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ȺɈɉȷɅȽɆɇȽȺɆ 
 

ȷɟɢɘəɎ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ. ə. 

Ɇˊɨɟɞ ũɘŬəɞɡɛɎəɖ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ, ɖ ɞˊɞɑŬ ůɡɜŭɡɎɕŮɘ əŬɘ 

ŬɝɘɞˊɞɘŮɑ ɔɜɩůŮɘɠ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ŰɞɛŮɑɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɞɡ ȷɔɟɞɜɧɛɞɡ & 

ɇɞˊɞɔɟɎűɞɡ ɀɖɢŬɜɘəɞɨ. ɇɞɜ ŮɡɢŬɟɘůŰɩ ɘŭɘŬɑŰŮɟŬ ɔɘŬ Űɘɠ əŬŰŮɡɗɨɜůŮɘɠ ˊɞɡ ɛɞɡ 

ɏŭɤůŮ, Űɖɜ ɎɟɘůŰɖ ůɡɜŮɟɔŬůɑŬ əŬɗôɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ŮɟɔŬůɑŬɠ 

ŬɡŰɐɠ, Űɖɜ Ŭˊɞŭɞɢɐ Űɤɜ ˊɟɞůɤˊɘəɩɜ ɛɞɡ ɘŭŮɩɜ ˊɎɜɤ ůŰɞ ɗɏɛŬ əŬɘ ˊɎɜɤ Ŭˊɧ 

ɧɚŬ ɔɘŬ Űɖɜ ŬˊŮɟɘɧɟɘůŰɖ ɔɜɩůɖ əŬɘ ŮɛˊŮɘɟɑŬ Űɞɡ ůŰɞɜ ŰɞɛɏŬ Űɤɜ 

ȺɔɔŮɘɞɓŮɚŰɘɤŰɘəɩɜ Ȱɟɔɤɜ.  

Ⱥˊɘˊɚɏɞɜ, Ŭˊɧ Űɞ ȺɟɔŬůŰɐɟɘɞ ȺɔɔŮɘɞɓŮɚŰɘɤŰɘəɩɜ Ȱɟɔɤɜ əŬɘ ȹɘŬɢŮɑɟɘůɖɠ 

ɈŭŬŰɘəɩɜ Ʉɧɟɤɜ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ˊɞɚɨ Űɞɜ ȹɟ. ɉɎɟɖ ȸŬɔɔɏɚɖ, ɛɏɚɞɠ 

Ⱥ.ȹȽ.Ʉ., Űɞɡ ɞˊɞɑɞɡ ɞɘ ɔɜɩůŮɘɠ ˊɎɜɤ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ɝɖɟŬůɑŬɠ ɐŰŬɜ 

əŬɗɞɟɘůŰɘəɏɠ ɔɘŬ Űɖɜ ˊŮɟŬɑɤůɖ Űɖɠ ŮɟɔŬůɑŬɠ. ɀɎɚɘůŰŬ, ŭŮɜ ɔɑɜŮŰŬɘ ɜŬ 

ˊŬɟŬɓɚŮűɗŮɑ ɖ ɔŮɜɘəɐ ůɡɜŮɘůűɞɟɎ Űɞɡ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɈŭɟɞɚɞɔɑŬɠ, ɞɘ ůɡɛɓɞɡɚɏɠ 

Űɞɡ ɞˊɞɑɞɡ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛŮɠ. Ⱥˊɑůɖɠ, Ůɘŭɘəɏɠ ŮɡɢŬɟɘůŰɑŮɠ ɞűŮɑɚɤ ůŰɖɜ 

ɡˊɞɣɐűɘŬ ŭɘŭɎəŰɞɟŬ Ⱥ.ɀ.Ʉ. Ƚɜɩ ɄŬˊŬɔŮɤɟɔɎəɖ ɔɘŬ ɧɚɖ Űɖ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ 

ˊɟɞůɏűŮɟŮ  ɧůɞɜ ŬűɞɟɎ ŰŬ G.I.S..  

ȺɘɚɘəɟɘɜŮɑɠ ŮɡɢŬɟɘůŰɑŮɠ ůŰɞɜ ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ. ə. ũɘɩɟɔɞ ɇůŬəɑɟɖ, ɞ ɞˊɞɑɞɠ 

ɡˊɐɟɝŮ əŬɗɖɔɖŰɐɠ ɛɞɡ ůŮ ˊɞɚɚɎ ɛŬɗɐɛŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɈŭɟŬɡɚɘəɐɠ, ɔɘŬ Űɖ 

ůɡɛɛŮŰɞɢɐ Űɞɡ ůŰɖɜ ȺˊɘŰɟɞˊɐ ȺɝɏŰŬůɖɠ. 

ȰɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ ůŰɞɜ Ⱥˊɑəɞɡɟɞ ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ. 

ə. ȾɤɜůŰŬɜŰɑɜɞ ȾŬɟɎɜŰɕŬɚɞ ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ Űɞɡ ůŰɞɜ ŰɞɛɏŬ Űɖɠ 

ɇɖɚŮˊɘůəɧˊɖůɖɠ. ɇŬɡŰɧɢɟɞɜŬ, ɖ ůɡɛɓɞɚɐ Űɖɠ ɡˊɞɣɐűɘŬɠ ŭɘŭɎəŰɞɟɞɠ Ⱥ.ɀ.Ʉ. 

ɉɟɘůŰɑɜŬɠ ȾŬɟŬəɑɕɖ ɐŰŬɜ ɢɟɐůɘɛɖ ɔɘŬ Űɞɜ ůɤůŰɧ ɏɚŮɔɢɞ Űɤɜ ɇɖɚŮˊɘůəɞˊɘəɩɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ əŬ ȾŬɚɞɛɞɑɟŬ ȸŬůɑɚɖ-

ȸŬůɘɚŮɑɞɡ, ɛɏɚɞɠ Ⱥ.ȹȽ.Ʉ., ɔɘŬ Űɖɜ ůɡɛˊŬɟɎůŰŬůɐ Űɖɠ, Űɘɠ ůɡɛɓɞɡɚɏɠ Űɖɠ əŬɘ Űɞ 

əɚɑɛŬ əŬɚɐɠ ŭɘɎɗŮůɖɠ ˊɞɡ ɛɞɡ ɛŮŰɏŭɘŭŮ.  
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ɄȺɅȽȿȼɊȼ 
 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ɝɖɟŬůɑŬɠ ůŰɘɠ ŬɜɎɔəŮɠ 

ůŮ ɜŮɟɧ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ɢŮɘɛɎɟɟɞɡ ɇŬɡɟɤɜɑŰɖ, ˊɞɡ 

ɓɟɑůəŮŰŬɘ ůŰɞ ɜɞɛɧ ɉŬɜɑɤɜ Űɖɠ ȾɟɐŰɖɠ. ȺəɓɎɚɚŮɘ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ ɜɖůɘɞɨ, 

ůŰɞ ȾɟɖŰɘəɧ ˊɏɚŬɔɞɠ. ȼ Ůəɓɞɚɐ Űɞɡ ɢŮɘɛɎɟɟɞɡ ŬˊɞŰŮɚŮɑ ˊɟɞůŰŬŰŮɡɧɛŮɜɖ 

ˊŮɟɘɞɢɐ Natura, Ůɜɩ Űɞ ˊŮŭɘɜɧ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ŬɜɐəŮɘ ůŮ ɛɘŬ 

ŮɡɟɨŰŮɟɖ ˊŮŭɘɎŭŬ, ɔɜɤůŰɐ ɤɠ çəɎɛˊɞ ɉŬɜɑɤɜè. ɇɞ əɚɑɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɡɜɞŮɑ 

Űɖɜ ŬɜɎˊŰɡɝɖ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ɧˊɤɠ ŮɚŬɘɩɜɤɜ, ŬɓɞəɎɜŰɞ əŬɘ 

ŮůˊŮɟɘŭɞŮɘŭɩɜ. 

ũɘŬ ɜŬ ŮəŰɘɛɖɗɞɨɜ ɞɘ ɡŭŬŰɘəɏɠ ŬɜɎɔəŮɠ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ, ɏˊɟŮˊŮ ˊɟɩŰŬ ŬɡŰɏɠ ɜŬ ŬɜŬɔɜɤɟɘůɗɞɨɜ əŬɘ ɞɟɘɞɗŮŰɖɗɞɨɜ 

ɛŮ Űɖ ɛŮɔɑůŰɖ ŭɡɜŬŰɐ ŬəɟɑɓŮɘŬ əŬɘ ɔɘŬ ˊɟɧůűŬŰɖ ůɢŮŰɘəɎ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ. ȼ 

ˊŮɟɑɞŭɞɠ ŬɡŰɐ ɐŰŬɜ Űɞ ŭɑɛɖɜɞ ɆŮˊŰŮɛɓɟɑɞɡ-ɃəŰɤɓɟɑɞɡ Űɞɡ 2017. 

ũɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ əŬɘ ɞɟɘɞɗɏŰɖůɖ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ŰŮɢɜɘəɏɠ űɤŰɞŮɟɛɖɜŮɑŬɠ-ŰɖɚŮˊɘůəɧˊɖůɖɠ ůŮ ˊŮɟɘɓɎɚɚɞɜ GIS. To ŬˊɞŰɏɚŮůɛŬ 

ɐŰŬɜ ɖ ˊŬɟŬɔɤɔɐ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ əŬɘ ůŰŬŰɘůŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŮəŰɎůŮɤɜ Űɤɜ 

ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ. ɈˊɎɟɢŮɘ ŰɎůɖ Ŭɨɝɖůɖɠ ŬɡŰɩɜ ˊɟɞɠ ŰŬ ɞɟŮɘɜɎ ŰɛɐɛŬŰŬ Űɖɠ 

ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, Ůɜɩ ɖ əɨɟɘŬ ɛɏɗɞŭɞɠ ɎɟŭŮɡůɖɠ ŮɑɜŬɘ ŬɡŰɐ Űɖɠ ůŰɎɔŭɖɜ 

ɎɟŭŮɡůɖɠ. 

ɆŰɞ ŬɜɎɜŰɖ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ˊɟɞɓɚɏˊŮŰŬɘ ɜŬ əŬŰŬůəŮɡŬůɗɞɨɜ ŭɨɞ 

űɟɎɔɛŬŰŬ (ɄŬˊŬŭɘŬɜɩɜ əŬɘ ɆŮɛˊɟŮɜɘɩŰɖ), ˊɞɡ ɗŬ ɏɢɞɡɜ ɤɠ ůŰɧɢɞ Űɖɜ əɎɚɡɣɖ 

Űɤɜ ŬɜŬɔəɩɜ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ůŮ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ.  

ȼ ɡŭɟɞɚɞɔɘəɐ ŭɘŮɟŮɨɜɖůɖ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɏɔɘɜŮ ɛŮ ɓɎůɖ 

ɡŭɟɞɛŮŰŮɤɟɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ ůŰŬɗɛɩɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ, ˊɞɡ 

ˊŮɟɘɚɎɛɓŬɜŬɜ ɛŮŰŬɝɨ Ɏɚɚɤɜ, ɛɖɜɘŬɑŮɠ Űɘɛɏɠ ɡɣɩɜ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ ɛɏůɤɜ 

ɛɖɜɘŬɑɤɜ ɗŮɟɛɞəɟŬůɘɩɜ. ɇɞ ŬəɟŬɑɞ űŬɘɜɧɛŮɜɞ Űɖɠ ɝɖɟŬůɑŬɠ ˊɞɡ ˊɚɐŰŰŮɘ 

ɘŭɘŬɑŰŮɟŬ Űɖɜ ȾɟɐŰɖ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ŮɜŰɎɢɗɖəŮ ůŰɖ ŭɘŮɟŮɨɜɖůɖ ŬɡŰɐ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɢɤɟɑůŰɖəŮ ůŮ ɛɞɜɎŭŮɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 1 km2. 

ɆŰɞ əɏɜŰɟɞ əɎɗŮ ɛɑŬɠ Ůɝ ŬɡŰɩɜ ɡˊɞɚɞɔɑůŰɖəŮ ɞ ůɨɜɗŮŰɞɠ əŬɘ ŭɘŮɗɜɩɠ 

ŬɜŬɔɜɤɟɘůɛɏɜɞɠ ŭŮɑəŰɖɠ ɝɖɟŬůɑŬɠ RDI. ɄɟɞɏəɡɣŬɜ ɗŮɛŬŰɘəɞɑ  ɢɎɟŰŮɠ ɝɖɟŬůɑŬɠ 

Űɞɡ ˊɡɟɐɜŬ (ȷˊɟɑɚɘɞɠ-ɆŮˊŰɏɛɓɟɘɞɠ) Űɤɜ ŬɟŭŮɡŰɘəɩɜ ˊŮɟɘɧŭɤɜ 35 ůɡɜŮɢɧɛŮɜɤɜ 

ɡŭɟɞɚɞɔɘəɩɜ ŮŰɩɜ (Ŭˊɧ Űɞ 1971-72 ɏɤɠ əŬɘ Űɞ 2005-06). 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬɜŬɔəɩɜ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɜŮɟɧ ŮűŬɟɛɧůŰɖəŮ 

ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ Ŭˊɧ Űɞɜ FAO ɛɏɗɞŭɞɠ Űɤɜ Penman-Monteith. ȼ ɛɏɗɞŭɞɠ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ, ɛŮ 

ɓɎůɖ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ űɡŰɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ Űɖɠ əɎɗŮ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŬɠ ɔɘŬ 

əɎɗŮ ɛɐɜŬ Űɖɠ ŬɟŭŮɡŰɘəɐɠ ˊŮɟɘɧŭɞɡ əŬɘ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ əŬɚɚɘŮɟɔɞɨɛŮɜɤɜ 

ŮəŰɎůŮɤɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŬɜŬɔəɩɜ ůŮ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ, 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ əŬɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŮɜŮɟɔɧ ɓɟɞɢɧˊŰɤůɖ. 
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ȼ ŬɜɎŭŮɘɝɖ Űɤɜ ŮɡɎɚɤŰɤɜ ůŰɖɜ ɝɖɟŬůɑŬ ˊŮɟɘɞɢɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ůŰɖɜ 

ˊɞɟŮɑŬ Űɞɡ ɢɟɧɜɞɡ ɛɏůɤ Űɞɡ ŭŮɑəŰɖ RDI (ɛŮɘɤɛɏɜɖ ɐ əŬɘ ɛɖŭŮɜɘəɐ ŮɜŮɟɔɧɠ 

ɓɟɞɢɧˊŰɤůɖ), ɧůɞ əŬɘ ɞɘ ŬɜɎɔəŮɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ɛŮ ɓɎůɖ Űɖɜ ˊɟɧůűŬŰɖ 

ɞɟɘɞɗŮŰɖɛɏɜɖ ůɨɜɗŮůɐ Űɞɡɠ, ŮɑɜŬɘ ɢɟɐůɘɛŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ Ŭəɟɘɓɐ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ Űɤɜ ˊɟɞŰŮɘɜɞɛɏɜɤɜ űɟŬɔɛɎŰɤɜ ůŰɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ ɛŮ ůəɞˊɧ Űɖɜ Ŭˊɞűɡɔɐ ŬůŰɞɢɑŬɠ ůŰɖɜ əɎɚɡɣɖ Űɤɜ ŬɟŭŮɡŰɘəɩɜ 

ŬɜŬɔəɩɜ, ɘŭɘŬɑŰŮɟŬ əŬŰɎ ŰŬ ɝɖɟɎ ɡŭɟɞɚɞɔɘəɎ ɏŰɖ. 
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EXTENDED ABSTRACT 
 

As the title suggests, the main purpose of the present work is to investigate 
drought effects on the water needs of the crops of Tavronitis river basin.  
 
Tavronitis river basin is located in the northern part of Chania Prefecture to the 
west of the island of Crete in Greece. Notable information is that the lowlands of 
the basin belong to a greater plain known as Chania Plain, an area with great 
economic impact in internal and external markets. The area of the river basin is 
almost 131 km2 and stretches from the White Mountains to the south, all the way 
up to the coast to the north. The shape of the basin reminds a drop of water, 
meaning that it is very wide to the south and extremely narrow to the north. The 
average altitude of the basin is 463m, while the ground in the south part is 
heavily inclined. In terms of geology, the formations are a product of the Alpine 
orogenesis. These geological formations prove to be crucial for the growth of 
three arboricultures. Olive trees, avocado and orange trees.  
Tavronitis river is actually a torrent which is formed by three individual smaller 
streams: Sebreniotis, Roumatianos and Derianos. 
 
Firstly, the reconnaissance and extraction of the boundaries of each and every 
individual piece of field, within basinôs boundaries, that is covered by the three 
arboricultures mentioned above, was undertaken. The technique used for the 
reconnaissance of the respective boundaries of each field is known as photo 
interpretation and is one of the assets Remote Sensing has to offer, taking into 
account the importation of the personal judgment of the engineer performing it. 
The photo interpretation took place in a G.I.S. environment known as QGIS, 
where digital photos were used as background in order to extract the information 
needed to create thematical maps of the arboricultures. The composition of the 
maps was performed in ArcGIS. A variety of characteristics were used for the 
recognition of the arboricultures such as the shape of the tree, the hue of the 
tree, the texture of the field etc. In the meantime, other elements were extracted 
such as the settlements within the basin, the primary road network and the 
riverbeds of the streams. All the data acquired refer to the period of September-
October 2017. 
 
Olive trees plantations seem to possess a primary role in the region due to the 
fact that they cover 95% of the cultivated area. The valuable avocado plantations 
follow with 5%, while orange plantations possess less than 0.1% of the whole 
cultivated area which is 30.15 km2. In addition, pictures from different time 
periods suggest that olive tree plantations are expanding upon the mountainous 
regions, while more orange trees are converted into avocado trees due to 
economic advantage of the latter. Also, the primary irrigation technique that could 
be recognized, was that of drip irrigation. This technique is considered to be one 
of the most economic, taking into account both water volumes and energy it 
consumes. The volume of irrigation water required in the area, is, at the moment, 
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extracted by boreholes. In fact, this is a major problem causing the 
overexploitation of underground water. Thus, two dams are to be constructed 
inside the river basin, so that their reservoirs can be used for irrigation purposes 
(in Derianos and Sebreniotis streams). 
 
Furthermore, hydrologic investigation was necessary in order to estimate key 
elements required for the relevant processes, i.e., correlation coefficients 
between the rainfall stations located within the basin, homogeneity check, 
supplementation of missing data, rainfall increase as a result of altitude increase, 
surface rainfall of the basin using Thiessen polygons method, temperature 
decrease as a result of altitude increase and evapotranspiration using the 
method of Thornthwaite. 
 
The hydrological elements mentioned above were useful for estimating the 
meteorological drought that occasionally occurs during the core of the irrigation 
period (April-September) in the region. The RDI drought index was chosen. Via 
this index it can be estimated whether or not drought effects are important by 
using as input both monthly rainfall and evapotranspiration data, which is its 
great advantage and for that, itôs generally approved by the international scientific 
community. The outcome is a number that is compared to an RDI scale. Doing 
so, drought intensity can be quantified. In our case the RDI index was calculated 
for the whole river basin. To accomplish that, the basin was divided into squares 
with 1 km side. The data required for computing this index were transferred to the 
center of each square, from each rainfall station, by using the inverse distance 
method. Results were imprinted into thematical maps for each hydrologic year of 
the time series considered (i.e. from 1971-72 to 2005-06). 
 
The final step of this work was the calculation of the total water needs of the 
arboricultures in the river basin. The water needs were calculated for the whole 
estimated area of each arboriculture, as it was exported previously with Remote 
Sensing methods, using the suggested by FAO, Penman-Monteith method.  By 
this method, at first, the reference evapotranspiration (ETo) was calculated and 
after that, using the crop specific coefficient (Kc) for each arboriculture, the 
potential or crop evapotranspiration (ETc or PETc) was derived. The variable of 
effective rainfall was also used in this study because is closely related to drought 
phenomenon. The water needs were calculated for the same 35 year time period 
as the drought index RDI, with an extension of two months (meaning that the 
water needs were calculated from March to October). This because irrigation 
period for arboricultures is larger than usual.  
 
The annual crops water needs of the driest year, indicated as the year with the 

highest water needs, were compared to the secured demand at almost 100% 

covered by the active combined volume of the reservoirs of the proposed dams. 

As a matter of fact, crops water needs for this year were found to be slightly 

lower than the secured demand derived from the combined reservoirs simulation. 
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ȾŮűɎɚŬɘɞ 1 
 

 

 

1. ȺȽɆȷũɋũȼ 

1.1.  ɡɗə 
ɇɞ ɜŮɟɧ ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ŬɔŬɗɎ ůŰɞɜ ˊɚŬɜɐŰɖ. ȸɟɑůəŮŰŬɘ ůŮ 

ŬűɗɞɜɑŬ ůŰɖ űɨůɖ əŬɘ ůŰɘɠ ŰɟŮɘɠ ɛɞɟűɏɠ Űɞɡ (ůŰŮɟŮɐ, ɡɔɟɐ, ŬɏɟɘŬ). ɋůŰɧůɞ, Űɞ 

ɔɚɡəɧ ɜŮɟɧ, ŭɖɚŬŭɐ Űɞ ɜŮɟɧ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ əŬɚɨɣŮɘ Űɘɠ 

ŬɜɗɟɩˊɘɜŮɠ ŬɜɎɔəŮɠ ɧˊɤɠ ɨŭɟŮɡůɖ, ɎɟŭŮɡůɖ, ɓɘɞɛɖɢŬɜɘəɐ ɢɟɐůɖ əɚˊ, ŬˊɞŰŮɚŮɑ 

ɛɧɚɘɠ Űɞ 0,33% Űɖɠ ůɡɜɞɚɘəɐɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ ůŰɖ ɔɖ. ɀŮ Űɖɜ ɧɚɞ əŬɘ 

ɛŮɔŬɚɨŰŮɟɖ Ŭɨɝɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ, əŬɗɩɠ əŬɘ Űɤɜ ŬɜŬɔəɩɜ Űɤɜ Ŭɜɗɟɩˊɤɜ ɔɘŬ 

ɜŮɟɧ əŬɘ Űɟɞűɐ, əŬɗɑůŰŬŰŬɘ ůŬűɏɠ ɧŰɘ ɖ ůɤůŰɐ əŬɘ ɞɟɗɞɚɞɔɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ 

ɡŭŬŰɘəɩɜ ˊɧɟɤɜ ŬˊɞŰŮɚŮɑ ŮˊɘŰŬəŰɘəɐ ŬɜɎɔəɖ (Hooper 2003, World 

Meteorological Organization 2009, ɇůŬəɑɟɖɠ 2013, ɀɞɡůŰɎəŬɠ 2016, ɁŰɧŰŬ əŬɘ 

ŪŮɞŭɞůɑɞɡ 2016). ȰŰůɘ, ŬɜŬˊŰɨůůɞɜŰŬɘ ůɡůŰɐɛŬŰŬ ˊɞɡ Ůɚɏɔɢɞɡɜ əŬɘ ŭɘŬŰɖɟɞɨɜ 

ůŰɞ ɓɏɚŰɘůŰɞ ɓŬɗɛɧ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ əŬɘ ŭɘɎɗŮůɖ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ. ȼ 

ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮɑɜŬɘ Ůɡɟɏɤɠ ɔɜɤůŰɐ ɤɠ ȹɈɄ ɐ ȹɘŬɢŮɑɟɘůɖ ɈŭŬŰɘəɩɜ Ʉɧɟɤɜ. 

ɆɡɜɞˊŰɘəɎ ɞɘ ůŰɧɢɞɘ Űɖɠ ŮɑɜŬɘ: Ŭ) ɖ ŮˊŬɟəɐɠ ˊɟɞɛɐɗŮɘŬ ůŮ ˊɞůɧŰɖŰŬ əŬɘ ˊɞɘɧŰɖŰŬ 

Űɞɡ ɜŮɟɞɨ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ Ŭɜɗɟɤˊɑɜɤɜ ŬɜŬɔəɩɜ, ɓ) ɖ 

ˊɟɞůŰŬůɑŬ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ Ŭˊɧ Űɖ ɟɨˊŬɜůɖ, ɔ) ɖ ˊɟɞůŰŬůɑŬ Űɞɡ űɡůɘəɞɨ 

əŬɘ ŬɜɗɟɤˊɞɔŮɜɞɨɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Ŭˊɧ ŬəɟŬɑŬ űŬɘɜɧɛŮɜŬ, ɧˊɤɠ ŮɑɜŬɘ ɞɘ 

ˊɚɖɛɛɨɟŮɠ əŬɘ ɞɘ ɝɖɟŬůɑŮɠ. 

ȽŭɘŬɑŰŮɟŬ ɖ ɝɖɟŬůɑŬ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɡɢɜɧ űŬɘɜɧɛŮɜɞ, ɏɤɠ əŬɘ ůɡůŰɖɛŬŰɘəɧ, Ŭűɞɨ 

Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ ɖ ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɐ əŬɘ ɞɘ ɓɟɞɢɞˊŰɩůŮɘɠ 

ůˊɎɜɘŮɠ ɐ əŬɘ ŬɜɨˊŬɟəŰŮɠ. ɄŮɟɘɞɢɏɠ Űɞɡ ŮɚɚŬŭɘəɞɨ ɢɩɟɞɡ ɛŮ ɖɛɑɝɖɟɞ əɚɑɛŬ 

ɧˊɤɠ ɞɘ ȾɡəɚɎŭŮɠ əŬɘ  ɖ ȾɟɐŰɖ, ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ůŰɖ ɜɧŰɘŬ ŮůɢŬŰɘɎ Űɖɠ 

Ⱥɡɟɩˊɖɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ůɡɢɜɎ űŬɘɜɧɛŮɜŬ ɝɖɟŬůɑŬɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛɖ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ɐ ɞɘəɞɜɞɛɘəɎ Ŭůɨɛűɞɟɖ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ 

ůŮ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ. ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ȹɈɄ ŬˊŬɘŰŮɑŰŬɘ ɛŮŰŬɝɨ Ɏɚɚɤɜ ɖ 

ŭɖɛɘɞɡɟɔɑŬ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ, Űɧůɞ ɔɘŬ Űɘɠ əŬɚɚɘɏɟɔŮɘŮɠ, ɧůɞ əŬɘ ɔɘŬ Űɖɜ ɢɤɟɘəɐ 

əŬŰŬɜɞɛɐ Űɖɠ ɝɖɟŬůɑŬɠ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɔɑɜŮŰŬɘ ŮɡɟŮɑŬ ɢɟɐůɖ ũŮɤɔɟŬűɘəɩɜ 

ɆɡůŰɖɛɎŰɤɜ Ʉɚɖɟɞűɞɟɘɩɜ (ũ.Ɇ.Ʉ.) ɐ GIS ɧˊɤɠ ŮɑɜŬɘ ŭɘŮɗɜɩɠ ɔɜɤůŰɎ. ɇŬ GIS 

ŬˊɞŰŮɚɞɨɜ ɏɜŬ ɘůɢɡɟɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖ ůɡɚɚɞɔɐ, ŬˊɞɗɐəŮɡůɖ, ŭɖɛɘɞɡɟɔɑŬ, 

ŬɜɎəŰɖůɖ, ɛŮŰŬůɢɖɛŬŰɘůɛɧ əŬɘ ŬˊŮɘəɧɜɘůɖ ɢɤɟɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ 

əɧůɛɞɡ (ūɩŰɖɠ 2010). ɇŬ ˊŬəɏŰŬ GIS ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ Űɞ QGIS 

ɧˊɞɡ ɏɔɘɜŮ ɖ ŬɜŬɔɜɩɟɘůɖ əŬɘ ɣɖűɘɞˊɞɑɖůɖ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ, əŬɗɩɠ əŬɘ Űɞ 

ArcGIS ɧˊɞɡ ɏɔɘɜŮ ɖ ˊŬɟŬɔɤɔɐ ɢŬɟŰɩɜ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ŮəŰɑɛɖůɖɠ Űɖɠ ɝɖɟŬůɑŬɠ ɛŮ ɢɟɐůɖ 

ŭɘŮɗɜɩɠ ŬˊɞŭŮəŰɩɜ ŭŮɘəŰɩɜ ɧˊɤɠ ɞ RDI (Tsakiris and Vangelis 2004) əŬɘ ˊɩɠ 
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ŬɡŰɐ əŬŰŬɜɏɛŮŰŬɘ Űɧůɞ ɢɤɟɘəɎ ɧůɞ əŬɘ ɢɟɞɜɘəɎ, ˊɞɘŮɠ ˊŮɟɘɞɢɏɠ ŮˊɖɟŮɎɕŮɘ 

ˊŮɟɘůůɧŰŮɟɞ əŬɘ ůŮ ˊɞɘɞ ɓŬɗɛɧ, ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ɢŮɘɛɎɟɟɞɡ 

ɇŬɡɟɤɜɑŰɖ ůŰɞɜ Ɂɞɛɧ ɉŬɜɑɤɜ Űɖɠ ȾɟɐŰɖɠ. ȼ Ůɜ ɚɧɔɤ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ŮˊŮɚɏɔɖ 

ŮˊŮɘŭɐ ůôŬɡŰɐɜ ˊɟɧəŮɘŰŬɘ ɜŬ əŬŰŬůəŮɡŬůɗɞɨɜ ŭɨɞ űɟɎɔɛŬŰŬ ŬˊɞɗɐəŮɡůɖɠ 

ɜŮɟɞɨ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ɔŮɤɟɔɑŬɠ. ȾŬŰɎ əɨɟɘɞ ɚɧɔɞ, ŮəŰɘɛɐɗɖəŮ ɖ ŮˊɑŭɟŬůɐ Űɖɠ 

ůŰɘɠ ɡŭŬŰɘəɏɠ ŬɜɎɔəŮɠ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, ˊɞɡ 

ŬˊɞŰŮɚɞɨɜ Űɖɜ əɨɟɘŬ ŬˊŬůɢɧɚɖůɖ Űɤɜ əŬŰɞɑəɤɜ.  Ƀɘ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ 

ŬɜŬɔɜɤɟɑůɗɖəŬɜ ɛŮ ŰɖɚŮˊɘůəɞˊɘəɏɠ ɛŮɗɧŭɞɡɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɛŮ 

űɤŰɞŮɟɛɖɜŮɑŬ. ɀŮ Űɘɠ ɛŮɗɧŭɞɡɠ ŬɡŰɏɠ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ 

ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ, ɏɔɘɜŮ əŬɘ ŰŬɡŰɧɢɟɞɜɖ ɞɟɘɞɗɏŰɖůɐ Űɞɡɠ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ɐŰŬɜ 

ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ, ɛŮ ŮɡɟŮɑŬ ɢɟɐůɖ GIS,  ŬűŮɜɧɠ ɗŮɛŬŰɘəɞɑ ɢɎɟŰŮɠ ˊɞɡ ŭŮɑɢɜɞɡɜ 

Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ əŬɘ ŬűŮŰɏɟɞɡ 

ɗŮɛŬŰɘəɞɑ ɢɎɟŰŮɠ ɝɖɟŬůɑŬɠ ɛŮ ɓɎůɖ Űɘɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ RDI ɔɘŬ 35 ůɡɜŮɢɧɛŮɜŬ 

ɡŭɟɞɚɞɔɘəɎ ɏŰɖ (Ŭˊɧ Űɞ 1971-72 ɏɤɠ əŬɘ Űɞ 2005-06). Ƀɘ ɡŭŬŰɘəɏɠ ŬɜɎɔəŮɠ Űɤɜ 

ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ŮəŰɘɛɐɗɖəŬɜ ɛŮ Űɖɜ ˊɟɞŰŮɘɜɧɛŮɜɖ Ŭˊɧ Űɞɜ FAO, ɛɏɗɞŭɞ Űɤɜ 

Penman-Monteith (Allen et al. 1998). ȹɘŬˊɘůŰɩɗɖəŮ ɧŰɘ, ɔɘŬ Űɞ ˊɘɞ ɝɖɟɧ 

ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ Űɖɠ ɢɟɖůɘɛɞˊɞɘɖɗŮɑůŬɠ ɢɟɞɜɞůŮɘɟɎɠ (ŮɚɎɢɘůŰɖ ŮɜŮɟɔɧɠ 

ɓɟɞɢɧˊŰɤůɖ), ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ Ŭˊɧ Űɖ ůɢŮŰɘəɐ ɞɟɘůŰɘəɐ ɛŮɚɏŰɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ 

Űɤɜ űɟŬɔɛɎŰɤɜ ɄŬˊŬŭɘŬɜɩɜ əŬɘ ɆŮɛˊɟŮɜɘɩŰɖ, ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ 

əŬŰŬůəŮɡŬůɗɞɨɜ ŮɜŰɧɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ɇŬɡɟɤɜɑŰɖ, ŮɑɜŬɘ ŮˊŬɟəɐɠ ɔɘŬ 

ɜŬ əŬɚɨɣŮɘ Űɖ ɕɐŰɖůɖ ɔɘŬ ɜŮɟɧ ɎɟŭŮɡůɖɠ ɛŮ ɡɣɖɚɧ ɓŬɗɛɧ ŬɝɘɞˊɘůŰɑŬɠ. 
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ȾŮűɎɚŬɘɞ 2 
 

 

 

2. ȿȺȾȷɁȼ ȷɄɃɅɅɃȼɆ ɇȷɈɅɋɁȽɇȼ Ɂ.ɉȷɁȽɋɁ 

 

2.1 ɄȺɅȽũɅȷūȼ  
 

ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ ɇŬɡɟɤɜɑŰɖ ɓɟɑůəŮŰŬɘ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ 

ɜɞɛɞɨ ɉŬɜɑɤɜ ůŰŬ ŭɡŰɘəɎ Űɖɠ ȾɟɐŰɖɠ. ȰˊŮɘŰŬ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ůɢŮŭɑɞɡ 

çȾŬɚɚɘəɟɎŰɖɠè ɔɘŬ Űɖɜ Ůɜɞˊɞɑɖůɖ Űɤɜ ŭɐɛɤɜ, ŬɜɐəŮɘ ŭɘɞɘəɖŰɘəɎ ůŰɞ ŭɐɛɞ 

ɄɚŬŰŬɜɘɎ (ɀˊɞɨɟŬ 2010) (ɆɢɐɛŬ 2.1). ȼ ɏəŰŬůɖ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ Űɞɡ 

ˊɞŰŬɛɞɨ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 131 km2. ȺəŰɧɠ Ŭˊɧ Űɖɜ ůɡɛɓɞɚɐ ůŰɞ ɡŭŬŰɘəɧ ŭɡɜŬɛɘəɧ 

Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ Űɤɜ ɉŬɜɑɤɜ, ɞ ˊɞŰŬɛɧɠ ůŰɖɜ Ůəɓɞɚɐ Űɞɡ ŬˊɞŰŮɚŮɑ 

ŮɜŮɟɔɧ ɡŭɟɞɓɘɧŰɞˊɞ ɛŮ ŭɘɎűɞɟŬ Ůɑŭɖ ɢɚɤɟɑŭŬɠ əŬɘ ˊŬɜɑŭŬɠ (Ⱦɞɡɟɐ 2015). 

Ⱥˊɘˊɚɏɞɜ, Űɧůɞ ɖ Ůəɓɞɚɐ Űɞɡ ˊɞŰŬɛɞɨ, ɧůɞ əŬɘ ŰŬ ɓɧɟŮɘŬ ŰɛɐɛŬŰŬ Űɖɠ ɚŮəɎɜɖɠ 

ŬˊɞŰŮɚɞɨɜ ˊɟɞůŰŬŰŮɡɧɛŮɜŮɠ ˊŮɟɘɞɢɏɠ NATURA. 

ɆɢɐɛŬ 2.1: Ūɏůɖ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ŮɜŰɧɠ ȹɐɛɞɡ ɄɚŬŰŬɜɘɎ. 

O ɇŬɡɟɤɜɑŰɖɠ ŮɑɜŬɘ ɏɜŬɠ ɛŮɔɎɚɞɠ ɢŮɑɛŬɟɟɞɠ, ɞ ɞˊɞɑɞɠ ɏɢŮɘ Ŭˊɞɟɟɞɐ ɛɧɜɞ ɧŰŬɜ 

ɓɟɏɢŮɘ. ȺɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ ˊɞɡ ɖ ɓɟɞɢɧˊŰɤůɖ ŮɑɜŬɘ 
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ŮɚɎɢɘůŰɖ, ŭŮɜ ɏɢŮɘ ˊŬɟɞɢɐ. ɄŬɟɧɚŬ ŬɡŰɎ ɞɘ əɎŰɞɘəɞɘ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɜ ŬˊɞəŬɚɞɨɜ 

ˊɞŰŬɛɧ ɚɧɔɤ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ. 

ɇɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ ɞɡůɘŬůŰɘəɎ ŬɜɐəŮɘ ůŰɞɡɠ ˊɟɧˊɞŭŮɠ Űɤɜ ȿŮɡəɩɜ 

ȳɟŮɤɜ. ɋɠ Ůə ŰɞɨŰɞɡ, Űɞ ɞɟŮɘɜɧ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ űŰɎɜŮɘ ůŮ ɡɣɧɛŮŰɟɞ ˊɎɜɤ 

Ŭˊɧ 1300m. Ƀ ˊɞŰŬɛɧɠ ŮəɓɎɚŮɘ ůŰɞ ȾɟɖŰɘəɧ ˊɏɚŬɔɞɠ. ɇɞ ɡŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɘɠ əɨɟɘŮɠ ɡˊɞɚŮəɎɜŮɠ, ɛɑŬ ɔɘŬ əɎɗŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ŰɟŮɘɠ 

ɛŮɔɎɚɞɡɠ ɢŮɑɛŬɟɟɞɡɠ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ˊɞŰŬɛɞɨ. ȷɡŰɏɠ ŮɑɜŬɘ:  

¶ ɇɞɡ ɢŮɘɛɎɟɟɞɡ ɆŮɛˊɟŮɜɘɩŰɖ ˊɞɡ ˊɖɔɎɕŮɘ Ŭˊɧ Űɞ ɢɤɟɘɧ ɆɏɛˊɟɤɜŬɠ. 

¶ ɇɞɡ ɢŮɘɛɎɟɟɞɡ ɅɞɡɛŬŰɘŬɜɞɨ ˊɞɡ ˊɖɔɎɕŮɘ Ŭˊɧ Űɞ ɢɤɟɘɧ ɄŬɚŬɘɎ ɅɞɨɛŬŰŬ. 

¶ ɇɞɡ ɢŮɘɛɎɟɟɞɡ ɁŰŮɟɘŬɜɞɨ ˊɞɡ ˊɖɔɎɕŮɘ Ŭˊɧ Űɞ ɢɤɟɘɧ ɄɟŬůůɏɠ. 

Ƀɘ ɆŮɛˊɟŮɜɘɩŰɖɠ əŬɘ ɅɞɡɛŬŰɘŬɜɧɠ ŮɜɩɜɞɜŰŬɘ əɞɜŰɎ ůŰɞ ɢɤɟɘɧ ȸɞɡəɞɚɘɏɠ, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ɛŮɔŬɚɨŰŮɟɞ ɡŭŬŰɧɟŮɡɛŬ, Ůɜɩ ˊŮɟɑˊɞɡ 4.5 km Ŭˊɧ Űɖɜ 

Ůəɓɞɚɐ, əɞɜŰɎ ůŰɞ ɢɤɟɘɧ Ɇɡɟɑɚɘ, ŮɜɩɜŮŰŬɘ ɛŬɕɑ Űɞɡɠ əŬɘ ɞ ɢŮɑɛŬɟɟɞɠ ɁŰŮɟɘŬɜɧɠ. 

Ƀɘ ˊŬɟŬˊɧŰŬɛɞɘ-ɢŮɑɛŬɟɟɞɘ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ ˊɞɚɡɎɟɘɗɛŮɠ ɛɘəɟɧŰŮɟŮɠ 

ɛɘůɔɎɔɔŮɘŮɠ.  

ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɓɟɑůəŮŰŬɘ ˊŮɟɑˊɞɡ ůŮ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ 35ɞ 27ô əŬɘ 

ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ 23ɞ 53ô (ɀɞɟɘŬɜɞɨ 2014). ɆɡɜɞɟŮɨŮɘ ɛŮ ɧɛɞɟŮɠ ɚŮəɎɜŮɠ 

Ŭˊɞɟɟɞɐɠ ɛŮɔɎɚɤɜ ɢŮɘɛɎɟɟɤɜ ˊɟɞɠ ɜɧŰɞ, ŬɜŬŰɞɚɐ əŬɘ ŭɨůɖ (ɆɢɐɛŬ 2.2). 

ũŮɜɘəɎ, ɧɚŮɠ ɞɘ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ɜɞɛɞɨ ɉŬɜɑɤɜ ŮɑɜŬɘ ɛɘəɟɏɠ ůŮ ɛɏɔŮɗɞɠ 

ŮɝŬɘŰɑŬɠ Űɖɠ ŰɞˊɞɔɟŬűɑŬɠ (ɛŬəɟɧůŰŮɜɞɠ ɜɞɛɧɠ) əŬɘ Űɞɡ ŬɜŬɔɚɨűɞɡ (ȿŮɡəɎ ȳɟɖ). 

ɆɢɐɛŬ 2.2: ɆɢŮŰɘəɐ ɗɏůɖ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ ɤɠ ˊɟɞɠ Űɘɠ ɧɛɞɟŮɠ ɚŮəɎɜŮɠ Űɞɡ ɜɞɛɞɨ 

ɉŬɜɑɤɜ.  
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ũŮɜɘəɎ, ɖ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŭŮɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬɜŮˊŰɡɔɛɏɜɖ ɞɘəɘůŰɘəɎ, Ŭűɞɨ 

ɞɘ ɞɘəɘůɛɞɑ ŮɑɜŬɘ ɚɑɔɞɘ, ɛɘəɟɞɑ ůŮ ɏəŰŬůɖ əŬɘ ɛŮ ˊŮɟɘɞɟɘůɛɏɜɞ ˊɚɖɗɡůɛɧ. Ƀ 

əɡɟɘɧŰŮɟɞɠ ŰɞɛɏŬɠ ŬɜɎˊŰɡɝɖɠ, ŮɑɜŬɘ ɞ ŬɔɟɞŰɘəɧɠ, əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɞɘ 

ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ. Ƀɘ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɟŭŮɨɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ 

ɔŮɤŰɟɐůŮɘɠ, ˊŬɟɎɜɞɛŮɠ əŬɘ ɛɖ, ɞɘ ɞˊɞɑŮɠ ŮəűɞɟŰɑɕɞɡɜ əŬŰɎ ɛɏůɞ ɧɟɞ ŬɜɎ ɏŰɞɠ 

31*106m3 ɧɔəɞɡ ɡˊɧɔŮɘɤɜ ɜŮɟɩɜ Ŭˊɧ Űɘɠ ˊɖɔɏɠ Űɤɜ ɀŮůəɚɩɜ əŬɘ 67.1*106 m3 

Ŭˊɧ Űɘɠ ˊɖɔɏɠ Űɖɠ ȷɔɘɎɠ (ɉŬɜɘɩŰɘəŬ ɜɏŬ). 

 

2.2 ɀɃɅūɃɀȺɇɅȽȾȷ ɉȷɅȷȾɇȼɅȽɆɇȽȾȷ 
 

ɀȺũȺŪɃɆ ȿȺȾȷɁȼɆ ȷɄɃɅɅɃȼɆ 

ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɏɢŮɘ ɏəŰŬůɖ 131 km2, ɞ ɡŭɟɞəɟɑŰɖɠ 

ɏɢŮɘ ɐŭɖ ɞɟɘɞɗŮŰɖɗŮɑ. Ⱥˊɑůɖɠ, ˊɟɏˊŮɘ ɜŬ ŮɝŬɢɗɞɨɜ ɞɘ ɘůɞɦɣŮɑɠ əŬɛˊɨɚŮɠ ůŰɖ 

ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Ŭˊɧ ɏɜŬ DEM. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ɡˊɎɟɢŮɘ ɡɣɞɛŮŰɟɘəɐ 

ˊɚɖɟɞűɞɟɑŬ ɔɘŬ ɧɚŬ ŰŬ ůɖɛŮɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ȼ ɡɣɞɛŮŰɟɘəɐ 

ˊɚɖɟɞűɞɟɑŬ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ, ŭɘɧŰɘ Űɞ ɡɣɧɛŮŰɟɞ ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ 

əŬɗɞɟɘůŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ɓɟɞɢɧˊŰɤůɖ. ȷɨɝɖůɖ 

ɡɣɞɛɏŰɟɞɡ ůɖɛŬɑɜŮɘ Ŭɨɝɖůɖ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ (ɇůŬəɑɟɖɠ 1995, 2013). 

 

Ɇɉȼɀȷ ȿȺȾȷɁȼɆ ȷɄɃɅɅɃȼɆ 

ɇɞ ɛɏɔŮɗɞɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ŬˊɞŰŮɚŮɑ ůɢŮŰɘəɐ ɏɜɜɞɘŬ, əŬɗɩɠ ŮˊɖɟŮɎɕŮɘ Űɖ 

ůɡɜɞɚɘəɐ Ŭˊɞɟɟɞɐ ůŰɖɜ ɏɝɞŭɧ Űɖɠ, Űɞ ɢɟɧɜɞ ůɡɔəɏɜŰɟɤůɖɠ Űɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ 

əŬŰɎ ůɡɜɏˊŮɘŬ Űɞ ůɢɐɛŬ Űɞɡ ɡŭɟɞɔɟŬűɐɛŬŰɞɠ (ɇůŬəɑɟɖɠ 2013). ɆɡɜŮˊɩɠ, 

ŬˊŬɘŰŮɑŰŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ůɢɐɛŬŰɞɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. Ƀɘ ŮˊɘɛɐəŮɘɠ 

ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɞ ɢɟɧɜɞ ůɡɔəɏɜŰɟɤůɖɠ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ɟɘˊɘŭɞŮɘŭŮɑɠ ɐ əɡəɚɘəɏɠ ɚŮəɎɜŮɠ. Ɉˊɧ ɑŭɘŮɠ ůɡɜɗɐəŮɠ, ɞɘ ŮˊɘɛɐəŮɘɠ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɛɘəɟɧŰŮɟŮɠ ˊŬɟɞɢɏɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ůˊŬɜɘɧŰŮɟɞ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

ˊɚɖɛɛɨɟŬɠ (ɆɢɐɛŬ 2.3). 
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ɆɢɐɛŬ 2.3: ȺˊɑŭɟŬůɖ ůɢɐɛŬŰɞɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ůŰɖ ɛɞɟűɐ Űɞɡ ɡŭɟɞɔɟŬűɐɛŬŰɞɠ Ŭˊɞɟɟɞɐɠ. 

 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ ůɢɐɛŬ Űɖɠ ɚŮəɎɜɖɠ ŮˊɖɟŮɎɕŮɘ Űɖɜ ˊŬɟɞɢɐ ɧŰŬɜ ɖ 

ɓɟɞɢɧˊŰɤůɖ ŭŮɜ əŬɚɨˊŰŮɘ ɞɚɧəɚɖɟɖ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɚŮəɎɜɖɠ ŬɚɚɎ ŬɡŰɐ 

ɛŮŰŬəɘɜŮɑŰŬɘ Ŭˊɧ Űɞ ɏɜŬ Ɏəɟɞ ůŰɞ Ɏɚɚɞ (Langbein et al. 1947). ȰŰůɘ, ůŰɞ 

ˊŬɟŬˊɎɜɤ ůɢɐɛŬ, ůŰɖ ɚŮəɎɜɖ ȷ ɞ ɢɟɧɜɞɠ ůɡɔəɏɜŰɟɤůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ 

ŬɡŰɧɜ Űɖɠ ȸ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ɓɟɞɢɧˊŰɤůɖ Űɞɡ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜɞɡ ůɖɛŮɑɞɡ 

Űɖɠ ɚŮəɎɜɖɠ ůŰŬ ŬɜɎɜŰɖ, ɜŬ əɎɜŮɘ ˊŮɟɘůůɧŰŮɟɞ ɢɟɧɜɞ ɜŬ űŰɎůŮɘ ůŰɖɜ ɏɝɞŭɞ 

ɞŭɖɔɩɜŰŬɠ ůŮ ɛɘəɟɧŰŮɟɖ ˊŬɟɞɢɐ Ŭˊɧ ɧŰɘ ůŰɖɜ ɚŮəɎɜɖ ȸ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ, 

ŭɖɚŬŭɐ, Űɖɠ ŭŮɨŰŮɟɖɠ ɚŮəɎɜɖɠ ɧˊɞɡ Űɞ ůɢɐɛŬ ŮɑɜŬɘ ůɢŮŭɧɜ əɡəɚɘəɧ, ŰŬ 

ŬˊɞɛŬəɟɡůɛɏɜŬ ůɖɛŮɑŬ Űɖɠ ɚŮəɎɜɖɠ ŭŮɜ ɢɟŮɘɎɕɞɜŰŬɘ ɛŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

ɔɘŬ ɜŬ ůɡɛɓɎɚɚɞɡɜ ŭɡɜŬɛɘəɎ ůŰɖɜ Ŭˊɞɟɟɞɐ. ȰŰůɘ, ɏɜŬ ˊɚɖɛɛɡɟɘəɧ űŬɘɜɧɛŮɜɞ 

ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ůɡɛɓŮɑ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ.  

ɇɞ ůɢɐɛŬ Űɖɠ ɚŮəɎɜɖɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɛŮ ɓɎůɖ ɏɜŬɜ ŭŮɑəŰɖ ˊɞɡ 

ɝŮɢɤɟɑɕŮɘ Ŭˊɧ ɧɚɞɡɠ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ŭŮɑəŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ. ȷɡŰɧɠ 

ŮɑɜŬɘ ɞ ŭŮɑəŰɖɠ CRAVELIUS. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞ Cravelius (Horton 1932) 

ɢɟɖůɘɛɞˊɞɑɖůŮ Űɞ ŭŮɑəŰɖ ůɡɔəɏɜŰɟɤůɖɠ (compactness) ɔɘŬ ɜŬ ŮəűɟɎůŮɘ Űɞ 

ůɢɐɛŬ Űɖɠ ɚŮəɎɜɖɠ. Ƀ ŭŮɑəŰɖɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

KC= (ɄŮɟɑɛŮŰɟɞɠ ɚŮəɎɜɖɠ P ɛŮ ŮɛɓŬŭɧɜ ȷ)/((ɄŮɟɑɛŮŰɟɞɠ əɨəɚɞɡ ɛŮ ɑůɞ ŮɛɓŬŭɧɜ 

ȷ)                                                                                                                      (2.1) 

ȳˊɞɡ: ȾC= ŭŮɑəŰɖɠ ůɡɔəɏɜŰɟɤůɖɠ 

           Ʌ= ˊŮɟɑɛŮŰɟɞɠ ɚŮəɎɜɖɠ 

           ȷ= ŮɛɓŬŭɧɜ ɚŮəɎɜɖɠ 

ȽůɢɨŮɘ KC= (0,28Ʌ)/ȷ0,5                                                                                          (2.2) 

ȰŰůɘ, ɛɘŬ əɡəɚɘəɐ ɚŮəɎɜɖ ɏɢŮɘ ŭŮɑəŰɖ ȾC=1.  
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ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ɇŬɡɟɤɜɑŰɖ ŮɑɜŬɘ: 

 

 

 

ɀŮ ɓɎůɖ Űɞ ŭŮɑəŰɖ ůɡɔəɏɜŰɟɤůɖɠ, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ 

ŭŮɜ ŮɑɜŬɘ ɞɨŰŮ əɡəɚɘəɐ ɞɨŰŮ ɘŭɘŬɑŰŮɟŬ Ůˊɘɛɐəɖɠ, ŬɚɚɎ ɓɟɑůəŮŰŬɘ ůŮ ɛɘŬ ŮɜŭɘɎɛŮůɖ 

əŬŰɎůŰŬůɖ. ɇɞ ɛɐəɞɠ Űɖɠ ɚŮəɎɜɖɠ ůŮ əŬŰŬəɧɟɡűɖ ŭɘŮɨɗɡɜůɖ (ˊŬɟɎɚɚɖɚŬ ůŰɖ 

ɟɞɐ Űɤɜ ɢŮɘɛɎɟɟɤɜ) ŮɑɜŬɘ ůɢŮŰɘəɎ ɛŮɔɎɚɞ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɏůɞ ˊɚɎŰɞɠ. ɋůŰɧůɞ, 

ɞ ˊŬɟɎɔɞɜŰŬɠ ŬɡŰɧɠ ŭŮɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬɝɘɧˊɘůŰɞɠ, ŮˊŮɘŭɐ ŭŮɜ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ 

Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ɚŮəɎɜɖ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ˊɚŬŰɘɎ ůŰɞ ɞɟŮɘɜɧ ŰɛɐɛŬ Űɖɠ, Ůɜɩ ůŰɞ 

ŬɜŰɑůŰɞɘɢɞ ˊŮŭɘɜɧ ɘŭɘŬɑŰŮɟŬ ůŰŮɜɐ. ɀɎɚɘůŰŬ ŭŮɜ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɞ 

ɛŬɘŬɜŭɟɘůɛɧɠ Űɤɜ ɡŭŬŰɞɟŮɡɛɎŰɤɜ. 

 

ɈɊɃɀȺɇɅɃ ȿȺȾȷɁȼɆ ȷɄɃɅɅɃȼɆ 

ɇɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɏɢŮɘ ɎɛŮůɖ ůɢɏůɖ Űɧůɞ ɛŮ Űɖ ɓɟɞɢɧˊŰɤůɖ 

(əŬŰŬəɟɖɛɜɑůɛŬŰŬ ɔŮɜɘəɎ) ˊɞɡ ŭɏɢŮŰŬɘ ɧůɞ əŬɘ ɛŮ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ 

ŮˊɘəɟŬŰɞɨɜ ůôŬɡŰɐ. ɀŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɡɣɞɛɏŰɟɞɡ ŬɡɝɎɜŮŰŬɘ ɖ ɓɟɞɢɧˊŰɤůɖ əŬɘ 

ɛŮɘɩɜŮŰŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ (ɇůŬəɑɟɖɠ 2013) . Ʉɘɞ ŬɜŬɚɡŰɘəɎ, ɛŮɔŬɚɨŰŮɟɞ ɨɣɞɠ 

əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ůɡɜŰŮɚŮɑ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ ɢŬɛɖɚɧŰŮɟŮɠ ɐ 

ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ůɡɜŮˊɎɔɞɜŰŬɘ ŮɚɎŰŰɤůɖ ɐ Ŭɨɝɖůɖ Űɖɠ ŮɝɎŰɛɘůɖɠ 

ŬɜŰɑůŰɞɘɢŬ. ȷɡŰɐ ɖ Ŭɨɝɖůɖ ůɡɜŮɢɑɕŮɘ ɛɏɢɟɘ ŰŬ 2.5 km ˊŮɟɑˊɞɡ əŬɘ Ŭˊɧ ŮəŮɑ əŬɘ 

ˊɏɟŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɚɎŰŰɤůɖ.  

ɆɖɛŬɜŰɘəɎ ɛŮɔɏɗɖ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ŮɑɜŬɘ Űɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ 

ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, ɖ ɛɏůɖ Űɘɛɐ , Űɞ ɛɏɔɘůŰɞ əŬɘ ŮɚɎɢɘůŰɞ ɡɣɧɛŮŰɟɞ. ɇɞ ŮɚɎɢɘůŰɞ 

əŬɘ Űɞ ɛɏɔɘůŰɞ ɡˊɞɚɞɔɑůŰɖəŬɜ ɛŮ ɓɎůɖ Űɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ ŮŭɎűɞɡɠ. ũɘŬ Űɖ ɛɏůɖ 

Űɘɛɐ Űɞɡ ɡɣɞɛɏŰɟɞɡ ɢŬɟɎɢŰɖəŮ ɖ ɡɣɞɛŮŰɟɘəɐ ɐ ɡɣɞɔɟŬűɘəɐ əŬɛˊɨɚɖ. ȷɡŰɐ 

ɞɟɑɕŮŰŬɘ ɤɠ ɖ əŬɛˊɨɚɖ ˊɞɡ ɢŬɟɎůůŮŰŬɘ ůŮ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɛŮ 

ŰŮŰŬɔɛɏɜɖ əɎɗŮ űɞɟɎ Űɞ ɡɣɧɛŮŰɟɞ əŬɘ ŰŮŰɛɖɛɏɜɖ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ŮəŰɎůŮɤɜ 

ˊɞɡ ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɞ əɎɗŮ ɡɣɧɛŮŰɟɞ. ɇɞ ɛɏŰɟɞ Űɖɠ əŮɜŰɟɘəɐɠ Űɘɛɐɠ Űɞɡ 

ɡɣɞɛɏŰɟɞɡ ŮəŰɘɛɎŰŬɘ ɛŮ Űɖ ŭɘɎɛŮůɞ ɐ Űɞɜ ɛɏůɞ ɧɟɞ. ȼ ŭɘɎɛŮůɞɠ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ 

Űɖɜ ɡɣɞɛŮŰɟɘəɐ əŬɛˊɨɚɖ əŬɘ ŮɑɜŬɘ ŮəŮɑ ɧˊɞɡ Űɞ 50% Űɖɠ ɏəŰŬůɖɠ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ ɓɟɑůəŮŰŬɘ ˊɎɜɤ Ŭˊɧ ŬɡŰɧ Űɞ ɡɣɧɛŮŰɟɞ. 

131

63.6

ɳ˃ʲʰʵˈ˄ ˂ʶˁʱ˄ʹˌ όƪƳчύ

ʃʶˊʾ˃ʶˍˊˇˌ ˂ʶˁʱ˄ʹˌ όƪƳύ

1.56YŎ όʵʶʾˁˍʹˌ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌύ 
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ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɡɣɞɔɟŬűɘəɐɠ əŬɛˊɨɚɖɠ (ETH Zurich 2017) ɢɟŮɘɎůŰɖəŮ 

ɜŬ ŮɛɓŬŭɞɛŮŰɟɖɗɞɨɜ ɞɘ ɡɣɞɛŮŰɟɘəɏɠ ɕɩɜŮɠ Űɖɠ ɚŮəɎɜɖɠ ŬɜɎ 100m. Ƀɘ 

ɡɣɞɛŮŰɟɘəɏɠ ɕɩɜŮɠ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ ŰŬ əɚŮɘůŰɎ ˊɞɚɨɔɤɜŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ɞɘ 

ˊɟɞɖɔɞɡɛɏɜɤɠ ŮɝŬɢɗŮɑůŮɠ ɘůɞɦɣŮɑɠ əŬɛˊɨɚŮɠ əŬɘ ɞ ɡŭɟɞəɟɑŰɖɠ (ɆɢɐɛŬ 2.4). 

ɆɢɐɛŬ 2.4: ɈɣɞɛŮŰɟɘəɏɠ ɕɩɜŮɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. 
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ɀŮ ɓɎůɖ Űɘɠ ˊŬɟŬˊɎɜɤ ɕɩɜŮɠ, ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŮɛɓŬŭɎ əɎɗŮ 

ɕɩɜɖɠ. ȼ ɢŬɟŰɞůɨɜɗŮůɖ əŬɘ ŮɛɓŬŭɞɛɏŰɟɖůɖ ɏɔɘɜŮ ůŮ AutoCAD 2015. ȰŰůɘ, 

əŬŰŬůəŮɡɎůŰɖəŮ ɖ ˊŬɟŬəɎŰɤ ɡɣɞɔɟŬűɘəɐ əŬɛˊɨɚɖ (ɆɢɐɛŬ 2.5).  

ɆɢɐɛŬ 2.5: ɈɣɞɔɟŬűɘəɐ əŬɛˊɨɚɖ. 

ȷˊɧ Űɖɜ əŬɛˊɨɚɖ ŬɡŰɐ ŮɝɎɔŮŰŬɘ ŮɨəɞɚŬ ɖ əŮɜŰɟɘəɐ Űɘɛɐ ɡɣɞɛɏŰɟɞɡ (ŭɘɎɛŮůɞɠ 

Űɘɛɐ ɐ median) ɖ ɞˊɞɑŬ ɘůɞɨŰŬɘ ɛŮ 460m. Ⱥˊɑůɖɠ, Űɞ ɛɏɔɘůŰɞ ɡɣɧɛŮŰɟɞ ŮɑɜŬɘ 

1306m, Ůɜɩ Űɞ ŮɚɎɢɘůŰɞ ŮɑɜŬɘ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ ŭɖɚŬŭɐ 0m.  

ɇɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɡˊɞɚɞɔɑůŰɖəŮ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, 

ɛŮ Űɖ ŭɘŬɑɟŮůɖ Űɖɠ ɚŮəɎɜɖɠ ůŮ ɕɩɜŮɠ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɏůɞ ɡɣɧɛŮŰɟɞ ɔɘŬ əɎɗŮ 

ɛɑŬ Ŭˊɧ ŬɡŰɏɠ. ɇɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɞɜ Űɨˊɞ: 

Zm=Ɇ(ȻiAi)/Ɇȷi                                                                                                         (2.3) 

ɧˊɞɡ: Ȼm = Űɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ (m) 

Zi= Űɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ əɎɗŮ ɡˊɞˊŮɟɘɞɢɐɠ (m) 

Ai = Űɞ ŮɛɓŬŭɧɜ əɎɗŮ ɡˊɞˊŮɟɘɞɢɐɠ (Km2) 

ɇŮɚɘəɎ ˊɟɞɏəɡɣŮ Zm=463m, ˊɞɡ ŮɑɜŬɘ ˊɞɚɨ əɞɜŰɎ ůŰɖ ŭɘɎɛŮůɞ Űɘɛɐ. 

ȾȿȽɆȺȽɆ ȺȹȷūɃɈɆ 

Ƀɘ əɚɑůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧ 

ůɡɛˊɚɖɟɤɛŬŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ɢɟɐůɘɛŮɠ əŬɘ 

ˊɚɞɨůɘŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ɛŮŰɏˊŮɘŰŬ ůɢŮŭɘŬůɛɧ ɏɟɔɤɜ ɞŭɞˊɞɘɑŬɠ, ɡŭɟŬɡɚɘəɩɜ 

əɚˊ. Ƀɘ əɚɑůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖɜ ˊɟɞůɓŬůɘɛɧŰɖŰŬ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ, 
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əŬɗɩɠ ɞɘ ˊɞɚɨ ŬˊɧŰɞɛŮɠ əɚɑůŮɘɠ əɎɜɞɡɜ ŭɨůəɞɚɖ Űɖ ůɨɜŭŮůɖ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ɛŮ 

ɎɚɚŮɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ŭɡůɢŮɟŬɑɜɞɡɜ Űɖɜ ŬɜɎˊŰɡɝɐ Űɖɠ. 

ɀŮ ɓɎůɖ Űɖɜ ˊɟɧŰŬůɖ Űɞɡ Demek (1972), ɞɘ əɚɑůŮɘɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ 

ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ 6 əɚɎůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ 

Űɞɡɠ. ȼ ŰŬɝɘɜɧɛɖůɖ ŬɡŰɐ ŬəɞɚɞɡɗŮɑŰŬɘ əŬɘ Ŭˊɧ Űɖɜ International Geographical 

Union, ɢɤɟɑɕɞɜŰŬɠ Űɘɠ Űɘɛɏɠ ɛɏůɖɠ əɚɑůɖɠ Űɞɡ ŬɜɎɔɚɡűɞɡ ůŰɘɠ 6 ŬɡŰɏɠ əŬŰɖɔɞɟɑŮɠ 

ɛŮ ɔɜɩɛɞɜŬ Űɞ Ůɑŭɞɠ Űɤɜ ŮˊɘűŬɜŮɘɩɜ əŬɘ Űɞɜ Űɟɧˊɞ ŭɘɎɓɟɤůɐɠ Űɞɡɠ ɤɠ Ůɝɐɠ 

(ɄŬˊŬɔŮɤɟɔɎəɖ 2012): 

× ũɘŬ ɏŭŬűɞɠ ŮˊɑˊŮŭɞ ɏɤɠ ŮɚŬűɟɩɠ əŮəɚɘɛɏɜɞ (əɚɑůɖ 0-2ɞ) 

× ũɘŬ ɏŭŬűɞɠ ŮɚŬűɟɩɠ əŮəɚɘɛɏɜɞ (2-5ɞ) 

× ũɘŬ ɏŭŬűɞɠ ɘůɢɡɟɩɠ əŮəɚɘɛɏɜɞ (5-15ɞ) 

× ũɘŬ ɏŭŬűɞɠ ŬˊɧŰɞɛɞ ɏɤɠ ŮɝŬɘɟŮŰɘəɎ ŬˊɧŰɞɛɞ (15-30ɞ) 

× ũɘŬ ɏŭŬűɞɠ Ŭˊɧəɟɖɛɜɞ (30-55ɞ) 

× ũɘŬ ɏŭŬűɞɠ ůɢŮŭɧɜ əɎɗŮŰɞ (>55ɞ). 

ɀŮ ɓɎůɖ ŬɡŰɎ ŰŬ əɟɘŰɐɟɘŬ ŰŬɝɘɜɧɛɖůɖɠ ˊɟɞɏəɡɣŮ ɞ ˊŬɟŬəɎŰɤ ɗŮɛŬŰɘəɧɠ ɢɎɟŰɖɠ 

(ɆɢɐɛŬ 2.6). 

ɆɢɐɛŬ 2.6: ȾɚɑůŮɘɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. 
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ɼ˂ʾˋʹ ό˃ˇʾˊʶˌύʃˇˋˇˋˍˈ ʷˁˍʰˋʹˌ

>55 0.010

30-55 12.56

15-30 49.19

5-15. 30.53

2-5. 5.95

0-2 1.76

ʅˏ˄ˇ˂ˇ 100

 

ȷˊɧ ůŰŬŰɘůŰɘəɐɠ ˊɚŮɡɟɎɠ ŮɝɎɔɞɜŰŬɘ ŰŬ ŬəɧɚɞɡɗŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɄɑɜŬəŬɠ 2.1:  ɄɞůɞůŰɎ əɚɑůŮɤɜ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. 

 

 

 

 

 

 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɓɞɖɗɎŮɘ, Ůˊɘˊɚɏɞɜ ůŰɞ ŭɘŬɢɤɟɘůɛɧ Űɤɜ ˊŮŭɘɜɩɜ əŬɘ ɞɟŮɘɜɩɜ 

ˊŮɟɘɞɢɩɜ (Hamza and Raghuvanshi 2016). ũŮɜɘəɎ, Űɞ ɞɟŮɘɜɧ ůŰɞɘɢŮɑɞ ŭŮɑɢɜŮɘ ɜŬ 

ŮˊɘəɟŬŰŮɑ, Ŭűɞɨ ˊŮɟɑˊɞɡ Űɞ 92% Űɖɠ ůɡɜɞɚɘəɐɠ ɏəŰŬůɖɠ Űɖɠ ɚŮəɎɜɖɠ ŬɜɐəŮɘ ůŮ 

əŬŰɖɔɞɟɑŬ ɑůɖ ɐ ɛŮɔŬɚɨŰŮɟɖ Űɞɡ ɘůɢɡɟɩɠ əŮəɚɘɛɏɜɞɡ ŮŭɎűɞɡɠ. 

ũɘŬ Űɘɠ ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɛɐ ˊɟɞůɘŰɏɠ ɧˊɤɠ űŬɟɎɔɔɘŬ, ɔəɟŮɛɞɑ əŬɘ ˊɡəɜɎ 

űɡŰɞəŬɚɡɛɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ŭŮɜ ŬɟəŮɑ ɏɜŬ  DEM 30m ŬəɟɑɓŮɘŬɠ, ɧˊɤɠ Ůŭɩ, ɔɘŬ ɜŬ 

ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ əŬŰɖɔɞɟɑŬ ˊɚŬɔɘɎɠ. ɉɟŮɘɎɕŮŰŬɘ əɎˊɞɘɞ ůɡɛˊɚɖɟɤɛŬŰɘəɧ 

ŮɟɔŬɚŮɑɞ ɧˊɤɠ ŮɘəɧɜŮɠ Google Earth (Hamza and Raghuvanshi 2016). ɆŰɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŬɡŰɐ ɖ ŮˊŮɝŮɟɔŬůɑŬ ɢɟŮɘɎůŰɖəŮ ɜŬ ɔɑɜŮɘ ɛɧɜɞ ɔɘŬ ŮɚɎɢɘůŰŮɠ 

ˊɡəɜɎ əŬɚɡɛɛɏɜŮɠ Ŭˊɧ ɓɚɎůŰɖůɖ ˊŮɟɘɞɢɏɠ, ɞɘ ɞˊɞɑŮɠ ŭŮɜ ɏŭɤůŬɜ ŭɘŬűɞɟŮŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ŬɡŰɎ ˊɞɡ ŬˊɞŭɑŭŮɘ ɞ ɢɎɟŰɖɠ. 

 

2.3 ũȺɋȿɃũȽȾȷ ɆɇɃȽɉȺȽȷ 
 

ɆŮ ŭɘŮɟŮɡɜɐůŮɘɠ ˊɞɡ Ŭűɞɟɞɨɜ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ, ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɤɠ ɞɜŰɧŰɖŰŬ, əŬɚɧ ŮɑɜŬɘ ɜŬ ŬˊɞŭɑŭŮŰŬɘ ɏɜŬɠ ɢɎɟŰɖɠ ɛŮ 

ɔŮɤɚɞɔɘəɎ ůŰɞɘɢŮɑŬ, ŰŬ ɞˊɞɑŬ ŭɑɜɞɡɜ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɧˊɤɠ ŰŬ Ůɑŭɖ Űɤɜ 

ˊŮŰɟɤɛɎŰɤɜ əŬɘ ɞɘ ˊɘɗŬɜɏɠ ŬůɡɜɏɢŮɘŮɠ əŬɘ ɟɐɔɛŬŰŬ ˊɞɡ ŬɡŰɎ ŭɖɛɘɞɡɟɔɞɨɜ 

(Hamza and Raghuvanshi 2016). ɀɎɚɘůŰŬ, ŮˊŮɘŭɐ ɡˊɎɟɢŮɘ ɔŮɤɚɞɔɘəɐ 

ˊɚɖɟɞűɞɟɑŬ əŬɘ ŮəŰɧɠ ɚŮəɎɜɖɠ, ɖ Ŭˊɧŭɞůɖ ŬűɞɟɎ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ 

(ɆɢɐɛŬ2.7) 

Ƀɚɧəɚɖɟɖ ɖ ˊŮɟɘɞɢɐ Űɖɠ ȾɟɐŰɖɠ, ŬɜɐəŮɘ ůŰɖɜ ŭŮɨŰŮɟɖ ɕɩɜɖ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ. ȼ ˊɚɖɟɞűɞɟɑŬ ŬɡŰɐ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ, əŬɗɩɠ ɛŮ ɓɎůɖ ŬɡŰɐ 

ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɧɚŬ ŰŬ ŰŮɢɜɘəɎ ɏɟɔŬ.  

ũŮɤɚɞɔɘəɎ, ɖ ȾɟɐŰɖ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ŬɚɚŮˊɎɚɚɖɚɤɜ ŰŮəŰɞɜɘəɩɜ ɔŮɔɞɜɧŰɤɜ ŰŬ 

ɞˊɞɑŬ ɏɢɞɡɜ ŭɟɎůŮɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ɢɟɧɜɤɜ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ 
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Ŭˊɧ Űɖ ůɡůůɩɟŮɡůɖ ɛɘŬɠ ůŮɘɟɎɠ ŰŮəŰɞɜɘəɩɜ əŬɚɡɛɛɎŰɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ȷɚˊɘəɐɠ ɞɟɞɔɏɜŮůɖɠ. ūɡůɘəɎ, ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ ůŰɖ 

ɔŮɤɚɞɔɘəɐ ŭɞɛɐ əŬɘ ůŰɟɤɛŬŰɞɔɟŬűɑŬ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ, ɏŰůɘ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ˊɘɗŬɜɏɠ ŬůɡɜɏɢŮɘŮɠ əŬɘ 

ɟɐɔɛŬŰŬ (ɁɘəɞɚŬȶŭɖɠ əŬɘ ȾŬɟŬŰɕɎɠ 2010, 2012). 

ȷˊɧ Űɞɜ ɢɎɟŰɖ ˊɞɡ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ (ɆɢɐɛŬ 2.7), ɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɛˊɞɟŮɑ 

ɜŬ ŮəŰɘɛɖɗŮɑ ŮɨəɞɚŬ, ŭɘɧŰɘ ŰŬ əɨɟɘŬ ɡŭŬŰɞɟŮɨɛŬŰŬ ŭɖɛɘɞɡɟɔɞɨɜ ɔɟŬɛɛɘəɞɨɠ 

ůɢɖɛŬŰɘůɛɞɨɠ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɞɘ əɡɟɑŬɟɢɞɘ ůɢɖɛŬŰɘůɛɞɑ Űɖɠ ɚŮəɎɜɖɠ ŮɑɜŬɘ: 

ɁŮɞɔŮɜŮɑɠ, ɇŮŰŬɟŰɞɔŮɜŮɑɠ əŬɘ ūɡɚɚɘŰɘəɐ-ɉŬɚŬɕɘŰɘəɐ ůŮɘɟɎ. ɀɎɚɘůŰŬ ɖ ūɡɚɚɘŰɘəɐ-

ɉŬɚŬɕɘŰɘəɐ ůŮɘɟɎ űŬɑɜŮŰŬɘ ɜŬ əɡɟɘŬɟɢŮɑ ůŰɞ ɞɟŮɘɜɧ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ, Ůɜɩ ɞɘ 

ɁŮɞɔŮɜŮɑɠ əŬɘ ɇŮŰŬɟŰɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ əɡɟɘŬɟɢɞɨɜ ůŰɞ ˊŮŭɘɜɧ ŰɛɐɛŬ. 

 

Ⱥ Ů́ɘŭɐ ɖ ȺɚɚɎŭŬ, ůŬɜ ɢɩɟŬ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɜŮŬɟɞɨɠ ɞɟɞɔŮɜɘəɞɨɠ 

ůɢɖɛŬŰɘůɛɞɨɠ ɛŮ ɡɣɖɚɎ əŬɘ Ŭɘɢɛɖɟɩɠ ŭɘŬɛɞɟűɤɛɏɜŬ ɧɟɖ əŬɘ ɚɧűɞɡɠ ɞɘ ɞˊɞɑɞɘ 

ɡɣɩɜɞɜŰŬɘ ɛɏɢɟɘ Űɖɜ ŬəŰɐ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ůɨɜɗŮŰɞ (űɚɨůɢɖɠ) əŬɘ ɛŮɟɘəɩɠ 

ŬůŰŬɗɏɠ ˊŮɟɘɓɎɚɚɞɜ ɛŮ ŬɟəŮŰɎ ŬˊɧŰɞɛŮɠ ˊɚŬɔɘɏɠ əŬɘ ɟɖɢɞɨɠ ɓɟŬɢɩŭŮɘɠ 

ůɢɖɛŬŰɘůɛɞɨɠ Űɞɡ ŮŭɎűɞɡɠ (Zalidis et al. 2002). ɇɞ əŬɗŮůŰɩɠ ŬɡŰɧ ŮɡɜɞŮɑ Űɖɜ 

ŮˊɘűŬɜŮɘŬəɐ ŭɘɎɓɟɤůɖ əŬɗɩɠ  əŬɘ Űɖ ŭɘɎɓɟɤůɖ Űɖɠ əɞɑŰɖɠ Űɤɜ ɡŭŬŰɞɟŮɡɛɎŰɤɜ. 

ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮɜɘůɢɨŮŰŬɘ ɧŰŬɜ ŮɑɜŬɘ ŬˊɞɨůŬ ɖ ŮˊɘűŬɜŮɘŬəɐ ɓɚɎůŰɖůɖ ˊɞɡ 

ɢɟɖůɘɛŮɨŮɘ ɤɠ ɘůɢɡɟɧ ŬɜŰɘŭɘŬɓɟɤŰɘəɧ ɛɏŰɟɞ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɧŰŬɜ ɞ ɚŮˊŰɧɠ 

ɛŬɜŭɨŬɠ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ ŮəŰɑɗŮŰŬɘ ůŮ ŬˊɞɝɐɟŬɜůɖ ŰŬ ɝŮɟɎ əŬɚɞəŬɑɟɘŬ əŬɘ 

ɢŮɘɛŬɟɟɩŭŮɘɠ ɓɟɞɢɏɠ Űɞ űɗɘɜɧˊɤɟɞ, Űɞ ɞˊɞɑɞ ůɡɢɜɎ ŬɜŬűɏɟŮŰŬɘ əŬɘ ɤɠ ɖ ɡɔɟɐ 

ˊŮɟɑɞŭɞɠ. 
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ɆɢɐɛŬ 2.7: ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ ɇŬɡɟɤɜɑŰɖ. 
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2.4 ȹȺɁȹɅɃȾȷȿȿȽȺɅũȺȽȺɆ  
 

ȼ ˊŮɟɘɞɢɐ ŮɑɜŬɘ ɔɜɤůŰɐ ɔɘŬ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ ŮɚŬɘɩɜɤɜ, ŬɓɞəɎɜŰɞ əŬɘ ůŮ ɛɘəɟɧ 

ɓŬɗɛɧ ˊɞɟŰɞəŬɚɘɩɜ. 

ȳůɞɜ ŬűɞɟɎ Űɞ ŬɓɞəɎɜŰɞ, ŮɑɜŬɘ ŬŮɘɗŬɚɏɠ ŭɏɜŰɟɞ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ ɛŮ 

ˊɚŬɔɘɧəɚŬŭŮɠ (ŮɡŬɑůɗɖŰŮɠ ůŰɞɜ ɎɜŮɛɞ) əŬɘ ɞɟɗɧəɚŬŭŮɠ ˊɞɘəɘɚɑŮɠ, ɛŮɔɎɚɞɡ 

ɨɣɞɡɠ. Ɇɡɜɐɗɤɠ, ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɛŮ ŮɛɓɞɚɘŬůɛɧ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ˊɞɘəɘɚɘɩɜ 

ůŮ ɡˊɞəŮɑɛŮɜŬ ůˊɞɟɧűɡŰŬ. ȺɡŭɞəɘɛŮɑ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɕŮůŰɎ əŬɚɞəŬɑɟɘŬ əŬɘ 

ɐˊɘɞɡɠ ɢŮɘɛɩɜŮɠ, ɢɤɟɑɠ ˊŬɔŮŰɞɨɠ əŬɘ ɘůɢɡɟɞɨɠ Ŭɜɏɛɞɡɠ. ȷˊŬɘŰŮɑ ŮŭɎűɖ ɓŬɗɘɎ, 

ɛɏůɖɠ ůɨůŰŬůɖɠ, ɔɧɜɘɛŬ, ˊɚɞɨůɘŬ ůŮ ɞɟɔŬɜɘəɐ ɞɡůɑŬ, ɛŮ əŬɚɐ ɡŭŬŰɞɥəŬɜɧŰɖŰŬ, 

ŬŮɟɘůɛɧ, ůŰɟɎɔɔɘůɖ əŬɘ ɢŬɛɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɎɚŬŰŬ. ũɘŬ ŬɡŰɧ, ɞ ɜ.ɉŬɜɑɤɜ 

ŬˊɞŰŮɚŮɑ ɘŭŬɜɘəɐ ŰɞˊɞɗŮůɑŬ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɚɚɘŮɟɔŮɘɩɜ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ. ɇɞ 

ɟɘɕɘəɧ Űɞɡ ůɨůŰɖɛŬ ŮɑɜŬɘ ˊɚɞɨůɘɞ əŬɘ ůɢŮŰɘəɎ ŮˊɘűŬɜŮɘŬəɧ ɢɤɟɑɠ ŮɛűŬɜɐ ɟɘɕɘəɎ 

ŰɟɘɢɑŭɘŬ. ȰɢŮɘ ŬɡɝɖɛɏɜŮɠ ŬɜɎɔəŮɠ ůŮ ɜŮɟɧ (+ 10% ůŮ ůɢɏůɖ ɛŮ ŰŬ ŮůˊŮɟɘŭɞŮɘŭɐ) 

ɔɘŬ ŬɡŰɧ ůŰɞɜ Ɂ. ɉŬɜɑɤɜ ŬˊŬɘŰŮɑŰŬɘ ˊɧŰɘůɛŬ ɛŮ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ ɜŮɟɧ (ɚɧɔɤ 

ŮɡŬɘůɗɖůɑŬɠ ůŰŬ ɎɚŬŰŬ), əŬŰôŮɚɎɢɘůŰɞ 600 ə.ɛ./ůŰɟ. Űɞɜ ɢɟɧɜɞ (ŰɞɡɚɎɢɘůŰɞɜ 1 

űɞɟɎ Űɖɜ ŮɓŭɞɛɎŭŬ). ȼ ɚɑˊŬɜůɖ (ɓŬůɘəɐ əŬɘ ɡŭɟɞɚɘˊɎɜůŮɘɠ) əŬɚɧ ŮɑɜŬɘ ɜŬ ɔɑɜŮŰŬɘ 

əŬŰɧˊɘɜ ŬɜŬɚɨůŮɤɜ ŮŭɎűɞɡɠ əŬɘ űɨɚɚɤɜ. ũŮɜɘəɎ, ŮˊɘŭɘɩəŮŰŬɘ ŰŬ ŭɏɜŭɟŬ ɜŬ ŮɑɜŬɘ 

ɢŬɛɖɚɎ (ɤɠ 3 ɛɏŰɟŬ) əŬɘ ůɡɛɛŬɕŮɛɏɜŬ ɛŮ əɞɟűɞɚɧɔɖɛŬ əŬɘ ŬɟŬɑɤɛŬ Űɤɜ 

ɓɚŬůŰɩɜ, ɢɤɟɑɠ ɡˊɏɟ-ŬɜɗɐůŮɘɠ. ɀŮ ŬɡŰɏɠ Űɘɠ ŰŮɢɜɘəɏɠ ɖ ˊŬɟŬɔɤɔɐ ɛˊɞɟŮɑ ɜŬ 

ɝŮˊŮɟɎůŮɘ Űɞɡɠ 2 Űɧɜɞɡɠ ŬɜɎ ůŰɟɏɛɛŬ. ɇɏɚɞɠ, ɔɘŬ ŭɏɜŭɟŬ ˊɞɡ çɏɢɞɡɜ ɝŮűɨɔŮɘ ůŮ 

ɨɣɞɠ əŬɘ ˊɚɎŰɞɠè ɐ ŮɑɜŬɘ ˊɎɜɤ Ŭˊɧ 25 ŮŰɩɜ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ əɚɎŭŮɛŬ ŬɜŬɜɏɤůɖɠ 

Űɞɜ ɀɎɟŰɘɞ, ɞˊɧŰŮ ŮˊŬɜɏɟɢɞɜŰŬɘ ůŮ ˊŬɟŬɔɤɔɐ ůŮ 2 ɢɟɧɜɘŬ.  

ȼ ɢɩɟŬ ɛŬɠ ˊŬɟɎɔŮɘ ɛɧɜɞ Űɞ 3-3,5% Űɖɠ ˊŬɟŬɔɤɔɐɠ ůŰɖ ɀŮůɧɔŮɘɞ. ȳɛɤɠ, 

ŭɘŬɗɏŰɞɡɛŮ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ŬɓɞəɎɜŰɞ, Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮˊŮəŰŮɑɜɞɡɛŮ Űɖɜ 

əŬɚɚɘɏɟɔŮɘŬ ɔɘŬ ɜŬ əŬɚɨɣɞɡɛŮ ɛŮ əŬŰɎɚɚɖɚŮɠ ˊɞɘəɘɚɑŮɠ ŰŬ  əŮɜɎ Űɖɠ ŬɔɞɟɎɠ, 

əŬɗɩɠ əŬɘ ɢŬɛɖɚɧ ŮɜŮɟɔŮɘŬəɧ ŬˊɞŰɨˊɤɛŬ ɔɘŬ Űɘɠ ŮɡɟɤˊŬɥəɏɠ Ŭɔɞɟɏɠ. ɇɏŰɞɘŬ 

əŮɜɎ ˊŬɟɞɡůɘɎɕŮɘ ɖ ŬɔɞɟɎ Űɖɠ Ⱥɡɟɩˊɖɠ Űɞ ˊŮɜŰɎɛɖɜɞ ȽŬɜɞɡŬɟɑɞɡ ï ɀŬȶɞɡ Űɞ 

ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ əŬɚɡűɗŮɑ  ɛŮ Űɖ ɛɏůɖɠ ˊɟɤɘɛɧŰɖŰŬɠ  ˊɞɘəɘɚɑŬ Fuerte (ȹŮə. ï 

ɀŬɟ.) əŬɘ əɡɟɑɤɠ Űɖɜ ɧɣɘɛɖ Hass (ɀŬɟ. ï Ƚɞɡɜ.). ȼ ˊɞɘəɘɚɑŬ Hass ɏɢŮɘ Űɖ 

ɛŮɔŬɚɨŰŮɟɖ ɕɐŰɖůɖ ůŰɖɜ ŬɔɞɟɎ, Ůɜɩ ˊŮŰɡɢŬɑɜŮɘ əŬɘ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ 

(30-50%) ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ˊɞɘəɘɚɑŮɠ. ɆŰɞ ɜɏɞ ŬɜŬˊŰɡɝɘŬəɧ ɛɞɜŰɏɚɞ Űɞɡ 

ˊɟɤŰɞɔŮɜɐ ŰɞɛɏŬ Űɖɠ ȾɟɐŰɖɠ Űɞ ŬɓɞəɎɜŰɞ -ůɐɛŮɟŬ ˊɞɡ ɞɘ ˊŬɟŬŭɞůɘŬəɏɠ 

əŬɚɚɘɏɟɔŮɘŮɠ ůŰɞ Űɧˊɞ ɛŬɠ ˊŮɟɜɞɨɜ ɛŮɔɎɚɖ əɟɑůɖ- ɛˊɞɟŮɑ ɜŬ əŬŰŬɚɎɓŮɘ 

ŮɝɏɢɞɡůŬ ɗɏůɖ. ȺɑɜŬɘ ɛɘŬ ˊɞɚɨ ŭɡɜŬɛɘəɐ əŬɚɚɘɏɟɔŮɘŬ ɛŮ ůŬűɐ ŮɝŬɔɤɔɘəɧ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ ˊɞɡ ůŮ ŬɟəŮŰɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ȹɡŰ. ȾɟɐŰɖɠ ɓɟɑůəŮɘ ɘŭŬɜɘəɏɠ 

ŮŭŬűɞ-əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ. 

ɆŰɖɜ ȺɚɚɎŭŬ, ɖ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɖ ŭɘɎŭɞůɖ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ Űɞɡ ŬɓɞəɎɜŰɞ, 

ɎɟɢɘůŮ Ŭˊɧ Űɞ ȽɜůŰɘŰɞɨŰɞ ȺɚɘɎɠ əŬɘ ɈˊɞŰɟɞˊɘəɩɜ ɉŬɜɑɤɜ Űɞ 1968. ɇɞ ɏŰɞɠ 2000 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ əŬɚɚɘŮɟɔɞɨɜŰŬɜ ůŰɖ ɢɩɟŬ ɛŬɠ ˊŮɟɑˊɞɡ 4.000 ůŰɟ. Ŭˊɧ ŰŬ ɞˊɞɑŬ 

ŰŬ 3.200 ůŰɞɜ Ɂ. ɉŬɜɑɤɜ əŬɘ 650 ůŰɞ Ɂ. ɅŮɗɨɛɜɞɡ. ɇɖ ŰŮɚŮɡŰŬɑŬ ŭŮəŬŮŰɑŬ ɏɔɘɜŮ 
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ůɖɛŬɜŰɘəɐ ŮˊɏəŰŬůɖ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ (ˊɎɜɤ Ŭˊɧ 2.000 ůŰɟ.) ˊɞɡ ɞűŮɑɚŮŰŬɘ: 

Ŭ) ůŰɘɠ ŭɡůəɞɚɑŮɠ ŭɘɎɗŮůɖɠ, ůŰɖɜ ŬɘůɢɟɞəɏɟŭŮɘŬ əŬɘ ůŰɘɠ ɢŬɛɖɚɏɠ Űɘɛɏɠ 

ˊŬɟŬɔɤɔɞɨ ˊɞɡ ɘůɢɨɞɡɜ ɔɘŬ Űɘɠ ˊŬɟŬŭɞůɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ, 

ɓ) ůŰɖɜ ŮɝŬɘɟŮŰɘəɐ űɐɛɖ əŬɘ ˊɞɘɧŰɖŰŬ Űɞɡ avocado ȾɟɐŰɖɠ əŬɘ ůŰɖɜ   ˊɚŮɞɜŮəŰɘəɐ 

ɗɏůɖ Űɖɠ ɢɩɟŬɠ ɛŬɠ ůŰɖɜ ȺɡɟɤˊŬɥəɐ ŬɔɞɟɎ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŮɠ ɢɩɟŮɠ ˊɞɡ 

ŮɝɎɔɞɡɜ Avocado, (Ɂ. ȷűɟɘəɐ, ȽůɟŬɐɚ, ɀŮɝɘəɧ, ɉɘɚɐ, ɄŮɟɞɨ, ȾɏɜɡŬ ə.Ŭ.), ɔ) ůŰɖ 

əŬŰɎ 30-40%  ɡɣɖɚɧŰŮɟɖ ɛɏůɖ ůŰɟŮɛɛŬŰɘəɐ ˊŬɟŬɔɤɔɐ (ɔɨɟɤ ůŰŬ 1.200 əɘɚɎ)  

ůŰɖ ȹɡŰɘəɐ ȾɟɐŰɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ȽůˊŬɜɑŬ əŬɘ Űɞ ȽůɟŬɐɚ.  

ɆɐɛŮɟŬ əŬɚɚɘŮɟɔɞɨɜŰŬɘ ˊŮɟɑˊɞɡ 6.200 ůŰɟɏɛɛŬŰŬ (ɡˊɞɚɞɔɑɕɞɜŰŬɠ ɔɨɟɤ ůŰɞ 70% 

ɛŮ Űɖ ˊɞɘəɘɚɑŬ Fuerte əŬɘ ɔɨɟɤ ůŰɞ 25% ɛŮ Űɖ Hass). ɇɞ 90% Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ 

ˊɞůɧŰɖŰŬɠ ŬɓɞəɎɜŰɞ ůŰɖ ɢɩɟŬ ɛŬɠ ˊŬɟɎɔŮŰŬɘ ůŰŬ ɉŬɜɘɎ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŰŬ 

5.200 ůŰɟ. ŮɑɜŬɘ ůŰɞɜ Ɂ. ɉŬɜɑɤɜ, 800 ůŰɟ. ůŰɞ Ɂ. ɅŮɗɨɛɜɖɠ, 100 ůŰɟ. ůŰɞɜ Ɂ. 

ȼɟŬəɚŮɑɞɡ əŬɘ 100 ůŰɟ. ůŰɖɜ ɡˊɧɚɞɘˊɖ ȺɚɚɎŭŬ, ŭɖɚŬŭɐ ůŰɖɜ Ʌɧŭɞ, ůŰɖ 

ɀŮůůɖɜɑŬ əŬɘ ůŰɖɜ ȼɚŮɑŬ. ɀɏɢɟɘ Űɞ 1990 ɖ ŮɛˊɞɟɑŬ Űɞɡ ŬɓɞəɎɜŰɞ ˊŮɟɘɞɟɘɕɧŰŬɜ 

ůɢŮŭɧɜ ůŰɞ ůɨɜɞɚɞ Űɖɠ ůŰɖɜ ŮůɤŰŮɟɘəɐ ŬɔɞɟɎ. ɇɖ ŭŮəŬŮŰɑŬ Űɞɡ ŮɜŮɜɐɜŰŬ ɖ ȺȷɆ 

ɉŬɜɑɤɜ ɏəŬɜŮ ŮɝŬɔɤɔɏɠ ŬɓɞəɎɜŰɞ (200-700 Űɧɜɞɡɠ ŮŰɖůɑɤɠ) ůŮ ȼɜɤɛɏɜɞ 

ȸŬůɑɚŮɘɞ, ũŬɚɚɑŬ, ũŮɟɛŬɜɑŬ əŬɘ ɃɚɚŬɜŭɑŬ. ɄŬɟɎɚɚɖɚŬ, ɎɟɢɘůŮ ɜŬ ŬɜŬˊŰɨůůŮŰŬɘ ɖ 

ɕɐŰɖůɖ ůŰɖɜ ŮůɤŰŮɟɘəɐ ŬɔɞɟɎ  ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŮɘůŬɔɤɔɏɠ ŬɓɞəɎɜŰɞ ůɡɜŮɢɩɠ 

ɜŬ ŬɡɝɎɜɞɜŰŬɘ. ȾɎɗŮ ɢɟɧɜɞ ůŰɖ ɢɩɟŬ ɛŬɠ ŮəŰɘɛɎŰŬɘ ɧŰɘ əŬŰŬɜŬɚɩɜɞɜŰŬɘ 6.500 ï 

7.000 Űɧɜɞɘ ŬɓɞəɎɜŰɞ, Ůɜɩ ˊŬɟɎɔɞɜŰŬɘ 4.500 ï 5.500 Űɧɜɞɘ. ũɘŬ ɜŬ əŬɚɡűɗɞɨɜ ɞɘ 

ŬɜɎɔəŮɠ Űɖɠ ŮůɤŰŮɟɘəɐɠ ŬɔɞɟɎɠ ŮɘůɎɔɞɜŰŬɘ 2.500 ï 3.000 Űɧɜɞɘ ŮŰɐůɘŬ 

ŭŮŭɞɛɏɜɞɡ ɧŰɘ 1.200 ï 1.700 Űɧɜɞɘ ŮɚɚɖɜɘəɎ ŬɓɞəɎɜŰɞ əɎɗŮ ɢɟɧɜɞ ŮɝɎɔɞɜŰŬɘ. 

ȹɖɚŬŭɐ Űɞ ɘůɞɕɨɔɘɞ ŮɘůŬɔɤɔɩɜ ï ŮɝŬɔɤɔɩɜ ŬɓɞəɎɜŰɞ ůŰɖ ɢɩɟŬ ɛŬɠ ˊŬɟŬɛɏɜŮɘ 

ŬɟɜɖŰɘəɧ.  

Ɇɡɔɢɟɧɜɤɠ, ůŰɧɢɞ ŬˊɞŰŮɚŮɑ ɜŬ ŬɜŬɔɜɤɟɘůŰŮɑ ɤɠ Ʉ.Ƀ.Ʉ. (ɄɟɞůŰŬŰŮɡɧɛŮɜɖɠ 

ɃɜɞɛŬůɑŬɠ ɄɟɞɏɚŮɡůɖɠ) Avocado ȾɟɐŰɖɠ (ɐ ɉŬɜɑɤɜ). ūŬɑɜŮŰŬɘ Ůɨəɞɚɞ ŮˊŮɘŭɐ Űɞ 

85% ˊŬɟɎɔŮŰŬɘ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ Űɖɠ ˊɟɩɖɜ ŮˊŬɟɢɑŬɠ ȾɡŭɤɜɑŬɠ Űɞɡ 

Ɂ. ɉŬɜɑɤɜ ɛŮ ɑŭɘŬ ŮŭŬűɞ-əɚɘɛŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ˊɞɘɧŰɖŰŬ ˊɟɞɥɧɜŰɞɠ. 

ȷˊɧ Űɘɠ ŰɟɑŰŮɠ ɢɩɟŮɠ Űɞ ȽůɟŬɐɚ ŮɝɎɔŮɘ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ ˊɞůɧŰɖŰŮɠ ůŰɖɜ Ⱥ.Ⱥ. ɛŮ 

60.000 Űɧɜɞɡɠ. ȼ əŬɚɚɘŮɟɔɞɨɛŮɜɖ ɏəŰŬůɖ ůŰɖ ɢɩɟŬ ŬɡŰɐ ŬɜɏɟɢŮŰŬɘ ůŰŬ 95.000 

ůŰɟɏɛɛŬŰŬ. ȼ ɛɏůɖ ˊŬɟŬɔɤɔɐ Űɖɠ ȽůˊŬɜɑŬɠ (800 əɘɚɎ /ůŰɟ.) əŬɗɩɠ əŬɘ Űɞɡ 

ȽůɟŬɐɚ (900 əɘɚɎ /ůŰɟ.) ɡˊɞɚŮɑˊŮŰŬɘ Űɖɠ ˊɟɞɓɚŮˊɧɛŮɜɖɠ ɛɏůɖɠ ˊŬɟŬɔɤɔɐɠ Űɞɡ 

ɜɞɛɞɨ ɉŬɜɑɤɜ əŬŰɎ 1000-1500 əɘɚɎ /ůŰɟ.. 

Ⱥˊɑůɖɠ, Űɧůɞ Űɞ ȽůɟŬɐɚ ɧůɞ əŬɘ ɖ ȽůˊŬɜɑŬ ɏɢɞɡɜ ŮɝŬɜŰɚɐůŮɘ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ɔɘŬ 

ˊŮɟŬɘŰɏɟɤ ŮˊɏəŰŬůɖ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ɚɧɔɤ ŭɡůɛŮɜɩɜ ŮŭŬűɞəɚɘɛŬŰɘəɩɜ 

ůɡɜɗɖəɩɜ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ˊŬɟŬŰɖɟɐɗɖəŮ ɛɘəɟɐ ɛŮɑɤůɖ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

(əŬŰɎ 14.500 ůŰɟ. ůŰɖɜ ȽůˊŬɜɑŬ əŬɘ 15.000 ůŰɟ. ůŰɞ ȽůɟŬɐɚ). 

ɇɞ ˊɧŰɘůɛŬ ɔɑɜŮŰŬɘ ɛŮ Űɞ ůɨůŰɖɛŬ ůŰɎɔŭɖɜ ɐ ůˊɟɏɘ əŬɘ ɧɢɘ ɛŮ əŬŰɎəɚɘůɖ, ɖ ɞˊɞɑŬ 

ŮɡɜɞŮɑ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ űɡŰɞűɗɞɟɎɠ, Ůɜɩ ɖ ɎɟŭŮɡůɖ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɛɧɜɞ ɛŮ 

ɜŮɟɧ ɢŬɛɖɚɐɠ ŬɚŬŰɧŰɖŰŬɠ (Űɞ űɡŰɧ ŮɑɜŬɘ ˊɞɚɨ ŮɡŬɑůɗɖŰɞ ůŰŬ ɎɚŬŰŬ). 
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ɉɟŮɘɎɕŮŰŬɘ ɡɣɖɚɐ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ Űɖɜ Ɏɜɞɘɝɖ. ɄɟɞəŬɚɞɨɜŰŬɘ ɛŮɔɎɚŮɠ ɕɖɛɘɏɠ Ŭˊɧ 

Ŭɜɏɛɞɡɠ. ȷˊŬɘŰɞɨɜŰŬɘ ŮŭɎűɖ ŰɞɡɚɎɢɘůŰɞɜ Ůɜɧɠ ɛɏŰɟɞɡ ɓɎɗɞɡɠ ŮɚŬűɟɎ ɏɤɠ 

ɛɏŰɟɘŬ ɛŮ ɢŬɛɖɚɧ ŬůɓɏůŰɘɞ əŬɘ ɡɣɖɚɐ ůŰɟɎɔɔɘůɖ, pH 5-5,5. ȼ ɡˊŮɟɓɞɚɘəɐ 

ŮŭŬűɘəɐ ɡɔɟŬůɑŬ ˊɟɞəŬɚŮɑ ůɖɣɘɟɟɘɕɑŮɠ. 

ȼ ůŰɟŮɛɛŬŰɘəɐ Ŭˊɧŭɞůɖ űŰɎɜŮɘ ŮɨəɞɚŬ, ůŮ ˊɚɐɟɤɠ ŬɜŬˊŰɡɔɛɏɜŮɠ űɡŰŮɑŮɠ, ŰŬ 

2000 əɘɚɎ/ůŰɟɏɛɛŬ, Ůɜɩ ůŮ ɘŭŬɜɘəɏɠ ůɡɜɗɐəŮɠ ŮɜŰŬŰɘəɐɠ əŬɚɚɘɏɟɔŮɘŬɠ ɛˊɞɟŮɑ ɜŬ 

űŰɎůŮɘ Ŭˊɧ 3000 əɘɚɎ / ůŰɟɏɛɛŬ, ɏɤɠ 5000 əɘɚɎ / ůŰɟɏɛɛŬ. 

ɇɞ ŮɚŬɘɧŭŮɜŰɟɞ ɐ ŬˊɚɎ ŮɚɘɎ ŮɑɜŬɘ Űɞ ˊɚɏɞɜ ůɡɜɖɗɘůɛɏɜɞ əŬɟˊɞűɧɟɞ űɡŰɧ ůŰɞɜ 

ȺɚɚŬŭɘəɧ ɢɩɟɞ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ ȰɚɚɖɜŮɠ ɐŰŬɜ ɞ ˊɟɩŰɞɠ ɚŬɧɠ ˊɞɡ 

əŬɚɚɘɏɟɔɖůŮ Űɖɜ ŮɚɘɎ ůŰɞɜ ŮɡɟɤˊŬɥəɧ ɛŮůɞɔŮɘŬəɧ ɢɩɟɞ. ȳˊɤɠ ŬɜŬűɏɟŮɘ ɞ 

Ʉɚɑɜɘɞɠ, əŬŰɎ Űɞ 580 ˊ.ɉ, ɞɨŰŮ Űɞ ȿɎŰɘɞ, ɞɨŰŮ ɖ ȽůˊŬɜɑŬ, ɞɨŰŮ ɖ ɇɨɜɘŭŬ ɔɜɩɟɘɕŬɜ 

Űɖɜ ŮɚɘɎ əŬɘ Űɖɜ əŬɚɚɘɏɟɔŮɘɎ Űɖɠ. 

ũŮɜɘəɎ, ůŰɖɜ ˊŬɟŬɔɤɔɐ ŮɚɘɎɠ ɖ ȺɚɚɎŭŬ əŬŰɏɢŮɘ Űɖɜ 3ɖ ɗɏůɖ ˊŬɔəɞůɛɑɤɠ ˊɑůɤ 

Ŭˊɧ Űɖɜ ȽůˊŬɜɑŬ əŬɘ Űɖɜ ȽŰŬɚɑŬ ˊɞɡ əŬŰɏɢɞɡɜ Űɖɜ 1ɖ əŬɘ 2ɖ ɗɏůɖ ŬɜŰɑůŰɞɘɢŬ. 

ɄɑɜŬəŬɠ 2.2: ȾɨɟɘŮɠ ɢɩɟŮɠ ˊŬɟŬɔɤɔɐɠ ŮɚɘɎɠ (ȰŰɞɠ 2011 Ŭˊɧ FAOSTAT). 

Ūɏůɖ ɉɩɟŬ 

ɄŬɟŬɔɤɔɐ 

(ůŮ 

Űɧɜɞɡɠ) 

ȾŬɚɚɘŮɟɔɐůɘɛɖ 

ˊŮɟɘɞɢɐ 

(ůŮ ȺəŰɎɟɘŬ) 

ȷˊɧŭɞůɖ 

(Űɧɜɞɘ/ŮəŰɎɟɘɞ) 

01 
 ȽůˊŬɜɑŬ 

7.820.060 2.330.400 3.36 

02  ȽŰŬɚɑŬ 3.182.204 1.144.420 2.78 

03 
 ȺɚɚɎŭŬ 

2.000.000 850.000 2.35 

 

ȼ ŰɟɑŰɖ ɗɏůɖ ˊɞɡ əŬŰɏɢŮɘ ɖ ȺɚɚɎŭŬ ŮɑɜŬɘ ɚɞɔɘəɧ ŮˊŬəɧɚɞɡɗɞ, Ŭɜ ůəŮűŰŮɑ əŬɜŮɑɠ 

ɧŰɘ ɖ ȽůˊŬɜɑŬ əŬɘ ɖ ȽŰŬɚɑŬ ɏɢɞɡɜ ˊŮɟɑˊɞɡ ŰŮŰɟŬˊɚɎůɘŬ əŬɘ ŰɟɘˊɚɎůɘŬ ɏəŰŬůɖ 

ŬɜŰɑůŰɞɘɢŬ. Ⱥˊɘˊɚɏɞɜ, ɏɜŬ ɛŮɔɎɚɞ ˊɞůɞůŰɧ ŮəŰɎůŮɤɜ Ŭɜɐəɞɡɜ ůŮ 

ɛɘəɟɞəŬɚɚɘŮɟɔɖŰɏɠ ɞɘ ɞˊɞɑɞɘ ŭŮɜ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŭɘŬɗɏůɞɡɜ ˊɧɟɞɡɠ ɔɘŬ ˊɘɞ 

ůɨɔɢɟɞɜŮɠ ɛŮɗɧŭɞɡɠ ɎɟŭŮɡůɖɠ əŬɘ ůɡɔəɞɛɘŭɐɠ. ȰŰůɘ, ɖ ˊŬɟŬɔɤɔɐ Űɞɡɠ 

ˊŬɟŬɛɏɜŮɘ ůɢŮŰɘəɎ ˊŮɟɘɞɟɘůɛɏɜɖ. ȷɡŰɧ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ɚɧɔɞ Ŭˊɧŭɞůɖɠ ˊɟɞɠ 

ŮəŰɎɟɘɞ ůŰɞɜ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ.  

ɆɐɛŮɟŬ Űɞ 65% (2.350.000 ůŰɟ.) Űɖɠ ɔŮɤɟɔɘəɐɠ ɏəŰŬůɖɠ Űɞɡ ɜɖůɘɞɨ ŮɑɜŬɘ 

ŮɚŬɘɩɜŮɠ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰɞɡɚɎɢɘůŰɞ 35 ŮəŬŰɞɛɛɨɟɘŬ ŭɏɜŭɟŬ. 

ɆŰɖɜ ȾɟɐŰɖ ˊŬɟɎɔɞɜŰŬɘ ŮŰɖůɑɤɠ 80.000 - 120.000 Űɧɜɞɘ ŮɚŬɘɞɚɎŭɞɡ, Űɞ 1/3 

ˊŮɟɑˊɞɡ Űɖɠ ŮɔɢɩɟɘŬɠ ˊŬɟŬɔɤɔɐɠ, Ŭˊɧ Űɞ ɞˊɞɑɞ Űɞ 90% ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ 

Űɞɡ ŮɝŬɘɟŮŰɘəɎ ˊŬɟɗɏɜɞɡ. ȼ ɛŬəɟɞɢɟɧɜɘŬ ˊŬɟɞɡůɑŬ Űɖɠ ŮɚɘɎɠ ůŰɖ ɛŮɔŬɚɧɜɖůɞ 

https://el.wikipedia.org/wiki/%CE%99%CF%83%CF%80%CE%B1%CE%BD%CE%AF%CE%B1
https://el.wikipedia.org/wiki/%CE%99%CF%84%CE%B1%CE%BB%CE%AF%CE%B1
https://el.wikipedia.org/wiki/%CE%95%CE%BB%CE%BB%CE%AC%CE%B4%CE%B1
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ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ŰɞɛɏŬ. ɇɞ ŮɚŬɘɞəɞɛɘəɧ ɏŰɞɠ 2006-

2007 ɞ ɜɞɛɧɠ ɉŬɜɑɤɜ ˊŬɟɐɔŬɔŮ 33.500 Űɧɜɞɡɠ ŮɚŬɘɧɚŬŭɞɡ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŮɚŬɘɧɚŬŭɞɡ ůŰɞ ɜɞɛɧ ɉŬɜɑɤɜ. ȾɞɟɡűŬɑŬ 

ůŰɘɔɛɐ ŬˊɞŰɏɚŮůŮ ɖ ŭɟŬɛŬŰɘəɐ ůɡɔəɞɛɘŭɐ Űɞɡ 2016-17 ɛŮ ɛɧɚɘɠ 15.000 Űɧɜɞɡɠ 

ŮɚŬɘɧɚŬŭɞɡ. ɋůŰɧůɞ, Űɞ ɏŰɞɠ 2017-18 ŬɜŬɛɏɜŮŰŬɘ ɖ ˊŬɟŬɔɤɔɐ ɜŬ űŰɎůŮɘ ɏɤɠ əŬɘ 

Űɞɡɠ 22.000 Űɧɜɞɡɠ, ŭɖɚŬŭɐ 46,6% Ŭɨɝɖůɖ.  

ɇŬ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ȾɟɖŰɘəɞɨ ŮɚŬɘɞɚɎŭɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɞ ɐˊɘɞ əɚɑɛŬ 

ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɞ ɜɖůɑ, ɘŭɘŬɑŰŮɟŬ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ űɗɘɜɞˊɩɟɞɡ əŬɘ Űɞɡ 

ɢŮɘɛɩɜŬ, ˊŮɟɑɞŭɞ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ɚɎŭɘ, ůŰɞɜ əŬɟˊɧ, ůŰɘɠ 

ɘŭɘŬɑŰŮɟŮɠ ŮŭŬűɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ Ůɡɜɞɞɨɜ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ, əŬɗɩɠ əŬɘ ůŰɘɠ 

ˊɞɘəɘɚɑŮɠ ˊɞɡ Ůɡŭɞəɘɛɞɨɜ ůŰɞ ɜɖůɑ. Ⱥˊɑůɖɠ, ɖ ůɡɔəɞɛɘŭɐ əŬɘ ɖ ɛŮŰŬűɞɟɎ Űɞɡ 

ŮɚŬɘɞəɎɟˊɞɡ ɔɑɜŮŰŬɘ ůŮ ůɨɜŰɞɛɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɤɜ 

ůɨɔɢɟɞɜɤɜ ɛɖɢŬɜɖɛɎŰɤɜ ŮɝŬɔɤɔɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ŰŬ ŮɚŬɘɞɡɟɔŮɑŬ 

ůɐɛŮɟŬ  ůŰɖɜ ȾɟɐŰɖ əŬɘ ůɡɜŮˊɩɠ ˊŬɟɎɔŮŰŬɘ ŮɚŬɘɧɚŬŭɞ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ. ɇŬ 

ŮɚŬɘɞŰɟɘɓŮɑŬ Űɞɡ ɜɞɛɞɨ ɉŬɜɑɤɜ ɓɟɑůəɞɜŰŬɘ ůŮ ɎɟɘůŰɖ ˊɞɘɧŰɖŰŬ, Ůɜɩ ůɡɢɜɎ 

ɏɟɢɞɜŰŬɘ ˊɟɩŰŬ ůŮ ŬɜŰɑůŰɞɘɢɞɡɠ ŭɘŬɔɤɜɘůɛɞɨɠ ɚŬɛɓɎɜɞɜŰŬɠ ŬɜŰɑůŰɞɘɢŮɠ 

ɓɟŬɓŮɨůŮɘɠ. 

Ƀɘ ˊɞɟŰɞəŬɚŮɩɜŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ɚɑɔɞɘ əŬɘ ˊŮɟɘɞɟɘůɛɏɜɖɠ ɏəŰŬůɖɠ. ȽŭɘŬɑŰŮɟŬ 

Ŭˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ Űɞ ŬɓɞəɎɜŰɞ ɏɢŮɘ ɛŮɔɎɚɖ ɕɐŰɖůɖ, ɧɚɞ əŬɘ ɚɘɔɧŰŮɟɖ 

ˊɟɞůˊɎɗŮɘŬ ɔɑɜŮŰŬɘ ɔɘŬ Űɖɜ ŮˊɏəŰŬůɖ Űɤɜ ˊɞɟŰɞəŬɚŮɩɜɤɜ.  
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ȾŮűɎɚŬɘɞ 3 
 

 

 

3. ȷɁȷȾɇȼɆȼ ȹȺȹɃɀȺɁɋɁ ɀȺ ɉɅȼɆȼ 

ɇȼȿȺɄȽɆȾɃɄȼɆȼɆ 
 

ũɘŬ Űɖɜ ɢŬɟŰɞɔɟɎűɖůɖ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ əŬɘ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ɔŮɤɢɤɟɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ůɡɚɚɞɔɐ ˊɞɘəɑɚɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ɖ ŮűŬɟɛɞɔɐ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŰŮɢɜɘəɩɜ. ȼ ŰɖɚŮˊɘůəɧˊɖůɖ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ 

ŬˊɧəŰɖůɖ ˊɚɖɟɞűɞɟɘɩɜ ɔɘŬ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ɐ ɛɘŬ ˊŮɟɘɞɢɐ ɐ ɏɜŬ űŬɘɜɧɛŮɜɞ ɛɏůɤ 

Űɖɠ ŬɜɎɚɡůɖɠ ŭŮŭɞɛɏɜɤɜ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŬˊɞəŰɖɗŮɑ Ŭˊɧ ɛɑŬ ůɡůəŮɡɐ, ɖ ɞˊɞɑŬ 

ŭŮɜ ŮɑɜŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɡˊɧ ɏɟŮɡɜŬ ŬɜŰɘəŮɑɛŮɜɞ, ˊŮɟɘɞɢɐ ɐ űŬɘɜɧɛŮɜɞ (ȷɟɔɘŬɚɎɠ 

1999).  

Ⱥɜ ɞɚɑɔɞɘɠ, ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ɛŮɚŮŰɖŰɐ ɢɤɟɑɠ ɜŬ 

ŮɑɜŬɘ, ůɡɜɐɗɤɠ, ŬˊŬɟŬɑŰɖŰɖ ɖ ˊŬɟɞɡůɑŬ Űɞɡ ůŰɞ ˊŮŭɑɞ (ȹɖɛɖŰɟɧˊɞɡɚɞɠ 2013). 

ȼ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ɔɑɜŮŰŬɘ Ŭˊɧ ɛɘŬ ůɡůəŮɡɐ ɛŮ ˊɞɚɡűŬůɛŬŰɘəɧ ɐ 

ɡˊŮɟűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ/əɎɛŮɟŬ. Ƀɘ ˊɘɞ ůɨɔɢɟɞɜŮɠ ůɡůəŮɡɏɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ 

ůŮ ŬŮɟɞˊɚɎɜɞ, ŭɞɟɡűɧɟɞ ɐ ŬəɧɛŬ əŬɘ drone (əŬɘ űɡůɘəɎ ůŮ ɧˊɞɘɞ Ɏɚɚɞ ɛɏůɞ 

ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ) əŬɘ Ŭˊɞŭɑŭɞɡɜ ɣɖűɘŬəɏɠ ŮɘəɧɜŮɠ. ȾŬɘ ůŰɘɠ 2 

ˊŮɟɘˊŰɩůŮɘɠ Űɞ ɛɏɔŮɗɞɠ ˊɞɡ ɛŮŰɟɎŰŬɘ ŮɑɜŬɘ Űɞ űɤɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ 

ŬəŰɘɜɞɓɞɚɑŬ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɘɠ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ Űɞɡ űɎůɛŬŰɞɠ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ (ȷɟɔɘŬɚɎɠ 1998, 1999). 

ɆŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɣɖűɘŬəɏɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ. ɆŰɘɠ 

ɣɖűɘŬəɏɠ ŮɘəɧɜŮɠ ɡˊɎɟɢɞɡɜ 2 ɓŬůɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ. ɇɞ ˊɟɩŰɞ ŮɑɜŬɘ ɧŰɘ ɞɘ 

ŰɖɚŮˊɘůəɞˊɘəɞɑ ŭɏəŰŮɠ ŮɑɜŬɘ ŮɡŬɑůɗɖŰɞɘ ůŮ ɛŮɔŬɚɨŰŮɟɞ Ůɨɟɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞŭɩůɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ (ˊ.ɢ. 

ɛɘəɟɞəɡɛŬŰɘəɐ əŬɘ ɗŮɟɛɘəɐ ŰɖɚŮˊɘůəɧˊɖůɖ). ɇɞ ŭŮɨŰŮɟɞ ŮɑɜŬɘ ɧŰɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ 

ůŰɘɠ ŮɘəɧɜŮɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůŮ ŮˊɑˊŮŭɞ ŮɘəɞɜɞůŰɞɘɢŮɑɞɡ (pixel). ȼ ŭɡɜŬŰɧŰɖŰŬ 

ŬɡŰɐ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ, əŬɗɩɠ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞəŰɖɗɞɨɜ ˊɚɖɟɞűɞɟɑŮɠ ɞɘ 

ɞˊɞɑŮɠ ŭŮɜ ŮɑɜŬɘ ɞɟŬŰɏɠ ɛŮ çɔɡɛɜɧ ɛɎŰɘè.  

ȷɜ əŬɘ ŰŬ ˊɞɚɡűŬůɛŬŰɘəɎ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ŮɑɜŬɘ ˊɘɞ ŬəɟɘɓɎ əŬɘ ˊɞɚɨˊɚɞəŬ, 

ˊɟɞůŭɑŭɞɡɜ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɧˊɤɠ ŮɡɟɨŰŮɟɖ əɎɚɡɣɖ űɎůɛŬŰɞɠ əŬɘ ůɡɜŮˊɩɠ 

ŮűŬɟɛɞɔɩɜ ɛŮ ɚɘɔɧŰŮɟŮɠ ŮɘəɧɜŮɠ, ɖɚŮəŰɟɞɜɘəɐ ɛŮŰŬɓɑɓŬůɖ ŭŮŭɞɛɏɜɤɜ əɚˊ. 
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3.1 ɇȼȿȺɃɄȽɆȾɃɄȽȾȺɆ ɀȺŪɃȹɃȽ  
 

ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɡˊɎɟɢɞɡɜ 3 Ůɑŭɖ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ, ɞɘ Ůɚɘɏɠ, ɞɘ ɞˊɞɑŮɠ 

ŬˊɞŰŮɚɞɨɜ Űɞ əɡɟɑŬɟɢɞ Ůɑŭɞɠ əŬɚɚɘɏɟɔŮɘŬɠ, ŰŬ ŬɓɞəɎɜŰɞ, əŬɘ ɞɘ ˊɞɟŰɞəŬɚɘɏɠ. Ƀ 

ŭɘŬɢɤɟɘůɛɧɠ əŬɘ ɖ ŬˊɞŰɨˊɤůɐ Űɞɡɠ ɏɔɘɜŮ ɛɏůɤ ŭɘŬűɧɟɤɜ űɤŰɞŮɟɛɖɜŮɡŰɘəɩɜ 

ɛŮɗɧŭɤɜ, ɔɜɤůŰɏɠ ɤɠ űɤŰɞŮɟɛɖɜŮɡŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ȷɡŰɎ ŮɑɜŬɘ: ůɢɐɛŬ, 

ɛɏɔŮɗɞɠ, ˊɟɧŰɡˊɞ, Űɧɜɞɠ (ɐ Ŭˊɧɢɟɤůɖ), ɡűɐ, ůəɘɎ, ŰɞˊɞɗŮůɑŬ əŬɘ ɢɤɟɘəɐ 

ŭɘɎŰŬɝɖ (ȷɟɔɘŬɚɎɠ 1999). 

ɇɞ ůɢɐɛŬ ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɔŮɜɘəɐ ɛɞɟűɐ-ŭɘɎŰŬɝɖ, ɐ ˊŮɟɑɔɟŬɛɛŬ Űɤɜ 

ɛŮɛɞɜɤɛɏɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ɃɟɘůɛɏɜŮɠ űɞɟɏɠ, Űɞ ɨɣɞɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ 

əŬɗɞɟɑɕŮɘ ɐ ɓɞɖɗɎ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ůɢɐɛŬŰɞɠ. 

ɇɞ ɛɏɔŮɗɞɠ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

əɚɑɛŬəŬ Űɖɠ űɤŰɞɔɟŬűɑŬɠ. ŪŬ ˊɟɏˊŮɘ Ůˊɑůɖɠ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ŰŬ ůɢŮŰɘəɎ 

ɛŮɔɏɗɖ ɛŮŰŬɝɨ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɘɠ ŮɘəɧɜŮɠ Űɖɠ ɑŭɘŬɠ əɚɑɛŬəŬɠ. 

ɇɞ ́ɟɧŰɡˊɞ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɢɤɟɘəɐ ŭɘɎŰŬɝɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ȼ ŮˊŬɜɎɚɖɣɖ 

ˊɟɞəŬɗɞɟɘůɛɏɜɤɜ ɔŮɜɘəɩɜ ɛɞɟűɩɜ ɐ ůɢɏůŮɤɜ, ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɔɘŬ ˊɞɚɚɎ 

ŬɜŰɘəŮɑɛŮɜŬ, űɡůɘəɎ əŬɘ ŬɜɗɟɤˊɞɔŮɜɐ, ůŰŬ ɞˊɞɑŬ ŭɑɜŮɘ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

ˊɟɧŰɡˊɞ. 

Ƀ Űɧɜɞɠ (ɐ Ŭˊɧɢɟɤůɖ) ŬɜŬűɏɟŮŰŬɘ ůŰɖ ůɢŮŰɘəɐ űɤŰŮɘɜɧŰɖŰŬ ɐ Űɞ ɢɟɩɛŬ Űɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɘɠ űɤŰɞɔɟŬűɑŮɠ. 

ȼ ɡűɐ ŮɑɜŬɘ ɖ ůɡɢɜɧŰɖŰŬ ŮɜŬɚɚŬɔɐɠ Űɤɜ Űɧɜɤɜ Űɞɡ ɔəɟɘ ůŮ ɛɘŬ ŮɘəɧɜŬ. ȼ ɡűɐ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɖɜ ůɡɜɎɗɟɞɘůɖ ɛɞɜŬŭɘŬɑɤɜ ůŰɞɘɢŮɑɤɜ ɐ ŬɜŰɘəŮɘɛɏɜɤɜ, ŰŬ 

ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɎ ɔɘŬ ɜŬ ŭɘŬəɟɘɗɞɨɜ ɛŮɛɞɜɤɛɏɜŬ ůŮ ɛɘŬ ŮɘəɧɜŬ, 

ɧˊɤɠ ŰŬ űɨɚɚŬ Űɤɜ ŭɏɜŰɟɤɜ. ȾŬɗɞɟɑɕŮɘ Űɖɜ ɞɛŬɚɧŰɖŰŬ ɐ Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ Űɖɠ ŮɘəɧɜŬɠ. ȾŬɗɩɠ ɖ əɚɑɛŬəŬ ɛɘŬɠ ŮɘəɧɜŬɠ ɛŮɘɩɜŮŰŬɘ, ɖ ɡűɐ Ůɜɧɠ 

ŬɜŰɘəŮɘɛɏɜɞɡ ɐ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ůŰŬŭɘŬəɎ ɔɑɜŮŰŬɘ ɞɛŬɚɧŰŮɟɖ əŬɘ ŰŮɚɘəɎ ŮɝŬűŬɜɑɕŮŰŬɘ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŮ ŮɘəɧɜŬ ɛŮůŬɑŬɠ əɚɑɛŬəŬɠ, Űɞ ɔɟŬůɑŭɘ űŬɑɜŮŰŬɘ ɞɛŬɚɧ, Ůɜɩ ɞɘ 

əɧɛŮɠ ŭɏɜŰɟɤɜ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ ˊɘɞ ŰɟŬɢŮɑŬ ɡűɐ. 

ȼ ůəɘɎ ɐ Űɞ ˊŮɟɑɔɟŬɛɛŬ Űɖɠ ůəɘɎɠ ˊɟɞůŭɑŭŮɘ Űɖɜ ŮɜŰɨˊɤůɖ Űɞɡ ˊɟɞűɑɚ Űɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ɛɘŬ ŮɘəɧɜŬ. 

ȼ ɗɏůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɞ ɢɩɟɞ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŰɞˊɞɔɟŬűɘəɐ ɐ 

ɔŮɤɔɟŬűɘəɐ ɗɏůɖ əŬɘ ŬˊɞŰŮɚŮɑ ɏɜŬ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ɓɞɐɗɖɛŬ ɔɘŬ Űɖɜ 

ŬɜŬɔɜɩɟɘůɖ Űɤɜ Ůɘŭɩɜ ɓɚɎůŰɖůɖɠ əŬɘ ɔŮɤɛɞɟűɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɞɟɘůɛɏɜŬ 

Ůɑŭɖ ŭɏɜŰɟɤɜ ˊɞɡ ɛɞɘɎɕɞɡɜ ŬɟəŮŰɎ ɛŮŰŬɝɨ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

Ůɡŭɞəɘɛɞɨɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ, ɧˊɤɠ ˊŮŭɘɜɏɠ ɔɘŬ Űɞ ɏɜŬ Ůɑŭɞɠ əŬɘ ɞɟŮɘɜɏɠ 

ɔɘŬ Űɞ Ɏɚɚɞ. 

ȼ ɢɤɟɘəɐ ŭɘɎŰŬɝɖ (ůɡůɢɏŰɘůɖ) ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŮɛűɎɜɘůɖ ůɡɔəŮəɟɘɛɏɜɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ůɢɏůɖ ɛŮ əɎˊɞɘŬ ɎɚɚŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɛɘŬ ůɘŰŬˊɞɗɐəɖ ŮɑɜŬɘ 
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ŭɨůəɞɚɞ ɜŬ ŬɜŬɔɜɤɟɘůŰŮɑ Ŭɜ ɓɟɑůəŮŰŬɘ ůŮ ɏɜŬ ɓɘɞɛɖɢŬɜɘəɧ ˊɎɟəɞ, ŬɚɚɎ ŮɑɜŬɘ 

ˊɞɚɨ Ůɨəɞɚɞ ɜŬ ŬɜŬɔɜɤɟɘůŰŮɑ Ŭɜ ɓɟɑůəŮŰŬɘ ůŮ ɛɘŬ ɔŮɤɟɔɘəɐ ˊŮɟɘɞɢɐ. 

ũɜɤɟɑɕɞɜŰŬɠ ŰŬ űɤŰɞŮɟɛɖɜŮɡŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɏɔɘɜŮ ɖ ŬɜŬɔɜɩɟɘůɖ Űɤɜ 

ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ. 

ȳůɞɜ ŬűɞɟɎ Űɘɠ Ůɚɘɏɠ, ɞɘ əŬɚɚɘɏɟɔŮɘŮɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ 2 ɞɛɎŭŮɠ. ɆŰɖɜ ˊɟɩŰɖ 

ɞɛɎŭŬ Ŭɜɐəɞɡɜ ɞɘ ŮɚŬɘɩɜŮɠ ɞɘ ɞˊɞɑɞɘ ɡˊɧəŮɘɜŰŬɘ ůŮ ŮŰɐůɘŬ ŮɚŬɘɞəɞɛɘəɐ 

ŮəɛŮŰɎɚɚŮɡůɖ, əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ əɚŬŭŮɨɞɜŰŬɘ ůɡɢɜɎ əŬɘ ŮɑɜŬɘ ˊɞɚɨ Ůɨəɞɚɞ ɜŬ 

ŬɜŬɔɜɤɟɘůŰɞɨɜ. ɆŰɖɜ ŭŮɨŰŮɟɖ ɞɛɎŭŬ Ŭɜɐəɞɡɜ ɞɘ ŮɚŬɘɩɜŮɠ ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ŬűŮɗŮɑ 

ŮɚŮɨɗŮɟɞɘ ůŰɞ ŬɔɟɞŰŮɛɎɢɘɞ əŬɘ ŮˊɘůəɏˊŰɞɜŰŬɘ ŮɚɎɢɘůŰŬ Ŭˊɧ Űɞɜ ɔŮɤɟɔɧ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɏɢɞɡɜ ˊɡəɜɐ űɡŰɞəɧɛɖ əŬɘ ɜŬ ɛɞɘɎɕɞɡɜ ŬɟəŮŰɎ ɛŮ ɎɚɚŬ ɔŮɘŰɞɜɘəɎ 

ŭɏɜŰɟŬ ŰŬ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ůəɚɖɟɧűɡɚɚɖ ɓɚɎůŰɖůɖ (ɆɢɐɛŬŰŬ 3.1, 3.2, 

3.3). 

ɃˊɧŰŮ, ɞɘ Ůɚɘɏɠ Űɖɠ ˊɟɩŰɖɠ ɞɛɎŭŬɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ůɢŮŰɘəɎ ɛɘəɟɧ ɛɏɔŮɗɞɠ 

əŬɘ ɨɣɞɠ, Ŭűɞɨ, ŮɑŰŮ ŮɑɜŬɘ ɜŮŬɟɎ ŭɏɜŰɟŬ, ŮɑŰŮ əɚŬŭŮɨɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ɔŮɤɟɔɞɨɠ ɛŮ 

ůəɞˊɧ ɜŬ ŭɩůɞɡɜ ˊŮɟɘůůɧŰŮɟɞ əŬɘ ˊɘɞ ˊɞɘɞŰɘəɧ əŬɟˊɧ. ɇɞ ˊɟɧŰɡˊɞ ˊɞɡ 

ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ Űɡˊɘəɧ ɔɘŬ Űɞɡɠ ůɨɔɢɟɞɜɞɡɠ ŮɚŬɘɩɜŮɠ, ɛŮ ŰŬ ŭɏɜŰɟŬ ɜŬ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŮɑŰŮ ůŮ ůŮɘɟɏɠ (ŰŮŰɟɎɔɤɜɞ) ŮɑŰŮ ůŮ ůɢɐɛŬ ɟɧɛɓɞɡ, ŰŬ ɞˊɞɑŬ ŭɑɜɞɡɜ 

çɢɩɟɞè ůŰŬ ŭɏɜŰɟŬ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ, Ůɜɩ ŭɖɛɘɞɡɟɔɞɨɜ əŬɚɨŰŮɟŮɠ ůɡɜɗɐəŮɠ 

ůɡɔəɞɛɘŭɐɠ, əɚŬŭɏɛŬŰɞɠ əŬɘ űɟɞɜŰɑŭŬɠ Űɞɡ ŭɏɜŰɟɞɡ. ȼ Ŭˊɧɢɟɤůɖ Űɞɡ 

ŮɚŬɘɧŭŮɜŰɟɞɡ ŮɑɜŬɘ ɢŬəɑ, Ůɜɩ ɖ ůəɘɎ ŭŮɜ ŬˊɞŰŮɚŮɑ ɓɞɖɗɖŰɘəɧ ˊŬɟɎɔɞɜŰŬ. Ƀ 

ɓɞɖɗɖŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ŮɑɜŬɘ ɖ ɡűɐ. ȼ ɡűɐ, ůŮ ˊŬɟŬŰɐɟɖůɖ əɎɗŮ ŭɏɜŰɟɞɡ 

ɝŮɢɤɟɘůŰɎ, ŮɑɜŬɘ ŰɟŬɢŮɑŬ. ɇɞ ŭɏɜŰɟɞ ŭɖɚŬŭɐ ˊŬɟɞɡůɘɎɕŮɘ çˊŮŰɎɔɛŬŰŬè ůŰŬ 

əɚŬŭɘɎ ˊɞɡ Űɞɡ ŭɑɜɞɡɜ ŰɟŬɢŮɑŬ ɡűɐ. ɆŮ ŮˊɑˊŮŭɞ ŮɚŬɘɩɜŬ, ɖ ɡűɐ ŮɑɜŬɘ ˊɎɚɘ 

ŰɟŬɢŮɑŬ, Ŭűɞɨ ɛŮŰŬɝɨ Űɤɜ ŭɏɜŰɟɤɜ ɡˊɎɟɢŮɘ ŬɟəŮŰɧ əŮɜɧ ɩůŰŮ ɜŬ űŬɑɜŮŰŬɘ Űɞ 

ɏŭŬűɞɠ ůŰŬ ɜŮŬɟɎ űɡŰɎ, Ůɜɩ ůŰŬ ɔɖɟŬɘɧŰŮɟŬ, Ŭɜ əŬɘ ŭŮɜ űŬɑɜŮŰŬɘ Űɞ ɏŭŬűɞɠ, ɖ 

ŬˊɧůŰŬůɖ ŮɑɜŬɘ ŰɏŰɞɘŬ ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ əŬɗŮůŰɩɠ ɧɟŮɤɜ əŬɘ əɞɘɚɎŭɤɜ. 

ɇɏɚɞɠ, ɖ ɗɏůɖ Űɞɡɠ ůŰɞɜ ɢɩɟɞ əŬɘ ɖ ɢɤɟɘəɐ Űɞɡɠ ŭɘɎŰŬɝɖ ŭŮɜ ɓɞɐɗɖůŮ ɘŭɘŬɑŰŮɟŬ, 

Ŭűɞɨ ɖ ŮɚɘɎ ŮɡŭɞəɘɛŮɑ Ůɝɑůɞɡ ůŰŬ ɞɟŮɘɜɎ əŬɘ ˊŮŭɘɜɎ ŰɛɐɛŬŰŬ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ əŬɘ ɖ ˊŮɟɘɞɢɐ ŮɑɜŬɘ ˊɚɐɟɤɠ ŬɜŮˊŰɡɔɛɏɜɖ ɔŮɤɟɔɘəɎ. 

Ƀɘ Ůɚɘɏɠ Űɖɠ ŭŮɨŰŮɟɖɠ ɞɛɎŭŬɠ, ɏɢɞɡɜ Űɘɠ Ůɝɐɠ ŭɘŬűɞɟɏɠ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɏɠ Űɖɠ 

ˊɟɩŰɖɠ. ȷɟɢɘəɎ, ɏɢɞɡɜ ŬɟəŮŰɎ ɛŮɔɎɚɞ ɛɏɔŮɗɞɠ əŬɘ ůɢɐɛŬ ˊɞɡ ɛɞɘɎɕŮɘ ˊɘɞ ˊɞɚɨ 

ɛŮ ɎɚɚŬ Ůɑŭɖ ɓɚɎůŰɖůɖɠ ɘŭɑɤɠ ůŰŬ ɞɟŮɘɜɎ. ȷɡŰɧ Űɞ ɔŮɔɞɜɧɠ ɏəŬɜŮ ˊɞɚɨ ŭɨůəɞɚɖ 

Űɖɜ ˊŬɟŬŰɐɟɖůɐ Űɞɡɠ. ɀɎɚɘůŰŬ, ůŮ ŬɟəŮŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ŰŬ ŮɚŬɘɧŭŮɜŰɟŬ 

ɛˊɚɏəɞɜŰŬɜ ɛŬɕɑ ɛŮ ɎɚɚŬ Ůɑŭɖ ŭɏɜŰɟɤɜ. ɆɡɜŮˊɩɠ, ɔɘŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ 

ɝŮɢɤɟɘůŰɞɨɜ ŰŬ ŭɘɎűɞɟŬ Ůɑŭɖ, ɓɞɐɗɖůŬɜ ˊɞɚɨ ŰŬ ˊɞɚɨɔɤɜŬ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ 

ůŰɖɜ ŮŭŬűɞəɎɚɡɣɖ Űɨˊɞɡ ILOTS 2017. ɇŬ ůɢŮŰɘəɎ ŬɡŰɎ ˊɞɚɨɔɤɜŬ ɓɞɐɗɖůŬɜ 

əŬɘ ůŰɞ ɔŮɜɘəɧŰŮɟɞ ɏɚŮɔɢɞ ɧɚɤɜ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ. ɇɞ ˊɟɧŰɡˊɞ 

ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ŮɑɜŬɘ ŬəŬɜɧɜɘůŰɞ, Ůɜɩ Ŭɜ əŬɘ ɖ ɡűɐ ŮɑɜŬɘ ŰɟŬɢŮɑŬ ŭŮɜ ŭɘŬűɏɟŮɘ 

əŬɗɧɚɞɡ Ŭˊɧ ŰŬ ŬɡŰɞűɡɐ ɔŮɘŰɞɜɘəɎ űɡŰɎ (ɆɢɐɛŬŰŬ 3.4, 3.5, 3.6 ï Ʉɖɔɐ 

myoliveplant.gr). 
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ɆɢɐɛŬŰŬ 3.1 əŬɘ 3.2: ɄɟɧŰɡˊɞ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞɡɠ ŮɚŬɘɩɜŮɠ Űɖɠ ˊɟɩŰɖɠ 

əŬŰɖɔɞɟɑŬɠ. 

ɆɢɐɛŬ 3.3: ɄɟɧŰɡˊɞ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ əŬɘ Ŭˊɧ Űɘɠ 2 ɞɛɎŭŮɠ ůŮ ˊŮɟɑˊŰɤůɖ ɚɧűɞɡ, ŬɚɚɎ əɡɟɑɤɠ 

Ŭˊɧ Űɖɜ ŭŮɨŰŮɟɖ ɞɛɎŭŬ ŮɚŬɘɩɜɤɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊŮŭɘɜɞɨ ŮŭɎűɞɡɠ. 
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ɆɢɐɛŬ 3.4: ɇŮŰɟɎɔɤɜɞ ˊɟɧŰɡˊɞ ŮɚŬɘɩɜɤɜ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ. 

ɆɢɐɛŬ 3.5: ȷəŬɜɧɜɘůŰɞ ˊɟɧŰɡˊɞ ŮɚŬɘɩɜɤɜ.                      ɆɢɐɛŬ 3.6:ɄɟɧŰɡˊɞ ɟɧɛɓɞɡ ŮɚŬɘɩɜɤɜ. 

ȼ ŭŮɨŰŮɟɖ əŬɚɚɘɏɟɔŮɘŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɑɜŬɘ ŰŬ ŬɓɞəɎɜŰɞ. ɇŬ ŬɓɞəɎɜŰɞ ŮɑɜŬɘ 

ŭɏɜŰɟŬ ɛɘəɟɧŰŮɟŬ ůŮ ɛɏɔŮɗɞɠ Ŭˊɧ Űɘɠ Ůɚɘɏɠ əŬɘ ɏɢɞɡɜ ůɢɐɛŬ ˊɘɞ ůŰɟɞɔɔɡɚŮɛɏɜɞ, 

ɢɤɟɑɠ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŮŰɎɔɛŬŰŬ Űɖɠ ŮɚɘɎɠ. ȿɧɔɞ 

əɚŬŭɏɛŬŰɞɠ, ŬɚɚɎ əŬɘ Űɖɠ űɨůɖɠ Űɞɡ ŭɏɜŰɟɞɡ, ɖ űɡŰɞəɧɛɖ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ɔɨɟɤ 

Ŭˊɧ Űɞɜ əɞɟɛɧ. ɇɞ ˊɟɧŰɡˊɞ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ŮɑɜŬɘ Űɞ ɑŭɘɞ ůŮ ɧɚŮɠ Űɘɠ 

əŬɚɚɘɏɟɔŮɘŮɠ. ɇŬ ŭɏɜŰɟŬ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŬ ůŮ ˊɡəɜɏɠ ůŮɘɟɏɠ, ŮɑŰŮ ŰŬ ˊŬɟŬŰɖɟŮɑ 

əŬɜŮɑɠ ɞɟɘɕɧɜŰɘŬ ŮɑŰŮ əɎɗŮŰŬ. ȼ Ŭˊɧɢɟɤůɖ ŮɑɜŬɘ Ŭˊɧ ŰŬ əɡɟɘɧŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ŬɜŬɔɜɩɟɘůɖɠ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ, Ŭűɞɨ ŮɑɜŬɘ ůəɞɨɟɞ ˊɟɎůɘɜɞ (əɡˊŬɟɘůůɑ) əŬɘ 

ɝŮɢɤɟɑɕŮɘ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ. Ⱥˊɑůɖɠ, ɖ ɡűɐ ɏˊŬɘɝŮ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ 
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ŬɜŬɔɜɩɟɘůɖ, Ŭűɞɨ Űɞ ŭɏɜŰɟɞ ɏɢŮɘ ŬɟəŮŰɎ ɞɛŬɚɐ ɡűɐ Ůɜɩ Űɞ ŬɔɟɞŰŮɛɎɢɘɞ 

ˊŬɟɞɡůɘɎɕŮɘ ɛɏŰɟɘŬ ɡűɐ, əɡɟɑɤɠ ŭɘɧŰɘ ŭŮɜ ŬűɐɜɞɜŰŬɘ əŮɜɎ ŬɜɎɛŮůŬ ůŰŬ űɡŰɎ 

ŮɝŬɘŰɑŬɠ Űɞɡ ŬɟəŮŰɎ ɛɘəɟɧŰŮɟɞɡ ɟɘɕɘəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ŬɜŬˊŰɨůůɞɡɜ (ɆɢɐɛŬ 

3.7). ȼ ɢɤɟɘəɐ ŭɘɎŰŬɝɖ ŭŮɜ ɓɞɐɗɖůŮ, ŮˊŮɘŭɐ ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ  ɧɚɖ ɖ 

ˊŮɟɘɞɢɐ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬɔɟɞŰŮɛɎɢɘŬ. ȷɡŰɧ Űɞ ůŰɞɘɢŮɑɞ, ɧɛɤɠ, ˊɞɡ ŬˊɞŰɏɚŮůŮ 

əŬŰŬɚɡŰɘəɧ ˊŬɟɎɔɞɜŰŬ, ŮɑɜŬɘ ɖ ɗɏůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɞɜ ɢɩɟɞ. Ƀɘ 

əŬɚɚɘɏɟɔŮɘŮɠ ŬɓɞəɎɜŰɞ ɓɟɑůəɞɜŰŬɘ əŬŰŬɜŮɛɖɛɏɜŮɠ ůŰɘɠ ɧɢɗŮɠ Űɤɜ ɢŮɘɛɎɟɟɤɜ ůŮ 

ˊɞɚɨ əɞɜŰɘɜɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ əɞɑŰɖ.  

ɆɢɐɛŬ 3.7: ȾŬɚɚɘɏɟɔŮɘŮɠ ŬɓɞəɎɜŰɞ ůŰɖɜ ɚ.Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ. 

 

ɇŮɚŮɡŰŬɑŬ əŬɚɚɘɏɟɔŮɘŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɑɜŬɘ ɞɘ ˊɞɟŰɞəŬɚɘɏɠ. Ƀɘ ˊɞɟŰɞəŬɚɘɏɠ ŮɑɜŬɘ 

ˊɞɚɨ ɚɑɔŮɠ ůŮ Ŭɟɘɗɛɧ əŬɘ ɓɟɑůəɞɜŰŬɘ əɡɟɑɤɠ ůŰŬ ˊŮŭɘɜɎ (ɗɏůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɞ 

ɢɩɟɞ). Ȱɢɞɡɜ ůɢŮŰɘəɎ ɞɛŬɚɐ ɡűɐ ůŮ ŮˊɑˊŮŭɞ ŭɏɜŰɟɞɡ Ůɜɩ ůŮ ŮˊɑˊŮŭɞ  

ŬɔɟɞŰŮɛŬɢɑɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Űɟɧˊɞ űɨŰŮɡůɖɠ Űɞɡ ˊŬɟŬɔɤɔɞɨ (ɆɢɐɛŬ 3.8). 

ɇɞ ůɢɐɛŬ, Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɞ ˊɟɧŰɡˊɞ ŮɑɜŬɘ ɧɛɞɘɞ ɛŮ ŬɡŰɧ Űɖɠ ŮɚɘɎɠ, ɧɛɤɠ ɖ 

Ŭˊɧɢɟɤůɖ ŮɑɜŬɘ ŬɜɞɘɢŰɧ ˊɟɎůɘɜɞ əŬɘ ŮɑɜŬɘ ŬɡŰɧ ˊɞɡ əɎɜŮɘ Űɘɠ əŬɚɚɘɏɟɔŮɘŮɠ ɜŬ 

ɝŮɢɤɟɑɕɞɡɜ. 



 
33 

ɆɢɐɛŬ 3.8: ɄɞɟŰɞəŬɚɘɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ. 

 

ȺɀɄȺȽɅȽȾȺɆ ɀȺŪɃȹɃȽ 

 
To ˊɟɩŰɞ ůŰɞɘɢŮɑɞ ˊɞɡ ɣɖűɘɞˊɞɘɐɗɖəŮ ŮɜŰɧɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɐŰŬɜ ŰŬ 

əɨɟɘŬ ɡŭŬŰɞɟŮɨɛŬŰŬ. ũɘŬ ɚɧɔɞɡɠ ŮɡəɞɚɑŬɠ, ɖ ɣɖűɘɞˊɞɑɖůɖ ɝŮəɑɜɖůŮ Ŭˊɧ ŰŬ 

əŬŰɎɜŰɖ, ŭɖɚŬŭɐ Ŭˊɧ Űɖɜ Ůəɓɞɚɐ Űɞɡ ˊɞŰŬɛɞɨ ůŰɞ ȾɟɖŰɘəɧ ˊɏɚŬɔɞɠ, əŬɘ 

ůɡɜɏɢɘůŮ ˊɟɞɞŭŮɡŰɘəɎ ɛɏɢɟɘ ŰŬ ɞɟŮɘɜɎ. Ƀɘ ŰɟŮɘɠ əɨɟɘɞɘ ɢŮɑɛŬɟɟɞɘ ŰŮɚŮɘɩɜɞɡɜ ŮəŮɑ 

ɧˊɞɡ ŮɜɩɜɞɜŰŬɘ ŭɨɞ ɛɘůɔɎɔɔŮɘŮɠ ɑŭɘŬɠ əŬŰɖɔɞɟɑŬɠ əŬɘ ŭŮɜ ɔɑɜŮŰŬɘ Ůˊɘˊɚɏɞɜ 

ŭɘŬɢɤɟɘůɛɧɠ. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ɣɖűɘɞˊɞɑɖůɖ Űɤɜ ŬɔɟɞŰŮɛŬɢɑɤɜ, Űɞ əɡɟɘɧŰŮɟɞ ŮɟɔŬɚŮɑɞ ɐŰŬɜ ɖ 

ŬɜŰɑɚɖɣɖ Űɞɡ ˊŬɟŬŰɖɟɖŰɐ əŬɘ ɖ ɘəŬɜɧŰɖŰɎ Űɞɡ ůŰɖɜ űɤŰɞŮɟɛɖɜŮɑŬ (Karantzalos 

and Argialas 2004). ȺəŰɧɠ Ŭˊɧ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ŭŮɜŰɟɞəŬɚɚɘŮɟɔŮɘɩɜ, 

ŬˊŬɘŰɞɨɜŰŬɜ əŬɘ ɖ ɞɟɘɞɗɏŰɖůɖ Űɤɜ ŬɔɟɞŰŮɛŬɢɑɤɜ ɛŮ ůəɞˊɧ ɜŬ ɔɑɜŮɘ ůɤůŰɐ 

ŮɛɓŬŭɞɛɏŰɟɖůɖ. ɇŬ ɧɟɘŬ Űɤɜ ŰŮɛŬɢɑɤɜ ŮɑɜŬɘ ɡˊɞɚɞɔɘůɛɏɜŬ ɛŮ ŬɟəŮŰɎ ɡɣɖɚɐ 

ŬəɟɑɓŮɘŬ, Ŭűɞɨ ɖ ɣɖűɘɞˊɞɑɖůɖ ɏɔɘɜŮ ůŮ əɚɑɛŬəŬ 1/1000. ɆɡɜŮˊɩɠ, Űɞ ɛŮŰɟɖɛɏɜɞ 

ŮɛɓŬŭɧɜ əɎɗŮ ŰŮɛŬɢɑɞɡ, əŬɘ ůɡɜŮˊɩɠ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ əɎɗŮ 

əŬŰɖɔɞɟɑŬɠ, ŮɑɜŬɘ ŬɝɘɧˊɘůŰɞ. 

Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ŬɔɟɞŰŮɛŬɢɑɤɜ Ŭˊɧ Űɞɡɠ ˊŮɟɘɓɎɚɚɞɜŰŮɠ ɢɩɟɞɡɠ ( ɧɛɞɟŬ 

ŬɔɟɞŰŮɛɎɢɘŬ, Ɏɚɚɞɡ Ůɑŭɞɡɠ əŬɚɚɘɏɟɔŮɘŮɠ, ɎɚɚŬ Ůɑŭɖ ɓɚɎůŰɖůɖɠ ɧˊɤɠ 

ůəɚɖɟɧűɡɚɚɖ əɚˊ) ɏɔɘɜŮ ɛŮ ɓɎůɖ ɞɟɘůɛɏɜŬ ɚɞɔɘəɎ əɟɘŰɐɟɘŬ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, 

ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ŮɨɟŮůɖɠ űɡůɘəɩɜ ɞɟɑɤɜ ɛŮŰŬɝɨ Űɤɜ ŰŮɛŬɢɑɤɜ, ɧˊɤɠ əɨɟɘɞɘ ɐ 

ŬɔɟɞŰɘəɞɑ ŭɟɧɛɞɘ, ɝŮɟɞɚɘɗɘɏɠ, ůɡɟɛŬŰɞˊɚɏɔɛŬŰŬ əŬɘ űɟɎɢŰŮɠ ɧˊɞɡ ŬɡŰɞɑ 

ɛˊɞɟɞɨůŬɜ ɜŬ ŭɘŬɢɤɟɘůŰɞɨɜ əŬɘ űɡůɘəɎ ɧˊɞɡ ůŰŬɛŬŰɞɨůŮ ɖ ŭŮɜŰɟɞűɨŰŮɡůɖ əŬɘ 

ɖ ɏəŰŬůɖ ɐŰŬɜ ůɢŮŭɧɜ ɔɡɛɜɐ. Ƀ ŭɡůəɞɚɧŰŮɟɞɠ ŭɘŬɢɤɟɘůɛɧɠ ɛŮŰŬɝɨ 

ŬɔɟɞŰŮɛŬɢɑɤɜ ɐŰŬɜ ɧŰŬɜ ŭɨɞ ɧɛɞɟŬ ŰŮɛɎɢɘŬ ŬˊɞŰŮɚɞɨůŬɜ ɢɩɟɞ ˊŬɟŬɔɤɔɐɠ Űɖɠ 

ɑŭɘŬɠ əŬɚɚɘɏɟɔŮɘŬɠ əŬɘ ŭŮɜ ˊɚɖɟɞɨɜŰŬɜ əŬɜɏɜŬ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ əɟɘŰɐɟɘŬ 

ŭɘŬɢɤɟɘůɛɞɨ ŬɔɟɞŰŮɛŬɢɑɤɜ. ɈˊɐɟɝŬɜ, ŭɖɚŬŭɐ, ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɖ ɓɚɎůŰɖůɖ 

ɐŰŬɜ ˊɡəɜɐ əŬɘ ɖ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ɔɖɠ ɏűŰŬɜŮ ˊŮɟɑˊɞɡ ůŰɞ 100%. ȺəŮɑ 



 
34 

ŮˊɘůŰɟŬŰŮɨŰɖəŮ ɛɑŬ ůɡɜɐɗɖɠ ŰŮɢɜɘəɐ ůŮ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ˊɟɞɓɚɐɛŬŰŬ. ɃɟɑůŰɖəŬɜ 

ŰŬ ɧɟɘŬ Űɤɜ ŬɔɟɞŰŮɛŬɢɑɤɜ ůŰŬ ůɖɛŮɑŬ ɧˊɞɡ ɎɚɚŬɕŮ Űɞ ˊɟɧŰɡˊɞ ůŰɖ űɨŰŮɡůɖ 

əŬɚɚɘɏɟɔŮɘŬɠ. ȷˊɧ ŰŮŰɟɎɔɤɜɞ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɔɘɜɧŰŬɜ ŬəŬɜɧɜɘůŰɞ. ɄŬɟɧɚŬ 

ŬɡŰɎ, ůŮ ɛŮɟɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŭŮɜ ɎɚɚŬɕŮ Űɞ ˊɟɧŰɡˊɞ, ŬɚɚɎ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ 

Űɞɡ ˊɟɞŰɨˊɞɡ.  

ɄȿȺɃɁȺȾɇȼɀȷɇȷ ɀȺŪɃȹɋɁ 

Ƀɘ ˊŬɟŬˊɎɜɤ ŮűŬɟɛɞɔɏɠ ɞŭɐɔɖůŬɜ ůŮ Ŭəɟɘɓɐ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮɔɎɚɖɠ 

ŬɝɘɞˊɘůŰɑŬɠ, ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ˊɞɚɚɏɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ŰɞˊɞɔɟŬűɘəɏɠ ŮűŬɟɛɞɔɏɠ əŬɘ ɧɢɘ ɛɧɜɞ. ɋůŰɧůɞ, ɞ ɧɔəɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ 

ŬɟəŮŰɎ ɛŮɔɎɚɞɠ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ɛŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɔɘŬ Űɖɜ ˊŮɟɎŰɤůɐ Űɖɠ.  

ɆɡɔəɟɑɜɞɜŰŬɠ, ɧɛɤɠ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ ŬɡŰɎ Ɏɚɚɤɜ ɛŮɗɧŭɤɜ, ŮɑɜŬɘ ɓɏɓŬɘɞ 

ˊɤɠ ɖ űɤŰɞŮɟɛɖɜŮɑŬ ŭɑɜŮɘ ŰŬ əŬɚɨŰŮɟŬ ŭɡɜŬŰɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ȼ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ŬűɞɟɎ ɛɑŬ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɛɘəɟɐɠ ůɢŮŰɘəɎ ɏəŰŬůɖɠ. Ⱥˊɞɛɏɜɤɠ, ɓɎůŮɘɠ 

ŭŮŭɞɛɏɜɤɜ ɧˊɤɠ Űɞ CORINE Land Cover ŭŮɜ ŮˊŬɟəŮɑ Ŭˊɧ Ɏˊɞɣɖ ŬəɟɑɓŮɘŬɠ 

ɛɘŬɠ əŬɘ ɖ ŮɚɎɢɘůŰɖ ɢŬɟŰɞɔɟŬűɘəɐ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ ŮɑɜŬɘ ŰŬ 25 ha (ɧˊɞɡ 1 ha= 

10 ůŰɟ). ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɖ ɏəŰŬůɖ Űɤɜ ŮɚŬɘɩɜɤɜ ɜŬ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ 10 

km2 ɛŮɔŬɚɨŰŮɟɖ, ŭɑɜɞɜŰŬɠ ɏŰůɘ ɛŮɔŬɚɨŰŮɟŮɠ ɡŭŬŰɘəɏɠ ŬɜɎɔəŮɠ ɞɘ ɞˊɞɑŮɠ ŭŮɜ 

ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. Ⱥˊɘˊɚɏɞɜ, ɎɚɚŮɠ ŬɜŰɑůŰɞɘɢŮɠ ɓɎůŮɘɠ 

ŭŮŭɞɛɏɜɤɜ ɛŮ ɛɘəɟɧŰŮɟɖ ŮɚɎɢɘůŰɖ ɢŬɟŰɞɔɟŬűɘəɐ ɛɞɜɎŭŬ ˊɎɚɘ ŭŮɜ ŭɑɜɞɡɜ ɑůɖɠ 

ŬəɟɑɓŮɘŬɠ ŬˊɞŰŮɚɏůɛŬŰŬ, Ŭűɞɨ ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ɛɏɔɘůŰɖ 

ŭɡɜŬŰɐ ŬəɟɑɓŮɘŬ, ŬɡŰɐ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɛŬŰɘɞɨ (0.25mm). ɇɏɚɞɠ, ɎɚɚŮɠ 

ɇɖɚŮˊɘůəɞˊɘəɏɠ ɛɏɗɞŭɞɘ ɧˊɤɠ (ɛɖ) ŮˊɘɓɚŮˊɧɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ ŭŮɜ ɛˊɞɟɞɨůŬɜ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŮˊŮɘŭɐ ɞɘ ŭɘŬɗɏůɘɛŮɠ ŭɤɟŮɎɜ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ŮɑɜŬɘ 

ůŰɖɜ əŬɚɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ 10m Űɞ pixel, ɖ ɞˊɞɑŬ ŭŮɜ ŭɑɜŮɘ Űɖɜ ŮˊɘɗɡɛɖŰɐ 

ŬəɟɑɓŮɘŬ. 

 

3.2 ũȺɋɉɋɅȽȾȷ ȹȺȹɃɀȺɁȷ ȿȺȾȷɁȼɆ ȷɄɃɅɅɃȼɆ 
 

ũɘŬ Űɖɜ ŬɜɎəŰɖůɖ ŭŮŭɞɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ OpenLayersPlugin, 

GoogleMaps, GoogleSatellite Űɞɡ QGIS. To ůɡɔəŮəɟɘɛɏɜɞ plugin ɢɟɖůɘɛɞˊɞɘŮɑ 

Űɖɜ ˊɟɞɓɞɚɐ Űɞɡ GoogleEarth (ˊɟɞɓɞɚɐ Űɞɡ WGSô84) ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ɔɘŬ 

ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ŮɘəɧɜŮɠ ɔŮɤɛŮŰɟɘəɎ ŭɘɞɟɗɤɛɏɜŮɠ, ůŰɞ ɞɟŬŰɧ űɎůɛŬ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ˊɎɜɤ ůŰɘɠ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ 

ɛŮŰɟɐůŮɘɠ. Ƀɘ ŮɘəɧɜŮɠ ŮɑɜŬɘ ůɡɜŮɢɧɛŮɜŮɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ ɔɑɜɞɜŰŬɘ ɛŮ ɞˊŰɘəɐ ŮɟɛɖɜŮɑŬ 

(űɤŰɞŮɟɛɖɜŮɑŬ) Űɤɜ Ůɘəɞɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ŰŮɢɜɘəɐ ɖ ɞˊɞɑŬ əŬɗɑůŰŬŰŬɘ ɤɠ ɏɜŬ 

Ŭˊɧ ŰŬ ɘůɢɡɟɧŰŮɟŬ ɛɏůŬ ŰɖɚŮˊɘůəɧˊɖůɖɠ, Ŭűɞɨ ůɡɜŭɡɎɕŮɘ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ɛŮ 

Űɖɜ ˊɟɞůɤˊɘəɐ əɟɑůɖ Űɞɡ ɛɖɢŬɜɘəɞɨ (ȷɟɔɘŬɚɎɠ 1999). 

ɇɞ project ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŮ ɚɞɔɘůɛɘəɧ QGIS ŬűɞɟɎ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ əŬɘ 

əŬŰŬɔɟŬűɐ ůŮ ɗŮɛŬŰɘəɞɨɠ ɢɎɟŰŮɠ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ɡˊɧ ŬɜŬɔɜɩɟɘůɖɠ 
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ˊŮɟɘɞɢɐɠ. Ƀɘ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ, ɢɟɞɜɘəɎ, ŬɜŬűɏɟɞɜŰŬɘ ůŮ ŮɘəɧɜŮɠ Űɞɡ plugin Űɖɜ 

ˊŮɟɑɞŭɞ Űɞɡ ɆŮˊŰŮɛɓɟɑɞɡ 2017, ɧˊɞɡ əŬɘ ɝŮəɑɜɖůŮ ɖ əŬŰŬɔɟŬűɐ Űɞɡɠ. ɋůŰɧůɞ, 

ˊɟɘɜ Ŭˊɧ Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ŬˊŬɘŰɞɨɜŰŬɜ ɖ əŬŰŬɔɟŬűɐ 

ɞɟɘůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ, ɧˊɤɠ Űɞ ŰɞˊɞɔɟŬűɘəɧ ŬɜɎɔɚɡűɞ, ŰŬ əɨɟɘŬ ɡŭŬŰɞɟŮɨɛŬŰŬ 

Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ əŬɘ ɞɘ ɞɘəɘůɛɞɑ.  

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůŰŮɑ ɧŰɘ ɞ ɡŭɟɞəɟɑŰɖɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, 

əŬɗɩɠ əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ, ɏɢɞɡɜ ˊŬɟɗŮɑ Ŭˊɧ Űɞɜ ŬɜɞɘɢŰɧ 

ɘůŰɧɢɤɟɞ geodata.gov.gr. ȷɡŰɧ, ŭɘɧŰɘ ɏŰůɘ ŭɘŮɡəɞɚɨɜɞɜŰŬɘ ɞɘ ŭɘŮɟɔŬůɑŮɠ 

ɞɟɘɞɗɏŰɖůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ.  

ɀŮ ɓɎůɖ Űɘɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ Ŭˊɧ Űɞ GoogleSatellite ɞɟɘɞɗŮŰɐɗɖəŬɜ ɞɘ əɨɟɘɞɘ 

ɢŮɑɛŬɟɟɞɘ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɞɜ ˊɞŰŬɛɧ ɇŬɡɟɤɜɑŰɖ. ȼ 

ɞɟɘɞɗɏŰɖůɐ Űɞɡɠ ɏɔɘɜŮ ɛŮ ɓɎůɖ Űɖɜ əɞɑŰɖ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ, ŮɑŰŮ ŬɡŰɐ ɐŰŬɜ 

ŭɘŬɛɞɟűɤɛɏɜɖ (ɆɢɐɛŬ 3.9) ŮɑŰŮ ɛŮ ɓɎůɖ ŰŬ ŭɘɎűɞɟŬ ŭɏɜŰɟŬ ˊɞɡ Űɖɜ əɎɚɡˊŰŬɜ 

(ɆɢɐɛŬ 3.10). ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɔɘŬ Űɖɜ ɞɟɘɞɗɏŰɖůɖ, ˊɎɟɗɖəŮ Űɞ əɏɜŰɟɞ Űɖɠ 

əɞɑŰɖɠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 3.9: ȹɘŬɛɞɟűɤɛɏɜɖ əɞɑŰɖ ɇŬɡɟɤɜɑŰɖ ůŰɞ ˊŮŭɘɜɧ ŰɛɐɛŬ ɚ. Ŭ́ ɞɟɟɞɐɠ. 
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ɆɢɐɛŬ 3.10: ȾɞɑŰɖ ɢŮɘɛɎɟɟɞɡ ɆŮɛˊɟŮɜɘɩŰɖ ůŰɞ ɞɟŮɘɜɧ ŰɛɐɛŬ ɚ. ȷˊɞɟɟɞɐɠ. 

ɆɢɐɛŬ 3.11: ɉɎɟŰɖɠ űɤŰɞůəɑŬůɖɠ ŬɜŬɔɚɨűɞɡ. 
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ɀŮ ɓɎůɖ Űɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ aster-dem-greece_egsa (30m Űɞ pixel) 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɢɎɟŰɖɠ űɤŰɞůəɘŬůɛɏɜɞɡ ŬɜɎɔɚɡűɞɡ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 

3.11. 

ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ɇŬɡɟɤɜɑŰɖ ɏɢŮɘ ůɢŮŰɘəɎ ŬɜŮˊŰɡɔɛɏɜɞ ɞŭɘəɧ ŭɑəŰɡɞ ůŰɞ 

ˊŮŭɘɜɧ ŰɛɐɛŬ Űɖɠ, əɞɜŰɎ ůŰɖ ɗɎɚŬůůŬ. ȷɡŰɧ, ŭɘɧŰɘ Ŭˊɧ ŮəŮɑ ˊŮɟɜɎ ɞ ȸɃȷȾ 

(ȸɧɟŮɘɞɠ Ƀŭɘəɧɠ ȯɝɞɜŬɠ ȾɟɐŰɖɠ). ȾɎɗŮŰŬ ůŰɖ ɚŮəɎɜɖ əŬɘ əŬŰɎ ɛɐəɞɠ Űɞɡ 

ɇŬɡɟɤɜɑŰɖ ɓɟɑůəŮŰŬɘ ɖ ȺˊŬɟɢ. Ƀŭɧɠ ɇŬɡɟɤɜɑŰɖɠ-ɄŬɚŬɘɞɢɩɟŬɠ ˊɞɡ ůɡɜŭɏŮɘ ŰŬ 

ɢɤɟɘɎ ɇŬɡɟɤɜɑŰɖɠ əŬɘ ȸɞɡəɞɚɘɏɠ. ɇŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞ ɞŭɘəɧ ŭɑəŰɡɞ ˊɎɟɗɖəŬɜ Ŭˊɧ 

Űɞ geodata.gov.gr, Ůɜɩ ɞɘ ɞɘəɘůɛɞɑ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɣɖűɘɞˊɞɘɐɗɖəŬɜ ɛŮ 

ŰɖɚŮˊɘůəɞˊɘəɏɠ ɛŮɗɧŭɞɡɠ (ɆɢɐɛŬ 3.12).  

ɆɢɐɛŬ 3.12: ɉɎɟŰɖɠ ɞɘəɘůɛɩɜ əŬɘ ɞŭɘəɞɨ ŭɘəŰɨɞɡ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ. 
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ɀŮɔŬɚɨŰŮɟɞɠ ɞɘəɘůɛɧɠ Űɖɠ ɚŮəɎɜɖɠ ŮɑɜŬɘ Űɞ ɢɤɟɘɧ ȸɞɡəɞɚɘɏɠ ɛŮ ˊɚɖɗɡůɛɧ ˊɎɜɤ 

Ŭˊɧ 1000 əŬŰɞɑəɞɡɠ (ŬˊɞɔɟŬűɐ 2001). 

ȷˊɧ Űɞ aster-dem ŭɖɛɘɞɡɟɔɐɗɖəŮ ɏɜŬɠ ɢɎɟŰɖɠ ŬɜɎɔɚɡűɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ. ȷɡŰɐ Űɖ 

űɞɟɎ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ŰŮɢɜɘəɐ Űɖɠ űɤŰɞůəɑŬůɖɠ ŬɜŬɔɚɨűɞɡ, ŬɚɚɎ ɖ 

ŰŮɢɜɘəɐ stretch value along a color ramp.  

Ƀ ɢɎɟŰɖɠ ŬɡŰɧɠ ŭɑɜŮɘ ˊɞɚɚɏɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ɔɘŬ ŰŬ ɛɘəɟɧŰŮɟŬ ɡŭŬŰɞɟŮɨɛŬŰŬ 

Űɖɠ ɚŮəɎɜɖɠ, ŰŬ ɞˊɞɑŬ ɧɛɤɠ ŮˊɘɚɏɢɗɖəŮ ɜŬ ɛɖɜ ŬɜŬˊŬɟŬůŰŬɗɞɨɜ. ɂŮəɎɗŬɟŬ 

űŬɑɜŮŰŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ ɛɘəɟɩɜ ɟŮɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŮɜɩɜɞɜŰŬɘ əŬɘ ˊɟɞɞŭŮɡŰɘəɎ 

əŬŰŬɚɐɔɞɡɜ ůŮ əɎˊɞɘɞ Ŭˊɧ ŰŬ ŰɟɑŬ əɨɟɘŬ ɡŭŬŰɞɟŮɨɛŬŰŬ ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɞɜ 

ˊ.ɇŬɡɟɤɜɑŰɖ.  ɃɡůɘŬůŰɘəɎ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬ ɗŮɤɟɖŰɘəɧ əŬŰɩűɚɘ ɔɘŬ Űɞ ˊɞɘŬ 

ɟɏɛŬŰŬ ɗŬ ŬɜŬˊŬɟŬůŰŬɗɞɨɜ. ɇɞ əŬŰɩűɚɘ ŬɡŰɧ ŭŮɜ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ əɎˊɞɘɞɜ 

Ŭɚɔɧɟɘɗɛɞ, ŬɚɚɎ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɑŭɘŬ ɚɞɔɘəɐ (ɆɢɐɛŬ 3.13). ɇɞ ɗŮɤɟɖŰɘəɧ əŬŰɩűɚɘ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮəűɟɎɕŮŰŬɘ ɤɠ Ůɝɐɠ. ȰɜŬ ɡŭŬŰɧɟŮɡɛŬ ŬɝɑɕŮɘ ɜŬ 

ŬˊŮɘəɞɜɘůɗŮɑ ŮɎɜ: 

× ȺɑɜŬɘ űɡůɘəɧɠ ŬɜɞɘɢŰɧɠ Ŭɔɤɔɧɠ ɧˊɤɠ ˊɞŰŬɛɞɑ, ɢŮɑɛŬɟɟɞɘ əŬɘ ŭɘɎűɞɟŬ 

űɡůɘəɎ ɟŮɨɛŬŰŬ (ɇŮɟɕɑŭɖɠ 1986). 

× ȰɢŮɘ  ɘəŬɜɧ ɛɐəɞɠ ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ əɨɟɘɞ ɡŭŬŰɧɟŮɡɛŬ 

(ŭɖɛɘɞɡɟɔɑŬ ɡˊɞɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ). 

× ȼ əɞɑŰɖ Űɞɡ ɜŬ ŮɑɜŬɘ ůŬűɩɠ ŭɘŬɔŮɔɟŬɛɛɏɜɖ ůŰɞ ɏŭŬűɞɠ. 

× ȼ ˊŬɟɞɡůɑŬ Űɞɡ ɜŬ ˊɟɞəŬɚŮɑ ɛŮŰŬɓɞɚɏɠ ůŰɞ űɡůɘəɧ əŬɘ ŬɜɗɟɤˊɞɔŮɜɏɠ 

ˊŮɟɘɓɎɚɚɞɜ (ŭɖɛɘɞɡɟɔɑŬ ɔŮűɡɟɩɜ ɔɘŬ ˊɟɞůˊɏɚŬůɖ, ŭɖɛɘɞɡɟɔɑŬ ɞɢŮŰɩɜ, 

ŭɘŬəɞˊɐ ůɡɜŮɢɧɛŮɜɤɜ əŬɚɚɘŮɟɔŮɘɩɜ əɚˊ). 
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ɆɢɐɛŬ 3.13: ɉɎɟŰɖɠ ŬɜŬɔɚɨűɞɡ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ. 
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ɀŮ ɓɎůɖ Űɞ ɑŭɘɞ DEM, ůŰɞ QGIS ɏɔɘɜŮ ɖ ŮɝŬɔɤɔɐ Űɤɜ ɘůɞɦɣɩɜ əŬɛˊɡɚɩɜ ŬɜɎ 

100m. Ƀɘ ɘůɞɦɣŮɑɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɏɠ ɔɘŬ ɛŮŰɏˊŮɘŰŬ ŮűŬɟɛɞɔɏɠ əŬɘ 

ŬɜŬɔɤɔɏɠ ɛŮɔŮɗɩɜ, Ŭűɞɨ ɛŮ ɓɎůɖ ŬɡŰɏɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ 

ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. Ƀɘ ɘůɞɦɣŮɑɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ɢɎɟŰɖ (ɆɢɐɛŬ 3.14). 

ɆɢɐɛŬ 3.14: ȽůɞɦɣŮɑɠ əŬɛˊɨɚŮɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ. 
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ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɏɢɞɡɜ ɚɖűɗŮɑ ŬɟəŮŰɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɛɏůɤ ŰɖɚŮˊɘůəɞˊɘəɩɜ 

ŰŮɢɜɘəɩɜ əŬɘ GIS ɔɘŬ ŭɘɎűɞɟŬ ɔŮɜɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. ȷɟɢɘəɎ, ɛŮ 

ɓɎůɖ Űɞɡɠ ɢɎɟŰŮɠ Űɞɡ ŬɜŬɔɚɨűɞɡ ɔɑɜŮŰŬɘ ɔɜɤůŰɐ ɖ ůɢŮŰɘəɐ ɗɏůɖ Űɤɜ əɨɟɘɤɜ 

ɢŮɘɛɎɟɟɤɜ. ȾŬɘ ɞɘ ŰɟŮɘɠ Ŭɟɢɑɕɞɡɜ ɜŬ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŰŬ ɞɟŮɘɜɎ Űɖɠ ɚŮəɎɜɖɠ, ŮəŮɑ 

ɧˊɞɡ ŮɜɩɜɞɜŰŬɘ ɛŮɟɘəɏɠ ɛɘəɟɧŰŮɟŮɠ ɛɘůɔɎɔɔŮɘŮɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŭɘŬɟɟɏɞɡɜ Űɖ 

ɚŮəɎɜɖ ůɢŮŭɧɜ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɞɘ, ɛɏɢɟɘɠ ɧŰɞɡ ůɡɜŮɜɩɜɞɜŰŬɘ ůŮ ɏɜŬ 

ɛŮɔɎɚɞ ɡŭŬŰɧɟŮɡɛŬ. ȼ ůɡɛɛŮŰɟɘəɐ ɟɞɐ ŭɑɜŮɘ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɟəŮŰɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ, əŬɗɩɠ Ŭɜ əŬŰŬůəŮɡŬůŰɞɨɜ ŰŬ ŭɨɞ űɟɎɔɛŬŰŬ ˊɞɡ ŮɑɜŬɘ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŬ (űɟɎɔɛŬ ɄŬˊŬŭɘŬɜɩɜ ůɡɜɞɚɘəɐɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ 40*106m3, 

űɟɎɔɛŬ ɆŮɛˊɟŮɜɘɩŰɖ ɢɤɟɖŰɘəɧŰɖŰŬɠ 5*106m3), ŰɧŰŮ ɧɚŮɠ ɞɘ əŬɚɚɘɏɟɔŮɘŮɠ Űɖɠ 

ɚŮəɎɜɖɠ ɗŬ ɓɟɑůəɞɜŰŬɘ ůŮ ɛɘəɟɐ əŬɘ ůɢŮŰɘəɎ ɑůɖ ŬˊɧůŰŬůɖ Ŭˊɧ ŬɡŰɎ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɖ ɎɟŭŮɡůɐ Űɞɡɠ ɜŬ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɖ. Ⱥˊɘˊɚɏɞɜ, ɞɘ Ŭɔɤɔɞɑ 

ɛŮŰŬűɞɟɎɠ ɜŮɟɞɨ ɗŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɘ ůŮ ɛɐəɞɠ, ɛŮɘɩɜɞɜŰŬɠ Űɞ əɧůŰɞɠ Űɤɜ 

ˊɟɞŰŮɘɜɧɛŮɜɤɜ ɏɟɔɤɜ. 

 

3.3 ūɋɇɃȺɅɀȼɁȺȽȷ ȾȷȽ ɄȷɅȷũɋũȼ ŪȺɀȷɇȽȾɋɁ 

ɉȷɅɇɋɁ ȹȺɁȹɅɃȾȷȿȿȽȺɅũȺȽɋɁ 
 

ɄŬɟɧŰɘ Ŭˊɧ ŰŬ ɔŮɜɘəɎ ŭŮŭɞɛɏɜŬ ŬɜŰɚɞɨɜŰŬɘ ˊɞɚɚɏɠ ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ, ŰŬ 

ŮɘŭɘəɎ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. ɇŬ 

ŮɘŭɘəɎ ŬɡŰɎ ŭŮŭɞɛɏɜŬ Ŭűɞɟɞɨɜ Űɘɠ ŭɘɎűɞɟŮɠ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ ˊɞɡ Ůɡŭɞəɘɛɞɨɜ 

ůŰɖ ɚŮəɎɜɖ. ȰˊŮɘŰŬ Ŭˊɧ űɤŰɞŮɟɛɖɜŮɡŰɘəɐ ˊŬɟŬŰɐɟɖůɖ, əŬɘ űɡůɘəɎ ˊɞɚɚŬˊɚɞɨɠ 

Ůɚɏɔɢɞɡɠ, ˊɟɞɏəɡɣŮ ɧŰɘ ɞɘ əɡɟɑŬɟɢŮɠ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ 

ŮɑɜŬɘ ɞɘ Ůɚɘɏɠ, ŰŬ ŬɓɞəɎɜŰɞ, Ůɜɩ ůŮ ˊɞɚɨ ɛɘəɟɧ ˊɞůɞůŰɧ ŮɛűŬɜɑɕɞɜŰŬɘ 

ˊɞɟŰɞəŬɚɘɏɠ. Ƀɘ ˊŬɟŬŰɖɟɐůŮɘɠ ŮɑɜŬɘ ŬɜɎɚɞɔŮɠ ɛŮ ŬɡŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɔɘŬ Űɖɜ ɣɖűɘɞˊɞɑɖůɖ Űɤɜ ɢŮɘɛɎɟɟɤɜ. ȹɖɚŬŭɐ, ŬɜŬűɏɟɞɜŰŬɘ ůŮ ˊŬɟŬŰɖɟɐůŮɘɠ Űɖɠ 

ˊŮɟɘɧŭɞɡ ɆŮˊŰŮɛɓɟɑɞɡ-ɃəŰɤɓɟɑɞɡ 2017 Ŭˊɧ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ 

GoogleSatellite.  

Ⱥˊɑůɖɠ, Ɏɝɘɞ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ɡŭŬŰɞɟŮɨɛŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

ɣɖűɘɞˊɞɘɐɗɖəŬɜ ɛŮ ŬəɟɑɓŮɘŬ ɑŭɘŬ ɛŮ ŬɡŰɐ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ, ɏŰůɘ ɩůŰŮ 

əŬŰɎ Űɖɜ ɣɖűɘɞˊɞɑɖůɖ Űɤɜ ŭɨɞ ɞɜŰɞŰɐŰɤɜ ɜŬ ɛɖɜ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɡˊŮɟəŬɚɨɣŮɘɠ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ ˊŬɟŬəɎŰɤ (ɆɢɐɛŬ 3.15). 
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ɆɢɐɛŬ 3.15: ɉɎɟŰɖɠ əŬɚɚɘŮɟɔŮɘɩɜ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ. 
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ɆŰɞɜ ˊŬɟŬˊɎɜɤ ɢɎɟŰɖ űŬɑɜɞɜŰŬɘ, ŮəŰɧɠ Ŭˊɧ Űɘɠ əŬɚɚɘɏɟɔŮɘŮɠ əŬɘ ɎɚɚŬ ůŰɞɘɢŮɑŬ 

ɧˊɤɠ ɞɘ ˊɟɞŰŮɘɜɧɛŮɜŮɠ ɗɏůŮɘɠ Űɤɜ űɟŬɔɛɎŰɤɜ əŬɘ ɞɘ ɡŭɟɞɛŮŰŮɤɟɞɚɞɔɘəɞɑ 

ůŰŬɗɛɞɑ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ɡŭɟɞɚɞɔɘəɐ ɛŮɚɏŰɖ. Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

Űɞɡɠ űŬɑɜɞɜŰŬɘ ůŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ.  

¶ ɆŰɞɜ ɢɎɟŰɖ, ɞɘ ɡŭɟɞɛŮŰŮɤɟɞɚɞɔɘəɞɑ ůŰŬɗɛɞɑ Ŭˊɧ ȸɞɟɟɎ ˊɟɞɠ ɁɧŰɞ ŮɑɜŬɘ : 

ůŰŬɗɛɧɠ ɇŬɡɟɤɜɑŰɖ, ůŰŬɗɛɧɠ ȻɡɛˊɟŬɔɞɨ əŬɘ ůŰŬɗɛɧɠ ɄŬɚŬɘɎ ɅɞɨɛŬŰŬ. 

¶ ȷˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŭŮɝɘɎ űŬɑɜɞɜŰŬɘ ɞɘ ˊɟɞŰŮɘɜɧɛŮɜŮɠ ɗɏůŮɘɠ Űɤɜ 

űɟŬɔɛɎŰɤɜ ɆŮɛˊɟŮɜɘɩŰɖ əŬɘ ɄŬˊŬŭɘŬɜɩɜ. 

 

ɄɑɜŬəŬɠ 3.1: ɈŭɟɞɛŮŰŮɤɟɞɚɞɔɘəɞɑ ůŰŬɗɛɞɑ ŮɜŰɧɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. 

 

 

 

 

ɄɑɜŬəŬɠ 3.2: ɄɟɞŰŮɘɜɧɛŮɜŮɠ ɗɏůŮɘɠ űɟŬɔɛɎŰɤɜ. 

 

 

 

 

ȳůɞɜ ŬűɞɟɎ Űɞɜ ɢɎɟŰɖ ɔɑɜŮŰŬɘ ɎɛŮůŬ ůŬűɏɠ ɧŰɘ ɖ əɡɟɑŬɟɢɖ əŬɚɚɘɏɟɔŮɘŬ ůŰɖɜ 

ˊŮɟɘɞɢɐ ŮɑɜŬɘ ɖ ŮɚɘɎ. ũɘŬ Űɖɜ ŬəɟɑɓŮɘŬ, ɖ ˊŬɟɞɡůɑŬ Űɖɠ ŮɑɜŬɘ Űɧůɞ ɏɜŰɞɜɖ, ˊɞɡ 

ɡˊŮɟəŬɚɨˊŰŮɘ Űɘɠ ɎɚɚŮɠ ŭɨɞ ůŮ ůɖɛŮɑɞ ˊɞɡ ůɢŮŭɧɜ ɜŬ ɛɖɜ űŬɑɜɞɜŰŬɘ. 

ũɘŬ ŬɡŰɧ, ɚɞɘˊɧɜ, ɢɟŮɘɎůŰɖəŮ ɜŬ ŬˊɞŰɡˊɤɗɞɨɜ ɞɘ əŬɚɚɘɏɟɔŮɘŮɠ Űɤɜ ŬɓɞəɎɜŰɞ əŬɘ 

ˊɞɟŰɞəŬɚɘɩɜ ɝŮɢɤɟɘůŰɎ (ɆɢɐɛŬŰŬ 3.16 əŬɘ 3.17). Ƀɘ Ůɚɘɏɠ ɓɟɑůəɞɜŰŬɘ əɡɟɑɤɠ 

əŬŰɎɜŰɖ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ɗɏůŮɤɜ Űɤɜ űɟŬɔɛɎŰɤɜ, ɛŮ ŮɜŰɞɜɧŰŮɟɖ ˊŬɟɞɡůɑŬ 

ȸ.ȹɡŰɘəɎ Űɤɜ ȸɞɡəɞɚɘɩɜ (ˊŮɟɘɞɢɐ ɛŮ ˊŬɟɎŭɞůɖ ůŰɞ ŮɚŬɘɧɚŬŭɞ). ɋůŰɧůɞ, 

ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ əŬɘ ɖ ůɡɔəɏɜŰɟɤůɐ Űɞɡɠ ŬɜɎɜŰɖ Űɤɜ űɟŬɔɛɎŰɤɜ, əɡɟɑɤɠ ɔɨɟɤ 

Ŭˊɧ Űɞɡɠ ɞɘəɘůɛɞɨɠ ɄŬɚŬɘɎ ɅɞɨɛŬŰŬ, ɄɟŬůůɏɠ əŬɘ ɁɏŬ ɅɞɨɛŬŰŬ. 

ȷɡŰɧ ˊɞɡ ŭŮɜ ˊɟɞəŬɚŮɑ ŮɜŰɨˊɤůɖ ŮɑɜŬɘ ɞɘ ˊɞɚɚɏɠ əŬɘ ɛɘəɟɐɠ ɏəŰŬůɖɠ 

əŬɚɚɘɏɟɔŮɘŮɠ, ɢŬɟŬəŰɖɟɘůŰɘəɧ ůŰɞɘɢŮɑɞ Űɤɜ ɛŮůɞɔŮɘŬəɩɜ ɢɤɟɩɜ (Zalidis et al. 

2002).  

ʁ˄Φ ʅˍʰʻ˃ˇˏʋ ɳɱʅɮϥут¸ ɳɱʅɮϥут

ʆʰˎˊ˖˄ʾˍʹ4̩83624 3931769

ɵˎ˃ˉˊʰʴˈ 4̩78617 3920723

ʃʰ˂ʰʽʱ ʄˇˏ˃ʰˍʰ479807 3917108

ʅˍʰʻ˃ˇʾ

ʁ˄Φ ˒ˊʱʴ˃ʰˍˇˌʋ ɳɱʅɮϥутʌ ɳɱʅɮϥут

 ʅʶ˃ˉˊʶ˄ʽ˗ˍʹ 481449 m  3919607 m

 ʃʰˉʰʵʽʰ˄˗˄ 486249 m 3918915 m

ʃˊˇˍʶʽ˄ˈ˃ʶ˄ʶˌ ʻʷˋʶʽˌ ˒ˊʰʴ˃ʱˍ˖˄
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ɆɢɐɛŬ 3.16: ɉɎɟŰɖɠ əŬɚɚɘŮɟɔŮɘɩɜ ŬɓɞəɎɜŰɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ 
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ɆŰɞ ˊŬɟŬˊɎɜɤ ŬˊɧůˊŬůɛŬ, ɧˊɞɡ ɞɘ əŬɚɚɘɏɟɔŮɘŮɠ ŬɓɞəɎɜŰɞ ŮɑɜŬɘ 

ŬˊɞɛɞɜɤɛɏɜŮɠ, űŬɑɜŮŰŬɘ ˊɤɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɧŰŮɟŮɠ ůŮ ɏəŰŬůɖ ůŮ ůɢɏůɖ ɛŮ 

Űɞɡɠ ŮɚŬɘɩɜŮɠ Űɖɠ ɚŮəɎɜɖɠ. Ⱥˊɘˊɚɏɞɜ, ŬɜŬˊŰɨůůɞɜŰŬɘ ůŮ ůɢŮŰɘəɎ ɢŬɛɖɚɧ 

ɡɣɧɛŮŰɟɞ, Ůɜɩ ŬɝɘɞůɖɛŮɑɤŰɞ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ űŬɑɜŮŰŬɘ ɜŬ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ  

ˊɞɟŮɑŬ Űɤɜ ɡŭŬŰɞɟŮɡɛɎŰɤɜ. ȺɑɜŬɘ, ɚɞɘˊɧɜ, ˊɞɚɨ ˊɘɗŬɜɧ ɜŬ Ůɡŭɞəɘɛɞɨɜ ůŮ 

ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɖ ɟɞɐ ɡŭɎŰɤɜ ŮɑɜŬɘ Ŭɡɝɖɛɏɜɖ. ūɡůɘəɎ, əŬŰɎ ɛɐəɞɠ Űɤɜ 

ɢŮɘɛɎɟɟɤɜ ŬɜŬˊŰɨůůɞɜŰŬɘ ɞɘ ɘŭŬɜɘəɏɠ ŮŭŬűɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ, Ŭɜ ˊŬɟŬŰɖɟɐůŮɘ 

əŬɜŮɑɠ Űɞɜ ɔŮɤɚɞɔɘəɧ ɢɎɟŰɖ ůŰɞ ȾŮű.2. 

ɆɢɐɛŬ 3.17: ɉɎɟŰɖɠ əŬɚɚɘŮɟɔŮɘɩɜ ˊɞɟŰɞəŬɚɘɩɜ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ. 
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Ƀɘ ˊɞɟŰɞəŬɚɘɏɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ŮɑɜŬɘ ɚɘɔɞůŰɏɠ. Ƀɘ ˊŮɟɘɞɢɏɠ ůŰɘɠ ɞˊɞɑŮɠ 

Ůɡŭɞəɘɛɞɨɜ ŮɑɜŬɘ ɔɨɟɤ Ŭˊɧ Űɞɡɠ ɞɘəɘůɛɞɨɠ ɇŬɡɟɤɜɑŰɖɠ əŬɘ ȸɞɡəɞɚɘɏɠ. ũŮɜɘəɎ, 

ŮɑɜŬɘ ˊŮŭɘɜɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ɐˊɘɞ əɚɑɛŬ. 

ũɘŬ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ, ŬəɞɚɞɨɗɖůŮ ɖ 

ˊŬɟŬɔɤɔɐ Ůɜɧɠ ɢɎɟŰɖ ůŰɞ QGIS ɛŮ ɧɚŮɠ Űɘɠ əŬɚɚɘɏɟɔŮɘŮɠ əŬɘ Űɞɡɠ ɞɘəɘůɛɞɨɠ 

ɏɢɞɜŰŬɠ ɤɠ ɡˊɧɓŬɗɟɞ Űɘɠ ŮɘəɧɜŮɠ Űɞɡ GoogleSatellite ůŮ əɚɑɛŬəŬ 1:100000. Ƀ 

ɢɎɟŰɖɠ ŬɡŰɧɠ ŮɑɜŬɘ ůŮ WGSô84, ŭŮɜ ŮɜŭŮɑəɜɡŰŬɘ ɔɘŬ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɘ ɛŮŰɟɐůŮɘɠ 

(ɆɢɐɛŬ 3.18). 

ȯɝɘɞ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ əŬɚɚɘŮɟɔɐůɘɛŮɠ ŮəŰɎůŮɘɠ əŬŰɎɜŰɖ Űɖɠ 

ůɡɛɓɞɚɐɠ Űɤɜ ɢŮɘɛɎɟɟɤɜ ɅɞɡɛŬŰɘŬɜɞɨ əŬɘ ɆŮɛˊɟŮɜɘɩŰɖ Ŭɜɐəɞɡɜ ůŰɞ ɚŮɔɧɛŮɜɞ 

əɎɛˊɞ ɉŬɜɑɤɜ, ɛɑŬ ˊŮŭɘɜɐ əŬɚɚɘŮɟɔɐůɘɛɖ ɏəŰŬůɖ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ Ɂ. 

ɉŬɜɑɤɜ, ŰŬ ˊɟɞɥɧɜŰŬ Űɖɠ ɞˊɞɑŬɠ ɏɢɞɡɜ ŭɡɜŬɛɘəɐ ˊŬɟɞɡůɑŬ Űɧůɞ ůŰɘɠ ŮɔɢɩɟɘŮɠ 

ɧůɞ əŬɘ ůŰɘɠ ɝɏɜŮɠ Ŭɔɞɟɏɠ. 
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ɆɢɐɛŬ 3.18: ȹɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ Google Satellite, ŭŮɜŭɞəŬɚɚɘɏɟɔŮɘŮɠ, ɞɘəɘůɛɞɑ əŬɘ ɡŭŬŰɞɟŮɨɛŬŰŬ 

Űɖɠ ˊŮɟɘɞɢɐɠ. 
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3.4 ȷɂȽɃȿɃũȼɆȼ ȾȷȽ ȷɁȷȿɈɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

ɉȷɅɇɃũɅȷūȼɆȼɆ 
 

ȺəŰɧɠ Ŭˊɧ ŰŬ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɜ əŬɘ ɞɟɘůɛɏɜŬ 

ˊɞůɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɇɏŰɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬˊɞŰŮɚɞɨɜ ɖ ɏəŰŬůɖ Űɤɜ 

əŬɚɚɘŮɟɔŮɘɩɜ əŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŬɔɟɞŰŮɛŬɢɑɤɜ əɎɗŮ əŬɚɚɘɏɟɔŮɘŬɠ. ɇŬ ůŰɞɘɢŮɑŬ 

ŬɡŰɎ ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ Ŭˊɧ ŰŬ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ŭɑɜŮɘ ɏɜŬ ɚɞɔɘůɛɘəɧ 

GIS, ɧˊɤɠ ˊ.ɢ. Űɞ ArcGIS (ɆɢɐɛŬŰŬ 3.19 əŬɘ 3.20). 

 

ɆɢɐɛŬ 3.19: ȺɝŬɔɤɔɐ ůŰŬŰɘůŰɘəɩɜ ůŰɞɘɢŮɑɤɜ Ŭˊɧ ArcMap. 

ɆɢɐɛŬ 3.20: ɄɞůɞůŰɎ ɏəŰŬůɖɠ əɎɗŮ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŬɠ. 

ɳ˂ʽʷˌ
95%
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ɄɑɜŬəŬɠ 3.3: ȺəŰɎůŮɘɠ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ. 

 

ȺɑɜŬɘ űŬɜŮɟɧ ɧŰɘ ɞɘ Ůɚɘɏɠ ŬˊɞŰŮɚɞɨɜ Űɖ ůɡɜŰɟɘˊŰɘəɐ ˊɚŮɘɞɣɖűɑŬ Űɤɜ 

əŬɚɚɘŮɟɔŮɘɩɜ, Ŭűɞɨ əŬŰŬɚŬɛɓɎɜɞɡɜ Űɞ 95% Űɖɠ ůɡɜɞɚɘəɐɠ ɏəŰŬůɖɠ Űɤɜ 

ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ. 

Ƀɘ əŬɚɚɘɏɟɔŮɘŮɠ, ɞɘ ɞˊɞɑŮɠ ůɡɜɞɚɘəɎ əŬŰŬɚŬɛɓɎɜɞɡɜ 30.15 km2, əŬɚɨˊŰɞɡɜ Űɞ 

23%, ˊŮɟɑˊɞɡ, Űɖɠ ůɡɜɞɚɘəɐɠ ɏəŰŬůɖɠ Űɖɠ ɚŮəɎɜɖɠ. ȼ ůɡɛɛŮŰɞɢɐ Űɤɜ 

ˊɞɟŰɞəŬɚɘɩɜ ůŰɖɜ ůɡɜɞɚɘəɐ ɏəŰŬůɖ Űɖɠ ɚŮəɎɜɖɠ ŮɑɜŬɘ ŮɚɎɢɘůŰɖ (<0.1%), əŬɘ ɔɘŬ 

ŬɡŰɧ ˊŬɟɑůŰŬɜŰŬɘ ɤɠ 0% ůŰɞ ůɡɜɞɚɘəɧ ˊɞůɞůŰɧ. 

Ⱦɨɟɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ ŬɔɟɞŰŮɛŬɢɑɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɑɜŬɘ ɞ 

ɛŮɔɎɚɞɠ əŬŰŬəŮɟɛŬŰɘůɛɧɠ. ȹɖɚŬŭɐ, ɞɘ ɘŭɘɞəŰɖůɑŮɠ ŮɑɜŬɘ ɧɚŮɠ ŬɟəŮŰɎ ɛɘəɟɏɠ ůŮ 

ɏəŰŬůɖ, Ůɜɩ Űɞ ůɢɐɛŬ Űɞɡɠ ŮɑɜŬɘ ŬəŬɜɧɜɘůŰɞ (Zalidis et al. 2002), ˊɚɖɜ ŮɚŬɢɑůŰɤɜ 

ŮɝŬɘɟɏůŮɤɜ ɧˊɞɡ Űɞ ůɢɐɛŬ Űɤɜ ŬɔɟɞŰŮɛŬɢɑɤɜ ŮɑɜŬɘ ɞɟɗɞɔɩɜɘɞ. ȷɡŰɧ ɏɢŮɘ ɤɠ 

ůɡɜɏˊŮɘŬ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ɎɟŭŮɡůɖ, ůŰɖɜ ŬɜɎˊŰɡɝɖ ɞŭɘəɞɨ ŭɘəŰɨɞɡ, ůŰɞ 

ɘŭɘɞəŰɖůɘŬəɧ əŬɗŮůŰɩɠ əɚˊ.   

 

3.5 ɇȷɆȺȽɆ ɇȼɆ ɄȺɅȽɃɉȼɆ 
 

1ɖ ɇȷɆȼ 

ȼ ˊɟɩŰɖ ŰɎůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ɇŬɡɟɤɜɑŰɖ, ɧůɞɜ ŬűɞɟɎ Űɘɠ 

əŬɚɚɘɏɟɔŮɘŮɠ, ŮɑɜŬɘ ɖ ůŰŬŭɘŬəɐ ŮɔəŬŰɎɚŮɘɣɖ Űɤɜ ˊɞɟŰɞəŬɚŮɩɜɤɜ ˊɟɞɠ ɧűŮɚɞɠ 

Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ŬɓɞəɎɜŰɞ. ȼ ŬˊɧűŬůɖ ŬɡŰɐ Űɤɜ Űɞˊɘəɩɜ ŬɔɟɞŰɩɜ ŮɑɜŬɘ 

ŬˊɧɚɡŰŬ ŭɘəŬɘɞɚɞɔɖɛɏɜɖ Ŭɜ ůəŮűŰŮɑ əŬɜŮɑɠ ɧŰɘ ɞɘ əŬɚɚɘɏɟɔŮɘŮɠ ŬɓɞəɎɜŰɞ ɏɢɞɡɜ 

Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ Ůɡŭɞəɘɛɞɨɜ ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ ůŰɞ ɜɞɛɧ ɉŬɜɑɤɜ, ɚɧɔɤ 

əɚɘɛŬŰɞɚɞɔɘəɩɜ əŬɘ ŮŭŬűɞɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ. ɆɡɜŮˊɩɠ, ɖ ůˊŬɜɘɧŰɖŰŬ Űɖɠ 

əŬɚɚɘɏɟɔŮɘŬɠ ŬɡŰɐɠ ɞŭɖɔŮɑ ůŮ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůŰɖɜ ŮɔɢɩɟɘŬ ŬɔɞɟɎ ɛŮ ůŬűɩɠ 

ŬɡɝŬɜɧɛŮɜŬ əɏɟŭɖ ɔɘŬ Űɞɡɠ ˊŬɟŬɔɤɔɞɨɠ. ȰŰůɘ, ůɡɢɜɧ ŮɑɜŬɘ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

əɞɟɛɞəɞˊɐɠ Űɤɜ ɔŮɟŬůɛɏɜɤɜ əɞɟɛɩɜ ˊɞɟŰɞəŬɚɘɎɠ əŬɘ ɖ ŬɜŰɘəŬŰɎůŰŬůɐ Űɞɡɠ ɛŮ 

ɜɏŬ ŭŮɜŭɟɨɚɚɘŬ ŬɓɞəɎɜŰɞ. ɆɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ɞŭɐɔɖůŮ Űɞɡɠ ɔŮɤɟɔɞɨɠ 

ůŰɖɜ ŰŬɢɨɟɡɗɛɖ ɡɘɞɗɏŰɖůɖ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ Űɞɡ ŬɓɞəɎɜŰɞ, ŮɑɜŬɘ ɖ ŬŭɡɜŬɛɑŬ 

ůɡɜŬɔɤɜɘůɛɞɨ ŬˊɏɜŬɜŰɘ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ ˊŬɟŬɔɤɔɏɠ ŮɑŰŮ Űɞɡ ŮůɤŰŮɟɘəɞɨ, ˊ.ɢ. 

ȿŬəɤɜɑŬ, ŮɑŰŮ Űɞɡ ŮɝɤŰŮɟɘəɞɨ, ˊ.ɢ. ˊɞɟŰɞəɎɚɘŬ ȽůˊŬɜɑŬɠ (ȸŬɚɏɜůɘŬ). ȼ ɛɘəɟɧŰŮɟɖ 

ˊŬɟŬɔɤɔɐ ˊɞɟŰɞəŬɚɘɩɜ ůŰŬ ɉŬɜɘɎ ůŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ ŭŮɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ɼʰ˂˂ʽʷˊʴʶʽʰɴˁˍʰˋʹ όƪƳчύ 
ɮˊΦ 

ʃˇ˂ˎʴ˗˄˖˄

ɳ˂ʽʷˌ 28.51 6776

ɮʲˇˁʱ˄ˍˇ1.58 753

ʃˇˊˍˇˁʰ˂ʽʷˌ0.06 29

ʅˏ˄ˇ˂ˇ 30.15 7558
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əŬŰŬəŰɐůŮɘ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ ůŰɖɜ ŬɔɞɟɎ. Ⱥˊɞɛɏɜɤɠ, ɖ ɛŮŰŬůŰɟɞűɐ ůŮ ɏɜŬ 

ɜɏɞ Ůɑŭɞɠ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ əŬɚɚɘŮɟɔŮɑŰŬɘ ůŮ ˊɞůɞůŰɧ 90% Űɖɠ ůɡɜɞɚɘəɐɠ 

ŮɔɢɩɟɘŬɠ ˊŬɟŬɔɤɔɐɠ ůŰŬ ɉŬɜɘɎ, ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɞɘəɞɜɞɛɘəɎ ɞűɏɚɖ 

əŬɘ ůɑɔɞɡɟŬ ɗŬ ŬˊɞŰŮɚɏůŮɘ Űɞ ɛɏɚɚɞɜ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ŰɞɛɏŬ Űɖɠ ˊŮɟɘɞɢɐɠ. 

2ȼ ɇȯɆȼ 

ɄŬɟɎ Űɖɜ ɐŭɖ ŬɟəŮŰɎ ŬɜŮˊŰɡɔɛɏɜɖ ˊŬɟŬɔɤɔɐ ŮɚɘɎɠ əŬɘ ŮɚŬɘɧɚŬŭɞɡ ůŰɖɜ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ, ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘɞɢɏɠ ůŰŬ ɞɟŮɘɜɎ ɏɢɞɡɜ ŬɟɢɑůŮɘ ɜŬ 

ůɡɛɓɎɚɞɡɜ ůŰɖɜ Ůɜ ɚɧɔɤ ˊŬɟŬɔɤɔɐ. Ƀɘ ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɚŮəɎɜɖɠ 

ŬˊɞŰŮɚɞɨɜ Űɞɡɠ ˊɟɧˊɞŭŮɠ Űɤɜ ȿŮɡəɩɜ ȳɟŮɤɜ. ɋɠ Ůə ŰɞɨŰɞɡ, ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

əɡɟɑɤɠ ŭŬůɘəɏɠ əŬɘ ɖɛɘŭŬůɘəɏɠ ŮəŰɎůŮɘɠ ɛŮ ɗŬɛɜɩŭɖ əŬɘ ůəɚɖɟɧűɡɚɚɖ ɓɚɎůŰɖůɖ. 

Ⱥˊɘ́ɚɏɞɜ, ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮəŰɎůŮɘɠ ɛŮ ɓɞůəɧŰɞˊɞɡɠ, ɞɘ ɞˊɞɑɞɘ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ 

ŬɔɟɘɧɢɞɟŰŬ ɛɘəɟɞɨ ɨɣɞɡɠ. ɄŬɟɧŰɘ ɞɘ ŭŬůɘəɏɠ ŮəŰɎůŮɘɠ ɏɢɞɡɜ ˊŬɟŬɛŮɑɜŮɘ 

ŬɜɏɔɔɘɢŰŮɠ, ŬɟəŮŰɏɠ ŮəŰɎůŮɘɠ Ŭˊɧ Űɞɡɠ ɓɞůəɧŰɞˊɞɡɠ ɏɢɞɡɜ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ 

ɜŮɞŬɜɞɘɔɛɏɜŮɠ ŮəŰɎůŮɘɠ ŮɚŬɘɩɜɤɜ. Ƀɘ ŮəŰɎůŮɘɠ ŬɡŰɏɠ ɏɢɞɡɜ ŬˊɞɣɘɚɤɗŮɑ Ŭˊɧ ŰŬ 

ŬɔɟɘɧɢɞɟŰŬ əŬɘ ůŰɘɠ ɗɏůŮɘɠ Űɞɡɠ ɏɢɞɡɜ űɡŰŮɡŰŮɑ Ůɚɘɏɠ. Ƀɘ ɜɏŮɠ ŬɡŰɏɠ əŬɚɚɘɏɟɔŮɘŮɠ  

ŭŮɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 10 ɢɟɧɜɘŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɘɠ ɢɟɞɜɘəɏɠ ɛŮŰŬɓɞɚɏɠ 

ˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ ŮɘəɧɜŮɠ. Ƀɘ ɛŮŰŬɓɞɚɏɠ ɛˊɧɟŮůŬɜ ɜŬ ŮəŰɘɛɖɗɞɨɜ 

ɛɏůɤ ɛɘŬɠ ŮűŬɟɛɞɔɐɠ Űɞɡ QGIS (GEarthView), ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɑɢɜŮɡůɖ 

ɢɟɞɜɘəɩɜ ɛŮŰŬɓɞɚɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɛɏůɤ Ůɘəɧɜɤɜ ˊŬɚŬɘɧŰŮɟɤɜ ŮŰɩɜ (ɆɢɐɛŬŰŬ 

3.21, 3.22, 3.23, 3.24, 3.25, 3.26). 

     

ɆɢɐɛŬ 3.21: ɄŮɟɘɞɢɐ 1 2010 ɆɢɐɛŬ 3.22: ɄŮɟɘɞɢɐ 1  2017. 
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 ɆɢɐɛŬ 3.23: ɄŮɟɘɞɢɐ 2 2005.                                                           ɆɢɐɛŬ 3.24: ɄŮɟɘɞɢɐ 2 2010. 

   ɆɢɐɛŬ 3.25: ɄŮɟɘɞɢɐ 3 2010.                                                         ɆɢɐɛŬ 3.26: ɄŮɟɘɞɢɐ 3 2017. 

 

ɇɞ ɞɟŮɘɜɧ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɏɜŰɞɜŬ ŰɞˊɞɔɟŬűɘəɎ 

əŬɘ ɛɞɟűɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɇɞ ɡŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɎɟŬ 

ˊɞɚɚɏɠ ɛɘůɔɎɔɔŮɘŮɠ ɞɘ ɞˊɞɑŮɠ ŮɜɩɜɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ɡŭŬŰɞɟŮɨɛŬŰŬ ɛŮɔŬɚɨŰŮɟɖɠ ŰɎɝɖɠ, əŬŰŬɚɐɔɞɜŰŬɠ ůŰɞɡɠ ŰɟŮɘɠ əɨɟɘɞɡɠ ɢŮɑɛŬɟɟɞɡɠ 

ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɞɜ ˊɞŰŬɛɧ ɇŬɡɟɤɜɑŰɖ. ɇŬ ˊɟŬɜɐ əŬɘ ɞɘ ˊɚŬɔɘɏɠ Űɤɜ 

ɛɘůɔŬɔɔŮɘɩɜ ŬɡŰɩɜ ŮɑɜŬɘ ˊɞɚɨ ɡˊɞɓŬɗɛɘůɛɏɜŮɠ Ŭˊɧ Űɖɜ Ɏˊɞɣɖ ɧŰɘ ŮɑɜŬɘ ɔɡɛɜɏɠ 

Ŭˊɧ űɡŰɞəɎɚɡɣɖ. ȷɡŰɧ Űɞ ɔŮɔɞɜɧɠ ŭɖɛɘɞɡɟɔŮɑ ŬɟəŮŰɎ ˊɟɞɓɚɐɛŬŰŬ, ɧˊɤɠ ɖ 

ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ űŮɟŰɩɜ ɡɚɘəɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗŮɑ ɚɧɔɤ ŮˊɘűŬɜŮɘŬəɐɠ 

ŭɘɎɓɟɤůɖɠ Űɖɠ ˊɚŬɔɘɎɠ ɐ Űɖɠ əɞɑŰɖɠ Űɞɡ ɡŭŬŰɞɟŮɨɛŬŰɞɠ, ɏˊŮɘŰŬ Ŭˊɧ űŬɘɜɧɛŮɜɞ 

ɏɜŰɞɜɖɠ ɓɟɞɢɧˊŰɤůɖɠ (ɇůŬəɑɟɖɠ 2006). ȰŰůɘ, ɡˊɎɟɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ 

ˊɚɖɛɛɡɟɘəɐɠ Ŭˊɞɟɟɞɐɠ ɛŮ əŬŰŬůŰɟɞűɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɘɠ əŬŰɎɜŰɖ ˊŮŭɘɜɏɠ, 

ŬůŰɘəɏɠ əŬɘ ɔŮɤɟɔɘəɏɠ ŮəŰɎůŮɘɠ. 
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Ƀɘ əŬɚɚɘŮɟɔɖŰɏɠ, ůɡɛɓɎɚɚɞɡɜ ɎɗŮɚɎ Űɞɡɠ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɜɏɤɜ ɞɟŮɘɜɩɜ 

ŮɚŬɘɩɜɤɜ ůŰŬ ŬɜŰɘˊɚɖɛɛɡɟɘəɎ ɏɟɔŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. ɀŮ Űɖ ŭɘŬŭɘəŬůɑŬ 

ŭŮɜŭɟɞűɨŰŮɡůɖɠ ůŰɘɠ ˊɚŬɔɘɏɠ Űɤɜ ɡˊɞɚŮəɎɜɤɜ Ŭˊɞɟɟɞɐɠ Űɤɜ ɛɘəɟɧŰŮɟɤɜ 

ɟŮɛɎŰɤɜ, ŭɖɛɘɞɡɟɔɞɨɜ ɏɟɔŬ űɡŰɞŰŮɢɜɘəɎ əŬɘ ŬɔɟɞŰɞŰŮɢɜɘəɎ. ɇŬ ɏɟɔŬ ŬɡŰɎ ɏɢɞɡɜ 

ŰɟŮɘɠ ɢɟɖůɘɛɧŰɖŰŮɠ, ɞɘəɞɜɞɛɘəɏɠ, ŰŮɢɜɘəɏɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ. 

ȷˊɧ Űɖɜ Ɏˊɞɣɖ Űɤɜ ŰŮɢɜɘəɩɜ ɢɟɖůɘɛɞŰɐŰɤɜ, ɛŮɘɩɜɞɡɜ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ˊɞɡ űŰɎɜŮɘ ůŰɞ ɏŭŬűɞɠ ɚɧɔɤ Űɖɠ ɡŭŬŰɞůɡɔəɟɎŰɖůɖɠ. 

Ⱥˊɘˊɚɏɞɜ, ŰŬ ŭɏɜŭɟŬ ŬˊɞŰŮɚɞɨɜ űɡůɘəɞɨɠ ˊŬůůɎɚɞɡɠ, ɞɘ ɞˊɞɑɞɘ ŬɡɝɎɜɞɡɜ Űɖɜ 

ŬɜŰɞɢɐ Űɞɡ ŮŭɎűɞɡɠ ɏɜŬɜŰɘ ŭɘɎɓɟɤůɖɠ. Ⱥɜ ůɡɜŮɢŮɑŬ, ɖ ˊɟɞůŰŬůɑŬ Űɞɡ ŮŭɎűɞɡɠ 

ŮɝŬůűŬɚɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɑŮůɖ Űɤɜ űɡŰɩɜ əŬɘ Űɖɜ Ůɘůɢɩɟɖůɖ Űɤɜ ɟɘɕɩɜ Űɞɡɠ ůŮ 

ŬɡŰɧ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɓŮɚŰɘɩɜɞɜŰŬɘ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, əŬɗɩɠ ŰŬ űɡŰɎ 

ŬɜŬˊŰɨůůɞɜŰŬɘ Űɧůɞ ɡˊɧɔŮɘŬ, ɧůɞ əŬɘ ɡˊɏɟɔŮɘŬ. ȰŰůɘ, ŮˊɘűŬɜŮɘŬəɎ ŰɛɐɛŬŰŬ 

ŮŭɎűɞɡɠ ŬˊɞůˊɩɜŰŬɘ əŬɘ ˊŬɟŬůɨɟɞɜŰŬɘ ŭɡůəɞɚɧŰŮɟŬ Ŭˊɧ ŰŬ ɜŮɟɎ Űɖɠ ɓɟɞɢɐɠ. 

ȺɑɜŬɘ ˊɘɞ ŭɨůəɞɚɞ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ŮˊɘűŬɜŮɘŬəɐ çəɟɞɨůŰŬè əŬɘ ɖ ŰŬɢɨŰɖŰŬ 

Ŭˊɞɟɟɞɐɠ əɡɛŬɑɜŮŰŬɘ ůŮ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ. ɆɡɜŮˊɩɠ, ɖ ŮˊɘűŬɜŮɘŬəɐ Ŭˊɞɟɟɞɐ ůŰɘɠ 

ˊɚŬɔɘɏɠ Űɖɠ ɚŮəɎɜɖɠ ŮɑɜŬɘ ɞɛŬɚɐ, ɛŮ ůɢŮŰɘəɎ ɢŬɛɖɚɐ ŰŬɢɨŰɖŰŬ ɟɞɐɠ əŬɘ ɛɘəɟɧŰŮɟɖ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ űŮɟŰɎ ɡɚɘəɎ ŮɝŬɘŰɑŬɠ Űɖɠ ŬɜŰɑůŰŬůɖɠ ˊɞɡ ˊɟɞɓɎɚɚŮɘ ɖ 

ɓɚɎůŰɖůɖ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ŰŬ ˊɚɖɛɛɡɟɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞ ˊŮŭɘɜɧ ŰɛɐɛŬ Űɖɠ 

ɚŮəɎɜɖɠ ŮɑɜŬɘ ɛŮɘɤɛɏɜŬ, Ůɜɩ ŰŬ ɚɘɔɧŰŮɟŬ űŮɟŰɎ ɡɚɘəɎ ŭŮɜ ŭɖɛɘɞɡɟɔɞɨɜ ůɖɛŬɜŰɘəɎ 

ˊɟɞɓɚɐɛŬŰŬ ŮɜŬˊɞɗɏůŮɤɜ, ɘŭɘŬɑŰŮɟŬ ɏˊŮɘŰŬ Ŭˊɧ ɛɑŬ ɝɖɟɐ ˊŮɟɑɞŭɞ (Giakoumakis 

and Tsakiris 1997). 

ȷˊɧ ɞɘəɞɜɞɛɘəɐ Ɏˊɞɣɖ, Űɞ əɧůŰɞɠ ŭŮɜŭɟɞűɨŰŮɡůɖɠ ŬűɞɟɎ Űɞɡɠ ɔŮɤɟɔɞɨɠ. 

ɆɡɜŮˊɩɠ, ŭŮɜ ŮˊɘɓŬɟɨɜŮŰŬɘ ɞ ŭɐɛɞɠ əŬɘ ɖ ɜɞɛŬɟɢɑŬ ɛŮ ˊŮɟŬɘŰɏɟɤ ɏɝɞŭŬ. ɇŬ 

ɢɟɐɛŬŰŬ ˊɞɡ ɗŬ ŬűɞɟɞɨůŬɜ Űɖ ŭŮɜŭɟɞűɨŰŮɡůɖ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬŰŮɗɞɨɜ ůŮ ɎɚɚŬ 

ɏɟɔŬ ŬɜŰɘˊɚɖɛɛɡɟɘəɐɠ ˊɟɞůŰŬůɑŬɠ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŰŬŰŮɨůɞɡɜ Űɖɜ əɞɑŰɖ Űɞɡ 

ɟɏɛŬŰɞɠ. 

ȷˊɧ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ůəɞˊɘɎ, ɖ ŭɎůɤůɖ ɡˊɞɓŬɗɛɘůɛɏɜɤɜ ɞɟŮɘɜɩɜ ɚŮəŬɜɩɜ 

Ŭˊɞɟɟɞɐɠ ŬɜŬɓŬɗɛɑɕŮɘ Űɘɠ ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ůɡɢɜɎ ůŰŮɟɞɨɜŰŬɘ ŬəɧɛŬ əŬɘ Űɞɡ 

ŮŭɎűɞɡɠ. ȰŰůɘ, ůɢɖɛŬŰɑɕŮŰŬɘ ɛɘŬ ɜɏŬ ɓɘɞəɞɘɜɧŰɖŰŬ ůŮ ɏɜŬɜ ɢɩɟɞ ɞ ɞˊɞɑɞɠ 

ɗŮɤɟɞɨɜŰŬɜ ˊɟŬəŰɘəɎ ɜŮəɟɧɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŬɚɚɎɕŮɘ Űɞ ɛɘəɟɞəɚɑɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

ˊɟɞɠ ɛɘŬ ɗŮŰɘəɐ əŬŰŮɨɗɡɜůɖ əŬɘ ɓŮɚŰɘɩɜŮŰŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. 

3ɖ ɇȷɆȼ 

ɆŮ ɞɟɘůɛɏɜŮɠ əŬɚɚɘɏɟɔŮɘŮɠ ɛˊɧɟŮůŮ ɜŬ ɔɑɜŮɘ űɤŰɞŮɟɛɖɜŮɡŰɘəɐ ˊŬɟŬŰɐɟɖůɖ ɧůɞɜ 

ŬűɞɟɎ Űɞɜ Űɟɧˊɞ ɎɟŭŮɡůɖɠ ůŰɞ ŬɔɟɞŰŮɛɎɢɘɞ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ ɖ ůŰɎɔŭɖɜ 

ɎɟŭŮɡůɖ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɖ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜɖ ɛɏɗɞŭɞɠ ɧůɞɜ ŬűɞɟɎ Űɘɠ 

ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ. ȼ ˊŬɟŬŰɐɟɖůɖ ɏɔɘɜŮ ɛɧɜɞ ůŮ ɞɟɘůɛɏɜɞɡɠ ŮɚŬɘɩɜŮɠ, Űɤɜ 

ɞˊɞɑɤɜ ŰŬ ŭɏɜŰɟŬ ˊŬɟɞɡůɘɎɕɞɡɜ əŮɜɎ ɛŮŰŬɝɨ Űɞɡɠ, ŮɑŰŮ ŮˊŮɘŭɐ ŮɑɜŬɘ ɜŮŬɟɎ ŰŬ 

ŭŮɜŭɟɨɚɚɘŬ ŮɑŰŮ ŮˊŮɘŭɐ ŬɡŰɧɠ ŮɑɜŬɘ ɞ Űɟɧˊɞɠ əŬɚɚɘɏɟɔŮɘŬɠ ˊɞɡ ŮˊɘɚɏɔŮɘ ɞ 

ˊŬɟŬɔɤɔɧɠ.  ȹɡůŰɡɢɩɠ, ɚɧɔɤ ˊɡəɜɐɠ űɡŰɞəɧɛɖɠ ŭŮɜ ɛˊɧɟŮůŮ ɜŬ ɔɑɜŮɘ 

ˊŬɟɧɛɞɘŬ ˊŬɟŬŰɐɟɖůɖ ůŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ŮɚŬɘɩɜŮɠ, ůŰŬ ŬɓɞəɎɜŰɞ ɐ Űɘɠ 
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ˊɞɟŰɞəŬɚɘɏɠ. ȺɎɜ ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ůŰɎɔŭɖɜ ɎɟŭŮɡůɖ, ŬɚɚɎ əɎˊɞɘŬ Ɏɚɚɖ 

ɛɏɗɞŭɞɠ (ˊ.ɢ. əŬŰŬɘɞɜɘůɛɧɠ), ŰɧŰŮ ůɡɜɘůŰɎŰŬɘ ŬɜŮˊɘűɨɚŬəŰŬ ɖ ůɡɔəŮəɟɘɛɏɜɖ 

ɛɏɗɞŭɞɠ. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ ŬɟəŮŰɎ 

(ũɘŬəɞɡɛɎəɖɠ 2016) əŬɘ ŮɜŭŮɘəŰɘəɎ ŬɜŬűɏɟɞɜŰŬɘ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ Ŭˊɧ ŬɡŰɎ 

ɏɜŬɜŰɘ Ɏɚɚɤɜ ɛŮɗɧŭɤɜ.  

ü ɄɟɞůűɏɟŮɘ ɞɘəɞɜɞɛɑŬ ɜŮɟɞɨ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ˊɟɞəɨˊŰŮɘ ɤɠ ůɡɜɎɟŰɖůɖ 

ŭɨɞ ˊŬɟŬɔɧɜŰɤɜ. ɄɟɩŰɞɜ, ŭɘŬɓɟɏɢŮŰŬɘ ɛɧɜɞ Űɞ ŰɛɐɛŬ Űɞɡ Ŭɔɟɞɨ ůŰɞ 

ɞˊɞɑɞ ɓɟɑůəɞɜŰŬɘ ŰŬ űɡŰɎ əŬɘ ɧɢɘ ɧɚɖ ɖ ɏəŰŬůɐ Űɞɡ. ȹŮɨŰŮɟɞɜ, ˊŮɟɘɞɟɑɕŮŰŬɘ 

ůɖɛŬɜŰɘəɎ ɖ ŬˊɩɚŮɘŬ ɜŮɟɞɨ ɚɧɔɤ ŮɝɎŰɛɘůɖɠ əŬɘ ɓŬɗɘɎɠ ŭɘɐɗɖůɖɠ, 

ŭɑɜɞɜŰŬɠ ůɡɜŰŮɚŮůŰɐ Ŭˊɧŭɞůɖɠ Űɖɠ ŰɎɝɖɠ Űɞɡ 90% əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ. 

ɆɡɜŮˊɩɠ ɖ ɛɏɗɞŭɞɠ əɟɑɜŮŰŬɘ ɤɠ ɖ ˊɚɏɞɜ əŬŰɎɚɚɖɚɖ ůŮ ˊŮɟɘɧŭɞɡɠ 

ɝɖɟŬůɑŬɠ ɧˊɞɡ Űɞ ɜŮɟɧ ŮɑɜŬɘ ɘŭɘŬɘŰɏɟɤɠ ˊɞɚɨŰɘɛɞ. 

ü ũŮɜɘəɐ ɞɘəɞɜɞɛɑŬ ůŰɖɜ ŮűŬɟɛɞɔɐ. ȼ ɏɜɜɞɘŬ ŬɡŰɐ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɧŰɘ 

ɛŮɘɩɜŮŰŬɘ əŬŰɎ ˊɞɚɨ Űɞ əɧůŰɞɠ ŮɟɔŬŰɘəɩɜ ɚɧɔɤ ŬɡŰɞɛŬŰɘůɛɩɜ. Ⱥˊɘˊɚɏɞɜ, 

ɎɛŮůɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɞ ˊŮɟɘɞɟɘůɛɧɠ ŬɜɎˊŰɡɝɖɠ ɕɘɕŬɜɑɤɜ. 

ɆɡɜŮˊɩɠ, ŮɜɏɟɔŮɘŮɠ ɧˊɤɠ Ŭˊɞɣɑɚɤůɖ ɏɟɢɞɜŰŬɘ ůŮ ŭŮɨŰŮɟɖ ɛɞɑɟŬ. 

ɀɎɚɘůŰŬ, ɖ ɚɑˊŬɜůɖ ɛˊɞɟŮɑ ɜŬ ɢɞɟɖɔŮɑŰŬɘ ůŮ ɡɔɟɐ ɛɞɟűɐ ɛŬɕɑ ɛŮ Űɞ ɜŮɟɧ 

ůŰɘɠ ůŰŬɔɧɜŮɠ . 

ü ȺɡɢɏɟŮɘŬ əɡəɚɞűɞɟɑŬɠ ůŰɞɜ Ŭɔɟɧ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɛŮɟɘəɐɠ ŭɘŬɓɟɞɢɐɠ 

Űɞɡ ɔɨɟɤ Ŭˊɧ Űɘɠ əŬɚɚɘɏɟɔŮɘŮɠ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɜŬ ŭɘŮɡəɞɚɨɜɞɜŰŬɘ 

ŮɟɔŬůɑŮɠ ɧˊɤɠ əɚɎŭŮɛŬ, ɣŮəŬůɛɞɑ, ůɡɚɚɞɔɐ əŬɟˊɩɜ əɚˊ. 

ü ȺɡɜɞɥəɧŰŮɟŮɠ ůɡɜɗɐəŮɠ ŬɜɎˊŰɡɝɖɠ ŮɝŬɘŰɑŬɠ Űɖɠ ůɡɢɜɐɠ əŬɘ Ŭɟɔɐɠ 

ɢɞɟɐɔɖůɖɠ ɜŮɟɞɨ  ɛŮ ɛŮɟɘəɏɠ ˊŬɟɞɢɏɠ. ȰŰůɘ, ŮɑɜŬɘ ůɢŮŭɧɜ ŬŭɨɜŬŰɞ ɜŬ 

ɔɑɜŮɘ əɞɟŮůɛɧɠ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ əŬɘ Űɞ űɡŰɧ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ˊɎɜŰɞŰŮ 

çůɡɜɗɐəŮɠ ŬŮɟɘůɛɞɨè ůŰɞ ɟɘɕɘəɧ Űɞɡ ůɨůŰɖɛŬ. 

ü Ⱥɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ. ɇɞ ůɨůŰɖɛŬ ɎɟŭŮɡůɖɠ ɛŮ ůŰŬɔɧɜŮɠ ɚŮɘŰɞɡɟɔŮɑ 

ůɡɜɐɗɤɠ ůŰɞ 1bar ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɔɑɜŮŰŬɘ ɖ ůɢŮŰɘəɐ Ůɝɞɘəɞɜɧɛɖůɖ.  

ü ȺɡəɞɚɑŬ ůŰɖɜ əŬŰŬůəŮɡɐ. ɇɞ ŭɑəŰɡɞ ɛŮŰŬűɞɟɎɠ, ŭɖɚŬŭɐ ɞɘ ˊɟɤŰŮɨɞɜŰŮɠ 

əŬɘ ŭŮɡŰŮɟŮɨɞɜŰŮɠ Ŭɔɤɔɞɑ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɡˊɧɔŮɘɞɘ ɔɘŬ ˊɟɞůŰŬůɑŬ Ŭˊɧ 

űɗɞɟɏɠ əŬɘ ɛɖŭŮɜɘůɛɧɠ Űɖɠ ŮɝɎŰɛɘůɖɠ Ŭˊɧ Űɖ ŭŮɝŬɛŮɜɐ ɛɏɢɟɘ Űɞɜ Ŭɔɟɧ. ɇɞ 

ŭɑəŰɡɞ ŮűŬɟɛɞɔɐɠ ůŰɞɜ Ŭɔɟɧ əŬŰŬɚŬɛɓɎɜŮɘ ˊɞɚɨ ɛɘəɟɧ ɢɩɟɞ. 

ȼ ŰɎůɖ ŬɡŰɐ, ŭɖɚŬŭɐ ɖ ŮˊɏəŰŬůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ůŰɎɔŭɖɜ ɎɟŭŮɡůɖɠ, ŬˊɞŰŮɚŮɑ 

Űɖɜ ɞɘəɞɜɞɛɘəɧŰŮɟɖ əŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɖ ɚɨůɖ ɧůɞɜ ŬűɞɟɎ Űɘɠ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ 

Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ.  
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4. ɈȹɅɃȿɃũȽȾȼ ȹȽȺɅȺɈɁȼɆȼ 
 

4.1 ȸɅɃɉɃɀȺɇɅȽȾɃȽ ɆɇȷŪɀɃȽ 
 

ɆɖɛŬɜŰɘəɧ ɛɏɔŮɗɞɠ Űɞ ɞˊɞɑɞ ŬˊŬɘŰŮɑ əŬɗɖɛŮɟɘɜɐ ɛɏŰɟɖůɖ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ 

ɡŭɟɞɚɞɔɘəɩɜ ɛŮɚŮŰɩɜ ŮɑɜŬɘ ɖ ɓɟɞɢɧˊŰɤůɖ (ɔŮɜɘəɎ ŰŬ ŬŰɛɞůűŬɘɟɘəɎ 

əŬŰŬəɟɖɛɜɑůɛŬŰŬ). ũɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɞɡɠ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɘŭɘəɎ  

ɧɟɔŬɜŬ ˊɞɡ Ŭˊɞŭɑŭɞɡɜ Ŭˊɚɐ ˊŬɟŬŰɐɟɖůɖ (ɓɟɞɢɧɛŮŰɟɞ) ɐ ɛɖɢŬɜɘəɐ 

ˊŬɟŬŰɐɟɖůɖ (ɓɟɞɢɞɔɟɎűɞɠ) (World Meteorological Organization 1994, ɇůŬəɑɟɖɠ 

2013). ɄɟɏˊŮɘ ɜŬ ɡˊɎɟɢɞɡɜ, ŮəŰɧɠ Ŭˊɧ ŰŬ ɧɟɔŬɜŬ ŬɡŰɎ, əŬɘ ɞɘ əŬŰɎɚɚɖɚŮɠ 

ůɡɜɗɐəŮɠ ˊɞɡ ɜŬ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ɛɏŰɟɖůɖ ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ ŬəɟɑɓŮɘŬ. Ƀ ůəɞˊɧɠ 

ŬɡŰɧɠ ŬˊŬɘŰŮɑ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ɞɟɔɎɜɤɜ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗɏůŮɘɠ, ŮɘŭɘəɎ 

ŭɘŬɛɞɟűɤɛɏɜŮɠ əŬɘ ˊŮɟɘűɟŬɔɛɏɜŮɠ, ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ɓɟɞɢɞɛŮŰɟɘəɞɑ ůŰŬɗɛɞɑ. 

ũŮɜɘəɎ ɞɘ ɓɟɞɢɞɛŮŰɟɘəɞɑ ůŰŬɗɛɞɑ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ŮˊɑˊŮŭɞ ɏŭŬűɞɠ, ůŮ 

ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ, Ůɜɩ ůɖɛŬɜŰɘəɧŰŮɟɞ ůŰɞɘɢŮɑɞ ŬˊɞŰŮɚŮɑ Űɞ ɡɣɧɛŮŰɟɧ 

Űɞɡɠ. ɇɞ ɡɣɧɛŮŰɟɞ ˊŬɑɕŮɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ, əŬɗɩɠ ůŮ ɡɣɖɚɧŰŮɟŬ ɡɣɧɛŮŰɟŬ 

ŬɡɝɎɜŮŰŬɘ ɖ ɓɟɞɢɧˊŰɤůɖ (əŬɘ ɔŮɜɘəɎ ŰŬ ŬŰɛɞůűŬɘɟɘəɎ əŬŰŬəɟɖɛɜɑůɛŬŰŬ). ɇɞ 

ɏŭŬűɞɠ ɔɨɟɤ Ŭˊɧ Űɞ ɧɟɔŬɜɞ  əŬɚɨˊŰŮŰŬɘ  Ŭˊɧ ɔɟŬůɑŭɘ ɐ ɢɞɜŭɟɧəɞəəɞ ŬŭɟŬɜɏɠ 

ɡɚɘəɧ, Űɞ ɞˊɞɑɞ ŭŮɜ ŮˊɘŰɟɏˊŮɘ ŬɜŬˊɖŭɐůŮɘɠ ůŰɘɠ ůŰŬɔɧɜŮɠ Űɖɠ ɓɟɞɢɐɠ. ȸɟɑůəŮŰŬɘ 

ůɢŮŰɘəɎ ɛŬəɟɘɎ Ŭˊɧ ŮɛˊɧŭɘŬ, ŰɞɡɚɎɢɘůŰɞɜ 4m. 

ȰŰůɘ, ɛŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ ůŰŬɗɛɩɜ ůŮ ŭɘɎűɞɟŬ ůɖɛŮɑŬ ɛɘŬɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, ɐ 

əŬɘ ůŮ ˊŮɟɘůůɧŰŮɟŮɠ ɔŮɘŰɞɜɘəɏɠ ɚŮəɎɜŮɠ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ɓɟɞɢɞɛŮŰɟɘəɧ ŭɑəŰɡɞ. 

ɇɞ ŭɑəŰɡɞ ŬɡŰɧ ˊɟɏˊŮɘ ɜŬ ůɢŮŭɘŬůŰŮɑ ůɤůŰɎ ɩůŰŮ ɜŬ əŬɚɨˊŰŮɘ ɞɚɧəɚɖɟɖ Űɖ 

ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ (Chow et al. 1988, World Meteorological Organization 1994, 

2008, 2009). ȼ ɚŮəɎɜɖ ˊɟɏˊŮɘ ɜŬ əŬɚɨˊŰŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ, ŭɘɧŰɘ ŰŬ 

əŬŰŬəɟɖɛɜɑůɛŬŰŬ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ŰŬ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɖɠ ŰɞˊɞɔɟŬűɑŬɠ əŬɘ Űɖ ɗɏůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ŭɘŮɨɗɡɜůɖ Űɤɜ 

əɡəɚɤɜɘəɩɜ ůɡůŰɖɛɎŰɤɜ. ɆŮ ɛɘŬ ůɢŮŰɘəɎ ɛɘəɟɐ ɚŮəɎɜɖ ɧˊɤɠ ŬɡŰɐ Űɞɡ 

ɇŬɡɟɤɜɑŰɖ ŰɟŮɘɠ ůŰŬɗɛɞɑ ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ əɟɑɜɞɜŰŬɘ ŬɟəŮŰɞɑ. 

ɄŬɟɧɚŬ ŬɡŰɎ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŮˊɘɚŮɢɗɞɨɜ ůŰŬɗɛɞɑ ɞɘ ɞˊɞɑɞɘ ɜŬ ŮɑɜŬɘ əŬɚɩɠ 

əŬŰŬɜŮɛɖɛɏɜɞɘ ůŮ ɧɚɞ Űɞ ˊɚɎŰɞɠ əŬɘ ɛɐəɞɠ Űɖɠ ɚŮəɎɜɖɠ, əŬɘ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ɡɣɧɛŮŰɟŬ. ɇŬ ŭɘŬűɞɟŮŰɘəɎ ɡɣɧɛŮŰɟŬ ŬˊɞŰŮɚɞɨɜ əɟɑůɘɛɞ ˊŬɟɎɔɞɜŰŬ, 

əŬɗɩɠ ŭɑɜɞɡɜ ŮɡɟɨŰŮɟɖ ŮɘəɧɜŬ Űɖɠ əŬŰŬɜɞɛɐɠ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ůŰɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ, əŬɘ ɓɞɖɗɞɨɜ ůŮ ɛŮŰɏˊŮɘŰŬ ŮˊŮɝŮɟɔŬůɑŮɠ ŭŮŭɞɛɏɜɤɜ. 
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ʃɳʄɹʊɳʄɳɹɮ ɼʄɶʆɶʅ ɮΦɾΦ орф

ʆɾɶɾɮ ɳɱɱΦ ɰɳɽʆɹʍʅɳʍɿ ɮʄɹɸɾΦ ʅʆʁ ʋɮʄʆɶΥ ст

ʅʆɮɸɾʁʅΥ ʃɮɽɮɹɮ ʄʁʇɾɮʆɮ ʋɮɿɹʍɿʃɽɮʆΦ орˇ нпϥ

ʁʄɱɮɿʁΥ ɰʄʁʋʁɾɳʆʄʁ ɾɶɼΦ ноˇ птϥ

ʇɲʄʁɽʁɱɹɼɶ ɽɳɼɮɿɶΥ ʆɮʇʄʍɿɹʆɶ

ɽɳɹʆʁʇʄɱɳɹ ɮʃʁΥ мфсл ʇʌʁɾΦ омсƳ

ʇɲʄΦ ɳʆʁʅʁɼʆΦ ɿʁɳΦ ɲɳɼΦ ɹɮɿΦ ʊɳɰΦ ɾɮʄΦ ɮʃʄΦ ɾɮɹΦ ɹʁʇɿΦ ɹʁʇɽΦ ɮʇɱΦ ʅɳʃΦ ʅʇɿΦ

1960-61 13.3 211.4 236.8 200.7 448.4 136.4 54.3 21.2 19.8 0.0 0.0 28.7 1371.0

1961-62 535.2 57.1 367.6 327.4 230.6 62.7 26.6 58.5 3.4 0.0 0.0 1.8 1670.9

1962-63 323.6 76.2 418.1 338.3 205.6 215.8 57.1 33.4 20.0 0.0 0.0 86.6 1774.7

1963-64 248.8 97.3 63.2 429.0 128.0 135.5 45.7 14.8 18.8 0.0 0.0 0.0 1181.1

1964-65 27.2 42.7 212.2 469.4 37.0 176.0 26.6 71.0 45.0 0.0 0.0 37.7 1144.8

1965-66 32.0 12.0 133.0 274.0 60.0 309.0 28.0 50.0 33.0 0.0 0.0 0.0 931.0

1966-67 66.0 194.0 490.0 288.0 171.0 380.0 100.0 20.0 8.0 0.0 0.0 136.5 1853.5

1967-68 215.0 110.0 475.0 530.0 410.0 95.0 40.0 0.0 35.0 0.0 0.0 30.0 1940.0

1968-69 370.0 350.0 355.0 615.0 80.0 240.0 120.0 70.0 0.0 0.0 0.0 0.0 2200.0

1969-70 170.0 60.0 480.0 160.0 132.0 211.0 26.0 23.0 0.0 0.0 0.0 15.0 1277.0

1970-71 178.0 175.0 131.0 485.0 448.0 108.0 50.0 10.0 1.0 4.0 5.0 48.0 1643.0

1971-72 56.0 152.0 75.6 91.5 126.0 269.8 160.9 26.7 6.0 0.7 2.5 36.0 1003.7

1972-73 277.5 54.7 242.0 476.5 254.0 28.7 97.7 0.5 0.0 0.0 0.0 5.5 1437.1

1973-74 218.5 126.7 58.8 161.9 164.7 180.0 3.1 7.4 24.0 0.0 0.0 0.0 945.1

1974-75 68.0 152.4 244.0 322.2 280.4 49.4 37.0 15.4 22.7 0.0 0.0 42.4 1233.9

1975-76 24.9 188.5 247.5 290.5 261.8 335.2 89.6 4.0 4.2 3.0 0.0 1.7 1450.9

1976-77 307.9 174.2 113.2 83.2 60.6 129.2 104.4 0.0 0.0 12.0 0.0 0.0 984.7

1977-78 24.8 150.6 598.0 411.5 179.1 186.4 55.3 3.3 0.0 0.0 0.0 140.4 1749.4

1978-79 151.9 148.8 223.7 177.0 224.6 123.0 45.1 37.2 76.3 5.9 0.0 68.6 1282.1

1979-80 80.8 350.7 345.0 254.5 329.6 104.6 44.4 7.8 1.5 0.0 7.5 11.3 1537.7

1980-81 11.5 110.6 51.7 227.2 815.8 301.2 50.4 26.3 14.5 0.0 0.0 11.5 1620.7

1981-82 8.5 287.3 342.0 167.5 467.8 303.9 70.2 65.5 0.0 1.0 8.3 0.0 1722.0

1982-83 35.3 147.7 188.4 278.4 245.7 135.7 15.5 8.6 68.7 1.0 11.0 3.3 1139.3

1983-84 130.7 180.3 259.2 157.9 351.3 99.0 90.7 2.7 0.0 1.0 0.0 91.2 1364.0

1984-85 15.3 366.7 238.5 470.7 139.4 103.1 65.2 2.3 0.0 0.0 0.0 0.0 1401.2

1985-86 145.0 92.4 278.9 138.0 175.4 79.0 0.0 63.5 13.6 0.0 1.0 6.5 993.3

1986-87 134.7 158.8 234.5 200.6 186.8 182.1 229.6 5.5 0.0 0.0 0.0 96.5 1429.1

1987-88 22.8 142.2 167.7 131.9 333.3 192.2 13.5 36.2 0.0 0.0 0.0 0.0 1039.8

1988-89 130.1 184.7 268.1 246.6 47.7 422.9 4.0 12.4 0.0 0.0 0.0 13.2 1329.7

1989-90 107.2 152.8 39.1 69.0 145.6 5.2 48.4 0.5 14.7 0.0 57.2 0.0 639.7

1990-91 28.8 39.5 188.7 267.6 145.5 54.5 51.0 33.2 2.3 0.0 0.0 16.2 827.3

1991-92 87.8 81.5 585.1 128.1 146.5 156.6 49.0 73.8 2.0 0.0 0.0 0.0 1310.4

1992-93 2.0 76.6 245.7 266.4 335.0 103.3 30.3 30.1 1.0 0.0 0.0 0.0 1090.4

1993-94 62.0 273.8 77.0 318.5 166.6 44.8 59.5 20.0 0.0 0.0 0.0 9.5 1031.7

1994-95 104.2 239.7 136.1 193.2 44.6 127.0 43.0 1.2 0.0 3.0 0.0 0.0 892.0

1995-96 66.5 165.0 127.0 243.7 308.9 258.7 13.3 43.9 0.0 0.0 0.0 69.5 1296.5

1996-97 114.3 35.8 435.1 332.2 272.3 423.4 43.5 42.0 0.0 0.0 0.0 128.6 1827.2

1997-98 61.1 195.1 252.0 238.7 31.1 317.0 75.0 54.6 0.0 0.0 0.0 7.5 1232.1

1998-99 69.7 186.1 486.2 373.3 103.0 98.6 18.0 0.0 0.0 0.0 0.0 0.0 1334.9

1999-00 5.6 51.1 248.0 382.0 133.0 76.9 141.0 17.1 0.0 0.0 0.0 36.7 1090.5

2000-01 56.5 174.0 260.0 315.0 345.0 45.1 96.2 60.0 0.0 0.0 0.0 4.0 1355.6

2001-02 12.5 279.0 355.0 245.0 120.0 121.0 64.9 6.2 0.0 5.5 11.5 0.0 1220.5

2002-03 114.0 187.0 302.0 238.0 449.0 212.0 130.0 60.0 0.0 0.0 7.0 38.2 1737.0

2003-04 2.6 220.0 305.0 321.0 142.0 33.6 30.0 3.8 0.0 0.0 0.0 2.5 1060.6

2004-05 31.0 147.0 196.0 206.0 221.0 36.3 52.7 43.2 0.0 2.2 2.0 13.0 950.2

2005-06 56.0 196.0 166.0 370.0 287.0 48.0 18.0 0.0 1.0 4.0 0.0 78.5 1223.2

ɾʶʴΦ 

ˏ˕ˇˌ
535.2 366.7 598.0 615.0 815.8 423.4 229.6 73.8 76.3 12.0 57.2 140.4 2200.0

ɳ˂Φ ˏ˕ˇˌ2.0 12.0 39.1 69.0 31.1 5.2 0.0 0.0 0.0 0.0 0.0 0.0 639.7

ɾΦʁΦ 108.8 157.7 259.6 280.7 225.9 162.1 59.0 25.8 9.5 0.9 2.5 28.6 1321.1

ɾɶɿɹɮɹɳʅ ɰʄʁʋʁʃʆʍʅɳɹʅ ʅɳ ɾɾ

ʅʇɿʆϑ

ȰŰůɘ, ŮˊɘɚɏɢɗɖəŬɜ ɞɘ ůŰŬɗɛɞɑ ɇŬɡɟɤɜɑŰɖɠ, ȻɡɛˊɟŬɔɞɨ əŬɘ ɄŬɚŬɘɩɜ ɅɞɡɛɎŰɤɜ. 

ȺɜŭŮɘəŰɘəɎ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ůŰŬɗɛɞɨ ɄŬɚŬɘɩɜ ɅɞɡɛɎŰɤɜ űŬɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ 

(ɄɑɜŬəŬɠ 4.1) , Ůɜɩ Űɤɜ Ɏɚɚɤɜ ůŰŬɗɛɩɜ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ. 

ɄɑɜŬəŬɠ 4.1: Ʉɚɐɟɖ ɓɟɞɢɞɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ůŰŬɗɛɞɨ ɄŬɚŬɘɩɜ ɅɞɡɛɎŰɤɜ. 
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4.2 ɆɈɁɇȺȿȺɆɇȼɆ ɆɈɆɉȺɇȽɆȼɆ 
 

ȺˊŮɘŭɐ ŭŮɜ ɡˊɎɟɢɞɡɜ ŭŮŭɞɛɏɜŬ ɞɛɞɔɏɜŮɘŬɠ ɔɘŬ Űɞɡɠ ůŰŬɗɛɞɨɠ, ɏŰůɘ ɩůŰŮ ɜŬ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ˊɞɘɞɠ ůŰŬɗɛɧɠ ɗŬ ŬˊɞŰŮɚɏůŮɘ Űɞ ůŰŬɗɛɧ ɓɎůɖɠ, 

ɢɟŮɘɎůŰɖəŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ŬɜɎ ŭɨɞ ůŰŬɗɛɞɨɠ, Űɧůɞ 

ůŰŬ ɛɖɜɘŬɑŬ ɧůɞ əŬɘ ůŰŬ ŮŰɐůɘŬ ŭŮŭɞɛɏɜŬ Űɞɡɠ (ɇůŬəɑɟɖɠ 2013). Ƀ ůŰŬɗɛɧɠ 

ɇŬɡɟɤɜɑŰɖ ɏɢŮɘ Űɘɠ ɚɘɔɧŰŮɟŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ, ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ 

ɡˊɞɚɞɔɑůŰɖəŮ ɔɘŬ Űɞ əɞɘɜɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊŬɟŬŰɖɟɐůŮɤɜ ɧɚɤɜ Űɤɜ ůŰŬɗɛɩɜ 

(1971-1985). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɔɟŬɛɛɘəɐɠ ůɡůɢɏŰɘůɖɠ ˊŬɟŬŰɑɗŮɜŰŬɘ 

ˊŬɟŬəɎŰɤ (ɄɑɜŬəŬɠ 4.2). 

ɄɑɜŬəŬɠ 4.2: ɆɡɜŰŮɚŮůŰɐɠ ɔɟŬɛɛɘəɐɠ ůɡůɢɏŰɘůɖɠ Űɤɜ Űɟɘɩɜ ůŰŬɗɛɩɜ ɔɘŬ ŰŬ əɞɘɜɎ ɏŰɖ 

Űɞɡɠ. 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ɔɟŬɛɛɘəɐɠ  ůɡůɢɏŰɘůɖɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

                                                                 (4.1) 

ȳˊɞɡ x, y ŮɑɜŬɘ ŰŬ ɓɟɞɢɞɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ Űɞɡ ůŰŬɗɛɞɨ (ˊɞɡ ɗŮɤɟŮɑŰŬɘ) ɓɎůɖɠ 

əŬɘ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ůŰŬɗɛɞɨ ŬɜŰɑůŰɞɘɢŬ.  

Ƀɘ Űɘɛɏɠ Űɞɡ ɟ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ {-1,1}. ȷɜ 0<|ɟ|<0.5 ɖ ůɡůɢɏŰɘůɖ ɗŮɤɟŮɑŰŬɘ 

ŬůɗŮɜɐɠ. ȷɜ 0,7<|ɟ|<1 ɘůɢɡɟɐ, Ůɜɩ ůŮ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɛɏŰɟɘŬ. 

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɖɜ ůŰɐɚɖ ɆɈɁ. ɞ́ɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰŬ ŮŰɐůɘŬ ŭŮŭɞɛɏɜŬ, ɔɑɜŮŰŬɘ 

űŬɜŮɟɧ ˊɤɠ Űɖɜ əŬɚɨŰŮɟɖ ůɡůɢɏŰɘůɖ ˊŬɟɞɡůɘɎɕŮɘ ɞ ůŰŬɗɛɧɠ ɄŬɚŬɘɩɜ 

ɅɞɡɛɎŰɤɜ, ɞ ɞˊɞɑɞɠ ɗŬ ŬˊɞŰŮɚɏůŮɘ əŬɘ Űɞ ůŰŬɗɛɧ ɓɎůɖɠ.  

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ ɖ ŭɘŬəɨɛŬɜůɖ Űɤɜ ŮŰɐůɘɤɜ ɡɣɩɜ ɓɟɞɢɧˊŰɤůɖɠ Űɤɜ 

ůŰŬɗɛɩɜ ˊŬɟŬŰɖɟɐůŮɤɜ (ɆɢɐɛŬ 4.1). 

ʅˍʰʻ˃ˇ ʁʾɼʆΦɿʁɳΦ ɲɳɼΦ ɹɮɿΦʊɳɰΦɾɮʄΦ ɮʃʄΦɾɮɹΦɹʁʇɿΦɹʁʇɽΦɮʇɱΦʅɳʃΦʅʇɿΦ

ʃʰ˂ʰʽʱ ʄˇˏ˃ʰˍʰπ

ɵˎ˃ˉˊʰʴˇˌ
-0.03 -0.46 -0.27 0.40 0.66 0.53 0.90 0.93 0.94 -0.08 0.91 -0.08 0.40

ʃʰ˂ʰʽʱ ʄˇˏ˃ʰˍʰπ

ʆʰˎˊ˖˄ʾˍʹˌ
0.31 0.70 0.75 0.30 0.75 0.57 0.50 0.86 0.74 0.51 0.73 0.82 0.77

ɵˎ˃ˉˊʰʴˈˌπ

ʆʰˎˊ˖˄ʾˍʹˌ
-0.13 -0.41 -0.14 0.97 0.87 0.51 0.48 0.92 0.74 -0.15 0.69 -0.19 0.45

ʅˎ˄ˍʶ˂ʶˋˍʷˌ ˋˎˋ˔ʷˍʽˋʹˌ ˋˍʰ ˃ʹ˄ʽʰʾʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˋˍʰʻ˃˗˄Φ
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ɆɢɐɛŬ 4.1: ȹɘŬəɨɛŬɜůɖ ŮŰɐůɘɤɜ ɡɣɩɜ ɓɟɞɢɧˊŰɤůɖɠ ůŰŬɗɛɩɜ ˊŬɟŬŰɖɟɐůŮɤɜ. 

ȷˊɧ ŬɡŰɧ Űɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬűɞɟɎ ɛɧɜɞ ŰŬ əɞɘɜɎ ɏŰɖ ˊŬɟŬŰɖɟɐůŮɤɜ, űŬɑɜŮŰŬɘ 

ˊɤɠ ɞɘ ůŰŬɗɛɞɑ ɇŬɡɟɤɜɑŰɖɠ əŬɘ ɄŬɚŬɘɎ ɅɞɨɛŬŰŬ, Ŭɜ əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ 

ŭɘŬűɞɟɎ ůŰɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡɠ, ɏɢɞɡɜ əɞɘɜɏɠ ŬɡɝɞɛŮɘɩůŮɘɠ. ȷɜŰɑɗŮŰŬ, ɞ 

ůŰŬɗɛɧɠ ȻɡɛˊɟŬɔɞɨ ŭŮɜ ŬəɞɚɞɡɗŮɑ Űɘɠ ɑŭɘŮɠ ŬɡɝɞɛŮɘɩůŮɘɠ. 

 

4.3 ȺȿȺũɉɃɆ ɃɀɃũȺɁȺȽȷɆ 
 

ȰɢɞɜŰŬɠ ŮˊɘɚɏɝŮɘ ɤɠ ůŰŬɗɛɧ ɓɎůɖɠ ŰŬ ɄŬɚŬɘɎ ɅɞɨɛŬŰŬ, ŬəɞɚɞɨɗɖůŮ ɞ ɏɚŮɔɢɞɠ 

ɞɛɞɔɏɜŮɘŬɠ (ɇůŬəɑɟɖɠ 2013, ɇůŬəɑɟɖɠ əŬɘ ȸŬɔɔɏɚɖɠ 2009, World Meteorological 

Organization 1994, 2008, 2009). Ƀ ɏɚŮɔɢɞɠ ŬɡŰɧɠ ɔɑɜŮŰŬɘ ɔɘŬ ɜŬ ŮɚŮɔɢɗŮɑ ɖ 

ˊɞɘɧŰɖŰŬ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. ȺɚɏɔɢŮŰŬɘ əŬŰɎ ˊɧůɞ Űɞ ůɨɜɞɚɞ Űɤɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ ˊɟɞɏəɡɣŮ ɡˊɧ Űɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ ɛɏŰɟɖůɖɠ. ȼ ŬɚɚŬɔɐ ůŰɖ ɗɏůɖ 

ɞɟɔɎɜɞɡ, ŬɚɚŬɔɐ ˊŬɟŬŰɖɟɖŰɐ əŬɘ ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ɞɟɔɎɜɞɡ ɞŭɖɔɞɨɜ ůŮ ɛɖ 

ɞɛɞɔŮɜɐ ŭŮŭɞɛɏɜŬ. 

ȼ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŭɘŮɝŬɔɤɔɐ Űɞɡ Ůɚɏɔɢɞɡ, ŮɑɜŬɘ ɔɜɤůŰɐ 

ɤɠ ɛɏɗɞŭɞɠ Űɖɠ ŭɘˊɚɐɠ ŬɗɟɞɘůŰɘəɐɠ əŬɛˊɨɚɖɠ. ȷɡŰɐ ɖ ɖɛɘŮɛˊŮɘɟɘəɐ ɛɏɗɞŭɞɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŰŬ ŮŰɐůɘŬ ɨɣɖ ɓɟɞɢɧˊŰɤůɖɠ.  ɆɡɔəŮəɟɘɛɏɜŬ, ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖ 

ɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ůɖɛŮɘɞůŮɘɟɎɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ŬɗɟɞɘůŰɘəɎ ŮŰɐůɘŬ 

ɨɣɖ ɓɟɞɢɧˊŰɤůɖɠ ŭɨɞ ůŰŬɗɛɩɜ, Ŭűɞɨ ŰŬ ŰŮɚŮɡŰŬɑŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ 

ŬɗɟɞɘůŰɘəɏɠ ůŮɘɟɏɠ. ɆŰɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ ˊŬɟɑůŰŬŰŬɘ Űɞ ŬɗɟɞɘůŰɘəɧ ɨɣɞɠ 
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ɓɟɞɢɧˊŰɤůɖɠ Űɞɡ ɓɟɞɢɞɛŮŰɟɘəɞɨ ůŰŬɗɛɞɨ ɓɎůɖɠ, ɞ ɞˊɞɑɞɠ ɗŮɤɟŮɑŰŬɘ 

ŬɝɘɧˊɘůŰɞɠ, Ůɜɩ ůŰɞɜ əŬŰŬəɧɟɡűɞ ɎɝɞɜŬ ˊŬɟɑůŰŬɜŰŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŬɗɟɞɘůŰɘəɎ 

ɨɣɖ Űɞɡ ɡˊɧ ɏɚŮɔɢɞ ůŰŬɗɛɞɨ. ȾɞɜŰɎ ůŰɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ ɓɟɑůəɞɜŰŬɘ ŰŬ ˊɘɞ 

ˊɟɧůűŬŰŬ ɏŰɖ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ əŬɛˊɨɚɖ ŮɑɜŬɘ ɛɘŬ ŮɡɗŮɑŬ ɖ ɞˊɞɑŬ 

ŭɘɏɟɢŮŰŬɘ, ůɢŮŭɧɜ, Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɤɜ Ŭɝɧɜɤɜ, ŰɧŰŮ ŰŬ ŭŮŭɞɛɏɜŬ ɗŮɤɟɞɨɜŰŬɘ 

ɞɛɞɔŮɜɐ. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əɎˊɞɘŬ ɗɚɎůɖ ůŰɖɜ ŮɡɗŮɑŬ, ŰɧŰŮ 

ɡˊɎɟɢŮɘ ŬɜɞɛɞɔɏɜŮɘŬ ŮɝŬɘŰɑŬɠ əɎˊɞɘɞɡ ɚɧɔɞɡ ˊɞɡ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ. ɆŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬˊŬɘŰŮɑŰŬɘ ŭɘɧɟɗɤůɖ Űɤɜ ŬɜɞɛɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ 

ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰɎɠ ŰŬ ɛŮ ɏɜŬɜ ůɡɜŰŮɚŮůŰɐ Ŭ=ɚ1/ɚ2, ɧˊɞɡ ɚ1, ɚ2 ɞɘ əɚɑůŮɘɠ Űɤɜ 

ŰɛɖɛɎŰɤɜ Űɤɜ ɞɛɞɔŮɜɩɜ əŬɘ ŬɜɞɛɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ŬɜŰɑůŰɞɘɢŬ. ȷɜ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰɡɢŬɑŮɠ ŬɡɝɞɛŮɘɩůŮɘɠ ůŰɖɜ əŬɛˊɨɚɖ, ŰɧŰŮ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŰɡɢŬɑŬ 

əŬɘ ɛɖ ůɡůŰɖɛŬŰɘəɎ ůűɎɚɛŬŰŬ əŬɘ ŭŮɜ ɔɑɜŮŰŬɘ ůɡɜɧɟɗɤůɖ. ȷɜ, Ŭˊɧ Űɖɜ Ɏɚɚɖ, 

ɏɢɞɡɛŮ ˊɞɚɚɞɨɠ ůŰŬɗɛɞɨɠ, ɛˊɞɟɞɨɛŮ ɜŬ əŬŰŬɟɔɐůɞɡɛŮ Űɞɜ ŬɜɞɛɞɔŮɜɐ ůŰŬɗɛɧ. 

ɇɏɚɞɠ, Ŭɜ ɖ ŬɜɞɛɞɔɏɜŮɘŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ ɚɑɔŬ ɏŰɖ, ŰɧŰŮ ɛˊɞɟɞɨɛŮ ɜŬ 

əŬŰŬɟɔɐůɞɡɛŮ ŰŬ ɏŰɖ ŬɡŰɎ. 

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŬˊŬɘŰŮɑ ɡɣɖɚɐ ůɡůɢɏŰɘůɖ, ŭɖɚŬŭɐ ɟ>0.7. ɋůŰɧůɞ, ŮˊŮɘŭɐ ŬɡŰɧ 

Űɞ əɟɘŰɐɟɘɞ ŭŮɜ əŬɚɨˊŰŮŰŬɘ, ŮɚɏɔɢŮŰŬɘ ɞ əɟɑůɘɛɞɠ ůɡɜŰŮɚŮůŰɐɠ ɟc=2/(n0.5), ɧˊɞɡ 

n=14 ŰŬ əɞɘɜɎ ɏŰɖ ˊŬɟŬŰɖɟɐůŮɤɜ. ȰɢɞɡɛŮ ɟc=0.54>0.4 əŬɘ ůɡɜŮˊɩɠ ɔɑɜŮŰŬɘ ɞ 

ɏɚŮɔɢɞɠ ɞɛɞɔɏɜŮɘŬɠ. ȰŰůɘ, ˊɟɞɏəɡɣŬɜ ɞɘ ˊŬɟŬəɎŰɤ ŬɗɟɞɘůŰɘəɏɠ əŬɛˊɨɚŮɠ 

(ɆɢɎɛŬŰŬ 4.2, 4.3). 

 

ɆɢɐɛŬ 4.2: ȹɘˊɚɐ ŬɗɟɞɘůŰɘəɐ əŬɛˊɨɚɖ ɄŬɚŬɘɎ ɅɞɨɛŬŰŬ-ȻɡɛˊɟŬɔɞɨ. 
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ɆɢɐɛŬ 4.3: ȹɘˊɚɐ ŬɗɟɞɘůŰɘəɐ əŬɛˊɨɚɖ ɄŬɚŬɘɎ ɅɞɨɛŬŰŬ-ɇŬɡɟɤɜɑŰɖɠ. 

 

ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ, ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ əɎˊɞɘŬ ɗɚɎůɖ ůŰɘɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ŰŬ ŭŮŭɞɛɏɜŬ ɜŬ ɗŮɤɟɞɨɜŰŬɘ ɞɛɞɔŮɜɐ əŬɘ ɜŬ ɛɖɜ 

ŬˊŬɘŰŮɑŰŬɘ əɎˊɞɘŬ ŭɘɧɟɗɤůɖ. 

 

4.4 ɆɈɀɄȿȼɅɋɆȼ ȸɅɃɉɃɀȺɇɅȽȾɋɁ ȹȺȹɃɀȺɁɋɁ 
 

ȳˊɤɠ űɎɜɖəŮ Ŭˊɧ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɤɜ ůŰŬɗɛɩɜ, ɧɢɘ ɛɧɜɞ Űɞ ŭɘɎůŰɖɛɎ Űɞɡɠ 

ŭŮɜ ŮɑɜŬɘ əɞɘɜɧ, ŬɚɚɎ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ɇŬɡɟɤɜɑŰɖ ŮɑɜŬɘ ɚɑɔŮɠ ůŮ Ŭɟɘɗɛɧ (<30 

ɏŰɖ). ȷɡŰɧ ŭɖɛɘɞɡɟɔŮɑ ˊɟɧɓɚɖɛŬ, Ŭűɞɨ Űɞ ŬˊɞŰɏɚŮůɛŬ ŭŮɜ ɗŬ ŮɑɜŬɘ ŬɝɘɧˊɘůŰɞ. ɆŮ 

ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ ˊɞɡ ɚŮɑˊɞɡɜ ɛˊɞɟɞɨɜ ɜŬ ůɡɛˊɚɖɟɤɗɞɨɜ 

Ŭˊɧ ɔŮɘŰɞɜɘəɞɨɠ ůŰŬɗɛɞɨɠ. ȺˊŮɘŭɐ ŭŮɜ ɡˊɎɟɢɞɡɜ ŰɟŮɘɠ ɐ ˊŬɟŬˊɎɜɤ ɔŮɘŰɞɜɘəɞɑ 

ůŰŬɗɛɞɑ, ŮˊɘɚɏɔŮŰŬɘ ɞ ɔŮɘŰɞɜɘəɧɠ  ůŰŬɗɛɧɠ ɞ ɞˊɞɑɞɠ ˊɚɖɟŮɑ ŰŬ ˊŬɟŬəɎŰɤ 

əɟɘŰɐɟɘŬ: 

¶ ȰɢŮɘ ˊɚɐɟɖ ŭŮŭɞɛɏɜŬ 

¶ ȰɢŮɘ ɡɣɖɚɧ ɓŬɗɛɧ ůɡůɢɏŰɘůɖɠ ɛŮ Űɞɜ ŮɝŮŰŬɕɧɛŮɜɞ ůŰŬɗɛɧ 

¶ ȰɢŮɘ ŮɚŮɔɢɗŮɑ ɤɠ ˊɟɞɠ Űɖɜ ɞɛɞɔɏɜŮɘŬ 

ɀŮ ɓɎůɖ ŬɡŰɎ ŰŬ əɟɘŰɐɟɘŬ, ɔɘŬ Űɖ ůɡɛˊɚɐɟɤůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ůŰŬɗɛɞɨ 

ɇŬɡɟɤɜɑŰɖ (ɇůŬəɑɟɖɠ 2013, ɇůŬəɑɟɖɠ əŬɘ ȸŬɔɔɏɚɖɠ 2009, World Meteorological 

Organization 1994, 2008, 2009), əŬŰŬɚɚɖɚɧŰŮɟɞɠ ůŰŬɗɛɧɠ əɟɑɜŮŰŬɘ ɞ ůŰŬɗɛɧɠ 
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ɄŬɚŬɘɩɜ ɅɞɡɛɎŰɤɜ ɛŮ Űɞɜ ɞˊɞɑɞ ˊŬɟɞɡůɘɎɕŮɘ Űɞɜ ɡɣɖɚɧŰŮɟɞ ɓŬɗɛɧ ůɡůɢɏŰɘůɖɠ 

(ɟ=0.77 ˊɞɡ ŭɖɚɩɜŮɘ ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ) əŬɘ ɡɣɖɚɐ ɞɛɞɔɏɜŮɘŬ. 

ȰŰůɘ ɖ ůɡɛˊɚɐɟɤůɖ ɏɔɘɜŮ ɛŮ Ŭˊɚɐ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ ɛŮ ɓɎůɖ Űɞɜ Űɨˊɞ: 

                                                                                                  (4.2) 

                                                                                                   (4.3)              

 

                                                                          (4.4) 

             

ɧˊɞɡ: 

ɇɞ Ŭ ŮɑɜŬɘ ɖ ŰŮŰŬɔɛɏɜɖ Űɞɡ ůɖɛŮɑɞɡ ůŰɞ ɞˊɞɑɞ ɖ ŮɡɗŮɑŬ ŰɏɛɜŮɘ Űɞɜ ɎɝɞɜŬ y, Ůɜɩ Űɞ 

ɓ, ˊɞɡ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŭɘŮɨɗɡɜůɖɠ Űɖɠ ŮɡɗŮɑŬɠ, ŮəűɟɎɕŮɘ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ y ɧŰŬɜ ɖ ɛŮŰŬɓɚɖŰɐ x ɛŮŰŬɓɚɖɗŮɑ əŬŰɎ ɛɘŬ ɛɞɜɎŭŬ. 

 
ɀŮŰɎ Ŭˊɧ Űɖ ůɡɛˊɚɐɟɤůɖ Űɤɜ ŮɚɚŮɘˊɞɡůɩɜ Űɘɛɩɜ Űɞɡ ɇŬɡɟɤɜɑŰɖ əŬɘ ɔɘŬ Űɘɠ 
ɡˊɧɚɞɘˊŮɠ ŮˊŮɝŮɟɔŬůɑŮɠ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ Űɞ əɞɘɜɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Űɤɜ 
Űɟɘɩɜ ůŰŬɗɛɩɜ ˊɞɡ ŮɑɜŬɘ Ŭˊɧ Űɞ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ 1971-72 ɏɤɠ əŬɘ Űɞ 2005-06 ɐ 
35 ůɡɜŮɢɧɛŮɜŬ ɏŰɖ (ŰŬ əɞɘɜɎ ɏŰɖ űŬɑɜɞɜŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ). ɄŬɟŬəɎŰɤ (ɄɑɜŬəŬɠ 
4.3) ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɛɏůŮɠ ŮŰɐůɘŮɠ Űɘɛɏɠ ɓɟɞɢɧˊŰɤůɖɠ Űɤɜ Űɟɘɩɜ ůŰŬɗɛɩɜ Űɖɠ 
əɞɘɜɐɠ 35ŮŰɑŬɠ. 
 

ɄɑɜŬəŬɠ 4.3:  ɀɏůŬ ŮŰɐůɘŬ ɨɣɖ ɓɟɞɢɧˊŰɤůɖɠ əɞɘɜɐɠ 35ŮŰɑŬɠ. 

 
 

4.5 ȸɅɃɉɃȸȷŪɀȽȹȷ 
 

ȼ ɓɟɞɢɞɓŬɗɛɑŭŬ ŮəűɟɎɕŮɘ Űɖ ůɢɏůɖ ɡɣɞɛɏŰɟɞɡ əŬɘ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ ˊɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ŮəűɟɎɕŮɘ Űɖ ɛɏůɖ Ŭɨɝɖůɖ ŮŰɐůɘɞɡ ůɖɛŮɘŬəɞɨ ɓɟɞɢɞɛŮŰɟɘəɞɨ ɨɣɞɡɠ 

ŬɜɎ 100m Ŭɨɝɖůɖɠ ɡɣɞɛɏŰɟɞɡ (ɇůŬəɑɟɖɠ 2013). ȼ ɓɟɞɢɞɓŬɗɛɑŭŬ ˊɟɞəɨˊŰŮɘ ɔɘŬ 

Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Ŭˊɧ Űɖ ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛɏůɤɜ ŮŰɐůɘɤɜ 

ɓɟɞɢɞɛŮŰɟɘəɩɜ ɡɣɩɜ Űɤɜ ɓɟɞɢɞɛŮŰɟɘəɩɜ ůŰŬɗɛɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ 

ůŮ ůɡɜɎɟŰɖůɖ ɛŮ ŰŬ ɡɣɧɛŮŰɟŬ Űɤɜ ůŰŬɗɛɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɓɟɞɢɞɓŬɗɛɑŭŬ 

ŮəűɟɎɕŮŰŬɘ Ŭˊɧ Űɖɜ əɚɑůɖ Űɖɠ ŮɡɗŮɑŬɠ ˊɟɞůŬɟɛɞɔɐɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ 

ʃʰ˂ʰʽʱ ʄˇˏ˃ʰˍʰ

ʆʰˎˊ˖˄ʾˍʹˌ

ʅˍʰʻ˃ˈˌ

ɵˎ˃ˉˊʰʴˇˏ

660.8

1171.5

ɾʷˋʰ ʶˍʺˋʽʰ ˏ˕ʹ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

(mm)

1251.0

ʇ˕ˈ˃ʶˍˊˇ ˋˍʰʻ˃ˇˏ 

(m)

15

235

316
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ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ɇŬɡɟɤɜɑŰɖ ɖ ɓɟɞɢɞɓŬɗɛɑŭŬ ɓɟɏɗɖəŮ 48mm/100m 

Ŭɨɝɖůɖɠ ɡɣɞɛɏŰɟɞɡ (ɆɢɐɛŬ 4.4). 

ɆɢɐɛŬ 4.4: ȸɟɞɢɞɓŬɗɛɑŭŬ. 

 

4.6 ȺɄȽūȷɁȺȽȷȾɃ ɈɊɃɆ ȸɅɃɉɃɄɇɋɆȼɆ ȿȺȾȷɁȼɆ 

ȷɄɃɅɅɃȼɆ 
 

ɇɞ ŮˊɘűŬɜŮɘŬəɧ ɓɟɞɢɞɛŮŰɟɘəɧ ɨɣɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ Űɤɜ ˊɞɚɡɔɩɜɤɜ 

Thiessen (Thiessen 1911, ɄɏŰɟɞɡ 2009). ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ 

ˊŬɟɎɔɞɜŰŬ Űɞɡ ɓɎɟɞɡɠ ɞ ɞˊɞɑɞɠ ŬɜŰɘůŰɞɘɢŮɑ ůŰŬ ŮɛɓŬŭɎ Űɤɜ ˊŮɟɘɞɢɩɜ 

ŮˊɖɟŮŬůɛɞɨ əɎɗŮ ůŰŬɗɛɞɨ ɧˊɤɠ ŬɡŰɏɠ ˊɟɞəɨˊŰɞɡɜ ɏˊŮɘŰŬ Ŭˊɧ Űɖ ɢɎɟŬɝɖ Űɤɜ 

ɛŮůɞəŬɗɏŰɤɜ Űɞɡ ɜɞɖŰɞɨ Űɟɘɔɩɜɞɡ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮŰŬɝɨ Űɤɜ Űɟɘɩɜ 

ůŰŬɗɛɩɜ. ɇɞ ŮˊɘűŬɜŮɘŬəɧ ɓɟɞɢɞɛŮŰɟɘəɧ ɡɣɧɛŮŰɟɞ Po ˊɟɞəɨˊŰŮɘ ɤɠ ɎɗɟɞɘůɛŬ 

Űɤɜ Ůˊɘɛɏɟɞɡɠ ˊŬɟŬŰɖɟɐůŮɤɜ Pi Űɤɜ ůŰŬɗɛɩɜ ˊɞɚ/ɜŮɠ Ůˊɑ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ŮəŰɎůŮɘɠ ŮˊɖɟŮŬůɛɞɨ ŭɘŬ Űɖɠ ůɡɜɞɚɘəɐɠ ɏəŰŬůɖɠ Űɖɠ ɚŮəɎɜɖɠ (Chow et al. 1988, 

ɇůŬəɑɟɖɠ 2013, ɇůŬəɑɟɖɠ əŬɘ ȸŬɔɔɏɚɖɠ 2009). ȼ Ůɝɑůɤůɖ ŬɡŰɐ ˊŮɟɘɔɟɎűŮŰŬɘ ɤɠ 

Ůɝɐɠ: 

Po= Ɇ{(ȷi/A)Pi}                                                                                                 (4.5) 
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ɆŰɞ ˊŬɟɎˊɚŮɡɟɞ ůɢɐɛŬ űŬɑɜŮŰŬɘ ɖ 

ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ, ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ 

űŬɑɜŮŰŬɘ Űɞ Űɟɑɔɤɜɞ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ 

ɞɘ ůŰŬɗɛɞɑ, Ůɜɩ ɛŮ ˊɟɎůɘɜɞ ɞɘ 

ɛŮůɞəɎɗŮŰɞɑ Űɞɡɠ (ɆɢɐɛŬ 4.5). 

ȺˊŮɘŭɐ Űɞ Űɟɑɔɤɜɞ ŮɑɜŬɘ Ŭɛɓɚɡɔɩɜɘɞ 

Űɞ ůɖɛŮɑɞ Űɞɛɐɠ Űɤɜ ɛŮůɞəŬɗɏŰɤɜ 

ɓɟɑůəŮŰŬɘ ŮəŰɧɠ Űɟɘɔɩɜɞɡ. ɀŮ ɓɎůɖ 

ŬɡŰɏɠ Űɘɠ ɛŮůɞəŬɗɏŰɞɡɠ ɞɟɑɕɞɜŰŬɘ ɞɘ 

ˊŮɟɘɞɢɏɠ Ůˊɘɟɟɞɐɠ əɎɗŮ ůŰŬɗɛɞɨ 

(ɆɢɐɛŬ 4.6). 

 

 

 

 

 

ɆɢɐɛŬ 4.5: ȺűŬɟɛɞɔɐ ˊɞɚɡɔɩɜɤɜ Thiessen. 

 

ɆɢɐɛŬ 4.6: ɄŮɟɘɞɢɏɠ Ůˊɘɟɟɞɐɠ. 
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ɄɑɜŬəŬɠ 4.4: ɄŮɟɘɞɢɏɠ Ůˊɘɟɟɞɐɠ Thiessen, ŮɛɓŬŭɧɜ əŬɘ ˊɞůɞůŰɧ Ůˊɑ Űɞɡ ůɡɜɞɚɘəɞɨ 

ŮɛɓŬŭɞɨ ɚ.Ŭˊɞɟɟɞɐɠ 

 

 

  

  

  

  

  

  

ɆŰɞɜ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 4.4) ŭɑɜɞɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ŮɛɓŬŭɩɜ Űɤɜ 

ˊŮɟɘɞɢɩɜ Ůˊɘɟɟɞɐɠ, əŬɗɩɠ əŬɘ Űɞ ˊɞůɞůŰɧ ůɡɛɛŮŰɞɢɐɠ Űɞɡɠ ůŰɖ ůɡɜɞɚɘəɐ 

ɏəŰŬůɖ Űɖɠ ɚŮəɎɜɖɠ. ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ Ůɝɑůɤůɖɠ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖ ɛɏɗɞŭɞ 

ˊɟɞəɨˊŰŮɘ Űɞ ˊŬɟŬəɎŰɤ ɛɖŰɟɩɞ (ɄɑɜŬəŬɠ 4.5). 

ɄɑɜŬəŬɠ 4.5: ȺˊɘűŬɜŮɘŬəɎ ɨɣɖ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖ ɛɏɗɞŭɞ Űɤɜ ˊɞɚɡɔɩɜɤɜ Thiessen. 

9˃ʲʰʵˈ˄ 

Thiessen 

ʃʰ˂ʰʽ˗˄ 

ʄˇˎ˃ʱˍ˖˄ όƪƳчύ

9˃ʲʰʵˈ˄ 

Thiessen 

ɵˎ˃ˉˊʰʴˇˏ 

(km²)

9˃ʲʰʵˈ˄ 

Thiessen 

ʆʰˎˊ˖˄ʾˍʹ όƪƳчύ

ɯʻˊˇʽˋ˃ʰ

77 36 18 131

58.8 27.5 13.7 100

1251 1171.5 660.8

316 235 15

ɳ˃ʲʰʵʱ ¢ƘƛŜǎǎŜƴ !ƛ

ʃˇˋˇˋˍˈ ό҈ύ

ɾʷˋʰ ʶˍʺˋʽʰ ˏ˕ʹ ʲˊˇ˔ʺˌ tƛ όƳƳύ

ʇ˕ˈ˃ʶˍˊʰ ˋˍʰʻ˃˗˄ ɵ όƳύ

ʇɲʄΦ ɳʆʁʅʁɼʆΦ ɿʁɳΦ ɲɳɼΦ ɹɮɿΦ ʊɳɰΦ ɾɮʄΦ ɮʃʄΦ ɾɮɹΦ ɹʁʇɿΦɹʁʇɽΦ ɮʇɱΦ ʅɳʃΦ ʅʇɿΦ

1971-72 97.7 127.0 78.5 90.9 114.1 188.0 170.9 19.5 3.5 2.3 2.7 26.5 921.6

1972-73 242.7 68.4 168.0 389.8 218.6 32.3 83.7 0.3 0.0 0.0 0.1 4.8 1208.7

1973-74 144.7 119.8 85.2 168.1 153.6 169.2 2.9 4.6 22.9 0.0 0.4 23.0 894.4

1974-75 63.1 155.7 202.3 271.2 231.4 41.3 37.3 14.3 19.4 0.0 1.0 31.8 1068.6

1975-76 99.6 170.5 199.0 245.4 237.2 348.3 85.0 3.1 5.0 2.0 0.0 1.0 1396.0

1976-77 208.5 144.4 192.0 74.2 54.2 111.4 84.6 0.0 0.0 7.6 0.0 40.2 917.1

1977-78 52.0 128.0 419.7 324.3 158.7 175.9 54.6 3.4 0.0 0.0 0.0 109.6 1426.2

1978-79 143.3 169.6 200.4 159.7 203.4 124.5 44.9 36.0 65.5 3.5 0.0 50.3 1201.1

1979-80 89.8 233.1 273.9 223.7 313.5 95.4 37.9 5.6 1.3 0.0 5.5 20.1 1299.8

1980-81 24.9 143.7 107.7 377.6 590.8 193.0 36.5 17.7 8.5 0.0 0.0 11.7 1512.1

1981-82 15.7 240.5 271.6 147.7 385.7 238.9 71.6 68.5 0.0 0.6 7.9 0.0 1448.6

1982-83 69.3 161.3 176.6 220.0 211.6 108.8 13.2 7.9 51.3 0.9 10.9 18.7 1050.6

1983-84 110.6 181.0 217.3 147.5 355.1 92.3 99.8 2.7 0.0 1.3 0.0 56.4 1263.8

1984-85 48.3 262.3 202.3 391.9 136.5 87.1 55.9 2.3 0.0 0.0 0.0 0.0 1186.7

1985-86 130.6 89.4 240.0 136.1 157.6 79.0 2.9 54.5 13.1 0.0 0.7 44.0 947.8

1986-87 94.2 148.8 189.4 182.1 182.0 168.8 196.2 5.6 0.0 0.0 0.0 63.7 1230.9

1987-88 40.0 139.8 166.1 128.2 261.8 171.3 15.4 28.6 0.0 0.0 0.0 1.2 952.5

1988-89 99.7 169.3 186.6 200.2 46.3 347.8 5.1 12.6 0.0 0.0 0.0 9.3 1076.9

1989-90 78.2 114.0 80.9 76.5 124.3 8.3 43.9 1.4 10.5 0.0 47.6 7.0 592.7

1990-91 38.3 67.8 176.1 255.6 169.6 141.1 53.6 21.7 2.4 0.0 0.0 11.3 937.4

1991-92 113.5 97.5 414.7 102.2 110.0 141.9 70.5 48.4 2.7 1.5 0.0 62.8 1165.7

1992-93 32.0 68.9 293.0 344.9 251.0 137.6 32.2 20.5 0.7 0.0 0.0 12.2 1192.9

1993-94 78.0 219.8 115.3 257.5 172.4 70.4 59.2 25.5 23.2 0.0 0.0 6.9 1028.2

1994-95 102.3 229.9 189.8 190.8 186.3 113.2 35.5 6.6 0.0 4.6 7.6 8.3 1075.1

1995-96 66.2 117.6 123.7 399.0 264.0 179.6 15.8 31.9 0.0 0.0 0.0 46.1 1243.8

1996-97 80.0 83.5 325.3 250.1 286.2 346.0 52.0 63.6 0.0 0.0 0.0 84.7 1571.5

1997-98 44.7 156.1 197.4 236.4 130.7 243.9 49.1 35.7 16.1 6.4 8.7 28.5 1153.9

1998-99 79.3 199.0 368.1 306.2 149.1 98.7 35.1 0.0 0.0 4.3 0.0 0.7 1240.4

1999-00 17.7 178.5 234.7 399.9 133.5 94.1 115.0 15.0 0.0 0.0 0.0 25.3 1213.2

2000-01 77.7 128.0 245.3 234.0 261.8 56.7 62.3 60.1 0.0 0.0 0.0 40.0 1165.8

2001-02 59.8 250.4 281.7 210.8 132.1 102.5 45.4 5.8 9.9 3.7 10.7 17.5 1130.1

2002-03 79.6 181.2 248.1 202.6 402.8 162.2 119.6 40.4 0.0 0.0 4.5 25.6 1466.6

2003-04 44.1 167.3 244.7 296.9 141.3 45.6 35.0 3.1 0.0 0.0 0.0 2.3 980.5

2004-05 58.7 125.1 193.3 178.0 185.9 52.3 35.6 41.2 4.4 1.4 1.3 48.2 925.2

2005-06 46.0 173.1 146.4 286.4 244.1 84.9 64.9 2.2 0.7 2.5 0.0 51.9 1102.3

ɾɳʅʁʅ ʁʄʁʅ82.0 154.6 213.0 231.6 210.2 138.6 57.8 20.3 7.5 1.2 3.1 28.3 1148.2

ɳˉʽ˒ʰ˄ʶʽʰˁʱ ˏ˕ʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍ˖˄ ˉˇ˂ˎʴ˗˄˖˄ ¢ƘƛŜǎǎŜƴ
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ȼ ɛɏɗɞŭɞɠ Űɤɜ ˊɞɚɡɔɩɜɤɜ Thiessen ɓɞɖɗɎŮɘ ůŰɞ ɜŬ ŬˊɞəŰɖɗŮɑ ɛɘŬ ɔŮɜɘəɐ 

ŮɘəɧɜŬ ɔɘŬ Űɞ ɛɏůɞ ɨɣɞɠ ɓɟɞɢɧˊŰɤůɖɠ ůŮ ɧɚɖ Űɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ. ɋůŰɧůɞ, ŭŮɜ 

ŬˊɞŰŮɚŮɑ ŬɝɘɧˊɘůŰɞ ŭŮɑɔɛŬ, Ŭűɞɨ ŭŮ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɠ Űɞ ɡɣɧɛŮŰɟɞ Űɖɠ 

ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. Ⱥˊɞɛɏɜɤɠ, ŬˊŬɘŰŮɑŰŬɘ, Ůˊɘˊɚɏɞɜ, ŬɜŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ŬɡŰɩɜ ůŰɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. 

ȼ ɛɏůɖ ŮŰɐůɘŬ ɓɟɞɢɧˊŰɤůɖ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ŮɑɜŬɘ Po=1148,2mm. 

 

4.7 ȷɁȷũɋũȼ ɆɇɃ ɀȺɆɃ ɈɊɃɀȺɇɅɃ  
 

ũɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ Ŭˊɧŭɞůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ 

ɡˊɞɚɞɔɑůŰɖəŮ Űɞ ɛɏůɞ ɨɣɞɠ ɓɟɞɢɧˊŰɤůɖɠ Ŭɜɖɔɛɏɜɞ ůŰɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ 

ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ (ɇůŬəɑɟɖɠ 2013). ȰɢɞɜŰŬɠ Űɞ ŮˊɘűŬɜŮɘŬəɧ ɨɣɞɠ 

ɓɟɞɢɧˊŰɤůɖɠ Ŭˊɧ Űɖ ɛɏɗɞŭɞ Űɤɜ ˊɞɚɡɔɩɜɤɜ Thiessen, Űɖ ɓɟɞɢɞɓŬɗɛɑŭŬ, Űɞ 

ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ əŬɘ ŰŬ ɡɣɧɛŮŰɟŬ Űɤɜ ůŰŬɗɛɩɜ, ŬəɞɚɞɨɗɖůŮ ɖ 

ŬɜŬɔɤɔɐ ůŰɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ ɤɠ Ůɝɐɠ: 

ɚ=1+ɓ*(Ȼm-Zɛɏůɞ)/(Po*100),                                                                               (4.6) 

ɛŮ ɓ: ȸɟɞɢɞɓŬɗɛɑŭŬ= 48mm/100m, 

Ȼm: ɀɏůɞ ɡɣɧɛŮŰɟɞ ɚ.Ŭˊɞɟɟɞɐɠ =463 m, 

Zɛɏůɞ: ɀɏůɞ ůŰŬɗɛɘůɛɏɜɞ ɡɣɧɛŮŰɟɞ ůŰŬɗɛɩɜ= Ɇ(ȷi*Zi)/A =252,4m.               (4.7) 

ȰŰůɘ, ˊɟɞəɨˊŰŮɘ ɚ=1,088  

 

H ɛɏůɖ ŮˊɘűŬɜŮɘŬəɐ ɓɟɞɢɧˊŰɤůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Ŭɜɖɔɛɏɜɖ ůŰɞ ɛɏůɞ 

ɡɣɧɛŮŰɟɧ Űɖɠ ɓɟɏɗɖəŮ 1249,3mm (ɄɑɜŬəŬɠ 4.6). 
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ɄɑɜŬəŬɠ 4.6: ȷɜɖɔɛɏɜŬ ɨɣɖ ɓɟɞɢɧˊŰɤůɖɠ ůŰɞ ɛɏůɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ. 

 

4.8 ŪȺɅɀɃȸȷŪɀȽȹȷ 
 

ȼ ɗŮɟɛɞɓŬɗɛɑŭŬ ŮəűɟɎɕŮɘ Űɖ ůɢɏůɖ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɡɣɞɛɏŰɟɞɡ 

(ɆəŬɟŬɜŰɤɜɎəɖɠ 2010, ɇůŬɜɎəŬɠ 2012). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɗŮɟɛɞəɟŬůɑŬ 

ɛŮɘɩɜŮŰŬɘ ɧůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ŰɞˊɞɔɟŬűɘəɧ ɡɣɧɛŮŰɟɞ. Ƀ ɟɡɗɛɧɠ ɛŮɑɤůɖɠ 

ŬˊɞŭɑŭŮŰŬɘ ɛŮ ɏɜŬɜ ůɡɜŰŮɚŮůŰɐ ɛŮ ŬɟɜɖŰɘəɧ ˊɟɧůɖɛɞ, ɞ ɞˊɞɑɞɠ ɡˊɞŭɖɚɩɜŮɘ Űɖ 

ɛŮɑɤůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ əɎɗŮ 100 m Ŭɨɝɖůɖɠ Űɞɡ ɡɣɞɛɏŰɟɞɡ. ũɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊŬɟŬŰɖɟɐůŮɘɠ ɗŮɟɛɞəɟŬůɘɩɜ Ŭˊɧ ŰɟŮɘɠ 

ůŰŬɗɛɞɨɠ (ɞɘ ŭɨɞ ŮɜŰɧɠ ɚŮəɎɜɖɠ əŬɘ ɏɜŬɠ ŮəŰɧɠ) ŭɘŬűɞɟŮŰɘəɩɜ ɡɣɞɛɏŰɟɤɜ 

ʇɲʄΦ ɳʆʁʅʁɼʆΦ ɿʁɳΦ ɲɳɼΦ ɹɮɿΦ ʊɳɰΦ ɾɮʄΦ ɮʃʄΦ ɾɮɹΦ ɹʁʇɿΦɹʁʇɽΦ ɮʇɱΦ ʅɳʃΦ ʅʇɿΦ

1971-72 106.3 138.1 85.4 98.9 124.1 204.5 185.9 21.3 3.8 2.5 3.0 28.8 1002.7

1972-73 264.1 74.5 182.7 424.1 237.8 35.1 91.1 0.3 0.0 0.0 0.1 5.2 1315.0

1973-74 157.4 130.4 92.7 182.9 167.1 184.1 3.2 5.0 24.9 0.0 0.4 25.0 973.1

1974-75 68.6 169.4 220.1 295.1 251.8 44.9 40.6 15.5 21.1 0.0 1.1 34.6 1162.6

1975-76 108.3 185.5 216.5 267.0 258.1 378.9 92.5 3.4 5.4 2.2 0.0 1.1 1518.9

1976-77 226.9 157.1 208.9 80.7 58.9 121.2 92.1 0.0 0.0 8.3 0.0 43.7 997.8

1977-78 56.5 139.3 456.6 352.8 172.7 191.4 59.4 3.7 0.0 0.0 0.0 119.3 1551.7

1978-79 155.9 184.5 218.0 173.8 221.3 135.5 48.9 39.2 71.2 3.8 0.0 54.8 1306.8

1979-80 97.7 253.6 298.0 243.4 341.1 103.8 41.3 6.1 1.4 0.0 6.0 21.9 1414.2

1980-81 27.1 156.3 117.2 410.8 642.8 210.0 39.7 19.2 9.3 0.0 0.0 12.7 1645.2

1981-82 17.1 261.6 295.5 160.7 419.6 259.9 77.9 74.5 0.0 0.6 8.6 0.0 1576.1

1982-83 75.4 175.5 192.1 239.4 230.3 118.4 14.4 8.6 55.8 0.9 11.8 20.4 1143.0

1983-84 120.3 197.0 236.4 160.5 386.3 100.4 108.5 2.9 0.0 1.4 0.0 61.3 1375.1

1984-85 52.6 285.4 220.1 426.4 148.5 94.8 60.8 2.5 0.0 0.0 0.0 0.0 1291.1

1985-86 142.1 97.2 261.1 148.0 171.5 85.9 3.1 59.3 14.3 0.0 0.7 47.9 1031.2

1986-87 102.5 161.9 206.1 198.1 198.0 183.7 213.5 6.1 0.0 0.0 0.0 69.3 1339.2

1987-88 43.5 152.1 180.8 139.5 284.8 186.3 16.7 31.1 0.0 0.0 0.0 1.4 1036.3

1988-89 108.4 184.2 203.0 217.8 50.3 378.4 5.5 13.7 0.0 0.0 0.0 10.1 1171.7

1989-90 85.1 124.1 88.0 83.3 135.2 9.1 47.8 1.5 11.4 0.0 51.8 7.6 644.9

1990-91 41.7 73.7 191.6 278.1 184.5 153.5 58.3 23.6 2.6 0.0 0.0 12.3 1019.9

1991-92 123.4 106.1 451.2 111.2 119.7 154.4 76.8 52.6 3.0 1.7 0.0 68.3 1268.2

1992-93 34.8 75.0 318.7 375.2 273.1 149.7 35.0 22.3 0.7 0.0 0.0 13.2 1297.8

1993-94 84.8 239.1 125.5 280.1 187.6 76.6 64.4 27.8 25.3 0.0 0.0 7.5 1118.7

1994-95 111.3 250.2 206.5 207.6 202.7 123.2 38.7 7.2 0.0 5.0 8.3 9.0 1169.7

1995-96 72.1 127.9 134.6 434.1 287.2 195.4 17.1 34.7 0.0 0.0 0.0 50.1 1353.3

1996-97 87.1 90.8 354.0 272.1 311.4 376.4 56.5 69.2 0.0 0.0 0.0 92.1 1709.7

1997-98 48.7 169.9 214.8 257.2 142.2 265.3 53.5 38.9 17.6 7.0 9.5 31.0 1255.4

1998-99 86.2 216.5 400.5 333.1 162.2 107.3 38.2 0.0 0.0 4.7 0.0 0.8 1349.5

1999-00 19.2 194.2 255.4 435.1 145.3 102.4 125.1 16.3 0.0 0.0 0.0 27.5 1320.0

2000-01 84.6 139.3 266.9 254.6 284.8 61.7 67.8 65.4 0.0 0.0 0.0 43.5 1268.4

2001-02 65.0 272.4 306.4 229.3 143.7 111.5 49.3 6.3 10.8 4.1 11.7 19.0 1229.6

2002-03 86.6 197.2 269.9 220.4 438.2 176.5 130.1 44.0 0.0 0.0 4.9 27.9 1595.6

2003-04 48.0 182.0 266.3 323.0 153.7 49.7 38.0 3.4 0.0 0.0 0.0 2.5 1066.8

2004-05 63.9 136.1 210.3 193.6 202.2 56.9 38.7 44.8 4.8 1.5 1.4 52.5 1006.6

2005-06 50.1 188.3 159.2 311.6 265.6 92.4 70.6 2.4 0.7 2.7 0.0 56.5 1199.3

ɾɳʅʁʅ ʁʄʁʅ89.2 168.2 231.7 252.0 228.7 150.8 62.9 22.1 8.1 1.3 3.4 30.8 1249.3

ʇ˕ˇ˃ʶˍˊʽˁʺ ʰ˄ʰʴ˖ʴʺ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽʰˁ˗˄ ˎ˕˗˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍˇ ˃ʷˋˇ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ
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(ɄɑɜŬəŬɠ 4.7) ɔɘŬ ŰŬ ɏŰɖ 1971-2006 (ɄŬɟɎɟŰɖɛŬ). Ƀ ɡˊɞɚɞɔɘůɛɧɠ ɔɑɜŮŰŬɘ ɛŮ 

ɓɎůɖ Űɞɜ Űɨˊɞ: 

 ɗ= ȤdT/Dz.                                                                                                        (4.8) 

ɄɑɜŬəŬɠ 4.7: ɀɏůŮɠ ŮŰɐůɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŰŬɗɛɩɜ ˊŬɟŬŰɐɟɖůɖɠ. 

 

ɇɞˊɞɗŮŰɩɜŰŬɠ Űɘɠ Űɘɛɏɠ ŬɡŰɏɠ ůŰɞ ˊŬɟŬəɎŰɤ  ŭɘɎɔɟŬɛɛŬ (ɆɢɐɛŬ 4.7), ŬˊɞŭɑŭŮŰŬɘ 

ɖ ɗŮɟɛɞɓŬɗɛɑŭŬ, ɗ=-0.34oC/100m.  

ɆɢɐɛŬ 4.7: ŪŮɟɛɞɓŬɗɛɑŭŬ. 

ɇɞ ŭŮɑɔɛŬ ɗŮɤɟŮɑŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɧ, əŬɗɩɠ ɞɘ ůŰŬɗɛɞɑ ɓɟɑůəɞɜŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɎ 

ɡɣɧɛŮŰɟŬ əŬɘ ůŮ ŬˊɧůŰŬůɖ ɛŮɟɘəɩɜ ɢɘɚɘɞɛɏŰɟɤɜ ɛŮŰŬɝɨ Űɞɡɠ.  

ɆŰɖ ůɡɜɏɢŮɘŬ, ɛŮ ɓɎůɖ Űɖɜ ɡˊɞɚɞɔɘůɗŮɑůŬ ɗŮɟɛɞɓŬɗɛɑŭŬ əŬɘ ůŰŬɗɛɧ ɓɎůɖɠ 

ŬɡŰɧɜ Űɖɠ ȻɡɛˊɟŬɔɞɨ (ŮˊŮɘŭɐ ɓɟɑůəŮŰŬɘ ůɢŮŭɧɜ ůŰɞ ɛɏůɞ ɛŮŰŬɝɨ Űɤɜ Ɏɚɚɤɜ ŭɨɞ 

ʇʌʁɾɳʆʄɮπɾɳʅɶ ɳʆɶʅɹɮ ɸɳʄɾʁɼʄɮʅɹɮ

ʅʆɮɸɾʁʅ ʇʌʁɾɳʆʄʁ όƳύ
ɾɳʅɶ ɳʆɶʅɹɮ 

ɸɳʄɾʁɼʄɮʅɹɮ όƻ/ύ

ʆɮʇʄʍɿɹʆɶʅ

ɵʇɾʃʄɮɱʁʇ

ɼɮɿɲɮɿʁʅ

15 18.3

235 16.9

552 16.4
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ůŰŬɗɛɩɜ) ɡˊɞɚɞɔɑůŰɖəŮ ɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ 

ɔɘŬ ŰŬ ŬɜɤŰɏɟɤ ɏŰɖ. ȼ ŬɜŬɔɤɔɐ ɏɔɘɜŮ ɛŬ ɓɎůɖ Űɞɜ Űɨˊɞ:  

ɇŬɜ=ɇɕɡɛ+(ɗ*(Ȼɛ-Ȼɕɡɛ)/100                                                                                  (4.9) 

, ɛŮ ɇŬɜ Ŭɜɖɔɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ, ɇɕɡɛ ɖ ŬɜŰɑůŰɞɘɢɖ ɗŮɟɛɞəɟŬůɑŬ ůŰɞ ůŰŬɗɛɧ 

ȻɡɛˊɟŬɔɞɨ, ɗ ɖ ɗŮɟɛɞɓŬɗɛɑŭŬ, Ȼɛ Űɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ ɚŮəɎɜɖɠ (463m) əŬɘ Ȼɕɡɛ Űɞ 

ɡɣɧɛŮŰɟɞ Űɞɡ ůŰŬɗɛɞɨ ȻɡɛˊɟŬɔɞɨ (235m) (ɄɑɜŬəŬɠ 4.8). 

ɄɑɜŬəŬɠ 4.8: ȷɜɖɔɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŰɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. 

 

ʇɲʄΦ 

ɳʆʁʅ
ʁɼʆ ɿʁɳ ɲɳɼ ɹɮɿ ʊɳɰ ɾɮʄ ɮʃʄ ɾɮɹ ɹʁʇɿ ɹʁʇɽ ɮʇɱ ʅɳʃ

ɳʆɶʅΦ 

ɾΦʁΦ

1971-72 16.2 13.2 9.2 8.7 8.9 10.2 15.2 17.2 23.2 23.2 24.2 22.2 16.0

1972-73 18.2 13.2 12.2 8.2 10.2 10.2 13.2 19.2 22.2 26.2 23.2 21.2 16.5

1973-74 20.2 13.2 9.2 7.8 10.2 10.2 14.2 18.2 23.2 24.2 23.2 21.2 16.3

1974-75 17.2 13.2 9.2 8.1 7.9 13.2 14.2 19.2 22.2 24.2 23.2 21.2 16.1

1975-76 18.2 23.2 11.2 9.2 7.7 10.2 14.2 17.2 21.2 23.2 22.2 21.2 16.6

1976-77 15.2 16.2 9.2 9.2 13.2 11.2 13.2 19.2 23.2 26.2 25.2 21.2 16.9

1977-78 16.2 11.2 12.2 9.1 11.2 11.2 14.2 19.2 23.2 24.2 23.2 20.2 16.3

1978-79 19.2 15.2 11.2 10.2 11.2 13.2 13.2 18.2 23.2 24.2 25.2 22.2 17.2

1979-80 18.2 17.2 11.2 8.9 8.1 11.2 13.2 17.2 23.2 24.2 23.2 20.2 16.4

1980-81 20.2 12.2 13.2 7.2 9.2 13.2 15.2 16.2 23.2 24.2 23.2 22.2 16.6

1981-82 18.2 13.2 11.2 11.2 8.2 10.2 14.2 16.2 23.2 23.2 23.2 21.2 16.1

1982-83 16.2 13.2 9.2 8.2 8.2 11.2 15.2 18.2 21.2 24.2 23.2 19.2 15.6

1983-84 17.2 12.2 8.2 9.2 8.2 10.2 11.2 17.2 18.2 21.2 20.2 20.2 14.5

1984-85 13.2 13.2 9.2 9.2 8.2 9.2 15.2 18.2 21.2 22.2 23.2 19.2 15.1

1985-86 17.2 13.2 10.2 10.2 12.2 10.2 15.2 16.2 22.2 23.2 24.2 21.2 16.3

1986-87 18.2 14.2 11.2 10.2 10.2 8.2 13.2 16.2 22.2 24.2 24.2 22.2 16.2

1987-88 16.2 11.2 10.2 10.2 9.2 12.2 14.2 18.2 23.2 24.2 23.2 21.2 16.1

1988-89 15.2 13.2 11.2 7.2 9.2 11.2 14.2 15.2 20.2 22.2 22.2 20.2 15.1

1989-90 17.2 16.2 12.2 7.2 9.2 11.2 14.2 17.2 21.2 23.2 22.2 21.2 16.1

1990-91 18.8 15.3 13.1 8.9 8.4 10.3 14.3 17.9 22.1 23.4 23.1 21.2 16.4

1991-92 18.8 13.6 9.3 11.8 11.8 12.4 14.9 18.3 19.7 22.2 23.3 21.7 16.5

1992-93 16.7 14.5 12.2 8.0 9.2 9.1 11.0 14.9 19.7 21.0 15.5 16.4 14.0

1993-94 16.6 14.3 11.9 10.1 8.9 10.0 11.8 16.9 22.8 25.3 23.5 19.1 16.0

1994-95 16.8 14.3 11.9 10.1 8.9 10.0 11.8 16.9 23.0 25.3 23.5 19.1 16.0

1995-96 20.9 16.9 12.1 8.9 9.3 11.5 14.6 18.5 22.2 22.3 24.8 23.5 17.1

1996-97 16.0 14.9 12.2 8.2 10.6 11.2 15.8 17.7 20.7 24.5 24.0 22.1 16.5

1997-98 15.5 13.7 9.9 9.0 8.8 12.3 12.5 18.9 23.0 22.9 23.3 19.5 15.8

1998-99 15.7 12.8 8.7 8.2 8.4 9.7 14.7 16.7 22.7 22.7 23.7 21.7 15.5

1999-00 18.1 13.2 12.1 8.0 9.9 10.1 13.1 19.1 22.2 26.3 23.1 21.1 16.4

2000-01 19.7 12.6 8.7 7.2 9.7 9.7 13.7 17.9 22.1 23.9 22.3 20.7 15.7

2001-02 17.2 13.3 9.2 8.4 7.6 13.1 14.2 18.7 24.0 23.7 23.2 21.2 16.2

2002-03 17.6 22.5 10.6 8.8 7.2 9.7 14.5 17.0 20.7 23.5 21.6 20.1 16.2

2003-04 15.0 16.1 9.0 9.3 12.9 11.1 12.7 18.9 23.0 25.9 25.0 21.1 16.7

2004-05 15.8 10.7 11.8 8.4 10.7 10.7 14.2 18.5 22.1 23.3 22.3 19.8 15.7

2005-06 19.3 15.0 11.3 10.0 10.9 13.1 13.1 18.0 23.8 24.3 25.3 22.3 17.2

max 20.9 23.2 13.2 11.8 13.2 13.2 15.8 19.2 24.0 26.3 25.3 23.5 17.2

min 13.2 10.7 8.2 7.2 7.2 8.2 11.0 14.9 18.2 21.0 15.5 16.4 14.0

M.O. 17.3 14.4 10.7 9.0 9.6 10.9 13.8 17.7 22.2 23.8 23.1 20.9 16.1

ɮ˄ʹʴ˃ʷ˄ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˋˍˇ ˃ʷˋˇ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ ˂ʶˁʱ˄ʹˌ ό˃ʶ ˋˍʰʻ˃ˈ ʲʱˋʹˌ ɵˎ˃ˉˊʰʴˇˏύ ˋʶ ʲʰʻ˃ˇˏˌ /
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4.9 ȺɂȷɇɀȽɆɃȹȽȷɄɁɃȼ 
 

ɇɞ ɜŮɟɧ Ŭˊɧ ɡɔɟɐ ɛɞɟűɐ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŬɏɟɘŬ ɛɏůɤ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ ŮɝɎŰɛɘůɖ (Ⱥs). ȰŰůɘ, Űɞ ɜŮɟɧ Ŭˊɧ ŭɘɎűɞɟŮɠ ɡŭɎŰɘɜŮɠ ŮˊɘűɎɜŮɘŮɠ 

(ɗɎɚŬůůŬ, ɚɑɛɜŮɠ, ˊɞŰɎɛɘŬ, ɏɚɖ, ɢŮɘɛɎɟɟɞɡɠ əɚˊ), Ŭˊɧ Űɞ ɏŭŬűɞɠ əŬɘ Ŭˊɧ ɡɔɟɏɠ 

əŬɚɚɘɏɟɔŮɘŮɠ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɡŭɟŬŰɛɞɨɠ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ (Thornthwaite and 

Holzman 1942, Penman 1948, Monteith 1965). ɋůŰɧůɞ, ůŰɘɠ űɡŰɞəŬɚɡɛɛɏɜŮɠ 

ŮˊɘűɎɜŮɘŮɠ, ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ Űɞɡ ŮɝŬŰɛɘɕɧɛŮɜɞɡ ɜŮɟɞɨ, ŮɝɏɟɢŮŰŬɘ ůŰɖɜ 

ŬŰɛɧůűŬɘɟŬ ɛɏůŬ Ŭˊɧ ŰŬ űɡŰɎ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Ŭˊɧ ŰŬ ůŰɧɛŬŰŬ Űɤɜ 

űɨɚɚɤɜ Űɤɜ űɡŰɩɜ. ȼ ŭɘŬŭɘəŬůɑŬ ŮɝɎŰɛɘůɖɠ ɛɏůɤ Űɞɡ űɡŰɞɨ ɞɜɞɛɎɕŮŰŬɘ ŭɘŬˊɜɞɐ 

(ɇ). Ƀɘ ŭɨɞ ŬɡŰɏɠ ŭɘŮɟɔŬůɑŮɠ ůɡɛɓŬɑɜɞɡɜ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ 

ŭɘŬɢɤɟɘůŰɞɨɜ. ɃˊɧŰŮ, ɖ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ ɡŭɟŬŰɛɩɜ ůŮ űɡŰɞəŬɚɡɛɛɏɜŮɠ 

ŮˊɘűɎɜŮɘŮɠ ɛɏůɤ Űɖɠ ŮɝɎŰɛɘůɖɠ ůŰɖ űɨůɖ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɎɛŮůɖɠ ŮɝɎŰɛɘůɖɠ 

əŬɘ Űɖɠ ŭɘŬˊɜɞɐɠ, ŮɑɜŬɘ ɔɜɤůŰɐ ɛŮ Űɞɜ ɧɟɞ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ (Ⱥɇ) (Chow et al. 

1988). 

ȼ ɏəűɟŬůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɛŮɚɏŰŮɠ ŮɔɔŮɘɞɓŮɚŰɘɤŰɘəɩɜ ɏɟɔɤɜ ŮɑɜŬɘ ɖ 

ŭɡɜɖŰɘəɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ (Ⱥɇp) ɖ ɞˊɞɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɤɠ çɞ ɛɏɔɘůŰɞɠ ɟɡɗɛɧɠ 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ Ŭˊɧ ɛɘŬ űɡŰɞəŬɚɡɛɛɏɜɖ ŮˊɘűɎɜŮɘŬ, ɖ ɞˊɞɑŬ ɏɢŮɘ ŮˊɎɟəŮɘŬ 

ɜŮɟɞɨ əɎŰɤ Ŭˊɧ ɞɟɘůɛɏɜŮɠ ɛŮŰŮɤɟɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠè (Thornthwaite 1948, 

Palmer and Havens 1958, ȻŬɓɎəɞɠ 2001, ȷɚŮɝŬɜŭɟɐɠ 2003).  

ɀŮ Űɖɜ ˊɎɟɞŭɞ Űɤɜ ŮŰɩɜ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŭɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ɧˊɤɠ ɗŮɤɟɖŰɘəɏɠ, ɖɛɘɗŮɤɟɖŰɘəɏɠ, ŮɛˊŮɘɟɘəɏɠ əɚˊ (ɇůŬəɑɟɖɠ 

2006, 2013). ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ Ⱥɇɞ 

(ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ŬɜŬűɞɟɎɠ) ŮűŬɟɛɧůŰɖəŮ ɖ ɛɏɗɞŭɞɠ Thornthwaite, ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ɛɑŬ ŮɛˊŮɘɟɘəɐ ɛɏɗɞŭɞɠ ɛŮ ɛɧɜɖ ɛŮŰɟɞɨɛŮɜɖ ˊŬɟɎɛŮŰɟɞ Űɖ ɗŮɟɛɞəɟŬůɑŬ 

(Papadopoulou et al. 2003, ɀŬůŰɟɞəɩůŰŬ 2016). ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɏɢŮɘ ɓɟŮɘ 

ˊɟɧůűɞɟɞ ɏŭŬűɞɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɧˊɞɡ ɞɘ ŮɚɚŮɑɣŮɘɠ ɛŮŰɟɐůŮɤɜ 

ˊŮɟɘůůɧŰŮɟɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ ŮɑɜŬɘ ɖ ůɡɜɐɗɖɠ ˊŮɟɑˊŰɤůɖ 

(ȸŬɔɔɏɚɖɠ 2012).  

ȼ Ⱥɇɞ əŬŰɎ Thornthwaite ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ mm ůɨɛűɤɜŬ ɛŮ Űɞɜ Űɨˊɞ: 

Ⱥɇɞ = 16Ā(Ɂ/12)Ā(m/30)Ā(10ĀTmean/I)a                                                                     (4.10) 

ȳˊɞɡ ɇmean: ɖ ɛɏůɖ ɛɖɜɘŬɑŬ ɗŮɟɛɞəɟŬůɑŬ (oC) 

N: ɖ ɛɏůɖ ɛɖɜɘŬɑŬ ɗŮɤɟɖŰɘəɐ ɖɚɘɞűɎɜŮɘŬ Ŭˊɧ ˊɑɜŬəŮɠ (ɇůŬəɑɟɖɠ 1995) ŬɜɎɚɞɔŬ 

ɛŮ Űɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ (ɩɟŮɠ/ɖɛɏɟŬ) 

m: ɞ Ŭɟɘɗɛɧɠ ɖɛŮɟɩɜ Űɞɡ ɛɐɜŬ 

a: 6.75Ā10-7ĀȽ3-7.71Ā10-5ĀȽ2+1.79Ā10-2ĀȽ+0.49                                                     (4.11) 
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ɧˊɞɡ Ƚ ɏɜŬɠ ɗŮɟɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɞ ɎɗɟɞɘůɛŬ 12 ɛɖɜɘŬɑɤɜ 

Űɘɛɩɜ Űɞɡ ŭŮɑəŰɖ i əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ 

Ƚ=×(ɇimean/5)1.514                                                                                              (4.12) 

, i=1,2,é,12                                                                                                                          

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ əŬŰɎ Thornthwaite Űɤɜ 

ůŰŬɗɛɩɜ ɛɏŰɟɖůɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ DrinC (Tigkas 

et al. 2015). ȰɢɞɜŰŬɠ ɔɜɩůɖ Űɤɜ ɛɖɜɘŬɑɤɜ ɛɏůɤɜ ɗŮɟɛɞəɟŬůɘɩɜ əŬɘ Űɞɡ 

ɔŮɤɔɟŬűɘəɞɨ ˊɚɎŰɞɡɠ Űɤɜ ůŰŬɗɛɩɜ ŬɡŰɩɜ ɡˊɞɚɞɔɑůŰɖəŮ ɖ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ 

ŬɜŬűɞɟɎɠ ɧˊɤɠ ůŰɞ ɄŬɟɎɟŰɖɛŬ. 
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ȾŮűɎɚŬɘɞ 5 

 

5. ɂȼɅȷɆȽȷ 
 

5.1 ɇɃ ūȷȽɁɃɀȺɁɃ ɇȼɆ ɂȼɅȷɆȽȷɆ 
 

ȼ ɝɖɟŬůɑŬ ɗŮɤɟŮɑŰŬɘ ɤɠ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ŬəɟŬɑŬ űɡůɘəɎ űŬɘɜɧɛŮɜŬ 

ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ ŭɘŬəɨɛŬɜůɖɠ Űɞɡ əɚɑɛŬŰɞɠ (Nalbantis and Tsakiris 2008, 

ȸŬɔɔɏɚɖɠ 2012, ɇůŬəɑɟɖɠ 2013). ɀɑŬ ɝɖɟŬůɑŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬɟəɏůŮɘ ŬɟəŮŰɎ 

ɛŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɜŬ ŮˊɖɟŮɎůŮɘ ˊɞɚɚɞɨɠ Ŭɜɗɟɩˊɞɡɠ 

əŬɘ ɜŬ ˊɟɞəŬɚɏůŮɘ ɛŮɔɎɚŮɠ űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ. ȼ ɝɖɟŬůɑŬ ɤɠ űŬɘɜɧɛŮɜɞ ɏɢŮɘ 

ŭɘɎűɞɟŮɠ ŮəűɟɎůŮɘɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŬɟɎɛŮŰɟɞ ɛŮ Űɖɜ ɞˊɞɑŬ ŮəűɟɎɕŮŰŬɘ əŬɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɞ əɚɑɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ɛŮɚŮŰɎŰŬɘ (Rossi et al. 1992). ũŮɜɘəɎ, ɧŰŬɜ 

ɖ ɝɖɟŬůɑŬ ŮɛűŬɜɑɕŮŰŬɘ ůŮ ɏɜŬ ɡŭŬŰɘəɧ ůɨůŰɖɛŬ, ŰɧŰŮ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ŬɡŰɞɨ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ ɏɜŬ əɟɑůɘɛɞ ŮˊɑˊŮŭɞ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

əŬɜɞɜɘəɐ Űɞɡ ɚŮɘŰɞɡɟɔɑŬ. ȼ Ŭɟɢɐ əŬɘ Űɞ Űɏɚɞɠ Űɖɠ ɝɖɟŬůɑŬɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ŭɨůəɞɚɞ 

ɜŬ ɞɟɘůŰɞɨɜ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŬ ŬəɟŬɑŬ űŬɘɜɧɛŮɜŬ, ɧˊɤɠ ɞɘ ˊɚɖɛɛɨɟŮɠ əŬɘ ɞɘ 

əŬŰŬɘɔɑŭŮɠ (Tsakiris et al. 2007). 

ɋɠ ɎɛŮůɖ ŮˊɑˊŰɤůɖ, ɛɘŬ ˊŬɟŬŰŮŰŬɛɏɜɖ ɝɖɟŬůɑŬ ɏɢŮɘ ˊɞɚɚɏɠ ůɡɜɏˊŮɘŮɠ ůŰŬ 

ŭɘŬɗɏůɘɛŬ ɡŭŬŰɘəɎ ŬˊɞɗɏɛŬŰŬ, ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ůŮ ɧɚɞɡɠ Űɞɡɠ ɞɘəɞɜɞɛɘəɞɨɠ 

ŰɞɛŮɑɠ Űɖɠ ˊŮɟɘɞɢɐɠ. ȷɜɎɚɞɔŬ ɚɞɘˊɧɜ ɛŮ Űɖ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ əɎɗŮ 

űɞɟɎ ɡˊɧɣɖ, ɖ ɝɖɟŬůɑŬ ɛˊɞɟŮɑ ɜŬ ɢɤɟɘůŰŮɑ ůŰɘɠ ˊŬɟŬəɎŰɤ əŬŰɖɔɞɟɑŮɠ (National 

Drought Mitigation Center of University of Nebraska). 

1. ȼ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɝɖɟŬůɑŬ ŮəűɟɎɕŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ ɏɜŰŬůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ 

ɧŰŬɜ ŬɡŰɧ ůɡɔəɟɑɜŮŰŬɘ ɛŮ ɛɘŬ ɛɏůɖ űɡůɘɞɚɞɔɘəɐ Űɘɛɐ. ȺəűɟɎɕŮŰŬɘ Ŭˊɧ Űɖ 

ŭɘɎɟəŮɘɎ Űɖɠ əŬɘ ůɡɜɐɗɤɠ ŮɑɜŬɘ ɖ ˊŮɟɑɞŭɞɠ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ŬɟəŮŰɐ 

ɓɟɞɢɧˊŰɤůɖ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ ɔɘŬ əɎˊɞɘɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. ɆɡɜŮˊɩɠ, ŬɡŰɐ 

ɖ ɛɞɟűɐ ɝɖɟŬůɑŬɠ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ, Ŭűɞɨ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɘɠ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ɞɘ ɞˊɞɑŮɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɏɜŰɞɜŬ Ŭˊɧ ˊŮɟɘɞɢɐ 

ůŮ ˊŮɟɘɞɢɐ (WMO, 2006). ȹŮɜ ɏɢŮɘ ɜɧɖɛŬ ɜŬ ŬɜŬűɏɟŮŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ůŰɘɠ 

ɞˊɞɑŮɠ ɖ ŬɜɞɛɓɟɑŬ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɖ. 

2. ȼ Ɉŭɟɞɚɞɔɘəɐ ɝɖɟŬůɑŬ ŬɜŬűɏɟŮŰŬɘ əɡɟɑɤɠ ůŰɘɠ ůɡɜɏˊŮɘŮɠ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ 

ŮɚɚŮɑɛɛŬŰɞɠ  ůŰŬ ŮˊɘűŬɜŮɘŬəɎ əŬɘ ɡˊɧɔŮɘŬ ŬˊɞɗɏɛŬŰŬ ɜŮɟɞɨ, əŬɘ 

ŭŮɡŰŮɟŮɡɧɜŰɤɠ ůŰɖ ɛŮɑɤůɖ Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ. ȷɟɢɑɕŮɘ əŬɘ ɔɑɜŮŰŬɘ 

űŬɜŮɟɐ ůŰɞɜ Ɏɜɗɟɤˊɞ ɧŰŬɜ ɛŮɘɩɜɞɜŰŬɘ ɞɘ Ŭˊɞɟɟɞɏɠ əŬɘ ˊɏűŰɞɡɜ ɞɘ 

ůŰɎɗɛŮɠ ˊɞŰŬɛɩɜ, ɚɘɛɜɩɜ, ɡˊɧɔŮɘɤɜ ɡŭɟɞűɞɟɏɤɜ əŬɘ ŰŬɛɘŮɡŰɐɟɤɜ. ȼ 

ɏɜŰŬůɖ əŬɘ ɖ ůɡɢɜɧŰɖŰɎ Űɖɠ ɔɑɜɞɜŰŬɘ űŬɜŮɟɏɠ ɛɏůŬ Ŭˊɧ Űɖɜ Ůˊɘɟɟɞɐ ˊɞɡ 

ɏɢɞɡɜ ůŰɘɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Űɤɜ ˊɞŰŬɛɩɜ. ȼ ɡŭɟɞɚɞɔɘəɐ ɝɖɟŬůɑŬ 
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ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ɞɟɑɕɞɜŰŬɘ ɛŮ ɓɎůɖ Űɖɜ 

ˊŮɟɘɞɢɐ, Űɞ ɡŭŬŰɞŭɘŬɛɏɟɘůɛŬ əɚˊ.  

3. ȼ ũŮɤɟɔɘəɐ ɝɖɟŬůɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ 

Űɖɠ ŮˊɎɟəŮɘŬɠ ɜŮɟɞɨ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ. ɆɡɜŭɏŮɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɛŮŰŮɤɟɞɚɞɔɘəɐɠ əŬɘ ɡŭɟɞɚɞɔɘəɐɠ ɝɖɟŬůɑŬɠ ɛŮ ůəɞˊɧ 

ɜŬ ɓɟŮɗŮɑ ɖ ŮˊɑˊŰɤůɐ Űɞɡɠ ůŰɖ ɔŮɤɟɔɑŬ. ȺɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɐ, 

ŭɘɧŰɘ ɛɘŬ ɔŮɤɟɔɘəɐ ɝɖɟŬůɑŬ ůŰɖɜ Ŭɟɢɐ ŬɜɎˊŰɡɝɖɠ Űɤɜ űɡŰɩɜ ŮɑɜŬɘ ˊɘɗŬɜɧɜ 

ɜŬ ɛɖɜ ˊŬɟɞɡůɘɎůŮɘ ɘŭɘŬɑŰŮɟŮɠ ŬɚɚŬɔɏɠ ůŰɖɜ ŰŮɚɘəɐ ůɡɔəɞɛɘŭɐ, Ůűɧůɞɜ ɖ 

ɡɔɟŬůɑŬ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ ŬɟəŮŰɐ ɔɘŬ ɜŬ əŬɚɨɣŮɘ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ 

űɡŰɞɨ. 

4. ȼ Ⱦɞɘɜɤɜɘəɞ-ɞɘəɞɜɞɛɘəɐ ɝɖɟŬůɑŬ ŬɜŬűɏɟŮŰŬɘ ůŮ ɏɚɚŮɘɣɖ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɡˊŮɟəŬŰŬɜɎɚɤůɖɠ ŬɔŬɗɩɜ, ŬɜŮˊŬɟəɩɜ ɡˊɞŭɞɛɩɜ 

əŬɘ əŬəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊŬɟɎ ɚɧɔɤ ɛŮɘɤɛɏɜɖɠ ɓɟɞɢɧˊŰɤůɖɠ. 

ɆɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ˊɟɞůűɞɟɎ (ɨŭɟŮɡůɖ əŬɘ ɡŭɟɞɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ) əŬɘ Űɖ 

ɕɐŰɖůɖ ɖ ɞˊɞɑŬ ɞɚɞɏɜŬ əŬɘ ŬɡɝɎɜŮɘ ŰŬɡŰɧɢɟɞɜŬ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ 

ˊɚɖɗɡůɛɞɨ. ȷəɟɘɓɏůŰŮɟŬ, ɖ ɝɖɟŬůɑŬ ŬɡŰɐ ŬɜŬűɏɟŮŰŬɘ ɤɠ Űɞ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɧŰŬɜ ɖ ɕɐŰɖůɖ ɡˊŮɟɓŬɑɜŮɘ Űɖɜ ˊɟɞůűɞɟɎ, ɖ ɞˊɞɑŬ ɧɛɤɠ 

ůɡɜŭɏŮŰŬɘ əŬɘ ɛŮ ŰŬ əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ (əŬŰŬəɟɖɛɜɑůɛŬŰŬ).  

5. ȼ Ƀɘəɞɚɞɔɘəɐ ɝɖɟŬůɑŬ ɞɟɑɕŮŰŬɘ ɤɠ ɛɘŬ ˊŬɟŬŰŮŰŬɛɏɜɖ əŬɘ Ůɡɟɏɤɠ 

ŭɘŬŭŮŭɞɛɏɜɖ ɏɚɚŮɘɣɖ ůŮ űɡůɘəɎ ŭɘŬɗɏůɘɛŬ ɨŭŬŰŬ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ 

Űɤɜ ŬɚɚŬɔɩɜ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ ůŰɖ űɡůɘəɐ əŬɘ ŭɘŬɢŮɘɟɑůɘɛɖ ɡŭɟɞɚɞɔɑŬ, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ˊɞɚɚŬˊɚɏɠ ˊɘɏůŮɘɠ əŬɘ űɞɟŰɑůŮɘɠ ůŰŬ ɞɘəɞůɡůŰɐɛŬŰŬ. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ ɛŮŰŮɤɟɞɚɞɔɘəɐ ɝɖɟŬůɑŬ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ əɟɑɜŮŰŬɘ ɤɠ ˊɘɞ 

ůɖɛŬɜŰɘəɐ-ˊɘɗŬɜɐ ɜŬ ůɡɛɓŮɑ, əŬɗɩɠ ŮɑɜŬɘ əŬɘ ŬɡŰɐ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɘɠ ɡˊɧɚɞɘˊŮɠ  

ɛɞɟűɏɠ ɝɖɟŬůɑŬɠ (ȸŬɔɔɏɚɖɠ 2012). ɄŬɟŬŰŮŰŬɛɏɜɖ ɛŮŰŮɤɟɞɚɞɔɘəɐ ɝɖɟŬůɑŬ, 

ɞŭɖɔŮɑ ůɢŮŭɧɜ ůɑɔɞɡɟŬ əŬɘ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ɛɞɟűɏɠ ɝɖɟŬůɑŬɠ (Palmer 1965).  

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ŭɘŬɢɤɟɘůɛɧɠ Űɖɠ ɝɖɟŬůɑŬɠ (drought) Ŭˊɧ ɎɚɚŮɠ 

ˊŬɟɧɛɞɘŮɠ ɏɜɜɞɘŮɠ ɧˊɤɠ ŮɑɜŬɘ ɖ ɝɖɟɧŰɖŰŬ (aridity), ɖ Ůɟɖɛɞˊɞɑɖůɖ 

(desertification), ɖ ɚŮɘɣɡŭɟɑŬ (water scarcity) əŬɘ ɖ ɡŭŬŰɘəɐ ŬɜŮˊɎɟəŮɘŬ (water 

shortage). 

ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɝɖɟɧŰɖŰŬ ŮɑɜŬɘ ɛɧɜɘɛɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ əɚɑɛŬŰɞɠ ɛɘŬɠ 

ˊŮɟɘɞɢɐɠ (ˊ.ɢ. ɆŬɢɎɟɘŬ ȷűɟɘəɐ), ɖ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮɘ ˊɞɚɨ ɢŬɛɖɚɎ ɛɏůŬ ŮŰɐůɘŬ 

ɐ ŮˊɞɢɘŬəɎ  əŬŰŬəɟɖɛɜɑůɛŬŰŬ ɛŮ ɡɣɖɚɐ ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ ŭɘŬəɨɛŬɜůɖ. 

ɄŬɟŬŰɖɟɞɨɜŰŬɘ ŬəɟŬɑŮɠ ŭɘŬəɡɛɎɜůŮɘɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Ŭˊɞɟɟɞɩɜ ɛŮ ŬɘűɜɑŭɘŮɠ 

ˊɚɖɛɛɨɟŮɠ (flashfloods) əŬɘ ɛŮɔɎɚŮɠ ˊŮɟɘɧŭɞɡɠ ɛŮ ɢŬɛɖɚɏɠ ɏɤɠ əŬɘ ɛɖŭŮɜɘəɏɠ 

Ŭˊɞɟɟɞɏɠ. 

ȼ ɚŮɘɣɡŭɟɑŬ (water scarcity) ŬˊɞŰŮɚŮɑ, Ůˊɑůɖɠ, ɏɜŬ ɛɧɜɘɛɞ űŬɘɜɧɛŮɜɞ 

ŬɜɘůɞɟɟɞˊɑŬɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ əŬɘ Űɖɠ ɕɐŰɖůɖɠ Űɞɡ 

ɜŮɟɞɨ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɝɖɟɧ əɚɑɛŬ ɐ ŬˊɧŰɞɛɖ Ŭɨɝɖůɖ Űɖɠ 

ɕɐŰɖůɖɠ ůŮ ɜŮɟɧ (əɡɟɑɤɠ ɚɧɔɤ Ŭɨɝɖůɖɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ɐ Ŭɨɝɖůɖɠ Űɤɜ 

ŬɟŭŮɡɧɛŮɜɤɜ əŬɚɚɘŮɟɔŮɘɩɜ). ȼ ɡŭŬŰɘəɐ ŬɜŮˊɎɟəŮɘŬ (water shortage) ŬɜŬűɏɟŮŰŬɘ 
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ůɡɜɐɗɤɠ ůŮ ɛɘŬ ˊɘɞ ˊɟɞůɤɟɘɜɐ əŬɘ əɡɟɑɤɠ ŬɜɗɟɤˊɞɔŮɜɐ ŬɜɘůɞɟɟɞˊɑŬ, ɖ ɞˊɞɑŬ 

ŮɛűŬɜɑɕŮŰŬɘ ɧŰŬɜ ɔɑɜŮŰŬɘ əŬəɐ ŭɘŬɢŮɑɟɘůɖ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ (əŬəɐ ŭɘŬɜɞɛɐ, 

ůɨůŰɖɛŬ ˊŬɟɞɢɐɠ) ɐ ɧŰŬɜ Űɞ ɜŮɟɧ ŮɑɜŬɘ əŬəɐɠ ˊɞɘɧŰɖŰŬɠ. 

ȼ Ůɟɖɛɞˊɞɑɖůɖ ŮɑɜŬɘ ɖ ɛɧɜɘɛɖ ɡˊɞɓɎɗɛɘůɖ ˊɞɡ ɡűɑůŰŬŰŬɘ ɛɘŬ ˊŮɟɘɞɢɐ ɛŮ, 

əɡɟɑɤɠ, ɝɖɟɧ ɐ ɖɛɑɝɖɟɞ əɚɑɛŬ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɡˊŮɟŮəɛŮŰɎɚɚŮɡůɖɠ ɐ Űɖɠ 

ŬəŬŰɎɚɚɖɚɖɠ ɢɟɐůɖɠ Űɞɡ ŮŭɎűɞɡɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ əɚɘɛŬŰɘəɏɠ ɛŮŰŬɓɞɚɏɠ. 

ɀɘŬ ˊŬɟŬŰŮŰŬɛɏɜɖ ɝɖɟŬůɑŬ ŮˊɘŰŬɢɨɜŮɘ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ Ůɟɖɛɞˊɞɑɖůɖɠ, ŭɘɧŰɘ ŬůəŮɑ 

ˊɑŮůɖ ůŰɞɡɠ ɐŭɖ ɛŮɘɤɛɏɜɞɡɠ ɡŭŬŰɘəɞɨɠ ˊɧɟɞɡɠ. 

ȺɑɜŬɘ əŬŰŬɜɞɖŰɧ, ɚɞɘˊɧɜ, ɧŰɘ ɖ ɝɖɟŬůɑŬ ŭŮɜ ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɞɜɞŭɘɎůŰŬŰɞ 

űŬɘɜɧɛŮɜɞ, ŬɚɚɎ ŮˊɖɟŮɎɕŮɘ ŮəŰɧɠ Ŭˊɧ Űɞ űɡůɘəɧ əŬɘ ŬɜɗɟɤˊɞɔŮɜɏɠ ˊŮɟɘɓɎɚɚɞɜ, 

Űɖɜ ɞɘəɞɜɞɛɑŬ, Űɖɜ əɞɘɜɤɜɑŬ əŬɘ Űɘɠ ˊɞɚɘŰɘəɏɠ ŭɘŬɢŮɑɟɘůɖɠ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ 

Ůɜɧɠ Űɧˊɞɡ. 

 

5.2 ȼ ɂȼɅȷɆȽȷ ɆɇɃɁ ȺȿȿȷȹȽȾɃ ɉɋɅɃ-

ɉȷɅȷȾɇȼɅȽɆɇȽȾȷ ɂȼɅȷɆȽȷɆ 
 

ȼ ȺɚɚɎŭŬ, ɧˊɤɠ əŬɘ ɧɚŮɠ ɞɘ ɛŮůɞɔŮɘŬəɏɠ ɢɩɟŮɠ (ŮəŮɑɜŮɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɐˊɘɞɡɠ 

ɓɟɞɢŮɟɞɨɠ ɢŮɘɛɩɜŮɠ əŬɘ ɕŮůŰɎ/ɝɖɟɎ əŬɚɞəŬɑɟɘŬ ɛŮ ɡɣɖɚɐ ŮɝɎŰɛɘůɖ ŮɝŬɘŰɑŬɠ Űɖɠ 

ɏɜŰɞɜɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ (Zalidis et al. 2002)) ɚɧɔɤ ɔŮɤɔɟŬűɘəɐɠ ɗɏůɖɠ əŬɘ 

əɚɑɛŬŰɞɠ, ŮɑɜŬɘ ŬɟəŮŰɎ ŮˊɘɟɟŮˊŮɑɠ ůŮ ůɡɢɜɏɠ ŮəŭɖɚɩůŮɘɠ ɝɖɟŬůɑŬɠ. ȼ ɗɏůɖ Űɖɠ 

ůŰɖɜ ɓɧɟŮɘŬ ŮɨəɟŬŰɖ ɕɩɜɖ ŭɖɛɘɞɡɟɔŮɑ Űɘɠ 4 Ůˊɞɢɏɠ. ɄŬɟŬŭɞůɘŬəɎ, Űɞɡɠ 

əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ ɡˊɎɟɢŮɘ ɛŮɔɎɚɖ ŭɘɎɟəŮɘŬ ůŰɖɜ ɖɚɘɞűɎɜŮɘŬ, ɖ ɞˊɞɑŬ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ, ˊɟɞəŬɚŮɑ ɡɣɖɚɐ 

ŮɝɎŰɛɘůɖ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ůŰɞ ɛŮůɞɔŮɘŬəɧ əɚɑɛŬ ɞɘ ɓɟɞɢɞˊŰɩůŮɘɠ Űɞɡɠ 

əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ ŮɑɜŬɘ ŮɚɎɢɘůŰŮɠ ɐ ɛɖŭŮɜɘəɏɠ, ŰɧŰŮ ŮɑɜŬɘ ɚɞɔɘəɧ ŮˊŬəɧɚɞɡɗɞ ɞɘ 

ɝɖɟŬůɑŮɠ ɜŬ ɛɖɜ ŬˊɞŰŮɚɞɨɜ ůˊɎɜɘɞ űŬɘɜɧɛŮɜɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. ūɡůɘəɎ, ɖ 

ɝɖɟŬůɑŬ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰŮɑ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ. ɋůŰɧůɞ, ɔɘŬ 

Űɞɡɠ ˊŬɟŬˊɎɜɤ ɚɧɔɞɡɠ (ŮɝɎŰɛɘůɖ, ɏɚɚŮɘɣɖ ɓɟɞɢɧˊŰɤůɖɠ), ŮɛűŬɜɑɕŮŰŬɘ ůɡɜɐɗɤɠ 

Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ. Ⱥˊɑůɖɠ, ůŰɖɜ ȺɚɚɎŭŬ, ˊŬɑɕŮɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɟɧɚɞ Űɞ 

ɛɘəɟɞəɚɑɛŬ ŮɝŬɘŰɑŬɠ Űɞɡ ɏɜŰɞɜɞɡ ŬɜŬɔɚɨűɞɡ. ɇɞ ɛɘəɟɞəɚɑɛŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ɖ ɗɏůɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɞɟɞůŮɘɟɎ Űɖɠ Ʉɑɜŭɞɡ 

(ɢɤɟɑɕŮɘ Űɖɜ ȺɚɚɎŭŬ əŬɘ Űɞɡɠ Ŭɜɏɛɞɡɠ ˊɞɡ ŭɏɢŮŰŬɘ ůŮ ȷɜŬŰɞɚɘəɐ əŬɘ ȹɡŰɘəɐ), ɖ 

ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ ɗɎɚŬůůŬ əɚˊ. 

ȼ ɝɖɟŬůɑŬ ɏɢŮɘ ɞɟɘůɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɇɏŰɞɘŬ ŮɑɜŬɘ ɖ ɏɜŰŬůɖ, ɖ ɢɟɞɜɘəɐ 

ŭɘɎɟəŮɘŬ əŬɘ ɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ (ȸŬɔɔɏɚɖɠ 2012). 

ȼ ɏɜŰŬůɖ ŮəűɟɎɕŮɘ Űɖ ɛŮɑɤůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮɝɎŰɛɘůɖɠ 

ůɢŮŰɘəɎ ɛŮ Űɘɠ ŬɜŬɛŮɜɧɛŮɜŮɠ əɚɘɛŬŰɘəɏɠ ŬɚɚŬɔɏɠ.  ȼ ɏɜŰŬůɖ Űɖɠ ɝɖɟŬůɑŬɠ ɔɑɜŮŰŬɘ 

ˊɘɞ əŬŰŬɜɞɖŰɐ ɛŮ Űɖ ɢɟɐůɖ ˊɞůɞŰɘəɩɜ ŭŮɘəŰɩɜ ɞɘ ɞˊɞɑɞɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛŮ ɓɎůɖ 

Űɘɠ ˊŬɟŬˊɎɜɤ ɛŮŰŬɓɚɖŰɏɠ. 
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ȼ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ɡˊɞɚɞɔɘůɗŮɑ, 

ŮɝŬɘŰɑŬɠ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ Ŭɟɢɐɠ əŬɘ Űɞɡ 

Űɏɚɞɡɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ɝɖɟŬůɑŬɠ. ɋůŰɧůɞ, ŮˊŮɘŭɐ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŮ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ, ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ ɖ ɝɖɟŬůɑŬ ɜŬ ŭɘŬɟəŮɑ 

ɛŮɟɘəɞɨɠ ɛɐɜŮɠ əŬɘ ůŮ ɏůɢŬŰɖ ˊŮɟɑˊŰɤůɖ ɚɑɔŬ ɢɟɧɜɘŬ. ɇɏŰɞɘŮɠ ɝɖɟŬůɑŮɠ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ Ůˊɞɢɘəɏɠ əŬɘ ˊŬɟɞŭɘəɏɠ.  

ȼ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ. Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɞɡ ɔɑɜɞɜŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɝɖɟŬůɑŬɠ 

ŮɑɜŬɘ ůɖɛŮɘŬəɏɠ Ŭˊɧ ɡŭɟɞɛŮŰɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ. ɀŮ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ˊɞɡ 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ˊŬɟŬəɎŰɤ, Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ɝɖɟŬůɑŬɠ Ŭˊɧ ůɖɛŮɘŬəɏɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ ɔɑɜŮŰŬɘ ŮˊɘűŬɜŮɘŬəɧ. ȼ ɝɖɟŬůɑŬ, ɢɤɟɘəɎ, ŮɝŬɟŰɎŰŬɘ Űɧůɞ Ŭˊɧ Űɘɠ 

əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ ŰŬ ɛŮŰŮɤɟɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧůɞ əŬɘ Ŭˊɧ ŰŬ 

ŭɘŬɗɏůɘɛŬ ɏɟɔŬ ɡˊɞŭɞɛɐɠ. ɈˊɎɟɢɞɡɜ ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ 

ůɡůŰɖɛŬŰɘəɎ űŬɘɜɧɛŮɜŬ ɝɖɟŬůɑŬɠ, ɤůŰɧůɞ ŰŬ ŬˊɞŰŮɚɏůɛŬŰɎ Űɖɠ ŭŮɜ ɔɑɜɞɜŰŬɘ 

ŬɘůɗɖŰɎ ŮŮ́ɘŭɐ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɡŭŬŰɘəɎ ůɡůŰɐɛŬŰŬ ˊɟɞɛɐɗŮɘŬɠ ɜŮɟɞɨ Ŭˊɧ 

ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ˊɘɗŬɜɧ ɜŬ ˊŬɟɞɡůɘɎůɞɡɜ Űɞ ɑŭɘɞ 

űŬɘɜɧɛŮɜɞ (ˊŮɟɑˊŰɤůɖ ŭɘəŰɨɞɡ ɨŭɟŮɡůɖɠ ȷɗɐɜŬɠ). 

 

5.3 ȹȺȽȾɇȼɆ ɂȼɅȷɆȽȷɆ RDI 
 

ũɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ɝɖɟŬůɑŬɠ ůŮ ɏɜŬɜ Űɧˊɞ əŬɘ ůŮ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ 

ˊŮɟɑɞŭɞ ŬˊŬɘŰŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Ůɜɧɠ ŬɟɘɗɛɖŰɘəɞɨ ɛŮɔɏɗɞɡɠ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ 

ŭɘŬɓɎɗɛɘůɖ ɏŰůɘ ɩůŰŮ ɜŬ ɔɑɜŮŰŬɘ ŮɨəɞɚŬ əŬŰŬɜɞɖŰɧ ɧŰŬɜ ŮɛűŬɜɑɕŮŰŬɘ Űɞ 

űŬɘɜɧɛŮɜɞ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɏɢɞɡɜ ɔɑɜŮɘ ˊɞɚɚɎ ŮɟŮɡɜɖŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ əŬɘ 

ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ ˊɞɚɚɞɑ ŭŮɑəŰŮɠ. Ƀ ˊɘɞ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɠ ŭɘŮɗɜɩɠ 

ŭŮɑəŰɖɠ ŮɑɜŬɘ ɞ SPI (Tsakiris and Vangelis 2004, Tsakiris et al. 2007, ȸŬɔɔɏɚɖɠ 

2012, ɇůŬəɑɟɖɠ 2013). Ƀ ŭŮɑəŰɖɠ ŬɡŰɧɠ ůɢŮŭɘɎůŰɖəŮ Ŭˊɧ Űɞɜ McKee əŬɘ Űɞɡɠ 

ůɡɜŮɟɔɎŰŮɠ Űɞɡ ůŰɞ ˊŬɜŮˊɘůŰɐɛɘɞ Űɞɡ ȾɞɚɞɟɎɜŰɞ. ȿɧɔɤ Űɖɠ ŬˊɚɧŰɖŰɎɠ Űɞɡ 

(Tsakiris and Vangelis 2004), ŮˊŮɘŭɐ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɧɜɞ ɢɟɞɜɞůŮɘɟɏɠ 

ɓɟɞɢɧˊŰɤůɖɠ, ɏɢŮɘ ŭɘŬŭɞɗŮɑ ůŮ ˊɞɚɚɏɠ ɢɩɟŮɠ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɞ əɨɟɘɞɠ 

ŭŮɑəŰɖɠ ɝɖɟŬůɑŬɠ. ɋůŰɧůɞ, ˊŬɟɞɡůɘɎɕŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɛŮɘɞɜɏəŰɖɛŬ. ɆŮ ˊŮɟɘɞɢɏɠ 

ŭɘŬűɞɟŮŰɘəɞɨ əɚɑɛŬŰɞɠ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɑůɤɠ ɜŬ ɛɖɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬɝɘɧˊɘůŰŬ, 

ŮˊŮɘŭɐ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɛɧɜɞ  ŰŬ əŬŰŬəɟɖɛɜɑůɛŬŰŬ, ɧŰŬɜ ɔɘŬ ŬɡŰɎ ɡˊɎɟɢɞɡɜ 

ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ ŰɞɡɚɎɢɘůŰɞɜ ŰɟɘŬəɞɜŰŬŮŰɑŬɠ. 

ɇɞ ɛŮɘɞɜɏəŰɖɛŬ ŬɡŰɧ ɏɟɢŮŰŬɘ ɜŬ ɎɟŮɘ ɞ ŭŮɑəŰɖɠ RDI (Reconnaissance Drought 

Index), ɞ ɞˊɞɑɞɠ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞɡɠ ɇůŬəɑɟɖ & ȸŬɔɔɏɚɖ (2005) ůŰɞ 

ȺɟɔŬůŰɐɟɘɞ ȺɔɔŮɘɞɓŮɚŰɘɤŰɘəɩɜ Ȱɟɔɤɜ əŬɘ ȹɘŬɢŮɑɟɘůɖɠ ɈŭŬŰɘəɩɜ  Ʉɧɟɤɜ Űɖɠ 

Ɇɢɞɚɐɠ ȷɔɟɞɜɧɛɤɜ əŬɘ ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ Űɞɡ ȺɀɄ. ȹɘŬŰɖɟɩɜŰŬɠ ŰŬ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ SPI, ɖ ɗŮɤɟɑŬ ˊɑůɤ Ŭˊɧ Űɞ ůɢŮŭɘŬůɛɧ Űɞɡ RDI ŮɑɜŬɘ ɜŬ 

ŮəűɟŬůŰŮɑ ɖ ɝɖɟŬůɑŬ ɛɏůŬ Ŭˊɧ ɏɜŬ ɘůɞɕɨɔɘɞ ɛŮŰŬɝɨ Ůɘůɟɞɩɜ əŬɘ Ůəɟɞɩɜ ůŰɞ 

ɡŭŬŰɘəɧ ůɨůŰɖɛŬ. ɋɠ Ůɘůɟɞɏɠ ɚŬɛɓɎɜŮŰŬɘ ɖ ɓɟɞɢɧˊŰɤůɖ. ɆŰɘɠ Ůəɟɞɏɠ ɐ ŬˊɩɚŮɘŮɠ 
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Űɞɡ ɡŭŬŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ˊɟɞůɛŮŰɟɎŰŬɘ ɖ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ, Ŭűɞɨ ŬˊɞŰŮɚŮɑ Űɞɜ 

ůɖɛŬɜŰɘəɧŰŮɟɞ ˊŬɟɎɔɞɜŰŬ ŬˊɤɚŮɘɩɜ. ȼ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ 

ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ (Tsakiris et al. 

2007, Ⱦɞəəɘɜɑŭɞɡ 2008, ȾŬɜɏɚɚɞɡ 2010, ɆəŬɟŬɜŰɤɜɎəɖɠ 2010, ȸŬɔɔɏɚɖɠ 2012, 

Ʉɘůɛɑɢɞɠ 2012,  ɇůŬɜɎəŬɠ 2012). 

ȷɜŬəŮűŬɚŬɘɩɜɞɜŰŬɠ, ɞ ŭŮɑəŰɖɠ RDI ůŰɖɟɑɕŮŰŬɘ ůŰɞ ɚɧɔɞ ŭɨɞ ŬɗɟɞɘůŰɘəɩɜ 

ˊɞůɞŰɐŰɤɜ, Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ Űɖɠ ŭɡɜɖŰɘəɐɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ əŬɘ ɛˊɞɟŮɑ 

ɜŬ ˊŮɟɘɔɟŬűŮɑ Ŭˊɧ Űɞɜ Űɨˊɞ: 

                                                                                           (5.1) 

ȳˊɞɡ, 

Pj: ȼ ɓɟɞɢɧˊŰɤůɖ ɔɘŬ Űɞ ɛɐɜŬ j. 

PETj: ȼ ŭɡɜɖŰɘəɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ɔɘŬ Űɞ ɛɐɜŬ j Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ. 

ũɘŬ Űɞ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ ɔɘŬ Űɖɜ ȺɚɚɎŭŬ, ŬɚɚɎ əŬɘ ɧɚŮɠ Űɘɠ ɀŮůɞɔŮɘŬəɏɠ ɢɩɟŮɠ, 

ɗŮɤɟŮɑŰŬɘ ɤɠ ˊɟɩŰɞɠ ɛɐɜŬɠ ɞ ɃəŰɩɓɟɘɞɠ. 

ȺˊŮɘŭɐ, ɖ Űɘɛɐ Ŭə ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŬˊɎɜŰɖůɖ ůŰɞ ŮɟɩŰɖɛŬ Ŭɜ ɡˊɎɟɢŮɘ ɐ ɧɢɘ 

ɝɖɟŬůɑŬ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ůɡɔəɟɘɗŮɑ ɛŮ  ŭɨɞ ŬəɧɛŬ ŮəűɟɎůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ɓɞɖɗɞɨɜ ůŰɞ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Ŭɜ ɡˊɎɟɢŮɘ ɝɖɟŬůɑŬ, əŬɗɩɠ əŬɘ Űɘ ɏɜŰŬůɖɠ ŬɡŰɐ 

ŮɑɜŬɘ. Ƀɘ ŮəűɟɎůŮɘɠ ŬɡŰɏɠ ŮɑɜŬɘ  ɞ Normalised RDI (əŬɜɞɜɘəɞˊɞɘɖɛɏɜɞɠ RDI) 

                                                                                   (5.2) 

, ɛŮ Űɖɜ Űɘɛɐ ůŰɞɜ ˊŬɟɞɜɞɛŬůŰɐ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɜ ɛɏůɞ ɧɟɞ Űɞɡ RDI 

əŬɘ ɞ Standardised RDI (Űɡˊɞˊɞɘɖɛɏɜɞɠ RDI).  

                                                                                     (5.3)                         

, ɛŮ yk=lnŬk, ὂk ɞ ɛɏůɞɠ ɧɟɞɠ əŬɘ ů^k ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ŬɜŰɑůŰɞɘɢŬ. 

Ƀɘ Űɘɛɏɠ ˊɞɡ ˊŬɑɟɜŮɘ ɞ RDIst  ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŮ 7 əɚɎůŮɘɠ, ɧɛɞɘŮɠ ɛŮ 

ŬɡŰɏɠ ˊɞɡ ˊŬɑɟɜŮɘ əŬɘ ɞ ŭŮɑəŰɖɠ SPI, əŬɘ əŬŰôŮˊɏəŰŬůɖ ɖ əŬŰɎŰŬɝɖ Űɖɠ ɝɖɟŬůɑŬɠ 

ɛŮ ɓɎůɖ Űɞɜ ŭŮɑəŰɖ RDI ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ. 
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ɄɑɜŬəŬɠ 5.1: ɇɘɛɏɠ ŭŮɑəŰɖ ɝɖɟŬůɑŬɠ RDIst. 

ɇɘɛɏɠ RDIst ȾŬŰɖɔɞɟɑŬ ɝɖɟŬůɑŬɠ/ɡɔɟŬůɑŬɠ 

>2.0 ȷəɟŬɑŬ ɡɔɟɐ 

1.50 ɏɤɠ 1.99 ɆɖɛŬɜŰɘəɎ ɡɔɟɐ 

1.00 ɏɤɠ 1.49 ɀɏŰɟɘŬ ɡɔɟɐ 

-0.99 ɏɤɠ 0.99 ȾŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ 

-1.00 ɏɤɠ -1.49 ɀɏŰɟɘŬ ɝɖɟɐ 

-1.50 ɏɤɠ -1.99 ɆɖɛŬɜŰɘəɎ ɝɖɟɐ 

< -2.00 ȷəɟŬɑŬ ɝɖɟɐ 

 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ əŬɘ Űɤɜ Űɟɘɩɜ ŮəűɟɎůŮɤɜ Űɞɡ ŭŮɑəŰɖ RDI ɏɔɘɜŬɜ ůŰɞ ɚɞɔɘůɛɘəɧ 

DrinC 1.5.73 (ɇɑɔəŬɠ et al. 2005). 

Ƀ RDI ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɔɘŬ ɏɜŬ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ-Ůŭɩ ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɞɜ 

ɃəŰɩɓɟɘɞ- ɔɘŬ ˊŮɟɘɧŭɞɡɠ ŬɜŬűɞɟɎɠ 3, 6, 9, 12 ɛɖɜɩɜ. ɋůŰɧůɞ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ 

ŭŮŭɞɛɏɜŮɠ əŬɘ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ˊŮɟɘɧŭɞɡɠ ŬɜŬűɞɟɎɠ. ȹɖɚŬŭɐ, ŭŮɜ ŬˊɞŰŮɚŮɑ 

əɡɚɘɧɛŮɜɞ ŭŮɑəŰɖ ůŰŬɗŮɟɐɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ (ȸŬɔɔɏɚɖɠ 2012).  

ɆŰŬ ŬəɧɚɞɡɗŬ ɘůŰɞɔɟɎɛɛŬŰŬ űŬɑɜɞɜŰŬɘ ɞɘ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ ɝɖɟŬůɑŬɠ RDI 

(ŮəűɟŬɕɧɛŮɜɞɠ ɛŮ Űɘɠ Űɘɛɏɠ RDIst) Űɤɜ ůŰŬɗɛɩɜ ɇŬɡɟɤɜɑŰɖ (ɆɢɐɛŬ 5.1) əŬɘ 

ȻɡɛˊɟŬɔɞɨ (ɆɢɐɛŬ 5.2), ɧˊɞɡ ɡˊɐɟɢŬɜ ŭɘŬɗɏůɘɛŮɠ ɛŮŰɟɐůŮɘɠ ɗŮɟɛɞəɟŬůɑŬɠ. 

ɆɢɐɛŬ 5.1: ȹŮɑəŰɖɠ ɝɖɟŬůɑŬɠ RDI ɔɘŬ Űɞ ůŰŬɗɛɧ ɇŬɡɟɤɜɑŰɖ. 
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ɆɢɐɛŬ 5.2: ȹŮɑəŰɖɠ ɝɖɟŬůɑŬɠ RDI ɔɘŬ Űɞ ůŰŬɗɛɧ ȻɡɛˊɟŬɔɞɨ. 

ȷˊɧ Űɖɜ ˊŬɟŬŰɐɟɖůɖ Űɤɜ ŭɨɞ ɘůŰɞɔɟŬɛɛɎŰɤɜ ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ. ɆŰɞ ůŰŬɗɛɧ 

ɇŬɡɟɤɜɑŰɖ  ɛɧɚɘɠ ŭɨɞ Űɘɛɏɠ ŮɑɜŬɘ ŬəɟŬɑŮɠ, Űɞ ɏŰɞɠ 1973-74 ŮɛűŬɜɑɕŮŰŬɘ ŬəɟŬɑŬ 

Űɘɛɐ ɝɖɟŬůɑŬɠ, Ůɜɩ Űɞ ɏŰɞɠ 1978-79 ŮɛűŬɜɑɕŮŰŬɘ ŬəɟŬɑŬ Űɘɛɐ ɡɔɟɐɠ ˊŮɟɘɧŭɞɡ. Ƀɘ 

ɡˊɧɚɞɘˊŮɠ ɢɟɞɜɘɏɠ əɡɛŬɑɜɞɜŰŬɘ ůŮ əŬɜɞɜɘəɏɠ Űɘɛɏɠ ɝɖɟŬůɑŬɠ ɛŮ ɞɟɘůɛɏɜŮɠ 

ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɏŰɟɘŮɠ ɐ ůɖɛŬɜŰɘəɎ ɡɔɟɏɠ ˊŮɟɘɧŭɞɡɠ. ȼ 

ŭɘŬəɨɛŬɜůɖ, ɚɞɘˊɧɜ, Űɤɜ Űɘɛɩɜ ŮɑɜŬɘ ůɢŮŰɘəɎ ɐˊɘŬ. 

ȷɜŰɑɗŮŰŬ, ůŰɞ ůŰŬɗɛɧ ȻɡɛˊɟŬɔɞɨ ˊŬɟŬŰɖɟŮɑŰŬɘ ɡɣɖɚɐ ŭɘŬəɨɛŬɜůɖ, ɛŮ ŬɟəŮŰɏɠ 

ˊŮɟɘɧŭɞɡɠ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɏŰɟɘŬ, ůɖɛŬɜŰɘəɎ ɐ ŬəɟŬɑŬ Űɘɛɐ. ɇŬɡŰɧɢɟɞɜŬ, 

ˊɞɚɚɏɠ ɢɟɞɜɘəɏɠ ˊŮɟɑɞŭɞɘ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮŰɟɑɤɠ ɡɔɟɏɠ Űɘɛɏɠ, ɛɑŬ ˊŬɟɞɡůɘɎɕŮɘ 

ůɖɛŬɜŰɘəɎ ɡɔɟɐ əŬɘ ɛɑŬ ŬəɟŬɑŬ ɡɔɟɐ. ȼ ŭɘŬűɞɟɎ əŬɘ ˊɞɘəɘɚɑŬ Űɤɜ Űɘɛɩɜ ŬɡŰɩɜ 

ɞűŮɑɚŮŰŬɘ ůŰɘɠ ɟŬɔŭŬɑŮɠ ŭɘŬűɞɟɏɠ Űɤɜ Űɘɛɩɜ ɓɟɞɢɧˊŰɤůɖɠ Ŭˊɧ ɢɟɞɜɘɎ ůŮ 

ɢɟɞɜɘɎ.  

Ⱥˊɘˊɚɏɞɜ, Ŭɜ əɎˊɞɘɞɠ ůŰŬɗɛɧɠ Ŭˊɧ Űɞɡɠ ŭɨɞ ŮˊɖɟŮɎɕŮɘ ˊŮɟɘůůɧŰŮɟɞ Űɘɠ Űɘɛɏɠ 

ɝɖɟŬůɑŬɠ RDI ůŰɞ ůɨɜɞɚɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, ɧˊɤɠ ɗŬ ˊɟɞəɨɣŮɘ ůŮ 

ŭɘŬŭɘəŬůɑŮɠ Űɞɡ ŮˊɧɛŮɜɞɡ əŮűŬɚŬɑɞɡ, ŬɡŰɧɠ ŮɑɜŬɘ ɞ ůŰŬɗɛɧɠ ȻɡɛˊɟŬɔɞɨ, ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ ŬəɟŬɑɤɜ Űɘɛɩɜ ɝɖɟŬůɑŬɠ/ɡɔɟŬůɑŬɠ əŬɘ Űɖɠ ɔŮɜɘəɎ 

ɡɣɖɚɐɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ Űɘɛɩɜ ɝɖɟŬůɑŬɠ.  
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5.4 ɉȷɅɇɃũɅȷūȽȾȼ ɄɅɃɆȺũũȽɆȼ ũȽȷ ɇȼ ɉɋɅȽȾȼ 

ȾȷɇȷɁɃɀȼ ɇȼɆ ɂȼɅȷɆȽȷɆ 
 

ȼ ɝɖɟŬůɑŬ ŬˊɞŰŮɚŮɑ ɏɜŬ űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ ˊɟɞůŮɔɔɑɕŮŰŬɘ ŬɟɢɘəɎ ɛŬɗɖɛŬŰɘəɎ 

ɔɘŬ ɜŬ ŬˊɞŭŮɘɢɗŮɑ ɖ ɨˊŬɟɝɐ Űɖɠ. ɋůŰɧůɞ, ɖ ɛŬɗɖɛŬŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ, ŭɖɚŬŭɐ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ŭŮɑəŰɖ ɝɖɟŬůɑŬɠ RDI, ɔɘŬ ɜŬ ɔɑɜŮɘ 

əŬŰŬɜɞɖŰɐ ɢɟŮɘɎɕŮŰŬɘ ˊɞɚɨ ˊɟɞůɞɢɐ əŬɘ ɛŮɚɏŰɖ, ŬɟŮŰɏɠ ɞɘ ɞˊɞɑŮɠ ŬˊŬɘŰɞɨɜ 

ɢɟɧɜɞ ɞ ɞˊɞɑɞɠ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ɡˊɎɟɢŮɘ. ȯɚɚɤůŰŮ, Űɞ Ůɡɟɨ əɞɘɜɧ  ŭŮɜ ŮɑɜŬɘ 

ŮɝɞɘəŮɘɤɛɏɜɞ ɛŮ Űɖ ɛŮɚɏŰɖ ɛŬɗɖɛŬŰɘəɩɜ ůɢɏůŮɤɜ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɝɖɟŬůɑŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ɛŬɗɖɛŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ əŬɘ 

ŬˊɞŭɑŭŮŰŬɘ ɢŬɟŰɞɔɟŬűɘəɎ, ɏŰůɘ ɩůŰŮ ɜŬ ɔɑɜŮŰŬɘ ɎɛŮůŬ əŬŰŬɜɞɖŰɐ ɤɠ ɏɜɜɞɘŬ. 

ȼ ɝɖɟŬůɑŬ ŬˊɞŰŮɚŮɑ ɏɜŬ űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ ŬˊŬɘŰŮɑ ŮəŰɧɠ Ŭˊɧ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

əŬɘ Űɖɜ əŬŰŬɜɧɖůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ əŬɘ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ Űɞɡ. 

ȼ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɞɡ űŬɘɜɞɛɏɜɞɡ, ŭɖɚŬŭɐ ɖ ɢŬɟŰɞɔɟŬűɘəɐ Űɞɡ Ŭˊɧŭɞůɖ, 

ŬˊŬɘŰŮɑ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ˊɞɡ ɜŬ Ŭˊɞŭɑŭɞɡɜ Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ Űɖɠ 

ɝɖɟŬůɑŬɠ ůŮ ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɗŮɛŬŰɘəɞɨ ɢɎɟŰɖ 

Ŭ Ŭ́ɘŰŮɑŰŬɘ ŬɟɢɘəɎ ɞ ɢɤɟɘůɛɧɠ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ůŮ ɛɘəɟɧŰŮɟŮɠ ŮˊɘűɎɜŮɘŮɠ, ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ŭŮɑəŰɖ ɝɖɟŬůɑŬɠ ůŮ əɎɗŮ ŮˊɘűɎɜŮɘŬ ɝŮɢɤɟɘůŰɎ əŬɘ, Űɏɚɞɠ, 

ŬɗɟɞɘůŰɘəɎ ɧɚŮɠ ɞɘ ɛɘəɟɧŰŮɟŮɠ ŮˊɘűɎɜŮɘŮɠ ɛŬɕɑ ůɡɜɗɏŰɞɡɜ ɛɘŬ ˊɚɐɟɖ ŮɘəɧɜŬ Űɖɠ 

əŬŰŬɜɞɛɐɠ Űɖɠ ɝɖɟŬůɑŬɠ ůŮ ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ                        

(ɆəŬɟŬɜŰɤɜɎəɖɠ 2010, ȸŬɔɔɏɚɖɠ 2012, ɇůŬɜɎəŬɠ 2012). 

H əɎɗŮ ŮˊɘűɎɜŮɘŬ ŮˊɘɚɏɢɗɖəŮ ɜŬ ŮɑɜŬɘ ŰŮŰɟɎɔɤɜɞ ŮˊɘűɎɜŮɘŬɠ 1km2 (ˊɚŮɡɟɎ 1km). 

ȰŰůɘ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 167 ŰŮŰɟɎɔɤɜŬ ŰŬ ɞˊɞɑŬ əŬɚɨˊŰɞɡɜ Ůɝɞɚɞəɚɐɟɞɡ Űɖ 

ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ (ɆɢɐɛŬ 5.3). ūɡůɘəɎ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ ˊɞɘəɑɚŮɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ əŬɘ Űɖɜ əɚɑɛŬəŬ Ŭˊɧŭɞůɖɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ. 

ɀɘəɟɧŰŮɟɖɠ ˊɚŮɡɟɎɠ ŰŮŰɟɎɔɤɜŬ ůɖɛŬɑɜŮɘ ŬəɧɛŬ əŬɚɨŰŮɟɖ ŬɜɎɚɡůɖ əŬɘ  

Ŭˊɧŭɞůɖ Űɖɠ ɝɖɟŬůɑŬɠ. ȼ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɧɛɤɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŮɑɜŬɘ əŬŰɎ 

ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ ˊŮɟɘůůɧŰŮɟɞ ɢɟɞɜɞɓɧɟŬ.  

ɆɢɐɛŬ 5.3: ȾŬɜŬɓɞˊɞɑɖůɖ ˊŮɟɘɞɢɐɠ ɛŮ ŰŮŰɟɎɔɤɜŬ ˊɚŮɡɟɎɠ 1km. 
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ȾɎɗŮ ŰŮŰɟɎɔɤɜɞ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ Űɞ əɏɜŰɟɞ Űɞɡ. ɀŮ ɓɎůɖ Űɘɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ əɎɗŮ ŰŮŰɟŬɔɩɜɞɡ, əŬɘ űɡůɘəɎ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ 

ůŰŬɗɛɩɜ,  ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŬɗɖɛŬŰɘəɎ ɖ ɝɖɟŬůɑŬ ɛɏůɤ Űɖɠ ɛŮɗɧŭɞɡ Űɤɜ 

ŬɜŰɑůŰɟɞűɤɜ ŬˊɞůŰɎůŮɤɜ. Ⱥˊɞɛɏɜɤɠ, əɎɗŮ ůŰŬɗɛɧɠ çůɡɛɛŮŰɏɢŮɘè ůŰɖ 

ŭɘŬɛɧɟűɤůɖ Űɖɠ Űɘɛɐɠ Űɖɠ ɝɖɟŬůɑŬɠ ɛŮ ɓɎɟɞɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ŬɜŰɑůŰɟɞűɞ 

Űɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɖɠ ŬˊɧůŰŬůɐɠ Űɞɡ Ŭˊɧ Űɞ əɏɜŰɟɞ Űɞɡ əɎɗŮ ŰŮŰɟŬɔɩɜɞɡ 

(ȸŬɔɔɏɚɖɠ 2012). ũɘŬ ɜŬ ɔɑɜŮɘ ˊŮɟŮŰŬɑɟɤ əŬŰŬɜɞɖŰɐ ɖ ɏəűɟŬůɖ ŬɡŰɐ, ˊŬɟŬŰɑɗŮŰŬɘ 

ɏɜŬ ůɢɐɛŬ ˊɞɡ ŮˊŮɝɖɔŮɑ Űɖ ɛɏɗɞŭɞ (ɆɢɐɛŬ 5.4). 

 

ɆɢɐɛŬ 5.4: ɆɢɖɛŬŰɘəɐ ˊŮɟɘɔɟŬűɐ Ŭɚɔɞɟɑɗɛɞɡ ŬɜŰɘůŰɟɧűɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɖɠ ŬˊɧůŰŬůɖɠ. 

ȳˊɞɡ, HA Űɞ ɡɣɧɛŮŰɟɞ Űɞɡ ůɖɛŮɑɞɡ ȷ Űɞɡ əŬɜɎɓɞɡ,  

ȼ1, ȼ2 ŰŬ ɡɣɧɛŮŰɟŬ Űɤɜ ůŰŬɗɛɩɜ Űɤɜ ɞˊɞɑɤɜ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, 

d1, d2 ɞɘ ŬˊɞůŰɎůŮɘɠ Űɤɜ ůŰŬɗɛɩɜ Ŭˊɧ Űɞ ůɖɛŮɑɞ ȷ. 

                                                                                  (5.4) 

ɋůŰɧůɞ, Űɞ ɡɣɧɛŮŰɟɞ ŬɡŰɧ ŬˊɞŰŮɚŮɑ Űɖ ɗŮɤɟɖŰɘəɐ Űɘɛɐ Űɞɡ ůɖɛŮɑɞɡ ȸ ůŰɞ ůɢɐɛŬ 

ɖ ɞˊɞɑŬ ɓɔŬɑɜŮɘ ɤɠ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ Ŭˊɧ Űɞɡɠ 2 ůŰŬɗɛɞɨɠ. ȷɜŰɑůŰɞɘɢŬ 

ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ Űɘɛɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ůŰɞ ůɖɛŮɑɞ ȸ ɛŮ ɓɎůɖ Űɖɜ ɑŭɘŬ 

ůɢɏůɖ, ŬɚɚɎ ŬɡŰɐ Űɖ űɞɟɎ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ɧɚŬ ŰŬ ɡɣɧɛŮŰɟŬ ɛŮ Űɘɠ Űɘɛɏɠ  Ʌȷ, Ʌ1, 

Ʌ2 . 

ȺˊŮɘŭɐ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ ɖ Űɘɛɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ůŰɞ ȷ, ɔɑɜŮŰŬɘ ŭɘɧɟɗɤůɖ Űɖɠ 

ɗŮɤɟɖŰɘəɐɠ Űɘɛɐɠ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɔɘŬ Űɖɜ ɡɣɞɛŮŰɟɘəɐ ŭɘŬűɞɟɎ Űɤɜ ůɖɛŮɑɤɜ ȷ, 

ȸ ɛɏůɤ Űɖɠ ɓɟɞɢɞɓŬɗɛɑŭŬɠ. ɈˊɞɚɞɔɑɕŮŰŬɘ ɛɘŬ ɡɣɞɛŮŰɟɘəɐ ŭɘŬűɞɟɎ ȹȼ ɛŮŰŬɝɨ 

Űɤɜ ůɖɛŮɑɤɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬűŬɑɟŮůɖɠ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ɡɣɞɛɏŰɟɞɡ Ŭˊɧ Űɞ 

ˊɟŬɔɛŬŰɘəɧ. ȼ ɓɟɞɢɧˊŰɤůɖ ŰŮɚɘəɎ ůŰɞ ůɖɛŮɑɞ ȷ (Ʌȷô) ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

Ʌȷô=ɅA+ȹȼĀɓ                                                                                                     (5.5) 
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ɓ ɖ Űɘɛɐ Űɖɠ ɓɟɞɢɞɓŬɗɛɑŭŬɠ. 

ɀŮ Űɖɜ ɑŭɘŬ ɚɞɔɘəɐ ɏɔɘɜŮ ɛŮŰŬűɞɟɎ Űɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ ɗŮɟɛɞəɟŬůɑŬɠ Ŭˊɧ Űɞɡɠ 

ůŰŬɗɛɞɨɠ ůŰŬ əɏɜŰɟŬ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ.  

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɔɘŬ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ ŭɨɞ 

ůŰŬɗɛɞɨɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰɟŮɘɠ ůŰŬɗɛɞɑ ɔɘŬ Űɖ 

ɓɟɞɢɧˊŰɤůɖ əŬɘ ŰɟŮɘɠ ɔɘŬ Űɖ ɗŮɟɛɞəɟŬůɑŬ. Ƀɘ ŭɨɞ Ŭˊɧ ŬɡŰɞɨɠ ŮɑɜŬɘ əɞɘɜɞɑ. Ƀ 

ɏɜŬɠ ůŰŬɗɛɧɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧɠ əŬɘ ɓɟɑůəŮŰŬɘ ŮəŰɧɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ ůŮ ůɢŮŰɘəɎ ɛɘəɟɐ ŬˊɧůŰŬůɖ. Ɉˊɧ ɘŭŬɜɘəɏɠ ůɡɜɗɐəŮɠ ɗŬ ɏˊɟŮˊŮ ɞɘ 

ůŰŬɗɛɞɑ ɜŬ ɓɟɑůəɞɜŰŬɘ ɧɚɞɘ ɛɏůŬ ůŰɖ ɚŮəɎɜɖ əŬɘ ɜŬ ŮɑɜŬɘ əɞɘɜɞɑ, ŬɚɚɎ ɖ ɏɚɚŮɘɣɖ 

ŭŮŭɞɛɏɜɤɜ ɞŭɖɔŮɑ ůŰɖɜ Ůˊɘɚɞɔɐ ŮɜŬɚɚŬəŰɘəɩɜ ɚɨůŮɤɜ.  

× Ƀɘ Űɘɛɏɠ Űɖɠ ɓɟɞɢɞɓŬɗɛɑŭŬɠ əŬɘ Űɖɠ ɗŮɟɛɞɓŬɗɛɑŭŬɠ ŭŮɜ ŮɑɜŬɘ ɞɘ ɑŭɘŮɠ ɛŮ 

ŬɡŰɏɠ Űɞɡ ȾŮű.4, əŬɗɩɠ ɞɘ Űɘɛɏɠ ŮəŮɑɜŮɠ ŬűɞɟɞɨůŬɜ ŮŰɐůɘŬ ŭŮŭɞɛɏɜŬ. ȼ 

ŮˊŮɝŮɟɔŬůɑŬ ůŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ɏɔɘɜŮ ůŮ ɛɖɜɘŬɑɞ ŮˊɑˊŮŭɞ, ɞˊɧŰŮ ɔɘŬ əɎɗŮ 

ɛɐɜŬ ɡˊɞɚɞɔɑůŰɖəŬɜ Űɘɛɏɠ ɓɟɞɢɞɓŬɗɛɑŭŬɠ əŬɘ ɗŮɟɛɞɓŬɗɛɑŭŬɠ. 

ȼ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ ɏɢŮɘ ɤɠ Ůɝɐɠ: 

ȷɟɢɘəɎ, ŬˊɞɛɞɜɩɗɖəŬɜ ɔɘŬ əɎɗŮ ɛɐɜŬ ɞɘ Űɘɛɏɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ 

Űɤɜ ůŰŬɗɛɩɜ ɛŮ ůəɞˊɧ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ɛɖɜɘŬɑŬ ɓɟɞɢɞɓŬɗɛɑŭŬ əŬɘ 

ɗŮɟɛɞɓŬɗɛɑŭŬ ŬɜŰɑůŰɞɘɢŬ. ȰˊŮɘŰŬ, ɔɘŬ əɎɗŮ ɛɐɜŬ əŬɘ ɔɘŬ əɎɗŮ ůɖɛŮɑɞ ɏŰɟŮɝŮ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ Inverse Distance, ŭɖɚŬŭɐ ɖ ɛɏɗɞŭɞɠ Űɤɜ ŬɜŰɑůŰɟɞűɤɜ ŬˊɞůŰɎůŮɤɜ, 

ůŮ excel. ȰŰůɘ, Ŭűɞɨ ɏɔɘɜŮ Űɞ interpolation əŬɘ əɎɗŮ ůɖɛŮɑɞ ŬˊɏəŰɖůŮ ˊɟŬɔɛŬŰɘəɏɠ 

Űɘɛɏɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ŬɜŬűɏɟɗɖəŮ 

ˊŬɟŬˊɎɜɤ, ɡˊɞɚɞɔɑůŰɖəŮ ɖ Űɘɛɐ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ ɛŮ Űɖ ɛɏɗɞŭɞ 

Thornthwaite ɔɘŬ əɎɗŮ ɛɐɜŬ, ɔɘŬ 35 ɡŭɟɞɚɞɔɘəɎ ɏŰɖ, ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ 167 

ůɖɛŮɑŬ Űɞɡ əŬɜɎɓɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɧɜɞ Űɘɠ ɛɖɜɘŬɑŮɠ ɗŮɟɛɞəɟŬůɑŮɠ əɎɗŮ 

ůɖɛŮɑɞɡ ɤɠ input. Ⱥɜ ůɡɜŮɢŮɑŬ, ɏɢɞɜŰŬɠ Űɘɠ Űɘɛɏɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ əŬɘ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ, ŮɘůɎɔɞɜŰɎɠ ŰŮɠ ůŰɞ ɚɞɔɘůɛɘəɧ DrinC, ɏɔɘɜŮ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ RDI ɔɘŬ əɎɗŮ ůɖɛŮɑɞ ɔɘŬ ŰŬ 35 ɡŭɟɞɚɞɔɘəɎ ɏŰɖ (1971-2006). 

ȼ ˊŮɟɑɞŭɞɠ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ ůŰɖɜ ˊŬɟɞɨůŬ űɎůɖ ŮɑɜŬɘ ɞ ˊɡɟɐɜŬɠ Űɖɠ 

ŬɟŭŮɡŰɘəɐɠ ˊŮɟɘɧŭɞɡ (ȷˊɟɑɚɘɞɠ-ɆŮˊŰɏɛɓɟɘɞɠ). ũɘŬ ŬɡŰɧ, ɞ RDI ɡˊɞɚɞɔɑůŰɖəŮ ŬɜɎ 

6ɛɖɜɞ. ɈˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ əɎɗŮ ůɖɛŮɑɞ 2 Űɘɛɏɠ ɔɘŬ əɎɗŮ ɏŰɞɠ. ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

Űɤɜ ɗŮɛŬŰɘəɩɜ ɢŬɟŰɩɜ ɝɖɟŬůɑŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ Űɘɛɐ RDI əɎɗŮ ůɖɛŮɑɞɡ ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ŭŮɨŰŮɟɞ ŮɝɎɛɖɜɞ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ, Űɞ ɞˊɞɑɞ ɝŮəɘɜɎ Űɞɜ 

ɃəŰɩɓɟɘɞ, əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ůɡɛˊɑˊŰŮɘ ɛŮ Űɖɜ ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ ȷˊɟɘɚɑɞɡ-

ɆŮˊŰŮɛɓɟɑɞɡ. 

ɃˊɧŰŮ, ɏɢɞɜŰŬɠ Űɘɠ Űɘɛɏɠ Űɞɡ əɎɗŮ ůɖɛŮɑɞɡ ɔɘŬ ŰŬ ŮɝɎɛɖɜŬ Űɤɜ ŬɟŭŮɡŰɘəɩɜ 

ˊŮɟɘɧŭɤɜ Űɤɜ 35 ɡŭɟɞɚɞɔɘəɩɜ ŮŰɩɜ (1971-2006), ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɘůɎɟɘɗɛɞɘ 

ɗŮɛŬŰɘəɞɑ ɢɎɟŰŮɠ ɝɖɟŬůɑŬɠ, ɞɘ ɞˊɞɑɞɘ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ. Ƀɘ ɢɎɟŰŮɠ 

ŬɡŰɞɑ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ůŮ ůɢŮŭɘŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ AutoCAD 2015. 
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ɄŬɟɧɚŬ ŬɡŰɎ, ŭɖɛɘɞɡɟɔɐɗɖəŮ əŬɘ ɏɜŬɠ ɢɎɟŰɖɠ ɛɏůɖɠ Űɘɛɐɠ ɝɖɟŬůɑŬɠ ɔɘŬ əɎɗŮ 

ůɖɛŮɑɞ ůŮ ˊŮɟɘɓɎɚɚɞɜ ArcMAP (ɆɢɐɛŬ 5.5), ɛŮ ůəɞˊɧ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ Ŭɜ ɛˊɞɟŮɑ 

ɛɑŬ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ŭɘŮɟŮɨɜɖůɖ ɝɖɟŬůɑŬɠ ɜŬ ɔɑɜŮɘ ůŮ ŭɘŬűɞɟŮŰɘəɎ ɚɞɔɘůɛɘəɎ. Ƀ 

ɢɎɟŰɖɠ ŬɡŰɧɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ əŬɘ ůɡɔəɟɑɜɞɜŰɎɠ Űɞɜ ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ 

ɢɎɟŰŮɠ ˊɞɡ ɏɔɘɜŬɜ ůŮ Autocad, əŬɗɑůŰŬŰŬɘ ůŬűɏɠ ɧŰɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ 

ˊŬɟɧɛɞɘŬ. ɇɞ ůɡɛˊɏɟŬůɛŬ ŬɡŰɧ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ əɎˊɞɘɞ 

ɚɞɔɘůɛɘəɧ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ ɐ ɞ ɢɟɐůŰɖɠ ŭŮɜ ŮɑɜŬɘ ŮɝɞɘəŮɘɤɛɏɜɞɠ ɛŮ əɎˊɞɘɞ 

ůɡɔəŮəɟɘɛɏɜɞ ɚɞɔɘůɛɘəɧ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 5.5: ɀɏůɞɠ ɧɟɞɠ ŭŮɑəŰɖ ɝɖɟŬůɑŬɠ RDI ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ 

35ŮŰɑŬɠ (1971-2006). 

ȳˊɤɠ űŬɑɜŮŰŬɘ, ɖ ɛɏůɖ Űɘɛɐ ɝɖɟŬůɑŬɠ ŬɟŭŮɡŰɘəɐɠ ˊŮɟɘɧŭɞɡ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɖɠ 

ɚŮəɎɜɖɠ əɡɛŬɑɜŮŰŬɘ ůŮ əŬɜɞɜɘəɏɠ Űɘɛɏɠ, ɞɨŰŮ ɝɖɟɏɠ ɞɨŰŮ ɡɔɟɏɠ. ɄŬɟŬŰɖɟɩɜŰŬɠ əŬɘ 

Űɘɠ Űɘɛɏɠ əɎɗŮ ɏŰɞɡɠ ɝŮɢɤɟɘůŰɎ ůŰɞ ɄŬɟɎɟŰɖɛŬ, űŬɑɜŮŰŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ 

ˊŮɟɑɞŭɞɘ ɜŬ əɡɛŬɑɜɞɜŰŬɘ ůŮ əŬɜɞɜɘəɏɠ Űɘɛɏɠ.  
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6. ȷɁȷũȾȺɆ ɆȺ ȷɅȹȺɈɇȽȾɃ ɁȺɅɃ 
 

6.1 ɄȺɅȽɃɉȺɆ ȺɄȽɅɅɃȼɆ ɂȼɅȷɆȽȷɆ 
 

ɀŮ ɡˊɧɓŬɗɟɞ, ˊɚɏɞɜ, Űɞɡɠ ɢɎɟŰŮɠ ɝɖɟŬůɑŬɠ 35ŮŰɑŬɠ (ɄŬɟɎɟŰɖɛŬ) ɛˊɞɟŮɑ ɜŬ 

ɔɑɜŮɘ ɛɑŬ ŮəŰɑɛɖůɖ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɞɘŮɠ ˊŮɟɘɞɢɏɠ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ɡˊɞůŰɞɨɜ 

ɘůɢɡɟɧŰŮɟɞ ˊɚɐɔɛŬ ůŮ ɛɘŬ ŮɜŭŮɢɧɛŮɜɖ ɝɖɟɐ ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ, Ůɜɩ ŬɜŰɑůŰɞɘɢŬ 

ˊɞɘŮɠ ˊŮɟɘɞɢɏɠ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ŮˊɤűŮɚɖɗɞɨɜ Ŭˊɧ ɛɘŬ ɛŮɚɚɞɜŰɘəɐ ɡɔɟɐ 

ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ. ȼ ɔɜɩůɖ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ŮɝŬɘɟŮŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ 

ůŮ Űɡɢɧɜ ɛŮɚɚɞɜŰɘəɧ ůɢŮŭɘŬůɛɧ ŮɔɔŮɘɞɓŮɚŰɘɤŰɘəɩɜ  ɏɟɔɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ŭɨɞ ůɢŮŰɘəɞɑ ɢɎɟŰŮɠ (ɆɢɐɛŬŰŬ 6.1, 6.2) ˊɞɡ 

ɡˊɞŭŮɘəɜɨɞɡɜ Űɘɠ ˊɘɞ ŮɡɎɚɤŰŮɠ ˊŮɟɘɞɢɏɠ ůŮ ɝɖɟŬůɑŬ əŬɘ Űɘɠ ˊɘɞ ŮɡɜɞɖɛɏɜŮɠ 

ˊŮɟɘɞɢɏɠ ůŮ ɡɔɟɏɠ ˊŮɟɘɧŭɞɡɠ. 



 
82 

ɆɢɐɛŬ 6.1: ɉɎɟŰɖɠ ŮɜŰɞɜɧŰŮɟɖɠ Ůˊɘɟɟɞɐɠ ɝɖɟŬůɑŬɠ ůŰɘɠ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ. 
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ɆɢɐɛŬ 6.2:ɉɎɟŰɖɠ ŮɜŰɞɜɧŰŮɟɖɠ Ůˊɘɟɟɞɐɠ ɡɔɟŬůɑŬɠ ůŰɘɠ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ. 
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ɆŰɞɜ ˊɟɩŰɞ ɢɎɟŰɖ əŬɘ ŮɜŰɧɠ Űɤɜ əɧəəɘɜɤɜ ˊɚŬɘůɑɤɜ ɓɟɑůəɞɜŰŬɘ ɞɘ ˊŮɟɘɞɢɏɠ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ˊɚɖɔɞɨɜ ůŮ ŮɜŭŮɢɧɛŮɜɖ ŮɛűɎɜɘůɖ 

ɝɖɟŬůɑŬɠ. ȷɜŰɑůŰɞɘɢŬ, ůŰɞɜ ŭŮɨŰŮɟɞ ɢɎɟŰɖ əŬɘ ŮɜŰɧɠ Űɤɜ ɛˊɚŮ ˊɚŬɘůɑɤɜ 

ɓɟɑůəɞɜŰŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ŮˊɤűŮɚɖɗɞɨɜ ůŮ 

ŮɜŭŮɢɧɛŮɜɖ ɡɔɟɐ ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ. 

ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŭŮɜ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ ɛɧɜɞ ɞɘ ɐŭɖ əŬɚɚɘŮɟɔɞɨɛŮɜŮɠ 

ˊŮɟɘɞɢɏɠ, ŬɚɚɎ əŬɘ ɞɘ ɛɖ ŮəɛŮŰŬɚɚŮɡɧɛŮɜŮɠ ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ, ɧˊɤɠ 

ŬɜŬűɏɟɗɖəŮ ɜɤɟɑŰŮɟŬ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜŬűɞɟɎ, ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ ŬɚɚɎɕɞɡɜ 

ɢɟɐůɖ əŬɘ Ŭˊɧ ɎɔɞɜŮɠ ˊŮɟɘɞɢɏɠ əŬɚɡɛɛɏɜŮɠ ɛŮ ŮɚɎɢɘůŰɖ ˊɞɩŭɖ ɓɚɎůŰɖůɖ ɜŬ 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ŮəŰɎůŮɘɠ əŬɚɚɘɏɟɔŮɘŬɠ ŮɚɘɎɠ. 

 

6.2 ȷɁȷũȾȺɆ ȹȺɁȹɅɃȾȷȿȿȽȺɅũȺȽɋɁ ɆȺ ɁȺɅɃ 
 

ȼ ŮəŰɑɛɖůɖ Űɤɜ ŬɜŬɔəɩɜ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ 

ɇŬɡɟɤɜɑŰɖ  ůŮ ɜŮɟɧ ɏɢŮɘ ɔɑɜŮɘ ůŮ ŮɟŮɡɜɖŰɘəɧ ˊɟɧɔɟŬɛɛŬ ˊɞɡ ŮəˊɞɜŮɑŰŬɘ ůŰɞ 

ȺɟɔŬůŰɐɟɘɞ ȺɔɔŮɘɞɓŮɚŰɘɤŰɘəɩɜ Ȱɟɔɤɜ əŬɘ ȹɈɄ. ȼ ŮəŰɑɛɖůɖ ɏɢŮɘ ɔɑɜŮɘ ɛŮ 

ŭŮŭɞɛɏɜŬ Űɞɡ ɛŮŰŮɤɟɞɚɞɔɘəɞɨ ůŰŬɗɛɞɨ ɆɞɨŭŬɠ (ű=35Á 29ô) əŬɘ ɖ 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ŬɜŬűɞɟɎɠ əŬŰɎ Űɖɜ, ˊɚɏɞɜ ŬɝɘɧˊɘůŰɖ ŭɘŮɗɜɩɠ ɛɏɗɞŭɞ Űɤɜ 

Penman-Monteith (Allen et al. 1998, World Meteorological Organization 2008, 

Zotarelli 2010, de Carvalho 2013, Spiliotopoulos 2014), ɧŰŬɜ ŭŮɜ ɡˊɎɟɢɞɡɜ 

ŭɘŬɗɏůɘɛŮɠ ɛŮŰɟɐůŮɘɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ. ȺɑɢŬɜ ŭɞəɘɛŬůŰŮɑ Ŭəɧɛɖ ɖ 

Űɟɞˊɞˊɞɘɖɛɏɜɖ ɛɏɗɞŭɞɠ Penman əŬŰɎ Doorenbos əŬɘ Pruitt, əŬɗɩɠ əŬɘ ŬɡŰɐ Űɤɜ 

Blaney Criddle. Ƀɘ ŭɨɞ ŰŮɚŮɡŰŬɑŮɠ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ˊɞɚɚɎəɘɠ ůŮ 

ˊɟɞɓɚɐɛŬŰŬ ŮəŰɑɛɖůɖɠ Űɤɜ ɡŭŬŰɘəɩɜ ŬɜŬɔəɩɜ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŮ ŭɘɎűɞɟŮɠ 

ˊŮɟɘɞɢɏɠ Űɞɡ ŮɚɚŬŭɘəɞɨ ɢɩɟɞɡ. ɋůŰɧůɞ, ɧˊɤɠ ɏɢŮɘ ŮˊɘůɖɛŬɜɗŮɑ əŬɘ Ŭˊɧ Ɏɚɚɞɡɠ 

ŮɟŮɡɜɖŰɏɠ, ɡˊŮɟŮəŰɘɛɞɨɜ Űɖɜ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ŬɜŬűɞɟɎɠ. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ 

ˊŮɟɑˊŰɤůɖ ɏɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ ɛŮ Űɖ ɛɏɗɞŭɞ Penman-Monteith 1374 mm ŮŰɐůɘŬ 

Űɘɛɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ ɏɜŬɜŰɘ 1574 mm əŬŰɎ Doorenbos əŬɘ Pruitt əŬɘ 

1670 mm əŬŰɎ Blaney-Criddle (ũɘŬəɞɡɛɎəɖɠ 2017). ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɡɠ 

ˊɟɞŰŮɘɜɧɛŮɜɞɡɠ Ŭˊɧ Űɞɜ F.A.O. (Allen et al. 1998) ɔɘŬ Űɖ ɛɏɗɞŭɞ Penman-

Monteith űɡŰɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ Kc ɔɘŬ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŭŮɜŭɟɩŭŮɘɠ 

əŬɚɚɘɏɟɔŮɘŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ (ŮůˊŮɟɘŭɞŮɘŭɐ, ŮɚŬɘɧŭŮɜŰɟŬ əŬɘ ŬɓɞəɎɜŰɞ), ˊɟɞɏəɡɣŮ 

ɖ ŭɡɜɖŰɘəɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ PETc ŬɡŰɩɜ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ ɀŬɟŰɑɞɡ-ɃəŰɤɓɟɑɞɡ. 

ɆŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɏɢŮɘ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ ŮɜŮɟɔɧɠ ɓɟɞɢɧˊŰɤůɖ Pe (ŰɟɞűɞŭɞůɑŬ 

ɟɘɕɞůŰɟɩɛŬŰɞɠ Ŭˊɧ ŭɘɐɗɖůɖ Űɖɠ űɡůɘəɐɠ ɓɟɞɢɐɠ) (ɇůŬəɑɟɖɠ 2004).  

Ƀɘ ůɢŮŰɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ Ůɝɐɠ ˊɞɟŮɑŬ: 

ȹɘŬŰɖɟɞɨɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ PET ɧˊɤɠ ɏɢɞɡɜ 

ɡˊɞɚɞɔɘůŰŮɑ əŬŰɎ Penman-Monteith, Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɖɠ ŬůűɎɚŮɘŬɠ (ɢŬɛɖɚɧŰŮɟɞ 

ɡɣɧɛŮŰɟɞ ůŰŬɗɛɞɨ ɆɞɨŭŬɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ 
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Ŭˊɞɟɟɞɐɠ), əŬɘ ɞɘ Űɘɛɏɠ ˊɞɡ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ ŬɡŰɏɠ Űɖɠ ŮɜŮɟɔɞɨ 

ɓɟɞɢɧˊŰɤůɖɠ Pe (ɄŬɟɎɟŰɖɛŬ).  

ɇɞ ɛɘəɟɞəɚɑɛŬ Űɤɜ ŭɨɞ ˊŮɟɘɞɢɩɜ (ɆɞɨŭŬɠ əŬɘ ɇŬɡɟɤɜɑŰɖ) ŮɑɜŬɘ ˊŬɟɧɛɞɘɞ. ȼ 

ɞɛɞɘɧŰɖŰŬ ŬɡŰɐ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɢŮŰɘəɐ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ Űɤɜ ˊŮɟɘɞɢɩɜ, ůŰɞ 

ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ ɜɞɛɞɨ ɉŬɜɑɤɜ, ɛŮ ˊɟɧůɤˊɞ ůŰɞ ȾɟɖŰɘəɧ ˊɏɚŬɔɞɠ. Ƀɘ ŭɨɞ 

ˊŮɟɘɞɢɏɠ, Ŭɜ əŬɘ ɓɟɑůəɞɜŰŬɘ ɛŮɟɘəɎ ɢɘɚɘɧɛŮŰɟŬ ɛŬəɟɘɎ ɖ ɛɑŬ Ŭˊɧ Űɖɜ Ɏɚɚɖ, ɏɢɞɡɜ 

ŬɜɞɘɢŰɧ ɞɟɑɕɞɜŰŬ ɛŮŰŬɝɨ Űɞɡɠ. ȹɖɚŬŭɐ, ŭŮɜ ˊŬɟŮɛɓɎɚɚŮŰŬɘ əɎˊɞɘɞɠ ɞɟŮɘɜɧɠ 

ɧɔəɞɠ ˊɞɡ ɜŬ ŬɚɚɎɕŮɘ Űɞ ɛɘəɟɞəɚɑɛŬ. Ⱥˊɑůɖɠ, ɞɘ ˊŮɟɘɞɢɏɠ ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ ůŰɖ 

ɗɎɚŬůůŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ əɞɜŰɎ əŬɘ ůŰɘɠ ŭɨɞ 

ˊŮɟɘɞɢɏɠ. ɇɏɚɞɠ, ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ŭŮɜ ɝŮˊŮɟɜɎ ŰŬ 300m 

ɡɣɞɛɏŰɟɞɡ, Ůɜɩ Űɞ ŰɛɐɛŬ ˊɞɡ ŬɜɐəŮɘ ůŰɞɜ əɎɛˊɞ ɉŬɜɑɤɜ ŮɑɜŬɘ Űɞ ˊɞɚɨ ɛɏɢɟɘ 

+250m. 

ɀˊɞɟŮɑ ɞɘ Űɘɛɏɠ Űɖɠ ɅȺɇ ɜŬ ˊŬɑɟɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɖɠ ŬůűɎɚŮɘŬɠ, ɤůŰɧůɞ 

əɎŰɘ ŰɏŰɞɘɞ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ əŬɘ ɔɘŬ Űɘɠ Űɘɛɏɠ Űɖɠ ŮɜŮɟɔɞɨ ɓɟɞɢɧˊŰɤůɖɠ Pe 

əŬɘ ŬɡŰɧ ŭɘɧŰɘ ůŰɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ, ůŰɞ ɞˊɞɑɞ ɔɑɜɞɜŰŬɘ ɞɘ ŬɜŬɔɤɔɏɠ 

ɧɚɤɜ Űɤɜ ɛŮɔŮɗɩɜ əŬɘ ɞɘ ůɢŮŰɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ, ɖ ɓɟɞɢɧˊŰɤůɖ ŬɜŬɛɏɜŮŰŬɘ 

ŬɟəŮŰɎ ɡɣɖɚɧŰŮɟɖ Ŭˊɧ Űɘɠ Űɘɛɏɠ Űɞɡ ˊŬɟŬɗŬɚɎůůɘɞɡ ůŰŬɗɛɞɨ Űɖɠ ɆɞɨŭŬɠ. 

ɆɡɜŮˊɩɠ, ɏɔɘɜŮ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɛɏůɖɠ ŮɜŮɟɔɞɨ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ ɓɎůɖ Űɘɠ 

ŬɜɖɔɛɏɜŮɠ Űɘɛɏɠ ɓɟɞɢɧˊŰɤůɖɠ ůŰɞ ɛɏůɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Ŭˊɧ 

Űɞɡɠ Űɨˊɞɡɠ Űɖɠ USDA Soil Conservation Service (ȿɘɓŬɜɑɞɡ 2010): 

 

P<250mm   Pe=                                                                                                (6.1)                 

 

P>250mm      Pe=                                                                                             (6.2) 

, ɧˊɞɡ: Ʌ ɖ ɛɖɜɘŬɑŬ ɓɟɞɢɧˊŰɤůɖ. 

ȷűɞɨ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɘ Űɘɛɏɠ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ ETo (ɐ PET), 

ɏˊɟŮˊŮ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ ŬɜɎɔəŮɠ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ. Ƀɘ 

ŬɜɎɔəŮɠ ŬɡŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ŮəűɟŬůɗɞɨɜ ɛŮ Űɖɜ ŭɡɜɖŰɘəɐ ɐ ˊɟŬɔɛŬŰɘəɐ 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ əŬɚɚɘɏɟɔŮɘŬɠ (crop evapotranspiration) Ⱥɇc 

(PETc). ȼ Eɇc ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɘɠ Űɡˊɘəɏɠ ůɡɜɗɐəŮɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ, 

ŭɖɚŬŭɐ ɧŰŬɜ ŬɡŰɏɠ ŮɑɜŬɘ ŬˊŬɚɚŬɔɛɏɜŮɠ Ŭˊɧ ŬůɗɏɜŮɘŮɠ, ŬɜŬˊŰɡůůɧɛŮɜŮɠ ůŮ 

ɛŮɔɎɚɖ ɏəŰŬůɖ ɛŮ ůɤůŰɐ ɚɑˊŬɜůɖ, ɛŮ ɓɏɚŰɘůŰŮɠ ůɡɜɗɐəŮɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ 

ŬŮɟɘůɛɞɨ, ɧˊɞɡ ŮˊɘŰɡɔɢɎɜŮɘ ɓɏɚŰɘůŰŮɠ ŬˊɞŭɧůŮɘɠ əɎŰɤ Ŭˊɧ ŭŮŭɞɛɏɜŮɠ əɚɘɛŬŰɘəɏɠ 

ůɡɜɗɐəŮɠ ɛɘŬɠ ˊŮɟɘɞɢɐɠ (ɈˊɞɡɟɔŮɑɞ ũŮɤɟɔɑŬɠ ūɡůɘəɩɜ Ʉɧɟɤɜ əŬɘ 

ɄŮɟɘɓɎɚɚɞɜŰɞɠ Ⱦɨˊɟɞɡ, 2010). ɆɡɜŮˊɩɠ, ɖ ETc ŮəűɟɎɕŮɘ Űɘɠ ɚŮɔɧɛŮɜŮɠ ŬɜɎɔəŮɠ 

Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ůŮ ɜŮɟɧ (crop water requirement) ŭɖɚŬŭɐ Űɖɜ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ 

ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɛɘŬ əŬɚɚɘŮɟɔɞɨɛŮɜɖ ɏəŰŬůɖ ɔɘŬ ɜŬ ŮɝɘůɞɟɟɞˊɐůŮɘ Űɘɠ ŬˊɩɚŮɘŮɠ 

ɜŮɟɞɨ ɚɧɔɤ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ, ŬűɧŰɞɡ Ŭˊɧ ŬɡŰɐ ŬűŬɘɟŮɗŮɑ ɖ ɓɟɞɢɧˊŰɤůɖ ˊɞɡ 

űŰɎɜŮɘ ůŰɞ ɟɘɕɧůŰɟɤɛŬ (ŮɜŮɟɔɧɠ ɓɟɞɢɧˊŰɤůɖ) (ɉŬɟɢɞɨůɖ 2012). ũɘŬ ɜŬ ůɡɛɓŮɑ 
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ŬɡŰɧ ŬˊŬɘŰŮɑŰŬɘ ɖ ɢɟɐůɖ Űɤɜ Ůɘŭɘəɩɜ ůɡɜŰŮɚŮůŰɩɜ əŬɚɚɘɏɟɔŮɘŬɠ Kc (crop 

coefficients) (Allen et al. 1998, ȾɤŰůɧˊɞɡɚɞɠ 2014). Ƀ ˊɞɚ/ůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

ŬɡŰɞɨ, ɞ ɞˊɞɑɞɠ ŭɘŬűɏɟŮɘ Ŭˊɧ əŬɚɚɘɏɟɔŮɘŬ ůŮ əŬɚɚɘɏɟɔŮɘŬ, ɛŮ Űɖɜ ˊɞůɧŰɖŰŬ ȺTɞ 

(PET) ɗŬ ŭɩůŮɘ ŰŮɚɘəɎ Űɖɜ ŭɡɜɖŰɘəɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ETc, ɖ ɞˊɞɑŬ ŮəűɟɎɕŮɘ ɛŮ 

Űɖ ůŮɘɟɎ Űɖɠ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ůŮ ɜŮɟɧ (Farg et al. 2012). 

Ƀ Kc ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ŮɘŭɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ əŬɚɚɘɏɟɔŮɘŬɠ əŬɘ 

ŮˊɖɟŮɎɕŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬəɟŬɑɤɜ əɚɘɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ. ɇɞ ɔŮɔɞɜɧɠ 

ŬɡŰɧ ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ əŬɘ 

əɚɑɛŬŰŬ. Ƀ Kc ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɛɘŬ ɔŮɜɘəɐ Ůˊɘɟɟɞɐ ŰŮůůɎɟɤɜ ɓŬůɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (ȷɚŮɝŬɜŭɟɐɠ 2003), ˊɞɡ Űɞɜ ŭɘŬűɞɟɞˊɞɘɞɨɜ Ŭˊɧ Űɖɜ 

əŬɚɚɘɏɟɔŮɘŬ ŬɜŬűɞɟɎɠ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ: 

i. ɇɞ ɨɣɞɠ əŬɚɚɘɏɟɔŮɘŬɠ, Űɞ ɞˊɞɑɞ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŬŮɟɞŭɡɜŬɛɘəɐ ŬɜŰɑůŰŬůɖ ra 

(ˊŬɟɎɛŮŰɟɞɠ Űɖɠ Ůɝɑůɤůɖɠ Penman-Monteith) əŬɘ Űɖ ůŰɟɞɓɘɚɩŭɖ 

ɛŮŰŬűɞɟɎ Űɤɜ ɡŭɟŬŰɛɩɜ Ŭˊɧ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. 

ii. ȼ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ Ű (albedo) Űɖɠ űɡŰɞəɧɛɖɠ əŬɘ Űɞɡ ŮŭɎűɞɡɠ ɖ ɞˊɞɑŬ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ɓŬɗɛɧ űɡŰɞəɎɚɡɣɖɠ əŬɘ Űɖɜ əŬŰɎůŰŬůɖ ŮˊɘűŬɜŮɘŬəɐɠ 

ɡɔɟŬůɑŬɠ Űɞɡ ŮŭɎűɞɡɠ. ȼ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ɏɢŮɘ ɎɛŮůɖ Ůˊɘɟɟɞɐ ůŰɖ ɟɞɐ 

Űɖɠ əŬɗŬɟɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ Rn ɖ ɞˊɞɑŬ ɗŮɤɟŮɑŰŬɘ ɖ ɓŬůɘəɐ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ 

ůŰɖ ŭɘŬŭɘəŬůɑŬ ŮɝɎŰɛɘůɖɠ (Alves 1995). 

iii. ȼ ŬɜŰɑůŰŬůɖ Űɖɠ űɡŰɞəɧɛɖɠ ůŰɖ ɛŮŰŬűɞɟɎ Űɤɜ ɡŭɟŬŰɛɩɜ Ŭˊɧ Űɖɜ 

əŬɚɚɘɏɟɔŮɘŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, ɖ ɞˊɞɑŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

űɡɚɚɩɛŬŰɞɠ, Űɞɜ Ŭɟɘɗɛɧ ůŰɞɛŬŰɑɤɜ, Űɖɜ ɖɚɘəɑŬ Űɤɜ űɨɚɚɤɜ əŬɘ Űɞɜ ɏɚŮɔɢɞ 

əŬɘ ɟɡɗɛɧ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ Űɤɜ ůŰɞɛŬŰɑɤɜ. 

iv. ɇɖɜ ŮɝɎŰɛɘůɖ Ŭˊɧ Űɞ ɏŭŬűɞɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɏəɗŮůɖɠ Űɞɡ 

ŮŭɎűɞɡɠ. 

Ⱥˊɘˊɚɏɞɜ, ɞ Kc ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɡəɜɧŰɖŰŬ űɨŰŮɡůɖɠ əŬɘ Űɖɜ ˊŬɟɞɡůɑŬ 

ɐ ɧɢɘ ɔɡɛɜɞɨ ŮŭɎűɞɡɠ. ɀŮɘɤɛɏɜɞ ˊɞůɞůŰɧ űɡŰɞəɎɚɡɣɖɠ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ Űɖɠ ɛɞɜɎŭɞɠ ůŰɞɜ Kc, Ůɜɩ ŬɜŰɑůŰɞɘɢŬ ˊɡəɜɏɠ ɔɟŬɛɛɏɠ 

űɨŰŮɡůɖɠ əŬɘ ɛŮɔŬɚɨŰŮɟŬ ɨɣɖ űɡŰɩɜ ŮəŰŮŰŬɛɏɜɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŮ ˊɚɐɟɖ 

ŬɜɎˊŰɡɝɖ ɏɢɞɡɜ Kc>1. ɀɎɚɘůŰŬ, ɞ Kc ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ŰŬ ůŰɎŭɘŬ ŬɜɎˊŰɡɝɖɠ 

Űɞɡ űɡŰɞɨ, ɛŮ ŬˊɞŰɏɚŮůɛŬ əɎɗŮ əŬɚɚɘɏɟɔŮɘŬ ɜŬ ɏɢŮɘ Kc o ɞˊɞɑɞɠ 

ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ Ŭˊɧ ɛɐɜŬ ůŮ ɛɐɜŬ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ůŰɎŭɘɞ ŬɜɎˊŰɡɝɖɠ Űɖɠ 

ŮəɎůŰɞŰŮ əŬɚɚɘɏɟɔŮɘŬɠ. Ƀɘ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬɜ Ůˊɘˊɚɏɞɜ 

ˊŬɟɎɔɞɜŰŬ ŬɚɚŬɔɐɠ Űɞɡ Kc ɔɘŬ əɎɗŮ əŬɚɚɘɏɟɔŮɘŬ (ɀˊɚŬɜŰɎ 2007, ȿɘɓŬɜɑɞɡ 

2010). 

ɆɡɜɡˊɞɚɞɔɑɕɞɜŰŬɠ ɧɚɞɡɠ ŬɡŰɞɨɠ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɞɘ ůɡɜŰŮɚŮůŰɏɠ Kc ˊɞɡ 

ŮˊɘɚɏɢŰɖəŬɜ Ŭˊɧ Űɞ ŰŮɨɢɞɠ FAO, paper 56 (Allen et al. 1998) ŮɑɜŬɘ ŬɡŰɞɑ ˊɞɡ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 6.1. ɔɘŬ Űɘɠ əŬɚɚɘɏɟɔŮɘŮɠ ŮɚɘɎɠ, ŮůˊŮɟɘŭɞŮɘŭɩɜ 

(ˊɞɟŰɞəɎɚɘŬ) əŬɘ ŬɓɞəɎɜŰɞ ɔɘŬ Űɞɡɠ ɛɐɜŮɠ ɀɎɟŰɘɞ-ɃəŰɩɓɟɘɞ ɔɘŬ ɨűɡɔɟɞ 

əɚɑɛŬ əŬɘ ɛɏůɞ ɛɏɔɘůŰɞ ɨɣɞɠ əŬɚɩɠ ŬɟŭŮɡɧɛŮɜɤɜ əŬɚɚɘŮɟɔŮɘɩɜ. Ⱥɜ ůɡɜŮɢŮɑŬ, 

Ŭˊɧ Űɖɜ ETC ŬűŬɘɟŮɑŰŬɘ ɖ ŮɜŮɟɔɧɠ ɓɟɞɢɧˊŰɤůɖ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ɤɠ ɖ 
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ɾɶɿɮʅPET (mm)Pe (mm) YŎ ɳ˂ʰʽ˗˄ΦYŎ ɮʲˈˁΦYŎ ɴˋˉΦ

PETc 

ɳ˂ʰʽ˗˄Φ 

(mm)

t9¢Ŏ ɮʲˈˁΦ 

(mm)
t9¢Ŏ  ɴˋˉΦ όƳƳύ

PETc-Pe 

ɳ˂ʰʽ˗˄ʶˌ

PETc-Pe 

ɮʲˇˁʱ˄ˍˇ

PETc-Pe 

ɴˋˉΦ

ɾɮʄ 91.1 114.4 0.65 0.6 0.7 59.2 54.7 63.8 0.0 0.0 0.0

ɮʃʄ 117.9 56.6 0.7 0.85 0.7 82.5 100.2 82.5 26.0 43.6 26.0

ɾɮɹ 157.9 21.3 0.7 0.85 0.65 110.5 134.2 102.6 89.2 112.9 81.3

ɹʁʇɿ 182.7 8.0 0.7 0.85 0.65 127.9 155.3 118.8 119.9 147.3 110.8

ɹʁʇɽ 195 1.3 0.7 0.85 0.65 136.5 165.8 126.8 135.2 164.5 125.5

ɮʇɱ 172.7 3.4 0.7 0.85 0.65 120.9 146.8 112.3 117.5 143.4 108.9

ʅɳʃ 129.4 29.3 0.7 0.85 0.65 90.6 110.0 84.1 61.3 80.7 54.8

ʁɼʆ 95.2 76.5 0.7 0.75 0.65 66.6 71.4 61.9 0.0 0.0 0.0

ʅʇɿ 1141.9 310.7 794.8 938.3 752.7 549.1 692.4 507.2

ʅˏ˄ˇ˂ˇ ʰ˄ʰʴˁ˗˄  

(mm)

ɾʷˋʶˌ ˍʽ˃ʷˌ

1748.7

ɓɟɞɢɧˊŰɤůɖ ˊɞɡ űŰɎɜŮɘ ůŰɞ ɟɘɕɧůŰɟɤɛŬ. ȰŰůɘ, ɖ ɏəűɟŬůɖ PETC-Pe ɔɘŬ əɎɗŮ 

Űɨˊɞ əŬɚɚɘɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ Űɘɠ ŰŮɚɘəɏɠ ɡŭŬŰɘəɏɠ ŬɜɎɔəŮɠ. 

ɄɑɜŬəŬɠ 6.1: ȺəŰɑɛɖůɖ ɡŭŬŰɘəɩɜ ŬɜŬɔəɩɜ əŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ 

ɇŬɡɟɤɜɑŰɖ ɛŮ ŭŮŭɞɛɏɜŬ Űɤɜ ůŰŬɗɛɩɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. 

 

Ƀɘ ɛɏůŮɠ Űɘɛɏɠ Űɤɜ ŬɜŬɔəɩɜ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɜŮɟɧ ůŮ ɛɑŬ ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ 

ŬɜɏɟɢɞɜŰŬɘ ůŮ 549.1mm ɔɘŬ Űɘɠ Ůɚɘɏɠ, 692.4mm ɔɘŬ ŰŬ ŬɓɞəɎɜŰɞ əŬɘ 507.2mm ɔɘŬ 

Űɘɠ ˊɞɟŰɞəŬɚɘɏɠ. Ƀɘ ůɡɜɞɚɘəɏɠ ŬɜɎɔəŮɠ ɡˊɞɚɞɔɑůŰɖəŬɜ ůŰŬ 1748.7mm əŬɘ ɔɘŬ Űɘɠ 

ŰɟŮɘɠ əŬɚɚɘɏɟɔŮɘŮɠ. ȺɜŭɘŬűɏɟɞɜ, ɧɛɤɠ, ˊŬɟɞɡůɘɎɕɞɡɜ əŬɘ ɎɚɚŬ ůŰɞɘɢŮɑŬ, ɧˊɤɠ ɖ 

ɛŮŰŬɓɞɚɐ Űɖɠ ŮɜŮɟɔɞɨ ɓɟɞɢɧˊŰɤůɖɠ ŬɟŭŮɡŰɘəɐɠ ˊŮɟɘɧŭɞɡ ɀŬɟŰɑɞɡ-ɃəŰɤɓɟɑɞɡ 

əŬɘ Űɖɠ ŭɡɜɖŰɘəɐɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ, ɑŭɘŬɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ,  ůŰɞ ɢɟɧɜɞ 

(ɆɢɐɛŬŰŬ 6.3, 6.4).  

 

ɆɢɐɛŬ 6.3: ɀŮŰŬɓɞɚɐ ůɡɜɞɚɘəɐɠ ŮɜŮɟɔɞɨ ɓɟɞɢɧˊŰɤůɖɠ (Pe) ůŰɞ ɢɟɧɜɞ. 
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ɆɢɐɛŬ 6.4: ɀŮŰŬɓɞɚɐ ůɡɜɞɚɘəɐɠ ŭɡɜɖŰɘəɐɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ (PETc) ůŰɞ ɢɟɧɜɞ. 

ȼ ˊɘɞ ůɖɛŬɜŰɘəɐ ˊŬɟŬŰɐɟɖůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɝŬɢɗŮɑ Ŭˊɧ ŰŬ ŭɨɞ ůɢɐɛŬŰŬ ŮɑɜŬɘ 

ˊɤɠ ŮəŮɑ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ɖ ŮɜŮɟɔɧɠ ɓɟɞɢɧˊŰɤůɖ, ɖ ŭɡɜɖŰɘəɐ 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ˊŬɟɞɡůɘɎɕŮɘ ŮɚɎɢɘůŰŮɠ Űɘɛɏɠ əŬɘ ŬɜŰɑɗŮŰŬ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ 

ɧŰŬɜ ɖ ŮɜŮɟɔɧɠ ɓɟɞɢɧˊŰɤůɖ ɏɢŮɘ ɡɣɖɚɐ Űɘɛɐ ůŮ ɛɑŬ ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ, ŰɧŰŮ ɞɘ 

ŬɜɎɔəŮɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɜŮɟɧ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ. ȷɜŰɑɗŮŰŬ, ɧŰŬɜ ɖ ŮɜŮɟɔɧɠ 

ɓɟɞɢɧˊŰɤůɖ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɖ, ɞɘ ŬɜɎɔəŮɠ ŬɡɝɎɜɞɜŰŬɘ.  

Ⱥˊɘˊɚɏɞɜ, ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ůɡɜɞɚɘəɏɠ ŬɜɎɔəŮɠ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ɔɘŬ 

əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ 35 ɡŭɟɞɚɞɔɘəɎ ɏŰɖ, ɛŮ ůəɞˊɧ ɜŬ ŬˊɞŭɞɗŮɑ ɖ ˊɞɟŮɑŬ Űɤɜ 

ŬɜŬɔəɩɜ ůŰɞ ɢɟɧɜɞ. ɇɞ ɏŰɞɠ ɧˊɞɡ ɗŬ ˊŬɟɞɡůɘŬůŰŮɑ ɖ ɡɣɖɚɧŰŮɟɖ ɕɐŰɖůɖ ůŮ 

ɜŮɟɧ ɗŬ ɞɟɘůɗŮɑ, Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɖɠ ŬůűɎɚŮɘŬɠ, ůŬɜ əŬŰɩűɚɘ ůŰɞɜ ŮŰɐůɘɞ ɧɔəɞ 

ɜŮɟɞɨ ˊɞɡ ɗŬ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ŰŬ űɟɎɔɛŬŰŬ ɄŬˊŬŭɘŬɜɩɜ əŬɘ ɆŮɛˊɟŮɜɘɩŰɖ ˊɞɡ 

ˊɟɧəŮɘŰŬɘ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ. ɈˊŮɜɗɡɛɑɕŮŰŬɘ ɧŰɘ ɞɘ ˊɟɞɓɚŮˊɧɛŮɜŮɠ ɤűɏɚɘɛŮɠ 

ɢɤɟɖŰɘəɧŰɖŰɏɠ Űɞɡɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 38 Ůə.m3 əŬɘ 4 Ůə.m3  ŬɜŰɑůŰɞɘɢŬ (ɈȹɅɃ-

ɆɈɆɇȼɀȷ Ɇɨɛɓɞɡɚɞɘ ɀɖɢŬɜɘəɞɑ ȺɄȺ 1992). 

Ƀɘ ɛɏůŮɠ ŬɜɎɔəŮɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŮ Ůə.m3 űŬɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ (ɄɑɜŬəŬɠ 6.2). 

ɄɑɜŬəŬɠ 6.2: ȺŰɐůɘŮɠ ɛɏůŮɠ ŬɜɎɔəŮɠ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ůŮ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ. 

 

ɼʰ˂˂ʽʷˊʴʶʽʰ
ɳˍʺˋʽʶˌ ˎʵʰˍʽˁʷˌ 

ʰ˄ʱʴˁʶˌ Ƴϣоκˋˍˊ
ɴˁˍʰˋʹ όƪƳчύɴˁˍʰˋʹ  όˋˍˊύ

ɳˍʺˋʽʶˌ ˎʵʰˍʽˁʷˌ 

ʰ˄ʱʴˁʶˌ ˋˎ˄ˇ˂ʽˁʺˌ 

ʷˁˍʰˋʹˌ млϣсϝƳϣо
ɳ˂ʽʱ 549.1 28.51 28510 15.65

ɮʲˇˁʱ˄ˍˇ 692.4 1.58 1580 1.09

ʃˇˊˍˇˁʰ˂ʽ5ɦ07.2 0.06 60 0.03

ʅˏ˄ˇ˂ˇ 30.15 30150 16.78
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ȳˊɤɠ ŬɜŬɛŮɜɧŰŬɜ, Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ ŬɜɎɔəŮɠ ůŮ ɧɔəɞ ɜŮɟɞɨ Űɘɠ ɏɢɞɡɜ ɞɘ ŮɚŬɘɩɜŮɠ, 

ɞɘ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜ Űɞ 95% Űɤɜ ůɡɜɞɚɘəɩɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ.  

ȷəɞɚɞɡɗŮɑ ɖ ŭɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŬɜŬɔəɩɜ ůŮ ɜŮɟɧ ɔɘŬ ŰŬ 35 

ůɡɜŮɢɧɛŮɜŬ ɏŰɖ ˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ əŬɘ ɞɘ ůɢŮŰɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ (ɆɢɐɛŬ 6.5). 

ɆɢɐɛŬ 6.5: ȺŰɐůɘŮɠ ɡŭŬŰɘəɏɠ ŬɜɎɔəŮɠ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ 35ŮŰɑŬɠ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬˊɎɜɤ ůɢɐɛŬ, ɞɘ ɛɏɔɘůŰŮɠ ŬɜɎɔəŮɠ ůŮ ɜŮɟɧ ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ɏŰɞɠ (2003-04) (ŬɗɟɞɘůŰɘəɎ əŬɘ ɔɘŬ Űɘɠ ŰɟŮɘɠ əŬɚɚɘɏɟɔŮɘŮɠ Űɖɠ 

ɚŮəɎɜɖɠ) ŬɜɏɟɢɞɜŰŬɘ ůŮ 20.22 Ůə.m3. ȾŬŰɎ Űɖ ůɢŮŰɘəɐ ɛŮɚɏŰɖ (ɈȹɅɃ-ɆɈɆɇȼɀȷ 

Ɇɨɛɓɞɡɚɞɘ ɀɖɢŬɜɘəɞɑ ȺɄȺ 1992) ɖ ɘəŬɜɞˊɞɑɖůɖ Űɖɠ ɕɐŰɖůɖɠ Ŭˊɧ ŰŬ ŭɨɞ 

űɟɎɔɛŬŰŬ ɛŬɕɑ ůŮ ˊɞůɞůŰɧ 100% ˊŮɟɑˊɞɡ, ŮɑɜŬɘ 22.7 Ůə m3 əŬŰôɏŰɞɠ. Ⱥˊɞɛɏɜɤɠ, 

ɔɘŬ Űɘɠ ŮˊɘɚŮɔŮɑůŮɠ ɤűɏɚɘɛŮɠ ɢɤɟɖŰɘəɧŰɖŰŮɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ, ɞɘ ɛɏɔɘůŰŮɠ ŬɜɎɔəŮɠ 

Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ɛŮ ɓɎůɖ Űɖ ůɖɛŮɟɘɜɐ Űɞɡɠ ůɨɜɗŮůɖ, ɞɟɘŬəɎ ɏůŰɤ əŬɚɨˊŰɞɜŰŬɘ. 

 

6.3 ɃɅȽȷ ȾȷȿɈɊȼɆ ȷɁȷũȾɋɁ 
 

Ƀ ˊŬɟŬəɎŰɤ ɢɎɟŰɖɠ (ɆɢɐɛŬ 6.6) ŬˊɞŭɑŭŮɘ ɛɑŬ ˊɟɩŰɖ ɢɞɜŭɟɘəɐ ŮəŰɑɛɖůɖ Űɤɜ 

ɞɟɑɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɖ ɞˊɞɑŬ ɗŬ ŮˊɤűŮɚɖɗŮɑ ɎɛŮůŬ Ŭˊɧ ŰŬ űɟɎɔɛŬŰŬ 

ɄŬˊŬŭɘŬɜɩɜ əŬɘ ɆŮɛˊɟŮɜɘɩŰɖ. ȼ ˊŮɟɘɞɢɐ ŬɡŰɐ ɓɟɑůəŮŰŬɘ əŬŰɎɜŰɖ Űɤɜ 

űɟŬɔɛɎŰɤɜ, ˊɟɞɠ ŰŬ ˊŮŭɘɜɎ, Ůɜɩ ɖ ɛŮŰŬűɞɟɎ ɜŮɟɞɨ ůŮ ŬɡŰɐ ɗŬ ɔɑɜŮŰŬɘ ɛŮ 

ŮɚŮɨɗŮɟɖ ɟɞɐ ɚɧɔɤ ɓŬɟɨŰɖŰŬɠ. ȼ ɞɟɘɞɗɏŰɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɔɘɜŮ ɢɞɜŭɟɘəɎ ɛŮ 
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ɓɎůɖ Űɞɜ ɢɎɟŰɖ ŬɜŬɔɚɨűɞɡ (ɆɢɐɛŬ 6.7). ȼ ɏəŰŬůɖ ˊɞɡ ŮˊɤűŮɚŮɑŰŬɘ ɎɛŮůŬ, Ŭɜ 

əŬɘ ůɢŮŰɘəɎ ˊŮɟɘɞɟɘůɛɏɜɖ, ɏɢŮɘ ɤɠ əɨɟɘŬ ɢɟɐůɖ ɔɖɠ ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ, ŬɜɐəŮɘ 

ůŰɞɜ ɚŮɔɧɛŮɜɞ əɎɛˊɞ ɉŬɜɑɤɜ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ 

ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ɚŮəɎɜɖɠ. ɋůŰɧůɞ, ůɖɛŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ əŬɚɚɘŮɟɔŮɘɩɜ, 

ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰɎ Űɞɡɠ ŮɚŬɘɩɜŮɠ, ɓɟɑůəɞɜŰŬɘ ůŰɞ ɞɟŮɘɜɧ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ. ȼ 

ɛŮŰŬűɞɟɎ ŬɟŭŮɡŰɘəɞɨ ɜŮɟɞɨ ůŰɘɠ ˊŮɟɘɞɢɏɠ ŬɡŰɏɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ Ŭˊɚɐ 

ɛŮŰŬűɞɟɎ ɜŮɟɞɨ ůŮ ŬɜɞɘɢŰɧ Ŭɔɤɔɧ (ɐ əŬɘ əɚŮɘůŰɧ) ɚɧɔɤ ɓŬɟɨŰɖŰŬɠ. ɆŮ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ əŬɗɑůŰŬŰŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɎɟŭŮɡůɖ Űɤɜ ɞɟŮɘɜɩɜ əŬɚɚɘŮɟɔŮɘɩɜ 

Ŭ́ ŬɘŰŮɑŰŬɘ ɏɜŬ, ŰɞɡɚɎɢɘůŰɞɜ, ŬɜŰɚɘɞůŰɎůɘɞ ůŰɖɜ Ŭˊɧɚɖɣɖ əɎɗŮ űɟɎɔɛŬŰɞɠ ɩůŰŮ 

ɜŬ ŭɘɞɢŮŰŮɨŮŰŬɘ Űɞ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ ůŮ ŭŮɝŬɛŮɜɏɠ ůŰŬ ŬɜɎɜŰɖ, ůŮ ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ 

ɛŮɔŬɚɨŰŮɟɞɡ ɡɣɞɛɏŰɟɞɡ Ŭˊɧ ŬɡŰɧ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ. 

 

ɆɢɐɛŬ 6.6: ȳɟɘŬ əɎɚɡɣɖɠ ŬɜŬɔəɩɜ ůŮ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ . 
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ɆɢɐɛŬ 6.7: ȳɟɘŬ əɎɚɡɣɖɠ ŬɜŬɔəɩɜ ůŮ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ (ɢɎɟŰɖɠ ŬɜŬɔɚɨűɞɡ). 

ɀŮ ŮɛɓŬŭɞɛɏŰɟɖůɖ Űɖɠ əɚŮɘůŰɐɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮŰŬɝɨ Űɞɡ 

ɡŭɟɞəɟɑŰɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ Űɞɡ ɇŬɡɟɤɜɑŰɖ əŬɘ Űɤɜ ɞɟɑɤɜ əɎɚɡɣɖɠ 

ŬɜŬɔəɩɜ, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ŬɟŭŮɡɧɛŮɜɖ ɏəŰŬůɖ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 36.5 km2. ȼ 

ŮəŰɑɛɖůɖ ŬɡŰɐ ŬűɞɟɎ ɛɧɜɞ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɚŮɨɗŮɟɖɠ ɟɞɐɠ Űɞɡ ɜŮɟɞɨ. ɆŰɖɜ 

ɏəŰŬůɖ ŬɡŰɐ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ: 

ɄɑɜŬəŬɠ 6.3: ɄɞůɞůŰɎ ɏəŰŬůɖɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ əɎɚɡɣɖɠ ŬɜŬɔəɩɜ ůŮ 

ŬɟŭŮɡŰɘəɧ ɜŮɟɧ. 

 

 

 

ɼʰ˂˂ʽʷˊʴʶʽʰɴˁˍʰˋʹ όƪƳчύ 
ɮˊΦ 

ʃˇ˂ˎʴ˗˄˖˄

ʃˇˋˇˋˍˈ 

ʷˁˍʰˋʹˌ ʶˉʾ ˍˇˎ 

ˋˎ˄ˈ˂ˇˎ ό҈ύ

ɳ˂ʽʷˌ 17.2 3974 60.3

ɮʲˇˁʱ˄ˍˇ1.44 638 91.1

ʃˇˊˍˇˁʰ˂ʽʷˌ0.06 29 100.0

ʅˏ˄ˇ˂ˇ 18.7 4641 62.02
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ȼ ˊŬɟŬˊɎɜɤ ŮəŰɑɛɖůɖ ŭɑɜŮɘ ɧŰɘ ŮɜŰɧɠ Űɖɠ ɎɛŮůŬ ɤűŮɚɞɨɛŮɜɖɠ Ŭˊɧ ŰŬ űɟɎɔɛŬŰŬ 

ˊŮɟɘɞɢɐɠ ɓɟɑůəŮŰŬɘ ˊŮɟɑˊɞɡ Űɞ 62% Űɤɜ ůɡɜɞɚɘəɩɜ əŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ. ɆɖɛŬɜŰɘəɐ ˊŬɟŬŰɐɟɖůɖ ŮɑɜŬɘ ɧŰɘ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ŮɚŬɘɩɜɤɜ 

ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ, Űɖɠ ŰɎɝɖɠ Űɞɡ 60%, Ůɜɩ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɧɚɞɘ ɞɘ ˊɞɟŰɞəŬɚŮɩɜŮɠ əŬɘ ˊɎɜɤ Ŭˊɧ 91% Űɞɡ ůɡɜɧɚɞɡ Űɤɜ 

ŬɓɞəɎɜŰɞ. 
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7. ɆɈɀɄȺɅȷɆɀȷɇȷ 
 

ɇŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ŮɝɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

ü ȼ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ ɇŬɡɟɤɜɑŰɖ, Ŭɜ əŬɘ ůɢŮŰɘəɎ ɛɘəɟɐ ůŮ ɏəŰŬůɖ, 

ůɡɛɓɎɚɚŮɘ ŮɜŮɟɔɎ ůŰɖɜ ŬɔɟɞŰɘəɐ ŭɡɜŬɛɘəɐ Űɞɡ ɜɞɛɞɨ ɉŬɜɑɤɜ. ȽŭɘŬɑŰŮɟɞ 

ɓɎɟɞɠ ɏɢŮɘ ŭɞɗŮɑ ůŰɞ ɓɞɟŮɘɧŰŮɟɞ ŰɛɐɛŬ Űɖɠ ɚŮəɎɜɖɠ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ˊŮŭɘɜɧ, 

ŬɜɐəŮɘ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮŭɘɎŭŬ ɔɜɤůŰɐ ɤɠ çəɎɛˊɞɠ ɉŬɜɑɤɜè əŬɘ ɖ əɨɟɘŬ 

ɢɟɐůɖ ɔɖɠ ŮɑɜŬɘ ɞɘ əŬɚɚɘɏɟɔŮɘŮɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ŮəŰŮɜɐɠ 

űɤŰɞŮɟɛɖɜŮɑŬ ˊɞɡ ɏɔɘɜŮ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɝŬəɟɑɓɤůŮ Űɖɜ əɡɟɘŬɟɢɑŬ Űɤɜ 

ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. Ƀɘ 

ŭŮɜŭɟɞəŬɚɚɘɏɟɔŮɘŮɠ ŮɑɜŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ůɚɘɏɠ, ɞɘ ɞˊɞɑŮɠ ˊŬɟɎɔɞɡɜ 

ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ŮɚŬɘɧɚŬŭɞɡ əŬɘ əŬɟˊɞɨ ŮɚɘɎɠ, ŭɘŬŰɑɗŮɜŰŬɘ ůŰɖɜ 

ŮɔɢɩɟɘŬ əŬɘ ɝɏɜɖ ŬɔɞɟɎ əŬɘ ŬˊɞŰŮɚɞɨɜ Űɞɜ əɨɟɘɞ ŰɞɛɏŬ ŬɔɟɞŰɘəɐɠ 

ŬɜɎˊŰɡɝɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ. ɆŮ ˊɞɚɨ ɛɘəɟɐ ɏəŰŬůɖ ˊŬɟŬŰɖɟɞɨɜŰŬɘ 

ˊɞɟŰɞəŬɚɘɏɠ. ȽŭɘŬɑŰŮɟɞ, ɧɛɤɠ, ŮɜŭɘŬűɏɟɞɜ ˊɟɞůŭɑŭŮŰŬɘ ůŰɖɜ əŬɚɚɘɏɟɔŮɘŬ 

Űɞɡ ŬɓɞəɎɜŰɞ. ɇɞ ŬɓɞəɎɜŰɞ, ɚɧɔɤ Űɤɜ ɘŭɘŬɑŰŮɟɤɜ ŬˊŬɘŰɐůŮɩɜ Űɞɡ ůŮ 

əɚɘɛŬŰɞɚɞɔɘəɏɠ əŬɘ ŮŭŬűɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ɏɢŮɘ ɓɟŮɘ ˊɟɧůűɞɟɞ ɏŭŬűɞɠ ůŮ 

ɧɚɞ Űɞ ɜɞɛɧ, Ůɜɩ ŮɑɜŬɘ ŭɨůəɞɚɖ ɖ ˊŬɟŬɔɤɔɐ Űɞɡ ůŮ ɎɚɚŬ ɛɏɟɖ Űɖɠ 

ȺɚɚɎŭŬɠ, ŬɚɚɎ əŬɘ Űɖɠ ɀŮůɞɔŮɑɞɡ ɔŮɜɘəɧŰŮɟŬ. ȰŰůɘ, ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞɘ 

ˊŬɟŬɔɤɔɞɑ ůŰɟɏűɞɜŰŬɘ ůŰɖɜ əŬɚɚɘɏɟɔŮɘŬ ŬɡŰɐ, əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ 

əŬɟˊɧ ůɢŮŰɘəɎ ůˊɎɜɘɞ, ŮɝɤŰɘəɧ əŬɘ ŬɟəŮŰɎ ˊɟɞůɞŭɞűɧɟɞ. ɆŮ ɔŮɜɘəɎ 

ˊɚŬɑůɘŬ, ɞɘ əŬɚɚɘɏɟɔŮɘŮɠ ŰŮɑɜɞɡɜ ɜŬ ŮɝŬˊɚɩɜɞɜŰŬɘ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟɞ ůŰŬ 

ɞɟŮɘɜɎ Űɖɠ ɚŮəɎɜɖɠ, ɏɜŬɜŰɘ ɢŮɟůŬɑɤɜ Ɏɔɞɜɤɜ ŮəŰɎůŮɤɜ, ŮɑɜŬɘ ŭɘŬŭŮŭɞɛɏɜɖ 

ɖ ůŰɎɔŭɖɜ ɎɟŭŮɡůɖ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɖ ŬˊɞŭɞŰɘəɧŰŮɟɖ ɛɏɗɞŭɞɠ ɎɟŭŮɡůɖɠ Űɤɜ 

ŭŮɜŭɞəŬɚɚɘŮɟɔŮɘɩɜ, Ůɜɩ ɡˊɎɟɢŮɘ ɛɑŬ ɛŮŰŬůŰɟɞűɐ Ŭˊɧ Űɘɠ ˊɞɟŰɞəŬɚɘɏɠ ůŰɞ 

ŬɓɞəɎɜŰɞ. 

ü ɀŮ ɓɎůɖ Űɖɜ ɡŭɟɞɚɞɔɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, ɞɘ Űɘɛɏɠ 

ɛɏůɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɓɟɞɢɧˊŰɤůɖɠ, əŬɘ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ ɛŮ 

Űɖ ɛɏɗɞŭɞ Thornthwaite ɓɟɑůəɞɜŰŬɘ ůŮ əŬɜɞɜɘəɎ ŮˊɑˊŮŭŬ ɛŮůɞɔŮɘŬəɞɨ 

əɚɑɛŬŰɞɠ. Ƀɘ ɛŮŰŬɓɚɖŰɏɠ ŬɡŰɏɠ ɢɟɖůɑɛŮɡůŬɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŭŮɑəŰɖ 

ɝɖɟŬůɑŬɠ RDI ɔɘŬ Űɞɡɠ ˊɡɟɐɜŮɠ Űɤɜ ŬɟŭŮɡŰɘəɩɜ ˊŮɟɘɧŭɤɜ (ȷˊɟɑɚɘɞɠ-

ɆŮˊŰɏɛɓɟɘɞɠ) 35 ůɡɜŮɢɧɛŮɜɤɜ ɡŭɟɞɚɞɔɘəɩɜ ŮŰɩɜ. ȼ ˊŮɟɘɞɢɐ 

əŬɜŬɓɞˊɞɘɐɗɖəŮ ůŮ ŰŮŰɟɎɔɤɜŬ ˊɚŮɡɟɎɠ 1 km ɛŮ ůəɞˊɧ ɜŬ ɛŮŰŬűŮɟɗɞɨɜ 

ŭŮŭɞɛɏɜŬ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞ əɏɜŰɟɞ Űɞɡ əɎɗŮ 

ŰŮŰɟŬɔɩɜɞɡ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ Űɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ Űɞɡ ůɖɛŮɑɞ. ȼ 

ŮəŰɑɛɖůɖ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŭŮɑəŰɖ RDI ɏɔɘɜŮ ɛŮ Űɖ ɛɏɗɞŭɞ Thornthwaite, ɚɧɔɤ 

ȾŮűɎɚŬɘɞ 7 
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ŮɡəɞɚɑŬɠ ůŰɖɜ ŮűŬɟɛɞɔɐ əŬɘ əŬŰɎɚɚɖɚɞɡ ɚɞɔɘůɛɘəɞɨ. ȼ ɛŮŰŬűɞɟɎ 

ŭŮŭɞɛɏɜɤɜ ɏɔɘɜŮ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ InverseDistance. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŬˊɏŭɤůŮ ɞ ŭŮɑəŰɖɠ RDI ŬˊɞŰɡˊɩɗɖəŬɜ ůŮ ɗŮɛŬŰɘəɞɨɠ 

ɢɎɟŰŮɠ ɝɖɟŬůɑŬɠ. ȼ ɛŮɚɏŰɖ ŬɡŰɩɜ Űɤɜ ɢŬɟŰɩɜ ŭŮɑɢɜŮɘ ɧŰɘ ɖ ˊŮɟɘɞɢɐ 

əɘɜŮɑŰŬɘ ůŮ űɡůɘɞɚɞɔɘəɎ ˊɚŬɑůɘŬ, ɛŮ ɞɟɘůɛɏɜŮɠ ŮɝŬɘɟɏůŮɘɠ ɘŭɘŬɑŰŮɟŬ ɡɔɟɩɜ 

əŬɘ ɝɖɟɩɜ ŮŰɩɜ. ȼ ɔɜɩůɖ Űɖɠ ɝɖɟŬůɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ ŭɑɜŮɘ ˊɞɚɚɏɠ 

ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ, Ŭűɞɨ ŮɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ ˊɟɧɔɜɤůɖ Űɤɜ əŬɘɟɘəɩɜ 

ůɡɜɗɖəɩɜ əŬɘ ŮˊɑəŮɘŰŬɘ ɛɑŬ ɝɖɟɐ ɐ ɡɔɟɐ ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞɠ, ɛˊɞɟŮɑ ɜŬ 

ɔɑɜŮɘ ůɤůŰɧɠ ůɢŮŭɘŬůɛɧɠ ɧůɞɜ ŬűɞɟɎ Űɘɠ ŬɟŭŮɨůŮɘɠ. Ⱥˊɘˊɚɏɞɜ, ɛˊɞɟŮɑ ɜŬ 

ɔɑɜŮɘ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɞ ˊɞɘŮɠ ˊŮɟɘɞɢɏɠ ŮɑɜŬɘ ˊɘɗŬɜɧŰŮɟɞ ɜŬ ŮˊɤűŮɚɖɗɞɨɜ 

Ŭˊɧ ɛɘŬ ɡɔɟɐ ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ, Ůɜɩ ŬɜŰɑůŰɞɘɢŬ ˊɞɘŮɠ ˊŮɟɘɞɢɏɠ ŮɜŭɏɢŮŰŬɘ 

ɜŬ ŮˊɖɟŮŬůŰɞɨɜ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ɛɘŬ ɝɖɟɐ ˊŮɟɑɞŭɞ. 

ü ɈˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ŬɜɎɔəŮɠ Űɤɜ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɜŮɟɧ ɔɘŬ Űɖɜ 

ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ ɀŬɟŰɑɞɡ-ɃəŰɤɓɟɑɞɡ.ȼ ɛɏɗɞŭɞɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ŮɑɜŬɘ ɖ 

ˊɟɞŰŮɘɜɧɛŮɜɖ Ŭˊɧ Űɞɜ FAO Penman-Monteith əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ŭɑɜŮɘ əɟɑɜɞɜŰŬɘ ɤɠ ŰŬ ˊɚɏɞɜ ŬɝɘɧˊɘůŰŬ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ 

ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ. 

ü ȼ ŭɘŬɔɟŬɛɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŮɜŮɟɔɞɨ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ Űɖɠ ŭɡɜɖŰɘəɐɠ 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ (ŬɜɎɔəŮɠ ŭŮɜŭɟɞəŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɜŮɟɧ) ůŮ ɓɎɗɞɠ 

ɢɟɧɜɞɡ 35ŮŰɑŬɠ, ɔɘŬ Űɖɜ ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ ɀŬɟŰɑɞɡ-ɃəŰɤɓɟɑɞɡ, ɏŭŮɘɝŮ 

ˊɤɠ ɧŰŬɜ ɖ ŮɜŮɟɔɧɠ ɓɟɞɢɧˊŰɤůɖ ˊŬɟɞɡůɘɎɕŮɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ, ŰɧŰŮ ɖ ŭɡɜ. 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ˊŬɟɞɡůɘɎɕŮɘ ŮɚɎɢɘůŰŮɠ Űɘɛɏɠ (ɡɔɟɎ ɏŰɖ). ȷɜŰɑɗŮŰŬ, ɧŰŬɜ ɖ 

ŮɜŮɟɔɧɠ ɓɟɞɢɧˊŰɤůɖ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɘɤɛɏɜŮɠ ɐ əŬɘ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ, ɞɘ 

ŬɜɎɔəŮɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɜŮɟɧ  ɛŮɔɘůŰɞˊɞɘɞɨɜŰŬɘ (ɝɖɟɎ ɏŰɖ).  

ü ɇŬ ɏŰɖ ɧˊɞɡ ɖ ŭɡɜɖŰɘəɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ˊŬɟɞɡůɘɎɕŮɘ ŮɚɎɢɘůŰŮɠ Űɘɛɏɠ 

ůɡɛˊɑˊŰɞɡɜ ɛŮ ŰŬ ɏŰɖ ůŰŬ ɞˊɞɑŬ ɞ ŭŮɑəŰɖɠ ɝɖɟŬůɑŬɠ RDI Űɞɡ ˊɡɟɐɜŬ Űɖɠ 

ŬɟŭŮɡŰɘəɐɠ ˊŮɟɘɧŭɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɡɣɖɚɏɠ Űɘɛɏɠ ɡɔɟŬůɑŬɠ. ȷɜŰɑůŰɞɘɢŬ, ůŰŬ 

ɏŰɖ ŰŬ ɞˊɞɑŬ ɖ ŭɡɜɖŰɘəɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ˊŬɟɞɡůɘɎɕŮɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ, ɞ 

ŭŮɑəŰɖɠ ɝɖɟŬůɑŬɠ RDI ˊŬɟɞɡůɘɎɕŮɘ ɘŭɘŬɑŰŮɟŬ ŬɡɝɖɛɏɜŮɠ Űɘɛɏɠ ɝɖɟŬůɑŬɠ. 

Ⱥˊɞɛɏɜɤɠ, əŬɗɑůŰŬŰŬɘ ůŬűɏɠ ˊɤɠ ɖ ɝɖɟŬůɑŬ (əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɖ 

ɛŮŰŮɤɟɞɚɞɔɘəɐ ɝɖɟŬůɑŬ) ŬˊɞŰŮɚŮɑ Űɞɜ əɡɟɘɧŰŮɟɞ ˊŬɟɎɔɞɜŰŬ ɞ ɞˊɞɑɞɠ 

ŮˊɖɟŮɎɕŮɘ ɎɛŮůŬ Űɘɠ ŬɜɎɔəŮɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɜŮɟɧ. ɆŰŬ ɝɖɟɎ ɏŰɖ 

ɧˊɞɡ ɖ ɓɟɞɢɧˊŰɤůɖ (əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɖ ŮɜŮɟɔɧɠ ɓɟɞɢɧˊŰɤůɖ) 

ůˊŬɜɑɕŮɘ, ɖ ŬɜɎɔəɖ ɔɘŬ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ ŬɡɝɎɜŮŰŬɘ. 

ü Ƀ ŮɚɎɢɘůŰɞɠ ɧɔəɞɠ ɜŮɟɞɨ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɖɠ ŬůűɎɚŮɘŬɠ 

ɔɘŬ ɜŬ əŬɚɨɣŮɘ Űɘɠ ŬɜɎɔəŮɠ ůŮ ɜŮɟɧ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ, ɘůɞɨŰŬɘ ɛŮ Űɞɜ ɧɔəɞ 

ůŮ Ůə.m3 Űɞɡ ɏŰɞɡɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ɖ ɛŮɔŬɚɨŰŮɟɖ ɕɐŰɖůɖ. Ƀɘ ŬɜɎɔəŮɠ 

ŬɡŰɏɠ ɓɟɏɗɖəŮ ɧŰɘ ŬɜɏɟɢɞɜŰŬɘ ůŮ 20.22 Ůə.m3 əŬɘ ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɖɜ 

ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ 2003-04 Űɖɠ ŭɘŬɗɏůɘɛɖɠ 

ɢɟɞɜɞůŮɘɟɎɠ. Ƀ ɧɔəɞɠ ŬɡŰɧɠ ůɡɔəɟɑɗɖəŮ ɛŮ Űɖɜ ŬůűŬɚɐ ɘəŬɜɞˊɞɑɖůɖ 

ɕɐŰɖůɖɠ ůŮ ˊɞůɞůŰɧ 100% ˊŮɟɑˊɞɡ Ŭˊɧ ŰŬ űɟɎɔɛŬŰŬ ɄŬˊŬŭɘŬɜɩɜ əŬɘ 

ɆŮɛˊɟŮɜɘɩŰɖ (ɤűɏɚɘɛɖ ɢɤɟɖŰɘəɧŰɖŰŬ ŰŬɛɘŮɡŰɐɟɤɜ ŬɗɟɞɘůŰɘəɎ 42 Ůə.m3), 

ˊɞɡ ŬɜɏɟɢŮŰŬɘ əŬŰɎ Űɖɜ ůɢŮŰɘəɐ ɞɟɘůŰɘəɐ ɛŮɚɏŰɖ ůŮ 22.7 Ůə.m3. Ⱥə ˊɟɩŰɖɠ 

ɧɣŮɤɠ, ɞɘ ŭɡůɛŮɜɏůŰŮɟŮɠ ŬɜɎɔəŮɠ ůŮ ɜŮɟɧ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ, ɞɟɘŬəɎ 
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ɏůŰɤ, əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ŰŬ ˊɟɞŰŮɘɜɧɛŮɜŬ űɟɎɔɛŬŰŬ. ɆɖɛŮɘɤŰɏɞɜ ɧŰɘ ůŰɖ 

ɢɟɞɜɞůŮɘɟɎ ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŰŬɛɘŮɡŰɐɟɤɜ  Űɖɠ 

ɞɟɘůŰɘəɐɠ ɛŮɚɏŰɖɠ, ˊɞɡ ŮəˊɞɜɐɗɖəŮ Űɞ 1992, ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ Ůˊɑůɖɠ 

ŬəɟŬɑŬ ɝɖɟɧ ɡŭɟɞɚɞɔɘəɧ ɏŰɞɠ, ɧˊɤɠ Űɞ 2003-04 Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 
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