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ȺɡɢŬɟɘůŰɑŮɠ 

ȾŬɗɩɠ ŬɡŰɏɠ ŮɑɜŬɘ ɞɘ ŰŮɚŮɡŰŬɑŮɠ ɔɟŬɛɛɏɠ ˊɞɡ ɔɟɎűɤ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ 

ŮɟɔŬůɑŬɠ, ɜɘɩɗɤ Űɖɜ Ůɘɚɘəɟɘɜɐ ŬɜɎɔəɖ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ ɧɚŬ ŰŬ ˊɟɧůɤˊŬ ˊɞɡ ůɡɜɏɓŬɚɚŬɜ 

ɞɡůɘŬůŰɘəɎ ŬɚɚɎ əŬɘ ɖɗɘəɎ ůŰɖɜ Ůəˊɧɜɖůɐ Űɖɠ. 

ȷɟɢɘəɎ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɑŰŮɟŬ Űɞɜ ə. Ƚ. ɁŬɚɛˊɎɜŰɖ, Ⱥˊɘə. ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ, ˊɞɡ ɛŮ Űɖ 

Űɖɜ ɘŭɘɧŰɖŰŬ Űɞɡ ŮˊɘɓɚɏˊɞɜŰɞɠ ɛɞɡ ɏŭɤůŮ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ Ŭůɢɞɚɖɗɩ ɛŮ ɏɜŬ ŮɝŬɘɟŮŰɘəɎ ŮɜŭɘŬűɏɟɞɜ 

ɗɏɛŬ. Ƀɘ əɟɑůɘɛŮɠ əŬɘ ŮˊɘůŰɖɛɞɜɘəɎ ɎɟŰɘŮɠ ůɡɛɓɞɡɚɏɠ Űɞɡ, ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ əŬɘ Űɞ ůɡɜŮɢɏɠ 

ŮɜŭɘŬűɏɟɞɜ Űɞɡ ɔɘŬ Űɖɜ ˊɟɧɞŭɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ɓɞɐɗɖůŬɜ ůŰɖɜ ɞɚɞəɚɐɟɤůɐ Űɖɠ. ɇɞ 

ɐɗɞɠ Űɞɡ əŬɘ Űɞ ŮɝŬɘɟŮŰɘəɧ ŮˊɘůŰɖɛɞɜɘəɧ Űɞɡ ɏɟɔɞ ŬˊɞŰŮɚɞɨɜ ˊɟɧŰɡˊɞ ɔɘŬ ŮɛɏɜŬ əŬɘ ɏɛˊɜŮɡůɖ ɔɘŬ 

Űɖɜ ůɡɜɏɢɘůɖ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ Űɤɜ ɈŭŬŰɘəɩɜ Ʉɧɟɤɜ. 

Ⱥˊɑůɖɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ůɡɜŮˊɘɓɚɏˊɞɜŰŬ, ə. ȷ. ȺɡůŰɟŬŰɘɎŭɖ, ȹɟ. ɄɞɚɘŰɘəɧ ɀɖɢŬɜɘəɧ, 

ɛɏɚɞɠ ȺȹȽɄ ůŰɞ ȺɀɄ, ˊɟɞɠ Űɞɜ ɞˊɞɑɞɜ ŬɘůɗɎɜɞɛŬɘ Ůɡɔɜɩɛɤɜ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ əŬɘ Űɖɜ 

ŮˊɘůŰɖɛɞɜɘəɐ Űɞɡ əŬɗɞŭɐɔɖůɖ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ ɡɚɞˊɞɑɖůɖɠ Űɖɠ ŮɟɔŬůɑŬɠ.  

ȺɡɢŬɟɘůŰɑŮɠ ɞűŮɑɚɤ Ŭəɧɛɖ ůŰɞɡɠ əŬɗɖɔɖŰɏɠ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ȺɔɔŮɘɞɓŮɚŰɘɤŰɘəɩɜ Ȱɟɔɤɜ əŬɘ 

ȹɘŬɢŮɑɟɘůɖɠ ɈŭŬŰɘəɩɜ Ʉɧɟɤɜ  ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ ɔɜɩůŮɘɠ ˊɞɡ ɛɞɡ ɛŮŰɏŭɤůŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ. ȺɡɢŬɟɘůŰɩ ɘŭɘŬɑŰŮɟŬ Űɞɜ ɡˊɞɣɐűɘɞ ŭɘŭɎəŰɞɟŬ Michele Giglioni ɔɘŬ Űɖɜ ˊɟɞůűɞɟɎ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ɔɘŬ Űɖɜ ůɘəŮɚɘəɐ ɚŮəɎɜɖ, Űɞ ɡɚɘəɧ Űɞɡ ɞˊɞɑɞɡ ɐŰŬɜ ŬɜŬɔəŬɑɞ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ 

Űɖɠ ŮɟɔŬůɑŬɠ. 

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ əŬɘ Űɘɠ ɗɡůɑŮɠ Űɞɡɠ ɔɘŬ 

Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ. ȺɡɢŬɟɘůŰɩ ɘŭɘŬɑŰŮɟŬ Űɞɜ ŬŭŮɟűɧ ɛɞɡ ɔɘŬ Űɖɜ ŬŭɘɎəɞˊɖ 

ɖɗɘəɐ Űɞɡ ůŰɐɟɘɝɖ əŬɘ ɔɘŬ Űɖɜ ˊɑůŰɖ ˊɞɡ ɏŭŮɘɢɜŮ ˊɎɜŰŬ ůŰɞ ˊɟɧůɤˊɧ ɛɞɡ. ȺɡɢŬɟɘůŰɩ Űɞ ȹɘɞɜɨůɖ 

ɔɘŬ Űɖɜ ŬˊŮɟɘɧɟɘůŰɖ ɓɞɐɗŮɘŬ əŬɘ ɡˊɞůŰɐɟɘɝɖ ˊɞɡ ɛɞɡ ɏŭɘɜŮ ůŮ əɎɗŮ ɓɐɛŬ, ɢɤɟɑɠ Űɞɜ ɞˊɞɑɞɜ ɖ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŭŮɜ ɗŬ ɐŰŬɜ ɑŭɘŬ.  

ȾɤɜůŰŬɜŰɑɜŬ ɅɑůɓŬ 

ɃəŰɩɓɟɘɞɠ 2016 
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ɄŮɟɑɚɖɣɖ 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ əɎɗŮ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ, ŮɛűŬɜɑɕŮŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ ɢŬɛɖɚɩɜ 

ɟɞɩɜ ůŮ ɡŭŬŰɞɟŮɨɛŬŰŬ. Ƀɘ ŬɡɝɖɛɏɜŮɠ ŬɜɎɔəŮɠ ůŮ ɜŮɟɧ əŬɘ ɖ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ŬɡŰɞɨ 

ˊɟɞəŬɚɞɨɜ, ůɡɜɐɗɤɠ, ŭɘŬɢŮɘɟɘůŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ. ȰŰůɘ, ɖ ŬɝɘɧˊɘůŰɖ ŮəŰɑɛɖůɖ Űɖɠ ˊŬɟɞɢɐɠ Ůɜɧɠ 

ˊɞŰŬɛɞɨ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬ űɚɏɔɞɜ ɡŭɟɞɚɞɔɘəɧ ɕɐŰɖɛŬ. ȼ ˊɟɧɔɜɤůɖ, ůŮ 

ɛŬəɟɞˊɟɧɗŮůɛɞ ɞɟɑɕɞɜŰŬ, Űɞɡ ɡŭŬŰɘəɞɨ ŭɡɜŬɛɘəɞɨ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞŮŰɞɘɛŬůɑŬɠ əŬɘ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ  əŬŰɎɚɚɖɚɤɜ ŭɟɎůŮɤɜ ɩůŰŮ ɜŬ ɓŮɚŰɘɤɗŮɑ ɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ˊɧɟɤɜ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ 

əŬɚɨŰŮɟɖ ɘəŬɜɞˊɞɑɖůɖ ŬɜŬɔəɩɜ Űɤɜ Űɞˊɘəɩɜ əɞɘɜɤɜɘɩɜ ˊɞɡ Ŭɝɘɞˊɞɘɞɨɜ Űɞ ɜŮɟɧ, ˊ.ɢ., ɔɘŬ Űɖɜ 

ɎɟŭŮɡůɖ əŬɚɚɘŮɟɔŮɘɩɜ, ŬɚɚɎ əŬɘ ɖ ŭɘŬŰɐɟɖůɖ əŬɚɐɠ ɞɘəɞɚɞɔɘəɐɠ əŬŰɎůŰŬůɖɠ Űɞɡ ɡŭɎŰɘɜɞɡ ůɩɛŬŰɞɠ. 

ɄŬɟɎ Űɖɜ ˊɟɞűŬɜɐ ůɖɛŬůɑŬ Űɞɡ űŬɘɜɞɛɏɜɞɡ, ůŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ŭŮɜ ɡˊɎɟɢɞɡɜ ˊɞɚɚɏɠ ɛŮɚɏŰŮɠ 

ŬˊɞəɚŮɘůŰɘəɎ ɔɘŬ Űɘɠ ɢŬɛɖɚɏɠ ɟɞɏɠ, ŬɚɚɎ, ůɡɜɐɗɤɠ, ɖ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ŭɘŬɢŮɘɟɘůŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ ɔɘŬ 

Űɞ ůɨɜɞɚɞ Űɖɠ ɟɞɐɠ. ȷɡŰɧ ɞŭɖɔŮɑ ůɡɢɜɎ ůŰɖ ɢɟɐůɖ ˊŮɟɑˊɚɞəɤɜ ɛɞɜŰɏɚɤɜ əŬɘ ɛŮɗɞŭɞɚɞɔɘɩɜ ŰŬ 

ɞˊɞɑŬ, Ŭɜ əŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ŮˊɘŰɡɢɖɛɏɜŬ əŬɘ ůŰɖɜ ˊŮɟɘɔɟŬűɐ Űɤɜ ɝɖɟɩɜ ˊŮɟɘɧŭɤɜ, ŬˊŬɘŰɞɨɜ 

ŮɝŮɘŭɘəŮɡɛɏɜɞ ˊɟɞůɤˊɘəɧ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ. 

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ Ůɜɧɠ Ŭˊɚɞɨ ɛɞɜŰɏɚɞɡ ŮəŰɑɛɖůɖɠ Űɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ, 

əŬŰɎɚɚɖɚɞ ɔɘŬ ɢɟɐůɖ ɢɤɟɑɠ ŮɝŮɘŭɘəŮɡɛɏɜɞ ɚɞɔɘůɛɘəɧ əŬɘ ˊɟɞůɤˊɘəɧ. ȷɝɘɞˊɞɘoɨɜŰŬɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ 

ŭɘɎűɞɟŮɠ ɛŮůɞɔŮɘŬəɏɠ ɚŮəɎɜŮɠ (ŭɨɞ Ůɚɚɖɜɘəɏɠ, ŭɨɞ əɡˊɟɘŬəɏɠ əŬɘ ɛɑŬ ɘŰŬɚɘəɐ) ɛŮ ɖɛŮɟɐůɘŮɠ 

ɛŮŰɟɐůŮɘɠ. ȺűŬɟɛɧɕɞɜŰŬɘ ŭɘɎűɞɟŮɠ Ŭˊɚɏɠ ŰŮɢɜɘəɏɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŮɝɞɛɎɚɡɜůɖ 

ŰɡɢŬɑɤɜ ˊɚɖɛɛɡɟɘəɩɜ ɔŮɔɞɜɧŰɤɜ əŬɘ ŭɘŬŰɐɟɖůɖ ůɢɐɛŬŰɞɠ Űɖɠ əŬɛˊɨɚɖɠ ɡˊɞɢɩɟɖůɖɠ Űɖɠ ɓŬůɘəɐɠ 

ɟɞɐɠ. ɇɏɚɞɠ, əŬŰŬɟŰɑɕɞɜŰŬɘ ɜɞɛɞɔɟŬűɐɛŬŰŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞ űŬɘɜɧɛŮɜɞ ůŰɘɠ ŭɘɎűɞɟŮɠ ɚŮəɎɜŮɠ. 
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Abstract 

Low-flows is a common phenomenon occurring in rivers during dry seasons within each hydrological 

year. Increased water demand and low availability during these seasons account for numerous water-

resources management problems. Therefore, reliable flow estimation during dry seasons is an 

emerging topic in contemporary hydrology. Long term prognosis of river water potential helps 

stakeholders take better decisions for distributing resources (e.g. water for agriculture) and achieving 

good ecological status of the studied water body. Although low flows is a profoundly essential part of 

the hydrological cycle and can significantly affect management limited studies are found in literature. 

In contrast, most studies delve into resolving management problems by examining the water circle as a 

whole, including wet and dry seasons. This practice leads to the development of complex models and 

methodologies that are most often successful, but require expertise and specialized software. 

The object of this thesis is to develop a simple yet efficient model for estimating low flows during dry 

seasons, suitable for use without specialized software or personnel. In order to design the model, daily 

runoff data from various Mediterranean basins are utilized (two from Greece, two from Cyprus, one 

from Italy). Runoff data are smoothed by simple signal processing techniques which filter the effect of 

flood events and retain the flow recession curve. Finally, models are presented in chart form for each 

one of the basin tested. 
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ɆɢɐɛŬ 7.37: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qsavitzky-golay) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 2006 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 

ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

(error1) ................................................................................................................................................ 120 

ɆɢɐɛŬ 7.38: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ əŬɘ ŮəŰɘɛɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ ɞɚɧəɚɖɟɖ Űɖ ŭɘŬɗɏůɘɛɖ ɢɟɞɜɞůŮɘɟɎ .......................................................................... 122 

ɆɢɐɛŬ 7.39: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ əŬɘ ŮəŰɘɛɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Ŭɟɢɘəɐ Űɘɛɐ Űɞɡ 

ɛɞɜŰɏɚɞɡ Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ əŬɘ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error2) .................... 123 

ɆɢɐɛŬ 8.1: ũɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ a, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ əŬɘ Űɞ 

ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (error1) ..................................................................................................... 125 

ɆɢɐɛŬ 8.2:  ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qno filter) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1995 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 

ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ... 126 

ɆɢɐɛŬ 8.3: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qno filter) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1997 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ 

ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ....................... 126 

ɆɢɐɛŬ 8.4: ũɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ a, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ əŬɘ Űɞ 

ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (error1) ..................................................................................................... 127 

ɆɢɐɛŬ 8.5:  ȹɘɎɔɟŬɛɛŬ ŮɝɞɛŬɚɡɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 

1995 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ 
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ɆɢɐɛŬ 8.6: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qstart day) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1995 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ 

ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ....................... 128 

ɆɢɐɛŬ 8.7: ȹɘɎɔɟŬɛɛŬ ŮɝɞɛŬɚɡɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1997 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ 

ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ................................................................................. 129 

ɆɢɐɛŬ 8.8: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qstart day) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1997 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ 

ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ....................... 129 

ɆɢɐɛŬ 8.9: ũɟŬɛɛɘəɧ ɀɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ a, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ əŬɘ Űɞ 

ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (error1) ..................................................................................................... 130 

ɆɢɐɛŬ 8.10: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qdry season) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1995 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 

ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ... 131 

ɆɢɐɛŬ 8.11: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qdry season) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1997 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 

ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ... 131 

ɆɢɐɛŬ 8.12: ũɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ a, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ əŬɘ Űɞ 

ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (error1) ..................................................................................................... 132 

ɆɢɐɛŬ 8.13: ȹɘɎɔɟŬɛɛŬ ɔɟŬɛɛɘəɞɨ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ ɔɘŬ Űɞ ɏŰɞɠ 1995 ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Űɞɡ Ⱥɡɐɜɞɡ .......................................................................................................................................... 133 

ɆɢɐɛŬ 8.14: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qlinear) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1995 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ 

ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ....................... 133 

ɆɢɐɛŬ 8.15: ȹɘɎɔɟŬɛɛŬ ɔɟŬɛɛɘəɞɨ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ ɔɘŬ Űɞ ɏŰɞɠ 1997 ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Űɞɡ Ⱥɡɐɜɞɡ .......................................................................................................................................... 134 

ɆɢɐɛŬ 8.16: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qlinear) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1997 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ 

ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ....................... 134 

ɆɢɐɛŬ.8.17: ũɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ a, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ  Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ əŬɘ 
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ɆɢɐɛŬ 8.18: ȹɘɎɔɟŬɛɛŬ ŮűŬɟɛɞɔɐɠ űɑɚŰɟɞɡ Savitzky-Golay ůŰɘɠ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ 
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ɆɢɐɛŬ 8.19: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qsavitzky-golay) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1995 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 

ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ... 137 

ɆɢɐɛŬ 8.20: ȹɘɎɔɟŬɛɛŬ ŮűŬɟɛɞɔɐɠ űɑɚŰɟɞɡ Savitzky-Golay ůŰɘɠ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ 
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Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1997 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 
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Imera Meridionale ɔɘŬ Űɞ ɏŰɞɠ 1967 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 
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ˊŬɟɎɛŮŰɟɞ a ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Imera Meridionale, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖ ŭɘɎɛŮůɞ Űɤɜ 15 
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Imera Meridionale ɔɘŬ Űɞ ɏŰɞɠ 1954 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖ ŭɘɎɛŮůɞ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ 
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ɆɢɐɛŬ 8.31: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qstart day) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Imera Meridionale ɔɘŬ Űɞ ɏŰɞɠ 1967 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 

ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ... 147 

ɆɢɐɛŬ 8.32: ũɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ a ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Imera Meridionale, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ 
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ɆɢɐɛŬ 8.33: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qdry season) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Űɖɠ Imera Meridionale ɔɘŬ Űɞ ɏŰɞɠ 1954 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 

ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 
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ɆɢɐɛŬ 8.34: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qdry season) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Imera Meridionale ɔɘŬ Űɞ ɏŰɞɠ 1967 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 
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ˊŬɟɎɛŮŰɟɞ a ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɖɠ Imera Meridionale, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ 
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Űɖɠ Imera Meridionale ɔɘŬ Űɞ ɏŰɞɠ 1954 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 
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ɆɢɐɛŬ 8.39 ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qlinear) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Űɖɠ Imera Meridionale ɔɘŬ Űɞ ɏŰɞɠ 1967 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 
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ɆɢɐɛŬ 8.42: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qsavitzky-golay) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Űɖɠ Imera Meridionale ɔɘŬ Űɞ ɏŰɞɠ 1954 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 
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ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Ŭɟɢɘəɐ Űɘɛɐ Űɞɡ ɛɞɜŰɏɚɞɡ Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ əŬɘ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ůűɎɚɛŬ ůŰɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error2) ...................................................................................................................... 159 

ɆɢɐɛŬ 8.47: ũɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ 
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ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1) ... 167 



xvii  

ɆɢɐɛŬ 8.55: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qdry season) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ ȿŬɕɎɟɖŭŮɠ ɔɘŬ Űɞ ɏŰɞɠ 1980 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 
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ɆɢɐɛŬ 8.58: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qlinear) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

ȿŬɕɎɟɖŭŮɠ ɔɘŬ Űɞ ɏŰɞɠ 1971 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ 
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ȿŬɕɎɟɖŭŮɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, 
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ȿŬɕɎɟɖŭŮɠ ɔɘŬ Űɞ ɏŰɞɠ 1980 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ 
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ˊŬɟɎɛŮŰɟɞ a, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ əŬɘ Űɞ 
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ɆɢɐɛŬ 8.62: ȹɘɎɔɟŬɛɛŬ ŮűŬɟɛɞɔɐɠ űɑɚŰɟɞɡ Savitzky-Golay ůŰɘɠ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ 
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ɆɢɐɛŬ 8.63: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qsavitzky-golay) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ ȿŬɕɎɟɖŭŮɠ ɔɘŬ Űɞ ɏŰɞɠ 1971 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ 
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1 

1 ȺɘůŬɔɤɔɐ 

1.1 ɇɞˊɞɗɏŰɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ȼ ˊŮɟɑɞŭɞɠ ɢŬɛɖɚɩɜ Ŭˊɞɟɟɞɩɜ Ůɜɧɠ ˊɞŰŬɛɞɨ ŬˊɞŰŮɚŮɑ ɏɜŬ ŮˊɞɢɘŬəɧ űŬɘɜɧɛŮɜɞ, Űɞ ɞˊɞɑɞ 

ŮɛűŬɜɑɕŮŰŬɘ ůɢŮŭɧɜ ůŮ əɎɗŮ ˊɞŰŬɛɧ. ȾŬŰɎ Űɖ ɝɖɟɐ ˊŮɟɑɞŭɞ ï ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əɚɘɛŬŰɘəɐ ŭɑŬɘŰŬ Űɖɠ 

ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Űɞ əŬɚɞəŬɑɟɘ ɐ ɢŮɘɛɩɜŬ ï ɞɘ ɓɟɞɢɞˊŰɩůŮɘɠ ŮɑɜŬɘ ɛŮɘɤɛɏɜŮɠ ůŮ 

ůɡɢɜɧŰɖŰŬ əŬɘ ɨɣɞɠ ɡŮŰɞɨ, ɛŮ ůɡɜɏˊŮɘŬ ɞ ɛɞɜŬŭɘəɧɠ, ˊɟŬəŰɘəɎ, ŰɟɞűɞŭɧŰɖɠ Űɞɡ ˊɞŰŬɛɞɨ ɜŬ ŮɑɜŬɘ ɖ 

ɓŬůɘəɐ Ŭˊɞɟɟɞɐ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɡˊɧɔŮɘŬ ɨŭŬŰŬ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ Ŭˊɞɟɟɞɐ, ɖ 

ɞˊɞɑŬ ŭɘɏˊŮŰŬɘ Ŭˊɧ ɏɜŰɞɜɖ ŰɡɢŬɘɧŰɖŰŬ, əŬɗɩɠ ɖ ɔŮɜŮůɘɞɡɟɔɧɠ ŬɘŰɑŬ ŮɑɜŬɘ ɖ ɓɟɞɢɐ, ɖ ɓŬůɘəɐ Ŭˊɞɟɟɞɐ 

ɏɢŮɘ ˊɘɞ ŬɘŰɘɞəɟŬŰɘəɐ űɨůɖ. ȰŰůɘ, ŭɘɎűɞɟŬ ŬˊɚɎ ɛɞɜŰɏɚŬ, ɧˊɤɠ ɞɘ əŬɛˊɨɚŮɠ ůŰŮɑɟŮɡůɖɠ, Ůɝɖɔɞɨɜ ɛŮ 

ŬˊɞŭɞŰɘəɧ Űɟɧˊɞ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ɓŬůɘəɐɠ Ŭˊɞɟɟɞɐɠ. ȼ ɘŭɏŬ ŬɡŰɐ ŮɜɏˊɜŮɡůŮ Űɖɜ ˊŬɟɞɨůŬ 

ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɧˊɞɡ ŮˊɘɢŮɘɟŮɑŰŬɘ ɖ əŬŰɎůŰɟɤůɖ Ůɜɧɠ Ŭˊɚɞɨ ŭɘˊŬɟŬɛŮŰɟɘəɞɨ ɛɞɜŰɏɚɞɡ 

ˊɟɧɓɚŮɣɖɠ Űɖɠ Ůɝɏɚɘɝɖɠ Űɖɠ ɢŬɛɖɚɐɠ ɟɞɐɠ ˊɞŰŬɛɩɜ əŬŰɎ Űɖɜ ɝɖɟɐ Űɞɡɠ ˊŮɟɑɞŭɞ. ȾŬŰɎ Űɖ ɔɜɤůŰɐ 

ɟɐůɖ Űɞɡ A. Einstein, ŰŬ ɛɞɜŰɏɚŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ çɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ŬˊɚɎ ɔɑɜŮŰŬɘ ŬɚɚɎ ɧɢɘ 

ŬˊɚɞɨůŰŮɟŬè. ȰŰůɘ, Ŭɜ əŬɘ Űɞ ɛɞɜŰɏɚɞ ŬɡŰɧ űŬɜŰɎɕŮɘ Ŭˊɚɞɥəɧ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŬ, ˊɘɞ ůɨɜɗŮŰŬ Űɖɠ 

ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ ŰŬ ɞˊɞɑŬ Ŭɝɘɞˊɞɘɞɨɜ ůŰɞɢŬůŰɘəɏɠ, ůŰŬŰɘůŰɘəɏɠ əŬɘ ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ, ŮɜŰɞɨŰɞɘɠ 

ŭɘŬŰɖɟŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ: ŮɑɜŬɘ ŮɨɢɟɖůŰɞ, əŬɗɩɠ ŭŮɜ ŬˊŬɘŰŮɑ ŮəŰŮɜɐ ŭŮŭɞɛɏɜŬ, ˊŬɟɎ ɛɧɜɞ 

ɖɛŮɟɐůɘŮɠ ɛŮŰɟɐůŮɘɠ ɛŮɟɘəɩɜ ŮŰɩɜ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ŭɨɞ ɛɧɜɞ ˊŬɟŬɛɏŰɟɤɜ, Ůɜɩ ˊɟɞůŬɟɛɧɕŮŰŬɘ 

ɛŮ ŮɡəɞɚɑŬ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɚŮəɎɜŮɠ. 

ȼ ɢɟɖůɘɛɧŰɖŰŬ Ůɜɧɠ ŰɏŰɞɘɞɡ ɛɞɜŰɏɚɞɡ ɔɑɜŮŰŬɘ ˊɟɞűŬɜɐɠ, Ŭɜ ŬɜŬɚɞɔɘůŰŮɑ əŬɜŮɑɠ ˊɤɠ ɞɘ ˊɞŰŬɛɞɑ 

ŬˊɞŰŮɚɞɨɜ ɛɘŬ Ŭˊɧ Űɘɠ əɨɟɘŮɠ ˊɖɔɏɠ ŬɟŭŮɡŰɘəɞɨ əŬɘ ɡŭɟŮɡŰɘəɞɨ ɜŮɟɞɨ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ. 

ȺɘŭɘəɎ əŬŰɎ Űɖɠ ˊŮɟɘɧŭɞɡɠ ɢŬɛɖɚɐɠ ɟɞɐɠ, ŬˊŬɘŰŮɑŰŬɘ ɜŬ ɛɖɜ ɡˊɎɟɝŮɘ ůɖɛŬɜŰɘəɧ ɏɚɚŮɘɛɛŬ ůŰɖɜ 

əɎɚɡɣɖ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ŬɜŬɔəɩɜ. Ƀɘ ŭɘɎűɞɟɞɘ űɞɟŮɑɠ əŬɘ ɢɟɐůŰŮɠ Űɞɡ ɜŮɟɞɨ ɢɟŮɘɎɕɞɜŰŬɘ ŬˊɚɎ 

ŮɟɔŬɚŮɑŬ, ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɔɟŬɛɛŬŰɑůɞɡɜ Űɘɠ ŭɘɎűɞɟŮɠ ŭɟŬůŰɖɟɘɧŰɖŰɏɠ Űɞɡɠ ɔɘŬ Űɖɜ ɓɏɚŰɘůŰɖ 

ɢɟɐůɖ ɜŮɟɞɨ Ŭˊɧ ˊɞŰɎɛɘŬ əŬɘ ɎɚɚŮɠ ˊɖɔɏɠ. 

Ƀɘ ɢŬɛɖɚɏɠ ɟɞɏɠ, ɔŮɜɘəɎ, ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ˊɞɘəɑɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ Űɖɜ ůɨůŰŬůɖ əŬɘ Űɖ 

ŭɘɖɗɖŰɘəɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ, ŰŬ ɡŭɟɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɖɜ ɏəŰŬůɖ Űɤɜ ɡŭɟɞűɞɟɏɤɜ, ŰŬ 

ˊɞůɞůŰɎ Űɖɠ ŮɝŬŰɛɞŭɘŬˊɜɞɐɠ Ŭˊɧ Űɖ ɚŮəɎɜɖ, ŰŬ Ůɑŭɖ Űɖɠ ɡˊɎɟɢɞɡůŬɠ ɓɚɎůŰɖůɖɠ, Űɖɜ ŰɞˊɞɔɟŬűɑŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ, Űɘɠ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ, əŬɗɩɠ əŬɘ Űɘɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ. Ƀɘ ŭɨɞ ˊŬɟɎɛŮŰɟɞɘ 

ˊɞɡ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ůŰɞ ɛɞɜŰɏɚɞ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊɟɞűŬɜɩɠ ɗŬ 

ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŮəɎůŰɞŰŮ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŮ əɎɗŮ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ. 

ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ, ŮɝŮŰɎůŰɖəŬɜ ˊɏɜŰŮ ŭɘŬűɞɟŮŰɘəɏɠ ɚŮəɎɜŮɠ Űɞɡ ɀŮůɞɔŮɘŬəɞɨ ɢɩɟɞɡ (ŭɨɞ Ůɚɚɖɜɘəɏɠ, 

ŭɨɞ əɡˊɟɘŬəɏɠ əŬɘ ɛɘŬ ɘŰŬɚɘəɐ), ɧˊɞɡ ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŮɠ əŬɘ ŬɝɘɧˊɘůŰŮɠ ɖɛŮɟɐůɘŮɠ ɛŮŰɟɐůŮɘɠ, ɩůŰŮ 

ɜŬ ŬɜŬŭŮɘɢɗŮɑ ŬɡŰɐ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ. 

1.2 ȹɘɎɟɗɟɤůɖ ŮɟɔŬůɑŬɠ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɞəŰɩ əŮűɎɚŬɘŬ, ůŰŬ ɞˊɞɑŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɖ 

ɓɘɓɚɘɞɔɟŬűɘəɐ Ůˊɘůəɧˊɖůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ, ɛŮ ɗŮɛŮɚɘɩŭŮɘɠ ɏɜɜɞɘŮɠ əŬɘ ɛŮɗɞŭɞɚɞɔɑŮɠ 

ŮəŰɑɛɖůɖɠ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ, ɞɘ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ əŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɝɘɞˊɞɘɐɗɖəŬɜ. ɆŰɖɜ ůɡɜɏɢŮɘŬ 

ŬɜŬɚɨŮŰŬɘ ɖ əŬŰɎɟŰɘůɖ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɤɠ ˊɟɞɠ ŰŬ ɗŮɤɟɖŰɘəɎ Űɞɡɠ ůŰɞɘɢŮɑŬ, ɖ ˊɟɞ-
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ŮˊŮɝŮɟɔŬůɑŬ ˊɞɡ ɏɔɘɜŮ, ɖ əŬŰɎɟŰɘůɖ Űɤɜ ɛɞɜŰɏɚɤɜ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŮɝɐɢɗɖůŬɜ əŬɘ, Űɏɚɞɠ, ŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɞɘ ˊɟɞŰɎůŮɘɠ. 

 

ȾŮűɎɚŬɘɞ 1
ɞ
  

ȷˊɞŰŮɚŮɑ Űɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, əŬɗɩɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ɔŮɜɘəɐ ŰɞˊɞɗɏŰɖůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ Űɞɜ Űɟɧˊɞ ŭɘɎɟɗɟɤůɖɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ȾŮűɎɚŬɘɞ 2
ɞ
  

ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɓɘɓɚɘɞɔɟŬűɘəɐ Ůˊɘůəɧˊɖůɖ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɔŮɜɘəɏɠ ɏɜɜɞɘŮɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɘɠ 

ɢŬɛɖɚɏɠ ɟɞɏɠ əŬɘ ŭɘɎűɞɟŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ŮəŰɑɛɖůɖɠ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ. 

ȾŮűɎɚŬɘɞ 3
ɞ
  

ɄŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

ȾŮűɎɚŬɘɞ 4
ɞ
  

ɄŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ ɔɘŬ Űɖɜ əŬŰɎɟŰɘůɖ Űɞɡ ɛɞɜŰɏɚɞɡ. 

ȾŮűɎɚŬɘɞ 5
ɞ
  

ɄŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ŮˊŮɝŮɟɔŬůɑŮɠ ˊɞɡ ɏɔɘɜŬɜ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ ɞɟɘůɛɏɜɤɜ ɓŬůɘəɩɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ Űɘɠ ɡˊɧ 

ɛŮɚɏŰɖ ɚŮəɎɜŮɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɞɘ əŬɛˊɨɚŮɠ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ, ɞɘ əŬɛˊɨɚŮɠ Űɤɜ ŮˊŰɎ 

ɖɛŮɟɩɜ əŬɘ ɞɘ əŬɛˊɨɚŮɠ ůŰŮɑɟŮɡůɖɠ. 

ȾŮűɎɚŬɘɞ 6
ɞ
  

ɄŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ əŬŰɎɟŰɘůɖ Űɞɡ ɛɞɜŰɏɚɞɡ, ɛŮ ɧɚŬ 

ŰŬ ɓɐɛŬŰŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɛɏɢɟɘ Űɖɜ ŮɝŬɔɤɔɐ Űɖɠ ŰŮɚɘəɐɠ ŭɘŬɛɧɟűɤůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ. 

ȾŮűɎɚŬɘɞ 7
ɞ
  

ɄŬɟŬŰɑɗŮɜŰŬɘ, ŬɜŬɚɡŰɘəɎ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŮɝɐɢɗɖůŬɜ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ, ɛɏɢɟɘ 

Űɞ ŰŮɚɘəɧ ɛɞɜŰɏɚɞ. 

ȾŮűɎɚŬɘɞ 8
ɞ
  

ɄŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ůɨɜɞɣɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ɛŮ ɧɚŬ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŬɜɏəɡɣŬɜ, əŬɗɩɠ 

əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŬɡŰɐɜ. 
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2 ŪŮɛŮɚɘɩŭŮɘɠ ɏɜɜɞɘŮɠ əŬɘ ɛŮɗɞŭɞɚɞɔɑŮɠ ŮəŰɑɛɖůɖɠ 
ɓŬůɘəɐɠ ɟɞɐɠ: ȸɘɓɚɘɞɔɟŬűɘəɐ Ůˊɘůəɧˊɖůɖ  

2.1 ȺɘůŬɔɤɔɐ 

ȼ ŮˊɘűŬɜŮɘŬəɐ Ŭˊɞɟɟɞɐ ɞɟɑɕŮŰŬɘ ɤɠ ɖ ɟɞɐ Űɞɡ ɜŮɟɞɨ, ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ, əŬŰɎ ɛɐəɞɠ 

Űɤɜ űɡůɘəɩɜ ɡŭŬŰɞɟŮɛɎŰɤɜ (Ward & Robinson, 1989Ŀ Mosley & McKerchar, 1993). ȼ ˊɞůɞŰɘəɐ 

ŬˊŮɘəɧɜɘůɖ Űɖɠ ɢɟɞɜɘəɐɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ Ŭˊɞɟɟɞɐɠ ůŮ ɛɘŬ ŭŮŭɞɛɏɜɖ ŭɘŬŰɞɛɐ Ůɜɧɠ ˊɞŰŬɛɞɨ ɞɜɞɛɎɕŮŰŬɘ 

ɡŭɟɞɔɟɎűɖɛŬ. ɆŰɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ ůɡɛɓɎɚɚɞɡɜ ˊɚɐɗɞɠ űɡůɘəɩɜ ŭɘŮɟɔŬůɘɩɜ, 

ɧˊɤɠ ŰŬ ŬŰɛɞůűŬɘɟɘəɎ əŬŰŬəɟɖɛɜɑůɛŬŰŬ, ɖ ŮˊɑɔŮɘŬ ɟɞɐ, ɖ ɡˊɞŭŮɟɛɘəɐ ɟɞɐ əŬɘ ɖ ɡˊɧɔŮɘŬ ɟɞɐ. ɆŰɞ 

ɆɢɐɛŬ 2.1 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞŮɚŮɨůŮɘɠ Űɞɡ ɜŮɟɞɨ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ. ũɘŬ Űɘɠ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊɟŬəŰɘəɏɠ ŮűŬɟɛɞɔɏɠ, ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ Ŭəɟɘɓɐɠ ɛŬɗɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɧɚɤɜ 

ŬɡŰɩɜ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ. ȷɜŰɑɗŮŰŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ 

ůɢɖɛŬŰɞˊɞɘɖɛɏɜɖ ŬˊɚɞɨůŰŮɡůɐ Űɖɠ ůŮ ŭɨɞ ůɡɜɘůŰɩůŮɠ, ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ɟɡɗɛɧ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ 

Űɞɡɠ, ŬɜŰɑ ůŰɞ ɛɖɢŬɜɘůɛɧ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡɠ. ȰŰůɘ, Űɞ ůɡɜɞɚɘəɧ ɡŭɟɞɔɟɎűɖɛŬ ɢɤɟɑɕŮŰŬɘ ůŰɖɜ ɎɛŮůɖ 

əŬɘ Űɖɜ ɓŬůɘəɐ Ŭˊɞɟɟɞɐ. ȼ ɎɛŮůɖ Ŭˊɞɟɟɞɐ ŮəűɟɎɕŮɘ Űɖɜ ŰŬɢŮɑŬ Ŭˊɧəɟɘůɖ Űɖɠ ɚŮəɎɜɖɠ ůŰŬ 

əŬŰŬəɟɖɛɜɑůɛŬŰŬ, ɛɏɟɞɠ Űɤɜ ɞˊɞɑɤɜ ŬəɞɚɞɡɗŮɑ ɛɘŬ ɔɟɐɔɞɟɖ ŮˊɑɔŮɘŬ ɐ ɡˊɧɔŮɘŬ ˊɞɟŮɑŬ ˊɟɞɠ ŰŬ 

ɡŭŬŰɞɟŮɨɛŬŰŬ. ȷɜŰɑɗŮŰŬ, Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ůɡɜŮɢɐɠ ɟɞɐ ůŮ ˊɞŰɎɛɘŬ ŬəɧɛŬ əŬɘ ůŮ 

ˊŮɟɘɧŭɞɡɠ ɢɤɟɑɠ ɓɟɞɢɐ ŭŮɑɢɜŮɘ ˊɤɠ ɏɜŬ Ɏɚɚɞ ɛɏɟɞɠ Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ŬəɞɚɞɡɗŮɑ ˊɞɚɨ ɓɟŬŭŮɑŬ 

ɡˊɧɔŮɘŬ ˊɞɟŮɑŬ ˊɟɞɠ ŰŬ ɡŭŬŰɞɟŮɨɛŬŰŬ (ȾɞɡŰůɞɔɘɎɜɜɖɠ əŬɘ ɂŬɜɗɧˊɞɡɚɞɠ, 1999). ɆŰɞ ɆɢɐɛŬ 2.2 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ Űɡˊɘəɧ ɡŭɟɞɔɟɎűɖɛŬ, ɛŮ ŭɘŬɢɤɟɘůɛɧ Űɖɠ ɎɛŮůɖɠ Ŭˊɧ Űɖɜ ɡˊɧɔŮɘŬ Ŭˊɞɟɟɞɐ. 
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ɆɢɐɛŬ 2.1: ȹɘɎűɞɟŮɠ ůɡɜɘůŰɩůŮɠ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ, ɧˊɞɡ: Qp ɖ ɎɛŮůɖ ɓɟɞɢɧˊŰɤůɖ ůŰɞ ɡŭŬŰɧɟŮɡɛŬ, 

Qo ɖ ŮˊɑɔŮɘŬ ɟɞɐ, Qt ɖ ɡˊɞŭŮɟɛɘəɐ ɟɞɐ əŬɘ Qg ɖ ɡˊɧɔŮɘŬ ɟɞɐ (Ʉɖɔɐ: ȾɞɡŰůɞɔɘɎɜɜɖɠ əŬɘ ɂŬɜɗɧˊɞɡɚɞɠ, 1999) 

 

 

 

ɆɢɐɛŬ 2.2: ɈŭɟɞɔɟɎűɖɛŬ ɧˊɞɡ űŬɑɜŮŰŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɧ Űɖ ɓŬůɘəɐ ɟɞɐ (Ʉɖɔɐ: 

ȾɞɡŰůɞɔɘɎɜɜɖɠ əŬɘ ɂŬɜɗɧˊɞɡɚɞɠ, 1999) 
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ȼ ɢŬɛɖɚɐ ɟɞɐ Ůɜɧɠ ˊɞŰŬɛɞɨ ŮɑɜŬɘ ɏɜŬ ŮˊɞɢɘŬəɧ űŬɘɜɧɛŮɜɞ əŬɘ ŬɜŬˊɧůˊŬůŰɞ ůŰɞɘɢŮɑɞ Űɞɡ 

əŬɗŮůŰɩŰɞɠ ɟɞɐɠ əɎɗŮ ˊɞŰŬɛɞɨ (Smakhtin, 2001). ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ˊɞŰŬɛɞɑ ŬˊɞŰŮɚɞɨɜ ɛɘŬ Ŭˊɧ Űɘɠ 

əɨɟɘŮɠ ˊɖɔɏɠ ŬɟŭŮɡŰɘəɞɨ əŬɘ ɡŭɟŮɡŰɘəɞɨ ɜŮɟɞɨ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ, ŬˊŬɘŰŮɑŰŬɘ ˊɟɞůɞɢɐ, 

ɘŭɘŬɑŰŮɟŬ ůŰɘɠ ˊŮɟɘɧŭɞɡɠ ɢŬɛɖɚɐɠ ɟɞɐɠ, ɏŰůɘ ɩůŰŮ ɜŬ ɛɖɜ ɡˊɎɟɝŮɘ ɏɚɚŮɘɣɖ ɜŮɟɞɨ. Ƀɘ ɢŬɛɖɚɏɠ ɟɞɏɠ 

ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ˊɞɘəɑɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ Űɖɜ ůɨůŰŬůɖ əŬɘ Űɖ ŭɘɖɗɖŰɘəɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ, ŰŬ 

ɡŭɟɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɖɜ ɏəŰŬůɖ Űɤɜ ɡŭɟɞűɞɟɏɤɜ, ŰŬ ˊɞůɞůŰɎ Űɖɠ ŮɝŬŰɛɞŭɘŬˊɜɞɐɠ Ŭˊɧ Űɖ 

ɚŮəɎɜɖ, ŰŬ Ůɑŭɖ Űɖɠ ɡˊɎɟɢɞɡůŬɠ ɓɚɎůŰɖůɖɠ, Űɖɜ ŰɞˊɞɔɟŬűɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ, Űɘɠ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ, 

əŬɗɩɠ əŬɘ Űɘɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ɧˊɤɠ ŮɑɜŬɘ ɖ ŬűŬɑɟŮůɖ ɡɚɘəɞɨ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ 

ˊɞŰŬɛɞɨ əŬɘ ɖ ŬɚɚŬɔɐ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ. ȼ ŮɛűɎɜɘůɖ ɢŬɛɖɚɩɜ ɟɞɩɜ ŮˊɖɟŮɎɕŮɘ ɘŭɘŬɑŰŮɟŬ Űɘɠ 

ŬɔɟɞŰɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, Űɖɜ ˊŬɟŬɔɤɔɐ ɡŭɟɞɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, Űɖɜ ˊɚɤŰɧŰɖŰŬ Űɞɡ ˊɞŰŬɛɞɨ, 

Űɖɜ ŬɚɘŮɑŬ əŬɘ ɎɚɚŮɠ ɞɘəɘŬəɏɠ ɐ ɞɘəɞɜɞɛɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ (Lef v̄re, 1974). ɇɞ űŬɘɜɧɛŮɜɞ Űɤɜ 

ɢŬɛɖɚɩɜ ɟɞɩɜ ɏɢŮɘ ůɞɓŬɟɧ ŬɜŰɑəŰɡˊɞ ůŰɖɜ əɞɘɜɤɜɑŬ ŮɝŬɘŰɑŬɠ Űɞɡ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɞɨ ɟɧɚɞɡ Űɖɠ ůŮ 

ˊɞɘəɑɚŬ ɗɏɛŬŰŬ ŭɘŬɢŮɑɟɘůɖɠ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ (Stromberg, 2007). ȼ ůɡɢɜɐ ŮɛűɎɜɘůɖ ɢŬɛɖɚɩɜ ɟɞɩɜ 

ŮˊɖɟŮɎɕŮɘ ɞɘəɘŬəɏɠ ɢɟɐůŮɘɠ ɧˊɤɠ Űɖɜ əŬŰŬɜɎɚɤůɖ ɜŮɟɞɨ, Űɘɠ ɔŮɤɟɔɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, Űɖɜ 

ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɜ ˊɚɤŰɧŰɖŰŬ. ɀŬəɟɞɢɟɧɜɘŮɠ ɢŬɛɖɚɏɠ ɟɞɏɠ ɛˊɞɟŮɑ ɜŬ ůɡɜŭŮŭɞɨɜ ɛŮ 

ɔŮɔɞɜɧŰŬ ɝɖɟŬůɑŬɠ, ɞɘ ůɡɜɏˊŮɘŮɠ Űɖɠ ɞˊɞɑŬɠ ŮɑɜŬɘ ůɞɓŬɟɧŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ Űɤɜ ˊɚɖɛɛɡɟɩɜ. 

ȺˊɘˊɟɧůɗŮŰŬ, ɢŬɛɖɚɏɠ ˊŬɟɞɢɏɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘŭŮɘɜɩůɞɡɜ Űɘɠ ŮˊɘˊŰɩůŮɘɠ Űɖɠ ɟɨˊŬɜůɖɠ Űɤɜ ɡŭɎŰɤɜ. 

ɀɘŬ Ŭəɞɛɐ ŮˊɑˊŰɤůɖ ŬűɞɟɎ Űɖ ɢɖɛɘəɐ ˊɞɘɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ (Moatar, 2010). ȷɡŰɧ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ 

ŮˊɖɟŮɎůŮɘ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬűɧɟɤɜ Ůɘŭɩɜ ůŰɞ ɞɘəɞůɨůŰɖɛŬ, Űɞɜ Ŭɟɘɗɛɧ Űɞɡɠ əŬɘ, ɔŮɜɘəɧŰŮɟŬ, Űɖɜ 

ɞɘəɞɚɞɔɘəɐ əŬŰɎůŰŬůɖ Űɞɡ ˊɞŰŬɛɞɨ, ŮˊɖɟŮɎɕɞɜŰŬɠ Űɖɜ ŬűɗɞɜɑŬ əŬɘ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ɣŬɟɘɩɜ, Űɤɜ 

űɡəɘɩɜ ə.Ŭ, ɛŮ ˊɘɗŬɜɏɠ əɞɘɜɤɜɘəɞɞɘəɞɜɞɛɘəɏɠ ŮˊɘˊŰɩůŮɘɠ (Hamlet, 2002). 

ɆŰɘɠ űɤŰɞɔɟŬűɑŮɠ Űɤɜ ɆɢɖɛɎŰɤɜ 2.3 əŬɘ 2.4 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬŭŮɑɔɛŬŰŬ ɢŬɛɖɚɩɜ ɟɞɩɜ, ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɎɚɚɞŰŮ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ (ůŮ ɝɖɟɎ əɚɑɛŬŰŬ, ɚɧɔɤ Űɖɠ ɏɚɚŮɘɣɖɠ 

ɓɟɞɢɞˊŰɩůŮɤɜ), əŬɘ ɎɚɚɞŰŮ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ (ůŰŬ ɡɔɟɎ əŬɘ ɣɡɢɟɎ əɚɑɛŬŰŬ, ɚɧɔɤ Űɖɠ ůɡůůɩɟŮɡůɖɠ 

ɢɘɞɜɘɞɨ). ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ˊŮɟɑˊŰɤůɖ (ɆɢɐɛŬ 2.4), ɖ ˊŮɟɑɞŭɞɠ Űɤɜ ɡɣɖɚɩɜ ɟɞɩɜ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞɡɠ 

əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ɛŮ Űɞ ɚɘɩůɘɛɞ Űɤɜ ˊɎɔɤɜ. 
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ɆɢɐɛŬ 2.3: ɉŬɛɖɚɏɠ ɟɞɏɠ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ ůŰɞɜ ˊɞŰŬɛɧ Stillwater, Montana (Ʉɖɔɐ: bigskyfishing) 

 

ɆɢɐɛŬ 2.4: ɉŬɛɖɚɏɠ ɟɞɏɠ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ ůŰɞɜ ˊɞŰŬɛɧ Provo, Utah (Ʉɖɔɐ: atlantaflyfishingclub) 

 



7 

 

ɆɢɐɛŬ 2.5: ȷɜŬˊŬɟɎůŰŬůɖ ɢŬɛɖɚɩɜ ɟɞɩɜ (Ʉɖɔɐ: slideshare) 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɞɘ ɢŬɛɖɚɏɠ ɟɞɏɠ ŭɘŬűɏɟɞɡɜ Ŭˊɧ ŰŬ űŬɘɜɧɛŮɜŬ ɝɖɟŬůɑŬɠ, əŬɗɩɠ ŬɜŬűɏɟɞɜŰŬɘ 

ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ űŬɘɜɧɛŮɜŬ ɝɖɟŬůɑŬɠ ŮɛűŬɜɑɕɞɡɜ 

ˊŬɟŬŰŮŰŬɛɏɜŮɠ ˊŮɟɘɧŭɞɡɠ ɟɞɩɜ ˊɞɡ ŮɑɜŬɘ ůɡůŰɖɛŬŰɘəɎ ɢŬɛɖɚɧŰŮɟŮɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ůɡɜɐɗɖ ŭɑŬɘŰŬ Űɞɡ 

ˊɞŰŬɛɞɨ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ŭɘŬɢɟɞɜɘəɏɠ ŮˊɞɢɘŬəɏɠ ˊŮɟɘɧŭɞɡɠ ɢŬɛɖɚɐɠ ɟɞɐɠ, ˊɞɡ ŭŮɜ ɞűŮɑɚɞɜŰŬɘ ůŮ 

ɝɖɟŬůɑŮɠ, ŬɚɚɎ ůŰɘɠ ůɡɜɐɗŮɘɠ ɡŭɟɞəɚɘɛŬŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ (Smakhtin, 2001). 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŰŬ ŮɚɚŮɑɛɛŬŰŬ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ, ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰɞɜ, əŬŰɎ Űɘɠ ɝɖɟɏɠ 

ˊŮɟɘɧŭɞɡɠ Űɞɡ ɏŰɞɡɠ, ɧŰŬɜ ɡˊɎɟɢŮɘ ɛŮɘɤɛɏɜɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ɜŮɟɞɨ əŬɘ Ŭɡɝɖɛɏɜɖ ɕɐŰɖůɖ (əɡɟɑɤɠ 

ɚɧɔɤ Űɤɜ ŬɟŭŮɡŰɘəɩɜ ŬɜŬɔəɩɜ), ɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ ɗŬ ŮůŰɘɎůŮɘ ůŰɖɜ ˊɞůɞŰɘəɐ ˊɟɧɓɚŮɣɖ Űɤɜ 

ɢŬɛɖɚɩɜ ɟɞɩɜ. ȼ ŬɜɎɚɡůɖ əŬɘ ˊɟɧɓɚŮɣɖ Űɤɜ ˊŮɟɘɧŭɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɚɨŰŮɟɤɜ ˊɞɚɘŰɘəɩɜ ŭɘŬɢŮɑɟɘůɖɠ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ɛŮŰɟɘɎůŮɘ ŬɟəŮŰɎ Ŭˊɧ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ. 

ũŮɜɘəɎ, ɞɘ ɢŬɛɖɚɏɠ ɟɞɏɠ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ŮɑŰŮ Ŭˊɧ Űɖɜ ɡˊɧɔŮɘŬ Ŭˊɞɟɟɞɐ ŮɑŰŮ Ŭˊɧ Űɞ ɚɘɩůɘɛɞ Űɞɡ 

ɢɘɞɜɘɞɨ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɘɠ ɢŬɛɖɚɏɠ ɟɞɏɠ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ˊɞɡ 

ŬˊɞŰŮɚŮɑ Űɖɜ əɨɟɘŬ ˊɖɔɐ ɜŮɟɞɨ ɔɘŬ ŭɘɎűɞɟŮɠ ɢɟɐůŮɘɠ ůŰɖɜ ȺɚɚɎŭŬ. ɄŬɟɎ Űɖɜ əŬɚɞəŬɘɟɘɜɐ ŬɜɞɛɓɟɑŬ, 

ůŰŬ ɛŮɔɎɚŬ ŰɞɡɚɎɢɘůŰɞɜ ŮɚɚɖɜɘəɎ ˊɞŰɎɛɘŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŭɘŬŰɐɟɖůɖ Űɖɠ Ŭˊɞɟɟɞɐɠ ɧɚɞ Űɞ ɏŰɞɠ, 

əŬɗɩɠ ɞɘ ɡŭɟɞűɞɟŮɑɠ ŮˊŬɜŬűɞɟŰɑɕɞɜŰŬɘ ŮˊɞɢɘŬəɎ Űɞ ɢŮɘɛɩɜŬ. ȷɡŰɧ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɘŬŰɐɟɖůɖ ɡɣɖɚɐɠ 

ůŰɎɗɛɖɠ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ ɔɘŬ Űɖɜ ˊɚŮɡɟɘəɐ ŰɟɞűɞŭɞůɑŬ Űɞɡ ˊɞŰŬɛɞɨ Ŭˊɧ ɡˊɧɔŮɘŬ ɜŮɟɎ, 

Ůűɧůɞɜ ŮɡɜɞŮɑ əŬɘ ɖ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ.  

ɇɞ ɛɏɔŮɗɞɠ əŬɘ ɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɟɞɐɠ Ůɜɧɠ ˊɞŰŬɛɞɨ əŬɘ, əŬŰô ŮˊɏəŰŬůɖ, Űɤɜ ˊŮɟɘɧŭɤɜ ɢŬɛɖɚɩɜ 

ɟɞɩɜ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, űɡůɘəɞɨɠ əŬɘ ŬɜɗɟɤˊɞɔŮɜŮɑɠ. Ƀɘ űɡůɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɚŮəɎɜɖɠ (ɘŭɘɧŰɖŰŮɠ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ, ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ɡŭɟɞűɞɟɏŬ, ŰɞˊɞɔɟŬűɑŬ ɚŮəɎɜɖɠ, ɢɟɐůŮɘɠ ɔɖɠ) əŬɘ Űɘɠ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ (ůɡɜɞɚɘəɧɠ ɡŮŰɧɠ, 

ŮɝŬŰɛɞŭɘŬˊɜɞɐ). ɆŰɞ ɆɢɐɛŬ 2.6 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ɓŬůɘəɏɠ űɡůɘəɏɠ ɡŭɟɞɚɞɔɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ 

ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŭɑŬɘŰŬ Ůɜɧɠ ˊɞŰŬɛɞɨ. ɋɠ ˊɟɞɠ Űɞɡɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ˊŬɟɎɔɞɜŰŮɠ, ɖ ɓŬůɘəɐ ɟɞɐ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ əŬŰŬůəŮɡɐ ŰŬɛɘŮɡŰɐɟɤɜ, Űɘɠ ŬˊɞɚɐɣŮɘɠ ɡˊɞɔŮɑɞɡ ɜŮɟɞɨ ˊɞɡ ɛŮŰŬɓɎɚɚɞɡɜ Űɖɜ 

ůɢɏůɖ ŮˊɘűŬɜŮɘŬəɐɠ əŬɘ ɡˊɧɔŮɘŬɠ Ŭˊɞɟɟɞɐɠ, Űɘɠ ŮəŰɟɞˊɏɠ ɛŮŰŬɝɨ ɚŮəŬɜɩɜ, Űɖɜ ŬůŰɘəɞˊɞɑɖůɖ, ə.Ɏ. 
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ɆɢɐɛŬ 2.6: ȷɜŬˊŬɟɎůŰŬůɖ ɡŭɟɞɚɞɔɘəɩɜ ŭɘŮɟɔŬůɘɩɜ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ (Ʉɖɔɐ: WMO, 2008) 

 

2.2 ȺˊɑŭɟŬůɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ůŰɖ ɓŬůɘəɐ ɟɞɐ 

ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Ůɜɧɠ ˊɞŰŬɛɞɨ ŬˊɞŰŮɚŮɑ Űɖɜ ɢɤɟɘəɐ ɛɞɜɎŭŬ ŬɜŬűɞɟɎɠ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ əɨəɚɞɡ. 

Ƀɘ ɢŬɛɖɚɏɠ ɟɞɏɠ Ůɜɧɠ ˊɞŰŬɛɞɨ ŮˊɖɟŮɎɕɞɜŰŬɘ ɎɛŮůŬ Ŭˊɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, 

ˊ.ɢ. Űɘɠ əɚɑůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ, Űɖɜ əɎɚɡɣɖ ɔɖɠ, ŰŬ ɔŮɤɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɞɡ ŮŭɎűɞɡɠ. 

ȺɘŭɘəɧŰŮɟŬ, ɖ ɔŮɤɚɞɔɑŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ əɡɟɘɧŰŮɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ 

Ůɚɏɔɢɞɡɜ Űɞ əŬɗŮůŰɩɠ ɟɞɐɠ Ůɜɧɠ ˊɞŰŬɛɞɨ. ɀŮ Űɞɜ ɧɟɞ çɔŮɤɚɞɔɑŬè, Ůŭɩ, ɜɞɞɨɜŰŬɘ ŰŬ ˊɟɩŰŬ 

ɔŮɤɚɞɔɘəɎ ůŰɟɩɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɎɛŮůɖ ŮˊɑˊŰɤůɖ ůŰɖɜ ŮˊɘűŬɜŮɘŬəɐ Ŭˊɞɟɟɞɐ. ɀŮŰɎ Ŭˊɧ 

ɓɘɓɚɘɞɔɟŬűɘəɐ ɛŮɚɏŰɖ, űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ɎɛŮůɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ɔŮɤɚɞɔɑŬɠ Űɖɠ ɚŮəɎɜɖɠ əŬɘ Űɞɡ 

ɟɡɗɛɞɨ ŮəűɧɟŰɘůɖɠ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ůŮ ˊŮɟɘɧŭɞɡɠ ɢŬɛɖɚɩɜ ɟɞɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŬɜŬűɏɟŮŰŬɘ 

ɧŰɘ ɡˊɎɟɢŮɘ ɘůɢɡɟɐ ŮɝɎɟŰɘůɖ Űɤɜ ůŰŬŰɘůŰɘəɩɜ ɛŮɔŮɗɩɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɘɠ ɢŬɛɖɚɏɠ ɟɞɏɠ Ŭˊɧ Űɖɜ 

ɡŭɟɞɔŮɤɚɞɔɑŬ (Gustard et al., 1992). Ƀɘ Ackroyd et al. (1967) ŬɜɏɚɡůŬɜ Űɖɜ Ůˊɘɟɟɞɐ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ɚŮəɎɜɖɠ ůŰɖɜ ůɡɜŮɘůűɞɟɎ Űɞɡ ɡˊɞɔŮɑɞɡ ɜŮɟɞɨ əŬɘ, ůɡɜŬəɧɚɞɡɗŬ, ůŰɖɜ ˊŬɟɞɢɐ 

Űɞɡ ˊɞŰŬɛɞɨ. ɅɏɛŬŰŬ ɛŮ ˊɟɞůɢɤůɘɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ ŮˊɘŰɟɏˊɞɡɜ Űɖ ŭɘŬŰɐɟɖůɖ ɛɘŬɠ ɓɘɩůɘɛɖɠ ˊŬɟɞɢɐɠ 

Űɘɠ ɝɖɟɏɠ ˊŮɟɘɧŭɞɡɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ɟɏɛŬŰŬ ɛŮ əɟɡůŰŬɚɚɘəɏɠ ŬˊɞɗɏůŮɘɠ (glacial deposits) ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖ ɟɞɐ (Schneider, 1957). Ƀ Smakhtin (2001) ŭɘŬŰɨˊɤůŮ Űɖɜ Ɏˊɞɣɖ 

ˊɤɠ ɟɏɛŬŰŬ ɛŮ ɔŮɤɚɞɔɑŬ ɛɖ Ůɜɞˊɞɘɖɛɏɜɤɜ ɓɟɎɢɤɜ, ŭɘŬűɞɟŮŰɘəɞɨ Ůɑŭɞɡɠ, ɏɢɞɡɜ ɢŬɛɖɚɏɠ ŬˊɞŭɧůŮɘɠ 

əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ ɢŬɛɖɚɩɜ ɟɞɩɜ, Ůɜɩ ɟɏɛŬŰŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛŮŰŬɛɞɟűɤɛɏɜŬ ɘɕɖɛŬŰɞɔŮɜɐ 

əŬɘ ˊɡɟɘɔŮɜɐ ˊŮŰɟɩɛŬŰŬ ɏɢɞɡɜ ɛŮɔɎɚɖ ɟɞɐ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡɠ. 
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2.3 ȷɜɗɟɤˊɞɔŮɜŮɑɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ Ůˊɘŭɟɞɨɜ ůŰɖ ŭɑŬɘŰŬ Űɤɜ ɢŬɛɖɚɩɜ 

ɟɞɩɜ 

Ƀɘ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘűɏɟɞɡɜ ůɞɓŬɟɏɠ ɛŮŰŬɓɞɚɏɠ Űɧůɞ ůŰɖɜ ɡŭɟɞɚɞɔɑŬ, 

ɧůɞ əŬɘ ůŰɖɜ ɛɞɟűɞɚɞɔɑŬ Űɞɡ ˊɞŰŬɛɞɨ, Ŭűɞɨ ŮˊɖɟŮɎɕɞɡɜ ŮɑŰŮ ɎɛŮůŬ ŮɑŰŮ ɏɛɛŮůŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ, ɤɠ Ůə ŰɞɨŰɞɡ, Űɘɠ ɢŬɛɖɚɏɠ ɟɞɏɠ Űɞɡ ˊɞŰŬɛɞɨ. 

2.3.1 ȯɛŮůŮɠ ŮˊɘŭɟɎůŮɘɠ 

Ƀɘ ɎɛŮůŮɠ ŮˊɘŭɟɎůŮɘɠ Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ Ŭűɞɟɞɨɜ Űɖɜ Ŭˊɧɚɖɣɖ ɜŮɟɞɨ ɔɘŬ ŭɘɎűɞɟŮɠ 

ɢɟɐůŮɘɠ, ŬˊɧɗŮůɖ ŬˊɞɓɚɐŰɤɜ ůŰɖɜ əɞɑŰɖ Űɞɡ ˊɞŰŬɛɞɨ, Ůɝɧɟɡɝɖ Ɏɛɛɞɡ, əŬŰŬůəŮɡɐ ŭŮɝŬɛŮɜɩɜ ŬɜɎɜŰɖ 

Űɞɡ ˊɞŰŬɛɞɨ ə.Ɏ. ɀŮŰŬɝɨ ŬɡŰɩɜ, ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ɖ əŬŰŬůəŮɡɐ 

ŬɜŬɟɟɡɗɛɘůŰɘəɩɜ ɏɟɔɤɜ (ŭŮɝŬɛŮɜɏɠ, ŰŬɛɘŮɡŰɐɟŮɠ), əŬɗɩɠ ŬɜŬəɧˊŰŮŰŬɘ ɖ űɡůɘəɐ ɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ. 

ɀŮɟɘəɐ ɚɨůɖ ůŮ ŬɡŰɧ ˊɟɞůűɏɟŮŰŬɘ ɛɏůɤ Űɖɠ ŭɘŬŰɐɟɖůɖɠ Űɖɠ ɚŮɔɧɛŮɜɖɠ çɞɘəɞɚɞɔɘəɐɠ ˊŬɟɞɢɐɠè. 

ȷəɧɛɖ, ɖ ɎɜŰɚɖůɖ ɜŮɟɞɨ ɔɘŬ ɔŮɤɟɔɘəɞɨɠ, əɡɟɑɤɠ, ůəɞˊɞɨɠ, ɛŮɘɩɜŮɘ Űɖɜ ˊŬɟɞɢɐ, ɘŭɘŬɑŰŮɟŬ ůŮ ɝɖɟɏɠ 

ˊŮɟɘɧŭɞɡɠ (Eheart & Tornil, 1999). ɇɏɚɞɠ, ɖ ŬˊɧɗŮůɖ ŬˊɞɓɚɐŰɤɜ ɞŭɖɔŮɑ ůŰɖ ɟɨˊŬɜůɖ Űɞɡ ˊɞŰɎɛɘɞɡ 

ɞɘəɞůɡůŰɐɛŬŰɞɠ əŬɘ ŬɡɝɎɜŮɘ ŰŬ űŮɟŰɎ ˊɞɡ ŮɜŬˊɞɗɏŰɞɜŰŬɘ ůŰɖɜ əɞɑŰɖ (Lemarchand et al., 2011).  

2.3.2 ȰɛɛŮůŮɠ ŮˊɘŭɟɎůŮɘɠ 

 Ƀɘ ɏɛɛŮůŮɠ ŮˊɘŭɟɎůŮɘɠ ɞűŮɑɚɞɜŰŬɘ ůŮ ɛŮŰŬɓɞɚɏɠ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ, ɚɧɔɤ ŮəŰŮŰŬɛɏɜɖɠ ŭŬůɞəɞɛɑŬɠ, 

Ŭˊɞɣɑɚɤůɖɠ Űɤɜ ŭŬůɩɜ, ŬɚɚŬɔɏɠ Űɤɜ ɔŮɤɟɔɘəɩɜ ˊɟŬəŰɘəɩɜ, ŬůŰɘəɞˊɞɑɖůɖɠ, ə.Ɏ. ȺɘŭɘəɧŰŮɟŬ, ɖ 

ŭŬůɞəɞɛɑŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬŭɟŬɛŬŰɑůŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ˊɞɘəɘɚɧŰɖŰŬ Űɖɠ ˊŬɟɞɢɐɠ. ȼ əɎɚɡɣɖ ɛŮ 

ŭŬůɘəɏɠ ŮəŰɎůŮɘɠ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮɝŬŰɛɞŭɘŬˊɜɞɐɠ, ˊɞɡ ɞŭɖɔŮɑ ůŮ 

ɛŮɑɤůɖ Űɖɠ ŬɜŬˊɚɐɟɤůɖɠ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ, ɚɧɔɤ Űɖɠ ˊɟɧůɚɖɣɖɠ ɜŮɟɞɨ Ŭˊɧ ŰŬ ŭɏɜŰɟŬ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɤɜ ɝɖɟɩɜ ˊŮɟɘɧŭɤɜ. ũɘô ŬɡŰɧ, ɖ ŭŬůɞəɞɛɑŬ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ ɛŮɘɩůŮɘ Űɘɠ ɟɞɏɠ Űɤɜ ˊɞŰŬɛɩɜ 

əŬɘ ɜŬ ˊɟɞəŬɚɏůŮɘ ˊɞɚɨ ˊɘɞ ůɡɢɜɎ űŬɘɜɧɛŮɜŬ ɢŬɛɖɚɩɜ ɟɞɩɜ (Johnson, 1998). ȷəɧɛɖ, ɖ Ŭˊɞɣɑɚɤůɖ 

ŭŬůɩɜ əŬɘ ɞɘ ŭŬůɘəɏɠ ˊɡɟəŬɔɘɏɠ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɎɛŮůɖɠ Ŭˊɞɟɟɞɐɠ 

ůŰɖ ɚŮəɎɜɖ, əŬɘ, ɎɟŬ, ɛŮɘɤɛɏɜɖ ŰɟɞűɞŭɞůɑŬ ůŰɞɜ ɡˊɧɔŮɘɞ ɞɟɑɕɞɜŰŬ ˊɞɡ ůɡɜŰɖɟŮɑ Űɖ ɓŬůɘəɐ Ŭˊɞɟɟɞɐ. 

ɋůŰɧůɞ, ŮɑɜŬɘ ɔŮɜɘəɎ ŭɨůəɞɚɞ ɜŬ ɓɟŮɗŮɑ ůɨɜŭŮůɖ ɛŮŰŬɝɨ Űɖɠ əɎɚɡɣɖɠ ɔɖɠ əŬɘ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

Űɖɠ ɟɞɐɠ (Andr®assian et al., 2003). ȰɜŬɠ ɚɧɔɞɠ ŮɑɜŬɘ ɧŰɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŭŬůɘəɐɠ əɎɚɡɣɖɠ ŭɘŬűɏɟŮɘ 

ɛŮŰŬɝɨ ɚŮəŬɜɩɜ ɛŮ ůɡɔəŮəɟɘɛɏɜŬ əɚɘɛŬŰɘəɎ əŬɘ ŮŭŬűɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ (Andr®assian, 2004). 

2.4 ɄɘɗŬɜɏɠ ŮˊɘŭɟɎůŮɘɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ůŰɖɜ ɛŮɚɚɞɜŰɘəɐ ɟɞɐ 

ˊɞŰŬɛɩɜ 

Ƀɘ Schaake əŬɘ Chunzhen (1989) ŮˊɘůɐɛŬɜŬɜ ɧŰɘ ɡˊɎɟɢɞɡɜ ŮɜŭŮɑɝŮɘɠ ɔɘŬ ˊɘɗŬɜɧɜ ɛŮɔŬɚɨŰŮɟŮɠ 

ŮˊɘˊŰɩůŮɘɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ůŰɘɠ ɢŬɛɖɚɏɠ ɟɞɏɠ Ŭˊɧ ɧŰɘ ůŰɘɠ ɡɣɖɚɧŰŮɟŮɠ. Ƀ Liebscher (1983) 

ŬɜɏŭŮɘɝŮ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ůŰɘɠ ɢŬɛɖɚɏɠ əŬɘ ɡɣɖɚɏɠ ɟɞɏɠ. 

ȼ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ůɞɓŬɟɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ůɡɢɜɧŰɖŰŬ, ůŰɞ ɛɏɔŮɗɞɠ, ůŰɖ ɗɏůɖ əŬɘ 

ůŰɖ ŭɘɎɟəŮɘŬ ŬəɟŬɑɤɜ ɡŭɟɞɚɞɔɘəɩɜ ɔŮɔɞɜɧŰɤɜ (Hoog, 1995ϊ Cunderlik, 2005ϊ Diaz-Nieto, 2005). ȼ 

ɛŮɑɤůɖ Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ, ɖ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ŮɝŬŰɛɞŭɘŬˊɜɞɐɠ ɛˊɞɟɞɨɜ ɜŬ 

ˊɟɞəŬɚɏůɞɡɜ ɛŮɑɤůɖ ůŰɖ ɛɏůɖ Ŭˊɞɟɟɞɐ ůŰɘɠ ˊŮɟɘɧŭɞɡɠ ɢŬɛɖɚɐɠ ɟɞɐɠ (de Wit et al., 2007). ɇɞ 

ɔŮɔɞɜɧɠ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ ůɞɓŬɟɎ Űɖɜ Ⱥɡɟɩˊɖ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛŮ ˊŮɟɘůůɧŰŮɟŬ 

űŬɘɜɧɛŮɜŬ ɢŬɛɖɚɩɜ ɟɞɩɜ ůŮ ɔŬɚɚɘəɏɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ (Bo® et al., 2009). 

ɇɞ ɕɐŰɖɛŬ Űɤɜ ˊɘɗŬɜɩɜ ŮˊɘˊŰɩůŮɤɜ Űɖɠ ŬɚɚŬɔɐɠ Űɞɡ əɚɑɛŬŰɞɠ ůŰɖɜ Ŭˊɞɟɟɞɐ ɏɢŮɘ ŮəŰŮɜɩɠ ŮɟŮɡɜɖɗŮɑ 

ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ. ɋůŰɧůɞ, ɞɘ ůɢŮŰɘəɏɠ ɛŮɚɏŰŮɠ ůɡɜɐɗɤɠ ŮˊɘəŮɜŰɟɩɜɞɜŰŬɘ ůŮ ɛŬəɟɞˊɟɧɗŮůɛŮɠ 

ɛŮŰŬɓɞɚɏɠ Űɤɜ əɚɘɛŬŰɘəɩɜ əŬɘ ɡŭɟɞɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ.  

ũŮɜɘəɎ, ɞɘ ɛŮɚɏŰŮɠ ŭɘŮɝɎɔɞɜŰŬɘ ůŮ ŭɨɞ ŭɘŬəɟɘŰɏɠ əŬŰŮɡɗɨɜůŮɘɠ: ŮɑŰŮ ɛɏůŬ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ 

ŭɘŬɗɏůɘɛɤɜ ɘůŰɞɟɘəɩɜ ůŰɞɘɢŮɑɤɜ ɟɞɐɠ, ŮɑŰŮ Ŭˊɧ Űɖɜ ɏɟŮɡɜŬ Űɤɜ ŮˊɘˊŰɩůŮɤɜ Űɤɜ ŭɘŬűɧɟɤɜ ˊɘɗŬɜɩɜ 
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ůŮɜŬɟɑɤɜ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ɔɘŬ Ŭˊɞɟɟɞɐ ɛɏůɤ Űɤɜ ɡŭɟɞɚɞɔɘəɩɜ ɛɞɜŰɏɚɤɜ (Smakhtin, 2001). ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, ɞ Liebscher (1983) ŮˊŮůɐɛŬɜŮ ˊŮɟɘűŮɟŮɘŬəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɘɠ ŮˊɘˊŰɩůŮɘɠ Űɤɜ 

əɚɘɛŬŰɘəɩɜ ɛŮŰŬɓɞɚɩɜ ůŰɘɠ Ŭˊɞɟɟɞɏɠ ůŮ ŭɘŬűɞɟŮŰɘəɎ ŰɛɐɛŬŰŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ 

Ʌɐɜɞɡ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɘůŰɞɟɘəɎ ɡŭɟɞɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 

ŭɏəŬŰɞɡ ɏɜŬŰɞɡ ŬɘɩɜŬ. Ƀ Telis (1990) ŬˊɏŭŮɘɝŮ ɧŰɘ ŰŬ əɡəɚɘəɎ ˊɟɧŰɡˊŬ Ŭˊɞɟɟɞɐɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ 

əɡəɚɘəɎ ˊɟɧŰɡˊŬ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ, ˊɟɞŰŮɑɜɞɜŰŬɠ ɛɘŬ ɛɏɗɞŭɞ ɓŮɚŰɑɤůɖɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

ɢŬɛɖɚɐɠ ɟɞɐɠ, ɛŮ ɓɎůɖ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ əɚɘɛŬŰɘəɩɜ əɨəɚɤɜ.  

Ʉɘɞ ˊɟɧůűŬŰŬ, ŭɧɗɖəŮ ɓŬɟɨŰɖŰŬ ůŰɖ ɛŮɚɏŰɖ Űɤɜ ɛɞɜŰɏɚɤɜ ˊŬɔəɧůɛɘŬɠ əɡəɚɞűɞɟɑŬɠ GCM əŬɘ Űɞɜ 

əŬŰŬɓɘɓŬůɛɧ Űɖɠ əɚɑɛŬəŬɠ Űɤɜ ůŮɜŬɟɑɤɜ ůŮ ŬɡŰɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ 

ɛŮɚŮŰɎŰŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɚɧɔɤ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ˊɞɡ ŮˊɖɟŮɎɕŮɘ ɎɛŮůŬ Űɘɠ 

ɓŬůɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɖɜ Ŭˊɞɟɟɞɐ, ŭɖɚŬŭɐ Űɖɜ ɓɟɞɢɧˊŰɤůɖ əŬɘ Űɖɜ ŮɝŬŰɛɞŭɘŬˊɜɞɐ. ɄŬɟɎŭŮɘɔɛŬ 

ɛŮɚɏŰɖɠ Űɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ ɡˊɧ Űɞ əŬɗŮůŰɩɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ɛŮ əŬŰŬɓɘɓŬůɛɧ 

əɚɑɛŬəŬɠ Ŭˊɧ ŰŬ GCM ɏəŬɜŬɜ ɞɘ Willby əŬɘ Harris (2006), ɔɘŬ Űɞ ˊɞŰŬɛɧ ɇɎɛŮůɖ. 

2.5 ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ɢŬɛɖɚɩɜ ɟɞɩɜ 

2.5.1 ɄŮɟɑɞŭɞɠ ɢŬɛɖɚɐɠ ɟɞɐɠ 

ȼ ˊŮɟɑɞŭɞɠ ɢŬɛɖɚɐɠ ɟɞɐɠ ɡˊɞŭŮɘəɜɨŮɘ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬŰɎ Űɞ ɞˊɞɑɞ ɞɘ ˊŬɟɞɢɏɠ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ 

ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɧɟɘɞ, ɖ Űɘɛɐ Űɞɡ ɞˊɞɑɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ůəɞˊɧ Űɖɠ ɛŮɚɏŰɖɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ 

ˊɤɠ ůŰɖɜ ȺɚɚɎŭŬ, ɞɘ ˊŮɟɑɞŭɞɘ ɢŬɛɖɚɩɜ ɟɞɩɜ ŮɑɜŬɘ ɛŮɔɎɚɖɠ ůɖɛŬůɑŬɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ, ɚɧɔɤ Űɞɡ 

ɝɖɟɞɨ əɚɑɛŬŰɞɠ, ɖ ˊɞůɧŰɖŰŬ ɡŮŰɞɨ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ ŮɑɜŬɘ ɢŬɛɖɚɐ. ɋůŰɧůɞ, ɞɘ ŬɜɎɔəŮɠ 

ɨŭɟŮɡůɖɠ əŬɘ ɎɟŭŮɡůɖɠ Űɖɜ ɑŭɘŬ ˊŮɟɑɞŭɞ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬɡɝɖɛɏɜŮɠ. ȸŮɓŬɑɤɠ, ůŰŬ ɟɡɗɛɘɕɧɛŮɜŬ 

ˊɞŰɎɛɘŬ ůɡůŰɐɛŬŰŬ, ɞɘ ŰŬɛɘŮɡŰɐɟŮɠ ŭɖɛɘɞɡɟɔɞɨɜ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ Űɤɜ ɡɣɖɚɩɜ əŬɘ ɢŬɛɖɚɩɜ ɟɞɩɜ. 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɖ ɔɜɩůɖ Űɖɠ ˊŮɟɘɧŭɞɡ ɢŬɛɖɚɩɜ ɟɞɩɜ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ Ŭˊɧ ɛɖɢŬɜɘəɞɨɠ ɔɘŬ Űɞɜ 

ůɢŮŭɘŬůɛɧ ɏɟɔɤɜ ɡˊɞŭɞɛɐɠ, əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ɏɟɢɞɜŰŬɘ ůŮ ůɨɔəɟɞɡůɖ ŭɘŬűɞɟŮŰɘəɞɑ ůŰɧɢɞɘ əɎɚɡɣɖɠ 

ŬɜŬɔəɩɜ (ɎɟŭŮɡůɖ, ɨŭɟŮɡůɖ, ˊŬɟŬɔɤɔɐ Ɉ/ȼ ŮɜɏɟɔŮɘŬɠ, ɞɘəɞɚɞɔɘəɐ ˊŬɟɞɢɐ). 

2.5.2 ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ-ɟɞɐɠ 

ȼ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ-ˊŬɟɞɢɐɠ (flow duration curve, FDC) ŬˊɞŰŮɚŮɑ ɏɜŬɜ Űɟɧˊɞ ŬˊŮɘəɧɜɘůɖɠ Űɞɡ 

ˊɚɐɟɞɡɠ űɎůɛŬŰɞɠ Űɖɠ Ŭˊɞɟɟɞɐɠ, Ŭˊɧ Űɘɠ ɢŬɛɖɚɏɠ ɟɞɏɠ ɏɤɠ əŬɘ ŰŬ ɔŮɔɞɜɧŰŬ ˊɚɖɛɛɨɟŬɠ, əŬɗɩɠ 

ŬɜŬˊŬɟɘůŰɎ Űɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ˊɞɡ ɖ ˊŬɟɞɢɐ ɝŮˊŮɟɜɎ ɛɘŬ ŭŮŭɞɛɏɜɖ Űɘɛɐ (Iacovellis, 2008).  

ȺəŰɧɠ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ, ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ŬɜŬűɏɟŮŰŬɘ əŬɘ ɖ əŬɛˊɨɚɖ ůɡɢɜɧŰɖŰŬɠ 

ɢŬɛɖɚɩɜ ɟɞɩɜ (low flow frequency curve, LFFC), ˊɞɡ ŭŮɑɢɜŮɘ Űɖɜ ŮŰɐůɘŬ ůɡɢɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ ɛɘŬɠ 

Űɘɛɐɠ, ɐ, ɘůɞŭɨɜŬɛŬ, Űɞ ɛɏůɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɡˊɏɟɓŬůɖɠ (Smakhtin, 2001Ā Vogel & Fennessey, 

1994).  

ɆŰɞ ɆɢɐɛŬ 2.7 ŭɑɜɞɜŰŬɘ ˊŬɟŬŭŮɑɔɛŬŰŬ əŬɛˊɡɚɩɜ ŭɘɎɟəŮɘŬɠ-ˊŬɟɞɢɐɠ. H ɢŬɛɖɚɐ əɚɑůɖ Űɞɡ ŰɛɐɛŬŰɞɠ 

ɢŬɛɖɚɐɠ ɟɞɐɠ ŭŮɑɢɜŮɘ, ɔŮɜɘəɎ, ůŰŬɗŮɟɐ ɢŬɛɖɚɐ Ŭˊɞɟɟɞɐ ůŰɘɠ ɚŮəɎɜŮɠ ȷ (ˊɞŰŬɛɧɠ Moselle) əŬɘ J 

(ˊɞŰŬɛɧɠ Aber Wrach). ȷɜŰɑɗŮŰŬ, ůŰɘɠ ɚŮəɎɜŮɠ ȸ (ˊɞŰŬɛɧɠ Meuse) əŬɘ Ⱦ (ˊɞŰŬɛɧɠ La Sauldre), ɖ 

əŬɛˊɨɚɖ ŭŮɑɢɜŮɘ ˊŮɟɘɧŭɞɡɠ ɛŮ ˊɞɚɨ ɢŬɛɖɚɏɠ ɟɞɏɠ, əŬɗɩɠ ɖ ɖɛŮɟɐůɘŬ Ŭˊɞɟɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ 0.1 mm ɔɘŬ Űɞ 15% əŬɘ 5% Űɤɜ ɖɛŮɟɩɜ ŬɜŰɑůŰɞɘɢŬ. ȷɡŰɧ ŭŮɑɢɜŮɘ Űɖɜ ŮɛűɎɜɘůɖ 

ůɞɓŬɟɩɜ ɢŬɛɖɚɩɜ ɟɞɩɜ ůŰɘɠ ɚŮəɎɜŮɠ ȸ əŬɘ Ⱦ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ŬɡŰɏɠ ɞɘ əŬɛˊɨɚŮɠ ŮɑɜŬɘ ɢɟɐůɘɛŮɠ ɔɘŬ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɡɜɗɖəɩɜ ɟɞɐɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ (Pushpalatha, 2013). 
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ɆɢɐɛŬ 2.7: ɄŬɟŬŭŮɑɔɛŬŰŬ əŬɛˊɡɚɩɜ ŭɘɎɟəŮɘŬɠ-ˊŬɟɞɢɐɠ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2003 - 2005 (Ʉɖɔɐ: Pushpalatha, 

2013). 

2.5.3 ɀɏůɖ ŮɚɎɢɘůŰɖ ŮŰɐůɘŬ ˊŬɟɞɢɐ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘɎɟəŮɘŮɠ 

ȼ ɛɏůɖ ŮŰɐůɘŬ ŮɚɎɢɘůŰɖ ˊŬɟɞɢɐ ɛˊɞɟŮɑ ɜŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ůŮɘɟɏɠ ɖɛŮɟɐůɘɤɜ ɛŮŰɟɐůŮɤɜ, ŮˊɘɚɏɔɞɜŰŬɠ 

Űɖɜ ɛɘəɟɧŰŮɟɖ ˊŬɟɞɢɐ Ŭˊɧ əɎɗŮ ɏŰɞɠ əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɛɏůɖ Űɘɛɐ. ɇŬ ŮɚɎɢɘůŰŬ Ŭˊɧ 

ŭɘŬűɞɟŮŰɘəɏɠ ŭɘɎɟəŮɘŮɠ ɛˊɞɟŮɑ ɜŬ əŬɗɞɟɘůŰɞɨɜ ɔɘŬ ɟɞɏɠ əŬŰɎ ɛɏůɞ ɧɟɞ ůŮ 1, 3, 7, 10, 30 əŬɘ 90 

ɖɛɏɟŮɠ. ȷɡŰɞɑ ɞɘ ŭŮɑəŰŮɠ ɢŬɛɖɚɐɠ ɟɞɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɖɜ ŮəŰɑɛɖůɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

ɡŭɟɞɚɞɔɘəɩɜ ɛŮɔŮɗɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɞ ŭŮɑəŰɖɠ Űɤɜ ŮˊŰɎ ɖɛŮɟɩɜ (Mean Annual Minimum for 

seven day period - MAM 7) ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ˊɘɞ ɔɜɤůŰɞɨɠ ŭŮɑəŰŮɠ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ, ɞ 

ɞˊɞɑɞɠ ɛˊɞɟŮɑ ɜŬ ŮɝŬɚŮɑɣŮɘ Űɘɠ ɛŮŰŬɓɞɚɏɠ Ŭˊɧ ɛɏɟŬ ůŮ ɛɏɟŬ ůŰɖ ɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ. ȺˊɘůɖɛŬɑɜŮŰŬɘ ɧŰɘ 

ɞɘ Smakhtin & Toulouse (1998) ɡˊɞůŰɐɟɘɝŬɜ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭŮɑəŰɖ ůŰɞ ȼɜɤɛɏɜɞ 

ȸŬůɑɚŮɘɞ ɔɘŬ Űɖɜ ŬŭŮɘɞŭɧŰɖůɖ ɡŭɟɞɚɖɣɘɩɜ. ȰɜŬɠ Ŭəɧɛɖ ŭŮɑəŰɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ŮɑɜŬɘ ɞ 

QMNA5
 
- Minimun Monthly flow with a return period of five years. ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ 

ɛɖɜɘŬɑŬ ˊŬɟɞɢɐ ɔɘŬ ˊŮɟɑɞŭɞ ŮˊŬɜŬűɞɟɎɠ ˊɏɜŰŮ ɢɟɧɜɤɜ. ȷɡŰɏɠ ɞɘ ŮɚɎɢɘůŰŮɠ Űɘɛɏɠ (ŭŮɑəŰŮɠ) 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɛŮɚɏŰŮɠ ŭɘŬɢŮɑɟɘůɖɠ ŰŬɛɘŮɡŰɐɟɤɜ, ůŮ ɛŮɚɏŰŮɠ ŬɟŭŮɡŰɘəɩɜ ɏɟɔɤɜ əŬɗɩɠ əŬɘ ůŮ 

ɛŮɚɏŰŮɠ ŮəŰɑɛɖůɖɠ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ɟɞɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞɘ Efstratiadis et al. (2014) 

ŬɝɘɞˊɞɑɖůŬɜ ŭɘɎűɞɟɞɡɠ ŭŮɑəŰŮɠ ɛŬɕɑ ɛŮ ɎɚɚŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŭɘɎűɞɟɤɜ ˊɞɚɘŰɘəɩɜ 

ɞɘəɞɚɞɔɘəɐɠ ˊŬɟɞɢɐɠ əŬŰɎɜŰɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɆŰɟɎŰɞɡ ůŰɞɜ ȷɢŮɚɩɞ (ɆɢɐɛŬ 2.8) 
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ɆɢɐɛŬ 2.8: ȷɝɘɞˊɞɑɖůɖ ŭɘɎűɞɟɤɜ ŭŮɘəŰɩɜ əŬɘ ɛŮɗɞŭɞɚɞɔɘɩɜ, ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ ɞɘ Q90 əŬɘ QMNA 5, ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ ŭɘɎűɞɟɤɜ ˊɞɚɘŰɘəɩɜ ɞɘəɞɚɞɔɘəɐɠ ˊŬɟɞɢɐɠ ůŰɞɜ ˊɞŰŬɛɧ ȷɢŮɚɩɞ (Ʉɖɔɐ: Efstratiadis et al, 2014) 

 

2.5.4 ȹŮɑəŰɖɠ ɓŬůɘəɐɠ ɟɞɐɠ (BFI)  

ȰɜŬɠ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɠ ŭŮɑəŰɖɠ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ůɡɜŮɘůűɞɟɎɠ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ 

ůŰŬ ɡŭŬŰɞɟŮɨɛŬŰŬ ŮɑɜŬɘ ɞ ŭŮɑəŰɖɠ ɓŬůɘəɐɠ ɟɞɐɠ (BFI), ˊɞɡ ŮəűɟɎɕŮɘ Űɖɜ ŬɜŬɚɞɔɑŬ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ 

ˊɟɞɠ Űɖɜ ůɡɜɞɚɘəɐ Ŭˊɞɟɟɞɐ. Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ ŭŮɑəŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ɤɠ ˊŮɟɘɔɟŬűɘəɧɠ 

ŭŮɑəŰɖɠ ŭɘŬűɧɟɤɜ ɡŭɟɞɚɞɔɘəɩɜ űŬɘɜɞɛɏɜɤɜ, ɤɠ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɤɜ 

ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŮŰɐůɘŬɠ əŬɘ ɛŬəɟɞˊɟɧɗŮůɛɖɠ ŮˊŬɜŬűɧɟŰɘůɖɠ 

ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ (Pushpalatha, 2013). ɆŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ůɡɜŬɜŰɩɜŰŬɘ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ əŬɘ 

ɛŮɗɞŭɞɚɞɔɑŮɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŭŮɑəŰɖ BFI Ŭˊɧ Űɞ ˊŬɟŬŰɖɟɖɛɏɜɞ ɡŭɟɞɔɟɎűɖɛŬ (Szilagyi & 

Parlange, 2008). 

2.6 Ɉˊɞɚɞɔɘůɛɞɑ ŭŮɘəŰɩɜ ɢŬɛɖɚɐɠ ɟɞɐɠ 

ɆŰɞ ɡˊɞəŮűɎɚŬɘɞ ŬɡŰɧ ŭɑɜŮŰŬɘ ɛɘŬ ůɡɜɞˊŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ ɞɟɘůɛɏɜɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮɔŮɗɩɜ ɢŬɛɖɚɐɠ ɟɞɐɠ. 

ȼ ɛɏůɖ ŮɚɎɢɘůŰɖ ɛɖɜɘŬɑŬ ˊŬɟɞɢɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɖ ůɡɢɜɧŰɖŰŬ Űɤɜ 

ɢŬɛɖɚɩɜ ɟɞɩɜ. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ ɞɘ ɢŬɛɖɚɏɠ ɟɞɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮŰŬɝɨ 

ȷɡɔɞɨůŰɞɡ əŬɘ ɆŮˊŰŮɛɓɟɑɞɡ. ɋůŰɧůɞ, ɔɘŬ əɎˊɞɘŮɠ ɚŮəɎɜŮɠ, ɞɘ ɢŬɛɖɚɏɠ ɟɞɏɠ ŭɘŬŰɖɟɞɨɜŰŬɘ ɏɤɠ Űɞ 

Ɂɞɏɛɓɟɘɞ, ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɏŰůɘ əŬɗɡůŰŮɟɖɛɏɜɖ ɏɜŬɟɝɖ Űɖɠ ɡɔɟɐɠ ˊŮɟɘɧŭɞɡ, ŮɝŬɘŰɑŬɠ Űɖɠ ɘŭɘŬɑŰŮɟŬ 

Ŭɟɔɐɠ ŬɜɎəŬɛɣɖɠ Űɞɡ ɡŭɟɞűɞɟɏŬ. 

ȼ əɚɑůɖ Űɖɠ əŬɛˊɨɚɖɠ ŭɘɎɟəŮɘŬɠ-ˊŬɟɞɢɐɠ ˊŬɟɏɢŮɘ ɢɟɐůɘɛɖ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɖɜ ůɡɛɓɞɚɐ Űɖɠ ɓŬůɘəɐɠ 

ɟɞɐɠ. ɆɡɔəŮəɟɘɛɏɜŬ, əŬɛˊɨɚŮɠ ɛŮ ůŰŬɗŮɟɐ əŬɘ ɛɘəɟɐ əɚɑůɖ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ůɡɜŮɢɐ ůɡɜŮɘůűɞɟɎ Űɖɠ 

ɓŬůɘəɐɠ ɟɞɐɠ. ȷɜŰɑɗŮŰŬ, əŬɛˊɨɚŮɠ ɛŮ ŬˊɧŰɞɛɖ əɚɑůɖ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɛɘəɟɐ ůɡɜŮɘůűɞɟɎ Űɞɡ 

ŮˊɘűŬɜŮɘŬəɞɨ ɜŮɟɞɨ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɞɘ ɢŬɛɖɚɏɠ ɟɞɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ.  

ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŭɘŬűɞɟŮŰɘəɞɑ ŭŮɑəŰŮɠ ˊŮɟɘɔɟɎűɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ˊŰɡɢɏɠ Űɞɡ əŬɗŮůŰɩŰɞɠ 

ɢŬɛɖɚɩɜ ɟɞɩɜ Ůɜɧɠ ˊɞŰŬɛɞɨ, ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ ůɡůɢŮŰɑɕɞɜŰŬɘ ŬɟəŮŰɎ ɛŮŰŬɝɨ Űɞɡɠ. ɄɞŰɎɛɘŬ ɛŮ 

ůŰŬɗŮɟɐ ůŰɞ ɢɟɧɜɞ ɟɞɐ əŬɘ ɛŮ ɛŮɔɎɚɖ ůɡɜŮɘůűɞɟɎ Ŭˊɧ ŰŬ ɡˊɧɔŮɘŬ ůŰɟɩɛŬŰŬ ůɡɜɐɗɤɠ ɏɢɞɡɜ 

ɛŮɔŬɚɨŰŮɟɞɡɠ ŭŮɑəŰŮɠ ɓŬůɘəɐɠ ɟɞɐɠ, ɢŬɛɖɚɐ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ɖɛŮɟɐůɘɤɜ ˊŬɟɞɢɩɜ əŬɘ, əŬŰɎ 

ůɡɜɏˊŮɘŬ, ɡɣɖɚɏɠ Űɘɛɏɠ ɢŬɛɖɚɩɜ ɟɞɩɜ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ. ɋůŰɧůɞ, əɎŰɘ ŰɏŰɞɘɞ 

ŭŮɜ ůɡɜŬɜŰɎŰŬɘ ůŮ ˊɞŰɎɛɘŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŭɘŬɚŮɑˊɞɡůŬ ɟɞɐ ůŰɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ, ŰŬ ɞˊɞɑŬ 
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ɏɢɞɡɜ ɛɖ ɓɘɩůɘɛɖ ůɡɜŮɘůűɞɟɎ ůŰɖ ɓŬůɘəɐ ɟɞɐ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ Ŭəɧɛɖ əŬɘ ůŮ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ 

ůŰɘɠ ɢŬɛɖɚɏɠ ɟɞɏɠ (Smakhtin, 2001). 

ȯɚɚŮɠ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣɞɡɜ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ˊŬɟɞɢɐɠ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞɡɠ ŭŮɑəŰŮɠ Q90 əŬɘ Q50 (Smakhtin, 2001). Ƀ ŭŮɑəŰɖɠ Q50 ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ˊŬɟɞɢɐ 

ɛŮ ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ 50%. Ƀɘ ˊŬɟɞɢɏɠ Űɤɜ ˊɞŰŬɛɞɨ ˊɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Űɞɡ Q50 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ůɡɜɗɐəŮɠ ɢŬɛɖɚɐɠ ɟɞɐɠ, Ůɜɩ ˊŬɟɞɢɏɠ ˊɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ Űɞ Q50 ŮəűɟɎɕɞɡɜ 

ůɡɜɗɐəŮɠ ɡɣɖɚɐɠ ɟɞɐɠ. Ƀ ŭŮɑəŰɖɠ Q90 ŬˊɞŰŮɚŮɑ ɏɜŭŮɘɝɖ ůɡɜɗɖəɩɜ ůɞɓŬɟɩɜ ɢŬɛɖɚɩɜ ɟɞɩɜ. ȼ 

ŭɡɜŬɛɘəɐ Űɖɠ ůɡɜŮɘůűɞɟɎɠ Űɤɜ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ ŮɑɜŬɘ Ůˊɑůɖɠ ŭɡɜŬŰɧɜ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ Ŭˊɧ Űɞɜ 

ŭŮɑəŰɖ Q90/Q50, ˊɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ŭŮɑəŰɖ ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ 

ɢŬɛɖɚɩɜ ɟɞɩɜ (Tsakiris et al., 2011). 

2.7 ȹɘŬɢɤɟɘůɛɧɠ ɓŬůɘəɐɠ ɟɞɐɠ 

ȼ ɓŬůɘəɐ ɟɞɐ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɐ ůɡɜɘůŰɩůŬ Űɖɠ Ŭˊɞɟɟɞɐɠ, ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŰŬ ŬˊɞɗɏɛŬŰŬ Űɤɜ 

ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ əŬɘ Ŭˊɧ ɎɚɚŮɠ ˊɖɔɏɠ ɛŮ ɡůŰɏɟɖůɖ, ɧˊɤɠ ˊɢ Űɞ ɚɘɩůɘɛɞ ɢɘɞɜɘɞɨ ɐ ˊŬɔŮŰɩɜɤɜ 

(delayed sources). ȾŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ, ɖ Ůəɟɞɐ ŬˊɞŰŮɚŮɑŰŬɘ Ůɝ ɞɚɞəɚɐɟɞɡ Ŭˊɧ 

Űɖ ɓŬůɘəɐ ɟɞɐ. ȷɜŰɘɗɏŰɤɠ, ůŰɖɜ ɡɔɟɐ ˊŮɟɑɞŭɞ ɖ Ůəɟɞɐ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖ ɓŬůɘəɐ əŬɘ Űɖɜ ɎɛŮůɖ ˊɞɡ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ŰŬɢŮɑŬ Ŭˊɧəɟɘůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ůŮ űŬɘɜɧɛŮɜŬ ɓɟɞɢɧˊŰɤůɖɠ. 

ȼ ɓŬůɘəɐ ɟɞɐ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ Ŭˊɧ Űɞ ɡŭɟɞɔɟɎűɖɛŬ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ɡŭɟɞɔɟɎűɖɛŬ 

ůɡɜɞɚɘəɐɠ Ŭˊɞɟɟɞɐɠ, ɛŮ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ŭɘŬɢɤɟɘůɛɞɨ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ (Hall, 2001). Ƀɘ 

ˊŮɟɘůůɧŰŮɟŮɠ ɛɏɗɞŭɞɘ Ŭűɞɟɞɨɜ Űɞ ŭɘŬɢɤɟɘůɛɧ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ ɛŮ ɓɎůɖ ɏɜŬ ɡŭɟɞɔɟɎűɖɛŬ 

ˊɚɖɛɛɨɟŬɠ, ůɡɢɜɎ ɛŮ ŮəŰɑɛɖůɖ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ Ŭˊɞɟɟɞɐɠ ˊɞɡ ŮɑɜŬɘ ɓŬůɘəɧ ůɡůŰŬŰɘəɧ Űɖɠ 

ˊɚɖɛɛɨɟŬɠ. 

ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɜŬɚɡŰɘəɏɠ ɛɏɗɞŭɞɘ, ɛŬɗɖɛŬŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ, əŬɘ Ɏɚɚɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɓŬůɘəɐɠ Ŭˊɞɟɟɞɐɠ, ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɖɜ ůɡɜɞɚɘəɐ Ŭˊɞɟɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ. Ƀɘ ˊɘɞ 

ɔɜɤůŰɏɠ ɛɏɗɞŭɞɘ Ůˊɘŭɘɩəɞɡɜ Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɞɡ ɡŭɟɞɔɟŬűɐɛŬŰɞɠ ůŮ ŭɨɞ ůɡɜɘůŰɩůŮɠ, Űɖ ɓŬůɘəɐ ɟɞɐ 

əŬɘ Űɖɜ ɎɛŮůɖ Ŭˊɞɟɟɞɐ. ȺɑɜŬɘ ŬɜŬɚɡŰɘəɏɠ ɐ ɛɏɗɞŭɞɘ ŮɝɞɛɎɚɡɜůɖɠ ˊɞɡ ɡˊɞɗɏŰɞɡɜ ɧŰɘ Űɞ 

ɡŭɟɞɔɟɎűɖɛŬ ɓŬůɘəɐɠ Ŭˊɞɟɟɞɐɠ ŬˊɞŰŮɚŮɑ Űɖ ůɡɜɘůŰɩůŬ Űɞɡ ɡŭɟɞɔɟŬűɐɛŬŰɞɠ ůɡɜɞɚɘəɐɠ Ŭˊɞɟɟɞɐɠ 

ɛŮ Űɖ ɢŬɛɖɚɧŰŮɟɖ ůɡɢɜɧŰɖŰŬ (Lott, 2016). ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰɎ Űɞɡɠ ŮɑɜŬɘ ɖ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ŭɘŬɢɤɟɘůɛɞɨ ɓŬůɘəɐɠ ɟɞɐɠ, ɖ Ůɨəɞɚɖ ŬɜŬˊŬɟŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ (Arnold, 1999) 

əŬɗɩɠ əŬɘ ɖ ɢɟɐůɖ ɧɚɤɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɞɟɟɞɐɠ. ɋůŰɧůɞ, ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŬɜŬɚɡŰɘəɏɠ ɛɏɗɞŭɞɘ 

ŮɑɜŬɘ ɛɖ ɓŬɗɛɞɜɞɛɖɛɏɜŮɠ ɛŬɗɖɛŬŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ɐ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɡˊɞɚɞɔɑɕɞɡɜ ŬˊŮɡɗŮɑŬɠ Űɖ 

ɓŬůɘəɐ ɟɞɐ Ŭˊɧ Űɖɜ ůɡɜɞɚɘəɐ (Eckhardt, 2005), ɢɤɟɑɠ ɜŬ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŮ əɎˊɞɘŬ ɛŮŰŬɓɚɖŰɐ Űɖɠ 

ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ˊɏɟŬɜ Ŭˊɧ Űɖɜ Ŭˊɞɟɟɞɐ əŬɘ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɚŮəɎɜɖɠ. 

2.8 ȹɘŮɗɜɐɠ ˊɟɤŰɞɓɞɡɚɑŬ ůŰɖ ɛŮɚɏŰɖ ɢŬɛɖɚɩɜ ɟɞɩɜ 

Ƀɘ ˊŬɟŬŭɞůɘŬəɏɠ ɛɏɗɞŭɞɘ ˊɟɧɓɚŮɣɖɠ ɢŬɛɖɚɩɜ ɟɞɩɜ əŬɗɩɠ əŬɘ ɖ ŬɜɎɚɡůɐ Űɞɡɠ ŭɘŬűɏɟŮɘ ůɖɛŬɜŰɘəɎ 

Ŭˊɧ ɢɩɟŬ ůŮ ɢɩɟŬ. ȺˊɘŰɡɢɐɠ ˊɟɞůˊɎɗŮɘŬ ˊŬɟɞɡůɑŬůɖɠ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ɛŮɗɧŭɤɜ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ 

ɢŬɛɖɚɩɜ ɟɞɩɜ ɏɔɘɜŮ Ŭˊɧ Űɞɡɠ McMahon & Arenas (1982). ȷˊɧ ŰɧŰŮ, ɞɘ ɏɟŮɡɜŮɠ ŮˊɘəŮɜŰɟɩɗɖəŬɜ 

ůŰɖɜ ŮɨɟŮůɖ Űɤɜ əŬɚɨŰŮɟɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɢŬɛɖɚɐɠ ɟɞɐɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɘɠ 

ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ (Smakhtin, 2001). ȾŬŰɎ əŬɜɧɜŬ, ůŰɘɠ ɛɘəɟɏɠ ɚŮəɎɜŮɠ ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ 

ɛŮŰɟɐůŮɘɠ> ɄŬɟɧɚŬ ŬɡŰɎ, ŮɑɜŬɘ ɔɜɤůŰɧ ˊɤɠ ŮɛűŬɜɑɕɞɡɜ ˊŮɟɘɧŭɞɡɠ ɢŬɛɖɚɩɜ ɟɞɩɜ əŬɘ ɖ ɛŮɘɤɛɏɜŮɜɖ 

ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ɏɢŮɘ ŬɜŰɑəŰɡˊɞ ůŮ Űɞˊɘəɏɠ ɢɟɐůŮɘɠ. ɇɞ űŬɘɜɧɛŮɜɞ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɡɢɜɧ ůŰɖɜ 

ɀŮůɧɔŮɘɞ, ɧˊɞɡ, ɚɧɔɤ əɚɑɛŬŰɞɠ, ɡˊɎɟɢɞɡɜ ɏɜŰɞɜŮɠ ɝɖɟŮɏɠ ˊŮɟɑɞŭɞɘ, əŬɘ ůŮ ˊɞɚɚɏɠ ɢɩɟŮɠ ɧˊɤɠ əŬɘ ɖ 

ȺɚɚɎŭŬ, ɞɘ  ůŰŬɗɛɞɑ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ ɚɑɔɞɘ. Ƀɘ Bangash et al. (2012) ŮɟŮɨɜɖůŬɜ Űɘɠ ɢŬɛɖɚɏɠ ɟɞɏɠ ůŮ 

əŬɗŮůŰɩɠ ɛɖ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ ŭŮŭɞɛɏɜɤɜ ůŮ ɚŮəɎɜŮɠ ůŰɖɜ ȽůˊŬɜɑŬ, Űɡˊɘəɏɠ ɔɘŬ Űɞ ɛŮůɞɔŮɘŬəɧ ɢɩɟɞ.  
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2.8.1 ɀŮɚɏŰɖ ˊŮɟɑˊŰɤůɖɠ ůŮ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Űɤɜ ȽɛŬɚɎɘɤɜ  

ɆŮ ŭɘŮɗɜɏɠ ŮˊɑˊŮŭɞ, ɞɘ Chalise et al. (2003) ŬůɢɞɚɐɗɖəŬɜ ɛŮ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ əŬɘ 

Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Űɤɜ ȽɛŬɚɎɘɤɜ ůŰɞ ɁŮˊɎɚ. Ƀɘ 

ŬɝɘɧˊɘůŰŮɠ ˊɟɞɓɚɏɣŮɘɠ ɢŬɛɖɚɩɜ ɟɞɩɜ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ůɖɛŬɜŰɘəɏɠ ɔɘŬ Űɘɠ ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ Hindu 

Kush ůŰŬ ȽɛŬɚɎɘŬ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɞɡůɩɜŮɠ, əŬɗɩɠ ŮəŮɑ ɞɘ əɎŰɞɘəɞɘ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ 

ůɞɓŬɟɎ ˊɟɞɓɚɐɛŬŰŬ Űɘɠ ˊŮɟɘɧŭɞɡɠ ɢŬɛɖɚɩɜ ɟɞɩɜ, Űɧůɞ ůŰɖɜ ˊɞůɧŰɖŰŬ, ɧůɞ əŬɘ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ 

ŭɘŬɗɏůɘɛɞɡ ɜŮɟɞɨ. Ⱥˊɘˊɚɏɞɜ, ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ ˊɞɚɚɏɠ ŮɜŭŮɑɝŮɘɠ ɛŮɑɤůɖɠ Űɞɡ 

ɢɘɞɜɘɞɨ əŬɘ ɡˊɞɢɩɟɖůɖɠ Űɤɜ ˊŬɔŮŰɩɜɤɜ ůŰŬ ȽɛŬɚɎɘŬ, ɚɧɔɤ Űɖɠ ɡˊŮɟɗɏɟɛŬɜůɖɠ Űɞɡ ˊɚŬɜɐŰɖ, ɔŮɔɞɜɧɠ 

ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ɢŬɛɖɚɐ ɟɞɐ ůŰɖɜ ˊŮɟɘɞɢɐ. ɋůŰɧůɞ, ŬɝɘɧˊɘůŰŮɠ ɛɏɗɞŭɞɘ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ 

ɢŬɛɖɚɩɜ ɟɞɩɜ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ɓɟŮɗɞɨɜ əŬɘ ɖ ɏɚɚŮɘɣɖ ɡŭɟɞɛŮŰŮɤɟɞɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɏɢŮɘ 

ˊŬɟŮɛˊɞŭɑůŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ŰɏŰɞɘɤɜ ɛŮɗɧŭɤɜ. ȷɡŰɧ ɏɢŮɘ ŭɖɛɘɞɡɟɔɐůŮɘ ůɞɓŬɟɎ ˊɟɞɓɚɐɛŬŰŬ ůŰɖ 

ŭɘŬɢŮɑɟɘůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɝŬɘŰɑŬɠ Űɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ. ũɘŬ Űɞɜ 

ůəɞˊɧ ŬɡŰɧ, ŬɝɘɞˊɞɘɩɜŰŬɠ ŭŮŭɞɛɏɜŬ Ŭˊɧ 37 ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɏɜŬ ɛɞɜŰɏɚɞ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ɛɏɗɞŭɞ ˊŬɚɘɜŭɟɧɛɖůɖɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɤɠ ɛŮŰŬɓɚɖŰɏɠ Űɖɜ ŮŰɐůɘŬ ɓɟɞɢɧˊŰɤůɖ, 

Űɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ, Űɞ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ əŬɘ ˊɚɎŰɞɠ Űɖɠ Ůɝɧŭɞɡ Űɖɠ ɚŮəɎɜɖɠ əŬɘ Űɞ ŭŮɑəŰɖ Q95. ɋɠ 

ŬˊɞŰŮɚɏůɛŬ Ůɝɐɢɗɖ ɖ ɛɏůɖ ŮŰɐůɘŬ Ŭˊɞɟɟɞɐ (ARR) ɔɘŬ ɞɚɧəɚɖɟɖ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɁŮˊɎɚ ɛɏůɤ Űɖɠ 

ůŰŬŰɘůŰɘəɐɠ ŬɜɎɚɡůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɞɟɟɞɐɠ. Ƀ Űɡˊɞˊɞɘɖɛɏɜɞɠ ŭŮɑəŰɖɠ ɢŬɛɖɚɐɠ ɟɞɐɠ Q95, 

ŮˊɖɟŮɎɕŮŰŬɘ ɘŭɘŬɑŰŮɟŬ Ŭˊɧ Űɖ ɔŮɤɚɞɔɑŬ Űɖɠ ɚŮəɎɜɖɠ. ɇɞ ɛɞɜŰɏɚɞ ˊɟɞůŭɘɞɟɑůŰɖəŮ ɛŮ 

ˊɞɚɡˊŬɟŬɔɞɜŰɘəɐ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ ɔɘŬ Űɘɠ ɛŮŰɟɞɨɛŮɜŮɠ ɚŮəɎɜŮɠ, ɏŰůɘ ɩůŰŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ 

ɞɘ ůɢɏůŮɘɠ ɛŮ Űɖ ɚɘɗɞɚɞɔɑŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, Űɞ ɛɧɜɘɛɞ ɢɘɧɜɘ əŬɘ Űɖɜ əɎɚɡɣɖ Ŭˊɧ ˊŬɔŮŰɩɜŮɠ 

(Chalise et al., 2003). Ƀɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Q95 əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 5.5 ɏɤɠ 26.3%, ɛŮ ůɡɜŰŮɚŮůŰɐ 

ůɡůɢɏŰɘůɖɠ 0.45. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮəŰɘɛɐůŮɘɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ əɎɗŮ ɔŮɤɚɞɔɘəɐ ɞɛɎŭŬ, ŰŬ 

ˊɚɏɔɛŬŰŬ (grid) Űɤɜ Űɡˊɞˊɞɘɖɛɏɜɤɜ Űɘɛɩɜ Q95 ɢŬɟŰɞɔɟŬűɐɗɖəŬɜ ůŮ ŬɜɎɚɡůɖ ˊɚɏɔɛŬŰɞɠ 1Ĭ1 km
2
 

(ɆɢɐɛŬ 2.10). ɇɏɚɞɠ, ɛŮ ɓɎůɖ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɘɠ 37 ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ, ŮɝɐɢɗɖůŬɜ ɞɘ əŬɛˊɨɚŮɠ 

ŭɘɎɟəŮɘŬɠ ɟɞɐɠ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɠ Űɞ ˊɚɐɟŮɠ űɎůɛŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. ɆŰɞ ɆɢɐɛŬ 2.9 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ, əŬɘ ůŰɞ ɆɢɐɛŬ 2.11 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɞɟűɐ 

Űɤɜ əŬɛˊɡɚɩɜ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ˊɞɡ ŮɝɐɢɗɖůŬɜ. 
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ɆɢɐɛŬ 2.9: ɉɤɟɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ɡˊɧ ɛŮɚɏŰɖ ɚŮəŬɜɩɜ (Ʉɖɔɐ: Chalise et al., 2003) 

 

ɆɢɐɛŬ 2.10: ȾŬŰŬɜɞɛɐ Űɞɡ ŭŮɑəŰɖ ɢŬɛɖɚɐɠ ɟɞɐɠ Q95 (Ʉɖɔɐ: Chalise et al., 2003) 
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ɆɢɐɛŬ 2.11: ȾŬɛˊɨɚŮɠ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ (Ʉɖɔɐ: Chalise et al., 2003) 

 

2.8.2 ɀŮɚɏŰɖ ˊŮɟɑˊŰɤůɖɠ ůŮ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Űɖɠ ȷɡůŰɟŬɚɑŬɠ 

ȷɜŬɚɨɗɖəŬɜ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ Ŭˊɞɟɟɞɐɠ ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ ˊɞɘɞɘ ˊŬɟɎɔɞɜŰŮɠ Űɞɡ əɚɑɛŬŰɞɠ əŬɘ Űɞɡ 

ŮŭɎűɞɡɠ Ůɝɖɔɞɨɜ Űɖɜ Ŭˊɞɟɟɞɐ ůŮ 183 ŬɡůŰɟŬɚɘŬɜɏɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ (ɆɢɐɛŬ 2.12). ȺɝɐɢɗɖůŬɜ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ˊɟɞůŬɟɛɞůɛɏɜɞɡ ɛɞɜŰɏɚɞɡ ɓŬůɘəɐɠ ɟɞɐɠ, əŬɘ ɞ ŭŮɑəŰɖɠ ɓŬůɘəɐɠ ɟɞɐɠ (BFI), ɖ ɛɏůɖ 

ɎɛŮůɖ Ŭˊɞɟɟɞɐ əŬɘ ɖ ɛɏůɖ ɓŬůɘəɐ ɟɞɐ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŭɘŬɢɤɟɘůɛɧ ɓŬůɘəɐɠ ɟɞɐɠ. ȼ ŭɘŬəɨɛŬɜůɖ 

ůŰɖɜ Ŭˊɧəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ɚŮəŬɜɩɜ ŬɜŬɚɨɗɖəŮ ɛŮ ɓɎůɖ Űɞɡɠ ŭŮɑəŰŮɠ əɚɑɛŬŰɞɠ, ɛɞɟűɞɚɞɔɑŬɠ, 

ɔŮɤɚɞɔɑŬɠ, ŮŭŬűɩɜ əŬɘ ɢɟɐůɖɠ ɔɖɠ. ȰɜŬ ɛɞɜŰɏɚɞ ɔɟŬɛɛɘəɞɨ ŰŬɛɘŮɡŰɐɟŬ (ɛɑŬɠ ˊŬɟŬɛɏŰɟɞɡ) ˊŬɟɐɔŬɔŮ 

ŮəŰɘɛɐůŮɘɠ ɓŬůɘəɐɠ ɟɞɐɠ Ůɝɑůɞɡ əŬɚɏɠ ɛŮ ŮəŮɑɜŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬɜ ɛɖ 

ɔɟŬɛɛɘəɧ ŰŬɛɘŮɡŰɐɟŬ (ŭɨɞ ˊŬɟɎɛŮŰɟɞɘ). ũɘŬ Űɖɜ ŮɨɟŮůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɔɟŬɛɛɘəɞɨ əŬɘ ɛɖ 

ɔɟŬɛɛɘəɞɨ ɛɞɜŰɏɚɞɡ ŰŬɛɘŮɡŰɐɟŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ əɟɘŰɐɟɘɞ Űɞ ɛɏůɞ ůɢŮŰɘəɧ ůűɎɚɛŬ ɛŮ ɢɟɐůɖ 

Ůɜɧɠ Ŭɚɔɧɟɘɗɛɞɡ ŬˊɧŰɞɛɖɠ əŬŰɎɓŬůɖɠ ˊɞɚɚŬˊɚɩɜ ůɖɛŮɑɤɜ Ůəəɑɜɖůɖɠ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɛɞɜŰɏɚɞ 

ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɛŮ ɓɎůɖ Űɞ əɟɘŰɐɟɘɞ FPEC (Akaikeôs Final Prediction Error Criterion) əŬɘ Űɘɠ Űɘɛɏɠ 

Űɤɜ ˊŬɟŬɛɏŰɟɤɜ, ɖ ůɡɜɘůŰɩůŬ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ ˊɟɞɐɚɗŮ ɛŮ ůɡɜŭɡŬůɛɧ Ŭˊɧ ŬɜŬŭɟɞɛɘəɎ űɑɚŰɟŬ 

(forward and backward). ŪŮɤɟɐɗɖəŮ ɧŰɘ ɖ ˊɟɩŰɖ əŬɘ ɖ ŰŮɚŮɡŰŬɑŬ Űɘɛɐ Űɖɠ ˊŬɟɞɢɐɠ ůŰɖ ɢɟɞɜɞůŮɘɟɎ 

ŮəűɟɎɕɞɡɜ Űɖ ɓŬůɘəɐ ɟɞɐ ɛɧɜɞ (ŰŬ ůűɎɚɛŬŰŬ ˊɞɡ ůɡůɢŮŰɑɕɞɜŰŬɘ ŬɔɜɞɐɗɖəŬɜ). ɆŰɞ ɆɢɐɛŬ 2.13 

űŬɑɜŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ŭɘŬɢɤɟɘůɛɞɨ Űɖɠ ɖɛŮɟɐůɘŬɠ Ŭˊɞɟɟɞɐɠ ůŮ ɓŬůɘəɐ əŬɘ ɎɛŮůɖ Ŭˊɞɟɟɞɐ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɛɞɜŰɏɚɞ ɔɟŬɛɛɘəɞɨ ŰŬɛɘŮɡŰɐɟŬ. 
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ɆɢɐɛŬ 2.12: ȼ ŰɞˊɞɗŮůɑŬ Űɤɜ 183 ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ əŬɘ ɖ ɔŮɤɚɞɔɑŬ Űɞɡɠ (Ʉɖɔɐ: Dijk , 2010) 
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ɆɢɐɛŬ 2.13: ɄŬɟɎŭŮɘɔɛŬ ŭɘŬɢɤɟɘůɛɞɨ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ɛɞɜŰɏɚɞ ɔɟŬɛɛɘəɞɨ ŰŬɛɘŮɡŰɐɟŬ 

ůŮ ɔɟŬɛɛɘəɐ əɚɑɛŬəŬ (a) əŬɘ ɚɞɔŬɟɘɗɛɘəɐ əɚɑɛŬəŬ (b). ɇŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊɞŰŬɛɞɨ Molonglo ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ 

60 ɖɛɏɟŮɠ Űɞɡ ɢŮɘɛɩɜŬ ɔɘŬ Űɞ ɏŰɞɠ 1990 (Ʉɖɔɐ: Dijk, 2010) 
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3 ɄŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ əŬɘ ŭŮŭɞɛɏɜŬ 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŬɟŬŰɑɗŮɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ Ŭűɞɟɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɝɘɞˊɞɘɐɗɖəŬɜ 

ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ ɢŬɛɖɚɩɜ ɟɞɩɜ. Ƀɘ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ ˊɞɡ ŭɘŮɟŮɡɜɐɗɖəŬɜ ůŰɖɜ 

ŮɟɔŬůɑŬ Ŭɜɐəɞɡɜ ůŰɞ ɛŮůɞɔŮɘŬəɧ ɢɩɟɞ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭɨɞ Ŭɜɐəɞɡɜ ůŰɞ ɈŭŬŰɘəɧ ȹɘŬɛɏɟɘůɛŬ 

ȹɡŰɘəɐɠ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ, ɛɑŬ ůŰɖ ɆɘəŮɚɑŬ əŬɘ ŭɨɞ ůŰɖ Ⱦɨˊɟɞ. ȼ ɓŬůɘəɐ ɚŮəɎɜɖ ˊɞɡ ŬɝɘɞˊɞɘɐɗɖəŮ 

ɔɘŬ Űɖ ŬɜɎˊŰɡɝɖ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ŮɑɜŬɘ ɖ ɚŮəɎɜɖ ŬɜɎɜŰɖ Űɞɡ űɟɎɔɛŬŰɞɠ ȾɟŮɛŬůŰɩɜ əŬɘ, ůŰɖ 

ůɡɜɏɢŮɘŬ, ɖ ɛŮɗɞŭɞɚɞɔɑŬ ŮűŬɟɛɧůŰɖəŮ əŬɘ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ɚŮəɎɜŮɠ. 

3.1 ɈŭŬŰɘəɧ ȹɘŬɛɏɟɘůɛŬ ȹɡŰɘəɐɠ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ 

ɇɞ ɈŭŬŰɘəɧ ȹɘŬɛɏɟɘůɛŬ ȹɡŰɘəɐɠ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ (GR04, ůɨɛűɤɜŬ ɛŮ Űɖɜ əɤŭɘəɐ Űɞɡ Ŭɟɑɗɛɖůɖ) 

ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ 14 ɈŭŬŰɘəɎ ȹɘŬɛŮɟɑůɛŬŰŬ Űɖɠ ɢɩɟŬɠ. ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 3.1, 

ŮəŰŮɑɜŮŰŬɘ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɖɠ ɄŮɟɘűɏɟŮɘŬɠ ȹɡŰɘəɐɠ ȺɚɚɎŭŬɠ, ůŰɖɜ ɞˊɞɑŬ ŮɛˊɑˊŰŮɘ əŬɘ ɖ 

ɛŮɔŬɚɨŰŮɟɖ Űɞɡ ɏəŰŬůɖ. ɄŮɟɘɚŬɛɓɎɜŮɘ, Ŭəɧɛɖ, ɛɏɟɞɠ Űɤɜ ɄŮɟɘűŮɟŮɘɩɜ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ əŬɘ Ƚɞɜɑɤɜ 

Ɂɐůɤɜ, ɛɘəɟɧ ɛɏɟɞɠ Űɖɠ ɄŮɟɘűɏɟŮɘŬɠ ŪŮůůŬɚɑŬɠ, əŬɘ ŮɚɎɢɘůŰɞ ɛɏɟɞɠ Űɖɠ ɄŮɟɘűɏɟŮɘŬɠ ȼˊŮɑɟɞɡ. ɇŬ 

ɔŮɤɔɟŬűɘəɎ Űɞɡ ɧɟɘŬ ŬˊɞŰŮɚɞɨɜ Űɞ ɧɟɞɠ ȿɎəɛɞɠ ˊɟɞɠ ŰŬ ɓɞɟŮɘɞŭɡŰɘəɎ, ɞ ɞɟŮɘɜɧɠ ɧɔəɞɠ Űɖɠ Ʉɑɜŭɞɡ, 

Űɤɜ ȸŬɟŭɞɡůɑɤɜ əŬɘ Űɖɠ ũəɘɩɜŬɠ ˊɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ, ŰŬ ɧɟɖ ȸɎɚŰɞɡ əŬɘ ȷɗŬɛŬɜɘəɎ, ɞ ȷɛɓɟŬəɘəɧɠ 

Ⱦɧɚˊɞɠ əŬɘ Űɞ Ƚɧɜɘɞ ɄɏɚŬɔɞɠ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ, ɞ ȾɞɟɘɜɗɘŬəɧɠ Ⱦɧɚˊɞɠ əŬɘ ɞ ɄŬŰɟŬɥəɧɠ əɧɚˊɞɠ ˊɟɞɠ ŰŬ 

ɜɧŰɘŬ. ȼ ůɡɜɞɚɘəɐ ɏəŰŬůɖ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ ŮɑɜŬɘ 10 199 km
2
, Ŭˊɧ ŰŬ ɞˊɞɑŬ ŰŬ 303 km

2
 Ŭɜɐəɞɡɜ 

ůŰɖ ȿŮɡəɎŭŬ əŬɘ ŰŬ 53 km
2
 ůŮ ɎɚɚŬ, ɛɘəɟɎ ɜɖůɘɎ. 

ɇɞ ɨɣɞɠ Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ůŰɖ ɚŮəɎɜɖ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɡɣɖɚɧ  ɛŮ Ůɨɟɞɠ 800-1000 mm ůŰŬ 

ˊŬɟɎəŰɘŬ əŬɘ ˊŮŭɘɜɎ, Ůɜɩ ůŮ ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ ɞ ɛɏůɞɠ ɧɟɞɠ űŰɎɜŮɘ ŰŬ 1400 mm əŬɘ ůŮ ɣɖɚɎ 

ɡɣɧɛŮŰɟŬ, ɝŮˊŮɟɜɎŮɘ ŰŬ 1800 mm. ɋɠ Ůə ŰɞɨŰɞɡ, Űɞ ɡŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ˊɚɞɨůɘɞ, 

ɛŮ ˊɞɚɚɞɨɠ ˊɞŰŬɛɞɨɠ əŬɘ ɚɑɛɜŮɠ, əŬɘ Űɞɜ ɛŮɔŬɚɨŰŮɟɞ ůŮ ˊŬɟɞɢɐ ˊɞŰŬɛɧ Űɖɠ ɢɩɟŬɠ, Űɞɜ ȷɢŮɚɩɞ. 

Ƀɘ ɢɟɐůŮɘɠ ɜŮɟɞɨ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɖɜ ɨŭɟŮɡůɖ əŬɘ Űɞɜ Űɞɡɟɘůɛɧ, ˊɞɡ Ŭűɞɟɞɨɜ ˊɧůɘɛɞ ɜŮɟɧ, Űɖɜ 

ɎɟŭŮɡůɖ, Űɖɜ əŰɖɜɞŰɟɞűɑŬ əŬɘ Űɖ ɓɘɞɛɖɢŬɜɑŬ. ȼ ůɖɛŬɜŰɘəɧŰŮɟɖ ɕɐŰɖůɖ ŬɜŰɘůŰɞɘɢŮɑ ůŰɘɠ ŬɟŭŮɨůŮɘɠ 

əŬɘ, əŬŰɎ ŭŮɨŰŮɟɞ ɚɧɔɞ, Űɞ ˊɧůɘɛɞ ɜŮɟɧ. Ƀɘ ɕɖŰɐůŮɘɠ Űɖɠ ɓɘɞɛɖɢŬɜɑŬɠ əŬɘ Űɖɠ əŰɖɜɞŰɟɞűɑŬɠ ŮɑɜŬɘ 

ˊɞɚɨ ɛɘəɟɧŰŮɟŮɠ. ɆŰɞɜ ɄɑɜŬəŬ 3.1 ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɖ ɕɐŰɖůɖ ɜŮɟɞɨ 

ůŰɞ ɈŭŬŰɘəɧ ȹɘŬɛɏɟɘůɛŬ ȹ. ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ. 

ɄɑɜŬəŬɠ 3.1: ȺŰɐůɘŬ ɕɐŰɖůɖ ɜŮɟɞɨ (Ʉɖɔɐ: Ɇɢɏŭɘɞ ȹɘŬɢŮɑɟɘůɖɠ Űɤɜ ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ ˊɞŰŬɛɩɜ Űɞɡ ɈŭŬŰɘəɞɨ 

ȹɘŬɛŮɟɑůɛŬŰɞɠ ȹɡŰɘəɐɠ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬ, 2014, ɛŮŰɎ Ŭˊɧ Űɟɞˊɞˊɞɑɖůɖ) 

ɉɟɐůɖ ȼɛŮɟɐůɘŬ ɕɐŰɖůɖ (hm
3
) 

ȯɟŭŮɡůɖ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ ŬɟŭŮɨůɘɛɤɜ ŮəŰɎůŮɤɜ 555 

ȯɟŭŮɡůɖ ɔɘŬ Űɘɠ ŮəŰɎůŮɘɠ ˊɞɡ ŬɟŭŮɨŰɖəŬɜ Űɞ 2007 340 

Ʉɧůɘɛɞ ɜŮɟɧ (ɨŭɟŮɡůɖ əŬɘ Űɞɡɟɘůɛɧɠ) 44 
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ɆɢɐɛŬ 3.1: ȷɟɘůŰŮɟɎ: ɀɞɟűɞɚɞɔɘəɧɠ ɢɎɟŰɖɠ Ɉȹ ȹɡŰɘəɐɠ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ (Ʉɖɔɐ: Ɇɢɏŭɘɞ ȹɘŬɢŮɑɟɘůɖɠ Űɤɜ 

ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ ˊɞŰŬɛɩɜ Űɞɡ ɈŭŬŰɘəɞɨ ȹɘŬɛŮɟɑůɛŬŰɞɠ ȹɡŰɘəɐɠ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ, 2014) ȹŮɝɘɎ: ɚŮˊŰɞɛɏɟŮɘŬ 

Űɖɠ ɚŮəɎɜɖɠ ȾɟŮɛŬůŰɩɜ ˊɞɡ ŬˊɞŰŮɚŮɑ Űɖ ɓŬůɘəɐ ɚŮəɎɜɖ ŮűŬɟɛɞɔɐɠ (Ʉɖɔɐ: ɇɕɞɨəŬ, 2007) 

3.2 ȿŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ȷɢŮɚɩɞɡ  

3.2.1 ũŮɜɘəɎ 

ɇŬ ɧɟɘŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ȷɢŮɚɩɞɡ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ɞɟɞůŮɘɟɏɠ ŪɨŬɛɞ, ɀŬəɟɨ, ȸɎɚŰɞɠ, 

ȷɗŬɛɎɜɘŬ (ȹɡŰɘəɎ), ȿɎəɛɞɠ (ȸɞɟŮɘɞŭɡŰɘəɎ), əŬɘ Ʉɑɜŭɞɠ, ɇɡɛűɟɖůŰɧɠ, ɃɝɘɎ, ɄŬɜŬɘŰɤɚɘəɧ 

ȷɜŬŰɞɚɘəɎ. ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ȷɢŮɚɩɞɡ ɏɢŮɘ ŮˊɘűɎɜŮɘŬ 7531 km
2
 əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ 

əɨɟɘɞɡɠ ˊɞŰŬɛɞɨɠ 

Á ȷɢŮɚɩɞ ɛŮ ɛɐəɞɠ 220 km 

Á ȷɔɟŬűɘɩŰɖ ɛŮ ɛɐəɞɠ 33 km 

Á ɇŬɡɟɤˊɧ ɛŮ ɛɐəɞɠ 52 km 

Á ȲɜŬɢɞ ɛŮ ɛɐəɞɠ 35 km əŬɘ 

Á ȾɟɘəŮɚɘɩŰɖ ɛŮ ɛɐəɞɠ 37 km. 

ȼ ɛɏůɖ əɚɑůɖ Űɤɜ ɞɟŮɘɜɩɜ ɚŮəŬɜɩɜ Űɤɜ ˊɞŰŬɛɩɜ ŬɡŰɩɜ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 18 ɏɤɠ 30%. 

ȷəɧɛɖ ɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ȷɢŮɚɩɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ, Űɘɠ űɡůɘəɏɠ ɚɑɛɜŮɠ ɇɟɘɢɤɜɑŭŬ, ȿɡůɘɛŬɢɑŬ, ɃɕŮɟɧ, 

ȸɞɡɚəŬɟɘɎ, ȷɛɓɟŬəɑŬ, ɆŬɚŰɑɜɖ əŬɘ Űɘɠ ŰŮɢɜɖŰɏɠ ɚɑɛɜŮɠ ȾɟŮɛŬůŰɩɜ, ɇŬɡɟɤˊɞɨ, ȾŬůŰɟŬəɑɞɡ əŬɘ 

ɆŰɟɎŰɞɡ. ȷɜɎɜŰɖ Űɖɠ ɗɏůɖɠ Űɞɡ űɟɎɔɛŬŰɞɠ ȾɟŮɛŬůŰɩɜ, ůŰɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ (ɆɢɐɛŬ 3.1) ɏɢŮɘ ŮˊɘűɎɜŮɘŬ 3570 km
2
. 

3.2.2 ũŮɤɚɞɔɘəɏɠ ɆɡɜɗɐəŮɠ 

ɆŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ȷɢŮɚɩɞɡ ůɡɜŬɜŰɩɜŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ ɔŮɤŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ: Ƚɧɜɘɞɠ Ȼɩɜɖ ůŰɞ 

ŭɡŰɘəɧ ŰɛɐɛŬ Űɖɠ, Ȼɩɜɖ ũŬɓɟɧɓɞɡ ï ɇɟɑˊɞɚɖɠ ůŮ ɛɘəɟɐ ɏəŰŬůɖ ůŰɞ ɜɞŰɘɞŬɜŬŰɞɚɘəɧ Ɏəɟɞ, Ȼɩɜɖ 

Ʉɑɜŭɞɡ ůŮ ɛŮɔɎɚɖ ɏəŰŬůɖ ůŰŬ ŬɜŬŰɞɚɘəɎ əŬɘ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ Űɖɠ ɚŮəɎɜɖɠ. ɆŰŬ ɓɡɗɑůɛŬŰŬ Űɤɜ 

ɚŮəŬɜɩɜ ɏɢɞɡɜ ŬˊɞŰŮɗŮɑ ɜŮɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ ɛŮ əɡɟɘɧŰŮɟɖ Űɖɜ ŮɛűɎɜɘůɖ ɓɧɟŮɘŬ Űɖɠ 
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ɚɘɛɜɞɗɎɚŬůůŬɠ Űɞɡ ȷɘŰɤɚɘəɞɨ əŬɘ ŰŮŰŬɟŰɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ ɛŮ ůɖɛŬɜŰɘəɏɠ ŮɛűŬɜɑůŮɘɠ ůŰɖɜ ˊŮŭɘɎŭŬ 

Űɞɡ ȷɔɟɘɜɑɞɡ əŬɗɩɠ əŬɘ ůŰɞ ŭɏɚŰŬ Űɞɡ ˊ. ȷɢŮɚɩɞɡ. 

ȼ ɚɘɗɞůŰɟɤɛŬŰɘəɐ ŬɜɎˊŰɡɝɖ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɜɐəŮɘ ůŰɖ ɔŮɤŰŮəŰɞɜɘəɐ ɕɩɜɖ Űɖɠ Ʉɑɜŭɞɡ. ȼ ɔŮɤɚɞɔɘəɐ 

ŭɘŬɛɧɟűɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ, əŬɗɩɠ əŬɘ ɧɚɖɠ Űɖɠ Ʉɑɜŭɞɡ, ůɡɜŰŮɚɏůŰɖəŮ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ 

çəŬɘɜɞɕɤɘəɞɨ ŬɘɩɜŬè, ŭɖɚŬŭɐ ˊɟɘɜ Ŭˊɧ ˊŮɟɑˊɞɡ 60 ŮəŬŰɞɛɛɨɟɘŬ ɢɟɧɜɘŬ, ŬɚɚɎ ɞɘ ɛŮŰŬɓɞɚɏɠ ůŮ ɧ,Űɘ 

ŬűɞɟɎ əɡɟɑɤɠ ŰŬ ˊŮŰɟɩɛŬŰŬ, ůɡɜŮɢɑůŰɖəŬɜ əŬɘ ɛɏɢɟɘ Űɖɜ Ůˊɞɢɐ Űɞɡ ɚɑɗɞɡ. ɇŬ ˊŮŰɟɩɛŬŰŬ ŮɑɜŬɘ 

ɘɕɖɛŬŰɞɔŮɜɐ, əɡɟɑɤɠ ŬůɓŮůŰɧɚɘɗɞɘ, Ŭɟɔɘɚɘəɞɑ ůɢɘůŰɧɚɘɗɞɘ əŬɘ űɚɨůɢɖɠ, Ůɜɩ ŰŬ ɔŬɘɩŭɖ əŬɘ 

ŬɚɚɞɡɓɘŬəɎ ůŮ ŬɜŬɓŬɗɛɑŭŮɠ ůŰɘɠ ɧɢɗŮɠ əŬɘ Űɖɜ əɞɑŰɖ Űɞɡ ȷɢŮɚɩɞɡ əŬɘ Űɤɜ ˊŬɟŬˊɞŰɎɛɤɜ Űɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊŮɟɘɞɟɘůɛɏɜɖɠ ɏəŰŬůɖɠ Ɏɟɔɘɚɞ əŬɘ ɢŬɚɑəɘŬ. ȾŬŰɎ ˊŮɟɘɞɢɏɠ, ɡˊɎɟɢɞɡɜ ˊɚŮɡɟɘəɎ 

əɞɟɐɛŬŰŬ ˊɞɡ ɑůɤɠ ɏɢɞɡɜ ŬɟəŮŰɧ ˊɎɢɞɠ əŬŰɎ Űɧˊɞɡɠ̆Ůɜɩ ŭŮ ɚŮɑˊɞɡɜ əŬɘ ˊŬɔŮŰɩŭŮɘɠ ŬˊɞɗɏůŮɘɠ, 

ɧˊɤɠ ŰɟɞɢɛɎɚɞɘ əŬɘ ɡˊŮɟɛŮɔɏɗŮɘɠ əɟɞəɎɚŮɠ. Ʉɖɔɏɠ əɡɟɑɤɠ ŮˊŬűɐɠ ɐ ɟɖɝɘɔŮɜŮɑɠ, ŬˊŬɜŰɩɜŰŬɘ 

ɢŬɛɖɚɧŰŮɟŬ ɐ ɣɖɚɧŰŮɟŬ ůŰɖɜ əɞɘɚɎŭŬ əŬŰɎ ɛɐəɞɠ Űɞɡ ȷɢŮɚɩɞɡ.  

ɁŮɟɎ əŬŰŮɓŬɑɜɞɡɜ Ŭˊɧ ɧɚɞɡɠ ůɢŮŭɧɜ Űɞɡɠ ˊɚŮɡɟɘəɞɨɠ ɢŮɑɛŬɟɟɞɡɠ, ůŰɘɠ ɧɢɗŮɠ əŬŰɎ ɛɐəɞɠ Űɞɡ 

ˊɞŰŬɛɞɨ ˊɞɡ, əŬŰɎ Űɖ ɔɜɩɛɖ Ůɘŭɘəɩɜ ŮˊɘůŰɖɛɧɜɤɜ, ŭŮɑɢɜɞɡɜ ɧŰɘ ɞ ɡŭɟɞɔŮɤɚɞɔɘəɧɠ ɢŬɟŬəŰɐɟŬɠ Űɤɜ 

ˊŬɟɧɢɗɘɤɜ ɛŬɕɩɜ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɖɜ ŰɞˊɞɔɟŬűɑŬ əŬɘ ůŰɟɤɛŬŰɞɔɟŬűɑŬ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ. 

ɋůŰɧůɞ, ɞɘ ɛɎɕŮɠ Űɞɡ űɚɨůɢɖ ˊɟɞəŬɚɞɨɜ ŬůŰɎɗŮɘŬ ůŰɖɜ ˊŮɟɘɞɢɐ, ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ əŬɘ Ŭˊɧ 

Ŭɡɝɖɛɏɜɖ ůŮɘůɛɘəɧŰɖŰŬ, əŬɗɩɠ ɓɟɑůəŮŰŬɘ ŬɜŬŰɞɚɘəɎ əŬɘ ůŮ əɞɜŰɘɜɐ ŬˊɧůŰŬůɖ (60-100 km) Ŭˊɧ Űɖɜ 

çȺɚɚɖɜɘəɐ ŰɎűɟɞè ůŰɞ Ƚɧɜɘɞ ˊɏɚŬɔɞɠ. ȼ ŬůŰɎɗŮɘŬ ŬɡŰɐ, ɚɧɔɤ Űɞɡ űɚɨůɢɖ, ˊɟɞəŬɚŮɑ əŬŰɞɚɘůɗɐůŮɘɠ, 

ɞɘ ɞˊɞɑŮɠ ŮɜŰɎůůɞɜŰŬɘ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŰŮɢɜɖŰɐɠ ɚɑɛɜɖɠ (Ɇɢɏŭɘɞ ȹɘŬɢŮɑɟɘůɖɠ Űɤɜ ɚŮəŬɜɩɜ 

Ŭˊɞɟɟɞɐɠ ˊɞŰŬɛɩɜ Űɞɡ ɈŭŬŰɘəɞɨ ȹɘŬɛŮɟɑůɛŬŰɞɠ ȹɡŰɘəɐɠ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ, 2014).  

ȺɘŭɘəɧŰŮɟŬ ɔɘŬ Űɘɠ ůɡɜɗɐəŮɠ Űɞɡ űɟɎɔɛŬŰɞɠ Űɖɠ ɀŮůɞɢɩɟŬɠ, ˊɟɧəŮɘŰŬɘ ɔɘŬ űɚɨůɢɖ Űɖɠ ɕɩɜɖɠ Ʉɑɜŭɞɡ 

əŬɘ ŬɟɔɘɚɑŰɖ ɟŬŭɘɞɚŬɟɘŰɘəɐɠ ůŮɘɟɎɠ, Ůɜɩ ůŰɖ ũɚɨůŰɟŬ ŮˊɘəɟŬŰɞɨɜ əɟɖŰɘəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ. 

ȷůɓŮůŰɞɚɘɗɘəɎ əŬɘ űɚɡůɘɔŮɜɐ ŮɑɜŬɘ əŬɘ ŰŬ ŮŭɎűɖ Űɤɜ ɞɟɏɤɜ ˊɞɡ ˊŮɟɘɓɎɚɚɞɡɜ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ 

Űɖɠ ɀŮůɞɢɩɟŬɠ, ɧˊɤɠ ɎɚɚɤůŰŮ ɧɚɖɠ Űɖɠ ɢɩɟŬɠ Űɤɜ ȷɗŬɛɎɜɤɜ, Ŭˊɧ Űɞ ũŬɟŭɑəɘ ɛɏɢɟɘ ŰŬ ȯɔɟŬűŬ. 

ɇŬ ŮŭɎűɖ Űɖɠ ɀŮůɞɢɩɟŬɠ əŬŰɎ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŮŰŮɟɧɢɗɞɜŬ ŮŭɎűɖ. Ƀɘ Űɨˊɞɘ 

Űɤɜ ŮŭŬűɩɜ ŮɑɜŬɘ ˊɟɞůɢɤůɘɔŮɜŮɑɠ Ŭˊɧ űŮɟŰɎ ɡɚɘəɎ, ŰŬ ɞˊɞɑŬ ŮɜŬˊɞŰɑɗŮɜŰŬɘ ůŰɘɠ ɧɢɗŮɠ Űɞɡ ȷɢŮɚɩɞɡ 

ˊɞŰŬɛɞɨ, əŬɗɩɠ əŬɘ űŮɟŰɎ Űɤɜ ɢŮɘɛɎɟɟɤɜ ˊɞɡ əŬŰŬɚɐɔɞɡɜ Ůˊɑůɖɠ ůŰɞ ˊɞŰɎɛɘ. ɈˊɎɟɢɞɡɜ ɧɛɤɠ əŬɘ 

ŬɡŰɧɢɗɞɜŬ ŮŭɎűɖ ˊɞɡ ɏɢɞɡɜ ůɢɖɛŬŰɘůɗŮɑ ůŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ˊŮŰɟɩɛŬŰŬ Ŭˊɧ Űɖɜ ŬˊɞůɎɗɟɤůɖ ŬɡŰɩɜ 

əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ ˊɎɜɤ ůŮ ŬɡŰɎ űɡŰɘəɐɠ ɓɚɎůŰɖůɖɠ. ȰŰůɘ̆ɞɘ Űɨˊɞɘ Űɤɜ ŮŭŬűɩɜ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ 

ɢɞɡɛɩŭɖ ŮŭɎűɖ əŬɘ ůŮ ŮɟɡɗɟɞɔŬɑŮɠ. ɇŬ ˊŬɟɧɢɗɘŬ ŮŭɎűɖ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ Ŭɟɔɘɚɩŭɖ əŬɘ 

ŬɟɔɘɚɞŬɛɛɩŭɖ. ɇɞ ɓɎɗɞɠ ɐ Űɞ ˊɎɢɞɠ Űɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ Ɏɜɤ Űɞɡ Ůɜɧɠ ɛɏŰɟɞɡ, Ůɜɩ ůŰŬ ŬɡŰɧɢɗɞɜŬ 

ŮŭɎűɖ Űɞ ɓɎɗɞɠ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɧ. 

ɀɏůŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŭɘŬŭɞɢɘəɏɠ ŮɝŮɚɑɝŮɘɠ ŮŭŬűɩɜ əŬɘ ˊŮŰɟɤɛɎŰɤɜ, ŭɘŬɛɞɟűɩɗɖəŬɜ ɛŬəɟɞɢɟɧɜɘŬ ɞɘ 

ůɖɛŮɟɘɜɏɠ ŮəŰɎůŮɘɠ Űɤɜ ɓɞůəɞŰɧˊɤɜ, əŬɗɩɠ əŬɘ ŮəŰɎůŮɘɠ ɔŮɤɟɔɘəɐɠ ɔɖɠ, ˊɟɞůɢɤůɘɔŮɜŮɑɠ əŬɘ ɛɖ, 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɢɩɟŬɠ. ȰŰůɘ, ɞɘ ŮŭŬűɘəɞɑ ˊɧɟɞɘ Űɖɠ ɀŮůɞɢɩɟŬɠ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ɡˊɎɟɢɞɡůŬ 

əŬŰɎůŰŬůɖ, əŬŰŬɜɏɛɞɜŰŬɘ ůŮ ɔŮɤɟɔɘəɐ ɔɖ, ɓɞůəɞŰɧˊɞɡɠ (ɚɘɓɎŭɘŬ), ŭɎůɖ, ŮəŰɎůŮɘɠ əŬɚɡˊŰɧɛŮɜŮɠ Ŭˊɧ 

ɜŮɟɎ əŬɘ ůŮ ŮəŰɎůŮɘɠ ɞɘəɘůɛɩɜ (ũəɎɜɘŬɠ, 2008). 

ɈŭɟɞɔŮɤɚɞɔɘəɏɠ ɆɡɜɗɐəŮɠ 

Ƀɘ əɡɟɘɧŰŮɟŮɠ ɡˊɧɔŮɘŮɠ ɡŭɟɞűɞɟɑŮɠ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞɡɠ əŬɟůŰɘəɞɨɠ ŬɜɗɟŬəɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ 

Ƚɞɜɑɞɡ ɕɩɜɖɠ əŬɘ Űɖɠ ɕɩɜɖɠ ũŬɓɟɧɓɞɡ ï ɇɟɑˊɞɚɖɠ. ɆŰɞɡɠ ŬɜɗɟŬəɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ ɕɩɜɖɠ 

Ʉɑɜŭɞɡ, ɚɧɔɤ Űɤɜ ˊɡɟɘŰɘəɩɜ ï əŮɟŬŰɞɚɘɗɘəɩɜ ˊŬɟŮɛɓɞɚɩɜ, ŬɜŬˊŰɨůůɞɜŰŬɘ Ůˊɘɛɏɟɞɡɠ ŭɘŬűɞɟŮŰɘəɐɠ 

əɎɗŮ űɞɟɎ ɏəŰŬůɖɠ, ɡŭɟɞɔŮɤɚɞɔɘəɏɠ ɚŮəɎɜŮɠ əŬɘ, əŬŰô ŮˊɏəŰŬůɖ, əŬɘ ŬɜɎɚɞɔɖɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ 

ɡŭɟɞűɞɟɑŮɠ. ɆɖɛŬɜŰɘəɐɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ ɡŭɟɞűɞɟɑŮɠ ŬɜŬˊŰɨůůɞɜŰŬɘ Ůˊɑůɖɠ ůŰɞɡɠ əɞəəɩŭŮɘɠ 

ůɢɖɛŬŰɘůɛɞɨɠ Űɤɜ ŰŮŰŬɟŰɞɔŮɜɩɜ ŬˊɞɗɏůŮɤɜ,, Űɞ ŭɡɜŬɛɘəɧ Űɤɜ ɞˊɞɑɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ 

əɞəəɞɛŮŰɟɑŬ Űɞɡɠ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ ŰɟɞűɞŭɞůɑŬɠ. ɆŰɘɠ ŮɛűŬɜɑůŮɘɠ Űɞɡ űɚɨůɢɖ ŬɜŬˊŰɨůůɞɜŰŬɘ Űɞˊɘəɐɠ 
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ůɖɛŬůɑŬɠ ɡŭɟɞűɞɟɑŮɠ, ɛɘəɟɐɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ ˊɞɡ əŬɚɨˊŰɞɡɜ Űɞˊɘəɏɠ ɡŭɟŮɡŰɘəɏɠ, ŬɟŭŮɡŰɘəɏɠ əŬɘ 

əŰɖɜɞŰɟɞűɘəɏɠ ŬɜɎɔəŮɠ. 

ɆŰɞ ɆɢɐɛŬ 3.2 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɞ ɡŭɟɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɞɡ Ɉȹ, əŬɘ, ŮɘŭɘəɧŰŮɟŬ, Űɞ ŮˊŮɝŮɟɔŬůɛɏɜɞ 

ŮˊɑˊŮŭɞ GWB (ground water bodies). 

 

ɆɢɐɛŬ 3.2: ɈŭɟɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɞɡ Ɉȹ04 (Ɂɘəɞɚɧˊɞɡɚɞɠ, 2015) 

 

3.2.3 ɈˊɧɔŮɘŬ ɡŭŬŰɘəɎ ůɡůŰɐɛŬŰŬ 

ɆŰɞɜ ɄɑɜŬəŬ 3.2 ŭɑɜŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭŬŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ɖ ůɡɜɞɚɘəɐ Űɞɡɠ ɏəŰŬůɖ 

əŬɗɩɠ əŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ ŮɑɜŬɘ ɎɛŮůŬ ůɡůɢŮŰɘɕɧɛŮɜŬ ɛŮ ŮˊɘűŬɜŮɘŬəɎ ɜŮɟɎ ɐ ɢŮɟůŬɑŬ 

ɞɘəɞůɡůŰɐɛŬŰŬ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ȷɢŮɚɩɞɡ. 

ɄɑɜŬəŬɠ 3.2: ɈˊɧɔŮɘŬ ɡŭŬŰɘəɎ ůɡůŰɐɛŬŰŬ ɚŮəɎɜɖɠ ȷɢŮɚɩɞɡ (Ʉɖɔɐ: Ɇɢɏŭɘɞ ȹɘŬɢŮɑɟɘůɖɠ Űɤɜ ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ 

ˊɞŰŬɛɩɜ Űɞɡ ɈŭŬŰɘəɞɨ ȹɘŬɛŮɟɑůɛŬŰɞɠ ȹɡŰɘəɐɠ ɆŰŮɟŮɎɠ ȺɚɚɎŭŬɠ, 2014, ɛŮŰɎ Ŭˊɧ Űɟɞˊɞˊɞɑɖůɖ) 

ȷɟɘɗɛɧɠ ɈɈɆ 
ȰəŰŬůɖ ɈɈɆ (m

2
) 

(Ɇɡɜɞɚɘəɧ) 

ȰəŰŬůɖ ɈɈɆ (m
2
) 

(ɀɏɔɘůŰɞ) 

ȰəŰŬůɖ ɈɈɆ 

(m
2
) (ȺɚɎɢɘůŰɞ) 

ȷɟɘɗɛɧɠ Űɤɜ ɈɈɆ ŰŬ 

ɞˊɞɑŬ ŮɑɜŬɘ ɎɛŮůŬ 

ůɡůɢŮŰɘɕɧɛŮɜŬ ɛŮ 

ŮˊɘűŬɜŮɘŬəɎ ɜŮɟɎ ɐ 

ɢŮɟůŬɑŬ ɞɘəɞůɡůŰɐɛŬŰŬ 

15 8.351.908.059 3.907.166.240 24.978.023 15 

 

 

3.2.4 ɉɟɐůŮɘɠ ɔɖɠ 

ɀŮŰɎ Ŭˊɧ ŮűŬɟɛɞɔɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Corine Land Cover 2000 ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ ɢɟɐůŮɤɜ 

ɔɖɠ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ȷɢŮɚɩɞɡ, ˊɟɞɏəɡɣŮ ɞ ˊŬɟŬəɎŰɤ ɢɎɟŰɖɠ, ɧˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ 

ɢɟɐůŮɘɠ ɔɖɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ. 
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ɆɢɐɛŬ 3.3: ȷɜŬɚɡŰɘəɐ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɢɟɐůŮɤɜ ɔɖɠ ůŰɖ ȿȷɄ ȷɢŮɚɩɞɡ ɛŮ ɢɟɐůɖ Űɞɡ Corine 2000 (Ʉɖɔɐ: 

ɆŰŬɛɞɨɚɖ, 2012) 

ȳˊɤɠ ɔɑɜŮŰŬɘ ůŬűɏɠ Ŭˊɧ Űɞ ɆɢɐɛŬ 3.3, Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ 

ŭŬůɩŭŮɘɠ əŬɘ ɗŬɛɜɩŭŮɘɠ ŮəŰɎůŮɘɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ŭŬůɘəɏɠ ŮəŰɎůŮɘɠ (əɤɜɞűɧɟŬ, ˊɚŬŰɨűɡɚɚŬ əŬɘ 

ɛɘəŰɎ ŭɎůɖ) əŬŰŬɚŬɛɓɎɜɞɡɜ Űɞ 31% ˊŮɟɑˊɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ, Ůɜɩ ɖ ɗŬɛɜɩŭɖɠ ɓɚɎůŰɖůɖ əŬɚɨˊŰŮɘ ɏɜŬ 

ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ Űɖɠ ůɡɜɞɚɘəɐɠ ɏəŰŬůɖɠ Űɖɠ ŰɎɝɖɠ Űɞɡ 16% (ɆŰŬɛɞɨɚɖ, 2012). ɇɞ ůɡɜɞɚɘəɧ 

ˊɞůɞůŰɧ Űɤɜ ŭŬůɘəɩɜ əŬɘ ɗŬɛɜɤŭɩɜ ŮəŰɎůŮɤɜ ŬɜɏɟɢŮŰŬɘ ůŰɞ 70% Űɖɠ ůɡɜɞɚɘəɐɠ ɏəŰŬůɖɠ, Ůɜɩ ɞɘ 

əŬɚɚɘŮɟɔɐůɘɛŮɠ ŮəŰɎůŮɘɠ əŬŰŬɚŬɛɓɎɜɞɡɜ ɛɧɚɘɠ Űɞ 15% Űɖɠ ůɡɜɞɚɘəɐɠ ɔɖɠ əŬɘ ůɡɜŬɜŰɩɜŰŬɘ ůŰɞ 

ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɞɡɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ əɎŰɤ ɟɞɡ Űɞɡ ˊɞŰŬɛɞɨ (ɆŰŬɛɞɨɚɖ, 2012). ɇɏɚɞɠ, ɞɘ 

ŬůŰɘəɏɠ ŮˊɘűɎɜŮɘŮɠ əŬɘ ɞɘ ŬɜɗɟɤˊɞɔŮɜŮɑɠ əŬŰŬůəŮɡɏɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ŭɘɎůˊŬɟŰŮɠ əŬɘ əŬɚɨˊŰɞɡɜ ˊɞɚɨ 

ɛɘəɟɧ ˊɞůɞůŰɧ Űɖɠ ɚŮəɎɜɖɠ. 
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3.2.5 ȷɜɗɟɤˊɞɔŮɜɏɠ ˊŮɟɘɓɎɚɚɞɜ 

Ƀ ɛɧɜɘɛɞɠ ˊɚɖɗɡůɛɧɠ Űɞɡ ɈŭŬŰɘəɞɨ ȹɘŬɛŮɟɑůɛŬŰɞɠ ȹɡŰɘəɐɠ ȺɚɚɎŭŬɠ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬˊɞɔɟŬűɐ Űɖɠ 

ȺɆɈȺ Űɞ 2001, ɐŰŬɜ 312516 əɎŰɞɘəɞɘ. ɆŰɞɜ ɄɑɜŬəŬ 3.3 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ˊɧɚŮɘɠ ůŰɞ 

Ɉȹ04 ůɨɛűɤɜŬ ɛŮ ůŰɞɘɢŮɑŬ Űɖɠ ŬˊɞɔɟŬűɐɠ Űɖɠ ȺɆɈȺ ɔɘŬ Űɞ 2011. Ƀɘ ŬɜŰɑůŰɞɘɢɞɘ ȾŬɚɚɘəɟŬŰɘəɞɑ 

ȹɐɛɞɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɢɎɟŰɖ Űɞɡ ɆɢɐɛŬŰɞɠ 3.4 (Ɂɘəɞɚɧˊɞɡɚɞɠ, 2015). 

ɄɑɜŬəŬɠ 3.3: ɆɖɛŬɜŰɘəɏɠ ˊɧɚŮɘɠ Űɖɠ ȿȷɄ ȷɢŮɚɩɞɡ 

Ʉɧɚɖ Ʉɚɖɗɡůɛɧɠ (2011) (əɎŰɞɘəɞɘ) 

ȷɔɟɑɜɘɞ 46 899 

ɁŬɨˊŬəŰɞɠ 13 785 

ɀŮůɞɚɧɔɔɘ 12 785 

ȾŬɟˊŮɜɐůɘ 7 183 

ȸɧɜɘŰůŬ 4 703 

ȷɘŰɤɚɘəɧ 4 012 

ȷɛűɘɚɞɢɑŬ 3 827 

 

 

 

ɆɢɐɛŬ 3.4: ȹɐɛɞɘ Űɖɠ ȿȷɄ ȷɢŮɚɩɞɡ (Ʉɖɔɐ: Ɂɘəɞɚɧˊɞɡɚɞɠ, 2015) 

 

3.2.6 ȽůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ 

ɇŬ ɖɛŮɟɐůɘŬ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɝɘɞˊɞɘɞɨɜŰŬɘ Ŭűɞɟɞɨɜ Űɖɜ ˊŮɟɑɞŭɞ 1967-2008 əŬɘ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 3.5. ȼ ŬɜŰɑůŰɞɘɢɖ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.6. ɆŰɞɡɠ 

ɄɑɜŬəŮɠ 3.4 əŬɘ 3.5 ŭɑɜɞɜŰŬɘ ŰŬ ɛɖɜɘŬɑŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɔɘŬ ůɡɜɎɗɟɞɘůɖ 

Űɤɜ ɛɏůɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ. ɆŰŬ ɆɢɐɛŬŰŬ 3.7 əŬɘ 3.8 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛɖɜɘŬɑŮɠ 

ɢɟɞɜɞůŮɘɟɏɠ Űɤɜ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ.  
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ɆɢɐɛŬ 3.5: ȼɛŮɟɐůɘŬ ɢɟɞɜɞůŮɘɟɎ Ŭˊɞɟɟɞɐɠ ůŮ m
3
/s ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɤɜ ȾɟŮɛŬůŰɩɜ 

 

ɆɢɐɛŬ 3.6: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ˊŬɟɞɢɐɠ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɤɜ ȾɟŮɛŬůŰɩɜ 

 

ɄɑɜŬəŬɠ 3.4: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɤɜ ȾɟŮɛŬůŰɩɜ 

 ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ 

 ȽŬɜ ūŮɓ ɀŬɟ ȷˊɟ ɀŬɘ Ƚɞɡɜ Ƚɞɡɚ ȷɡɔ ɆŮˊ ɃəŰ ɁɞŮ ȹŮə 

mean 4.11 4.43 4.17 4.07 2.53 1.22 0.74 0.58 0.61 1.27 2.87 5.09 

stdev 2.36 2.14 1.77 1.22 0.94 0.32 0.16 0.11 0.26 1.03 1.53 2.77 

Var Coeff 0.57 0.48 0.43 0.3 0.37 0.26 0.21 0.18 0.42 0.81 0.53 0.54 

#values 42 42 42 42 42 42 42 42 42 43 43 42 

MAX  10.54 9.32 8.58 7.22 4.68 2.18 1.06 0.78 1.68 5.08 8.12 11.93 

MIN  0.75 0.62 0.94 1.72 1.05 0.72 0.41 0.35 0.29 0.28 0.65 0.84 
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ɄɑɜŬəŬɠ 3.5: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɤɜ ȾɟŮɛŬůŰɩɜ 

 ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ 

 ȽŬɜ ūŮɓ ɀŬɟ ȷˊɟ ɀŬɘ Ƚɞɡɜ Ƚɞɡɚ ȷɡɔ ɆŮˊ ɃəŰ ɁɞŮ ȹŮə 

mean 1.4 1.56 2.01 2.09 1.2 0.53 0.41 0.34 0.3 0.31 0.49 1.38 

stdev 0.84 1.02 1.11 0.8 0.54 0.15 0.09 0.06 0.07 0.16 0.39 0.99 

Var Coeff 0.6 0.65 0.55 0.38 0.45 0.28 0.23 0.17 0.24 0.51 0.79 0.72 

#values 42 42 42 42 42 42 42 42 42 43 43 42 

MAX  3.68 4.28 5.19 3.71 2.96 0.95 0.7 0.51 0.54 0.95 1.96 4.03 

MIN  0.26 0.22 0.34 0.31 0.4 0.29 0.27 0.23 0.23 0.15 0.14 0.17 

 

 

 

ɆɢɐɛŬ 3.7: ɉɟɞɜɞůŮɘɟɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ˊŬɟɞɢɐɠ ůŮ m
3
/s ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɤɜ ȾɟŮɛŬůŰɩɜ 

 

 

ɆɢɐɛŬ 3.8: ɉɟɞɜɞůŮɘɟɎ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ˊŬɟɞɢɐɠ ůŮ m
3
/s ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɤɜ ȾɟŮɛŬůŰɩɜ 
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3.3 ȿŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Ⱥɡɐɜɞɡ 

3.3.1 ũŮɜɘəɎ 

ɇŬ ɧɟɘŬ Űɖɠ ɚŮəɎɜɖɠ Űɞɡ Ⱥɡɐɜɞɡ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ɞɟɞůŮɘɟɏɠ: ɄŬɜŬɘŰɤɚɘəɧ (ȸɧɟŮɘŬ, 

ɓɞɟŮɘɞŭɡŰɘəɎ), ȸŬɟŭɞɨůɘŬ (ȸɞɟŮɘɞŬɜŬŰɞɚɘəɎ), əŬɘ ɧɟɖ ɁŬɡˊŬəŰɑŬɠ əŬɘ ȷɟɎəɡɜɗɞɠ 

(ɁɞŰɘɞŬɜŬŰɞɚɘəɎ). 

ȼ ůɡɜɞɚɘəɐ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ɏɢŮɘ ŮˊɘűɎɜŮɘŬ 1164 km
2
, Ůɜɩ ŬɜɎɜŰɖ Űɞɡ ɡŭɟɞɛŮŰɟŰɘəɞɨ 

ůŰŬɗɛɞɨ ɏɢŮɘ ɏəŰŬůɖ 974 km
2
.  ȼ əɚɑůɖ ůŰɞ ɞɟŮɘɜɧ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ ŮɑɜŬɘ 24%. ɄŮɟɘɚŬɛɓɎɜŮɘ 

əɡɟɑɤɠ Űɞɜ ˊɞŰŬɛɧ Ⱥɨɖɜɞ ɛŮ ɛɐəɞɠ 93 km. ɄŮɟɘɚŬɛɓɎɜŮɘ Ůˊɑůɖɠ Űɖɜ ŰŮɢɜɖŰɐ ɚɑɛɜɖ Ⱥɡɐɜɞɡ, ɛŮ 

ɏəŰŬůɖ 2.9 km
2
. 

ɆŰɞ ɆɢɐɛŬ 3.9 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ˊɞŰŬɛɞɨ. ɇɞ 

ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ Űɞɡ Ⱥɡɐɜɞɡ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ɡˊɞɚŮəɎɜɖ 

ŬɜɎɜŰɖ Űɖɠ ɗɏůɖɠ Ʉɧɟɞɡ ɅɖɔŬɜɑɞɡ. 

 

ɆɢɐɛŬ 3.9: ũŮɤɔɟŬűɘəɐ ɗɏůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ˊɞŰŬɛɞɨ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ (Ʉɖɔɐ: ɇɕɞɨəŬ, 

2007) 
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Ƀ ˊɞŰŬɛɧɠ Ⱥɨɖɜɞɠ ˊɖɔɎɕŮɘ Ŭˊɧ Űɞɜ ɞɟŮɘɜɧ ɧɔəɞ Űɤɜ ȸŬɟŭɞɡůɑɤɜ əŬɘ Ŭűɞɨ ŭɘŬɜɨůŮɘ ŭɘŬŭɟɞɛɐ 

ˊŮɟɑˊɞɡ 110 km, ŮəɓɎɚɚŮɘ ůŰɘɠ ɓɧɟŮɘŮɠ ŬəŰɏɠ Űɞɡ ɄŬŰɟŬɥəɞɨ əɧɚˊɞɡ. ȰɢŮɘ ŭɘŬɛɞɟűɩůŮɘ ɛɘŬ 

ŮəŰŮŰŬɛɏɜɖ, Ůˊɘɛɐəɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ, ɛŮ əɨɟɘɞ ɎɝɞɜŬ ȸȷ-Ɂȹ ŭɘŮɨɗɡɜůɖɠ. ɃɟɘɞɗŮŰŮɑŰŬɘ ůŰŬ 

ŬɜŬŰɞɚɘəɎ Ŭˊɧ Űɞɡɠ ɞɟŮɘɜɞɨɠ ɧɔəɞɡɠ Űɤɜ ȸŬɟŭɞɡůɑɤɜ (2 286 m), Űɤɜ ɞɟɏɤɜ Űɖɠ ɁŬɡˊŬəŰɑŬɠ (1 469 

m) əŬɘ Űɖɠ ȸŬɟɎůɞɓŬɠ (914 m), ɓɧɟŮɘŬ Ŭˊɧ Űɞ ɧɟɞɠ ɃɝɡɎ (1 926 m) əŬɘ Űɞ ɄŬɜŬɘŰɤɚɘəɧ ɧɟɞɠ (1 924 

m), əŬɘ ŭɡŰɘəɎ Ŭˊɧ Űɞ ɄŬɜŬɘŰɤɚɘəɧ ɧɟɞɠ (1662 m), Űɞ ɂɖɟɞɓɞɨɜɘ (906 m), Űɖ ɀŬəɟɡɎ ɅɎɢɖ (620 m), 

əŬɘ Űɞ ɧɟɞɠ ȷɟɎəɡɜɗɞɠ (982 m) (ȾŬɟɡɛˊɎɚɖɠ, 1996). 

3.3.2 ȾɚɑɛŬ 

ɇɞ əɚɑɛŬ Űɖɠ ˊɞɘəɑɚŮɘ Ŭˊɧ ˊɞɚɨ ɗŮɟɛɎ əŬɚɞəŬɑɟɘŬ, ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ůɡɢɜɎ ɝŮˊŮɟɜɞɨɜ Űɞɡɠ 40ÁC, 

ɛŮ ˊɞɚɚɐ ɡɔɟŬůɑŬ ůŮ ɐˊɘɞɡɠ ɢŮɘɛɩɜŮɠ ůŰɘɠ ɢŬɛɖɚɞɨ ɡɣɞɛɏŰɟɞɡ ˊŮɟɘɞɢɏɠ. Ⱦɟɨɞɘ ɢŮɘɛɩɜŮɠ əɡɟɘŬɟɢɞɨɜ 

ůŰɘɠ ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ, Ůɜɩ ůŮ ŬəɧɛŬ ɛŮɔŬɚɨŰŮɟŬ ɡɣɧɛŮŰɟŬ, ɢɘɧɜɘŬ əŬɗɩɠ əŬɘ əɟɨɞɠ əŬɘɟɧɠ 

ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ, Ůɜɩ ŰŬ əŬɚɞəŬɑɟɘŬ ŮɑɜŬɘ ŭɟɞůŮɟɎ. ȳ́ ɤɠ ůɡɛɓŬɑɜŮɘ ɛŮ Űɞɡɠ 

ˊŮɟɘůůɧŰŮɟɞɡɠ əɚɘɛŬŰɘəɞɨɠ Űɨˊɞɡɠ Űɖɠ ɢɩɟŬɠ, ɏŰůɘ əŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ Ⱥɡɐɜɞɡ, ɞ ɢŮɘɛɩɜŬɠ ŮɑɜŬɘ ɖ 

ɡɔɟɧŰŮɟɖ Ůˊɞɢɐ Űɞɡ ɏŰɞɡɠ əŬɘ Űɞ əŬɚɞəŬɑɟɘ ɖ ɝɖɟɧŰŮɟɖ, Ůɜɩ Űɞ űɗɘɜɧˊɤɟɞ ɡˊŮɟɏɢŮɘ Ŭˊɧ ˊɚŮɡɟɎɠ 

ɨɣɞɡɠ ɓɟɞɢɐɠ ɏɜŬɜŰɘ Űɖɠ Ɏɜɞɘɝɖɠ. ȷɝɘɞůɖɛŮɑɤŰɞ ŮɑɜŬɘ ɞɘ ɛŮɔɎɚŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ ˊɞɡ ůɖɛŮɘɩɜɞɜŰŬɘ 

ůŰɖ ɚŮəɎɜɖ, ɛŮ ŮŰɐůɘŮɠ Űɘɛɏɠ ˊɞɡ ɝŮˊŮɟɜɞɨɜ əŬŰɎ ˊɞɚɨ ŰŬ 1200 mm, ɛŮ ŮɝŬɑɟŮůɖ Űɖ ɢŬɛɖɚɐ ˊŮŭɘɜɐ 

ˊŮɟɘɞɢɐ Űɤɜ Ůəɓɞɚɩɜ Űɞɡ ˊɞŰŬɛɞɨ, ɧˊɞɡ ɖ ɛɏůɖ ŮŰɐůɘŬ Űɘɛɐ ɓɟɞɢɧˊŰɤůɖɠ ŮɑɜŬɘ 750 mm. ɇɞ ɛŮɔɎɚɞ 

ˊɞůɞůŰɧ ɓɟɞɢɐɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɤɜ ɞɟŮɘɜɩɜ ɧɔəɤɜ Űɖɠ ŮɡɟɨŰŮɟɖɠ 

ˊŮɟɘɞɢɐɠ ůŰɞɡɠ ɡŮŰɞűɧɟɞɡɠ Ŭɜɏɛɞɡɠ. ȼ ŭɡŰɘəɐ ɡŭɟɞəɟɘŰɘəɐ ɔɟŬɛɛɐ Űɖɠ ɚŮəɎɜɖɠ, ɜɧŰɘŬ Űɞɡ 

ɄŬɜŬɘŰɤɚɘəɞɨ ɧɟɞɡɠ, ɓɟɑůəŮŰŬɘ ůŮ ɛɘəɟɧŰŮɟɞ ɡɣɧɛŮŰɟɞ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŬɜŬŰɞɚɘəɐ, ˊɞɡ űɗɎɜŮɘ 

ŰŬ 2 400 m ůŰŬ ȸŬɟŭɞɡůɑŬ ɧɟɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ Ů́ ɘŰɟɏˊŮŰŬɘ ůŰɘɠ əŬŰŮɡɗɡɜɧɛŮɜŮɠ Ŭˊɧ ȹ ˊɟɞɠ ȷ 

ɡŮŰɞűɧɟŮɠ ŬɏɟɘŮɠ ɛɎɕŮɠ ɜŬ Ůɘůɏɚɗɞɡɜ ůŰɖɜ ˊŮɟɘɞɢɐ. Ƀɘ ŬɏɟɘŮɠ ŬɡŰɏɠ ɛɎɕŮɠ əɘɜɞɨɛŮɜŮɠ ůɡɜŬɜŰɞɨɜ 

əɎɗŮŰŬ Űɞɡɠ ɞɟŮɘɜɞɨɠ ɧɔəɞɡɠ, ɞˊɧŰŮ ŬɜɏɟɢɞɜŰŬɘ əŬɘ ɣɨɢɞɜŰŬɘ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ůɡɛˊɨəɜɤůɖ Űɤɜ 

ɡŭɟŬŰɛɩɜ əŬɘ Űɖɜ ŮɛűɎɜɘůɖ Űɖɠ ɓɟɞɢɐɠ. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ɡɔɟŬůɑŬɠ ɢɎɜŮŰŬɘ ůŰɘɠ ŭɡŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ, ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖɜ ɞɛɓɟɞˊɚŮɡɟɎ, ůŰɖɜ ɞˊɞɑŬ ŬɜɐəŮɘ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ŬűɐɜɞɜŰŬɠ 

ɚɘɔɧŰŮɟŮɠ ɓɟɞɢɏɠ ɔɘŬ ŰŬ ŬɜŬŰɞɚɘəɎ ŰɛɐɛŬŰŬ (ɞɛɓɟɞůəɘɎ) (ȾŬɟɡɛˊɎɚɖɠ, 1996). 

3.3.3 ũŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ 

ȼ ŭɘɎŰŬɝɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ˊɞɡ ŭɞɛɞɨɜ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɨɖɜɞɡ ˊɞŰŬɛɞɨ, 

əŬɗɩɠ əŬɘ Űɤɜ ŰŮəŰɞɜɘəɩɜ ŭɞɛɩɜ ɏɢŮɘ ŮˊɖɟŮɎůŮɘ ɎɛŮůŬ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ ɡŭɟɞɔɟŬűɘəɞɨ ŭɘəŰɨɞɡ əŬɘ Űɖ 

ůɖɛŮɟɘɜɐ ɛɞɟűɞɚɞɔɑŬ Űɞɡ ŬɜɎɔɚɡűɞɡ. 

Ƀɘ ɎɝɞɜŮɠ Űɤɜ ůɡɔəɚɘɜɘəɩɜ əŬɘ ŬɜŰɘəɚɘɜɘəɩɜ ˊŰɡɢɩɜ ȸȸȹ ï ɁɁȷ ŭɘŮɨɗɡɜůɖɠ, ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ 

Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ůɡɛˊɑˊŰɞɡɜ ɛŮ Űɖ ɔŮɜɘəɐ ŭɘɎŰŬɝɖ Űɤɜ əɨɟɘɤɜ ɛɞɟűɞɚɞɔɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (ɞɟɞůŮɘɟɏɠ, əɞɘɚɎŭŮɠ) Ůɜɩ ɞ ɟɖɔɛŬŰɞɔɧɜɞɠ ŰŮəŰɞɜɘůɛɧɠ ɏɢŮɘ ŮˊɖɟŮɎůŮɘ Űɖ 

ŭɘŮɨɗɡɜůɖ ɟɞɐɠ ŰɛɐɛŬŰɞɠ Űɞɡ Ⱥɨɖɜɞɡ ˊɞŰŬɛɞɨ əŬɘ ˊŬɟŬˊɞŰɎɛɤɜ Űɞɡ ɜɞŰɘɧŰŮɟŬ, ˊɞɡ Űɏɛɜɞɡɜ ůŮ 

ɞɟɗɐ ɔɤɜɑŬ Űɞɡɠ ȷɚˊɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ (ȾŬɟɡɛˊɎɚɖɠ,1996). 

ɆŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ ůɡɜŬɜŰɩɜŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ ɔŮɤŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ: 

Á ȻɋɁȼ ũȷȸɅɃȸɃɈ ȤɇɅȽɄɃȿȼɆ: ȷɜŬˊŰɨůůŮŰŬɘ ůŮ ɛɘəɟɐ ɏəŰŬůɖ ůŰɞ ɓɧɟŮɘɞ əŬɘ ɜɧŰɘɞ 

Ɏəɟɞ Űɞɡ ŭɘŬɛŮɟɑůɛŬŰɞɠ 

Á ȻɋɁȼ ɄȽɁȹɃɈ: ȾŬɚɨˊŰŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ 

ɆŰɞɡɠ ˊŬɟŬˊɎɜɤ ůɢɖɛŬŰɘůɛɞɨɠ ɏɢɞɡɜ ŬˊɞŰŮɗŮɑ ŰŮŰŬɟŰɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ, ɛŮ ůɖɛŬɜŰɘəɐ ŮɛűɎɜɘůɖ 

ůŰɖɜ ˊŮŭɘɎŭŬ Űɞɡ Ⱥɡɐɜɞɡ. 

ȼ ŮɜɧŰɖŰŬ Űɞɡ ũŬɓɟɧɓɞɡ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɞ Ɂȹ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ əŬŰŬɚŬɛɓɎɜɞɜŰŬɠ ˊŮɟɑˊɞɡ Űɞ ɏɜŬ 

ˊɏɛˊŰɞ Űɖɠ ůɡɜɞɚɘəɐɠ Űɖɠ ɏəŰŬůɖɠ əŬɘ ŮəˊɟɞůɤˊŮɑŰŬɘ ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ Űɞɜ űɚɨůɢɖ Ůɜɩ 
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ɡˊɎɟɢŮɘ ɛɘŬ ɛɧɜɞ ŮɛűɎɜɘůɖ ŬůɓŮůŰɧɚɘɗɤɜ ɖɚɘəɑŬɠ ȯɜɤ ȾɟɖŰɘŭɘəɞɨ. ȾɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ŮɜɧŰɖŰŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ ůɡɜŮɢɐɠ ɜɖɟɖŰɘəɐ ŬɜɗɟŬəɘəɐ ɘɕɖɛŬŰɞɔɏɜŮůɖ əŬɘ ɖ ɨˊŬɟɝɖ Ŭůɡɛűɤɜɘɩɜ ůŰɞ 

ŭɘɎůŰɖɛŬ ȯɜɤ ȾɟɖŰɘŭɘəɧ - ȼɩəŬɘɜɞ (ɄŬˊŬɜɘəɞɚɎɞɡ, 1986). 

Ƀɘ ůɢɖɛŬŰɘůɛɞɑ Űɖɠ ŮɜɧŰɖŰŬɠ ũŬɓɟɧɓɞɡ, ˊɞɡ ŬˊŬɜŰɩɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ (Ŭˊɧ Űɞɡɠ ˊŬɚŬɘɧŰŮɟɞɡɠ 

ˊɟɞɠ Űɞɡɠ ɜŮɧŰŮɟɞɡɠ): 

Á ɁɖɟɖŰɘəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ ȯɜɤ ȾɟɖŰɘŭɘəɞɨ 

Á ūɚɨůɢɖɠ ȷɜɤŰɏɟɞɡ ȼɤəŬɑɜɞɡ 

Á ȾɚŬůŰɘəɎ ɘɕɐɛŬŰŬ ɧˊɤɠ ɣŬɛɛɑŰŮɠ əŬɘ Ŭɟɔɘɚɘəɞɑ ůɢɘůŰɧɚɘɗɞɘ 

Á ȿŮˊŰɞůŰɟɤɛŬŰɩŭŮɘɠ ŬůɓŮůŰɧɚɘɗɞɘ ɖɚɘəɑŬɠ ȽɞɡɟŬůɘəɞɨ 

Á ȿŮˊŰɞˊɚŬəɩŭŮɘɠ əŮɟŬŰɧɚɘɗɞɘ 

Á ȿŮˊŰɞˊɚŬəɩŭŮɘɠ ˊŮɚŬɔɘəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ ȷɜɤəɟɖŰɘŭɘəɐɠ ɖɚɘəɑŬɠ 

ȾŬŰɎ ɛɐəɞɠ Űɖɠ əɞɑŰɖɠ Űɞɡ Ⱥɨɖɜɞɡ ˊɞŰŬɛɞɨ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŬůɨɜŭŮŰŬ ɡɚɘəɎ, əɡɟɑɤɠ Ɏɛɛɞɘ əŬɘ 

əɟɞəɎɚŮɠ ŬůɓŮůŰɞɚɘɗɘəɐɠ, əŮɟŬŰɞɚɘɗɘəɐɠ əŬɘ ůɢɘůŰɞɚɘɗɘəɐɠ ůɨůŰŬůɖɠ. ɇɞ ˊɎɢɞɠ Űɞɡɠ ůŰɖɜ ˊŮɟɘɞɢɐ 

əŬŰŬůəŮɡɐɠ Űɞɡ űɟɎɔɛŬŰɞɠ ȷɔɑɞɡ ȹɖɛɖŰɟɑɞɡ űɗɎɜŮɘ ŰŬ 23 m, ɓɎůŮɘ ůŰɞɘɢŮɑɤɜ ɔŮɤŰɟɐůŮɤɜ əŬɘ 

ɔŮɤɖɚŮəŰɟɘəɩɜ ŭɘŬůəɞˊɐůŮɤɜ (Ƚ.ũ.ɀ.Ⱥ., 1990). ɄŬɟɧɛɞɘŬ ɡɚɘəɎ ɓɟɑůəɞɜŰŬɘ ůŰɘɠ əɞɑŰŮɠ ɛɘəɟɧŰŮɟɤɜ 

ˊŬɟŬˊɞŰɎɛɤɜ əŬɘ ɢŮɘɛɎɟɟɤɜ, ɖ ůɨůŰŬůɖ Űɞɡɠ ɧɛɤɠ ˊɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɚɘɗɞɚɞɔɑŬ Űɤɜ ɚŮəŬɜɩɜ 

Ŭˊɞɟɟɞɐɠ Űɞɡɠ. ɇŬ ɡɚɘəɎ ŬɡŰɎ ɡˊɧəŮɘɜŰŬɘ ůŮ ˊŮɟɘɞŭɘəɐ ɛŮŰŬűɞɟɎ Ŭˊɧ Űɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ 

ɜŮɟɞɨ Űɤɜ ɟŮɡɛɎŰɤɜ. 

ɀŮɔɎɚɞɘ əɩɜɞɘ əɞɟɖɛɎŰɤɜ ɄɚŮɘůŰɞəŬɘɜɘəɐɠ ɖɚɘəɑŬɠ əŬɚɨˊŰɞɡɜ Űɘɠ ȹ əŬɘ ȸȹ ˊɚŮɡɟɏɠ Űɖɠ 

ȸŬɟɎůɞɓŬɠ. ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŬůɓŮůŰɞɚɘɗɘəɎ ŰŮɛɎɢɖ əŬɘ ɚŬŰɨˊŮɠ ˊɞɘəɑɚɤɜ ŭɘŬůŰɎůŮɤɜ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ ŬůɓŮůŰɞɚɘɗɘəɧ ɧɔəɞ Űɞɡ ɓɞɡɜɞɨ. ȼ ˊɘɗŬɜɐ Űɞɡɠ ɖɚɘəɑŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ 

ŰŮɚŮɡŰŬɑŬ ˊŬɔŮŰɩŭɖ Ůˊɞɢɐ. ȼ ɘůɢɡɟɐ ŰŮəŰɞɜɘəɐ əŬŰŬˊɧɜɖůɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ Űɖɠ ŮɜɧŰɖŰŬɠ Ʉɑɜŭɞɡ 

əŬɘ ɞɘ əɚɘɛŬŰɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ŮɡɜɧɖůŬɜ Űɞ ůɢɖɛŬŰɘůɛɧ ˊɚŮɡɟɘəɩɜ əɞɟɖɛɎŰɤɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ 

ŬůɨɜŭŮŰŬ ɛŮŰŬɝɨ Űɞɡɠ ɔɤɜɘɩŭɖ ɗɟŬɨůɛŬŰŬ ˊɞɘəɑɚɞɡ ɛŮɔɏɗɞɡɠ əŬɘ ůɨůŰŬůɖɠ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ 

ɚɘɗɞɚɞɔɑŬ Űɖɠ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐɠ. ɄŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɘɠ ˊɞɚɨ ŬˊɧŰɞɛŮɠ əɚɘŰɨŮɠ Űɤɜ ɞɟŮɘɜɩɜ ɧɔəɤɜ 

ˊɞɡ ŭɞɛɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ŮɜɧŰɖŰŬ Űɖɠ Ʉɑɜŭɞɡ əŬɘ ůŰŬ ɛɏŰɤˊŬ Űɤɜ ŮűɘˊˊŮɨůŮɤɜ (ȾŬɟɡɛˊɎɚɖɠ 1996). 

ɈŭɟɞɔŮɤɚɞɔɘəɏɠ ɆɡɜɗɐəŮɠ 

Ƀɘ əɡɟɘɧŰŮɟŮɠ ɡˊɧɔŮɘŮɠ ɡŭɟɞűɞɟɑŮɠ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞɡɠ əŬɟůŰɘəɞɨɠ ŬɜɗɟŬəɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ 

ɕɩɜɖɠ Űɖɠ Ʉɑɜŭɞɡ. ɆŰɞɡɠ ŬɜɗɟŬəɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ ɕɩɜɖɠ Ʉɑɜŭɞɡ ɚɧɔɤ Űɤɜ ˊɡɟɘŰɘəɩɜ ï 

əŮɟŬŰɞɚɘɗɘəɩɜ ˊŬɟŮɛɓɞɚɩɜ ŬɜŬˊŰɨůůɞɜŰŬɘ Ůˊɘɛɏɟɞɡɠ ŭɘŬűɞɟŮŰɘəɐɠ əɎɗŮ űɞɟɎ ɏəŰŬůɖɠ, 

ɡŭɟɞɔŮɤɚɞɔɘəɏɠ ɚŮəɎɜŮɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ əŬɘ ŬɜɎɚɞɔɖɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ ɡŭɟɞűɞɟɑŮɠ. ɆɖɛŬɜŰɘəɐɠ 

ŭɡɜŬɛɘəɧŰɖŰŬɠ ɡŭɟɞűɞɟɑŮɠ ŬɜŬˊŰɨůůɞɜŰŬɘ Ůˊɑůɖɠ ůŰɞɡɠ əɞəəɩŭŮɘɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɤɜ ŰŮŰŬɟŰɞɔŮɜɩɜ 

ŬˊɞɗɏůŮɤɜ, Űɞ ŭɡɜŬɛɘəɧ Űɤɜ ɞˊɞɑɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ əɞəəɞɛŮŰɟɑŬ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ ŰɟɞűɞŭɞůɑŬɠ 

Űɞɡɠ. 

ɆŰɘɠ ŮɛűŬɜɑůŮɘɠ Űɞɡ űɚɨůɢɖ ŬɜŬˊŰɨůůɞɜŰŬɘ Űɞˊɘəɐɠ ůɖɛŬůɑŬɠ ɡŭɟɞűɞɟɑŮɠ, ɛɘəɟɐɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ ˊɞɡ 

əŬɚɨˊŰɞɡɜ Űɞˊɘəɏɠ ɡŭɟŮɡŰɘəɏɠ, ŬɟŭŮɡŰɘəɏɠ əŬɘ əŰɖɜɞŰɟɞűɘəɏɠ ŬɜɎɔəŮɠ. 

3.3.4 ȽůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ 

ɇŬ ɖɛŮɟɐůɘŬ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɝɘɞˊɞɘɞɨɜŰŬɘ Ŭűɞɟɞɨɜ Űɖɜ ˊŮɟɑɞŭɞ 1993-2000 əŬɘ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 3.10. ȼ ŬɜŰɑůŰɞɘɢɖ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.11. 

ɆŰɞɡɠ ɄɑɜŬəŮɠ 3.6 əŬɘ 3.7 ŭɑɜɞɜŰŬɘ ŰŬ ɛɖɜɘŬɑŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɔɘŬ 

ůɡɜɎɗɟɞɘůɖ Űɤɜ ɛɏůɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ. ɆŰŬ ɆɢɐɛŬŰŬ 3.12 əŬɘ 3.13 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɞɘ ɛɖɜɘŬɑŮɠ ɢɟɞɜɞůŮɘɟɏɠ Űɤɜ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ.  
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ɆɢɐɛŬ 3.10: ȼɛŮɟɐůɘŬ ɢɟɞɜɞůŮɘɟɎ Ŭˊɞɟɟɞɐɠ ůŮ m
3
/s ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɞɡ Ⱥɡɐɜɞɡ 

 

 

ɆɢɐɛŬ 3.11: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ˊŬɟɞɢɐɠ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɞɡ Ⱥɡɐɜɞɡ 

 

ɄɑɜŬəŬɠ 3.6: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɞɡ Ⱥɡɐɜɞɡ 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ 

 ȽŬɜ ūŮɓ ɀŬɟ ȷˊɟ ɀŬɥ Ƚɞɡɜ Ƚɞɡɚ ȷɡɔ ɆŮˊ ɃəŰ ɁɞŮ ȹŮə 

mean 3.23 3.78 3 2.64 1.48 0.68 0.51 0.44 0.59 0.65 2.51 5.04 

stdev 1.5 1.71 1.67 1.21 0.79 0.46 0.39 0.31 0.51 0.39 1.75 1.99 

Var Coeff 0.47 0.45 0.56 0.46 0.54 0.67 0.77 0.71 0.87 0.6 0.7 0.39 

#values 8 8 8 8 8 8 8 8 8 8 8 7 

MAX  5.72 6.43 6.26 4.69 2.65 1.71 1.4 1.11 1.56 1.5 5.67 7.6 

MIN  0.87 0.87 0.86 1.18 0.43 0.29 0.16 0.14 0.11 0.29 0.57 1.78 
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ɄɑɜŬəŬɠ 3.7: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɞɡ Ⱥɡɐɜɞɡ 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶʴʷʻʹ ʶ˂ʰ˔ʾˋˍ˖˄ ˃ʹ˄ʽʰʾ˖˄ ˍʽ˃˗˄ 

 ɹʰ˄ ʊʶ ̡ ɾʰ ́ ɮˉˊ ɾʰʽ ɹˇˎ˄ ɹˇˎ˂ ɮˎʴ ʅʶˉ ʁˁˍ ɿˇʶ ɲʶˁ 

mean 1.41 1.69 1.94 1.59 0.89 0.5 0.46 0.4 0.4 0.44 0.5 1.92 

stdev 0.63 1.17 1.38 0.92 0.55 0.45 0.34 0.29 0.28 0.27 0.32 1.14 

Var Coeff 0.45 0.69 0.71 0.58 0.61 0.89 0.75 0.71 0.7 0.6 0.64 0.59 

#values 8 8 8 8 8 8 8 8 8 8 8 7 

MAX 2.15 3.88 4.78 3.45 1.75 1.49 1.24 1.02 0.98 0.94 1.19 3.98 

MIN 0.4 0.42 0.44 0.55 0.32 0.05 0.13 0.11 0.1 0.2 0.26 0.3 

 

 

ɆɢɐɛŬ 3.12: ɉɟɞɜɞůŮɘɟɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɞɡ Ⱥɨɖɜɞɡ 

 

ɆɢɐɛŬ 3.13: ɉɟɞɜɞůŮɘɟɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɞɡ Ⱥɨɖɜɞɡ 
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3.4  ȿŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Ⱦɨˊɟɞɡ 

3.4.1 ũŮɜɘəɎ 

ȼ Ⱦɨˊɟɞɠ ɏɢŮɘ ɏəŰŬůɖ 9254 km
2
 əŬɘ ŭɘŬəɟɑɜŮŰŬɘ ůŮ ŰɏůůŮɟɘɠ űɡůɘəɏɠ ˊŮɟɘɞɢɏɠ: 

Á ɇɖɜ ɞɟɞůŮɘɟɎ Űɞɡ ɇɟɞɧŭɞɡɠ, ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ əŮɜŰɟɘəɧ-ŭɡŰɘəɧ ɛɏɟɞɠ Űɞɡ ɜɖůɘɞɨ əŬɘ ɖ 

ɣɖɚɧŰŮɟɖ ɓɞɡɜɞəɞɟűɐ Űɖɠ, ɞ ȳɚɡɛˊɞɠ, ɏɢŮɘ ɨɣɞɠ 1951 m. 

Á ɇɖɜ ɞɟɞůŮɘɟɎ Űɞɡ ɄŮɜŰŬŭŬəŰɨɚɞɡ, ˊɞɡ ɏɢŮɘ ůɢŮŰɘəɎ ɛɘəɟɧ ˊɚɎŰɞɠ əŬɘ ŮəŰŮɑɜŮŰŬɘ əŬŰɎ ɛɐəɞɠ 

Űɤɜ ɓɧɟŮɘɤɜ ŬəŰɩɜ Űɞɡ ɜɖůɘɞɨ ɛŮ əɞɟɡűɏɠ ɛɏɢɟɘ 1000 m ˊŮɟɑˊɞɡ. 

Á ɇɖɜ ˊŮŭɘɎŭŬ Űɖɠ ɀŮůŬɞɟɑŬɠ, ˊɞɡ ɓɟɑůəŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ɞɟɞůŮɘɟɩɜ Űɞɡ ɇɟɞɧŭɞɡɠ əŬɘ Űɞɡ 

ɄŮɜŰŬŭŬəŰɨɚɞɡ əŬɘ ɏɢŮɘ ɔŮɜɘəɎ ɢŬɛɖɚɧ ɡɣɧɛŮŰɟɞ, Űɞ ɞˊɞɑɞ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȿŮɡəɤůɑŬɠ ŭŮɜ 

ɝŮˊŮɟɜɎ ŰŬ 180 m. 

Á ɇɘɠ ˊŬɟɎɚɘŮɠ ˊŮŭɘɎŭŮɠ əŬɘ əɞɘɚɎŭŮɠ əŬŰɎ ɛɐəɞɠ Űɤɜ ŬəŰɩɜ. 

ɆɨɛűɤɜŬ ɛŮ Űɞ ɇɛɐɛŬ ũŮɤɚɞɔɘəɐɠ Ⱥˊɘůəɧˊɖůɖɠ Ⱦɨˊɟɞɡ, ɖ Ⱦɨˊɟɞɠ ŭɘŬəɟɑɜŮŰŬɘ ɔŮɤɚɞɔɘəɎ ůŮ 

ŰɏůůŮɟɘɠ ɕɩɜŮɠ (ɆɢɐɛŬ 3.14): 

Á Űɖɜ ȷəɞɚɞɡɗɑŬ ȾŮɟɨɜŮɘŬɠ 

Á Űɞɜ Ƀűɘɧɚɘɗɞ ɇɟɞɧŭɞɡɠ 

Á Űɞ ɆɨɛˊɚŮɔɛŬ ɀŬɛɤɜɘɩɜ əŬɘ 

Á Űɖɜ ȽɕɖɛŬŰɞɔŮɜɐ ȷəɞɚɞɡɗɑŬ ɇɟɞɧŭɞɡɠ 

 

ɆɢɐɛŬ 3.14: Ƀɘ ɔŮɤɚɞɔɘəɏɠ ɕɩɜŮɠ Űɖɠ Ⱦɨˊɟɞɡ (Ʉɖɔɐ: ɀŬůŰɟɞɗŮɧŭɤɟɞɠ, 2013) 

3.4.2 ȾɚɑɛŬ  

ȼ Ⱦɨˊɟɞɠ, ˊɞɡ ɓɟɑůəŮŰŬɘ əŬŰɎ ɛɏůɞ ɧɟɞ ůŮ ɓɧɟŮɘɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ 35
0
 əŬɘ ŬɜŬŰɞɚɘəɧ 

ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ 33
0
 əŬɘ ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ ɗɎɚŬůůŬ, ŭɘŬɗɏŰŮɘ ŰŬ əɨɟɘŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɛŮůɞɔŮɘŬəɞɨ əɚɑɛŬŰɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ ɏɢŮɘ ɕŮůŰɧ əŬɘ ɝɖɟɧ əŬɚɞəŬɑɟɘ Ŭˊɧ ŰŬ ɛɏůŬ 

ɀŬȶɞɡ ɤɠ ŰŬ ɛɏůŬ ɆŮˊŰŮɛɓɟɑɞɡ, ɓɟɞɢŮɟɧ ŬɚɚɎ ɐˊɘɞ ɢŮɘɛɩɜŬ Ŭˊɧ ŰŬ ɛɏůŬ ɁɞŮɛɓɟɑɞɡ ɤɠ ŰŬ ɛɏůŬ 

ɀŬɟŰɑɞɡ əŬɘ ŭɨɞ ŮɜŭɘɎɛŮůŮɠ ɛŮŰŬɓŬŰɘəɏɠ Ůˊɞɢɏɠ, Űɞ űɗɘɜɧˊɤɟɞ əŬɘ Űɖɜ Ɏɜɞɘɝɖ. ȼ ɛɏůɖ ŮŰɐůɘŬ 

ɓɟɞɢɧˊŰɤůɖ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ Ⱦɨˊɟɞ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 480 mm (ɛɏůɖ Űɘɛɐ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1951-1980). 
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ȷˊɧ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ űŬɑɜŮŰŬɘ ˊɤɠ ɖ ˊɘɞ ɢŬɛɖɚɐ ŮŰɐůɘŬ ɓɟɞɢɧˊŰɤůɖ ůŰɖɜ Ⱦɨˊɟɞ ɐŰŬɜ 182 

mm əŬŰɎ Űɞ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ 1972-73, əŬɘ ɖ ˊɘɞ ɣɖɚɐ 759 mm Űɞ 1968-69. 

ɆŰɖ ŭɘɎɟəŮɘŬ Űɞɡ əŬɚɞəŬɘɟɘɞɨ ɞɘ ɓɟɞɢɞˊŰɩůŮɘɠ ůŰɖɜ Ⱦɨˊɟɞ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɏɠ, ɛŮ ɛɏůɖ Űɘɛɐ ˊɞɡ 

ŭŮɜ ɝŮˊŮɟɜɎ Űɞ 5% Űɖɠ ɛɏůɖɠ ɞɚɘəɐɠ ŮŰɐůɘŬɠ ɓɟɞɢɧˊŰɤůɖɠ, Ůɜɩ ŰŬ űŬɘɜɧɛŮɜŬ ɏɢɞɡɜ ůɡɜɐɗɤɠ Űɞˊɘəɧ 

ɢŬɟŬəŰɐɟŬ. 

ɇɞɜ ɢŮɘɛɩɜŬ ɖ Ⱦɨˊɟɞɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ůɡɢɜɧ ˊɏɟŬůɛŬ ɛɘəɟɩɜ ɡűɏůŮɤɜ əŬɘ ɛŮŰɩˊɤɜ ˊɞɡ 

əɘɜɞɨɜŰŬɘ ůŰɖ ɀŮůɧɔŮɘɞ ɛŮ əŬŰŮɨɗɡɜůɖ Ŭˊɧ ŰŬ ŭɡŰɘəɎ ˊɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ. Ƀɘ əŬɘɟɘəɏɠ ŬɡŰɏɠ 

ŭɘŬŰŬɟŬɢɏɠ ŭɘŬɟəɞɨɜ ůɡɜɐɗɤɠ Ŭˊɧ ɛɘŬ ɛɏɢɟɘ ŰɟŮɘɠ ɛɏɟŮɠ əɎɗŮ űɞɟɎ əŬɘ ŭɑɜɞɡɜ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ 

ˊɞůɧŰɖŰŮɠ ɓɟɞɢɐɠ. ȼ ůɡɜɞɚɘəɐ ɛɏůɖ ɓɟɞɢɧˊŰɤůɖ ůŰɞɡɠ ɛɐɜŮɠ ȹŮəɏɛɓɟɘɞ, ȽŬɜɞɡɎɟɘɞ əŬɘ ūŮɓɟɞɡɎɟɘɞ 

ŬɜŰɘůŰɞɘɢŮɑ ˊŮɟɑˊɞɡ ɛŮ Űɞ 60% Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ Űɞɡ ɢɟɧɜɞɡ ɞɚɧəɚɖɟɞɡ (ɀŬůŰɟɞɗŮɧŭɤɟɞɠ, 2013). 

3.4.3 ȿŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ ȿŬɕɎɟɖŭŮɠ əŬɘ ɄŮɟɘůŰŮɟɩɜŬ 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ŮɟɔŬůɑŬɠ ŮɚɐűɗɖůŬɜ ŭŮŭɞɛɏɜŬ Ŭˊɞɟɟɞɐɠ ůŮ ŭɨɞ ɡŭɟɞɚɞɔɘəɏɠ ɚŮəɎɜŮɠ Űɖɠ ŮɡɟɨŰŮɟɖɠ 

ˊŮɟɘɞɢɐɠ Űɞɡ ɧɟɞɡɠ ɇɟɧɞŭɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŮˊɘɚɏɢɗɖəŬɜ ɞɘ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Űɤɜ ˊɞŰŬɛɩɜ 

ɄŮɟɘůŰŮɟɩɜŬ əŬɘ ɂŮɟɞɨ (ȷůˊɟɧəɟŮɛɛɞɡ) ŬɜɎɜŰɖ Űɤɜ ɗɏůŮɤɜ ũŮűɨɟɘ ɄŬɜŬɔɘɎɠ əŬɘ ȷɚɤɜɞɨŭɘ, 

ŬɜŰɑůŰɞɘɢŬ. ɇŬ ůŰɞɘɢŮɑŬ ŮɚɐűɗɖůŬɜ Ŭˊɧ Űɞ ɇɛɐɛŬ ȷɜɎˊŰɡɝɖɠ ɈŭɎŰɤɜ Ⱦɨˊɟɞɡ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ ɡŭɟɞɛŮŰɟɘəɩɜ ůŰŬɗɛɩɜ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 3.15. 

ɀŮ ɛŬɨɟɞ ˊɚŬɑůɘɞ ůɖɛŮɘɩɜŮŰŬɘ ɖ ˊŮɟɘɞɢɐ Űɞɡ ɇɟɞɧŭɞɡɠ, ɧˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ɞɘ ŭɨɞ ŮɝŮŰŬɕɧɛŮɜŮɠ 

ɚŮəɎɜŮɠ. 

 

 

ɆɢɐɛŬ 3.15: ɊɖűɘŬəɧ ɛɞɜŰɏɚɞ ŮŭɎűɞɡɠ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ɇɟɞɧŭɞɡɠ ɛŮ ˊŬɟɞɡůɑŬůɖ Űɤɜ ɚŮəŬɜɩɜ 

Ŭˊɞɟɟɞɐɠ əŬɘ Űɞɡɠ ůŰŬɗɛɞɨɠ ɛɏŰɟɖůɖɠ ˊŬɟɞɢɐɠ ( Ʉɖɔɐ: ɀŬůŰɟɞɗŮɧŭɤɟɞɠ, 2013)  
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ɆɢɐɛŬ 3.16: ȺɝŮŰŬɕɧɛŮɜŮɠ ɚŮəɎɜŮɠ, ȿŬɕɎɟɖŭŮɠ əŬɘ ɄŮɟɘůŰŮɟɩɜŬ (Ʉɖɔɐ: ɀŬůŰɟɞɗŮɧŭɤɟɞɠ, 2013) 

 

ɆŰɞ ɆɢɐɛŬ 3.16 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ŭɨɞ ɡŭɟɞɛŮŰɟɘəɞɑ ůŰŬɗɛɞɑ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ŮɚɐűɗɖůŬɜ ŰŬ 

ŭŮŭɞɛɏɜŬ Ŭˊɞɟɟɞɐɠ. ȷɡŰɞɑ ŮɑɜŬɘ ɞ ůŰŬɗɛɧɠ ůŰɖ ɗɏůɖ ȿŬɕɎɟɖŭŮɠ (ɐ ȷɚɤɜɞɨŭɘ), ɛŮ əɤŭɘəɧ 1-3-5-05, 

əŬɘ ɞ ůŰŬɗɛɧɠ ůŰɖ ɗɏůɖ ũŮűɨɟɘ ɄŬɜŬɔɘɎɠ, ɛŮ əɤŭɘəɧ 3-7-1-50. 

Ƀ ˊɞŰŬɛɧɠ ɄŮɟɘůŰŮɟɩɜŬɠ ŮɑɜŬɘ Ŭˊɧ Űɞɡɠ əɨɟɘɞɡɠ ˊŬɟŬˊɧŰŬɛɞɡɠ Űɞɡ ɆŮɟɟɎɢɖ ˊɞŰŬɛɞɨ. Ƀ ŰŮɚŮɡŰŬɑɞɠ, 

ɛŮ ɛɐəɞɠ 55 km ŬˊɞŰŮɚŮɑ Űɞɜ ŰɟɑŰɞ ɛŮɔŬɚɨŰŮɟɞ ůŮ ɛɐəɞɠ ˊɞŰŬɛɧ Űɞɡ ɜɖůɘɞɨ. Ƀ ɡŭɟɞɛŮŰɟɘəɧɠ 

ůŰŬɗɛɧɠ Ŭˊɧ Űɞɜ ɞˊɞɑɞ ŮɚɐűɗɖůŬɜ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɞɟɟɞɐɠ ɓɟɑůəŮŰŬɘ ůŰɞ ɔŮűɨɟɘ Űɖɠ ɄŬɜŬɔɘɎɠ ůŮ 

ɡɣɧɛŮŰɟɞ 430 m ˊŮɟɑˊɞɡ. ɇɞ ɛɏɔɘůŰɞ ɡɣɧɛŮŰɟɞ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ůɡɜŬɜŰɎŰŬɘ ůŰɖɜ əɞɟɡűɐ 

ɄŬˊɞɨŰůŬ ůŰŬ 1554 m, ůŰɖɜ əɞɟɡűɞɔɟŬɛɛɐ Űɞɡ ɧɟɞɡɠ ɇɟɧɞŭɞɠ, ŬɜŬŰɞɚɘəɎ Űɖɠ əɞɟɡűɐɠ ȳɚɡɛˊɞɠ. ȼ 

ɏəŰŬůɖ Űɖɠ ɚŮəɎɜɖɠ ŮɑɜŬɘ 77 km
2
, Űɞ ůɢɐɛŬ Űɖɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ Űɟɘɔɤɜɘəɧ əŬɘ əɎˊɤɠ ŮˊɑɛɖəŮɠ əŬɘ ɞ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ŮɑɜŬɘ ɓɧɟŮɘɞɠ. ȳůɞɜ ŬűɞɟɎ Űɖ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ əɡɟɘŬɟɢŮɑ ɞ ŭɘŬɓɎůɖɠ əŬɘ ɞ 

ɓŬůɎɚŰɖɠ Ůɜɩ ůŰŬ ɛŮɔŬɚɨŰŮɟŬ ɡɣɧɛŮŰɟŬ ůɡɜŬɜŰɩɜŰŬɘ ŮɛűŬɜɑůŮɘɠ ɔɎɓɟɞɡ, ˊŬɚŬɘɞɔɟŬɜɑŰɖ əŬɘ 

ɓŮɟɚɑŰɖ (ɀŬůŰɟɞɗŮɧŭɤɟɞɠ, 2013). Ƀɘ ˊɘɞ ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɚŮəɎɜɖɠ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ɚɑɔŬ ŭɎůɖ 

əŬɘ əɡɟɑɤɠ ɛŬəɑŬ ɓɚɎůŰɖůɖ, Ůɜɩ ůŰŬ ɢŬɛɖɚɧŰŮɟŬ ɡɣɧɛŮŰɟŬ əɡɟɘŬɟɢɞɨɜ ɞɘ űɟɡɔŬɜɧŰɞˊɞɘ. ũɨɟɤ Ŭˊɧ 

ŰŬ ɢɤɟɘɎ ɡˊɎɟɢɞɡɜ əŬɚɚɘŮɟɔɖɛɏɜŮɠ ŮəŰɎůŮɘɠ ɛŮ ŬɛˊɏɚɘŬ əŬɘ ŬɛɡɔŭŬɚɘɏɠ əɡɟɑɤɠ. ɆŰɞ ɆɢɐɛŬ 3.17 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ɄŮɟɘůŰŮɟɩɜŬ əŬɘ ůŰɞ ɆɢɐɛŬ 3.18 ɞ ɢɎɟŰɖɠ ɢɟɐůŮɤɜ 

ɔɖɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ.  
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ɆɢɐɛŬ 3.17: ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ɄŮɟɘůŰŮɟɩɜŬ ɛŮ Űɞɡɠ ŰɟŮɘɠ ɓɟɞɢɞɛŮŰɟɘəɞɨɠ əŬɘ Űɞɜ ɡŭɟɞɛŮŰɟɘəɧ 

ůŰŬɗɛɧ (Ʉɖɔɐ: ɀŬůŰɟɞɗŮɧŭɤɟɞɠ, 2013) 
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ɆɢɐɛŬ 3.18: Ⱥɑŭɖ ɓɚɎůŰɖůɖɠ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ɄŮɟɘůŰŮɟɩɜŬ (Ʉɖɔɐ: ɀŬůŰɟɞɗŮɧŭɤɟɞɠ, 2013) 

Ƀ ȷůˊɟɧəɟŮɛɛɞɠ ɐ ɂŮɟɧɠ ˊɞŰŬɛɧɠ ŮɑɜŬɘ ɞ ˊɏɛˊŰɞɠ ůŮ ɛɐəɞɠ ˊɞŰŬɛɧɠ Űɖɠ Ⱦɨˊɟɞɡ (41.5 km). 

ɄɖɔɎɕŮɘ Ŭˊɧ Űɞ ɧɟɞɠ ɇɟɧɞŭɞɠ ŭɡŰɘəɎ-ɓɞɟŮɘɞŭɡŰɘəɎ Űɖɠ əɞɟɡűɐɠ Űɞɡ Ƀɚɨɛˊɞɡ əŬɘ ɛɏɟɞɠ Űɖɠ ɚŮəɎɜɖɠ 

Űɞɡ ŬˊɞŰŮɚŮɑ Űɖ ɔɜɤůŰɐ əɞɘɚɎŭŬ Űɤɜ əɏŭɟɤɜ ˊɞɡ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ŭɎůɖ ɛŮɔɎɚɖɠ ɞɘəɞɚɞɔɘəɐɠ 

ůˊɞɡŭŬɘɧŰɖŰŬɠ ɛŮ ůˊɎɜɘŬ əŬɘ ŮɜŭɖɛɘəɎ Ůɑŭɖ ɢɚɤɟɑŭŬɠ. Ƀ ɡŭɟɞɛŮŰɟɘəɧɠ ůŰŬɗɛɧɠ ɓɟɑůəŮŰŬɘ ůŮ 

ɡɣɧɛŮŰɟɞ 430 m ˊŮɟɑˊɞɡ ůŮ ɔɏűɡɟŬ ůŰɖɜ ŰɞˊɞɗŮůɑŬ ȷɚɤɜɞɨŭɘ Űɖɠ ˊŮɟɘɞɢɐɠ ȿŬɕɎɟɖŭŮɠ, Ŭəɟɘɓɩɠ 

əŬŰɎɜŰɖ Űɖɠ ůɡɛɓɞɚɐɠ Űɤɜ ŰŮůůɎɟɤɜ ɡŭŬŰɞɟɟŮɡɛɎŰɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ Űɞɜ ɂŮɟɧ ˊɞŰŬɛɧ (Ŭˊɧ 

ŭɡŰɘəɎ ˊɟɞɠ ŬɜŬŰɞɚɘəɎ: ȷɟɔɎəɘ Űɤɜ ũŮűɡɟəɩɜ, ȷɟɔɎəɘ Űɞɡɠ ȷɗŬɜɎůɖŭŮɠ, ȷɟɔɎəɘ Űɞɡ Ɇəɞɨɚɞɡŭɟɞɡ 

əŬɘ ȷɟɔɎəɘ Űɞɡɠ ȿŬɕɎɟɖŭŮɠ) (ɀŬůŰɟɞɗŮɧŭɤɟɞɠ 2013). ȷˊɧ ŮəŮɑ ɞ ˊɞŰŬɛɧɠ ɟɏŮɘ ˊɟɞɠ ŰŬ ɜɞŰɘɞŭɡŰɘəɎ, 

Ůɜɩ ŰŬ ɜŮɟɎ Űɞɡ ůɡɚɚɏɔɞɜŰŬɘ ůŮ ŰŬɛɘŮɡŰɐɟŬ ɢɤɟɖŰɘəɧŰɖŰŬɠ 52 hm
3
. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢŮɘ 

ůɖɛŮɘɤɗŮɑ ŭɨɞ űɞɟɏɠ ɡˊŮɟɢŮɑɚɘůɖ Űɞɡ űɟɎɔɛŬŰɞɠ, Űɞ 2004 əŬɘ Űɞ 2012. Ƀɚɧəɚɖɟɖ ɖ ɚŮəɎɜɖ ŬɜɎɜŰɖ 

Űɞɡ ɡŭɟɞɛŮŰɟɘəɞɨ ůŰŬɗɛɞɨ, ɛŮ ůɡɜɞɚɘəɐ ɏəŰŬůɖ 68.5 km
2
, əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ŭɎůɖ əɤɜɞűɧɟɤɜ ɛŮ 

əɡɟɑŬɟɢŬ Ůɑŭɖ ŰŬ Pinus brutia (ŰɟŬɢŮɑŬ ˊŮɨəɖ) əŬɘ Űɖɜ Ůɜŭɖɛɘəɐ ɓŮɚŬɜɘŭɘɎ Quercus alnifolia ůŰɞɜ 

ɡˊɧɟɞűɞ, Ůɜɩ ůŰɖɜ əɞɟɡűɐ Űɞɡ ɇɟɘˊɨɚɞɡ ɓɟɑůəŮŰŬɘ Űɞ ɛɞɜŬŭɘəɧ ŭɎůɞɠ Űɞɡ Ůɜŭɖɛɘəɞɨ əɡˊɟɘŬəɞɨ 

əɏŭɟɞɡ Cedrus brevifolia, ůɡůŰɎŭŮɠ Űɞɡ ɞˊɞɑɞɡ ůɡɜŬɜŰɩɜŰŬɘ əŬɘ ɢŬɛɖɚɧŰŮɟŬ (ɈˊɞɡɟɔŮɑɞ ũŮɤɟɔɑŬɠ, 

ŬɔɟɞŰɘəɐɠ ŬɜɎŰɡɝɖɠ əŬɘ ˊŮɟɘɓɎɚɚɞɜŰɞɠ). ɆŰɞ ɆɢɐɛŬ 3.19 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ 

ɂŮɟɞɨ ˊɞŰŬɛɞɨ əŬɘ ůŰɞ ɆɢɐɛŬ 3.20 ɞ ɢɎɟŰɖɠ ɢɟɐůŮɤɜ ɔɖɠ. 
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ɆɢɐɛŬ 3.19: ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ɂŮɟɞɨ ˊɞŰŬɛɞɨ ɛŮ Űɞɡɠ ŰɟŮɘɠ ɓɟɞɢɞɛŮŰɟɘəɞɨɠ əŬɘ Űɞɜ ɡŭɟɞɛŮŰɟɘəɧ ůŰŬɗɛɧ 

( Ʉɖɔɐ: ɀŬůŰɟɞɗŮɧŭɤɟɞɠ, 2013) 
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ɆɢɐɛŬ 3.20: ȼ ɓɚɎůŰɖůɖ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ɂŮɟɞɨ ˊɞŰŬɛɞɨ. ȼ ɏəŰŬůɖ əŬɚɨˊŰŮŰŬɘ ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ 

Ŭˊɧ ɡɣɖɚɧ ŭɎůɞɠ (Ʉɖɔɐ: ɀŬůŰɟɞɗŮɧŭɤɟɞɠ, 2013) 

 

3.4.4 ȽůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ ɡˊɞɚŮəɎɜɖɠ ɄŮɟɘůŰŮɟɩɜŬ 

ɇŬ ɘůŰɞɟɘəɎ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɝɘɞˊɞɘɞɨɜŰŬɘ Ŭűɞɟɞɨɜ Űɖɜ ˊŮɟɑɞŭɞ 1965-2013 əŬɘ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 3.21. ȼ ŬɜŰɑůŰɞɘɢɖ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.22. 

ɆŰɞɡɠ ɄɑɜŬəŮɠ 3.9 əŬɘ 3.10 ŭɑɜɞɜŰŬɘ ŰŬ ɛɖɜɘŬɑŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɔɘŬ 

ůɡɜɎɗɟɞɘůɖ Űɤɜ ɛɏůɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ. ɆŰŬ ɆɢɐɛŬŰŬ 3.23 əŬɘ 3.24 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɞɘ ɛɖɜɘŬɑŮɠ ɢɟɞɜɞůŮɘɟɏɠ Űɤɜ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ. 
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ɆɢɐɛŬ 3.21: ȼɛŮɟɐůɘŬ ɢɟɞɜɞůŮɘɟɎ Ŭˊɞɟɟɞɐɠ ůŮ m
3
/s ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɖɠ ɄŮɟɘůŰŮɟɩɜŬɠ 

 

 

ɆɢɐɛŬ 3.22: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ˊŬɟɞɢɐɠ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɖɠ ɄŮɟɘůŰŮɟɩɜŬɠ 

 

ɄɑɜŬəŬɠ 3.8 : ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɖɠ ɄŮɟɘůŰŮɟɩɜŬɠ 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ  

 ȽŬɜ ūŮɓ ɀŬɟ ȷˊɟ ɀŬɥ Ƚɞɡɜ Ƚɞɡɚ ȷɡɔ ɆŮˊ ɃəŰ ɁɞŮ ȹŮə 

mean 1.29 1.23 0.98 0.4 0.18 0.07 0.02 0 0 0.01 0.16 0.67 

stdev 1.35 0.84 0.95 0.35 0.17 0.09 0.05 0.01 0.01 0.02 0.52 0.97 

Var Coeff 1.04 0.68 0.97 0.88 0.95 1.22 3.12 3.22 5.14 2.7 3.18 1.44 

#values 46 46 46 46 46 46 46 46 44 46 46 46 

MAX  5.78 3.44 4 2.34 0.9 0.38 0.33 0.03 0.05 0.13 3.48 4.94 

MIN  0.06 0.13 0.11 0.02 0.01 0 0 0 0 0 0 0 
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ɄɑɜŬəŬɠ 3.9: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɖɠ ɄŮɟɘůŰŮɟɩɜŬɠ 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ 

 ȽŬɜ ūŮɓ ɀŬɟ ȷˊɟ ɀŬɥ Ƚɞɡɜ Ƚɞɡɚ ȷɡɔ ɆŮˊ ɃəŰ ɁɞŮ ȹŮə 

mean 0.25 0.41 0.36 0.17 0.07 0.02 0 0 0 0 0.01 0.08 

stdev 0.24 0.26 0.19 0.1 0.06 0.04 0.01 0 0 0 0.02 0.12 

Var Coeff 0.98 0.64 0.53 0.56 0.94 2.08 4.17 4.23 3.9 4.89 2.13 1.53 

#values 46 46 46 46 46 46 46 46 44 46 46 46 

#missvalues 3 3 3 3 3 3 3 3 5 3 3 3 

MAX  1.25 1.15 0.88 0.4 0.22 0.25 0.08 0.01 0 0.01 0.06 0.52 

MIN  0.01 0.05 0.05 0.01 0 0 0 0 0 0 0 0 

 

 

ɆɢɐɛŬ 3.23: ɉɟɞɜɞůŮɘɟɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ˊŬɟɞɢɐɠ ůŮ m
3
/s Űɖɠ ɡˊɞɚŮəɎɜɖɠ ɄŮɟɘůŰŮɟɩɜŬ 

 

ɆɢɐɛŬ 3.24: ɉɟɞɜɞůŮɘɟɎ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ˊŬɟɞɢɐɠ ůŮ m
3
/s Űɖɠ ɡˊɞɚŮəɎɜɖɠ ɄŮɟɘůŰŮɟɩɜŬ 

3.4.5 ȽůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ ɡˊɞɚŮəɎɜɖɠ ȿŬɕɎɟɖŭŮɠ 

ɇŬ ɘůŰɞɟɘəɎ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɝɘɞˊɞɘɞɨɜŰŬɘ Ŭűɞɟɞɨɜ Űɖɜ ˊŮɟɑɞŭɞ 1970-2012 əŬɘ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 3.25. ȼ ŬɜŰɑůŰɞɘɢɖ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.26. 

ɆŰɞɡɠ ɄɑɜŬəŮɠ 3.11 əŬɘ 3.12 ŭɑɜɞɜŰŬɘ ŰŬ ɛɖɜɘŬɑŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɔɘŬ 
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ůɡɜɎɗɟɞɘůɖ Űɤɜ ɛɏůɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ. ɆŰŬ ɆɢɐɛŬŰŬ 3.27 əŬɘ 3.28 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɞɘ ɛɖɜɘŬɑŮɠ ɢɟɞɜɞůŮɘɟɏɠ Űɤɜ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ. 

 

ɆɢɐɛŬ 3.25: ȼɛŮɟɐůɘŬ ɢɟɞɜɞůŮɘɟɎ Ŭˊɞɟɟɞɐɠ ůŮ m
3
/s ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ ȿŬɕɎɟɖŭŮɠ 

 

 

ɆɢɐɛŬ 3.26: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ˊŬɟɞɢɐɠ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ ȿŬɕɎɟɖŭŮɠ 
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ɄɑɜŬəŬɠ 3.10 : ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ Űɖɠ ɡˊɞɚŮəɎɜɖɠ ȿŬɕɎɟɖŭŮɠ 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ 

 ȽŬɜ ūŮɓ ɀŬɟ ȷˊɟ ɀŬɥ Ƚɞɡɜ Ƚɞɡɚ ȷɡɔ ɆŮˊ ɃəŰ ɁɞŮ ȹŮə 

mean 0.98 1.06 0.84 0.4 0.19 0.1 0.07 0.05 0.05 0.06 0.1 0.46 

stdev 1.21 0.76 0.88 0.28 0.12 0.05 0.03 0.03 0.02 0.02 0.1 0.72 

Var Coeff 1.24 0.72 1.05 0.7 0.65 0.49 0.46 0.47 0.39 0.33 0.99 1.57 

#values 42 42 42 42 42 42 42 42 41 42 42 42 

MAX  5.39 2.87 4.24 1.14 0.66 0.22 0.16 0.15 0.13 0.14 0.66 3.96 

MIN  0.06 0.11 0.1 0.07 0.05 0.03 0.02 0.02 0.02 0.03 0.04 0.05 

 

 

 

ɄɑɜŬəŬɠ 3.11 : ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ Űɖɠ ɡˊɞɚŮəɎɜɖɠ ȿŬɕɎɟɖŭŮɠ 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ 

 ȽŬɜ ūŮɓ ɀŬɟ ȷˊɟ ɀŬɥ Ƚɞɡɜ Ƚɞɡɚ ȷɡɔ ɆŮˊ ɃəŰ ɁɞŮ ȹŮə 

mean 0.2 0.34 0.33 0.21 0.12 0.08 0.06 0.05 0.04 0.05 0.06 0.1 

stdev 0.19 0.26 0.24 0.12 0.07 0.04 0.03 0.02 0.02 0.02 0.02 0.11 

Var Coeff 0.95 0.78 0.72 0.61 0.54 0.48 0.49 0.48 0.41 0.37 0.42 1.17 

#values 42 42 42 42 42 42 42 42 41 42 42 42 

MAX  0.94 1.2 1.1 0.54 0.35 0.16 0.16 0.14 0.11 0.11 0.18 0.76 

MIN  0.05 0.05 0.07 0.06 0.04 0.03 0.02 0.02 0.02 0.02 0.03 0.04 
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ɆɢɐɛŬ 3.27: ɉɟɞɜɞůŮɘɟɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ ȿŬɕɎɟɖŭŮɠ 

 

ɆɢɐɛŬ 3.28: ɉɟɞɜɞůŮɘɟɎ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ɡˊɞɚŮəɎɜɖ ȿŬɕɎɟɖŭŮɠ 

3.5 ȿŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Imera Meridionale (ɄɞŰŬɛɧɠ Salso) 

Ƀ ˊɞŰŬɛɧɠ Salso (ɔɜɤůŰɧɠ əŬɘ ɤɠ Imera Meridionale) ɓɟɑůəŮŰŬɘ ůŰɖɜ əŮɜŰɟɘəɐ ɆɘəŮɚɑŬ. ɄɖɔɎɕŮɘ Ŭˊɧ 

Űɖɜ ɞɟɞůŮɘɟɎ Madonie əŬɘ ŭɘŬůɢɑɕɞɜŰŬɠ Űɘɠ ˊŮɟɘɞɢɏɠ Enna əŬɘ Caltanissetta ŮəɓɎɚɚŮɘ ůŰɖ ɀŮůɧɔŮɘɞ 

əŬɘ, ůɡɔəŮəɟɘɛɏɜŬ, ůŰɞ ŭɡŰɘəɧ Ɏəɟɞ Űɞɡ əɧɚˊɞɡ Űɖɠ Gela, ůŰɞ ɚɘɛɎɜɘ Űɖɠ Licata, Űɖɠ ŮˊŬɟɢɑŬɠ 

Agrigento. ɇɞ ɛɘəɟɧ ůɨůŰɖɛŬ ŭɏɚŰŬ Űɞɡ ˊɞŰŬɛɞɨ əɡɟɘŬɟɢŮɑŰŬɘ Ŭˊɧ Űɘɠ ɗŬɚɎůůɘŮɠ ŭɘŮɟɔŬůɑŮɠ ˊŬɟɎ 

Ŭˊɧ ˊɞŰɎɛɘŮɠ. Ƀ ˊɞŰŬɛɧɠ Salso ŬˊɞŰŮɚŮɑ ɏɜŬɜ ŮˊɞɢɘŬəɧ ɢŮɑɛŬɟɟɞ, ɛŮ ůɨɜŰɞɛŮɠ ŬɚɚɎ ůűɞŭɟɏɠ 

ˊɚɖɛɛɨɟŮɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɢŮɘɛŮɟɘɜɩɜ ɓɟɞɢɩɜ (Ŭˊɧ Űɞɜ Ɂɞɏɛɓɟɘɞ ɏɤɠ Űɞɜ ūŮɓɟɞɡɎɟɘɞ), əŬɘ 

ɝɖɟɧ əŬɚɞəŬɑɟɘ. ȷˊɞŰŮɚŮɑ Űɞɜ ɛŮɔŬɚɨŰŮɟɞ ůŮ ɛɐəɞɠ ˊɞŰŬɛɧ Űɖɠ ɆɘəŮɚɑŬɠ (144 km) əŬɘ ˊɖɔɎɕŮɘ Ŭˊɧ 

Űɞ Pizzo Catarineci (1660 m). ȼ ůɡɜɞɚɘəɐ ŮˊɘűɎɜŮɘŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ŮɑɜŬɘ 2014 km
2
 əŬɘ 

ŬˊɞŰŮɚŮɑ Űɖ ŭŮɨŰŮɟɖ ůŮ ɛɏɔŮɗɞɠ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ. ȺəŮɑ, ůɡɜŬɜŰɩɜŰŬɘ ŭɨɞ 

ŰŮɢɜɖŰɏɠ ɚɑɛɜŮɠ ɖ Olivo əŬɘ ɖ Villarosa. ȼ ɚŮəɎɜɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.30. 
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ɆɢɐɛŬ 3.29: ɊɖűɘŬəɧ ɛɞɜŰɏɚɞ ŮŭɎűɞɡɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Imera Meridionale 

 

3.5.1 ȽůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ 

ɇŬ ɖɛŮɟɐůɘŬ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ŬɝɘɞˊɞɘɞɨɜŰŬɘ Ŭűɞɟɞɨɜ Űɖɜ ˊŮɟɑɞŭɞ 1953-2005, ɛŮ ŬɟəŮŰɏɠ 

ˊŮɟɘɧŭɞɡɠ ɛɖ ɛŮŰɟɐůŮɤɜ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 3.30. ȼ ŬɜŰɑůŰɞɘɢɖ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.31. ɆŰɞɡɠ ɄɑɜŬəŮɠ 3.13 əŬɘ 3.14 ŭɑɜɞɜŰŬɘ ŰŬ ɛɖɜɘŬɑŬ ůŰŬŰɘůŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɔɘŬ ůɡɜɎɗɟɞɘůɖ Űɤɜ ɛɏůɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ. ɆŰŬ 

ɆɢɐɛŬŰŬ 3.32 əŬɘ 3.33 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛɖɜɘŬɑŮɠ ɢɟɞɜɞůŮɘɟɏɠ Űɤɜ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ əŬɘ ŮɚŬɢɑůŰɤɜ 

ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ŬɜŰɑůŰɞɘɢŬ. 
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ɆɢɐɛŬ 3.30: ȼɛŮɟɐůɘŬ ɢɟɞɜɞůŮɘɟɎ ˊŬɟɞɢɩɜ ůŮ m
3
/s ɚŮəɎɜɖɠ Imera Meridionale 

 

 

 

ɆɢɐɛŬ 3.31: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ˊŬɟɞɢɐɠ ɚŮəɎɜɖɠ Imera Meridionale 

 

  

0

50

100

150

200

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

yy
yy

ʃ
ʰ
ˊ
ˇ
˔
ʺ
 
ό

m
3
/s

) 

ɴˍˇˌ 



46 

. 

ɄɑɜŬəŬɠ 3.12: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɚŮəɎɜɖɠ Imera Meridionale 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ 

 ȽŬɜ ūŮɓ ɀŬɟ ȷˊɟ ɀŬɥ Ƚɞɡɜ Ƚɞɡɚ ȷɡɔ ɆŮˊ ɃəŰ ɁɞŮ ȹŮə 

mean 6.16 7.46 4.65 1.97 0.89 0.23 0.1 0.13 0.3 1.07 1.24 3.23 
stdev 6.17 6.79 4.57 2.01 1.39 0.24 0.19 0.3 0.55 1.96 2.15 3 

Var Coeff 1 0.91 0.98 1.02 1.56 1.06 1.88 2.27 1.82 1.84 1.73 0.93 
#values 33 33 33 33 33 33 33 33 33 33 33 28 
#missvalues 18 18 18 18 18 18 18 18 18 18 18 23 
MAX  27.34 22.91 22.82 9.47 7.76 0.82 1 1.43 2.9 9.03 12.6 12.75 

MIN  0.31 0.23 0.1 0.18 0.06 0.01 0 0 0 0.01 0.01 0.16 

 

ɄɑɜŬəŬɠ 3.13: ɆŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɚŮəɎɜɖɠ Imera Meridionale 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛŮɔɏɗɖ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ  

 ȽŬɜ ūŮɓ ɀŬɟ ȷˊɟ ɀŬɥ Ƚɞɡɜ Ƚɞɡɚ ȷɡɔ ɆŮˊ ɃəŰ ɁɞŮ ȹŮə 

mean 1.24 1.69 1.34 0.67 0.31 0.11 0.05 0.03 0.04 0.12 0.39 0.56 

stdev 1.06 1.65 1.15 0.55 0.36 0.13 0.11 0.09 0.1 0.14 1.02 0.51 

Var Coeff 0.85 0.97 0.86 0.82 1.17 1.25 2.24 2.85 2.43 1.15 2.59 0.9 

#values 33 33 33 33 33 33 33 33 33 33 33 28 

#missvalues 18 18 18 18 18 18 18 18 18 18 18 23 

MAX  4.67 8.28 5.81 2.58 1.74 0.55 0.57 0.48 0.48 0.48 5.87 2.08 

MIN  0.09 0.04 0.03 0.02 0.02 0 0 0 0 0 0 0.02 
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ɆɢɐɛŬ 3.32: ɉɟɞɜɞůŮɘɟɎ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ˊŬɟɞɢɐɠ ɚŮəɎɜɖɠ Imera Meridionale 

 

ɆɢɐɛŬ 3.33: ɉɟɞɜɞůŮɘɟɎ ŮɚŬɢɑůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ˊŬɟɞɢɐɠ ɚŮəɎɜɖɠ Imera Meridionale 
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4 ŪŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ 

4.1 ȸŬůɘəɏɠ ɏɜɜɞɘŮɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ 

ɋɠ ɛɞɜŰɏɚɞ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɞɟɑɕŮŰŬɘ ɏɜŬ ůɨɜɞɚɞ ŮɝɘůɩůŮɤɜ ˊɞɡ ŬɜŬˊŬɟɘůŰɎ əŬɘ ˊŮɟɘɔɟɎűŮɘ Űɞ 

ůɨůŰɖɛŬ. ɇɞ ůɨůŰɖɛŬ Űɤɜ ŮɝɘůɩůŮɤɜ ˊŮɟɘɔɟɎűŮɘ Űɘɠ ŭɘɎűɞɟŮɠ ɧɣŮɘɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ˊɟɞůŭɘɞɟɑɕŮɘ 

Űɘɠ ůɡɜŬɟŰɖůɘŬəɏɠ ůɢɏůŮɘɠ ŬɜɎɛŮůŬ ůŰŬ ůŰɞɘɢŮɘɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞɡ, əŬɘ əŬŰ' 

ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ˊɟɞůűɏɟŮɘ ɛɘŬ ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ ŬˊɞŰɨˊɤůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, Ůɜɩ ůɡɔɢɟɧɜɤɠ 

ɡˊɞŭŮɘəɜɨŮɘ ˊɞɘŬ ůŰɞɘɢŮɘɎ ˊɟɏˊŮɘ ɜŬ ůɡɚɚŮɢɗɞɨɜ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ.  

ɆŰɞ ɆɢɐɛŬ 4.1 ŬɜŬˊŬɟɘůŰɎŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Ůɜɧɠ űɡůɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ. ɇɞ ˊɟŬɔɛŬŰɘəɧ ůɨůŰɖɛŬ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɛŮ ɏɜŬ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ. ȼ ɑŭɘŬ Ůɑůɞŭɞɠ 

(input) ˊɟŬɔɛŬŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ əŬɘ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ɞŭɖɔŮɑ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŬˊɞəɟɑůŮɘɠ 

(system output, model output). ȷɜ ɞɘ ŭɡɞ ŬˊɞəɟɑůŮɘɠ ŮɑɜŬɘ ŰŬɡŰɧůɖɛŮɠ, ŰɧŰŮ Űɞ ɛɞɜŰɏɚɞ ˊɞɡ 

ˊɟɞůɞɛɞɘɩɜŮɘ Űɞ ůɨůŰɖɛŬ ŮɑɜŬɘ ŬɝɘɧˊɘůŰɞ əŬɘ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ůɢŮŭɧɜ ŰɏɚŮɘɞ. Ɇɡɜɐɗɤɠ, ɞɘ ŭɨɞ 

ŬˊɞəɟɑůŮɘɠ ŭŮɜ ŮɑɜŬɘ ŰŬɡŰɧůɖɛŮɠ, əŬɘ ɏŰůɘ ˊɟɞəɨˊŰŮɘ ɏɜŬ ůűɎɚɛŬ. Ɇəɞˊɧɠ ɛɘŬɠ ɛŬɗɖɛŬŰɘəɐɠ 

ŬɜɎɚɡůɖɠ ŮɑɜŬɘ ɖ əŬŰɎůŰɟɤůɖ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɞ ůűɎɚɛŬ ŬɡŰɧ. ȼ ůɢɏůɖ Űɤɜ ŭɡɞ 

ŬˊɞəɟɑůŮɤɜ ŮəűɟɎɕŮɘ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ əŬɘ Űɖɜ ŬɝɘɞˊɘůŰɑŬ (validity) Űɞɡ ɛɞɜŰɏɚɞɡ (ɀˊɞɜŬɕɞɨɜŰŬɠ, 

2001).ɇɞ ɆɢɐɛŬ 4.1 ŬɜŬˊŬɟɘůŰɎ Ůˊɑůɖɠ Űɘɠ ůŰɟŬŰɖɔɘəɏɠ Ůˊɑɚɡůɖɠ ɐ Űɘɠ ŰŮɢɜɘəɏɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ 

ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ. ȸɏɚŰɘůŰɖ ɗŮɤɟŮɑŰŬɘ ɖ ŬˊɧűŬůɖ ˊɞɡ ŰŮɚɘəɎ ɗŬ ŮűŬɟɛɞůŰŮɑ 

ɔɘŬ Űɞ űɡůɘəɧ ůɨůŰɖɛŬ (ɀˊɞɜŬɕɞɨɜŰŬɠ, 2001). 
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Ƀ ɧɟɞɠ ɡŭɟɞɚɞɔɘəɧ ɛɞɜŰɏɚɞ ŬɜŬűɏɟŮŰŬɘ ůŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ ɛŬɗɖɛŬŰɘəɩɜ ɛŮŰŬůɢɖɛŬŰɘůɛɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭŮŭɞɛɏɜŬ ˊŮŭɑɞɡ əŬɘ ŮɨɚɞɔŮɠ ɡˊɞɗɏůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ űɡůɘəɞɨɠ ɛɖɢŬɜɘůɛɞɨɠ, ɛŮ 

ůŰɧɢɞ Űɖɜ ˊɞůɞŰɘəɐ ŮəŰɑɛɖůɖ ɡŭɟɞɚɞɔɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ŮɑɜŬɘ ˊɟŬəŰɘəɎ ŬŭɨɜŬŰɞ ɜŬ ɛŮŰɟɖɗɞɨɜ 

ůŰɞ ˊŮŭɑɞ. ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ˊŮɟɘɔɟɎűɞɡɜ ɛŮɛɞɜɤɛɏɜŬ ɔŮɔɞɜɧŰŬ, ɧˊɤɠ ɏɜŬ ɡŭɟɞɔɟɎűɖɛŬ ɐ Űɖɜ Ŭɘɢɛɐ 

ɛɘŬɠ ˊɚɖɛɛɨɟŬɠ ɧˊɞɡ, ɖ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɔɑɜŮŰŬɘ ɛɏůɤ ŮɛˊŮɘɟɘəɩɜ, ůɡɜɐɗɤɠ, 

ˊɟɞůŮɔɔɑůŮɤɜ (ˊ.ɢ. ɞɟɗɞɚɞɔɘəɐ ɛɏɗɞŭɞɠ, ɛɞɜŬŭɘŬɑɞ ɡŭɟɞɔɟɎűɖɛŬ), ůŰɘɠ ɞˊɞɑŮɠ ŬɔɜɞɞɨɜŰŬɘ ɞɘ 

ŭɘŮɟɔŬůɑŮɠ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ əɨəɚɞɡ ˊɞɡ ŭŮɜ ŮɜŭɘŬűɏɟɞɡɜ ůŰɖ ɛŮɚɏŰɖ, ɧˊɤɠ ɖ ŮɝɎŰɛɘůɖ əŬɘ ɖ 

ŭɘɐɗɖůɖ. ȷəɧɛɖ ˊŮɟɘɔɟɎűɞɡɜ Űɖ ŭɘŬɢɟɞɜɘəɐ Ůɝɏɚɘɝɖ Űɞɡ ɘůɞɕɡɔɑɞɡ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ ɛɘŬɠ 

ˊŮˊŮɟŬůɛɏɜɖɠ ɢɤɟɘəɐɠ ŮɜɧŰɖŰŬɠ (ˊ.ɢ. ɛɘŬɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ), ɧˊɞɡ ɖ ŭɘŬŭɘəŬůɑŬ ŭɘɏˊŮŰŬɘ, Ůɜ ɛɏɟŮɘ 

Ŭˊɧ əɎˊɞɘɞ űɡůɘəɧ ɡˊɧɓŬɗɟɞ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɟɔŬɚŮɑŬ ˊɟɞůɞɛɞɑɤůɖɠ, ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ 

ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɡˊɧɣɖ ɞɘ əɨɟɘŮɠ, ŰɞɡɚɎɢɘůŰɞɜ, ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɞɜ əɨəɚɞ Űɞɡ ɜŮɟɞɨ 

(ȺɡůŰɟŬŰɘɎŭɖɠ, 2009). 

ȼ ɡŭɟɞɚɞɔɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ ůŰɞɢŮɨŮɘ ůŰɖɜ əŬŰŬɜɧɖůɖ əŬɘ Űɖɜ ŮɟɛɖɜŮɑŬ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ ɡˊɧ 

ɛŮɚɏŰɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. Ⱥˊɑůɖɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ ɛɘŬ ůŮɘɟɎ Ŭˊɧ 

ˊɟŬəŰɘəɎ ɕɖŰɐɛŬŰŬ, Ŭˊɧ Űɖɜ ŮəŰɑɛɖůɖ ˊɚɖɛɛɡɟɩɜ, ɛɏɢɟɘ Űɖ ŭɘŬɢŮɑɟɘůɖ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ əŬɘ Űɖɜ 

ˊɟɧɓɚŮɣɖ ɢŬɛɖɚɩɜ ɟɞɩɜ. ȳˊɞɘŬ əŬɘ Ŭɜ ŮɑɜŬɘ Űɞ ɛɞɜŰɏɚɞ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ŮűŬɟɛɞůŰŮɑ ɞ ɢɟɐůŰɖɠ 

ɢɟŮɘɎɕŮŰŬɘ əŬŰɎɚɚɖɚɞɡɠ əŬɘ ɞɡůɘŬůŰɘəɞɨɠ ŭŮɑəŰŮɠ ɔɘŬ ɜŬ ŮɜɖɛŮɟɤɗŮɑ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ (Pushpalatha, 2013). 

ɋůŰɧůɞ, ɖ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ əŬɚɐɠ ˊɟɞůŬɟɛɞɔɐɠ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ŭŮɜ ŮɑɜŬɘ Űɧůɞ Ŭˊɚɐ ɧůɞ ɛˊɞɟŮɑ ɜŬ 

űŬɑɜŮŰŬɘ ɛŮ Űɖɜ ˊɟɩŰɖ ɛŬŰɘɎ. ūɡůɘəɎ, ɖ Ŭˊɧŭɞůɖ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ɛˊɞɟŮɑ ˊɟɩŰŬ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ Ŭˊɧ 

Űɖɜ ɞˊŰɘəɐ ůɨɔəɟɘůɖ Űɤɜ ˊŬɟŬŰɖɛɏɜɤɜ əŬɘ ˊɟɞůɞɛɞɘɤɛɏɜɤɜ ɡŭɟɞɔɟŬűɖɛɎŰɤɜ Ŭˊɞɟɟɞɐɠ, ŬɚɚɎ ŬɡŰɧ 

ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ŮɝŬɟŰɩɛŮɜɞ Ŭˊɧ Űɖɜ ŮɛˊŮɘɟɑŬ ŬɝɘɞɚɞɔɖŰɐ (Chiew & McMahon, 

1993). ȰɜŬɠ ˊɘɞ ŬɜŰɘəŮɘɛŮɜɘəɧɠ Űɟɧˊɞɠ ɔɘŬ ɜŬ ŬɝɘɞɚɞɔɐůŮɘ əŬɜŮɑɠ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ŮɑɜŬɘ ɜŬ 

 
ɆɢɐɛŬ 4.1: Ʉɟɞůɞɛɞɑɤůɖ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůɡůŰɐɛŬŰɞɠ (Ʉɖɔɐ: 

ɀˊɞɜŬɕɞɨɜŰŬɠ, 2001) 
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ɢɟɖůɘɛɞˊɞɘɐůŮɘ ŬɟɘɗɛɖŰɘəɎ əɟɘŰɐɟɘŬ, ŬɚɚɎ ůŰɖ ůɡɜɏɢŮɘŬ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ 

ŭɡůəɞɚɑŮɠ ůŰŬ ˊɘɗŬɜɎ əɟɘŰɐɟɘŬ. ɈˊɎɟɢɞɡɜ ŬɟəŮŰɞɑ ɚɧɔɞɘ ˊɞɡ ŮˊŮɝɖɔɞɨɜ ɔɘŬŰɑ ɖ Ůˊɘɚɞɔɐ ŬɡŰɐ ŮɑɜŬɘ 

ɘŭɘŬɑŰŮɟŬ ŭɨůəɞɚɖ (Pushpalatha, 2013): 

Á Ƀɘ Ŭˊɞɟɟɞɏɠ ŭɘŬűɏɟɞɡɜ Ŭˊɧ ŬɟəŮŰɏɠ ŰɎɝŮɘɠ ɛŮɔɏɗɞɡɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ Ůɝɑůɞɡ ɢɟɐůɘɛɞ 

ɔɘŬ Űɞɜ ŭɖɛɘɞɡɟɔɧ Űɞɡ ɛɞɜŰɏɚɞɡ 

Á ɇŬ ɡŭɟɞɚɞɔɘəɎ ɛɞɜŰɏɚŬ ˊŬɟɎɔɞɡɜ ůɡɢɜɎ ŮŰŮɟɞůəŮŭŬůŰɘəɎ (heteroscedastic) ɚɎɗɖ, ŭɖɚŬŭɐ ɖ 

ŭɘŬəɨɛŬɜůɐ Űɞɡɠ ŭŮɜ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ Ŭˊɧ Űɖɜ Űɘɛɐ Űɖɠ Ŭˊɞɟɟɞɐɠ 

Á ɇɞ Ůɨɟɞɠ Űɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Ŭˊɞɟɟɞɩɜ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟŮɘ ůɖɛŬɜŰɘəɎ ɛŮŰŬɝɨ Űɤɜ ˊŮɟɘɧŭɤɜ 

Ŭɝɘɞɚɧɔɖůɖɠ 

Á ɇɞ ɛɞɜŰɏɚɞ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ŬˊŬɘŰɞɨɜ 

ůɡɔəŮəɟɘɛɏɜŬ əɟɘŰɐɟɘŬ 

ũɘŬ Űɞɡɠ ɚɧɔɞɡɠ ŬɡŰɞɨɠ, ɏɢŮɘ ˊɟɞŰŬɗŮɑ əŬɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ ŰŬ ɢɟɧɜɘŬ ɛɘŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ Űɤɜ 

əɟɘŰɖɟɑɤɜ ɡŭɟɞɚɞɔɘəɩɜ ɛɞɜŰɏɚɤɜ, ɧˊɤɠ űŬɑɜŮŰŬɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Ŭˊɧ Űɞɡɠ əŬŰŬɚɧɔɞɡɠ əɟɘŰɖɟɑɤɜ 

ˊɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɡɠ ASCE (1993), Dawson (2007), Moriasi (2007) əŬɘ Reusser (2009). ɀŮŰŬɝɨ 

ŬɡŰɩɜ Űɤɜ əɟɘŰɖɟɑɤɜ, ɛŮɟɘəɎ ŮɑɜŬɘ ŬˊɧɚɡŰŬ, ɧˊɤɠ Űɞ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ 

ůűɎɚɛŬ, Ůɜɩ ɎɚɚŬ ŮɑɜŬɘ ůɢŮŰɘəɎ (əŬɜɞɜɘəɞˊɞɘɖɛɏɜŬ), ɧˊɤɠ Űɞ əɟɘŰɐɟɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ (NSE) 

Űɤɜ Nash & Sutcliffe (1970). ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ˊŮɟɑˊŰɤůɖ, ŰŬ ůűɎɚɛŬŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ 

ŰŬ ůűɎɚɛŬŰŬ ŬɜŬűɞɟɎɠ. ȷɡŰɧ ˊŬɟɏɢŮɘ ɛɘŬ ɢɟɐůɘɛɖ ˊɞůɞŰɘəɞˊɞɑɖůɖ ŮˊɘŭɧůŮɤɜ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ 

ŭŮɑɢɜŮɘ ůŮ ˊɞɘɞ ɓŬɗɛɧ Űɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ əŬɚɨŰŮɟɞ (ɐ ɢŮɘɟɧŰŮɟɞ) ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɞɜŰɏɚɞ ŬɜŬűɞɟɎɠ 

(Pushpalatha, 2013). Ⱥˊɑůɖɠ, ŭɘŮɡəɞɚɨɜŮɘ Űɖ ůɨɔəɟɘůɖ Űɤɜ ŮˊɘŭɧůŮɤɜ ɛŮŰŬɝɨ ɛɞɜŰɏɚɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ. ɋůŰɧůɞ, ɖ Ůˊɘɚɞɔɐ ɛɘŬɠ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ ŭɨůəɞɚɖ: ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ ŬɜŬűɞɟɎɠ 

ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ɐ ɚɘɔɧŰŮɟɞ ŬˊŬɘŰɖŰɘəɎ, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ əŬɗŮůŰɩŰɞɠ ɐ Űɞɜ 

Űɨˊɞ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ. ȷɡŰɧ ɛŮɟɘəɏɠ űɞɟɏɠ əŬɗɘůŰɎ ŭɨůəɞɚɖ Űɖ ŮɟɛɖɜŮɑŬ Űɤɜ ůɢŮŰɘəɩɜ 

əɟɘŰɖɟɑɤɜ ɔɘŬ ɏɜŬɜ ɎˊŮɘɟɞ ɢɟɐůŰɖ, ɞ ɞˊɞɑɞɠ ɛˊɞɟŮɑ ŬˊɚɎ ɜŬ ɗɏɚŮɘ ɜŬ ɔɜɤɟɑɕŮɘ Ŭɜ Űɞ ɛɞɜŰɏɚɞ ɛˊɞɟŮɑ 

ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ çəŬɚɧè, çŬˊɞŭŮəŰɧè ɐ çəŬəɧè. ũɘŬ Űɞɡɠ ˊŬɟŬˊɎɜɤ ɚɧɔɞɡɠ, ɖ ɢɟɐůɖ 

əŬɜɞɜɘəɞˊɞɘɖɛɏɜɤɜ əɟɘŰɖɟɑɤɜ ůűɎɚɛŬŰɞɠ ɓɟɐəŮ ŮəŰŮŰŬɛɏɜɖ ŮűŬɟɛɞɔɐ ůŰɖɜ ɏɟŮɡɜŬ ŬɚɚɎ əŬɘ Űɖɜ 

ŮəˊŬɑŭŮɡůɖ ɛɖɢŬɜɘəɩɜ (ɁŬɚɛˊɎɜŰɖɠ, 2007).   

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ŭŮɜ ɡˊɎɟɢŮɘ ɏɜŬ ŮɜɘŬɑɞ əɟɘŰɐɟɘɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞɚɞɔɐůŮɘ Űɘɠ ŮˊɘŭɧůŮɘɠ 

ɛɞɜŰɏɚɞ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ (Jain & Sudheer, 2008). Ʉɞɚɚɞɑ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŬɡŰɧɢɟɞɜŬ ŭɘɎűɞɟŬ 

əɟɘŰɐɟɘŬ, ůŰɞ ˊɚŬɑůɘɞ Űɤɜ ˊɞɚɚŬˊɚɩɜ ůŰɧɢɤɜ ɓŬɗɛɞɜɧɛɖůɖɠ (ˊ.ɢ. Efstratiadis & Koutsoyiannis, 

2010). ɋůŰɧůɞ, ɞɘ ˊɟɞůŮɔɔɑůŮɘɠ ŬɡŰɏɠ ŭŮɜ ŮɛˊɑˊŰɞɡɜ ůŰɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ. 

4.2 ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ 

ȼ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ (flow duration curve, FDC) ŮɑɜŬɘ ɏɜŬ ŭɘɎɔɟŬɛɛŬ Űɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ 

ˊɞŰŬɛɞɨ ůɡɜŬɟŰɐůŮɘ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɡˊɏɟɓŬůɖɠ əŬɘ ůɡɜɐɗɤɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɛɘŬ ˊɚɐɟɖ ɢɟɞɜɞůŮɘɟɎ 

Űɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ ɟɞɩɜ Űɞɡ ˊɞŰŬɛɞɨ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ůɨɜŰŬɝɖ Ůɜɧɠ ŰɏŰɞɘɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ 

ŬɟəŮŰɎ Ůɨəɞɚɖ, ɖ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŮ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ 

ɡŭŬŰɘəɩɜ ˊɧɟɤɜ ůŮ ɞɚɧəɚɖɟɞ Űɞ Ůɨɟɞɠ ɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ. ȼ əŬŰŬůəŮɡɐ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɓŬůɑɕŮŰŬɘ 

ůŰɖɜ əŬŰɎŰŬɝɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ (ůɡɜɐɗɤɠ ɖɛŮɟɐůɘɤɜ ɛŮŰɟɐůŮɤɜ) əŬɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ůɡɢɜɧŰɖŰŬɠ 

ɡˊɏɟɓŬůɖɠ ɔɘŬ əɎɗŮ Űɘɛɐ. ȰŰůɘ, ŬɜŬŭɘɞɟɔŬɜɩɜŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ Űɞ ɡŭɟɞɔɟɎűɖɛŬ Ŭˊɧ ɛɘŬ ůŮɘɟɎ ɛŮ 

ɓɎůɖ Űɞ ɢɟɧɜɞ ůŮ ɛɘŬ ůŮɘɟɎ əŬŰɎ ɛɏɔŮɗɞɠ. ɇɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ˊɞɡ ɖ Ŭˊɞɟɟɞɐ ɏɢŮɘ ɡˊŮɟɓŮɑ 

əɎˊɞɘŬ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ, ɛˊɞɟŮɑ ɜŬ ŮəŰɘɛɖɗŮɑ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ. ɀɘŬ ˊŮɟɘŮəŰɘəɐ ˊŮɟɑɚɖɣɖ ůɢŮŰɘəɎ 

ɛŮ Űɖɜ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɡɠ Vogel & Fennessey (1995), Ůɜɩ ŮɘŭɘəɎ ɔɘŬ Űɘɠ 

ɢŬɛɖɚɏɠ ɟɞɏɠ Ŭˊɧ Űɞɜ Hisdal (2004). ɇŬ ɓɐɛŬŰŬ ɡˊɚɞɔɘɛɩɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰŬ ˊɟŬəɎŰɤ: 

Á ũɘŬ əɎɗŮ ɏŰɞɠ, ɔɑɜŮŰŬɘ əŬŰɎŰŬɝɖ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ Ŭˊɞɟɟɞɩɜ ůŮ űɗɑɜɞɡůŬ ůŮɘɟɎ 
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Á ȼ ůɡɢɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

ὉὊ  Ὥ Ⱦ ὔ                                   (4.1) 

ɧˊɞɡ i: ɖ ŰɎɝɖ Űɤɜ Ŭˊɞɟɟɞɩɜ əŬɘ N ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɖɛŮɟɩɜ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ɏŰɞɡɠ. 

Á ɇɞ ŭɘɎɔɟŬɛɛŬ FDC əŬŰŬůəŮɡɎɕŮŰŬɘ ɛŮ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ əŬɘ 

əŬŰŬəɧɟɡűɞ Űɘɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ 

ũɘŬ ɜŬ ɓŮɚŰɘɤɗŮɑ ɖ ŬɜŬɔɜɤůɘɛɧŰɖŰŬ Űɖɠ əŬɛˊɨɚɖɠ, ɖ Ŭˊɞɟɟɞɐ ůɡɜɐɗɤɠ ŬˊɞŭɑŭŮŰŬɘ ůŮ ɚɞɔŬɟɘɗɛɘəɐ 

əɚɑɛŬəŬ əŬɘ ůŮ ɞɟɘůɛɏɜŮɠ ɢɩɟŮɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ əŬɜɞɜɘəɐ əɚɑɛŬəŬ ˊɘɗŬɜɞŰɐŰɤɜ ɔɘŬ Űɞɜ ɎɝɞɜŬ 

ɞɟɘɕɧɜŰɘŬɠ ůɡɢɜɧŰɖŰŬɠ. ȺɎɜ Űɞ ɚɞɔɎɟɘɗɛɞ-əŬɜɞɜɘəɧ ɢŬɟŰɑ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ, ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ɖ əŬɛˊɨɚɖ ɜŬ ɔɑɜŮɘ ɛŮŰŬŰɟɞˊɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɡˊɏɟɓŬůɖɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ Űɡˊɘəɐɠ əŬɜɞɜɘəɐɠ əŬŰŬɜɞɛɐɠ ˊɘɗŬɜɧŰɖŰŬɠ (WMO, 2008). 

ȼ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɢɜɎ ɔɘŬ ɜŬ ůɡɔəɟɑɜŮɘ Űɞ əŬɗŮůŰɩɠ ŭɘŬűɞɟŮŰɘəɩɜ 

ɚŮəŬɜɩɜ əŬɘ ŬɡŰɧ ɔɑɜŮŰŬɘ ˊɘɞ Ůɨəɞɚɞ Ŭˊɧ Űɖɜ Űɡˊɞˊɞɑɖůɖ Űɖɠ Ŭˊɞɟɟɞɐɠ Ŭˊɧ Űɞ ŭŮɑəŰɖ Űɞɡ ɛɏůɞɡ 

ɧɟɞɡ ɐ Űɖɠ ŭɘɎɛŮůɖɠ ɟɞɐɠ, ɐ ɤɠ ɟɞɐ ŬɜɎ ɛɞɜɎŭŬ ŮˊɘűɎɜŮɘŬɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ ɆɢɐɛŬ 4.2 ŭŮɑɢɜŮɘ Űɘɠ 

əŬɛˊɨɚŮɠ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ůŮ ŭɨɞ ˊɞŰɎɛɘŬ ɛŮ ŭɘŬűɞɟŮŰɘəɧ ɡŭɟɞɚɞɔɘəɧ əŬɗŮůŰɩɠ, ɛŮ Űɖɜ Ŭˊɞɟɟɞɐ ůŰɞɜ 

əɎɗŮŰɞ ɎɝɞɜŬ ɜŬ ŮəűɟɎɕŮŰŬɘ ɤɠ ˊɞůɞůŰɧ Űɖɠ ɛɏůɖɠ Űɘɛɐɠ Űɖɠ ɟɞɐɠ. ɇɞ ůɢɐɛŬ Űɞɡ FDC ŬɜŰŬɜŬəɚɎ Űɞ 

ůɡɜŭɡŬůɛɏɜɞ ŬˊɞŰɏɚŮůɛŬ Űɤɜ űɡůɘɞɔɟŬűɘəɩɜ əŬɘ əɚɘɛŬŰɞɚɞɔɘəɩɜ Ůˊɘɟɟɞɩɜ ůŰɖ ɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ, 

ůŰɖɜ Ŭˊɧəɟɘůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ (WMO, 2008). ɀɘŬ ɢɟɞɜoůŮɘɟɎ ɛŮ ɢŬɛɖɚɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ 

ŬɜŰŬɜŬəɚɎŰŬɘ ɤɠ ɛɘŬ ŮˊɑˊŮŭɖ əŬɛˊɨɚɖ, ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ ɟɞɐɠ ůŮ ˊŮɟŬŰɎ ŮŭɎűɖ (ɆɢɐɛŬ 4.2), ɐ ɛŮ 

ɛɘŬ ɘůɢɡɟɐ əŬɜɞɜɘůŰɘəɐ ŮˊɑŭɟŬůɖ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ Űɖɠ ɚŮəɎɜɖɠ. 

 

 

ɆɢɐɛŬ 4.2: ȾŬɛˊɨɚŮɠ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɔɘŬ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ əŬɗŮůŰɩŰŬ ɟɞɐɠ (Ʉɖɔɐ: WHS HydroTools) 

 

ɇɞ ɆɢɐɛŬ 4.3 ŭŮɑɢɜŮɘ ˊŬɟŬŭŮɑɔɛŬŰŬ əŬɛˊɡɚɩɜ ŭɘɎɟəŮɘŬɠ (FDC) Ŭˊɧ ́ɞŰŬɛɞɨɠ ŭɘŬűɞɟŮŰɘəɩɜ 

əɚɘɛŬŰɘəɩɜ ˊŮɟɘɞɢɩɜ. Ƀ ˊɞŰŬɛɧɠ Honokohau ůŰɞ Maui (ɉŬɓɎɖ) ŬɜɐəŮɘ ůŰɘɠ Űɟɞˊɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ 

ɗŮɟɛɧ əŬɘ ɡɔɟɧ əɚɑɛŬ ɧˊɞɡ əɡɟɘŬɟɢɞɨɜ ɞɘ ɓɟɞɢɞˊŰɩůŮɘɠ əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ ŭɘŬəɟɘŰɐ ɝɖɟɐ ˊŮɟɑɞŭɞɠ. ȼ 

FDC ŭŮɑɢɜŮɘ ɧŰɘ ŬɡŰɧ Űɞ ˊɞŰɎɛɘ ˊɞɡ ɏɢŮɘ ɞɚɧəɚɖɟɞ Űɞ ɢɟɧɜɞ ɜŮɟɧ, ɏɢŮɘ ɛŮɔɎɚɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ůŰɘɠ 

ˊɞŰɎɛɘŮɠ ɟɞɏɠ əŬɘ ɡɣɖɚɏɠ Űɘɛɏɠ ɢŬɛɖɚɐɠ ɟɞɐɠ. ũɘŬ Űɞ ŮɨəɟŬŰɞ əŬɚɞəŬɑɟɘ ůŰŬ ɝɖɟɎ əɚɑɛŬŰŬ, ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, Űɞ Arroyo Seco (Soledad) ůŰɖɜ ȾŬɚɘűɧɟɜɘŬ, ɖ ɓɟɞɢɧˊŰɤůɖ ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŬɜŰɘəɐ 

ɖɛŮɟɞɚɞɔɘŬəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ, əŬɘ ůŮ ɛŮɟɘəɎ ɢɟɧɜɘŬ Űɞ ˊɞŰɎɛɘ ɛˊɞɟŮɑ ɜŬ ůŰŮɟɏɣŮɘ ɔɘŬ ŬɟəŮŰɞɨɠ 
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ɛɐɜŮɠ. ȷɡŰɧ ŬɜŰŬɜŬəɚɎŰŬɘ ůŰɖɜ ŬˊɧŰɞɛɖ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ˊɞɡ ŭŮɑɢɜŮɘ ɧŰɘ ˊŮɟɑˊɞɡ Űɞ 15% 

Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ɖɛŮɟɩɜ ɏɢɞɡɜ ɛɖŭŮɜɘəɐ ɟɞɐ. Ƀ ˊɞŰŬɛɧɠ Lambourn, ůŰɞ Shaw, ůŰɞ ȼɜɤɛɏɜɞ 

ȸŬůɑɚŮɘɞ, ɓɟɑůəŮŰŬɘ ůŮ ɏɜŬ ŮɨəɟŬŰɞ əɚɑɛŬ ɢɤɟɑɠ ŭɘŬəɟɘŰɐ ɝɖɟɐ ˊŮɟɑɞŭɞ. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɞɚɨ ɢŬɛɖɚɐ ɓɟɞɢɧˊŰɤůɖ Űɞ əŬɚɞəŬɑɟɘ ɚɧɔɤ Űɤɜ ɡɣɖɚɩɜ ŬˊɤɚŮɘɩɜ Ŭˊɧ ŮɝɎŰɛɘůɖ, ɖ 

FDC ŭŮɑɢɜŮɘ ɧŰɘ ɡˊɎɟɢŮɘ ɛɘəɟɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ůŰɖɜ ˊŬɟɞɢɐ Űɞɡ ˊɞŰŬɛɞɨ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŮˊŮɘŭɐ Űɞ 

əŬɚɞəŬɑɟɘ ɞɘ ɢŬɛɖɚɏɠ ɟɞɏɠ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ Ůəɟɞɐ Ŭˊɧ ɏɜŬɜ ɛŮɔɎɚɞ ɡŭɟɞűɧɟɞ ɞɟɑɕɞɜŰŬ 

ŭɘŬŰɖɟɩɜŰŬɠ Űɖ ɓŬůɘəɐ ɟɞɐ (WMO, 2008). 

Ƀ ˊɞŰŬɛɧɠ Nigardselv (Nigardsbrevatn) ůŰɖ ɁɞɟɓɖɔɑŬ ɏɢŮɘ ɏɜŬ ɣɡɢɟɧ əɚɑɛŬ ɛŮ əŬɛɑŬ ŭɘŬəɟɘŰɐ ɝɖɟɐ 

ˊŮɟɑɞŭɞ. ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ əŬɚɨˊŰŮŰŬɘ əŬŰɎ 75% ɛŮ ˊŬɔŮŰɩɜŮɠ əŬɘ, ɛŮŰɎ Ŭˊɧ Űɞ ɚɘɩůɘɛɞ Űɞɡ 

ɢɘɞɜɘɞɨ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ˊɚɖɛɛɨɟŮɠ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ əŬɚɞəŬɘɟɘɞɨ əŬɘ ɜŮɟɧ Ŭˊɧ Űɖɜ Űɐɝɖ Űɞɡ ˊŬɔŮŰɩɜŬ 

ůɡɛɓɎɚɚŮɘ ůɖɛŬɜŰɘəɎ ůŰɘɠ ŰŮɚŮɡŰŬɑŮɠ əŬɚɞəŬɘɟɘɜɏɠ ɟɞɏɠ. ȼ FDC ŮɑɜŬɘ ŬˊɧŰɞɛɖ, ˊɞɡ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ 

Űɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ɡɣɖɚɐɠ ɟɞɐɠ ɛŮ ɡɣɖɚɏɠ ˊɚɖɛɛɨɟŮɠ ɚɧɔɤ Űɤɜ ˊɎɔɤɜ ˊɞɡ ɚɘɩɜɞɡɜ, əŬɘ ɢŬɛɖɚɏɠ 

ɟɞɏɠ Űɞ ɢŮɘɛɩɜŬ, ɧŰŬɜ ŰŬ əŬŰŬəɟɖɛɜɑůɛŬŰŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ ɤɠ ɢɘɧɜɘ əŬɘ ˊɎɔɞɠ (WMO, 2008). 

 

ɆɢɐɛŬ 4.3: ȾŬɛˊɨɚŮɠ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ůŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ˊɞŰŬɛɞɨɠ (Ʉɖɔɐ: WMO, 2008) 

 

Ƀɘ əŬɛˊɨɚŮɠ ŭɘɎɟəŮɘŬɠ ůɡɜɐɗɤɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ůɡɜɞɚɘəɧ ŭŮɑɔɛŬ ˊŬɟɞɢɩɜ, ŬɚɚɎ ŬɡŰɧ ŭŮɜ 

ˊŬɟɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŮŰɐůɘŬ əŬɘ ŮˊɞɢɘŬəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ Ŭˊɞɟɟɞɐɠ ɐ Űɖɜ 

ŬɓŮɓŬɘɧŰɖŰŬ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ FDC Ŭˊɧ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɐəɞɠ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. Ƀɘ 

Vogel əŬɘ Fennessey (1994) ˊɟɧŰŮɘɜŬɜ Űɖɜ əŬŰŬůəŮɡɐ ɝŮɢɤɟɘůŰɐɠ əŬɛˊɨɚɖɠ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɔɘŬ əɎɗŮ 

ɏŰɞɠ əŬɘ ɛŮŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɛɏůɖɠ ɟɞɐɠ ɛŮ əɎɗŮ ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɖ 

əŬɛˊɨɚɖ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ ɚɘɔɧŰŮɟɞ Ŭˊɧ Űɖɜ ˊŮɟɑɞŭɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɀŮ ɓɎůɖ Űɘɠ ŮŰɐůɘŮɠ FDCs, ŮɑɜŬɘ 

Ůˊɑůɖɠ ŭɡɜŬŰɧ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ ŭɘŬůŰɐɛŬŰŬ ŮɛˊɘůŰɞůɨɜɖɠ əŬɘ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ŬɓŮɓŬɘɧŰɖŰŬ Űɤɜ 

ŮəŰɘɛɞɨɛŮɜɤɜ ɛɏůɤɜ FDC. ȼ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɔɘŬ ůɡɔəŮəɟɘɛɏɜŮɠ 

ˊŮɟɘɧŭɞɡɠ (ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ ɛɏɟŮɠ, ɛɐɜŮɠ ɐ ɛɘŬ ɞɛɎŭŬ Űɤɜ ɛɖɜɩɜ) Űɞɡ ɏŰɞɡɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɔɘŬ 

ɎɟŭŮɡůɖ, ɖ əŬɚɚɘŮɟɔɖŰɘəɐ ˊŮɟɑɞŭɞɠ ɔɘŬ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ Ůɑŭɞɠ əŬɚɚɘɏɟɔŮɘŬɠ ɛˊɞɟŮɑ ɜŬ əŬɗɞɟɑůŮɘ 

Űɖɜ əŬŰŬɚɚɖɚɧŰŮɟɖ ˊŮɟɑɞŭɞ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ (WMO, 2008). 

ȼ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŬŮɘűɧɟɞ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɡŭŬŰɘəɩɜ 

ˊɧɟɤɜ. ȼ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŬˊɞɚɐɣŮɤɜ ůɡɜɐɗɤɠ ŬˊŬɘŰŮɑ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ FDC Ŭˊɧ ɛŮŰɟɖɛɏɜŬ 

ŭŮŭɞɛɏɜŬ ɐ, ůŮ ɛɖ ɛŮŰɟɞɨɛŮɜŮɠ ˊŮɟɘɞɢɏɠ, Ŭˊɧ ůŰŬŰɘůŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ɐ ɛɞɜŰɏɚŬ ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ 

ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ Űɞ űɡůɘəɧ əŬɗŮůŰɩɠ ɟɞɐɠ, əŬɗɩɠ əŬɘ Űɞɜ ŬɜŰɑəŰɡˊɞ Űɤɜ ŬɜŰɚɐůŮɤɜ əŬɘ Űɤɜ 

Ůəɟɞɩɜ ˊɞɡ Ůɘ́ůŰɟɏűɞɡɜ ůŰɞ ˊɞŰɎɛɘ. 

Ƀ əŬɗɞɟɘůɛɧɠ Űɤɜ FDC (ɆɢɐɛŬ 4.4) ŮˊɘŰɟɏˊŮɘ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ɟɡɗɛɘůŰɘəɐ Ŭɟɢɐ ɜŬ ŮəŰɘɛɐůŮɘ Űɞɜ 

ɚŮɔɧɛŮɜɞ "Ŭˊɞɚɐɣɘɛɞ ɧɔəɞ" əŬɘ Űɖ "ɟɞɐ hands-off" , ɛŮ ůŰɧɢɞ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ 

əŬŰɎůŰŬůɖɠ Űɞɡ ˊɞŰŬɛɞɨ ůŮ ŬˊɞŭŮəŰɎ ŮˊɑˊŮŭŬ. Ƀ Ŭˊɞɚɐɣɘɛɞɠ ɧɔəɞɠ ŮɑɜŬɘ ɞ ɛɏɔɘůŰɞɠ ɧɔəɞɠ ɜŮɟɞɨ 
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ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŰɚɖɗŮɑ Ŭˊɧ Űɞ ˊɞŰɎɛɘ ɢɤɟɑɠ ɜŬ ɞŭɖɔŮɑ ůŮ ɛɘŬ ɡˊɞɓɎɗɛɘůɖ ůŰɖɜ ɞɘəɞɚɞɔɑŬ ɐ 

ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞɡɠ ɛŮŰŬɔŮɜɏůŰŮɟɞɡɠ ɢɟɐůŰŮɠ ɜŮɟɞɨ. ȼ ɟɞɐ hands-off ŮɑɜŬɘ ɖ Ŭˊɞɟɟɞɐ əŬŰɎ 

Űɖɜ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ůŰŬɛŬŰɐůŮɘ ɖ Ŭˊɧɚɖɣɖ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ ȷɔɔɚɑŬ əŬɘ Űɖɜ ɃɡŬɚɑŬ, ɖ 

ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŬˊɞɚɐɣŮɤɜ ŮɑɜŬɘ ɜɞɛɘəɎ ŭŮůɛŮɡŰɘəɐ əŬɘ ŮɚɏɔɢŮŰŬɘ ɛɏůɤ ɛɘŬɠ ɎŭŮɘŬɠ ɔɘŬ ŬűŬɑɟŮůɖ 

ɜŮɟɞɨ, ɖ ɞˊɞɑŬ ˊŮɟɘɞɟɑɕŮɘ Űɖɜ ůɡɜɞɚɘəɐ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞɚɖűɗŮɑ, Űɞ ɛɏɔɘůŰɞ 

ˊɞůɞůŰɧ əŬɘ Űɞ ɢɟɞɜɘəɧ ˊɚŬɑůɘɞ (ůɡɜɐɗɤɠ Ůˊɞɢɐɠ). 

 

ɆɢɐɛŬ 4.4: ȯɜŰɚɖůɖ ɜŮɟɞɨ ɛŮ ɓɎůɖ Űɖɜ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ (Ʉɖɔɐ: WMO, 2008) 

4.3 ȹŮɑəŰŮɠ ɢŬɛɖɚɐɠ ɟɞɐɠ 

ɈˊɎɟɢɞɡɜ ŬɟəŮŰɞɑ ŭɘŬűɞɟŮŰɘəɞɑ Űɟɧˊɞɘ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ɢɟɞɜɞůŮɘɟɩɜ Űɤɜ ɖɛŮɟɐůɘɤɜ Ŭˊɞɟɟɞɩɜ 

ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ɔŮɜɘəɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ əŬɗŮůŰɩŰɞɠ ɢŬɛɖɚɩɜ ɟɞɩɜ. Ƀɘ 

ŭɘŬűɞɟŮŰɘəɏɠ ɛɏɗɞŭɞɘ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɞɟɘůɛɩɜ ɔɘŬ Űɖ ɢŬɛɖɚɐ ɟɞɐ, Űɤɜ 

ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ ɏəűɟŬůɖɠ Űɖɠ ɏɜɜɞɘŬɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ, ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ ŭɘɎɟəŮɘŮɠ əŬŰɎ 

ɛɏůɞ ɧɟɞ. Ʉɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ ŬˊŬɘŰɞɨɜ ˊɚɖɟɞűɞɟɑŮɠ ˊɎɜɤ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ Űɖɠ ˊŮɟɘɧŭɞɡ ŬɜŬűɞɟɎɠ, 

ɧˊɤɠ ŮˊŰɎ ɐ ŰɟɘɎɜŰŬ ɖɛɏɟŮɠ. 

Ƀɘ ŰŮɢɜɘəɏɠ ŭɘŬɢɤɟɘůɛɞɨ Űɞɡ ɡŭɟɞɔɟŬűɐɛŬŰɞɠ ŭɘŬɘɟɞɨɜ ɔŮɜɘəɎ Űɖɜ ůɡɜɞɚɘəɐ Ŭˊɞɟɟɞɐ ůŮ ɛɘŬ 

ɔɟɐɔɞɟɖ ůɡɜɘůŰɩůŬ əŬɘ ɛɘŬ ɓɟŬŭŮɑŬ ɐ əŬɗɡůŰŮɟɖɛɏɜɖ ůɡɜɘůŰɩůŬ. ȼ əŬɗɡůŰŮɟɖɛɏɜɖ ůɡɜɘůŰɩůŬ Űɖɠ 

ɟɞɐɠ, ůɡɜɐɗɤɠ ŬɜŬűɏɟŮŰŬɘ ɤɠ ɓŬůɘəɐ ɟɞɐ Qb əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ˊɞůɞůŰɧ Űɖɠ ɟɞɐɠ ˊɞɡ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŬˊɞɗɐəŮɡůɖ ůŰɞ ɏŭŬűɞɠ. ȰɜŬɠ ɡɣɖɚɧɠ ŭŮɑəŰɖɠ Űɖɠ ɓɎůɘəɐɠ ɟɞɐɠ ɗŬ ůɐɛŬɘɜŮ ɧŰɘ ɖ 

ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŭɘŬŰɖɟɐůŮɘ Űɖ ɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ˊŬɟŬŰŮŰŬɛɏɜɤɜ 

ɝɖɟɩɜ ˊŮɟɘɧŭɤɜ. Ƀ ŭŮɑəŰɖɠ ɓŬůɘəɐɠ ɟɞɐɠ (BFI) ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ əŬɘ ɛɘŬ Ůˊɘůəɧˊɖůɖ Űɤɜ 

ŮɜŬɚɚŬəŰɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞɡ ŭɘŬɢɤɟɘůɛɞɨ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ůŰɞɡɠ Nathan & 

McMahon (1990). 

Ƀ ŭŮɑəŰɖɠ BFI ŮɑɜŬɘ ɞ ɚɧɔɞɠ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ ˊɟɞɠ Űɖɜ ůɡɜɞɚɘəɐ ɟɞɐ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ 

ŭɘŬŭɘəŬůɑŬ ŭɘŬɢɤɟɘůɛɞɨ ɡŭɟɞɔɟŬűɐɛŬŰɞɠ (WMO, 2008). ȷɟɢɘəɎ, ŮɑɢŮ ŬɜŬˊŰɡɢɗŮɑ ůŮ ɛɘŬ ɛŮɚɏŰɖ 

ɢŬɛɖɚɐɠ ɟɞɐɠ ůŰɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ (Gustard, 1992) ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ 

Ŭˊɧəɟɘůɖɠ Űɤɜ ŮŭŬűɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. Ƀɘ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 0,15 ɏɤɠ 0,2 ɔɘŬ 

ɛɘŬ ŬŭɘŬˊɏɟŬůŰɖ ɚŮəɎɜɖ, ɏɤɠ ˊɎɜɤ Ŭˊɧ 0,95 ɔɘŬ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ ɛŮ ɡɣɖɚɐ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ əŬɘ 

ɏɜŬ ůŰŬɗŮɟɧ əŬɗŮůŰɩɠ ɟɞɐɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, ɧŰɘ ɞ ŭŮɑəŰɖɠ ˊɟɏˊŮɘ ɜŬ ŮɟɛɖɜŮɨɞɜŰŬɘ ɛŮ ˊɟɞůɞɢɐ . 
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ũɘŬ ́ŬɟɎŭŮɘɔɛŬ, ŬɡŰɧɠ ŮɑɜŬɘ ɘŭɘŬɘŰɏɟɤɠ Űɟɞˊɞˊɞɘɖɛɏɜɞɠ əŬŰɎɜŰɖ Űɤɜ ɚɘɛɜɩɜ əŬɘ ŰŬɛɘŮɡŰɐɟɤɜ. ɆŮ 

ŰɟɞˊɘəɎ əɚɑɛŬŰŬ, ɞ ŭŮɑəŰɖɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ŮˊɞɢɘŬəɧ əɚɘɛŬŰɘəɧ əŬɗŮůŰɩŰɞɠ əŬɘ ɡɣɖɚɏɠ Űɘɛɏɠ Űɞɡ 

ŭŮɑəŰɖ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗɞɨɜ ůŰŬ əŬŰɎɜŰɖ Űɤɜ ˊŬɔŮŰɩɜɤɜ. ɄŬɟŬŭŮɑɔɛŬŰŬ ŭɘŬɢɤɟɘůɛɞɨ Űɖɠ 

ɓŬůɘəɐɠ ɟɞɐɠ ɔɘŬ ŭɨɞ ɚŮəɎɜŮɠ ɔɘŬ Űɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 4.5. 

 

ɆɢɐɛŬ 4.5: ȹɘŬɢɤɟɘůɛɧɠ ɓŬůɘəɐɠ ɟɞɐɠ ɔɘŬ ɛɘŬ ŬŭɘŬˊɏɟŬůŰɖ (ŮˊɎɜɤ ŭɘɎɔɟŬɛɛŬ) əŬɘ ɛɘŬ ŭɘŬˊŮɟŬŰɐ (əɎŰɤ 

ŭɘɎɔɟŬɛɛŬ) ɚŮəɎɜɖ ůŰɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ (Ʉɖɔɐ: WMO, 2008) 

4.4 ȹŮɑəŰŮɠ ɢŬɛɖɚɐɠ ɟɞɐɠ 

4.4.1  ȹŮɑəŰɖɠ Q95 

ȷˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ˊɘɞ əɞɘɜɞɨɠ ŭŮɑəŰŮɠ ɢŬɛɖɚɐɠ ɟɞɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮˊɘɢŮɘɟɖůɘŬəɎ, əŬɘ 

ɞɟɑɕŮŰŬɘ ɤɠ Űɖɜ ɡˊɏɟɓŬůɖ Űɖɠ ɟɞɐɠ ɔɘŬ 95% Űɞɡ ɢɟɧɜɞɡ . ɀˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůɗŮɑ əŬŰŬŰɎůůɞɜŰŬɠ 

Űɘɠ ɖɛŮɟɐůɘŮɠ Ŭˊɞɟɟɞɏɠ əŬɘ ɓɟɑůəɞɜŰŬɠ ŬɡŰɏɠ ɛŮ ůɡɢɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ 95%. Ƀ ŭŮɑəŰɖɠ Q95 ɛˊɞɟŮɑ 

Ůˊɑůɖɠ ɜŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɛŮɛɞɜɤɛɏɜɞɡɠ ɛɐɜŮɠ ɐ ɞɛɎŭŬ ɛɖɜɩɜ ɐ, ɔŮɜɘəɎ, ˊŮɟɑɞŭɞ. ȯɚɚŬ ˊɞůɞůŰɎ 

ɛˊɞɟŮɑ, ˊŬɟɞɛɞɑɤɠ, ɜŬ ŮɝŬɢɗɞɨɜ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ 

ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ. 

4.4.2 ɀɏůɞ ŮŰɐůɘɞ ŮɚɎɢɘůŰɞ: MAM  (n-ɞůŰɐɠ ɛɏɟŬɠ) 

ɇɞ ŮŰɐůɘɞ ŮɚɎɢɘůŰɞ ɛˊɞɟŮɑ ɜŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɖɛŮɟɐůɘŬ ɢɟɞɜɞůŮɘɟɎ, ŮˊɘɚɏɔɞɜŰŬɠ Űɖ ɢŬɛɖɚɧŰŮɟɖ ɟɞɐ 

əɎɗŮ ɢɟɧɜɞ əŬɘ Űɞ ɛɏůɞ Űɤɜ ɡˊɞɚɞɔɘůɛɏɜɤɜ ŮɚŬɢɑůŰɤɜ. ȺɚɎɢɘůŰŬ ŭɘŬűɞɟŮŰɘəɩɜ ŭɘŬɟəŮɘɩɜ ɛˊɞɟɞɨɜ 

ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɛŮ 1, 7, 10, 30 əŬɘ 90 ɖɛɏɟŮɠ. ɇɞ ŮŰɐůɘɞ ŮɚɎɢɘůŰɞ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ 

ɜŬ əŬɗɞɟɘůŰŮɑ ɛɘŬ ůɡɜɎɟŰɖůɖ əŬŰŬɜɞɛɐɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɐ ˊŮɟɘɧŭɞɡ ŮˊŬɜŬűɞɟɎɠ 

Űɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ. ɆŮ ŮɨəɟŬŰŬ əɚɑɛŬŰŬ, ɞ ŭŮɑəŰɖɠ MAM 7 ŮɑɜŬɘ ůɢŮŭɧɜ ŰŬɡŰɧůɖɛɞɠ ɛŮ Űɞɜ Q95. 
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4.5 ɀɞɜŰɏɚŬ ˊɟɧɔɜɤůɖɠ ɓŬůɘəɐɠ ɟɞɐɠ 

ȼ ́ɟɧɔɜɤůɖ Űɖɠ Ŭˊɞɟɟɞɐɠ ŬˊɞŰŮɚŮɑ əŮɜŰɟɘəɧ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ɡŭɟɞɚɞɔɑŬɠ. Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ əŬŰɎɟŰɘůɖ Ůɜɧɠ ˊɞɚɨ Ŭˊɚɞɨ ɡŭɟɞɚɞɔɘəɞɨ ɛɞɜŰɏɚɞɡ ɔɘŬ Űɖɜ ˊɟɧɔɜɤůɖ Űɤɜ ɢŬɛɖɚɩɜ 

(ɗŮɟɘɜɩɜ) ɟɞɩɜ ůŰɘɠ ɡˊɧ ɛŮɚɏŰɖ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ əŬɗŮůŰɩɠ ɟɞɐɠ əŬŰɎ Űɖ 

ɚɐɝɖ Űɖɠ ɡɔɟɐɠ ˊŮɟɘɧŭɞɡ (ȷˊɟɑɚɘɞɠ). 

ũŮɜɘəɎ, ɞ əɨɟɘɞɠ ůŰɧɢɞɠ Űɖɠ ˊɟɧɓɚŮɣɖɠ Űɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ Ůɜɧɠ ˊɞŰŬɛɞɨ ŮɑɜŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ 

ůɡɜŮˊŮɘɩɜ Űɤɜ ɟɞɩɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɛŮɚɚɞɜŰɘəɐ ɕɐŰɖůɖ ɜŮɟɞɨ, ŭŮŭɞɛɏɜɞɡ Ůɜɧɠ ůɡɜɧɚɞɡ 

ɚŮəŬɜɩɜ Ŭˊɞɟɟɞɐɠ, əɚɘɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ əŬɘ ɡɔɟŬůɑŬɠ, ůŮ ɛɘŬ ŭŮŭɞɛɏɜɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ. Ƀ 

ɢɟɞɜɘəɧɠ ɞɟɑɕɞɜŰŬɠ ˊɟɧɓɚŮɣɖɠ Űɖɠ ɢŬɛɖɚɐɠ ɟɞɐɠ ŮɑɜŬɘ, ɔŮɜɘəɎ, ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ ɧŰɘ ɔɘŬ Űɖɜ 

ˊɟɧɓɚŮɣɖ Űɤɜ ˊɚɖɛɛɡɟɩɜ, əŬɗɩɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ɛŮɟɘəɏɠ ŮɓŭɞɛɎŭŮɠ ɏɤɠ ɛŮɟɘəɞɨɠ ɛɐɜŮɠ. ȹŮŭɞɛɏɜɞɡ 

ɧŰɘ ɡˊɎɟɢŮɘ ɛŮɔɎɚɖ ŬɓŮɓŬɘɧŰɖŰŬ ɔɘŬ Űɘɠ ɛŮɚɚɞɜŰɘəɏɠ ɛŮŰŮɤɟɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

Űɧůɞ ɖ ŬɘŰɘɞəɟŬŰɘəɐ ɧůɞ əŬɘ ɖ ˊɘɗŬɜɞɚɞɔɘəɐ ˊɟɧɓɚŮɣɖ (WMO, 2008). 

4.5.1 ɄŮɟɑɞŭɞɠ ˊɟɧɔɜɤůɖɠ 

ȷɜ əŬɘ ɡˊɎɟɢɞɡɜ ˊɞɚɚɞɑ Űɟɧˊɞɘ ɔɘŬ Űɖɜ ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ ɛŮɗɧŭɤɜ ˊɟɧɔɜɤůɖɠ, ɛɘŬ ɢɟɐůɘɛɖ 

ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɖ ŬɜŰɑůŰɞɘɢɖ ˊŮɟɑɞŭɞɠ ůŮ ɓɟŬɢɡˊɟɧɗŮůɛɖ, ɛŮůɞˊɟɧɗŮůɛɖ əŬɘ 

ɛŬəɟɞˊɟɧɗŮůɛɖ. ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ əŬɘ ɖ ůɡɜɎűŮɘŬ Űɤɜ ŭɘŬűɧɟɤɜ 

ɡŭɟɞəɚɘɛŬŰɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɘəɑɚɚɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɐəɞɠ Űɖɠ ˊŮɟɘɧŭɞɡ ˊɟɧɔɜɤůɖɠ. 

Ƀ ɓŬɗɛɧɠ ůŰɞɜ ɞˊɞɑɞ ɖ Ŭˊɞɟɟɞɐ əŬɘ ɞɘ ˊɟɞɔŮɜɏůŰŮɟŮɠ ůɡɜɗɐəŮɠ ɏɢɞɡɜ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɧɔɜɤůɖ Űɤɜ 

ɛŮɚɚɞɜŰɘəɩɜ Ŭˊɞɟɟɞɩɜ, ŭɘŬűɏɟŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɖ űɨůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. 

ɋůŰɧůɞ, ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ˊɚɖɟɞűɞɟɑŮɠ Ŭűɞɟɞɨɜ Űɘɠ ɓɟŬɢɡˊɟɧɗŮůɛŮɠ ˊɟɞɓɚɏɣŮɘɠ 

ɛŮ ŭɘɎɟəŮɘŬ ˊŮɟɑˊɞɡ ŮˊŰɎ ɖɛɏɟŮɠ (WMO, 2008). Ƀɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ŮˊɘűŬɜŮɘŬəɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ, Űɘɠ ɡŭɟɞɛŮŰŮɤɟɞɚɞɔɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ɛŮůɞˊɟɧɗŮůɛɤɜ ˊɟɞɓɚɏɣŮɤɜ Ŭˊɧ ŰɟŮɘɠ ɏɤɠ ɏɝɘ ɛɐɜŮɠ. Ƀɘ ɛŬəɟɞˊɟɧɗŮůɛŮɠ ˊɟɞɓɚɏɣŮɘɠ 

ɓŬůɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŮ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŮəŰŮŰŬɛɏɜŮɠ ɘůŰɞɟɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ. 

ȺɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ɖ ŬɚɚŬɔɐ Űɞɡ əɚɑɛŬŰɞɠ əŬɗɩɠ əŬɘ ɞɘ 

Űɞˊɘəɏɠ ɛŮŰŬɓɞɚɏɠ ɔɘŬ Űɘɠ ɛŬəɟɞˊɟɧɗŮůɛŮɠ ˊɟɞɓɚɏɣŮɘɠ. 

ȿɧɔɤ Űɤɜ ŭɘŬűɧɟɤɜ ˊɖɔɩɜ ˊɚɖɟɞűɧɟɖůɖɠ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŭɘŬűɞɟŮŰɘəɏɠ ɛɏɗɞŭɞɘ ɓŬůɘůɛɏɜŮɠ ůŰɖɜ 

ŬɜɎɚɡůɖ Űɤɜ ˊŬɟɞɢɩɜ, ɞɘ ɞˊɞɑŮɠ ˊŬɟɏɢɞɡɜ ɛɘŬ ůɡɜŰɖɟɖŰɘəɐ ˊɟɧɓɚŮɣɖ Űɤɜ ɓɟŬɢɡˊɟɧɗŮůɛɤɜ 

ůɡɜɗɖəɩɜ. ũɘŬ Űɘɠ ɛŮůɞˊɟɧɗŮůɛŮɠ ˊɟɞɓɚɏɣŮɘɠ, ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ˊɟɞɔɜɩůŮɘɠ əŬɘɟɞɨ 

ɞɘ ɞˊɞɑŮɠ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɐ Ŭˊɚɏɠ ˊɟɞɓɚɏɣŮɘɠ 

ůɡɜŬɟŰɐůŮɘɠ-ɛŮŰŬűɞɟɎɠ (simple transfer function predictions) Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ ɟɞɩɜ. ȼ űɨůɖ əŬɘ ɞ 

ɓŬɗɛɧɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ ɛɞɜŰɏɚɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ˊɘɞ ɛŬəɟɞˊɟɧɗŮůɛŮɠ ˊɟɞɓɚɏɣŮɘɠ 

ˊɞɘəɑɚɚɞɡɜ, ɔŮɔɞɜɧɠ ˊɞɡ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɖɜ ˊɞɚɡɛɞɟűɑŬ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ Ůɜɧɠ ɛŮɔɎɚɞɡ 

űɎůɛŬŰɞɠ ŭɘŬűɞɟŮŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ŭɘŬɛɧɟűɤůɖɠ əɚɑɛŬŰɞɠ. ɇɞ Ůɨɟɞɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ɞɟɘůɛɏɜɤɜ 

ˊɖɔɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ɛŮɗɧŭɤɜ ŮűŬɟɛɞɔɐɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4.6. 



56 

 

ɆɢɐɛŬ 4.6: ŪŮɤɟɖŰɘəɧ Ůɨɟɞɠ ŮűŬɟɛɞɔɐɠ Űɤɜ ŭɘŬűɧɟɤɜ ˊŰɡɢɩɜ Űɖɠ ˊɟɧɓɚŮɣɖɠ (WMO, 2008) 

 

4.5.2 ȷɜɎɚɡůɖ əŬɛˊɨɚɖɠ ůŰŮɑɟŮɡůɖɠ 

ȼ ůŰŬŭɘŬəɐ ŮɝɎɜŰɚɖůɖ Űɞɡ ŬˊɞɗɖəŮɡɛɏɜɞɡ ɜŮɟɞɨ ůŮ ɛɘŬ ɚŮəɎɜɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ˊŮɟɘɧŭɤɜ ɛŮ ɛɘəɟɐ 

ɐ əŬɗɧɚɞɡ ˊɞůɧŰɖŰŬ ŬŰɛɞůűŬɘɟɘəɩɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ŬɜŰŬɜŬəɚɎŰŬɘ ůŰɖɜ ɛɞɟűɐ Űɖɠ əŬɛˊɨɚɖɠ 

ůŰŮɑɟŮɡůɖɠ, ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ ˊŰɤŰɘəɧ ůəɏɚɞɠ Űɞɡ ɡŭɟɞɔɟŬűɐɛŬŰɞɠ (ɆɢɐɛŬ 4.6). ȼ əŬɛˊɨɚɖ 

ůŰŮɑɟŮɡůɖɠ ˊŮɟɘɔɟɎűŮɘ əŬŰɎ Űɟɧˊɞ ɞɚɞəɚɖɟɤɛɏɜɞ ˊɤɠ ɛŮŰŬɓɎɚɚŮŰŬɘ, ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ 

ɢɤɟɖŰɘəɧŰɖŰŮɠ Űɖɠ ɚŮəɎɜɖɠ, ɖ Ůəɟɞɐ Űɞɡ ˊɞŰŬɛɞɨ. ɄɞŰɎɛɘŬ ɛŮ ɏɜŬɜ Ŭɟɔɧ ɟɡɗɛɧ ɏɢɞɡɜ ůɡɜɐɗɤɠ 

ɡˊɧɔŮɘŬ ɨŭŬŰŬ ɐ əɡɟɘŬɟɢɞɨɜŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ ɚɑɛɜɖ, Ůɜɩ ɞ ɔɟɐɔɞɟɞɠ ɟɡɗɛɧɠ ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

ˊɞŰŬɛɩɜ ˊɞɡ ŬˊɞůŰɟŬɔɔɑɕɞɡɜ ŬŭɘŬˊɏɟŬůŰŮɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ ɛŮ ˊŮɟɘɞɟɘůɛɏɜɖ ŬˊɞɗɐəŮɡůɖ (WMO, 

2008). 

ȼ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ əŬɛˊɨɚɖɠ ůŰŮɑɟŮɡůɖɠ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɢɟɐůɘɛɖ ůŮ ˊɞɚɚɞɨɠ ŰɞɛŮɑɠ Űɖɠ 

ŭɘŬɢŮɑɟɘůɖɠ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ˊɟɧɓɚŮɣɖɠ ɢŬɛɖɚɐɠ ɟɞɐɠ əŬɘ Űɖɠ 

ŮəŰɑɛɖůɖɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ɢŬɛɖɚɐɠ ɟɞɐɠ ůŮ ɛɖ ɛŮŰɟɞɨɛŮɜŮɠ ɚŮəɎɜŮɠ. ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ˊŮɟɑˊŰɤůɖ, ɞ 

ɟɡɗɛɧɠ ůŰŮɑɟŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ŭŮɑəŰɖɠ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ Űɖɠ Ŭˊɞɟɟɞɐɠ. 

ȼ ŬɟɘɗɛɖŰɘəɐ ŮəŰɑɛɖůɖ Űɤɜ ŭŮɘəŰɩɜ ůŰŮɑɟŮɡůɖɠ ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ Ůˊɘɚɞɔɐ ɛɘŬɠ ŬɜŬɚɡŰɘəɐɠ ɏəűɟŬůɖɠ 

ˊɞɡ ɜŬ ŰŬɘɟɘɎɕŮɘ ɛŮ Űɖɜ əŬɛˊɨɚɖ, Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Ůɜɧɠ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ůŰŮɑɟŮɡůɖɠ əŬɘ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ůɢŮŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. ɀɘŬ ůɡɜɞɚɘəɐ ˊŮɟɑɚɖɣɖ Űɖɠ ŬɜɎɚɡůɖɠ ůŰŮɑɟŮɡůɖɠ 

ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɞɡɠ Hall (1968) əŬɘ Tallaksen (1995). 

ȾŬŰɎ Űɖɜ əŬŰɎɟŰɘůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɓɚŮɣɖɠ, əɟɑɗɖəŮ ŬɜŬɔəŬɑɞ ɜŬ ɚɖűɗɞɨɜ ŰɟŮɘɠ ŮɜŬɚɚŬəŰɘəɞɑ 

Űɟɧˊɞɘ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɖɠ Ŭˊɞɟɟɞɐɠ (Q0), ɩůŰŮ ɜŬ ŮˊɘɚŮɔŮɑ ŬɡŰɧɠ ˊɞɡ ŮɝŬůűŬɚɑɕŮɘ 

Űɖɜ əŬɚɨŰŮɟɖ ˊɟɞůŬɟɛɞɔɐ ůŰŬ ŭŮŭɞɛɏɜŬ. 
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Ƀɘ ɓɟɞɢɞˊŰɩůŮɘɠ ŭɘŬəɧˊŰɞɡɜ ůɡɢɜɎ Űɖɜ ˊŮɟɑɞŭɞ ɨűŮůɖɠ əŬɘ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ŰɛɐɛŬŰŬ ɨűŮůɖɠ ɛŮ 

ˊɞɘəɑɚŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɘɎɟəŮɘŬɠ (ɆɢɐɛŬ 4.6). ɇŬ ŰɛɐɛŬŰŬ ŬɡŰɎ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ŭɘŬűɞɟŮŰɘəɎ 

ůŰɎŭɘŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Ůəɟɞɐɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ŮɝŬɟŰɩɜŰŬɘ Ůˊɑůɖɠ Ŭˊɧ Űɞ ůɡɔəŮəɟɘɛɏɜɞ 

ɛɞɜŰɏɚɞ əŬɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ. ȺˊɞɢɘŬəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ ˊɟɞůɗɏŰɞɡɜ 

ˊŮɟŬɘŰɏɟɤ ůŰɖɜ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ ɟɡɗɛɞɨ ɨűŮůɖɠ. ũŮɜɘəɎ, ɘ́ɞ ŬˊɧŰɞɛŮɠ əŬɛˊɨɚŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ˊŮɟɘɧŭɤɜ ɛŮ ɡɣɖɚɐ ŮɝŬŰɛɞŭɘŬˊɜɞɐ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ ŬɜɎˊŰɡɝɖɠ, ɛŮ ŬɜɎɚɞɔɖ 

ɛŮɑɤůɖ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ. ȼ ɡɣɖɚɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ɏɢŮɘ əŬŰŬůŰɐůŮɘ ŭɨůəɞɚɞ ɜŬ ɓɟŮɗŮɑ ɏɜŬɠ Űɟɧˊɞɠ 

ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ ŰɛɖɛɎŰɤɜ ɨűŮůɖɠ Ŭˊɧ ɛɘŬ ůɡɜŮɢɐ ɢɟɞɜɞůŮɘɟɎ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ 

ŭɘɎűɞɟŮɠ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ əŬɘ Űɖɜ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ɨűŮůɖɠ Űɖɠ ɟɞɐɠ 

(WMO, 2008). 
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5 ȾŬŰɎɟŰɘůɖ ɛɞɜŰɏɚɤɜ ˊɟɧɔɜɤůɖɠ ɢŬɛɖɚɩɜ ɟɞɩɜ 

ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ əŬŰɎɟŰɘůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ˊɟɧɔɜɤůɖɠ Űɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ, ŭɖɚŬŭɐ Űɤɜ ŭɘŮɟɔŬůɘɩɜ 

ůŰŮɑɟŮɡůɖɠ Űɖɠ Ŭˊɞɟɟɞɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ. ȼ ɢɟɞɜɘəɐ 

ˊŮɟɑɞŭɞɠ ˊɞɡ ɗŮɤɟŮɑŰŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ ŮɑɜŬɘ Űɞ ŭɘɎůŰɖɛŬ 15 

ȷˊɟɘɚɑɞɡ ɏɤɠ 15 ɃəŰɤɓɟɑɞɡ, əŬɗɩɠ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ ůŬűɐɜŮɘŬ ɖ ŰɎůɖ ɛŮɑɤůɖɠ Űɤɜ ˊŬɟɞɢɩɜ əŬɘ 

ůɡɛˊɑˊŰŮɘ ɛŮ Űɖɜ Ůˊɞɢɐ Űɤɜ ŬɟŭŮɨůŮɤɜ ůŰɞɜ Ůɚɚɖɜɘəɧ ɢɩɟɞ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŬɟɢɘəɎ ŮˊɘɢŮɘɟɐɗɖəŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ɛɞɜŰɏɚɞ ˊɟɧɔɜɤůɖɠ Űɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ 

Űɖɠ ɚŮəɎɜɖɠ ɚŬɛɓɎɜɞɜŰŬɠ əɎɗŮ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ ɝŮɢɤɟɘůŰɎ. ɆŮ ˊɟɩŰɞ ůŰɎŭɘɞ, ŮəŰɘɛɐɗɖəŮ ɖ 

ˊŬɟɎɛŮŰɟɞɠ ůŰŮɑɟŮɡůɖɠ Űɤɜ ɛɞɜŰɏɚɤɜ ŮűŬɟɛɧɕɞɜŰŬɠ ɛɘŬ ɢɤɟɑɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɛɖ ɔɟŬɛɛɘəɐ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ɋɠ əɟɘŰɐɟɘŬ ˊɟɞůŬɟɛɞɔɐɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ əŬɘ ɛɘŬ 

Űɟɞˊɞˊɞɘɖɛɏɜɖ Ůəŭɞɢɐ Űɞɡ, ɛŮ ɢɟɐůɖ ɚɞɔŬɟɑɗɛɤɜ, ˊɞɡ ŬˊɞŭɑŭŮɘ ɑůɞ ɓɎɟɞɠ ůŮ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ. ȾŬŰɎ 

Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŭɘəŬůɑŬ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŭŮɜ ŬˊɞɛɞɜɩɜɞɜŰŬɘ ŰŬ ˊɚɖɛɛɡɟɘəɎ ɔŮɔɞɜɧŰŬ Ŭˊɧ Űɖ 

ɢɟɞɜɞůŮɘɟɎ ˊŬɟɞɢɩɜ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ, ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɡˊɎɟɢɞɡɜ ɏŰɖ ˊɞɡ ɚɧɔɤ Űɤɜ ŰɏŰɞɘɤɜ 

ɔŮɔɞɜɧŰɤɜ, ˊŮɟɘɞɟɑɕŮŰŬɘ ŭɟŬůŰɘəɎ ɖ ŬɝɘɞˊɘůŰɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ůŰɧɢɞɠ ŮɑɜŬɘ ɖ 

ˊɟɧɔɜɤůɖ Űɖɠ ɓŬůɘəɐɠ Ŭˊɞɟɟɞɐɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ, ŮűŬɟɛɧůŰɖəŬɜ ŭɘɎűɞɟŮɠ ˊɟɞůŮɔɔɑůŮɘɠ ɩůŰŮ ɜŬ 

ŮɝɞɛŬɚɡɜɗɞɨɜ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ ɜŬ ŬˊŬɚŮɘűɗŮɑ ɞ ɗɧɟɡɓɞɠ ɚɧɔɤ Űɖɠ ˊŬɟŮɛɓɞɚɐɠ 

ɗŮɟɘɜɩɜ ˊɚɖɛɛɡɟɘəɩɜ ˊŬɟɞɢɩɜ ůŰɞ ŭŮɑɔɛŬ.  

ȷɟɢɘəɎ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ˊɟɞəŬŰŬɟəŰɘəɏɠ ŮˊŮɝŮɟɔŬůɑŮɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŬɢɗɞɨɜ ɞɟɘůɛɏɜŬ ɔŮɜɘəɎ 

ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ əŬɘ ɔɘŬ Űɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ, əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ, ŮɝɖɔɞɨɜŰŬɘ Űɞ ɛŮɗɞŭɞɚɞɔɘəɧ ˊɚŬɑůɘɞ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɡˊɞɚɞɔɘůŰɘəɎ ɓɐɛŬŰŬ. 

5.1 ɄɟɞəŬŰŬɟəŰɘəɏɠ ŬɜŬɚɨůŮɘɠ 

5.1.1 ȾŬɛˊɨɚŮɠ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ 

ȳˊɤɠ ŬɜŬˊŰɨɢɗɖəŮ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ɖ əŬɛˊɨɚɖ ɟɞɐɠ ŭɘɎɟəŮɘŬɠ ŮɑɜŬɘ ɛɘŬ ŬɗɟɞɘůŰɘəɐ 

əŬɛˊɨɚɖ ůɡɢɜɞŰɐŰɤɜ ˊɞɡ ŭŮɑɢɜŮɘ Űɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ ˊɞɡ ɞɘ Ŭˊɞɟɟɞɏɠ ŮɑɜŬɘ ɑůŮɠ ɐ ɛŮɔŬɚɨŰŮɟŮɠ 

Ŭˊɧ Űɖɜ Űɘɛɐ ŬɜŬűɞɟɎɠ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ ŭŮŭɞɛɏɜɖɠ ˊŮɟɘɧŭɞɡ. ȺɎɜ ɖ ˊŮɟɑɞŭɞɠ ůŰɖɜ ɞˊɞɑŬ 

ɓŬůɑɕŮŰŬɘ ɖ əŬɛˊɨɚɖ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ɛŬəɟɞˊɟɧɗŮůɛɖ ɟɞɐ Ůɜɧɠ ɟŮɨɛŬŰɞɠ, ɖ əŬɛˊɨɚɖ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ ˊɟɞɓɚŮűɗŮɑ ɖ əŬŰŬɜɞɛɐ Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ ɟɞɩɜ ɔɘŬ ŭɘɎűɞɟŮɠ ɢɟɐůŮɘɠ ɜŮɟɞɨ 

(ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ, ɨŭɟŮɡůɖ, ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ɢɟɐůŮɘɠ). 

ɆŰŬ ůɢɐɛŬŰŬ 5.1 ɏɤɠ 5.5 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ, ŮɜŭŮɘəŰɘəɎ, ɞɘ əŬɛˊɨɚŮɠ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɔɘŬ Űɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ 

ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ, ɔɘŬ ŰɏůůŮɟŬ ŭɘŬŭɞɢɘəɎ ɡŭɟɞɚɞɔɘəɎ ɏŰɖ. ɀŮ ɓɎůɖ Űɘɠ əŬɛˊɨɚŮɠ ŬɡŰɏɠ ɛˊɞɟŮɑ ɜŬ 

ŮəŰɘɛɖɗŮɑ ɖ Ŭˊɞɟɟɞɐ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ˊɞůɞůŰɧ Űɞɡ ɢɟɧɜɞɡ (Q90), ɔɘŬ Űɞ ŬɜŰɑůŰɞɘɢɞ 

ɏŰɞɠ. ȺɎɜ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ůɡɢɜɧŰɖŰŬ ŭŮɜ ŭɑɜŮŰŬɘ Ŭəɟɘɓɩɠ, ɞɘ Űɘɛɏɠ ɛˊɞɟŮɑ ɜŬ ɚɖűɗɞɨɜ ɤɠ ɖ Űɘɛɐ Űɞɡ Q 

ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ Űɞɡ EFQi (Exceedance Frequency, ˊɘɗŬɜɧŰɖŰŬ ɡˊɏɟɓŬůɖɠ) ˊɞɡ 

ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ɐ ɑůɖ ɛŮ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ Űɘɛɐ Űɞɡ EFQi. ȺɜŬɚɚŬəŰɘəɎ, Ŭɜ ɡˊɎɟɢɞɡɜ ɛŮɔɎɚŮɠ 

ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ Űɘɛɩɜ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛɘŬ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ. 

ȺɑɜŬɘ ůŬűɏɠ ɧŰɘ ɖ əɚɑůɖ Űɖɠ FDC ˊŬɟɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ ůɡɜŮɘůűɞɟɎ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ. Ƀɘ 

əŬɛˊɨɚŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ɛɘəɟɐ əɚɑůɖ ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ ɚɘɔɧŰŮɟɖ ɐ 

ˊŮɟɘůůɧŰŮɟɖ ůŰŬɗŮɟɐ ůɡɜŮɘůűɞɟɎ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ. ɆŰɘɠ ɡˊɧ ɛŮɚɏŰɖ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ, űŬɑɜŮŰŬɘ 

ˊɤɠ ɡˊɎɟɢɞɡɜ ˊŮɟɑɞŭɞɘ ɛŮ ŬɟəŮŰɎ ɢŬɛɖɚɏɠ ɟɞɏɠ, əŬɗɩɠ ɖ ˊŬɟɞɢɐ Űɞɡ ˊɞŰŬɛɞɨ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ. 

ȷɡŰɧ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ ŮɛűɎɜɘůɖ ůɞɓŬɟɩɜ űŬɘɜɞɛɏɜɤɜ ɢŬɛɖɚɩɜ ɟɞɩɜ əŬŰɎ Űɘɠ ɝɖɟɏɠ ˊŮɟɘɧŭɞɡɠ. 
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ɆɢɐɛŬ 5.1: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ȾɟŮɛŬůŰɩɜ ɔɘŬ ŰŬ ɏŰɖ 1998-2001 

 

ɆɢɐɛŬ 5.2: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Ⱥɡɐɜɞɡ ɔɘŬ ŰŬ ɏŰɖ 1995-1998 

 



60 

 

ɆɢɐɛŬ 5.3: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Imera Meridionale ɔɘŬ ŰŬ ɏŰɖ 1998-2001 

 

 

ɆɢɐɛŬ 5.4: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɄŮɟɘůŰŮɟɩɜŬɠ ɔɘŬ ŰŬ ɏŰɖ 1996-1999 

 

ɆɢɐɛŬ 5.5: ȾŬɛˊɨɚɖ ŭɘɎɟəŮɘŬɠ ɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɂŮɟɞɨ ɔɘŬ ŰŬ ɏŰɖ 1996-1999 
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5.1.2 ȾŬɛˊɨɚŮɠ ɛɏůɤɜ ˊŬɟɞɢɩɜ ŭɘŬűɧɟɤɜ ɢɟɞɜɘəɩɜ əɚɘɛɎəɤɜ 

ɆŰŬ ůɢɐɛŬŰŬ 5.6 əŬɘ 5.7 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɢɟɞɜɞůŮɘɟɏɠ Űɤɜ ɛɏůɤɜ ˊŬɟɞɢɩɜ Űɤɜ ŮˊŰɎ ɖɛŮɟɩɜ ɔɘŬ Űɘɠ 

ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ əŬɘ Űɞɡ Ⱥɡɐɜɞɡ, ŬɜŰɑůŰɞɘɢŬ. ȺɘŭɘəɧŰŮɟŬ, ůŰɞ ɆɢɐɛŬ 5.8 

ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ əɡɚɘɧɛŮɜɞɘ ɛɏůɞɘ ɧɟɞɘ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ, ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ 

ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ŭɘɎɔɟŬɛɛŬ ˊŬɟɏɢŮɘ ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

ŭɘŬəɨɛŬɜůɖ Űɖɠ ˊŬɟɞɢɐɠ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ. 

 

ɆɢɐɛŬ 5.6: ȾŬɛˊɨɚɖ ɛɏůɖɠ ˊŬɟɞɢɐɠ ŮˊŰɎ ɖɛŮɟɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ 

 

 
ɆɢɐɛŬ 5.7: ȾŬɛˊɨɚɖ ɛɏůɖɠ ˊŬɟɞɢɐɠ ŮˊŰɎ ɖɛŮɟɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ 
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ɆɢɐɛŬ 5.8: ȾɡɚɘɧɛŮɜɞɘ ɛɏůɞɘ ɧɟɞɘ ɔɘŬ Űɘɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ Űɤɜ 7, 15, 30, 60 əŬɘ 90 ɖɛŮɟɩɜ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Űɞɡ Ⱥɡɐɜɞɡ 

5.2 ɀɞɜŰŮɚɞˊɞɑɖůɖ ɢŬɛɖɚɩɜ ɟɞɩɜ 

5.2.1 ɀŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ əŬɛˊɡɚɩɜ ůŰŮɑɟŮɡůɖɠ 

ȼ əŬɛˊɨɚɖ ůŰŮɑɟŮɡůɖɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛŮ Űɖɜ ˊɟɞůŬɟɛɞɔɐ ɛɘŬɠ ŬɜŬɚɡŰɘəɐɠ ɏəűɟŬůɖɠ ŮəŰɑɛɖůɖɠ Űɞɡ 

ɟɡɗɛɞɨ ɛŮɑɤůɖɠ Űɖɠ ɓŬůɘəɐɠ ɟɞɐɠ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ. ȺɘŭɘəɧŰŮɟŬ, ɖ ɢŬɛɖɚɐ ˊŬɟɞɢɐ ˊɞɡ 

ɞűŮɑɚŮŰŬɘ ůŰɖ ɓŬůɘəɐ Ŭˊɞɟɟɞɐ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɤɠ Ůəɟɞɐ Ŭˊɧ ɏɜŬɜ ɔɟŬɛɛɘəɧ ŰŬɛɘŮɡŰɐɟŬ ŭŮŭɞɛɏɜɖɠ 

Ŭɟɢɘəɐɠ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɛɖŭŮɜɘəɐɠ Ůɘůɟɞɐɠ. ɀŮ Űɖɜ ˊŬɟŬˊɎɜɤ ɡˊɧɗŮůɖ, ɞ ɟɡɗɛɧɠ ɨűŮůɖɠ Űɖɠ ɟɞɐɠ 

ŬəɞɚɞɡɗŮɑ Űɖɜ Ŭˊɚɐ ŮəɗŮŰɘəɐ Ůɝɑůɤůɖ: 

                 ὗ  ὗ ÅzØÐὥὸ                       (5.1)                                                                        

ɧ́ ɞɡ Qest ŮɑɜŬɘ ɖ ˊɟɧɔɜɤůɖ Űɖɠ Ŭˊɞɟɟɞɐɠ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t, Q0 ŮɑɜŬɘ ɖ Ŭˊɞɟɟɞɐ ůŰɖɜ Ŭɟɢɐ Űɖɠ 

ˊŮɟɘɧŭɞɡ ˊɟɞůɞɛɞɑɤůɖɠ, əŬɘ Ŭ ŮɑɜŬɘ ˊŬɟɎɛŮŰɟɞɠ ůŰŮɑɟŮɡůɖɠ. ȼ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ŮˊɘɚɨŮŰŬɘ ůŮ 

ŭɘŬəɟɘŰɎ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ, ȹt, ˊɞɡ ŮɑɜŬɘ ůɡɜɐɗɤɠ Űɖɠ ŰɎɝɖɠ Űɤɜ ɖɛŮɟɩɜ.  

ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ ɗŮɤɟɐɗɖəŮ ɤɠ Q0: 

1. ȼ ɛɏůɖ Űɘɛɐ ˊŬɟɞɢɐɠ Űɤɜ ŭŮəŬˊɏɜŰŮ ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ɛɐɜŬ ȷˊɟɘɚɑɞɡ 

2. ȼ ŭɘɎɛŮůɖ Űɘɛɐ Űɤɜ ŭŮəŬˊɏɜŰŮ ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ɛɐɜŬ ȷˊɟɘɚɑɞɡ 

3. ȼ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ ŭŮəŬˊɏɜŰŮ ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ɛɐɜŬ ȷˊɟɘɚɑɞɡ 

ȼ ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɞɟɘůɛɩɜ Űɖɠ Ŭɟɢɘəɐɠ ˊŬɟɞɢɐɠ ɐŰŬɜ ŬɜŬɔəŬɑŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ 

ɡˊŮɟŮəŰɑɛɖůɖ Űɖɠ Űɘɛɐɠ Űɞɡ Q0 ɚɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ ˊɚɖɛɛɡɟɘəɩɜ ˊŬɟɞɢɩɜ ůŰɞ ˊɟɩŰɞ ŭŮəŬˊŮɜɗɐɛŮɟɞ 

Űɞɡ ȷˊɟɘɚɑɞɡ. ŪŮɤɟɖŰɘəɎ, ɖ ˊɚɏɞɜ ůɡɜŰɖɟɖŰɘəɐ ɗŮɩɟɖůɖ ŮɑɜŬɘ ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ, ˊɞɡ ɤůŰɧůɞ ɛˊɞɟŮɑ 

ɜŬ ɛɖɜ ŮɑɜŬɘ ˊɎɜŰɞŰŮ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ, Ŭɜ ɡˊɎɟɢɞɡɜ ůűɎɚɛŬŰŬ ɛŮŰɟɐůŮɤɜ ůŰɞ ŭŮɑɔɛŬ.   

5.2.2 ȺəŰɑɛɖůɖ ˊŬɟŬɛɏŰɟɞɡ ůŰŮɑɟŮɡůɖɠ 

ũɘŬ əɎɗŮ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ, ɔɘŬ ŭŮŭɞɛɏɜɖ Ŭɟɢɘəɐ ˊŬɟɞɢɐ Q0, ɖ ˊŬɟɎɛŮŰɟɞɠ ůŰŮɑɟŮɡůɖɠ a ŮəŰɘɛɐɗɖəŮ 

ɛŮ ˊɟɞůŬɟɛɞɔɐ Űɖɠ Ůɝɑůɤůɖɠ (4.5) ůŰɞ ŭŮɑɔɛŬ ŭŮŭɞɛɏɜɤɜ Űɖɠ ˊŮɟɘɧŭɞɡ ɢŬɛɖɚɩɜ ɟɞɩɜ, 

ŭɘŬŰɡˊɩɜɞɜŰŬɠ ɏɜŬ ˊɟɧɓɚɖɛŬ ɛɖ ɔɟŬɛɛɘəɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɢɤɟɑɠ ˊŮɟɘɞɟɘůɛɞɨɠ. ȷɟɢɘəɎ, ɤɠ ŭŮɑɔɛŬ 

ŬɜŬűɞɟɎɠ Ůɚɐűɗɖ ɖ ˊɚɐɟɖɠ ɢɟɞɜɞůŮɘɟɎ ɖɛŮɟɐůɘɤɜ ˊŬɟɞɢɩɜ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ Ŭˊɧ 15/4 ɏɤɠ 

15/10 (ŭɖɚŬŭɐ, Ůɚɐűɗɖ ůɡɔəŮəɟɘɛɏɜɞ ˊɚɐɗɞɠ Űɘɛɩɜ), Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ɏɔɘɜŬɜ ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŰɞ 

ŭŮɑɔɛŬ ŬɜŬűɞɟɎɠ, ŮɑŰŮ ɛŮ Ŭˊɞəɞˊɐ ɐ ŬˊɞɛɎəɟɡɜůɖ ɞɟɘůɛɏɜɤɜ ɡɣɖɚɩɜ Űɘɛɩɜ, ˊɞɡ ˊɟɞűŬɜɩɠ 

ŬɜŬűɏɟɞɜŰŬɘ ůŮ ˊɚɖɛɛɡɟɘəɏɠ ˊŬɟɞɢɏɠ, ŮɑŰŮ ɛŮ ɢɟɐůɖ űɑɚŰɟɤɜ ŮɝɞɛɎɚɡɜůɖɠ. Ƀɘ ůɢŮŰɘəɏɠ ŮˊŮɝŮɟɔŬůɑŮɠ 

ŮɝɖɔɞɨɜŰŬɘ ůŰɞ ŮˊɧɛŮɜɞ ŮŭɎűɘɞ. 
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ɆŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ŮɝŮŰɎůŰɖəŬɜ ŭɨɞ əɟɘŰɐɟɘŬ ˊɟɞůŬɟɛɞɔɐɠ. ɇɞ ˊɟɩŰɞ ŮɑɜŬɘ Űɞ ŬɗɟɞɘůŰɘəɧ 

ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ, ˊɞɡ ŬˊɞŰŮɚŮɑ Űɡˊɘəɧ ɛɏŰɟɞ əŬɚɐɠ ˊɟɞůŬɟɛɞɔɐɠ ɛɖ ɔɟŬɛɛɘəɩɜ ɛɞɜŰɏɚɤɜ, əŬɘ 

ŮəŰɘɛɎŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

‐ Вὗ ὗ                                   (5.2)                                      

ɧ́ ɞɡ Q ɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ Űɘɛɐ Űɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ Qest ɖ ɡˊɞɚɞɔɘůɛɏɜɖ Űɘɛɐ Ŭˊɧ Űɖɜ ůɢɏůɖ 5.1. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŬůűŬɚɘůŰɞɨɜ ŰŬ ŮˊɘɗɡɛɖŰɎ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɡ  

ŮɘůɎɔŮŰŬɘ ůŰɖ ůɡɜɎɟŰɖůɖ ˊɟɞůŬɟɛɞɔɐɠ (Efstratiadis et al., 2015), ŮɝŮŰɎɕŮŰŬɘ ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ 

ŭɘŬŰɨˊɤůɖ. ȷɟɢɘəɎ, ɞɟɑɕŮŰŬɘ Űɞ ůűɎɚɛŬ ɛŮŰŬɝɨ ˊɟɞůɞɛɞɘɤɛɏɜɖɠ əŬɘ ˊŬɟŬŰɖɟɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɤɠ ɞ 

ˊŬɟŬəɎŰɤ ɚɧɔɞɠ: 

  Ὡ
 

                                   (5.3)      

ɄɟɞűŬɜɩɠ, ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ɖ Űɘɛɐ Űɞɡ ůűɎɚɛŬŰɞɠ ɜŬ ŮɑɜŬɘ əɞɜŰɎ ůŰɖ ɛɞɜɎŭŬ. ȿŬɛɓɎɜɞɜŰŬɠ Űɞɡɠ 

űɡůɘəɞɨɠ ɚɞɔŬɟɑɗɛɞɡɠ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ ůűŬɚɛɎŰɤɜ et, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɖ 

ɢɟɞɜɞůŮɘɟɎ Űɤɜ ɚɞɔŬɟɑɗɛɤɜ Űɞɡ ůűɎɚɛŬŰɞɠ wt, ɖ ɞˊɞɑŬ ŮɑɜŬɘ: 

ύ ÌÎ Ὡ ÌÎὗ ὥὸὰὲὗ                         (5.4) 

ɋɠ ɛɏŰɟɞ əŬɚɐɠ ˊɟɞŬŬɟɛɞɔɐɠ, ɚŬɛɓɎɜŮŰŬɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɤɜ ůűŬɚɛɎŰɤɜ wt. 

 

5.2.3 Ɉˊɞɚɞɔɘůɛɧɠ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

ɆŰɖ ůɡɜɏɢŮŬ ŮűŬɟɛɧɕɞɜŰŬɘ ŭɘɎűɞɟŮɠ ˊɟɞůŮɔɔɑůŮɘɠ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ɐ ŮɝɞɛɎɚɡɜůɖ Űɤɜ Űɘɛɩɜ 

Ŭˊɞɟɟɞɐɠ ˊɞɡ ŭŮɜ ˊŬɟɎɔɞɜŰŬɘ ɛɏůɤ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ůŰŮɑɟŮɡůɖɠ, əŬɗɩɠ ůŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŮůŰɑŬůɖ ůŰɘɠ ɢŬɛɖɚɏɠ Űɘɛɏɠ Ŭˊɞɟɟɞɐɠ əŬɘ ɧɢɘ ůŰŬ ˊɚɖɛɛɡɟɘəɎ ɔŮɔɞɜɧŰŬ.  

ȼ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ŬűɞɟɎ ůŰɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ɖɛŮɟɞɛɖɜɑŬɠ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ, ˊɞɡ 

ůɡɛɓŬŰɘəɎ ɚŬɛɓɎɜŮŰŬɘ ɖ 15
ɖ
 ȷˊɟɘɚɑɞɡ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ ɧɚɤɜ Űɤɜ Űɘɛɩɜ ɛŮ Űɖɜ 

Ŭɟɢɘəɐ Űɘɛɐ Q0, əŬɘ ɞˊɞɘŬŭɐˊɞŰŮ ŮˊɧɛŮɜɖ Űɘɛɐ Űɖɜ ɝŮˊŮɟɜɎ ŮɝɘůɩɜŮŰŬɘ ɛŮ Űɖɜ Q0. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɞɘ 

ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ ŬˊɞəŰɞɨɜ Űɘɛɐ ɑůɖ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ əŬŰɎ ůŮɘɟɎ Űɘɛɐ, ɏŰůɘ ɩůŰŮ 

ɜŬ ɛɖɜ ɡˊɎɟɝŮɘ Ŭɚɚɞɑɤůɖ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ ɛŮɔŮɗɩɜ, ɧɛɤɠ ɜŬ ɛŮɘɤɗɞɨɜ ŬɟəŮŰɎ ɞɘ ŬəɟŬɑŮɠ Űɘɛɏɠ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ 5.9, ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ űɑɚŰɟɞɡ ŬɡŰɞɨ, ŬűŮɜɧɠ 

ŬɗɟɞɑɕŮŰŬɘ ɖ ˊŮɟɑɞŭɞɠ ɏɜŬɟɝɖɠ Űɖɠ ůŰŮɑɟŮɡůɖɠ Űɖɠ ɟɞɐɠ, əŬɘ ŬűŮŰɏɟɞɡ ŬˊɞəɧˊŰɞɜŰŬɘ ɧɚŮɠ ɞɘ 

ɛŮŰŬɔŮɜɏůŰŮɟŮɠ Űɘɛɏɠ Ŭˊɞɟɟɞɐɠ ˊɞɡ ŮɛűŬɜɩɠ ɞűŮɑɚɞɜŰŬɘ ůŮ ɔŮɔɞɜɧŰŬ ɏɜŰɞɜɖɠ ɓɟɞɢɧˊŰɤůɖɠ. 
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ɆɢɐɛŬ 5.9: ȹɘɎɔɟŬɛɛŬ ŮɝɞɛŬɚɡɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ ŮəŰɘɛɖɛɏɜɖ ɖɛɏɟŬ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ 

ˊŮɟɘɧŭɞɡ ɔɘŬ Űɖ ɚŮəɎɜɖ Űɤɜ ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1967 

 

5.2.4 Ɉˊɞɚɞɔɘůɛɧɠ ɚɐɝɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

ȷűɞɨ ɏɢŮɘ əŬɗɞɟɘůŰŮɑ ɖ ɖɛɏɟŬ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ, əɟɑɜŮŰŬɘ ŬɜŬɔəŬɑɞ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ əŬɘ ɖ 

ɚɐɝɖ Űɖɠ, ɎɟŬ əŬɘ ɖ ŭɘɎɟəŮɘŬ ɘůɢɨɞɠ Űɖɠ əŬɛˊɨɚɖɠ ůŰŮɑɟŮɡůɖɠ. ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ, əɎɗŮ ɢɟɞɜɘəɐ 

ˊŮɟɑɞŭɞɠ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɘŬůŰɐɛŬŰŬ ɛɐəɞɡɠ 15 ɖɛŮɟɩɜ əŬɘ ŮɚɏɔɢŮŰŬɘ Ŭɜ ɞ ɛɏůɞɠ ɧɟɞɠ ɖɛŮɟɐůɘɤɜ 

ˊŬɟɞɢɩɜ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ ŭŮəŬˊŮɜɗɖɛɏɟɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ Űɞɜ ˊɟɞɖɔɞɨɛŮɜɞ. ɀŮ ŬɡŰɧɜ Űɞɜ 

Űɟɧˊɞ, ŮɜŰɞˊɑɕŮŰŬɘ Űɞ ŰŮɚŮɡŰŬɑɞ ŭŮəŬˊŮɜɗɐɛŮɟɞ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ əŬɘ, əŬŰô ŮˊɏəŰŬůɖ, ɖ ɚɐɝɖ Űɖɠ 

ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. ȰɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŭɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.10, ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ 

ɢɟɞɜɞůŮɘɟɎ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ əŬŰɎ Űɖɜ ɝɖɟɐ ˊŮɟɑɞŭɞ Űɞɡ ɏŰɞɡɠ 1967. ȺűŬɟɛɧɕɞɜŰŬɠ Űɖɜ 

ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ɝɖɟɐ ˊŮɟɑɞŭɞɠ ɞɚɞəɚɖɟɩɜŮŰŬɘ ˊŮɟɑˊɞɡ Űɖɜ 138
ɖ
 ɖɛɏɟŬ. 
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ɆɢɐɛŬ 5.10: ȹɘɎɔɟŬɛɛŬ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1967 

 

5.2.5 ȺűŬɟɛɞɔɐ űɑɚŰɟɞɡ ɔɟŬɛɛɘəɐɠ ŮɝɞɛɎɚɡɜůɖɠ 

ɆŰɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊŮɟŬɘŰɏɟɤ ŭɘɧɟɗɤůɖ (ŮɝɞɛɎɚɡɜůɖ) Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊŬɟɞɢɩɜ Űɖɠ 

ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ůŰɞɘɢŮɘɩŭŮɠ ɔɟŬɛɛɘəɧ űɑɚŰɟɞ. ȷɟɢɘəɎ, ɢŬɟɎůůŮŰŬɘ ɖ ŮɡɗŮɑŬ 

ˊɞɡ ůɡɜŭɏŮɘ Űɖɜ Ŭɟɢɘəɐ əŬɘ ŰŮɚɘəɐ Űɘɛɐ Űɖɠ ˊŬɟɞɢɐɠ, ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ŮˊŬɜŬˊɟɞůŭɘɞɟɘůɛɏɜŮɠ 

ɖɛŮɟɞɛɖɜɑŮɠ ɏɜŬɟɝɖɠ əŬɘ ɚɐɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ɧůŮɠ Űɘɛɏɠ 

ˊŬɟɞɢɐɠ ɡˊŮɟɓŬɑɜɞɡɜ Űɖɜ Űɘɛɐ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ŮɡɗŮɑŬ, ɖ ɞˊɞɑŬ əŬɗɞɟɑɕŮɘ Űɞ ɗŮɤɟɖŰɘəɧ Ɏɜɤ ɧɟɘɞ 

Űɖɠ ˊŬɟɞɢɐɠ ůŰŮɑɟŮɡůɖɠ (ůŰɖɜ ɞɟɘŬəɐ ˊŮɟɑˊŰɤůɖ, ɖ əŬɛˊɨɚɖ ůŰŮɑɟŮɡůɖɠ ɛŮŰŬˊɑˊŰŮɘ ůŮ ŮɡɗŮɑŬ). ɆŰɞ 

ɆɢɐɛŬ 5.11 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɐɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ űɑɚŰɟɞɡ 

ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ. 
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ɆɢɐɛŬ 5.11: ȹɘɎɔɟŬɛɛŬ ŮűŬɟɛɞɔɐɠ ɔɟŬɛɛɘəɞɨ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ 

ɔɘŬ Űɞ ɏŰɞɠ 1972. Ƀɘ Űɘɛɏɠ ˊɞɡ ɡˊŮɟɓŬɑɜɞɡɜ Űɘɠ Űɘɛɏɠ Űɖɠ ŮɡɗŮɑŬɠ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ. 

5.2.6 ȺűŬɟɛɞɔɐ űɑɚŰɟɞɡ Savitzky-Golay  

ɇɞ űɑɚŰɟɞ Savitzky-Golay ŮɑɜŬɘ ɏɜŬ ɣɖűɘŬəɧ űɑɚŰɟɞ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ Ůɡɟɏɤɠ ůŮ ŰŮɢɜɘəɏɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ůɐɛŬŰɞɠ (Orfanidis, 2010). ɇɞ űɑɚŰɟɞ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ůŮ ɏɜŬ ůɨɜɞɚɞ ůɖɛŮɑɤɜ 

Ůɜɧɠ ůɐɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ˊŮɟɘɔɟɎűŮɘ ɛɘŬ ŬəɞɚɞɡɗɑŬ Űɘɛɩɜ ɐ ɛŮŰɟɐůŮɤɜ, ɛŮ ůəɞˊɧ Űɖɜ ŮɝɞɛɎɚɡɜůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ, ŭɖɚŬŭɐ, ɜŬ ŬɡɝɖɗŮɑ ɞ ɚɧɔɞɠ ůɐɛŬŰɞɠ ˊɟɞɠ Űɞ ɗɧɟɡɓɞ (signal to noise ratio, S/N) ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ ɢɤɟɑɠ ɜŬ ɡˊɎɟɝŮɘ ůŰɟɏɓɚɤůɖ Űɞɡ ůɐɛŬŰɞɠ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ɛɘŬ ŭɘŬŭɘəŬůɑŬ 

ɔɜɤůŰɐ ɤɠ ůɡɜɏɚɘɝɖ, ŭɖɚŬŭɐ Űɖɜ ˊɟɞůŬɟɛɞɔɐ ŭɘŬŭɞɢɘəɩɜ ůɡɜɧɚɤɜ ɔŮɘŰɞɜɘəɩɜ ůɖɛŮɑɤɜ ɛŮ ɏɜŬ 

ˊɞɚɡɩɜɡɛɞ ɢŬɛɖɚɞɨ ɓŬɗɛɞɨ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɛɏɗɞŭɞ Űɤɜ ŮɚɎɢɘůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ. ȼ ɛɏɗɞŭɞɠ 

ɓŬůɑɕŮŰŬɘ ůŮ əŬɗɘŮɟɤɛɏɜŮɠ ɛŬɗɖɛŬŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ əŬɘ ɏɔɘɜŮ ɔɜɤůŰɐ Ŭˊɧ Űɞɡɠ Abraham Savitzky 

əŬɘ Marcel J.E Golay, ɞɘ ɞˊɞɑɞɘ ŭɖɛɞůɑŮɡůŬɜ ˊɑɜŬəŮɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ůɡɜɏɚɘɝɖɠ ɔɘŬ ŭɘɎűɞɟŬ 

ˊɞɚɡɩɜɡɛŬ əŬɘ ɛŮɔɏɗɖ ɡˊɞůɡɜɧɚɤɜ (Savitzky & Golay, 1964). Ƀɘ ŮɟŮɡɜɖŰɏɠ ɏŭŮɘɝŬɜ ˊɤɠ ɖ 

ˊɞɚɡɤɜɡɛɘəɐ ˊɟɞůŬɟɛɞɔɐ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ɧˊɤɠ ɏɜŬ űɑɚŰɟɞ əɡɚɘɧɛŮɜɤɜ ɛɏůɤɜ ɧɟɤɜ ɛŮ ɓɎɟɖ, 

əŬɗɩɠ ɞɘ ůɡɜŰŮɚŮůŰɏɠ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ŮɝɞɛɎɚɡɜůɖɠ ŮɑɜŬɘ ɑŭɘɞɘ ɔɘŬ ɧɚŮɠ Űɘɠ Űɘɛɏɠ Űɖɠ ŮɝɞɛŬɚɡɛɏɜɖɠ 

ůŮɘɟɎɠ. ȰŰůɘ, ɖ ŮɝɞɛɎɚɡɜůɖ ɛŮ Űɖ ɢɟɐůɖ űɑɚŰɟɤɜ Savitzky-Golay ŮɑɜŬɘ Ŭˊɚɐ ůɢŮŰɘəɎ ŭɘŬŭɘəŬůɑŬ. 

Ⱥˊɑůɖɠ ɞ ɑŭɘɞɠ Ŭɚɔɧɟɘɗɛɞɠ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ɔɘŬ Űɖɜ ŮɝɞɛɎɚɡɜůɖ Űɖɠ ˊɟɩŰɖɠ əŬɘ Űɖɠ ŭŮɨŰŮɟɖɠ 

ˊŬɟŬɔɩɔɞɡ Űɖɠ ůŮɘɟɎɠ Űɞɡ ůɐɛŬŰɞɠ. ɇŬ űɑɚŰɟŬ Savitzky-Golay ˊɚŮɞɜŮəŰɞɨɜ ɏɜŬɜŰɘ Ɏɚɚɤɜ űɑɚŰɟɤɜ 

ŮɝɞɛɎɚɡɜůɖɠ, ɧˊɤɠ əɡɚɘɧɛŮɜɤɜ ɛɏůɤɜ ɧɟɤɜ, əŬɗɩɠ ŭɘŬŰɖɟɞɨɜ əŬɚɨŰŮɟŬ Űɞ ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ 

ˊŮɟɘŮɢɧɛŮɜɞ, Ŭɜ əŬɘ ŬˊɞɛŬəɟɨɜɞɡɜ ɚɘɔɧŰŮɟɞ ɗɧɟɡɓɞ. ȼ ɛɏɗɞŭɞɠ ɏɢŮɘ ŮˊŮəŰŬɗŮɑ əŬɘ ɔɘŬ ŮűŬɟɛɞɔɐ ůŮ 

ŭŮŭɞɛɏɜŬ ŭɨɞ əŬɘ Űɟɘɩɜ ŭɘŬůŰɎůŮɤɜ (Schafer, 2011). 

Ƀɘ ŮɝɞɛŬɚɡɛɏɜŮɠ Űɘɛɏɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖ ˊɟɞůŬɟɛɞɔɐ ɗɏůɖ ˊɟɞɠ ɗɏůɖ ůŮ əɎɗŮ ůɖɛŮɑɞ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ ɛɘŬɠ n-ɞůŰɞɨ ɓŬɗɛɞɨ ˊɞɚɡɤɜɡɛɘəɐɠ ůɡɜɎɟŰɖůɖɠ ůŮ n ɔŮɘŰɞɜɘəɎ ůɖɛŮɑŬ ŮəŬŰɏɟɤɗŮɜ Űɞɡ 

ůɖɛŮɑɞɡ ŬɜŬűɞɟɎɠ (ůɨɜɞɚɞ 2n + 1 ůɖɛŮɑŬ). ȼ ˊɟɞůŬɟɛɞɔɐ ɔɑɜŮŰŬɘ ɛŮ ɛɘŬ ɡˊɧɗŮůɖ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ ɛŮŰŬɝɨ Űɞɡ ɛɖŰɟɩɞɡ Űɤɜ ůɖɛŮɑɤɜ ὼ, Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ ŮɝɞɛŬɚɡɛɏɜɤɜ ůɖɛŮɑɤɜ ώ əŬɘ Űɞɡ 

ˊɑɜŬəŬ ůɡɜŰŮɚŮůŰɩɜ ὦ:  
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ώ ὼὦ                                                                          (5.5) 

ɇɞ ɛɏŰɟɞ Ůˊɑŭɞůɖɠ ὐ ɔɟɎűŮŰŬɘ: 

ὐ В Ὡ В ὼ ὧ ὧά Ễ ὧά άὭὲ               (5.6) 

ɧˊɞɡ Ὡ  Űɞ ůűɎɚɛŬ ůŰɞ ůɖɛŮɑɞ ˊɟɞůŬɟɛɞɔɐɠ ώ ὼ , ὧ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ˊɞɡ ɓŮɚŰɘůŰɞˊɞɘɞɨɜŰŬɘ 

ɔɘŬ Űɖɜ ˊɟɞůŬɟɛɞɔɐ, ά Űɞ ůɖɛŮɑɞ ˊɟɞůŬɟɛɞɔɐɠ, əŬɘ ὲ ɞ ɓŬɗɛɧɠ Űɖɠ ˊɞɚɡɤɜɡɛɘəɐɠ ůɡɜɎɟŰɖůɖɠ. 

ɀɏůɤ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɟɞəɨˊŰŮɘ ɖ ůɢɏůɖ:  

 

 ὦ  ὼὼ ὼώ                                                        (5.7) 

ɇŮɚɘəɎ, ɞɘ Űɘɛɏɠ Űɖɠ ŮɝɞɛŬɚɡɛɏɜɖɠ ůŮɘɟɎɠ ŮəűɟɎɕɞɜŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

ώ  ὼὦ  ὼὼὼ ὼώ  Ὄώ                                                   (5.8) 

 

ɧˊɞɡ Űɞ ɔɘɜɧɛŮɜɞ: 

Ὄ  ὼὼὼ ὼώ                                  (5.9) 

ŮɑɜŬɘ Űɞ ɔɜɤůŰɧ hat ɛɖŰɟɩɞ, əŬɘ ŮɑɜŬɘ Űɞ ɑŭɘɞ ɔɘŬ əɎɗŮ y ɔɘŬ ɞɟɘůɛɏɜɖ ˊɞɚɡɤɜɡɛɘəɐ ůɡɜɎɟŰɖůɖ. ɇɞ 

ɛɖŰɟɩɞ ὼ ŮɑɜŬɘ ɔɜɤůŰɧ əŬɘ ɤɠ ɛɖŰɟɩɞ Vandermond. ȼ n + 1 ůŮɘɟɎ Űɞɡ ɛɖŰɟɩɞɡ ȼ ɞɡůɘŬůŰɘəɎ ŭɑɜŮɘ 

ˊɘɜŬəɞˊɞɘɖɛɏɜɞɡɠ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ űɑɚŰɟɞ Savitzky-Golay. ȼ ˊɟɞůŬɟɛɞɔɐ 

ɔɑɜŮŰŬɘ əɘɜɞɨɛŮɜɖ ɔɨɟɤ Ŭˊɧ əɎɗŮ ůɖɛŮɑɞ ɗŮɤɟɩɜŰŬɠ Űɞ əŮɜŰɟɘəɧ. ũɘŬ ŰŬ ůɖɛŮɑŬ ůŰŬ ɎəɟŬ Űɖɠ ůŮɘɟɎɠ 

Űɞɡ ůɐɛŬŰɞɠ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ˊɞɡ ŭɑɜɞɜŰŬɘ ŭɘŬŭɞɢɘəɎ ůŰɘɠ ɎɚɚŮɠ ůŮɘɟɏɠ Űɞɡ ɛɖŰɟɩɞɡ Ὄ. 

Ƀɘ Savitzky and Golay (1964) ŮűɎɟɛɞůŬɜ Űɞ űɑɚŰɟɞ Űɞɡɠ əŬɘ ɔɘŬ ŭɘɎűɞɟɞɡɠ ɓŬɗɛɞɨɠ ůɡɜŬɟŰɐůŮɤɜ n 

əŬɘ ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ ɛɐəɖ l, ɞˊɧŰŮ ůŰɖ ɔŮɜɘəɐ ˊŮɟɑˊŰɤůɖ Űɞ ɛɐəɞɠ ὰ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ɖ ŮɝɞɛɎɚɡɜůɖ 

ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɑůɞ ɛŮ ςὲ ρ, ŬɟəŮɑ ɧɛɤɠ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ. ȰŰůɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 5.12, Űɞ ɛɏɔŮɗɞɠ ὲ ŮˊɖɟŮɎɕŮɘ Űɖ ˊɞɘɧŰɖŰŬ Űɖɠ ŮɝɞɛɎɚɡɜůɖɠ, Ůɜɩ Űɞ ɛɐəɞɠ l ŮɑɜŬɘ Űɞ ɛɐəɞɠ 

Ůˊɘɟɟɞɐɠ Űɖɠ ŮɝɞɛɎɚɡɜůɖɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɔɘŬ n = 0 Űɞ űɑɚŰɟɞ Savitzky-Golay ɛŮŰŬˊɑˊŰŮɘ 

ůŮ űɑɚŰɟɞ əɡɚɘɧɛŮɜɞɡ ɛɏůɞɡ ɧɟɞɡ. ɆŰɞ ɆɢɐɛŬ 5.13 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ŮɝɞɛɎɚɡɜůɖɠ Ůɜɧɠ 

ɗɞɟɡɓɩŭɞɡɠ ůɐɛŬŰɞɠ ɛŮ Űɞ űɑɚŰɟɞ Savitzky-Golay. 

 

ɆɢɐɛŬ 5.12: ȺɝɞɛɎɚɡɜůɖ ɛŮŰŬɝɨ ˊɏɜŰŮ ůɖɛŮɑɤɜ ɔɘŬ ŭɘŬűɞɟŮŰɘəɞɨɠ ɓŬɗɛɞɨɠ ˊɞɚɡɤɜɡɛɘəɐɠ ůɡɜɎɟŰɖůɖɠ n = 0, 1 

əŬɘ 2 (Ʉɖɔɐ: Orphanides, 2010) 
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ɆɢɐɛŬ 5.13: ɄŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɐɠ Űɞɡ űɑɚŰɟɞɡ Savitzky-Golay ůŮ ůɡɜɗŮŰɘəɧ ůɐɛŬ ɛŮ ˊɟɞůɗɐəɖ ɗɞɟɨɓɞɡ 

(ŬɟɘůŰŮɟɎ). Ƀ ɓŬɗɛɧɠ Űɞɡ ˊɞɚɡɤɜɨɛɞɡ ŮɑɜŬɘ d = 2 əŬɘ Űɞ ɛɐəɞɠ ŮɝɞɛɎɚɡɜůɖɠ ŮɑɜŬɘ Ɂ = 41. ȹŮɝɘɎ űŬɑɜŮŰŬɘ ɖ 

ˊɞɚɨ əŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ űɑɚŰɟɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞ Ŭɟɢɘəɧ ůɐɛŬ ˊɞɡ ůɖɛŮɘɩɜŮŰŬɘ ɛŮ ŭɘŬəŮəɞɛɛɏɜɖ ɔɟŬɛɛɐ 

(Ʉɖɔɐ: Orphanides, 2010) 
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ɆɢɐɛŬ 5.14: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ (Qt), ŮɝɞɛŬɚɡɛɏɜɖɠ (Qt-modified1) əŬɘ ŮɝɞɛŬɚɡɛɏɜɖɠ ŭŮɨŰŮɟɖ űɞɟɎ 

(Qt-modified2) ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ Űɞ ɏŰɞɠ 1972 

5.3 Ʉɟɞůŭɘɞɟɘůɛɧɠ əŬɗɞɚɘəɞɨ ɛɞɜŰɏɚɞɡ ˊɟɧɔɜɤůɖɠ 

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ əɎɗŮ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ, ɞˊɧŰŮ ŮɝɎɔŮŰŬɘ ɛɘŬ 

ɓɏɚŰɘůŰɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ůŰŮɑɟŮɡůɖɠ. ɋůŰɧůɞ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɢɟɐůɖ Űɞɡ 

ɛɞɜŰɏɚɞɡ ɔŬ ŮˊɘɢŮɘɟɖůɘŬəɞɨɠ ůəɞˊɞɨɠ, ŮɑɜŬɘ ŬɜŬɔəŬɑɞɠ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ ɛɘŬɠ əŬɗɞɚɘəɐɠ Űɘɛɐɠ Űɖɠ 

ˊŬɟŬɛɏŰɟɞɡ, ɔɘŬ ɧɚŬ ŰŬ ɡŭɟɞɚɞɔɘəɎ ɏŰɖ. ȼ Űɘɛɐ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɛɏůɤ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɧɚɤɜ Űɤɜ ɝɖɟɩɜ ˊŮɟɘɧŭɤɜ (ɛŮŰɎ Űɘɠ ŭɘɞɟɗɩůŮɘɠ əŬɘ 

ŮɝɞɛŬɚɨɜůŮɘɠ). ɄɟɞűŬɜɩɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ ˊɟɞůŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɑɜŬɘ 

ɚɘɔɧŰŮɟɞ əŬɚɐ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ çŰɞˊɘəɩɜè Űɘɛɩɜ ůŰŮɑɟŮɡůɖɠ (ŭɘŬűɞɟŮŰɘəɩɜ ŬɜɎ ɏŰɞɠ). 

ȳˊɤɠ ŬɜŬŭŮɘəɜɨŮŰŬɘ ůŰɘɠ ŬɜŬɚɨůŮɘɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞ ȾŮűɎɚŬɘɞ 7, ůŮ ŬɟəŮŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ 

ɡˊɎɟɢŮɘ ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ ɓɏɚŰɘůŰɖɠ Űɞˊɘəɐɠ ˊŬɟŬɛɏŰɟɞɡ ůŰŮɑɟŮɡůɖɠ əŬɘ Űɖɠ Ŭɟɢɘəɐɠ 

ˊŬɟɞɢɐɠ əŬŰɎ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. ȷɡŰɧ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɘŬŰɨˊɤůɖ ůŰŬŰɘůŰɘəɩɜ ůɢɏůŮɤɜ, 

ɛŮ ɓɎůɖ Űɘɠ ɞˊɞɑŮɠ ɖ Űɘɛɐ Űɞɡ Űɞˊɘəɞɨ ůɡɜŰŮɚŮůŰɐ ŮɝɎɔŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ Űɘɛɐ Űɖɠ Ŭɟɢɘəɐɠ ˊŬɟɞɢɐɠ, ɖ 

ɞˊɞɑŬ ŮɑɜŬɘ ɎɛŮůŬ ɛŮŰɟɐůɘɛɞ ɛɏɔŮɗɞɠ. ɀŮ Űɖɜ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ, ŮɝŬůűŬɚɑɕŮŰŬɘ əŬɚɨŰŮɟɖ 

ˊɟɞɔɜɤůŰɘəɐ ɘəŬɜɧŰɖŰŬ ůŮ ůɢɏůɖ ɛŮ Űɖ ɢɟɐůɖ ɛɘŬɠ əŬɗɞɚɘəɐɠ ˊŬɟŬɛɏŰɟɞɡ ůŰŮɑɟŮɡůɖɠ ɔɘŬ ɧɚŬ ŰŬ 

ɡŭɟɞɚɞɔɘəɎ ɏŰɖ. 
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6 Ɉɚɞˊɞɑɖůɖ ɡˊɞɚɞɔɘůŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ůŮ 
ˊŮɟɘɓɎɚɚɞɜ MATLAB  

ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ɖ əŬŰɎɟŰɘůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɖəŬɜ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ 

əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɛŮ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ MATLAB. ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ, ˊŬɟŬŰɑɗŮɜŰŬɘ 

ŬˊɞůˊɎůɛŬŰŬ Űɞɡ əɩŭɘəŬ (code snippets) əŬɗɩɠ əŬɘ ůɢŮŰɘəɎ ůɢɧɚɘŬ. 

6.1 ȷɟɢɘəɐ ŮˊŮɝŮɟɔŬůɑŬ 

6.1.1 ȺɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ-ɄɟɞəŬɗɞɟɘůɛɧɠ ɛŮɔɏɗɞɡɠ ɛɖŰɟɩɤɜ 

Data insert-matrix pre -allocation 

prompt= 'doste xronoseires  dedomenon' ;  

data=xlsread( 'kremasta_dedomena.xlsx' , 'Sheet1' , 'A1:AP367' );  

years=size(data,2);  

headers=data(1,:);  

data=data(2:367,:);  

Q0=zeros(1,years);  

Qt=zeros(184,years);  

a1=zeros(1,years);  

a2=zeros(1,years);  

Q1=zeros(184,years);  

Q2=zeros(184,years);  

totalerror1=zeros(1,years);  

totalerror2=zeros(1,years);  

x=1:184;  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ŮəŰŮɚɞɨɜŰŬɘ ɞɘ Ůɝɐɠ ŮɜɏɟɔŮɘŮɠ: 

Á ȺɘůŬɔɤɔɐ ůŰɞ ɢɩɟɞ ŮɟɔŬůɑŬɠ Űɞɡ MATLAB  Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɡˊɞɚɞɔɘůŰɘəɧ űɨɚɚɞ MS 

Excel ůŮ ɛɞɟűɐ ŭɡůŭɘɎůŰŬŰɞɡ ŮŰɐůɘɞɡ ˊɑɜŬəŬ, ɧˊɞɡ ůŰɘɠ ůŰɐɚŮɠ ŮɑɜŬɘ əŬŰŬɢɤɟɖɛɏɜŬ ŰŬ ɏŰɖ 

əŬɘ ůŰɘɠ ɔɟŬɛɛɏɠ ɞɘ ɖɛŮɟɐůɘŮɠ ɛŮŰɟɐůŮɘɠ Ŭˊɞɟɟɞɐɠ. Ⱥˊɑůɖɠ ŮɘůɎɔɞɜŰŬɘ ɞɘ ŮˊɘəŮűŬɚɑŭŮɠ Űɞɡ 

ˊɑɜŬəŬ ůŮ ŬɚűŬɟɘɗɛɖŰɘəɐ ɛɞɟűɐ (ˊ.ɢ. ç1967è) əŬɘ ůŰɖɜ ɛŮŰŬɓɚɖŰɐ years ŮəɢɤɟŮɑŰŬɘ Űɞ 

ˊɚɐɗɞɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŮŰɩɜ 

Á ɄɟɞəŬɗɞɟɘůɛɧɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ɛɖŰɟɩɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ ůəɞˊɧ 

Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ŰŬɢɨŰɖŰŬɠ. ɇŬ ɛɖŰɟɩŬ ŬɡŰɎ ŮɑɜŬɘ: 

o Q0 : ɖ Ŭˊɞɟɟɞɐ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɖɜ Ŭɟɢɐ Űɖɠ ˊŮɟɘɧŭɞɡ ůɨɛűɤɜŬ ɛŮ Űɞ ŮŭɎűɘɞ 5.3 

o Qt : ɖ ɛŮŰɟɖɛɏɜɖ Ŭˊɞɟɟɞɐ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 15 ȷˊɟɘɚɑɞɡ-15 ɃəŰɤɓɟɑɞɡ 

o a1: ɖ ˊŬɟɎɛŮŰɟɞɠ a Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɛɏůɞɡ 

ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ 

o a2: ɖ ˊŬɟɎɛŮŰɟɞɠ a Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ 

wt ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ 5.3 

o Q1: ɖ ŮəŰɘɛɖɛɏɜɖ Ŭˊɞɟɟɞɐ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 15 ȷˊɟɘɚɑɞɡ-15 ɃəŰɤɓɟɑɞɡ 

ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ɢɟɐůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a1 

o Q2: ɖ ŮəŰɘɛɖɛɏɜɖ Ŭˊɞɟɟɞɐ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 15 ȷˊɟɘɚɑɞɡ-15 ɃəŰɤɓɟɑɞɡ 

ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ɢɟɐůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a2 
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o totalerror1: Űɞ ɎɗɟɞɘůɛŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ ŬɜɎ ɏŰɞɠ, ɛŮ ɓɎůɖ Űɞ 

ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

o totalerror2: Űɞ ɎɗɟɞɘůɛŬ Űɞɡ ůűɎɚɛŬŰɞɠ wt ŬɜɎ ɏŰɞɠ, ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

o x: ŭɘɎɜɡůɛŬ ɛŮ Űɞɡɠ ŭŮɑəŰŮɠ Űɤɜ ɖɛŮɟɩɜ Űɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ 

6.1.2 ȾŬɗɞɟɘůɛɧɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ ɛɞɜŰɏɚɞɡ (Q0) əŬɘ Űɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ Űɖɠ 

Ŭˊɞɟɟɞɐɠ (Qt) 

Q0 - Qt determination 

for  j=1:years  

  if  isnan(data(366,j))  

    Q0(1,j)=min(data(91:104,j));  

 Qt(:,j)=data(105:288,j);  

  else  

    Q0(1,j)=min(data(92:105,j)); %ypologismos Q0  

    Qt(:,j)=data(106:289,j);  

  end  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ: 

Á ȾŬɗɞɟɑɕŮŰŬɘ ɖ Űɘɛɐ Q0 ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ŬˊɧůˊŬůɛŬ ɤɠ ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 

ŭŮəŬˊɏɜŰŮ ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ. ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ůŰɞ ŮŭɎűɘɞ 5.3, ɖ Űɘɛɐ Űɞɡ 

Q0 ɚŬɛɓɎɜŮɘ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŬɢɗɞɨɜ ůɡɛˊŮɟɎůɛŬŰŬ ɛŮŰɏˊŮɘŰŬ ɤɠ ˊɟɞɠ 

Űɞ ˊɞɘŬ Űɘɛɐ ɗŮɤɟŮɑŰŬɘ ɓɏɚŰɘůŰɖ 

Á ȾŬɗɞɟɑɕŮŰŬɘ Űɞ ŮɝŮŰŬɕɧɛŮɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ (15 ȷˊɟɘɚɑɞɡ - 15 ɃəŰɤɓɟɑɞɡ) Űɤɜ 

ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ Űɖɠ Ŭˊɞɟɟɞɐɠ 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ɔɘŬ ŰŬ ŭɑůŮəŰŬ ɏŰɖ. 

6.1.3 ȸŮɚŰɘůŰɞˊɞɑɖůɖ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ŭɘŬɔɟŬɛɛɎŰɤɜ 

Optimization using totalerror 1 and plotting  

 options = optimset( 'MaxFunEvals' ,1000);  

a1(1,j) = fminsearch(@(a) minimize_error1 (a, Q0(1,j), Qt(:,j)),0.01);  

[totalerror1(1,j),Q1(:,j)]=minimize_error1(a1(1,j),Q0(1,j),Qt(:,j));  

figure  

diagr=plot(x,Qt(:,j),x,Q1(:,j));  

title( ' ǂǦǙǠǭǞǩǩǞ ǩǢǰǭǤǩǚǪǤǮ ǧǞǦ ǱÙǬǨǬǠǦǯǩǚǪǤǮ ǞÙǬǭǭǬǛǮ' )  

xlabel( 'Days' ) % x - axis label  

ylabel( 'Q' ) % y - axis label  

legend( 'Qt' , 'Q1' , 'Location' , 'southwest' )  

temp=[num2str(headers(j)), '.pdf' ];  

saveas (gcf,temp);  

close all ;  

end  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŰŬ Ůɝɐɠ: 

Á ɄɟɞəŬɗɞɟɑɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮəŰɘɛɐůŮɤɜ Űɖɠ ůɡɜɎɟŰɖůɖɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ 

ŮəŰɑɛɖůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a1 (əŬɘ a2 ŬɜŰɑůŰɞɘɢŬ) 
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Á ɈˊɞɚɞɔɑɕŮŰŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ a1 (əŬɘ a2 ŬɜŰɑůŰɞɘɢŬ) ɛŮ ɓɎůɖ ɛɘŬ ůɡɜɎɟŰɖůɖ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ȷɜŬɚɡŰɘəɧŰŮɟŬ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ɔɘŬ ŬɡŰɐɜ ůŰɞ 

ŮŭɎűɘɞ 6.1.5 

Á ȷɜŬˊŬɟɘůŰɎŰŬɘ ůŮ ŭɘɎɔɟŬɛɛŬ ɖ ˊŬɟŬŰɖɟɖɛɏɜɖ əŬɘ ɖ ŮəŰɘɛɖɛɏɜɖ Űɘɛɐ Űɖɠ Ŭˊɞɟɟɞɐɠ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ űŬɜŮɑ ŮˊɞˊŰɘəɎ əŬŰɎ ˊɧůɞ Űɞ ɛɞɜŰɏɚɞ ˊɞɡ ŮəŰɘɛɎŰŬɘ ŬəɞɚɞɡɗŮɑ Űɖ ɛɞɟűɐ 

Űɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ Űɖɠ Ŭˊɞɟɟɞɐɠ 

6.1.4 ɆɡůɢɏŰɘůɖ ˊŬɟŬɛɏŰɟɞɡ ůŰŮɑɟŮɡůɖɠ (a) əŬɘ Ŭɟɢɘəɐɠ ˊŬɟɞɢɐɠ (Q0) 

Plotting and R-squared estimation 

createfigure _eq( a1, Q0)  

title ( ' ǂǦǙǠǭǞǩǩǞ ǯǱǯǳǚǰǦǯǤǮ ǯǱǪǰǢǨǢǯǰǛ a1 ǧǞǦ Q0' )  

xlabel ( ' a1' ) % x- axis  label  

ylabel ( ' Q0' ) % y- axis  label  

legend ( ' a1' , ' Q0' , ' Location ' , ' southwest ' )  

r 2=fitlm ( a1, Q0);  

r 2. Rsquared . Ordinary  

saveas  ( gcf , ' model _eq. pdf ' )  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɓŬɗɛɧɠ ůɡůɢɏŰɘůɖɠ Űɤɜ Űɘɛɩɜ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a1 

(əŬɘ a2 ŬɜŰɑůŰɞɘɢŬ) ɛŮ Űɖɜ Űɘɛɐ Q0. Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ŭŮɑɢɜŮɘ Űɞ ˊɞůɞůŰɧ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ 

Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ ˊɞɡ ŮɑɜŬɘ ˊɟɞɓɚɏɣɘɛɖ Ŭˊɧ Űɖɜ ŬɜŮɝɎɟŰɖŰɖ ɛŮŰŬɓɚɖŰɐ. ɇɏɚɞɠ, 

ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɛŮ Űɘɠ ŮəŰɘɛɖɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ əŬɘ Űɖɜ Űɘɛɐ Q0. 

6.1.5   ȹɘŬŰɨˊɤůɖ ůŰɞɢɘəɐɠ ůɡɜɎɟŰɖůɖɠ 

Function Pre-allocation 

function  [totaler1] = minimize_error1( a, Q0, Qt )  

Q=zeros(numel(Qt),1);  

error1=zeros(numel(Qt,1));  

ȼ ůɡɜɎɟŰɖůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŮɑɜŬɘ ɖ fminsearch, ˊɞɡ ɓɟɑůəŮŰŬɘ 

ŮɜůɤɛŬŰɤɛɏɜɖ ůŰɞ MATLAB  əŬɘ ɓɟɑůəŮɘ Űɞ ŮɚɎɢɘůŰɞ Ůɜɧɠ ůŰɞɘɢŮɑɞɡ (scalar) ˊɞɚɚɩɜ ɛŮŰŬɓɚɖŰɩɜ, 

ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ. ȷɡŰɧ ŬɜŬűɏɟŮŰŬɘ ɔŮɜɘəɎ ɤɠ ɢɤɟɑɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɛɖ ɔɟŬɛɛɘəɐ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ȼ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ŭɏɢŮŰŬɘ ɤɠ ɞɟɑůɛŬŰŬ Űɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a (ŰɡɢŬɑŬ Űɘɛɐ), Űɖɜ 

Űɘɛɐ Q0 əŬɘ Űɖɜ ɛŮŰɟɖɛɏɜɖ Ŭˊɞɟɟɞɐ Qt. ȺˊɘůŰɟɏűŮɘ Űɞ ɎɗɟɞɘůɛŬ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. 

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ɔɑɜŮŰŬɘ ˊɟɞəŬɗɞɟɘůɛɧɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ɗŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ 

ůŰɖɜ ůɡɜɎɟŰɖůɖ, ɧˊɞɡ: 

Á Q: ɖ ɛŮŰɟɖɛɏɜɖ Ŭˊɞɟɟɞɐ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 15 ȷˊɟɘɚɑɞɡ-15 ɃəŰɤɓɟɑɞɡ 

Á error1: Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ŬɜɎ ɏŰɞɠ, ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŬɜŰɑůŰɞɘɢɖ ŭɘŬŭɘəŬůɑŬ ŬəɞɚɞɡɗŮɑŰŬɘ əŬɘ ɔɘŬ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ůűɎɚɛŬ (error2) 

6.1.6 Ɉ́ ɞɚɞɔɘůɛɧɠ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ  

Function model estimation and error calculation 

for  i=1:numel(Qt)  

Q(i)=Q0*exp( - a*i);  
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error1(i)=(Qt(i) - Q(i))^2;  

 

end  

totaler1=sqrt(sum(error1));  

end  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ, ɔɘŬ ɧɚŮɠ Űɘɠ Űɘɛɏɠ Űɖɠ ˊŬɟŬŰɖɟɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ, ŮəŰŮɚɞɨɜŰŬɘ ŰŬ Ůɝɐɠ: 

Á ɀŮ ɓɎůɖ Űɖɜ Ůɝɑůɤůɖ 5.1 ɚŬɛɓɎɜŮŰŬɘ ɖ ɡˊɞɚɞɔɘůɛɏɜɖ Űɘɛɐ Űɖɠ Ŭˊɞɟɟɞɐɠ Qi 

Á ɈˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ error1, əŬɗɩɠ əŬɘ ɖ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ 

ŬɗɟɞɑůɛŬŰɧɠ Űɞɡ, totaler1 

6.1.7 Ɉ́ ɞɚɞɔɘůɛɧɠ ɚɞɔŬɟɘɗɛɘəɞɨ ůűɎɚɛŬŰɞɠ  

Model estimation and error calculation using logarithmic error 

for  i=1:numel(Qt)  

Q(i)=Q0*exp( - a*i);  

error2(i)=((log(Q(i)/Qt(i)))^2);  

 

end  

totaler2=sqrt(sum(error2));  

end  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŮəŰɘɛɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ, Űɞɡ 

ɚɞɔŬɟɘɗɛɘəɞɨ ůűɎɚɛŬŰɞɠ ɛŮ ɓɎůɖ Űɖɜ Ůɝɑůɤůɖ 5.3, əŬɗɩɠ əŬɘ Űɖɠ ŰŮŰɟŬɔɤɜɘəɐɠ ɟɑɕŬɠ Űɞɡ 

ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ ůűŬɚɛɎŰɤɜ ŬɡŰɩɜ ɔɘŬ ɧɚŬ ŰŬ ŮɝŮŰŬɕɧɛŮɜŬ ɏŰɖ. ȼ ŮɨɟŮůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a 

ɟ́ŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ ɢɟɐůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ fminsearch ůŮ ˊŮɟɘɓɎɚɚɞɜ 

MATLAB . 

6.2 Ɉˊɞɚɞɔɘůɛɧɠ ɏɜŬɟɝɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

6.2.1 ȺɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ-ɄɟɞəŬɗɞɟɘůɛɧɠ ɛŮɔɏɗɞɡɠ ɛɖŰɟɩɤɜ 

Data insert-matrix pre -allocation 

1.  prompt= 'doste xronoseires dedomenon'  

data=xlsread( 'Evinos_dedomena.xlsx' , 'Sheet1' , 'A1:AP367' );  

years=size(data,2);  

headers=data(1,:);  

data=data(2:367,:);  

Q0=zeros(1,years);  

Qt=zeros(184,years);  

a1=zeros(1,years);  

Q1=zeros(184,years);  

Q2=zeros(184,years);  

Qt_modified2=zeros(184,years);  

totaler ror1=zeros(1,years);  

totalerror2=zeros(1,years);  

x=1:184;  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ŮəŰŮɚɞɨɜŰŬɘ ɞɘ Ůɝɐɠ ŮɜɏɟɔŮɘŮɠ: 
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Á ȺɘůŬɔɤɔɐ ůŰɞ ɢɩɟɞ ŮɟɔŬůɑŬɠ Űɞɡ MATLAB  Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɡˊɞɚɞɔɘůŰɘəɧ űɨɚɚɞ MS 

Excel ůŮ ɛɞɟűɐ ŭɡůŭɘɎůŰŬŰɞɡ ŮŰɐůɘɞɡ ˊɑɜŬəŬ, ɧˊɞɡ ůŰɘɠ ůŰɐɚŮɠ ŮɑɜŬɘ əŬŰŬɢɤɟɖɛɏɜŬ ŰŬ ɏŰɖ 

əŬɘ ůŰɘɠ ɔɟŬɛɛɏɠ ɞɘ ɖɛŮɟɐůɘŮɠ ɛŮŰɟɐůŮɘɠ Ŭˊɞɟɟɞɐɠ. Ⱥˊɑůɖɠ ŮɘůɎɔɞɜŰŬɘ ɞɘ ŮˊɘəŮűŬɚɑŭŮɠ Űɞɡ 

ˊɑɜŬəŬ ůŮ ŬɚűŬɟɘɗɛɖŰɘəɐ ɛɞɟűɐ əŬɘ ůŰɖɜ ɛŮŰŬɓɚɖŰɐ years ŮəɢɤɟŮɑŰŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ 

ŭɘŬɗɏůɘɛɤɜ ŮŰɩɜ 

Á ɄɟɞəŬɗɞɟɘůɛɧɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ɛɖŰɟɩɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ ůəɞˊɧ 

Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ŰŬɢɨŰɖŰŬɠ. ɇŬ ɛɖŰɟɩŬ ŬɡŰɎ ŮɑɜŬɘ: 

o Q0 : ɖ Ŭˊɞɟɟɞɐ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɖɜ Ŭɟɢɐ Űɖɠ ˊŮɟɘɧŭɞɡ ůɨɛűɤɜŬ ɛŮ Űɞ ŮŭɎűɘɞ 5.3 

o Qt : ɖ ɛŮŰɟɖɛɏɜɖ Ŭˊɞɟɟɞɐ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 15 ȷˊɟɘɚɑɞɡ-15 ɃəŰɤɓɟɑɞɡ 

o a1: ɖ ˊŬɟɎɛŮŰɟɞɠ a Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɛɏůɞɡ 

ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ 

o Q1: ɖ ŮəŰɘɛɖɛɏɜɖ Ŭˊɞɟɟɞɐ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 15 ȷˊɟɘɚɑɞɡ-15 ɃəŰɤɓɟɑɞɡ 

ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ɢɟɐůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a1 

o Q2: ɖ ŮəŰɘɛɖɛɏɜɖ Ŭˊɞɟɟɞɐ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 15 ȷˊɟɘɚɑɞɡ-15 ɃəŰɤɓɟɑɞɡ 

ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ɢɟɐůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a2 

o Qt_modified2: ɖ ŮɝɞɛŬɚɡɛɏɜɖ Ŭˊɞɟɟɞɐ ˊɞɡ ˊɟɞɏəɡɣŮ ɨůŰŮɟŬ Ŭˊɧ ŮűŬɟɛɞɔɐ Űɞɡ 

űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ əɞɟɡűɩɜ, ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ŮŭɎűɘɞ 6.2.5 

o totalerror1: Űɞ ɎɗɟɞɘůɛŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ ŬɜɎ ɏŰɞɠ, ɛŮ ɓɎůɖ Űɞ 

ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

o totalerror2: Űɞ ɎɗɟɞɘůɛŬ Űɞɡ ůűɎɚɛŬŰɞɠ wt ŬɜɎ ɏŰɞɠ, ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

o x: ŭɘɎɜɡůɛŬ ɛŮ Űɞɡɠ ŭŮɑəŰŮɠ Űɤɜ ɖɛŮɟɩɜ Űɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ 

6.2.2 ȾŬɗɞɟɘůɛɧɠ Ŭɟɢɘəɐɠ ˊŬɟɞɢɐɠ (Q0) əŬɘ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ (Qt) 

Q0 - Qt determination 

for  j=1:years  

  if  isnan(data(366,j))  

    Q0(1,j)=mean(data(91:104,j));  

 Qt(:,j)=data(105:288,j);  

  else  

    Q0(1,j)=mean(data(92:105,j)); %ypologismos Q0  

    Qt(:,j)=data(106:289,j);  

  end  

  Qt_modified2(:,j)=Q_modificationA( Qt(:,j), Q0(1,j), headers(j) );  

 

startday=dry_season2( Qt_modified2(:,j), Q0(1,j), headers(j) );  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ: 

Á ȾŬɗɞɟɑɕŮŰŬɘ ɖ Űɘɛɐ Q0 ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ŬˊɧůˊŬůɛŬ ɤɠ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ 

ŭŮəŬˊɏɜŰŮ ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ. ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ůŰɞ ŮŭɎűɘɞ 5.3 ɖ Űɘɛɐ Űɞɡ Q0 

ɚŬɛɓɎɜŮɘ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŬɢɗɞɨɜ ůɡɛˊŮɟɎůɛŬŰŬ ɛŮŰɏˊŮɘŰŬ ɤɠ ˊɟɞɠ Űɞ 

ɞ́ɘŬ Űɘɛɐ ɗŮɤɟŮɑŰŬɘ ɓɏɚŰɘůŰɖ 

Á ȾŬɗɞɟɑɕŮŰŬɘ Űɞ ŮɝŮŰŬɕɧɛŮɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ (15 ȷˊɟɘɚɑɞɡ ɤɠ 15 ɃəŰɤɓɟɑɞɡ) Űɤɜ 

ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ Űɖɠ Ŭˊɞɟɟɞɐɠ 

Á ȾŬɚɞɨɜŰŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ Q_modificationA əŬɘ dry_season2 ɞ ɟɧɚɞɠ Űɤɜ ɞˊɞɑɤɜ 

ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰŬ ˊŬɟŬəɎŰɤ ŮŭɎűɘŬ. 

ȼ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ɔɘŬ ŰŬ ŭɑůŮəŰŬ ɏŰɖ. 
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6.2.3 ȸŮɚŰɘůŰɞˊɞɑɖůɖ ɛŮ ɓɎůɖ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ 

Optimization using totalerror 1 

[ a, fval ] = fminsearch (@(a) minimize _error 1dry  ( a, Q0(1, j ), Qt _modified 2(:, j ), startday ), 0.01);  

 a1(1, j )= a;  

 [ totalerror 1(1, j )]= minimize _error 1dry ( a1(1, j ), Q0(1, j ), Qt _modified 2(:, j ), startday );  

 [ Qsim]= Qsimulated ( a1(1, j ), Q0(1, j ), Qt _modified 2(:, j ));  

 

end  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŰŬ Ůɝɐɠ: 

Á ɈˊɞɚɞɔɑɕŮŰŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ a1 (əŬɘ a2 ŬɜŰɑůŰɞɘɢŬ) ɛŮ ɓɎůɖ ɛɘŬ ůɡɜɎɟŰɖůɖ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (ŮŭɎűɘɞ 6.1.5) 

Á ɈˊɞɚɞɔɑɕŮŰŬɘ ɖ ŮəŰɘɛɖɛɏɜɖ Ŭˊɞɟɟɞɐ ɛŮ ɓɎůɖ ɛɘŬ ůɡɜɎɟŰɖůɖ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ 

ŬɜŬɚɡŰɘəɧŰŮɟŬ ůŰɞ ŮŭɎűɘɞ 6.1.6 

Á ɈˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (ŬɜŰɑůŰɞɘɢŬ Űɞ ɚɞɔŬɟɘɗɛɘəɧ) 

 

6.2.4 ɆɡůɢɏŰɘůɖ ˊŬɟŬɛɏŰɟɞɡ ůŰŮɑɟŮɡůɖɠ (a) əŬɘ Ŭɟɢɘəɐɠ ˊŬɟɞɢɐɠ (Q0) 

Plotting and R-squared estimation 

x=1:184;  

figure  

diagr =plot ( x, Qt (:, j ), x, Qsim);  

title ('ǂǦǙǠǭǞǩǩǞ ǩǢǰǭǤǩǚǪǤǮ ǧǞǦ ǱÙǬǨǬǠǦǯǩǚǪǤǮ ǞÙǬǭǭǬǛǮ')  

xlabel ( ' Days ' ) % x- axis  label  

ylabel ( ' Q ( m̂ 3/ s)' ) % y- axis  label  

legend ( ' Qt  ( m̂ 3/ s)' , ' Q1 ( m̂ 3/ s)' )  

temp =[ num2str ( headers ( j )), '. png ' ];  

saveas  ( gcf , temp );  

close  all ;  

 createfigure _eq( a1, Q0)  

 title ( ' ǂǦǙǠǭǞǩǩǞ ǯǱǯǳǚǰǦǯǤǮ Q0 ǧǞǦ ǯǱǪǰǢǨǢǯǰǛ a1' )  

xlabel ( ' Q0 ( m̂ 3/ s)' ) % x- axis  label  

ylabel ( ' a1' ) % y- axis  label  

legend ( ' Q0 ( m̂ 3/ s)' , ' a1' )  

r 2=fitlm ( a1, Q0);  

r 2. Rsquared . Ordinary  

saveas  ( gcf , ' model _eq. png ' )  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ŬɟɢɘəɎ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɛŮ Űɖɜ ɛŮŰɟɖɛɏɜɖ əŬɘ 

ŮəŰɘɛɖɛɏɜɖ Ŭˊɞɟɟɞɐ, ůŰɖɜ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɓŬɗɛɧɠ ůɡůɢɏŰɘůɖɠ Űɤɜ Űɘɛɩɜ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a1 

(əŬɘ a2 ŬɜŰɑůŰɞɘɢŬ) ɛŮ Űɖɜ Űɘɛɐ Q0. Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ŭŮɑɢɜŮɘ Űɞ ˊɞůɞůŰɧ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ 

Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ ˊɞɡ ŮɑɜŬɘ ˊɟɞɓɚɏɣɘɛɖ Ŭˊɧ Űɖɜ ŬɜŮɝɎɟŰɖŰɖ ɛŮŰŬɓɚɖŰɐ. ɇɏɚɞɠ, 

ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɛŮ Űɘɠ ŮəŰɘɛɖɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ əŬɘ Űɖɜ Űɘɛɐ Q0. 

6.2.5 ɆɡɜɎɟŰɖůɖ minimize_error1dry  

funct ion  [totaler1 , Q] = minimize_error1dry(a, Q0, Qt, startday)  
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Q=zeros(numel(Qt),1);  

error1=zeros(numel(Qt,1));  

for  i=1:numel(Qt)  

Q(i)=Q0*exp( - a*i);  

if  i >= startday  

  error1(i)=(Q(i) - Qt(i))^2;  

end  

 

end  

totaler1=sqrt(sum(error1));  

 

end  

ȼ ůɡɜɎɟŰɖůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŮɑɜŬɘ ɖ fminsearch ˊɞɡ ɓɟɑůəŮŰŬɘ 

ŮɜůɤɛŬŰɤɛɏɜɖ ůŰɞ MATLAB  əŬɘ ɓɟɑůəŮɘ Űɞ ŮɚɎɢɘůŰɞ Ůɜɧɠ ůŰɞɘɢŮɑɞɡ (scalar) ˊɞɚɚɩɜ ɛŮŰŬɓɚɖŰɩɜ, 

ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ ɛɘŬ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ. ȷɡŰɧ ŬɜŬűɏɟŮŰŬɘ ɔŮɜɘəɎ ɤɠ ɢɤɟɑɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɛɖ ɔɟŬɛɛɘəɐ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ȼ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ŭɏɢŮŰŬɘ ɤɠ ɞɟɑůɛŬŰŬ Űɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a (ŰɡɢŬɑŬ Űɘɛɐ), Űɖɜ 

Űɘɛɐ Q0 əŬɘ Űɖɜ ɛŮŰɟɖɛɏɜɖ Ŭˊɞɟɟɞɐ Qt əŬɘ Űɖɜ ɖɛɏɟŬ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ (startday). 

ȺˊɘůŰɟɏűŮɘ Űɞ ɎɗɟɞɘůɛŬ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ 

ɔɑɜŮŰŬɘ ˊɟɞəŬɗɞɟɘůɛɧɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ɗŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ůŰɖɜ ůɡɜɎɟŰɖůɖ, ɧˊɞɡ: 

Á Q: ɖ ɛŮŰɟɖɛɏɜɖ Ŭˊɞɟɟɞɐ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 15 ȷˊɟɘɚɑɞɡ-15 ɃəŰɤɓɟɑɞɡ 

Á error1: Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ŬɜɎ ɏŰɞɠ, ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

Á totaler1: Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ ůűŬɚɛɎŰɤɜ ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɛŮ ɓɎůɖ Űɖɜ Ůɝɑůɤůɖ 5.1 ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŮəŰɘɛɖɛɏɜɖ Űɘɛɐ Űɖɠ Ŭˊɞɟɟɞɐɠ Qi əŬɘ Űɞ ɛɏůɞ 

ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ error1, əŬɗɩɠ əŬɘ ɖ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ ŬɗɟɞɑůɛŬŰɧɠ Űɞɡ, totaler1 ɛɧɜɞ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ Űɘɛɐ Űɖɠ Ŭˊɞɟɟɞɐɠ ŮɑɜŬɘ ɛŮŰɎ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ 

ŬɜŰɑůŰɞɘɢɖ ŭɘŬŭɘəŬůɑŬ ŬəɞɚɞɡɗŮɑŰŬɘ əŬɘ ɔɘŬ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ůűɎɚɛŬ (error2) 

 

6.2.6 ɆɡɜɎɟŰɖůɖ QmodificationA- ɄɟɞəŬɗɞɟɘůɛɧɠ ɛɖŰɟɩɤɜ 

Function ñQmodificationò pre-allocation 

 function  [ Qt_modified2 ] = Q_modificationA( Qt, Q0, headers )  

Qt _modified =Qt ;  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɡɜɎɟŰɖůɖ çQmodificationè, ˊɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɚɧ 

űɑɚŰɟɞ ŮɝɞɛɎɚɡɜůɖɠ Űɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ Ŭˊɞɟɟɞɐɠ. ɋɠ Ŭɟɢɘəɧ ɓɐɛŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ 

ˊɟɞəŬɗɞɟɘůɛɧɠ Űɤɜ Űɘɛɩɜ Qt-modified ɤɠ Űɘɠ ˊŬɟŬŰɖɟɖɛɏɜŮɠ Űɘɛɏɠ. 

 

 ȺɨɟŮůɖ ɛɏɔɘůŰɤɜ Űɘɛɩɜ Ŭˊɞɟɟɞɐɠ  

[ pks , locs , w, p]= findpeaks ( Qt );  

ɆŰɞ ŰɛɐɛŬ ŬɡŰɧ ɔɑɜŮŰŬɘ ŮɨɟŮůɖ Űɤɜ ɛŮɔɑůŰɤɜ Űɘɛɩɜ Űɖɠ ˊŬɟŬŰɖɟɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ, əŬɗɩɠ əŬɘ ɖ 

Ŭəɟɘɓɐɠ ɛɏɟŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ əɎɗŮ əɞɟɡűɐ. 



77 

 

ȺűŬɟɛɞɔɐ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ (V.1) 

for  i =1: numel ( Qt )  

  if  Qt ( i )> Q0 

    Qt _modified ( i )= Q0;  

  end  

end  

for  i =1: numel ( pks )  

if  pks ( i )> Qt ( locs ( i ) - 1)  

  Qt _modified ( locs ( i ))= Qt ( locs ( i ) - 1);  

end  

end  

for  i =1: numel ( Qt )  

  if  Qt _modified ( i )> Q0 

    Qt _modified ( i )= Q0;  

  end  

end  

x=(1:1: numel ( Qt ))  

figure  

plot ( x, Qt _modified , x , Qt );  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ ɔɑɜŮŰŬɘ ŮűŬɟɛɞɔɐ Ůɜɧɠ Ŭˊɚɞɨ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ Űɤɜ əɞɟɡűɩɜ Űɤɜ 

ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ Űɖɠ Ŭˊɞɟɟɞɐɠ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ űɑɚŰɟɞ ɓɟɑůəŮɘ ɞɡůɘŬůŰɘəɎ ŰŬ ŰɞˊɘəɎ 

ŬəɟɧŰŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ Űɖɜ ŮɝŮŰŬɕɧɛŮɜɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ (15 ȷˊɟɘɚɑɞɡ- 15 ɃəŰɤɓɟɑɞɡ), əɎɗŮ 

Űɘɛɐ ˊɞɡ ɡˊŮɟɓŬɑɜŮɘ Űɖɜ Ŭɟɢɘəɐ Űɘɛɐ Űɞɡ ɛɞɜŰɏɚɞɡ, ɔɑɜŮŰŬɘ Q0. ȷəɧɛɖ, ŬɟɢŮɘɞɗŮŰɞɨɜŰŬɘ ɞɘ ɗɏůŮɘɠ 

(ɖɛɏɟŮɠ) ˊɞɡ ɞɘ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ ɝŮˊŮɟɜɞɨɜ Űɖɜ Ŭɟɢɘəɐ Űɘɛɐ Űɞɡ ɛɞɜŰɏɚɞɡ. 

 

ȺűŬɟɛɞɔɐ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ (V.2) 

Qt _modified 2=Qt _modified ;  

[ pks 2, locs 2, w2, p2]= findpeaks ( Qt _modified );  

for  i =1: numel ( pks 2)  

if  pks 2( i )> Qt _modified ( locs 2( i ) - 1)  

  Qt _modified 2( locs 2( i ))= Qt _modified ( locs 2( i ) - 1);  

end  

end  

ȷəɞɚɞɡɗŮɑ ɛɘŬ ŭŮɨŰŮɟɖ ŮűŬɟɛɞɔɐ Űɞɡ űɑɚŰɟɞɡ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ, ˊɟɞəŮɘɛɏɜɞɡ ɞɘ 

ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ ɜŬ ŮɝɞɛŬɚɡɜɗɞɨɜ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ. ȼ ŭŮɨŰŮɟɖ ŮűŬɟɛɞɔɐ ɔɑɜŮŰŬɘ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɎɟɝɞɡɜ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

 

ɄŬɟɞɡůɑŬůɖ ŭɘŬɔɟŬɛɛɎŰɤɜ ŮɝɞɛŬɚɡɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ  

figure  

plot ( x, Qt _modified , x , Qt , x , Qt _modified 2);  

title ( ' ǂǦǙǠǭǞǩǩǞ ǢǫǬǩǞǨǱǩǚǪǤǮ ǞÙǬǭǭǬǛǮ' )  

xlabel ( ' Days ' ) % x- axis  label  

ylabel ( ' Q ( m̂ 3/ s)' ) % y- axis  label  

legend ( ' Qt  modified  1 ( m̂ 3/ s)' , ' Qobserved  ( m̂ 3/ s)' , ' Qt  modified  2 ( m̂ 3/ s)' )  

temp =[ ' Qt _modified  ' , num2str ( headers ), '. png ' ];  
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saveas  ( gcf , temp );  

close  all ;  

ɀ ɓɎůɖ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ůŰɞ ŮŭɎűɘɞ 6.2.5, ŮɝɎɔŮŰŬɘ ɏɜŬ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬɜŬˊŬɟɘůŰɎ 

Űɘɠ ŭɨɞ ŮűŬɟɛɞɔɏɠ Űɞɡ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ.  

 

6.2.7 ɆɡɜɎɟŰɖůɖ dry_season2 

ȷɝɘɞˊɞɘɩɜŰŬɠ Űɖɜ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ŮəŰɑɛɖůɖ Űɖɠ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. ŪŮɤɟŮɑŰŬɘ ɧŰɘ 

ɖ ɝɖɟɐ ˊŮɟɑɞŭɞɠ ɝŮəɘɜɎ Űɖɜ ˊɟɩŰɖ ɛɏɟŬ ˊɞɡ ɞɘ ŮɝɞɛŬɚɡɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ (Qt-modified2) 

ɝŮˊŮɟɎůɞɡɜ Űɖɜ Űɘɛɐ Q0. 

 

ɄɟɞəŬɗɞɟɘůɛɧɠ ɛɖŰɟɩɞɡ 

function  [ startday ] = dry _season ( Qt _modified 2, Q0, headers  )  

i =1;  

startday =1;  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɞɟɑůɛŬŰŬ ˊɞɡ ŭɏɢŮŰŬɘ ɖ ˊŬɟŬˊɎɜɤ ůɡɜɎɟŰɖůɖ. 

ɇŬ ɞɟɑůɛŬŰŬ ŬɡŰɎ ŮɑɜŬɘ: 

Á Qt_modified2: ȼ ŮɝɞɛŬɚɡɛɏɜŮɠ Űɘɛɏɠ Űɖɠ ˊŬɟŬŰɖɟɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɨůŰŮɟŬ Ŭˊɧ ŮűŬɟɛɞɔɐ Űɡɞ 

űɑɚŰɟɞɡ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ůŰɞ ŮŭɎűɘɞ 6.2.5 ŭɨɞ űɞɟɏɠ 

Á Q0: ɖ Ŭˊɞɟɟɞɐ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɖɜ Ŭɟɢɐ Űɖɠ ˊŮɟɘɧŭɞɡ ůɨɛűɤɜŬ ɛŮ Űɞ ɡˊɞəŮűɎɚŬɘɞ 5.3 

Á headers: ɞɘ ŮˊɘəŮűŬɚɑŭŮɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ŬɚűŬɟɘɗɛɖŰɘəɐ ɛɞɟűɐ (ˊ.ɢ. ç1967è) 

ȼ ůɡɜɎɟŰɖůɖ ŮˊɘůŰɟɏűŮɘ Űɖɜ ɖɛɏɟŬ ˊɞɡ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɝŮəɘɜɎ ɖ ɡɔɟɐ ˊŮɟɑɞŭɞɠ. ȷɟɢɘəɎ, ɔɑɜŮŰŬɘ 

Ŭɟɢɘəɞˊɞɑɖůɖ Űɤɜ Űɘɛɩɜ ɔɘŬ ɚɧɔɞɡɠ ɞɘəɞɜɞɛɑŬɠ ɢɟɧɜɞɡ. 

ȺɨɟŮůɖ Űɖɠ ɖɛɏɟŬɠ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

while  Qt_modified2(i)==Q0 && i<numel(Qt_modified2)  

    startday=i;  

    i=i+1;  

end  

ȾɎɗŮ ŮɝɞɛŬɚɡɛɏɜɖ ɛŮŰɟɖɛɏɜɖ Ŭˊɞɟɟɞɐ ŮɚɏɔɢɗɖəŮ Ŭɜ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɖɜ Ŭɟɢɘəɐ Ŭˊɞɟɟɞɐ Q0 (ɓɚ. 

ŮŭɎűɘɞ 6.2.5). ȼ ˊɟɩŰɖ Űɘɛɐ ˊɞɡ ɗŬ ŭɘŬűɏɟŮɘ Ŭˊɧ Űɞ Q0 ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŬˊɞŰŮɚŮɑ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɝɖɟɐɠ 

ˊŮɟɘɧŭɞɡ. 

 

ȹɘɎɔɟŬɛɛŬ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

x=( startday :1: numel ( Qt _modified 2));  

figure  

plot ( x, Qt _modified 2( startday : numel ( Qt _modified 2)));  

title ('ǂǦǙǠǭǞǩǩǞ ǢǪǞǭǫǛǮ ǫǤǭǛǮ ÙǢǭǦǸǡǬǱ')  

xlabel ( ' Days ' ) % x- axis  label  

ylabel ( ' Q ( m̂ 3/ s)' ) % y- axis  label  

legend ( ' Qt  modified  2 ( m̂ 3/ s)' )  

temp =[ ' Q_dry  ' , num2str ( headers ), '. png ' ];  

saveas  ( gcf , temp );  

close  all ;  
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end  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ ɔɑɜŮŰŬɘ ɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŮɝɞɛŬɚɡɛɏɜɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ 

Ŭˊɞɟɟɞɐɠ ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ ŮəŰɘɛɖɛɏɜɖ ɖɛɏɟŬ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ 

ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɗɩɠ əŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɛŮ ɓɎůɖ Űɖɜ Ŭˊɧəɚɘůɖ Űɖɠ 

ŮəŰɘɛɖɛɏɜɖɠ Ŭˊɧ Űɖɜ ˊŬɟŬŰɖɟɖɛɏɜɖ Ŭˊɞɟɟɞɐ ŮɑɜŬɘ ɧɛɞɘŬ ɛŮ ŮəŮɑɜɖ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ůŰɞ ŮŭɎűɘɞ 

6.1.7. 

6.3 Ɉˊɞɚɞɔɘůɛɧɠ ɚɐɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

Estimating Qmodified2 and dry season duration using functions 

  Qt_modified2(:,j)=Q_modificationA( Qt(:,j), Q0(1,j), headers(j) );  

  startday(:,j)=dry_season2( Qt_modified2(:,j), Q0(1,j), headers(j) );  

  [stopday,~]=season_stop2( Qt_modified2(:,j), headers(j), startday );  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ əŬɚɞɨɜŰŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊɞɡ ɗŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ŮɨɟŮůɖ 

Űɖɠ ɏɜŬɟɝɖɠ əŬɘ ɚɐɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ 

əɞɟɡűɩɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ əŬɚɞɨɜŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ ůɡɜŬɟŰɐůŮɘɠ: 

Á QmodificationA: ȼ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ŮűŬɟɛɧɕŮɘ Űɞ űɑɚŰɟɞ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ŭɘŮɝɞŭɘəɎ ůŰɞ 

ŮŭɎűɘɞ 6.2.5. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ ŬɡŰɐ Űɖɜ ˊɟɞůɏɔɔɘůɖ ɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ Ŭˊɧ Űɘɠ 15 ȷˊɟɘɚɑɞɡ ɏɤɠ 26 ɃəŰɤɓɟɑɞɡ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮəŰɘɛɖɗŮɑ 

ɏˊŮɘŰŬ ɖ ɚɐɝɖ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ůŮ ɞɟɘůɛɏɜŬ ɏŰɖ 

ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɖ ɝɖɟɐ ˊŮɟɑɞŭɞɠ ɜŬ ŮˊŮəŰŮɑɜŮŰŬɘ ɏɤɠ Űɞ Űɏɚɞɠ ɃəŰɤɓɟɑɞɡ. ɇŬɡŰɧɢɟɞɜŬ, ɖ 

Ůˊɘɚɞɔɐ ŬɡŰɐ ŭɘŮɡəɧɚɡɜŮ əŬɘ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŮɨɟŮůɖɠ Űɖɠ ɚɐɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ ˊɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ŮˊɧɛŮɜɞ ŮŭɎűɘɞ 

Á dry season2: ũɑɜŮŰŬɘ ŮɨɟŮůɖ Űɖɠ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ ɛŮ Űɖɜ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ŮŭɎűɘɞ 6.2.6 

Á season stop2: ȺəŰɘɛɎŰŬɘ ɖ ɚɐɝɖ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

6.3.1 ȸŮɚŰɘůŰɞˊɞɑɖůɖ ɛŮ Űɞ ɞɚɘəɧ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (totalerror 1) 

Optimization using totalerror 1 

[ a, fval ] = fminsearch (@(a) minimize _error 1dry _stop  ( a, Q0(1, j ), 

Qt _modified 2(:, j ), startday , stopday ),0.01);  

a1(1, j )= a;  

[ totalerror 1(1, j )]= minimize _error 1dry _stop ( a1(1, j ), 

Q0(1, j ), Qt _modified 2(:, j ), startday , stopday );  

[ Qsim]= Qsimulated ( a1(1, j ), Q0(1, j ), Qt _modified 2(:, j ));  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ŮŭɎűɘɞ 6.2.3. ɆŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɞɚɘəɞɨ ůűɎɚɛŬŰɞɠ ɚŬɛɓɎɜɞɜŰŬɘ ɞɘ Űɘɛɏɠ ˊɞɡ 

ŮɑɜŬɘ ŮɜŰɧɠ Űɖɠ ŮəŰɘɛɖɛɏɜɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. ũɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŭŮɜ ɡˊɞɚɞɔɑɕŮŰŬɘ ůűɎɚɛŬ. ȷəɧɛɖ, 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŮəŰɘɛɖɛɏɜɖ Ŭˊɞɟɟɞɐ ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰŬ ŮŭɎűɘŬ 6.1.5, 6.1.6 əŬɘ 6.1.7. 

6.3.2 ɆɡůɢɏŰɘůɖ ˊŬɟŬɛɏŰɟɞɡ ůŰŮɑɟŮɡůɖɠ (a) əŬɘ Űɖɠ Ŭɟɢɘəɐɠ ˊŬɟɞɢɐɠ (Q0) 

  x=( startday ( j ):( startday ( j )+ numel ( Qsim(:, j )) - 1));  
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stopday ( j )=( numel ( Qsim) - 1)+ startday ( j );  

  x=( startday ( j ): stopday ( j ));  

  y=(1:195);  

figure  

diagr =plot ( y, Qt (:, j ), x, Qsim);  

title ( ' ǂǦǙǠǭǞǩǩǞ ǩǢǰǭǤǩǚǪǤǮ ǧǞǦ ǱÙǬǨǬǠǦǯǩǚǪǤǮ ǞÙǬǭǭǬǛǮ' )  

xlabel ( ' Days ' ) % x- axis  label  

ylabel ( ' Q ( m̂ 3/ s)' ) % y- axis  label  

legend ( ' Qt  ( m̂ 3/ s)' , ' Qsim ( m̂ 3/ s)' )  

temp =[ num2str ( headers ( j )), '. png ' ];  

saveas  ( gcf , temp );  

close  all ;  

 

 

end  

createfigure _eq( Q0, a1)  

title ( ' ǂǦǙǠǭǞǩǩǞ ǯǱǯǳǚǰǦǯǤǮ Q0 ǧǞǦ ǯǱǪǰǢǨǢǯǰǛ a1' )  

xlabel ( ' Q0' ) % x- axis  label  

ylabel ( ' a1' ) % y- axis  label  

legend ( ' Q0' , ' a1' )  

r 2=fitlm ( Q0, a1);  

r 2. Rsquared . Ordinary  

saveas  ( gcf , ' model _eq. png ' )  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ əŬɘ ɡˊɞɚɞɔɘůɛɏɜɖɠ 

Ŭˊɞɟɟɞɐɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɓŬɗɛɧɠ ůɡůɢɏŰɘůɖɠ Űɤɜ Űɘɛɩɜ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a1 (əŬɘ a2 ŬɜŰɑůŰɞɘɢŬ) ɛŮ 

Űɖɜ Űɘɛɐ Q0. Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ŭŮɑɢɜŮɘ Űɞ ˊɞůɞůŰɧ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ 

ɛŮŰŬɓɚɖŰɐɠ ˊɞɡ ŮɑɜŬɘ ˊɟɞɓɚɏɣɘɛɖ Ŭˊɧ Űɖɜ ŬɜŮɝɎɟŰɖŰɖ ɛŮŰŬɓɚɖŰɐ. ɇɏɚɞɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ 

ŭɘɎɔɟŬɛɛŬ ɛŮ Űɘɠ ŮəŰɘɛɖɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ əŬɘ Űɖɜ Űɘɛɐ Q0. 

6.3.3 ɆɡɜɎɟŰɖůɖ Qmodification 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ůɡɜɎɟŰɖůɖ ŮűŬɟɛɧɕŮɘ ɏɜŬ Ŭˊɚɧ űɑɚŰɟɞ ŮɝɞɛɎɚɡɜůɖɠ Űɤɜ ɛŮɔŬɚɨŰŮɟɤɜ Űɘɛɩɜ Űɖɠ 

ˊŬɟŬŰɖɟɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ŭɨɞ űɞɟɏɠ. ȷɜŬɚɡŰɘəɧŰŮɟŬ ɔɘŬ ŬɡŰɐɜ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ ŮŭɎűɘɞ 6.2.5. 

 

ɄɟɞəŬɗɞɟɘůɛɧɠ ɛɖŰɟɩɞɡ 

function  [ Qt _modified 2 ] = Q_modificationA ( Qt , Q0, headers  )  

Qt _modified =Qt ;  

ȺɨɟŮůɖ Űɤɜ ɛɏɔɘůŰɤɜ Űɘɛɩɜ Űɖɠ Ŭˊɞɟɟɞɐɠ  

 [pks,locs,w,p]=findpeaks(Qt);  

ȺűŬɟɛɞɔɐ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ (V.1) 

for  i=1:numel(Qt)  

  if  Qt(i)>Q0  

    Qt_modified(i)=Q0;  

  end  



81 

end  

for  i=1:numel(pks)  

if  pks(i)>Qt(locs(i) - 1)  

  Qt_modified(locs(i))=Qt(locs(i) - 1);  

end  

end  

for  i=1:numel(Qt)  

  if  Qt_modified(i)>Q0  

    Qt_modified(i)=Q0;  

  end  

end  

ȹɘɎɔɟŬɛɛŬ ŮɝɞɛŬɚɡɛɏɜɤɜ Űɘɛɩɜ Ŭˊɞɟɟɞɐ; 

x=(1:1:195);  

figure  

plot ( x, Qt _modified , x , Qt );  

ȺűŬɟɛɞɔɐ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ (V.2) 

Qt _modified 2=Qt _modified ;  

[ pks 2, locs 2, w2, p2]= findpeaks ( Qt _modified );  

for  i =1: numel ( pks 2)  

if  pks 2( i )> Qt _modified ( locs 2( i ) - 1)  

  Qt _modified 2( locs 2( i ))= Qt _modified ( locs 2( i ) - 1);  

end  

end  

 

figure  

plot ( x, Qt _modified , x , Qt , x , Qt _modified 2);  

title ( ' ǂǦǙǠǭǞǩǩǞ ǢǫǬǩǞǨǱǩǚǪǤǮ ǞÙǬǭǭǬǛǮ' )  

xlabel ( ' Days ' ) % x- axis  label  

ylabel ( ' Q' ) % y- axis  label  

legend ( ' Qt  modified  1' , ' Qt  modified  2' )  

temp =[ ' Qt _modified  ' , num2str ( headers ), '. png ' ];  

saveas  ( gcf , temp );  

close  all ;  

end  

6.3.4 ɆɡɜɎɟŰɖůɖ dry season2 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ɛɘŬ ŮəŰɑɛɖůɖ Űɖɠ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. 

ŪŮɤɟŮɑŰŬɘ ɧŰɘ ɖ ɝɖɟɐ ˊŮɟɑɞŭɞɠ ɝŮəɘɜɎ Űɖɜ ˊɟɩŰɖ ɛɏɟŬ ˊɞɡ ɞɘ ŮɝɞɛŬɚɡɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ (Qt-

modified2) ɝŮˊŮɟɎůɞɡɜ Űɖɜ Űɘɛɐ Q0. ȺəŰŮɜɏůŰŮɟɖ ŬɜŬűɞɟɎ ɔɑɜŮŰŬɘ ůŰɞ ŮŭɎűɘɞ 6.2.6. 

 

ɄɟɞəŬɗɞɟɘůɛɧɠ ɛɖŰɟɩɞɡ Űɘɛɩɜ 

function  [ startday ] = dry _season 2( Qt _modified 2, Q0, headers  )  

i =1;  

startday =1;  
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ȺɨɟŮůɖ Űɖɠ ɖɛɏɟŬɠ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

while  Qt_modified2(i)==Q0 && i<numel(Qt_modified2)  

    startday=i;  

    i=i+1;  

end  

ȹɘɎɔɟŬɛɛŬ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

x=(startday:1:numel(Qt_modified2));  

figure  

plot(x,Qt_modified2(startday:numel(Qt_modified2)));  

title( ' ǂǦǙǠǭǞǩǩǞ ǢǪǞǭǫǛǮ ǫǤǭǛǮ ÙǢǭǦǸǡǬǱ' )  

xlabel( 'Days' ) % x - axis label  

ylabel( 'Q (m^3/s)' ) % y - axis label  

legend( 'Qt modified 2 (m^3/s)' )  

temp=[ 'Q_dry ' ,num2str(headers), '.png' ];  

saveas (gcf,temp);  

close all ;  

end  

6.3.5 ɆɡɜɎɟŰɖůɖ season_stop2 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ŮəŰɑɛɖůɖɠ Űɖɠ ɚɐɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. 

ȷəɞɚɞɡɗɞɨɜ ŰɛɐɛŬŰŬ əɩŭɘəŬ əŬɗɩɠ əŬɘ ŬɜŬɚɡŰɘəɏɠ ŮˊŮɝɖɔɐůŮɘɠ ɔɘŬ Űɖɜ Ŭəɟɘɓɐ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ 

ŮűŬɟɛɧůŰɖəŮ. 

 

Ɉˊɞɚɞɔɘůɛɧɠ əɡɚɘɧɛŮɜɞɡ ɛɏůɞɡ ɧɟɞɡ Űɤɜ ŭŮəŬˊɏɜŰŮ ɖɛŮɟɩɜ 

function  [ Qt_modified_final ] = season_stop( Qt_modified2, headers, startday )  

j =1;  

for  i =1:15:181  

  Av_15( j )= mean( Qt _modified 2( i :( i +14)));  

  j =j +1;  

end  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ əɡɚɘɧɛŮɜɞɠ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŭŮəŬˊɏɜŰŮ ɖɛŮɟɩɜ ɔɘŬ Űɖɜ 

ŮɝŮŰŬɕɧɛŮɜɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ (15 ȷˊɟɘɚɑɞɡ-26 ɃəŰɤɓɟɑɞɡ). 

 

ȺəŰɑɛɖůɖ ɚɐɝɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

l =j - 1;  

k=0;  

 

check =true  

 

while  check ==true  && k<l  

 k=k+1;  

 j =( k+1): l ;  
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 check =any ( Av_15( k)> Av_15( j ))  

end  

ɂŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɞ ˊɟɩŰɞ ŭŮəŬˊŮɜɗɐɛŮɟɞ, ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ Ŭɜ ɏůŰɤ ɏɜŬ Ŭˊɧ ŰŬ ŮˊɧɛŮɜŬ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɞ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɗŮɤɟŮɑŰŬɘ ɧŰɘ Űɞ ůɨɜɞɚɞ ŭŮəŬˊɏɜŰŮ ɖɛŮɟɩɜ ˊɞɡ ɗŬ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɞ ɗŬ ůɖɛɎɜŮɘ əŬɘ Űɖ ɚɐɝɖ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɗŬ ɏɢɞɡɜ ɝŮəɘɜɐůŮɘ űŬɘɜɧɛŮɜŬ 

ɏɜŰɞɜɖɠ ɓɟɞɢɧˊŰɤůɖɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ, ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ Űɖɜ ɏɜŬɟɝɖ əŬɘ ɚɐɝɖɠ Űɖɠ.  

 

ȹɘɎɔɟŬɛɛŬ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

Qt _modified _final =Qt _modified 2( startday :( k*15));  

x=(1: numel ( Qt _modified _final ));  

figure  

plot ( x, Qt _modified _final );  

title ( ' ǂǦǙǠǭǞǩǩǞ ǚǪǞǭǫǤǮ ǧǞǦ ǨǛǫǤǮ ǰǤǮ ǫǤǭǛǮ ÙǢǭǦǸǡǬǱ' )  

xlabel ( ' Days ' ) % x- axis  label  

ylabel ( ' Q ( m̂ 3/ s)' ) % y- axis  label  

legend ( ' Qt  modified  final  ( m̂ 3/ s)' )  

temp =[ ' Q_season _stop  ' , num2str ( headers ), '. png ' ];  

saveas  ( gcf , temp );  

close  all ;  

stopday =k*15;  

end  

6.4 ūɑɚŰɟɞ ɔɟŬɛɛɘəɐɠ ŮɝɞɛɎɚɡɜůɖɠ  

6.4.1 ɄɟɞəŬɗɞɟɘůɛɧɠ ɛɖŰɟɩɤɜ 

 

function  [totaler2, Q] = minimize_error2dry_stop_linear (a, Q0, Qt, startday,stopday)  

Q=zeros(numel(Qt),1);  

error2=zeros(numel(Qt,1));  

ȼ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ŭɏɢŮŰŬɘ ɤɠ ɞɟɑůɛŬŰŬ Űɖɜ ˊŬɟɎɛŮŰɟɞ Űɞɡ ɛɞɜŰɏɚɞɡ (a), Űɖɜ Ŭɟɢɘəɐ Űɘɛɐ Űɖɠ 

Ŭˊɞɟɟɞɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ (Q0), Űɖɜ ɖɛɏɟŬ ɏɜŬɟɝɖɠ (startday) əŬɘ Űɖɜ ɖɛɏɟŬ ɚɐɝɖɠ (stopday) Űɖɠ ɝɖɟɐɠ 

ˊŮɟɘɧŭɞɡ. ɇŬ ůŰɞɘɢŮɑŬ ˊɞɡ ˊɟɞəŬɗɞɟɑɕɞɜŰŬɘ ŮɑɜŬɘ: 

Á Q: Ƀɘ ŮəŰɘɛɖɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ 

Á error2: ɇɞ ɚɞɔŬɟɘɗɛɘəɧ ůűɎɚɛŬ 

6.4.2  ȺűŬɟɛɞɔɐ ɔɟŬɛɛɘəɞɨ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ 

c=( Qt ( stopday ) - Q0)/( stopday - 1);  

b=Qt ( stopday ) - c*( stopday );  

for  i =1: numel ( Qt )  

Q( i )= Q0* exp ( - a* i );  

if  i  >= startday  

  if  i <=stopday  

   if  Qt ( i )<= ( c* i +b)  

   error 2( i )=(( log ( Q( i )/ Qt ( i )))^2);  
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   end  

  end  

 

end  

end  

totaler 2=sqrt ( sum( error 2));  

 

end  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮűŬɟɛɞɔɐ Űɞɡ ɔɟŬɛɛɘəɞɨ űɑɚŰɟɞɡ. Ƀɘ Űɘɛɏɠ ˊɞɡ 

ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůűɎɚɛŬŰɞɠ ŮɑɜŬɘ ŮəŮɑɜŮɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ 

ŮɡɗŮɑŬ ɔɟŬɛɛɐ ˊɞɡ ɏɢŮɘ ɞɟɘůɗŮɑ ɤɠ əŬŰɩűɚɘ. ȾɎɗŮ Űɘɛɐ Űɖɠ ɛŮŰɟɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ŮɚɏɔɢŮŰŬɘ Ŭɜ 

ɡˊŮɟɓŬɑɜŮɘ Űɘɠ Űɘɛɏɠ Űɖɠ ŮɡɗŮɑŬɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɘůɢɨŮɘ əɎŰɘ ŰɏŰɞɘɞ, ŭŮɜ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ůŰɖɜ 

əŬŰɎɟŰɘůɖ Űɞɡ ɛɞɜŰɏɚɞɡ.  

6.5 ūɑɚŰɟɞ Savitzky-Golay 

ɆŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬ Ŭˊɚɧ ɔɟŬɛɛɘəɧ űɑɚŰɟɞ ɔɘŬ Űɖɜ ŮɝɞɛɎɚɡɜůɖ Űɤɜ 

ɛŮɔɑůŰɤɜ ŬəɟŬɑɤɜ Űɘɛɩɜ. ɆŰɞ ˊŬɟɩɜ ɡˊɞəŮűɎɚŬɘɞ ŬɝɘɞˊɞɘɐɗɖəŮ Űɞ űɑɚŰɟɞ ŮɝɞɛɎɚɡɜůɖɠ Savitzky-

Golay ɔɘŬ Űɞɜ ɑŭɘɞ ůəɞˊɧ. ȷɜŬɚɡŰɘəɎ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ űɑɚŰɟɞ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɖɜ ŮɜɧŰɖŰŬ 4.6. 

ɋɠ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞɠ ŬɜŬűɞɟɎɠ ŮˊɘɚɏɢɗɖəŮ Űɞ ŭɘɎůŰɖɛŬ 15 ȷˊɟɘɚɑɞɡ ɏɤɠ 14 ɃəŰɤɓɟɑɞɡ, ŭŮŭɞɛɏɜɞɡ 

ɧŰɘ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ɐŰŬɜ ɞ ˊŮɟɘŰŰɧɠ Ŭɟɘɗɛɧɠ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ. ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ ɧɛɞɘŬ ɛŮ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ ŮŭŬűɑɞɡ ɛŮ Űɖ ɛɧɜɖ ŭɘŬűɞɟɎ ɜŬ ŮɑɜŬɘ Űɞ űɑɚŰɟɞ 

ŮɝɞɛɎɚɡɜůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ. Ƀ əɩŭɘəŬɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ Űɞɡ ɔŮɜɘəɞɨ űɑɚŰɟɞɡ Savitzky-Golay 

ŬɜŬəŰɐɗɖəŮ Ŭˊɧ Űɞɜ Shao Ying Huang (2012) əŬɘ ŬɝɘɞˊɞɘŮɑŰŬɘ ɛŮ ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ. 

 

order =3;  

vIN =Qt (:, j );  

i nterval =59;  

vOUT=savitzkyGolay 1D_rle ( vIN , order , interval  );  

figure  

x=1: numel ( vIN );  

plot ( x, vIN , x, vOUT);  

title ( ' ǂǦǙǠǭǞǩǩǞ ǲǜǨǰǭǬǱ Savitzky - Golay ' )  

xlabel ( ' Days ' ) % x- axis  label  

ylabel ( ' Q ( m̂ 3/ s)' ) % y- axis  label  

legend ( ' ǊǢǰǭǤǩǚǪǤ ǞÙǬǭǭǬǛ ( m̂ 3/ s)' , ' ǃǫǬǩǞǨǱǩǚǪǤ ǞÙǬǭǭǬǛ ( m̂ 3/ s)' )  

temp =[ ' SG' , num2str ( headers ( j )), '. png ' ];  

saveas  ( gcf , temp );  

close  all ;  

 

[ a, fval ] = fminsearch (@(a) minimize _error 1dry _stop ( a, Q0(1, j ), vOUT, startday , stopday ),0.01);  

 a1(1, j )= a;  

 [ totalerror 1(1, j )]= minimize _error 1dry _stop ( a1(1, j ), Q0(1, j ), vOUT, startday , stopday );  

 [ Qsim]= Qsimulated ( a1(1, j ), Q0(1, j ), Qt (:, j ));  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ űɑɚŰɟɞɡ Savitzky-Golay. ũɘŬ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ űɑɚŰɟɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ůɡɜɎɟŰɖůɖ savitzkyGolay1D_rle, ɧˊɞɡ: 

Á vIN: Űɞ ŭɘɎɜɡůɛŬ ɛŮ Űɘɠ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ 

Á order: ɞ ɓŬɗɛɧɠ Űɞɡ ˊɞɚɡɤɜɨɛɞɡ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŮɝɞɛɎɚɡɜůɖ 

Á interval: Űɞ ɛɏɔŮɗɞɠ Űɞɡ ˊŬɟŬɗɨɟɞɡ (ŮɑɜŬɘ ɜŬ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŮɑɜŬɘ ɎɟŰɘɞɠ Ŭɟɘɗɛɧɠ əŬɘ ɜŬ ɏɢŮɘ 

ɛɏɔŮɗɞɠ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ ŭɘɎɜɡůɛŬ vIN) 
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Á vOUT: Űɞ ŮɝŬɔɧɛŮɜɞ ŭɘɎɜɡůɛŬ ɛŮŰɎ Ŭˊɧ ŮűŬɟɛɞɔɐ Űɞɡ űɑɚŰɟɞɡ 

6.6 ɀɞɜŰɏɚɞ ɞɚɘəɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ (Global optimization model) 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŮɜɧŰɖŰŮɠ ɧˊɞɡ ɞɘ ŮˊŮɝŮɟɔŬůɑŮɠ ˊɞɡ ɏɔɘɜŬɜ ŬɜŬűɏɟɞɜŰŬɘ ůŮ əɎɗŮ 

ŮɝŮŰŬɕɧɛŮɜɞ ɏŰɞɠ Űɖɠ ɚŮəɎɜɖɠ ɝŮɢɤɟɘůŰɎ, ůŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɏɜŬ ɛɞɜŰɏɚɞ ɞɚɘəɐɠ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŭɨɞ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ əɎɗŮ ɚŮəɎɜɖ ůŰɞ ůɨɜɞɚɧ Űɖɠ, ɏŰůɘ ɩůŰŮ ɜŬ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ ůɨɜŭŮůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ɚŮəɎɜɖɠ (ɔŮɤɛɞɟűɞɚɞɔɘəɩɜ, əɚɘɛŬŰɘəɩɜ ə.Ŭ.) ɛŮ 

Űɘɠ ŮəŰɘɛɖɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ɛɞɜŰɏɚɞɡ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɞɜŰɏɚɞ ŬɝɘɞˊɞɘŮɑ ɧɚŮɠ Űɘɠ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɛɞɜɤɛɏɜŮɠ ŮˊŮɝŮɟɔŬůɑŮɠ ɔɘŬ Űɖɜ ˊɞɘɞŰɘəɐ Ůˊɘɚɞɔɐ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ ůɡɜŭɡŬůɛɞɨ 

Ŭɟɢɘəɐɠ Űɘɛɐɠ (Q0) əŬɘ Űɟɧˊɞɡ ɡˊɞɚɞɔɘůɛɞɨ ůűɎɚɛŬŰɞɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ Űɖɠ 

ɛɞɟűɐɠ: 

ὗὸȟὝ ὗ Ὕ ÅzØÐ Ὧὗ ὸz                                                  (6.1)                                        

Ὧὗ ὥ ὦz ὗ Ὕ                                                          (6.2)                                

ȳˊɞɡ: 

Q0(T): ɖ Űɘɛɐ Űɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɖɜ Ŭɟɢɐ Űɖɠ ŮɝŮŰŬɕɧɛŮɜɖɠ ˊŮɟɘɧŭɞɡ (15 ȷˊɟɘɚɑɞɡ- 15 

ɃəŰɤɓɟɑɞɡ). ȼ Űɘɛɐ ŬɡŰɐ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɞɡ əɎɗŮ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ 

a: ˊŬɟɎɛŮŰɟɞɠ Űɞɡ ɛɞɜŰɏɚɞɡ 

b: ˊŬɟɎɛŮŰɟɞɠ Űɞɡ ɛɞɜŰɏɚɞɡ 

T: ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ 

t: ɖɛɏɟŬ ɔɘŬ Űɖɜ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ Ŭˊɧ 15 ȷˊɟɘɚɑɞɡ ɏɤɠ 15 ɃəŰɤɓɟɑɞɡ 

  

ɆŰŬ ŮˊɧɛŮɜŬ ŮŭɎűɘŬ ˊŬɟŬŰɑɗŮɜŰŬɘ əŬɘ ŮɝŮŰɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ɓɐɛŬŰŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ, ɛŬɕɑ ɛŮ ŬˊɞůˊɎůɛŬŰŬ əɩŭɘəŬ (code snippet). ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ˊŬɟɧɛɞɘŬ 

ŭɘŬŭɘəŬůɑŬ ŬəɞɚɞɡɗŮɑŰŬɘ əŬɘ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ Űɘɛɏɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ əŬɘ ůűɎɚɛŬŰɞɠ. 

6.6.1 ȺɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ ï ˊɟɞəŬɗɞɟɘůɛɧɠ ɛɖŰɟɩɤɜ 

prompt= 'dwste xronoseires dedomenwn'  

data=xlsread( 'peristerona_dedomena.xlsx' , 'Sheet1' , 'A1:AP367' );  

years=size(data,2);  

headers=data(1,:);  

data=data(2:367,:);  

Q0=zeros(1,years);  

Qt=zeros(195,years);  

Q1=zeros(195,years);  

Q2=zeros(195,years);  

Qt_modified2=zeros(195,years);  

 

totalerror1=zeros(1,years);  

 

startday=zeros(years,1);  

stopday=zeros(years,1);  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ŮəŰŮɚɞɨɜŰŬɘ ɞɘ Ůɝɐɠ ŮɜɏɟɔŮɘŮɠ: 

Á ȺɘůŬɔɤɔɐ ůŰɞ ɢɩɟɞ ŮɟɔŬůɑŬɠ Űɞɡ MATLAB  Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɡˊɞɚɞɔɘůŰɘəɧ űɨɚɚɞ MS 

Excel ůŮ ɛɞɟűɐ ŭɡůŭɘɎůŰŬŰɞɡ ŮŰɐůɘɞɡ ˊɑɜŬəŬ, ɧˊɞɡ ůŰɘɠ ůŰɐɚŮɠ ŮɑɜŬɘ əŬŰŬɢɤɟɖɛɏɜŬ ŰŬ ɏŰɖ 

əŬɘ ůŰɘɠ ɔɟŬɛɛɏɠ ɞɘ ɖɛŮɟɐůɘŮɠ ɛŮŰɟɐůŮɘɠ Ŭˊɞɟɟɞɐɠ. Ⱥˊɑůɖɠ ŮɘůɎɔɞɜŰŬɘ ɞɘ ŮˊɘəŮűŬɚɑŭŮɠ Űɞɡ 

ˊɑɜŬəŬ ůŮ ŬɚűŬɟɘɗɛɖŰɘəɐ ɛɞɟűɐ (ˊ.ɢ. ç1967è) əŬɘ ůŰɖɜ ɛŮŰŬɓɚɖŰɐ years ŮəɢɤɟŮɑŰŬɘ Űɞ 

ˊɚɐɗɞɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŮŰɩɜ 
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Á ɄɟɞəŬɗɞɟɘůɛɧɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ɛɖŰɟɩɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ ůəɞˊɧ 

Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ŰŬɢɨŰɖŰŬɠ. ɇŬ ɛɖŰɟɩŬ ŬɡŰɎ ŮɑɜŬɘ: 

o Q0 : ɖ Ŭˊɞɟɟɞɐ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɖɜ Ŭɟɢɐ Űɖɠ ˊŮɟɘɧŭɞɡ ůɨɛűɤɜŬ ɛŮ Űɞ ŮŭɎűɘɞ 5.3 

o Qt : ɖ ɛŮŰɟɖɛɏɜɖ Ŭˊɞɟɟɞɐ Űɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 15 ȷˊɟɘɚɑɞɡ-30 ɃəŰɤɓɟɑɞɡ 

 

6.6.2 ȾŬɗɞɟɘůɛɧɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ (Q0) əŬɘ ŭŮŭɞɛɏɜɤɜ Qt 

for  j =1: years  

  if  isnan ( data (366, j ))  

    Q0(1, j )= mean( data (91:104, j ));  

    Qt (:, j )= data (105:299, j );  

  else  

    Q0(1, j )= mean( data (92:105, j )); %ypologismos  Q0 

    Qt (:, j )= data (106:300, j );  

  end  

end  

ɆŰɖɜ ůɡɜɏɢŮɘŬ, əŬɗɞɟɑɕŮŰŬɘ ɖ Űɘɛɐ Q0 ɤɠ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ ŭŮəŬˊɏɜŰŮ ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ 

əŬɘ ŮəɢɤɟɞɨɜŰŬɘ ɞɘ ˊŬɟŬŰɖɟɖɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɞ ŮɝŮŰŬɕɧɛŮɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. 

ȷɜŬɚɡŰɘəɎ, ɖ ŭɘŬŭɘəŬůɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ŮŭɎűɘɞ 6.1.2. 

6.6.3 ȺűŬɟɛɞɔɐ űɑɚŰɟɞɡ Savitzky-Golay  

for  j =1: years  

  order =3;  

  vIN =Qt (:, j );  

  interval =59;  

  vOUT=savitzkyGolay 1D_rle ( vIN , order , interval  );  

  figure  

  x=1: numel ( vIN );  

  plot ( x, vIN , x, vOUT);  

  title ( ' ǂǦǙǠǭǞǩǩǞ ǲǜǨǰǭǬǱ Savitzky - Golay ' )  

  xlabel ( ' Days ' ) % x- axis  label  

  ylabel ( ' Q ( m̂ 3/ s)' ) % y- axis  label  

  legend ( ' ǊǢǰǭǤǩǚǪǤ ǞÙǬǭǭǬǛ ( m̂ 3/ s)' , ' ǃǫǬǩǞǨǱǩǚǪǤ ǞÙǬǭǭǬǛ ( m̂ 3/ s)' )  

  temp =[ ' SG' , num2str ( headers ( j )), '. png ' ];  

  saveas  ( gcf , temp );  

  close  all ;  

  Qsg(:, j )= vOUT;  

end  

Qsg( Qsg<=0)=0.001;  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ əɩŭɘəŬ ɔɑɜŮŰŬɘ ŮűŬɟɛɞɔɐ Űɞɡ űɑɚŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ Savitzky-Golay ɧˊɤɠ 

ˊŮɟɘɔɟɎűɖəŮ ŬɜŬɚɡŰɘəɎ ůŰɞ ŮŭɎűɘɞ .ȷəɧɛɖ, ŮɚɏɔɢŮŰŬɘ Űɞ əɎŰɤ ɧɟɘɞ Űɤɜ Űɘɛɩɜ Űɖɠ ˊŬɟɞɢɐɠ, ɗɏŰɞɜŰŬɠ 

ɤɠ əŬŰɩűɚɘ Űɖ Űɘɛɐ 0.001 m
3
/s. 

6.6.4 ɀŮŰŬŰɟɞˊɐ Űɤɜ ɛɖŰɟɩɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɢɟɞɜɞůŮɘɟɏɠ 

Tin =reshape ( Qt ,[ numel ( Qt ),1]);  

SGin =reshape ( Qsg,[ numel ( Qsg),1]);  
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ũɑɜŮŰŬɘ ɛŮŰŬŰɟɞˊɐ Űɤɜ ɛɖŰɟɩɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɢɟɞɜɞůŮɘɟɏɠ Űɧůɞ Űɤɜ Ŭɟɢɘəɩɜ ɧůɞ əŬɘ Űɤɜ 

ŮˊŮɝŮɟɔŬůɛɏɜɤɜ Ŭˊɧ Űɞ űɑɚŰɟɞ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɘůŬɢɗɞɨɜ ůŰɞ ɛɞɜŰɏɚɞ. 

6.6.5 Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

for  j=1:years  

Qt_modified2(:,j)=Q_modificationB( Qt(:,j), Q0(1,j), headers(j) );  

startday(j,1)=dry_season3( Qt_modified2(:,j), Q0(1,j), headers(j) );  

[stopday(j,1),~]=season_stop3( Qt_modified2(:,j), headers(j), startday(j) ) ;  

end  

parameters=[Q0',startday,stopday];  

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ŰɛɐɛŬ əɩŭɘəŬ ɔɑɜŮŰŬɘ əŬɗɞɟɘůɛɧɠ Űɖɠ ɏɜŬɟɝɖɠ əŬɘ Űɖɠ ɚɐɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ ŬɜŬɚɡŰɘəɎ ůŰɞ ŮŭɎűɘɞ 8.3. 

6.6.6 ȸŮɚŰɘůŰɞˊɞɑɖůɖ ɛŮ ɢɟɐůɖ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ  

LB1=[ - 1, - 1];  

UB1=[1,1];  

options  = optimset ( ' MaxFunEvals ' , 1000);  

startpoint =[0,0];  

[ x, fval ]= ga(@(gparam ) globalerror 1( Qsg, parameters , gparam ),2,[],[],[],[], LB1, UB1);  

error 1=fval  

for  j =1: years  

  for  i =1: size ( Qsg,1)  

    Qsim( i , j )= Q0( j )* exp ( - ( x(1)+ x(2)* Q0( j ))* i );  

  end  

end  

Tout =reshape ( Qsim,[ numel ( Qsim),1]);  

y=1: numel ( Tout )  

plot ( y, Tin , y, Tout )  

title ( ' ǂǦǙǠǭǞǩǩǞ ǩǢǰǭǤǩǚǪǤǮ ǧǞǦ ǢǧǰǦǩǤǩǚǪǤǮ ǞÙǬǭǭǬǛǮ (ǩǚǯǤ ǰǦǩǛ-ǩǚǯǬ ǰǢǰǭǞǠǵǪǦǧǸ ǯǲǙǨǩǞ)' )  

  xlabel ( ' Days ' ) % x- axis  label  

  ylabel ( ' Q ( m̂ 3/ s)' ) % y- axis  label  

  legend ( ' ǊǢǰǭǤǩǚǪǤ ǞÙǬǭǭǬǛ ( m̂ 3/ s)' , ' ǃǧǰǦǩǤǩǚǪǤ ǞÙǬǭǭǬǛ ( m̂ 3/ s)' )  

  print  ( ' Qmean_err 1' , ' - dpng ' , ' - r 600' );  

  close  all ;  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ ŬɟɢɘəɎ ɔɑɜŮŰŬɘ əŬɗɞɟɘůɛɧɠ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ ˊɞɡ ɗŬ Ŭɜɐəɞɡɜ ɞɘ ŭɨɞ 

ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɞɚɘəɞɨ ɛɞɜŰɏɚɞɡ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɛŮ ɓɎůɖ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ŮəŰɘɛɞɨɜŰŬɘ 

ɞɘ ŭɨɞ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɛɞɜŰɏɚɞɡ. ɇɏɚɞɠ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ŮəŰɘɛɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ (Qsim) əŬɘ 

ɔɑɜŮŰŬɘ ɛŮŰŬŰɟɞˊɐ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ ůŮ ɢɟɞɜɞůŮɘɟɏɠ əŬɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ 

əŬɘ ŮəŰɘɛɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ. 

6.6.7 ȸŮɚŰɘůŰɞˊɞɑɖůɖ ɛŮ ɢɟɐůɖ Űɞɡ ɚɞɔŬɟɘɗɛɘəɞɨ ůűɎɚɛŬŰɞɠ 

LB1=[ - 1, - 1];  

UB1=[1,1];  

options  = optimset ( ' MaxFunEvals ' , 1000);  

startpoint =[0,0];  

[ x2, fval 2]= ga(@(gparam ) globalerror 2( Qsg, parameters , gparam ),2,[],[],[],[], LB1, UB1);  

error 2=fval 2 

for  j =1: years  
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  for  i =1: size ( Qsg,1)  

    Qsim2( i , j )= Q0( j )* exp ( - ( x2(1)+ x2(2)* Q0( j ))* i );  

  end  

end  

Tout 2=reshape ( Qsim2,[ numel ( Qsim2),1]);  

y=1: numel ( Tout 2)  

plot ( y, Tin , y, Tout 2)  

title ('ǂǦǙǠǭǞǩǩǞ ǩǢǰǭǤǩǚǪǤǮ ǧǞǦ ǢǧǰǦǩǤǩǚǪǤǮ ǞÙǬǭǭǬǛǮ (ǩǚǯǤ ǰǦǩǛ-ǨǬǠǞǭǦǥǩǦǧǸ ǯǲǙǨǩǞ)')  

  xlabel ( ' Days ' ) % x- axis  label  

  ylabel ( ' Q ( m̂ 3/ s)' ) % y- axis  label  

  legend ('ǊǢǰǭǤǩǚǪǤ ǞÙǬǭǭǬǛ (m̂ 3/ s)' , 'ǃǧǰǦǩǤǩǚǪǤ ǞÙǬǭǭǬǛ (m̂ 3/ s)' )  

   print  ( ' Qmean_err 2' , ' - dpng ' , ' - r 600' );  

  close  all ;  

ɆŰɞ ˊŬɟŬˊɎɜɤ ŰɛɐɛŬ əɩŭɘəŬ ŬɟɢɘəɎ ɔɑɜŮŰŬɘ əŬɗɞɟɘůɛɧɠ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ ˊɞɡ ɗŬ Ŭɜɐəɞɡɜ ɞɘ ŭɨɞ 

ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɞɚɘəɞɨ ɛɞɜŰɏɚɞɡ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɛŮ ɓɎůɖ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ůűɎɚɛŬ ŮəŰɘɛɞɨɜŰŬɘ ɞɘ ŭɨɞ 

ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɛɞɜŰɏɚɞɡ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ŮəŰɘɛɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ (Qsim) 

əŬɘ ɔɑɜŮŰŬɘ ɛŮŰŬŰɟɞˊɐ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ ůŮ ɢɟɞɜɞůŮɘɟɏɠ. ɇɏɚɞɠ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ 

ɛŮŰɟɖɛɏɜɖɠ əŬɘ ŮəŰɘɛɖɛɏɜɖɠ Űɘɛɐɠ Űɖɠ Ŭˊɞɟɟɞɐɠ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɧɛɞɘŬ ŭɘŬŭɘəŬůɑŬ ŬəɞɚɞɡɗŮɑŰŬɘ əŬɘ 

ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ Ŭɟɢɘəɏɠ Űɘɛɏɠ Űɞɡ ɛɞɜŰɏɚɞɡ (ŭɘɎɛŮůɞɠ əŬɘ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ ŭŮəŬˊɏɜŰŮ ˊɟɩŰɤɜ 

ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ). 
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7 ȷˊɞŰŮɚɏůɛŬŰŬ ŮűŬɟɛɞɔɐɠ ůŰɖ ɚŮəɎɜɖ ȷɢŮɚɩɞɡ ůŰŬ 

ȾɟŮɛŬůŰɎ 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɔɜɤůɖɠ Űɖɠ 

ɢŬɛɖɚɐɠ ɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ. ȷɟɢɘəɎ, ůŰɞɜ ɄɑɜŬəŬ 7.1 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ 

ɛɏůɖ Űɘɛɐ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ůűŬɚɛɎŰɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

Ŭɟɢɘəɏɠ Űɘɛɏɠ Űɞɡ ɛɞɜŰɏɚɞɡ, ɏŰůɘ ɩůŰŮ ɜŬ ɔɑɜŮɘ Ůˊɘɚɞɔɐ Űɞɡ əŬɚɨŰŮɟɞɡ ůɡɜŭɡŬůɛɞɨ Ŭɟɢɘəɐɠ Űɘɛɐɠ əŬɘ 

Űɟɧˊɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůűɎɚɛŬŰɞɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ˊɑɜŬəŮɠ ɛŮ Űɘɠ Űɘɛɏɠ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮɔŮɗɩɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ (Ŭɟɢɘəɐ ˊŬɟɞɢɐ Q0, ˊŬɟɎɛŮŰɟɞɠ ůŰŮɑɟŮɡůɖɠ a, əŬɘ 

ůűɎɚɛŬŰŬ ˊɟɞůŬɟɛɞɔɐɠ) ɔɘŬ ɧɚŬ ŰŬ ɏŰɖ, ɗŮɤɟɩɜŰŬɠ ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɞůŮɘɟɏɠ ŬɜŬűɞɟɎɠ ɤɠ ˊɟɞɠ Űɘɠ 

ɞˊɞɑŮɠ ɔɑɜŮŰŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ůŰŮɑɟŮɡůɖɠ. ɄɟɩŰŬ ŮɚɏɔɢŮŰŬɘ ɖ Ŭɟɢɘəɐ ɢɟɞɜɞůŮɘɟɎ, 

ˊɞɡ ůŰɖ ůɡɜɏɢŮɘŬ ŬɡŰɐ ŰɟɞˊɞˊɞɘŮɑŰŬɘ, ɛŮ ŮűŬɟɛɞɔɐ əŬŰɎɚɚɖɚɖɠ ŭɘŬŭɘəŬůɑŬɠ Ŭˊɞəɞˊɐɠ Űɘɛɩɜ ɐ ɢɟɐůɖ 

űɑɚŰɟɞɡ. ȺɘŭɘəɧŰŮɟŬ, ŮɝŮŰɎɕɞɜŰŬɘ ŰŬ ŬəɧɚɞɡɗŬ ůŮɜɎɟɘŬ ɢɟɞɜɞůŮɘɟɩɜ Ůɚɏɔɢɞɡ: 

1. Ʉɚɐɟɖɠ ɢɟɞɜɞůŮɘɟɎ ɖɛŮɟɐůɘɤɜ ˊŬɟɞɢɩɜ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ, ɛŮ ɏɜŬɟɝɖ Űɖɜ 15ɖ
 ȷˊɟɘɚɑɞɡ əŬɘ 

ɚɐɝɖ Űɖɜ 15
ɖ
 ɃəŰɤɓɟɑɞɡ (ůɨɜɞɚɞ 184 Űɘɛɏɠ) 

2. ȷˊɞəɞˊɐ Űɘɛɩɜ Ŭɟɢɘəɐɠ ˊŮɟɘɧŭɞɡ, ɞɘ ɞˊɞɑŮɠ ɡˊŮɟɓŬɑɜɞɡɜ Űɖɜ ˊŬɟɞɢɐ ɏɜŬɟɝɖɠ 

3. ȷˊɞəɞˊɐ Űɘɛɩɜ ŰŮɚɘəɐɠ ˊŮɟɘɧŭɞɡ, Ůűɧůɞɜ Űɞ ŮˊɧɛŮɜɞ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ ɝŮəɘɜɎ ˊɟɘɜ Űɘɠ 15 

ɃəŰɤɓɟɑɞɡ 

4. ȷˊɞəɞˊɐ ɧɚɤɜ Űɤɜ ŮɜŭɘɎɛŮůɤɜ Űɘɛɩɜ ˊɞɡ ɡˊŮɟɓŬɑɜɞɡɜ Űɞ ůŰɞɘɢŮɘɩŭŮɠ ɛɞɜŰɏɚɞ ɔɟŬɛɛɘəɐɠ 

ɛŮɑɤůɖɠ Űɖɠ ɗŮɟɘɜɐɠ ɟɞɐɠ 

5. ȺɝɞɛɎɚɡɜůɖ ɢɟɞɜɞůŮɘɟɎɠ ɛŮ ŮűŬɟɛɞɔɐ Űɞɡ űɑɚŰɟɞɡ Savitzky-Golay 

ȼ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɞɡ ɛŮɗɞŭɞɚɞɔɘəɞɨ ɡˊɞɓɎɗɟɞɡ əŬɘ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɡɚɞˊɞɑɖůɖɠ Űɤɜ 

ˊŬɟŬˊɎɜɤ ɔɑɜŮŰŬɘ ůŰɞ ȾŮűɎɚŬɘɞ 6. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɘŬ əɎɗŮ ɛɞɜŰɏɚɞ ˊɞɡ əŬŰŬůəŮɡɎɕŮŰŬɘ ɛŮ ɓɎůɖ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŮɠ, ŮɝŮŰɎɕŮŰŬɘ 

Ŭɜ ˊɟɞəɨˊŰŮɘ ɘəŬɜɞˊɞɘɖŰɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ Q0 əŬɘ a, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ əŬŰɎɟŰɘůɖ 

ɛɞɜŰɏɚɤɜ ˊɟɧɔɜɤůɖɠ ůŮ ŮŰɐůɘŬ ɓɎůɖ. ɇɏɚɞɠ, ŭɘŬŰɡˊɩɜɞɜŰŬɘ ɛɞɜŰɏɚŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ əɞɘɜɐ 

ˊŬɟɎɛŮŰɟɞ ůŰŮɑɟŮɡůɖɠ ɔɘŬ ɧɚŬ ŰŬ ɏŰɖ, ɖ ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ ɛɏůɤ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůŰɞ ůɨɜɞɚɞ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ɗŮɟɘɜɐɠ ɟɞɐɠ.  

ũɘŬ Űɖ ɚŮəɎɜɖ Űɤɜ ȾɟŮɛŬůŰɩɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖ ůɡɔəɟɘŰɘəɐ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊɟɞůŬɟɛɞɔɐɠ Űɤɜ ɛɞɜŰɏɚɤɜ, əŬɘ ůɢɞɚɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ. Ƀɘ 

ɡˊɧɚɞɘˊŮɠ  ɚŮəɎɜŮɠ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůɡɜɞˊŰɘəɎ ůŰɞ əŮűŬɚŬɑɞ 8. 
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ɄɑɜŬəŬɠ 7.1: ɆɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ ŭɘŬűɞɟŮŰɘəɩɜ Ŭɟɢɘəɩɜ Űɘɛɩɜ əŬɘ ůűŬɚɛɎŰɤɜ ɔɘŬ ɧɚŮɠ Űɘɠ ŮˊŮɝŮɟɔŬůɑŮɠ 

ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ 

  no filter start day dry season linear filter SG filter 

error1-mean Q0 12.437 11.646 5.653 4.943 5.795 

error1-median Q0 12.445 10.092 5.234 4.435 5.333 

error1-min Q0 13.818 5.683 3.561 2.484 4.998 

error2-mean Q0 7.191 6.626 4.644 4.276 6.693 

error2-median Q0 7.084 6.353 4.428 4.021 6.021 

error2-min Q0 6.968 5.000 3.563 2.993 5.225 

ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ ɔɑɜŮŰŬɘ ůŬűɏɠ ɧŰɘ Űɖ ɛɘəɟɧŰŮɟɖ Űɘɛɐ ůűɎɚɛŬŰɞɠ Űɖɜ ɏɢŮɘ ɞ ůɡɜŭɡŬůɛɧɠ 

minQ0 əŬɘ error1, ŭɖɚŬŭɐ ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ ɤɠ Ŭɟɢɘəɐ Űɘɛɐ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ 

ůűɎɚɛŬ ɤɠ əɟɘŰɐɟɘɞ ɔɘŬ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ɆŰŬ ŮˊɧɛŮɜŬ ŮŭɎűɘŬ ŮˊɘɚɏɢɗɖəŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɞ 

ˊŬɟŬˊɎɜɤ ůɡɜŭɡŬůɛɧɠ ˊɞɡ ɗŮɤɟŮɑŰŬɘ əŬɘ ɞ ɓɏɚŰɘůŰɞɠ. 

7.1 ɄɟɞůŬɟɛɞɔɐ ɛɞɜŰɏɚɞɡ ůŰɖɜ ˊɚɐɟɖ ɢɟɞɜɞůŮɘɟɎ ˊŬɟɞɢɩɜ ɝɖɟɐɠ 

ˊŮɟɘɧŭɞɡ 

ũɘŬ Űɖɜ ɝɖɟɐ ˊŮɟɑɞŭɞ əɎɗŮ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ, ŭɘŬŰɡˊɩɜɞɜŰŬɘ ɏɝɘ ɛɞɜŰɏɚŬ ůŰŮɑɟŮɡůɖɠ, ɗŮɤɟɩɜŰŬɠ 

ŰɟŮɘɠ Űɟɧˊɞɡɠ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ˊŬɟɞɢɐɠ ɏɜŬɟɝɖɠ, Q0 (ɛɏůɖ, ŭɘɎɛŮůɞɠ əŬɘ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 

ˊɟɩŰɤɜ ɖɛŮɟɩɜ ȷˊɟɘɚɑɞɡ) əŬɘ  Űɞ ůűɎɚɛŬ ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. 

ɆŰɞɜ ɄɑɜŬəŬ 7.2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ a ɔɘŬ əɎɗŮ ɏŰɞɠ ɝŮɢɤɟɘůŰɎ, ɖ Ŭɟɢɘəɐ Űɘɛɐ 

Q0 (ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ), əŬɘ Űɞ ůűɎɚɛŬ ɛŮ ɓɎůɖ Űɞ 

ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ɆŰɞɜ ɄɑɜŬəŬ, ɧˊɞɡ a1, a2 ŮɑɜŬɘ ɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ 

ŮəŰɘɛɖɛɏɜɖ ɛŮ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ əŬɘ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ůűɎɚɛŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ŮɝɘůɩůŮɘɠ 5.2 əŬɘ 5.4 ŬɜŰɑůŰɞɘɢŬ. ȳˊɞɡ error1, error2 ŮɑɜŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ əŬɘ Űɞ 

ɚɞɔŬɟɘɗɛɘəɧ ˊɞɡ ˊŮɟɘɔɟɎűɖəŬɜ ůŰɞ ŮŭɎűɘɞ 5.2.2. ȷɜŰɑůŰɞɘɢɖ ŭɘɎɟɗɟɤůɖ ŬəɞɚɞɡɗŮɑŰŬɘ əŬɘ ůŰŬ 

ŮˊɧɛŮɜŬ ŮŭɎűɘŬ. 

 

ɄɑɜŬəŬɠ 7.2: ɆɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŮŰɐůɘɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɔɜɤůɖɠ ɗŮɟɘɜɐɠ ɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

Űɤɜ ȾɟŮɛŬůŰɩɜ, ɚŬɛɓɎɜɞɜŰŬɠ ɤɠ Q0 ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ  

ɴˍˇˌ Q0
 (m3/s) error1 a1 error2 a2 

1967 1.679 16.944 0.004 7.693 0.006 

1968 3.115 5.846 0.012 5.155 0.013 

1969 1.720 13.932 0.005 7.962 0.007 

1970 2.882 7.403 0.012 5.286 0.012 

1971 5.776 8.267 0.024 8.458 0.017 

1972 2.508 27.694 0.005 10.479 0.008 

1973 4.255 19.564 0.013 8.298 0.014 

1974 1.875 53.459 0.004 11.076 0.007 

1975 2.208 7.672 0.010 6.042 0.010 

1976 1.583 12.671 0.006 6.612 0.007 

1977 1.148 5.292 0.006 5.159 0.007 

1978 3.097 16.204 0.011 6.762 0.012 

1979 3.950 12.249 0.013 4.428 0.015 

1980 2.567 19.754 0.006 8.467 0.010 

1981 2.758 17.289 0.009 5.920 0.011 
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ɄɑɜŬəŬɠ 7.2: ɆɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŮŰɐůɘɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɔɜɤůɖɠ ɗŮɟɘɜɐɠ ɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ, ɚŬɛɓɎɜɞɜŰŬɠ ɤɠ Q0 ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ 

(ůɡɜɏɢŮɘŬ) 

ɴˍˇˌ Q0
 (m3/s) error1 a1 error2 a2 

1982 3.673 11.486 0.012 6.800 0.013 

1983 2.523 5.021 0.012 4.377 0.012 

1984 3.901 16.338 0.012 6.454 0.013 

1985 3.593 13.123 0.016 5.422 0.016 

1986 2.835 14.440 0.011 4.968 0.012 

1987 3.272 10.540 0.011 7.075 0.012 

1988 2.631 4.972 0.015 5.260 0.013 

1989 0.993 24.925 -0.001 10.615 0.003 

1990 0.312 10.469 -0.003 11.613 -0.003 

1991 2.293 20.521 0.006 7.225 0.010 

1992 1.997 18.002 0.009 6.499 0.010 

1993 2.675 10.953 0.012 5.976 0.013 

1994 2.155 8.859 0.010 4.989 0.012 

1995 2.312 13.192 0.007 6.897 0.008 

1996 4.072 9.340 0.015 7.969 0.013 

1997 2.240 20.934 0.008 7.932 0.011 

1998 0.698 17.291 -0.001 10.444 0.000 

1999 4.529 6.189 0.019 4.337 0.017 

2000 2.505 3.622 0.018 6.830 0.014 

2001 1.372 12.871 0.007 6.451 0.009 

2002 1.353 26.761 -0.002 9.154 0.001 

2003 3.424 6.707 0.015 6.377 0.013 

2004 3.290 13.749 0.009 6.267 0.010 

2005 3.263 9.212 0.011 4.812 0.011 

2006 3.952 7.421 0.014 6.175 0.012 

2007 2.601 4.520 0.014 5.215 0.011 

2008 2.535 14.670 0.012 8.722 0.010 

 

ɆŰɞɜ ɆɢɐɛŬ 7.1 űŬɑɜŮŰŬɘ ɖ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ a 

ˊɞɡ ŮəŰɘɛɐɗɖəŬɜ ɔɘŬ əɎɗŮ ɏŰɞɠ, əŬɗɩɠ əŬɘ Űɞ ɔɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ˊɟɞɏəɡɣŮ. ȳˊɤɠ ŮɨəɞɚŬ 

ŭɘŬˊɘůŰɩɜŮŰŬɘ űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ůɡůɢɏŰɘůɖ Űɖɠ Űɘɛɐɠ Q0 ɛŮ Űɖɜ ˊŬɟɎɛŮŰɟɞ a Űɞɡ 

ɛɞɜŰɏɚɞɡ. ȷɡŰɧ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ɓŬɗɛɧ ůɡůɢɏŰɘůɐɠ Űɞɡɠ ˊɞɡ ɘůɞɨŰŬɘ ɛŮ 0.723. ɇɞ R-

squared ŮəűɟɎɕŮɘ Űɞ ˊɞůɞůŰɧ Űɖɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ ůŮ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮɝɖɔŮɑŰŬɘ Ŭˊɧ ɏɜŬ 

ůŰŬŰɘůŰɘəɧ ɛɞɜŰɏɚɞ. ȼ Ůɝɑůɤůɖ ˊɞɡ ůɡɜŭɏŮɘ Űɖɜ Ŭɟɢɘəɐ Ŭˊɞɟɟɞɐ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ ˊŬɟɎɛŮŰɟɞ 

a ŮɑɜŬɘ: 

ὥ πȢππτσςρςὗz πȢππρψςτρ                           (7.1) 
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ɆɢɐɛŬ 7.1: ũɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ ˊŬɟɎɛŮŰɟɞ 

a, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ 

ůűɎɚɛŬ (error1) 

 

ɆŰŬ ɆɢɐɛŬŰŬ 7.2-7.5 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ Űɖɠ ˊŬɟŬŰɖɟɖɛɏɜɖɠ Űɘɛɐɠ Űɖɠ 

Ŭˊɞɟɟɞɐɠ əŬɘ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ˊɟɞůŬɟɛɧɕŮŰŬɘ. ɆŰɞ ɆɢɐɛŬ 7.2 űŬɑɜŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ ɜŬ 

ˊɟɞůŬɟɛɧɕŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ůŰɘɠ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ, ˊŬɟɧɚɞ ˊɞɡ ɔɑɜŮŰŬɘ ůŬűɐɠ ɖ ɏɜŬɟɝɖ Űɖɠ ɡɔɟɐɠ 

ˊŮɟɘɧŭɞɡ ɜɤɟɑŰŮɟŬ Ŭˊɧ Űɘɠ 184 ɖɛɏɟŮɠ. ɆŰɞ ɆɢɐɛŬ 7.3 űŬɑɜŮŰŬɘ ˊɤɠ Űɞ ɏŰɞɠ 1985 ɐŰŬɜ ŬɟəŮŰɧ ɝɖɟɧ 

əŬɘ Ůŭɩ Űɞ ɛɞɜŰɏɚɞ ɏɢŮɘ əŬɘ Űɖɜ əŬɚɨŰŮɟɖ ˊɟɞůŬɟɛɞɔɐ. ȾŬɘ ůŰɞ ɆɢɐɛŬ 7.4 ɖ ˊɟɞůŬɟɛɞɔɐ Űɞɡ 

ɛɞɜŰɏɚɞɡ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ ˊŬɟɧɚɞ ˊɞɡ ůŰɖɜ Ŭɟɢɐ Űɖɠ ŮɝŮŰŬɕɧɛŮɜɖɠ ˊŮɟɘɧŭɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ 

ɏɜŰɞɜŬ űŬɘɜɧɛŮɜŬ ɓɟɞɢɧˊŰɤůɖɠ. ɆŰɞ ɆɢɐɛŬ 7.5 ɔɑɜŮŰŬɘ ůŬűɐɠ ɖ ɏɜŬɟɝɖ Űɖɠ ɡɔɟɐɠ ˊŮɟɘɧŭɞɡ ɜɤɟɑŰŮɟŬ 

Ŭˊɧ Űɘɠ 15 ɃəŰɤɓɟɑɞɡ, ŬɚɚɎ Űɞ ɛɞɜŰɏɚɞ ůŰɖ ɝɖɟɐ ˊŮɟɑɞŭɞ ˊɟɞůŬɟɛɧɕŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ. 
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ɆɢɐɛŬ 7.2: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qsim) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1972 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ 

əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ 

 

ɆɢɐɛŬ 7.3: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qno filter) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1985 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ 

əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ 
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ɆɢɐɛŬ 7.4: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qno filter) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1993 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ 

əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ 

 

 



95 

 

ɆɢɐɛŬ 7.5: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qno filter) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 2006 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ 

əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ 

7.2 ȷˊɞŰŮɚɏůɛŬŰŬ ɏɜŬɟɝɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

ɀŮŰɎ Ŭˊɧ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 6.2, ɏɔɘɜŮ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ əŬɘ ˊɟɞůŬɟɛɧůŰɖəŮ Ůə ɜɏɞɡ Űɞ ɛɞɜŰɏɚɞ. ɆŰɞɜ ɄɑɜŬəŬ 7.3 ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ 

ˊŬɟŬɛɏŰɟɞɡ a ɔɘŬ əɎɗŮ ɏŰɞɠ ɝŮɢɤɟɘůŰɎ, ɖ Ŭɟɢɘəɐ Űɘɛɐ Q0 (ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 

ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ), əŬɘ Űɞ ůűɎɚɛŬ ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ɆŰɞɜ ɄɑɜŬəŬ, ɧˊɞɡ a1, a2 ŮɑɜŬɘ ɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ŮəŰɘɛɖɛɏɜɖ ɛŮ Űɞ ɛɏůɞ 

ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ əŬɘ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ůűɎɚɛŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ  5.2 əŬɘ 5.4 

ŬɜŰɑůŰɞɘɢŬ. ȳˊɞɡ error1, error2 ŮɑɜŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ əŬɘ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ˊɞɡ 

ˊŮɟɘɔɟɎűɖəŬɜ ůŰɞ ŮŭɎűɘɞ 5.2.2. 
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ɄɑɜŬəŬɠ 7.3:  ɆɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɔɜɤůɖɠ Űɖɠ ɗŮɟɘɜɐɠ ɟɞɐɠ Űɞɡ əɎɗŮ ɏŰɞɡɠ ɔɘŬ Űɖ 

ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ, ɚŬɛɓɎɜɞɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ 

ɴˍˇˌ Q0
 (m3/s) error1 a1 error2 a2 

1967 1.679 5.084 0.008 5.083 0.008 

1968 3.115 4.773 0.015 4.646 0.014 

1969 1.720 4.993 0.010 4.993 0.010 

1970 2.882 4.440 0.014 4.243 0.014 

1971 5.776 16.778 0.029 8.490 0.019 

1972 2.508 7.943 0.011 7.913 0.010 

1973 4.255 7.626 0.017 7.392 0.016 

1974 1.875 5.624 0.009 5.621 0.009 

1975 2.208 6.261 0.014 5.561 0.012 

1976 1.583 4.387 0.009 4.324 0.009 

1977 1.148 3.355 0.008 3.310 0.008 

1978 3.097 5.536 0.014 5.325 0.013 

1979 3.950 3.565 0.015 3.519 0.016 

1980 2.567 6.350 0.009 5.308 0.011 

1981 2.758 4.248 0.012 4.177 0.012 

1982 3.673 5.416 0.014 5.410 0.014 

1983 2.523 4.866 0.014 4.076 0.012 

1984 3.901 5.411 0.015 5.408 0.015 

1985 3.593 5.242 0.018 4.854 0.017 

1986 2.835 3.726 0.013 3.669 0.014 

1987 3.272 5.719 0.014 5.668 0.013 

1988 2.631 7.324 0.018 4.997 0.014 

1989 0.993 3.932 0.004 3.823 0.005 

1990 0.312 0.863 0.001 0.860 0.001 

1991 2.293 4.153 0.010 3.555 0.011 

1992 1.997 4.352 0.012 4.352 0.012 

1993 2.675 4.975 0.015 4.941 0.014 

1994 2.155 3.689 0.013 3.686 0.013 

1995 2.312 5.357 0.010 5.298 0.009 

1996 4.072 9.934 0.018 7.836 0.013 

1997 2.240 5.009 0.012 5.007 0.012 

1998 0.698 3.416 0.002 3.400 0.003 

1999 4.529 5.661 0.020 4.169 0.018 

2000 2.505 9.596 0.020 6.481 0.015 

2001 1.372 3.588 0.010 3.585 0.010 

2002 1.353 4.811 0.003 4.810 0.004 

2003 3.424 7.065 0.017 5.969 0.014 

2004 3.290 5.188 0.011 5.185 0.011 

2005 3.263 3.889 0.013 3.871 0.012 

2006 3.952 6.903 0.015 6.169 0.013 

2007 2.601 6.942 0.015 5.161 0.012 

2008 2.535 10.690 0.016 7.853 0.011 
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ɆŰɞ ɆɢɐɛŬ 7.6 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɔɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ŮəűɟɎɕŮɘ Űɖɜ ůɢɏůɖ Űɞɡ Q0 ɛŮ Űɞ a. ȳˊɤɠ 

űŬɑɜŮŰŬɘ, ɡˊɎɟɢŮɘ ˊɞɚɨ ɛŮɔɎɚɖ ůɡůɢɏŰɘůɖ Űɤɜ ŭɨɞ ˊŬɟŬɛɏŰɟɤɜ ɆɡɔəŮəɟɘɛɏɜŬ, ɖ Űɘɛɐ R-squared ŮɑɜŬɘ 

0.738. ȼ ůɢɏůɖ ˊɞɡ Űɘɠ ůɡɜŭɏŮɘ ŮɑɜŬɘ: 

ὥ ρψτȢπσzὗ πȢσσπψσ                                (7.2) 

 

 

ɆɢɐɛŬ 7.6: ũɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ ˊŬɟɎɛŮŰɟɞ 

a, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ  

ůűɎɚɛŬ (error1) 

ɆŰŬ ůɢɐɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɢɟɞɜɘɏɠ ˊɞɡ Űɞ ůɡɔəŮəɟɘɛɏɜɞ 

ɛɞɜŰɏɚɞ ŮűŬɟɛɧɕŮŰŬɘ. 

ɆŰŬ ůɢɐɛŬŰŬ 7.7-7.14 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ Űɖɠ ˊŬɟŬŰɖɟɖɛɏɜɖɠ Űɘɛɐɠ Űɖɠ 

Ŭˊɞɟɟɞɐɠ əŬɘ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ˊɟɞůŬɟɛɧɕŮŰŬɘ, əŬɗɩɠ əŬɘ ɖ ŮɝɞɛŬɚɨɜůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɏɜŬɟɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. ɆŰɞ ɆɢɐɛŬ 7.8 űŬɑɜŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ ɜŬ 

ˊɟɞůŬɟɛɧɕŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ůŰɘɠ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ, ˊŬɟɧɚɞ ˊɞɡ ɖ ɏɜŬɟɝɖ Űɖɠ űɗɘɜɞˊɤɟɘɜɐɠ 

ˊŮɟɘɧŭɞɡ ŮɑɜŬɘ ˊɟɘɜ Űɖɠ 15 ɃəŰɤɓɟɑɞɡ. ɆŰɞ ɆɢɐɛŬ 7.7 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮɝɞɛɎɚɡɜůɖ Űɖɠ Ŭˊɞɟɟɞɐɠ 

ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŭɨɞ űɞɟɏɠ əŬɘ ˊŮɟɘɧɟɘůŮ ŰŬ ɔŮɔɞɜɧŰŬ ɏɜŰɞɜɖɠ ɓɟɞɢɧˊŰɤůɖɠ. ɆŰɞ ɆɢɐɛŬ 7.10 

űŬɑɜŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ ɜŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ, ɘŭɘŬɑŰŮɟŬ ůŰɘɠ ɢŬɛɖɚɏɠ Űɘɛɏɠ, Ůɜɩ əŬɘ ůŮ ŬɡŰɐ 

Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ ɏɜŬɟɝɖ Űɖɠ űɗɘɜɞˊɤɟɘɜɐɠ ˊŮɟɘɧŭɞɡ ɔɑɜŮŰŬɘ ɜɤɟɑŰŮɟŬ Ŭˊɧ Űɘɠ 15 ɃəŰɤɓɟɑɞɡ, ɧˊɤɠ 

ɛŬɟŰɡɟɞɨɜ ɞɘ ɏɜŰɞɜŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ ůŰɞ Űɏɚɞɠ Űɖɠ ŮɝŮŰŬɕɧɛŮɜɖɠ ˊŮɟɘɧŭɞɡ. ɆŰɞ ɆɢɐɛŬ 7.9 űŬɑɜɞɜŰŬɘ 

ɞɘ ŮɝɞɛŬɚɨɜůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɏŰůɘ ɩůŰŮ ɜŬ ɛŮŰɟɘŬůŰɞɨɜ ɞɘ ɏɜŰɞɜŮɠ Űɘɛɏɠ ɓɟɞɢɧˊŰɤůɖɠ. 

ɇɏɚɞɠ ůŰŬ ůɢɐɛŬŰŬ 7.12 əŬɘ 7.14 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɨɞ Ŭəɧɛɖ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ 

űŬɑɜŮŰŬɘ ɧŰɘ Űɞ ɛɞɜŰɏɚɞ ˊɟɞůŬɟɛɧɕŮŰŬɘ ŬɟəŮŰɎ əŬɚɎ əŬɘ ůŰŬ ůɢɐɛŬŰŬ 7.11 əŬɘ 7.13 ɞɘ ŮɝɞɛŬɚɨɜůŮɘɠ 

ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ. 
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ɆɢɐɛŬ 7.7: ȹɘɎɔɟŬɛɛŬ ŮɝɞɛŬɚɡɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1972 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ 

ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

 

ɆɢɐɛŬ 7.8: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qstart day) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1972 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 
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ɆɢɐɛŬ 7.9: ȹɘɎɔɟŬɛɛŬ ŮɝɞɛŬɚɡɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1985 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ 

ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

 

ɆɢɐɛŬ 7.10: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qstart day) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1985 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 
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ɆɢɐɛŬ 7.11: ȹɘɎɔɟŬɛɛŬ ŮɝɞɛŬɚɡɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1993 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ 

ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

 

 

ɆɢɐɛŬ 7.12: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qstart day) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1993 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 
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ɆɢɐɛŬ 7.13: ȹɘɎɔɟŬɛɛŬ ŮɝɞɛŬɚɡɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 2006 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ 

ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

 

ɆɢɐɛŬ 7.14: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qstart day) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 2006 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 
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7.3 ȷˊɞŰŮɚɏůɛŬŰŬ ɚɐɝɖɠ Űɖɠ  ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ 

ɀŮ ɓɎůɖ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ŬɜŬɚɡŰɘəɎ ůŰɞ əŮűɎɚŬɘɞ 6.3, ɏɔɘɜŮ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ əŬɘ ˊɟɞůŬɟɛɧůŰɖəŮ Ůə ɜɏɞɡ Űɞ ɛɞɜŰɏɚɞ. ɆŰɞɜ ɄɑɜŬəŬ 7.4 ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ 

ˊŬɟŬɛɏŰɟɞɡ a ɔɘŬ əɎɗŮ ɏŰɞɠ ɝŮɢɤɟɘůŰɎ, ɖ Ŭɟɢɘəɐ Űɘɛɐ Q0 (ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 

ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ), əŬɘ Űɞ ůűɎɚɛŬ ɛŮ ɓɎůɖ Űɞ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ɆŰɞɜ ɄɑɜŬəŬ, ɧˊɞɡ a1, a2 ŮɑɜŬɘ ɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ŮəŰɘɛɖɛɏɜɖ ɛŮ Űɞ ɛɏůɞ 

ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ əŬɘ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ůűɎɚɛŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ 5.2 əŬɘ 5.4 

ŬɜŰɑůŰɞɘɢŬ. ȷəɧɛɖ, error1, error2 ŮɑɜŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ əŬɘ Űɞ ɚɞɔŬɟɘɗɛɘəɧ ˊɞɡ 

ˊŮɟɘɔɟɎűɖəŬɜ ůŰɞ ŮŭɎűɘɞ 5.2.2. 

ɄɑɜŬəŬɠ 7.4: ɆɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɔɜɤůɖɠ Űɖɠ ɗŮɟɘɜɐɠ ɟɞɐɠ Űɞɡ əɎɗŮ ɏŰɞɡɠ ɔɘŬ Űɖ 

ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ, ɚŬɛɓɎɜɞɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ 

ɴˍˇˌ Q0
 (m3/s) error1 a1 error2 a2 

1967 1.679 3.494 0.008 4.866 0.008 

1968 3.115 3.452 0.015 3.827 0.015 

1969 1.720 3.115 0.010 4.989 0.010 

1970 2.882 3.175 0.015 2.704 0.016 

1971 5.776 5.117 0.030 5.144 0.024 

1972 2.508 3.906 0.013 4.548 0.013 

1973 4.255 6.145 0.018 4.073 0.019 

1974 1.875 3.007 0.010 3.625 0.011 

1975 2.208 4.077 0.014 5.063 0.012 

1976 1.583 2.289 0.010 3.030 0.011 

1977 1.148 1.317 0.009 2.872 0.008 

1978 3.097 3.763 0.015 2.245 0.017 

1979 3.950 3.991 0.015 3.538 0.016 

1980 2.567 6.281 0.009 4.755 0.012 

1981 2.758 4.290 0.012 2.924 0.014 

1982 3.673 5.659 0.014 3.392 0.016 

1983 2.523 4.068 0.015 3.444 0.013 

1984 3.901 7.078 0.015 5.609 0.014 

1985 3.593 3.906 0.018 3.451 0.018 

1986 2.835 3.607 0.013 4.066 0.013 

1987 3.272 4.838 0.014 3.623 0.015 

1988 2.631 3.375 0.017 5.326 0.013 

1989 0.993 1.717 0.005 2.658 0.005 

1990 0.312 0.293 0.001 1.105 0.001 

1991 2.293 3.729 0.010 3.419 0.011 

1992 1.997 3.063 0.012 3.034 0.013 

1993 2.675 4.585 0.015 5.202 0.014 

1994 2.155 3.416 0.013 3.619 0.013 

1995 2.312 4.805 0.010 5.326 0.009 
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ɄɑɜŬəŬɠ 7.4: ɆɡɔəŮɜŰɟɤŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɔɜɤůɖɠ Űɖɠ ɗŮɟɘɜɐɠ ɟɞɐɠ Űɞɡ əɎɗŮ ɏŰɞɡɠ ɔɘŬ Űɖ 

ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ ȾɟŮɛŬůŰɩɜ, ɚŬɛɓɎɜɞɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ 

(ůɡɜɏɢŮɘŬ) 

ɴˍˇˌ Q0
 (m3/s) error1 a1 error2 a2 

1996 4.072 3.475 0.020 3.242 0.018 

1997 2.240 3.602 0.012 3.385 0.013 

1998 0.698 0.924 0.004 1.830 0.004 

1999 4.529 3.814 0.020 4.047 0.018 

2000 2.505 1.753 0.021 3.950 0.017 

2001 1.372 2.038 0.010 3.633 0.010 

2002 1.353 1.734 0.007 1.907 0.008 

2003 3.424 3.224 0.018 2.634 0.018 

2004 3.290 4.818 0.012 2.632 0.013 

2005 3.263 3.374 0.013 2.015 0.014 

2006 3.952 3.012 0.016 2.223 0.016 

2007 2.601 3.519 0.017 2.833 0.015 

2008 2.535 2.733 0.019 3.850 0.015 

 

 

ɆŰɞ ɆɢɐɛŬ 7.15 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɔɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ŮəűɟɎɕŮɘ Űɖɜ ůɢɏůɖ Űɞɡ Q0 ɛŮ Űɞ a. ȳˊɤɠ 

űŬɑɜŮŰŬɘ, ɡˊɎɟɢŮɘ ˊɞɚɨ əŬɚɐ ůɡůɢɏŰɘůɖ Űɤɜ ŭɨɞ ˊŬɟŬɛɏŰɟɤɜ ɆɡɔəŮəɟɘɛɏɜŬ, ɖ Űɘɛɐ R-squared ŮɑɜŬɘ 

0.725. ȼ ůɢɏůɖ ˊɞɡ Űɘɠ ůɡɜŭɏŮɘ ŮɑɜŬɘ: 

                 ὥ πȢππσωχρφὗz πȢππςχςυ                       (7.3) 
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ɆɢɐɛŬ 7.15: ũɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ əŬɘ ůɡůɢɏŰɘůɖ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ Q0 ɛŮ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ a, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ əŬɘ Űɞ ɛɏůɞ 

ŰŮŰɟŬɔɤɜɘəɧ  ůűɎɚɛŬ (error1) 

ɆŰŬ ůɢɐɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɢɟɞɜɘɏɠ ˊɞɡ Űɞ ůɡɔəŮəɟɘɛɏɜɞ 

ɛɞɜŰɏɚɞ ŮűŬɟɛɧɕŮŰŬɘ. ɆŰŬ ůɢɐɛŬŰŬ 7.16-7.19 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ Űɖɠ 

ˊŬɟŬŰɖɟɖɛɏɜɖɠ Űɘɛɐɠ Űɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ˊɟɞůŬɟɛɧɕŮŰŬɘ, əŬɗɩɠ əŬɘ ɖ ŮɝɞɛŬɚɨɜůŮɘɠ 

ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɚɐɝɖɠ Űɖɠ ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ. ɆŰɞ ɆɢɐɛŬ 7.16 űŬɑɜŮŰŬɘ Űɞ 

ɛɞɜŰɏɚɞ ɜŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ůŰɘɠ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ, ˊŬɟɧɚɞ ˊɞɡ ɖ ɏɜŬɟɝɖ əŬɘ ɖ ɚɐɝɖ Űɖɠ 

ɝɖɟɐɠ ˊŮɟɘɧŭɞɡ ŭɘŬűɏɟɞɡɜ ŬɟəŮŰɎ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ (15 ȷˊɟɘɚɑɞɡ- 15ɃəŰɤɓɟɑɞɡ). ɆŰɞ ɆɢɐɛŬ 

7.17 Űɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ əŬɚɎ ˊɟɞůŬɟɛɞůɛɏɜɞ ˊŬɟɧɚɞ Űɘɠ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɖɠ ɛŮŰɟɖɛɏɜɖɠ Ŭˊɞɟɟɞɐɠ. ɆŰɞ 

ɆɢɐɛŬ 7.18 Űɞ ɛɞɜŰɏɚɞ ˊɟɞůŬɟɛɧɕŮŰŬɘ ˊɞɚɨ əŬɚɎ. ɆŰɞ ɆɢɐɛŬ 7.19 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛŮŰɟɖɛɏɜɖ əŬɘ ɖ 

ɡˊɞɚɞɔɘůɛɏɜɖ Űɘɛɐ Űɖɠ Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɞ ɏŰɞɠ 2006. ūŬɑɜŮŰŬɘ ˊɤɠ Űɞ ɛɞɜŰɏɚɞ ˊɟɞůŬɟɛɧɕŮŰŬɘ 

ɘəŬɜɞˊɞɘɖŰɘəɎ ůŰɘɠ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ Űɖɠ Ŭˊɞɟɟɞɐɠ.  
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ɆɢɐɛŬ 7.16: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qdry season) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1972 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, 

ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ (error1). ɇɞ ɛɞɜŰɏɚɞ ˊɟɞůŬɟɛɧɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ŮəŰɘɛɖɛɏɜɖ ɝɖɟɐ ˊŮɟɑɞŭo. 

 

ɆɢɐɛŬ 7.17: ȹɘɎɔɟŬɛɛŬ ɛŮŰɟɖɛɏɜɖɠ (Qt) əŬɘ ŮəŰɘɛɖɛɏɜɖɠ (Qdry season) Ŭˊɞɟɟɞɐɠ ɔɘŬ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɤɜ 

ȾɟŮɛŬůŰɩɜ ɔɘŬ Űɞ ɏŰɞɠ 1985 ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ Q0 Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ 15 ˊɟɩŰɤɜ ɖɛŮɟɩɜ Űɞɡ ȷˊɟɘɚɑɞɡ, 
























































































































































































