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ʃʄʁɽʁɱʁʅ 

ɶ ˉʰˊˇˏˋʰ ˉˍˎ˔ʽʰˁʺ ʶˊʴʰˋʾʰ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˁˇˊˏ˒˖ˋʹ ˍ˖˄ ˉˊˇˉˍˎ˔ʽʰˁ˗˄ ˃ˇˎ 

ˋˉˇˎʵ˗˄ ˋˍˇ ʋʰˊˇˁˈˉʶʽˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇΣ ˋˍˇ ˍ˃ʺ˃ʰ ɱʶ˖ʴˊʰ˒ʾʰˌ. ɰʰˋʽˁˈˌ ˋˁˇˉˈˌ ʰˎˍʺˌ 

ˍʹˌ ʵˇˎ˂ʶʽʱˌ ʶʾ˄ʰʽ ʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍʹˌ ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˃ʶ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˍ˖˄ ʅˎˋˍʹ˃ʱˍ˖˄ ɱʶ˖ʴˊʰ˒ʽˁ˗˄ 

ʃ˂ʹˊˇ˒ˇˊʽ˗˄.  

ʁ ̱ ˈˉˇˌ ʵʽʶˁˉʶˊʰʾ˖ˋʺˌ ˍʹˌ ʺˍʰ˄ ˍˇ ʶˊʴʰˋˍʺˊʽˇ ɱʶ˖ˉ˂ʹˊˇ˒ˇˊʽˁʺˌ ˍˇˎ 

ʋʰˊˇˁˇˉʶʾˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˁʰʽ ˍˇ ɹ˄ˋˍʽˍˇˏˍˇ ɳˊʶˎ˄˗˄ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁʰʽ ɰʽ˗ˋʽ˃ʹˌ 

ɮ˄ʱˉˍˎ˅ʹˌ όɹɳʃɰɮύ ˍˇˎ ɳʻ˄ʽˁˇˏ ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ɮʻʹ˄˗˄ όɳɮɮύΣ ˋˍˇ ˇˉˇʾˇ ˇ˂ˇˁ˂ʺˊ˖ˋʰ ˁʰʽ 

ˍʹ˄ ˉˊʰˁˍʽˁʺ ˃ˇˎ ʱˋˁʹˋʹ. ɱʽʰ ˍʹ˄ ʶˁˉˈ˄ʹˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌ ʺˍʰ˄ ʰˉʰˊʰʾˍʹˍʹ ʹ ˔ˊʺˋʹ ˍ˖˄ 

˂ˇʴʽˋ˃ʽˁ˗˄ G.I.S ˁʰʽ ʴ˂˖ˋˋ˗˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ (ArcMap млΦнΦн ˍʹˌ ESRI ˁʰʽ ˍʹˌ Visual 

Basic нлмл ˍʹˌ Microsoft). ʆ hʰˊ˔ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ 

ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ ˁ˗ʵʽˁʰ SUNAE ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˋˍˇ 

ɳʻ˄ʽˁˈ ɮˋˍʶˊˇˋˁˇˉʶʾˇ ɮʻʹ˄˗˄.  

ɸh  ʺʻʶ˂ʰ ˄ʰ ʶˁ˒ˊʱˋ˖ ˍʽˌ ʶˎ˔ʰˊʽˋˍʾʶˌ ˃ˇˎ ˋ̱ ˇ˄ ʶˉʽʲ˂ʷˉˇ˄ˍʰ ˁʰʻʹʴʹˍʺ ˁΦ ʋˊʾˋˍˇ 

ʋʰ˂ˁʽʱΣ ɮ˄ʰˉ˂ʹˊ˖ˍʺ ɼʰʻʹʴʹˍʺ ˍˇˎ ʋʰˊˇˁˇˉʶʾˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ɮʻʹ˄˗˄ ʴʽʰ ˍʹ˄ ˉˇ˂ˏˍʽ˃ʹ 

ˁʰʻˇʵʺʴʹˋʺ ˍˇˎ ʴʽʰ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˍˇˎ ArcGIS ˁʰʽ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ ˍˇˎ ˁʰʻΩ 

ˈ˂ʹ ˍʹ˄ ʵʽʱˊˁʶʽʰ ˍʹˌ ʶˁˉˈ˄ʹˋʹˌ ˍʹˌ ʶˊʴʰˋʾʰˌ, ̱ ˇ˄ ɲˊΦ ɰʰˋʾ˂ʶʽˇ ʌˎ˂ˈʴ˂ˇˎ, ɼˏˊʽˇ ɳˊʶˎ˄ʹˍʺ 

ˍˇˎ ɹɳʃɰɮκɳɮɮ, ʴʽʰ ˍʹ˄ ˋˎ˃ʲˇ˂ʺ ˍˇˎ ˋˍˇ ˁˇ˃˃ʱˍʽ ˍʹˌ ʹ˂ʽʰˁʺˌ ʷˁʻʶˋʹˌΣ ˇ ˇˉˇʾˇˌ ˋˎ˄ʷʲʰ˂ʶ 

ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶ ˍˇ˄ ˁ˗ʵʽˁʰ SUNAE ʴʽʰ ˍˇ˄ ʰˁˊʽʲʺ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 

ˁʰʽ ˍˇ˄ ˁΦ ʋˊˎˋˈˋˍˇ˃ˇ ɮ˂ʶ˅ʱˁˇ ʴʽʰ ˍʹ˄ ˉˇ˂ˏˍʽ˃ʹ ʲˇʺʻʶʽʰ ˍˇˎ ˋˍʹ ˋˎʴʴˊʰ˒ʺ ˍˇˎ ˁ˗ʵʽˁʰ 

ˍʹˌ Visual BasicΦ ʆʷ˂ˇˌ ʻʰ ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ o̱˄ ˉˊˈʶʵˊˇ ˁΦ ɱʽʱ˄˄ʹ ɼˇ˄ˍˈ ˍʹˌ ʶˍʰʽˊʾʰˌ 

Marathon Data SystemsΣ ʻˎʴʰˍˊʽˁʺ ˍʹˌ ESRI ˋˍʹ˄ ɳ˂˂ʱʵʰΣ ʴʽʰ ˍʹ˄ ʱʵʶʽʰ ˔ˊʺˋʹˌ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˍˇˎ ArcGIS 10.2.2.  
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ʃɳʄɹɽɶʌɶ 

ʅˍˈ˔ˇˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ˉˍˎ˔ʽʰˁʺˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ˄ʰ ʰ˄ʰʵʶʽ˔ʻˇˏ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ˍˇˎ ˉ˂ʹˋʽʱʸˇˎ˄ ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ˃ʾʰˌ ʹ˂ʽˈ˂ˇˎˋˍʹˌ ˃ʷˊʰˌ ˋʶ ʽʵʰ˄ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˃ʷˋ˖ ˍʹˌ ˋˏʴˁˊʽˋʹˌ ʵˏˇ ˃ˇ˄ˍʷ˂˖˄ ˉˇˎ ˎˉˇ˂ˇʴʾʸˇˎ˄ ˍʹ˄ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰΦ ɶ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ˍʹˌ ˇˉˍ̔ˁ ˇˉˇʾʹˋʹ ̩ˍˇˎˌ ˃ʶ 

ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ !ǊŎDL{Φ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍˇ ˉˊ˗ˍˇ ˃ˇ˄ˍʷ˂ˇ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ʶʾ˄ʰʽ 

ˍˇ Area {ƻƭŀǊ wŀŘƛŀǘƛƻƴΣ ʹ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˇˉˇʾˇˎ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˍˇˎ GIS ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˁʰʽ ˍˇ ʵʶˏˍʶˊˇ ˃ˇ˄ˍʷ˂ˇ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ʶʾ˄ʰʽ ʰˎˍˈ ˉˇˎ ˉˊˇˍʶʾ˄ʶˍʰʽ ʰˉˈ 

ˍʹ˄ ASHRAE ɮ˃ʶˊʽˁʺˌ όAmerican Society of Heating Refrigerating and Air-Conditioning 

Engineers)Φ ʆˇ ˃ˇ˄ˍʷ˂ˇ !{Iw!9 ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋʶ ˁ˗ʵʽˁʰ ±ƛǎǳŀƭ .ŀǎƛŎ ʴʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ 

ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ GIS. 

ʅˍʹ˄ ʶˊʴʰˋʾʰ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˍʹˌ 

!{Iw!9 ˁʰʽ ˍ˖˄ Cǳ ˁʰʽ wƛŎƘ ˍˇˎ Area {ƻƭŀǊ wŀŘƛŀǘƛƻƴΦ ɳˉʽˉ˂ʷˇ˄ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍˇ 

ʰ˄ʽˋˇˍˊˇˉʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʶʵʱ˒ˇˎˌ ˍˇˎ IŀȅΣ ˍˇ ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ 

ʵʽʱ˔ˎˍʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ˉˊˇˋˉʾˉˍʶʽ ˋʶ ˃ʾʰ ʶˉʽ˒ʱ˄ʶʽʰ ˍˎ˔ʰʾʰˌ ˁ˂ʾˋʹˌ ˁʰʽ 

ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏ. ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ, ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍʹ˄ ˔ˊʹˋʽ˃ˈˍʹˍʰ ˍ˖˄ ɱʶ˖ʴˊʰ˒ʽˁ˗˄ 

ʅˎˋˍʹ˃ʱˍ˖˄ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌ ˁʰʽ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊˈ˃ˇʽʶˌ ˃ʶ˂ʷˍʶˌ ˉˇˎ ʷ˔ˇˎ˄ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˋˍˇ ˉʰˊʶ˂ʻˈ˄ ˁʰʽ ʲˇʺʻʹˋʰ˄ ˋˍʹ ɻ ʽʶˁˉʶˊʰʾ˖ˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌΦ 

ɴʴʽ˄ʶ ʶˉʶ˅ʶˊʴʰˋʾ ʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʰ˄Σ 

ˉʰˊʱ˔ʻʹˁʰ˄ ˔ʱˊˍʶˌ ˃ʶ ˍʹ˄ ʹ˂ʽʰˁʺ ʷˁʻʶˋʹ ˁʰʽ ʴʽʰ ˍʽˌ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ 

˃ʷˊʶˌ ˃ʷˋʰ ˋˍˇ ʷˍˇˌ ˁʰʽ ʷʴʽ˄ʶ ˉˊˇˋˉʱʻʶʽʰ ʴʽʰ ˍʹ˄ ʵʽʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄Φ ʆʷ˂ˇˌ, 

ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ʴʽʰ ˍʹ˄ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˉˇˎ ʷʴʽ˄ʶ ˁʰʽ ʴʽʰ ˍˇˎˌ ˍˇ˃ʶʾˌ ˋˍˇˎˌ 

ˇˉˇʾˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ˒ ʰ˄ʶʾ ˔ˊʺˋʽ˃ʹ ˃ʾʰ ˍʷˍˇʽʰ ˃ʶ˂ʷˍʹΦ 
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SUMMARY 

The goal of the present thesis is to highlight the results which approach the actual 

rates of a sunny day in ideal environmental conditions, through the comparison of two 

models, which calculate the solar radiation. The presentation of the results is achieved 

through their visualization by the use of the ArcGIS software. More specifically, the first 

calculation model is Area Solar Radiation, which is implemented by the software, and the 

second model is ASHRAE. The ASHRAE model has been developed with the use of the Visual 

Basic for the data insertion in GIS environment.  

The thesis analyzes the solar radiation calculation models of ASHRAE and the ones of 

Fu and Rich of Area Solar Radiation. There is also a ǊŜŦŜǊŜƴŎŜ ǘƻ IŀȅΩǎ ŀƴƛǎƻǘǊƻǇƛŎ ǎƻƛƭ ƳƻŘŜƭΣ 

which helps to calculate the diffuse solar energy according to the slope and the orientation 

of a random area. In addition, there is a reference to the utility of the Geographical 

Information Systems and similar studies which have been conducted in the past and helped 

in the processing of the thesis are also presented. 

The data of the models previously mentioned were analyzed, maps with the solar 

exposure in both cases for specific days of the year were produced, and there was also an 

effort to conduct results. Finally, there is a reference to the improvement of the study and 

the fields to which such a research can be useful. 
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1. ɳɹʅɮɱʍɱɶ 

ʅʶ ʰˎˍˈ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ʴʾ˄ʶʽ ʰ˄ʰ˒ˇˊʱ ˋˍˇ˄ ˉ˂ʰ˄ʺˍʹ ˍˇˎ ɶ˂ʾˇˎ ˁʰʽ ˋˍʹ˄ ʹ˂ʽʰˁʺ 

ʰˁˍ̔˄ ˇʲˇ˂ʾʰ ˉˇˎ ʶˁˉʷ˃ˉʶˍʰʽ ʰˉˈ ʰˎˍˈ˄ ˁʰʽ ˒ˍʱ˄ʶʽ ˋˍʹ˄ ʴʺʽ˄ʹ ʰˍ˃ˈˋ˒ʰʽˊʰΦ 

1.1. ɶɽɹʁʅ 

ʁ ɷ˂ʽˇˌ ʶʾ˄ʰʽ ˃ʾʰ ˋ˔ʶʵˈ˄ ˍʷ˂ʶʽʰ ˋ˒ʰʾˊʰ ˃ʶ ʵʽʱ˃ʶˍˊˇ ˉʶˊʾˉˇˎ мΣоȄмл6 ƪƳΣ ˃ʱʸʰ 

нҎмл30 kg ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍˇ ффΦус҈ ˍʹˌ ˃ʱʸʰˌ ˍˇˎ ʹ˂ʽʰˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΦ ɳʾ˄ʰʽ ˍˇ ˂ʰ˃ˉˊˈˍʶˊˇ 

ˋ˗˃ʰ ˍˇˎ ˇˎˊʰ˄ˇˏ ˁʰʽ ˇ ʰˋˍʷˊʰˌ ˍˇˎ ʹ˂ʽʰˁˇˏ ˋˎˋˍʺ˃ʰˍˈˌ ˃ʰˌΦ ʁ ɷ˂ʽˇˌ ʶʾ˄ʰʽ ˍˇ 

ˁˇ˄ˍʽ˄ˈˍʶˊˇ ˋˍʹ ɱʹ ʱˋˍˊˇΣ ˋʶ ʰˉˈˋˍʰˋʹ мпфΣс ʶˁʰˍˇ˃˃ˏˊʽʰ ˔ʽ˂ʽˈ˃ʶˍˊʰ όм ɮɾύ ˁʰʽ 

ˉʶˊʽˋˍˊʷ˒ʶˍʰʽ ʴˏˊˇ ʰˉˈ ˍˇ˄ ʱ˅ˇ˄ʱ ˍˇˎ, ˁʱ˄ˇ˄ˍʰˌ ˁʰˍʱ ˃ʷˋˇ ˈˊˇ ˃ʽʰ ˉʶˊʽˋˍˊˇ˒ʺ ˋʶ 

ˍʷˋˋʶˊʶˌ ʶʲʵˇ˃ʱʵʶˌΦ ɶ ˉʶˊʾˇʵˇˌ ˍʹˌ ˉʶˊʽˋˍˊˇ˒ʺˌ ˍˇˎ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ʹ˂ʽˇʴˊʰ˒ʽˁˈ 

ˉ˂ʱˍˇˌ ˁʰʽ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʰˉˈ нт ʹ˃ʷˊʶˌ ˋˍˇ˄ ʹ˂ʽˇʴˊʰ˒ʽˁˈ ʽˋʹ˃ʶˊʽ˄ˈ ˃ʷ˔ˊʽ ол ˉʶˊʾˉˇˎ 

ʹ˃ʷˊʶˌ ˋˍʹ˄ ˉˇ˂ʽˁʺ ˍˇˎ ˉʶˊʽˇ˔ʺΦ ɮˁˇ˂ˇˎʻʶʾ ˃ʾʰ ˍˊˇ˔ʽʱ ˃ʷˋʰ ˋˍˇ˄ ɱʰ˂ʰ˅ʾʰ ˋʶ ʰˉˈˋˍʰˋʹ 

ˉʶˊʾˉˇˎ нрΦллл ʷ˖ˌ нуΦллл ʷˍʹ ˒˖ˍˈˌ ʰˉˈ ˍˇ ˁʷ˄ˍˊˇ ˍˇˎΣ ˇ˂ˇˁ˂ʹˊ˗˄ˇ˄ˍʰˌ ˃ʾʰ ˉʶˊʽ˒ˇˊʱ 

ˋʶ ˉʶˊʾˉˇˎ ннс ʶˁʰˍˇ˃˃ˏˊʽʰ ʷˍʹ όɼˇˋ˃ʽˁˈ ʷˍˇˌύΦ 

ʆˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍˇ˄ ˉˎˊʺ˄ʰΣ ˈˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˃ʶʴʱ˂ʶˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˁʰʽ ˎˉʱˊ˔ʶʽ ˃ʶʴʱ˂ʹ ˉʾʶˋʹΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ʴʾ˄ˇ˄ˍʰʽ ˉˎˊʹ˄ʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ 

ˁʰʽ ˄ʰ ʰˉʶ˂ʶˎʻʶˊ˗˄ˇ˄ˍʰʽ ˃ʶʴʱ˂ʰ ˉˇˋʱ ʶ˄ʷˊʴʶʽʰˌ ˉˊˇˌ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʺ˂ʽˇˎΣ ʰˉˈ 

ˈˉˇˎ ˁʰʽ ʰˁˍʽ˄ˇʲˇ˂ʶʾˍʰʽ ˋˍˇ ʵʽʱˋˍʹ˃ʰΦ ʅˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʺ˂ʽˇˎ ʷ˔ˇˎ˃ʶ ˍʹ˄ ˒˖ˍˈˋ˒ʰʽˊʰ 

ˉˇˎ ʷ˔ʶʽ ˉʱ˔ˇˌ ˉʶˊʾˉˇˎ нлл ʷ˖ˌ олл ƪƳ ˁʰʽ ʶʾ˄ʰʽ ʹ ˇˊʰˍʺ ʶˉʽ˒ʱ˄ʶʽʰ ˉˇˎ ʷ˔ʶʽ ˇ ʺ˂ʽˇˌΦ ʆʹ˄ 

˒˖ˍˈˋ˒ʰʽˊʰ ˃ʶ ˍʹ˄ ˋʶʽˊʱ ˍʹˌ ˍʹ˄ ʵʽʰˁˊʾ˄ˇˎ˃ʶ ˋʶ ʵˏˇ ˋˍˊ˗˃ʰˍʰΦ ʆˇ ʶˋ˖ˍʶˊʽˁˈ ˉˇˎ 

ˇ˄ˇ˃ʱʸʶˍʰʽ ˔ˊ˖˃ˈˋ˒ʰʽˊʰ ˃ʶ ˉʱ˔ˇˌ ˉʶˊʾˉˇˎ рΦлллƪƳ ˁʰʽ ˍˇ ʶ˅˖ˍʶˊʽˁˈ ˉˇˎ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈ 

˖ˌ ˋˍʷ˃˃ʰ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʰˊʰʽˈ ˁʰʽ ʶˁˍʶʾ˄ʶˍʰʽ ˃ʷ˔ˊʽ ˍʹ ɱʹ ˁʰʽ ˉʷˊʰ ʰˉˈ ʰˎˍʺ˄Φ 

ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ʹ ʵˇ˃ʺ ˍˇˎ ɶ˂ʾˇˎ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΦ 

ɳʵ˗ ˁʰʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ р ʶˁʰˍˇ˃˃ˏˊʽʰ ˔ˊˈ˄ʽʰΣ ˇ ʺ˂ʽˇˌ ʰˉˇˍʶ˂ʶʾ ˃ʾʰ ʰ˄ʶ˅ʱ˄ˍ˂ʹˍʹ ˉʹʴʺ 

ʶ˄ʷˊʴʶʽʰˌΣ ˁʰʻ˗ˌ ˍˊˇ˒ˇʵˇˍʶʾ ˍˇ˄ ʴʰ˂ʰ˅ʾʰ ˃ʰˌ ˃ʶ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˍˇ˄ ˁʱ˄ʶʽ 

ˋʹ˃ʰ˄ˍʽˁˈ ˁʰʽ ʰ˄ʰˉˈˋˉʰˋˍˇ ˁˇ˃˃ʱˍʽ ʴʽʰ ˍʹ˄ ˏˉʰˊ˅ʹ ʸ˖ʺˌ ˋˍˇ˄ ˉ˂ʰ˄ʺˍʹ ˃ʰˌΦ 

ʋʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍʽˌ ˎ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˍˇˎΣ ˍˈˋˇ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ όп Ȅ 107 kύΣ ˈˋˇ 

ˁʰʽ ˋˍʹ˄ ʶ˅˖ˍʶˊʽˁʺ ˍˇˎ ʶˉʽ˒ʱ˄ʶʽʰ όс Ȅ мл3 ƪύΦ ɶ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʾ˄ʰʽ мнΦллл ˒ˇˊʷˌ 

˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ʰˎˍʺ ˍˇˎ ˉ˂ʰ˄ʺˍʹ ˃ʰˌΣ ʶ˄˗ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ ˍˇ ѻ ˍʹˌ 

ˉˎˁ˄ˈˍʹˍʰˌ ˍʹˌ ʴʹˌ όYƻƴŘǊŀǘȅŜǾΣ ɰʰˊ˗ˍˋˇˌΣ мффсΣ ˋʶ˂Φ м7). ɶ ʁ˄ʷˊʴʶʽʰ ˉˇˎ ˉʰˊʱʴʶˍʰʽ ˋˍˇ 



8 
 

ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ˋ˒ʰʾˊʰˌ ʵʽʰʵʾʵʶˍʰʽ ˋˍʰ ʶ˅˖ˍʶˊʽˁʱ ˋˍˊ˗˃ʰˍʰ ʴʽʰ ˄ʰ ʰˁˍʽ˄ˇʲˇ˂ʹʻʶʾ 

ˋˍˇ ʵʽʱˋˍʹ˃ʰΦ  

ʁ ɷ˂ʽˇˌ ʶʾ˄ʰʽ ʷ˄ʰˌ ˍˎˉʽˁˈˌ ʰˋˍʷˊʰˌ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˁˎˊʾʰˊ˔ˇ ˋ˗˃ʰ ˍˇˎ ʹ˂ʽʰˁˇˏ ˃ʰˌ 

ˋˎˋˍʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈˌΣ ˍˈˋˇ ʴʽʰ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ʸ˖ʺˌ ˉʱ˄˖ ˋˍʹ ɱʹ ˈˋˇ ˁʰʽ 

ʰˉˈ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ʱˉˇ˕ʹˌΦ ʁ ɷ˂ʽˇˌ ʷ˔ʶʽ ˉˇ˂ˏ ˃ʶʴʱ˂ʹ ˋʹ˃ʰˋʾʰ ˋˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˁʰʽ ˍʹ˄ 

ʵʽʰˍʺˊʹˋʹ ˍʹˌ ʸ˖ʺˌ ˋˍʹ ɱʹΣ ˁʰʻ˗ˌ ˃ʶ ˍʹ ʻʶ˃ʶ˂ʽ˗ʵʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˒˖ˍˇˋˏ˄ʻʶˋʹˌ 

ˉˊˇˋ˒ʷˊʶʽ ˍʹ˄ ʰˉʰˊʰʾˍʹˍʹ ʶ˄ʷˊʴʶʽʰ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ʸ˖˄ˍʰ˄˗˄ ˇˊʴʰ˄ʽˋ˃˗˄Σ ˁʰʽ 

ʵʽʰˍʹˊʶʾ ˍʹ˄ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍʹˌ ɱʹˌ ˋʶ ʰ˄ʶˁˍʱ ʴʽʰ ˍʹ ʸ˖ʺ ʶˉʾˉʶʵʰΣ ˁʰʻ˗ˌ 

ʶˉʾˋʹˌ ˁʰʽ ˉˊˇˁʰ˂ʶʾ ˍʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΦ ɶ ˋʹ˃ʰˋʾʰ ˍˇˎ ʺˍʰ˄ ʴ˄˖ˋˍʺ ʰˉˈ ˍʰ 

ˉˊˇʿˋˍˇˊʽˁʱ ˔ˊˈ˄ʽʰΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˇ ɷ˂ʽˇˌ ˄ʰ ˂ʰˍˊʶˏʶˍʰʽ ˖ˌ ʻʶˈˍʹˍʰΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ 

ʰˊ˔ʰʾʰ ʶ˂˂ʹ˄ʽˁʺ ˃ˎʻˇ˂ˇʴʾʰΣ ˁh ˍʱ ˍˇ˄ ʂ˃ʹˊˇ ˁʰʽ ˍˇ˄ ɶˋʾˇʵˇΣ ʺˍʰ˄ ʴʽˇˌ ˍˇˎ ʆʽˍʱ˄ʰ 

ʇˉʶˊʾ˖˄ʰΦ ʊˇʾʲˇˌΣ ˒˖ˍˇʲˈ˂ˇˌ ʵʹ˂ʰʵʺΣ ʺˍʰ˄ ʹ ˉˊˇˋ˖˄ˎ˃ʾʰ ˍˇˎ ɶ˂ʾˇˎΣ ʹ ʾʵʽʰ ˃ʶ ˍˇˎ ʻʶˇˏ 

ɮˉˈ˂˂˖˄ʰΦ ɼʰˍʱ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˍˇˎ ʰˊ˔ʰʾˇˎ ʶ˂˂ʹ˄ʽˁˇˏ ˉˇ˂ʽˍʽˋ˃ˇˏΣ ˇʽ ʹ˂ʽʰˁʷˌ ʽʵʽˈˍʹˍʶˌ 

ʰ̄ ˇʵˈʻʹˁʰ˄ ˋˍˇ˄ ʻʶˈ ɮˉˈ˂˂˖˄ʰΦ 

 

ʅ˔ʺ˃ʰ м,1Φ ɶ ʵˇ˃ʺ ˍˇˎ ɶ˂ʾˇˎΦ 
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1.2. ɶɽɹɮɼɶ ɮɼʆɹɿʁɰʁɽɹɮ 

ɾ  ʁˍˇ˄ ˈˊˇ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʺ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ʰ˄ʰ˒ʶˊˈ˃ʰˋˍʶ ˋˍʹ˄ ʶˁˉˇ˃ˉʺ 

ˁʰʽ ˍʹ˄ ʵʽʱʵˇˋʹ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʵʷ˔ʶˍʰʽ ʹ ʴʹ ʰˉˈ ˍˇ˄ ʺ˂ʽˇ ˃ʷˋ˖ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁ˗˄ 

ˁˎ˃ʱˍ˖˄Φ όʊ˂ˈˁʰˌΣ мффтΣ ˋʶ˂ΦсрΣ тнύ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʺ˂ʽˇˎ 

ʶˁˉʷ˃ˉʶˍʰʽ ʶ˄ʷˊʴʶʽʰ ˋ˔ʶʵˈ˄ ʾˋʹ ˃ʶ оΣфм ϝ мл26 ²Σ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ˃ˈ˄ˇ ˍˇ мΣу ϝ мл26 W 

˒ˍʱ˄ˇˎ˄ ˋˍʰ ʰ˄˗ˍʶˊʰ ˈˊʽʰ ˍʹˌ ʴʺʽ˄ʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ ɱʶʴˇ˄ˈˌ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ʴʹ ˁʱʻʶ 

˔ˊˈ˄ˇ ʵʷ˔ʶˍʰʽ ʶ˄ʷˊʴʶʽʰ ʾˋʹ ˃ʶ рΣту ϝ мл18 Wsec. 

1.3. ɶɽɹɮɼɶ ɮɼʆɹɿʁɰʁɽɹɮ ʅʆɶ ɱɶɹɿɶ ɮʆɾʁʅʊɮɹʄɮ 

ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʰ˃ʶ ˁʰʽ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ ʰˉˈ ˍʰ ˍʶˊʱˋˍʽʰ ˉˇˋʱ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ 

˃ˈ˄ˇ ˃ʾʰ ˃ʽˁˊʺ ˉˇˋˈˍʹˍʰ ˒ˍʱ˄ʶʽ ˋˍʰ ˈˊʽʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ ɮˉˈ ˍʹ˄ ˋˍʽʴ˃ʺ ˉˇˎ ʹ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʰˎˍʺ ʶʽˋʷ˂ʻʶʽ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʰˉˈ ʵʽʰ˒ˈˊˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌΣ 

ˈˉ˖ˌ  

ü  ʅˁʷʵʰˋʹ ʶʾ˄ʰʽ ʹ ʰ˂˂ʰʴʺ ʵʽʶˏʻˎ˄ˋʹˌ ʵʽʱʵˇˋʹˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˂ˈʴ˖ ˍʹˌ ˏˉʰˊ˅ʹ ˍ˖˄ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ 

ˋ˖˃ʰˍʽʵʾ˖˄ όŀŜǊƻǎƻƭǎύΣ ˍ˖˄ ҡˇˊʾ˖˄ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˁʰʽ ʶʾ˄ʰʽ ˉˊˇʿˈ˄ ˍʹˌ 

ˉˇ˂˂ʰˉ˂ʺˌ ʰ˄ʱˁ˂ʰˋʹˌΦ ʇˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ʰ˄ˍʽˋˍˊˈ˒˖ˌ ʰ˄ʱ˂ˇʴʹ ˍʹˌ ˍʷˍʰˊˍʹˌ 

ʵˏ˄ʰ˃ʹˌ ˍˇˎ ˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΦ  

ü ɲ̔ ʱ˔ˎˋʹ ʶʾ˄ʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˍˇ ˉˇˋˈ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ  ˒ʻʱ˄ʶʽ 

ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˃ʶˍʱ ˍʹ˄ ʰ˄ʱˁ˂ʰˋʹ ʺ ˋˁʷʵʰˋʹ ˃ʷˋʰ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰΣ ʰ˂˂ʱ ˁʰʽ ˃ʶˍʱ ʰˉˈ ʰ˄ʱˁ˂ʰˋʹ ˉʱ˄˖ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ɱʹˌΦ ɶ 

ʵʽʱ˔ˎˍʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ʹ˂ʽʰˁˈ ˏ˕ˇˌ όʰύΣ ˍˇ ˎ˕ˈ˃ʶˍˊˇ 

ˍˇˎ ˍˈˉˇˎΣ ˍʹ ˂ʶˎˁʰˏʴʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˍˇ ˉˇˋˈ ˁʰʽ ˍˇ ʶʾʵˇˌ ˍ˖˄ ˄ʶ˒˗˄Σ 

ˁʰʻ˗ˌ ˁʰʽ ʰˉˈ ˍʹ˄ ˉʰˊˇˎˋʾʰ  ʵʽʰ˒ˈˊ˖˄ ˁʷ˄ˍˊ˖˄ ˋˁʶʵʱˋʶ˖ˌ όʰʶˊˇ˂ˎ˃ʱˍ˖˄Σ 

ˎʵˊˇˋˍʰʴˈ˄˖˄ ˁΦʰΦύ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ (ʇʃɳɼɮ нлмлΣ ˋʶ˂ плύ ˁ ʰʽ 

ü ɶ ʰ̄̌ ˊˊˈ˒ʹˋʹ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʰ ʰʽ˖ˊˇˏ˃ʶ˄ʰ 

ˋ˖˃ʰˍʾʵʽʰ ʰ˂˂ʱ ˁˎˊʾ˖ˌ ˋˍʰ ҡˈˊʽʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ. 

ɶ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ˒ˍʱ˄ʶʽ ʰˉʶˎʻʶʾʰˌ ˋˍʹ ʴʹΣ ˔˖ˊʾˌ ˄ʰ ʰ˂˂ʱ˅ʶʽ ʵʽʶˏʻˎ˄ˋʹ 

ʵʽʶˊ˔ˈ˃ʶ˄ʹ ʰˉˈ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˇ˄ˇ˃ʱʸʶˍʰʽ ɯ˃ ʶˋʹ ɶ˂ʽʰˁʺ ɮˁˍʽ˄ˇʲˇ˂ʾʰ όDirect Beam Solar 

Radiation). ʃʰˊʱ˂˂ʹ˂ʰΣ ˍˇ ˃ʷˊˇˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʻʰ ˎˉˇˋˍʶʾ ʰ˂˂ʰʴʺ ˋˍʹ ʵʽʶˏʻˎ˄ˋʺ 
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ˍʹˌ ˁʰʽ ˏˋˍʶˊʰ ˒ˍʱˋʶʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˖ˌ ɲʽʱ˔ˎˍʹ ɶ˂ʽʰˁʺ 

ɮˁˍʽ˄ˇʲˇ˂ʾʰ όDiffuse Solar Radiation)  ɮˁˈ˃ʰΣ ˋʹ˃ʰ˄ˍʽˁʺ ʶʾ ˄ʰʽ ˁʰʽ ʹ ɮ˄ʰˁ˂˗˃ʶ˄ʹ ɶ˂ʽʰˁʺ 

ɮˁˍʽ˄ˇʲˇ˂ʾʰ (Reflected Solar Radiationύ ʹ ˇˉˇʾʰ ˉˊˇˁˏˉˍʶʽ ˖ˌ ʶ˅ʺˌΥ άʂˍʰ˄ ʹ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˊˇˋˉʾˉˍʶʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʹˌ ʰ˄ʰˁ˂ʱˍʰʽ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ ʰˉΩ ˈˉˇˎ ˁʰʽ ˉʱ˂ʽ ʶˉʽˋˍˊʷ˒ʶʽ ˋˍʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌΦέ όʊ˂ˈˁʰˌΣ мффтΣ 

ˋʁ ˂Φ туύΦ ʆʷ˂ˇˌΣ ʷ˔ˇˎ˃ʶ ˁʰʽ ˍʹ˄ ʁ˂ʽˁʺ ɶ˂ ʽʰˁʺ ɮˁ ˍʽ˄ˇʲˇ˂ʾʰ(Total Solar Radiation)Σ ʹ ˇˉˇʾʰ 

ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʹˌ ʱ˃ʶˋʹˌ ˁʰʽ ʵʽʱ˔ˎˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʵʷ˔ʶˍʰʽ ˃ʾʰ 

ˇˊʽʸˈ˄ˍʽʰ ʶˉʽ˒ʱ˄ʶʽʰΦ 

1.4. ɶɽɹɮɼɶ ʅʆɮɸɳʄɮ 

ʆˇ ˉʽˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˃ʷʴʶʻˇˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʶʾ˄ʰʽ ʹ ʷ˄ˍʰˋʺ ˍʹˌ, 

ʵʹ˂ʰʵʺ ˍˇ ˉˇˋˈ ˉˇˎ ˉˊˇˋˉʾˉˍʶʽ ˁʱʻʶˍʰ ˋˍʹ ˃ˇ˄ʱʵʰ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˋˍʹ ˃ˇ˄ʱʵʰ ˍˇˎ 

˔ˊˈ˄ˇˎΦ ɶ ˍʽ˃ʺ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ˃ʶˍˊʽʷˍʰʽ ˋˍʰ ʰ˄˗ˍʶˊʰ 

ˋˍˊ˗˃ʰˍʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰΣ ˈˍʰ˄ ʹ ʴʹ ʲˊʾˋˁʶˍʰʽ ˋˍʹ ˃ʷˋʹ ʰˉˈˋˍʰˋʹ ˍʹˌ ʰˉˈ ˍˇ˄ ɷ˂ʽˇΣ 

ʶʾ˄ʰʽ ʴ˄˖ˋˍʺ ˋʰ˄ ʹ˂ʽʰˁʺ ˋˍʰʻʶˊʱ (ʊ˂ˈˁʰˌΣ мффтΣ ˋʶ˂Φ ттύ. ʁ́ ʾʸʶˍʰʽ ˋʰ˄ ʹ ˇ˂ˇ˒ʰˋ˃ʰˍʽˁʺ 

ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ʵʽʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ ˃ˇ˄ʱʵʰ ʶˉʽ˒ ʱ˄ʶʽʰˌ όм cm2ύΣ ˁʱʻʶˍʰ ˋˍʽˌ ʹ˂ʽʰˁʷˌ 

ʰˁˍʾ˄ʶˌΣ ˋˍʹ ˃ˇ˄ʱʵʰ ˔ˊˈ˄ˇˎ όм minύ ˔˖ˊʾˌ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ʺ ˋʶ ʷ˅˖ ˋʹ˃ʶʾˇ 

ʰˉˈ ʰˎˍʺ ˁʰʽ ˋʶ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ˄ ʺ˂ʽˇ ʾˋʹ ˃ʶ м ʰˋˍˊˇ˄ˇ˃ʽˁʺ ˃ˇ˄ʱʵʰ όмʰΦ˃Φ Ґ мпфΦр ϝ 

106kmύΦ ɮˎˍʺ ˉʰˊʽˋˍʱ˄ʶˍʰʽ ˖ˌ ɹ0 ʺ GSC (Global Solar Constant) ˁʰʽ ʰˉˈ ˃ʶˍˊʺˋʶʽˌ 

ˉˊˇˁˏˉˍʶʽ ˈˍʽΥ 

ɹ0 = 1.98 cal*cm-2ϝѹMin-1 ҕ н҈    ̋  I0 =1380 Wm-2  ҕ м҈ 

ɶ ɹ0 ˎ ˉˇ˂ˇʴʾʸʶˍʰʽ h ˉˈ ˍˇ˄ ˍˏˉˇΥ 

                                                  ɹ0 = ᷿ ὡ  ˂* d  ˂

ˈˉˇˎ  

                                                 W  ˂Ґ ɳ ˂(R/Ṹ)2 

 

˃ʶ Ṹ Ґ м ʰΦ˃ΦҐ мпфΦр ϝ мл6 km ό˃ʷˋʹ ʰˉˈˋˍʰˋʹ ʴʹˌ-ʺ˂ʽˇˎύ 

     R = ́  h̄ ˈˋˍʰˋʹ ʴʹˌ ς ̋ ˂ʽˇˎ ̀ ʶ ˃ʽʰ ʵʶʵˇ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ.  



11 
 

 

ɮˉˈ ˍʽ ̩ˍʶ˂ʶˎˍʰʾʶˌ ˃ʶˍˊʺˋʶʽˌ ˉˊˇˁˏˉˍʶʽ ˈˍʽ ʹ ˍʽ˃ʺ ˍʹˌ ɹ0 ʶʾ˄ʰʽ ʾˋʹ ˃ʶ моуо Wm-2 ˁʰʽ 

˃ʶ ʵʽʰˁˏ˃ʰ˄ˋʹ оΦр҈ ˉʶˊʾˉˇˎΣ ˂ˈʴ˖ ˍʹ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ʰˉˈˋˍʰˋʹˌ ʴʹˌ ς ʺ˂ ʽˇˎ ˁʰʽ ʷ˔ˇ˄ˍʰˌ 

˃ʷʴʽˋˍʹ ˍʽ˃ʺ ɹ0 ʾˋʹ ˃ʶ мпорWm-2 όʰˊ˔ʷˌ ɹʰ˄ˇˎʰˊʾˇˎύ ˁʰʽ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ʾˋʹ ˃ʶ моор Wm-2  

όʰˊ˔ʷˌ ɹˇˎ˂ʾˇˎύΦ 

ɶ ˃ʶˍʰʲˇ˂ʺ ˋˍʹ˄ ˍʽ˃ʺ ˍʹˌ ɹ0Σ ˉˇˎ ʻʰ ʶʾ˔ʶ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʹ˂ʽʰˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ʵʷ˔ʶˍʰʽ ˇ ˉ˂ʰ˄ʺˍʹˌ ˃ʰˌΣ ˉʰˊˇˎˋʽʱʸʶʽ ʽʵʽʰʾˍʶˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄Φ ʅʶ ˃ʽʰ ˍʷˍˇʽʰ 

ˉʶˊʾˉˍ˖ˋʹΣ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʻʰ ʺˍʰ˄ ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˃ʷˋʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍʹˌ ʴʹˌΦ ʅˎ˄ʷˉʶʽʰ 

˃ʽʰˌ ˍʷˍˇʽʰˌ ʻʶˊ˃ˇˁˊʰˋʽʰˁʺˌ ˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹ ˃ʰˌ ʻʰ ʺˍʰ˄ ˍˇ ˂ʽ˗ˋʽ˃ˇ ʺ ʹ 

ʶˉʷˁˍʰˋʹ ˍ˖˄ ˉʱʴ˖˄Σ ʹ ʱ˄ˇʵˇˌ ʺ ʹ ˁʱʻˇʵˇˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍ˖˄ ˎʵʱˍ˖˄ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˁʰʽ 

ˉˇ˂˂ʱ ʱ˂˂ʰΦ 

 

1.5. ʃʰˊʱʴˇ˄ˍʶˌ ʇˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ɶ˂ʽʰˁʺˌ ɳ˄ʷˊʴʶʽʰˌ ̀ ˍʹ˄ ɱ ́

ɶ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʰˉˈ ˃ʽʰ ʶˉʽ˒ʱ˄ʶʽʰΣ ˇˊʽʸˈ˄ˍʽʰ ʺ ˁʶˁ˂ʽ˃ʷ˄ʹΣ 

ˋʶ ˃ʽʰ ʵʶʵˇ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΣ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ʵʽʱ˒ˇˊˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʷ˔ˇˎ˄ ˋ˔ʷˋʹ 

˃ʶ ˍʹ˄ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˉˇˎ ˍʹ˄ ʵʷ˔ʶˍʰʽΣ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˍʹ˄ ʻʷˋʹ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˇ 

ʺ˂ʽˇˌ ˋʶ ˋ˔ʷˋʹ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺΦ ʁʽ ˉʰˊʱʴˇ˄ˍʶˌ ʰˎˍˇʾ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

¶ Sun Altitude όɶύ (Degrees): ɳʾ˄ʰʽ  ́ʴ˖˄ʾʰ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʰˉˈ ˍʹ˄ ʻʷˋʹ ˉˇˎ ʷ˔ʶʽ 

ˇ ʺ˂ʽˇˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ̱ ˇ˄ ̌ ˊʾʸˇ˄ˍʰ ˋˍʹ˄ ʁ ˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ɱʹˌΦ 

¶ Zenith Angle όz̒) (Degrees): ɵʶ˄ʾʻʽʰ ʴ˖˄ʾʰ ʶʾ˄ʰʽ ʰˎˍʺ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ʰ˄ʱ˃ʶˋʰ ˋˍʹ 

ʻʷˋʹ ˍˇˎ ʹ˂ʾˇˎ ˁʰʽ ˍʹ˄ ʰˁˊʽʲ˗ˌ ˁʰˍʰˁˈˊˎ˒ʹ ʸʶ˄ʾʻʽʰ ʻʷˋʹ ˁʰʽ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ 

ˋ˔ʷˋʹ Zenith Angle = 90 ς Sun Altitude. 

¶ Sun Azimuth ( )ɹ (degrees): ɶ ʰʸʽ˃ˇˏʻʽʰ ʴ˖˄ʾʰ ʶˁ˒ˊʱʸʶʽ ˍʹ ʴ˖˄ʾʰ ʰ˄ʱ˃ʶˋʰ ˋʶ ʷ˄ʰ 

ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇΣ ˃ʶ ˍˇ˄ ˄ˈˍˇ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˋʹ˃ʶʾˇ ʰ˄ʰ˒ˇˊʱˌΣ ˁʰʽ ˍʹ˄ ˉˊˇʲʰ˂˂ˈ˃ʶ˄ʹ 

ʻʷˋʹ ˍˇˎ ʹ˂ʾˇˎ ˉʱ˄˖ ˋʶ ʷ˄ʰ ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇΦ 

¶ Latitude όʊύ (degrees):  ɳʾ˄ʰʽ ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˉˇˎ ˃ʶ˂ʶˍʱ˃ʶ ˍʹ˄ 

ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰΦ 

¶ Declination όʵύ (degrees): ɶ ʰˉˈˁ˂ʽˋʹ ˍˇˎ ʹ˂ʾˇˎΣ ʹ ˇˉˇʾʰ ˎˉˇʵʶʽˁ˄ˏʶʽ ˍʹ ʴ˖˄ʾʰ 

ʰ˄ʱ˃ʶˋʰ ˋˍʹ ʵʽʶˏʻˎ˄ˋʹ ˍˇˎ ʹ˂ʾˇˎ ˁʰʽ ˍˇˎ ʶˉʽˉʷʵˇˎ ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏ ˍʹˌ ɱʹˌΦ 
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¶ Hour Angle όʍύ (degrees): ʍˊʽʰʾʰ ʴ˖˄ʾʰ ʶʾ˄ʰʽ ʹ ʴ˖˄ʾʰ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ 

ˍˇˎ ˃ʶˋʹ˃ʲˊʽ˄ˇˏ ʶ˄ˈˌ ˍˈˉˇˎ ʶˉʾ ˍʹˌ ɱʹˌ ˁʰʽ ˍˇˎ ˖ˊʽˁˇˏ ˁˏˁ˂ˇˎ ˍˇˎ ɶ˂ʾˇˎΦ 

ɲʽʰ˒ˇˊʶˍʽˁʱΣ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˉˇˏ˃ʶ ˉ˖ˌ ʶʾ˄ʰʽ ʹ ʴ˖˄ʾʰ ˉˇˎ ˁʰʻˇˊʾʸʶʽ ˉˈˋˇ ʰ˄ʰˍˇ˂ʽˁʱ 

ʺ ʵˎˍʽˁʱ ʶʾ˄ʰʽ ˇ ʺ˂ʽˇˌ ʰˉˈ ˍˇ˄ ˍˇˉʽˁˈ ˃ʶˋʹ˃ʲˊʽ˄ˈΦ 

¶ Slope όʲύ (degrees): ɶ ˁ˂ʾˋʹ ˃ʾʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˇˊʾʸʶˍʰʽ ˖ˌ ˇ ˃ʷʴʽˋˍˇˌ ˊˎʻ˃ˈˌ 

ʰ˂˂ʰʴʺˌ ˍˇˎ ˎ˕ˇ˃ʷˍˊˇˎ ˋˍʹ˄ ʷˁˍʰˋʹ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʰˎˍʺˌ ˁʰʽ ˃ʶˍˊʱˍʰʽ ˋʶ ˃ˇʾˊʶˌ 

ʺ ˋʶ ˉˇˋˇˋˍʱ ʶˉʾ ˍˇʽˌ ʶˁʰˍˈΦ 

¶ Aspect ό˕ύ (degrees) (0 = south, + East): ʁ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈˌ ˉˇˎ ʷ˔ʶʽ ʹ ˉʶˊʽˇ˔ʺ 

˃ʶ˂ʷˍʹˌΣ ʵʹ˂ʰʵʺ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ʻʷˋʹˌ ˉˇˎ ʷ˔ʶʽ ʹ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˃ʰˌ ˖ˌ 

ˉˊˇˌ ˍˇ˄ ɰˇˊˊʱ ʺ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʱ˂˂ʰ ˋʹ˃ʶʾʰ ˍˇˎ ˇˊʾʸˇ˄ˍʰ. 
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2. ɾˇ˄ˍʷ˂ʰ ʇˉˇ˂ˇʴʽˋ˃ˇˏ ɶ˂ʽʰˁʺˌ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ 

2.1. ʆˇ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ ɮSHRAE 

ʆˇ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ Ashrae, ʰˊ˔ʽˁʱ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʱ˃ʶˋʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋˍˇ 

ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇ ʴʽʰ ˍʹ˄ 21ʹ ʹ˃ʷˊʰ ˍˇˎ ʶˁʱˋˍˇˍʶ ˃ʺ˄ʰ ˍˇˎ ʷˍˇˎˌ ʻʶ˖ˊ˗˄ˍʰˌ ʽʵʰ˄ʽˁʷˌ 

ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ. ɳʾ˄ʰʽ ʷ˄ʰ ʰˉˈ ˍʰ ʰˉ˂ˇˏˋˍʶˊʰ ˉʰˊʰ˃ʶˍˊʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ 

ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ ʰˉˈ ˃ʹ˔ʰ˄ʽˁˇˏˌ ˁʰʽ 

ʰˊ˔ʽˍʷˁˍˇ˄ʶˌ. 

ɶ ʱ˃ʶˋʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ˉˊˇˋˉʾˉˍʶʽ ˁʱʻʶˍʰ ˋʶ ˃ʾʰ ʶˉʽ˒ʱ˄ʶʽʰ ˋˍʹ ɱʹ 

ˎ̄ ˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˍˏˉˇ ὍὦὲὅὲὃὩȾ   ˁʰʽ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍʷˋˋʶˊʽˌ 

ˉʰˊʰ˃ʷˍˊˇˎˌΣ ˍʽˌ ʶ˅ʺˌΥ  

1. ʆˇ Cn ˉˊˇˋʵʽˇˊʾʸʶʽ ˍʹ˄ ˁʰʻʰˊˈˍʹˍʰ ˍˇˎ ˇˎˊʰ˄ˇˏ ˁʰʽ ˇʽ ˍʽ˃ʷˌ ˍˇˎ ˃ˉˇˊʶʾ ˄ʰ 

ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ʰˉˈ лΦу ʷ˖ˌ мΦнΦ ʅˍʹ˄ ʵʽˁʺ ˃ʰˌ ˉʶˊʾˉˍ˖ˋʹ ʷ˔ˇˎ˃ʶ ʻʶ˖ˊʺˋʶʽ ˈˍʽ ʹ 

ʵʽʰˏʴʶʽʰ ˍˇˎ ˇˎˊʰ˄ˇˏ ʶʾ˄ʰʽ мΦ(Solar radiation model L.T. Wong, W.K. Chow *, 2001) 

2.  ʆˇ A ˇˊʾʸʶˍʰʽ ˖ˌ ʹ ˒ʰʽ˄ˇ˃ʶ˄ʽˁʺ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʹ ˇˉˇʾʰ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʹ˄ 

ʰˉˈˋˍʰˋʹ ˍʹˌ ʴʹˌ ʰˉˈ ˍˇ˄ ʺ˂ʽˇΦ ɶ ˃ʶˍʰʲ˂ʹˍʺ ɮ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˍˏˉˇ A= IscEo, 

ˈˉˇˎ ɳˇ ʻʶ˖ˊʶʾˍʰʽ ʹ ʵʽˇˊʻ˖˃ʷ˄ʹ ˋˍʰʻʶˊʱ ˍʹˌ ʶˁˁʶ˄ˍˊˈˍʹˍʰˌ ˍ́ ˌ ˍˊˇ˔ʽʱˌ ˍʹˌ 

ʴʹˌόEccentricity correction factor of the EarthΩs orbit).  

3. ɶ ˃ʶˍʰʲ˂ʹˍʺ ɰ ʶʾ˄ʰʽ ʹ ˇ˂ʽˁʺ ʶˎˊˎʸ˖˄ʽˁʺ ˍʽ˃ʺ ˍˇˎ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶ˅ʰˋʻʷ˄ʹˋʹˌ ʴʽʰ ˍʰ ʲʰˋʽˁʱ ˍ˃ʺ˃ʰˍʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ  

4.  ʆʷ˂ˇˌ, ʹ ʸʶ˄ʾʻʽʰ ʴ˖˄ʾʰ ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˁʰʽ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ мΦр ˁʰʽ ˃ʶˍˊʽʷˍʰʽ ˋʶ 

˃ˇʾˊʶˌ (0-флхύ.  

ɮˁˈ˃ʹ ˇʽ ˍʽ˃ʷˌ ɮ ˁʰʽ ɰ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ˁʰʽ ʰˉˈ ʶˉˇ˔ʽʰˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ ˈˉ˖ˌ ʶʾ˄ʰʽ ʹ ˋˁˈ˄ʹ ˁʰʽ ˇʽ ˎʵˊʰˍ˃ˇʾ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋʶ ʰˎˍʺΦ  

ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˋʹ˃ʰ˄ˍʽˁˈˌ ʶʾ˄ʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʷ˃˃ʶˋʹˌ όʵʽʱ˔ˎˍʹˌύ ʹ˂ʽʰˁʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ʹ ˇˉˇʾʰ ʷˊ˔ʶˍʰʽ ʰˉˈ ˍʰ ʵʽʱ˒ˇˊʰ ˃ʷˊʹ ˍˇˎ ˇˎˊʰ˄ˇˏΣ ʰ˒ˇˏ ʷ˔ʶʽ ˋˁʶʵʰˋˍʶʾ. 

ʅ̱ ʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ASHRAEΣ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ʴʾ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ ˉʰˊʰˁʱˍ˖ ˍˏˉˇ: 

ID(0) = C * IBn 
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ʂˉˇˎ C ʶʾ˄ʰʽ ʹ ˉʰˊʱ˃ʶˍˊˇˌ ˉˇˎ ʶˁ˒ˊʱʸʶʽ ˍˇ ˉˇˋˇˋˍˈ ˍʹˌ ʵʽʱ˔ˎˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʶ 

ʲʱˋʹ ˍʹ˄ ʱ˃ʶˋʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰΦ 

ʆʷ˂ˇˌΣ ˋʹ˃ʰ˄ˍʽˁˈˌ ʶʾ˄ʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ˇ˂ʽˁʺˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋˍˇ 

ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇΦ ɲʾ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ ˉʰˊʰˁʱˍ˖ ˍˏˉˇΥ 

ɹʆ(0) = ɹɰ(0) + ID(0) = ( IBN * sin h ) + ID(0) = IBN  * ( sin h + C ) 

ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ʵʾ˄ˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ɮΣ ɰ ˁʰʽ C ʴʽʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ 

ˍʹˌ ASHRAE.  

MONTH A (W/m2) B* C* 

January 1202 0,141 0,103 

February 1187 0,142 0,104 

March 1164 0,149 0,109 

April 1130 0,164 0,120 

May 1106 0,177 0,130 

June 1092 0,185 0,137 

July 1093 0,186 0,138 

August 1107 0,182 0,134 

September 1136 0,165 0,121 

October 1166 0,152 0,111 

November 1190 0,144 0,106 

December 1204 0,141 0,103 

*(Dimensionless Ratios) 
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2.2. ɮ˄ ʽˋ̱̌ ˊˇˉʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ IAY ˁʰʽ ʁ˂ʽˁʺ ɶ˂ʽʰˁʺ ɮˁˍʽ˄ˇʲˇ˂ʾʰ ˋʶ 

ˁʶˁ˂ʽ˃ʷ˄ʹ ɳˉʽ˒ʱ˄ʶʽʰ 

ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ɱʹˌ  

˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ ASHRAE ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ 

ˇˊʽʸˈ˄ˍʽʰ ʶˉʽ˒ʱ˄ʶʽʰΦ ʂ˃˖ˌ ʴʽʰ ˍʹ˄ ˋ˖ˋˍʺ ʰˉˇˍˏˉ˖ˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋʶ ˔ʱˊˍʹ 

˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ʴʾ˄ʶʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ ˁʶˁ˂ʽ˃ʷ˄ˇ ʶˉʾˉʶʵˇ ˍˎ˔ʰʾˇˎ 

ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏ. 

ʆˇ ʰ˄ʽˋˇˍˊˇˉʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ HAY ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʵʽʱ˔ˎˍʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ 

ʵʷ˔ʶˍʰʽ ˃ʾʰ ʶˉʽ˒ʱ˄ʶʽʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˁ˂ʾˋʹ ˁʰʽ ˍˇ˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍʹˌΦ ɴˍˋʽΣ 

ʲʰˋʽʸˈ˃ʶ˄ˇʽ ˋˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˃ʶ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ ASHRAE ɹ ʽʰ ˍʹ˄ ʱ˃ʶˋʹΣ ˍʹ˄ 

ʵʽʱ˔ˎˍʹ ˁʰʽ ˍʹ˄ ˇ˂ʽˁʺ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋʶ ˇˊʽʸˈ˄ˍʽʰ ʶˉʽ˒ʱ˄ʶʽʰ ˉˊˇˁˏˉˍˇˎ˄ ˍʰ ˉ˂ʷˇ˄ 

ˁʰˍʱ˂˂ʹ˂ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˌ ʶˉʶ˅ʶˊʴʰˋʾʰΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ɶɮʇ 

ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʵʽʱ˔ˎˍʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ʷ˔ˇˎ˃ʶ ˋʶ ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʽ 

ˋˎ˃ʲˇ˂ʾʸʶˍʰʽ ˃ʶ Hdόʲύ , ̀ ˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˋʹ˃ʰ˄ˍʽˁˈˌ ʶʾ˄ʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ  ̱ ʹ̩ ɦ ˃ʶˋʹˌ ʹ˂ʽʰˁʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ Hb(ʲύ ˁʰʽ ˍʹ̩ ʰ˄ʰˁ˂˗˃ʶ˄ʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ Hr(ʲύΣ ˁʰʻ˗ˌ ʶʾ˄ʰʽ 

ˋʹ˃ʰ˄ˍʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˇ˂ʽˁʺ ̩ʹ˂ʽʰˁʺ ̩ Ht(ʲύ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ̩ˋʶ 

ˁʶˁ˂ʽ˃ʷ˄ˇ ʶˉʾˉʶʵˇΦ ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʰˁˍʽ˄ˇʲˇ˂ʽ˗˄ ˋʹ˃ʰ˄ˍʽˁˇʾ ʶʾ˄ʰʽ ˇʽ 

ˉʰˊʱʴˇ˄ˍʶˌ Rr, Rdi, Rb, Angle of incidence, Aters 1,2 ˁʰʽ о, Kb ˁʰʽ HGIO. ʃʰˊʰˁʱˍ˖, ʻʰ 

ʰ˄ʰ˒ʶˊʻˇˏ˄ ʰ˄ʰ˂ˎˍʽˁʱ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˉˇˎ ˔ˊʶʽʱʸˇ˄ˍʰʽ ʴʽʰ ˄ʰ ʶ˅ʱʴˇˎ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ˁʰʽ ʻʰ ʴʾ˄ʶʽ ʶˉʶ˅ʺʴʹˋʹ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˉʰˊʰʴˈ˄ˍ˖˄. 

¶ ɶtόʲύ Ґ Hbόʲύ Ҍ Hdόʲύ Ҍ Hrόʲύ 

¶ Hr( )̡ = 0,2 * Rr * ɶt(0) 

¶ Hb( )̡ = Hb(0) * Rb 

¶ Hd( )̡ = Hd(0) * (Kb * Rb + (1 - Kb) * Rdi) 

¶ Rr = (1 ς cos (̡ )) / 2 

¶ Rdi = (1 + cos (̡)) / 2 

¶ Rb = cos(angle of incidence) / cos(̒z) 

¶ Cos(Angle of Incidence) = A1 * sin(ɻ ) + A2 * [cos(ɻ ) * cos(ɋ)] ς A3 

¶ A1 = sin(˒ ) * cos(̡ ) ς cos(˒ ) * sin(̡ ) * cos(̞ ) 

¶ A2 = cos(˒ ) * cos(̡ ) + sin( )˒ *sin(̡ ) * cos(̞ ) 
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¶ A3 = cos(ɻ ) * sin(̡ ) * sin(̞ ) * sin(ʍ) 

¶ Kb = (ɶt(0) - Hd(0))/ HGIO 

¶ HGIO = GSC * (cos()ɻ * cos(˒ ) * cos(ʍ) + sin(ɻ ) * sin(˒ )) 

ɱʽʰ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˎˉˇ˂ˇʴʽˋ˃˗˄ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ʶˉʶ˅ʺʴʹˋʹ ˍ˖˄ 

ˉʰˊʰˁʱˍ˖ ˉʰˊʰʴˈ˄ˍ˖˄Φ 

1. Rr : ʶʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ʽˋˇˍˊˇˉʽˁʱ ʰ˄ʰˁ˂˗˃ʶ˄ʹˌ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ 

ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˇ ˇˉˇʾˇˌ ʰ˄ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍʶʾ ˃ʶ ˍˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ (albedo) ˍˇˎ ʶʵʱ˒ˇˎˌ 0,2 ̄ ˊˇˁˏˉˍʶʽ ˍˇ ˉˇˋˈ ˍʹˌ ʰ˄ʰˁ˂˗˃ʶ˄ʹˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʷ˔ˇˎ˃ʶ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌΦ 

2. Rb Υ ʶʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˃ʶˍʰˍˊˇˉʺˌ ˍʹˌ ʱ˃ʶˋʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʰˉˈ 

ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇ ˋʶ ˃ʾʰ ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍˎ˔ʰʾˇˎ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏΣ ˁʰʽ 

ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ angle of incidence ˁ ʰʽ ˍʹ˄ ʸʶ˄ʾʻʽʰ ʴ˖˄ʾʰ 

3. Kb Υ ʶˁ˒ˊʱʸʶʽ ˍʹ˄ ʰʽʻˊʽˈˍʹˍʰ ˍˇˎ ˇˎˊʰ˄ˇˏΦ ʇˉˇ˂ˇʴʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ 

HGIO, Ht(0) ˁʰʽ Hd(0). ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ʶʾ˄ʰʽ ˇ ˂ˈʴˇˌ ˍʹˌ ʱ˃ʶˋʹˌ ʹ˂ʽʰˁʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋʶ ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇ ˉˊˇˌ ʰˎˍʺ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍˇ 

ˈˊʽˇ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ 

4. Rdi Υ ʶʾ˄ʰʽ ˇ ʽˋˇˍˊˇˉʽˁˈˌ ˉʰˊʱʴˇ˄ˍʰˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˍˇˎ ˇˎˊʰ˄ˇˏ ʴʽʰ ˍʹ˄ 

ʶ˅ʶˍʰʸˈ˃ʶ˄ʹ ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ. 

5. Angle of incidence : ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ʴ˖˄ʾʰ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ˃ʶˍʰ˅ˏ ˍʹˌ ʹ˂ʽʰˁʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˁʰʽ ˍʹˌ ˁʱʻʶˍʹˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ˉˊˈˋˉˍ˖ˋʹˌΦ 

6. ɮ1Σ ɮ2Σ ɮ3 Υ ʁʽ ˈˊˇʽ ˉˇˎ ˔ˊʶʽʱʸˇ˄ˍʰʽ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇ ˎcos(Angle of Incidence).  

7. HGIO Υ ʶʾ˄ʰʽ ʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋʶ ˇˊʽʸˈ˄ˍʽʰ ʶˉʽ˒ʱ˄ʶʽʰ ˋˍˇ ˈˊʽˇ 

ˍʹˌ ʴʺʽ˄ʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ όʵʹ˂ʰʵʺ ˉˊʽ˄ ʶʽˋʷ˂ʻʶʽ ˋʶ ʰˎˍʺύΦ ɾˇ˄ʱʵʰ ˃ʷˍˊʹˋʹˌ ʶʾ˄ʰʽ 

ˋʶ W/m2. 

 

ɴˍˋʽΣ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ʻʰ ˁʱ˄ˇˎ˃ʶ ˃ʾʰ ʶ˄ʵʶʽˁˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʴʽʰ ˁʱʻʶ ʶˉˇ˔ʺΦ ʁʽ ˃ʺ˄ʶˌ ˉˇˎ ʻʰ ˒ʰ˄ˇˏ˄ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ʶʾ˄ʰʽ ˇ 

ɲʶˁʷ˃ʲˊʹˌΣ ˇ ɾʱˊˍʽˇˌΣ ˇ ɹˇˏ˄ʽˇˌ ˁʰʽ ˇ ʅʶˉˍʷ˃ʲˊʽˇˌΦ ʁʽ ˃ʺ˄ʶˌ ʰˎˍˇʾ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˂ˈʴ˖ ˍ˖˄ 

ʰˁˊʰʾ˖˄ ˍʽ˃˗˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ˃ˇ˄ˍʷ˂ˇΦ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ˋʶ ˁʱʻʶ ˋʶ˂ʾʵʰ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ˁʱʻʶ ˃ʺ˄ʰˌ ˃ʶ ˍʹ˄ ˋʶʽˊʱ ˉˇˎ ʰ˄ʰ˒ʷˊʰ˃ʶ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΦ ɮˁˈ˃ʹΣ ʶʾ˄ʰʽ 
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ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ ˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʹ˄ ʰˊʽˋˍʶˊʺ ˉ˂ʶˎˊʱ ˍʹˌ 

ˋʶ˂ʾʵʰˌ ʷ˔ˇˎ˄ ˁ˂ʾˋʹ слˇΣ ʶ˄˗ ˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʹ˄ ʵʶ˅ʽʱ ˉ˂ʶˎˊʱ ʷ˔ˇˎ˄ 

ˁ˂ʾˋʹ 90ˇΦ ɳˉʽˉ˂ʷˇ˄Σ ˋˍʹ˄ ˉˊ˗ˍʹ ˋʶʽˊʱ ˁʱʻʶ ˋʶ˂ʾʵʰˌ ˉʰˊʰˍʹˊˇˏ˃ʶ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ 

ˉˇˎ ʵʷ˔ˇ˄ˍʰʽ ˇʽ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʷ˔ˇˎ˄ ʲˈˊʶʽˇ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈΣ ˋˍʹ˄ ʵʶˏˍʶˊʹ ʶˁʶʾ˄ʶˌ ˉˇˎ 

ʷ˔ˇˎ˄ ʰ˄ʰˍˇ˂ʽˁˈΣ ˋˍʹ˄ ˍ́ ʾˍʹ ʰˎˍʷˌ ˃ʶ ˄ˈˍʽˇ ˁʰʽ ˍʷ˂ˇˌ ˋˍʹ˄ ˍʷˍʰˊˍʹ ˋʶʽˊʱ ʶʾ˄ʰʽ ˇʽ ˉʶˊʽˇ˔ʷˌ 

˃ʶ ɻˎ ˍʽˁˈ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈΦ ʅʹ˃ʰ˄ˍʽˁˈ ʶʾ˄ʰʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˉ˖ˌ ˋˍˇˎˌ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌ 

˃ʶ ˁˈˁˁʽ˄ˇ ˔ˊ˗˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˇ˂ʽˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ʶˉʽ˒ʱ˄ʶʽʰ ˃ʶ ˁʰ˒ʷ 

˔ˊ˗˃ʰ ʲ˂ʷˉˇˎ˃ʶ ˋˍʹ˄ ʵʽʱ˔ˎˍʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋʶ ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇΣ ˃ʶ ˃ˉ˂ʶ ʶʾ˄ʰʽ ʹ 

ʱ˃ʶˋʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋʶ ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰΣ ˃ʶ ˉˊʱˋʽ˄ˇ ʹ ʵʽʱ˔ˎˍʹ ˋʶ ˁʶˁ˂ʽ˃ʷ˄ʹ 

ʶˉʽ˒ʱ˄ʶʽʰΣ ˁʾˍˊʽ˄ˇ ˔ˊ˗˃ʰ ʹ ʰ˄ʰˁ˂˗˃ʶ˄ʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋʶ ˁʶˁ˂ʽ˃ʷ˄ˇ ʶˉʾˉʶʵˇ ˁʰʽ 

ˍʷ˂ˇˌ ˃ʶ ˊˇʸ ˔ˊ˗˃ʰ ʷ˔ˇˎ˃ʶ ˍʹ˄ ˇ˂ʽˁʺ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋʶ ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰΦ 
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ʅ˔ʺ˃ʰ н.1. ɲʽʰʴˊʱ˃˃ʰˍʰ ʴʽʰ ˍˇ˄ ˃ʺ˄ʰ ˍˇˎ ɲʶˁʶ˃ʲˊʾˇˎ 
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ʅ˔ʺ˃ʰ нΦнΦ ɲʽʰʴˊʱ˃˃ʰˍʰ ʴʽʰ ˍˇ˄ ˃ʺ˄ʰ ˍˇˎ ɾʰˊˍʾˇˎΦ 
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ʅ˔ʺ˃ʰ нΦоΦ ɲʽʰʴˊʱ˃˃ʰˍʰ ʴʽʰ ˍˇ˄ ˃ʺ˄ʰ ˍˇˎ ɹˇˎ˄ʾˇˎΦ 
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ʅ˔ʺ˃ʰ 2.пΦ ɲʽʰʴˊʱ˃˃ʰˍʰ ʴʽʰ ˍˇ˄ ˃ʺ˄ʰ ˍˇˎ ʅʶˉˍʶ˃ʲˊʾˇˎΦ 
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2.3. ʆˇ ˃ˇ˄ˍʷ˂ˇ Cǳ ˁʰʽ wƛŎƘ 

 ʆˇ ˃ˇ˄ˍʷ˂ˇ ˍ˖˄ Fu ˁʰʽ Rich ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˉˇˎ 

ˋˎ˄ʰ˄ˍʱ˃ʶ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ArcMap, ʶʾ˄ʰʽ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ 

ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ ˔ʱˊˍʹ ʶʾˍʶ ˃ʶ˂ʶˍʱ˃ʶ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˋʶ ʷˁˍʰˋʹ ˍˇˉʾˇ ʶʾˍʶ ˉˇ˂ˏ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌΦ 

 ɴˍˋʽ ˍˇ ˔˖ˊʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˍˇ ʵʽʰˁˊʾ˄ˇˎ˃ʶ ˋʶ ʵˏˇ 

ˁʰˍʹʴˇˊʾʶˌΥ ʅˍˇ ˋʹ˃ʶʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ (point specific model) ˁʰʽ ˋˍˇ ʲʰˋʽˋ˃ʷ˄ˇ ˋˍʹ˄ ʷˁˍʰˋʹ 

˃ˇ˄ˍʷ˂ˇ όarea-based model) (Fu & Rich, 1999). ʆˇ ˋʹ˃ʶʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴʽʰ ˃ʽʰ ˉʶˊʽˇ˔ʺ ˃ʶ ʲʱˋʹ ˍʹ˄ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏ ˍʹˌ ʶˉʽ˒ʰ˄ʶʾʰˌ 

ˁʰʽ ˍʹ˄ ˇˊʰˍˈˍʹˍʰ ˍˇˎ ˇˎˊʰ˄ˇˏΦ ɮˁˈ˃ʹΣ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˈ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ˃ʶʴʱ˂ʹ ʰˁˊʾʲʶʽʰ 

ʴʽʰ ˃ʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺΣ ʰ˂˂ʱ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶʽ ˋ˖ˋˍʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰ˄ 

ˉˊˇˋˉʰʻʺˋˇˎ˃ʶ ˄ʰ ˃ʶ˂ʶˍʺˋˇˎ˃ʶ ˁʱʻʶ ˍˇˉˇʻʶˋʾʰ ˉʱ˄˖ ˋʶ ʷ˄ʰ ʶˎˊˏˍʶˊˇ ˍˇˉʾˇΦ ɮ˄ˍʾʻʶˍʰΣ 

ˍˇ ʲʰˋʽˋ˃ʷ˄ˇ ˋˍʹ˄ ʷˁˍʰˋʹ ˃ˇ˄ˍʷ˂ˇ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʾˋʶʽ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴʽʰ ˃ʽʰ 

˃ʶʴʱ˂ʹˌ ʷˁˍʰˋʹˌ ˉʶˊʽˇ˔ʺΣ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰˌ ˍˇ˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍʹˌ ʶˉʽ˒ʰ˄ʶʾʰˌ ˁʰʽ ˍʽˌ 

ˋˁʽʱˋʶʽˌ ʰˉˈ ʷ˄ʰ ˕ʹ˒ʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ ʶʵʱ˒ˇˎˌΦ ʁˉˈˍʶΣ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˈˍʽ ˍʰ 

ˋʹ˃ʶʽʰˁʱ ˃ˇ˄ˍʷ˂ʰ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ ˃ʶʴʱ˂ʹ ʰˁˊʾʲʶʽʰ ʴʽʰ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺΣ ʰ˂˂ʱ 

ˍˇ ʲʰˋʽˋ˃ʷ˄ˇ ˋˍʹ˄ ʷˁˍʰˋʹ ˃ˇ˄ˍʷ˂ˇ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʾˋʶʽ ˍʹ˄ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ʴʽʰ ˁʱʻʶ 

ˉʶˊʽˇ˔ʺ ˉˇˎ ˎˉʱˊ˔ʶʽ ˋʶ ʷ˄ʰ ʶˎˊˏˍʶˊˇ ˍˇˉʾˇΦ 

 ɮ˅ʽˇˋʹ˃ʶʾ˖ˍˇʽ ʶʾ˄ʰʽ ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ˍˇˎˌ ˇʽ  Fu ˁʰʽ Rich ʴʽʰ 

ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˁʰʽ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˄ ˉʰˊʰˁʱˍ˖ 

ʰ˄ʰ˂ˎˍʽˁʱΦ 

¶ ɶ˃ʽˋ˒ʰʽˊʽˁʺˌ ʁˊʰˍˈˍʹˍʰˌ ɮ˂ʴˈˊʽʻ˃ˇˌ (Hemispherical Viewshed Algorithm):  ʁ 

ˉʰˊʱʴˇ˄ˍʰˌ ʰˎˍˈˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʰ ˋʹ˃ʶʽʰˁʱ ˃ˇ˄ˍʷ˂ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ʹ˂ʽʰˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌΦ ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʰˎˍˈˌ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰΣ ʹ ˇˉˇʾʰ 

ʵʽʰˁˊʾ˄ʶˍʰʽ ˋˍʹ˄ ʱ˃ʶˋʹΣ ˋˍʹ˄ ʵʽʱ˔ˎˍʹ ˁʰʽ ˋˍʹ˄ ʰ˄ʰˁ˂˗˃ʶ˄ʹΦ ɼˏˊʽʰ ʶʾ˄ʰʽ ʹ ʱ˃ʶˋʹ 

˃ʶ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉˇˋˈ ʶ˄ʷˊʴʶʽʰˌΣ ʰ˃ʷˋ˖ˌ ʶˉˈ˃ʶ˄ʹ ʶʾ˄ʰʽ ʹ ʵʽʱ˔ˎˍʹ ˁʰʽ ˍʷ˂ˇˌ 

ʷ˔ˇˎ˃ʶ ˍʹ˄ ʰ˄ʰˁ˂˗˃ʶ˄ʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ˍˈˋˇ ˃ʽˁˊʺ ˋʶ ˋ˔ʷˋʹ ˃ʶ 

ˍʽˌ ʱ˂˂ʶˌ ʵˎˇ ˉˇˎ ˇˊʽˋ˃ʷ˄ʶˌ ˒ˇˊʷˌ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˍʹ˄ ˉʰˊʰʲ˂ʷ˕ˇˎ˃ʶΦ 

¶ ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʁˊʰˍˈˍʹˍʰˌ (Viewshed Calculation): ɶ ˇˊʰˍˈˍʹˍʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʴʽʰ 

ˁʱʻʶ ˁʶ˂ʾ ˍˇˎ DEM ˉˇˎ ʷ˔ˇˎ˃ʶΦ ʃʰˊˇˎˋʽʱʸʶˍʰʽ ˖ˌ ʹ ʴ˖˄ʽʰˁʺ ˁʰˍʰ˄ˇ˃ʺ ʰˉˈ ˍʹ˄ 
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ˇˎˊʱ˄ʽʰ ˉʰˊʶ˃ˉˈʵʽˋʹΦ ʁ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʴʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˍˇˎ ˋˎ˄ˈ˂ˇˎ 

ˍ˖˄ ˁʰˍʶˎʻˏ˄ˋʶ˖˄ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ʴʽʰ ˍˇ ˋʹ˃ʶʾˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˉˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ 

ˁʰʽ ˇˊʽʸˈ˄ˍʽʰ ʴ˖˄ʾʰΣ ʴʽʰ ˁʱʻʶ ˁʰˍʶˏʻˎ˄ˋʹΦ ʁ ˁˏˊʽˇˌ ˉʰˊʱʴˇ˄ˍʰˌ ˉˇˎ ˍʹ˄ 

ʶˉʹˊʶʱʸʶʽ ʶʾ˄ʰʽ ˍʰ ˒ˎˋʽˁʱ ʶ˃ˉˈʵʽʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʹ˄ ʴˏˊ˖ ˉʶˊʽˇ˔ʺΣ ʵʹ˂ʰʵʺ 

ʶˉʽ˒ʱ˄ʶʽʶˌ ˃ʶ ˃ʶʴʱ˂ˇ ˎ˕ˈ˃ʶˍˊˇΦ ɴˍˋʽ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˇˊʰˍˈˍʹˍʰˌ ˋˍˇ 

˕ʹ˒ʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ ʶʵʱ˒ˇˎˌ όDEM) ʹ ˇˊʽʸˈ˄ˍʽʰ ʴ˖˄ʾʰ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ʹ˃ʽˋ˒ʰʽˊʽˁˈ 

ˋˏˋˍʹ˃ʰ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ 

¶ ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˍˇˎ Sunmap: ʆˇ ˉˇˋˈ ˍʹˌ ʱ˃ʶˋʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʵʷ˔ʶˍʰʽ ʹ 

ˁʱʻʶ ʶˉʽ˒ʱ˄ʶʽʰ ʰˉˈ ˈ˂ʶˌ ˍʽˌ ʵʽʶˎʻˏ˄ˋʶʽˌ ˍˇˎ ˇˎˊʰ˄ˇˏ ʵʹ˃ʽˇˎˊʴʶʾ ˍˇ˄ ʹ˂ʽʰˁˈ 

˔ʱˊˍʹΦ ɱʽʰ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ʹ˂ʽʰˁˇˏ ˔ʱˊˍʹ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ˍʹ˄ ʻʷˋʹ ˍˇˎ ʹ˂ʾˇˎ ˍʹ˄ 

ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˉˇˎ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˃ʶ˂ʶˍʺˋˇˎ˃ʶΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʰ˄ ˃ʶ˂ʶˍʱ˃ʶ 

˃ʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʷˊʰ ʻʷ˂ˇˎ˃ʶ ˍʹ˄ ʻʷˋʹ ˍˇˎ ʹ˂ʾˇˎ ʴʽʰ ˁʱʻʶ ˃ʽˋʺ ˗ˊʰ ˃ʶˋʰ ˋˍʹ˄ 

˃ʷˊʰ ʴʽʰ ˄ʰ ʷ˔ˇˎ˃ʶ ʷ˄ʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ ʵʶʾʴ˃ʰ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ 

ʵʷ˔ʶˍʰʽ ʹ ˁʱʻʶ ˉʶˊʽˇ˔ʺΦ ɶ ʻʷˋʹ ˍˇˎ ʹ˂ʾˇˎ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˃ʰˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍˇ 

ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΣ ˍʹ˄ ˃ʷˊʰ ˍˇˎ ˔ˊˈ˄ˇˎ ˁʰʽ ˍʹ˄ ˗ˊʰ ˉˇˎ 

˃ʶ˂ʶˍʱ˃ʶΦ  

¶ ɳˉʽʵˊʱˋʶʽˌ ʅˁʾʰˋʹˌ όPenumbral Effects): ɱʽʰ ˍˇˎˌ ʹ˂ʽʰˁˇˏˌ ˔ʱˊˍʶˌ ˉˇˎ 

ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˃ʾʰ ˃ʷˊʰ ʺ ˂ʽʴˈˍʶˊˇΣ ʹ ʶˉʾʵˊʰˋʹ ˍʹˌ ˋˁʾʰˋʹˌ ˉˊʷˉʶʽ ˄ʰ ˂ʰ˃ʲʱ˄ʶˍʰʽ 

ˎˉˈ˕ʹΦ ʆˇ ˃ˇ˄ˍʷ˂ˇ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˃ʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʷ˄ʰ˄ ʹ˂ʽʰˁˈ ʵʾˋˁˇ ˃ʶ 

ʹ˃ʽʵʽʱ˃ʶˍˊˇ лΣллпсс radians ˁˇ˄ˍʱ ˋˍˇ ʸʶ˄ʾʻ όлΦнссуƻύ ˁʰʽ ˇʽ ˍʽ˃ʷˌ ʰˎ˅ʱ˄ˇˎ˄ 

ˁʰʻ˗̩ ˉʱ˃ʶ ˉˊˇˌ ˍˇ˄ ˇˊʾʸˇ˄ˍʰ ό˃ʷ˔ˊʽ мΦсˇύΦ ʁ ʹ˂ʽʰˁˈˌ ʵʾˋˁˇˌ ˒ʰʾ˄ʶˍʰʽ 

˃ʶʴʰ˂ˏˍʶˊˇˌ ˁˇ˄ˍʱ ˋˍˇ˄ ˇˊʾʸˇ˄ˍʰ ˂ˈʴ˖ ˍʹˌ ʵʽʱʻ˂ʰˋʹˌΣ ʰ˂˂ʱ ʵʶ˄ ʵʽʰ˒ʷˊʶʽ 

ˋʹ˃ʰ˄ˍʽˁʱ ʰˉˈ лΦрˇΣ ˈˍʰ˄ ˇ ʺ˂ʽˇˌ ʷ˔ʶʽ ʰ˄ʷʲʶʽ ˋʶ ʴ˖˄ʾʰ ʰ˄ˏ˕˖ˋʹˌ ˉʱ˄˖ ʰˉˈ млˇΦ 

¶ ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˇˎˊʱ˄ʽˇˎ ˔ʱˊˍʹ όSkymap Calculation): ɮ˄ˍʾʻʶˍʰ ˃ʶ ˍʹ˄ ʱ˃ʶˋʹ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ ʰˉˇˍˏˉ˖˃ʰ ˍˇˎ ʹ˂ʾˇˎ ˉʱ˄˖ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰΣ 

ʹ ʵʽʱ˔ˎˍʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇʷ˂ʻʶʽ ʰˉˈ ˁʱʻʶ ˉʽʻʰ˄ˈ ˋʹ˃ʶʾˇ ˍˇˎ 

ˇˎˊʰ˄ˇˏΦ ɴˍˋʽ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ʷ˄ʰ˄ ˇˎˊʱ˄ʽˇ ˔ʱˊˍʹΣ ˈˉ˖ˌ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ʰˉˈ ˍʹ˄ 

ʵʽʰʾˊʶˋʹ ˇ˂ˈˁ˂ʹˊˇˎ ˍˇˎ ˇˎˊʰ˄ˇˏ ˋʶ ˃ʾʰ ˋʶʽˊʱ ʰˉˈ ˍˇ˃ʶʾˌΣ ˇʽ ˇˉˇʾˇʽ ˁʰʻˇˊʾʸˇ˄ˍʰʽ 

ʰˉˈ ˍʹ˄ ʸʶ˄ʾʻʽʰ ˁʰʽ ˍʹ˄ ʰʸʽ˃ˇˏʻʽʰ ʴ˖˄ʾʰΦ ɴˍˋʽ ˉˊˇˁˏˉˍʶʽ ʷ˄ʰˌ ˇˎˊʱ˄ʽˇˌ ˔ʱˊˍʹˌ ˍˇˎ 

ˇˉˇʾˇˎ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ʴʾ˄ʶˍʰʽ ˋʶ мс ʸʶ˄ʾʻʽʰ ˍ˃ʺ˃ʰˍʰ ˍ˖˄ рΦснрˇ ˁʰʽ мс ʰʸʽ˃ˇˏʻʽʰ 

ˍ˃ʺ˃ʰˍʰ ˍ˖˄ н2,5ˇ ̱ ˇ ˁʰʻʷ˄ʰΦ ɮˎˍˈ ˒ʰʾ˄ʶˍʰʽ ̀ ˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΥ  
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ʅ˔ʺ˃ʰ 2.5Φ ʁˎˊʱ˄ʽˇˌ ˔ʱˊˍʹˌ ˉˇˎ ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˋʶ мс ʸʶ˄ʾʻʽʰ ˍ˃ʺ˃ʰˍʰ ˁ ʰʽ ˋʶ мс ʰʸʽ˃ˇˏʻʽʰ ˍ˃ʺ˃ʰˍʰ. 

 

¶ ɳˉʽˁʱ˂ˎ˕ʹ ʁˊʰˍˈˍʹˍʰˌ ˃ʶ Sunmaps ˁʰʽ Skymaps: ʁ ˇˎˊʱ˄ʽˇˌ ˁʰʽ ˇ ʹ˂ʽʰˁˈˌ ˔ʱˊˍʹˌ 

ʶˉʽˁʰ˂ˏˉˍˇˎ˄ ˍʹ˄ ˇˊʰˍˈˍʹˍʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌΦ ʁˉˈˍʶΣ ˍˇ ˁʶ˄ˈ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ˋˍˇ˄ 

ˇˎˊʰ˄ˈ ʰˉˈ ˍˇ˄ ˋˎ˄ʵˎʰˋ˃ˈ ˍˇˎ ˇˎˊʱ˄ʽˇˎ ˁʰʽ ˍˇˎ ʹ˂ʽʰˁˇˏ ˔ʱˊˍʹ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ 

ˍʹ˄ ʵʽʰʾˊʶˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ˁʶ˂ʽ˗˄ ˉˇˎ ʵʷ˔ˇ˄ˍʰʽ ʰ˄ʶ˃ˉˈʵʽˋˍʰ ˍʹ˄ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˈ˂ˇ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˁʶ˂ʽ˗˄ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˍʹ˄ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺΦ 

ɼʰˍʰ˂ʺʴˇˎ˃ʶ ˂ˇʽˉˈ˄ ˈˍʽ ˇʽ ˉʰˊʰˉʱ˄˖ ˉʰˊʱʴˇ˄ˍʶˌ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˇʾ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ 

ˍʹˌ ʱ˃ʶˋʹˌΣ ˍʹˌ ʵʽʱ˔ˎˍʹˌ ˁʰʽ ˍʹˌ ˇ˂ʽˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΦ 

¶ ɯ˃ʶˋʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ: ɱʽʰ ˍʰ ˋʹ˃ʶʾʰ ʰˎˍʱ ˉˇˎ ʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʵʶ˄ 

ʶ˃ˉˇʵʾʸʶˍʰʽ ˄ʰ ˒ˍʱˋʶʽ ˋˍʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ɱʹˌΣ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍˇ ˁʶ˄ˈΣ ˍʹ˄ 

ʻʷˋʹ ˍˇˎ ʹ˂ʾˇˎΣ ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ʶ˅ʰˋʻʷ˄ʽˋʹ ˁʰʽ ˍ˖˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍ˖˄ 

ʶʵʰ˒ʽˁ˗˄ ʶˉʽ˒ʰ˄ʶʽ˗˄Φ ʁˉˈˍʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˃ʶˍʱʵˇˋʹˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ 

˅ʶˁʽ˄ʱ ˃ʶ ˍʹ˄ ʹ˂ʽʰˁʺ ˋˍʰʻʶˊʱ ʷ˅˖ ʰˉˈ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΣ ˃ʶ ˍˇ ˉˇˎ ʶʽˋʷ˂ʻʶʽ ˋʶ 

ʰˎˍʺ ʵʷ˔ʶˍʰʽ ˍˊˇˉˇˉˇʽʺˋʶʽˌ ʰˉˈ ˍʹ˄ ˉˎˁ˄ˈˍʹˍʰ ˍʹˌ ʰʷˊʽʰˌ ˃ʱʸʰˌ ˁʰʽ ˎˉˇ˂ˇʴʾʸʶˍʰʽ 

ʰˉˈ ˍˇ˄ ˉʰˊʰˁʱˍ˖ ˍˏˉˇΦ 
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Dirtot Ґ ʅ5ƛǊ ʻΣʰ  

 

ɶ ˇ˂ʽˁʺ ʱ˃ʶˋʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ όDirtot ύ ʶʾ˄ʰʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʹˌ ʱ˃ʶˋʹˌ ʹ˂ʽʰˁʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ (Dir ̒ Σ ʰ) ʰˉˈ ˈ˂ˇˎˌ ˍˇˎˌ ˍˇ˃ʶʾˌ ˍˇˎ ʹ˂ʽʰˁˇˏ ˔ʱˊˍʹ. ɶ ʱ˃ʶˋʹ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʰˉˈ ˍˇ˄ ˍˇ˃ʷʰ ˍˇˎ ʹ˂ʽʰˁˇˏ ˔ʱˊˍʹ ˉˇˎ ʷ˔ʶʽ ˁʷ˄ˍˊˇ ʲʱˊˇˎˌ ˋʶ ʸʶ˄ʾʻʽʰ 

ʴ˖˄ʾʰ ʻ ˁʰʽ ʰʸʽ˃ˇˏʻʽʰ ʴ˖˄ʾʰ ʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶ˅ʾˋ˖ˋʹ. 

 

Dir̒ Σʰ = SConst * ˍ
mόʻύ * SunDur̒ Σʰ * SunGap̒Σʰ * cos(AngIn ̒ Σʰ) 

ʂˉˇˎΥ 

1. SConst Υ ʶʾ˄ʰʽ ʹ ʹ˂ʽʰˁʺ ˋˍʰʻʶˊʱΦ ɶ ˍʽ˃ʺ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ 

ʵʽʷˊ˔ʶˍʰʽ ˋˍˇ ˁʶ˄ˈ ˁʰʽ ʹ ˍʽ˃ʺ ˍʹˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ʶˁˍʽ˃ʺˋʶʽˌ ˁˎ˃ʰʾ˄ʶˍʰʽ ʰˉˈ 

мооу ʷ˖ˌ мосу WM-2. ɱʽʰ ˄ʰ ʶʾ˄ʰʽ ˈ˃˖ˌ ˉʽˇ ʰˁˊʽʲʶʾˌ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ 

ˋˎ˃˒˖˄ʺʻʹˁʶ ʹ ʹ˂ʽʰˁʺ ˋˍʰʻʶˊʱ ˄ʰ ʷ˔ʶʽ ˍʹ˄ ˍʽ˃ʺ мост WM-2Σ ˈˉ˖ˌ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˁʰʽ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ArcMap.  

2. ˍ Υ ʶʾ˄ʰʽ ʹ ʵʽʰˉʶˊʰˍˈˍʹˍʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ʴʽʰ ʷ˄ʰ ˃ʽˁˊˈ ˁˇ˃˃ʱˍʽ ˍʹˌΦ 

3. m(ʻύ Υ ʶʾ˄ʰʽ ˍˇ ˋ˔ʶˍʽˁˈ ˃ʺˁˇˌ ˍʹˌ ˇˉˍʽˁʺˌ ʵʽʰʵˊˇ˃ʺˌ όʹ ˃ʷˍˊʹˋʹ ˍˇˎ 

ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍˇ ˃ʺˁˇˌ ˍʹˌ ʵʽʰʵˊˇ˃ʺˌ ˍʹˌ ʸʶ˄ʾʻʽʰˌ ʴ˖˄ʾʰˌύΦ ʁˉˈˍʶ 

ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʹ˂ʽʰˁʺ ʸʶ˄ʾʻʽʰ ʴ˖˄ʾʰ ˁʰʽ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˉʱ˄˖ ʰˉˈ ˍʹ˄ 

ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ ɮ˄ ʹ ʸʶ˄ʾʻʽʰ ʴ˖˄ʾʰ ʶʾ˄ʰʽ ˁʱˍ˖ ˍ˖˄ улˇ ˍˈˍʶ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˍˏˉˇ ˉˇˎ ʻʰ ʰ˄ʰ˒ʶˊʻʶʾ ˉʰˊʰˁʱˍ˖Σ ʰ˄ ˈ˃˖ˌ ʹ ʸʶ˄ʾʻʽʰ 

ʴ˖˄ʾʰ ʶʾ˄ʰʽ ʱ˄˖ ˍ˖˄ улˇ ˍˈˍʁ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˉʰʾʸʶʽ ʹ ʵʽʱʻ˂ʰˋʹ ˉˇˎ 

ʷ˔ˇˎ˃ʶΦ ʅʶ ʰˎˍʺ˄ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʹ ʵʽʱʻ˂ʰˋʹ ʵʷ˔ʶˍʰʽ ʵʽˇˊʻ˗ˋʶʽˌ ʰˉˈ 

ʵʽʱ˒ˇˊˇˎˌ ʰˋˍˊˇ˄ˇ˃ʽˁˇˏˌ ˉʾ˄ʰˁʶˌΦ 

4. SunDur̒ Σʰ : ʶʾ˄ʰʽ ʹ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˇˎˊʱ˄ʽˇ 

ˍˇ˃ʷʰΦ ɱʽʰ ˍˇˎˌ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ˍˇ˃ʶʾˌΣ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍˇ ʵʽʱˋˍʹ˃ʰ ʹ˃ʶˊ˗˄ ˉˇˎ 

ˉˇ˂˂ʰˉ˂ʰˋʽʱʸʶˍʰʽ ˃ʶ ˍˇ ʵʽʱˋˍʹ˃ʰ ˖ˊ˗˄Φ ɱʽʰ ˃ʶˊʽˁˇˏˌ ˍˇ˃ʶʾˌ όˁˇ˄ˍʱ ˋˍˇ˄ 

ˇˊʾʸˇ˄ˍʰύΣ ʹ ʵʽʱˊˁʶʽʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˋ˒ʰʽˊʽˁʺ ʴʶ˖˃ʶˍˊʾʰ. 

5. SunGap̒Σʰ Υ ʶʾ˄ʰʽ ˍˇ ˁʶ˄ˈ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ˄ ˍˇ˃ʷʰ ˍˇˎ ʹ˂ʽʰˁˇˏ ˔ʱˊˍʹΦ 

6. AngIn ʻΣʰ : ʶʾ˄ʰʽ ʹ ʴ˖˄ʾʰ ˉˊˈˋˉˍ˖ˋʹˌ ˃ʶˍʰ˅ˏ ˍˇˎ ˁʶ˄ˍˊˇʶʽʵˇˏˌ ˍˇˎ ˍˇ˃ʷʰ 

ˍˇˎ ˇˎˊʰ˄ˇˏ ˁʰʽ ˍˇˎ ʱ˅ˇ˄ʰ ˁʱʻʶˍʰ ˉˊˇˌ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰΦ ɾˉˇˊʶʾ ˄ʰ 

ˎˉˇ˂ˇʴʽˋˍʶʾ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ʶ˅ʾˋ˖ˋʹΣ ˉʰˊʰˁʱˍ˖Φ ɶ ʶˉʾʵˊʰˋʹ ˍˇˎ 



26 
 

ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏ ʶˉʽ˒ʱ˄ʶʽʰˌ ʶ˅ʹʴʶʾˍʰʽ ʰˉˈ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ˍˇˎ 

ˋˎ˄ʹ˃ʾˍˇ˄ˇˎ ̱ ʹˌ ʴ˖˄ʾʰˌ ˉˊˈˋˉˍ˖ˋʹˌΦ 

m = EXP(-0. 000118 * Elev - 1. 638 * 10-9 * Elev2ύ κŎƻǎόʻύ 

 ˈˉˇˎ 

Á m ʁ ʾ˄ʰʽ ˍˇ ˋ˔ʶˍʽˁˈ ˃ʺˁˇˌ ˍʹˌ ˇˉˍʽˁʺˌ ʵʽʰʵˊˇ˃ʺˌ όˇˉˍʽˁʺ ˃ʱʸʰύ 

Á z̒ ʁ ʾ˄ʰʽ ʹ ʹ˂ʽʰˁʺ ʸʶ˄ʾʻʽʰ ʴ˖˄ʾʰ 

Á Elev ʶʾ˄ʰʽ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˋʶ 

˃ʷˍˊʰ 

AngIn ̒ Σʰ Ґ ŀŎƻǎώ/ƻǎόʻύϝ/ƻǎόDzύҌ{ƛƴόʻύϝ{ƛƴόDzύϝ/ƻǎόʰ-Ga)] 

 ˈˉˇˎ 

Á AngInSky̒Σʰ Υ ʶʾ˄ʰʽ ʴ˖˄ʾʰ ˉˊˈˋˉˍ˖ˋʹˌ ˃ʶˍʰ˅ˏ ˃ʾʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ 

ʶ˄ˈˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍˇ˃ʷʰ ˍˇˎ ˇˎˊʰ˄ˇˏΣ ˇ ˇˉˇʾˇˌ ʷ˔ʶʽ ʸʶ˄ʾʻʽʰ ʴ˖˄ʾʰ 

ʻ ˁʰʽ ʰʸʽ˃ˇˏʻʽʰ ʴ˖˄ʾʰ ʰΦ 

Á Gz : ʁ ʾ˄ʰʽ ʹ ʸʶ˄ʾʻʽʰ ʴ˖˄ʾʰ ˍʹˌ ʶˉʽ˒ʰ˄ʶʾʰˌ 

Á Ga : ʁ ʾ˄ʰʽ ʹ ʰʸʽ˃ˇˏʻʽʰ ʴ˖˄ʾʰ ˍʹˌ ʶˉʽ˒ʰ˄ʶʾʰˌ 

 

¶ ɲʽʱ˔ˎˍʹ ɶ˂ʽʰˁʺ ɮˁˍʽ˄ˇʲˇ˂ʾʰ: ʆʹ˄ ʵʽʱ˔ˎˍʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˍʹ˄ 

ʵʽʰˁˊʾ˄ˇˎ˃ʶ ˋʶ ʵˏˇ ʶˉʽ˃ʷˊˇˎˌ ˃ˇ˄ˍʷ˂ʰ ʵʽʱ˔ˎˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˋˍˇ ʶ˄ʽʰʾˇ ˃ˇ˄ˍʷ˂ˇ 

ʵʽʱ˔ˎˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˁʰʽ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˋˍʰʻʶˊʺˌ ˄ʶ˒ˇˁʱ˂ˎ˕ʹˌΦ ʅˍˇ ˉˊ˗ˍˇ 

˃ˇ˄ˍʷ˂ˇ ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˁʰʽ ˖ˌ άuniform overcast skyέ όUOC), ʹ ʶʽˋʶˊ˔ˈ˃ʶ˄ʹ 

ʵʽʱ˔ˎˍʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʶʾ˄ʰʽ ʾʵʽʰ ʰˉˈ ˇˉˇʽʰʵʺˉˇˍʶ ˇˎˊʱ˄ʽʰ ʵʽʶˏʻˎ˄ˋʹ ˃ˉˇˊʶʾ ˄ʰ 

ˉˊˇʷˊ˔ʶˍʰʽΦ ʅˍˇ ʵʶˏˍʶˊˇ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ άStandard Overcast Skyέ όSOC), ́  

ʵʽʱ̝ˎ ˍʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇʽˁʾ˂ʶʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ʸʶ˄ʾʻʽʰ ʴ˖˄ʾʰΦ ʆʰ ʵˏˇ ʰˎˍʱ ˃ˇ˄ˍʷ˂ʰ 

ˎˉʱˊ˔ˇˎ˄ ˃ʷˋʰ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ArcMap ˁʰʽ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˉʰˊʰˁʱˍ˖ 

ʶ˅ʾˋ˖ˋʹΦ 

 

 

Dif̒ Σʰ = Rglb * Pdif * Dur * SkyGap̒Σʰ * Weight̒ Σʰ * cos(AngIn̒ Σʰ) 
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ʂˉˇˎ 

¶ Rglb Υ ʶʾ˄ʰʽ ʹ ˇ˂ʽˁʺ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ 

¶ Pdif Υ ˁʰʻˇˊʾʸʶʽ ˍʹ˄ ˁʰʻʰˊˈˍʹˍʰ ˍˇˎ ˇˎˊʰ˄ˇˏΦ ʁʽ ˍʽ˃ʷˌ ˉˇˎ ˉʰʾˊ˄ʶʽ 

ʶʾ˄ʰʽ ʰˉˈ лΣн ʴʽʰ ˍʷ˂ʶʽʶˌ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʷ˖ˌ ˁʰʽ лΣт ʴʽʰ ˃ʶʴʱ˂ʹ 

˄ʶ˒ˇˁʱ˂ˎ˕ʹ ˋˍˇ˄ ˇˎˊʰ˄ˈ 

¶ Dur Υ ʶʾ˄ʰʽ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˉˇˎ ˃ʶ˂ʶˍʱ˃ʶ 

¶ SkyGap̒Σʰ Υ ʶʾ˄ʰʽ ˍˇ ˁʶ˄ˈ ˉˇˎ ʷ˔ˇˎ˃ʶ ʴʽʰ ˁʰʻʰˊˈ ˇˎˊʰ˄ˇˏ ʴʽʰ ˍˇ˄ 

ˍˇ˃ʷʰ ˉˇˎ ˃ʶ˂ʶˍʱ˃ʶ 

¶ Weight̒ Σʰ Υ ʶʾ˄ʰʽ ʹ ʰ˄ʰ˂ˇʴʾʰ ˍʹˌ ʵʽʱ˔ˎˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ 

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˋˍˇ˄ ˇˎˊʱ˄ʽˇ ˍˇ˃ʷʰ ˉˇˎ ˃ʶ˂ʶˍʱ˃ʶ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˈ˂ˇˎˌ 

ˍˇˎˌ ʱ˂˂ˇˎˌ ˇˎˊʱ˄ʽˇˎˌ ˍˇ˃ʶʾˌΦ 

¶ cos(AngIn̒Σʰ) : ʶʾ˄ʰʽ ʹ ʴ˖˄ʾʰ ˉˊˈˋˉˍ˖ˋʹˌ ˃ʶˍʰ˅ˏ ˍˇˎ ˁʶ˄ˍˊˇʶʽʵˇˏˌ 

ˍˇˎ ˍˇ˃ʷʰ ˍˇˎ ˇˎˊʰ˄ˇˏ ˁʰʽ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˃ʶ˂ʷˍʹˌ. 

ʆˇ Rglb ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʹˌ ʱ˃ʶˋʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ ˁʱʻʶ 

ˍˇ˃ʷʰ ˔˖ˊʾˌ ˄ʰ ʴʾ˄ʶʽ ʵʽˈˊʻ˖ˋʹ ˍʹˌ ʴ˖˄ʾʰˌ ˉˊˈˋˉˍ˖ˋʹˌΣ ʵʽˇˊʻ˗˄ˇ˄ˍʰˌ 

ˈ˃˖ˌ ˍˇ ˉˇˋˇˋˍˈ ˍʹˌ ʱ˃ʶˋʹˌ ˍˇ ˇˉˇʾˇ ʽˋˇˏˍʰʽ ˃ʶ м - PdifΣ ʷˍˋʽ ˉˊˇˁˏˉˍʶʽ 

ˇ ˉʰˊʰˁʱˍ˖ ˍˏˉˇˌΦ 

Rglb = (SConst ʅ (ˍ
m(̒ ) ) )/ (1 ς Pdif)  

  ɮˁˈ˃ʹ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ʶʾ˄ʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˍˇ ²ŜƛƎƘǘʻΣʰ ʵʽʰ˒ʷˊʶʽ 

  ˃ʶˍʰ˅ˏ ˍ˖˄ άStandard & Uniform Overcast Skyέ 

  ʁˉˈˍʶ ʴʽʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ άUniform Overcast Skyέ ̫ ˔ˇˎ˃ʶΥ 

   Weight ̒ ,  h= (cos̒ 2 - cos̒ 1) / Divazi 

  ʂˉˇˎΥ  

× 1̒ ˁʰʽ ʻ2 Υ ʶʾ˄ʰʽ ˇʽ ʸʶ˄ʾʻʽʶˌ ʴ˖˄ʾʶˌ ˉˇˎ ˇˊʽˇʻʶˍˇˏ˄ ˍˇ˄ ˍˇ˃ʷʰ ˍˇˎ 

ˇˎˊʰ˄ˇˏ 

× Divazi Υ ʶʾ˄ʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʰʸʽ˃ˇˎʻʽʰˁ˗˄ ˍ˃ʹ˃ʱˍ˖˄ ˉˇˎ 

ˎˉʱˊ˔ˇˎ˄ ˋˍˇ˄ ˇˎˊʱ˄ʽˇ ˔ʱˊˍʹΦ 
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ʆʷ˂ˇˌΣ ʰʻˊˇʾʸˇ˄ˍʰˌ ˍʹ˄ ʵʽʱ˔ˎˍʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴʽʰ ˈ˂ˇˎˌ ˍˇˎˌ ˍˇ˃ʶʾˌ 

ˉˊˇˁˏˉˍʶʽ ʹ ˇ˂ʽˁʺ ʵʽʱ˔ˎˍʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰΣ ʷˍˋʽ ʷ˔ˇˎ˃ʶΥ 

  Diftot Ґ ʅ5ƛŦ ʻΣʰ 

ü ʁ˂ʽˁʺ ɶ˂ʽʰˁʺ ɮˁˍʽ˄ˇʲˇ˂ʾʰ: ɶ ˇ˂ʽˁʺ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˊˇˁˏˉˍʶʽ ʰ˄ ʰʻˊˇʾˋˇˎ˃ʶ 

ˍʹ˄ ˇ˂ʽˁʺ ʱ˃ʶˋʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʽ ˍʹ˄ ˇ˂ʽˁʺ ʵʽʱ˔ˎˍʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ 

˃ʶ˂ʷˍʹˌ ˃ʰˌΦ ʁ ʰ˄ˍʾˋˍˇʽ˔ˇˌ ˍˏˉˇˌ ʶʾ˄ʰʽΥ 

 

Globaltot = Dirtot + Diftot 
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3. ɽˇʴʽˋ˃ʽˁˈ ς ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ 

3.1. ɱ˂˗ˋˋʰ ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Visual basic  

ɶ Visual Basic (VB) ʶʾ˄ʰʽ ˃ʾʰ ʴ˂˗ˋˋʰ ˇˉˍʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʶˏˁˇ˂ʹ ˉˊˇˌ ˍˇ˄ 

˔ˊʺˋˍʹ ˍˈˋˇ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶˁ˃ʱʻʹˋʹ ˍʹˌΣ ˈˋˇ ˁʰʽ ˖ˌ ˉˊˇˌ ˍˇ˄ ˔ʶʽˊʽˋ˃ˈ ˍʹˌΦ ɶ Visual Basic 

ʰ˄ʺˁʶʽ ˋˍʹ˄ ˇ˃ʱʵʰ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˍʹˌ Microsoft Visual Studio ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ 

ʶˉʽˁˇʽ˄˖˄ʾʰ ʶ˒ʰˊ˃ˇʴ˗˄ ˍʹˌ Microsoft, ˈˉ˖ˌ ʶʾ˄ʰʽ ʹ Access, ˍˇ Word, ˍˇ Excel ˁʰʽ ʱ˂˂ʶˌ 

ˍʷˍˇʽʶˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ɶ Visual Basic ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ˄ ˂ˇʴʽˁʺ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΣ ˈˉˇˎ ʵʾ˄ʶˍʰʽ ʷ˃˒ʰˋʹ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ˇ˄ʱʵ˖˄ ˇʽ ˇˉˇʾʶˌ ʻʰ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰ˂˂ʱ ˁʰʽ ˍʽˌ ʶ˄ˍˇ˂ʷˌ ˉˇˎ ˍʰ ʵʽʰ˔ʶʽˊʾʸˇ˄ˍʰʽ (ɿʱˁˇˎΣ нлмлύ. 

ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ʴʾ˄ʶˍʰʽ ʶʽˋʰʴ˖ʴʺ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˉˇˎ ʷ˔ʶʽ ʶˉʽ˂ʷ˅ʶʽ ˇ ˔ˊʺˋˍʹˌ ˁʰʽ ˃ʶ ˍʽˌ 

ˁʰˍʱ˂˂ʹ˂ʶˌ ˎˉˇˊˇˎˍʾ˄ʶˌ ˉˇˎ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˁʱʻʶ ˒ˇˊʱ, ʴʾ˄ʶˍʰʽ ʹ ʁ ˁˍʷ˂ʶˋʹ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ 

ɮ˄ˇʾʴˇ˄ˍʰˌ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˍʹˌ Visual Basic ʷ˔ˇˎ˃ʶ ˍʹ˄ ʰˊ˔ʽˁʺ ˋʶ˂ʾʵʰΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ 

ʹ ʶ˅ʺˌΥ 

 

ʅ˔ʺ˃ʰ 3.1Φ ɮˊ˔ʽˁʺ ˋʶ˂ʾʵʰ ʴ˂˗ˋˋʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Visual Basic  
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3.2. ʅˎˋˍʺ˃ʰˍʰ ɱʶ˖ʴˊʰ˒ʽˁ˗˄ ʃ˂ʹˊˇ˒ˇˊʽ˗˄ όGIS) 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˋˍʰ ʅˎˋˍʺ˃ʰˍʰ ɱʶ˖ʴˊʰ˒ʽˁ˗˄ ʃ˂ʹˊˇ˒ˇˊʽ˗˄ 

όʅɱʃύΣ ˁʰʻ˗ˌ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʶ˅ʰʽˊʶˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁˈ ˁʰʽ ʰ˄ʰˉˈˋˉʰˋˍˇ ˃ʷˊˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ 

ʰˎˍʺˌΦ ʀʶˁʽ˄˗˄ˍʰˌΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵˇˏ˃ʶ ˍʹ˄ ˋʹ˃ʰˋʾʰ ˍʹˌ ʷ˄˄ˇʽʰˌ ʅɱʃ ˁʰʽ ˍʽ ˁʰ˂ˏˍʶˊˇ ʰˉˈ 

ˍˇ˄ ˇˊʽˋ˃ˈ ˍʹˌΦ ʁˉˈˍʶΣ ˈˍʰ˄ ʰ˄ʰ˒ʶˊˈ˃ʰˋˍʶ ˋˍʰ ʅɱʃ ʶ˄˄ˇˇˏ˃ʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˎ˂ʽˁˇˏΣ 

˂ˇʴʽˋ˃ʽˁˇˏ ˁʰʽ ʵʽʰʵʽˁʰˋʽ˗˄ ˍˇ ˇˉˇʾˇ ˃ʶ ˍʹ˄ ˁʰˍʱ˂˂ʹ˂ʹ ˔ˊʺˋʹ ˎˉˇˋˍʹˊʾʸʶʽ ˍʹ ˋˎ˂˂ˇʴʺΣ 

ʵʽʰ˔ʶʾˊʽˋʹΣ ʰ˄ʱ˂ˎˋʹΣ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˁʰʽ ˉʰˊˇˎˋʾʰˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹΦ 

ɮˁˈ˃ʹ ʰˉˇˍʶ˂ʶʾ ˋʹ˃ʰ˄ˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ˎˉˇˋˍʺˊʽ˅ʹˌ ˂ʺ˕ʶ˖˄ ʰˉˇ˒ʱˋʶ˖˄ ˋˍʹ˄ ʶˉʾ˂ˎˋʹ 

ˉˇʽˁʾ˂˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁʰʽ ˋ˔ʶʵʽʰˋ˃ˇˏ όʋʰ˂ˁʽʱˌΣ нллсύΦ 

ɮˁˈ˃ʹ, ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ʶʾ˄ʰʽ ʹ ˔ˊʹˋʽ˃ˈˍʹˍʰ ˍ˖˄ ʅɱʃΣ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ʶˁʶʾ˄ʰ 

ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋʵʽˇˊʾˋˇˎ˄ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˃ʶ˂ʷˍʹˌΣ ˍʹ˄ ʻʷˋʹ ˋˍʹ˄ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽΣ 

ˍʽˌ ʰ˂˂ʰʴʷˌ ˉˇˎ ʷ˔ʶʽ ˎˉˇˋˍʶʾ ʺ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲˇˏ˄ ˋˍˇ ˃ʷ˂˂ˇ˄ ˁʰʽ ˉˇʽʶˌ ʱ˂˂ʶˌ 

ʴʶ˖ʴˊʰ˒ʽˁʷˌ ˇ˄ˍˈˍʹˍʶˌ ˃ˉˇˊʶʾ ˄ʰ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʰˎˍˈΦ ɳˉʽˉ˂ʷˇ˄Σ ˍʰ ʅɱʃ 

ʲˇʹʻʱ˄ʶ ˋˍʹ˄ ˋˎ˄ˍʺˊʹˋʹ ˔˖ˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˄ʹ˃ʶˊ˗˄ˇˎ˄ ˃ʶ ˄ʷʰ 

ʵʶʵ̌˃ ʷ˄ʰ ˍˇˎˌ ˔ʱˊˍʶˌ ˁʰʽ ˍʰ ˋˍʰˍʽˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʷ˔ˇˎ˃ʶΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ʵʹ˃ʽˇˎˊʴˇˏ˄ 

ˎˉʹˊʶˋʾʶˌ ʰ˄ʱˁˍʹˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˎˉʹˊʶˋʾʶˌ ˁʰˍʰ˄ˇ˃ʺˌ ς ʵʽʰ˃ˇʽˊʰˋ˃ˇˏ ʵʶʵˇ˃ʷ˄˖˄Σ 

ˁʰʻ˗ˌ ˉˊʽ˄ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ʅˎˋˍʹ˃ʱˍ˖˄ ɱʶ˖ʴˊʰ˒ʽˁ˗˄ ʃ˂ʹˊˇ˒ˇˊʽ˗˄ ʵʶ˄ ˎˉʺˊ˔ʰ˄ 

ˍʷˍˇʽˇˎ ʶʾʵˇˎˌ ˎˉʹˊʶˋʾʶˌΦ 

ɴˍˋʽΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˉʰˊʰˉʱ˄˖ ˉˊˇˁˏˉˍˇˎ˄ ˍʰ ʶ˅ʺˌ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰΥ 

ü ɶ ʰ˅ʽˇˉˇʾʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʹʴʷˌ 

ü ɶ ʶˎˁˇ˂ʾʰ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˁʱ˄ˇˎ˃ʶ ʰ˄ʰʻʶ˖ˊʺˋʶʽˌ ˁʰʽ 

ʶ˄ʹ˃ʶˊ˗ˋʶʽˌ 

ü ɶ ʶˎˁˇ˂ʾʰ ʰˉˇʻʺˁʶˎˋʹˌ ˁʰʽ ʰ˄ʱˁˍʹˋʹˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ 

ü ʁʽ ʶ˅ʶ˂ʽʴ˃ʷ˄ʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˁʰʽ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ 

ü ʁʽ ʵˎ˄ʰˍˈˍʹˍʶˌ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʹˌ ˔ʰˊˍˇʴˊʰ˒ʾʰˌ όʶˎˁˇ˂ʾʰ ʵʹ˃ʽˇˎˊʴʾʰˌ 

ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˔ʰˊˍˇʴˊʰ˒ʽˁ˗˄ ʶˉʽ˂ˇʴ˗˄Σ ʶˎˁˇ˂ʾʰ ˉʰˊʰʴ˖ʴʺˌ ˔ʰˊˍ˗˄Σ оD 

ʵʽʰʴˊʱ˃˃ʰˍʰ ˁ˂ˉύ 

ɳʽʵʽˁˈˍʶˊʰΣ ˍʰ ʅˎˋˍʺ˃ʰˍʰ ɱʶ˖ʴˊʰ˒ʽˁ˗˄ ʃ˂ʹˊˇ˒ˇˊʽ˗˄ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˉˊhʴ˃ʰˍˇˉˇʽʺˋˇˎ˄ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ˈ˄ˇ ʰˉˈ ˍʹ˄ ˁ˂ʾˋʹΣ ˍˇ˄ 
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ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˁʰʽ ˍʹ˄ ˋˁʾʰˋʹ ˃ʾʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ όFu and Rich, 1999). ʆ h ʅɱʃ ˉˇˎ 

˂ʶʽˍˇˎˊʴˇˏ˄ ˋʶ ˎˉˇ˂ˇʴʽˋˍʷˌ ˄ʷʰˌ ʴʶ˄ʽʱˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˄ ˋʶ ˁʰˍʱ˂˂ʹ˂ʶˌ 

ˉ˂ʰˍ˒ˈˊ˃ʶˌ ˃ˇ˄ˍʷ˂ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˈˉ˖ˌ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

ˍʹˌ ˉʰˊʰˁʱˍ˖ ˃ʶ˂ʷˍʹˌΦ ʂˉˇˎ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˉˇˎ ʺʵʹ ˎˉʱˊ˔ʶʽ ˋˍʹ˄ 

ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ArcGIS, ˉˇˎ ʻʶ˖ˊʶʾˍʰʽ ˃ʾʰ ˉ˂ʰˍ˒ˈˊ˃ʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʰ 

ʅɱʃΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˍ˖˄ Fu & Rich ˉˇˎ 

ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ʰ˄ʰ˂ˎˍʽˁʱ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇ ˁʰʽ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ASHRAE ς HayΣ ˍˇ 

ˇˉˇʾˇ ʷ˔ʶʽ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʶ˒ʰˊ˃ˇʴʺ ˃ʷˋ˖ ˍʹˌ Visual Basic ɹ ʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ˋˍˇ ArcGIS.  
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4. ɰʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʰ˄ʰˋˁˈˉʹˋʹ 

 ɶ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʶʾ˄ʰʽ ʷ˄ʰ ʻʷ˃ʰ ˍˇ ˇˉˇʾˇ ʷ˔ʶʽ ˃ʶ˂ʶˍʹʻʶʾ 

ˉʰʴˁˇˋ˃ʾ˖ˌ ˁʰʽ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ ʵʽʱ˒ˇˊʶˌ ˃ʶ˂ʷˍʶˌ ʴʽʰ ˍʹ˄ ˈˋˇ ˍˇ ʵˎ˄ʰˍˈ˄ ˊʶʰ˂ʽˋˍʽˁˈˍʶˊʹ 

ʰˉˇˍˏˉ˖ˋʹ ˍʹˌΦ ʆʷˍˇʽʶˌ ˃ʶ˂ʷˍʶˌ ʶʾ˄ʰʽ ˍˇˎ Lacis όмфтоύΣ ˇ ˇˉˇʾˇˌ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋˍʹ˄ ʴʺʽ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˃ʶ ʲʱˋʹ ˍˇ˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˁʰʽ ˍʹ˄ ˁ˂ʾˋʹ ˍˇˎ 

ʶʵʱ˒ˇˎˌΣ ʰ˂˂ʱ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍˇˎ ˁʰʽ ˍˇˎˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ʹ 

˄ʶ˒ˇˁʱ˂ˎ˕ʹ ˁʰʽ ʹ ˎʴˊʰˋʾʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˉˇˎ ˃ʶʽ˗˄ˇˎ˄ ˍˇ ˉˇˋˈ ˍʹˌ ʱ˃ʶˋʹˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ˒ˍʱ˄ʶʽ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʹˌΦ ɮˁˈ˃ʹ ˇʽ Wong & Chow (2001) 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ т ʹ˂ʽʰˁʱ ˃ˇ˄ˍʷ˂ʰ ό˃ʰʸʾ ˁʰʽ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˍʹˌ Ashrae ˉˇˎ ˃ʶ˂ʶˍʱ˃ʶ ˋˍʹ˄ 

ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰύ ˁʰʽ ˁʱ˄ˇˎ˄ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ˇ˂ʽˁʺˌ ʹ˂ʽʰˁʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ʴʽʰ ˍʹ˄ ˉˈ˂ʹ ˍˇˎ Hong KongΣ ˉˇˎ ʶ˅ʱʴʶʽ ˍˇ ˁʱʻʶ ˃ˇ˄ˍʷ˂ˇ ˁʰʽ ʷ˔ʶʽ 

ʰˁˊʽʲʷˋˍʶˊʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ ɾʽʰ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶ˂ʷˍʹ ˉˇˎ ˋˎ˃ˉ˂ʹˊ˗˄ʶʽ ʰˎˍʺ ˍ˖˄ Wong & 

Chow ʶʾ˄ʰʽ ʰˎˍʺ ˍ˖˄ Kambezidis, Psiloglou & Gueymard όмффпύΣ ʹ ˇˉˇʾʰ ʲˇʹʻʱʶʽ ˍˇ˄ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʽˋˇˍˊˇˉʽˁ˗˄ ˁʰʽ ʰ˄ʽˋˇˍˊˇˉʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ 

ʶʵʱ˒ˇˎˌ ˋʶ ˁʶˁ˂ʽ˃ʷ˄ˇ ʶˉʾˉʶʵˇ. ɮˁˈ˃ʹ ˋʹ˃ʰ˄ˍʽˁʷˌ ˃ʶ˂ʷˍʶˌ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ ʴʽʰ ˍʹ˄ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍ˖˄ ʅɱʃΦ ʀʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˉʽˇ ˉʰ˂ʽʱΣ ˇ Hetrick (1993) 

˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˊˇʺˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ όSOLARFLUXύΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ 

ʲʰˋʽˋ˃ʷ˄ˇ ˋˍʰ ˋˎˋˍʺ˃ʰˍʰ ʴʶ˖ʴˊʰ˒ʽˁ˗˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄Σ ˁʰʽ ʲʰˋʾʸʶˍʰʽ ˋˍˇ˄ 

ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˋˍʹ˄ ʹ˂ʽʰˁʺ ʴ˖˄ʾʰΣ ˋˍʹ˄ ˋˁʾʰˋʹΣ ˋˍʹ˄ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˁʰʽ ˋʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΦ ɮˁˈ˃ʹΣ ˇʽ Dubayah & Rich ʰ˄ʷˉˍˎ˅ʰ˄ ˍˇ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˁʰʽ ˍˇˉˇʴˊʰ˒ʽˁˈ ˃ˇ˄ˍʷ˂ˇ όATM) ˁʰʽ ˍˇ SOLARFLUX ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˁʰʽ 

ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΦ ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ʷ˔ˇˎ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍ˖˄ Fu & Rich (1999, 2000, 2002ύΣ ˍˇ 

ˇˉˇʾˇ ʶ˄ˋ˖˃ʰˍ˗ʻʹˁʶ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ArcMap ˁʰʽ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˉ˂ʺˊʶˌ ˃ˇ˄ˍʷ˂ˇ 

ʰˉˇˍˏˉ˖ˋʹˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ ˔ʱˊˍʹΣ ˁʰʻ˗ˌ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ʷ˄ʰ ˃ʶʴʱ˂ˇ 

ˉ˂ʺʻˇˌ ˉʰˊʰʴˈ˄ˍ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˄ʰ ˁʱ˄ˇˎ˄ ˍˈˋˇ ˃ʶ ˍʹ˄ ˍˇˉˇʴˊʰ˒ʾʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌΣ ʰ˂˂ʱ ˁʰʽ 

˃ʶ ˍˇ˄ ˇˎˊʱ˄ʽˇ ˁʰʽ ˍˇ˄ ʹ˂ʽʰˁˈ ˔ʱˊˍʹΦ ʅʹ˃ʰ˄ˍʽˁʺ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ʶʾ˄ʰʽ ˁʰʽ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ Suri 

& Hofierka (2002), ˁʰʻ˗ˌ ʰ˄ʷˉˍˎ˅ʰ˄ ˍˇ ˃ˇ˄ˍʷ˂ˇ r.sun ˍˇ ˇˉˇʾˇ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴʽʰ ˍʹ˄ ʰ˄ʰˍˇ˂ʽˁʺ ˁʰʽ ˁʶ˄ˍˊʽˁʺ ɳˎˊ˗ˉʹ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ʰ˄ʱʴ˂ˎ˒ˇ ˉˇˎ 

ʷ˔ˇˎ˃ʶΦ ʆʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʵʶˁʰʶˍʾʰΣ ˇʽ Pons & Ninyerola όнллуύ ˔ʰˊˍˇʴˊʰ˒ˇˏ˄ ˍʹ˄ ˇ˂ʽˁʺ 

ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ʶ ʲʱˋʹ ˍʰ ʶʵʰ˒ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ 

˕ʹ˒ʽʰˁʱ ˃ˇ˄ˍʷ˂ʰ ʶʵʱ˒ˇˎˌ ˉˇˎ ˎˉʺˊ˔ʰ˄ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɼʰˍʰ˂ˇ˄ʾʰˌΦ ʅʹ˃ʰ˄ˍʽˁʺ ˁʰʽ 
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˃ʹ ʶ˅ʰʽˊʶˍʷʰ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ Gadsen, Rylatt ϧ [ƻƳŀǎ όнллоύΣ ʰ˒ˇˏ 

ˉʰˊˇˎˋʽʱʸʶʽ ˍʹ˄ ˔ˊʹˋʽ˃ˈˍʹˍʰ ˍʹˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʶ ˍʹ ˔ˊʺˋʹ 

ˍ˖˄ ʅɱʃΣ ˁʰʻ˗ˌ ʲˇʹʻʱʶʽ ˋˍʹ˄ ˔˖ˊˇʻʷˍʹˋʹ ʹ˂ʽʰˁ˗˄ ʻʶˊ˃ˇˋʽ˒˗˄˖˄ ʴʽʰ ˍʹ˄ ʶ˅ˇʽˁˇ˄ˈ˃ʹˋʹ 

ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˍʹ˄ ˃ʶʾ˖ˋʹ ˍˇˎ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ Leicester ˋˍʹ˄ 

ɮʴʴ˂ʾʰΦ ɮˁˈ˃ʹΣ ˋʹ˃ʰ˄ˍʽˁʺ ʶʾ˄ʰʽ ʹ ˉˊˇˋˉʱʻʶʽʰ ˍʹˌ ɳˎˊ˖ˉʰʿˁʺˌ ɴ˄˖ˋʹˌΣ ʰˉˈ ˍˇ нллтΣ ˄ʰ 

˔ʰˊˍˇʴˊʰ˒ʺˋʶʽ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍ˖˄ ʅɱʃ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ мфум-1990 

ʴʽʰ ˍʹ˄ ˔˖ˊˇʻʷˍʹˋʹ ˒˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˉʱˊˁ˖˄Φ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ 

˔ʱˊˍʹΦ

 

ʅ˔ʺ˃ʰ пΦ1. Solar Map ɹ ʽʰ ˍʹ˄ ɳˎˊ˗ˉʹ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ мфум ς 1990. 

 ʆʷ˂ˇˌΣ ʻʰ ʺʻʶ˂ʰ ˄ʰ ʰ˄ʰ˒ʶˊʻ˗ ˋʶ ʵˏˇ ˃ʶ˂ʷˍʶˌ ˉˇˎ ʷʴʽ˄ʰ˄ ʴʽʰ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ʶ 

ˍʹ˄ ˔ˊʺˋʹ ˍ˖˄ ʅɱʃ ˋˍʹ˄ ɳ˂˂ʱʵʰ ˁʰʽ ʶʽʵʽˁˈˍʶˊʰ ˋˍˇ ˍ˃ʺ˃ʰ ɱʶ˖ʴˊʰ˒ʾʰˌ ˍˇˎ ʋʰˊˇˁˇˉʶʾˇˎΣ 
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ˍˈˋˇ ˋʶ ˉˊˇˉˍˎ˔ʽʰˁˈ ˈˋˇ ˁʰʽ ˋʶ ˃ʶˍʰˉˍˎ˔ʽʰˁˈ ʶˉʾˉʶʵˇΦ ʁ ɾʺˍˊˇˎ ɮ˄ʵˊʷʰˌ όнллрύ 

˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʶ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍ˖˄ ʅɱʃ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ʆʺ˄ˇˎΣ 

˃ʶ ˔ˊʺˋʹ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ SUNAE ˁʰʽ ASHRAE ˋʶ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍˇ˄ ʶˊʶˎ˄ʹˍʺ ˍˇˎ ɹɳʃɰɮκɳɮɮ  

ɲˊΦ ɰΦ ʌˎ˂ˈʴ˂ˇˎΦ ɶ ʅʰ˂ˇ˄ʽˁʾʵʹ ɮʻʰ˄ʰˋʾʰ όнлмсύ ʰˋ˔ˇ˂ʶʾˍʰʽ ˃ʶ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˁʰʽ ˍʹ˄ 

ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʹ˂ʽʰˁˇˏ ʵˎ˄ʰ˃ʽˁˇˏ ˋˍʹ˄ ɳ˂˂ʱʵʰ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʅɱʃΣ ˁˏˊʽ˖ˌ ˋˁˇˉˈˌ ˍʹˌ 

ʶˊʴʰˋʾʰˌ ʺˍʰ˄ ʹ ˔˖ˊˇʻʷˍʹˋʹ ˒˖ˍˇʲˇ˂ˍʰʿˁˇˏ ˉʱˊˁˇˎ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɳ˂˂ʱʵˇˌΦ ɱʽʰ ˍˇ˄ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʹ˂ʽʰˁˇˏ ʵˎ˄ʰ˃ʽˁˇˏ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˍˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˃ˇ˄ˍʷ˂ˇ POSEIDON. 
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5. ɾʶʻˇʵˇ˂ˇʴʾʰ 

ʅˍˇ ˉʰˊ˗˄ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˋˍʹ˄ ˃ʶʻˇʵˇ˂ˇʴʾʰΣ ʹ ˇˉˇʾʰ ʰˁˇ˂ˇˎʻʺʻʹˁʶ 

ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍ˖˄ 

ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˍʹˌ Visual Basic ˁʰʽ ˍˇˎ ArcGIS. ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍʰ ˂ˇʴʽˋ˃ʽˁʱ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʶʾ˄ʰʽ ʹ Visual Basic 2012, ˉˇˎ ˎˉʱˊ˔ʶʽ ʵʽʰʻʷˋʽ˃ʹ ʵ˖ˊʶʱ˄ ˋˍˇ Visual 

Studio Express 2012 ˁ ʰʽ ˍˇ ArcMap 10.2.2 ̄ ˇˎ ˎˉʱˊ˔ʶʽ ˃ʷˋʰ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˍˇˎ ArcGIS. 

ɮ́ ˔ʽˁʱΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʻʷˋʹˌ ˍˇˎ ʹ˂ʾˇˎ ˋˍˇ˄ 

ˇˎˊʱ˄ʽˇ ʻˈ˂ˇΣ ʴʽʰ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΣ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ˁ˗ʵʽˁʰ SUNAE όʷˍˇʽ˃ˇˌ ˁ˗ʵʽˁʰˌ ˋʶ 

ʴ˂˗ˋˋʰ FORTRAN h ˉˈ ˍˇ˄  ɲˊΦ ɰΦ ʌˎ˂ˈʴ˂ˇˎύΦ ʁ ˁ˗ʵʽˁʰˌ SUNAE ˂ ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˖ˌ ʵʶʵˇ˃ʷ˄ʰ 

ʶʽˋˈʵˇˎ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ όʷˍˇˌ ˁʰʽ ɹˇˎ˂ʽʰ˄ʺ ʹ˃ʷˊʰύ, ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ̄˂ ʱˍˇˌ ˁʰʽ ˃ʺˁˇˌ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʸʶ˄ʾʻʽʰ ʴ˖˄ʾʰ (zenith angle)Σ ˍʹ˄ ʰʸʽ˃ˇˏʻʽʰ ʴ˖˄ʾʰ 

(azimuth angle)Σ ˍʹ˄ ˖ˊʽʰʾʰ ʴ˖˄ʾʰ (hour angle) ˁʰʽ ˍʹ˄ ʰˉˈˁ˂ʽˋʹ ˍˇˎ ʺ˂ʽˇˎ (sun 

declination). ɴ˔ˇ˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ ˃ˉˇˊˇˏ˃ʶ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍʹ˄ 

ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˍʹˌ ASHRAEΣ ˃ʶ ʲʱˋʹ ˍˇ˄ ˍˏˉˇ ˉˇˎ ʷ˔ˇˎ˃ʶ 

ʰ˄ʰ˒ʷˊʶʽ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΦ 

Th  ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ASHRAE h ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ˄ ́ ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ 

˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ɱʹˌΦ ʂ˃˖ˌ ˂ˈʴ˖ ˍʹˌ ˃ˇˊ˒ˇ˂ˇʴʾʰˌ ˍˇˎ 

ʶʵʱ˒ˇˎˌ ˎˉʱˊ˔ˇˎ˄ ʶˉʽ˒ʱ˄ʶʽʶˌ ˃ʶ ˁ˂ʾˋʹ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈΣ ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ʵʽʰ˒ˇˊʷˌ ˋˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʰˁˍʽ˄ˇʲˇ˂ʽ˗˄ ˉˇˎ ʵʷ˔ʶˍʰʽ ˃ʽʰ ˇˊʽʸˈ˄ˍʽʰ 

ʰˉˈ ˃ʾʰ ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰΦ ɴˍˋʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍˇ ʰ˄ʽˋˇˍˊˇˉʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ HayΣ ˍˇ 

ˇˉˇʾˇ ʷ˔ˇˎ˃ʶ ʰ˄ʰ˂ˏˋʶʽ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΣ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ 

ˍʷˍˇʽʶˌ ʶˉʽ˒ʱ˄ʶʽʶˌ. ʁˉˈˍʶ ˃ʶ ʲʱˋʹ ˍʰ ˉˊ˖ˍˇʴʶ˄ʺ ʵʶʵˇ˃ʷ˄ʰ όDEM) ˉˇˎ ʷ˔ˇˎ˃ʶ ʴʽʰ ˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˍʹˌ ɮˍˍʽˁʺˌ ˃ʶ Cell size 100* 100 ˃ˉˇˊˇˏ˃ʶ ˁʰʽ ʵʹ˃ʽˇˎˊʴˇˏ˃ʶ ʵˏˇ ʰˊ˔ʶʾʰ ˍˇ ʷ˄ʰ 

ʴʽʰ ˍʹ˄ ˁ˂ʾˋʹ ˁʰʽ ˍˇ ʱ˂˂ˇ ʴʽʰ ˍˇ˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˁʱʻʶ ʶˉʽ˒ʱ˄ʶʽʰˌΦ ɶ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ 

ʰˊ˔ʶʾ˖˄ ʰˎˍ˗˄ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍ˖˄ ʶ˄ˍˇ˂˗˄ Aspect ˁ ʰʽ Slope ̄ ˇˎ ˎˉʱˊ˔ˇˎ˄ ˃ʷˋʰ ˋˍˇ 

Arc Toolbox. ɱʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˃ˇˊ˒ʺ ASCII, ˗ˋˍʶ ˄ʰ ˃ˉˇˊʷˋˇˎ˃ʶ ˄ʰ ˍʰ 

ʶʽˋʱʴˇˎ˃ʶ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍˇˎ Hay, ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ˍˇˎ ArcGIS 

άRaster to Asciiέ. 
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ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ʷ˔ˇ˄ˍʰˌ ˖ˌ ʵʶʵˇ˃ʷ˄ˇ ˍˇ DEM ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɮˍˍʽˁʺˌ 

ʰ˄ʰˍˊʷ˔ˇˎ˃ʶ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ Slope ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˃ʷˋʰ ˋˍˇ ArcToolbox  ˁʰʽ ˍʹ˄ 

ʶˉʽ˂ʷʴˇˎ˃ʶΣ ˍˈˍʶ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˍˇ ʶ˅ʺˌ ˉʰˊʱʻˎˊˇΥ 

 

ʅ˔ʺ˃ʰ рΦмΦ ʃʰˊʱʻˎˊˇ ʶ˒ʰˊ˃ˇʴʺˌ Slope. 

ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰΣ ʶˉʽ˂ʷʴˇˎ˃ʶ ˍˇ DEM ˍʹˌ ɮˍˍʽˁʺˌΣ ˍˇ ˇˉˇʾˇ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʺ ˃ʰˌ ʷ˔ʶʽ 

ˍʹ˄ ˇ˄ˇ˃ʰˋʾʰ fattika ˁʰʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˇˊʾʸˇˎ˃ʶ ˍˇ˄ ˒ʱˁʶ˂ˇ ˉˇˎ ʻʷ˂ˇˎ˃ʶ ˄ʰ ʰˉˇʻʹˁʶˎˍʶʾ 

ˍˇ ʰˊ˔ʶʾˇ ˃ʰˌΦ ɮˁˈ˃ʹΣ ˋʹ˃ʰ˄ˍʽˁˈ ʶʾ˄ʰʽ ˄ʰ ˇˊʾˋˇˎ˃ʶ ˈˍʽ ʹ ˃ˇ˄ʱʵʰ ˃ʷˍˊʹˋʹˌ ˍʹˌ ˁ˂ʾˋʹˌ ˃ʰˌ 

ʻʷ˂ˇˎ˃ʶ ˄ʰ ʶʾ˄ʰʽ ˋʶ ˃ˇʾˊʶˌ ˗ˋˍʶ ˄ʰ ˋˎ˃ʲʰʵʾʸˇˎ˄ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˇ ˁ˗ʵʽˁʰˌ 

ˍˇˎ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΦ ɮ˄ˍʾˋˍˇʽ˔ʰΣ ʴʽʰ ˍˇ˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˃ʰˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ Aspect ˁʰʽ ˍˇ ˉʰˊʱʻˎˊˇ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ 

ˈˍʰ˄ ˍˇ ʶˉʽ˂ʷ˅ˇˎ˃ʶ ʶʾ˄ʰʽ ˍˇ ʶ˅ʺˌΥ  
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ʅ˔ʺ˃ʰ рΦнΦ ʃʰˊʱʻˎˊˇ ʶ˒ʰˊ˃ˇʴʺˌ Aspect. 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˉˊ̌̀ ʰ˄ʰˍˇ˂ʽˋ˃ˇˏ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ 

ˁʰʽ ˃ˈ˄ˇ ʰˉˈ ˍˇ ˕ʹ˒ʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ ʶʵʱ˒ˇˎˌ ˍʹˌ ɮˍˍʽˁʺˌ ˁʰʽ ʶ˃ʶʾˌ ʰˉ˂ʱ ˇˊʾʸˇˎ˃ʶ ˍʹ˄ 

ˇ˄ˇ˃ʰˋʾʰ ˁʰʽ ˍˇ˄ ˒ʱˁʶ˂ˇ ˉˇˎ ʻʰ ʰˉˇʻʹˁʶˎˍʶʾ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ Raster. ɰʷʲʰʽʰΣ ˋˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʷ˄ʰˌ ʶˉʽˉ˂ʷˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈˌΣ ˁʰʻ˗ˌ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏ ˉˇˎ ʷ˔ˇˎ˃ʶ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ GIS ʶʾ˄ʰʽ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ʰˉˈ ˍʰ ʶʽˋʰʴˈ˃ʶ˄ʰ ˉˇˎ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʷˋ˖ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˍʹˌ ASHRAE - HAY. ɳʽʵʽˁˈˍʶˊʰΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ GIS 

ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʷ˔ʶʽ ˍʽ˃ʷˌ ʰˉˈ л ς осл ˃ˇʾˊʶˌΣ ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˃ʹʵʶ˄ˈˌ ˄ʰ 

ʲˊʾˋˁʶˍʰʽ ˋˍˇ˄ ɰˇˊˊʱ ˁʰʽ ˁʰʻ˗ˌ ˁʽ˄ˇˏ˃ʰˋˍʶ ʵʶ˅ʽˈˋˍˊˇ˒ʰ όˉˊˇˌ ˍʰ ʰ˄ʰˍˇ˂ʽˁʱύ ˇʽ ˍʽ˃ʷˌ ˄ʰ 

ʰˎ˅ʱ˄ˇˎ˄ ˃ʶ ˍʹ˄ ɮ˄ʰˍˇ˂ʺ ˄ʰ ʷ˔ʶʽ ˍʹ˄ ˍʽ˃ʺ флΣ ˍˇ˄ ɿˈˍˇ ˄ʰ ˉʰʾˊ˄ʶʽ ˍʹ˄ ˍʽ˃ʺ мул ˁʰʽ ˍʹ˄ 

ʵˏˋʹ ˄ʰ ʷ˔ʶʽ ˍʹ˄ ˍʽ˃ʺ нтлΦ ɮ˄ˍʾʻʶˍʰΣ ˍˇ ˃ˇ˄ˍʷ˂ˇ SUNAE ˁʰʻˇˊʽˋ˃ˇˏ ˍʹˌ ʻʷˋʹˌ ˍˇˎ ʺ˂ʽˇˎ 

ˋˍˇ˄ ˇˎˊʱ˄ʽˇ ʻˈ˂ˇ ˁʰʽ ˍʰ ˃ˇ˄ˍʷ˂ʰ ASHRAE ς ɶɮʇ ʴʽʰ ˄ʰ ˃ˉˇˊʷˋˇˎ˄ ˄ʰ ˁʱ˄ˇˎ˄ ˋ˖ˋˍˇˏˌ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˔ˊʶʽʱʸˇ˄ˍʰʽ ˇ 

ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˄ʰ ʷ˔ʶʽ ˍʽ˃ʷˌ ʰˉˈ -мул ʷ˖ˌ л ˁʰʽ ʰˉˈ л ʷ˖ˌ мул ˃ʶ л ˄ʰ 

ʶʾ˄ʰʽ ˍˇ ˋʹ˃ʶʾˇ ˍˇˎ ɿˈˍˇˎ ˁʰʽ мул ʺ -мул ˍˇ ˋʹ˃ʶʾˇ ˍˇˎ ɰˇˊˊʱΣ ʰˁˈ˃ʹ ʻʶˍʽˁʷˌ ˍʽ˃ʷˌ ˄ʰ 

ˉʰʾˊ˄ˇˎ˃ʶ ʴʽʰ ˍʽˌ ʰ˄ʰˍˇ˂ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌ ʴʽʰ ˍʽˌ ʵˎˍʽˁʷˌΣ 

ʵʹ˂ʰʵʺ ʴʽʰ ˍʹ˄ ɮ˄ʰˍˇ˂ʺ ʹ ˍʽ˃ʺ ˉˇˎ ˉʰʾˊ˄ˇˎ˃ʶ ʶʾ˄ʰʽ фл ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ˍʹ˄ ɲˏˋʹ ʷ˔ˇˎ˃ʶ 

ˍʹ˄ ˍʽ˃ʺ -флΦ ʁˉˈˍʶ ʴʽʰ ˍʹ˄ ˃ʶˍʰˍˊˇˉʺ ʰˎˍʺ ˔ˊʶʽʱˋˍʹˁʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍˇ Raster 
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Calculator ʴʽʰ ˄ʰ ˃ˉˇˊʷˋˇˎ˃ʶ ˄ʰ ˃ʶˍʰˍˊʷ˕ˇˎ˃ʶ ˍˇ˄ ʰˊ˔ʽˁˈ ˃ʰˌ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˋˍˇ˄ 

ʶˉʽʻˎ˃ʹˍˈΦ ɶ ˉˊʱ˅ʹ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˄ʰ ʴʾ˄ʶʽ ʰˎˍʺ ʹ ˃ʶˍʰˍˊˇˉʺ ʶʾ˄ʰʽ ʹ ʶ˅ʺˌΥ 

ὃίὴὩὧὸρψπz ρ 

ɴˍˋʽΣ ˂ˇʽˉˈ˄ ʷ˔ˇˎ˃ʶ ˍˇ ʶˉʽʻˎ˃ʹˍˈ ʰˉˇˍʷ˂ʶˋ˃ʰΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʷˍˇʽ˃ˇ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʷˋ˖ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ SUNAE - 

ASHRAE - HAY.  

ɴ˔ˇ˄ˍʰˌΣ ˂ˇʽˉˈ˄ ˍʰ ʰˉʰˊʰʾˍʹˍʰ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΣ ˁʰˍʰ˂ʺʴˇˎ˃ʶ 

ˋˍʹ˄ ˔ˊʺˋʹ ˍʹˌ Visual Basic ɹ ʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ʹ˂ʽʰˁʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰΦ ʅˍʹ˄ ʰˊ˔ʺΣ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˍˇ ʶˉʽʻˎ˃ʹˍˈ interface 

ʴʽʰ ˍʹ˄ ʲʷ˂ˍʽˋˍʹ ˔ˊʺˋʹ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ˍˇ ʶ˅ʺˌΥ 

 

ʅ˔ʺ˃ʰ 5.3. Interface ʁ ˒ʰˊ˃ˇʴʺˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏ Ashrae - Hay. 

ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰΣ ʶˉʽ˂ʷʴˇ˄ˍʰˌ ˍʰ ˍˊʾʰ ˉˊ˗ˍʰ boxes ˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ 

ˁʰʻˇˊʾʸˇˎ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋˈʵˇˎΦ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ˋˍˇ ˉˊ˗ˍˇ box ʰ˄ʰʴˊʱ˒ʶˍʰʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ 

˒ʰˁʷ˂ˇˎΣ ˈˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋˈʵˇˎΣ ˋˍˇ˄ ʵʶˏˍʶˊˇ box ʶˉʽ˂ʷʴˇˎ˃ʶ ˍˇ˄ ˃ʺ˄ʰ ʴʽʰ ˍˇ˄ 

ˇˉˇʾˇ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˉʱˊˇˎ˃ʶ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ˋˍˇ ˍˊʾˍˇ ˁʰʽ ˍʶ˂ʶˎˍʰʾˇ box ɻ ʾ˄ˇˎ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ˁʱʻʶ 

ˉˈˍʶ ʻʰ ʴʾ˄ʶˍʰʽ ˂ʺ˕ʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍʰ ʰˊ˔ʶʾʰ ˍʽˌ SUNAEΣ ˁʰʻ˗ˌ ʷ˔ˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˃ʶ 

ʰˁˊʾʲʶʽʰ ˂ʶˉˍˇˏΦ ʅˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹΣ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʷˋʰ 

ˋˍʹ˄ ʵʽʱˊˁʶʽʰ ˍʹˌ ˃ʷˊʰˌ ʴʾ˄ʶˍʰʽ ˃ʶ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˃ʽˋʺ ̩˗ˊʰ̩. ɴˉʶʽˍʰΣ ʰ˄ˇʾʴˇ˄ˍʰˌ ˍˇ˄ ˁ˗ʵʽˁʰ ˍˇˎ 

button άComputeέ  ʁ̔ ˋʱʴˇˎ˃ʶ ˍʽˌ ʶ˅ʽˋ˗ˋʶʽˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˍˇˎ ASHRAE ˁʰʽ ˍˇˎ Hay ˁʰʽ 

ˁʰʻˇˊʾʸˇˎ˃ʶ ˍʰ ʰˊ˔ʶʾʰ ˉˇˎ ʶ˅ʱʴˇ˄ˍʰʽ ˃ʷˋ˖ ˍ˖˄ ˎˉˇ˂ˇʴʽˋ˃˗˄ ʰˎˍ˗˄Φ ɰ˂ʷˉˇ˄ˍʰˌ ˍˇ ˋ˔ʺ˃ʰ ˃ʰˌ 
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ʵʾ˄ʶˍʰʽ ˍˇ File ς RowΣ ˍˇ ˇˉˇʾˇ ˃ʰˌ ʵʶʾ˔˄ʶʽ ˍˇ ˋˍʱʵʽˇ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ʹ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 

˃ʰˌ ʴʽʰ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍˇˎˌΦ ʅʹ˃ʰ˄ˍʽˁˈ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ʶʾ˄ʰʽ ˈˍʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ʶ˅ʱʴʶʽ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʾʵʽʰˌ ˃ˇˊ˒ʺˌ ˃ʶ ʰˎˍʱ ˍ˖˄ ASCII ʰˊ˔ʶʾ˖˄ ˉˇˎ ˉʺˊʰ˃ʶ ʰˉˈ ˍˇ ArcMapΦ ʃʽˇ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍˇ˄ ˁ˗ʵʽˁʰ ʵ˗ˋʰ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ˄ʰ ˃ʹ˄ ʵʽʰʲʱˋʶʽ ˍʹˌ с ˉˊ˗ˍʶˌ ʴˊʰ˃˃ʷˌ ˁʰʽ ˄ʰ ˍʽˌ 

ʶʽˋʱʴʶʽ ʰˎˍˇˏˋʽʶˌ ˋˍʰ ASCII ʰˊ˔ʶʾʰ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽΣ ˍʽˌ ˍʽ˃ʷˌ -фффф ˄ʰ ˍʽˌ ˂ʰ˃ʲʱ˄ʶʽ ˖ˌ άno 

dataέ ˁʰʽ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˄ʰ ʴʾ˄ˇ˄ˍʰʽ ʴʽʰ ˈ˂ʰ ˍʰ ˎˉˈ˂ˇʽˉʰ ˁʶ˂ʽʱΦ ɼʰˍʱ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʶʾ˄ʰʽ ʷˍˇʽ˃ʰ ʴʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍˇˎˌ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ArcMap. 

ɳˉˇ˃ʷ˄˖ˌΣ ʰˁˇ˂ˇˎʻʶʾ ʹ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄, ˉˇˎ ʷ˔ˇˎ˃ʶ ˃ʷˋ˖ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ ASHRAE ς Hay, ˋˍʹ˄ ˉ˂ʰˍ˒ˈˊ˃ʰ ˍˇˎ ArcMap. ɱʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ʰˎˍˇˏ ˍˇˎ ʲʺ˃ʰˍˇˌ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ Ascii to Raster. ɼʰˍʱ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˃ʶˍʰˍˊʷˉˇˎ˃ʶ ˍʰ ʰˊʽʻ˃ʹˍʽˁʱ 

ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʷ˔ˇˎ˃ʶ ˋʶ ˕ʹ˒ʾʵʶˌ ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˇ ˔ʱˊˍʹˌ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ 

ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰΦ ɮ˒ˇˏ ʶʽˋʱʴˇˎ˃ʶ ˈ˂ʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˁʱʻʶ ˃ʽˋʺ ˗ˊʰ ˉˇˎ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ 

ʰˍˍʽˁʺˌ ʵʷ˔ʶˍʰʽ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰΣ ˍˈˍʶ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ˍˇˎ Raster Calculator ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˍʹ˄ 

ʰʻˊˇʽˋˍʽˁʺ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ʵʷ˔ʶˍʰʽ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˋʶ Wh/m2. ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ 

ʰʻˊˇʽˋˍʽˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʴʽʰ ˃ʾʰ ʹ˃ʷˊʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ ˇ˂ˇˁ˂ʺˊ˖ˋʹˌ ˍˇˎ 

ˍˊʰˉʶʸʾˇˎΦ ɳ˄ʵʶʽˁˍʽˁʱΣ ʴʽʰ ˍˇ˄ ˃ʺ˄ʰ ˍˇˎ ɹʰ˄ˇˎʰˊʾˇˎ ʷ˔ˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˁʱʻʶ ˃ʽˋʺ ˗ˊʰ ʰˉˈ ˍʽˌ 

уΥлл ˍˇ ˉˊ˖ʾ ˃ʷ˔ˊʽ ˍʽˌ мтΥол ˍˇ ʰˉˈʴʶˎ˃ʰΣ ˇˉˈˍʶ ʴʽʰ ˍˇ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋʶ 

Wh/m2 ̝ ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˇ ʶ˅ʺˌ ˍˏˉˇˌΥ  

  

ὐὥὲόὥὶώ
ψȡππ

ς
ψȡσπ ωȡππ Ễ ρχȡππ

ρχȡσπ

ς
πzȟυ 

 ɴˍˋʽ ˂ˇʽˉˈ˄ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋˍʽˌ ˃ʷˋʶˌ Wh/m2 ɹ ʽʰ ˁʱʻʶ ˃ʺ˄ʰΣ ˁʰʻ˗ˌ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇˎ˃ʶ 

ˍʹ˄ нм ˃ʷˊʰ ˁʱʻʶ ˃ʺ˄ʰ ˖ˌ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ ʵʶʾʴ˃ʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˍʹˌ ASHRAE. ʆʷ˂ˇˌΣ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˍʹ˄ ˃ʷˋʹ ʶˍʺˋʽʰ 

ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴʽʰ ̱ ˇ нлмпΣ ˁʰʻ˗ˌ ˍˈˍʶ ʷ˔ˇˎ˃ʶ ˉʱˊʶʽ ˍˇ ʵʶʾʴ˃ʰ ˃ʰˌΦ 

 ɳ˒ˈˋˇ˄Σ ʷʴʽ˄ʶ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ASHRAE ˁʰʽ ˍˇˎ Hay, ˍ˗ˊʰ ˋʶʽˊʱ ʷ˔ʶʽ ʹ ʶˁˍʷ˂ʶˋʹ 

ˍʹˌ ʶ˄ˍˇ˂ʺˌ Solar Radiation ˉˇˎ ʺʵʹ ˎˉʱˊ˔ʶʽ ˋˍʹ˄ ˉ˂ʰˍ˒ˈˊ˃ʰ ˍˇˎ ArcMap ˁʰʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʲˊʾˋˁʶˍʰʽ ˋˍʰ extensions ˍˇˎ Arc Toolbox. ɱʽʰ ˍʹ˄ ˃ʶ˂ʷˍʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˍʹˌ 

ʰˍˍʽˁʺˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʹ˄ ʶ˄ˍˇ˂ʺ ˍˇˎ Area Solar Radiation.  
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ʅ˔ʺ˃ʰ 5.4. ɯ˄ˇʽʴ˃ʰ ʁ ˄ˍˇ˂ʺˌ Area Solar Radiation 

 ɾʶ ˍˇ ˉˇˎ ʰ˄ˇʾ˅ˇˎ˃ʶ ˍˇ ˉʰˊʱʻˎˊˇ ˍˇˎ Area Solar Radiation ʲ˂ʷˉˇˎ˃ʶ ˍʹ˄ 

ˉʰˊʰˉʱ˄˖ ʶʽˁˈ˄ʰΦ ɴˍˋʽ ʰˁˇ˂ˇˎʻʱ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʵʽʰʵʽˁʰˋʾʰ ʴʽʰ ˄ʰ ˉʱˊˇˎ˃ʶ ˍʰ 

ʶˉʽʻˎ˃ʹˍʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ ɮˊ˔ʽˁʱΣ ʶʽˋʱʴˇˎ˃ʶ ˍˇ DEM ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʰˌ ˁʰʽ ʶˉʽ˂ʷʴˇˎ˃ʶ ˍʹ˄ 

ʰˉˇʻʺˁʶˎˋʹ ˍˇˎ ˋˍˇ˄ ˒ʱˁʶ˂ˇ ˉˇˎ ʶˉʽʻˎ˃ˇˏ˃ʶΦ ɳʱ˄ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʶʵʱ˒ˇˎˌ ʶʾ˄ʰʽ 

ʴʶ˖ʰ˄ʰ˒ʶˊ˃ʷ˄ˇ ˍˇ Latitude ʻʰ ʰ˂˂ʱ˅ʶʽ ˋˏ˃˒˖˄ʰ ˍˇ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʰˌΦ 

ʆˇ Sky size/ Resolution ʶʾ˄ʰʽ ʹ ʰ˄ʱ˂ˎˋʹ ˉˇˎ ʷ˔ʶʽ ˍˇ sky ˁʰʽ ˍˇ sun map ʴʽʰ ˍʹ˄ ˇˊʰˍˈˍʹˍʰ 

ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˁʰʽ ˋˎ˄ʺʻ˖ˌ ʵʾ˄ʶˍʰʽ ˃ʶ нлл ˁʶ˂ʽʱΦ ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ʶˉʽ˂ʷ˅ʰ˃ʶ ˄ʰ ˂ʱʲˇˎ˃ʶ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˃ʾʰ ˃ʷˊʰ όWithin a day) ˁ ʰʽ ˇˊʾˋʰ˃ʶ ˍʽˌ ˗ˊʶˌ ˉˇˎ ʻʷ˂ˇˎ˃ʶ ˋˏ˃˒˖˄ʰ ˃ʶ 

ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ Ashrae ˁʰʽ ʶˉʽ˂ʷ˅ʰ˃ʶ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ 

ˁʱʻʶ ˃ʽˋʱ˖ˊˇ όhour interval: 0,5).  

 ɮˁˈ˃ʹ ʵʶˎˍʶˊʶˏˇ˄ˍʶˌ ʶʾ˄ʰʽ ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 
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ʅ˔ʺ˃ʰ рΦрΦ ɲʶˎˍʶˊʶˏˇ˄ˍʶˌ ʃʰˊʱʴˇ˄ˍʶˌ ˍˇˎ Area Solar Radiation 

 ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʶʱ˄ ʻʷ˂ˇˎ˃ʶ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˇˊʾˋˇˎ˃ʶ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍʹˌ 

ˍˇˉˇʴˊʰ˒ʾʰˌ ˁʰʽ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΦ ʅˍʹ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˊʴʰˋʾʰ ʵʶ˄ ˔ˊʶʽʱˋˍʹˁʶ ˄ʰ 

ʰ˂˂ʱ˅ˇˎ˃ʶ ˁʰ˃ʾʰ ʰˉˈ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˉʰˊʰ˃ʷˍˊˇˎˌΣ ˁʰʻ˗ˌ ˇʽ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ʶˉʽ˂ˇʴʷˌ 

ʺˍʰ˄ ˁʰˍʱ˂˂ʹ˂ʶˌ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ ʶˉʽʻˎ˃ʹˍ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ʆʷ˂ˇˌΣ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˃ʶ ʶʾ˄ʰʽ ˋʶ Wh/m2, ˇˉˈˍʶ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʴʽʰ ˄ʰ 

ʲˊˇˏ˃ʶ ˍʹ˄ ʰʻˊˇʽˋˍʽˁʺ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴʽʰ ˍʹ˄ нм ˃ʷˊʰ ˍˇˎ ˁʱʻʶ ˃ʺ˄ʰΣ ˉˇˎ ʷ˔ˇˎ˃ʶ 

ʶˉʽ˂ʷ˅ʶʽ ˁʰʽ ˋʶ ʰˎˍʺ˄ ˉʶˊʾˉˍ˖ˋʹΣ ˁʱ˄ˇˎ˃ʶ ˃ʾʰ ʰˉ˂ʺ ˉˊˈˋʻʶˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ 

ʲʴʺˁʰ˄ ʰˉˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰΦ ɼʰʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˃ʷˋʹ ʶˍʺˋʽʰ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴʽʰ ˍˇ нлмпΦ 

 ɴˍˋʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˈ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˂ˇʴʽˁˈ ʵʽʱʴˊʰ˃˃ʰ 

ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ʴʽʰ ˍʹ ʵʽʶˁˉʶˊʰʾ˖ˋʹ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˃ʶ˂ʷˍʹˌΦ 
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ʅ˔ʺ˃ʰ 5.6Φ ɽˇʴʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ASHRAE ς HAY ˁ ʰʽ Solar Radiation.  
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6. ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ʅʶ ʰˎˍˈ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ʴʾ˄ʶʽ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ ˉʰˊʺ˔ʻʹˋʰ˄ 

ˁʰˍʱ ˍʹ˄ ʶˁˉˈ˄ʹˋʹ ˍʹˌ ˉʰˊʰˉʱ˄˖ ˃ʶʻˇʵˇ˂ˇʴʾʰˌΦ ɮˊ˔ʽˁʱΣ ʷ˔ˇˎ˃ʶ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ 

ʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ˉˊˇˋˉʾˉˍˇˎˋʰˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋʶ ʶˉʽ˒ʱ˄ʶʽʶˌ ˇˉˇʽʰˋʵʺˉˇˍʶ ˁ˂ʾˋʹˌ 

ˁʰʽ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏΣ ˍʰ ˇˉˇʾʰ ʺˍʰ˄ ʰˉʰˊʰʾˍʹˍʰ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ ˍʶ˂ʽˁ˗˄ 

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʴʾ˄ʶˍʰʽ ˃ʹ˄ʽʰʾʰ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ ʶ˅ʱʴʶʽ ˇ 

ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ASHRAE ς Hay ʴʽʰ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ɮˍˍʽˁʺˌ ˁʰʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˃ʶ ʶʾ˄ʰʽ ʴʽʰ ˍʹ˄ нмʹ ˃ʷˊʰ ˁʱʻʶ ˃ʺ˄ʰΣ ˁʰʻ˗ˌ ˍʹ˄ ʻʶ˖ˊˇˏ˃ʶ 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʺ ˖ˌ ˃ʷˋˇ ʴʽʰ ˍʹ˄ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ʵʷ˔ʶˍʰʽ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˃ʰˌ ˁʱʻʶ 

˃ʷˊʰΦ ɴˍˋʽ ˉˊˇˁˏˉˍʶʽ ˈˍʽ ˇʽ ˍʽ˃ʷˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˃ʶ ʻʶ˖ˊˇˏ˄ˍʰʽ ˖ˌ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˍ˖˄ ˃ʹ˄˗˄ 

ʴʽʰ ˍˇ ʷˍˇˌ нлмп ˁʰʽ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋˍʹ˄ ˃ʷˋʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ʵʷ˔ʶˍʰʽ ʹ ɮˍˍʽˁʺ ʴʽʰ 

ʷ˄ʰ ˇ˂ˈˁ˂ʹˊˇ ʷˍˇˌΦ ʆʷ˂ˇˌΣ ˉʰˊˇˎˋʽʱʸˇˎ˃ʶ ˁʱˉˇʽʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ˄ 

ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ArcMapΣ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ʴʽʰ ˍʹ˄ ʶˉˇ˔ʺ ˍˇˎ ˔ʶʽ˃˗˄ʰΣ ˍʹˌ ʱ˄ˇʽ˅ʹˌ ˁʰʽ ˍˇˎ 

ˁʰ˂ˇˁʰʽˊʽˇˏ ˁʰʽ ˍʹ ˃ʷˋʹ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ʴʽʰ ˈ˂ˇ ˍˇ ʷˍˇˌ ˍˇˎ нлмпΦ  

ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʰ˃ʶ ˁʰʽ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ ˋʹ˃ʰ˄ˍʽˁʱ ˉʰˊʰʴˈ˃ʶ˄ʰ ʶʾ˄ʰʽ ˇʽ ˔ʱˊˍʶˌ ˍʹˌ 

ˁ˂ʾˋʹˌ ˁʰʽ ˍˇˎ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˇˏΣ ˇʽ ˇˉˇʾˇʽ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˍˇˎ 

ArcMap ʰˉˈ ˍˇ ʰˊ˔ʽˁˈ DEM ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˍʹˌ ɮˍˍʽˁʺˌ ˉˇˎ ʺʵʹ ʶʾ˔ʰ˃ʶΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ HayΣ ˍˇ ˇˉˇʾˇ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ 

ˋʶ ˁʶˁ˂ʽ˃ʷ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰΦ ʁʽ ˔ʱˊˍʶˌ ʰˎˍˇʾ ˒ʰʾ˄ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 
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ʋʱˊˍʹˌ 6.1Φ ɼ˂ʾˋʹ ʶʵʱ˒ˇˎˌ ˋʶ ˃ˇʾˊʶˌ 
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ʋʱˊˍʹˌ 6.2Φ ʃˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈˌ ˍʹˌ ˁ˂ʾˋʹˌ ˍʹˌ ʶˉʽ˒ʰ˄ʶʾʰˌ 
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ɴ˔ˇ˄ˍʰˌΣ ˉ˂ʷˇ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˁʰˍʰ˂ʺ˅ˇˎ˃ʶ ˋˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ˍ˖˄ ˃ʷˋ˖˄ ʹ˂ʽʰˁ˗˄ ʰˁˍʽ˄ˇʲˇ˂ʽ˗˄ ˉˇˎ ʵʷ˔ʶˍʰʽ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ɮˍˍʽˁʺˌ ʴʽʰ ˁʱʻʶ ˃ʺ˄ʰΦ ʁ 

ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍˇˎˌ ʴʾ˄ʶˍʰʽ ʰˉˈ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˖ˊʽʰʾ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˃ʶ 

ʴʽʰ ˁʱʻʶ нмʹ ˃ʷˊʰ ˍˇˎ ˃ʺ˄ʰΦ ɴˉʶʽˍʰΣ ʰʻˊˇʾʸˇˎ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ʰˎˍʷˌΣ ˉˇˎ ʶʾ˄ʰʽ ˋʶ Watt/m2, ˁʰʽ 

ˍʽˌ ʵʽʰʽˊˇˏ˃ʶ ˃ʶ лΣр ˁʰʻ˗ˌ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˃ʰˌ ʶʾ˄ʰʽ ʰ˄ʱ ˃ʽˋʺ 

˗ˊʰΦ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʶʾ˄ʰʽ ʹ ʰʻˊˇʽˋˍʽˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʴʽʰ ˍʹ˄ ˃ʷˊʰ ˉˇˎ 

˃ʶ˂ʶˍʱ˃ʶΣ ʰ˂˂ʱ ˁʰʻ˗ˌ ʻʶ˖ˊˇˏ˃ʶ ˍʹ˄ ˃ʷˊʰ ʰˎˍʺ ˃ʾʰ ˃ʷˋʹ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʺ ˃ʷˊʰ ʴʽʰ ˍʹ˄ 

ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʴʽʰ ˁʱʻʶ ˃ʺ˄ʰ ˉˊˇˁˏˉˍʶʽ ˄ʰ ʷ˔ˇˎ˃ʶ ˍʹ˄ ʹ˃ʶˊʺˋʽʰ 

ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ˍˇˎ ˃ʺ˄ʰΦ ɴˍˋʽΣ ˉˊˇˁˏˉˍʶʽ ˇ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰˌΣ ˈˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ 

˃ʷʴʽˋˍʹΣ ʹ ʶ˂ʱ˔ʽˋˍʹ ˁʰʽ ʹ ˃ʷˋʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˉˇˎ ʷ˔ˇˎ˃ʶ ʴʽʰ ˁʱʻʶ ˃ʺ˄ʰΣ ˋˏ˃˒˖˄ʰ 

˃ʶ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˍʹˌ ASHRAE ˁ ʰʽ ˍˇˎ HAY. 

ɾʺ˄ʶˌ ɳɽɮʋɹʅʆʁ όWh/m2) ɾɳɱɹʅʆʁ (Wh/m2) ɾɳʅʁʅ (Wh/m2) 

ɹʰ˄ˇˎʱˊʽˇˌ 618,25 6067,75 2471,1 

ʊʶʲˊˇˎʱˊʽˇˌ 903,5 7053,25 3241,53 

ɾʱˊˍʽˇˌ 1225,5 7791,5 4061,8 

ɮˉˊʾ˂ʽˇˌ 1452 8180,25 4691,6 

ɾʱʽˇˌ 1545 8513,25 5057,44 

ɹˇˏ˄ʽˇˌ 1557,75 8667,5 5140,3 

ɹˇˏ˂ʽˇˌ 1525 8403,5 4995,52 

ɮˏʴˇˎˋˍˇˌ 1407,25 7944,75 4548,2 

ʅʶˉˍʷ˃ʲˊʽˇˌ 1184 7526 3907,85 

ʁˁˍ˗ʲˊʽˇˌ 871,5 6843 3132,1 

ɿˇʷ˃ʲˊʽˇˌ 610 6008,75 2442,33 

ɲʶˁʷ˃ʲˊʽˇˌ 330 5610,5 2166,93 

ɳˍʺˋʽˇˌ ɾʷˋˇˌ 1182,15 7183,54 3821,38 

ʃʰˊʰˍʹˊ˗˄ˍʰˌ ˍˇ˄ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʰ ʲ˂ʷˉˇˎ˃ʶ ˈˍʽ ʹ ˃ʾʰ ˉʶˊʽˇ˔ʺ ˋˍʹ˄ ɮˍˍʽˁʺ 

ʵʷ˔ˍʹˁʶ ˁʰˍʱ ˃ʷˋˇ ˈˊˇ ʶ˂ʱ˔ʽˋˍʹ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ʴʽʰ ˍˇ ʷˍˇˌ ˍˇˎ нлмп ʾˋʹ ˃ʶ 1182,15 

Wh/m2, h ˄ˍʾˋˍˇʽ˔ʰ ʹ ˃ʷʴʽˋˍʹ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ ʴʽʰ ˍˇ ʷˍˇˌ ˍˇˎ нлмп ʾˋʹ ˃ʶ 7183,54 Wh/m2. 

ʆʷ˂ˇˌΣ ˃ʾʰ ˃ʷˋʹ ˍʽ˃ʺ ʹ˂ʽʰˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɮˍˍʽˁʺˌ ʴʽʰ ˍˇ нлмп ʶʾ˄ʰʽ 

ˉʶˊʾˉˇˎ 3821,38 Wh/m2Φ ɮˁˈ˃ʹ ʰˉˈ ˍˇ˄ ˉʾ˄ʰˁʰ ˉˊˇˁˏˉˍʶʽΣ ˈˉ˖ˌ ʺˍʰ˄ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇΣ ʹ 

ʶ˂ʱ˔ʽˋˍʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˄ʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˍˇ˄ ɲʶˁʷ˃ʲˊʽˇ ˃ʶ ˍʽ˃ʺ оол Wh/m2 ˁʰʽ 
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ʰ˄ˍʾˋˍˇʽ˔ʰ ˃ʷʴʽˋˍʹ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˍˇ˄ ɹˇˏ˄ʽˇ ˃ʶ ˍʽ˃ʺ усстΣр Wh/m2. ʃʰˊʰˁʱˍ˖ ʻʰ 

ʴʾ˄ʶʽ ˁʰʽ ˇˉˍʽˁʺ ˉʰˊʱʻʶˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˃ʶ ˍˇˎˌ ˔ʱˊˍʶˌ ˉˇˎ ʶ˅ʱʴʰ˃ʶ ʰˉˈ ˍʹ˄ 

ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ArcMap. 

ʋʱˊˍʶˌ сΦоΣ сΦпΣ сΦрΣ сΦсΦ ɶ˂ʽʰˁʺ ɳ˄ʷˊʴʶʽʰ ˋʶ Wh/m2. 
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ʋʱˊˍʶˌ сΦ7, 6.8, 6.9, 6.10Φ ɶ˂ʽʰˁʺ ɳ˄ʷˊʴʶʽʰ ˋʶ Wh/m2. 
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ʋʱˊˍʶˌ сΦ11, 6.12, 6.13, 6.14Φ ɶ˂ʽʰˁʺ ɳ˄ʷˊʴʶʽʰ ˋʶ Wh/m2. 
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ʋʱˊˍʹˌ сΦмрΦ ɾʷˋʹ ɶ˃ʶˊʺˋʽʰ ɶ˂ʽʰˁʺ ɳ˄ʷˊʴʶʽʰ ʴʽʰ ˍˇ ʷˍˇˌ ˍˇˎ нлмп  
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ɮˁˈ˃ʹ ˉˊʷˉʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ ˉʰˊʰˁʱˍ˖ ˁʱ˄ˇˎ˃ʶ ʰ˄ʰʴ˖ʴʺ ˈ˂˖˄ ˍ˖˄ ˉʰˊʰˉʱ˄˖ 

˔ʰˊˍ˗˄ ˃ʶ ̱̔ ˃ʷˌ ˃ʶˍʰ˅ˏ л ˁʰʽ мΣ ˁʰʻ˗ˌ ʵʽʰʽˊʷˋʰ˃ʶ ˃ʶ ˍʹ˄ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ˍˇ˄ 

˃ʺ˄ʰ ˍˇˎ ɹˇˎ˄ʾˇˎ ˁʰʽ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ усстΣр Wh/m2. ɴˍˋʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ʻʰ ʴʾ˄ʶʽ ˉʰˊˇˎˋʾʰˋʹ 

ˍʹˌ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʴʽʰ ˁʱʻʶ ˃ʺ˄ʰ ˍˇˎ ʷˍˇˎˌ ˍˇˎ нлмпΦ 

ʋʱˊˍʶˌ сΦмсΣ сΦмтΣ сΦмуΣ сΦмфΦ ɼʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʶˌ ʆʽ˃ʷˌ ɶ˂ʽʰˁʺˌ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ  
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ʋʱˊˍʶˌ сΦнлΣ сΦнмΣ сΦннΣ сΦноΦ ɼʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʶˌ ʆʽ˃ʷˌ ɶ˂ʽʰˁʺˌ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ 
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ʋʱˊˍʶˌ сΦнпΣ сΦнрΣ сΦнсΣ сΦнтΦ ɼʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʶˌ ʆʽ˃ʷˌ ɶ˂ʽʰˁʺˌ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ 

 

 ʃʰˊʰˍʹˊ˗˄ˍʰˌ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ˔ʱˊˍʶˌ ʲ˂ʷˉˇˎ˃ʶ ˇ ˃ʺ˄ʰˌ ˍˇˎ ɲʶˁʶ˃ʲˊʾˇˎ ˄ʰ 

˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ˃ʽˁˊˈˍʶˊʹ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰΣ ʶ˄˗ ˇ ˃ʺ˄ʰˌ ˍˇˎ ɹˇˎ˄ʾˇˎ ˄ʰ ʵʷ˔ʶˍʰʽ ˍʰ 

˃ʶʴʰ˂ˏˍʶˊʰ ˉˇˋʱ ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʷˋʰ ˋˍˇ ˔ˊˈ˄ˇΦ ʁ ˂ˈʴˇˌ ˉˇˎ ˋˎ˃ʲʰʾ˄ʶʽ ʰˎˍˈ 


