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ȺɡɢŬɟɘůŰɑŮɠ 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ Űɞ ŰŬɝɑŭɘ ɛɞɡ ɛɏůŬ Ŭˊɧ Űɞ ɛŮŰŬˊŰɡɢɘŬəɧ ŬɡŰɧ ˊɟɧɔɟŬɛɛŬ, ˊɞɡ 

ˊŮɟɘɚɎɛɓŬɜŮ, ɎɚɚɞŰŮ űɞɡɟŰɞɨɜŮɠ əŬɘ ɎɚɚɞŰŮ ɜɖɜŮɛɑŬ, Űɞ ɛɧɜɞ ůɑɔɞɡɟɞ ŮɑɜŬɘ ɧŰɘ ɖ ŮɛˊŮɘɟɑŬ 

əŬɘ ɖ ɔɜɩůɖ ˊɞɡ ŬˊɞəɧɛɘůŬ Ŭˊɧ ŬɡŰɧ Űɞ ŮɔɢŮɑɟɖɛŬ ɐŰŬɜ ŬɜŮəŰɑɛɖŰŮɠ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ, ɗŬ 

ɐŰŬɜ ˊŬɟɎɚŮɘɣɖ Ŭɜ ŭŮɜ ŮɡɢŬɟɘůŰɞɨůŬ əɎˊɞɘɞɡɠ Ŭɜɗɟɩˊɞɡɠ, ɛɏůŬ Ŭˊɧ ŬɡŰɧ Űɞ ɓɐɛŬ, ˊɞɡ 

ůɡɜɏɓŬɚŬɜ ŰŬ ɛɏɔɘůŰŬ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɞɟɘůɛɞɨ. 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ȾŬɗɖɔɖŰɐ əŬɘ ȹɎůəŬɚɞ ȹ. ȾɞɡŰůɞɔɘɎɜɜɖ, ɔɘŬ Űɖɜ ŮˊɑɓɚŮɣɖ 

Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ əŬɘ ɔɘŬ Űɘɠ ůɖɛŬɜŰɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Ůəˊɧɜɖůɐɠ Űɖɠ. Ƀɘ ɔɜɩůŮɘɠ Űɞɡ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬˊɚɧŰɖŰŬ Űɖɠ ůəɏɣɖɠ Űɞɡ ŬˊɞŰɏɚŮůŬɜ 

ɏɛˊɜŮɡůɖ ɔɘŬ ɛɏɜŬ. ȺˊɘˊɟɧůɗŮŰŬ, ɗŬ ɐɗŮɚŬ ɜŬ ˊɤ ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɜ Ⱥˊɑəɞɡɟɞ 

ȾŬɗɖɔɖŰɐ əŬɘ ȹɎůəŬɚɞ Ɂ. ɀŬɛɎůɖ, ˊɞɡ ŬɜŮɜŭɞɑŬůŰŬ ɛɞɡ ɡˊɏɔɟŬɣŮ Űɖɜ ůɡůŰŬŰɘəɐ 

ŮˊɘůŰɞɚɐ, ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ŰŬɝɘŭɘɞɨ ŬɡŰɞɨ. ɇɞ ŬɜɤŰɏɟɤ óŭɑŭɡɛɞô ŬˊɞŰŮɚŮɑ 

ˊɞɚɨ ůɖɛŬɜŰɘəɧ əŮűɎɚŬɘɞ ɔɘŬ Űɞɜ ŰɞɛɏŬ ɈŭŬŰɘəɩɜ Ʉɧɟɤɜ. 

Ⱥˊɑůɖɠ, ɗŬ ɐɗŮɚŬ ɜŬ ˊɤ ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɜ ɡˊɞɣɐűɘɞ ȹɘŭɎəŰɞɟŬ Ʉ. ȹɖɛɖŰɟɘɎŭɖ, 

ɔɘŬ ɧɚŮɠ Űɘɠ ɩɟŮɠ ˊɞɡ ɛɞɡ ŬűɘɏɟɤůŮ əŬɘ ɔɘŬ Űɘɠ ůɖɛŬɜŰɘəɏɠ ɘŭɏŮɠ Űɞɡ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ 

ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. ɈˊɐɟɝŮ ˊɎɜŰŬ ˊɟɧɗɡɛɞɠ ɜŬ ŬˊŬɜŰɐůŮɘ ůŮ ŬˊɞɟɑŮɠ əŬɘ ɜŬ ɛɞɡ ŮɝɖɔɐůŮɘ 

Űɞ ɞŰɘŭɐˊɞŰŮ. ɉɤɟɑɠ Űɖɜ ɡˊɞůŰɐɟɘɝɐ Űɞɡ, ɖ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŭŮɜ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ. Ɂɞɘɩɗɤ Ůˊɑůɖɠ Űɖɜ ŬɜɎɔəɖ ɜŬ Űɞɡ ˊɤ əŬɘ ɛɘŬ Ůɝɑůɞɡ ɛŮɔɎɚɖ 

ůɡɔɔɜɩɛɖ, ˊɞɡ Űɞɡ ɛŮŰɏűŮɟŬ Űɞ Ɏɔɢɞɠ əŬɘ Űɖɜ ŬɟɜɖŰɘəɐ ɛɞɡ ɣɡɢɞɚɞɔɑŬ. ȺˊɘˊɟɧůɗŮŰŬ, 

ŮɡɢŬɟɘůŰɩ Űɞɜ ɡˊɞɣɐűɘɞ ȹɘŭɎəŰɞɟŬ Ƚ. ɀŬɟəɧɜɖ ɔɘŬ Űɘɠ ůɡɕɖŰɐůŮɘɠ ɛŬɠ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ 

ˊɟɞɓɚɖɛŬŰɘůɛɞɨɠ ɛɞɡ, ŬɚɚɎ əŬɘ Űɞ ȹɘŭɎəŰɞɟŬ Ɇ. ɄŬˊŬɚŮɝɑɞɡ, ɔɘŬ Űɖɜ ɎɛŮůɖ ŬɜŰŬˊɧəɟɘůɐ 

Űɞɡ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ŬˊɞɟɑŬ ɛɞɡ.  

ŪŬ ɐɗŮɚŬ Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚŬ ŰŬ ˊŬɘŭɘɎ Űɞɡ ɛŮŰŬˊŰɡɢɘŬəɞɨ əŬɘ ɘŭɘŬɑŰŮɟŬ ŰŬ ˊŬɘŭɘɎ 

Űɖɠ ȷȭ ɟɞɐɠ, ɔɘŬ Űɘɠ ɧɛɞɟűŮɠ ůŰɘɔɛɏɠ ˊɞɡ ˊŮɟɎůŬɛŮ ɛŬɕɑ əŬɘ ɔɘŬ Űɞɡɠ ˊɟɞɓɚɖɛŬŰɘůɛɞɨɠ ˊɞɡ 

ɛɞɘɟŬůŰɐəŬɛŮ. ȽŭɘŬɑŰŮɟŬ ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ Ȱűɖ, ɔɘŬ ɧɛɞɟűɖ ˊŬɟɏŬ Űɖɠ əŬɘ Űɞ 

ɆŰŬɛɎŰɖ, ɔɘŬ ɧɚŮɠ Űɘɠ óŮˊɘůŰɖɛɞɜɘəɏɠô ŭɘŬűɞɟɏɠ ˊɞɡ ŮɑɢŬɛŮ. Ⱥɚˊɑɕɤ ɞɘ ŭɘŬűɤɜɑŮɠ ɛŬɠ ŬɡŰɏɠ 

ɜŬ ɐŰŬɜ ɔɘŬ ŮəŮɑɜɞɜ ɧůɞ ŮˊɞɘəɞŭɞɛɖŰɘəɏɠ ɐŰŬɜ əŬɘ ɔɘŬ ɛɏɜŬ. Ⱥɚˊɑɕɤ ɜŬ ɞɚɞəɚɖɟɤɗɞɨɜ ɞɘ 

ˊɟɞůŭɞəɑŮɠ Űɞɡ. 

ɀŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ŬɝɑɕŮɘ əŬɘ ůŰɖɜ ˊŬɟɏŬ ɛɞɡ Ŭˊɧ Űɞ ȾŬɛŬŰŮɟɧ, ˊɞɡ ɐŰŬɜ, ŮɑɜŬɘ əŬɘ Ůɚˊɑɕɤ 

ɜŬ ŮɑɜŬɘ ɔɘŬ ˊɎɜŰŬ, ˊŬɟɧɜ, ɜŬ ɡˊɞůŰɖɟɑɝɞɡɜ ŰŬ ɗɏɚɤ ɛɞɡ. ȹŮ ɛˊɞɟɩ ɜŬ ˊŬɟŬɚŮɑɣɤ Űɞɡɠ 

ɔɞɜŮɑɠ ɛɞɡ ȯɔɔŮɚɞ əŬɘ ȷɜŬůŰŬůɑŬ, Űɞɜ ŬŭŮɟűɧ ɛɞɡ ȹɖɛɐŰɟɖ, ŬɚɚɎ əŬɘ Űɞɡɠ ɔɞɜŮɑɠ Űɖɠ 

ɔɡɜŬɑəŬɠ ɛɞɡ Ɂɑəɞ əŬɘ ȺɚŮɡɗŮɟɑŬ, ɔɘŬ Űɖɜ ŬɛɏɟɘůŰɖ ɣɡɢɞɚɞɔɘəɐ əŬɘ ɖɗɘəɐ ůɡɛˊŬɟɎůŰŬůɐ 

Űɞɡɠ. ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ Űɖɜ əɧɟɖ ɛɞɡ ȷɜŬůŰŬůɑŬ, ɔɘŬ Űɖ ůɡɜŮɟɔŬůɑŬ Űɖɠ ůŮ ɧɚɖ ɛɞɡ ŬɡŰɐɜ 

Űɖɜ ˊɟɞůˊɎɗŮɘŬ. 

ɇɏɚɞɠ, Űɞ ɛŮɔŬɚɨŰŮɟɞ ŮɡɢŬɟɘůŰɩ, ŬɜɐəŮɘ ůŰɖɜ ɧɛɞɟűɖ əŬɘ ɡˊɞɛɞɜŮŰɘəɐ ɔɡɜŬɑəŬ ɛɞɡ ɀŬɟɑŬ, 

ˊɞɡ ŮɑɜŬɘ ˊɎɜŰŬ ˊŬɟɞɨůŬ, ɜŬ ɡˊɞůŰɖɟɑɝŮɘ Űɘɠ ˊɟɞůɤˊɘəɏɠ ɛɞɡ ŬɜɎɔəŮɠ, ˊɟŬəŰɘəɎ əŬɘ 

ɞɡůɘŬůŰɘəɎ. ɇɖɜ ŮɡɢŬɟɘůŰɩ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɐ Űɖɠ ůŮ ɧɚŮɠ ŬɡŰɏɠ Űɘɠ ŬŰŮɚŮɑɤŰŮɠ ɩɟŮɠ 

ŭɘŬɓɎůɛŬŰɞɠ əŬɘ Ɏɔɢɞɡɠ ˊɞɡ ˊɏɟŬůŬ ɛˊɟɞůŰɎ ůŮ ɏɜŬ ɡˊɞɚɞɔɘůŰɐ, ˊɞɡ ɢɤɟɑɠ Űɖ ůɡɜŮɟɔŬůɑŬ 

Űɖɠ ɖ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɛŮŰŬˊŰɡɢɘŬəɞɨ ŬɡŰɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ɗŬ ɐŰŬɜ ŬŭɨɜŬŰɖ. ũɘŬ ŬɡŰɧ Űɞ 

ɚɧɔɞ, Űɞ  ɚɘɔɧŰŮɟɞ ˊɞɡ ɛˊɞɟɩ ɜŬ əɎɜɤ ŮɑɜŬɘ ɜŬ Űɖɠ ŬűɘŮɟɩůɤ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ. 

ȹɖɛɎəɞɠ ȽɤɎɜɜɖɠ 
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ɄŮɟɑɚɖɣɖ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ůŰŬŰɘůŰɘəɐ - ůŰɞɢŬůŰɘəɐ  

ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ůŮ ɛɖɜɘŬɑŬ, ɖɛŮɟɐůɘŬ əŬɘ ɛɘəɟɧŰŮɟɖ 

əɚɑɛŬəŬ. ȺɝŮŰɎůŰɖəŮ ɖ ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ əŬŰŬɜɞɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ əŬɘ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŬɡŰɐɠ, ɛŮ Űɖɜ ŮɝŬɔɤɔɐ 

ŮɜɘŬɑɤɜ ůŰŬŰɘůŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ˊɞɡ ŬűɞɟɞɨůŬɜ ɧɚɖ Űɖɜ ˊŮɟɘɞɢɐ ŮɝɏŰŬůɖɠ, ˊɞɡ ɐŰŬɜ 

ɖ ȺɚɚɎŭŬ. ȺɝŮŰɎůŰɖəŮ ɖ ɨˊŬɟɝɖ ɛŬəɟɞˊɟɧɗŮůɛɖɠ Ůɛɛɞɜɐɠ, ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ɢɟɞɜɘəɐ 

əɚɑɛŬəŬ, ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ Hurst əŬɘ Űɖɜ ŮɝŬɔɤɔɐ əɚɘɛŬəɞɔɟŬɛɛɎŰɤɜ. 

ȺˊɘˊɟɧůɗŮŰŬ, ŮɝŮŰɎůŰɖəŬɜ ɖ ɟɘɐ́ əŬɘ ɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ, ɔɘŬ ɛɘŬ ˊɚɖɟɏůŰŮɟɖ ŮɘəɧɜŬ 

Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ, Ŭˊɧ ůɡɔəŮəɟɘɛɏɜɞ Ŭɟɘɗɛɧ ůŰŬɗɛɩɜ, ˊɞɡ ŭɘɏɗŮŰŬɜ ŭŮŭɞɛɏɜŬ 

ɛŮŰɟɐůŮɤɜ. ȺɝŮŰɎůŰɖəŬɜ Ůˊɑůɖɠ əŬɘ ŭŮŭɞɛɏɜŬ reanalysis, ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬɝɘɞˊɘůŰɑŬɠ 

Ůɜɧɠ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ɛŮŰɟɐůŮɤɜ əŬɘ Űɖ ůɖɛŬůɑŬ ɢɟɖůɘɛɞˊɞɑɖůɐɠ Űɞɡɠ ůŮ ˊŮɟɘˊŰɩůŮɘɠ 

ŮɚɚŮɑɣŮɤɜ ɛŮŰɟɐůŮɤɜ. ȷəɧɛŬ, ŮɝŮŰɎůŰɖəŬɜ əŬɘ ɞɘ ŰɎůŮɘɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ 

ŮɜɘŬɑŬ ˊŮɟɑɞŭɞ ŬɜŬűɞɟɎɠ, ɛŮ ůəɞˊɧ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ Űɖɜ 

ˊŮɟɑɞŭɞ ŮɝɏŰŬůɖɠ əŬɘ ɜŬ əŬŰŬɔɟŬűɞɨɜ ůŰŬɗɛɞɑ ɛŮ ɗŮŰɘəɏɠ əŬɘ ŬɜŰɑůŰɞɘɢŬ ŬɟɜɖŰɘəɏɠ ŰɎůŮɘɠ. 

Ⱥˊɑůɖɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬɘ ɖ ŬˊɞŰɑɛɖůɖ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ŮɜŮɟɔŮɘŬəɞɨ Ŭɘɞɚɘəɞɨ 

ŭɡɜŬɛɘəɞɨ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ɛŮŰɟɐůŮɤɜ əŬɘ ˊɟɞɏəɡɣŬɜ ůɡɛˊŮɟɎůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɞɘŮɠ 

ˊŮɟɘɞɢɏɠ ɏɢɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɧ Ŭɘɞɚɘəɧ ŭɡɜŬɛɘəɧ. ɄɟɞůŬɟɛɧůŰɖəŬɜ əŬŰɎɚɚɖɚŮɠ əŬŰŬɜɞɛɏɠ, 

Űɧůɞ ůŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ɧůɞ əŬɘ ůŮ ŬɡŰɎ Űɖɠ ɟɘˊɐɠ. ȺˊɘˊɟɧůɗŮŰŬ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ ɢɟɞɜɞůŮɘɟɩɜ ɛŮ ůɡɔəŮəɟɘɛɏɜɞ ɛɞɜŰɏɚɞ əŬɘ ɛŮ 

ůɡɔəŮəɟɘɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ,  ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ Ůɜ 

ɚɧɔɤ ŮɟɔŬůɑŬ. ɇɏɚɞɠ, Ŭˊɧ Űɖɜ ŮɝɏŰŬůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ˊɟɞɏəɡɣŮ 

ɧŰɘ ɞ ɎɜŮɛɞɠ ŮɑɜŬɘ ɘůɢɡɟɧŰŮɟɞɠ ůŮ ˊŮɟɘɞɢɏɠ Űɞɡ əŮɜŰɟɘəɞɨ əɡɟɑɤɠ ȷɘɔŬɑɞɡ əŬɘ ɚɘɔɧŰŮɟɞ 

ɘůɢɡɟɧɠ ůŰɖ ɓɞɟŮɘɧŰŮɟɖ ȺɚɚɎŭŬ. ɄŬɟɧɛɞɘŬ ɐŰŬɜ əŬɘ ɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɞɡ ɗŮɤɟɖŰɘəɞɨ 

Ŭɘɞɚɘəɞɨ ŮɜŮɟɔŮɘŬəɞɨ ŭɡɜŬɛɘəɞɨ Űɖɠ ɢɩɟŬɠ. ȷˊɧ Űɖɜ ŮɝɏŰŬůɖ Űɤɜ əɚɘɛŬəɞɔɟŬɛɛɎŰɤɜ 

ˊɟɞɏəɡɣŮ ŮɜɘŬɑŬ Űɘɛɐ ɔɘŬ Űɞ ůɡɜŰŮɚŮůŰɐ Hurst ɔɘŬ ɧɚɖ Űɖɜ ȺɚɚɎŭŬ (H=0.75), ɔŮɔɞɜɧɠ ˊɞɡ 

ŬˊɞŰɏɚŮůŮ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ, Ŭˊɧ Űɖɜ ŮɝɏŰŬůɖ əɎɗŮ ɛŮɛɞɜɤɛɏɜɞɡ ůŰŬɗɛɞɨ, ɝŮɢɤɟɘůŰɎ.        
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Extended abstract 

Introduction  

Wind is a fundamental atmospheric variable, which affects weather forecasting, aircraft and 

marine transportations - operations, construction projects, growth and metabolism rate of 

many plant species and countless other implications. It is commonly measured with 

anemometers (m/s), but also can be classified using the older Beaufort scale, which is based 

on peopleôs observations of specifically defined wind affects. It is governed by chaotic 

behavior and is therefore difficult to predict. This fact implies that any infinitesimal changes 

to the initial conditions, will cause completely different behavior to the phenomenon. 

However, wind behavior, can predicted with some degree of credibility or with a confidence 

interval. Of great importance is the predictability of wind speed, for areas that extremes 

occurred, such as hurricanes and typhoons.  

Numerous factors and situations affect wind speed on varying time scales, such as pressure 

gradient, Rossby waves, jet streams and local weather conditions. This fact implies the 

chaotic behavior of the wind, as it is affected by other meteorological variables, at spatial and 

temporal variability. Moreover, notably links have been found between wind speed and wind 

direction, corresponding to the pressure gradient of the atmosphere. 

Pressure gradient is a term to describe the difference in air pressure between two points in the 

atmosphere or on the Earthôs surface. It is vital to wind speed, because the greater the 

difference in pressure, the faster the wind flows to balance out the variation. The pressure 

gradient, when combined with the Coriolis Effect and friction, also influences wind direction. 

Rossby waves are strong winds in the upper troposphere. These operate on a global scale and 

move from West to East, known as Westerlies. The Rossby waves are themselves a different 

wind speed from what the experience reveals as in the lower troposphere. 

Local weather conditions play a key role in influencing wind speed, as the formation of 

hurricanes, monsoons and cyclones, as freak weather conditions, can drastically affect the 

velocity of the wind. (C.Michael Hogan, 2010. Abiotic factor. Encyclopedia of Earth. eds Emily 

Monosson and C. Cleveland. National Council for Science and the Environment. Washington DC) 

Statistical ï stochastic data analysis 

In this thesis, it is realized the statistical - stochastic treatment of the wind speed, on monthly 

and daily time scale. Data analyses were extracted from site: http://www.ncdc.noaa.gov/cdo-

web/, which is a global database of climatologically variables. Wind speed data at Greece, 

with subsequent data sets, direction and gust, were extracted. The selected analysis stations 

(Fig. 1, 3), were all the available from the site (83), five of which had no data, thus remain 78. 

Then the processing of six of the remaining stations had many shortcomings and limited data, 

thus may not be suitable for processing and reliable conclusions (Fig. 2, 4). For statistical - 

stochastic process of wind speed, it was initially necessary, processing data in an appropriate 

format, in order to extract time series.   

Data consisted on time series of irregular time step, with shortages of measurements and so it 

was necessary to formulate time series for further treatment. Statistical features which were 

http://www.eoearth.org/article/Abiotic_factor?topic=49461
http://www.eoearth.org/article/Abiotic_factor?topic=49461
http://www.ncdc.noaa.gov/cdo-web/
http://www.ncdc.noaa.gov/cdo-web/
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calculated to reveal the behavior of wind speed at Greece were the basic statistical 

characteristics of a variable, as well as, the calculation of specific estimators and it became 

obvious the variability of wind speed, at different time scales. Furthermore, it became 

obvious, the intermittent behavior of wind speed, at all time scales. The shorter the time scale 

was examined, the less intermittent behavior of the variable revealed. Finally, at monthly time 

scale, it became clear the cyclostationary behavior of the wind.  

 

Figure 1: Data stations at Greece, which were analyzed, at daily time scale.  

 

Figure 2: Ratio of missing values at daily time scale. 

 

 

Figure 3: Data stations at Greece, which were analyzed at monthly time scale. 

 

 
Figure 4: Ratio of missing values at monthly time scale. 
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Wind speed 

Wind speed time series were elaborated, in order to determine monthly averages from each 

station and also reckon their spatial and temporal variance at the area of interest. To this end, 

wind speed (m/s) monthly maps were designed (Fig. 5), in order to reveal the monthly wind 

speed behavior, at Greece. 

 

 

 

 

Figure 5: Spatial and temporal disperse of monthly average wind speed from January (top left) to 

December (bottom right, following right direction when reading). 

Wind direction  

Wind direction was calculated for all the 36 stations with the available data, by estimating the 

monthly average wind direction from each station. Direction data, depicted from where wind 

blows at degrees (
o
), so that for instance, wind directions of 360

o
 were concerned northern 

ones. But, as direction is fragment to the space of [0
o
, 360

o
] and furthermore, as direction is a 

vector variable, average should be carefully estimated. The average of two directions that 

blows from e.g. 360
o
 and 5

o
, will be about 180

o
, the opposite direction from the real one. So 

that, special gauges took place, keeping in mind the above mentioned task and furthermore as 
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direction data were given from where the wind blows, in order to reveal the truly direction of 

wind, additions and deductions should be done from °180
o
 if variable is grater or smaller than 

180
o
. The results revealed (Fig. 6) that most of the percentage of windôs directions in Greece 

(about 44%) is northern ones and the season that this behavior occurred is winter and 

specifically corresponded at February (58%). 

 

 

 

Figure 6: Direction of wind speed at degrees (
o
), from 36 stations of Greece. 

Distribution fitting  

Statistical characteristics of wind speed examined at the area of interest, were: mean, standard 

deviation (variance), coefficient of autocorrelation and autocovariance of time series, at daily 

and monthly time scale. Furthermore climacograms and power spectras were extracted, for 

each station, at the same time scale, as the above mentioned. All the important features, that 
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were necessary for the stochastic processes of wind speed, were derived, by considering all 

the above statistical treatment, which led to draw conclusions, about the general behavior of 

this variable. 

Hydrognomon software was used for the statistical analysis of the variables, under which the 

distribution that best fits to the empirical wind speed data (Fig. 7) was assumed to be Weibull, 

as well as Gamma distribution, which fitted very well to the historical sample, with 

prevalence of Weibull distribution (Fig. 8) to describe wind speed at both daily and monthly 

time scale. 

 

Figure 7: Histogram of the empirical data from Alexandroupoli station, fitted with the Weibull 

distribution (Hydrognomon). 

 

 

Figure 8: Empirical data and fitting of the Weibull distribution, for Alexandroupoli station 

(Hydrognomon). 
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Wind Gust 

Empirical data of wind gust were treated (Fig. 9) and specific distributions were fitted to the 

observed ones and it was concluded that, the distributions which best fits to the wind gust, 

were GEV max and Gumbel max, with prevalence of GEV max (Fig. 10). Also, from these 

calculations, were considered the maximum of the maximum values (maxima of maxima) in 

groups of 200, 100, 50 and 10 values respectively (right tail of distribution) and in all of the 

above cases it was concluded that these extreme values were adjusted to the exponential 

distribution. The above conclusion was resulted from the initial configuration of the sample in 

ascending order, as displayed the values on a diagram and fitting a trend line to the data. The 

suitability of the adjustment was tested by the RMSE criterion and in all cases it was showed 

that the value was approximately 0.85 which appeared very good adaptation to the voltage of 

the sample. 

 

Figure 9: Histogram of the empirical data from Alexandroupoli station, fitted to GEV max distribution 

(Hydrognomon). 

 

 
Figure 10: Empirical data and fitting to GEV max distribution, from Alexandroupoli station 

(Hydrognomon). 
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As far as, gust data concerned, for a specific number of stations and for a specific observed 

period, it was held the treatment of the variable, for further comparison with wind speed, at 

daily time scale, in order to find a relationship between these two variables. Estimations were 

held at daily time scale and at the same day, so the conjunctions between winds speed and 

gust, to be directly estimated. Mean (Fig. 11) and standard deviation (Fig. 12), of the 

differences and the ratio, were calculated, between the two variables, in order to reveal, if they 

were characterized by a common statistical - stochastic pattern (Fig. 13).  

 

Fig. 11: Mean (ɛx) and standard deviation (ůx) of the differences, between gust and wind speed at the 

same day, at m/s.  

 

 

Fig. 12: Mean (ɛx) and standard deviation (ůx) of the ratio, between gust and wind speed at the same 

day.  
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Figure 13: Mean and standard deviation of ratio (upper raw) and differences (lower raw), between gust 

and wind speed, at the same day. 

Reanalysis data 

Furthermore, treatment of reanalysis data were occurred, for specific stations, due to the 

measurement period and results were compared with the ones of 30 stations of observed data, 

to deduce about the reliability on actual measurements (reanalysis). For this purpose, it was 

performed the calculation of cross correlation of the stations, between the observed and 

reanalysis data, so the comparison of cross correlation of the stations was occurred, 

separately, for each station and between stations (Fig. 14), for each data cross correlation, 

block. This calculation was occurred to quantify the reliability of reanalysis data and finding 

the use of such data to draw firm conclusions. Cross correlation analysis between 

observations and reanalysis data revealed good correspondence (values until 0.85) especially 

to the areas that extreme had occurred and the main result, from the above mentioned 

analysis, was the fact that values of reanalysis data were spatially dispersed such as 

observations. Reanalysis data showed the same areas of extreme wind speed as observations, 

so they are very helpful in cases of observationôs lack, when studying a specific area.   
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Figure 14: Cross correlations between observed data and reanalysis one (on the left) and cross 

correlations of the cross correlations between observed data and reanalysis one (on the right). 

Catastrophic events at Greece due to extreme winds 

Specific maps were exported, for the most catastrophic events at Greece for every month (Fig 

15), related to the extreme wind speed events, in order to show the spatial and temporal 

dispersion of these phenomena at Greece and find areas where such phenomena occur 

frequently. Of major importance, for the above process, was the period of time that these 

phenomena occurred, which results to some conclusions about wind speed trend analysis. 

Monthly time scale maps were developed, which emphasize to the spatial and temporal 

distribution of the most catastrophic events, due to the extreme wind speed. 
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Figure 15: The most catastrophic events, due to extreme wind speed per month, at Greece, from 

January (top left) to December (bottom right, following right direction when reading). 

Wind speed trends at period (1970-2013) 

Specific stations were used, at common measurement period, for wind trend analysis, in order 

to find the past conduct of wind for the observed period and to draw conclusions about wind 

speed trends for that period at specific areas. Trend analysis was extracted by linear regression 

to the empirical data, for every month. For a better realization of results, maps were designed, 

in order to depict the positive and negative trends for specific areas, all over Greece terrain 

(Fig 16). 

 

Figure 16: Trends of wind speed at Greece, at the period (1970-2013). Positive trends (red) and 

negative trends (yellow). 

Furthermore, the examined period was split into two smaller ones, in order to extract, 

differences, at divided examine periods. So the period (1970-2013) was separated into the 

periods (1970-1990) and (1991-2013) and maps were designed (Fig. 17), in order to reveal 

any differences with the first examined period. The trends of the examined variable then 

showed a different view at the period (1970-1990) and almost the same disperse at the period 

(1992-2013). 

 

Figure 17: Trend analysis of wind speed variable, at m/s/month, at the periods (1970-1990) (on the 

right) and (1992-2013) (on the left). 

Theoretical wind energy potential at Greece 
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Theoretical wind energy potential per month (Fig. 18) was carried out, in plants of (W/m
2
), 

from monthly and daily aggregated data sets, and it was performed comparison between them, 

showed whether they assume same or different results. For a more comprehensive analysis, of 

the areas due to the quantification of the (theoretical) potential energy and reliability in areas 

with large (theoretical) potential energy, calculations were carried out, in order to find the 

percentages of maximum winds, at each region (percentages 1-5-10-20 -30%) at both daily 

and monthly time scale and vice versa (the percentages of prevailing winds, with specific 

speed limits at daily and monthly time scale), in order to present a more obvious conclude, 

about the areas that really have large percentages of high wind speed. 

 

 

 

 

Figure 18: Theoretical wind energy potential for every month (W/m
2
), from monthly aggregated time 

series, from January (top left) to December (bottom right, following right direction when reading). 

Weibull shape (k) and scale (c) parameters.  

Adjusting the Weibull distribution to the observed data, it were estimated the shape (Fig. 19) 

and scale (Fig. 20) parameters of the distribution (k, c) at monthly and daily time scale and 

also it was revealed their dispersion in the entire country, as well as examined, if these 

parameters, follow any spatial or seasonal form. Also, from the observed data of wind 



xxiv 

 

direction, it was calculated the spatial and temporal behavior of this variable at Greece, to 

draw conclusions about the rate of the steering winds at a monthly time scale, as well as, for 

seasonal and annual one. 

 

 

 

 

Figure 19: Disperse of the Weibull shape parameter (k), from monthly aggregated time series, at 

Greece, from January (top left) to December (bottom right, following right direction when reading). 
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Figure 20: Disperse of the Weibull scale parameter (c, (m/s)), from monthly aggregated time series, at 

Greece, from January (top left) to December (bottom right, following right direction when reading). 

Weibull parameter estimation (k, c) 

Parameters of Weibull distribution shape (k) and scale (c (m/s)) ones were estimated through 

four different approaches, in order to deal with the best fit to the empirical sample. The 

selected stations were the same as the ones were used for the model fitting and the parameters 

estimated methods which were used were: (a) M.L.E. (Maximum Likelihood Estimator) (b) L 

ï moments (c) Logarithmic transformed moments (L.T.M.) and (d) Graphical estimation. 

Results from the above mentioned methods were depicted to a diagram (fig. 21-23), as well as 

the empirical distribution of the data, from a specific station (Alexandroupoli). The diagram 

discloses which method best fits to the empirical data, by the shape of Weibull distribution, 

with parameters estimated from different approaches. The diagram manifested that all the 

above mentioned estimated methods gave very good approaches. As it is depicted at (Fig. 24-

26), MLE and L-moments estimators were not affected by extreme values, so they appeared 

to be more accurate when estimating distributionôs parameters.  

Conclusionally, as MLE is a method based on optimization of the logarithmic likelihood 

function and also as L-moments are not affected by extremes, these two methods seemed to 

be the more accurate from the others. Finally, parameters estimated by MLE and L-moments 

methods were fitted better to the tail of empirical distribution, which is important especially 

for human structures and early warning measures due to extreme wind speed.         
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Figure 21: Estimation of Weibull parameters with for different approaches: (a) L ï moments, (b) 

M.L.E. (c) Logarithmic Transformed Moments (L.T.M.) and (d) Graphical. 

 

Figure 22: Comparison of Weibull shape (k), parameter estimation, from 9 stations and 

different estimated methods. 

 

Figure 23: Comparison of Weibull scale (c (m/s)), parameter estimation, from 9 stations and different 

estimated methods. 
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Figure 24: Square difference of fitted distribution and empirical one, of the 9 model estimated stations, 

with the four mentioned methods. 

 

 

Figure 25: Square difference of fitted distribution and empirical one, of the 9 model estimated stations, 

with the four mentioned methods, for wind speed greater than 5 m/s. 

 

 

Figure 26: Square difference of fitted distribution and empirical one, of the 9 model estimated stations, 

with the four mentioned methods, for wind speed greater than 10 m/s. 

From the 9 above estimated stations, it was concluded that the least square differences 

between fitted distribution (with the four mentioned methods) and empirical one, took the 
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minimum value for graphical method, for all data set. On the contrary, when the sample is 

clustered for wind speed over 5 and 10 m/s MLE and L-moments had the minimum square 

difference. Furthermore, due to the fact that in most cases we are interested in extreme wind 

speed events (energy, weather, early warnings), MLE (Fig. 25) and L-moments (Fig. 26) were 

found to be the best estimators for Weibull parameters.   

Finding Hurst exponent for wind speed in Greece. 

For all performed stations at daily time scale, climacograms were extracted (Fig. 27), from the 

standardized sample, in order to draw conclusions about the indirect finding of the persistence 

parameter of the wind speed and the direct calculation of the Hurst coefficient. It was found 

that climacograms of the examined stations have a relatively same slope, even at large time 

scale, which led to came up with a specific value of the Hurst coefficient for the entire region 

of Greece, H = 0.75.  

 

Figure 27: Climacogram, for 10 stations which were took place at wind speed modeling, at the 

standardized sample. 

The above conclusion, led to the selection of 10 specific stations of the entire country, at daily 

time scale, based on the observed period, missing values and spatial variance of stations at the 

region of interest, thus conclusions, drawn from the exported model, to be generalized for the 

entire country. Specific maps were designed, in order to reveal the dispersion of the estimated 

model parameters (Fig. 28). 

 

 

Figure 28: Dispersion of the (a) a = ɔ0 parameter, (b) b = 2H-2, parameter, (c) Hurst exponent and (d) 

model fitting. 
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The estimation of the standard deviation (variance), was calculated by the unbiased estimator 

of the variance (Eq. 1, 2) and was adjusted to the selected 10 stations of the standardized data 

sample (Fig. 29, 30), which, as demonstrated in thesis (Koutsoyiannis, 2003), proved to be the 

most reliable estimator, contrary to autocorrelation function and spectra (pseudo-spectrum). 

 ɞ ‎ῳ   –ῳȟ ɾῳ (1)  

 

  

 –ῳȟ 
Ⱦ

Ⱦ

Ⱦ

Ⱦ
   (2)  

Where, 

Ὁ‎ῳ ȡ unbiased estimator of the variance 

–ῳȟ ȡ   unbiased coefficient 

ɔ(ȹ):        theoretical variance of the sample to the correspondence time scale (ȹ) 

ɔ(ɇ):        theoretical variance of the sample to the correspondence time scale (ɇ) 

ȹ:            relevant scale calculation 

T:            entire scale calculation for all data sample  

ũ(ɇ):       autocovariance function for the discrete time process at time scale (T) 

ũ(ȹ):       autocovariance function for the discrete time process at time scale (ȹ) 

 

 

 

Figure 29: Climacogram of the theoretical, estimated and unbiased estimated variance (m/s)
 2
, of 

Alexandroupoli station. 
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Figure 30: Fitted the unbiased estimator of varianceῴ‎ῳ , to the empirical one ɔ (ȹ), of 

Alexandroupoli station. 

Furthermore, Hurst coefficient was estimated from climacograms directly from the empirical 

data from 10 stations and the results were compared to the unbiased estimated ones. The 

results seemed to be approximately equal (Fig. 31). 

 

Figure 31: Compared Hurst exponent with empirical climacogram data standard deviation [log 

(st.dev.) ï log (k)], (blue) and with unbiased variance estimatorῴ‎ῳ , (red). 

Synthetic time series generation 

Synthetic time series, were generated from a particular station (Alexandroupoli), through the 

process of simple scaling model (Koutsoyiannis, 2002), which presented, the three ways, in 

which it became possible to produce a synthetic time series from Markov models, adapted to 

FGN ones, as well as maintain the desired statistical characteristics and persistence (Hurst 

coefficient) of selected time series. A description of the three methods was held and 

furthermore, was performed the process of random variations at multiple time scales, wherein, 

three AR (1) models were summed for the generation of a synthetic time series. Time series, 

which were extracted from these models, were fit ted to normal distribution (production of AR 

(1) with adaptation to FGN), which does not correspond to the actual behavior of the wind 

(Fig. 30), which on a daily time scale, Weibull distribution is best adjusted. For that reason, 

suitable normal transformations were used, which adjusts any distribution to the normal one, 

tested with  means of mean square error (RMSE), resulting from the adjustment of the inverse 

cumulative distribution function (CDF)
-1
 on a diagram (Q - Q). The procedure mentioned 

above, was performed for finding the parameters of the used transformation Z (g(x)) and then, 

by performing the inverse transformation Z (g(x)) 
-1
, the synthetic time series (which follows 

normal distribution) were denormalized and so a synthetic time series was generated (Fig. 32-

36). Five transformations were applied and results of the generated - denormalized time series 

appeared at (Fig. 37-40). 

Five normalized transformations were fitted to the empirical data in order to estimate their 

parameters through the gauge of least square error at Quantile-Quantile plot. After the 

parameterôs estimation, the inverse process was held of de-normalized synthetic time series, 

in order to readjust to the distribution that empirical data follows. The five transformations 

which used were: 

 ῶὸ ὥὢὸ ‍ ‎ ρ ὰὲρ ὸ ‏ ‎   (3)  

(Papalexiou et al., 2007), with five parameters (Ŭ, ɓ, ɔ, ŭ, ɕ) 
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 :  ÇØ  ‗ρ ρ ὰὲρ ‖   (4)  

(Koutsoyiannis et al., 2011), with four parameters (ɗ, ə, ɚ, ɜ) 

 Z= g(X) ɀ g (0); g(x) = c + sgn(x ɀ c) ʇ ρ ὰὲρ ‖   (5)  

(Koutsoyiannis et al., 2008), with three parameters (ə, ɚ, c) and when c=0: 

 :  Ç8 ɀ ÇπȠ ÇØ ÓÇÎØʇ ρ ὰὲρ ‖   (6)  

 ώ
ώȠ         ‗ π

ÌÏÇ ώȠ‗ π
   (7)                                  

(Box ï Cox, 1964), with ɚ parameter 

 

Figure 32: Generated synthetic normalized, time series, from Alexandroupoli station, from the 

multivariate time scale method. (Koutsoyiannis, 2002).  

 

Figure 33: Generated synthetic de - normalized, time series, from Alexandroupoli station, from the 

normalized transformation proposed by (Papalexiou et al., 2007). 
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Figure 34: Generated synthetic de - normalized, time series, from Alexandroupoli station, from the 

normalized transformation proposed by (Koutsoyiannis et al., 2011). 

 

 

 

Figure 35: Generated synthetic de - normalized, time series, from Alexandroupoli station, from the 

normalized transformation proposed by (Koutsoyiannis et al., 2008). 

 

 

Figure 36: Generated synthetic de - normalized, time series, from Alexandroupoli station, from the 

normalized transformation proposed by (Koutsoyiannis et al., 2008). 

 



xxxiii  

 

 

Figure 37: Generated synthetic de - normalized, time series, from Alexandroupoli station, from the 

normalized transformation proposed by (Box - Cox, 1964). 

Specific transformations Z (g(x)) where used in order to normalize the empirical data of the 

selected station (Alexandroupoli), thus fitting data into Gauss distribution, which is a linear 

form at Quantile - Quantile plot. Quantile is an expression for the inverse cumulative 

distribution and with minimizing the RMSE of empirical data with the (CDF)
-1
 observed data 

were fitted to the normal inverse cumulative distribution. At the end of the above procedure, 

parameters of the transformations were estimated, which tend to be useful at the next inverse 

procedure, de - normalization of data, using the inverse transformation Z (g(x))
-1
, which 

appeared at (Fig. 36-40).   

 

Figure 38: Empirical data (blue), which are fitted (red) to the inverse normal cumulative distribution 

(oil green) according to the transformation Ȼ (g(x)) proposed by (Papalexiou et al., 2007). 

 

 

Figure 39: Empirical data (blue), which are fitted (red) to the inverse normal cumulative 

distribution (oil green) according to the transformation Ȼ (g(x)) proposed by (Koutsoyiannis 

et al., 2011). 
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Figure 40: Empirical data (purple), which are fitted (red) to the inverse normal cumulative distribution 

(oil green) according to the transformation Ȼ (g(x)) proposed by (Koutsoyiannis et al., 2008). 

 

 

Figure 41: Empirical data (light blue), which are fitted (red) to the inverse normal cumulative 

distribution (oil green), according to the transformation Ȼ (g(x)) proposed by (Koutsoyiannis 

et al., 2008). 

 

 

Figure 42: Empirical data (brown), which are fitted (red) to the inverse normal cumulative distribution 

(oil green), according to the transformation Ȼ (g(x)) proposed by (Box ï Cox, 1964). 

In order to find which of the transformations, generates a synthetic time series which best 

fitted to the empirical data, by maintaining specific statistical characteristics as average, 

standard deviation and autocorrelation at lag = 1, a plot with the statistical characteristics for 

all of the five synthetic time series from each procedure mentioned above, was designed (Fig. 

41), showing if empirical statistical characteristics from the observed data are maintained. 
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Figure 43: Statistical characteristics from empirical data, normal synthetic time series and five de ï 

normalized synthetic ones, generated from different transformations.  

Conclusions 

From the statistical - stochastic analysis, some useful conclusions were extracted about the 

wind speed behavior in Greece. 

¶ Southern and south - east areas of Greece are the windiest and especially the islands of 

the central Aegean (Naxos - Milos - Mikonos). Moreover, Rhodes Island and Methoni 

shows extreme wind episodes annually. 

¶ Standard deviation seemed to keep pace with the same extreme areas mentioned 

above, as the differences of the maximum and minimum wind speed, makes these 

variable to be more dispersed. 

¶ Southern and south - east areas seemed to have the higher theoretical wind energy, 

especially the islands of the central Aegean and also areas such as Methoni and Kithira 

seemed to have satisfactory wind energy. 

¶ Reanalysis data seemed to be well cross correlated to the observed values, as well as, 

they imply the same regions of maxima and minima of the wind speed as the 

observed.   

¶ Weibull distribution best fits the wind speed data, as well as GEV max distribution 

best fits to the gust. 

¶ The estimation of Weibullôs parameters, shape (k) and scale (c(m/s)) factor seemed to 

have a specific pattern, which reveals dependence to the area (islands ï seashore ï 

continental) and to seasonality (Winter ï Autumn ï Spring ï Summer). 

¶ The best estimator for Weibullôs parameters seemed to be MLE and L-moments 

estimators, which are not affected by extreme values (outliers) of the observed data. 

¶ Wind seemed to blow from northern direction at approximately 45% percentage while 

60% of the mentioned percentage corresponds to February. 

¶ Trends of wind speed showed from the period 1970-2013 that wind speed is reduced 

through years in central Greece with rate 0.05 m/s/month and increased to the rest of 

the area with rate 0.03m/s/month. Trends for periods 1970-1990 and 1991-2013 

showed a reduction at rate 0.07 m/s/month and increment at rate 0.1 to 0.06 m/s/month 

respectively, for the same regions as the above mentioned. 
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¶ Catastrophic events seemed to follow, spatial and temporal wind speed trends. These 

extreme events appeared at almost the same regions with positive wind speed trends 

and also most of them are observed the last two or three decades. 

¶ Hurst exponent was calculated from climacograms for all Greece and the value of 

H=0.75 seemed to fit observed data, well enough. 

Appendices        

Additionally, at the end of this assignment, there are three appendices in which are gathered 

the results of the above treatment. The appendix A (in Greek) pooled tables with data 

processing and the results of the calculations. The appendix B (in Greek), where maps are 

exported, for a better overview of the spatial distributed results, for monthly - annual and 

seasonal time scale and finally at the appendix C (in Greek), there are charts, bar charts, 

histograms and rose charts, to confirm the results and conclusions, drawn from this thesis. 
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1 ȺɘůŬɔɤɔɐ 

1.1 ũŮɜɘəɐ ˊŮɟɘɔɟŬűɐ Űɖɠ ůɖɛŬůɑŬɠ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ 

Űɞɡ Ŭɜɏɛɞɡ. 

ɆŰɖ ůɖɛŮɟɘɜɐ ŮəɓɘɞɛɖɢŬɜɘůɛɏɜɖ əɞɘɜɤɜɑŬ, ɧɚŮɠ ɞɘ ŬɜɗɟɩˊɘɜŮɠ ŭɘŬŭɘəŬůɑŮɠ əŬɘ ɖ ɔŮɜɘəɧŰŮɟɖ 

əŬɗɖɛŮɟɘɜɧŰɖŰŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ ůŮ ɧɚŮɠ Űɖɠ ŮəűɎɜůŮɘɠ Űɞɡ Űɟɧˊɞɡ 

ɕɤɐɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊɚɐɟɖ ŰŮɢɜɞəɟŬŰɘəɐ əŬɘ ŰŮɢɜɞɚɞɔɘəɐ Ŭűɞɛɞɑɤůɖ Űɤɜ 

ůɖɛŬɜŰɘəɧŰŮɟɤɜ ˊŬɟŬɔɧɜŰɤɜ, ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɘ ɔɘŬ Űɖɜ Ůˊɘɓɑɤůɖ əŬɘ ŬɜɎˊŰɡɝɖ 

əɞɘɜɤɜɘɩɜ ůŰɖɜ ɢɘɚɘŮŰɑŬ ˊɞɡ ŭɘŬɜɨɞɡɛŮ. ȺˊɑˊŰɤůɖ Űɞɡ ˊŬɟŬˊɎɜɤ ɔŮɔɞɜɧŰɞɠ, ůŮ ůɡɜŭɡŬůɛɧ 

ɛŮ Űɖɜ ɞɚɞɏɜŬ ŬɡɝɖŰɘəɐ ŰɎůɖ ɛŮɔɏɗɡɜůɖɠ Űɞɡ ˊŬɔəɧůɛɘɞɡ ˊɚɖɗɡůɛɞɨ, əŬɗɘůŰɎ Űɖɜ ŮˊɎɟəŮɘŬ 

ůŮ ŮɜɏɟɔŮɘŬ ɏɜŬ Ŭˊɧ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ˊɟɞɓɚɐɛŬŰŬ. ȼ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ, ůɐɛŮɟŬ, 

ɓŬůɑɕŮŰŬɘ ůŮ űɡůɘəɞɨɠ ˊɧɟɞɡɠ ɞɘ ɞˊɞɑɞɘ ŭŮɜ ɡˊɎɟɢɞɡɜ ůŮ ŬűɗɞɜɑŬ, ɧˊɤɠ ˊɘůŰŮɨŮŰŬɘ Ŭˊɧ 

ˊɚɐɗɞɠ Ŭɜɗɟɩˊɤɜ, ŬɚɚɎ ŭɘŬɜɨɞɡɛŮ əŬɘ ɛɘŬ ˊŮɟɑɞŭɞ ˊɞɡ ɞɘ ˊɧɟɞɘ ŬɡŰɞɑ ŮɝŬɜŰɚɞɨɜŰŬɘ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊɞŰŮɚŮɑ ŮˊɘŰŬəŰɘəɐ ɖ ŬɜɎɔəɖ ŮɨɟŮůɖɠ Ɏɚɚɤɜ, ŬɜŬɜŮɩůɘɛɤɜ ˊɧɟɤɜ, ɔɘŬ Űɖɜ 

ŮɝŬůűɎɚɘůɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬˊŬɘŰɐůŮɤɜ (Katsoulis, 1993 
.
 Chronopoulou et al., 2010 
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Schicker et al., 2010). ɀɘŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɛɞɟűɏɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ əŬɘ ɖ Ŭɘɞɚɘəɐ (ȽɤɎɜɜɞɡ ɉ., 

2012) 

Ƀ ɎɜŮɛɞɠ, ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɐ əɚɘɛŬŰɞɚɞɔɘəɐ ɛŮŰŬɓɚɖŰɐ, ˊɞɡ ŭɘɏˊŮŰŬɘ Ŭˊɧ ɢŬɞŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ əŬɘ Ůˊɞɛɏɜɤɠ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ˊɟɞɓɚŮűɗŮɑ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ 

ɞˊɞɘŮůŭɐˊɞŰŮ ŬˊŮɘɟɞŮɚɎɢɘůŰŮɠ ŬɚɚŬɔɏɠ ɔɑɜɞɡɜ ůŰɘɠ Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ, ɗŬ ˊɟɞəŬɚɏůɞɡɜ 

ŰŮɚŮɑɤɠ ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ůŰɞ űŬɘɜɧɛŮɜɞ. ȳɛɤɠ, ɛˊɞɟŮɑ ɜŬ ˊɟɞɓɚŮűɗŮɑ ɖ 

ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɐ ɛŮ əɎˊɞɘɞ ɓŬɗɛɧ ŬɝɘɞˊɘůŰɑŬɠ əŬɘ əɎˊɞɘɞ ŭɘɎůŰɖɛŬ ŮɛˊɘůŰɞůɨɜɖɠ, ˊɞɡ 

ŮɑɜŬɘ ɘəŬɜɧ, ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮəɛŮŰŬɚɚŮɡɗŮɑ ɛɏɟɞɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ 

ɎɜŮɛɞ. Ʉɞɚɨ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɟɞɓɚŮɣɘɛɧŰɖŰŬɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŬˊɞŰŮɚŮɑ ɖ ɏɔəŬɘɟɖ 

əŬɘ ɏɔəɡɟɖ Ůɜɖɛɏɟɤůɖ, əɡɟɑɤɠ ɔɘŬ ˊŮɟɘɞɢɏɠ ˊɞɡ ɏɢɞɡɜ ˊɟɞɓɚɐɛŬŰŬ Ŭˊɧ əŬŰŬůŰɟɞűɘəɎ 

űŬɘɜɧɛŮɜŬ ɧˊɤɠ əɡəɚɩɜŮɠ əŬɘ ŰɡűɩɜŮɠ. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ ŮɜŭŮɢɧɛŮɜŮɠ ŬˊɩɚŮɘŮɠ ɗŬ 

ŮɑɢŬɜ ŬˊɞűŮɡɢɗŮɑ Ŭɜ ɡˊɐɟɢŮ ůɨůŰɖɛŬ ˊɟɞŮɘŭɞˊɞɑɖůɖɠ ɘəŬɜɧ ɜŬ ˊɟɞɓɚɏˊŮɘ Űɖɜ ŬɚɚŬɔɐ ůŰɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ əɚɘɛŬŰɞɚɞɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ əŬɘ ŮɜŭŮɢɧɛŮɜɖ ˊɟɞŮɘŭɞˊɞɑɖůɖ ůŮ ˊŮɟɑˊŰɤůɖ 

ˊɞɡ ɖ ŬɚɚŬɔɐ ŬɡŰɐ ɐŰŬɜ ɘəŬɜɐ - ɛŮ əɎˊɞɘɞ ŮˊɑˊŮŭɞ ŬɝɘɞˊɘůŰɑŬɠ - ɜŬ ˊɟɞəŬɚɏůŮɘ əŬŰŬůŰɟɞűɐ.  

ȼ ŭɡůəɞɚɑŬ Ůˊɞɛɏɜɤɠ ˊɟɞɓɚŮɣɘɛɧŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ɞűŮɑɚŮŰŬɘ ůŮ ŬɡŰɐɜ Ŭəɟɘɓɩɠ Űɖ ɢŬɞŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ. ȹŮɜ ŮɑɜŬɘ ŮˊŬɟəɩɠ ɞɚɞəɚɖɟɤɛɏɜɞɘ ɞɘ ɛɖɢŬɜɘůɛɞɑ ɔɏɜŮůɖɠ Űɞɡ Ŭɜɏɛɞɡ, ɞ 

ɞˊɞɑɞɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ɧɚŮɠ Űɘɠ ɡˊɧɚɞɘˊŮɠ əɚɘɛŬŰɞɚɞɔɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɛŮ ɏɛɛŮůɞ ɐ ɎɛŮůɞ 

Űɟɧˊɞ, ŬɚɚɎ əŬɘ Ůɝɑůɞɡ Ŭˊɧ Ɏɚɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɛɖ əɚɘɛŬŰɞɚɞɔɘəɞɨɠ. ȼ əɑɜɖůɖ Űɞɡ Ŭɜɏɛɞɡ 

ɞűŮɑɚŮŰŬɘ ůŰɘɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ - Űɞ ɗŮɟɛɧ 

ɛɏŰɤˊɞ ŮɑɜŬɘ ŮɚŬűɟɨŰŮɟɞ Ŭˊɧ Űɞ ɣɡɢɟɧ - ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊɟɞəŬɚɞɨɜŰŬɘ əɘɜɐůŮɘɠ Űɤɜ 

Ŭɏɟɘɤɜ ɛŬɕɩɜ, ɛŮ ŬˊɩŰŮɟɞ ůŰɧɢɞ Űɖɜ Ůɝɑůɤůɖ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ŬɡŰɩɜ, Ŭűɞɨ ɖ űɨůɖ 

ŮˊɘŭɘɩəŮɘ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛɏůɤ Űɖɠ ɛŮɔɘůŰɞˊɞɑɖůɖɠ Űɖɠ ŮɜŰɟɞˊɑŬɠ Űɖɠ. Ⱥˊɑůɖɠ ɖ əɑɜɖůɖ ŬɡŰɐ 

Űɞɡ Ŭɜɏɛɞɡ ŮˊɖɟŮɎɕŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ əɑɜɖůɖ Űɖɠ ɔɖɠ - ˊŮɟɘůŰɟɞűɐ ɔɨɟɤ Ŭˊɧ Űɞɜ ɎɝɞɜɎ Űɖɠ - 

ˊɞɡ ˊɟɞəŬɚŮɑ ŬŭɟŬɜŮɘŬəɏɠ ŭɡɜɎɛŮɘɠ (Coriolis Effect) əŬɘ ɞɡůɘŬůŰɘəɎ ɢɤɟɑɕŮɘ, ɗŮɤɟɖŰɘəɎ Űɖ 

ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ, ůŮ ɓŬůɘəɏɠ ɕɩɜŮɠ (əɨŰŰŬɟŬ) ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ (ȾɞɡŰůɞɔɘɎɜɜɖɠ, 

ɆɖɛŮɘɩůŮɘɠ ɈŭɟɞɛŮŰŮɤɟɞɚɞɔɑŬɠ, 2013). ɀɘŬ ŰɏŰɞɘŬ ɗŮɩɟɖůɖ ŮɑɜŬɘ ŬɟəŮŰɎ ɘəŬɜɞˊɞɘɖŰɘəɐ əŬɘ 

ɛˊɞɟŮɑ ɜŬ ŮɝɖɔɐůŮɘ ůŮ ŰɏŰɞɘɞ ŮˊɑˊŮŭɞ, Űɖɜ ŬɚɚŬɔɐ ůŰɞ əɚɘɛŬŰɘəɧ əŬɗŮůŰɩɠ  ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŮ 
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əɎɗŮ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ əɚɘɛŬŰɘəɐ ɕɩɜɖ. ȳůɞɜ ŬűɞɟɎ ůŰɞ ɗɏɛŬ Űɖɠ ˊɟɞɓɚŮɣɘɛɧŰɖŰŬɠ ɧɛɤɠ 

ɡˊɎɟɢɞɡɜ ˊɞɚɨ ˊŮɟɘůůɧŰŮɟŮɠ ŭɡůəɞɚɑŮɠ əŬɘ ˊŬɟɎɔɞɜŰŮɠ Ůˊɘɟɟɞɐɠ. 

ȼ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ɛŮŰɟɞɨɛŮɜɖ ůŮ (m/s), ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ 

Űɖɠ ɛŮŰŬɓɚɖŰɐɠ, ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ɧɚŮɠ Űɘɠ ɡˊɧɚɞɘˊŮɠ əɚɘɛŬŰɞɚɞɔɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ, ɧˊɤɠ ɏɢŮɘ 

ˊɟɞŬɜŬűŮɟɗŮɑ. ȼ ɗŮɟɛɞəɟŬůɑŬ, ɖ əŬŰŬəɟɐɛɜɘůɖ, ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ŮɑɜŬɘ 

ɛŮɟɘəɞɑ Ŭˊɧ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɞɜ ɎɜŮɛɞ (ɀɘɛɑəɞɡ, ɇŮɢɜɞɚɞɔɑŬ ɆɡůŰɖɛɎŰɤɜ 

ɈŭŬŰɘəɩɜ Ʉɧɟɤɜ 1994, 2002), ŬɚɚɎ əŬɘ əɎˊɞɘŮɠ ɎɚɚŮɠ ɛŮŰŬɓɚɖŰɏɠ ɧˊɤɠ ɖ Űɨɟɓɖ Űɖɠ 

ŬŰɛɧůűŬɘɟŬɠ, ɖ ŮɝŬŰɛɞŭɘŬˊɜɞɐ ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ, ŬəɧɛŬ əŬɘ ɞɘ Űɞˊɞɚɞɔɘəɞɑ ï 

ɞɟŮɞɔɟŬűɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ, ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɘəŬɜɞɑ ɔɘŬ ɛɘŬ ŰŮɚŮɑɤɠ ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɞɡ Ŭɜɏɛɞɡ. ɄŮɟɘɞɢɏɠ ɛŮ ŮɜŰɞɜɧŰŮɟɞ ŬɜɎɔɚɡűɞ ˊɟɞəŬɚɞɨɜ ˊŮɟɘůůɧŰŮɟɖ 

Űɨɟɓɖ ůŰɖɜ əɑɜɖůɖ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ Űɞɜ ŮˊɖɟŮɎɕɞɡɜ ŮɜŮɟɔŮɘŬəɎ, ɡˊɎɟɢŮɘ ˊɘɗŬɜɧŰɖŰŬ ɜŬ 

ŮˊɘɓɟŬŭɡɜɗŮɑ ɐ ɜŬ ŮˊɘŰŬɢɡɜɗŮɑ ŬɜɎɛŮůŬ ůŮ ɣɖɚɎ ɐ ɢŬɛɖɚɎ ɓɞɡɜɎ, ˊɡəɜɎ ŭɎůɖ, ŬůəŮˊŮɑɠ 

ŮəŰɎůŮɘɠ əŬɘ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŬůŰɘəɞˊɞɑɖůɖɠ, ŮɑɜŬɘ ɛŮɟɘəɞɑ ɛɧɜɞ Ŭˊɧ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ 

əŬɗɘůŰɞɨɜ Űɞɜ ɎɜŮɛɞ ŭɨůəɞɚŬ ˊɟɞɓɚɏɣɘɛɞ. Ⱥˊɑůɖɠ, ŮˊɘˊɟɧůɗŮŰɖ ŭɡůəɞɚɑŬ ŬˊɞŰŮɚŮɑ Űɞ 

ɔŮɔɞɜɧɠ ɧŰɘ ɧɚɞɘ ɞɘ ˊɟɞŬɜŬűŮɟɗɏɜŰŮɠ əɚɘɛŬŰɞɚɞɔɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ŮɑɜŬɘ Ůˊɑůɖɠ ůŰɞɢŬůŰɘəɐɠ 

űɨůŮɤɠ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŬɚɚɖɚɞŮˊɖɟŮɎɕɞɜŰŬɘ ŬˊɞŰŮɚŮɑ ŮˊɘˊɟɧůɗŮŰŬ, ɏɜŬɜ ŬəɧɛŬ 

ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ŮɜŭŮɢɧɛŮɜɖɠ ɛŬŰŬɘɧŰɖŰŬɠ ůŰɖɜ ˊɟɞůˊɎɗŮɘŬ ˊɟɧɓɚŮɣɖɠ Űɞɡ (Abhishek 

et al., 1995). Ⱥˊɑůɖɠ Űɞ ɔŮɔɞɜɧɠ Űɖɠ ɏɚɚŮɘɣɖɠ ŬɟəŮŰɩɜ ŮɜŭŮɢɞɛɏɜɤɠ ˊɟɤŰɞɔŮɜɩɜ ůŰɞɘɢŮɑɤɜ, 

Űɧůɞ ůŮ ˊɞůɧŰɖŰŬ (ɚɑɔŬ ɏŰɖ ɛŮŰɟɐůŮɤɜ, ɚɑɔɞɘ ůŰŬɗɛɞɑ ɛɏŰɟɖůɖɠ əŰɚ.) ɧůɞ əŬɘ ůŮ ˊɞɘɧŰɖŰŬ 

(ůűɎɚɛŬŰŬ ɛŮŰɟɐůŮɤɜ ɞɟɔɎɜɤɜ, ůűɎɚɛŬŰŬ Ŭɜɗɟɩˊɘɜɞɡ ˊŬɟɎɔɞɜŰŬ əŰɚ), ŬɚɚɎ əŬɘ ɖ 

ŬŭɡɜŬɛɑŬ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ ɜŬ ŭɩůɞɡɜ ŬˊŬɜŰɐůŮɘɠ, Űɧůɞ ɔɘŬ Űɞ ɛɖɢŬɜɘůɛɧ ɔɏɜŮůɖɠ 

Űɤɜ ɡŭɟɞɚɞɔɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ, ɧůɞ əŬɘ ɔɘŬ Űɖ ŭɡɜŬɛɘəɐ Ůɝɏɚɘɝɖɠ Űɤɜ ɡŭɟɞɚɞɔɘəɩɜ 

űŬɘɜɞɛɏɜɤɜ ůŰɞ ɢɩɟɞ əŬɘ ůŰɞ ɢɟɧɜɞ, ɞŭɐɔɖůŮ Űɖɜ ɏɟŮɡɜŬ ůŰɖɜ ŰŮəɛɖɟɑɤůɖ ůŰɞɢŬůŰɘəɩɜ 

ɛŮɗɧŭɤɜ əŬɘ ŭɘŬŭɘəŬůɘɩɜ ɔɘŬ Űɖɜ ɡˊŮɟůəɏɚɘůɖ ŬɟəŮŰɩɜ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ 

ˊɟɞɓɚɐɛŬŰŬ, əŬɘ ɏŭɤůŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŭɞɗɞɨɜ  ŬˊŬɜŰɐůŮɘɠ ůŮ ˊɞɚɚɎ Ŭˊɧ ŰŬ ŭɘŬŰɘɗɏɛŮɜŬ 

ˊɟɞɓɚɐɛŬŰŬ ɛŮ ŬɟəŮŰɐ ůŬűɐɜŮɘŬ (ŮˊɑˊŮŭɞ ŬɝɘɞˊɘůŰɑŬɠ) əŬɘ ɘəŬɜɞˊɞɑɖůɖ (ɓŬɗɛɧɠ 

ŬɝɘɞˊɘůŰɑŬɠ). Ⱥˊɞɛɏɜɤɠ, ɞɘ ůŰɞɢŬůŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ əŬɘ ˊɞɡ ůɡɜŮɢɩɠ 

ŮɝŮɚɑůůɞɜŰŬɘ ɏɢɞɡɜ ůŰɧɢɞ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ɡŭɟɞɚɞɔɘəɩɜ űŬɘɜɞɛɏɜɤɜ əŬɘ Űɖɜ 

ŬɜŰɘɛŮŰɩˊɘůɖ ůɡɜɗŮŰɧŰŮɟɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ˊɟɞůɞɛɞɑɤůɖɠ. ȳɚɞɘ ɞɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŮɠ 

ɗɏŰɞɡɜ Űɞɜ ɧɟɞ Űɖɠ ɛŮɟɞɚɖˊŰɘəɐɠ ŮəŰɑɛɖůɖɠ ůŰɖɜ ɗŮɤɟɖŰɘəɐ ɏəűɟŬůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ŭɖɚŬŭɐ ɛɘŬɠ ŮəŰɑɛɖůɖɠ ˊɞɡ ɖ ˊɟŬɔɛŬŰɘəɐ Űɘɛɐ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ ɛŮ Űɖɜ ɡˊɞɚɞɔɘůɛɏɜɖ ɗŮɤɟɖŰɘəɐ ɏɢɞɡɜ ŭɘŬűɞɟɎ. ȳůɞ ɛɘəɟɧŰŮɟɖ ŮɑɜŬɘ ŬɡŰɐ ɖ 

ŭɘŬűɞɟɎ Űɧůɞ ˊɘɞ ˊŮŰɡɢɖɛɏɜɖ ŮɑɜŬɘ ɖ ŬəɞɚɞɡɗɞɨɛŮɜɖ ɛɏɗɞŭɞɠ əŬɘ Űɧůɞ ˊɘɞ ŬɝɘɧˊɘůŰŬ ŮɑɜŬɘ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ůŰɞɢŬůŰɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ŮɝŬɚŮɘűɗŮɑ ɖ ɛŮɟɞɚɖɣɑŬ ŬɡŰɐ əŬɘ ŰŬ 

ŮɝŬɔɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɜŬ ˊɟɞůŮɔɔɑɕɞɡɜ ɛŮ Űɞɜ ˊɚɖɟɏůŰŮɟɞ Űɟɧˊɞ Űɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. 

ɀɧɜɞ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɞɟɗɐ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ əŬɘ ɖ ɛŮŰɏˊŮɘŰŬ 

ŮˊɘŰɡɢɐɠ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ ŮɝŮŰŬɕɧɛŮɜɖɠ ɛŮŰŬɓɚɖŰɐɠ.     

1.2 ȹɘɎɟɗɟɤůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ůŰŬŰɘůŰɘəɐɠ - ůŰɞɢŬůŰɐɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɞɡ Ŭɜɏɛɞɡ. ȼ ŭɘɎɟɗɟɤůɖ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ 

ˊŬɟŬəɎŰɤ: 

ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ˊŮɟɘɔɟŬűɐ Űɖɠ ůɖɛŬůɑŬɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɞɡ Ŭɜɏɛɞɡ ůŮ 

ŭɘɎűɞɟŮɠ ŮəűɎɜůŮɘɠ Űɖɠ əŬɗɖɛŮɟɘɜɧŰɖŰŬɠ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ɑŭɘŬ Űɖɜ əɞɘɜɤɜɑŬ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ, Ŭˊɧ Űɖɜ ɞɟɗɐ ŮɝɏŰŬůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŬɡŰɐɠ, ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɏɛɛŮůŬ ɐ əŬɘ 
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ɎɛŮůŬ. ȼ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŬˊɞŰŮɚŮɑ əɚɘɛŬŰɞɚɞɔɘəɐ ɛŮŰŬɓɚɖŰɐ ɛŮ ůŬűɏůŰŬŰɖ Ůˊɘɟɟɞɐ 

əŬɘ ŬɚɚɖɚŮɝɎɟŰɖůɖ ɛŮ ɧɚŮɠ Űɘɠ ɡˊɧɚɞɘˊŮɠ əɚɘɛŬŰɞɚɞɔɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ, Ůˊɞɛɏɜɤɠ ɖ ůɤůŰɐ 

ɔɜɩůɖ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ ɔɘŬ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ, ŬˊɞŰŮɚŮɑ ˊɞɚɨ 

ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ Ůɘůɟɞɐɠ ůŮ ůɡɜɗŮŰɧŰŮɟŬ ůɡůŰɐɛŬŰŬ, ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ůɡůŰɖɛɎŰɤɜ ŬɡŰɩɜ (ˊɢ. ŰŬɛɘŮɡŰɐɟŬɠ, ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ), ˊɎɜŰŬ ɛŮ əɎˊɞɘɞ ɓŬɗɛɧ ŬɝɘɞˊɘůŰɑŬɠ. 

Ⱥˊɑůɖɠ, ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ ŮɜŮɟɔŮɘŬəɧ ŭɡɜŬɛɘəɧ ɛɘŬɠ ɢɩɟŬɠ əŬɘ ɖ ŬɚɚŬɔɐ Űɖɠ 

ŮɜŮɟɔŮɘŬəɐɠ ˊɞɚɘŰɘəɐɠ Űɖɠ ůŮ ȷɜŬɜŮɩůɘɛɏɠ Ʉɖɔɏɠ ȺɜɏɟɔŮɘŬɠ (ȷ.Ʉ.Ⱥ.), ˊɞɡ ŮɑɜŬɘ ɛɘŬ 

ˊŬɟŬɔɤɔɐ ˊŮɟɘůůɧŰŮɟɞ űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ. ɇɏɚɞɠ, ɖ ŬŰɛɞůűŬɘɟɘəɐ ɟɨˊŬɜůɖ ɛɘŬɠ 

ˊŮɟɘɞɢɐɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɜɞɐ Űɤɜ Ŭɜɏɛɤɜ Űɧůɞ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ ŬɚɚɎ əŬɘ Ŭˊɧ Űɖɜ 

əŬŰŮɨɗɡɜůɖ Űɞɡɠ, ˊɞɡ əŬɗɞɟɑɕŮɘ Űɞ ɢɟɧɜɞ ˊŬɟŬɛɞɜɐɠ Űɤɜ Ŭɏɟɘɤɜ ɟɨˊɤɜ ˊɎɜɤ Ŭˊɧ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ, ŭɑɜɞɜŰŬɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŭɘŬůŰɎůŮɘɠ ůŰɖɜ ŮɝɏŰŬůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ 

Űɞɡ Ŭɜɏɛɞɡ.  

ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ŮəŰŮɜɐɠ ŬɜŬűɞɟɎ ůŮ ŭɖɛɞůɘŮɡɛɏɜŮɠ ŮɟɔŬůɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ 

ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ Űɧůɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ŬɚɚɎ əŬɘ ůŰɖɜ ɚŮəɎɜɖ Űɖɠ ɀŮůɞɔŮɑɞɡ, ˊɞɡ 

ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛɘəɟɧŰŮɟɖ ɢɟɞɜɘəɐ ŭɘŬəɟɘŰɧŰɖŰŬ. Ⱥˊɑůɖɠ, 

ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ ŮɜŮɟɔŮɘŬəɧ Ŭɘɞɚɘəɧ ŭɡɜŬɛɘəɧ ůɡɔəŮəɟɘɛɏɜɤɜ ˊŮɟɘɞɢɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ 

ɢɩɟɞ əŬɘ ŮˊɘˊɟɧůɗŮŰŬ, ˊɞɘŮɠ ˊŮɟɘɞɢɏɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɞɨɜ ɡˊɞɣɐűɘɞɡɠ ŬˊɞŭɏəŰŮɠ 

ůɡůŰɖɛɎŰɤɜ   ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ. Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŮ ɛɞɜŰɏɚŬ ˊŬɟŬɔɤɔɐɠ ůɡɜɗŮŰɘəɩɜ 

ɢɟɞɜɞůŮɘɟɩɜ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ůŮ ɛɞɜŰɏɚŬ ˊɟɞůŬɟɛɞɔɐɠ əŬŰŬɜɞɛɩɜ, ɛŮ ůəɞˊɧ Űɖɜ ɛŮŰŬɝɨ 

Űɞɡɠ ůɨɔəɟɘůɖ əŬɘ Űɖɜ ŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɞɨ əŬɗŮɜɧɠ. 

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ŮəŰŮɜɐɠ ˊŮɟɘɔɟŬűɐ ɧůɞɜ ŬűɞɟɎ Űɖɜ ˊɖɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɗɩɠ 

Ůˊɑůɖɠ əŬɘ Űɖɜ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ, ɩůŰŮ ɜŬ ɛˊɞɟɏůɞɡɜ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ 

ɢɟɞɜɞůŮɘɟɏɠ ɔɘŬ Űɖɜ ůŰŬŰɘůŰɘəɐ - ůŰɞɢŬůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ 

Ŭɜɏɛɞɡ. ũɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ ˊɚɐɗɞɠ Űɤɜ ůŰŬɗɛɩɜ ŬɚɚɎ əŬɘ ůŰɞ ˊɚɐɗɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ˊɟɞəɨˊŰŮɘ ɖ əŬŰŬɚɚɖɚɧŰɖŰŬ ɐ ɛɖ əɎˊɞɘɤɜ ůŰŬɗɛɩɜ ɔɘŬ ŬůűŬɚɐ ůŰŬŰɘůŰɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ 

ɛɏůɤ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡɠ, ɧůɞɜ ŬűɞɟɎ ůŰɞ ˊɚɐɗɞɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡɠ, ůɢŮŰɘəɎ ɛŮ Űɘɠ 

ŮɚɚɘˊŮɑɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɔɑɜŮŰŬɘ əŬɘ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis əŬɘ ɖ ůɨɔəɟɘůɐ Űɞɡɠ 

ɛŮ Űɞ ɘůŰɞɟɘəɧ ŭŮɑɔɛŬ ɔɘŬ əɎɗŮ ůŰŬɗɛɧ, ɔɘŬ Űɖɜ ŮɝɏŰŬůɖ Űɖɠ ŬɝɘɞˊɘůŰɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ŬɡŰɩɜ əŬɘ Űɖɜ ŬůűŬɚɐ  ɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡɠ ɤɠ ˊɟɤŰɧɔŮɜɜɖ ɛɞɟűɐ ˊɚɖɟɞűɞɟɑŬɠ, ůŮ 

ˊŮɟɘˊŰɩůŮɘɠ ŮɚɚŮɑɣŮɤɜ ŭŮŭɞɛɏɜɤɜ. 

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ ɔɑɜŮŰŬɘ ɖ ůŰŬŰɘůŰɘəɐ - ůŰɞɢŬůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ. ɄŬɟɎɔɞɜŰŬɘ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ůŰŬŰɘůŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɢɟɞɜɞůŮɘɟɩɜ ˊɞɡ ŮɑɜŬɘ ɖ ɛɏůɖ Űɘɛɐ əŬɘ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɧůɞ ůŮ 

ɖɛŮɟɐůɘŬ ɧůɞ əŬɘ ůŮ ɛɖɜɘŬɑŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. Ⱥˊɑůɖɠ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŬɡŰɞůɡůɢŮŰɑůŮɘɠ, ɞɘ 

ŬɡŰɞůɡůəŮŭɎůŮɘɠ, ŰŬ əɚɘɛŬəɞɔɟɎɛɛŬŰŬ ŬɚɚɎ əŬɘ ŰŬ űɎůɛŬŰŬ Űɤɜ ɢɟɞɜɞůŮɘɟɩɜ ɔɘŬ ɧɚɖ Űɖɜ 

ˊŮɟɑɞŭɞ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬɚɚɎ əŬɘ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ůŰŬɗɛɞɨɠ. ũɜɤɟɑɕɞɜŰŬɠ ɧɚŮɠ ŬɡŰɏɠ Űɘɠ 

ŮəŰɘɛɐŰɟɘŮɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ, ŮɑɜŬɘ ɔɜɤůŰɐ əŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ ůŰɘɠ 

ɡˊɞɚɞɔɘɕɧɛŮɜŮɠ ŬɡŰɏɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ. ȷˊɧ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ˊŬɟŬˊɎɜɤ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ əɎˊɞɘŬ ůɡɛˊŮɟɎůɛŬŰŬ ɧůɞɜ ŬűɞɟɎ ůŰɖɜ ɨˊŬɟɝɖ 

ɛŬəɟɞˊɟɧɗŮůɛɖɠ Ůɛɛɞɜɐɠ ŬɚɚɎ əŬɘ ůŰɖɜ əɡəɚɞůŰŬůɘɛɧŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛɖɜɘŬɑŬ əŬɘ 

ɖɛŮɟɐůɘŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. ȺˊɘˊɟɧůɗŮŰŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ 

ɗŮɤɟɖŰɘəɞɨ ŮɜŮɟɔŮɘŬəɞɨ ŭɡɜŬɛɘəɞɨ ůɡɔəŮəɟɘɛɏɜɤɜ ˊŮɟɘɞɢɩɜ ůŰɖɜ ȺɚɚɎŭŬ, ˊɞɡ ɡˊɎɟɢɞɡɜ 

ɛŮŰɟɐůŮɘɠ əŬɘ ɔɑɜŮŰŬɘ ɖ ˊɟɞůŬɟɛɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ əŬŰŬɜɞɛɐɠ ůŰŬ ŭŮŭɞɛɏɜŬ, ůŰɖɜ 

ŬɜŰɑůŰɞɘɢɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. ɄŬɟŬŰɑɗŮɜŰŬɘ ɢɎɟŰŮɠ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 

ůɢɐɛŬŰɞɠ (k) əŬɘ əɚɑɛŬəŬɠ (c(m/s)) Űɖɠ əŬŰŬɜɞɛɐɠ Weibull, ˊɞɡ ˊɟɞůŬɟɛɧɕŮŰŬɘ əŬɚɨŰŮɟŬ ůŮ 

ɖɛŮɟɐůɘŬ əŬɘ ɛɖɜɘŬɑŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ əŬɘ ŮɝŮŰɎɕŮŰŬɘ ɖ ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ ɛŮŰŬɓɞɚɐ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ŬɡŰɩɜ, ɛŮ ůəɞˊɧ ɜŬ ŮɝŮŰŬůŰŮɑ əɎˊɞɘŬ, ŮɜŭŮɢɧɛŮɜɖ, ůɡɔəŮəɟɘɛɏɜɖ ůɡɛˊŮɟɘűɞɟɎ 
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ˊɞɡ ɏɢɞɡɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɞɑ ɧůɞɜ ŬűɞɟɎ Űɞ ɢɟɧɜɞ (ɛɐɜŬ - ɏŰɞɠ - Ůˊɞɢɐ) ŬɚɚɎ əŬɘ Űɞ ɢɩɟɞ 

(ɖˊŮɘɟɤŰɘəɏɠ - ˊŬɟŬɗŬɚɎůůɘŮɠ - ɜɖůɘɤŰɘəɏɠ) ˊŮɟɘɞɢɏɠ. Ⱥˊɘˊɚɏɞɜ, ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ  ɞ ɚɧɔɞɠ 

Űɖɠ ɗŮɤɟɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɖɛŮɟɐůɘɞ əŬɘ Űɞ ɛɖɜɘŬɑɞ ɢɟɞɜɘəɧ ɓɐɛŬ əŬɘ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɢɎɟŰŮɠ ˊɞɡ ŮəűɟɎɕɞɡɜ Űɞ ˊɞůɞůŰɧ ŬɡŰɧ, ůŰɞɡɠ ɞˊɞɑɞɡɠ ŮɛűŬɜɑɕɞɜŰŬɘ ˊŮɟɘɞɢɏɠ 

ɛŮ ɛŮɔŬɚɨŰŮɟɞ ɐ ŬɜŰɑůŰɞɘɢŬ ɛŮ ɛɘəɟɧŰŮɟɞ ɗŮɤɟɖŰɘəɧ ŮɜŮɟɔŮɘŬəɧ ŭɡɜŬɛɘəɧ, ɧůɞɜ ŬűɞɟɎ ůŰɞɜ 

ŬɜɤŰɏɟɤ ŬɜŬűŮɟɧɛŮɜɞ ɡˊɞɚɞɔɘůɛɏɜɞ ɚɧɔɞ. Ⱥˊɑůɖɠ, Űɞ ŭŮɑɔɛŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ əɎɗŮ 

ůŰŬɗɛɧ, ŰŬɝɘɜɞɛŮɑŰŬɘ ůŮ űɗɑɜɞɡůŬ ůŮɘɟɎ ɩůŰŮ ɜŬ ˊɟɞəɨɣɞɡɜ ɞɘ ɛɏɔɘůŰŮɠ ˊŬɟŬŰɖɟɖɛɏɜŮɠ 

Űɘɛɏɠ ɔɘŬ əɎɗŮ ˊŮɟɘɞɢɐ ŮɝɏŰŬůɖɠ. ȷˊɧ Űɞ ŰŬɝɘɜɞɛɖɛɏɜɞ ŭŮɑɔɛŬ Ůˊɑůɖɠ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ əŬɘ ŰŬ 

ŭɘŬůŰɐɛŬŰŬ ˊɞůɞůŰɩɜ Űɞɡ 1-5-10-20-30 % Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ Űɘɠ ŰŬɢɨŰɖŰŮɠ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŬɡŰɎ, ɩůŰŮ ɜŬ ŮˊɘɓŮɓŬɘɤɗŮɑ Ŭɜ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ ɡɣɖɚɧ ŮɜŮɟɔŮɘŬəɧ ŭɡɜŬɛɘəɧ 

ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ŬɜɤŰɏɟɤ ɡˊɞɚɞɔɘůɛɧ əŬɘ Ůˊɑůɖɠ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ˊɞɘɏɠ ˊŮɟɘɞɢɏɠ 

ŮɛűŬɜɑɕɞɡɜ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ ŰŬɢɨŰɖŰŮɠ, ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ůɡɢɜɧŰɖŰŬ ɛŮŰɟɐůŮɤɜ. Ƀ ŬɜɤŰɏɟɤ 

ɡˊɞɚɞɔɘůɛɧɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬɘ ɔɘŬ Űɖɜ ŬɜŰɑůŰɟɞűɖ ŭɘŬŭɘəŬůɑŬ, ɛŮ ůɡɔəŮəɟɘɛɏɜɞ Ůɨɟɞɠ 

ŰŬɢɡŰɐŰɤɜ (5-10-15-20-25 m/s), ˊɞɘɎ ŮɑɜŬɘ ɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɤɜ Űɘɛɩɜ Űɤɜ ˊɞůɞůŰɩɜ 

ŬɡŰɩɜ, ɔɘŬ əɎɗŮ ůŰŬɗɛɧ. ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ, Ůˊɑůɖɠ əŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɟɘˊɐɠ Űɞɡ Ŭɜɏɛɞɡ 

əŬɘ ɖ ůɨɔəɟɘůɐ Űɖɠ ɛŮ Űɘɠ ɖɛŮɟɐůɘŮɠ ˊŬɟŬŰɖɟɖɛɏɜŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ɔɘŬ əɎɗŮ ůŰŬɗɛɧ 

ˊɞɡ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ ɟɘˊɐɠ əŬɘ ɔɘŬ əɞɘɜɐ ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ, ɛŮ ůəɞˊɧ Űɖɜ ŮɝɏŰŬůɖ 

əɎˊɞɘŬɠ ůɢŮŰɘəɐɠ ŰɎůɖɠ ŬɜɎɛŮůŬ ůŰɘɠ ŭɡɞ ɛŮŰŬɓɚɖŰɏɠ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ Ůˊɑůɖɠ əŬɘ ɞɘ ŰɎůŮɘɠ 

Űɞɡ Ŭɜɏɛɞɡ, ɔɘŬ əɞɘɜɐ ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ 1970-2013, ɛŮ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ Űɤɜ Űɘɛɩɜ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ůŮ ɛɖɜɘŬɑɞ ɢɟɞɜɘəɧ ɓɐɛŬ. Ⱥˊɑůɖɠ, ɖ ˊɟɞŬɜŬűŮɟɧɛŮɜɖ ˊŮɟɑɞŭɞɠ 

ɢɤɟɑɕŮŰŬɘ ůŮ ŭɡɞ Ůˊɘɛɏɟɞɡɠ ɛɘəɟɧŰŮɟŮɠ ɡˊɞˊŮɟɘɧŭɞɡɠ ŭɘŬůŰɐɛŬŰɞɠ ŮɘəɞůŬŮŰɑŬɠ, 1970-1990 

əŬɘ 1991-2013, ɛŮ ůəɞˊɧ ɜŬ ɓɟŮɗŮɑ Ŭɜ ɡˊɎɟɢɞɡɜ ŭɘŬűɞɟɏɠ ůŰɖɜ ŰɎůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰŬ 

ŭɘŬůŰɐɛŬŰŬ ŬɡŰɎ ůɢŮŰɘəɎ ɛŮ Űɖɜ Ŭɟɢɘəɐ ŮɝŮŰŬɕɧɛŮɜɖ ˊŮɟɑɞŭɞ əŬɘ Ŭɜ ˊɟɞəɨɣɞɡɜ ŬɚɚŬɔɏɠ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚɞɜŰŬɘ.     

ɆŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ŮɝŬɔɤɔɐɠ ŮɜɘŬɑɞɡ ɛɞɜŰɏɚɞɡ Űɞɡ Ŭɜɏɛɞɡ, ɛɏůŬ Ŭˊɧ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ɛŬəɟɞˊɟɧɗŮůɛɖɠ Ůɛɛɞɜɐɠ, ˊɞɡ ŬˊɞŰŮɚŮɑ ɖ ŮɨɟŮůɖ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ Hurst. ȼ ŭɘŬŭɘəŬůɑŬ, ŮɨɟŮůɖɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ŮɝŬɔɤɔɐ 

Űɤɜ əɚɘɛŬəɞɔɟŬɛɛɎŰɤɜ, ˊɞɡ ŮɑɜŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ůŮ ɚɞɔŬɟɘɗɛɘəɞɨɠ ɎɝɞɜŮɠ, ɛŮ ɛŮŰŬɓɚɖŰɏɠ Űɖ 

ŭɘŬůˊɞɟɎ (Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ) Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɞɡ Ŭɜɏɛɞɡ əŬɘ Űɞ ɚɞɔɎɟɘɗɛɞ Űɖɠ əɚɑɛŬəŬɠ 

ɛɏŰɟɖůɖɠ. ȷˊɧ Űɖɜ əɚɑůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ŬɡŰɞɨ ˊɟɞəɨˊŰŮɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

Hurst. ɇŬ əɚɘɛŬəɞɔɟɎɛɛŬŰŬ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ůŰŬɗɛɞɨɠ, ůŰɞ Űɡˊɞˊɞɘɖɛɏɜɞ 

ŭŮɑɔɛŬ, ŮɛűɎɜɘůŬɜ ůɢŮŰɘəɎ əɞɘɜɐ əɚɑůɖ ɛŮ ɛɘəɟɧ Ůɨɟɞɠ ɔɘŬ Űɘɠ ˊɟɩŰŮɠ əɚɑɛŬəŮɠ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮˊɘɚŮɔɞɨɜ 10 ůɡɜɞɚɘəɎ ůŰŬɗɛɞɑ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ, ɛŮ ŮˊŬɟəɐ 

ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ əŬɘ ɛŮ ŭɘŬůˊɞɟɎ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ˊŮɟɘɞɢɐ ŮɝɏŰŬůɖɠ, ɔɘŬ ˊŮɟɘůůɧŰŮɟɞ 

ŬɝɘɧˊɘůŰŬ ůɡɛˊŮɟɎůɛŬŰŬ. Ⱥˊɞɛɏɜɤɠ, ɡˊɞɚɞɔɑůŰɖəŮ ŮɜɘŬɑɞɠ ůɡɜŰŮɚŮůŰɐɠ Hurst, ɔɘŬ ɞɚɧəɚɖɟɞ 

Űɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɛŮ Űɖɜ ŮɜɘŬɑŬ ŭɘŬůˊɞɟɎ Űɤɜ ůŰŬɗɛɩɜ Űɞɡ Űɡˊɞˊɞɘɖɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ. ȼ 

ŮɨɟŮůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ Hurst, ˊɟɞɏəɡɣŮ Ŭˊɧ ˊɟɞůŬɟɛɞɔɐ Űɤɜ Űɘɛɩɜ Űɖɠ ŭɘŬůˊɞɟɎɠ ɔ(ȹ) ɔɘŬ 

əɎɗŮ ůŰŬɗɛɧ, Űɖɠ ŬɛŮɟɧɚɖˊŰɖɠ ŮəŰɘɛɐŰɟɘŬɠ Űɖɠ ŭɘŬůˊɞɟɎɠ ῴ‎ῳ  əŬɘ ˊɟɞɏəɡɣŮ ɛɘŬ 

ůɡɔəɟɘɛɏɜɖ Űɘɛɐ ɔɘŬ əɎɗŮ ůŰŬɗɛɧ. ɇɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŬɜɤŰɏɟɤ 

ŮˊŮɝŮɟɔŬůɑŬ ůŰɞɡɠ 10 ŮɝŮŰŬɕɧɛŮɜɞɡɠ ůŰŬɗɛɞɨɠ, ŮˊɏŰɟŮɣŮ Űɖɜ ŮəŰɑɛɖůɖ ɛɘŬɠ ŮɜɘŬɑŬɠ Űɘɛɐɠ 

ɔɘŬ Űɞ ůɡɜŰŮɚŮůŰɐ Hurst, ɔɘŬ ɧɚɞ Űɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ.      

ɆŰɞ ɏəŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ˊŬɟŬɔɤɔɐɠ ůɡɜɗŮŰɘəɩɜ ɢɟɞɜɞůŮɘɟɩɜ ɛŮ ɛɞɜŰɏɚŬ 

Ŭˊɚɐɠ ɞɛɞɘɞɗŮůɑŬɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ Űɤɜ ŰɡɢŬɑɤɜ ŭɘŬəɡɛɎɜůŮɤɜ ˊɞɚɚŬˊɚɐɠ 

əɚɑɛŬəŬɠ. ɆɢŮŰɘəɎ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ, ˊŬɟɎɔɞɜŰŬɘ ŰɟŮɘɠ ŬɜŮɚɑɝŮɘɠ ɛŮ ŮɜɘŬɑɞ ůɡɜŰŮɚŮůŰɐ Hurst 

əŬɘ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ŭˊɧ Űɞɜ əɎɗŮ ůŰŬɗɛɧ ŮɝɏŰŬůɖɠ, ŮɝɎɔɞɜŰŬɠ ŰɟɑŬ AR(1) 

ɛɞɜŰɏɚŬ, ˊɞɡ ˊɟɞůŰɑɗŮɜŰŬɘ ˊŬɟɎɔɞɜŰŬɠ Űɖɜ ůɡɜɗŮŰɘəɐ ɢɟɞɜɞůŮɘɟɎ, ɛŮ ŰŬ ŮˊɘɗɡɛɖŰɎ əɎɗŮ 

űɞɟɎ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ. ȳɛɤɠ, ŮˊŮɘŭɐ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ 
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ůɡɜɗŮŰɘəɐɠ ɢɟɞɜɞůŮɘɟɎɠ, ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ŰŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ůŰɞɜ ɗŮɤɟɖŰɘəɧ əɚŬůɛŬŰɘəɧ 

ɔəŬɞɡůɘŬɜɧ (FGN) ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ Hurst, ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ 

Űɖɠ ůŮɘɟɎɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɗŬ Ŭəɞɚɞɡɗɞɨɜ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ. ȳɛɤɠ, Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɞ 

əŮűɎɚŬɘɞ, ˊɟɞɏəɡɣŮ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɖɛŮɟɐůɘŬ əŬɘ ɛɖɜɘŬɑŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ, 

Ŭəɞɚɞɡɗɞɨɜ əŬŰŬɜɞɛɐ Weibull. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ (ŮɛˊŮɘɟɘəɎ) ɗŬ 

ˊɟɏˊŮɘ ɜŬ əŬɜɞɜɘəɞˊɞɘɖɗɞɨɜ, ɜŬ ˊɟɞůŬɟɛɞůŰɞɨɜ ůŰɖɜ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ, ɛɏůɤ 

ůɡɔəŮəɟɘɛɏɜɞɡ Űɨˊɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ əŬɜɞɜɘəɞˊɞɑɖůɖɠ, ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ. ɆŰɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ 

Ŭɜɏɚɘɝɖɠ, ɛŮ ŭŮŭɞɛɏɜŬ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ůɡɜɗŮŰɘəɐ (əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖ) ɢɟɞɜɞůŮɘɟɎ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬˊɞəŬɜɞɜɘəɞˊɞɑɖůɖ Űɖɠ, ɛŮ Űɞɜ ŬɜŰɑůŰɟɞűɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ˊɞɡ 

ˊɟɞɖɔɞɡɛɏɜɤɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ. ȼ Ŭɜɏɚɘɝɖ ŬɡŰɐ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ ˊɏɜŰŮ 

ůɡɔəŮəɟɘɛɏɜɞɡɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨɠ əŬɘ ŰŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ůɡɜɗŮŰɘəɐɠ 

ɢɟɞɜɞůŮɘɟɎɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ əɎɗŮ ɏɜŬɜ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŮ əŬŰɎɚɚɖɚɞ ŭɘɎɔɟŬɛɛŬ, ɛŮ 

ůəɞˊɧ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɜŬ ɓɟŮɗŮɑ ˊɞɘɞɠ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨɠ ŮɑɜŬɘ ˊɚɏɞɜ əŬŰɎɚɚɖɚɞɠ ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ŮűŬɟɛɞɔɐ.   

ɆŰɞ ɏɓŭɞɛɞ əŮűɎɚŬɘɞ ŮɝɎɔɞɜŰŬɘ ůɡɛˊŮɟɎůɛŬŰŬ Ŭˊɧ ɧɚɖ Űɖɜ ůŰŬŰɘůŰɘəɐ - ůŰɞɢŬůŰɘəɐ 

ŮˊŮɝŮɟɔŬůɑŬ, əŬɘ ˊɟɞəɨˊŰɞɡɜ ɢɟɐůɘɛɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɧůɞɜ ŬűɞɟɎ ůŰɖɜ ɛŮɚɏŰɖ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ Ŭɜɏɛɞɡ, ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ əɎɗŮ űɞɟɎ, ŮɝŮŰŬɕɧɛŮɜɖ, ɢɟɞɜɘəɐ əɚɑɛŬəŬ. 
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2 ȸɘɓɚɘɞɔɟŬűɘəɐ Ůˊɘůəɧˊɖůɖ 

2.1 ũŮɜɘəɎ 

ɆŰɞ Ůɜ ɚɧɔɤ əŮűɎɚŬɘɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬűɞɟɎ Űɤɜ ůɖɛŬɜŰɘəɧŰŮɟɤɜ 

ŮˊɘůŰɖɛɞɜɘəɩɜ ůɡɔɔɟŬɛɛɎŰɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, Űɧůɞ ůŰɞɜ ȺɚɚŬŭɘəɧ 

ɢɩɟɞ (Voivontas et al., 1998 
.
 Bagioras et al. 2008 

.
 Fyrippis et al., 2008, 2010 

.
 Philipopoulos 

et al. 2009 
.
 Chronopoulou et al., 2010 

.
 Karamanis, 2013) ɧůɞ əŬɘ ůŮ ŭɘɎűɞɟŮɠ ɎɚɚŮɠ ɢɩɟŮɠ 

(Archer et al., 2003, 2004 
.
 Alaydi et al., 2010 

.
 Islam et al., 2010) əŬɘ ɛɏůŬ Ŭˊɧ ŰŬ 

ůɡɔɔɟɎɛɛŬŰŬ ŬɡŰɎ ɔɑɜŮŰŬɘ ŬɘůɗɖŰɐ ɖ ɛŮŰŬɓɚɖŰɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ əŬɘ Űɖɠ əŬŰŮɨɗɡɜůɖɠ Űɞɡ 

Ŭɜɏɛɞɡ, Űɧůɞ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ ɧůɞ əŬɘ ůŮ ŮˊɑˊŮŭɞ ɢɩɟŬɠ (Schicker, et al., 2010). ȼ 

Ůˊɘůəɧˊɖůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŬɡŰɐɠ ɏɔɘɜŮ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊɟɞůɏɔɔɘůɖɠ əŬɘ 

ɛŮɗɞŭɞɚɞɔɑŬɠ əŬɘ ɖ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɛɞɜŰɏɚɤɜ ˊɞɡ ŭɞəɘɛɎůŰɖəŬɜ ɎɚɚɞŰŮ ɐŰŬɜ ŮˊɘŰɡɢɐɠ əŬɘ 

ɎɚɚɞŰŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɜ ɐŰŬɜ ŰŬ ŬɜŬɛŮɜɧɛŮɜŬ, əŬŰŬɚɐɔɞɜŰŬɠ ˊɎɜŰŬ ůŮ ˊɞɚɨ ɢɟɐůɘɛŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɞ ŬɜŮɛɞɚɞɔɘəɧ əŬɗŮůŰɩɠ Űɖɠ ɡˊɧ ŮɝɏŰŬůɖ ˊŮɟɘɞɢɐɠ - ŰɞˊɞɗŮůɑŬɠ. 

ɀŮɟɘəɏɠ ɢɟɐůɘɛŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ Ŭˊɧ ŰŬ ŮˊɘůŰɖɛɞɜɘəɎ ŬɡŰɎ ůɡɔɔɟɎɛɛŬŰŬ ŬɜŬűɏɟɞɜŰŬɘ 

ˊŬɟŬəɎŰɤ ŰɞɜɑɕɞɜŰŬɠ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ůɖɛŮɑŬ ŬɚɚɎ əŬɘ ŰŬ ɢɟɐůɘɛŬ ŮɝŬɔɧɛŮɜŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ.        

2.2 Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ Ŭɘɞɚɘəɞɨ ŮɜŮɟɔŮɘŬəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ȺɚɚɎŭŬ 

ɆŰɖ ŮˊɘůŰɖɛɞɜɘəɐ ŮɟɔŬůɑŬ (Chronopoulou et al., 2010), ɛŮɚŮŰɎŰŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ 

Ŭɜɏɛɞɡ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ ŮˊɘŰŬəŰɘəɐ ŬɜɎɔəɖ ɔɘŬ ŮɨɟŮůɖ ɜɏɤɜ 

ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ, űɘɚɘəɏɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ, ɧˊɤɠ ŮɑɜŬɘ ɖ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ, 

ŭŮŭɞɛɏɜɞɡ Űɖɠ ɏɚɚŮɘɣɖɠ Űɤɜ ŬˊɞɗŮɛɎŰɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ ɧˊɤɠ ŮɑɜŬɘ əŬɘ Űɞ ˊŮŰɟɏɚŬɘɞ, 

ůŰɘɠ ŮˊɧɛŮɜŮɠ ŭŮəŬŮŰɑŮɠ. ɇɞɜɑɕŮŰŬɘ ɖ ůˊɞɡŭŬɘɧŰɖŰŬ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ ɏɟŮɡɜŬɠ ůŮ ɗɏɛŬŰŬ 

ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ, Ŭűɞɨ ɞ ɞɟɡəŰɧɠ ŮɜŮɟɔŮɘŬəɧɠ ˊɚɞɨŰɞɠ ŭŮɜ ŮɑɜŬɘ ɞɨŰŮ 

ŬɜŮɝɎɜŰɚɖŰɞɠ ŬɚɚɎ əŬɘ ɖ əŬɨůɖ Űɤɜ ɞɟɡəŰɩɜ ŬɡŰɩɜ ɛŮ ůəɞˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ 

ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮˊɘɕɐɛɘŬ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ. 

ɇŬ ŭŮŭɞɛɏɜŬ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ ŮɝɐɢɗɖůŬɜ Ŭˊɧ 59 ůɖɛŮɑŬ ůŰɞɜ ɖˊŮɘɟɤŰɘəɧ əŬɘ ɜɖůɘɤŰɘəɧ 

ɢɩɟɞ Űɤɜ ŮŰɩɜ 1999-2000, ɛŮ 48 ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ Űɞɡ Ⱥɚɚɖɜɘəɞɨ əɏɜŰɟɞɡ 

ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ əŬɘ 11 ůŰŬɗɛɞɨɠ Ŭˊɧ Űɖɜ Ůɚɚɖɜɘəɐ ɛŮŰŮɤɟɞɚɞɔɘəɐ ɡˊɖɟŮůɑŬ. 

ɇɞ ŭŮɑɔɛŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖ ůɤůŰɐ ŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ ɏˊɟŮˊŮ ɜŬ ŮɑɜŬɘ ɞɛŬɚɎ 

əŬŰŬɜŮɛɖɛɏɜɞ ůŰɞ ɢɩɟɞ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ɛŮ Űɟɧˊɞ ˊɞɡ ɜŬ ɛˊɞɟŮɑ ɜŬ ŭɑɜŮɘ 

ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ ŮɘəɧɜŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ 

ȺɚɚŬŭɘəɧ ɢɩɟɞ. ȷˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ůŮ ŮŰɐůɘŬ əɚɑɛŬəŬ, ˊŬɟɐɢɗɖůŬɜ 

ɢɎɟŰŮɠ ŬɜŮɛɞɚɞɔɘəɞɨ ŭɡɜŬɛɘəɞɨ (ŰŬɢɨŰɖŰŬɠ əŬɘ əŬŰŮɨɗɡɜůɖɠ), ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ArcGis 9.3, ˊɞɚɨ ɢɟɐůɘɛɞɘ ɔɘŬ Űɖ ɛŮɚɏŰɖ əŬɘ ŰɞˊɞɗɏŰɖůɖ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ.  

ȷˊɧ Űɞɜ ŮŰɐůɘɞ ŬɜŮɛɞɚɞɔɘəɧ ɢɎɟŰɖ ˊɟɞɏəɡɣŮ Űɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ŮɜŰɞɜɧŰŮɟɞɘ ɎɜŮɛɞɘ ˊɜɏɞɡɜ 

ůŰɖ ɜɖůɘɤŰɘəɐ ȺɚɚɎŭŬ Ŭˊɧ ɧŰɘ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ, ɛŮ ɛɏůɖ ŮŰɐůɘŬ ŰŬɢɨŰɖŰŬ (1-5.5 m/s) əŬɘ 

ɛɏɔɘůŰɞ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ. ɆŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ Iɞɜɑɞɡ, ɖ ɛɏůɖ ŮŰɐůɘŬ 

ŰŬɢɨŰɖŰŬ əɡɛŬɑɜŮŰŬɘ ůŰŬ (1-2 m/s) ˊɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ŬəŰɩɜ Űɖɠ ɜɧŰɘŬɠ ɄŮɚɞˊɞɜɜɐůɞɡ 

űŰɎɜŮɘ ŰŬ (3-4 m/s). ɆŰɖɜ ɓɧɟŮɘŬ əŬɘ əŮɜŰɟɘəɐ ɖˊŮɘɟɤŰɘəɐ ȺɚɚɎŭŬ ɖ ɛɏůɖ ŮŰɐůɘŬ ŰŬɢɨŰɖŰŬ 

ɏɢŮɘ Ůɨɟɞɠ (1.5-2.5 m/s) əŬɘ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ ȺɚɚŬŭɘəɞɨ ɖˊŮɘɟɤŰɘəɞɨ ɢɩɟɞɡ ɏɢŮɘɠ Ůɨɟɞɠ 
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(3.4-4 m/s). ȳůɞɜ ŬűɞɟɎ ůŰɖɜ əŬŰŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ůŮ ŮŰɐůɘŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ Űɞ 

ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɤɜ Ŭɜɏɛɤɜ (78%) ɏɢŮɘ əŬŰŮɨɗɡɜůɖ Ŭˊɧ Űɞ ɓɞɟɟɎ - ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ 

ŬɚɚɎ əŬɘ ɓɞɟŮɘɞŭɡŰɘəɎ.  

Ⱥˊɑůɖɠ, ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ əŬɘ ůŰɖɜ ŮˊɞɢɘəɧŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŮɝŮŰɎɕɞɜŰŬɠ 

Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ ŬɜɎ Ůˊɞɢɐ Űɞɡ ɏŰɞɡɠ. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ ŰŬɢɨŰɖŰŮɠ Űɞɡ Ŭɜɏɛɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ Űɞ ɢŮɘɛɩɜŬ ɛŮ Ůɨɟɞɠ Űɘɛɩɜ  (1-6 m/s) əŬɘ ŮŰɐůɘŬ ɛɏɔɘůŰŬ (5.5-6 m/s)  ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ ɓɧɟŮɘɞɡ ȷɘɔŬɑɞɡ, ŬɜɎɛŮůŬ ůŰɘɠ ŬɜŬŰɞɚɘəɏɠ ȾɡəɚɎŭŮɠ, Űɖɜ ȽəŬɟɑŬ əŬɘ ŰŬ ɜɖůɘɎ 

Űɤɜ ɓɧɟŮɘɤɜ ȹɤŭŮəŬɜɐůɤɜ. ȼ ˊɘɞ ɐˊɘŬ Ůˊɞɢɐ Űɞɡ ɏŰɞɡɠ ŮɑɜŬɘ ɖ ȯɜɞɘɝɖ, ɛŮ Ůɨɟɞɠ ŰŬɢɡŰɐŰɤɜ 

(1-5.5 m/s) əŬɘ ɛɏɔɘůŰŬ (5-5.5 m/s) ɔɘŬ Űɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ, (2.5-3.5 m/s) əŬɘ Űɖɜ ȾɟɐŰɖ, Ůɜɩ 

ɔɘŬ Űɘɠ ŬɜŬŰɞɚɘəɏɠ ɆˊɞɟɎŭŮɠ, Űɖ ɓɧɟŮɘŬ ȺɨɓɞɘŬ, ŰŬ ȾɨɗɖɟŬ, Űɖ ɀŮɗɩɜɖ əŬɘ ŰŬ ȹɤŭŮəɎɜɖůŬ 

Űɞ Ůɨɟɞɠ ŮɑɜŬɘ (3.5-4.0 m/s). Ƀɘ əŬŰŮɡɗɨɜůŮɘɠ Űɞɡ Ŭɜɏɛɞɡ Űɖɜ Ůˊɞɢɐ ŬɡŰɐ ŮɑɜŬɘ ɓɧɟŮɘŮɠ ï 

ɓɞɟŮɘɞŬɜŬŰɞɚɘəɏɠ - ɓɞɟŮɘɞŭɡŰɘəɏɠ əŬŰɎ ɢŬɛɖɚɧŰŮɟɞ ˊɞůɞůŰɧ 68%. ɇɞ əŬɚɞəŬɑɟɘ ŮɛűŬɜɑɕŮŰŬɘ 

ŰŮɚŮɑɤɠ ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɛŮ Ůɨɟɞɠ ŰŬɢɡŰɐŰɤɜ (0.5-6.0 m/s) əŬɘ ɛɏɔɘůŰɞ ŰŬ (5.5-6.0 

m/s) ůŰɞ ɜɧŰɘɞ əŬɘ ɜɞŰɘɞŬɜŬŰɞɚɘəɧ ȷɘɔŬɑɞ, ŮɘŭɘəɎ ůŰŬ ȹɤŭŮəɎɜɖůŬ, ɞɘ ɎɜŮɛɞɘ ŮˊɖɟŮɎɕɞɜŰŬɘ 

Ŭˊɧ Űɞ ŬɜŮɛɞɚɞɔɘəɧ ɟŮɨɛŬ ˊɞɡ ɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ȽɜŭɑŬ əŬɘ ŮɛˊɚɞɡŰɑɕŮɘ ŰŬ ˊŬɟɎɚɘŬ Űɖɠ ɀɘəɟɎɠ 

ȷůɑŬɠ, ŬɚɚɎ əŬɘ Űɖɜ ˊŮɟɘɞɢɐ Űɤɜ ȹɤŭŮəŬɜɐůɤɜ. ȺˊɘˊɟɧůɗŮŰŬ, ɖ ɏɜŰɞɜɖ ˊŬɟɞɡůɑŬ ɛŮɚŰŮɛɘɩɜ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȷɘɔŬɑɞɡ əŬɗɘůŰɎ Űɖɜ Ůˊɞɢɐ Űɞɡ əŬɚɞəŬɘɟɘɞɨ ŬɟəŮŰɎ ŬɜŮɛɩŭɖ. ɇɞ ˊɚɐɗɞɠ 

Űɤɜ əŬŰŮɡɗɨɜůŮɤɜ Űɤɜ Ŭɜɏɛɤɜ ŮɑɜŬɘ ɓɧɟŮɘɞɘ ï ɓɞɟŮɘɞŬɜŬŰɞɚɘəɞɑ ï ɓɞɟŮɘɞŭɡŰɘəɞɑ ɛŮ ˊɞůɞůŰɧ 

76%. ɇɏɚɞɠ, Űɞ űɗɘɜɧˊɤɟɞ, Űɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ ŮɑɜŬɘ (1-5 m/s) ɛŮ Űɘɠ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ɜŬ ŮɑɜŬɘ 

ůŰɞ (4.5-5.0 m/s) ˊɞɡ əŬɘ ˊɎɚɘ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ. Ƀɘ ŰŬɢɨŰɖŰŮɠ ɛŮɘɩɜɞɜŰŬɘ 

ůŰŬ (2-3 m/s) ůŰɘɠ ŬɜŬŰɞɚɘəɏɠ ŬəŰɏɠ Űɖɠ ɖˊŮɘɟɤŰɘəɐɠ ɢɩɟŬɠ əŬɘ ŬɡɝɎɜɞɜŰŬɘ ůŰŬ (3.5-4.0 m/s) 

ůŰɘɠ ŬəŰɏɠ Űɖɠ ɀɘəɟɎɠ ȷůɑŬɠ. ɆŰɞ ɓɧɟŮɘɞ Ƚɧɜɘɞ Űɞ Ůɨɟɞɠ Űɤɜ ŰŬɢɡŰɐŰɤɜ ŮɑɜŬɘ (1-2 m/s) ˊɞɡ 

ŬɡɝɎɜŮŰŬɘ ůŰɘɠ ɓɧɟŮɘŮɠ ŬəŰɏɠ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ ůŰŬ (3.5-4.0 m/s) ůŰɖ ɀŮɗɩɜɖ əŬɘ ůŰŬ 

ȾɨɗɖɟŬ. ȼ Ŭɨɝɖůɖ Űɤɜ Ŭɜɏɛɤɜ ɞűŮɑɚŮŰŬɘ ůŰɖɜ əɡəɚɤɜɘəɐ əŬɘ ŬɜŰɘəɡəɚɤɜɘəɐ ŭɘŬŭɘəŬůɑŬ. ȼ 

ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ Ŭˊɧ ɓɧɟŮɘŬ - ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ - ɓɞɟŮɘɞŭɡŰɘəɎ ɛŮ ˊɞůɞůŰɧ 78%.  

ȷˊɧ Űɖ ˊŬɟŬˊɎɜɤ ŬɜɎɚɡůɖ, ˊɟɞɏəɡɣŮ Űɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɖ ȺɚɚɎŭŬ ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ 

ˊŮɟɘůůɧŰŮɟɞ ŬɜŮɛɩŭɖɠ ˊŮɟɘɞɢɏɠ Űɖɠ Ⱥɡɟɩˊɖɠ. Ⱥˊɑůɖɠ, ɞɘ ŰŬɢɨŰɖŰŮɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ ȷɘɔŬɑɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ ɧŰɘ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ ɢɩɟŬ, ɛŮ ɛɏɔɘůŰɞ Űɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ əŮɜŰɟɘəɞɨ ȷɘɔŬɑɞɡ. Ⱥˊɞɛɏɜɤɠ, ɛŮ ůɤůŰɐ ɡˊɞŭɞɛɐ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ Űɞ 

Ŭɘɞɚɘəɧ ŭɡɜŬɛɘəɧ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɡŰɐɠ, ŮɝŬůűŬɚɑɕɞɜŰŬɠ ɏŰůɘ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ŬɡŰɞɜɞɛɑŬ ɧɚɤɜ 

Űɤɜ ɜɖůɘɩɜ ŬɡŰɩɜ. 

2.3 ɄɟɞɏɚŮɡůɖ əŬɘ ɛŮŰŬűɞɟɎ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ Űɞɡ ŬɏɟŬ 

ůŰɖɜ ɚŮəɎɜɖ Űɖɠ ɀŮůɞɔŮɑɞɡ       

ɆŰɖɜ ŮɟɔŬůɑŬ Űɤɜ (Schicker et al., 2010), ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɞ ɡˊɞɚɞɔɘůɛɧɠ, Ŭˊɧ ŭŮŭɞɛɏɜŬ 

Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ŬɚɚɎ əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŭŮŭɞɛɏɜŬ 

ŬŰɛɞůűŬɘɟɘəɐɠ ɡɔɟŬůɑŬɠ, Űɖɠ əɑɜɖůɖɠ Űɤɜ Ŭɏɟɘɤɜ ɛŬɕɩɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ ɚŮəɎɜɖ Űɖɠ 

ɀŮůɞɔŮɑɞɡ, Ŭűɞɨ ˊɟɞɖɔɐɗɖəŮ ɖ ŭɘŬɛŮɟɘůɛŬŰɞˊɞɑɖůɖ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ůŮ  

ɕɩɜŮɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ŮɑɜŬɘ ɛɘŬ ˊŮɟɘɞɢɐ ɛŮ ɢŬɛɖɚɐ ɓɟɞɢɧˊŰɤůɖ ŬɚɚɎ ɡɣɖɚɐ 

ŮɝɎŰɛɘůɖ, ŮɡɜɞŮɑ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ əɑɜɖůɖɠ əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ ˊɞɡ ˊɟɞɏəɡɣŮ ɐŰŬɜ ɧŰɘ ɖ 

ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ ŬˊɞŰŮɚŮɑ ůŰŬɡɟɞŭɟɧɛɘ Ŭɜɏɛɤɜ, ɛŮ Űɞɜ ɎɜŮɛɞ ɜŬ ŮɘůɢɤɟŮɑ 

ɓɞɟŮɘɞŭɡŰɘəɎ əŬɘ ɜŬ ůɡɜŮɢɑɕŮɘ ůŮ ŭɡɞ ŭɘŬűɞɟŮŰɘəɎ ɛɏŰɤˊŬ, ɛŮ Űɞ ˊɟɩŰɞ ɜŬ əŬŰŮɡɗɨɜŮŰŬɘ 

ɜɞŰɘɞŭɡŰɘəɎ ˊɎɜɤ Ŭˊɧ Űɖ ɓɧɟŮɘŬ ȷűɟɘəɐ əŬɘ Űɞ ŭŮɨŰŮɟɞ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ ˊɟɞɠ Űɖɜ əŮɜŰɟɘəɐ 

ȷůɑŬ.  ȼ ŮɝɏŰŬůɖ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɀŮůɞɔŮɑɞɡ, ˊɞɡ ɏɢŮɘ ɔɑɜŮɘ əŬɘ Ŭˊɧ ɎɚɚŮɠ ɛŮɚɏŰŮɠ ůŰɞ 

ˊŬɟŮɚɗɧɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ, ŮˊŮɘŭɐ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ Ŭɡɝɖɛɏɜɖ ɡɔɟŬůɑŬ Űɞ ɢŮɘɛɩɜŬ, Űɞɡɠ 

ɡˊɞŰɟɞˊɘəɞɨɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ɕŮůŰɎ əŬɘ ɝɖɟɎ əŬɚɞəŬɑɟɘŬ əŬɘ Ŭˊɧ Űɞɡɠ ȷűɟɘəŬɜɘəɞɨɠ əŬɘ 
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ȷůɘŬŰɘəɞɨɠ ɛɞɡůɩɜŮɠ. Ⱥˊɑůɖɠ, ɖ ɞɟŮɞɔɟŬűɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ, Ŭűɞɨ 

ˊŮɟɘůŰɞɘɢɑɕŮŰŬɘ Ŭˊɧ ɛŮɔɎɚŬ əŬɘ ɣɖɚɎ ɧɟɖ, ŰŬ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɞɨɜ ůɡɔəŮəɟɘɛɏɜŮɠ ŰɎůŮɘɠ 

ˊɜɞɐɠ Űɞɡ Ŭɜɏɛɞɡ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɧŭɞɡɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ŭɘɎűɞɟŬ Ůɑŭɖ Ŭɜɏɛɤɜ.   

ɇŬ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ ɔɘŬ 5.5 ɢɟɧɜɘŬ Űɖɠ ˊŮɟɘɧŭɞɡ 27 ɃəŰɤɓɟɑɞɡ 

1999 - 1 ɀŬȶɞɡ 2005, əŬɘ ɖ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ŭɘŬɛŮɟɘůɛŬŰɞˊɞɘɐɗɖəŮ ůŮ űŬŰɜɑŬ ɔɘŬ 

ˊŮɟŮŰŬɑɟɤ ŬɜɎɚɡůɖ, Űɧůɞ ůŮ ɞɟɘɕɧɜŰɘŬ əɚɑɛŬəŬ ɧůɞ əŬɘ əŬɗô ɨɣɞɠ ɔɘŬ Űɖɜ ŰɟɘůŭɘɎůŰŬŰɖ 

ŬˊŮɘəɧɜɘůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ. ȼ ɢɟɞɜɘəɐ əɚɑɛŬəŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŮɝɏŰŬůɖ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ ɐŰŬɜ: 0-1, 0-5, 0-30 əŬɘ 0-90 ɛɏɟŮɠ ůŰɘɠ ɞˊɞɑŮɠ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ ŮɡŭɘɎəɟɘŰɖ ɖ 

Ůɝɏɚɘɝɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ. Ⱥˊɞɛɏɜɤɠ, ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɡɔɟŬůɑŬɠ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖ ŭɘŬűɞɟɎ 

Űɖɠ ŮɝɎŰɛɘůɖɠ ɛŮ Űɖ ɓɟɞɢɧˊŰɤůɖ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɞɜɘəɞɨ ˊŬɟŬɗɨɟɞɡ, ŮɝŮŰɎɕɞɜŰŬɠ əɎɗŮ 

űɞɟɎ ůŮ ůɢɏůɖ ɛŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ɢɟɞɜɘəɧ ɓɐɛŬ ɔɘŬ ɜŬ ɓɟŮɗŮɑ ɖ Ŭɨɝɖůɖ ɐ ɛŮɑɤůɖ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ əŬɘ ɜŬ ˊɟɞəɨɣŮɘ ɖ əɑɜɖůɖ - əŬŰŮɨɗɡɜůɖ Űɖɠ ɡɔɟŬůɑŬɠ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ɓɟɞɢɧˊŰɤůɖɠ, ɖ ɛŮɑɤůɖ Űɖɠ ɡɔɟŬůɑŬɠ ŭɡɞ ůɡɜŮɢɧɛŮɜɤɜ ɢɟɞɜɘəɩɜ ɓɖɛɎŰɤɜ ɛŮŰŬűɟɎůŰɖəŮ 

ɤɠ ɓɟɞɢɧˊŰɤůɖ.  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŮɝɐɢɗɖůŬɜ ɐŰŬɜ, ɧŰɘ Űɞ əŮɜŰɟɘəɧ ɛɏɟɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɞ 

ɞˊɞɑɞ ɢŬɟŬəŰɖɟɘɕɧŰŬɜ Ŭˊɧ ůŰŬůɘɛɧŰɖŰŬ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ Ŭɜɏɛɞɡ, ˊŬɟɞɡůɑŬɕŮ əŬɘ ŰŬ 

ɛɏɔɘůŰŬ ůŰɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ɛŮŰŬɓɚɖŰɏɠ (ɓɟɞɢɧˊŰɤůɖ - ɡɔɟŬůɑŬ). ɆɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ 

Ůˊɑůɖɠ ŬˊɞŰɏɚŮůŮ əŬɘ ɖ ɞɟŮɞɔɟŬűɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɛŮŰŬɓɎɚɚɞɜŰŬɜ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ 

əŬɘ ŮˊɖɟɏŬɕŮ Űɖɜ ˊɞůɧŰɖŰŬ ɡɔɟŬůɑŬɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ. ȼ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ űŬɘɜɞɛɏɜɞɡ ɐŰŬɜ 

ˊŬɟɧɛɞɘŬ  ůŰɘɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ Űɤɜ 0-1 əŬɘ 0-5 ɖɛŮɟɩɜ, ɛŮ Űɖ ŭŮɨŰŮɟɖ ɜŬ ŮɛűŬɜɑɕŮɘ 

ɛŮɔŬɚɨŰŮɟɖ Ůˊɘɟɟɞɐ ůŰɖɜ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɐ Ⱥɡɟɩˊɖ Ŭˊɧ ɧŰɘ ůŰɖ ɓɞɟŮɘɞŭɡŰɘəɐ. ȼ əɚɑɛŬəŬ 

Űɤɜ 0-30 ɖɛŮɟɩɜ ɏŭŮɘɝŮ 2 əɨɟɘŬ ɟŮɨɛŬŰŬ, ɏɜŬ ɛŮ əŬŰŮɨɗɡɜůɖ Ŭˊɧ Űɞ ũɘɓɟŬɚŰɎɟ əŬɘ Űɖɜ 

ȺɟɡɗɟɎ ɗɎɚŬůůŬ ˊɟɞɠ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞˊɞŰŬɛɑŬɠ əŬɘ Űɞ ŭŮɨŰŮɟɞ ɜŬ ́ŮɟɜɎŮɘ ˊɎɜɤ Ŭˊɧ 

ŰŬ ȹŬɟŭŬɜɏɚɘŬ. ɆŰɖɜ əɚɑɛŬəŬ Űɤɜ 0-90 ɖɛŮɟɩɜ ˊɟɞɏəɡɣŮ ɖ ŬɘŰɘɞɚɧɔɖůɖ Űɞɡ ɢŬɟŬəŰɖɟɘůɛɞɨ 

Űɖɠ ɀŮůɞɔŮɑɞɡ ɤɠ ůŰŬɡɟɞŭɟɧɛɘ Űɤɜ Ŭɜɏɛɤɜ əŬɘ Ůˊɑůɖɠ, ɖ ůɖɛŬɜŰɘəɐ ůɡɜŮɘůűɞɟɎ Űɖɠ ůŰɞ 

ˊŬɔəɧůɛɘɞ əɚɘɛŬŰɞɚɞɔɘəɧ əŬɗŮůŰɩɠ. ȼ Ůɑůɞŭɞɠ Űɞɡ Ŭɜɏɛɞɡ ɔɑɜŮŰŬɘ Ŭˊɧ ɓɞɟŮɘɞŭɡŰɘəɎ ɛŮ ŰŬ 

ɟŮɨɛŬŰŬ Űɞɡ ȷɟəŰɘəɞɨ əɨəɚɞɡ ɜŬ ŮˊɖɟŮɎɕɞɡɜ Űɞɜ ɎɜŮɛɞ. ȼ əŬŰŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ 

ůɡɜŮɢɑɕŮɘ ɛŮ ŭɡɞ ɟŮɨɛŬŰŬ ŬɜŰɑɗŮŰɤɜ əŬŰŮɡɗɨɜůŮɤɜ, ɏɜŬ ŬəɞɚɞɡɗɩɜŰŬɠ Űɞ óŭɟɧɛɞ Űɞɡ 

ɛŮŰŬɝɘɞɨô ůŰɖɜ əŮɜŰɟɘəɐ ȷůɑŬ, ɓɧɟɘŬ Űɞɡ ɞɟɞˊŮŭɑɞɡ Űɞɡ ŪɘɓɏŰ əŬɘ Űɞ Ɏɚɚɞ ɛŮ əŬŰŮɨɗɡɜůɖ 

Ŭˊɧ Űɖ ɓɧɟŮɘŬ ȷűɟɘəɐ, ůŰɞɜ Űɟɞˊɘəɧ Űɞɡ ȷŰɚŬɜŰɘəɞɨ, əŬŰɎ ɛɐəɞɠ Űɖɠ ɓɞɟŮɑɞɡ ȷɛŮɟɘəɐɠ əŬɘ 

Űɖɠ ȾŬɟŬɥɓɘəɐɠ. Ⱥˊɑůɖɠ ŮɝŮŰɎɕɞɜŰŬɠ Űɖɜ ŮˊɞɢɘəɧŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ˊɟɞɏəɡɣŬɜ ŬɜŰɑůŰɞɘɢŬ 

ůɡɛˊŮɟɎůɛŬŰŬ. ɇɞ ɢŮɘɛɩɜŬ ɞ ɎɜŮɛɞɠ ˊɜɏŮɘ Ŭˊɧ Űɞɜ Ⱦɧɚˊɞ Űɖɠ ȿɡɩɜ, ůɡɜŮɢɑɕŮɘ ŬɜɎɛŮůŬ 

ůŰɖɜ ɇɡɜɖůɑŬ əŬɘ Űɖ ɆɘəŮɚɑŬ, ˊŮɟɜɎŮɘ Ŭˊɧ Űɖ ɓɧɟŮɘŬ ȾɟɐŰɖ əŬɘ űŰɎɜŮɘ ůŰɖɜ ŬɜŬŰɞɚɘəɐ 

ɀŮůɧɔŮɘɞ. ɇɞ əŬɚɞəŬɑɟɘ, Űɞ əɏɜŰɟɞ Űɤɜ ɛɏɔɘůŰɤɜ Ŭɜɏɛɤɜ ŮɑɜŬɘ Űɞ ȷɘɔŬɑɞ, ɛŮ Űɖɜ ŬɏɟɘŬ ɛɎɕŬ 

ɜŬ əŬŰŮɡɗɨɜŮŰŬɘ ˊɟɞɠ Űɖ ɓɧɟŮɘŬ ȷűɟɘəɐ. ɇɞ űɗɘɜɧˊɤɟɞ əŬɘ Űɖɜ Ɏɜɞɘɝɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ˊŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ, ɛŮ ɛɘəɟɐ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŰɖ ˊŮɟɘɞɢɐ Űɖɠ ȷŭɟɘŬŰɘəɐɠ. 

Ⱥˊɑůɖɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ Ůɝɏɚɘɝɖ Űɖɠ ɡɔɟŬůɑŬɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ, ůɢŮŰɘəɎ ɛŮ ɛɖɜɘŬɑɞ ɢɟɞɜɘəɧ 

ɓɐɛŬ əŬɘ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮɑɜŬɘ ŮɛűŬɜɐɠ, ɖ ŮˊɞɢɘəɧŰɖŰŬ Űɖɠ ɡɔɟŬůɑŬɠ ůŰɖ ɚŮəɎɜɖ Űɖɠ 

ɀŮůɞɔŮɑɞɡ, ɛŮ Űɘɠ Űɘɛɏɠ ɜŬ ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ ŬɜɎ Ůˊɞɢɐ Űɞɡ ɏŰɞɡɠ. ȷˊɧ Űɘɠ Űɘɛɏɠ ŬɡŰɏɠ ŮɑɜŬɘ 

ŮɡŭɘɎəɟɘŰɞɠ ɞ ŮɛˊɚɞɡŰɘůɛɧɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ɛŮ ɡɔɟŬůɑŬ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ˊɞɡ 

ŮɑɜŬɘ ɛŮɘɤɛɏɜɖ ɖ ɓɟɞɢɧˊŰɤůɖ əŬɘ ɞɘ ɡŭɟŬŰɛɞɑ ŬɡɝɎɜɞɜŰŬɘ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ 

ˊŮɟɘɞɢɏɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Űɘɛɐ Űɖɠ ɡɔɟŬůɑŬɠ, ɞɘ ɞˊɞɑŮɠ ŮɛűŬɜɑɕɞɡɜ ůŰŬůɘɛɧŰɖŰŬ ůŮ ŮˊɑˊŮŭɞ 

Ůˊɞɢɐɠ. Ⱥˊɞɛɏɜɤɠ, ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ Űɖɠ ɡɔɟŬůɑŬɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ əŮɜŰɟɘəɐ ɀŮůɧɔŮɘɞ 

əŬɘ ɘŭɘŬɑŰŮɟŬ ŬɜɎɛŮůŬ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȽŰŬɚɑŬɠ əŬɘ Űɞɡ ȷɘɔŬɑɞɡ, ɛŮ Űɞ ɛɏŰɤˊɞ ɜŬ 

ŬˊɞɛŮɘɩɜŮŰŬɘ əŬɗɩɠ əŬŰŮɡɗɨɜŮŰŬɘ ˊɟɞɠ ŰŬ ɖˊŮɘɟɤŰɘəɎ ŰɛɐɛŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ, ˊɞɡ ɔɘŬ ɛɘŬ 

ŬəɧɛŬ űɞɟɎ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ɞɟŮɞɔɟŬűɑŬ. ȼ əɨɟɘŬ əŬŰŮɨɗɡɜůɖ Űɞɡ ɛŮŰɩˊɞɡ ŮɑɜŬɘ Ŭˊɧ 

ŰŬ ŭɡŰɘəɎ ˊɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ, Űɖɜ Ɏɜɞɘɝɖ Űɞ ɛɏŰɤˊɞ ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ 
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ɑŭɘŬ ůɡɛˊŮɟɘűɞɟɎ ɛŮ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɓɧɟŮɘŬɠ ȷűɟɘəɐɠ, Ůɜɩ Űɞ 

űɗɘɜɧˊɤɟɞ əŬɘ Űɞ əŬɚɞəŬɑɟɘ Űɞ əɨɟɘɞ ɛɏŰɤˊɞ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɡɞ ɟŮɨɛŬŰŬ, ɏɜŬ ɛŮ əŬŰŮɨɗɡɜůɖ 

ůŰɖɜ  ɓɞɟŮɘɞŬɜŬŰɞɚɘəɐ Ⱥɡɟɩˊɖ əŬɘ Űɞ Ɏɚɚɞ ɛŮ əŬŰŮɨɗɡɜůɖ Űɖ ɜɞŰɘɞŬɜŬŰɞɚɘəɐ.  

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ əŬŰŬəɟɐɛɜɘůɖɠ ɔɑɜŮŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɛŮ Űɖɜ ɡɔɟŬůɑŬ, ɛŮ Űɖ ŭɘŬűɞɟɎ 

ɧŰɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŮɛűŬɜɑɕŮŰŬɘ ɛŮɔŬɚɨŰŮɟɞ Ůɨɟɞɠ ůŰɘɠ Űɘɛɏɠ, ŭɖɚŬŭɐ ɛŮɔŬɚɨŰŮɟŮɠ 

Űɘɛɏɠ ůŰɘɠ ŬəɟŬɑŮɠ ŮɛűŬɜɑůŮɘɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ. ũɘŬ ɛɘŬ ŬəɧɛŬ űɞɟɎ ŮɑɜŬɘ ŮɛűŬɜɐɠ ɖ 

ŮˊɞɢɘəɧŰɖŰŬ, ɛŮ ŰŬ ɛɏɔɘůŰŬ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ Űɖ ˊŮɟɑɞŭɞ Űɞɡ ɢŮɘɛɩɜŬ ůŰɖɜ əŮɜŰɟɘəɐ 

ɀŮůɧɔŮɘɞ ˊɎɜɤ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ, ɛŮ Űɞ ɛɏŰɤˊɞ ɜŬ ŬɜɞɑɔŮɘ ˊɟɞɠ ŰŬ ˊŬɟɎɚɘŬ əŬɘ 

Űɖɜ ɖˊŮɘɟɤŰɘəɐ ˊŮɟɘɞɢɐ Űɘɠ ɡˊɧɚɞɘˊŮɠ Ůˊɞɢɏɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɖɟŮɎɕŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ əŬɘ 

Ŭˊɧ Űɖɜ ɞɟŮɞɔɟŬűɑŬ - ŰɞˊɞɔɟŬűɑŬ. Ⱥˊɑůɖɠ, ɞɘ əɡəɚɩɜŮɠ Űɖɠ ŭɡŰɘəɐɠ ɀŮůɞɔŮɑɞɡ ɓɟɏɗɖəŮ ɧŰɘ 

ˊɟɞəŬɚɞɨɜ ɏɜŰɞɜŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ əŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ Ŭˊɧ Űɖɜ ɡŭɎŰɘɜɖ ŬɡŰɐ ˊɞůɧŰɖŰŬ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ɡˊɞɚŮəɎɜɖ Űɤɜ ȸŬɚŮŬɟɑŭɤɜ.  

ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ɛŮɚɏŰɖ, ŮɑɜŬɘ ŮɛűŬɜɐɠ ɖ ŮˊɞɢɘəɧŰɖŰŬ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɛŮŰŬɓɚɖŰɩɜ, ˊɞɡ 

ɔɘŬ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɐ Űɞ ŭɘɎůŰɖɛŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ 5.5 ɏŰɖ ɛŮŰɟɐůŮɤɜ, 

ŮɝŮŰŬɕɧɛŮɜŬ ůŮ ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. Ⱥˊɑůɖɠ, űŬɑɜŮŰŬɘ əŬɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ 

ŰɞˊɞɔɟŬűɑŬɠ ůŰŬ ŭɖɛɘɞɡɟɔɞɨɛŮɜŬ ɟŮɨɛŬŰŬ Űɖɠ ɡɔɟŬůɑŬɠ əŬɘ əŬŰŬəɟɐɛɜɘůɖɠ, ŰŬ ɞˊɞɑŬ 

ŮɛűŬɜɑɕɞɡɜ Űɖɜ ɑŭɘŬ ɟɞɐ - əŬŰŮɨɗɡɜůɖ. ȼ ůɡɜŮɘůűɞɟɎ Űɖɠ ɀŮůɞɔŮɑɞɡ ůŰɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ 

ɛŮŰŬɓɚɖŰɏɠ, ůŰɖɜ Ůˊɘɟɟɞɐ Űɞɡ ɜɞŰɑɞɡ ɖɛɘůűŬɘɟɑɞɡ, ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ. ɇɏɚɞɠ, ɛŮɔŬɚɨŰŮɟɖ 

ŬɜŬɚɡŰɘəɐ ŬˊɞŰɨˊɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ ɛŮɔŬɚɨŰŮɟɞ ŭɘɎůŰɖɛŬ ɛŮŰɟɐůŮɤɜ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ŭɩůŮɘ ˊɘɞ ŬɜŬɚɡŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ŬˊɞəŬɚɨɣŮɘ əŬɘ ɎɚɚŮɠ ůɡůɢŮŰɑůŮɘɠ 

ˊɞɡ ůŰɖɜ ŬɜɎɚɡůɖ ŬɡŰɐ ŭŮɜ ŮɑɜŬɘ ŮɛűŬɜŮɑɠ.    

2.4 ɆŰɞɢŬůŰɘəɐ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ŬŰɛɞůűŬɘɟɘəɞɨ Ŭɜɏɛɞɡ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɞɜŰɏɚɞ ůɡɜŮɢɞɨɠ ɢɟɧɜɞɡ   

ɆŰɞ ŮˊɘůŰɖɛɞɜɘəɧ ůɨɔɔɟŬɛɛŬ Űɞɡ (Calif, 2011) ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ɎɜŮɛɞ əŬɘ Űɖɜ Ůˊɘɟɟɞɐ Űɞɡ Ŭˊɧ Űɖɜ Űɨɟɓɖ ŬɚɚɎ əŬɘ Űɖɜ 

ŮɝɎɟŰɖůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŬɡŰɐɠ Ŭˊɧ Űɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ɔɑɜŮŰŬɘ ɢɟɐůɖ 

ůŰɞɢŬůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɔɘŬ Űɖɜ ŬɜŬˊŬɟŬɔɤɔɐ əŬɘ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ŬɡŰɐɠ əŬɘ 

ŮɝɎɔɞɜŰŬɘ ŰŬ űɎůɛŬŰŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ŮɝŮŰŬɕɧɛŮɜŬ ůŮ ŭɘɎűɞɟŮɠ ɢɟɞɜɘəɏɠ 

əɚɑɛŬəŮɠ. ɇɏɚɞɠ, ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ŬɜŬˊŬɟŬɔɧɛŮɜɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ŰŬ ŮɛˊŮɘɟɘəɎ 

ŭŮɑɔɛŬŰŬ əŬɘ ŮɝɎɔɞɜŰŬɘ ɢɟɐůɘɛŬ ůɡɛˊŮɟɎůɛŬŰŬ. ȼ ˊɟɞůɞɛɞɑɤůɖ ɔɑɜŮŰŬɘ ɔɘŬ Ŭɟɘɗɛɧ 
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ɞ ɞˊɞɑɞɠ ŮəűɟɎɕŮɘ ɏɜŰɞɜŬ Űɖ ŭɘŬɚŮɑˊɞɡůŬ ůɡɛˊŮɟɘűɞɟɎ ɔɘŬ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ 

Ŭɜɏɛɞɡ əŬɘ ɔɑɜŮŰŬɘ ɛŮŰɎɓŬůɖ Ŭˊɧ Űɘɠ ɡɣɖɚɏɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ (ɏŰɖ) ůŮ ɛɘəɟɧŰŮɟŮɠ (ɚŮˊŰɎ, 

ŭŮɡŰŮɟɧɚŮˊŰŬ) ˊɞɡ ɖ Ůˊɘɟɟɞɐ Űɖɠ Űɨɟɓɖɠ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ. ȺɝŮŰɎɕɞɜŰŬɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ 

ɖɚŮəŰɟɞɜɘəɧ ŬɜŮɛɧɛŮŰɟɞ ɛŮ ɛŮŰɟɐůŮɘɠ ůɡɢɜɧŰɖŰŬɠ 20 Hz əŬɘ ɨɣɞɠ 40 m Ŭˊɧ Űɖɜ  ŮˊɘűɎɜŮɘŬ 

Űɞɡ ŮŭɎűɞɡɠ. ȹɘŬəɟɑɜɞɜŰŬɘ 412 ˊɟɞűɑɚ Űɞɡ Ŭɜɏɛɞɡ ɢɟɞɜɘəɐɠ ŭɘŬəɟɘŰɧŰɖŰŬɠ 512 sec. ũɘŬ Űɖɜ 

űŬůɛŬŰɘəɐ ŬɜɎɚɡůɖ ŮɝŮŰɎɕŮŰŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ɓ ˊɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ Űɘɛɏɠ ˊɞɡ ˊŬɑɟɜŮɘ 

ŮəűɟɎɕŮɘ ůŰŬůɘɛɧŰɖŰŬ, ɛɖ ůŰŬůɘɛɧŰɖŰŬ əŬɘ ŬɜɎɛɘəŰɖ ůɡɛˊŮɟɘűɞɟɎ. ȷɜ 1 < ɓ < 3 ɖ 

ůɡɛˊŮɟɘűɞɟɎ ŮɑɜŬɘ ɛɖ ůŰɎůɘɛɖ əŬɘ ŮɝŬɟŰɎŰŬɘ ɛɧɜɞ Ŭˊɧ Űɖɜ ɢɟɞɜɘəɐ ɡůŰɏɟɖůɖ. Ⱥˊɑůɖɠ, ɖ 

ůɡɜɎɟŰɖůɖ ɕ(q) ŬˊɞŰŮɚŮɑ Űɖ ůɡɜɎɟŰɖůɖ ůɢɐɛŬŰɞɠ əŬɘ ɖ ɏəűɟŬůɖ ɕ(1) = ȼ ŬˊɞŰŮɚŮɑ Űɞ 

ůɡɜŰŮɚŮůŰɐ Hurst. Ƀɘ Űɘɛɏɠ ɔɘŬ Űɖ ůɡɜɎɟŰɖůɖ ɕ(q) ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ əɚɑůɖ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ Űɞɡ űɎůɛŬŰɞɠ Űɞɡ Ŭɜɏɛɞɡ ůŮ ůɢɏůɖ ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ, ɔɘŬ əɎɗŮ q, ůŮ 

ŭɘɎɔɟŬɛɛŬ ɚɞɔŬɟɘɗɛɘəɩɜ Ŭɝɧɜɤɜ. Ƀɘ ɛɘəɟɏɠ  ŭɘŬűɞɟɏɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůɢŮŰɘəɎ ɛŮ Űɖ ůŰŬɗŮɟɎ 

Űɞɡ Kolmogorov (-5/3), ɞűŮɑɚɞɜŰŬɘ ůŰɖ ŭɘŬɚŮɑˊɞɡůŬ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ. ȷəɞɚɞɡɗŮɑ ɖ 

ˊɟɞůŬɟɛɞɔɐ Űɖɠ ŮɛˊŮɘɟɘəɐɠ əŬŰŬɜɞɛɐɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ ɕ(q) ɛŮ Űɖ ɛŮŰŬɓɚɖŰɐ q, əŬɘ ŰŬ 



11 

 

ŬˊɞŰɏɚŮůɛŬ ɏɢɞɡɜ ˊɞɚɨ əŬɚɐ ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬ ůɢŮŰɘəɎ ɛŮ Űɞ ɔɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ Űɞɡ 

Kolmogorov ɕ(q) = q/3, əŬɘ Űɞ ɚŬɔŬɟɘɗɛɞəŬɜɞɜɘəɧ ɛɞɜŰɏɚɞ ɕ(q) = q/3 + ɛ/18(3q-q
2
).  

ȰɔɘɜŮ ŮɘůŬɔɤɔɐ Ůɜɧɠ ˊɞɚɚŬˊɚŬůɘŬůŰɘəɞɨ ůŰɞɢŬůŰɘəɞɨ ɛɞɜŰɏɚɞɡ Űɞ ɞˊɞɑɞ ɛˊɞɟɞɨůŮ ɜŬ 

ˊɟɞůɞɛɞɘɩůŮɘ əŬɘ ůɡɜŰŮɚŮůŰɏɠ ɓɎɟɞɡɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ŬɜŬˊŬɟɎɔɞɜŰŬɘ ɛŮɔɎɚŮɠ 

ŭɘŬəɡɛɎɜůŮɘɠ əŬɘ ɖ ŮɜůɤɛɎŰɤůɖ ŬɡŰɐ ŭɖɛɘɞɡɟɔŮɑ ůɡůɢŮŰɑůŮɘɠ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ˊɞɡ ŭɑɜɞɡɜ 

ůŰɘɠ ŭɘŬəɡɛɎɜůŮɘɠ ŬɡŰɏɠ Űɖ ŭɘŬɚŮɑˊɞɡůŬ ůɡɛˊŮɟɘűɞɟɎ. ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ŮɑɜŬɘ ɛɖ ůŰɎůɘɛŬ 

əŬɘ ɖ əɚɘɛɎəɤůɐ Űɞɡɠ ɔɑɜŮŰŬɘ ɛɧɜɞ ůŮ ŭɘŬəɟɘŰɏɠ ɛɞɜɎŭŮɠ, Ůˊɞɛɏɜɤɠ ŭŮɜ ŮˊŬɟəɞɨɜ ɔɘŬ Űɖɜ 

ŬɜŬˊŬɟŬɔɤɔɐ ůŰɎůɘɛɤɜ ŭɘŬŭɘəŬůɘɩɜ, ɔɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜŮɢɐ ɛɞɜŰɏɚŬ, 

ˊɞɡ ɞɚɞəɚɖɟɩɜɞɜŰŬɘ ůŰɖ ɛɞɜɎŭŬ Űɞɡ ɢɟɧɜɞɡ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ɛŮ Űɖ ɛɏɗɞŭɞ 

Űɖɠ əɑɜɖůɖɠ Brown ŬɚɚɎ əŬɘ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ ŰɡɢŬɑɞɡ ˊŮɟɑˊŬŰɞɡ (random walk), əŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛŮɗɧŭɤɜ ŬɡŰɩɜ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŰŬ ŮɛˊŮɘɟɘəɎ ŭŮɑɔɛŬŰŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɏŭŮɘɝŬɜ ˊɟɞůŬɟɛɞɔɐ ɛŮ ŰŬ ŮɛˊŮɘɟɘəɎ ŭŮŭɞɛɏɜŬ, ɛŮ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ ɜŬ ŮɑɜŬɘ ɛɖ ɔɟŬɛɛɘəɐ 

əŬɘ əɞɑɚɖ, ɔŮɔɞɜɧɠ ˊɞɡ ˊŬɟŬˊɏɛˊŮɘ ůŮ ˊɞɚɡəɚɘɛŬəɤŰɐ ůɡɛˊŮɟɘűɞɟɎ (multiscaling behavior). 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ɛŮ ɚɞɔŬɟɘɗɛɞəŬɜɞɜɘəɐ ˊɞɚɡəɚɘɛŬəɤŰɐ 

ůŰɞɢŬůŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɏɢɞɡɜ ŰŬ ɑŭɘŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɞ ɑŭɘɞ űɎůɛŬ ɛŮ ŰŬ 

ŮɛˊŮɘɟɘəɎ ŭŮŭɞɛɏɜŬ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ əɑɜɖůɖɠ Brown. 

2.5 ɆŰŬŰɘůŰɘəɐ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ ȷɗɐɜŬ, 

ȺɚɚɎŭŬ ɓŬůɘůɛɏɜɖ ˊɎɜɤ ůŮ ɛɞɜŰɏɚŬ Weibull əŬɘ ARMA. 

ɆŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ŮɟɔŬůɑŬ Űɤɜ (Philipopoulos et al., 2009), ŭɑɜŮŰŬɘ ɛŮɔɎɚɖ ůɖɛŬůɑŬ ůŰɖɜ 

ůɤůŰɐ ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ ɢɟɞɜɞůŮɘɟɩɜ, ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ˊɟɧɔɜɤůɖɠ Űɖɠ 

ŬŰɛɞůűŬɘɟɘəɐɠ ɟɨˊŬɜůɖɠ. ɇŬ ɛɞɜŰɏɚŬ ˊɞɡ ŭɞəɘɛɎůŰɖəŬɜ ɐŰŬɜ ɖ Weibull ɔɘŬ Űɖɜ 

ŬɜŬˊŬɟŬɔɤɔɐ Űɖɠ ɗŮɤɟɖŰɘəɐɠ əŬŰŬɜɞɛɐɠ əŬɘ Űɞ ARMA (Autoregressive moving average) 

ɛɞɜŰɏɚɞ ŬɡŰɞˊŬɚɘɜŭɟɧɛɘůɖɠ əɘɜɞɨɛŮɜɤɜ ɛɏůɤɜ ɧɟɤɜ, ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɡɜɗŮŰɘəɩɜ 

ɢɟɞɜɞůŮɘɟɩɜ, ˊɞɡ ŭɘŬŰɖɟɞɨɜ Űɖɜ ɛɏůɖ Űɘɛɐ əŬɘ Űɖɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɟɘŬɑŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɏɜŬɜ ůŰŬɗɛɧ əŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ARMA ɏŭŮɘɝŬɜ ˊɞɚɨ əŬɚɐ ˊɟɞůŬɟɛɞɔɐ ůŰɖɜ əŬŰŬɜɞɛɐ 

ůɡɢɜɞŰɐŰɤɜ. ȾŬŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ɢɟɞɜɞůŮɘɟɩɜ ɛŮ Űɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ɏɔɘɜŮ əŬɘ ůɨɔəɟɘůɐ 

Űɞɡ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɤɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ, ɓŬůɘůɛɏɜɞ 

ůŰɖɜ ŬɡŰɞůɡůɢɏŰɘůɖ Űɤɜ ɢɟɞɜɞůŮɘɟɩɜ.  

ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ Ŭˊɧ Űɞ ůŰŬɗɛɧ ɀŮŰɟɞˊɧɚɘŰŬɜ ůŰɖɜ ȷɗɐɜŬ, ɔɘŬ 

ŭɘɎůŰɖɛŬ ŭɏəŬ ŮŰɩɜ Ŭˊɧ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 1993 ɛɏɢɟɘ Űɞ ȹŮəɏɛɓɟɘɞ Űɞɡ 2002, ɤɟɘŬɑŬɠ 

ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ, ůŮ ɨɣɞɠ 10 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. Ƀɘ ɡˊɞɚɞɔɘůɛɞɑ ɏɔɘɜŬɜ ɔɘŬ 

Űɘɠ 4 ˊɟɩŰŮɠ ůŰŬŰɘůŰɘəɏɠ ɟɞˊɏɠ, Űɖɜ ɛɏůɖ Űɘɛɐ, Űɖ ŭɘɎɛŮůɞ, Űɖɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ, Űɖɜ 

əɨɟŰɤůɖ əŬɘ Űɖɜ ŬůɡɛɛŮŰɟɑŬ əŬɘ ɓɟɏɗɖəŮ ɧŰɘ ŮɛűŬɜɑɕɞɜŰŬɘ 2 ɛɏɔɘůŰŬ ɔɘŬ Űɖ ɛŮŰŬɓɚɖŰɐ Űɖɠ 

ɛɏůɖɠ Űɘɛɐɠ Űɞɡ Ŭɜɏɛɞɡ, Űɞɜ ȽŬɜɞɡɎɟɘɞ əŬɘ Űɞɜ Ƚɞɨɚɘɞ əŬɘ ɧŰɘ ɖ əŬŰŬɜɞɛɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ŮɑɜŬɘ ŭŮɝɘɎ ŰɞˊɞɗŮŰɖɛɏɜɖ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɡˊɎɟɢŮɘ ŬɟɜɖŰɘəɐ ŬůɡɛɛŮŰɟɑŬ.  

ũɘŬ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɖɠ ɗŮɤɟɖŰɘəɐɠ əŬŰŬɜɞɛɐɠ Weibull ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ˊŬɟɎɛŮŰɟɞɑ Űɖɠ, 

ɧˊɤɠ ŮɑɜŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ůɢɐɛŬŰɞɠ (k) ŬɚɚɎ əŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ əɚɑɛŬəŬɠ (c m/s) əŬɘ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ ɔɎɛɛŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ, 

ůɡɜŬɟŰɐůŮɘ Űɤɜ ˊŬɟŬˊɎɜɤ ˊŬɟŬɔɧɜŰɤɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɛŮɔɎɚɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ 

ůŰɞ ŬɜŮɛɞɚɞɔɘəɧ ˊŮŭɑɞ (ɞ ˊŬɟɎɔɞɜŰŬɠ ůɢɐɛŬŰɞɠ 1.2380 < k < 1.4238) əŬɘ ˊɞɚɨ əŬɚɐ 

ˊɟɞůŬɟɛɞɔɐ Űɖɠ əŬŰŬɜɞɛɐɠ ɛŮ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ (RMSE) 

Űɤɜ ɗŮɤɟɖŰɘəɩɜ əŬɘ ˊɟŬɔɛŬŰɘəɩɜ Űɘɛɩɜ Űɖɠ ɛɏůɖɠ Űɘɛɐɠ əŬɘ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ ůŮ ɛɖɜɘŬɑŬ 

ɢɟɞɜɘəɐ əɚɑɛŬəŬ (0.866 < R
2
 < 0.922). ȷɜŰɑůŰɞɘɢŬ ɏɔɘɜŮ ɢɟɐůɖ əŬɘ Űɤɜ ɛɞɜŰɏɚɤɜ 

ARMA(p,q) ˊɞɡ ŮɑɜŬɘ ůɡɜŭɡŬůɛɧɠ Űɤɜ ɛɞɜŰɏɚɤɜ AR(p) əŬɘ ɀȷ(q). ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ 
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ŬˊŬɘŰɞɨɜ ůŰɎůɘɛŮɠ əŬɘ əŬɜɞɜɘəɞˊɞɘɖɛɏɜŮɠ ɢɟɞɜɞůŮɘɟɏɠ. ȷˊɧ Űɖɜ ŮɝɏŰŬůɖ Űɤɜ 

ŬɡŰɞůɡůɢŮŰɑůŮɤɜ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ (ACF - Auto Correlation Factor) ˊɟɞəɨˊŰŮɘ Űɞ 

ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɛŮŰɎ Ŭˊɧ p ɡůŰŮɟɐůŮɘɠ Űɞ ɛɞɜŰɏɚɞ ɛŮɘɩɜŮŰŬɘ ŮəɗŮŰɘəɎ, Ůɜɩ ɛŮŰɎ Ŭˊɧ ɛŮŰɎ 

Ŭˊɧ q ɡůŰŮɟɐůŮɘɠ Űɞ ɛɞɜŰɏɚɞ ŰŮɑɜŮɘ ůŰɞ ɛɖŭɏɜ. ɀŮŰɎ Ŭˊɧ Űɖɜ ŭŮɨŰŮɟɖ ɐ ŰɟɑŰɖ ɡůŰɏɟɖůɖ Űɞ 

ɛɞɜŰɏɚɞ ŰŮɑɜŮɘ ůŰɞ ɛɖŭɏɜ, ɔɘŬ ŬɡŰɧ ŮˊɘɚɏɔŮŰŬɘ ɛɞɜŰɏɚɞ ɢŬɛɖɚɧŰŮɟɖɠ ŰɎɝɖɠ ůɨɛűɤɜŬ ɛŮ Űɞ 

ɀˊŮɥůɘŬɜɧ əɟɘŰɐɟɘɞ (Bayesian Information Criterion (BIC)). Ⱥˊɞɛɏɜɤɠ ɞɘ ŰɎɝŮɘɠ Űɞɡ 

ɛɞɜŰɏɚɞɡ ˊɞɡ ŮˊŮɚɏɔɖůŬɜ ɘəŬɜɞˊɞɘɩɜŰŬɠ Űɞ ˊŬɟŬˊɎɜɤ əɟɘŰɐɟɘɞ ɐŰŬɜ ARMA(2,1) ɔɘŬ ɧɚɞɡɠ 

Űɞɡ ɛɐɜŮɠ ŮəŰɧɠ Ŭˊɧ Űɞɜ ȷˊɟɑɚɘɞ, Űɞɜ ɃəŰɩɓɟɘɞ əŬɘ Űɞ Ɂɞɏɛɓɟɘɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ 

ɛɞɜŰɏɚɞ ARMA(2,2). ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ˊɟɞɏəɡɣŬɜ ůŰɎůɘɛŬ əŬɘ ŬɜŰɘůŰɟɏɣɘɛŬ. ũɘŬ Űɞɜ 

ɏɚŮɔɢɞ Űɖɠ əŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɤɜ ŮˊɘɚŮɔɛɏɜɤɜ  ɛɞɜŰɏɚɤɜ ɏɔɘɜŮ ɞ ɏɚŮɔɢɞɠ Portmanteau Lack - 

of - fit ,  ˊɞɡ ŮɝŮŰɎɕŮɘ ˊɧŰŮ ɞɘ ŬɡŰɞůɡůɢŮŰɑůŮɘɠ ŮɑɜŬɘ ŰɡɢŬɑŮɠ, ˊŬɑɟɜɞɜŰŬɠ Űɘɠ 15 ˊɟɩŰŮɠ 

ŬɡŰɞůɡůɢŮŰɑůŮɘɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ, ɛŮ ŭɘɎůŰɖɛŬ ŮɛˊɘůŰɞůɨɜɖɠ 5%. ɀɘŬ Ɏɚɚɖ ɛɏɗɞŭɞɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ ɞɘ ŬɡŰɞůɡůɢŮŰɑůŮɘɠ ɔɘŬ Űɘɠ 15 ˊɟɩŰŮɠ ɡůŰŮɟɐůŮɘɠ əŬɘ ɔɘŬ ŭɘɎůŰɖɛŬ 

ŮɛˊɘůŰɞůɨɜɖɠ 15% ɜŬ ŮɑɜŬɘ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Űɞɡ Űɡˊɘəɞɨ ůűɎɚɛŬŰɞɠ (-2/Ɂ
0.5

, 2/Ɂ
0.5

). ũɘŬ 

ˊŮɟŬɘŰɏɟɤ ɏɚŮɔɢɞ Űɖɠ ˊɟɞůŬɟɛɞɔɐɠ, ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ ŭɘɎɔɟŬɛɛŬ ŭɘŬůˊɞɟɎɠ ɞɘ 

ˊŬɟŬŰɖɟɖɛɏɜŮɠ əŬɘ ɞɘ ˊɟɞůɞɛɞɘɤɛɏɜŮɠ Űɘɛɏɠ əŬɘ ɓɟɏɗɖəŮ ɗŮŰɘəɐ ůɡůɢɏŰɘůɖ (R = 0.91) ˊɞɡ 

ůɖɛŬɑɜŮɘ ˊɞɚɨ əŬɚɐ ˊɟɞůŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ. Ⱥˊɑůɖɠ, ˊɞɚɨ əŬɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ 

əŬɘ ɞɘ ůɡɔəɟɑůŮɘɠ Űɤɜ ŬɡŰɞůɡůɢŮŰɑůŮɤɜ ɔɘŬ Űɘɠ ˊŬɟŬŰɖɟɖɛɏɜŮɠ əŬɘ ɔɘŬ Űɘɠ ˊɟɞůɞɛɞɘɤɛɏɜŮɠ 

Űɘɛɏɠ ɔɘŬ Űɘɠ ˊɟɩŰŮɠ 8 ɡůŰŮɟɐůŮɘɠ. ȳɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ Űɖ ůɖɛŬůɑŬ 

ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ ARMA əŬɘ Űɖ ůɖɛŬůɑŬ Űɞɡ Ůˊɑůɖɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ŬəɧɛŬ əŬɘ ɔɘŬ ɛɘəɟɏɠ ůɡɢɜɧŰɖŰŮɠ ˊɞɡ ɖ əŬŰŬɜɞɛɐ 

Weibull ŭŮɜ ŭɑɜŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. Ⱥˊɞɛɏɜɤɠ, ɛˊɞɟŮɑ ɏɜŬ ŰɏŰɞɘɞ ɛɞɜŰɏɚɞ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ůɡɛˊɚɐɟɤůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

2.6 ɀŬəɟɞˊɟɧɗŮůɛɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŮ ŰɟŮɘɠ ˊɧɚŮɘɠ 

Űɤɜ əɏɜŰɟɞ-ŭɡŰɘəɩɜ ȼ.Ʉ.ȷ.    

ɆŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ŮɟɔŬůɑŬ Űɤɜ (Abhishek et al., 2010), ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮɚɏŰɖ ůŮ ŰɟŮɘɠ 

ˊɞɚɘŰŮɑŮɠ Űɖɠ əŮɜŰɟɞŭɡŰɘəɐɠ ȷɛŮɟɘəɐɠ, Indianapolis IN, Little Rock (AR), əŬɘ Cincinnati OH, 

ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ŮˊɑˊŮŭŮɠ əŬɘ ŭŮɜ ŮˊɖɟŮɎɕɞɜŰŬɘ ŬɜŮɛɞɚɞɔɘəɎ Ŭˊɧ Űɖɜ ŰɞˊɞɔɟŬűɑŬ Űɖɠ 

ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ. ũɘŬ Űɘɠ ŭɡɞ ˊɟɩŰŮɠ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ Ŭˊɧ Űɞ 

ŭɘɎůŰɖɛŬ 1943-2008 Ůɜɩ ɔɘŬ Űɖɜ ŰŮɚŮɡŰŬɑŬ Ŭˊɧ Űɖɜ ˊŮɟɑɞŭɞ 1948-2008. ȰɔɘɜŮ ɡˊɞɚɞɔɘůɛɧɠ 

Űɤɜ ůɡɢɜɞŰɐŰɤɜ Űɖɠ ɜɖɜŮɛɑŬɠ ŬɚɚɎ əŬɘ 5 əɚɎůŮɤɜ ůɡɢɜɞŰɐŰɤɜ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ ɜɏɛɞɡ, ɔɘŬ 

ɜŬ ŮɝŬɢɗŮɑ ɖ ůɢɏůɖ ɛŮ Űɖɜ ˊɞůɧŰɖŰŬ Űɞɡ ȳɕɞɜŰɞɠ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ, ŬɚɚɎ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ŬŮɟɘůɛɞɨ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ɡˊɧ əŬɗŮůŰɩɠ ɎˊɜɞɘŬɠ, ˊɞɡ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ 

ɔɘŬ Űɖɜ ɡɔŮɑŬ, ɘŭɘŬɑŰŮɟŬ Űɤɜ ŬůɗɛŬŰɘəɩɜ.  

ȼ ɛŮɚɏŰɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ, ɔɘŬŰɑ ŮˊɖɟŮɎɕŮŰŬɘ 

əŬɘ ŮˊɖɟŮɎɕŮɘ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ȼ ɛɧɚɡɜůɖ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ, ɖ ŭɘŬŭɘəŬůɑŬ əɑɜɖůɖɠ Űɖɠ 

ˊɞůɧŰɖŰŬɠ Űɞɡ ȳɕɞɜŰɞɠ, ˊɟɞɓɚɐɛŬŰŬ ɡɔŮɑŬɠ əŬɘ ŭɡůűɞɟɑŬ, ŮŭŬűɞɚɞɔɘəɧ ŬɜɎɔɚɡűɞ, ŬɚɚɎ əŬɘ 

ɛŮɚɏŰŮɠ ɔɘŬ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ Ŭɘɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɔɘŬ Űɖ ůɢɏůɖ Űɞɡ Ŭɜɏɛɞɡ ɛŮ 

ɎɚɚŮɠ əɚɘɛŬŰɞɚɞɔɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ɧˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ, ŮɑɜŬɘ ɎɛŮůŬ 

ůɡɜŭŮŭŮɛɏɜŬ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ ŬɜɎɚɡůɖ ˊŬɚɘɜŭɟɧɛɖůɖɠ, ɏɚŮɔɢɞɠ 

ůɖɛŬɜŰɘəɧŰɖŰŬɠ əŬɘ ŬɜɎɚɡůɖ ɢɤɟɘəɐɠ ůɡůɢɏŰɘůɖɠ, ɔɘŬ ɜŬ ɓɟŮɗŮɑ ɖ ůɢɏůɖ ŬɜɎɛŮůŬ ůŮ 

ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ŬŰɛɞůűŬɘɟɘəɏɠ ŭɘŮɟɔŬůɑŬɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ŰɎůŮɘɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ. 

ɀŮɔɎɚɖ ůɖɛŬůɑŬ ůŰɖ ɛŮɚɏŰɖ Űɞɡ Ŭɜɏɛɞɡ ɏɢŮɘ ɖ ŮɝŮŰŬɕɧɛŮɜɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ, ˊɞɡ ůŮ ŮŰɐůɘɞ 

ŮˊɑˊŮŭɞ ŬɜŰŬɜŬəɚɎ Űɞɜ ŮɡɟɨŰŮɟɞ ŬŰɛɞůűŬɘɟɘəɧ əɨəɚɞ, Ůɜɩ ůŮ ɛɘəɟɧŰŮɟŮɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ, 
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ŮɓŭɞɛŬŭɘŬɑŮɠ, ŬɚɚɎ əŬɘ ɖɛŮɟɐůɘŮɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞɡɠ ˊŮɟɘůŰŬůɘŬəɞɨɠ əɡəɚɩɜŮɠ əŬɘ 

ŬɜŰɘəɡəɚɩɜŮɠ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Ůˊɑůɖɠ ɖ ŮɝɏŰŬůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛŮɔɎɚɖ 

ɢɟɞɜɘəɐ əɚɑɛŬəŬ ɔɘŬ ɜŬ ɛˊɞɟɏůɞɡɜ ɜŬ ɓɟŮɗɞɨɜ ɞɘ ůɡůɢŮŰɑůŮɘɠ ŬɜɎɛŮůŬ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ, ŬɚɚɎ əŬɘ ɞɘ Ůˊɘɟɟɞɏɠ ŬɜɎɛŮůŬ ůŮ űŬɘɜɧɛŮɜŬ ɛŮɔɎɚɖɠ ɢɤɟɘəɐɠ əŬɘ ɢɟɞɜɘəɐɠ 

əɚɑɛŬəŬɠ. ɀŮɚɏŰŮɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɖɜ ɛŮɔɎɚɖ ȸɟŮŰŬɜɑŬ, ůŰɞɜ ȾŬɜŬŭɎ əŬɘ ůŰɖɜ ȾɑɜŬ ůŰɖɜ 

əɚɑɛŬəŬ ŬɡŰɐ, ɏŭŮɘɝŬɜ Űɖɜ ŬɚɚŬɔɐ ůŰɞɜ ŬŰɛɞůűŬɘɟɘəɧ əɨəɚɞ Űɞɡ Ŭɜɏɛɞɡ ɛŮ ŬɟəŮŰɎ 

ŮɡŭɘɎəɟɘŰɞ Űɞɜ ɚɧɔɞ ˊɞɡ  ɞűŮɑɚɞɜŰŬɘ ɞɘ ŬɚɚŬɔɏɠ ŬɡŰɏɠ.  

Ⱥˊɞɛɏɜɤɠ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ, ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ ɜŬ ɓɟŮɗŮɑ ɖ ůɢɏůɖ ŬɜɎɛŮůŬ 

ůŰŬ ŮɝŮŰŬɕɧɛŮɜŬ ɛŮŰŮɤɟɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ, Űɧůɞ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ ɧůɞ əŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɞ 

ɢɤɟɞɢɟɞɜɘəɎ ŮˊɑˊŮŭɞ, ɔɘŬ ɜŬ ŮɝŬɢɗŮɑ Űɞ ůɡɛˊɏɟŬůɛŬ Űɞɡ əŬŰɎ ˊɧůɞ ɖ ɛɑŬ əɚɑɛŬəŬ ŮˊɖɟŮɎɕŮɘ 

ɐ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ Ɏɚɚɖ. ȷˊɧ ŰŬ ŮɝŮŰŬɕɧɛŮɜŬ ŭŮŭɞɛɏɜŬ ůŰɘɠ ŰɟŮɘɠ ˊɞɚɘŰŮɑŮɠ  ɓɟɏɗɖəŮ ɛɘŬ 

ɔŮɜɘəɧŰŮɟɖ ŰɎůɖ ɛŮɑɤůɖɠ ůŰɘɠ ůɡɢɜɧŰɖŰŮɠ ŮɛűɎɜɘůɖɠ Űɤɜ Ŭɜɏɛɤɜ,  ŮəŰɧɠ Ŭˊɧ Űɞ ŭɘɎůŰɖɛŬ 

2.1-4.1 m/s ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ ůɢŮŰɘəɐ Ŭɜɞŭɘəɐ ŰɎůɖ. Ⱥˊɑůɖɠ ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ əŬɘ ɔɘŬ Űɘɠ 

ŰɟŮɘɠ ˊŮɟɘɞɢɏɠ, ɔɘŬ ɧɚɞ Űɞ ŭɘɎůŰɖɛŬ ɛɏŰɟɖůɖɠ ŮɛűŬɜɑɕŮɘ ŰɎůɖ ɛŮɑɤůɖɠ əŬɘ űŬɑɜŮŰŬɘ ɜŬ 

ɡˊɎɟɢŮɘ ŬɟɜɖŰɘəɐ ůɡůɢɏŰɘůɖ ůŰɖɜ ˊɞůɧŰɖŰŬ Űɞɡ ȳɕɞɜŰɞɠ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ əŬɘ ůŰɖɜ 

ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. Ƀɘ Űɘɛɏɠ Űɖɠ ůɢɏůɖɠ ŬɡŰɐɠ Ŭűɞɟɞɨɜ ɛɧɜɞ Űɞ ŮˊɞɢɘŬəɧ ŭɘɎůŰɖɛŬ əŬŰɎ 

Űɞ ɞˊɞɑɞ Űɞ űŬɘɜɧɛŮɜɞ ŮɑɜŬɘ ůŮ ɏɝŬɟůɖ əŬɘ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰŬɜ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ 

ůŮ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ. Ƀɘ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ, Ŭˊɧ ŭŮɑəŰŮɠ ɧˊɤɠ 

ŮɑɜŬɘ ɞ ȷŰɚŬɜŰɘəɧɠ ɤəŮŬɜɧɠ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɟŮɨɛŬŰŬ, ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ, ɖ 

əŬŰŬəɟɐɛɜɘůɖ əŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. ũɘŬ ɜŬ ɓɟŮɗŮɑ ˊɞɘɧɠ Ŭˊɧ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ŬɡŰɞɨɠ 

ɏɢŮɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ ůɢɏůɖ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ɔɑɜŮŰŬɘ ˊŬɚɘɜŭɟɧɛɖůɖ əŬɘ ɏɚŮɔɢɞɠ ɛŮ 

Űɞ studentôs test. Ⱥˊɞɛɏɜɤɠ, ɔɘŬ əŬɗŮɛɑŬ ˊɧɚɖ əŬɘ ɔɘŬ əɎɗŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ɡˊɞɣɐűɘɞɡɠ ˊɟɞɠ 

Ůˊɘɟɟɞɐ ˊŬɟɎɔɞɜŰŮɠ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɘɠ ɛɏůŮɠ ŮŰɐůɘŮɠ Űɘɛɏɠ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ɐŰŬɜ ɧŰɘ, ůɖɛŬɜŰɘəɧŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ ŬˊɞŰŮɚŮɑ ɞ 

Ⱥɘɟɖɜɘəɧɠ ɤəŮŬɜɧɠ (PNA-Pacific North America).  

Ⱥˊɑůɖɠ ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ɢɤɟɘəɐɠ ůɡůɢɏŰɘůɖɠ ŬɜɎɛŮůŬ ůŰɘɠ ŰɟŮɘɠ ŬɡŰɏɠ ˊɞɚɘŰŮɑŮɠ ɛŮ Űɖ 

ɛɏɗɞŭɞ Pearson product moment correlation, ɔɘŬ ɛŮɔɎɚɖ əɚɑɛŬəŬ, ɛŮ ɗŮŰɘəɐ ůɡůɢɏŰɘůɖ ɔɘŬ 

ɧɚɞɡɠ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Űɤɜ ˊɞɚɘŰŮɘɩɜ. Ⱥˊɑůɖɠ, ɓɟɏɗɖəŮ ɧŰɘ ɖ PNA ɏɢŮɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ 

ůɢɏůɖ ɛŮ əɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ ˊɞɚɘŰŮɑŮɠ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭŮɑɢɜŮɘ ɧŰɘ ɞɘ ɛɏůŮɠ ŮŰɐůɘŮɠ Űɘɛɏɠ Űɞɡ 

Ŭɜɏɛɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ ůŮ ɛŮɔɎɚɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ Ŭˊɧ ŰŬ ɟŮɨɛŬŰŬ Űɞɡ Ⱥɘɟɖɜɘəɞɨ, ůŰɖɜ ɜɧŰɘŬ 

ȷɛŮɟɘəɐ.     

2.7 ɉɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ əŬɘ Űɖɠ ŮɜɏɟɔŮɘŬɠ 

Űɞɡ Ŭɜɏɛɞɡ ůŰɘɠ ȼ.Ʉ.ȷ. ůŮ ɨɣɞɠ 80 m ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ 

ɛŮŰɟɐůŮɘɠ.  

ɆŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ŮɟɔŬůɑŬ Űɤɜ (Archer et al., 2003, 2004), ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ  ˊɞůɧŰɖŰŬɠ Űɞɡ Ŭɘɞɚɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŮ ɨɣɞɠ 80 m ɛŮ ůəɞˊɧ Űɖɜ ŮɨɟŮůɖ Űɖɠ 

ŮˊɎɟəŮɘŬɠ Ůɜɧɠ ŭɘəŰɨɞɡ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ,  ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ ɢɩɟŬ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

1327 ůŰŬɗɛɞɑ ɛŮ 87 ɓɞɚɘŭɞůəɞˊɐůŮɘɠ ɔɘŬ Űɞ ɏŰɞɠ 2000. ȸɟɏɗɖəŮ ɧŰɘ Űɞ 24% Űɤɜ ůŰŬɗɛɩɜ 

ŮɛűŬɜɑɕŮɘ ŰŬɢɨŰɖŰŮɠ ˊɎɜɤ Ŭˊɧ 6.9 m/s ůŰŬ 80 m əŬɘ Űɞ 37% Űɤɜ ůŰŬɗɛɩɜ ŬɡŰɩɜ ɐŰŬɜ 

ˊŬɟŬɗŬɚɎůůɘɞɘ ɐ ůŮ ɛɘəɟɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖ ɗɎɚŬůůŬ. ɇɞɜɑɕŮŰŬɘ, ɖ ůɖɛŬůɑŬ ŮəɛŮŰɎɚɚŮɡůɖɠ 

Űɖɠ Ŭɘɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɔɘŬŰɑ ɞɘ ȷɄȺ (ȷɜŬɜŮɩůɘɛɖ Ʉɖɔɐ ȺɜɏɟɔŮɘŬɠ) ŮɑɜŬɘ ˊɞɚɨ ˊŮɟɘůůɧŰŮɟɞ 

űɘɚɘəɐ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŬɚɚɎ əŬɘ ˊɞɚɨ ɚɘɔɧŰŮɟɞ əɞůŰɞɓɧɟŬ, Ŭˊɧ ŰŬ ˊŮɟɘɞɟɘůɛɏɜɖɠ 

ˊɞůɧŰɖŰŬɠ ɞɟɡəŰɎ əŬɨůɘɛŬ, ŰŬ ɞˊɞɑŬ ŮɛűŬɜɑɕɞɜŰŬɘ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ŬəɟɘɓɎ ůŮ ŮˊŮɝŮɟɔŬůɑŬ 

əŬɘ Ůɝɧɟɡɝɖ. 
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Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ 10 m ɏɔɘɜŮ ɔɘŬ Űɞ ɨɣɞɠ Űɤɜ 80 m ɔɘŬ ɜŬ 

ˊɟɞůɞɛɞɘŬůŰŮɑ ɎɛŮůŬ ɖ ŮɜɏɟɔŮɘŬ Űɞɡ Ŭɜɏɛɞɡ Ŭűɞɨ Űɞ ɨɣɞɠ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ 

Űɞɡɟɛˊɑɜɤɜ ɗŬ űŰɎůŮɘ Űɞ ɨɣɞɠ ŬɡŰɧ. ɆɖɛŬɜŰɘəɐ ˊŬɟŬŰɐɟɖůɖ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ŬˊɞŰɏɚŮůŮ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞ ɎɜŮɛɞɠ ŮˊɘűŬɜŮɘŬəɎ (0-10 m) ŮɛűŬɜɑɕŮɘ ɛɏɔɘůŰɞ 

ɖɛɏɟŬɠ Űɞ ŬˊɧɔŮɡɛŬ ɚɧɔɤ Űɖɠ ŬɡɝŬɜɧɛŮɜɖɠ ɗŮɟɛɘəɐɠ ŬɜɘůɞɟɟɞˊɑŬɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ. 

ȷɜŰɑɗŮŰŬ, ɧɛɤɠ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɡɣɧɛŮŰɟɞ, Űɞ űŬɘɜɧɛŮɜɞ ŬɜŰɘůŰɟɏűŮŰŬɘ, ɛŮ ŰŬ ŮɚɎɢɘůŰŬ ɜŬ 

ůɖɛŮɘɩɜɞɜŰŬɘ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ əŬɘ ŰŬ ɛɏɔɘůŰŬ Űɖ ɜɨɢŰŬ. Ⱥˊɞɛɏɜɤɠ, ɔɘŬ Űɖ ŭɘɧɟɗɤůɖ 

Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɡŰɞɨ əŬɘ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ Űɘɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ 

ůŰŬ 80 m ɛŮ ůɢŮŰɘəɐ ŬəɟɑɓŮɘŬ ŬəɞɚɞɡɗŮɑŰŬɘ ɛɘŬ ɛŮɗɞŭɞɚɞɔɑŬ ŮɝŬɔɤɔɐɠ Ůɜɧɠ ˊŬɟɎɔɞɜŰŬ ɟ, ɛŮ 

Űɞɜ ɞˊɞɑɞ ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ əɎɗŮ ɩɟŬ ůŰɞ ɨɣɞɠ Űɤɜ 10 m. Ⱥˊɑůɖɠ, ɔɘŬ Űɖɜ ŮˊɎɟəŮɘŬ ůŮ 

Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ ɔɘŬ ɛɘŬ ůɨɔɢɟɞɜɖ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬ əŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬɜŰŬɔɤɜɘůŰɘəɞɨ 

ˊɟɞɥɧɜŰɞɠ, ɏɢɞɡɜ ůɖɛŬůɑŬ ɞɘ ŰŬɢɨŰɖŰŮɠ Űɤɜ Ŭɜɏɛɤɜ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 6.9 m/s, ɔɘŬ Űɖ 

ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ.  

ũɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ, ŮˊŮɝŮɟɔŬůŰɐəŬɜ ŰŬ ŭŮŭɞɛɏɜŬ 10 ůŰŬɗɛɩɜ ɛŮ əɟɘŰɐɟɘɞ 

Űɖɜ ŮˊɎɟəŮɘŬ-ˊɞɘɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡɠ, əŬɘ ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ ɧɚɞ Űɞ ŭɘɎůŰɖɛŬ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ɖ ɛɏůɖ Űɘɛɐ, Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ůŮ ŮŰɐůɘŬ əɚɑɛŬəŬ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɖ ˊŬɟŬɔɧɛŮɜɖ 

ŮɜɏɟɔŮɘŬ ɔɘŬ Űɘɠ ɑŭɘŮɠ ůŰŬŰɘůŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ. ȸɟɏɗɖəŮ ɧŰɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɛɘŬ 

ɛŮŰŬɓɚɖŰɐ ůŮ ɤɟɘŬɑŬ əɚɑɛŬəŬ, ɛŮ ŭɘŬəɡɛɎɜůŮɘɠ ˊŮɟɑˊɞɡ 50% Űɧůɞ Ŭˊɧ Űɖ ɛɖɜɘŬɑŬ ɧůɞ əŬɘ 

Ŭˊɧ Űɖɜ ŮŰɐůɘŬ Űɘɛɐ. Ⱥˊɑůɖɠ, ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ ɐŰŬɜ ɖ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ ɧŰɘ ůŮ əɎˊɞɘɞ Ɏɚɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ. ȷəɧɛɖ, ɖ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ ˊŬɟɞɡůɘɎɕŮɘ ˊɞɚɨ 

ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬəɡɛɎɜůŮɘɠ, ŬɚɚɎ ɖ ɛɏɔɘůŰɖ Ŭˊɧəɚɘůɖ ŮɑɜŬɘ ŮɜŰɧɠ Űɞɡ əɎŰɤ ɞɟɑɞɡ ɔɘŬ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ, ˊɞɡ ŮɑɜŬɘ 3.31 m/s ɔɘŬ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮűŬɟɛɞɔɐ. ȼ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛŮɔɎɚŮɠ ŰŬɢɨŰɖŰŮɠ ŭŮɜ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ ɏɜŰɞɜŬ ŭɘŬɚŮɑˊɞɜ 

ɢŬɟŬəŰɐɟŬ. 

Ⱥˊɑůɖɠ ɏɔɘɜŮ ˊɟɞůŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ Reylight (ŮűɎɛɘɚɚɞ Űɞɡ Weibull), ɛŮ ŬɜŰɑůŰɞɘɢɞ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ůɡɜɎɟŰɖůɖɠ ůɢɐɛŬŰɞɠ k ŬɚɚɎ əŬɘ Űɖɠ ůɡɜɎɟŰɖůɖɠ əɚɑɛŬəŬɠ c, ɔɘŬ Űɖ 

ůɨɔəɟɘůɖ ɛŮ Űɖɜ ŮɛˊŮɘɟɘəɐ əŬŰŬɜɞɛɐ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ ɏŭŮɘɝŮ ɧŰɘ ɔɘŬ Űɞɡɠ ˊŮɟɘůůɧŰŮɟɞɡɠ 

ůŰŬɗɛɞɨɠ ˊɟɞůŬɟɛɧɕŮŰŬɘ ˊɞɚɨ əŬɚɎ. ȷˊɧ Űɖɜ ŮɝɏŰŬůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŰŬɢɨŰɖŰŮɠ Ŭɜɏɛɞɡ 

ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ 3 m/s ůŰŬ 10 m ŮɛűŬɜɑůŰɖəŬɜ ɛɧɜɞ ůŰɞ 10.1% Űɤɜ ůŰŬɗɛɩɜ, ˊɞɡ ůɖɛŬɑɜŮɘ 

ɛɧɜɞ ůŰɞ 10.1% Űɤɜ ɤɟɩɜ Űɞɡ ɏŰɞɡɠ ŭŮɜ ɏɢɤ ɘəŬɜɞˊɞɘɖŰɘəɧ ɎɜŮɛɞ əŬɘ ɛɎɚɘůŰŬ Űɞ 

ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ ɜɖɜŮɛɑŬɠ ŮɛűŬɜɑɕŮŰŬɘ Űɞ ɢŮɘɛɩɜŬ Ŭˊɧ ɧŰɘ Űɞ əŬɚɞəŬɑɟɘ.  

ɀɏůɤ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ůɡɜŬɟŰɐůŮɘ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ˊŰŮɟɤŰɐɠ Űɖɠ 

ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ (ɗŮɤɟɖŰɘəɎ) ŮɜɏɟɔŮɘŬɠ 

Ŭˊɧ Űɘɠ ɛɏůŮɠ ɤɟɘŬɑŮɠ Űɘɛɏɠ ɔɘŬ əɎɗŮ ɖɛɏɟŬ ɔɘŬ Űɞ ɏŰɞɠ 2000 əŬɘ ɏɔɘɜŮ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

ɛɏůɖɠ ɤɟɘŬɑŬɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ Űɖɠ ɛɖɜɘŬɑŬɠ. ɇɞ ɛɖɜɘŬɑɞ Ůɨɟɞɠ ɐŰŬɜ 

ɛɏɔɘůŰɞ Űɞ ɆŮˊŰɏɛɓɟɘɞ (1813 W/m
2
) əŬɘ ŮɚɎɢɘůŰɞ Űɞ Ɂɞɏɛɓɟɘɞ (908 W/m

2
). ɄŬɟŬŰɖɟɐɗɖəŮ 

Ůˊɑůɖɠ ɧŰɘ ůŰɞɡɠ ŰŮɚŮɡŰŬɑɞɡɠ ɛɐɜŮɠ Űɞɡ ɢŮɘɛɩɜŬ, ˊŬɟɎ Űɖɜ ɨˊŬɟɝɖ ɛŮɔɎɚɖɠ ůɡɢɜɧŰɖŰŬɠ 

ɛɘəɟɩɜ ŰŬɢɡŰɐŰɤɜ Ŭɜɏɛɞɡ, ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɛŮɔɎɚɖ əŬɘ ɎɟŬ əŬɘ ɖ 

ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ Ůˊɘˊɚɏɞɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ 

Űɖɜ ˊŮɟɑɞŭɞ ŮəŮɑɜɖ ůŰɞ ɓɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ, ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɗɡŮɚɚɩŭɖ əŬɘɟɧ ɛŮ 

ɏɜŰɞɜŮɠ ŰŬɢɨŰɖŰŮɠ ůŰɞɜ ɎɜŮɛɞ, ɛŮ ŰŬɡŰɧɢɟɞɜŮɠ ŮɜŬɚɚŬɔɏɠ ɜɖɜŮɛɑŬɠ, ɢŬɛɖɚɐɠ ŰŬɢɨŰɖŰŬɠ 

Ŭɜɏɛɞɡ. ȿɘɔɧŰŮɟɞɘ Űɟɞˊɘəɞɑ əɡəɚɩɜŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ Űɞ əŬɚɞəŬɑɟɘ ɚɧɔɤ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɡɣɖɚɞɨ ɓŬɟɞɛŮŰɟɘəɞɨ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊŬɟɎɔŮŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ ŮɜɏɟɔŮɘŬɠ əŬŰɎ 

Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ. ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞ Űɨˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ  ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ 

Űɖɠ ŰɟɑŰɖɠ ŭɨɜŬɛɖɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ, ɞɘ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ Űɖɠ ɞɡɟɎɠ Űɞɡ Ŭɜɏɛɞɡ ɏɢɞɡɜ ˊɞɚɨ 

ɛŮɔŬɚɨŰŮɟɖ ŮˊɑŭɟŬůɖ ůŰɖɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Ŭˊɧ ɧŰɘ ůŰɖ ɛɏůɖ Űɘɛɐ.  
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ȷˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɏɟŮɡɜŬɠ ˊɟɞɏəɡɣŮ ɧŰɘ ɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɞɡ ŭɘəŰɨɞɡ Űɤɜ 

ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖ ɛŮɑɤůɖ Űɞɡ Ůɨɟɞɡɠ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ ɔɘŬ 

ɧůɞ ɛŮɔŬɚɩɜŮɘ ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭɘəŰɨɞɡ. Ⱥˊɑůɖɠ, ɏɜŬ ŭɑəŰɡɞ ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ Űɞ əŬŰɩűɚɘ 

Űɤɜ Ŭɜɏɛɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɩůŮɘ Űɞ ˊɞůɞůŰɧ Űɤɜ ŮɚɎɢɘůŰɤɜ Ŭɜɏɛɤɜ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ 

ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ. ȺˊŮɘŭɐ ɖ űɨůɖ Űɞɡ Ŭɜɏɛɞɡ ŬəɞɚɞɡɗŮɑ Űɖɜ əŬŰŬɜɞɛɐ 

Reylight, ɖ ɛɏůɖ Űɘɛɐ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɏɜŬ ɛɐɜŬ ůŮ ɛɘŬ ɞˊɞɘŬŭɐˊɞŰŮ ɩɟŬ, ůŮ ɛɘŬ ŰɡɢŬɑŬ 

ŰɞˊɞɗŮůɑŬ, ŮɑɜŬɘ ŬɝɘɧˊɘůŰɞɠ ŭŮɑəŰɖɠ ůɡɔəɟɘɜɧɛŮɜɞɠ ɛŮ Űɖɜ ŭɨɜŬɛɖ Űɞɡ Ŭɜɏɛɞɡ Űɖɜ ɑŭɘŬ ɩɟŬ 

ŬɚɚɎ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ŰɡɢŬɑŬ ɛɏɟŬ Űɞɡ ɑŭɘɞɡ ɛɐɜŬ. ɇɏɚɞɠ, ŬəɧɛŬ əŬɘ Ŭɜ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ 

Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɛŮɔɎɚɖ, ɖ Ŭɘɞɚɘəɐ ŭɨɜŬɛɖ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛɘŬ ɛɏůɖ ˊŮɟɑɞŭɞ 

ŬəɞɚɞɡɗŮɑ Űɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ.  

2.8 ɀɘŬ ɏɟŮɡɜŬ ɔɘŬ Űɖɜ ŬˊɞŰɑɛɖůɖ Űɞɡ Ŭɘɞɚɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ȺɚɚɎŭŬ. 

ɆŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ŮɟɔŬůɑŬ (Katsoulis, 1993), ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɔəɟɘůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ Űɞɡ Ŭɜɏɛɞɡ, ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ Űɞɡ ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ əŬɘ 

ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ Űɘɠ ŰɞˊɞɗŮůɑŮɠ ŬɡŰɏɠ, ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ 

ɗŮɤɟɖŰɘəɐɠ əŬŰŬɜɞɛɐɠ Weibull əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɠ əɎɗŮ űɞɟɎ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɖɠ. Ƀɘ 

ˊɘɗŬɜɧŰŮɟŮɠ ŰɞˊɞɗŮůɑŮɠ ŮɑɜŬɘ ˊŬɟŬɗŬɚɎůůɘŮɠ əŬɘ ŮɘŭɘəɎ ůŰŬ ɜɖůɘɎ Űɞɡ ȷɘɔŬɑɞɡ ɛŮ ŮŰɐůɘŬ 

ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ (600 W/m
2
), Ůɜɩ ɡˊɞɣɐűɘŮɠ ɗɏůŮɘɠ ŰɞˊɞɗɏŰɖůɖɠ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ 

ŬˊɞŰŮɚɞɨɜ əŬɘ ŰŬ ɜɖůɘɎ Űɞɡ Ƚɞɜɑɞɡ, ɛŮ ŮŰɐůɘŬ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ (200 W/m
2
). ȯɚɚŮɠ 

ɗɏůŮɘɠ, ɖˊŮɘɟɤŰɘəɏɠ, ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ, ɢŬɛɖɚɞɨ ɡɣɞɛɏŰɟɞɡ, ɛŮ ɐˊɘŬ ŰɞˊɞɔɟŬűɑŬ, ŮɛűɎɜɘůŬɜ 

ˊɞɚɨ ɢŬɛɖɚɧŰŮɟɞ ɡˊɞɣɐűɘɞ ŮɜŮɟɔŮɘŬəɧ ŭɡɜŬɛɘəɧ ɡˊɞˊɞɚɚŬˊɚɎůɘŬɠ ŰɎɝɖɠ (20 W/m
2
).  

ȼ Ŭɨɝɖůɖ Űɤɜ ɞɟɡəŰɩɜ əŬɡůɑɛɤɜ, ɧˊɤɠ Űɞ ˊŮŰɟɏɚŬɘɞ, ɘŭɘŬɑŰŮɟŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, 

əŬɗɘůŰɎ ŮˊɘŰŬəŰɘəɐ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ŮɨɟŮůɖ Ɏɚɚɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ əŬɘ ŭɖ ŬɜŬɜŮɩůɘɛɤɜ. ɆŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ɛɏůɤ Űɖɠ əŬŰŬɜɞɛɐɠ Weibull, ɜŬ ɔɑɜŮɘ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ŭɡɜŬɛɘəɞɨ ɛŮ ɓɎůɖ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ůŰŬɗɛɞɨɠ ůŮ 

ɧɚɞɜ Űɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, ɛŮ ůəɞˊɧ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ Űɞ ŮɜŮɟɔŮɘŬəɧ Ŭɘɞɚɘəɧ ŭɡɜŬɛɘəɧ. 

ȾɎŰɘ ŰɏŰɞɘɞ ɧɛɤɠ ˊŬɟɞɡůɘɎɕŮɘ ŭɡůəɞɚɑŮɠ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɛɘŬ 

ɛŮŰŬɓɚɖŰɐ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɏɜŰɞɜɖ ŭɘŬəɨɛŬɜůɖ ŬɜɎɛŮůŬ ůŰɘɠ ŭɘɎűɞɟŮɠ ɩɟŮɠ Űɖɠ ɖɛɏɟŬɠ 

ŬɚɚɎ əŬɘ ůŮ əɎɗŮ Ůˊɞɢɐ Űɞɡ ɢɟɧɜɞɡ. Ⱥˊɑůɖɠ, ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ˊɞɚɚɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ɧˊɤɠ 

ŮɑɜŬɘ ɖ ɏɜŰɞɜɖ ŰɞˊɞɔɟŬűɑŬ əŬɘ ɖ ɔŮɘŰɜɑŬůɖ ɛŮ ˊŬɟŬɗŬɚɎůůɘŮɠ ŰɞˊɞɗŮůɑŮɠ. ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ Ŭˊɧ 42 ůŰŬɗɛɞɨɠ ŭɘɎůˊŬɟŰɞɡɠ ůŮ ɞɚɧəɚɖɟɖ Űɖ ɢɩɟŬ əŬɘ ɞɘ 

ɛŮŰɟɐůŮɘɠ ɐŰŬɜ Ŭˊɧ 3, 8 əŬɘ 24 ˊŬɟŬŰɖɟɐůŮɘɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ. Ⱥˊɑůɖɠ ɞɘ 

ɢɟɞɜɞůŮɘɟɏɠ ŭŮɜ ɐŰŬɜ ˊŬɜŰɞɨ ůɡɜŮɢŮɑɠ ɚɧɔɤ ŮɚɚŮɑɣŮɤɜ ůŰɘɠ ɛŮŰɟɐůŮɘɠ əŬɘ ŰŬ ɢɟɞɜɘəɎ 

ŭɘŬůŰɐɛŬŰŬ ɛɏŰɟɖůɖɠ ɐŰŬɜ Ŭˊɧ 5 ɏɤɠ 30 ɏŰɖ. Ƀɘ Űɘɛɏɠ ɐŰŬɜ ůŮ əɚɑɛŬəŬ Beaufort ŬɚɚɎ əŬɘ ɞɘ 

ɛŮŰɟɐůŮɘɠ ŭŮɜ ɐŰŬɜ ɧɚŮɠ ůŰɞ ɑŭɘɞ ɨɣɞɠ. Ⱥˊɞɛɏɜɤɠ ɡˊɐɟɝŮ ɖ ŬɜɎɔəɖ ɔɘŬ ɛŮŰŬŰɟɞˊɐ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ ůŮ ɛɞɜɎŭŮɠ (m/s) ŬɚɚɎ əŬɘ ɖ ŬɜŬɔɤɔɐ ŮɜɘŬɑɞɡ  ɡɣɞɛɏŰɟɞɡ. ũɘŬ Űɖ ŬɜŬɔɤɔɐ ůŰɞ 

ŮɜɘŬɑɞ ɡɣɧɛŮŰɟɞ Űɤɜ 10 m ůɖɛŬɜŰɘəɧ ɟɧɚɞ ˊŬɑɕŮɘ ɖ ŰɟŬɢɨŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ, ɔɘŬ ŬɡŰɧ Űɞ 

ɚɧɔɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘɚŮɔŮɑ əɎɗŮ űɞɟɎ ɖ əŬŰɎɚɚɖɚɖ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ z0 ɔɘŬ Űɖɜ 

ˊɟɞůɞɛɞɑɤůɖ Űɖɠ Ůˊɘɟɟɞɐɠ Űɖɠ ŰɟŬɢɨŰɖŰŬɠ ˊɞɡ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ ůŰŬ ɨɣɖ ŬɡŰɎ. ũɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ Űɤɜ ɛɖɜɘŬɑɤɜ əŬɘ ŮŰɐůɘɤɜ ɡˊɞɚɞɔɘůɛɩɜ ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ɛɏůɞɘ ɧɟɞɘ Űɤɜ 

ɖɛŮɟɐůɘɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ.  

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮűŬɟɛɞɔɐ ɔɘŬ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ Űɖɠ Ůˊɘɚɞɔɐɠ Űɖɠ əŬŰŬɜɞɛɐɠ Weibull 

ůŰɖɜ ˊɟɞůŬɟɛɞɔɐ ůŰŬ ŭŮŭɞɛɏɜŬ əŬɘ ɓɟɏɗɖəŮ ˊɞɚɨ ɘəŬɜɞˊɞɘɖŰɘəɐ, ůɢŮŰɘəɎ ɛŮ Űɞ ɘůŰɧɔɟŬɛɛŬ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ, ůŰŬ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɜ ɖ ŰŬɢɨŰɖŰŬ 

əŬɘ ɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əɚɎůɖ. ȰɔɘɜŮ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ k 

ůɢɐɛŬŰɞɠ əŬɘ c (m/s) əɚɑɛŬəŬɠ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŮɝɎɔɞɜŰŬɘ ɢɟɐůɘɛŬ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ ŰŬ 
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ŬˊɞŰŮɚɏůɛŬŰŬ. ȷˊɧ ŰŬ ŭŮŭɞɛɏɜŬ əŬɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɗŮɤɟɖŰɘəɎ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ 

ŮɛűŬɜɑɕŮŰŬɘ ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŬɜɎɛŮůŬ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ ɢɩɟŬ, Űɘɠ ˊŬɟŬɗŬɚɎůůɘŮɠ 

ˊŮɟɘɞɢɏɠ əŬɘ ŰŬ ɜɖůɘɎ. Ⱥˊɑůɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ůˊɞɢɐ ɖ ˊŬɟɎɛŮŰɟɞɠ c ŮɛűŬɜɑɕŮŰŬɘ ɛɘəɟɐ ůŰŬ 

ɜɖůɘɎ əŬŰɎ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ Ůɜɩ ŬɜŰɑɗŮŰŬ ɖ ˊŬɟɎɛŮŰɟɞɠ əɚɑɛŬəŬɠ k ŮɑɜŬɘ ŬɟəŮŰɎ 

ɛŮɔɎɚɖ Űɞ ŭɘɎůŰɖɛŬ Űɤɜ ɛɖɜɩɜ Ɂɞɏɛɓɟɘɞ - ūŮɓɟɞɡɎɟɘɞ. ɇɞ ɔŮɔɞɜɧɠ Űɤɜ ɡɣɖɚɩɜ Űɘɛɩɜ Űɖɠ 

ˊŬɟŬɛɏŰɟɞɡ k, ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ɛɞɜɎŭŬ, ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ɏɜŰɞɜɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ 

əŬɘ Űɖ ŭɘŬɚŮɑˊɞɡůŬ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ. Ⱥˊɑůɖɠ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ŭɡůəɞɚɑŬɠ ůŰɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ŭɡɜŬɛɘəɞɨ Űɖɠ ɢɩɟŬɠ ŬˊɞŰŮɚŮɑ əŬɘ ɖ ɏɜŰɞɜɖ ɞɟŮɞɔɟŬűɑŬ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ɖ ɞɟɞůŮɘɟɎ Űɖɠ Ʉɑɜŭɞɡ ˊɞɡ ɞɡůɘŬůŰɘəɎ ŬˊɞŰŮɚŮɑ űɟŬɔɛɧ Űɤɜ Ŭɜɏɛɤɜ ɛŮ 

əŬŰŮɨɗɡɜůɖ Ŭˊɧ ŰŬ ŬɜŬŰɞɚɘəɎ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ. ɆŰɞ ŬɜɤŰɏɟɤ ˊŮɟɘɔɟŬűɧɛŮɜɞ ɔŮɔɞɜɧɠ 

ˊɟɞůŰɑɗŮŰŬɘ əŬɘ ɖ ɢŬɛɖɚɧŰŮɟɖ ŮŰɐůɘŬ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ŰŬ ȽɧɜɘŬ ɜɖůɘɎ ůɢŮŰɘəɎ ɛŮ 

ŰŬ ɜɖůɘɎ Űɞɡ ȷɘɔŬɑɞɡ.  

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɏəɡɣŮ ɧŰɘ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ 

ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ŰŬ ɜɖůɘɎ Űɞɡ ȷɘɔŬɑɞɡ ŬɚɚɎ əŬɘ ŰŬ ɜɖůɘɎ Űɞɡ Ƚɞɜɑɞɡ ɛŮ Űɘɠ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ɜŬ 

ŮɛűŬɜɑɕɞɜŰŬɘ Űɖɜ Ůˊɞɢɐ Űɞɡ ɢŮɘɛɩɜŬ əŬɘ Űɞɡ əŬɚɞəŬɘɟɘɞɨ, ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɛɏɔɘůŰŬ ůŰɖɜ 

ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. Ʉɞɚɨ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ŬˊɞŰŮɚŮɑ ɖ ŰɞˊɞɔɟŬűɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ, Űɞ 

ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ ŬɚɚɎ əŬɘ ɖ ŰɞˊɞɗŮůɑŬ, Ŭɜ ɓɟɑůəŮŰŬɘ əɞɜŰɎ ůŮ ɗɎɚŬůůŬ, ůŮ ɜɖůɑ ɐ ůŰɖɜ 

ɖˊŮɘɟɤŰɘəɐ ɢɩɟŬ. Ⱥˊɑůɖɠ, ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŭɘŬɗɏůɘɛɖɠ ŮɜɏɟɔŮɘŬɠ ɏɔɘɜŮ ɔɘŬ Űɞ ɨɣɞɠ Űɤɜ 10 

m ɧɛɤɠ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ ɝŮˊŮɟɜɞɨɜ ŰŬ ɨɣɖ ŬɡŰɎ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɡˊɎɟɢŮɘ 

ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ ŭɘŬɗɏůɘɛɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮəɛŮŰŬɚɚŮɨůɘɛɖ. Ⱥˊɑůɖɠ, 

ŭɡůəɞɚɑŬ ůŰɖɜ ŮəŰɑɛɖůɖ ŬˊɞŰŮɚŮɑ əŬɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ ɛŬəɟɞəɚɑɛŬəŬɠ - Űɞˊɘəɩɜ űŬɘɜɞɛɏɜɤɜ 

ůŰɖɜ ɔŮɜɘəɧŰŮɟɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɖ Ůˊɘɟɟɞɐ Űɖɠ Űɨɟɓɖɠ ůŰɘɠ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ ůŰɘɠ ŬəŰɏɠ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ ɨˊŬɟɝɖɠ ɏɜŰɞɜɤɜ Ŭɜɏɛɤɜ Ŭˊɧ ŰŬ ɧɟɖ Űɞ ɢŮɘɛɩɜŬ, ŬɚɚɎ əŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ 

ɛŮɚŰŮɛɘɩɜ Űɞ əŬɚɞəŬɑɟɘ ɩůŰŮ ɜŬ ɓɟŮɗɞɨɜ ŰŬ ɓŬůɘəɧŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ůŰŬůɘɛɧŰɖŰŬɠ 

ŬɡŰɐɠ.     

2.9 ũŮɜɘəɧŰŮɟɖ ɓɘɓɚɘɞɔɟŬűɑŬ - ŮˊɘůŰɖɛɞɜɘəɎ ůɡɔɔɟɎɛɛŬŰŬ                   

ȷˊɧ Űɖ ɔŮɜɘəɧŰŮɟɖ ɓɘɓɚɘɞɔɟŬűɘəɐ Ůˊɘůəɧˊɖůɖ, ɏɢŮɘ ɔɑɜŮɘ ŬˊɞŭŮəŰɧ, Ŭˊɧ ˊɚɐɗɞɠ 

ŮˊɘůŰɖɛɧɜɤɜ, Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ˊɟɏˊŮɘ ɞɘ ɢɩɟŮɠ, ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ, ɜŬ ɛŮŰŬɓɎɚɚɞɡɜ Űɖɜ 

ŮɜŮɟɔŮɘŬəɐ ˊɞɚɘŰɘəɐ Űɞɡɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůɡɜɎŭŮɘ ɛŮ Űɖ ɛŮɑɤůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ 

Ůɝɞɟɨɝɘɛɤɜ əɞɘŰŬůɛɎŰɤɜ, ŬɚɚɎ əŬɘ ɛŮ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ˊɟɞɩɗɖůɖɠ Űɤɜ ȷɄȺ (ȷɜŬɜŮɩůɘɛɤɜ 

Ʉɖɔɩɜ ȺɜɏɟɔŮɘŬɠ), ˊɞɡ ŬˊɞŰŮɚɞɨɜ ŬɜŮɝɎɜŰɚɖŰɞ ŮɜŮɟɔŮɘŬəɧ ˊŬɟŬɔɤɔɧ, ŬɚɚɎ əŬɘ Űɖɜ ˊɚɏɞɜ 

űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ɞɘəɞɜɞɛɘəɐ, ɛɞɟűɐ ŮɜɏɟɔŮɘŬɠ. ɀɘŬ Ŭˊɧ Űɘɠ ɛɞɟűɏɠ ŬɡŰɏɠ 

ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ əŬɘ ɖ Ŭɘɞɚɘəɐ. Ƀ Ŭ́ɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŬɠ, ŬˊɞŰŮɚŮɑ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

ůŰɞɘɢŮɑɞ Űɖɠ ˊɟɞůˊɎɗŮɘŬɠ ŬɟəŮŰɩɜ ŮˊɘůŰɖɛɧɜɤɜ, ˊɞɡ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɖ ůŰɞɢŬůŰɘəɐ 

ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ɔɘŬ Űɞɜ ŬɛŮɟɧɚɖˊŰɞ ɡˊɞɚɞɔɘůɛɧ əŬɘ 

Űɖɜ Ŭəɟɘɓɐ ŮəŰɑɛɖůɖ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ, ůŮ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ. ɆŰɖɜ ŮɟɔŬůɑŬ 

(Bagiorgas et al., 2007) ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ŮəŰɑɛɖůɖɠ Űɞɡ Ŭɘɞɚɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖɜ 

ŬɜŬŰɞɚɘəɐ ȺɚɚɎŭŬ, ŬɜŰɑůŰɞɘɢŬ ůŰɘɠ ŮɟɔŬůɑŮɠ Űɤɜ (Fyrippis et al., 2008, 2010 
.
 Chronopoulou 

et al., 2010), ɔɑɜŮŰŬɘ Ůˊɑůɖɠ ˊɟɞůˊɎɗŮɘŬ ŮəŰɑɛɖůɖɠ Űɞɡ Ŭɘɞɚɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɞ əŮɜŰɟɘəɧ 

ȷɘɔŬɑɞ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖ ɁɎɝɞ, ŬɚɚɎ əŬɘ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ȺɚɚɎŭŬ, ŬɜŰɑůŰɞɘɢŬ. Ⱥˊɑůɖɠ 

ůŰɘɠ ŮɟɔŬůɑŮɠ Űɤɜ (Mayhoub et al., 1997 
. 
Rosen et al., 1998 

.
 Alaydi et al., 2010 

.
 Raihani et 

al., 2012), ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ Ŭɘɞɚɘəɞɨ ŭɡɜŬɛɘəɞɨ, ůɡɔəŮəɟɘɛɏɜɤɜ ˊŮɟɘɞɢɩɜ, 

ȷɑɔɡˊŰɞɠ, ȺɟɡŰɟɏŬ, ũɎɕŬ əŬɘ ɀŬɟɧəɞ ŬɜŰɑůŰɞɘɢŬ, ɛŮ ůəɞˊɧ Űɖɜ ˊɟɧŰŬůɖ, ůɡɔəŮəɟɘɛɏɜɤɜ 

ůɖɛŮɑɤɜ ŰɞˊɞɗɏŰɖůɖɠ Ŭɘɞɚɘəɩɜ ˊɎɟəɤɜ ɐ ɛŮɛɞɜɤɛɏɜɤɜ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ, ɔɘŬ Űɖɜ 
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ŮəɛŮŰɎɚɚŮɡůɖ, ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɛŮɔŬɚɨŰŮɟɞɡ ˊɞůɞůŰɞɨ Ŭˊɧ Űɖ ŭɘŬɗɏůɘɛɖ ŮɜɏɟɔŮɘŬ əŬɘ ɛŮ 

ŬˊɩŰŮɟɞ ůŰɧɢɞ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ŬɡŰɞɜɞɛɑŬ Űɤɜ ˊŮɟɘɞɢɩɜ ŬɡŰɩɜ.     

ȺˊɘˊɟɧůɗŮŰŬ, ŮəŰɧɠ Ŭˊɧ Űɞɜ ŬˊŮɡɗŮɑŬɠ ɡˊɞɚɞɔɘůɛɧ Űɞɡ Ŭɘɞɚɘəɞɨ ŭɡɜŬɛɘəɞɨ ɛɏůɤ Űɖɠ 

ˊɟɞůŬɟɛɞɔɐɠ əŬŰŬɜɞɛɩɜ (Karamanis, 2013), ɔɑɜŮŰŬɘ əŬɘ ˊɟɞůˊɎɗŮɘŬ ůɤůŰɐɠ - ŬɝɘɧˊɘůŰɖɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ əɎɗŮ ɢɩɟŬ, Ŭˊɧ Űɞɡɠ ɛŮŰɟɖŰɘəɞɨɠ 

ůŰŬɗɛɞɨɠ, ŭɘŬɗɏŰŮɘ. ɇɞ ˊŬɟŬˊɎɜɤ ɔŮɔɞɜɧɠ ůɡɜɑůŰŬŰŬɘ ůŰɖɜ ŬɛŮɟɧɚɖˊŰɖ ůŰɞɢŬůŰɘəɐ 

ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ɩůŰŮ ŰŬ ŮɝŬɔɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɜŬ 

ŮɑɜŬɘ ůɡɛɓŬŰɎ ɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ŭɘŬŰɖɟɩɜŰŬɠ ˊŮɟɘɗɩɟɘŬ ŬɚɚɎ əŬɘ Ŭˊɧ əɞɘɜɞɨ 

ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɤɜ ɢɟɞɜɞůŮɘɟɩɜ. Ⱥˊɞɛɏɜɤɠ, ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ ŬɝɘɧˊɘůŰɖ 

ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ ɢɟɞɜɞůŮɘɟɩɜ, ˊɞɡ ɜŬ ŭɘŬŰɖɟɞɨɜ, ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɧ Űɟɧˊɞ, ŰŬ 

ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ Ŭɟɢɘəɐɠ - ɘůŰɞɟɘəɐɠ ɢɟɞɜɞůŮɘɟɎɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. Ƀɘ 

ˊɟɞůˊɎɗŮɘŮɠ Űɤɜ (Koutsoyiannis, 2000, 2003 
. 
Wang et al., 2013), ŬˊɞŰŮɚɞɨɜ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

ˊŬɟɎŭŮɘɔɛŬ, ˊɞɡ ɛɏůŬ Ŭˊɧ Űɖɜ ŬɡůŰɖɟɧŰɖŰŬ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ Ůɜɜɞɘɩɜ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ 

ŮɨɟŮůɖ ɛŮɗɧŭɤɜ ɔɘŬ Űɖɜ ŬɛŮɟɧɚɖˊŰɖ ůŰɞɢŬůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ŬŰɛɞůűŬɘɟɘəɩɜ űɡůɘəɩɜ 

ɛŮŰŬɓɚɖŰɩɜ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɓɟŮɘ ɎɛŮůɖ ŮűŬɟɛɞɔɐ əŬɘ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ 

Ŭɜɏɛɞɡ. ɆŰɘɠ ŬɜɤŰɏɟɤɜ ŮɟɔŬůɑŮɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛɏɗɞŭɞɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ 

ɢɟɞɜɞůŮɘɟɩɜ ˊɞɡ ŭɘŬŰɖɟɞɨɜ ŰŬ ŬɟɢɘəɎ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɘůŰɞɟɘəɞɨ ŭŮɑɔɛŬŰɞɠ 

əŬɘ Ůˊɑůɖɠ ůɖɛŬɜŰɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ ɛŮ ɛŮɔɎɚɖ űɡůɘəɐ ůɖɛŬůɑŬ (Hurst). ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ůɨɔəɟɘůɖ ŭɘŬűɧɟɤɜ ɛɞɜŰɏɚɤɜ (Philipopoulos et al., 2009)  ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ 

(AR(1), ARMA(1,1), ARMA(2,2)) əŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ůɡɜɗŮŰɘəɩɜ ɢɟɞɜɞůŮɘɟɩɜ 

ˊɟɞəɨˊŰɞɡɜ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ ɐ ɛɖ əɎˊɞɘɤɜ Ŭˊɧ ŬɡŰɎ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ 

ɛŮ ŬɝɘɧˊɘůŰɞ Űɟɧˊɞ Űɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. Ⱥˊɑůɖɠ, ůŰɖɜ ŮɟɔŬůɑŬ Űɤɜ (Carapellucci et al., 

2012, 2013), ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ŮɨɟŮůɖɠ ɜɏŬɠ ɛŮɗɧŭɞɡ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ 

ɢɟɞɜɞůŮɘɟɩɜ ɛŮ ŭɘŬəɟɘŰɞˊɞɑɖůɖ Űɞɡ ɢɟɧɜɞɡ, ŬɚɚɎ ŬəɧɛŬ əŬɘ ɛŮ ɗŮɩɟɖůɖ Űɞɡ ɢɟɧɜɞɡ ɤɠ ɛɘŬ 

ůɡɜŮɢɐ ɛŮŰŬɓɚɖŰɐ, ɧˊɤɠ ˊɟŬɔɛŬŰɘəɎ ůɡɛɓŬɑɜŮɘ (Calif, 2011), ɛŮ ůəɞˊɧ ɜŬ ˊɟɞůɞɛɞɘŬůŰŮɑ 

ˊɘɞ ŬɝɘɧˊɘůŰŬ ɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ɗŬ ˊɟɞəɨɣɞɡɜ Ŭˊɧ ɛɘŬ 

ŮɜŭŮɢɧɛŮɜɖ ůŰɞɢŬůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ɜŬ ŮɑɜŬɘ ŬɝɘɧˊɘůŰŬ. ȺˊɘˊɟɧůɗŮŰŬ, ˊɘɞ ŮűŬɟɛɧůɘɛŮɠ 

ɛɏɗɞŭɞɘ ɛŮ Űɖɜ ɏɜɜɞɘŬ Űɖɠ ŬˊɚɧŰɖŰɎɠ əŬɘ ŰŬɢɨŰɖŰɎɠ Űɞɡɠ, ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Ŭˊɧ Űɞ 

(Koutsoyiannis, 2002), ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ůɡɜɗŮŰɘəɏɠ ɢɟɞɜɞůŮɘɟɏɠ, ŭɘŬŰɖɟɩɜŰŬɠ, ɡɣɖɚɐ 

ŬɡŰɞůɡůɢɏŰɘůɖ əŬɘ Ůɛɛɞɜɐ Űɖɠ ɘůŰɞɟɘəɐɠ ɢɟɞɜɞůŮɘɟɎɠ, ɛŮ Ŭˊɚɐ Ɏɗɟɞɘůɖ ɀŬɟəɞɓɘŬɜɩɜ 

ɛɞɜŰɏɚɤɜ (Űɟɘɩɜ AR(1)). Ⱥˊɑůɖɠ, ɔɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɜɧɖůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ŮɝŮŰɎɕŮŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɖ əɚɑɛŬəŬ Ŭˊɧ Űɖɜ Űɞˊɘəɐ (ˊ.ɢ. ȿŮəɎɜɖ 

ɀŮůɞɔŮɑɞɡ), ɩůŰŮ ɜŬ əŬŰŬůŰŮɑ ůŬűɏɠ ˊɞɘɏɠ ŭɞɛɏɠ ŮˊɖɟŮɎɕɞɡɜ ůŰɖɜ əɚɑɛŬəŬ ŬɡŰɐ Űɞɜ ɎɜŮɛɞ 

(Schicker et al., 2010), ɛŮ ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ ŭɘŬəɟɘŰɞˊɞɘɖɛɏɜŬ ůŮ əɎɜŬɓɞ, ɩůŰŮ ɜŬ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞůŮɔɔɘůŰŮɑ ɘəŬɜɞˊɞɘɖŰɘəɎ ɖ ɞˊɞɘŬŭɐˊɞŰŮ əɑɜɖůɐ Űɞɡ Ŭɜɏɛɞɡ, ɛŮ Űɖɜ ɏɛɛŮůɖ 

ɛɏŰɟɖůɖ Űɖɠ ŮɝɎŰɛɘůɖɠ ŬɚɚɎ əŬɘ Űɖɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ. ɆɡůŰɐɛŬŰŬ 

ɔŮɤɔɟŬűɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ Ŭˊɧ Űɞɡɠ (Voivontas et al., 1998) ɔɘŬ Űɖɜ 

ŬəɟɘɓɏůŰŮɟɖ əŬɘ ŮˊɞˊŰɘəɧŰŮɟɖ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ. ɆŰɖɜ 

ŮɟɔŬůɑŬ Űɞɡ (Karamanis et al., 2013), ŮəŰɧɠ Ŭˊɧ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ 

ɛɏůɤ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜŰɑůŰɞɘɢŬ əŬɘ ɛɘŬ ɞɘəɞɜɞɛɘəɞŰŮɢɜɘəɐ ɛŮɚɏŰɖ - 

ŬɜɎɚɡůɖ ůɢŮŰɘəɎ ɛŮ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŮűŬɟɛɞɔɐɠ ɛɘŬɠ ŰɏŰɞɘŬɠ ɛŮɗɧŭɞɡ ůŮ ůɡɔəŮəɟɘɛɏɜɖ 

ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ əɚɑɛŬəŬ əŬɘ ɛɎɚɘůŰŬ ŰɑɗŮŰŬɘ əŬɘ Űɞ ɕɐŰɖɛŬ ŭɘŬůɡɜɞɟɘŬəɩɜ ůɡɜŮɟɔŬůɘɩɜ 

ɔɘŬ Űɖ ůŰɟɞűɐ ůŰɘɠ ȷ.Ʉ.Ⱥ., ɛŮ ɧűŮɚɞɠ ŮəɎŰŮɟɤɜ Űɤɜ ůɡɛɛŮŰŮɢɧɜŰɤɜ. ɇɏɚɞɠ, ůŰɖɜ ŮɟɔŬůɑŬ 

Űɞɡ (Hokimoto, 2013), ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ɜɏŬ ɛɏɗɞŭɞɠ ŮɨɟŮůɖɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ 

ɛɏůɤ Űɖɠ ɛɏŰɟɖůɖɠ Űɞɡ ɨɣɞɡɠ Űɞɡ əɡɛŬŰɘůɛɞɨ ůŰɖ ɗɎɚŬůůŬ. ȺəŰɘɛɎŰŬɘ, ɧŰɘ ɛɘŬ ŰɏŰɞɘŬ 

ɛɏɗɞŭɞɠ ŮɑɜŬɘ ŬˊŬɚɚŬɔɛɏɜɖ Ŭˊɧ ŰŬ ɔŮɤɛɞɟűɞɚɞɔɘəɎ ŮɛˊɧŭɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɜŬɜŰɐůŮɘ ɞ 

ɎɜŮɛɞɠ əŬŰɎ Űɖ ŭɘɏɚŮɡůɐ Űɞɡ əŬɘ ɜŬ ŬɚɚɞɘɤɗŮɑ, ŬɚɚɎ ŮɑɜŬɘ ŬɛűɘɚŮɔɧɛŮɜɞ Űɞ ɔŮɔɞɜɧɠ Űɖɠ 
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Űɖɜ əŬɗɞɚɘəɐ ŮűŬɟɛɞɔɐ ɛɘŬɠ ŰɏŰɞɘŬɠ ɛŮɗɧŭɞɡ.            
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3  ȹŮŭɞɛɏɜŬ 

3.1 ɇŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ 

ȼ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŬˊɞŰŮɚŮɑ ɗŮɛŮɚɘɩŭɖ ŬŰɛɞůűŬɘɟɘəɐ ɛŮŰŬɓɚɖŰɐ ɖ ɞˊɞɑŬ ŮˊɖɟŮɎɕŮɘ Űɖɜ 

ˊɟɧɔɜɤůɖ Űɞɡ əŬɘɟɞɨ, ŰŬ ŬŮɟɞůəɎűɖ, Űɘɠ ɗŬɚɎůůɘŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ŰŬ əŬŰŬůəŮɡŬůŰɘəɎ 

ɏɟɔŬ, Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɞ ɟɡɗɛɧ ɛŮŰŬɓɞɚɘůɛɞɨ ˊɞɚɚɩɜ űɡŰɘəɩɜ Ůɘŭɩɜ. ɀˊɞɟŮɑ ɜŬ ɛŮŰɟɖɗŮɑ 

ɛŮ ɏɜŬ əɞɘɜɧ ŬɜŮɛɧɛŮŰɟɞ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗŮɑ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ 

ˊŬɚŬɘɧŰŮɟɖ əɚɑɛŬəŬ Beaufort, ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬŰɐɟɖůɖ Ŭɜɗɟɩˊɤɜ Ŭˊɧ Űɘɠ 

ŮˊɘˊŰɩůŮɘɠ Űɞɡ Ŭɜɏɛɞɡ. ȺˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ əŬɘ əŬŰŬůŰɎůŮɘɠ, ˊɞɡ 

ɚŮɘŰɞɡɟɔɞɨɜ ůŮ ˊɞɘəɑɚŮɠ əɚɑɛŬəŮɠ. ȷɡŰɏɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ əɚɑůɖ ˊɑŮůɖɠ, Rossby əɨɛŬŰŬ 

əŬɘ ŬŮɟɞɢŮɘɛɛɎɟɞɡɠ, ɧˊɤɠ Ůˊɑůɖɠ ŮˊɖɟŮɎɕŮŰŬɘ əŬɘ Ŭˊɧ Űɘɠ Űɞˊɘəɏɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. 

ũɑɜɞɜŰŬɘ Ůˊɑůɖɠ ˊɟɞůˊɎɗŮɘŮɠ ɜŬ ůɡɜŭŮɗŮɑ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ɛŮ Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ, 

əɡɟɑɤɠ ɛɏůɤ Űɖɠ əɚɑůɖɠ ˊɑŮůɖɠ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. Ⱦɚɑůɖ ˊɑŮůɖɠ ŮɑɜŬɘ ɏɜŬɠ 

ɧɟɞɠ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣŮɘ Űɖɜ ŭɘŬűɞɟɎ ůŰɖɜ ˊɑŮůɖ Űɞɡ ŬɏɟŬ ɛŮŰŬɝɨ ŭɨɞ ůɖɛŮɑɤɜ ůŰɖɜ 

ŬŰɛɧůűŬɘɟŬ ɐ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ. ȺɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɜŬ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, 

ŮˊŮɘŭɐ ɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ŭɘŬűɞɟɎ ˊɑŮůɖɠ, Űɧůɞ ˊŮɟɘůůɧŰŮɟɞ ŮˊɘŰŬɢɨɜŮŰŬɘ ɞ ɎɜŮɛɞɠ, ɔɘŬ 

ɜŬ ɘůɞɟɟɞˊɐůŮɘ Űɖ ŭɘŬəɨɛŬɜůɖ. ȼ əɚɑůɖ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (ɓŬɟɞɓŬɗɛɑŭŬ), ɧŰŬɜ 

ůɡɜŭɡɎɕŮŰŬɘ ɛŮ Űɖɜ ŬŭɟŬɜŮɘŬəɐ ŭɨɜŬɛɖ Coriolis (Coriolis effect) əŬɘ Űɖɜ Űɨɟɓɖ, ŬˊɞŰŮɚŮɑ 

ˊŬɟɎɔɞɜŰŬ əŬɗɞɟɘůŰɘəɧ ɔɘŬ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ. 

Rossby əɨɛŬŰŬ, ŮɑɜŬɘ ɞɘ ɘůɢɡɟɞɑ ɎɜŮɛɞɘ ůŰɖɜ ŬɜɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ. ȷɡŰɎ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ 

ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ əŬɘ ɛŮŰŬəɘɜɞɨɜŰŬɘ Ŭˊɧ Űɖ ȹɨůɖ ůŰɖɜ ȷɜŬŰɞɚɐ (Westerlies). ɇŬ əɨɛŬŰŬ 

Rossby ŬˊɞŰŮɚɞɨɜ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ, Ŭˊɧ ŬɡŰɧ ˊɞɡ ɓɘɩɜɞɡɛŮ ůŰɖɜ əŬŰɩŰŮɟɖ 

ŰɟɞˊɧůűŬɘɟŬ. Ƀɘ Űɞˊɘəɏɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ, ɛŮ Űɞ 

ůɢɖɛŬŰɘůɛɧ Űɡűɩɜɤɜ, ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɛɞɡůɩɜɤɜ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ əɡəɚɩɜɤɜ, ˊɞɡ 

ŬˊɞŰŮɚɞɨɜ ŬůɡɜɐɗɘůŰŬ əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ, ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŮˊɖɟŮɎůɞɡɜ ŭɟŬůŰɘəɎ Űɖɜ 

ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ.  

(C.Michael Hogan. 2010. Abiotic factor. Encyclopedia of Earth. eds Emily Monosson and C. 

Cleveland. National Council for Science and the Environment. Washington DC) 

3.1.1 Ɇɡɚɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ůŰŬŰɘůŰɘəɐ-ůŰɞɢŬůŰɘəɐ, ŮˊŮɝŮɟɔŬůɑŬ 

ŭŮŭɞɛɏɜɤɜ Ŭɜɏɛɞɡ ˊɞɡ Ŭűɞɟɞɨɜ ůŮ ɛŮŰŬɓɚɖŰɏɠ ŰŬɢɨŰɖŰŬɠ - ŭɘŮɨɗɡɜůɖɠ ŬɚɚɎ əŬɘ ɟɘˊɐɠ Űɞɡ 

Ŭɜɏɛɞɡ. Ʉɖɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬˊɞŰɏɚŮůŮ Űɞ ŭɘŬŭɑəŰɡɞ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɞ 

site: http://www.ncdc.noaa.gov/cdo-web/, ˊɞɡ ˊŮɟɘɏɢŮɘ ɧɚŮɠ Űɘɠ əɚɘɛŬŰɞɚɞɔɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ, 

ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ɧŰɘ ŮˊɖɟŮɎɕɞɡɜ ɎɛŮůŬ ɐ ɏɛɛŮůŬ Űɞ əɚɘɛŬŰɞɚɞɔɘəɧ əŬɗŮůŰɩɠ (ɗŮɟɛɞəɟŬůɑŬ, 

ůɢŮŰɘəɐ ɡɔɟŬůɑŬ, ɎɜŮɛɞɠ, ɢɘɞɜɧˊŰɤůɖ əŰɚ). ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɝŮŰɎɕŮŰŬɘ ɞ ɎɜŮɛɞɠ 

ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, Ůˊɞɛɏɜɤɠ ŮˊɘɚɏɔɖəŬɜ 78 ɆŰŬɗɛɞɑ ŮɜŰɧɠ Űɤɜ Ůɚɚɖɜɘəɩɜ ůɡɜɧɟɤɜ. ɆŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ Űɞ ˊɚɐɗɞɠ Űɤɜ ůŰŬɗɛɩɜ ɛɏŰɟɖůɖɠ ɐŰŬɜ 84, ŬɚɚɎ 6 Ŭˊɧ Űɞɡɠ ůŰŬɗɛɞɨɠ 

ŬɡŰɞɨɠ ŭŮɜ ŮɑɢŬɜ əŬɗɧɚɞɡ ŭŮŭɞɛɏɜŬ Ůˊɞɛɏɜɤɠ ŬˊɞɟɟɑűŰɖəŬɜ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɘɠ ŮɟɔŬůɑŬɠ, 

ŬɚɚɎ əŬɘ Ŭˊɧ Űɞɡɠ 78 ůŰŬɗɛɞɨɠ ɞɘ ɏɝɘ ŮɑɢŬɜ ŮɚɎɢɘůŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŭŮɜ ɛˊɞɟɞɨůŬɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ.    

ɀŮ Űɖɜ Ůɑůɞŭɞ ůŰɞ ŬɜŰɑůŰɞɘɢɞ site ɔɘŬ Űɖɜ ůɡɚɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ůɞɡ ŭɑɜŮŰŬɘ ɖ  

ŭɡɜŬŰɧŰɖŰŬ Ůˊɘɚɞɔɐɠ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ Ŭɟɘɗɛɞɨ - ůŰŬɗɛɩɜ, ɛŮ ɔɟŬűɘəɐ Ůˊɘɚɞɔɐ Űɖɠ 

http://www.eoearth.org/article/Abiotic_factor?topic=49461
http://www.eoearth.org/article/Abiotic_factor?topic=49461
http://www.ncdc.noaa.gov/cdo-web/
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ŬɜŰɑůŰɞɘɢɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɖ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ ŮˊɘɗɡɛɖŰɞɨɠ 

ůŰŬɗɛɞɨɠ Űɖɠ ŮɜŭŮɢɧɛŮɜɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ. ɀŮŰɎ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮɛűŬɜɑɕŮŰŬɘ ˊɑɜŬəŬɠ 

ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůŰŬɗɛɩɜ ˊɞɡ ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ əŬɘ ɛŮ ŬɜŰɑůŰɞɘɢɖ Ůˊɘɚɞɔɐ Űɤɜ 

ůŰŬɗɛɩɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ůɡɚɚɏɔŮŰŬɘ Űɞ ŬɟɢŮɑɞ ɔɘŬ əɎɗŮ ůŰŬɗɛɧ. ȷűɞɨ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əŬɘ 

ɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ, ŭɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ ůŰɞ ɢɟɐůŰɖ ɔɘŬ ɎɛŮůɖ ůɡɚɚɞɔɐ Űɞɡ ŮˊɘɚŮɢɗɏɜŰɞɠ 

ŬɟɢŮɑɞɡ, Űɞ ɞˊɞɑɞ ɛŮŰɎ Ŭˊɧ ɛŮɟɘəɎ ɚŮˊŰɎ əŬŰŮɓŬɑɜŮɘ ůŰɖɜ ɖɚŮəŰɟɞɜɘəɐ ŭɘŮɨɗɡɜůɖ ˊɞɡ ɏɢŮɘ 

ɐŭɖ, ůŮ ˊɟɞɖɔɞɨɛŮɜŬ ɓɐɛŬŰŬ, ŮɘůɎɔŮɘ ɞ ɢɟɐůŰɖɠ ůŰɞ ůɨůŰɖɛŬ. 

ɇɞ ŬɟɢŮɑɞ ˊɞɡ ɏɢŮɘ ůŰɖ ŭɘɎɗŮůɐ Űɞɡ ɞ ɢɟɐůŰɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 4 Ůˊɘˊɚɏɞɜ ŬɟɢŮɑŬ ůŮ ɛɞɟűɐ 

*.txt. ɇŬ ŬɟɢŮɑŬ ŬɡŰɎ ŭɑɜɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɛŮŰɟɖŰɘəɐ ɛŮŰŬɓɚɖŰɐ, ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůŰŬɗɛɞɨ ɛɏŰɟɖůɖɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ŰŬ ůŰɞɘɢŮɑŬ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɖɜ əɎɗŮ ɛɏŰɟɖůɖ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ɛɞɟűɐ Űɤɜ ŬɟɢŮɑɤɜ ɔɘŬ ɏɜŬɜ ŰɡɢŬɑŬ 

ŮˊɘɚŮɔɛɏɜɞ ůŰŬɗɛɧ ŮɑɜŬɘ: 

(1) http://www1.ncdc.noaa.gov/pub/orders/9387866459466dat.txt - DS3505 - Surface Data, 

Hourly Global - Data File  

(2) http://www1.ncdc.noaa.gov/pub/orders/9387866459466stn.txt - DS3505 - Surface Data, 

Hourly Global -  Stations included in your search  

(3) http://www1.ncdc.noaa.gov/pub/orders/9387866459466inv.txt - DS3505 - Surface Data, 

Hourly Global -  Data inventory for your search  

(4) http://www1.ncdc.noaa.gov/pub/orders/9387866459466doc.txt - DS3505 - Surface 

Data, Hourly Global - format documentation 

ɆŰɞ ˊɟɩŰɞ ŬɟɢŮɑɞ ŭɑɜɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɛŮŰŬɓɚɖŰɐ Űɞɡ Ŭɜɏɛɞɡ: ŰŬɢɨŰɖŰŬ - 

ŭɘŮɨɗɡɜůɖ - ɟɘɐ́ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛŮŰŬɓɚɖŰɧ ɢɟɞɜɘəɧ ɓɐɛŬ əŬɘ ɔɘŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

ŭɘŬűɞɟŮŰɘəɧ ɔɘŬ əɎɗŮ ůŰŬɗɛɧ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɨˊŬɟɝɖ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ əŬɘ Űɖɜ ɏɜŬɟɝɖ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ. ɆŰɞ ŭŮɨŰŮɟɞ ŬɟɢŮɑɞ ŭɑɜɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ əŬɘ Űɞ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ Ŭɟɘɗɛɧ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ - ɔŮɤɔɟŬűɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ əŬɘ ɡɣɧɛŮŰɟɞ. ɆŰɞ 

ŰɟɑŰɞ ŬɟɢŮɑɞ ŭɑɜŮŰŬɘ ůɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ əɎɗŮ ɛɐɜŬ ɔɘŬ əɎɗŮ ɏŰɞɠ ɛɏŰɟɖůɖɠ. ɆŰɞ ŰɏŰŬɟŰɞ ŬɟɢŮɑɞ 

ŭɑɜɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ ɛŮŰɟɖŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɑ ŬɡŰɎ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɔɘŬ 

əɎɗŮ ɛɘŬ ɛɏŰɟɖůɖ. 

3.1.2 ȺˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ũɘŬ Űɖ ůŰŬŰɘůŰɘəɐ-ůŰɞɢŬůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ɛɏŰɟɖůɖɠ Űɞɡ əɎɗŮ 

ůŰŬɗɛɞɨ ŰŬ ŭŮŭɞɛɏɜŬ ˊɟɏˊŮɘ ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ əŬŰɎɚɚɖɚɖ ɛɞɟűɐ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ 

ůɡɛɓŬŰɎ ɔɘŬ ˊŮɟŮŰŬɑɟɤ ŮˊŮɝŮɟɔŬůɑŬ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ Hydrognomon (Ɉŭɟɞɔɜɩɛɤɜ). ũɘŬ 

ɜŬ ɔɑɜŮɘ ŬɡŰɧ ŬɜŰɘɔɟɎűŮŰŬɘ ɞ ˊɑɜŬəŬɠ ŭŮŭɞɛɏɜɤɜ ůŮ ŬɟɢŮɑɞ excel ɩůŰŮ ɜŬ ɔɑɜŮɘ ɖ əŬŰɎɚɚɖɚɖ 

ŮˊŮɝŮɟɔŬůɑŬ ůŰŬ ŭŮŭɞɛɏɜŬ ůŰɞ ŬɟɢŮɑɞ ŬɡŰɧ. ȼ ŮˊŮɝŮɟɔŬůɑŬ ůɡɜɑůŰŬŰŬɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ 

ɢɟɞɜɞůŮɘɟɩɜ ɔɘŬ əɎɗŮ ɛɘŬ ɛŮŰɟɖŰɘəɐ ɛŮŰŬɓɚɖŰɐ. Ƀɘ ɢɟɞɜɞůŮɘɟɏɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭűɞɟɞɨɜ 

ŰɟŮɘɠ ɛŮŰŬɓɚɖŰɏɠ: Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, Űɖɜ əŬŰŮɨɗɡɜůɖ əŬɘ Űɘɠ ɟɘˊɏɠ Űɞɡ Ŭɜɏɛɞɡ. 

ȷɟɢɘəɎ əɎˊɞɘŮɠ Űɘɛɏɠ Űɤɜ  ɛŮŰɟɐůŮɤɜ ɐ ŮɑɜŬɘ ɚɎɗɞɠ ɐ ŭŮɜ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əŬɘ ɔɘŬ 

ŬɡŰɧ Űɞ ɚɧɔɞ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ Űɘɛɐ 999.9 ˊɞɡ ůɖɛŬɑɜŮɘ ůűɎɚɛŬ ɛɏŰɟɖůɖɠ. Ⱥˊɞɛɏɜɤɠ ɞɘ Űɘɛɏɠ 

ŬɡŰɏɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɘŬɔɟŬűɞɨɜ Ŭˊɧ Űɞ ŭŮɑɔɛŬ ɛɏŰɟɖůɖɠ ɔɘŬ ɜŬ ɛɖɜ ŭɖɛɘɞɡɟɔɐůɞɡɜ 

ůűɎɚɛŬŰŬ əŬŰɎ Űɖ ůŰŬŰɘůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ. ȷɜŰɘɔɟɎűɞɜŰŬɘ ɞɘ Űɘɛɏɠ ɛɏŰɟɖůɖɠ ůŮ ɏɜŬ űɨɚɚɞ 

Űɞɡ excel əŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ Űɞɡ űɑɚŰɟɞɡ ŮˊɘɚɏɔŮŰŬɘ ɞɚɧəɚɖɟɞɠ ɞ ˊɑɜŬəŬɠ ɛɏŰɟɖůɖɠ əŬɘ ɛŮ 

Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ůŰɐɚɖɠ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ɞɘ Űɘɛɏɠ ɛɏŰɟɖůɖɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ, ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɞɘ 

Űɘɛɏɠ Ŭˊɧ Űɖ ɛŮɔŬɚɨŰŮɟɖ ˊɟɞɠ Űɖ ɛɘəɟɧŰŮɟɖ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɔɘŬ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ɎɛŮůŬ ɞɘ Űɘɛɏɠ 

http://www1.ncdc.noaa.gov/pub/orders/9387866459466dat.txt 
http://www1.ncdc.noaa.gov/pub/orders/9387866459466stn.txt
http://www1.ncdc.noaa.gov/pub/orders/9387866459466inv.txt
http://www1.ncdc.noaa.gov/pub/orders/9387866459466doc.txt
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ˊɞɡ ɏɢɞɡɜ ůűɎɚɛŬ ˊɞɡ ŬɜŬɔɟɎűɞɜŰŬɘ ɛŮ Űɘɛɐ 999.9 əŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ countif ŮˊɘɚɏɔŮŰŬɘ ɖ 

ůŰɐɚɖ ŬɡŰɐ ɔɘŬ ɜŬ ɛŮŰɟɖɗɞɨɜ ɞɘ Űɘɛɏɠ ŬɡŰɏɠ əŬɘ ɜŬ ŭɘŬɔɟŬűɞɨɜ Ŭˊɧ Űɞ ŭŮɑɔɛŬ ɛɏŰɟɖůɖɠ. 

ȷűɞɨ ŭɘŬɔɟŬűɞɨɜ ɞɘ Űɘɛɏɠ ŬɡŰɏɠ ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ əŬɘ ˊɎɚɘ ɞɘ Űɘɛɏɠ ůŮ ŬɡůŰɖɟɐ 

ɢɟɞɜɞɚɞɔɘəɐ ůŮɘɟɎ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ Űɞɡ űɑɚŰɟɞɡ əŬɘ ˊɎɚɘ ˊɞɡ ɛɧɜɞ ŬɡŰɐ 

Űɖ űɞɟɎ ŭŮɜ ŮˊɘɚɏɔŮŰŬɘ ɞɚɧəɚɖɟɞɠ ɞ ˊɑɜŬəŬɠ ŬɚɚɎ ɖ ůŰɐɚɖ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɖɜ ɖɛŮɟɞɛɖɜɑŬ 

ɛɏŰɟɖůɖɠ əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɞɘ Űɘɛɏɠ Ŭˊɧ Űɖɜ  ˊŬɚŬɘɧŰŮɟɖ ůŰɖ ɜŮɧŰŮɟɖ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ 

ŮɝɎɔŮŰŬɘ ɖ ɢɟɞɜɞůŮɘɟɎ ɔɘŬ əɎɗŮ ɛɑŬ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ.  

ɇŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬŰɎ Űɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŬɡŰɐɠ ůɡɜɑůŰŬŰŬɘ 

əɡɟɑɤɠ ůŰɖ ůɡɛɓŬŰɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŮˊŮɝŮɟɔŬůɑŬ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ Ɉŭɟɞɔɜɩɛɤɜ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ: ȾŬŰɎ Űɖ ɛŮŰŬűɞɟɎ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞ ŬɟɢŮɑɞ *.txt ůŮ ŬɟɢŮɑɞ excel ŰŬ 

ŭŮŭɞɛɏɜŬ ŮɘůɎɔɞɜŰŬɘ ůŮ ɛɘŬ ůŰɐɚɖ. Ⱥˊɞɛɏɜɤɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ ɢɤɟɘůɛɧɠ ůŮ ůŰɐɚŮɠ ɧˊɤɠ 

Ŭəɟɘɓɩɠ ɐŰŬɜ ůŰɞ Ŭɟɢɘəɧ ŬɟɢŮɑɞ. Ƀɘ ůŰɐɚŮɠ ˊɞɡ ɏɢɞɡɜ ɝŮɢɤɟɘůŰɎ Űɖɜ ɖɛŮɟɞɛɖɜɑŬ əŬɘ Űɖɜ 

ɩɟŬ ɗŬ ˊɟɏˊŮɘ ɜŬ Ůɜɞˊɞɘɖɗɞɨɜ ůŮ ɛɑŬ ɩůŰŮ ůŰɞ ɑŭɘɞ əŮɚɑ ɜŬ ɏɢɤ əŬɘ Űɖɜ ɩɟŬ əŬɘ Űɖɜ 

ɖɛŮɟɞɛɖɜɑŬ ɛɏŰɟɖůɖɠ ɩůŰŮ əŬŰɎ Űɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɜŬ ɛˊɞɟŮɑ 

ɜŬ ŬɜŰɘɚɖűɗŮɑ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ɛɏŰɟɖůɖɠ. ȼ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ˊɟŬɔÕŬŰɞˊɞɘɐɗɖəŮ ɛŮ 

Űɞɜ ˊŬɟŬəɎŰɤ Űɟɧˊɞ: ȰɔɘɜŮ ŬɜŰɘɔɟŬűɐ Űɞɡ ŬɟɢŮɑɞɡ ůŮ ɛɞɟűɐ *.txt ůŮ űɨɚɚɞ excel. ɇŬ 

ŭŮŭɞɛɏɜŬ ŬɜŰɘɔɟɎűɖəŬɜ ůŮ ɛɘŬ ůŰɐɚɖ əŬɘ ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɛɞɟűɐ ˊɑɜŬəŬ 

Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ ȹŮŭɞɛɏɜŬ - ȾŮɑɛŮɜɞ ůŮ ůŰɐɚŮɠ, ɔɑɜŮŰŬɘ ɞ ɢɤɟɘůɛɧɠ Űɤɜ ůŰɞɘɢŮɑɤɜ ůŰɖɜ 

ŮˊɘɗɡɛɖŰɐ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ. ɇɞ əɟɑůɘɛɞ ůŰɞɘɢŮɑɞ ŮɑɜŬɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɢɟɧɜɞɡ (ɖɛŮɟɞɛɖɜɑŬ 

əŬɘ ɩɟŬ) ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ůŰɖɜ ɑŭɘŬ ůŰɐɚɖ ɩůŰŮ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ Ŭˊɧ əɞɘɜɞɨ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

ɢɟɧɜɞɡ ɔɘŬ Űɖɜ ŮəɎůŰɞŰŮ ɛɏŰɟɖůɖ. ɄɟɏˊŮɘ Ůˊɑůɖɠ ɜŬ űŰɘŬɢŰŮɑ əŬɘ ɖ ɛɞɟűɐ Űɖɠ ɖɛŮɟɞɛɖɜɑŬɠ 

ɛŮ Űɖɜ Ůˊɘɚɞɔɐ ɛɞɟűɐ - ˊɟɞůŬɟɛɞɔɐ - ůŮ ŭɞɛɐ yyyy-mm-dd hh:mm, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ˊɟɏˊŮɘ 

ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ɢɟɧɜɞɠ, ɞ ɛɐɜŬɠ, ɖ ɖɛɏɟŬ, ɖ ɩɟŬ əŬɘ Űɞ ɚŮˊŰɧ ɛɏŰɟɖůɖɠ ɛŮ Űɖ ůŮɘɟɎ ˊɞɡ 

ŬɜŬɔɟɎűɞɜŰŬɘ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮɨəɞɚŬ ɖ ŭɘŬəɟɘŰɞˊɞɑɖůɖ ůŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɞɡ 

ɏɔɘɜŮ ɖ ɛɏŰɟɖůɖ əŬɘ ɜŬ ɔɑɜŮɘ əŬŰŬɜɞɖŰɐ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ Ɉŭɟɞɔɜɩɛɤɜ ɖ ɢɟɞɜɘəɐ 

ŭɘŬəɟɘŰɧŰɖŰŬ.  

ɇɞ ˊɟɧɓɚɖɛŬ Űɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮ Űɞɜ ˊŬɟŬˊɎɜɤ Űɟɧˊɞ ŮɑɜŬɘ ɧŰɘ ɖ ɛɞɟűɐ Űɖɠ ɖɛŮɟɞɛɖɜɑŬɠ 

əŬɘ Űɖɠ ɩɟŬɠ ˊɞɡ ŮɑɜŬɘ ˊɚɏɞɜ ůŰɞ ɑŭɘɞ əŮɚɑ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɞəŰŬɣɐűɘɞ əŬɘ ɏɜŬ 

ŰŮŰɟŬɣɐűɘɞ ɜɞɨɛŮɟɞ ˊɞɡ ŮɑɜŬɘ ɢɤɟɘůɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ əŮɜɧ. ɄɟɏˊŮɘ Ůˊɞɛɏɜɤɠ ɜŬ Űɞɡɠ 

ŭɞɗŮɑ ɖ ˊŬɟŬˊɎɜɤ ɛɞɟűɐ. ɀŮ Űɖɜ ŮɜŰɞɚɐ mid (text, Ŭɟɘɗɛɧɠ ɏɜŬɟɝɖɠ, Ŭɟɘɗɛɧɠ ɢŬɟŬəŰɐɟɤɜ) 

ɔɑɜŮŰŬɘ ɞ ɢɤɟɘůɛɧɠ Űɞɡ əŮɘɛɏɜɞɡ ůŮ əŮɑɛŮɜɞ ɛŮ ŮˊɘɚŮɔɛɏɜɞ Ŭɟɘɗɛɧ ɢŬɟŬəŰɐɟɤɜ. ȰŰůɘ ɔɑɜŮŰŬɘ 

ɞ ɢɤɟɘůɛɧɠ ɔɘŬ Űɞ ɏŰɞɠ - ɛɐɜŬ - ɛɏɟŬ - ɩɟŬ - ɚŮˊŰɧ ůŮ ɝŮɢɤɟɘůŰɏɠ ůŰɐɚŮɠ. ɀŮ Űɖɜ ŮɜŰɞɚɐ 

time (ɩɟŮɠ, ɚŮˊŰɎ, ŭŮɡŰŮɟɧɚŮˊŰŬ) ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ɩɟŬɠ ɞɡůɘŬůŰɘəɎ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ əŮɚɑ ˊɞɡ ɏɢŮɘ Űɖ ůɤůŰɐ ɩɟŬ ɛɏŰɟɖůɖɠ ŬɚɚɎ ɚɎɗɞɠ ɖɛŮɟɞɛɖɜɑŬ - 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ɖɛŮɟɞɛɖɜɑŬ ɏɜŬɟɝɖɠ Űɞɡ excel ˊɞɡ ŮɑɜŬɘ Űɞ 1900. ɀŮ Űɖɜ  ŮɜŰɞɚɐ Date 

(ɢɟɧɜɞɠ, ɛɐɜŬɠ, ɛɏɟŬ) əŬɘ Űɖ ůɤůŰɐ Ůˊɘɚɞɔɐ Űɞɡ ɢɟɧɜɞɡ - ɛɐɜŬ əŬɘ ɖɛɏɟŬɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ 

əŮɚɑ Űɞ ɞˊɞɑɞ ɏɢŮɘ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɛɞɟűɐ, yyyy-mm-dd hh:mm, ůɤůŰɐ ɖɛŮɟɞɛɖɜɑŬ ŬɚɚɎ 

ɚŬɜɗŬůɛɏɜɖ ɩɟŬ - ůɡɜŮɢɧɛŮɜɖ ŮɛűɎɜɘůɖ Űɞɡ 00:00. ũɘŬ Űɖɜ ŰŮɚɘəɐ ɛɞɟűɐ əŬɘ ɞɟɗɧŰɖŰŬ Űɞɡ 

ɢɟɞɜɘəɞɨ ůɖɛŮɑɞɡ Űɖɠ ɛɏŰɟɖůɖɠ ɔɑɜŮŰŬɘ ˊɟɧůɗŮůɖ Űɤɜ 2 ůŰɖɚɩɜ ˊɞɡ ɏɢɞɡɜ űŰɘŬɢŰŮɑ: ɛɘŬ 

ůŰɐɚɖ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɚɎɗɞɠ ɖɛŮɟɞɛɖɜɑŬ - ůɤůŰɐ ɩɟŬ əŬɘ ɛɘŬ ŮˊɧɛŮɜɖ ůŰɐɚɖ ɛŮ ůɤůŰɐ 

ɖɛŮɟɞɛɖɜɑŬ - ɚɎɗɞɠ ɩɟŬ. ɇɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ˊɟɧůɗŮůɖɠ Űɤɜ ŭɡɞ ůŰɖɚɩɜ ɛŬɠ ŭɑɜŮɘ Űɖ ůɤůŰɐ 

ɢɟɞɜɘəɐ ůŰɘɔɛɐ ɛɏŰɟɖůɖɠ ůŮ ˊɞɘɧŰɖŰŬ (ɛɞɟűɐ) əŬɘ ˊɞůɧŰɖŰŬ (ɞɟɗɧŰɖŰŬ Űɘɛɐɠ).  

Ⱥˊɞɛɏɜɤɠ, Ŭűɞɨ ɏɢŮɘ əŬŰŬůəŮɡŬůŰŮɑ ɖ ůɤůŰɐ ɛɞɟűɐ Űɖɠ ɢɟɞɜɘəɐɠ ŬəɞɚɞɡɗɑŬɠ, 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰɟɑŬ Ůˊɘˊɚɏɞɜ űɨɚɚŬ ˊɞɡ Űɞ əɎɗŮ ɏɜŬ ɗŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ɢɟɞɜɞůŮɘɟɎ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɏɜŬ űɨɚɚɞ ɔɘŬ əɎɗŮ ɛɘŬ ɛŮŰɟɖŰɘəɐ ɛŮŰŬɓɚɖŰɐ (ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ - 

əŬŰŮɨɗɡɜůɖ əŬɘ ɟɘˊɐ, Ŭɜ ɡˊɎɟɢŮɘ). ɇŬ ŭŮŭɞɛɏɜŬ Ůˊɞɛɏɜɤɠ ŬɡŰɎ ŮɘůɎɔɞɜŰŬɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ 

Ɉŭɟɞɔɜɩɛɤɜ əŬɘ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŮ ɛɞɟűɐ ŬɟɢŮɑɞɡ ɛŮ ˊɟɞɏəŰŬůɖ *.hts. ȼ ɛɞɟűɐ ŬɡŰɐ Űɞɡ 
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ŬɟɢŮɑɞɡ ŮɝɡˊɖɟŮŰŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ əɎɗŮ űɞɟɎ ˊɞɡ ŬɜɞɑɔɞɡɛŮ ɏɜŬ ŬɟɢŮɑɞ Űɖɠ ɛɞɟűɐɠ ŬɡŰɐɠ, 

ɔɑɜŮŰŬɘ ŬˊŮɡɗŮɑŬɠ ŮɘůŬɔɤɔɐ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ ůŰɞ ůɨůŰɖɛŬ - ˊɟɧɔɟŬɛɛŬ əŬɘ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ 

ɏŰɞɘɛɞ ɔɘŬ ůŰŬŰɘůŰɘəɐ ɐ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ŮˊŮɝŮɟɔŬůɑŬ, ɢɤɟɑɠ ɜŬ ŬˊŬɘŰɞɨɜŰŬɘ Ůˊɘˊɚɏɞɜ 

ŮɜɏɟɔŮɘŮɠ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɞ ůɨůŰɖɛŬ. ɆɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ ŬˊɞŰŮɚŮɑ ɖ 

ɞɟɗɐ ŭɘŮɝŬɔɤɔɐ Űɖɠ ˊŬɟŬˊɎɜɤ ŮɟɔŬůɑŬɠ ɔɘŬ Űɖɜ ŰŮɚɘəɐ ŮɝŬɔɤɔɐ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ 

ɢɟɞɜɞůŮɘɟɎɠ, ɔɘŬŰɑ ɞˊɞɘɞŭɐˊɞŰŮ ɚɎɗɞɠ ɐ Ŭɚɚɞɑɤůɖ Űɤɜ Ŭɟɢɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ɗŬ ŬˊɞŰŮɚɏůŮɘ 

əŬɗɞɟɘůŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ ŬůűɎɚŮɘŬ Űɤɜ ŮɝŬɔɧɛŮɜɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ Ŭˊɧ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. ȿɎɗɞɠ ŮɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ ɗŬ 

ɞŭɖɔɐůŮɘ ůŮ ŮˊɘůűŬɚɐ - ɚɎɗɞɠ ůɡɛˊŮɟɎůɛŬŰŬ.   

3.1.3 Ʉɚɐɗɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Ůˊɘɚɞɔɐ Űɤɜ ůŰŬɗɛɩɜ ɛɏŰɟɖůɖɠ. 

ȷɟɢɘəɎ ɞɘ ůŰŬɗɛɞɑ Ůˊɘɚɞɔɐɠ ˊɞɡ ŬűɞɟɞɨůŬɜ Űɖ ɛɏŰɟɖůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ  

ȺɚɚŬŭɘəɧ ɢɩɟɞ ɐŰŬɜ 78. ȼ ˊŮɟɑɞŭɞɠ ɛɏŰɟɖůɖɠ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ŭɘɏűŮɟŮ ůŮ əɎɗŮ ůŰŬɗɛɧ 

ɧůɞɜ ŬűɞɟɎ ůŰɞ ˊɚɐɗɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɚɚɎ əŬɘ ůŰɖ ɢɟɞɜɘəɐ ŭɘŬəɟɘŰɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ ɢɟɞɜɞůŮɘɟɏɠ ɐŰŬɜ ŬəŬɜɧɜɘůŰɞɡ ɢɟɞɜɘəɞɨ ɓɐɛŬŰɞɠ ɛŮ ŭɘŬəɟɘŰɧŰɖŰŬ 

ɛŮŰɟɐůŮɤɜ Ŭˊɧ 10 min ɏɤɠ 1 day ůŰɖɜ ɑŭɘŬ ɢɟɞɜɞůŮɘɟɎ. ȼ ŮˊŮɝŮɟɔŬůɑŬ Ůˊɞɛɏɜɤɠ Űɤɜ 

ɢɟɞɜɞůŮɘɟɩɜ ŬɡŰɩɜ ɏɔɘɜŮ ůŰɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɟɧɔɟŬɛɛŬ Ɉŭɟɞɔɜɩɛɤɜ, ˊɞɡ ŬɟɢɘəɎ 

ůŰŬɗŮɟɞˊɞɘɐɗɖəŮ Űɞ ɢɟɞɜɘəɧ ɓɐɛŬ Űɖɠ əɎɗŮ ůŮɘɟɎɠ ɛŮ ɓɎůɖ Űɖ ɛɘəɟɧŰŮɟɖ ɢɟɞɜɘəɐ 

ŭɘŬəɟɘŰɧŰɖŰŬ Űɖɠ əŬɘ ɛŮŰɎ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ əɎɗŮ ůŮɘɟɎɠ ɛŮ ůɡɜɎɗɟɞɘůɖ 

ůŰɞ ŬɜŰɑůŰɞɘɢɞ ɢɟɞɜɘəɧ ɓɐɛŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ. Ƀɘ ɢɟɞɜɞůŮɘɟɏɠ ˊɞɡ űŰɘɎɢŰɖəŬɜ ɛŮ Űɞ 

ˊɟɧɔɟŬɛɛŬ ŬɡŰɧ ɐŰŬɜ  ɖɛŮɟɐůɘŮɠ - ɛɖɜɘŬɑŮɠ ˊɞɡ əɎɗŮ ɛɘŬ Ŭˊɧ ŬɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜɞ ůəɞˊɧ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ. ɆŰɞ ˊŬɟɎɟŰɖɛŬ ȷ ˊŬɟŬŰɑɗŮŰŬɘ ˊɑɜŬəŬɠ 

ŭŮŭɞɛɏɜɤɜ ɛŮ Űɞɡɠ ůɡɔəŮəɟɘɛɏɜɞɡɠ ůŰŬɗɛɞɨɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŬɚɚɎ 

əŬɘ ɛŮ Űɘɠ ŮɚɚŮɑˊŮɘɠ Űɘɛɏɠ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ. 

ȷˊɧ Űɞɜ ůɡɔəŮəɟɘɛɏɜɞ ˊɑɜŬəŬ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ŭɑɜɞɜŰŬɘ ůŮ ŭŮəŬŭɘəɐ 

ɛɞɟűɐ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ŮˊŮɝŮɟɔŬůɑŬ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡɠ ůŰɞ ȺũɆȷ 87 (Ⱥɚɚɖɜɘəɧ 

ɔŮɤŭŬɘŰɘəɧ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ). ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ ɔɘŬ ɛŮŰŬŰɟɞˊɐ Űɞɡ 

ŭŮəŬŭɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůŮ ű əŬɘ ɚ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɛŮŰɟɖɛɏɜŮɠ ůŮ ɛɞɑɟŮɠ 

ˊɟɩŰŬ əŬɘ ŭŮɨŰŮɟŬ. ũɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɞ ɡˊɞɚɞɔɘůɛɧɠ ŬɡŰɧɠ ŭɘŬŰɖɟŮɑŰŬɘ Űɞ ŬəɏɟŬɘɞ 

ɛɏɟɞɠ Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ Űɘɠ ɛɞɑɟŮɠ əŬɘ Űɞ ŭŮəŬŭɘəɧ ɛɏɟɞɠ ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɛŮ 60. ɇɞ 

ŬəɏɟŬɘɞ ɛɏɟɞɠ Űɞɡ ŮɝŬɔɧɛŮɜɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ŰŬ ˊɟɩŰŬ əŬɘ Űɞ ŭŮəŬŭɘəɧ 

ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɔɘŬ ɛɘŬ ŬəɧɛŬ űɞɟɎ ɛŮ Űɞ 60 əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Ŭˊɧ Űɖɜ ˊɟɎɝɖ ŬɡŰɐ 

ŬˊɞŰŮɚŮɑ ŰŬ ŭŮɨŰŮɟŬ. ɀŮ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ŭŮəŬŭɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ɏɢɞɡɜ ɛŮŰŬŰɟŬˊŮɑ ůŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ ű əŬɘ ɚ. Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ ŬɡŰɏɠ ŮɘůɎɔɞɜŰŬɘ 

ůŮ ɛŮŰŬŰɟɞˊɏŬ ůŰɞ excel gr87transform.xls əŬɘ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ŬˊŮɡɗŮɑŬɠ ůŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

əŬŰɎ ȺũɆȷ87 (ˊɖɔɐ:http://www.awmn.net/showthread.php?t=9756). ȷˊɧ Űɞ ˊɚɐɗɞɠ Űɤɜ 

Ŭɟɢɘəɩɜ ůŰŬɗɛɩɜ (78) ɚɧɔɤ ɏɚɚŮɘɣɖɠ ŭŮŭɞɛɏɜɤɜ ŰŮɚɘəɎ ɖ ŮˊŮɝŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ůŮ 66 Ŭˊɧ ŬɡŰɞɨɠ ɛŮ ŰŬ ɔŮɤɔɟŬűɘəɎ Űɞɡɠ ůŰɞɘɢŮɑŬ ɜŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ. 

Ⱥˊɑůɖɠ, ɔɘŬ əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɖɠ ŭɘŬůˊɞɟɎɠ Űɤɜ ůŰŬɗɛɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ 

ůɢŮŭɘɎůŰɖəŮ ɞ ɉɎɟŰɖɠ 3.1, ˊɞɡ ŬˊɞŰɡˊɩɜŮɘ Űɖ ɗɏůɖ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ůŰɖɜ ȺɚɚɎŭŬ. 

http://www.awmn.net/showthread.php?t=9756
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ɉɎɟŰɖɠ 3.1: ȷˊɞŰɡˊɩɜŮŰŬɘ ɖ ɗɏůɖ Űɤɜ ůŰŬɗɛɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ ȺɚɚɎŭŬ. 

ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ɉɎɟŰɖ 3.1, ˊɟɞəɨˊŰŮɘ ɧŰɘ Ŭˊɧ Űɞ ˊɚɐɗɞɠ Űɤɜ ůŰŬɗɛɩɜ əŬɘ Űɖ ŭɘŬůˊɞɟɎ 

Űɞɡɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, ɛˊɞɟɞɨɜ ɜŬ ŭɘŮɝŬɢɗɞɨɜ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ ɧůɞɜ ŬűɞɟɎ Űɖ 

ůŰŬŰɘůŰɘəɐ - ůŰɞɢŬůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ůŰŬɗɛɩɜ. ȰɜŬɠ Ɏɚɚɞɠ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ 

ɧůɞɜ ŬűɞɟɎ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ɡˊɧ ŮˊŮɝŮɟɔŬůɑŬ 

ŭŮŭɞɛɏɜɤɜ. ɆŰŬ ůɢɐɛŬŰŬ 3.1 əŬɘ 3.2 ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɘɠ ŮɚɚɘˊŮɑɠ 

Űɘɛɏɠ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ, ůŮ ɖɛŮɟɐůɘŬ əŬɘ ɛɖɜɘŬɑŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. 

 

ɆɢɐɛŬ 3.1: ȹɘɎɔɟŬɛɛŬ ˊɞɡ ŬˊɞŰɡˊɩɜŮŰŬɘ ɞ əɎɗŮ ůŰŬɗɛɧɠ ɛɏŰɟɖůɖɠ, ůŰɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ, ɛŮ Űɖ 

ɛˊɚŮ ɟɎɓŭɞ Űɞ ˊɚɐɗɞɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ əŬɘ ɛŮ əɧəəɘɜɖ ŰŮɚŮɑŬ ŬˊɞŰɡˊɩɜŮŰŬɘ Űɞ 

ˊɚɐɗɞɠ Űɤɜ Ůɚɚɘˊɩɜ ŭŮŭɞɛɏɜɤɜ, ůŮ ɖɛŮɟɐůɘŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. 
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ɆɢɐɛŬ 3.2: ȹɘɎɔɟŬɛɛŬ ˊɞɡ ŬˊɞŰɡˊɩɜŮŰŬɘ ɞ əɎɗŮ ůŰŬɗɛɧɠ ɛɏŰɟɖůɖɠ, ůŰɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ, ɛŮ Űɖ 

ɛˊɚŮ ɟɎɓŭɞ Űɞ ˊɚɐɗɞɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ əŬɘ ɛŮ əɧəəɘɜɖ ŰŮɚŮɑŬ ŬˊɞŰɡˊɩɜŮŰŬɘ Űɞ 

ˊɚɐɗɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɚŮɑˊɞɡɜ, ůŮ ɛɖɜɘŬɑŬ ɓɎůɖ. 

Ⱥˊɞɛɏɜɤɠ, Ŭˊɧ ŰŬ ˊɞůɞůŰɎ Űɤɜ Ůɚɚɘˊɩɜ Űɘɛɩɜ ůŮ ɛɖɜɘŬɑŬ əɡɟɑɤɠ ɓɎůɖ ɔɑɜŮŰŬɘ Ůˊɘˊɚɏɞɜ 

Ůˊɘɚɞɔɐ Űɤɜ ŰŮɚɘəɩɜ ůŰŬɗɛɩɜ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɞɡ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ɉɎɟŰɖ 3.2. 

 

ɉɎɟŰɖɠ 3.2: ɉɎɟŰɖɠ ˊɞɡ ŬˊɞŰɡˊɩɜŮŰŬɘ ɖ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɤɜ ůŰŬɗɛɩɜ ŮˊŮɝŮɟɔŬůɑŬɠ. 

3.1.4 ȺˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis 

ȺˊɘˊɟɧůɗŮŰŬ, ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ɔɑɜŮŰŬɘ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis 

ɔɘŬ 21 ůŰŬɗɛɞɨɠ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1/1979 ɏɤɠ 8/2012 ɔɘŬ ɜŬ ˊɟɞəɨɣŮɘ ɖ ŬɝɘɞˊɘůŰɑŬ Űɤɜ 

ˊɟŬɔɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ. ɇŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ŭŮɜ ŬˊɞŰŮɚɞɨɜ ˊɟŬɔɛŬŰɘəɏɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ ŬɚɚɎ ˊɟɞůɞɛɞɘɤɛɏɜŬ ŭŮŭɞɛɏɜŬ ɛŮ ɏɜŬ ɛɞɜŰɏɚɞ ůŰɞ ɞˊɞɑɞ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɖ 

ɘůŰɞɟɘəɐ ˊɚɖɟɞűɞɟɑŬ Űɖɠ ŮəɎůŰɞŰŮ ŮɝŮŰŬɕɧɛŮɜɖɠ ɛŮŰŬɓɚɖŰɐɠ, ŭɘŬŰɖɟɩɜŰŬɠ əɎˊɞɘŬ 

ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ Űɖɜ ɘůŰɞɟɘəɐ ɢɟɞɜɞůŮɘɟɎ əŬɘ ˊɟɞůˊŬɗɩɜŰŬɠ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

əɎˊɞɘŬ ůŰŬŰɘůŰɘəɐ ůɡɜɏˊŮɘŬ ɛŮ ŬɡŰɎ. ɇɞ ˊɚɐɗɞɠ Űɤɜ ůŰŬɗɛɩɜ (36) ˊɟɞůŭɘɞɟɑůŰɖəŮ Ŭˊɧ Űɖɜ 
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ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis ɖ ɞˊɞɑŬ ɗŬ ɏˊɟŮˊŮ ɜŬ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ůɡɛɓŬŰɐ 

ɛŮ Űɖɜ ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɖ ŬˊɧɚɡŰɖ 

ůɨɔəɟɘůɖ Űɤɜ 2 ɛŮɔŮɗɩɜ. ɇɞ ɨɣɞɠ ɛɏŰɟɖůɖɠ əŬɘ Űɤɜ ŭɡɞ ɛŮŰŬɓɚɖŰɩɜ ŮɑɜŬɘ ůŰŬ 10 m ɔɘŬ ɜŬ 

ɡˊɎɟɢŮɘ Ůˊɑůɖɠ əŬɘ ŮɜɘŬɑɞ ɡɣɧɛŮŰɟɞ ɛɏŰɟɖůɖɠ ɔɘŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ ŬɝɘɧˊɘůŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ Ŭˊɧ Űɖɜ ůɨɔəɟɘůɖ Űɤɜ 2 ɛŮŰŬɓɚɖŰɩɜ. ȼ əɚɑɛŬəŬ ɛɏŰɟɖůɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ 

ɛŮɔŮɗɩɜ ŮɑɜŬɘ ɖ ɛɖɜɘŬɑŬ ɔɘŬ Űɖɜ əɞɘɜɐ ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ əŬɘ Űɞ ɡɣɧɛŮŰɟɞ ˊɞɡ 

ˊɟɞŬɜŬűɏɟɗɖəŮ.  ɄŬɟŬəɎŰɤ, ˊŬɟŬŰɑɗŮŰŬɘ ɞ ɉɎɟŰɖɠ 3.3, ɛŮ ŬˊɞŰɨˊɤůɖ Űɤɜ 36 ůŰŬɗɛɩɜ ɔɘŬ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛɖɜɘŬɑŬ ɓɎůɖ.  

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɎɗŮůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɡŰɩɜ ŮɑɜŬɘ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ 

ɛɖɜɘŬɑŬ ɓɎůɖ əŬɘ ɜŬ ŬɜŰɘˊŬɟŬŰŮɗŮɑ ɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ ɑŭɘŬ 

ɢɟɞɜɘəɐ ɓɎůɖ ɩůŰŮ ɜŬ ŮɝŬɢɗɞɨɜ ɢɟɐůɘɛŬ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ŬɡŰɩɜ əŬɘ ɔɘŬ Űɖɜ ɢɟɖůɘɛɧŰɖŰɎ Űɞɡɠ  ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŮɚɚŮɑɣŮɤɜ Űɤɜ ɛŮŰɟɐůŮɤɜ. ɄŬɟŬəɎŰɤ 

ˊŬɟŬŰɑɗŮŰŬɘ ɞ ɉɎɟŰɖɠ 3.4, ˊɞɡ ŬˊɞŰɡˊɩɜŮŰŬɘ ɖ ɛɏůɖ ŮŰɐůɘŬ ŰŬɢɨŰɖŰŬ Űɞɡ ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ 

ɛŮ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis. 

  

 

ɉɎɟŰɖɠ 3.3: ɉɎɟŰɖɠ ɛŮ Űɞɡɠ 36 ůŰŬɗɛɞɨɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis. 
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ɉɎɟŰɖɠ 3.4: ɉɎɟŰɖɠ ˊɞɡ ŬˊɞŰɡˊɩɜŮɘ Űɖ ɛɏůɖ ŮŰɐůɘŬ ŰŬɢɨŰɖŰŬ (m/s), ɔɘŬ Űɞɡɠ 36 ůŰŬɗɛɞɨ 

ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ũɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ŭɘŬűɞɟɎɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis ŬɚɚɎ əŬɘ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ɛŮ ɓɎůɖ ŰŬ ɞˊɞɑŬ ɏɔɘɜŮ ɖ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ 

ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ ŬɜɎɛŮůŬ ůŰɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ůŰŬɗɛɞɨɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis əŬɘ Űɤɜ 

ˊɟŬɔɛŬŰɘəɩɜ, ɔɘŬ əɎɗŮ ɏɜŬɜ ůŰŬɗɛɧ, ɔɘŬ ɜŬ ŮɑɜŬɘ ɘəŬɜɐ ɛɘŬ ůɨɔəɟɘůɖ ŬɜɎɛŮůŬ ůŰɘɠ ŭɡɞ 

ɞɛɎŭŮɠ ŭŮŭɞɛɏɜɤɜ. ũɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮˊɘɚɏɢɗɖəŬɜ 21 ůŰŬɗɛɞɑ ɛŮ 

əɞɘɜɐ ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ ŬɚɚɎ əŬɘ əɞɘɜɧ ɡɣɧɛŮŰɟɞ ɛɏŰɟɖůɖɠ ůŰŬ 10 m ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ůɨɔəɟɘůɖ ɛŮ əɞɘɜɧ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ, ŮˊɖɟŮŬɕɧɛŮɜɞ Űɞ ŬˊɞŰɏɚŮůɛŬ, Ŭˊɧ 

ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɚɘɔɧŰŮɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɔɘŬ ɜŬ ŮˊŬɚɖɗŮɡŰŮɑ ŬɡŰɐ ɖ ŭɘŬűɞɟɎ 

Űɤɜ ŭɡɞ ɞɛɎŭɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɖ ˊŬɟŬəɎŰɤ ŭɘŬŭɘəŬůɑŬ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ 

ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ɛŮ ɧɚɞɡɠ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ Űɧůɞ ɔɘŬ ŰŬ ˊɟŬɔɛŬŰɘəɎ 

ŭŮŭɞɛɏɜŬ ɧůɞ əŬɘ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ reanalysis, ɛŮ ŰŬ ɑŭɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ (əɞɘɜɧ ŮˊɑˊŮŭɞ 

ɛɏŰɟɖůɖɠ əŬɘ ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ) əŬɘ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŭɡɞ ˊɑɜŬəŮɠ, ɏɜŬɠ ɔɘŬ əɎɗŮ ɞɛɎŭŬ 

ŭŮŭɞɛɏɜɤɜ, ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɤɜ ůŰŬɗɛɩɜ ɛŮŰŬɝɨ Űɞɡɠ. ɄŬɑɟɜɞɜŰŬɠ 

Űɘɠ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ əŬɘ Ŭˊɧ Űɘɠ ŭɡɞ ɞɛɎŭŮɠ ɔɘŬ Űɞɜ 

ɑŭɘɞ ůŰŬɗɛɧ, ɛˊɞɟɞɨɛŮ əŬɘ ˊɎɚɘ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɘɠ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ɛŮ 

Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ Ŭˊɧ əɎɗŮ ɞɛɎŭŬ (əɞɘɜɧ ůŰŬɗɛɧ) ɩůŰŮ ɜŬ ́ɟɞəɨɣɞɡɜ ɞɘ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ 

ɛŮŰŬɝɨ Űɤɜ ůŰŬɗɛɩɜ - əŬɘ Űɤɜ ŮŰŮɟɞůɡůɢŮŰɑůŮɤɜ Űɤɜ ɡˊɧɚɞɘˊɤɜ ůŰŬɗɛɩɜ - ɔɘŬ əɎɗŮ ɞɛɎŭŬ.  

ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ˊɟɞəɨˊŰɞɡɜ ŭɡɞ ˊɑɜŬəŮɠ ˊɞɡ ɞ ˊɟɩŰɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ 

ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɤɜ ůŰŬɗɛɩɜ ůŮ əɎɗŮ ɞɛɎŭŬ ŭŮŭɞɛɏɜɤɜ əŬɘ ɞ ŭŮɨŰŮɟɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ 

ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɤɜ ŮŰŮɟɞůɡůɢŮŰɑůŮɤɜ Űɤɜ ůŰŬɗɛɩɜ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ɔɘŬ əɎɗŮ ɞɛɎŭŬ 

əŬɘ ɔɘŬ Űɘɠ ŭɡɞ ɞɛɎŭŮɠ. ɆŰɞ ˊŬɟɎɟŰɖɛŬ ȷ7 - ȷ8, ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ˊɑɜŬəŮɠ ɡˊɞɚɞɔɘůɛɞɨ əŬɘ 

ɔɘŬ Űɘɠ ŭɡɞ ŭɘŬŭɘəŬůɑŮɠ, Ůɜɩ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟɎɗŮůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ˊɘɜɎəɤɜ ůŮ ɢɎɟŰŮɠ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ˊɘɞ 

ŮɛűŬɜŮɑɠ ɞɘ ɡˊɞɚɞɔɘɕɧɛŮɜŮɠ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ. 

ũɘŬ Űɖɜ ŮɨɟŮůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ŮŰŮɟɞůɡůɢŮŰɑůŮɤɜ əŬɘ ɔɘŬ Űɘɠ ŭɡɞ ɞɛɎŭŮɠ ŭŮŭɞɛɏɜɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ. ɄŬɟŬŰɏɗɖəŬɜ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɛɏůɤɜ ɛɖɜɘŬɑɤɜ 
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ŰŬɢɡŰɐŰɤɜ ůŮ ˊɑɜŬəŬ ɛŮ ŰŬ ɏŰɖ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ Űɘɛɩɜ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ Ŭˊɧ 1/1979 ɏɤɠ 

8/2012. ɈˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ Ŭˊɧ əɎɗŮ ɞɛɎŭŬ ɛŮ Űɞɜ əɞɘɜɧ 

ůŰŬɗɛɧ Űɞɡɠ Ŭˊɧ Űɖɜ Ɏɚɚɖ ɞɛɎŭŬ ɔɘŬ ɛɖŭŮɜɘəɐ ɡůŰɏɟɖůɖ (lag). ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ 

ŭɘŬŭɘəŬůɑŬ ˊɟɞɏəɡɣŬɜ 21 Űɘɛɏɠ ɧůŮɠ əŬɘ ɞɘ ůŰŬɗɛɞɑ. ȺˊɘˊɟɧůɗŮŰŬ, Ŭűɞɨ ɏɔɘɜŮ ɞ ɡˊɞɚɞɔɘůɛɧɠ 

Űɤɜ ŮŰŮɟɞůɡůɢŮŰɑůŮɤɜ əɎɗŮ ůŰŬɗɛɞɨ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ Ŭˊɧ əɎɗŮ ɞɛɎŭŬ, ŰɞˊɞɗŮŰɐɗɖəŬɜ ɞɘ 

Űɘɛɏɠ ůŮ ɏɜŬɜ ˊɑɜŬəŬ, ɔɘŬ Űɖɜ əɎɗŮ ɞɛɎŭŬ ŭŮŭɞɛɏɜɤɜ əŬɘ ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ 

ŬɡŰɏɠ ɛŮŰŬɝɨ Űɞɡɠ. ɇɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ɏɔɘɜŮ ɔɘŬ ɛɖŭŮɜɘəɐ ɡůŰɏɟɖůɖ 

Ůˊɞɛɏɜɤɠ Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɔɘŬ ɛɘŬ ŬəɧɛŬ űɞɟɎ 21 Űɘɛɏɠ, ɧůɞɘ əŬɘ ɞɘ ůŰŬɗɛɞɑ 

ɡˊɞɚɞɔɘůɛɞɨ. ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɢɎɟŰŮɠ 3.5, 3.6 əŬɘ 3.7, ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ŭɡɞ 

ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŮɠ.  

 

ɉɎɟŰɖɠ 3.5: ɉɎɟŰɖɠ ˊɞɡ ŭŮɑɢɜŮɘ Űɞɡɠ ůŰŬɗɛɞɨɠ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ɏɔɘɜŬɜ ɞɘ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ ɔɘŬ Űɘɠ 

ŭɡɞ ŬɜɤŰɏɟɤ ˊŮɟɘɔɟŬűɧɛŮɜŮɠ ŭɘŬŭɘəŬůɑŮɠ. 
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ɉɎɟŰɖɠ 3.6: ɉɎɟŰɖɠ ˊɞɡ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŮ ɘůŬɟɘɗɛɘəɏɠ əŬɛˊɨɚŮɠ ɞɘ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɞɡ əɎɗŮ 

ůŰŬɗɛɞɨ ɔɘŬ Űɘɠ ŭɡɞ ɞɛɎŭŮɠ ŭŮŭɞɛɏɜɤɜ (reanalysis əŬɘ ˊɟŬɔɛŬŰɘəɎ). 

 

 

ɉɎɟŰɖɠ 3.7: ɉɎɟŰɖɠ ˊɞɡ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŮ ɘůŬɟɘɗɛɘəɏɠ əŬɛˊɨɚŮɠ ɞɘ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɤɜ 

ŮŰŮɟɞůɡůɢŮŰɑůŮɤɜ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ɛŮ ɧɚɞɡɠ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ Ŭˊɧ əɎɗŮ ɞɛɎŭŬ ŭŮŭɞɛɏɜɤɜ 

(reanalysis əŬɘ ˊɟŬɔɛŬŰɘəɎ).  

ȷˊɧ Űɞɜ ɉɎɟŰɖ 3.6, ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ reanalysis ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŰŬɡŰɑɕɞɜŰŬɘ 

ɛŮ ŰŬ ˊɟŬɔɛŬŰɘəɎ, ŬɚɚɎ ŭɑɜɞɡɜ Űɘɠ ɑŭɘŮɠ ˊŮɟɘɞɢɏɠ əŬŰɖɔɞɟɘɩɜ Ŭɜɏɛɞɡ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ 
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ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ Ŭˊɧ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŮŰŮɟɞůɡůɢŮŰɑůŮɤɜ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ɛŮ Űɞɜ ɑŭɘɞ 

Ŭˊɧ əɎɗŮ ɞɛɎŭŬ ɛŮ Űɖ ɛɏɔɘůŰɖ ŮŰŮɟɞůɡůɢɏŰɘůɖ ˊɚɖůɘɎɕŮɘ Űɞ 0.80 Ůɜɩ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ 

ůɖɛŮɑŬ - ůŰŬɗɛɞɨɠ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɞ 0.5 ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ ŭŮɜ 

ɏɢɞɡɜ əŬɚɐ ůɡůɢɏŰɘůɖ. ȺˊɘˊɟɧůɗŮŰŬ, Űɞ ɑŭɘɞ ůɡɛˊɏɟŬůɛŬ ˊɟɞəɨˊŰŮɘ əŬɘ Ŭˊɧ Űɖɜ ŮɝɏŰŬůɖ Űɞɡ 

ɉɎɟŰɖ 3.7, ɛŮ ɛɎɚɘůŰŬ ɚɘɔɧŰŮɟɞ ɗŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭűɞɨ ɖ ɛɏɔɘůŰɖ ŮŰŮɟɞůɡůɢɏŰɘůɖ Űɤɜ 

ůŰŬɗɛɩɜ ˊɚɖůɘɎɕŮɘ Űɞ 0.70 əŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɤɜ ůŰŬɗɛɩɜ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɖɜ 

Űɘɛɐ Űɞɡ 0.5 ˊɞɡ ŮəűɟɎɕŮɘ ɛɘəɟɐ ůɡůɢɏŰɘůɖ ŬɜɎɛŮůŬ ůŰŬ ŭŮŭɞɛɏɜŬ. ȽŭɘŬɑŰŮɟŬ ɧɛɤɠ ůŮ 

ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ŰŬɢɨŰɖŰŮɠ Űɞɡ Ŭɜɏɛɞɡ (Ⱦ. ȷɘɔŬɑɞ əŬɘ 

ůɡɜɞɚɘəɧŰŮɟŬ ůŰɞ ȷɘɔŬɑɞ) ɞɘ ůɡůɢŮŰɑůŮɘɠ ŬɜɎɛŮůŬ ůŰɘɠ ŭɡɞ ɛŮŰŬɓɚɖŰɏɠ ŮɑɜŬɘ ŬɟəŮŰɎ 

ɘəŬɜɞˊɞɘɖŰɘəɏɠ.  

ɇɏɚɞɠ ůŰɞ ˊŬɟɎɟŰɖɛŬ ȸ6 ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ɛŮ ɧɚɞɡɠ Űɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ 21 ɔɘŬ ŰŬ ˊɟŬɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ. ȷˊɧ Űɞɡɠ ɢɎɟŰŮɠ Űɞɡ ˊŬɟŬɟŰɐɛŬŰɞɠ, ŮɝɎɔɞɜŰŬɘ 

ɢɟɐůɘɛŬ ůɡɛˊŮɟɎůɛŬŰŬ ɧůɞɜ ŬűɞɟɎ Űɖ ŭɘŬŰɐɟɖůɖ Űɤɜ ŮŰŮɟɞůɡůɢŮŰɑůŮɤɜ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ 

Ŭˊɧ Űɞɜ əɎɗŮ ůŰŬɗɛɧ. ɆŰŬɗɛɞɑ ˊŬɟŬɗŬɚɎůůɘɞɘ əŬɘ ɜɖůɘɤŰɘəɞɑ ˊɞɡ ŭŮɜ ˊŬɟŮɛɓɎɚɚɞɜŰŬɘ 

ɔŮɤɛɞɟűɞɚɞɔɘəɎ ŮɛˊɧŭɘŬ ŬɜɎɛŮůɎ Űɞɡɠ əŬɘ ɏɜŰɞɜɖ ɞɟŮɞɔɟŬűɑŬ, ŭɘŬŰɖɟɞɨɜ Űɘɠ 

ŮŰŮɟɞůɡůɢŮŰɑůŮɘɠ ŬɜɎɛŮůŬ ůŰɞɡɠ ůŰŬɗɛɞɨɠ ɔɘŬ ŬɟəŮŰɎ ɛŮɔɎɚɖ ŬˊɧůŰŬůɖ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ 

ɖˊŮɘɟɤŰɘəɞɨɠ ůŰŬɗɛɞɨɠ əŬɘ ŭɖ ŬɡŰɞɨɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɏɜŰɞɜɞ 

ɔŮɤɛɞɟűɞɚɞɔɘəɧ ŬɜɎɔɚɡűɞ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ŬɜŬűɏɟŮŰŬɘ ɞ ůŰŬɗɛɧɠ Űɖɠ ȷɚŮɝŬɜŭɟɞɨˊɞɚɖɠ, 

ɉɎɟŰɖɠ 3.8, ɛŮ ɧɚɞɡɠ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ɔɘŬ ŰŬ ˊɟŬɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ 

ɖ ŮŰŮɟɞůɡůɢɏŰɘůɖ Űɞɡ ůŰŬɗɛɞɨ ŬɡŰɞɨ ŭɘŬŰɖɟŮɑŰŬɘ ɔɘŬ ɛɏůɖ ŬˊɧůŰŬůɖ ˊŮɟɑˊɞɡ 270 km. ȼ 

ŭɘŬŰɐɟɖůɖ əɎˊɞɘŬɠ ŮŰŮɟɞůɡůɢɏŰɘůɖɠ ŬɜɎɛŮůŬ ůŰɞɡɠ ůŰŬɗɛɞɨɠ ɔɑɜŮŰŬɘ ɛŮ ɧɟɘɞ Űɞ 0.5.  

 

ɉɎɟŰɖɠ 3.8: ɉɎɟŰɖɠ ŮŰŮɟɞůɡůɢŮŰɑůŮɤɜ Űɞɡ ůŰŬɗɛɞɨ Űɖɠ ȷɚŮɝŬɜŭɟɞɨˊɞɚɖɠ ɔɘŬ ŰŬ ˊɟŬɔɛŬŰɘəɎ 

ŭŮŭɞɛɏɜŬ. 

ɆŰɞ ˊŬɟɎɟŰɖɛŬ ȸ7 ˊŬɟŬŰɑɗŮɜŰŬɘ ɢɎɟŰŮɠ ůŮ ɛɖɜɘŬɑŬ ŮŰɐůɘŬ əŬɘ ŮˊɞɢɘŬəɐ ɓɎůɖ ɔɘŬ ŰŬ 

ŭŮŭɞɛɏɜŬ reanalysis Űɤɜ ˊŬɟŬˊɎɜɤ ůŰŬɗɛɩɜ. 
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3.1.5 ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɞɜ ɎɜŮɛɞ. 

ɇɞ əɚɑɛŬ Űɖɠ ȺɚɚɎŭɞɠ, ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖ ɔŮɤɔɟŬűɘəɐ Űɖɠ ɗɏůɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŮɨəɟŬŰɞ, 

ɛŮ ɡɔɟɞɨɠ ɢŮɘɛɩɜŮɠ əŬɘ ɕŮůŰɎ əŬɚɞəŬɑɟɘŬ. ɇɞ ˊɞɚɨˊɚɞəɞ ɧɛɤɠ ɔŮɤɔɟŬűɘəɧ Űɖɠ ŬɜɎɔɚɡűɞ 

ŭɖɛɘɞɡɟɔŮɑ əɎˊɞɘŮɠ Űɞˊɘəɏɠ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ ˊɞɡ ŭɘŬűɞɟɞˊɞɘɞɨɜ Űɞ əɚɑɛŬ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ  

ˊŮɟɘɞɢɏɠ, ɛŮ Űɟɧˊɞ, ɩůŰŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊɘɞ ɏɜŰɞɜŬ ɛŮŰŮɤɟɞɚɞɔɘəɎ űŬɘɜɧɛŮɜŬ ůŮ 

əɎˊɞɘŮɠ ˊŮɟɘɞɢɏɠ. ȼ ɞɟɞůŮɘɟɎ Űɖɠ Ʉɑɜŭɞɡ ˊɟɞəŬɚŮɑ ɛŮɔɎɚŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ ůŰɖ ŭɡŰɘəɐ 

ȺɚɚɎŭŬ əŬɘ ɞɛɓɟɞůəɘɎ ůŰɖɜ ŬɜŬŰɞɚɘəɐ ɛŮ ɏɜŰɞɜŮɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɖɜ ˊɜɞɐ Űɞɡ Ŭɜɏɛɞɡ 

əŬɘ ɛŮŰŬɓɞɚɐ ůŰɞ ɓŬɟɞɛŮŰɟɘəɧ Űɞɡ əɎɗŮ Űɧˊɞɡ. ȺˊɑŭɟŬůɖ ůŰɞ ɛɘəɟɞəɚɑɛŬ Űɖɠ əɎɗŮ ˊŮɟɘɞɢɐɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ Ŭˊɧ Űɖɜ ˊɜɞɐ Űɞɡ Ŭɜɏɛɞɡ (ɏɜŰŬůɖ əŬɘ ŭɘŮɨɗɡɜůɖ) ˊɞɡ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ 

əɡɟɑɤɠ Ŭˊɧ Űɖɜ ɖˊŮɘɟɤŰɘəɐ əŬɘ Űɖ ɜɖůɘɤŰɘəɐ ɢɩɟŬ əŬɘ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛŮɔɎɚɖ 

ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ Űɖɠ ɗɎɚŬůůŬɠ, ɖ ɞˊɞɑŬ ɏɢŮɘ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ ŭɘŬŰɖɟŮɑ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ 

ɔɘŬ ɛŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɟɞəŬɚɩɜŰŬɠ ɏɜŰɞɜŮɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ɛŮ Űɞ 

ɡˊɧɚɞɘˊɞ ˊŮɟɘɓɎɚɚɞɜ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ˊɟɞəŬɚŮɑ ɏɜŰɞɜŮɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɖ ŭɘŮɨɗɡɜůɖ 

ŬɚɚɎ əŬɘ ůŰɖɜ ɏɜŰŬůɖ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɏɜŰɞɜɞ ɔŮɤɛɞɟűɞɚɞɔɘəɧ 

ŬɜɎɔɚɡűɞ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɞ ɎɜŮɛɞɠ əŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ŰɞˊɘəɎ ŬəɧɛŬ əŬɘ ɔɘŬ 

ɚɑɔŮɠ ɩɟŮɠ.  

ɇŬ ˊɘɞ ůɡɢɜɎ əŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ əɡɟɑɤɠ ůŰɞɡɠ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŮɠ 

ŮɑɜŬɘ əɡɟɑɤɠ ɞɘ ŬɜŮɛɞɗɨŮɚɚŮɠ, ɞɘ ŬɛɛɞɗɨŮɚɚŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ɓɧɟŮɘɞ ȷűɟɘəɐ, ɞɘ 

ŬɜŮɛɞůŰɟɧɓɘɚɞɘ, ŰŬ ˊŬɚɘɟɟɞɥəɎ əɨɛŬŰŬ, ɞɘ ɚŬůˊɞɓɟɞɢɏɠ, ŰŬ funnel clouds əŬɗɩɠ əŬɘ ɖ 

ŮˊɘŰɎɢɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ, ˊɞɡ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ əŬɘ ɜŬ ɝŮˊŮɟɎůŮɘ ŰŬ 

180 km/h. ȼ ɏɜŰŬůɖ Űɤɜ ˊŬɟŬˊɎɜɤ űŬɘɜɞɛɏɜɤɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŰɏŰɞɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ŬˊɩɚŮɘŬ ɕɤɩɜ ɛŮ ɎɛŮůɞ ɐ ɏɛɛŮůɞ Űɟɧˊɞ, ˊɟɞəŬɚɩɜŰŬɠ ɜŬɡɎɔɘŬ ɐ ˊŰɩůŮɘɠ 

ɛŮŰŬűɞɟɘəɩɜ ɛɏůɤɜ (ŬŮɟɞˊɚɎɜŬ - ŮɚɘəɧˊŰŮɟŬ) ůŰɞɘɢɑɕɞɜŰŬɠ Űɖ ɕɤɐ ůŮ ŭŮəɎŭŮɠ Ŭɜɗɟɩˊɞɡɠ.  

ɇŬ funnel cloud (ɢɞŬɜɞŮɘŭɏɠ ůɨɜɜŮűɞ)  ůɡɜɐɗɤɠ ŬˊɞŰŮɚɞɨɜ Űɖɜ ŬɘŰɑŬ Ůɜɧɠ ŬɜŮɛɞůŰɟɧɓɘɚɞɡ. 

ȺɑɜŬɘ ɏɜŬ ůɨɜɜŮűɞ ůŮ ůɢɐɛŬ ɢɤɜɘɞɨ, ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ ɛɘŬ ˊŮɟɘůŰɟŮűɧɛŮɜɖ ůŰɐɚɖ ŬɏɟŬ əŬɘ 

ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖ ɓɎůɖ Űɞɡ ɜɏűɞɡɠ (ůɡɜɐɗɤɠ ůɨɜɜŮűŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɛŮɔɎɚɞ ɡɣɧɛŮŰɟɞ 

ɛŮ ˊɡəɜɐ ˊŬɟɞɡůɑŬ ɡŭɟŬŰɛɩɜ - cumulus) , ˊɞɡ ɧɛɤɠ ŭŮɜ űŰɎɜɞɡɜ Űɞ ɏŭŬűɞɠ ɐ Űɖɜ ŮˊɘűɎɜŮɘŬ 

Űɞɡ ɜŮɟɞɨ, ŮɎɜ ŮɑɜŬɘ ˊɎɜɤ Ŭˊɧ ɡŭɎŰɘɜɖ ŮˊɘűɎɜŮɘŬ.  ȰɜŬ ŰɏŰɞɘɞ ůɨɜɜŮűɞ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɞɟŬŰɧ 

ɛŮ Űɖ ɛɞɟűɐ əɤɜɘəɞɨ ůɢɐɛŬŰɞɠ ɐ  ɓŮɚɧɜŬɠ, ˊɞɡ ɧɛɤɠ ˊɟɞŮɝɏɢŮɘ Ŭˊɧ Űɖɜ əɨɟɘŬ ɓɎůɖ Űɞɡ 

ůɨɜɜŮűɞɡ. Ɇɡɜɐɗɤɠ ůɨɜɜŮűŬ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ ɡˊɏɟ - əŬŰŬɘɔɘŭɞűɧɟŬ ɜɏűɖ.  

ȺɎɜ ɏɜŬ ŰɏŰɞɘɞ ůɨɜɜŮűɞ ɢɞɎɜɖ ŬɔɔɑɝŮɘ Űɞ ɏŭŬűɞɠ, ɔɑɜŮŰŬɘ ŬɜŮɛɞůŰɟɧɓɘɚɞɠ. Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ 

ŬɜŮɛɞůŰɟɧɓɘɚɞɘ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ ŰɏŰɞɘɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɤɜ ɜŮűɩɜ, ŬɚɚɎ ˊɞɚɚɎ Ŭˊɧ ŬɡŰɎ 

ŭŮɜ ɏɟɢɞɜŰŬɘ ůŮ  ŮˊŬűɐ ɛŮ Űɞ ɏŭŬűɞɠ əŬɘ ɏŰůɘ ŭŮɜ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ  ŬɜŮɛɞůŰɟɧɓɘɚɞɡɠ ɐ ɛŮ 

Űɞ ɜŮɟɧ ɩůŰŮ ɜŬ ɔɑɜɞɡɜ ɡŭɟɞůŰɟɧɓɘɚɞɘ. ȹŮɜ ŮɑɜŬɘ ɧɛɤɠ ˊɎɜŰŬ ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ funnel 

cloud ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ Ůɜɧɠ ŬɜŮɛɞůŰɟɧɓɘɚɞɡ, ŬɚɚɎ ˊɟɞəŬɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ 

əɡəɚɤɜɘəɐ ɟɞɐ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ  ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ŬɜŰɑůŰɞɘɢŬ űŬɘɜɧɛŮɜŬ. Ƀɟɘůɛɏɜɞɘ ŬɜŮɛɞůŰɟɧɓɘɚɞɘ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɛɧɜɞ 

ɤɠ ŭɑɜɖ, ɢɤɟɑɠ ˊɟɞűŬɜɐ ɢɞɎɜɖ ˊɞɡ ŮəŰŮɑɜŮŰŬɘ əɎŰɤ Ŭˊɧ Űɖ ɓɎůɖ Űɤɜ ɜŮűɩɜ. ȺɑɜŬɘ ŬɘůɗɖŰɧɠ 

ɏɜŬɠ ŰɏŰɞɘɞɠ ůɢɖɛŬŰɘůɛɧɠ əŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬɔɧɛŮɜɞ ɐɢɞ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŬɜ ɓɞɨɘůɛŬ 

ɛŮɚɘůůɩɜ, ɐ ůŬɜ Űɖɜ ˊŰɩůɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ ɏɜŬɜ əŬŰŬɟɟɎəŰɖ. Ⱥˊɑůɖɠ, ɢŬɟŬəŰɖɟɘůŰɘəɧ ŮɑɜŬɘ 

əŬɘ ɧŰɘ ɖ ˊɑŮůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ ɛŮɘɩɜŮŰŬɘ ŬɘůɗɖŰɎ ůŮ ɓŬɗɛɧ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ əŬɘ ŰɟŬɡɛŬŰɘůɛɧ. (Cooley J. R., and M. E. Soderberg, 1973: Cold air funnels 

clouds. NOAA Tech. Memo. NWS CR-52, Scientific Services Division, NWS Central Region, 

Kansas City, MO, 29 pp) 

Ⱥɜɩ űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ əɡɟɑɤɠ ůŰɘɠ ˊɚɖɛɛɨɟŮɠ ɛˊɞɟɞɨɜ ɛŮ əɎˊɞɘɞ ɓŬɗɛɧ 

ŬɝɘɞˊɘůŰɑŬɠ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ ŬɚɚɎ əŬɘ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ, ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ŮɑɜŬɘ 
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ˊɞɚɨ ŭɨůəɞɚɞ ɜŬ ˊɟɞɓɚŮűɗŮɑ ɛŮ ɘəŬɜɧ ɓŬɗɛɧ ŬɝɘɞˊɘůŰɑŬɠ ŬɚɚɎ əŬɘ ɞɘ əŬŰŬůŰɟɞűɘəɏɠ 

ŮˊɘˊŰɩůŮɘɠ Űɤɜ ɏɜŰɞɜɤɜ űŬɘɜɞɛɏɜɤɜ ŮɑɜŬɘ ˊɞɚɨ ŭɨůəɞɚɞ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ. ȺˊɘˊɟɧůɗŮŰŬ, 

Ůɜɩ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ, ɞɘ ˊɚɖɛɛɨɟŮɠ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ŬɜɡˊŬɟɝɑŬ 

ŬɜŰɘˊɚɖɛɛɡɟɘəɩɜ ɏɟɔɤɜ ɐ əŬɘ ůŮ ɚŬɜɗŬůɛɏɜŮɠ ŬɜŰɘˊɚɖɛɛɡɟɘəɏɠ ɛŮɚɏŰŮɠ, ɧůɞɜ ŬűɞɟɎ Űɘɠ 

əŬŰŬůŰɟɞűɘəɏɠ ŮˊɘˊŰɩůŮɘɠ Ŭˊɧ Űɖ ˊɜɞɐ Űɞɡ Ŭɜɏɛɞɡ ŭŮɜ ŮɑɜŬɘ əŬɗɧɚɞɡ Ůɨəɞɚɞ ɏɤɠ əŬɘ 

ŬŭɨɜŬŰɞ əɎŰɘ ŰɏŰɞɘɞ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ɞɟɗɎ ɛŮ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ˊɞɚɘŰɘəɏɠ. ȼ ɏɜŰɞɜɖ ŰŬɢɨŰɖŰŬ 

Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰŮɑ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ˊŮɟɘɞɢɐ, ɛŮ ɞˊɞɘŬŭɐˊɞŰŮ ɏɜŰŬůɖ ŬɚɚɎ 

əŬɘ ɛŮ ɞˊɞɘŬŭɐˊɞŰŮ ŭɘɎɟəŮɘŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ŮɨəɞɚŬ ɞɟɔŬɜɤɛɏɜŬ əŬɘ 

ůɡůŰɖɛŬŰɘəɎ. ȽŭɘŬɑŰŮɟŬ ůŮ ɢɩɟŮɠ ɧˊɤɠ ɖ ȺɚɚɎŭŬ ˊɞɡ ŰŬ űŬɘɜɧɛŮɜŬ ŬɡŰɎ ŮɑɜŬɘ ŬɟəŮŰɎ ůˊɎɜɘŬ 

ŬɚɚɎ ɡˊŬɟəŰɎ, ŮɑɜŬɘ ŬɟəŮŰɎ Ůˊɑˊɞɜɞ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɞɟɔŬɜɤɛɏɜɞɠ ɛɖɢŬɜɘůɛɧɠ 

ŬɜŰɘɛŮŰɩˊɘůɖɠ əŬŰŬůŰɟɞűɩɜ, ɞ́ɡ ɜŬ ɞűŮɑɚɞɜŰŬɘ ůŮ ŬəɟŬɑŬ ŬɜŮɛɞɚɞɔɘəɎ ɛŮŰŮɤɟɞɚɞɔɘəɎ 

űŬɘɜɧɛŮɜŬ. ȼ ŬɜŰɘɛŮŰɩˊɘůɖ ŰɏŰɞɘɤɜ űŬɘɜɞɛɏɜɤɜ ɔɑɜŮŰŬɘ əɡɟɑɤɠ ůŮ ŬŰɞɛɘəɧ əŬɘ ɘŭɘɤŰɘəɧ 

ŮˊɑˊŮŭɞ, ɛŮ ɛɏŰɟŬ ˊɟɞůŰŬůɑŬɠ ˊɞɡ ɚŬɛɓɎɜŮɘ əŬɗɏɜŬɠ ɔɘŬ Űɖ ŭɘɎůɤůɖ Űɖɠ ɘŭɘɤŰɘəɐɠ Űɞɡ 

ˊŮɟɘɞɡůɑŬɠ əŬɘ ɕɤɐɠ.  

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ 12 ɢɎɟŰŮɠ ůŰɞɡɠ ɧˊɞɘɞɡɠ ɏɢɞɡɜ ɞɛŬŭɞˊɞɘɖɗŮɑ ŰŬ əɡɟɘɧŰŮɟŬ 

əŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ əŬɘ ŭɡůŰɡɢɐɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ˊɟɞəɚɖɗŮɑ Ŭˊɧ Űɖɜ ɏɜŰɞɜɖ ŰŬɢɨŰɖŰŬ 

Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. ɇŬ ŭŮŭɞɛɏɜŬ  ŬɡŰɎ ŬɜŬűɏɟɞɜŰŬɘ ůŮ əŬŰŬůŰɟɞűɘəɎ 

űŬɘɜɧɛŮɜŬ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ ɏɜŰɞɜŬ ɛŮŰŮɤɟɞɚɞɔɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, Ŭˊɧ ŰŬ 

Űɏɚɖ Űɞɡ 19ɞɡ ŬɘɩɜŬ ɛɏɢɟɘ ůɐɛŮɟŬ. ɇŬ űŬɘɜɧɛŮɜŬ ŬɡŰɎ ɏɢɞɡɜ ŭɘŬəɟɘŰɞˊɞɘɖɗŮɑ ɛɧɜɞ ůŮ ŬɡŰɎ 

ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɏɜŰɞɜɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ŰŬ ɎɛŮůŬ ɐ ɏɛɛŮůŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ɛˊɞɟŮɑ ŬɡŰɐ ɜŬ ɏɢŮɘ. ɇɏɚɞɠ, ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ əŬɘ əŬŰŬɟŰɑɕɞɜŰŬɘ ůŰɞɡɠ ɢɎɟŰŮɠ 3.9-3.20, ŰŬ 

űŬɘɜɧɛŮɜŬ ŬɡŰɎ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ  ɛɐɜŬ ˊɞɡ ŬɡŰɎ ˊŬɟɞɡůɘɎůŰɖəŬɜ, ɔɘŬ ɜŬ ɓɟŮɗŮɑ 

əɎˊɞɘɞ ŮɜŭŮɢɧɛŮɜɞ ůɢɐɛŬ ˊŮɟɘɞŭɘəɧŰɖŰŬɠ, ŬəɧɛŬ əŬɘ ůŮ ŬɡŰɎ ŰŬ ŬəɟŬɑŬ ɔŮɔɞɜɧŰŬ ɐ ɛɐˊɤɠ 

ˊɟɞəɨɣɞɡɜ əɎˊɞɘŬ ɢɟɐůɘɛŬ ůɡɛˊŮɟɎůɛŬŰŬ ɧůɞɜ ŬűɞɟɎ Űɖɜ Ůɛɛɞɜɐ ŮˊɘůɨɛɓŬůɖɠ Űɤɜ 

ɔŮɔɞɜɧŰɤɜ ŬɡŰɩɜ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ. ɆŰɞɡɠ  ɢɎɟŰŮɠ 3.9-3.20, ˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ 

ˊŬɟŬəɎŰɤ ůɖɛŮɘɩɜŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ˊɞɡ ůɡɜɏɓɖ Űɞ ŬəɟŬɑɞ ɔŮɔɞɜɧɠ ŬɚɚɎ əŬɘ ɖ ɢɟɞɜɞɚɞɔɑŬ ˊɞɡ 

ŬɡŰɧ ůɡɜɏɓɖ. Ⱥˊɑůɖɠ ůŮ əɎɗŮ ɢɎɟŰɖ ˊɟɞůŬɟŰɎŰŬɘ ˊɑɜŬəŬɠ 3.1-3.12, ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ 

ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ  Űɞ ŬɜŰɑůŰɞɘɢɞ ɔŮɔɞɜɧɠ ˊɞɡ ŬˊɞŰɡˊɩɜŮŰŬɘ ůŰɞɜ ŮəɎůŰɞŰŮ ɢɎɟŰɖ1.  

                                                   
1 Ƀɘ ˊɑɜŬəŮɠ ˊɞɡ əɞɚɞɡɗɞɨɜ ůŰɞ ɡˊɞəŮűɎɚŬɘɞ 3.1.5 ˊŮɟɘɏɢɞɡɜ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɖɜ ˊɖɔɐ: Ⱥɜɞˊɞɘɖɛɏɜɞ ŬɟɢŮɑɞ 

ŮɟŬůɘŰŮɢɜɩɜ ɛŮŰŮɤɟɞɚɧɔɤɜ, ESWD əŬɘ Ůɗɜɘəɩɜ ɡˊɖɟŮůɘɩɜ (Ⱥɗɜɘəɐ ȸɘɓɚɘɞɗɐəɖ, ȺɅɇ, Ⱥȷȷ).   
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ɉɎɟŰɖɠ 3.9: ɉɎɟŰɖɠ ůŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ ȽŬɜɞɡɎɟɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

 

ɄɑɜŬəŬɠ 3.1: ɄɑɜŬəŬɠ: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ ȽŬɜɞɡɎɟɘɞ.  

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

1978 ȾŮɜŰɟɘəɐ ȺɚɚɎŭŬ 303021.64 4324235.65 ȷɜŮɛɞɗɨŮɚɚŬ   

2012 ȾɎɓɞ ɁŰɧɟɞ 227491.37 4181286.89 144.8 km/h   

2001 ɆŬɟɤɜɘəɧɠ 493761.50 4180113.99 ɄŰɩůɖ ŮɚɘəɞˊŰɏɟɞɡ 4 

2005 ȽɤɎɜɜɘɜŬ  227083.94 4399306.19 ȷɜŮɛɞɗɨŮɚɚŬ   

2008 ȷɘɔŬɑɞ 658127.15 3874414.78 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2008 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2008 ȾɎɓɞ ɁŰɧɟɞ 227491.37 4181286.89 138.4 km/h   

1969 ɇɑɜɞɠ 603218.52 4159150.08 ȷɜŮɛɞɗɨŮɚɚŬ   

1969 ȾŮɜŰɟɘəɐ ȺɚɚɎŭŬ 590588.49 3914501.46 ȷɜŮɛɞɗɨŮɚɚŬ   

2004 ȿɐɛɜɞɠ 606805.69 4421044.16 ȷɜŮɛɞɗɨŮɚɚŬ   

2004 Ɇəɨɟɞɠ 541824.12 4313219.19 ȷɜŮɛɞɗɨŮɚɚŬ   

2008 ȸɧɟŮɘŬ ȾɟɐŰɖ 590588.49 3914501.46 100 km/h   

2011 ȷɘɔŬɑɞ 652585.49 4128401.90 ȰɜŰɞɜɞɘ ȸ. ȯɜŮɛɞɘ   

2009 ȼɚŮɑŬ 274587.12 4172398.79 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2005 ɁɎɝɞɠ - ɄɎɟɞɠ 600769.56 4097351.85 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2010 ȾɏɟəɡɟŬ 142049.55 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2011 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ɉɎɟŰɖɠ 3.10: ɉɎɟŰɖɠ ůŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ ūŮɓɟɞɡɎɟɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.2: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ ūŮɓɟɞɡɎɟɘɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɀɐəɞɠ ũ. ɄɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

1968 Ʌɧŭɞɠ 869343.90 4034284.45 ɁŬɡɎɔɘɞ   

2012 ȾɎɓɞ ɁŰɧɟɞ 227491.37 4181286.89 127.1km/h   

2003 ɀɡŰɘɚɐɜɖ  724942.29 4327423.29 ȷɜŮɛɞɗɨŮɚɚŬ   

2003 ɆɎɛɞɠ 752588.79 4181948.31 ȷɜŮɛɞɗɨŮɚɚŬ   

2003 ȿɏɟɞɠ 753170.25 4114176.19 ȷɜŮɛɞɗɨŮɚɚŬ   

2010 ɉŬɚəɘŭɘəɐ 439850.65 4467369.88 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2011 ɆűŬəɘɎ 508691.57 3902250.55 ȷɜŮɛɞɗɨŮɚɚŬ   

1929 ɁɧŰɘɞ ȷɘɔŬɑɞ 699339.93 4019418.12 ȷɜŮɛɞɗɨŮɚɚŬ   

1940 ɉŬɜɘɎ 501586.88 3929849.11 ȷɜŮɛɞɗɨŮɚɚŬ   

1983 ȾɎɓɞ ɁŰɧɟɞ 227913.77 4181286.89 ȷɜŮɛɞɗɨŮɚɚŬ 28 

2011 Ʌɧŭɞɠ 869343.90 4034284.45 ȷɜŮɛɞɗɨŮɚɚŬ   

2006 ȾɟɐŰɖ 546559.15 3903660.33 ȷɛɛɞɗɨŮɚɚŬ   

2007 ȹɤŭŮəɎɜɖůŬ 770618.40 3984971.13 ȷɛɛɞɗɨŮɚɚŬ   

2001 ȾɟɐŰɖ 564579.06 3892125.89 ȷɛɛɞɗɨŮɚɚŬ   

2005 ɆŬɜŰɞɟɑɜɖ 631545.61 4029315.21 ȷɜŮɛɞɗɨŮɚɚŬ   

1905 ɄɎŰɟŬ 301609.39 4235984.41 ȷɜŮɛɞɗɨŮɚɚŬ   

1968 ɉŬɜɘɎ 501586.88 3929849.11 ɄŬɚɘɟɟɞɥəɧ ə. 6 

2010 ȼɚŮɑŬ 274587.12 4172398.78 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ȾɏɟəɡɟŬ 142049.54 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2006 ɇɡɛˊɎəɘ 568439.41 3873299.99 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɀɐəɞɠ ũ. ɄɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 

ŪɎɜŬŰɞɘ 

(ɆɡɜɏɢŮɘŬ) 

2009 ȼɚŮɑŬɠ 274587.12 4172398787 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2011 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2008 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2010 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2008 ɉŬɚəɘŭɘəɐ 439850.65 4467369.88 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2011 ɀŮůůɖɜɑŬ Ⱦ. 336680.86 4077609.75 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

 

ɉɎɟŰɖɠ 3.11: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ ɀɎɟŰɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.3: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ ɀɎɟŰɘɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

1913 ȺɨɓɞɘŬ 508703.75 4276031.57 ȷɜŮɛɞɗɨŮɚɚŬ   

1913 ȷɘɔŬɑɞ 652585.49 4128401.90 ȷɜŮɛɞɗɨŮɚɚŬ   

1913 Ȱɓɟɞɠ 678855.64 4565991.85 ȷɜŮɛɞɗɨŮɚɚŬ   

1902 ȾɟɐŰɖ 546559.15 3903660.34 ȷűɟɘə. Ɇəɧɜɖ   

1916 ɀŬəŮŭɞɜɑŬ 485384.82 4543366.20 ȷɜŮɛɞɗɨŮɚɚŬ 10 

2010 Ⱦɧɟɘɜɗɞɠ 407727.44 4198876.41 ȷűɟɘə. Ɇəɧɜɖ   

2010 Ʌɑɞ 305883.40 4241772.12 100km/h   

2010 ɄɎŰɟŬ 301609.39 4235984.42 100km/h   

1953 ȿŮɡəɎŭŬ 215012.88 4303342.94 Funnel cloud   

2006 ɆˊɎŰŬ 476506.75 4194753.56 ȷɜŮɛɞɗɨŮɚɚŬ   

1962 ȽɤɎɜɜɘɜŬ 227083.94 4399306.19 ȷɜŮɛɞɗɨŮɚɚŬ   

1964 ȾɟɐŰɖ 564579.06 3892125.90 ȷɜŮɛɞɗɨŮɚɚŬ   

2003 ȾŬɚŬɛɎŰŬ 331009.48 4100196.43 100km/h   
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ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 

ŪɎɜŬŰɞɘ 

(ɆɡɜɏɢŮɘŬ) 

2007 ɉŬɚəɑŭŬ 465104.85 4257701.31 ȷɜŮɛɞɗɨŮɚɚŬ   

1909 ȷŰŰɘəɐ 470778.43 4211415.00 ȷɜŮɛɞɗɨŮɚɚŬ   

2008 ȾɟɐŰɖ 640067.36 3897724.50 ȷűɟɘə. Ɇəɧɜɖ   

1998 ȽɤɎɜɜɘɜŬ 227083.94 4399306.19 ȷɜŮɛɞɗɨŮɚɚŬ   

1998 Ⱥɚɚɖɜɘəɧ 476506.75 4194753.56 120km/h   

2009 ȼɚŮɑŬ 267075.01 4213486.40 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ 2 

2013 ȾɎɓɞ ɁŰɧɟɞ 227491.37 4181286.89 140km/h   

1975 ȺɨɓɞɘŬ 263780.47 4168381.38 ȷɜŮɛɞɗɨŮɚɚŬ   

1993 ȽɤɎɜɜɘɜŬ 227083.94 4399306.19 ȷɜŮɛɞɗɨŮɚɚŬ   

1976 ȾŮɜŰɟɘəɐ ȺɚɚɎŭŬ 303021.64 4324235.65 ȷɜŮɛɞɗɨŮɚɚŬ   

2006 ȼɟɎəɚŮɘɞ  607494.19 3910589.59 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2009 ȾŬɚŬɛɎŰŬ  331009.48 4100196.43 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2008 ȷɛɞɟɔɧɠ 669139.83 4077784.97 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

 

 

ɉɎɟŰɖɠ 3.12: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ ȷˊɟɑɚɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.4: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ ȷˊɟɑɚɘɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

2005 ɆɞɨŭŬ 513598.44 3932139.04 ȷűɟɘə. ůəɧɜɖ   

1965 ȷɘɔŬɑɞ 652585.49 4128401.90 ȿŬůˊɞɓɟɞɢɐ   

1987 ȷɘɔŬɑɞ 731361.27 4099791.07 10-11 Beaufort   

1987 ȷŰŰɘəɐ  470778.43 4211414.99 10-11 Beaufort   

2006 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2011 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

2010 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ȾɏɟəɡɟŬ 142049.54 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2010 ȻɎəɡɜɗɞɠ 225476.84 4186292.07 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2008 ŪŮůůŬɚɞɜɑəɖ 412486.49 4485648.15 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

 

 

ɉɎɟŰɖɠ 3.13: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ ɀɎɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.5: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ ɀɎɘɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

1950 ɆŬɟɤɜɘəɧɠ 493761.50 4180113.99 ȷɜŮɛɞɗɨŮɚɚŬ   

1913 Ⱦ. ȺɚɚɎŭŬ 328537.52 4370954.84 ɁŬɡɎɔɘɞ 1 

1989 ūɚɩɟɘɜŬ 280608.51 4517896.48 ȷɜŮɛɞɗɨŮɚɚŬ 1 

1998 ɄɎŰɟŬ 301609.39 4235984.41 ȷɜŮɛɞɗɨŮɚɚŬ   

2006 ŪŮůůŬɚɞɜɑəɖ 412486.49 4485648.15 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2008 Ⱦ. ȺɚɚɎŭŬ 303021.64 4324235.65 ȷűɟɘə. ůəɧɜɖ   

2007 ɀŮɜɑŭɘ 476999.38 4213583.34 funnel cloud   

2012 ȯɜŭɟɞɠ 574368.61 4189077.54 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2008 ɄŰɞɚŮɛŬȶŭŬ 302832.64 4486318.46 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2009 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ȾɏɟəɡɟŬ 142049.54 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ɀɨəɞɜɞɠ 619436.40 4143738.92 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ȯɜŭɟɞɠ 573767.86 4187931.69 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ɉɎɟŰɖɠ 3.14: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ Ƚɞɨɜɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.6: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ Ƚɞɨɜɘɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

2010 ɆɘɎŰɘůŰŬ 290719.12 4456496.61 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2003 ȼɚŮɑŬ 266769.60 4186437.27 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2006 ȸɧɚɞɠ 409549.14 4358023.81 ȷɜŮɛɞɗɨŮɚɚŬ   

2010 ȾɏɟəɡɟŬ 142049.54 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2006 ȻɎəɡɜɗɞɠ 225476.84 4186292.07 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2006 ȼɚŮɑŬ 266769.60 4186437.27 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2011 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2007 ɄɘŮɟɑŬ 370696.91  4457724.29  ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ɉɎɟŰɖɠ 3.15: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ Ƚɞɨɚɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.7: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ Ƚɞɨɚɘɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

2013 Ʌɑɞ ȷɜŰɑɟɟɘɞ 305397.27 4243788.74 ȷɜŮɛɞɗɨŮɚɚŬ   

1927 ȸɞɡɚɘŬɔɛɏɜɖ 480344.45 4186021.54 ȷɜŮɛɞɗɨŮɚɚŬ   

1904 ȷɘɔŬɑɞ 652585.49 4128401.90 ȷɜŮɛɞɗɨŮɚɚŬ   

2005 ɄɘŮɟɑŬ 370696.91 4457724.29 ȷɜŮɛɞɗɨŮɚɚŬ   

2005 ȿɎɟɘůŬ 364146.52 4388197.74 ȷɜŮɛɞɗɨŮɚɚŬ   

1914 ȾɞɕɎɜɖ 311561.64 4463414.04 ȷɜŮɛɞɗɨŮɚɚŬ   

1983 ŪŮůůŬɚɞɜɑəɖ 412486.49 4485648.15 ȷɜŮɛɞɗɨŮɚɚŬ   

1983 ȾŬɓɎɚŬ 532224.91 4531365.33 ȷɜŮɛɞɗɨŮɚɚŬ 7 

1983 ȸɧɚɞɠ 409549.14 4358023.82 ȷɜŮɛɞɗɨŮɚɚŬ   

2010 ȺɨɓɞɘŬ 517051.74 4238533.87 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2002 Ⱥɚ. ȸŮɜɘɕɏɚɞɠ 495606.12 4198357.80 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2008 ɄɏɚɚŬ 356742.69 4506282.40 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2011 ȾɏɟəɡɟŬ 142049.54 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

1905 ȾɟɖŰɘəɧ ˊ. 672912.63 3903625.32 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ɉɎɟŰɖɠ 3.16: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ ȷɨɔɞɡůŰɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.8: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ ȷɨɔɞɡůŰɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

2013 ɇɟɑəŬɚŬ 308132.43 4380195.00 ȷɜŮɛɞɗɨŮɚɚŬ   

2010 Ʌɏɗɡɛɜɞ 541149.04 3893375.43 ȷɜŮɛɞɗɨŮɚɚŬ   

2012 ȼɔɞɡɛŮɜɑŰůŬ 178919.28 4379480.59 ȷɜŮɛɞɗɨŮɚɚŬ   

2007 ɆəɘɎɗɞɠ 456805.93 4335421.89 ȷɜŮɛɞɗɨŮɚɚŬ   

2013 ȺɨɓɞɘŬ 517051.74 4238533.86 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2005 ɀŮů. əɧɚˊɞɠ 336680.86 4077609.75 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2004 ȾɏɟəɡɟŬ 142049.54 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2013 Ʉɐɚɘɞ 411620.37 4359171.63 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ɉɎɟŰɖɠ 3.17: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ ɆŮˊŰɏɛɓɟɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.9: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ ɆŮˊŰɏɛɓɟɘɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

1903 ȷɘɔŬɑɞ 652585.49 4128401.90 ȷɜŮɛɞɗɨŮɚɚŬ   

2003 ȾɏɟəɡɟŬ 142049.54 4392876.29 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

1998 ɁŬɡˊŬəŰɑŬ 275285.31 4278479.05 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2004 ȾŬɓɎɚŬ 532224.91 4531365.32 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2007 ŪŮůůŬɚɞɜɑəɖ 412486.49 4485648.15 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2010 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2010 ȸɧɟŮɘŬ ȾɟɐŰɖ 546559.15 3903660.33 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2006 ȼɔɞɡɛŮɜɑŰůŬ 178919.28 4379480.59 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2010 ȾɨɗɖɟŬ 411715.61 4015761.60 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2006 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2013 ȾɑůůŬɛɞɠ 468607.23 3927747.52 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2013 ŪɎůɞɠ 556378.37 4507426.87 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2010 ȾŮűŬɚɞɜɘɎ 193153.55 4224616.56 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2010 ȻɎəɡɜɗɞɠ 225476.84 4186292.07 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ɉɎɟŰɖɠ 3.18: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ, ɔɘŬ Űɞ ɛɐɜŬ ɃəŰɩɓɟɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.10: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ ɃəŰɩɓɟɘɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

2010 Ⱦɜɤůɧɠ 605527.51 3906036.89 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2012 ȿŮɡəɎŭŬ 204951.83 4280799.64 ȷɜŮɛɞɗɨŮɚɚŬ   

2003 ȾɏɟəɡɟŬ 142049.54 4392876.29 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2006 ȺɨɓɞɘŬ 662047.86 4264194.06 ȷɜŮɛɞɗɨŮɚɚŬ   

2006 ȼɚŮɑŬ 274587.12 4172398.78 ȷɜŮɛɞɗɨŮɚɚŬ   

2013 Ʌɧŭɞɠ 866196.18 4036065.82 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2013 ȾɏɟəɡɟŬ 142049.54 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2005 Ʌɧŭɞɠ 866196.18 4036065.82 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2013 Ʌɧŭɞɠ 866196.18 4036065.82 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2013 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2013 ɆɖŰŮɑŬ 691666.33 3897962.11 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2003 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2006 ȾɟɐŰɖɠ 656251.55 3894969.39 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2006 ȿɏɟɞɠ 754322.23 4113655.52 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2008 Ʉɐɚɘɞ 411620.37 4359171.63 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2011 ȷɑɔɘɜŬ 456382.47 4176189.68 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 Ʌɧŭɞɠ 866196.18 4036065.82 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2006 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2007 ȾɏɟəɡɟŬ 142049.54 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2008 Ʌɏɗɡɛɜɞ 546970.50 3911980.45 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 

ŪɎɜŬŰɞɘ 

(ɆɡɜɏɢŮɘŬ) 

2009 ȼɚŮɑŬ 266769.60 4186437.27 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2007 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2011 ɄŬŰɟŬɥəɧɠ Ⱦ 293924.67 4241790.69 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2002 ȾɟɐŰɖ 508691.19 3902651.02 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2009 ȼɔɞɡɛŮɜɑŰůŬ 178919.28 4379480.59 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 Ɇɨɟɞɠ 584064.50 4141550.48 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

 

 

ɉɎɟŰɖɠ 3.19: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ ɔɘŬ Űɞ ɛɐɜŬ Ɂɞɏɛɓɟɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ɄɑɜŬəŬɠ 3.11: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ Ɂɞɏɛɓɟɘɞ. 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

2013 ɀŮůůɖɜɑŬ 293397.09 4128017.55 ȷɜŮɛɞɗɨŮɚɚŬ   

2013 ȷɢŬȶŬ 306147.53 4240624.52 ȷɜŮɛɞɗɨŮɚɚŬ   

2009 ȼɚŮɑŬ 274587.12 4172398.78 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2010 ȻɎəɡɜɗɞɠ 225476.84 4186292.07 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2002 ɀɞɜŮɛɓŬůɘɎ 408656.36 4058998.60 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2010 ȿɑɛɜɖ Ʉɚ/ŰɐɟŬ 306404.47 4352039.95 130km/h   

2006 ȸɧɚɞɠ 409549.14 4358023.81 71km/h   

2007 ȿɞɡŰɟɎəɘ 410440.24 4203593.28 ȷɜŮɛɞɗɨŮɚɚŬ   

2009 ȷɡɚɩɜŬ 473361.45 4233566.62 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2010 Ⱦ. ȺɚɚɎŭŬ 328537.52 4370954.84 African dust   

2009 ŪŮůůŬɚɞɜɑəɖ 412486.49 4485648.15 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   
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ɉɎɟŰɖɠ 3.20: ɆŰɞɜ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ əŬɘ Űɞ ɏŰɞɠ ˊɞɡ ůɡɜɏɓɖ əŬŰŬůŰɟɞűɘəɧ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ɎɜŮɛɞ ɔɘŬ Űɞ ɛɐɜŬ ȹŮəɏɛɓɟɘɞ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 

ŪɎɜŬŰɞɘ 

(ɆɡɜɏɢŮɘŬ) 

2011 ȾɎɓɞ ɁŰɧɟɞ 227491.37 4181286.89 119km/h   

2004 ȹɡŰɘəɐ ȾɟɐŰɖ 464558.38 3910510.53 ȷɜŮɛɞɗɨŮɚɚŬ   

2007 ȷɔɟɑɜɘɞ 269227.05 4275720.50 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2007 ȾŮűŬɚɞɜɘɎ 193153.55 4224616.56 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2008 ȼɚŮɑŬ 274587.12 4172398.78 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2007 ȸɧɚɞɠ 409549.14 4358023.81 funnel cloud   

2008 ȾɏɟəɡɟŬ 142049.54 4392876.29 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

1899 ȷŰŰɘəɐ 470778.43 4211414.99 ȷɜŮɛɞɗɨŮɚɚŬ   

1955 ɆŬɚŬɛɑɜŬ 455121.56 4196291.29 ȷɜŮɛɞɗɨŮɚɚŬ 1 

2008 ɄŬɟɜŬůůɧɠ 379912.55 4265830.07 180km/h   

2012 ɄɟɏɓŮɕŬ 218548.42 4317171.78 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2012 ȼɚŮɑŬ 274587.12 4172398.78 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2007 ɆŬɟɤɜɘəɧɠ 493761.50 4180113.99 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2007 Ɇɨɟɞɠ 584064.50 4141550.48 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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ɄɑɜŬəŬɠ 3.12: ȾŬŰŬůŰɟɞűɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ Űɞ ɛɐɜŬ ȹŮəɏɛɓɟɘɞ. 

 

ȰŰɞɠ ɄŮɟɘɞɢɐ ũ. ɛɐəɞɠ ũ. ˊɚɎŰɞɠ 
ȾŬŰŬůŰɟɞűɘəɧ 

űŬɘɜɧɛŮɜɞ 
ŪɎɜŬŰɞɘ 

2008 ɉŬɜɘɎ 502972.71 3928493.95 110km/h   

2010 ȼɚŮɑŬ 274587.12 4172398.78 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

2008 Ʌɧŭɞɠ 869343.90 4034284.45 ȷɜŮɛɞůŰɟɧɓɘɚɞɠ   

1966 ɀɖŰɟɩɞ ˊ. 408001.23 2975234.37 ɁŬɡɎɔɘɞ 240 

1969 ȾŮɟŬŰɏŬ 497994.91 4184272.42 ɄŰɩůɖ ȷ/űɞɡɠ 90 

1950 ȷɗɐɜŬ 475995.16 4203507.93 ȷɜŮɛɞɗɨŮɚɚŬ   

1979 ȳɚɡɛˊɞɠ 360651.00 4504357.17 ȷɜŮɛɞɗɨŮɚɚŬ 3  ɞɟŮɘɓ. 

1901 ɆŬɟɤɜɘəɧɠ 493761.50 4180113.99 ȷɜŮɛɞɗɨŮɚɚŬ   

1901 ɄŮɘɟŬɘɎɠ 461969.90 4203992.63 ȷɜŮɛɞɗɨŮɚɚŬ   

1901 Ʉɐɚɘɞ 411714.33 4359016.40 105km/h   

1901 ɄŬɟɜŬůůɧɠ 379912.55 4265830.07 148km/h   

2011 ɉŬɜɘɎ 502972.71 3928493.95 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2008 ȼɟɎəɚŮɘɞ 607494.19 3910589.58 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ȾɡˊŬɟɘůůɑŬ 293398.87 4125087.54 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2008 Ⱦɤɠ 773696.25 4075164.28 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ŪŮůˊɟɤŰɑŬ 188785.90 4377285.64 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2011 ɄŬŰɟ. əɞɚ. 293924.67 4241790.69 ɈŭɟɞůŰɟɧɓɘɚɞɠ   

2012 ȾɏɟəɡɟŬ 142049.54 4392876.29 ɈŭɟɞůŰɟɧɓɘɚɞɠ   
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4 ɆŰŬŰɘůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ ůŰŬɗɛɩɜ 

4.1 ɆŰŬŰɘůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ůŰŬɗɛɩɜ  

ɆŰɞ ˊŬɟŬˊɎɜɤ əŮűɎɚŬɘɞ ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ůŰŬɗɛɞɑ ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɔɘŬ Űɖɜ ůŰŬŰɘůŰɘəɐ 

ŮˊŮɝŮɟɔŬůɑŬ. ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ůŰŬɗɛɩɜ ɔɑɜŮŰŬɘ ůŮ ɛɖɜɘŬɑŬ ɓɎůɖ ɔɘŬ ɜŬ 

ɛˊɞɟɏůŮɘ ɜŬ ŮɝŬɢɗŮɑ ɞ ŬɜŮɛɞɚɞɔɘəɧɠ ɢŬɟŬəŰɐɟŬɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ȺɚɚɎŭɞɠ. ȼ ŭɘŬůˊɞɟɎ Űɤɜ 

ůŰŬɗɛɩɜ ůŰɞ ɢɩɟɞ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ŬˊɞŰɡˊɩůŮɘ ɛɘŬ ŰɏŰɞɘŬ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ, Ŭűɞɨ 

ɧˊɤɠ ˊŬɟŬˊɎɜɤ ˊŬɟŬŰɑɗŮŰŬɘ ůŮ ɢɎɟŰɖ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ɞɘ ůŰŬɗɛɞɑ ŮɑɜŬɘ 

ŭɘɎůˊŬɟŰɞɘ ůŮ ɧɚɞ Űɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, ŬˊɞŰŮɚɩɜŰŬɠ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŬɝɘɧˊɘůŰɞ 

ˊŬɟɎɔɞɜŰŬ ŮəŰɑɛɖůɖɠ Űɖɠ ŮɜɘŬɑŬɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ Ŭɜɏɛɞɡ. ȷˊɧ Űɖɜ ŮɝɏŰŬůɖ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ Űɞɡ Ŭɜɏɛɞɡ, ůɢŮŭɘɎɕɞɜŰŬɘ ɢɎɟŰŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɖɜ ŰŬɢɨŰɖŰŬ əŬɘ Űɡˊɘəɐ 

Ŭˊɧəɚɘůɖ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛɖɜɘŬɑŬ əŬɘ ŮˊɞɢɘŬəɐ əɚɑɛŬəŬ əŬɘ ŮˊɘˊɟɧůɗŮŰŬ ŬˊɞŰɡˊɩɜŮŰŬɘ əŬɘ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ Ŭɘɞɚɘəɞɨ ŭɡɜŬɛɘəɞɨ Űɞɡ ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ ɛŮ ˊɟɞůŬɟɛɞɔɐ ůŰɖɜ əŬŰŬɜɞɛɐ 

Weibull.  

4.1.1 ɀɖɜɘŬɑŬ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ȷˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ůŰŬɗɛɩɜ ŮɝɎɔɞɜŰŬɘ ɢɎɟŰŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɖɜ 

ɛɖɜɘŬɑŬ Űɘɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ. ȺɝɎɔŮŰŬɘ ɔɘŬ əɎɗŮ ɛɐɜŬ ɖ ɛɏůɖ Űɘɛɐ ɛɏůɤ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ Ɉŭɟɞɔɜɩɛɤɜ, ɧˊɞɡ əŬŰɎ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ɛɖɜɘŬɑɤɜ ɢɟɞɜɞůŮɘɟɩɜ Ŭˊɧ Űɘɠ 

ɖɛŮɟɐůɘŮɠ ůŮɘɟɏɠ ˊŬɟɎɔɞɜŰŬɘ ŬˊŮɡɗŮɑŬɠ ŰŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ 

ɧɚɤɜ Űɤɜ ɟɞˊɩɜ əŬɘ ɧɚɤɜ Űɤɜ əŬŰŬɜɞɛɩɜ. ȷˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ŮɝɎɔɞɜŰŬɘ ɛɖɜɘŬɑɞɘ ɢɎɟŰŮɠ 

ɔɘŬ Űɖɜ ŰŬɢɨŰɖŰŬ ŬɚɚɎ əŬɘ ɢɎɟŰŮɠ ŮˊɞɢɘəɧŰɖŰŬɠ ˊɞɡ ŭŮɑɢɜɞɡɜ Űɖ ɢɟɞɜɘəɐ ŭɘŬůˊɞɟɎ Űɖɠ 

ŮɝŮŰŬɕɧɛŮɜɖɠ ɛŮŰŬɓɚɖŰɐɠ. ɄŬɟŬəɎŰɤ ůŰɞ ˊŬɟɎɟŰɖɛŬ ȷ ˊɞɡ ŬəɞɚɞɡɗŮɑ, ˊŬɟŬŰɑɗŮŰŬɘ ˊɑɜŬəŬɠ 

ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ŰŬɢɨŰɖŰŬɠ ůŮ ɛɖɜɘŬɑŬ ɓɎůɖ ŬɚɚɎ əŬɘ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɛɏůɖɠ ŮŰɐůɘŬɠ 

ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŮ 66 ŮˊɘɚŮɔɛɏɜɞɡɠ ůŰŬɗɛɞɨɠ. ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ŮˊŮɝŮɟɔŬůɑŬ 

ˊɟɞəɨˊŰɞɡɜ ɞɘ ɢɎɟŰŮɠ 4.1-4.5, ɔɘŬ Űɖɜ ŮŰɐůɘŬ əŬɘ ŮˊɞɢɘŬəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ˊŬɟŬəɎŰɤ.  

ȷˊɧ Űɞɜ ɉɎɟŰɖ 4.1, ŮɛűŬɜɑɕŮŰŬɘ ɏɜŬ ŭɡŰɘəɧ ɛɏŰɤˊɞ Űɞɡ Ŭɜɏɛɞɡ ɛŮ Űɘɛɏɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ ɜŬ 

əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 0.5 ɏɤɠ 4.5 m/s ůŰŬ ŭɡŰɘəɎ ˊŬɟɎɚɘŬ Űɖɠ ȺɚɚɎŭɞɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɘɠ 

ˊŮɟɘɞɢɏɠ Űɖɠ ɓɞɟŮɘɞŭɡŰɘəɐɠ ȺɚɚɎŭɞɠ ɞɘ Űɘɛɏɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 0.5 ɏɤɠ 2.5 m/s, ŬɚɚɎ ɧůɞ Űɞ 

ɛɏŰɤˊɞ əŬŰŮɡɗɨɜŮŰŬɘ ˊɟɞɠ ŰŬ ɜɞŰɘɞŭɡŰɘəɎ ˊŬɟɎɚɘŬ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ, ŮˊɘŰŬɢɨɜŮŰŬɘ ɛŮ Űɘɠ 

Űɘɛɏɠ ɜŬ űŰɎɜɞɡɜ ɏɤɠ əŬɘ ŰŬ 4.5 m/s. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ ɞ ɎɜŮɛɞɠ əŬŰɎ Űɖɜ 

ˊɞɟŮɑŬ Űɞɡ ůŮ ŬɡŰɐɜ Űɖɜ əŬŰŮɨɗɡɜůɖ ŭŮɜ ůɡɜŬɜŰɎ əɎˊɞɘɞ Ůɛˊɧŭɘɞ Ŭˊɧ ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ ɐ 

ɞɟŮɞɔɟŬűɑŬ,  ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮˊɘŰŬɢɨɜŮŰŬɘ, ɛŮ Űɘɛɏɠ ɜŬ űŰɎɜɞɡɜ ɛɏɢɟɘ əŬɘ ŰŬ 5 m/s ůŰŬ 

ŭɡŰɘəɎ ˊŬɟɎɚɘŬ Űɖɠ ȾɟɐŰɖɠ. ȳůɞ ɞ ɎɜŮɛɞɠ ŭɘŮɘůŭɨŮɘ ůŰŬ ŮůɤŰŮɟɘəɎ Űɖɠ ŮɜŭɞɢɩɟŬɠ ɛŮɘɩɜŮŰŬɘ 

ɖ ŰŬɢɨŰɖŰɎ Űɞɡ ɚɧɔɤ Űɞɡ ɏɜŰɞɜɞɡ ɖˊŮɘɟɤŰɘəɞɨ ŬɜŬɔɚɨűɞɡ, ɛŮ Űɘɛɏɠ ɜŬ űŰɎɜɞɡɜ ɛɏɢɟɘ ŰŬ 3 

m/s ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ əŮɜŰɟɘəɐɠ ȺɚɚɎŭɞɠ əŬɘ Űɞ ɛɏŰɤˊɞ ŮˊɘŰŬɢɨɜŮŰŬɘ ɔɘŬ ɛɘŬ 

ŬəɧɛŬ űɞɟɎ əŬŰŮɡɗɡɜɧɛŮɜɞ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ ˊŬɟɎɚɘŬ Űɖɠ ɀ. ȷůɑŬɠ, Ŭűɞɨ ůŰɞ ŬɜɞɘɢŰɧ 

ˊɏɚŬɔɞɠ ɞ ɎɜŮɛɞɠ ŭŮɜ ůɡɜŬɜŰɎ əɎˊɞɘɞ Ůɛˊɧŭɘɞ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮˊɘŰŬɢɨɜŮŰŬɘ əŬɘ ɜŬ űŰɎɜŮɘ 

Űɘɠ ŰŬɢɨŰɖŰŮɠ Űɤɜ 8.0 m/s ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ əŮɜŰɟɘəɞɨ ȷɘɔŬɑɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞ ɜɖůɑ 

Űɖɠ ɁɎɝɞɡ əŬɘ ŬəɧɛŬ ɛŮɔŬɚɨŰŮɟŮɠ ŰŬɢɨŰɖŰŮɠ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖ ɜɞŰɘɞŭɡŰɘəɐ ȺɚɚɎŭŬ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ůŰɞ ɜɖůɑ Űɖɠ Ʌɧŭɞɡ. ɇŬɢɨŰɖŰŮɠ ˊŬɟɧɛɞɘŬɠ əɚɑɛŬəŬɠ ŮɛűŬɜɑɕɞɜŰŬɘ əŬɘ ůŰŬ 

ɜɖůɘɎ ɆŬɜŰɞɟɑɜɖ, ɀɨəɞɜɞɠ, ȾɐɗɡɟŬ əŬɘ ȾɎɟˊŬɗɞ. Ⱥˊɑůɖɠ, ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ 
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ȺɚɚŬŭɘəɧ ɢɩɟɞ ŮɝŮŰɎɕŮŰŬɘ əŬɘ ɔɘŬ əɎɗŮ ɛɘŬ Ůˊɞɢɐ Űɞɡ ɢɟɧɜɞɡ, ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɜŬ 

ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɞɡɠ ɢɎɟŰŮɠ 4.2-4.5, ɧˊɤɠ űŬɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ.  

 

ɉɎɟŰɖɠ 4.1: ȺŰɐůɘɞ ŭŮɑɔɛŬ ŰŬɢɡŰɐŰɤɜ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ ȺɚɚɎŭŬ, ůŮ m/s. 

 

 

ɉɎɟŰɖɠ 4.2: Ⱥˊɞɢɘəɧ ŭŮɑɔɛŬ ŰŬɢɡŰɐŰɤɜ, ɔɘŬ Űɞ ɢŮɘɛɩɜŬ ůŰɖɜ ȺɚɚɎŭŬ, ůŮ m/s.  

ɆŰɞɜ ɉɎɟŰɖ 4.2, ŬˊɞŰɡˊɩɜŮŰŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ Űɞ ɢŮɘɛɩɜŬ, ɛŮ Űɞ ɛɏŰɤˊɞ Űɞɡ 

Ŭɜɏɛɞɡ ɜŬ ŬɡɝɎɜŮŰŬɘ Ŭˊɧ ŰŬ ŭɡŰɘəɎ ˊɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ. ɆŰŬ ŭɡŰɘəɎ ˊŬɟɎɚɘŬ ɞ ɎɜŮɛɞɠ 
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əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0.5 ɏɤɠ 4 m/s ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ ɜŬ ŬɡɝɎɜŮŰŬɘ ˊɟɞɠ ŰŬ ɜɞŰɘɞŭɡŰɘəɎ ˊŬɟɎɚɘŬ Űɖɠ 

ɄŮɚɞˊɞɜɜɐůɞɡ əŬɘ Űɖ ŭɡŰɘəɐ ȾɟɐŰɖ. ɆŰɖɜ əŮɜŰɟɘəɐ ȺɚɚɎŭŬ ɞɘ ŰŬɢɨŰɖŰŮɠ ɛŮɘɩɜɞɜŰŬɘ ɚɧɔɤ 

Űɞɡ ɏɜŰɞɜɞɡ ŬɜŬɔɚɨűɞɡ, əɡɟɑɤɠ Ŭˊɧ Űɖɜ ɞɟɞůŮɘɟɎ Űɖɠ Ʉɑɜŭɞɡ, ɧˊɞɡ ůɡɜŮɢɑɕŮɘ ɜŬ 

ŮˊɘŰŬɢɨɜŮŰŬɘ ůŰɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ɏɢɞɡɜ ŬɜɞɘɢŰɧ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɧ ŬɜɎɔɚɡűɞ - ˊŮŭɘɎŭŮɠ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɖɠ ȿɎɟɘůŬɠ, Űɖɠ ȿŬɛɑŬɠ əŬɘ Űɖɠ ŪŮůůŬɚɑŬɠ əŬɘ ůɡɜŮɢɑɕŮɘ 

ɞɚɞɏɜŬ ŬɡɝŬɜɧɛŮɜɞ ůŰɞ ȷɘɔŬɑɞ ˊɏɚŬɔɞɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ, ůŰŬ ɜɖůɘɎ 

Űɤɜ ȾɡəɚɎŭɤɜ. ũɘŬ ɛɘŬ ŬəɧɛŬ űɞɟɎ ɞɘ ɛɏɔɘůŰŮɠ ŰŬɢɨŰɖŰŮɠ  Űɞɡ Ŭɜɏɛɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ 

ɜɖůɘɎ ɁɎɝɞɠ, ɀɐɚɞɠ, ȿɐɛɜɞɠ, ȾɐɗɡɟŬ, ɛŮ Űɘɠ ŰŬɢɨŰɖŰŮɠ ɜŬ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 6.5 ɏɤɠ 8 m/s 

əŬɘ Ůˊɑůɖɠ ŰŬɢɨŰɖŰŮɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 5 ɏɤɠ 6 m/s ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ɜɖůɘɎ ɆɎɛɞɠ, Ɇəɨɟɞɠ əŬɘ 

ɄɎɟɞɠ.  

 

ɉɎɟŰɖɠ 4.3: Ⱥˊɞɢɘəɧ ŭŮɑɔɛŬ ŰŬɢɡŰɐŰɤɜ ɔɘŬ Űɖɜ Ɏɜɞɘɝɖ ůŰɖɜ ȺɚɚɎŭŬ, ůŮ m/s. 

ȼ ŭɘŬűɞɟɎ ɛŮ Űɞ ɢŮɘɛɩɜŬ, ɉɎɟŰɖɠ 4.3, ŮɑɜŬɘ ɧŰɘ Ůɜɩ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ɑŭɘŬ ůɖɛŮɑŬ ɞɘ ɛɏɔɘůŰŮɠ 

Űɘɛɏɠ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ɖ ɑŭɘŬ ŬɜŮɛɞɚɞɔɘəɐ ůɡɛˊŮɟɘűɞɟɎ, ɛŮ Űɖɜ ŮˊɘŰɎɢɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ ŰŬ ŬɜŬŰɞɚɘəɎ ˊɟɞɠ ŰŬ  ŭɡŰɘəɎ ɞɘ ɛɏɔɘůŰŮɠ ŰŬɢɨŰɖŰŮɠ Űɞɡ Ŭɜɏɛɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮɘɤɛɏɜŮɠ əŬŰɎ 1 ɏɤɠ 2 m/s ůŰɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬ ɛɏɔɘůŰŬ ŬɚɚɎ 

əŬɘ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ˊŮɟɘɞɢɏɠ. Ƀɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ 

əŮɜŰɟɘəɧ ȷɘɔŬɑɞ əŬɘ ůŰɖɜ ŬɜŬŰɞɚɘəɐ ˊŮɟɘɞɢɐ Űɖɠ ȾɟɐŰɖɠ. ɆŰɖ ɓɧɟŮɘɞ ŬɜŬŰɞɚɘəɐ ŬɚɚɎ əŬɘ 

ɓɞɟŮɘɞŭɡŰɘəɐ ȺɚɚɎŭŬ ɞɘ Űɘɛɏɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 0.5 ɏɤɠ 2.5 m/s Ůɜɩ ůŰɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 5 ɏɤɠ 6.5 m/s.  

ɆŰɞ ɉɎɟŰɖ 4.4, ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ɜŬ əɡɛŬɑɜɞɜŰŬɘ ůŰɞ 

ɑŭɘɞ Ůɨɟɞɠ ɛŮ Űɖɜ Ůˊɞɢɐ Űɞɡ ɢŮɘɛɩɜŬ əŬɘ ůŰɘɠ ɑŭɘŮɠ ˊŮɟɘɞɢɏɠ. ũɘŬ ɛɘŬ ŬəɧɛŬ űɞɟɎ ůŰɞ 

əŮɜŰɟɘəɧ ȷɘɔŬɑɞ ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬ ɛɏɔɘůŰŬ ɛŮ Űɞ Ůɨɟɞɠ ɧɛɤɠ Űɘɛɩɜ ɜŬ ŮɑɜŬɘ Ŭˊɧ 6.5 ɏɤɠ 8.0 

m/s. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰŬ ɘůɢɡɟɎ ɛŮɚŰɏɛɘŬ ˊɞɡ ˊɜɏɞɡɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ Űɞɜ 

ɛɐɜŬ ȷɨɔɞɡůŰɞ əɡɟɑɤɠ, əŬɗɘůŰɩɜŰŬɠ ŰŬ ɜɖůɘɎ Űɞɡ əŮɜŰɟɘəɞɨ ȷɘɔŬɑɞɡ ɘŭɘŬɑŰŮɟŬ ŮˊɖɟŮŬůɛɏɜŬ 

Ŭˊɧ Űɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ. Ƀ ɎɜŮɛɞɠ ˊɜɏŮɘ Ŭˊɧ ŰŬ ŭɡŰɘəɎ, ŮˊɘŰŬɢɡɜɧɛŮɜɞɠ ˊɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ ɛŮ 

ŬɡɝŬɜɧɛŮɜɞ ɟɡɗɛɧ, ˊɚɖůɘɎɕɞɜŰŬɠ ŰŬɢɨŰɖŰŮɠ ˊɚɏɞɜ Űɤɜ 8 m/s ůŰɖɜ ŬɜŬŰɞɚɘəɐ ˊŮɟɘɞɢɐ Űɖɠ 



48 

 

ȾɟɐŰɖɠ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɞ ɢɩɟɞ ŬɜɎɛŮůŬ ůŰɖɜ ŬɜŬŰɞɚɘəɐ ȾɟɐŰɖ əŬɘ ůŰŬ ŭɡŰɘəɎ ˊŬɟɎɚɘŬ Űɖɠ 

ɀ. ȷůɑŬɠ.  

 

ɉɎɟŰɖɠ 4.4: Ⱥˊɞɢɘəɧ ŭŮɑɔɛŬ ŰŬɢɡŰɐŰɤɜ ɔɘŬ Űɞ əŬɚɞəŬɑɟɘ ůŰɖɜ ȺɚɚɎŭŬ, ůŮ m/s. 

 

ɉɎɟŰɖɠ 4.5: Ⱥˊɞɢɘəɧ ŭŮɑɔɛŬ ŰŬɢɡŰɐŰɤɜ ɔɘŬ Űɞ űɗɘɜɧˊɤɟɞ ůŰɖɜ ȺɚɚɎŭŬ, ůŮ m/s. 

ȼ ɑŭɘŬ ůɡɛˊŮɟɘűɞɟɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ɔɘŬ Űɞ űɗɘɜɧˊɤɟɞ ɉɎɟŰɖɠ 4.5, ůŰɞ ŬɜŮɛɞɚɞɔɘəɧ 

əŬɗŮůŰɩɠ Űɖɠ ȺɚɚɎŭɞɠ, ɛŮ Űɞɜ ɎɜŮɛɞ ɜŬ ŮˊɘŰŬɢɨɜŮŰŬɘ Ŭˊɧ ŰŬ ŬɜŬŰɞɚɘəɎ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ, ɛŮ 
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Űɘɠ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ əŬɘ ůŰɖɜ ŬɜŬŰɞɚɘəɐ ˊŮɟɘɞɢɐ Űɖɠ 

ȾɟɐŰɖɠ ŬɜɎɛŮůŬ ůŰɖɜ ȾɟɐŰɖ əŬɘ ůŰŬ ˊŬɟɎɚɘŬ Űɖɠ ɀ. ȷůɑŬɠ. Ƀɘ ŰŬɢɨŰɖŰŮɠ Űɞɡ Ŭɜɏɛɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮɘɤɛɏɜŮɠ əŬŰɎ 2 - 3 m/s ůŮ ɛɏɔɘůŰɖ Űɘɛɐ, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ŭɡɜŬɛɘəɧ Űɖɠ 

ȺɚɚɎŭɞɠ ɛŮɘɩɜŮŰŬɘ Űɖɜ Ůˊɞɢɐ Űɞɡ űɗɘɜɞˊɩɟɞɡ. 

ȷˊɧ Űɞɡɠ ˊŬɟŬˊɎɜɤ ɢɎɟŰŮɠ 4.1-4.5, ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɞ ɎɜŮɛɞɠ ŮɛűŬɜɑɕŮɘ ˊŬɟɧɛɞɘŬ 

ůɡɛˊŮɟɘűɞɟɎ ůŮ Ůˊɞɢɘəɐ ɢɟɞɜɘəɐ əɚɑɛŬəŬ, ɛŮ Űɘɠ ŭɘŬűɞɟɏɠ ŬɜɎɛŮůŬ ůŰɘɠ Ůˊɞɢɏɠ ɜŬ 

ŮɛűŬɜɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŰɞ Ůɨɟɞɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ, Ŭˊɧ ˊŮɟɘɞɢɐ ůŮ ˊŮɟɘɞɢɐ, ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖ 

ŭɘŬűɞɟŮŰɘəɧŰɖŰŬ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ, Ŭˊɧ Ůˊɞɢɐ ůŮ Ůˊɞɢɐ. Ƀɘ ŰŬɢɨŰɖŰŬ Űɞɡ 

Ŭɜɏɛɞɡ, ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɛŮ ůɖɛŬɜŰɘəɧŰŮɟɖ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ 

ˊɞɡ ŮɛűŬɜɑɕŮɘ ŭɘŬűɞɟŮŰɘəɧŰɖŰŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ůˊɞɢɐ. Ƀɘ ŭɘŬűɞɟɏɠ, ůŮ ˊŮɟɘɞɢɏɠ ɡɣɖɚɞɨ əŬɘ 

ɢŬɛɖɚɞɨ ɓŬɟɞɛŮŰɟɘəɞɨ ŬˊɞŰŮɚɞɨɜ ŭɘŬűɞɟɏɠ ůŰɘɠ ŬŰɛɞůűŬɘɟɘəɏɠ ˊɘɏůŮɘɠ ˊɞɡ ˊɟɞəŬɚɞɨɜ 

ŮˊɘŰɎɢɡɜůɖ ɐ ɛɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛŮɔŬɚɨŰŮɟɖ əɚɑɛŬəŬ. ɀŮ ɏɛɛŮůɞ Űɟɧˊɞ, ɖ 

ŭɘŬűɞɟɎ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ Ŭˊɧ Űɞ ɓɟɞɢɞɛŮŰɟɘəɧ əŬɗŮůŰɩɠ əɎɗŮ ˊŮɟɘɞɢɐɠ, ˊɞɡ ůɖɛŬɑɜŮɘ 

ɧŰɘ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ɏɜŰɞɜŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ ŮɑɜŬɘ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ɢŬɛɖɚɎ 

ɓŬɟɞɛŮŰɟɘəɎ ŬŰɛɞůűŬɘɟɘəɩɜ ˊɘɏůŮɤɜ, ɧˊɞɡ ɖ ˊŮɟɘɞɢɐ ɡɣɖɚɩɜ ˊɘɏůŮɤɜ ˊɟɞůˊŬɗɩɜŰŬɠ ɜŬ 

ŮɝɘůɞɟɟɞˊɐůŮɘ Űɖ ŭɘŬűɞɟɎ ŬɡŰɐ Űɤɜ ˊɘɏůŮɤɜ, ŮˊɘŰŬɢɨɜŮɘ Űɞɜ ɎɜŮɛɞ ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŰŬɢɨŰɖŰɎ 

Űɞɡ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɖ ŭɘŬűɞɟɎ ŬɡŰɐ ŮɑɜŬɘ ɛŮɔɎɚɖ, ŮɑɜŬɘ ˊɞɚɨ ˊɘɗŬɜɧ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ 

ŬɜŮɛɞůŰɟɧɓɘɚɞɑ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ŬɜɡˊɞɚɧɔɘůŰŮɠ əŬŰŬůŰɟɞűɏɠ əŬɘ ɜŬ əɞůŰɑůɞɡɜ 

ɕɤɏɠ. ɆŰɞ ˊŬɟɎɟŰɖɛŬ ȸ1 ˊŬɟŬŰɑɗŮɜŰŬɘ ɢɎɟŰŮɠ ɔɘŬ Űɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ əɎɗŮ 

ɛɐɜŬ ɔɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɜɧɖůɖ Űɞɡ ŬɜŮɛɞɚɞɔɘəɞɨ əŬɗŮůŰɩŰɞɠ ůŰɞ ȺɚɚŬŭɘəɧ ɢɩɟɞ.    

4.1.2 ɀɖɜɘŬɑŬ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ.   

ũɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɜɧɖůɖ Űɤɜ ŬɜŮɛɞɚɞɔɘəɩɜ ŭɘŬűɞɟɩɜ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ əŬɘ 

ɔɘŬ Űɖɜ Ůˊɘůəɧˊɖůɖ Űɤɜ ŭɘŬűɞɟɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ Ůɨɟɞɠ Űɤɜ ŰŬɢɡŰɐŰɤɜ Ŭˊɧ ˊŮɟɘɞɢɐ 

ůŮ ˊŮɟɘɞɢɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ ɔɘŬ əɎɗŮ ˊŮɟɘɞɢɐ əŬɘ ɔɘŬ 

əɎɗŮ ɛɐɜŬ, ŬɚɚɎ əŬɘ ůŮ ŮŰɐůɘɞ ŮˊɑˊŮŭɞ. ɄŬɟŬəɎŰɤ ůŰɞ ˊŬɟɎɟŰɖɛŬ ȷ ˊɞɡ ŬəɞɚɞɡɗŮɑ,  

ˊŬɟŬŰɑɗŮŰŬɘ ˊɑɜŬəŬɠ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ Űɡˊɘəɩɜ ŬˊɞəɚɑůŮɤɜ ɔɘŬ əɎɗŮ ɛɐɜŬ əŬɘ ŮŰɐůɘŬ 

ɔɘŬ Űɞɡɠ ɡˊɧ ŮɝɏŰŬůɖ ůŰŬɗɛɞɨɠ. ȷˊɧ Űɞɜ ˊɑɜŬəŬ Űɞɡ ˊŬɟŬɟŰɐɛŬŰɞɠ ȷ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ Űɡˊɘəɐ 

Ŭˊɧəɚɘůɖ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ Űɘɛɏɠ 0.33 ɏɤɠ 2.76 m/s ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ɡˊɧ ŮɝɏŰŬůɖ ůŰŬɗɛɞɨɠ, ɛŮ 

Űɘɠ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŰŬ ɜɖůɘɎ ɛŮ Ůɨɟɞɠ Ŭˊɧ 1.00 ɏɤɠ 2.76 m/s ŬɚɚɎ 

əŬɘ ůŰɞɡɠ ˊŬɟŬɗŬɚɎůůɘɞɡɠ ůŰŬɗɛɞɨɠ. Ƀɘ ɡˊɧɚɞɘˊɞɘ ůŰŬɗɛɞɑ ŮɛűŬɜɑɕɞɡɜ ˊɞɚɨ ɚɘɔɧŰŮɟŮɠ 

ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ ůŮ ɛɖɜɘŬɑŬ ŬɚɚɎ əŬɘ ůŮ ŮŰɐůɘŬ ɓɎůɖ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ 

əɡɟɑɤɠ ůŰɞ ɏɜŰɞɜɞ ɖˊŮɘɟɤŰɘəɧ ŬɜɎɔɚɡűɞ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ɞɘ ɖˊŮɘɟɤŰɘəɞɑ ůŰŬɗɛɞɑ ůŰɞɜ 

ȺɚɚŬŭɘəɧ ɢɩɟɞ ɛŮ Űɞɜ ɎɜŮɛɞ ɜŬ ŮɛˊɞŭɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɞɟŮɞɔɟŬűɑŬ əŬɘ Ŭˊɧ Űɘɠ ɣɖɚɏɠ 

ɞɟɞůŮɘɟɏɠ Űɖɠ ŭɡŰɘəɐɠ ȺɚɚɎŭɞɠ, ɜŬ ŬˊɞəŰɐůŮɘ ɡɣɖɚɐ Űɘɛɐ. ɄŬɟɎɚɚɖɚŬ, ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ 

ȷɘɔŬɑɞɡ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ əŮɜŰɟɘəɞɨ ȷɘɔŬɑɞɡ ůŰɖɜ ɜɖůɘɤŰɘəɐ ɢɩɟŬ, ɞ ɎɜŮɛɞɠ 

ŭŮɜ ˊŬɟŮɛˊɞŭɑɕŮŰŬɘ Ŭˊɧ  ŮɛˊɧŭɘŬ əŬŰɎ Űɖ ŭɘɏɚŮɡůɐ Űɞɡ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ 

ˊɞɚɨ ɡɣɖɚɏɠ Űɘɛɏɠ əŬɘ Ůˊɞɛɏɜɤɠ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ ɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮ ŮɜŰɞɜɧŰŮɟɞ Űɟɧˊɞ 

(ŭɘŬůˊɞɟɎ ŭŮɑɔɛŬŰɞɠ). ɆŰɞɜ ɉɎɟŰɖ 4.6, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ 

Ŭɜɏɛɞɡ (Űɡˊɘəɐ Ŭˊɧəɚɘůɖ-ŭɘŬůˊɞɟɎ) ůŮ ŮŰɐůɘŬ ɓɎůɖ, ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŮˊɞˊŰɘəɧŰɖŰŬ Űɞɡ 

ˊŬɟŬˊɎɜɤ ůɡɛˊŮɟɎůɛŬŰɞɠ. 
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ɉɎɟŰɖɠ 4.6: ȺŰɐůɘŬ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ ȺɚɚɎŭŬ, ůŮ m/s.. 

ȷˊɧ Űɞɜ ɉɎɟŰɖ 4.6, ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɞɘ ˊŮɟɘɞɢɏɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ ůŮ 

ŮŰɐůɘŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ ŭɘŬəɟɘŰɧŰɖŰŬ 

ɧůɞɜ ŬűɞɟɎ ůŰɖɜ Űɘɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ. ȳɚɞɘ ɞɘ ˊŬɟŬɗŬɚɎůůɘɞɘ ůŰŬɗɛɞɑ əŬɘ 

əɡɟɑɤɠ ɞɘ ɜɖůɘɤŰɘəɞɑ ŮɛűŬɜɑɕɞɡɜ ɛŮɔɎɚɖ ŬɜɞɛɞɘɞɛɞɟűɑŬ ůŰɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ. Ƀɘ 

ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬűɞɟɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ɜɖůɘɎ Űɞɡ ȷɘɔŬɑɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖ ɆŬɜŰɞɟɑɜɖ, 

ůŰɖ ɀɐɚɞ, ůŰɖɜ ȾɎɟˊŬɗɞ, ůŰɖ ɁɎɝɞ, ůŰɖ ȿɐɛɜɞ, ůŰɖ ɀɨəɞɜɞ, ůŰɖɜ Ⱦɤ, ůŰɖ ɀɡŰɘɚɐɜɖ, ůŰɖ 

Ʌɧŭɞ, ůŰɖ ɆɎɛɞ əŬɘ ůŰɖ Ɇɨɟɞ. Ⱥˊɑůɖɠ, ɡɣɖɚɏɠ Űɘɛɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ȾɐɗɡɟŬ, ˊɞɡ Ŭˊɧ 

Ůˊɞɢɐ ůŮ Ůˊɞɢɐ, ŬɡɝɎɜŮŰŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, Ŭˊɧ Űɞ ɛɏŰɤˊɞ Űɞ ɞˊɞɑɞ əŬŰɏɟɢŮŰŬɘ Ŭˊɧ 

ŰŬ ŭɡŰɘəɎ, ɛŮ əŬŰŮɨɗɡɜůɖ Űɖ ȻɎəɡɜɗɞ əŬɘ Űɖ ȾŮűŬɚɞɜɘɎ. ɇɏɚɞɠ, ɞɘ ɖˊŮɘɟɤŰɘəɏɠ ˊŮɟɘɞɢɏɠ ˊɞɡ 

ŮɛűŬɜɑɕɞɡɜ ɛŮɔɎɚɖ ŭɘŬəɨɛŬɜůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ, ŮɑɜŬɘ ɞɘ ɏɜŰɞɜŬ ˊŬɟŬɗŬɚɎůůɘɞɘ 

ůŰŬɗɛɞɑ ɐ ˊŮɟɘɞɢɏɠ ɛŮ ɐˊɘɞ ɖˊŮɘɟɤŰɘəɧ ŬɜɎɔɚɡűɞ, Ůˊɞɛɏɜɤɠ ŮɑɜŬɘ ˊŮɟɘɞɢɏɠ ˊɞɡ ŭŮɜ 

ŮɛˊɞŭɑɕŮŰŬɘ ɖ ŮˊɘŰɎɢɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ. ȷɡŰɏɠ ɞɘ ˊŮɟɘɞɢɏɠ 

ŮɑɜŬɘ ɖ ȽŮɟɎˊŮŰɟŬ, Űɞ ɇɡɛˊɎəɘ, ɖ Ⱦɨɛɖ, ɖ ɀŮɗɩɜɖ, ɖ ȾɞɕɎɜɖ, Űɞ Ʌɏɗɡɛɜɞ, ɖ ūɚɩɟɘɜŬ, ɞɘ 

ɆɏɟɟŮɠ əŬɘ ɖ ɆɖŰŮɑŬ. ɄŬɟŬəɎŰɤ, ůŰɞ ˊŬɟɎɟŰɖɛŬ ȸ2 ˊŬɟŬŰɑɗŮɜŰŬɘ ɢɎɟŰŮɠ ɔɘŬ Űɖ ɛɏůɖ Űɡˊɘəɐ 

Ŭˊɧəɚɘůɖ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ əɎɗŮ ɛɐɜŬ ŬɚɚɎ əŬɘ ɔɘŬ əɎɗŮ Ůˊɞɢɐ ɔɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɜɧɖůɖ 

Űɞɡ ŬɜŮɛɞɚɞɔɘəɞɨ əŬɗŮůŰɩŰɞɠ ůŰɞ ȺɚɚŬŭɘəɧ ɢɩɟɞ.    

4.1.3   ɀɖɜɘŬɑŬ ˊŬɟŬɔɤɔɐ Űɞɡ Ŭɘɞɚɘəɞɨ ŮɜŮɟɔŮɘŬəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ.   

ȼ ŮɝɏŰŬůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ 

Űɞɡ Ŭɘɞɚɘəɞɨ ŮɜŮɟɔŮɘŬəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ȺɚɚɎŭŬ, ɛŮ Űɖɜ ŮɨɟŮůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ˊŮɟɘɞɢɩɜ 

ɛŮ ɏɜŰɞɜŬ ŬɜŮɛɞɚɞɔɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ, ɩůŰŮ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ɡˊɞɣɐűɘŮɠ ˊŮɟɘɞɢɏɠ ůŰɘɠ 

ɞˊɞɑŮɠ ɗŬ ɛˊɞɟɞɨůŬɜ ŮɔəŬŰŬůŰŬɗɞɨɜ ŬɡŰɧɜɞɛŮɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ ɐ ɜŬ ɔɑɜɞɡɜ ŬɘɞɚɘəɎ ˊɎɟəŬ 

ɛŮ ůɡůŰɞɘɢɑŮɠ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ. ȼ ůɖɛŮɟɘɜɐ ŮɜŮɟɔŮɘŬəɐ ˊŬɟŬɔɤɔɐ ɔɑɜŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ 

ɞɟɡəŰɎ əŬɨůɘɛŬ ůŮ ˊɞɚɨ ɛŮɔɎɚɞ ˊɞůɞůŰɧ, ɧˊɤɠ ŮɑɜŬɘ ɞ ɚɘɔɜɑŰɖɠ, ɞɘ ɔŬɘɎɜɗɟŬəŮɠ əŬɘ Űɞ 

ˊŮŰɟɏɚŬɘɞ. ɇŬ ɞɟɡəŰɎ ŬɡŰɎ əŬɨůɘɛŬ ŭŮɜ ɓɟɑůəɞɜŰŬɘ ůŮ ŬűɗɞɜɑŬ ůŰɖ űɨůɖ ŬɚɚɎ əŬɘ ɖ 

ŮɜŮɟɔŮɘŬəɐ ˊŬɟŬɔɤɔɐ Űɞɡɠ ŭŮɜ ŮɑɜŬɘ əŬɗɧɚŬ űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ 
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ŬˊɞŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɘɠ Ůəˊɞɛˊɏɠ Űɤɜ ŬŮɟɑɤɜ ŬɡŰɩɜ əŬŰɎ Űɖɜ ŮɝŬɔɤɔɐ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ɞɟɡəŰɩɜ ŬɡŰɩɜ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŮɝɞɟɨůůɞɜŰŬɘ ŬɡŰɎ ŰŬ ɡɚɘəɎ ɞ ɞˊɞɑɞɠ 

ŭŮɜ ŮɑɜŬɘ əŬɗɧɚɞɡ űɘɚɘəɧɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ. Ⱥˊɑůɖɠ, ɞɘ ˊɖɔɏɠ ŬɡŰɏɠ ŮɜɏɟɔŮɘŬɠ ŭŮɜ ŮɑɜŬɘ 

ŬɜŮɝɎɜŰɚɖŰŮɠ, ŬɚɚɎ ˊŮˊŮɟŬůɛɏɜŮɠ ˊɞɡ ůɖɛŬɑɜŮɘ, ɧŰɘ ŭŮɜ ɓɟɑůəɞɜŰŬɘ ůŮ ŬűɗɞɜɑŬ ůŰɖ űɨůɖ, 

ŬɚɚɎ ɡˊɎɟɢɞɡɜ ůɡɔəŮəɟɘɛɏɜŬ əɞɘŰɎůɛŬŰŬ ůŰŬ ɏɔəŬŰŬ Űɖɠ ɔɖɠ. Ⱥˊɑůɖɠ, ɖ ŰŮɢɜɞɚɞɔɑŬ ɏɢŮɘ 

ŭɩůŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ůŰɞɜ Ɏɜɗɟɤˊɞ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮəɛŮŰŬɚɚŮɡŰŮɑ ŰŬ əɞɘŰɎůɛŬŰŬ ŬɡŰɎ ůŮ 

ůɡɔəŮəɟɘɛɏɜŬ ɓɎɗɖ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ ŮˊɘˊɟɧůɗŮŰŬ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ŬɡŰɩɜ, 

Ŭűɞɨ ŮɑɜŬɘ ůɡɔəŮəɟɘɛɏɜŬ ŰŬ ɧɟɘŬ Űɞɡ ɓɎɗɞɡɠ ɛɏɢɟɘ ŰŬ ɞˊɞɑŬ ɞ Ɏɜɗɟɤˊɞɠ ɛˊɞɟŮɑ ɜŬ əɎɜŮɘ 

ŬůűŬɚɐ əŬɘ ɞɘəɞɜɞɛɘəɐ Ůɝɧɟɡɝɖ. ȼ ŭɘŬŭɘəŬůɑŬ ůŰŬɛŬŰɎŮɘ ɧŰŬɜ Űɞ əɧůŰɞɠ ɔɘŬ Űɖɜ Ůɝɧɟɡɝɖ 

ɡˊŮɟɓŬɑɜŮɘ Űɖ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ əŬɡůɑɛɞɡ, ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ əŬɗɘůŰɎ ŬˊŬɔɞɟŮɡŰɘəɐ Űɖɜ 

Ůɝɧɟɡɝɖ Ŭˊɧ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ. ɇɏɚɞɠ, ɖ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ ɞɟɡəŰɩɜ ŬɡŰɩɜ əŬɡůɑɛɤɜ Ŭˊɧ 

Űɖ űɨůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɐŭɖ ɔɘŬ ŬɟəŮŰɏɠ ŭŮəŬŮŰɑŮɠ, ɛŮ Űɞɜ Ɏɜɗɟɤˊɞ ɜŬ ɏɢŮɘ ŮəɛŮŰŬɚɚŮɡŰŮɑ 

ɛŮɔɎɚɞ ɛɏɟɞɠ Ŭˊɧ Űɘɠ ŭɘŬɗɏůɘɛŮɠ ˊɞůɧŰɖŰŮɠ ŰŬ ŰŮɚŮɡŰŬɑŬ 150 ɢɟɧɜɘŬ ɛŮ ŬˊɞəɞɟɨűɤɛŬ ŰŬ 

ŰŮɚŮɡŰŬɑŬ 50 ɢɟɧɜɘŬ, ɔŮɔɞɜɧɠ ˊɞɡ ɏɢŮɘ ŮˊɘŰŬɢɡɜɗŮɑ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ, ŬɚɚɎ əŬɘ 

Ŭˊɧ Űɖɜ ŬɚɛŬŰɩŭɖ ŰŮɢɜɞɚɞɔɘəɐ ˊɟɧɞŭɞ. ɀŮɚɏŰŮɠ ŭŮɘəɜɨɞɡɜ, ɧŰɘ Űɖɜ ŮˊɧɛŮɜɖ ŰɟɘŬəɞɜŰŬŮŰɑŬ 

ŰŬ ŬˊɞɗɏɛŬŰŬ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ɗŬ ɏɢɞɡɜ ŮɝŬɚŮɘűɗŮɑ əŬɘ ɧŰɘ ɐŭɖ ŭɘŬɜɨɞɡɛŮ Űɖɜ ˊŮɟɑɞŭɞ ˊɞɡ 

ɏɢɞɡɛŮ ɝŮˊŮɟɎůŮɘ ŰŬ ɛɏɔɘůŰŬ ŭɘŬɗɏůɘɛŬ ŬˊɞɗɏɛŬŰŬ əŬɘ ɓɟɘůəɧɛŬůŰŮ ɐŭɖ ůŰɖɜ űɗɑɜɞɡůŬ 

ˊŬɟɘɎ  Űɖɠ əŬɛˊɨɚɖɠ ŬˊɞɗŮɛɎŰɤɜ əŬɘ ɢɟɧɜɞɡ, ŮɜɜɞɩɜŰŬɠ ɧŰɘ ŰŬ ŭɘŬɗɏůɘɛŬ ŬˊɞɗɏɛŬŰŬ ɞɚɞɏɜŬ 

əŬɘ ˊŮɟɘɞɟɑɕɞɜŰŬɘ. ũŮɔɞɜɧɠ ˊɞɡ ŬˊɞŭŮɘəɜɨŮɘ Űɞɜ ˊŬɟŬˊɎɜɤ ɘůɢɡɟɘůɛɧ ŬˊɞŰŮɚŮɑ əŬɘ ɖ Ŭɨɝɖůɖ 

Űɖɠ Űɘɛɐɠ Űɤɜ əŬɡůɑɛɤɜ Űɖɜ ŰŮɚŮɡŰŬɑŬ ˊŮɜŰŬŮŰɑŬ ůŮ ɞɚɧəɚɖɟɞ Űɞɜ əɧůɛɞ, Ŭűɞɨ ɖ 

ɞɘəɞɜɞɛɘəɐ-ŰŮɢɜɞəɟŬŰɘəɐ ɜɞɞŰɟɞˊɑŬ, ˊɟŮůɓŮɨŮɘ Űɖɜ Ɏˊɞɣɖ ɧŰɘ ˊɟɞɥɧɜŰŬ ɛŮ ɛɘəɟɐ 

ŭɘŬɗŮůɘɛɧŰɖŰŬ əŬɘ ɛŮɔɎɚɖ ɕɐŰɖůɖ ŮɑɜŬɘ ˊɟɞɥɧɜŰŬ ůŰŬ ɞˊɞɑŬ ɖ Űɘɛɐ ɛɞɜɎŭɞɠ Űɞɡɠ ŬɡɝɎɜŮŰŬɘ 

ɛŮ Űɞ ˊɏɟŬůɛŬ Űɞɡ ɢɟɧɜɞɡ, ɧůɞ ɖ ůɢɏůɖ ˊŬɟŬɔɤɔɐɠ əŬɘ ɕɐŰɖůɖɠ ŮˊŮəŰŮɑɜŮŰŬɘ ůŮ ɓɎɗɞɠ 

ɢɟɧɜɞɡ. ȼ ŮɚŬůŰɘəɧŰɖŰŬ Ůˊɞɛɏɜɤɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ ŬɡŰɞɨ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ, Ŭűɞɨ ŭŮɜ 

ɡˊɎɟɢɞɡɜ ŮɜŬɚɚŬəŰɘəɏɠ ˊŮɟɘɞɢɏɠ ŮɜɏɟɔŮɘŬɠ, ůŰɘɠ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ŬˊŮɡɗɡɜɗŮɑ ɞ əŬŰŬɜŬɚɤŰɐɠ 

əŬɘ ˊŬɟɎɚɚɖɚŬ ɖ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ əŬɗɞɟɘůŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ 

Ůˊɘɓɑɤůɖ əŬɘ Űɖɜ əŬɗɖɛŮɟɘɜɧŰɖŰŬ Űɤɜ Ŭɜɗɟɩˊɤɜ.       

ȷˊɧ Űɞɡɠ ˊŬɟŬˊɎɜɤ ˊŬɟɎɔɞɜŰŮɠ ˊɟɞəɨˊŰŮɘ ɖ ŮˊɘŰŬəŰɘəɐ ŬɜɎɔəɖ ɔɘŬ ůŰɟɞűɐ ˊɟɞɠ ɎɚɚŮɠ 

ŮɜŮɟɔŮɘŬəɏɠ ˊɞɚɘŰɘəɏɠ əŬɘ ŭɖ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ (ȷɄȺ), ˊɞɡ 

ŮɑɜŬɘ ɖ ŮəɛŮŰɎɚɚŮɡůɖ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ɛŮ űɘɚɘəɧ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɟɧˊɞ, ŬɚɚɎ əŬɘ ɞɘ 

űɡůɘəɏɠ ɛɞɟűɏɠ ŮɜɏɟɔŮɘŬɠ (Ŭɘɞɚɘəɐ, ɖɚɘŬəɐ, ɗŬɚɎůůɘŬ əŰɚ)  ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ 

ŬɜŮɝɎɜŰɚɖŰɞ ˊɚɞɨŰɞ, ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɛŮ Űɞɜ əŬŰɎɚɚɖɚɞ Űɟɧˊɞ. ȼ ˊŬɟŬˊɎɜɤ 

ŮɜŮɟɔŮɘŬəɐ ˊɞɚɘŰɘəɐ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ŭɑɜŮɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɓɐɛŬ ůŰɞɜ 

Űɟɧˊɞ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ, ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŮɚŬůŰɘəɧŰɖŰŬ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ, Ŭűɞɨ ɞ əŬŰŬɜŬɚɤŰɐɠ ˊɚɏɞɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞűŬůɑůŮɘ ɛŮ ˊɞɘɧɜ Űɟɧˊɞ ɗŬ 

ˊɟɞɛɖɗŮɨŮŰŬɘ Űɖɜ ŮɜɏɟɔŮɘŬ Űɞɡ. ȼ ŮɜŮɟɔŮɘŬəɐ ŬɡŰɐ ˊɞɚɘŰɘəɐ ŬˊɞŰŮɚŮɑ ɏɜŰɞɜɖ ˊɞɚɘŰɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɖɜ ŰŮɚŮɡŰŬɑŬ ˊŮɟɑˊɞɡ ŮɘəɞůŬŮŰɑŬ, ɛŮ ŬˊɞəɞɟɨűɤɛŬ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŭŮəŬŮŰɑŬ, 

ˊɞɡ ɔɑɜɞɜŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɏɠ ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ Űɞɡ 

Ŭɜɏɛɞɡ, Űɞɡ ɐɚɘɞɡ əŬɘ Űɞɡ ɜŮɟɞɨ ɛŮ ɡˊŮɟɓɞɚɘəɏɠ əŬɘ űɘɚɧŭɞɝŮɠ əŬŰŬůəŮɡɏɠ ˊɞɚɚɏɠ űɞɟɏɠ 

ŬɚɚɎ ɛŮ ɛɘəɟɧ ˊɞůɞůŰɧ ŮəɛŮŰɎɚɚŮɡůɖɠ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ. ȺˊɘˊɟɧůɗŮŰŬ,  ŭŮɜ 

ɡˊɎɟɢŮɘ ŭɡɜŬŰɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ, ˊɞɡ ŬˊɞŰŮɚŮɑ ˊɞɚɨ ůɖɛŬɜŰɘəɧ əŮűɎɚŬɘɞ 

əŬŰɎ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ. ȼ ŰŮɢɜɞɚɞɔɘəɐ ˊɟɧɞŭɞɠ ůŰɞ əɞɛɛɎŰɘ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ 

ˊɞɚɘŰɘəɐɠ ɛɏůɤ ȷɄȺ, ɓɟɑůəŮŰŬɘ ŬəɧɛŬ ůŮ ˊɟɩɘɛɞ ůŰɎŭɘɞ, ɢɤɟɑɠ ɜŬ ɡˊɎɟɢŮɘ ŭɡɜŬŰɧŰɖŰŬ, ɛŮ 

Űɘɠ ŮˊɘəɟŬŰɞɨůŮɠ ɡˊɞŭɞɛɏɠ, ɜŬ ŬɡŰɞɜɞɛɖɗŮɑ ŮɜŮɟɔŮɘŬəɎ ɛɘŬ ˊŮɟɘɞɢɐ ŮəɛŮŰŬɚɚŮɡɧɛŮɜɖ 

ŬˊɞəɚŮɘůŰɘəɎ ŬɜŬɜŮɩůɘɛɏɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ, ŮəŰɧɠ Ŭˊɧ əɎˊɞɘŮɠ ŮɝŬɘɟɏůŮɘɠ. Ƀ ɓɏɚŰɘůŰɞɠ 

ɞɘəɞɜɞɛɘəɞŰŮɢɜɘəɧɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŰɏŰɞɘɞɠ, ɩůŰŮ ɜŬ ůɡɛűɏɟŮɘ 

ŮɜŮɟɔŮɘŬəɎ ɛɘŬ ŰɏŰɞɘŬ ˊɞɚɘŰɘəɐ. 
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Ⱥˊɞɛɏɜɤɠ, ɔɘŬ ɛɘŬ ɛŮɚɚɞɜŰɘəɐ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ Ŭɘɞɚɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖɜ 

ȺɚɚɎŭŬ, ŬˊɞŰɡˊɩɜŮŰŬɘ ɢɎɟŰɖɠ ɞ ɞˊɞɑɞɠ ŬˊŮɘəɞɜɑɕŮɘ ůŮ ɘůɞ-ŮɜŮɟɔŮɘŬəɏɠ əŬɛˊɨɚŮɠ Űɞ ɛɏɔɘůŰɞ 

Ŭɘɞɚɘəɧ ŭɡɜŬɛɘəɧ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ Ŭˊɧ ɛɘŬ ˊŮɟɘɞɢɐ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ 

Ŭɜɏɛɞɡ, ůŮ ɛɖɜɘŬɑŬ ŬɚɚɎ əŬɘ ůŮ ŮŰɐůɘŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. Ƀɘ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ Űɞɡ Ŭɘɞɚɘəɞɨ 

ŭɡɜŬɛɘəɞɨ ŮɑɜŬɘ W/m
2
  ́ ɞɡ ŭŮɑɢɜŮɘ Űɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ Ŭˊɧ ɛɘŬ ˊŮɟɘɞɢɐ ŬɜɎ 

ŮˊɘűɎɜŮɘŬ ˊŰŮɟɤŰɐɠ, ɧˊɞɡ ɛˊɞɟŮɑ əɎɗŮ űɞɟɎ ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ ɖ ŬɜɤŰɏɟɤ Űɘɛɐ ɛŮ ɓɎůɖ Űɖ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬ (ˊɚɐɗɞɠ ˊŰŮɟɤŰɩɜ-ɎɜɞɘɔɛŬ ˊŰŮɟɤŰɩɜ) ŬɚɚɎ əŬɘ Űɞɡ 

ɨɣɞɡɠ ůŰɞ ɞˊɞɑɞ ŮɔəŬɗɑůŰŬŰŬɘ ɖ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬ. ȳůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ɡɣɧɛŮŰɟɞ, Űɧůɞ 

ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ əŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ɖ  ɞˊɞɑŬ ŬɡɝɎɜŮŰŬɘ ɓɎůŮɘ Űɖɠ ˊŬɟŬəɎŰɤ 

ɚɞɔŬɟɘɗɛɘəɐɠ ůɢɏůɖɠ:  

                                                                      ÌÎ   (4.1) 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ, ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ɐŰŬɜ ŬɜɖɔɛɏɜŬ ůŰɞ 

ŮˊɑˊŮŭɞ Űɤɜ 10 m, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ŬˊŬɘŰŮɑŰŬɘ ɖ ˊŬɟŬˊɎɜɤ ˊɟɞůŬɟɛɞɔɐ. Ⱥˊɞɛɏɜɤɠ, ɖ 

ŮɜɏɟɔŮɘŬ Űɞɡ Ŭɜɏɛɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ɛɏůɤ Űɖɠ əŬŰŬɜɞɛɐɠ Weibull ůŰɞ ŬɜɤŰɏɟɤ ŬɜŬűŮɟɧɛŮɜɞ 

ɡɣɧɛŮŰɟɞ, ˊɞɡ ŮɑɜŬɘ ɖ əŬŰŬɜɞɛɐ ˊɞɡ ˊŮɟɘůůɧŰŮɟɞ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŰɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ 

Ŭɜɏɛɞɡ, ůŮ ɛɖɜɘŬɑŬ ŬɚɚɎ əŬɘ ɖɛŮɟɐůɘŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (4.2): 

                                                            &Ø  ρ  Ὡ  (4.2) 

ȷˊɧ Űɖ ůɢɏůɖ ŬɡŰɐ (ȷɗɟɞɘůŰɘəɐ ůɡɜɎɟŰɖůɖ əŬŰŬɜɞɛɐɠ), ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɗŮɤɟɖŰɘəɐ ɘůɢɨɠ 

ˊɞɡ ɏɢŮɘ ɛɘŬ ˊŮɟɘɞɢɐ ɖ ɞˊɞɑŬ ɧɛɤɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ŬˊɞŭɩůŮɘ ɛɘŬ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬ. ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ Űɖɠ ˊɟŬɔɛŬŰɘəɧŰɖŰŬɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ˊŬɟŬəɎŰɤ Űɨˊɞɠ ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬˊɞɛŮɘɤŰɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ əŬɘ 

ŬˊɞŰŮɚŮɑ Űɖɜ ɞɜɞɛŬŰɘəɐ ɘůɢɨ ɛɘŬɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ: 

                                                           )  #ὲὲʍό (4.3) 

ɛŮ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Űɖɠ ˊŬɟŬˊɎɜɤ ůɢɏůɖɠ ɜŬ ŭɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ: 

C: ɆɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ 

nɀ: ȸŬɗɛɧɠ Ŭˊɧŭɞůɖɠ ɛɖɢŬɜɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

nȺ: ȸŬɗɛɧɠ Ŭˊɧŭɞůɖɠ ɖɚŮəŰɟɞɛɖɢŬɜɘəɐɠ ɛŮŰŬŰɟɞˊɐɠ 

ɟ: ɄɡəɜɧŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ (ůŰŬɗŮɟɐ əŬɘ ɑůɖ ɛŮ 1.225kg/m
3
) 

u: ɇŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ m/s. 

Ƀɘ ˊŬɟŬˊɎɜɤ ˊɟɞŬɜŬűŮɟɗɏɜŰŮɠ ůɡɜŰŮɚŮůŰɏɠ, ŬˊɞŰŮɚɞɨɜ ˊŬɟɎɔɞɜŰŮɠ ŬˊɞɛŮɘɤŰɘəɞɨɠ ɔɘŬ Űɖɜ 

Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɘůɢɨɞɠ ɛɘŬɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ ɔɘŬ ɛɘŬ ˊŮɟɘɞɢɐ əŬɘ ˊɟɞůŮɔɔɑɕɞɡɜ ɛŮ 

ɟŮŬɚɘůŰɘəɧ Űɟɧˊɞ Űɖɜ ˊɟŬɔɛŬŰɘəɐ Ŭˊɧŭɞůɖ ˊɞɡ ɛˊɞɟŮɑ ɛɘŬ ˊŮɟɘɞɢɐ ɜŬ ɏɢŮɘ. ȺˊɘˊɟɧůɗŮŰŬ, 

ůŰɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɛˊŮɟɘɚɖűɗŮɑ əŬɘ Űɞ ɧɟɘɞ Űɞɡ Betz ˊɞɡ ŬˊɞŭɑŭŮɘ 

Űɖɜ ɛɏɔɘůŰɖ ɘůɢɨ ˊɞɡ ɛˊɞɟŮɑ ɛɘŬ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬ ɜŬ ŬˊɞŭɩůŮɘ əŬɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

                                                               Ὅȟ    ʍό  (4.4) 

ɟ: ɄɡəɜɧŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ (ůŰŬɗŮɟɐ əŬɘ ɑůɖ ɛŮ 1.225 kg/m
3
) 

u: ɇŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ m/s. 
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ȷˊɧ Űɖɜ Ůɝɑůɤůɖ (4.4), ůɡɛˊŮɟŬɑɜɞɡɛŮ ɧŰɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ Ŭˊɧ Űɞ ˊɖɚɑəɞ 

Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ ˊɟɞɠ Űɖɜ ŮɘůŮɟɢɧɛŮɜɖ ŮɜɏɟɔŮɘŬ Űɞɡ ŬɏɟŬ. ɃɡůɘŬůŰɘəɎ 

ŮɑɜŬɘ ɞ ŬŮɟɞŭɡɜŬɛɘəɧɠ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ ˊŰŮɟɤŰɐɠ əŬɘ ɏɢŮɘ ɛɏɔɘůŰɞ ɧɟɘɞ Űɖɜ Űɘɛɐ C Ò 16/27 

= 0.593 (ɧɟɘɞ Betz, 1919). ɄɟŬəŰɘəɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ əŬɚɞɨ ůɢŮŭɘŬůɛɞɨ ɞ ůɡɜŰŮɚŮůŰɐɠ 

əɡɛŬɑɜŮŰŬɘ ůŰɞ 0.35. ɇɞ ɔɘɜɧɛŮɜɞ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Űɞɡ Ŭɟɢɘəɞɨ Űɨˊɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ 

ɘůɢɨɞɠ əɡɛŬɑɜŮŰŬɘ ůŮ ɛɘŬ ɛɏůɖ Űɘɛɐ Űɞɡ 0.90 ˊɞɡ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɚɧɔɞ Űɞɡ Betz, ˊɞɡ 

ŮəűɟɎɕŮɘ Űɞ ɛɏɔɘůŰɞ ɓŬɗɛɧ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ Ŭˊɧ Űɞ ůɨůŰɖɛŬ, ˊɟɞəɨˊŰŮɘ ɖ ŰŮɚɘəɐ 

ɘůɢɨɠ, Ŭɜ Űɖ ɗŮɤɟɖŰɘəɐ ɘůɢɨ Űɖɜ ŬˊɞɛŮɘɩůɤ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ Űɖɜ ɛŮ Űɞ ɔɘɜɧɛŮɜɞ Űɤɜ ŭɡɞ 

ůɡɜŰŮɚŮůŰɩɜ: 

ɇŮɚɘəɧɠ, ůɡɜŰŮɚŮůŰɐɠ = ɚɧɔɞɠ Űɞɡ Betz* ȸŬɗɛɧɠ Ŭˊɧŭɞůɖɠ ɛɖɢŬɜɘəɞɨ ůɡůŰɐɛŬŰɞɠ *ȸŬɗɛɧɠ 

Ŭˊɧŭɞůɖɠ ɖɚŮəŰɟɞɛɖɢŬɜɘəɐɠ ɛŮŰŬŰɟɞˊɐɠ = (16/27) nɀ nȺ = 0.593 * 0.90 = 0.533. ȷɡŰɧ 

ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ŰŮɚɘəɐ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɞ ɛɏɔɘůŰɞ ɓŬɗɛɧ Ŭˊɧŭɞůɖɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ɖ 

ɛɑůɖ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ŭɡɜŬɛɘəɞɨ ɛɘŬɠ ˊŮɟɘɞɢɐɠ, ůŮ ůɡɔəŮəɟɘɛɏɜɞ ɡɣɧɛŮŰɟɞ ɛɏŰɟɖůɖɠ. Ƀ 

ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɛɞɜɎŭɤɜ ŮɑɜŬɘ ůŮ W/m
2
 ɔɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ůŰɞɜ Űɨˊɞ ˊŬɟŬɚŮɑˊŮŰŬɘ ɞ 

ˊŬɟɎɔɞɜŰŬɠ ȷ: ŮˊɘűɎɜŮɘŬ ŬɜɞɑɔɛŬŰɞɠ ˊŰŮɟɤŰɐɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ 

ɡˊɞɚɞɔɘůɛɞɨ (m
2
) ˊɞɡ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ ɘůɢɨɠ ɗŬ ɡˊɞɚɞɔɑɕɞɜŰŬɜ ůŮ W. ũɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ŬɟəŮɑ ɞ Űɨˊɞɠ Űɖɠ ɘůɢɨɞɠ 

ɜŬ ˊɞɚɚŬˊɚŬůɘŬůŰŮɑ ɛŮ Űɘɠ ɩɟŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ əŬɘ Ůˊɞɛɏɜɤɠ Űɞ 

ŮɝŬɔɧɛŮɜɞ ŬˊɞŰɏɚŮůɛŬ ɗŬ ɏɢŮɘ ˊɚɏɞɜ ɛɞɜɎŭŮɠ Whrs ɐ ŬɜŰɑůŰɞɘɢŬ kWhrs. ɆŰɞ ˊŬɟɎɟŰɖɛŬ ȷ  

űŬɑɜŮŰŬɘ ɞ ˊɑɜŬəŬɠ  ɛŮ Űɞ ŮɜŮɟɔŮɘŬəɧ ŭɡɜŬɛɘəɧ Űɞɡ ŮɚɚŬŭɘəɞɨ ɢɩɟɞɡ ůŮ ɛɖɜɘŬɑŬ ŬɚɚɎ əŬɘ 

ŮŰɐůɘŬ ɓɎůɖ əŬɘ ɢɎɟŰɖɠ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɤɜ ˊŮɟɘɞɢɩɜ ɛŮ Űɖɜ ŭɘŬɗɏůɘɛɖ ŮɜɏɟɔŮɘŬ. 

Ⱥˊɑůɖɠ ˊŬɟŬŰɑɗŮŰŬɘ əŬɘ ɢɎɟŰɖɠ 4.7, ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ Ŭɘɞɚɘəɧ 

ŭɡɜŬɛɘəɧ Űɖɠ əɎɗŮ ˊŮɟɘɞɢɐɠ. H ŮɜɏɟɔŮɘŬ ŬˊɞŰɡˊɩɜŮŰŬɘ ɛɏůɤ Űɤɜ ɘůɞ - ŮɜŮɟɔŮɘŬəɩɜ 

əŬɛˊɨɚɤɜ  ́ ɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ əŬɘ ˊɟɞəɨˊŰɞɡɜ ůŮ əɎɗŮ ůŰŬɗɛɧ ɛɏůɤ Űɖɠ ɛŮɗɧŭɞɡ krigging.    

 

ɉɎɟŰɖɠ 4.7: ȺŰɐůɘɞ Ŭɘɞɚɘəɧ ŭɡɜŬɛɘəɧ ůŰɖɜ ȺɚɚɎŭŬ, ůŮ W/m
2
.  

ȷˊɧ Űɞɜ ɉɎɟŰɖ 4.7, ŮɑɜŬɘ ŮɛűŬɜɏɠ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ˊŮɟɘɞɢɏɠ ɛŮ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ ˊɞɡ ɏɢɞɡɜ 

ŬɜŬűŮɟɗŮɑ ůŮ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ɢɎɟŰŮɠ, ŬˊɞŰŮɚɞɨɜ əŬɘ ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ Ŭɡɝɖɛɏɜɖ 
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ŭɘŬɗɏůɘɛɖ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ. ȼ ɗŮɤɟɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɢɏůɖ 

(4.5): 

                                                       0  ὲὲ  ʍό (4.5) 

ɖ ɞˊɞɑŬ ˊɞɚɚŬˊɚŬůɘŬɕɧɛŮɜɖ ɛŮ Űɖɜ F(x) ˊɞɡ ɏɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ ɛɏůɤ Űɖɠ Weibull ɛŬɠ ŭɑɜŮɘ Űɖ 

ŭɘŬɗɏůɘɛɖ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ.  ɄŬɟŬəɎŰɤ ůŰɞ ˊŬɟɎɟŰɖɛŬ ȸ3 ˊŬɟŬŰɑɗŮɜŰŬɘ ɢɎɟŰŮɠ ɔɘŬ Űɖ ɛɏůɖ 

Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ, ɔɘŬ əɎɗŮ ɛɐɜŬ ŬɚɚɎ əŬɘ ůŮ ŮˊɞɢɘŬəɐ ɓɎůɖ, ɔɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɜɧɖůɖ 

Űɞɡ ŬɜŮɛɞɚɞɔɘəɞɨ əŬɗŮůŰɩŰɞɠ ůŰɞ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

4.1.4 ȺəŰɑɛɖůɖ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ůɢɐɛŬŰɞɠ (k) əŬɘ əɚɑɛŬəŬɠ (c, m/s) Ŭˊɧ Űɖɜ 

əŬŰŬɜɞɛɐ Weibull. 

ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ əŬŰŬɜɞɛɐɠ Weibull ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 

Űɖɠ əŬŰŬɜɞɛɐɠ ˊɞɡ ŮɑɜŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ůɢɐɛŬŰɞɠ k əŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ əɚɑɛŬəŬɠ c (m/s). Ƀ 

ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɡŰɩɜ, ˊŬɟŬŰɑɗŮŰŬɘ ɔɘŬ əɎɗŮ ɛɐɜŬ ŬɚɚɎ əŬɘ ɔɘŬ ɞɚɧəɚɖɟɞ Űɞ 

ɏŰɞɠ əŬɘ űŬɑɜŮŰŬɘ ɖ ŭɘŬəɨɛŬɜůɖ Űɤɜ ŮəŰɘɛɐůŮɤɜ ŬɜɎɛŮůŬ ůŮ ɖˊŮɘɟɤŰɘəɏɠ əŬɘ ɜɖůɘɤŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ ŬɚɚɎ əŬɘ ɞɘ ɛŮŰŬɓɞɚɏɠ ůŰɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ɛŮ Űɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ Ůˊɞɢɩɜ. Ƀ 

ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ˊɞɚɚɞɨɠ Űɟɧˊɞɡɠ. Ƀ ůɡɜɖɗɏůŰŮɟɞɠ Űɟɧˊɞɠ 

ŮɑɜŬɘ ɖ ɔɟŬűɘəɐ ŮəŰɑɛɖůɖ Ŭˊɧ Űɖ ɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ {-ln[1 ï F(u]} əŬɘ Űɖɠ 

ˊɞůɧŰɖŰŬɠ ln(u). ȷˊɧ Űɖ ɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŭɡɞ ˊŬɟŬˊɎɜɤ ˊɞůɞŰɐŰɤɜ, ɖ əɚɑůɖ (slope)  

Űɖɠ ŮɡɗŮɑŬɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŬˊɞŰŮɚŮɑ Űɞɜ ˊŬɟɎɔɞɜŰŬ k, Ůɜɩ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ Űɞɛɐɠ ɛŮ Űɞɜ 

ɎɝɞɜŬ Űɤɜ ɉ ( intercept) ŭɑɜŮɘ Űɖɜ ˊɞůɧŰɖŰŬ {ïkln(c)) Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɛŮ ŬɜŬɚɡŰɘəɐ Ůˊɑɚɡůɖ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣŮɘ ɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ c (m/s). ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ, ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ k əŬɘ c ˊɟɞɏəɡɣŮ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɞ 

ˊɟɧɔɟŬɛɛŬ Ɉŭɟɞɔɜɩɛɤɜ ɛŮ ŮɘůŬɔɤɔɐ Űɤɜ ɛɖɜɘŬɑɤɜ ůŮɘɟɩɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ. Ƀɘ ˊɑɜŬəŮɠ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɘɠ ɛɖɜɘŬɑŮɠ Űɘɛɏɠ Űɤɜ ŭɡɞ ˊŬɟŬɔɧɜŰɤɜ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ ˊŬɟɎɟŰɖɛŬ ȷ Űɞɡ 

ŰŮɨɢɞɡɠ Űɤɜ ˊŬɟŬɟŰɖɛɎŰɤɜ. 

ȷˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ɛɏůɖ ŮŰɐůɘŬ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ůɢɐɛŬŰɞɠ k 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0.12 ɏɤɠ 0.64 ɛŮ Űɞ Ůɨɟɞɠ Űɤɜ ɛɏůɤɜ Űɘɛɩɜ ɜŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0.01 ɏɤɠ 0.75. 

ȼ ɛɏɔɘůŰɖ ɛɏůɖ ŮŰɐůɘŬ Űɘɛɐ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ ɜɖůɑ Űɖɠ ɆŬɜŰɞɟɑɜɖɠ (0.64), Ůɜɩ ɞɘ ˊŮɟɘɞɢɏɠ ˊɞɡ 

ɏɢɞɡɜ Ůɨɟɞɠ Ŭˊɧ 0.3 ɏɤɠ 0.6 ŮɑɜŬɘ ɖ ȾɞɕɎɜɖ, ŰŬ ȽɤɎɜɜɘɜŬ, ɖ ūɚɩɟɘɜŬ, ɖ ȿɎɟɘůŬ, Űɞ ɇɡɛˊɎəɘ, 

ɖ Ⱦɨɛɖ, ɞɘ ɆɏŭŮɠ, ɞ ȯɟŬɝɞɠ, ɖ ȾŬůŰɞɟɘɎ, ŰŬ ɉŬɜɘɎ, Űɞ Ʌɏɗɡɛɜɞ, ɞɘ ɆɏɟɟŮɠ əŬɘ ɖ Ɇəɨɟɞɠ. Ƀɘ 

ɡˊɧɚɞɘˊɞɘ ůŰŬɗɛɞɑ ŮɛűŬɜɑɕɞɡɜ Űɘɛɏɠ əɎŰɤ Ŭˊɧ 0.30.  

ȷˊɧ Űɞɜ ɉɎɟŰɖ 4.8, ŮɛűŬɜɑɕŮŰŬɘ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ɧůɞɜ ŬűɞɟɎ Űɘɠ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ k ɛŮ Űɖ 

ŭɘŬűɞɟɞˊɞɑɖůɖ ɜŬ ůɡɜɑůŰŬŰŬɘ əɡɟɑɤɠ ŬɜɎɛŮůŬ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ əŬɘ ɜɖůɘɤŰɘəɐ ɢɩɟŬ, ɛŮ Űɘɠ  

ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ ɢɩɟŬ ɚɧɔɤ Űɞɡ ɏɜŰɞɜɞɡ 

ɔŮɤɛɞɟűɞɚɞɔɘəɞɨ ŬɜŬɔɚɨűɞɡ, ɛŮ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɜŬ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɖɜ ɓɧɟŮɘŬ əŬɘ 

ɓɧɟŮɘɞ ŬɜŬŰɞɚɘəɐ ɢɩɟŬ, ɔŮɔɞɜɧɠ ˊɞɡ ŭɘəŬɘɞɚɞɔŮɑŰŬɘ əŬɘ Ŭˊɧ Űɞ ɛɏŰɤˊɞ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ɏɢŮɘ 

əŬŰŮɨɗɡɜůɖ Ŭˊɧ ŰŬ ŭɡŰɘəɎ ˊɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ. ɄŬɟŬəɎŰɤ, ůŰɞ ˊŬɟɎɟŰɖɛŬ ȸ4 ˊŬɟŬŰɑɗŮɜŰŬɘ 

ɢɎɟŰŮɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ k Űɖɠ əŬŰŬɜɞɛɐɠ Weibull ɔɘŬ əɎɗŮ ɛɐɜŬ əŬɘ 

ŮˊɞɢɘəɎ, ɔɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɜɧɖůɖ Űɞɡ ŬɜŮɛɞɚɞɔɘəɞɨ əŬɗŮůŰɩŰɞɠ ůŰɞ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ȼ ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ əɚɑɛŬəŬɠ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ ɜɖůɑ Űɖɠ ɆŬɜŰɞɟɑɜɖɠ (3.0), 

Ůɜɩ ůŰɘɠ ˊŮɟɘɞɢɏɠ ɀɐɚɞɠ, ȾɎɟˊŬɗɞɠ, ɁɎɝɞɠ, Ɇəɨɟɞɠ, ȾɨɗɖɟŬ, ɇɡɛˊɎəɘ, ȽŮɟɎˊŮŰɟŬ, Ⱦɨɛɖ, 

ȿɐɛɜɞɠ, ȾɞɕɎɜɖ, ɀɨəɞɜɞɠ, Ʌɏɗɡɛɜɞ, Ⱦɤɠ, ɀɡŰɘɚɐɜɖ, ūɚɩɟɘɜŬ, ɀŮɗɩɜɖ, Ʌɧŭɞɠ, ɆɏɟɟŮɠ, 

ȻɎəɡɜɗɞɠ əŬɘ ȿɐɛɜɞɠ Űɞ Ůɨɟɞɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 1.1 ɏɤɠ 3.0. ɆŰɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ ůŰŬɗɛɞɨɠ ɞɘ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 0.0 ɏɤɠ 1.0. ũɘŬ Űɖɜ 

əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɖɠ ɢɤɟɞɗɏŰɖůɖɠ Űɤɜ ůŰŬɗɛɩɜ əŬɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ Űɘɛɩɜ Űɖɠ 
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ˊŬɟŬɛɏŰɟɞɡ əɚɑɛŬəŬɠ c (m/s) ˊŬɟŬŰɑɗŮŰŬɘ ɞ ɉɎɟŰɖɠ 4.9, ɛŮ ɘůɞŰɘɛɘəɏɠ əŬɛˊɨɚŮɠ Űɖɠ 

ˊŬɟŬɛɏŰɟɞɡ əɚɑɛŬəŬɠ Űɖɠ əŬŰŬɜɞɛɐɠ Weibull.  

 

ɉɎɟŰɖɠ 4.8: ȺŰɐůɘŬ ŬˊŮɘəɧɜɘůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ůɢɐɛŬŰɞɠ k Űɖɠ əŬŰŬɜɞɛɐɠ Weibull. 

    

 

ɉɎɟŰɖɠ 4.9: ȺŰɐůɘŬ ŬˊŮɘəɧɜɘůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ əɚɑɛŬəŬɠ c Űɖɠ əŬŰŬɜɞɛɐɠ Weibull, ůŮ m/s. 

 ȷˊɧ Űɞɜ ɉɎɟŰɖ 4.9, ɞɘ ɜɖůɘɤŰɘəɏɠ ŬɚɚɎ əŬɘ ɞɘ ˊŬɟŬɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ Űɘɠ 

ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ əɚɑɛŬəŬɠ,  ɛŮ Űɘɠ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɔɘŬ ɛɘŬ 
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ŬəɧɛŬ űɞɟɎ ůŰɞ ȷɘɔŬɑɞ əŬɘ ŭɖ ůŰɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ. ɆŰɞ ˊŬɟɎɟŰɖɛŬ ȸ5-ȸ6 ˊŬɟŬŰɑɗŮɜŰŬɘ 

ɢɎɟŰŮɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ůɢɐɛŬŰɞɠ  k əŬɘ əɚɑɛŬəŬɠ c (m/s), Űɖɠ əŬŰŬɜɞɛɐɠ 

Weibull, ɔɘŬ əɎɗŮ ɛɐɜŬ əŬɘ ŮˊɞɢɘəɎ, ɔɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɜɧɖůɖ Űɞɡ ŬɜŮɛɞɚɞɔɘəɞɨ 

əŬɗŮůŰɩŰɞɠ ůŰɞ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

4.1.5 ȹɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, ůŮ ɛɞɑɟŮɠ (
ɞ
) 

ȼ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɛɘŬ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ŭɨůəɞɚŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ŬɝɘɧˊɘůŰŬ ŬɚɚɎ əŬɘ 

ŮɑɜŬɘ ɖ ˊɚɏɞɜ ŮˊɖɟŮŬůɛɏɜɖ Ŭˊɧ Űɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɞɡ ŮŭɎűɞɡɠ. ɄŮɟɘɞɢɏɠ ɛŮ ɏɜŰɞɜɞ 

ɔŮɤɛɞɟűɞɚɞɔɘəɧ ŬɜɎɔɚɡűɞ, ˊŬɟɞɡůɘɎɕɞɡɜ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ 

ɞűŮɑɚɞɜŰŬɘ ůŰŬ űɡůɘəɎ ŮɛˊɧŭɘŬ ˊɞɡ ůɡɜŬɜŰɎ ɞ ɎɜŮɛɞɠ əŬŰɎ Űɖ ŭɘɏɚŮɡůɖ Űɞɡ. Ⱥˊɑůɖɠ, 

ůŰŬɗɛɞɑ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ ůŮ əŬŰɞɘəɖɛɏɜŮɠ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŮ ˊɡəɜɞəŬŰɞɘəɖɛɏɜŮɠ ˊŮɟɘɞɢɏɠ 

ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɛŮɔŬɚɞɡˊɧɚŮɘɠ, ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɡɣɖɚɎ əŰɑɟɘŬ, ɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ŰŬ ŰŮɢɜɖŰɎ ŬɡŰɎ ŮɛˊɧŭɘŬ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ, ŬɚɚɎɕɞɜŰŬɠ Űɖ ŭɘŮɨɗɡɜůɐ Űɞɡ 

ŬəɧɛŬ əŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɖ əɚɑɛŬəŬ. Ƀ ɓŬůɘəɧŰŮɟɞɠ ɧɛɤɠ ˊŬɟɎɔɞɜŰŬɠ ɞ ɞˊɞɑɞɠ ŮˊɖɟŮɎɕŮɘ Űɖɜ 

əŬŰŮɨɗɡɜůɖ Űɖɠ əɑɜɖůɖɠ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ əŬɘ ɞ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŰŬɢɨŰɖŰŬ 

əɑɜɖůɖɠ Űɞɡ əŬɘ ŬˊɞŰŮɚŮɑ ɖ ɗŮɟɛɞəɟŬůɘŬəɐ ŭɘŬűɞɟɎ ŬɜɎɛŮůŬ ůŮ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ȼ űɨůɖ ˊɟɞůˊŬɗŮɑ ɜŬ ɘůɞɟɟɞˊɐůŮɘ Űɘɠ ŭɘŬűɞɟɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ 

ŭɘɎűɞɟŬ ůɖɛŮɑŬ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ (ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ŮɜŰɟɞˊɑŬɠ) Űɧůɞ ůŰɖɜ ˊɑŮůɖ ɧůɞ əŬɘ 

ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ, ˊɟɞəŬɚɩɜŰŬɠ ɛŮŰŬɓɞɚɏɠ ůŰɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ.  

ɇɞ ɓŬůɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ŮɑɜŬɘ ɧŰɘ, ɖ ɓŬůɘəɐ ŭɘŮɨɗɡɜůɖ 

Űɞɡ Ŭɜɏɛɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŰŬ ŭɡŰɘəɎ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŮˊɑŭɟŬůɖ 

ˊŬɟŬɔɧɜŰɤɜ ůŮ ɛŮɔŬɚɨŰŮɟɖ əɚɑɛŬəŬ Ŭˊɧ Űɖɜ Űɞˊɘəɐ əŬɘ ɖ ɞˊɞɑŬ ŮɑɜŬɘ əɡɟɑɤɠ ɖ ŭɨɜŬɛɖ 

Coriolis. ȼ ŭɨɜŬɛɖ Coriolis ŮɑɜŬɘ ɛɘŬ ŬŭɟŬɜŮɘŬəɐ ŭɨɜŬɛɖ, ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖɜ 

ˊŮɟɘůŰɟɞűɐ Űɖɠ ɔɖɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŮɑɜŬɘ űŬɘɜɧɛŮɜɖ ŭɨɜŬɛɖ ɖ ɞˊɞɑŬ ŮɛűŬɜɑɕŮŰŬɘ ůŮ ɛɖ 

ŬŭɟŬɜŮɘŬəɎ ůɡůŰɐɛŬŰŬ ŬɜŬűɞɟɎɠ. Ƀ ŭŮɨŰŮɟɞɠ ɜɧɛɞɠ Űɞɡ ɁŮɨŰɤɜŬ ůŮ ɏɜŬ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ Űɞɡ ɞˊɞɑɞɡ ɞɘ ɎɝɞɜŮɠ ˊŮɟɘůŰɟɏűɞɜŰŬɘ ɛŮ ɔɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ ‫ᴆ ɔɟɎűŮŰŬɘ (ɔɘŬ 
ůŰŬɗŮɟɐ ɛɎɕŬ) ɤɠ:  

                                  Í
ᴆ
  Í

ᴆ
  ςÍᴆ Ø ‫ 

ᴆ
  Íᴆ ὼ ὶᴆ (4.6) ‫ ‫ᴆ Ø 

Ƀ ŭŮɑəŰɖɠ Ό ɡˊɞŭɖɚɩɜŮɘ Űɞ ŬŭɟŬɜŮɘŬəɧ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ (Ůˊɞɛɏɜɤɠ,  m
ᴆ
ŮɑɜŬɘ ɖ 

ˊɟŬɔɛŬŰɘəɐ ŭɨɜŬɛɖ ɖ ɞˊɞɑŬ ŭɏɢŮŰŬɘ Űɞ ůɩɛŬ) əŬɘ ɞ ŭŮɑəŰɖɠ Ὑ ɡˊɞŭɖɚɩɜŮɘ Űɞ 

ˊŮɟɘůŰɟŮűɧɛŮɜɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ŮˊɘŰɎɢɡɜůɖ Űɞɡ ůɩɛŬŰɞɠ ůŰɞ 

ˊŮɟɘůŰɟŮűɧɛŮɜɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ůɡɜɘůŰŬɛɏɜɖɠ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ 

ŭɨɜŬɛɖɠ ˊɞɡ Űɞɡ ŬůəŮɑŰŬɘ əŬɘ ŭɨɞ Ůˊɘˊɚɏɞɜ "űŬɜŰŬůŰɘəɩɜ" ŭɡɜɎɛŮɤɜ ɞɘ ɞˊɞɑŮɠ ŭŮɜ ɏɢɞɡɜ 

əɎˊɞɘɞ űɡůɘəɧ ŬɑŰɘɞ əŬɘ ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ŬŭɟŬɜŮɘŬəɧ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ. Ƀ ɧɟɞɠ  ςÍ

ʖ ᴆ x 
ᴆ
 ŬˊɞŰŮɚŮɑ Űɖ ŭɨɜŬɛɖ Coriolis ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɎɜŰŬ əɎɗŮŰɖ ůŰɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ ůɩɛŬŰɞɠ. 

ȼ ŭɨɜŬɛɖ Coriolis ŮɝɖɔŮɑ Űɖɜ ŬɜŰɘɤɟɞɚɞɔɘŬəɐ (ɤɠ ˊɟɞɠ ˊŬɟŬŰɖɟɖŰɐ ůŰɞɜ ɁɧŰɘɞ ˊɧɚɞ) 

əɑɜɖůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ. ȼ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ ɚɧɔɤ Űɖɠ ˊŮɟɘůŰɟɞűɐɠ, 

ŬɚɚɎɕŮɘ əŬŰŮɨɗɡɜůɖ, əɘ Ůˊɞɛɏɜɤɠ ŮˊɘŰŬɢɨɜŮŰŬɘ. ȳɛɤɠ ůŮ ɏɜŬ ŮˊɘŰŬɢɡɜɧɛŮɜɞ ůɨůŰɖɛŬ 

ŬɜŬűɞɟɎɠ, ŭŮɜ ɘůɢɨɞɡɜ ɞɘ ɜɧɛɞɘ əɑɜɖůɖɠ Űɞɡ ɁŮɨŰɤɜŬ. ɉɟŮɘŬɕɧɛŬůŰŮ ɏŰůɘ ɛɑŬ ŭɨɜŬɛɖ ˊɞɡ ɜŬ 

ŮɝɖɔŮɑ ŬɡŰɐɜ Űɖɜ əɑɜɖůɖ, Űɖɜ ŭɨɜŬɛɖ Coriolis. ȾɎɗŮ əɑɜɖůɖ ůŰɞ ȸɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ 

ŮəŰɟɏˊŮŰŬɘ ˊɟɞɠ ŰŬ ŭŮɝɘɎ əŬɘ ůŰɞ ɜɧŰɘɞ ɖɛɘůűŬɑɟɘɞ ŮɑɜŬɘ ŬɜŰɑɗŮŰŬ ˊɟɞɠ ŰŬ ŬɟɘůŰŮɟɎ əŬɘ Ůű' 

ɧůɞɜ ɖ ŭɨɜŬɛɖ ŮɑɜŬɘ əɎɗŮŰɖ ůŰɖɜ ŰŬɢɨŰɖŰŬ, ɞɘ Űɟɞɢɘɏɠ Űɤɜ Ŭɜɏɛɤɜ ŮɑɜŬɘ əɡəɚɘəɏɠ. 

ȺˊɘˊɟɧůɗŮŰŬ, Űɞ ŬɜŮɛɞɚɞɔɘəɧ əŬɗŮůŰɩɠ Űɖɠ ȺɚɚɎŭɞɠ ŮˊɖɟŮɎɕŮŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɖ əɚɑɛŬəŬ 

əŬɘ Ŭˊɧ Űɞ ɀŮůɞɔŮɘŬəɧ ɟŮɨɛŬ (Mediterranean Oscillation) Űɞ ɞˊɞɑɞ ɛŮ Űɖ ůŮɘɟɎ Űɞɡ 

http://el.wikipedia.org/wiki/%CE%9D%CF%8C%CE%BC%CE%BF%CE%B9_%CE%BA%CE%AF%CE%BD%CE%B7%CF%83%CE%B7%CF%82_%CF%84%CE%BF%CF%85_%CE%9D%CE%B5%CF%8D%CF%84%CF%89%CE%BD%CE%B1
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ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ɟŮɨɛŬ Űɖɠ ȸɧɟŮɘŬɠ ȷɟəŰɘəɐɠ ɕɩɜɖɠ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɞ ŬɜŮɛɞɚɞɔɘəɧ 

əŬɗŮůŰɩɠ Űɖɠ ɓɧɟŮɘɞ - ŭɡŰɘəɐɠ ȷűɟɘəɎɜɘəɖɠ ȼˊŮɑɟɞɡ ŬɚɚɎ əŬɘ Űɖɠ ȷůɘŬŰɘəɐɠ ŮɜŭɞɢɩɟŬɠ 

(Schicker et al. 2010). Ⱥˊɞɛɏɜɤɠ, Ŭˊɧ ɧɚɞɡɠ Űɞɡɠ ˊŬɟŬˊɎɜɤ ˊɟɞŬɜŬűŮɟɗɏɜŰŮɠ ˊŬɟɎɔɞɜŰŮɠ, ɖ 

ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɛɘŬ ɛŮŰŬɓɚɖŰɐ, ɖ ɞˊɞɑŬ ŮˊɖɟŮɎɕŮŰŬɘ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ ŬɚɚɎ əŬɘ 

ůŮ ɛŮɔŬɚɨŰŮɟɖ əɚɑɛŬəŬ Ŭˊɧ ˊɞɘəɘɚɑŬ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ əŬɘ ɛɖ, ˊŬɟŬɔɧɜŰɤɜ, əŬɗɘůŰɩɜŰŬɠ ɏŰůɘ 

Űɖɜ ɛŮŰŬɓɚɖŰɐ ŬɡŰɐ, Űɖɜ ˊɚɏɞɜ ɢŬɞŰɘəɐ əŬɘ ŭɨůəɞɚɞ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ. 

ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ́ŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮˊŮɝŮɟɔŬůɑŬ ůŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ 

ŭɘŮɨɗɡɜůɖɠ Űɞɡ Ŭɜɏɛɞɡ, ɛŮŰɟɞɨɛŮɜŬ ůŮ ɛɞɑɟŮɠ əŬɘ ɛŮ ůɡɜŭɡŬůɛɧ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɟɧŭɞɡ 

ɔɘŬ əɎɗŮ ůŰŬɗɛɧ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ɛŮɗɧŭɞɡ krigging, ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ɢɎɟŰŮɠ, ˊɞɡ Ŭűɞɟɞɨɜ 

Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ůŮ ɛɖɜɘŬɑɞ - ŮŰɐůɘɞ ŬɚɚɎ əŬɘ ůŮ ŮˊɞɢɘŬəɧ 

ŮˊɑˊŮŭɞ. ȼ ŭɘŮɨɗɡɜůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭɑɜŮŰŬɘ ůŮ ɛɞɑɟŮɠ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɖ ɔɤɜɑŬ 

ˊɞɡ ůɢɖɛŬŰɑɕŮɘ ɞ ˊɟŬɔɛŬŰɘəɧɠ ɓɞɟɎɠ ɛŮ Űɖ ŭɘŮɨɗɡɜůɖ Ŭˊɧ Űɖɜ ɞˊɞɑŬ űɡůɎŮɘ ɞ ɎɜŮɛɞɠ. Ƀɘ 

ůŮɘɟɏɠ Űɖɠ ŭɘŮɨɗɡɜůɖɠ Űɞɡ Ŭɜɏɛɞɡ ɏɢɞɡɜ ŮɘůŬɢɗŮɑ ůŰɞ ˊɟɧɔɟŬɛɛŬ Ɉŭɟɞɔɜɩɛɤɜ əŬɘ ɏɢɞɡɜ 

ɡˊɞɚɞɔɘůŰŮɑ ɤɠ ŭɘŬɜɡůɛŬŰɘəɏɠ ůŮɘɟɏɠ. Ⱥˊɞɛɏɜɤɠ, Ŭˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ɏɢɞɡɜ 

ŮɝŬɢɗŮɑ ˊɑɜŬəŮɠ ɛŮ Űɖ ɛɏůɖ ɛɖɜɘŬɑŬ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ. ɄŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ ŭɑɜŮɘ Űɖ 

ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ůŮ Ůˊɞɢɘəɧ ŬɚɚɎ əŬɘ ůŮ ŮŰɐůɘɞ ŮˊɑˊŮŭɞ. ɄŬɟŬəɎŰɤ, ŬɜŬűɏɟŮŰŬɘ ɞ 

ŮŰɐůɘɞɠ ɉɎɟŰɖɠ 4.11, Űɖɠ ŭɘŮɨɗɡɜůɖɠ Űɞɡ ŬɜŮɛɞɚɞɔɘəɞɨ əŬɗŮůŰɩŰɞɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ əŬɘ 

ůŰɞ ˊŬɟɎɟŰɖɛŬ ȸ8 ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɢɎɟŰŮɠ ɔɘŬ Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛɖɜɘŬɑŬ ɓɎůɖ 

ŬɚɚɎ əŬɘ Ůˊɞɢɘəɐ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɛɏůɖɠ ɛɖɜɘŬɑŬɠ ŭɘŮɨɗɡɜůɖɠ Űɞɡ Ŭɜɏɛɞɡ ɏɢŮɘ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɔɘŬ 36 ůŰŬɗɛɞɨɠ ɉɎɟŰɖɠ 4.10, ɞɘ ɞˊɞɑɞɘ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

 

 
 

ɉɎɟŰɖɠ 4.10: ȷ́ɞŰɡˊɩɜɞɜŰŬɘ ɞɘ 36 ůŰŬɗɛɞɑ ɛŮ Űɞɡ ɞˊɞɑɞɡɠ ɔɑɜŮŰŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬɜŮɛɞɚɞɔɘəɩɜ 

ůŰɞɘɢŮɑɤɜ Űɖɠ ŭɘŮɨɗɡɜůɖɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 
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ɉɎɟŰɖɠ 4.11: ȷ́ɞŰɡˊɩɜŮŰŬɘ ɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɛɞɑɟŮɠ (
ɞ
) ůŮ ŮŰɐůɘŬ ɓɎůɖ ůŰɞɜ ȺɚɚŬŭɘəɧ 

ɢɩɟɞ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŮŰɐůɘŬ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ m/s. 

Ƀɘ ɢɎɟŰŮɠ Űɖɠ ŭɘŮɨɗɡɜůɖɠ Űɞɡ Ŭɜɏɛɞɡ, ɉɎɟŰɖɠ 4.11, ˊɞɡ ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ůŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ɏɢɞɡɜ ŮɝŬɢɗŮɑ Ŭˊɧ ŭŮŭɞɛɏɜŬ 36 ůŰŬɗɛɩɜ ˊɞɡ ŭŮɑɢɜɞɡɜ Űɖɜ əŬŰŮɨɗɡɜůɖ Ŭˊɧ Űɖɜ 

ɞˊɞɑŬ ɞ ɎɜŮɛɞɠ ˊɜɏŮɘ. ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ŰŬ ŭŮŭɞɛɏɜŬ Ŭűɞɟɞɨɜ Űɖ ɔɤɜɑŬ ˊɞɡ 

ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ˊɟŬɔɛŬŰɘəɧ ɓɞɟɎ əŬɘ Ŭˊɧ Űɖ ŭɘŮɨɗɡɜůɖ Ŭˊɧ Űɖɜ ɞˊɞɑŬ űɡůɎŮɘ ɞ ɎɜŮɛɞɠ 

ůŮ ɛɞɑɟŮɠ (degrees). ȷɡŰɧ ůɖɛŬɑɜŮɘ, ɧŰɘ Ŭˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ɢɎɟŰɖ Űɞ ɓɏɚɞɠ ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ 

ˊɟŬɔɛŬŰɘəɐ űɞɟɎ əŬɘ əŬŰŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ŮɑɜŬɘ ŬɡŰɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȺɎɜ ɞ ɎɜŮɛɞɠ 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɏɢŮɘ ŭɘŮɨɗɡɜůɖ 330
ɞ
 ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɞ ɎɜŮɛɞɠ ŬɡŰɧɠ ˊɜɏŮɘ Ŭˊɧ ɓɧɟŮɘɞ - 

ŭɡŰɘəɎ ɛŮ əŬŰŮɨɗɡɜůɖ ɜɧŰɘɞ - ŬɜŬŰɞɚɘəɐ. ȼ əŬŰŮɨɗɡɜůɖ ˊɟɞɠ Űɖɜ ɞˊɞɑŬ ˊɜɏŮɘ ɛˊɞɟŮɑ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɛŮ Ŭˊɚɐ ŬűŬɑɟŮůɖ ɐ ˊɟɧůɗŮůɖ ŬɜŰɑůŰɞɘɢŬ Űɤɜ 180
ɞ
. ȺɎɜ ɖ ŭɘŮɨɗɡɜůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 180
ɞ
 ŰɧŰŮ ŬűŬɘɟɞɨɛŮ Ŭˊɧ Űɖ ŭɘŮɨɗɡɜůɖ ˊɞɡ ɏɢɞɡɛŮ 180

ɞ
 ɔɘŬ 

ɜŬ ɓɟɞɨɛŮ ˊɟɞɠ ŰŬ ˊɞɨ ˊɜɏŮɘ əŬɘ ŬɜŰɑůŰɞɘɢŬ, Ŭɜ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 180
ɞ
 ŰɧŰŮ Űɞ 

ˊɟɞůɗɏŰɞɡɛŮ. ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ ɜŬ ŮɝɎɔɞɡɛŮ Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ ˊɟɞɠ ŰŬ ˊɞɨ 

əɘɜŮɑŰŬɘ ɞ ɎɜŮɛɞɠ Ŭűɞɨ 330
ɞ
 > 180

ɞ
 ŰɧŰŮ 330

ɞ
 ï 180

ɞ
 = 150

ɞ
. Ⱥˊɞɛɏɜɤɠ, ɞ ɎɜŮɛɞɠ ŬɡŰɧɠ 

əɘɜŮɑŰŬɘ ɛŮ əŬŰŮɨɗɡɜůɖ Ŭˊɧ ɓɧɟŮɘɞ - ŭɡŰɘəɎ (330
ɞ
) - ɁW ˊɟɞɠ ŰŬ ɜɧŰɘɞ - ŬɜŬŰɞɚɘəɎ (150

o
) - 

SE əŬɘ ɔŮɜɘəɧŰŮɟŬ ɞ ɎɜŮɛɞɠ ŬɡŰɧɠ ɗŬ ɢŬɟŬəŰɖɟɘɕɧŰŬɜ ɓɧɟŮɘɞɠ ɛŮ Űɖɜ ɏɜɜɞɘŬ Űɖɠ 

əŬŰŮɨɗɡɜůɖɠ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɜɏŮɘ. 

ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ůŮɘɟɩɜ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ɖ ŮɘůŬɔɤɔɐ Űɞɡɠ ɏɔɘɜŮ ůŰɞ ˊɟɧɔɟŬɛɛŬ 

Ɉŭɟɞɔɜɩɛɤɜ, ɧˊɞɡ ŮɘůɐɢɗɖůŬɜ ɞɘ ůŮɘɟɏɠ ɛŮ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ vector series ɔɘŬ ɜŬ 

ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ ɤɠ ŭɘŬɜɡůɛŬŰɘəɎ ɛŮɔɏɗɖ. Ƀɘ ɛɏůŮɠ ɛɖɜɘŬɑŮɠ Űɘɛɏɠ Űɤɜ 

ŭɘŮɡɗɨɜůŮɤɜ Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ 36 ůŰŬɗɛɞɨɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŮɝɐɢɗɖůŬɜ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ ůŮ 

əŬŰɎɚɚɖɚɞ ˊɑɜŬəŬ, ɞ ɞˊɞɑɞɠ ɓɟɑůəŮŰŬɘ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ˊŬɟɎɟŰɖɛŬ. ȷɜŰɑůŰɞɘɢŬ, ɞ ŮŰɐůɘɞɠ 

ɢɎɟŰɖɠ ŬɚɚɎ əŬɘ ɞɘ Ůˊɞɢɘəɞɑ ůɢŮŭɘɎůŰɖəŬɜ Ŭˊɧ Űɘɠ ɛɏůŮɠ Űɘɛɏɠ Űɞɡ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ ůŮ 

ˊŮɟɘɓɎɚɚɞɜ excel. Ʉɟɞůɞɢɐ ŭɧɗɖəŮ ɘŭɘŬɑŰŮɟŬ ůŮ ŭɘŬűɞɟɏɠ Űɘɛɩɜ ˊɞɡ ɐŰŬɜ ˊɎɜɤ Ŭˊɧ 180
ɞ
 əŬɘ 

ɞɘ ɞˊɞɑŮɠ ŮˊŮɝŮɟɔɎůŰɖəŬɜ ɛŮ əŬŰɎɚɚɖɚɞ Űɟɧˊɞ ɔɘŬ ɜŬ ŮɝŬɢɗɞɨɜ ŰŬ ůɤůŰɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ 
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Űɖ ɛɏůɖ Űɘɛɐ Űɤɜ ɛŮɔŮɗɩɜ. ɇɘɛɏɠ Űɞɡ 1
ɞɡ

 əŬɘ Űɞɡ 4
ɞɡ

 ŰŮŰŬɟŰɖɛɞɟɑɞɡ Űɤɜ ŭɘŮɡɗɨɜůŮɤɜ 

ŬɜŰɘɛŮŰɤˊɑůŰɖəŬɜ ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ Űɟɧˊɞ: ɏůŰɤ ɧŰɘ ɏˊɟŮˊŮ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ɛɏůɖ 

ŭɘŮɨɗɡɜůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ 330
ɞ
 əŬɘ 15

ɞ
. Ƀ ɛɏůɞɠ ɧɟɞɠ Űɤɜ Űɘɛɩɜ ŬɡŰɩɜ ˊɟɞəɨˊŰŮɘ ɑůɞɠ ɛŮ 

173
ɞ
 ˊɞɡ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŮɑɜŬɘ ɚŬɜɗŬůɛɏɜɞɠ, Ŭűɞɨ əŬɘ ɞɘ ŭɡɞ Ŭɟɢɘəɞɑ ɎɜŮɛɞɘ ˊɜɏɞɡɜ 

Ŭˊɧ ɓɧɟŮɘŬ əŬɘ ɖ ɛɏůɖ Űɘɛɐ Űɞɡɠ ˊɟɞəɨˊŰŮɘ ɎɜŮɛɞɠ ɞ ɞˊɞɑɞɠ ˊɜɏŮɘ Ŭˊɧ ɜɧŰɘŬ. ɆŮ ŬɡŰɐɜ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɛɏůɖ Űɘɛɐ ɛŮ Űɞɜ Ŭəɧɚɞɡɗɞ Űɟɧˊɞ: {(360
ɞ
 ï 330

ɞ
 +15

ɞ
)/2} +330

ɞ
 = 

353
ɞ
. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ Ŭˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŬɟɎůŰŬůɖ ɡˊɞɚɞɔɘůŰŮɑ ŭɘŮɨɗɡɜůɖ Ɏɜɤ Űɤɜ 360

ɞ
 

ŬűŬɘɟŮɑŰŬɘ Ŭˊɧ Űɘɠ 360
ɞ
 əŬɘ ˊŬɟŬɛɏɜŮɘ ůŰɞ 1

ɞ
 ŰŮŰŬɟŰɖɛɧɟɘɞ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ 

ŮɝŬůűŬɚɑɕŮŰŬɘ ɧŰɘ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ ŭɘŮɡɗɨɜůŮɤɜ ɗŬ ŮɑɜŬɘ ŬɜɎɛŮůŬ ůŰŬ ŬɟɢɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ 

ɧɢɘ əɎŰɘ ŰŮɚŮɑɤɠ ŭɘŬűɞɟŮŰɘəɧ ɧˊɤɠ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɞɜ ŬɟɢɘəɎ ŬɜŬűŮɟɧɛŮɜɞ ɡˊɞɚɞɔɘůɛɧ. Ƀɘ 

ɡˊɞɚɞɔɘůɛɞɑ ɔɘŬ Űɖɜ ŮŰɐůɘŬ Űɘɛɐ ɏɔɘɜŬɜ ŬɜɎ ŭɡɞ, Ŭűɞɨ ˊɟɩŰŬ ɡˊɞɚɞɔɑůŰɖəŮ ɞ ɛɏůɞɠ ɧɟɞɠ 

Űɤɜ ŭɡɞ ˊɟɩŰɤɜ ɛɖɜɩɜ (ȽŬɜɞɡɎɟɘɞɠ - ūŮɓɟɞɡɎɟɘɞɠ). ɇɞ ŮɝŬɔɧɛŮɜɞ ŬˊɞŰɏɚŮůɛŬ ɛŮ Űɞ 

ɀɎɟŰɘɞ əŬɘ ɞɘ ŭɘŬŭɞɢɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ ůɡɜŮɢɑůŰɖəŬɜ ɛɏɢɟɘ əŬɘ Űɞ ɛɐɜŬ  ȹŮəɏɛɓɟɘɞ ˊɞɡ 

ɞɡůɘŬůŰɘəɎ ˊɟɞɏəɡɣŮ ɞ ŮŰɐůɘɞɠ ɛɏůɞɠ ɧɟɞɠ Űɖɠ ŭɘŮɨɗɡɜůɖɠ  Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ Űɞɜ əɎɗŮ 

ůŰŬɗɛɧ. ȷɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ Űɘɛɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɩůŰŮ ɞɘ ɛŮŰŬɝɨ 

Űɞɡɠ ŭɘŬűɞɟɏɠ ɜŬ ɛɖɜ ɝŮˊŮɟɜɞɨɜ Űɘɠ 180
ɞ
 ŬɟɢɘəɎ əŬɘ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɑůɢɡŮ əɎŰɘ ŰɏŰɞɘɞ, 

ŬɜŰɘɛŮŰɤˊɑůŰɖəŬɜ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ɝŮɢɤɟɘůŰɎ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ŰŮŰŬɟŰɖɛɧɟɘɞ ˊɞɡ ɓɟɑůəɞɜŰŬɜ ɞɘ 

Űɘɛɏɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ.       

ȺˊɘˊɟɧůɗŮŰŬ, ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Ɉŭɟɞɔɜɩɛɤɜ ɏɢɞɡɜ ɔɑɜŮɘ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ 

ɟɧŭɞɡ (rose diagrams), ɆɢɐɛŬ 4.1, ůŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŮɛűŬɜɐɠ ɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ŬɚɚɎ əŬɘ 

Űɞ ˊɞůɞůŰɧ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ Ŭɜɏɛɤɜ ˊɞɡ ˊɜɏɞɡɜ Ŭˊɧ Űɖ ůɡɔəŮəɟɘɛɏɜɖ əɎɗŮ űɞɟɎ ŭɘŮɨɗɡɜůɖ. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ ŭɘɎɔɟŬɛɛŬ ɟɧŭɞɡ, ɛŮ Űɖɜ ŮŰɐůɘŬ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ɆɢɐɛŬ 4.1, 

əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ŭɘŬɔɟɎɛɛŬŰŬ ůŮ ɛɖɜɘŬɑŬ əŬɘ ŮˊɞɢɘŬəɐ ɢɟɞɜɘəɐ əɚɑɛŬəŬ ˊŬɟŬŰɑɗŮŰŬɘ ůŰɞ 

ˊŬɟɎɟŰɖɛŬ ũ7.   

 

ɆɢɐɛŬ 4.1: ȹɘɎɔɟŬɛɛŬ ɟɧŭɞɡ (rose diagram) ůŰɞ ɞˊɞɑɞ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ŰŬ ˊɞůɞůŰɎ Űɤɜ ŭɘŮɡɗɨɜůŮɤɜ 

Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ Űɞɡɠ ůɡɜɞɚɘəɎ 36 ůŰŬɗɛɞɨɠ ŮˊŮɝŮɟɔŬůɑŬɠ ůŰɖɜ ȺɚɚɎŭŬ ůŮ ŮŰɐůɘŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. 

ɇŬ ŭŮŭɞɛɏɜŬ Űɖɠ ŭɘŮɨɗɡɜůɖɠ Űɞɡ Ŭɜɏɛɞɡ ŬˊɞŰɏɚŮůŬɜ ŭŮŭɞɛɏɜŬ ˊɞɡ ɏŭŮɘɢɜŬɜ Ŭˊɧ ˊɞɘŬ 

ŭɘŮɨɗɡɜůɖ ˊɟɞɏɟɢŮŰŬɘ ɞ ɎɜŮɛɞɠ. ũɘŬ ɜŬ ɔɑɜɞɡɜ Ůˊɞɛɏɜɤɜ ɢɎɟŰŮɠ ŭɘŬɜɡůɛŬŰɘəɞɑ ŰŬ ŭŮŭɞɛɏɜŬ 

ŬɡŰɎ ˊɞɡ ɐŰŬɜ ůŮ ɛɞɑɟŮɠ ɏˊɟŮˊŮ ɜŬ Űɟɞˊɞˊɞɘɖɗɞɨɜ əŬŰɎɚɚɖɚŬ ɩůŰŮ Űɞ ŭɘɎɜɡůɛŬ (vector) 
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Űɞɡ ŮɝŬɔɧɛŮɜɞɡ ɢɎɟŰɖ ɜŬ ŭŮɑɢɜŮɘ Űɖɜ ˊɟŬɔɛŬŰɘəɐ űɞɟɎ Űɞɡ Ŭɜɏɛɞɡ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ ŬɡŰɧɠ 

ɏɔɘɜŮ ůŮ ˊŮɟɘɓɎɚɚɞɜ excel əŬɘ əɎɗŮ űɞɟɎ ŮɝŮŰɎɕɞɜŰŬɜ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ŭɘŮɡɗɨɜůŮɤɜ Ŭɜ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟŬ ɐ ɛɘəɟɧŰŮɟŬ Ŭˊɧ 180
ɞ
. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ ŭŮŭɞɛɏɜŬ ɐŰŬɜ ˊɎɜɤ Ŭˊɧ 180

ɞ
 

ŬűŬɘɟɞɨɜŰŬɜ Ŭˊɧ Űɘɠ  180
ɞ
 ɩůŰŮ ɖ ɜɏŬ űɞɟɎ ɜŬ ŬˊɞŰŮɚɞɨůŮ Űɖɜ ˊɟŬɔɛŬŰɘəɐ űɞɟɎ Űɞɡ 

Ŭɜɏɛɞɡ, ˊɟɞɠ ŰŬ ˊɞɨ əŬŰŮɡɗɨɜŮŰŬɘ ɞ ɎɜŮɛɞɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ ŭŮŭɞɛɏɜŬ ɐŰŬɜ 

ɛɘəɟɧŰŮɟŬ Űɤɜ 180
ɞ
 ɔɑɜɞɜŰŬɜ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ, ŬɚɚɎ ŬɡŰɐ Űɖ űɞɟɎ ɛŮ ˊɟɧůɗŮůɖ Űɤɜ 180

ɞ
. 

Ⱥˊɞɛɏɜɤɠ Ŭˊɧ Űɖɜ ́ŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɞ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬɠ 4.1, ɞ ɞˊɞɑɞɠ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ əŬɘ ŭŮɡŰŮɟŮɨɞɡůŮɠ ŭɘŮɡɗɨɜůŮɘɠ, ˊɞɡ ůŮ əŬɗŮɛɑŬ ŬɜŬűɏɟŮŰŬɘ Űɞ 

ŬɜŰɑůŰɞɘɢɞ ˊɞůɞůŰɧ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ˊɜɏŮɘ Ŭˊɧ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŮɨɗɡɜůɖ ŬɜɎ ɛɐɜŬ - Ůˊɞɢɐ 

əŬɘ ŮŰɐůɘŬ. 

ɄɑɜŬəŬɠ 4.1: ȷ́ ɞŰɡˊɩɜɞɜŰŬɘ ŰŬ ˊɞůɞůŰɎ Űɤɜ ŭɘŮɡɗɨɜůŮɤɜ ˊɞɡ ˊɜɏŮɘ ɞ ɎɜŮɛɞɠ ɔɘŬ əɎɗŮ ɛɘŬ 

ŭɘŮɨɗɡɜůɖ ůŮ ɛɖɜɘɎɘŬ - ŮˊɞɢɘŬəɐ əŬɘ ŮŰɐůɘŬ ɓɎůɖ.  

 

ɄɞůɞůŰɎ ɛɖɜɘŬɑɤɜ ŭɘŮɡɗɨɜůŮɤɜ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ ȺɚɚɎŭŬ (%) 

ɀɐɜŬɠ/Ⱥˊɞɢɐ N NE E SE S SW W NW 

ȽŬɜɞɡɎɟɘɞɠ 15.2 12.1 24.2 9.1 3.0 9.1 12.1 15.2 

ūŮɓɟɞɡɎɟɘɞɠ 17.6 20.6 14.7 5.9 0.0 8.8 11.8 20.6 

ɀɎɟŰɘɞɠ 11.4 25.7 20.0 8.6 0.0 2.9 11.4 20.0 

ȷˊɟɑɚɘɞɠ 17.6 20.6 26.5 11.8 2.9 0.0 11.8 8.8 

ɀɎɘɞɠ 9.1 18.2 33.2 18.2 0.0 6.1 6.1 9.1 

Ƚɞɨɜɘɞɠ 11.4 17.2 20.0 31.4 2.9 5.7 5.7 5.7 

Ƚɞɨɚɘɞɠ 5.7 17.1 11.4 40.0 2.9 2.9 8.6 11.4 

ȷɨɔɞɡůŰɞɠ 14.7 14.7 8.8 23.5 11.8 5.9 5.9 14.7 

ɆŮˊŰɏɛɓɟɘɞɠ 23.5 14.7 8.8 23.5 5.9 5.9 14.8 2.9 

ɃəŰɩɓɟɘɞɠ 12.1 15.2 15.2 15.2 0.0 9.1 21.1 12.1 

Ɂɞɏɛɓɟɘɞɠ 15.6 12.5 15.6 12.5 0.0 3.1 28.1 12.6 

ȹŮəɏɛɓɟɘɞɠ 27.2 12.1 18.1 6.1 0.0 6.1 15.2 15.2 

ȺŰɐůɘŬ 13.9 8.3 25.0 11.1 5.6 5.5 16.7 13.9 

ɉŮɘɛɩɜŬɠ 20.0 17.1 17.1 8.6 0.0 8.6 14.3 14.3 

ȯɜɞɘɝɖ 8.3 30.6 27.8 8.3 8.3 0.0 11.1 5.6 

ȾŬɚɞəŬɑɟɘ 5.6 16.7 16.7 30.6 5.5 5.6 8.2 11.1 

ūɗɘɜɧˊɤɟɞ 17.6 8.8 14.7 14.7 0.0 11.8 17.6 14.8 

Ⱥˊɞɛɏɜɤɠ Ŭˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ɄɑɜŬəŬ 4.1, ůɡɛˊŮɟŬɑɜɞɡɛŮ ɧŰɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɤɜ 

Ŭɜɏɛɤɜ ˊɞɡ ˊɜɏɞɡɜ ŮŰɖůɑɤɠ ŮɑɜŬɘ ɓɧɟŮɘɞɘ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡɠ Űɞɡɠ ɓɧɟŮɘɞ - ŬɜŬŰɞɚɘəɞɨɠ 

əŬɘ ɓɧɟŮɘɞ - ŭɡŰɘəɞɨɠ Ŭɜɏɛɞɡɠ) ɛŮ ˊɞůɞůŰɧ 44.2%. ɇɞ ɛɏɔɘůŰɞ ˊɞůɞůŰɧ ŮɛűŬɜɑɕŮŰŬɘ Űɞ ɛɐɜŬ 

ūŮɓɟɞɡɎɟɘɞ (58.8%) əŬɘ Űɞ ŮɚɎɢɘůŰɞ Űɞ ɛɐɜŬ Ƚɞɨɚɘɞ (34.2%). ȷɜŰɑůŰɞɘɢŬ ɞɘ ɜɧŰɘɞɘ ɎɜŮɛɞɘ 

(ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡɠ ɜɧŰɘɞ - ŭɡŰɘəɞɨɠ əŬɘ ɜɧŰɘɞ - ŬɜŬŰɞɚɘəɞɨɠ) ˊɜɏɞɡɜ ɛŮ ˊɞůɞůŰɧ 

25.1% ɛŮ ŰŬ ŮɚɎɢɘůŰŬ əŬɘ ɛɏɔɘůŰŬ ˊɞůɞůŰɎ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ Űɞɡɠ ɛɐɜŮɠ Ƚɞɨɚɘɞ (45.8%) əŬɘ 

ɀɎɟŰɘɞ (11.5%). Ƀɘ ŬɜŬŰɞɚɘəɞɑ ɎɜŮɛɞɘ ˊɜɏɞɡɜ ɛŮ ˊɞůɞůŰɧ 18% ɛŮ ɛɏɔɘůŰɖ Űɘɛɐ Űɞ ɛɐɜŬ 

ɀɎɘɞ (33.2%) əŬɘ ŮɚɎɢɘůŰɖ Űɞ ɛɐɜŬ ȷɨɔɞɡůŰɞ (8.8%) əŬɘ ŬɜŰɑůŰɞɘɢŬ Űɞ ˊɞůɞůŰɧ Űɤɜ 

Ŭɜɏɛɤɜ ˊɞɡ ˊɜɏɞɡɜ Ŭˊɧ ŭɡŰɘəɎ ŮɑɜŬɘ 12.7% ɛŮ ɛɏɔɘůŰɖ Űɘɛɐ Űɞ ɛɐɜŬ Ɂɞɏɛɓɟɘɞ (28.1%) əŬɘ 

ŮɚɎɢɘůŰɖ Űɞ ɛɐɜŬ Ƚɞɨɜɘɞ (5.7%).     
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4.2 ȺɛˊŮɘɟɘəɐ Ŭɘɞɚɘəɐ ɘůɢɨɠ Űɤɜ ůŰŬɗɛɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

Ƀɘ ůŰŬɗɛɞɑ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ŭɘɎůˊŬɟŰɞɘ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ɏəŰŬůɖ Űɞɡ 

ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ, Ůˊɞɛɏɜɤɠ ɖ ɞˊɞɘŬŭɐˊɞŰŮ ŬɜɎɚɡůɖ ůŰɞ ŭŮɑɔɛŬ ŬɡŰɧ ŮɑɜŬɘ ŬůűŬɚɐɠ ɔɘŬ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ Ŭɜɏɛɞɡ ůŮ ɞɚɧəɚɖɟɞ Űɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, Ŭűɞɨ ɖ ŭɘŬůˊɞɟɎ Űɖɠ ɗɏůɖɠ Űɤɜ 

ůŰŬɗɛɩɜ ŮɝŬůűŬɚɑɕŮɘ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ůŰɘɠ ůɡɜɗɐəŮɠ ɛɏŰɟɖůɖɠ ɛŮ ɓɎůɖ Űɘɠ Űɞˊɘəɏɠ 

ŬɜɞɛɞɘɞɛɞɟűɑŮɠ ůŮ ɛɘəɟɐ əɚɑɛŬəŬ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ əɎɗŮ ŭɘŬűɞɟŮŰɘəɐ ɗɏůɖ. Ⱥˊɞɛɏɜɤɠ, 

Ŭˊɧ Űɞ ŭŮɑɔɛŬ ŬɡŰɧ Űɤɜ ůŰŬɗɛɩɜ (66) əŬɘ ɔɘŬ ŭɘŬűɞɟŮŰɘəɐ ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ ůŮ əɎɗŮ ůŰŬɗɛɧ 

ŮɝɎɔŮŰŬɘ, ɖ ŮŰɐůɘŬ ŮɛˊŮɘɟɘəɐ ɘůɢɨɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ (W/m
2
), Ŭˊɧ Űɖ ɛɖɜɘŬɑŬ 

ɢɟɞɜɞůŮɘɟɎ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ. ȷˊɧ Űɖ ɛɖɜɘŬɑŬ ŰŬɢɨŰɖŰŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ŮˊŮɝŮɟɔŬůɑŬ 

Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ ɔɘŬ əɎɗŮ Ů́ɟɘɞɢɐ, ŮűŬɟɛɧɕŮŰŬɘ ɞ ŮɛˊŮɘɟɘəɧɠ Űɨˊɞɠ  P = ”ÕɛŮ Űɞ ɟ ɜŬ 

ŬˊɞŰŮɚŮɑ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ (kg/m
3
) ůŰŬɗŮɟɐ əŬɘ ɑůɖ ɛŮ 1225 kg/m

3
 Ůɜɩ Űɞ u ŮɑɜŬɘ 

ɖ ɛɖɜɘŬɑŬ ɡˊɞɚɞɔɘůɛɏɜɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ Űɞɜ əɎɗŮ ůŰŬɗɛɧ, ɧˊɤɠ ɏɢŮɘ ŮɝŬɢɗŮɑ Ŭˊɧ Űɖ 

ůɡɜŬɗɟɞɘůɛɏɜɖ ɢɟɞɜɞůŮɘɟɎ Űɤɜ ŮˊŮɝŮɟɔŬůɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ (ȾɞɡŰůɞɔɘɎɜɜɖɠ ȹ., ɆɖɛŮɘɩůŮɘɠ 

ɈŭɟɞɛŮŰŮɤɟɞɚɞɔɑŬɠ, 2013). ȼ ˊŬɟŬˊɎɜɤ ŮˊŮɝŮɟɔŬůɑŬ ŮɑɜŬɘ ɢɟɐůɘɛɖ ɔɘŬ Űɖɜ ŮɝŬůűɎɚɘůɖ Űɖɠ 

ŮɡɟɨŰŮɟɖɠ ɏəŰŬůɖɠ ůŰɖɜ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ Ŭɝɘɧɚɞɔɞ ŮɜŮɟɔŮɘŬəɧ ŭɡɜŬɛɘəɧ ůŰɞɜ 

ȺɚɚŬŭɘəɧ ɢɩɟɞ. ũɘŬ Űɖɜ ˊŮɟɘůůɧŰŮɟɞ ŬɝɘɧˊɘůŰɖ ŮɜŮɟɔŮɘŬəɐ ˊŬɟŬɔɤɔɐ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəɨɣŮɘ Ŭˊɧ əɎˊɞɘɞ ůɡɔəŮəɟɘɛɏɜɞ Űɨˊɞ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ŰŬ ŰŮɢɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ Ůɜ ɚɧɔɤ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ ŬɚɚɎ əŬɘ Űɞɡ ɨɣɞɡɠ ŰɞˊɞɗɏŰɖůɖɠ Űɤɜ 

ˊŰŮɟɡɔɑɤɜ, Ŭűɞɨ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŬɚɚɎɕŮɘ ůɖɛŬɜŰɘəɎ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɨɣɞɡɠ, ɧˊɤɠ 

ɏɢŮɘ ˊɟɞŬɜŬűŮɟɗŮɑ. ɀŮɟɘəɎ Ŭˊɧ ŬɡŰɎ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ, Űɞ ɨɣɞɠ ŰɞˊɞɗɏŰɖůɖɠ Űɖɠ 

ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ, ɧˊɤɠ ɏɢŮɘ ˊɟɞŬɜŬűŮɟɗŮɑ, ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊŰŮɟɡɔɑɤɜ Űɖɠ, Űɞ ɛɐəɞɠ Űɤɜ 

ˊŰŮɟɡɔɑɤɜ ˊɞɡ ŭɑɜŮɘ ůɡɔəŮəɟɘɛɏɜɞ ŮɛɓŬŭɧɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŮəŰɞˊɘůɛɏɜɞɡ ŬɏɟŬ əŬɘ ɖ 

ŮɝŬɔɤɔɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞɜ Űɨˊɞ Űɖɠ ɘůɢɨɞɠ, ŬɚɚɎ Ůˊɑůɖɠ əŬɘ ŭɨɞ ŬəɧɛŬ ˊɞɚɨ ůɖɛŬɜŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ ŮɑɜŬɘ, ɖ əŬɛˊɨɚɖ ɚŮɘŰɞɡɟɔɑŬɠ ɛɘŬɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ əŬɘ Űɞɡ 

ˊɟɞəɨˊŰɞɜŰɞɠ ůɡɜŰŮɚŮůŰɐ Ŭˊɧŭɞůɖɠ Űɖɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ ŬɡŰɐɠ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰɡˊɤɗŮɑ 

ɛŬ ˊɞɚɚɞɨɠ Űɟɧˊɞɡɠ.  

4.2.1 ɄŬɟŬɔɧɛŮɜɖ Ŭɘɞɚɘəɐ ɘůɢɨɠ Ŭˊɧ ɛɖɜɘŬɑŬ ŮˊŮɝŮɟɔŬůɑŬ ɢɟɞɜɞůŮɘɟɩɜ. 

ȾɎɗŮ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬ ɚŮɘŰɞɡɟɔŮɑ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ Ůɨɟɞɠ ŰŬɢɡŰɐŰɤɜ Ŭˊɧ ɛɘŬ ŮɚɎɢɘůŰɖ 

ɏɤɠ ɛɘŬ ɛɏɔɘůŰɖ əŬɘ ɔɘŬ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ Ŭɟɘɗɛɧ ɤɟɩɜ Űɞ ɏŰɞɠ. ȼ ŮɚɎɢɘůŰɖ ŰŬɢɨŰɖŰŬ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ ɚŮɘŰɞɡɟɔɑŬɠ ɛɘŬɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ, ˊɞɡ ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ 

ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ əŬɘ ŭŮɜ ˊŬɟɎɔŮŰŬɘ ŮɜɏɟɔŮɘŬ, Ůɜɩ əŬŰɎ Űɖɜ ˊŬɟŬŰŮŰŬɛɏɜɖ ɚŮɘŰɞɡɟɔɑŬ ůŮ 

ɛŮɔɎɚŮɠ ŰŬɢɨŰɖŰŮɠ Ŭɜɏɛɞɡ, ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗɞɨɜ ŰŮɢɜɘəɎ ˊɟɞɓɚɐɛŬŰŬ ůŮ ŬɡŰɐ ɐ ŬəɧɛŬ əŬɘ 

ůŮ ŬəɟŬɑŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɜŬ əŬŰŬůŰɟŬűŮɑ. Ƀɘ űɗɞɟɏɠ ɛɘŬɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ, ůŮ ˊŬɟŬŰŮŰŬɛɏɜɖ 

ɏəɗŮůɖ ůŮ ˊɞɚɨ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ Űɞɡ Ŭɜɏɛɞɡ, ŬɜŰɘɓŬɑɜɞɡɜ ůŰɖɜ ŰŮɢɜɘəɞɞɘəɞɜɞɛɘəɐ ˊɞɚɘŰɘəɐ 

ɛɘŬɠ ŰɏŰɞɘŬɠ Ůˊɏɜŭɡůɖɠ, Ŭűɞɨ ɞɡůɘŬůŰɘəɎ ɖ ˊŬɟŬɔɧɛŮɜɖ ŮɜɏɟɔŮɘŬ ŬɜŰɘůŰŬɗɛɑɕŮŰŬɘ ɛŮ Űɞ 

əɧůŰɞɠ űɗɞɟɎɠ əŬɘ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɤɜ ɛɖɢŬɜɘəɩɜ ɛɏɟɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ɏɢɞɡɜ 

ɡˊɞůŰŮɑ ɓɚɎɓɖ, ŬɚɚɎ ŬəɧɛŬ əŬɘ ɜŬ ɛɖɜ ɏɢɞɡɜ űɗŬɟŮɑ əɎˊɞɘŬ ɛɏɟɖ ůŮ ɓŬɗɛɧ ŬɜŰɘəŬŰɎůŰŬůɖɠ, 

ɛŮ Űɞ ˊɏɟŬůɛŬ Űɤɜ ŮŰɩɜ, ɛŮɘɩɜŮŰŬɘ ůɖɛŬɜŰɘəɎ ɖ ŮɜŮɟɔŮɘŬəɐ ˊŬɟŬɔɤɔɐ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ŬˊɞɓŬɑɜŮɘ ɏɛɛŮůŬ ŮˊɘɕɐɛɘŬ, ɔɘŬ Űɞɜ ŮəɎůŰɞŰŮ ɘŭɘɞəŰɐŰɖ. ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ŬɜŬűɞɟɎ ŮɑɜŬɘ 

ŮɛűŬɜɏɠ ɧŰɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ əŬɘ ŭɖ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ 

ŬˊɧɟɟɞɘŬ ˊɞɚɚɩɜ ˊŬɟŬɔɧɜŰɤɜ, Űɧůɞ ŰŮɢɜɘəɩɜ, ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ɑŭɘŬ Űɖ ɔŮɜɜɐŰɟɘŬ, ŬɚɚɎ əŬɘ 

əɚɘɛŬŰɞɚɞɔɘəɩɜ, Ŭűɞɨ ˊɟɏˊŮɘ ɜŬ ɛŮŰɟɖɗŮɑ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ɛŮ ŬɝɘɧˊɘůŰɞ Űɟɧˊɞ, ɩůŰŮ 

ɜŬ ɛˊɞɟŮɑ ɜŬ ŬɜŬɢɗŮɑ ɛŮ ŬůűɎɚŮɘŬ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ɨɣɞɠ, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮɜɏɟɔŮɘŬɠ 

Űɖɠ ŮəɎůŰɞŰŮ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ.  

ȺˊɘˊɟɧůɗŮŰŬ, ɏɜŬ ůɖɛŬɜŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɔɘŬ Űɖɜ 

Ůˊɘɚɞɔɐ Űɖɠ ɗɏůɖɠ ɛɘŬɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ ɐ Ůɜɧɠ ˊɎɟəɞɡ (ůɨɜɞɚɞ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ 
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əŬŰɎɚɚɖɚŬ ŭɘŬŰŮŰŬɔɛɏɜɤɜ) ŮɑɜŬɘ, ɧɢɘ ɛɧɜɞ ɞɘ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɛűŬɜɑůŰɖəŬɜ ɐ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ 

ɛŮɔɎɚŮɠ ŰŬɢɨŰɖŰŮɠ Ŭɜɏɛɞɡ, ŬɚɚɎ ɞ ůɡɜŭɡŬůɛɧɠ ɛŮɔɎɚɤɜ ŰŬɢɡŰɐŰɤɜ əŬɘ ŭɘɎɟəŮɘŬɠ ˊɜɞɐɠ Űɞɡ 

Ŭɜɏɛɞɡ, ˊɞɡ ɗŬ ŬˊɞŰŮɚɏůŮɘ ůɡɜŭɡŬůɛɧ ɛɏɔɘůŰɖɠ Ŭˊɧŭɞůɖɠ ɛɘŬɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ. ũɘŬ ŬɡŰɧ 

Űɞ ɚɧɔɞ, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮɛˊŮɘɟɘəɐɠ ɘůɢɨɞɠ ůŮ əɎɗŮ ˊŮɟɘɞɢɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏůɖ 

ɛɖɜɘŬɑŬ ŰŬɢɨŰɖŰŬ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ, Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ əɎɗŮ ɛɐɜŬ - ŮˊɞɢɘəɎ əŬɘ ŮŰɐůɘŬ ɧˊɤɠ 

Ůˊɑůɖɠ ɏɔɘɜŬɜ əŬɘ ɢɎɟŰŮɠ ɛŮ ŰŬɝɘɜɞɛɖɛɏɜŮɠ ɢɟɞɜɞůŮɘɟɏɠ ůŮ ŬɨɝɞɡůŬ ůŮɘɟɎ (Ŭˊɧ Űɖ 

ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ ůŰɖ ɛɘəɟɧŰŮɟɖ) əŬɘ ɡˊɞɚɞɔɑůŰɖəŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ˊɞůɞůŰɧ (1% - 5% - 10% - 

20% - 30%) Űɤɜ ɛɏɔɘůŰɤɜ ŰŬɢɡŰɐŰɤɜ əɎɗŮ ˊŮɟɘɞɢɐɠ əŬɘ ŮɝɐɢɗɖůŬɜ ɢɎɟŰŮɠ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ 

ŮˊɞˊŰŮɑŬ Űɤɜ ˊŮɟɘɞɢɩɜ ˊɞɡ ɏɢɞɡɜ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ ŬɚɚɎ əŬɘ ůŮ Űɑ ůɡɢɜɧŰɖŰŬ ŬɡŰɏɠ 

ŮɛűŬɜɑɕɞɜŰŬɘ. ɄŬɟŬəɎŰɤ, ˊŬɟŬŰɑɗŮŰŬɘ ɞ ɉɎɟŰɖɠ 4.12, ɛŮ Űɖ ɛɖɜɘŬɑŬ ŮɛˊŮɘɟɘəɐ ˊŬɟŬɔɤɔɐ 

ɘůɢɨɞɠ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŬɚɚɎ əŬɘ ɢɎɟŰŮɠ  ˊɞɡ ŭŮɑɢɜɞɡɜ Űɖ ůɡɢɜɧŰɖŰŬ ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ŰŬɢɨŰɖŰŮɠ ŬɡŰɏɠ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ˊɞůɞůŰɧ ɡˊɞɚɞɔɘůɛɞɨ. ɆŰɞ ˊŬɟɎɟŰɖɛŬ ȸ9 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ, ɞɘ ɡˊɧɚɞɘˊɞɘ ɢɎɟŰŮɠ ˊɞɡ ŬˊɞŰɡˊɩɜɞɡɜ Űɖɜ ́ŬɟŬɔɧɛŮɜɖ ɘůɢɨ Űɧůɞ ůŮ 

ɛɖɜɘŬɑɞ, ɧůɞ əŬɘ ůŮ ŮˊɞɢɘŬəɧ ŮˊɑˊŮŭɞ.    

 

ɉɎɟŰɖɠ 4.12: ȺŰɐůɘŬ ˊŬɟŬɔɤɔɐ ɘůɢɨɞɠ (W/m
2
) Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ ɛɖɜŬɑŬ ůɡɜŬɗɟɞɘůɛɏɜɖ ɢɟɞɜɞůŮɘɟɎ 

ɔɘŬ əɎɗŮ ˊŮɟɘɞɢɐ.  

4.2.2 ɄŬɟŬɔɧɛŮɜɖ Ŭɘɞɚɘəɐ ɘůɢɨɠ Ŭˊɧ ɖɛŮɟɐůɘŬ əŬɘ ɛɖɜɘŬɑŬ ŮˊŮɝŮɟɔŬůɑŬ ůŮɘɟɩɜ 

ŭŮŭɞɛɏɜɤɜ 66 ůŰŬɗɛɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ȼ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ɘůɢɨ ɔɘŬ əɎɗŮ ɏɜŬ ɛɐɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ůŰɞ Ůɜ 

ɚɧɔɤ əŮűɎɚŬɘɞ ɛŮ ůəɞˊɧ ɜŬ ŬˊɞŰɘɛɖɗŮɑ ɖ ɞˊɞɘŬŭɐˊɞŰŮ ŭɘŬűɞɟɎ ɡˊɎɟɢŮɘ ůŰɞɜ ŰŮɚɘəɧ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɘůɢɨɞɠ, Ŭˊɧ ŰŬ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ ŬɚɚɎ əŬɘ Ŭˊɧ ŰŬ ɛɖɜŬɑŬ. ȳůɞ ɖ 

ˊɚɖɟɞűɞɟɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɜŬűɏɟŮŰŬɘ ůŮ ɛɘəɟɧŰŮɟɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ (ˊɢ ɤɟɘŬɑŬ) ŰɧŰŮ 

ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŬůűŬɚɐɠ ɖ ŮəŰɑɛɖůɖ Űɖɠ ɘůɢɨɞɠ əŬɘ Ůˊɞɛɏɜɤɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ, 

ɔɘŬŰɑ ɛˊɞɟŮɑ ɛŮ ŮɛˊŮɘɟɘəɧ Űɟɧˊɞ (ɘůŰɧɔɟŬɛɛŬ ůɡɢɜɞŰɐŰɤɜ) ɜŬ ɡˊɎɟɢŮɘ ŬɝɘɧˊɘůŰɖ ˊɟɤŰɞɔŮɜɐɠ 

ˊɚɖɟɞűɞɟɑŬ, ɖ ɞˊɞɑŬ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ɤɟɩɜ 

ɚŮɘŰɞɡɟɔɑŬɠ ɛɘŬɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ əŬɘ ɖ ŮɛˊŮɘɟɘəɎ ˊŬɟŬɔɞɛɏɜɖ ɘůɢɨɠ ɜŬ ŮɑɜŬɘ ˊɞɚɨ əɞɜŰɎ ůŰɞ 

ˊɟŬɔɛŬŰɘəɧ ɛɏɔŮɗɞɠ Ŭˊɧŭɞůɖɠ (ȽɤɎɜɜɞɡ, 2012). ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ ɞ ɉɎɟŰɖɠ 4.13, ɛŮ 



63 

 

Űɖɜ ŮŰɐůɘŬ ˊŬɟŬɔɤɔɐ Űɖɠ ɘůɢɨɞɠ Ŭˊɧ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ, Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɑŭɘɤɜ ůŰŬɗɛɩɜ 

Ŭˊɧ ůɡɜɎɗɟɞɘůɖ Űɤɜ Ŭɟɢɘəɩɜ ɢɟɞɜɞůŮɘɟɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ.  

 
 

ɉɎɟŰɖɠ 4.13: ȺŰɐůɘŬ ˊŬɟŬɔɤɔɐ ɘůɢɨɞɠ (W/m
2
) Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ ɖɛŮɟɐůɘŬ ůɡɜŬɗɟɞɘůɛɏɜɖ ɢɟɞɜɞůŮɘɟɎ 

ůŮ ɛɖɜɘŬɑŬ ɔɘŬ əɎɗŮ ˊŮɟɘɞɢɐ. 

 ȷ́ ɧ Űɖ ůɨɔəɟɘůɖ ɛŮ Űɞɜ ˊŬɟŬˊɎɜɤ ɉɎɟŰɖ 4.12, ˊɞɡ ŬűɞɟɎ Űɖɜ ŮɝŬɔɧɛŮɜɖ ɘůɢɨ Ŭˊɧ ɛɖɜɘŬɑŬ 

ŭŮŭɞɛɏɜŬ, ŭŮɜ ˊɟɞəɨˊŰɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ əŬɘ ɖ ŮɘəɧɜŬ ˊɞɡ ŮɛűŬɜɑɕŮɘ ɞ ɢɎɟŰɖɠ ŮɑɜŬɘ 

ůɢŮŭɧɜ ɑŭɘŬ ůŮ ŮŰɐůɘɞ ŮˊɑˊŮŭɞ. ɆŰɞ ˊŬɟɎɟŰɖɛŬ ȸ10, ŬˊɞŰɡˊɩɜɞɜŰŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ ɢɎɟŰŮɠ ůŮ 

ɛɖɜɘŬɑŬ ŬɚɚɎ əŬɘ ůŮ Ůˊɞɢɘəɐ ɓɎůɖ. ȼ ŰŬɡŰɧůɖɛɖ ŮɘəɧɜŬ Űɤɜ ɢŬɟŰɩɜ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ 

ɛɖɜɘŬɑŬɠ ɘůɢɨɞɠ Ŭˊɧ ɛɖɜɘŬɑŬ əŬɘ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ ŭŮ ůɖɛŬɑɜŮɘ ɧŰɘ ŬɜɎɛŮůŬ ůŰɞɡɠ 

ɡˊɞɚɞɔɘůɛɏɜɞɡɠ ɛɐɜŮɠ ŭŮɜ ɡˊɎɟɢɞɡɜ ŬɟəŮŰɏɠ ŭɘŬűɞɟɏɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ, ŬˊɚɎ ɡˊɎɟɢɞɡɜ 

əɎˊɞɘɞɘ ɛɐɜŮɠ ˊɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ əŬɘ ůŮ əɎˊɞɘɞɡɠ Ɏɚɚɞɡɠ ɛɘəɟɧŰŮɟɖ ɖ ɡˊɞɚɞɔɘůɛɏɜɖ 

ɘůɢɨɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŭɘŬűɞɟɏɠ ŬɡŰɏɠ ůŰɞ ŰŮɚɘəɧ ŬɗɟɞɘůŰɘəɧ ŮŰɐůɘɞ ɛɏɔŮɗɞɠ ɜŬ 

ŬɡŰɞŬɜŬɘɟɞɨɜŰŬɘ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ůəɧˊɘɛɞ ŮɑɜŬɘ, ɖ ŬɜɎɚɡůɖ ɜŬ ŮˊŮəŰŬɗŮɑ əŬɘ ɔɘŬ əɎɗŮ ɛɐɜŬ 

ɝŮɢɤɟɘůŰɎ ůŰɞɜ ɞˊɞɑɞ ůɡɔəɟɑɜɞɜŰŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɛɖɜɘŬɑŮɠ Űɘɛɏɠ Űɖɠ ɘůɢɨɞɠ ˊɞɡ ŮɝɐɢɗɖůŬɜ 

Ŭˊɧ Űɘɠ ɛɖɜɘŬɑŮɠ əŬɘ Ŭˊɧ Űɘɠ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ ŬɜŰɑůŰɞɘɢŬ. ɆŰɞɜ ˊŬɟŬəɎŰɤ ɉɎɟŰɖ 4.14, 

ŬˊɞŰɡˊɩɜŮŰŬɘ ɖ ŭɘŬűɞɟɎ ŮəűɟŬůɛɏɜɖ ůŮ ˊɞůɞůŰɧ Űɖɠ ŮŰɐůɘŬɠ ɘůɢɨɞɠ Ŭˊɧ Űɖɜ ɖɛŮɟɐůɘŬ əŬɘ 

Űɖ ɛɖɜɘŬɑŬ, ŭɘŬɘɟɞɨɛŮɜɖ ɛŮ Űɖɜ ɖɛŮɟɐůɘŬ ɔɘŬ ɜŬ ˊɟɞəɨɣŮɘ Űɞ ˊɞůɞůŰɧ Ŭɨɝɖůɖɠ ɐ ɛŮɑɤůɖɠ 

ŬɜŰɑůŰɞɘɢŬ Űɖɠ ɡˊɞɚɞɔɘůɛɏɜɖɠ ɘůɢɨɠ: (ɛɖɜɘŬɑŬ ɘůɢɨ Ŭˊɧ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ ï ɛɖɜɘŬɑŬ ɘůɢɨ 

Ŭˊɧ ɛɖɜɘŬɑŬ ŭŮŭɞɛɏɜŬ) / ɛɖɜɘŬɑŬ ɘůɢɨ Ŭˊɧ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ 

ɡˊɞɚɞɔɘůɛɞɨ ŬɡŰɞɨ ˊɘɜŬəɞˊɞɘɐɗɖəŬɜ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ˊŬɟɎɟŰɖɛŬ ȷ10 - 

ȷ12 ŬɚɚɎ əŬɘ ɖ ŮɝŬɔɤɔɐ ɢŬɟŰɩɜ ˊɞɡ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮɛűŬɜɐɠ ɖ ŭɘŬűɞɟɎ Űɤɜ Űɘɛɩɜ Űɖɠ 

ɘůɢɨɞɠ ŬɚɚɎ əŬɘ ɖ ˊŮɟɘɞɢɐ ůŰɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ŭɘŬűɞɟɎ ŬɡŰɐ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɢɎɟŰŮɠ Űɞɡ ˊŬɟŬɟŰɐɛŬŰɞɠ ȸ11. 
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ɉɎɟŰɖɠ 4.14: ȺŰɐůɘŬ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ ɘůɢɨɞɠ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɞůɞůŰɘŬɑŬ ŭɘŬűɞɟɎ Űɤɜ 

ɛɖɜɘŬɑɤɜ Űɘɛɩɜ Űɖɠ ɘůɢɨɞɠ, ɡˊɞɚɞɔɘůɛɏɜɖ Ŭˊɧ ŰŬ ɖɛŮɟɐůɘŬ ŬɚɚɎ əŬɘ Ŭˊɧ ŰŬ ɛɖɜɘŬɑŬ ŭŮŭɞɛɏɜŬ 

ŬɜŰɑůŰɞɘɢŬ. 

ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ɉɎɟŰɖ 4.14, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞɘ ŮɛűŬɜɘɕɧɛŮɜŮɠ ŭɘŬűɞɟɏɠ ůŰɖɜ 

ɡˊɞɚɞɔɘůɛɏɜɖ ɘůɢɨ ŮɑɜŬɘ ɛɘəɟɏɠ ůŰɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ əŬɘ əɡɟɑɤɠ ůŰɖ 

ɜɖůɘɤŰɘəɐ ȺɚɚɎŭŬ ŬɚɚɎ əŬɘ ůŰɖɜ ɖ́ ŮɘɟɤŰɘəɐ, ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɛɘəɟɧŰŮɟɖ 

ɔŮɤɛɞɟűɞɚɞɔɘəɐ ŬɜɞɛɞɘɞɔɏɜŮɘŬ. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬűɞɟɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ŮɑɜŬɘ ůŰɖ ŭɡŰɘəɐ 

ȺɚɚɎŭŬ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ŭɡŰɘəɐ ˊɚŮɡɟɎ Űɖɠ ɞɟɞůŮɘɟɎɠ Űɖɠ Ʉɑɜŭɞɡ, ˊɞɡ ɚɧɔɤ 

ŬɜŬɔɚɨűɞɡ ŮˊɖɟŮɎɕŮŰŬɘ ɞ ɎɜŮɛɞɠ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɏɜŰɞɜŮɠ 

ŬɜɞɛɞɘɞɛɞɟűɑŮɠ ůŮ ɛŮɔŬɚɨŰŮɟɖ əɚɑɛŬəŬ (ɖɛŮɟɐůɘŬ - ɛɖɜɘŬɑŬ). Ƀɘ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ Űɞɡ 

ˊɞůɞůŰɞɨ ůɖɛŬɑɜɞɡɜ ɧŰɘ ůŰɞɜ ŰŮɚɘəɧ ɡˊɞɚɞɔɘůɛɧ ɖ ɛɖɜɘŬɑŬ ɘůɢɨɠ ɡˊɞɚɞɔɘůɛɏɜɖ Ŭˊɧ 

ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ ˊɟɞɏəɡɣŮ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɛɖɜɘŬɑŬ, ɡˊɞɚɞɔɘůɛɏɜɖ Ŭˊɧ 

ɛɖɜɘŬɑŮɠ Űɘɛɏɠ. ɆŰɘɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɓɧɟŮɘŬɠ ȺɚɚɎŭɞɠ ŬɚɚɎ əŬɘ əŬŰɎ ɛɐəɞɠ Űɖɠ ɞɟɞůŮɘɟɎɠ Űɖɠ 

Ʉɑɜŭɞɡ ɞɘ ŭɘŬűɞɟɏɠ ŮɑɜŬɘ ɛɘəɟɏɠ ɔɘŬŰɑ əŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŰɘɠ ˊŮɟɘɞɢɏɠ ŬɡŰɏɠ ŮɑɜŬɘ 

ɛɘəɟɐ, Ɏɜɤ ɞ ɎɜŮɛɞɠ əŬŰŮɟɢɧɛŮɜɞɠ ůŰŬ ˊŬɟɎɚɘŬ Űɖɠ ȾɟɐŰɖɠ ŬɚɚɎ əŬɘ ůŰɘɠ ɜɧŰɘŮɠ ŬəŰɏɠ Űɖɠ 

ɄŮɚɞˊɞɜɜɐůɞɡ ŮˊɘŰŬɢɨɜŮŰŬɘ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ 

ɡˊɞɚɞɔɘůɛɏɜɖ ɘůɢɨ. Ⱥˊɞɛɏɜɤɠ, ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ɏɜŰɞɜɖ ŭɘŬəɨɛŬɜůɖ, Űɧůɞ ůŮ 

ɛɖɜɘŬɑŬ ɧůɞ əŬɘ ůŮ ɖɛŮɟɐůɘŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ, ɔɘŬ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ 

ˊŮɟɘůůɧŰŮɟɞ ŭɨůəɞɚɞɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ Űɤɜ ˊŮɟɘɞɢɩɜ ŬɡŰɩɜ. ũɘŬ 

ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ ɞ ɉɎɟŰɖɠ 4.15, ɛŮ Űɞ ˊɞůɞůŰɧ Űɖɠ ŭɘŬűɞɟɎɠ ŬɜɎɛŮůŬ 

ůŰɖɜ ɛɖɜɘŬɑŬ ɡˊɞɚɞɔɘůɛɏɜɖ ŮɛˊŮɘɟɘəɐ ɘůɢɨ əŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɘůɢɨɞɠ Ŭˊɧ Űɖɜ 

əŬŰŬɜɞɛɐ Weibull ůŮ ɛɖɜɘŬɑŬ əŬɘ ŮˊɞɢɘŬəɐ ɓɎůɖ ˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰŬ ŬɜŰɑůŰɞɘɢŬ 

ˊŬɟŬɟŰɐɛŬŰŬ ȷ13 əŬɘ ȸ12. ɄŬɟŬəɎŰɤ, ˊŬɟŬŰɑɗŮŰŬɘ ɢɎɟŰɖɠ ˊɞɡ ŬˊɞŰɡˊɩɜŮŰŬɘ Űɞ ˊɞůɞůŰɧ 

ŬɡŰɧ Űɖɠ ŭɘŬűɞɟɎɠ ůŮ ŮŰɐůɘŬ əɚɑɛŬəŬ. 
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ɉɎɟŰɖɠ 4.15: ɄɞůɞůŰɧ Űɖɠ ŭɘŬűɞɟɎɠ ŬɜɎɛŮůŬ ůŰɖɜ ŮɛˊŮɘɟɘəɎ ɡˊɚɞɔɘůɛɏɜɖ ɛɖɜɘŬɑŬ ɘůɢɨ əŬɘ ůŰɖɜ 

ɡˊɞɚɞɔɘůɛɏɜɖ ɘůɢɨ Ŭˊɧ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɖɠ əŬŰŬɜɞɛɐɠ Weibull ůŮ ŮŰɐůɘŬ ɓɎůɖ.  

ȷˊɧ Űɞɜ ɉɎɟŰɖ 4.15, ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɞɘ ŭɘŬűɞɟɏɠ ŬɜɎɛŮůŬ ůŰŬ ŭɡɞ ɡˊɞɚɞɔɘůɛɏɜŬ ɛŮɔɏɗɖ 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ ůŰɖɜ ŭɡŰɘəɐ əŬɘ ɜɞŰɘɞŭɡŰɘəɐ ȾɟɐŰɖ ůŰɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ, ůŰɖɜ əŮɜŰɟɘəɐ 

ȺɨɓɞɘŬ, ůŰɖɜ əŮɜŰɟɘəɐ ȺɚɚɎŭŬ, ŬɚɚɎ əŬɘ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ. ɆŮ ɧɚŮɠ ŬɡŰɏɠ 

Űɘɠ ŭɘŬűɞɟɏɠ, ɖ Űɘɛɐ Űɖɠ ŮɛˊŮɘɟɘəɐɠ ɘůɢɨɞɠ ŮɑɜŬɘ ˊɎɜŰŬ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖ ɗŮɤɟɖŰɘəɎ 

ɡˊɞɚɞɔɘůɛɏɜɖ əŬɘ ɛɎɚɘůŰŬ ˊɞɚɚɏɠ űɞɟɏɠ Űɞ ˊɞůɞůŰɧ ŬɡŰɧ ɝŮˊŮɟɜɎŮɘ Űɞ 50%. ȷɡŰɧ ŮɑɜŬɘ 

ŬɜŬɛŮɜɧɛŮɜɞ, Ŭűɞɨ ɖ ɗŮɤɟɖŰɘəɐ ɘůɢɨɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ɓɎůɖ Űɞ ɗŮɤɟɖŰɘəɎ ŭɘŬɗɏůɘɛɧ 

Ŭɘɞɚɘəɧ ŭɡɜŬɛɘəɧ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ɐ Ŭɚɚɘɩɠ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɧůɖ ŮɜɏɟɔŮɘŬ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ˊŬɟŬɢɗŮɑ Ŭˊɧ Űɞɜ ɎɜŮɛɞ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ ɛŮ ɛɘŬ ůŰŬɗŮɟɐ ɛɏůɖ ɛɖɜɘŬɑŬ ŰŬɢɨŰɖŰŬ 

ˊɞɡ ůɡɜŮɢɩɠ ɗŬ ɏˊɜŮŮ ůŰɖɜ Ůɜ ɚɧɔɤ ˊŮɟɘɞɢɐ. ȾɎŰɘ ŰɏŰɞɘɞ ɧɛɤɠ ŮɑɜŬɘ ŬɜɏűɘəŰɞ əŬɘ ŮɑɜŬɘ ɛɘŬ 

ɗŮɤɟɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖɜ ŮɝɏŰŬůɖ Űɤɜ ˊŮɟɘɞɢɩɜ ˊɞɡ ŮɑɜŬɘ Ůɜ ŭɡɜɎɛŮɘ ɡˊɞɣɐűɘŮɠ ɔɘŬ 

ŬɜŮɛɞɚɞɔɘəɐ ŮɔəŬŰɎůŰŬůɖ. ũɘŬ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰɖ, ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɜɡˊɞɚɞɔɘůŰɞɨɜ, ɧɚɞɘ ɞɘ 

əɚɘɛŬŰɞɚɞɔɘəɞɑ ŬɚɚɎ əŬɘ ŰŮɢɜɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ, ɔɘŬ Űɖɜ Ŭəɟɘɓɐ ɗɏůɖ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ, Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ ɘůɢɨ, Űɞ ɨɣɞɠ ŰɞˊɞɗɏŰɖůɖɠ əŬɘ ɎɚɚŬ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɔɘŬ ɛɘŬ ŮˊɘəŮɟŭɐ 

əŬɘ ˊɟɞůɞŭɞűɧɟŬ Ůˊɏɜŭɡůɖ. 

4.3 ɀɏɔɘůŰŮɠ ˊŬɟŬŰɖɟɖɛɏɜŮɠ Űɘɛɏɠ Ŭˊɧ ŰŬɝɘɜɞɛɖɛɏɜɞ ŭŮɑɔɛŬ ůŮ 66 

ůŰŬɗɛɞɨɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ.  

ȷˊɧ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ůŬűɏɠ, ɧŰɘ ɖ ˊŬɟɎɔɤɔɖ Űɖɠ ɘůɢɨɠ ŮɑɜŬɘ ɛɏɔŮɗɞɠ Űɞ 

ɞˊɞɑɞ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, Űɧůɞ ŰŮɢɜɘəɞɨɠ ɧůɞ əŬɘ əɚɘɛŬŰɞɚɞɔɘəɞɨɠ. Ƀɘ 

ŰŮɢɜɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ Ŭűɞɟɞɨɜ, əɡɟɑɤɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ, Ůɜɩ ɞɘ 

əɚɘɛŬŰɞɚɞɔɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ Űɖ ɛŮŰŬɓɚɖŰɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, Űɖ ůɤůŰɐ Ŭɝɘɞˊɞɑɖůɖ 

əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, əɟɑɜŮŰŬɘ ŬɜŬɔəŬɑɞ ɖ ˊŮɟŮŰŬɑɟɤ 

ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ɘŭɘŬɑŰŮɟŬ Űɤɜ ɛɏɔɘůŰɤɜ Űɘɛɩɜ, ŬɚɚɎ əŬɘ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ŬɡŰɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɔɘŬ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ 
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Űɞɡ Ŭɘɞɚɘəɞɨ ŭɡɜŬɛɘəɞɨ ɛɘŬɠ ˊŮɟɘɞɢɐɠ, Ŭűɞɨ ɖ ɛɏůɖ Űɘɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ 

ɛŮɛɞɜɤɛɏɜŬ, ŮɑɜŬɘ Ůɚɚɘˊɐɠ ɔɜɩůɖ ɢɤɟɑɠ Űɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ Űɘɛɐɠ ŬɡŰɐɠ ůŰɞ ɢɩɟɞ. ȷɡŰɧ 

ůɖɛŬɑɜŮɘ ɧŰɘ ɛɘŬ ˊŮɟɘɞɢɐ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ɘůɢɡɟɞɨɠ Ŭɜɏɛɞɡɠ ŬɚɚɎ ɔɘŬ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

(ɛɘəɟɐ ŭɘŬůˊɞɟɎ) əŬɘ ɖ ɛɏůɖ Űɘɛɐ Űɖɠ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɖ ɛɏɔɘůŰɖ 

ˊŬɟŬŰɖɟɖɛɏɜɖ ɔɘŬ Űɖɜ ɑŭɘŬ ˊŮɟɑɞŭɞ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ, əɟɑɜŮŰŬɘ ůəɧˊɘɛɞ, ɖ ŮɝŬɔɤɔɐ ɢŬɟŰɩɜ 

ɔɘŬ ůɡɔəŮəɟɘɛɏɜŬ ˊɞůɞůŰɎ ŰŬɢɡŰɐŰɤɜ Ŭɜɏɛɞɡ əŬɘ ŬɜŰɑůŰɟɞűŬ ɔɘŬ ůɡɔəŮəɟɘɛɏɜŮɠ ŰŬɢɨŰɖŰŮɠ, 

ůŮ ́ɞɘɎ ˊɞůɞůŰɧ Ŭɜɏɛɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ.      

4.3.1 ɀɏɔɘůŰŬ ɖɛŮɟɐůɘŬ ˊŬɟŬŰɖɟɖɛɏɜŬ ůŰɞɡɠ 66 ůŰŬɗɛɞɨɠ ůŮ ŭɘŬűɞɟŮŰɘəɐ ˊŮɟɑɞŭɞ 

ɛɏŰɟɖůɖɠ əŬɘ ɔɘŬ ˊɞůɞůŰɎ 1-5-10-12-30% Űɤɜ ɛɏɔɘůŰɤɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ.  

ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ ɢŬɟŰɩɜ ɛŮ Űɖ ɛɏɔɘůŰɖ ˊŬɟŬŰɖɟɖɛɏɜɖ ɖɛŮɟɐůɘŬ Űɘɛɐ Ŭˊɧ Űɞ ŭŮɑɔɛŬ Űɤɜ 66 

ůŰŬɗɛɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ, ŮɝɎɔɞɜŰŬɘ ɢɎɟŰŮɠ ɛŮ Űɖ ɛɏɔɘůŰɖ ˊŬɟŬŰɖɟɖɛɏɜɖ ɖɛŮɟɐůɘŬ Űɘɛɐ 

ŬɚɚɎ əŬɘ ɢɎɟŰŮɠ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ˊɞůɞůŰɎ ŮəŰɑɛɖůɖɠ 1% - 5% - 

10% - 20% -30% Ŭˊɧ Űɞ ŰŬɝɘɜɞɛɖɛɏɜɞ ŭŮɑɔɛŬ Űɤɜ ɛɏɔɘůŰɤɜ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

ɇŬ ŬɜŰɑůŰɞɘɢŬ ŭŮŭɞɛɏɜŬ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ űɗɑɜɞɡůŬ ůŮɘɟɎ Ŭˊɧ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊŬɟŬŰɖɟɖɛɏɜɞ 

ůŰɞ ɛɘəɟɧŰŮɟɞ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ŮˊɘɗɡɛɖŰɧ ˊɞůɞůŰɧ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬəɎŰɤ, ɉɎɟŰɖɠ 4.16, ˊɞɡ űŬɑɜŮŰŬɘ, ɧɢɘ ɛɧɜɞ ɖ ŬɜŰɑůŰɞɘɢɖ 

ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ŬɚɚɎ əŬɘ ɖ əŬŰŬɜɞɛɐ Űɞɡɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ.   

 
 

ɉɎɟŰɖɠ 4.16: ɀɏɔɘůŰŮɠ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ Űɞ ŭŮɑɔɛŬ Űɤɜ 

66 ůŰŬɗɛɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. 

ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ɉɎɟŰɖ 4.16, ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɞɘ ɛɏɔɘůŰŮɠ ŰŬɢɨŰɖŰŮɠ Űɞɡ Ŭɜɏɛɞɡ, ˊɞɡ 

ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ůŮ ɖɛŮɟɐůɘŬ ɢɟɞɜɘəɐ əɚɑɛŬəŬ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ůɖɛŮɘɩɜɞɜŰŬɘ əɡɟɑɤɠ 

ůŰɖ Ɇəɨɟɞ, ůŰɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ, ŬɚɚɎ əŬɘ ůŰɖ ɜɧŰɘŬ ɄŮɚɞˊɧɜɜɖůɞ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞ 

ɜɖůɑ Űɤɜ Ⱦɡɗɐɟɤɜ, Űɖɠ ŰɎɝɖɠ Űɤɜ 25 -30 m/s. ȷˊɧ Űɞɜ ɉɎɟŰɖ 4.17, ŰŬ əɏɜŰɟŬ Űɤɜ ɛɏɔɘůŰɤɜ 

ˊŬɟŬŰɖɟɖɛɏɜɤɜ ɖɛŮɟɖůɑɤɜ Űɘɛɩɜ ˊŬɟŬɛɏɜɞɡɜ ŰŬ ɑŭɘŬ ɛŮ ɛŮɔŬɚɨŰŮɟɞ ɧɛɤɠ ɔŮɤɔɟŬűɘəɧ 
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Ůɨɟɞɠ ŬɚɚɎ əŬɘ ɛŮ ɛɘəɟɧŰŮɟɖ Űɘɛɐ ɖɛŮɟɐůɘɞɡ ɛɏɔɘůŰɞɡ, Ŭűɞɨ Űɞ Ůɨɟɞɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ 

ɛɏɔɘůŰɞɡ ɖɛŮɟɐůɘɞɡ Ŭɜɏɛɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 15- 20 m/s.  

 

ɉɎɟŰɖɠ 4.17: ɀɏɔɘůŰŮɠ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ Űɞ ŭŮɑɔɛŬ Űɤɜ 

66 ůŰŬɗɛɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ ˊɞůɞůŰɧ 1% Űɤɜ ɛɏɔɘůŰɤɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ. 

 

 

ɉɎɟŰɖɠ 4.18: ɀɏɔɘůŰŮɠ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ Űɞ ŭŮɑɔɛŬ Űɤɜ 

66 ůŰŬɗɛɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ ˊɞůɞůŰɧ 5% Űɤɜ ɛɏɔɘůŰɤɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ. 

ɆŮ ˊɞůɞůŰɧ 5% Űɤɜ ɛɏɔɘůŰɤɜ ɖɛŮɟɐůɘɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ, ɉɎɟŰɖɠ 4.18, Űɞ Ůɨɟɞɠ Űɖɠ 

ɛɏɔɘůŰɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 10 - 15 m/s əŬɘ ŭɘŬůˊŮɑɟŮŰŬɘ ɔŮɤɔɟŬűɘəɎ ůŮ 

ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ əŬɘ əɡɟɑɤɠ ŬɜŬŰɞɚɘəɎ - ɜɧŰɘŬ əŬɘ ɜɧŰɘɞ -  
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ŬɜŬŰɞɚɘəɎ. ɆŮ ɞɚɧəɚɖɟɖ ůɢŮŭɧɜ Űɖɜ ɏəŰŬůɖ Űɞɡ ȷɘɔŬɑɞɡ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ȾɟɐŰɖ, Űɖ Ʌɧŭɞ 

ŬɚɚɎ əŬɘ ůŰŬ ɜɧŰɘɞ əŬɘ ɜɧŰɘɞ -  ŬɜŬŰɞɚɘəɎ ˊŬɟɎɚɘŬ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ, űŰɎɜɞɜŰŬɠ ɛɏɢɟɘ Űɖ 

ȿŮɡəɎŭŬ. ɆŰɞɜ ɉɎɟŰɖ 4.19, ɔɘŬ ˊɞůɞůŰɧ 10% Űɤɜ ɛɏɔɘůŰɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ ɖɛŮɟɐůɘɤɜ 

ŰŬɢɡŰɐŰɤɜ Űɞɡ Ŭɜɏɛɞɡ, ɞɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ əɡɟɑɤɜ ůŰɞ ȷɘɔŬɑɞ, ɛŮ ɛɏɔɘůŰŬ 

əɏɜŰɟŬ əɡɟɑɤɜ Űɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ, Űɖ Ʌɧŭɞ, ŬɚɚɎ əŬɘ Űɖ ɜɧŰɘɞ - ŬɜŬŰɞɚɘəɐ ˊɚŮɡɟɎ Űɖɠ 

ȾɟɐŰɖɠ ɛŮ Ůɨɟɞɠ ŰŬɢɡŰɐŰɤɜ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 9 ɏɤɠ 12.5 m/s.   

 

ɉɎɟŰɖɠ 4.19: ɀɏɔɘůŰŮɠ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ Űɞ ŭŮɑɔɛŬ Űɤɜ 

66 ůŰŬɗɛɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ ˊɞůɞůŰɧ 10% Űɤɜ ɛɏɔɘůŰɤɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ. 

 

 

ɉɎɟŰɖɠ 4.20: ɀɏɔɘůŰŮɠ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ Űɞ ŭŮɑɔɛŬ Űɤɜ 

66 ůŰŬɗɛɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ ˊɞůɞůŰɧ 20% Űɤɜ ɛɏɔɘůŰɤɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ.     

ɆŰɞ ˊɞůɞůŰɧ ŬɡŰɧ ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ əŬɘ ůŰɞɜ ɉɎɟŰɖ 4.20, ŰŬ ɛɏɔɘůŰŬ əɏɜŰɟŬ ŮɑɜŬɘ ůŰɖ 

Ʌɧŭɞ ŬɚɚɎ əŬɘ ůŰɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ ɛŮ ɛɏɔɘůŰŬ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ȾɨɗɖɟŬ ůŰɖ ȿŮɡəɎŭŬ 

əŬɘ ůŰɖ ɜɧŰɘŬ ȾɟɐŰɖ ɛŮ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ ŮɛűɎɜɘůɖɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 7.5 - 11.5 m/s. 
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ɉɎɟŰɖɠ 4.21: ɀɏɔɘůŰŮɠ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ Ŭˊɧ Űɞ ŭŮɑɔɛŬ Űɤɜ 

66 ůŰŬɗɛɩɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɔɘŬ ˊɞůɞůŰɧ 30% Űɤɜ ɛɏɔɘůŰɤɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ.     

ũɘŬ ɛɘŬ ŬəɧɛŬ űɞɟɎ ůŰɞ ˊɞůɞůŰɧ Űɞɡ 30% Űɤɜ ɛɏɔɘůŰɤɜ ɖɛŮɟɐůɘɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ 

Űɤɜ ůŰŬɗɛɩɜ ŰŬ əɏɜŰɟŬ Űɤɜ ɛɏɔɘůŰɤɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ ɉɎɟŰɖɠ 4.21, ɓɟɑůəɞɜŰŬɘ ůŰɖ Ʌɧŭɞ, 

ůŰɞ ȾŮɜŰɟɘəɧ ȷɘɔŬɑɞ, ůŰŬ ȾɨɗɖɟŬ, ŬɚɚɎ əŬɘ ůŰɖɜ ŬɜŬŰɞɚɘəɐ ȾɟɐŰɖ ɛŮ Ůɨɟɞɠ ɛɏɔɘůŰɤɜ 

ɖɛŮɟɐůɘɤɜ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Űɘɛɩɜ ɜŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 5.5 ɏɤɠ 10 m/s.   

4.3.2 ɀɏɔɘůŰŬ ɖɛŮɟɐůɘŬ ˊŬɟŬŰɖɟɖɛɏɜŬ ˊɞůɞůŰɎ ůŰɞɡɠ 66 ůŰŬɗɛɞɨɠ ůŮ ŭɘŬűɞɟŮŰɘəɐ 

ˊŮɟɑɞŭɞ ɛɏŰɟɖůɖɠ əŬɘ ɔɘŬ ůɡɔəŮəɟɘɛɏɜŮɠ ŰŬɢɨŰɖŰŮɠ Űɤɜ 5 - 10 - 15 -20 - 25 m/s. 

ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ˊɎɚɘ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ ɛɧɜɞ ˊɞɡ ůŰɞ 

ŰŬɝɘɜɞɛɖɛɏɜɞ ŭŮɑɔɛŬ Űɤɜ űɗɘɜɞɡůɩɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ ŮɝŮŰɎɕŮŰŬɘ Űɞ ˊɞůɞůŰɧ Űɤɜ 

ŰŬɢɡŰɐŰɤɜ ˊɞɡ ŮɑɜŬɘ ˊɎɜɤ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ Űɘɛɏɠ. Ⱥˊɞɛɏɜɤɠ ɔɑɜɞɜŰŬɘ əŬɘ ˊɎɚɘ ɢɎɟŰŮɠ 

4.22-4.24, ˊɞɡ Ŭűɞɟɞɨɜ ůɡɔəŮəɟɘɛɏɜŮɠ ŰŬɢɨŰɖŰŮɠ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ŮɝɎɔɞɜŰŬɘ ůŮ ˊɞɘɧ ˊɞůɞůŰɧ 

ɞɘ ɎɜŮɛɞɘ ŬɡŰɞɑ ˊɜɏɞɡɜ ůŰɖɜ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐ. ɆŰɞɡɠ ˊŬɟŬəɎŰɤ ˊŬɟŬŰɘɗɏɛŮɜɞɡɠ ɢɎɟŰŮɠ 

4.22-4.24, ŮɑɜŬɘ ŮɛűŬɜɐɠ əŬɘ ɖ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ŬɡŰɩɜ ˊɞůɞůŰɩɜ ˊɞɡ 

ŬˊɞŰɡˊɩɜŮɘ Űɖ ůɡɢɜɧŰɖŰŬ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ŰŬɢɡŰɐŰɤɜ ɛŮ ɓɎůɖ Űɖ ɔŮɤɔɟŬűɘəɐ Űɞɡɠ 

əŬŰŬɜɞɛɐ. 

ɇŬ ɛŮɔŬɚɨŰŮɟŬ ˊɞůɞůŰɎ Űɤɜ Ŭɜɏɛɤɜ ˊɞɡ ˊɜɏɞɡɜ ɛŮ ɖɛŮɟɐůɘŬ ŰŬɢɨŰɖŰŬ ˊɎɜɤ Ŭˊɧ 5 m/s, 

ɉɎɟŰɖɠ 4.22, ɓɟɑůəɞɜŰŬɘ ůŰɞ əŮɜŰɟɘəɧ ȷɘɔŬɑɞ, ůŰɞ ɜɖůɑ Űɖɠ Ʌɧŭɞɡ, ůŰɞ ɜɖůɑ Űɖɠ Ⱦɤ, ŬɚɚɎ 

əŬɘ ůŰŬ ˊŬɟɎɚɘŬ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ. ɇŬ ˊɞůɞůŰɎ ŬɡŰɎ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 50 - 80% ˊɞɡ 

ůɖɛŬɑɜŮɘ ɧŰɘ ůŰɞɡɠ ůŰŬɗɛɞɨɠ ŬɡŰɞɨɠ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ˊɎɜɤ Ŭˊɧ 5 m/s ɝŮˊŮɟɜɎŮɘ Űɞ 

50% Űɤɜ ŭŮŭɞɛɏɜɤɜ.   

 

 


















































































































































































































