞ ɔŮɜɘəɧ ůɢɏŭɘɞ əŬɘ ȸ) Űɞ ůɨůŰɖɛŬ ɚŮɘŰɞɡɟɔɑŬɠ 

(Walling et al., 1971) 

 

 

ɆŰɞɜ ɄɑɜŬəŬ 2.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɛŮɟɘəɏɠ Ŭəɧɛɖ ŰŮɢɜɘəɏɠ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ 

ɔɘŬ Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ əŬɘ Űɖ ɛɏŰɟɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ. 
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ɄɑɜŬəŬɠ 2. 1. ɇŮɢɜɘəɏɠ ɀɏŰɟɖůɖɠ ȷɘɤɟɞɨɛŮɜɞɡ ȽɕɐɛŬŰɞɠ (Wren et al., 2000). 

ɇŮɢɜɘəɐ  ȸŬůɘəɐ ȿŮɘŰɞɡɟɔɑŬ 

ȷəɞɡůŰɘəɐ ȱɢɞɠ ˊɞɡ ŬɜŬŭɘŬɢɏŮŰŬɘ Ŭˊɧ ɘɕɐɛŬŰŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ əŬɗɞɟɑůŮɘ Űɞ 

ɛɏɔŮɗɞɠ əŬɘ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ. 

ȺůŰɘŬůɛɏɜɖ 

ŭɏůɛɖ ŬɜɎəɚŬůɖɠ 

ɀŮŰɟɘɏŰŬɘ ɞ ɢɟɧɜɞɠ ŬɜŰŬɜɎəɚŬůɖɠ ɛɑŬɠ ŭɏůɛɖɠ ɚɏɘɕŮɟ ůŮ ůɤɛŬŰɑŭɘŬ 

ɘɕɐɛŬŰɞɠ 

ȹɘɎɗɚŬůɖ ɛŮ Laser ɀŮŰɟɘɏŰŬɘ ɖ ɔɤɜɑŬ ŭɘɎɗɚŬůɖɠ ɛɑŬɠ ŭɏůɛɖɠ ɚɏɘɕŮɟ ůŮ ůɤɛŬŰɑŭɘŬ ɘɕɐɛŬŰɞɠ 

Ʉɡɟɖɜɘəɐ ɀŮŰɟɘɏŰŬɘ ɞ ŮˊŬɜŬůəŮŭŬůɛɧɠ ɐ ɖ ɛŮŰɎŭɞůɖ Űɤɜ ŬəŰɘɜɩɜ ɔɎɛɛŬ ɐ ɉ 

ɛɏůɤ ŭŮɘɔɛɎŰɤɜ ɜŮɟɞɨ-ɘɕɐɛŬŰɞɠ 

ɃˊŰɘəɐ ɀŮŰɟɘɏŰŬɘ ɞ ŮˊŬɜŬůəŮŭŬůɛɧɠ ɐ ɖ ɛŮŰɎŭɞůɖ Űɞɡ ɞɟŬŰɞɨ űɤŰɧɠ ɐ Űɖɠ 

ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛɏůɤ ŭŮɘɔɛɎŰɤɜ ɜŮɟɞɨ-ɘɕɐɛŬŰɞɠ 

ȷˊɞɛŬəɟɡůɛɏɜɖ 

űŬůɛŬŰɘəɐ ŬɜɎəɚŬůɖ 

ɇɞ űɤɠ ˊɞɡ ŬɜŬəɚɎŰŬɘ əŬɘ ŭɘŬɢɏŮŰŬɘ Ŭˊɧ ɏɜŬ ůɩɛŬ ɜŮɟɞɨ ɛŮŰɟɘɏŰŬɘ Ŭˊɧ 

ŬˊɧůŰŬůɖ. 

 

 

2.3. ɳ˅ʽˋ˗ˋʶʽˌ ʇʵˊʰˎ˂ʽˁʺˌ ʃˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋʶ ʃˇˍʱ˃ʽʰ 

ɇŬ ɛɞɜŰɏɚŬ ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ ɟɞɐɠ Űɞɡ ɜŮɟɞɨ ůŰŬ ˊɞŰɎɛɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŮɢɜɘəɏɠ ˊɞɡ 

ɓŬůɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŰɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ ɛɎɕŬɠ əŬɘ ůŮ ɛɘŬ Ŭˊɚɞˊɞɘɖɛɏɜɖ ɛɞɟűɐ Űɖɠ Ůɝɑůɤůɖɠ 

ŭɘŬŰɐɟɖůɖɠ Űɖɠ ɞɟɛɐɠ. ȾɎˊɞɘŮɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŰŮɢɜɘəɏɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ. 

 

Ⱥɝɑůɤůɖ Manning 

ȿɧɔɤ Űɖɠ Ŭˊɚɞˊɞɘɖɛɏɜɖɠ ɛɞɟűɐɠ Űɖɠ əŬɘ Űɤɜ ɘəŬɜɞˊɞɘɖŰɘəɩɜ Űɖɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɖ Ůɝɑůɤůɖ 

Manning ɏɢŮ ɔɑɜŮɘ ɖ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ Ŭˊɧ ɧɚŮɠ Űɘɠ ŮɝɘůɩůŮɘɠ ɞɛɞɘɧɛɞɟűɖɠ ɟɞɐɠ ůŮ ŬɜɞɘɢŰɧ əŬɜɎɚɘ 

ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ɟɞɐɠ (Te Chow, 1959). ȼ Ůɝɑůɤůɖ Manning ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ ɛɞɟűɐ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ˊŬɟɞɢɐɠ ůŮ űɡůɘəɧ əŬɜɎɚɘ. 

 

ὗ
ρȢτψφ

ὲ
ὃὙȾὛ Ⱦ

 (2.1) 

 

ȳˊɞɡ: 
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Q: ɖ ˊŬɟɞɢɐ (L3/ɇ) 

ȷ: ɖ ŭɘŬŰɞɛɐ Űɖɠ ɟɞɐɠ (L2) 

n: ɞ ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ Manning (M1/3 T) 

R: ɖ ɡŭɟŬɡɚɘəɐ ŬəŰɑɜŬ Űɞɡ ɟŮɨɛŬŰɞɠ (L) 

So: ɖ əɚɑůɖ Űɞɡ əŬɜŬɚɘɞɨ əŬŰɎ Űɞ ŭɘŬɛɐəŮɠ ˊɟɞűɑɚ (ŬŭɘɎůŰŬŰɞ) 

 

ȼ Ůɝɑůɤůɖ (2.1) ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ ůɡɜɗɐəŮɠ ɞɛɞɘɧɛɞɟűɖɠ ɟɞɐɠ ɧˊɞɡ ɖ ɏəŰŬůɖ, Űɞ ɓɎɗɞɠ əŬɘ 

ɖ ŰŬɢɨŰɖŰŬ ŮɑɜŬɘ ůŰŬɗŮɟɎ ůŮ ɧɚɞ ɛɐəɞɠ Űɞɡ əŬɜŬɚɘɞɨ (Thomsen et al., 1991). ȼ Ůɝɑůɤůɖ ŬɡŰɐ 

ɘůɢɨŮɘ Ůˊɑůɖɠ əŬɘ ɔɘŬ Űɖɜ ɛɖ ɞɛɞɘɧɛɞɟűɖ ɟɞɐ, ŬɟəŮɑ ɖ ŮɜŮɟɔŮɘŬəɐ ɛŮŰŬɓɞɚɐ ɜŬ ŰɟɞˊɞˊɞɘɖɗŮɑ ɏŰůɘ 

ɩůŰŮ ɜŬ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ ɛɧɜɞ Űɘɠ ŬˊɩɚŮɘŮɠ ɚɧɔɤ ɞɟɘŬəɐɠ Űɟɘɓɐɠ (Phillips et al., 2006). 

 

Ⱥɝɑůɤůɖ ȾɘɜɖɛŬŰɘəɞɨ ȾɨɛŬŰɞɠ (Kinematic ï wave equation) 

ȼ Ůɝɑůɤůɖ əɘɜɖɛŬŰɘəɞɨ əɨɛŬŰɞɠ ŮɑɜŬɘ ɛɘŬ Ŭˊɚɞˊɞɘɖɛɏɜɖ ˊɟɞůɏɔɔɘůɖ Űɤɜ ŮɝɘůɩůŮɤɜ Saint-

Venant ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɟɞɐɠ ɛɏůɤ ɞɟɗɞɔɩɜɘɤɜ ɐ ɛɖ-ˊɟɘůɛŬŰɘəɩɜ əŬɜŬɚɘɩɜ. ȼ Ůɝɑůɤůɖ 

əɘɜɖɛŬŰɘəɞɨ əɨɛŬŰɞɠ ɔɘŬ ŭɟɞɛɞɚɧɔɖůɖ ɟɞɐɠ ůŮ ɟɏɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ɔɟŬűŰŮɑ (Miller , 1984): 

‬ὗ

‬ὼ

‬ὃ

‬ὸ
π (2.2) 

 

ȳˊɞɡ: 

ȷ: ɖ ɓɟŮɢɧɛŮɜɖ ŮˊɘűɎɜŮɘŬ ŭɘŬŰɞɛɐɠ (L2) 

Q: ɖ ˊŬɟɞɢɐ (L3/T) 

ȹɘɎűɞɟŮɠ ɛɞɟűɏɠ Űɖɠ Ůɝɑůɤůɖɠ ɞɟɛɐɠ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ Űɖɜ Ůɝɑůɤůɖ (2.2) ɔɘŬ Űɖ ŭɟɞɛɞɚɧɔɖůɖ 

Űɖɠ ɟɞɐɠ ˊɟɞɠ ŰŬ əŬŰɎɜŰɖ. ȼ ɛɞɟűɐ Űɖɠ Ůɝɑůɤůɖɠ ɞɟɛɐɠ ɚŬɛɓɎɜŮɘ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ ŬɜɎɚɞɔŬ ɛŮ 

Űɞ ˊɤɠ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ ŭɘŬŰɞɛɩɜ əŬɘ ɞɘ əɚɑůŮɘɠ Űɞɡ əŬɜŬɚɘɞɨ ɗŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ Ůɝɑůɤůɖ 

Űɞɡ Manning. 

 

ȼ ˊɟɞůɏɔɔɘůɖ əɘɜɖɛŬŰɘəɞɨ əɨɛŬŰɞɠ ŬɔɜɞŮɑ Űɖ ŭɡɜŬɛɘəɐ ůɡɜɘůŰɩůŬ Űɖɠ ɟɞɐɠ ɖ ɞˊɞɑŬ 

ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ ŰŬ ˊŬɟɎɔɤɔŬ Űɞɡ ɧɟɞɡ ůŰɖɜ ˊɘɞ ɞɚɞəɚɖɟɤɛɏɜɖ ɛɞɟűɐ Űɖɠ Ůɝɑůɤůɖɠ 

ɞɟɛɐɠ ůŰɘɠ ŮɝɘůɩůŮɘɠ Saint-Venant. ɈˊɞɗɏŰɞɡɛŮ ɧŰɘ ɞɘ ɓŬɟɡŰɘəɏɠ ŭɡɜɎɛŮɘɠ ŮɝɘůɞɟɟɞˊɞɨɜŰŬɘ ɛŮ 

ŭɡɜɎɛŮɘɠ Űɟɘɓɐɠ ɏŰůɘ ɩůŰŮ: 
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Ὓ Ὓ (2.3) 

ȳˊɞɡ: 

So: ɖ əɚɑůɖ Űɞɡ əŬɜŬɚɘɞɨ ůŰɞ ŭɘŬɛɐəŮɠ ˊɟɞűɑɚ (ŬŭɘɎůŰŬŰɞ) 

Sf: ɖ əɚɑůɖ Űɟɘɓɐɠ Űɞɡ əŬɜŬɚɘɞɨ ůŰɞ ŭɘŬɛɐəŮɠ ˊɟɞűɑɚ (ŬŭɘɎůŰŬŰɞ) 

 

Ⱥɝɑůɤůɖ ȹɘɎɢɡůɖɠ ȾɨɛŬŰɞɠ 

ɀɘŬ Ɏɚɚɖ ɚɘɔɧŰŮɟɞ Ŭˊɚɞˊɞɘɖɛɏɜɖ ˊɟɞůɏɔɔɘůɖ Űɤɜ ŮɝɘůɩůŮɤɜ Saint-Venant ůɡɜŭɡɎɕŮɘ Űɖɜ 

ɢɤɟɘəɐ ˊŬɟɎɔɤɔɞ, Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ ɞɟɛɐɠ, ɛŮ Űɖɜ Ůɝɑůɤůɖ ůɡɜɏɢŮɘŬɠ, ɖ ɞˊɞɑŬ ɞŭɖɔŮɑ ůŮ ɏɜŬ 

ŭŮɨŰŮɟɞ ˊŬɟŬɔɤɔɘəɧ ɧɟɞ ůŰɖɜ Ůɝɑůɤůɖ ůɡɜɏɢŮɘŬɠ (Liggett, 1975). Ƀ ŭŮɨŰŮɟɞɠ ˊŬɟŬɔɤɔɘəɧɠ ɧɟɞɠ 

ůŰɖɜ Ůɝɑůɤůɖ ůɡɜɏɢŮɘŬɠ ˊɟɞəŬɚŮɑ Űɞ əɨɛŬ ˊɚɖɛɛɡɟɩɜ ɜŬ ŮɝŬˊɚɤɗŮɑ ŬɜɎɜŰɖ ŮɚŬűɟɩɠ əŬɘ 

ůɡɜɐɗɤɠ ŬɜŬűɏɟŮŰŬɘ ɤɠ ŬɜŬɚɞɔɑŬ ŭɘɎɢɡůɖɠ ɔɘŬ Űɖ ŭɡɜŬɛɘəɐ ůɡɜɘůŰɩůŬ Űɖɠ Ůɝɑůɤůɖɠ ɞɟɛɐɠ. 

ȼ Ŭˊɚɞˊɞɘɖɛɏɜɖ ɛɞɟűɐ Űɖɠ Ůɝɑůɤůɖɠ ɞɟɛɐɠ: 

 

ί
‬Ὤ

‬ὼ
π (2.4) 

 

ȼ Ůɝɑůɤůɖ (2.4) ŮˊɘŰɟɏˊŮɘ Űɖɜ əŬŰŮɡɗɡɜɧɛŮɜɖ ɟɞɐ ˊɟɞɠ ŰŬ ŬɜɎɜŰɖ. Ƀ Brakensiek (1965) 

ɏɚɡůŮ Űɘɠ ŮɝɘůɩůŮɘɠ ɛŮ ɛɘŬ ˊŮˊɚŮɔɛɏɜɖ (implicit) ŰŮɢɜɘəɐ Ůˊɑɚɡůɖɠ ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ ůŰɞ 

əɏɜŰɟɞ ŰŮůůɎɟɤɜ ůɖɛŮɑɤɜ. Ƀɘ Harder et al. (1966) ɢɟɖůɘɛɞˊɞɑɖůŬɜ ɛɘŬ ɟɖŰɐ (explicit) ŰŮɢɜɘəɐ 

Ůˊɑɚɡůɖɠ ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ. ɇɞ ɛɖ-ɔɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ŭɘɎɢɡůɖɠ əɨɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ɛɘŬ 

ůɖɛŬɜŰɘəɐ ɓŮɚŰɑɤůɖ Űɞɡ əɘɜɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ, ɚɧɔɤ Űɖɠ ɏɜŰŬɝɖɠ ůŰɖɜ Ůɝɑůɤůɖ (2.4) Űɞɡ ɧɟɞɡ 

Űɖɠ əɚɑůɖɠ ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ (Öh/Öx). Ƀ ɧɟɞɠ ŬɡŰɧɠ ŮˊɘŰɟɏˊŮɘ ůŰɞ ɛɞɜŰɏɚɞ ŭɘɎɢɡůɖɠ ɜŬ 

ˊŮɟɘɔɟɎɣŮɘ Űɖɜ ŮɝŬůɗɏɜɖůɖ (űŬɘɜɧɛŮɜɞ ŭɘɎɢɡůɖɠ) Űɖɠ ˊɚɖɛɛɨɟŬɠ ůŰɞ əŬŰɎɜŰɖ Ɏəɟɞ Űɞɡ 

əŬɜŬɚɘɞɨ ɔɘŬ Űɖɜ ŬɜŰɘˊɟɞůɩˊŮɡůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ŮˊɘůŰɟɞűɐɠ ɜŮɟɞɨ ɛɏůŬ ůŰɞ ˊɞŰɎɛɘ 

(backwater effects). ȹŮɜ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɡɠ ŬŭɟŬɜŮɑɠ ɧɟɞɡɠ Űɖɠ Ůɝɑůɤůɖɠ ɞɟɛɐɠ, ɤɠ Ůə ŰɞɨŰɞɡ, 

ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɖɜ ŮɚŬűɟɎ ŮˊɘɓɟɎŭɡɜůɖ Űɖɠ Ŭɜɧŭɞɡ Űɞɡ ˊɚɖɛɛɡɟɘəɞɨ əɨɛŬŰɞɠ ůŮ əŬɜɎɚɘŬ 

ɞɛɞɘɧɛɞɟűɖɠ ɔŮɤɛŮŰɟɑŬɠ.  

 

2.4. ɲʽˋʵʽʱˋˍʰˍʰ ʇʵˊʰˎ˂ʽˁʱ ɾˇ˄ˍʷ˂ʰ 

ɇŬ ɡŭɟŬɡɚɘəɎ ɛɞɜŰɏɚŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ: ɛɞɜɞŭɘɎůŰŬŰŬ (1D) əŬɘ 

ŭɘůŭɘɎůŰŬŰŬ (2D). ɇŬ ɛɞɜɞŭɘɎůŰŬŰŬ ŬɟɘɗɛɖŰɘəɎ ɛɞɜŰɏɚŬ ɓŬůɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŮ ŮˊɘɚɨůŮɘɠ 
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ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ əŬɘ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. ȼ ɛɏɗɞŭɞɠ Űɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ 

ŮɑɜŬɘ ɖ ˊɘɞ ŭɖɛɞűɘɚɐɠ ɚɧɔɤ Űɞɡ ůɡɔəɟɘŰɘəɎ ɛɘəɟɞɨ ɡˊɞɚɞɔɘůŰɘəɞɨ ɢɟɧɜɞɡ. ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŬ 

ŮɟɔŬɚŮɑŬ ɚɞɔɘůɛɘəɞɨ ɔɘŬ Űɖɜ ŭɡɜŬɛɘəɐ 1D ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ ůŮ ˊɞŰŬɛɞɨɠ, ɧˊɤɠ Űɞ ɛɞɜŰɏɚɞ 

HEC River Analysis System Ŭˊɧ Űɞ Army Corps of Engineers Űɤɜ ȼɄȷ (USACE, 2002) əŬɘ Űɞ 

ɡŭɟŬɡɚɘəɧ ɛɞɜŰɏɚɞ MIKE 11 ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɖɜ DHI (DHI, 2001), ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŮəŰŮɜɩɠ. 

ɇŬ ɛɞɜɞŭɘɎůŰŬŰŬ ɛɞɜŰɏɚŬ, Ŭɜ əŬɘ ŬˊɚɎ ůŰɖ ɢɟɐůɖ, ŭŮɜ ˊŬɟɏɢɞɡɜ ɚŮˊŰɞɛŮɟŮɑɠ ˊɚɖɟɞűɞɟɑŮɠ 

ůɢŮŰɘəɎ ɛŮ Űɞ ˊŮŭɑɞ ɟɞɐɠ. ɇŬ ɛɞɜŰɏɚŬ ŭɨɞ ŭɘŬůŰɎůŮɤɜ ɏɢɞɡɜ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ 

Űɖɠ ɟɞɐɠ ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ əŬɘ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɚŮˊŰɞɛŮɟɩɜ ŭɘůŭɘɎůŰŬŰɤɜ 

ɢŬɟŰɩɜ. ɄŬɟ 'ɧɚŬ ŬɡŰɎ, Űɞ ɛŮɘɞɜɏəŰɖɛŬ Űɤɜ ɛɞɜŰɏɚɤɜ 2D ŮɑɜŬɘ ɧŰɘ ŬˊŬɘŰɞɨɜ ůɖɛŬɜŰɘəɧ 

ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ əŬɘ ɚŮˊŰɞɛŮɟɏɠ ˊɚɏɔɛŬ ˊɞɡ ŬˊŬɘŰŮɑ ɛŮɔɎɚɖ ɛɜɐɛɖ.  

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ɔɑɜŮŰŬɘ ɛɘŬ ŬɜŬůəɧˊɖůɖ Űɤɜ ŭɘůŭɘɎůŰŬŰɤɜ ɡŭɟŬɡɚɘəɩɜ ɛɞɜŰɏɚɤɜ ˊɞɡ 

ůɡɜŬɜŰɎɛŮ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ. ɇŬ ɡŭɟɞŭɡɜŬɛɘəɎ ŬɡŰɎ ɛɞɜŰɏɚŬ ŮɑɜŬɘ ɓŬůɘůɛɏɜŬ ůŰɘɠ ŮɝɘůɩůŮɘɠ 

ŭɨɞ ŭɘŬůŰɎůŮɤɜ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐ Űɞɡ ɜŮɟɞɨ ɛɏůŬ ůŮ ˊɞŰɎɛɘŬ ůɡůŰɐɛŬŰŬ. 

 

ɀɞɜŰɏɚɞ LISFLOOD-FP 

ɇɞ LISFLOOD-FP ŮɑɜŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ˊɚɏɔɛŬŰɞɠ (raster-based model) ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ 

ˊɚɖɛɛɨɟŬɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɡɣɖɚɐ ŬɜɎɚɡůɖ ŰɞˊɞɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ (Bates et al., 2000). ȼ 

ɟɞɐ ɛɏůŬ ůŰɞ əŬɜɎɚɘ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɑŬ 1D ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɚɖɛɛɡɟɘəɞɨ 

əɨɛŬŰɞɠ əŬɘ Űɖɜ Ŭˊɧəɟɘůɖ Űɖɠ ɟɞɐɠ ůŮ əɚɑůɖ ŮɚŮɨɗŮɟɖɠ ŮˊɘűɎɜŮɘŬɠ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ 

Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ ůɡɜɏɢŮɘŬɠ əŬɘ ɞɟɛɐɠ. ȼ ɟɞɐ ůŰɘɠ ˊɚɖɛɛɡɟɘəɏɠ ɕɩɜŮɠ ɞɛɞɑɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ 

Űɘɠ ŮɝɘůɩůŮɘɠ ůɡɜɏɢŮɘŬɠ əŬɘ ɞɟɛɐɠ ɞɘ ɞˊɞɑŮɠ ŮˊɘɚɨɞɜŰŬɘ ˊɎɜɤ ůŮ ɏɜŬ ˊɚɏɔɛŬ Űɞ ɞˊɞɑɞ 

ŬɜŰɘˊɟɞůɤˊŮɨůŮɘ ŰŬ ŭɘůŭɘɎůŰŬŰŬ ˊŮŭɑŬ ŭɡɜŬɛɘəɐɠ ɟɞɐɠ (Horritt et al., 2002). 
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ɀɞɜŰɏɚɞ TELEMAC-2D 

ɇɞ ɛɞɜŰɏɚɞ TELEMAC-2D (Galland et al., 1991) ŮűŬɟɛɧɕŮŰŬɘ ůŮ ˊɟɞůɞɛɞɘɩůŮɘɠ ˊɞŰɎɛɘɤɜ 

ˊɚɖɛɛɡɟɩɜ (Bates et al., 1998). ɇɞ ɛɞɜŰɏɚɞ ŮˊɘɚɨůŮɘ Űɘɠ ŭɘůŭɘɎůŰŬŰŮɠ ŮɝɘůɩůŮɘɠ ɟɞɐɠ, ɔɜɤůŰɏɠ 

əŬɘ ɤɠ ŮɝɘůɩůŮɘɠ Saint Venant ůŮ ɡˊɞɚɞɔɘůŰɘəɧ ˊɚɏɔɛŬ. 

 

ɀɞɜŰɏɚɞ TUFLOW 

ɇɞ ɛɞɜŰɏɚɞ TUFLOW ŮɑɜŬɘ ɏɜŬ ŮɟɔŬɚŮɑɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɡɠ əɩŭɘəŮɠ ˊŮˊŮɟŬůɛɏɜɤɜ 

ŭɘŬűɞɟɩɜ, ɛŮ Űɖɜ ˊŮˊɚŮɔɛɏɜɖ ŰŮɢɜɘəɐ Ůˊɑɚɡůɖɠ ADI (alternating direction implicit). Ƀɘ ŮɝɘůɩůŮɘɠ 

ˊɞɡ ŮˊɘɚɨɞɜŰŬɘ ŮɑɜŬɘ ɞɘ ˊɚɐɟŮɘɠ ŭɘůŭɘɎůŰŬŰŮɠ ŮɝɘůɩůŮɘɠ ɔɘŬ Űɖ ɟɞɐ ůŮ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ (Syme, 

2001). 

 

ɀɞɜŰɏɚɞ JFLOW 

ɇɞ JFLOW ŮɑɜŬɘ ɏɜŬ 2D ŮɟɔŬɚŮɑɞ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɤɜ ˊɚɖɛɛɡɟɩɜ, ŬɜŬˊŰɨɢɗɖəŮ ɤɠ ɛɘŬ 

ɚɨůɖ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ˊɚɐɟɤɠ ɞɘ ɚŮˊŰɞɛɏɟŮɘŮɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŰɞˊɞɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ɜŬ 

ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ɖ ŬɜɎɔəɖ ɜŬ ŭɘŮɟŮɡɜɖɗɞɨɜ ɢŮɟůŬɑŮɠ ŭɘŬŭɟɞɛɏɠ ɟɞɐɠ ɛŮ ́ŮɟɘůůɧŰŮɟŮɠ 

ɚŮˊŰɞɛɏɟŮɘŮɠ ɔɟɖɔɞɟɧŰŮɟŬ Ŭˊɧ ɧŰɘ ɐŰŬɜ ɛɏɢɟɘ ůɐɛŮɟŬ ŭɡɜŬŰɧ. ɇɞ ɛɞɜŰɏɚɞ ŬəɞɚɞɡɗŮɑ ɏɜŬ 

ɡˊɞəŮɑɛŮɜɞ ɛɞɜŰɏɚɞ ŮŭɎűɞɡɠ ɛɏůŬ Ŭˊɧ ɏɜŬ ůɨůŰɖɛŬ ɔŮɤɔɟŬűɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ (GIS) əŬɘ 

ŮˊɘɚɨůŮɘ ɛɘŬ ŬˊɚɞɡůŰŮɡɛɏɜɖ ɛɞɟűɐ Űɤɜ 2D ɡŭɟɞŭɡɜŬɛɘəɩɜ ŮɝɘůɩůŮɤɜ ɟɞɐɠ (Bradbrook, 2006). 

 

 

2.5. ɾˇ˄ˍʷ˂ʰ ʃˊˇˋˇ˃ˇʾ˖ˋʹˌ ɾʶˍʰ˒ˇˊʱˌ ɹʸʺ˃ʰˍˇˌ ˋʶ ʃˇˍʱ˃ʽʰ 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Merritt et al. (2003) ɡˊɎɟɢŮɘ ɏɜŬ ɛŮɔɎɚɞ Ůɨɟɞɠ Ŭˊɧ ɛɞɜŰɏɚŬ ˊɟɞůɞɛɞɑɤůɖɠ 

ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ. ũŮɜɘəɎ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ŰŬ ɛɞɜŰɏɚŬ ŭɘɎɓɟɤůɖɠ əŬɘ ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ 

əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ˊɟɞůɞɛɞɘɩɜɞɜŰŬɘ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ, 

Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ŬɡŰɏɠ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ əŬɘ Űɖɜ ŮɝɎɟŰɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ 

Űɞ ɛɞɜŰɏɚɞ. Ƀɘ əŬŰɖɔɞɟɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ: 

¶ ȺɛˊŮɘɟɘəɎ ɐ ůŰŬŰɘůŰɘəɎ ɛɞɜŰɏɚŬ (Empirical or Statistical), 

¶ ȺɜɜɞɘɞɚɞɔɘəɎ ɛɞɜŰɏɚŬ (Conseptual), əŬɘ  

¶ ɀɞɜŰɏɚŬ ɓŬůɘůɛɏɜŬ ůŰɖɜ űɡůɘəɐ (Physics based) 
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ȼ ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ɛɞɜŰɏɚɤɜ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ ůŬűɐɠ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ əɎˊɤɠ 

ɡˊɞəŮɘɛŮɜɘəɐ. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ŮɑɜŬɘ ˊɘɗŬɜɧ Űɞ ɛɞɜŰɏɚɞ ɜŬ ˊŮɟɘɏɢŮɘ ɏɜŬ ɛɑɔɛŬ 

Űɤɜ ˊŬɟŬˊɎɜɤ Űɟɘɩɜ əŬŰɖɔɞɟɘɩɜ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ əɡɟɑɤɠ ůŮ ɛɞɜŰɏɚŬ ˊɞɡ ˊɟɞůɞɛɞɘɩɜɞɡɜ Űɖɜ ɟɞɐ 

əŬɘ Űɖɜ ɛŮŰŬűɞɟɎ ɘɕɐɛŬŰɞɠ ɛɏůŬ ůŮ ˊɞŰɎɛɘ. Ʉɞɚɚɞɑ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ ŭɘɎɓɟɤůɖ 

əŬɘ Űɖɜ ɛŮŰŬűɞɟɎ ɘɕɐɛŬŰɞɠ ɏɢɞɡɜ ŮɜůɤɛŬŰɤɗŮɑ ůŮ ɡŭɟɞɚɞɔɘəɎ əŬɘ ɡŭɟŬɡɚɘəɎ ɛɞɜŰɏɚŬ ɛŮ 

ůɖɛŬɜŰɘəɧŰŮɟɞ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Űɖɠ ɗŮɛŮɚɘɩŭɞɡɠ Ůɝɑůɤůɖɠ ɛŮŰŬűɞɟɎɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ ɛŮŰŬűɞɟɎ əŬɘ 

ŮɜŬˊɧɗŮůɖ ɘɕɐɛŬŰɞɠ əŬŰɎ ɛɐəɞɠ ɛɘŬɠ əɞɑŰɖɠ (Engelhund et al., 1968): 

 

ή πȢπτ
ὛϽὬ Ⱦ

ί ρ ϽὨ ϽὫȾ
Ͻὺ πȢπτ

ςϽὫ

Ὢ
ρȾφ

ὛϽή Ⱦ

ί ρ ϽὨ ϽὫȾ
 (2.5) 

 

ȳˊɞɡ: 

qT: ɖ ˊɞůɧŰɖŰŬ Űɞɡ ɛŮŰŬűŮɟɧɛŮɜɞɡ ɘɕɐɛŬŰɞɠ (m3 m-1 s-1) 

S: ɖ əɚɑůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ 

s: ɞ ɚɧɔɞɠ Űɞɡ Ůɘŭɘəɞɨ ɓɎɟɞɡɠ ɐ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ɘɕɐɛŬŰɞɠ ůŰɞ ɜŮɟɧ 

ɜ: ɖ ŰŬɢɨŰɖŰŬ ɟɞɐɠ (m s-1) 

h: Űɞ ɓɎɗɞɠ ɜŮɟɞɨ (m) 

f: ɞ ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ 

d50: ɖ ɛɏůɖ ŭɘɎɛŮŰɟɞɠ əɧəəɞɡ ůŰɞ ŭŮɑɔɛŬ (ɛm) 

q: ɖ Ŭˊɞɟɟɞɐ (m3 m-1 s-1) 

g: ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ (m2 s-1) 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ əɡɟɑɤɠ ůŮ ɛɞɜŰɏɚŬ ˊɞɡ ˊɟɞůɞɛɞɘɩɜɞɡɜ Űɖɜ ɟɞɐ 

əŬɘ Űɖɜ ɛŮŰŬűɞɟɎ ɘɕɐɛŬŰɞɠ ɛɏůŬ ůŮ ˊɞŰɎɛɘ. ɇŬ ɛɞɜŰɏɚŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ˊŬɟŬəɎŰɤ ŭɘŬűɏɟɞɡɜ 

ůɖɛŬɜŰɘəɎ ůŰɖ ɛŮŰŬɢŮɑɟɘůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ˊŬɟŬɔɤɔɐɠ űŮɟŰɩɜ ɡɚɘəɩɜ, Űɖɠ ɛŮŰŬűɞɟɎɠ əŬɘ Űɖɠ 

ŮɜŬˊɧɗŮůɖɠ ŬɚɚɎ əŬɘ ůŰɖɜ əɚɑɛŬəŬ ŮűŬɟɛɞɔɐɠ əŬɘ ɚŮɘŰɞɡɟɔɑŬɠ. 

 

ɀɞɜŰɏɚɞ HSPF 

ɇɞ Ɉŭɟɞɚɞɔɘəɧ ɄɟɧɔɟŬɛɛŬ Ʉɟɞůɞɛɞɑɤůɖɠ, Fortran (HSPF) ŬɜŬˊŰɨɢɗɖəŮ ɛŮ ɓɎůɖ Űɞ 

ɛɞɜŰɏɚɞ Stanford Watershed (1960), ɔɘŬ Űɖɜ ɡŭɟɞɚɞɔɘəɐ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ 
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Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ (ɎɕɤŰɞ, űɩůűɞɟɞɠ, ŬɘɤɟɞɨɛŮɜŬ ɘɕɐɛŬŰŬ əŬɘ Ɏɚɚɞɘ Űɞɝɘəɞɑ ɞɟɔŬɜɘəɞɑ ɐ 

ŬɜɧɟɔŬɜɞɑ ɟɨɞ́ɘ) (Walton et al., 1996). ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ Ůɜɜɞɘɞɚɞɔɘəɧ ɛɞɜŰɏɚɞ ɧˊɞɡ ɞɘ ɚŮəɎɜŮɠ 

Ŭˊɞɟɟɞɐɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ɡŭɟɞɚɞɔɘəɎ ɞɛɞɘɞɔŮɜɐ ŰɛɐɛŬŰŬ ɔɖɠ. ȼ ɞ́ůɧŰɖŰŬ əŬɘ ˊɞɘɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ əɎɗŮ ɢɟɐůɖ ɔɖɠ ůŮ ɏɜŬ ŰɛɐɛŬ ɔɖɠ. ȼ ɟɞɐ Űɞɡ ɜŮɟɞɨ, ŰŬ ɘɕɐɛŬŰŬ əŬɘ ɞɘ ɢɖɛɘəɐ 

ɟɞɏɠ ůŰɖ ůɡɜɏɢŮɘŬ ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ ˊɞŰɎɛɘ, əŬɘ əŬŰŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɖɜ ɏɝɞŭɞ Űɖɠ ɚŮəɎɜɖɠ. ɇɞ 

ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɘɩɜŮɘ ɛɧɜɞ ɛɞɜɞŭɘɎůŰŬŰɖ ɟɞɐ ůŰɞ ˊɞŰɎɛɘ. 

 

ɀɞɜŰɏɚɞ IHACRES-WQ 

ɇɞ ɛɞɜŰɏɚɞ IHACRES-WQ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ɓɟɞɢɐɠ - Ŭˊɞɟɟɞɐɠ IHACRES 

(Jakeman et al., 1990) əŬɘ Űɞ ɛɞɜŰɏɚɞ STARS (Green et al., 1999) ɔɘŬ ɛŮŰŬűɞɟɎ ŬɘɤɟɞɨɛŮɜɤɜ 

űŮɟŰɩɜ ɡɚɩɜ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ ɛɏůŬ ůŮ ˊɞŰɎɛɘŬ ůɡůŰɐɛŬŰŬ. ɇɞ ɛɞɜŰɏɚɞ STARS ŬˊŬɘŰŮɑ 

ɔɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ, ůɡɔəŮɜŰɟɩůŮɘɠ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ ŬɜɎɜŰɖ əŬɘ əŬŰɎɜŰɖ. ȺɑɜŬɘ ɏɜŬ 

ɛɞɜɞŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ ɛŮŰŬűɞɟɎɠ ɛɎɕŬɠ ɛŮŰŬɝɨ ŭɨɞ ůŰŬɗɛɩɜ ɛɏŰɟɖůɖɠ ɐ 

əɧɛɓɤɜ ɛŮ ŭŮŭɞɛɏɜɖ ɟɞɐ. ɇɞ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɘɩɜŮɘ ŭɘŮɟɔŬůɑŮɠ, ɧˊɤɠ Űɖɜ əŬɗɑɕɖůɖ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ, Űɖɜ ŮɜŬˊɧɗŮůɖ əŬɘ Űɖɜ ŮˊŬɜŬɘɩɟɖůɖ Űɞɡ ɘɕɐɛŬŰɞɠ, əŬɗɩɠ əŬɘ Űɘɠ ˊɚŮɡɟɘəɏɠ ˊɖɔɏɠ 

Űɞɡ ɘɕɐɛŬŰɞɠ Ŭˊɧ Űɖɜ ŭɘɎɓɟɤůɖɠ Űɤɜ ɧɢɗŮɤɜ əŬɘ Űɘɠ Űɞˊɘəɏɠ ɓɟɞɢɞˊŰɩůŮɘɠ. 

 

ɀɞɜŰɏɚɞ IQQM 

ɇɞ ɛɞɜŰɏɚɞ ˊɞůɧŰɖŰŬɠ əŬɘ ˊɞɘɧŰɖŰŬɠ IQQM (Integrated Water Quantity and Quality Model) 

ŮɑɜŬɘ ɏɜŬ Ůɜɜɞɘɞɚɞɔɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŰɞ NSW Ŭˊɧ Űɞ ŰɛɐɛŬ ȹɘŬŰɐɟɖůɖɠ ũɖɠ əŬɘ 

ɁŮɟɞɨ ůŰɖɜ ȷɡůŰɟŬɚɑŬ. ɇɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞ ɔɘŬ ɢɟɐůɖ ɤɠ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ 

əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ˊɞɚɘŰɘəɩɜ ŭɘŬɢŮɑɟɘůɖɠ Űɤɜ ɡŭɎŰɘɜɤɜ ˊɧɟɤɜ ůŮ əɚɑɛŬəŬ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ ˊɞŰŬɛɞɨ (Simons et al., 1996). ɆŰɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ˊŮɟɘɏɢɞɜŰŬɘ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ 

ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ əŬɘ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ ɛɏůŬ ůŰɞ ˊɞŰɎɛɘ. 

 

ɇŮɢɜɘəɐ OpenMP 

ȼ OpenMP (Open Multiprocessing) ŰŮɢɜɘəɐ ɡɘɞɗŮŰŮɑŰŬɘ ɔɘŬ ɜŬ ˊŬɟŬɚɚɖɚɑůŮɘ Űɞɡɠ əɩŭɘəŮɠ 

ůɡɕŮɡɔɛɏɜɤɜ 2D ɛɞɜŰɏɚɞɡ ɡŭɟɞŭɡɜŬɛɘəɐɠ əŬɘ ɛŮŰŬűɞɟɎ ɘɕɐɛŬŰɞɠ.(Huang et al., 2014). ɇɞ 

ůɡɜŭɡŬůɛɏɜɞ ɛɞɜŰɏɚɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ 2D ɟɞɐɠ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ 

ŮɝɘůɩůŮɘɠ ɛɎɕŬɠ əŬɘ ŭɘŬŰɐɟɖůɖɠ Űɖɠ ɞɟɛɐɠ ɔɘŬ ɟɞɐ ɛŮɑɔɛŬŰɞɠ ɜŮɟɞɨ-ɘɕɐɛŬŰɞɠ əŬɘ Űɘɠ ŮɝɘůɩůŮɘɠ 

ŭɘŬŰɐɟɖůɖɠ ɛɎɕŬɠ ɔɘŬ ŰŬ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡɚɘəɧ Űɖɠ əɞɑŰɖɠ. 
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ɀɞɜŰɏɚɞ SedNet 

ɇɞ ɛɞɜŰɏɚɞ Sediment River Network ŮɑɜŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ůŰŬɗŮɟɩɜ ůɡɜɗɖəɩɜ (steady ï state) 

ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ űŮɟŰɩɜ ɡɚɘəɩɜ əŬɘ Űɖɜ ŬˊɧɗŮůɖ Űɞɡɠ Ŭˊɧ 

ˊɚŬɔɘɏɠ ɚɧűɤɜ, ɟɏɛŬŰŬ əŬɘ ɧɢɗŮɠ ˊɞŰŬɛɩɜ ůŮ ɏɜŬ ŭɑəŰɡɞ ˊɞŰŬɛɩɜ (Prosser et al., 2001). ɇɞ 

SedNet ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ GIS əŬɘ ˊŬɟɏɢŮɘ ɤɠ ŭŮŭɞɛɏɜŬ Ůɝɧŭɞɡ ŰŬ ɢɤɟɘəɎ ˊɟɧŰɡˊŬ Űɤɜ űɞɟŰɑɤɜ 

ɘɕɖɛɎŰɤɜ əŬɘ ŮɜŬˊɧɗŮůɖɠ ɛɏůŬ ůŰɞ ˊɞŰɎɛɘ. ȰɜŬ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ ŮŭɎűɞɡɠ (DEM) ˊɟɏˊŮɘ ɜŬ 

ŮɘůŬɢɗŮɑ ůŰɞ ɛɞɜŰɏɚɞ ɔɘŬ ɜŬ əŬɗɞɟɘůŰŮɑ Űɞ ŭɑəŰɡɞ Űɞɡ ˊɞŰŬɛɞɨ. ũɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ 

ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ ɛɏůŬ ůŰɞ ˊɞŰɎɛɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɡˊɞɛɞɜŰɏɚŬ ɔɘŬ Űɖɜ ŭɘɎɓɟɤůɖ Űɤɜ 

ɧɢɗŮɤɜ, Űɖɜ ŮɜŬˊɧɗŮůɖ ůŰɘɠ ˊɚɖɛɛɡɟɘəɏɠ ɕɩɜŮɠ əŬɘ Űɖ ɛŮŰŬűɞɟɎ. 

 

ɀɞɜŰɏɚɞ MIKE 11 

ɇɞ MIKE 11 ŮɑɜŬɘ ɏɜŬ ůɨůŰɖɛŬ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞ Ɉŭɟɞɚɞɔɘəɧ ȽɜůŰɘŰɞɨŰɞ 

Űɖɠ ȹŬɜɑŬɠ (DHI). ɇɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ ɏɜŬ ɛɞɜɞŭɘɎůŰŬŰɞ (ŮɔəɎɟůɘŬɠ ŭɘŬŰɞɛɐɠ) ŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ. 

ȷ́ ɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ɡŭɟɞŭɡɜŬɛɘəɐ ŮɜɧŰɖŰŬ Űɞɡ ɛɞɜɞŭɘɎůŰŬŰɞɡ ɡŭɟŬɡɚɘəɞɨ ɛɞɜŰɏɚɞɡ, ˊɞɡ 

ˊɟɞůɞɛɞɘɩɜŮɘ ŬůŰŬɗŮɑɠ ɛɞɜɞŭɘɎůŰŬŰŮɠ ɟɞɏɠ əŬɘ Űɖɜ ŮɜɧŰɖŰŬ ɛŮŰŬűɞɟɎɠ - ŭɘŬůˊɞɟɎɠ ɔɘŬ Űɖ 

ɛŮŰŬűɞɟɎ ɘɕɖɛɎŰɤɜ (Hanley et al., 1998, Kourgialas et al., 2013). 

 

ɀɞɜŰɏɚɞ SWAT 

ɇɞ SWAT ŮɑɜŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞ ɞˊɞɑɞ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɜŬ 

ˊɟɞůɞɛɞɘɩůŮɘ Űɖɜ ɡŭɟɞɚɞɔɑŬ, Űɖ ɛŮŰŬűɞɟɎ űŮɟŰɩɜ ɡɚɘəɩɜ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ɡŭɎŰɤɜ Űɤɜ 

ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ əŬɘ ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ ɞ ŬɜŰɑəŰɡˊɞɠ Űɤɜ ˊɟŬəŰɘəɩɜ ŭɘŬɢŮɑɟɘůɖɠ Űɖɠ ɔɖɠ ɔɘŬ Űɖɜ 

ɡŭɟɞɚɞɔɑŬ, ŰŬ ɘɕɐɛŬŰŬ, əŬɘ Űɖ ɛŮŰŬűɞɟɎ ɟɨˊɤɜ ůŮ ɔŮɤɟɔɘəɏɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ. ɇɞ ůɨůŰɖɛŬ 

SWAT ŮɑɜŬɘ ŮɜůɤɛŬŰɤɛɏɜɞ ɛɏůŬ ůŮ ɏɜŬ ůɨůŰɖɛŬ ɔŮɤɔɟŬűɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ (GIS) ˊɞɡ ˊŮɟɘɏɢŮɘ 

ŭɘɎűɞɟŬ ɢɤɟɘəɎ ŭŮŭɞɛɏɜŬ ɧˊɤɠ Űɞ ɏŭŬűɞɠ, ɖ əɎɚɡɣɖ ɔɖɠ, Űɞ əɚɑɛŬ, əŬɘ ŰŬ ŰɞˊɞɔɟŬűɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ (Sibetheros et al., 2013, Gamvroudis et al., 2015, Nerantzaki et al., 2015). 

 

 

2.6. ɾˇ˄ˍʷ˂ʰ ɾɹɼɳ нм ˁʰʽ ɾɹɼɳ нмC 

ɇŬ ɛɞɜŰɏɚŬ MIKE 21 əŬɘ MIKE 21C ŮɑɜŬɘ ŭɘůŭɘɎůŰŬŰŬ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ɛˊɞɟɞɨɜ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ, Űɞɡ ɨɣɞɡɠ ɜŮɟɞɨ, Űɖɠ ŰŬɢɨŰɖŰŬɠ əŬɘ Űɖɠ 

ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ ůŮ ˊɞŰɎɛɘŬ əŬɘ Ůəɓɞɚɏɠ ˊɞŰŬɛɩɜ. ȼ ɔŮɜɘəɐ ɛɞɟűɐ Űɞɡ ɛɞɜŰɏɚɞɡ MIKE 21 
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ɓŬůɑɕŮŰŬɘ ůŮ ɏɜŬ ŮɡɗɨɔɟŬɛɛɞ (rectilinear) ˊɚɏɔɛŬ Ůˊɑɚɡůɖɠ ɔɘŬ ˊɟɞůɞɛɞɘɩůŮɘɠ ŬɜɞɘɢŰɐɠ 

ɗŬɚɎůůɖɠ əŬɘ ˊŬɟɎəŰɘɤɜ ˊŮɟɘɞɢɩɜ. ɋůŰɧůɞ, ɔɘŬ ɡŭɟŬɡɚɘəɏɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ůŮ ˊɞŰɎɛɘŬ 

ůɡůŰɐɛŬŰŬ ŬˊŬɘŰŮɑŰŬɘ ɛɘŬ ŬəɟɘɓɏůŰŮɟɖ ŬɜɎɚɡůɖ Űɤɜ ɔɟŬɛɛɩɜ ˊɞɡ ŬˊɞŰɡˊɩɜɞɡɜ Űɘɠ ɧɢɗŮɠ, ɔɘ 

ŬɡŰɧ Űɞ ɚɧɔɞ ɔɑɜŮŰŬɘ ɢɟɐůɖ Ůɜɧɠ əŬɛˊɡɚɧɔɟŬɛɛɞɡ (curvilinear) ˊɚɏɔɛŬŰɞɠ ɡˊɞɚɞɔɘůŰɘəɐɠ 

Ůˊɑɚɡůɖɠ. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɢɟɐůɖɠ Ůɜɧɠ əŬɛˊɡɚɧɔɟŬɛɛɞɡ (curvilinear) ˊɚɏɔɛŬŰɞɠ 

ɡˊɞɚɞɔɘůŰɘəɐɠ Ůˊɑɚɡůɖɠ ŮɑɜŬɘ ɧŰɘ ɞɘ ŮɝɘůɩůŮɘɠ ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ, ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɖ 

ŭɘůŭɘɎůŰŬŰɖ ɟɞɐ, ɔɑɜɞɜŰŬɘ ŬˊɚɞɨůŰŮɟŮɠ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Ůɜɧɠ ŮɡɗɨɔɟŬɛɛɞɡ ˊɚɏɔɛŬŰɞɠ. ɆŰɖɜ 

ɞɡůɑŬ ŭŮɜ ŬɚɚɎɕŮɘ əɎŰɘ ůŰɘɠ űɡůɘəɏɠ ŮɝɘůɩůŮɘɠ ŬɚɚɎ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡɠ, ŭɖɚŬŭɐ ůŰɞɜ əɎɜɜŬɓɞ. 

ɇɞ əŬɛˊɡɚɧɔɟŬɛɛɞ (MIKE 21C) ˊɚɏɔɛŬ ŬˊŬɘŰŮɑ Ůˊɑůɖɠ, ɚɘɔɧŰŮɟŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɖɛŮɑŬ Ŭˊɧ Űɞ 

ŮɡɗɨɔɟŬɛɛɞ əŬɘ, ɤɠ Ůə ŰɞɨŰɞɡ, ɛɘəɟɧŰŮɟɖ ɢɤɟɖŰɘəɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ ůŰɖ ɛɜɐɛɖ Űɞɡ 

ɡˊɞɚɞɔɘůŰɐ. ɇɏɚɞɠ ˊŬɟɏɢŮɘ ɛɘŬ əŬɚɨŰŮɟɖ ŬɜɎɚɡůɖ Űɖɠ ɟɞɐɠ əɞɜŰɎ ůŰŬ ɧɟɘŬ - ɧɢɗŮɠ, ŬɡŰɧ ɛˊɞɟŮɑ 

ɜŬ ɔɑɜŮɘ ůŬűɏɠ ůŰɖɜ ȺɘəɧɜŬ 2.3 ɧˊɞɡ ɏɜŬ ˊɞŰɎɛɘ ŬɜŬˊŬɟɑůŰŬŰŬɘ Ŭˊɧ ŰŬ ŭɨɞ ˊɚɏɔɛŬŰŬ. 

 

 

ȺɘəɧɜŬ 2. 6. ȷɟɘůŰŮɟɎ: ȺɡɗɨɔɟŬɛɛɞ ˊɚɏɔɛŬ (MIKE 21 model). ȹŮɝɘɎ: ȾŬɛˊɡɚɧɔɟŬɛɛɞ ˊɚɏɔɛŬ (MIKE 21C 

model), ́ ɖɔɐ: MIKE 21C, 2011, User Guide 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŰŬ ŭɨɞ ŬɡŰɎ ɛɞɜŰɏɚŬ, ɔɘŬ ɚɧɔɞɡɠ ůɨɔəɟɘůɖɠ Űɞɡ 

Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ ɡŭɟɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ MIKE 21 ɛŮ ŬɡŰɧ Űɞɡ ɀȽȾȺ 21C ɔɘŬ Űɖɜ 

ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ ůŮ ˊɞŰɎɛɘ. 
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ɇɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɚɏɔɛŬ ɔɘŬ Űɞ MIKE 21C əŬŰŬůəŮɡɎɕŮŰŬɘ ɛŮ Űɞ Ŭəɧɚɞɡɗɞ ůɨůŰɖɛŬ 

ŮɝɘůɩůŮɤɜ ɛŮɟɘəɐɠ ˊŬɟŬɔɩɔɘůɖɠ: 

‬

‬‚
Ὣ
‬ὼ

‬‚

‬

‬–
Ὣ
‬ὼ

‬–
π (2.6) 

‬

‬‚
Ὣ
‬ώ

‬‚

‬

‬–
Ὣ
‬ώ

‬–
π (2.7) 

 

ȳˊɞɡ x əŬɘ y ŮɑɜŬɘ ɞɘ əŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ, əŬɘ g ɏɜŬɠ ˊŬɟɎɔɞɜŰŬɠ ɓɎɟɞɡɠ (weight factor) 

ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

Ὣ
ὼ ώ

ὼ ώ
 (2.8) 

 

ȼ ɞɟɘŬəɐ ůɡɜɗɐəɖ ŬɡŰɞɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɖ ɛɖ-ɔɟŬɛɛɘəɐ ůɡɜɗɐəɖ ɞɟɗɞɔɤɜɘəɧŰɖŰŬɠ: 

ὼὼ ώώ π (2.9) 

Ὢὼȟώ π (2.10) 

 

ȳˊɞɡ ɖ Ůɝɑůɤůɖ (2.9) ŮəűɟɎɕŮɘ Űɖɜ ůɡɜɗɐəɖ Űɖɠ ɞɟɗɞɔɤɜɘəɧŰɖŰŬɠ əŬɘ ɖ Ůɝɑůɤůɖ (2.10) ŮəűɟɎɕŮɘ 

ɧŰɘ ŰŬ x əŬɘ y ɓɟɑůəɞɜŰŬɘ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ əŬɛˊɨɚɖ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ˊŬɟɎɔŮɘ ɏɜŬ ɞɟɗɞɔɩɜɘɞ 

ˊɚɏɔɛŬ əŬɘ ŮɑɜŬɘ ɘůɞŭɨɜŬɛɞ ɛŮ Űɖɜ Ŭˊɚɐ ɗŮɤɟɑŬ ŭɡɜŬɛɘəɞɨ, ɧˊɞɡ ɞɘ ɝ əŬɘ ɖ ɔɟŬɛɛɏɠ ɛˊɞɟɞɨɜ ɜŬ 

ɚŬɛɓɎɜɞɜŰŬɘ ɤɠ ɔɟŬɛɛɏɠ ɟɏɛŬŰɞɠ əŬɘ ŭɡɜŬɛɘəɏɠ ɔɟŬɛɛɏɠ (DHI b, 2011). 

 

2.6.1. ʇʵˊˇʵˎ˄ʰ˃ʽˁˈ ˃ˇ˄ˍʷ˂ˇ (Hydrodynamic model) 

ɇɞ ɡŭɟɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ Űɧůɞ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ ɀȽȾȺ 21 ɧůɞ əŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

ŮɟɔŬůɑŬɠ MIKE 21C (HD module) ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ɡŭɟɞŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɜŮɟɞɨ ˊɞɡ 

ŬˊɞŰŮɚŮɑ ŬˊɞŰɏɚŮůɛŬ ˊɞɘəɑɚɤɜ ɚŮɘŰɞɡɟɔɘɩɜ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ ŬɟɢɘəɎ ɨɣɖ ɜŮɟɞɨ ɐ/əŬɘ ɖ ɟɞɐ ůŰŬ 

ŬɜɞɘəŰɎ ɧɟɘŬ(DHI a, 2011).  

ȼ ŭɘŬűɞɟɎ Űɞɡ ɛɞɜŰɏɚɞɡ ɀȽȾȺ 21C Ŭˊɧ Űɞ ɀȽȾȺ 21 ŮɑɜŬɘ ɧŰɘ ůŰɞ ˊɟɩŰɞ ɞɘ ŭɨɞ ɞɟɘɕɧɜŰɘɞɘ 

ɎɝɞɜŮɠ (s əŬɘ n) Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɚɏɔɛŬŰɞɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŮ ɏɜŬ əŬɛˊɡɚɧɔɟŬɛɛɞ ɞɟɗɞɔɩɜɘɞ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ, ɧˊɞɡ ɏɜŬɠ ɎɝɞɜŬɠ ɛˊɞɟŮɑ ɜŬ ŬəɞɚɞɡɗɐůŮɘ Űɘɠ ɔɟŬɛɛɏɠ Űɤɜ ɧɢɗŮɤɜ Űɞɡ 

ˊɞŰŬɛɞɨ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɛɑŬ əŬɚɨŰŮɟɖ ˊŮɟɘɔɟŬűɐ (ˊɘɞ Ŭəɟɘɓɐ) Űɖɠ ɟɞɐɠ əɞɜŰɎ ůŰŬ ɧɟɘŬ, Űɞ 
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ɞˊɞɑɞ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɘŭɘŬɑŰŮɟŬ ɧŰŬɜ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ˊŮɟɘɏɢɞɡɜ ŭɘɎɓɟɤůɖ Űɤɜ ɧɢɗŮɤɜ (DHI 

b, 2011). 

ȼ ɢɟɐůɖ Ůɜɧɠ əŬɛˊɡɚɧɔɟŬɛɛɞɡ ɞɟɗɞɔɩɜɘɞɡ ůɡůŰɐɛŬŰɞɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ, əɎɜɞɡɜ Űɖɜ 

ɛŬɗɖɛŬŰɘəɐ əŬɘ ŬɟɘɗɛɖŰɘəɐ ˊŮɟɘɔɟŬűɐ ɞɡůɘŬůŰɘəɎ ŬˊɚɞɨůŰŮɟɖ. ɇŬ ůűɎɚɛŬŰŬ ůŰɞ ůɨůŰɖɛŬ 

ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ ɔɑɜɞɜŰŬɘ ɛɘəɟɧŰŮɟŬ əŬɘ ɖ ŬəɟɑɓŮɘŬ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ɧŰɘ ůŮ ɏɜŬ 

ŮɡɗɨɔɟŬɛɛɞ ˊɚɏɔɛŬ. 

 

 

ȺɘəɧɜŬ 2. 7. Ūɏůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɟɞɐɠ: ˊŬɟɞɢɏɠ P əŬɘ Q, əŬɘ Űɞ ɓɎɗɞɠ ɟɞɐɠ H ůŮ ɏɜŬ əŬɛˊɡɚɧɔɟŬɛɛɞ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ (s, n) 

 

ɇɞ ɡŭɟɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ ɚɨɜŮɘ Űɘɠ əɎɗŮŰŬ ɞɚɞəɚɖɟɤɛɏɜŮɠ ŮɝɘůɩůŮɘɠ ůɡɜɏɢŮɘŬɠ əŬɘ 

ŭɘŬŰɐɟɖůɖɠ Űɖɠ ɞɟɛɐɠ (Saint Venant) ůŮ ŭɨɞ ŭɘŮɡɗɨɜůŮɘɠ. ɆɡɔəŮəɟɘɛɏɜŬ ɞɘ ŮɝɘůɩůŮɘɠ ˊɞɡ 

ŮˊɘɚɨɞɜŰŬɘ ůŰɞ əŬɛˊɡɚɧɔɟŬɛɛɞ ɡŭɟɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ ŮɑɜŬɘ: 
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ȳˊɞɡ: 

s, n: ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əŬɛˊɡɚɧɔɟŬɛɛɞɡ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

p, q: ɞɘ ɟɞɏɠ ɛɎɕŬɠ ůŰɘɠ ŭɘŮɡɗɨɜůŮɘɠ s əŬɘ n, ŬɜŰɑůŰɞɘɢŬ 

H: Űɞ ɨɣɞɠ ɜŮɟɞɨ (ŮˊɘűɎɜŮɘŬɠ) 

h: Űɞ ɓɎɗɞɠ ɜŮɟɞɨ 

g: ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ 

C: ɞ Ŭɟɘɗɛɧɠ ŰɟŬɢɨŰɖŰŬɠ Chezy 

Rs əŬɘ Rd: ŮɑɜŬɘ ɖ ŬəŰɑɜŬ əŬɛˊɡɚɧŰɖŰŬɠ Űɞɡ S əŬɘ Ɂ ɔɟŬɛɛɩɜ ŬɜŰɑůŰɞɘɢŬ əŬɘ 

RHS: ɖ ŭŮɝɘɧůŰɟɞűɖ ɘůɞɟɟɞˊɑŬ ŭɡɜɎɛŮɤɜ, ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ (ɛŮŰŬɝɨ Ɏɚɚɤɜ) Űɘɠ ŭɡɜɎɛŮɘɠ  

Reynold. 

 

Ƀɘ ŭɡɜɎɛŮɘɠ Reynolds, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞɡɠ ɧɟɞɡɠ RHS, ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘɔɟɎűɞɡɜ ůŮ 

ɏɜŬ əŬɛˊɡɚɧɔɟŬɛɛɞ ˊɚɏɔɛŬ, ɡˊɞɗɏŰɞɜŰŬɠ ɧŰɘ ŮɑɜŬɘ ɞɛŬɚɧ (smooth). ũɘŬ Űɖɜ p-ŭɘŮɨɗɡɜůɖ: 
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 (2.14) 

 

Ƀɛɞɑɤɠ ɔɘŬ Űɖɜ q- ŭɘŮɨɗɡɜůɖ: 
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 (2.15) 

 

ȳˊɞɡ P - Q ŮɑɜŬɘ ˊŬɟɞɢɏɠ ɟɞɐɠ ůŮ əŬɟŰŮůɘŬɜɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ (x, y) əŬɘ p ï q ɞɘ ˊŬɟɞɢɏɠ 

ɟɞɐɠ ůŰɞ əŬɛˊɡɚɧɔɟŬɛɛɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ (s, n). 

 

2.6.2. ɾˇ˄ˍʷ˂ˇ ˃ʶˍʰ˒ˇˊʱˌ ʰʽ˖ˊˇˏ˃ʶ˄ˇˎ ʽʸʺ˃ʰˍˇˌ όSuspended sediment transport 

model) 

ɇɞ ɛɞɜŰɏɚɞ MIKE 21C ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖ ɛŮŰŬűɞɟɎ ɘɕɐɛŬŰɞɠ əŬɘ Űɖɜ 

ŬɚɚŬɔɐ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ ˊɞŰŬɛɩɜ (River Morphology Model). ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɖ ɛŮŰŬűɞɟɎ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ. ɋɠ ɛŮŰŬűɞɟɎ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ 
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ɞɟɑɕŮŰŬɘ ɖ ɛŮŰŬűɞɟɎ ůŰŮɟŮɩɜ ŰŬ ɞˊɞɑŬ ŬɘɤɟɞɨɜŰŬɘ ɔɘŬ əɎˊɞɘɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ůŰɞ ɟŮɡůŰɧ əŬɘ 

Ŭəɞɚɞɡɗɞɨɜ Űɖɜ əɑɜɖůɖ Űɞɡ. ɇɞ ɛɞɜŰɏɚɞ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖ 

ɗŮɤɟɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ Ŭˊɧ Űɞɜ Galappati (1983). ȼ ɛŮɟɘəɐ ŭɘŬűɞɟɘəɐ Ůɝɑůɤůɖ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ 

ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ ɛŮ ůɡɜŬɔɤɔɐ əŬɘ Űɡɟɓɩŭɖ ŭɘɎɢɡůɖ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 2.16 

(DHI b, 2011). 

 

‬ὧ

‬ὸ
ό
‬ὧ

‬ὼ
ὺ
‬ὧ

‬ώ
ύ
‬ὧ

‬ᾀ
ύ
‬ὧ

‬ᾀ

‬

‬ὼ
‐
‬ὧ

‬ὼ

‬

‬ώ
‐
‬ὧ

‬ώ

‬

‬ᾀ
‐
‬ὧ

‬ᾀ
 (2.16) 

 

ȳˊɞɡ: 

z: ɖ əŬŰŬəɧɟɡűɖ ůɡɜŰŮŰŬɔɛɏɜɖ, 

c: ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ, 

Ů: ɞ ůɡɜŰŮɚŮůŰɐɠ Űɡɟɓɩŭɞɡɠ ŭɘɎɢɡůɖɠ  

ws: ŰŬɢɨŰɖŰŬ ˊŰɩůɖɠ Űɞɡ ɘɕɐɛŬŰɞɠ ůŰɖɜ Ŭɘɩɟɖůɖ 

u, v, w: ɞɘ ŰŬɢɨŰɖŰŮɠ ɟɞɐɠ ůŰɘɠ əŬŰŮɡɗɨɜůŮɘɠ x, y əŬɘ z ŭɘŮɡɗɨɜůŮɘɠ, ŬɜŰɑůŰɞɘɢŬ. 

 

ɆŰɞ ɛɞɜŰɏɚɞ MIKE 21C ɡˊɎɟɢɞɡɜ ŮűŰɎ ŭɘŬűɞɟŮŰɘəɏɠ űɧɟɛɞɡɚŮɠ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ 

ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ: 

1. Engelund ï Hansen 

2. Van Rijn 

3. Engelud ï Fredsoe 

4. Meyer ï Peter and Muller 

5. Empirical formulation 

6. Yang for sand 

7. Yang for gravel 

 

ȾɎˊɞɘŮɠ Ŭˊɧ Űɘɠ űɧɟɛɞɡɚŮɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ Engelud-Hansen, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ 

ɜŬ ŮəűɟɎůɞɡɜ Űɖ ůɡɜɞɚɘəɐ ɛŮŰŬűɞɟɎ ɘɕɐɛŬŰɞɠ (total ï transport expressions). ɈˊɎɟɢŮɘ ɧɛɤɠ əŬɘ 

ɖ ŭɡɜŬŰɧŰɖŰŬ ɢɟɐůɖɠ ŭɘŬűɞɟŮŰɘəɐɠ űɧɟɛɞɡɚŬɠ ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɖɜ 

űɧɟɛɞɡɚŬ van Rijn ɔɘŬ Űɞ ŬɘɤɟɞɨɛŮɜɞ ɑɕɖɛŬ əŬɘ Űɖɜ űɧɟɛɞɡɚŬ EngeludïFredsoe ɔɘŬ Űɞ ɑɕɖɛŬ 

əɞɑŰɖɠ (DHI a, 2011). ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ űɧɟɛɞɡɚŬ 
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Engelud - Hansen (1967) ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɛŮŰŬűɞɟɎɠ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ. ȼ 

űɧɟɛɞɡɚŬ ŬɨŰɖ ŮˊɘɚɏɢɗɖəŮ ŭɘɧŰɘ ŮɑɜŬɘ ɛɑŬ űɧɟɛɞɡɚŬ ůɡɜɞɚɘəɐɠ ɛŮŰŬűɞɟɎɠ (total load) ˊɞɡ ɏɢŮɘ 

Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůɞɛɞɘɩɜŮɘ ɢɤɟɘůŰɎ Űɖɜ ɛŮŰŬűɞɟɎ ŬɘɤɟɞɨɛŮɜɞɡ ɘɕɐɛŬŰɞɠ Ŭˊɧ Űɖɜ 

ɛŮŰŬűɞɟɎ ɘɕɐɛŬŰɞɠ əɞɑŰɖɠ ɛŮ Űɖ ɢɟɐůɖ ŭɨɞ ůɡɜŰŮɚŮůŰɩɜ ɓŬɗɛɞɜɧɛɖůɖɠ, Űɞ ůɡɜŰŮɚŮůŰɐ 

ŬɘɤɟɞɨɛŮɜɞɡ űɞɟŰɑɞɡ (suspended load factor) əŬɘ Űɞ ůɡɜŰŮɚŮůŰɐ űɞɟŰɑɞɡ əɞɑŰɖɠ (bed load factor). 

 

ɀɞɜŰɏɚɞ Engelud-Hansen 

ɇɞ ɛɞɜŰɏɚɞ Engelud and Hansen (1967) ŮɑɜŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ɞɚɘəɐɠ ɛŮŰŬűɞɟɎɠ ɘɕɐɛŬŰɞɠ Űɞ ɞˊɞɑɞ 

ɛˊɞɟŮɑ ɜŬ ŭɘŬɢɤɟɑůŮɘ Űɖɜ ɛŮŰŬűɞɟɎ Űɞɡ ɘɕɐɛŬŰɞɠ əɞɑŰɖɠ ɛŮ Űɖɜ ɛŮŰŬűɞɟɎ Űɞɡ ŬɘɤɟɞɨɛŮɜɞɡ 

ɘɕɐɛŬŰɞɠ ɛŮ Űɘɠ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

 

Ὓ ὯϽὛ  (2.17) 

  

Ὓ ὯϽὛ  (2.18) 

 

ȳˊɞɡ Sbl (m
2/s) Űɞ űɞɟŰɑɞ əɞɑŰɖɠ, kb ɞ ˊŬɟɎɔɤɜ ɓŬɗɛɞɜɧɛɖůɖɠ Űɞɡ űɞɟŰɑɞɡ əɞɑŰɖɠ, Ssl (m

2/s) Űɞ 

űɞɟŰɑɞ Ŭɘɩɟɖůɖɠ, ks ɞ ˊŬɟɎɔɤɜ ɓŬɗɛɞɜɧɛɖůɖɠ Űɞɡ űɞɟŰɑɞɡ Ŭɘɩɟɖůɖɠ əŬɘ Űɞ Stl (m
2/s) Űɞ ɞɚɘəɧ 

űɞɟŰɑɞ Űɞ ɞˊɞɑɞ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

 

Ὓ πȢπυ
ὅ

Ὣ
—Ⱦ ί ρϽὫϽὨ  (2.19) 

 

ȳˊɞɡ s ɖ ůɢŮŰɘəɐ ˊɡəɜɧŰɖŰŬ Űɞɡ ɘɕɐɛŬŰɞɠ, C (m1/2/s) ɞ Ŭɟɘɗɛɧɠ ŬɜŰɑůŰŬůɖɠ Chezzy, d50 (mm) ɖ 

ŭɘɎɛŮŰɟɞɠ Űɤɜ əɧəəɤɜ Űɞɡ 50% Űɞɡ ɘɕɐɛŬŰɞɠ, g ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ (m2/s) əŬɘ ɗ ɖ 

ˊŬɟɎɛŮŰɟɞɠ Űɞɡ Shields ɖ ɞˊɞɑŬ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

 

—
†

”Ὣί ρὨ
 (2.20) 

 

ȳˊɞɡ Ű ɖ ɟɞɐ ŭɘŬŰɛɖŰɘəɐɠ ŰɎůɖɠ əŬɘ ɟ ɖ ˊɡəɜɧŰɖŰŬ ɜŮɟɞɨ (1000 kg/m3) 
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H ɢɟɞɜɘəɐ əɚɑɛŬəŬ ɔɘŬ Űɖɜ ˊɟɞůŬɟɛɞɔɐ ůŰɞ ˊɟɞűɑɚ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ɘůɞɟɟɞˊɑŬɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ: 

ὸ
Ὤ

ςύ
 (2.21) 

 

ȼ ůɡɔəɏɜŰɟɤůɖ ɘůɞɟɟɞˊɑŬɠ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ űɞɟŰɑɞ Ŭɘɩɟɖůɖɠ ŭɘŬɘɟŮɛɏɜɞ Ŭˊɧ Űɖɜ ˊŬɟɞɢɐ ɜŮɟɞɨ 

əŬɘ ɛŮŰŬˊɞɘɖɛɏɜɞ Ŭˊɧ ɞɔəɞɛŮŰɟɘəɐ ůɡɔəɏɜŰɟɤůɖ ůŮ ůɡɔəɏɜŰɟɤůɖ ɛɎɕŬɠ. 

 

ὅ
Ὓ

όϽὬ
ϽίϽρπ (2.22) 

 

ȳˊɞɡ u (m/s) ɖ ŰŬɢɨŰɖŰŬ əŬɘ h (m) Űɞ ɓɎɗɞɠ ɜŮɟɞɨ əŬɘ ws (m/s) ɖ ŰŬɢɨŰɖŰŬ əŬɗɑɕɖůɖɠ. 
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3. ɼɳʊɮɽɮɹʁ оΥ̌ ʃʶˊʽˇ˔ʺ ɾʶ˂ʷˍʹˌ 

 

3.1. ʃʶˊʽʴˊʰ˒ʺ ɽʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ ˉˇˍʰ˃ˇˏ ɼˇʽ˂ʽʱˊ ́

ȼ ȿŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ ɞɟɘɞɗŮŰŮɑŰŬɘ 15 ɢɘɚɘɧɛŮŰɟŬ ŭɡŰɘəɎ Űɖɠ ˊɧɚɖɠ Űɤɜ 

ɉŬɜɑɤɜ, ůŰɖɜ ȾɟɐŰɖ (ȺɘəɧɜŬ 3.1). ȼ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɞɡɠ ˊɟɧˊɞŭŮɠ Űɤɜ 

ȿŮɡəɩɜ Ƀɟɩɜ ɛɏɢɟɘ Űɖɜ ˊŬɟɎəŰɘŬ ɕɩɜɖ Űɞɡ ȹɐɛɞɡ ȷɟɛɏɜɤɜ əŬɘ ɏɢŮɘ ɏəŰŬůɖ ˊŮɟɑˊɞɡ 130 km2. 

ɇɞ ůɡɜɞɚɘəɧ ɛɐəɞɠ Űɞɡ ɡŭɟɞɔɟŬűɘəɞɨ ŭɘəŰɨɞɡ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ ŮɑɜŬɘ 36km. Ƀ ˊɞŰŬɛɧɠ 

ŰɟɞűɞŭɞŰŮɑŰŬɘ Ŭˊɧ ˊɞůɧŰɖŰŮɠ ɡŭɎŰɤɜ ɞɘ ɞˊɞɑŮɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŰŬ ȿŮɡəɎ ȳɟɖ əŬɘ ŬˊŬɟŰɑɕŮŰŬɘ 

Ŭˊɧ ŰɏůůŮɟɘɠ ˊŬɟŬˊɧŰŬɛɞɡɠ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ɞɘ ŭɨɞ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ˊɟɞůɤɟɘɜɎ 

ɡŭŬŰɞɟŮɨɛŬŰŬ (ȾŮɟŬɛɑɤŰɖɠ əŬɘ ȷɜŬɓɟɏŰɖɠ), Ůɜɩ ɞ ɀɡɚŬɨɚŬəŬɠ əŬɘ ɞ ɀŬɜŰŬɛɎɠ ɏɢɞɡɜ ɛɧɜɘɛɖ 

ɟɞɐ əŬɗɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ, ɔɘô ŬɡŰɧ əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ɛɧɜɘɛŬ ɡŭŬŰɞɟɏɛɛŬŰŬ. ɇŬ 

ɛɧɜɘɛŬ ɡŭŬŰɞɟɏɛɛŬŰŬ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ Űɘɠ ˊɖɔɏɠ Űɞɡ ɆŰɨɚɞɡ əŬɘ Ŭˊɧ 

ŮˊɘűŬɜŮɘŬəɏɠ Ŭˊɞɟɟɞɏɠ. ɀŮŰɎ Ŭˊɧ Űɖɜ ůɡɛɓɞɚɐ Űɤɜ ˊŬɟŬˊɧŰŬɛɤɜ (ůŰɞ ůɖɛŮɑɞ ɞˊɞɨ ɓɟɑůəŮŰŬɘ ɞ 

ɡŭɟɞɛŮŰɟɘəɧɠ ůŰŬɗɛɧɠ Űɞɡ ȷɔɑɞɡ ũŮɤɟɔɑɞɡ) ɛɏɢɟɘ Űɘɠ Ůəɓɞɚɏɠ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ Űɞ ɛɐəɞɠ 

Űɞɡ ŮɑɜŬɘ 3.3 km (ȺɘəɧɜŬ 3.1). 

 

 

ȺɘəɧɜŬ 3. 1. ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ ůŰɞɜ ɢɎɟŰɖ. 
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ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ŬəŰɞɔɟŬɛɛɐ (ɡɣɧɛŮŰɟɞ 0 m) ɏɤɠ əŬɘ Űɞ ɡɣɧɛŮŰɟɞ 

Űɤɜ 2130 m (ȺɘəɧɜŬ 3.2). ɇɞ ŰɞˊɞɔɟŬűɘəɧ ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɘəɑɚŮɘ, ůŰɞɡɠ ˊɟɧˊɞŭŮɠ Űɤɜ 

ȿŮɡəɩɜ Ƀɟɩɜ ɞɘ əɚɑůŮɘɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɞɡ 43% əŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɡɣɧɛŮŰɟŬ űŰɎɜŮɘ əŬɘ Űɞ 

90%, Ůɜɩ ůŮ ˊŮŭɘɜɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɚŮəɎɜɖɠ ɧˊɞɡ ɓɟɑůəɞɜŰŬɘ ɞɘ ˊɖɔɏɠ Űɞɡ ɆŰɨɚɞɡ əŬɘ ɞ ůŰŬɗɛɧɠ 

Űɞɡ ȷɔɑɞɡ ũŮɤɟɔɑɞɡ ɞɘ əɚɑůŮɘɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 0,5 ɏɤɠ 2% (ȾɞɡɟɔɘŬɚɎɠ, 2010). 

 

 

ȺɘəɧɜŬ 3. 2. ɇɞˊɞɔɟŬűɘəɧ ŬɜɎɔɚɡűɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ.  

 

ȳɚŮɠ ɞɘ ˊɖɔɏɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ŮɑɜŬɘ əŬɟůŰɘəɏɠ, ŭɖɚŬŭɐ ɞɘ Ůəɟɞɏɠ 

ɜŮɟɞɨ ɔɑɜɞɜŰŬɘ Ŭˊɧ ŮɜŮɟɔɧ əŬɟůŰɘəɧ ůɨůŰɖɛŬ Űɞ ɞˊɞɑɞ əŬɘ ŰɟɞűɞŭɞŰŮɑŰŬɘ Ŭˊɧ Űɖ űɟŮɎŰɘŬ ɕɩɜɖ. 

ȷɜŬɚɡŰɘəɎ ɞɘ əɡɟɘɧŰŮɟŮɠ ˊɖɔɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ŮɑɜŬɘ (ɃȷȹɈȾ, 2010): 

¶ Ʉɖɔɏɠ ɆŰɨɚɞɡ: ɄɟɧəŮɘŰŬɘ ɔɘŬ ˊɖɔɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɢɤɟɑɞ ɆŰɨɚɞɠ ůŮ ŬˊɧɚɡŰɞ 

ɡɣɧɛŮŰɟɞ 17 m. Ƀɘ ůˊɞɡŭŬɘɧŰŮɟŮɠ ˊɖɔɏɠ ŮɑɜŬɘ ůŰɘɠ ɗɏůŮɘɠ ȾɎɟŬɓɞɠ əŬɘ ȾŬɓɞɨůɘ ɞɘ ɞˊɞɑŮɠ 

ŮəűɞɟŰɑɕɞɜŰŬɘ ůɡɜŮɢɩɠ, Ůɜɩ ɖ ˊɖɔɐ ůŰɖ ɗɏůɖ ȸɟɨůɖ ŮɛűŬɜɑɕŮŰŬɘ ɛɧɜɞ Űɖ ɢŮɘɛŮɟɘɜɐ 

ˊŮɟɑɞŭɞ. 
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¶ Ʉɖɔɏɠ Ȼɞɨɟɛˊɞɡ: ɄɟɧəŮɘŰŬɘ ɔɘŬ ɡűɎɚɛɡɟŮɠ ˊɖɔɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɡɣɧɛŮŰɟɞ 1-2 m 

ůŰɞɜ ɞɘəɘůɛɧ ȾŬɚɨɓŮɠ. 

¶ Ʉɖɔɏɠ ȸɚɡɢɎŭɤɜ: ɄɟɧəŮɘŰŬɘ ɔɘŬ ɡűɎɚɛɡɟŮɠ ˊɖɔɏɠ ůɡɜŮɢɞɨɠ ɟɞɐɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ 

ɡɣɧɛŮŰɟɞ 1000 m ŬɜɎɜŰɖ Űɤɜ Ůəɓɞɚɩɜ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ ɞˊɞɨ əŬɘ ŮəűɞɟŰɑɕɞɜŰŬɘ. 

¶ Ʉɖɔɏɠ ȷɜŬɓɟɏŰɖɠ: ɄɟɧəŮɘŰŬɘ ɔɘŬ ŮˊɞɢɘŬəɏɠ ˊɖɔɏɠ əŬɘ ɓɟɑůəɞɜŰŬɘ ůŮ ɡɣɧɛŮŰɟɞ 24 m, ůŰɘɠ 

ˊŬɟɡűɏɠ Űɞɡ ɁŮɧɡ ɉɤɟɘɞɨ. 

ȼ ůɡɜɞɚɘəɐ ˊŬɟɞɢɐ Űɤɜ ˊɖɔɩɜ ŬɜɎ ɏŰɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ 170Ā106 m3/year. 

 

 

ȺɘəɧɜŬ 3. 3. Ƀɘ ŭɨɞ ɛɧɜɘɛŮɠ ˊɖɔɏɠ ůŰɞ ɢɤɟɘɧ ɆŰɨɚɞɠ. 

 

 

3.1.1. ɱʶ˖˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˍʹˌ ɽʶˁʱ˄ʹˌ ɮˉˇˊˊˇʺˌ ˍˇˎ ˉˇˍʰ˃ˇˏ ɼˇʽ˂ʽʱˊʹΦ 

Ƀɘ əɨɟɘɞɘ ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ȾɞɘɚɘɎɟɖ ŮɑɜŬɘ ɞɘ 

Ůɝɐɠ (ɃȷȹɈȾ, 2010): 

ȷɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ (ůɢɖɛŬŰɘůɛɞɑ ɇɟɡˊŬɚɑɞɡ əŬɘ ˊɚŬəɩŭŮɘɠ): ɆŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ 

ȾɞɘɚɘɎɟɖ ŮɜŰɞˊɑɕɞɜŰŬɘ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ əŬɘ ůŰɞ ɓɧɟŮɘɞ-əŮɜŰɟɘəɧ ŰɛɐɛŬ 

Űɖɠ ɚŮəɎɜɖɠ. ɇŬ əŬɟůŰɘəɎ ˊŮŰɟɩɛŬŰŬ ŮɑɜŬɘ ɏɜŰɞɜŬ ɡŭŬŰɞˊŮɟŬŰɎ, ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ (Ⱦ1 əŬɘ Ⱦ2), 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŬůɓŮůŰɞɚɘɗɘəɎ əŬɘ ŭɞɚɞɛɘŰɘəɎ ˊŮŰɟɩɛŬŰŬ.  

ūɚɨůɢɖɠ - ɆɢɘůŰɧɚɘɗɞɘ: ŬˊŬɜŰɩɜŰŬɘ ůŰɞ ŭɡŰɘəɧ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ. ɇŬ əɨɟɘŬ ˊŮŰɟɩɛŬŰŬ Űɖɠ 

ŬəɞɚɞɡɗɑŬɠ Űɞɡ űɚɨůɢɖ ŮɑɜŬɘ ɞ ɣŬɛɛɑŰɖɠ, ɞ Ŭɟɔɘɚɘəɧɠ ůɢɘůŰɧɚɘɗɞɠ, əŬɗɩɠ əŬɘ ɞ ɘɚɡɧɚɘɗɞɠ, 

ɤůŰɧůɞ ɛˊɞɟɞɨɜ ɜŬ ŮɛűŬɜɘůŰɞɨɜ Ɏɟɔɘɚɞɘ, ŬůɓŮůŰɧɚɘɗɞɘ ə.Ŭ. ũŮɜɘəɎ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ɛɖ 

ɡŭŬŰɞˊŮɟŬŰɞɑ ůɢɖɛŬŰɘůɛɞɑ, ɛɘəɟɐɠ ɏɤɠ ˊɞɚɨ ɛɘəɟɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ (A2).  

ɁŮɞɔŮɜɐ ɘɕɐɛŬŰŬ ï ȷɚɚɞɨɓɘɞɘ ůɢɖɛŬŰɘůɛɞɑ: ŬˊŬɜŰɩɜŰŬɘ əɡɟɑɤɠ ůŰɞ ɓɧɟŮɘɞ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ 

Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, ˊŬɟŬɚɘŬəɎ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ ůŰɞ ɓɞɟŮɘɞŭɡŰɘəɧ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ. 
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Ƀɘ ɜŮɞɔŮɜɐɠ ůɢɖɛŬŰɘůɛɞɑ ŮɑɜŬɘ ɛɏŰɟɘŬɠ (P2) ɐ ɛɘəɟɐɠ (P3) ŭɘŬˊŮɟŬŰɧŰɖŰŬ əŬɘ ɞɘ Ŭɚɚɞɨɓɘɞɘ 

ůɢɖɛŬŰɘůɛɞɑ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŬˊɞɗɏůŮɘɠ əɡɛŬɘɜɧɛŮɜɖɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬɠ (P1).  

ȼ ũŮɤɚɞɔɑŬ Űɖɠ ȿŮəɎɜɖɠ ȷˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ ůɡɜŮɘůűɏɟŮɘ ůŰɖɜ əɑɜɖůɖ Űɞɡ 

ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ Ŭˊɧ ŰŬ əŬɟůŰɘəɎ ȿŮɡəɎ ɧɟɖ (ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ) ˊɟɞɠ Űɘɠ ˊɖɔɏɠ Űɞɡ 

ɆŰɨɚɞɡ (Kourgialas et al., 2008). ȷəɞɚɞɡɗŮɑ ɞ ɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ȿŮəɎɜɖɠ ȷˊɞɟɟɞɐɠ Űɞɡ 

ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ, ɞ ɞˊɞɑɞɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛŮ Űɖ ɢɟɐůɖ GIS (ȺɘəɧɜŬ 3.4).  

 

 

ȺɘəɧɜŬ 3. 4. ɈŭɟɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ. 

 

3.1.2. ʋˊʺˋʶʽˌ ɱʹˌ ɽʶˁʱ˄ʹˌ ɮˉˇˊˊˇʺˌ ˉˇˍʰ˃ˇˏ ɼˇʽ˂ʽʱˊʹ 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůŰɞɘɢŮɑŬ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ Corine 2000 əŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ GIS, 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɢɤɟɘəɎ ɞɘ ɢɟɐůŮɘɠ ɔɖɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ. 

ȷɜŬɚɡŰɘəɧŰŮɟŬ ˊŬɟŬəɎŰɤ ˊŮɟɘɔɟɎűɞɜŰŬɘ Űɞ ŮɛɓŬŭɧ əŬɘ ɖ ˊɞůɞůŰɘŬɑŬ ŬɜŬɚɞɔɑŬ Űɤɜ ˊɘɞ 

ůɖɛŬɜŰɘəɩɜ ɢɟɐůŮɤɜ ɔɖɠ ɔɘŬ Űɖɜ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ (ȺɘəɧɜŬ 3.5) 

¶ ȸɞůəɧŰɞˊɞɘ (ɘŭɘɤŰɘəɞɑ əŬɘ űɡůɘəɎ ɚɘɓɎŭɘŬ): 26.2% (37.8 km2) 
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¶ ȷɔɟɞŰɘəɏɠ ŮəŰɎůŮɘɠ (ŮɚŬɘɩɜŮɠ, əŬɟˊɞűɧɟŬ ŭɏɜŰɟŬ, ůɡɜɗɏŰŮɠ əŬɚɚɘɏɟɔŮɘŮɠ ə.ɚ.́): 39.4% 

(56.9 km2) 

¶ ȹɎůɖ: 29% (42 km2) 

¶ ȯɔɞɜɖ ɔɖ (ɓɟŬɢɩŭŮɘɠ əŬɘ ɛŮ ŬɟŬɘɐ ɓɚɎůŰɖůɖ ŮəŰɎůŮɘɠ): 5% (7.3 km2) 

¶ ȷůŰɘəɐ ȹɧɛɖůɖ: 0.4% (0.6 km2) 

 

 

ȺɘəɧɜŬ 3. 5. ɉɎɟŰɖɠ ɢɟɐůŮɤɜ ɔɖɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ (corine 2000) 

 

3.1.3. ɼ˂ʽ˃ʰˍˇ˂ˇʴʽˁʱ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ  

ɇɞ əɚɑɛŬ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɖɛɑɝɖɟɞ, ɛŮ ɓɟɞɢɞˊŰɩůŮɘɠ əŬɘ 

ɢɘɞɜɞˊŰɩůŮɘɠ (ůŰŬ ɞɟŮɘɜɎ) Űɞ ɢŮɘɛɩɜŬ əŬɘ ɗŮɟɛɎ - ɝɖɟɎ əŬɚɞəŬɑɟɘŬ ɛŮ ɛŮɔɎɚŬ ˊɞůɞůŰɎ 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ. ȼ ɛɏůɖ ŮŰɐůɘŬ ɓɟɞɢɧˊŰɤůɖ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ ŮɑɜŬɘ 705 mm Ůɜɩ 

ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ (ɞɟŮɘɜɐ ɕɩɜɖ) ŮɑɜŬɘ 2125 mm.  
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ɀɏɢɟɘ əŬɘ Űɞ ɏŰɞɠ 2007 ůŰɖɜ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɚŮɘŰɞɡɟɔɞɨůŮ ɛɧɜɞ ɏɜŬɠ ɛŮŰŮɤɟɞɚɞɔɘəɧɠ 

ůŰŬɗɛɧɠ ůŰɘɠ ȾŬɚɨɓŮɠ (ɡɣɧɛŮŰɟɞ 24m). ɆŰŬ ˊɚŬɑůɘŬ Űɞɡ ȺɡɟɤˊŬɥəɞɨ ɏɟɔɞɡ FLOODMED 

ŰɞˊɞɗŮŰɐɗɖəŬɜ ŭɨɞ ŰɖɚŮɛŮŰɟɘəɞɑ ɛŮŰŮɤɟɞɚɞɔɘəɞɑ ůŰŬɗɛɞɑ. Ƀ ́ ɟɩŰɞɠ ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ 

Űɞɡ ɆŬɛɤɜɎ əŬɘ ůŮ ɡɣɧɛŮŰɟɞ 390 m MSL əŬɘ ɞ ŭŮɨŰŮɟɞɠ ůŰɖɜ ˊŮɟɘɞɢɐ Ɋɡɢɟɧ ɄɖɔɎŭɘ əŬɘ ůŮ 

ɡɣɧɛŮŰɟɞ 948 m MSL. Ƀɘ ůŰŬɗɛɞɑ ŬɡŰɞɑ ŰɞˊɞɗŮŰɖɗɐəŬɜ ůŰɘɠ ɗɏůŮɘɠ ŬɡŰɏɠ ɏŰůɘ ɩůŰŮ ɜŬ ˊŬɟɏɢɞɡɜ 

ŬɝɘɧˊɘůŰŬ ɛŮŰŮɤɟɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɡɣɞɛŮŰɟɘəɐ ŭɘŬɓɎɗɛɘůɖ Űɖɠ ɚŮəɎɜɖɠ 

(ȾɞɡɟɔɘŬɚɎɠ, 2010). 

ɇŬ əɚɘɛŬŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ 

Űɖɠ ɆɞɨŭŬɠ, ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ ɡɣɧɛŮŰɟɞ 151 m. ɇŬ ůŰɞɘɢŮɑŬ Ŭűɞɟɞɨɜ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 1958-

1997. ɆŰɖɜ ȺɘəɧɜŬ 3.6 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ ůŮ ŮɚɎɢɘůŰɖ, ɛɏɔɘůŰɖ əŬɘ ɛɏůɖ 

ɗŮɟɛɞəɟŬůɑŬ ɔɘŬ Űɞ ŭɘɎůŰɖɛŬ 1958-1997. ɆŰɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ ɖ ɛɏůɖ ŮŰɐůɘŬ ɗŮɟɛɞəɟŬůɑŬ ɐŰŬɜ 

18,5ɞC. ɆŰɖɜ ȺɘəɧɜŬ 3.7 ́ ŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬəɨɛŬɜůɖ Űɤɜ ɡɣɩɜ Űɞɜ ɓɟɞɢɞˊŰɩůŮɤɜ ůŰɞ ŭɘɎůŰɖɛŬ 

Űɤɜ ŮŰɩɜ 1958 - 1997. 

 

 

ȺɘəɧɜŬ 3. 6. ŪŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ ŭɘŬůŰɐɛŬŰɞɠ 1958-1997, ˊɖɔɐ: ɃȷȹɈȾ, 2010 
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ȺɘəɧɜŬ 3. 7. ɀɏůɖ ɓɟɞɢɧˊŰɤůɖ ŭɘŬůŰɐɛŬŰɞɠ 1958-1997, ˊɖɔɐ: ɃȷȹɈȾ, 2010 

 

 

3.2. ʃʶˊʽʴˊʰ˒ʺ ʃʶˊʽˇ˔ʺˌ ɾʶ˂ʷˍʹˌ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɝŮŰɎɕŮŰŬɘ ɖ ɡŭɟŬɡɚɘəɐ ůɡɛˊŮɟɘűɞɟɎ əŬɘ ɖ ɛŮŰŬűɞɟɎ ɘɕɖɛɎŰɤɜ ůŰɞ 

əŬŰɎɜŰɖ ŰɛɐɛŬ Űɞɡ ˊɞŰŬɛɞɨ ȾɞɘɚɘɎɟɖ, ŭɖɚŬŭɐ Űɞ ŰɛɐɛŬ Űɞɡ ˊɞŰŬɛɞɨ Ŭˊɧ Űɞɜ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ 

ũŮɤɟɔɑɞɡ, ɧˊɞɡ ɧɚɞɘ ɞɘ ˊŬɟŬˊɧŰŬɛɞɘ ůɡɛɓɎɚɞɡɜ, ɛɏɢɟɘ Űɖɜ Ůəɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ ůŰɖɜ ɗɎɚŬůůŬ 

(ȺɘəɧɜŬ 3.8.). ȷˊɧ Űɞ ůɖɛŮɑɞ ɏɜɤůɖɠ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɞŰɎɛɤɜ ɛɏɢɟɘ Űɘɠ Ůəɓɞɚɏɠ Űɞɡ ˊɞŰŬɛɞɨ 

ȾɞɘɚɘɎɟɖ Űɞ ɛɐəɞɠ Űɞɡ ŮɑɜŬɘ 3.3 km. ȼ Ůˊɘɚɞɔɐ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŰɛɐɛŬŰɞɠ Űɞɡ ˊɞŰŬɛɞɨ ɔɘŬ 

ɛŮɚɏŰɖ ɏɔɘɜŮ ŭɘɧŰɘ ŰŬ əŬŰɎɜŰɖ ŰɛɐɛŬŰŬ Űɤɜ ˊɞŰŬɛɩɜ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟŬ ŮɡŬɑůɗɖŰŬ ůŮ űŬɘɜɧɛŮɜŬ 

ɝŬűɜɘəɩɜ ˊɚɖɛɛɡɟɩɜ ˊɞɡ ɛŮŰŬűɏɟɞɡɜ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ůŰŮɟŮɩɜ ůɡɛɓɎɚɚɞɜŰŬɠ ůŰɖɜ ŬɚɚŬɔɐ 

Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ Űɞɡ ˊɞŰŬɛɞɨ. 

ȼ ůɡɜɞɚɘəɐ ˊŬɟɞɢɐ ůŰɖ ɏɝɞŭɞ Űɞɡ ˊɞŰŬɛɞɨ ɏɢŮɘ ŮəŰɘɛɖɗŮɑ ůŰŬ 136.29 ŮəŬŰɞɛɛɨɟɘŬ əɡɓɘəɎ 

ɛɏŰɟŬ Űɞ ɢɟɧɜɞ. ȷˊɧ Űɖ ůɡɜɞɚɘəɐ ŬɡŰɐ ˊŬɟɞɢɐ, Űɞ 80% ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ əŬɟůŰɘəɐ ɟɞɐ Űɤɜ 

ˊɖɔɩɜ Űɞɡ ɆŰɨɚɞɡ, Ůɜɩ Űɞ ɡˊɧɚɞɘˊɞ 20% ɏɢŮɘ ŮəŰɘɛɖɗŮɑ ɧŰɘ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖ ůɡɛɓɞɚɐ Űɤɜ 

ŮˊɞɢɘŬəɩɜ ɟɞɩɜ Űɤɜ ˊŬɟŬˊɞŰɎɛɤɜ ȾŮɟŬɛɘɩŰɖ əŬɘ ȷɜŬɓɟɏŰɖ (Kourgialas et al., 2010). ɇŬ 




































































































