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ȺɈɉȷɅȽɆɇȽȺɆ 

 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ əŬɗɖɔɖŰɐ ɛɞɡ, ɁɘəɧɚŬɞ ɀŬɛɎůɖ, ȿɏəŰɞɟŬ 

ȺɀɄ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ əŬɘ ŮˊɑɓɚŮɣɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. ȾŬɗô ɧɚɖ 

Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ, ɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ ŬˊɞŭŮɑɢŰɖəŮ 

Ůɘɚɘəɟɘɜɐɠ əŬɘ Ɏəɟɤɠ ŮˊɞɘəɞŭɞɛɖŰɘəɐ. ȼ ŮˊɘůŰɖɛɞɜɘəɐ Űɞɡ əŬɗɞŭɐɔɖůɖ əŬɘ ɞɘ 

əŬɑɟɘŮɠ ŮˊɘůɖɛɎɜůŮɘɠ Űɞɡ ɐŰŬɜ əŬɗɞɟɘůŰɘəɏɠ ɔɘŬ Űɖɜ ŭɘŮəˊŮɟŬɑɤůɖ ŬɡŰɞɨ Űɞɡ 

ŮɔɢŮɘɟɐɛŬŰɞɠ. 

 

Ⱥˊɘˊɚɏɞɜ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɞɛɎŭŬ ŭɘŬɢŮɑɟɘůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

Meteonet.gr, Ŭˊô ɧˊɞɡ ŬɜŰɚɐɗɖəŬɜ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ɢɤɟɑɠ Űɖ 

ůɡɛɓɞɚɐ Űɖɠ ɞˊɞɑŬɠ ɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ŮɟɔŬůɑŬɠ ŭŮ ɗŬ ɐŰŬɜ ŮűɘəŰɐ.  

 

  



ii  

 

ɄȺɅȽȿȼɊȼ 

 

 ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɛŮɚŮŰɎ Űɖ ɢɟɞɜɘəɐ əŬɘ ɢɤɟɘəɐ Ůɝɏɚɘɝɖ ɘůɢɡɟɩɜ 

əŬŰŬɘɔɑŭɤɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ əɚɑɛŬəŮɠ (ɢɤɟɘəɏɠ əŬɘ ɢɟɞɜɘəɏɠ). ȼ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ 

ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɖɜ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ Űɞɡ ˊɞŰŬɛɞɨ Ⱦɖűɘůɞɨ ȷŰŰɘəɐɠ, ɧˊɞɡ ŰŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɚŮɘŰɞɡɟɔŮɑ ɏɜŬ ˊɡəɜɧ ŭɑəŰɡɞ ɓɟɞɢɞɔɟɎűɤɜ (ɀȺɇȺɃɁȺɇ), Űɞ 

ɞˊɞɑɞ ˊŬɟɏɢŮɘ ŭŮŭɞɛɏɜŬ ɛɘəɟɐɠ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ. ɋɠ ŭŮŭɞɛɏɜŬ ɓɟɞɢɧˊŰɤůɖɠ ɔɘŬ 

Űɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮˊɘɚɏɢɗɖəŬɜ ŰɟɑŬ ɏɜŰɞɜŬ ŮˊŮɘůɧŭɘŬ ɓɟɞɢɐɠ ůɡɜɞɚɘəɐɠ ŭɘɎɟəŮɘŬɠ 

ɛɘŬɠ ɛɏɟŬɠ. ɀŮ ɓɎůɖ Űɘɠ ŭŮəɎɚŮˊŰŮɠ ŬɡŰɏɠ ɛŮŰɟɐůŮɘɠ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ɓɟɞɢɞɔɟŬűɐɛŬŰŬ ɔɘŬ əɎɗŮ ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ ɛŮ ɢɟɞɜɘəɧ ɓɐɛŬ ŭɏəŬ ɚŮˊŰɩɜ, 

ɛɘůɐɠ ɩɟŬɠ əŬɘ ɛɑŬɠ ɩɟŬɠ.  

 

ɇŬ ůɖɛŮɘŬəɎ ɨɣɖ ɓɟɞɢɐɠ ɛŮŰŬŰɟɎˊɖəŬɜ ůŰɖɜ ˊɞɟŮɑŬ ůŮ ŮˊɘűŬɜŮɘŬəɐ ɓɟɞɢɧˊŰɤůɖ  

ɛŮ ɢɟɐůɖ ŰŮůůɎɟɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ŮˊɘűŬɜŮɘɩɜ ɓɟɞɢɐɠ ŭŮəɎɚŮˊŰɖɠ, ŰɟɘŬɜŰɎɚŮˊŰɖɠ, əŬɘ ɤɟɘŬɑŬɠ ɢɟɞɜɘəɐɠ 

ŭɘɎɟəŮɘŬɠ. ȷˊɧ Űɘɠ ŮˊɘűɎɜŮɘŮɠ ŬɡŰɏɠ ˊɟɞɏəɡɣŬɜ ŰŬ ɛɏɔɘůŰŬ ɨɣɖ ɓɟɞɢɐɠ, ŰŬ ɞˊɞɑŬ əŬɘ 

ɛŮɚŮŰɐɗɖəŬɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ  ɢɤɟɘəɏɠ əɚɑɛŬəŮɠ (0.06 km
2
, 1.56 km

2
, 6.25 km

2
, 

39.06 km
2
, 156.25 km

2
, 360.8 km

2
). Ƀɘ ˊŬɟŬˊɎɜɤ ŭɘŮɜɏɟɔŮɘŮɠ ˊɟŬɔɛŬŰɞˊɞɘɖɗɐəŬɜ  

ɛŮ ɢɟɐůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɆɡůŰɖɛɎŰɤɜ ũŮɤɔɟŬűɘəɐɠ ɄɚɖɟɞűɞɟɑŬɠ ArcGIS, Űɞ 

ɞˊɞɑɞ ˊɟɞůűɏɟŮɘ əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɖɠ ɢɤɟɞɢɟɞɜɘəɐɠ Ůɝɏɚɘɝɖɠ Űɤɜ ɏɜŰɞɜɤɜ 

ŮˊŮɘůɞŭɑɤɜ ɓɟɞɢɐɠ.  

 

ɀŮ ɓɎůɖ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ŭɘŬŭɘəŬůɑŮɠ, 

ɡˊɞɚɞɔɑůŰɖəŮ ůŰɖ ůɡɜɏɢŮɘŬ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮˊɘűŬɜŮɘŬəɐɠ ŬɜŬɔɤɔɐɠ ű (ɛɏůɞ 

ŮˊɘűŬɜŮɘŬəɧ ɨɣɞɠ ɓɟɞɢɐɠ ˊɟɞɠ ɛɏɔɘůŰɞ ůɖɛŮɘŬəɧ ɨɣɞɠ ɓɟɞɢɐɠ) ɔɘŬ ŭɘɎűɞɟŮɠ ɢɤɟɘəɏɠ 

əŬɘ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ. ȾŬŰɧˊɘɜ ůɨɔəɟɘůɖɠ Űɞɡ ˊŮɘɟŬɛŬŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ ű ɛŮ  

ŬɜŰɑůŰɞɘɢɞɡɠ ŮɛˊŮɘɟɘəɞɨɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ŮɝɐɢɗɖůŬɜ əɎˊɞɘŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ Űɞɡɠ əŬɘ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɞɡɠ ůŰɘɠ 

ůɡɜɗɐəŮɠ Űɖɠ ȺɚɚɎŭŬɠ.  

 

 ɇɏɚɞɠ, ŮˊɘɢŮɘɟɐɗɖəŮ ˊɘɚɞŰɘəɎ ɖ ŬɜɎˊŰɡɝɖ ŮɛˊŮɘɟɘəɩɜ ůɢɏůŮɤɜ ˊɞɡ ůɡɜŭɏɞɡɜ Űɖɜ 

ɏɜŰŬůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖɜ ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ əɚɑɛŬəŬ əŬɘ ˊɟɞůűɏɟɞɡɜ ɛɘŬ 

ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ŬˊŬɘŰŮɑ ɧɛɤɠ ˊɘɞ ŮˊɘůŰŬɛɏɜɖ əŬɘ ŮɜŭŮɚŮɢɐ ˊŮɟŮŰŬɑɟɤ 

ŭɘŮɟŮɨɜɖůɖ. 
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ABSTRACT 

 

The present graduate study examines the time and spatial development of intense 

rainfall in different scales (both in time and space). The study area is located in the 

watershed of Kifisos River of Attica in Greece. In this area is planted a dense network 

of rain gauges ([METEONET]), which provides data of small time scale. In this study 

three intense day-duration rainfall episodes of ten-minute time interval were used to 

produce graphs of rain (of ten-minute, half-hour and one-hour time interval) in each 

hydrometric station of the area. 

 

The point rain heights of the graphs were later changed into surface rainfall using four 

different territorial interjection methods. As a result, rainfall surfaces of ten-minute, 

half-hour and one-hour time duration were formed through GIS program ArcGIS, 

which offers better monitoring of the progress of intense rainfall episodes in time and 

in space. Thus, it was possible to estimate the maximum rain in different spatial scales 

(0.06 km
2
, 1.56 km

2
, 6.25 km

2
, 39.06 km

2
, 156.25 km

2
, 360.8 km

2
).  

 

Based on the exported data from these techniques, the surface reduction factor 

(medium surface rain height divided by the maximum point rain height) was also 

computed for various space and time scales. Its comparison with the corresponding 

empirical factor in bibliography led to certain conclusions with regard to their 

effectiveness and adaptation in conditions of Greece.  

 

 Finally, an attempt was made to develop an empirical relation connecting rainfall 

intensity with time and area, which demands further research. 
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ȾȺūȷȿȷȽɃ 1 - ȺȽɆȷũɋũȼ 

 

1.1 ȷɜŰɘəŮɑɛŮɜɞ - ɆŰɧɢɞɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ  

 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŬˊɞŰŮɚŮɑ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ  

ɢɤɟɘəɐɠ əŬɘ ɢɟɞɜɘəɐɠ əŬŰŬɜɞɛɐɠ ɘůɢɡɟɩɜ əŬŰŬɘɔɑŭɤɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ əɚɑɛŬəŮɠ 

(ɢɤɟɘəɏɠ əŬɘ ɢɟɞɜɘəɏɠ).  

 

Ⱦɨɟɘɞ ɛɏɔŮɗɞɠ ɛɏŰɟɖůɖɠ Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ ŮɑɜŬɘ Űɞ ɨɣɞɠ Űɞɡɠ h (ɛŮŰɟɞɨɛŮɜɞ 

ůɡɜɐɗɤɠ ůŮ ɢɘɚɘɞůŰɎ) ůŮ ŭŮŭɞɛɏɜɞ ɢɟɧɜɞ t (ɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ ˊɞɘəɑɚŮɘ ŬɜɎɚɞɔŬ ɛŮ 

Űɞ ůəɞˊɧ Űɖɠ ɛŮɚɏŰɖɠ). ɄŬɟɎɔɤɔɞ ɛɏɔŮɗɞɠ ŮɑɜŬɘ ɖ ɏɜŰŬůɖ, ɖ ɛŮŰŬɓɞɚɐ ŭɖɚŬŭɐ Űɞɡ 

ɨɣɞɡɠ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ȹh ůŮ ɢɟɧɜɞ ȹt. ɇɞ űŬɘɜɧɛŮɜɞ Űɖɠ əŬŰŬəɟɐɛɜɘůɖɠ ŮɑɜŬɘ 

ŮˊɘűŬɜŮɘŬəɎ Ŭɜɞɛɞɘɧɛɞɟűɞ, ŭɖɚŬŭɐ ŮɝŮɚɑůůŮŰŬɘ ůŮ əɎˊɞɘŬ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ ɛŮ 

ɟɡɗɛɧ ˊɞɡ ɛŮŰŬɓɎɚɚŮŰŬɘ ůŰɞ ɢɩɟɞ. ũɘŬ Űɖɜ ˊɚɐɟɖ ɔɜɩůɖ Űɖɠ ɢɤɟɞɢɟɞɜɘəɐɠ Ůɝɏɚɘɝɖɠ 

Ůɜɧɠ űŬɘɜɞɛɏɜɞɡ ɗŬ ŬˊŬɘŰɞɨůŮ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɧ Űɞ ˊŮŭɑɞ h (x, y, t) ůŮ əɎɗŮ ůɖɛŮɑɞ    

(x, y) Űɖɠ ŮˊɘűɎɜŮɘŬɠ ˊɞɡ ŮɜŭɘŬűɏɟŮɘ əŬɘ ůŮ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t. 

 

ɇŬ ůɡɛɓŬŰɘəɎ ɧɟɔŬɜŬ ɛŮŰɟɐůŮɤɜ ˊŬɟɏɢɞɡɜ ůɖɛŮɘŬəɐ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ ɏɜŬ 

ŮˊɘűŬɜŮɘŬəɧ űŬɘɜɧɛŮɜɞ. ȼ ɞɚɞəɚɐɟɤůɖ Űɖɠ ůɖɛŮɘŬəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

ŬˊɞŰŮɚŮɑ Űɞɜ ŰŮɚɘəɧ ůŰɧɢɞ Űɖɠ ɛŮɚɏŰɖɠ Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ əŬɘ ŮɑɜŬɘ ŬəɟɘɓɏůŰŮɟɖ ɧůɞ 

ˊɡəɜɧŰŮɟŬ ŮɑɜŬɘ ŰŬ ůɖɛŮɑŬ ɛɏŰɟɖůɖɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ űŬɘɜɞɛɏɜɞɡ.              

 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮˊɘɚɏɢɗɖəŮ ɖ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ Űɞɡ ˊɞŰŬɛɞɨ 

Ⱦɖűɘůɞɨ ȷŰŰɘəɐɠ, ɧˊɞɡ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɚŮɘŰɞɡɟɔŮɑ ɏɜŬ ˊɡəɜɧ ŭɑəŰɡɞ 

ɓɟɞɢɞɔɟɎűɤɜ (ɀȺɇȺɃɁȺɇ), Űɞ ɞˊɞɑɞ ˊŬɟɏɢŮɘ ŭŮŭɞɛɏɜŬ ɛɘəɟɐɠ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ. 

ɀŮ ɓɎůɖ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŮˊɘűɎɜŮɘŮɠ ɓɟɞɢɐɠ ŭŮəɎɚŮˊŰɖɠ, 

ŰɟɘŬɜŰɎɚŮˊŰɖɠ, əŬɘ ɤɟɘŬɑŬɠ ɢɟɞɜɘəɐɠ ŭɘɎɟəŮɘŬɠ əŬɘ ɛŮɚŮŰɐɗɖəŮ Űɞ ɨɣɞɠ Űɖɠ ɓɟɞɢɐɠ 

ůŮ ɢɤɟɘəɏɠ əɚɑɛŬəŮɠ (0.06 km
2
, 1.56 km

2
, 6.25 km

2
, 39.06 km

2
, 156.25 km

2
, 360.8 

km
2
). ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ˊɟɧɔɟŬɛɛŬ ɆɡůŰɖɛɎŰɤɜ 

ũŮɤɔɟŬűɘəɐɠ ɄɚɖɟɞűɞɟɑŬɠ ArcGIS, Űɞ ɞˊɞɑɞ ˊɟɞůűɏɟŮɘ əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ Űɖɠ 

ɢɤɟɞɢɟɞɜɘəɐɠ Ůɝɏɚɘɝɖɠ Űɤɜ ɏɜŰɞɜɤɜ ŮˊŮɘůɞŭɑɤɜ ɓɟɞɢɐɠ.  
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ɀŮ ɓɎůɖ Űɖɜ ŬɜɎɚɡůɖ ŬɡŰɐ ŭɘŮɟŮɡɜɐɗɖəŮ ɖ əŬŰŬɚɚɖɚɧŰɖŰŬ Űɤɜ ɡˊŬɟɢɧɜŰɤɜ ůŰɖɜ 

ɓɘɓɚɘɞɔɟŬűɑŬ ŮɛˊŮɘɟɘəɩɜ ůɡɜŰŮɚŮůŰɩɜ ŬɜŬɔɤɔɐɠ Űɖɠ ůɖɛŮɘŬəɐɠ ɏɜŰɞɜɖɠ 

ɓɟɞɢɧˊŰɤůɖɠ ůŮ ŮˊɘűŬɜŮɘŬəɐ. Ⱥˊɘˊɚɏɞɜ, ŮˊɘɢŮɘɟɐɗɖəŮ ˊɘɚɞŰɘəɎ ɖ ŬɜɎˊŰɡɝɖ 

ŮɛˊŮɘɟɘəɩɜ ůɢɏůŮɤɜ ˊɞɡ ůɡɜŭɏɞɡɜ Űɖɜ ɏɜŰŬůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖɜ ɢɤɟɘəɐ əŬɘ 

ɢɟɞɜɘəɐ əɚɑɛŬəŬ.         

 

 

1.2 ɄŮɟɘɔɟŬűɐ ɀŮɗɞŭɞɚɞɔɑŬɠ 

 

ȷəɞɚɞɨɗɤɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ɓɐɛŬŰŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖɜ 

ɡɚɞˊɞɑɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ɛŮ Űɖ ůŮɘɟɎ ˊɞɡ ŬɡŰɎ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ : 

 

Ą Ɇɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɖ ŭɘŬŭɘəŰɡŬəɐ ůŮɚɑŭŬ ɀȺɇȺɃɁȺɇ əŬɘ ŭɖɛɘɞɡɟɔɑŬ 

ɓɟɞɢɞɔɟŬűɖɛɎŰɤɜ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ ŭŮəŬɚɏˊŰɞɡ, ɛɘůɐɠ əŬɘ ɛɘŬɠ ɩɟŬɠ ɔɘŬ 

ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ ŮˊŮɘůɧŭɘŬ ɓɟɞɢɐɠ. 

 

Ą  ɀŮŰŬŰɟɞˊɐ ůɖɛŮɘŬəɩɜ ɛŮŰɟɐůŮɤɜ ɓɟɞɢɧˊŰɤůɖɠ ůŮ ŮˊɘűŬɜŮɘŬəɎ ŭŮŭɞɛɏɜŬ 

əŬɘ ŬˊɞŰɨˊɤůɖ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ŭŮəɎɚŮˊŰɖɠ, ŰɟɘŬɜŰɎɚŮˊŰɖɠ, əŬɘ 

ɤɟɘŬɑŬɠ ɢɟɞɜɘəɐɠ ŭɘɎɟəŮɘŬɠ ůŰɖ ɚŮəɎɜɖ Űɞɡ Ⱦɖűɘůɞɨ ɛŮ ɢɟɐůɖ ŰŮůůɎɟɤɜ 

ɛŮɗɧŭɤɜ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ (ɛɏůɤ Űɖɠ ŮűŬɟɛɞɔɐɠ ArcMap Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ArcGIS). 

  

Ą ȺɨɟŮůɖ ŮˊɘűŬɜŮɘŬəɩɜ ɛɏɔɘůŰɤɜ ɡɣɩɜ ɓɟɞɢɐɠ ŭŮəɎɚŮˊŰɖɠ, ŰɟɘŬɜŰɎɚŮˊŰɖɠ, əŬɘ 

ɤɟɘŬɑŬɠ ɢɟɞɜɘəɐɠ ŭɘɎɟəŮɘŬɠ əŬɘ ŭɘŬɔɟŬɛɛŬŰɘəɐ ŬˊɞŰɨˊɤůɐ Űɞɡɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɢɤɟɘəɏɠ əɚɑɛŬəŮɠ (0.06 km
2
, 1.56 km

2
, 6.25 km

2
, 39.06 km

2
, 

156.25 km
2
, 360.8 km

2
). 

 

Ą Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬɜŬɔɤɔɐɠ Űɖɠ ůɖɛŮɘŬəɐɠ ɏɜŰɞɜɖɠ ɓɟɞɢɧˊŰɤůɖɠ 

ůŮ ŮˊɘűŬɜŮɘŬəɐ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ɢɤɟɘəɏɠ əŬɘ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ əŬɘ ůɨɔəɟɘůɖ 

Űɞɡ ɛŮ ɗŮɤɟɖŰɘəɧ ůɡɜŰŮɚŮůŰɐ Ŭˊɧ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ. 

 

Ą ȺəŰɑɛɖůɖ ŮɛˊŮɘɟɘəɩɜ ůɢɏůŮɤɜ ˊɞɡ ůɡɜŭɏɞɡɜ Űɖɜ ɏɜŰŬůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ 

Űɖ ɓɟŮɢɧɛŮɜɖ ŮˊɘűɎɜŮɘŬ əŬɘ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ.         
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1.3 ȹɘɎɟɗɟɤůɖ ȺɟɔŬůɑŬɠ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŭɞɛŮɑŰŬɘ ůŮ ˊɏɜŰŮ ɓŬůɘəɎ əŮűɎɚŬɘŬ. ɆŰɞ ˊɟɩŰɞ 

əŮűɎɚŬɘɞ, ˊŬɟŬŰɑɗŮɜŰŬɘ ɔŮɜɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖ ɛŮɚɏŰɖ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ, 

Űɖ ŭɞɛɐ,  Űɘɠ ŭɡůəɞɚɑŮɠ ůŰɖɜ ɡɚɞˊɞɑɖůɐ Űɖɠ, ŬɚɚɎ əŬɘ Űɖ ŭɘɎɟɗɟɤůɖ Űɞɡ ˊŬɟɧɜŰɞɠ 

ŰŮɨɢɞɡɠ. 

 

ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɡɜɞˊŰɘəɎ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ Űɖɠ 

ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɔɑɜŮŰŬɘ ɛɘŬ ɔŮɜɘəɐ ˊŮɟɘɔɟŬűɐ Űɞɡ űŬɘɜɞɛɏɜɞɡ 

Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ əɎˊɞɘɤɜ ɓŬůɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ, 

ɧˊɤɠ ɞ Űɟɧˊɞɠ ůɢɖɛŬŰɘůɛɞɨ Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ, əɎˊɞɘŬ ɓŬůɘəɎ ɛŮŰɟɖŰɘəɎ 

ɛŮɔɏɗɖ əŬɘ ɛŮŰɟɘəɎ ɧɟɔŬɜŬ. Ⱥˊɘˊɚɏɞɜ, ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ŭɑɜŮŰŬɘ ůŰɖɜ ˊŮɟɘɔɟŬűɐ 

ůɡɔəŮəɟɘɛɏɜɤɜ ɛŮɗɧŭɤɜ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ ůɖɛŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ůŮ ŮˊɘűŬɜŮɘŬəɐ 

əŬɗɩɠ əŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬűɞɟɎ ůŰɞɡɠ ɡˊɎɟɢɞɜŰŮɠ ŮɛˊŮɘɟɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ 

ŬɜŬɔɤɔɐɠ Űɖɠ ůɖɛŮɘŬəɐɠ ɏɜŰɞɜɖɠ ɓɟɞɢɧˊŰɤůɖɠ ůŮ ŮˊɘűŬɜŮɘŬəɐ. ɇɏɚɞɠ, ɔɑɜŮŰŬɘ ɛɘŬ 

ůɨɜŰɞɛɖ ŬɜŬűɞɟɎ ůŰŬ ɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ əŬɘ ůŰɞ ŬɜŰɑůŰɞɘɢɞ 

ˊɟɧɔɟŬɛɛŬ ArcGIS ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ɛŮɚɏŰɖɠ. 

 

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɚŮˊŰɞɛŮɟɐɠ ˊŮɟɘɔɟŬűɐ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ˊɞɡ 

ŬəɞɚɞɡɗɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. ȷɟɢɘəɎ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ,   

(ɓɟɞɢɞɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ, ɧɟɘŬ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ, ɡŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ, ɣɖűɘŬəɧ 

ɛɞɜŰɏɚɞ ŮŭɎűɞɡɠ, ɗɏůɖ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ) əŬɘ ŬəɞɚɞɡɗŮɑ ˊŮɟɘɔɟŬűɐ Űɖɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡɠ ɩůŰŮ ɜŬ ŮɘůŬɢɗɞɨɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ ArcGIS. ɆŰɖ ůɡɜɏɢŮɘŬ, 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ɛŮŰŬŰɟɞˊɐ Űɖɠ ůɖɛŮɘŬəɐɠ 

ɓɟɞɢɧˊŰɤůɖɠ ůŮ ŮˊɘűŬɜŮɘŬəɐ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ. ȷəɧɛŬ, 

ˊŮɟɘɔɟɎűŮŰŬɘ ɞ Űɟɧˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɛɏɔɘůŰɤɜ ɡɣɩɜ ɓɟɞɢɐɠ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ əŬɘ ɞ Űɟɧˊɞɠ ŮəŰɑɛɖůɖɠ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ŮˊɘűŬɜŮɘŬəɐɠ ŬɜŬɔɤɔɐɠ. ɇɏɚɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ 

Űɖɜ ŬɜɎˊŰɡɝɖ ŮɛˊŮɘɟɘəɩɜ ůɢɏůŮɤɜ ˊɞɡ ůɡɜŭɏɞɡɜ Űɖɜ ɏɜŰŬůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ 

Űɖɜ ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ əɚɑɛŬəŬ.         
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ɇɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ůɡɔəŮɜŰɟɤŰɘəɞɨɠ ˊɑɜŬəŮɠ, ŭɘŬɔɟɎɛɛŬŰŬ əŬɘ 

ɢɎɟŰŮɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ɛŮɚɏŰɖɠ. ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŮɟɘɏɢɞɜŰŬɘ 

ɢɎɟŰŮɠ ɛŮ Űɖ ɚŮəɎɜɖ Űɞɡ Ⱦɖűɘůɞɨ əŬɘ ˊɟɞůŬɟɛɞůɛɏɜŬ ůŮ ŬɡŰɐ ɓɟɞɢɞɔɟŬűɐɛŬŰŬ ɔɘŬ 

əɎɗŮ ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ (ɔɘŬ ŭŮŭɞɛɏɜŬ ŮˊŮɘůɧŭɘŬ ɓɟɞɢɐɠ), ɢɎɟŰŮɠ ŬˊɞŰɨˊɤůɖɠ 

Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ŭŮəɎɚŮˊŰɖɠ, ŰɟɘŬɜŰɎɚŮˊŰɖɠ, əŬɘ ɤɟɘŬɑŬɠ ɢɟɞɜɘəɐɠ 

ŭɘɎɟəŮɘŬɠ, ŭɘŬɔɟɎɛɛŬŰŬ ɛɏɔɘůŰɞɡ ɨɣɞɡɠ ɓɟɞɢɐɠ ï ɓɟŮɢɧɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ, 

ŭɘŬɔɟɎɛɛŬŰŬ ˊŮɘɟŬɛŬŰɘəɞɨ əŬɘ ɗŮɤɟɖŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ ŮˊɘűŬɜŮɘŬəɐɠ ŬɜŬɔɤɔɐɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɢɟɞɜɘəɏɠ əŬɘ ɢɤɟɘəɏɠ əɚɑɛŬəŮɠ əŬɘ Űɏɚɞɠ ŭɘŬɔɟɎɛɛŬŰŬ ŮɛˊŮɘɟɘəɐɠ 

ůɢɏůɖɠ ɏɜŰŬůɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ Űɖ ŭɘɎɟəŮɘŬ ɓɟɞɢɐɠ.  

 

ɆŰɞ ˊɏɛˊŰɞ əŬɘ ŰŮɚŮɡŰŬɑɞ əŮűɎɚŬɘɞ Űɖɠ ŮɟɔŬůɑŬɠ, ɔɑɜŮŰŬɘ ɛɘŬ ůɡɜɞɚɘəɐ ŬˊɞŰɑɛɖůɖ 

Űɖɠ ɛŮɚɏŰɖɠ əŬɘ ŮəɗɏŰɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ 

əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɖɠ. 

 

ɇɏɚɞɠ ůŰɞ ˊŬɟɎɟŰɖɛŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ Űɟɘɩɜ ŮˊŮɘůɞŭɑɤɜ Ŭˊɧ Űɞɡɠ 

ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ əŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ˊŮɘɟŬɛŬŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ 

ŮˊɘűŬɜŮɘŬəɐɠ ŬɜŬɔɤɔɐɠ ű ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ɗŮɤɟɖŰɘəɧ ɔɘŬ əɎɗŮ 

ŮˊŮɘůɧŭɘɞ ɝŮɢɤɟɘůŰɎ. 

    

 

1.4 ȹɡůəɞɚɑŮɠ əŬŰɎ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ŮɟɔŬůɑŬɠ 

 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ŭɘŮɟŮɨɜɖůɖ Űɖɠ  ɢɤɟɘəɐɠ əŬɘ ɢɟɞɜɘəɐɠ 

əŬŰŬɜɞɛɐɠ ɘůɢɡɟɩɜ əŬŰŬɘɔɑŭɤɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɢɤɟɘəɏɠ əŬɘ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ. ȼ 

ŭɘŬŭɘəŬůɑŬ ŮˊɘűɡɚɎůůŮɘ ˊɞɚɚɏɠ ŭɡůəɞɚɑŮɠ ɛɏɢɟɘ Űɖɜ ɞɚɞəɚɐɟɤůɐ Űɖɠ, əŬɗɩɠ 

ŬˊŬɘŰŮɑŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ əŬɘ ɢɟɐůɖ ŭɘŬűɧɟɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɗɩɠ əŬɘ ɖ 

ŮűŬɟɛɞɔɐ ůɨɜɗŮŰɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ əŬɘ ɢŬɟŰɞɔɟŬűɘəɩɜ ɛɞɜŰɏɚɤɜ. 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŰŬ ŭŮŭɞɛɏɜŬ ŮɘůŬɔɤɔɐɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ɓɟɞɢɞɛŮŰɟɘəɏɠ ɛŮŰɟɐůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ŭɘɎűɞɟɞɡɠ 

ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ. ũɘŬ ŬɝɘɧˊɘůŰŬ əŬɘ ɏɔəɡɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬˊŬɘŰŮɑŰŬɘ ɖ 

ɨˊŬɟɝɖ Ůɜɧɠ ˊɡəɜɞɨ ɡŭɟɞɛŮŰɟɘəɞɨ ŭɘəŰɨɞɡ, ɛŮ ůɨɔɢɟɞɜɞ Ůɝɞˊɚɘůɛɧ əŬɘ 

ŬɜŬɓŬɗɛɘůɛɏɜɖ ɚŮɘŰɞɡɟɔɑŬ. ȺɑɜŬɘ ŬɡŰɞɜɧɖŰɞ ɧŰɘ ɖ ŬɝɘɞˊɘůŰɑŬ əŬɘ ɖ ŬəɟɑɓŮɘŬ ɛɘŬɠ 



                                                                                                                  ȾȺūȷȿȷȽɃ 1 

   ȺȽɆȷũɋũȼ 

 

5 

 

ɛŮɚɏŰɖɠ ŮɝŬɟŰɎŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɖɜ ŮɔəɡɟɧŰɖŰŬ əŬɘ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ 

ŭŮŭɞɛɏɜɤɜ. ȼ ŬˊɞɡůɑŬ ŭŮŭɞɛɏɜɤɜ ɡˊɞɢɟŮɩɜŮɘ Űɤɜ ŮɟŮɡɜɖŰɐ ůŮ ɛɘŬ ůŮɘɟɎ Ŭˊɧ 

ˊŬɟŬŭɞɢɏɠ, ɞɘ ɞˊɞɑŮɠ ˊɘɗŬɜɧŰŬŰŬ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ŬɜŬəɟɘɓɐ ɐ ŬəɧɛŬ əŬɘ ŮůűŬɚɛɏɜŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ůɡɛˊŮɟɎůɛŬŰŬ. 

 

Ⱥˊɘˊɚɏɞɜ, ɖ ŮəɛɎɗɖůɖ əŬɘ ŮűŬɟɛɞɔɐ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ŭɡůəɞɚɏɣŮɘ Űɞ ɜɏɞ ɢɟɐůŰɖ. ȽŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ əŬɘ 

ŮˊɘˊɟɧůɗŮŰɖ ɛŮɚɏŰɖ ŬˊŬɘŰŮɑŰŬɘ ɩůŰŮ ɜŬ ŮɘůŬɢɗɞɨɜ ůŰŬ ˊɟɞɔɟɎɛɛŬŰŬ ɞɘ əŬŰɎɚɚɖɚŮɠ 

ˊŬɟɎɛŮŰɟɞɘ ɩůŰŮ ɜŬ ˊɟɞůɞɛɞɘɎɕɞɡɜ ɧůɞ Űɞ ŭɡɜŬŰɧ əŬɚɨŰŮɟŬ Űɘɠ ůɡɜɗɐəŮɠ Űɖɠ 

ɛŮɚɏŰɖɠ. 

 

ɇɏɚɞɠ, ɖ ˊɟɞůˊɎɗŮɘŬ ˊɟɞůŬɟɛɞɔɐɠ ɛɘŬɠ ɛŬɗɖɛŬŰɘəɐɠ ɏəűɟŬůɖɠ ůŰŬ ˊŮɘɟŬɛŬŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ˊŮɟɑˊɚɞəɖ ŭɘŬŭɘəŬůɑŬ, ˊɞɡ ŬˊŬɘŰŮɑ ɔɜɩůɖ əŬɘ ɢɟɐůɖ Ůɜɧɠ 

ɘəŬɜɞɨ Ŭɟɘɗɛɞɨ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŬɝɘɧˊɘůŰŬ ůɡɛˊŮɟɎůɛŬŰŬ. 
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ȾȺūȷȿȷȽɃ 2 ï ŪȺɋɅȼɇȽȾɃ ɈɄɃȸȷŪɅɃ 

 

2.1 ũŮɜɘəɎ ɔɘŬ ŰŬ əŬŰŬəɟɖɛɜɑůɛŬŰŬ 

 

ɀŮ Űɞɜ ɧɟɞ əŬŰŬəɟɖɛɜɑůɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ əɎɗŮ ɛɞɟűɐ ɡɔɟŬůɑŬɠ ˊɞɡ 

űŰɎɜŮɘ Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ  (ɀɘɛɑəɞɡ, 2002). ȼ ɡɔɟŬůɑŬ Űɖɠ 

ŬŰɛɧůűŬɘɟŬɠ ˊɟɞɏɟɢŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ŮɝɎŰɛɘůɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ ɡɔɟɏɠ ŮˊɘűɎɜŮɘŮɠ, 

ɧˊɤɠ ɖ ɗɎɚŬůůŬ, ɞɘ ɚɑɛɜŮɠ, ŰŬ ˊɞŰɎɛɘŬ, əŬɗɩɠ əŬɘ Űɖ ŭɘŬˊɜɞɐ Űɤɜ űɡŰɩɜ. ɇŬ 

űŬɘɜɧɛŮɜŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŰŬ əŬŰŬəɟɖɛɜɑůɛŬŰŬ (ˊ.ɢ. ɓɟɞɢɧˊŰɤůɖ, 

ɢɘɞɜɧˊŰɤůɖ) ɞɜɞɛɎɕɞɜŰŬɘ əŬŰŬəɟɖɛɜɑůŮɘɠ. 

 

Ƀɘ əŬŰŬəɟɖɛɜɑůŮɘɠ ŬˊɞŰŮɚɞɨɜ ɔŮɜŮůɘɞɡɟɔɧ ŬɑŰɘɞ Űɤɜ ɡŭɟɞɚɞɔɘəɩɜ űŬɘɜɞɛɏɜɤɜ ˊɎɜɤ 

ůŰɖ ɔɖ. ȼ əŬŰŬəɟɐɛɜɘůɖ ˊɞɡ űŰɎɜŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ əŬɘ ŭŮɜ ŬˊɞɟɟɏŮɘ ŮɑŰŮ 

ŮˊɘűŬɜŮɘŬəɎ ŮɑŰŮ ɡˊɧɔŮɘŬ ɞɜɞɛɎɕŮŰŬɘ ɡŭɟɞɚɞɔɘəɐ ŬˊɩɚŮɘŬ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ 

Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɡɜɘůŰɩůŮɠ (Eagleson, 1970) : 

1. ȺɝɎŰɛɘůɖ ï ȼ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ ɜŮɟɧ Űɤɜ ɡŭɎŰɘɜɤɜ ŮˊɘűŬɜŮɘɩɜ 

ˊŮɟɜɎŮɘ ɎɛŮůŬ Ŭˊɧ Űɖɜ ɡɔɟɐ ůŰɖɜ ŬɏɟɘŬ űɎůɖ (ɀŮŰŬŰɟɞˊɐ Ɉɔɟɞɨ ɆɩɛŬŰɞɠ 

ůŮ ȷɏɟɘɞ). 

2. ȹɘŬˊɜɞɐ - ȼ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ ɜŮɟɧ ˊŮɟɜɎŮɘ Ŭˊɧ Űɖɜ ɡɔɟɐ ůŰɖɜ 

ŬɏɟɘŬ əŬŰɎůŰŬůɖ ɛɏůɤ Űɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ Űɤɜ űɡŰɩɜ (ɀŮŰŬŰɟɞˊɐ Ɉɔɟɞɨ 

ɆɩɛŬŰɞɠ ůŮ ȷɏɟɘɞ). 

3. ȺɜůɤɛɎŰɤůɖ Űɞɡ ɜŮɟɞɨ ɛɏůŬ ůŰɖ űɡůɘəɐ ŭɞɛɐ Űɖɠ űɡŰɞəɎɚɡɣɖɠ ůŰɖ 

ŭɘŬŭɘəŬůɑŬ ŬɜɎˊŰɡɝɐɠ Űɖɠ. 

4. ȺɝɎɢɜɤůɖ ï ȼ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ ɜŮɟɧ ˊŮɟɜɎŮɘ ɎɛŮůŬ Ŭˊɧ Űɖ 

ůŰŮɟŮɎ ůŰɖɜ ŬɏɟɘŬ əŬŰɎůŰŬůɖ (ɀŮŰŬŰɟɞˊɐ ɆŰŮɟŮɞɨ ɆɩɛŬŰɞɠ ůŮ ȷɏɟɘɞ). 

 

Ƀɘ əɨɟɘŮɠ ɛɞɟűɏɠ Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ŮɑɜŬɘ ŰɟŮɘɠ: ɖ ɓɟɞɢɐ, Űɞ ɢɘɧɜɘ əŬɘ Űɞ ɢŬɚɎɕɘ. 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ əŬŰŬˊɘɎɜŮŰŬɘ Ůɝɞɚɞəɚɐɟɞɡ ɛŮ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

ɓɟɞɢɧˊŰɤůɖɠ əŬɘ əɎˊɞɘŮɠ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɘůŰɩůŮɠ Űɞɡ. 
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2.2 ũɏɜŮůɖ Űɤɜ əŬŰŬəɟɖɛɜɑůŮɤɜ 

 

ȼ əŬŰŬəɟɐɛɜɘůɖ ŮɑɜŬɘ űɡůɘəɧ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ˊɞɡ ůɡɜŰŮɚɞɨɜŰŬɘ ůŰɖɜ 

ŬŰɛɧůűŬɘɟŬ, ɧˊɤɠ ɖ Ŭɜɨɣɤůɖ, ɖ ɣɨɝɖ əŬɘ ɖ ůɡɛˊɨəɜɤůɖ Űɤɜ ɡŭɟŬŰɛɩɜ. ɇŬ ŰɟɑŬ 

ɓŬůɘəɎ ůŰɎŭɘŬ ůɢɖɛŬŰɘůɛɞɨ Űɤɜ əŬŰŬəɟɖɛɜɑůŮɤɜ ŮɑɜŬɘ ŰŬ Ůɝɐɠ (ɀɘɛɑəɞɡ, 1994): 

 

1. ȹɖɛɘɞɡɟɔɑŬ ɗŮɟɛɞŭɡɜŬɛɘəɐɠ əŬŰɎůŰŬůɖɠ əɞɟŮůɛɞɨ Űɤɜ ɡŭɟŬŰɛɩɜ ï 

ɆɡɜɗɐəŮɠ ɡɔɟɞˊɞɑɖůɖɠ. Ƀɘ ůɡɜɗɐəŮɠ ŬɡŰɏɠ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ əɡɟɑɤɠ ɚɧɔɤ Űɖɠ 

ŭɘɧɔəɤůɖɠ əŬɘ ɣɨɝɖɠ Űɞɡ ŮɛˊɚɞɡŰɘůɛɏɜɞɡ ůŮ ɡɔɟŬůɑŬ ŬɏɟŬ əŬŰɎ Űɖɜ Ŭɜɞŭɘəɐ 

Űɞɡ ˊɞɟŮɑŬ. ȼ Ŭɜɞŭɘəɐ ŬɡŰɐ ˊɞɟŮɑŬ ɞűŮɑɚŮŰŬɘ ůŮ ŭɘŬűɞɟɏɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ 

ˊɘɏůŮɤɜ , ɞɘ ɞˊɞɑŮɠ ŰŮɚɘəɎ ˊɟɞəŬɚɞɨɜ ˊŮŭɑŬ Ŭɜɏɛɤɜ. 

2. ȷɚɚŬɔɐ űɎůɖɠ Űɞɡ ˊŮɟɘŮɢɧɛŮɜɞɡ ɜŮɟɞɨ Ŭˊɧ ŬɏɟɘŬ (ɡŭɟŬŰɛɞɑ) ůŮ ɡɔɟɐ ɐ 

ůŰŮɟŮɐ. ɆŰɖ űɎůɖ ŬɡŰɐ ůɡɜŰŮɚŮɑŰŬɘ ɖ ůɡɛˊɨəɜɤůɖ Űɤɜ ɡŭɟŬŰɛɩɜ ůŮ ɚŮˊŰɎ 

ůŰŬɔɞɜɑŭɘŬ ŮɜŭŮɘəŰɘəɐɠ ɛɏůɖɠ ŭɘŬɛɏŰɟɞɡ 10 ï 30 ɛm ɐ ɛɘəɟɞɨɠ əɟɡůŰɎɚɚɞɡɠ 

ˊɎɔɞɡ (ŬɜɎɚɞɔŬ Űɖ ɗŮɟɛɞəɟŬůɑŬ). ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ůŰŬɔɞɜɘŭɑɤɜ ůŮ ɛŮɔɎɚŮɠ 

ˊɞůɧŰɖŰŮɠ ŮɑɜŬɘ ŮɛűŬɜɐɠ ɛŬəɟɞůəɞˊɘəɎ ɛŮ Űɖ ɛɞɟűɐ ɜŮűɩɜ, ŬɚɚɎ ŭŮɜ ŮɑɜŬɘ 

ɘəŬɜɐ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ Űɖɠ əŬŰŬəɟɐɛɜɘůɖɠ, Ŭűɞɨ ŰŬ ůŰŬɔɞɜɑŭɘŬ ɚɧɔɤ Űɖɠ 

ɛɘəɟɐɠ ŰŬɢɨŰɖŰŬɠ əŬɗɑɕɖůɐɠ Űɞɡɠ ˊŬɟŬɛɏɜɞɡɜ ůŮ Ŭɘɩɟɖůɖ. 

3. ȷɨɝɖůɖ Űɤɜ ɛɘəɟɩɜ ůŰŬɔɞɜɘŭɑɤɜ ɜŮɟɞɨ ɐ əɟɡůŰɎɚɚɤɜ ˊɎɔɞɡ ůŮ 

əŬŰŬəɟɖɛɜɑůɘɛɞ ɛɏɔŮɗɞɠ. ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɜŰɡˊɤůɘŬəɐ Ŭɨɝɖůɖ 

Űɖɠ ɛɎɕŬɠ Űɤɜ ůŰŬɔɧɜɤɜ ɐ Űɤɜ ˊŬɔɞəɟɡůŰɎɚɚɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŭɡɜɎɛŮɘɠ 

ɓŬɟɨŰɖŰŬɠ ɜŬ ɡˊŮɟɜɘəɐůɞɡɜ Űɖɜ Ŭɘɩɟɖůɖ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ ɖ Űɡɟɓɩŭɖɠ 

ŭɘɎɢɡůɖ əŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ əŬŰŬəɟɐɛɜɘůɖ.  

 

ȼ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ˊɟɩŰɤɜ ŭɨɞ ůŰŬŭɑɤɜ ŮɑɜŬɘ ŬɟəŮŰɎ ůɡɜɐɗɖɠ, ɢɤɟɑɠ ɧɛɤɠ ɜŬ 

ŬəɞɚɞɡɗŮɑŰŬɘ ˊɎɜŰŬ Ŭˊɧ Űɞ ŰɟɑŰɞ ůŰɎŭɘɞ, ŭɖɚŬŭɐ Űɖɜ ˊŬɟŬɔɤɔɐ əŬŰŬəɟɖɛɜɑůŮɤɜ. 

ɆɡɢɜɎ ŰŬ ůɨɜɜŮűŬ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɗŮɟɛŬɑɜɞɜŰŬɘ ŮɑŰŮ Ŭˊɧ ŭɘɎűɞɟŮɠ ŬəŰɘɜɞɓɞɚɑŮɠ 

ŮɑŰŮ ɚɧɔɤ əŬɗɞŭɘəɐɠ Űɞɡɠ ˊɞɟŮɑŬɠ ɏɤɠ ɧŰɞɡ ŭɘŬɚɡɗɞɨɜ ɛŮ ŮˊŬɜŮɝɎŰɛɘůɖ Űɤɜ 

ůŰŬɔɞɜɘŭɑɤɜ. ɆŰɞ ɆɢɐɛŬ 2.1 ŬɜŬˊŬɟɑůŰŬŰŬɘ ɔɟŬűɘəɎ ɖ ŭɘŬŭɘəŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ 

əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ.  

 



                                                                                                                  ȾȺūȷȿȷȽɃ 2 

  ŪȺɋɅȼɇȽȾɃ ɈɄɃȸȷŪɅɃ 

8 

 

 

ɆɢɐɛŬ 2.1 ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ɛɖɢŬɜɘůɛɞɨ ůɢɖɛŬŰɘůɛɞɨ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ 

(ɀɘɛɑəɞɡ, 2002) 

 

 

2.3 ȸŬůɘəɎ ɀŮŰɟɘəɎ ɀŮɔɏɗɖ ȾŬŰŬəɟɖɛɜɑůŮɤɜ 

 

Ⱦɨɟɘɞ ɛɏɔŮɗɞɠ ɛɏŰɟɖůɖɠ Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ŬˊɞŰŮɚŮɑ Űɞ ɨɣɞɠ h.ůŮ ŭŮŭɞɛɏɜɞ 

ɢɟɧɜɞ t, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ɛŮŰɟɖɗŮɑ ůŮ ůɖɛŮɘŬəɐ ɓɎůɖ ɛŮ Űɖ ɢɟɐůɖ 

ůɡɔəŮəɟɘɛɏɜɤɜ ɞɟɔɎɜɤɜ ɧˊɤɠ ɗŬ ˊŮɟɘɔɟŬűŮɑ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ. ɄŬɟɎɔɤɔɞ ɛɏɔŮɗɞɠ 

ŮɑɜŬɘ ɖ ɏɜŰŬůɖ i, ˊɞɡ ˊɟɞəɨˊŰŮɘ ɤɠ ˊɖɚɑəɞ Űɞɡ ůɡɜɞɚɘəɞɨ ɨɣɞɡɠ Űɞɡ 

əŬŰŬəɟɖɛɜɑůɛŬŰɞɠ ˊɟɞɠ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ɢɟɧɜɞ ɤɠ Ůɝɐɠ: 

ȹt

hD
=i  

ȳˊɞɡ,  

ȹh ŮɑɜŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɞɡ ɨɣɞɡɠ Űɞɡ əŬŰŬəɟɖɛɜɑůɛŬŰɞɠ ůŰɞɜ ŬɜŰɑůŰɞɘɢɞ ɢɟɧɜɞ ȹt. 

 

ɇɞ űŬɘɜɧɛŮɜɞ Űɖɠ əŬŰŬəɟɐɛɜɘůɖɠ ŮɝŮɚɑůůŮŰŬɘ ɛŮ ɛŮŰŬɓŬɚɚɧɛŮɜɞ ɟɡɗɛɧ Ŭˊɧ ůɖɛŮɑɞ 

ůŮ ůɖɛŮɑɞ, ŭɖɚŬŭɐ ŮɑɜŬɘ ŮˊɘűŬɜŮɘŬəɎ Ŭɜɞɛɞɘɧɛɞɟűɞ (ȾɞɡŰůɞɔɘɎɜɜɖɠ, 1999). 

ɆɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ůŰɖɜ ɏɜŰŬůɖ əŬɘ ůŰɞ ůɡɜɞɚɘəɧ ɨɣɞɠ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬŰɖɟɖɗɞɨɜ 

ŬəɧɛŬ əŬɘ ɔɘŬ ůɢŮŰɘəɎ ɛɘəɟɏɠ ŬˊɞůŰɎůŮɘɠ (Űɖɠ ŰɎɝɖɠ Űɤɜ ɚɑɔɤɜ km). ȼ ɞɟɗɧŰŮɟɖ əŬɘ 

ˊɚɐɟɖɠ ɔɜɩůɖ Űɖɠ ɢɤɟɞɢɟɞɜɘəɐɠ Ůɝɏɚɘɝɖɠ ɛɘŬɠ əŬŰŬəɟɐɛɜɘůɖɠ ɗŬ ŬˊŬɘŰɞɨůŮ ɜŬ ŮɑɜŬɘ 

ɔɜɤůŰɧ Űɞ ˊŮŭɑɞ h(x,y,t) ůŮ əɎɗŮ ůɖɛŮɑɞ (x,y) Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɛŮɚɏŰɖɠ ůŮ əɎɗŮ 
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ɢɟɞɜɘəɐ ůŰɘɔɛɐ t. ȾɎŰɘ ŰɏŰɞɘɞ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ɛŮ ŰŬ ůɡɛɓŬŰɘəɎ ɧɟɔŬɜŬ ɛɏŰɟɖůɖɠ, ŰŬ 

ɞˊɞɑŬ ˊŬɟɏɢɞɡɜ ůɖɛŮɘŬəɏɠ ˊɚɖɟɞűɞɟɑŮɠ, ŭɖɚŬŭɐ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ Űɘɠ ɛŮŰɟɐůŮɘɠ ůŮ 

ůɡɔəŮəɟɘɛɏɜɖ ɗɏůɖ ůŰɞ ɢɩɟɞ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɧůɞ ˊɘɞ ˊɡəɜɎ ŮɑɜŬɘ ŰŬ ůɖɛŮɑŬ ˊɞɡ 

ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ ɏɜŬ ɛɏɔŮɗɞɠ Űɧůɞ ˊɘɞ Ŭəɟɘɓɐɠ ŮɑɜŬɘ ɖ ˊɟŬɔɛŬŰɘəɐ ɢɤɟɘəɐ 

əŬŰŬɜɞɛɐ Űɞɡ ɛŮɔɏɗɞɡɠ ŬɡŰɞɨ. ȯɚɚɤůŰŮ ɖ ɞɚɞəɚɐɟɤůɖ Űɖɠ ůɖɛŮɘŬəɐɠ ˊɚɖɟɞűɞɟɑŬɠ 

ŮɑɜŬɘ əŬɘ ɞ ŰŮɚɘəɧɠ ůŰɧɢɞɠ ůŰɖ ɛŮɚɏŰɖ Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ. 

 

ɆŮ ɧŰɘ ŬűɞɟɎ ůŰɖ ɢɟɞɜɘəɐ Ůɝɏɚɘɝɖ Űɤɜ əŬŰŬəɟɖɛɜɑůŮɤɜ ŬˊŬɘŰŮɑŰŬɘ ɚɐɣɖ ŭɘŬŭɞɢɘəɩɜ 

ɛŮŰɟɐůŮɤɜ ŬɜɎ ŰŬəŰɎ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ. ȼ ŬɚɚɖɚɞɡɢɑŬ Űɤɜ ŭɘŬŭɞɢɘəɩɜ 

ɛŮŰɟɐůŮɤɜ ŬˊɞŰŮɚŮɑ ɛɘŬ ɢɟɞɜɞůŮɘɟɎ. ȼ ɢɟɞɜɘəɐ əɚɑɛŬəŬ ɛɏŰɟɖůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɖɜ ˊɟŬəŰɘəɐ ɛɏŰɟɖůɖɠ əŬɘ Ŭˊɧ Űɘɠ ɛŮŰɟɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ ɞɟɔɎɜɞɡ əŬɘ ɛˊɞɟŮɑ ɜŬ 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 5 ɚŮˊŰɎ ɛɏɢɟɘ əŬɘ ɛɑŬ ɖɛɏɟŬ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ɡŭɟɞɚɞɔɘəɐ ɛŮɚɏŰɖ, ɖ 

ɢɟɞɜɘəɐ əɚɑɛŬəŬ Űɖɠ ɛŮɚɏŰɖɠ ŮɜŭɏɢŮŰŬɘ ɜŬ ŭɘŬűɏɟŮɘ Ŭˊɧ Űɖɜ ɢɟɞɜɘəɐ əɚɑɛŬəŬ 

ɛɏŰɟɖůɖɠ. ȷɡŰɧ ˊɟŬəŰɘəɎ ůɖɛŬɑɜŮɘ Űɖ ɛŮŰɎɓŬůɖ Ŭˊɧ ɚŮˊŰɧŰŮɟŮɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ 

ɛɏŰɟɖůɖɠ ůŮ ŬŭɟɧŰŮɟŮɠ (Űɞ ŬɜŰɑůŰɟɞűɞ ŮɑɜŬɘ ŮɝŮɘŭɘəŮɡɛɏɜɞ əŬɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ 

ɢɟɐůɖ ůŰŬŰɘůŰɘəɩɜ ɛŮɗɧŭɤɜ). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŭŮəɎɚŮˊŰŮɠ ɛŮŰɟɐůŮɘɠ ɓɟɞɢɧˊŰɤůɖɠ  

ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ŭŮŭɞɛɏɜŬ ɛɘŬɠ ɩɟŬɠ, ɛɘŬɠ ɛɏɟŬɠ, Ůɜɧɠ ɛɐɜŬ ŬəɧɛŬ əŬɘ 

Ůɜɧɠ ɏŰɞɡɠ (ɛɏůɤ Űɖɠ ůɡɜɎɗɟɞɘůɖɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɛŮŰɟɐůŮɤɜ). 

 

 

2.4 ɀɏŰɟɖůɖ ȾŬŰŬəɟɖɛɜɘůɛɎŰɤɜ 

 

ũɘŬ Űɖ ɛɏŰɟɖůɖ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɐɛŮɟŬ 

ɏɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ Űɨˊɤɜ ɞɟɔɎɜɤɜ. ȾŬŰɎ Űɖ ůɖɛŮɘŬəɐ ɛɏŰɟɖůɖ Űɤɜ 

əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ əɡɚɘɜŭɟɘəɎ ŭɞɢŮɑŬ, ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮ 

ůɡɔəŮəɟɘɛɏɜŮɠ ɗɏůŮɘɠ, ˊɞɡ ůɡɚɚɏɔɞɡɜ əɡɟɑɤɠ Űɖ ɓɟɞɢɧˊŰɤůɖ əŬɘ ɓɞɖɗɖŰɘəɎ Űɖ 

ɢɘɞɜɧˊŰɤůɖ, ŭɑɜɞɜŰŬɠ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ůɖɛŮɘŬəɐ ɛɏŰɟɖůɖ. Ƀɘ ůɖɛŮɘŬəɞɑ ŬɡŰɞɑ 

ɛŮŰɟɖŰɏɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŭɨɞ Űɨˊɞɡɠ (ɀɘɛɑəɞɡ, 2002): 

¶ ȸɟɞɢɧɛŮŰɟŬ. ȺɑɜŬɘ ɧɟɔŬɜŬ ůɖɛŮɘŬəɐɠ ɛɏŰɟɖůɖɠ Űɖɠ ɓɟɞɢɐɠ əŬɘ Űɞɡ ɢɘɞɜɘɞɨ, ŰŬ 

ɞˊɞɑŬ ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ɞɚɘəɐ ɓɟɞɢɧˊŰɤůɖ ŮɑŰŮ ɔɘŬ Űɞ ɘůɞŭɨɜŬɛɞ 

ɨɣɞɠ ɜŮɟɞɨ ɛɘŬɠ ɢɘɞɜɧˊŰɤůɖɠ ŬɜɎ ůɡɔəŮəɟɘɛɏɜŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ (ůɡɜɐɗɤɠ 

8, 12 ɐ 24 ɩɟŮɠ) ɛɏůɤ ŬɜɎɔɜɤůɖɠ Űɖɠ ɏɜŭŮɘɝɖɠ Ŭˊɧ ɏɜŬ ˊŬɟŬŰɖɟɖŰɐ. Ƀ 

əɚŬůůɘəɧɠ Űɨˊɞɠ ɓɟɞɢɞɔɟɎűɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ ůɡɚɚɏəŰɖ, ɏɜŬɜ ŬˊɞŭɏəŰɖ əŬɘ 

ɏɜŬ ɢɤɜɑ. 
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¶ ȸɟɞɢɞɔɟɎűɞɘ. ȺɑɜŬɘ ɧɟɔŬɜŬ ůɖɛŮɘŬəɐɠ ɛɏŰɟɖůɖɠ Űɖɠ ɓɟɞɢɐɠ əŬɘ Űɞɡ ɢɘɞɜɘɞɨ, 

əŬŰŬɔɟɎűɞɜŰŬɠ ɛŮ Ŭˊɚɧ ɤɟɞɚɞɔɘŬəɧ ɛɖɢŬɜɘůɛɧ Űɖ ɛŮŰŬɓɞɚɐ Űɞɡ ɨɣɞɡɠ ɓɟɞɢɐɠ 

ůŰɞ ɢɟɧɜɞ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ˊŮɟɘɔɟɎűɞɡɜ Űɖ ɢɟɞɜɘəɐ əŬŰŬɜɞɛɐ Űɖɠ 

ůɖɛŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ. Ƀɘ ɓɟɞɢɞɔɟɎűɞɘ ŭɑɜɞɡɜ ˊŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ ˊɞɚɨ ɛɘəɟɎ 

ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŮɑɜŬɘ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ 

ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ɏɜŰŬůɖɠ ɛɘŬɠ ɓɟɞɢɐɠ. 

 

ɆŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŰŬ ůɡɛɓŬŰɘəɎ ɧɟɔŬɜŬ ɛɏŰɟɖůɖɠ Űɤɜ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ ˊɞɡ 

ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ əɟɑɜɞɜŰŬɘ ŬɜŮˊŬɟəɐ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ Űɖ ɢɤɟɘəɐ əŬɘ 

ɢɟɞɜɘəɐ ŭɘŬəɨɛŬɜůɖ Űɞɡ ɛŮɔɏɗɞɡɠ. ȼ ɢɟɐůɖ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ɟŬɜŰɎɟ ˊɟɞůűɏɟŮɘ 

ůɖɛŬɜŰɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ůŰɖ ɛɏŰɟɖůɖ Űɖɠ ɓɟɞɢɐɠ əŬɗɩɠ : 

¶ ȼ ɢɟɐůɖ Űɞɡɠ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɖ ůŮ ůɢɏůɖ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ ŭɘəŰɨɞɡ 

ɓɟɞɢɞɔɟɎűɤɜ. 

¶ ȼ ˊŮɟɘɞɢɐ ɛɏŰɟɖůɖɠ Ŭˊɧ ɏɜŬ ɓɟɞɢɞɔɟɎűɞ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ ůŮ ůɨɔəɟɘůɖ ɛŮ ŬɡŰɐ 

Űɞɡ ɟŬɜŰɎɟ. 

¶ ɇŬ ˊɟɞɓɚɐɛŬŰŬ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ɝŮˊŮɟɜɘɞɨɜŰŬɘ ɛŮ Űɖ 

ɢɟɐůɖ Űɤɜ ɟŬɜŰɎɟ, əŬɗɩɠ ɖ ůɡɜɞɚɘəɐ ˊɚɖɟɞűɞɟɑŬ Űɖɠ əŬŰŬɜɞɛɐɠ Űɖɠ ɓɟɞɢɐɠ 

ůŰɞ ɢɩɟɞ əŬɘ ůŰɞ ɢɟɧɜɞ ůɡɔəŮɜŰɟɩɜŮŰŬɘ əŬɘ ŮˊŮɝŮɟɔɎɕŮŰŬɘ ɔɘŬ əɎɗŮ ůŰɞɘɢŮɑɞ 

ɢɤɟɘůŰɎ. 

¶ ɇɞ ɟŬɜŰɎɟ ůŬɟɩɜŮɘ ůŮ ɛɘŬ ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, Ůɜɩ ɞ 

ɓɟɞɢɞɔɟɎűɞɠ ɛŮŰɟɎŮɘ Űɖ ɓɟɞɢɐ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. 

 

ȼ ŮɔəŬŰɎůŰŬůɖ ŭɘəŰɨɤɜ ůɖɛŮɘŬəɩɜ ɛŮŰɟɐůŮɤɜ ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɝŬɘɟŮŰɘəɎ ˊŮɟɑˊɚɞəɞ 

ŮɔɢŮɑɟɖɛŬ, ŬˊŬɘŰŮɑ Ůɘŭɘəɐ ɛŮɚɏŰɖ əŬɘ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ əɚɘɛŬŰɘəɞɨɠ əŬɘ 

ɔŮɤɛɞɟűɞɚɞɔɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ŬɚɚɎ əŬɘ Ŭˊɧ Űɖ ɢɟɐůɖ Űɤɜ ɓɟɞɢɞɛŮŰɟɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ. ũŮɜɘəɎ, ɧůɞ ˊɘɞ ˊɡəɜɧ ŮɑɜŬɘ Űɞ ŭɑəŰɡɞ Űɤɜ ɓɟɞɢɞɛŮŰɟɘəɩɜ ůŰŬɗɛɩɜ Űɧůɞ 

ˊɘɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ŮɑɜŬɘ ɔɘŬ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ɓɟɞɢɧˊŰɤůɖ əŬɘ ɛŮɘɩɜɞɜŰŬɘ 

ůɖɛŬɜŰɘəɎ ŰŬ ɚɎɗɖ ɚɧɔɤ ŬɜɞɛɞɘɞɛɞɟűɑŬɠ Űɖɠ ɔŮɤɛɞɟűɞɚɞɔɑŬɠ Űɖɠ ˊŮɟɘɞɢɐɠ. 

Ⱥˊɘˊɚɏɞɜ, ŰŬ ůűɎɚɛŬŰŬ ɛɏŰɟɖůɖɠ Űɖɠ ɓɟɞɢɐɠ ɛŮɘɩɜɞɜŰŬɘ ɛŮ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɓɟɞɢɐɠ 

əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, ŬɚɚɎ ŬɡɝɎɜɞɜŰŬɘ ɛŮ Űɞ ɨɣɞɠ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ 

ɓɟɞɢɧˊŰɤůɖɠ. 
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2.5 ȺˊɘűŬɜŮɘŬəɐ Ƀɚɞəɚɐɟɤůɖ ɆɖɛŮɘŬəɩɜ ȸɟɞɢɞˊŰɩůŮɤɜ 

 

Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŰŬ ɧɟɔŬɜŬ ůɖɛŮɘŬəɐɠ ɛɏŰɟɖůɖɠ Ŭűɞɟɞɨɜ 

ŬˊɞəɚŮɘůŰɘəɎ Űɞ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ɓɟɑůəɞɜŰŬɘ ŮɔəŬŰŮůŰɖɛɏɜŬ ŰŬ ɧɟɔŬɜŬ ŬɡŰɎ. ɆŮ 

ˊɞɚɚɏɠ ɧɛɤɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɔɜɩůɖ Ůɜɧɠ ɛŮɔɏɗɞɡɠ ůŮ ɛɘŬ ɞɟɘůɛɏɜɖ 

ŮˊɘűɎɜŮɘŬ, ˊ.ɢ. ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ɡŭŬŰɘəɞɨ ɘůɞɕɡɔɑɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɜɩůɖ Űɖɠ 

ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ůŮ ɛɘŬ 

ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ ŰɞˊɞɗŮŰŮɑŰŬɘ ŭɑəŰɡɞ ɓɟɞɢɞɔɟɎűɤɜ, ůŮ ɗɏůŮɘɠ əŬŰɎɚɚɖɚŮɠ ɩůŰŮ 

ɜŬ ŬˊɞŰɡˊɩɜŮŰŬɘ əŬɚɨŰŮɟŬ ɖ ɢɤɟɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ ɓɟɞɢɐɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ůɖɛŮɘŬəɩɜ ɛŮŰɟɐůŮɤɜ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ɛɏůɤ əŬŰɎɚɚɖɚɤɜ 

ɛŮɗɧŭɤɜ ŮˊɘűŬɜŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ əŬɘ ŬɜɎɔɞɜŰŬɘ ůŮ ŮˊɘűŬɜŮɘŬəɧ ɨɣɞɠ ɓɟɞɢɐɠ 

Űɖɠ ɚŮəɎɜɖɠ.  

 

Ƀɘ ɛɏɗɞŭɞɘ ŮˊɘűŬɜŮɘŬəɐɠ ɞɚɞəɚɐɟɤůɖɠ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬəɟɘɗɞɨɜ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ 

(ȾɞɡŰůɞɔɘɎɜɜɖɠ əŬɘ ɂŬɜɗɧˊɞɡɚɞɠ, 1997) : 

¶ ɀɏɗɞŭɞɘ ɎɛŮůɖɠ ɞɚɞəɚɐɟɤůɖɠ. Ɉˊɞɚɞɔɑɕɞɡɜ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ɓɟɞɢɧˊŰɤůɖ 

ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɘɠ Űɘɛɏɠ Űɖɠ ůɖɛŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ 

Ŭɜɐəɞɡɜ ɖ ɛɏɗɞŭɞɠ Űɞɡ ɛɏůɞɡ ɧɟɞɡ, ɖ ɛɏɗɞŭɞɠ Thiessen əŬɘ ɖ ɛɏɗɞŭɞɠ ŭɨɞ 

Ŭɝɧɜɤɜ Bethlahmy. 

¶ ɀɏɗɞŭɞɘ ˊɟɞůŬɟɛɞɔɐɠ ŮˊɘűɎɜŮɘŬɠ. ȺəŰɘɛɞɨɜ ŬɟɢɘəɎ Űɖ ɔŮɤɔɟŬűɘəɐ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ůŰɖɜ ɡˊɧ ŮɝɏŰŬůɖ ˊŮɟɘɞɢɐ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ɡˊɞɚɞɔɑɕɞɡɜ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ɓɟɞɢɧˊŰɤůɖ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Ŭɜɐəɞɡɜ ɖ 

ɛɏɗɞŭɞɠ Űɤɜ ɘůɞɦŮŰɘɩɜ, ɖ ɛɏɗɞŭɞɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɔɟŬɛɛɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ, ɖ 

ɛɏɗɞŭɞɠ Űɤɜ ŬɜŰɑůŰɟɞűɤɜ ůŰŬɗɛɘůɛɏɜɤɜ ŬˊɞůŰɎůŮɤɜ, ɖ ɛɏɗɞŭɞɠ ɓŬůɘəɩɜ 

ŬəŰɘɜɤŰɩɜ ůɡɜŬɟŰɐůŮɤɜ, ɖ ɛɏɗɞŭɞɠ ˊɞɚɡɤɜɨɛɤɜ, ɖ ɛɏɗɞŭɞɠ ˊɟɞůŬɟɛɞɔɐɠ 

splines, ɖ ɛɏɗɞŭɞɠ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ ɛŮ ˊɞɚɡɩɜɡɛŬ əŬɘ ɖ ɛɏɗɞŭɞɠ 

ɓɏɚŰɘůŰɖɠ ɞɚɞəɚɐɟɤůɖɠ (Kriging). 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ɛɘŬ ˊŮɟŬɘŰɏɟɤ ŬɜŬűɞɟɎ ůŰɖɜ ˊɟɞůŬɟɛɞɔɐ ŮˊɘűŬɜŮɘɩɜ əŬɘ 

ɘŭɘŬɑŰŮɟŬ ůŰɘɠ ɛŮɗɧŭɞɡɠ ɣɖűɘŭɤŰɐɠ ŭɘŬɛɏɟɘůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ 

ɛŮɚɏŰɖ. 
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2.5.1 ɄɟɞůŬɟɛɞɔɐ ȺˊɘűŬɜŮɘɩɜ (ɊɖűɘŭɤŰɐ ȹɘŬɛɏɟɘůɖ) 

 

ɆɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ɣɖűɘŭɤŰɐɠ ŭɘŬɛɏɟɘůɖɠ ɖ ˊŮɟɘɞɢɐ ɞɚɞəɚɐɟɤůɖɠ 

ŭɘŬɛŮɟɑɕŮŰŬɘ ůŮ ɘůɞɛŮɔɏɗɖ ůŰɞɘɢŮɘɩŭɖ əɨŰŰŬɟŬ ɐ ɣɖűɑŭŮɠ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Ůɜɧɠ 

ɞɟɗɞɔɤɜɘəɞɨ əŬɜɜɎɓɞɡ, ɛŮ ŭŮŭɞɛɏɜɖ ɘůŬˊɞɢɐ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ əŬɘ əŬŰŬəɧɟɡűɤɜ 

ɔɟŬɛɛɩɜ Űɞɡ (ɀŬɛɎůɖɠ əŬɘ ȾɞɡŰůɞɔɘɎɜɜɖɠ, 1999). ũɘŬ əɎɗŮ əɨŰŰŬɟɞ, ɡˊɞɚɞɔɑɕŮŰŬɘ 

ɖ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ, ɖ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ əɏɜŰɟɞ Űɞɡ əɡŰŰɎɟɞɡ, ŬɚɚɎ ɗŮɤɟŮɑŰŬɘ 

ůŰŬɗŮɟɐ ɔɘŬ ɧɚɖ Űɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡ. ȼ ŮˊɘűŬɜŮɘŬəɐ Űɘɛɐ ˊɟɞəɨˊŰŮɘ ŰɧŰŮ, ɤɠ ɞ ɛɏůɞɠ 

ɧɟɞɠ Űɤɜ Űɘɛɩɜ ɧɚɤɜ Űɤɜ əɡŰŰɎɟɤɜ. ȼ Űɘɛɐ ˊɞɡ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ůŰɘɔɛɘŬɑŬ, ɛɏůɖ ɐ ŬɗɟɞɘůŰɘəɐ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ. 

 

ȷɜɎɚɞɔŬ ɛŮ Űɞ Ŭɜ ɖ əŬŰŬůəŮɡŬůɛɏɜɖ ŮˊɘűɎɜŮɘŬ ŭɘŬŰɖɟŮɑ ɐ ɧɢɘ Űɘɠ ɛŮŰɟɖɛɏɜŮɠ 

ůɖɛŮɘŬəɏɠ Űɘɛɏɠ ɞɘ ɛɏɗɞŭɞɘ ŭɘŬəɟɑɜɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ ůŮ : 

¶ ɛɏɗɞŭɞɘ Ŭəɟɘɓɞɨɠ ˊŬɟŮɛɓɞɚɐɠ (exact-interpolation methods)   

¶ ɛɏɗɞŭɞɘ ŮɝɞɛɎɚɡɜůɖɠ (smoothing methods). 

 

ɀɑŬ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ɛŮɗɧŭɤɜ Űɘɠ ŭɘŬɢɤɟɑɕŮɘ ůŮ : 

¶ ɆŰŬŰɘůŰɘəɏɠ - ůŰɞɢŬůŰɘəɏɠ ɛɏɗɞŭɞɘ (statistical-stochastic methods). ȸŬůɑɕɞɜŰŬɘ 

ůŰɖɜ Ŭɟɢɐ ɜŬ ɛŮɘɩɜɞɡɜ ŰŬ ůűɎɚɛŬŰŬ ˊŬɟŮɛɓɞɚɐɠ ůŰŬ ůɖɛŮɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ůɖɛŮɘŬəɏɠ ɛŮŰɟɐůŮɘɠ. ɄɚŮɞɜɏəŰɖɛŬ ŬɡŰɩɜ Űɤɜ ɛŮɗɧŭɤɜ 

ŮɑɜŬɘ ɧŰɘ ɡˊɞɚɞɔɑɕɞɡɜ Űɞ ůűɎɚɛŬ ˊŬɟŮɛɓɞɚɐɠ ůŮ əɎɗŮ ůɖɛŮɑɞ. 

¶ ɄɟɞůŭɘɞɟɘůŰɘəɏɠ ɛɏɗɞŭɞɘ (deterministic methods). ɄŬɟɎɔɞɡɜ ŮˊɘűɎɜŮɘŮɠ ɛŮ Űɖ 

ɢɟɐůɖ Ɏɚɚɤɜ ɛŬɗɖɛŬŰɘəɩɜ əɟɘŰɖɟɑɤɜ.  

 

ɆŰɖ ůɡɜɏɢŮɘŬ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ŭɨɞ ɔɜɤůŰɏɠ ˊɟɞůŭɘɞɟɘůŰɘəɏɠ ɛɏɗɞŭɞɘ Ŭəɟɘɓɞɨɠ 

ˊŬɟŮɛɓɞɚɐɠ ŬɚɚɎ əŬɘ ŭɨɞ ůŰŬŰɘůŰɘəɏɠ, ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛɏůɤ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ɔŮɤɔɟŬűɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ArcGIS ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ 

ůŮ ůɖɛŮɑŬ Űɖɠ ɡˊɧ ŮɝɏŰŬůɖ ˊŮɟɘɞɢɐɠ ˊɞɡ ŭŮɜ ɡˊɐɟɢŮ əŬŰŬɔŮɔɟŬɛɛɏɜɖ ˊɚɖɟɞűɞɟɑŬ. 
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ɄɟɞůŭɘɞɟɘůŰɘəɏɠ ɀɏɗɞŭɞɘ ȷəɟɘɓɞɨɠ ɄŬɟŮɛɓɞɚɐɠ 

 

ü ɀɏɗɞŭɞɠ ɆŰŬɗɛɘůɛɏɜɤɜ ȷɜŰɑůŰɟɞűɤɜ ȷˊɞůŰɎůŮɤɜ - Inverse Distance 

Weighting ( I.D.W) 

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŬˊɞŰŮɚŮɑ ɛɘŬ Ŭˊɧ Űɘɠ ůɡɜɖɗɏůŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ɛŮɗɧŭɞɡɠ 

Ŭəɟɘɓɞɨɠ ˊŬɟŮɛɓɞɚɐɠ əŬɘ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɡˊɧɗŮůɖ ɧŰɘ ɖ ŮˊɘűɎɜŮɘŬ ˊŬɟŮɛɓɞɚɐɠ 

ŮˊɖɟŮɎɕŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ŰŬ ˊɘɞ əɞɜŰɘɜɎ ůɖɛŮɑŬ ůŰŬ ɞˊɞɑŬ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ 

ˊŬɟô ɧŰɘ Ŭˊɧ ŰŬ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜŬ. ȼ ŮˊɘűɎɜŮɘŬ ˊŬɟŮɛɓɞɚɐɠ ˊɟɞəɨˊŰŮɘ ɤɠ ɏɜŬɠ 

ůŰŬɗɛɘůɛɏɜɞɠ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŭɘɎůˊŬɟŰɤɜ ůɖɛŮɑɤɜ ɛŮ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ, Űɞ ɓɎɟɞɠ (ɖ 

ŮˊɑŭɟŬůɖ) Űɤɜ ɞˊɞɑɤɜ ŮɚŬŰŰɩɜŮŰŬɘ əŬɗɩɠ ŬɡɝɎɜŮɘ ɖ ŬˊɧůŰŬůɖ. ɀɑŬ ɔŮɜɘəɐ 

ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ ˊŮɟɘɔɟŬűɐɠ Űɖɠ ɛŮɗɧŭɞɡ Ɇ.ȷ.ȷ. ŮɑɜŬɘ ɖ Ůɝɐɠ : 

ä
=

*=
n

i

ii uwxu
1

)(  

ȳˊɞɡ,  

u(x) : ɖ ŮəŰɘɛɩɛŮɜɖ Űɘɛɐ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ɢɤɟɘəɐ ˊŬɟŮɛɓɞɚɐ ůŰŬ ůɖɛŮɑŬ ɧˊɞɡ 

ŭŮɜ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ. 

n : ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůɖɛŮɑɤɜ ɧˊɞɡ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ Űɞɡ ŮəŰɘɛɩɛŮɜɞɡ ɛŮɔɏɗɞɡɠ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ˊɚɖůɘɏůŰŮɟɞɘ ɔŮɑŰɞɜŮɠ ɔɘŬ Űɖɜ ˊŬɟŮɛɓɞɚɐ  

ui : ɞɘ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ ůŰŬ ůɖɛŮɑŬ ŬɡŰɎ 

wi : ɖ ˊŬɟɎɛŮŰɟɞɠ ɓŬɟɨŰɖŰŬɠ ɐ ˊɘɞ ŬˊɚɎ Űɞ ɓɎɟɞɠ Űɞɡ ůɖɛŮɑɞɡ əɎɗŮ ɛŮŰɟɖɛɏɜɖɠ Űɘɛɐɠ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬˊɧůŰŬůɐ Űɞɡ Ŭˊɧ Űɞ ůɖɛŮɑɞ ˊŬɟŮɛɓɞɚɐɠ. 

 

ɇɞ ɓɎɟɞɠ əɎɗŮ ɛŮŰɟɖɛɏɜɖɠ Űɘɛɐɠ ůŰɖɜ ˊŬɟŮɛɓɞɚɐ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ Űɖ 

ůɢɏůɖ : 

ä
=

=
n

i
p

i

p

i

i

d

d
w

1

1

1

,  ɛŮ  1
1

=ä
=

n

i

iw  

ȳˊɞɡ,  

di : ɖ ŬˊɧůŰŬůɖ Űɞɡ ůɖɛŮɑɞɡ Űɖɠ ˊŬɟŮɛɓɞɚɐɠ Ŭˊɧ Űɞ əɎɗŮ ůɖɛŮɑɞ ɛŮ ɛŮŰɟɖɛɏɜɖ Űɘɛɐ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ˊŬɟŮɛɓɞɚɐ 

p : ŮəɗŮŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ  
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ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ɛŬɗɖɛŬŰɘəɐ ůɢɏůɖ, Űɞ ɓɎɟɞɠ əɎɗŮ ůɖɛŮɑɞɡ ŮɑɜŬɘ 

ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɞ Űɖɠ ŬˊɧůŰŬůɖɠ Űɞɡ Ŭˊɧ Űɞ ůɖɛŮɑɞ ˊŬɟŮɛɓɞɚɐɠ ɡɣɤɛɏɜɖɠ ůŮ 

ɛɘŬ ˊŬɟɎɛŮŰɟɞ p. ɆŬɜ ŬˊɞŰɏɚŮůɛŬ, ɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ ŬˊɧůŰŬůɖ Űɞ ɓɎɟɞɠ ɛŮɘɩɜŮŰŬɘ 

ůɖɛŬɜŰɘəɎ. ȼ ˊŬɟɎɛŮŰɟɞɠ p əŬɗɞɟɑɕŮɘ Űɞ ɟɡɗɛɧ ɛŮ Űɞ ɞˊɞɑɞ ɛŮɘɩɜŮŰŬɘ Űɞ ɓɎɟɞɠ. ũɘŬ 

p=0 ŭŮɜ ɡˊɎɟɢŮɘ ɛŮɑɤůɖ Űɞɡ ɓɎɟɞɡɠ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ əŬɘ Ůˊɞɛɏɜɤɠ ɖ Űɘɛɐ Űɞɡ əɎɗŮ 

ůɖɛŮɑɞɡ ˊŬɟŮɛɓɞɚɐɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ ɞ ɛɏůɞɠ ɧɟɞɠ ɧɚɤɜ Űɤɜ Űɘɛɩɜ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ 

ůɖɛŮɑɤɜ. ȳůɞ ŬɡɝɎɜŮŰŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ p ɛŮɘɩɜŮŰŬɘ ɟŬɔŭŬɑŬ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ˊɘɞ 

ŬˊɞɛŬəɟɡůɛɏɜɤɜ ůɖɛŮɑɤɜ. ũɘŬ 0<p<1 ɞɘ ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ ɏɢɞɡɜ ŮɝɞɛŬɚɡɛɏɜŮɠ 

əɞɟɡűɏɠ Ůɜɩ ɔɘŬ p>1 ɞɘ əɞɟɡűɏɠ ŬɡŰɏɠ ɔɑɜɞɜŰŬɘ ˊɘɞ Ŭɘɢɛɖɟɏɠ. 

 

ȼ Ůˊɘɚɞɔɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ p ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɓŬɗɛɧ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ŮɝɞɛɎɚɡɜůɖɠ 

Űɖɠ ˊŬɟŮɛɓɞɚɐɠ, Űɖɜ ˊɡəɜɧŰɖŰŬ əŬɘ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ əŬɗɩɠ 

əŬɘ Űɖɜ ɛɏɔɘůŰɖ ŮˊɘŰɟŮˊŰɐ ŬˊɧůŰŬůɖ Ůˊɘɟɟɞɐɠ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ. ɇɞ ɛŮɜɞɨ Űɞɡ ArcGIS 

ñGeostatistical Analystò ɢɟɖůɘɛɞˊɞɘŮɑ ŮəɗŮŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 1. ũɘŬ 

p=2 ɖ ɛɏɗɞŭɞɠ ɞɜɞɛɎɕŮŰŬɘ ˊŬɟŮɛɓɞɚɐ ŰŮŰɟŬɔɤɜɘəɎ ůŰŬɗɛɘůɛɏɜɤɜ ŬɜŰɑůŰɟɞűɤɜ 

ŬˊɞůŰɎůŮɤɜ (inverse distance squared weighted interpolation). 

  

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŬˊɞŰŮɚŮɑ ɛɘŬ ŬɟəŮŰɎ ˊŬɚɘɎ ŰŮɢɜɘəɐ ˊŬɟŮɛɓɞɚɐɠ, ɛŮ ɓŬůɘəɧ ɧɛɤɠ 

ɛŮɘɞɜɏəŰɖɛŬ ɧŰɘ ŭŮɜ ˊŬɟɎɔŮɘ Űɘɛɏɠ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ Űɘɛɩɜ. ȹɖɚŬŭɐ, 

ɞɘ ɛɏɔɘůŰŮɠ əŬɘ ŮɚɎɢɘůŰŮɠ ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ Űɞɡ ɛŮɔɏɗɞɡɠ ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ ɏɢɞɡɜ 

ˊɟɞəɨɣŮɘ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ. 

 

ü ɀɏɗɞŭɞɠ ȸŬůɘəɩɜ ȷəŰɘɜɤŰɩɜ ɆɡɜŬɟŰɐůŮɤɜ ï Radial Basic Functions  

Ƀɘ ɛɏɗɞŭɞɘ RBF ŮɑɜŬɘ ɛɘŬ ůŮɘɟɎ Ŭəɟɘɓɩɜ ŰŮɢɜɘəɩɜ ˊŬɟŮɛɓɞɚɐɠ, ɧˊɞɡ ŭɖɚŬŭɐ ɖ 

Ů́ ɘűɎɜŮɘŬ ˊŬɟŮɛɓɞɚɐɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ˊŮɟɜɎŮɘ ŬɜɎɛŮůŬ Ŭˊɧ ŰŬ ůɖɛŮɑŬ Űɖɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ȼ ŭɘŬűɞɟɎ Űɞɡɠ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ Ɇȷȷ ˊɞɡ ˊŮɟɘɔɟɎűɖəŬɜ ˊŬɟŬˊɎɜɤ 

ŮɑɜŬɘ ɧŰɘ ɞɘ ˊɟɩŰŮɠ ŭɑɜɞɡɜ Űɘɛɏɠ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ Űɘɛɩɜ.  

 

Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

ŮɝɞɛŬɚɡɛɏɜɤɜ ŮˊɘűŬɜŮɘɩɜ Ŭˊɧ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŭŮɘɔɛɎŰɤɜ əŬɘ ɛˊɞɟɞɨɜ ɜŬ 

ŭɩůɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ɞɛŬɚɎ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ ŮˊɘűɎɜŮɘŬɠ ɧˊɤɠ Űɞ 

ɡɣɧɛŮŰɟɞ. ȺɑɜŬɘ, ɧɛɤɠ, ŬəŬŰɎɚɚɖɚŮɠ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɞɘ Űɘɛɏɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ 

ůɖɛŬɜŰɘəɎ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ əŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɞɘ ɛŮŰɟɐůŮɘɠ ŮɛˊŮɟɘɏɢɞɡɜ  

ˊɘɗŬɜɧŰɖŰŬ ůűɎɚɛŬŰɞɠ ɐ ŬɓŮɓŬɘɧŰɖŰŬ. 
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ɀɏɗɞŭɞɘ ũŮɤůŰŬŰɘůŰɘəɐɠ ȷɜɎɚɡůɖɠ 

 

ɋɠ ũŮɤůŰŬŰɘůŰɘəɐ ɞɟɑɕŮŰŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ůŰŬŰɘůŰɘəɩɜ ɛŮɗɧŭɤɜ ˊɞɡ ŮɝŮŰɎɕɞɡɜ 

ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ůŰɞ ɢɩɟɞ. ɉɟɐůɖ Űɤɜ ɔŮɤůŰŬŰɘůŰɘəɩɜ ŰŮɢɜɘəɩɜ 

ůɡɜŬɜŰɎŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ŮˊɘůŰɖɛɞɜɘəɞɨɠ əɚɎŭɞɡɠ ɧˊɤɠ ɖ ɛŮŰŮɤɟɞɚɞɔɑŬ, ɖ 

ɔŮɤɚɞɔɑŬ, ɖ ɡŭɟɞɚɞɔɑŬ, ɖ ɔŮɤɢɖɛŮɑŬ, ɖ ŭŬůɞɜɞɛɑŬ, ə.Ŭ. 

 

ȼ ũŮɤůŰŬŰɘůŰɘəɐ ůɢŮŰɑɕŮŰŬɘ ůŰŮɜɎ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ ˊŬɟŮɛɓɞɚɐɠ, ŬɚɚɎ ɝŮˊŮɟɜɎŮɘ 

ůɖɛŬɜŰɘəɎ ŰŬ ŬˊɚɎ ˊɟɞɓɚɐɛŬŰŬ ˊŬɟŮɛɓɞɚɐɠ, əŬɗɩɠ ŮɝŮŰɎɕŮɘ Űɞ ɡˊɧ ɛŮɚɏŰɖ 

űŬɘɜɧɛŮɜɞ ůŰɘɠ ɗɏůŮɘɠ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ Űɘɛɏɠ ɤɠ ŰɡɢŬɑŬ ɛŮŰŬɓɚɖŰɐ. ȸŬůɘəɧ Űɖɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ, Ůˊɞɛɏɜɤɠ, ŮɑɜŬɘ ɧŰɘ ɖ ɢɤɟɘəɐ ŭɘŬəɨɛŬɜůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŮɑɜŬɘ 

ŰɡɢŬɑŬ, ɞˊɧŰŮ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰŬŰɘůŰɘəɎ ɛɞɜŰɏɚŬ ɔɘŬ Űɖɜ ñˊɞůɞŰɘəɞˊɞɑɖůɖò Űɖɠ 

ŬɓŮɓŬɘɧŰɖŰŬɠ ˊɞɡ ŮɛˊŮɟɘɏɢŮŰŬɘ ůŰɘɠ ɢɤɟɘəɏɠ ŮəŰɘɛɐůŮɘɠ ˊɞɡ Ŭˊɞɟɟɏɞɡɜ Ŭˊɧ Űɘɠ 

ůɖɛŮɘŬəɏɠ ɛŮŰɟɐůŮɘɠ. ȳˊɤɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧ, ɞɘ ɛɏɗɞŭɞɘ ɔŮɤůŰŬŰɘůŰɘəɐɠ 

ŬɜɎɚɡůɖɠ ŮɑɜŬɘ ŬɟəŮŰɎ ˊɞɚɨˊɚɞəŮɠ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ əŬɘ ŬˊŬɘŰɞɨɜ Űɖɜ ɢɟɐůɖ 

əŬŰɎɚɚɖɚɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ. 

 

ȼ ũŮɤůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɨɞ əɨɟɘŮɠ űɎůŮɘɠ: 

i) Űɖɜ ɢɤɟɘəɐ ŬɜɎɚɡůɖ, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ Ůˊɘɚɞɔɐ əŬɘ ˊɟɞůŬɟɛɞɔɐ Ůɜɧɠ 

ɛɞɜŰɏɚɞɡ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ɢɤɟɘəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ůɖɛŮɘŬəɩɜ 

ɛŮŰɟɐůŮɤɜ, əŬɘ 

ii)  Űɖɜ ɓɏɚŰɘůŰɖ ɔɟŬɛɛɘəɐ ŬɛŮɟɧɚɖˊŰɖ ŮəŰɑɛɖůɖ (Best Linear Unbiased 

Estimation - BLUE), ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŮəŰɘɛɖŰɟɘɩɜ Űɤɜ 

ŬɔɜɩůŰɤɜ ɤɠ ɔɟŬɛɛɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ Űɤɜ ɛŮŰɟɐůŮɤɜ. Ƀɘ ŮəŰɘɛɐŰɟɘŮɠ ŮɑɜŬɘ 

ŬɛŮɟɧɚɖˊŰŮɠ, ɏɢɞɡɜ Űɖɜ ŮɚɎɢɘůŰɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ, Ůɜɩ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

Űɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ɢɤɟɘəɐɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ. 

 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ˊŬɟŮɛɓɞɚɐɠ ŮˊɘŭɘɩəŮŰŬɘ ɖ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ˊɘůŰɐ ŮəŰɑɛɖůɖ 

Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ɛŮ Űɖɜ əŬɚɨŰŮɟɖ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ɛŮ 

əɎˊɞɘŬ ŮəŰɑɛɖůɖ Űɞɡ ˊɘɗŬɜɞɨ ůűɎɚɛŬŰɞɠ. ȰŰůɘ, ɖ ůɨɔəɟɘůɖ Űɤɜ ŭɘŬűɧɟɤɜ ɛŮɗɧŭɤɜ 

ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ɓɎůɖ Űɞ ˊɧůɞ əŬɚɎ ɖ əɎɗŮ ɛɏɗɞŭɞɠ ɘəŬɜɞˊɞɘŮɑ ŰŬ ŬəɧɚɞɡɗŬ 

əɟɘŰɐɟɘŬ : 
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1) ȼ ŮəŰɑɛɖůɖ ůŮ əɎɗŮ ůɖɛŮɑɞ ɜŬ ŮɑɜŬɘ ŬɛŮɟɧɚɖˊŰɖ, ŭɖɚŬŭɐ Űɞ ůűɎɚɛŬ ŮəŰɑɛɖůɖɠ 

(ŮəŰɘɛɖɛɏɜɖ Űɘɛɐ ɛŮɑɞɜ Űɖɜ Ŭɚɖɗɘɜɐ ɎɔɜɤůŰɖ Űɘɛɐ) əŬŰɎ ɛɏůɞ ɧɟɞ ɜŬ ŮɑɜŬɘ ɛɖŭɏɜ, əŬɘ 

Űɞ ůűɎɚɛŬ ůŮ ŬɡŰɐ ɐ ŰɞɡɚɎɢɘůŰɞɜ Űɞ ɛɏůɞ ůűɎɚɛŬ ɜŬ ŮɑɜŬɘ Űɞ ŮɚɎɢɘůŰɞ. 

2) ȼ Űɘɛɐ Űɖɠ ŮəŰɘɛɐůŮɤɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ůŰŬ ůɖɛŮɑŬ ɧˊɞɡ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ 

ɜŬ ŮɑɜŬɘ ɑŭɘŬ ɛŮ Űɖɜ ɛŮŰɟɖɛɏɜɖ Űɘɛɐ. 

3) ɁŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɛɏŰɟɖůɖ Űɞɡ ɛɏŰɟɞɡ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɖɠ ŮəŰɑɛɖůɖɠ, ŭɖɚŬŭɐ ŰŬ 

ɧɟɘŬ ŮɛˊɘůŰɞůɨɜɖɠ ɐ ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŮəŰɑɛɖůɖɠ. 

4) ȼ ɛɏɗɞŭɞɠ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ůŮ ŬɡŰɧɛŬŰɞ ɡˊɞɚɞɔɘůɛɧ ɛŮ Űɖ ɢɟɐůɖ 

ɖɚŮəŰɟɞɜɘəɞɨ ɡˊɞɚɞɔɘůŰɐ. 

 

ü ɀɏɗɞŭɞɠ ɄŮɟɘɞɢɞˊɞɑɖůɖɠ Űɖɠ ɄɚɖɟɞűɞɟɑŬɠ - Kriging 

ȼ ɛɏɗɞŭɞɠ Kriging ŮɑɜŬɘ ɛɘŬ ˊɟɞɖɔɛɏɜɖ ŰŮɢɜɘəɐ ɔŮɤůŰŬŰɘůŰɘəɐɠ ŬɜɎɚɡůɖɠ ˊɞɡ 

ˊŬɟɎɔŮɘ Űɖɜ ŮəŰɘɛɩɛŮɜɖ ŮˊɘűɎɜŮɘŬ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ŰɡɢŬɑŬ əŬŰŬɜŮɛɖɛɏɜɤɜ ůɖɛŮɑɤɜ. 

ȸŬůɑɕŮŰŬɘ ůŰɖ ɗŮɤɟɑŬ Űɖɠ ñˊŮɟɘɞɢɞˊɞɘɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠò, ɖ ɞˊɞɑŬ ɡˊɞɗɏŰŮɘ ɧŰɘ ɖ 

ɢɤɟɘəɐ ɛŮŰŬɓɞɚɐ Űɞɡ ŮəŰɘɛɩɛŮɜɞɡ ɛŮɔɏɗɞɡɠ ŮɑɜŬɘ ůŰŬŰɘůŰɘəɎ ɞɛɞɔŮɜɐɠ ůŮ ɧɚɖ Űɖɜ 

ŮˊɘűɎɜŮɘŬ (ˊ.ɢ., Űɞ ɑŭɘɞ ɛɞŰɑɓɞ Űɖɠ ɛŮŰŬɓɞɚɐɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ůŮ ɧɚŬ ŰŬ 

ůɖɛŮɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ). 

 

ɀŮ Űɞɜ ɧɟɞ ñˊŮɟɘɞɢɞˊɞɘɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐò ŭɖɚɩɜŮŰŬɘ ɞ ŮɜŭɘɎɛŮůɞɠ ɢŬɟŬəŰɐɟŬɠ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ, ŭɖɚŬŭɐ ɛŮŰŬɝɨ ɛɘŬɠ ŰɡɢŬɑŬɠ əŬɘ ɛɘŬɠ ˊɟɞůŭɘɞɟɘůŰɘəɐɠ ɛŮŰŬɓɚɖŰɐɠ. 

ȾŬɗɩɠ ɖ ɛŮŰŬɓɚɖŰɐ ŬˊŮɘəɞɜɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ ůɡɜŮɢɐ ŮˊɘűɎɜŮɘŬ, ŰŬ əɞɜŰɘɜɎ ůɖɛŮɑŬ 

ˊŬɟɞɡůɘɎɕɞɡɜ ůɡůɢɏŰɘůɖ Ůɜɩ ŰŬ ŬˊɞɛŬəɟɡůɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ ůɖɛŮɑŬ ŭŮɜ ɏɢɞɡɜ 

əŬɛɑŬ ůɡůɢɏŰɘůɖ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɛˊɞɟɞɨɛŮ ɜŬ ŭɘŬəɟɑɜɞɡɛŮ ŰɞˊɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɘŬɠ ɛŮŰŬɓɚɖŰɐɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɞɜ ñəŬŰɎ 

ˊŮɟɘɞɢɏɠò ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ. 

 

Ƀ ɓŬɗɛɧɠ Űɖɠ ɢɤɟɘəɐɠ ůɡɜɏɢŮɘŬɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬůŰŬɗŮɑ ɔɟŬűɘəɎ Ŭˊɧ Űɞ 

ñɖɛɘɛŮŰŬɓɚɖŰɧɔɟŬɛɛŬò. ɇo ɖɛɘɛŮŰŬɓɚɖŰɧɔɟŬɛɛŬ ŮɑɜŬɘ ɏɜŬ ŭɘɎɔɟŬɛɛŬ ɉɈ, Űɞ ɞˊɞɑɞ 

ůŰɞɜ ɎɝɞɜŬ ɉ ɏɢŮɘ Űɖɜ ŬˊɧůŰŬůɖ əŬɘ ůŰɞɜ ɎɝɞɜŬ Ɉ Űɞ ɐɛɘůɡ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ 

ŭɘŬůˊɞɟɎɠ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ ɛŮŰŬɓɚɖŰɐɠ ůŰɖ ɗɏůɖ ŬɡŰɐ.  

 

ȼ ɛɏɗɞŭɞɠ Kriging ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ Űɖ ɕɖŰɞɨɛŮɜɖ ɛŮŰŬɓɚɖŰɐ ůŮ ɗɏůŮɘɠ ɧˊɞɡ 

ŭŮɜ ɡˊɎɟɢɞɡɜ ɛŮŰɟɐůŮɘɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ŭɑŭŮŰŬɘ Ŭˊɧ Űɞ 

ɖɛɘɛŮŰŬɓɚɖŰɧɔɟŬɛɛŬ. ɆɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŬɡŰɐɠ ŮɑɜŬɘ ɖ Ŭˊɞűɡɔɐ 
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Űɖɠ ɛŮɟɞɚɖˊŰɘəɐɠ ŮəŰɘɛɐůŮɤɠ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɡˊɎɟɢŮɘ ɡˊŮɟůɡůůɩɟŮɡůɖ 

ůɖɛŮɑɤɜ ɛŮ ɛŮŰɟɐůŮɘɠ ůŮ ɞɟɘůɛɏɜŮɠ ɗɏůŮɘɠ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɡˊɞɚɞɔɘůɛɞɨ ůŮ əɎɗŮ 

ůɖɛŮɑɞ Űɞɡ ůűɎɚɛŬŰɞɠ ɔɘŬ Űɖɜ ŮˊɘűɎɜŮɘŬ ˊɞɡ ˊŬɟɎɢɗɖəŮ. 

 

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Ůɜɧɠ ɓɏɚŰɘůŰɞɡ ůɡɜŭɡŬůɛɞɨ 

ůŰŬɗɛɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ (ɓŬɟɩɜ), ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ Űɞ ůűɎɚɛŬ ŮəŰɘɛɐůŮɤɠ. ȷűɞɨ ɖ 

ˊɚɖɟɞűɞɟɑŬ ˊŬɟɏɢŮŰŬɘ ɛɏůɤ Űɞɡ ɖɛɘɛŮŰŬɓɚɖŰɞɔɟɎɛɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ 

Űɖɠ ŬˊɧůŰŬůɖɠ, ŰŬ ɓɎɟɖ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɔŮɤɛŮŰɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ 

ůɖɛŮɑɤɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ůŰɞ ɢɩɟɞ. 

 

ȾŬŰŬɚɐɔɞɜŰŬɠ, ɖ ɛɏɗɞŭɞɠ Kriging ɤɠ ɛɏɗɞŭɞɠ ɓɏɚŰɘůŰɖɠ ˊŬɟŮɛɓɞɚɐɠ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůűɏɟŮɘ ˊɞɚɚɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ůŰɞ ɢɟɐůŰɖ, ŬˊŬɘŰŮɑ ɧɛɤɠ Ŭɡɝɖɛɏɜɖ ˊɟɞůɞɢɐ əŬŰɎ 

Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ. ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ůɖɛŮɑŬ ˊɞɡ ŬˊŬɘŰɞɨɜ ˊɟɞůɞɢɐ ŮɑɜŬɘ : 

I. ȼ ɛɏɗɞŭɞɠ Kriging ŭŮɜ ɏɢŮɘ ůɢɏůɖ ɛŮ Űɖ ɢɟɞɜɘəɐ ŭɞɛɐ Űɞɡ ˊŮŭɑɞɡ Űɤɜ 

ɛŮŰɟɐůŮɤɜ əŬɘ ɔɘô ŬɡŰɧ ɞɘ Űɘɛɏɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ɏɢɞɡɜ 

ɛŮŰɟɖɗŮɑ ŰŬɡŰɧɢɟɞɜŬ. 

II.  ȼ ŮˊɘűɎɜŮɘŬ ˊɞɡ ɗŬ ɗŮɤɟɖɗŮɑ ɤɠ ŮɜɘŬɑŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɛŮ 

ˊɟɞůɞɢɐ. ȼ ˊŮɟɘɞɢɞˊɞɑɖůɖ ˊɞɡ ŭŮ ɗŬ ɚɖűɗŮɑ ɡˊô ɧɣɘɜ ɛˊɞɟŮɑ ɜŬ ŮɘůɎɔŮɘ 

ɛŮɔɎɚŬ ůűɎɚɛŬŰŬ ɐ ŬůŰɎɗŮɘŬ ůŰɘɠ ŮəŰɘɛɐůŮɘɠ.  

III.  ȽŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ əŬŰɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

ɖɛɘɛŮŰŬɓɚɖŰɞɔɟɎɛɛŬŰɞɠ (Ůˊɘɚɞɔɐ əŬŰɎɚɚɖɚɞɡ Űɨˊɞɡ əŬɘ əŬŰɎɚɚɖɚɤɜ 

ˊŬɟŬɛɏŰɟɤɜ). 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɏɔɘɜŮ ɢɟɐůɖ ŭɨɞ ɛŮɗɧŭɤɜ Kriging ɔɘŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɓɟɞɢɧˊŰɤůɖɠ ɔɘŬ Űɖɜ ɡˊɧ ɛŮɚɏŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ. Ƀɘ 

ɛɏɗɞŭɞɘ ŬɡŰɏɠ ŮɑɜŬɘ : 

¶ Ordinary Kriging : ȼ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜɖ ɛɏɗɞŭɞɠ Kriging, ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ 

ůŰɘɠ ŬəɧɚɞɡɗŮɠ ˊŬɟŬŭɞɢɏɠ : 

Ŭ) ɖ ɛŮŰŬɓɚɖŰɐ ŬəɞɚɞɡɗŮɑ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ 

ɓ) ɖ ŮəŰɑɛɖůɖ ŮɑɜŬɘ ŬɛŮɟɧɚɖˊŰɖ 

ɔ) ɛɞɜɘɛɧŰɖŰŬ ŭŮɡŰɏɟɞɡ ɓŬɗɛɞɨ 

ŭ) ɞ Űɞˊɘəɧɠ ɛɏůɞɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ɔɜɤůŰɧɠ (simple) ŮɑŰŮ ɎɔɜɤůŰɞɠ. 
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¶ Ordinary Cokriging : Ƀɘ ŮəŰɘɛɐůŮɘɠ Űɖɠ ɛŮɚŮŰɩɛŮɜɖɠ ɛŮŰŬɓɚɖŰɐɠ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖ ɛɏɗɞŭɞ Ordinary Kriging ɓŮɚŰɘɩɜɞɜŰŬɘ ɛɏůɤ Űɖɠ ůɡůɢɏŰɘůɐɠ 

Űɞɡɠ ɛŮ ɛɘŬ Ɏɚɚɖ ɛŮŰŬɓɚɖŰɐ. ɆŰɖɜ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ 

ŮŭɎűɞɡɠ (ŭɖɚŬŭɐ Űɞ ɡɣɧɛŮŰɟɞ) ɤɠ ɛŮŰŬɓɚɖŰɐ ůɡůɢɏŰɘůɖɠ. ȷˊŬɘŰŮɑ 

ˊŮɟɘůůɧŰŮɟɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɗɩɠ əŬɘ ŮəŰɑɛɖůɖ Űɖɠ ŬɡŰɞůɡůɢɏŰɘůɖɠ ɔɘŬ əɎɗŮ 

ɛŮŰŬɓɚɖŰɐ əŬɘ Űɖɠ ɛŮŰŬɝɨ Űɞɡɠ ŬɡŰɞůɡůɢɏŰɘůɖɠ. 

 

 

2.5.2 ɆɡɜŰŮɚŮůŰɐɠ ȺˊɘűŬɜŮɘŬəɐɠ ȷɜŬɔɤɔɐɠ 

 

ɆŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ŬɜŬɔɤɔɐ Űɖɠ ůɖɛŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ůŮ 

ŮˊɘűŬɜŮɘŬəɐ. ȳˊɤɠ ɐŭɖ ˊŮɟɘɔɟɎűɖəŮ, ɏɜŬɠ Űɟɧˊɞɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ ŬɡŰɐɠ Űɖɠ ŬɜɎɔəɖɠ 

ŮɑɜŬɘ ɖ ŮˊɘűŬɜŮɘŬəɐ ɞɚɞəɚɐɟɤůɖ Űɤɜ ůɖɛŮɘŬəɩɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ. ȼ ɛɏɗɞŭɞɠ ɧɛɤɠ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎůŮɘ ŬɟəŮŰɎ 

ˊɟɞɓɚɐɛŬŰŬ ŮɑŰŮ ɚɧɔɤ ŬɟŬɘɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ Űɤɜ ɓɟɞɢɞɔɟɎűɤɜ, ŮɑŰŮ ɚɧɔɤ 

ɚŬɜɗŬůɛɏɜɞɡ Űɞɡ ůɡɔɢɟɞɜɘůɛɞɨ.  

 

ɀɘŬ ɛɏɗɞŭɞɠ ɎɛŮůɖɠ ŬɜŬɔɤɔɐɠ Űɞɡ ůɖɛŮɘŬəɞɨ ɨɣɞɡɠ ɓɟɞɢɐɠ ůŮ ŮˊɘűŬɜŮɘŬəɧ ŮɑɜŬɘ ɖ 

ɢɟɐůɖ Űɞɡ óůɡɜŰŮɚŮůŰɐ ŮˊɘűŬɜŮɘŬəɐɠ ŬɜŬɔɤɔɐɠô, ɔɜɤůŰɞɨ ůŰɖɜ Ůɚɚɖɜɘəɐ 

ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ɤɠ óŮˊɘűŬɜŮɘŬəɧɠ ɛŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠô ɐ óůɡɜŰŮɚŮůŰɐɠ 

ɞɛɞɘɞɛɧɟűɘůɖɠô (ȾɞɡŰůɞɔɘɎɜɜɖɠ, 1999). Ƀ ůɡɜŰŮɚŮůŰɐɠ ŬɡŰɧɠ ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ  

ű = ŮˊɘűŬɜŮɘŬəɧ ɛɏůɞ ɨɣɞɠ ɓɟɞɢɐɠ / ɛɏɔɘůŰɞ ůɖɛŮɘŬəɧ ɨɣɞɠ ɓɟɞɢɐɠ 

əŬɘ ɏɢŮɘ Űɘɠ ˊŬɟŬəɎŰɤ ŮɛˊŮɘɟɘəɎ ŭɘŬˊɘůŰɤɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ : 

1. ȺɑɜŬɘ ˊɎɜŰŬ ɛɘəɟɧŰŮɟɞɠ Űɞɡ 1. 

2. ȺɑɜŬɘ űɗɑɜɞɡůŬ ůɡɜɎɟŰɖůɖ Űɖɠ ɏəŰŬůɖɠ A. 

3. ȺɑɜŬɘ ŬɨɝɞɡůŬ ůɡɜɎɟŰɖůɖ Űɖɠ ŭɘɎɟəŮɘŬɠ d. 

4. ȺɝŬɟŰɎŰŬɘ ůŮ əɎˊɞɘɞ ɓŬɗɛɧ Ŭˊɧ Űɖɜ ˊŮɟɑɞŭɞ ŮˊŬɜŬűɞɟɎɠ (ɛɏɔŮɗɞɠ əŬŰŬɘɔɑŭŬɠ) 

əŬɘ űŬɑɜŮŰŬɘ ɧŰɘ ɖ Ŭɨɝɖůɖ Űɖɠ ˊŮɟɘɧŭɞɡ ŮˊŬɜŬűɞɟɎɠ ɞŭɖɔŮɑ ůŮ ŬůɗŮɜɐ ɛŮɑɤůɖ 

Űɞɡ ůɡɜŰŮɚŮůŰɐ. 

 

ȷɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɡˊɎɟɢɞɡɜ ŮˊŬɟəɐ ŭŮŭɞɛɏɜŬ ɘůŰɞɟɘəɩɜ ɓɟɞɢɞˊŰɩůŮɤɜ Ŭˊɧ 

ůɢŮŰɘəɎ ˊɡəɜɧ ɓɟɞɢɞɛŮŰɟɘəɧ ŭɑəŰɡɞ, ɖ ůɡɜɎɟŰɖůɖ ű (d, A) ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛŮŰɎ Ŭˊɧ 

ŮˊŮɝŮɟɔŬůɑŬ ŬɡŰɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȹɘŬűɞɟŮŰɘəɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɑɜŬəŮɠ ɐ 

ŭɘŬɔɟɎɛɛŬŰŬ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ. ɆŰɞ ůɢɐɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɔɟŬűɘəɎ ɖ 
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ɛŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮˊɘűŬɜŮɘŬəɐɠ ŬɜŬɔɤɔɐɠ ůɡɜŬɟŰɐůɖ Űɖɠ ɏəŰŬůɖɠ əŬɘ Űɖɠ 

ŭɘɎɟəŮɘŬɠ ɓɟɞɢɐɠ ɛŮ ɓɎůɖ ˊɘɜŬəɞˊɞɘɖɛɏɜŮɠ Űɘɛɏɠ Űɞɡ National Environmental 

Research Council 1975. 

 

ɆɢɐɛŬ 2.2 ɀŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮˊɘűŬɜŮɘŬəɐɠ ŬɜŬɔɤɔɐɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ 

ɏəŰŬůɖɠ əŬɘ Űɖɠ ŭɘɎɟəŮɘŬɠ ɓɟɞɢɐɠ ɛŮ ɓɎůɖ ˊɘɜŬəɞˊɞɘɖɛɏɜŮɠ Űɘɛɏɠ Űɞɡ National 

Environmental Research Council 1975 (ŭɘŬəŮəɞɛɏɜŮɠ ɔɟŬɛɛɏɠ)  

 

ɆŰŬ ˊɘɜŬəɞˊɞɘɖɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ National Environmental Research Council 

1975 ˊɟɞůŬɟɛɧůŰɖəŮ ɖ Ŭəɧɚɞɡɗɖ ŬɜŬɚɡŰɘəɐ ɏəűɟŬůɖ (ȾɞɡŰůɞɔɘɎɜɜɖɠ, 1997ɓ) : 

25.0
d

048.0
1

0.35

lnA01.036.0

²
A

-=
-

f , ɧˊɞɡ 

ű : ůɡɜŰŮɚŮůŰɐɠ ŮˊɘűŬɜŮɘŬəɐɠ ŬɜŬɔɤɔɐɠ 

d : ŭɘɎɟəŮɘŬ ɓɟɞɢɐɠ (h) 

ȷ : ɏəŰŬůɖ (km
2
) 

 

ɆŰɞ ɆɢɐɛŬ 2.2 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɔɟŬűɘəɎ ɖ ˊŬɟŬˊɎɜɤ ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ ɔɘŬ 

ŭɘŬűɞɟŮŰɘəɐ ŭɘɎɟəŮɘŬ ɓɟɞɢɐɠ əŬɘ ŭɘŬűɞɟŮŰɘəɐ ŮˊɘűɎɜŮɘŬ (ŭɘŬəŮəɞɛɛɏɜŮɠ ɔɟŬɛɛɏɠ). 

ɆŰɖɜ ȺɚɚɎŭŬ, ŭŮɜ ɏɢŮɘ ɔɑɜŮɘ əŬɛɘɎ ŬɜŰɑůŰɞɘɢɖ ůɡůŰɖɛŬŰɘəɐ ɛŮɚɏŰɖ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ 

əŬɛˊɨɚɤɜ ɛŮŰŬɓɞɚɐɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬɡŰɞɨ ůŰɘɠ ůɡɜɗɐəŮɠ Űɖɠ ɢɩɟŬɠ ɛŬɠ. ɀɏɢɟɘ 
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ŰɧŰŮ ŬɡŰɐ ɖ ŬɜɎɔəɖ ɗŬ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ Űɖɜ ɡˊɎɟɢɞɡůŬ ɓɘɓɚɘɞɔɟŬűɑŬ, ˊ.ɢ. ˊɑɜŬəŮɠ əŬɘ 

ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ National Environmental Research Council 1975 ɐ ɖ ŬɜŰɑůŰɞɘɢɖ 

ˊɟɞůŬɟɛɞůɛɏɜɖ ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ (ȾɞɡŰůɞɔɘɎɜɜɖɠ, 1997ɓ). 

 

 

2.6 ɆɡɜɞˊŰɘəɐ ɄŬɟɞɡůɑŬůɖ ȿŮɘŰɞɡɟɔɘəɞɨ ɄŬəɏŰɞɡ ArcGIS  

 

2.6.1 ũŮɜɘəɎ ɔɘŬ ŰŬ ũɆɄ 

 

ɋɠ ũŮɤɔɟŬűɘəɧ ɆɨůŰɖɛŬ Ʉɚɖɟɞűɞɟɘɩɜ (Geographical Information System) ɛˊɞɟŮɑ 

ɜŬ ɞɟɘůŰŮɑ ůɡɜɞˊŰɘəɎ ɏɜŬ ůɨɜɞɚɞ ŮɟɔŬɚŮɑɤɜ ůɡɚɚɞɔɐɠ, ŬˊɞɗɐəŮɡůɖɠ, ŬɜɎəŰɖůɖɠ, 

ŬɜɎɚɡůɖɠ əŬɘ ŮɛűɎɜɘůɖɠ ɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. O ɧɟɞɠ ũŮɤɔɟŬűɘəɎ ɆɡůŰɐɛŬŰŬ 

Ʉɚɖɟɞűɞɟɘɩɜ (GIS) ŬɜŬűɏɟŮŰŬɘ ůŮ əɎɗŮ ůɨůŰɖɛŬ ɡˊɞɚɞɔɘůŰɐ, ˊɞɡ ɏɢŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɢŮɘɟɑɕŮŰŬɘ ɔŮɤɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ. ɆŰɞɜ ɧɟɞ ŬɡŰɧɜ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ 

ŮəŰɧɠ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ əŬɘ Űɞ ɛɖɢŬɜɘəɧ Ůɝɞˊɚɘůɛɧ, ɧɚŮɠ ɞɘ ŭɘŬŭɘəŬůɑŮɠ əŬɘ Űɞ 

Ŭɜɗɟɩˊɘɜɞ ŭɡɜŬɛɘəɧ ˊɞɡ ůɡɜŰŮɚɞɨɜ ůŰɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ŬɡŰɐɠ Űɖɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŬɠ. 

 

ɆŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ Ŭˊɚɞɨɠ ɢɎɟŰŮɠ, ɏɜŬ ůɨůŰɖɛŬ GIS ɏɢŮɘ Űɞ ůɖɛŬɜŰɘəɧŰŬŰɞ 

ˊɚŮɞɜɏəŰɖɛŬ ɧŰɘ ɖ ŬˊɞɗɐəŮɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɑɜŮŰŬɘ ɢɤɟɘůŰɎ Ŭˊɧ Űɖɜ 

ŬɜŬˊŬɟɎůŰŬůɐ Űɞɡɠ, əɎŰɘ ˊɞɡ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŰŬ ɑŭɘŬ ŭŮŭɞɛɏɜŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ 

ŬɜŬˊŬɟŬůŰŬɗɞɨɜ əŬɘ ɜŬ ŭɘŬɢŮɘɟɘůŰɞɨɜ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ. Ⱥˊɘˊɚɏɞɜ, ɏɜŬ 

ůɨůŰɖɛŬ GIS ɏɢŮɘ ɧɚŬ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Ŭˊɧ Űɖ ɢɟɐůɖ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ, ɧˊɤɠ 

ŭɘŬɢŮɑɟɘůɖ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ŭŮŭɞɛɏɜɤɜ ŮɨəɞɚŬ əŬɘ ɔɟɐɔɞɟŬ ə.ɚ.ˊ. Ⱥˊɞɛɏɜɤɠ, ɛŮ 

Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ ŰŬ ɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ ɖ 

ŭɘŬɢŮɑɟɘůɖ əŬɘ ŬɜɎɚɡůɖ ɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛˊɞɟŮɑ ˊɚɏɞɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ 

ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ əŬɘ ŮɡəɞɚɑŬ. 

 

 

2.6.2 ɆɡɜɞˊŰɘəɐ ɄŮɟɘɔɟŬűɐ ArcGIS əŬɘ ȺűŬɟɛɞɔɩɜ Űɞɡ 

 

ɇɞ ArcGIS ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŬ ˊɟɞɔɟɎɛɛŬŰŬ ɔɘŬ ũŮɤɔɟŬűɘəɎ 

ɆɡůŰɐɛŬŰŬ Ʉɚɖɟɞűɞɟɘɩɜ (GIS). ɄŬɟɞɡůɘɎɕŮɘ ůŮ ɛɘŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ŮűŬɟɛɞɔɩɜ ɞɘ 
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ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ůɢŮŭɘŬůɛɧ, ŬɜɎɚɡůɖ, ŭɘŬɢŮɑɟɘůɖ əŬɘ əŬŰŬɔɟŬűɐ ɔŮɤɔɟŬűɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ ə.Ŭ. 

 

ũɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɏɔɘɜŮ ɢɟɐůɖ Űɖɠ ɏəŭɞůɖɠ ArcInfo Űɞɡ 

ArcGIS əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ŮűŬɟɛɞɔɐ Űɞɡ ArcMap. ɆŰɖ ůɡɜɏɢŮɘŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ Ůɜ ůɡɜŰɞɛɑŬ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ArcMap əŬɗɩɠ əŬɘ ɓŬůɘəɎ 

ŮɟɔŬɚŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬ ůŮ ŬɡŰɐɜ Űɖɜ ŮɟɔŬůɑŬ. 

 

 

ü ArcMap  

 

ɇɞ ArcMap (ɆɢɐɛŬ 2.3) ŮɑɜŬɘ ɓŬůɘəɐ ŮűŬɟɛɞɔɐ Űɞɡ ArcGIS əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

Űɖɜ ŬɜɎɚɡůɖ, ŮˊŮɝŮɟɔŬůɑŬ, Ůˊɘůəɧˊɖůɖ əŬɘ ŭɘŬɢŮɑɟɘůɖ ɢŬɟŰɞɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 

ɄŬɟɏɢŮɘ ŭɡɞ Ůˊɘɚɞɔɏɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ: 

¶  Data Frame: ȼ ɔŮɤɔɟŬűɘəɐ ˊɚɖɟɞűɞɟɑŬ ˊɟɞɓɎɚɚŮŰŬɘ ůŮ ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɞɡ 

óˊŬɟŬɗɨɟɞɡô, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ɗŮɛŬŰɘəɎ ŮˊɑˊŮŭŬ (layers). 

¶ Layout View: ȼ ɔŮɤɔɟŬűɘəɐ ˊɚɖɟɞűɞɟɑŬ ɏɢŮɘ Űɖ ɛɞɟűɐ ɛɘŬɠ ůŮɚɑŭŬɠ, ůŰɖɜ 

ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŰŮɗɞɨɜ ŭɘɎűɞɟŬ ůɡɛˊɚɖɟɤɛŬŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ 

ˊŮɟɘɔɟɎűɞɡɜ əŬɚɨŰŮɟŬ ɏɜŬ ɢɎɟŰɖ (ˊ.ɢ. ŰɑŰɚɞɠ, əɚɑɛŬəŬ, ůɨɛɓɞɚɞ ɓɞɟɟɎ ə.Ŭ ) 

 

ɆŮ ŬɡŰɐɜ Űɖɜ ŮɟɔŬůɑŬ ɖ ŮɘůŬɔɤɔɐ, ɖ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɖ ɞɟɔɎɜɤůɖ Űɤɜ 

ɢŬɟŰɞɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɏɔɘɜŮ ɛɏůɤ Data Frame , Ůɜɩ ɞɘ ɢɎɟŰŮɠ ˊɞɡ ŮɝɐɢɗɖůŬɜ ɔɘŬ 

Űɖɜ ˊŬɟɞɡůɑŬůɖ ɛɞɟűɞˊɞɘɐɗɖəŬɜ ůŮ Layout View. 

 

 

ɆɢɐɛŬ 2.3 ɄŮɟɘɓɎɚɚɞɜ ArcMap 
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ü ȺɜŮɟɔɞˊɞɑɖůɖ ŮűŬɟɛɞɔɩɜ əŬɘ ŮˊŮəŰɎůŮɤɜ Űɞɡ ArcMap  

 

ɇɞ ɚɞɔɘůɛɘəɧ ˊŬəɏŰɞ ArcGIS ˊɟɞůűɏɟŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮɘůŬɔɤɔɐɠ ŭɘŬűɧɟɤɜ 

ŮˊŮəŰɎůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ɡˊɞůŰɖɟɑɕɞɡɜ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ɜɏŮɠ ɚŮɘŰɞɡɟɔɑŮɠ əŬɘ ŮűŬɟɛɞɔɏɠ. 

ȼ ŮɜŮɟɔɞˊɞɑɖůɐ Űɞɡɠ ɔɑɜŮŰŬɘ ɛɏůɤ Űɞɡ ˊŬɟŬɗɨɟɞɡ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ, 

Űɞ ɞˊɞɑɞ ŮɛűŬɜɑɕŮŰŬɘ ɛŮŰɎ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ Tools \ Customize Ŭˊɧ Űɞ əŮɜŰɟɘəɧ ɛŮɜɞɨ 

Űɞɡ ArcMap. 

 

 

ɆɢɐɛŬ 2.4 ȺɜŮɟɔɞˊɞɑɖůɖ ŮˊŮəŰɎůŮɤɜ 

 

 

ü ȼ ŮˊɏəŰŬůɖ Spatial Analyst 

 

ɇɞ ɛŮɜɞɨ Spatial Analyst (ɆɢɐɛŬ 2.5) ˊŬɟɏɢŮɘ ɘůɢɡɟɎ ŮɟɔŬɚŮɑŬ ɔɘŬ ˊŮɟɘŮəŰɘəɐ ɢɤɟɘəɐ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɘ ŬɜɎɚɡůɖ ɓŬůɘůɛɏɜɖ əɡɟɑɤɠ ůŮ ˊɚŮɔɛŬŰɘəɎ (raster) ŭŮŭɞɛɏɜŬ. 

ȺˊɘŰɟɏˊŮɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ, ŬɜɎɚɡůɖ əŬɘ ɢŬɟŰɞɔɟŬűɘəɐ Ŭˊɧŭɞůɖ ˊɚŮɔɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɜ ɡɚɞˊɞɑɖůɖ ɞɚɞəɚɖɟɤɛɏɜɖɠ ˊɚŮɔɛŬŰɘəɐɠ ï ŭɘŬɜɡůɛŬŰɘəɐɠ (raster ï 

vector) ŬɜɎɚɡůɖɠ. ȺɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɞ, ɧŰŬɜ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ 

ɢɩɟɞɡ ŬˊŬɘŰŮɑ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ ɢɤɟɘəɐ ŬɜɎɚɡůɖ. 
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ɆɢɐɛŬ 2.5 ɇɞ ˊŰɡůůɧɛŮɜɞ ɛŮɜɞɨ Spatial Analyst 

 

 

 

ü ȼ ŮˊɏəŰŬůɖ Geostatistical Analyst 

 

ȼ ŮˊɏəŰŬůɖ Geostatistical Analyst (ɆɢɐɛŬ 2.6) ˊŬɟɏɢŮɘ ɛɘŬ ɘůɢɡɟɐ ŮɟɔŬɚŮɘɞɗɐəɖ ɔɘŬ 

Űɖɜ ŭɘŮɟŮɨɜɖůɖ ɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ ŮˊɘűŬɜŮɘɩɜ. ũŮűɡɟɩɜŮɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ Űɞ əŮɜɧ ŬɜɎɛŮůŬ ůŰŬ ůɡůŰɐɛŬŰŬ GIS əŬɘ ůŰɖ ɔŮɤůŰŬŰɘůŰɘəɐ 

ŬɜɎɚɡůɖ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ ɢɤɟɘəɩɜ űŬɘɜɞɛɏɜɤɜ, Űɖɜ ŬɜɎɚɡůɖ Űɞɡ 

ɟɑůəɞɡ əŬɘ Űɖɜ Ŭəɟɘɓɐ ˊɟɧɓɚŮɣɖ Űɘɛɩɜ ŮɜŰɧɠ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. 

 

  

ɆɢɐɛŬ 2.6 ɇɞ ˊŰɡůůɧɛŮɜɞ ɛŮɜɞɨ Geostatistical Analyst 

 

 

 

  



                                                                                                                  ȾȺūȷȿȷȽɃ 3 

  ɄȺɅȽũɅȷūȼ ɀȺŪɃȹɃȿɃũȽȷɆ 

24 

 

ȾȺūȷȿȷȽɃ 3 - ɄȺɅȽũɅȷūȼ ɀȺŪɃȹɃȿɃũȽȷɆ 

  

3.1 Ⱥˊɘɚɞɔɐ əŬɘ ȺɘůŬɔɤɔɐ ȹŮŭɞɛɏɜɤɜ ůŰɞ ɄɟɧɔɟŬɛɛŬ ArcGIS 

 

 ȹŮŭɞɛɏɜŬ Ⱥɘůɧŭɞɡ 

  

ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ Ⱦɖűɘůɞɨ (ɆɢɐɛŬ 

3.1). ɇŬ ɓɟɞɢɞɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ȺɟɔŬůŰɐɟɘɞ ɈŭɟɞɚɞɔɑŬɠ əŬɘ 

ȷɝɘɞˊɞɑɖůɖɠ ɈŭŬŰɘəɩɜ Ʉɧɟɤɜ Űɞɡ Ⱥ.ɀ.Ʉ əŬɘ ɓɟɑůəɞɜŰŬɘ ŬɜŬɟŰɖɛɏɜŬ ůŰɖ 

ŭɘŬŭɘəŰɡŬəɐ ůŮɚɑŭŬ meteonet.gr. ɆŰɖ ůŮɚɑŭŬ ŬɡŰɐ ŮɑɜŬɘ əŬŰŬɔŮɔɟŬɛɛɏɜŬ ŮˊŮɘůɧŭɘŬ 

ɓɟɞɢɐɠ ɛŮŰɟɖɛɏɜŬ Ŭˊɧ ŭɏəŬ ŬɡŰɧɛŬŰɞɡɠ ŰɖɚŮɛŮŰɟɘəɞɨɠ ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ. 

ɆŰɞɘɢŮɑŬ ɔɘŬ Űɞɜ əɎɗŮ ůŰŬɗɛɧ (ɗɏůɖ, ɏɜŬɟɝɖ ɚŮɘŰɞɡɟɔɑŬɠ, ɡɣɧɛŮŰɟɞ, ɔŮɤɔɟŬűɘəɏɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ)  ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3.1.   

 

 

ɆɢɐɛŬ 3.1 ȿŮəɎɜɖ ȷˊɞɟɟɞɐɠ Ⱦɖűɘůɞɨ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ɛŮŰŮɤɟɞɚɞɔɘəɞɑ  ɆŰŬɗɛɞɑ 

(meteonet.gr) 
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ɄɑɜŬəŬɠ 3.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ ɀŮŰŮɤɟɞɚɞɔɘəɩɜ ɆŰŬɗɛɩɜ 

ȷ/ȷ Ūɏůɖ 
ȰɜŬɟɝɖ 

ȿŮɘŰɞɡɟɔɑŬɠ 

ɈɣɧɛŮŰɟɞ 

(m) 

ũŮɤɔɟŬűɘəɧ 

ɄɚɎŰɞɠ 

ũŮɤɔɟŬűɘəɧ 

ɀɐəɞɠ 

1 ȻɤɔɟɎűɞɡ 05-08-2005 181 481137,0 4203010,6 

2 ɀŮɜɑŭɘ 25-02-2005 210 476525,5 4217394,2 

3 ɊɡŰŰɎɚŮɘŬ 25-02-2005 20 463569,2 4199167,6 

4 Ⱥɚɚɖɜɘəɧ 25-02-2005 6 475537,3 4194336,4 

5 ȼɚɘɞɨˊɞɚɖ 20-05-2005 206 478845,12 4196491,25 

6 ɀɎɜŭɟŬ 06-07-2005 258 461612,23 4219259,46 

7 ũŬɚɎŰůɘ 15-06-2005 176 478560,86 4208815,54 

8 ɄŮɜŰɏɚɖ 08-11-2005 729 487886,13 4215140,08 

9 Ʉɘəɏɟɛɘ 21-12-2005 133 493588,36 4205655,86 

10 ȯɜɤ ȿɘɧůɘŬ 21-02-2006 184 470969,29 4213921,93 

 

ȰɔɘɜŮ Ůˊɘɚɞɔɐ 3 ŮˊŮɘůɞŭɑɤɜ ɓɟɞɢɐɠ ůɡɜɞɚɘəɐɠ ŭɘɎɟəŮɘŬɠ 1 ɛɏɟŬɠ, ŬˊɞŰŮɚɞɨɛŮɜŬ Ŭˊɧ 

ŭŮəɎɚŮˊŰŮɠ ɛŮŰɟɐůŮɘɠ. ȼ Ůˊɘɚɞɔɐ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ɖɛŮɟɞɛɖɜɘɩɜ ɞűŮɑɚŮŰŬɘ ůŰŬ 

ɏɜŰɞɜŬ ŮˊŮɘůɧŭɘŬ ɓɟɞɢɐɠ ˊɞɡ əŬŰŬɔɟɎűɖəŬɜ ůŰɘɠ ŭɘɎűɞɟŮɠ ɗɏůŮɘɠ Űɤɜ 

ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ. Ƀɘ ɖɛŮɟɞɛɖɜɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ : 

¶ 10/10/2006 

¶ 12/12/2008 

¶ 18/10/2010 

 

Ƀɘ ŭŮəɎɚŮˊŰŮɠ ɛŮŰɟɐůŮɘɠ ɛŮŰŬűɏɟɗɖəŬɜ ůŮ űɨɚɚɞ Excel əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ɛŮŰŬŰɟɎˊɖəŬɜ ůŮ ɛŮŰɟɐůŮɘɠ ɛɘůɐɠ əŬɘ ɛɑŬɠ ɩɟŬɠ. ɆŰɞ ȾŮűɎɚŬɘɞ 4 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ 

ɓɟɞɢɞɔɟŬűɐɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ ůŮ əɎɗŮ ůŰŬɗɛɧ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ 

ŮˊŮɘůɧŭɘŬ ɓɟɞɢɐɠ. 

 

 ȺɘůŬɔɤɔɐ ȹŮŭɞɛɏɜɤɜ ůŰɞ ArcMap 

 

Ƀɘ ŰɟŮɘɠ ˊɑɜŬəŮɠ ˊɞɡ ɏɢɞɡɜ ˊɚɏɞɜ ŭɖɛɘɞɡɟɔɖɗŮɑ ůŰɞ Excel (ɛŮ ɓɐɛŬ 10 ɚŮˊŰɩɜ, ɛɘůɐɠ 

əŬɘ ɛɑŬɠ ɩɟŬɠ) ŮɘůɎɔɞɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ůŰɞ ArcMap. ȼ ŮɘůŬɔɤɔɐ ŬɡŰɐ ɔɑɜŮŰŬɘ ɛɏůɤ 

Űɖɠ ŮɜŰɞɚɐɠ  Add Data   
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ɆɢɐɛŬ 3.2 ȺɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ ůŰɞ ArcMap 

 

ɆŰɞ ɑŭɘɞ űɨɚɚɞ ŮɟɔŬůɑŬɠ Űɞɡ ArcMap  ɏɢɞɡɜ ɐŭɖ ŮɘůŬɢɗŮɑ ɏŰɞɘɛŬ ŬɟɢŮɑŬ (Űɨˊɞɡ 

spapefile) ˊɞɡ ˊŮɟɘɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ ɧɟɘŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, Űɞ ɣɖűɘŬəɧ 

ŬɜɎɔɚɡűɞ ŮŭɎűɞɡɠ, Űɞ ɡŭɟɞɚɞɔɘəɧ ŭɑəŰɡɞ əŬɗɩɠ əŬɘ Űɞɡɠ 10 ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ 

ůŰŬɗɛɞɨɠ. ɆŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ˊŬɟŬˊɎɜɤ ŬɟɢŮɑŬ, ɧˊɤɠ ŬɡŰɎ 

ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ArcMap. 

 

 

ɆɢɐɛŬ 3.3 ȷɟɢŮɑŬ Ůɘůɧŭɞɡ ůŰɞ ArcMap 
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ɆŮ ɏɜŬ ɆɨůŰɖɛŬ ũŮɤɔɟŬűɘəɐɠ ɄɚɖɟɞűɞɟɑŬɠ əɎɗŮ ɔŮɤɔɟŬűɘəɐ ï ɔŮɤɛŮŰɟɘəɐ 

ɞɜŰɧŰɖŰŬ ɛˊɞɟŮɑ ɜŬ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊɚɖɟɞűɞɟɘɩɜ. Ƀɘ 

ˊɚɖɟɞűɞɟɑŮɠ ŬɡŰɏɠ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ Űɤɜ ˊŮɟɘɔɟŬűɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

(attribute table). ɆŰɞ ŮˊɧɛŮɜɞ ůɢɐɛŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ˊɑɜŬəŬɠ Űɤɜ ˊŮɟɘɔɟŬűɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ. 

 

 

ɆɢɐɛŬ 3.4 ɄɑɜŬəŬɠ ˊŮɟɘɔɟŬűɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ 

 

ȾɎɗŮ ɔɟŬɛɛɐ Űɞɡ ˊɑɜŬəŬ ŬɡŰɞɨ ŬűɞɟɎ ůŮ ŭɘŬűɞɟŮŰɘəɧ ɔŮɤɛŮŰɟɘəɧ ůŰɞɘɢŮɑɞ ůŰɞ ɢɩɟɞ 

(Records), Ůɜɩ əɎɗŮ ůŰɐɚɖ ŬɜŬűɏɟŮŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ˊŮɟɘɔɟŬűɘəɧ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ (Fields). ɆŰɖ ŭŮŭɞɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɞ ˊɑɜŬəŬɠ ˊŮɟɘɏɢŮɘ ůŰɞɘɢŮɑŬ 

ɔɘŬ Űɞɡɠ 10 ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ, ɧˊɤɠ Űɞ ůɢɐɛŬ, Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡɠ 

Ŭɟɘɗɛɧ, Űɞ ɧɜɞɛŬ Űɞɡɠ, Űɞ ɡɣɧɛŮŰɟɧ Űɞɡɠ, Űɘɠ ɔŮɤɔɟŬűɘəɏɠ Űɞɡɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ, ə.Ŭ. 

 

 ȺɘůŬɔɤɔɐ ȹŮŭɞɛɏɜɤɜ ůŰɞɡɠ ɆŰŬɗɛɞɨɠ - ɆɨɜŭŮůɖ ɄɘɜɎəɤɜ 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɖ ůɨɜŭŮůɖ Űɞɡ ˊɑɜŬəŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ůŰŬɗɛɩɜ ɛŮ Űɞɡɠ ˊɑɜŬəŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɖ ɢɟɞɜɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ɓɟɞɢɐɠ ůŮ əɎɗŮ 

ůŰŬɗɛɧ, ɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɞˊɞɑɤɜ ɏɢŮɘ ˊŮɟɘɔɟŬűŮɑ ˊŬɟŬˊɎɜɤ. 

 

ɇɞ ArcMap ˊŬɟɏɢŮɘ ŭɨɞ ɛŮɗɧŭɞɡɠ ɔɘŬ Űɖ ůɡůɢɏŰɘůɖ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮɑɜŬɘ 

ŬˊɞɗɖəŮɡɛɏɜŬ ůŮ ˊɑɜŬəŮɠ ɛŮ ɔŮɤɔɟŬűɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ: ŮɑŰŮ ɛɏůɤ Űɖɠ ŮɜŰɞɚɐɠ 

Join ŮɑŰŮ ɛɏůɤ Űɖɠ ŮɜŰɞɚɐɠ Relate. ȳŰŬɜ ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɖɠ ŮɜŰɞɚɐɠ Join ɞɘ ŭɨɞ 

ˊɑɜŬəŮɠ ŮɜɩɜɞɜŰŬɘ, ŭɖɚŬŭɐ ˊɟɞůŰɑɗŮɜŰŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Ŭˊɧ Űɞɜ ɏɜŬ ˊɑɜŬəŬ ůŰɞɜ Ɏɚɚɞ 

ɛŮ ɓɎůɖ ɏɜŬ ˊŮŭɑɞ əɞɘɜɧ əŬɘ ɔɘŬ Űɞɡɠ ŭɨɞ ˊɑɜŬəŮɠ. ɆŰɖ ŭŮŭɞɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɞ 



                                                                                                                  ȾȺūȷȿȷȽɃ 3 

  ɄȺɅȽũɅȷūȼ ɀȺŪɃȹɃȿɃũȽȷɆ 

28 

 

ˊɑɜŬəŬɠ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůŰŬɗɛɩɜ ŮɜɩɜŮŰŬɘ ɛŮ Űɖ ɢɟɞɜɘəɐ Ůɝɏɚɘɝɖ Űɖɠ 

ɓɟɞɢɐɠ ůŮ əɎɗŮ ůŰŬɗɛɧ ɛɏůɤ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ Ŭɟɘɗɛɞɨ Űɞɡ əɎɗŮ ůŰŬɗɛɞɨ, ˊŮŭɑɞ 

ˊɞɡ ɏɢɞɡɜ əŬɘ ɞɘ ŭɨɞ ˊɑɜŬəŮɠ.  

 

ȳŰŬɜ ůɡůɢŮŰɑɕɞɡɛŮ ŭɨɞ ˊɑɜŬəŮɠ (Relate), ŰɧŰŮ əŬɗɞɟɑɕŮŰŬɘ ɛɑŬ ůɢɏůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 

ˊɘɜɎəɤɜ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ Ůˊɑůɖɠ ɓŬůɘůɛɏɜɖ ůŮ ɏɜŬ əɞɘɜɧ ˊŮŭɑɞ, ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ ŭŮɜ 

ŮˊɘůɡɜɎˊŰɞɜŰŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ Ůɜɧɠ ˊɑɜŬəŬ ůŰɞɜ Ɏɚɚɞɜ. ɈˊɎɟɢŮɘ, ɧɛɤɠ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ˊɟɧůɓŬůɖɠ ůŰŬ ůɢŮŰɘəɎ ŭŮŭɞɛɏɜŬ, ɧŰŬɜ ŬɡŰɧ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ. 

 

ȹɨɞ ˊɑɜŬəŮɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ Ůɜɤɗɞɨɜ ɧŰŬɜ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡɠ ɏɢɞɡɜ ůɢɏůɖ ɏɜŬ-ˊɟɞɠ-

ɏɜŬ ɐ ˊɞɚɚɎ-ˊɟɞɠ-ɏɜŬ, Ůɜɩ ŭɨɞ ˊɑɜŬəŮɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ůɡůɢŮŰɘůɗɞɨɜ ɧŰŬɜ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɞɡɠ ɏɢɞɡɜ ůɢɏůɖ ɏɜŬ-ˊɟɞɠ-ˊɞɚɚɎ ɐ ˊɞɚɚɎ-ˊɟɞɠ-ˊɞɚɚɎ. Ƀɘ ŮűŬɟɛɞɔɏɠ Join 

əŬɘ Relate ŮɜŮɟɔɞɨɜ ůŮ ɏɜŬ ŬɟɢŮɑɞ əɎɗŮ űɞɟɎ ˊɞɡ Űɞ ŬɜɞɑɔɞɡɛŮ. ȰŰůɘ, Ŭɜ ŬɚɚɎɝɞɡɜ 

ŰŬ ɓŬůɘəɎ ŭŮŭɞɛɏɜŬ Űɤɜ ˊɘɜɎəɤɜ, ɖ ŬɚɚŬɔɐ ŬɡŰɐ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ŬɟɢŮɑɞ ůŰɞ ɞˊɞɑɞ 

ŮűŬɟɛɧɕŮŰŬɘ ɖ ŮɜŰɞɚɐ Join ɐ Relate. Ƀɘ ˊɑɜŬəŮɠ ˊɞɡ ŮɜɩɜɞɜŰŬɘ ɐ ůɡůɢŮŰɑɕɞɜŰŬɘ ůŰɞ 

ArcMap ŭŮɜ ŮɑɜŬɘ ɛɧɜɘɛŬ ůɡɜŭŮŭŮɛɏɜɞɘ. ɆɡɜŭɏɞɜŰŬɘ ŭɡɜŬɛɘəɎ ůŰɞ ArcMap əŬɘ 

ɛˊɞɟɞɨɜ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ ɜŬ ŬűŬɘɟŮɗɞɨɜ ɐ ɜŬ ŮˊŬɜŬůɡɜŭŮɗɞɨɜ. 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɞ ˊɑɜŬəŬɠ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭɏəŬ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ 

ůŰŬɗɛɩɜ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɡɠ ˊɑɜŬəŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɖ ɢɟɞɜɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ɓɟɞɢɐɠ 

(ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ) ɛɏůɤ Űɖɠ ŮɜŰɞɚɐɠ Join. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, 

ŮɛűŬɜɑɕŮŰŬɘ Űɞ ˊŬɟɎɗɡɟɞ (ɆɢɐɛŬ 3.5) ůŰɞ ɞˊɞɑɞ ŮɘůɎɔɞɜŰŬɘ ɞɘ ŬˊŬɟŬɑŰɖŰŮɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ɜŬ ɔɑɜŮɘ ɖ ůɨɜŭŮůɖ. 
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ɆɢɐɛŬ 3.5 ɄŬɟɎɗɡɟɞ ŮɘůŬɔɤɔɐɠ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖ ůɨɜŭŮůɖ ˊɘɜɎəɤɜ 

 

ɆŰɖ ɗɏůɖ 1 ŮɘůɎɔŮŰŬɘ Űɞ ˊŮŭɑɞ Űɞɡ ŬɟɢŮɑɞɡ ůŰɞ ɞˊɞɑɞ ɗŬ ɓŬůɘůŰŮɑ ɖ ɏɜɤůɖ. ɆŰɞ 

ŬɟɢŮɑɞ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ Űɞ ˊŮŭɑɞ ŬɡŰɧ ŮɑɜŬɘ Űɞ ID, ˊŮŭɑɞ ůŰɞ ɞˊɞɑɞ 

ůɡɜŬɜŰɎŰŬɘ ɏɜŬɠ ɢŬɟŬəŰɖɟɘůŰɘəɧɠ Ŭɟɘɗɛɧɠ ɔɘŬ əɎɗŮ ůŰŬɗɛɧ. ɆŰɖ ɗɏůɖ 2 ŮɘůɎɔŮŰŬɘ ɞ 

ˊɑɜŬəŬɠ ˊɞɡ ɗŬ ůɡůɢŮŰɘůŰŮɑ ɛŮ Űɞ ŭŮŭɞɛɏɜɞ ŬɟɢŮɑɞ. ɇɏɚɞɠ, ůŰɖ ɗɏůɖ 3 ŮɘůɎɔŮŰŬɘ Űɞ 

ˊŮŭɑɞ Űɞɡ ůɡůɢŮŰɘɕɧɛŮɜɞɡ ˊɑɜŬəŬ ˊɞɡ ŮɑɜŬɘ əɞɘɜɧ ɛŮ Űɞ ˊŮŭɑɞ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

Ŭɟɘɗɛɩɜ. Ⱥˊɑůɖɠ, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Ůˊɘɚɞɔɐɠ ɛŮŰŬɝɨ ŮɛűɎɜɘůɖɠ ɛɧɜɞ Űɤɜ 

ůŰɞɘɢŮɑɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɘɠ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ŮɛűɎɜɘůɖɠ ɧɚɤɜ Űɤɜ 

ůŰɞɘɢŮɑɤɜ (əŬɘ ŬɡŰɩɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ŬɡŰɩɜ ɔɘŬ ŰŬ 

ɞˊɞɑŬ ŭŮɜ ɡˊɎɟɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ). 

 

Ʉɚɏɞɜ, ɔɘŬ əɎɗŮ ůŰŬɗɛɧ ɝŮɢɤɟɘůŰɎ ɡˊɎɟɢŮɘ ɖ ɢɟɞɜɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ɓɟɞɢɐɠ ɛŮ ɢɟɞɜɘəɧ 

ɓɐɛŬ 10 ɚŮˊŰɩɜ, ɛɘŬɠ ɩɟŬɠ əŬɘ ɛɘůɐɠ ɩɟŬɠ əŬɘ ɔɘŬ Űɘɠ 3 ŭɘŬűɞɟŮŰɘəɏɠ ɖɛŮɟɞɛɖɜɑŮɠ. 

 

 

3.2 ɀŮŰŬŰɟɞˊɐ ɆɖɛŮɘŬəɩɜ ȹŮŭɞɛɏɜɤɜ ůŮ ȺˊɘűŬɜŮɘŬəɎ 

 

ɆŮ ŬɡŰɐ Űɖ űɎůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ əŬŰɎɟŰɘůɖ ɢŬɟŰɩɜ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ 

ɛŮ ɓɎůɖ Űɘɠ ůɖɛŮɘŬəɏɠ ɛŮŰɟɐůŮɘɠ ɔɘŬ ŭŮŭɞɛɏɜŮɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ əŬɘ ɢɟɞɜɘəɎ 
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ŭɘŬůŰɐɛŬŰŬ. Ƀɘ ɛɏɗɞŭɞɘ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖ ɛŮŰŬŰɟɞˊɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ Ŭˊɧ 

ůɖɛŮɘŬəɐ ůŮ ŮˊɘűŬɜŮɘŬəɐ ŮɑɜŬɘ ɞɘ Ůɝɐɠ : 

§ Inverse Distance weighting (I.D.W) 

§ Radial Basic Functions (R.B.F) 

§ Ordinary  Kriging 

§ Ordinary Cokriging 

 

ȷˊɧ Űɞ ɛŮɜɞɨ Geostatistical Analyst (ɆɢɐɛŬ 3.6) ɔɑɜŮŰŬɘ Ůˊɘɚɞɔɐ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ 

ɛŮɗɧŭɞɡ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ əŬɘ Űɤɜ ŮɘůŬɔɧɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŭɑɜŮŰŬɘ 

ɚŮˊŰɞɛŮɟɐɠ ˊŮɟɘɔɟŬűɐ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɝŮɢɤɟɘůŰɎ ɔɘŬ əɎɗŮ 

ɛɏɗɞŭɞ. 

 

                             

ɆɢɐɛŬ 3.6 ȺɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ  əŬɘ Ůˊɘɚɞɔɐ ɛŮɗɧŭɞɡ ɢɤɟɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ ɛɏůɤ 

Űɞɡ ɛŮɜɞɨ Űɞɡ Geostatistical Analyst 

 

 

 Inverse Distance weighting (I.D.W) 

 

ȺˊɘɚɏɔɞɜŰŬɠ Űɖ ɛɏɗɞŭɞ ˊŬɟŮɛɓɞɚɐɠ I.D.W. ŮɛűŬɜɑɕŮŰŬɘ Űɞ Ŭəɧɚɞɡɗɞ ˊŬɟɎɗɡɟɞ         

ůŰɞ ɞˊɞɑɞ ŮɘůɎɔɞɜŰŬɘ ɞɘ əŬŰɎɚɚɖɚŮɠ ˊŬɟɎɛŮŰɟɞɘ ɔɘŬ Űɖɜ ˊŬɟŮɛɓɞɚɐ. 
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ɆɢɐɛŬ 3.7 ɄŬɟɎɗɡɟɞ ŮɘůŬɔɤɔɐɠ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖ ɛɏɗɞŭɞ IDW 

 

ɀɏůɤ Űɞɡ ˊŬɟŬɗɨɟɞɡ ŬɡŰɞɨ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɓɎɚɚŮɘ ɛɘŬ ůŮɘɟɎ Ŭˊɧ 

ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ ɔŮɑŰɞɜŬ, 

ˊɞɡ ŮűŬɟɛɧɕŮɘ ɖ I.D.W. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɏɠ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɓŬɟɨŰɖŰŬɠ Űɖɠ 

Ůɝɑůɤůɖɠ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɖ ɛɏɗɞŭɞɠ, ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɗŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ, 

Űɞ ůɢɐɛŬ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ɗŬ ŮűŬɟɛɞůŰŮɑ ɖ ɛɏɗɞŭɞɠ Űɞɡ 

ˊɚɖůɘɏůŰŮɟɞɡ ɔŮɑŰɞɜŬ, ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ əŬɘ ɖ Űɘɛɐ Űɞɡ ŮəŰɘɛɩɛŮɜɞɡ ɛŮɔɏɗɞɡɠ. 

ɄɟɞŮˊɘůəɧˊɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɡŰɩɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ůŰŬ ŬɟɘůŰŮɟɎ Űɞɡ ˊŬɟŬɗɨɟɞɡ. 

 

ȷűɞɨ ŮɘůŬɢɗɞɨɜ ɞɘ əŬŰɎɚɚɖɚŮɠ ˊŬɟɎɛŮŰɟɞɘ, ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ŮɜŰɞɚɐɠ NEXT 

ŮɛűŬɜɑɕŮŰŬɘ Űɞ ŮˊɧɛŮɜɞ ˊŬɟɎɗɡɟɞ ůŰɞ ɞˊɞɑɞ ŮɑɜŬɘ ŭɡɜŬŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

Ůɝɑůɤůɖɠ ůɡůɢɏŰɘůɖɠ ɛŮŰɟɖɛɏɜɖɠ ï ŮəŰɘɛɩɛŮɜɖɠ Űɘɛɐɠ əŬɗɩɠ əŬɘ Űɞ ůɡɜɞɚɘəɧ ɛɏůɞ 

əŬɘ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ. ɀɏůɤ ŬɡŰɞɨ Űɞɡ ñŮɚɏɔɢɞɡò ˊŬɟɏɢŮŰŬɘ 

ɖ ŭɡɜŬŰɧŰɖŰŬ ŮˊɘůŰɟɞűɐɠ ůŰɞ ˊŬɟɎɗɡɟɞ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ŮˊŬɜŮəŰɑɛɖůɖɠ Űɞɡɠ 

ɔɘŬ ɞɟɗɧŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ (ɆɢɐɛŬ 3.8). 
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ɆɢɐɛŬ 3.8 ɄŬɟɎɗɡɟɞ Ůɚɏɔɢɞɡ ůűŬɚɛɎŰɤɜ ɔɘŬ Űɖ ɛɏɗɞŭɞ IDW 

 

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɞɘ ɢɎɟŰŮɠ 

ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ ɓɎůɖ Űɖ ɛɏɗɞŭɞ IDW. ȰɜŬɠ ŮɜŭŮɘəŰɘəɧɠ ɢɎɟŰɖɠ 

ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ, ɧˊɤɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŰɞ ArcMap ɛŮ Űɖɜ IDW ɛɏɗɞŭɞ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ.  

 

 

ɆɢɐɛŬ 3.9 ȹɖɛɘɞɡɟɔɑŬ ɢɎɟŰɖ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖ ɛɏɗɞŭɞ IDW ůŰɞ 

ArcMap 
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 Radial Basic Functions (R.B.F) 

 

ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ R.B.F ŮɑɜŬɘ ɑŭɘŬ ɛŮ 

ŮəŮɑɜɖ Űɖɠ ɛŮɗɧŭɞɡ I.D.W. ȳˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ ůŮ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ əŬɘ 

ɞɘ ŭɨɞ ɛɏɗɞŭɞɘ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɗŮɤɟɑŬ Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ ɔŮɑŰɞɜŬ. ȼ ŭɘŬűɞɟɎ Űɖɠ 

ɛŮɗɧŭɞɡ R.B.F ɛŮ Űɖ ɛɏɗɞŭɞ I.D.W ŮɑɜŬɘ ɧŰɘ ɖ ˊɟɩŰɖ ŭɑɜŮɘ Űɘɛɏɠ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Űɤɜ 

ɛŮŰɟɖɛɏɜɤɜ Űɘɛɩɜ. ɆŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬɠ ŮɜŭŮɘəŰɘəɧɠ ɢɎɟŰɖɠ 

ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ, ɧˊɤɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŰɞ ArcMap ɛŮ Űɖɜ R.B.F ɛɏɗɞŭɞ. 

 

 

ɆɢɐɛŬ 3.10 ȹɖɛɘɞɡɟɔɑŬ ɢɎɟŰɖ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖ ɛɏɗɞŭɞ R.B.F ůŰɞ 

ArcMap 

 

 

 Ordinary   Kriging  

ɇɞ Kriging ŮɑɜŬɘ ɛɘŬ ůɨɔɢɟɞɜɖ ɛɏɗɞŭɞɠ ˊŬɟŮɛɓɞɚɐɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ Ŭəɟɘɓɐɠ 

(exact method) ŮɑŰŮ ŮɝɞɛɎɚɡɜůɖɠ (smoothing method), ŬɜɎɚɞɔŬ ɛŮ Űɞ ŮˊɘɚŮɔɛɏɜɞ 

ɛɞɜŰɏɚɞ ɛɏŰɟɖůɖɠ ůűɎɚɛŬŰɞɠ.  ɀɏůɤ Űɞɡ ɛŮɜɞɨ Űɞɡ ArcMap Geostatistical Analyst 

ŮɑɜŬɘ ŭɡɜŬŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ əŬɘ ɖ Ůˊɘůəɧˊɖůɖ ɔɟŬűɖɛɎŰɤɜ ɢɤɟɘəɐɠ 
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ŬɡŰɞůɡůɢɏŰɘůɖɠ əŬɘ ŭɖɛɘɞɡɟɔɑŬɠ ɢŬɟŰɩɜ ˊɟɧɓɚŮɣɖɠ, ˊɘɗŬɜɞŰɐŰɤɜ, ůűŬɚɛɎŰɤɜ, ə.Ŭ.  

ɋɠ ɔŮɤůŰŬŰɘůŰɘəɐ ɛɏɗɞŭɞɠ ɢɟɖůɘɛɞˊɞɘŮɑ ůŰɞɢŬůŰɘəɎ ɛɞɜŰɏɚŬ, ɔŮɔɞɜɧɠ ˊɞɡ Űɖɜ 

əŬɗɘůŰɎ ŬɟəŮŰɎ ˊɞɚɨˊɚɞəɖ əŬɘ ŬˊŬɘŰɖŰɘəɐ ůŮ ɧŰɘ ŬűɞɟɎ ůŰɖ ɚɐɣɖ ŬˊɞűɎůŮɤɜ. 

 

ȼ ŮűŬɟɛɞɔɐ Űɖɠ ɛɏůɤ Űɞɡ Geostatistical Analyst ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůŬ Ŭˊɧ ŰɟɑŬ 

ɓɐɛŬŰŬ : 

 

§ ȸɐɛŬ 1ɞ
 ï Ⱥˊɘɚɞɔɐ ɀŮɗɧŭɞɡ Kriging əŬɘ ɄɟɞɥɧɜŰɞɠ Ⱥɝɧŭɞɡ 

ɆŰɞ Ŭəɧɚɞɡɗɞ ˊŬɟɎɗɡɟɞ ɞ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɖ ɛɏɗɞŭɞ Kriging  ɓɎůɖ Űɖɠ ɞˊɞɑŬɠ ɗŬ 

ɔɑɜŮɘ ɖ ŬɜɎɚɡůɖ əŬɗɩɠ əŬɘ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɟɞɥɧɜ ŮɝŬɔɤɔɐɠ (ˊ.ɢ. ɢɎɟŰɖɠ 

ˊɟɞɓɚŮˊɧɛŮɜɤɜ Űɘɛɩɜ, ɢɎɟŰɖɠ ˊɘɗŬɜɞŰɐŰɤɜ, ɢɎɟŰɖɠ ˊɟɞɓɚŮˊɧɛŮɜɤɜ ůűŬɚɛɎŰɤɜ). 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮˊɘɚɏɔŮŰŬɘ ɖ ˊŬɟŬɔɤɔɐ ɢɎɟŰɖ ˊɟɞɓɚŮˊɧɛŮɜɤɜ Űɘɛɩɜ ɛɏůɤ 

Űɖɠ ɛŮɗɧŭɞɡ Ordinary Kriging.  

 

 

ɆɢɐɛŬ 3.11 Ⱥˊɘɚɞɔɐ ɛŮɗɧŭɞɡ Kriging əŬɘ ŮˊɘɗɡɛɖŰɞɨ ˊɟɞɥɧɜŰɞɠ ŮɝŬɔɤɔɐɠ 

  

§ ȸɐɛŬ 2ɞ
 ï Ʌɨɗɛɘůɖ ˊŬɟŬɛɏŰɟɤɜ ɖɛɘɛŮŰŬɓɚɖŰɞɔɟɎɛɛŬŰɞɠ əŬɘ ůɡɜŭɘŬəɨɛŬɜůɖɠ 

ɇɞ ɓɐɛŬ ŬɡŰɧ ŬˊɞŰŮɚŮɑ Űɖɜ óəŬɟŭɘɎô Űɖɠ ɛŮɗɧŭɞɡ, əŬɗɩɠ ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɛŮŰŬɓɚɖŰɧɔɟŬɛɛŬ (ɆɢɐɛŬ 3.12). Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɟɡɗɛɑɕɞɜŰŬɘ ůŮ 

ŬɡŰɧ Űɞ ˊŬɟɎɗɡɟɞ ŮɑɜŬɘ (ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ əɎŰɤ ŬɟɘůŰŮɟɐ ɔɤɜɑŬ): 

¶ Semivariogram/Covariance Surface ï ɉɎɟŰɖɠ ɀŮŰŬɓɚɖŰɧŰɖŰŬɠ: ȾɎɗŮ 

űŬŰɜɑɞ (pixel) ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ɛɏůɞ ɧɟɞ ɧɚɤɜ Űɤɜ ɕŮɡɔŬɟɘɩɜ ɛɏůŬ ůŮ ɏɜŬ 

ŭŮŭɞɛɏɜɞ óɢɤɟɑɞô ŬˊɧůŰŬůɖɠ/əŬŰŮɨɗɡɜůɖɠ. ȹɡůŰɡɢɩɠ, ŭŮɜ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ 

Űɘɛɏɠ ŬɚɚɎ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɟɨɗɛɘůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ űŬŰɜɑɞɡ əŬɘ Űɞɡ Ŭɟɘɗɛɞɨ 
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Űɤɜ ɢɤɟɑɤɜ ůŰɘɠ ɗɏůŮɘɠ Lag Size əŬɘ Number of bins ŬɜŰɑůŰɞɘɢŬ. ɆŰɖ ɗɏůɖ 

Anisotropy ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɓɎɚɚŮɘ Űɖɜ əŬŰŮɨɗɡɜůɖ ŬˊŮɘəɧɜɘůɖɠ. 

¶ View ï Ⱥˊɘůəɧˊɖůɖ: Ⱥŭɩ ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ ɖɛɘɛŮŰŬɓɚɖŰɧɔɟŬɛɛŬ ɐ Űɞ 

ŭɘɎɔɟŬɛɛŬ Űɖɠ ůɡɜŭɘŬəɨɛŬɜůɖɠ. ȷəɧɛŬ ůŰɞ ɑŭɘɞ ŭɘɎɔɟŬɛɛŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ əŬɘ 

Űɞ ŮˊɘɚŮɔɛɏɜɞ ɗŮɤɟɖŰɘəɧ ɖɛɘɛŮŰŬɓɚɖŰɧɔɟŬɛɛŬ.  

¶ Models  - ŪŮɤɟɖŰɘəɎ ɛɞɜŰɏɚŬ ɖɛɘɛŮŰŬɓɚɖŰɞɔɟɎɛɛŬŰɞɠ: ɆŰɖ ɗɏůɖ ŬɡŰɐ 

ŮˊɘɚɏɔŮŰŬɘ Űɞ əŬŰɎɚɚɖɚɞ ɗŮɤɟɖŰɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ŰŬɘɟɘɎɕŮɘ ůŰɖ ŭŮŭɞɛɏɜɖ 

ˊŮɟɑˊŰɤůɖ. ɇɞ ˊɟɧɔɟŬɛɛŬ ɔɘŬ əɎɗŮ Űɨˊɞ ɖɛɘɛŮŰŬɓɚɖŰɞɔɟɎɛɛŬŰɞɠ ˊŬɟɏɢŮɘ 

ɏŰɞɘɛŮɠ Űɘɛɏɠ əɎˊɞɘɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (ˊ.ɢ, sill,nugget), Űɘɠ ɞˊɞɑŮɠ ɞ ɢɟɐůŰɖɠ 

ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ŰɟɞˊɞˊɞɘɐůŮɘ. 

 

 

ɆɢɐɛŬ 3.12 Ʌɨɗɛɘůɖ ˊŬɟŬɛɏŰɟɤɜ ɖɛɘɛŮŰŬɓɚɖŰɞɔɟɎɛɛŬŰɞɠ əŬɘ ůɡɜŭɘŬəɨɛŬɜůɖɠ 

 

§ ȸɐɛŬ 3ɞ
 ï ȾŬɗɞɟɘůɛɧɠ ŮˊɘűɎɜŮɘŬɠ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɗɧŭɞɡ Kriging  

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɘůŰŮɑ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůŰɖɜ ɞˊɞɑŬ 

ŮűŬɟɛɧɕŮŰŬɘ ɖ ɛɏɗɞŭɞɠ Kriging (ɆɢɐɛŬ 3.13). ɆŰŬ ŬɟɘůŰŮɟɎ Űɞɡ ˊŬɟŬɗɨɟɞɡ ɡˊɎɟɢŮɘ 

ɢɎɟŰɖɠ ɛŮ Űɘɠ ɗɏůŮɘɠ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ, ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɖ ŮˊɘɗɡɛɖŰɐ 

ɗɏůɖ ˊɟɧɓɚŮɣɖɠ əŬɘ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŬɜŰɑůŰɞɘɢɖ Űɘɛɐ. ɇɞ ˊŬɟɎɗɡɟɞ ŬɡŰɧ ŮɑɜŬɘ 

ɧɛɞɘɞ ɛŮ Űɞ ˊŬɟɎɗɡɟɞ Űɞɡ ˊɟɩŰɞɡ ɓɐɛŬŰɞɠ Űɖɠ ɛŮɗɧŭɞɡ I.D.W., Űɞ ɞˊɞɑɞ 

ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ.  
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ɆɢɐɛŬ 3.13 ȾŬɗɞɟɘůɛɧɠ ŮˊɘűɎɜŮɘŬɠ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɗɧŭɞɡ Kriging 

 

§ ȸɐɛŬ 4ɞ
 ï ȰɚŮɔɢɞɠ ɆűŬɚɛɎŰɤɜ 

ɆŰɞ ɓɐɛŬ ŬɡŰɧ ŭŮɜ ɟɡɗɛɑɕɞɜŰŬɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ɛŮɗɧŭɞɡ, ŬɚɚɎ ŮɚɏɔɢɞɜŰŬɘ ŰŬ 

ŮəŰɘɛɩɛŮɜŬ ůűɎɚɛŬŰŬ (ɆɢɐɛŬ 3.14)  əŬɘ ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ɛŮŰɟɖɛɏɜɤɜ Űɘɛɩɜ ɛŮ 

ŬɡŰɏɠ ˊɞɡ ŮəŰɘɛɩɜŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ. ȷɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŬˊɞŭŮəŰɎ ŰɧŰŮ ɛŮ Űɖɜ 

ŮɜŰɞɚɐ FINISH ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ əŬɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɞ ɢɎɟŰɖɠ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ˊŬɟɏɢŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŮˊɘůŰɟɞűɐɠ ůŰŬ 

ˊɟɞɖɔɞɨɛŮɜŬ ɓɐɛŬŰŬ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ.  

 

 

ɆɢɐɛŬ 3.14 ȰɚŮɔɢɞɠ ɆűŬɚɛɎŰɤɜ 

 

ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ ɓɖɛɎŰɤɜ ˊŬɟɎɔŮŰŬɘ ɞ ɢɎɟŰɖɠ ɛŮ Űɘɠ ŮəŰɘɛɩɛŮɜŮɠ Űɘɛɏɠ ůŮ 

əɎɗŮ ɗɏůɖ, ɧˊɤɠ ŮɜŭŮɘəŰɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.15. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 
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ɚɧɔɤ ɏɚɚŮɘɣɖɠ ŭŮŭɞɛɏɜɤɜ, ŭŮɜ ɏɔɘɜŮ ɛŮŰŬɓɞɚɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɜŰɑɗŮŰŬ 

ŭɘŬŰɖɟɐɗɖəŬɜ ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ ɑŭɘɞ Űɞ ˊɟɧɔɟŬɛɛŬ. 

 

 

ɆɢɐɛŬ 3.15 ȹɖɛɘɞɡɟɔɑŬ ɢɎɟŰɖ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖ ɛɏɗɞŭɞ Ordinary 

Kriging ůŰɞ ArcMap 

 

 Cokriging 

ɇŬ ɓɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ Cogriging ůŰɞ ArcMap ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɢɎɟŰɖ 

ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ Ŭˊɧ Űɘɠ ůɖɛŮɘŬəɏɠ ɛŮŰɟɐůŮɘɠ Űɤɜ ŭɏəŬ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ 

ůŰŬɗɛɩɜ ŮɑɜŬɘ ɑŭɘŬ ɛŮ ŬɡŰɎ ˊɞɡ ˊŮɟɘɔɟɎűɖəŬɜ Ŭəɟɘɓɩɠ ˊŬɟŬˊɎɜɤ ɔɘŬ Űɖ ɛɏɗɞŭɞ 

Ordinary Kriging. ȼ ŭɘŬűɞɟɎ ŮɑɜŬɘ ɧŰɘ ˊɟɏˊŮɘ ɜŬ ŮɘůŬɢɗŮɑ əŬɘ Űɞ ŬɟɢŮɑɞ ˊɞɡ ˊŮɟɘɏɢŮɘ 

Űɖɜ ˊɚɖɟɞűɞɟɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɗŬ ůɡůɢŮŰɖɗŮɑ Űɞ ŮəŰɘɛɩɛŮɜɞ ɛɏɔŮɗɞɠ. ɆŰɖɜ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ŮɘůɎɔŮŰŬɘ Űɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ ŮŭɎűɞɡɠ, ŭɖɚŬŭɐ ɖ ŮəŰɘɛɩɛŮɜɖ ɓɟɞɢɧˊŰɤůɖ 

ůɡůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɡɣɧɛŮŰɟɞ ůŮ əɎɗŮ ůɖɛŮɑɞ. ȺɜŭŮɘəŰɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ŮˊɧɛŮɜɞ 

ůɢɐɛŬ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɢɎɟŰɖ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ůŰɞ ArcMap ɛɏůɤ Űɞɡ 

Geostatistical Analyst. 
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ɆɢɐɛŬ 3.16 ȹɖɛɘɞɡɟɔɑŬ ɢɎɟŰɖ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ɛŮ Űɖ ɛɏɗɞŭɞ Ordinary 

Cokriging ůŰɞ ArcMap 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŮűŬɟɛɧůŰɖəŬɜ əŬɘ ɞɘ ŰɏůůŮɟŮɘɠ ɛɏɗɞŭɞɘ ɢɤɟɘəɐɠ 

ˊŬɟŮɛɓɞɚɐɠ, ɧˊɤɠ ŬɡŰɏɠ ˊŬɟɞɡůɘɎůŰɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɔɘŬ ŰŬ ɓɟɞɢɞɛŮŰɟɘəɎ 

ŭŮŭɞɛɏɜŬ ˊɞɡ əŬŰŬɔɟɎűɖəŬɜ ůŰɘɠ 12/12/2008. Ƀɘ ŬɜŰɑůŰɞɘɢɞɘ ɢɎɟŰŮɠ ŮˊɘűŬɜŮɘŬəɐɠ 

ɓɟɞɢɧˊŰɤůɖɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ. ũɘŬ Űɘɠ ɖɛŮɟɞɛɖɜɑŮɠ 

10/10/2006 əŬɘ 18/10/2010 ɖ ɛŮŰŬŰɟɞˊɐ Űɖɠ ůɖɛŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ůŮ 

ŮˊɘűŬɜŮɘŬəɐ, ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɞɡɠ ˊŮɟŮŰŬɑɟɤ 

ɡˊɞɚɞɔɘůɛɞɨɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɖ ɛɏɗɞŭɞ Cokriging. 

 

 

3.3 ȷ́ ɞŰɨˊɤůɖ ȺˊɘűŬɜŮɘŬəɐɠ ȸɟɞɢɧˊŰɤůɖɠ ŮɜŰɧɠ Űɤɜ Ƀɟɑɤɜ Űɖɠ ȿŮəɎɜɖɠ 

ȷˊɞɟɟɞɐɠ 

 

ȳˊɤɠ ŮɑɜŬɘ ŮɛűŬɜɏɠ əŬɘ ůŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ůɢɐɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ, ɞɘ ɢɎɟŰŮɠ 

ˊɞɡ ŮɝɎɔɞɜŰŬɘ Ŭˊɧ Űɖ ɢɤɟɘəɐ ˊŬɟŮɛɓɞɚɐ Űɤɜ ůɖɛŮɘŬəɩɜ ŭŮŭɞɛɏɜɤɜ ɓɟɞɢɧˊŰɤůɖɠ 

ɏɢɞɡɜ ůɢɐɛŬ ɞɟɗɞɔɤɜɑɞɡ əŬɘ ɞɟɘɞɗŮŰɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜɞɡɠ 

ůŰŬɗɛɞɨɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ŭŮɜ ŮɑɜŬɘ ŮɛűŬɜɐ ŰŬ ɧɟɘŬ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ ŬɚɚɎ 
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əŬɘ ɧŰɘ ŭŮɜ ɡˊɎɟɢɞɡɜ ŭŮŭɞɛɏɜŬ ɔɘŬ əɎˊɞɘŬ ˊŮɟɘɞɢɐ ŮɜŰɧɠ ŬɡŰɐɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ŮˊɏəŰŬůɖ Űɞɡ ɢɎɟŰɖ ɩůŰŮ ɜŬ əŬɚɨˊŰŮŰŬɘ ɞɚɧəɚɖɟɖ ɖ ɚŮəɎɜɖ 

Ŭˊɞɟɟɞɐɠ ŬɚɚɎ əŬɘ ɜŬ ˊŮɟɘɞɟɘůŰŮɑ ɖ ŬˊɞŰɨˊɤůɖ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ 

ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Űɖɠ ɚŮəɎɜɖɠ. ɇŬ ɓɐɛŬŰŬ ˊɞɡ ŬəɞɚɞɡɗɞɨɜŰŬɘ ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ: 

 

 ȺˊɏəŰŬůɖ Űɞɡ ɢɎɟŰɖ 

 

ȳˊɤɠ ɐŭɖ ɏɢŮɘ ŭɘŬŰɡˊɤɗŮɑ, ɞɘ ŮɝŬɔɧɛŮɜɞɘ ɢɎɟŰŮɠ ŭŮɜ əŬɚɨˊŰɞɡɜ ɧɚɖ Űɖɜ ŮˊɘűɎɜŮɘŬ 

Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ŮˊɏəŰŬůɐ Űɞɡɠ. ȷɡŰɧ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ Ŭəɧɚɞɡɗɖ ŭɘŬŭɘəŬůɑŬ. ɆŰɞɜ ˊɑɜŬəŬ ɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɢɎɟŰɖ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ (Properties) ŮˊɘɚɏɔŮŰŬɘ ɖ əŬɟŰɏɚŬ Extent, ɧˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬ ɧɟɘŬ 

ŬˊŮɘəɧɜɘůɖɠ Űɞɡ ɢɎɟŰɖ. ɀŮŰŬɓɎɚɚɞɜŰŬɠ ŰŬ ɧɟɘŬ ŬɡŰɎ ŮɑɜŬɘ ˊɚɏɞɜ ŭɡɜŬŰɐ ɖ 

ŬˊɞŰɨˊɤůɖ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ůŮ ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ. 

 

 ɊɖűɘŭɤŰɐ ŬˊɞŰɨˊɤůɖ 

 

Ƀɘ ɢɎɟŰŮɠ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ˊɞɡ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŬˊɞŰɡˊɤɗɞɨɜ ůŮ ɣɖűɘŭɤŰɐ ɛɞɟűɐ (raster). ɇɞ əŬɘɜɞɨɟɘɞ ŬɟɢŮɑɞ ˊɞɡ ɗŬ ŭɖɛɘɞɡɟɔɖɗŮɑ 

ɗŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ űŬŰɜɑŬ (ɣɖűɑŭŮɠ) ůɡɔəŮəɟɘɛɏɜɞɡ ɛŮɔɏɗɞɡɠ, əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ ɗŬ 

ˊŮɟɘɏɢŮɘ Űɖɜ ŬɜŰɑůŰɞɘɢŬ ɡˊɞɚɞɔɘůɛɏɜɖ Űɘɛɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ. ɇɞ ŬɟɢŮɑɞ ŬɡŰɧ 

ŬˊɞɗɖəŮɨŮŰŬɘ əŬɘ ŬˊɞŰɡˊɩɜŮŰŬɘ ůŰɖɜ ɞɗɧɜɖ ɛŮ Űɖ ɛɞɟűɐ əŬɜɎɓɞɡ. ȼ ŭɘŬŭɘəŬůɑŬ 

ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ:  

§ ɀŮ ŭŮɝɑ əɚɘə əŬɘ ŮˊɘɚɏɔɞɜŰŬɠ ŭɘŬŭɞɢɘəɎ Data Ÿ Export  to Raster ŮɛűŬɜɑɕŮŰŬɘ 

Űɞ Ŭəɧɚɞɡɗɞ ˊŬɟɎɗɡɟɞ ůŰɞ ɞˊɞɑɞ ɟɡɗɛɑɕɞɜŰŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ əɎɗŮ űŬŰɜɑɞɡ (ŮɑŰŮ 

ůŮ ˊɧůŮɠ ůŰɐɚŮɠ əŬɘ ˊɧůŮɠ ɔɟŬɛɛɏɠ ɗŬ ŭɘŬɘɟŮɗŮɑ ɞ əɎɜŬɓɞɠ), ɞ Ŭɟɘɗɛɧɠ Űɤɜ 

ůɖɛŮɑɤɜ ůŮ əɎɗŮ űŬŰɜɑɞ əŬɗɩɠ əŬɘ ɖ ŮˊɘɗɡɛɖŰɐ ɗɏůɖ ŬˊɞɗɐəŮɡůɖɠ. ɇɞ ɛɏɔŮɗɞɠ Űɞɡ 

űŬŰɜɑɞɡ ˊɞɡ ŮɘůɎɔŮŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɑɜŬɘ 250, ɧůɞ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ 

űŬŰɜɑɞɡ Űɞɡ əŬɜɎɓɞɡ ɛŮ ŰŬ ɧɟɘŬ Űɖɠ ɡŭɟɞɚɞɔɘəɐɠ ɚŮəɎɜɖɠ. 
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ɆɢɐɛŬ 3.17 Ʌɨɗɛɘůɖ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ ɛŮŰŬŰɟɞˊɐ ŬɟɢŮɑɞɡ ůŮ ɛɞɟűɐ Raster  

 

 ȷˊɞŰɨˊɤůɖ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ 

 

ũɘŬ ŬˊɞŰɨˊɤůɖ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Űɖɠ ɚŮəɎɜɖɠ 

Ŭˊɞɟɟɞɐɠ ŬəɞɚɞɡɗŮɑŰŬɘ ɖ Ŭəɧɚɞɡɗɖ ŭɘŬŭɘəŬůɑŬ: 

§ ȷˊɧ Űɞ ɛŮɜɞɨ Űɞɡ ArcMap Spatial Analyst ŮˊɘɚɏɔŮŰŬɘ ɖ ŮɜŰɞɚɐ Raster 

Calculator. ȷəɞɚɞɨɗɤɠ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ɞɗɧɜɖ Űɞ ˊŬɟɎɗɡɟɞ Űɞɡ ɆɢɐɛŬŰɞɠ 3.18, 

ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ˊɟɎɝɖ Űɖɠ ŬűŬɑɟŮůɖɠ ɛŮŰŬɝɨ Űɤɜ əŬɜɎɓɤɜ Űɖɠ 

ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ Űɞɡ ɞɟɑɞɡ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ.  

 

 

ɆɢɐɛŬ 3.18 ɄŬɟɎɗɡɟɞ Raster Calculator 
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ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ əŬɘɜɞɨɟɘɞɠ əɎɜŬɓɞɠ ɛŮ ŰŬ ɨɣɖ Űɖɠ ɓɟɞɢɐɠ ůŮ 

əɎɗŮ űŬŰɜɑɞ Űɞɡ ɞɟɘɞɗŮŰɖɛɏɜɞɠ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Űɖɠ ɚŮəɎɜɖɠ Ŭˊɞɟɟɞɐɠ, ɧˊɤɠ 

ŮɜŭŮɘəŰɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.19.  

 

 

ɆɢɐɛŬ 3.19 ȾɎɜŬɓɞɠ ɡɣɩɜ ɓɟɞɢɐɠ ɞɟɘɞɗŮŰɖɛɏɜɞɠ Ŭˊɧ Űɖɜ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ 

 

ɇɏɚɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ əŬɜɎɓɞɡ ŬɡŰɞɨ ɩůŰŮ ɜŬ ŬˊɞəŰɐůŮɘ Űɖɜ 

ŮˊɘɗɡɛɖŰɐ ŮɛűɎɜɘůɖ ɔɘŬ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ əŬɚɨŰŮɟɖ ŬˊŮɘəɧɜɘůɖ Űɤɜ ɡɣɩɜ ɓɟɞɢɐɠ ůŮ 

ŬɡŰɧɜ. ȺˊɘɚɏɔɞɜŰŬɠ ŭɘŬŭɞɢɘəɎ Properties Ÿ Symbology Ÿ Classified ŮɛűŬɜɑɕŮŰŬɘ 

Űɞ Ŭəɧɚɞɡɗɞ ˊŬɟɎɗɡɟɞ ůŰɞ ɞˊɞɑɞ ŮɘůɎɔɞɜŰŬɘ ɞɘ əɚɎůŮɘɠ əŬɘ ŰŬ ŮˊɘɗɡɛɖŰɎ ɢɟɩɛŬŰŬ 

ˊɟɞɓɞɚɐɠ Űɤɜ ɡɣɩɜ ɓɟɞɢɐɠ.  
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ɆɢɐɛŬ 3.20 ɄŬɟɎɗɡɟɞ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ Űɟɧˊɞɡ ŬˊŮɘəɧɜɘůɖɠ ŭɘŬűɞɟŮŰɘəɩɜ Űɘɛɩɜ 

 

ɆŰɞ ȾŮűɎɚŬɘɞ 4 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɢɎɟŰŮɠ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɛɧɚɘɠ ˊŮɟɘɔɟɎűɖəŮ. 

 

 

3.4 ȺɛűɎɜɘůɖ ɀɏɔɘůŰɤɜ Ɉɣɩɜ ȸɟɞɢɐɠ ȷɜɎɚɞɔŬ ɀŮ ɇɖɜ ȺˊɘűɎɜŮɘŬ 

 

ɆŰɞɜ əɎɜŬɓɞ ɛŮ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ɓɟɞɢɧˊŰɤůɖ ɛˊɞɟŮɑ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ɖ ɛɏɔɘůŰɖ Űɘɛɐ 

Űɖɠ ɓɟɞɢɐɠ ɔɘŬ Űɞ ŮəɎůŰɞŰŮ ŮˊŮɘůɧŭɘɞ. ȳˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ, Űɞ ɛɏɔŮɗɞɠ Űɞɡ 

űŬŰɜɑɞɡ (pixel) ɏɢŮɘ ɞɟɘůŰŮɑ 250m Ĭ 250m. ɇɞ ˊɟɧɔɟŬɛɛŬ ˊɟɞůűɏɟŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ɛŮŰŬɓɞɚɐɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ űŬŰɜɑɞɡ Űɞɡ əŬɜɎɓɞɡ. ȼ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ : 

 

§ ȷˊɧ Űɖɜ Ůɘŭɘəɐ ŮɟɔŬɚŮɘɞɗɐəɖ Űɞɡ ArcMap ŮˊɘɚɏɔŮŰŬɘ 

ŭɘŬŭɞɢɘəɎ Spatial Analyst Tools Ÿ Map Algebra Ÿ Single Output  Map 

Algebra əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮɛűŬɜɑɕŮŰŬɘ Űɞ Ŭəɧɚɞɡɗɞ ˊŬɟɎɗɡɟɞ. ɆŰɞ ˊŬɟɎɗɡɟɞ ŬɡŰɧ 

ŮˊɘɚɏɔŮŰŬɘ ɞ əɎɜŬɓɞɠ əŬɘ ɛŮ əŬŰɎɚɚɖɚɖ ŮɜŰɞɚɐ ɛŮŰŬɓɎɚɚŮŰŬɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

űŬŰɜɑɤɜ Űɞɡ. 
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ɆɢɐɛŬ 3.20 ȷɚɚŬɔɐ ɛŮɔɏɗɞɡɠ űŬŰɜɑɞɡ əŬɜɎɓɞɡ 

 

Ʉɚɏɞɜ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ əɎɜŬɓɞɘ ɔɘŬ Űɞ ɑŭɘɞ ŮˊŮɘůɧŭɘɞ ɓɟɞɢɐɠ ɛŮ ŭɘŬűɞɟŮŰɘəɧ 

ɛɏɔŮɗɞɠ űŬŰɜɑɞɡ. ȳˊɤɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ, ɖ ɛɏɔɘůŰɖ Űɘɛɐ Űɞɡ ɨɣɞɡɠ ɓɟɞɢɐɠ ŭɘŬűɏɟŮɘ 

Ŭˊɧ əɎɜŬɓɞ ůŮ əɎɜŬɓɞ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɧůɞ ɛŮɔŬɚɩɜŮɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ űŬŰɜɑɞɡ 

ɛŮɘɩɜŮŰŬɘ ɖ ɛɏɔɘůŰɖ ŮəŰɘɛɩɛŮɜɖ Űɘɛɐ. ɆŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůɡɔəŮɜŰɟɤŰɘəɎ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ɛŮɔɏɗɖ űŬŰɜɑɤɜ Űɤɜ əŬɜɎɓɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ. 

 

ɄɑɜŬəŬɠ 3.2 ȹɘŬűɞɟŮŰɘəɎ ɛŮɔɏɗɖ űŬŰɜɑɤɜ Űɤɜ əŬɜɎɓɤɜ 

 

ɆŰɞ ȾŮűɎɚŬɘɞ 4.4 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɛɏɔɘůŰɞɡ ɨɣɞɡɠ ɓɟɞɢɐɠ ůŮ ůɢɏůɖ 

ɛŮ Űɖ ɓɟŮɢɧɛŮɜɖ ŮˊɘűɎɜŮɘŬ, ɧˊɤɠ ŬɡŰɎ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɛɧɚɘɠ 

ˊŮɟɘɔɟɎűɖəŮ. 

 

 Ɉˊɞɚɞɔɘůɛɧɠ ɆɡɜŰŮɚŮůŰɐ ȺˊɘűŬɜŮɘŬəɐɠ ȷɜŬɔɤɔɐɠ ű 

 

ȷűɞɨ ɞɚɞəɚɖɟɤɗŮɑ ɖ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ɛˊɞɟŮɑ ˊɚɏɞɜ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ 

ůɡɜŰŮɚŮůŰɐɠ ŮˊɘűŬɜŮɘŬəɐɠ ŬɜŬɔɤɔɐɠ ű ɛŮ ɓɎůɖ Űɖ ůɢɏůɖ : 

 

 
1Ĭ1 5Ĭ5 10Ĭ10 25Ĭ25 50Ĭ50 

ȳɚɖ ɖ 

ɚŮəɎɜɖ 

Pixels 1 25 100 625 2500 5773 

ȰəŰŬůɖ(km
2
) 0,0625 1,562 6,25 39,06 156,25 360,8 
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VbrocyoVshmeiakgistom

VbrocyoVepifaneiakgistom
f

ɐɨɧɏ

ɐɨɧɏ

ÖÖÖ

ÖÖÖ
=  

 

ɆŰɞ ȾŮűɎɚŬɘɞ 4.5 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ůɡɜŰŮɚŮůŰɐɠ ŮˊɘűŬɜŮɘŬəɐɠ 

ŬɜŬɔɤɔɐɠ ű ůŮ ůɢɏůɖ ɛŮ Űɖ ɓɟŮɢɧɛŮɜɖ ŮˊɘűɎɜŮɘŬ əŬɘ ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ ɛŮ Űɖɜ 

ɗŮɤɟɖŰɘəɐ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬɡŰɞɨ.  

 

 

3.5 ȺəŰɑɛɖůɖ ȺɛˊŮɘɟɘəɐɠ Ɇɢɏůɖɠ ȰɜŰŬůɖɠ ȸɟɞɢɐɠ ï ȰəŰŬůɖɠ əŬɘ ȹɘɎɟəŮɘŬɠ 

 

ɆŰɖɜ ŰŮɚɘəɐ űɎůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ 

ŬˊɧˊŮɘɟŬ ŭɖɛɘɞɡɟɔɑŬɠ ɛɘŬɠ ɛŬɗɖɛŬŰɘəɐɠ ŮɛˊŮɘɟɘəɐɠ ůɢɏůɖɠ, ɖ ɞˊɞɑŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ 

ůŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŮɠ əŬɘ ŮəűɟɎɕŮɘ Űɖ ɛɏɔɘůŰɖ 

ůɖɛŮɘŬəɐ ɏɜŰŬůɖ ɓɟɞɢɧˊŰɤůɖɠ i ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ŭɘɎɟəŮɘŬɠ Űɖɠ ɓɟɞɢɐɠ t əŬɘ Űɖɠ 

ɓɟŮɢɧɛŮɜɖɠ ɏəŰŬůɖɠ  ȷ. ȼ ɛŬɗɖɛŬŰɘəɐ ŬɡŰɐ ůɢɏůɖ ɗŬ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ : 

i = a Ĭ t
b
 Ĭ A

c
 

ɧˊɞɡ, a, b əŬɘ c ŬŭɘɎůŰŬŰɞɘ ůɡɜŰŮɚŮůŰɏɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ˊɞɟŮɑŬ 

ŮɨɟŮůɖɠ ŬɡŰɩɜ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ. 

 

ȷɟɢɘəɎ, ŮˊɘɚɏɔŮŰŬɘ Űɞ ɛɏɔɘůŰɞ ɨɣɞɠ ɓɟɞɢɐɠ ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ŰɟɑŬ ŮˊŮɘůɧŭɘŬ ůŮ 

ɧɚŮɠ Űɘɠ ɡˊɞɚɞɔɘɕɧɛŮɜŮɠ ɢɟɞɜɘəɏɠ əŬɘ ɢɤɟɘəɏɠ əɚɑɛŬəŮɠ ˊɞɡ ɏɢɞɡɜ əŬɗɞɟɘůŰŮɑ, ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ŭɘɎɟəŮɘŬɠ 10 ɚŮˊŰɩɜ, əŬɘ ɏəŰŬůɖɠ 39.06 km
2
, ə.Ŭ. ȾŬŰɎ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ 

əŬŰŬůŰɟɩɜŮŰŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ůŰɞ Excel ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ  Űɖɜ ɏɜŰŬůɖ Űɖɠ ɓɟɞɢɐɠ i, 

Űɖ ŭɘɎɟəŮɘŬ t əŬɘ Űɖɜ ɏəŰŬůɖ A. ȾŬŰɧˊɘɜ ɚɞɔŬɟɑɗɛɘůɖɠ ˊɟɞəɨˊŰŮɘ ɖ ůɢɏůɖ  lni = 

lna+bĬlnt+cĬlnȷ, Ŭˊô ɧˊɞɡ ɛŮ ŭɘˊɚɐ ůɡůɢɏŰɘůɖ ˊɟɞəɨˊŰɞɡɜ ŰŮɚɘəɎ ɞɘ ˊŬɟɎɛŮŰɟɞɘ a, 

b əŬɘ c. Ⱥˊɘˊɚɏɞɜ ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡůɢɏŰɘůɖɠ r, ɔɘŬ Űɞɜ ɞˊɞɑɞ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ  
n

r
2

>  , ɧˊɞɡ n Űɞ ˊɚɐɗɞɠ Űɤɜ ůŰɞɘɢŮɑɤɜ 
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ȾȺūȷȿȷȽɃ 4 - Ⱥɂȷũɋũȱ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 

4.1 Ɉŭɟɞɚɞɔɘəɐ ȿŮəɎɜɖ Ⱦɖűɘůɞɨ əŬɘ Ūɏůɖ ɀŮŰŮɤɟɞɚɞɔɘəɩɜ ɆŰŬɗɛɩɜ 

 

ɆŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ ŬˊɞŰɡˊɩɜŮŰŬɘ ɢŬɟŰɞɔɟŬűɘəɎ ɖ ɡŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ Ⱦɖűɘůɞɨ 

əŬɘ ɖ ɗɏůɖ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ, ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɤɜ ɞˊɞɑɤɜ ɓŬůɑůŰɖəŮ ɖ 

ˊŬɟɞɨůŬ ɛŮɚɏŰɖ. 

 

 

ɆɢɐɛŬ 4.1 Ɉŭɟɞɚɞɔɘəɐ ɚŮəɎɜɖ Ⱦɖűɘůɞɨ əŬɘ ɗɏůɖ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ 
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4.2 ȷˊɞŰɨˊɤůɖ ȸɟɞɢɞɔɟŬűɖɛɎŰɤɜ 

 

Ƀɘ ŭŮəɎɚŮˊŰŮɠ ɛŮŰɟɐůŮɘɠ Űɤɜ Űɟɘɩɜ ŮˊŮɘůɞŭɑɤɜ ɓɟɞɢɐɠ ˊɞɡ əŬŰŬɔɟɎűɖəŬɜ ůŰɞɡɠ 

ŭɏəŬ ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ ɛŮŰŬŰɟɎˊɖəŬɜ ůŮ ɛŮŰɟɐůŮɘɠ ɛɘůɐɠ əŬɘ ɛɑŬɠ ɩɟŬɠ 

əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ əŬŰŬůəŮɡɎůŰɖəŬɜ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɓɟɞɢɞɔɟŬűɐɛŬŰŬ.. ɆŰŬ ůɢɐɛŬŰŬ    

ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓɟɞɢɞɔɟŬűɐɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ 

ɛŮŰɟɐůŮɘɠ ůŮ əɎɗŮ ůŰŬɗɛɧ ɔɘŬ Űɘɠ ɖɛŮɟɞɛɖɜɑŮɠ 12/12/2008, 10/10/2006 əŬɘ 

18/10/2010. 
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