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ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɛŮɚŮŰɎŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ɓɘɞůŰŮɟŮɩɜ ůŮ əŬɚɚɘɏɟɔŮɘŬ ɔɚɡəɞɨ ůɧɟɔɞɡ. 
ŪŮɤɟɩɜŰŬɠ Űɞ ɔɚɡəɧ ůɧɟɔɞ ɤɠ ˊɘɗŬɜɐ ŮɜŬɚɚŬəŰɘəɐ əŬɚɚɘɏɟɔŮɘŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɓɘɞɛɎɕŬɠ əŬɘ ɓɘɞŬɘɗŬɜɧɚɖɠ ůŰɖɜ 
ȺɚɚɎŭŬ ůŰɞ ˊɟɞůŮɢɏɠ ɛɏɚɚɞɜ, ɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɓɘɞɛɎɕŬɠ əŬɘ ůŰɞ ɨɣɞɠ Űɤɜ 
űɡŰɩɜ. ȼ ŮˊɑŭɟŬůɖ Űɤɜ ɓɘɞůŰŮɟŮɩɜ ůŰɖɜ əŬɚɚɘɏɟɔŮɘŬ Űɞɡ ɔɚɡəɞɨ ůɧɟɔɞɡ ŮɟŮɡɜɐɗɖəŮ əŬŰɎ ŰŬ ɏŰɖ 2009 əŬɘ 2010 
ůŰɞ ȷɔɟɧəŰɖɛŬ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɑŬɠ. ɇɞ ˊŮɘɟŬɛŬŰɘəɧ ůɢɏŭɘɞ ɐŰŬɜ Űɞ ŰɡɢŬɘɞˊɞɘɖɛɏɜɞ ůɢɏŭɘɞ ůŮ ɞɛɎŭŮɠ ɛŮ 
6 ɛŮŰŬɢŮɘɟɑůŮɘɠ əŬɘ 3 ŮˊŬɜŬɚɐɣŮɘɠ. Ƀɘ ɛŮŰŬɢŮɘɟɑůŮɘɠ ˊŮɟɘɚɎɛɓŬɜŬɜ ŮűŬɟɛɞɔɐ ɓɘɞůŰŮɟŮɩɜ ɛŮ ŭɧůɖ ɎɟŭŮɡůɖɠ ɑůɖ ɛŮ 
Űɞ 80% əŬɘ 60% Űɖɠ ɖɛŮɟɐůɘŬɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ, ŮűŬɟɛɞɔɐ ŬɜɧɟɔŬɜɞɡ ɚɘˊɎůɛŬŰɞɠ ɛŮ ŭɧůɖ ɎɟŭŮɡůɖɠ ɑůɖ ɛŮ Űɞ 
80% əŬɘ 60% Űɖɠ ɖɛŮɟɐůɘŬɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ əŬɘ ɛɎɟŰɡɟŮɠ ɛŮ ŭɧůɖ ɎɟŭŮɡůɖɠ ɑůɖ ɛŮ Űɞ 80% əŬɘ 60% Űɖɠ 
ɖɛŮɟɐůɘŬɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ. 
ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ŮűŬɟɛɞɔɐ Űɤɜ ɓɘɞůŰŮɟŮɩɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŬɜŰɘəŬŰŬůŰɐůŮɘ 

Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ŬɜɧɟɔŬɜɤɜ ɚɘˊŬůɛɎŰɤɜ ɛŮ əŬɚɨŰŮɟŬ ɐ ŰŬ ɑŭɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɓɘɞɛɎɕŬɠ əŬɘ ɧŰɘ 
ˊɞɚɨŰɘɛɞ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ ɛˊɞɟŮɑ ɜŬ ŮɝɞɘəɞɜɞɛɖɗŮɑ. 
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The effects of biosolids application to sweet sorghum crop were examined in a field work in 2009 and 2010 at the 

farm of the University of Thessaly, in Velestino, Magnesia, Central Greece. Considering sweet sorghum as a 
possible alternative crop for biomass and bioethanol production in Greece in the near future, the present work 
focuses on the biomass productivity and the height of the plants of this crop as affected by the application of 
biosolids accompanied by deficit irrigation. Six treatments with three replications were organized in a randomized 
complete block design as follows. The treatments involved the application of biosolids with irrigation dose equal to 
the 80% and 60% of the daily evapotranspiration, application of inorganic fertilizer with irrigation dose equal to the 
80% and 60% of the daily evapotranspiration and controls with irrigation dose equal to the 80% and 60% of the daily 
evapotranspiration 

The results of this study showed that biosolids application could replace the inorganic fertilizers application with 
better or the same results in biomass producti on and that valuable irrigation water can be saved under deficit 
irrigation.  
 
Key words: biosolids, deficit irrigation, energy crop, biomass. 
 
1. ȻȾɇȸŪɌŪȽ 
ɇŬ ŮˊŮɝŮɟɔŬůɛɏɜŬ ŬůŰɘəɎ ŬˊɧɓɚɖŰŬ ɐ Ŭɚɚɘɩɠ 

ɓɘɞůŰŮɟŮɎ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ ŰŮɚŮɡŰŬɑŬ ˊɟɞɥɧɜŰŬ Űɖɠ 
ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŬůŰɘəɩɜ ŬˊɞɓɚɐŰɤɜ ůŰɞɡɠ 
ɓɘɞɚɞɔɘəɞɨɠ əŬɗŬɟɘůɛɞɨɠ. Ɇɡɜɐɗɤɠ ˊŮɟɘɏɢɞɡɜ 
ɡɣɖɚɎ ŮˊɑˊŮŭŬ ɞɟɔŬɜɘəɐɠ ɞɡůɑŬɠ (40-70%) əŬɘ ŮɑɜŬɘ 
ˊɚɞɨůɘŬ ůŮ ɎɕɤŰɞ (Ɂ) əŬɘ űɩůűɞɟɞ (P), ŰŬ ɞˊɞɑŬ 
ŮɑɜŬɘ ůŰɞɘɢŮɑŬ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ 
űɡŰɩɜ. Ƀɘ ŮɡŮɟɔŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɓɘɞůŰŮɟŮɩɜ ůŬɜ 
ŮŭŬűɞɓŮɚŰɘɤŰɘəɎ ŮɑɜŬɘ ɔŮɜɘəɧŰŮɟŬ ŬɜŬɔɜɤɟɘůɛɏɜŮɠ. 
ȳŰŬɜ ˊɟɞůŰɑɗŮɜŰŬɘ ůŰɞ ɏŭŬűɞɠ, ŬɡɝɎɜɞɡɜ Űɖɜ 

ɞɟɔŬɜɘəɐ ɞɡůɑŬ Űɞɡ ŮŭɎűɞɡɠ, ɛŮɘɩɜɞɡɜ Űɞ Ůɘŭɘəɧ Űɞɡ 
ɓɎɟɞɠ əŬɘ ŬɡɝɎɜɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ůɡɔəɟɎŰɖůɖɠ Űɞɡ 
ɜŮɟɞɨ (Ippolito et al., 2012, Khaleel et al., 1981, 
Powers et al., 1975). ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ 
ɓɘɞůŰŮɟŮɩɜ ŬɡɝɎɜŮŰŬɘ Űɞ ˊɞɟɩŭŮɠ Űɞɡ ŮŭɎűɞɡɠ 

ŭɖɚŬŭɐ ɓŮɚŰɘɩɜŮŰŬɘ ɖ ŭɞɛɐ Űɞɡ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 
ŮɛˊɞŭɑɕŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ŮˊɘűŬɜŮɘŬəɐɠ əɟɞɨůŰŬɠ, 
ɜŬ ɛŮɘɩɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɡɛˊɑŮůɖɠ Űɞɡ 
ŮŭɎűɞɡɠ (Pagliai and Antisari, 1993) əŬɘ ɜŬ 
ɓŮɚŰɘɩɜŮŰŬɘ ɞ ŬŮɟɘůɛɧɠ əŬɘ ɖ ŭɘŮɑůŭɡůɖ Űɤɜ űɡŰɘəɩɜ 
ɟɘɕɩɜ ůŰɞ ɏŭŬűɞɠ (USEPA,  1999). Ⱥˊɑůɖɠ, Űɞ ɜŮɟɧ 
ˊŬɟŬɛɏɜŮɘ ůŰɞ ɟɘɕɧůŰɟɤɛŬ ɚɧɔɤ Űɖɠ ɛŮɑɤůɖɠ Űɖɠ 
ŭɘɐɗɖůɖɠ, Űɖɠ ŮɝɎŰɛɘůɖɠ əŬɘ Űɖɠ Ŭˊɞɟɟɞɐɠ (USEPA, 
1999). 
ɇŬ ɓɘɞůŰŮɟŮɎ Ůˊɑůɖɠ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɐ ˊɖɔɐ 

ɗɟŮˊŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ Űɘɠ əŬɚɚɘɏɟɔŮɘŮɠ. ɇŬ 
ɛŬəɟɞɗɟŮˊŰɘəɎ ůŰɞɘɢŮɑŬ ɧˊɤɠ Űɞ ɎɕɤŰɞ (Ɂ) əŬɘ ɞ 
űɩůűɞɟɞɠ (P) ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɘɠ 
əŬɚɚɘɏɟɔŮɘŮɠ ɓɟɑůəɞɜŰŬɘ ůŮ ɘəŬɜɞˊɞɘɖŰɘəɏɠ 
ˊɞůɧŰɖŰŮɠ, Ůɜɩ Űɞ ŰɟɑŰɞ ůŰɞɘɢŮɑɞ Űɞ əɎɚɘɞ (Ⱦ) 
ɓɟɑůəŮŰŬɘ ůŮ ɢŬɛɖɚɏɠ ˊɞůɧŰɖŰŮɠ. ɇŬ ɓɘɞůŰŮɟŮɎ 
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ɛˊɞɟɞɨɜ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ Ůˊɑůɖɠ ˊɖɔɐ 
ɛɘəɟɞɗɟŮˊŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ɧˊɤɠ ɞ ůɑŭɖɟɞɠ (Fe), Űɞ 
ɓɧɟɘɞ (ȸ), ɞ ɢŬɚəɧɠ (Cu), Űɞ ɜɘəɏɚɘɞ (Ni), əŬɗɩɠ əŬɘ 
Ɏɚɚɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ 
ŬɜɎˊŰɡɝɖ Űɤɜ űɡŰɩɜ (Epstein, 2003). ȺˊɘˊɟɧůɗŮŰŬ, 
ŰŬ űɡŰɎ ɛˊɞɟɞɨɜ ɜŬ ŭŮůɛŮɨůɞɡɜ Ŭˊɧ Űɞ ɏŭŬűɞɠ ˊɘɞ 
ŮɨəɞɚŬ ŰŬ ɗɟŮˊŰɘəɎ ůŰɞɘɢŮɑŬ əŬɘ Űɞ ɜŮɟɧ. ɆŮ ˊɞɚɚɏɠ 
ˊŮɟɘˊŰɩůŮɘɠ ŬɡɝɎɜŮŰŬɘ ɖ ˊŬɟŬɔɤɔɐ əŬɘ ɖ ˊɞɘɧŰɖŰŬ 
Űɤɜ űɡŰɩɜ. 
ɇɖɜ ŰŮɚŮɡŰŬɑŬ ŭŮəŬŮŰɑŬ ɖ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ 

ɏɢŮɘ ŬɟɢɑůŮɘ ɜŬ ŮɜŭɘŬűɏɟŮŰŬɘ ɔɘŬ Űɘɠ ŬɜŬɜŮɩůɘɛŮɠ 
ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ ɧˊɤɠ Űɞ ɓɘɞɜŰɐɕŮɚ əŬɘ ɖ 
ɓɘɞŬɘɗŬɜɧɚɖ ůŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ 
ŬɜŰɘəŬŰŬůŰŬɗɞɨɜ ŰŬ ˊŬɟŬŭɞůɘŬəɎ əŬɨůɘɛŬ əŬɘ ɜŬ 
ɛŮɘɤɗɞɨɜ ɞɘ Ůəˊɞɛˊɏɠ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ. ȼ 
ˊɞɚɘŰɘəɐ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ɞɟɑɕŮɘ ɧŰɘ ɛɏɢɟɘ Űɞ 
ɏŰɞɠ 2020, Űɞ ɛŮɟɑŭɘɞ Űɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŬɜŬɜŮɩůɘɛŮɠ 
ˊɖɔɏɠ  ůŮ ɧɚŮɠ Űɘɠ ɛɞɟűɏɠ ɛŮŰŬűɞɟɩɜ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ 
ˊɞůɞůŰɧ ŰɞɡɚɎɢɘůŰɞɜ 10% Űɖɠ ŰŮɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ 
ŮɜɏɟɔŮɘŬɠ ůŰɘɠ ɛŮŰŬűɞɟɏɠ ůŮ əɎɗŮ ɛɏɚɞɠ əɟɎŰɞɠ 
(ɃŭɖɔɑŬ 2009/28/ȺȾ). 
Ƀɘ əŬɚɚɘɏɟɔŮɘŮɠ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɎɔɞɡɜ ɏɚŬɘɞ ɔɘŬ 

ɓɘɞɜŰɐɕŮɚ, ɕɡɛɩůɘɛɞɡɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ɔɘŬ 
ŬɘɗŬɜɧɚɖ ɐ ɝɖɟɐ ɞɡůɑŬ ɔɘŬ əŬɨůɖ əŬɘ ˊɡɟɧɚɡůɖ. 
ȷɜɎɛŮůŬ ůŰɘɠ ɛɞɜɞŮŰŮɑɠ ŮɜŮɟɔŮɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ 
ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɎɔɞɡɜ ůŰŬɗŮɟɏɠ ˊɞůɧŰɖŰŮɠ 
ɓɘɞɛɎɕŬɠ Űɞ ůɧɟɔɞ ɏɢŮɘ ůɖɛŬɜŰɘəɧ ŭɡɜŬɛɘəɧ 
ˊŬɟŬɔɤɔɐɠ ŬəɧɛŬ əŬɘ ůŮ əŬŰŬůŰɎůŮɘɠ 
Ů́ɟɘɞɟɘůɛɏɜɖɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ ɜŮɟɞɨ (Cosentino,  

1996, Foti et al., 1996). ɇɞ ɔɚɡəɧ ůɧɟɔɞ ŮɑɜŬɘ ˊɘɞ 
əŬŰɎɚɚɖɚɞ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɓɘɞŬɘɗŬɜɧɚɖɠ əŬɗɩɠ 
ɏɢŮɘ ɛŮɔɎɚɖ ˊŬɟŬɔɤɔɐ ůŮ ɕɡɛɩůɘɛɞɡɠ 
ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ (Dolciotti et al., 1998, Whitfield et 
al., 2012). 
ŪŮɤɟɩɜŰŬɠ Űɞ ɔɚɡəɧ ůɧɟɔɞ ɤɠ ˊɘɗŬɜɐ 

ŮɜŬɚɚŬəŰɘəɐ əŬɚɚɘɏɟɔŮɘŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɓɘɞɛɎɕŬɠ 
əŬɘ ɓɘɞŬɘɗŬɜɧɚɖɠ ůŰɖɜ ȺɚɚɎŭŬ ůŰɞ ˊɟɞůŮɢɏɠ 
ɛɏɚɚɞɜ, ůəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ 
ŮˊɑŭɟŬůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɤɜ ɓɘɞůŰŮɟŮɩɜ ůŮ 
əŬɚɚɘɏɟɔŮɘŬ ɔɚɡəɞɨ ůɧɟɔɞɡ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 
ŮɚɚŮɘɛɛŬŰɘəɐ ɎɟŭŮɡůɖ, ůŰɖɜ ˊŬɟŬɔɤɔɐ ɓɘɞɛɎɕŬɠ əŬɘ 
ůŰɞ ɨɣɞɠ Űɤɜ űɡŰɩɜ. 
 
2. ɉɀȾȿȸ ȿȸȾ ɁȻūɄȺɄȾ 
ȼ ŮˊɑŭɟŬůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɤɜ ɓɘɞůŰŮɟŮɩɜ ůŰɖɜ 

əŬɚɚɘɏɟɔŮɘŬ ɔɚɡəɞɨ ůɧɟɔɞɡ ɛŮɚŮŰɐɗɖəŮ ůŰɞ 
ȷɔɟɧəŰɖɛŬ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɑŬɠ ůŰɞ 
ȸŮɚŮůŰɑɜɞ ŰŬ ɏŰɖ 2009 əŬɘ 2010. ɇɞ ɏŭŬűɞɠ ŮɑɜŬɘ 
ŬɟɔɘɚɞˊɖɚɩŭŮɠ əŬɘ əŬŰŬŰɎůůŮŰŬɘ ůŬɜ Typic 
Xerochrept. ȾɎɗŮ ˊŮɘɟŬɛŬŰɘəɧ ŰŮɛɎɢɘɞ ŮɑɢŮ ŮˊɘűɎɜŮɘŬ 
32 Ű.ɛ. əŬɘ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ŰŮɛŬɢɑɤɜ 1,5 m. ɇɞ 
ˊŮɘɟŬɛŬŰɘəɧ ůɢɏŭɘɞ ɐŰŬɜ Űɞ ŰɡɢŬɘɞˊɞɘɖɛɏɜɞ ůɢɏŭɘɞ 
ůŮ ɞɛɎŭŮɠ ɛŮ 6 ɛŮŰŬɢŮɘɟɑůŮɘɠ əŬɘ 3 ŮˊŬɜŬɚɐɣŮɘɠ 
ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 
Ŭ) ȺűŬɟɛɞɔɐ ɓɘɞůŰŮɟŮɩɜ ɛŮ ŭɧůɖ ɎɟŭŮɡůɖɠ ɑůɖ 

ɛŮ Űɞ 80% Űɖɠ ɖɛŮɟɐůɘŬɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ (B80). 
ɓ) ȺűŬɟɛɞɔɐ ŬɜɧɟɔŬɜɞɡ ɚɘˊɎůɛŬŰɞɠ ɛŮ ŭɧůɖ 

ɎɟŭŮɡůɖɠ ɑůɖ ɛŮ Űɞ 80% Űɖɠ ɖɛŮɟɐůɘŬɠ 
ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ (F80). 
ɔ) ɀɎɟŰɡɟŬɠ ɛŮ ŭɧůɖ ɎɟŭŮɡůɖɠ ɑůɖ ɛŮ Űɞ 80% 

Űɖɠ ɖɛŮɟɐůɘŬɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ (C80). 

ŭ) ȺűŬɟɛɞɔɐ ɓɘɞůŰŮɟŮɩɜ ɛŮ ŭɧůɖ ɎɟŭŮɡůɖɠ ɑůɖ 
ɛŮ Űɞ 60% Űɖɠ ɖɛŮɟɐůɘŬɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ (B60). 
Ů) ȺűŬɟɛɞɔɐ ŬɜɧɟɔŬɜɞɡ ɚɘˊɎůɛŬŰɞɠ ɛŮ ŭɧůɖ 

ɎɟŭŮɡůɖɠ ɑůɖ ɛŮ Űɞ 60% Űɖɠ ɖɛŮɟɐůɘŬɠ 
ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ (F60). 
ůŰ) ɀɎɟŰɡɟŬɠ ɛŮ ŭɧůɖ ɎɟŭŮɡůɖɠ ɑůɖ ɛŮ Űɞ 60% 

Űɖɠ ɖɛŮɟɐůɘŬɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ (C60). 
ɇŬ ɓɘɞůŰŮɟŮɎ ˊŬɟɐɢɗɖůŬɜ ůŰɖɜ ɛɞɜɎŭŬ 

ȸɘɞɚɞɔɘəɞɨ ȾŬɗŬɟɘůɛɞɨ Űɞɡ ȹɐɛɞɡ ȸɧɚɞɡ. ɀŮŰɎ 
Ŭˊɧ Űɖɜ ŬŮɟɧɓɘŬ əŬɘ ŬɜŬŮɟɧɓɘŬ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 
ŬůŰɘəɩɜ ŬˊɞɓɚɐŰɤɜ, Űɖɜ ˊɎɢɡɜůɐ Űɞɡɠ əŬɘ Űɞ 
ˊɏɟŬůɛɎ Űɞɡɠ Ŭˊɧ Űɖɜ ŰŬɘɜɘɞűɘɚŰɟɞˊɟɏůŬ, ɖ ɘɚɨɠ 
ɡˊɏůŰɖ ŬˊɞɝɐɟŬɜůɖ əŬɘ ŬˊɞůŰŮɑɟɤůɖ ɛŮ Űɖ ɛɏɗɞŭɞ 
Űɖɠ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɗŮɟɛɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ ůŮ 
Ůɘŭɘəɧ ŮˊŮɝŮɟɔŬůŰɐ. ȼ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɗŮɟɛɘəɐ 
ŮˊŮɝŮɟɔŬůɑŬ (IRP) ŮɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮɘ 
ɎɛŮůɖ ɗŮɟɛɘəɐ ŭɘŮɑůŭɡůɖ əŬɘ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ 
ɛŮŰŬűɏɟŮɘ ɛŮɔɎɚɖ ɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ. ȼ ŬəŰɘɜɞɓɞɚɑŬ 
ŬɡŰɐ ŬűŬɘɟŮɑ Űɖɜ ɡɔɟŬůɑŬ əŬɘ əŬŰŬůŰɟɏűŮɘ ŰŬ 
ˊŬɗɞɔɧɜŬ ˊɞɡ ɏɢŮɘ ɖ ɘɚɨɠ. 
ɀŮŰɎ Űɖɜ ˊŬɟŬˊɎɜɤ ŮˊŮɝŮɟɔŬůɑŬ ŰŬ ɓɘɞůŰŮɟŮɎ 

ŮɑɢŬɜ ɚɘɔɧŰŮɟɞ Ŭˊɧ 10% ɡɔɟŬůɑŬ əŬɘ ɛɖ 
ŬɜɘɢɜŮɨůɘɛɞɡɠ ˊŬɗɞɔɧɜɞɡɠ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ. ɆŰɖ 
ůɡɜɏɢŮɘŬ ŰŬ ɓɘɞůŰŮɟŮɎ ɛŮŰŬűɏɟɗɖəŬɜ ůŰɞɜ 
ˊŮɘɟŬɛŬŰɘəɧ Ŭɔɟɧ əŬɘ ŮɜůɤɛŬŰɩɗɖəŬɜ ůŰɞ ɏŭŬűɞɠ 
ɛɘŬ ŮɓŭɞɛɎŭŬ ˊɟɘɜ Űɖ ůˊɞɟɎ ůŮ ŬɜŬɚɞɔɑŬ 500 kg 
ŬɜɎ ůŰɟɏɛɛŬ. ɇŬ ɓɘɞůŰŮɟŮɎ ŮűŬɟɛɧůŰɖəŬɜ ůŰɞɜ 
Ŭɔɟɧ ɛɘŬ űɞɟɎ Űɞ ɏŰɞɠ 2009 əŬɘ ɛɘŬ űɞɟɎ Űɞ ɏŰɞɠ 
2010. Ƀɘ Űɘɛɏɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ɓŬɟɏɤɜ ɛŮŰɎɚɚɤɜ 
ůŰŬ ɓɘɞůŰŮɟŮɎ əŬɘ ůŰɞ ɏŭŬűɞɠ ɐŰŬɜ ɢŬɛɖɚɐ əŬɘ ŮɜŰɧɠ 
Űɤɜ ɞɟɑɤɜ ˊɞɡ ɞɟɑɕŮɘ ɖ ůɢŮŰɘəɐ ȾɈȷ 80568/4225/61 
(ūȺȾ 641/ȸ/7-08-1991). 
ɇɞ ŬɜɧɟɔŬɜɞ ɚɑˊŬůɛŬ ˊɞɡ ˊɟɞůŰɏɗɖəŮ ůŰɘɠ 

ɎɚɚŮɠ ɛŮŰŬɢŮɘɟɑůŮɘɠ ŮɑɢŮ Űɖɜ ɑŭɘŬ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɛŮ ŰŬ 
ɓɘɞůŰŮɟŮɎ ůŮ ɞɚɘəɧ ɎɕɤŰɞ, űɩůűɞɟɞ əŬɘ əɎɚɘɞ (21kg 
N/ůŰɟ., 8kg P/ůŰɟ., 0,8 kg K/ůŰɟ.).  
Ƀɚɧəɚɖɟɖ ɖ ˊɞůɧŰɖŰŬ Űɞɡ űɤůűɧɟɞɡ əŬɘ Űɞɡ 

əŬɚɑɞɡ, ɛŬɕɑ ɛŮ Űɞ 25% Űɞɡ ŬɕɩŰɞɡ ŮűŬɟɛɧůŰɖəŮ 
ůŬɜ ɓŬůɘəɐ ɚɑˊŬɜůɖ ɛɘŬ ŮɓŭɞɛɎŭŬ ˊɟɘɜ Űɖ ůˊɞɟɎ. 
ɇɞ ɡˊɧɚɞɘˊɞ ɎɕɤŰɞ ŮűŬɟɛɧůŰɖəŮ ɛŮ ɡŭɟɞɚɑˊŬɜůɖ 
20-30 ɖɛɏɟŮɠ ɛŮŰɎ Űɖ ůˊɞɟɎ. 
ȼ ůˊɞɟɎ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ɏɔɘɜŮ ůŰɘɠ Ŭɟɢɏɠ 

Ƚɞɡɜɑɞɡ ɛŮ ɡɓɟɑŭɘɞ ɔɚɡəɞɨ ůɧɟɔɞɡ (Sorghum bicolor 
(L.) Moench x Sorghum bicolor (L.) Moench 
'Sugargraze'), ɛŮ ŬɜŬɚɞɔɑŬ 12000 űɡŰɎ ŬɜɎ ůŰɟɏɛɛŬ. 
ȾɎɗŮ ˊŮɘɟŬɛŬŰɘəɧ ŰŮɛɎɢɘɞ ŮɑɢŮ 6 ůŮɘɟɏɠ ɛŮ ŬˊɧůŰŬůɖ 
ɛŮŰŬɝɨ Űɤɜ ůŮɘɟɩɜ 0,78 m. ɀŮŰɎ Űɞ űɨŰɟɤɛŬ 
ŮűŬɟɛɧůŰɖəŬɜ ɞɘ ɑŭɘŮɠ əŬɚɚɘŮɟɔɖŰɘəɏɠ ŮɟɔŬůɑŮɠ ůŮ 
ɧɚŮɠ Űɘɠ ɛŮŰŬɢŮɘɟɑůŮɘɠ. ɆŮ ŬɡŰɏɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɜ 
ŰɟɑŬ ɢŮɘɟɞɜŬəŰɘəɎ ůəŬɚɑůɛŬŰŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ 
ɕɘɕŬɜɑɤɜ. 
ɆŰɖɜ əŬɚɚɘɏɟɔŮɘŬ ŮűŬɟɛɧůŰɖəŮ ŮˊɘűŬɜŮɘŬəɐ 

ůŰɎɔŭɖɜ ɎɟŭŮɡůɖ. Ƀɘ Ŭɔɤɔɞɑ ŮűŬɟɛɞɔɐɠ ˊɞɡ 
ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ űŰɘŬɔɛɏɜɞɘ Ŭˊɧ 
ˊɞɚɡŬɘɗɡɚɏɜɘɞ ɛŮ 20 mm ɞɜɞɛŬůŰɘəɐ ŭɘɎɛŮŰɟɞ. Ƀɘ 
ůŰŬɚŬəŰɐɟŮɠ ɐŰŬɜ ŬɡŰɞɟɡɗɛɘɕɧɛŮɜɞɘ əŬɘ 
ŬɡŰɞəŬɗŬɟɘɕɧɛŮɜɞɘ (NetafimÊ) ɛŮ ŬˊɧůŰŬůɖ 
ŬɜɎɛŮůɎ Űɞɡɠ 0,80 m əŬɘ ˊŬɟɞɢɐ 2,3 L h-1. ȼ 
ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ɡˊɞɚɞɔɑůŰɖəŮ 
ɓɎůŮɘ Űɞɡ űɡŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ (Allen et al., 1998)  əŬɘ 
Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ ɛŮ Űɖ ɛɏɗɞŭɞ 
Penman-Monteith (Allen et al., 1998). ɇŬ 
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ɛŮŰŮɤɟɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ əŬŰŬɔɟɎűɞɜŰŬɜ Ŭˊɧ 
ŬɡŰɧɛŬŰɞ ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ (MetosCompact, 
Űɖɠ ŮŰŬɘɟŮɑŬɠ Pessl Instruments GmbH) ɞ ɞˊɞɑɞɠ 
ɐŰŬɜ ŮɔəŬŰŮůŰɖɛɏɜɞɠ ůŮ əŬɚɚɘɏɟɔŮɘŬ ŬɜŬűɞɟɎɠ, Ůɜɩ 
ɞ ůŰŬɗɛɧɠ ŮɑɢŮ ŬˊɧůŰŬůɖ ˊŮɟɑˊɞɡ 50 m Ŭˊɧ Űɖɜ 
əŬɚɚɘɏɟɔŮɘŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ŬɜɎ 12 min, 
əŬŰŬɔɟɎűɞɜŰŬɜ ɖ ɗŮɟɛɞəɟŬůɑŬ Ŭɏɟɞɠ (oC), ɖ ůɢŮŰɘəɐ 
ɡɔɟŬůɑŬ Ŭɏɟɞɠ (%), ɖ ɓɟɞɢɧˊŰɤůɖ (mm), ɖ ŰŬɢɨŰɖŰŬ 
Űɞɡ Ŭɜɏɛɞɡ ůŮ ɨɣɞɠ 2 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 
ŮŭɎűɞɡɠ (m s-1) əŬɘ Űɏɚɞɠ ɖ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ (W 
m-2).  ɇɞ ɜŮɟɧ ˊɞɡ ŮűŬɟɛɧůŰɖəŮ ůŰɖɜ əŬɚɚɘɏɟɔŮɘŬ 
ɐŰŬɜ 426 mm ɔɘŬ Űɘɠ ɛŮŰŬɢŮɘɟɑůŮɘɠ ȸ80, F80, C80 əŬɘ 
359 mm ɔɘŬ Űɘɠ ɛŮŰŬɢŮɘɟɑůŮɘɠ B60, F60 əŬɘ C60. 
ȼ ˊŬɟŬɔɤɔɐ ˊɟɞůŭɘɞɟɑůŰɖəŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ɛɏůɞɡɠ ɧɟɞɡɠ Űɖɠ ɓɘɞɛɎɕŬɠ (ɡˊɏɟɔŮɘŬ). ȼ ɓɘɞɛɎɕŬ 
ɛŮŰɟɐɗɖəŮ ɛŮ əŬŰŬůŰɟɞűɘəɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɞɡ 
ůɡɜɧɚɞɡ Űɤɜ űɡŰɩɜ Űɤɜ ɛŮůŬɑɤɜ ůŮɘɟɩɜ Űɤɜ 
ɛŮŰŬɢŮɘɟɑůŮɤɜ əŬɘ Űɖ ɕɨɔɘůɐ Űɞɡɠ ůŮ ɕɡɔɧ ŬəɟɘɓŮɑŬɠ. 
ɆŮ ŬɡŰɎ ŰŬ űɡŰɎ ɛŮŰɟɐɗɖəŮ Ůˊɑůɖɠ Űɞ ɨɣɞɠ əŬɘ 
ɡˊɞɚɞɔɑůŰɖəŮ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ Űɘɛɩɜ. 
ɇɞ Űɡˊɘəɧ əɚɑɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŬəɞɚɞɡɗŮɑ Űɞ 

ɀŮůɞɔŮɘŬəɧ ɛɞŰɑɓɞ ɛŮ ɝɖɟɎ-ɗŮɟɛɎ əŬɚɞəŬɑɟɘŬ əŬɘ 
ɡɔɟɞɨɠ-ɣɡɢɟɞɨɠ ɢŮɘɛɩɜŮɠ. Ƀɘ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɖɠ 
ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ (ɆɢɐɛŬ 1) 
əŬŰŬɔɟɎűɞɜŰŬɜ ůŮ ŬɡŰɧɛŬŰɞ ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ 
ɞ ɞˊɞɑɞɠ ɓɟɑůəŮŰŬɘ ůŰɞɜ ˊŮɘɟŬɛŬŰɘəɧ Ŭɔɟɧ. ȼ 
ɓɟɞɢɧˊŰɤůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ əŬɚɚɘŮɟɔɖŰɘəɐɠ 
ˊŮɟɘɧŭɞɡ Űɞɡ ɏŰɞɡɠ 2009 ɐŰŬɜ 138 mm, Űɞ ɏŰɞɠ 2010 
ɐŰŬɜ 40 mm Ůɜɩ ɖ ɛɏůɖ ɓɟɞɢɧˊŰɤůɖ Űɤɜ 25 
ŰŮɚŮɡŰŬɑɤɜ ɢɟɧɜɤɜ ɐŰŬɜ ɑůɖ ɛŮ 87 mm. ȼ 
ɗŮɟɛɞəɟŬůɑŬ Űɤɜ ŮŰɩɜ 2009-2010 ŭŮɜ ˊŬɟɞɡůɑŬůŮ 
ŭɘŬəɨɛŬɜůɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 
25 ŰŮɚŮɡŰŬɑɤɜ ɢɟɧɜɤɜ. 

 

 
ɆɢɐɛŬ 1. ɀɏůŮɠ Űɘɛɏɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ 
ɓɟɞɢɧˊŰɤůɖɠ ɔɘŬ ŰŬ ɏŰɖ 2009-2010 əŬɘ Űɤɜ 
ŰŮɚŮɡŰŬɑɤɜ 25 ŮŰɩɜ (ŭŮəŬɐɛŮɟŬ) 

 
ȼ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ɏɔɘɜŮ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ 

ůŰŬŰɘůŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ Minitab Statistical 
Software (a=0,05). ȼ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ɏɔɘɜŮ ɛŮ Űɖ 
ɢɟɐůɖ Űɞɡ ũŮɜɘəɞɨ ũɟŬɛɛɘəɞɨ ɛɞɜŰɏɚɞɡ (General 
Linear Model) əŬɘ Ŭűɞɨ ɏɔɘɜŮ ŬɜɎɚɡůɖ Űɖɠ 
ˊŬɟŬɚɚŬəŰɘəɧŰɖŰŬɠ, ɔɘŬ Űɘɠ ůɡɔəɟɑůŮɘɠ 
ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ Tukey (Montgomery, 
2004). 

 
3. ȸɅɄɈȻɀȻɇɁȸɈȸ 

3.1. ȵɤɟɡ Ųɢűɪɝ 
ɆŰɞ ɆɢɐɛŬ 2 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ Űɤɜ 

ŭɘŬůŰɖɛɎŰɤɜ ŮɛˊɘůŰɞůɨɜɖɠ ůŰɘɠ ŭɘɎűɞɟŮɠ 
ɛŮŰŬɢŮɘɟɑůŮɘɠ, ɔɘŬ Űɞ ɨɣɞɠ Űɤɜ űɡŰɩɜ Űɞɡ ɔɚɡəɞɨ 
ůɧɟɔɞɡ, ůŰɞ ŭŮɨŰŮɟɞ ɛɘůɧ Űɞɡ ɆŮˊŰŮɛɓɟɑɞɡ (106ɖ 
ɛɏɟŬ Ŭˊɧ Űɖ ůˊɞɟɎ), ɔɘŬ ŰŬ ɏŰɖ 2009-2010. 
ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2, ɞ ɛɏůɞɠ ɧɟɞɠ Űɞɡ 

ɛɏɔɘůŰɞɡ ɨɣɞɡɠ, ɔɘŬ ŰŬ 2 ɏŰɖ, Űɤɜ ɛŮŰŬɢŮɘɟɑůŮɤɜ 
ȸ80, ȸ60, F80, F60, C80 əŬɘ C60 ɐŰŬɜ 3,48 m, 3,30 
m, 3,43 m, 3,27 m, 3,31 m əŬɘ 3,15 m, ŬɜŰɑůŰɞɘɢŬ. 
ɋɠ ˊɟɞɠ Űɞ ɨɣɞɠ, ɞɘ ɛŮŰŬɢŮɘɟɑůŮɘɠ ȸ80, F80, 

C80, əŬɘ ȸ60 ŭŮɜ ɏɢɞɡɜ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɏɠ 
ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɞɡɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɞɘ 
ɛŮŰŬɢŮɘɟɑůŮɘɠ F80, C80, ȸ60 əŬɘ F60. ȼ ɛŮŰŬɢŮɑɟɘůɖ 
C60 ŭŮɜ ɏɢŮɘ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮ Űɖɜ 
C80, B60 əŬɘ F60. ɇɏɚɞɠ ɖ ɛŮŰŬɢŮɑɟɘůɖ B80 ɏɢŮɘ 
ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮ Űɘɠ ɛŮŰŬɢŮɘɟɑůŮɘɠ 
F60 əŬɘ C60. 

 
ɆɢɐɛŬ 2. ȹɘɎɔɟŬɛɛŬ Űɤɜ ŭɘŬůŰɖɛɎŰɤɜ 
ŮɛˊɘůŰɞůɨɜɖɠ ɔɘŬ Űɞ ɨɣɞɠ Űɤɜ űɡŰɩɜ, ůŰɘɠ ŭɘɎűɞɟŮɠ 
ɛŮŰŬɢŮɘɟɑůŮɘɠ (ɞɘ ɛɏůɞɘ ɧɟɞɘ ˊɞɡ ŭŮɜ ɛɞɘɟɎɕɞɜŰŬɘ Űɞ 
ɑŭɘɞ ɔɟɎɛɛŬ ɏɢɞɡɜ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ) 

 
ɆŰɞ ɆɢɐɛŬ 3 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ əɨɟɘŬ ŮˊɑŭɟŬůɖ 

ˊɞɡ ŮɑɢŮ əɎɗŮ ˊŬɟɎɔɞɜŰŬɠ ůŰɞ ɨɣɞɠ Űɤɜ űɡŰɩɜ. 
 

 
ɆɢɐɛŬ 3. ȹɘɎɔɟŬɛɛŬ Űɤɜ əɨɟɘɤɜ ŮˊɘŭɟɎůŮɤɜ ɔɘŬ Űɞ 

ɨɣɞɠ Űɤɜ űɡŰɩɜ 
 
ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŰŬ ɓɘɞůŰŮɟŮɎ ŮɑɢŬɜ ˊɘɞ ɛŮɔɎɚɖ 

ŮˊɑŭɟŬůɖ ůŰɞ ɨɣɞɠ Űɤɜ űɡŰɩɜ Ŭˊɧ ɧŰɘ Űɞ ɚɑˊŬůɛŬ 
əŬɘ ɧŰɘ ɖ Ŭɨɝɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ ɎɟŭŮɡůɖɠ 
ŮˊɏűŮɟŮ Ŭɨɝɖůɖ Űɞɡ ɨɣɞɡɠ Űɤɜ űɡŰɩɜ. 
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3.2. Ʌŭɠŭɕɥɕɑ ɣɛɥɠɑɡ ɔəɟɜɏɖŭɡ 
ɆŰɞ ɆɢɐɛŬ 4 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ Űɤɜ 

ŭɘŬůŰɖɛɎŰɤɜ ŮɛˊɘůŰɞůɨɜɖɠ ůŰɘɠ ŭɘɎűɞɟŮɠ 
ɛŮŰŬɢŮɘɟɑůŮɘɠ, ɔɘŬ Űɖ ɛɏɔɘůŰɖ ɢɚɤɟɐ ɓɘɞɛɎɕŬ Űɤɜ 
űɡŰɩɜ Űɞɡ ɔɚɡəɞɨ ůɧɟɔɞɡ, ɔɘŬ ŰŬ ɏŰɖ 2009-2010. 
ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4, ɞ ɛɏůɞɠ ɧɟɞɠ Űɖɠ 

ɛɏɔɘůŰɖɠ ɢɚɤɟɐɠ ɓɘɞɛɎɕŬɠ, ɔɘŬ ŰŬ 2 ɏŰɖ, Űɞɡ Űɤɜ 
ɛŮŰŬɢŮɘɟɑůŮɤɜ ȸ80, ȸ60, F80, F60, C80 əŬɘ C60 
ɐŰŬɜ 16500 kg/ůŰɟ., 14920 kg/ůŰɟ., 15265 kg/ůŰɟ., 
14560 kg/ůŰɟ., 14363 kg/ůŰɟ. əŬɘ 13643 kg/ůŰɟ., 
ŬɜŰɑůŰɞɘɢŬ. 
ɆŰɞ ɆɢɐɛŬ 4 ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ, ɤɠ ˊɟɞɠ Űɖ 

ɢɚɤɟɐ ɓɘɞɛɎɕŬ, ɞɘ ɛŮŰŬɢŮɘɟɑůŮɘɠ ȸ60, F80 ŭŮɜ ɏɢɞɡɜ 
ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɞɡɠ ɧˊɤɠ 
Ůˊɑůɖɠ əŬɘ ɞɘ ɛŮŰŬɢŮɘɟɑůŮɘɠ ȸ60, C60 əŬɘ C80. Ƀɘ 
ɛŮŰŬɢŮɘɟɑůŮɘɠ ȸ80 əŬɘ C60 ɏɢɞɡɜ ůŰŬŰɘůŰɘəɎ 
ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ Űɧůɞ ɛŮŰŬɝɨ Űɞɡɠ ɧůɞ əŬɘ ɛŮ 
ɧɚŮɠ Űɘɠ ɎɚɚŮɠ ɛŮŰŬɢŮɘɟɑůŮɘɠ. 

 
ɆɢɐɛŬ 4. ȹɘɎɔɟŬɛɛŬ Űɤɜ ŭɘŬůŰɖɛɎŰɤɜ 
ŮɛˊɘůŰɞůɨɜɖɠ ɔɘŬ Űɖ ɢɚɤɟɐ ɓɘɞɛɎɕŬ  Űɤɜ űɡŰɩɜ, 
ůŰɘɠ ŭɘɎűɞɟŮɠ ɛŮŰŬɢŮɘɟɑůŮɘɠ (ɞɘ ɛɏůɞɘ ɧɟɞɘ ˊɞɡ ŭŮɜ 
ɛɞɘɟɎɕɞɜŰŬɘ Űɞ ɑŭɘɞ ɔɟɎɛɛŬ ɏɢɞɡɜ ůŰŬŰɘůŰɘəɎ 
ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ) 

 
ɆŰɞ ɆɢɐɛŬ 5 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ əɨɟɘŬ ŮˊɑŭɟŬůɖ 

ˊɞɡ ŮɑɢŮ əɎɗŮ ˊŬɟɎɔɞɜŰŬɠ ůŰɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ 
ɢɚɤɟɐɠ ɓɘɞɛɎɕŬɠ Űɤɜ űɡŰɩɜ. 

 

 
ɆɢɐɛŬ 5. ȹɘɎɔɟŬɛɛŬ Űɤɜ əɨɟɘɤɜ ŮˊɘŭɟɎůŮɤɜ ɔɘŬ Űɖ 
ɢɚɤɟɐ ɓɘɞɛɎɕŬ Űɤɜ űɡŰɩɜ 

 
ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŰŬ ɓɘɞůŰŮɟŮɎ ŮɑɢŬɜ ˊɘɞ ɛŮɔɎɚɖ 

ŮˊɑŭɟŬůɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɢɚɤɟɐɠ ɓɘɞɛɎɕŬɠ Ŭˊɧ ɧŰɘ 
Űɞ ɚɑˊŬůɛŬ əŬɘ ɧŰɘ ɧůɞ ˊɘɞ ɛŮɔɎɚɖ ɐŰŬɜ ɖ ˊɞůɧŰɖŰŬ 
Űɞɡ ɜŮɟɞɨ ˊɞɡ ŭŮɢɧŰŬɜ ɖ əŬɚɚɘɏɟɔŮɘŬ Űɧůɞ 

ɛŮɔŬɚɨŰŮɟɖ ɐŰŬɜ ɖ ŮˊɑŭɟŬůɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ 
ɢɚɤɟɐɠ ɓɘɞɛɎɕŬɠ Űɤɜ űɡŰɩɜ. 

 
 

4. ɇɉɁɅȻɆȸɇɁȸɈȸ 
ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ɛˊɞɟɞɨɛŮ ɜŬ 

ůɡɛˊŮɟɎɜɞɡɛŮ ɧŰɘ ɖ ŮűŬɟɛɞɔɐ ɓɘɞůŰŮɟŮɩɜ ůŮ 
ůɡɜŭɡŬůɛɧ ɛŮ ŮɚɚŮɘɛɛŬŰɘəɐ ɎɟŭŮɡůɖ, ůŰɖɜ 
əŬɚɚɘɏɟɔŮɘŬ ɔɚɡəɞɨ ůɧɟɔɞɡ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 
ˊŬɟŬɔɤɔɐ ˊŮɟɘůůɧŰŮɟɖɠ ɐ ɑŭɘŬɠ ɢɚɤɟɐɠ ɓɘɞɛɎɕŬɠ 
ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ŬɜɧɟɔŬɜɞɡ ɚɘˊɎůɛŬŰɞɠ. ȷɡŰɧ 
ɞŭɖɔŮɑ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɖ ŮűŬɟɛɞɔɐ ɓɘɞůŰŮɟŮɩɜ 
ɛˊɞɟŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰɐůŮɘ Űɖɜ ŮűŬɟɛɞɔɐ ŬɜɧɟɔŬɜɤɜ 
ɚɘˊŬůɛɎŰɤɜ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ɋɠ 
ɔɜɤůŰɧɜ ɖ ˊŬɟŬɔɤɔɐ ŬɜɧɟɔŬɜɤɜ ɚɘˊŬůɛɎŰɤɜ 
əŬŰŬɜŬɚɩɜŮɘ ůɖɛŬɜŰɘəɎ ˊɞůɎ ŮɜɏɟɔŮɘŬɠ ŰŬ ɞˊɞɑŬ 
ɛˊɞɟɞɨɜ ɜŬ Ůɝɞɘəɞɜɞɛɖɗɞɨɜ ɛŮ Űɖɜ ɢɟɐůɖ 
ɓɘɞůŰŮɟŮɩɜ. 
ȯɟŭŮɡůɖ ɑůɖ ɛŮ Űɞ 60% Űɖɠ ɖɛŮɟɐůɘŬɠ 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ 
ɓɘɞůŰŮɟŮɩɜ ˊŬɟɐɔŬɔŮ Űɖɜ ɑŭɘŬ ɓɘɞɛɎɕŬ ɛŮ ŬɡŰɐ ˊɞɡ 
ˊŬɟɎɢɗɖəŮ əɎŰɤ Ŭˊɧ ɎɟŭŮɡůɖ ɑůɖ ɛŮ Űɞ 80% Űɖɠ 
ɖɛŮɟɐůɘŬɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ 
ŮűŬɟɛɞɔɐ ŬɜɧɟɔŬɜɞɡ ɚɘˊɎůɛŬŰɞɠ. ȷɡŰɧ ɞŭɖɔŮɑ ůŰɞ 
ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɏɜŬ ɛŮɔɎɚɞ ˊɞůɞůŰɧ ŬɟŭŮɡŰɘəɞɨ 
ɜŮɟɞɨ ɛˊɞɟŮɑ ɜŬ ŮɝɞɘəɞɜɞɛɖɗŮɑ (20%) əŬɘ ɎɟŬ ɜŬ 
ŮɝɞɘəɞɜɞɛɖɗŮɑ ŮɜɏɟɔŮɘŬ. 
ȼ ŮűŬɟɛɞɔɐ ɓɘɞůŰŮɟŮɩɜ ŮɑɢŮ ɛŮɔŬɚɨŰŮɟɖ 

ŮˊɑŭɟŬůɖ ůŰɞ ɨɣɞɠ Űɤɜ űɡŰɩɜ Ŭˊɧ ɧŰɘ ɖ ŮűŬɟɛɞɔɐ 
ɚɘˊɎůɛŬŰɞɠ Ůɜɩ ɖ Ŭɨɝɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ 
ɎɟŭŮɡůɖɠ ŮˊɏűŮɟŮ Ŭɨɝɖůɖ Űɞɡ ɨɣɞɡɠ Űɤɜ űɡŰɩɜ. 
ɇɞ ɔɚɡəɧ ůɧɟɔɞ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɛɘŬ ˊɞɚɚɎ 

ɡˊɞůɢɧɛŮɜɖ ŮɜŬɚɚŬəŰɘəɐ əŬɚɚɘɏɟɔŮɘŬ ɔɘŬ Űɖɜ 
ˊŬɟŬɔɤɔɐ ɓɘɞŬɘɗŬɜɧɚɖɠ ůŰɖɜ ȺɚɚɎŭŬ ůŰɞ ˊɟɞůŮɢɏɠ 
ɛɏɚɚɞɜ. ȼ ŮűŬɟɛɞɔɐ ɓɘɞůŰŮɟŮɩɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 
Űɖɜ ŮɚɚŮɘɛɛŬŰɘəɐ ɎɟŭŮɡůɖ ɛˊɞɟŮɑ ɜŬ ɛŮɘɩůŮɘ Űɖɜ 
ŮűŬɟɛɞɔɐ ɚɘˊŬůɛɎŰɤɜ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɜŬ 
ŮɝɞɘəɞɜɞɛɐůŮɘ ˊɞɚɨŰɘɛɞ ŬɟŭŮɡŰɘəɧ ɜŮɟɧ, ɞˊɧŰŮ 
ŮˊɘŰɡɔɢɎɜŮŰŬɘ Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ ůŰɖ ɔŮɤɟɔɑŬ. 

 
6. ȻɉɊȸɆȾɇɈȾȻɇ 
H ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ɏɢŮɘ ůɡɔɢɟɖɛŬŰɞŭɞŰɖɗŮɑ Ŭˊɧ 

Űɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ (ȺɡɟɤˊŬɥəɧ Ⱦɞɘɜɤɜɘəɧ 
ɇŬɛŮɑɞ - ȺȾɇ) əŬɘ Ŭˊɧ Ůɗɜɘəɞɨɠ ˊɧɟɞɡɠ ɛɏůɤ Űɞɡ 
ȺˊɘɢŮɘɟɖůɘŬəɞɨ ɄɟɞɔɟɎɛɛŬŰɞɠ çȺəˊŬɑŭŮɡůɖ əŬɘ 
ȹɘŬ ȸɑɞɡ ɀɎɗɖůɖè Űɞɡ Ⱥɗɜɘəɞɨ ɆŰɟŬŰɖɔɘəɞɨ 
ɄɚŬɘůɑɞɡ ȷɜŬűɞɟɎɠ (ȺɆɄȷ) ï ȺɟŮɡɜɖŰɘəɧ 
ɉɟɖɛŬŰɞŭɞŰɞɨɛŮɜɞ Ȱɟɔɞ: ȼɟɎəɚŮɘŰɞɠ ȽȽ. Ⱥˊɏɜŭɡůɖ 
ůŰɖɜ əɞɘɜɤɜɑŬ Űɖɠ ɔɜɩůɖɠ ɛɏůɤ Űɞɡ ȺɡɟɤˊŬɥəɞɨ 
Ⱦɞɘɜɤɜɘəɞɨ ɇŬɛŮɑɞɡ.  
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ȼ ɛɏɗɞŭɞɠ Űɖɠ ɛŮɟɘəɐɠ ɨɔɟŬɜůɖɠ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ (Partial Root-zone Drying, PRD), ŬˊɞŰŮɚŮɑ ɛɘŬ 
Űɟɞˊɞˊɞɘɖɛɏɜɖ ɛɏɗɞŭɞ ůŰɎɔŭɖɜ ɎɟŭŮɡůɖɠ əŬɘ ŬűɞɟɎ ůŰɖɜ ɨɔɟŬɜůɖ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ ɛɧɜɞ əŬŰɎ Űɞ ɐɛɘůɡ ůŮ 
əɎɗŮ ɎɟŭŮɡůɖ. ɆŰɖɜ ŮɟɔŬůɑŬ ŭɘŮɟŮɡɜɎŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ɛɧɜɘɛɖɠ ɛŮɟɘəɐɠ ɨɔɟŬɜůɖɠ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ ůŰɖɜ 
əŬŰŬɜɞɛɐ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŮŭŬűɘəɐ ɡɔɟŬůɑŬ ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ Ŭˊɚɞɨ ɛɞɜŰɏɚɞɡ ɡŭŬŰɘəɞɨ 
ɘůɞɕɡɔɑɞɡ əŬɘ Űɖ ɢɟɐůɖ Űɞɡ ŭɘˊɚɞɨ űɡŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ. ɇŬ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ůɡɔəŮɜŰɟɩɗɖəŬɜ ůŮ ŭɨɞ 
ˊŮɘɟŬɛŬŰɘəɎ ŬɔɟɞŰŮɛɎɢɘŬ ůŰɞ ȷɔɟɧəŰɖɛŬ Űɞɡ ȷɟɘůŰɞŰŮɚŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɞɜɑəɖɠ Űɖɜ əŬɚɚɘŮɟɔɖŰɘəɐ 
ˊŮɟɑɞŭɞ Űɞɡ 2009. ɇŬ ŭɨɞ ˊŮɘɟŬɛŬŰɘəɎ ŬɔɟɞŰŮɛɎɢɘŬ ŮɑɢŬɜ ŭɘŬűɞɟŮŰɘəɏɠ űɡůɘəɏɠ əŬɘ ɡŭɟŬɡɚɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ɆŰɞ 
ŬɟŭŮɡŰɘəɧ ůɨůŰɖɛŬ ɖ ˊŬɟɞɢɐ Űɤɜ ůŰŬɚŬəŰɐɟɤɜ ɐŰŬɜ 4 l/h əŬɘ ɖ ɘůŬˊɞɢɐ ɛŮŰŬɝɨ Űɞɡɠ 50 cm, Ůɜɩ ɖ ůɡɜɞɚɘəɐ 
ˊɞůɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɢɞɟɖɔɐɗɖəŮ ɐŰŬɜ ŭɘŬűɞɟŮŰɘəɐ. ȼ ɛɏŰɟɖůɖ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ɔɘɜɧŰŬɜ ɛŮ ŬɘůɗɖŰɐɟŮɠ 
Diviner 2000 Űɧůɞ ůŰɖ ɔɟŬɛɛɐ Űɤɜ űɡŰɩɜ ɧůɞ əŬɘ ůŰɖ ɔɟŬɛɛɐ ɎɟŭŮɡůɖɠ. ȳˊɤɠ ˊɟɞɏəɡɣŮ Ŭˊɧ ŰŬ ůŰŬŰɘůŰɘəɎ 
əɟɘŰɐɟɘŬ, ɞɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɐŰŬɜ ˊɞɚɨ əɞɜŰɎ ůŰɘɠ 
ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɜ Ŭˊɧ Űɞ ɖɛɘɎɗɟɞɘůɛŬ Űɤɜ Űɘɛɩɜ ůŰɘɠ ŭɨɞ ɗɏůŮɘɠ. 
 
ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ɀŮɟɘəɐ ɨɔɟŬɜůɖ ɟɘɕɞůŰɟɩɛŬŰɞɠ, ŮŭŬűɘəɐ ɡɔɟŬůɑŬ, ŭɘˊɚɧɠ űɡŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ 
 
SOIL WATER SIMULATION IN A FIELD OF MAIZE UNDER PARTIAL ROOT-ZONE DRYING DRIP IRRIGATION 
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Partial Root zone Drying (PRD) is an innovative irrigation technique which is based on irrigating half of the root 
zone in row crops. In this study the effects of PRD on soil water distribution of drip-irrigated maize in Northern 
Greece and the daily soil water balance were estimated. A simple soil water balance model using the equation of 
water balance component on a daily basis was used. The crop evapotranspiration was estimated using the double 
crop coefficient. Results were compared with available measurements of soil moisture in the soil profile at the 
irrigation and plant row using Diviner 2000 sensors during the growing season. The statistical criteria of model results 
evaluation showed that there was good agreement between the simulated and the measured values of soil water 
content. 
 
Key words: Fixed partial root-zone drying, soil moisture, dual crop coefficient 
 
1. ȻȾɇȸŪɌŪȽ 
ȼ ůɨɔɢɟɞɜɖ ŬɟŭŮɡɧɛŮɜɖ ɔŮɤɟɔɑŬ əɘɜŮɑŰŬɘ ˊɟɞɠ Űɖɜ 

əŬŰŮɨɗɡɜůɖ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ əŬɘ ŬŮɘűɞɟɘəɐɠ 
ɢɟɐůɖɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɞɜ 
ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɤɜ ŬɟŭŮɨůŮɤɜ əŬɘ Űɖ ɢɟɐůɖ 
əŬɘɜɞŰɧɛɤɜ ˊɟŬəŰɘəɩɜ ůŰɘɠ ɛŮɗɧŭɞɡɠ ɎɟŭŮɡůɖɠ. 
ȼ ɛɏɗɞŭɞɠ Űɖɠ ɛŮɟɘəɐɠ ɨɔɟŬɜůɖɠ Űɞɡ 

ɟɘɕɞůŰɟɩɛŬŰɞɠ (Partial Root-zone Drying, PRD), 
ŬˊɞŰŮɚŮɑ ɛɘŬ Űɟɞˊɞˊɞɘɖɛɏɜɖ ɛɏɗɞŭɞ ůŰɎɔŭɖɜ ɎɟŭŮɡůɖɠ 
əŬɘ ŬűɞɟɎ ůŰɖɜ ɨɔɟŬɜůɖ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ ɛɧɜɞ əŬŰɎ 
Űɞ ɐɛɘůɡ ůŮ əɎɗŮ ɎɟŭŮɡůɖ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɏɢŮɘ Űɖ 
ŭɡɜŬŰɧŰɖŰŬ ɛŮɘɤɛɏɜɖɠ ŮűŬɟɛɞɔɐɠ ŬɟŭŮɡŰɘəɞɨ ɜŮɟɞɨ, 
ŭɘŬŰɐɟɖůɖɠ Űɖɠ ůˊŬɟɔɐɠ ŬɚɚɎ əŬɘ Űɤɜ ŬˊɞŭɧůŮɤɜ 
Űɞɡɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ůɡɜɐɗŮɘɠ ɛŮɗɧŭɞɡɠ ɎɟŭŮɡůɖɠ 
(Kang and Zhang, 2004). ȼ ɛɏɗɞŭɞɠ ɏɢŮɘ ŮɟŮɡɜɖɗŮɑ 
Ůɡɟɏɤɠ ůŮ əŬɚɚɘɏɟɔŮɘŮɠ ŬɛˊŮɚɘɞɨ (Dry et al., 2001; Du 
et al., 2008), ŭŮɜŭɟɩŭŮɘɠ əŬɚɚɘɏɟɔŮɘŮɠ (Kang et al., 
2002; Abrisqueta et al., 2008), əŬɚɚɘɏɟɔŮɘŮɠ ɚŬɢŬɜɘəɩɜ 
(Zegbe et al., 2004) əŬɘ űɡŰɩɜ ɛŮɔɎɚɖɠ əŬɚɚɘɏɟɔŮɘŬɠ 

(Kang et al., 1998; Kirda et al., 2007; Georgiou et al., 
2010; ȿŮəɎəɖɠ ə. Ɏɚ., 2010; Lekakis et al., 2011). ɆŰɘɠ 
ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ɛŮɚɏŰŮɠ ŬɡŰɏɠ, ɖ ůŰɎɔŭɖɜ 
ɎɟŭŮɡůɖ ɛŮ ɛŮɟɘəɐ ɨɔɟŬɜůɖ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ 
ɓŮɚŰɑɤůŮ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ ɢɟɐůɖɠ Űɞɡ ŬɟŭŮɡŰɘəɞɨ 
ɜŮɟɞɨ ůŮ ůɢɏůɖ ɛŮ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɎɟŭŮɡůɖɠ. 
ȼ əŬŰŬɜɞɛɐ Űɖɠ ɡɔɟŬůɑŬɠ əŬŰɎ Űɖ ůŰɎɔŭɖɜ ɎɟŭŮɡůɖ 

ŬˊɞŰŮɚŮɑ ɗɏɛŬ ɛŮɑɕɞɜɞɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ əŬɗɩɠ ɤɠ 
ɛɏɗɞŭɞɠ ɎɟŭŮɡůɖɠ ɛˊɞɟŮɑ ɜŬ ŭŮɢŰŮɑ ˊɞɚɚɞɨɠ 
ŬɡŰɞɛŬŰɘůɛɞɨɠ əŬɘ ɜŬ ŮűŬɟɛɞůŰŮɑ ůŮ ŭɘɎűɞɟŮɠ 
ŭɘŬŰɎɝŮɘɠ ɛŮ ɏɜŬ Ůɨɟɞɠ ˊŬɟɞɢɩɜ ˊɎɜŰŬ ˊɟɞɠ Űɖɜ 
əŬŰŮɨɗɡɜůɖ Űɖɠ Ůɝɞɘəɞɜɧɛɖůɖɠ Űɞɡ ɜŮɟɞɨ ŬɚɚɎ əŬɘ Űɤɜ 
ɡɚɘəɩɜ, ůɨɛűɤɜŬ ɛŮ Űɞ ůɡɛűɏɟɞɜ Űɞɡ ůɨɔɢɟɞɜɞɡ 
ˊŬɟŬɔɤɔɞɨ. ȼ ŮűŬɟɛɞɔɐ Űɖɠ ůŰɎɔŭɖɜ ɎɟŭŮɡůɖɠ ůŮ 
ɛŮɔɎɚɞ Ůɨɟɞɠ əŬɚɚɘŮɟɔŮɘɩɜ, ŮŭŬűɩɜ əŬɘ ˊŮɟɘɞɢɩɜ Űɖɜ 
ɏɢŮɘ əŬŰŬŰɎɝŮɘ ɤɠ Űɖɜ ˊɘɞ ɡˊɞůɢɧɛŮɜɖ ɛɏɗɞŭɞ ɔɘŬ 
ɢɟɐůɖ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ůɡɜɗɐəŮɠ ɏɚɚŮɘɣɖɠ ɜŮɟɞɨ əŬɘ 
ɛɎɚɘůŰŬ ɛŮ ɡɣɖɚɐ ůɡɔəɏɜŰɟɤůɖ ŬɚɎŰɤɜ (ɁŰɘɞɨŭɖɠ ə. 
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Ɏɚ., 2003; Badr and Taalab, 2007; Kalfountzos et al., 
2007; Sakellariou-Makrantonaki et al., 2007). 
ɆŰɖɜ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ ůŰɎɔŭɖɜ 

ɎɟŭŮɡůɖɠ ɛŮ ɛɧɜɘɛɖ ɨɔɟŬɜůɖ Űɖɠ ɛɘŬɠ ˊɚŮɡɟɎɠ Űɞɡ 
ɟɘɕɞůŰɟɩɛŬŰɞɠ (Fixed PRD, FPRD), ůŮ əŬɚɚɘɏɟɔŮɘŬ 
əŬɚŬɛˊɞəɘɞɨ ůŮ ŭɨɞ ŮŭɎűɖ Űɞɡ ȷɔɟɞəŰɐɛŬŰɞɠ Űɞɡ 
ȷ.Ʉ.Ū., əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ ɓɚŬůŰɘəɐɠ ˊŮɟɘɧŭɞɡ əŬɘ 
ɛŮɚŮŰɐɗɖəŬɜ ɞɘ ɛŮŰŬɓɞɚɏɠ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ɛŮ 
ɛɏŰɟɖůɐ Űɖɠ ɛŮ ŬɘůɗɖŰɐɟŮɠ Űɧůɞ Ůˊɑ Űɖɠ ɔɟŬɛɛɐɠ Űɤɜ 
űɡŰɩɜ ɧůɞ əŬɘ Ůˊɑ Űɖɠ ɔɟŬɛɛɐɠ Űɞɡ Ŭɔɤɔɞɨ ŮűŬɟɛɞɔɐɠ 
Űɖɠ ɎɟŭŮɡůɖɠ. 

 
2. ɉɀȾȿȸ ȿȸȾ ɁȻūɄȺɄȾ 
2.1. ɅůɠəɕɠŭŲɑ ˋůɠəɟɣɑɡ ɜůɛɐűɗɡ ɚŭə ɜůűɠɑŰůɥɝ 
ɇŬ ŬˊŬɟŬɑŰɖŰŬ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ 

ŮɟɔŬůɑŬ ůɡɔəŮɜŰɟɩɗɖəŬɜ Ŭˊɧ ˊŮɘɟŬɛŬŰɘəɧ Ŭɔɟɧ Űɞɡ 
ȷɔɟɞəŰɐɛŬŰɞɠ Űɞɡ ȷ.Ʉ.Ū. (ũ.Ʉ. 40Á 31', ũ.ɀ. 22Á 58', 
ɈɊ. 19 m), əŬŰɎ Űɖɜ əŬɚɚɘŮɟɔɖŰɘəɐ ˊŮɟɑɞŭɞ 2009 ůŮ 
ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ŮŭɎűɖ (ɏŭŬűɞɠ 1 əŬɘ ɏŭŬűɞɠ 2). ȼ 
ɛɏɗɞŭɞɠ ɎɟŭŮɡůɖɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɐŰŬɜ ɖ ŮˊɘűŬɜŮɘŬəɐ 
ůŰɎɔŭɖɜ ɎɟŭŮɡůɖ ɛŮ ˊŬɟɞɢɐ Űɤɜ ůŰŬɚŬəŰɐɟɤɜ 4 l/hr 
əŬɘ ɘůŬˊɞɢɐ 0.5 m. Ƀɘ Ŭɔɤɔɞɑ ŮűŬɟɛɞɔɐɠ 
ŰɞˊɞɗŮŰɐɗɖəŬɜ ɛŮŰŬɝɨ Űɤɜ ɔɟŬɛɛɩɜ Űɤɜ űɡŰɩɜ əŬɘ 
ŮɜŬɚɚɎɝ ɔɘŬ ɜŬ ŮűŬɟɛɞůŰŮɑ ɖ ŰŮɢɜɘəɐ Űɖɠ ɛŮɟɘəɐɠ 
ŭɘŬɓɟɞɢɐɠ. Ƀɘ ŬˊɞůŰɎůŮɘɠ Űɤɜ Ŭɔɤɔɩɜ ŮűŬɟɛɞɔɐɠ 
ɐŰŬɜ 1.6 m. ɆŰɞɜ ɄɑɜŬəŬ 1 ŭɑɜɞɜŰŬɘ ɞ ɢɟɧɜɞɠ əŬɘ Űɞ 
ɨɣɞɠ ɜŮɟɞɨ (mm) əɎɗŮ ɎɟŭŮɡůɖɠ ůŰŬ ŭɨɞ ŮŭɎűɖ. ȼ 
ůˊɞɟɎ Űɞɡ əŬɚŬɛˊɞəɘɞɨ ɏɔɘɜŮ ůŰɘɠ 28/4, Ůɜɩ ɖ 
ůɡɔəɞɛɘŭɐ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ɏŭŬűɞɠ 1 ůŰɘɠ 11/9 
əŬɘ ůŰɞ ɏŭŬűɞɠ 2 ůŰɘɠ 23/9. 
 
ɄɑɜŬəŬɠ 1. ɉɟɧɜɞɠ ŮűŬɟɛɞɔɐɠ əŬɘ ɨɣɞɠ ɜŮɟɞɨ 
ɎɟŭŮɡůɖɠ (mm) ůŰŬ ŮŭɎűɖ 1 əŬɘ 2. 

Ƚɜůɠɟɜɗɝɒŭ ȱŮŭŲɟɡ 1 ȱŮŭŲɟɡ 2 

9/6/2009 26.04 18.75 
17/6/2009 40.63 30.21 
26/6/2009 20.00 15.00 
3/7/2009 40.00 30.14 
9/7/2009 50.07 37.85 
17/7/2009 65.14 45.00 
24/7/2009 55.00 45.00 
31/7/2009 40.00 30.00 
7/8/2009 6.88 6.90 
ɇɉɂɄɀɄ 343.76 258.54 

 
ɇŬ ɛŮŰŮɤɟɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ ŮɚɐűɗɖůŬɜ Ŭˊɧ Űɞɜ 

ŬɡŰɧɛŬŰɞ ůŰŬɗɛɧ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ũŮɜɘəɐɠ əŬɘ 
ũŮɤɟɔɘəɐɠ ɈŭɟŬɡɚɘəɐɠ əŬɘ ȸŮɚŰɘɩůŮɤɜ Űɖɠ ũŮɤˊɞɜɘəɐɠ 
Ɇɢɞɚɐɠ Űɞɡ ȷ.Ʉ.Ū. ůŮ ɛɘəɟɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɘɠ 
ɛŮŰŬɢŮɘɟɑůŮɘɠ. ȼ ɓɟɞɢɧˊŰɤůɖ ɔɘŬ Űɞ ŭɘɎůŰɖɛŬ Ŭˊɧ Űɖ 
ůˊɞɟɎ ɏɤɠ Űɖ ůɡɔəɞɛɘŭɐ ŬɜɐɚɗŮ ůŮ 192 mm əŬɘ ɖ  
ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ əŬɚɚɘɏɟɔŮɘŬɠ ɡˊɞɚɞɔɑůŰɖəŮ ɑůɖ ˊɟɞɠ 
620 mm ůŰɞ ɏŭŬűɞɠ 1 əŬɘ 646 mm ůŰɞ ɏŭŬűɞɠ 2. ȼ 
ɖɛŮɟɐůɘŬ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖ 
ůɡɜŭɡŬůɛɏɜɖ ɛɏɗɞŭɞ Penman-Monteith əŬŰɎ FAO 
(Allen et al, 1998). ȼ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ 
əŬɚɚɘɏɟɔŮɘŬɠ ŬɜŬűɞɟɎɠ əŬɘ ɖ əŬŰŬɜɞɛɐ Űɤɜ 
ɓɟɞɢɞˊŰɩůŮɤɜ ɔɘŬ ɧɚɖ Űɖ ɓɚŬůŰɘəɐ ˊŮɟɑɞŭɞ ŭɑɜŮŰŬɘ 
ůŰɞ ɆɢɐɛŬ 1. 
ȼ ˊŮɟɘŮɢɧɛŮɜɖ ɡɔɟŬůɑŬ ůŰŬ ŭɨɞ ŮŭɎűɖ 

əŬŰŬɔɟŬűɧŰŬɜ əŬɗɖɛŮɟɘɜɎ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 
ɓɚŬůŰɘəɐɠ ˊŮɟɘɧŭɞɡ Ŭˊɧ ŬɘůɗɖŰɐɟŮɠ Diviner 2000 

(Sentek Pty Ltd, Australia), ŬɜɎ 0.1 m ɛɏɢɟɘ Űɞ ɓɎɗɞɠ 
Űɞɡ 1 m ůŰɞ ɏŭŬűɞɠ 1 əŬɘ Űɤɜ 70 cm ůŰɞ ɏŭŬűɞɠ 2. Ƀɘ 
ŬɘůɗɖŰɐɟŮɠ ɐŰŬɜ ŮɔəŬŰŮůŰɖɛɏɜɞɘ ůŮ ŭɨɞ ůɡɔəŮəɟɘɛɏɜŮɠ 
ɗɏůŮɘɠ ůŮ əɎɗŮ ɏŭŬűɞɠ: ůŰɖɜ ɔɟŬɛɛɐ Űɞɡ Ŭɔɤɔɞɨ 
ŮűŬɟɛɞɔɐɠ əŬɘ ˊɎɜɤ ůŰɖ ɔɟŬɛɛɐ Űɤɜ űɡŰɩɜ. Ƀɘ 
ɛŮŰɟɐůŮɘɠ ɓŬɗɛɞɜɞɛɐɗɖəŬɜ ɛŮ ŮɝɘůɩůŮɘɠ Ŭˊɧ Űɖ 
ɓɘɓɚɘɞɔɟŬűɑŬ (Georgiou et al., 2010; Lekakis et al., 
2011; Paraskevas et al., 2012). 

 

 
ɆɢɐɛŬ 1. ȾŬŰŬɜɞɛɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ Űɖɠ 
ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 
ɓɚŬůŰɘəɐɠ ˊŮɟɘɧŭɞɡ 2009. 

 
Ƀ ŭŮɑəŰɖɠ űɡɚɚɘəɐɠ ŮˊɘűɎɜŮɘŬɠ (LAI) 

ˊɟɞůŭɘɞɟɑůŰɖəŮ ɛŮ Űɖɜ əŬŰŬůŰɟɞűɘəɐ ɛɏɗɞŭɞ, ŬɜɎ 
ŭŮəŬˊŮɜɗɐɛŮɟɞ. Ƀɘ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɞɡ LAI Ŭɜɧŭɞɡ, 
ɛɏɢɟɘ Űɖɜ ˊɚɐɟɖ ŬɜɎˊŰɡɝɖ, ŮəŰɘɛɐɗɖəŬɜ ɛŮ 
ˊɟɞůŬɟɛɞɔɐ Űɖɠ ɚɞɔɘůŰɘəɐɠ ůɡɜɎɟŰɖůɖɠ ůŰɘɠ 
ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ (Antonopoulos, 2001) əŬɘ Űɞɡ LAI 
əŬɗɧŭɞɡ ůŮ ˊɞɚɡɤɜɡɛɘəɐ Ůɝɑůɤůɖ 2ɞɡ ɓŬɗɛɞɨ, ɛɏɢɟɘ Űɞ 
Űɏɚɞɠ Űɖɠ ɓɚŬůŰɘəɐɠ ˊŮɟɘɧŭɞɡ. 
ɇɞ ɓɎɗɞɠ Űɞɡ ɟɘɕɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɛŮŰɟɐɗɖəŮ Ŭˊɧ 

ˊŬɟŬŰɖɟɐůŮɘɠ ůŮ ɛˊɎɚŬ ŮŭɎűɞɡɠ, ŬɜɎ ŭŮəŬˊŮɜɗɐɛŮɟɞ. 
ȺəŰɘɛɐɗɖəŮ ɧŰɘ Űɞ ɓɎɗɞɠ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ əŬɘ ůŰŬ 
ŭɨɞ ŮŭɎűɖ ɏűŰŬůŮ Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ Űɤɜ 60 cm, 119 
ɖɛɏɟŮɠ ɛŮŰɎ Űɖ ɓɚɎůŰɖůɖ. 
ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɡɔɟŬůɑŬɠ ůŰɖɜ 

ɡŭŬŰɞɥəŬɜɧŰɖŰŬ (ɗFC) əŬɘ ůŰɞ ůɖɛŮɑɞ ɛɧɜɘɛɖɠ ɛɎɟŬɜůɖɠ 
(ɗPWP) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ Ůɝɑůɤůɖ Űɞɡ van Genuchten 
(1980) ɔɘŬ Űɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ əŬɛˊɨɚɖ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ 
Űɖɠ Ůɝɑůɤůɖɠ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ əŬɛˊɨɚɖɠ ŮəŰɘɛɩɜŰŬɘ 
ŮɑŰŮ ɛŮ ɎɛŮůŮɠ ɛŮŰɟɐůŮɘɠ ŮɑŰŮ ɛŮ ɏɛɛŮůɞ Űɟɧˊɞ Ŭˊɧ 
ˊŮŭɞůɡɜŬɟŰɐůŮɘɠ. ȷˊɧ Űɘɠ ŭɘŬɗɏůɘɛŮɠ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ 
ɞɛɎŭŮɠ ˊŮŭɞůɡɜŬɟŰɐůŮɤɜ, ɗŮɤɟɐɗɖəŮ ɧŰɘ ɞɘ 
ˊŮŭɞůɡɜŬɟŰɐůŮɘɠ Űɤɜ Vereecken et al. (1989) ɛˊɞɟɞɨɜ 
ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 
Űɖɠ Ůɝɑůɤůɖɠ Űɞɡ van Genuchten (1980) ɔɘŬ Űɞ ɏŭŬűɞɠ 
Űɤɜ ɛŮŰŬɢŮɘɟɑůŮɤɜ. ȼ ɛɞɟűɐ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ ŬɡŰɩɜ 
ŮɑɜŬɘ ɖ Ůɝɐɠ: 

s bɗ 0.838 0.238 ɟ 0.0013 Cl= - Ö + Ö                           (1) 

rɗ 0.015 0.005 Cl 0.0014 C= + Ö + Ö                             (2) 

()

b

lnŬ 2.486 0.025 Sa 0.351 C

2.617ɟ 0.023 Cl

=- + Ö - Ö -

- Ö - Ö
                     (3) 

() 2ln n 0.053 0.009Sa 0.013Cl 0.00015Sa= - - +        (4) 

ɧˊɞɡ ɟb (gcm-3) ŮɑɜŬɘ ɖ űŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ Űɞɡ 
ŮŭɎűɞɡɠ, C ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ Űɞɡ ˊŮɟɘŮɢɧɛŮɜɞɡ 
ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ, Cl əŬɘ Sa ŮɑɜŬɘ ŰŬ ˊɞůɞůŰɎ Űɖɠ 
ˊŮɟɘŮɢɧɛŮɜɖɠ Ŭɟɔɑɚɞɡ əŬɘ Ɏɛɛɞɡ ŬɜŰɑůŰɞɘɢŬ. Ƀɘ 



[99] 

 

ˊŬɟŬˊɎɜɤ ˊŮŭɞůɡɜŬɟŰɐůŮɘɠ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɔɘŬ 
Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ m = 1. 
ɆŰɞɡɠ ɄɑɜŬəŮɠ 2 əŬɘ 3 ŭɑɜɞɜŰŬɘ ɞɘ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

əŬɘ ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ ɡŭɟŬɡɚɘəɩɜ 

ůɡɜŬɟŰɐůŮɤɜ Űɤɜ ŭɨɞ ŮŭŬűɩɜ Űɞɡ ˊŮɘɟŬɛŬŰɘəɞɨ 
Ŭɔɟɞɨ, ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ. 

 

 
ɄɑɜŬəŬɠ 2. ūɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŮŭɎűɞɡɠ ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ 

ȹɏɘɟɡ (cm) Ȱɜɜɟɡ(%) Ⱦɛɩɡ (%) Ȱɠɕəɛɟɡ (%) ȿɟɚɚ. ɇɩŰűŭŰɗ ɠb (gcm-3) OC (%) 

ȱŮŭŲɟɡ 1 
0-20 55.2 22 22.8 Sandy clay loam 1.350 0.395 
20-40 49.2 22 28.8 Sandy clay loam 1.333 0.324 
40-60 55.2 20 24.8 Sandy clay loam 1.287 0.354 

ȱŮŭŲɟɡ 2 
0-20 49.2 32 18.8 Loam 1.639 0.505 
20-40 53.2 34 12.8 Sandy loam 1.531 0.419 
40-60 51.2 36 12.8 Loam 1.403 0.233 

 
ɄɑɜŬəŬɠ 3. ɈŭɟŬɡɚɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŮŭɎűɞɡɠ ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ 

ȹɏɘɟɡ (cm) ɘs (cm3cm-3) ɘr (cm3cm-3) ŭ (cm-1)  n ɘFC (cm3cm-3) ɘPWP (cm3cm-3) 

ȱŮŭŲɟɡ 1 
0-20 0.486 0.135 0.00498 0.753 0.274 0.148 
20-40 0.498 0.164 0.00400 0.669 0.312 0.184 
40-60 0.506 0.144 0.00569 0.734 0.280 0.157 

ȱŮŭŲɟɡ 2 
0-20 0.399 0.116 0.00212 0.763 0.332 0.135 
20-40 0.421 0.085 0.00368 0.846 0.320 0.096 
40-60 0.458 0.082 0.00523 0.834 0.319 0.092 

 
2.2. Ɂɟɝűɐɛɟ ˋɠɟŰɟɜɟɒɥŰɗɡ ůŮŭŲəɚɑɡ ɢɕɠŭŰɒŭɡ 
ɚŭə ůɞŭűɜəŰɟŮəŭˋɝɟɑ ɚŭɛɛəɐɠɕůəŭɡ 
ȼ ŮŭŬűɘəɐ ɡɔɟŬůɑŬ ɡˊɞɚɞɔɑůŰɖəŮ ůŮ ɖɛŮɟɐůɘɞ 

ɢɟɞɜɘəɧ ɓɐɛŬ ɛŮ ɓɎůɖ Űɞ ɛɞɜŰɏɚɞ ɡŭŬŰɘəɞɨ 
ɘůɞɕɡɔɑɞɡ (Sabu et al, 2000; ȷɜŰɤɜɧˊɞɡɚɞɠ ə. Ɏɚ., 
2007; Georgiou and Papamichail, 2008; Georgiou et 
al., 2010):  

j 1 j j j j j a j jSM SM P RO IR CR (ET ) DP+= + - + + - -
 

(5) ɧˊɞɡ SMj ŮɑɜŬɘ ɖ ɡɔɟŬůɑŬ Űɖɜ ɖɛɏɟŬ j, Pj ŮɑɜŬɘ ɖ 
ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɓɟɞɢɧˊŰɤůɖ, ROj ŮɑɜŬɘ ɖ Ŭˊɞɟɟɞɐ 
Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, IRj ŮɑɜŬɘ ɖ ɎɟŭŮɡůɖ, 
CRj ŮɑɜŬɘ ɖ ůɡɛɓɞɚɐ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɖɜ Ŭɜɨɣɤůɖ 
Űɖɠ ɡˊɧɔŮɘŬɠ ůŰɎɗɛɖɠ, (ETa)j ŮɑɜŬɘ ɖ ˊɟŬɔɛŬŰɘəɐ 
ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ əŬɘ DPj ŮɑɜŬɘ ɖ ɓŬɗŮɘɎ ŭɘɐɗɖůɖ 
(ɧɚŮɠ ɞɘ ɛɞɜɎŭŮɠ ůŮ mm). Ƀɘ ˊŬɟɎɛŮŰɟɞɘ RO əŬɘ CR 
ɗŮɤɟɐɗɖəŬɜ ɛɖŭŮɜɘəɏɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 
ɡɔɟŬůɑŬɠ. ȼ ŮŭŬűɘəɐ ɡɔɟŬůɑŬ (SM) ɡˊɞɚɞɔɑɕŮŰŬɘ 
ɛŮŰŬɝɨ Űɞɡ ɛɖŭŮɜɧɠ əŬɘ Űɖɠ ɡŭŬŰɞɥəŬɜɧŰɖŰŬɠ (FC).

 ɀŮŰɎ Ŭˊɧ ɏɜŰɞɜɖ ɓɟɞɢɧˊŰɤůɖ ɐ ɎɟŭŮɡůɖ, ɖ 
ˊŮɟɘŮɢɧɛŮɜɖ ɡɔɟŬůɑŬ ɛˊɞɟŮɑ ɜŬ ɝŮˊŮɟɎůŮɘ Űɖɜ 
ɡɔɟŬůɑŬ ůŰɖɜ ɡŭŬŰɞɥəŬɜɧŰɖŰŬ əŬɘ ɖ ɓŬɗŮɘɎ ŭɘɐɗɖůɖ 
ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

( )j j j j a j
DP SM P IR ET FC= + + - -         

(6) 
ɧˊɞɡ FC ŮɑɜŬɘ ɖ ɡɔɟŬůɑŬ ůŰɖɜ ɡŭŬŰɞɥəŬɜɧŰɖŰŬ 
(mm). ȷɜ ɖ ˊŮɟɘŮɢɧɛŮɜɖ ŮŭŬűɘəɐ ɡɔɟŬůɑŬ ŮɑɜŬɘ 
ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɖɜ ɡɔɟŬůɑŬ ůŰɖɜ ɡŭŬŰɞɥəŬɜɧŰɖŰŬ 
Űɞ ɏŭŬűɞɠ ŭŮɜ ůŰɟŬɔɔɑɕŮɘ əŬɘ ɖ ɓŬɗŮɘɎ ŭɘɐɗɖůɖ 
ɚŬɛɓɎɜŮɘ Űɖɜ Űɘɛɐ ɛɖŭɏɜ. 
ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ˊɟɞůɏɔɔɘůɖ Űɞɡ ŭɘˊɚɞɨ űɡŰɘəɞɨ 
ůɡɜŰŮɚŮůŰɐ (Allen et al., 1998). ȼ ŮˊɑŭɟŬůɖ Űɤɜ 
ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ŮɝɎŰɛɘůɖɠ Ŭˊɧ Űɞ ɏŭŬűɞɠ əŬɘ 
Űɖɠ ŭɘŬˊɜɞɐɠ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŰɞɜ 

ůɡɜŰŮɚŮůŰɐ ŮɝɎŰɛɘůɖɠ (Ke) əŬɘ Űɞɜ ɓŬůɘəɧ űɡŰɘəɧ 
ůɡɜŰŮɚŮůŰɐ (Kcb), ŬɜŰɑůŰɞɘɢŬ. ȳŰŬɜ ɖ ɡɔɟŬůɑŬ ůŰɞ 
ɟɘɕɧůŰɟɤɛŬ ŮɑɜŬɘ ɡɣɖɚɐ əŬɘ ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ 
ŮŭɎűɞɡɠ ɡɔɟɐ, ɖ ŭɘŬˊɜɞɐ əŬɘ ɖ ŮɝɎŰɛɘůɖ 
ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɛŮ ɡɣɖɚɞɨɠ ɟɡɗɛɞɨɠ əŬɘ ɖ ETp 
ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

( )p cb e o cb o e o p pET K K ET K ET K ET T E= + = + = +      

(7) 
ɧˊɞɡ ETp ŮɑɜŬɘ ɖ ŭɡɜŬɛɘəɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ 
əŬɚɚɘɏɟɔŮɘŬɠ, ETo ŮɑɜŬɘ ɖ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ 
ŬɜŬűɞɟɎɠ, Ep ŮɑɜŬɘ ɖ ŭɡɜŬɛɘəɐ ŮɝɎŰɛɘůɖ Ŭˊɧ Űɖɜ 
ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Tp ŮɑɜŬɘ ɖ ŭɡɜŬɛɘəɐ 
ŭɘŬˊɜɞɐ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ (ɧɚŮɠ ɞɘ ɛɞɜɎŭŮɠ ůŮ mmd-
1). 
ɇɟŮɘɠ Űɘɛɏɠ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ əŬɛˊɨɚɖ 

ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ ůɡɜŰŮɚŮůŰɐ Kcb, ɞɘ Kcb ini, Kcb mid 

əŬɘ Kcb end ɞɘ ɞˊɞɑŮɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ˊɑɜŬəŮɠ Űɞɡ 
FAO-56 (Allen et al., 1998). ũɘŬ əɚɑɛŬŰŬ ɧˊɞɡ ɖ ɛɏůɖ 
RHmin ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ 45% ɐ ɧˊɞɡ ɖ ŰŬɢɨŰɖŰŬ 
Űɞɡ Ŭɜɏɛɞɡ ůŰŬ 2 m (u2) ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ 2 ms-
1, ɞɘ Kcb mid əŬɘ Kcb end Űɘɛɏɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 0,45, 
ˊɟɏˊŮɘ ɜŬ ˊɟɞůŬɟɛɞůŰɞɨɜ ɛŮ Űɖɜ Ůɝɐɠ ůɢɏůɖ (Allen 
et al., 1998): 

( ) ( )( )

cb cb(table)

0.3

2 min

K K

0.04 u 2 0.004 RH 45 h / 3

= +

- - -è øê ú

        

(8) 
ɧˊɞɡ Kcb(table) ŮɑɜŬɘ ɖ Űɘɛɐ Űɞɡ Kcb mid əŬɘ Kcb end Ŭˊɧ 
Űɞɡɠ ˊɑɜŬəŮɠ Űɞɡ FAO-56, u2 ŮɑɜŬɘ ɖ ɛɏůɖ ɖɛŮɟɐůɘŬ 
ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ ůŰŬ 2 m ɨɣɞɡɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 
Űɞɡ ɛɏůɞɡ ɐ ŰŮɚŮɡŰŬɑɞɡ ůŰŬŭɑɞɡ ɧŰŬɜ 1 ms-1Ò u2 Ò6 
ms-1, RHmin (%) ŮɑɜŬɘ ɖ ɛɏůɖ ŮɚɎɢɘůŰɖ ɖɛŮɟɐůɘŬ 
ůɢŮŰɘəɐ ɡɔɟŬůɑŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɛɏůɞɡ ɐ 
ŰŮɚŮɡŰŬɑɞɡ ůŰŬŭɑɞɡ ɧŰŬɜ 20% Ò RHmin Ò 80% əŬɘ h 
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(m) ŮɑɜŬɘ Űɞ ɛɏůɞ ɨɣɞɠ Űɤɜ űɡŰɩɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 
Űɞɡ ɛɏůɞɡ ɐ ŰŮɚŮɡŰŬɑɞɡ ůŰŬŭɑɞɡ. 
Ƀ ůɡɜŰŮɚŮůŰɐɠ ŮɝɎŰɛɘůɖɠ Ŭˊɧ Űɞ ɏŭŬűɞɠ Ke 

ŬˊɞŰŮɚŮɑ Űɖ ůɡɜɘůŰɩůŬ ŮɝɎŰɛɘůɖɠ Űɖɠ ETp. ȳŰŬɜ ɖ 
ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ ɡɔɟɐ, ɛŮŰɎ Ŭˊɧ ɓɟɞɢɐ ɐ 
ɎɟŭŮɡůɖ, ɞ Ke ŮɑɜŬɘ ɛɏɔɘůŰɞɠ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ Ke 
ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɞ FAO-56. ȼ ŮɝɎŰɛɘůɖ Ŭˊɧ Űɞ 
ɏŭŬűɞɠ əŬɘ ɖ ŭɘŬˊɜɞɐ Űɤɜ űɡŰɩɜ ɛŮɘɩɜɞɜŰŬɘ əɎŰɤ 
Ŭˊɧ Űɞ ɛɏɔɘůŰɞ ɟɡɗɛɧ, ɧŰŬɜ ŭŮɜ ɡˊɎɟɢŮɘ ŮˊŬɟəɏɠ 
ɜŮɟɧ ůŰɞ ɏŭŬűɞɠ ɔɘŬ Űɖɜ ɘəŬɜɞˊɞɑɖůɖ Űɤɜ ŬɜŬɔəɩɜ 
Űɖɠ ŬŰɛɧůűŬɘɟŬɠ. ɇɞ ˊŬɟŬˊɎɜɤ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɛŮ 
Űɞ ɔɘɜɧɛŮɜɞ Űɞɡ ɓŬůɘəɞɨ ůɡɜŰŮɚŮůŰɐ ŭɘŬˊɜɞɐɠ Űɤɜ 
űɡŰɩɜ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ ɡŭŬŰɘəɐɠ əŬŰŬˊɧɜɖůɖɠ (Ks) 
əŬɘ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮɝɎŰɛɘůɖɠ ɛŮ ɏɜŬ ůɡɜŰŮɚŮůŰɐ 
ɛŮɑɤůɖɠ (Kr) ɤɠ Ůɝɐɠ: 

( )a s cb r e o a aET K K K K ET T E= + = +         

(9) 
ɧˊɞɡ ETa ŮɑɜŬɘ ɖ ˊɟŬɔɛŬŰɘəɐ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ 
əŬɚɚɘɏɟɔŮɘŬɠ (mmd-1), Ks ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ 
ɡŭŬŰɘəɐɠ əŬŰŬˊɧɜɖůɖɠ əŬɘ Kr ŮɑɜŬɘ ɏɜŬɠ ŬŭɘɎůŰŬŰɞɠ 
ůɡɜŰŮɚŮůŰɐɠ ɛŮɑɤůɖɠ Űɖɠ ŮɝɎŰɛɘůɖɠ ˊɞɡ ŮɝŬɟŰɎŰŬɘ 
Ŭˊɧ Űɞ ŬɗɟɞɘůŰɘəɧ ɓɎɗɞɠ ɜŮɟɞɨ ˊɞɡ ŮɝŬŰɛɑɕŮŰŬɘ Ŭˊɧ 
Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ɡŭŬŰɘəɐɠ 
əŬŰŬˊɧɜɖůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ: 

s minK 1,   SM SM= ²                                                

(10Ŭ)  

( )
s min

min

SM SM
K = , SM < SM

SM FC p FC PWP
=

- -
      

(10ɓ) 
ɧˊɞɡ SM ŮɑɜŬɘ Űɞ ɨɣɞɠ ɜŮɟɞɨ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ 
Űɖ ůɢɏůɖ (5), FC ŮɑɜŬɘ Űɞ ɨɣɞɠ ɜŮɟɞɨ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ 
ůŰɖɜ ɡŭŬŰɞɥəŬɜɧŰɖŰŬ (mm), PWP ŮɑɜŬɘ Űɞ ɨɣɞɠ 
ɜŮɟɞɨ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ůɖɛŮɑɞ ɛɧɜɘɛɖɠ ɛɎɟŬɜůɖɠ 
(mm), SMmin ŮɑɜŬɘ ɖ ŮɚɎɢɘůŰɖ ŮˊɘŰɟŮˊɧɛŮɜɖ 
ˊɞůɧŰɖŰŬ ɜŮɟɞɨ əŬɘ p (0ÒpÒ1) ŮɑɜŬɘ Űɞ əɚɎůɛŬ Űɞɡ 
ɞɚɘəɞɨ ŭɘŬɗɏůɘɛɞɡ ɜŮɟɞɨ (TAW) ˊɞɡ ɛˊɞɟŮɑ ɜŬ 
ˊɟɞůɚɎɓŮɘ ɖ əŬɚɚɘɏɟɔŮɘŬ ɢɤɟɑɠ ˊɟɞɓɚɐɛŬŰŬ 
ɡŭŬŰɘəɐɠ əŬŰŬˊɧɜɖůɖɠ. ɇɞ TAW ŮəŰɘɛɎŰŬɘ ɤɠ ɖ 
ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ 
ɡŭŬŰɞɥəŬɜɧŰɖŰŬ əŬɘ Űɞɡ ůɖɛŮɑɞɡ ɛɧɜɘɛɖɠ ɛɎɟŬɜůɖɠ. 
ȼ Űɘɛɐ Űɞɡ p əɡɛŬɑɜŮŰŬɘ ŬɜɎɛŮůŬ ůŮ 0.4 ɔɘŬ űɡŰɎ ɛŮ 
ɟɖɢɧ ɟɘɕɘəɧ ůɨůŰɖɛŬ əŬɘ 0.6 ɔɘŬ űɡŰɎ ɛŮ ɓŬɗɨ ɟɘɕɘəɧ 
ůɨůŰɖɛŬ (Allen et al., 1998). 
ɇɞ ŬˊɞɗɖəŮɡɛɏɜɞ ɜŮɟɧ ůŰɞ ɏŭŬűɞɠ ɔɘŬ Űɖɜ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ˊŮɟɘɞɢɐ, Ai, ˊɞɡ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ 
Űɖ ɔɟŬɛɛɐ ɎɟŭŮɡůɖɠ ɛɏɢɟɘ Űɞ ɛɏůɞ Űɖɠ ɛɖ 
ŬɟŭŮɡɧɛŮɜɖɠ ɕɩɜɖɠ, ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɞ ɕɡɔɘůɛɏɜɞ 
ɎɗɟɞɘůɛŬ Űɞɡ ŬˊɞɗɖəŮɡɛɏɜɞɡ ɜŮɟɞɨ ůŰɞ ɏŭŬűɞɠ 
Ŭˊɧ Űɘɠ ŭɨɞ ɗɏůŮɘɠ ɛɏŰɟɖůɖɠ [ŬɟŭŮɡɧɛŮɜɖ ɔɟŬɛɛɐ 
(ɗi) əŬɘ ɔɟŬɛɛɐ Űɤɜ űɡŰɩɜ (ɗp)] ɤɠ Ůɝɐɠ: 
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Ū      əŬɘ    ɗ = ɗ ȹz

2 =
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= ä        

(11) 
ɧˊɞɡ Ū ŮɑɜŬɘ Űɞ ɕɡɔɘůɛɏɜɞ ŬˊɞɗɖəŮɡɛɏɜɞ ɜŮɟɧ ůŰɖɜ 
ˊŮɟɘɞɢɐ Ai, ɗk ŮɑɜŬɘ ɖ ɛŮŰɟɖɛɏɜɖ ɡɔɟŬůɑŬ Ŭˊɧ Űɞɡɠ 
ŬɘůɗɖŰɐɟŮɠ ɔɘŬ əɎɗŮ 0.1 m ɓɎɗɞɠ ŮŭɎűɞɡɠ, ȹz Űɞ 
ɓɎɗɞɠ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ əŬɘ Ⱦ ɞ ůɡɜɞɚɘəɧɠ 
Ŭɟɘɗɛɧɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ 
ɛɏɢɟɘ Űɞ ɓɎɗɞɠ ȹz. 
 

3. ȸɅɄɈȻɀȻɇɁȸɈȸ ȿȸȾ ɇɉȼȽɈȽɇȽ 
ɇɞ ɛɞɜŰɏɚɞ Űɞɡ ɘůɞɕɡɔɑɞɡ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ 

ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ˊɟɞɖɔɞɨɛŮɜŬ ŮűŬɟɛɧůŰɖəŮ ůŰŬ 
ŭɨɞ ŮŭɎűɖ, ɔɘŬ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɓɚŬůŰɘəɐɠ 
ˊŮɟɘɧŭɞɡ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ ɛŮŰŬɓɞɚɐ Űɞɡ 
ɟɘɕɘəɞɨ ůɡůŰɐɛŬŰɞɠ. 
ɆŰɞ ɆɢɐɛŬ 2 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɔɟŬűɘəɎ ɖ 

ŭɘŬəɨɛŬɜůɖ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ɔɘŬ Űɞ ɏŭŬűɞɠ 1 
ůŰɖ ɕɩɜɖ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ, ɧˊɤɠ ɡˊɞɚɞɔɑůŰɖəŮ 
Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ. ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 2, ɖ 
ɡɔɟŬůɑŬ ůŰɞ ɛŮɔŬɚɨŰŮɟɞ ŭɘɎůŰɖɛŬ Űɖɠ ɓɚŬůŰɘəɐɠ 
ˊŮɟɘɧŭɞɡ ɓɟɘůəɧŰŬɜ ŮɜŰɧɠ Űɖɠ ɤűɏɚɘɛɖɠ ɡɔɟŬůɑŬɠ 
[ɛŮŰŬɝɨ ŮɚɎɢɘůŰɖɠ ŮˊɘŰɟŮˊɧɛŮɜɖɠ ɡɔɟŬůɑŬɠ (LAM) 
əŬɘ ɡŭŬŰɞɥəŬɜɧŰɖŰŬɠ (FC)] ɛŮ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɖɜ 
Ŭɟɢɐ əŬɘ ůŰɞ Űɏɚɞɠ ɧˊɞɡ ɖ ɡɔɟŬůɑŬ ůɨɛűɤɜŬ ɛŮ 
Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɏűŰŬůŮ ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ ɛɧɜɘɛɖɠ 
ɛɎɟŬɜůɖɠ. Ⱥˊɘˊɚɏɞɜ, ɞɘ ŬɟŭŮɨůŮɘɠ ŮűŬɟɛɧɕɞɜŰŬɜ 
ůŰɞɜ əŬŰɎɚɚɖɚɞ ɢɟɧɜɞ (ɧŰŬɜ ɖ ˊŮɟɘŮɢɧɛŮɜɖ ɡɔɟŬůɑŬ 
ɏűŰŬɜŮ ůŰɖ LAM) əŬɘ ɛŮ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ˊɞůɧŰɖŰŬ 
(ɛɏɢɟɘ ɖ ɡɔɟŬůɑŬ ɜŬ űŰɎůŮɘ ůŰɖɜ FC). ȳɚŬ ŰŬ 
ˊŬɟŬˊɎɜɤ ůɡɜɖɔɞɟɞɨɜ ůŮ Ŭɡɝɖɛɏɜɖ Ŭˊɧŭɞůɖ Űɞɡ 
əŬɚŬɛˊɞəɘɞɨ. ɄɟɎɔɛŬŰɘ, ɖ ɛɏůɖ ůŰɟŮɛɛŬŰɘəɐ 
Ŭˊɧŭɞůɖ ůŰɞ ɏŭŬűɞɠ 1, ɏűŰŬůŮ ŰŬ 1500 kg. 

 
ɆɢɐɛŬ 2. ȹɘŬəɨɛŬɜůɖ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ůŰɖ 
ɕɩɜɖ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ ůŰɞ ɏŭŬűɞɠ 1. 

 
Ƀɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ ɛŮ Űɞ ɛɞɜŰɏɚɞ Űɘɛɏɠ ɡɔɟŬůɑŬɠ, 

ůɡɔəɟɑɗɖəŬɜ əŬɘ ɛŮ Űɘɠ ɓŬɗɛɞɜɞɛɖɛɏɜŮɠ Űɘɛɏɠ 
ɡɔɟŬůɑŬɠ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ɛŮ Űɞ Diviner 2000 əŬɘ 
ɡˊɞɚɞɔɑůŰɖəŬɜ ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ (11). Ƀɘ Űɘɛɏɠ 
Űɖɠ ɡɔɟŬůɑŬɠ ɔɘŬ Űɞ ɏŭŬűɞɠ 1, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 
ɔɟŬűɘəɎ ůŰɞ ɆɢɐɛŬ 3. 

 

 
ɆɢɐɛŬ 3. Ɇɨɔəɟɘůɖ ɛŮŰɟɖɛɏɜɤɜ əŬɘ ɡˊɞɚɞɔɘůɛɏɜɤɜ 
Űɘɛɩɜ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ůŰɞ ɏŭŬűɞɠ 1. 

 
ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 3, Űɞ ɛɞɜŰɏɚɞ 

ˊŮɟɘɔɟɎűŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ Űɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ 
ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ɛŮ ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ ůŰɘɠ 
ɛɏɔɘůŰŮɠ əŬɘ ůŰɘɠ ŮɚɎɢɘůŰŮɠ Űɘɛɏɠ. 
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ɆŰɞ ɆɢɐɛŬ 4 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɔɟŬűɘəɎ ɖ 
ŭɘŬəɨɛŬɜůɖ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ɔɘŬ Űɞ ɏŭŬűɞɠ 2 
ůŰɖ ɕɩɜɖ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ, ɧˊɤɠ ɡˊɞɚɞɔɑůŰɖəŮ 
Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ. ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 4 
ɔɘŬ ůɖɛŬɜŰɘəɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Űɖɠ ɓɚŬůŰɘəɐɠ 
ˊŮɟɘɧŭɞɡ, ɖ ɡɔɟŬůɑŬ ɐŰŬɜ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ 
ŮɚɎɢɘůŰŬ ŮˊɘŰɟŮˊɧɛŮɜɖ (LAM) əŬɘ ŭŮɜ ˊɟɞůɏɔɔɘůŮ Űɞ 
ŮˊɑˊŮŭɞ Űɖɠ ɡŭŬŰɞɥəŬɜɧŰɖŰŬɠ, ˊŬɟɎ Űɖɜ ŮűŬɟɛɞɔɐ 
Űɤɜ ŬɟŭŮɨůŮɤɜ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ 
ŭɧůŮɘɠ ɎɟŭŮɡůɖɠ ɐŰŬɜ ˊŮɟɘɞɟɘůɛɏɜŮɠ (ɄɑɜŬəŬɠ 1). 
ɇɞ ˊŬɟŬˊɎɜɤ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛŮɘɤɛɏɜɖ 
Ŭˊɧŭɞůɖ Űɞɡ əŬɚŬɛˊɞəɘɞɨ ˊɞɡ ɏűŰŬůŮ ůŰŬ 1300 
kg/ůŰɟ. 
ɆŰɞ ɆɢɐɛŬ 5 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɔɟŬűɘəɎ ɞɘ 

ɡˊɞɚɞɔɘůɛɏɜŮɠ ɛŮ Űɞ ɛɞɜŰɏɚɞ əŬɘ ɞɘ ɓŬɗɛɞɜɞɛɖɛɏɜŮɠ 
Űɘɛɏɠ ɡɔɟŬůɑŬɠ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ɛŮ Űɞ Diviner 2000 
əŬɘ ɡˊɞɚɞɔɑůŰɖəŬɜ ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ (11). 
ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 5 ɖ ˊɟɞůɞɛɞɑɤůɖ 
ŮɑɜŬɘ ŬɟəŮŰɎ ɘəŬɜɞˊɞɘɖŰɘəɐ ɛŮ ɛɧɜɖ ŮɝŬɑɟŮůɖ Űɖɜ 
ɡɔɟŬůɑŬ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ ɧˊɞɡ 
ɡˊɎɟɢŮɘ ɛɑŬ ɡˊɞŮəŰɑɛɖůɖ Űɖɠ ɛŮŰɟɖɛɏɜɖɠ Űɘɛɐɠ.  

 
ɆɢɐɛŬ 4. ȹɘŬəɨɛŬɜůɖ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ůŰɖ 
ɕɩɜɖ Űɞɡ ɟɘɕɞůŰɟɩɛŬŰɞɠ ůŰɖ ɏŭŬűɞɠ 2. 

 
ɆɢɐɛŬ 5. Ɇɨɔəɟɘůɖ ɛŮŰɟɖɛɏɜɤɜ əŬɘ ɡˊɞɚɞɔɘůɛɏɜɤɜ 
Űɘɛɩɜ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ůŰɞ ɏŭŬűɞɠ 2. 

 
ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ ůŰŬŰɘůŰɘəɎ 
əɟɘŰɐɟɘŬ Űɞɡ ɛɏůɞɡ ůűɎɚɛŬŰɞɠ, Ⱥ (cm3cm-3), Űɞɡ 
ůűɎɚɛŬŰɞɠ Űɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɤɜ ŬˊɞəɚɑůŮɤɜ, RMSE 
(%) əŬɘ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮɚɚŮɑɛɛŬŰɞɠ ɛɎɕŬɠ, CRM, 
ɛŮŰŬɝɨ ɛŮŰɟɖɛɏɜɤɜ əŬɘ ɡˊɞɚɞɔɘůɛɏɜɤɜ Űɘɛɩɜ 
ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ (ȷɜŰɤɜɧˊɞɡɚɞɠ, 1999). Ƀɘ Űɘɛɏɠ 
Űɤɜ ůŰŬŰɘůŰɘəɩɜ əɟɘŰɖɟɑɤɜ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ 
ɛŮŰŬɢŮɑɟɘůɖɠ ůŰɞ ɏŭŬűɞɠ 1 ŮɑɜŬɘ 0.004 cm3cm-3, 
8.97% əŬɘ -0.026 Ůɜɩ ɔɘŬ Űɞ ɏŭŬűɞɠ 2 ŮɑɜŬɘ -0.001 
cm3cm-3, 17.96% əŬɘ -0.186, ŬɜŰɑůŰɞɘɢŬ. ȳˊɤɠ 
ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ Űɘɛɏɠ, ɖ ˊɟɞůɞɛɞɑɤůɖ 
ŮɑɜŬɘ ˊɞɚɨ əŬɚɐ.  
 

4. ɇɉɁɅȻɆȸɇɁȸɈȸ 
ɆŰɖɜ ŮɟɔŬůɑŬ ŭɘŮɟŮɡɜɐɗɖəŮ ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ 

ɡɔɟŬůɑŬɠ ɡˊɧ ůɡɜɗɐəŮɠ ɛŮɟɘəɐɠ ɨɔɟŬɜůɖɠ Űɞɡ 
ɟɘɕɞůŰɟɩɛŬŰɞɠ (Partial Root-zone Drying, PRD) ˊɞɡ 
ŬˊɞŰŮɚŮɑ ɛɘŬ Űɟɞˊɞˊɞɘɖɛɏɜɖ ɛɏɗɞŭɞ ůŰɎɔŭɖɜ 
ɎɟŭŮɡůɖɠ əŬɘ ŬűɞɟɎ Űɖɜ ɨɔɟŬɜůɖ Űɞɡ 
ɟɘɕɞůŰɟɩɛŬŰɞɠ ɛɧɜɞ əŬŰɎ Űɞ ɐɛɘůɡ ůŮ əɎɗŮ 
ɎɟŭŮɡůɖ. ɈˊɞɚɞɔɑůŰɖəŮ ɖ ŮŭŬűɘəɐ ɡɔɟŬůɑŬ ɛŮ Űɖ 
ɓɞɐɗŮɘŬ Ůɜɧɠ Ŭˊɚɞɨ ɛɞɜŰɏɚɞɡ ŮŭŬűɘəɞɨ ɘůɞɕɡɔɑɞɡ 
əŬɘ Űɖ ɢɟɐůɖ Űɞɡ ŭɘˊɚɞɨ űɡŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ. ɇŬ 
ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ůɡɔəŮɜŰɟɩɗɖəŬɜ Ŭˊɧ ŭɨɞ 
ˊŮɘɟŬɛŬŰɘəɎ ŬɔɟɞŰŮɛɎɢɘŬ ůŰɞ ȷɔɟɧəŰɖɛŬ Űɞɡ ȷ.Ʉ.Ū. 
Űɖɜ əŬɚɚɘŮɟɔɖŰɘəɐ ˊŮɟɑɞŭɞ Űɞɡ 2009. ȼ ɛɏŰɟɖůɖ Űɖɠ 
ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ɔɘɜɧŰŬɜ ɛŮ ŬɘůɗɖŰɐɟŮɠ Diviner 
2000 Űɧůɞ ůŰɖ ɔɟŬɛɛɐ Űɤɜ űɡŰɩɜ ɧůɞ əŬɘ ůŰɖ 
ɔɟŬɛɛɐ ɎɟŭŮɡůɖɠ. Ƀɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ ŮŭŬűɘəɐɠ 
ɡɔɟŬůɑŬɠ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɐŰŬɜ 
ˊɞɚɨ əɞɜŰɎ ůŰɘɠ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɜ 
Ŭˊɧ Űɞ ɖɛɘɎɗɟɞɘůɛŬ Űɤɜ Űɘɛɩɜ ůŰɘɠ ŭɨɞ ɗɏůŮɘɠ. 
ɄɟɞŰŮɑɜŮŰŬɘ, ɔɘŬ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɤɜ 
ŬɟŭŮɨůŮɤɜ ɛŮ Űɖ ɢɟɐůɖ ŬɘůɗɖŰɐɟɤɜ ɛɏŰɟɖůɖɠ Űɖɠ 
ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɛŮɗɧŭɞɡ 
ɎɟŭŮɡůɖɠ, ɖ ɡɔɟŬůɑŬ ɜŬ ɛŮŰɟɎŰŬɘ ŰɞɡɚɎɢɘůŰɞɜ ůŮ 
ŭɨɞ ůɖɛŮɑŬ (Ůˊɑ Űɖɠ ɔɟŬɛɛɐɠ Űɤɜ űɡŰɩɜ əŬɘ Űɖɠ 
ɔɟŬɛɛɐɠ ɎɟŭŮɡůɖɠ) əŬɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ Űɞ 
ɖɛɘɎɗɟɞɘůɛɎ Űɞɡɠ.  
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ȼ ɝɖɟŬůɑŬ ŮɑɜŬɘ ɏɜŬ ˊŬɔəɧůɛɘɞ űŬɘɜɧɛŮɜɞ ˊɞɡ ˊɟɞəŬɚŮɑ ůɖɛŬɜŰɘəɏɠ ɕɖɛɘɏɠ Űɧůɞ ůŰɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɧůɞ 
əŬɘ ůŰɖ ɕɤɐ Űɤɜ Ŭɜɗɟɩˊɤɜ. Ƀɘ ŭŮɑəŰŮɠ ɝɖɟŬůɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖ ůɡɜŮɢɐ ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɘ 
əŬŰŬɔɟŬűɐ Űɖɠ ɏɜŰŬůɖɠ əŬɘ Űɖɠ ŭɘɎɟəŮɘŬɠ Űɤɜ ŮˊŮɘůɞŭɑɤɜ ɝɖɟŬůɑŬɠ. ȼ ˊɟɧɓɚŮɣɖ Űɖɠ ɝɖɟŬůɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ 
ůŰɖ ŭɘŬɢŮɑɟɘůɐ Űɖɠ ŬɚɚɎ əŬɘ ůŰɞ ůɢŮŭɘŬůɛɧ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɖ ůɡůŰɖɛɎŰɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ. ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ 
ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ SARIMA (Seasonal Autoregressive Integrated Moving Average) ɔɘŬ Űɖɜ 
ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ŭŮɑəŰɖ SPI (Standardised Precipitation Index) ɔɘŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 3, 6, 9 əŬɘ 12 ɛɖɜɩɜ. ɇŬ 
əŬŰɎɚɚɖɚŬ ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ ŭŮɘəŰɩɜ ɝɖɟŬůɑŬɠ ɔɘŬ ɏɜŬɜ ɐ 
ˊŮɟɘůůɧŰŮɟɞɡɠ ɛɐɜŮɠ, ɔɘŬ Űɞɡɠ ɞˊɞɑɞɡɠ ɡˊɎɟɢɞɡɜ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ. ȷˊɧ Űɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ 
ɡˊɞɚɞɔɘůɛɏɜɤɜ əŬɘ ˊɟɞɓɚŮˊɧɛŮɜɤɜ Űɘɛɩɜ ˊɟɞɏəɡɣŮ ɧŰɘ ŰŬ ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛŮ 
ɘəŬɜɞˊɞɘɖŰɘəɐ ŬəɟɑɓŮɘŬ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɞɡ ŭŮɑəŰɖ ɝɖɟŬůɑŬɠ SPI ɧɚɤɜ Űɤɜ ɢɟɞɜɘəɩɜ ɓɖɛɎŰɤɜ. ɇɏɚɞɠ, ŰŬ 
ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɡɜɗŮŰɘəɩɜ ůŮɘɟɩɜ Űɞɡ ŭŮɑəŰɖ SPI ɔɘŬ ŰŬ ŭɘɎűɞɟŬ 
ɢɟɞɜɘəɎ ɓɐɛŬŰŬ. ɆɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ Űɞɡ ŭŮɑəŰɖ SPI ˊɟɞɏəɡɣŬɜ Ůˊɑůɖɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ ůɡɜɗŮŰɘəɩɜ ůŮɘɟɩɜ 
ɓɟɞɢɧˊŰɤůɖɠ. ȼ ůɡɜɗŮŰɘəɐ ˊŬɟŬɔɤɔɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɔɑɜŮŰŬɘ ůŮ ŭɨɞ ɓɐɛŬŰŬ. ɆŰɞ ˊɟɩŰɞ ɓɐɛŬ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ 
ɖ ŮˊɘůɨɛɓŬůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖ ɢɟɐůɖ Ŭɚɡůɑŭɤɜ Markov Ůɜɩ ůŰɞ ŭŮɨŰŮɟɞ ɓɐɛŬ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ Űɞ ɨɣɞɠ 
Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ ɔɎɛɛŬ əŬŰŬɜɞɛɐɠ. Ƀɘ ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ Űɞɡ ŭŮɑəŰɖ SPI ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ 
ɚɖűɗɞɨɜ əŬŰŬɜɞɛɏɠ ˊɘɗŬɜɧŰɖŰŬɠ ɝɖɟŬůɑŬɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ŬɜɎɚɡůɖ əɘɜŭɨɜɤɜ ɝɖɟŬůɑŬɠ. 
 
ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ȹŮɑəŰŮɠ ɝɖɟŬůɑŬɠ, ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ, ůɡɜɗŮŰɘəɐ ˊŬɟŬɔɤɔɐ ɓɟɞɢɧˊŰɤůɖɠ 
 

MODELLING OF DROUGHT INDICES TIME SERIES ȹɉ USING STOCHASTIC MODELS 
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Drought is a global phenomenon causing significant damage both in natural environment and in human lives. 
Drought indices are important and useful tools for monitoring and assessment of drought intensity and duration. 
Drought forecasting is necessary to drought management and in the planning and management of water resources 
systems. In this paper stochastic models known as ARIMA and SARIMA (Seasonal Auto Regressive Integrated 
Moving Average) models are used to simulate the discrete time series of Standardized Precipitation Index (SPI) for 
time scales of 3, 6 ,9 and 12 months. The selected best models were used to forecast drought indices of one or more 
months ahead and generate synthetic series of SPI for different time scales. The predicted results were compared 
with the observed data. Synthetic series of SPI were also generated with the help of synthetic series of rainfall. 
Rainfall generation is a two stage process whereby rainfall occurrence (i.e. wet or dry day) is based upon a first order 
two state Markov chain and rainfall amount is sampled from the gamma distribution. Synthetic series of SPI were 
used to obtain probability distributions of drought occurrence that enhance the drought risk analysis. 
 
Key words: Drought indices, stochastic models, rainfall generation 
 
1. ȻȾɇȸŪɌŪȽ 
ȼ ɝɖɟŬůɑŬ ŮɑɜŬɘ ɏɜŬ ŬəɟŬɑɞ ɛŮŰŮɤɟɞɚɞɔɘəɧ 

űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ˊŬɟɞɡůɘɎɕŮɘ 
ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ ůŰɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɐɠ Űɞɡ ůŮ 
ˊɞɚɚɏɠ ˊŮɟɘɞɢɏɠ Űɞɡ əɧůɛɞɡ. ȼ ɝɖɟŬůɑŬ ůɢŮŰɑɕŮŰŬɘ 
ɛŮ Űɖɜ ŰɟɤŰɧŰɖŰŬ Űɤɜ ůɡůŰɖɛɎŰɤɜ ɡŭɟɞŭɧŰɖůɖɠ, 
Űɤɜ ŬɔɟɞŰɘəɩɜ əŬɘ Űɤɜ əɞɘɜɤɜɘəɩɜ ůɡůŰɖɛɎŰɤɜ. 
ȺɘŭɘəɧŰŮɟŬ, ɖ ŰɟɤŰɧŰɖŰŬ Űɤɜ ŬɔɟɞŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ 
ŬɜŬűɏɟŮŰŬɘ ůŰɘɠ ŬɡɝɖɛɏɜŮɠ ŬɜɎɔəŮɠ ůŮ ɜŮɟɧ Űɤɜ 
əŬɚɚɘŮɟɔŮɘɩɜ əŬɘ ůŰɖɜ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ 
Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ əŬɘ ɡˊɧɔŮɘɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ 
(Iglesias et al., 2005).  
Ƀɘ ŭŮɑəŰŮɠ ɝɖɟŬůɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ůŰɞɘɢŮɑŬ 

ɔɘŬ Űɖ ůɡɜŮɢɐ ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɘ əŬŰŬɔɟŬűɐ Űɖɠ 

ɏɜŰŬůɖɠ əŬɘ Űɖɠ ɏəŰŬůɖɠ Űɤɜ ŮˊŮɘůɞŭɑɤɜ ɝɖɟŬůɑŬɠ 
Ůɜɩ ŭɑɜɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ ɝɖɟŬůɑŬɠ 
ɧɢɘ ɛɧɜɞ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ ŬɚɚɎ əŬɘ ůŮ ɛɑŬ 
ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ. ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɏɢɞɡɜ 
ˊŬɟɞɡůɘŬůŰŮɑ ŭɘɎűɞɟɞɘ ŭŮɑəŰŮɠ ɞɘ əɡɟɘɧŰŮɟɞɘ Űɤɜ 
ɞˊɞɑɤɜ ŮɑɜŬɘ: SPI (Standardized Precipitation Index), 
PDSI (Palmer Drought Severity Index), CMI (Crop 
Moisture Index), SWSI (Surface Water Supply Index), 
VCI (Vegetation Condition Index), RDI 
(Reconnaissance Drought Index) (Dalezios et al., 
1991; Tsakiris et al., 2006, Mishra and Singh, 2010). 
Ƀɘ ŭŮɑəŰŮɠ ŬɡŰɞɑ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 
Űɞɡɠ ŭɘɎűɞɟŮɠ ɛŮŰŬɓɚɖŰɏɠ, ɧˊɤɠ Űɞ ɨɣɞɠ ɓɟɞɢɐɠ, 
Űɖɜ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ, ŰŬ ŬˊɞɗɏɛŬŰŬ ɜŮɟɞɨ, Űɖɜ 
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ɡˊɧɔŮɘŬ ůŰɎɗɛɖ ə.ɚˊ.. Ƀɘ Mckee et al. (1993) 
ŬɜɏˊŰɡɝŬɜ Űɞ ŭŮɑəŰɖ ɝɖɟŬůɑŬɠ SPI (Standardized 
Precipitation Index), ɞ ɞˊɞɑɞɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɤɠ 
ŬˊɞəɚŮɘůŰɘəɐ ˊŬɟɎɛŮŰɟɞ Űɖ ɓɟɞɢɧˊŰɤůɖ əŬɘ 
ůəɞˊɧɠ Űɞɡɠ ɐŰŬɜ ɜŬ ˊɞůɞŰɘəɞˊɞɘɐůɞɡɜ Űɞ ɏɚɚŮɘɛɛŬ 
ɓɟɞɢɧˊŰɤůɖɠ ůŮ ŭɘɎűɞɟŮɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ. ɀŮ 
Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŭŮɑəŰɖ ůŮ ŭɘɎűɞɟŬ ɢɟɞɜɘəɎ 
ɓɐɛŬŰŬ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɞɘ ŭɘɎűɞɟɞɘ Űɨˊɞɘ 
ɝɖɟŬůɑŬɠ, ŭɖɚŬŭɐ ɔɘŬ ɛɘəɟɎ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 
ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɖ ɔŮɤɟɔɘəɐ əŬɘ ɛŮŰŮɤɟɞɚɞɔɘəɐ 
ɝɖɟŬůɑŬ, Ůɜɩ ɔɘŬ ɛŮɔɎɚŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 
ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɖ ɡŭɟɞɚɞɔɘəɐ ɝɖɟŬůɑŬ (Sonmez et 
al., 2005). 
ȼ ˊɟɧɓɚŮɣɖ Űɖɠ ɝɖɟŬůɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ůŰɖɜ 

ŬɜɎɚɡůɖ əɘɜŭɨɜɤɜ, ůŰɖɜ ŮŰɞɘɛɧŰɖŰŬ əŬɘ ůŰŬ ɛɏŰɟŬ 
ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɔɘŬ Űɞ ɛŮŰɟɘŬůɛɧ Űɖɠ, ɧˊɤɠ 
Ůˊɑůɖɠ əŬɘ ůŰɞ ůɢŮŭɘŬůɛɧ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɖ 
ůɡůŰɖɛɎŰɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ 
ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ɧˊɤɠ 
ɛɞɜŰɏɚŬ ůɡůɢɏŰɘůɖɠ (regression models), ɛɞɜŰɏɚŬ 
ŬɜɎɚɡůɖɠ ɢɟɞɜɘəɩɜ ůŮɘɟɩɜ (time series models), 
ˊɘɗŬɜɞɚɞɔɘəɎ ɛɞɜŰɏɚŬ (probability models), 
ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ (neural networks) əŬɘ ɡɓɟɘŭɘəɎ 
ɛɞɜŰɏɚŬ (hybrid models) (Mishra and Desai, 2005; 
Mishra et al., 2009; Durdu, 2010; Mishra and Singh, 
2011). 
ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ 

ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ SARIMA (Seasonal 
Autoregressive Integrated Moving Average) (Box et 
al., 1994) ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ŭŮɑəŰɖ SPI ɔɘŬ 
ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 3, 6, 9 əŬɘ 12 ɛɖɜɩɜ ůŰɞ ůŰŬɗɛɧ Űɞɡ 
ȷɔɑɞɡ ɀɎɛŬ ɉŬɚəɘŭɘəɐɠ. ɇŬ əŬŰɎɚɚɖɚŬ ɛɞɜŰɏɚŬ 
ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɞɡ ŭŮɑəŰɖ SPI 
ɔɘŬ ɏɜŬɜ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ ɛɐɜŮɠ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ 
ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ ůŮɘɟɩɜ Űɞɡ ŭŮɑəŰɖ ɔɘŬ ŰŬ 
ŭɘɎűɞɟŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ. ɆɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ Űɞɡ 
ŭŮɑəŰɖ SPI ˊɟɞɏəɡɣŬɜ Ůˊɑůɖɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ 
ůɡɜɗŮŰɘəɩɜ ůŮɘɟɩɜ ɓɟɞɢɧˊŰɤůɖɠ. ȼ ůɡɜɗŮŰɘəɐ 
ˊŬɟŬɔɤɔɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɔɑɜŮŰŬɘ ůŮ ŭɨɞ ɓɐɛŬŰŬ. 
ɆŰɞ ˊɟɩŰɞ ɓɐɛŬ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɖ ŮˊɘůɨɛɓŬůɖ Űɖɠ 
ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖ ɢɟɐůɖ Ŭɚɡůɑŭɤɜ Markov, Ůɜɩ 
ůŰɞ ŭŮɨŰŮɟɞ ɓɐɛŬ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ Űɞ ɨɣɞɠ Űɖɠ 
ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ ɔɎɛɛŬ əŬŰŬɜɞɛɐɠ. ȼ 
əŬŰŬɚɚɖɚɧŰɖŰŬ Űɤɜ ɛɞɜŰɏɚɤɜ ŮˊɘɓŮɓŬɘɩɗɖəŮ Űɧůɞ ɛŮ 
Űɖɜ ˊɟɧɓɚŮɣɖ Űɞɡ ŭŮɑəŰɖ ɔɘŬ əɎˊɞɘɞɡɠ ɛɐɜŮɠ, ɧůɞ 
əŬɘ ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɤɜ ŮˊŮɘůɞŭɑɤɜ 
ɝɖɟŬůɑŬɠ ůŰɘɠ ŭɘɎűɞɟŮɠ əŬŰɖɔɞɟɑŮɠ ɢŬɟŬəŰɖɟɘůɛɞɨ 
Űɖɠ ɛŮ ɓɎůɖ Űɘɠ ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ ɧˊɤɠ ˊɟɞɏəɡɣŬɜ 
Ŭˊɧ ŰŬ ɛɞɜŰɏɚŬ əŬɘ Ŭˊɧ Űɘɠ ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ 
ɓɟɞɢɧˊŰɤůɖɠ. 
 
2. ɁȻūɄȺɄȾ ȻɆȻɉɂȸɇ 

 
2.1. Ⱥůɒɚűɗɡ ɞɗɠŭŰɒŭɡ SPI 
Ƀ ɇɡˊɞˊɞɘɖɛɏɜɞɠ ȹŮɑəŰɖɠ ȾŬŰŬəɟɐɛɜɘůɖɠ 

(Standardised Precipitation Index) (SPI) ŬˊɞŰŮɚŮɑ 
ɏɜŬɜ ɛŮŰŮɤɟɞɚɞɔɘəɧ ŭŮɑəŰɖ, ɞ ɞˊɞɑɞɠ 
ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɘ 
ˊɟɧɓɚŮɣɖ Űɖɠ ɝɖɟŬůɑŬɠ (McKee et al., 1993; Iglesias 
et al., 2007; ȾɤŰůɞɓɑɜɞɠ əŬɘ ȷɔɔŮɚɑŭɖɠ, 2009). Ƀ 
ůɡɔəŮəɟɘɛɏɜɞɠ ŭŮɑəŰɖɠ ˊŬɟɞɡůɘɎɕŮɘ ŰŬ Ůɝɐɠ 
ˊɚŮɞɜŮəŰɐɛŬŰŬ (Hayes, 1999): Ŭ) ȺɡəɞɚɑŬ ɡˊɞɚɞɔɘ-

ůɛɞɨ Űɞɡ, əŬɗɩɠ ŬˊŬɘŰŮɑŰŬɘ ɛɧɜɞ ɢɟɞɜɞůŮɘɟɎ 
ɓɟɞɢɧˊŰɤůɖɠ, ɓ) ȹŮɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŮŭŬűɘəɐ 
ɡɔɟŬůɑŬ əŬɘ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ 
Űɧůɞ ɔɘŬ Űɞɡɠ ŮŬɟɘɜɞɨɠ ɛɐɜŮɠ ɧůɞ əŬɘ Űɞɡɠ 
ɢŮɘɛŮɟɘɜɞɨɠ, ɔ) ȹŮɜ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ŰɞˊɞɔɟŬűɑŬ 
Űɖɠ ˊŮɟɘɞɢɐɠ, ŭ) ȹɡɜŬŰɧŰɖŰŬ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůŮ 
ŭɘɎűɞɟŮɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ 
Űɖɜ ŮəŰɑɛɖůɖ ůɡɜɗɖəɩɜ ɝɖɟŬůɑŬɠ ůŮ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ 
ɛŮŰŮɤɟɞɚɞɔɘəɩɜ, ŬɔɟɞŰɘəɩɜ əŬɘ ɡŭɟɞɚɞɔɘəɩɜ 
ŮűŬɟɛɞɔɩɜ əŬɘ Ů) ȼ Űɡˊɞˊɞɑɖůɐ Űɞɡ, ŮɝŬůűŬɚɑɕŮɘ ɧŰɘ 
ɖ ůɡɢɜɧŰɖŰŬ Űɤɜ ŬəɟŬɑɤɜ ɔŮɔɞɜɧŰɤɜ ɝɖɟŬůɑŬɠ ůŮ 
ɞˊɞɘŬŭɐˊɞŰŮ ɗɏůɖ əŬɘ ɢɟɞɜɘəɐ əɚɑɛŬəŬ ŮɑɜŬɘ 
ůɡɜŮˊɐɠ. 
Ƀ ŭŮɑəŰɖɠ SPI ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɖɜ ˊɟɞůŬɟɛɞɔɐ 

ɛɘŬɠ ůɡɜɎɟŰɖůɖɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ůŰɖɜ 
ŮɛˊŮɘɟɘəɐ əŬŰŬɜɞɛɐ ůɡɢɜɧŰɖŰŬɠ ɛɘŬɠ ɢɟɞɜɞůŮɘɟɎɠ, 
ˊɞɡ ́ɟɞəɨˊŰŮɘ Ŭˊɧ ŮűŬɟɛɞɔɐ əɡɚɘɧɛŮɜɞɡ 
ŬɗɟɞɑůɛŬŰɞɠ ŮˊɘɗɡɛɖŰɐɠ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ, ˊɎɜɤ 
ůŰɖɜ ŮɝŮŰŬɕɧɛŮɜɖ ɢɟɞɜɞůŮɘɟɎ ɓɟɞɢɧˊŰɤůɖɠ. ɆŰɖ 
ůɡɜɏɢŮɘŬ, ɖ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ 
ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŮ ɛɘŬ Űɡˊɘəɐ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ. 
ȰŰůɘ, ɞ ŭŮɑəŰɖɠ çəŬɜɞɜɘəɞˊɞɘŮɑŰŬɘè ɢɤɟɘəɎ əŬɗɩɠ 
ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɡˊŮɘůɏɟɢŮŰŬɘ Űɧůɞ ɖ əŬŰŬɜɞɛɐ 
Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ůŰɞ 
ůɡɔəŮəɟɘɛɏɜɞ Űɧˊɞ, ɧůɞ əŬɘ ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ 
ɓɟɞɢɧˊŰɤůɖɠ ůŰɖɜ ˊŮɟɘɞɢɐ. Ⱥˊɘˊɚɏɞɜ, ɞ ŭŮɑəŰɖɠ 
SPI çəŬɜɞɜɘəɞˊɞɘŮɑŰŬɘè əŬɘ ɢɟɞɜɘəɎ, ɔɘŬŰɑ ɞ 
ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɔɘŬ ɞˊɞɘŬŭɐˊɞŰŮ 
ɢɟɞɜɘəɐ əɚɑɛŬəŬ (3, 6, 9, 12, 24, ə.ɚˊ. ɛɖɜɩɜ) 
ŬɜɎɚɞɔŬ ɛŮ Űɞ ůəɞˊɧ Űɖɠ ŮəɎůŰɞŰŮ ŬɜɎɚɡůɖɠ 
(ȾɤŰůɞɓɑɜɞɠ əŬɘ ȷɔɔŮɚɑŭɖɠ, 2009). 
Ƀɘ ɢɟɞɜɞůŮɘɟɏɠ ɛɖɜɘŬɑŬɠ ɓɟɞɢɧˊŰɤůɖɠ 

Ŭəɞɚɞɡɗɞɨɜ ŭɘɎűɞɟŮɠ ɗŮɤɟɖŰɘəɏɠ əŬŰŬɜɞɛɏɠ ɛŮ 
ůɡɜɖɗɏůŰŮɟɖ Űɖɜ əŬŰŬɜɞɛɐ ɔɎɛɛŬ. ȼ ůɡɜɎɟŰɖůɖ 
ˊɡəɜɧŰɖŰŬɠ ï ˊɘɗŬɜɧŰɖŰŬɠ Űɖɠ əŬŰŬɜɞɛɐɠ ɔɎɛɛŬ 
ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (ũŮɤɟɔɑɞɡ, 2004): 

()
()

Ŭ 1 x/ɓ

Ŭ

1
g x x e

ɓ ũ Ŭ

- -=     ɔɘŬ x>0  (1) 

ɧˊɞɡ: Ŭ ŮɑɜŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ůɢɐɛŬŰɞɠ (Ŭ>0), ɓ ŮɑɜŬɘ 
ɖ ˊŬɟɎɛŮŰɟɞɠ əɚɑɛŬəŬɠ,(ɓ>0), x ŮɑɜŬɘ ɖ ˊɞůɧŰɖŰŬ 
Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ ũ(Ŭ) ŮɑɜŬɘ ɖ ůɡɜɎɟŰɖůɖ ɔɎɛɛŬ.
  
ũɘŬ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɖɠ əŬŰŬɜɞɛɐɠ ŬˊŬɘŰŮɑŰŬɘ ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Ŭ əŬɘ ɓ ɞɘ ɞˊɞɑŮɠ 
ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ ůɢɏůŮɘɠ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɜ 
Thom (1958). ɃɚɞəɚɖɟɩɜɞɜŰŬɠ Űɖ ůɡɜɎɟŰɖůɖ 
ˊɡəɜɧŰɖŰŬɠ ï ˊɘɗŬɜɧŰɖŰŬɠ g(x), ˊɟɞəɨˊŰŮɘ ɖ 
ŬɗɟɞɘůŰɘəɐ ůɡɜɎɟŰɖůɖ ˊɘɗŬɜɧŰɖŰŬɠ G(x). 
ȺˊŮɘŭɐ ɖ ɔɎɛɛŬ ůɡɜɎɟŰɖůɖ ŭŮɜ ɞɟɑɕŮŰŬɘ ɔɘŬ x=0 

əŬɘ ŮˊŮɘŭɐ ɖ əŬŰŬɜɞɛɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ŮɜŭɏɢŮŰŬɘ 
ɜŬ ˊŮɟɘɏɢŮɘ əŬɘ ɛɖŭŮɜɘəɎ ůŰɞɘɢŮɑŬ, ɖ ŬɗɟɞɘůŰɘəɐ 
ůɡɜɎɟŰɖůɖ ˊɘɗŬɜɧŰɖŰŬɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ 
(Mishra and Desai, 2005): 

() ( )()H x u 1 u G x= + -    (2) 

ɧˊɞɡ: u= ɖ ˊɘɗŬɜɧŰɖŰŬ Űɤɜ ɛɖŭŮɜɘəɩɜ ɓɟɞɢɞ-
ˊŰɩůŮɤɜ. 
ȼ ŬɗɟɞɘůŰɘəɐ ůɡɜɎɟŰɖůɖ ˊɘɗŬɜɧŰɖŰŬɠ H(x), 

ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŮ Űɡˊɘəɐ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ Ȼ, ɛŮ 
ɛɏůɞ ɧɟɞ ɛɖŭɏɜ əŬɘ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ɛɞɜɎŭŬ, ɧˊɞɡ 
ɖ Űɘɛɐ ŬɡŰɐ ŬˊɞŰŮɚŮɑ Űɞ ŭŮɑəŰɖ SPI. ɀŮ ɓɎůɖ Űɞɜ 
ˊɟɞůŮɔɔɘůŰɘəɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ˊɞɡ ˊɟɞŰɎɗɖəŮ Ŭˊɧ 
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Űɞɡɠ Abramowitz and Stegum (1965), ɞ ɛŮŰŬůɢɖ-
ɛŬŰɘůɛɧɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɓɎůɖ 
Űɘɠ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

2

o 1 2

2 3

1 2 3

c c k c k
Z SPI k

1 d k d k d k

å õ+ +
= =- -æ ö

+ + +ç ÷
 (3) 

ɔɘŬ ()0 H x 0.5< ¢ . 

2

o 1 2

2 3

1 2 3

c c k c k
Z SPI k

1 d k d k d k

å õ+ +
= =+ -æ ö

+ + +ç ÷
 (4) 

ɔɘŬ ()0.5 H x 1.0< < . 

ɧˊɞɡ: 

()( )
2

k ln 1 H x     ɔɘŬ  0<ȼ(x) 0.5è ø= ¢
ê ú

  (5) 

()( )
2

k ln 1 1 H x     ɔɘŬ  0.5<ȼ(x)<1.0è ø= -
ê ú

  (6) 

əŬɘ co=2.515517, c1=0.802853, c2=0.010328, d1= 
1.432788, d2=0.189269, d3=0.001308. 
Ƀɘ əŬŰɖɔɞɟɑŮɠ ɢŬɟŬəŰɖɟɘůɛɞɨ Űɤɜ ŮˊŮɘůɞŭɑɤɜ 

ɝɖɟŬůɑŬɠ ɛɘŬɠ ˊŮɟɘɧŭɞɡ ɛŮ ɓɎůɖ Űɞɜ ŭŮɑəŰɖ SPI, 
ůɨɛűɤɜŬ ɛŮ Űɞɡɠ Mckee et al. (1993) ŭɑɜɞɜŰŬɘ ůŰɞɜ 
ɄɑɜŬəŬ 1.  
 
ɄɑɜŬəŬɠ 1. ɇŬɝɘɜɧɛɖůɖ Űɖɠ ɝɖɟŬůɑŬɠ ůɨɛűɤɜŬ ɛŮ 
Űɞɜ ŭŮɑəŰɖ SPI 
 

ɇɘɛɏɠ SPI ɉŬɟŬəŰɖɟɘůɛɧɠ ˊŮɟɘɧŭɞɡ 

Ó2.00 ȺɝŬɘɟŮŰɘəɎ ɡɔɟɐ 
1.50 ɛɏɢɟɘ 1.99 Ʉɞɚɨ ɡɔɟɐ 
1.00 ɛɏɢɟɘ 1.49 ɀɏŰɟɘŬ ɡɔɟɐ 
-0.99 ɛɏɢɟɘ 0.99 ȾŬɜɞɜɘəɐ 
-1.00 ɛɏɢɟɘ -1.49 ɀɏŰɟɘŬ ɝɖɟɐ 
-1.50 ɛɏɢɟɘ -1.99 Ʉɞɚɨ ɝɖɟɐ 
Ò-2.00 ȺɝŬɘɟŮŰɘəɎ ɝɖɟɐ 

 
2.2. ɇűɟɣŭŰűəɚɑ ˋɠɟŰɟɜɟɒɥŰɗ ɔɠɟɣɨˋűɥŰɗɡ 
ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɏɢɞɡɜ ˊŬɟɞɡůɘŬůŰŮɑ 

ŬɟəŮŰɎ ɛɞɜŰɏɚŬ ɔɘŬ Űɖ ůŰɞɢŬůŰɘəɐ ˊɟɞůɞɛɞɑɤůɖ, ɧɢɘ 
ɛɧɜɞ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ, ŬɚɚɎ əŬɘ Ɏɚɚɤɜ 
ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ, əɡɟɘɧŰŮɟŬ Ŭˊɧ ŰŬ 
ɞˊɞɑŬ ŮɑɜŬɘ Űɞ PARCHED-THIRST, Űɞ ClimGen, Űɞ 
CLIGEN əŬɘ ɎɚɚŬ (ũŮɤɟɔɑɞɡ, 2004, ũŮɤɟɔɑɞɡ əŬɘ 
ɄŬˊŬɛɘɢŬɐɚ, 2006Ŭ).  
ȼ ˊɟɞůɞɛɞɑɤůɖ əŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ůɡɜɗŮŰɘəɩɜ 

ůŮɘɟɩɜ ɖɛŮɟɐůɘɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ ɔɑɜŮŰŬɘ ůŮ ŭɨɞ 
ɓɐɛŬŰŬ. ȾŬŰɎ Űɞ ˊɟɩŰɞ ɓɐɛŬ ɔɑɜŮŰŬɘ ɖ 
ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŮˊɘůɨɛɓŬůɖɠ Űɖɠ ɓɟɞɢɐɠ ŭɖɚŬŭɐ 
Ŭɜ ɖ ɖɛɏɟŬ ŮɑɜŬɘ ɡɔɟɐ ɐ ɝɖɟɐ əŬɘ əŬŰɎ Űɞ ŭŮɨŰŮɟɞ 
ɓɐɛŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɖɛɏɟŬ ŮɑɜŬɘ ɡɔɟɐ, 
ɔɑɜŮŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ɨɣɞɡɠ Űɖɠ ɓɟɞɢɐɠ 
(ũŮɤɟɔɑɞɡ əŬɘ ɄŬˊŬɛɘɢŬɐɚ, 2005; 2006ɓ). 
ȼ ŮˊɘůɨɛɓŬůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ˊɟɞůɞɛɞɘ-

ɩɜŮŰŬɘ ɛŮ ɛɑŬ ˊɟɩŰɖɠ ŰɎɝɖɠ, ŭɨɞ əŬŰŬůŰɎůŮɤɜ 
ŬɚɡůɑŭŬ Markov əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ˊɘɗŬɜɧŰɖŰŮɠ 
ɛŮŰɎɓŬůɖɠ ɔɘŬ əɎɗŮ ɖɛɏɟŬ Űɞɡ ɏŰɞɡɠ (Srikanthan and 
McMahon 1983; ũŮɤɟɔɑɞɡ 2004). ũɘŬ ɛɘŬ ˊɟɩŰɖɠ 
ŰɎɝɖɠ ŬɚɡůɑŭŬ Markov, ɞ ˊɑɜŬəŬɠ Űɤɜ ˊɘɗŬɜɞŰɐŰɤɜ 
ɛŮŰɎɓŬůɖɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŮˊɘůɨɛɓŬůɖɠ ɐ ɧɢɘ 
Űɖɠ ɓɟɞɢɐɠ, ɧˊɞɡ ɡˊɎɟɢɞɡɜ ŭɨɞ əŬŰŬůŰɎůŮɘɠ (ɡɔɟɐ 
əŬɘ ɝɖɟɐ) ŮɑɜŬɘ ɞ Ůɝɐɠ: 

() dd dw

wd ww

p p
P t

p p

è ø
=é ù
ê ú

    (7) 

ɧˊɞɡ: pdd = ˊɘɗŬɜɧŰɖŰŬ ɡˊɧ ůɡɜɗɐəɖ (conditional 
probability) ɧŰɘ ɛɘŬ ɝɖɟɐ ɖɛɏɟŬ (dry day) ŬəɞɚɞɡɗŮɑŰŬɘ 
Ŭˊɧ ɛɘŬ ɝɖɟɐ, pdw = ˊɘɗŬɜɧŰɖŰŬ ɡˊɧ ůɡɜɗɐəɖ ɧŰɘ ɛɘŬ 
ɡɔɟɐ ɖɛɏɟŬ (wet day) ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɝɖɟɐ, 
pwd = ˊɘɗŬɜɧŰɖŰŬ ɡˊɧ ůɡɜɗɐəɖ ɧŰɘ ɛɘŬ ɝɖɟɐ ɖɛɏɟŬ 
ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɡɔɟɐ əŬɘ Űɏɚɞɠ pww = 
ˊɘɗŬɜɧŰɖŰŬ ɡˊɧ ůɡɜɗɐəɖ ɧŰɘ ɛɘŬ ɡɔɟɐ ɖɛɏɟŬ 
ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɡɔɟɐ . 
ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ ůŮɘɟɩɜ ɡɔɟɩɜ əŬɘ 

ɝɖɟɩɜ ɖɛŮɟɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰɡɢŬɑɞɘ Ŭɟɘɗɛɞɑ, ɞɘ 
ɞˊɞɑɞɘ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ 
ůŰɞ ŭɘɎůŰɖɛŬ [0,1]. 
ɆŰɖ ůɡɜɏɢŮɘŬ ɔɘŬ Űɘɠ ɡɔɟɏɠ ɖɛɏɟŮɠ, ɖ ůɡɜɗŮŰɘəɐ 

ˊŬɟŬɔɤɔɐ Űɞɡ ɨɣɞɡɠ ɓɟɞɢɐɠ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ 
ɡɘɞɗɏŰɖůɖ Űɖɠ ɔɎɛɛŬ əŬŰŬɜɞɛɐɠ [ůɢɏůɖ (1)] əŬɘ Űɖɜ 
ˊŬɟŬɔɤɔɐ ŰɡɢŬɑɤɜ Ŭɟɘɗɛɩɜ. ȷɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ 
Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮəŰɑɛɖůɖɠ ŰɡɢŬɑɤɜ Ŭɟɘɗɛɩɜ ɛˊɞɟŮɑ 
əŬɜŮɑɠ ɜŬ ɓɟŮɘ ůŰɞɡɠ ũŮɤɟɔɑɞɡ (2004) əŬɘ ũŮɤɟɔɑɞɡ 
əŬɘ ɄŬˊŬɛɘɢŬɐɚ (2006ɓ). 
 
2.3. ɇűɟɣŭŰűəɚɏ ɜɟɝűɐɛŭ SARIMA 
ɆŰɞɢŬůŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ 

ɢɟɞɜɞůŮɘɟɩɜ ŭɧɗɖəŬɜ ůɡůŰɖɛŬŰɘəɎ Ŭˊɧ Űɞɡɠ Box 
and Jenkins, ɞɘ ɞˊɞɑɞɘ ˊŮɟɘɔɟɎűɞɡɜ ɛɘŬ ɞɘəɞɔɏɜŮɘŬ 
ɔɟŬɛɛɘəɩɜ ůŰɞɢŬůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɎ 
ɤɠ Box-Jenkins ɐ SARIMA (Seasonal 
AutoRegressive Integrated Moving Average) ɛɞɜŰɏɚŬ 
(Box and Jenkins, 1976; Box et al., 1994). ɇɏŰɞɘŬ 
ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ŬɜɎɚɡůɖ 
ɞɘəɞɜɞɛɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ, ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ 
ɡŭɟɞɚɞɔɘəɩɜ ɢɟɞɜɘəɩɜ ůŮɘɟɩɜ ɧˊɤɠ ˊŬɟɞɢɩɜ ɐ 
Ůɘůɟɞɩɜ, ˊɞɘɞŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ, ɡˊɧɔŮɘŬɠ ůŰɎɗɛɖɠ 
ɡŭɟɞűɞɟɏɤɜ ə. Ɏɚ.. ȼ ɔŮɜɘəɐ ɛɞɟűɐ Űɤɜ ɛɞɜŰɏɚɤɜ 
SARIMA, ɖ ŭɖɛɘɞɡɟɔɑŬ ůŰŬůɘɛɧŰɖŰŬɠ, ɞ Ŭɟɢɘəɧɠ 
ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɛɞɜŰɏɚɞɡ, ɖ ŮəŰɑɛɖůɖ Űɤɜ 
ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɛɞɜŰɏɚɞɡ, ɞ ɏɚŮɔɢɞɠ Űɖɠ 
əŬŰŬɚɚɖɚɧŰɖŰɎɠ Űɞɡ əŬɘ ɖ ŮˊŬɚɐɗŮɡůɐ Űɞɡ 
ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ Ŭˊɧ Űɞɡɠ: Box and 
Jenkins, 1976; Box et al., 1994; ũŮɤɟɔɑɞɡ əŬɘ 
ɄŬˊŬɛɘɢŬɐɚ, 1999; Papamichail et al., 2000; 
Papamichail and Georgiou, 2001; Manakos et al., 
2011. 
ɇɞ əŬŰɎɚɚɖɚɞ ɛɞɜŰɏɚɞ SARIMA ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɞɡ ŭŮɑəŰɖ SPI ɔɘŬ 
ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ (short term prediction) əŬɘ 
ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɡɜɗŮŰɘəɩɜ ůŮɘɟɩɜ ŬˊŮɟɘɧɟɘůŰɖɠ 
ŭɘɎɟəŮɘŬɠ (long term generation). 

 
3. ȻŬȸɆɁɄŪȽ - ȸɅɄɈȻɀȻɇɁȸɈȸ 
ȼ ŮűŬɟɛɞɔɐ ŬűɞɟɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŭŮɑəŰɖ 

SPI Űɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ 1965-1998, ɔɘŬ ɢɟɞɜɘəɎ 
ɓɐɛŬŰŬ 3, 6, 9 əŬɘ 12 ɛɖɜɩɜ, ůŰɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ 
ɀɎɛŬ ɉŬɚəɘŭɘəɐɠ (40ɞ 15ȭ, 23ɞ 20ȭ).  
ȷɟɢɘəɎ ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ əɎɗŮ ɢɟɞɜɘəɧ ɓɐɛŬ ɞɘ 

Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůɢɐɛŬŰɞɠ (Ŭ) əŬɘ əɚɑɛŬəŬɠ (ɓ) 
Űɖɠ əŬŰŬɜɞɛɐɠ ɔɎɛɛŬ [ůɢɏůɖ (1)]. ɆŰɖ ůɡɜɏɢŮɘŬ ɛŮ Űɖ 
ɓɞɐɗŮɘŬ Űɤɜ ůɢɏůŮɤɜ (2) ɛɏɢɟɘ (6) ɡˊɞɚɞɔɑůŰɖəŮ ɖ 
Űɘɛɐ Űɞɡ ŭŮɑəŰɖ SPI ˊɞɡ űŬɑɜŮŰŬɘ ůŰŬ ɆɢɐɛŬŰŬ 1, 2, 3 
əŬɘ 4 ɔɘŬ ɢɟɞɜɘəɧ ɓɐɛŬ 3, 6, 9 əŬɘ 12 ɛɖɜɩɜ. 
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ȷˊɧ ŰŬ ɆɢɐɛŬŰŬ ŬɡŰɎ ˊɟɞəɨˊŰŮɘ ˊɤɠ ůŰɞ 
ɛŮɔŬɚɨŰŮɟɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɡˊɎɟɢɞɡɜ 
çəŬɜɞɜɘəɏɠè ůɡɜɗɐəŮɠ ɛɘŬɠ əŬɘ ɖ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ 
əɡɛŬɑɜŮŰŬɘ Ŭˊɧ -0.99 ɛɏɢɟɘ 0.99. ɆɡɜɗɐəŮɠ çˊɞɚɨ 
ɡɔɟɏɠè əŬɘ çŮɝŬɘɟŮŰɘəɎ ɡɔɟɏɠè ŭŮɜ ɡˊɎɟɢɞɡɜ ůŮ 
əŬɛɑŬ ˊŮɟɑˊŰɤůɖ. ȷɜŰɑɗŮŰŬ çɛɏŰɟɘŬ ɝɖɟɏɠè, çˊɞɚɨ 
ɝɖɟɏɠè əŬɘ çŮɝŬɘɟŮŰɘəɎ ɝɖɟɏɠè, ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ɧɚŮɠ 
Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ. 

 
ɆɢɐɛŬ 1. ɀɖɜɘŬɑŬ ɛŮŰŬɓɞɚɐ Űɞɡ ŭŮɑəŰɖ SPI, ɔɘŬ Űɖ 
ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 1965-1998, ɔɘŬ ɢɟɞɜɘəɧ ɓɐɛŬ 3 
ɛɖɜɩɜ ůŰɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ ɀɎɛŬ. 

 

ɆɢɐɛŬ 2. ɀɖɜɘŬɑŬ ɛŮŰŬɓɞɚɐ Űɞɡ ŭŮɑəŰɖ SPI, ɔɘŬ Űɖ 
ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 1965-1998, ɔɘŬ ɢɟɞɜɘəɧ ɓɐɛŬ 6 
ɛɖɜɩɜ ůŰɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ ɀɎɛŬ. 
 

 
ɆɢɐɛŬ 3. ɀɖɜɘŬɑŬ ɛŮŰŬɓɞɚɐ Űɞɡ ŭŮɑəŰɖ SPI, ɔɘŬ Űɖ 
ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 1965-1998, ɔɘŬ ɢɟɞɜɘəɧ ɓɐɛŬ 9 
ɛɖɜɩɜ ůŰɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ ɀɎɛŬ. 

 
ɆɢɐɛŬ 4. ɀɖɜɘŬɑŬ ɛŮŰŬɓɞɚɐ Űɞɡ ŭŮɑəŰɖ SPI, ɔɘŬ Űɖ 
ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 1965-1998, ɔɘŬ ɢɟɞɜɘəɧ ɓɐɛŬ 12 
ɛɖɜɩɜ ůŰɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ ɀɎɛŬ. 

 

ɄɑɜŬəŬɠ 2. ɄɞůɞůŰɘŬɑŬ əŬŰŬɜɞɛɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ Űɤɜ ůɡɛɓɎɜŰɤɜ əɎɗŮ əɚɎůɖɠ Űɞɡ ŭŮɑəŰɖ SPI, ɔɘŬ Űɖɜ 
ɘůŰɞɟɘəɐ ůŮɘɟɎ ɓɟɞɢɞˊŰɩůŮɤɜ (1965-1998), Űɖ ůɡɜɗŮŰɘəɐ ůŮɘɟɎ ɓɟɞɢɞˊŰɩůŮɤɜ əŬɘ Űɖ ůɡɜɗŮŰɘəɐ ůŮɘɟɎ SPI əŬɘ 
ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 3 əŬɘ 6 ɛɖɜɩɜ ůŰɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ ɀɎɛŬ 
 

ȾɚɎůŮɘɠ 

 3-ɛɐɜŮɠ   6-ɛɐɜŮɠ 

 ȽůŰɞɟɘəɐ (%) 
ɓɟɞɢɧˊŰɤůɖ 

ɆɡɜɗŮŰɘəɐ(%) 
ɓɟɞɢɧˊŰɤůɖ 

ɆɡɜɗŮŰɘəɐ 
SPI (%) 

 ȽůŰɞɟɘəɐ (%) 
ɓɟɞɢɧˊŰɤůɖ 

ɆɡɜɗŮŰɘəɐ (%) 
ɓɟɞɢɧˊŰɤůɖ 

ɆɡɜɗŮŰɘəɐ 
SPI (%) 

ȺɝŬɘɟŮŰɘəɎ ɡɔɟɧɠ  0.00 0.00 0.00  0.00 0.00 0.00 
Ʉɞɚɨ ɡɔɟɧɠ  0.00 0.17 0.17  0.00 0.17 0.67 
ɀɏŰɟɘŬ ɡɔɟɧɠ  0.99 0.67 1.51  0.50 1.51 3.01 
ȾŬɜɞɜɘəɧɠ  78.08 78.93 75.75  78.41 80.17 81.77 
ɀɏŰɟɘŬ ɝɖɟɧɠ  13.55 13.21 17.06  15.63 12.10 11.04 
Ʉɞɚɨ ɝɖɟɧɠ  3.45 3.85 4.68  1.99 4.20 3.18 
ȺɝŬɘɟŮŰɘəɎ ɝɖɟɧɠ   3.94 3.18 0.84  3.47 1.85 0.33 

ɄɑɜŬəŬɠ 3. ɄɞůɞůŰɘŬɑŬ əŬŰŬɜɞɛɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ Űɤɜ ůɡɛɓɎɜŰɤɜ əɎɗŮ əɚɎůɖɠ Űɞɡ ŭŮɑəŰɖ SPI, ɔɘŬ Űɖɜ 
ɘůŰɞɟɘəɐ ůŮɘɟɎ ɓɟɞɢɞˊŰɩůŮɤɜ (1965-1998), Űɖ ůɡɜɗŮŰɘəɐ ůŮɘɟɎ ɓɟɞɢɞˊŰɩůŮɤɜ əŬɘ Űɖ ůɡɜɗŮŰɘəɐ ůŮɘɟɎ SPI əŬɘ 
ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 9 əŬɘ 12 ɛɖɜɩɜ ůŰɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ ɀɎɛŬ 

ȾɚɎůŮɘɠ 

 9-ɛɐɜŮɠ  12-ɛɐɜŮɠ 

 ȽůŰɞɟɘəɐ (%) 
ɓɟɞɢɧˊŰɤů
ɖ 

ɆɡɜɗŮŰɘəɐ (%) 
ɓɟɞɢɧˊŰɤůɖ 

ɆɡɜɗŮŰɘəɐ 
SPI (%) 

 ȽůŰɞɟɘəɐ (%) 
ɓɟɞɢɧˊŰɤů
ɖ 

ɆɡɜɗŮŰɘəɐ (%) 
ɓɟɞɢɧˊŰɤůɖ 

ɆɡɜɗŮŰɘə
ɐ SPI (%) 

ȺɝŬɘɟŮŰɘəɎ ɡɔɟɧɠ  0.00 0.00 0.00  0.00 0.00 0.00 
Ʉɞɚɨ ɡɔɟɧɠ  0.00 0.17 0.17  0.00 0.00 0.00 
ɀɏŰɟɘŬ ɡɔɟɧɠ  0.50 1.35 1.51  0.50 1.53 0.67 
ȾŬɜɞɜɘəɧɠ  80.65 80.41 84.95  78.16 75.55 73.08 
ɀɏŰɟɘŬ ɝɖɟɧɠ  11.17 12.33 10.87  14.39 16.81 17.73 
Ʉɞɚɨ ɝɖɟɧɠ  4.96 3.38 1.84  2.73 4.75 6.35 
ȺɝŬɘɟŮŰɘəɎ ɝɖɟɧɠ  1.99 2.36 0.67  2.73 1.36 2.17 
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ɆŰɞɜ ɄɑɜŬəŬ 2 ŭɑɜŮŰŬɘ ɖ ˊɞůɞůŰɘŬɑŬ əŬŰŬɜɞɛɐ 
Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ Űɤɜ ůɡɛɓɎɜŰɤɜ əɎɗŮ 
əɚɎůɖɠ ɔɘŬ Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 1965-1998 ɔɘŬ Űɘɠ 
ˊŮɟɘˊŰɩůŮɘɠ ɢɟɞɜɘəɩɜ ɓɖɛɎŰɤɜ 3 əŬɘ 6 ɛɖɜɩɜ əŬɘ 
ůŰɞɜ ɄɑɜŬəŬ 3 ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ 9 əŬɘ 12 ɛɖɜɩɜ. 
ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ɆɢɐɛŬŰŬ 1-4 əŬɘ Űɞɡɠ 
ɄɑɜŬəŮɠ 2 əŬɘ 3, Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ, ɔɘŬ Űɘɠ 
ɛɏŰɟɘŬ ɝɖɟɏɠ ůɡɜɗɐəŮɠ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 
Űɞɡ ɢɟɞɜɘəɞɨ ɓɐɛŬŰɞɠ Űɤɜ 6 ɛɖɜɩɜ (15.63%), ɔɘŬ Űɘɠ 
ˊɞɚɨ ɝɖɟɏɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 9 ɛɖɜɩɜ (4.96%) 
əŬɘ ɔɘŬ Űɘɠ ŮɝŬɘɟŮŰɘəɎ ɝɖɟɏɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 3 
ɛɖɜɩɜ (3.94%). ɇɞ ŰŮɚŮɡŰŬɑɞ ŮɑɜŬɘ ŬɟəŮŰɎ ůɖɛŬɜŰɘəɧ 
ɛɘŬɠ əŬɘ Űɞ ɢɟɞɜɘəɧ ɓɐɛŬ Űɤɜ 3 ɛɖɜɩɜ ŰŬɡŰɑɕŮŰŬɘ ɛŮ 
Űɖɜ ŬɟŭŮɡŰɘəɐ ˊŮɟɑɞŭɞ, ɖ ɞˊɞɑŬ ůɡɜɐɗɤɠ ŮɑɜŬɘ ŰɟŮɑɠ 
ɛɐɜŮɠ (Ƚɞɨɜɘɞɠ-ȷɨɔɞɡůŰɞɠ), ɧˊɞɡ əŬɘ ŮɜŰɞˊɑɕɞɜŰŬɘ 
ŬɡŰɏɠ ɞɘ ˊŮɟɑɞŭɞɘ. ɄŬɟɧɚŬ ŬɡŰɎ Űɞ ˊŮɟɘɞɟɘůɛɏɜɞ 
ˊɞůɞůŰɧ (3.94%) ůŮ ɛɑŬ ˊŮɟɑɞŭɞ 34 ŮŰɩɜ ŭŮɜ ŮɑɜŬɘ 
ɘŭɘŬɑŰŮɟŬ ŬɜɖůɡɢɖŰɘəɧ.  

ȼ ŮűŬɟɛɞɔɐ Űɤɜ ŮˊɞɢɘŬəɩɜ ůŰɞɢŬůŰɘəɩɜ 
ɛɞɜŰɏɚɤɜ SARIMA ɏɔɘɜŮ ůŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɛɖɜɘŬɑɤɜ 
Űɘɛɩɜ Űɞɡ ŭŮɑəŰɖ SPI ɔɘŬ ŰŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 3, 6, 9 
əŬɘ 12 ɛɖɜɩɜ. ȼ ůŮɘɟɎ ŭɘŬɘɟɏɗɖəŮ ůŮ ŭɨɞ ůŮɘɟɏɠ. 
ɆŰɖɜ ˊɟɩŰɖ ˊɞɡ əŬɚɨˊŰŮɘ ŰŬ ɏŰɖ 1965-1997 əŬɘ Űɖ 
ŭŮɨŰŮɟɖ ˊɞɡ əŬɚɨˊŰŮɘ Űɞ ɏŰɞɠ 1998. ȼ ˊɟɩŰɖ ůŮɘɟɎ 
ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɞɡ əŬŰɎɚɚɖɚɞɡ 
ůŰɞɢŬůŰɘəɞɨ ɛɞɜŰɏɚɞɡ. ȹŮɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛŮŰŬ-
ůɢɖɛŬŰɘůɛɧɠ ŭɖɛɘɞɡɟɔɑŬɠ ůŰŬůɘɛɧŰɖŰŬɠ ɛɘŬɠ əŬɘ ɞɘ 
ůŮɘɟɏɠ ŮɑɜŬɘ ůŰɎůɘɛŮɠ. ȹɞəɘɛɎůŰɖəŬɜ ŭɘɎűɞɟŬ 
SARIMA ɛɞɜŰɏɚŬ əŬɘ ɓɟɏɗɖəŮ ɧŰɘ ŰŬ əŬŰɎɚɚɖɚŬ ŮɑɜŬɘ: 
ɉɟɞɜɘəɧ ɓɐɛŬ 3-ɛɖɜɩɜ: (1,1,1) (3,0,1)3  
ɉɟɞɜɘəɧ ɓɐɛŬ 6-ɛɖɜɩɜ: (1,1,1) (1,0,0)6  
ɉɟɞɜɘəɧ ɓɐɛŬ 9-ɛɖɜɩɜ: (1,1,1) (0,0,1)9 
ɉɟɞɜɘəɧ ɓɐɛŬ 12-ɛɖɜɩɜ: (3,1,2) (0,0,1)12  
ũɘŬ ŰŬ ˊŬɟŬˊɎɜɤ ɛɞɜŰɏɚŬ ɞɘ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ, Űɞ Űɡˊɘəɧ ůűɎɚɛŬ ŮəŰɑɛɖůɖɠ, ɖ ɇ-Űɘɛɐ 
əŬɘ ɖ Ʌ-Űɘɛɐ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 4. 

 
ɄɑɜŬəŬɠ 4. ɇɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ, Űɡˊɘəɧ ůűɎɚɛŬ ŮəŰɑɛɖůɖɠ, ɇ-Űɘɛɐ əŬɘ Ʌ-Űɘɛɐ ɔɘŬ ŰŬ 
əŬŰɎɚɚɖɚŬ ɛɞɜŰɏɚŬ Űɖɠ ɢɟɞɜɘəɐɠ ůŮɘɟɎɠ Űɞɡ ŭŮɑəŰɖ SPI, Űɤɜ ɢɟɞɜɘəɩɜ ɓɖɛɎŰɤɜ 3, 6, 9 əŬɘ 12 
ɛɖɜɩɜ, Űɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ 1965-1997 ůŰɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ ɀɎɛŬ 

 

ɆŮɘɟɎ SPI ɄŬɟɎɛŮŰɟɞɠ ɇɘɛɐ ɇɡˊɘəɧ ůűɎɚɛŬ T-Űɘɛɐ P-Űɘɛɐ 

SPI 3 
(1,1,1) (3,0,1)3 

ű1 0.5035220 0.04570630 11.01650 0.000000 
ū1 -0.9980190 0.06809310 -14.65670 0.000000 
ū2 -0.1855370 0.07220400 -2.56962 0.010555 
ū3 -0.1604870 0.05342450 -3.00400 0.002838 
ɗ1 0.9956360 0.00083541 1191.79000 0.000000 
Ū1 -0.9256340 0.04824980 -19.18420 0.000000 

SPI 6 
(1,1,1) (1,0,0)6 

ű1 0.6882480 0.03733260 18.43560 0.000000 
ū1 -0.1300970 0.05112920 -2.544480 0.011332 
ɗ1 0.9923290 0.00204559 485.107000 0.000000 

SPI 9 
(1,1,1) (0,0,1)9 

ű1 0.7560000 0.03447370 21.929800 0.000000 
ɗ1 0.9836040 0.00397699 247.324000 0.000000 
Ū1 0.2501550 0.05030680 4.972580 0.000001 

SPI 12 
(3,1,2) (0,0,1)12 

ű1 0.0406478 0.05613190 0.724147 0.469423 
ű2 0.5131940 0.04785430 10.724100 0.000000 
ű3 0.1589550 0.05118530 3.105480 0.002043 
ɗ1 0.3431100 0.02218540 15.465600 0.000000 
ɗ2 0.6763580 0.02345660 28.834500 0.000000 
Ū1 0.1550250 0.05299520 2.925270 0.003649 

 
ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ əŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɤɜ ɛɞɜŰɏɚɤɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɏɚŮɔɢɞɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ. Ƀ 
ɏɚŮɔɢɞɠ ŬɡŰɧɠ ɔɑɜŮŰŬɘ ɛŮ Űɞ ŬɗɟɞɘůŰɘəɧ 
ˊŮɟɘɞŭɧɔɟŬɛɛŬ, Űɖ ůɡɜɎɟŰɖůɖ ŬɡŰɞůɡůɢɏŰɘůɖɠ əŬɘ 
Űɖ ůɡɜɎɟŰɖůɖ ɛŮɟɘəɐɠ ŬɡŰɞůɡůɢɏŰɘůɖɠ Űɖɠ ɢɟɞɜɘəɐɠ 
ůŮɘɟɎɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ 
Űɤɜ ɞɟɑɤɜ ŮɛˊɘůŰɞůɨɜɖɠ ɔŮɔɞɜɧɠ ˊɞɡ ŭŮɑɢɜŮɘ ɧŰɘ ŰŬ 
ɡˊɧɚɞɘˊŬ ŮɑɜŬɘ ɚŮɡəɞɨ ɗɞɟɨɓɞɡ ŭɖɚŬŭɐ 
ŬůɡůɢɏŰɘůŰŬ. 
ɆŰɖ ůɡɜɏɢŮɘŬ ŰŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɐ-

ɗɖəŬɜ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɞɡ ɛɖɜɘŬɑɞɡ ŭŮɑəŰɖ SPI Űɞɡ 
ɏŰɞɡɠ 1998. ɆŰŬ ɆɢɐɛŬŰŬ 5, 6, 7 əŬɘ 8 űŬɑɜɞɜŰŬɘ ɞɘ 
ɛɖɜɘŬɑŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ SPI ɧˊɤɠ ɡˊɞɚɞɔɑůŰɖəŬɜ 
Ŭˊɧ Űɖ ɛŮŰɟɖɛɏɜɖ ɓɟɞɢɧˊŰɤůɖ əŬɘ ɧˊɤɠ 
ŮəŰɘɛɐɗɖəŬɜ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ ɛɞɜŰɏɚɤɜ Űɞɡ ɄɑɜŬəŬ 
4, ɔɘŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 3, 6, 9 əŬɘ 12 ɛɖɜɩɜ.  
ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ ɆɢɐɛŬŰŬ 5 ɛɏɢɟɘ 8, ŰŬ 

ŮˊɞɢɘŬəɎ ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ Űɞɡ ɄɑɜŬəŬ 4, 
ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚɏɣɞɡɜ Űɖ ɛɖɜɘŬɑŬ Űɘɛɐ Űɞɡ SPI ɔɘŬ 

ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɐ ŬəɟɑɓŮɘŬ, 
ɔɘŬ ɧɚŬ ŰŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ. Ƀɘ ůɡɜɗɐəŮɠ ŬɡŰɏɠ 
ˊɟɧɓɚŮɣɖɠ Űɖɠ ɝɖɟŬůɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖɜ 
ŮəŰɑɛɖůɖ Űɤɜ ɛɏŰɟɤɜ ɚɧɔɤ ŮˊŮɟɢɧɛŮɜɖɠ ɝɖɟŬůɑŬɠ 
ůŰɞ ɛɏɚɚɞɜ əŬɘ ɖ ŬɜɎˊŰɡɝɖ ůɢŮŭɑɤɜ ɛŮŰɟɘŬůɛɞɨ Ŭˊɧ 
Űɘɠ ŮˊɘˊŰɩůŮɘɠ Űɖɠ. 
ɆŰɖ ůɡɜɏɢŮɘŬ ŰŬ ˊŬɟŬˊɎɜɤ ɛɞɜŰɏɚŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ 
ůŮɘɟɩɜ SPI. ȰŰůɘ ůŮ əɎɗŮ ɢɟɞɜɘəɧ ɓɐɛŬ 
ˊŬɟɐɢɗɖůŬɜ 100 ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ, ŭɘɎɟəŮɘŬɠ 50 
ŮŰɩɜ ɖ əɎɗŮ ɛɑŬ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ  ˊɟɞɏəɡɣŮ ɛɑŬ 
ɛɏůɖ ůɡɜɗŮŰɘəɐ ůŮɘɟɎ. 
ũɘŬ əɎɗŮ ɛɑŬ ůŮɘɟɎ ɡˊɞɚɞɔɑůŰɖəŮ ɖ ˊɞůɞůŰɘŬɑŬ 

əŬŰŬɜɞɛɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ Űɤɜ ůɡɛɓɎɜŰɤɜ 
əɎɗŮ əɚɎůɖɠ Űɞɡ ŭŮɑəŰɖ SPI əŬɘ ŭɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 
2 ɔɘŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 3 əŬɘ 6 ɛɖɜɩɜ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 
3 ɔɘŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 9 əŬɘ 12 ɛɖɜɩɜ. ȷˊɧ Űɖ 
ůɨɔəɟɘůɖ űŬɑɜŮŰŬɘ ɧŰɘ ɞɘ ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ 
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ŭɘŬŰɖɟɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɘůŰɞɟɘəɐɠ əŬɘ ŰŬ 
ˊɞůɞůŰɎ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ. 
ȺəŰɧɠ ɧɛɤɠ Ŭˊɧ Űɖ ůŰɞɢŬůŰɘəɐ ˊŬɟŬɔɤɔɐ Űɞɡ 

ŭŮɑəŰɖ SPI ɛŮ ŰŬ ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ, ɏɔɘɜŮ 
ˊɟɞůɞɛɞɑɤůɖ əŬɘ ůɡɜɗŮŰɘəɐ ˊŬɟŬɔɤɔɐ ɖɛŮɟɐůɘɤɜ 
ɓɟɞɢɞˊŰɩůŮɤɜ ɔɘŬ Űɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ ɀɎɛŬ 
ɉŬɚəɘŭɘəɐɠ. ɀŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ɖɛŮɟɐůɘɤɜ 
ŭŮŭɞɛɏɜɤɜ ɓɟɞɢɧˊŰɤůɖɠ Űɤɜ ŮŰɩɜ 1965 ɛɏɢɟɘ 1998 
ɢŬɟŬəŰɖɟɑůŰɖəŮ əɎɗŮ ɖɛɏɟŬ, Ŭɜ ŮɑɜŬɘ ɡɔɟɐ ɐ ɝɖɟɐ, 
ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɧɟɘɞ ɡɔɟɐɠ ɖɛɏɟŬɠ ŰŬ 0.1 mm. 
ɆŰɖ ůɡɜɏɢŮɘŬ, ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ Űɘɛɏɠ Űɤɜ 
ˊɘɗŬɜɞŰɐŰɤɜ ɡˊɧ ůɡɜɗɐəɖ ɧŰɘ ɛɘŬ ɝɖɟɐ ɖɛɏɟŬ 
ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɡɔɟɐ ɖɛɏɟŬ (pwd) əŬɘ ɛɘŬ ɡɔɟɐ 
ɖɛɏɟŬ ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɡɔɟɐ (pww), ɔɘŬ əɎɗŮ 
ɖɛɏɟŬ. ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůɡɜɗŮŰɘəɩɜ ůŮɘɟɩɜ ɡɔɟɩɜ 
əŬɘ ɝɖɟɩɜ ɖɛŮɟɩɜ ůŰɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ ɀɎɛŬ 
ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰɡɢŬɑɞɘ Ŭɟɘɗɛɞɑ ɞɛɞɘɧɛɞɟűɖɠ 
əŬŰŬɜɞɛɐɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ˊŬɟɐɢɗɖůŬɜ 100 
ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ, 50 ŮŰɩɜ ɖ əŬɗŮɛɑŬ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ 
ˊɟɞɏəɡɣŮ ɛɘŬ ɛɏůɖ ůɡɜɗŮŰɘəɐ ůŮɘɟɎ. ɀŮŰɎ Űɞɜ 
əŬɗɞɟɘůɛɧ ɧŰɘ ɛɘŬ ɖɛɏɟŬ ŮɑɜŬɘ ɡɔɟɐ, ŬˊŬɘŰŮɑŰŬɘ ɞ 
ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɨɣɞɡɠ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ, Űɞ ɞˊɞɑɞ 
ɏɔɘɜŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ɔɎɛɛŬ əŬŰŬɜɞɛɐɠ. ȼ ŮəŰɑɛɖůɖ 
Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ ɔɎɛɛŬ əŬŰŬɜɞɛɐɠ ůŮ ɖɛŮɟɐůɘŬ 
ɓɎůɖ ɔɘŬ Űɖ ɓɟɞɢɧˊŰɤůɖ Űɞɡ ůŰŬɗɛɞɨ Űɞɡ ȷɔɑɞɡ 
ɀɎɛŬ, ɏɔɘɜŮ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ əŬŰŬɜɞɛɐɠ ůŰŬ 
ɖɛŮɟɐůɘŬ ɨɣɖ ɓɟɞɢɐɠ əɎɗŮ ɛɐɜŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ, ɖ 
ŬˊɧəŰɖůɖ Űɤɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 
ůɢɐɛŬŰɞɠ əŬɘ əɚɑɛŬəŬɠ Űɖɠ ɔɎɛɛŬ əŬŰŬɜɞɛɐɠ ɏɔɘɜŮ ɛŮ 
Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ůŮɘɟɩɜ Fourier (ũŮɤɟɔɑɞɡ, 2004). 

 

 
ɆɢɐɛŬ 5. Ɇɨɔəɟɘůɖ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ Űɞɡ ŭŮɑəŰɖ SPI 
Űɞɡ ɏŰɞɡɠ 1998, ɔɘŬ ɢɟɞɜɘəɧ ɓɐɛŬ 3 ɛɖɜɩɜ əŬɘ Űɤɜ 
ŬɜŰɑůŰɞɘɢɤɜ Űɘɛɩɜ ˊɟɧɓɚŮɣɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ (1,1,1) 
(3,0,1)3. 

 

 
ɆɢɐɛŬ 6. Ɇɨɔəɟɘůɖ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ Űɞɡ ŭŮɑəŰɖ SPI 
Űɞɡ ɏŰɞɡɠ 1998, ɔɘŬ ɢɟɞɜɘəɧ ɓɐɛŬ 6 ɛɖɜɩɜ əŬɘ Űɤɜ 
ŬɜŰɑůŰɞɘɢɤɜ Űɘɛɩɜ ˊɟɧɓɚŮɣɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ (1,1,1) 
(1,0,0)6. 

 
ɆɢɐɛŬ 7. Ɇɨɔəɟɘůɖ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ Űɞɡ ŭŮɑəŰɖ SPI 
Űɞɡ ɏŰɞɡɠ 1998, ɔɘŬ ɢɟɞɜɘəɧ ɓɐɛŬ 9 ɛɖɜɩɜ əŬɘ Űɤɜ 
ŬɜŰɑůŰɞɘɢɤɜ Űɘɛɩɜ ˊɟɧɓɚŮɣɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ (1,1,1) 
(0,0,1)9. 

 
ɆɢɐɛŬ 8. Ɇɨɔəɟɘůɖ ɛɖɜɘŬɑɤɜ Űɘɛɩɜ Űɞɡ ŭŮɑəŰɖ SPI 
Űɞɡ ɏŰɞɡɠ 1998, ɔɘŬ ɢɟɞɜɘəɧ ɓɐɛŬ 12 ɛɖɜɩɜ əŬɘ Űɤɜ 
ŬɜŰɑůŰɞɘɢɤɜ Űɘɛɩɜ ˊɟɧɓɚŮɣɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ (3,1,2) 
(0,0,1)12. 

ɀŮ ɓɎůɖ Űɘɠ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Ŭ 
əŬɘ ɓ Űɖɠ ɔɎɛɛŬ əŬŰŬɜɞɛɐɠ, ˊŬɟɐɢɗɖůŬɜ ŰɡɢŬɑɞɘ 
Ŭɟɘɗɛɞɑ. ũɘŬ əŬɗŮɛɑŬ Ŭˊɧ Űɘɠ 100 ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ 
ŮˊɘůɨɛɓŬůɖɠ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ, ŭɘɎɟəŮɘŬɠ 50 ŮŰɩɜ ɖ 
əŬɗŮɛɑŬ, ˊɞɡ ˊŬɟɐɢɗɖůŬɜ ˊɟɞɖɔɞɨɛŮɜŬ, 
ˊŬɟɎɔɞɜŰŬɘ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɨɣɖ ɓɟɞɢɐɠ ɔɘŬ əɎɗŮ 
ɡɔɟɐ ɖɛɏɟŬ. ɆŰɖ ůɡɜɏɢŮɘŬ, Ŭˊɧ Űɘɠ 100 ůɡɜɗŮŰɘəɏɠ 
ůŮɘɟɏɠ ɡˊɞɚɞɔɑůŰɖəŮ ɛɘŬ ɛɏůɖ ůɡɜɗŮŰɘəɐ ůŮɘɟɎ 
ɖɛŮɟɐůɘɤɜ ɡɣɩɜ ɓɟɞɢɐɠ ɔɘŬ Űɞ ůŰŬɗɛɧ Űɞɡ ȷɔɑɞɡ 
ɀɎɛŬ. ɀŮ ɓɎůɖ Űɖ ɛɏůɖ ůɡɜɗŮŰɘəɐ ůŮɘɟɎ Űɤɜ 
ɓɟɞɢɞˊŰɩůŮɤɜ ŭɘɎɟəŮɘŬɠ 50 ŮŰɩɜ ɡˊɞɚɞɔɑůŰɖəŮ ɞ 
ŭŮɑəŰɖɠ SPI, ɔɘŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 3, 6, 9 əŬɘ 12 ɛɖɜɩɜ 
əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɖ ˊɞůɞůŰɘŬɑŬ əŬŰŬɜɞɛɐ Űɖɠ 
ůɡɢɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ Űɤɜ ůɡɛɓɎɜŰɤɜ əɎɗŮ əɚɎůɖɠ 
Űɞɡ ŭŮɑəŰɖ SPI əŬɘ ŭɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 2 ɔɘŬ ɢɟɞɜɘəɎ 
ɓɐɛŬŰŬ 3 əŬɘ 6 ɛɖɜɩɜ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 3 ɔɘŬ ɢɟɞɜɘəɎ 
ɓɐɛŬŰŬ 9 əŬɘ 12 ɛɖɜɩɜ. ȷˊɧ Űɖ ůɨɔəɟɘůɖ űŬɑɜŮŰŬɘ 
ɧŰɘ ɞɘ ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ ŭɘŬŰɖɟɞɨɜ ŰŬ ɢŬɟŬəŰɖ-
ɟɘůŰɘəɎ Űɖɠ ɘůŰɞɟɘəɐɠ əŬɘ ŰŬ ˊɞůɞůŰɎ ŮɑɜŬɘ 
ˊŬɟɧɛɞɘŬ. Ⱥˊɞɛɏɜɤɠ, ɞɘ ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ SPI ŮɑŰŮ 
ɡˊɞɚɞɔɘůɛɏɜŮɠ ɛŮ ɏɜŬ ůŰɞɢŬůŰɘəɧ ɛɞɜŰɏɚɞ ŮɑŰŮ ɛŮ Űɖ 
ɓɞɐɗŮɘŬ ůŰɞɢŬůŰɘəɩɜ ůŮɘɟɩɜ ɓɟɞɢɞˊŰɩůŮɤɜ, 
ŭɘŬŰɖɟɞɨɜ ŰŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 
ɘůŰɞɟɘəɐɠ ůŮɘɟɎɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 
ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɏɜŰŬůɖɠ əŬɘ Űɖɠ ŭɘɎɟəŮɘŬɠ Űɤɜ 
ŮˊŮɘůɞŭɑɤɜ ɝɖɟŬůɑŬɠ ɛŮ ůəɞˊɧ Űɖ ŭɘŬɢŮɑɟɘůɐ Űɖɠ 
ŬɚɚɎ əŬɘ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɖ 
ůɡůŰɖɛɎŰɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ. 

 

4. ɇɉɁɅȻɆȸɇɁȸɈȸ 
ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ŭŮɑəŰɖɠ SPI 

ɔɘŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 3, 6, 9 əŬɘ 12 ɛɖɜɩɜ əŬɘ ůŰɖ 
ůɡɜɏɢŮɘŬ ŮűŬɟɛɧɕɞɜŰŬɘ ŰŬ ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ 
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SARIMA ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ ŭŮɘəŰɩɜ ɝɖɟŬůɑŬɠ ɔɘŬ 
ɏɜŬɜ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ ɛɐɜŮɠ, ɔɘŬ Űɞɡɠ ɞˊɞɑɞɡɠ 
ɡˊɎɟɢɞɡɜ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ. ȷˊɧ Űɖ 
ůɨɔəɟɘůɖ ɛŮŰŬɝɨ ɛŮŰɟɖɛɏɜɤɜ əŬɘ ŮəŰɘɛɖɛɏɜɤɜ Űɘɛɩɜ 
ˊɟɞɏəɡɣŮ ɧŰɘ ŰŬ ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ ɛˊɞɟɞɨɜ ɜŬ 
ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ ɔɘŬ Űɖɜ 
ˊɟɧɓɚŮɣɖ Űɞɡ ŭŮɑəŰɖ ɝɖɟŬůɑŬɠ SPI ɧɚɤɜ Űɤɜ 
ɢɟɞɜɘəɩɜ ɓɖɛɎŰɤɜ. Ⱥˊɑůɖɠ, ŰŬ ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ 
ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɡɜɗŮŰɘəɩɜ 
ůŮɘɟɩɜ Űɞɡ ŭŮɑəŰɖ SPI ɔɘŬ ŰŬ ŭɘɎűɞɟŬ ɢɟɞɜɘəɎ 
ɓɐɛŬŰŬ. ɆɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ Űɞɡ ŭŮɑəŰɖ SPI ˊɟɞɏəɡɣŬɜ 
Ůˊɑůɖɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ ůɡɜɗŮŰɘəɩɜ ůŮɘɟɩɜ 
ɓɟɞɢɧˊŰɤůɖɠ. ȷˊɧ Űɘɠ ŭɨɞ ŭɘŬŭɘəŬůɑŮɠ ˊɟɞɏəɡɣŮ 
ɧŰɘ ɞɘ ůɡɜɗŮŰɘəɏɠ ůŮɘɟɏɠ ŭɘŬŰɖɟɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘ-
ůŰɘəɎ Űɖɠ ɘůŰɞɟɘəɐɠ ůŮɘɟɎɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞ-
ˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ɚɖűɗɞɨɜ əŬŰŬɜɞɛɏɠ ˊɘɗŬɜɧŰɖŰŬɠ 
ɝɖɟŬůɑŬɠ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ əɘɜŭɨɜɤɜ ɝɖɟŬůɑŬɠ. 
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ɇ. ȸɛůɞŭɝŮɠɑɡ1, ɂ. ɅɠɟɩűŰɟɡ1, Ɋ. ȿŭɠŭɔɒűɗɡ1, Ⱦ. TŰɒɠɟɡ2 ɚŭə Ⱥ. ɇűŭɜŭűɏɚɟɡ1 
1 ȺɟɔŬůŰɐɟɘɞ ũŮɤɟɔɘəɐɠ ɈŭɟŬɡɚɘəɐɠ, ɇɛɐɛŬ ȷɝɘɞˊɞɑɖůɖɠ űɡůɘəɩɜ ˊɧɟɤɜ & ũŮɤɟɔɘəɐɠ ɀɖɢŬɜɘəɐɠ.  
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Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ (Ⱥɇɞ) əŬɘ ŰŬ ˊɟɤŰɧəɞɚɚŬ ŮəŰɑɛɖůɐɠ Űɖɠ ŬˊŬɘŰɞɨɜ ɞɘ ůɢŮŰɘəɏɠ 

ɛŮŰŮɤɟɞɚɞɔɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɜŬ ɛŮŰɟɩɜŰŬɘ ˊɎɜɤ Ŭˊɧ ˊɟɧŰɡˊŮɠ ŮˊɘűɎɜŮɘŮɠ ŬɜŬűɞɟɎɠ (ɔɟŬůɑŭɘ ɐ ɛɖŭɘəɐ). ɆŰɖɜ 
ȺɚɚɎŭŬ əŬɘ ůŮ ŬɟəŮŰɏɠ ɀŮůɞɔŮɘŬəɏɠ ɢɩɟŮɠ ŰɏŰɞɘŬ ɡˊɧɓŬɗɟŬ ɗɏůŮɤɜ ŬɜŬűɞɟɎɠ əŬɘ ŬɜŰɑůŰɞɘɢŬ ˊɟɧŰɡˊŬ 
ŬɔɟɞɛŮŰŮɤɟɞɚɞɔɘəɎ ŭɑəŰɡŬ ŮɑɜŬɘ Ŭˊɧ ůˊŬɜɘɧŰŬŰŬ ɏɤɠ ŬɜɨˊŬɟəŰŬ. ɀɘŬ ŰɏŰɞɘŬ ˊɟŬəŰɘəɐ ɞŭɖɔŮɑ ůŰɖ ɢɟɐůɖ ɛɖ 
ŬɝɘɧˊɘůŰɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ETo Ŭˊɧ ɛɖ ˊɚɐɟɤɠ ŰɡˊɞˊɞɘɖɛɏɜŮɠ, ůɨɛűɤɜŬ ɛŮ ŰŬ ˊɟɤŰɧəɞɚɚŬ, 
ŰɞˊɞɗŮůɑŮɠ, ɞˊɧŰŮ ɞɘ ŮəŰɘɛɐůŮɘɠ Űɖɠ Ⱥɇɞ ɜŬ ɞŭɖɔɞɨɜŰŬɘ ůŮ ůɖɛŬɜŰɘəɎ əŬɘ ůɡůŰɖɛŬŰɘəɎ ůűɎɚɛŬŰŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ 
ŬɜŬɔəɩɜ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ ůŮ ɜŮɟɧ. Ƀɘ ůɡɜɏˊŮɘŮɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɏɠ ɔɘŬ Űɖɜ ɎɟŭŮɡůɖ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ 
əŬŰɎ ɛɏůɞ ɧɟɞ ˊɎɜɤ Ŭˊɧ Űɞ 85% Űɖɠ ůɡɜɞɚɘəɐɠ əŬŰŬɜɎɚɤůɖɠ ɜŮɟɞɨ ůŰɖɜ ɢɩɟŬ ɛŬɠ. Ⱥɘ́ˊɚɏɞɜ, ɞɘ ɡűɘůŰɎɛŮɜɞɘ ɛɖ 
ŬɝɘɧˊɘůŰɞɘ ɛŮŰŮɤɟɞɚɞɔɘəɞɑ ůŰŬɗɛɞɑ ŭŮɜ əŬŰŬɜɏɛɞɜŰŬɘ ɞɛɞɘɧɛɞɟűŬ, ŬɚɚɎ ˊɞɚɚɏɠ űɞɟɏɠ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŮ ɛɖ 
ŬɔɟɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ əŬɘ əɡɟɑɤɠ ˊɚɖůɑɞɜ ɞɘəɘůɛɩɜ. Ƀɘ ŮɚɚŮɑɣŮɘɠ ŬɡŰɏɠ Űɤɜ əŬŰɎɚɚɖɚɤɜ ŭŮŭɞɛɏɜɤɜ ɞŭɖɔɞɨɜ ůŮ 
ŬɜɞɟɗɧŭɞɝŮɠ əŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ɚŬɜɗŬůɛɏɜŮɠ, ŮəŰɘɛɐůŮɘɠ Űɖɠ Ⱥɇɞ ůŰɘɠ ŬɔɟɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ. ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 
ůɡɔəɟɑɜŮɘ ɛŮŰŮɤɟɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ŮəŰɘɛɐůŮɘɠ Ⱥɇɞ ɛɘŬɠ ŮˊŬɟəɩɠ ŬɟŭŮɡɧɛŮɜɖɠ ɢŬɛɖɚɐɠ əŬɚɚɘɏɟɔŮɘŬɠ ůŮ ůɢɏůɖ 
ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŮəŰɘɛɐůŮɘɠ ˊɎɜɤ Ŭˊɧ ɝɖɟɧ əŬɘ ɔɡɛɜɧ ɏŭŬűɞɠ, əɎŰɤ Ŭˊɧ Űɘɠ ɑŭɘŮɠ Űɞˊɘəɏɠ ůɡɜɗɐəŮɠ. Ⱥˊɑůɖɠ 
ŭɘŮɟŮɡɜɎ ŭɘŮɝɞŭɘəɎ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɡˊɞɓɎɗɟɞɡ Ůˊɑ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ 
ůɡɛɛŮŰɏɢɞɡɜ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɟɡɗɛɞɨ Ⱥɇɞ ɛŮ ɢɟɐůɖ Űɞɡ ɛɞɜŰɏɚɞɡ Penman-Monteith (FAO56-PM ), əŬɗɩɠ 
Ůˊɑůɖɠ əŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ŮɛˊŮɘɟɘəɐɠ ɛŮɗɧŭɞɡ Hargreaves. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɐɠ Űɖɠ ůɨɔəɟɘůɖɠ ɏŭŮɘɝŬɜ ɧŰɘ ɖ 
ɡˊŮɟŮəŰɑɛɖůɖ Űɖɠ Ⱥɇɞ ɛˊɞɟŮɑ ɜŬ əɡɛŬɜɗŮɑ Ŭˊɧ 27% ɏɤɠ əŬɘ 47% əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ɗŮɟɛɩɜ ˊŮɟɘɧŭɤɜ, ɧˊɞɡ 
ůɖɛŮɘɩɜɞɜŰŬɘ əŬɘ ɞɘ ɛɏɔɘůŰŮɠ ŬˊŬɘŰɐůŮɘɠ ɎɟŭŮɡůɖɠ əŬɘ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŬɜŰɑůŰɞɘɢɖ ɡˊŮɟəŬŰŬɜɎɚɤůɖ ɜŮɟɞɨ.  
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The calculation of reference Evapotranspiration (Ⱥɇɞ) and the measurement protocols require meteorological 

parameters to be taken over standardized vegetation surfaces (grass or alfalfa reference). Unfortunately, in Greece 
and in many Mediterranean areas such vegetation-reference sites and standardized agro-meteorological networks 
are rare or non-existent. Such a practice leads to the use of inappropriate data for ETo estimations from non ideal 
sites (non-conforming to standardization) and consequently, to significant and systematic cumulative errors in 
determining crop water requirements and irrigation scheduling. Furthermore, the existing inappropriate 
meteorological stations are not uniformly distributed and rather concentrated in non-rural areas and mostly in 
agglomerations. Consequently, there is a lack of suitable data leading to non-compatible ETo estimations in many 
agricultural regions. Present work compares meteorological attributes and reference evapotranspiration calculations  
(FAO56 Penman-Monteith, Hargreaves equations) of a well-watered short crop with those over a dry bare soil, under 
the same local environment. The results show that the overestimation of the ETo and therefore the over-consumption 
of irrigation water can oscillate from 27% up to 47% during the warm season, with maximum irrigation requirements. 

 
Keywords: Reference Evapotranspiration ETo, Crop ETc, Penman-Montheith method, Hargreaves method, Air 
temperature, Air relative Humidity, Wind speed, Net Radiation.  

 
1. ȻȾɇȸŪɌŪȽ 
ȼ Űɡˊɞˊɞɑɖůɖ Űɤɜ ŮˊɘűŬɜŮɘɩɜ Ůˊɑ Űɤɜ ɞˊɞɑɤɜ 

ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜɞɘ ŬɔɟɞɛŮŰŮɤɟɞɚɞɔɘəɞɑ ůŰŬɗɛɞɑ 
ŮɑɜŬɘ ŮˊɘɓŮɓɚɖɛɏɜɖ ɚɧɔɤ Űɖɠ ɢɤɟɘəɐɠ əŬɘ ɢɟɞɜɘəɐɠ 
ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ ɞɡůɘŬůŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ 
ŮˊɖɟŮɎɕɞɡɜ Űɖɜ EɝŬŰɛɘůɞŭɘŬˊɜɞɐ ŬɜŬűɞɟɎɠ (Ⱥɇɞ). 
ȼ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ŬɡŰɐ ŭɖɛɘɞɡɟɔŮɑ ŭɡůəɞɚɑŮɠ ůŰɖɜ 
ɢɟɐůɖ əŬɘ ůŰɖɜ Ŭəɟɘɓɐ Ŭˊɧŭɞůɖ Űɤɜ ůɢŮŰɘəɩɜ 
ˊɟɞŰŮɘɜɧɛŮɜɤɜ ŮɝɘůɩůŮɤɜ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ Ⱥɇɞ. 
Ƀɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ Ⱥɇɞ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ, Űɖ 
ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŬɏɟŬ, Űɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ, əŬɘ Űɖɜ 
ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. ȷɡŰɏɠ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ 
Ɏəɟɤɠ ŬɚɚɖɚɏɜŭŮŰŮɠ ɛŮ Űɖ űɨůɖ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ 
ŮˊɘűŬɜŮɘɩɜ Ůˊɑ Űɤɜ ɞˊɞɑɤɜ ɚŬɛɓɎɜɞɜŰŬɘ ɞɘ 
ɛŮŰɟɐůŮɘɠ Űɞɡɠ, əŬɗɩɠ ŮɑɜŬɘ əŬɘ ŮəŮɑɜŮɠ ɞɘ 
ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɞɡůɘŬůŰɘəɎ ůŰɖɟɑɕɞɡɜ ŬɜŬɛűɑɓɞɚŬ 
ɧɚɞ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ Űɞɡ ˊɘɞ ŬɝɘɧˊɘůŰɞɡ 
ɛɞɜŰɏɚɞɡ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ 
ŬɜŬűɞɟɎɠ: Űɖɠ ɛŮɗɧŭɞɡ PenmanïMontteith (Allen et 
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al.,1998). ȰɜŬɠ ůŰŬɗɛɧɠ ŮɔəŬŰŮůŰɖɛɏɜɞɠ ůŮ ɝɖɟɧ 
ˊŮɟɘɓɎɚɚɞɜ ɗŬ ŬˊɞŰɡˊɩɜŮɘ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ 
ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ŬɜŰɑůŰɞɘɢŬ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ 
ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ ůŮ ůɢɏůɖ ɛŮ ɏɜŬ ůŰŬɗɛɧ ˊɞɡ 
ɓɟɑůəŮŰŬɘ ůŮ ɛɘŬ əŬɚɎ ŬɟŭŮɡɧɛŮɜɖ ɓɚɎůŰɖůɖ 
(Allen,1996; Yoder et al., 2000). Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ 
Ůˊɘɟɟɞɏɠ ɚɞɘˊɧɜ Ŭˊɧ Űɘɠ ɛŮŰŮɤɟɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ 
ŮɑɜŬɘ ŮɜůɤɛŬŰɤɛɏɜŮɠ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ Ⱥɇɞ əŬɘ 
ůɡɜŮˊɩɠ ɖ Ⱥɇɞ ɞɡůɘŬůŰɘəɎ ŬˊɞŰŮɚŮɑ ɛɑŬ əɚɘɛŬŰɘəɐ 
ˊŬɟɎɛŮŰɟɞ ˊɞɡ ŮəűɟɎɕŮɘ Űɖɜ ŮɝŬŰɛɘůŰɘəɐ ɘůɢɨ Űɖɠ 
ŬŰɛɧůűŬɘɟŬɠ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ Űɧˊɞ əŬɘ ɢɟɧɜɞ 
ɏɢɞɜŰŬɠ ɤɠ ŭŮŭɞɛɏɜɞ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɘŬɠ 
əŬɚɚɘɏɟɔŮɘŬɠ ŬɜŬűɞɟɎɠ ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ 
Űɡˊɞˊɞɘɖɛɏɜɞ ɡˊɧɓŬɗɟɞ Űɤɜ ɛŮŰɟɐůŮɤɜ (Allen et 
al.,1998). 
ɇɞ ɓŬůɘəɧŰŮɟɞ, ɧɛɤɠ əŬɘ ɞɡůɘŬůŰɘəɧŰŮɟɞ 

əɟɘŰɐɟɘɞ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ ɧɚɤɜ Űɤɜ ůɢŮŰɘəɩɜ 
ñəɚɘɛŬŰɘəɩɜò ŮɝɘůɩůŮɤɜ ˊɞɡ Ŭˊɞŭɑŭɞɡɜ Űɞɡɠ 
ɟɡɗɛɞɨɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ ɖ 
ŮˊɎɟəŮɘŬ ɜŮɟɞɨ ůŰɞ ɟɘɕɧůŰɟɤɛŬ əŬɚɚɘɏɟɔŮɘŬɠ 
ŬɜŬűɞɟɎɠ. ȾɎŰɤ Ŭˊɧ ŰɏŰɞɘŮɠ ŮŭŬűɘəɏɠ ůɡɜɗɐəŮɠ ɗŬ 
ɛˊɞɟɞɨůŮ ɜŬ ŮəűɟŬůɗŮɑ ɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɧŰɖŰŬ 
ŬˊɩɚŮɘŬɠ ɜŮɟɞɨ Ŭˊɧ ɏɜŬ Űɡˊɞˊɞɘɖɛɏɜɞ ɡˊɧɓŬɗɟɞ 
əŬɚɚɘɏɟɔŮɘŬɠ əŬɘ ɏŰůɘ ɛɧɜɞɜ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ 
Ŭˊɞŭɞɗɞɨɜ ůŰɖɜ ˊɟɎɝɖ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ ŮəŰɘɛɐůŮɘɠ 
Űɖɠ Ⱥɇɞ əŬɘ ɞ ɞɡůɘŬůŰɘəɧɠ ɟɧɚɞɠ Űɖɠ ůŰɖɜ 
Ůɝɞɘəɞɜɧɛɖůɖ ŬɟŭŮɡŰɘəɞɨ ɜŮɟɞɨ. 
ɄŬɔəɞůɛɑɤɠ, ɞɘ ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ ŬˊɞŭŮɢɗŮɑ Űɖɜ 

ɢɟɐůɖ ɔɟŬůɘŭɘɞɨ (cool season grass- bluegrasses, 
fescues, and ryegrasses) əŬɘ Űɖɠ ɛɖŭɘəɐɠ (alfalfa-
Medicago sativa) ɤɠ ˊɟɧŰɡˊŮɠ ŮˊɘűɎɜŮɘŮɠ (Allen et 
al., 2006), ɚɧɔɤ Űɖɠ ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬɠ Űɞɡɠ ůŮ 
ŭɘɎűɞɟŬ əɚɘɛŬŰɘəɎ əŬɗŮůŰɩŰŬ əŬɘ ɚɧɔɤ Űɖɠ 
ɓɘɞűɡůɘəɐɠ Űɞɡɠ ɞɛɞɘɧŰɖŰŬɠ ɛŮ ˊɞɚɚɏɠ ɔŮɤɟɔɘəɏɠ 
əŬɚɚɘɏɟɔŮɘŮɠ. Ƀɘ ŬˊŬɘŰɐůŮɘɠ ŬɡŰɩɜ Űɤɜ 
Űɡˊɞˊɞɘɖɛɏɜɤɜ ŮˊɘűŬɜŮɘɩɜ ɧɢɘ ɛɧɜɞ ŭŮɜ ŬˊɞŰŮɚɞɨɜ 
çɡˊɞɗŮŰɘəɏɠè ŮˊɘűɎɜŮɘŮɠ ŬɜŬűɞɟɎɠ ŬɚɚɎ ɏɢɞɡɜ 
ůɢŮŭɘŬůɗŮɑ əŬɘ ˊɟɞŰŬɗŮɑ ɔɘŬ ɜŬ ˊɟɞůɞɛɞɘɩůɞɡɜ ɏɜŬ 
əɞɘɜɧ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 
ɛɘəɟɞəɚɘɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ ŬɜɎ Űɞɜ əɧůɛɞ əŬɘ Űɞɡ 
ɛɏɔɘůŰɞɡ ɟɡɗɛɞɨ ɡŭŬŰɞəŬŰŬɜɎɚɤůɖɠ Űɤɜ ŭɘŬűɧɟɤɜ 
əŬɚɚɘŮɟɔŮɘɩɜ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ əɎŰɤ Ŭˊɧ ŬɡŰɏɠ 
Űɘɠ ůɡɜɗɐəŮɠ. Ƀ ɔɜɤůŰɧɠ ůɡɜŰŮɚŮůŰɐɠ əŬɚɚɘɏɟɔŮɘŬɠ 
(Ⱦc) ŬˊɞŰŮɚŮɑ Űɞɜ ŬɜŬɔɤɔɘəɧ ɛɏůɞ ɛŮŰŬɝɨ Űɖɠ Ⱥɇɞ əŬɘ 
Űɞɡ ŭɡɜŬɛɘəɞɨ ɟɡɗɛɞɨ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ɔɘŬ ɧɚŬ ŰŬ 
ůŰɎŭɘŬ ŬɜɎˊŰɡɝɖɠ əɎɗŮ əŬɚɚɘɏɟɔŮɘŬɠ əŬɘ 
ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ůŮ ɏɜŬ Űɧˊɞ, Űɖɜ ůűŬɘɟɘəɐ Ůˊɘɟɟɞɐ 
ŰŮůůɎɟɤɜ ɓŬůɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ Űɞɜ 
ŭɘŬűɞɟɞˊɞɘɞɨɜ Ŭˊɧ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ ŬɜŬűɞɟɎɠ. 
(ɨɣɞɠ əŬɚɚɘɏɟɔŮɘŬɠ, ŬɜŬəɚŬůŰɘəɧŰɖŰŬ (albedo), 
ŬɜŰɑůŰŬůɖ űɡŰɞəɧɛɖɠ, ŮɝɎŰɛɘůɖ Ŭˊɧ ɔɡɛɜɧ ɏŭŬűɞɠ). 
ɆɐɛŮɟŬ ɞɘ ŬɜɎɔəŮɠ ůŮ ɜŮɟɧ ɎɟŭŮɡůɖɠ ůɡɜɐɗɤɠ 

əŬɗɞɟɑɕɞɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ɛɏůɤ ŭɘŬŭɘəŬůɘɩɜ 
ŮəŰɑɛɖůɖɠ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ əŬɘ 
ŬˊŬɘŰɞɨɜ ůŰŬɗɛɞɨɠ ŮɔəŬŰŮůŰɖɛɏɜɞɡɠ ůŮ 
ŰɡˊɞˊɞɘɖɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ ɓɚɎůŰɖůɖɠ. Ƀɘ 
ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɀŮůɞɔŮɑɞɡ ŭŮɜ ŭɘŬɗɏŰɞɡɜ 
ŰɏŰɞɘŮɠ ŰɡˊɞˊɞɘɖɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ, ɚɧɔɤ Űɞɡ ɡɣɖɚɞɨ 
əɧůŰɞɡɠ ŮɔəŬŰɎůŰŬůɖɠ əŬɘ ůɡɜŰɐɟɖůɖɠ. ȷɡŰɧ ɏɢŮɘ 
ɤɠ ůɡɜɏˊŮɘŬ ɜŬ ɔɑɜŮŰŬɘ ůɡůŰɖɛŬŰɘəɐ ɢɟɐůɖ 
ŬəŬŰɎɚɚɖɚɤɜ əɚɘɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ˊɟɞəŬɚɩɜŰŬɠ 
ůɡůůɤɟŮɡɛɏɜŬ ůűɎɚɛŬŰŬ ɧɢɘ ɛɧɜɞ ůŰɞ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɤɜ ŬɟŭŮɨůŮɤɜ ŬɚɚɎ əŬɘ ůŰɖɜ 
ŮəŰɑɛɖůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ɘůɞɕɡɔɑɞɡ ɛɘŬɠ ˊŮɟɘɞɢɐɠ.  
ȼ ŮɟɔŬůɑŬ ŬɡŰɐ ůŰɞɢŮɨŮɘ ůŰɞ ɜŬ ŬɜŬŭŮɑɝŮɘ əŬɘ ɜŬ 

ŮˊɘůɖɛɎɜŮɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛɘŬɠ 
ŮˊɘűɎɜŮɘŬɠ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ Ⱥɇɞ. 
 
2. ȺȻȺɄɁȻɂȸ ȿȸȾ ɁȻūɄȺɄɀɄŪȾȸ 
2.1. ūɐŰɗ űɥɝ ɜůűůɥɠɟɛɟɕəɚɪɝ Űűŭɘɜɪɝ. 
ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɛŮŰŮɤɟɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŭɨɞ ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ 
ůŰŬɗɛɞɨɠ ŮɔəŬŰŮůŰɖɛɏɜɞɡɠ ůŰɞ ɜɞɛɧ ȷɟəŬŭɑŬɠ. 
ȺɘŭɘəɧŰŮɟŬ ɞ ˊɟɩŰɞɠ ůŰŬɗɛɧɠ Űɖɠ Ⱥɗɜɘəɐɠ 
ɀŮŰŮɤɟɞɚɞɔɘəɐɠ ɡˊɖɟŮůɑŬɠ (ȺɀɈ) ɛŮ ID: WMO-
16710/TRIPOLIS AP, ɐŰŬɜ ŮɔəŬŰŮůŰɖɛɏɜɞɠ (ȺȽə. 1) 

ůŮ ɡɣɧɛŮŰɟɞ 650,87m ɛŮ ũ.Ɇ. 37 32 0o ¡ ¡¡B əŬɘ 

22 24  00o ¡ ¡¡A(WMO, 2008). 

 
ȺɘəɧɜŬ 1. ɀŮŰŮɤɟɞɚɞɔɘəɧɠ ůŰŬɗɛɧɠ Ⱥ.ɀ.Ɉ. ůŰɞ 
ŬŮɟɞŭɟɧɛɘɞ Űɖɠ ɇɟɑˊɞɚɖɠ ɛŮ ɡˊɧɓŬɗɟɞ ŮˊɘűɎɜŮɘŬɠ 
ŬɜŬűɞɟɎɠ Űɞ ɝɖɟɧ ɏŭŬűɞɠ. 
 

Ƀ ŭŮɨŰŮɟɞɠ ŬɡŰɧɛŬŰɞɠ ɛɘəɟɞɛŮŰŮɤɟɞɚɞɔɘəɧɠ 
ůŰŬɗɛɧɠ Űɞɡ ŰɞɛɏŬ ȹɘŬɢŮɑɟɘůɖɠ ɈŭŬŰɘəɩɜ ˊɧɟɤɜ Űɞɡ 
ũ.Ʉ.ȷ (Ⱥɘə.2) ɐŰŬɜ ŮɔəŬŰŮůŰɖɛɏɜɞɠ ůŮ ˊŮɘɟŬɛŬŰɘəɧ 
Ŭɔɟɧ ůŰɖɜ ˊŮɟɘɞɢɐ ȻɞɡˊɎɜɞɡɠ, (2004 ɏɤɠ əŬɘ Űɞ 

2006), ɛŮ ũ.Ɇ. 37 33 11o ¡ ¡¡B əŬɘ 22 25  29o ¡ ¡¡AůŮ 

ɡɣɧɛŮŰɟɞ 641 ɛɏŰɟɤɜ. 
 

 
ȺɘəɧɜŬ 2. ȷɡŰɧɛŬŰɞɠ ɛŮŰŮɤɟɞɚɞɔɘəɧɠ ůŰŬɗɛɧɠ 
ũ.Ʉ.ȷ. (AUA) ŮɔəŬŰŮůŰɖɛɏɜɞɠ ůŮ ɡˊɧɓŬɗɟɞ ɛŮ 
ɢŬɛɖɚɐ ˊɟɎůɘɜɖ ɓɚɎůŰɖůɖ əŬɘ ɛŮ ˊɚɐɟɖ ŮˊɎɟəŮɘŬ 
ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ, ůŮ ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ 
əŬɚɚɘŮɟɔɖŰɘəɐɠ ˊŮɟɘɧŭɞɡ. 

 
ȳˊɤɠ ˊɟɞəɨˊŰŮɘ ŭɘŬɜɡůɛŬŰɘəɎ Ŭˊɧ Űɘɠ 

ɔŮɤɔɟŬűɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ŭɨɞ ůŰŬɗɛɩɜ ɖ 
ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ  ɡˊɞɚɞɔɑůŰɖəŮ ůŮ 3,85 
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ɢɘɚɘɧɛŮŰɟŬ, ɛŮ Űɞɜ ůŰŬɗɛɧ Űɞɡ ũɄȷ ɜŬ ɓɟɑůəŮŰŬɘ ȸȷ 
Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ůŰŬɗɛɞɨ Űɖɠ ȺɀɈ (ˊŮɟɑˊɞɡ 43ɞ). 
 
2.2. ȽɜůɠɑŰəůɡ ɚɛəɜŭűəɚɐɡ ˋŭɠŭűɗɠɑŰůəɡ  
2.2.1. Ɂůűůɥɠɟɛɟɕəɚɨɡ Űűŭɘɜɨɡ ȻɁɉ  
ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Ŭˊɧ Űɞ 

ůŰŬɗɛɧ Űɨˊɞɡ ñStevenson screenòŰɖɠ ȺɀɈ (Ⱥɘə.1) 
ŮɑɜŬɘ ɐ ɛɏůɖ ɖɛŮɟɐůɘŬ ɗŮɟɛɞəɟŬůɑŬ Tavg ˊɞɡ 
ŮəŰɘɛɐɗɖəŮ Ŭˊɧ Űɞ ɛɏůɞ ɧɟɞ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ɔɘŬ 
Űɖɜ Űɡˊɘəɐ ɢŮɘɛŮɟɘɜɐ ɩɟŬ (UTC+2) T08,T14,T20: 
Tavg=(T08+T14+2T20)/4, ɖ ɛɏɔɘůŰɖ əŬɘ ŮɚɎɢɘůŰɖ 
ɖɛŮɟɐůɘŬ ɗŮɟɛɞəɟŬůɑŬ, Tmax əŬɘ Tmin, ɖ ɛɏůɖ 
ɖɛŮɟɐůɘŬ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ, RHavg, əŬɘ ɖ ɛɏůɖ 
ɖɛŮɟɐůɘŬ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ ůŰɞ ɨɣɞɠ Űɤɜ ŭɨɞ 
ɛɏŰɟɤɜ, U2. 
 
2.2.2. Ɂůűůɥɠɟɛɟɕəɚɨɡ Űűŭɘɜɨɡ AUA. 
ɆŰɞ əɏɜŰɟɞ Űɞɡ Ŭɔɟɞɨ ˊŬŰŬŰɞəŬɚɚɘɏɟɔŮɘŬɠ (Ⱥɘə.2) 

ŮɔəŬŰŬůŰɎɗɖəŮ ŬɡŰɧɛŬŰɞɠ ɛŮŰŮɤɟɞɚɞɔɘəɧɠ ůŰŬɗɛɧɠ 
(Minimet_2,Skyeinstruments) ɛŮ ɛɞɜɎŭŬ əŬŰŬɔɟŬűɐɠ 
Datahog_2,SDL_5400, ɔɘŬ Űɖ ɚɐɣɖ ɛŮŰɟɐůŮɤɜ ɛŮ 
ůɡɢɜɧŰɖŰŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 10s (8640 ŬɜŬɔɜɩůŮɘɠ 
ŬɜɎ 24ɤɟɞ ɔɘŬ əɎɗŮ ɛŮŰɟɞɨɛŮɜɖ ˊŬɟɎɛŮŰɟɞ) əŬɘ 
ŬˊɞɗɐəŮɡůɖ ɛɏůɤɜ Űɘɛɩɜ 10ɚɏˊŰɞɡ (ɄɟɞɨŰůɞɠ ə.Ɏ, 
2009). ȷˊɧ Űɞɜ ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ AUA, ɔɘŬ Űɖɜ 
ŬɜŰɑůŰɞɘɢɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ŮəŰɘɛɐɗɖəŬɜ ɞɘ ɛɏůŮɠ 
ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Tavg Űɖɠ ůɢŮŰɘəɐɠ 
ɡɔɟŬůɑŬɠ, RHavg, ɛɏɔɘůŰɖɠ əŬɘ ŮɚɎɢɘůŰɖɠ 
ɗŮɟɛɞəɟŬůɑŬɠ Tmax əŬɘ Tmin əŬɘ Űɖɠ ŬɜŮɛɞŰŬɢɨŰɖŰŬɠ 
ůŰɞ ɨɣɞɠ Űɤɜ ŭɨɞ ɛɏŰɟɤɜ, U2 Ⱥˊɑůɖɠ, ɖ ɛɏůɖ 
ɖɛŮɟɐůɘŬ ˊɡəɜɧŰɖŰŬ ɟɞɐɠ Űɖɠ ɞɚɘəɐɠ ŮɘůŮɟɢɧɛŮɜɖɠ 
ŬəŰɘɜɞɓɞɚɑŬɠ ɛɘəɟɞɨ ɛɐəɞɡɠ əɨɛŬŰɞɠ Rs [W/m2] 
ɛŮŰɟɐɗɖəŮ Ŭˊɧ ˊɡɟŬɜɧɛŮŰɟɞ Űɨˊɞɡ SKS 1110 (350-
1100nm). ȺˊɘůɖɛŬɑɜŮŰŬɘ ŭŮ ɧŰɘ ɖ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ 
ŬɘůɗɖŰɐɟŬ ŬɜŬűɏɟŮŰŬɘ ůŮ ɖɚɘŬəɐ ŮɜɏɟɔŮɘŬ ůŰɖɜ 
ˊŮɟɘɞɢɐ ɛɖəɩɜ əɨɛŬŰɞɠ 300-3000nm, ŭɖɚŬŭɐ Űɖ 
ɕɩɜɖ Ŭˊɞŭɞɢɐɠ Űɤɜ ˊɡɟŬɜɞɛɏŰɟɤɜ ȷô ŰɎɝɖɠ. 
 
2.3. ɁůɘɟŮɟɛɟɕɒŭ 
ɆŰɧɢɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ 

ŮˊɑŭɟŬůɖ Űɖɠ ñŮˊɘűɎɜŮɘŬɠ ŬɜŬűɞɟɎɠò ůŰŬ əɚɘɛŬŰɘəɎ 
ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ ɖ 
ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ ŬɜŬűɞɟɎɠ Ⱥɇɞ əŬɘ əŬŰ ŮˊɏəŰŬůɖ 
ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŬɜŬɔəɩɜ ůŮ ɜŮɟɧ Űɤɜ 
əŬɚɚɘŮɟɔŮɘɩɜ (ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ əŬɚɚɘɏɟɔŮɘŬɠ Ⱥɇc) ůŮ 
Űɞˊɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ȼ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐ Űɖɠ 
əŬɚɚɘɏɟɔŮɘŬɠ Ⱥɇc ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ 
ŮəŰɘɛɐɗɖəŮ ɎɛŮůŬ Ŭˊɧ Űɖɜ ůɢɏůɖ FAO-56 PM (Allen 
et al.,1998; ASCE-EWRI, 2005): 

n 2 a d

o

2

900
0.408ȹ (R -G)+ɔ U (e -e )

ɇ+273ET =
ȹ+ɔ (1+0.34 U )

Ö Ö Ö Ö Ö

Ö Ö
 [1] 

ɆŰɖ ůɢɏůɖ (1) ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɧɚŬ ŰŬ 
ɔŮɤɛŮŰɟɘəɎ əŬɘ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 
əŬɚɚɘɏɟɔŮɘŬɠ (ɨɣɞɠ, ŭŮɑəŰɖ űɡɚɚɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, 
ŬɜŰɑůŰŬůɖ ůŰɞɛŬŰɑɤɜ, ŮˊɎɟəŮɘŬ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ). 
Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɟɞɐɠ əŬɗŬɟɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ Rn  
ɏɔɘɜŮ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŮɟɔŬůɑŬ FAO-56 paper (Allen 
et al.,1998,equation 40, p.53) Ŭˊɧ Űɖɜ ůɢɏůɖ: 

n ns nlR R R= -  [2] 

ȼ ɟɞɐ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ ɏŭŬűɞɠ ɚŬɛɓɎɜŮŰŬɘ 
ɛɖŭŮɜɘəɐ ɔɘŬ ɖɛŮɟɐůɘɞ ɓɐɛŬ ŮəŰɑɛɖůɖɠ Űɖɠ Ⱥɇɞ. ȼ 

ŮəŰɑɛɖůɖ Űɖɠ Rn ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɘɠ Űɘɛɏɠ Űɖɠ 
ɞɚɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ Rs  ɔɘŬ Űɘɠ ŮˊɘűɎɜŮɘŮɠ ŬɜŬűɞɟɎɠ 
Űɤɜ ŭɨɞ ůŰŬɗɛɩɜ, ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ŬɟɢɘəɎ Ŭˊɧ Űɖɜ 
ŬɜŬəɚŬůɘəɧŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ (albedo), ó ɞɡ ɖ 
Űɘɛɐ ɔɘŬ Űɞ ɔɡɛɜɧ ɏŭŬűɞɠ (ȺɀɈ) əŬɘ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ 
(AUA) ŮəŰɘɛɐɗɖəŮ ůŮ 0.17 əŬɘ 0.23 ŬɜŰɑůŰɞɘɢŬ. ȼ 
ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ŮˊɖɟŮɎɕŮɘ ŬˊɞəɚŮɘůŰɘəɎ Űɞɜ ɧɟɞ 
Űɖɠ əŬɗŬɟɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛɘəɟɞɨ ɛɐəɞɡɠ əɨɛŬŰɞɠ 
Rns, Ůɜɩ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ əŬɗŬɟɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ 
ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ɟɞɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 
ɗŮɟɛɞəɟŬůɑŬ əŬɘ ůŰɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ ˊɞɡ ŮˊɘəɟŬŰŮɑ 
ˊɎɜɤ Ŭˊɧ Űɘɠ ŭɨɞ ŮˊɘűɎɜŮɘŮɠ əŬɘ ŮəűɟɎɕŮŰŬɘ ůŰɞɜ 
ɧɟɞ Űɖɠ Rnl Ŭˊɧ Űɖɜ ŰɎůɖ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ 
ɡŭɟŬŰɛɩɜ (ea) ́ ɞɡ ŮˊɘəɟŬŰɞɨɜ ˊɎɜɤ Ŭˊɧ ŬɡŰɏɠ. 
Ƀɘ Űɘɛɏɠ ŮəŰɑɛɖůɖɠ Űɖɠ Ⱥɇc ůŰɞɜ ˊŮɘɟŬɛŬŰɘəɧ 

Ŭɔɟɧ (AUA) ŭɨɜŬŰŬɘ ɜŬ ɗŮɤɟɖɗɞɨɜ ˊɞɚɨ 
ˊŬɟŬˊɚɐůɘŮɠ ɛŮ ŮəŮɑɜŮɠ Űɘɠ Űɘɛɏɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ 
ŬɜŬűɞɟɎɠ Ⱥɇɞ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ɔɟŬůɑŭɘ 
ŬɜŬűɞɟɎɠ ɨɣɞɡɠ 8 cm, əŬɗɩɠ ɞ ůɡɜŰŮɚŮůŰɐɠ 
əŬɚɚɘɏɟɔŮɘŬɠ Kc Űɤɜ űɡŰɩɜ Űɖɠ ˊŬŰɎŰŬɠ ůŰɞ ɛɏɔɘůŰɞ 
ůŰɎŭɘɞ ŬɜɎˊŰɡɝɖɠ ɚŬɛɓɎɜŮɘ ˊŮɟɑˊɞɡ Űɖɜ Űɘɛɐ 1, 

ŭɖɚŬŭɐ c oEɇ ET 1@ (Kashyap and Panda, 2001). 

ɆɡɜŮˊɩɠ ɞɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ 
əŬɚɚɘɏɟɔŮɘŬ ůŰɞɜ ˊŮɘɟŬɛŬŰɘəɧ Ŭɔɟɧ ŭɨɜŬŰŬɘ ɜŬ 
Ŭˊɞŭɩůɞɡɜ ŮˊŬɟəɩɠ Űɘɠ Űɘɛɏɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ 
ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ ɛɘŬ ˊɟɧŰɡˊɖ ŮˊɘűɎɜŮɘŬ 
ɔɟŬůɘŭɘɞɨ ɨɣɞɡɠ 8-12 cm əɎŰɤ Ŭˊɧ ůɡɜɗɐəŮɠ 
ˊɚɐɟɞɡɠ ŮˊɎɟəŮɘŬɠ ɜŮɟɞɨ (ŭɡɜɖŰɘəɧɠ ɟɡɗɛɧɠ 
ŬˊɩɚŮɘŬɠ ɜŮɟɞɨ). 
ɄŬɟɎɚɚɖɚŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬɘ ŮəŰɘɛɐɗɖəŮ ɞ 

ɟɡɗɛɧɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ (Ⱥɇɞ) Űɖɠ ɛŮɗɧŭɞɡ 
Hargreaves, (Hargreaves & Samani,1985) ɩůŰŮ ɜŬ 
ŭɘŬˊɘůŰɤɗɞɨɜ ɞɘ ŭɘŬűɞɟɏɠ ˊɞɡ ɗŬ ˊɟɞɏəɡˊŰŬɜ ůŮ 
ůɢɏůɖ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ FAO-56 PM ůŰɖɜ 
ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɏɚɚŮɘɣɖ ŭŮŭɞɛɏɜɤɜ əŬɗɘůŰɞɨůŮ 
ŬŭɨɜŬŰɖ Űɖ ɢɟɐůɖ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ˊɟɧŰɡˊɖɠ 
ɛŮɗɧŭɞɡ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɧˊɤɠ ŮɜŬɚɚŬəŰɘəɎ 
ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ASCE ɛˊɞɟŮɑ ɜŬ ŭɞɗŮɑ Ŭˊɧ Űɖɜ  
ůɢɏůɖ [3], ůɡɜŬɟŰɐůŮɘ Űɖɠ ŭɘŬűɞɟɎɠ ɛɏɔɘůŰɖɠ əŬɘ 
ŮɚɎɢɘůŰɖɠ ɖɛŮɟɐůɘŬɠ ɗŮɟɛɞəɟŬůɑŬɠ, Űɖɠ ɛɏůɖɠ 
ɖɛŮɟɐůɘŬɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŰɞ 
ŮɝɤŰŮɟɘəɧ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ Ra. ȷˊŬɘŰŮɑŰŬɘ ɛɧɜɞ Űɞ 
ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ɖɛŮɟɐůɘɤɜ 
Űɘɛɩɜ Űɖɠ. ȼ Ra ŮɘůɎɔŮŰŬɘ ůŰɖ ůɢɏůɖ ůŮ mm1: 
 

o avg max min aET  (mm/d) = 0.0023 (T  +17.8) (T  -T  ) RÖ [3] 

 
3.ȸɅɄɈȻɀȻɇɁȸɈȸ-ɇɉȼȽɈȽɇȽ 
3.1 ɇɢɕɚɠəűəɚɑ ŭɝɏɛɢŰɗ űɥɝ ˋŭɠŭűɗɠɑŰůɥɝ 
ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ŮˊɘɢŮɘɟŮɑŰŬɘ ɛɘŬ ůɡɔəɟɘŰɘəɐ 

əŬɘ ŬɜŬɚɡŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ 
ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɘɠ ɛŮɗɧŭɞɡɠ 
ŮəŰɑɛɖůɖɠ Ⱥɇɞ ́ ɞɡ ŮəűɟɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ [1] 
əŬɘ [2] ɔɘŬ ŰŬ ŭɨɞ ɡˊɧɓŬɗɟŬ ŮˊɘűŬɜŮɑŬɠ ˊɞɡ 
ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɞɡɠ ŭɨɞ ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ. 
Ⱥˊɘˊɚɏɞɜ ɔɑɜŮŰŬɘ ŭɘŮɟŮɨɜɖůɖ əŬŰɎ ˊɧůɞ ɞ 
ŬŮɟɞŭɡɜŬɛɘəɧɠ (ŬŭɘŬɓŬŰɘəɧɠ) ɧɟɞɠ Űɖɠ Ůɝɑůɤůɖɠ 

                                                 
1 ȼ ɏəűɟŬůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Ra ůŮ ɘůɞŭɨɜŬɛɞ ɨɣɞɡɠ ɜŮɟɞɨ 
(mm) ŬˊɞŭɑŭŮŰŬɘ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ɚŬɜɗɎɜɞɡůŬɠ ŮɜɏɟɔŮɘŬɠ 
ŮɝɎŰɛɘůɖɠ ( ɚ ) ɛɏůɤ Űɖɠ ůɢɏůɖɠ:

2 o1mm/ day 0.408MJ/m day (at 20 C)=  



[113] 

 

Penman-Monteith, ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ 
ŮˊɑŭɟŬůɖ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ 
ŭɨɞ ŮˊɘűŬɜŮɘɩɜ. 

 
ȺɘəɧɜŬ 3. ɆɡɔəɟɘŰɘəɐ ŬˊŮɘəɧɜɘůɖ (ȺɀɈ vs AUA) Űɖɠ 
(Ŭ) ɛŮŰŬɓɞɚɐɠ Űɖɠ ɛɏůɖɠ ɖɛŮɟɐůɘŬɠ ɗŮɟɛɞəɟŬůɑŬɠ 
əŬɘ (ɓ) Űɖɠ ɛɏůɖɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ Ŭˊɧ Űɘɠ 26/05 
ɏɤɠ əŬɘ 01/09 ɔɘŬ Űɞ ɏŰɞɠ 2004. 

 
ɆŰɖɜ Ⱥɘə. 3Ŭ & 3ɓ ŬˊɞŰɡˊɩɜŮŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ 

ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ Űɖɠ ɓɚɎůŰɖůɖɠ ůŰɘɠ ŭɨɞ 
ɓŬůɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɞ 
ɛɘəɟɞəɚɑɛŬ ɛɘŬɠ ˊŮɟɘɞɢɐɠ (ŪŮɟɛɞəɟŬůɑŬ əŬɘ ůɢŮŰɘəɐ 
ɡɔɟŬůɑŬ). ɇŬ ɛŮɔɎɚŬ ˊɞůɎ ɚŬɜɗɎɜɞɡůŬɠ ŮɜɏɟɔŮɘŬɠ 
ˊɞɡ ŭŬˊŬɜɩɜŰŬɘ ɔɘŬ Űɖ ŮɝɎŰɛɘůɖ ɐ/əŬɘ ŭɘŬˊɜɞɐ ɛɘŬɠ 
ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ŮɝŬŰɛɑɕŮɘ ɛŮ ŭɡɜɖŰɘəɧ ɟɡɗɛɧ əŬŰɎ ɏɜŬ 
ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɘůɗɖŰɐ 
ɗŮɟɛɧŰɖŰŬ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ (ŬŭɘŬɓŬŰɘəɐ 
ŭɘŬŭɘəŬůɑŬ). ȷɡŰɐ ɖ űɡůɘəɐ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ əŬɘ ɖ 
ŬɘŰɑŬ ˊɞɡ ŭɘŬɛɞɟűɩɜŮɘ Űɘɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ 
ůŰɞ ɡˊŮɟəŮɑɛŮɜɞ ɞɟɘŬəɧ ůŰɟɩɛŬ. ɆŰɖɜ ŬɜŰɑɗŮŰɖ 
ˊŮɟɑˊŰɤůɖ ɖ ɏɚɚŮɘɣɖ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ 
(ˊŮɟɑˊŰɤůɖ ɔɡɛɜɞɨ ŮŭɎűɞɡɠ, ȺɀɈ) ŭɖɛɘɞɡɟɔŮɑ 
ɝŮɟɘəɏɠ ůɡɜɗɐəŮɠ ůŰɖɜ ɡˊŮɟəŮɑɛŮɜɖ ɞɟɘŬəɐ ůŰɟɩůɖ, 
ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ŭŮɜ ŭŬˊŬɜɎŰŬɘ ɔɘŬ 
ŮɝɎŰɛɘůɖ əŬɘ ŭɘŬˊɜɞɐ ɜŬ ŬˊɞŭɑŭŮŰŬɘ ɤɠ Ůˊɘˊɚɏɞɜ 
ɗŮɟɛɧŰɖŰŬ ɛŮ Űɖɜ ŮŭŬűɘəɐ ɟɞɐ G, ůŰɞ ɡˊŮɟəŮɑɛŮɜɞ 
ůŰɟɩɛŬ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ. ȷɡŰɧ ŭɘŬűɞɟɞˊɞɘŮɑ ɏɜŰɞɜŬ 
Űɞ ɗŮɟɛɘəɧ ɘůɞɕɨɔɘɞ Űɞɡ 24ɤɟɞɡ ŮˊɖɟŮɎɕɞɜŰŬɠ əŬɘ Űɞ 
ŮˊɧɛŮɜɞ ŭɘŬŭɞɢɘəɎ 24ɤɟɞ. ũɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ɏɜŰɞɜɞ 
ůŮ ŭɘŬůŰɐɛŬŰŬ ɗŮɟɛɩɜ ˊŮɟɘɧŭɤɜ əŬɘ ŬˊɞŰɡˊɩɜŮŰŬɘ 
ůŰɞ ɖɛŮɟɐůɘɞ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ DTR (Diurnal 
Temperature Range). ȼ ɛɏůɖ Ŭɨɝɖůɖ Űɖɠ 
ɗŮɟɛɞəɟŬůɑŬɠ Űɤɜ 4,3 oC əŬɘ ɖ ŮɚɎŰŰɤůɖ Űɖɠ ɛɏůɖɠ 
ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ əŬŰɎ 20,2% ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ 
Ŭˊɧ Űɖɜ 25ɖ ɀɎɘɞɡ ɏɤɠ əŬɘ Űɖɜ 1ɖ ɆŮˊŰŮɛɓɟɑɞɡ (99 
ɖɛɏɟŮɠ) ůŰɞɜ ůŰŬɗɛɧ Űɖɠ ȺɀɈ ůŮ ůɢɏůɖ ɛŮ Űɞɜ 

ůŰŬɗɛɧ Űɞɡ ũɄȷ (AUA), ɞŭɖɔŮɑ ůŮ ŰŮɟɎůŰɘŬ 
ůűɎɚɛŬŰŬ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ Ⱥɇɞ ɛŮ ŬˊɞŰɏɚŮůɛŬ 
Űɖɜ ɡˊŮɟŮəŰɑɛɖůɖ Űɖɠ Ⱥɇc. ɆŰɖɜ Ⱥɘə.4 ŭɘŬˊɘůŰɩɜŮŰŬɘ 
ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɟɧˊɞ Űɞ ñŮɘəɞɜɘəɧò ɏɚɚŮɘɛɛŬ 
əɞɟŮůɛɞɨ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ (VPD) ˊɞɡ 
ŭɘŬɛɞɟűɩɜŮŰŬɘ ˊɎɜɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɔɡɛɜɞɨ 
ŮŭɎűɞɡɠ ůɡɔəɟɘŰɘəɎ ɛŮ ɛɘŬ ŮˊɘűɎɜŮɘŬ ɓɚɎůŰɖůɖɠ 
ɡˊɧ ˊɚɐɟɖ ŮˊɎɟəŮɘŬ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ ɖ ɞˊɞɑŬ 
ŭɘŬˊɜɏŮɘ ɛŮ ɛɏɔɘůŰɞ ɟɡɗɛɧ. ȼ ůɢɏůɖ ŬˊŮɘəɞɜɑɕŮɘ ɛɘŬ 
ɡˊɞɗŮŰɘəɐ ɕɐŰɖůɖ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ůŮ ɜŮɟɧ, ˊɞɡ 
űɗɎɜŮɘ ůɢŮŭɧɜ ůŰɞ ŭɘˊɚɎůɘɞ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐ ˊɞɡ 
ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɢŬɛɖɚɐ ɓɚɎůŰɖůɖ ɛŮ ŮˊɎɟəŮɘŬ 
ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ. 

 
ȺɘəɧɜŬ 4. ũɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ Űɤɜ ɖɛŮɟɐůɘɤɜ 
Űɘɛɩɜ Űɞɡ ŮɚɚŮɑɛɛŬŰɞɠ əɞɟŮůɛɞɨ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ 
ůŰɞ ůŰŬɗɛɧ AUA ůŮ ůɢɏůɖ ɛŮ Űɞ ůŰŬɗɛɧ Űɖɠ ȺɀɈ. 
(R2=0,70) 

 
Ⱥˊɑůɖɠ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ŬŮɟɞŭɡɜŬɛɘəɎ ůŰɞɘɢŮɑŬ 

ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɘɠ ŭɨɞ ŮˊɘűɎɜŮɘŮɠ (ɨɣɞɠ ŰɟŬɢɨŰɖŰŬɠ 
ůŰɖ ɛŮŰŬűɞɟɎ Űɖɠ ɞɟɛɐɠ, Űɞ ŭɘŬűɞɟŮŰɘəɧ ɨɣɞɠ 
ɛɖŭŮɜɘůɛɞɨ Űɖɠ ŰŬɢɨŰɖŰŬɠ), ˊɞɡ ŮəűɟɎɕɞɜŰŬɘ ɛŮ Űɞɜ 
ɧɟɞ Űɖɠ ŬŮɟɞŭɡɜŬɛɘəɐɠ ŬɜŰɑůŰŬůɖɠ, ŭɘŬűɞɟɞˊɞɘɞɨɜ 
Űɞ ɛɏŰɟɞ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, Űɞ ɞˊɞɑɞ 
ɚŬɛɓɎɜŮŰŬɘ ŰɡˊɘəɎ ůŰŬ 2m ˊɎɜɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ 
Űɞɡ ŮŭɎűɞɡɠ. ɆŮ ŬɡŰɐ Űɖɜ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡ ɛɏŰɟɞɡ 
Űɖɠ ŰŬɢɨŰɖŰŬɠ, ůɡɛɓɎɚŮɘ Ůˊɑůɖɠ əŬɘ ɖ ŭɘŬűɞɟŮŰɘəɐ 
ɕɩɜɖ Ůˊɘɟɟɞɐɠ (fetch) Űɖɠ əɎɗŮ ɗɏůɖɠ ŮɔəŬŰɎůŰŬůɖɠ 
Űɞɡ ůŰŬɗɛɞɨ ɛŮ ŰŬ ˊŮɟɘɓɎɚɚɞɜŰŬ űɡůɘəɎ əŬɘ ŰŮɢɜɖŰɎ 
ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ Űɖɜ ůɡɜɗɏŰɞɡɜ (ŮɛˊɧŭɘŬ, 
ŬˊɧůŰŬůɖ ŭɏɜŭɟɤɜ, əŰɘɟɑɤɜ, ə.ɚˊ.). ɆŮ ŬɡŰɧ Űɞ 
ůɖɛŮɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ɧŰɘ ůŰɖɜ ŮɟɔŬůɑŬ 
ŬɡŰɐ ŭŮɜ ŮɝŮŰɎɕɞɜŰŬɘ ŰŬ Űɡɢɧɜ ůűɎɚɛŬŰŬ ˊɞɡ 
ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŰŬ ˊɟɤŰɧəɞɚɚŬ ɛŮŰɟɐůŮɤɜ əŬɘ Űɞ 
Űɨˊɞ Űɤɜ ůŰŬɗɛɩɜ əŬɘ ŰŬ ɞˊɞɑŬ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ 
ɏɢɞɡɜ ɛɘŬ ˊɟɞůɗŮŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɘɠ ɚŬɛɓŬɜɧɛŮɜŮɠ 
Űɘɛɏɠ Űɖɠ Ⱥɇɞ. ɆŰɖɜ Ⱥɘə.5, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬűɞɟɎ 
Űɞɡ ɛɏŰɟɞɡ Űɖɠ ɛɏůɖɠ ɖɛŮɟɐůɘŬɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ 
Ŭɜɏɛɞɡ (m/sec), ŰŬɝɘɜɞɛɞɨɛŮɜɖ (ŬɡɝŬɜɧɛŮɜɖ) ɤɠ 
ˊɟɞɠ Űɖɜ Űɘɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ ůŰŬɗɛɞɨ AUA ůŮ 
ůɨɔəɟɘůɖ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Űɘɛɐ Űɞɡ ůŰŬɗɛɞɨ EMY. 
ȼ ůɡɔəɟɘŰɘəɐ ŬɡŰɐ ˊŬɟɞɡůɑŬůɖ ŬˊŮɘəɞɜɑɕŮɘ ŰŬ 
ŬɜŰɑůŰɞɘɢŬ ɔŮɔɞɜɧŰŬ ɤɠ ɛŮɔɏɗɖ ɔɘŬ ɧɚŮɠ Űɘɠ 
ɖɛŮɟɐůɘŮɠ ɛɏůŮɠ Űɘɛɏɠ, ŬɜŮɝŬɟŰɐŰɤɠ Űɖɠ ɖɛɏɟŬɠ ˊɞɡ 
ˊŬɟŬŰɖɟɐɗɖəŬɜ.  



[114] 

 

ɆɡɜɞˊŰɘəɎ ůŰɞ ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ 
ŬˊɞŰɡˊɩɜɞɜŰŬɘ ɞɘ ɛɏůŮɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ Űɘɛɏɠ Űɤɜ 
ŭɨɞ ɗɏůŮɤɜ ɔɘŬ ɧɚɖ Űɖɜ ɗŮɟɘɜɐ ˊŮɟɑɞŭɞ (25/05/04 -
01/09/04). ȼ ŭɘŬűɞɟɎ ˊɞɡ ˊɟɞəɨˊŰŮɘ ůŰɖɜ ɟɞɐ 
əŬɗŬɟɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ Rn ɞűŮɑɚŮŰŬɘ ůŰɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 
Űɘɛɏɠ Űɞɡ albedo əŬɘ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ŰɎůɖɠ Űɤɜ 
ɡŭɟŬŰɛɩɜ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ůŰɘɠ ŮɛˊŮɘɟɘəɏɠ ŮɝɘůɩůŮɘɠ 
ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ Rn Ŭˊɧ Űɖɜ ɛɘəɟɞɨ 
ɛɐəɞɡɠ ɞɚɘəɐɠ ŮɘůŮɟɢɧɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Rs, (Allen 
et al.,1998): 

 

ɄŬɟɎɛŮŰɟɞɠ AUA EMY ɀɞɜɎŭŬ 

Tavg 20.27 24.53 [ oC ] 

RHavg 62.83 42.60 % ] 

U2 1.28 1.85 [ m/sec ] 

Rn 14.18 16.99 [ MJ/m2day ] 

VPD 0.92 1.86 [ kPa ] 

 

 
ȺɘəɧɜŬ 5. Ʉɞɚɡɤɜɡɛɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ŰŬɢɡŰɐŰɤɜ 
Űɞɡ Ŭɜɏɛɞɡ (ŰŬɝɘɜɞɛɞɨɛŮɜɤɜ) ůŰŬ ŭɨɞ ɡˊɧɓŬɗɟŬ 
ȺɀɈ əŬɘ AUA. 

 
3.2. ɇɢɕɚɠəűəɚɑ ŭɞəɟɛɨɕɗŰɗ űɥɝ űəɜɪɝ ȻɈɟ 

H ɔŮɘŰɜɑŬůɖ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ɗɏůɖɠ AUA ɛŮ ɏɜŬ 
əɚɘɛŬŰɘəɧ ůŰŬɗɛɧ Űɖɠ ȺɀɈ ˊɞɡ ŬɜɐəŮɘ ůŰɞ 
ˊŬɔəɧůɛɘɞ ŭɑəŰɡɞ WMO, əŬɗɩɠ ɞɘ ŮˊŬɟəŮɑɠ 
ɛŮŰɟɐůŮɘɠ Űɞɡ ŬɡŰɧɛŬŰɞɡ ɛŮŰŮɤɟɞɚɞɔɘəɞɨ ůŰŬɗɛɞɨ 
AUA ˊɎɜɤ Ŭˊɧ ɢŬɛɖɚɐ ŬɟŭŮɡɧɛŮɜɖ ɓɚɎůŰɖůɖ 
ɏŭɤůŮ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɞɡ 
ɡˊɞɓɎɗɟɞɡ ůŰɘɠ ŮəŰɘɛɐůŮɘɠ Űɖɠ Ⱥɇɞ ůŮ ɏɜŬ 
ˊŮɟɘɞɟɘůɛɏɜɞ ɢɤɟɘəɎ ɛɘəɟɞəɚɘɛŬŰɘəɧ əŬɗŮůŰɩɠ. ɀŮ 
Űɘɠ ŮɝɘůɩůŮɘɠ [1] əŬɘ [2] ŮəŰɘɛɐɗɖəŬɜ ɞɘ ɖɛŮɟɐůɘŮɠ 
Űɘɛɏɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ŬɜŬűɞɟɎɠ Ⱥɇɞ ůɨɛűɤɜŬ ɛŮ 
Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ ˊɞɡ ɐŭɖ ɏɢɞɡɜ ůɡɕɖŰɖɗŮɑ 
ˊŬɟŬˊɎɜɤ. ɆŰɖɜ ŮɘəɧɜŬ 6, ŬˊɞŰɡˊɩɜŮŰŬɘ əŬɗŬɟɎ ɖ 
ɡˊŮɟŮəŰɑɛɖůɖ Űɤɜ Űɘɛɩɜ Ⱥɇɞ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ˊɎɜɤ 
Ŭˊɧ ɏɜŬ ɝɖɟɧ ˊŮɟɘɓɎɚɚɞɜ ɢɤɟɑɠ ŮˊɎɟəŮɘŬ ŮŭŬűɘəɐɠ 
ɡɔɟŬůɑŬɠ. ȷɡŰɐ ɖ ŬˊɞŰɨˊɤůɖ, ŭɘŬˊɘůŰɩɜŮŰŬɘ Ŭˊɧ 
Űɖɜ ˊɟɩŰɖ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ (əɧəəɘɜɖ ɔɟŬɛɛɐ 
ŰɎůɖɠ) Űɤɜ Űɘɛɩɜ Ⱥɇɞ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ 
ɢɟɐůɖ Űɖɠ ɛɏɗɞŭɞɡ FAO56-PM, ɧˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ 
ɛɘŬ ůɡůŰɖɛŬŰɘəɐ ɡˊŮɟŮəŰɑɛɖůɖ (əɚɑůɖ1,8 ɛŮ R2 = 
0,88) Űɤɜ Űɘɛɩɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭŮŭɞɛɏɜŬ Űɖɠ 
ɝɖɟɐɠ ŮˊɘűɎɜŮɘŬɠ ůŮ ůɢɏůɖ ɛŮ ŮəŮɑɜŮɠ ˊɞɡ 
ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŬɟŭŮɡɧɛŮɜɖ ɢŬɛɖɚɐ ɓɚɎůŰɖůɖ. ȼ 
Űɡˊɘəɐ ŮűŬɟɛɞɔɐ Űɤɜ ůɡɜɘůŰɩɛŮɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ 
(Allen et al.,1998) ŭŮɜ ɗŬ ɏŭɘɜŮ Űɘɛɏɠ ɟɡɗɛɞɨ 

ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ ˊɞɡ ɗŬ ɡˊŮɟɏɓŬɘɜŬɜ ŰŬ 8,5 
mm/day ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɛɏůŬ ɛŮůɞɔŮɘŬəɎ 
ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ, ŬəɧɛŬ əŬɘ əɎŰɤ Ŭˊɧ ŬəɟŬɑŮɠ 
ůɡɜɗɐəŮɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ŬəŰɘɜɞɓɞɚɑŬɠ 
(ȷɚŮɝŬɜŭɟɐɠ,2003; Alexandris et al., 2006). ɆŮ 
ŬɜŰɑɗŮůɖ, ɖ ɔɟŬɛɛɘəɐ ůɡůɢɏŰɘůɖ (ɛˊɚŮ ɔɟŬɛɛɐ 
ŰɎůɖɠ) ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŮəŰɘɛɐůŮɘɠ 
Űɖɠ Ⱥɇɞ ɛŮ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ Hargreaves, ɏŭɤůŮ 
ɛɘŬ ˊɞɚɨ əŬɚɐ ˊɟɞůɏɔɔɘůɖ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ AUA 
əŬɘ ȺɀɈ, ˊŬɟɎ Űɖɜ ůɢŮŰɘəɎ ɛŮɔɎɚɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ 
ŭɘŬůˊɞɟɎ ɛŮŰŬɝɨ Űɤɜ ŮəŰɘɛɐůŮɤɜ (R2 = 0,65) Ŭˊɧ Űɘɠ 
ŭɨɞ ŮˊɘűɎɜŮɘŮɠ. 

 
ȺɘəɧɜŬ 6. ũɟŬɛɛɘəɐ ůɡůɢɏŰɘůɖ Űɤɜ ŮəŰɘɛɞɨɛŮɜɤɜ 
Űɘɛɩɜ Ⱥɇɞ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ɗɏůɖɠ AUA ůŮ ůɢɏůɖ ɛŮ 
Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ Űɖɠ ȺɀɈ Ŭ)ɛŮ Űɖɜ ɛɏɗɞŭɞ 
FAO56-PM (R2=0,88) əŬɘ ɓ) ɛŮ Űɖɜ ɛɏɗɞŭɞ 
Hargreaves (R2=0,65). 
 
ȼ əɚɑůɖ 0,95 Űɖɠ ɔɟŬɛɛɐɠ ůɡůɢɏŰɘůɖɠ ŭŮɘəɜɨŮɘ 

ɧŰɘ ɖ ɛɏɔɘůŰɖ əŬɘ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ɤɠ ɏɜŬɠ Ŭˊɧ 
Űɞɡɠ ŭɨɞ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ůŰɖ ɛɏɗɞŭɞ 
(ŭɖɚŬŭɐ Űɞ ɖɛŮɟɐůɘɞ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ 
ŭɘŬəɨɛŬɜůɖɠ) ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŬˊɞŰɡˊɩůŮɘ Űɖɜ 
ŭɘŬűɞɟŮŰɘəɐ űɨůɖ Űɤɜ ŭɨɞ ŮˊɘűŬɜŮɘɩɜ ŭɘɧŰɘ ˊɘɗŬɜɎ 
ɞ ɟɡɗɛɧɠ ŬɚɚŬɔɐɠ Űɖɠ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ ůŰɖɜ 
ɡˊŮɟəŮɑɛŮɜɖ ŬŰɛɧůűŬɘɟŬ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɧɠ Ŭˊɧ 
ɖɛɏɟŬ ůŮ ɖɛɏɟŬ. ȷˊɧŰɞɛŮɠ ɧɛɤɠ ŬɚɚŬɔɏɠ ůŰɞɜ 
ŭŮɨŰŮɟɞ ˊŬɟɎɔɞɜŰŬ (ɛɏůɖ ɖɛŮɟɐůɘŬ ɗŮɟɛɞəɟŬůɑŬ) 
ˊɟɞəŬɚŮɑ ˊɘɗŬɜɎ Űɖɜ ˊŬɟŬŰɖɟɞɨɛŮɜɖ ŭɘŬůˊɞɟɎ Űɤɜ 
ŮəŰɘɛɞɨɛŮɜɤɜ Űɘɛɩɜ Ⱥɇɞ. ȷɡŰɧ ŮɑɜŬɘ ŮɛűŬɜɏɠ ůŰɘɠ 3 
ŬəɟŬɑŮɠ Űɘɛɏɠ ŭɘŬůˊɞɟɎɠ (Ⱥɘə.6) ůŮ ůɢɏůɖ ɛŮ Űɘɠ 
ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ɛŮɔŬɚɨŰŮɟŮɠ ŬˊɧŰɞɛŮɠ ˊŰɩůŮɘɠ Űɤɜ 
ɖɛŮɟɐůɘɤɜ ɛɏůɤɜ ɗŮɟɛɞəɟŬůɘɩɜ Űɖɠ ŮɘəɧɜŬɠ 3Ŭ. 
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ȺɘəɧɜŬ 7. ȷɗɟɞɘůŰɘəɐ Ⱥɇɞ 25/05/2004 - 01/09/2004. 

 
ɆŰɖɜ ŮɘəɧɜŬ 7 ŮɛűŬɜɑɕŮŰŬɘ ɖ ŬɗɟɞɘůŰɘəɐ Ⱥɇɞ ɔɘŬ 

ɧɚɖ Űɖɜ ˊŮɟɑɞŭɞ Űɤɜ 99 ɖɛŮɟɩɜ (25/5 -1/9) ɧˊɤɠ 
ŮəŰɘɛɐɗɖəŮ Ŭˊɧ Űɘɠ ŭɨɞ ɛŮɗɧŭɞɡɠ FAO56-PM əŬɘ 
Hargreaves əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ŮˊɘűɎɜŮɘŮɠ.  
 ȼ ŮɡŬɘůɗɖůɑŬ Űɖɠ ˊɟɩŰɖɠ ɛŮɗɧŭɞɡ ɖ ɞˊɞɑŬ 
ŮəűɟɎɕŮɘ Űɞ ŮɜŮɟɔŮɘŬəɧ ɘůɞɕɨɔɘɞ ɛɘŬɠ ŮˊɘűɎɜŮɘŬɠ ůŮ 
ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬŮɟɞŭɡɜŬɛɘəɐ ɛŮɗɞŭɞɚɞɔɑŬ 
ŭɘəŬɘɞɚɞɔŮɑ Űɖɜ ůɡɜɞɚɘəɐ ŭɘŬűɞɟɎ Űɤɜ 211 mm Ⱥɇɞ 
ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŮˊɘűŬɜŮɘɩɜ ɔɘŬ ɧɚɖ ůɡɜɞɚɘəɎ Űɖɜ 
ŬɜŬűŮɟɧɛŮɜɖ ˊŮɟɑɞŭɞ Űɤɜ 99 ɖɛŮɟɩɜ. ȼ ɛɏɗɞŭɞɠ 
Hargreaves ůŰɖɜ ɝɖɟɐ ŮˊɘűɎɜŮɘŬ (ȺɀɈ) ɡˊŮɟŮəŰɘɛɎ 
əŬŰɎ 139 mm ůŮ ůɢɏůɖ ɛŮ Űɖɜ FAO56-PM ůŰɖɜ ɗɏůɖ 
AUA, Ůɜɩ ŭŮɜ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɘɠ 
ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ETo Hargreaves (AUA) ˊɞɡ 
ɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ ɑŭɘɞ ɡˊɧɓŬɗɟɞ (125 mm). 
ɆŰɞ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ 

ɡˊŮɟŮəŰɘɛɐůŮɘɠ ůŮ mm/day əŬɘ Űɞ ˊɞůɞůŰɧ Űɞɡɠ ůŮ 
ůɢɏůɖ ɛŮ Űɖɜ ˊɟɧŰɡˊɖ ɛɏɗɞŭɞ FAO56-PM Ⱥɇɞ (4,6 
mm/day) ůŰɖɜ ɗɏůɖ AUA ɔɘŬ Űɖɜ ůɡɜɞɚɘəɐ ˊŮɟɑɞŭɞ 
21 ɀŬȶɞɡ ɏɤɠ əŬɘ 1 ɆŮˊŰŮɛɓɟɑɞɡ Űɞɡ 2004: 

 

Ūɏůɖ ɀɏůɖ Űɘɛɐ ɈˊŮɟŮəŰɑɛɖůɖ 

ɀɏɗɞŭɞɠ mm/day (+) mm (+) % 

AUA/FAO56-PM 4.6 - - 

AUA/Hargreaves 5.8 1.3 27.5 

EMY/FAO56-PM 6.7 2.1 46.6 

EMY/Hargreaves 6.0 1.4 31.5 

 
4. ɇɉɁɅȻɆȸɇɁȸɈȸ 
ȷɜ əŬɘ ɖ ŮɟɔŬůɑŬ  Űɤɜ Allen et al. (1998) ŬɟɘɗɛŮɑ 

ˊɎɜɤ Ŭˊɧ 9000 ŮŰŮɟɞŬɜŬűɞɟɏɠ ůŮ ŭɘŮɗɜɐ ˊŮɟɘɞŭɘəɎ, 
ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊɘůŰɖɛɧɜɤɜ ˊɞɡ ŮˊɘůɖɛŬɑɜɞɡɜ Űɖ 
ůˊɞɡŭŬɘɧŰɖŰŬ əŬɘ Űɖ ůɖɛŬůɑŬ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ 
ŬɜŬűɞɟɎɠ ɛŮ ŮˊɎɟəŮɘŬ ɜŮɟɞɨ, ŮɑɜŬɘ ŬɟəŮŰɎ 
ˊŮɟɘɞɟɘůɛɏɜɞɠ. ȼ ŮɟɔŬůɑŬ ŬɡŰɐ ŮˊɘůɖɛŬɑɜŮɘ ɤɠ 
əɨɟɘɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɖ ɢɟɐůɖ ŮəŰɘɛɐůŮɤɜ Űɖɠ Ⱥɇɞ 
Ŭˊɧ ɛɖ ŰɡˊɞˊɞɘɖɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ ŬɜŬűɞɟɎɠ 
ŮˊŬɟəɩɠ ŮűɞŭɘŬɕɧɛŮɜŮɠ ɛŮ ɜŮɟɧ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ 
ůŮ ɡˊŮɟŮəŰɑɛɖůɖ Űɤɜ ɡŭŬŰɘəɩɜ ŬɜŬɔəɩɜ ˊɞɡ 
ɡˊŮɟɓŬɑɜŮɘ ŰŬ 2,5 ɢɘɚɘɎŭŮɠ m3 ɜŮɟɞɨ ŬɜɎ ŮəŰɎɟɘɞ ɔɘŬ 
ɛɘŬ əŬɚɚɘŮɟɔɖŰɘəɐ ˊŮɟɑɞŭɞ 120 ɖɛŮɟɩɜ. ȰɢŮɘ 
ŭɖɛɘɞɡɟɔɖɗŮɑ ɖ ɣŮɡŭɐɠ ŮɜŰɨˊɤůɖ ɧŰɘ ɖ ŮˊɎɟəŮɘŬ 
Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖɜ ɢɟɐůɖ Űɖɠ ůɡɜɘůŰɩɛŮɜɖɠ 
ɛŮɗɧŭɞɡ FAO56-PM ɗŬ ŭɩůŮɘ əŬɘ ŬəɟɘɓŮɑɠ 

ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ɎɟŭŮɡůɖɠ. Ƀɘ 
ŮəŰɘɛɐůŮɘɠ Ⱥɇɞ ɛŮ Űɖɜ ɛɏɗɞŭɞ Hargreaves, 
ŮɚŬɢɘůŰɞˊɞɘɞɨɜ ŰŬ ůűɎɚɛŬŰŬ əŬŰɎ 15%, ůŰɖɜ 
ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ ɛŮŰɟɐůŮɘɠ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ 
ůŰŬɗɛɧ ɛŮ Űɡˊɞˊɞɘɖɛɏɜɖ əŬɚɚɘɏɟɔŮɘŬ ŬɜŬűɞɟɎɠ. 
Ⱥˊɑůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ɧŰɘ 
ɡˊŮɟŮəŰɘɛɐůŮɘɠ Űɖɠ Ⱥɇɞ ɞŭɖɔɞɨɜ ůŮ ɡˊŮɟɎɜŰɚɖůɖ 
ŬɟŭŮɡŰɘəɞɨ ɜŮɟɞɨ əŬɘ ůˊŬŰɎɚɖ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, 
ɛŮ ůɡɜɏˊŮɘŬ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ 
ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ ŬɚɚɎ ŬɜŰɑůŰɞɘɢŬ əŬɘ Űɖɜ Ŭɨɝɖůɖ 
əɧůŰɞɡɠ ˊŬɟŬɔɤɔɐɠ. 
 
ȺɈɉȷɅȽɆɇȽȺɆ 
Ƀɘ ůɡɔɔɟŬűŮɑɠ ŮɡɢŬɟɘůŰɞɨɜ ɗŮɟɛɎ Űɖɜ ȹɘɞɑəɖůɖ əŬɘ 
Űɞ ŮˊɘůŰɖɛɞɜɘəɧ ˊɟɞůɤˊɘəɧ Űɖɠ Ⱥɗɜɘəɐɠ 
ɀŮŰŮɤɟɞɚɞɔɘəɐɠ ɈˊɖɟŮůɑŬɠ, ˊɞɡ ɛŮ ˊɟɞɗɡɛɑŬ 
ɢɞɟɐɔɖůŬɜ ɧɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ůŰɞɘɢŮɑŬ əŬɘ ɡɚɘəɧ, ɔɘŬ 
Űɖɜ ɞɚɞəɚɐɟɤůɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. 
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ɅɆɄɇɄɁɄȾɌɇȽ ȻȺȸŬȾȿɄɉ ɂȻɆɄɉ ȿȸȾ ȸŪɆɄɊȽɁȾȿɌɂ ɇȻ ȿȸɀɀȾȻɆŪȽɁȻɂɄ  
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ɆŰɖɜ ŮɟɔŬůɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ əŬɘ ŬɝɘɞɚɞɔŮɑŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ Űɞɡ ŮŭŬűɘəɞɨ ɜŮɟɞɨ əŬɘ Ůɜɧɠ 

ɕɘɕŬɜɘɞəŰɧɜɞɡ, ůŮ ŬɟŭŮɡɧɛŮɜɞ Ŭɔɟɧ Űɖɠ Ɇɑɜŭɞɡ ɧ́ ɞɡ əŬɚɚɘŮɟɔŮɑŰŬɘ əŬɚŬɛˊɧəɘ. ɆŰɖɜ ˊɟɞůɞɛɞɑɤůɖ 
ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ MACRO, ɏɜŬ ɛɞɜɞŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ ŭɘˊɚɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ ˊɞɡ 
ˊŮɟɘɔɟɎűŮɘ Űɖɜ əɑɜɖůɖ Űɞɡ ɜŮɟɞɨ, Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŮŭɎűɞɡɠ əŬɗɩɠ əŬɘ Űɖ ɛŮŰŬűɞɟɎ əŬɘ Űɞɡɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨɠ 
Űɤɜ ɞɡůɘɩɜ ůŰɞ ɏŭŬűɞɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ ŮˊɘɚŮəŰɘəɐ ɟɞɐ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ Űɘɠ ɛŮŰɟɖɛɏɜŮɠ 
Űɘɛɏɠ Űɖɠ ˊŮɟɘŮɢɧɛŮɜɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ŮŭŬűɘəɎ ɓɎɗɖ əŬɘ ŬɝɘɞɚɞɔɞɨɜŰŬɘ ɛŮ ůŰŬŰɘůŰɘəɎ 
əɟɘŰɐɟɘŬ. ũɑɜŮŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ɐ ɢɤɟɑɠ ɟɞɐ Ŭˊɧ Űɞɡɠ 
ɛŬəɟɞˊɧɟɞɡɠ. ȼ ɏɚɚŮɘɣɖ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ɞɡůɑŬ Űɞɡ űɡŰɞűŬɟɛɎəɞɡ ůŰɞ ɏŭŬűɞɠ əŬɘ ɖ ŬɓŮɓŬɘɧŰɖŰŬ ŮəŰɑɛɖůɖɠ Űɤɜ 
ˊŬɟŬɛɏŰɟɤɜ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɛŮ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ. ȼ ɞɟɘŬəɐ Űɘɛɐ Űɞɡ ɨɣɞɡɠ ˊɑŮůɖɠ əŬɘ ɖ ůŰŬɗŮɟɎ 
Ŭˊɞɘəɞŭɧɛɖůɖɠ Űɖɠ ɞɡůɑŬɠ, ŬˊɞŭŮɑɢɗɖəŬɜ ́ ɘɞ ůɖɛŬɜŰɘəɏɠ. 
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The present study describes and evaluates the simulation of the dynamics of soil water and dissolved pesticides 
of an irrigated area near Sindos, planted with corn. The simulation took place with the mathematical model MACRO, 
a one-dimensional dual permeability model that describes the movement of soil water, temperature, and the transport 
and transformations of substances in soil, considering preferential flow. The results of the simulation are compared to 
the measured values of the soil moisture in specific depths, using statistical criteria. Moreover, the results obtained 
from the application of the model, due to preferential flow, are compared to the ones obtained without taking in mind 
the flow through macropores. The lack of pesticide measurements and the uncertainty of estimating model 
parameters are confronted by executing a sensitivity analysis. The pressure head at the boundary of macro- to 
microporosity and the degradation coefficient were the most sensitive.  

 
Key words: MACRO, preferential flow, herbicide, leaching, terbuthylazine 
 
1. 1 ȻȾɇȸŪɌŪȽ 
ȼ ɔŮɤɟɔɑŬ ŮɑɜŬɘ ɖ ůɖɛŬɜŰɘəɧŰŮɟɖ ˊɖɔɐ 

ɡˊɞɚŮɘɛɛɎŰɤɜ űɡŰɞűŬɟɛɎəɤɜ ůŰɞ ɏŭŬűɞɠ əŬɘ ŰŬ 
ɡˊɧɔŮɘŬ ɜŮɟɎ. ɆŰŬ ŮŭɎűɖ ɛŮ ŭɘŬɛɞɟűɤɛɏɜɖ ŭɞɛɐ, Űɞ 
ɜŮɟɧ əɘɜŮɑŰŬɘ ŰŬɢɨŰŮɟŬ ɛɏůɤ Űɤɜ ɛŬəɟɞˊɧɟɤɜ ɛŮ 
ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊŬɟŬəɎɛˊŰŮŰŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ 
Űɖɠ ŮŭŬűɘəɐɠ űɎůɖɠ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɞɜɞɛɎɕŮŰŬɘ 
"ŮˊɘɚŮəŰɘəɐ ɟɞɐ". ɆɡɜɡűŬůɛɏɜɞ ɛŮ Űɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ 
ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ŰŬɢɏɤɠ əɘɜɞɨɛŮɜɞ ˊɟɞɠ ŰŬ 
ɓŬɗɨŰŮɟŬ ŮŭŬűɘəɎ ůŰɟɩɛŬŰŬ ɜŮɟɧ, ŭŮɜ ɏɢŮɘ ůŰɖ 
ŭɘɎɗŮůɐ Űɞɡ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ ɢɟɧɜɞ ɜŬ ŬɚɚɖɚŮˊɘŭɟɎůŮɘ 
ˊɚɐɟɤɠ ɛŮ Űɘɠ ɓɘɞɚɞɔɘəɎ əŬɘ ɢɖɛɘəɎ ŮɜŮɟɔɏɠ ŬɜɩŰŮɟŮɠ 
ůŰɟɩůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮŰŬűɞɟɎ 
ɞɡůɘɩɜ ůŮ ɓɎɗɖ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜŬ, ɛŮ ɓɎůɖ 
Űɖɜ əɚŬůɘəɐ ɗŮɩɟɖůɖ Űɖɠ Ůɝɑůɤůɖɠ Űɞɡ Darcy əŬɘ Űɖɜ 
ɖɛɘˊŮɟɑɞŭɞ ɕɤɐɠ Űɤɜ ɞɡůɘɩɜ (Simunek et al., 2003). 

H ŮəŰɑɛɖůɖ Űɖɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɟɨˊŬɜůɖɠ Űɤɜ 
ɡɞ́ɔŮɑɤɜ ɜŮɟɩɜ Ŭˊɧ Űɖɜ ɏəˊɚɡůɖ Ŭɔɟɞɢɖɛɘəɩɜ əŬɘ 
Ɏɚɚɤɜ űɡŰɞˊɟɞůŰŬŰŮɡŰɘəɩɜ ɞɡůɘɩɜ, ɔɑɜŮŰŬɘ ɛŮ Űɖ 
ɢɟɐůɖ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ, ůɡůŰɖɛɎŰɤɜ GIS əŬɘ 
Ɏɚɚɤɜ ŰŮɢɜɘəɩɜ (ŭŮɑəŰŮɠ, ɔŮɤůŰŬŰɘůŰɘəɐ, əŰɚ). ɇŬ 
ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ɚɧɔɤ 

Űɖɠ ŮɡəɞɚɑŬɠ ůŰɖɜ ŮəŰɏɚŮůɐ Űɞɡɠ, ŬɚɚɎ əŬɘ Űɖɠ 
ŬɝɘɞˊɘůŰɑŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡɠ (Knisel, 1993, Li 
et al., 1999; Tiktak et al, 2000; Antonopoulos, 2001; Ma 
et al., 2004). ȰɜŬ ɛɞɜŰɏɚɞ ŭɘˊɚɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ, ˊɞɚɨ 
ŭɖɛɞűɘɚɏɠ, ŮɑɜŬɘ Űɞ MACRO (Larsbo and Jarvis, 2003). 
ɇɞ MACRO ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ˊɚɐɗɞɠ ŮɟɔŬůɘɩɜ 
(Gardenas et al., 2006; Van Daele et al., 2007; 
Antonopoulos et al., 2013) ɔɘŬŰɑ ɖ ŭɞɛɐ Űɞɡ ŮɑɜŬɘ Ŭˊɚɐ 
əŬɘ əŬŰŬɜɞɖŰɐ, ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰɎ ɜŬ ŮəŰŮɚŮɑ Űɘɠ 
ˊɟɞůɞɛɞɘɩůŮɘɠ Űɧůɞ ɤɠ ɛɞɜŰɏɚɞ Ŭˊɚɞɨ ɧůɞ əŬɘ ŭɘˊɚɞɨ 
ˊɞɟɩŭɞɡɠ əŬɘ əɡɟɑɤɠ, ŬˊŬɘŰŮɑ ɛɧɜɞ ɚɑɔŮɠ əŬɘ ŮɨəɞɚŬ 
ɛŮŰɟɐůɘɛŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ. 
ɆŰɖɜ ŮɟɔŬůɑŬ ɔɑɜŮŰŬɘ ŮűŬɟɛɞɔɐ Űɞɡ MACRO ɡˊɧ Űɘɠ 

ůɡɜɗɐəŮɠ Űɖɠ ɓɚŬůŰɘəɐɠ ˊŮɟɘɧŭɞɡ Űɞɡ əŬɚŬɛˊɞəɘɞɨ Űɞɡ 
ɏŰɞɡɠ 1996 ůŮ Ŭɔɟɧ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. 
ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɟɨɗɛɘůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ Űɘɠ 
ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ ŮűŬɟɛɞɔɐ Űɞɡ, 
ɩůŰŮ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ɞɘ ŭɘŬŭɘəŬůɑŮɠ Űɖɠ ŮˊɘɚŮəŰɘəɐɠ 
ɟɞɐɠ. Ƀ ůəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ: (Ŭ) ɖ ŮˊŬɚɐɗŮɡůɖ 
Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɜŬ ˊŮɟɘɔɟɎűŮɘ Űɖ 
ŭɘŬəɨɛŬɜůɖ Űɖɠ ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ, (ɓ) ɖ ɛŮɚɏŰɖ Űɖɠ 
ŮˊɘɚŮəŰɘəɐɠ ɟɞɐɠ əŬɘ Űɞɡ ɘůɞɕɡɔɑɞɡ Űɞɡ ɜŮɟɞɨ ůŰɞ 
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əŬɚɚɘŮɟɔɞɨɛŮɜɞ ɏŭŬűɞɠ əŬɘ (ɔ) ɖ ɛŮɚɏŰɖ Űɤɜ 
ŭɘŬəɡɛɎɜůŮɤɜ əŬɘ Űɤɜ ɡˊɞɚŮɘɛɛɎŰɤɜ ůŰɞ ɏŭŬűɞɠ Ůɜɧɠ 
əɞɘɜɞɨ ɕɘɕŬɜɘɞəŰɧɜɞɡ ɔɘŬ Űɞ əŬɚŬɛˊɧəɘ. 

 
2. ɉɀȾȿȸ ȿȸȾ ɁȻūɄȺɄȾ 
2.1 ɅůɠəɕɠŭŲɑ űɟɢ ɜɟɝűɐɛɟɢ MACRO 
ɇɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ MACRO ŮɑɜŬɘ ɏɜŬ 

ɛɞɜɞŭɘɎůŰŬŰɞ ɤɠ ˊɟɞɠ Űɖɜ əŬŰŬəɧɟɡűɞ ɛɞɜŰɏɚɞ, ˊɞɡ 
ˊŮɟɘɔɟɎűŮɘ Űɖ ɟɞɐ Űɞɡ ɜŮɟɞɨ, Űɖ ɛŮŰŬɓɞɚɐ Űɖɠ 
ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖ ɛŮŰŬűɞɟɎ əŬɘ Űɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧ 
Űɤɜ űɡŰɞˊɟɞůŰŬŰŮɡŰɘəɩɜ ɞɡůɘɩɜ ůŰɞ ɏŭŬűɞɠ, 
ůɡɜɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɖɜ ŮˊɘɚŮəŰɘəɐ ɟɞɐ. ɇɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ 
ŭɘˊɚɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ, ɧˊɞɡ Űɞ ˊɞɟɩŭŮɠ ŭɘŬəɟɑɜŮŰŬɘ 
ůŮ ŭɨɞ ˊŮɟɘɞɢɏɠ (ɛɘəɟɞˊɧɟɞɡɠ əŬɘ ɛŬəɟɞˊɧɟɞɡɠ), 
əŬɗŮɛɑŬ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 
ůɡɔəŮəɟɘɛɏɜɞ ɓŬɗɛɧ əɞɟŮůɛɞɨ, ŬɔɤɔɘɛɧŰɖŰŬɠ əŬɘ 
əɑɜɖůɖɠ Űɞɡ ɜŮɟɞɨ, ŬɚɚɎ əŬɘ ůɡɔəɏɜŰɟɤůɖɠ əŬɘ ɟɞɐɠ 
Űɖɠ ɞɡůɑŬɠ ůŰɞ ɏŭŬűɞɠ (Larsbo and Jarvis, 2003). Tɞ 
ɧɟɘɞ ɛŮŰŬɝɨ ɛŬəɟɞˊɞɟɩŭɞɡɠ əŬɘ ɛɘəɟɞˊɞɟɩŭɞɡɠ 
ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ɞɟɘŬəɏɠ Űɘɛɏɠ Űɞɡ ŭɡɜŬɛɘəɞɨ ˊɑŮůɖɠ ɣb 
əŬɘ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ɡɔɟŬůɑŬɠ ɗb. ɆŰɖ ůɡɜɏɢŮɘŬ 
ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ Űɤɜ ɓŬůɘəɩɜ 
ŮɝɘůɩůŮɤɜ əɑɜɖůɖɠ Űɞɡ ɜŮɟɞɨ ůŰɞ ɏŭŬűɞɠ əŬɗɩɠ 
ˊɚɐɟɖ ˊŮɟɘɔɟŬűɐ Űɞɡ ɛɞɜŰɏɚɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɡɠ 
Larsbo and Jarvis (2003). 
ȼ əɑɜɖůɖ Űɞɡ ŮŭŬűɘəɞɨ ɜŮɟɞɨ ůŰɞɡɠ ɛɘəɟɞˊɧɟɞɡɠ 

ɤɠ ˊɟɞɠ Űɖɜ əŬŰŬəɧɟɡűɖ ŭɘŮɨɗɡɜůɖ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ 
Űɖɜ Ůɝɑůɤůɖ Űɞɡ Richards (ȷɜŰɤɜɧˊɞɡɚɞɠ, 1999) ˊɞɡ 
ɏɢŮɘ Űɖ ɛɞɟűɐ: 

ὅ ὑ ρ ВὛ                              (1) 

ɧ́ ɞɡ ‪ ŮɑɜŬɘ Űɞ ɨɣɞɠ ˊɑŮůɖɠ, ὅ ‬—‬‪ϳ  ɖ 

ɡŭɟŬɡɚɘəɐ ɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ (cm-1), ὸ ɞ 
ɢɟɧɜɞɠ (sec), ᾀ Űɞ ɓɎɗɞɠ (cm), ὑ ɖ ŬəɧɟŮůŰɖ 
ɡŭɟŬɡɚɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ (cm s-1) əŬɘ ВὛ Űɞ ɎɗɟɞɘůɛŬ 
Űɤɜ ŬˊɤɚŮɘɩɜ-Ůɘůɟɞɩɜ Űɞɡ ŮŭŬűɘəɞɨ ɜŮɟɞɨ (s-1), ɤɠ 
ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɜŰŬɚɚŬɔɐɠ Űɞɡ ɛŮ Űɞ ɛŬəɟɞˊɞɟɩŭŮɠ, 
Űɖ ůŰɟɎɔɔɘůɖ əŬɘ Űɖɜ ˊɟɧůɚɖɣɖ ŮŭŬűɘəɞɨ ɜŮɟɞɨ Ŭˊɧ 
Űɘɠ ɟɑɕŮɠ. ȼ əɑɜɖůɖ Űɞɡ ɜŮɟɞɨ ůŰɞɡɠ ɛŬəɟɞˊɧɟɞɡɠ 
ˊŮɟɘɔɟɎűŮŰŬɘ ɛŮ ɛɑŬ ŬɜɎɚɞɔɖ Ůɝɑůɤůɖ, ŬɔɜɞɩɜŰŬɠ Űɘɠ 
ŰɟɘɢɞŮɘŭŮɑɠ ŭɡɜɎɛŮɘɠ ůŰɞɡɠ ɛŬəɟɞˊɧɟɞɡɠ ɩůŰŮ ɖ əɑɜɖůɖ 
Űɞɡ ɜŮɟɞɨ ɜŬ ɔɑɜŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ Űɖ ɓŬɟɨŰɖŰŬ. ȼ 
Ůɝɑůɤůɖ ŬɡŰɐ ɏɢŮɘ Űɖ ɛɞɟűɐ: 

ВὛ                                                 (2) 

ɧˊɞɡ —  (cm3 cm-3) əŬɘ ὑ  (cm s-1) ŮɑɜŬɘ ɖ 
ˊŮɟɘŮɢɧɛŮɜɖ ɡɔɟŬůɑŬ əŬŰôɧɔəɞ əŬɘ ɖ ɡŭɟŬɡɚɘəɐ 
ŬɔɤɔɘɛɧŰɖŰŬ ůŰɞɡɠ ɛŬəɟɞˊɧɟɞɡɠ ŬɜŰɑůŰɞɘɢŬ. ȷűɞɨ Űɞ 
ὑ  ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɞɡ — , ɖ ˊɟɞůɏɔɔɘůɖ ˊɞɡ 
ˊŮɟɘɔɟɎűŮɘ Űɖɜ əɑɜɖůɖ Űɞɡ ɜŮɟɞɨ ůŰɞɡɠ ɛŬəɟɞˊɧɟɞɡɠ 
ɘůɞŭɡɜŬɛŮɑ ɛŮ Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɞɡ əɘɜɖɛŬŰɘəɞɨ 
əɨɛŬŰɞɠ, ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ Űɞɡ 
Germann (1985). ȼ ŬɜŰŬɚɚŬɔɐ ɜŮɟɞɨ ŬɜɎɛŮůŬ ůŰɘɠ ŭɨɞ 
űɎůŮɘɠ ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ əɚɑůɖ Űɖɠ ɡɔɟŬůɑŬɠ (Ŭˊɧ 
ɛɎəɟɞ ůŮ ɛɘəɟɞˊɞɟɩŭŮɠ). ȼ ɢŬɟŬəŰɖɟɘůŰɘəɐ əŬɛˊɨɚɖ 
Űɞɡ ŮŭŬűɘəɞɨ ɜŮɟɞɨ ůŰɞɡɠ ɛɘəɟɞˊɧɟɞɡɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 
Űɟɞˊɞˊɞɘɖɛɏɜɖ Ůɝɑůɤůɖ Űɞɡ van Genuchten (1980):   

Ὓ ᶻ ρ ὥ ‪                      (3) 

ɧ́ ɞɡ Ὓ ŮɑɜŬɘ ɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ ɓŬɗɛɧɠ əɞɟŮůɛɞɨ Űɖɠ 
ŮŭŬűɘəɐɠ ɡɔɟŬůɑŬɠ, ά , ὲ  əŬɘ ὥ  ɞɘ ˊŬɟɎɛŮŰɟɞɘ 

Űɖɠ Ůɝɑůɤůɖɠ van Genuchten ɛŮ ά ρ ρὲϳ , 

— ŮɑɜŬɘ ɖ ɡˊɞɚŮɘɛɛŬŰɘəɐ ŮŭŬűɘəɐ ɡɔɟŬůɑŬ (cm3 cm-3) 

əŬɘ —ᶻ ɛɘŬ "űŬɘɜɞɛŮɜɘəɐ" əɞɟŮůɛɏɜɖ ŮŭŬűɘəɐ ɡɔɟŬůɑŬ 
(cm3Ācm-3) ˊɞɡ ŬˊɞəŰɎŰŬɘ ɛŮ ˊɟɞůŬɟɛɞɔɐ Űɖɠ Ůɝɑůɤůɖɠ 
(3) ůŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ əŬɛˊɨɚɖɠ 
ůɡɔəɟɎŰɖůɖɠ ɔɘŬ ŭɡɜŬɛɘəɎ ɛɘəɟɧŰŮɟŬ Űɞɡ ‪ . 
ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɡŭŬŰɘəɞɨ ɘůɞɕɡɔɑɞɡ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ŮɘůŬɔɤɔɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ Űɖɠ 
ɎɟŭŮɡůɖɠ, Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ 
ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, əŬɘ Űɖɠ ŭɡɜŬɛɘəɐɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ 
ɖ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ŮɑŰŮ Ŭˊɧ Űɞ ɢɟɐůŰɖ, ŮɑŰŮ Ŭˊɧ Űɞ 
ɛɞɜŰɏɚɞ ɛŮ Űɖ ůɡɜŭɡŬůɛɏɜɖ ɛɏɗɞŭɞ Penman- Monteith. 
ȼ ˊɟɧɚɖɣɖ ɜŮɟɞɨ Ŭˊɧ Űɞ ɟɘɕɘəɧ ůɨůŰɖɛŬ Űɤɜ űɡŰɩɜ 
ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ɓɎůɖ Űɖ ɕɐŰɖůɖ ɔɘŬ ŭɘŬˊɜɞɐ, Űɖɜ 
əŬŰŬɜɞɛɐ Űɤɜ ɟɘɕɩɜ əŬɘ Űɖ ŭɘŬɗɏůɘɛɖ ŮŭŬűɘəɐ ɡɔɟŬůɑŬ 
ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ŭˊɚɐ ŮɛˊŮɘɟɘəɐ ůɡɜɎɟŰɖůɖ 
ŬˊɩɚŮɘŬɠ Űɞɡ Jarvis (1989), Ůɜɩ Űɞ ɜŮɟɧ ŬˊɞůˊɎŰŬɘ 
ŮˊɘɚŮəŰɘəɎ Ŭˊɧ Űɞɡɠ ɛŬəɟɞˊɧɟɞɡɠ. ȷɜ ɖ ŭɘŬűɞɟɎ Űɖɠ 
əŬɗŬɟɐɠ ɓɟɞɢɧˊŰɤůɖɠ R Ŭˊɧ Űɖɜ ŮɝɎŰɛɘůɖ Ŭˊɧ Űɞ 
ɏŭŬűɞɠ Ⱥs ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ 
ŭɘɖɗɖŰɘəɧŰɖŰŬ Imax, ŰɧŰŮ ɖ ˊɎɜɤ ɞɟɘŬəɐ ůɡɜɗɐəɖ ŮɑɜŬɘ 
ɔɜɤůŰɐɠ ɟɞɐɠ (ůɡɜɗɐəɖ Neumann), ŭɘŬűɞɟŮŰɘəɎ ŭɑɜŮŰŬɘ 
Ŭˊɧ ɛɑŬ ɔɜɤůŰɐ Űɘɛɐ (ůɡɜɗɐəɖ Dirichlet), Ůɜɩ ɖ əɎŰɤ 
ɞɟɘŬəɐ ůɡɜɗɐəɖ ŮˊɘɚɏɔŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ.  
ȼ ɛŮŰŬűɞɟɎ ɞɡůɘɩɜ ůŰɞɡɠ ɛɘəɟɞˊɧɟɞɡɠ 

ˊŮɟɘɔɟɎűŮŰŬɘ ɛŮ Űɖɜ Ůɝɑůɤůɖ ɛŮŰŬəɑɜɖůɖɠ-ŭɘŬůˊɞɟɎɠ 

 Ὀ—  ήὧ

ВὟ                                                                             (4) 
 

ɧˊɞɡ ὧ ŮɑɜŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ ɞɡůɑŬɠ ůŰɖɜ ɡɔɟɐ 
űɎůɖ (mg cm-3), ί ɖ ˊɟɞůɟɞűɖɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ 
ɞɡůɑŬɠ ůŰŬ ůŰŮɟŮɎ Űɞɡ ŮŭɎűɞɡɠ (mg mg-1), ‎ ŮɑɜŬɘ ɖ 
űŬɘɜɞɛɏɜɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ, Ὢ Űɞ əɚɎůɛŬ Űɖɠ 
ɛɎɕŬɠ Űɤɜ ŮŭŬűɘəɩɜ ŰŮɛŬɢɘŭɑɤɜ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ 

ŮˊŬűɐ ɛŮ Űɞ ɜŮɟɧ ůŰɞɡɠ ɛŬəɟɞˊɧɟɞɡɠ, Ὢ  Űɞ əɚɎůɛŬ 
Űɤɜ ŮŭŬűɘəɩɜ ŰŮɛŬɢɘŭɑɤɜ ˊɞɡ ˊŬɟɏɢɞɡɜ ɗɏůŮɘɠ ɔɘŬ 
ˊɟɞůɟɧűɖůɖ ɞɡůɘɩɜ ůŮ əŬŰɎůŰŬůɖ ŬůŰɎɗŮɘŬɠ, 

—   Űɞ əɘɜɞɨɛŮɜɞ ŮŭŬűɘəɧ ɜŮɟɧ (cm3 cm-3), ή ɖ 

ˊŬɟɞɢɐ Űɞɡ ɜŮɟɞɨ (cm s-1) əŬɘ Ὀ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ŭɘŬůˊɞɟɎɠ (cm2 s-1). Ƀ ɧɟɞɠ ВὟ ˊŮɟɘɔɟɎűŮɘ Űɞ 
ɎɗɟɞɘůɛŬ Űɤɜ ŬˊɤɚŮɘɩɜ-Ůɘůɟɞɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ    
(mg cm-3 s-1), ŭɖɚŬŭɐ Űɖɜ ŬɜŰŬɚɚŬɔɐ ɛɎɕŬɠ ɛŮŰŬɝɨ 
ɛɑəɟɞ/ɛŬəɟɞˊɞɟɩŭɞɡɠ, Űɖɜ əɘɜɖŰɘəɐ ˊɟɞůɟɧűɖůɖ, Űɖɜ 
ˊɟɧůɚɖɣɖ Űɤɜ ɞɡůɘɩɜ Ŭˊɧ ŰŬ űɡŰɎ, ˊɚŮɡɟɘəɏɠ 
ŬˊɩɚŮɘŮɠ ɏəˊɚɡůɖɠ ˊɟɞɠ ŰŬ ŬɡɚɎəɘŬ ɐ Űɞɡɠ ɡˊɧɔŮɘɞɡɠ 
ɡŭɟɞűɞɟŮɑɠ əŬɘ Űɖ ɓɘɞŬˊɞɘəɞŭɧɛɖůɖ. 
ɀɘŬ Ůɝɑůɤůɖ ŬɜŰɑůŰɞɘɢɖ Űɖɠ (4) ˊŮɟɘɔɟɎűŮɘ Űɖ 

ɛŮŰŬűɞɟɎ ɛɎɕŬɠ ůŰɞ ɛŬəɟɞˊɞɟɩŭŮɠ, ůŰɖɜ ɞˊɞɑŬ ŭŮɜ 
ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɖ ŭɘŬůˊɞɟɎ əŬɘ ɖ əɘɜɖŰɘəɐ 
ˊɟɞůɟɧűɖůɖ ŮˊŮɘŭɐ ɗŮɤɟɞɨɜŰŬɘ ɛɖŭŮɜɘəɏɠ (Ὀ əŬɘ Ὢ  
ŮɑɜŬɘ ɛɖŭɏɜ). ȼ ˊɟɞůɟɧűɖůɖ ůŰɖɜ əŬŰɎůŰŬůɖ 
ɘůɞɟɟɞˊɑŬɠ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖ ɛɖ ɔɟŬɛɛɘəɐ ɘůɧɗŮɟɛɖ 
Űɞɡ Freundlich:  

Ὓ Ὧὧ                                                                     (5) 

ɧˊɞɡ Ὧ ŮɑɜŬɘ ɖ ůŰŬɗŮɟɎ ˊɟɞůɟɧűɖůɖɠ əŬɘ ά ŮɑɜŬɘ ɞ 

ŮəɗɏŰɖɠ Freundlich.  
Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɟɡɗɛɩɜ Ŭˊɞɘəɞŭɧɛɖůɖɠ ɔɘŬ 

əŬɗŮɛɑŬ Ŭˊɧ Űɘɠ ŰɏůůŮɟɘɠ ˊŮɟɘˊŰɩůŮɘɠ (ɡɔɟɐ ɐ ůŰŮɟŮɐ 
ˊɟɞůɟɧűɖůɖ ůŮ ɛɑəɟɞ/ɛŬəɟɞˊɞɟɩŭŮɠ) ɔɑɜŮŰŬɘ ɛŮ 
ˊɟɩŰɖɠ ŰɎɝɖɠ əɘɜɖŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. ȾɎɗŮ ˊŮɟɑˊŰɤůɖ 
ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɧ ɟɡɗɛɧ Ŭˊɞɘəɞŭɧɛɖůɖɠ 

‘ . Ƀɘ ˊɟŬɔɛŬŰɘəɞɑ ɟɡɗɛɞɑ Ŭˊɞɘəɞŭɧɛɖůɖɠ ůŰɞ ˊŮŭɑɞ 

ŮəŰɘɛɩɜŰŬɘ ɛŮ ŮɟɔŬůŰɖɟɘŬəɎ ŭŮŭɞɛɏɜŬ ŬɜŬűɞɟɎɠ, əŬɘ  




