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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ȺɈɉȷɅȽɆɇȽȺɆ 

 ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑ Űɞ ŰŮɚŮɡŰŬɑɞ əɞɛɛɎŰɘ ɛɑŬɠ ůəɚɖɟɐɠ 

ˊɟɞˊŰɡɢɘŬəɐɠ ŬəŬŭɖɛŬɥəɐɠ ˊɞɟŮɑŬɠ əŬɘ ɤɠ ŰɏŰɞɘɞ əŬŰɏɢŮɘ ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ əŬɘ ŬɝɑŬ. ȰŰůɘ, 

ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ ɧɚɞɡɠ ɧůɞɡɠ ɛŮ ůŰɐɟɘɝŬɜ ůŰɖɜ ˊɟɞůˊɎɗŮɘŬ ŬɡŰɐ. 

ȺɡɢŬɟɘůŰɩ, əŬŰŬɟɢɎɠ, Űɞɜ ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ ũŮɩɟɔɘɞ ūɩŰɖ ˊɞɡ ɛɞɡ ŮɛˊɘůŰŮɨɗɖəŮ 

Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɔɘŬ Űɖɜ ůɡɜŮɢɐ Űɞɡ 

ɡˊɞůŰɐɟɘɝɖ əŬɗôɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ ŬɡŰɐɠ. Ⱥ́ ɑůɖɠ, ŮɡɢŬɟɘůŰɩ Űɞɜ ȹɟ. Ʉɞɚ Ⱦɞɚɞəɞɨůɖ əŬɘ 

Űɞɜ ȿɏəŰɞɟŬ ȾɤɜůŰŬɜŰɑɜɞ ȾŬɟɎɜŰɕŬɚɞ Ŭˊɧ Űɞ ȺɟɔŬůŰɐɟɘɞ ɇɖɚŮˊɘůəɧˊɖůɖɠ ɔɘŬ Űɘɠ 

əɟɑůɘɛŮɠ ůɡɛɓɞɡɚɏɠ Űɞɡɠ əŬŰɎ Űɞ ůŰɎŭɘɞ ůɡɚɚɞɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɃűŮɑɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ 

Űɞɜ űɑɚɞ əŬɘ ůɡɛűɞɘŰɖŰɐ Ɂɑəɞ ȾŬɛɕɏɚŬ ɔɘŬ Űɖɜ ˊɟɞɗɡɛɑŬ ˊɞɡ ɏŭŮɘɝŮ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ 

ɕɖŰɖɛɎŰɤɜ ˊɞɡ ŬűɞɟɞɨůŬɜ ůŰɖɜ ŭɘŬɢŮɑɟɘůɖ Űɤɜ Ůɘəɧɜɤɜ əŬŰɎ Űɞ Ŭɟɢɘəɧ ůŰɎŭɘɞ 

ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȺɡɢŬɟɘůŰɩ Űɞɜ Luca Congedo, ɀɖɢŬɜɘəɧ ɄŮɟɘɓɎɚɚɞɜŰɞɠ, 

ɔɘŬ Űɞ ɢɟɐůɘɛɞ plugin ŬɡŰɧɛŬŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɐůŮɘ 

əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ ˊɞɡ ˊŬɟŮɑɢŮ ůŰɘɠ ɧˊɞɘŮɠ ŰŮɢɜɘəɏɠ ŭɡůəɞɚɑŮɠ ˊŬɟɞɡůɘɎůŰɖəŬɜ əŬŰɎ 

Űɖ ɢɟɐůɖ Űɞɡ. ɇŮɚŮɡŰŬɑŬ, ŬɚɚɎ Ůɝɑůɞɡ ɘŭɘŬɑŰŮɟŬ ŮɡɢŬɟɘůŰɩ Űɞɜ ə. Keith Clarke, əɨɟɘɞ 

ŮɛˊɜŮɡůŰɐ əŬɘ ŭɖɛɘɞɡɟɔɧ Űɞɡ ɛɞɜŰɏɚɞɡ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ SLEUTH Űɞ ɞˊɞɑɞ əŬɘ ŭɘɏɗŮůŮ 

ɤɠ ɏɜŬ open-source ˊɟɧɔɟŬɛɛŬ. 
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ɄȺɅȽȿȼɊȼ 

 ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɛŮɚŮŰɎ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ ŭɘŬɢɟɞɜɘəɎ əŬɗɩɠ 

ŬˊɞŰŮɚŮɑ ɘŭɘŬɑŰŮɟŬ ŮɜŭɘŬűɏɟɞɜ ŬɜŰɘəŮɑɛŮɜɞ ɏɟŮɡɜŬɠ Ůŭɩ əŬɘ ŭŮəŬŮŰɑŮɠ, ůŰɖɜ ŮɟŮɡɜɖŰɘəɐ 

ˊŮɟɘɞɢɐ Űɖɠ ˊɞɚŮɞŭɞɛɑŬɠ, Űɖɠ ɢɤɟɞŰŬɝɑŬɠ, Űɖɠ ɔŮɤɔɟŬűɑŬɠ əŬɘ Űɖɠ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ. 

ȾɑɜɖŰɟɞ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ ŬůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ŬˊɞŰɏɚŮůŮ ɖ ŬɜɎɔəɖ ɔɘŬ ˊɟɧɓɚŮɣɖ əŬɘ 

ŮəŰɑɛɖůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ Űɖɠ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ɛɏůɤ Űɖɠ ůɡɜŭɡŬůŰɘəɐɠ 

ɢɟɐůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ SLEUTH, Ůɜɧɠ ũŮɤɔɟŬűɘəɞɨ ɆɡůŰɐɛŬŰɞɠ 

Ʉɚɖɟɞűɞɟɘɩɜ (ũɆɄ) ŬɚɚɎ əŬɘ ɛŮɗɧŭɤɜ ɣɖűɘŬəɐɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ, ɛɞɜŰŮɚɞˊɞɘɐɗɖəŮ ɖ 

ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ, ɛŮ ůəɞˊɧ ɜŬ ŮəŰɘɛɖɗɞɨɜ ɞɘ ɛŮɚɚɞɜŰɘəɏɠ ŰɎůŮɘɠ ŮɝɎˊɚɤůɖɠ Űɞɡ ŬůŰɘəɞɨ 

ɘůŰɞɨ. ɋɠ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ŮˊɘɚɏɢɗɖəŮ ɖ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ɞɘ ŭɐɛɞɘ ɄŬɚɚɐɜɖɠ, ɅŬűɐɜŬɠ-ɄɘəŮɟɛɑɞɡ, ɆˊŬŰɩɜ-ȷɟŰɏɛɘŭŬɠ, ɀŬɟəɞˊɞɨɚɞɡ 

ɀŮůɞɔŬɑŬɠ, ȾɟɤˊɑŬɠ əŬɘ ɄŬɘŬɜɑŬɠ. Ƀɘ ŭɐɛɞɘ ŬɡŰɞɑ ŮɑɜŬɘ ɔɜɤůŰɞɑ ɤɠ ɀŮůɧɔŮɘŬ əŬɘ ŰŬ ɧɟɘɎ 

Űɞɡɠ ɗŮɤɟɐɗɖəŬɜ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɏɞɡɠ əŬɜɞɜɘůɛɞɨɠ Űɞɡ ůɢŮŭɑɞɡ ȾŬɚɚɘəɟɎŰɖɠ ˊɞɡ 

ŰɏɗɖəŮ ůŮ ɘůɢɨ Űɞ 2011. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɘůŰɞɟɘəɎ ůŰɘɔɛɘɧŰɡˊŬ ůŮ 

Ůɨɟɞɠ ŮŰɩɜ Ŭˊɧ Űɞ 1984 ɛɏɢɟɘ Űɞ 2015, ɤɠ ŭŮŭɞɛɏɜŬ ŮɘůŬɔɤɔɐɠ ůŰɞ ɛɞɜŰɏɚɞ. ɆŰɞ ˊɚŬɑůɘɞ 

ŮűŬɟɛɞɔɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮɚŮŰɐɗɖəŮ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ŭɨɞ ŮˊɘəɟŬŰɏůŰŮɟɤɜ ɛŮɗɧŭɤɜ 

ɓŬɗɛɞɜɧɛɖůɐɠ Űɞɡ ůŰɞ ŰŮɚɘəɧ ůŰɎŭɘɞ ˊɟɧɓɚŮɣɖɠ. ɄŬɟɎɚɚɖɚŬ, ɖ ůɡɛɓɞɚɐ Űɤɜ ũɆɄ, ɔɘŬ Űɖɜ 

ˊɟɞŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ, ɧˊɤɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ əŬɘ 

ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ, Űɖɜ ɛŮɚɏŰɖ əŬɘ ŬɜɎɚɡůɖ Űɤɜ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ ˊɟɞŰɨˊɤɜ Űɖɠ 

ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ŬˊɞŭŮɑɢɗɖəŮ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ əŬɘ ŬˊɞɚɨŰɤɠ ŬˊŬɟŬɑŰɖŰɖ 

ŬɜŬŭŮɘəɜɨɞɜŰŬɠ ŰŬ ɞűɏɚɖ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞəɞɛɘůŰɞɨɜ ɛŮ Űɖɜ ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ Ůɜɧɠ 

ũɆɄ əŬɘ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ, ɧˊɤɠ ŮɑɜŬɘ Űɞ SLEUTH.  

 

ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ: ȾɡɣŮɚɞŮɘŭɐ ȷɡŰɧɛŬŰŬ, ɛɞɜŰɏɚɞ SLEUTH, ŬůŰɘəɐ ŭɘɎɢɡůɖ, ɢɤɟɘəɐ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ, ũɆɄ 
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ABSTRACT 

 This thesis reviews the effect of the urban sprawl phenomenon throughout history, 

given the fact that it is an intriguing subject in the research field of urban and regional 

planning, geography and spatial analysis. The driving force behind such scientific research 

endeavors is the need to forecast and assess the dynamics of urban expansion. In this frame, 

by combining the urban growth model SLEUTH, a Geographic Information System (GIS) 

and methods of digital remote sensing, the forecast and prediction of urban growth was made 

possible. As case study, the greater area of Eastern Attica was designated, which includes the 

municipalities of Pallini, Rafina-Pikermi, Spata-Artemida, Markopoulo Mesogeas, Koropi 

and Peania. This agglomeration of municipalities is known as Mesogia and their boundaries 

derived from the latest regulations of Kallikrates Project that came into force in 2011.  For 

this cause, a variety of historical instances, covering the period between 1984 and 2015, were 

used as model input. During the application of the model, the effect of the two predominant 

calibration methods, on the outcome of the prediction phase, was examined. Additionally, the 

contribution of GIS to the preprocessing  and managing of primordial data, such as satellite 

imagery and digital elevation models, was proven especially useful and definitely necessary, 

pointing out the benefits of such a concurrent use of a GIS and an urban growth model, such 

as SLEUTH. 

 

Keywords: Cellular Automata, SLEUTH model, urban sprawl, spatial modeling, GIS 
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ȺȽɆȷũɋũȼ 

 ȼ ŬůŰɘəɐ ŭɘɎɢɡůɖ (urban sprawl), ŮɑɜŬɘ ŬŭɘŬɛűɘůɓɐŰɖŰŬ ɏɜŬ ˊŬɔəɧůɛɘɞ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ŬˊŬůɢɞɚŮɑ Ůŭɩ əŬɘ ŬɘɩɜŮɠ Űɞɜ ˊɚŬɜɐŰɖ əŬɗɩɠ ŮəűɟɎɕŮɘ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ əŬɘ ŰŬ ˊɟɧŰɡˊŬ 

əŬŰɎ ŰŬ ɞˊɞɑŬ ɞ ŬůŰɘəɧɠ ɘůŰɧɠ ŮɝŬˊɚɩɜŮŰŬɘ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, 

ůŰɖɜ ɞɘəɞɜɞɛɑŬ əŬɘ ůŰɖɜ əɞɘɜɤɜɑŬ. ȼ ŭɘŬɢɟɞɜɘəɐ Ŭɨɝɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ůŮ ˊŬɔəɧůɛɘɞ 

ŮˊɑˊŮŭɞ ɡˊɞŭɖɚɩɜŮɘ Űɞɜ əɟɑůɘɛɞ ɛɧɜɘɛɞ ŬɜŰɑəŰɡˊɞ Űɖɠ ŬɡɝŬɜɧɛŮɜɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ əŬɘ 

əŬɗɘůŰɎ ŮˊɘŰŬəŰɘəɐ Űɖɜ ŬɜɎɔəɖ ŭɘŬɢŮɑɟɘůɖɠ ŬɜɎɚɞɔɤɜ űŬɘɜɞɛɏɜɤɜ, Űɧůɞ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɤɜ 

ˊɟɞŰɨˊɤɜ Űɖɠ ŭɘɎɢɡůɖɠ, ɧůɞ əŬɘ ɔɘŬ Űɖɜ ˊɟɧɔɜɤůɖ Űɖɠ ɛŮɚɚɞɜŰɘəɐɠ Űɞɡɠ ŮˊɑŭɟŬůɖɠ, Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɚɞɜŰɘəɩɜ ůɢŮŭɑɤɜ əŬɘ ˊŬɟŮɛɓɎůŮɤɜ ůŰɞɜ ɢɩɟɞ əŬɗɩɠ əŬɘ Űɖɜ ŬɜŬɔɜɩɟɘůɖ 

ˊŮɟɘɞɢɩɜ űɡůɘəɞɨ əɎɚɚɞɡɠ ˊɞɡ ŰɑɗŮɜŰŬɘ ůŮ əɑɜŭɡɜɞ Ŭˊɧ Űɖɜ ŬůŰɘəɐ ŭɘɎɢɡůɖ. ȼ ŬůŰɘəɐ 

ŭɘɎɢɡůɖ ˊɟɞəŬɚŮɑ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ůŰɘɠ ˊŬɟŬəŮɑɛŮɜŮɠ ɢɟɐůŮɘɠ ɔɖɠ ŮˊɖɟŮɎɕɞɜŰŬɠ Ŭəɞɚɞɨɗɤɠ 

əŬɘ Űɘɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ Űɤɜ Ŭɜɗɟɩˊɤɜ ůŮ ŬɡŰɏɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ŬɔɟɞŰɘəɐ ɔɖ ŬˊɞŰŮɚŮɑ 

ŬɜŰŬɔɤɜɘůŰɘəɐ ɢɟɐůɖ ɔɖɠ ɛŮ Űɖɜ əŬŰɞɘəɑŬ əŬɗɩɠ ˊŬɟŬŭɞůɘŬəɎ ŬɡŰɏɠ ɞɘ ŭɨɞ ɢɟɐůŮɘɠ ɔɖɠ 

ůˊɎɜɘŬ ŬˊŬɜŰɩɜŰŬɘ ůŮ ˊŬɟŬəŮɑɛŮɜŮɠ əŬɘ ɧɛɞɟŮɠ ŮəŰɎůŮɘɠ. ȺɑɜŬɘ ɔŮɔɞɜɧɠ ˊɤɠ əɎɗŮ 

ŭɘŬŭɘəŬůɑŬ ˊŬɟɏɛɓŬůɖɠ ůŰɞɜ ɢɩɟɞ ŬˊŬɘŰŮɑ Űɖɜ əŬŰŬɔɟŬűɐ Űɖɠ ɡűɘůŰɎɛŮɜɖɠ əŬŰɎůŰŬůɖɠ ɖ 

ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɞɜ ñəŬɛɓɎò ́Ɏɜɤ ůŰɞɜ ɞˊɞɑɞ ůɢŮŭɘɎɕɞɡɛŮ əŬɘ ɏˊŮɘŰŬ Űɖɜ ˊɟɞɓɞɚɐ ŬɡŰɐɠ 

ɩůŰŮ ɜŬ ˊɟɞəŮɑɣɞɡɜ ɛŮɚɚɞɜŰɘəɏɠ ŮɘəɧɜŮɠ ɛɏůŬ Ŭˊɞ Űɘɠ ŮˊɘˊŰɩůŮɘɠ Űɤɜ ŰɎůŮɤɜ ŮɝŮɚɘɝɖɠ ˊɞɡ 

əŬŰŬɔɟɎűɞɜŰŬɘ. ȼ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ ɛɞɜŰɏɚɤɜ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ 

ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ŬɜŬűɞɟɘəɎ ɛŮ Űɖ ɓɘɩůɘɛɖ 

ŭɘŬɢŮɑɟɘůɐ Űɖɠ əŬɘ ɗŮɤɟŮɑŰŬɘ ˊɚɏɞɜ ɤɠ ɛɘŬ ɎɛŮůɖ ŮˊɏəŰŬůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɚɐɣɖɠ 

ŬˊɞűɎůŮɤɜ.  

 Ƀɘ ˊɟɩŰŮɠ ˊɟɞůˊɎɗŮɘŮɠ ŬɜɎˊŰɡɝɖɠ ŰɏŰɞɘɤɜ ɛɞɜŰɏɚɤɜ ɐůŬɜ ɎəŬɟˊŮɠ əŬɗɧŰɘ ŰŬ Ůɜ 

ɚɧɔɤ ɛɞɜŰɏɚŬ ɐŰŬɜ ɛɖ Ŭəɟɘɓɐ ŮɝŬɘŰɑŬɠ Űɤɜ Ŭˊɚɞɥəɩɜ ˊŬɟŬŭɞɢɩɜ ˊɞɡ ɧɟɘɕŬɜ ůŰɖɜ 

ˊɟɞůˊɎɗŮɘɎ Űɞɡɠ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůɞɡɜ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ ɢɤɟɘəɩɜ ŭɘŮɟɔŬůɘɩɜ ˊɞɡ 

əɘɜɞɨɜ Űɖɜ ŬůŰɘəɐ ŭɘɎɢɡůɖ. ɄŬɟɎ Űɘɠ ˊŬɚŬɘɧŰŮɟŮɠ ŬůŰɞɢɑŮɠ ůŰɖɜ ŬůŰɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ, ɞɘ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ŰŮɚŮɡŰŬɑŮɠ ŭɨɞ ŭŮəŬŮŰɑŮɠ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰŮɑ Ŭˊɧ ɛɘŬ ŬɜŬɔɏɜɜɖůɖ ůŮ ŬɡŰɧ Űɞɜ ŰɞɛɏŬ, ɛɏůŬ 

Ŭˊɧ ɛɑŬ ˊɚɖɗɩɟŬ ɛɞɜŰɏɚɤɜ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ əɡɟɑɤɠ Ŭˊɧ ŬəŬŭɖɛŬɥəɞɨɠ əɨəɚɞɡɠ, ɖ 

ɞˊɞɑŬ ŮəŰɧɠ Űɤɜ Ɏɚɚɤɜ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ əŬɘ Űɖ 

ŭɘŬɗŮůɘɛɧŰɖŰŬ ɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ. ɇŬ ɛɞɜŰɏɚŬ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ Űɖɜ 

ˊŮɟɑɞŭɞ ŬɡŰɐ ŮɛűŬɜɑɕɞɡɜ ɛŮɔɎɚŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ůŰɖɜ ŬɜŬˊŬɟɎůŰŬůɖ əŬɘ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ 

ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ ŭɡɜŬɛɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ əŬɘ ˊŬɟɏɢɞɡɜ ɏɜŬ 

ŮˊɘˊɟɧůɗŮŰɞ ŮˊɑˊŮŭɞ ɔɜɩůɖɠ əŬɘ əŬŰŬɜɧɖůɖɠ Űɤɜ ɢɤɟɘəɩɜ əŬɘ ɢɟɞɜɘəɩɜ ŬɚɚŬɔɩɜ. ȾŬɗɩɠ 

ɧɛɤɠ ɖ ŮˊɘŰɡɢɑŬ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡ ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ ůŰɘɠ 

Űɞˊɘəɏɠ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ˊɞɡ ˊɟɞůɞɛɞɘɩɜŮɘ, ɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ, ŭɖɚŬŭɐ Űɖɠ Ůˊɘɚɞɔɐɠ Űɞɡ əŬŰɎɚɚɖɚɞɡ ůɡɜŭɡŬůɛɞɨ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɛɞɜŰɏɚɞɡ, ɩůŰŮ ɜŬ ɛɞɜŰŮɚɞˊɞɘɖɗɞɨɜ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ ŰŬ 

ˊɟŬɔɛŬŰɘəɎ ˊɟɧŰɡˊŬ, ŮɑɜŬɘ ɑůɤɠ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ůŰɎŭɘɞ Űɖɠ ɧɚɖɠ ŭɘŬŭɘəŬůɑŬɠ. 

 ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŮəŰɑɛɖůɖ Űɖɠ ŬůŰɘəɐɠ 

ŭɘɎɢɡůɖɠ ɛɏůɤ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɗŮɤɟɑŬ Űɤɜ 

əɡɣŮɚɞŮɘŭɩɜ ŬɡŰɞɛɎŰɤɜ (cellular automata). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ŮɟɔŬůɑŬ ůŰɞɢŮɨŮɘ ůŰɖɜ 

ˊŬɟɞɡůɑŬůɖ əŬɘ Űɖɜ ŮűŬɟɛɞɔɐ ɛɘŬɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɛɏůɤ Űɖɠ ůɡɜŭɡŬůŰɘəɐɠ ɢɟɐůɖɠ Űɤɜ 

ŬůŰɘəɩɜ ɛɞɜŰɏɚɤɜ əŬɘ Űɤɜ ũŮɤɔɟŬűɘəɩɜ ɆɡůŰɖɛɎŰɤɜ Ʉɚɖɟɞűɞɟɘɩɜ (ũɆɄ), ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ɛŮɚŮŰɖɗŮɑ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ ɛŮ ŬˊɩŰŮɟɞ ůŰɧɢɞ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɘ 

ˊɟɧɔɜɤůɖ Űɖɠ ŭɞɛɐɠ ŭɡɜŬɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ ˊɞɡ ŮɝŮɚɑůůɞɜŰŬɘ ɢɤɟɘəɎ əŬɘ ɢɟɞɜɘəɎ. ɋɠ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ŮˊɘɚɏɢɗɖəŮ ɖ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ, ɔɜɤůŰɐ ɛŮ Űɖɜ 

ɞɜɞɛŬůɑŬ ɀŮůɧɔŮɘŬ, ɔɘŬ Űɖɜ ɞˊɞɑŬ ŭɘŮɟŮɡɜɐɗɖəŮ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŭɘɎɢɡůɖɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɞ 1984 ɏɤɠ Űɞ 2015. ȰŰůɘ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ 

ɏŰɞɠ Ůəəɑɜɖůɖɠ Űɞ ŰŮɚŮɡŰŬɑɞ ɏŰɞɠ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ (2015), Űɞ ɛɞɜŰɏɚɞ ŮəŰŮɚŮɑŰŬɘ ůŰɖ 

ɚŮɘŰɞɡɟɔɑŬ ˊɟɧɔɜɤůɖɠ (predict), ɔɘŬ ɛɘŬ ˊŮɟɑɞŭɞ ŰɟɘɎɜŰŬ ŮŰɩɜ, ŭɖɚŬŭɐ ɏɤɠ Űɞ ɏŰɞɠ 2045. 

ȺˊɘˊɟɧůɗŮŰŬ, ɖ ŮɟɔŬůɑŬ ůŰɞɢŮɨŮɘ ůŰɖɜ ˊŬɟɞɡůɑŬůɖ Űɤɜ ŭɨɞ ŭɖɛɞűɘɚɏůŰŮɟɤɜ ɛŮɗɧŭɤɜ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ɓŬɗɛɞɜɐɛɖůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ, əŬɗɧŰɘ Űɞ ɕɐŰɖɛŬ Űɖɠ ɓɏɚŰɘůŰɖɠ ɛŮɗɧŭɞɡ ɓŬɗɛɞɜɧɛɖůɖɠ 

ˊŬɟŬɛɏɜŮɘ ŬɛűɘɚŮɔɧɛŮɜɞ, ɢɤɟɑɠ ɜŬ ŮˊɘəɟŬŰŮɑ ɛɑŬ ɛɧɜɞ ŬˊɞŭŮəŰɐ ɛɏɗɞŭɞɠ ˊɞɡ ŮˊɘűɏɟŮɘ 

ɓɏɚŰɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ůɡɔəɟɑɜɞɜŰŬɘ ɞɘ ɡˊɞɚɞɔɘůŰɘəɞɑ ɢɟɧɜɞɘ ɔɘŬ əɎɗŮ 

ůŰɎŭɘɞ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ (coarse, fine əŬɘ final) əŬɗɩɠ əŬɘ ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊɟɧɓɚŮɣɖɠ Űɖɠ ŭɘɎɢɡůɖɠ ŬɜɎɛŮůŬ ůŰɘɠ ɛŮɗɧŭɞɡɠ Lee-Sallee əŬɘ Optimum SLEUTH Metric 

(OSM). Ƀɘ ŭɨɞ ɛɏɗɞŭɞɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ ŮˊŮɝɖɔɞɨɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŮ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ. 

 ũɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ŭɘɎɢɡůɖɠ ɔɑɜŮŰŬɘ ɢɟɐůɖ ɛɘŬɠ əŬŰɖɔɞɟɑŬɠ ŬůŰɘəɩɜ 

ɛɞɜŰɏɚɤɜ, ŰŬ ɞˊɞɑŬ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɗŮɤɟɑŬ Űɤɜ əɡɣŮɚɞŮɘŭɩɜ ŬɡŰɞɛɎŰɤɜ əŬɘ ˊɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ Űɞɡ ɛɞɜŰɏɚɞɡ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ SLEUTH. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ŭɖɛɘɞɡɟɔɐɗɖəŮ 

Ŭˊɧ Űɞɜ əŬɗɖɔɖŰɐ Keith Clarke, ŬˊɞŰŮɚŮɑ ɚɞɔɘůɛɘəɧ ñŬɜɞɘɢŰɞɨ əɩŭɘəŬò (open-source) əŬɘ 

ɛɏɢɟɘ ůɐɛŮɟŬ ɏɢŮɘ ŮűŬɟɛɞůŰŮɑ ůŮ ˊɚɖɗɩɟŬ ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ ŬɜɎ Űɞɜ əɧůɛɞ. ɇŬ 

əɡɣŮɚɞŮɘŭɐ ŬɡŰɧɛŬŰŬ ŮɑɜŬɘ əŬŰɎ ɓɎůɖ ɛɞɜŰɏɚŬ ˊɞɡ ŰŬ ŭɞɛɘəɎ Űɞɡɠ ůŰɞɘɢŮɑŬ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɞ ŬˊɚɧŰɖŰŬ, ɤůŰɧůɞ, ɖ ŬɚɚɖɚŮˊɑŭɟŬůɐ ŬɡŰɩɜ Űɤɜ ůŰɞɘɢŮɑɤɜ ŮɑɜŬɘ ɘəŬɜɐ 

ɜŬ ́ɟɞůɞɛɞɘɩůŮɘ ˊɞɚɨˊɚɞəŬ ůɡůŰɐɛŬŰŬ. ȸŬůɑɕɞɜŰŬɘ, ŬəɧɛŬ, ůŰɖɜ ŬɜŰɑɚɖɣɖ ɧŰɘ ɞɘ ɢɟɐůŮɘɠ 

ɔɖɠ ŮɑɜŬɘ ɢɤɟɘəɎ ŬɚɚɖɚɞůɡůɢŮŰɘɕɧɛŮɜŮɠ əɘ ɧŰɘ ɞɘ ɞˊɞɘŮůŭɐˊɞŰŮ ŬɚɚŬɔɏɠ ŮˊɖɟŮɎɕɞɡɜ ůŮ 

ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ Űɘɠ ɧɛɞɟŮɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ɢɟɐůŮɘɠ. 

 ȰɜŬɠ Ŭˊɧ ŰŬ ɓŬůɘəɎ ůŰɎŭɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ əŬŰŬɟɢɎɠ ɖ ůɡɚɚɞɔɐ Űɤɜ 

ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ, ŰŬ ɞˊɞɑŬ əŬŰɧˊɘɜ əŬŰɎɚɚɖɚɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɗŬ ŬˊɞŰŮɚɏůɞɡɜ ŰŬ 

ŭŮŭɞɛɏɜŬ ŮɘůŬɔɤɔɐɠ ůŰɞ ɛɞɜŰɏɚɞ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ SLEUTH. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ůŰɧɢɞɡ 

ŬɡŰɞɨ əŬɗɑůŰŬŰŬɘ ɘŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ ɖ ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ Űɤɜ ũɆɄ, ɤɠ ŮɟɔŬɚŮɑɤɜ 

ŮɜůɤɛɎŰɤůɖɠ, ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ɞˊŰɘəɞˊɞɑɖůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɇɞ ŬˊŬɘŰɖŰɘəɧŰŮɟɞ əŬɘ ˊɘɞ 

ɢɟɞɜɞɓɧɟɞ ůŰɎŭɘɞ Űɖɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ Űɞ Ŭɟɢɘəɧ, ŭɖɚŬŭɐ ɖ ŮɨɟŮůɖ əŬɘ ůɡɚɚɞɔɐ Űɤɜ 

ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɤɠ Ůɑůɞŭɞɘ ůŰɞ ɛɞɜŰɏɚɞ SLEUTH ŬɚɚɎ əŬɘ ɖ 

ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ ɩůŰŮ ɜŬ ůɡɜɎŭɞɡɜ ɛŮ Űɖɜ ɛɞɟűɐ ˊɞɡ ŬˊŬɘŰŮɑ Űɞ ɛɞɜŰɏɚɞ. 
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 ɇŬ ŮɝŬɔɧɛŮɜŬ Ŭˊɧ Űɞ ůŰɎŭɘɞ Űɖɠ ˊɟɧɔɜɤůɖɠ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ɏɜŬ ɢɟɐůɘɛɞ 

ŮɟɔŬɚŮɑɞ ůŰɞ ɢɤɟɘəɧ ůɢŮŭɘŬůɛɧ, Ŭűɞɨ ŬűŮɜɧɠ ɡˊɞŭŮɘəɜɨɞɜŰŬɘ ɞɘ ˊɘɗŬɜɧŰŮɟŮɠ ɗɏůŮɘɠ Űɤɜ 

ɡɣɖɚɧŰŮɟɤɜ ŰɎůŮɤɜ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ˊŬɟɏɢŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ɓɘɩůɘɛɖɠ ŭɘŬɢŮɑɟɘůɐɠ Űɖɠ, ɛɏůɤ ˊɟɞɚɖˊŰɘəɩɜ ɛɏŰɟɤɜ ˊɞɡ ŭɨɜŬŰŬɘ ɜŬ ɚɖűɗɞɨɜ ɔɜɤɟɑɕɞɜŰŬɠ 

Ůə Űɤɜ ˊɟɞŰɏɟɤɜ Űɘɠ ŰɎůŮɘɠ ŬɡŰɏɠ ɎɟŬ əŬɘ Űɘɠ ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ɗŬ ɏɢɞɡɜ ůŰɞɜ ɢɩɟɞ. 

ɄŬɟɎɚɚɖɚŬ, ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ɢɤɟɞŰŬɝɘəɞɨ ůɢŮŭɘŬůɛɞɨ Űɞ ɛɞɜŰɏɚɞ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ůŮɜŬɟɑɤɜ, ŭɖɚŬŭɐ ŭɘŬəɟɘŰɩɜ ɛŮɚɚɞɜŰɘəɩɜ Ůɘəɧɜɤɜ 

ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ůŰɧɢɞ ɜŬ ŬɜŬŭŮɑɝɞɡɜ ŮɜŭŮɢɧɛŮɜŮɠ ŬŭɡɜŬɛɑŮɠ əŬɘ ˊɟɞɓɚɐɛŬŰŬ, 

ŮˊŬɜŬŰɟɞűɞŭɞŰɩɜŰŬɠ Űɖɜ ŭɘŬůɘəŬůɑŬ ůɢŮŭɘŬůɛɞɨ. 

 ȼ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɝɘ əŮűɎɚŬɘŬ. ɇɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ŬűɞɟɎ Űɖɜ ŬůŰɘəɐ 

ŭɘɎɢɡůɖ ˊŬɟɏɢɞɜŰŬɠ ɔŮɜɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɐ Űɖɠ ɤɠ ɏɜɜɞɘŬ, Űɞ ŭŮɨŰŮɟɞ 

əŮűɎɚŬɘɞ ŬűɞɟɎ ŰŬ ɛɞɜŰɏɚŬ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ, Űɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ˊŮɟɘɞɢɐ 

ɛŮɚɏŰɖɠ, Űɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ 

əŬɘ ŰŬ ŭɨɞ ŰŮɚŮɡŰŬɑŬ əŮűɎɚŬɘŬ Ŭűɞɟɞɨɜ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ŮűŬɟɛɞɔɐɠ əŬɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ 

ɓŮɚŰɑɤůɐ Űɞɡ. 
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1. ȷɆɇȽȾȼ ȹȽȷɉɈɆȼ 

 ȼ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ ŬűɞɟɎ Űɖɜ ŬůŰɘəɐ ŭɘɎɢɡůɖ ɤɠ ŭɘŬɢɟɞɜɘəɧ űŬɘɜɧɛŮɜɞ əŬɘ 

ɛŮɚŮŰɎŰŬɘ ɓɘɓɚɘɞɔɟŬűɘəɎ ɖ ůɖɛŬɜŰɘəɧŰɖŰŬ, ŰŬ Ůɑŭɖ əŬɘ ɞɘ ŮˊɘˊŰɩůŮɘɠ Űɞɡ ɧˊɤɠ ŬɡŰɏɠ ɏɢɞɡɜ 

əŬŰŬɔɟŬűŮɑ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ŮɟŮɡɜɖŰɏɠ. ȼ ˊɟɩŰɖ ŮɜɧŰɖŰŬ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŭɘŬɢɟɞɜɘəɐ 

Ůɝɏɚɘɝɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ, Ŭˊɧ ŰŬ ˊɟɩŰŬ ŭŮɑɔɛŬŰŬ Ŭɜɗɟɩˊɘɜɖɠ ůɡɜɨˊŬɟɝɖɠ ɛɏɢɟɘ Űɖ ůɨɔɢɟɞɜɖ 

Ůˊɞɢɐ. ȼ ŭŮɨŰŮɟɖ ŮɜɧŰɖŰŬ ŬűɞɟɎ Űɘɠ ŭɘɎűɞɟŮɠ ŬɘŰɑŮɠ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ. ȼ ŰɟɑŰɖ ŮɜɧŰɖŰŬ 

ˊŮɟɘɔɟɎűŮɘ ŰŬ ŭɘɎűɞɟŬ Ůɑŭɖ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ. ɇɏɚɞɠ, ɖ ŰɏŰŬɟŰɖ ŮɜɧŰɖŰŬ ŬɜŬűɏɟŮŰŬɘ ůŰɘɠ 

ŮˊɘˊŰɩůŮɘɠ Űɖɠ ŭɘɎɢɡůɖɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, Űɞɡɠ űɡůɘəɞɨɠ ˊɧɟɞɡɠ, Űɖɜ əɞɘɜɤɜɑŬ əŬɘ Űɖɜ 

ɞɘəɞɜɞɛɑŬ. 

 

1.1. ȽůŰɞɟɘəɐ Ⱥɝɏɚɘɝɖ 

 Ʉɟɘɜ ŬɜŬűŮɟɗŮɑ əŬɜŮɑɠ ůŰɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ 

əɎɜŮɘ ŬɜŬűɞɟɎ ůŰɞ űŬɘɜɧɛŮɜɞ ñ́ ɧɚɖò ɤɠ ɏɜɜɞɘŬ əŬɘ ɞɜŰɧŰɖŰŬ. Ƀɘ ˊɧɚŮɘɠ Ŭˊɧ Űɖɜ ɑŭɟɡůɐ 

Űɞɡɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ůŰŬŭɘŬəɐ əŬɘ ŬˊɞůˊŬůɛŬŰɘəɐ ŬɚɚŬɔɐ ɛɏůɤ ŭɘŬŭɘəŬůɘɩɜ ɛŮɔɏɗɡɜůɖɠ, 

ˊɟɞůɗɐəɖɠ ɐ əŬŰŮŭɎűɘůɖɠ. ȷɡŰɐ ɖ ŬɚɚŬɔɐ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ əŬŰŬ əɨɟɘɞ ɚɧɔɞ 

ŮˊɘűŬɜŮɘŬəɐ Ůɜɩ ɞɘ əŬŰŬɟɢɐɜ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ɞɟɑɕɞɡɜ Űɖɜ ŬůŰɘəɞˊɞɑɖůɖ əŬɘ Űɖɜ ɔŮɜɘəɐ 

ŭɞɛɐ ɛɑŬɠ ˊɧɚɖɠ ˊŬɟŬɛɏɜɞɡɜ ŬɜŬɚɚɞɑɤŰŮɠ. ɋůŰɧůɞ, ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɧŭɞɡɠ, ɗŮɛŮɚɘɤŭɩɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ŬůŰɘəɞˊɞɑɖůɖɠ ɏɢɞɡɜ ɏɟɗŮɘ ůŰɞ űɤɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ŮˊɘŰŬɢɨɜŮŰŬɘ ɞ ɟɡɗɛɧɠ ŬůŰɘəɐɠ ŬɚɚŬɔɐɠ əŬɘ ɜŬ ŬɜŬˊŰɨůůɞɜŰŬɘ ɜɏŮɠ, ŮɡŭɘɎəɟɘŰŬ 

ŭɘŬűɞɟɞˊɞɘɖɛɏɜŮɠ, ŬůŰɘəɏɠ ɛɞɟűɏɠ (Hall, 2005, ů. 25). 

 Ʉɞɚɚɞɑ ŬůŰɘəɞɑ ɔŮɤɔɟɎűɞɘ əŬɘ ɘůŰɞɟɘəɞɑ ɏɢɞɡɜ ɡˊɞůŰɖɟɑɝŮɘ ɧŰɘ ɞɘ ˊɧɚŮɘɠ ˊɞɡ 

ŬɜŬɔɜɤɟɑɕɞɡɛŮ ůŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 1990 ŮɑɜŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ ɛɘŬɠ ɛŬəɟɞɢɟɧɜɘŬɠ ŮɝŮɚɘəŰɘəɐɠ 

ŭɘŬŭɘəŬůɑŬɠ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɞɘ ɞɘəɘůɛɞɑ Űɞɡ 15.000 ˊ.ɉ. ŮɝŮɚɑɢɗɖəŬɜ ůŰŬŭɘŬəɎ ůŮ ůɨɜɗŮŰŮɠ 

ˊɧɚŮɘɠ ůŰŬ Űɏɚɖ Űɞɡ 20
ɞɡ

 ŬɘɩɜŬ (Hall, 2005, ů. 28). ɀŮ ɓɎůɖ ŬɡŰɐ Űɖɜ ɡˊɧɗŮůɖ, ɞ ȹɞɝɘɎŭɖɠ 

ŭɘŮɟŮɨɜɖůŮ Űɖɜ ůɡůɢɏŰɘůɖ Űɤɜ ŬɟɢŬɑɤɜ Ⱥɚɚɖɜɘəɩɜ ɞɘəɘůɛɩɜ, ˊɞɡ ɏɢɞɡɜ ŬɜŬůəŬűŮɑ ɐ ɏůŰɤ 
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ɏɢɞɡɜ ɓɟŮɗŮɑ ŮɡɟɐɛŬŰŬ ɘəŬɜɎ ɜŬ ŬˊɞŭŮɑɝɞɡɜ Űɖɜ ɨˊŬɟɝɐ Űɞɡɠ, ɛŮ ůɨɔɢɟɞɜŮɠ Ⱥɚɚɖɜɘəɏɠ 

ˊɧɚŮɘɠ. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬɜŬűɏɟŮɘ ɧŰɘ ůŰɖɜ ŪɎůɞ ɡˊɎɟɢŮɘ Ŭəɟɘɓɐɠ ůɡůɢɏŰɘůɖ Űɤɜ ŬɟɢŬɑɤɜ 

ɞɘəɘůɛɩɜ ɛŮ ŬɡŰɞɨɠ ˊɞɡ ŬˊŬɜŰɩɜŰŬɘ ůɐɛŮɟŬ (Doxiadis, 1971). ȷˊɧ ŰɧŰŮ ˊɞɡ ɞ ˊɟɤŰɧɔɞɜɞɠ 

Ɏɜɗɟɤˊɞɠ ŮɔəŬŰɏɚŮɘɣŮ Űɖ ɕɤɐ Űɞɡ ˊŮɟɘˊɚŬɜɧɛŮɜɞɡ əɡɜɖɔɞɨ əŬɘ ůɡɚɚɏəŰɖ əŬɘ ůəɏűŰɖəŮ ɜŬ 

ŬůɢɞɚɖɗŮɑ ɛŮ Űɖɜ əŰɖɜɞŰɟɞűɑŬ ůŰɖɜ Ŭɟɢɐ əŬɘ ɛŮ Űɖɜ ɔŮɤɟɔɑŬ ŬɟɔɧŰŮɟŬ, ɓɟɏɗɖəŮ ůŰɖɜ 

ŬɜɎɔəɖ ɜŬ çůɡɜɞɘəɐůŮɘè ɛŮ Ɏɚɚɞɡɠ Ŭɜɗɟɩˊɞɡɠ ůŮ əɎˊɞɘɞ ůɡɔəŮəɟɘɛɏɜɞ űɡůɘəɧ ɢɩɟɞ, ˊɞɡ 

ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ɘəŬɜɧŰɖŰŮɠ əŬɘ ŭɡɜŬŰɧŰɖŰɏɠ Űɞɡ ɛŮŰɏŰɟŮˊŮ ůŮ ŬɜɗɟɤˊɞɔŮɜɐ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ɏŰůɘ Űɘɠ ˊɟɩɘɛŮɠ ɛɞɟűɏɠ ɞɘəɘůɛɞɨ (ȷɟŬɓŬɜŰɘɜɧɠ, 2007, ů.36). ɆŰɖɜ ˊŮɟɑɞŭɞ ɛŮŰŬɝɨ 6000 əŬɘ 

4000 ˊ.ɉ. ɞɟɘůɛɏɜŮɠ ŮűŮɡɟɏůŮɘɠ, ɧˊɤɠ Űɞ ɎɟɞŰɟɞ, ɞ Űɟɞɢɧɠ, ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŮ 

ˊŮɟɘɞɢɏɠ ɛŮ Ůɡɜɞɥəɏɠ ɔɘŬ əŬɚɚɘɏɟɔŮɘŬ ůɡɜɗɐəŮɠ, ŰɧŰŮ ɞɘ ɁŮɞɚɘɗɘəɞɑ ˊɚɖɗɡůɛɞɑ (ȺɘəɧɜŬ 1-1) 

ɛˊɧɟŮůŬɜ ɜŬ ɞɟɔŬɜɤɗɞɨɜ ůŮ əɞɘɜɧŰɖŰŮɠ əŬɘ ɜŬ ŮɔəŬŰŬůŰŬɗɞɨɜ ůŮ ŬɡŰɏɠ Űɘɠ ŮɨűɞɟŮɠ 

ˊŮɟɘɞɢɏɠ (Davis, 1955). 

 

ȺɘəɧɜŬ 1-1: ɄŮɟɘɞɢɏɠ ɧˊɞɡ ŮŭɟɎɕɞɜŰŬɜ ɞɘ ŬɟɢŬɘɧŰŮɟɞɘ ˊɞɚɘŰɘůɛɞɑ 

Ʉɖɔɐ: Yoffee, 2005, ů.63 

 

 ɀŮŰɏˊŮɘŰŬ ŮűŮɡɟɏůŮɘɠ, ɧˊɤɠ ɖ ɔɟŬűɐ, ɖ ɚɞɔɘůŰɘəɐ, ɖ ɢɟɐůɖ Űɞɡ ɛˊɟɞɨŰɕɞɡ əŬɘ Űɞ 

ɖɚɘŬəɧ ɖɛŮɟɞɚɧɔɘɞ, Ŭˊɧ Űɞ 3000 ˊ.ɉ. ŮɑɢŬɜ ɛŮɔɎɚɖ Ůˊɘɟɟɞɐ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ɖ ȷɑɔɡˊŰɞɠ, ɖ 

ɀŮůɞˊɞŰŬɛɑŬ əŬɘ ɖ ȽɜŭɑŬ, ŰɏŰɞɘŬ ɩůŰŮ ɞɘ ŰɧŰŮ ɞɘəɘůɛɞɑ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɢŬɟŬəŰɖɟɘůŰɞɨɜ ɤɠ 

ñ́ ɟŬɔɛŬŰɘəɏɠò ˊɧɚŮɘɠ, ůɨɛűɤɜŬ ɛŮ Űɞɜ Davis (1955). Ƀɘ ˊɟɩŰŮɠ ˊɧɚŮɘɠ Űɖɠ ɀŮůɞˊɞŰŬɛɑŬɠ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ɓɟɏɗɖəŬɜ ůŰɘɠ ˊŮɟɘɞɢɏɠ ɔɨɟɤ Ŭˊɧ Űɞɜ ɇɑɔɟɖ əŬɘ Űɞɜ ȺɡűɟɎŰɖ, Ůə Űɤɜ ɞˊɞɑɤɜ ɖ ˊŬɚŬɘɧŰŮɟɖ 

ŮɑɜŬɘ ɖ ˊɧɚɖ Ƀɡɟ ˊɞɡ Ŭˊɧ Űɞ 2300 ɏɤɠ Űɞ 2180 ˊ.ɉ. ŬˊɞŰɏɚŮůŮ Űɖɜ ˊɟɤŰŮɨɞɡůŬ Űɖɠ 

ŬɡŰɞəɟŬŰɞɟɑŬɠ Űɤɜ Ɇɞɡɛɏɟɘɤɜ (Pacione, 2009). 

 ɄŮɟɜɩɜŰŬɠ ůŰɘɠ ˊɧɚŮɘɠ Űɖɠ ȷɟɢŬɑŬɠ ȺɚɚɎŭŬɠ, ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡɠ ŮɑɜŬɘ Űɞ ɛɘəɟɧ 

ɛɏɔŮɗɞɠ, əŬɗɩɠ əŬɘ ɞ ɛɘəɟɧɠ Ŭɟɘɗɛɧɠ əŬŰɞɑəɤɜ Űɞɜ ɞˊɞɑɞ űɘɚɞɝŮɜɞɨůŬɜ (ˊŮɟɑˊɞɡ ŭɏəŬ 

ɢɘɚɘɎŭŮɠ əŬŰɞɑəɞɡɠ əŬŰɎ ɛɏůɞ ɧɟɞ), ɔŮɔɞɜɧɠ ˊɞɡ ɑůɢɡŮ ŬəɧɛŬ əŬɘ ɔɘŬ Űɘɠ ˊɘɞ ůɖɛŬɜŰɘəɏɠ 

ˊɧɚŮɘɠ-əɟɎŰɖ ɧˊɤɠ ŮɑɜŬɘ ɖ ȷɗɐɜŬ, ɖ Ⱦɧɟɘɜɗɞɠ əŬɘ ɖ ȹɐɚɞɠ (Doxiades, 1964). Ⱥˊɘůɖɠ, ɞ 

ȹɞɝɘɎŭɖɠ (1964) ŬɜŬűɏɟŮɘ ɧŰɘ əɡɟɘɎɟɢɖůŬɜ ŭɨɞ ɛɞɟűɏɠ ŬɜɎˊŰɡɝɖɠ ůŰɘɠ ŬɟɢŬɑŮɠ Ⱥɚɚɖɜɘəɏɠ 

ˊɧɚŮɘɠ. Ƀ ˊɟɩŰɖ ɛɞɟűɐ, ŬɜŬűɏɟŮɘ, ŮɑɜŬɘ ɛɏůɤ Űɖɠ űɡůɘəɐɠ ɐ ɛɖ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɖɠ 

ŬɜɎˊŰɡɝɖɠ. ȷɡŰɐ ɖ ɛɞɟűɐ ŬˊŬɜŰɎŰŬɘ ůŰɘɠ ŬɟɢŬɘɧŰŮɟŮɠ ˊɧɚŮɘɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ 

ɖˊŮɘɟɤŰɘəɧ əɞɟɛɧ, ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŬɡŰɧ Űɖɠ ȷɗɐɜŬɠ. ȼ ˊɧɚɖ Űɖɠ ȷɗɐɜŬɠ 

ŬɜŬˊŰɨɢɗɖəŮ ɔɨɟɤ Ŭˊɧ Űɖɜ ȷəɟɧˊɞɚɖ ɖ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨůŮ ˊɡɟɐɜŬ Űɖɠ. ȼ ůŰŬŭɘŬəɐ 

ŮɝɎˊɚɤůɐ Űɖɠ ˊŮɟɘɛŮŰɟɘəɎ ɔɨɟɤ Ŭˊɧ Űɖɜ ȷəɟɧˊɞɚɖ ŭɖɛɘɞɨɟɔɖůŮ ɏɜŬɜ ŭŮɨŰŮɟɞ ˊɡɟɐɜŬ, Űɖɜ 

ȷɔɞɟɎ, ɖ ɞˊɞɑŬ ŬˊŮəŰɖůŮ ůŰŬŭɘŬəɎ ɛŮɔŬɚɨŰŮɟɖ ůɖɛŬůɑŬ ɏɜŬɜŰɘ Űɖɠ ȷəɟɧˊɞɚɖɠ, ɤɠ ɛɏɟɞɠ 

ˊɞɚɘŰɘəɩɜ, əɞɘɜɤɜɘəɩɜ əŬɘ Ůɛˊɞɟɘəɩɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ. ȼ ŭŮɨŰŮɟɖ ɛɞɟűɐ ˊɞɡ ŬɜŬűɏɟŮɘ ɞ 

ȹɞɝɘɎŭɖɠ ŮɑɜŬɘ Űɞ ȽˊˊɞŭɎɛŮɘɞ ɆɨůŰɖɛŬ ˊɞɡ ˊɐɟŮ Űɖɜ ɞɜɞɛŬůɑŬ Űɞɡ Ŭˊɧ Űɞɜ ŮɛˊɜŮɡůŰɐ Űɞɡ, 

ȽˊˊɧŭŬɛɞ Űɞɜ ɀɘɚɐůɘɞ. ɄɟɧəŮɘŰŬɘ ɞɡůɘŬůŰɘəɎ ɔɘŬ ŭɘɎŰŬɝɖ ůŮ ůɢɐɛŬ əŬɜɎɓɞɡ ˊɞɡ 

ŮɝɡˊɖɟŮŰɞɨůŮ Űɖɜ ŬˊɚɧŰɖŰŬ əŬɘ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ. ɁɏŮɠ ŬˊɞɘəɑŮɠ, ɧˊɤɠ ůŰɖɜ ȽɤɜɑŬ, 

ɢŰɑůŰɖəŬɜ ůɨɛűɤɜŬ ɛŮ ŬɡŰɧ Űɞ ůɨůŰɖɛŬ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɞ ɧɟɞɠ ñ́ ɧɚɖ-əɟɎŰɞɠò 

ŭŮɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɧɜɞ Ŭˊɧ Űɞɡɠ ȰɚɚɖɜŮɠ, ŬɚɚɎ ůɡɜŬɜŰɎŰŬɘ əŬɘ ůŰɖɜ ŬɟɢŬɑŬ ȽɜŭɑŬ, ȾɑɜŬ 

əŬɘ ɀŮůɞˊɞŰŬɛɑŬ (Yoffee, 2005). 

 Ƀɘ ɅɤɛŬɑɞɘ ɐŰŬɜ ŬɡŰɞɑ ˊɞɡ əŬŰɎűŮɟŬɜ ɜŬ ŬɜŬŭŮɑɝɞɡɜ Űɖɜ ˊɧɚɖ ɤɠ ɢɤɟɘəɐ ɞɜŰɧŰɖŰŬ, 

ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŬɡŰɧ Űɖɠ ȷɟɢŬɑŬɠ Ʌɩɛɖɠ ɤɠ ɛŮɔŬɚɨŰŮɟɖɠ ˊɧɚɖɠ ůŰɖɜ 

ɅɤɛŬɥəɐ ȷɡŰɞəɟŬŰɞɟɑŬ (Davis, 1955). ɆɨɛűɤɜŬ ɛŮ Űɞɜ Pacione (2009) oɘ ɅɤɛŬɑɞɘ 

ɡɘɞɗɏŰɖůŬɜ Űɞ ȽˊˊɞŭɎɛŮɘɞ ůɨůŰɖɛŬ əŬɘ Űɞ ŮűɐɟɛɞůŬɜ əŬɘ ůŮ ˊŮɟɘɞɢɏɠ Űɖɠ ȹɡŰɘəɐɠ Ⱥɡɟɩˊɖɠ. 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŬɜŬűɏɟŮɘ ɧŰɘ ɖ Űɡˊɘəɐ ɛɞɟűɐ Űɤɜ ɅɤɛŬɥəɩɜ ˊɧɚŮɤɜ ɐŰŬɜ ŮɔɔŮɔɟŬɛɛɏɜɖ 

ŮɜŰɧɠ Ůɜɧɠ ŰŮŰɟɎɔɤɜɞɡ ɐ ˊŬɟŬɚɚɖɚɧɔɟŬɛɛɞɡ ˊɚŬɘůɑɞɡ, ɛɏůŬ ůŰɞ ɞˊɞɑɞ ɡˊɐɟɢŬɜ 2 əɨɟɘɞɘ 

əɎɗŮŰɞɘ ɞŭɞɑ ůŮ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ŬɜŬŰɞɚɐ-ŭɨůɖ əŬɘ ɓɞɟɟɎ-ɜɧŰɞ ŬɜŰɑůŰɞɘɢŬ. ȾɞɜŰɎ ůŰɖɜ 

ŭɘŬůŰŬɨɟɤůɖ Űɤɜ 2 ˊŬɟŬˊɎɜɤ ɞŭɩɜ, ɡˊɐɟɢŮ Űɞ forum (ŬɜŰɑůŰɞɘɢɞ Űɖɠ ŬɟɢŬɑŬɠ ȷɔɞɟɎɠ) əŬɘ 

ɔɨɟɤ Ŭˊɧ ŬɡŰɧ ɡˊɐɟɢŬɜ ɞ əŮɜŰɟɘəɧɠ ɜŬɧɠ, ŰŬ ŭɖɛɧůɘŬ ɚɞɡŰɟɎ əŬɘ Űɞ ɗɏŬŰɟɞ. ɀŮŰɎ Űɖɜ 

ˊŰɩůɖ Űɖɠ ɅɤɛŬɥəɐɠ ȷɡŰɞəɟŬŰɞɟɑŬɠ Űɞɜ 4
ɞ
 ŬɘɩɜŬ ɛ.ɉ. ɝŮəɘɜɎŮɘ ɛɑŬ ɛŬəɟɎ ˊŮɟɑɞŭɞɠ ɔɜɤůŰɐ 

ɤɠ ɀŮůŬɘɤɜɘəɎ ɢɟɧɜɘŬ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ ŬůŰɘəɐ ɕɤɐ əŬɘ ŬɜɎˊŰɡɝɖ ɏűŰŬůŮ ůŰɞ ɜŬŭɑɟ 

(Pacione, 2009). 

 ūŰɎɜɞɜŰŬɠ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 19
ɞɡ

 ŬɘɩɜŬ əŬɘ ůŰɖɜ ȸɘɞɛɖɢŬɜɘəɐ ȺˊŬɜɎůŰŬůɖ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ ɟŬɔŭŬɑŬ Ɏɜɞŭɞɠ Űɖɠ ŬůŰɘəɞˊɞɑɖůɖɠ, ŭɖɚŬŭɐ Űɞɡ ˊɞůɞůŰɞɨ Űɞɡ ˊɚɖɗɡůɛɞɨ 

ˊɞɡ ɕŮɘ ůŰɖɜ ˊɧɚɖ əŬɘ ɧɢɘ ůŮ ŬɔɟɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ əŬɘ ˊŬɟɎɚɚɖɚŬ, ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬ ˊɟɩŰŬ 

ɏɜŰɞɜŬ ůɖɛɎŭɘŬ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ ɤɠ ŮəŰɧɜɤůɖ ŬɡŰɐɠ Űɖɠ ɡɣɖɚɐɠ ůɡɔəɏɜŰɟɤůɖɠ 

ˊɚɖɗɡůɛɞɨ ůŰɘɠ ˊɧɚŮɘɠ. ȳˊɤɠ ŰɞɜɑɕŮɘ ɞ Davis (1955), Ŭˊɧ Űɞ 1861 ɞ ŮɝɤŰŮɟɘəɧɠ ŭŬəŰɨɚɘɞɠ 

Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ȿɞɜŭɑɜɞɡ ŬɜŬˊŰɡůůɧŰŬɜ ˊɘɞ ɔɟɐɔɞɟŬ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ Űɞɡ. ȰŰůɘ, 

Űɞ ɜɏɞ ˊɟɧŰɡˊɞ ˊɞɡ ɡɘɞɗɏŰɖůŬɜ ˊɧɚŮɘɠ Űɖɠ ȹɡŰɘəɐɠ Ⱥɡɟɩˊɖɠ əŬɘ Űɖɠ ȷɛŮɟɘəɐɠ ɐŰŬɜ ŬɡŰɧ 

Űɖɠ ñɓɘɞɛɖɢŬɜɘəɐɠò ɧ́ɚɖɠ, ůŰɖɜ ɞˊɞɑŬ ɞɘ əɞɘɜɤɜɘəɏɠ ŬɜɘůɧŰɖŰŮɠ ŮɑɢŬɜ ɎɛŮůɞ ŬɜŰɑəŰɡˊɞ ůŰɖɜ 

ɢɤɟɘəɐ Űɖɠ ŭɘɎŰŬɝɖ, ɖ ɞˊɞɑŬ ŮɝɨˊɖɟŮŰɞɨůŮ ˊɟɤŰɑůŰɤɠ Űɞ əŮűɎɚŬɘɞ (Pacione, 2009). 

ȺɘŭɘəɧŰŮɟŬ ůŰɖɜ ȷɛŮɟɘəɐ Űɞ űŬɘɜɧɛŮɜɞ ɐŰŬɜ ŮɜŰɞɜɧŰŮɟɞ əŬɘ ůŰɎɗɖəŮ Ŭűɞɟɛɐ ɩůŰŮ Űɞ 

ŰɛɐɛŬ Űɖɠ ŬůŰɘəɐɠ əɞɘɜɤɜɘɞɚɞɔɑŬɠ Űɞɡ ˊŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ ɆɘəɎɔɞɡ ɜŬ ŭɘŮɝɎɔŮɘ ɏɟŮɡɜŬ ɔɘŬ 

Űɖɜ ˊɧɚɖ Űɞɡ ɆɘəɎɔɞɡ, Űɞ ɞˊɞɑɞ ɐŰŬɜ ŰɧŰŮ ɛɑŬ ɜɏŬ ˊɧɚɖ ˊɞɡ ŮɑɢŮ ŮˊŮəŰŬɗŮɑ ɟŬɔŭŬɑŬ əɡɟɑɤɠ 

ɚɧɔɤ Űɖɠ ŮəɓɘɞɛɖɢɎɜɖůɖɠ (Hall, 2005). ɀŮɚŮŰɩɜŰŬɠ Űɖɜ ˊɧɚɖ Űɞɡ ɆɘəɎɔɞɡ, ɞɘ Park, Burgess 

əŬɘ McKenzie (1925) əŬŰɏɚɖɝŬɜ ůŮ ɏɜŬ ˊɟɞůŮɔɔɘůŰɘəɧ ɛɞɜŰɏɚɞ ˊɧɚɖɠ (ȺɘəɧɜŬ 1-2) Űɞ ɞˊɞɑɞ 

ŬˊɞůŬűɐɜɘɕŮ Űɖɜ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ əɞɘɜɤɜɘəɩɜ ůŰɟɤɛɎŰɤɜ ɛŮ ɘŭɘŬɑŰŮɟɖ 

ŬˊɚɧŰɖŰŬ. ɆɨɛűɤɜŬ ɛŮ Űɞ ɛɞɜŰɏɚɞ Űɤɜ ɞɛɧəŮɜŰɟɤɜ ɕɤɜɩɜ, ɖ əŮɜŰɟɘəɐ ɕɩɜɖ űɘɚɞɝŮɜŮɑ Űɖɜ 

əɨɟɘŬ Ůɛˊɞɟɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɖɠ ˊɧɚɖɠ, ɏˊŮɘŰŬ ɡˊɎɟɢŮɘ ɛɑŬ ɛŮŰŬɓŬŰɘəɐ ɕɩɜɖ ɧˊɞɡ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

əŬŰɞɘəɞɨɜ ɞɘ ŬůɗŮɜɏůŰŮɟŮɠ ɞɘəɞɜɞɛɘəɎ əɞɘɜɤɜɘəɏɠ ɞɛɎŭŮɠ ˊŬɟɎɚɚɖɚŬ ɛŮ ɢɟɐůɖɠ ɧˊɤɠ 

ŮɚŬűɟɘɎ ɓɘɞɛɖɢŬɜɑŬ əŬɘ ɓɘɞŰŮɢɜɑŬ,ůŰɖɜ ůɡɜɏɢŮɘŬ ɖ ŰɟɑŰɖ ɕɩɜɖ ŬűɞɟɎ Űɖɜ ŮɟɔŬŰɘəɐ ŰɎɝɖ əŬɘ 

ɖ ŰɏŰŬɟŰɖ ˊŮɟɘɞɢɏɠ Ŭɛɘɔɞɨɠ əŬŰɞɘəɑŬɠ ɔɘŬ ůɢŮŰɘəɎ ŮɨˊɞɟŮɠ ɞɘəɞɔɏɜŮɘŮɠ ɧˊɞɡ ŮˊɘəɟŬŰŮɑ ɖ 

ɛɞɜɞəŬŰɞɘəɑŬ əŬɘ Űɏɚɞɠ ůŰɖɜ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜɖ ɕɩɜɖ əŬŰɞɘəŮɑ ɖ ñŮɚɑŰò Űɖɠ əɞɘɜɤɜɑŬɠ ˊɞɡ 

ɏɢŮɘ Űɖɜ ɞɘəɞɜɞɛɘəɐ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŭɘŬɜɨŮɘ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ əɎɗŮ ɛɏɟŬ əŬɘ ɜŬ ɕŮɘ ůŮ 

ˊɟɞɎůŰɘŬ (Bruegmann, 2005).  

 

 ɋůŰɧůɞ, ˊŬɟɎ Űɖɜ ŮɡɟŮɑŬ Ŭˊɐɢɖůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ŬɡŰɞɨ ůŰɞɜ Űɟɧˊɞ ˊɞɡ ɞɘ ŰɧŰŮ 

ˊɞɚŮɞŭɧɛɞɘ ŬɜŰɘɛŮŰɩˊɘɕŬɜ Űɘɠ ˊɧɚŮɘɠ, Űɞ ɛɞɜŰɏɚɞ ŮɑɢŮ ŬɜŬɛűɑɓɞɚŬ ɞɟɘůɛɏɜɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ 

əŬɘ ˊŮɟɘˊŰɩůŮɘɠ ˊɧɚŮɤɜ ůŰɘɠ ɞˊɞɑŮɠ ŭŮɜ ŮˊŬɚɖɗŮɡɧŰŬɜ ŬˊɧɚɡŰŬ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ˊɞɚɚɏɠ 

ˊɧɚŮɘɠ ŭŮɜ ŮɑɢŬɜ ɛɧɜɞ ɏɜŬ əɨɟɘɞ Ůɛˊɞɟɘəɧ əɏɜŰɟɞ ɐ ŬəɧɛŬ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɞɘ ɕɩɜŮɠ 

ŭŮɜ ŮɑɢŬɜ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ əɞɘɜɤɜɘəɐ əŬɘ ɞɘəɞɜɞɛɘəɐ əŬŰɎ ůɡɜɏˊŮɘŬ ɞɛɞɘɞɔɏɜŮɘŬ 

(Bruegmann, 2005). ɄɟɞůˊŬɗɩɜŰŬɠ ɜŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ ŬɡŰɎ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ, ɞ Hoyt 

(1939), ɏˊŮɘŰŬ Ŭˊɧ ŮəŰŮŰŬɛɏɜɖ ɏɟŮɡɜŬ Űɤɜ ŭɘŬɢɟɞɜɘəɩɜ ŬɚɚŬɔɩɜ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ ůŮ 

ȺɘəɧɜŬ 1-2: ɇɞ ɛɞɜŰɏɚɞ Űɤɜ Park, Burgess əŬɘ McKenzie 

Ʉɖɔɐ:http://www.bbc.co.uk/schools/gcsebitesize/geography/urban_environments/urban_models_medcs_re

v1.shtml ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 20/7/2015 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ůɖɛŬɜŰɘəɏɠ ˊɧɚŮɘɠ Űɖɠ ȷɛŮɟɘəɐɠ, ŭɖɛɘɞɨɟɔɖůŮ ɏɜŬ ɜɏɞ əŬɘ ˊɘɞ ůɨɜɗŮŰɞ ɛɞɜŰɏɚɞ (ȺɘəɧɜŬ 1-3) 

ůŰɞ ɞˊɞɑɞ ɖ ˊɧɚɖ əŬŰŬəŮɟɛŬŰɑɕŮŰŬɘ ůŮ ŰɞɛŮɑɠ (Bruegmann, 2005).  

 

 ɀŮŰɎ Űɞɜ ŭŮɨŰŮɟɞ ˊŬɔəɧůɛɘɞ ˊɧɚŮɛɞ, ŮˊɘŭɘɩəɞɜŰŬɠ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůɞɡɜ Űɘɠ ɜɏŮɠ 

ŬɚɚŬɔɏɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɜ ůŰɖɜ ɛɞɟűɐ Űɤɜ ŰɧŰŮ ˊɧɚŮɤɜ, ɞɘ Harris əŬɘ Ullman (1945) 

ɡˊɞůŰɐɟɘɝŬɜ ɧŰɘ ŰŬ ɛɞŰɑɓŬ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ ŭŮɜ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ ɏɜŬ ɛɞɜŬŭɘəɧ əɏɜŰɟɞ, ɧˊɤɠ 

ůɡɜɏɓŬɘɜŮ ůŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŭɨɞ ɛɞɜŰɏɚŬ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ, ŬɚɚɎ ŬɜŬˊŰɨůůɞɜŰŬɘ ɔɨɟɤ 

Ŭˊɧ ɞɟɘůɛɏɜɞɡɠ ŭɘŬəɟɘŰɞɨɠ ˊɡɟɐɜŮɠ (ȺɘəɧɜŬ 1-4). ȷəɧɛɖ, ůŰɐɟɘɝŬɜ Űɞ ɛɞɜŰɏɚɞ Űɞɡɠ ůŮ 

ɞɟɘůɛɏɜɞɡɠ ˊŬɟɎɔɞɜŰŮɠ. ȾŬŰŬɟɢɎɠ, ˊŬɟŬŰɐɟɖůŬɜ ɧŰɘ ɞɟɘůɛɏɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ŬˊŬɘŰɞɨɜ 

ůɡɔəŮəɟɘɛɏɜŮɠ ˊŬɟɞɢɏɠ ɧˊɤɠ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ ɚɘŬɜŮɛˊɧɟɘɞ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɛŮɔɎɚɖ 

ˊɟɞůɓŬůɘɛɧŰɖŰŬ ɛɏůŬ ůŰɖɜ ˊɧɚɖ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟɧɛɞɘŮɠ ɢɟɐůŮɘɠ ɔɖɠ ŮˊɤűŮɚɞɨɜŰŬɘ ɧŰŬɜ 

ɓɟɑůəɞɜŰŬɘ ůɡɔəŮɜŰɟɤɛɏɜŮɠ ůŮ ɏɜŬ ɛɏɟɞɠ ɚɧɔɤ Űɤɜ ɞɘəɞɜɞɛɘɩɜ əɚɑɛŬəŬɠ. ȷɜŰɑɗŮŰŬ, ˊɞɚɚɏɠ 

ŬɜŰŬɔɤɜɘůŰɘəɏɠ ɢɟɐůŮɘɠ ɔɖɠ, ɧˊɤɠ ɖ ɓɘɞɛɖɢŬɜɑŬ əŬɘ ɖ ɞɘəɘůŰɘəɐ ɕɩɜɖ ɡɣɖɚɞɨ ŮɘůɞŭɐɛŬŰɞɠ, 

ɞűŮɑɚɞɡɜ ɜŬ Ŭˊɏɢɞɡɜ ɛŮɔɎɚɖ ŬˊɧůŰŬůɖ. ɇɏɚɞɠ, ɞɟɘůɛɏɜŮɠ ɢɟɐůŮɘɠ ɔɖɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ 

ȺɘəɧɜŬ 1-3: ɇɞ ɛɞɜŰɏɚɞ Űɞɡ Hoyt 

Ʉɖɔɐ:http://www.bbc.co.uk/schools/gcsebitesize/geography/urban_environments/urban_models_medcs_rev1.s

html ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 20/7/2015 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ˊŬɟɏɢɞɡɜ Űɖɜ ɔŬɘɞˊɟɧůɞŭɞ Űɤɜ ˊɘɞ ŮˊɘɗɡɛɖŰɩɜ ŰɞˊɞɗŮůɘɩɜ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞɘ əŬŰɞɘəɑŮɠ 

ɢŬɛɖɚɩɜ ŮɘůɞŭɖɛɎŰɤɜ ŭŮɜ ɓɟɑůəɞɜŰŬɘ ůɡɜɐɗɤɠ ůŮ ɛŮɔɎɚɞ ɡɣɧɛŮŰɟɞ ɛŮ ɗɏŬ. 

 

 

 ɇɞ 1933 ɞ Christaller (1933/1966) ŬɜɏˊŰɡɝŮ Űɖɜ ɗŮɤɟɑŬ Űɤɜ əŮɜŰɟɘəɩɜ Űɧˊɤɜ 

ɞɟɑɕɞɜŰŬɠ Űɞɜ əŮɜŰɟɘəɧ Űɧˊɞ ɤɠ əɎɗŮ ɞɘəɘůɛɧ ˊɞɡ ˊŬɟɏɢŮɘ ŬɔŬɗɎ ɐ ɡˊɖɟŮůɑŮɠ ůŰɖɜ 

ŮɜŭɞɢɩɟŬ Űɞɡ. ɀŮŰɏˊŮɘŰŬ, ɞ Losch (1940/1954), ɞ ɞˊɞɑɞɠ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ Christaller ˊɞɡ 

ɝŮəɑɜɖůŮ Űɖɜ ɗŮɤɟɑŬ Űɞɡ ɏɢɞɜŰŬɠ əŬŰɎ ɜɞɡ ɛɑŬ ɘŮɟŬɟɢɑŬ ɔɘŬ Űɞɡɠ ŬůŰɘəɞɨɠ ɞɘəɘůɛɞɨɠ 

ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɨɟɞɠ Űɖɠ ŮɜŭɞɢɩɟŬɠ Űɞɡɠ, ůŰɘɠ ɞˊɞɑŮɠ ŬɜɏɗŮůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ, 

ɝŮəɑɜɖůŮ Ŭˊɧ ɛɑŬ ɛɞɜŬŭɘəɐ ɞɘəɞɜɞɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ, ůɡɔəŮəɟɘɛɏɜŬ ɛɑŬ ɛɘəɟɐ ɓɘɞɛɖɢŬɜɑŬ 

ɕɡɗɞˊɞɘɑŬɠ, əŬɘ Űɞ ˊɤɠ ɛɏůɤ Űɖɠ ɕɐŰɖůɖɠ əŬɘ Űɖɠ ŮɛɓɏɚŮɘŬɠ ŬɡŰɐɠ Űɖɠ ŮˊɘɢŮɑɟɖůɖɠ, ɛˊɞɟŮɑ 

ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ŮɡɟɨŰŮɟɞ ɓɏɚŰɘůŰɞ ŭɑəŰɡɞ ŬɔɞɟɎɠ, ɧˊɤɠ ŬɜŬűɏɟŮɘ ɞ King (1984). Ƀ 

King (1984) əŬŰŬɚɐɔŮɘ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ˊŬɟô ɧɚɞ ˊɞɡ ɖ ŬˊɧɚɡŰɖ əŬɘ ŬɡůŰɖɟɐ ŮűŬɟɛɞɔɐ 

ȺɘəɧɜŬ 1-4: ɇɞ ɛɞɜŰɏɚɞ Űɤɜ Harris əŬɘ Ullman 

Ʉɖɔɐ: https://upload.wikimedia.org/wikipedia/commons/b/b1/Ulman2.png ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 26/7/2015 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

Űɖɠ ɗŮɤɟɑŬɠ Űɤɜ əŮɜŰɟɘəɩɜ Űɧˊɤɜ ůŮ ɢɤɟɞŰŬɝɘəɏɠ ɐ ˊɞɚŮɞŭɞɛɘəɏɠ ɛɏɚŮŰŮɠ ŭŮɜ ɐŰŬɜ 

ɘŭɘŬɑŰŮɟŬ ŮˊɘŰɡɢɐɠ, ˊŬɟôɞɚŬ ŬɡŰɎ ɖ ůɡɔəŮəɟɘɛɏɜɖ ɗŮɤɟɑŬ ŬˊɞŰɏɚŮůŮ Űɞ ɏɜŬɡůɛŬ ɔɘŬ 

ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬ ůŰɞɡɠ ŰɞɛŮɑɠ Űɖɠ ɔŮɤɔɟŬűɑŬɠ, Űɖɠ əɞɘɜɤɜɘɞɚɞɔɑŬɠ əŬɘ Űɖɠ ɞɘəɞɜɞɛɑŬɠ əŬɘ 

ŰŬ ɓŬůɘəɎ Űɖɠ ůŰɞɘɢŮɑŬ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ɏɜŬ ɔŮɜɘəɧŰŮɟɞ ˊɚŬɑůɘɞ ŬɜŰɘɛŮŰɩˊɘůɖɠ 

ˊɟɞɓɚɖɛɎŰɤɜ ɢɤɟɘəɞɨ ůɢŮŭɘŬůɛɞɨ. 

 ȷˊɧ Űɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 70ô, ɛˊɞɟɞɨɛŮ ɜŬ ˊɞɨɛŮ ɛŮ ŬůűɎɚŮɘŬ ɧŰɘ Űɞ 

űŬɘɜɧɛŮɜɞ ŬůŰɘəɐ ŭɘɎɢɡůɖ ˊŬɑɟɜŮɘ ůɎɟəŬ əŬɘ ɞůŰɎ, əŬɗɧŰɘ ŮəŮɑɜɖ Űɖɜ Ůˊɞɢɐ ɞɘ ŰŮɢɜɞɚɞɔɘəɏɠ 

ŮɝŮɚɑɝŮɘɠ ůŮ ůɡɔəɞɘɜɤɜɑŮɠ, ŰɖɚŮˊɘəɞɘɜɤɜɑŮɠ əŬɘ ŭɑəŰɡŬ ɐŰŬɜ ɟŬɔŭŬɑŮɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰɞɡɠ 

Ŭɜɗɟɩˊɞɡɠ ɜŬ əŬŰɞɘəɞɨɜ ůŮ ˊŮɟɘɞɢɏɠ ɛŬəɟɘɎ Ŭˊɧ Űɖɠ ɛŮɔɎɚŮɘɠ əŬɘ ůɡɛˊŬɔŮɑɠ ˊɧɚŮɘɠ, ɢɤɟɑɠ 

ɧɛɤɠ ɜŬ ɛŮɘɩɜɞɡɜ Űɞ ɓɘɞŰɘəɧ Űɞɡɠ ŮˊɑˊŮŭɞ əŬɘ Űɘɠ ŬɜɏůŮɘɠ ˊɞɡ Űɞɡɠ ˊŬɟŮɑɢŮ ɖ ˊɧɚɖ. ȰŰůɘ, ɖ 

ŬůŰɘəɐ ŭɘɎɢɡůɖ ŮɑɜŬɘ, əŬŰɎ ɓɎůɖ, ȷɛŮɟɘəŬɜɘəɧ űŬɘɜɧɛŮɜɞ ɢɤɟɑɠ ŬɡŰɧ ɜŬ ůɖɛŬɑɜŮɘ ɧŰɘ 

ˊŬɟɧɛɞɘŮɠ ŭɘŮɟɔŬůɑŮɠ, ɧˊɤɠ ɖ ŭɖɛɘɞɡɟɔɑŬ ˊɟɞŬůŰɑɤɜ, ŭŮɜ ůɡɜɏɓɖůŬɜ əŬɘ ůŮ ȺɡɟɤˊŬɥəɏɠ 

ɢɩɟŮɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ (Hamidi & Ewing, 2014). ɀɏůŬ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ 

(ɄɑɜŬəŬɠ 1-1), ŮɑɜŬɘ ɝŮəɎɗŬɟɖ ɖ ůŰɟɞűɐ Űɞɡ ˊɚɖɗɡůɛɞɨ ůŮ ˊŮɟɘɞɢɏɠ ŮəŰɧɠ Űɞɡ əɡɟɑɞɡ 

ŬůŰɘəɞɨ ɘůŰɞɨ, ɐŭɖ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 1970. 

ȰŰɞɠ 
ɄŮɟɘŬůŰɘəɧɠ 

ˊɚɖɗɡůɛɧɠ 

ȷůŰɘəɧɠ 

ˊɚɖɗɡůɛɧɠ 

ȹŮɑəŰɖɠ 

ŭɘɎɢɡůɖɠ 

1970 49,101,068 84,283,519 36.81 

1980 69,967,436 84,680,392 45.24 

1990 85,239,692 92,431,065 47.98 

2000 101,295,542 102,952,391 49.59 

2010 114,357,186 111,554,393 50.60 

ɄɑɜŬəŬɠ 1-1: Ʉɚɖɗɡůɛɧɠ ȷɛŮɟɘəŬɜɘəɩɜ ˊɧɚŮɤɜ Űɖɜ ˊŮɟɑɞŭɞ 1970-2010 

Ʉɖɔɐ: Lopez 2014,ů.4 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

 ɄŬɟô ɧɚɞ ˊɞɡ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɞɘ ˊɡɟɐɜŮɠ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ ȺɡɟɤˊŬɥəɩɜ 

ˊɧɚŮɤɜ ɏɢɞɡɜ ŬɚɚɎɝŮɘ ŮɚɎɢɘůŰŬ, ŮɜŰɞɨŰɞɘɠ ɞɘ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŮ ŬɡŰɞɨɠ 

ŮɑɜŬɘ ŰŮɚŮɑɤɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊɚɏɞɜ (Bruegmann, 2005). ȾŬŰɎ Űɞɜ Bruegmann (2005), ɛɧɜɞ 

ůŰɖ ˊŮɟɘɞɢɐ Űɞɡ ɄŬɟɘůɘɞɨ ɢɎɗɖəŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ȭ90 ŭɘŬəɧůɘŮɠ ɢɘɚɘɎŭŮɠ ɗɏůŮɘɠ 

ŮɟɔŬůɑŬɠ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɞ ŮůɤŰŮɟɘəɧɠ ŭŬəŰɨɚɘɞɠ Űɤɜ ˊɟɞŬůŰɑɤɜ əɏɟŭɘůŮ ɛɧɚɘɠ Űɘɠ Ůɑəɞůɘ, 

Ůɜɩ ɞɘ ŮəŬŰɧɜ ŮɝɐɜŰŬ ɢɘɚɘɎŭŮɠ ˊɟɞůŰɏɗɖəŬɜ ůŰɞɜ ŮɝɤŰŮɟɘəɧ. ɄŬɟɎɚɚɖɚŬ, ůŰɘɠ ȼɜɤɛɏɜŮɠ 

ɄɞɚɘŰŮɑŮɠ ɏɤɠ Űɞ 2000 ŰŬ ˊŮɟɘůůɧŰŮɟŬ ˊŬɟŬŭɞůɘŬəɎ əɏɜŰɟŬ Űɤɜ ŬɛŮɟɘəɎɜɘəɤɜ ˊɧɚŮɤɜ 

ůŰɏɔŬɕŬɜ ɚɘɔɧŰŮɟɞ Ŭˊɧ Űɞ 10% Űɤɜ ɗɏůŮɤɜ ŮɟɔŬůɑŬɠ ŮɜŰɧɠ Űɖɠ ɛɖŰɟɞˊɞɚɘŰɘəɐɠ ˊŮɟɘɞɢɐɠ, 

Ůɜɩ ˊɧɚŮɘɠ ˊɞɡ əɎˊɞŰŮ ɚŮɘŰɞɡɟɔɞɨůŬɜ ŬɡŰɧɜɞɛŬ, ɓɟɏɗɖəŬɜ ɜŬ ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ ɛŮ ɎɚɚŬ 

əɏɜŰɟŬ ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ. ɇɏŰɞɘŬ ˊɟɧŰɡˊŬ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŰɞ ɆŬɜ ūɟŬɜůɑůəɞ, ůŰɞ ɆŬɜ 

ɉɞůɏ, ŬɚɚɎ əŬɘ ůŰɞ ɄɞɚŮɞŭɞɛɘəɧ ůɡɔəɟɧŰɖɛŬ Űɞɡ ɅɎɜŰůŰŬŰ, ɧˊɞɡ Űɞ ȯɛůŰŮɟɜŰŬɛ, Űɞ 

ɅɧŰŮɟɜŰŬɛ, ɖ ɃɡŰɟɏɢŰɖ əŬɘ ɖ ɉɎɔɖ ɛŮ Űɘɠ əɞɘɜɧŰɖŰŮɠ ŭɞɟɡűɧɟɞɡɠ Űɞɡɠ ůɢɖɛŬŰɑɕɞɡɜ ůɐɛŮɟŬ 

ɏɜŬɜ ŬůŰɘəɞˊɞɘɖɛɏɜɞ ŭŬəŰɨɚɘɞ ɔɨɟɤ Ŭˊɧ ɛɘŬ ɚɘɔɧŰŮɟɞ ŬɜŮˊŰɡɔɛɏɜɖ ñ́ ɟɎůɘɜɖ əŬɟŭɘɎò, ůŮ 

ɛɘŬ ˊŮɟɑŮɟɔɖ ŬɜŰɘůŰɟɞűɐ Űɞɡ ɛɞɜŰɏɚɞɡ Űɞɡ ȿɞɜŭɑɜɞɡ, ɧˊɞɡ ɞ əŮɜŰɟɘəɧɠ ˊɡɟɐɜŬɠ 

ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ñ́ ɟɎůɘɜɖ ɕɩɜɖò. ȷɡŰɏɠ ɞɘ ŭɘŮɟɔŬůɑŮɠ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɖɠ ˊɧɚɖɠ əŬɘ Űɤɜ ˊɟɞŬůŰɑɤɜ ɜŬ ɛɖɜ ŮɑɜŬɘ ˊɚɏɞɜ 

ɝŮəɎɗŬɟŮɠ əŬɘ ůŬűŮɑɠ əŬɗɩɠ ŰŬ ˊɟɞɎůŰɘŬ ɔɑɜɞɜŰŬɘ ɧɚɞ əŬɘ ˊɘɞ ˊɞɘəɘɚɧɛɞɟűŬ (Bruegmann, 

2005). 

 ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɛɏůŬ Ŭˊɧ ŬɡŰɐ Űɖɜ ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŮɑɜŬɘ ůŬűɏɠ 

ɧŰɘ Ůɜɩ ɞɘ ˊɧɚŮɘɠ ŮɝŮɚɑůůɞɜŰŬɘ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŮ ɛɏɔŮɗɞɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɤɜ űɡůɘəɩɜ 

ŭɘŮɟɔŬůɘɩɜ Ůɝɏɚɘɝɖɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ Ůɑŭɞɡɠ, ŮɜŰɞɨŰɞɘɠ ɧŰŬɜ ɛɘɚɎɛŮ ɔɘŬ ŬůŰɘəɐ ŭɘɎɢɡůɖ, 

ŬɡŰɧ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɢŮŰɘəɎ ɜɏɞ űŬɘɜɧɛŮɜɞ. ȷɡŰɐ ɖ ɝŬűɜɘəɐ əŬɘ ɟŬɔŭŬɑŬ ŮɝɎˊɚɤůɖ Űɞɡ 

ŬůŰɘəɞɨ ɘůŰɞɨ əɡɟɑɤɠ ůŰɘɠ ȷɛŮɟɘəŬɜɘəɏɠ ˊɧɚŮɘɠ ŬˊɞŰŮɚŮɑ ŬˊɧɟɟɞɘŬ ˊɞɚɚɩɜ ˊŬɟŬɔɧɜɟɤɜ ˊɞɡ 

ɗŬ ŬɜŬˊŰɡɢɗɞɨɜ ůŮ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ. ȼ ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ, ŮˊɘˊɟɧůɗŮŰŬ, ůŰɞɢŮɨŮɘ ůŰɖɜ 

ˊɟɞůˊɎɗŮɘŬ ɞɟɘůɛɞɨ Űɞɡ ŬůŰɘəɞɨ ɢɩɟɞɡ ɤůŰŮ ɜŬ ɔɑɜŮŰŬɘ ŮɨəɞɚŬ ŭɘŬəɟɘŰɐ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŮɠ 
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ˊŬɟŬəŮɑɛŮɜŮɠ, əŬɗɧŰɘ ɖ ˊɚɖɟɞűɞɟɑŬ Űɞɡ ŬůŰɘəɞɨ ɢɩɟɞɡ ŬˊɞŰŮɚŮɑ ŬˊŬɟŬɑŰɖŰɞ əŬɘ ůɖɛŬɜŰɘəɧ 

ŭŮŭɞɛɏɜɞ Ůɘůɧŭɞɡ ɔɘŬ ɏɜŬ ɛɞɜŰɏɚɞ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ. 

 

1.2. ȷɘŰɑŮɠ Űɖɠ ȷůŰɘəɐɠ ȹɘɎɢɡůɖɠ 

 Ʉɞɚɚɞɑ ɛŮɚŮŰɖŰɏɠ ɏɢɞɡɜ ŬˊŬɟɘɗɛɐůŮɘ Űɘɠ ŬɘŰɑŮɠ ˊɞɡ ˊɟɞəŬɚɞɨɜ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ, ɢɤɟɑɠ ɧɛɤɠ ɜŬ ɡˊɎɟɢŮɘ ɞɛɞűɤɜɑŬ ɔɘŬ Űɞ Ŭɜ ŬɡŰɧ ŬˊɞŰŮɚŮɑ əɎŰɘ ɗŮŰɘəɧ ɐ 

ŬɟɜɖŰɘəɧ ɔɘŬ Űɖɜ ŬɜɗɟɤˊɧŰɖŰŬ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ŬɛűɘɚŮɔɧɛŮɜɞ ɕɐŰɖɛŬ ˊɞɡ ŮɔŮɑɟŮɘ ɏɜŰɞɜŮɠ 

ůɡɕɖŰɐůŮɘɠ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ. 

 ȾŬŰɎ Űɞɜ Bruegmann (2005), ɛŮ Űɖɜ ˊŬɟŬŭɞɢɐ ɧŰɘ ɖ ŭɘɎɢɡůɖ ɔŮɜɜɐɗɖəŮ ůŰɖɜ 

ȷɛŮɟɘəɐ, ɛɑŬ Ŭˊɧ Űɘɠ ŬɘŰɑŮɠ Űɖɠ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ɑŭɘŬ ɖ əɞɡɚŰɞɨɟŬ Űɤɜ ȷɛŮɟɘəɎɜɤɜ 

ŮˊɘŰɎůůŮɘ ɜŬ ɛɏɜɞɡɜ ůŮ ˊŮɟɘɞɢɏɠ ŮəŰɧɠ Űɞɡ əɨɟɘɞɡ ŬůŰɘəɞɨ ɘůŰɞɨ ˊɘůŰŮɨɞɜŰŬɠ ɧŰɘ ɞɘ ˊŮɟɘɞɢɏɠ 

Ŭɛɘɔɞɨɠ əŬŰɞɘəɑŬɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛŬəɟɘɎ Ŭˊɧ Űɞ əɏɜŰɟɞ Űɖɠ ˊɧɚɖɠ. ɆŰɖɜ ůɡɜŮɘŭɖůɖ Űɤɜ 

ȷɛŮɟɘəɎɜɤɜ, ŰŬ ˊɟɞɎůŰɘŬ ŮɑɜŬɘ ɏɜŬ əŬɚɧ ɛɏɟɞɠ ɜŬ ɕŮɘɠ, ɜŬ əɎɜŮɘɠ ɞɘəɞɔɏɜŮɘŬ əŬɘ ɜŬ 

ŭɞɡɚŮɨŮɘɠ, Ůɜɩ Űɞ ɛŮŰɟɞˊɞɚɘŰɘəɧ əɏɜŰɟɞ ŬűɞɟɎ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɧˊɤɠ ɖ ŬɜŬɣɡɢɐ əŬɘ ɖ 

əŬŰŬɜɎɚɤůɖ. ȰŰůɘ, ˊɟɞəɨˊŰŮɘ ɖ ŬɜɎɔəɖ ɔɘŬ ŬˊɞɛɎəɟɡɜůɖ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ Űɖɠ ˊɧɚɖɠ əŬɘ ɖ 

ɔɏɜɜɖůɖ Űɖɠ ŭɘɎɢɡůɖɠ. 

 ȼ ŬɡɝŬɜɧɛŮɜɖ ɢɟɐůɖ Űɞɡ ŬɡŰɞəɘɜɐŰɞɡ ɗŮɤɟŮɑŰŬɘ ɛɑŬ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ŬɘŰɑŮɠ Űɖɠ 

ŭɘɎɢɡůɖɠ. ɇŬɡŰɧɢɟɞɜŬ, ɞɘ ŬɡŰɞəɘɜɖŰɧŭɟɞɛɞɘ əŬɗɩɠ əŬɘ ɎɚɚŬ ɛɏůŬ ɛŮŰŬűɞɟɎɠ ɏɢɞɡɜ 

ŬɜŬˊŰɡɢɗŮɑ ŰŬɢɨŰŬŰŬ. ȰɢɞɜŰŬɠ ŬɡŰɏɠ Űɘɠ Ůˊɘɚɞɔɏɠ, ɞɘ ˊɞɚɑŰŮɠ ˊɚɏɞɜ ɛˊɞɟɞɨɜ ɜŬ ɕɞɡɜ ɎɜŮŰŬ 

ůŮ ˊɟɞɎůŰɘŬ. (Rui, 2013, ů.10). ɋůŰɧůɞ, ůŮ ȺɡɟɤˊŬɥəɏɠ ɢɩɟŮɠ, ɧˊɤɠ ɖ ȸɟŮŰŬɜɑŬ, ɖ 

ŬɜɎˊŰɡɝɖ Űɤɜ ŭɖɛɧůɘɤɜ ɛɏůɤɜ ɛŬɕɘəɐɠ ɛŮŰŬűɞɟɎɠ ɐŰŬɜ ˊɞɚɨ ˊɘɞ ůɖɛŬɜŰɘəɐ ůŰɖɜ ŭɘɧɔəɤůɖ 

Űɞɡ űŬɘɜɞɛɏɜɞɡ (Chin, 2002; Batty, Besussi & Chin 2003). Ⱥˊɘˊɚɏɞɜ, ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ůŰɞ 

ȿɞɜŭɑɜɞ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ ˊɟɞŬůŰɑɤɜ ɝŮəɑɜɖůŮ ɛŮ Űɖɜ ŮˊɏəŰŬůɖ Űɞɡ ůɘŭɖɟɞŭɟɞɛɘəɞɨ ŭɘəŰɨɞɡ 

Űɞ 1860, ɤɗɩɜŰŬɠ ɛɑŬ ŬəŰɘɜɘəɐ ŮˊɏəŰŬůɖ Űɞɡ ɘůŰɞɨ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɘɠ ůɘŭɖɟɞŭɟɞɛɘəɏɠ 
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ɔɟŬɛɛɏɠ. ȷəɧɛɖ, ůŰɞ ȿɞɜŭɑɜɞ, ŰŬ əɡəɚɘəɎ ɛɞŰɑɓŬ ŮˊɏəŰŬůɖɠ ɐŰŬɜ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ɜɏɤɜ 

ŭɟɞɛɞɚɞɔɘɩɜ Űɤɜ ŬůŰɘəɩɜ ɚŮɤűɞɟŮɑɤɜ. 

 ȼ Lawrence (2005) əɎɜŮɘ ŮəŰŮŰŬɛɏɜɖ ŬɜɎɚɡůɖ Űɤɜ ŮˊɘˊŰɩůŮɤɜ ˊɞɡ ɏɢɞɡɜ ɞɘ 

ˊɞɚɘŰɘəɏɠ Űɖɠ əɡɓɏɟɜɖůɖɠ ɛɑŬɠ ɢɩɟŬɠ ɐ ɛɑŬɠ ˊɞɚɘŰŮɑŬɠ ůŰɖɜ ɛɞɟűɐ Űɞɡ ŬůŰɘəɞɨ ɘůŰɞɨ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŬɜŬűɏɟŮɘ ɧŰɘ ɛɑŬ ůŮɘɟɎ Ŭˊɧ ˊɞɚɘŰɘəɏɠ ŭɖɛɘɞɨɟɔɖůŮ ŰŬ əɑɜɖŰɟŬ əŬɘ Űɘɠ 

ŮɡəŬɘɟɑŮɠ ɔɘŬ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɗɡɚɎəɤɜ əŬŰɞɘəɘɩɜ ɛŬəɟɘɎ Ŭˊɧ Űɘɠ əŮɜŰɟɘəɏɠ ˊɧɚŮɘɠ Ůɜɩ 

ŰŬɡŰɧɢɟɞɜŬ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŭɖɛɘɞɨɟɔɖůŮ űɟŬɔɛɞɨɠ ůŰɖɜ ůɡɛˊŬɔɐ ŬɜɎˊŰɡɝɖ Űɤɜ 

ˊɧɚŮɤɜ. ɀŮ Űɖɜ ɑŭɟɡůɖ Űɖɠ ɃɛɞůˊɞɜŭɘŬəɐɠ ȹɘŬɢŮɑɟɖůɖɠ ɆŰɏɔŬůɖɠ (Federal Housing 

Administration) ɡˊɐɟɝŬɜ əɑɜɖŰɟŬ ɧˊɤɠ ɖ ɛŮɔŬɚɨŰŮɟɖ ˊŮɟɑɞŭɞɠ Ŭˊɞˊɚɖɟɤɛɐɠ Űɤɜ ɡˊɞɗɖəɩɜ 

əŬɘ ɖ ŮɚɎŰŰɤůɖ Űɤɜ ˊɟɞəŬŰŬɓɞɚɩɜ ůŰɘɠ Ŭɔɞɟɏɠ ɜɏɤɜ əŬŰɞɘəɘɩɜ, əŬɗɩɠ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ 

ɧˊɤɠ ɧɟɞɘ ŭɧɛɖůɖɠ ˊɞɡ ŭŮɜ ɐŰŬɜ ůɨɛűɤɜɞɘ ɛŮ ŬɡŰɞɨɠ Űɤɜ əŬŰɞɘəɘɩɜ ŮɜŰɧɠ Űɖɠ ˊɧɚɖɠ, 

ɏəŬɜŬɜ Űɖɜ ŰɧŰŮ ɛŮůŬɑŬ ŰɎɝɖ ɜŬ ŮˊɘɚɏɔŮɘ ůˊɑŰɘŬ ŮəŰɧɠ Űɞɡ ɛŮŰɟɞˊɞɚɘŰɘəɞɨ əɏɜŰɟɞɡ. 

 ɀɑŬ ŬəɧɛŬ ŬɘŰɑŬ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ ŮɑɜŬɘ, ůɨɛűɤɜŬ ɛŮ Űɞɜ Torrens (2006), ɖ 

Ŭɨɝɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ. ȳˊɤɠ ɡˊɞůŰɖɟɑɕŮɘ, ɧŰŬɜ ɞ ŬůŰɘəɧɠ ˊɚɖɗɡůɛɧɠ ŬɡɝŬɜŮŰŬɘ, ɖ ˊɧɚɖ 

ŬɜŬɔəŬůŰɘəɎ ˊɟɏˊŮɘ ɜŬ ŮˊŮəŰŬɗŮɑ ŮɑŰŮ ɞɟɘɕɧɜŰɘŬ ŮɑŰŮ əŬŰŬəɧɟɡűŬ əŬɘ ɛŮɟɘəɏɠ űɞɟɏɠ ɜŬ 

ŮˊŮəŰŮɑɜŬɘ ŰŬ ɧɟɘɎ Űɖɠ Ůɘɠ ɓɎɟɞɠ Űɤɜ ˊŬɟŬəŮɑɛŮɜɤɜ ŬɔɟɞŰɘəɩɜ ˊŮɟɘɞɢɩɜ. ȰŰůɘ, ůɨɛűɤɜŬ ɛŮ 

Űɞɜ Torrens (2006), ɖ Ŭɨɝɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ɞŭɖɔŮɑ ůŮ ŭɘɎɢɡůɖ ɛɏůŬ Ŭˊɧ ŬˊɧɚɡŰɖ Ŭɨɝɖůɖ, 

ŬɡɝŬɜɧɛŮɜɖ ŬůŰɘəɞˊɞɑɖůɖ, ŭɖɚŬŭɐ Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊɞɡ ɕŮɘ ůŮ ˊɧɚŮɘɠ, 

əŬɘ ŬɜŬŭɘɞɟɔɎɜɤůɖ Űɖɠ əŬŰŬɜɞɛɐɠ əŬɘ ɔŮɤɛŮŰɟɑŬɠ Űɤɜ əŬŰɞɘəɘɩɜ, ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ ŰŬ 

ůˊɑŰɘŬ ŰŮɑɜɞɡɜ ɜŬ ɔɑɜɞɜŰŬɘ ɛɘəɟɧŰŮɟŬ ŬɚɚɎ ˊŮɟɘůůɧŰŮɟŬ. 

 ɆŬűɏůŰŬŰŬ, Űɞ ȹɘŬŭɑəŰɡɞ əŬɘ ɞɘ ɜɏŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ůŰɞɜ ŰɞɛɏŬ Űɤɜ ŰɖɚŮˊɘəɞɘɜɤɜɘɩɜ 

ɏɢɞɡɜ ůɡɛɓɎɚɚŮɘ ůŰɞ űŬɘɜɧɛŮɜɞ Űɘɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ Ůɡɜɞɥəɏɠ ůɡɜɗɐəŮɠ 

ˊŬɟɏɢɞɜŰŬɠ ůŮ ŭɘɎůˊŬɟŰŬ ɛɏɟɖ ɛɑŬɠ ˊɧɚɖɠ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ ˊɟɞɎůŰɘŬ, Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŬɜŬˊŰɨůůɞɡɜ ɚŮɘŰɞɡɟɔɘəɏɠ ůɢɏůŮɘɠ ŬɜŮɝɎɟŰɖŰŬ Űɖɠ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖɠ (Rui, 2013). 
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 Ƀ Bruegmann (2005), ŬɜŬűɏɟŮɘ ɧŰɘ ɖ ŬůŰɘəɐ ŭɘɎɢɡůɖ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɏɜŬ 

ˊŬɟŬˊɟɞɥɧɜ Űɞɡ ɛɖ ŮɚŮɔɢɧɛŮɜɞɡ əŬˊɘŰŬɚɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŭɘɧŰɘ ɞ əŬˊɘŰŬɚɘůɛɧɠ 

ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɘŭɏŬ ɧŰɘ ɖ ŬɔɞɟɎ əɘɜŮɑŰŬɘ ɛŮ ɛɧɜɞ ůŰɧɢɞ Űɞ əɏɟŭɞɠ, ŬɜŮɝɎɟŰɖŰŬ ɛŮ Űɘɠ 

ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ əɞɘɜɤɜɑŬ ɐ ůŮ Ɏɚɚɞɡɠ ŮˊŮɜŭɡŰɏɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ 

ŮɟɔɞɚɎɓɞɘ, ɛŮ ůŰɧɢɞ ɜŬ ɛŮɔɘůŰɞˊɞɘɐůɞɡɜ Űɞ əɏɟŭɞɠ Űɞɡɠ, Ůˊɘɚɏɔɞɡɜ ɜŬ ůɢŮŭɘɎɕɞɡɜ ˊŮɟɘɞɢɏɠ 

ɛŮ ɢŬɛɖɚɐ ˊɡəɜɧŰɖŰŬ əŰɘɟɑɤɜ, ŭɖɚŬŭɐ ɛɞɜɞəŬŰɞɘəɑŮɠ ɏɜŬɜŰɘ ˊɞɚɡəŬŰɞɘəɘɩɜ. Ʉɞɚɚɞɑ 

ŬɜŬɚɡŰɏɠ ɡˊɞůŰɖɟɑɕɞɡɜ ɧŰɘ ŬɡŰɐ ɖ Ůˊɘɚɞɔɐ ˊŬɟɎɔŮɘ ɛɞŰɑɓŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬɜŰɘŬɘůɗɖŰɘəɎ, ɛɖ 

ɓɘɩůɘɛŬ əŬɘ ɛɖ űɘɚɘəɎ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ. 

 

1.3. ɇɨˊɞɘ ȷůŰɘəɐɠ ȹɘɎɢɡůɖɠ 

 ȼ ŬůŰɘəɐ ŭɘɎɢɡůɖ, ůŬɜ ɏɜɜɞɘŬ, ŮɑɜŬɘ ŬɟəŮŰɎ ŭɨůəɞɚɞ ɜŬ ɞɟɘůŰŮɑ əŬɘ ɜŬ ŬˊɞŭɞɗŮɑ 

ɛɞɜɞůɐɛŬɜŰŬ əŬɘ ŬˊɧɚɡŰŬ, əɎŰɘ ˊɞɡ Űɖɜ əŬɗɘůŰɎ ŮɝŬɘɟŮŰɘəɎ ŬɛűɘɚŮɔɧɛŮɜɖ. ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ɞɘ Galster et al. (2001, ů. 681) ŬɜŬűɏɟɞɡɜ ɧŰɘ ɖ ŬůŰɘəɐ ŭɘɎɢɡůɖ ŮɝɖɔŮɑ ŰŬ ˊɎɜŰŬ əŬɘ ŰɑˊɞŰŬ. 

ȰŰůɘ, ɞɘ ɛŮɚŮŰɖŰɏɠ ůŰɖɜ ˊɟɞůˊɎɗŮɘɎ Űɞɡɠ ɜŬ ŮɜŰɎɝɞɡɜ Űɖɜ ŬůŰɘəɐ ŭɘɎɢɡůɖ ůŮ ɏɜŬ 

ůɡɔəŮəɟɘɛɏɜɞ ɗŮɤɟɖŰɘəɧ ˊɚŬɑůɘɞ, əŬŰɖɔɞɟɘɞˊɞɑɖůŬɜ Űɞɡɠ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ ŭɘɎɢɡůɖɠ ˊɞɡ 

ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ. Ƀɘ Galster et al. (2001) ŬɜŬűɏɟɞɡɜ ɞəŰɩ ŮɜɜɞɘɞɚɞɔɘəɎ əŬɘ ɛɞɟűɞɚɞɔɘəɎ 

ŭɘŬəɟɘŰɏɠ ŭɘŬůŰɎůŮɘɠ ɢɟɐůŮɤɜ ɔɖɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɖɜ ŬůŰɘəɐ ŭɘɎɢɡůɖ. ȷɡŰɏɠ ŮɑɜŬɘ ɖ 

ˊɡəɜɧŰɖŰŬ, ɖ ůɡɜɏɢŮɘŬ, ɖ ůɡɔəɏɜŰɟɤůɖ, ɖ ɞɛɞɘɛɞɟűɑŬ, ɖ əŮɜŰɟɘəɧŰɖŰŬ, ɖ ˊɡɟɖɜɘəɧŰɖŰŬ, ɞ 

ůɡɜŭɡŬůɛɧɠ ɢɟɐůŮɤɜ ɔɖɠ əŬɘ ɖ ŮɔɔɨŰɖŰŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢŬɟŬəŰɖɟɘůŰɞɨɜ ɤɠ ŭŮɑəŰŮɠ 

ŭɘɎɢɡůɖɠ ůŮ ůɡɜŭɡŬůɛɧ ɐ əŬɘ ɛŮɛɞɜɤɛɏɜŬ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŰɏůŰŬɟŮ ŬɡŰɞɨɠ Űɞɡɠ ŭŮɑəŰŮɠ 

ˊɎɜɤ ůŮ 13 ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ȷɛŮɟɘəɐɠ ɔɘŬ ɜŬ ŭŮɑ Ŭɜ ɧɜŰɤɠ ŬɡŰɞɑ ɏɢɞɡɜ ˊɟŬɔɛŬŰɘəɐ 

ŮűŬɟɛɞɔɐ əŬɘ ůɡɜɎŭɞɡɜ ɛŮ ˊɟŬɔɛŬŰɘəɎ ˊŮɟɘůŰŬŰɘəɎ ˊɧɚŮɤɜ. 

Ƀɘ Camagni, Gibelli əŬɘ Rigamonti (2002) ɛŮɚŮŰɩɜŰŬɠ ŰŬ ˊɟɞɎůŰɘŬ Űɞɡ ɀɘɚɎɜɞɡ, ɔɘŬ Űɖɜ 

ˊŮɟɑɞŭɞ 1981-1991, ŮˊɘɢŮɑɟɖůŬɜ ɜŬ əŬŰŬɔɟɎɣɞɡɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŬůŰɘəɐɠ 

ŬɜɎˊŰɡɝɖɠ. ȾŬŰɏɚɖɝŬɜ ůŮ ˊɏɜŰŮ Űɨˊɞɡɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ: Űɖɜ ůɡɛˊɚɖɟɤɛŬŰɘəɐ ŬɜɎˊŰɡɝɖ 
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(infilling ), ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞůɗɐəɖ ɜɏŬɠ əŰɘůɛɏɜɖɠ ŮˊɘűɎɜŮɘŬɠ ůŮ ɐŭɖ 

ɡˊɎɟɢɞɡůŮɠ ŬůŰɘəɏɠ ŮəŰɎůŮɘɠ ˊɞɡ ŮɑɢŬɜ ɛŮɑɜŮɘ əŮɜɏɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜɎˊŰɡɝɖɠ, 

ŮɝɎˊɚɤůɖ (extension), ɖ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɘɠ Ŭɛɏůɤɠ ɔŮɘŰɞɜɘəɏɠ ŬůŰɘəɏɠ ˊŬɟɡűɏɠ, 

ɔɟŬɛɛɘəɐ (linear), ɖ ɞˊɞɑŬ ŬəɞɚɞɡɗŮɑ Űɞɡɠ ɓŬůɘəɞɨɠ ɎɝɞɜŮɠ Űɤɜ ɛɖŰɟɞˊɞɚɘŰɘəɩɜ ɡˊɞŭɞɛɩɜ 

ɞŭɘəɞɨ ŭɘəŰɨɞɡ, ŭɘɎɢɡůɖ (sprawl), ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮɘ ŰŬ ɜɏŬ ŭɘɎůˊŬɟŰŬ ŰŮɛɎɢɘŬ əŬɘ ŰŬ 

ůɢɏŭɘŬ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ (large-scale projects), ŰŬ ɞˊɞɑŬ Ŭűɞɟɞɨɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɛŮɔɎɚɤɜ 

ŰŮɛŬɢɑɤɜ ŬɝɘɞůɖɛŮɑɤŰɞɡ ɛŮɔɏɗɞɡɠ ˊɞɡ ɧɛɤɠ ŭŮɜ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ɐŭɖ ɡˊɎɟɢɞɡůŬ 

ɢŰɘůɛɏɜɖ ŮˊɘűɎɜŮɘŬ. 

 ȸŬůɘɕɧɛŮɜɞɘ ůŰɖɜ ŮɟɔŬůɑŬ Űɤɜ Galster et al. (2001), ɞɘ Batty et al. (2003) ɛŮɚɏŰɖůŬɜ 

Űɘɠ ɛɞɟűɏɠ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ. ȷəɞɚɞɨɗɤɠ ˊŬɟŬŰɑɗŮɜŰŬɘ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ ŬůŰɘəɞɑ 

ůɢɖɛŬŰɘůɛɞɑ, ɞɘ ɞˊɞɑɞɘ ŮɘəɞɜɞɔɟŬűɞɨɜ ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ŭɞɛɏɠ Űɘɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ əŬɘ 

ɓŬůɑɕɞɜŰŬɘ ůŮ ˊɟɤŰɧŰɡˊŬ ůɢɏŭɘŬ Űɤɜ Galster et al. (2001) (ȺɘəɧɜŬ 1-5).  

ȺɘəɧɜŬ 1-5: ɄɟɧŰɡˊŬ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ 

Ʉɖɔɐ: Batty et al. 2003, ů. 6  
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1.4. ȺˊɘˊŰɩůŮɘɠ Űɖɠ ȷůŰɘəɐɠ ȹɘɎɢɡůɖɠ 

 ɆŰɖɜ əɚŬůɘəɐ Ůˊɞɢɐ ŮɑɢŬɜ ŬɜŬˊŰɡɢɗŮɑ ɗɏůŮɘɠ Ŭˊɧ űɘɚɞůɧűɞɡɠ, ɧˊɤɠ ɞ ȷɟɘůŰɞŰɏɚɖɠ, 

ɞ Ūɞɡəɡŭɑŭɖɠ, ɞ ȹɖɛɞůɗɏɜɖɠ, ɞ ɄɚɎŰɤɜŬɠ, ɞ ȽˊˊɞəɟɎŰɖɠ, ɞ ȽˊˊɧŭŬɛɞɠ ɞ ɀɘɚɐůɘɞɠ əŬɘ ɞ 

ūŬɚɏŬɠ ɞ ɉŬɚəɖŭɧɜɘɞɠ, ɡˊɏɟ Űɖɠ ˊɟɞůŰŬůɑŬɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Űɖɠ ŬɘůɗɖŰɘəɐɠ Űɖɠ 

ˊɧɚɖɠ. ȾŮɜŰɟɘəɧ ůŰɞɘɢŮɑɞ Űɤɜ ɗɏůŮɤɜ ŬɡŰɩɜ ŬˊɞŰŮɚɞɨůŮ ɖ űɘɚɞůɞűɑŬ Űɞɡ ɛɏŰɟɞɡ əŬɘ Űɖɠ 

ˊɚŬůŰɘəɐɠ ˊŮɘɗŬɟɢɑŬɠ Űɖɠ űɨůɖɠ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŭɘŬɚŮəŰɘəɐɠ ůɢɏůɖɠ ŬɚɚɖɚŮɝɎɟŰɖůɖɠ 

ɛŮŰŬɝɨ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, Űɞɡ Ŭɜɗɟɩˊɞɡ əŬɘ Űɞɡ ɢɤɟɞŰŬɝɘəɞɨ əŬɘ ˊɞɚŮɞŭɞɛɘəɞɨ 

ůɢŮŭɘŬůɛɞɨ (ũŮɟŬůɑɛɞɡ, 2007, ů. 91). ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ŮɑɜŬɘ ůŬűɏɠ ɧŰɘ ɞɘ ŮˊɘˊŰɩůŮɘɠ Űɖɠ 

ɛɞɟűɐɠ ɛɑŬɠ ˊɧɚɖɠ, ɎɟŬ əŬɘ Űɞɡ Űɟɧˊɞɡ ˊɞɡ ŬɡŰɐ ŬɜŬˊŰɨůůŮŰŬɘ ɐ ŭɘŬɢɏŮŰŬɘ ɎŰŬəŰŬ əŬɘ 

ɢɤɟɑɠ ůɢŮŭɘŬůɛɧ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɛŮɚŮŰɖɗɞɨɜ, ɜŬ əŬŰŬɔɟŬűɞɨɜ əŬɘ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ 

əɡɟɑɤɠ ůŰɞɡɠ ŰɞɛŮɑɠ Űɖɠ ɞɘəɞɜɞɛɑŬɠ, Űɖɠ əɞɘɜɤɜɑŬɠ əŬɘ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. 

 ɆŰɞɜ ŰɞɛɏŬ Űɖɠ ɞɘəɞɜɞɛɑŬɠ əŬɘ Űɖɠ əɞɘɜɤɜɑŬɠ, ɞɘ ŬˊɧɣŮɘɠ ŭɘɑůŰŬɜŰŬɘ ůɢŮŰɘəɎ ɛŮ Űɘɠ 

ŮˊɘˊŰɩůŮɘɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ, əŬɗɩɠ űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ Űɧůɞ ɗŮŰɘəɏɠ ɧůɞ əŬɘ ŬɟɜɖŰɘəɏɠ 

ůɡɜɏˊŮɘŮɠ. ɆŰɘɠ ŬɟɜɖŰɘəɏɠ ůɡɜɏˊŮɘŮɠ ůɡɔəŬŰŬɚɏɔɞɜŰŬɘ ɞɘəɞɜɞɛɘəɏɠ, ŬɘůɗɖŰɘəɏɠ əŬɘ 

ɣɡɢɞɚɞɔɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞɡɠ əŬŰɞɑəɞɡɠ Űɤɜ ɛŮŰɟɞˊɞɚɘŰɘəɩɜ ˊŮɟɘɞɢɩɜ (Barnes, Morgan, 

Roberge & Lowe, 2001). ȾŬŰɎ Űɞɡɠ Barnes et al. (2001), ɞɘ ɞɘəɞɜɞɛɘəɏɠ ŮˊɘˊŰɩůŮɘɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɡɣɖɚɧŰŮɟɞɡɠ űɧɟɞɡɠ, ɡɣɖɚɧŰŮɟŬ əɧůŰɖ ɡˊɞŭɞɛɩɜ, ŬɟɜɖŰɘəɏɠ 

ŭɖɛɞůɘɞɜɞɛɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞɡɠ Űɞˊɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ ŬɡŰɞŭɘɞɑəɖůɖɠ əŬɘ ɛŮɑɤůɖ Űɖɠ 

ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ Űɞɡ ŮɟɔŬŰɘəɞɨ ŭɡɜŬɛɘəɞɨ. ɆɡɜŮɢɑɕɞɡɜ ɚɏɔɞɜŰŬɠ ɧŰɘ ůŮ ɣɡɢɞɚɞɔɘəɧ 

ŮˊɑˊŮŭɞ, ɖ ŭɘɎɢɡůɖ ˊɟɞəŬɚŮɑ ŬˊɩɚŮɘŬ Űɖɠ Ŭɑůɗɖůɖɠ ɧŰɘ ɞ əŬɗɏɜŬɠ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɖɠ 

Űɞˊɘəɐɠ əɞɘɜɤɜɑŬɠ, ˊɟɞəŬɚɩɜŰŬɠ Ŭˊɞɝɏɜɤůɖ Ůɜɩ ůŮ ŮˊɑˊŮŭɞ ŬɘůɗɖŰɘəɐɠ ɖ ŭɘɎɢɡůɖ ŮˊɘűɏɟŮɘ 

ŬɜŰɘŬɘůɗɖŰɘəɎ əŬɘ ɛɞɜɧŰɞɜŬ ŰɞˊɑŬ ůŰŬ ˊɟɞɎůŰɘŬ. ɄŬɟɎɚɚɖɚŬ, ŬɡɝɎɜŮŰŬɘ ɖ əɡəɚɞűɞɟɘŬəɐ 

ůɡɛűɧɟɖůɖ, ɞɘ ɢɟɧɜɞɘ ɛŮŰŬəɑɜɖůɖɠ əŬɗɩɠ əŬɘ ɖ ŮˊɘɗŮŰɘəɧŰɖŰŬ ůŰɖɜ ůɡɛˊŮɟɘűɞɟɎ ɞŭɐɔɖůɖɠ. 

 ɆŰɞɜ ŰɞɛɏŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Űɤɜ űɡůɘəɩɜ ˊɧɟɤɜ, ɞɘ ŮˊɘˊŰɩůŮɘɠ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ ŮɑɜŬɘ ůɢŮŭɧɜ ɞɚɞəɚɖɟɤŰɘəɎ ŬɟɜɖŰɘəɏɠ. Ƀɘ ˊŬɟŬəɎŰɤ ŮˊɘˊŰɩůŮɘɠ ŬɜŬɚɨɞɜŰŬɘ Ŭˊɧ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

Űɞɡɠ Barnes et al. (2001). ȾŬŰŬɟɢɎɠ, ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ 

ɔɑɜɞɜŰŬɘ ŬɘůɗɖŰɏɠ ůŮ Űɞˊɘəɐ, ˊŮɟɘűŮɟŮɘŬəɐ, Ůɗɜɘəɐ ŬɚɚɎ əŬɘ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ. ɆŮ 

ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ŬɜɎɔəɖ ɔɘŬ ɢɟɐůɖ Űɞɡ ŬɡŰɞəɘɜɐŰɞɡ ůŮ əŬɗɖɛŮɟɘɜɐ 

ɓɎůɖ Ŭˊɧ Űɞɡɠ əŬŰɞɑəɞɡɠ Űɤɜ ˊɟɞŬůŰɑɤɜ, əɡɟɑɤɠ ˊɟɞɠ Űɞɡɠ ɢɩɟɞɡɠ ŮɟɔŬůɑŬɠ Űɞɡɠ, ɞŭɖɔŮɑ 

ůɤɟŮɡŰɘəɎ ůŮ Ŭɨɝɖůɖ Űɤɜ Ůəˊɞɛˊɩɜ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ, ˊɞɡ ŬˊɞŭŮŭŮɘɔɛɏɜŬ ŬˊɞŰŮɚŮɑ 

ɛɑŬ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ŬɘŰɑŮɠ ɧɝɡɜůɖɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ŰɟɨˊŬɠ Űɞɡ ɧɕɞɜŰɞɠ. ȷɡŰɐ ɖ ɟɨˊŬɜůɖ 

ɚɧɔɤ Űɤɜ Ůəˊɞɛˊɩɜ Űɞɡ ŬɡŰɞəɘɜɐŰɞɡ ŬˊŮɘɚŮɑ Űɖ ŭɖɛɧůɘŬ ɡɔŮɑŬ, Űɖɜ ŬɔɟɞŰɘəɐ ˊŬɟŬɔɤɔɐ əŬɘ 

ŰŬ ɞɘəɞůɡůŰɐɛŬŰŬ. ȼ ɎŰŬəŰɖ ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ əŬŰŬˊŬŰɎŮɘ ŮəŰɎůŮɘɠ ɔɖɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ 

əŬŰŬűɨɔɘɞ ˊŬɜɑŭŬɠ, ŬɚɚɞɘɩɜɞɜŰŬɠ Űɞ Űɞˊɑɞ əŬɘ ɢɤɟɑɕɞɜŰŬɠ Űɘɠ ɎɚɚɞŰŮ ŮɜɘŬɑŮɠ ŮəŰɎůŮɘɠ ˊɞɡ 

űɘɚɞɝŮɜɞɨůŬɜ ˊɚɖɗɡůɛɞɨɠ ˊŬɜɑŭŬɠ əŬɘ ɢɚɤɟɑŭŬɠ. ȼ űɤŰɞɟɨˊŬɜůɖ əŬɘ ɖɢɞɟɨˊŬɜůɖ Űɤɜ 

ˊɟɞŬůŰɑɤɜ ɞŭɖɔŮɑ ˊɞɚɚɎ Ůɑŭɖ ˊŬɜɑŭŬɠ ůŮ ɛŮŰŬɜɎůŰŮɡůɖ Ŭˊɧ Űɞ űɡůɘəɧ Űɞɡɠ ˊŮɟɘɓɎɚɚɞɜ. 

 ɆɖɛŬɜŰɘəɏɠ ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬɘ ůŰɞɡɠ űɡůɘəɞɨɠ ˊɧɟɞɡɠ əŬɘ ůŰŬ 

űɡůɘəɎ ŭɘŬɗɏůɘɛŬ. ūɡůɘəɞɑ ˊɧɟɞɘ ɧˊɤɠ ɖ ŬɔɟɞŰɘəɐ ɔɖ, ŰŬ ŭɎůɖ, ŰŬ ɞɟɡəŰɎ ɡɚɘəɎ əŬɘ ɞɘ 

ɡŭŬŰɘəɞɑ ˊɧɟɞɘ ŰɑɗɞɜŰŬɘ ůŮ əɑɜŭɡɜɞ (Ewing, 1997). ȺɘŭɘəɎ ɧůɞɘ ˊɧɟɞɘ ŮɑɜŬɘ ɛɖ ŬɜŬɜŮɩůɘɛɞɘ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ɘűɑůŰŬɜŰŬɘ ɓɘɩůɘɛɖ ŭɘŬɢŮɑɟɘůɖ əŬɘ ɧɢɘ ŭɘŬůˊɎɗɘůɖ. ȼ ɛŮɚɏŰɖ Űɤɜ Van Metre, 

Mahler əŬɘ Furlong (2000) ́ Ɏɜɤ ůŮ 10 ɡŭŬŰɘəɎ ŬˊɞɗɏɛŬŰŬ ůŮ ŭɘɎűɞɟŮɠ ɛŮŰɟɞˊɧɚŮɘɠ Űɤɜ 

ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ ȷɛŮɟɘəɐɠ ŭŮɑɢɜŮɘ Űɖɜ ɛŮŰŬɓɞɚɐ Űɤɜ Ůˊɘˊɏŭɤɜ ˊɞɚɡəɡəɚɘəɩɜ 

ŬɟɤɛŬŰɘəɩɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, ɞɘ ɞˊɞɑɞɘ ŬɡɝɐɗɖəŬɜ ůŰɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ŮŰɩɜ ŬůŰɘəɐɠ 

ŬɜɎˊŰɡɝɖɠ ůŰɘɠ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ. 

 ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ˊŬɟɎ Űɖɜ əɑɜɖůɖ ůŰɞɡɠ ŭɟɧɛɞɡɠ əŬŰɎ Űɘɠ ɩɟŮɠ Ŭɘɢɛɐɠ əŬɘ Űɞɡɠ 

ɛŮɔɎɚɞɡɠ ɢɟɧɜɞɡɠ ɛŮŰŬəɑɜɖůɖɠ əŬɗɖɛŮɟɘɜɎ Ŭˊɧ ŰŬ ˊɟɞɎůŰɘŬ ˊɟɞɠ Űɘɠ ˊŮɟɘɞɢɏɠ ŮɟɔŬůɑŬɠ Űɤɜ 

ɞ́ɚɘŰɩɜ, ɖ ŮɔəŬŰɎůŰŬůɖ ůŮ ˊɟɞɎůŰɘŬ ˊŬɟŬɛɏɜŮɘ ɤɠ ůŰɧɢɞɠ ɔɘŬ ˊɞɚɚɞɨɠ əŬŰɞɑəɞɡɠ ˊɧɚŮɤɜ 

ˊɞɡ ɗŮɤɟɞɨɜ Űɖɜ ɕɤɐ ůŮ ŬɡŰɎ ɤɠ ˊɘɞ ˊɞɘɞŰɘəɐ. ɀɏɢɟɘ ɜŬ ŬɚɚɎɝŮɘ ŬɡŰɐ ɖ ŬɜŰɑɚɖɣɖ əŬɘ ɞɘ 

ůɡɜɗɐəŮɠ ŭɘŬɓɑɤůɖɠ ůŰɞɜ ˊɡɟɐɜŬ Űɤɜ ˊɧɚŮɤɜ ɓŮɚŰɘɤɗɞɨɜ, ɖ ŭɘɎɢɡůɖ ɗŬ ůɡɜŮɢɑůŮɘ ɜŬ 

ɡűɑůŰŬŰŬɘ (Barnes et al., 2001). 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

2. ɀɃɁɇȺȿȷ ȷɆɇȽȾȼɆ ȷɁȷɄɇɈɂȼɆ 

 ȼ ŬůŰɘəɐ ŭɘɎɢɡůɖ ŬˊɞŰŮɚɞɨůŮ ˊɎɜŰŬ ɏɜŬ ɘŭɘŬɑŰŮɟŬ ŮɜŭɘŬűɏɟɞɜ ŮɟŮɡɜɖŰɘəɧ 

ŬɜŰɘəŮɑɛŮɜɞ, əɡɟɑɤɠ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɔŮɤɔɟŬűɑŬɠ. ȼ ŬɜɎɔəɖ ɔɘŬ ˊɟɧɓɚŮɣɖ, ɛɞɜŰŮɚɞˊɞɑɖůɖ 

əŬɘ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬŰɎ Űɖɜ Ůɝɏɚɘɝɖ ɛɑŬɠ ˊɧɚɖɠ, 

ɞŭɐɔɖůŮ ůŮ ŬɜɎˊŰɡɝɖ əŬɘ Ůɝɏɚɘɝɖ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛŮɗɧŭɤɜ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ŬɡŰɩɜ Űɤɜ 

ɛɞŰɑɓɤɜ. Ƀ Batty (2009, ů. 51) ɞɟɑɕŮɘ ŰŬ ɛɞɜŰɏɚŬ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ (urban growth models) 

ɤɠ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ əŬɘ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ˊŬɟɎɔɞɡɜ Űɘɠ ŬůŰɘəɏɠ ŭɞɛɏɠ ůŮ 

ɧɟɞɡɠ ɢɟɐůɖɠ ɔɖɠ, ˊɚɖɗɡůɛɞɨ, ŮɟɔŬůɑŬɠ əŬɘ ɛŮŰŬűɞɟɩɜ, ůɡɜɐɗɤɠ ɛɏůɤ ˊɟɞɔɟŬɛɛɎŰɤɜ ůŮ 

ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ ˊɞɡ ŭɑɜɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŰŮůŰŬɟɘůŰɞɨɜ ɗŮɤɟɑŮɠ ɢɤɟɘəɐɠ 

ŬɜɎɚɡůɖɠ ɏɜŬɜŰɘ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ ɜŬ ˊɟɞəɨɣɞɡɜ ˊɟɞɓɚɏɣŮɘɠ ɛŮɚɚɞɜŰɘəɩɜ Ůɘəɧɜɤɜ. 

ɄŬɟɎɚɚɖɚŬ, ɞ Batty (2009, ů. 51) ɞɟɑɕŮɘ Űɖɜ ŬůŰɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ ɤɠ Űɖ ɢɟɐůɖ 

əŬŰɎɚɚɖɚɖɠ ɗŮɤɟɑŬɠ əŬɘ Űɖɜ ɛŮŰɎűɟŬůɖ ŬɡŰɐɠ ůŮ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ, Űɖɜ ŬɜɎˊŰɡɝɖ 

ůɢŮŰɘəɞɨ ɚɞɔɘůɛɘəɞɨ əŬɘ Ůɘůɧŭɞɡ ŭŮŭɞɛɏɜɤɜ ůŰɞ ɛɞɜŰɏɚɞ ɏŰůɘ ɩůŰŮ ɜŬ ɡˊɞůŰŮɑ 

ɓŬɗɛɞɜɧɛɖůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ ˊɟɘɜ Űɖɜ űɎůɖ Űɖɠ ˊɟɧɓɚŮɣɖɠ. ɄɟɏˊŮɘ ɜŬ ŬˊɞůŬűɖɜɘůŰŮɑ ɧŰɘ 

ŰŬ ɛɞɜŰɏɚŬ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ŭŮɜ ɏɢɞɡɜ ůɢɏůɖ ɛŮ ŰŬ ˊŬɚŬɘɧŰŮɟŬ ŬůŰɘəɎ ɛɞɜŰɏɚŬ (urban 

form models), ɧˊɤɠ ŮɑɜŬɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ ɛɞɜŰɏɚɞ Űɞɡ Hoyt ˊɞɡ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ. ɇŬ 

ˊɟɩŰŬ ɏɢɞɡɜ əɨɟɘɞ ůŰɧɢɞ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ɛŮɚɚɞɜŰɘəɐɠ ŮɝɎˊɚɤůɖɠ ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ Ůɜɩ 

ŰŬ ŰŮɚŮɡŰŬɑŬ ůŰɞɢŮɨɞɡɜ ůŰɖɜ ŬˊɚɞɡůŰŮɡɛɏɜɖ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɞɛɐɠ Űɖɠ ˊɧɚɖɠ. 

 ȼ ˊɟɩŰɖ ŮɜɧŰɖŰŬ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ ŬɜŬűɏɟŮŰŬɘ ůŮ ůŰɖɜ ɢɟɖůɘɛɧŰɖŰŬ Űɤɜ 

ŬůŰɘəɩɜ ɛɞɜŰɏɚɤɜ, ɖ ŭŮɨŰŮɟɖ ůŰɘɠ ɗŮɤɟɖŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ˊɞɡ əɟɨɓɞɜŰŬɘ ˊɑůɤ Ŭˊɧ Űɖɜ 

ůɨɚɚɖɣɖ əŬɘ Űɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ ɛɞɜŰɏɚɤɜ, ɖ ŰɟɑŰɖ ŬɜŬűɏɟŮŰŬɘ ůŮ ŰŮɢɜɘəɏɠ əŬɘ ɛŮɗɧŭɞɡɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ, ɖ ŰɏŰŬɟŰɖ ˊŮɟɘɔɟɎűŮɘ ŬɜŬɚɡŰɘəɎ Űɖɜ ŰŮɢɜɘəɐ Űɤɜ əɡɣŮɚɞŮɘŭɩɜ ŬɡŰɞɛɎŰɤɜ 

əŬɘ ɖ ŰŮɚŮɡŰŬɑŬ ŮɜɧŰɖŰŬ ŬűɞɟɎ Űɞ ɛɞɜŰɏɚɞ SLEUTH. 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

2.1. ɉɟɖůɘɛɧŰɖŰŬ Űɤɜ ȷůŰɘəɩɜ ɀɞɜŰɏɚɤɜ 

 ȼ ɢɟɖůɘɛɧŰɖŰŬ əŬɘ ɞ ɟɧɚɞɠ Űɤɜ ɛɞɜŰɏɚɤɜ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ 

ɧŰɘ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ɛɏůɞ Űɞ ɞˊɞɑɞ ŮˊɘŰɟɏˊŮɘ Űɞɜ ˊŮɘɟŬɛŬŰɘůɛɧ ɛŮ Űɖ ɗŮɤɟɑŬ əŬɘ ɜŬ ŮɜɘůɢɡɗŮɑ 

ɖ əŬŰŬɜɧɖůɖ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ əŬɘ ɜŬ ˊɟɞɖɔŮɑŰŬɘ Űɖɠ ˊɟɧɓɚŮɣɖɠ Űɤɜ ŭɘŬűɧɟɤɜ əŬŰŬůŰɎůŮɤɜ, 

ˊɞɡ ŭŮɜ ɏɢɞɡɜ ŬəɧɛŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɞ ɛɏɚɚɞɜ. ȷɡŰɧɠ ɞ ɟɧɚɞɠ Űɞɡ 

ˊŮɘɟŬɛŬŰɘůɛɞɨ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Ůɜɧɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, əŬŰɎ Űɘ ŭɘŬűɞɟŮŰɘəɞɨ Ŭˊɧ ŬɡŰɧ Űɤɜ 

ŮɟɔŬůŰɖɟɘŬəɩɜ ŮˊɘůŰɖɛɩɜ, ɧˊɞɡ ɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ űŬɘɜɞɛɏɜɤɜ ŮɑɜŬɘ ŮɚŮɔɢɧɛŮɜɖ, 

əŬɗɘůŰɩɜŰŬɠ ŰŬ ɡˊɞɚɞɔɘůŰɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ Űɞɜ əŬŰŮɝɞɢɐɜ ɢɩɟɞ ŮűŬɟɛɞɔɐɠ Űɤɜ ŬůŰɘəɩɜ 

ɛɞɜŰɏɚɤɜ (Batty, 2009). ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ əŬŰɎ Űɞɡɠ Batty əŬɘ Longley (1994) ɖ ˊɧɚɖ ŬˊɞŰŮɚŮɑ 

ɏɜŬ ŮɝŬɘɟŮŰɘəɎ ˊɞɚɨˊɚɞəɞ ůɨůŰɖɛŬ  ůŰɞ ɞˊɞɑɞ ŮˊɘɢŮɑɟɖůŬɜ ˊɟɩŰɞɘ ɜŬ ŮűŬɟɛɧůɞɡɜ Űɘɠ Ŭɟɢɏɠ 

Űɖɠ əɚŬůɛŬŰɘəɐɠ ɔŮɤɛŮŰɟɑŬɠ, ɧˊɤɠ ŬɜŬˊŰɨɢɗɖəŬɜ Ŭˊɧ Űɞɜ Mandelbrot, ŭŮɑɢɜŮɘ ɧŰɘ ŰŬ 

ɛɞɜŰɏɚŬ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬˊɚɞɡůŰŮɨůɞɡɜ 

ŬɡŰɐ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ əɟŬŰɩɜŰŬɠ ɧɛɤɠ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ŮɛˊɘůŰɞůɨɜɖɠ ůŰɘɠ ɛŮɚɚɞɜŰɘəɏɠ 

ŮɘəɧɜŮɠ ˊɞɡ ˊŬɟɎɔɞɡɜ. 

 ɇŬ Ůɜ ɚɧɔɤ ɛɞɜŰɏɚŬ ɏɢɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŮ ŭɘŬŭɘəŬůɑŮɠ ɢɤɟɘəɞɨ ůɢŮŭɘŬůɛɞɨ əŬɘ 

ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ. ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ŰŬ ɛɞɜŰɏɚŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬŭŮɑɝɞɡɜ ŮˊɘˊŰɩůŮɘɠ 

ɛŮɚɚɞɜŰɘəɩɜ Ůɘəɧɜɤɜ əŬɘ ůŮɜŬɟɑɤɜ ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬŰɟɞűɞŭɞŰɐůɞɡɜ ůŰɘɠ Ŭɟɢɘəɏɠ 

ˊɞɚɘŰɘəɏɠ ɩůŰŮ ɜŬ ůɡɜɎŭɞɡɜ ɛŮ Űɞɡɠ ŰŮɚɘəɞɨɠ ůŰɧɢɞɡɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ɛɑŬ əɡəɚɘəɐ 

ŭɘŬŭɘəŬůɑŬ ŬɜɎŭɟŬůɖɠ ůŰɖɜ űɎůɖ Űɞɡ ůɢŮŭɘŬůɛɞɨ (Berglund, 2014). ũŮɜɘəɎ, ŰŬ ɛɞɜŰɏɚŬ 

ŬɡŰɎ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɤɜ ŭɡɜŬɛɘəɩɜ ɛɑŬɠ ˊɧɚɖɠ, ŮˊɘŰɟɏˊɞɡɜ Űɞɜ 

Ůɘəɞɜɘəɧ ˊŮɘɟŬɛŬŰɘůɛɧ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ Űɘɠ ˊɘɗŬɜɏɠ ŮˊɘˊŰɩůŮɘɠ ɜɏɤɜ ɡˊɞŭɞɛɩɜ, ŰŮɢɜɞɚɞɔɘɩɜ 

ɐ ˊɞɚɘŰɘəɩɜ əŬɘ Űɏɚɞɠ Ůɡɜɞɞɨɜ ŭɘŬŭɘəŬůɑŮɠ ůɡɛɛŮŰɞɢɘəɞɨ ůɢŮŭɘŬůɛɞɨ (Berglund, 2014). 

 ȼ ɢɟɖůɘɛɧŰɖŰŬ, Űɧůɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɧůɞ əŬɘ Űɖɠ ɔɜɩůɖɠ ˊɞɡ ˊŬɟɎɔŮɘ ɏɜŬ 

ɛɞɜŰɏɚɞ ŮɑɜŬɘ Ůɝɑůɞɡ ůɖɛŬɜŰɘəɐ ɛŮ Űɖ ůɡɜɏˊŮɘɎ Űɞɡɠ ɤɠ ˊɟɞɠ Űɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. ȰŰůɘ, 

ɛˊɞɟŮɑ ŬűŮɜɧɠ ɜŬ ŮəŰɘɛɐůŮɘ Űɖ ɛŮɚɚɞɜŰɘəɐ Ůɝɏɚɘɝɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ əŬɘ ŬűŮŰɏɟɞɡ ɜŬ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ŬˊɞəŬɚɨɣŮɘ Űɖ ŭɞɛɐ əŬɘ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ Űɞɡ. ȼ ɢɟɖůɘɛɧŰɖŰŬ ŭŮ Űɤɜ ŬůŰɘəɩɜ ɛɞɜŰɏɚɤɜ 

ŭŮɜ ŮɝŬɜŰɚŮɑŰŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɛŮɛɞɜɤɛɏɜɤɜ ŮəŰɘɛɐůŮɤɜ-Ůɘəɧɜɤɜ ɔɘŬ Űɞ ɛɏɚɚɞɜ, ŬɚɚɎ ɞ 

ɞɡůɘŬůŰɘəɧɠ Űɞɡɠ ɟɧɚɞɠ ŮɜŰɞˊɑɕŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ ŭɘŬűɞɟŮŰɘəɩɜ ŮɝɤɔŮɜɩɜ 

ˊŬɟŮɛɓɎůŮɤɜ əŬɘ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŮˊɑŭɟŬůɐɠ Űɞɡɠ, əŬɗɞŭɖɔɩɜŰŬɠ əŬɘ ˊɟɞɚŬɛɓɎɜɞɜŰŬɠ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞŮŰɞɘɛɎůŮɘ Űɘɠ ˊɧɚŮɘɠ ɔɘŬ Űɘɠ ɛŮɚɚɞɜŰɘəɏɠ ŮɝŮɚɑɝŮɘɠ ɩůŰŮ ɜŬ əŬɗɞŭɖɔŮɑ əŬɘ 

ɧɢɘ ɜŬ ŬɜŰɘŭɟɎ Ůə Űɤɜ ɡůŰɏɟɤɜ (ɀŬɜŰɏɚŬɠ, 2011, ů. 9-10). 

 

2.2. ŪŮɤɟɖŰɘəɏɠ ɄɟɞůŮɔɔɑůŮɘɠ Űɤɜ ȷůŰɘəɩɜ ɀɞɜŰɏɚɤɜ 

 Ʉɟɘɜ ɝŮəɘɜɐůɞɡɜ ůŰɖɜ ˊɟɎɝɖ ɜŬ ŮűŬɟɛɧɕɞɜŰŬɘ ŰŬ ɛɞɜŰɏɚŬ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ, ˊɟɩŰŬ 

ɏˊɟŮˊŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ əŬɘ ɜŬ ŬˊɞůŬűɖɜɘůŰŮɑ Űɞ ɗŮɤɟɖŰɘəɧ Űɞɡɠ ɡˊɧɓŬɗɟɞ əŬɘ ˊɚŬɑůɘɞ. 

ȹɖɚŬŭɐ, ɞɘ əŬɜɧɜŮɠ əŬɘ ɞɘ ˊŬɟŬŭɞɢɏɠ ˊɞɡ ŮɑɜŬɘ ŬɜŬɔəŬɑŮɠ ɏŰůɘ ɩůŰŮ ɜŬ ŬˊɚɞɡůŰŮɡɗŮɑ ɖ 

ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ˊɧɚɖ əŬɘ ɜŬ ɛˊɞɟɏůŮɘ, ɏŰůɘ, ɜŬ 

ɛɞɜŰŮɚɞˊɞɘɖɗŮɑ. ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ɖ Liu (2008) ůəɘŬɔɟŬűŮɑ əŬɘ əŬŰɖɔɞɟɘɞˊɞɘŮɑ Űɘɠ 

ɗŮɤɟɖŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ɤɠ Ůɝɐɠ: 

¶ H ȷůŰɘəɐ Ƀɘəɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ (Urban Ecological Approach) ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

ŬɜŰɑɚɖɣɖ ɧŰɘ ɖ Ŭɜɗɟɩˊɘɜɖ ůɡɛˊŮɟɘűɞɟɎ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ɞɘəɞɚɞɔɘəɏɠ-

ɓɘɞɚɞɔɘəɏɠ Ŭɟɢɏɠ, ɧˊɤɠ ɞ ŬɜŰŬɔɤɜɘůɛɧɠ, ɖ Ůˊɘɚɞɔɐ, ɖ ŭɘŬŭɞɢɐ əŬɘ ɖ əɡɟɘŬɟɢɑŬ. ȳˊɤɠ əŬɘ 

ůŰŬ ɞɘəɞůɡůŰɐɛŬŰŬ, ɞɘ ˊɘɞ ŮɨˊɞɟŮɠ əɞɘɜɤɜɘəɏɠ ɞɛɎŭŮɠ ɗŬ əŬŰŬɚŬɛɓɎɜɞɡɜ Űɘɠ ˊɘɞ 

Ůɡɜɞɥəɏɠ ŰɞˊɞɗŮůɑŮɠ ɔɘŬ ŮɔəŬŰɎůŰŬůɖ ɛɏůŬ ůŮ ɏɜŬ ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɀŮ ɓɎůɖ ŬɡŰɐ 

Űɖɜ ˊɟɞůɏɔɔɘůɖ ŬɜŬˊŰɨɢɗɖəŬɜ ŰŬ ɛɞɜŰɏɚŬ Űɤɜ Burgess, Hoyt, Harris əŬɘ Ullman ˊɞɡ 

ŬɜŬűɏɟɗɖəŬɜ ůŮ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ. 

¶ ȼ Ⱦɞɘɜɤɜɘəɞ-űɡůɘəɐ ˊɟɞůɏɔɔɘůɖ (Social Physical Approach) ɓŬůɑɕŮŰŬɘ ůŰɖ ɗŮɩɟɖůɖ Űɖɠ 

Ŭɜɗɟɩˊɘɜɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ůŰɞɜ ɢɩɟɞ, ɖ ɞˊɞɑŬ ŬɜŬˊŰɨɢɗɖəŮ ůŮ ɎɛŮůɖ ůɡůɢɏŰɘůɖ ɛŮ 

Űɖɜ ŮˊɘůŰɐɛɖ Űɖɠ űɡůɘəɐɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ˊɘůŰŮɨŮɘ ɧŰɘ ɞ ɜɧɛɞɠ Űɖɠ ˊŬɔəɧůɛɘŬɠ ɏɚɝɖɠ 

Űɞɡ ɁŮɨŰɤɜŬ ɛˊɞɟŮɑ ɜŬ ɔŮɜɘəŮɡŰŮɑ əŬɘ ůŮ əɞɘɜɤɜɘəɧ ŮˊɑˊŮŭɞ əŬɘ ɜŬ ɞɟɑɕŮɘ Űɞɡɠ əŬɜɧɜŮɠ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ɏɜŬɠ Ɏɜɗɟɤˊɞɠ ŬɚɚɖɚŮˊɘŭɟɎ ůŰɞ əɞɘɜɤɜɘəɧ ůɨɜɞɚɞ. ȰŰůɘ, Űɞ ɛɞɜŰɏɚɞ 

ɓŬɟɐŰɖŰŬɠ ɞɟɑɕŮɘ ɧŰɘ ɞɘ ŬɚɚŬɔɏɠ ˊɎɜɤ ůŮ ɗɏɛŬŰŬ əŬŰɞɘəɑŬɠ ɐ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ŬɜɎɚɞɔŮɠ 

Űɖɠ ñɛɎɕŬɠò Űɞɡ əɘɜɐŰɟɞɡ ɔɘŬ ŬɚɚŬɔɐ əŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔŮɠ Űɞɡ əɧůŰɞɡɠ 

ɛŮŰŬəɑɜɖůɖɠ. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ŮɑɢŮ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ ůŮ ɛŮɚɏŰŮɠ ɛŮŰŬɜɎůŰŮɡůɖɠ, ŭɘəŰɨɤɜ 

ɞɘəɘůɛɩɜ əŬɘ ˊɧɚŮɤɜ Űɖɜ ŭŮəŬŮŰɑŬ Űɞɡ 60ô. ɄŬɟɧɚɞ ˊɞɡ ɖ Ⱦɞɘɜɤɜɘəɞ-űɡůɘəɐ 

ˊɟɞůɏɔɔɘůɖ ŮűŬɟɛɧůŰɖəŮ Ůɡɟɏɤɠ ůŰŬ ɛɞɜŰɏɚŬ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ, ŮɜŰɞɨŰɞɘɠ 

ˊŬɟɞɡůɑŬůŮ ůŬűŮɑɠ ˊŮɟɘɞɟɘůɛɞɨɠ, əŬɗɩɠ ŬˊɏŰɡɢŮ ɜŬ ŮɝɖɔɐůŮɘ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɤɗŮɑ ŰŬ 

ɎŰɞɛŬ ɜŬ Ůˊɘɚɏɔɞɡɜ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŭɟɞɛɐ ˊɟɞɠ Űɖɜ ŮɟɔŬůɑŬ, Ůɜɩ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŬɜ ɡˊɧ ŬɡŰɐ Űɖɜ ˊɟɞůɏɔɔɘůɖ ɏŭɤůŬɜ ɓŬɟɨŰɖŰŬ ůŰɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ 

ɞɛɎŭɤɜ ŬɜŰɑ Űɤɜ ŬŰɧɛɤɜ ɛŮɛɞɜɤɛɏɜŬ əŬɘ ŭŮɜ ŬůɢɞɚɐɗɖəŬɜ ɛŮ ůɖɛŬɜŰɘəɞɨɠ, ŬɚɚɎ ɛɖ 

ˊɞůɞŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. 

¶ ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɁŮɞəɚŬůɘəɐ ˊɟɞůɏɔɔɘůɖ (Neoclassical Approach), ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ŮɑɜŬɘ ɏɜŬ ɞɘəɞɜɞɛɘəɧ űŬɘɜɧɛŮɜɞ, Űɞ ɞˊɞɑɞ əŬɗɞŭɖɔŮɑŰŬɘ Ŭˊɧ Űɞɡɠ 

ɛɖɢŬɜɘůɛɞɨɠ Űɖɠ ŬɔɞɟɎɠ əŬɘ Űɘɠ űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ Űɞɡ ŬɜŰŬɔɤɜɘůɛɞɨ ɛŮŰŬɝɨ Űɤɜ 

ŭɘŬűɧɟɤɜ ɞɘəɞɜɞɛɘəɩɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ əŬɘ Űɤɜ əɞɘɜɤɜɘəɩɜ ɞɛɎŭɤɜ ŮɜŰɧɠ ɛɘŬɠ ŬůŰɘəɐɠ 

ˊŮɟɘɞɢɐɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɞɘəɞɜɞɛɘəɐ ɗŮɤɟɑŬ Űɞɡ ɘůɞɕɡɔɑɞɡ, ɞ ŭɘŬɛɞɘɟŬůɛɧɠ Űɖɠ 

ŬůŰɘəɐɠ ɔɖɠ ůŰɞɡɠ ŭɘɎűɞɟɞɡɠ əŬŰɞɑəɞɡɠ Űɧůɞ ůŮ ŮˊɑˊŮŭɞ ˊɞůɧŰɖŰŬɠ ŬɚɚɎ əŬɘ 

ŰɞˊɞɗŮůɑŬɠ, ŮɚɏɔɢŮŰŬɘ Ŭˊɧ ůɢɏůŮɘɠ ˊɟɞůűɞɟɎɠ əŬɘ ɕɐŰɖůɖɠ ˊɞɡ ɡˊŬəɞɨɞɡɜ ůŰɖɜ Ŭɟɢɐ 

Űɞɡ ɞɟɗɞɚɞɔɘůɛɞɨ.ȰŰůɘ, əɎŰɤ Ŭˊɧ ɛɑŬ ůŮɘɟɎ ˊŮɟɘɞɟɘůŰɘəɩɜ ˊŬɟŬŭɞɢɩɜ, ɏɜŬ Űɡˊɘəɧ 

ɛɞɜŰɏɚɞ ŬůŰɘəɐɠ ɞɘəɞɜɞɛɑŬɠ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ ŰŬ əɧůŰɖ ɛŮŰŬəɑɜɖůɖɠ əŬɘ ŰŬ ŮɜɞɑəɘŬ ɔɖɠ, 

ůŰɖɜ ɛɞɟűɐ ˊɞɡ ŬˊɞəŰɎ ɖ ˊɧɚɖ. ȺɝŬɘŰɑŬɠ Űɞɡ ɧŰɘ ŰŬ ɛɞɜŰɏɚŬ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ ŬɡŰɐɠ 

ŬŭɘŬűɧɟɖůŬɜ ɔɘŬ Űɞɜ ŬɜŰɑəŰɡˊɞ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ůŰɞ ɗɏɛŬ Űɖɠ ŬůŰɘəɐɠ 

ŬɜɎˊŰɡɝɖɠ əŬɘ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ Űɤɜ ˊɟɞŰɨˊɤɜ, ɖ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ŰɏɗɖəŮ ɡˊɧ ɏɜŰɞɜɖ 

ŬɛűɘůɓɐŰɖůɖ Ŭˊɧ Űɞɡɠ ɗŮɤɟɖŰɘəɞɨɠ Űɖɠ ůɡɛˊŮɟɘűɞɟɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ əŬɘ Űɞɡɠ 

ŬɜɗɟɤˊɘůŰɏɠ. 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

¶ H Ʉɟɞůɏɔɔɘůɖ ůɡɛˊŮɟɘűɞɟɎɠ (Behavioral Approach) ɏˊŮŰŬɘ ɤɠ əɟɘŰɘəɐ Űɤɜ 

ˊɟɞɖɔɞɨɛŮɜɤɜ ɗŮɤɟɘɩɜ, ůɡɔəŮəɟɘɛɏɜŬ Űɖɠ ɞɘəɞɚɞɔɘəɐɠ əŬɘ Űɖɠ ɜŮɞəɚŬůɘəɐɠ, əŬɘ 

ŮůŰɘɎɕŮɘ ůŰŬ əɑɜɖŰɟŬ ˊɞɡ əɟɨɓɞɜŰŬɘ ˊɑůɤ Ŭˊɧ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŬŰɧɛɤɜ, ůŰɞɜ Űɟɧˊɞ 

ɛŮ Űɞɜ ɞˊɞɑɞ ŰŬ ɎŰɞɛŬ ŬɜŬɕɖŰɞɨɜ əŬɘ ɛŬɗŬɑɜɞɡɜ Űɞ ŬůŰɘəɧ Űɞɡɠ ˊŮɟɘɓɎɚɚɞɜ əŬɗɩɠ əŬɘ 

ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ŬŰɞɛɘəɏɠ ŬˊɞűɎůŮɘɠ. ɋůŰɧůɞ, ɧˊɤɠ əŬɘ ɖ əɞɘɜɤɜɘəɞ-

űɡůɘəɐ ˊɟɞůɏɔɔɘůɖ, ɖ ˊɟɞůɏɔɔɘůɖ ůɡɛˊŮɟɘűɞɟɎɠ ŮɝŬɘŰɑŬɠ Űɖɠ ɏɛűŬůɖɠ ůŰɖɜ 

ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŬŰɧɛɤɜ ɛŮɛɞɜɤɛɏɜŬ, ŭɏɢŰɖəŮ  ˊɡɟɎ Ŭˊɧ ˊɞɚɚɏɠ əŬŰŮɡɗɨɜůŮɘɠ  ůŰŬ 

Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 70ô. 

¶ ȼ ɆɡůŰɖɛɘəɐ ˊɟɞůɏɔɔɘůɖ (Systems Approach) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬŰŬɟɢɐɜ ůŰɖɜ ŬůŰɘəɐ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞ ȭ60 əŬɘ ɓŬůɑůŰɖəŮ ůŰɘɠ ɏɜɜɞɘŮɠ Űɖɠ ũŮɜɘəɐɠ ŪŮɤɟɑŬɠ Űɤɜ ɆɡůŰɖɛɎŰɤɜ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ, ŬɚɚɖɚɏɜŭŮŰŬ 

əŬɘ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. Ⱥˊɑůɖɠ, ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ 

ɛɏůɤ Űɤɜ əɞɘɜɤɜɘəɩɜ, ɞɘəɞɜɞɛɘəɩɜ əŬɘ ɢɤɟɘəɩɜ ɛɖɢŬɜɘůɛɩɜ, əŬɗɩɠ əŬɘ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ 

ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ȼ ůɖɛŬůɑŬ əɎɗŮ ůŰɞɘɢŮɑɞɡ ŭŮɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɑŭɘɞ, ŬɚɚɎ Ŭˊɧ Űɘɠ 

ůɢɏůŮɘɠ Űɞɡ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ əŬɘ ŮɑɜŬɘ ŰŮɚɘəɎ ɞɘ ůɨɜŭŮůɛɞɘ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɧɟɤɜ 

ůŰɞɘɢŮɑɤɜ ˊɞɡ ŬˊɞűŬůɑɕɞɡɜ Űɖɜ Ůɝɏɚɘɝɐ Űɞɡ əŬɘ ŮˊɘŰɟɏˊɞɡɜ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ Űɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ŬɚɚŬɔɐɠ ŮɜŰɧɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȼ ŬŭɡɜŬɛɑŬ ŬɡŰɐɠ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ 

ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɔɘŬ ɜŬ ɔɑɜɞɡɜ ŰŬ ɛɞɜŰɏɚŬ ˊɘɞ ɢɟɖůŰɘəɎ, əɎˊɞɘŬ ŮůŰɑŬɕŬɜ ůŮ 

ɛɘəɟɎ ɛɏɟɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ɧɢɘ ůŮ ɧɚɞ Űɞ ůɨůŰɖɛŬ ɤɠ ŮɜɘŬɑŬ ɞɜŰɧŰɖŰŬ ɐ ɎɚɚŬ 

ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ Ŭˊɚɞˊɞɘɖɛɏɜɞɡɠ ɛŬɗɖɛŬŰɘəɞɨɠ Űɨˊɞɡɠ ɔɘŬ ɜŬ ˊŬɟɞɡůɘɎůɞɡɜ 

ˊɞɚɨˊɚɞəŮɠ ůɢɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɛŮɟɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

2.3. ɇŮɢɜɘəɏɠ əŬɘ ɀɏɗɞŭɞɘ ɀɞɜŰŮɚɞˊɞɑɖůɖɠ 

 ɆŰɞ ˊɚŬɑůɘɞ ŬɜɎˊŰɡɝɖɠ ɛɞɜŰɏɚɤɜ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ, ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ˊɞɘəɑɚŮɠ 

ɡˊɞɚɞɔɘůŰɘəɏɠ ŰŮɢɜɘəɏɠ ɤɠ ɓɎůɖ ɔɘŬ Űɖɜ ůɢŮŭɑŬůɐ əŬɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. Ƀɘ ŰŮɢɜɘəɏɠ ŬɡŰɏɠ 

ŭŮɜ ŮɑɜŬɘ ɎɛŮůŬ ŭɘŬəɟɘŰɏɠ əŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ŬɚɚɖɚɞəŬɚɨˊŰɞɜŰŬɘ əŬɘ ɓŬůɑɕɞɜŰŬɘ ůŮ əɞɘɜɏɠ 

ˊŬɟŬŭɞɢɏɠ. ɄŬɟŬəɎŰɤ ŬɜŬűɏɟɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɛŮɟɘəɎ Ŭˊɧ ŰŬ Ůɑŭɖ ɛɞɜŰɏɚɤɜ. 

 ȾŬŰŬɟɢɎɠ, ůɢŮŭɧɜ ɧɚŬ ŰŬ ɛɞɜŰɏɚŬ ŮɛˊŮɟɘɏɢɞɡɜ əɎˊɞɘɞɜ ɛŬɗɖɛŬŰɘəɧ ɛɖɢŬɜɘůɛɧ, 

ŬɚɚɎ ɖ əŬŰɖɔɞɟɑŬ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ-ůŰŬŰɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɓŬůɑɕɞɜŰŬɘ ůŮ ŮɝɑůɩůŮɘɠ ˊɞɡ 

ůŰɞɢŮɨɞɡɜ ůŰɞ ɜŬ űŰɎůɞɡɜ ůŮ əɎˊɞɘŬ ɘůɞɟɟɞˊɑŬ (Rui, 2013; Parker, Manson, Janssen, 

Hoffmann & Deadman, 2002). ɀŮɟɘəɎ ɛŬɗɖɛŬŰɘəɎ-ůŰŬŰɘůŰɘəɎ ɛɞɜŰɏɚŬ ŮɑɜŬɘ Űɞ MEPLAN 

əŬɘ Űɞ TRANUS (Rui, 2013). ɀɑŬ Ɏɚɚɖ ŰŮɢɜɘəɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɡˊɧɓŬɗɟɞ ɛɞɜŰɏɚɤɜ 

ŮɑɜŬɘ ŬɡŰɐ Űɖɠ ɛɘəɟɞˊɟɞůɞɛɞɑɤůɖɠ (micro-simulation) ˊɞɡ ɧˊɤɠ űŬɜŮɟɩɜŮɘ Űɞ ɧɜɞɛɎ Űɖɠ 

ŮɑɜŬɘ ɛɑŬ ŰŮɢɜɘəɐ ˊɞɡ ŮůŰɘɎɕŮɘ ůŮ ŮˊɑˊŮŭɞ ŬŰɧɛɞɡ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Waddell əŬɘ Ulfarsson 

(2004), ŬɟɢɘəɎ ŰŬ ɛɞɜŰɏɚŬ ɛɘəɟɞˊɟɞůɞɛɞɑɤůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ůɡɜŭɡŬůɛɧɠ 

ɛɞɜŰɏɚɤɜ ŭɘŬəɟɘŰɩɜ Ůˊɘɚɞɔɩɜ əŬɘ əŬɜɧɜɤɜ ɛŮŰɎɓŬůɖɠ ɩůŰŮ ɜŬ ˊɟɞɓɚɏˊŮɘ ɛŮŰŬəɘɜɐůŮɘɠ 

ůŰɖɜ ŮɟɔŬůɑŬ əŬɘ ůŰɖɜ Ůˊɘɚɞɔɐ əŬŰɞɘəɑŬɠ.  

 ɀɑŬ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜɖ ŰŮɢɜɘəɐ ŮɑɜŬɘ ŬɡŰɐ Űɤɜ ˊɟŬəŰɧɟɤɜ əŬɘ ůɡůŰɖɛɎŰɤɜ 

ˊɞɚɚŬˊɚɩɜ ˊɟŬəŰɧɟɤɜ (ȷgent based models & Multi -Agent Systems). ȰɜŬ ɛɞɜŰɏɚɞ 

ˊɟŬəŰɧɟɤɜ ŬˊɞŰŮɚŮɑŰŬɘ ůŰɖɜ ɞɡůɑŬ Ŭˊɧ ˊɟɎəŰɞɟŮɠ ɐ ŬɜŰɘəŮɑɛŮɜŬ ɐ ɎŰɞɛŬ ŰŬ ɞˊɞɑŬ ɛɏůɤ 

ůɡɔəŮəɟɘɛɏɜɤɜ əŬɜɧɜɤɜ, ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɛɏůŬ Ŭˊɧ ˊŬɟŬŰɐɟɖůɖ, ŮɛˊŮɘɟɑŬ ɐ ŭŮŭɞɛɏɜŬ, 

ŬɚɚɖɚŮˊɘŭɟɞɨɜ (Rui, 2013). ɆŰɖɜ ɓɎůɖ Űɞɡɠ ɛɞɘɎɕɞɡɜ ŬɟəŮŰɎ ɛŮ ŰŬ ɛɞɜŰɏɚŬ 

ɛɘəɟɞˊɟɞůɞɛɞɑɤůɖɠ ŬɚɚɎ ŭɘŬűɏɟɞɡɜ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŭɨɞ ˊɟɎəŰɞɟŮɠ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ ɑŭɘŬ 

əŬŰɖɔɞɟɑŬ ŬŰɧɛɤɜ ɛˊɞɟŮɑ ɜŬ ɚɎɓɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ŬˊɞűɎůŮɘɠ, ɎɟŬ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ 

ŬɡŰɞɜɞɛɑŬ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɛɞɜŰɏɚŬ ɛɘəɟɞˊɟɞůɞɛɞɑɤůɖɠ (ɀŬɜŰɏɚŬɠ, 2011). ȼ ɛɏɗɞŭɞɠ ˊɞɡ 

ŬˊɞŰŮɚŮɑ Űɞɜ ˊɡɟɐɜŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, əŬɗɩɠ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ɛɞɜŰɏɚɞ 

ˊɞɡ ŮűŬɟɛɧůŰɖəŮ ŭɖɚŬŭɐ Űɞ SLEUTH, ŮɑɜŬɘ ŬɡŰɐ Űɤɜ əɡɣŮɚɞŮɘŭɩɜ ŬɡŰɞɛɎŰɤɜ ɔɘŬ Űɖɜ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ɞˊɞɑŬ ɔɑɜŮŰŬɘ ɝŮɢɤɟɘůŰɐ əŬɘ ŮəŰŮŰŬɛɏɜɖ ɛɜŮɑŬ ůŰɖɜ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ. ȼ ɓŬůɘəɐ ŭɘŬűɞɟɎ Űɤɜ 

ɛɞɜŰɏɚɤɜ ˊɟŬəŰɧɟɤɜ əŬɘ Űɤɜ əɡɣŮɚɞŮɘŭɩɜ ŬɡŰɞɛɎŰɤɜ ŮɑɜŬɘ ɧŰɘ ůŰŬ ˊɟɩŰŬ, ŰŬ əŮɚɘɎ 

ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬűŮɟɗɞɨɜ əŬɘ əŬ əɘɜɞɨɜŰŬɘ ŮɚŮɨɗŮɟŬ ůŰɖɜ ɔŮɘŰɞɜɘɎ Űɞɡɠ Ůɜɩ ůŰŬ əɡɣŮɚɞŮɘŭɐ 

ŬɡŰɧɛŬŰŬ, Űɞ əɎɗŮ əŮɚɑ ɏɢŮɘ ůɡɔəŮəɟɘɛɏɜŮɠ əŬɘ ɛɖ ɛŮŰŬɓɚɖŰɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɛɏůŬ ůŰɞɜ 

əɎɜŬɓɞ (Torrens, 2003). 

 

2.4. ȾɡɣŮɚɞŮɘŭɐ ȷɡŰɧɛŬŰŬ (Cellular Automata) 

 O Batty (2009, ů. 51) ɞɟɑɕŮɘ ŰŬ əɡɣŮɚɞŮɘŭɐ ŬɡŰɧɛŬŰŬ ɤɠ ɛɑŬ əŬŰɖɔɞɟɑŬ ŬˊɞəɚŮɘůŰɘəɎ 

ɢɤɟɘəɩɜ ɛɞɜŰɏɚɤɜ, ˊɞɡ ůɡɜɐɗɤɠ ŭɞɛɞɨɜŰŬɘ ůŮ ɏɜŬɜ ŭɘŭɘɎůŰŬŰɞ əɎɜŬɓɞ, ɧˊɞɡ Űɞ əɎɗŮ əŮɚɑ 

Űɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɛɑŬ ɢɟɐůɖ ɔɖɠ əŬɘ ɞɘ ŭɘŬŭɘəŬůɑŮɠ ŬɚɚŬɔɐɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ 

ñɔŮɘŰɞɜɘɎò Űɞɡ əɎɗŮ əŮɚɘɞɨ. ɇŬ əɡɣŮɚɞŮɘŭɐ ŬɡŰɧɛŬŰŬ ŬɜŬˊŰɨɢɗɖəŬɜ ůŰŬ Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ 

Űɞɡ 40ô Ŭˊɧ Űɞɡɠ Ulam əŬɘ Von Neumann (Sante, Garcia, Miranda & Crecente, 2010). Ƀ 

Sipper (1997) ŬɜŬűɏɟŮɘ ɧŰɘ ɞɘ Ulam əŬɘ Von Neumann ŮɑɢŬɜ ɤɠ əɑɜɖŰɟɞ Űɖɜ ŬɡůŰɖɟɐ 

ɛŬɗɖɛŬŰɘəɞˊɞɑɖůɖ əŬɘ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ŬɡŰɞ-ŮɝŮɚɘůůɧɛŮɜɤɜ Űɤɜ ɓɘɞɚɞɔɘəɩɜ ŭɘŮɟɔŬůɘɩɜ 

ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖ űɨůɖ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ˊɟɞůˊɎɗɖůŬɜ ɜŬ ŬˊɚɞɡůŰŮɨůɞɡɜ Űɖɜ 

ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ əŬɜɧɜɤɜ ŬɜŬˊŬɟŬɔɤɔɐɠ əŬɘ ɜŬ Űɞɡɠ ŬɜŬɔɎɔɞɡɜ ůŮ ɚɞɔɘəɞɨɠ əŬɜɧɜŮɠ. 

ȰɜŬɠ ůɖɛŬɜŰɘəɧɠ ŮˊɘůŰɐɛɞɜŬɠ ˊɞɡ ɓɞɐɗɖůŮ ůŰɖɜ ŬɜɎˊŰɡɝɖ əŬɘ ŭɘɎŭɞůɖ Űɤɜ əɡɣŮɚɞŮɘŭɩɜ 

ŬɡŰɞɛɎŰɤɜ ŮɑɜŬɘ ɞ Wolfram, ɞ ɞˊɞɑɞɠ ɡˊɞůŰɐɟɘɝŮ ɧŰɘ ŰŬ űɡůɘəɎ űŬɘɜɧɛŮɜŬ, Ŭɜ əŬɘ 

ˊɞɚɨˊɚɞəŬ, ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŬˊɚɎ əŬɘ ɛɖ ůɨɜɗŮŰŬ ɛɏɟɖ, ɏŰůɘ ŮűŬɟɛɧɕɞɜŰŬɠ Űɖɜ ɗŮɤɟɑŬ 

Űɤɜ əɡɣŮɚɞŮɘŭɩɜ ŬɡŰɞɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ Ůˊɑůɖɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŬˊɚɎ ɛɏɟɖ (ŭɖɚŬŭɐ ŰŬ 

əŮɚɘɎ), ɛˊɞɟɞɨɛŮ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůɞɡɛŮ ůŮ əɎˊɞɘɞ ɓŬɗɛɧ ŰŬ űɡůɘəɎ űŬɘɜɧɛŮɜŬ (Wolfram, 

1984). O Wolfram (1983) Ůˊɑůɖɠ ɧɟɘůŮ Űɖɜ ˊɘɞ Ŭˊɚɞɥəɐ ɛɞɟűɐ Ůɜɧɠ əɡɣŮɚɞŮɘŭɞɨɠ 

ŬɡŰɞɛɎŰɞɡ (elementary cellular automaton), ŭɖɚŬŭɐ ɛɑŬ ɛɞɜɞŭɘɎůŰŬůɖ ɔɟŬɛɛɐ Ŭˊɧ əŮɚɘɎ, ŰŬ 

ɞˊɞɑŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɚɎɓɞɡɜ Űɖɜ Űɘɛɐ 0 ɐ 1, ɖ ɔŮɘŰɞɜɘɎ Űɞɡɠ ɗŮɤɟɐɗɖəŮ Űɞ Ŭɛɏůɤɠ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ˊɟɞɖɔɞɨɛŮɜɞ əŬɘ Űɞ Ŭɛɏůɤɠ ŮˊɧɛŮɜɞ əŮɚɑ, əŬɘ ˊɎɜɤ ůŮ ŬɡŰɐ Űɖ ŭɘɎŰŬɝɖ ˊŮɘɟŬɛŬŰɑůŰɖəŮ 

ɗɏŰɞɜŰŬɠ ŭɘɎűɞɟɞɡɠ əŬɜɧɜŮɠ ɛŮŰɎɓŬůɖɠ ˊɞɡ ɞŭɖɔɞɨůŬɜ ůŮ ˊɞɘəɑɚŬ ɛɞŰɑɓŬ (ȺɘəɧɜŬ 2-1). 

 

ȺɘəɧɜŬ 2-1: ɄŬɟɎŭŮɘɔɛŬ ɛɞɜɞŭɘɎůŰŬŰɞɡ əɡɣŮɚɞŮɘŭɞɨɠ ŬɡŰɧɛŬŰɞɡ əŬɘ əŬɜɧɜŬ ɛŮŰɎɓŬůɖɠ 

Ʉɖɔɐ: Shiffman, 2012,ů. 328 

 

 ȱŰŬɜ ˊɟɞűŬɜɏɠ ɧŰɘ ɖ ɗŮɤɟɑŬ Űɤɜ əɡɣŮɚɞŮɘŭɩɜ ŬɡŰɞɛɎŰɤɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɏɢŮɘ 

ɛŮɔɎɚɖ Ŭˊɐɢɖůɖ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɔŮɤɔɟŬűɑŬɠ ůŮ ŮűŬɟɛɞɔɏɠ ŬůŰɘəɩɜ ɛɞɜŰɏɚɤɜ, ɧˊɤɠ ˊɟɩŰŬ 

ŭɘŬˊɑůŰɤůŮ əŬɘ ˊɟɧŰŮɘɜŮ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ɞ Tobler (1979). ȿɑɔŬ ɢɟɧɜɘŬ 

ŬɟɔɧŰŮɟŬ ɖ Couclelis (1985), ŮɛˊɜŮɡůɛɏɜɖ Ŭˊɧ Űɞ ɏɟɔɞ Űɞɡ Tobler, ŮɘůɐɔŬɔŮ Űɖɜ ɗŮɤɟɑŬ 

ŭɘŬəɟɘŰɩɜ ůɡůŰɖɛɎŰɤɜ ɤɠ ˊɟɞůɏɔɔɘůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ, ɗɏŰɞɜŰŬɠ ŰŬ 

ɗŮɛɏɚɘŬ ɔɘŬ ɛɑŬ ɜɏŬ Ůˊɞɢɐ ɛŮ ˊɚɖɗɩɟŬ ɡˊɞɚɞɔɘůŰɘəɩɜ ŮűŬɟɛɞɔɩɜ ˊɎɜɤ ůŰŬ ŬůŰɘəɎ 

ɛɞɜŰɏɚŬ. 

 

2.4.1. ɉŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ əɡɣŮɚɞŮɘŭɞɨɠ ŬɡŰɞɛɎŰɞɡ 

 ɇŬ ˊŮɟɘůůɧŰŮɟŬ ŬůŰɘəɎ ɛɞɜŰɏɚŬ, ˊŬɟɎ Űɘɠ ŭɘŬűɞɟɏɠ Űɞɡɠ, ŭŮɜ ˊŬɨɞɡɜ ɜŬ ůŰɖɟɑɕɞɜŰŬɘ 

ˊɎɜɤ ůŰɖɜ űɘɚɞůɞűɑŬ əŬɘ ɗŮɤɟɑŬ Űɤɜ əɡɣŮɚɞŮɘŭɩɜ ŬɡŰɞɛɎŰɤɜ. ȾŬŰɎ ɓɎůɖ, ŰŬ əɡɣŮɚɞŮɘŭɐ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ŬɡŰɧɛŬŰŬ ɏɢɞɡɜ ɞɟɘůɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŰŬ ˊŮɟɘɔɟɎűɞɡɜ əŬɘ ŬˊɞŰŮɚɞɨɜ ŰŬ ŭɞɛɘəɎ 

ůŰɞɘɢŮɑŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ Liu (2008, ů. 28), ɏɜŬ Űɡˊɘəɧ əɡɣŮɚɞŮɘŭɏɠ 

ŬɡŰɧɛŬŰɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

¶ ɇɞ əɨŰŰŬɟɞ ɐ əŮɚɑ (cell), Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ Űɖɜ ɓŬůɘəɐ ɢɤɟɘəɐ ɛɞɜɎŭŬ ůŮ ɏɜŬ əɎɜŬɓɞ. ȼ 

ˊɘɞ ůɡɜɖɗɘůɛɏɜɖ ɛɞɟűɐ ŮɑɜŬɘ ŬɡŰɐ Űɞɡ ŭɘŭɘɎůŰŬŰɞɡ ɣɖűɘŭɤŰɞɨ ɐ əŬɜɎɓɞɡ ůŰɖɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɘɠ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ əŬɘ Űɖɠ ŬɚɚŬɔɐɠ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ. ȯɚɚŮɠ ɛɞɟűɏɠ 

ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ŮɑɜŬɘ ŬɡŰɏɠ Űɤɜ əɡɣŮɚɩɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŮɝɎɔɤɜŬ, 

ŬɜŰɑ ɔɘŬ ŰŮŰɟɎɔɤɜŬ ˊɞɡ ɘůɢɨɞɡɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ əŬɜɎɓɞɡ, ɐ ŬəɧɛŬ əŬɘ ŰɟɘŭɘɎůŰŬŰŮɠ 

ŭɘŬŰɎɝŮɘɠ ɧˊɞɡ ɖ ŰɟɑŰɖ ŭɘɎůŰŬůɖ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟɘůŰɎ Űɞ ɨɣɞɠ Űɤɜ əŰɘɟɑɤɜ Űɞɡ ŬůŰɘəɞɨ 

ɛɞɜŰɏɚɞɡ. 

¶ ɇɖɜ əŬŰɎůŰŬůɖ (state), ˊɞɡ ŬűɞɟɎ Űɖɜ əŬŰɎůŰŬůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ Űɞ əɎɗŮ əŮɚɑ, ɞ 

ɞˊɞɑɞɠ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ ɛɑŬ Űɘɛɐ, ɧˊɤɠ ůŰɞ ɛɞɜɞŭɘɎůŰŬŰɞ ŬɡŰɧɛŬŰɞ Űɞɡ 

Wolfram. ɆŰŬ ŬůŰɘəɎ ɛɞɜŰɏɚŬ, ůɡɜɐɗɤɠ Űɞ əɎɗŮ əŮɚɑ ŭɏɢŮŰŬɘ əŬɘ ɏɜŬ ŬɜŰɑůŰɞɘɢɞ ɢɟɩɛŬ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɢɟɐůɖ ɔɖɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ. 

¶ ɇɖɜ ɔŮɘŰɞɜɘɎ (neighborhood), ˊɞɡ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ Űɞ ůɨɜɞɚɞ Űɤɜ əŮɚɘɩɜ ɛŮ Űɞ ɞˊɞɑɞ Űɞ 

əɎɗŮ ɛŮɛɞɜɤɛɏɜɞ əŮɚɑ ŬɚɚɖɚŮˊɘŭɟɎ. ɆŰɞɜ ŭɘŭɘɎůŰŬŰɞ ɢɩɟɞ, ɡˊɎɟɢɞɡɜ ŭɨɞ Űɨˊɞɘ 

ɔŮɘŰɞɜɘɎɠ, ɖ ɔŮɘŰɞɜɘɎ Von Neumann əŬɘ ɖ ɔŮɘŰɞɜɘɎ Moore (ȺɘəɧɜŬ 2-2).  

ȺɘəɧɜŬ 2-2: ũŮɘŰɞɜɘɎ Von Neumann əŬɘ ɔŮɘŰɞɜɘɎ Moore 

Ʉɖɔɐ: ɆŰŬɡɟɎəɞɡ, 2014, ů. 50 
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¶ ɇɞɡɠ əŬɜɧɜŮɠ ɛŮŰɎɓŬůɖɠ (transition rule), ɞɘ ɞˊɞɑɞɘ ɞɟɑɕɞɡɜ ˊɤɠ Űɞ əɎɗŮ əŮɚɑ ŬɚɚɎɕŮɘ ůŮ 

ůɡɜɎɟŰɖůɖ ɛŮ Űɖɜ Űɤɟɘɜɐ Űɞɡ əŬŰɎůŰŬůɖ əŬɘ Űɖɜ əŬŰɎůŰŬůɖ Űɤɜ ɔŮɘŰɞɜɘəɩɜ əŮɚɘɩɜ. Ƀɘ 

əŬɜɧɜŮɠ ɛŮŰɎɓŬůɖɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɞɛɞɘɧɛɞɟűɞɘ ɔɘŬ ɧɚŬ ŰŬ əŮɚɘɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ 

ŮűŬɟɛɧɕɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ. 

¶ ɇɞɜ ɢɟɧɜɞ (time), ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ əɎɗŮ ɛŮŰɎɓŬůɖ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ˊɏɟŬɠ 

ůɡɔəŮəɟɘɛɏɜɞɡ ɢɟɧɜɞɡ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɏɜŬ ɏŰɞɠ ŬɜɎ ɛŮŰɎɓŬůɖ. 

 

2.4.2. ɇɞ ˊŬɘɢɜɑŭɘ Űɖɠ ɕɤɐɠ Űɞɡ Conway (Conwayôs game of life) 

 ȼ ˊɟɩŰɖ ůɖɛŬɜŰɘəɐ ŮűŬɟɛɞɔɐ ɛɞɜŰɏɚɞɡ əɡɣŮɚɞŮɘŭɩɜ ŬɡŰɞɛɎŰɤɜ ɐŰŬɜ Űɞ ˊŬɘɢɜɑŭɘ 

Űɖɠ ɕɤɐɠ Űɞɡ Conway (Gardner, 1970). ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ˊŬɘɢɜɑŭɘ ɞɡůɘŬůŰɘəɎ ůŮ ŭɘŭɘɎůŰŬŰɞ 

əɎɜŬɓɞ ɧˊɞɡ ɖ ɔŮɘŰɞɜɘɎ Űɞɡ əɎɗŮ əŮɚɘɞɨ ɞɟɑɕŮŰŬɘ əŬŰɎ Moore. Ƀɘ əŬɜɧɜŮɠ ɛŮŰɎɓŬůɖɠ ŮɑɜŬɘ 

ŬˊɚɞɨůŰŬŰɞɘ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŬɡŰɞɨɠ Űɞɡ Von Neumann, əŬɗɧŰɘ ɞ Conway ɐɗŮɚŮ ɜŬ ˊŮŰɨɢŮɘ 

ůɡɛˊŮɟɘűɞɟɏɠ ˊŬɟɧɛɞɘŮɠ ɛŮ ŬɡŰɏɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɐ ɕɤɐ ɛŮ ɧůɞ Űɞ 

ŭɡɜŬŰɧɜ ˊɘɞ Ŭˊɚɞɨɠ əŬɜɧɜŮɠ (Shiffman, 2012). ȾŬŰɎ Űɞɜ Gardner (1970), ɞɘ əŬɜɧɜŮɠ 

ɛŮŰɎɓŬůɖɠ ŮɑɜŬɘ:  

¶ Ƀ əŬɜɧɜŬɠ Ůˊɘɓɑɤůɖɠ, ůɨɛűɤɜŬ ɛŮ Űɞɜ ɞˊɞɑɞ, əɎɗŮ ŮɜŮɟɔɧ ɐ ñɕɤɜŰŬɜɧò əŮɚɑ ˊɞɡ ɏɢŮɘ 

ŭɨɞ ɐ ŰɟɑŬ ŮɜŮɟɔɎ əŮɚɑŬ ŮɜŰɧɠ Űɖɠ ɔŮɘŰɞɜɘɎɠ Űɞɡ, ˊŬɟŬɛɏɜŮɘ ŮɜŮɟɔɧ əŬɘ ůŰɖɜ ŮˊɧɛŮɜɖ 

ɔŮɜɘɎ 

¶ Ƀ əŬɜɧɜŬɠ ɗŬɜɎŰɞɡ, ůɨɛűɤɜŬ ɛŮ Űɞɜ ɞˊɞɑɞ, əɎɗŮ ŮɜŮɟɔɧ əŮɚɑ ɛŮ ŰɏůůŮɟɘɠ ɐ ˊŬɟŬˊɎɜɤ 

ŮɜŮɟɔɞɨɠ ɔŮɑŰɞɜŮɠ ɔɑɜŮŰŬɘ ŬɜŮɜŮɟɔɧ ůŰɖɜ ŮˊɧɛŮɜɖ ɔŮɜɘɎ, ɚɧɔɤ ɡˊŮɟˊɚɖɗɡůɛɞɨ. Ⱥˊɑůɖɠ, 

əɎɗŮ ŮɜŮɟɔɧ əŮɚɑ ɛŮ ɏɜŬ ɛɧɜɞ ɐ əŬɜɏɜŬ ŮɜŮɟɔɧ ɔŮɘŰɞɜɘəɧ əŮɚɑ ɗŬ ɔɑɜŮɘ ŬɜŮɜŮɟɔɧ ůŰɖɜ 

ŮˊɧɛŮɜɖ ɔŮɜɘɎ ɚɧɔɤ Ŭˊɞɛɧɜɤůɖɠ. 

¶ Ƀ əŬɜɧɜŬɠ ɔŮɜɜɖůɖɠ, ůɨɛűɤɜŬ ɛŮ Űɞɜ ɞˊɞɑɞ ŮɎɜ ɏɜŬ ŬɜŮɜŮɟɔɧ əŮɚɑ ˊɞɡ ɏɢŮɘ ůŰɖɜ 

ɔŮɘŰɞɜɘɎ Űɞɡ Ŭəɟɘɓɩɠ 3 ŮɜŮɟɔɎ əŮɚɘɎ, ɗŬ ɔɑɜŮɘ əŬɘ ŬɡŰɧ ŮɜŮɟɔɧ Űɖɜ ŮˊɧɛŮɜɖ ɔŮɜɘɎ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

 ɀŮ ɓɎůɖ Űɞɡɠ əŬɜɧɜŮɠ ɛŮŰɎɓŬůɖɠ Űɞɡ game of life, ůŰɖɜ ȺɘəɧɜŬ 2-3 űŬɑɜŮŰŬɘ ɏɜŬ 

ŬɡɗŬɑɟŮŰɞ ˊŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɐɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Űɞ ɞˊɞɑɞ əŬŰŬɚɐɔŮɘ ůŮ ŬŭɟɎɜŮɘŬ ɛŮŰɎ Ŭˊɧ 

Űɖɜ ŭɏəŬŰɖ ŮˊŬɜɎɚɖɣɖ. 

 

ȺɘəɧɜŬ 2-3: ȷɡɗŬɑɟŮŰɞ ˊŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɐɠ Űɞɡ game of life 

Ʉɖɔɐ: https://bmscblog.files.wordpress.com/2013/05/life-blog-image-2.png ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 7/10/2015 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

Ƀ Conway ŮˊɏɚŮɝŮ Űɞɡɠ əŬɜɧɜŮɠ Űɞɡ ɛŮŰɎ Ŭˊɧ ˊɟɞůŮəŰɘəɐ ɛŮɚɏŰɖ, ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘɞɨɜ ŰŬ 

ŬəɧɚɞɡɗŬ ŰɟɑŬ əɟɘŰɐɟɘŬ, ɛŮ ůŰɧɢɞ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɛɞɜŰɏɚɞɡ ɜŬ ɛɖɜ ŮɑɜŬɘ ˊɟɞɓɚŮɣɘɛɖ 

(Gardner, 1970):  

¶ ɜŬ ɛɖɜ ɡˊɎɟɢŮɘ Ŭɟɢɘəɧ ˊɟɧŰɡˊɞ ɔɘŬ Űɞ ɞˊɞɑɞ ɜŬ ɡˊɎɟɢŮɘ ɏůŰɤ əŬɘ ɛɘŬ ɛɘəɟɐ ŬˊɧŭŮɘɝɖ ɧŰɘ 

ɞ ˊɚɖɗɡůɛɧɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ɢɤɟɑɠ ɧɟɘŬ. 

¶ ɜŬ ɛɖɜ ɡˊɎɟɢɞɡɜ ŬɟɢɘəɎ ˊɟɧŰɡˊŬ ˊɞɡ ˊɟɞűŬɜɩɠ ŬɜŬˊŰɨůůɞɜŰŬɘ ɢɤɟɑɠ ɧɟɘŬ. 

¶ ɜŬ ɡˊɎɟɢɞɡɜ ŬˊɚɎ ŬɟɢɘəɎ ˊɟɧŰɡˊŬ, ŰŬ ɞˊɞɑŬ ɛŮɔŬɚɩɜɞɡɜ əŬɘ ŬɚɚɎɕɞɡɜ ɔɘŬ ɛɑŬ 

ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ, ˊɟɘɜ ñˊŮɗɎɜɞɡɜò, ŮɝŬɘŰɑŬɠ ɡˊŮɟˊɚɖɗɡůɛɞɨ ɐ 

Ŭˊɞɛɧɜɤůɖɠ ɐ ɛŮ Űɞ ɜŬ ɓɟŮɗɞɨɜ ůŮ ɛɘŬ ůŰŬɗŮɟɐ əŬŰɎůŰŬůɖ ɖ ɞˊɞɑŬ ŭŮɜ ŬɚɚɎɕŮɘ 

ˊŮɟŬɘŰɏɟɤ ɐ ɜŬ Ůɘůɏɚɗɞɡɜ ůŮ ɛɘŬ űɎůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŮˊŬɜŬɚŬɛɓɎɜɞɡɜ ɏɜŬɜ 

ŬəŬŰɎˊŬɡůŰɞ əɨəɚɞ ŭɨɞ ɐ Űɟɘɩɜ ˊŮɟɘɧŭɤɜ. 

  

 O Bays (1987) ɛŮɚɏŰɖůŮ Űɞɡɠ ˊɘɗŬɜɞɨɠ Űɟɧˊɞɡɠ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ Űɞ ˊŬɘɢɜɑŭɘ Űɖɠ ɕɤɐɠ 

ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɛŮŰŬűŮɟɗŮɑ ůŰɘɠ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ əŬɘ ɡˊɧ ˊɞɘɞɡɠ əŬɜɧɜŮɠ ɛŮŰɎɓŬůɖɠ ɗŬ 

ˊɟɞɔɟŬɛɛŬŰɘɕɧŰŬɜ.  

 

2.5. ɇɞ ɀɞɜŰɏɚɞ SLEUTH 

 ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɛɞɜŰɏɚɞ SLEUTH ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ 

Űɖɠ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɤɜ ɀŮůɞɔŮɑɤɜ ȷŰŰɘəɐɠ. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ əŬŰɏɢŮɘ 

ɡɣɖɚɐ ɗɏůɖ ůŰɖɜ ˊŬɔəɧůɛɘŬ əŬŰɎŰŬɝɖ ɛɞɜŰɏɚɤɜ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ əŬɘ ŮɑɜŬɘ Ůɡɟɏɤɠ 

ŭɘŬŭŮŭɞɛɏɜɞ. ɇɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ ɓŬůɘůɛɏɜɞ ůŰŬ əɡɣŮɚɞŮɘŭɐ ŬɡŰɧɛŬŰŬ əŬɘ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ 

Űɞɡɠ Clarke, Hoppen əŬɘ Gaydos (1997) ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ ũŮɤɚɞɔɘəɐ ɈˊɖɟŮůɑŬ Űɤɜ 

ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ (USGS) əŬɘ Űɖɜ NASA əŬɘ ŮűŬɟɛɧůŰɖəŮ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ 

ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ ˊŬɟŬɚɑɤɜ Űɞɡ ɆŬɜ ūɟŬɜůɑůəɞ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ɚɞɔɘůɛɘəɧ 

ŬɜɞɘɢŰɞɨ əɩŭɘəŬ (open-source) ɔɟŬɛɛɏɜɞ ůŰɖɜ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ C, ˊɞɡ ŮɑɜŬɘ 
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ŭɘŬɗɏůɘɛɞ ˊɚɏɞɜ ɛɏůɤ Űɖɠ ɘůŰɞůŮɚɑŭŬɠ Űɞɡ Project Gigalopolis 

(http://www.ncgia.ucsb.edu/projects/gig/ ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 4/8/2015). Ƀɘ əŬɜɧɜŮɠ 

ɛŮŰɎɓŬůɖɠ Űɞɡ SLEUTH ŮɑɜŬɘ ˊɘɞ ůɨɜɗŮŰɞɘ Ŭˊɧ ɏɜŬ Ŭˊɚɞ əɡɣŮɚɞŮɘŭɏɠ ŬɡŰɧɛŬŰɞ (Clarke et 

al., 1997) əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ ůŰɖ ɞɡůɑŬ Ŭˊɧ ŭɨɞ ɡˊɞɛɞɜŰɏɚŬ, Űɞ ˊɟɩŰɞ ŬűɞɟɎ Űɖɜ ˊɟɧɓɚŮɣɖ 

Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ (Urban Growth Model-UGM) əŬɘ Űɞ ŭŮɨŰŮɟɞ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ 

Deltatron ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɟɞŬɘɟŮŰɘəɎ ɔɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŭɘŬűɧɟɤɜ ɢɟɐůŮɤɜ ɔɖɠ 

ˊɏɟŬ Ŭˊɧ Űɖɜ ŬůŰɘəɐ (Dietzel & Clarke, 2004). ɇɞ ɧɜɞɛɎ Űɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ůŮŰ 

ŭŮŭɞɛɏɜɤɜ ŮɘůŬɔɤɔɐɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ, ŭɖɚŬŭɐ Űɘɠ əɚɑůŮɘɠ 

ŮŭɎűɞɡɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ (Slope), Űɘɠ ɢɟɐůŮɘɠ ɔɖɠ (Land-use), Űɘɠ ŮɝŬɘɟɞɨɛŮɜŮɠ ˊŮɟɘɞɢɏɠ 

Ŭˊɧ  Űɖɜ ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ (Excluded), Űɘɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ (Urban), Űɞ ɞŭɘəɧ ŭɑəŰɡɞ 

(Transportation) əŬɘ Űɖɜ ůəɑŬůɖ ŬɜŬɔɚɨűɞɡ (Hillshade) (Liu, 2008). ȼ ˊɚɖɟɞűɞɟɑŬ Űɞɡ 

ŬɜŬɔɚɨűɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ ɐˊɘɞ ŬɜɎɔɚɡűɞ, ɎɟŬ 

Ůɡɜɞɥəɏɠ əŬɘ əŬŰŬɚɚɖɚɧŰŮɟŮɠ ɔɘŬ ŬůŰɘəɞˊɞɑɖůɖ Ůɜɩ ɖ ůəɑŬůɖ Űɞɡ ŬɜŬɔɚɨűɞɡ ŮɑɜŬɘ 

ˊɟɞŬɘɟŮŰɘəɐ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɚɧɔɞɡɠ ɞˊŰɘəɞˊɞɑɖůɖɠ (Dietzel & Clarke, 2004). ɇɞ 

ŮˊɑˊŮŭɞ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ ŬˊŬɘŰŮɑ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɢɟɞɜɘəɎ ůŰɘɔɛɘɧŰɡˊŬ ɔɘŬ ɜŬ 

ɚŮɘŰɞɡɟɔɐůŮɘ Űɞ ɛɞɜŰɏɚɞ Deltatron, ɧˊɤɠ əŬɘ ŭɨɞ ŮɑɜŬɘ ŰŬ ɢɟɞɜɘəɎ ůŰɘɔɛɘɧŰɡˊŬ Űɞɡ ɞŭɘəɞɨ 

ŭɘəŰɨɞɡ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ (Dietzel & Clarke, 2004). ȳˊɤɠ 

ŬɜŬűɏɟɞɡɜ ɞɘ Dietzel əŬɘ Clarke (2004), Űɞ ŮˊɑˊŮŭɞ Űɤɜ ŮɝŬɘɟɞɨɛŮɜɤɜ ˊŮɟɘɞɢɩɜ Ŭˊɧ Űɖɜ 

ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ɢɟɐůŰɖ ɜŬ ɗɏůŮɘ ˊŮɟɘɞɟɘůɛɞɨɠ ɧɛɤɠ Űɞ ˊɘɞ ůɖɛŬɜŰɘəɧ 

ŮˊɑˊŮŭɞ ˊɚɖɟɞűɞɟɑŬɠ ŮɑɜŬɘ ŬɡŰɧ Űɖɠ ŬůŰɘəɐɠ ɔɖɠ, Űɞ ɞˊɞɑɞ ŬˊŬɘŰŮɑ ŰɏůůŮɟŬ ŭɘŬűɞɟŮŰɘəɎ 

ɢɟɞɜɘəɎ ůŰɘɔɛɘɧŰɡˊŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ əɟɑůɘɛŬ ɔɘŬ Űɞ ůŰɎŭɘɞ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ 

(calibration) əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ůɖɛŮɑŬ Ůɚɏɔɢɞɡ. 

 ȼ ɘəŬɜɧŰɖŰŬ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ɜŬ ˊɟɞɓɚɏɣŮɘ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɐ ŬəɟɑɓŮɘŬ Űɖɜ ŬůŰɘəɐ 

ŬɜɎˊŰɡɝɖ, ŮɑɜŬɘ ɎɛŮůɖ ůɡɜɎɟŰɖůɖ Űɖɠ ůɤůŰɐɠ əŬɘ ˊŮŰɡɢɖɛɏɜɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ (Clarke et al., 

1996). ȾŬŰɎ Űɖɜ űɎůɖ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ, ŮˊɘɢŮɘɟŮɑŰŬɘ ɜŬ ɓɟŮɗŮɑ ɞ ɓɏɚŰɘůŰɞɠ ůɡɜŭɡŬůɛɧɠ 
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ɛŮŰŬɝɨ Űɤɜ ˊɏɜŰŮ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɛɞɜŰɏɚɞɡ, ŭɖɚŬŭɐ Űɖɠ ŭɘɎɢɡůɖɠ (diffusion), Űɖɠ 

ŬɜŬˊŬɟŬɔɤɔɐɠ (breed), Űɖɠ ŭɘɎŭɞůɖɠ (spread), Űɖɠ ŬɜŰɑůŰŬůɖɠ ůŰɖɜ əɚɘůɖ Űɞɡ ŮŭɎűɞɡɠ 

(slope resistance) əŬɘ Űɖɜ ɞŭɘəɐ ɓŬɟɨŰɖŰŬ (road gravity), ɛɏůŬ Ŭˊɧ Űɞɜ ɞˊɞɑɞ ˊŮɟɘɔɟɎűŮŰŬɘ 

əŬɘ ɛɞɜŰŮɚɞˊɞɘŮɑŰŬɘ ɓɏɚŰɘůŰŬ ɖ ñŭɘŬŭɟɞɛɐò ɛŮŰŬɝɨ Űɤɜ ˊŬɚŬɘɧŰŮɟɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ 

Űɤɜ ɜŮɞŰɏɟɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ (Clarke et al., 1997). Ƀ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ˊŮɟɘɞɟɑɕŮɘ Űɞ 

Ůɨɟɞɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ , ɩůŰŮ ɜŬ ɓɟŮɗŮɑ ɞ əŬɚɨŰŮɟɞɠ ŭɡɜŬŰɧɠ ůɡɜŭɡŬůɛɧɠ Űɞɡɠ, ŬˊɞŰŮɚŮɑ 

ɛɘŬ ˊŮɟɘɞɢɐ ŭɘŬɟəɞɨɠ ůɡɕɐŰɖůɖɠ ɛŮŰŬɝɨ Űɤɜ ɢɟɖůŰɩɜ, ɢɤɟɑɠ ɜŬ ɏɢŮɘ ůɡɛűɤɜɖɗŮɑ əɎˊɞɘɞɠ 

ñɞɟɗɧɠò Űɟɧˊɞɠ ɏɤɠ ŰɩɟŬ, Ůɜɩ ɡˊɎɟɢɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ, 

ŮɑŰŮ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ɧɚɤɜ Űɤɜ ŭŮɘəŰɩɜ Ůɝɑůɞɡ, ŮɑŰŮ ŭɑɜɞɜŰŬɠ ɓɎɟɞɠ ůŮ əɎˊɞɘɞɡɠ ŭŮɑəŰŮɠ, ŮɑŰŮ 

ŬəɧɛŬ əŬɘ ɛɧɜɞ ůŮ ɏɜŬɜ. ũŮɔɞɜɧɠ ɡˊɧ ŭɘŮɟŮɨɜɖůɖ ŬˊɞŰŮɚŮɑ Ůˊɑůɖɠ ɖ Ůˊɘɚɞɔɐ Űɞɡ Ŭɟɘɗɛɞɨ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ Ůɨɟɞɡɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɛŮ ˊɟɞŰɎůŮɘɠ 

ˊɞɡ Ŭűɞɟɞɨɜ Űɘɠ 5, 10 ɐ ŬəɧɛŬ əŬɘ 50 əŬɚɨŰŮɟŮɠ. ɀŮ Űɖɜ ůŮɘɟɎ Űɞɡɠ ɞɘ ˊɏɜŰŮ ˊŬɟɎɛŮŰɟɞɘ 

ŮˊɖɟŮɎɕɞɡɜ ŰɏůůŮɟɘɠ Űɨˊɞɡɠ ŬɜɎˊŰɡɝɖɠ ˊɞɡ ɞɟɑɕŮɘ Űɞ ɛɞɜŰɏɚɞ, ŭɖɚŬŭɐ Űɖɜ ŬɡɗɧɟɛɖŰɖ 

ŬɜɎˊŰɡɝɖ (spontaneous growth) ɖ ɞˊɞɑŬ ˊɟɞɎɔŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ əŬŰɎɚɚɖɚɖ 

əɚɑůɖ əŬɘ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɎɛŮŰɟɞ ŭɘɎɢɡůɖ, Űɖɜ ŭɘŬɢɏɞɡůŬ ŬɜɎˊŰɡɝɖ əŬɘ ŭɖɛɘɞɡɟɔɑŬ 

ɜɏɤɜ əɏɜŰɟɤɜ ŬɜɎˊŰɡɝɖɠ (diffusive growth and creation of new growth centers), Űɖɜ 

ɞɟɔŬɜɘəɐ (organic growth) ɖ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ˊɟɞŬůŰɑɤɜ əŬɘ Űɤɜ 

əŮɜɩɜ ˊŮɟɘɞɢɩɜ ŮɜŰɧɠ Űɖɠ ˊɧɚɖɠ əŬɘ Űɏɚɞɠ ɖ ŮˊɖɟŮŬɕɧɛŮɜɖ Ŭˊɧ Űɞ ɞŭɘəɧ ŭɑəŰɡɞ (road 

influenced growth) ɖ ɞˊɞɑŬ ŮəűɟɎɕŮɘ Űɖɜ ŰɎůɖ ɔɘŬ ŬůŰɘəɞˊɞɑɖůɖ əɞɜŰɎ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ 

ˊɟɞůɓŬůɘɛɧŰɖŰŬ (Silva & Clarke, 2002). 

 ȺəŰɧɠ Ŭˊɧ ŬɡŰɧ Űɞ ůŮŰ Ůɘŭɩɜ ŬɜɎˊŰɡɝɖɠ, Űɞ ɛɞɜŰɏɚɞ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ 

ŬɡŰɞŰɟɞˊɞˊɞɑɖůɖɠ əŬɘ ŬɜŬˊɟɞůŬɟɛɞɔɐɠ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɝŬɘɟŮŰɘəɎ 

ŰŬɢŮɑŬ ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ ɐ ůŰɖɜ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, əŬɗɧɚɞɡ ŬɜɎˊŰɡɝɖ, ŰɧŰŮ ůŰɖɜ ˊɟɩŰɖ 

ˊŮɟɑˊŰɤůɖ Űɞ ɛɞɜŰɏɚɞ ˊɞɚɚŬˊɚŬůɘɎɕŮɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ɛŮ ɛɑŬ Űɘɛɐ ɛŮɔŬɚɨŰŮɟɖ Űɖɠ ɛɞɜɎŭŬɠ 

Ůɜɩ ůŰɖɜ ŭŮɨŰŮɟɖ ɛŮ ɛɑŬ Űɘɛɐ ɛɘəɟɧŰŮɟɖ Űɖɠ ɛɞɜɎŭŬɠ (Silva & Clarke, 2002). Ƀɘ Silva əŬɘ 
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Clarke (2002) Ůˊɑůɖɠ ůɖɛŮɘɩɜɞɡɜ ɧŰɘ ɢɤɟɑɠ ŬɡŰɞɨɠ Űɞɡɠ əŬɜɧɜŮɠ ŬɡŰɞŰɟɞˊɞˊɞɑɖůɖɠ Űɞ 

ɛɞɜŰɏɚɞ ɗŬ ˊŬɟɐɔŬɔŮ ɛɧɜɞ ɔɟŬɛɛɘəɐ ɐ ŮəɗŮŰɘəɐ ŬɜɎˊŰɡɝɖ.  

 ɀŮŰɎ Űɖɜ Ŭɟɢɘəɐ ŮűŬɟɛɞɔɐ Űɞɡ SLEUTH ůŰɖ ŬəŰɐ Űɞɡ ɆŬɜ ūɟŬɜůɑůəɞ, ŬəɞɚɞɨɗɖůŮ 

ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ ůŮ ˊŮɟɘɞɢɏɠ Űɖɠ ȷɛŮɟɘəɐɠ ɧˊɤɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȸŬɚŰɘɛɧɟɖɠ-

ɃɡɎůɘɜɔəŰɞɜ (Jantz, Goetz & Shelley, 2003), ůŰɖɜ ɓɞɟŮɘɞŭɡŰɘəɐ ūɚɧɟɘɜŰŬ (Donoso, 2008) 

əŬɘ ůŰɞ ūɞɑɜɘɝ (Berling-Wolff  & Wu, 2004). ɀɏɢɟɘ ůɐɛŮɟŬ ɏɢɞɡɜ ŭɖɛɞůɘŮɡɗŮɑ ŰɏůůŮɟŬ 

review-papers ɔɘŬ Űɞ SLEUTH (Clarke, Gazulis, Dietzel & Goldstein, 2007; Clarke, 2008a; 

Clarke, 2008b; Chaudhuri & Clarke, 2013). ȼ ŰŮɚŮɡŰŬɑŬ ɏəŭɞůɖ Űɞɡ SLEUTH ɞɜɞɛɎɕŮŰŬɘ 

SLEUTH-3r ˊŬɟɞɡůɘɎůŰɖəŮ Ŭˊɧ Űɞɡɠ Jantz, Goetz, Donato əŬɘ Claggett (2010) ɗɏɚɞɜŰŬɠ ɜŬ 

ŬɜŰɘɛŮŰɤˊɑůɞɡɜ ŬŭɡɜŬɛɑŮɠ Űɘɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ɏəŭɞůɖɠ ɧˊɤɠ ŮɑɜŬɘ ɖ ɛɖ ŬˊɞŭɞŰɘəɐ ŭɘŬɢŮɑɟɘůɖ 

Űɤɜ ˊɧɟɤɜ ɛɜɐɛɖɠ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ˊɞɡ ŮəŰŮɚŮɑ Űɞ ɛɞɜŰɏɚɞ əŬɘ ɖ ŬŭɡɜŬɛɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ ɜŬ 

ɚɎɓŮɘ ɡˊɧɣɖɜ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ŬůŰɘəɞˊɞɘɖɗɞɨɜ. ȰŰůɘ, ɖ ɜɏŬ ɏəŭɞůɖ ɏɢŮɘ ɤɠ 

əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɜ ŬˊɞŭɞŰɘəɧŰŮɟɖ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ˊɧɟɤɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ ɞɘəɞɜɞɛɘəɞɨɠ, ˊɞɚɘŰɘůŰɘəɞɨɠ əŬɘ 

ˊŬɟɎɔɞɜŰŮɠ ˊɞɚɘŰɘəɐɠ əŬŰɎ Űɞ ůŰɎŭɘɞ ˊɟɧɓɚŮɣɖɠ (Jantz et al. 2010). 
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3. ɄȺɅȽɃɉȼ ɀȺȿȺɇȼɆ 

 ȼ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɤɜ ɀŮůɞɔŮɑɤɜ 

ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ (ȺɘəɧɜŬ 3-1) ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ ŭɐɛɞɡɠ ɄŬɚɚɐɜɖɠ, ɅŬűɐɜŬɠ-

ɄɘəŮɟɛɑɞɡ, ɆˊŬŰɩɜ-ȷɟŰɏɛɘŭɞɠ, ɀŬɟəɞˊɞɨɚɞɡ ɀŮůɞɔŬɑŬɠ, ȾɟɤˊɑŬɠ əŬɘ ɄŬɘŬɜɑŬɠ Űɤɜ 

ɞˊɞɑɤɜ ŰŬ ɧɟɘŬ əŬɗɞɟɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ ůɢɏŭɘɞ ȾŬɚɚɘəɟɎŰɖɠ əŬɘ ɏɢɞɡɜ ůɡɜɞɚɘəɐ 

ɏəŰŬůɖ 390918 ůŰɟɏɛɛŬŰŬ. ȷəɞɚɞɡɗɞɨɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ 

əŬɘ ˊɚɖɗɡůɛɘŬəɎ ůŰɞɘɢŮɑŬ. 

 

ȺɘəɧɜŬ 3-1: ȼ ɗɏůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ 

 

3.1. ȼ Ⱥˊɘɚɞɔɐ Űɖɠ ɄŮɟɘɞɢɐɠ ɀŮɚɏŰɖɠ 

 ɄŬɟŬŰɖɟɩɜŰŬɠ əŬɜŮɑɠ Űɖɜ ˊŮɟɘűɏɟŮɘŬ ȷŰŰɘəɐɠ, ɛɏůŬ Ŭˊɧ ɛɑŬ ŮɘəɧɜŬ ŭɞɟɡűɧɟɞɡ, 

ŮɑɜŬɘ ɎɛŮůŬ ŬɜŰɘɚɖˊŰɧ ɧŰɘ Űɞ ɚŮəŬɜɞˊɏŭɘɞ ȷŰŰɘəɐɠ ŬˊɞŰŮɚŮɑ ɏɜŬɜ ɢɩɟɞ ˊɚɐɟɤɠ ɞɘəɘůŰɘəɎ 

əɞɟŮůɛɏɜɞ, Ůɜɩ ŬɜŬŰɞɚɘəɎ Űɞɡ ɧɟɞɡɠ ɈɛɖŰŰɞɨ ˊŬɟŬŰɖɟŮɑŰŬɘ ɏɜŬ ŰŮɚŮɑɤɠ ŭɘŬűɞɟŮŰɘəɧ Űɞˊɑɞ 

ɛŮ ŬɜŰɑɗŮŰŬ ŬůŰɘəɎ ɛɞŰɑɓŬ (ȺɘəɧɜŬ 3-2). ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ɖ ˊŮɟɘɞɢɐ Űɖɠ ȷɜŬŰɞɚɘəɐɠ 
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ȷŰŰɘəɐɠ ŬˊɞŰŮɚŮɑ ɘŭɘŬɑŰŮɟŬ ŮɜŭɘŬűɏɟɞɡůŬ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ, əŬɗɩɠ 

ŭɘŬɗɏŰŮɘ ŮɚŮɨɗŮɟɞɡɠ ɢɩɟɞɡɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɛˊɞɟɞɨɜ ɞɘ ŬůŰɘəɞɑ ˊɡɟɐɜŮɠ Űɤɜ ŭɐɛɤɜ ɡˊɧ 

ɛŮɚɏŰɖ ɜŬ ŮˊŮəŰŬɗɞɨɜ. 

 

ȺɘəɧɜŬ 3-2: Ɇɨɔəɟɘůɖ ŬůŰɘəɐɠ ɔɖɠ ȷɜŬŰɞɚɘəɐɠ əŬɘ ŭɡŰɘəɐɠ ȷŰŰɘəɐɠ, ɛɏůŬ Ŭˊɧ ŭɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ Ŭˊɧ Landsat 

8 ůŮ ůɨɜɗŮŰɞ əŬɜŬɚɘɩɜ 7-6-4 

  

 ȷˊɧ Űɞɡɠ ɞɚɡɛˊɘŬəɞɨɠ ŬɔɩɜŮɠ Űɞɡ 2004 əŬɘ ɏˊŮɘŰŬ, ŰŬ ɞɚɡɛˊɘŬəɎ ɏɟɔŬ, ɖ ȷŰŰɘəɐ 

ɞŭɧɠ, ɞ ŭɘŮɗɜɐɠ ŬŮɟɞɚɘɛɏɜŬɠ ůŰŬ ɆˊɎŰŬ, ŰŬ ɏɟɔŬ ɡˊɞŭɞɛɐɠ ɧˊɤɠ Űɞ ŭɑəŰɡɞ ɛŮŰɟɧ, ɖ 

ˊŮɟɘűŮɟŮɘŬəɐ ɈɛɖŰŰɞɨ əŬɘ ɞ ˊɟɞŬůŰɘŬəɧɠ ůɘŭɖɟɧŭɟɞɛɞɠ əŬɘ ɞɘ ˊɞɚɡɎɟɘɗɛŮɠ ŬɗɚɖŰɘəɏɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ ŬˊɞŰŮɚɞɨɜ ɏɟɔŬ ˊɞɡ ɏɢɞɡɜ ŬɚɚɎɝŮɘ Űɖɜ ŬůŰɘəɐ ɛɞɟűɐ Űɤɜ ɀŮůɞɔŮɑɤɜ, 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ŭɑɜɞɜŰŬɠ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟŬ əɑɜɖŰɟŬ ɔɘŬ ŮɔəŬŰɎůŰŬůɖ ůŰɞɡɠ ŭɐɛɞɡɠ Űɖɠ ȷɜŬŰɞɚɘəɐɠ 

ȷŰŰɘəɐɠ. 

 

3.2. ɄɚɖɗɡůɛɘŬəɎ ɆŰɞɘɢŮɑŬ 

 ɇŬ ŭɘŬɢɟɞɜɘəɎ ˊɚɖɗɡůɛɘŬəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞɡɠ ŭɐɛɞɡɠ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ȷŰŰɘəɐɠ 

(ȺɘəɧɜŬ 3-3) ŬɜŰɘəŬŰɞˊŰɟɑɕɞɡɜ, ɧˊɤɠ ŮɑɜŬɘ űɡůɘəɧ, əŬɘ Űɖɜ ɞɘəɘůŰɘəɐ ŬɜɎˊŰɡɝɖ ˊɞɡ ɏɢŮɘ 

ˊŬɟŬŰɖɟɖɗŮɑ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ. ɆŰɞ ŭɘŬɔɟɎɛɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ, ɔɘŬ Űɘɠ ŬˊɞɔɟŬűɏɠ ˊɟɘɜ 

Űɞ 2011, ɞ ŭɐɛɞɠ ɄŬɘŬɜɑŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ Űɞɜ ˊɚɖɗɡůɛɧ Űɤɜ ũɚɡəɩɜ ɁŮɟɩɜ Ůɜɩ ɔɘŬ Űɞɡɠ 

ŭɐɛɞɡɠ ɅŬűɐɜŬɠ-ɄɘəŮɟɛɑɞɡ əŬɘ ɆˊɎŰɤɜ-ȷɟŰɏɛɘŭŬɠ, ŰŬ ŭŮŭɞɛɏɜŬ ŬɗɟɞɑůŰɖəŬɜ ɔɘŬ Űɞɡɠ 

Ůˊɘɛɏɟɞɡɠ, ɛɏɢɟɘ ˊɟɧŰɘɜɞɠ, ŭɐɛɞɡɠ. 

 ɇɞ ɅɡɗɛɘůŰɘəɧ Ɇɢɏŭɘɞ ȷɗɐɜŬɠ (ɅɆȷ) Űɞɡ 1965 ŮɑɢŮ ɤɠ ɢɩɟɞ ŬɜŬűɞɟɎɠ Űɞ 

ɚŮəŬɜɞˊɏŭɘɞ ȷɗɐɜŬɠ əŬɘ Űɞ ŪɟɘɎůɘɞ ɄŮŭɑɞ, ŮɝŬɘɟɩɜŰŬɠ ŰŬ ɀŮůɧɔŮɘŬ ŮˊŮɘŭɐ ŮəŮɑɜɖ Űɖɜ 

Ůˊɞɢɐ ɗŮɤɟɐɗɖəŬɜ ɧŰɘ ŭŮɜ Ŭɜɐəɞɡɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊɟɤŰŮɨɞɡůŬ ɎɟŬ ŭŮɜ ŮɜŰɎɢɗɖəŬɜ ůŰɖ 

ɛŮɚɏŰɖ (ȷɟŬɓŬɜŰɘɜɧɠ, 2007). ɄɘɗŬɜɧɜ, ɜŬ ɡˊɐɟɢŮ ŰɧŰŮ ɖ ŬɜŰɑɚɖɣɖ ɧŰɘ ɗŬ ɛˊɞɟɞɨůŬɜ ŰŬ 

ɀŮůɧɔŮɘŬ ɜŬ ɛŮɑɜɞɡɜ ɛɑŬ Ŭɛɘɔɐɠ ɔŮɤɟɔɘəɐ ˊŮɟɘɞɢɐ ɛŮ əɎˊɞɘŬ ˊŬɟŬŭɞůɘŬəɎ ɢɤɟɘɎ 

(ȷɟŬɓŬɜŰɘɜɧɠ, 2007), əɎŰɘ ˊɞɡ ŰŮɚɘəɎ ŭŮɜ ůɡɜɏɓɖ ɧˊɤɠ ŬˊɞŭŮɘəɜɨŮŰŬɘ əŬɘ Ŭˊɧ ŰŬ 

ˊɚɖɗɡůɛɘŬəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ɝŮˊŮɟɜɞɨɜ əŬŰɎ ˊɞɚɨ Űɖɜ əɚɑɛŬəŬ ɛŮɔɏɗɞɠ Ůɜɧɠ ɛɘəɟɞɨ 

ɞɘəɘůɛɞɨ. 

 ɀɏůŬ Ŭˊɧ Űɖɜ ȺɘəɧɜŬ 3-3 ŮɑɜŬɘ ɎɛŮůŬ ŬɜŰɘɚɖˊŰɧ Űɞ ˊɧůɞ ɟŬɔŭŬɑŬ ŮɝŮɚɑůůɞɜŰŬɘ ɞɘ 

ˊɚɖɗɡůɛɞɑ Űɤɜ ŭɐɛɤɜ ɀŮůɞɔŮɑɤɜ. ɉŬɟŬəŰɖɟɘůŰɘəɐ ŮɑɜŬɘ ɖ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɐɛɞɡ ɄŬɚɚɐɜɖɠ 

ˊɞɡ Ŭˊɧ Űɞɡɠ 16679 əŬŰɞɑəɞɡɠ Űɞ 2001, ɏűŰŬůŮ Űɞɡɠ 54415 Űɞ 2011. Ƀɛɞɑɤɠ, ɧɚɞɘ ɞɘ 

ɡˊɧɚɞɘˊɞɘ ŭɐɛɞɘ ˊŬɟɞɡůɘɎɕɞɡɜ Ŭɜɞŭɘəɐ ˊɞɟŮɑŬ ůŰɞɜ ˊɟŬɔɛŬŰɘəɧ Űɞɡɠ ˊɚɖɗɡůɛɧ, ɛŮ ɛɧɜɖ 

ŮɝŬɑɟŮůɖ Űɞɜ ŭɐɛɞ ɄŬɘŬɜɑŬɠ, ɞ ɞˊɞɑɞɠ ŮɑɢŮ ɛŮɘɤɛɏɜɞ ˊɚɖɗɡůɛɧ ɛŮŰŬɝɨ Űɤɜ ŮŰɩɜ 1971-1981 

ɧɛɤɠ ɛŮŰɏˊŮɘŰŬ ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ŬɡŰɧɠ Ŭɜɞŭɘəɐ ˊɞɟŮɑŬ. 
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ȺɘəɧɜŬ 3-3: Ⱥɝɏɚɘɝɖ ˊɟŬɔɛŬŰɘəɞɨ ˊɚɖɗɡůɛɞɨ Űɖɜ ˊŮɟɑɞŭɞ 1961-2011 

Ʉɖɔɐ: ȺȿɆɇȷɇ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

4. ȺūȷɅɀɃũȼ ɇɃɈ SLEUTH ɆɇȼɁ ɄȺɅȽɃɉȼ ɀȺȿȺɇȼɆ 

 ȷɡŰɧ Űɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűŮɘ ɧɚɖ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŮűŬɟɛɞɔɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ SLEUTH 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɀŮůɞɔŮɑɤɜ, ɧˊɤɠ ŬɡŰɐ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ. 

ȾŬŰŬɟɢɎɠ, ŬɜŬɚɨŮŰŬɘ ɖ ɛŮɗɞŭɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ, ɖ ŭɘŬŭɘəŬůɑŬ ůɡɚɚɞɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

Ůɘůɧŭɞɡ ˊɞɡ ŬˊŬɘŰŮɑ Űɞ ɛɞɜŰɏɚɞ, Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ, əŬɗɩɠ əŬɘ ɞɘ ɛŮŰɏˊŮɘŰŬ ŮɜɏɟɔŮɘŮɠ əŬŰɎ 

Űɞ ůŰɎŭɘɞ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ əŬɘ ˊɟɧɓɚŮɣɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ. 

 

4.1. ɀŮɗɞŭɞɚɞɔɑŬ 

 ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ŭɘŬűɏɟŮɘ ŬɟəŮŰɎ ɤɠ ˊɟɞɠ Űɖɜ 

ˊŬɟŬŭɞůɘŬəɐ ˊɟɞůɏɔɔɘůɖ ˊɟɧɔɜɤůɖɠ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ ůŮ ɛɑŬ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ Űɡˊɘəɏɠ ŮűŬɟɛɞɔɏɠ ůŰɖɜ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ŮůŰɘɎɕɞɡɜ ůŰɖɜ ɛŮɚɏŰɖ əŬɘ 

Űɞɜ ůɢɞɚɘŬůɛɧ Űɞɡ ůŮɜŬɟɑɞɡ ˊɟɧɔɜɤůɖɠ əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ɞɟɘůɛɏɜŬ ůɡɛˊŮɟɎůɛŬŰŬ. ɆŰɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɖ ɛŮɗɞŭɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ ŮɝŮŰɎɕŮɘ ŭɨɞ ɛŮɗɧŭɞɡɠ ɓŬɗɛɞɜɧɛɖůɖɠ, ɎɟŬ 

ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ŭɘŬəɟɘŰɎ ůŮɜɎɟɘŬ ˊɟɧɔɜɤůɖɠ. ɆɡɔəɟɑɜɞɜŰŬɠ ůŰɞ Űɏɚɞɠ ŰŬ ŭɨɞ ůŮɜɎɟɘŬ əŬɘ 

Űɘɠ ɛŮɗɧŭɞɡɠ ɓŬɗɛɞɜɧɛɖůɖɠ ˊɟɞəɨˊŰɞɡɜ ˊɞɘɞŰɘəɏɠ əŬɘ ˊɞůɞŰɘəɏɠ ŭɘŬűɞɟɏɠ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ 

ˊɞɡ ŬɜŬɚɨɞɜŰŬɘ ůŮ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ.. 

 ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɖɠ ȺɘəɧɜŬɠ 4-1, ˊɟɩŰɞ ůŰɎŭɘɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ŮɑɜŬɘ ɖ ůɡɚɚɞɔɐ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ. ɇŬ ˊɟɤŰɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ŬɜŰɚɐɗɖəŬɜ Ŭˊɧ 

ˊɖɔɏɠ ŬɜɞɘɢŰɩɜ ŭŮŭɞɛɏɜɤɜ ůŰɞ ȹɘŬŭɑəŰɡɞ. ɆŰɖɜ ɞɡůɑŬ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ 

ɔɘŬ ŰŬ ɏŰɖ 1984, 1995, 2003 əŬɘ 2015 Ŭˊɧ ŰŬ ɞˊɞɑŬ ɛŮ ɛŮɗɧŭɞɡɠ ɣɖűɘŬəɐɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ 

ˊɟɞəɨˊŰɞɡɜ ŰŬ əŬŰɎɚɚɖɚŬ ŮˊɑˊŮŭŬ ˊɚɖɟɞűɞɟɑŬɠ ˊɞɡ ŬˊŬɘŰŮɑ Űɞ SLEUTH ɤɠ ŭŮŭɞɛɏɜŬ 

Ůɘůɧŭɞɡ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɧɛŬŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ ŮɘəɧɜŬɠ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ Ŭɚɔɧɟɘɗɛɞ spectral 

angle mapping ɞ ɞˊɞɑɞɠ ɡˊɞɚɞɔɑɕŮɘ Űɖɜ űŬůɛŬŰɘəɐ ɞɛɞɘɧŰɖŰŬ ɛŮŰŬɝɨ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɞɡ 

ŮˊɘɚɏɔŮɘ ɞ ɢɟɐůŰɖɠ əŬɘ Űɤɜ ɡˊɧɚɞɘˊɤɜ pixel Űɖɠ ŮɘəɧɜŬɠ (Kruse et al., 1993). ɆŮ ŬɡŰɐ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ɛɘɚɎɛŮ ɔɘŬ ɛɑŬ ɢŬɟŬəŰɖɟɘůŰɘəɐ ŬůŰɘəɐ ˊŮɟɘɞɢɐ ɖ ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ɜŬ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɖ űŬůɛŬŰɘəɐ ɡˊɞɔɟŬűɐ ɛŮ ɓɎůɖ Űɖɜ ɞˊɞɑŬ ɗŬ ŰŬɝɘɜɞɛɖɗŮɑ ŬɡŰɧɛŬŰŬ ɖ ŮɘəɧɜŬ 

ůŮ ŬůŰɘəɎ əŬɘ ɛɖ ŬůŰɘəɎ pixel. ũɘŬ Űɖɜ ůəɑŬůɖ Űɞɡ ŬɜŬɔɚɨűɞɡ, ɤɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɖɠ 

űɤŰŮɘɜɐɠ ˊɖɔɐɠ ŮˊɘɚɏɢɗɖəŮ ɞ ɓɞɟŮɘɞ-ŭɡŰɘəɧɠ ŭɘɧŰɘ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ŮɛˊŮɘɟɘəɎ ɧŰɘ ɏŰůɘ ɞ 

Ɏɜɗɟɤˊɞɠ ŮɟɛɖɜŮɨŮɘ əŬɚɨŰŮɟŬ Űɞɡɠ ɞɟŮɘɜɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ, ŭɖɚŬŭɐ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɞ 

ɢɟɐůŰɖɠ ŮɟɛɖɜŮɨŮɘ Űɖɜ űɤŰɞůəɑŬůɖ ɛŮ Űɟɧˊɞ ˊɞɡ ɞɘ əɞɘɚɧŰɖŰŮɠ əŬɘ ɞɘ əɞɟɡűɞɔɟŬɛɛɏɠ Űɞɡ 

ŬɜŬɔɚɨűɞɡ ɜŬ ŮɟɛɖɜŮɨɞɜŰŬɘ ɞɟɗɎ (ɁɎəɞɠ, 2011). 

 ɆŰɖɜ ůɡɜɏɢŮɘŬ, ŮəŰŮɚŮɑŰŬɘ ɖ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ Lee-Salle 

əŬɘ Optimum SLEUTH Metric. ɆŰɖɜ ˊɟɩŰɖ ɛɏɗɞŭɞ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬɝɘɜɞɛɞɨɜŰŬɘ əŬŰɎ 

Űɞɜ ɢɤɟɘəɧ ŭŮɑəŰɖ Lee-Sallee ɞ ɞˊɞɑɞɠ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ Űɞɛɐɠ ˊɟɞɠ Űɖɜ ɏɜɤůɖ 

Űɤɜ Ůɘəɧɜɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ˊɟɞůɞɛɞɑɤůɖ əŬɘ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ Ůɘəɧɜɤɜ ŬůŰɘəɐɠ ɔɖɠ 

ˊɞɡ ˊŬɟɏɢŮɘ ɞ ɢɟɖůŰɖɠ (Clarke, Hoppen & Gaydos, 1996). ȼ ŭŮɨŰŮɟɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ ŭŮɑəŰɖ Optimum SLEUTH Metric ɞ ɞˊɞɑɞɠ ŭɖɛɞůɘŮɨŰɖəŮ Ŭˊɧ Űɞɡɠ Dietzel 

əŬɘ Clarke (2007) əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑ ŮˊŰɎ Ŭˊɧ Űɞɡɠ ŭŮəŬŰɟŮɑɠ ŭŮɑəŰŮɠ ˊɞɡ ˊŬɟɎɔŮɘ Űɞ 

SLEUTH ɧŰŬɜ ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɞɜŰɏɚɞ Deltatron, Ůɜɩ ɢɟɖůɘɛɞˊɞɘŮɑ ɞəŰɩ ůŰɖɜ 

ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ. Ƀɘ ŭŮɑəŰŮɠ ˊɞɡ ŮˊɏɚŮɝŬɜ ŮɑɜŬɘ ɞɘ compare, population, edges, clusters, 

slope, X-mean əŬɘ Y-mean Ůɜɩ ŬˊɏɟɟɘɣŬɜ Űɞɜ ŭŮɑəŰɖ Lee-Sallee ŭɘɧŰɘ ɐŰŬɜ ŬɓɏɓŬɘɞ ɧŰɘ 

ˊŬɟɎɔŮɘ ɛɞɜŬŭɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ Ɏɚɚɞɡɠ ŭŮɑəŰŮɠ. ȳɚɞɘ ɞɘ ŭŮɑəŰŮɠ ɏɢɞɡɜ 

Űɘɛɏɠ Ŭˊɧ 0 ɏɤɠ 1 Ůɜɩ ɞ ŰŮɚɘəɧɠ ɓɏɚŰɘůŰɞɠ ŭŮɑəŰɖɠ (OSM) ŮɑɜŬɘ Űɞ ɔɘɜɧɛŮɜɞ Űɤɜ ŮűŰɎ 

ŮˊɘəɟŬŰɏůŰŮɟɤɜ ŭŮɘəŰɩɜ (Dietzel & Clarke, 2007). ȼ ɓŬɗɛɞɜɧɛɖůɖ ɔɑɜŮŰŬɘ ůŮ ůŰɎŭɘŬ 

(coarse, fine, final) ɛɏůŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŰŬ Ůɨɟɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůŰŬŭɘŬəɎ ůɡɔəɚɑɜɞɡɜ ˊɟɞɠ 

Űɘɠ ɓɏɚŰɘůŰŮɠ Űɘɛɏɠ ˊɞɡ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ əŬɚɨŰŮɟŬ ůŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ. ɆŮ ŮˊɧɛŮɜŮɠ 

ŮɜɧŰɖŰŮɠ ŬɜŬɚɨɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɓŬɗɛɞɜɞɛɐůŮɤɜ ɔɘŬ əɎɗŮ ůŰɎŭɘɞ. 

 ɇɏɚɞɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ŮɝŬɔɧɛŮɜŬ Űɤɜ ɓŬɗɛɞɜɞɛɐůŮɤɜ, ŭɖɚŬŭɐ ŰŬ ŭɨɞ ůŮŰ 

ɓɏɚŰɘůŰɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊŮɟɜɎɛŮ ůŰɖɜ űɎůɖ ˊɟɧɔɜɤůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ɢɟɞɜɘəɧ ɞɟɑɕɞɜŰŬ 

Űɞ ɏŰɞɠ 2045. ɄŬɟŬŰɖɟɩɜŰŬɠ əŬɘ ůɡɔəɟɑɜɞɜŰŬɠ Űɞɡɠ ɢɎɟŰŮɠ ˊɘɗŬɜɧŰɖŰŬɠ, ˊɞɡ ŬˊɞŰŮɚɞɨɜ ŰŬ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ŮɝŬɔɧɛŮɜŬ Űɖɠ űɎůɖɠ ˊɟɧɔɜɤůɖɠ, ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ ŰɎůŮɘɠ ŬůŰɘəɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 

ɛŮɚɏŰɖɠ əŬɗɩɠ əŬɘ ɞɘ ˊɞɘɞŰɘəɏɠ əŬɘ ˊɞůɞŰɘəɏɠ ŭɘŬűɞɟɏɠ Űɤɜ ɛŮɗɧŭɤɜ ɓŬɗɛɞɜɧɛɖůɖɠ. 

 

ȺɘəɧɜŬ 4-1: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ɛŮɗɞŭɞɚɞɔɑŬɠ Űɖɠ ŮɟɔŬůɑŬɠ 
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4.2. Ɇɡɚɚɞɔɐ ɄɟɤŰɞɔŮɜɩɜ ȹŮŭɞɛɏɜɤɜ 

 ɇɞ ɛɞɜŰɏɚɞ SLEUTH ŬˊŬɘŰŮɑ ɞɟɘůɛɏɜŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞɓɚɏɣŮɘ 

Űɖɜ ŬůŰɘəɐ ŭɘɎɢɡůɖ ɛɑŬɠ ˊŮɟɘɞɢɐɠ. ȷɡŰɎ, ɧˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ, ŮɑɜŬɘ ɖ əɚɑůɖ (Slope), ɞɘ 

ɢɟɐůŮɘɠ ɔɖɠ (Land-use), ɞɘ ŮɝŬɘɟɞɨɛŮɜŮɠ ˊŮɟɘɞɢɏɠ Ŭˊɧ Űɖɜ ŬůŰɘəɞˊɞɑɖůɖ (Excluded), ɖ 

ŬůŰɘəɐ ɔɖ (Urban), Űɞ ɞŭɘəɧ ŭɑəŰɡɞ (Transportation) əŬɘ Űɏɚɞɠ ɖ ůəɑŬůɖ ŬɜŬɔɚɨűɞɡ 

(Hillshade). ɇŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ, Űɖɠ ŬůŰɘəɐɠ ɔɖɠ əŬɘ Űɞɡ ɞŭɘəɞɨ ŭɘəŰɨɞɡ ŮɑɜŬɘ 

ɘůŰɞɟɘəɎ, ŭɖɚŬŭɐ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ɏŰɖ ŬɜŬűɞɟɎɠ Űɞɡ ˊŬɟŮɚɗɧɜŰɞɠ, Ůɜɩ ŰŬ 

ůŰɞɘɢŮɑŬ Űɤɜ əɚɑůŮɤɜ, Űɖɠ ůəɑŬůɖɠ ŬɜŬɔɚɨűɞɡ, əŬɘ Űɤɜ ŮɝŬɘɟɞɡɛɏɜɤɜ ˊŮɟɘɞɢɩɜ, 

ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ (ȺɘəɧɜŬ 4-2). ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɞɜŰɏɚɞ 

Deltatron ˊɞɡ ɛɞɜŰŮɚɞˊɞɘŮɑ Űɘɠ ŭɘɎűɞɟŮɠ ɢɟɐůŮɘɠ ɔɖɠ ˊɏɟŬ Ŭˊɧ Űɖɜ ŬůŰɘəɐ, ɎɟŬ Űɞ ŮˊɑˊŮŭɞ 

Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ. 

 ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ, ɐŰŬɜ ŬˊŬɟŬɑŰɖŰɖ ɖ ɢɟɐůɖ Ůɜɧɠ 

ũɆɄ. ȺˊɘɚɏɢɗɖəŮ Űɞ QGIS (ɏəŭɞůɖ 2.8.1)  ŭɘɧŰɘ ŬˊɞŰŮɚŮɑ open-source ɚɞɔɘůɛɘəɧ əŬɘ 

ŭɘŬŰɑɗŮŰŬɘ ŮɚŮɨɗŮɟŬ, ŮɑɜŬɘ ŮɨɢɟɖůŰɞ əŬɘ ɛŮ űɘɚɘəɧ ˊɟɞɠ Űɞɜ ɢɟɐůŰɖ ˊŮɟɘɓɎɚɚɞɜ. ɀŮ Űɞ QGIS 

ɔɑɜŮŰŬɘ ŭɡɜŬŰɐ ɖ ŮˊŮɝŮɟɔŬůɑŬ, ɞˊŰɘəɞˊɞɑɖůɖ əŬɘ ɛɞɟűɞˊɞɑɖůɖ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ Ůˊɘˊɏŭɤɜ 

ˊɚɖɟɞűɞɟɑŬɠ. ɇŬ ŰŮɚɘəɎ ŭŮŭɞɛɏɜŬ ŮɘůŬɔɤɔɐɠ ˊɟɘɜ ŬɟɢɑůŮɘ ɖ ŮəŰɏɚŮůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɏɢɞɡɜ Űɖɜ ɛɞɟűɐ ŮɘəɧɜŬɠ ůŮ format .gif, ɜŬ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ Ŭəɟɘɓɩɠ ŬɜɎɚɡůɖ-

ŭɘɎůŰŬůɖ əŬɘ ɜŬ ŮɑɜŬɘ 8bit, ŭɖɚŬŭɐ ůŮ Űɧɜɞɡɠ Űɞɡ ɔəɟɘ ɧˊɞɡ Űɞ əɎɗŮ ŮɘəɞɜɞůŰɞɘɢŮɑɞ (pixel) 

ɜŬ ɏɢŮɘ Űɘɛɏɠ Ŭˊɧ 0 ɏɤɠ 255. ũɘŬ ŬɡŰɧɜ Űɞ ůəɞˊɧ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ůˊɑůɖɠ Űɞ ɚɞɔɘůɛɘəɧ 

Photoshop (ɏəŭɞůɖ 7.0). ɇŬ ŭŮŭɞɛɏɜŬ ɡˊɏůŰɖůŬɜ ŮˊŬɜŬˊɟɞɓɞɚɐ ůŰɞ ůɨůŰɖɛŬ ȺũɆȷ 87ô 

ɛɏůŬ Ŭˊɧ Űɞ QGIS əŬɘ Ŭˊɞɛɧɜɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ Ŭˊɧ Űɘɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ. ɆŮ 

ŬəɧɚɞɡɗŮɠ ɡˊɞŮɜɧŰɖŰŮɠ ŬɜŬˊŰɨůůɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ŮɘůŬɔɤɔɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

 

ȺɘəɧɜŬ 4-2: ȷˊŬɘŰɞɨɛŮɜŬ ŮˊɑˊŮŭŬ ˊɚɖɟɞűɞɟɑŬɠ Ůɘůɧŭɞɡ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ SLEUTH 

 

4.2.1. Ⱦɚɑůɖ (Slope) - ɆəɑŬůɖ ŬɜŬɔɚɨűɞɡ (Hillshade) 

 ɇɧůɞ ɖ əɚɑůɖ ɧůɞ əŬɘ ɖ ůəɑŬůɖ ŬɜŬɔɚɨűɞɡ ŮɝɐɢɗɖůŬɜ Ŭˊɧ Űɞ ɊɖűɘŬəɧ ɀɞɜŰɏɚɞ 

ȺŭɎűɞɡɠ (DEM) Űɞɡ ŭɞɟɡűɧɟɞɡ ASTER (Advanced Spaceborne Thermal Emission and 

Reflection Radiometer) ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ ɛɏůɤ Űɖɠ ŭɘŬŭɘəŰɡŬəɐɠ ŮűŬɟɛɞɔɐɠ earth 

explorer (earthexplorer.usgs.gov) Űɖɠ USGS. ɇɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ ŮŭɎűɞɡɠ ɏɢŮɘ ŬɜɎɚɡůɖ 

pixel ˊŮɟɑˊɞɡ 30ɛ əŬɘ əɎɗŮ pixel Űɞɡ ɏɢŮɘ ɤɠ Űɘɛɐ Űɞ ɡɣɧɛŮŰɟɞ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ŬɜŬűɞɟɎ Űɞ 

ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ. 

ÅȷˊŬɘŰɞɨɜŰŬɘ ŰɞɡɚɎɢɘůŰɞɜ 4 ŮˊɑˊŮŭŬ 
ˊɚɖɟɞűɞɟɑŬɠ  Ŭˊɧ 4 ŭɘŬűɞɟŮŰɘəɏɠ 
ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ 

ȷůŰɘəɐ ɔɖ 

(Urban) 

ÅɄɟɞŬɘɟŮŰɘəɧ ŮˊɑˊŮŭɞ, ůŮ ˊŮɟɑˊŰɤůɖ 
ˊɞɡ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬˊŬɘŰɞɨɜŰŬɘ 2 
ŰɞɡɚɎɢɘůŰɞɜ ŮˊɑˊŮŭŬ ɧˊɞɡ Űɞ ˊɟɩŰɞ 
əŬɘ Űɞ ŰŮɚŮɡŰŬɑɞ ɜŬ ŰŬɡŰɑɕɞɜŰŬɘ 
ɢɟɞɜɘəɎ ɛŮ Űɞ ˊɟɩŰɞ əŬɘ Űɞ ŰŮɚŮɡŰŬɑɞ 
ŮˊɑˊŮŭɞ Űɖɠ ŬůŰɘəɐɠ ɔɖɠ 

ɉɟɐůŮɘɠ ɔɖɠ 

(Land-use) 

ÅȷˊŬɘŰɞɨɜŰŬɘ ŰɞɡɚɎɢɘůŰɞɜ 2 ŮˊɑˊŮŭŬ, 
ɧˊɞɡ Űɞ ˊɟɩŰɞ əŬɘ Űɞ ŰŮɚŮɡŰŬɑɞ ɜŬ 
ŰŬɡŰɑɕɞɜŰŬɘ ɢɟɞɜɘəɎ ɛŮ Űɞ ˊɟɩŰɞ əŬɘ 
Űɞ ŰŮɚŮɡŰŬɑɞ ŮˊɑˊŮŭɞ Űɖɠ ŬůŰɘəɐɠ ɔɖɠ 

Ƀŭɘəɧ ŭɑəŰɡɞ 

(Transportation) 

ÅȷˊŬɘŰŮɑŰŬɘ ɏɜŬ ŮˊɑˊŮŭɞ ˊɚɖɟɞűɞɟɑŬɠ 
ɛŮ ŮɝŬɘɟɞɨɛŮɜŮɠ ˊŮɟɘɞɢɏɠ ŬɜŮɝɎɟŰɖŰŬ 
Ŭˊɧ Űɖɜ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 

ȺɝŬɘɟɞɨɛŮɜŮɠ ˊŮɟɘɞɢɏɠ 

(Excluded) 

ÅȷˊŬɘŰŮɑŰŬɘ ɏɜŬ ŮˊɑˊŮŭɞ ˊɚɖɟɞűɞɟɑŬɠ 
ˊɞɡ ˊŮɟɘɏɢŮɘ Űɘɠ əɚɑůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ 
ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 

Ⱦɚɑůɖ 

(Slope) 

ÅɄɟɞŬɘɟŮŰɘəɧ ŮˊɑˊŮŭɞ, ɛɧɜɞ ɔɘŬ 
ɚɧɔɞɡɠ ɞˊŰɘəɞˊɞɑɖůɖɠ 

ɆəɑŬůɖ ŬɜŬɔɚɨűɞɡ 
(Hillshade) 
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 ũɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɞɡ Ůˊɘˊɏŭɞɡ əɚɑůŮɤɜ ɛɏůŬ Ŭˊɧ Űɞ ɣɖűɘŬəɧ ɛɞɜŰɏɚɞ ŮŭɎűɞɡɠ, 

ɏˊɟŮˊŮ ˊɟɩŰŬ ɜŬ ɔɑɜŮɘ ɖ ŮˊŬɜŬˊɟɞɓɞɚɐ Űɞɡ (Warp-Reproject) ůŰɞ ȺũɆȷ 87ô ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑ Űɖɜ ŮɔəɎɟůɘŬ ɛŮɟəŬŰɞɟɘəɐ ˊɟɞɓɞɚɐ ůŮ ɛɏŰɟŬ Ůɜɩ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊɟɞůűɏɟŮɘ 

ɞ ASTER ŮɑɜŬɘ ůŰɞ ůɨůŰɖɛŬ WGS 84ô Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɏɜŬ ɔŮɤəŮɜŰɟɘəɧ ůɨůŰɖɛŬ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ ůŮ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ əŬɘ ˊɚɎŰɞɠ. ȰˊŮɘŰŬ, ɛŮ Űɖɜ ŮɟɔŬɚŮɘɞɗɐəɖ Űɞɡ QGIS 

ɔɘŬ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ, ɏɔɘɜŮ ɖ ŮɝŬɔɤɔɐ Űɞɡ Ůˊɘˊɏŭɞɡ Űɤɜ əɚɘůŮɤɜ ɛŮ əɎɗŮ pixel ɜŬ 

ɏɢŮɘ Űɖɜ ŬəɏɟŬɘŬ Űɘɛɐ Űɖɠ əɚɑůɖɠ Ůˊɑ Űɞɘɠ ŮəŬŰɧ (%) əŬɘ ɧɢɘ ůŮ ɓŬɗɛɞɨɠ, ɧˊɤɠ ɞɟɑɕɞɡɜ ɞɘ 

əŬɜɧɜŮɠ Űɞɡ ɛɞɜŰɏɚɞɡ. Ⱥˊɑůɖɠ, Űɞ Ůɨɟɞɠ Űɘɛɩɜ Űɤɜ pixel ɔɘŬ Űɞ ŮˊɑˊŮŭɞ Űɤɜ əɚɑůŮɤɜ ɞűŮɑɚŮɘ 

ɜŬ ŮɑɜŬɘ Ŭˊɧ 0 ɏɤɠ 100, ɞˊɧŰŮ ɔɘŬ ɧůŮɠ Űɘɛɏɠ ɓɟɏɗɖəŬɜ ˊɎɜɤ Ŭˊɧ 100 ɏɔɘɜŮ ŮˊŬɜŬŰŬɝɘɜɧɛɖůɐ 

Űɞɡɠ (Reclassification). ɇɏɚɞɠ, ŮˊŮɘŭɐ ɖ ŬɜɎɚɡůɖ Űɞɡ DEM ɐŰŬɜ ɚɑɔɞ əŬɚɨŰŮɟɖ Ŭˊɧ 30ɛ Ůɜɩ 

ɖ ŬɜɎɚɡůɖ Űɤɜ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ ɐŰŬɜ Ŭəɟɘɓɩɠ 30ɛ, ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞ ŮˊɑˊŮŭɞ Űɤɜ 

əɚɑůŮɤɜ ɜŬ ɏɢŮɘ ŬɜɎɚɡůɖ 845x987 pixel Ůɜɩ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ŬůŰɘəɐɠ ɔɖɠ ŮɑɢŮ ŬɜɎɚɡůɖ 

782x913 pixel. ȷɡŰɐ ɖ ŬůɡɛɓŬŰɧŰɖŰŬ ŬɜŰɘɛŮŰɤˊɑůŰɖəŮ ɛŮŰɎ Ŭˊɧ ŬɚɚŬɔɐ Űɖɠ ŭɘɎůŰŬůɖɠ Űɖɠ 

ŮɘəɧɜŬɠ Űɤɜ əɚɑůŮɤɜ (Resampling) ɛŮ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Photoshop. ɀɏůɤ Űɞɡ 

Photoshop ɡˊɐɟɢŬɜ ŰɟŮɘɠ Ŭɚɔɧɟɘɗɛɞɘ ɔɘŬ ŮəŰɏɚŮůɖ Űɞɡ resampling: Űɞɡ ŮɔɔɨŰŮɟɞɡ ɔŮɑŰɞɜŬ 

(nearest neighbor), ŭɘɔɟŬɛɛɘəɐ (bilinear) əŬɘ ŭɘəɡɓɘəɐ (bicubic). ȳɛɤɠ, ɛŮ ŭŮŭɞɛɏɜɞ ɧŰɘ Űɞ 

ɛɞɜŰɏɚɞ ɗŮɤɟŮɑ ɧŰɘ əɎɗŮ pixel ˊɞɡ ɏɢŮɘ Űɘɛɐ əɚɑůɖɠ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 21% ŭŮɜ ɛˊɞɟŮɑ ˊɞŰɏ ɜŬ 

ɔɑɜŮɘ ŬůŰɘəɧ, ɗŬ ˊɟɏˊŮɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɞɡ resampling ɜŬ ɏɢŮɘ ˊŮɟɑˊɞɡ Űɞɜ ɑŭɘɞ Ŭɟɘɗɛɧ pixel 

ɛŮ Űɘɛɐ əɚɑůɖɠ əɎŰɤ Ŭˊɧ 21%, ɘəŬɜɎ ŭɖɚŬŭɐ ɔɘŬ ŬůŰɘəɞˊɞɑɖůɖ, ɛŮ ŬɡŰɧɜ Űɖɠ Ŭɟɢɘəɐɠ-

ɛŮɔŬɚɨŰŮɟɖɠ ŮɘəɧɜŬɠ. ɆŰɖɜ ȺɘəɧɜŬ 4-3 űŬɑɜɞɜŰŬɘ ɔɘŬ Űɖɜ Ŭɟɢɘəɐ ŮɘəɧɜŬ əŬɘ Űɘɠ ŰɟŮɘɠ 

ɛŮɗɧŭɞɡɠ, ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ, ŰŬ pixel ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ Űɘɛɐ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 21%. ȺɑɜŬɘ 

ɝŮəɎɗŬɟɞ ɧŰɘ ŮˊɘɚɏɢɗɖəŮ ɖ ŭɘɔɟŬɛɛɘəɐ ɛɏɗɞŭɞɠ (bilinear) ŭɘɧŰɘ ŭɘŬŰɖɟŮɑ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

ɘəŬɜɩɜ ˊɟɞɠ ŬůŰɘəɞˊɞɑɖůɖ pixel (ȺɘəɧɜŬ 4-4). 
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ȺɘəɧɜŬ 4-3: Ɇɨɔəɟɘůɖ Űɤɜ ɛŮɗɧŭɤɜ resampling, ɧˊɞɡ űŬɑɜɞɜŰŬɘ ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ ŰŬ pixel ɛŮ Űɘɛɐ əɚɑůɖɠ 

ˊɎɜɤ Ŭˊɧ 21% 
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ȺɘəɧɜŬ 4-4: ȺˊɑˊŮŭɞ əɚɑůŮɤɜ ɏˊŮɘŰŬ Ŭˊɧ bilinear resampling 

 

 ũɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɘɠ ůəɑŬůɖɠ ŬɜŬɔɚɨűɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɛɑŬ Ŭˊɚɐ ŭɘŬŭɘəŬůɑŬ ɛɏůŬ 

Ŭˊɧ Űɖɜ ŮɟɔŬɚŮɘɞɗɐəɖ Űɞɡ QGIS ɔɘŬ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ. ȳɛɞɘɞ resampling ɡˊɏůŰɖ 

əŬɘ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ůəɑŬůɖɠ ŬɜŬɔɚɨűɞɡ, ŭɖɚŬŭɐ Ŭˊɧ Űɖɜ ŭɘɎůŰŬůɖ 845x987 ůŮ 782x913, 

ɤůŰɧůɞ ɖ ɛɏɗɞŭɞɠ resampling ŭŮɜ ɏɢŮɘ Űɧůɖ ůɖɛŬůɑŬ ɧůɞ ůŰɞ ŮˊɑˊŮŭɞ Űɤɜ əɚɑůŮɤɜ ŭɘɧŰɘ, 

ɧˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ, Űɞ ŮˊɑˊŮŭɞ Űɖɠ ůəɑŬůɖɠ ŬɜŬɔɚɨűɞɡ ŮɑɜŬɘ əŬɗŬɟɎ ɔɘŬ ɚɧɔɞɡɠ 

ɞˊŰɘəɞˊɞɑɖůɖɠ (ȺɘəɧɜŬ 4-5). 
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ȺɘəɧɜŬ 4-5: ȺˊɑˊŮŭɞ ůəɑŬůɖɠ ŬɜŬɔɚɨűɞɡ 

 

4.2.2. Ƀŭɘəɧ ŭɑəŰɡɞ (Transportation) 

 ȼ ŮɝŬɔɤɔɐ Űɞɡ ɞŭɘəɞɨ ŭɘəŰɨɞɡ ɔɘŬ Űɞ ɏŰɞɠ 1984 ɏɔɘɜŮ Ŭˊɧ ŮɘəɧɜŮɠ Űɞɡ ŭɞɟɡűɧɟɞɡ 

Landsat 5 ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŮɠ ůŰɖɜ ŮűŬɟɛɞɔɐ earth explorer (earthexplorer.usgs.gov). 

ɆɡɔəŮəɟɘɛɏɜŬ, ŮˊɘɚɏɢɗɖəŮ ɞ ɚɧɔɞɠ əŬɜŬɚɘɩɜ 3 ˊɟɞɠ 5 ɛɏůŬ Ŭˊɧ Űɞɜ ɞˊɞɑɞ ŰɞɜɑɕɞɜŰŬɘ 

ŰŮɢɜɘŰɏɠ ŮˊɘűɎɜŮɘŮɠ ɧˊɤɠ Űɞ ɞŭɘəɧ ŭɑəŰɡɞ əŬɘ ɏˊŮɘŰŬ ɏɔɘɜŮ ɖ ɣɖűɘɞˊɞɑɖůɖ Űɞɡ ɞŭɘəɞɨ ŭɘəŰɨɞɡ 

ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ űɤŰɞŮɟɛɖɜŮɑŬɠ (ȺɘəɧɜŬ 4-6). ȼ Űɘɛɐ Űɖɠ ŮɘəɞɜɞɣɖűɑŭŬɠ Űɤɜ Ůɘəɧɜɤɜ Űɞɡ 

Landsat 5 ŮɑɜŬɘ 30ɛ, ɖ ɞˊɞɑŬ ŭŮɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬůűŬɚɐ ɣɖűɘɞˊɞɑɖůɖ Űɞɡ ŭŮɡŰŮɟŮɨɞɜŰɞɠ əŬɘ 

Űɞɡ ŰɟɘŰŮɨɞɜŰɞɠ ɞŭɘəɞɨ ŭɘəŰɨɞɡ ɛɏůɤ űɤŰɞŮɟɛɖɜŮɑŬɠ. ȰŰůɘ, ɣɖűɘɞˊɞɘɐɗɖəŮ ɛɧɜɞ Űɞ əɨɟɘɞ 

ɞŭɘəɧ ŭɑəŰɡɞ, ɎɟŬ ŭŮɜ ɢɟŮɘɎůŰɖəŮ ɜŬ ŭɞɗɞɨɜ ɓɎɟɖ ůŰɞɡɠ Ůˊɘɛɏɟɞɡɠ Ɏɝɞɜɏɠ Űɞɡ. ũɘŬ Űɞ ɏŰɞɠ 
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2015, ŭŮɜ ɢɟŮɘɎůŰɖəŮ ɞ ɚɧɔɞɠ əŬɜŬɚɘɩɜ ɔɘŬ Űɖɜ ŬɜɎŭŮɘɝɖ Űɞɡ ɞŭɘəɞɨ ŭɘəŰɨɞɡ, əŬɗɩɠ ŰŬ 

ŭŮŭɞɛɏɜŬɜ ˊɟɞɏɟɢɞɜŰŬɜ Ŭˊɧ Űɞɜ ŭɞɟɡűɧɟɞ Landsat 8 ˊɞɡ ˊŬɟɎɔŮɘ ŮɘəɞɜŮɠ 16bit ůŮ ŬɜŰɑɗŮůɖ 

ɛŮ Űɘɠ ŮɘəɧɜŮɠ 8bit Űɞɡ Landsat 5, ɎɟŬ ŭɘŬɗɏŰŮɘ əŬɚɨŰŮɟɖ ɟŬŭɘɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ. ȰŰůɘ, ɏɔɘɜŮ 

ɖ ˊɟɞůɗɐəɖ Űɖɠ ȷŰŰɘəɐɠ ɞŭɞɨ əŬɘ Ɏɚɚɤɜ ɞŭɩɜ Űɞɡ əɨɟɘɞɡ ɞŭɘəɞɨ ŭɘəŰɨɞɡ, ˊɞɡ ɔɘŬ Űɞ ɏŰɞɠ 

1984 ŭŮɜ ɐŰŬɜ ŮɡŭɘɎəɟɘŰŮɠ ɐ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ɛɖɜ ɡˊɐɟɢŬɜ, ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ ɞŭɘəɞɨ ŭɘəŰɨɞɡ 

əŬɘ ˊɎɚɘ ɛɏůɤ űɤŰɞŮɟɛɖɜŮɑŬɠ (ȺɘəɧɜŬ 4-6). 

 

ȺɘəɧɜŬ 4-6: Ƀŭɘəɧ ŭɑəŰɡɞ ɔɘŬ ŰŬ ɏŰɖ 1984 əŬɘ 2015 ɛɏůŬ Ŭˊɧ űɤŰɞŮɟɛɖɜŮɑŬ 



ȺūȷɅɀɃũȼ ɇɃɈ SLEUTH ɆɇȼɁ ɄȺɅȽɃɉȼ ɀȺȿȺɇȼɆ 

 

 

  
ɆŮɚɑŭŬ 57 

 

ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

4.2.3. ȺˊɑˊŮŭɞ ŬůŰɘəɐɠ ɔɖɠ (Urban) 

 ɇŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ɔɘŬ Űɖɜ ŬůŰɘəɐ ɔɖ ŮɝɐɢɗɖůŬɜ Ŭˊɧ 

ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ Űɞɡ Landsat 5, ɔɘŬ ŰŬ ɏŰɖ 1984, 1995 əŬɘ 2003, Ůɜɩ ɔɘŬ Űɞ ɏŰɞɠ 2015 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ Űɞɡ Landsat 8 (ȺɘəɧɜŮɠ 4-7, 4-8, 4-9, 4-10). ȼ Űɘɛɐ 

Űɖɠ ŮɘəɞɜɞɣɖűɑŭŬɠ ɔɘŬ Űɘɠ ŮɘəɧɜŮɠ əŬɘ Űɤɜ ŭɨɞ ŭɞɟɡűɧɟɤɜ ŮɑɜŬɘ 30ɛ, ɧˊɤɠ ɏɢŮɘ ɐŭɖ 

ŬɜŬűŮɟɗŮɑ, ɛŮ ŬɜɎɚɡůɖ 8bit ɔɘŬ Űɞɜ Landsat 5 əŬɘ 16bit ɔɘŬ Űɞɜ Landsat 8 əŬɘ ŮɚɐűɗɖůŬɜ əŬɘ 

ŬɡŰɏɠ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ earth explorer (earthexplorer.usgs.gov). ȼ ŮɝŬɔɤɔɐ Űɖɠ ŬůŰɘəɐɠ ɔɖɠ 

Ŭˊɧ Űɘɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ɏɔɘɜŮ ɛɏůŬ Ŭˊɧ ŬɡŰɧɛŬŰɖ ŰŬɝɘɜɧɛɖůɖ ŮɘəɧɜŬɠ ɛɏůɤ Űɞɡ Semi-

Automatic Classification Plugin (fromgistors.blogspot.com), Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɏɜŬ ŭɤɟŮɎɜ 

ˊɟɧůɗŮŰɞ ɔɘŬ Űɞ QGIS Űɞ ɞˊɞɑɞ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞɜ Luca Congedo. 

 

ȺɘəɧɜŬ 4-7: ȺɘəɧɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ Űɞ 1984 ůŮ ůɨɜɗŮŰɞ 4-3-2 (ŬɟɘůŰŮɟɎ) əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ 

ŬɡŰɧɛŬŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ (ŭŮɝɘɎ) 

 

 ȾŬŰŬɟɢɎɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ůɨɜɗŮŰɞ əŬɜŬɚɘɩɜ 4-3-2 ɔɘŬ Űɘɠ ŮɘəɧɜŮɠ Űɞɡ Landsat 

5 əŬɘ ŬɜŰɑůŰɞɘɢŬ Űɞ ůɨɜɗŮŰɞ 5-4-3 ɔɘŬ Űɞɜ Landsat 8, ůŰɞ ɞˊɞɑɞ ɞɘ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ 

ŰɞɜɑɕɞɜŰŬɘ ɛŮ ɔŬɚɎɕɘɞ ɢɟɩɛŬ. ȷˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ůɤůŰɐ ŰŬɝɘɜɧɛɖůɖ Űɤɜ Ůɘəɧɜɤɜ ŮɑɜŬɘ ɖ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ŭɘŬŭɘəŬůɑŬ ɟŬŭɘɞɛŮŰɟɘəɐɠ ŭɘɧɟɗɤůɐɠ Űɞɡɠ ɛŮ ɢɟɐůɖ Űɤɜ ɛŮŰŬŭŮŭɞɛɏɜɤɜ ˊɞɡ Űɘɠ ůɡɜɞŭŮɨɞɡɜ 

əŬɘ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ DOS1 (Dark Object Subtraction). ȰˊŮɘŰŬ, ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

spectral angle mapping əŬɘ ɛŮ ŭŮɑɔɛŬ Űɞ əɏɜŰɟɞ Űɞɡ ŬůŰɘəɞɨ ˊɡɟɐɜŬ Űɞɡ ɀŬɟəɧˊɞɡɚɞɡ, 

ɞɟɑůŰɖəŮ ɏɜŬ əɞɘɜɧ əŬŰɩűɚɘ 4,5
ɞ
 əŬɘ ɔɘŬ Űɘɠ ŰɏůůŮɟɘɠ ŰŬɝɘɜɞɛɐůŮɘɠ. 

 

ȺɘəɧɜŬ 4-8: ȺɘəɧɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ Űɞ 1995 (ŬɟɘůŰŮɟɎ) əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɡŰɧɛŬŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ 

(ŭŮɝɘɎ) 

 

 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ŭɘɞɟɗɩɗɖəŬɜ Ŭˊɧ əɎˊɞɘŬ ˊɟɞűŬɜɐ ůűɎɚɛŬŰŬ, 

ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ŬˊɞŰŮɚɞɨɜ ɢɩɟɞɡɠ Ůɝɧɟɡɝɖɠ əŬɘ ɖ 

ŰŬɝɘɜɧɛɖůɖ ŰŬ ŬɜŬɔɜɩɟɘůŮ ɤɠ ŬůŰɘəɏɠ. Ⱥˊɑůɖɠ, ŮˊŮɘŭɐ Űɞ ɛɞɜŰɏɚɞ ŭŮɜ ŭɏɢŮŰŬɘ ɏɜŬ pixel Űɞ 

ɞˊɞɑɞ Űɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t ŮɑɜŬɘ ŬůŰɘəɧ ɜŬ ɛɖɜ ŮɑɜŬɘ əŬɘ ˊɎɚɘ ŬůŰɘəɧ Űɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 

t+x, ɧˊɞɡ x ɗŮŰɘəɧɠ ŬəɏɟŬɘɞɠ, əŬɘ ŮˊŮɘŭɐ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɘɠ ŭɘŬŭɞɢɘəɏɠ ɢɟɞɜɘɏɠ ŭŮɜ 

ůɡɛűɤɜɞɨůŬɜ ŬˊɧɚɡŰŬ ɛŮ ŬɡŰɧɜ Űɞɜ əŬɜɧɜŬ, əŬɗɩɠ əɎɗŮ ŰŬɝɘɜɧɛɖůɖ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ 

ŭɘŬűɞɟŮŰɘəɐ ɚɐɣɖ, ŭɘŬűɞɟŮŰɘəɐ Ůˊɞɢɐ əŬɘ ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘɎ ɛŮ ŬˊɞŰɏɚŮůɛŬ əɎˊɞɘŬ pixel 

ɜŬ ɛɖɜ ŰŬɝɘɜɞɛɖɗɞɨɜ ɤɠ ŬůŰɘəɎ ůŮ ŭɘŬŭɞɢɘəɏɠ ɢɟɞɜɘɏɠ. ȰŰůɘ, ɔɘŬ ŰŬ ɏŰɖ 1995, 2003 əŬɘ 2015 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ɏɔɘɜŮ ŬɚɚɖɚŮˊɑɗŮůɖ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ Ůˊɘˊɏŭɤɜ ŬůŰɘəɐɠ ɔɖɠ ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɞ 

əŬɜɧɜŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ. 

 

ȺɘəɧɜŬ 4-9: ȺɘəɧɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ Űɞ 2003 (ŬɟɘůŰŮɟɎ) əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɡŰɧɛŬŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ 

(ŭŮɝɘɎ) 

 

 ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŰŮɚŮɡŰŬɑŬɠ ŰŬɝɘɜɧɛɖůɖɠ (ȺɘəɧɜŬ 4-9), 

ŭɖɚŬŭɐ ɔɘŬ Űɞ ɏŰɞɠ 2015 ŮɑɜŬɘ ŰŬ ˊɘɞ ŬɝɘɧˊɘůŰŬ ŭɘɧŰɘ ɞɘ ŮɘəɧɜŮɠ Űɞɡ Landsat 8 ɏɢɞɡɜ 

əŬɚɨŰŮɟɖ ɟŬŭɘɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ əŬɘ ůɡɜŮˊɩɠ ŮɑɜŬɘ ˊɘɞ ŭɘŬəɟɘŰɏɠ ɞɘ ŰŮɢɜɘŰɏɠ ŮˊɘűɎɜŮɘŮɠ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 4-9, Űɞ ůɨɜɗŮŰɞ əŬɜŬɚɘɩɜ 5-4-3 ŭɘŬűɏɟŮɘ ɏɜŰɞɜŬ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ɡˊɧɚɞɘˊŮɠ ɢɟɞɜɘɏɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɞ ŮɘəɧɜŮɠ Űɞɡ Landsat 5. Ƀɛɞɑɤɠ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ 

ɓɚɎůŰɖůɖ űŬɑɜɞɜŰŬɘ ɛŮ ŮɜŰɞɜɧŰŮɟɞɡɠ Űɧɜɞɡɠ Űɞɡ əɧəəɘɜɞɡ ɚɧɔɤ Űɖɠ ŬɜɎɚɡůɖɠ Űɤɜ 16bit. 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

 

ȺɘəɧɜŬ 4-10: ȺɘəɧɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ Űɞ 2015 (ŬɟɘůŰŮɟɎ) əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɡŰɧɛŬŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ 

(ŭŮɝɘɎ) 

 

4.2.4. ȺˊɑˊŮŭɞ ŮɝŬɘɟɞɡɛɏɜɤɜ ˊŮɟɘɞɢɩɜ 

 Ƀɘ ŮɝŬɘɟɞɨɛŮɜŮɠ ˊŮɟɘɞɢɏɠ Ŭˊɧ Űɖɜ ŬůŰɘəɞˊɞɑɖůɖ ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŮəŰɧɠ 

ˊŮɟɘɔɟɎɛɛŬŰɞɠ Űɤɜ ɞɟɑɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ əŬɘ ɖ ˊŮɟɘɞɢɐ Űɞɡ ŬŮɟɞŭɟɞɛɑɞɡ (ȺɘəɧɜŬ 4-

11). 

 

ȺɘəɧɜŬ 4-11: ȺɝŬɘɟɞɨɛŮɜŮɠ ˊŮɟɘɞɢɏɠ Ŭˊɧ Űɖɜ ŬůŰɘəɞˊɞɑɖůɖ (Ɏůˊɟɞ ɢɟɩɛŬ) 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

4.3. ȺɔəŬŰɎůŰŬůɖ Űɞɡ ɀɞɜŰɏɚɞɡ SLEUTH 

 ȼ ŮəŰɏɚŮůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɔɑɜŮŰŬɘ ɛɏůŬ Ŭˊɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŮɜŰɧɚɤɜ Űɞɡ Linux, Ůɜɩ 

ŭŮɜ ŭɘŬɗɏŰŮɘ ɔɟŬűɘəɎ ŭɘŮˊŬűɐɠ ɢɟɐůŰɖ (user interface). ũɘŬ ŰŬ ůɡůŰɐɛŬŰŬ ˊɞɡ ɏɢɞɡɜ 

ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Windows, ɡˊɎɟɢŮɘ ɞ ˊɟɞůɞɛɞɘɤŰɐɠ Cygwin (http://www.cygwin.com). 

ɆŰɖɜ ɞɡůɑŬ ɞ ɢɟɐůŰɖɠ ŭɘŬɛɞɟűɩɜŮɘ əŬŰŬɚɚɐɚɤɠ ɞɟɘůɛɏɜŬ ŬɟɢŮɑŬ əŮɘɛɏɜɞɡ ɐ ůŮɜɎɟɘŬ ůŰŬ 

ɞˊɞɑŬ ɡˊɎɟɢɞɡɜ ɧɚɞɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ɛɞɜŰɏɚɞ. ɇɞ ɛɞɜŰɏɚɞ ŭɘŬɗɏŰŮɘ ŰɟŮɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ: Űɖɜ ŭɞəɘɛɐ (test) ˊɞɡ ůŰɖɜ ɞɡůɑŬ ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ Űɤɜ ˊɟɧŭɖɚɤɜ ɚŬɗɩɜ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɏɢɞɡɜ ŰŬ ůŮɜɎɟɘŬ ɐ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ, Űɖɜ ɓŬɗɛɞɜɧɛɖůɖ (calibration) ɧˊɞɡ 

ŬɜŬɕɖŰɎŰŬɘ ɞ ɓɏɚŰɘůŰɞɠ ůɡɜŭɡŬůɛɧɠ Űɤɜ ˊɏɜŰŮ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ əŬɘ Ůɚɏɔɢɞɡɜ 

Űɖɜ ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ, əŬɘ Űɏɚɞɠ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ ˊɟɧɓɚŮɣɖɠ (prediction) ɧˊɞɡ ˊɟɞəɨˊŰɞɡɜ 

ŮɘəɧɜŮɠ ɛŮ ˊɘɗŬɜɧŰŮɠ ŮˊɏəŰŬůɖɠ Űɞɡ ŬůŰɘəɞɨ ɘůŰɞɨ. ȳɚŮɠ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ŬˊŬɘŰɞɨɜ ɏɜŬ 

əŬŰŬɚɚɐɚɤɠ ŭɘŬɛɞɟűɞɛɏɜɞ ůŮɜɎɟɘɞ (scenario file). ɇɞ ŬɟɢŮɑɞ ůŮɜŬɟɑɞɡ ŮˊɘŰɟɏˊŮɘ ůŰɞ ɢɟɐůŰɖ 

ɜŬ ŮɜŮɟɔɞˊɞɘɐůŮɘ ɐ ŬˊŮɜŮɟɔɞˊɞɘɐůŮɘ ŮˊɘɚŮəŰɘəɎ ůɡɔəŮəɟɘɛɏɜŮɠ ɟɡɗɛɑůŮɘɠ ůŰɞɜ əɩŭɘəŬ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟŬɢɗɞɨɜ ŭɘɎűɞɟŬ ŮˊɘˊɟɧůɗŮŰŬ ŮɝŬɔɧɛŮɜŬ ůŰɞɘɢŮɑŬ ɔɘŬ ɛɘŬ ɚŮɘŰɞɡɟɔɑŬ, ɐ 

ŬəɧɛŬ əŬɘ ɜŬ ɞɟɑůŮɘ Űɞ ɢɟɩɛŬ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ Űɤɜ ŮɝŬɔɧɛŮɜɤɜ əŮɚɘɩɜ. ȷˊŬɟŬɑŰɖŰɖ 

ŮɑɜŬɘ ɖ ɛŮŰŬɔɚɩŰɘůɖ (compiling) ɞɟɘůɛɏɜɤɜ ŬɟɢŮɑɤɜ ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ Űɞ 

ɛɞɜŰɏɚɞ ɛɏůŬ Ŭˊɧ Űɞ Cygwin. ɇɏɚɞɠ, ɔɑɜŮŰŬɘ ŮəŰɏɚŮůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ůŮ ɚŮɘŰɞɡɟɔɑŬ ŭɞəɘɛɐɠ 

(test) ɩůŰŮ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ˊɘɗŬɜɎ ɢɞɜŭɟɞŮɘŭɐ ɚɎɗɖ ůŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ. 

 

4.4. ȸŬɗɛɞɜɧɛɖůɖ əŬŰɎ Lee-Sallee 

 ȳˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ, ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮəŰŮɚɏůŰɖəŬɜ ŭɨɞ ɓŬɗɛɞɜɞɛɐůŮɘɠ 

ˊɎɜɤ ůŰɞ ɑŭɘɞ ůŮŰ ŭŮŭɞɛɏɜɤɜ. ɇɞ ˊɟɩŰɞ ůŰɎŭɘɞ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ (coarse) ŮɑɜŬɘ əɞɘɜɧ ɔɘŬ 

ɧɚŮɠ Űɘɠ ɛŮɗɧŭɞɡɠ ɓŬɗɛɞɜɧɛɖůɖɠ Ůɜɩ ŰŬ ŮˊɧɛŮɜŬ ůŰɎŭɘŬ (fine əŬɘ final) ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ 

ɛɏɗɞŭɞ ˊɞɡ ɗŬ ŮˊɘɚŮɔŮɑ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ əɎɗŮ ɓŬɗɛɞɜɧɛɖůɖɠ ɓɟɑůəɞɜŰŬɘ ůŰɞ ŬɟɢŮɑɞ 

control_stats.log. ȾɎɗŮ ɔɟŬɛɛɐ Űɞɡ ŬɟɢŮɑɞɡ ŬɡŰɞɨ ˊɟɞəɨˊŰŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛɘŬɠ ɛɞɜŬŭɘəɐɠ 
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ŮəŰɏɚŮůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ ŰŬ ůŰŬŰɘůŰɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɞ ŬɟɢŮɑɞ ŬɡŰɧ 

ŬɜŬűɏɟɞɜŰŬɘ ɤɠ ŬˊɞŰŮɚɏůɛŬŰŬ əɎɗŮ ŮəŰɏɚŮůɖɠ, Ůɜɩ ɞɘ ůŰɐɚŮɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ Űɏɚɞɠ 

əɎɗŮ ɔɟŬɛɛɐɠ ŬˊɞŰŮɚɞɨɜ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Ŭɟɢɘəɏɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ. 

 

ɇɞ SLEUTH ˊŬɟɎɔŮɘ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ ɏɜŰŮəŬ ŭŮɑəŰŮɠ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ɞɘ Ůɝɐɠ 

(http://www.ncgia.ucsb.edu/projects/gig/v2/About/dtDtControlDefine.htm ɇŮɚŮɡŰŬɑŬ 

ˊɟɧůɓŬůɖ 12/9/2015): 

¶ compare: ůɡɔəɟɑɜŮɘ Űɖɜ ˊɞůɧŰɖŰŬ Űɖɠ ŬůŰɘəɐɠ ɏəŰŬůɖɠ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ˊɟɞɠ Űɖ 

ñɔɜɤůŰɐò ŬůŰɘəɐ ɏəŰŬůɖ ɔɘŬ Űɞ ŰŮɚŮɡŰŬɑɞ ɏŰɞɠ Ůɚɏɔɢɞɡ. 

¶ pop: ɖ ŭɘŬűɞɟɎ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɖɠ ŬůŰɘəɐɠ ɏəŰŬůɖɠ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ 

ůɡɔəɟɘɜɧɛŮɜɖɠ ɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ɔɘŬ ŰŬ ɏŰɖ Ůɚɏɔɢɞɡ. 

¶ edges: ɖ ŭɘŬűɞɟɎ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ ɔɘŬ Űɖɜ ˊɞůɧŰɖŰŬ Űɖɠ ŬůŰɘəɐɠ ˊŮɟɘɛɏŰɟɞɡ 

Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ˊɟɞɠ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ŬůŰɘəɐ ˊŮɟɑɛŮŰɟɞ ɔɘŬ ŰŬ ɏŰɖ Ůɚɏɔɢɞɡ. 

¶ clusters: ɖ ŭɘŬűɞɟɎ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ ɔɘŬ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬůŰɘəɩɜ 

ůɡɔəŮɜŰɟɩůŮɤɜ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ, ůɡɔəɟɘɜɧɛŮɜŬ ɛŮ Űɞɜ ˊɟŬɔɛŬŰɘəɧ Ŭɟɘɗɛɧ ŬɡŰɩɜ ɔɘŬ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ɏŰɖ Ůɚɏɔɢɞɡ. 

¶ cluster_size: ɖ ŭɘŬűɞɟɎ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ ɔɘŬ Űɞɜ ɛɏůɞ ɧɟɞ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ 

ŬůŰɘəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ, ůɡɔəɟɘɜɧɛŮɜɤɜ ɛŮ Űɞ ɔɜɤůŰɧ ɛɏůɞ ɧɟɞ Űɤɜ 

ŬůŰɘəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ ɔɘŬ ŰŬ ɏŰɖ Ůɚɏɔɢɞɡ. 

¶ lee-sallee: ɏɜŬɠ ɢɤɟɘəɧɠ ŭŮɑəŰɖɠ, ɛɘŬ ɛɏŰɟɖůɖ Űɖɠ ɢɤɟɘəɐɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɖɠ 

ŬɜɎˊŰɡɝɖɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ əŬɘ Űɖɠ ɔɜɤůŰɐɠ ŬůŰɘəɐɠ ɏəŰŬůɖɠ ɔɘŬ ŰŬ ɏŰɖ 

Ůɚɏɔɢɞɡ, ɛŮ Űɖɜ Űɘɛɐ 1 ɜŬ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ˊɚɐɟɖ ŰŬɨŰɘůɖ əŬɘ Űɖɜ Űɘɛɐ 0 ɜŬ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ˊɚɐɟɖ ɢɤɟɘəɐ ŬůɡɛűɤɜɑŬ. 
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¶ slope: ɖ ŭɘŬűɞɟɎ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɖɠ ɛɏůɖɠ əɚɑůɖɠ Űɤɜ ŬůŰɘəɞˊɞɘɖɛɏɜɤɜ 

əŮɚɘɩɜ ůɡɔəɟɘɜɧɛŮɜɖɠ ɛŮ Űɖ ɛɏůɖ əɚɑůɖ Űɤɜ ɔɜɤůŰɩɜ ŬůŰɘəɩɜ əŮɚɘɩɜ ɔɘŬ ŰŬ ɏŰɖ 

Ůɚɏɔɢɞɡ. 

¶ %urban: ɖ ŭɘŬűɞɟɎ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɞɡ ˊɞůɞůŰɞɨ Űɤɜ ŭɘŬɗɏůɘɛɤɜ 

ŬůŰɘəɞˊɞɘɖɛɏɜɤɜ əŮɚɘɩɜ ůɡɔəɟɘɜɧɛŮɜŬ ɛŮ ŰŬ ŬůŰɘəɞˊɞɘɖɛɏɜŬ əŮɚɘɎ ɔɘŬ ŰŬ ɏŰɖ Ůɚɏɔɢɞɡ. 

¶ xmean: ɖ ŭɘŬűɞɟɎ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɞɡ ɛɏůɞɡ ɔŮɤɔɟŬűɘəɞɨ ɛɐəɞɡɠ ɔɘŬ Űɘɠ 

ɛɞɜŰŮɚɞˊɞɘɖɛɏɜŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ůɡɔəɟɘɜɧɛŮɜɞɡ ɛŮ Űɞ ɛɏůɞ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ Űɤɜ 

ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ ɔɘŬ ŰŬ ɏŰɖ Ůɚɏɔɢɞɡ. 

¶ ymean: ɖ ŭɘŬűɞɟɎ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɞɡ ɛɏůɞɡ ɔŮɤɔɟŬűɘəɞɨ ˊɚɎŰɞɡɠ ɔɘŬ Űɘɠ 

ɛɞɜŰŮɚɞˊɞɘɖɛɏɜŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ůɡɔəɟɘɜɧɛŮɜɞɡ ɛŮ Űɞ ɛɏůɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ Űɤɜ 

ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ ɔɘŬ ŰŬ ɏŰɖ Ůɚɏɔɢɞɡ. 

¶ rad: ŬűɞɟɎ ɛɘŬ ɛɏŰɟɖůɖ Űɖɠ ŬůŰɘəɐɠ ŭɘŬůˊɞɟɎɠ. 

 

 

 Ƀɘ ŭŮɑəŰŮɠ ŬɡŰɞɑ ˊŬɟɎɔɞɜŰŬɘ ɔɘŬ əɎɗŮ ɏŰɞɠ Ůɚɏɔɢɞɡ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ůɡɔəɟɑɜɞɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮ Űɞɡɠ ŭŮɑəŰŮɠ Űɤɜ ɘůŰɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŭɘŬűɞɟɏɠ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ, ˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ ŰŮɚɘəɎ ůŰɞ 

ŬɟɢŮɑɞ control_stats.log ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŮ. ɀŮ Űɖɜ ɛɏɗɞŭɞ Lee-Sallee, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŰŬɝɘɜɞɛɞɨɜŰŬɘ ɛŮ ɓɎůɖ ŬɡŰɧɜ Űɞɜ ŭŮɑəŰɖ əŬɘ ŮɝɎɔɞɜŰŬɘ ɏŰůɘ ɞɘ ɓɏɚŰɘůŰŮɠ Űɘɛɏɠ Űɤɜ ˊɏɜŰŮ 

ˊŬɟŬɛɏŰɟɤɜ (Diffusion, Breed, Spread, Slope, Road Gravity). ũɘŬ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ 

ɓŬɗɛɞɜɧɛɖůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬɠ ɡˊɞɚɞɔɘůŰɐɠ Űɨˊɞɡ desktop ɛŮ ŮˊŮɝŮɟɔŬůŰɐ Intel Core 

2 Quad Q9300, 4gb ɛɜɐɛɖ RAM əŬɘ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Windows 7 32bit. 

 ɄɟɩŰɞ ɓɐɛŬ əɎɗŮ ɓŬɗɛɞɜɧɛɖůɖɠ (coarse calibration) ŮɑɜŬɘ ɞ ɞɟɘůɛɧɠ Űɤɜ 

ŮˊŬɜŬɚɐɣŮɤɜ Monte Carlo ůŮ ɏɜŬ ɛɘəɟɧ Ŭɟɘɗɛɧ (4-5) əŬɘ ŰŬ Ůɨɟɖ Űɤɜ ˊɏɜŰŮ ˊŬɟŬɛɏŰɟɤɜ 

Ŭˊɧ 0 ɏɤɠ 100 ɛŮ ɓɐɛŬ 25. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮűŬɟɛɞɔɐ ŮˊɘɚɏɢɗɖəŬɜ 5 ŮˊŬɜŬɚɐɣŮɘɠ Monte 

Carlo ůŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ ɓŬɗɛɞɜɧɛɖůɖɠ. 
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4.4.1. Ⱥˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůŰɎŭɘɞ coarse calibration  

 ȾɎɗŮ ůŰɎŭɘɞ ɓŬɗɛɞɜɧɛɖůɖɠ ŰɟɞűɞŭɞŰŮɑ Űɞ ŮˊɧɛŮɜɞ ŮˊɘɚɏɔɞɜŰŬɠ ɜɏŮɠ Űɘɛɏɠ 

ˊŬɟŬɛɏŰɟɤɜ, ŭɖɚŬŭɐ ɜɏŬ əŬɘ ɛɘəɟɧŰŮɟŬ Ůɨɟɖ Űɘɛɩɜ ɛŮ ŭɘŬűɞɟŮŰɘəɎ ɓɐɛŬŰŬ ɏŰůɘ ɩůŰŮ ŬɡŰɐ 

ɖ ŭɘŬŭɘəŬůɑŬ ůɨɔəɚɘůɖɠ ɜŬ əŬŰŬɚɐɔŮɘ ůŰɞ ɓɏɚŰɘůŰɞ ůŮŰ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɗŬ ˊɟɞůŬůɛɧɕŮŰŬɘ 

ˊɎɜɤ ůŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ coarse calibration 

ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ űɗɐɜɞɡůŬ ůŮɘɟɎ əŬŰɎ Űɞɜ ŭŮɑəŰɖ Lee-Sallee. ȰˊŮɘŰŬ, ɔɘŬ Űɘɠ ŰɟŮɑɠ 

ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ, ŮˊɘɚɏɔɞɡɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ əŬɘ Űɖɜ ɛɘəɟɧŰŮɟɖ Űɘɛɐ Űɤɜ ɜɏɤɜ 

ˊŬɟŬɛɏŰɟɤɜ əŬɘ ŮˊɘɚɏɔɞɡɛŮ ɏɜŬ ɓɐɛŬ ɧˊɞɡ ɜŬ ŭɘŬɘɟŮɑ Űɞ Ůɨɟɞɠ Űɞɡɠ ůŮ 4 ɛŮ 5 ɛɏɟɖ. ɆŮ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɛɘəɟɧŰŮɟɖ Űɘɛɐ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ, ŰɧŰŮ ŮˊɘɚɏɔɞɡɛŮ ɏɜŬ ɛɘəɟɧ 

Ůɨɟɞɠ Űɘɛɩɜ ˊɞɡ ɜŬ ˊŮɟɘɏɢŮɘ Űɖɜ Űɘɛɐ ŬɡŰɐ. 

 ɇŬ ŰɟɑŬ ŮˊɘəɟŬŰɏůŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ coarse calibration ɛŮŰɎ Ŭˊɧ ŰŬɝɘɜɧɛɖůɖ 

əŬŰɎ Űɞɜ ŭŮɑəŰɖ Lee-Sallee, űŬɑɜɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. ɄŬɟŬŰɖɟɞɨɛŮ ůŰɞɜ ɄɑɜŬəŬ 4-

1 ɧŰɘ ɖ ˊŬɟɎɛŮŰɟɞɠ diffusion ɏɢŮɘ ůŰŬɗŮɟɞˊɞɘɖɗŮɑ ůŰɖɜ Űɘɛɐ 1, ɖ ˊŬɟɎɛŮŰɟɞɠ breed 

əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 1 əŬɘ 25, ɖ ˊŬɟɎɛŮŰɟɞɠ spread ɏɢŮɘ ůŰŬɗŮɟɐ Űɘɛɐ 25 ɧˊɤɠ əŬɘ ɖ 

ˊŬɟɎɛŮŰɟɞɠ slope Ůɜɩ ɖ ŰŮɚŮɡŰŬɑŬ ˊŬɟɎɛŮŰɟɞɠ road gravity ˊɐɔŮ Ŭˊɧ Űɞ Ŭɟɢɘəɧ Ůɨɟɞɠ 0 ɏɤɠ 

100 ůŰɞ ɧɢɘ əŬɘ Űɧůɞ ɛɘəɟɧŰŮɟɞ Ůɨɟɞɠ 1 ɏɤɠ 75. 

ɮˊʽʻ˃ˈˌ 
ʶˉʰ˄ʱ˂ʹ˕ʹˌ 

ɲʶʾˁˍʹˌ 
ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ 

ʆʽ˃ʷˌ ˉʰˊʰ˃ʷˍˊ˖˄ 

Run Leesallee Diff Brd Sprd Slp RG 

30 0.39600 1 1 25 25 1 

155 0.39517 1 25 25 25 1 

33 0.39516 1 1 25 25 75 
ɄɑɜŬəŬɠ 4-1: ȷˊɞŰŮɚɏůɛŬŰŬ Űɞɡ coarse calibration əŬŰɎ Lee-Sallee 

 

 ȰŰůɘ, ɔɘŬ Űɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ (fine calibration) ŰŬ ɜɏŬ Ůɨɟɖ Űɤɜ Űɘɛɩɜ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ coarse calibration. ɇɞ ɜɏɞ ůŮɜɎɟɘɞ 

ŮˊŮɝŮɟɔɎɕŮŰŬɘ əŬŰɎɚɚɖɚŬ ɩůŰŮ Űɞ ˊŮŭɑɞ _START ɜŬ ɏɢŮɘ Űɖɜ ɛɘəɟɧŰŮɟɖ Űɘɛɐ Űɞɡ ɜɏɞɡ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

Ůɨɟɞɡɠ, Űɞ ˊŮŭɑɞ _STOP ɜŬ ɏɢŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ Ůɜɩ Űɞ ˊŮŭɑɞ _STEP ɜŬ ɏɢŮɘ Űɞ ɓɐɛŬ 

Űɞɡ Ůɨɟɞɡɠ (ȺɘəɧɜŬ 4-12). 

 

ȺɘəɧɜŬ 4-12: ȷˊɧůˊŬůɛŬ Űɞɡ ůŮɜŬɟɑɞɡ Űɞɡ fine calibration əŬŰɎ Lee-Sallee 

 

4.4.2. Ⱥˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůŰɎŭɘɞ fine calibration 

 Ƀɛɞɑɤɠ, ɖ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɑɕŮŰŬɘ ɩůŰŮ Űɞ Ůɨɟɞɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɜŬ ɔɑɜŮŰŬɘ ŬəɧɛŬ 

ɛɘəɟɧŰŮɟɞ ɩůŰŮ ɜŬ ɓɟŮɗŮɑ Űɞ ɓɏɚŰɘůŰɞ ůŮŰ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ fine calibration űŬɑɜɞɜŰŬɘ 

ůŰɞɜ ɄɑɜŬəŬ 4-2. 

ɮˊʽʻ˃ˈˌ 
ʶˉʰ˄ʱ˂ʹ˕ʹˌ 

ɲʶʾˁˍʹˌ 
ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ 

ʆʽ˃ʷˌ ˉʰˊʰ˃ʷˍˊ˖˄ 

Run Leesallee Diff Brd Sprd Slp RG 

1 0.39633 1 1 24 24 15 

0 0.39583 1 1 24 24 1 

3 0.39581 1 1 24 24 45 
ɄɑɜŬəŬɠ 4-2: ȷˊɞŰŮɚɏůɛŬŰŬ Űɞɡ fine calibration əŬŰɎ Lee-Sallee 

 

 ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ breed, spread əŬɘ slope ůŰŬɗŮɟɞˊɞɘɐɗɖəŬɜ  Ůɜɩ ɖ 

ɛɧɜɖ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ŭŮɑɢɜŮɘ ɜŬ ɛɖɜ ůɡɔəɚɑɜŮɘ Űɞ ɑŭɘɞ ɔɟɐɔɞɟŬ ŮɑɜŬɘ ɖ road gravity. ɆŰɞ 

ůŰɎŭɘɞ fine calibration ŮˊɘɚɏɢɗɖəŬɜ 8 Monte Carlo ŮˊŬɜŬɚɐɣŮɘɠ. ɀŮ ɓɎůɖ ŬɡŰɎ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ ɜɏŬ Ůɨɟɖ ɔɘŬ Űɞ ůŰɎŭɘɞ final calibration űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 4-13. 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

 

ȺɘəɧɜŬ 4-13: ȷˊɧůˊŬůɛŬ Űɞɡ ůŮɜŬɟɑɞɡ final calibration əŬŰɎ Lee-Sallee 

 

 ȺɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɧŰɘ Ůɜɩ əŬɘ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ ůŰɎŭɘɞ ɖ ˊŬɟɎɛŮŰɟɞɠ diffusion 

ŮɑɢŮ ůŰŬɗŮɟɞˊɞɘɖɗŮɑ ůŰɖɜ Űɘɛɐ 1 əŬɘ ɏŰůɘ ŮˊɘɚɏɢɗɖəŮ Űɞ Ůɨɟɞɠ 0 ɏɤɠ 20 ɛŮ ɓɐɛŬ 5, ŰɩɟŬ Űɞ 

Ůɨɟɞɠ ŮɑɜŬɘ 0 ɏɤɠ 5 ɛŮ ɓɐɛŬ 1. ȷɜŰɑůŰɞɘɢŬ əŬɘ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ůŰŬɗŮɟɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ŰŬ 

Ůɨɟɖ ɔɑɜɞɜŰŬɘ ɧɚɞ əŬɘ ɛɘəɟɧŰŮɟŬ. 

 

4.4.3. Ⱥˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůŰɎŭɘɞ final  calibration  

 ɆŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬɝɘɜɞɛɞɨɜŰŬɘ əŬɘ ˊɎɚɘ əŬŰɎ Űɞɜ ŭŮɑəŰɖ Lee-

Sallee, ɧɛɤɠ ŬɡŰɐ Űɖɜ űɞɟɎ ŮˊɘɚɏɔŮŰŬɘ ɛɧɜɞ ɖ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ ɖ ɞˊɞɑŬ ɞɟɑɕŮɘ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ Ůɜɩ ŮˊɘɚɏɢɗɖəŬɜ 10 ŮˊŬɜŬɚɐɣŮɘɠ Monte Carlo əŬɘ ŮˊɘɚɏɔŮŰŬɘ ɛɧɜɞ ɖ 

ŮˊɘəɟŬŰɏůŰŮɟɖ Űɘɛɐ əŬŰɎ Űɞɜ ŭŮɑəŰɖ Lee-Sallee ŬɜŰɑ ɔɘŬ Űɘɠ ɛɏɢɟɘ ŰɩɟŬ ŰɟŮɘɠ ŮˊɘəɟŬŰɏůŰŮɟŮɠ 

(ɄɑɜŬəŬɠ 4-3). 

ɮˊʽʻ˃ˈˌ 
ʶˉʰ˄ʱ˂ʹ˕ʹˌ 

ɲʶʾˁˍʹˌ 
ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ 

ʆʽ˃ʷˌ ˉʰˊʰ˃ʷˍˊ˖˄ 

Run Leesallee Diff Brd Sprd Slp RG 

10 0.39741 1 1 22 23 36 
ɄɑɜŬəŬɠ 4-3: ȷˊɞŰŮɚɏůɛŬŰŬ Űɞɡ final calibration əŬŰɎ Lee-Sallee 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

 Ⱥűɧůɞɜ ɡˊɎɟɢŮɘ ɛɑŬ ɛɞɜŬŭɘəɐ Űɘɛɐ ɔɘŬ əɎɗŮ ˊŬɟɎɛŮŰɟɞ, ůŰɞ ůŰɎŭɘɞ derive 

coefficient values ɖ Ŭɟɢɘəɐ ɛŮ Űɖɜ ŰŮɚɘəɐ Űɘɛɐ ŰŬɡŰɑɕɞɜŰŬɘ əŬɘ Űɞ ɓɐɛŬ ŮɑɜŬɘ ɖ ɛɞɜɎŭŬ 

(ȺɘəɧɜŬ 4-14).  

 

ȺɘəɧɜŬ 4-14: ȷˊɧůˊŬůɛŬ Űɞɡ ůŮɜŬɟɑɞɡ derive coefficient values əŬŰɎ Lee-Sallee 

 

4.4.4. ɇŮɚɘəɧ ůŰɎŭɘɞ ɓŬɗɛɞɜɧɛɖůɖɠ-derive coefficient values 

 ȿɧɔɤ Űɤɜ əŬɜɧɜɤɜ ŬɡŰɞŰɟɞˊɞˊɞɑɖůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ, ˊɞɡ ɏɢɞɡɜ ɐŭɖ ŬɜŬűŮɟɗŮɑ, ɞɘ 

Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬŰɎ Űɞ ŰŮɚŮɡŰŬɑɞ ɏŰɞɠ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ɛŮŰŬɓɚɖɗɞɨɜ ůŮ 

ůɢɏůɖ ɛŮ Űɞ ˊɟɩŰɞ ɏŰɞɠ. ȰŰůɘ, ɚɧɔɤ Űɖɠ ŰɡɢŬɑŬɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ ůŮ ŬɡŰɧ Űɞ 

ůŰɎŭɘɞ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ Monte Carlo ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔŬɚɨŰŮɟɞɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ˊɟɞɖɔɞɨɛŮɜŬ ůŰɎŭɘŬ, ŭɖɚŬŭɐ ŰɏɗɖəŮ ůŰɖɜ Űɘɛɐ 100, əŬɘ Űɞ ŰŮɚɘəɧ ůŮŰ ˊŬɟŬɛɏŰɟɤɜ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ɛɏůɞ ɧɟɞ Űɤɜ Űɘɛɩɜ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ ɏŰɞɡɠ Ůɚɏɔɢɞɡ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɓɟɑůəɞɜŰŬɘ Űɞ ŬɟɢŮɑɞ avg.log (ɄɑɜŬəŬɠ 4-4). 

  ɴˍˇˌ ʶ˂ʷʴ˔ˇˎ ʃʰˊʱ˃ʶˍˊˇʽ 

run year diffus spread breed slp_res rd_grav 

0 1995 1.10 24.30 1.10 18.75 36.43 

0 2003 1.20 26.32 1.20 14.46 36.85 

0 2015 1.35 29.65 1.35 6.08 37.69 
ɄɑɜŬəŬɠ 4-4: ȷˊɧůˊŬůɛŬ Ŭˊɧ Űɞ ŬɟɢŮɑɞ avg.log əŬŰɎ Lee-Sallee 

 

 ȺɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɖ ˊŰɩůɖ Űɖɠ Űɘɛɐɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ slope resistance ɚɧɔɤ Űɤɜ 

əŬɜɧɜɤɜ ŬɡŰɞŰɟɞˊɞˊɞɑɖůɖɠ Ŭˊɧ Űɞ ɏŰɞɠ 1995 ɛɏɢɟɘ Űɞ 2015. Ƀɘ Űɘɛɏɠ Űɖɠ ŰŮɚŮɡŰŬɑŬɠ Űɘɛɐɠ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

Űɞɡ ˊɑɜŬəŬ ůŰɟɞɔɔɡɚɞˊɞɘɞɨɜŰŬɘ əŬɘ ɏŰůɘ ˊɟɞəɨˊŰŮɘ Űɞ ŰŮɚɘəɧ ůŮŰ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞ ůŰɎŭɘɞ Űɖɠ ˊɟɧɔɜɤůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ (ɄɑɜŬəŬɠ 4-5). 

ʆʶ˂ʽˁʷˌ 
ʃʰˊʱ˃ʶˍˊˇʽ 

ʆʽ˃ʷˌ 

diffusion 1 

spread 30 

breed 1 

slope 
resistance 

6 

road gravity 38 
ɄɑɜŬəŬɠ 4-5: ɇŮɚɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ əŬŰɎ Lee-Sallee 

 

4.5. ȸŬɗɛɞɜɧɛɖůɖ əŬŰɎ Optimum SLEUTH Metric (OSM)   

 ȼ ůɡɔəŮəɟɘɛɏɜɖ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ɑŭɘɞɡ ůŮŰ ŭŮŭɞɛɏɜɤɜ ɏɔɘɜŮ ůŮ ɡˊɞɚɞɔɘůŰɐ Űɨˊɞɡ 

laptop ɛŮ ŮˊŮɝŮɟɔŬůŰɐ Core i5, 4gb RAM əŬɘ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Windows 7 64bit. ȼ 

ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ ɖ ɑŭɘŬ ůɢŮŭɧɜ ɛŮ ɛɞɜŬŭɘəɐ ŮɝŬɑɟŮůɖ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ əɎɗŮ ůŰŬŭɑɞɡ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ əŬŰɎ Űɞɜ ŭŮɑəŰɖ OSM ŬɜŰɑ Űɞɡ ŭŮɑəŰɖ Lee-

Sallee. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧ, ůŰɖɜ ɘůŰɞůŮɚɑŭŬ Űɞɡ ɛɞɜŰɏɚɞɡ ɡˊɎɟɢŮɘ ŭɘŬɗɏůɘɛɞɠ ɏɜŬɠ 

Ŭˊɚɧɠ əɩŭɘəŬɠ ˊɞɡ ɛŮŰɎ Ŭˊɧ ɛŮŰŬɔɚɩŰɘůɖ əŬɘ ɛŮ ɛɑŬ Ŭˊɚɐ ŮɜŰɞɚɐ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ 

Cygwin, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ əŬɘ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ űɗɑɜɞɡůŬ ůŮɘɟɎ ůŮ ɏɜŬ 

ŬɟɢŮɑɞ əŮɘɛɏɜɞɡ əŬɘ ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ɑŭɘŬ ŭɘŬůɘəŬůɑŬ ɧˊɤɠ əŬɘ əŬŰɎ Űɖɜ ɓŬɗɛɞɜɧɛɖůɖ əŬŰɎ 

Lee-Sallee. Ƀɘ ŮˊŬɜŬɚɐɣŮɘɠ Monte Carlo ŮɑɜŬɘ ɞɘ ɑŭɘŮɠ ɛŮ ˊɟɘɜ ɔɘŬ əɎɗŮ ůŰɎŭɘɞ. 

 

4.5.1. Ⱥˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůŰɎŭɘɞ coarse calibration  

 ȳˊɤɠ əŬɘ ˊɟɘɜ, ɞɘ ˊɏɜŰŮ ˊŬɟɎɛŮŰɟɞɘ ɏɢɞɡɜ Ŭɟɢɘəɧ Ůɨɟɞɠ Ŭˊɧ 0 ɏɤɠ 100 ɛŮ ɓɐɛŬ 25 

əŬŰɎ Űɞ ůŰɎŭɘɞ coarse calibration. ɀŮŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ OSM, ˊŬɟɎɔŮŰŬɘ Űɞ ŬɟɢŮɑɞ 

top50b.log ˊɞɡ ˊŮɟɘɏɢŮɘ Űɘɠ 50 əŬɚɨŰŮɟŮɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŰŬɝɘɜɞɛɖɛɏɜŮɠ əŬŰɎ OSM. 

ūŬɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ɄɑɜŬəŬ 4-6 ɧŰɘ ɧɚŮɠ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŮəŰɧɠ Ŭˊɧ Űɖɜ breed ɏɢɞɡɜ ˊŮɟɘɞɟɑůŮɘ 
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ɆŰɏɚɘɞɠ ɀŬɗɘɞɡɚɎəɖɠ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

ŬɘůɗɖŰɎ Űɞ Ůɨɟɞɠ Űɘɛɩɜ Űɞɡɠ əŬɘ ŬɜŬɚɧɔɤɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ Űɞ ůŮɜɎɟɘɞ (ȺɘəɧɜŬ 4-15) ɔɘŬ Űɞ 

ŮˊɧɛŮɜɞ ůŰɎŭɘɞ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ (fine calibration). 

ɲʶʾˁˍʹˌ ʃʰˊʱ˃ʶˍˊˇʽ 

OSM Diff Brd Sprd Slp Road 

0.35844228 25 75 50 100 75 

0.35766274 25 1 75 100 75 

0.35220468 75 1 50 75 75 
ɄɑɜŬəŬɠ 4-6: ȷˊɞŰŮɚɏůɛŬŰŬ Űɞɡ coarse calibration əŬŰɎ OSM 

 

 

ȺɘəɧɜŬ 4-15: ȷˊɧůˊŬůɛŬ Űɞɡ ůŮɜŬɟɑɞɡ fine calibration əŬŰɎ OSM 

 

4.5.2. Ⱥˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůŰɎŭɘɞ fine calibration 

 ɆŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ɞ ŭŮɑəŰɖɠ OSM ˊŬɟɞɡůɑŬůŮ ɛɑŬ ɛɘəɟɐ Ŭɨɝɖůɖ Űɖɠ Űɘɛɐɠ Űɞɡ ˊɞɡ 

ůɖɛŬɑɜŮɘ əŬɚɨŰŮɟɖ ˊɟɞůŬɟɛɞɔɐ ůŰŬ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ Ůɚɏɔɢɞɡ. Ⱥˊɑůɖɠ, ŮɑɜŬɘ ŬɝɘɞůɖɛŮɑɤŰɞ 

ɧŰɘ ɖ ˊŬɟɎɛŮŰɟɞɠ breed Ůɜɩ ŮɑɢŮ ɛŮɔɎɚɞ Ůɨɟɞɠ Űɘɛɩɜ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ ůŰɎŭɘɞ, ŰɩɟŬ 

ůŰŬɗŮɟɞˊɞɘɐɗɖəŮ ůŰɖɜ Űɘɛɐ 15, Ůɜɩ ɖ ˊŬɟɎɛŮŰɟɞɠ diffusion ɛŮɑɤůŮ ŬɘůɗɖŰɎ Űɞ Ůɨɟɞɠ Űɖɠ 

(ɄɑɜŬəŬɠ 4-7). 

ɲʶʾˁˍʶˌ ʃʰˊʱ˃ʶˍˊˇʽ 

OSM Diff Brd Sprd Slp Road 

0.37604231 35 15 60 95 99 

0.37188312 25 15 55 85 89 

0.36977640 45 15 60 100 84 
ɄɑɜŬəŬɠ 4-7: ȷˊɞŰŮɚɏůɛŬŰŬ Űɞɡ fine calibration əŬŰɎ OSM 
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 ɆŰɞ ůŰɎŭɘɞ final calibration, ŰŬ Ůɨɟɖ ɔɑɜɞɜŰŬɘ ŬəɧɛŬ ɛɘəɟɧŰŮɟŬ əŬɘ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ɖ Űɘɛɐ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ, ɧˊɤɠ ůŰɖɜ ˊŬɟɎɛŮŰɟɞ breed, ŰɧŰŮ ŮˊɘɚɏɔŮŰŬɘ ɏɜŬ Ůɨɟɞɠ ˊɏɜŰŮ Űɘɛɩɜ 

ɛŮ ɓɐɛŬ Űɖɜ ɛɞɜɎŭŬ (ȺɘəɧɜŬ 4-16). 

 

ȺɘəɧɜŬ 4-16: ȷˊɧůˊŬůɛŬ Űɞɡ ůŮɜŬɟɑɞɡ final calibration əŬŰɎ OSM 

 

4.5.3. Ⱥˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůŰɎŭɘɞ final  calibration  

 ɆŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ŮˊɘɚɏɔŮŰŬɘ ɛɧɜɞ ɖ ŮˊɘəɟŬŰɏůŰŮɟɖ Űɘɛɐ əŬŰɎ OSM əŬɘ ˊɟɞəɨˊŰŮɘ Űɞ 

ŰŮɚŮɡŰŬɑɞ ůŮŰ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɛɞɜŰŮɚɞˊɞɘɞɨɜ Űɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. ɆŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ɖ 

ɛɏɔɘůŰɖ Űɘɛɐ Űɞɡ OSM ŭŮɜ ɛŮŰŬɓɚɐɗɖəŮ ŬɘůɗɖŰɎ (ɄɑɜŬəŬɠ 4-8). 

ɲʶʾˁˍʶˌ ʃʰˊʱ˃ʶˍˊˇʽ 

OSM Diff Brd Sprd Slp Road 

0.37788653 30 17 60 94 93 
ɄɑɜŬəŬɠ 4-8: ȷˊɞŰŮɚɏůɛŬŰŬ Űɞɡ final calibration əŬŰɎ OSM 

 

 ɆŰɞ ůŮɜɎɟɘɞ Űɞɡ ŮˊɧɛŮɜɞɡ ůŰŬŭɑɞɡ, ɞɘ ŰŮɚɘəɏɠ ɛŮ Űɘɠ Ŭɟɢɘəɏɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 

ŰŬɡŰɑɕɞɜŰŬɘ əŬɘ Űɞ ɓɐɛŬ ŮɑɜŬɘ ɖ ɛɞɜɎŭŬ (ȺɘəɧɜŬ 4-17). 
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ȺɘəɧɜŬ 4-17: ȷˊɧůˊŬůɛŬ Űɞɡ ůŮɜŬɟɑɞɡ derive coefficient values əŬŰɎ OSM 

 

4.5.4. ɇŮɚɘəɧ ůŰɎŭɘɞ ɓŬɗɛɞɜɧɛɖůɖɠ-derive coefficient values 

 ɆŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ŰŬ ɓɏɚŰɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɗŬ ɛɞɜŰŮɚɞˊɞɘɐůɞɡɜ Űɖɜ ŬůŰɘəɐ 

ŭɘɎɢɡůɖ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ŬɟɢŮɑɞ avg.log (ɄɑɜŬəŬɠ 4-9) ɧˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ɛɏůɞɘ ɧɟɞɘ 

Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɞ ŰŮɚŮɡŰŬɑɞ ɏŰɞɠ Ůɚɏɔɢɞɡ ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ ŬɡŰɞŰɟɞˊɞˊɞɑɖůɖ ˊɞɡ Űɡɢɧɜ 

ɜŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ ŬɡŰɧɛŬŰŬ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ. ȰˊŮɘŰŬ, ɞɘ Űɘɛɏɠ ɔɘŬ Űɞ ɏŰɞɠ 2015 

ůŰɞɔɔɡɚɞˊɞɘɞɨɜŰŬɘ əŬɘ ˊɟɞəɨˊŰŮɘ Űɞ ŰŮɚɘəɧ ůŮŰ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ ˊɟɧɓɚŮɣɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ (ɄɑɜŬəŬɠ 4-10). 

  ɴˍˇˌ ʶ˂ʷʴ˔ˇˎ ʃʰˊʱ˃ʶˍˊˇʽ 

run year diffus spread breed slp_res rd_grav 

0 1995 33.14 66.28 18.78 89.56 93.44 

0 2003 35.88 71.77 20.33 84.82 93.92 

0 2015 40.44 80.87 22.91 75.05 94.89 
ɄɑɜŬəŬɠ 4-9: ȷˊɧůˊŬůɛŬ Ŭˊɧ Űɞ ŬɟɢŮɑɞ avg.log əŬŰɎ OSM  

ʆʶ˂ʽˁʷˌ 
ʃʰˊʱ˃ʶˍˊˇʽ 

ʆʽ˃ʷˌ 

diffusion 40 

spread 81 

breed 23 

slope resistance 75 

road gravity 95 

ɄɑɜŬəŬɠ 4-10: ɇŮɚɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ əŬŰɎ OSM 
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4.6. Ɇɨɔəɟɘůɖ Űɤɜ ɓŬɗɛɞɜɞɛɐůŮɤɜ əŬŰɎ Lee-Sallee əŬɘ əŬŰɎ OSM 

 ȳˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ Űɞ ůŰɎŭɘɞ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ ŮɑɜŬɘ Űɞ ˊɘɞ əɟɑůɘɛɞ ɔɘŬ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ ŬɝɘɧˊɘůŰɖ ˊɟɧɓɚŮɣɖ Űɞɡ ɛɞɜŰɏɚɞɡ. ȯɟŬ, əɎɗŮ ɛɏɗɞŭɞɠ ɓŬɗɛɞɜɧɛɖůɖɠ 

ˊŬɟɎɔŮɘ ŭɘŬűɞɟŮŰɘəɎ ůŮŰ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ɎɟŬ ŭɘŬűɞɟŮŰɘəɎ ɛŮɚɚɞɜŰɘəɎ ůŮɜɎɟɘŬ ŬůŰɘəɐɠ 

ŬɜɎˊŰɡɝɖɠ ɔɘŬ Űɞ ɑŭɘɞ Ŭɟɢɘəɧ ůŮŰ ŭŮŭɞɛɏɜɤɜ. Ƀɘ ŰŮɚɘəɏɠ Űɘɛɏɠ Űɤɜ ŭɨɞ ŭŮɘəŰɩɜ ŭŮɜ 

ŭɘŬűɏɟɞɡɜ əŬŰɎ ˊɞɚɨ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞ ŭŮɑəŰɖɠ Lee-Sallee ɏűŰŬůŮ Űɖɜ Űɘɛɐ 0.39741 Ůɜɩ ɞ 

ŭŮɑəŰɖɠ OSM ɏűŰŬůŮ Űɖɜ Űɘɛɐ 0.37788653. ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ŭɨɞ ɓŬɗɛɞɜɞɛɐůŮɘɠ 

ŮəŰŮɚɏůŰɖəŬɜ ůŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ɡˊɞɚɞɔɘůŰɏɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɝɎɔŮɘ ůŬűɐ ůɡɛˊŮɟɎůɛŬŰŬ ɤɠ 

ˊɟɞɠ Űɞ ˊɞɘŬ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɖ ˊɘɞ ŰŬɢŮɑŬ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑ əŬŰɎ ůɡɜɏˊŮɘŬ ɚɘɔɧŰŮɟɞɡɠ 

ɡˊɞɚɞɔɘůŰɘəɞɨɠ ˊɧɟɞɡɠ. ɆŰɞ ȹɘɎɔɟŬɛɛŬ 4-1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɔəɟɘŰɘəɎ ɞɘ ɢɟɧɜɞɘ əɎɗŮ 

ůŰŬŭɑɞɡ ɓŬɗɛɞɜɧɛɖůɖɠ ɔɘŬ Űɖɜ əɎɗŮ ɛɏɗɞŭɞ. 

 

ȹɘɎɔɟŬɛɛŬ 4-1: ȹɘɎɟəŮɘŬ əɎɗŮ ůŰŬŭɑɞɡ ɓŬɗɛɞɜɧɛɖůɖɠ 

 

 ȼ ɓŬɗɛɞɜɧɛɖůɖ əŬŰɎ Lee-Sallee ŮəŰŮɚɏůŰɖəŮ ůŮ ɏɜŬɜ ɡˊɞɚɞɔɘůŰɐ ɛŮ ŬɟəŮŰɎ 

ˊŬɚŬɘɧŰŮɟɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ ŮˊŮɝŮɟɔŬůŰɐ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐ əŬŰɎ OSM, ɔŮɔɞɜɧɠ ˊɞɡ 

ŭɘəŬɘɞɚɞɔŮɑ Űɞ ɧŰɘ ŭɘɐɟəɖůŮ ˊŮɟɘůůɧŰŮɟɖ ɩɟŬ ɖ ˊɟɩŰɖ ɓŬɗɛɞɜɧɛɖůɖ Ŭűɞɡ ŰŬ ŬɟɢɘəɎ Ůɨɟɖ 

Űɘɛɩɜ ŮɑɜŬɘ əɞɘɜɎ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ɛŮɗɧŭɞɡɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞ ůŰɎŭɘɞ coarse calibration ɞɘ 
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ˊɏɜŰŮ ˊŬɟɎɛŮŰɟɞɘ ɛˊɞɟɞɨɜ ɜŬ ɚɎɓɞɡɜ ˊɏɜŰŮ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ɎɟŬ Űɞ ˊɚɐɗɞɠ Űɤɜ ˊɘɗŬɜɩɜ 

ůɡɜŭɡŬůɛɩɜ ŮɑɜŬɘ 5
5
= 3125 ɎɟŬ ɖ ŰŬɢɨŰɖŰŬ ŮəŰɏɚŮůɖɠ ŮɑɜŬɘ ŬɜɎɚɞɔɖ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

Monte Carlo ŮˊŬɜŬɚɐɣŮɤɜ əŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɖ ɛŮ Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ŭɨɜŬɛɖ Űɞɡ 

ŮˊŮɝŮɟɔŬůŰɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɞ ɡˊɞɚɞɔɘůŰɐɠ. ɋůŰɧůɞ, Űɞ ůŰɎŭɘɞ fine calibration Űɖɠ 

ˊɟɩŰɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ ŭɘɐɟəɖůŮ 649 ɚŮˊŰɎ Ůɜɩ ůŰɖɜ ŭŮɨŰŮɟɖ 1056 ɚŮˊŰɎ Ůɜɩ ɔɘŬ ŰŬ 

ɡˊɧɚɞɘˊŬ ůŰɎŭɘŬ ůɡɛɓŬɑɜŮɘ Űɞ ŬɜŰɑɗŮŰɞ. ȰŰůɘ, ŭŮɜ ˊɟɞəɨˊŰɞɡɜ ůŬűɐ ůɡɛˊŮɟɎůɛŬŰŬ ɤɠ ˊɟɞɠ 

Űɞ ˊɞɘŬ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ŰŬɢɨŰŮɟɖ. 

 Ƀ ɟɡɗɛɧɠ ɛŮ Űɞɜ ɞˊɞɑɞ ůɡɔəɚɑɜŮɘ əɎɗŮ ɛɏɗɞŭɞɠ ŬˊɞŰŮɚŮɑ ɏɜŬɜ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ 

ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɞɜ ɢɟɧɜɞ ŮəŰɏɚŮůɖɠ əŬɘ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ. Ƀɘ ŭɨɞ 

ɛɏɗɞŭɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘŬűɞɟŮŰɘəɞɨɠ ŭŮɑəŰŮɠ Ŭˊɧ Űɞ ŬɟɢŮɑɞ control_stats.log ɔɘŬ ɜŬ 

ŰŬɝɘɜɞɛɐůɞɡɜ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ əŬɘ ɜŬ ŮɝɎɔɞɡɜ ŰŬ Ůɨɟɖ Űɘɛɩɜ Űɞɡɠ ˊɞɡ ɗŬ ŰɟɞűɞŭɞŰɐůɞɡɜ Űɞ 

ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ɓŬɗɛɞɜɧɛɖůɖɠ. ɄŬɟŬŰɖɟɩɜŰŬɠ əŬɘ ůɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ȺɘəɧɜŮɠ 4-18 əŬɘ 4-19, 

ŭɘəŬɘɞɚɞɔŮɑŰŬɘ Űɞ ɧŰɘ ɖ ɓŬɗɛɞɜɧɛɖůɖ əŬŰɎ Lee-Sallee ůŰɞ ůŰɎŭɘɞ fine ŭɘɐɟəɖůŮ ɚɘɔɧŰŮɟɞ 

ɔɘŬŰɑ ŰŬ Ůɨɟɖ Űɘɛɩɜ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŬ ɎɟŬ ɚɞɔɘəɎ ɡˊɎɟɢɞɡɜ ɚɘɔɧŰŮɟɞɘ ˊɘɗŬɜɞɑ ůɡɜŭɡŬůɛɞɑ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮɚŮɔɢɗɞɨɜ. 

 ɇɏɚɞɠ, ɞɘ ɄɑɜŬəŮɠ 4-5 əŬɘ 4-10 ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ Űɘɠ ŰŮɚɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ ɏˊŮɘŰŬ Ŭˊɞ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ əŬɜɧɜɤɜ ŬɡŰɞŰɟɞˊɞˊɞɑɖůɖɠ, ŭŮɑɢɜɞɡɜ ŰŮɚŮɑɤɠ 

ŭɘŬűɞɟŮŰɘəɎ ůŮŰ ɓɏɚŰɘůŰɤɜ ˊŬɟŬɛɏŰɟɤɜ . ȷɡŰɧ ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖɜ ɡˊɧɗŮůɖ ɧŰɘ ɖ əɎɗŮ 

ɛɏɗɞŭɞɠ ɓŬɗɛɞɜɧɛɖůɖɠ ˊŬɟɎɔŮɘ ŭɘŬűɞɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŬəɧɛŬ əŬɘ Ŭɜ ŮɝŮŰɎɕŮŰŬɘ Űɞ ɑŭɘɞ 

ůŮŰ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ. 
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ȺɘəɧɜŬ 4-18: ȹɘŬɔɟɎɛɛŬŰŬ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɓŬɗɛɞɜɧɛɖůɖɠ əŬŰɎ Lee-Sallee 
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ȺɘəɧɜŬ 4-19: ȹɘŬɔɟɎɛɛŬŰŬ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɓŬɗɛɞɜɧɛɖůɖɠ əŬŰɎ OSM 

 

4.7. ɆŰɎŭɘɞ Ʉɟɧɔɜɤůɖɠ Űɞɡ ɀɞɜŰɏɚɞɡ SLEUTH 

 ɀŮŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ, ŬəɞɚɞɡɗŮɑ Űɞ ŰŮɚɘəɧ ůŰɎŭɘɞ, ŬɡŰɧ Űɖɠ 

ˊɟɧɔɜɤůɖɠ-ˊɟɧɓɚŮɣɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ. ɆŬɜ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ˊɞɚɨ ŰŬɢɨŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ɓŬɗɛɞɜɧɛɖůɖ, Ŭűɞɨ Űɞ ɛɧɜɞ ˊɞɡ ŬɟəŮɑ ŮɑɜŬɘ ɖ Űɟɞˊɞˊɞɑɖůɖ Ůɜɧɠ ŬɟɢŮɑɞɡ ůŮɜŬɟɑɞɡ, 

ɗɏŰɞɜŰŬɠ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ Monte Carlo (ŮˊɘɚɏɢɗɖəŬɜ 100 ŮˊŬɜŬɚɐɣŮɘɠ) əŬɘ 
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ɗɏŰɞɜŰŬɠ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŮɝɐɢɗɖůŬɜ Ŭˊɧ Űɞ ůŰɎŭɘɞ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ ɤɠ ɘəŬɜɏɠ ɔɘŬ 

Űɖɜ ɓɏɚŰɘůŰɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. ȼ ˊɟɧɓɚŮɣɖ ɏɔɘɜŮ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2015-

2045 ŭɖɚŬŭɐ ɔɘŬ ɛɑŬ ˊŮɟɑɞŭɞ 30 ŮŰɩɜ. ɀɑŬ ɛŮɔŬɚɨŰŮɟɖ ˊŮɟɑɞŭɞɠ ˊɟɧɓɚŮɣɖɠ ŮɜŭɏɢŮŰŬɘ ɜŬ 

ɏɢŮɘ ɚɘɔɧŰŮɟɖ ŬəɟɑɓŮɘŬ ŭɘɧŰɘ ŬɡɝɎɜɞɜŰŬɘ ɞɘ ˊɘɗŬɜɧŰɖŰŮɠ ɔɘŬ ŮɛűɎɜɘůɖ ŬůŰɎɗɛɖŰɤɜ 

ˊŬɟŬɔɧɜŰɤɜ ɧˊɤɠ ɞɘəɞɜɞɛɘəɐ əɟɑůɖ ɐ űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ ɎɛŮůŬ Űɖɜ 

ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ.  

 ɀŮ ŬɡŰɎ ŰŬ ŭŮŭɞɛɏɜŬ, Űɞ ɛɞɜŰɏɚɞ ůŰɞ ůŰɎŭɘɞ ˊɟɧɔɜɤůɖɠ ˊŬɟɎɔŮɘ ŮɘəɧɜŮɠ Űɨˊɞɡ .gif 

ɔɘŬ əɎɗŮ ɏŰɞɠ Űɖɠ ˊŮɟɘɧŭɞɡ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ůŰɘɠ ɞˊɞɑŮɠ Űɞ ɢɟɩɛŬ əɎɗŮ pixel ɏɢŮɘ ɢɟɩɛŬ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ŬůŰɘəɞˊɞɑɖůɐɠ Űɞɡ. ɇɞ ɢɟɩɛŬ ɔɘŬ əɎɗŮ ˊɘɗŬɜɧŰɖŰŬ ɞɟɑɕŮŰŬɘ ůŰɞ 

ůŮɜɎɟɘɞ Űɖɠ ˊɟɧɔɜɤůɖɠ. Ⱥűɧůɞɜ ɏɔɘɜŬɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ɓŬɗɛɞɜɞɛɐůŮɘɠ, ˊɟɞəɨˊŰɞɡɜ 

ˊɟɞűŬɜɩɠ əŬɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞɓɞɚɏɠ Űɖɠ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɤɜ 

ɀŮůɞɔŮɑɤɜ ȷŰŰɘəɐɠ ˊɞɡ Ŭɝɑɕɞɡɜ ŬɜɎɚɡůɖ əŬɘ ůɨɔəɟɘůɖ. 

 ɆɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ŭɨɞ ŮɘəɧɜŮɠ ɛŮɚɚɞɜŰɘəɐɠ Ůɝɏɚɘɝɖɠ Űɞɡ ŬůŰɘəɞɨ ɘůŰɞɨ (ȺɘəɧɜŬ 4-20) 

ɗŬ ɚɏɔŬɛŮ ɧŰɘ ŭŮɜ ŭɘŬűɏɟɞɡɜ əŬŰɎ ˊɞɚɨ ɤɠ ˊɟɞɠ Űɘɠ ɓŬůɘəɏɠ ˊŮɟɘɞɢɏɠ ůŰɘɠ ɞˊɞɑŮɠ ɡˊɎɟɢŮɘ 

ɏɜŰɞɜɖ ŬůŰɘəɐ ŬɜɎˊŰɡɝɖ. Ƀɘ ŭɘŬűɞɟɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ɏɜŰŬůɖ əŬɘ ɧɢɘ Űɧůɞ ůŰɖ ŭɘŬůˊɞɟɎ 

Űɤɜ ɜɏɤɜ ˊŮɟɘɞɢɩɜ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ŬůŰɘəɏɠ. ȾŬɘ ůŰɘɠ ŭɨɞ ŮɘəɧɜŮɠ űŬɑɜŮŰŬɘ 

ɞ ũɏɟŬəŬɠ ɜŬ ɏɢŮɘ ŬůŰɘəɞˊɞɘɖɗŮɑ ˊɚɐɟɤɠ əŬɘ ɜŬ ůɢɖɛŬŰɑɕŮɘ ɛŮ ŰŬ ũɚɡəɎ ɁŮɟɎ əŬɘ Űɖɜ 

ɄŬɚɚɐɜɖ ɛɑŬ ɜɏŬ ŮɜɘŬɑŬ ŬůŰɘəɐ ɞɜŰɧŰɖŰŬ. ɄŬɟɎɚɚɖɚŬ, ŬɜŬˊŰɨůůŮŰŬɘ Űɞ ɓɧɟŮɘɞ əɞɛɛɎŰɘ Űɖɠ 

ɄŬɘŬɜɑŬɠ Ůɜɩ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ Űɞ Ⱦɞɟɤˊɑ ŮˊŮəŰŮɑɜŮŰŬɘ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ. ȼ ȷɟŰɏɛɘŭŬ 

ŬɜŬˊŰɨůůŮŰŬɘ ɏɜŰɞɜŬ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛɑŬ ɕɩɜɖ əŬŰɎ ɛɐəɞɠ Űɖɠ ŬəŰɐɠ Űɖɠ ŬɚɚŬ əŬɘ ɖ ˊŮɟɘɞɢɐ 

ȸŮɚŬɜɘŭɘɎ ˊɞɡ ɓɟɑůəŮŰŬɘ ŭɡŰɘəɎ Űɞɡ əɏɜŰɟɞɡ Űɖɠ ȷɟŰɏɛɘŭŬɠ űŬɑɜŮŰŬɘ ɜŬ ŭɖɛɘɞɡɟɔŮɑ ɜɏɞ 

ŬůŰɘəɧ ˊɡɟɐɜŬ. ɆŰɖɜ ˊɟɧɓɚŮɣɖ əŬŰɎ OSM, ɛŮŰŬɝɨ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɡŰɐɠ əŬɘ Űɤɜ ɆˊŬŰɩɜ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ŬůŰɘəɞˊɞɑɖůɖ əŬŰɎ ɛɐəɞɠ Űɖɠ ɞŭɞɨ ˊɞɡ ůɡɜŭɏŮɘ Űɘɠ ŭɨɞ ˊŮɟɘɞɢɏɠ. ȼ ˊŮɟɘɞɢɐ 

Űɞɡ ɄɧɟŰɞ ɅɎűŰɖ ˊŬɟɞɡůɘɎɕŮɘ ˊŬɟɧɛɞɘŬ ŬɜɎˊŰɡɝɖ ɛŮ Űɖɜ ȷɟŰɏɛɘŭŬ, ŭɖɚŬŭɐ ɕɩɜɖ əŬŰɎ 

ɛɐəɞɠ Űɖɠ ŬəŰɐɠ Űɖɠ Ůɜɩ ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ ɖ ˊŮɟɘɞɢɐ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ Űɞɡ 
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ɀŬɟəɧˊɞɡɚɞɡ əŬɘ ɓɧɟŮɘŬ Űɤɜ ˊŮɟɘɞɢɩɜ ȾŬɚɡɓɏɕŬ əŬɘ ȷɔɑŬ ɇɟɘɎŭŬ, ˊɞɡ Űɞ 2015 ůɨɛűɤɜŬ 

ɛŮ ˊŬɟŬŰɐɟɖůɖ ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ Google Earth, ŮɛűŬɜɑɕŮɘ ŭɘɎůˊŬɟŰŮɠ əŬŰɞɘəɑŮɠ 

ɢŬɛɖɚɞɨ ɨɣɞɡɠ ɛŮ ˊɘůɑɜŮɠ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ. ɆɨɛűɤɜŬ ɛŮ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ, ɖ 

ˊŮɟɘɞɢɐ ŬɡŰɐ ɛɏɢɟɘ Űɞ 2045 ɗŬ ŬˊɞŰŮɚŮɑ ɝŮɢɤɟɘůŰɧ ŬůŰɘəɧ ˊɡɟɐɜŬ. ȼ ˊɧɚɖ Űɤɜ ɆˊɎŰɤɜ ŭŮɜ 

ˊŬɟɞɡůɘɎɕŮɘ ɘŭɘŬɑŰŮɟɖ ŬůŰɘəɐ ŭɘɎɢɡůɖ, ɛɧɜɞ ˊŮɟɘɞɢɏɠ ɓɧɟŮɘŬ Ŭˊɧ ŬɡŰɖɜ ŬɜɎɛŮůŬ ůŰɖɜ 

ɄŬɚɚɐɜɖ əŬɘ Űɞ Ʉɘəɏɟɛɘ ŭŮɑɢɜɞɡɜ ŰɎůŮɘɠ ŬůŰɘəɞˊɞɑɖůɖɠ. ɇɏɚɞɠ, ɖ ȷɔɑŬ ɀŬɟɑɜŬ ŭŮɑɢɜŮɘ ɜŬ 

ŬɜŬˊŰɨůůŮŰŬɘ əŬŰɎ ɛɐəɞɠ Űɖɠ əɨɟɘŬɠ ɞŭɞɨ ˊɞɡ Űɖɜ ŭɘŬŰɟɏɢŮɘ.   

 

ȺɘəɧɜŬ 4-20: ȷɟɢɘəɐ ŬůŰɘəɐ ɔɖ, ŰɎůɖ Ůɝɏɚɘɝɖɠ Űɞ 2045 əŬŰɎ Lee-Sallee əŬɘ ŰɎůɖ Ůɝɏɚɘɝɖɠ əŬŰɎ OSM 
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 ɆŰɖɜ ˊɟɧɓɚŮɣɖ əŬŰɎ OSM, ɚɧɔɤ Űɤɜ ŬɟəŮŰɎ ɛŮɔŬɚɨŰŮɟɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 

diffusion, spread əŬɘ breed, ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɧɓɚŮɣɖ əŬŰɎ Lee-Sallee, ɡˊɎɟɢɞɡɜ ˊɞɚɚɏɠ 

ˊŮɟɘɞɢɏɠ ɛŮ ˊɟɎůɘɜɞɡɠ Űɧɜɞɡɠ, ŭɖɚŬŭɐ ɛŮ ɢŬɛɖɚɐ ˊɘɗŬɜɧŰɖŰŬ ŬůŰɘəɞˊɞɑɖůɖɠ. ɆɨɛűɤɜŬ ɛŮ 

Űɞɜ ɄɑɜŬəŬ 4-11, ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ɛɘəɟɧŰŮɟɖ Ŭˊɧ 30% ˊɞɡ űŬɑɜɞɜŰŬɘ ɛŮ Űɧɜɞɡɠ 

Űɞɡ ˊɟɎůɘɜɞɡ ŮɑɜŬɘ 102220 pixel, ɔɘŬ Űɖɜ ˊɟɞɓɞɚɐ əŬŰɎ OSM, Ůɜɩ ɛɧɚɘɠ 29419 ɔɘŬ Űɖɜ 

ˊɟɞɓɞɚɐ əŬŰɎ Lee-Sallee. ȰŰůɘ, ŬɡŰɏɠ ɞɘ ˊŮɟɘɞɢɏɠ ŭŮɜ ůɢɞɚɘɎůŰɖəŬɜ ɚɧɔɤ Űɖɠ ɛɘəɟɐɠ 

ˊɘɗŬɜɧŰɖŰŬɠ ŮɛűɎɜɘůɐɠ Űɞɡɠ. 

ʃʽʻʰ˄ˈˍʹˍʶˌ 
ʰˋˍʽˁˇˉˇʾʹˋʹˌ 

(%) 

ʋˊ˗˃ʰ 
ˉʽʻʰ˄ˈˍʹˍʰˌ 

ʃ˂ʺʻˇˌ 
ǇƛȄŜƭ ˁʰˍʱ 
Lee-Sallee 

ɴˁˍʰˋʹ ˋʶ 
ˋˍˊʷ˃˃ʰˍʰ 

ʃ˂ʺʻˇˌ 
ǇƛȄŜƭ ˁʰˍʱ 

OSM 

ɴˁˍʰˋʹ ˋʶ 
ˋˍˊʷ˃˃ʰˍʰ 

100-90   21230 19107 51651 46485,9 

90-80   9693 8723,7 8931 8037,9 

80-70   6706 6035,4 6324 5691,6 

70-60   5622 5059,8 5094 4584,6 

60-50   5049 4544,1 4750 4275 

50-40   5025 4522,5 4597 4137,3 

40-30   5225 4702,5 5398 4858,2 

30-20   5731 5157,9 8066 7259,4 

20-10   7717 6945,3 24956 22460,4 

10-1   15971 14373,9 69198 62278,2 
ɄɑɜŬəŬɠ 4-11: Ʉɚɐɗɞɠ pixel ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ŬůŰɘəɞˊɞɑɖůɖɠ ɔɘŬ Űɘɠ ŭɨɞ ˊɟɞůɞɛɞɘɩůŮɘɠ 

 

 ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɖ ɓŬɗɛɞɜɧɛɖůɖ əŬŰɎ OSM ˊŬɟɐɔŬɔŮ ŬɟəŮŰɎ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ 

ɔɘŬ Űɞ ůŮŰ ˊŬɟŬɛɏŰɟɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ űŬɑɜŮŰŬɘ əŬɗŬɟɎ ůŰɘɠ ŰŮɚɘəɏɠ ŮɘəɧɜŮɠ əŬɘ 

ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ŬɟɘɗɛɖŰɘəɎ ůŰɞɜ ɄɑɜŬəŬ 4-11. ȼ ɏəŰŬůɖ ˊɞɡ ˊɟɞɓɚɏˊŮŰŬɘ ɔɘŬ Űɞ 2045 ɜŬ 

ɛŮŰŬŰɟŬˊŮɑ ůŮ ŬůŰɘəɐ ɛŮ ˊɘɗŬɜɧŰɖŰŬ 90%-100%, ŬɜɏɟɢŮŰŬɘ ůŮ 19107 ůŰɟɏɛɛŬŰŬ ůŰɖɜ ˊɟɩŰɖ 

ˊŮɟɑˊŰɤůɖ Ůɜɩ ɔɘŬ Űɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ŬɜɏɟɢŮŰŬɘ ůŮ 46485,9 ůŰɟɏɛɛŬŰŬ. 
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5. ɆɈɀɄȺɅȷɆɀȷɇȷ 

 Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɖɠ ŬůŰɘəɐɠ ŭɘɎɢɡůɖɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɤɜ ɀŮůɞɔŮɑɤɜ ȷŰŰɘəɐɠ ɛɏůɤ Űɖɠ ůɡɜŭɡŬůŰɘəɐɠ ɢɟɐůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ SLEUTH, 

Ůɜɧɠ ũɆɄ əŬɘ ɛŮɗɧŭɤɜ ɣɖűɘŬəɐɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ, Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ Űɖɜ  

ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ. ɄŬɟɎɚɚɖɚŬ, ɖ ŮɟɔŬůɑŬ ůŰɞɢŮɨŮɘ ůŰɖɜ ůɨɔəɟɘůɖ Űɤɜ 

ŭɨɞ ŭɖɛɞűɘɚɏůŰŮɟɤɜ ɛŮɗɧŭɤɜ ɓŬɗɛɞɜɧɛɖůɖɠ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ 

ɛɞɜŰɏɚɞ əŬɘ Űɤɜ ŰŮɚɘəɩɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŬɡŰɏɠ ˊŬɟɎɔɞɡɜ. Ⱥűɧůɞɜ ɖ ŮɟŮɡɜɖŰɘəɐ əɞɘɜɧŰɖŰŬ 

ˊɞɡ ɛŮɚŮŰɎ Űɞ ɛɞɜŰɏɚɞ SLEUTH  ŭŮɜ ɏɢŮɘ əŬŰŬɚɐɝŮɘ ůŮ ůŬűɏɠ ˊɧɟɘůɛŬ ɤɠ ˊɟɞɠ Űɞ ˊɞɘŬ 

ɛɏɗɞŭɞɠ ŮɘɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ, ɛɑŬ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ˊŬɟɎɔɞɡɜ ŬɡŰɏɠ  

ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɢɟɐůɘɛŬ ůɡɛˊŮɟɎůɛŬŰŬ. ȼ ˊŮɟɑɞŭɞɠ ˊɟɧɓɚŮɣɖɠ ŮɑɜŬɘ ɛŮŰŬɝɨ 2015 

əŬɘ 2045 əŬɘ ŰŬ ɏŰɖ Ůɚɏɔɢɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖ ɓŬɗɛɞɜɧɛɖůɖ ŮɑɜŬɘ Űɞ 1984, 1995, 

2003 əŬɘ 2015. ɆɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ŭɨɞ ɛŮɗɧŭɞɡɠ ɓŬɗɛɞɜɧɛɖůɖɠ, ɗŬ ɚɏɔŬɛŮ ɧŰɘ ɖ ŰŬɢɨŰɖŰŬ 

ůɨɔəɚɘůɐɠ Űɞɡɠ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ əŬɗɧŰɘ ɞɘ ɢɟɧɜɞɘ ŮəŰɏɚŮůɖɠ ŭŮɜ ŭɘŬűɏɟɞɡɜ əŬŰɎ ˊɞɚɨ. 

ȷɜɎɚɞɔŬ ɛŮ Űɞ ůŰɎŭɘɞ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ, ˊŬɟŬŰɖɟŮɑŰŬɘ ŭɘŬűɞɟŮŰɘəɐ 

ůɨɔəɚɘůɖ, ɛŮ Űɖɜ ɛɏɗɞŭɞ Lee-Sallee ɜŬ ɡˊŮɟŰŮɟŮɑ ůŰɞ ůŰɎŭɘɞ fine Ůɜɩ ɖ ɛɏɗɞŭɞɠ OSM 

ɡˊŮɟŰŮɟŮɑ ůŰɞ ůŰɎŭɘɞ final (ȺɘəɧɜŮɠ 4-17, 4-18). Ƀɘ ŭɨɞ ŭŮɑəŰŮɠ (Lee-Sallee əŬɘ OSM) ŮɑɢŬɜ 

ŰŮɚɘəɎ ůɢŮŭɧɜ ɑŭɘŮɠ Űɘɛɏɠ ŭɖɚŬŭɐ 0.39741 ɔɘŬ Űɞɜ Lee-Sallee əŬɘ 0.37788653 ɔɘŬ Űɞɜ OSM, 

ɔŮɔɞɜɧɠ ˊɞɡ ŭŮɑɢɜŮɘ ůɢŮŭɧɜ ɑůɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ əŬɘ ŬɝɘɞˊɘůŰɑŬ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɛŮ 

ɛɘəɟɧ ˊɟɞɓɎŭɘůɛŬ ɔɘŬ Űɖɜ ɛɏɗɞŭɞ Lee-Sallee. 

 ɆŰɖɜ űɎůɖ Űɖɠ ˊɟɧɔɜɤůɖɠ ŬɜŰɘəŬŰɞˊŰɟɑɕŮŰŬɘ əŬɘ ɞˊŰɘəɞˊɞɘŮɑŰŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ŭɨɞ 

ɛɏɗɞŭɞɘ ˊŬɟɎɔɞɡɜ ŰŮɚŮɑɤɠ ŭɘŬűɞɟŮŰɘəɎ ůŮŰ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɞɟɑɕɞɡɜ Űɞ ˊɤɠ ɚŮɘŰɞɡɟɔŮɑ Űɞ 

ɛɞɜŰɏɚɞ. ȼ ɛɏɗɞŭɞɠ Lee-Sallee ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊɘɞ ñůɡɜŰɖɟɖŰɘəɐò ůŮ ůɢɏůɖ ɛŮ Űɖɜ OSM, 

əŬɗɩɠ ůŮ ŬɡŰɐɜ ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŬɡŰɐɜ ŮɑɜŬɘ ŬɘůɗɖŰɎ 

ɛɘəɟɧŰŮɟŮɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ OSM. ūɡůɘəɎ, ŬɡŰɐ ɖ ŭɘŬűɞɟɎ ůŰɘɠ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛɑŬ ɛŮɔŬɚɨŰŮɟɖ ŮɝɎˊɚɤůɖ Űɞɡ ŬůŰɘəɞɨ ɘůŰɞɨ ɔɘŬ Űɖɜ 
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ɛɏɗɞŭɞ OSM ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɘɞ ůɡɔəɟŬŰɖɛɏɜɖ ŭɘɎɢɡůɖ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮ Űɖɜ ɛɏɗɞŭɞ 

Lee-Sallee. ɋůŰɧůɞ, ɘŭɘŬɑŰŮɟŬ ŮɜŭɘŬűɏɟɞɜ ŮɨɟɖɛŬ ŬˊɞŰŮɚŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ əɨɟɘŮɠ ˊŮɟɘɞɢɏɠ 

ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŬɜɎˊŰɡɝɖ, ŭɖɚŬŭɐ ŬɡŰɏɠ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ŬůŰɘəɞˊɞɑɖůɖɠ Ŭˊɧ 60% əŬɘ 

ˊɎɜɤ, ŮɑɜŬɘ ůɢŮŭɧɜ ɑŭɘŮɠ ůŬɜ ůɢɐɛŬ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ɛŮɗɧŭɞɡɠ əŬɘ ɖ ŭɘŬűɞɟɎ Űɞɡɠ ɏɔəŮɘŰŬɘ 

ɛɧɜɞ ůŰɖɜ ɏəŰŬůɖ (ȺɘəɧɜŬ 5-1).  

 

ȺɘəɧɜŬ 5-1: ɄŮɟɘɞɢɏɠ ɛŮɚɚɞɜŰɘəɐɠ ŬůŰɘəɞˊɞɑɖůɖɠ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ˊɎɜɤ Ŭˊɧ 60% əŬŰɎ Lee-Sallee (ŬɟɘůŰŮɟɎ) 

əŬɘ əŬŰɎ OSM (ŭŮɝɘɎ) 

 

 ɆɡɔəŮəɟɘɛɏɜŬ, Ŭɜ ɖ ɛŮɚɚɞɜŰɘəɐ ŮɝɎˊɚɤůɖ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ɤɠ ɟɞɐ ˊɞɡ ɝŮəɘɜɎ Ŭˊɧ Űɖɜ 

ɡűɘůŰɎɛŮɜɖ ŬůŰɘəɐ ɔɖ Űɞɡ 2015, ŰɧŰŮ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ 

Ⱦɞɟɤˊɑɞɡ, ɖ ŰɎůɖ ɔɘŬ ŬůŰɘəɞˊɞɑɖůɖ ɓɟɑůəŮŰŬɘ ɓɞɟŮɘɞŭɡŰɘəɎ Űɞɡ əɏɜŰɟɞɡ, ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ 

ȷɔɑɞɡ ũŮɤɟɔɑɞɡ (ȺɘəɧɜŬ 5-2). Ƀɛɞɑɤɠ, ůŰɖɜ ȺɘəɧɜŬ 5-3, ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ũɏɟŬəŬ, Űɤɜ 

ũɚɡəɩɜ ɁŮɟɩɜ əŬɘ Űɖɠ ɄŬɚɚɐɜɖɠ, ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Űɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ŰŬ ɢɤɟɘəɎ ˊɟɧŰɡˊŬ 

ɛɞɘɎɕɞɡɜ əŬɘ ɔɘŬ ŰŬ ŭɨɞ ɛŮɚɚɞɜŰɘəɎ ůŮɜɎɟɘŬ əŬɘ ɖ ɛɧɜɖ ŭɘŬűɞɟɎ Űɞɡɠ ŮɑɜŬɘ ɤɠ ˊɟɞɠ Űɞ 
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ɛɏɔŮɗɞɠ. ɇɏɚɞɠ, ůŰɖɜ ˊŮɟɘɞɢɐɠ Űɖɠ ȷɟŰɏɛɘŭŬɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ ɜɏŬ ɕɩɜɖ ŬůŰɘəɐɠ ɔɖɠ əŬŰɎ 

ɛɐəɞɠ Űɖɠ ŬəŰɞɔɟŬɛɛɐɠ (ȺɘəɧɜŬ 5-4). 

 

ȺɘəɧɜŬ 5-2: ɇɎůŮɘɠ ŬůŰɘəɞˊɞɑɖůɖɠ ɔɘŬ Űɞ Ⱦɞɟɤˊɑ əŬŰɎ Lee-Sallee (ŬɟɘůŰŮɟɎ) əŬɘ əŬŰɎ OSM (ŭŮɝɘɎ) 

 

 

ȺɘəɧɜŬ 5-3: ɇɎůŮɘɠ ŬůŰɘəɞˊɞɑɖůɖɠ ɔɘŬ Űɞɜ ũɏɟŬəŬ, ŰŬ ũɚɡəɎ ɁŮɟɎ əŬɘ Űɖɜ ɄŬɚɚɐɜɖ əŬŰɎ Lee-Sallee 

(ŬɟɘůŰŮɟɎ) əŬɘ əŬŰɎ OSM (ŭŮɝɘɎ) 

 

 ɇŬɡŰɧɢɟɞɜŬ, ɖ ɛɏɗɞŭɞɠ OSM ˊɟɞɓɚɏˊŮɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟŮɠ ŮəŰɎůŮɘɠ ɛŮ ɛɘəɟɐ 

ˊɘɗŬɜɧŰɖŰŬ ŬůŰɘəɞˊɞɑɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ Lee-Sallee, ɔŮɔɞɜɧɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ ɛŮɔŬɚɨŰŮɟɖ 

ŬɓŮɓŬɘɧŰɖŰŬ ɔɘŬ ŬɡŰɏɠ Űɘɠ ˊŮɟɘɞɢɏɠ. 
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ȺɘəɧɜŬ 5-4: ɇɎůŮɘɠ ŬůŰɘəɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ ȷɟŰɏɛɘŭŬ əŬŰɎ Lee-Sallee (ŬɟɘůŰŮɟɎ) əŬɘ əŬŰɎ OSM (ŭŮɝɘɎ) 

  

ɇɏɚɞɠ, ɖ ůɡɛɓɞɚɐ Űɤɜ ũɆɄ, ɔɘŬ Űɖɜ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ 

ŭŮŭɞɛɏɜɤɜ, ɧˊɤɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ əŬɘ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŮŭɎűɞɡɠ, Űɖɜ ɛŮɚɏŰɖ əŬɘ 

ŬɜɎɚɡůɖ Űɤɜ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ ˊɟɞŰɨˊɤɜ Űɖɠ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ŬˊɞŭŮɑɢɗɖəŮ ɘŭɘŬɑŰŮɟŬ 

ůɖɛŬɜŰɘəɐ əŬɘ ŬˊɞɚɨŰɤɠ ŬˊŬɟŬɑŰɖŰɖ ŬɜŬŭŮɘəɜɨɞɜŰŬɠ ŰŬ ɞűɏɚɖ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ŬˊɞəɞɛɘůŰɞɨɜ ɛŮ Űɖɜ ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ Ůɜɧɠ ũɆɄ əŬɘ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ, 

ɧˊɤɠ ŮɑɜŬɘ Űɞ SLEUTH. 
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6. ɀȺȿȿɃɁɇȽȾȼ ȺɅȺɈɁȷ-ɄɅɃɇȷɆȺȽɆ 

 ɇŬ ɛɞɜŰɏɚŬ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ ɔɘŬ əɎɗŮ ŭɘŬŭɘəŬůɑŬ 

ůɢŮŭɘŬůɛɞɨ əŬɘ ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ. Ƀɘ ŰɎůŮɘɠ ŬůŰɘəɞˊɞɑɖůɖɠ ˊɞɡ əŬŰŬŭŮɘəɜɨɞɡɜ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ŭˊɧ Űɞɡɠ ůɢŮŭɘŬůŰɏɠ ɩůŰŮ ɜŬ əɎɜɞɡɜ ŮəŰɑɛɖůɖ Űɤɜ ŮˊɘˊŰɩůŮɤɜ ŬɡŰɩɜ Űɤɜ 

ŰɎůŮɤɜ əŬɘ ɗŬ ɐŰŬɜ ŬŭɨɜŬŰɞɜ ɜŬ ˊɟɞɓɚŮɡɗɞɨɜ ɢɤɟɑɠ ŰŬ ɛɞɜŰɏɚŬ ŬɡŰɎ. 

 ũɘŬ ɜŬ ɔɑɜɞɡɜ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ŰŬ ɛɞɜŰɏɚŬ ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟŮɠ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ˊɞɚɨˊɚɞəɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ 

ɞɜɞɛɎɕŮŰŬɘ ˊɧɚɖ. ɆŮ ŬɡŰɐ Űɖɜ əŬŰŮɨɗɡɜůɖ, Űɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ Ůɜɧɠ ŭɘŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ 

ŮɑɜŬɘ Űɞ ŰɟɘŭɘɎůŰŬŰɞ. ȼ ŰɟɑŰɖ ŭɘɎůŰŬůɖ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ ɨɣɞɠ əŰɘɟɑɤɜ 

əŬɘ ɖ űɎůɖ Űɖɠ ˊɟɧɔɜɤůɖɠ ɜŬ ɔɑɜŮŰŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ɛŮ ɎɛŮůɖ ɞˊŰɘəɞˊɞɑɖůɖ. ȷəɧɛɖ, 

ɖ ŮɘůŬɔɤɔɐ ɞɘəɞɜɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ˊɟɧɓɚŮɣɖɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŬˊɞŰŮɚɏůŮɘ 

ůɖɛŬɜŰɘəɐ ˊɟɞůɗɐəɖ. Ⱥˊɑůɖɠ, ɖ ŮɜůɤɛɎŰɤůɖ Ůɜɧɠ ŬůŰɘəɞɨ ɛɞɜŰɏɚɞɡ ɛŮ ɏɜŬ ˊŬəɏŰɞ GIS 

ɏŰůɘ ɩůŰŮ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ ŬˊɧɚɡŰɖ ŬɟɛɞɜɑŬ ɗŬ ɏəŬɜŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɟɞŮŰɞɘɛŬůɑŬɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɚɨ ŬˊɚɞɨůŰŮɟɖ əŬɘ űɘɚɘəɧŰŮɟɖ ˊɟɞɠ Űɞɜ ɢɟɐůɖ. ȱŭɖ Ůŭɩ əŬɘ ŬɟəŮŰɎ ɢɟɧɜɘŬ ɞɘ 

Clarke əŬɘ Gaydos (1998) ɏɢɞɡɜ ŰɞɜɑůŮɘ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ɏɜŬ ŰɏŰɞɘɞ ɛɞɜŰɏɚɞ. 

 ɇɏɚɞɠ, ɛɑŬ ŬŭɡɜŬɛɑŬ Űɞɡ SLEUTH ŮɑɜŬɘ ɧŰɘ ɖ əŬŰɎůŰŬůɖ Űɞɡ əɎɗŮ əŮɚɘɞɨ ŮɑɜŬɘ 

ŭɡŬŭɘəɐ, ŭɖɚŬŭɐ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŬůŰɘəɎ ɐ ɛɖ ŬůŰɘəɎ. ɇɞ ɛɞɜŰɏɚɞ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ŬɜŰɘɛŮŰɤˊɑůŮɘ əŬɘ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɨˊɞɡɠ ŬůŰɘəɧŰɖŰŬɠ əŬɘ Ůˊɞɛɏɜɤɠ ɜŬ 

ɛɞɜŰŮɚɞˊɞɘɐůŮɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ ůŰɞ ɛɏɚɚɞɜ. Ƀɘ ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ ŬůŰɘəɧŰɖŰŬɠ 

ŮɜŭŮɢɞɛɏɜɤɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ˊɚɖɗɡůɛɘŬəɎ ŭŮŭɞɛɏɜŬ, ɧˊɤɠ ŮɑɜŬɘ ɖ ˊɡəɜɧŰɖŰŬ ˊɚɖɗɡůɛɞɨ ɐ 

ŬəɧɛŬ əŬɘ ˊɞɚŮɞŭɞɛɘəɎ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ˊɡəɜɧŰɖŰŬ ŭɧɛɖůɖɠ ůŮ ŮˊɑˊŮŭɞ ɞɘəɞŭɞɛɘəɞɨ 

ŰŮŰɟŬɔɩɜɞɡ. ɀɑŬ ɓŮɚŰɘɤɛɏɜɖ ɏəŭɞůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ɗŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬɢŮɘɟɑɕŮŰŬɘ 

ŭɘŬűɞɟŮŰɘəɞɨɠ Űɨˊɞɡɠ ŬůŰɘəɧŰɖŰŬɠ ɗŬ Űɞ əŬɗɘůŰɎ ˊɘɞ ɟŮŬɚɘůŰɘəɧ. 
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ȺɘəɧɜŮɠ ˊɟɩɘɛɤɜ ŬůŰɘəɩɜ ɛɞɜŰɏɚɤɜ Űɤɜ Burgess əŬɘ Hoyt 

http://www.bbc.co.uk/schools/gcsebitesize/geography/urban_environments/urban_models_m

edcs_rev1.shtml ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 20/7/2015 

ȺɘəɧɜŮɠ ˊɟɩɘɛɞɡ ɛɞɜŰɏɚɞɡ Űɞɡ Ullman 

https://upload.wikimedia.org/wikipedia/commons/b/b1/Ulman2.png ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 

26/7/2015 

ȽůŰɞůŮɚɑŭŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ Cygwin 

http://www.cygwin.com ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 14/6/2015 

ɄɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɡɠ ŭŮɑəŰŮɠ Űɞɡ ɛɞɜŰɏɚɞɡ SLEUTH 

http://www.ncgia.ucsb.edu/projects/gig/v2/About/dtDtControlDefine.htm ɇŮɚŮɡŰŬɑŬ 

ˊɟɧůɓŬůɖ 12/9/2015 

ȺɘəɧɜŬ ˊŬɟŬŭŮɑɔɛŬŰɞɠ Űɞɡ game of life 

https://bmscblog.wordpress.com/2013/05/17/modelling-conways-game-of-life-implemented-

in-r/ ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 7/10/2015 

Automatic Classification Plugin ɔɘŬ Űɞ QGIS 

http://fromgistors.blogspot.com ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 4/6/2015 

 

 



 

 

 

 

 

 

 

 

 

ɄȷɅȷɅɇȼɀȷ 
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 ɇɞ ˊŬɟɎɟŰɖɛŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŮɠ Űɘɠ ŮɘəɧɜŮɠ Űɞɡ ůŰŬŭɑɞɡ ˊɟɧɓɚŮɣɖɠ ɔɘŬ Űɖɜ ɢɟɞɜɘəɐ 

ˊŮɟɑɞŭɞ 2016-2045 ɔɘŬ Űɘɠ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ɓŬɗɛɞɜɞɛɐůŮɘɠ əŬŰɎ Lee-Sallee əŬɘ əŬŰɎ 

Optimum Sleuth Metric. 

 

ȺɘəɧɜŬ Ʉ-1: ȺəŰɑɛɖůɖ ŮˊɏəŰŬůɖɠ Űɖɠ ŬůŰɘəɐɠ ɔɖɠ ɔɘŬ ŰŬ ɏŰɖ 2016, 2017, 2018, 2019 əŬŰɎ Lee-Sallee 

 

 


