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ɿʘʭʚʘʣʥʠʮʘ 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʟʘ ʠʟʨʘʜʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʜʫʛʫʿʝʤ ʩʚʦʿʦʿ ʤʝʥʪʦʨʢʠ, 

ʧʨʦʬʝʩʦʨʢʠ ʜʨ ʅʘʜʠ ɼʨʘʛʦʚʠ˂, ʢʦʿʘ ʤʠ ʿʝ ʧʨʫʞʠʣʘ ʧʨʠʣʠʢʫ ʜʘ ʨʘʜʠʤ ʦʥʦ ʰʪʦ 

ʚʦʣʠʤ. ʍʚʘʣʘ ʿʦʿ ʥʘ ʫʢʘʟʘʥʦʤ ʧʦʚʝʨʝˁʫ, ʩʪʨʧˀʝˁʫ, ʩʚʠʤ ʨʘʟʛʦʚʦʨʠʤʘ ʠ ʧʦʤʦ˂ʠ ʫ 

ʪʦʢʫ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɿʘʭʚʘˀʫʿʝʤ ʯʣʘʥʦʚʠʤʘ ʢʦʤʠʩʠʿʝ, ʧʨʦʬʝʩʦʨʠʤʘ ʜʨ ʈʘʪʢʦ ʈʠʩʪʠ˂ʫ, ʜʨ ʄʠʦʜʨʘʛʫ 

ɿʣʘʪʠ˂ʫ ʠ ʜʨ ʄʠʨʿʘʥʠ ʊʦʜʦʩʠʿʝʚʠ˂ ʥʘ ʢʦʨʠʩʥʠʤ ʩʫʛʝʩʪʠʿʘʤʘ ʢʦʿʝ ʩʫ ʤʠ ʧʦʤʦʛʣʝ 

ʪʦʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʇʨʦʬʝʩʦʨʫ ʜʨ ʄʠʣʠʿʠ ʉʫʢʥʦʚʠ˂ʫ ʟʘʭʚʘˀʫʿʝʤ ʥʘ 

ʩʘʨʘʜˁʠ ʠ ʫʢʘʟʘʥʦʤ ʧʦʚʝʨʝˁʫ. 

ʇʦʩʝʙʥʦ ʟʘʭʚʘˀʫʿʝʤ ʧʨʦʬʝʩʦʨʫ ʜʨ ʉʪʘʥʠʤʠʨʫ ʂʦʩʪʘʜʠʥʦʚʫ ʥʘ ʥʝʩʝʙʠʯʥʦʿ 

ʧʦʤʦ˂ʠ, ʥʘ ʧʨʝʥʝʪʦʤ ʟʥʘˁʫ ʠʟ ʦʙʣʘʩʪʠ ʫʨʝʹʝˁʘ ʙʫʿʠʯʥʠʭ ʪʦʢʦʚʘ ʠʟʛʨʘʜˁʦʤ 

ʧʨʝʛʨʘʜʘ, ʠ ʪʝʨʝʥʠʤʘ ʢʦʿʝ ʩʤʦ ʧʨʦʰʣʠ.  

ɿʘʭʚʘˀʫʿʝʤ ʢʦʣʝʛʠ ʜʨ ɹʦʨʠʩʫ ʈʘʜʠ˂ʫ ʢʦʿʠ ʤʠ ʿʝ ʜʦʩʪʘ ʧʦʤʦʛʘʦ ʦʢʦ ʧʨʦʩʪʦʨʥʠʭ 

ʘʥʘʣʠʟʘ, ʢʦʿʠ ʤʝ ʿʝ ʫʚʝʦ ʫ ʨʘʜ ʩʘ ɻʀʉ-ʦʤ ʠ ʦʭʨʘʙʨʠʦ ʜʘ ʥʝ ʟʘʥʝʤʘʨʠʤ ʟʥʘʯʘʿ 

ʧʨʦʩʪʦʨʥʦʛ ʘʩʧʝʢʪʘ ʫ ʜʦʥʦʰʝˁʫ ʦʜʣʫʢʘ.  ʊʘʢʦʹʝ, ʟʘʭʚʘˀʫʿʝʤ ʧʨʦʬʝʩʦʨʢʠ ʜʨ 

ʉʥʝʞʘʥʠ ɹʝʣʘʥʦʚʠ˂ ʉʠʤʠ˂ ʥʘ ʢʦʥʩʫʣʪʘʮʠʿʘʤʘ ʢʦʿʝ ʩʫ ʜʦʧʨʠʥʝʣʝ ʙʦˀʝʤ ʢʚʘʣʠʪʝʪʫ 

ʨʘʜʘ. 

ɿʘʭʚʘˀʫʿʝʤ ʢʦʣʝʛʘʤʘ ʠʟ ʚʦʜʦʧʨʠʚʨʝʜʥʠʭ ʦʨʛʘʥʠʟʘʮʠʿʘ ɼɺʇ "ɿʘʧʘʜʥʘ ʄʦʨʘʚʘ" ʠʟ 

ʂʨʘˀʝʚʘ, ɺʇɼ "ɽʨʦʟʠʿʘ" ʠʟ ʅʠʰʘ ʠ "ɽʨʦʟʠʿʘ" ʘ.ʜ. ʠʟ ɺʘˀʝʚʘ ʥʘ ʜʦʩʪʘʚˀʝʥʠʤ 

ʧʨʦʿʝʢʪʠʤʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ  ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʢʘʦ ʠ ʢʦʣʝʛʘʤʘ ʠʟ ʀʥʩʪʠʪʫʪʘ ʟʘ 

ʟʝʤˀʠʰʪʝ ʠ ʈʝʧʫʙʣʠʯʢʦʛ ʍʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʦʛ ɿʘʚʦʜʘ ʉʨʙʠʿʝ ʥʘ ʩʘʨʘʜˁʠ. 

ɿʘʭʚʘˀʫʿʝʤ ʢʦʣʝʛʠ MsC ʅʠʢʦʣʠ ɾʠʚʘʥʦʚʠ˂ʫ ʥʘ ʧʦʤʦ˂ʠ ʦʢʦ ʧʨʠʢʫʧˀʘˁʘ 

ʧʦʜʘʪʘʢʘ ʥʘ ʪʝʨʝʥʫ, ʢʘʦ ʠ ʢʦʣʝʛʘʤʘ ʜʨ ɺʝʩʥʠ ʅʠʢʦʣʠ˂, MsC ʂʘʪʘʨʠʥʠ ʃʘʟʘʨʝʚʠ˂, 

MsC ʀʚʘʥʫ ʄʘʣʫʰʝʚʠ˂ʫ, MsC ʉʠʥʠʰʠ ʇʦʣʦʚʠʥʠ, MsC ʅʘʪʘʣʠʿʠ ʄʦʤʠʨʦʚʠ˂ ʠ 

ʜʠʧʣ. ʠʥʞ. ɺʫʢʘʰʠʥʫ ʄʠʣʯʘʥʦʚʠ˂ʫ ʥʘ ʧʦʜʨʰʮʠ ʠ ʧʦʤʦ˂ʠ ʫ ʧʨʠʢʫʧˀʘˁʫ ʫʣʘʟʘ ʟʘ 

ʠʟʨʘʜʫ ʢʘʨʘʪʘ ʠ ʠʩʧʨʘʚʢʘʤʘ ʪʝʢʩʪʘ ʜʠʩʝʨʪʘʮʠʿʝ.  

ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ, ɺʝʨʠ ʠ ɿʦʨʘʥʫ ɸʥʜʨʠʿʘʥʠ˂, 

ʩʝʩʪʨʘʤʘ ʅʘʪʘʰʠ ʠ ɹʨʘʥʢʠ, ʢʘʦ ʠ ʉʣʘʚʠʮʠ ʠ ɹʦʨʫ ɺʫʣʝʚʠ˂, ʟʘ ʩʚʫ ʧʦʜʨʰʢʫ ʠ 

ʧʦʤʦ˂ ʢʦʿʫ ʩʫ ʤʠ ʧʨʫʞʠʣʠ. 

ʅʘʿʚʝ˂ʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ, ɹʦʿʘʥʫ ʠ ʉʦʬʠʿʠ.  

             ʊʠʿʘʥʘ 



 
 

 
 

ɺʀʐɽʂʈʀʊɽʈʀɱʋʄʉʂʆ ʆɼʃʋʏʀɺɸɳɽ ʋ ʌʋʅʂʎʀɱʀ 

ʂʆʅɿɽʈɺɸʎʀɱɽ ɿɽʄɲʀʐʅʀʍ ʀ ɺʆɼʅʀʍ ʈɽʉʋʈʉɸ ɹʈɼʉʂʆ-

ʇʃɸʅʀʅʉʂʀʍ ʇʆɼʈʋʏɱɸ ʎɽʅʊʈɸʃʅɽ ʉʈɹʀɱɽ 

 

ʉʘʞʝʪʘʢ 

 

ʇʨʠʤʝʥʘ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ ʠ 

ʙʫʿʠʮʘ, ʩʘ ʮʠˀʝʤ ʢʦʥʟʝʨʚʘʮʠʿʝ ʟʝʤˀʠʰʥʠʭ ʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ ʙʨʜʩʢʦ-ʧʣʘʥʠʥʩʢʠʭ 

ʧʦʜʨʫʯʿʘ ʮʝʥʪʨʘʣʥʝ ʉʨʙʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʜʤʝʪ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɻʝʦʛʨʘʬʩʢʦ ʧʦʜʨʫʯʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʣʠʚ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ, ʩʣʠʚ 

ʨʝʢʝ ʊʦʧʣʠʮʝ ʠ ʩʣʠʚ ʨʝʢʝ ʈʘʩʠʥʝ, ʢʦʿʠ ʩʫ ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʫ ʩʠʩʪʝʤ ʧʦʜʩʣʠʚʦʚʘ. 

ɺʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʧʨʦʮʝʥʫ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ: ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ 

ʟʝʤˀʠʰʪʘ, ʝʨʦʜʠʙʠʣʥʦʩʪʠ ʟʝʤˀʠʰʪʘ, ʢʠʰʥʦʛ ʬʘʢʪʦʨʘ ʠ ʪʦʧʦʛʨʘʬʩʢʦʛ ʬʘʢʪʦʨʘ 

(RUSLE ʤʝʪʦʜʘ), ʢʘʦ ʠ ʚʨʝʜʥʦʩʪʠ 10 ʤʦʨʬʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʨʠʰ˂ʝʥʠʭ ʟʘ 

ʧʨʦʮʝʥʫ ʦʧʘʩʥʦʩʪʠ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ (ʧʦʚʨʰʠʥʘ ʧʦʜʩʣʠʚʘ, ʨʝʣʘʪʠʚʥʠ ʧʘʜ ʪʦʢʘ, 

ʩʨʝʜˁʠ ʧʘʜ ʧʦʜʩʣʠʚʘ, ʢʦʝʬʠʮʠʿʝʥʪ ʝʨʦʟʠʦʥʝ ʝʥʝʨʛʠʿʝ ʨʝˀʝʬʘ, ʛʝʦʤʦʨʬʦʣʦʰʢʦ-

ʝʨʦʟʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʠʪʜ.) ʩʫ ʫʪʚʨʹʝʥʠ ʘʥʘʣʠʟʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʦʜʣʦʛʘ ʫʟ 

ʧʨʠʤʝʥʫ GIS-ʘ. 

ʋ ʨʘʜʫ ʩʫ ʧʨʠʤʝˁʝʥʝ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ: AHP, WSM, ELECTRE 

II ʠ PROMETHEE II. ʇʦʤʦ˂ʫ ʦʚʠʭ ʤʝʪʦʜʘ ʩʫ ʦʜʨʝʹʝʥʝ ʪʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘ ʠ 

ʨʘʥʛʠʨʘʥʠ ʧʦʜʩʣʠʚʦʚʠ ʧʨʝʤʘ ʫʛʨʦʞʝʥʦʩʪʠ ʝʨʦʟʠʿʦʤ ʠ ʧʨʝʤʘ ʫʛʨʦʞʝʥʦʩʪʠ ʦʜ 

ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ. ʀʟʜʚʦʿʝʥʠ ʩʫ ʧʦʜʩʣʠʚʦʚʠ ʧʨʚʦʛ ʨʘʥʛʘ, ʛʜʝ ʿʝ ʧʦʪʨʝʙʥʦ 

ʧʨʠʤʝʥʠʪʠ ʢʦʥʟʝʨʚʘʮʠʦʥʝ ʤʝʨʝ ʠ ʨʘʜʦʚʝ. 

ʇʦʤʝʥʫʪʝ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʩʫ ʧʨʠʤʝˁʝʥʝ ʠ ʟʘ:  ʠʟʙʦʨ ʙʫʿʠʯʥʠʭ 

ʩʣʠʚʦʚʘ ʛʜʝ ˂ʝ ʩʝ ʛʨʘʜʠʪʠ ʧʨʝʛʨʘʜʝ (ʢʘʦ ʪʝʭʥʠʯʢʠ ʨʘʜʦʚʠ ʫ ʢʦʨʠʪʫ ʙʫʿʠʯʥʠʭ 

ʚʦʜʦʪʦʢʦʚʘ), ʠʟʙʦʨ ʥʘʿʧʨʠʭʚʘʪˀʠʚʠʿʝ ʢʦʤʙʠʥʘʮʠʿʝ ʧʨʝʛʨʘʜʘ, ʢʘʦ ʠ ʧʨʦʬʠʣʘ ʟʘ 

ˁʠʭʦʚʫ ʠʟʛʨʘʜˁʫ. ʅʘ ʪʝʨʝʥʫ ʩʫ ʨʝʛʠʩʪʨʦʚʘʥʘ ʦʰʪʝ˂ʝˁʘ ʧʨʝʛʨʘʜʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʿʝ 

ʬʦʨʤʫʣʘ ʟʘ ʧʨʠʦʨʠʪʠʟʘʮʠʿʫ ˁʠʭʦʚʦʛ ʩʘʥʠʨʘˁʘ. 

ʄʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ (ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝˁʘ ʠ ʤʝʪʦʜʘ 

ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ) ʩʫ ʧʨʠʤʝˁʝʥʝ ʟʘ ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʥʘʯʠʥʘ 

ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ, ʢʘʦ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʦʜʠʟʘˁʘ ʪʝʨʘʩʘ ʢʘʦ ʢʦʥʟʝʨʚʘʮʠʦʥʝ 

ʤʝʨʝ. ʇʨʝʜʣʦʞʝʥ ʿʝ ʤʦʜʝʣ ʠʥʪʝʛʨʘʣʥʦʛ ʫʨʝʹʝˁʘ ʩʣʠʚʘ, ʛʜʝ ʙʠ ʧʨʠʤʝʥʘ ʤʝʪʦʜʘ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʦʤʦʛʫ˂ʠʣʘ ʠʟʙʦʨ ʥʘʿʧʨʠʭʚʘʪˀʠʚʠʿʝ ʢʦʤʙʠʥʘʮʠʿʝ ʤʝʨʘ  



 
 

 
 

ʠ ʨʘʜʦʚʘ ʟʘ ʨʝʜʫʢʮʠʿʫ/ʧʨʝʚʝʥʮʠʿʫ ʝʨʦʟʠʿʝ ʠ ʙʫʿʠʮʘ. 
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ʧʦʧʣʘʚʝ, ʤʦʨʬʦʤʝʪʨʠʿʘ, ʧʨʝʛʨʘʜʝ, ʦʧʪʠʤʠʟʘʮʠʿʘ, ʥʘʯʠʥ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ, 

ʪʝʨʘʩʝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

MULTI -CRITERIA DECISION -MAKING IN A FUNCTION OF SOIL AND 

WATER RESOURCES CONSERVATION IN HILLY - MOUNTAINOUS AREAS 

OF CENTRAL SERBIA  

 

Summary 

 

Application of multi-criteria decision-making in the field of soil erosion protection and 

torrents control, with the aim of conservation of soil and water resources in hilly-

mountainous areas of central Serbia, represents the subject of the thesis. 

ʊhe geographical area of research includes: Topciderska River, Toplica River and 

Rasina River Watershed, which are classified in the sub-watershed system. ʊhe values 

of criteria for estimating soil erosion are: land use, soil erodibility, rainfall erosivity 

factor and topographical factor (RUSLE method), as well as the value of 10 

morphometric parameters used to estimate the risk of torrential floods (sub-watershed 

area, relative slope of the river bed, the mean sub-watershed slope, the coefficient of 

erosion energy of relief, geomorphological-erosion coefficient) are established by using 

relevant maps and GIS technique. 

In the paper, there have been applied various methods of multi-criteria analysis, such as: 

AHP, WSM, ELECTRE II PROMETHEE II.   Using these methods, criteria weights are 

determined, and sub-watershed ranking is performed according to the vulnerability to 

erosion and torrential flooding. The first order sub-watershed, represents the area where 

implementation of conservation measures should be urgently performed. 

The above-mentioned multi-criteria analysis methods have been applied for: selection of 

watersheds for check dam construction (such a technical work in the bed of torrential 

streams), then, a selection of the most appropriate combination of check dams, as well 

as profiles for their construction. In the field are registered damage of check dam, and 

based on this, the formula for prioritizing the rehabilitation of check dams is proposed. 

Multi -criteria optimization methods (Constrained method and Method of weight 

coefficients) have been used for the selection of the optimal structure of land use in the 

sub-watershed, as well as the optimization of terrace construction as a conservation 

measure. A model of integrated watershed management has been proposed, where the 

application of the multi-criteria analysis method, would provide a selection of the most 

appropriate combination of measures and works for the reduction / prevention of 



 
 

 
 

 erosion and torrents. 

 

Keywords: multi-criteria analysis, soil erosion, RUSLE, torrential floods, 

morphometry, check dams, optimization, land use, terraces 
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1. ʋɺʆɼ  

1.1. ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ɿʥʘʯʘʿʘʥ ʜʝʦ ʉʨʙʠʿʝ ʯʠʥʝ ʙʨʜʩʢʦ-ʧʣʘʥʠʥʩʢʘ ʧʦʜʨʫʯʿʘ, ʢʦʿʘ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʿʠ 

ʪʝʨʝʥʘ, ʛʝʦʣʦʰʢʦʿ ʧʦʜʣʦʟʠ, ʢʣʠʤʘʪʩʢʠʤ ʧʨʠʣʠʢʘʤʘ ʠ ʭʠʜʨʦʛʨʘʬʩʢʦʿ ʤʨʝʞʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʣʦ ʧʦʚʦˀʥʦ ʪʣʦ ʟʘ ʨʘʟʚʦʿ ʝʨʦʟʠʦʥʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʨʘʟʘʨʘʿʫ 

ʟʝʤˀʠʰʪʝ ʠ ʨʝʤʝʪʝ ʚʦʜʥʠ ʨʝʞʠʤ. ɿʝʤˀʠʰʥʠ ʠ ʚʦʜʥʠ ʨʝʩʫʨʩʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʘʞʘʥ 

ʝʣʝʤʝʥʪ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʢʦʿʠʤʘ ʩʝ ʫʧʨʘʚˀʘ ʥʘ ʥʠʚʦʫ ʩʣʠʚʘ, ʢʘʦ ʧʨʠʨʦʜʥʦʿ 

ʭʠʜʨʦʛʨʘʬʩʢʦʿ ʮʝʣʠʥʠ ʫ ʮʠˀʫ ʩʧʨʝʯʘʚʘˁʘ  ʜʘˀʝ ʜʝʛʨʘʜʘʮʠʿʝ ʟʝʤˀʠʰʪʘ ʠ ˁʝʛʦʚʦʛ 

ʦʜʥʦʰʝˁʘ ʫ ʨʝʯʥʝ ʪʦʢʦʚʝ (Kostadinov, 1996). ʎʠˀ ʫʧʨʘʚˀʘˁʘ ʟʝʤˀʠʰʥʠʤ 

ʨʝʩʫʨʩʠʤʘ ʙʨʜʩʢʦ-ʧʣʘʥʠʥʩʢʠʭ ʧʦʜʨʫʯʿʘ ʉʨʙʠʿʝ ʿʝ ʩʤʘˁʝˁʝ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ 

ʧʨʠʤʝʥʦʤ ʨʘʟʣʠʯʠʪʠʭ ʤʝʨʘ ʠ ʨʘʜʦʚʘ ʦʜ ʢʦʿʠʭ ʪʨʝʙʘ ʠʟʘʙʨʘʪʠ ʦʧʪʠʤʘʣʥʝ. 

ʇʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ  ʧʨʠ ʫʧʨʘʚˀʘˁʫ ʧʨʠʨʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ ʢʦʨʠʩʪʝ ʩʝ 

ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʢʫʧ ʬʦʨʤʘʣʥʠʭ 

ʧʨʠʩʪʫʧʘ ʢʦʿʠ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʚʠʰʝ ʢʨʠʪʝʨʠʿʫʤʘ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ (Belton, Stewart, 

2002). ʋ ʦʚʦʤ ʨʘʜʫ ʩʫ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʫʿʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ ʧʨʠʤʝˁʝʥʝ ʟʘ 

ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʢʦʿʝ ʤʦʛʫ ʧʦʤʦ˂ʠ ʫ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʝʛ ʚʠʜʘ 

ʜʝʛʨʘʜʘʮʠʿʝ ʫ ʥʘʰʦʿ ʟʝʤˀʠ - ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ, ʢʘʦ ʠ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʝʛ ʭʘʟʘʨʜʘ - 

ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ.  

ʄʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ, ʢʘʦ ʧʦʩʝʙʥʘ ʛʨʫʧʘ ʤʝʪʦʜʘ   

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ,  ʦʤʦʛʫ˂ʘʚʘʿʫ: ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ (ʫ ʠʥʪʝʛʨʘʮʠʿʠ ʩʘ 

ɻʝʦʛʨʘʬʩʢʠʤ ʠʥʬʦʨʤʘʮʠʦʥʠʤ ʩʠʩʪʝʤʦʤ - GIS-ʦʤ) ʠ ʨʘʥʛʠʨʘˁʝ ʧʦʜʩʣʠʚʦʚʘ ʢʦʿʠ 

ʩʫ ʫʛʨʦʞʝʥʠ ʝʨʦʟʠʿʦʤ ʟʝʤˀʠʰʪʘ ʠ ʙʫʿʠʯʥʠʤ ʧʦʧʣʘʚʘʤʘ, ʦʜʣʫʯʠʚʘˁʝ ʦ ʠʟʙʦʨʫ 

ʣʦʢʘʮʠʿʝ ʛʜʝ ˂ʝ ʩʝ ʤʠʥʠʤʠʟʠʨʘʪʠ ʥʝʛʘʪʠʚʥʠ ʝʬʝʢʪʠ ʦʚʠʭ ʧʨʦʮʝʩʘ, ʢʘʦ ʠ ʜʦʥʦʰʝˁʝ 

ʦʜʣʫʢʘ ʦ ʩʠʩʪʝʤʫ ʨʘʜʦʚʘ ʠ ʤʝʨʘ ʢʦʿʝ ʿʝ ʥʘʿʙʦˀʝ ʧʨʠʤʝʥʠʪʠ.  ʇʨʠʤʝʥʘ ʤʝʪʦʜʘ 

ʟʘʭʪʝʚʘ ʨʘʩʧʦʣʘʛʘˁʝ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʦʮʝʥʫ ʝʨʦʟʠʿʝ ʧʨʝʚʘʟʠʣʘʟʝ˂ʠ 

ʧʨʝʧʨʝʢʝ ʢʘʦ ʰʪʦ ʩʫ ʚʝʣʠʢʠ ʙʨʦʿ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʥʝʤʦʛʫ˂ʥʦʩʪ ʝʣʠʤʠʥʘʮʠʿʝ 

ʥʝʨʘʩʧʦʣʦʞʠʚʠʭ ʧʦʜʘʪʘʢʘ, ʦʛʨʘʥʠʯʝʥʦʩʪ ʧʨʠʤʝʥʝ ʥʘ ʦʜʨʝʹʝʥʦ ʧʦʜʨʫʯʿʝ, ʰʪʦ ʩʫ 

ʤʦʛʫ˂ʘ ʦʛʨʘʥʠʯʝˁʘ ʝʤʧʠʨʠʿʩʢʠʭ, ʬʠʟʠʯʢʠʭ ʠʣʠ ʢʦʥʮʝʧʪʫʘʣʥʠʭ ʤʦʜʝʣʘ  (Merritt et 

al., 2003). ʆʚʝ ʤʝʪʦʜʝ ʧʨʠʪʦʤ ʥʝ ʩʣʫʞʝ ʟʘ ʢʚʘʥʪʠʬʠʢʦʚʘˁʝ ʛʫʙʠʪʘʢʘ, ʚʝ˂ 

ʜʝʬʠʥʠʩʘˁʝ "ʿʘʯʝ", "ʩʨʝʜˁʝ", "ʩʣʘʙʠʿʝ" ʫʛʨʦʞʝʥʠʭ ʧʦʚʨʰʠʥʘ ʠʣʠ ʧʦʜʩʣʠʚʦʚʘ, ʟʘ 

ˁʠʭʦʚʦ ʨʘʥʛʠʨʘˁʝ ʧʨʝʤʘ ʩʪʝʧʝʥʫ ʫʛʨʦʞʝʥʦʩʪʠ ʢʘʦ ʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʧʨʠʦʨʠʪʝʪʘ. 
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ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʜʦʩʪʫʧʥʠ ˀʫʜʩʢʠ ʠ ʬʠʥʘʥʩʠʿʩʢʠ ʨʝʩʫʨʩʠ ʢʦʨʠʩʪʝ ʨʘʮʠʦʥʘʣʥʦ, ʿʝʨ 

ʩʝ ʤʦʛʫ ʫʩʤʝʨʠʪʠ ʥʘ ʧʦʚʨʰʠʥʝ/ʧʦʜʩʣʠʚʦʚʝ ʢʦʿʠ ʩʫ ʥʘʿʚʝ˂ʝʛ ʧʨʠʦʨʠʪʝʪʘ ʟʘ 

ʟʘʰʪʠʪʫ.  

 ʄʝʪʦʜʝ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʠ ʟʘ ʠʟʙʦʨ ʥʘʿʙʦˀʝʛ ʩʠʩʪʝʤʘ ʧʨʝʛʨʘʜʘ ʫ ʙʫʿʠʯʥʠʤ 

ʩʣʠʚʦʚʠʤʘ, ʢʘʦ ʪʝʭʥʠʯʢʠʭ ʨʘʜʦʚʘ ʯʠʿʘ ʠʟʛʨʘʜˁʘ ʫ ʢʦʨʠʪʫ ʙʫʿʠʯʥʠʭ ʪʦʢʦʚʘ 

ʦʙʝʟʙʝʹʫʿʝ ʧʦʩʪʠʟʘˁʝ ʚʠʰʝ ʬʫʥʢʮʠʿʘ ʤʝʹʫ ʢʦʿʠʤʘ ʩʫ ʟʘʜʨʞʘʚʘˁʝ ʥʘʥʦʩʘ, ʩʤʘˁʝˁʝ 

ʙʨʟʠʥʝ ʦʪʠʮʘˁʘ, ʝʨʦʟʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʘʜʘ ʢʘʥʘʣʘ (Hassanli, Beecham, 2010). 

ʇʦʨʝʜ ʧʣʘʥʠʨʘˁʘ ʠʟʛʨʘʜˁʝ ʦʚʠʭ ʦʙʿʝʢʘʪʘ, ʚʘʞʥʦ ʿʝ ʨʝʜʦʚʥʦ ʦʜʨʞʘʚʘˁʝ ʠ 

ʩʘʥʠʨʘˁʝ ʦʰʪʝ˂ʝˁʘ ʚʝ˂ ʠʟʛʨʘʹʝʥʠʭ ʦʙʿʝʢʘʪʘ, ʧʨʝʤʘ ʧʨʠʦʨʠʪʝʪʝʪʠʤʘ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʜʦʙʠʪʠ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʠʯʠʚʘˁʘ. 

ʇʦʨʝʜ ʪʝʭʥʠʯʢʠʭ ʨʘʜʦʚʘ, ʥʘʯʠʥ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ ʫ ʩʣʠʚʫ ʧʨʝʜʩʪʘʚˀʘ 

ʟʥʘʯʘʿʘʥ ʬʘʢʪʦʨ ʠʥʪʝʛʨʘʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʩʣʠʚʦʤ, ʘʣʠ  ʿʝ ʠ ʯʝʩʪʦ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ 

ʫʟʨʦʢʘ ʧʨʦʮʝʩʘ ʜʝʛʨʘʜʘʮʠʿʝ (ʛʫʙʠʪʘʢʘ) ʟʝʤˀʠʰʪʘ, ʢʘʦ ʠ ʩʚʝ ʚʝ˂ʝ ʫʯʝʩʪʘʣʦʩʪʠ 

ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ. ʇʦʨʝʜ ʥʘʚʝʜʝʥʦʛ ʦʚʘʿ ʬʘʢʪʦʨ ʫʪʠʯʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʥʦʩʘ ʠ 

ʭʨʘʥˀʠʚʠʭ ʤʘʪʝʨʠʿʘ ʫ ʪʦʢʦʚʠʤʘ, ʢʚʘʣʠʪʝʪ ʧʦʚʨʰʠʥʩʢʠʭ ʠ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʫ ʩʣʠʚʫ 

ʠ ʩʦʮʠʿʘʣʥʠ ʠ ʝʢʦʥʦʤʩʢʠ ʨʘʟʚʦʿ ʧʦʜʨʫʯʿʘ (Qi, Altinakar,  2011). ʀʟʙʦʨ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ (ʦʧʪʠʤʘʣʥʦʛ) ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ 

ʧʨʝʨʘʩʧʦʜʝʣʦʤ (ʘʣʦʢʘʮʠʿʦʤ) ʧʦʚʨʰʠʥʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʥʘʯʠʥʦʤ ʢʦʨʠʰ˂ʝˁʘ ʥʘ 

ʦʜʨʝʹʝʥʠʤ ʧʦʚʨʰʠʥʘʤʘ. ʇʦʨʝʜ ʦʚʦʛʘ,  ʧʨʠʤʝʥʦʤ ʢʦʥʟʝʨʚʘʮʠʦʥʠʭ ʤʝʨʘ ʤʦʞʝ ʩʝ 

ʧʦʚʝ˂ʘʪʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʝʨʦʟʠʿʫ ʠ ʟʘʰʪʠʪʠʪʠ ʟʝʤˀʠʰʪʝ ʫʩʧʦʩʪʘʚˀʘˁʝʤ ʚʝʛʝʪʘʮʠʿʝ 

ʠ/ʠʣʠ ʠʟʛʨʘʜˁʦʤ ʦʙʿʝʢʘʪʘ. ʄʝʹʫ ʙʨʦʿʥʠʤ ʤʝʨʘʤʘ ʠ ʨʘʜʦʚʠʤʘ, ʠʟʛʨʘʜˁʘ ʪʝʨʘʩʘ ʿʝ 

ʟʥʘʯʘʿʥʘ ʪʝʭʥʠʯʢʘ ʤʝʨʘ ʢʦʿʦʤ ʩʝ ʨʝʛʫʣʠʰʫ ʧʨʦʙʣʝʤʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʟʘ 

ʧʦˀʦʧʨʠʚʨʝʜʥʫ ʧʨʦʠʟʚʦʜˁʫ ʙʨʜʩʢʦ-ʧʣʘʥʠʥʩʢʠʭ ʧʦʜʨʫʯʿʘ: ʝʨʦʟʠʿʘ ʟʝʤˀʠʰʪʘ, 

ʥʝʢʦʥʪʨʦʣʠʩʘʥʦ ʦʪʠʮʘˁʝ ʚʦʜʝ, ʥʝʨʘʮʠʦʥʘʣʥʦ ʠ ʥʝʝʢʦʥʦʤʠʯʥʦ ʢʦʨʠʰ˂ʝˁʝ 

ʟʝʤˀʠʰʪʘ  (Kadoviĺ, 1999). ʆʧʪʠʤʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ, 

ʢʘʦ ʠ ʦʧʪʠʤʘʣʥʘ ʟʘʩʪʫʧˀʝʥʦʩʪ ʪʝʨʘʩʘ ʥʘ ʧʦˀʦʧʨʠʚʨʝʜʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʫ ʩʣʠʚʫ, 

ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʧʨʠʤʝʥʦʤ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ ʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ. 

ʄʝʹʫʪʠʤ, ʥʠ ʦʚʜʝ ʥʠʿʝ ʠʩʢˀʫʯʝʥ ʟʥʘʯʘʿ ʠ ʧʨʠʤʝʥʘ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ 

ʦʜʣʫʯʠʚʘˁʘ, ʢʦʿʝ ʦʙʝʟʙʝʹʫʿʫ ʜʘ ʩʝ ʫʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʬʘʢʪʦʨʘ ʩʨʝʜʠʥʝ (ʙʣʠʟʠʥʝ 

ʧʫʪʘ, ʝʨʦʜʠʙʠʣʥʦʩʪʠ, ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ ʠʪʜ.) ʫʢˀʫʯʠ ʫ ʧʨʦʮʝʩ ʜʦʥʦʰʝˁʘ 

ʦʧʪʠʤʘʣʥʠʭ ʦʜʣʫʢʘ. 
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1.2. ʇʦʜʨʫʯʿʝ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ɿʘ ʧʨʠʤʝʥʫ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʠʟʘʙʨʘʥʠ ʩʫ ʩʣʠʚʦʚʠ ʫ ʮʝʥʪʨʘʣʥʦʿ 

ʉʨʙʠʿʠ: ʩʣʠʚ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ, ʩʣʠʚ ʨʝʢʝ ʈʘʩʠʥʝ ʠ ʩʣʠʚ ʨʝʢʝ ʊʦʧʣʠʮʝ, ʫʟʚʦʜʥʦ ʦʜ 

ʙʨʘʥʝ Ăʉʝʣʦʚʘ". ʉʣʠʚ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ, ʜʝʩʥe ʧʨʠʪʦʢe ʨʝʢʝ ʉʘʚe, ʠʤʘ ʧʦʚʨʰʠʥʫ 

ʦʜ 148,14 km
2
 ʠ ʥʘʣʘʟʠ ʩʝ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʛʨʘʜʘ ɹʝʦʛʨʘʜʘ. ʋ ʈʘʩʠʥʩʢʦʤ ʦʢʨʫʛʫ ʩʝ 

ʥʘʣʘʟʠ ʩʣʠʚ ʨʝʢʝ ʈʘʩʠʥʝ, ʜʝʩʥʝ ʧʨʠʪʦʢʝ ɿʘʧʘʜʥʝ ʄʦʨʘʚʝ, ʢʦʿʠ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ 

ʠʟʫʟʝʪʥʦ ʘʩʠʤʝʪʨʠʯʥʠʤ ʦʙʣʠʢʦʤ ʩʣʠʚʘ ʧʦʚʨʰʠʥʝ 982,48 km
2
. ʉʣʠʚ ʨʝʢʝ ʊʦʧʣʠʮʝ, 

ʥʘʿʚʝ˂ʝ ʣʝʚʝ ʧʨʠʪʦʢʝ ɱʫʞʥʝ ʄʦʨʘʚʝ, ʫʟʚʦʜʥʦ ʦʜ ʙʨʘʥʝ Ăʉʝʣʦʚʘñ, ʟʘʫʟʠʤʘ 

ʧʦʚʨʰʠʥʫ ʦʜ 348,2 km
2
. ʀʟʙʦʨ ʥʘʚʝʜʝʥʠʭ ʩʣʠʚʦʚʘ ʟʘ ʘʥʘʣʠʟʫ ʠʟʚʨʰʝʥ ʿʝ ʥʘ ʦʩʥʦʚʫ 

ʦʙʠʤʘ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʦʙʠʤʘ ʠʟʚʝʜʝʥʠʭ ʨʘʜʦʚʘ (ʛʨʘʹʝʚʠʥʩʢʦ-ʪʝʭʥʠʯʢʠʭ 

ʠ ʙʠʦʣʦʰʢʠʭ), ʢʘʦ ʠ ʟʙʦʛ ʜʘˀʝ ʧʦʪʨʝʙʝ ʟʘ ʨʝʜʫʢʮʠʿʦʤ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ ʠ 

ʦʧʘʩʥʦʩʪʠ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ. 

1.3. ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʎʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ 

ʧʦʩʪʠʛʥʝ: 

- ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʧʨʠʦʨʠʪʠʟʘʮʠʿʘ ʧʦʜʩʣʠʚʦʚʘ ʢʦʿʝ ʩʫ ʥʘʿʫʛʨʦʞʝʥʠʿʠ 

ʝʨʦʟʠʦʥʠʤ ʧʨʦʮʝʩʠʤʘ; 

- ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʧʨʠʦʨʠʪʠʟʘʮʠʿʘ ʧʦʚʨʰʠʥʘ ʫ ʧʦʜʩʣʠʚʦʚʠʤʘ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ Ăhot spotñ ʧʦʚʨʰʠʥʝ ʩʘ ʘʩʧʝʢʪʘ ʝʨʦʟʠʿʝ ʟʝʤʠˀʰʪʘ; 

-  ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʦʛ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ;  

- ʨʘʥʛʠʨʘˁʝ ʧʦʜʩʣʠʚʦʚʘ ʟʘ ʠʟʛʨʘʜˁʫ ʧʨʝʛʨʘʜʘ ʧʨʝʤʘ ʤʦʨʬʦʤʝʪʨʠʿʩʢʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ ʩʣʠʚʘ; 

-  ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʦʛ ʩʠʩʪʝʤʘ ʙʫʿʠʯʘʨʩʢʠʭ ʧʨʝʛʨʘʜʘ ʫ ʢʦʨʠʪʫ ʚʦʜʦʪʦʢʘ ʠ 

- ʧʨʦʮʝʥʘ ʦʪʧʦʨʥʦʩʪʠ ʩʠʩʪʝʤʘ ʙʫʿʠʯʘʨʩʢʠʭ ʧʨʝʛʨʘʜʘ ʥʘ ʜʝʩʪʨʫʢʪʠʚʥʦ ʜʝʿʩʪʚʦ 

ʧʦʧʣʘʚʘ ʠ ʧʨʦʜʫʢʪʘ ʝʨʦʟʠʦʥʠʭ ʧʨʦʮʝʩʘ (ʥʘʥʦʩʘ). 

1.4. ʇʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ 

 

1. ʇʦʜʩʣʠʚʦʚʠ ʢʦʿʠ ʩʝ ʠʟʜʚʘʿʘʿʫ ʢʘʦ ʭʠʜʨʦʛʨʘʬʩʢʝ ʮʝʣʠʥʝ ʫ ʦʢʚʠʨʫ ʿʝʜʥʦʛ 

ʩʣʠʚʥʦʛ ʧʦʜʨʫʯʿʘ, ʨʘʟʣʠʢʫʿʫ ʩʝ ʧʦ ʩʪʝʧʝʥʫ ʫʛʨʦʞʝʥʦʩʪʠ ʝʨʦʟʠʿʦʤ, ʫʩʣʝʜ ʯʝʛʘ 

ʥʝʤʘʿʫ ʠʩʪʠ ʧʨʠʦʨʠʪʝʪ ʫ ʧʦʛʣʝʜʫ ʧʨʠʤʝʥʝ ʢʦʥʟʝʨʚʘʮʠʦʥʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʩʝ 
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ʧʨʝʜʫʟʠʤʘʿʫ ʫ ʮʠˀʫ ʟʘʫʩʪʘʚˀʘˁʘ ʠʣʠ ʩʤʘˁʝˁʘ ʝʨʦʟʠʦʥʠʭ ʧʨʦʮʝʩʘ ʠ 

ʦʯʫʚʘˁʘ ʟʝʤˀʠʰʥʠʭ ʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ.  

2. ʈʘʥʛʠʨʘˁʝ ʧʦʜʩʣʠʚʦʚʘ ʧʨʝʤʘ ʩʪʝʧʝʥʫ ʫʛʨʦʞʝʥʦʩʪʠ ʝʨʦʟʠʿʦʤ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʨʘʜʠ ʫʩʤʝʨʘʚʘˁʘ ʝʢʦʥʦʤʩʢʠʭ ʠ ˀʫʜʩʢʠʭ ʨʝʩʫʨʩʘ ʥʘ ʧʦʚʨʰʠʥʝ ʢʦʿʝ ʠʤʘʿʫ 

ʚʝ˂ʠ ʧʨʠʦʨʠʪʝʪ ʧʦ ʧʠʪʘˁʫ ʪʨʝʪʠʨʘˁʘ ʢʦʥʟʝʨʚʘʮʠʦʥʠʤ ʨʘʜʦʚʠʤʘ. 

3. ɼʦʥʦʰʝˁʝ ʦʧʪʠʤʘʣʥʠʭ ʦʜʣʫʢʘ ʫ ʦʙʣʘʩʪʠ ʢʦʥʟʝʨʚʘʮʠʿʝ ʟʝʤˀʠʰʥʠʭ ʠ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʘ ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ 

ʦʜʣʫʯʠʚʘˁʘ. 

4. ʆʧʪʠʤʠʟʘʮʠʿʦʤ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ ʠ ʠʟʙʦʨʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ 

ʧʦʢʨʠʚʘʯʘ ʫ ʩʣʠʚʫ, ʛʫʙʠʮʠ ʟʝʤˀʠʰʪʘ ʩʝ ʤʦʛʫ ʩʚʝʩʪʠ ʜʦ ʪʦʣʝʨʘʥʪʥʦʛ ʥʠʚʦʘ. 

5. ɼʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʦ ʠʟʙʦʨʫ ʩʠʩʪʝʤʘ ʙʫʿʠʯʘʨʩʢʠʭ ʧʨʝʛʨʘʜʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʧʨʝʜʩʪʘʚˀʘ ʬʫʥʢʮʠʦʥʘʣʥʦ ʠ ʝʢʦʥʦʤʠʯʥʦ 

ʨʝʰʝˁʝ ʧʨʦʙʣʝʤʘ ʟʘʫʩʪʘʚˀʘˁʘ ʥʘʥʦʩʘ (ʧʨʦʜʫʢʪʘ ʝʨʦʟʠʦʥʠʭ ʧʨʦʮʝʩʘ) ʫ 

ʨʝʯʥʦʤ ʪʦʢʫ ʠ/ʠʣʠ ʟʘʰʪʠʪʝ ʦʜ ʧʦʧʣʘʚʘ. 

6. ʇʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ ʤʦʛʫ˂ʝ ʿʝ ʫʪʚʨʜʠʪʠ ʢʦʿʠ 

ʦʜ ʤʦʛʫ˂ʠʭ ʩʮʝʥʘʨʠʿʘ ʢʦʥʟʝʨʚʘʮʠʿʝ, ʦʜʥʦʩʥʦ  ʤʦʛʫ˂ʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʨʘʜʦʚʘ ʫ 

ʩʣʠʚʫ ʠ ʨʝʯʥʦʤ ʪʦʢʫ ʧʨʝʜʩʪʘʚˀʘ ʨʘʮʠʦʥʘʣʥʦ ʨʝʰʝˁʝ ʩʘ ʘʩʧʝʢʪʘ 

ʤʠʥʠʤʠʟʘʮʠʿʝ ʝʨʦʟʠʿʝ ʠ ʦʧʘʩʥʦʩʪʠ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ. 

 

1.5. ʆʧʰʪʠ ʤʝʪʦʜ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʜʘ 

 

ʋ ʨʘʜʫ ʩʫ ʦʙʿʝʜʠˁʝʥʠ ʨʝʟʫʣʪʘʪʠ ʨʘʟʣʠʯʠʪʠʭ ʘʥʘʣʠʟʘ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʦʙʣʘʩʪʠ 

ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ ʠ ʫʨʝʹʝˁʘ ʙʫʿʠʮʘ, ʧʦʯʝʚ ʦʜ ʧʨʦʮʝʥʝ ʦʧʘʩʥʦʩʪʠ ʦʜ ʦʙʘ ʚʠʜʘ 

ʜʝʛʨʘʜʘʮʠʿʝ, ʧʘ ʜʦ ʦʜʣʫʯʠʚʘˁʘ ʦ ʧʨʠʤʝʥʠ ʨʘʜʦʚʘ ʥʘ ʫʙʣʘʞʘʚʘˁʫ ʠʣʠ ʨʝʜʫʢʮʠʿʠ 

ʧʦʤʝʥʫʪʠʭ ʧʨʦʮʝʩʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʩʘʛʣʝʜʘʚʘˁʝ ʠ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʝʨʦʟʠʿʝ ʠ 

ʙʫʿʠʮʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘ 

ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠ ʤʝʪʦʜʦʣʦʰʢʠ ʧʨʠʩʪʫʧ. 

ʋ ʧʨʚʦʤ ʧʦʛʣʘʚˀʫ (1. ʋʚʦʜ) ʩʫ ʜʘʪʠ ʧʨʝʜʤʝʪ ʠ ʧʦʜʨʫʯʿʝ ʠʩʪʨʘʞʠʚʘˁʘ, 

ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʮʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ. ʋ ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ (2. 

ʆʜʣʫʯʠʚʘˁʝ, ʧʨʠʩʪʫʧ ʦʜʣʫʯʠʚʘˁʫ ʠ ʤʝʪʦʜʝ ʦʜʣʫʯʠʚʘˁʘ) ʿʝ ʜʘʪ ʦʩʚʨʪ ʥʘ ʧʦʿʘʤ 

ʦʜʣʫʯʠʚʘˁʘ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʧʨʠʩʪʫʧʠ ʤʦʜʝʣʠʨʘˁʘ ʠ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ 

ʦʜʣʫʯʠʚʘˁʘ, ʢʘʦ ʠ ʫʚʦʜ ʫ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʦʜʣʫʯʠʚʘˁʝ ʩʘ ʤʝʪʦʜʘʤʘ ʢʦʿʝ ʩʝ 
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ʤʦʛʫ ʢʦʨʠʩʠʪʠ. ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ, ʫʢʘʟʘʥʦ ʿʝ ʥʘ ʧʨʦʙʣʝʤ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ 

ʠ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ ʢʘʦ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʝʛ ʭʘʟʘʨʜʘ ʫ ʥʘʰʦʿ ʟʝʤˀʠ, ʢʘʦ ʠ ʥʘ ʚʝʟʫ 

ʠʟʤʝʹʫ ʟʘʰʪʠʪʝ ʟʝʤˀʠʰʥʠʭ ʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ ʦʜ ʜʝʛʨʘʜʘʮʠʿʝ ʠ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ. ʇʨʠʢʘʟʘʥ ʿʝ ʜʝʦ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʘ 

ʫʢʘʟʫʿʝ ʥʘ ʦʚʫ ʢʦʥʝʢʮʠʿʫ, ʧʨʠʤʝʥˀʠʚʦʩʪ ʤʝʪʦʜʘ ʫ ʩʚʝʪʩʢʦʿ ʣʠʪʝʨʘʪʫʨʠ ʠ ʢʦʜ ʥʘʩ, 

ʢʘʦ ʠ ʧʦʪʨʝʙʘ ʟʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ. 

ʋ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ (3. ʄʝʪʦʜ ʨʘʜʘ), ʜʘʪʝ ʩʫ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʠ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʨʠʰ˂ʝʥʝ ʫ ʦʚʦʤ ʨʘʜʫ, ʢʘʦ ʠ ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ 

ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ ʠ ʙʫʿʠʮʘ. ʍʠʿʝʨʘʨʭʠʿʩʢʠ ʤʦʜʝʣʠ ʢʦʨʠʰ˂ʝʥʠ ʟʘ 

ʩʪʨʫʢʪʫʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʠʤʘʣʠ ʩʫ ʨʘʟʣʠʯʠʪʝ ʮʠˀʝʚʝ: ʨʘʥʛʠʨʘˁʝ ʧʦʜʩʣʠʚʦʚʘ ʧʨʝʤʘ 

ʩʪʝʧʝʥʫ ʫʛʨʦʞʝʥʦʩʪʠ ʝʨʦʟʠʿʦʤ ʟʝʤˀʠʰʪʘ, ʨʘʥʛʠʨʘˁʝ ʧʦʜʩʣʠʚʦʚʘ ʧʨʝʤʘ ʩʪʝʧʝʥʫ 

ʫʛʨʦʞʝʥʦʩʪʠ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ,  ʟʘʰʪʠʪʘ ʙʫʿʠʯʥʦʛ ʩʣʠʚʘ ʠʟʛʨʘʜˁʦʤ ʧʨʝʛʨʘʜʘ ʫ 

ʢʦʨʠʪʫ ʚʦʜʦʪʦʢʘ, ʦʜʥʦʩʥʦ ʧʦʜʠʟʘˁʝʤ ʪʝʨʘʩʘ ʫ ʩʣʠʚʫ. ʋ ʦʢʚʠʨʫ ʤʝʪʦʜʘ ʨʘʜʘ, 

ʧʨʠʢʘʟʘʥ ʿʝ ʠ ʧʦʩʪʫʧʘʢ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʝʨʦʟʠʿʦʤ ʥʘʿʫʛʨʦʞʝʥʠʿʠʭ ʧʦʚʨʰʠʥʘ. 

ʋ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ (4. ʄʘʪʝʨʠʿʘʣ ʠʩʪʨʘʞʠʚʘˁʘ), ʜʘʪʠ ʩʫ ʦʧʰʪʠ ʧʦʜʘʮʠ ʦ 

ʠʟʘʙʨʘʥʠʤ ʩʣʠʚʥʠʤ ʧʦʜʨʫʯʿʠʤʘ ʟʘ ʘʥʘʣʠʟʫ ï ʩʣʠʚ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ, ʩʣʠʚ ʨʝʢʝ 

ʊʦʧʣʠʮʝ ʠ ʩʣʠʚ ʨʝʢʝ ʈʘʩʠʥʝ, ʟʘ ʯʠʿʠ ʦʧʠʩ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʜʝʩʢʨʠʧʪʠʚʥʘ ʤʝʪʦʜʘ. 

ʋ ʧʦʛʣʘʚˀʫ ʧʝʪ (5. ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ) ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʧʨʠʤʝʥʝ 

ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ. ɿʘ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ 

ʨʘʥʛʠʨʘˁʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʧʘʨʘʤʝʪʘʨ ï ʉʧʠʨʤʘʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ 

ʢʦʨʝʣʘʮʠʿʝ ʨʘʥʛʘ. ʅʘʨʝʜʥʘ ʜʚʘ ʧʦʛʣʘʚˀʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʜʠʩʢʫʩʠʿʫ ʨʝʟʫʣʪʘʪʘ ʜʦ 

ʢʦʿʠʭ ʩʝ ʜʦʰʣʦ (6. ɼʠʩʢʫʩʠʿʘ) ʠ ʥʘʿʚʘʞʥʠʿʝ ʟʘʢˀʫʯʢʝ (7. ɿʘʢˀʫʯʮʠ). 

ɸʥʘʣʠʟʝ  ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʨʦʩʪʦʨʥʫ ʟʘʩʪʫʧˀʝʥʦʩʪ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ ʠ 

ʫʪʚʨʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʧʨʦʮʝʥʫ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ, ʜʦʙʠʿʝʥʠ ʩʫ 

ʧʨʠʤʝʥʦʤ ʩʦʬʪʚʝʨʘ ArcMap 10.2.2. ʀʟʜʚʘʿʘˁʝ ʧʦʜʩʣʠʚʦʚʘ ʠ ʛʝʥʝʨʠʩʘˁʝ 

ʭʠʜʨʦʛʨʘʬʩʢʝ ʤʨʝʞʝ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʨʦʨʘʯʫʥ ʤʦʨʬʦʤʝʪʨʠʿʩʢʠʭ 

ʢʨʠʪʝʨʠʿʫʤʘ (ʢʦʨʠʰ˂ʝʥʠʭ ʟʘ ʘʥʘʣʠʟʫ ʦʧʘʩʥʦʩʪʠ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ) ʚʨʰʝʥʦ ʿʝ 

ʧʦʤʦ˂ʫ ʤʦʜʝʣʘ ArcHydro 2.0. ʆʜ ʛʝʦʩʪʘʪʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ, ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʠʥʚʝʨʟʥʘ 

ʫʜʘˀʝʥʦʩʪ ï IDW (Inverse Distance Weighted) ʟʘ ʧʨʠʢʘʟ ʧʨʦʩʪʦʨʥʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ 

ʧʘʜʘʚʠʥʘ. 

ɿʘ ʫʪʚʨʹʠʚʘˁʝ ʧʦʪʧʫʥʦʛ ʧʦʨʝʪʢʘ ʘʢʮʠʿʘ, ʢʘʦ ʠ ʨʝʟʫʣʪʘʪʘ ʧʨʠʤʝʥʝ ʤʝʪʦʜʘ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʨʠʰ˂ʝʥ ʿʝ MatlabR2014a. 
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2. ʆɼʃʋʏʀɺɸɳɽ, ʇʈʀʉʊʋʇ ʆɼʃʋʏʀɺɸɳʋ ʀ ʄɽʊʆɼɽ 

ʆɼʃʋʏʀɺɸɳɸ 

 

2.1. ʇʦʿʘʤ ʠ ʧʨʠʩʪʫʧʠ ʦʜʣʫʯʠʚʘˁʫ 

 

ʀʘʢʦ ʩʫ ˀʫʜʠ ʦʜʫʚʝʢ ʜʦʥʦʩʠʣʠ ʦʜʣʫʢʝ, ʧʨʦʮʝʩ ʦʜʣʫʯʠʚʘˁʘ ʧʦʯʝʦ ʿʝ ʜʘ ʩʝ ʠʟʫʯʘʚʘ 

ʪʝʢ 30-ʠʭ ʛʦʜʠʥʘ XX ʚʝʢʘ, ʘ ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʠ ʨʘʟʚʦʿ ʜʦʩʪʠʞʝ ʨʘʟʚʦʿʝʤ ʤʝʪʦʜʘ 

ʧʦʟʥʘʪʠʭ ʢʘʦ ʤʝʪʦʜʝ ʦʧʝʨʘʮʠʦʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (ʆʀ) (ʏʫʧʠ˂, ʉʫʢʥʦʚʠ˂, 2010). 

ʅʘʟʠʚ ʦʧʝʨʘʮʠʦʥʘ ʠʩʪʨʘʞʠʚʘˁʘ
1
 ʧʦʪʠʯʝ ʠʟ 1940. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʪʦʢʦʤ ɼʨʫʛʦʛ 

ʩʚʝʪʩʢʦʛ ʨʘʪʘ ʪʠʤ ʥʘʫʯʥʠʢʘ ʫ ɹʨʠʪʘʥʠʿʠ ʧʨʠʤʝʥʦʤ ʥʘʫʯʥʠʭ ʪʝʭʥʠʢʘ ʠʩʪʨʘʞʠʚʘʦ 

ʩʪʨʘʪʝʛʠʿʩʢʝ ʧʨʦʙʣʝʤʝ ʧʦʚʝʟʘʥʝ ʩʘ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ. ʆʧʝʨʘʮʠʦʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʫʯʥʠ ʤʝʪʦʜ (ʛʨʘʥʘ ʤʘʪʝʤʘʪʠʢʝ, ʥʘʨʦʯʠʪʦ ʧʨʠʤʝˁʝʥʝ ʤʘʪʝʤʘʪʠʢʝ) 

ʢʦʿʠ ʧʨʠʤʝʥʦʤ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʠ ʪʝʭʥʠʢʘ ʦʤʦʛʫ˂ʫʿʝ ʧʨʦʥʘʣʘʞʝˁʝ 

Ăʦʧʪʠʤʘʣʥʠʭ ʠʣʠ ʥʘʿʧʨʠʭʚʘʪˀʠʚʠʿʠʭ ʨʝʰʝˁʘ ʟʘ ʜʦʥʦʰʝˁʝ ʫʧʨʘʚˀʘʯʢʠʭ ʦʜʣʫʢʘñ 

(ʇʨʘʰʯʝʚʠ˂, 1992). ʄʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʦʧʝʨʘʮʠʦʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʨʠʩʪʫʧ ʦʜʣʫʯʠʚʘˁʫ ʢʦʿʠ ʿʝ (Tiwari, Shandilya, 2006):  

V ʭʦʣʠʩʪʠʯʢʠ (ʮʝʣʦʢʫʧʘʥ ʫʚʠʜ ʫ ʦʢʨʫʞʝˁʝ ʢʦʿʝ ʧʨʦʫʯʘʚʘ) 

V ʤʝʪʦʜʦʣʦʰʢʠ (ʥʘ ʿʘʩʘʥ ʠ ʩʠʩʪʝʤʘʪʩʢʠ ʥʘʯʠʥ ʩʝ ʬʦʨʤʫʣʠʰʝ ʠ ʨʝʰʘʚʘ 

ʧʨʦʙʣʝʤ),  

V ʦʙʿʝʢʪʠʚʠʩʪʠʯʢʠ (ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫʚʝʢ ʠʤʘʿʫ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥ ʮʠˀ)  ʠ  

V ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʠ (ʧʨʦʙʣʝʤ ʩʝ ʘʥʘʣʠʟʠʨʘ ʩʘ ʘʩʧʝʢʪʘ ʤʘʪʝʤʘʪʠʯʘʨʘ, 

ʬʠʟʠʯʘʨʘ, ʭʝʤʠʯʘʨʘ, ʩʪʘʪʠʩʪʠʯʘʨʘ, ʛʨʘʹʝʚʠʥʘʮʘ, ʝʢʦʥʦʤʠʩʪʘ ʠ ʜʨʫʛʠʭ 

ʝʢʩʧʝʨʘʪʘ). 

ɸʥʘʣʠʟʘ ʦʜʣʫʯʠʚʘˁʘ ʿʝ ʪʝʭʥʠʢʘ ʦʧʝʨʘʮʠʦʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʫ ʿʝ ʧʨʚʠ ʫʚʝʦ 1966. 

Ronald A. Howard (Pandey, 2014) ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʘʥʘʣʠʟʠʨʘˁʝ ʩʣʦʞʝʥʠʭ ʦʜʣʫʢʘ 

ʫ ʩʣʫʯʘʿʫ ʚʠʰʝ, ʥʘʿʯʝʰ˂ʝ ʢʦʥʬʣʠʢʪʥʠʭ ʮʠˀʝʚʘ ʠ ʥʝʠʟʚʝʩʥʦʩʪʠ (Parnel, 2009). 

ʇʦʩʪʦʿʝ ʯʝʪʠʨʠ ʦʧʰʪʘ ʧʨʠʩʪʫʧʘ ʘʥʘʣʠʟʠ ʦʜʣʫʯʠʚʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʚʦʿʝ 

ʤʝʪʦʜʦʣʦʰʢʝ ʧʦʩʪʘʚʢʝ: ʥʦʨʤʘʪʠʚʥʠ, ʜʝʩʢʨʠʧʪʠʚʥʠ, ʧʨʝʩʢʨʠʧʪʠʚʥʠ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʧʨʠʩʪʫʧ ʦʜʣʫʯʠʚʘˁʫ (Bouyssou et al., 2006 ). 

                                                           
1
  ʆʧʝʨʘʮʠʦʥʘ ʠʪʨʘʞʠʚʘˁʘ ʩʫ ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʦʟʥʘʪʘ ʠ ʧʦʜ ʩʣʝʜʝ˂ʠʤ ʥʘʟʠʚʠʤʘ (Murthy, 

2007): Operational Research, Operational Analysis, System Analysis, System Evaluation, 

System Research, Quantitative methods, Optimisation Techniques, Management Science ʠʪʜ. 
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ʆʧʝʨʘʮʠʦʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʩʝ ʥʘʿʧʨʝ ʟʘʩʥʠʚʘʣʘ ʥʘ ʠʜʝʿʠ Ăʨʘʮʠʦʥʘʣʥʦʛ 

ʦʜʣʫʯʠʚʘˁʘñ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʿʝʜʥʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ (Bouyssou et al., 2006). ʇʨʠʤʝʨ 

ʨʘʮʠʦʥʘʣʥʦʤ ʧʨʠʩʪʫʧʫ ʦʜʣʫʯʠʚʘˁʘ ʿʝ ʣʠʥʝʘʨʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ, ʛʜʝ ʿʝ ʧʨʦʙʣʝʤ 

ʜʝʬʠʥʠʩʘʥ ʤʘʪʝʤʘʪʠʯʢʠ ʢʘʦ ʢʣʘʩʠʯʘʥ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ, ʩʘ ʮʠˀʝʤ 

ʠʟʥʘʣʘʞʝˁʘ ʨʘʮʠʦʥʘʣʥʝ
2
, ʥʘʿʙʦˀʝ ʦʜʣʫʢʝ (ʦʥʝ ʢʦʿʘ ʤʘʢʩʠʤʠʟʠʨʘ ʠʣʠ ʤʠʥʠʤʠʟʠʨʘ 

ʧʦʩʪʘʚˀʝʥʫ ʬʫʥʢʮʠʿʫ ʮʠˀʘ). ʆʚʘʢʘʚ ʨʘʮʠʦʥʘʣʥʠ ʧʨʠʩʪʫʧ ʤʦʜʝʣʠʨʘˁʘ ʠ 

ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ, ʧʦʟʥʘʪ ʿʝ ʢʘʦ ʥʦʨʤʘʪʠʚʥʠ ʧʨʠʩʪʫʧ, ʢʦʿʠ 

ʧʦʜʨʘʟʫʤʝʚʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʢʨʦʟ ʿʝʜʘʥ ʬʦʨʤʘʣʠʟʦʚʘʥʠ ʧʦʩʪʫʧʘʢ ʧʦʤʦ˂ʫ 

ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥʠʭ ʧʨʘʚʠʣʘ, ʥʦʨʤʠ (Morrow, Hitt, 2000). ɼʦʥʦʩʠʣʘʮ ʦʜʣʫʢʝ  

(ɼʆ) ʿʝ Ăʨʘʮʠʦʥʘʣʘʥñ ʿʝʨ ʧʦʣʘʟʠ ʦʜ ʜʘʪʠʭ ʧʨʘʚʠʣʘ, ʘʢʩʠʦʤʘ, ʢʦʿʠ ʩʫ ʥʝʟʘʚʠʩʥʠ ʦʜ 

ˁʝʛʘ ʠ ʧʨʦʙʣʝʤʘ ʩʘ ʢʦʿʠʤ ʿʝ ʩʫʦʯʝʥ. 

ʉʣʝʜʝ˂ʠ ʧʨʠʩʪʫʧ ʿʝ ʜʝʩʢʨʠʧʪʠʚʥʦ ʦʜʣʫʯʠʚʘˁʝ, ʥʝʢʘʜʘ ʩʝ ʥʘʟʠʚʘ ʠ predictive ʿʝʨ 

ʧʨʝʜʚʠʹʘ ʙʫʜʫ˂ʥʦʩʪ, ʜʘʿʝ ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ ʐʪʘ ˂ʝ ʩʝ ʜʦʛʦʜʠʪʠ ʫʢʦʣʠʢʦ? 

ɿʘʩʥʠʚʘ ʩʝ ʥʘ ʝʤʧʠʨʠʿʩʢʠʤ ʦʧʩʝʨʚʘʮʠʿʘʤʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʩʪʫʜʠʿʘʤʘ ʠ ʨʝʪʢʦ 

ʿʝ ʧʦʥʦʚˀʠʚʦ ʠʣʠ ʿʝ ʥʝʧʦʥʦʚˀʠʚʦ (ʥʝʩʪʨʫʢʪʫʠʨʘʥʦ ʦʜʣʫʯʠʚʘˁʝ). ɼʝʩʢʨʠʧʪʠʚʥʠ 

ʧʨʠʩʪʫʧ ʿʝ ʢʚʘʣʠʪʘʪʠʚʥʦ ʦʨʠʿʝʥʪʠʩʘʥ ʠ ʦʤʦʛʫ˂ʘʚʘ ʥʘʣʘʞʝˁʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠʭ 

ʨʝʰʝˁʘ ʫ ʜʘʪʠʤ ʦʢʦʣʥʦʩʪʠʤʘ. ʎʠˀ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʿʝ ʜʘ ʦʙʿʘʩʥʠ ʢʘʢʦ ɼʆ ʥʘ ʦʩʥʦʚʫ 

ʨʘʩʧʦʣʦʞʠʚʠʭ ʠʥʬʦʨʤʘʮʠʿʘ, ʜʦʥʦʩʠ ʦʜʣʫʢʫ, ʧʨʠ ʯʝʤʫ ʩʝ ʥʝ ʠʩʢˀʫʯʫʿʫ ʛʨʝʰʢʝ 

ʫʟʨʦʢʦʚʘʥʝ ʧʩʠʭʦʣʦʰʢʠʤ ʦʩʦʙʠʥʘʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʩʘ ʥʦʨʤʘʪʠʚʥʠʤ 

ʧʨʠʩʪʫʧʦʤ  (Sikavica et al.,  2014).  

ʋ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʧʦʫʟʜʘʥʦʩʪʠ ʧʨʦʮʝʩʘ ʦʜʣʫʯʠʚʘˁʘ ʨʘʟʚʠʿʝʥʠ ʩʫ ʧʨʝʩʢʨʠʧʪʠʚʥʠ 

ʤʦʜʝʣʠ ʦʜʣʫʯʠʚʘˁʘ ʢʦʿʠ ʢʦʨʠʩʪʝ ʧʦʩʪʦʿʝ˂ʘ ʪʝʦʨʠʿʩʢʘ ʩʘʟʥʘˁʘ ʧʨʠʣʠʢʦʤ ʠʟʙʦʨʘ 

ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ, ʦʜʥʦʩʥʦ, ʜʘʿʫ ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ ʂʦʿʝ ʦʜʣʫʢʝ ʩʫ ʥʘʿʙʦˀʝ? 

(Sikavica et al., 2014; Makowski, 2001).  ʇʨʝʩʢʨʠʧʪʠʚʥʠ ʧʨʠʩʪʫʧ  ʫʚʘʞʘʚʘ ʧʦʩʪʘʚʢʝ 

ʥʦʨʤʘʪʠʚʥʝ ʪʝʦʨʠʿʝ ʘʣʠ ʠ ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ɼʆ ʯʦʚʝʢ ʦʛʨʘʥʠʯʝʥʠʭ ʢʦʛʥʠʪʠʚʥʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ (Ríos, 1994). ʐʠʨʝ ʧʦʩʤʘʪʨʘʥʦ, ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʿʝ ʧʨʝʩʢʨʠʧʪʠʚʥʠ 

ʧʨʠʩʪʫʧ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʥʦʨʤʘʪʠʚʥʦʛ (ʫ ʜʦʤʝʥʫ ʬʠʣʦʟʦʬʠʿʝ) ʠ ʜʝʩʢʨʠʧʪʠʚʥʦʛ (ʫ 

ʜʦʤʝʥʫ ʧʩʠʭʦʣʦʰʢʠʭ ʥʘʫʢʘ) ʫ ʜʦʤʝʥʫ ʠʥʞʝˁʝʨʠʥʛʘ (Baron, 2012). 

                                                           
2
 Peterson (2009) ʥʘʚʦʜʠ ʜʘ ʿʝ ʨʘʮʠʦʥʘʣʥʘ ʦʜʣʫʢʘ ʦʜʣʫʢʘ ʟʘ ʢʦʿʫ ʧʦʩʪʦʿʠ ʥʘʿʚʠʰʝ ʨʘʟʣʦʛʘ 

ʟʘ ˁʝʥʦ ʜʦʥʦʰʝˁʝ, ʧʨʠ ʯʝʤʫ ʦʥʘ ʥʝ ʤʦʨʘ ʜʘ ʙʫʜʝ ʠʩʧʨʘʚʥʘ ʦʜʣʫʢʘ (ʧʦʩʣʝʜʠʮʝ ʦʜʣʫʢʝ 

ʜʝʬʠʥʠʰʫ ˁʝʥʫ ʠʩʧʨʘʚʥʦʩʪ. 
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ʂʦʥʩʪʨʫʢʪʠʚʥʠ ʧʨʠʩʪʫʧ ʢʘʨʘʢʪʝʨʠʰʝ ʜʠʩʢʫʩʠʿʘ ɼʆ ʠ ʘʥʘʣʠʪʠʯʘʨʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ 

ʩʝ ʬʦʨʤʫʣʠʰʝ ʠ ʛʨʘʜʠ ʤʦʜʝʣ, ʯʝʤʫ ʩʝ ʧʨʠʜʘʿʝ ʧʦʜʿʝʜʥʘʢʠ ʟʥʘʯʘʿ ʢʦʣʠʢʦ ʠ 

ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʫ ʦʚʦʤ ʧʨʠʩʪʫʧʫ.  

ʂʨʠʪʠʢʝ ʥʦʨʤʘʪʠʚʥʦʤ ʧʨʠʩʪʫʧʫ ʩʫ ʜʘ ʧʦʪʧʫʥʘ ʨʘʮʠʦʥʘʣʥʦʩʪ ʥʠʿʝ ʩʚʦʿʩʪʚʝʥʘ 

ˀʫʜʩʢʦʤ ʨʘʩʫʹʠʚʘˁʫ, ʢʘʦ ʥʠ ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ, ʢʦʣʠʢʦ ʠʟʙʦʨ 

ʢʦʤʧʨʦʤʠʩʥʦʛ ʨʝʰʝˁʘ (ʟʘʜʦʚʦˀʘʚʘ ʩʚʝ ʚʘʞʥʝ ʘʪʨʠʙʫʪʝ
3
) (Simon, 1956).  ʇʦʪʨʝʙʘ 

ʟʘ ʧʨʠʨʦʜʥʠʿʠʤ ʧʨʠʩʪʫʧʦʤ, ʢʦʿʠ ˂ʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʩʚʝ ʤʫʣʪʠʜʠʤʝʥʟʠʦʥʘʣʥʝ 

ʘʩʧʝʢʪʝ ʦʜʣʫʯʠʚʘˁʘ ʠ ʩʘʛʣʝʜʘʪʠ ʧʨʦʙʣʝʤ ʠʟ ʚʠʰʝ ʫʛʣʦʚʘ ʜʦʚʝʣʘ ʿʝ ʜʦ ʨʘʟʚʦʿʘ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʦʜʣʫʯʠʚʘˁʘ (Figueira et al., 2005a). ʂʘʜʘ ʿʝ ʨʝʯ ʦ 

ʤʝʪʦʜʘʤʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ (ɺʂʆ), ʠʩʪʦʨʠʿʩʢʠ ʛʣʝʜʘʥʦ, ʤʦʞʝ ʩʝ 

ʨʝ˂ʠ ʜʘ ʧʨʚʝ ʤʝʪʦʜʝ ɺʂʆ (ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʤʘʪʝʤʘʪʠʯʢʠ ʜʦʙʨʦ ʩʪʨʫʢʪʫʠʨʘʥʠ 

ʧʨʦʙʣʝʤʠ, ʛʜʝ ʿʝ ʮʠˀ ʧʨʦʥʘ˂ʠ ʦʧʪʠʤʫʤ ʢʘʦ ʢʦʜ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʘ ʆʀ) ʧʨʠʧʘʜʘʿʫ 

ʘʤʝʨʠʯʢʦʿ ʰʢʦʣʠ (ɺʠʰʝʘʪʨʠʙʫʪʠʚʥʘ ʪʝʦʨʠʿʘ ʚʨʝʜʥʦʩʪʠ ʠ ɺʠʰʝʘʪʨʠʙʫʪʠʚʥʘ 

ʪʝʦʨʠʿʘ ʢʦʨʠʩʥʦʩʪʠ) ʠ ʜʘ ʩʝ ʜʨʞʝ ʥʦʨʤʘʪʠʚʥʦʛ ʧʨʠʩʪʫʧʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʤʝʪʦʜʘ 

ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʬʨʘʥʮʫʩʢʦʿ ʰʢʦʣʠ ʠ ʢʦʿʝ ʩʣʝʜʝ ʧʨʠʥʮʠʧʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛ ʧʨʠʩʪʫʧʘ 

(Lootsma, 1999). ʇʦ ʥʝʢʠʤ ʘʫʪʦʨʠʤʘ (Seip, Wenstop, 2006) ʩʘʤʘ ʥʘʫʢʘ ʦ 

ʦʜʣʫʯʠʚʘˁʫ ʿʝ ʿʝʜʥʠʤ ʜʝʣʦʤ ʧʨʝʩʢʨʠʧʪʠʚʥʘ ï ʦʧʠʩʫʿʝ ʢʘʢʦ ʙʠ ˀʫʜʠ ʪʨʝʙʘʣʦ ʜʘ 

ʜʦʥʦʩʝ ʦʜʣʫʢʝ, ʘ ʿʝʜʥʠʤ ʜʝʣʦʤ ʜʝʩʢʨʠʧʪʠʚʥʘ ï ʧʦʩʤʘʪʨʘ ʢʘʢʦ ˀʫʜʠ ʜʦʥʦʩʝ 

ʦʜʣʫʢʝ. ʇʦ ʘʫʪʦʨʠʤʘ Hutchel, Molet (1986) ʆʀ ʩʫ ʧʨʝʪʝʞʥʦ ʧʨʝʩʢʨʠʧʪʠʚʥʘ ʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ Ăʩʘʤʦ ʬʠʣʦʟʦʬʠʿʫ ʩʚʝʩʥʦʛ ʠʟʙʦʨʘ ʠ ʩʚʝʩʥʦ ʧʨʦʮʝˁʝʥʠʭ ʘʢʮʠʿʘñ. 

2.2. ʇʦʩʪʫʧʘʢ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ 

 

ʆʧʝʨʘʮʠʦʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʧʦʩʪʫʧʢʦʤ ʢʦʿʠ 

ʧʦʜʨʘʟʫʤʝʚʘ (Tiwari, Shandilya, 2006): 1) ʬʦʨʤʫʣʠʩʘˁʝ ʧʨʦʙʣʝʤʘ, 2) ʠʟʛʨʘʜˁʫ 

ʤʦʜʝʣʘ, 3) ʠʟʥʘʣʘʞʝˁʝ ʨʝʰʝˁʘ, 4) ʧʨʦʚʝʨʫ ʚʘʣʠʜʥʦʩʪʠ ʤʦʜʝʣʘ, 5) ʫʩʧʦʩʪʘʚˀʝˁʝ 

ʢʦʥʪʨʦʣʝ ʧʨʝʢʦ ʨʝʰʝˁʘ ʠ 6) ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ. 

ʄʦʜʝʣ ʿʝ ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʠʣʠ ʘʧʩʪʨʘʢʮʠʿʘ ʩʪʚʘʨʥʦʛ ʦʙʿʝʢʪʘ ʠʣʠ ʩʠʪʫʘʮʠʿʝ, ʢʦʿʠ 

ʤʦʞʝ ʙʠʪʠ ʬʠʟʠʯʢʠ (ʤʘʧʘ, ʬʦʪʦʛʨʘʬʠʿʘ), ʰʝʤʘʪʩʢʠ (ʜʠʿʘʛʨʘʤʠ) ʠʣʠ ʤʘʪʝʤʘʪʠʯʢʠ 

(ʩʠʤʙʦʣʠ, ʤʘʪʝʤʘʪʠʯʢʝ ʿʝʜʥʘʯʠʥʝ) (Shenoy et al., 1991). ʄʦʜʝʣ ʤʦʞʝ ʙʠʪʠ 

ʬʦʨʤʘʣʘʥ, ʜʝʬʠʥʠʩʘʥ ʤʘʪʝʤʘʪʠʯʢʠʤ ʠʟʨʘʟʠʤʘ (ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥ), ʧʨʠ ʯʝʤʫ ʠʤʘ 

                                                           
3
 ʘʪʨʠʙʫʪ ʠʣʠ ʧʝʨʬʦʨʤʘʥʩʘ ʧʨʝʜʩʪʘʚˀʘ ʩʪʝʧʝʥ ʜʦʩʪʠʟʘˁʘ ʟʘʜʘʪʦʛ ʮʠˀʘ (ʏʫʧʠ˂, ʉʫʢʥʦʚʠ˂, 

2010) 
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ʩʚʦʿʫ ʩʪʨʫʢʪʫʨʫ (ʧʨʠʢʘʟʘʥʫ ʫ ʚʠʜʫ ʿʝʜʥʘʯʠʥʘ) ʠ ʧʘʨʘʤʝʪʨʝ (ʝʣʝʤʝʥʪʠ ʿʝʜʥʘʯʠʥʘ) 

ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʫʪʚʨʜʠʪʠ (Yevseyeva, 2007). ʇʨʦʙʣʝʤʠ ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ ʨʝʰʠʪʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʮʠʦʥʘʣʥʦʛ, ʣʦʛʠʯʢʦʛ ʨʝʟʦʥʦʚʘˁʘ, ʢʘʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ, ʚʝ˂ ʿʝ 

ʫʢˀʫʯʝʥʦ ʧʨʦʩʫʹʠʚʘˁʝ, ʠʥʪʫʠʮʠʿʘ ʠ ʠʩʢʫʩʪʚʦ ɼʆ ʩʫ ʣʦʰʝ ʜʝʬʠʥʠʩʘʥʠ ʧʨʦʙʣʝʤʠ 

(Karwowski, 2006). 

2.3. ʋʚʦʜ ʫ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʦʜʣʫʯʠʚʘˁʝ 

 

ʉʠʪʫʘʮʠʿʝ ʦʜʣʫʯʠʚʘˁʘ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʨʘʟʤʦʪʨʠʪʠ ʚʠʰʝ ʢʨʠʪʝʨʠʿʫʤʘ, ʫʛʣʘʚʥʦʤ 

ʢʦʥʬʣʠʢʪʥʝ ʧʨʠʨʦʜʝ, ʯʠʿʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʣʘʟʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ ʠʟʙʦʨ 

ʥʘʿʙʦˀʝ ʘʢʮʠʿʝ (ʘʣʪʝʨʥʘʪʠʚʝ) ʠʟ ʜʘʪʦʛ ʩʢʫʧʘ ʘʢʮʠʿʘ, ʥʘʟʠʚʘʤʦ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʠʤ ʦʜʣʫʯʠʚʘˁʝʤ (ɺʂʆ) (ʝʥʛ. Multi criteria decision making - 

MCDM
4
) (ʏʫʧʠ˂, ʉʫʢʥʦʚʠ˂, 2010). ʇʨʦʙʣʝʤʠ ɺʂʆ ʩʝ ʩʤʘʪʨʘʿʫ Ăʣʦʰʝ 

ʜʝʬʠʥʠʩʘʥʠʤñ ʧʨʦʙʣʝʤʠʤʘ ʢʦʜ ʢʦʿʠʭ ʥʝ ʧʦʩʪʦʿʠ Ăʦʧʪʠʤʘʣʥʦñ ʨʝʰʝˁʝ. ʆʜʣʫʢʫ 

ʜʦʥʦʩʠ ʿʝʜʘʥ ʠʣʠ ʛʨʫʧʘ ʜʦʥʦʩʠʣʘʮʘ ʦʜʣʫʢʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʢʩʧʝʨʪʝ ʠʟ ʜʘʪʝ 

ʦʙʣʘʩʪʠ (ʢʦʿʠ ʠʩʢʘʟʫʿʫ ʩʚʦʿʘ ʟʥʘˁʘ, ʠʜʝʿʝ ʠ ʧʨʝʬʝʨʝʥʮʠʿʝ), ʫʟ ʧʦʤʦ˂ ʘʥʘʣʠʪʠʯʘʨʘ, 

ʦʜʛʦʚʦʨʥʦʛ ʟʘ ʠʟʙʦʨ ʠ ʧʨʠʤʝʥʫ ʤʝʪʦʜʝ (Yevseyeva, 2007). ʄʝʪʦʜʝ ɺʂʆ ʜʦʩʪʘ ʩʫ 

ʩʣʦʞʝʥʠʿʝ ʦʜ ʤʝʪʦʜʘ ʢʦʿʝ ʨʘʟʤʘʪʨʘʿʫ ʩʘʤʦ ʿʝʜʘʥ ʢʨʠʪʝʨʠʿʫʤ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ, ʘʣʠ 

ʿʝ ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʧʨʦʙʣʝʤʘ ʜʦʩʪʘ ʨʝʘʣʥʠʿʘ (ʏʫʧʠ˂, ʉʫʢʥʦʚʠ˂, 2010).  

ʆʩʥʦʚʥʠ ʢʦʨʘʮʠ ʤʝʪʦʜʘ ɺʂʆ ʩʫ: 1) ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʙʣʝʤʘ, 2) ʩʪʨʫʢʪʫʠʨʘˁʝ 

ʧʨʦʙʣʝʤʘ, 3) ʠʟʛʨʘʜˁʘ  ʤʦʜʝʣʘ, 4) ʧʨʠʤʝʥʘ ʤʦʜʝʣʘ ʠ 5) ʢʦʥʘʯʘʥ ʠʟʙʦʨ, ʦʜʥʦʩʥʦ 

ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʝ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʤʦʜʝʣʘ (Linkov, Moberg, 2012; Belton, 

Stewart, 2002). 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʙʣʝʤʘ ʿʝ ʧʨʚʠ ʢʦʨʘʢ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʿʘʩʘʥ ʫʚʠʜ ʫ 

ʨʘʩʧʦʣʦʞʠʚʝ ʠʥʬʦʨʤʘʮʠʿʝ (ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ: ʂʦʣʠʢʦ ʟʥʘʤʦ ʦ ʧʨʦʙʣʝʤʫ 

ʦʜʣʫʯʠʚʘˁʘ?) ʢʦʿʝ ˂ʝ ʧʦʩʣʫʞʠʪʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʝʣʝʤʝʥʘʪʘ ʦʜʣʫʯʠʚʘˁʘ: ʮʠˀʝʚʘ 

ʢʦʿʠ ʩʝ ʞʝʣʝ ʧʦʩʪʠ˂ʠ, ʤʦʛʫ˂ʠʭ ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʨʝʰʝˁʘ ʠ ʢʨʠʪʝʨʠʿʫʤʘ ʦʜʣʫʯʠʚʘˁʘ  

ʢʦʿʠ ʦʧʠʩʫʿʫ ʧʝʨʬʦʨʤʘʥʩʝ ʘʣʪʝʨʥʘʪʠʚʘ (Howard, 2007). ʉʪʨʫʢʪʫʠʨʘˁʝ ʧʨʦʙʣʝʤʘ 

ʦʜʣʫʯʠʚʘˁʘ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʭ ʠ ʥʘʿʪʝʞʠʭ ʢʦʨʘʢʘ ʢʦʿʠ ʟʘ ʮʠˀ ʠʤʘ ʜʘ 

ʦʤʦʛʫ˂ʠ ʧʨʝʚʦʹʝˁʝ  ʣʦʰʝ ʜʝʬʠʥʠʩʘʥʠʭ ʧʨʦʙʣʝʤʘ ʫ Ăʩʢʫʧ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥʠʭ 

ʝʣʝʤʝʥʘʪʘ, ʨʝʣʘʮʠʿʘ, ʠ ʦʧʝʨʘʮʠʿʘò (von Winterfeldt, 1980) ʢʦʨʠʩʪʝ˂ʠ ʿʝʜʘʥ 

                                                           
4
 ɺʂʆ ʿʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʦʟʥʘʪʦ ʠ ʧʦʜ ʥʘʟʠʚʠʤʘ Multi  criteria decision aid, ʢʘʦ ʠ Multi 

criteria analysis (Vincke, 1986) 
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ʬʦʨʤʘʣʘʥ ʠ ʘʧʩʪʨʘʢʪʘʥ ʿʝʟʠʢ (Tsoukiàs, 2008).  ʆʚʘʿ ʢʦʨʘʢ ʿʝ ʥʘʟʚʘʥ ʠ ʫʤʝʪʥʠʯʢʘ 

ʩʪʨʘʥʘ ʦʜʣʫʯʠʚʘˁʘ, ʿʝʨ ʩʚʝ ʚʝʟʝ ʠ ʫʪʠʮʘʿʝ ʥʘʚʝʜʝʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʜʣʫʯʠʚʘˁʘ 

ʘʥʘʣʠʪʠʯʘʨ ʤʦʨʘ ʧʨʠʢʘʟʘʪʠ ʥʘ ʥʘʿʧʦʛʦʜʥʠʿʠ ʥʘʯʠʥ (von Winterfeldt, 1980). 

ʅʘʨʝʜʥʠ ʢʦʨʘʮʠ ʩʫ ʠʟʛʨʘʜˁʘ ʠ ʧʨʠʤʝʥʘ ʤʦʜʝʣʘ, ʠ ʥʘ ʢʨʘʿʫ ʢʦʥʘʯʥʘ ʧʨʝʧʦʨʫʢʘ ɼʆ 

ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʤʦʜʝʣʘ. ʀʟʙʦʨ ʤʝʪʦʜʝ ʢʦʿʘ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʿʝ ʪʘʢʦʹʝ ʿʘʢʦ 

ʟʥʘʯʘʿʘʥ ʠ ʟʘʚʠʩʠ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʘʤʦʛ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ. 

2.4.  ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʠ ʠʟʙʦʨ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ 

 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʪʫʧʢʘ ʠʟʙʦʨʘ ʥʘʿʙʦˀʝ ʘʢʮʠʿʝ, ʤʝʪʦʜʝ ɺʂʆ ʩʝ ʤʦʛʫ 

ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʜʚʝ ʛʨʫʧʝ (Malczewski, 1999; ʏʫʧʠ˂, ʉʫʢʥʦʚʠ˂, 2010):  

1) ʚʠʰʝʮʠˀʥʦ ʦʜʣʫʯʠʚʘˁʝ (ɺʎʆ) (ʝʥʛ. Multiple Objective Decision Making ï 

MODM) ʠ  

2) ʚʠʰʝʘʪʨʠʙʫʪʠʚʥʦ ʦʜʣʫʯʠʚʘˁʝ (ɺɸʆ) (ʝʥʛ. Multiple Attribute Decision 

Making - MADM) ʠʣʠ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʘ ʘʥʘʣʠʟʘ (ɺʂɸ) (ʝʥʛ. Multi -criteria 

Analysis- MCA) (ʥʘʟʠʚʘ ʩʝ ʠ Multi-criteria decision aiding - MCDA). 

ʇʨʦʙʣʝʤʠ ɺʎʆ ʩʝ ʢʣʘʩʠʬʠʢʫʿʫ ʫ ʢʦʥʪʠʥʫʘʣʥʝ ʧʨʦʙʣʝʤʝ ʦʜʣʫʯʠʚʘˁʘ ʠ 

ʢʘʨʘʢʪʝʨʠʰʝ ʠʭ ʧʦʩʪʦʿʘˁʝ ʙʝʩʢʦʥʘʯʥʦʛ ʙʨʦʿʘ ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʿʝ ʥʠʩʫ ʧʦʟʥʘʪʝ ʧʨʝ 

ʩʘʤʝ ʧʨʦʮʝʜʫʨʝ ʦʧʪʠʤʠʟʘʮʠʿʝ (Doumpos, Zopounidis, 2004). ɺʎʆ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʿʠ ʚʠʰʝ, ʥʘʿʯʝʰ˂ʝ ʢʦʥʬʣʠʢʪʥʠʭ ʬʫʥʢʮʠʿʘ ʮʠˀʘ (ʙʘʨ ʜʚʝ) ʢʦʿʝ ʩʝ 

ʧʨʝʚʦʜʝ ʫ ʿʝʜʥʦʢʨʠʪʝʨʠʿʫʤʩʢʠ ʧʨʦʙʣʝʤ ʦʜʣʫʯʠʚʘˁʘ, ʨʘʜʠ ʧʨʦʥʘʣʘʞʝˁʘ 

ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʠʟ ʰʠʨʦʢʦʛ ʩʢʫʧʘ ʤʦʛʫ˂ʠʭ ʨʝʰʝˁʘ, ʫ ʫʩʣʦʚʠʤʘ 

ʦʛʨʘʥʠʯʝʥʦʩʪʠ ʨʝʩʫʨʩʘ (ʧʨʠʢʘʟʫʿʫ ʩʝ ʫ ʚʠʜʫ ʿʝʜʥʘʯʠʥʘ ʠ/ʠʣʠ ʥʝʿʝʜʥʘʯʠʥʘ).  

ʂʦʜ ɺɸʆ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʿʝ ʬʦʨʤʠʨʘˁʝ ʝʚʘʣʫʘʮʠʦʥʝ ʪʘʙʝʣʝ ʠʣʠ ʤʘʪʨʠʮʝ 

ʦʜʣʫʯʠʚʘˁʘ ʢʦʿʘ ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʚʨʝʜʥʦʩʪʠʤʘ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʜʘʪʝ ʘʣʪʝʨʥʘʪʠʚʝ. 

ʉʢʫʧ ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʿʠ ʩʝ ʧʨʦʮʝˁʫʿʝ ʿʝ ʜʠʩʢʨʝʪʘʥ, ʢʦʥʘʯʘʥ ʠ ʫʛʣʘʚʦʤ ʫʥʘʧʨʝʜ 

ʧʦʟʥʘʪ, ʧʘ ʿʝ ʯʠʪʘʚʘ ʛʨʫʧʘ ʤʝʪʦʜʘ ɺʂʆ, ʧʦʟʥʘʪʘ ʧʦʜ ʥʘʟʠʚʦʤ ʜʠʩʢʨʝʪʥʝ ʤʝʪʦʜʝ. 

ʆʛʨʘʥʠʯʝˁʘ ʥʠʩʫ ʘʢʪʠʚʥʘ ʢʘʦ ʢʦʜ ɺʎʆ, ʚʝ˂ ʩʫ ʫʢˀʫʯʝʥʘ ʫ ʘʪʨʠʙʫʪʝ, ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʢʘʦ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʚʨʝʜʥʦʚʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ. ʅʝ ʪʨʘʛʘ ʩʝ ʟʘ ʦʧʪʠʤʘʣʥʠʤ 

ʨʝʰʝˁʝʤ, ʿʝʨ ʧʦʩʪʦʿʠ ʚʠʰʝ ʢʦʥʬʣʠʢʪʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ, ʚʝ˂ ʟʘ ʢʦʤʧʨʦʤʠʩʥʠʤ 

ʨʝʰʝˁʝʤ.  

ʂʦʥʪʠʥʫʘʣʥʠ (ʚʠʰʝʮʠˀʥʠ) ʠ ʜʠʩʢʨʝʪʥʠ (ʚʠʰʝʘʪʨʠʙʫʪʠʚʥʠ) ʧʨʦʙʣʝʤʠ 

ʦʜʣʫʯʠʚʘˁʘ ʨʘʟʣʠʢʫʿʫ ʩʝ ʧʦ ʪʦʤʝ ʰʪʦ ʩʝ ʢʦʜ ʧʨʚʠʭ ʘʪʨʠʙʫʪʠʤʘ ʦʧʠʩʫʿʫ 
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ʘʣʪʝʨʥʘʪʠʚʝ, ʜʦʢ ʩʝ ʢʦʜ ʧʨʦʙʣʝʤʘ ɺɸʆ ʘʪʨʠʙʫʪʠ ʢʦʨʠʩʪʝ ʢʘʦ ʢʨʠʪʝʨʠʿʫʤʠ (ʩʘʜʨʞʝ 

ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʧʨʝʬʝʨʝʥʮʠʿʠ ɼʆ) ʟʘ ʚʨʝʜʥʦʚʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ (Doumpos, 

Zopounidis, 2004).  

ʄʦʜʝʣ ɺɸʆ ʠ ɺʎʆ  ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 2.1 ʠ ʉʣʠʮʠ 2.2 (Jankowski, 1995;  

Chakhar and Martel, 2006), ʜʦʢ ʩʫ ʩʚʝ ʙʠʪʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ɺʎʆ ʠ ɺɸʆ ʥʘʚʝʜʝʥʝ 

ʫ ʊʘʙʝʣʠ 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 2.1. ʄʦʜʝʣ ʚʠʰʝʘʪʨʠʙʫʪʠʚʥʦʛ ʦʜʣʫʯʠʚʘˁʘ  

ʀʟʚʦʨ: Jankowski (1995) 

ʇʨʝʤʘ Deakin ʝt al. (2007) ʩʚʝ ʤʝʪʦʜʝ ɺʂʆ ʤʦʛʫ˂ʝ ʿʝ ʩʚʨʩʪʘʪʠ ʫ ʥʝʢʫ ʦʜ ʪʨʠ ʛʨʫʧʘ:  

1) ʤʝʪʦʜʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʘʤʝʨʠʯʢʦʿ ʰʢʦʣʠ: ʤʝʪʦʜʘ ʚʠʰʝʘʪʨʠʙʫʪʠʚʥʝ ʪʝʦʨʠʿʝ 

ʢʦʨʠʩʥʦʩʪʠ  (Multiattribute Utility Theory- MAUT) ʠ ʤʝʪʦʜʘ ʚʠʰʝʘʪʨʠʙʫʪʠʚʥʝ 

ʪʝʦʨʠʿʝ ʚʨʝʜʥʦʩʪʠ (Multiattribute Value Theory -MAVT);  

2)  ʤʝʪʦʜʝ ʚʠʰʝʛ ʨʘʥʛʘ ʧʨʠʧʘʜʘʿʫ ʬʨʘʥʮʫʩʢʦʿ ʰʢʦʣʠ (ʥʘ ʧʨ. ELECTRE, 

PROMETHEE, NAIADE, REGIME) ʠ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʧʦʨʝʹʝˁʫ ʘʣʪʝʨʥʘʪʠʚʘ ʫ 

ʧʘʨʦʚʠʤʘ, ʠ ˁʠʭʦʚʦʤ ʨʘʥʛʠʨʘˁʫ; 

ʉʂʋʇ ɸʃʊɽʈʅɸʊʀɺɸ 

ʉʂʋʇ ʂʈʀʊɽʈʀɱʋʄɸ 

ʊɸɹɽʃɸ  ʆɼʃʋʏʀɺɸɳɸ 

 A1  A2  . . .   AZ 

 

 

 

C1 

C2 

. 

. 

. 

CZ 

 

ɺʈɽɼʅʆʉʊʀ 

ʂʈʀʊɽʈʀɱʋʄɸ 

ʇʈɽʌɽʈɽʅʎɽ 

ɼʆ  

ʌʋʅʂʎʀɱɽ ɸɻʈɽɻɸʎʀɱɽ  

ʂʆʅɸʏʅʀ ʀɿɹʆʈ  

ʉɽʅɿʀʊʀɺʅɸ ɸʅɸʃʀɿɸ  
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3) ʤʝʪʦʜʝ ʧʨʦʛʨʘʤʠʨʘˁʘ  ʩʫ ʤʝʪʦʜʝ ʚʠʰʝʮʠˀʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ  ʢʦʜ ʢʦʿʠʭ ʩʝ 

ʠʩʪʦʚʨʝʤʝʥʦ ʤʘʢʩʠʤʠʟʠʨʘ ʠʣʠ ʤʠʥʠʤʠʟʠʨʘ ʥʝʢʦʣʠʢʦ ʮʠˀʝʚʘ ʠʩʢʘʟʘʥʠʭ 

ʬʫʥʢʮʠʿʦʤ ʢʦʿʘ ʿʝ ʥʝʧʦʟʥʘʪʘ (ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʤʝʪʦʜʘ), ʧʨʠ 

ʦʜʨʝʹʝʥʦʤ ʩʢʫʧʫ ʦʛʨʘʥʠʯʝˁʘ, ʘ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʦʥʘ˂ʠ ʝʬʠʢʘʩʥʦ ʨʝʰʝˁʝ. 

ʄʝʪʦʜʝ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʘʚʠʣʘ ʦʜʣʫʯʠʚʘˁʘ ʢʦʿʝ ʢʦʨʠʩʪʝ, 

ʦʜʥʦʩʥʦ ʘʛʨʝʛʘʮʠʦʥʝ ʧʨʦʮʝʜʫʨʝ ʥʘ: ʘ) ʢʦʤʧʝʥʟʘʮʠʦʥʝ, ʙ) ʜʝʣʠʤʠʯʥʦ-

ʢʦʤʧʝʥʟʘʮʠʦʥʝ ʠ ʮ) ʥʝʢʦʤʧʝʥʟʘʮʠʦʥʝ ʤʝʪʦʜʝ; ʠʣʠ ʧʨʝʤʘ ʚʨʩʪʠ ʧʦʜʘʪʘʢʘ ʢʦʿʫ 

ʢʦʨʠʩʪʝ ʥʘ: ʘ) ʢʚʘʣʠʪʘʪʠʚʥʝ, ʙ) ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʠ ʮ) ʤʝʰʦʚʠʪʝ (Brandon, Lomardi, 

2011).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 2.2. ʄʦʜʝʣ ʚʠʰʝʮʠˀʥʦʛ ʦʜʣʫʯʠʚʘˁʘ 

ʀʟʚʦʨ: Chakhar, Martel (2006) 

 

ʄʝʪʦʜʝ ɺɸʆ ʧʨʠʧʘʜʘʿʫ ʘʤʝʨʠʯʢʦʿ ʠʣʠ ʬʨʘʥʮʫʩʢʦʿ (ʝʚʨʦʧʩʢʦʿ) ʰʢʦʣʠ 

(Oberschmidth et al., 2010) ʦʜ ʢʦʿʠʭ ʩʚʘʢʘ ʥʘ ʧʦʩʝʙʘʥ ʥʘʯʠʥ ʪʨʝʪʠʨʘ ʧʨʦʙʣʝʤ 

ʦʜʣʫʯʠʚʘˁʘ ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʠʟʙʦʨ, ʨʘʥʛʠʨʘˁʝ ʠʣʠ ʩʦʨʪʠʨʘˁʝ ʘʢʮʠʿʘ (Figueira et al., 

2005a).  ʄʝʪʦʜʦʣʦʛʠʿʘ ʢʦʿʫ ʧʨʠʤʝˁʫʿʫ ʤʝʪʦʜʝ ʘʤʝʨʠʯʢʝ ʰʢʦʣʝ ʟʘʩʥʠʚʘ ʩʝ ʥʘ 

ʜʦʜʝʣʠ ʢʦʨʠʩʥʝ ʚʨʝʜʥʦʩʪʠ ʘʣʪʝʨʥʘʪʠʚʘʤʘ, ʦʜʥʦʩʥʦ ʨʝʘʣʥʠʭ ʙʨʦʿʝʚʘ ʢʦʿʠ 

ʉɽʅɿʀʊʀɺʅɸ ɸʅɸʃʀɿɸ 

ʇʈɽʌɽʈɽʅʎɽ 

ɼʆ  

ʃʆʂɸʃʅɸ ɸɻʈɽɻɸʎʀɱɸ  

ʅɽ-ɼʆʄʀʅɸʅʊʅɸ ʈɽʐɽɳɸ  

ʄʆɻʋɴɸ ʈɽʐɽɳɸ 

ʂʆʅɸʏʅʀ ʀɿɹʆʈ 

    ʌʋʅʂʎʀɱɽ ʎʀɲɸ ʆɻʈɸʅʀʏɽɳɸ 
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ʦʜʨʘʞʘʚʘʿʫ ʩʪʝʧʝʥ ʧʦʞʝˀʥʦʩʪʠ ʨʘʟʤʘʪʨʘʥʝ ʘʣʪʝʨʥʘʪʠʚʝ, ʥʝʟʘʚʠʩʥʦ ʦʜ ʧʨʦʮʝʥʘ 

ʜʨʫʛʠʭ ʘʣʪʝʨʥʘʪʠʚʘ, ʜʦʢ ʤʝʪʦʜʝ ʬʨʘʥʮʫʩʢʝ ʰʢʦʣʝ ʧʦʨʝʜʝ ʘʣʪʝʨʥʘʪʠʚʝ ʫ ʧʘʨʦʚʠʤʘ, 

ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ ʿʝ ʥʝʢʘ ʘʣʪʝʨʥʘʪʠʚʘ ʚʠʰʝ ʧʦʞʝˀʥʘ ʦʜ ʜʨʫʛʝ, ʠʣʠ ʩʫ ʦʥʝ 

ʠʥʜʠʬʝʨʝʥʪʥʝ ʠʣʠ ʥʝʫʧʦʨʝʜʠʚʝ (Corrente et al., 2013). 

 

Tʘʙʝʣʘ 2.1. ʈʘʟʣʠʢʝ ʠʟʤʝʹʫ ɺʎʆ ʠ ɺɸʆ  

 ɺʎʆ ɺɸʆ 

ʂʨʠʪʝʨʠʿʫʤʠ ʩʫ 

ʜʝʬʠʥʠʩʘʥʠ ʧʦʤʦ˂ʫ 
ʮʠˀʝʚʘ ʘʪʨʠʙʫʪʘ 

ʎʠˀʝʚʠ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʝʢʩʧʣʠʮʠʪʥʦ ʠʤʧʣʠʮʠʪʥʦ 

ɸʪʨʠʙʫʪʠ ʩʫ ʜʝʬʠʥʘʥʠ ʠʤʧʣʠʮʠʪʥʦ ʝʢʩʧʣʠʮʠʪʥʦ 

ɸʣʪʝʨʥʘʪʠʚʝ ʩʫ 

ʜʝʬʠʥʠʩʘʥʝ 
ʠʤʧʣʠʮʠʪʥʦ ʝʢʩʧʣʠʮʠʪʥʦ 

ɹʨʦʿ ʘʣʪʝʨʥʘʪʠʚʘ ʙʝʩʢʦʥʘʯʘʥ ʙʨʦʿ ʢʦʥʘʯʘʥ ʙʨʦʿ 

ʆʛʨʘʥʠʯʝˁʘ ʘʢʪʠʚʥʘ 
ʥʝʘʢʪʠʚʥʘ 

(ʫʢˀʫʯʝʥʘ ʫ ʘʪʨʠʙʫʪʝ) 

ʀʥʪʝʨʘʢʮʠʿʘ ʩʘ ɼʆ ʫʛʣʘʚʥʦʤ ʩʝ ʩʧʨʦʚʦʜʠ ʩʧʨʦʚʦʜʠ ʩʝ ʫ ʤʘˁʦʿ ʤʝʨʠ 

ʇʨʠʤʝʥʘ ʠʟʙʦʨ/ʝʚʘʣʫʘʮʠʿʘ ʧʨʦʿʝʢʪʦʚʘˁʝ 

ʀʟʚʦʨ: ʏʫʧʠ˂, ʉʫʢʥʦʚʠ˂ (2010); Hwang, Yoon (1981) 

 

ʄʝʪʦʜʝ ʘʤʝʨʠʯʢʝ ʰʢʦʣʝ ʩʫ: ʤʝʪʦʜʘ ʚʠʰʝʘʪʨʠʙʫʪʠʚʥʝ ʪʝʦʨʠʿʝ ʢʦʨʠʩʥʦʩʪʠ 

(Multiattribute Utility Theory-MAUT) ʠ ʤʝʪʦʜʘ ʚʠʰʝʘʪʨʠʙʫʪʠʚʥʝ ʪʝʦʨʠʿʝ ʚʨʝʜʥʦʩʪʠ 

(Multiattribute Value Theory-MAVT); ʤʝʪʦʜʘ ʘʥʘʣʠʪʠʯʢʠ ʤʨʝʞʥʠ ʧʨʦʮʝʩ (Analytic  

Network Process), ʤʝʪʦʜʘ ʘʥʘʣʠʪʠʯʢʠ ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʧʨʦʮʝʩ (Analytic Hierarchy 

Process). ʆʚʝ ʤʝʪʦʜʝ ʦʜ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʨʠʩʪʝ ʠ ʢʚʘʣʠʪʘʪʠʚʥʝ ʠ 

ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʧʦʜʘʪʢʝ, ʠ ʜʦʩʪʘ ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʨʘʢʩʠ ʟʙʦʛ ʩʚʦʿʝ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʠ 

ʧʨʠʤʝʥˀʠʚʦʩʪʠ (Oberschmidth et al., 2010). ɱʝʜʘʥ ʦʜ ʥʝʜʦʩʪʘʪʘʢʘ ʦʚʠʭ ʤʝʪʦʜʘ ʩʫ 1) 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʢʦʤʧʣʝʪʥʫ ʢʦʤʧʝʥʟʘʮʠʿʫ ʠʣʠ ʙʘʣʘʥʩʠʨʘˁʝ ʠʟʤʝʹʫ ʢʨʠʪʝʨʠʿʫʤʘ ʠ 2) 

ʩʤʘʪʨʘ ʜʘ ʿʝ ɼʆ ʜʦʚʦˀʥʦ ʥʝʜʚʦʩʤʠʩʣʝʥ ʠ ʥʝʧʨʠʩʪʨʘʩʘʥ ʫ ʦʜʨʝʹʠʚʘˁʫ ʪʝʞʠʥʘ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʰʪʦ ʩʫ ʤʝʪʦʜʝ ʬʨʘʥʮʫʩʢʝ ʰʢʦʣʝ ʧʦʢʫʰʘʣʝ ʜʘ ʧʨʝʚʘʟʠʹʫ 

(Oberschmidth et al., 2010; Götze et al., 2008; Gelderman, Rentz, 2007).  

ʄʝʪʦʜʝ ɺɸʆ (AHP, MAUT) ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʜʘ ʿʝʜʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʜʦʤʠʥʠʨʘ ʥʘʜ 

ʦʩʪʘʣʠʤ ʘʣʪʝʨʥʘʪʠʚʘʤʘ ʫʢʦʣʠʢʦ ʿʝ ʙʦˀʘ ʙʘʨ ʧʦ ʧʠʪʘˁʫ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ, ʠ ʥʠʿʝ 

ʣʦʰʠʿʘ ʦʜ ʦʩʪʘʣʠʭ ʘʣʪʝʨʥʘʪʠʚʘ ʧʦ ʧʠʪʘˁʫ ʜʨʫʛʠʭ ʢʨʠʪʝʨʠʿʫʤʘ. ʂʘʢʦ ʤʝʪʦʜʝ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʘʛʨʝʛʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ ʧʝʨʬʦʨʤʘʥʩʠ ʩʚʠʭ ʢʨʠʪʝʨʠʿʫʤʘ (ʟʙʦʛ ʯʝʛʘ ʩʫ 
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ʧʦʟʥʘʪʝ ʧʦʜ ʥʘʟʠʚʦʤ Ăperformance aggregation based approachñ (Cinelli et al., 2014), 

ʘ ʪʠʤʝ ʠ ʢʦʤʧʣʝʪʥʫ ʢʦʤʧʝʥʟʘʮʠʿʫ, ʤʝʪʦʜʝ ʩʫ ʧʦʟʥʘʪʝ ʠ ʧʦʜ ʥʘʟʠʚʦʤ 

ʢʦʤʧʝʥʟʘʮʠʦʥʝ ʤʝʪʦʜʝ. ʉʣʘʙʘ ʧʝʨʬʦʨʤʘʥʩʘ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ, ʤʦʞʝ ʩʝ 

ʥʘʜʦʢʥʘʜʠʪʠ ʿʘʢʦʤ ʧʝʨʬʦʨʤʘʥʩʦʤ ʥʝʢʦʛ ʜʨʫʛʦʛ ʢʨʠʪʝʨʠʿʫʤʘ, ʘ ʥʘ ʜʦʥʦʩʠʦʮʫ 

ʦʜʣʫʢʘ ʿʝ ʟʘʜʘʪʘʢ ʜʘ ʫʩʧʦʩʪʘʚʠ ʪʘʿ ʙʘʣʘʥʩ (Drechsler, 2010).  

ʂʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʤʝʪʦʜʘ ʢʦʨʠʩʥʦʩʪʠ/ʚʨʝʜʥʦʩʪʠ ʠ Pareto ʘʥʘʣʠʟʝ ʩʫ ʤʝʪʦʜʝ 

ʚʠʰʝʛ ʨʘʥʛʘ ʢoje ʩʧʘʜʘʿʫ ʫ ʜʝʣʠʤʠʯʥʦ ʢʦʤʧʝʥʟʘʮʠʦʥʝ ʤʝʪʦʜʝ (Vincke, 1999). 

ʄʝʪʦʜʝ ɺɸʆ ʿʝ ʧʦʛʦʜʥʦ ʢʦʨʠʩʪʠʪʠ ʫ ʩʣʝʜʝ˂ʠʤ ʩʠʪʫʘʮʠʿʘʤʘ: ʘ) ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʠʟʘʙʨʘʪʠ Ăʥʘʿʙʦˀʫñ ʘʣʪʝʨʥʘʪʠʚʫ ʠʟ ʩʢʫʧʘ ʤʦʛʫ˂ʠʭ ʘʣʪʝʨʥʘʪʠʚʘ, ʙ) ʢʘʜʘ ʿʝ 

ʧʦʪʨʝʙʥʦ ʩʦʨʪʠʨʘʪʠ ʘʢʮʠʿʝ ʫ ʨʘʟʣʠʯʠʪʝ ʢʘʪʝʛʦʨʠʿʝ (ʥʘ ʧʨʠʤʝʨ ʜʝʬʠʥʠʪʠʚʥʦ 

ʧʨʠʭʚʘʪˀʠʚʝ, ʤʦʛʫ˂ʘ ʧʨʠʭʚʘʪˀʠʚʦʩʪ, ʜʝʬʠʥʠʪʠʚʥʦ ʥʝʧʨʠʭʚʘʪˀʠʚʝ), ʚ) ʟʘ 

ʨʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ, ʠ ʛ) ʟʘ ʜʝʩʢʨʠʧʮʠʿʫ ʘʣʪʝʨʥʘʪʠʚʘ ʫʪʚʨʹʠʚʘˁʝʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʘʣʪʝʨʥʘʪʠʚʝ ʩʫʰʪʠʥʩʢʠ ʨʘʟʣʠʢʫʿʫ (ʉʣʠʢʘ 2.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 2.3. ʆʙʣʠʮʠ ʜʝʩʢʨʠʧʪʠʚʥʠʭ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʧʨʝʤʘ ʮʠˀʫ ʦʜʣʫʯʠʚʘˁʘ 

ʀʟʚʦʨ: Doumpos, Zopounidis (2004) 

 

ʂʦʿʘ ˂ʝ ʩʝ ʦʜ ʤʝʪʦʜʘ BAO ʢʦʨʠʩʪʠʪʠ ʟʘʚʠʩʠ ʦʜ ʥʘʚʝʜʠʭ ʠʟʣʘʟʘ ʢʦʿʠ ʩʝ ʞʝʣʝ 

ʜʦʙʠʪʠ, ʦʜ ʢʚʘʣʠʪʝʪʘ ʠ ʦʙʠʤʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʢʘ, ʦʜ ʙʨʦʿʘ ʘʣʪʝʨʥʘʪʠʚʘ, 

ʨʘʩʧʦʣʦʞʠʚʠʭ ʩʦʬʪʚʝʨʘ, ʠ ʯʠˁʝʥʠʮʝ ʜʘ ʣʠ ʿʝ ʫ ʧʠʪʘˁʫ ʿʝʜʘʥ ʠʣʠ ʚʠʰʝ ʜʦʥʦʩʠʣʘʮa 

1. x2 

2. x4 

3. x1 

4. x5 

5. x3 

6. x6 
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ɻʈʋʇɸ 2. 

x 3, x5, x6 
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ʅʘʿʧʦʞʝˀʥʠʿʘ 

ʘʣʪʝʨʥʘʪʠʚʘ 

ʅʘʿʤʘˁʝ ʧʦʞʝˀʥʘ 

ʘʣʪʝʨʥʘʪʠʚʘ 
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ʦʜʣʫʢa (ɼʆ). Guitouni, Martel (1998) ʜʘʿʫ ʚʦʜʠʯ ʟʘ ʠʟʙʦʨ ʤʝʪʦʜʘ ɺʂʆ, ʘʣʠ ʿʝ ʤʦʞʜʘ 

ʥʘʿʨʝʣʘʥʠʿʘ ʢʦʥʩʪʘʪʘʮʠʿʘ Abrishamchi et al. (2005), ʢʦʿʠ ʠʩʪʠʯʫ ʜʘ ʿʝ ʠʟʙʦʨ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ, ʧʦ ʩʚʦʿʦʿ ʧʨʠʨʦʜʠ ʧʨʦʙʣʝʤ 

ʢʦʿʠ ʠ ʩʘʤ ʟʘʭʪʝʚʘ ʩʧʨʦʚʦʹʝˁʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ. 

2.5. ɺʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʦʜʣʫʯʠʚʘˁʝ ʠ ʟʘʰʪʠʪʘ ʟʝʤˀʠʰʥʠʭ ʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ 

ʦʜ ʜʝʛʨʘʜʘʮʠʿʝ 

 

ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʠ ʦʙʣʠʮʠ ʜʝʛʨʘʜʘʮʠʿʝ ʟʝʤˀʠʰʥʠʭ ʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ ʤʝʹʫ ʢʦʿʠʤʘ 

ʟʥʘʯʘʿʥʦ ʤʝʩʪʦ ʧʨʝʤʘ ʧʨʦʩʪʦʨʥʦʿ ʟʘʩʪʫʧˀʝʥʦʩʪʠ, ʠʥʪʝʥʟʠʪʝʪʫ ʜʝʣʦʚʘˁʘ ʠ 

ʧʦʩʣʝʜʠʮʘʤʘ, ʠʤʘʿʫ ʝʨʦʟʠʿʘ ʟʝʤˀʠʰʪʘ ʠ ʙʫʿʠʯʥʝ ʧʦʧʣʘʚʝ.  ɿʘʰʪʠʪʘ ʧʦʜʨʫʯʿʘ 

ʫʛʨʦʞʝʥʠʭ ʦʚʠʤ ʧʨʦʮʝʩʠʤʘ ʯʝʩʪʦ ʟʘʭʪʝʚʘ ʨʘʟʤʘʪʨʘˁʝ ʥʝʢʦʣʠʢʦ ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʿʝ 

ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʝ ʚʠʰʝ ʢʨʠʪʝʨʠʿʫʤʘ, ʪʘʢʦ ʜʘ ʩʝ ʧʨʦʙʣʝʤ ʤʦʞʝ ʧʦʩʪʘʚʠʪʠ ʠ 

ʨʝʰʘʚʘʪʠ ʢʘʦ ʧʨʦʙʣʝʤ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ. 

 

2.5.1.  ɽʨʦʟʠʿʘ ʟʝʤˀʠʰʪʘ ʠ ʙʫʿʠʯʥʝ ʧʦʧʣʘʚʝ ʢʘʦ ʚʠʜʦʚʠ ʜʝʛʨʘʜʘʮʠʿʝ 

ɽʨʦʟʠʿʘ ʟʝʤˀʠʰʪʘ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠʭ ʚʠʜʦʚʘ ʜʝʛʨʘʜʘʮʠʿʝ ʟʝʤˀʠʰʪʘ ʦ 

ʯʝʤʫ ʛʦʚʦʨʠ ʠ ʧʦʜʘʪʘʢ ʜʘ ʿʝ 1,3 ʤʠʣʠʦʥʘ km
2
 ɽʚʨʦʧʝ ʫ ʧʨʦʩʝʢʫ ʫʛʨʦʞʝʥʦ ʝʨʦʟʠʿʦʤ 

(ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʟʝʤˀʝ ʯʣʘʥʠʮʝ ɽʋ), ʧʨʠ ʯʝʤʫ  ʩʝ ʧʨʦʩʝʯʥʠ ʛʫʙʠʮʠ ʟʝʤˀʠʰʪʘ 

ʧʨʦʮʝˁʫʿʫ ʥʘ 2,64 t·ha
-1

·god
-1

  (Jones et al., 2012; Panagos et al., 2015). ʆʚʘʿ ʧʨʦʙʣʝʤ 

ʛʣʦʙʘʣʥʠʭ ʨʘʟʤʝʨʘ, ʠʤʘ ʥʠʟ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʠʮʘ: ʩʤʘˁʝˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʟʝʤˀʠʰʪʘ, ʦʧʘʜʘˁʝ ʢʚʘʣʠʪʝʪʘ ʚʦʜʘ, ʧʦʚʝ˂ʘʥʘ ʦʧʘʩʥʦʩʪ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ, 

ʦʛʨʦʤʥʠ ʪʨʦʰʢʦʚʠ, ʢʦʿʠ ʧʨʝʤʘ ʥʘʚʦʜʠʤʘ ɽʚʨʦʧʩʢʝ ʂʦʤʠʩʠʿʝ (2006) ʠʟʥʦʩʝ 0,7-14 

ʤʠʣʠʿʘʨʜʠ ʝʫʨʘ ʛʦʜʠʰˁʝ. ɽʨʦʟʠʿʘ ʿʝ ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʧʨʠʩʫʪʥʘ ʥʘ 86,4% ʪʝʨʠʪʦʨʠʿʝ 

ʠ ʧʨʝʧʦʟʥʘʪʘ ʿʝ ʢʘʦ ʦʟʙʠˀʘʥ ʧʨʦʙʣʝʤ, ʢʦʿʠ ʫʟʨʦʢʫʿʝ ʛʫʙʠʪʘʢ ʦʜ 37.249,975 m
3
·god

-1 

(Kostadinov et al., 2006; Ristiĺ et al., 2011a).  

ɹʫʿʠʯʥʝ ʧʦʧʣʘʚʝ ʩʫ ʿʝʜʘʥ ʦʜ ʧʨʠʨʦʜʥʠʭ ʬʝʥʦʤʝʥʘ ʩʘ ʥʘʿʢʘʩʪʨʦʬʘʣʥʠʿʠʤ 

ʧʦʩʣʝʜʠʮʠʤʘ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʯʦʚʝʢʘ. ʇʦʜ ʙʫʿʠʯʥʠʤ ʧʦʣʘʚʘʤʘ (ʝʥʛ. torrential 

floods, flash floods) ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʠʟʥʝʥʘʜʥʠ ʥʘʜʦʣʘʟʘʢ ʧʦʧʣʘʚʥʦʛ ʪʘʣʘʩʘ ʫ 

ʢʦʨʠʪʫ ʪʦʢʘ, ʢʦʿʠ ʩʘ ʩʦʙʦʤ ʥʦʩʠ ʦʛʨʦʤʥʫ ʢʦʣʠʯʠʥʫ ʥʘʥʦʩʘ - ʧʨʦʜʫʢʪʘ ʝʨʦʟʠʦʥʠʭ 

ʧʨʦʮʝʩʘ. ʇʨʝʜʠʩʧʦʟʠʮʠʿʫ ʟʘ ʥʘʩʪʘʥʘʢ ʙʫʿʠʯʥʠʭ ʪʦʢʦʚʘ ʠʤʘʿʫ ʧʦʜʨʫʯʿʘ ʩʘ 

ʫʯʝʩʪʘʣʠʤ ʢʠʰʥʠʤ ʝʧʠʟʦʜʘʤʘ ʚʝ˂ʝʛ ʠʥʪʝʥʟʠʪʝʪʘ ʠ ʢʨʘ˂ʝʛ ʪʨʘʿʘˁʘ, ʥʘʨʦʯʠʪʦ 

ʫʢʦʣʠʢʦ ʩʫ ʥʘʛʠʙʠ ʪʝʨʝʥʘ ʚʝʣʠʢʠ, ʩʪʝʥʝ ʝʨʦʜʠʙʠʣʥʝ, ʚʝʛʝʪʘʮʠʦʥʠ ʧʦʢʨʠʚʘʯ 
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ʦʩʢʫʜʘʥ ʠ ʟʝʤˀʠʰʪʝ ʤʘʣʦʛ ʠʥʬʠʣʪʨʘʮʠʦʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (Ristic, Malosevic, 1997). 

ʋ ʉʨʙʠʿʠ ʿʝ ʜʦ ʜʘʥʘʩ ʨʝʛʠʩʪʨʦʚʘʥʦ ʦʢʦ 12.000 ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ, ʢʦʿʝ ʩʫ 

ʟʘʩʪʫʧˀʝʥʝ ʥʘ ʯʠʪʘʚʦʿ ʪʝʨʠʪʦʨʠʿʠ ʥʘʰʝ ʟʝʤˀʝ (Kostadinov et al., 2006).  

ʋʯʝʩʪʘʣʦʩʪ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ ʫ ʧʦʩʣʝʜˁʠʭ 15 ʛʦʜʠʥʘ ʢʘʦ ʠ ʜʝʩʪʨʫʢʪʠʚʥʦʩʪ, 

ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʨʝʙʫ ʟʘ ʠʥʪʝʥʟʠʚʥʦʤ ʧʨʠʤʝʥʦʤ ʤʝʨʘ ʠ ʨʘʜʦʚʘ ʢʦʿʠ ˂ʝ ʜʦʧʨʠʥʝʪʠ 

ʨʝʜʫʢʮʠʿʠ ʧʦʧʣʘʚʘ ʠ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ (Ristiĺ et al., 2012). ʈʘʜʦʚʠ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʧʨʠʤʝʥʠʪʠ ʟʘ ʨʝʜʫʢʮʠʿʫ ʝʨʦʟʠʿʝ ʠ ʧʦʧʣʘʚʘ ʩʫ: ʠʟʛʨʘʜˁʘ ʦʙʿʝʢʘʪʘ (ʧʨʝʛʨʘʜʘ, 

ʢʠʥʝʪʘ, ʙʨʘʥʘ ʠ ʜʨ.), ʰʫʤʩʢʝ ʠ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʤʝʣʠʦʨʘʮʠʿʝ, ʤʝʣʠʦʨʘʮʠʿʝ 

ʧʘʰˁʘʢʘ, ʧʦʜʠʟʘˁʝ ʚʦ˂ˁʘʢʘ, ʧʦʰʫʤˀʘʚʘˁʝ, ʟʘʪʨʘʚˀʠʚʘˁʝ, ʘʣʠ ʠ ʧʨʝʜʫʟʠʤʘˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʤʝʨʘ ʫʧʨʘʚˀʘˁʘ (Kostadinov, 1996).  

ʇʨʦʮʝʥʘ ʦʧʘʩʥʦʩʪʠ ʦʜ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ ʠ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ ʠ ʧʨʠʤʝʥʘ 

ʧʨʦʪʠʚʝʨʦʟʠʦʥʠʭ ʤʝʨʘ ʠ ʨʘʜʦʚʘ, ʢʘʦ ʠ ʤʝʨʘ ʧʨʝʚʝʥʮʠʿʝ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ  ʟʘʭʪʝʚʘ 

1) ʜʝʬʠʥʠʩʘˁʝ ʨʘʟʤʝʨʝ ʠʩʪʨʘʞʠʚʘˁʘ (ʜʦʤʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ), 2) ʠʟʙʦʨ ʤʦʜʝʣʘ ʟʘ 

ʧʨʦʮʝʥʫ/ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʘʥʘʣʠʟʫ, 3) ʧʨʠʤʝʥʫ ʤʦʜʝʣʘ ʠ 4) ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ 

ʠʟʚʦʹʝˁʝ ʥʘʿʧʨʠʭʚʘʪˀʠʚʠʿʠʭ ʨʘʜʦʚʘ ʠ ʤʝʨʘ/ʘʣʪʝʨʥʘʪʠʚʘ ʦʜʣʫʯʠʚʘˁʘ.  

ʇʦʜ ʨʘʟʤʝʨʦʤ ʠʩʪʨʘʞʠʚʘʥʦʛ ʧʦʜʨʫʯʿʘ (ʨʘʟʤʝʨʘ ʫ "ʝʢʦʣʦʰʢʦʤ" ʩʤʠʩʣʫ) 

ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʚʝʣʠʯʠʥʘ ʧʦʜʨʫʯʿʘ ʢʦʿʘ ʩʝ ʠʩʪʨʘʞʫʿʝ ʠ ʢʦʿʦʤ ʩʝ ʫʧʨʘʚˀʘ, ʠ ʢʦʿʘ ʩʝ 

ʤʦʞʝ ʜʘˀʝ ʧʦʜʝʣʠʪʠ ʥʘ ʛʨʘʜʠʚʥʝ ʝʣʝʤʝʥʪʝ, ʪʿ. ʧʨʦʩʪʦʨʥʦ ʤʘˁʝ ʿʝʜʠʥʠʮʝ (*1).   

ʇʨʦʮʝʥʘ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ ʩʝ ʤʦʞʝ ʚʨʰʠʪʠ ʥʘ ʧʨʦʩʪʦʨʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʚʝ˂ʝ ʠʣʠ 

ʤʘˁʝ ʜʝʪʘˀʥʦʩʪʠ, ʦʜʥʦʩʥʦ: ʥʠʚʦʫ ʧʦˀʘ (ʝʥʛ. field scale), ʥʠʚʦʫ ʩʣʠʚʘ (ʝʥʛ. 

catchment scale), ʥʠʚʦʫ ʧʨʝʜʝʣʘ (ʝʥʛ. landscape scale) (Favis-Mortlock, 1996). ʋ ʪʫ 

ʩʚʨʭʫ ʩʪʦʿʠ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʚʝʣʠʢʠ ʙʨʦʿ ʤʦʜʝʣʘ ʢʦʿʠ, ʢʦʿʠ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ 

ʫ ʝʤʧʠʨʠʿʩʢʝ, ʢʦʥʮʝʧʪʫʘʣʥʝ ʠʣʠ ʬʠʟʠʯʢʝ (Meritt et al., 2003), ʠ ʨʘʟʣʠʢʫʿʫ ʧʦ ʩʚʦʿʦʿ 

ʢʦʤʧʣʝʢcʥʦʩʪʠ ʠ ʟʘʭʪʝʚʠʤʘ ʟʘ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ (ʢʨʠʪʝʨʠʿʫʤʠʤʘ), ʰʪʦ ʤʦʞʝ 

ʙʠʪʠ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʧʨʠʣʠʢʦʤ ʠʟʙʦʨʘ ʤʦʜʝʣʘ. Jetten et al. (1999) ʠʩʪʠʯʫ ʜʘ 

ʥʘ ʠʟʙʦʨ ʤʦʜʝʣʘ ʤʦʞʝ ʫʪʠʮʘʪʠ ʠ ʯʠˁʝʥʠʮʘ ʢʦ ʿʝ ʢʦʨʠʩʥʠʢ ʤʦʜʝʣʘ 

(ʠʩʪʨʘʞʠʚʘʯʠ/ʥʘʫʯʥʠʮʠ/ʝʢʩʧʝʨʪʠ ʠʣʠ ʜʦʥʦʩʠʦʮʠ ʦʜʣʫʢʘ, ʢʦʥʩʫʣʪʘʥʪʠ) ʠ ʢʦʿʠ ʿʝ 

ʮʠˀ ʧʨʠʤʝʥʝ (ʩʠʤʫʣʘʮʠʿʘ ʜʦʛʘʹʘʿʘ, ʧʨʝʜʚʠʹʘˁʝ ʙʫʜʫ˂ʠʭ ʜʦʛʘʹʘʿʘ, ʧʨʠʤʝʥʘ 

ʨʝʟʫʣʪʘʪʘ ʫ ʮʠˀʫ ʫʧʨʘʚˀʘˁʘ ʧʨʠʨʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ). ɱʝʜʥʘ ʦʜ ʤʘˁʝ ʟʘʭʪʝʚʥʠʭ 

ʤʝʪʦʜʘ ʧʦ ʧʠʪʘˁʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʿʝ RUSLE (F®rnandez, Vega, 2016), ʢʦʿʘ ʟʘ 

ʧʨʦʮʝʥʫ ʝʨʦʟʠʿʝ ʢʦʨʠʩʪʠ ʢʨʠʪʝʨʠʿʫʤʝ (ʥʘʯʠʥ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ, 

ʧʘʜʘʚʠʥʝ,ʪʦʧʦʛʨʘʬʠʿʘ ʠ ʝʨʦʜʠʙʠʣʥʦʩʪ ʟʝʤˀʠʰʪʘ), ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʝ ʟʘ 
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ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʝʨʦʟʠʿʝ (Zhang et al., 2013; Ganasri, Ramesh, 2016; Borrelli et 

al., 2014).  

ʅʘʢʦʥ ʧʨʦʮʝʥʝ ʫʛʨʦʞʝʥʦʩʪʠ ʝʨʦʟʠʿʦʤ ʥʘ ʥʠʚʦʫ ʩʣʠʚʘ, ʜʘ ʙʠ ʩʝ ʧʨʠʤʝʥʠʣʝ ʤʝʨʝ ʠ 

ʨʘʜʦʚʠ ʢʦʿʠ ˂ʝ ʜʦʧʨʠʥʝʪʠ ʤʠʥʠʤʠʟʠʨʘˁʫ ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ (ʧʨʦʤʝʥʘ ʥʘʯʠʥʘ 

ʢʦʨʠʰ˂ʝˁʘ, ʠʟʨʘʜˁʘ ʪʝʭʥʠʯʢʠʭ ʦʙʿʝʢʘʪʘ, ʠʣʠ ʠʟʚʦʹʝˁʝ ʙʠʦʣʦʰʢʠʭ ʨʘʜʦʚʘ ʠ ʜʨ.), 

ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʝʨʦʟʠʿʦʤ ʥʘʿʫʛʨʦʞʝʥʠʿʠʭ ʧʦʚʨʰʠʥʘ, ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʧʦʟʥʘʪʠʭ ʧʦʜ ʪʝʨʤʠʥʦʤ "hot spot" ʧʦʚʨʰʠʥʝ, ʰʪʦ ʿʝ ʧʨʝʜʤʝʪ 

ʠʩʪʨʘʞʠʚʘˁʘ ʘʫʪʦʨʘ Zhang et al. (2010), Pandey et al. (2007). ʆʚʘ ʘʥʘʣʠʟʘ ʿʝ ʙʠʪʥʘ 

ʿʝʨ ʩʘʛʣʝʜʘʚʘˁʝ ʩʘʤʦ ʧʨʦʩʝʯʥʠʭ ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ ʤʦʞʝ ʜʘ ʧʦʪʠʩʥʝ ʯʠˁʝʥʠʮʫ 

ʜʘ ʧʦʩʪʦʿʝ ʟʥʘʯʘʿʥʝ ʧʨʦʩʪʦʨʥʝ ʚʘʨʠʿʘʮʠʿʝ ʛʫʙʠʪʘʢʘ (Cerdan et al., 2010). 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘʿʫʛʨʦʞʝʥʠʿʠʭ ʧʦʚʨʰʠʥʘ ʩʝ ʤʦʞʝ ʚʨʰʠʪʠ ʧʨʠʤʝʥʦʤ ʥʝʢʝ ʦʜ 

ʤʝʪʦʜʘ ʟʘ ʧʨʦʮʝʥʫ ʝʨʦʟʠʿʝ (ʠʣʠ ʬʘʢʪʦʨʘ ʢʦʿʝ ʪʝ ʤʝʪʦʜʝ ʧʨʠʤʝˁʫʿʫ) ʠ GIS-ʘ (Nigel, 

Rughooputh, 2010; Borrelli et al., 2014; Gelagay, Minale, 2016; Haregeweyn et al., 

2017) ʘʣʠ ʠ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʫ ʠʥʪʝʛʨʘʮʠʿʠ ʩʘ GIS-

ʦʤ (Wu, Wang, 2007; Rahman et al., 2009; Nekhay et al., 2009; Kroiʩ, Schulte, 2014). 

ʇʨʦʮʝʥʘ ʦʧʘʩʥʦʩʪʠ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ ʩʝ ʚʨʰʠ ʥʘ ʥʠʚʦʫ ʩʣʠʚʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʢʘʦ 

ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʧʨʦʮʝʥʫ ʦʧʘʩʥʦʩʪʠ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ ʢʦʨʠʩʪʝ ʤʦʨʬʦʤʝʪʨʠʿʩʢʠ 

ʧʘʨʘʤʝʪʨʠ (ʪʝʨʤʠʥ ʢʦʨʠʰ˂ʝʥ ʫ ʩʪʨʘʥʦʿ ʣʠʪʝʨʘʪʫʨʠ), ʛʜʝ ʩʧʘʜʘʿʫ: ʧʦʚʨʰʠʥʘ ʩʣʠʚʘ, 

ʦʙʣʠʢ ʩʣʠʚʘ, ʛʫʩʪʠʥʘ ʭʠʜʨʦʛʨʘʬʩʢʝ ʤʨʝʞʝ ʠ ʜʨ. ʂʦʜ ʥʘʩ ʩʝ ʦʚʠ ʢʨʠʪʝʨʠʿʫʤʠ 

ʥʘʟʠʚʘʿʫ ʭʠʜʨʦʛʨʘʬʩʢʠʤ ʠ ʛʝʦʤʦʨʬʦʣʦʰʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʯʠʿʝ ʠʟʫʯʘʚʘˁʝ 

ʦʤʦʛʫ˂ʘʚʘ ʦʮʝʥʫ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʥʘʛʣʫ ʠʣʠ ʿʝʜʥʦʚʨʝʤʝʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ 

ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ ʫ ʩʣʠʚʫ (Kostadinov, 1996). Mʦʨʬʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ, 

ʟʘʿʝʜʥʦ ʩʘ ʥʘʯʠʥʦʤ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ, ʢʦʥʪʨʦʣʠʰʫ ʧʦʪʝʥʮʠʿʘʣ ʧʣʘʥʠʥʩʢʠʭ 

ʩʣʠʚʦʚʘ ʟʘ ʧʨʦʜʫʢʮʠʿʫ ʚʫʯʝʥʦʛ ʥʘʥʦʩʘ, ʧʦʛʦʪʦʚʦ ʫʢʦʣʠʢʦ ʩʝ ʩʣʠʚʦʚʠ ʦʜʣʠʢʫʿʫ 

ʛʫʩʪʦʤ ʭʠʜʨʦʛʨʘʬʩʢʦʤ ʤʨʝʞʦʤ, ʠ ʛʜʝ ʩʝ ʟʝʤˀʠʰʪʝ ʢʦʨʠʩʪʠ ʧʨʝʪʝʞʥʦ ʟʘ ʦʨʘʥʠʮʝ 

ʠ ʚʦ˂ˁʘʢʝ (Li®bault et al., 2002). ʇʨʠʤʝʥʦʤ ʤʦʨʬʦʤʝʪʨʠʿʩʢʠʭ ʢʨʠʪʝʨʠʿʫʤʘ 

ʧʨʦʮʝʥʫ ʦʧʘʩʥʦʩʪʠ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ ʠ ʝʨʦʟʠʿʝ ʩʫ ʘʥʘʣʠʟʠʨʘʣʠ Rahaman et al., 

2015; Taylor, Kite, 2006; Al-Rowaily et al., 2012; Reddy et al., 2004; Abuzied et al., 

2016).  

ʈʘʟʣʠʢʫʿʫ ʩʝ ʜʚʘ ʧʨʠʩʪʫʧʘ ʨʝʜʫʢʮʠʿʠ ʦʧʘʩʥʦʩʪʠ ʦʜ ʧʦʧʣʘʚʘ: ʩʪʨʫʢʪʫʨʥʠ - ʢʦʿʠ 

ʧʦʜʨʘʟʫʤʝʚʘ ʠʟʛʨʘʜˁʫ ʦʙʿʝʢʘʪʘ ʫ ʢʦʨʠʪʫ ʚʦʜʦʪʦʢʘ, ʠ ʥʝʩʪʨʫʢʪʫʨʥʠ ʧʨʠʩʪʫʧ - ʢʦʿʠ 
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ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʤʝʨʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʛʨʘʤ ʦʩʠʛʫʨʘˁʘ ʦʜ ʧʦʧʣʘʚʘ, 

ʢʦʨʠʰ˂ʝˁʝ ʟʝʤˀʠʰʪʘ ʠʟʚʘʥ ʧʣʘʚʥʝ ʟʦʥʝ, ʝʜʫʢʘʮʠʿʘ, ʫʧʦʟʦʨʝˁʝ. 

ʋ ʮʠˀʫ ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ ʠ ʙʫʿʠʮʘ, ʫ ʭʠʜʨʦʛʨʘʬʩʢʦʿ ʤʨʝʞʠ ʙʫʿʠʯʥʠʭ ʪʦʢʦʚʘ 

ʯʝʩʪʦ ʩʝ ʛʨʘʜʝ ʙʫʿʠʯʥʝ ʧʨʝʛʨʘʜʝ, ʧʦʜ ʢʦʿʠʤʘ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʧʦʧʨʝʯʥʠ ʦʙʿʝʢʪʠ, 

ʯʠʿʘ ʿʝ ʬʫʥʢʮʠʿʘ ʜʘ ʩʧʨʝʯʝ ʨʘʟʚʦʿ ʜʫʙʠʥʩʢʝ ʠ ʙʦʯʥʝ ʝʨʦʟʠʿʝ, ʘʢʫʤʫʣʠʨʘʿʫ ʥʘʥʦʩ ʫ 

ʩʚʦʤ ʟʘʧʣʘʚʫ, ʩʤʘˁʝ ʧʘʜ ʢʦʨʠʪʘ,  ʜʫʙʠʥʫ ʠ ʙʨʟʠʥʫ ʚʦʜʝ (Kostadinov, 1996; 

Hassanli, Beecham, 2010). ʈʘʜʦʚʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʠʟʛʨʘʜˁʫ ʠ ʟʘʰʪʠʪʫ ʩʣʠʚʥʦʛ 

ʧʦʜʨʫʯʿʘ ʦʚʠʤ ʦʙʿʝʢʪʠʤʘ, ʢʘʦ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʠʤʘʿʫ ʦʜʨʝʹʠʚʘˁʝ ʧʦʪʨʝʙʥʦʛ 

ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʧʨʝʛʨʘʜʘ (Nameghi et al., 2008; Heede, Mufich, 1973), ʠʟʙʦʨ 

ʣʦʢʘʮʠʿʝ, ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʚʠʩʠʥʝ ʧʨʝʛʨʘʜʘ (Hassanli, Beecham, 2010; Osti, 

Egashira, 2008), ʧʨʦʮʝʥʫ ʝʬʝʢʪʠʚʥʦʩʪʠ ʫ ʧʦʛʣʝʜʫ ʠʩʧʫˁʘʚʘˁʘ ʥʝʢʝ ʦʜ ʬʫʥʢʮʠʿʘ 

ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʨʝʜʫʢʮʠʿʫ ʥʘʥʦʩʘ, ʧʘʜʘ ʢʘʥʘʣʘ ʠ/ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʢʘʥʘʣʘ 

ʚʦʜʦʪʦʢʘ (Kostadinov et al., 2008; Kostadinov et al., 2010; Kostadinov et al., 2011; 

Hassanli et al., 2009; Castillo et al., 2007), ʨʝʜʫʢʮʠʿʫ ʧʦʧʣʘʚʥʦʛ ʪʘʣʘʩʘ (Roshani, 

2003). 

 

2.5.2. ɺʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʦʜʣʫʯʠʚʘˁʝ ʠ ʟʘʰʪʠʪʘ ʦʜ ʝʨʦʟʠʿʝ ʠ ʙʫʿʠʮʘ  

ʋ ʩʚʝʪʩʢʦʿ ʣʠʪʝʨʘʪʫʨʠ, ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ ʫ ʦʙʣʘʩʪʠ ʢʦʥʟʝʨʚʘʮʠʿʝ 

ʟʝʤˀʠʰʥʠʭ ʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ, ʢʦʨʠʩʪʝ ʩʝ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ. 

Huang et al. (2011) ʥʘʛʣʘʰʘʚʘʿʫ ʧʦʨʘʩʪ ʠʥʪʝʨʝʩʦʚʘˁʘ ʟʘ ʦʚʝ ʤʝʪʦʜʝ ʠ ʜʘʿʫ ʧʨʝʛʣʝʜ 

ʨʘʜʦʚʘ ʛʜʝ ʩʫ ʦʥʝ ʧʨʠʤʝˁʝʥʝ ʫ ʥʘʫʢʘʤʘ ʦ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ. 

ʄʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʩʫ ʥʘʰʣʝ ʧʨʠʤʝʥʫ ʫ ʧʨʦʮʝʥʠ ʝʨʦʟʠʿʝ 

ʟʝʤˀʠʰʪʘ, ʤʝʹʫ ʢʦʿʠʤ ʩʫ ʜʦʩʪʘ ʢʦʨʠʰ˂ʝʥʝ AHP (Analytical Hierarchy Process), 

ELECTRE (Elimination and Choice Expressing Reality), PROMETHEE (Preference 

Ranking Organization METhod for Enrichment Evaluation) ʠ WSM (Weighted Sum 

Method). 

ʅʘʿʚʠʰʝ ʧʨʠʤʝˁʠʚʘʥʘ ʤʝʹʫ ʤʝʪʦʜʘʤʘ ʿʝ AHP ʤʝʪʦʜʘ, ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʠʟʙʦʨ 

ʥʘʿʧʦʞʝˀʥʠʿʝ ʩʪʨʘʪʝʛʠʿʝ ʫʧʨʘʚˀʘˁʘ ʰʫʤʘʤʘ (Kangas, 1994), ʟʘ ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʝ 

ʰʠʨʠʥʝ ʧʦʿʘʩʘ ʚʝʛʝʪʘʮʠʿʝ ʫʟ ʨʝʯʥʫ ʦʙʘʣʫ (Qureshi, Harrison, 2001), ʟʘ ʨʘʥʛʠʨʘˁʝ 

ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʝʯʠʰ˂ʘʚʘˁʘ ʦʪʧʘʜʥʠʭ ʚʦʜʘ (Bottero et al., 2011). ʋ ʦʙʣʘʩʪʠ 

ʫʪʚʨʹʠʚʘˁʘ ʫʛʨʦʞʝʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʝʨʦʟʠʿʦʤ  AHP ʤʝʪʦʜʦʤ, ʟʥʘʯʘʿʥʠ ʩʫ ʨʘʜʦʚʠ: 

Wu, Wang (2007), Ni et al. (2008), Rahman et al. (2009), Vulevic et al. (2015).  
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ʐʠʨʦʢʫ ʧʨʠʤʝʥʫ ʠʤʘ ʠ PROMETHEE ʤʝʪʦʜʘ (Behzadian et al., 2010), ʢʦʿʘ ʿʝ ʫ 

ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʨʘʥʛʠʨʘˁʝ ʧʦʜʩʣʠʚʦʚʘ ʧʨʝʤʘ 

ʫʛʨʦʞʝʥʦʩʪʠ ʝʨʦʟʠʿʦʤ (Vulevic, Dragovic, 2017), ʟʘ ʠʟʙʦʨ ʥʘʿʙʦˀʝ ʘʣʪʝʥʘʪʠʚʝ 

ʟʘʰʪʠʪʝ ʩʣʠʚʘ ʫʛʨʦʞʝʥʦʛ ʝʨʦʟʠʿʦʤ (Grau et al., 2010). ELECTRE ʤʝʪʦʜʘ ʿʝ 

ʧʨʠʤʝˁʠʚʘʥʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ (Akpinar et al., 2004), 

ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʦʜ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ ʥʘ ʥʠʚʦʫ ʧʘʨʮʝʣʝ, (ʢʨʠʪʝʨʠʿʫʤʠ: ʥʘʛʠʙ, 

ʢʦʥʝʢʮʠʿʘ ʧʘʨʮʝʣʝ ʩʘ ʧʫʪʝʤ ʠʣʠ ʨʝʯʥʦʤ ʤʨʝʞʦʤ, ʧʦʩʪʦʿʘˁʝ ʥʘʩʠʧʘ, ʥʘʯʠʥ 

ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ) (Macary et al., 2010).  

ʄʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʩʫ ʥʘʰʣʝ ʚʝ˂ʫ ʧʨʠʤʝʥʫ ʫ ʦʙʣʘʩʪʠ ʫʧʨʘʚˀʘˁʘ 

ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ (Hajkowicz, Higgins, 2008). ʄʝʪʦʜʝ, ʧʨʝ ʩʚʝʛʘ AHP, TOPSIS, 

WSM, ELECTRE, PROMETHEE ʠ VIKOR ʩʫ ʥʘʿʚʠʰʝ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʨʘʥʛʠʨʘˁʝ 

ʘʣʪʝʨʥʘʪʠʚʘ, ʘʣʠ ʠ ʟʘ ʦʮʝʥʫ ʭʘʟʘʨʜʘ (ʝʥʛ. hazard assessment), ʦʮʝʥʫ ʧʦʚʨʝʜˀʠʚʦʩʪʠ 

(ʝʥʛ. vulnerability assessment), ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣʠʮʠ 2.4.   

 

 

 

ʉʣʠʢʘ 2.4. ʈʘʜʦʚʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʫʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ ʦʜ ʧʦʧʣʘʚʘ ʧʫʙʣʠʢʦʚʘʥʠ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 1995ï2015. 

ʀʟʚʦʨ: De Britto, Evers (2016) 

 

ʋ ʮʠˀʫ ʨʝʜʫʢʮʠʿʝ/ʫʙʣʘʞʘʚʘˁʘ ʧʦʧʣʘʚʘ ʘʣʪʝʨʥʘʪʠʚʝ ʢʦʜ ʤʝʪʦʜʘ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʩʝ ʤʦʛʫ ʦʜʥʦʩʠʪʠ ʥʘ ʨʘʜʦʚʝ ʫ ʨʝʯʥʦʤ ʪʦʢʫ ʛʜʝ ʩʝ 

ʦʙʘʣʝ ʧʨʠʨʦʜʥʦʛ ʢʘʥʘʣʘ ʰʪʠʪʝ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʤʘʪʝʨʠʿʘʣʘ (Chowdhury,  

Rahman, 2008; Markovic, 2012). ʇʨʠʪʦʤ, ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʘʣʪʝʨʥʘʪʠʚʘ 

ʤʦʛʫ ʙʠʪʠ: ʨʠʟʠʢ ʦʜ ʨʫʰʝˁʘ, ʪʨʦʰʢʦʚʠ, ʧʨʦʙʣʝʤ ʜʝʧʦʟʠʿʝ ʥʘʥʦʩʘ ʠ ʜʨ., ʰʪʦ ʿʝ 

ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ Chowdhury, Rahman (2008). ʇʦʨʝʜ ʥʘʚʝʜʝʥʦʛ, ʧʦʧʨʝʯʥʠ 
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ʦʙʿʝʢʪʠ ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʛʨʘʜʝ ʫ ʨʝʯʥʦʤ ʪʦʢʫ ʩʫ ʧʨʝʛʨʘʜʝ ʢʦʿʝ ʠʩʧʫˁʘʚʘʿʫ ʚʠʰʝ 

ʬʫʥʢʮʠʿʘ, ʠ ʯʠʿʘ ʩʝ ʝʬʝʢʪʠʚʥʦʩʪ ʟʘʰʪʠʪʝ ʦʜ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ ʤʦʞʝ ʦʜʨʝʜʠʪʠ 

ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ (Carladous et al., 2016b; Carladous et 

al., 2016c). ʇʦʨʝʜ ʨʘʟʤʘʪʨʘˁʘ ʩʪʨʫʢʪʫʨʥʠʭ ʤʝʨʘ (ʦʙʿʝʢʘʪʘ) ʤʦʛʫ˂ʝ ʿʝ ʨʘʟʤʘʪʨʘˁʝ ʠ 

ʥʝʩʪʨʫʢʪʫʨʥʠʭ ʤʝʨʘ ʢʘʦ ʘʣʪʝʨʥʘʪʠʚʘ (ʩʠʩʪʝʤ ʟʘ ʨʘʥʫ ʥʘʿʘʚʫ ʠ ʫʧʦʟʦʨʝˁʝ, 

ʦʩʠʛʫʨʘˁʝ ʦʜ ʧʦʧʣʘʚʘ), ʢʦʿʝ ʩʫ ʫ ʨʘʜʦʚʠʤʘ ʘʥʘʣʠʟʠʨʘʣʠ Chitsaz, Banihabib (2015). 

ʇʦʨʝʜ ʨʘʥʛʠʨʘˁʘ ʘʣʪʝʨʥʘʪʠʚʘ ʟʥʘʯʘʿʘʥ ʿʝ ʠ ʦʜʘʙʠʨ ʣʦʢʘʮʠʿʝ ʟʘ ʠʟʛʨʘʜˁʫ ʦʙʿʝʢʘʪʘ. 

Singh et al. (2017) ʚʨʰʝ ʧʨʠʦʨʠʪʠʟʘʮʠʿʫ ʤʝʩʪʘ ʟʘ ʠʟʛʨʘʜˁʫ ʧʨʝʛʨʘʜʘ ʢʘʦ ʦʙʿʝʢʘʪʘ 

ʟʘ ʩʘʢʫʧˀʘˁʝ ʘʪʤʦʩʬʝʨʩʢʠʭ ʚʦʜʘ, ʧʨʠʤʝʥʦʤ AHP ʤʝʪʦʜʝ, ʥʘ ʦʩʥʦʚʫ ʢʨʠʪʝʨʠʿʫʤʘ: 

ʧʘʜʘʚʠʥʝ, ʥʘʛʠʙ, ʙʨʦʿ ʢʨʠʚʝ ʦʪʠʮʘʿʘ, ʥʘʯʠʥ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ ʠ ʪʝʢʩʪʫʨʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʝʤˀʠʰʪʘ. ʇʦʨʝʜ ʠʟʛʨʘʜˁʝ ʦʙʿʝʢʘʪʘ, ʢʦʥʪʨʦʣʘ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ 

ʠ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ, ʧʦʩʪʠʞʝ ʩʝ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ 

(Gao et al., 2010), ʰʪʦ ʿʝ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʘʫʪʦʨʘ Sadeghi et al. (2009). 

ʄʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʩʫ ʢʦʜ ʥʘʩ ʜʦ ʩʘʜʘ 

ʧʨʠʤʝˁʝʥʝ ʫ ʩʨʦʜʥʠʤ ʥʘʫʯʥʠʤ ʜʠʩʮʠʧʣʠʥʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʦ 

(ʇʨʘʰʯʝʚʠ˂, 1995; ʆʧʨʠʮʦʚʠ˂, 1998; ɴʠʨʦʚʠ˂, 2009; Praġļeviĺ, N., Praġĺeviĺ, Ģ., 

2016), ʧʦˀʦʧʨʠʚʨʝʜʘ (ʉʨʹʝʚʠ˂ et al., 2002; Draginicic et al., 2015) ʠ ʚʦʜʦʧʨʠʚʨʝʜʘ 

(ʉʨʹʝʚʠ˂, 2000; Srdjevic 2007; Srdjevic, Z., Srdjevic, B., 2014; Dragovic,Vulevic, 

2015), ʰʫʤʘʨʩʪʚʦ (Lakicevic et al., 2014), ʟʘʰʪʠʪʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʦʜ ʪʝʰʢʠʭ 

ʤʝʪʘʣʘ (Nikolic et al., 2009), ʫʧʨʘʚˀʘˁʝ ʥʘʥʦʩʦʤ (Crnkovic et al., 2016), ʦʮʝʥʘ 

ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʧʨʦʿʝʢʪʘ (Agarski et al., 2016). ʋ ʦʙʣʘʩʪʠ ʫʨʝʹʝˁʘ ʙʫʿʠʯʥʠʭ 

ʪʦʢʦʚʘ ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʩʣʘʙʦ ʩʫ ʧʨʠʤʝˁʠʚʘʥʝ ʠ ʤʝʪʦʜʝ ʿʝʜʥʦʢʨʠʪʝʨʠʿʫʤʩʢʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ (ɼʨʘʛʦʚʠ˂, 2001), ʢʘʦ ʠ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ 

(ɸʥʜʨʠʿʘʥʠ˂, ɼʨʘʛʦʚʠ˂, 2012; Markovic, 2012; Markovic, 2013; Dragovic, Vulevic, 

2015; Vuleviĺ, Dragoviĺ, 2017), ʰʪʦ ʿʝ ʜʦʜʘʪʘʥ ʧʦʜʩʪʠʮʘʿ ʟʘ ʧʨʠʤʝʥʫ ʦʚʠʭ ʤʝʪʦʜʘ.  

ʅʝʢʠ ʦʜ ʠʟʜʚʦʿʝʥʠʭ ʨʘʜʦʚʘ ʩʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʫʯʠʚʘˁʘ 

ʩʘ ʥʘʟʠʚʦʤ ʘʫʪʦʨʘ ʠ ʧʫʙʣʠʢʘʮʠʿʝ, ʢʘʦ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ ʜʘʪʠ ʩʫ ʫ ʊʘʙʝʣʠ 2.2. 
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ʊʘʙʝʣʘ 2.2. ʇʨʝʛʣʝʜ ʟʥʘʯʘʿʥʠʭ ʨʘʜʦʚʘ ʩʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ 

ʦʜʣʫʯʠʚʘˁʘ 

ɸʫʪʦʨʠ ʄʝʪʦʜʘ ʆʙʣʘʩʪ ʧʨʠʤʝʥʝ ʏʘʩʦʧʠʩ 

Manap, Voulvoulis 

(2014) 
WSM 

ʈʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ ʟʘ 

ʫʧʨʘʚˀʘˁʝ ʥʘʥʦʩʦʤ 

Science of the Total 

Environment 

Alvarez-Guerra et 

al. (2009) 

ESM, 

ELECTRE II, 

Regime, Evamix 

ʇʨʠʦʨʠʪʠʟʘʮʠʿʘ 

ʧʦʚʨʰʠʥʘ ʟʘ ʫʧʨʘʚˀʘˁʝ 

ʥʘʥʦʩʦʤ 

Environmental 

International 

Chowdhury, 

Rahman (2008) 
WSM 

ʋʧʨʘʚˀʘˁʝ ʚʦʜʥʠʤ 

ʨʝʩʫʨʩʠʤʘ - ʨʝʛʫʣʠʩʘˁʝʤ 

ʨʝʯʥʦʛ ʢʦʨʠʪʘ 

International  Journal of 

Environmental Science 

and Technology 

Ahmadisharaf et al. 

(2015) 

TOPSIS 

AHP 

ʋʧʨʘʚˀʘˁʝ ʧʦʧʣʘʚʘʤʘ- 

ʠʟʙʦʨ ʨʝʪʝʥʟʠʦʥʠʭ ʙʘʟʝʥʘ 

Journal of 

Environmental Planning  

and Management 

Chitsaz, Banihabib 

(2015) 

ELECTRE I, 

ELECTRE III 

AHP, 

SAW, VIKOR, 

TOPSIS 

ʋʧʨʘʚˀʘˁʝ ʧʦʧʣʘʚʘʤʘ-

ʧʨʠʦʨʠʪʠʟʘʮʠʿʘ 

ʘʣʪʝʨʥʘʪʠʚʘ (ʩʪʨʫʢʪʫʨʥʝ 

ʠ ʥʝʩʪʨʫʢʪʫʨʥʝ ʤʝʨʝ) 

Water Resources 

Management 

Srdjevic (2007) AHP 

ɻʨʫʧʥʦ ʦʜʣʫʯʠʚʘˁʝ ʫ 

ʦʙʣʘʪʠ ʫʧʨʘʚˀʘˁʘ 

ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ 

Decision Support 

Systems 

Carladous et al. 

(2016a) 

AHP, 

ELECTRE TRI 

ʀʟʙʦʨ ʥʘʿʝʬʝʢʪʠʚʥʠʿʝʛ 

ʩʠʩʪʝʤʘ ʧʨʝʛʨʘʜʘ 

Proceedings of the 13th 

INTERPRAEVENT 

Conference 

Wu, Wang (2007) AHP 
ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʦʜ 

ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ 
Journal of Hydrology 

Vulevic, Dragovic 

(2017) 

PROMETHEE 

II  

ʈʘʥʛʠʨʘˁʝ ʧʦʜʩʣʠʚʦʚʘ 
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3. ʄɽʊʆɼ ʈɸɼɸ 

3.1 ʄʝʪʦʜʝ ʢʦʨʠʩʥʦʩʪʠ 

 

ʆʜ ʤʝʪʦʜʘ ʢʦʨʠʩʥʦʩʪʠ ʫ ʨʘʜʫ ʩʫ ʧʨʠʢʘʟʘʥʝ ʤʝʪʦʜʘ ʘʥʘʣʠʪʠʯʢʠ ʭʠʿʝʨʘʨʭʠʿʩʢʠ 

ʧʨʦʮʝʩ ʠ ʤʝʪʦʜʘ ʘʜʠʪʠʚʥʠʭ ʪʝʞʠʥʩʢʠʭ ʬʘʢʪʦʨʘ. 

 

3.1.1. ʄʝʪʦʜʘ ʘʥʘʣʠʪʠʯʢʠ ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʧʨʦʮʝʩ 

ʄʝʪʦʜʘ ʘʥʘʣʠʪʠʯʢʠ ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʧʨʦʮʝʩ (AHP), ʢʦʿʫ ʿʝ ʨʘʟʚʠʦ Tomas Saaty 1970-

ʠʭ (Saaty, 1978) ʧʨʝʜʩʪʘʚˀʘ ʜʝʩʢʨʠʧʪʠʚʥʠ ʧʨʠʩʪʫʧ ʦʜʣʫʯʠʚʘˁʫ (Saaty, Vargas, 

2012)
5
 ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ: ʘʥʘʣʠʪʠʯʥʦʩʪ (ʤʘʪʝʤʘʪʠʯʢʦ-ʣʦʛʠʯʢʦ ʨʝʟʦʥʦʚʘˁʝ), 

ʭʠʿʝʨʘʨʭʠʯʥʦʩʪ (ʩʪʨʫʢʪʫʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʥʠʚʦʝ), ʧʦʨʝʹʝˁʝ 

ʝʣʝʤʝʥʘʪʘ ʭʠʿʝʨʘʨʭʠʿʝ ʫ ʧʘʨʦʚʠʤʘ, ʫʧʦʪʨʝʙʘ ʩʢʘʣʝ ʦʮʝʥʝ, ʘʣʦʢʘʮʠʿʘ ʪʝʞʠʥʘ 

ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʠʟʙʦʨ ʥʘʿʙʦˀʝ ʘʣʪʝʨʥʘʪʠʚʝ (Franek, Kresta, 2014). 

ʂʦʨʠʩʪʠ ʩʝ ʢʘʦ ʧʦʜʨʰʢʘ ʦʜʣʫʯʠʚʘˁʫ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʧʦʩʪʦʿʠ ʚʝ˂ʠ ʙʨʦʿ 

ʢʨʠʪʝʨʠʿʫʤʘ (ʤʦʛʫ ʙʠʪʠ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʠ/ʠʣʠ ʢʚʘʣʠʪʘʪʠʚʥʠ) ʨʘʟʣʠʯʠʪʝ ʚʘʞʥʦʩʪʠ 

ʟʘ ɼʆ, ʠ ʥʘʿʤʘˁʝ ʜʚʝ ʘʣʪʝʨʥʘʪʠʚʝ ʦʜ ʢʦʿʠʭ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʘʙʨʘʪʠ ʥʘʿʙʦˀʫ.  

ʆʩʥʦʚʥʠ ʢʦʨʘʮʠ AHP ʤʝʪʦʜʝ ʩʫ (Sikavica et al., 2014): 

1) ʩʪʨʫʢʪʫʠʨʘˁʝ ʭʠʿʝʨʘʨʭʠʿʝ,  

2) ʫʪʚʨʹʠʚʘˁʝ ʨʝʣʘʪʠʚʥʦʛ ʟʥʘʯʘʿʘ ʝʣʝʤʝʥʘʪʘ ʭʠʿʝʨʘʨʭʠʿʝ,  

3) ʩʠʥʪʝʟʘ ʧʨʠʦʨʠʪʝʪʘ, ʠ  

4) ʩʝʥʟʠʪʠʚʥʘ ʘʥʘʣʠʟʘ. 

1) ʉʪʨʫʢʪʫʠʨʘˁʝ ʭʠʿʝʨʘʨʭʠʿʝ.   

ɺʠʟʫʘʣʠʟʘʮʠʿʘ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʚʠʜʫ ʭʠʿʝʨʘʨʭʠʿʝ ʦʜʦʟʛʦ ʥʘ ʜʦʣʝ ʠʣʠ 

ʦʜʦʟʜʦ ʥʘ ʛʦʨʝ, ʧʨʠ ʯʝʤʫ ʿʝ ʥʘ ʧʨʚʦʤ ʥʠʚʦʫ ʮʠˀ, ʥʘ ʩʣʝʜʝ˂ʝʤ ʥʠʚʦʫ ʩʫ 

ʢʨʠʪʝʨʠʿʫʤʠ, ʥʘ ʥʘʨʝʜʥʦʤ ʧʦʜʢʨʠʪʝʨʠʿʫʤʠ ʠ ʥʘ ʧʦʩʣʝʜˁʝʤ ʥʠʚʦʫ ʩʫ ʘʣʪʝʨʥʘʪʠʚʝ 

ʢʦʿʝ ʩʝ ʨʘʟʤʘʪʨʘʿʫ. ʆʚʘʿ ʢʦʨʘʢ ʿʝ ʦʜ ʟʥʘʯʘʿʘ ʿʝʨ ʨʘʟʣʠʯʠʪʝ ʩʪʨʫʢʪʫʨʝ ʤʦʛʫ ʜʦʚʝʩʪʠ 

ʜʦ ʨʘʟʣʠʯʠʪʠʭ ʨʝʟʫʣʪʘʪʘ (ʨʘʥʛʦʚʘ) (Franek, Kresta, 2014);  

2) ʋʪʚʨʹʠʚʘˁʝ ʨʝʣʘʪʠʚʥʦʛ ʟʥʘʯʘʿʘ (ʧʨʠʦʨʠʪʝʪʘ) ʝʣʝʤʝʥʘʪʘ ʭʠʿʝʨʘʨʭʠʿʝ. 

                                                           
5
 ʇʦ ʥʝʢʠʤ ʘʫʪʦʨʠʤʘ ʤʝʪʦʜʘ ʿʝ ʠ ʜʝʩʢʨʠʧʪʠʚʥʘ ʠ ʧʨʝʩʢʨʠʧʪʠʚʥʘ  (Forman,  1990; Forman, 

Gass, 2001). 
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ʇʨʝ ʫʪʚʨʹʠʚʘˁʘ ʧʨʠʦʨʠʪʝʪʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ 

ʢʚʘʣʠʪʘʪʠʚʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ, ʧʨʠʤʝʥʦʤ ʨʘʟʣʠʯʠʪʠʭ ʩʢʘʣʘ ʧʨʝʚʦʹʝˁʘ
6
 ʧʨʠ ʯʝʤʫ ʿʝ 

ʯʝʩʪʦ ʫ ʫʧʦʪʨʝʙʠ ʩʢʘʣʘ ʩʘ ʠʥʪʝʨʚʘʣʠʤʘ ʦʜ 1-9 (ʊʘʙʝʣʘ 3.3). 

ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʨʘʯʫʥʘˁʝ ʣʦʢʘʣʥʠʭ ʧʨʠʦʨʠʪʝʪʘ (ʪʝʞʠʥʘ) ʢʦʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʢʘʦ 

ʨʝʟʫʣʪʘʪ ʢʦʤʧʘʨʘʪʠʚʥʝ ʧʨʦʮʝʥʝ, ʦʜʥʦʩʥʦ, ʧʦʨʝʹʝˁʝʤ ʝʣʝʤʝʥʘʪʘ ʠʩʪʦʛ ʥʠʚʦʘ 

ʭʠʿʝʨʘʨʭʠʿʝ (ʫ ʧʘʨʦʚʠʤʘ) ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʜʨʝʹʝʥʠ ʝʣʝʤʝʥʪ. ʇʨʦʨʘʯʫʥ ʩʝ ʚʨʰʠ 

ʧʨʠʤʝʥʦʤ ʄʝʪʦʜʝ ʧʦʨʝʹʝˁʘ ʫ ʧʘʨʦʚʠʤʘ ʢʦʿʘ ʿʝ ʦʧʠʩʘʥʘ ʫ ʦʢʚʠʨʫ ʇʦʛʣʘʚˀʘ 3.3.2. 

3) ʉʠʥʪʝʟʘ ʧʨʠʦʨʠʪʝʪʘ.  

ʋ ʦʚʦʤ ʢʦʨʘʢʫ ʩʝ ʚʨʰʠ ʘʛʨʝʛʘʮʠʿʘ ʣʦʢʘʣʥʠʭ ʧʨʠʦʨʠʪʝʪʘ ʫ ʛʣʦʙʘʣʘʥ, ʫʢʫʧʘʥ 

ʧʨʠʦʨʠʪʝʪ. AHP ʤʝʪʦʜʘ ʠʤʘ ʜʚʘ ʥʘʯʠʥʘ ʩʠʥʪʝʟʝ ʣʦʢʘʣʥʠʭ ʧʨʠʦʨʠʪʝʪʘ ʟʘ 

ʘʣʪʝʨʥʘʪʠʚʝ (Millet , Saaty, 2000): 

ʘ) ɼʠʩʪʨʠʙʫʪʠʚʥʠ ʥʘʯʠʥ (ʝʥʛ. Distributive ʠʣʠ dominance). ʆʚʘʿ ʥʘʯʠʥ ʩʠʥʪʝʟʝ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʤʝʥʫ ʨʘʥʛʘ ʘʣʪʝʨʥʘʪʠʚʘ ʠ ʧʨʠʤʝˁʫʿʝ ʩʝ ʢʘʜʘ ʿʝ ʚʘʞʥʦ ʠʤʘʪʠ 

ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʪʦʤʝ ʢʦʣʠʢʦ ʿʝ ʥʝʢʘ ʘʣʪʝʨʥʘʪʠʚʘ ʙʦˀʘ ʧʦ ʧʠʪʘˁʫ ʦʜʨʝʹʝʥʦʛ 

ʢʨʠʪʝʨʠʿʫʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʩʪʘʣʝ ʘʣʪʝʨʥʘʪʠʚʝ. ʇʦʩʪʫʧʘʢ ʥʦʨʤʘʣʠʟʘʮʠʿʝ ʩʝ 

ʧʦʩʪʠʞʝ ʪʘʢʦ ʰʪʦ ʩʝ ʚʨʝʜʥʦʩʪ ʘʣʪʝʨʥʘʪʠʚʝ ʜʝʣʠ ʩʫʤʦʤ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ 

ʘʣʪʝʨʥʘʪʠʚʘ ʧʦ ʧʠʪʘˁʫ ʧʦʩʤʘʪʨʘʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ. ʆʚʘʿ ʥʘʯʠʥ ʩʠʥʪʝʟʝ ʩʝ 

ʥʘʟʠʚʘ ʠ ʟʘʪʚʦʨʝʥ ʩʠʩʪʝʤ, ʿʝʨ ʩʝ ʫʢʫʧʘʥ ʧʨʠʦʨʠʪʝʪ ʘʣʪʝʨʥʘʪʠʚʝ ʧʦ ʧʠʪʘˁʫ 

ʢʨʠʪʝʨʠʿʫʤʘ ʥʝ ʤʝˁʘ, ʜʦʢ ʿʝ ʩʫʤʘ ʧʨʝʬʝʨʝʥʮʠ ʩʚʠʭ ʘʣʪʝʨʥʘʪʠʚʘ ʿʝʜʥʘʢʘ 1.  

ʇʨʝʬʝʨʝʥʮʠʿʘ ʥʝʢʝ ʘʣʪʝʨʥʘʪʠʚʝ ˂ʝ ʧʦʨʘʩʪʠ, ʫʢʦʣʠʢʦ ʩʝ ʩʤʘˁʠ ʧʨʝʬʝʨʝʥʮʠʿʘ 

ʥʝʢʝ ʜʨʫʛʝ ʘʣʪʝʨʥʘʪʠʚʝ ʠʣʠ ʫʢʦʣʠʢʦ ʩʝ ʝʣʠʤʠʥʠʰʝ ʥʝʢʘ ʜʨʫʛʘ ʘʣʪʝʨʥʘʪʠʚʘ, ʠ 

 ʙ) ʀʜʝʘʣʥʠ ʥʘʯʠʥ (ʝʥʛ. Ideal ʠʣʠ performance). ʇʨʝʧʦʨʫʯʫʿʝ ʩʝ ʫ ʩʣʫʯʘʿʫ 

ʧʦʩʪʦʿʘˁʘ ʩʣʠʯʥʠʭ ʘʣʪʝʨʥʘʪʠʚʘ ʠ ʜʘʿʝ ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ ʢʘʢʦ ʩʝ ʧʦʥʘʰʘ 

ʥʝʢʘ ʘʣʪʝʨʥʘʪʠʚʘ ʧʦ ʧʠʪʘˁʫ ʦʜʨʝʹʝʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʘʣʪʝʨʥʘʪʠʚʫ 

ʢʦʿʘ ʠʤʘ ʥʘʿʙʦˀʝ ʚʨʝʜʥʦʩʪʠ ʧʦ ʧʠʪʘˁʫ ʧʦʩʤʘʪʨʘʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ. 

ʅʦʨʤʘʣʠʟʘʮʠʿʘ ʩʝ ʧʦʩʪʠʞʝ ʪʘʢʦ ʰʪʦ ʩʝ ʚʨʝʜʥʦʩʪ ʘʣʪʝʨʥʘʪʠʚʝ ʜʝʣʠ ʩʘ 

ʚʨʝʜʥʦʰ˂ʫ ʘʣʪʝʨʥʘʪʠʚʝ ʢʦʿʘ ʩʝ ʧʦʢʘʟʘʣʘ ʢʘʦ ʥʘʿʙʦˀʘ ʟʘ ʜʘʪʠ ʢʨʠʪʝʨʠʿʫʤ. 

ʅʘʟʠʚʘ ʩʝ ʠ ʦʪʚʦʨʝʥʠ ʩʠʩʪʝʤ ʿʝʨ ʩʝ ʥʝ ʚʨʰʠ ʧʦʜʿʝʜʥʘʢʘ ʜʠʩʪʨʠʙʫʮʠʿʘ 

                                                           
6
 ʅʝʢʝ ʦʜ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʠʭ ʩʢʘʣʘ ʧʨʝʚʦʹʝˁʘ ʢʚʘʣʠʪʘʪʠʚʥʠʭ ʘʪʨʠʙʫʪʘ ʫ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʩʫ 

ʥʦʤʠʥʘʣʥʘ, ʨʝʜʥʘ (ʦʨʜʠʥʘʣʥʘ) ʩʢʘʣʘ, ʠʥʪʝʨʚʘʣ ʩʢʘʣʘ ʠ ʩʢʘʣʘ ʦʜʥʦʩʘ (Saaty, 2004). 
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ʧʨʠʦʨʠʪʝʪʘ ʢʨʠʪʝʨʠʿʫʤʘ ʥʘ ʘʣʪʝʨʥʘʪʠʚʝ, ʚʝ˂ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ 1 ʜʦʙʠʿʘ 

ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʿʘ ʩʝ ʧʨʝʬʝʨʠʨʘ. 

4) ʉʝʥʟʠʪʠʚʥʘ ʘʥʘʣʠʟʘ.  

ʇʨʦʚʝʨʘ ʦʩʝʪˀʠʚʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʥʘ ʧʨʦʤʝʥʫ ʟʥʘʯʘʿʘ ʥʝʢʦʛ ʦʜ ʢʨʠʪʝʨʠʿʫʤʘ. 

 

3.1.2.  ʄʝʪʦʜʘ ʘʜʠʪʠʚʥʠʭ ʪʝʞʠʥʩʢʠʭ ʬʘʢʪʦʨʘ 

ʄʝʪʦʜʘ ʘʜʠʪʠʚʥʠʭ ʪʝʞʠʥʩʢʠʭ ʬʘʢʪʦʨʘ (Simmple Additive Weightings, Weighted 

Sum Model-WSM) ʩʧʘʜʘ ʫ ʛʨʫʧʫ ʤʝʪʦʜʘ ʢʦʨʠʩʥʦʩʪʠ, ʠ ʿʝʜʥʘ ʦʜ ʥʘʿʝʜʥʦʩʪʘʚʥʠʿʠʭ ʠ 

ʰʠʨʦʢʦ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʢʦʿʘ ʩʝ ʤʘʪʝʤʘʪʠʯʢʠ 

ʬʦʨʤʫʣʠʰʝ (Hwang, Yoon, 1981; Herath, Prato, 2006): 

1

, 1,2,..,
n

i ij j

j

u v w i m
=

= ³ =ä  

ʛʜʝ ʿʝ: 

iu  ï ʩʚʝʫʢʫʧʥʘ ʢʦʨʠʩʪ (ʝʥʛ.utility), ʪʿ. ʩʚʝʫʢʫʧʥʠ ʨʝʟʫʣʪʘʪ ʧʝʨʬʦʨʤʘʥʩʠ 

ʘʣʪʝʨʥʘʪʠʚʝ 

m ï ʙʨʦʿ ʘʣʪʝʨʥʘʪʠʚʘ;  

n  ï ʙʨʦʿ ʢʨʠʪʝʨʠʿʫʤʘ;  

i jw  ï ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ, ʛʜʝ ʚʘʞʠ 
1

0 1, 1
n

ij ij

j

w w
=

¢ ¢ ¸ä ;  

ijv  ï ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʚʨʝʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʘ, ʢʦʿʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʧʨʠʤʝʥʦʤ max - 

min ʥʦʨʤʘʣʠʟʘʮʠʿʝ: 

min

max min

ij

ij

x x
v

x x

-
=

-
  

ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ ʪʠʧʘ ʢʦʨʠʩʪ 

max

max min

ij

ij

x x
v

x x

-
=

-
   ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ ʪʠʧʘ ʪʨʦʰʘʢ 

ʛʜʝ ʿʝ:  

ijx  ï ʝʣʝʤʝʥʪ ʩʢʫʧʘ; 

maxx  ï ʚʨʝʜʥʦʩʪ ʩʢʫʧʘ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʠ 

minx  ï ʚʨʝʜʥʦʩʪ ʩʘ ʤʠʥʠʤʘʣʥʦʤ ʚʨʝʜʥʦʰ˂ʫ. 
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ʅʦʨʤʘʣʠʟʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʫ ʠʥʝʪʝʨʚʘʣʫ [0,1], ʧʨʠ ʯʝʤʫ ʩʫ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ 

ʿʝʜʥʘʢʝ 1, ʘ ʥʘʿʤʘˁʝ 0. 

3.2. ʄʝʪʦʜʝ ʨʘʥʛʠʨʘˁʘ 

 

ʄʝʪʦʜʝ ʨʘʥʛʠʨʘˁʘ ʢʦʨʠʰ˂ʝʥʝ ʫ ʦʚʦʤ ʨʘʜʫ ʩʫ PROMETHEE II ʠ ELECTRE II 

ʤʝʪʦʜʝ ʢʦʿʝ ʦʙʝʟʙʝʹʫʿʫ ʧʦʪʧʫʥ ʧʦʨʝʜʘʢ ʘʢʮʠʿʘ. 

 

3.2.1  PROMETHEE ʤʝʪʦʜʘ 

ʄʝʪʦʜʘ PROMETHEE (Preference Ranking Organization METHod for Enrichement 

Evaluations) ʿʝ ʿʝʜʥʘ ʦʜ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ ʚʠʰʝʛ ʨʘʥʛʘ ʢʦʿʫ ʿʝ ʨʘʟʚʠʦ J.P. 

Brans 1982. ʛʦʜʠʥʝ. ʄʝʪʦʜʘ ʿʝ ʧʨʠʣʠʯʥʦ ʿʝʜʥʦʩʪʘʚʥʘ ʠ ʝʬʠʢʘʩʥa ʟʘ ʨʝʰʘʚʘˁʝ 

ʧʨʦʙʣʝʤʘ ɺʂO, ʘ ʧʨʚʠ ʧʫʪ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʥʘ ʢʦʥʬʝʨʝʥʮʠʿʠ ʫ ʂʘʥʘʜʠ 1982. 

ʛʦʜʠʥʝ. 

ʇʦʩʪʦʿʠ ʚʠʰʝ ʚʘʨʠʿʘʥʪʠ ʤʝʪʦʜʝ (Brans, Mareschal, 2005): 

¶ PROMETHEE I - ʟʘ ʜʝʣʠʤʠʯʥʦ ʨʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ (Brans, 1982) 

¶ PROMETHEE II - ʟʘ ʧʦʪʧʫʥʦ ʨʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ (Brans, 1982) 

¶ PROMETHEE III - ʨʘʥʛʠʨʘˁʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʠʥʪʝʨʚʘʣʠʤʘ (Brans, Marchal, 

1985) 

¶ PROMETHEE IV - ʢʘʜʘ ʧʦʩʪʦʿʠ ʥʝʧʨʝʢʠʜʘʥ ʥʠʟ ʨʝʰʝˁʘ (Brans ʠ Mareschal, 

1984),  

¶ PROMETHEE V -ʢʘʜʘ ʧʦʩʪʦʿʝ ʩʝʛʤʝʥʪʥʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ, (Brans, 

Marchal, 1992)  

¶ PROMETHEE VI ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ˀʫʜʩʢʦʛ ʤʦʟʛʘ (Brans, Mareschal, 1994) 

 

PROMETHEE ʤʝʪʦʜʘ ʩʣʫʞʠ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʛʜʝ ʿʝ ʠʟ ʢʦʥʘʯʥʦʛ ʩʢʫʧʘ 

ʘʣʪʝʨʥʘʪʠʚʘ ʦʧʠʩʘʥʠʭ ʩʘ ʚʠʰʝ ʘʪʨʠʙʫʪʘ ʧʦʪʨʝʙʥʦ ʠʟʘʙʨʘʪʠ ʥʘʿʧʨʠʭʚʘʪˀʠʚʠʿʫ 

ʘʣʪʝʨʥʘʪʠʚʫ.  

ʇʦʩʪʫʧʘʢ ʠʟʙʦʨʘ ʥʘʿʧʨʠʭʚʘʪˀʠʚʠʿʝ ʘʣʪʝʨʥʘʪʠʚʝ, ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʦʨʝʹʝˁʫ 

ʘʣʪʝʨʥʘʪʠʚʘ ʫ ʧʘʨʦʚʠʤʘ, ʧʨʠ ʯʝʤʫ ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʿʦʤ ʥʠ ʿʝʜʥʘ ʜʨʫʛʘ ʥʝ ʜʦʤʠʥʠʨʘ 

ʧʨʝʜʩʪʘʚˀʘ ʝʬʠʢʘʩʥʦ ʨʝʰʝˁʝ (Ehrgott et al., 2005).  

ɺʨʝʜʥʦʩʪʠ ʘʣʪʝʨʥʘʪʠʚʘ ʧʦ ʧʠʪʘˁʫ ʟʘʜʘʪʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʣʘʟʥʝ 

ʧʦʜʘʪʢʝ ʟʘ ʚʨʝʜʥʦʚʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ. 
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ʏʝʩʪʦ ʩʝ ʜʝʰʘʚʘ ʜʘ ʿʝ ʘʣʪʝʨʥʘʪʠʚʘ a ʙʦˀʘ ʦʜ ʘʣʪʝʨʥʘʪʠʚʝ b ʧʦ ʧʠʪʘˁʫ ʿʝʜʥʦʛ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʜʦʢ ʿʝ ʘʣʪʝʨʥʘʪʠʚʘ b ʙʦˀʘ ʦʜ a ʧʦ ʧʠʪʘˁʫ ʥʝʢʦʛ ʜʨʫʛʦʛ ʢʨʠʪʝʨʠʿʫʤʘ. 

ɼʘ ʙʠ ʩʝ ʧʨʦʙʣʝʤ ʨʝʰʠʦ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʚʝʩʪʠ ʜʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ (Ehrgott et al., 

2005) ʦʜʥʦʩʥʦ: 

1. ʦʜʨʝʜʠʪʠ ʪʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘ (ʪʿ. Ăinformation between the criteriañ) ʠ  

2. ʥʘʧʨʘʚʠʪʠ ʠʟʙʦʨ ʬʫʥʢʮʠʿʝ ʧʨʝʬʝʨʝʥʮʠʿʝ (ʪʿ. Ăinformation within each criterionñ) 

ʄʝʪʦʜʘ PROMETHEE ʦʜ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʢʦʨʠʩʪʠ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ 

ʜʘʪʝ ʘʣʪʝʨʥʘʪʠʚʝ ʠ ʟʘʭʪʝʚʘ ʜʘ ʩʝ ʩʚʘʢʦʤ ʢʨʠʪʝʨʠʿʫʤʫ ʜʦʜʝʣʠ ʧʨʝʬʝʨʝʥʮʠʿʘ ʠʣʠ 

ʪʝʞʠʥʘ (ʧʨʠ ʯʝʤʫ ʿʝ ʩʫʤʘ ʩʚʠʭ ʪʝʞʠʥʘ ʿʝʜʥʘʢʘ 1).  

ɱʝʜʘʥ ʦʜ ʥʝʜʦʩʪʘʪʘʢʘ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʥʝʧʦʩʪʦʿʘˁʝ ʚʦʜʠʯʘ ʟʘ ʜʦʙʠʿʘˁʝ ʪʝʞʠʥʘ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʟʘ ʰʪʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ AHP ʤʝʪʦʜʘ. 

ʇʦʨʝʜ ʦʜʨʝʹʠʚʘˁʘ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʧʨʠʩʪʫʧʘ ʩʝ ʦʜʨʝʹʠʚʘˁʫ ʨʝʣʘʮʠʿʝ 

ʧʨʝʬʝʨʝʥʮʠʿʝ, ʦʜʥʦʩʥʦ ʜʦʤʠʥʘʮʠʿʝ (ʝʥʛ. ʦutranking relation), ʢʦʿʫ ʿʝ 1968. ʛʦʜʠʥʝ 

ʨʘʟʚʠʦ B. Roy ʟʘ ʨʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ (Brans, Vincke, 1985). ʈʝʣʘʮʠʿʘ 

ʧʨʝʬʝʨʝʥʮʠʿʝ P(a,b) ʿ ʝ ʬʫʥʢʮʠʿʘ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʘʣʪʝʨʥʘʪʠʚʘ a ʠ b ʠ 

ʛʦʚʦʨʠ ʦ ʪʦʤʝ ʫ ʢʦʿʦʿ ʤʝʨʠ ʥʝʢʘ ʘʣʪʝʨʥʘʪʠʚʘ ʜʦʤʠʥʠʨʘ ʥʘʜ ʜʨʫʛʦʤ ʘʣʪʝʨʥʘʪʠʚʦʤ 

ʧʦ ʧʠʪʘˁʫ ʦʜʨʝʹʝʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ (Brans, Mareshal, 2005):  

( ) ( ), , , ,j j jP a b F d a b a b Aè ø= " Íê ú  

ʛʜʝ ʿʝ: ( ),jd a b ʨʘʟʣʠʢʘ ʚʨʝʜʥʦʩʪʠ ʘʣʪʝʨʥʘʪʠʚʝ a ʠ b ʢʦʿʘ ʩʝ ʧʨʦʮʝˁʫʿʝ ʟʘ ʩʚʘʢʠ 

ʢʨʠʪʝʨʠʿʫʤ ʧʦʩʝʙʥʦ, ʦʜʥʦʩʥʦ: 

 ( ) () (),j j jd a b g a g b= - . 

( )0 , 1jP a b¢ ¢ 

ʅʘʚʝʜʝʥʦ ʚʘʞʠ ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ ʢʦʿʠ ʩʝ ʤʘʢʩʠʤʠʟʠʨʘʿʫ, ʫ ʩʫʧʨʦʪʥʦʤ ʚʘʞʠ ʩʣʝʜʝ˂ʘ 

ʬʫʥʢʮʠʿʘ ʧʨʝʬʝʨʝʥʮʠʿʝ: ( ) ( ), , , ,j j jP a b F d a b a b Aè ø= - " Íê ú  

ɺʨʝʜʥʦʩʪ ( ),jP a b  ʿʝ ʫ ʠʥʪʝʨʚʘʣʫ [0,1], ʧʨʠ ʯʝʤʫ ʩʫ ʤʦʛʫ˂ʘ ʩʣʝʜʝ˂ʘ ʯʝʪʠʨʠ ʩʣʫʯʘʿʘ: 

( ), 0jP a b =  ʅʝʤʘ ʧʨʝʬʝʨʝʥʮʠʿʝ (ʠʥʜʠʬʝʨʝʥʮʠʿʘ) 

( ), ~ 0jP a b  ʉʣʘʙʘ ʧʨʝʬʝʨʝʥʮʠʿʘ 

( ), ~ 1jP a b  ɱʘʢʘ ʧʨʝʬʝʨʝʥʮʠʿʘ 

( ), 1jP a b =  ʉʪʨʠʢʪʥʘ ʧʨʝʬʝʨʝʥʮʠʿʘ 
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ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʬʫʥʢʮʠʿʝ ʧʨʝʬʝʨʝʥʮʠʿʝ ʜʝʬʠʥʠʩʘʥʝ ʟʘ ʰʝʩʪ ʪʠʧʦʚʘ ʦʧʰʪʝʛ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʢʦʿʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʝʰʘʚʘˁʝ ʨʝʘʣʥʠʭ ʧʨʦʙʣʝʤʘ 

(Brans,Vincke, 1985): ʦʙʠʯʥʘ ʠʣʠ ʦʩʥʦʚʥʘ, U - ʦʙʣʠʢʘ, V ï ʦʙʣʠʢʘ, ʥʠʚʦ, ʣʠʥʝʘʨʥʘ 

ʠ ɻʘʫʩ ʬʫʥʢʮʠʿʘ ʧʨʝʬʝʨʝʥʮʠʿʝ (ʊʘʙʝʣʘ 3.1).  

ʅʘʢʦʥ ʠʟʙʦʨʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʬʫʥʢʮʠʿʝ ʟʘ ʩʚʘʢʠ ʢʨʠʪʝʨʠʿʫʤ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ 

ʜʦ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʦʜ ʪʨʠ ʤʦʛʫ˂ʘ:  

1. ʧʨʘʛ ʠʥʜʠʬʝʨʝʥʪʥʦʩʪʠ (q) - ʥʘʿʚʝ˂ʘ ʨʘʟʣʠʢʘ ʚʨʝʜʥʦʩʪʠ ʜʚʝ ʘʣʪʝʨʥʘʪʠʚʝ ʢʦʿʫ 

ɼʆ ʩʤʘʪʨʘ ʟʘʥʝʤʘʨˀʠʚʦʤ, 

2. ʧʨʘʛ ʩʪʨʦʛʝ ʧʨʝʬʝʨʝʥʮʠʿʝ (p) ï ʥʘʿʤʘˁʘ ʨʘʟʣʠʢʘ ʚʨʝʜʥʦʩʪʠ ʜʚʝ ʘʣʪʝʨʥʘʪʠʚʝ 

ʢʦʿʫ ɼʆ ʩʤʘʪʨʘ ʜʦʚʦˀʥʦʤ ʟʘ ʜʦʜʝʣʫ ʧʦʪʧʫʥʝ ʧʨʝʬʝʨʝʥʮʠʿʝ, ʠ 

3.  ʧʨʘʛ ʩʘ ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʧʨʝʪʭʦʜʥʘ ʜʚʘ ʧʨʘʛʘ (s) ï Ăʪʘʯʢʘ ʧʨʝʚʦʿʘñ 

ʬʫʥʢʮʠʿʝ ʧʨʝʬʝʨʝʥʮʠʿʝ. 

ʆʚʠ ʧʘʨʘʤʝʪʨʠ ʠʤʘʿʫ ʝʢʦʥʦʤʩʢʠ ʟʥʘʯʘʿ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʥʝʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ELECTRE 

ʤʝʪʦʜʝ ʢʦʿʠ ʠʤʘʿʫ ʪʝʭʥʠʯʢʠ ʢʘʨʘʢʪʝʨ (ʧʨʘʛʦʚʠ ʩʘʛʣʘʩʥʦʩʪʠ, ʥʝʩʘʛʣʘʩʥʦʩʪʠ) (Brans, 

Vincke, 1985; Oberschmidth et al., 2010). 

 

ʊʘʙʝʣʘ 3.1. ʀʟʙʦʨ ʚʨʩʪʝ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʬʫʥʢʮʠʿʘ ʧʨʝʬʝʨʝʥʮʠʿʝ 

ɺʨʩʪʘ ʦʧʰʪʝʛ ʢʨʠʪʝʨʠʿʫʤʘ ʌʫʥʢʮʠʿʘ ʧʨʝʬʝʨʝʥʮʠʿʝ P(d) ʊʨʝʙʘ ʜʝʬʠʥʠʩʘʪʠ 

ʊʠʧ I: Oʙʠʯaʥ ʢʨʠʪeʨʠjʫʤ ()
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ʊʠʧ II: ʂʚaʟʠ ʢʨʠʪeʨʠjʫʤ ()
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ʊʠʧ III: ʂʨʠʪeʨʠjʫʤ ʩa 

ʣʠʥeaʨʥoʤ ʧʨeʬeʨeʥʮʠjoʤ ()
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ʊʠʧ IV: ʅʠʚo ʢʨʠʪeʨʠjʫʤ 
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ʊʠʧ V: ʂʨʠʪeʨʠjʫʤ 

ʣʠʥeaʨʥe ʧʨeʬeʨeʥʮʠje ʩa 

ʧoʜʨʫʯjeʤ ʠʥʜʠʬeʨeʥʪʥoʩʪʠ 
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ʊʠʧ VI: ʂʨʠʪeʨʠjʫʤ ʢʚaʟʠ-

ʣʠʥeaʨʥe ʧʨeʬeʨeʥʮʠje ()
2 2/21 d

d
P e s-= -  ů 

ʀʟʚʦʨ: Brans,Vincke (1985) 
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ʉʫʰʪʠʥʘ ʦʧʰʪʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʿʝ ʜʘʪʘ ʢʦʜ Brans, Vincke (1985). ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ 

ʨʘʯʫʥʘˁʝ ʠʥʜʝʢʩʘ ʧʨʝʬʝʨʝʥʮʠʿʝ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʩʫʤʫ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʠ 

ʬʫʥʢʮʠʿʘ ʧʨʝʬʝʨʝʥʮʠʿʝ ʜʦʙʠʿʝʥʫ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 
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ɻʜʝ ʿʝ:  

( ),a bp  ï ʫʢʫʧʘʥ ʠʥʜʝʢʩ ʧʨʝʬʝʨʝʥʮʠʿʝ ʘʣʪʝʨʥʘʪʠʚʝ a ʫ ʦʜʥʦʩʫ ʥʘ ʘʣʪʝʨʥʘʪʠʚʫ b, 

( ),b ap   ï ʫʢʫʧʘʥ ʠʥʜʝʢʩ ʧʨʝʬʝʨʝʥʮʠʿʝ ʘʣʪʝʨʥʘʪʠʚʝ b ʫ ʦʜʥʦʩʫ ʥʘ ʘʣʪʝʨʥʘʪʠʚʫ a 

jw  ï ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ j, 

( , )jP a b  ï ʚʨʝʜʥʦʩʪ ʧʨʝʬʝʨʝʥʮʠʿʝ ʘʣʪʝʨʥʘʪʠʚʝ a ʫ ʦʜʥʦʩʫ ʥʘ ʘʣʪʝʨʥʘʪʠʚʫ b, 

( , )jP b a  ï ʚʨʝʜʥʦʩʪ ʧʨʝʬʝʨʝʥʮʠʿʝ ʘʣʪʝʨʥʘʪʠʚʝ b ʫ ʦʜʥʦʩʫ ʥʘ ʘʣʪʝʨʥʘʪʠʚʫ a 

 

ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʨʘʯʫʥʘˁʝ ʧʦʟʠʪʠʚʥʦʛ ʪʦʢʘ ʚʠʰʝʛ ʨʝʜʘ: ()af+  ʠ ʥʝʛʘʪʠʚʥʦʛ ʪʦʢʘ 

ʚʠʰʝʛ ʨʝʜʘ ()af- : 
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 ʇʦʟʠʪʠʚʥʠ ʪʦʢ ʛʦʚʦʨʠ ʦ ʤʦ˂ʠ ʘʣʪʝʨʥʘʪʠʚʝ, ʿʝʨ ʠʩʢʘʟʫʿʝ ʢʦʣʠʢʦ ʿʝ ʦʥʘ ʙʦˀʘ ʦʜ 

ʦʩʪʘʣʠʭ, ʜʦʢ ʥʝʛʘʪʠʚʥʠ ʪʦʢ ʠʩʢʘʟʫʿʝ ʩʣʘʙʦʩʪ ʘʣʪʝʨʥʘʪʠʚʝ, ʦʜʥʦʩʥʦ ʢʦʣʠʢʦ ʩʫ 

ʦʩʪʘʣʝ ʘʣʪʝʨʥʘʪʠʚʝ ʙʦˀʝ ʦʜ ʧʦʩʤʘʪʨʘʥʝ. 

ʄʝʪʦʜʘ PROMETHEE I ʥʘ oʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʦʟʠʪʚʥʦʤ ʠ ʥʝʛʘʪʠʚʥʦʤ ʪʦʢʫ, 

ʦʤʦʛʫ˂ʫʿʝ ʫʪʚʨʹʠʚʘˁʝ ʜʝʣʠʤʠʯʥʠʭ ʧʦʨʝʜʘʢʘ ʘʣʪʝʨʥʘʪʠʚʘ, ʥʘ ʦʩʥʦʚʫ ʩʣʝʜʝ˂ʝʛ: 
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ʛʜʝ ʩʫ,I I IP I ʠRʨʝʜʦʤ: ʧʨʝʬʝʨʝʥʮʠʿʘ, ʠʥʜʠʬʝʨʝʥʮʠʿʘ ʠ ʥʝʫʧʦʨʜʠʚʦʩʪ ʘʣʪʝʨʥʘʪʠʚʘ. 
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PROMETHEE II ʤʝʪʦʜʘ ʨʘʥʛʠʨʘ ʘʣʪʝʨʥʘʪʠʚʝ ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʢʝ ʧʦʟʠʪʠʚʥʦʛ ʠ 

ʥʝʛʘʪʠʚʥʦʛ ʪʦʢʘ, ʢʦʿʠ ʩʝ ʥʘʟʠʚʘ ʯʠʩʪʠ ʪʦʢ: 

() () ()a a af f f+ -= -  

ʉʤʘʪʨʘ ʩʝ ʜʘ ʩʝ ʠʩʧʨʘʚʥʘ ʦʜʣʫʢʘ ʤʦʞʝ ʜʦʥʝʪʠ ʫʢʦʣʠʢʦ ʩʝ ʧʦʨʝʜ ʢʦʨʠʰ˂ʝˁʘ 

PROMETHEE II ʤʝʪʦʜʝ, ʥʝ ʠʩʢˀʫʯʠ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʥʝʫʧʦʨʝʜʠʚʦʩʪʠ ʘʢʮʠʿʘ ʢʦʿʫ 

ʧʨʫʞʘ PROMETHEE I ʤʝʪʦʜʘ (Oberschmidt et al., 2010).  

 

3.2.2. ELECTRE ʤʝʪʦʜʘ 

ELECTRE ʤʝʪʦʜʫ ʯʠʿʠ ʘʢʨʦʥʠʤ ʧʦʪʠʯʝ ʦʜ ELimination Et Choix Traduisant la 

Realite   (ʝʥʛ. Elimination and Choice Expressing REality) ʰʪʦ ʟʥʘʯʠ ɽʣʠʤʠʥʘʮʠʿʘ ʠ 

ʠʟʙʦʨʥʦ ʧʨʝʜʩʪʘʚˀʘˁʝ ʩʪʚʘʨʥʦʩʪʠ, ʨʘʟʚʠʦ ʿʝ 1965. ʛʦʜ. Bernard Roy, ʝʤʝʨʠʪʫʩ 

ʧʨʦʬʝʩʦʨ ʥʘ Universit® Paris-Daufine ʠ ʦʩʥʠʚʘʯ EURO
7
 ʛʨʫʧʝ ʠ LAMSADE. 

ʇʦʪʨʝʙʘ ʟʘ ʨʘʟʚʦʿʝʤ ʦʚʝ ʤʝʪʦʜʝ, ʜʘʥʘʩ ʧʦʟʥʘʪʝ ʢʘʦ ELECTRE ʫʩʣʝʜʠʣʘ ʿʝ ʫʩʣʝʜ 

ʥʝʜʦʩʪʘʪʘʢʘ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ ʦʜʣʫʯʠʚʘˁʘ - MARSAN (M®thode dôAnalyse, de 

Recherche, et de SËelection dôActivit®s Nouvelles). ɽʚʦʣʫʠʨʘˁʝʤ ʤʝʪʦʜʝ ELECTRE I 

ʥʘʩʪʘʣʝ ʩʫ  ʥʘʨʝʜʥʝ ʚʝʨʟʠʿʝ (Figueira et al., 2005): ELECTRE Iv (electre one vee) 

ʢʦʿʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʟʘʙʨʘˁʝʥʠ ʧʨʘʛ; ELECTRE IS (electre one esse), ELECTRE II , 

ELECTRE III ʢʦʜ ʢʦʿʝ ʿʝ ʥʦʚʠʥʘ ʫʧʦʪʨʝʙʘ ʧʩʝʫʜʦ-ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʬʘʟʠ ʙʠʥʘʨʥʠʭ 

ʨʝʣʘʮʠʿʘ; ELECTRE IV ʢʘʦ ʿʝʜʠʥʘ ELECTRE ʤʝʪʦʜʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʨʘʥʛʠʨʘˁʝ 

ʘʣʪʝʨʥʘʪʠʚʘ ʙʝʟ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʝʣʘʪʠʚʥʝ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ, 

ʠ ELECTRE TRI (ʝʥʛ. electre tree) ʢʘʦ ʿʝʜʥʦʩʪʘʚʥʠʿʘ ʤʝʪʦʜʘ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʢʦʿʘ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʘʣʪʝʨʥʘʪʠʚʘ ʫ ʨʘʟʣʠʯʠʪʝ ʢʘʪʝʛʦʨʠʿʝ. 

ʆʚʝ ʤʝʪʦʜʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʠʟʙʦʨ, ʨʘʥʛʠʨʘˁʝ ʠʣʠ ʩʦʨʪʠʨʘˁʝ ʘʢʮʠʿʘ,  ʫ 

ʨʘʟʥʠʤ ʦʙʣʘʩʪʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʰʫʤʘʨʩʪʚʦ ʠ ʧʦˀʦʧʨʠʚʨʝʜʘ, ʝʥʝʨʛʝʪʠʢʘ, ʟʘʰʪʠʪʘ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʫʧʨʘʚˀʘˁʝ ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ, ʙʘʥʢʘʨʩʪʚʦ, ʫʧʨʘʚˀʘˁʝ 

ʧʨʦʿʝʢʪʠʤʘ, ʚʦʿʥʘ ʠʥʜʫʩʪʨʠʿʘ, ʪʨʘʥʩʧʦʨʪ ʠʪʜ. 

ɿʘ ʤʝʪʦʜʫ  ELECTRE ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ (Figueira et al., 2005):  

1. ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʪʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘ ʢʦʿʠʭ ʤʦʨʘ ʙʠʪʠ ʥʘʿʤʘˁʝ ʪʨʠ, 

2. ʧʦʜʨʘʟʫʤʝʚʘ ʘʛʨʝʛʘʮʠʿʫ ʨʝʟʫʣʘʪʘʪʘ ʩʚʠʭ ʢʨʠʪʝʨʠʿʫʤʘ (preference based 

aggregation method), 

                                                           
7
ɸʩʦʮʠʿʘʮʠʿʘ ʝʚʨʦʧʩʢʠʭ ʜʨʫʰʪʘʚʘ ʦʧʝʨʘʮʠʦʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (ʝʥʛ. Association of European 

Operational Research Societies) ʦʩʥʦʚʘʥʘ 1975. ʛʦʜʠʥʝ ʫ ɹʨʠʩʝʣʫ 



 

30 
 

3. ʥʝʜʦʩʪʘʪʘʢ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʩʝ ʥʝ ʤʦʞʝ ʥʘʜʦʢʥʘʜʠʪʠ ʿʘʢʦʤ 

ʧʝʨʬʦʨʤʘʥʩʦʤ ʜʨʫʛʦʛ ʢʨʠʪʝʨʠʿʫʤʘ (ʥʝʢʦʤʧʝʥʟʘʮʠʦʥʘ ʤʝʪʦʜʘ), 

4. ʧʦʪʨʝʙʥʦ ʿʝ ʫʩʧʦʩʪʘʚʠʪʠ ʙʠʥʘʨʥʝ ʨʝʣʘʮʠʿʝ ʚʠʰʝʛ ʨʘʥʛʘ (ʝʥʛ. outranking 

relation), ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʫʧʦʨʝʹʠʚʘˁʝ ʘʢʮʠʿʘ ʫ ʧʘʨʦʚʠʤʘ, ʠ 

5. ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʧʨʘʛʦʚʝ ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʫʟʠʤʘˁʝ ʫ ʦʙʟʠʨ ʩʚʠʭ 

ʦʥʠʭ ʥʝʟʥʘʪʥʠʭ ʨʘʟʣʠʢʘ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʜʘʪ ʧʘʨ ʘʢʮʠʿʘ, ʰʪʦ 

ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʢʦʥʘʯʘʥ ʨʝʟʫʣʪʘʪ. 

ʇʨʠʣʠʢʦʤ ʧʦʨʝʹʝˁʘ ʜʚʝ ʘʢʮʠʿʝ ʫ ʧʘʨʦʚʠʤʘ ʤʦʛʫ˂ʘ ʩʫ ʯʝʪʠʨʠ ʩʣʫʯʘʿʘ 

ʧʨʝʬʝʨʝʥʮʠja: 

ʘ)  ʠʥʜʠʬʝʨʝʥʪʥʦʩʪ ʢʘʜʘ ʩʫ ʜʚʝ ʘʢʮʠʿʝ ʿʝʜʥʘʢʝ,  

ʙ) ʩʪʨʦʛʘ ʧʨʝʬʝʨʝʥʮʠʿʘ ʢʘʜʘ ʧʦʩʪʦʿʝ ʿʘʩʥʠ ʨʘʟʣʦʟʠ ʟʘ ʬʘʚʦʨʠʟʦʚʘˁʝʤ ʿʝʜʥʝ ʦʜ 

ʜʚʝ ʘʢʮʠʿʝ, 

ʮ) ʩʣʘʙʘ ʧʨʝʬʝʨʝʥʮʘ ʢʘʜʘ ʜʚʝ ʘʢʮʠʿʝ ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ, ʥʠʩʫ ʝʢʚʠʚʘʣʝʥʪʥʝ ʧʦ 

ʟʥʘʯʘʿʫ, ʘʣʠ ʩʝ ʥʝ ʤʦʞʝ ʥʠ ʜʘʪʠ ʘʧʩʦʣʫʪʥʘ ʧʨʝʬʝʨʝʥʮʠʿʘ ʿʝʜʥʦʿ ʦʜ ʨʘʟʤʘʪʨʘʥʝ 

ʜʚʝ ʘʢʮʠʿʝ, 

ʜ) ʥʝʫʧʦʨʝʜʠʚʦʩʪ ʢʘʜʘ ʥʝ ʧʦʩʪʦʿʝ ʿʘʩʥʠ ʨʘʟʣʦʟʠ ʟʘ ʪʚʨʜˁʦʤ ʜʘ ʩʫ ʜʚʝ ʘʢʮʠʿʝ 

ʿʝʜʥʘʢʝ, ʠʣʠ ʜʘ ʧʦʩʪʦʿʠ ʿʘʢʘ ʠʣʠ ʩʣʘʙʘ ʧʨʝʬʝʨʝʥʮʠʘʿ ʿʝʜʥʝ ʦʜ ʜʚʝ ʧʦʩʤʘʪʨʘʥʝ 

ʘʢʮʠʿʝ. 

ʄʝʪʦʜʘ ELECTRE I ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʩʚʠʭ ʥʘʨʝʜʥʠʭ ʚʝʨʟʠʿʘ ʤʝʪʦʜʝ ELECTRE. 

ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʠʟʙʦʨ ʥʘʿʧʦʞʝˀʥʠʿʝ ʘʢʮʠʿʝ (ʘʣʪʝʨʥʘʪʠʚʝ). ʆʩʥʦʚʥʠ ʢʦʨʘʮʠ ʤʝʪʦʜʝ 

ʩʫ: 

1. ɼʘʪ ʿʝ ʩʢʫʧ ʘʢʮʠʿʘ A={ a1, a2, ...,ai, .., an} ʠ ʢʨʠʪʝʨʠʿʫʤʘ C={1,2, ..., j,  ...,m}, 

ʛʜʝ ʩʫ ʪʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘ  ʿʦʙʝʣʝʞʝʥʝ ʩʘ wj. ɽʚʘʣʫʘʮʠʿʘ ʘʢʮʠʿʝ ai ʫ ʦʜʥʦʩʫ ʥʘ 

ʢʨʠʪʝʨʠʿʫʤ j (ʢʚʘʥʪʠʪʘʪʠʚʘʥ ʠ/ʠʣʠ ʢʚʘʥʪʠʪʘʪʠʚʘʥ) - gi(ai) ʧʨʝʜʩʪʘʚˀʘ ʝʣʝʤʝʥʪ 

ʧʦʯʝʪʥʝ ʤʘʪʨʠʮʝ ʦʜʣʫʯʠʚʘˁa, ʜʠʤʝʥʟʠʿʝ nĬm. 

2. ʇʦʯʝʪʥʘ ʤʘʪʨʠʮʘ ʦʜʣʫʯʠʚʘˁʘ ʩʝ ʢʚʘʥʪʠʬʠʢʫʿʝ ʫʢʦʣʠʢʦ ʿʝ ʥʝʢʠ ʦʜ 

ʢʨʠʪʝʨʠʿʫʤʘ ʢʚʘʣʠʪʘʪʠʚʘʥ. ʇʦʩʪʫʧʘʢ ʧʦʜʨʘʟʫʤʝʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʢʚʘʣʠʪʘʪʠʚʥʦʛ 

ʢʨʠʪʝʨʠʿʫʤʘ (ʜʘʪ ʥʘ ʧʨʠʤʝʨ ʢʘʦ "ʧʨʦʩʝʯʘʥ", "ʚʠʩʦʢ", "ʚʨʣʦ ʚʠʩʦʢ") ʫ ʥʫʤʝʨʠʯʢʝ 

ʚʨʝʜʥʦʩʪʠ. 

3. ʅʦʨʤʘʣʠʟʘʮʠʿʘ ʧʦʯʝʪʥʝ, ʦʜʥʦʩʥʦ, ʢʚʘʥʪʠʬʠʢʦʚʘʥʝ ʤʘʪʨʠʮʝ ʦʜʣʫʯʠʚʘˁʘ, 

ʚʨʰʠ ʩʝ ʨʘʯʫʥʘˁʝʤ ʥʦʨʤʝ: ()
2

1
.

m

j
gj ai

=ä  
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ɽʣʝʤʝʥʪʠ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʤʘʪʨʠʮʝ ʙʠ ʩʝ ʜʦʙʠʣʠ ʢʘʦ: 
()

()
2

1

.ij
m

j

gj ai
n

gj ai
=

=

ä
 

4. ʈʘʯʫʥʘˁʝ ʪʝʞʠʥʩʢʝ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʤʘʪʨʠʮʝ ʚʨʰʠ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʧʨʝʬʝʨʝʥʮʠʿʘ ʜʦʥʦʩʠʦʮʘ ʦʜʣʫʢʝ ʫ ʧʦʛʣʝʜʫ ʨʘʟʤʘʪʨʘʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ wj ʧʨʠ ʯʝʤʫ 

ʿʝ 
1

n

jj
w

=ä , ʠ ʧʨʝʪʭʦʜʥʝ, ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʤʘʪʨʠʮʝ ʦʜʣʫʯʠʚʘˁʘ. 

5. ʉʧʨʦʚʦʜʠ ʩʝ ʪʝʩʪ ʩʘʛʣʘʩʥʦʩʪʠ ʠ ʪʝʩʪ ʥʝʩʘʛʣʘʩʥʦʩʪʠ. ʋ ʮʠˀʫ ʧʨʦʚʝʨʝ 

ʪʘʯʥʦʩʪʠ ʢʦʥʩʪʘʪʘʮʠʿʝ "ʘʢʮʠʿʘ ai  ʿʝ ʙʘʨ ʧʦʜʿʝʜʥʘʢʦ ʜʦʙʨʘ ʢʦʣʠʢʦ ʘʢʮʠʿʘ ʘk", ʧʦʜ 

ʯʠʤʝ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ "ʘʢʮʠʿʘ ai ʥʠʿʝ ʣʦʰʠʿʘ ʦʜ ʘʢʮʠʿʝ ʘk", ʚʨʰʠ ʩʝ ʧʨʦʚʝʨʘ ʪʝʩʪʘ 

ʩʘʛʣʘʩʥʦʩʪʠ ʠ ʥʝʩʘʛʣʘʥʦʩʪʠ. ʅʘʿʧʨʝ ʩʝ ʦʜʨʝʹʫʿʫ ʩʢʫʧʦʚʠ ʩʘʛʣʘʩʥʦʩʪʠ, ʧʦʨʝʹʝˁʝʤ 

ʧʘʨʦʚʘ ʘʢʮʠʿʘ ʠʟ ʧʦʯʝʪʥʝ ʤʘʪʨʠʮʝ ʦʜʣʫʯʠʚʘˁʘ, ʢʦʿʝ ʩʝ ʦʚʜʝ ʦʙʝʣʝʞʘʚʘʿʫ ʩʘ ʘi ʠ ak. 

ɿʘ ʢʨʠʪʝʨʠʿʫʤ ʪʠʧʘ ʤʘʢʩʠʤʠʟʘʮʠʿʝ ʚʘʞʠ: ʩʢʫʧ ʩʘʛʣʘʩʥʦʩʪʠ }{ |ik ij kjS j x x= ² . 

ʋʢʦʣʠʢʦ ʿʝ ʢʨʠʪʝʨʠʿʫʤ ʪʠʧʘ ʤʠʥʠʤʠʟʘʮʠʿʝ, ʩʢʫʧ ʩʘʛʣʘʩʥʦʩʪʠ ʙʠ ʙʠʦ: 

}{ |ik ij kjS j x x= ¢ . 

ɿʘʪʠʤ ʩʝ ʦʜʨʝʹʫʿʫ ʩʢʫʧʦʚʠ ʥʝʩʘʛʣʘʩʥʦʩʪʠ, ʛʜʝ ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ ʪʠʧʘ ʤʘʢʩʠʤʠʟʘʮʠʿʝ  

ʚʘʞʠ }{ |ik ij kjNS j x x= < , ʦʜʥʦʩʥʦ ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ ʪʠʧʘ ʤʠʥʠʤʠʟʘʮʠʿʝ ʚʘʞʠ 

}{ |ik ij kjNS j x x= > . 

6.  ʋʪʚʨʹʫʿʫ ʩʝ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ʩʘʛʣʘʩʥʦʩʪʠ ʠ ʤʘʪʨʠʮʝ ʥʝʩʘʛʣʘʩʥʦʩʪʠ.  

ʀʥʜʝʢʩʠ ʩʘʛʣʘʩʥʦʪʠ ʩʫ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ʩʘʛʣʘʩʥʦʩʪʠ, ʘ ʠʥʜʝʩʢʠ ʥʝʩʘʛʣʘʩʥʦʩʪʠ 

ʩʫ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ʥʝʩʘʛʣʘʩʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʫʪʚʨʹʫʿʝ ʧʨʠʭʚʘʪˀʠʚ ʧʨʘʛ 

ʠʥʜʝʢʩʘ ʩʘʛʣʘʩʥʦʩʪʠ p ʠ  ʥʝʩʘʛʣʘʩʥʦʩʪʠ q .  

ɸʣʪʝʨʥʘʪʠʚʘ ai ʩʝ ʧʨʝʬʝʨʠʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʘʣʪʝʨʥʘʪʠʚʫ ak ʩʘʤʦ ʫʢʦʣʠʢʦ ʚʘʞʠ ʜʘ ʿʝ  

( ),c ai ak p²  ʠ ( ),d ai ak q¢ . 

ʅʘ ʦʩʥʦʚʫ ʩʢʫʧʦʚʘ ʩʘʛʣʘʩʥʦʩʪʠ ʠ ʥʝʩʘʛʣʘʩʥʦʩʪʠ ʟʘ ʧʘʨ ʘʢʮʠʿʘ ai ʠ ak, ʦʜʨʝʹʫʿʫ ʩʝ 

ʠʥʜʝʢʩʠ ʩʘʛʣʘʩʥʦʩʪʠ c(i,k), ʠ ʠʥʜʝʢʩʠ ʥʝʩʘʛʣʘʩʥʦʩʪʠ d(i,k). ʀʥʜʝʢʩ ʩʘʛʣʘʩʥʦʩʪʠ ʩʝ 

ʜʦʙʠʿʘ ʢʘʦ ʩʫʤʘ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʢʦʿʝ ʿʝ ʚʨʝʜʥʦʩʪ ʘʢʮʠʿʝ ai ʚʝ˂ʘ ʠʣʠ ʿʝʜʥʘʢʘ 

ʚʨʝʜʥʦʩʪʠ ʘʢʮʠʿʝ ak, ʦʜʥʦʩʥʦ:  

( )
( ) ( )

( ) ( ) ( )

, ,
,

, , ,

i k i k

i k i k i k

W a a W a a
c i k

W a a W a a W a a

+ =

+ = -

+
=

+ +
 



 

32 
 

ʛʜʝ ʿʝ:

 

( ),i kW a a+
ï ʩʫʤʘ ʪʝʞʠʥʘ ʩʚʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʢʦʿʝ ʚʘʞʠ () ( )i i i kg a g a>  

( ),i kW a a=
 ï ʩʫʤʘ ʪʝʞʠʥʘ ʩʚʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʢʦʿʝ ʚʘʞʠ () ( )i i i kg a g a=  

( ),i kW a a-
ï ʩʫʤʘ ʪʝʞʠʥʘ ʩʚʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʢʦʿʝ ʚʘʞʠ () ( )i i i kg a g a<  

( ) ( ) ( ), , , , 1,...,i k i k i k iW a a W a a W a a w i n+ = -+ + = =ä  

ʂʘʦ ʤʠʥʠʤʘʣʥʠ ʧʨʠʭʚʘʪˀʠʚʠ ʥʠʚʦ ʩʘʛʣʘʩʥʦʩʪʠ ʦʙʠʯʥʦ ʩʝ ʫʩʚʘʿʘ ʚʨʝʜʥʦʩʪ 0,5, ʜʦʢ 

ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʥʠʚʦ ʩʘʛʣʘʩʥʦʩʪʠ ʥʠʞʠ ʦʜ 1, ʦʜʥʦʩʥʦ:  ( )0,5 , 1c i k< < (Duckstein, 

Gershon, 1983). ɺʝ˂ʘ ʚʨʝʜʥʦʩʪ ʠʥʜʝʢʩʘ ʩʘʛʣʘʩʥʦʩʪʠ, ʪʿ. ʚʨʝʜʥʦʩʪ ʙʣʠʞʘ 1 ʫʢʘʟʫʿʝ 

ʥʘ ʚʝ˂ʫ ʩʘʛʣʘʩʥʦʩʪ. 

ʀʥʜʝʢʩ ʥʝʩʘʛʣʘʩʥʦʪʠ ( ),i kd a a ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

( )
() ( )( )max

,
j j i j kg a g a

d i k
d

-
=  

ʛʜʝ ʿʝ: 

()j ig a  ï ʚʨʝʜʥʦʩʪ ʘʣʪʝʨʥʘʪʠʚʝ ai ʟʘ ʢʨʠʪʝʨʠʿʫʤ cj  

( )j kg a  ï ʚʨʝʜʥʦʩʪ ʘʣʪʝʨʥʘʪʠʚʝ ak ʟʘ ʢʨʠʪʝʨʠʿʫʤ cj 

() ()max j jg b g ad= -  ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʨʘʟʣʠʢʘ ʚʨʝʜʥʦʩʪʠ ʘʣʪʝʨʥʘʪʠʚʘ ʘi ʠ ak ʢʦʿʝ 

ʩʝ ʧʦʨʝʜʝ ʧʦ ʢʨʠʪʝʨʠʿʫʤʠʤʘ. 

7. ʋʪʚʨʹʠʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ ʩʘʛʣʘʩʥʝ ʠ ʥʝʩʘʛʣʘʩʥʝ ʜʦʤʠʥʘʮʠʿʝ. 

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ʩʘʛʣʘʩʥʝ ʜʦʤʠʥʘʮʠʿʝ C(i,k) ʤʦʛʫ ʠʤʘʪʠ ʚʨʝʜʥʦʩʪ 0 ʠʣʠ 1, ʢʦʿʘ 

ʟʘʚʠʩʠ ʦʜ ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʩʘʛʣʘʩʥʦʩʪʠ c(i,k) ʠ ʧʨʠʭʚʘʪˀʠʚʦʛ ʠʥʜʝʢʩʘ 

ʩʘʛʣʘʩʥʦʩʪʠ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ 

ʩʘʛʣʘʩʥʦʩʪʠ, ʪʿ.  1 1 1

1

( , )
.

( 1)

n n
ai a

ai ak a ak

c i k
ʇʀʉ c

n n

+
= =

¸ ¸

= =
-

ä ä  

ʋʢʦʣʠʢʦ ʿʝ   c(i,k) Ó c
-
 ʪʘʜʘ ʿʝ C(i,k)=1, ʦʜʥʦʩʥʦ ʢʘʜʘ ʿʝ c(i,k) < c

-
 ʪʘʜʘ ʿʝ C(i,k)=0. 

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ʥʝʩʘʛʣʘʩʥʝ ʜʦʤʠʥʘʮʠʿʝ D(i,k)  ʤʦʛʫ ʠʤʘʪʠ ʚʨʝʜʥʦʩʪ 0 ʠʣʠ 1, 

ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʥʝʩʘʛʣʘʩʥʦʩʪʠ d(i,k) ʠ ʧʨʠʭʚʘʪˀʠʚʦʛ ʠʥʜʝʢʩʘ 

ʥʝʩʘʛʣʘʩʥʦʩʪʠ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ 

ʥʝʩʘʛʣʘʩʥʦʩʪʠ, ʪʿ. 1 1 1

1

( , )
.

( 1)

n n
ai a

ai ak a ak

d i k
ʇʀʅʉ d

n n

+
= =

¸ ¸

= =
-

ä ä  
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 ʋʢʦʣʠʢʦ ʿʝ d(i,k)Òd
+ 

 ʪʘʜʘ ʿʝ D(i,k)=1, ʦʜʥʦʩʥʦ ʢʘʜʘ ʿʝ d(i,k)>d
+
 ʪʘʜʘ ʿʝ D(i,k)=0. 

8. ʆʜʨʝʹʫʿʫ ʩʝ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ʘʛʨʝʛʘʪʥʝ ʜʦʤʠʥʘʮʠʿʝ ʢʘʦ ʧʨʦʠʟʚʦʜ 

ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ ʩʘʛʣʘʩʥʝ ʠ ʤʘʪʨʠʮʝ ʥʝʩʘʛʣʘʩʥʝ ʜʦʤʠʥʘʮʠʿʝ, ʪʿ. C(i,k)× D(i,k). 

ʋʢʦʣʠʢʦ ʩʫ C(i,k) ʠ D(i,k) ʿʝʜʥʘʢʠ 1, ʟʥʘʯʠ ʜʘ ʘʢʮʠʿʘ ai ʜʦʤʠʥʠʨʘ ʥʘʜ ʘʢʮʠʿʦʤ ak. 

9. ʀʟʜʚʘʿʘˁʝ ʘʢʮʠʿʝ ʢʦʿʘ ʜʦʤʠʥʠʨʘ ʥʘʜ ʦʩʪʘʣʠʤ ʘʢʮʠʿʘʤʘ ʝʣʠʤʠʥʠʩʘˁʝʤ 

ʤʘˁʝ ʧʦʞʝˀʥʠʭ ʘʢʮʠʿʘ ʿʝ ʧʦʩʣʝʜˁʠ ʢʦʨʘʢ. ɸʢʮʠʿʘ ʢʦʿʘ ʠʤʘ ʥʘʿʚʝ˂ʠ ʙʨʦʿ 1 (ʢʘʦ 

ʨʝʟʫʣʪʘʪ ʠʟʨʘʟʘ C(i,k)× D(i,k)=1, ʿʝ ʘʢʮʠʿʘ ʢʦʿʘ ʜʦʤʠʥʠʨʘ.  

Roy ʠ Bertier ʩʫ 1973. ʛʦʜʠʥʝ ʧʨʝʜʣʦʞʠʣʠ ELECTRE II ʤʝʪʦʜʫ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ 

ʧʦʪʧʫʥʦ ʨʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ (Tzeng, Huang, 2011). ʂʦʜ ELECTRE II ʤʝʪʦʜʝ 

ʧʦʩʪʦʿʝ ʪʨʠ ʧʨʘʛʘ ʩʣʘʛʘˁʘ ʠ ʜʚʘ ʧʨʘʛʘ ʥʝʩʣʘʛʘˁʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʜʝʬʠʥʠʩʘˁʝ 

"ʿʘʢʝ" ʠ "ʩʣʘʙʝ" ʨʝʣʘʮʠʿʝ ʚʠʰʝʛ ʨʘʥʛʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ 

(ʏʫʧʠ˂, ʉʫʢʥʦʚʠ˂, 2010). 

ʇʦʪʨʝʙʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʪʨʠ ʥʠʚʦʘ ʩʣʘʛʘˁʘ: ʚʠʩʦʢ, ʧʨʦʩʝʯʘʥ ʠ ʥʠʟʘʢ ʢʦʿʝ ʩʝ 

ʦʙʝʣʝʞʘʚʘʿʫ c
+, 

c
0 

i c
-
, ʧʨʠ ʯʝʤʫ ʚʘʞʠ 

00,5 1c c c- +¢ ¢ ¢ ¢. ɸʢʮʠʿʝ ʤʦʛʫ ʧʨʠʧʘʜʘʪʠ 

ʥʝʢʦʤ ʦʜ ʪʨʠ ʩʢʫʧʘ ʩʘʛʣʘʩʥʦʩʪʠ, ʛʜʝ ʨʘʟʣʠʢʫʿʝʤʦ:   

ʘ) ʚʠʩʦʢʫ ʩʘʛʣʘʩʥʦʩʪ: ( ),c i k c+²  

ʙ) ʧʨʦʩʝʯʥʫ ʩʘʛʣʘʩʥʦʩʪ: ( ) 0,c i k c² ,  

ʮ) ʥʠʩʢʫ ʩʘʛʣʘʩʥʦʩʪ : ( ),c i k c-² .  

ʇʦʨʝʜ ʪʨʠ ʥʠʚʦʘ ʩʣʘʛʘˁʘ, ʧʦʩʪʦʿʝ ʠ ʜʚʘ ʥʠʚʦʘ ʥʝʩʣʘʛʘˁʘ: d
+   
ʠ d

-
. ʉʚʘʢʠ ʧʘʨ ʘʢʮʠʿʘ 

ʧʨʠʧʘʜʘ ʥʝʢʦʤ ʦʜ ʩʢʫʧʦʚʘ ʥʝʩʘʛʣʘʩʥʦʩʪʠ, ʛʜʝ ʿʝ: ʘ) ʥʠʩʢʘ ʥʝʩʘʛʣʘʩʥʦʩʪ:  

( ),d i k d+¢  ʠ ʙ) ʚʠʩʦʢʘ ʥʝʩʘʛʣʘʩʥʦʩʪ:( ),d i k d-¢ . 

ɿʘ "ʿʘʢʫ" ʨʝʣʘʮʠʿʫ ʚʠʰʝʛ ʨʘʥʛʘ ʢʦʨʠʩʪʝ ʩʝ ʜʚʘ ʧʨʘʛʘ ʩʣʘʛʘˁʘ ʠ ʿʝʜʘʥ ʧʨʘʛ 

ʥʝʩʣʘʛʘˁʘ, ʛʜʝ ʤʦʨʘ ʙʠʪʠ ʟʘʜʦʚʦˀʝʥ ʿʝʜʘʥ ʦʜ ʫʩʣʦʚʘ: 

ʘ) ʪʝʩʪ ʩʣʘʛʘˁʘ ʿʝ ʩʪʨʦʛʦ ʟʘʜʦʚʦˀʝʥ ʫʢʦʣʠʢʦ ʿʝ  ( ),c i k c+² , ʘ ʪʝʩʪ ʥʝʩʣʘʛʘˁʘ 

ʧʨʠʣʠʯʥʦ ʟʘʜʦʚʦˀʝʥ, ʦʜʥʦʩʥʦ ʛʜʝ ʿʝ ( ),d i k d+¢ , ʧʨʠ ʯʝʤʫ ʿʝ ʟʘʜʦʚʦˀʝʥ ʠ 

ʫʩʣʦʚ  ( ) ( ), ,W i k W i k+ -²  ʠʣʠ 

ʙ) ʪʝʩʪ ʩʣʘʛʘˁʘ ʿʝ ʧʨʠʣʠʯʥʦ ʟʘʜʚʦˀʝʥ ʢʘʜʘ ʿʝ  ( ) 0,c i k c²  ʠ:  ( ),d i k d-¢   

ʪʝʩʪ ʥʝʩʣʘʛʘˁʘ ʩʪʨʦʛʦ ʟʘʜʦʚʦˀʝʥ, ʛʜʝ ʪʘʢʦʹʝ ʚʘʞʠ ( ) ( ), ,W i k W i k+ -² . 
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ɿʘ "ʩʣʘʙʫ" ʨʝʣʘʮʠʿʫ ʚʠʰʝʛ ʨʘʥʛʘ, ʢʦʨʠʩʪʠ ʩʝ ʿʝʜʘʥ ʧʨʘʛ ʩʣʘʛʘˁʘ ʠ ʿʝʜʘʥ ʧʨʘʛ 

ʥʝʩʣʘʛʘˁʘ. ʆʚʘ ʨʝʣʘʮʠʿʘ ʚʘʞʠ ʫʢʦʣʠʢʦ ʿʝ ʪʝʩʪ ʩʣʘʛʘˁʘ ʩʣʘʙʦ ʟʘʜʦʚʦˀʝʥ, ʘ ʪʝʩʪ 

ʥʝʩʣʘʛʘˁʘ ʧʨʠʣʠʯʥʦ ʟʘʜʦʚʦˀʝʥ, ʪʿ. ʛʜʝ ʿʝ: ( ),c i k c-² , ( ),d i k d+¢  ʠ 

( ) ( ), ,W i k W i k- -² . 

ʅʘ ʦʩʥʦʚʫ ʦʚʝ ʜʚʝ ʨʝʣʘʮʠʿʝ ʫʪʚʨʹʫʿʝ ʩʝ ʜʠʨʝʢʪʘʥ ʠ ʠʥʜʠʨʝʢʪʘʥ (ʠʥʚʝʨʟʘʥ) 

ʨʝʜʦʩʣʝʜ ʘʢʮʠʿʘ (Duckstein, Gershon, 1983; Raj, Kumar, 1996). ʇʨʦʮʝʩ ʿʝ 

ʠʪʝʨʘʪʠʚʘʥ ʠ ʩʘʩʪʦʿʠ ʠʟ ʪʨʠ ʢʦʨʘʢʘ: 

1) ʧʦʩʪʫʧʘʢ ʦʜʨʝʹʠʚʘˁʘ ʜʠʨʝʢʪʥʦʛ ʨʘʥʛʘ ʘʢʮʠʿʘ y', ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʝʣʠʤʠʥʘʮʠʿʠ ʘʢʮʠʿʘ ʢʦʿʠʤʘ ʥʝ ʜʦʤʠʥʠʨʘ ʥʠ ʿʝʜʥʘ ʜʨʫʛʘ ʘʢʮʠʿʘ, 

2) ʧʦʩʪʫʧʘʢ ʦʜʨʝʹʠʚʘˁʘ ʠʥʜʠʨʝʢʪʥʦʛ ʨʘʥʛʘ ʘʢʮʠʿʘ y'', ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʝʣʠʤʠʥʘʮʠʿʠ ʘʢʮʠʿʘ ʢʦʿʝ ʥʝ ʜʦʤʠʥʠʨʘʿʫ ʥʠ ʿʝʜʥʦʤ ʜʨʫʛʦʤ ʘʢʮʠʿʦʤ  

3) ʦʜʨʝʹʠʚʘˁʝ ʢʦʥʘʯʥʦʛ ʨʘʥʛʘ ʘʢʘʮʠʿʘ y, ʥʘ ʦʩʥʦʚʫ ʜʠʨʝʢʪʥʦʛ ʠ ʠʥʜʠʨʝʢʪʥʦʛ 

ʨʘʥʛʘ, ʧʨʠʤʝʥʦʤ ʬʦʨʤʫʣʝ y=y'+y'' . 

ɿʘ ʜʠʨʝʢʪʥʠ ʠ ʠʥʜʠʨʝʢʪʥʠ ʧʦʩʪʫʧʘʢ ʦʜʨʝʹʠʚʘˁʘ ʨʘʥʛʘ ʘʢʮʠʿʘ ʚʘʞʠ ʩʣʝʜʝ˂ʝ: ʘ) 

ʠʪʝʨʘʮʠʿʘ ʫ ʢʦʿʦʿ ʩʝ ʘʢʮʠʿʘ ʝʣʠʤʠʥʠʰʝ, ʦʜʨʝʹʫʿʝ ʧʨʠʦʨʠʪʝʪ ʘʢʮʠʿʝ, ʙ) ʧʦʩʪʫʧʘʢ ʩʝ 

ʠʪʝʨʘʪʠʚʥʦ ʧʦʥʘʚˀʘ ʜʦʢ ʩʝ ʥʝ ʫʪʚʨʜʝ ʧʨʠʦʨʠʪʝʪʠ ʠ ʦʩʪʘʣʠʭ ʘʢʮʠʿʘ ʠ ʮ) 

ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʦʜʛʦʚʘʨʘ ʫʢʫʧʥʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʙʨʦʿʫ ʘʢʮʠʿʘ.  

3.3. ʄʝʪʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ 

 

ʈʘʟʣʠʯʠʪʠ ʧʨʠʩʪʫʧʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʞʠʥʘ (ʟʥʘʯʘʿʘ) ʢʨʠʪʝʨʠʿʫʤʘ, 

ʤʝʹʫ ʢʦʿʠʤʘ ʩʫ ʘ) ʦʙʿʝʢʪʠʚʥʠ ʧʨʠʩʪʫʧ (ʄʝʪʦʜʘ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ, ʝʥʛ. Least Mean 

Square - LMS; Tʝʭʥʠʢʘ ʨʘʥʛʠʨʘˁʘ ʥʘ ʦʩʥʦʚʫ ʩʣʠʯʥʦʩʪʠ ʠʜʝʘʣʥʦʤ ʨʝʰʝˁʫ, ʝʥʛ. 

Technique for Order Performance by Similarity to Ideal Solution - TOPSIS; Entropy, 

ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ, ʄʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʞʠʥʘ ʥʘ ʦʩʥʦʚʫ ʢʦʨʝʣʘʮʠʿʝ 

ʠʟʤʝʹʫ ʜʘʪʠʭ ʢʨʠʪʝʨʠʿʫʤʘ, ʝʥʛ. Criteria Importance Through Inter-Criteria 

Correlation - CRITIC), ʩʫʙʿʝʢʪʠʚʥʠ ʧʨʠʩʪʫʧ (ʄʝʪʦʜ ʜʠʨʝʢʪʥʦʛ ʚʨʝʜʥʦʚʘˁʘ,  ʝʥʛ. 

Direct Rating Method, ʄʝʪʦʜʘ ʧʦʨʝʹʝˁʘ ʫ ʧʘʨʦʚʠʤʘ, ʝʥʛ. Pairwise Comparison, 

ʊʝʭʥʠʢʘ ʢʦʿʘ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʧʨʠʩʪʫʧ ʨʘʥʛʠʨʘˁʫ, ʝʥʛ. Simple Multi-Attribute 

Rating Technique - SMART, Delphi ʤʝʪʦʜʘ) ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ 

ʧʨʠʩʪʫʧʘ (Zardari et al., 2015). ʋ ʦʚʦʤ ʨʘʜʫ ʩʫ ʦʜ ʦʙʿʝʢʪʠʚʥʠʭ ʧʨʠʩʪʫʧʘ ʢʦʨʠʰ˂ʝʥʝ 

ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʠ ʤʝʪʦʜʘ ENTROPY, ʦʜ ʩʫʙʿʝʢʪʠʚʥʠʭ ʿʝ ʧʨʠʤʝˁʝʥʦ 
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ʧʦʨʝʹʝˁʝ ʫ ʧʘʨʦʚʠʤʘ, ʘ ʢʦʤʙʠʥʦʚʘʥʝ ʪʝʞʠʥʝ ʩʫ ʦʜʨʝʹʝʥʝ ʧʦ Jahan, Edwards 

(2013). 

 

3.3.1.  ʆʙʿʝʢʪʠʚʥʝ ʤʝʪʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘ 

3.3.1.1.  ENTROPY ʤʝʪʦʜʘ 

ENTROPY ʤʝʪʦʜʘ ʢʦʨʠʩʪʠ ʪʝʦʨʠʿʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ʠʩʢʘʞʝ ʩʪʝʧʝʥ ʥʝʠʟʚʝʩʥʦʩʪʠ 

ʢʦʿʫ ʠʥʬʦʨʤʘʮʠʿʘ ʩʘʜʨʞʠ. ʊʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘ (wj) ʩʝ ʦʜʨʝʹʫʿʫ ʥʘ ʦʩʥʦʚʫ 

ʠʥʬʦʨʤʘʮʠʿʝ ENTROPY ʤʝʪʦʜʝ (Ej), ʟʘ ʯʠʿʝ ʦʜʨʝʹʠʚʘˁʝ ʿʝ ʧʦʪʨʝʙʥʦ ʥʘʿʧʨʝ 

ʥʦʨʤʘʣʠʟʦʚʘʪʠ ʚʨʝʜʥʦʩʪʠ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ (pij): 
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ʛʜʝ ʩʫ: 

jw  ï ʪʝʞʠʥʘ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʧʨʠʤʝʥʦʤ ENTROPY ʤʝʪʦʜʝ 

jE  ï ʠʥʬʦʨʤʘʮʠʿʘ ENTROPY ʤʝʪʦʜʝ (ʚʨʝʜʥʦʩʪ ʝʥʪʨʦʧʠʿʝ) 

ijp  ï ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʚʨʝʜʥʦʩʪ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ 

ijx  ï ʫʣʘʟʥʠ ʧʦʜʘʪʘʢ 

m ï ʙʨʦʿ ʘʣʪʝʨʥʘʪʠʚʘ 

n   ï ʙʨʦʿ ʢʨʠʪʝʨʠʿʫʤʘ 

 

3.3.1.2. ʄʝʪʦʜ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ 

ʉʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʿʝ ʩʫʙʿʝʢʪʠʚʥʠ ʧʨʠʩʪʫʧ ʦʜʨʝʹʠʚʘˁʫ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ, 

ʩʣʠʯʘʥ ENTROPY ʤʝʪʦʜʠ, ʛʜʝ ʨʘʩʧʦʥ ʚʨʝʜʥʦʩʪʠ ʘʣʪʝʨʥʘʪʠʚʘ ʟʘ ʜʘʪʠ ʢʨʠʪʝʨʠʿʫʤ ,ʿ 

ʦʜʨʝʹʫʿʝ ˁʝʛʦʚʫ ʪʝʞʠʥʫ. ʊʦ ʟʥʘʯʠ ʜʘ ˂ʝ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʠʤʘʪʠ ʚʨʝʜʥʦʩʪ 

ʙʣʠʞʫ 0 ʫʢʦʣʠʢʦ ʩʚʝ ʘʣʪʝʨʥʘʪʠʚʝ ʠʤʘʿʫ ʩʣʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦ ʧʠʪʘˁʫ ʪʦʛ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʠ ʦʙʨʥʫʪʦ, ʪʝʞʠʥʘ ˂ʝ ʙʠʪʠ ʙʣʠʞʘ 1 ʢʘʜʘ ʩʝ ʚʨʝʜʥʦʩʪʠ ʘʣʪʝʨʥʘʪʠʚʘ ʧʦ 

ʧʠʪʘˁʫ ʦʜʨʝʹʝʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ. 
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 ʌʦʨʤʫʣʝ ʟʘ ʧʨʦʨʘʯʫʥ ʪʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘjw ʠ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝjsʩʫ: 
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ʛʜʝ ʿʝ: 

jw  ï ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ 

js  ï ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 

ijx ï  ʚʨʝʜʥʦʩʪ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ (ʚʨʝʜʥʦʩʪ ʘʣʪʝʨʥʘʪʠʚʝ ʟʘ ʢʨʠʪʝʨʠʿʫʤ )ʿ 

_

jx ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʘʣʪʝʨʥʘʪʠʚʘ ʟʘ ʢʨʠʪʝʨʠʿʫʤ  ʿ

 

3.3.2. ʉʫʙʿʝʢʪʠʚʥʝ ʤʝʪʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘ 

3.3.2.1. ʄʝʪʦʜʘ ʧʦʨʝʹʝˁʘ ʫ ʧʘʨʦʚʠʤʘ  

ʄʝʪʦʜʘ ʧʦʨʝʹʝˁʘ ʫ ʧʘʨʦʚʠʤʘ (ʝʥʛ. Pairwise comparisons) ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ AHP 

ʤʝʪʦʜʝ. ʄʝʪʦʜʘ ʧʦʨʝʹʝˁʘ ʫ ʧʘʨʦʚʠʤʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʥʝʢʦʣʠʢʦ ʢʦʨʘʢʘ, ʠ ʧʨʚʠ 

ʧʦʜʨʘʟʫʤʝʚʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʢʚʘʣʠʪʘʪʠʚʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ (ʫʢʦʣʠʢʦ ʩʝ ʪʘʢʚʠ 

ʢʨʠʪʝʨʠʿʫʤʠ ʨʘʟʤʘʪʨʘʿʫ), ʧʨʠʤʝʥʦʤ ʨʘʟʣʠʯʠʪʠʭ ʩʢʘʣʘ ʧʨʝʚʦʹʝˁʘ, ʟʘ ʰʪʘ ʩʝ ʤʦʞʝ 

ʢʦʨʠʩʪʠʪʠ ʩʢʘʣʘ ʩʘ ʠʥʪʝʨʚʘʣʠʤʘ ʦʜ 1-9 (ʊʘʙʝʣʘ 3.3). ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʬʦʨʤʠʨʘˁʝ 

ʤʘʪʨʠʮʝ ʧʦʨʝʹʝˁʘ ɸ[aij]  ʛʜʝ ʩʝ ʫʥʝʩʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʢʘʦ ʨʝʟʫʣʘʪʘʪ 

ʢʦʤʧʘʨʘʪʠʚʥʝ ʧʨʦʮʝʥʝ, ʦʜʥʦʩʥʦ, ʧʦʨʝʹʝˁʘ ʢʨʠʪʝʨʠʿʫʤʘ ʫ ʧʘʨʦʚʠʤʘ:  
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ʂʨʠʪʝʨʠʿʫʤʠ ʩʝ ʧʦʨʝʜʝ ʧʨʠʤʝʥʦʤ ʩʢʘʣʝ ʨʝʣʘʪʠʚʥʦʛ ʟʥʘʯʘʿʘ ʢʦʿʫ ʿʝ ʜʘʦ Saaty 

(ʊʘʙʝʣʘ 3.2), ʛʜʝ ʩʝ ʚʘʞʥʦʩʪ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʥʘʩʧʨʘʤ ʜʨʫʛʦʛ, ʤʦʞʝ ʚʝʨʙʘʣʥʦ 

ʠʩʢʘʟʘʪʠ ʢʘʦ: ʠʩʪʠ ʟʥʘʯʘʿ, ʩʣʘʙʘ ʜʦʤʠʥʘʥʪʥʦʩʪ, ʿʘʢʘ ʜʦʤʠʥʘʥʪʥʦʩʪ ʠʪʜ., ʰʪʦ ʩʝ 

ʢʚʘʥʪʠʬʠʢʫʿʝ ʢʦʨʠʩʪʝ˂ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ. 
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ʉʚʠ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ɸ ʠʤʘʿʫ ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ, ʚʝ˂ʝ ʦʜ 0. ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ 

ʠʩʧʦʜ ʜʠʿʘʛʦʥʘʣʝjia ʠʤʘʿʫ ʨʝʮʠʧʨʦʯʥʝ ʚʨʝʜʥʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʠʟʥʘʜ ʛʣʘʚʥʝ 

ʜʠʿʘʛʦʥʘʣʝija ʜʦʢ ʝʣʝʤʝʥʪʠ ʥʘ ʛʣʘʚʥʦʿ ʜʠʿʘʛʦʥʘʣʠ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪʠ ʿʝʜʥʘʢʝ 1, 

ʦʜʥʦʩʥʦ:0, 1/ , 1ij ji ij iia a a a> = = ʟʘ ʩʚʘʢʦ , 1,2,.., .i j n=  ɹʨʦʿ ʤʘʪʨʠʮʘ ʟʘʚʠʩʠ ʦʜ 

ʙʨʦʿʘ ʝʣʝʤʘʥʘʪʘ ʤʘʪʨʠʮʝ n ʠ ʦʜʨʝʹʫʿʝ ʩʝ ʧʨʝʢʦ ʠʟʨʘʟʘ: ( )1 / 2n n³ - . 

ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʪʝʞʠʥʘ, ʪʿ. ʨʝʣʘʪʠʚʥʦʛ ʟʥʘʯʘʿʘ ʢʨʠʪʝʨʠʿʫʤʘ, ʯʠʿʝ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʫ ʠʥʪʝʨʚʘʣʫ [0,1], ʧʨʠʤʝʥʦʤ ʥʝʢʝ ʦʜ ʤʝʪʦʜʘ: ʤʝʪʦʜʝ ʘʜʠʪʠʚʥʝ 

ʥʦʨʤʘʣʠʟʘʮʠʿʝ (ʝʥʛ. Additive Normalization Method ï AN), ʤʝʪʦʜʘ ʩʦʧʩʪʚʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ (ʝʥʛ. Eigenvector Method ï EV), ʣʦʛʘʨʠʪʘʤʩʢʦʛ ʤʝʪʦʜʘ ʥʘʿʤʘˁʠʭ 

ʢʚʘʜʨʘʪʘ (ʝʥʛ. The Logarithmic Least Squares Method ï LLS) (Srdjevic, 2005):   

 

ɸ) ʄʝʪʦʜʘ ʘʜʠʪʠʚʥʝ ʥʦʨʤʘʣʠʟʘʮʠʿʝ.  

ɼʘ ʙʠ ʩʝ ʜʦʙʠʦ ʚʝʢʪʦʨ ʧʨʠʦʨʠʪʝʪʘ w, ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʜʝʣʠʪʠ ʝʣʝʤʝʥʪʝ ʢʦʣʦʥʝ 

ʤʘʪʨʠʮʝ ɸ ʩʫʤʦʤ ʝʣʝʤʝʥʘʪʘ ʪʝ ʢʦʣʦʥʝ (ʥʦʨʤʘʣʠʟʦʚʘʪʠ ʢʦʣʦʥʫ), ʟʘʪʠʤ ʩʘʙʨʘʪʠ 

ʝʣʝʤʝʥʪʝ ʠ ʩʫʤʫ ʜʦʜʘʪʠ ʫ ʩʚʘʢʫ ʨʝʟʫʣʪʫʿʫ˂ʫ ʚʨʩʪʫ ʠ ʢʦʥʘʯʥʦ, ʧʦʜʝʣʠʪʠ ʦʚʫ ʩʫʤʫ 

ʙʨʦʿʝʤ ʝʣʝʤʝʥʘʪʘ ʪʝ ʢʦʣʦʥʝ. ʆʚʘ ʧʨʦʮʝʜʫʨʘ ʿʝ ʦʧʠʩʘʥʘ ʨʝʣʘʮʠʿʘʤʘ: 

'
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,
ij

ij n

ij

i

a
a

a
=

=

ä
 , j 1,2,..,i n= ,   

'

1

1
,

n

i ij

j

w a
n =

= ä 1,2,..,i n=  

ɹ) ʄʝʪʦʜ ʩʦʧʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ.  

ʂʘʦ ʪʨʘʞʝʥʠ ʚʝʢʪʦʨ ʧʨʠʦʨʠʪʝʪʘ w ʤʦʞʝ ʩʝ ʫʩʚʦʿʠʪʠ ʚʝʢʪʦʨ ʩʦʧʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʤʘʪʨʠʮʝ ɸ (Saaty, 1980).  ɼʘ ʙʠ ʩʝ ʦʜʨʝʜʠʦ ʦʚʘʿ ʚʝʢʪʦʨ, ʣʠʥʝʘʨʥʠ ʩʠʩʪʝʤ: 

,Aw wl= 1,Te w=  

ʨʝʰʘʚʘ ʩʝ ʪʘʢʦ ʜʘ ʩʝ ʜʦʙʠʿʝ ʢʘʦ ʤʘʢʩʠʤʘʣʥʘ ʩʦʧʩʪʚʝʥʘ ʚʨʝʜʥʦʩʪ ʤʘʪʨʠʮʝ A. ɸʢʦ ʿʝ 

ɼʆ ʢʦʥʟʠʩʪʝʥʪʘʥ, ʪʘʜʘ ʿʝ nl= , ʫ ʩʫʧʨʦʪʥʦʤ nl> . ʄʘʢʩʠʤʘʣʥʘ ʩʦʧʩʪʚʝʥʘ 

ʚʨʝʜʥʦʩʪ ʟʘ ʥʝʢʦʥʟʠʩʪʝʥʪʥʫ ʤʘʪʨʠʮʫ ʤʦʞʝ ʩʝ ʦʮʝʥʠʪʠ ʫʟʘʩʪʦʧʥʠʤ ʢʚʘʜʨʠʨʘˁʝʤ 

ʤʘʪʨʠʮʝ, ʥʦʨʤʘʣʠʟʫʿʫ˂ʠ ʩʫʤʫ ʚʨʩʪʘ ʩʚʘʢʠ ʧʫʪ ʠ ʧʨʝʢʠʜʘˁʝʤ ʧʨʦʮʝʜʫʨʝ ʢʘʜʘ ʿʝ 

ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʥʦʨʤʘʣʠʟʦʚʘʥʠʭ ʩʫʤʘ ʫ ʜʚʘ ʫʟʘʩʪʦʧʥʘ ʨʘʯʫʥʘˁʘ ʤʘˁʘ ʦʜ 

ʦʯʝʢʠʚʘʥʝ ʚʨʝʜʥʦʩʪʠ.  

ɼʘ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ ʧʦʨʝʹʝˁʘ ʫ ʧʘʨʦʚʠʤʘ ʠ ʢʚʘʣʠʪʝʪ ʜʦʙʠʿʝʥʦʛ 

ʨʝʟʫʣʪʘʪʘ, ʧʨʚʦ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʠʥʜʝʢʩ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ CI (ʝʥʛ. consistency index),  
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ʧʦʤʦ˂ʫ ʦʙʨʘʩʮʘ: 

max

1

n
CI

n

l -
=

-
 

ʛʜʝ ʿʝ: 

 maxl ï ʤʘʢʩʠʤʘʣʥʘ ʩʦʧʩʪʚʝʥʘ ʚʨʝʜʥʦʩʪ ʤʘʪʨʠʮʝ, nï ʙʨʦʿ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ 

ʧʦʨʝʹʝˁʘ. 

ʉʪʝʧʝʥ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ CR (ʝʥʛ. consistency ratio) ʿʝ ʦʜʥʦʩ ʠʥʜʝʢʩʘ 

ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ CI ʠ ʪʟʚ. ʩʣʫʯʘʿʥʦʛ ʠʥʜʝʢʩʘ RI (ʝʥʛ. random index): CR=CI/RI.  

ɺʨʝʜʥʦʩʪ RI ʟʘ ʨʘʟʥʝ ʨʝʜʦʚʝ ʤʘʪʨʠʮʘ ʦʜʨʝʹʝʥʘ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠʤ ʧʫʪʝʤ ʥʘ ʙʘʟʠ 

ʫʟʦʨʢʘ ʦʜ 500 ʠ 1000 ʩʣʫʯʘʿʥʦ ʛʝʥʝʨʠʩʘʥʠʭ ʤʘʪʨʠʮʘ ʧʦʨʝʹʝˁʘ (Saaty, 1980). ʅʘ 

ʧʨʠʤʝʨ, ʟʘ ʤʘʪʨʠʮʫ ʨʝʜʘ 4, ʩʣʫʯʘʿʥʠ ʠʥʜʝʢʩ ʿʝ 0,90. ʊʦʣʝʨʘʥʪʥʘ ʚʨʝʜʥʦʩʪ ʩʪʝʧʝʥʘ 

ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ CR ʿʝ 0,10. 

ʎ) ʃʦʛʘʨʠʪʘʤʩʢʠ ʤʝʪʦʜ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ.  

ʆʚʘj ʧʨʦʙʣʝʤ ʿʝ ʚʘʨʠʿʘʮʠʿʘ ʜʠʨʝʢʪʥʦʛ ʤʝʪʦʜʘ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ (ʝʥʛ. The Direct 

Least Squares Methods - DLS) ʠ ʤʝʪʦʜʘ ʦʪʝʞʘʥʠʭ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ (ʝʥʛ. The 

Weighted Least Squares - WLS) ʪʘʢʦ ʜʘ ʩʝ ʨʝʰʘʚʘ ʧʨʦʙʣʝʤ ʿʝʜʥʦʢʨʠʪʝʨʠʿʫʤʩʢʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ: 

2

1 1

min ( ) ln (lnw lnw )
n n

L ij i j

i j

D w a
= >

è ø= - -ê úää  

ʧʦʜ ʫʩʣʦʚʦʤ ʜʘ ʿʝ: 

1

1,
n

i

i

w
=

=Ô  0,iw >  1,2,..,i n=  

ʊʘʙʝʣʘ 3.2. Saaty-ʿʝʚʘ ʩʢʘʣʘ ʨʝʣʘʪʠʚʥʦʛ ʟʥʘʯʘʿʘ  

ɿʥʘʯʘʿ ɼʝʬʠʥʠʮʠʿʘ ʆʙʿʘʰˁʝˁʝ 

1 ʀʩʪʦʛ ʟʥʘʯʘʿʘ ɼʚʘ ʝʣʝʤʝʥʪʘ ʩʫ ʠʜʝʥʪʠʯʥʦʛ ʟʥʘʯʘʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʮʠˀ 

3 ʉʣʘʙʘ ʜʦʤʠʥʘʥʪʥʦʩʪ 
ʀʩʢʫʩʪʚʦ ʠʣʠ ʨʘʩʫʹʠʚʘˁʝ ʥʝʟʥʘʪʥʦ ʬʘʚʦʨʠʟʫʿʫ ʿʝʜʘʥ 

ʝʣʝʤʝʥʪ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʠ 

5 ɱʘʢʘ ʜʦʤʠʥʘʥʪʥʦʩʪ 
ʀʩʢʫʩʪʚʦ ʠʣʠ ʨʘʩʫʹʠʚʘˁʝ ʟʥʘʪʥʦ ʬʘʚʦʨʠʟʫʿʫ ʿʝʜʘʥ 

ʝʣʝʤʝʥʪ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʠ 

7 
ɼʝʤʦʥʩʪʨʠʨʘʿʫ˂ʘ 

ʜʦʤʠʥʘʥʪʥʦʩʪ 
ɼʦʤʠʥʘʥʪʥʦʩʪ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ ʧʦʪʚʨʹʝʥʘ ʫ ʧʨʘʢʩʠ 

9 ɸʧʩʦʣʫʪʥʘ ʜʦʥʠʥʘʥʪʥʦʩʪ ɼʦʤʠʥʘʥʪʥʦʩʪ ʥʘʿʚʠʰʝʛ ʩʪʝʧʝʥʘ 

2,4,6,8 ʄʝʹʫʚʨʝʜʥʦʩʪʠ ʇʦʪʨʝʙʘʥ ʢʦʤʧʨʦʤʠʩ ʠʣʠ ʜʘˀʘ ʧʦʜʝʣʘ 

ʀʟʚʦʨ: Saaty (1980) 
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ʊʘʙʝʣʘ 3.3. ʂʚʘʥʪʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʘʪʠʚʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʫ ʢʚʘʥʪʠʪʘʪʠʚʥʝ  

ʂʚʘʣʠʪʘʪʠʚʥʘ 

ʦʮʝʥʘ 
ʣʦʰ ʜʦʙʘʨ ʧʨʦʩʝʯʘʥ 

ʚʨʣʦ 

ʜʦʙʘʨ 
ʦʜʣʠʯʘʥ ʊʠʧ ʢʨʠʪʝʨʠʿʫʤʘ 

ʂʚʘʥʪʠʪʘʪʠʚʥʘ 

ʦʮʝʥʘ 

1 3 5 7 9 ʤʘʢʩʠʤʠʟʘʮʠʿʘ 

9 7 5 3 1 ʤʠʥʠʤʠʟʘʮʠʿʘ 

ʀʟʚʦʨ: ʏʫʧʠ˂, ʉʫʢʥʦʚʠ˂ (2010) 

 

ʊʘʙʝʣʘ 3.4. ɺʨʝʜʥʦʩʪʠ ʩʣʫʯʘʿʥʦʛ ʠʥʜʝʢʩʘ RI  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0,0 0,0 0,58 0,9 1,12 1,24 1,32 1,41 1,45 1,49 1,51 1,48 1,56 1,57 1,59 

ʀʟʚʦʨ: Saaty (1980) 

 

3.3.3. ʀʥʪʝʛʨʘʣʥʝ ʤʝʪʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ  

3.3.3.1. ʂʦʤʙʠʥʦʚʘˁʝ ʩʫʙʿʝʢʪʠʚʥʠʭ, ʦʙʿʝʢʪʠʚʥʠʭ ʠ ʢʦʨʝʣʘʮʠʦʥʠʭ ʪʝʞʠʥʘ 

ʊʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘ ʩʝ ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʧʦʩʪʫʧʢʦʤ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʤʙʠʥʘʮʠʿʫ 

ʪʝʞʠʥʘ ʢʦʿʝ ʩʫ ʜʦʙʠʿʝʥʝ ʢʘʦ ʨʝʟʫʣʪʘʪ: ʩʫʙʿʝʢʪʠʚʥʝ ʧʨʦʮʝʥʝ ʜʦʥʦʩʠʦʮʘ ʦʜʣʫʢʘ, 

ʦʙʿʝʢʪʠʚʥʦʛ ʦʜʨʝʹʠʚʘˁʘ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʨʘʟʤʘʪʨʘʥʠʭ 

ʢʨʠʪʝʨʠʿʫʤʘ (Jahan, Edwards,  2013):  

( ) ( )1 1

2 2

s o c

j j j jw w w w
l l

l
- -

= + +  

ʛʜʝ ʿʝ: 

jw ï ʢʦʥʘʯʥʘ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ  

s

jw  ï ʩʫʙʿʝʢʪʠʚʥʘ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ  ʿ

o

jw  ï ʦʙʿʝʢʪʠʚʥʘ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ  ʿ

c

jw   ï ʢʦʨʝʣʘʮʠʦʥʘ ʪʝʞʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ  ʿ

lï ʢʦʝʬʠʮʠʿʝʥʪ ʯʠʿʘ ʩʝ ʚʨʝʜʥʦʩʪ ʦʜʨʝʹʫʿʝ ʩʫʙʿʝʢʪʠʚʥʦ,  

ʧʨʠ ʯʝʤʫ ʚʘʞʠ:  0 1l¢ ¢  ʠ 
( ) ( )1 1

1
2 2

l l
l

- -
+ + =. 

ʆʜʨʝʹʠʚʘˁʝ ʟʥʘʯʘʿʘ ʩʫʙʿʝʢʪʠʚʥʠʭ, ʦʙʿʝʢʪʠʚʥʠʭ ʠ ʢʦʨʝʣʘʮʠʦʥʠʭ ʪʝʞʠʥʘ 

ʢʨʠʪʝʨʠʿʫʤʘ ʤʦʛʫ˂ʝ ʿʝ ʧʨʝʢʦ ʦʜʨʝʹʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ‗. ʋʢʦʣʠʢʦ ʩʝ 

ʜʦʥʦʩʠʣʘʮ ʦʜʣʫʢʝ ʤʦʞʝ ʧʦʫʟʜʘʪʠ ʫ ʩʚʦʿʝ ʠʩʢʫʩʪʚʦ, ʧʘʨʘʤʝʪʘʨ ‗ ʤʦʞʝ ʠʤʘʪʠ ʚʝ˂ʝ 

ʚʨʝʜʥʦʩʪʠ, ʘ ʪʠʤʝ ʠ ʩʫʙʿʝʢʪʠʚʥʘ ʪʝʞʠʥʘ ʦʜʣʫʯʫʿʫ˂ʫ ʫʣʦʛʫ ʫ ʜʝʬʠʥʠʩʘˁʫ ʢʦʥʘʯʥʝ 

ʪʝʞʠʥʝ ʢʨʠʪʝʨʠʿʫʤʘ (Jahan, Edwards,  2013).   
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3.4. ʄʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ 

 

ʄʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ, ʦʜʥʦʩʥʦ ʚʠʰʝʮʠˀʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ (ʝʥʛ. Multi -

objective optimization ï MOO) ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʛʜʝ ʩʝ 

ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʢʠ ʬʦʨʤʫʣʠʰʝ ʧʦʤʦ˂ʫ ʜʚʝ ʠʣʠ ʚʠʰʝ ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʢʦʿʝ ʩʝ 

ʠʩʪʦʚʨʝʤʝʥʦ ʦʧʪʠʤʠʟʠʿʫ (ʤʘʢʩʠʤʠʟʫʿʫ ʠʣʠ ʤʠʥʠʤʠʟʫʿʫ). ʌʫʥʢʮʠʿʝ ʮʠˀʘ ʩʫ 

ʢʨʠʪʝʨʠʿʫʤʠ, ʢʦʿʠ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʦʛʨʘʥʠʯʝˁʘ ʧʦʩʪʠʟʘˁʘ ʮʠˀʘ, ʜʦʩʪʠʞʫ 

ʛʣʦʙʘʣʥʠ ʝʢʩʪʨʝʤʫʤ ʟʘ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ (ʥʘʿʙʦˀʫ ʘʣʪʝʨʥʘʪʠʚʘ). ʊʘʢʦ ʜʦʙʠʿʝʥʘ 

ʘʣʪʝʨʥʘʪʠʚʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʙʦˀʠ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʧʦʩʪʘʚˀʝʥʠʭ ʢʨʠʪʝʨʠʿʫʤʩʢʠʭ 

ʬʫʥʢʮʠʿʘ, ʢʦʿʝ ʩʫ ʯʝʩʪʦ ʢʦʥʬʣʠʢʪʥʝ ʧʨʠʨʦʜʝ.   

ʂʦʨʘʮʠ ʫ ʩʧʨʦʚʦʹʝˁʫ ʧʦʩʪʫʧʢʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʫ:  

1) ʜʝʬʠʥʠʩʘˁʝ ʮʠˀʝʚʘ ʢʦʿʠ ʩʝ ʞʝʣʝ ʧʦʩʪʠ˂ʠ,  

2) ʬʦʨʤʘʣʥʠ (ʤʘʪʝʤʘʪʠʯʢʠ) ʦʧʠʩ ʧʨʦʙʣʝʤʘ, ʜʝʬʠʥʠʩʘˁʝʤ ʬʫʥʢʮʠʿʘ ʮʠˀʘ 

(ʢʨʠʪʝʨʠʿʫʤʩʢʠʭ ʬʫʥʢʮʠʿʘ) ʠ ʦʛʨʘʥʠʯʝˁʘ, 

3) ʧʨʠʤʝʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʝ ʤʝʪʦʜʝ ʠ  

4) ʧʨʦʥʘʣʘʞʝˁʝ ʨʝʰʝˁʘ ʠ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʝ (ʫʩʚʘʿʘˁʝ ʠʣʠ ʦʜʙʘʮʠʚʘˁʝ 

ʨʝʰʝˁʘ). 

ʇʨʦʙʣʝʤʠ ʚʠʰʝʮʠˀʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʝ ʤʦʛʫ ʨʝʰʘʚʘʪʠ ʧʨʠʤʝʥʦʤ ʜʚʘ ʧʨʠʩʪʫʧʘ:  

1) ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʦʜʣʫʯʠʚʘˁʝ ʢʦʿʝ ʢʦʨʠʩʪʠ ʪʝʭʥʠʢʝ ʤʘʪʝʤʘʪʠʯʢʦʛ 

ʧʨʦʛʨʘʤʠʨʘˁʘ ʠ 2) ʝʚʦʣʫʮʠʿʩʢʠ ʘʣʛʦʨʠʪʤʠ. 

ɺʠʰʝ ʮʠˀʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʤʘʪʝʤʘʪʠʯʢʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʩʝ 

ʤʘʪʝʤʘʪʠʯʢʠ ʬʦʨʤʫʣʠʰʝ: 

 
() () ()1 2min , ,..., nf x f x f x

x S

è øê ú

Í
  

ʧʨʠ ʯʝʤʫ ʿʝ n>1, a S ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʦʛʨʘʥʠʯʝˁʘ. 

ɺʝʢʪʦʨ *x SÍ ʿʝ ʝʬʠʢʘʩʥʦ, ʜʦʤʠʥʘʥʪʥʦ ʠʣʠ ʥʝʜʦʤʠʥʠʨʘʥʦ ʨʝʰʝˁʝ, ʪʿ. ʇʘʨʝʪʦ 

ʦʧʪʠʤʫʤ ʟʘ ʚʠʰʝʮʠˀʥʠ ʧʨʦʙʣʝʤ ʫʢʦʣʠʢʦ ʩʚʠ ʜʨʫʛʠ ʚʝʢʪʦʨʠ x SÍ  ʠʤʘʿʫ ʚʝ˂ʝ 

ʚʨʝʜʥʦʩʪʠ ʧʦ ʧʠʪʘˁʫ ʙʘʨ ʿʝʜʥʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ if  ( 1,.., ni = ), ʠʣʠ ʠʤʘʿʫ ʠʩʪʝ 

ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʮʠˀʘ, ʦʜʥʦʩʥʦ ʨʘʟʣʠʢʫʿʝ ʩʝ: 

¶ ʩʣʘʙʦ ʝʬʠʢʘʩʥʦ ʨʝʰʝˁʝ ʠʣʠ ʩʣʘʙʠ ʇʘʨʝʪʦ ʦʧʪʠʤʫʤ ʧʦʩʪʦʿʠ ʩʘʤʦ ʘʢʦ ʠ  
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ʩʘʤʦ ʘʢʦ ʥʝ ʧʦʩʪʦʿʠ x SÍ  ʧʨʠ ʯʝʤʫ ʿʝ () ( )*i if x f x<  ʟʘ  ʩʚʘʢʦ { }1,...,i nÍ , ʠ 

¶ ʿʘʢʦ ʝʬʠʢʘʩʥʦ ʨʝʰʝˁʝ ʠʣʠ ʿʘʢ ʇʘʨʝʪʦ ʦʧʪʠʤʫʤ ʧʦʩʪʦʿʠ ʩʘʤʦ ʘʢʦ ʠ ʩʘʤʦ ʘʢʦ 

ʥʝ ʧʦʩʪʦʿʠ x SÍ  ʧʨʠ ʯʝʤʫ ʿʝ () ( )*i if x f x¢  ʟʘ  ʩʚʘʢʦ { }1,...,i nÍ  ʩʘ  ʙʘʨ 

ʿʝʜʥʦʤ ʥʝʿʝʜʥʘʢʦʩʪʠ. 

ʉʢʫʧ ʩʚʠʭ ʝʬʠʢʘʩʥʠʭ ʨʝʰʝˁʘ ʩʝ ʥʘʟʠʚʘ ʇʘʨʝʪʦ ʢʨʠʚʘ ʠʣʠ ʧʦʚʨʰ (ʝʥʛ. Pareto 

curve, Pareto surface). 

ʋ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʚʠʰʝʮʠˀʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʧʘʜʘʿʫ: ʤʝʪʦʜʘ ʪʝʞʠʥʩʢʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ (Weighted Sum Method), ʤʝʪʦʜʘ ʢʦʤʧʨʦʤʠʩʘ (Trade-off Method), 

ʤʝʪʦʜ ʛʣʦʙʘʣʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ (Global Criterion Method) ʠ ʜʨ. 

 

3.4.1. ʄʝʪʦʜʘ ʢʦʤʧʨʦʤʠʩʘ 

ʄʝʪʦʜʘ ʢʦʤʧʨʦʤʠʩʘ (Trade-off method) ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʠ ʤʝʪʦʜʘ Ů-ʦʛʨʘʥʠʯʝˁʘ (ʝʥʛ. 

Ů-Constraint Method) ʧʦʜʨʘʟʫʤʝʚʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʿʝʜʥʝ, ʧʨʠʤʘʨʥʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ 

()rf x , ʜʦʢ ʩʝ ʜʨʫʛʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ ()if x , ʛʜʝ ʿʝ 1,...,i k=  ʠ ʛʜʝ ʿʝ i ŗ ʥʘʟʠʚʘ 

ʩʝʢʫʥʜʘʨʥʦʤ ʬʫʥʢʮʠʿʦʤ ʢʦʿʘ ʩʝ ʪʨʝʪʠʨʘ ʢʘʦ ʦʛʨʘʥʠʯʝˁʝ. 

ʊʨʘʞʠ ʩʝ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ *x r-ʪʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ ʢʦʿʘ ʛʣʘʩʠ:  

( ) ()*

r rf x opt f x=  

ʫʟ ʦʛʨʘʥʠʯʝˁʘ:  

 ()i if x e¢  ʟʘ  1,2,..., ki =   ʠ  k ŗ    ʧʨʦʙʣʝʤ ʤʠʥʠʤʠʟʘʮʠʿʝ 

       ()i if x e²  ʟʘ  1,2,..., ki =   ʠ  k ŗ    ʧʨʦʙʣʝʤ ʤʘʢʮʠʤʠʟʘʮʠʿʝ 

ɺʝʢʪʦʨie 
ʿʝ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ, ʘ ʥʘʿʙʦˀʝ ʿʫ ʿʝ ʫʪʚʨʜʠʪʠ 

ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʧʦʿʝʜʠʥʘʯʥʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ. 

 

3.4.2. ʄʝʪʦʜ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ 

ʄʝʪʦʜ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (Weighted sum method) ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʢʦʜ  

ʚʠʰʝʮʠˀʥʦʛ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʚʝʢʪʦʨ ()f x  ʢʦʥʚʝʨʪʫʿʝ ʫ ʪʝʞʠʥʩʢʫ ʩʫʤʫ 

ʩʚʠʭ ʟʘʜʘʥʠʭ ʮʠˀʝʚʘ: 

 () ()
1

k

i ii
f x w f x

=
= Öä   
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ʛʜʝ  ʿʝ: 

 iw  ï ʪʝʞʠʥʘ ʢʦʿʘ ʦʜʨʘʞʘʚʘ ʨʝʣʘʪʠʚʥʠ ʟʥʘʯʘʿ ʮʠˀʘ, ʧʨʠ ʯʝʤʫ ʿʝ 
1

1,
k

i

i

w
=

=ä  

0, 1,2,...,iw i k² = . 

 

3.5. ʄʦʜʝʣʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ  ʠ 

ʙʫʿʠʮʘ 

 

ʇʨʠʤʝʥʘ ʤʝʪʦʜʝ AHP ʦʤʦʛʫ˂ʘʚʘ ʩʪʨʫʢʪʫʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʚʠʜʫ 

ʭʠʿʝʨʘʨʭʠʿʝ, ʢʦʿʘ ʿʝ ʦʚʦʤ ʨʘʜʫ ʜʝʬʠʥʠʩʘʥʘ ʩʘ ʪʨʠ ʥʠʚʦʘ. ʅʘ ʧʨʚʦʤ ʥʠʚʦʫ ʿʝ ʮʠˀ, 

ʥʘ ʜʨʫʛʦʤ ʩʫ ʢʨʠʪʝʨʠʿʫʤʠ (K1, ʂ2,...,Kn)  ʠ ʥʘ ʪʨʝ˂ʝʤ ʩʫ ʘʣʪʝʨʥʘʪʠʚʝ (A1, A2,..,Am).  

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3.1. ʍʠʿʝʨʘʨʭʠʿʘ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ 

ʀʟʚʦʨ: ʘʫʪʦʨ 

 

ʋ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ ʠ ʙʫʿʠʮʘ, ʧʨʠʣʠʢʦʤ ʦʜʣʫʯʠʚʘˁʘ ʦ ʧʦʜʨʫʯʿʫ ʢʦʿʝ ʩʝ 

ʰʪʠʪʠ, ʢʘʦ ʦʩʥʦʚʥʠ ʮʠˀ ʩʝ ʤʦʞʝ ʧʦʩʪʘʚʠʪʠ ʠʟʙʦʨ ʥʘʿʫʛʨʦʞʝʥʠʿʠʭ ʧʦʚʨʰʠʥʘ ʯʠʿʘ 

ʿʝ ʟʘʰʪʠʪʘ ʧʨʠʦʨʠʪʝʪʥʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʩʘʤʝ ʧʦʚʨʰʠʥʝ (ʧʘʨʮʝʣʝ, ʧʦˀʘ ʧʦʣʠʛʦʥʠ, 

ʧʦʜʩʣʠʚʦʚʠ, ʩʣʠʚʦʚʠ) ʘʣʪʝʨʥʘʪʠʚʝ ʠʟʤʝʹʫ ʢʦʿʠʭ ʩʝ ʦʜʣʫʯʫʿʝ, ʜʦʢ ʩʫ ʢʨʠʪʝʨʠʿʫʤʠ 

ʫʛʣʘʚʥʦʤ ʚʝʟʘʥʠ ʟʘ ʩʘʤ ʧʨʦʮʝʩ ʝʨʦʟʠʿʝ ʠ ʫʟʨʦʯʥʠʢʝ ʥʘʩʪʘʥʢʘ ʝʨʦʟʠʿʝ, ʦʜʥʦʩʥʦ 

ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ. 

ʂʦʜ ʤʦʜʝʣʠʨʘˁʘ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ ʠ ʙʫʿʠʮʘ, 

ʘʣʪʝʨʥʘʪʠʚʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʜʩʣʠʚʦʚʠ ʛʝʥʝʨʠʩʘʥʠ ʧʨʠʤʝʥʦʤ Arc Hydro ʘʣʛʦʨʠʪʤʘ 

ʫ ArcMap-ʫ 10.2.2., ʧʨʠʤʝʥʦʤ ʧʨʦʮʝʜʫʨʝ ʦʙʿʘʰˁʝʥʝ ʫ Youssef et al. (2011) ʠ ʈʘʜʠ˂ 

(2014). ɹʨʦʿ ʠʟʜʚʦʿʝʥʠʭ ʧʦʜʩʣʠʚʦʚʘ ʫ ʪʨʠ ʠʟʫʯʘʚʘʥʘ ʩʣʠʚʘ ʚʘʨʠʨʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 
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ʜʝʬʠʥʠʩʘʥʦʛ ʧʨʘʛʘ (ʤʠʥʠʤʘʣʥʘ ʫʟʚʦʜʥʘ ʧʦʚʨʰʠʥʘ ʥʝʦʧʭʦʜʥʘ ʜʘ ʩʝ ʜʝʬʠʥʠʰʝ 

ʪʦʢ), ʠ ʠʟʥʦʩʠ 9 (ʫ  ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ), 11 (ʫ ʩʣʠʚʫ ʨʝʢʝ ʊʦʧʣʠʮʝ) ʠ 19 (ʫ 

ʩʣʠʚʫ ʨʝʢʝ ʈʘʩʠʥʝ).   

ʋʢʦʣʠʢʦ ʩʝ ʦʜʣʫʢʝ ʪʠʯʫ ʠʟʙʦʨʘ ʤʝʨʘ ʟʘ ʟʘʰʪʠʪʫ ʫʛʨʦʞʝʥʦʛ ʧʦʜʨʫʯʿʘ, ʦʩʥʦʚʥʠ ʮʠˀ 

ʿʝ ʥʘʿʝʬʝʢʪʠʚʥʠʿʘ ʟʘʰʪʠʪʘ ʧʦʜʨʫʯʿʘ, ʛʜʝ ʩʘʤʠ ʨʘʜʦʚʠ ʠʣʠ ʤʝʨʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʘʣʪʝʨʥʘʪʠʚʝ ʦʜʣʫʯʠʚʘˁʘ, ʘ ʢʨʠʪʝʨʠʿʫʤʠ ʩʝ ʨʘʟʣʠʢʫʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʣʠʞʝ 

ʜʝʬʠʥʠʩʘʥʦʛ ʮʠˀʘ. 

 

3.5.1. ʄʦʜʝʣʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ  

3.5.1.1. ʇʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ 

ʍʠʿʝʨʘʨʭʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ 

ʧʨʠʤʝʥʦʤ ʢʨʠʪʝʨʠʿʫʤʘ RUSLE ʤʝʪʦʜʝ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʠʤʝʥʦʤ AHP 

ʤʝʪʦʜʝ, ʢʘʦ ʥʘ ʉʣʠʮʠ 3.1. ʎʠˀ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʫʪʚʨʹʠʚʘˁʝ 

ʨʝʜʦʩʣʝʜʘ ʫʛʨʦʞʝʥʦʩʪʠ ʧʦʚʨʰʠʥʘ, ʢʦʿʠ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʧʨʠʤʝʥʦʤ ʥʘʚʝʜʝʥʠʭ 

ʤʝʪʦʜʘ ʢʦʨʠʩʥʦʩʪʠ ʠʣʠ ʤʝʪʦʜʝ ʚʠʰʝʛ ʨʘʥʛʘ. ʇʨʝ ʩʧʨʦʚʦʹʝˁʘ ʤʝʪʦʜʘ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʫʪʚʨʜʠʪʠ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʘʣʪʝʨʥʘʪʠʚʘ 

(ʧʦʜʩʣʠʚʦʚʠ). ʂʘʦ ʢʨʠʪʝʨʠʿʫʤʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʧʘʨʘʤʝʪʨʠ ʥʝʢʝ ʦʜ ʤʝʪʦʜʘ ʟʘ 

ʧʨʦʮʝʥʫ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ, ʘ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʘ ʿʝ ʋʥʠʚʝʨʟʘʣʥʘ ʿʝʜʥʘʯʠʥʘ 

ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ (Universal Soil Loss Equation ï USLE) ʢʘʦ ʠ ˁʝʥʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʠ ʨʝʚʠʟʠʿʝ.  

 

3.5.1.2. ʆʜʨʝʹʠʚʘˁʝ ʢʨʠʪʝʨʠʿʫʤʘ 

 USLE ʿʝ ʰʠʨʦʢʦ ʧʨʠʭʚʘ˂ʝʥʘ ʠ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ, ʯʠʿʠ ʩʝ ʧʦʯʝʮʠ ʚʝʟʫʿʫ ʟʘ 

1940. ʛʦʜʠʥʫ, ʢʘʜʘ ʩʝ ʩʘʤʦ ʜʚʘ ʬʘʢʪʦʨʘ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʮʝʥʫ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ: 

ʥʘʛʠʙ (%) ʠ ʜʫʞʠʥʘ ʥʘʛʠʙʘ (Laflen, Flanagan, 2013).  Wischmeier ʠ Smith 1954. 

ʛʦʜʠʥʝ ʫ ʉɸɼ ʨʘʟʚʠʿʘʿʫ USLE (Wischmeier, Smith, 1978), ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ 

ʧʨʝʜʚʠʹʘˁʝ ʩʨʝʜˁʝ ʛʦʜʠʰˁʠʭ ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ ʥʘ ʥʠʚʦʫ ʧʘʨʮʝʣʝ ʠʣʠ ʚʝ˂ʠʭ 

ʧʨʦʩʪʦʨʥʠʭ ʿʝʜʠʥʠʮʘ (ʩʣʠʚʘ) ʥʘ ʦʩʥʦʚʫ ʰʝʩʪ ʧʘʨʘʤʝʪʘʨʘ. ʈʝʚʠʟʠʿʦʤ R, K, C ʠ P 

ʬʘʢʪʦʨʘ ʦʜ ʩʪʨʘʥʝ Renard et al. 1989. ʛʦʜʠʥʝ, ʥʘʩʪʘʿʝ ˁʝʥʘ ʨʝʚʠʟʠʿʘ - Revised 

Universal Soil Erosion Equation (RUSLE) (Nikkami, 1999), ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʧʨʠʤʝʥʦʤ 

ʬʦʨʤʫʣʝ: 

 
1 1[ ]A R K LS C P t ha god- -= Ö Ö Ö Ö Ö Ö  



 

44 
 

ʛʜʝ ʿʝ: 

ɸ ï ʛʫʙʠʪʘʢ ʟʝʤˀʠʰʪʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ [tĿha
-1

god
-1

] 

R ï ʬʘʢʪʦʨ ʝʨʦʟʠʦʥʝ ʩʥʘʛʝ ʢʠʰʝ [MJĿmmĿha
-1

·h
-1

·god
-1

] 

K ï ʬʘʢʪʦʨ ʝʨʦʜʠʙʠʣʥʦʩʪʠ ʟʝʤˀʠʰʪʘ [tĿhĿMJ
-1
·mm

-1
] 

LS ï ʬʘʢʪʦʨ ʜʫʞʠʥʝ ʠ ʥʘʛʠʙʘ ʧʘʜʠʥʝ 

C ï ʬʘʢʪʦʨ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ 

P ï ʬʘʢʪʦʨ ʧʨʦʪʠʚʝʨʦʟʠʦʥʠʭ ʤʝʨʘ 

 

1) ʆʜʨʝʹʠʚʘˁʝ R ʬʘʢʪʦʨʘ.  

ɺʨʝʜʥʦʩʪʠ R ʬʘʢʪʦʨʘ (ʢʠʰʥʠ ʬʘʢʪʦʨ) ʤʦʛʫ ʩʝ ʦʜʨʝʜʠʪʠ ʧʨʝʤʘ Grimm et al. (2003) 

ʠ van der Knijff et al. (1999, 2000) ʫ MJĿha
-1

·h
-1

·god
-1
, ʢʦʿʠ ʩʫ ʟʘ ʧʦʜʨʫʯʿʝ ʊʦʩʢʘʥʝ 

ʧʨʝʜʣʦʞʠʣʠ ʧʨʠʤʝʥʫ ʩʣʝʜʝ˂ʝ ʬʦʨʤʫʣʝ: 

 
1 1 1[ ]jR a P MJ ha h god- - -= Ö Ö Ö Ö  

ʛʜʝ ʿʝ: 

 Pj ï ʩʨʝʜˁʝ ʛʦʜʠʰˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʫ mm, 

 a ï ʝʤʧʠʨʠʿʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ, ʢʦʿʠ ʠʤʘ ʚʨʝʜʥʦʩʪ ʦʜ 1,1-1,5 ʟʘ ʢʦʿʠ ʿʝ ʥʘ 

ʦʩʥʦʚʫ 25 ʣʦʢʘʮʠʿʘ ʫ ʊʦʩʢʘʥʠ ʫʩʚʦʿʝʥʘ ʚʨʝʜʥʦʩʪ 1,3. 

ʇʨʦʩʪʦʨʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʧʘʜʘʚʠʥʘ ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ ʢʦʨʠʩʪʝ˂ʠ ʪʨʘʜʠʮʠʦʥʘʣʥʝ 

ʤʝʪʦʜʝ ʢʘʦ ʰʪʦ ʩʫ Thiessenïʦʚʠ ʧʦʣʠʛʦʥʠ, ʢʘʨʪʘ ʠʟʦʭʠʿʝʪʘ, ʢʘʦ ʠ ʧʨʠʤʝʥʦʤ 

ʥʘʧʨʝʜʥʠʿʠʭ ʤʝʪʦʜʘ ʧʦʧʫʪ: Inverse Distance Weighted Average (IDW), Kriging, 

Proximal, B-Spline, Fourier Series ʠʪʜ.  

 

2) ʆʜʨʝʹʠʚʘˁʝ ʂ ʬʘʢʪʦʨʘ.  

ʌʘʢʪʦʨ ʝʨʦʜʠʙʠʣʥʦʩʪʠ ʟʝʤˀʠʰʪʘ (K ʬʘʢʪʦʨ) ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ 

ʚʨʝʜʥʦʩʪ ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ ʧʦ ʿʝʜʠʥʠʮʠ ʠʥʜʝʢʩʘ ʝʨʦʟʠʚʥʦʩʪʠ ʤʝʨʝʥʠʭ ʥʘ 

ʧʘʨʮʝʣʠ ʥʘʛʠʙʘ 9% ʠ ʜʫʞʠʥʝ 22,13 m. ɼʠʨʝʢʪʥʘ ʤʝʨʝˁʘ ʂ ʬʘʢʪʦʨʘ ʟʘʭʪʝʚʘʿʫ 

ʦʩʥʠʚʘˁʝ ʠ ʦʜʨʞʘʚʘˁʝ ʧʘʨʮʝʣʘ ʩʘ ʧʨʠʨʦʜʥʠʤ ʧʨʦʪʠʮʘʿʝʤ ʠ ʜʫʛʦʨʦʯʥʘ ʦʩʤʘʪʨʘˁʘ 

ʥʘ ʙʨʦʿʥʠʤ ʣʦʢʘʮʠʿʘʤʘ, ʰʪʦ ʠʟʠʩʢʫʿʝ ʚʝʣʠʢʝ ʪʨʦʰʢʦʚʝ ʠ ʥʘʚʝʣʦ ʿʝ ʤʥʦʛʝ 

ʠʩʪʨʘʞʠʚʘʯʝ ʜʘ ʧʦʪʨʘʞʝ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʥʘʯʠʥ ʦʜʨʝʹʠʚʘˁʘ ʂ ʬʘʢʪʦʨʘ, ʢʦʨʠʩʪʝ˂ʠ 

ʨʘʩʧʦʣʦʞʠʚʝ ʧʦʜʘʪʢʝ. ʇʨʠʤʝʨ ʩʫ ʧʨʦʨʘʯʫʥ ʝʨʦʜʠʙʠʣʥʦʩʪʠ ʧʦ ʿʝʜʥʘʯʠʥʠ 

Wischmeier ʠ Smith ʠʟ 1965. ʛʦʜʠʥʝ, ʥʦʤʦʛʨʘʤ  ʢʦʿʠ ʩʫ ʜʘʣʠ Wischmeier ʠ Smith ʠʟ 

1971. ʛʦʜʠʥʝ ʠʣʠ ʥʦʤʦʛʨʘʤ (Foster et al., 1981)  (ʢʦʿʠ ʜʘʿʫ ʚʝʟʫ ʠʟʤʝʹʫ ʪʝʢʩʪʫʨʝ 
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ʟʝʤˀʠʰʪʘ, ʩʘʜʨʞʘʿʘ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ, ʩʪʨʫʢʪʫʨʝ ʟʝʤˀʠʰʪʘ ʠ 

ʚʦʜʦʧʨʦʧʫʩʪˀʠʚʦʩʪʠ), ʿʝʜʥʘʯʠʥʘ ʢʦʿʫ ʩʫ ʜʘʣʠ Rºmkens et al. (1997) ʢʦʿa ʩʝ ʙʘʟʠʨʘ 

ʥʘ ʩʨʝʜˁʝʤ ʧʨʝʯʥʠʢʫ ʯʝʩʪʠʮʘ ʟʝʤˀʠʰʪʘ ʠ ʜʨ. 

ɹʨʦʿʥʠ ʘʫʪʦʨʠ ʩʫ ʧʦʜʣʦʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʝʨʦʟʠʿʠ ʦʜʨʝʹʠʚʘʣʠ ʥʘ ʦʩʥʦʚʫ ʩʘʜʨʞʘʿʘ 

ʧʝʩʢʘ, ʧʨʘʭʘ, ʛʣʠʥʝ ʠ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ ʫ ʟʝʤˀʠʰʪʫ, ʪʿ. ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʝ ʢʦʨʠʩʪʠ 

Erosion Productivity Impact Calculator (EPIC) ʤʦʜʝʣ
8
 (Wawer et al., 2005;  Zhang et 

al., 2008; Wang et al., 2016). 

ʇʨʦʨʘʯʫʥ ʂ ʬʘʢʪʦʨʘ ʧʦ EPIC ʤʦʜʝʣʫ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʬʦʨʤʫʣʝ ʢʦʿʫ ʩʫ 

ʨʘʟʚʠʣʠ Williams et al. (1984): 

 

( ) ( )

0,3

1 11

1 1

0,2 0,3exp 0,0256 (1 )
100

0,70,25
1 1 [ ]

exp 3,72 2,95 exp 5,51 22,9
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ʛʜʝ ʿʝ: 

SAN, SIL, CLAY, C ï ʩʘʜʨʞʘʿ ʧʝʩʢʘ, ʧʨʘʭa, ʛʣʠʥʝ ʠ ʫʛˀʝʥʠʢʘ ʫ ʟʝʤˀʠʰʪʫ [%] 

1 1
100

SAN
SN = -

 

 

3) ʆʜʨʝʹʠʚʘˁʝ C ʬʘʢʪʦʨʘ.  

ʆʚʘʿ ʬʘʢʪʦʨ ʦʜʨʘʞʘʚʘ ʝʬʝʢʘʪ ʚʝʛʝʪʘʮʠʿʝ ʠ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʥʘ ʛʫʙʠʪʢʝ 

ʟʝʤˀʠʰʪʘ. ʇʨʝʤʘ ʜʝʬʠʥʠʮʠʿʠ, C ʬʘʢʪʦʨ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ ʩʘ 

ʦʙʨʘʜʠʚʝ ʧʦʚʨʰʠʥʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʫʩʝʚʦʤ ʠʣʠ ʙʠˀʥʠʤ 

ʧʦʢʨʠʚʘʯʝʤ, ʧʨʝʤʘ ʛʫʙʠʮʠʤʘ ʩʘ ʢʦʥʪʨʦʣʥʝ ʧʘʨʮʝʣʝ ʧʦʜ ʫʛʘʨʦʤ (Kadoviĺ, 1999). 

ʇʦʩʪʦʿʠ ʚʠʰʝ ʧʨʠʩʪʫʧʘ ʦʜʨʝʹʠʚʘˁʫ C ʬʘʢʪʦʨʘ, ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʪʝʨʝʥʩʢʘ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʠʣʠ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʧʨʠʤʝʥʫ ʪʝʭʥʠʢʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ, ʤʝʹʫ 

ʢʦʿʠʤʘ ʿʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ NDVI (Normalized Difference Vegetation Index), ʠʣʠ ʩʝ 

ʟʘʩʥʠʚʘʿʫ ʥʘ ʜʦʜʝʣʠ ʚʨʝʜʥʦʩʪʠ C ʬʘʢʪʦʨʘ ʨʝʛʠʩʪʨʦʚʘʥʠʤ ʥʘʯʠʥʠʤʘ ʢʦʨʠʰ˂ʝˁʘ ʥʘ 

ʦʩʥʦʚʫ ʧʨʝʛʣʝʜʘ ʣʠʪʝʨʘʪʫʨʝ (Tanyaĸ et al., 2015). ɱʝʜʘʥ ʦʜ ʥʘʿʧʨʠʤʝˁʠʚʘʥʠʿʠʭ 

ʥʘʯʠʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ C ʬʘʢʪʦʨʘ, ʢʦʨʠʰ˂ʝʥ ʠ ʫ ʦʚʦʤ ʨʘʜʫ, ʟʘʩʥʠʚʘ ʩʝ ʥʘ 

ʜʝʬʠʥʠʩʘˁʫ ʙʨʦʿʯʘʥʝ ʚʨʝʜʥʦʩʪʠ ʠʟ ʠʥʪʝʨʚʘʣʘ [0-1], ʥʘ ʦʩʥʦʚʫ ʧʨʝʛʣʝʜʘ 

                                                           
8
  ʇʦʟʥʘʪ ʢʘʩʥʠʿʝ ʢʘʦ Environment Policy Integrated Climate Model, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ ʝʬʝʢʘʪʘ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʫʩʝʚʘ 
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ʣʠʪʝʨʘʪʫʨʝ, ʠ ʜʦʜʝʣʠ ʪʝ ʚʨʝʜʥʦʩʪʠ ʨʝʛʠʩʪʨʦʚʘʥʠʤ ʥʘʯʠʥʠʤʘ ʢʦʨʠʰ˂ʝˁʘ 

ʟʝʤˀʠʰʪʘ. 

 

4) ʆʜʨʝʹʠʚʘˁʝ LS ʬʘʢʪʦʨʘ.  

ʆʜ ʩʚʠʭ ʰʝʩʪ ʬʘʢʪʦʨʘ ʢʦʿʠ ʩʫ ʥʝʦʧʭʦʜʥʠ ʟʘ ʧʨʦʨʘʯʫʥ ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ 

ʧʨʠʤʝʥʦʤ USLE/RUSLE ʤʝʪʦʜa, ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʧʨʦʤʝʥʫ ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ 

ɽʚʨʦʧʝ ʠʤʘ ʬʘʢʪʦʨ ʢʦʿʠ ʦʜʨʘʞʘʚʘ ʫʪʠʮʘʿ ʪʦʧʦʛʨʘʬʠʿʝ ʪʝʨʝʥʘ, ʦʜʥʦʩʥʦ LS ʬʘʢʪʦʨ 

(Panagos et al., 2015). ʇʦʩʪʦʿʠ ʚʠʰʝ ʥʘʯʠʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ LS ʬʘʢʪʦʨʘ, ʘ ʿʝʜʘʥ ʦʜ 

ˁʠʭ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʫ ʦʚʦʤ ʨʘʜʫ ʿʝ ʧʨʝʢʦ ʿʝʜʥʘʯʠʥʝ Desmet- a Govers-ʘ (1996), ʫʟ 

ʢʦʨʠʰ˂ʝˁʝ 25 m DEM-ʘ ʠ ArcGIS ʩʦʬʪʚʝʨʘ. 

 

5) ʆʜʨʝʹʠʚʘˁʝ P ʬʘʢʪʦʨʘ.  

ʌʘʢʪʦʨ ʧʨʦʪʠʚʝʨʦʟʠʦʥʠʭ ʤʝʨʘ ʠʣʠ P ʬʘʢʪʦʨ, ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʛʫʙʠʪʘʢʘ 

ʟʝʤˀʠʰʪʘ ʥʘ ʧʘʜʠʥʘʤʘ ʛʜʝ ʩʫ ʧʨʠʤʝˁʝʥʝ ʧʨʦʪʠʚʝʨʦʟʠʦʥʝ ʤʝʨʝ ʧʨʝʤʘ ʛʫʙʠʮʠʤʘ 

ʟʝʤˀʠʰʪʘ ʥʘ ʧʘʜʠʥʘʤʘ ʢʦʿʝ ʩʫ ʫʟʦʨʘʥʝ ʥʠʟ ʥʘʛʠʙ (Kadoviĺ, 1999).  ɿʘ ʩʚʝ 

ʧʦʜʩʣʠʚʦʚʝ, ʫ ʩʚʘ ʪʨʠ ʠʟʫʯʘʚʘʥʘ ʧʦʜʨʫʯʿʘ, ʟʙʦʛ ʥʝʜʦʩʪʘʪʢʘ ʧʦʜʘʪʘʢʘ ʦ ʧʨʠʤʝʥʠ 

ʢʦʥʟʝʨʚʘʮʠʦʥʠʭ ʤʝʨʘ ʠ ʨʘʜʦʚʘ, ʫʩʚʦʿʝʥʘ ʿʝ ʚʨʝʜʥʦʩʪ P ʬʘʢʪʦʨʘ ʿʝʜʥʘʢʘ 1. ʆʚʘ 

ʚʨʝʜʥʦʩʪ ʩʝ ʫʩʚʘʿʘ ʠ ʫ ʩʣʫʯʘʿʫ ʥʝ ʧʨʝʜʫʟʠʤʘˁʘ ʢʦʥʟʝʨʚʘʮʠʦʥʠʭ ʤʝʨʘ. 

 

3.5.2. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘʿʫʛʨʦʞʝʥʠʿʠʭ  ("hot spot") ʧʦʚʨʰʠʥʘ  

ʀʜʝʥʪʠʬʠʢʦʚʘˁʝ ʧʦʚʨʰʠʥʘ ʥʘʿʫʛʨʦʞʝʥʠʿʠʭ ʝʨʦʟʠʿʦʤ ʟʝʤˀʠʰʪʘ ʩʝ ʤʦʞʝ 

ʠʟʚʨʰʠʪʠ ʫ ArcMap-ʫ, ʢʣʘʩʠʬʠʢʦʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ ʫ 

ʢʘʪʝʛʦʨʠʿʝ ʫʛʨʦʞʝʥʦʩʪʠ, ʢʦʿʝ ʩʝ ʧʨʠʢʘʟʫʿʫ ʧʨʦʩʪʦʨʥʦ ʠ ʫʢʘʟʫʿʫ ʥʘ ʣʦʢʘʮʠʿʫ ʢʦʿʘ 

ʟʘʭʪʝʚʘ ʧʨʠʤʝʥʫ ʦʜʨʝʹʝʥʠʭ ʤʝʨʘ ʠ/ʠʣʠ ʨʘʜʦʚʘ. ʇʦʩʪʦʿʠ ʚʠʰʝ ʤʝʪʦʜʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʧʦʜʘʪʘʢʘ ʫ ArcMap-ʫ, ʢʘʦ ʰʪʦ ʩʫ ʿʝʜʥʘʢʠ ʠʥʪʝʨʚʘʣʠ, ʛʝʦʤʝʪʨʠʿʩʢʠ 

ʠʥʪʝʨʚʘʣʠ, ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ɱʝʥʢʩʦʚʦʿ ʤʝʪʦʜʠ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʩʣʦʙʦʜʥʦ 

ʧʦʜʝʰʘʚʘˁʝ ʠʥʪʝʨʚʘʣʘ ʠ ʜʨ. (Lin, 2013). 

 

3.5.3. ʄʦʜʝʣʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ ʙʫʿʠʮʘ 

ʍʠʿʝʨʘʨʭʠʿʩʢʠ ʤʦʜʝʣ AHP ʤʝʪʦʜʝ ʜʘʪ ʟʘ ʧʦʩʪʘʚʢʫ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ 

ʟʘʰʪʠʪʝ ʦʜ ʝʨʦʟʠʿʝ (ʉʣʠʢʘ 3.1), ʚʘʞʠ ʠ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ 

ʰʪʝʪʥʦʛ ʜʝʣʦʚʘˁʘ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ. ʆʧʰʪʠ ʮʠˀ ʿʝ ʙʦʨʙʘ ʧʨʦʪʠʚ ʰʪʝʪʥʦʛ 
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ʜʝʣʦʚʘˁʘ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ, ʢʦʿʠ ʩʝ ʤʦʞʝ ʙʣʠʞʝ ʦʜʨʝʜʠʪʠ ʫ ʟʘʚʠʩʥʦʪʠ ʦʜ ʪʦʛʘ ʜʘ 

ʣʠ  ʫʪʚʨʹʫʿʫ ʣʦʢʘʮʠʿʝ ʢʦʿʝ ʩʝ ʰʪʠʪʝ ʠʣʠ ʩʝ ʚʨʰʠ ʠʟʙʦʨ ʤʝʨʘ ʠ ʨʘʜʦʚʘ. 

 

3.5.3.1. ʄʦʜʝʣʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʥʘ ʦʩʥʦʚʫ ʧʨʠʨʦʜʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʙʫʿʠʯʥʠʭ ʩʣʠʚʦʚʘ 

ʋ ʮʠˀʫ ʠʟʙʦʨʘ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ ʨʘʜʦʚʘ ʠ ʤʝʨʘ ʟʘ ʫʨʝʹʝˁʝ ʙʫʿʠʯʥʠʭ ʩʣʠʚʦʚʘ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟʫ ʭʠʜʨʦʛʨʘʬʩʢʠʭ ʠ ʛʝʦʤʦʨʬʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʢʦʿʠ ʦʜʨʘʞʘʚʘʿʫ ʧʦʪʝʥʮʠʿʘʣ ʩʣʠʚʘ ʟʘ ʧʦʿʘʚʫ ʙʫʿʠʯʥʠʭ ʧʦʧʣʘʚʘ. ʇʦʨʝʜ ʤʦʛʫ˂ʦʩʪʠ 

ʧʦʿʘʚʝ ʧʦʧʣʘʚʘ, ʘʥʘʣʠʟʘ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʝ ʩʤʘʪʨʘ ʟʥʘʯʘʿʥʦʤ ʘʥʘʣʠʟʦʤ ʿʝʨ ʫʢʘʟʫʿʝ 

ʥʘ ʨʝʞʠʤ ʦʪʠʮʘˁʘ, ʥʘ ʨʝʪʝʥʮʠʿʫ ʚʦʜʝ ʠ ʥʘʥʦʩʘ ʠ ʠʥʪʝʥʟʠʪʝʪ ʝʨʦʟʠʿʝ (Al-Rowaily et 

al., 2012). ʆʚʘ ʘʥʘʣʠʟʘ ʧʦʜʨʘʟʫʤʝʚʘ ʠʟʜʚʘʿʘˁʝ ʤʨʝʞʝ ʚʦʜʦʪʦʢʦʚʘ ʟʘ ʜʘʪʠ ʩʣʠʚ, 

ʦʜʥʦʩʥʦ ʧʦʜʩʣʠʚʦʚʝ (ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʘʣʪʝʨʥʘʪʠʚʝ ʦʜʣʫʯʠʚʘˁʘ), ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ 

ʩʝ ʫʪʚʨʹʫʿʫ ʧʘʨʘʤʝʪʨʠ: ʧʦʚʨʰʠʥʘ ʧʦʜʩʣʠʚʘ, ʢʦʝʬʠʮʠʿʝʥʪ ʦʙʣʠʢʘ ʧʦʜʩʣʠʚʘ, 

ʛʫʩʪʠʥʘ ʭʠʜʨʦʛʨʘʬʩʢʝ ʤʨʝʞʝ, ʨʝʜʥʠ ʙʨʦʿ ʪʦʢʦʚʘ, ʩʪʦʧʘ ʙʠʬʫʨʢʘʮʠʿʝ, ʫʯʝʩʪʘʣʦʩʪ 

ʪʦʢʘ, ʨʝʣʘʪʠʚʥʠ ʧʘʜ ʪʦʢʘ, ʢʦʝʬʠʮʠʿʝʥʪ ʝʨʦʟʠʦʥʝ ʝʥʝʨʛʠʿʝ ʢʘʦ ʠ ʙʨʦʿʥʠ ʜʨʫʛʠ. ʆʚʠ 

ʧʘʨʘʤʝʪʨʠ ʩʫ ʫ ʩʚʝʪʩʢʦʿ ʣʠʪʝʨʘʪʫʨʠ ʧʦʟʥʘʪʠ ʢʘʦ ʤʦʨʬʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ 

ʩʣʠʚʘ, ʢʘʢʦ ˂ʝ  ʙʠʪʠ ʦʟʥʘʯʝʥʠ ʠ ʫ ʦʚʦʤ ʨʘʜʫ, ʛʜʝ ʩʫ ʟʘ ʘʥʘʣʠʟʫ ʦʜʘʙʨʘʥʠ: 

1. ʇʦʚʨʰʠʥʘ (ʧʦʜ)ʩʣʠʚʘ (ʂ1). ʆʜ ʧʦʚʨʰʠʥʝ ʩʣʠʚʘ ʟʘʚʠʩʠ ʚʨʝʤʝ ʢʦʥʮʝʪʨʘʮʠʿʝ ʚʦʜʘ 

ʠ ʦʚʘʿ ʧʘʨʘʤʝʪʘʨ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʟʘʧʨʝʤʠʥʫ ʚʦʜʝ ʢʦʿʘ ʜʦʣʘʟʠ ʜʦ ʠʟʣʘʟʥʦʛ 

ʧʨʦʬʠʣʘ. ʄʘˁʠ ʧʦʜʩʣʠʚʦʚʠ ʩʫ ʦʩʝʪˀʠʚʠʿʠ ʥʘ ʧʘʜʘʚʠʥʝ ʚʝ˂ʝʛ ʠʥʪʝʥʟʠʪʝʪʘ ʠ 

ʢʨʘʪʢʦʛ ʪʨʘʿʘˁʘ.  

 A
2[ ,ha]km-  

2. ɻʫʩʪʠʥʘ ʭʠʜʨʦʛʨʘʬʩʢʝ ʤʨʝʞʝ (ʂ2). ɱʝʜʘʥ ʿʝ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ 

ʧʨʦʮʝʥʫ ʦʪʠʮʘʿʘ. ɻʫʰ˂ʘ ʭʠʜʨʦʛʨʘʬʩʢʘ ʤʨʝʞʘ ʫʪʠʯʝ ʥʘ ʪʦ ʜʘ ʿʝ ʚʨʭ ʧʦʧʣʘʚʥʦʛ 

ʪʘʣʘʩʘ ʚʝ˂ʠ, ʠ ʜʘ ʜʦ ˁʝʛʘ ʜʦʣʘʟʠ ʨʘʥʠʿʝ. ɿʘʚʠʩʠ ʦʜ ʦʜʥʦʩʘ ʜʫʞʠʥʝ ʪʦʢʦʚʘ ʠ 

ʧʦʚʨʰʠʥʝ ʩʣʠʚʘ: 

2[ ]-= Ö
äL

D km km
A

 

ʛʜʝ ʿʝ:  

Lä  ï ʟʙʠʨ ʜʫʞʠʥʝ ʛʣʘʚʥʦʛ ʪʦʢʘ ʚʦʜʦʪʦʢʘ ʠ ʩʚʠʭ ʧʨʦʪʦʢʘ I, II, ʠ III ʨʝʜʘ 

[km], 

Aï ʧʦʚʨʰʠʥʘ ʩʣʠʚʘ [km2
] 
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3. ʂʦʝʬʠʮʠʿʝʥʪ ʦʙʣʠʢʘ (ʧʦʜ)ʩʣʠʚʘ (ʂ3). ʋʢʦʣʠʢʦ ʩʫ ʩʣʠʚʦʚʠ ʠʟʜʫʞʝʥʠ, ʜʫʞʠʥʘ 

ʛʣʘʚʥʦʛ ʪʦʢʘ ʿʝ ʚʝ˂ʘ, ʠ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʿʝ ʠ ʜʫʞʝ ʚʨʝʤʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʚʦʜʘ, 

ʦʜʥʦʩʥʦ ʤʘˁʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʚʦʜʘ ʩʘ ʚʠʰʝ ʣʦʢʘʮʠʿʘ ʫ ʩʣʠʚʫ  ʜʦ˂ʠ ʫ ʠʩʪʦʤ 

ʪʨʝʥʫʪʢʫ ʜʦ ʠʟʣʘʟʥʦʛ ʧʨʦʬʠʣʘ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʩʣʠʚʦʚʠ ʢʨʫʞʥʦʛ ʦʙʣʠʢʘ, ʠʤʘʿʫ 

ʢʨʘ˂ʫ ʜʠʩʪʘʥʮʫ ʦʜ ʢʦʪʝ ʚʨʭʘ ʠ ʢʦʪʝ ʫʰ˂ʘ ʩʣʠʚʘ, ʘ ʪʠʤʝ ʠ ʙʨʞʝ ʚʨʝʤʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ʂʦʝʬʠʮʠʿʝʥʪ ʦʙʣʠʢʘ ʩʣʠʚʘ ʟʘʚʠʩʠ ʦʜ ʦʙʠʤʘ ʩʣʠʚʘ ʠ ʜʫʞʠʥʝ  

ʩʣʠʚʘ ʧʦ ʛʣʘʚʥʦʤ ʪʦʢʫ (Gavriloviĺ,1972): 

0,195
P

S
L

= ³  

ʛʜʝ ʿʝ:   

P ï oʙʠʤ ʩʣʠʚʘ ʧʦ ʚʦʜʦʜʝʣʥʠʮʠ [km], 

L ï ʜʫʞʠʥʘ ʩʣʠʚʘ ʧʦ ʛʣʘʚʥʦʤ ʪʦʢʫ [km]. 

4. ʈʝʣʘʪʠʚʥʠ ʧʘʜ ʪʦʢʘ (ʂ4). ʆʚʘʿ ʧʘʨʘʤʝʪʘʨ ʟʘʚʠʩʠ ʦʜ ʨʘʟʣʠʢʝ ʫ ʥʘʜʤʦʨʩʢʦʿ 

ʚʠʩʠʥʠ ʢʦʪʝ ʚʨʭʘ ʠ ʢʦʪʝ ʫʰ˂ʘ ʩʣʠʚʘ, ʠ ʜʫʞʠʥʝ ʩʣʠʚʘ ʧʦ ʛʣʘʚʥʦʤ ʪʦʢʫ: 

[ / ]
-

= v u
t

K K
J m m

L
 *100 [%] 

ʛʜʝ ʿʝ:   

vK ï ʢʦʪʘ ʚʨʭʘ ʩʣʠʚʘ 

uK ï ʢʦʪʘ ʫʰ˂ʘ 

L ï ʜʫʞʠʥʘ ʩʣʠʚʘ ʧʦ ʛʣʘʚʥʦʤ ʪʦʢʫ [m]. 

ʈʝʣʘʪʠʚʥʠ ʧʘʜ ʪʦʢʘ ʫʢʘʟʫʿʝ ʥʘ ʚʨʝʤʝ ʢʦʥʮʝʪʨʘʮʠʿʝ ʚʦʜʘ. ʋʢʦʣʠʢʦ ʿʝ ʧʘʜ ʚʝ˂ʠ, 

ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʩʝ ʠʥʬʠʣʪʨʠʨʘ ʫ ʟʝʤˀʠʰʪʝ, ʘ ʢʘ ʠʟʣʘʟʥʦʤ ʧʨʦʬʠʣʫ ʪʝʯʝ ʚʝ˂ʘ 

ʢʦʣʠʯʠʥʘ ʚʦʜʝ, ʧʨʠ ʯʝʤʫ ʿʝ ʚʨʝʤʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʨʘ˂ʝ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʤʘʣʠʭ 

ʧʘʜʦʚʘ. 

5. ʉʨʝʜˁʠ ʧʘʜ (ʧʦʜ)ʩʣʠʚʘ (ʂ5). ʆʚʘʿ ʧʘʨʘʤʝʪʘʨ ʟʘʚʠʩʠ ʦʜ ʜʫʞʠʥʝ ʠʟʦʭʠʧʩʠ ʠ 

ʝʢʚʠʜʠʩʪʘʥʮʝ, ʦʜʥʦʩʥʦ ʨʝˀʝʬʘ ʠ ʧʦʚʨʰʠʥʝ ʩʣʠʚʘ. ʋʢʦʣʠʢʦ ʿʝ ʨʝˀʝʬ ʙʣʘʞʠ, ʠ 

ʩʨʝʜˁʠ ʧʘʜ ʩʣʠʚʘ ˂ʝ ʠʤʘʪʠ ʤʘˁʝ ʚʨʝʜʥʦʩʪʠ, ʠ ʦʙʨʥʫʪʦ. ʈʘʯʫʥʘ ʩʝ ʧʨʝʢʦ 

ʬʦʨʤʫʣʝ: 

1
2 3

11
( ... )

2
Ŀ  ă

2

-è ø
è ø= ³ + + + + ³ + ³ê úé ù

ê ú

n
sr o n n

LL
J h L L L h m km ʠʣʠh

A
 

ʛʜʝ ʿʝ:  
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ɸï ʧʦʚʨʰʠʥʘ ʩʣʠʚʘ [km2
] 

1 2 1, ,..., ,n nL L L L- ï ʜʫʞʠʥʘ ʧʦʿʝʜʠʥʠʭ ʠʟʦʭʠʧʩʠ [km] 

hï ʝʢʚʠʜʠʩʪʘʥʮʘ (Ăʭʦʜñ ʠʟʦʭʠʧʩʠ) [m] 

0h  ï ʚʠʩʠʥʩʢʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʥʘʿʥʠʞʝ ʪʘʯʢʝ ʩʣʠʚʘ (ʪʘʯʢʝ ʧʨʦʬʠʣʘ ʟʘ ʢʦʿʫ ʩʝ 

ʨʘʯʫʥʘ ʩʨʝʜˁʠ ʧʘʜ) ʠ ʠʟʦʭʠʧʩʝ L1[m] 

nh ï ʚʠʩʠʥʩʢʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʥʘʿʚʠʰʝ ʢʦʪʝ ʩʣʠʚʘ ʠ ʠʟʦʭʠʧʩʝ Ln[m] 

6. ʉʪʦʧʘ ʙʠʬʫʨʢʘʮʠʿʝ (ʂ6). ɹʠʬʫʨʢʘʮʠʿʘ ʦʟʥʘʯʘʚʘ ʨʘʯʚʘˁʝ ʨʝʯʥʦʛ ʪʦʢʘ. ɼʘ ʙʠ ʩʝ 

ʦʜʨʝʜʠʣʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʪʦʢʦʚʝ, ʙʠʣʦ ʜʘ ʩʫ ʧʨʠʚʨʝʤʝʥʠ ʠʣʠ ʩʪʘʣʥʠ, 

ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʥʘ ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ (Rahaman et al, 2015). ʋ ʨʘʜʫ  ʿʝ ʫʩʚʦʿʝʥʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʧʦ Strahler-ʫ (1957), ʧʨʝʤʘ ʢʦʿʦʿ ʩʫ  ʥʘʿʤʘˁʠ ʪʦʢʦʚʠ ʜʝʬʠʥʠʩʘʥʠ 

ʢʘʦ ʪʦʢʦʚʠ 1. ʨʝʜʘ, ʧʨʠ ʯʝʤʫ ʩʧʘʿʘˁʝʤ ʜʚʘ ʪʦʢʘ 1. ʨʝʜʘ, ʥʘʩʪʘʿʫ ʪʦʢʦʚʠ 2. ʨʝʜʘ, 

ʩʧʘʿʘˁʝʤ ʜʚʘ ʪʦʢʘ 2. ʨʝʜʘ ʥʘʩʪʘʿʫ ʪʦʢʦʚʠ 3. ʨʝʜʘ, ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʥʘʩʪʘʿʫ ʪʦʢʦʚʠ 

ʚʠʰʝʛ ʨʝʜʘ. ɻʣʘʚʥʠ ʪʦʢ ʿʝ ʩʝʛʤʝʥʪ ʪʦʢʘ ʫ ʢʦʿʠ ʩʝ ʫʣʠʚʘ ʩʚʘ ʚʦʜʘ ʠ ʥʘʥʦʩ ʢʦʿʠ 

ʜʦʪʠʯʫ ʠʟ ʧʨʠʪʦʢʘ ʥʠʞʝʛ ʨʝʜʘ.  

ɹʠʬʫʨʢʘʮʠʿʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʢʘʦ ʦʜʥʦʩ ʙʨʦʿʘ ʪʦʢʦʚʘ ʦʜʨʝʹʝʥʦʛ ʨʝʜʘ ʠ ʙʨʦʿʘ 

ʪʦʢʦʚʘ ʥʘʨʝʜʥʦʛ ʚʝ˂ʝʛ ʨʝʜʘ: 

1

Nu
Rb

Nu
=

+
 

ʛʜʝ ʿʝ: 

Rb ï ʩʪʦʧʘ ʙʠʬʫʨʢʘʮʠʿʝ 

Nu ï ʙʨʦʿ ʪʦʢʦʚʘ  n  ʨʝʜʘ 

Nu+1ï ʙʨʦʿ ʪʦʢʦʚʘ n+1  ʨʝʜʘ 

ɿʘ ʮʝʦ ʩʣʠʚ ʙʠʬʫʨʢʘʮʠʦʥʘ ʩʪʦʧʘ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ 

ʙʠʬʫʨʢʘʮʠʦʥʠʭ ʩʪʦʧʘ ʩʚʠʭ ʨʝʜʦʚʘ. 

7. ʊʝʢʩʪʫʨʥʘ ʩʪʦʧʘ (ʂ7). ʊʝʢʩʪʫʨʥʘ ʩʪʦʧʘ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʙʨʦʿʘ ʪʦʢʦʚʘ ʧʨʚʦʛ 

ʨʝʜʘ ʠ ʦʙʠʤʘ ʩʣʠʚʘ (Biswas, 1999): 

1
=
äN

T
P

 

ʛʜʝ ʿʝ: 

T ï ʪʝʢʩʪʫʨʥʘ ʩʪʦʧʘ 

×N1 ï ʫʢʫʧʘʥ ʙʨʦʿ ʪʦʢʦʚʘ 1. ʨʝʜʘ 
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P ï ʦʙʠʤ ʩʣʠʚʘ 

8. ʋʯʝʩʪʘʣʦʩʪ ʪʦʢʘ (ʂ8). ʆʚʘʿ ʧʘʨʘʤʝʪʘʨ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʪʦʢʦʚʘ ʠ 

ʧʦʚʨʰʠʥʝ ʩʣʠʚʘ: 

s

Nu
F

A
=  

ʛʜʝ ʿʝ: 

Fs ï ʫʯʝʩʪʘʣʦʩʪ ʪʦʢʦʚʘ 

Nu ï ʫʢʫʧʘʥ ʙʨoʿ ʪʦʢʦʚʘ ʫ ʩʣʠʚʫ 

A ï ʧʦʚʨʰʠʥʘ ʩʣʠʚʘ ʫ km
2  

9. ʂʦʝʬʠʮʠʿʝʥʪ ʝʨʦʟʠʦʥʝ ʝʥʝʨʛʠʿʝ ʨʝˀʝʬʘ (ʂ9). ʋʪʠʮʘʿ ʨʝˀʝʬʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʿʝ 

ʪʝʨʝʥʘ ʥʘ ʨʘʟʚʦʿ ʝʨʦʟʠʦʥʠʭ ʧʨʦʮʝʩʘ, ʩʝ ʤʦʞʝ ʠʩʢʘʟʘʪʠ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʢʦʿʠ ʩʝ 

ʨʘʯʫʥʘ ʧʦ Silverstrov-ʫ: 

1/2

4
[ ]

3,14

-= Ö
³

r

H
E m km

A
 

ʛʜʝ  ʿʝ: 

H ï ʣʦʢʘʣʥʠ ʙʘʟʠʩ ʝʨʦʟʠʿʝ, ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʨʘʟʣʠʢʝ ʢʦʪʝ ʚʨʭʘ ʠ ʢʦʪʝ ʫʰ˂ʘ:  

H=Kv-Ku  [m] 

Aï ʧʦʚʨʰʠʥʘ ʩʣʠʚʘ [km2
] 

10. ɻʝʦʤʦʨʬʦʣʦʰʢʦ-ʝʨʦʟʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ (ʂ10). ɿʘʚʠʩʠ ʦʜ ʛʫʩʪʠʥʝ 

ʭʠʜʨʦʛʨʘʬʩʢʝ ʤʨʝʞʝ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʝʨʦʟʠʦʥʝ ʝʥʝʨʛʠʿʝ, ʠ ʰʪʦ ʩʫ ʦʥʠ ʚʝ˂ʠ, 

ʚʝ˂ʠ ʿʝ ʠ ʛʝʦʤʦʨʬʦʣʦʰʢʦ-ʝʨʦʟʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ: 

2/3[ ]-= ³ ÖrM D E m km  

ʛʜʝ ʿʝ: 

M ï ʤʦʨʬʦʣʦʰʢʦ-ʝʨʦʟʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ 

D ï ʛʫʩʪʠʥʘ ʭʠʜʨʦʛʨʘʬʩʢʝ ʤʨʝʞʝ 

Er ï ʢʦʝʬʠʮʠʿʝʥʪ ʝʨʦʟʠʦʥʝ ʝʥʝʨʛʠʿʝ ʨʝˀʝʬʘ 
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3.5.3.2. ʄʦʜʝʣʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʦʜʣʫʯʠʚʘˁʘ ʩʘ ʘʩʧʝʢʪʘ ʟʘʰʪʠʪʝ ʙʫʿʠʯʥʦʛ ʩʣʠʚʘ 

ʠʟʛʨʘʜˁʦʤ ʧʨʝʛʨʘʜʘ 

3.5.3.2.1. ɼʝʬʠʥʠʩʘˁʝ ʮʠˀʘ ʠ ʤʦʛʫ˂ʠʭ ʦʧʮʠʿʘ ʠʟʛʨʘʜˁʝ ʧʨʝʛʨʘʜʘ 

ʇʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝ ʙʠʪʠ ʠʟʚʨʰʝʥʘ ʫ ʚʠʜʫ ʭʠʿʝʨʘʨʭʠʿʝ (ʉʣʠʢʘ 3.1), ʧʨʠ ʯʝʤʫ 

ʮʠˀʝʚʠ ʤʦʛʫ ʙʠʪʠ ʠʟʙʦʨ ʥʘʿʙʦˀʝ ʣʦʢʘʮʠʿʝ ʠʣʠ ʥʘʿʝʬʝʢʪʠʚʥʠʿʝ ʢʦʤʙʠʥʘʮʠʿʝ 

ʧʨʝʛʨʘʜʘ. ʋ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʘʣʪʝʨʥʘʪʠʚʝ ʤʦʛʫ ʧʨʝʜʩʪʘʚˀʘʪʠ ʣʦʢʘʮʠʿʝ ʥʘ ʤʘʢʨʦ 

ʧʣʘʥʫ ï ʪʦʢʦʚʠ ʚʦʜʦʪʦʢʘ ʦʜʨʝʹʝʥʦʛ ʩʣʠʚʥʦʛ ʧʦʜʨʫʯʿʘ ʠʣʠ ʤʠʢʨʦ ʣʦʢʘʮʠʿʝ ï 

ʧʨʦʬʠʣʠ ʟʘ ʠʟʛʨʘʜˁʫ ʧʨʝʛʨʘʜʘ, ʢʘʦ ʠ ʢʦʤʙʠʥʘʮʠʿʝ ʧʨʝʛʨʘʜʘ ʢʦʿʝ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦ 

ʢʦʨʠʩʥʦʿ ʚʠʩʠʥʠ, ʙʨʦʿʫ ʦʙʿʝʢʘʪʘ ʠ ʪʦʢʫ ʛʜʝ ʩʝ ʛʨʘʜʝ.  

3.5.3.2.2.  ɼʝʬʠʥʠʩʘˁʝ ʢʨʠʪʝʨʠʿʫʤʘ 

ʂʨʠʪʝʨʠʿʫʤʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʠʪʠʪʠ ʟʘ ʨʘʥʛʠʨʘˁʝ ʧʨʝʛʨʘʜʘ ʠʣʠ ʧʨʦʬʠʣʘ ʥʘ 

ʢʦʿʠʤʘ ʩʝ ʛʨʘʜʝ ʩʫ: 

1) ʎʝʥʘ ʠʟʛʨʘʜˁʝ ʦʙʿʝʢʪʘ (ʂ1) 

ʎʝʥʘ ʠʟʛʨʘʜˁʝ ʧʨʝʛʨʘʜʘ ʟʘʚʠʩʠ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʛʨʘʜˁʫ 

ʧʨʝʛʨʘʜʘ ʠ ʤʦʨʬʦʣʦʛʠʿʝ ʪʦʢʘ (ʰʠʨʠʥʝ ʢʦʨʠʪʘ ʚʦʜʦʪʦʢʘ ʥʘ ʧʨʦʬʠʣʫ ʥʘ ʢʦʿʝʤ ʩʝ 

ʧʨʝʛʨʘʜʘ ʧʣʘʥʠʨʘ, ʚʠʩʠʥʝ ʦʙʘʣʘ). 

ʎʝʥʘ ʠʟʛʨʘʜˁʝ ʧʨʝʛʨʘʜʘ ʦʜ ʙʝʪʦʥʘ ʿʝ ʫʪʚʨʹʝʥʘ ʥʘ ʦʩʥʦʚʫ ʧʨʝʜʤʝʨʘ ʠ ʧʨʝʜʨʘʯʫʥʘ 

ʨʘʜʦʚʘ (ʊʘʙʝʣʝ ʠʟ ʇʨʠʣʦʛʘ ɼ, ʦʜ ɼ.1 ʜʦ ɼ.24). ʇʨʝʜʤʝʨ ʿʝ ʫʨʘʹʝʥ ʟʘ ʧʨʝʛʨʘʜʫ 

ʢʦʨʠʩʥʝ ʚʠʩʠʥʝ hk, ʫʪʚʨʹʝʥʝ ʥʘ ʦʩʥʦʚʫ ʭʠʜʨʘʫʣʠʯʢʠʭ ʧʨʦʨʘʯʫʥʘ ʠ ʩʪʘʪʠʯʢʠʭ 

ʧʨʦʨʘʯʫʥʘ ʜʘʪʠʭ ʫ ʊʘʙʝʣʘʤʘ ɻ.1, ɻ.2, ɻ.3 ʠ ɻ.4 ʫ ʇʨʠʣʦʛʫ ɻ. ɱʝʜʠʥʠʯʥʘ ʮʝʥʘ 

ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʨʦʮʝʥʫ ʨʘʜʦʚʘ ʜʦʙʠʿʝʥʘ ʿʝ ʠʟ ɺɼʇ "ɽʨʦʟʠʿʘ" ʠʟ ɺʘˀʝʚʘ. ʎʝʥʘ 

ʠʟʛʨʘʜˁʝ ʧʨʝʜʩʪʘʚˀʘ ʢʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘ.  

2)  ʂʦʣʠʯʠʥʘ ʟʘʜʨʞʘʥʦʛ ʥʘʥʦʩʘ (ʂ2) 

ɱʝʜʥʘ ʦʜ ʛʣʘʚʥʠʭ ʬʫʥʢʮʠʿʘ ʧʨʝʛʨʘʜʝ, ʧʦʨʝʜ ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʦʙʘʣʘ ʨʝʯʥʦʛ ʢʦʨʠʪʘ, 

ʫʙʣʘʞʘʚʘˁʘ ʥʘʛʠʙʘ ʠ ʙʨʟʠʥʝ ʪʦʢʘ, ʿʝ ʠ ʜʝʧʦʥʠʿʩʢʘ ʫʣʦʛʘ ʪʿ. ʟʘʜʨʞʘʚʘˁʝ ʚʫʯʝʥʦʛ 

ʥʘʥʦʩʘ ʠ ʩʧʨʝʯʘʚʘˁʝ ˁʝʛʦʚʦʛ ʜʘˀʝʛ ʦʜʥʦʰʝˁʘ. ʆʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʿʝ ʪʠʧʘ 

ʤʘʢʩʠʤʠʟʘʮʠʿʝ, ʿʝʨ ʿʝ ʚʝ˂ʘ ʝʬʝʢʪʠʚʥʦʩʪ ʫʢʦʣʠʢʦ ʿʝ ʢʦʣʠʯʠʥʘ ʟʘʜʨʞʘʥʦʛ ʥʘʥʦʩʘ 

ʚʝ˂ʘ. 

ɿʘʧʨʝʤʠʥʘ ʟʘʜʨʞʘʥʦʛ ʥʘʥʦʩʘ ʫ ʟʘʧʣʘʚʫ ʧʨʝʛʨʘʜʝ ʨʘʯʫʥʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʢʦʨʠʩʥʝ 

ʚʠʩʠʥʝ ʧʨʝʛʨʘʜʝ hk, ʩʨʝʜˁʝ ʰʠʨʠʥʝ ʟʘʧʣʘʚʘ m, ʧʨʠʨʦʜʥʦʛ ʧʘʜʘ ʢʦʨʠʪʘ ʚʦʜʦʪʦʢʘ It 

ʠ ʧʘʜʘ ʟʘʧʣʘʚʘ Iz. 
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ʛʜʝ ʿʝ: 

W ï ʟʘʧʨʝʤʠʥʘ ʟʘʜʨʞʘʥʦʛ ʥʘʥʦʩʘ ʫ m
3 

m ï ʩʨʝʜˁʘ ʰʠʨʠʥʘ ʟʘʧʣʘʚʘ ʫ m 

hk ï ʢʦʨʠʩʥʘ ʚʠʩʠʥʘ ʧʨʝʛʨʘʜʝ ʫ m 

Jt ï ʧʨʠʨʦʜʥʠ ʧʘʜ ʢʦʨʠʪʘ ʚʦʜʦʪʦʢʘ ʫ ʜʝʮʠʤʘʣʥʦʤ ʦʙʣʠʢʫ 

Jz ï ʧʘʜ ʟʘʧʣʘʚʘ ʫ ʜʝʮʠʤʘʣʥʦʤ ʦʙʣʠʢʫ 

3)  ʎʝʥʘ 1m
3
 ʟʘʜʨʞʘʥʦʛ ʥʘʥʦʩʘ (ʂ3) 

ɽʢʦʥʦʤʠʯʥʘ ʠʟʛʨʘʜˁʘ ʦʙʿʝʢʪʘ ʧʦʜʨʘʟʫʤʝʚʘ ʥʠʞʫ ʮʝʥʫ ʫʣʘʛʘˁʘ ʫ ʠʟʨʘʜˁʫ ʦʙʿʝʢʪʘ, 

ʘʣʠ ʝʢʦʥʦʤʠʯʥʦʩʪ ʠʟʛʨʘʜˁʝ ʟʘʚʠʩʠ ʠ ʦʜ ʮʝʥʝ 1m
3
 ʟʘʜʨʞʘʥʦʛ ʥʘʥʦʩʘ. ʆʚʘ ʮʝʥʘ 

ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʮʝʥʝ ʠʟʛʨʘʜˁʝ ʦʙʿʝʢʪʘ ʠ ʢʦʣʠʯʠʥʝ ʟʘʜʨʞʘʥʦʛ ʥʘʥʦʩʘ. ʆʚʘʿ 

ʢʨʠʪʝʨʠʿʫʤ ʩʝ ʤʠʥʠʤʠʟʠʨʘ.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

4) ɼʫʞʠʥʘ ʟʘʧʣʘʚʘ (ʂ4) 

Tʘʣʦʞʝˁʝʤ ʥʘʥʦʩʘ ʫ ʟʘʧʣʘʚʫ ʧʨʝʛʨʘʜʘ ʨʝʜʫʢʫʿʝ ʩʝ ʧʨʠʨʦʜʥʠ ʧʘʜ ʢʦʨʠʪʘ, ʘ ʪʠʤʝ ʩʝ 

ʨʝʜʫʢʫʿʝ ʠ ʙʨʟʠʥʘ ʪʦʢʘ, ʧʨʦʜʫʞʘʚʘ ʩʝ ʚʨʝʤʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʚʦʜʘ, ʠ ʨʝʜʫʢʫʿʝ 

ʧʦʧʣʘʚʥʠ ʪʘʣʘʩ. 

ɼʫʞʠʥʘ ʟʘʧʣʘʚʘ L ʟʘʚʠʩʠ ʦʜ ʢʦʨʠʩʥʝ ʚʠʩʠʥʝ ʧʨʝʛʨʘʜʝ hk, ʚʨʝʜʥʦʩʪʠ ʨʝʣʘʪʠʚʥʦʛ 

ʧʘʜʘ ʪʦʢʘ It ʠ ʧʘʜʘ ʟʘʧʣʘʚʘ Iz:  / ( )L hk Jt Jz= -  . ɺʝ˂ʘ ʚʨʝʜʥʦʩʪ ʜʫʞʠʥʝ ʟʘʧʣʘʚʘ, 

ʫʢʘʟʫʿʝ ʥʘ ʚʝ˂ʫ ʜʫʞʠʥʫ ʟʘʰʪʠ˂ʝʥʝ ʜʝʦʥʠʮʝ, ʧʘ ʩʝ ʦʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʤʘʢʩʠʤʠʟʠʨʘ. 

ʋʢʦʣʠʢʦ ʩʝ ʧʨʝʛʨʘʜʝ ʧʣʘʥʠʨʘʿʫ ʫ ʚʠʰʝ ʪʦʢʦʚʘ, ʫʢʫʧʥʘ ʜʫʞʠʥʘ ʟʘʰʪʠ˂ʝʥʝ ʫʟʚʦʜʥʝ 

ʜʝʦʥʠʮʝ ʜʦʙʠʿʘ ʩʝ ʩʫʤʠʨʘˁʝʤ ʜʫʞʠʥʘ ʟʘʧʣʘʚʘ ʠʟʥʘʜ ʩʚʠʭ ʧʨʝʛʨʘʜʘ. 

5) ʋʪʠʮʘʿ ʣʦʢʘʮʠʿʝ ʠʟʨʘʞʝʥ ʦʜʥʦʩʦʤ ʧʨʠʧʨʝʤʥʠʭ ʠ ʛʣʘʚʥʠʭ ʨʘʜʦʚʘ (ʂ5). 

ɸʣʪʝʨʥʘʪʠʚʝ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʤʘˁʠ ʙʨʦʿ ʦʙʿʝʢʘʪʘ ʥʘ ʧʨʠʩʪʫʧʘʯʥʠʿʠʤ 

ʣʦʢʘʮʠʿʘʤʘ  ʠʤʘ˂ʝ ʧʦʚʦˀʥʠʿʠ ʦʜʥʦʩ ʧʨʠʧʨʝʤʥʠʭ ʠ ʛʣʘʚʥʠʭ ʨʘʜʦʚʘ, ʦʜʥʦʩʥʦ 

ʧʨʠʧʨʝʤʥʠ ʨʘʜʦʚʠ ʙʠ ʙʠʣʠ ʤʘˁʝʛ ʦʙʠʤʘ ʠ ʝʢʦʥʦʤʩʢʠ ʧʨʠʭʚʘʪˀʠʚʠʿʠ. 

ʋʪʠʮʘʿ ʣʦʢʘʮʠʿʝ ʩʝ ʤʦʞʝ ʢʚʘʣʠʪʘʪʠʚʥʦ ʦʮʝʥʠʪʠ ʢʘʦ: 1 -ʧʦʚʦˀʘʥ, 2 - ʧʨʦʩʝʯʘʥ ʠ 3-

ʥʝʧʦʚʦˀʘʥ. ɿʘ ʧʨʝʛʨʘʜʝ ʫ ʛʣʘʚʥʦʤ ʪʦʢʫ ʫʩʚʦʿʝʥ ʿʝ ʧʦʚʦˀʘʥ ʫʪʠʮʘʿ, ʟʘ ʧʨʝʛʨʘʜʝ ʫ 

ʧʨʠʪʦʢʘʤʘ ʢʦʿʝ ʩʫ ʥʘ ʥʘʿʥʠʞʦʿ ʢʦʪʠ (ʧʨʝʛʨʘʜʝ ʦʟʥʘʯʝʥʝ ʢʘʦ ʧʨ.1) ʧʨʦʩʝʯʘʥ ʫʪʠʮʘʿ, 

ʘ ʟʘ ʦʩʪʘʣʝ ʧʨʝʛʨʘʜʝ ʫ ʧʨʠʪʦʢʘʤʘ ʫʩʚʦʿʝʥʘ ʿʝ ʢʘʪʝʛʦʨʠʿʘ 3 ʢʦʿʘ ʫʢʘʟʫʿʝ ʥʘ 

ʥʝʧʦʚʦˀʘʥ ʫʪʠʮʘʿ ʦʜʥʦʩʘ ʧʨʠʧʨʝʤʥʠʭ ʠ ʛʣʘʚʥʠʭ ʨʘʜʦʚʘ. ʆʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʩʝ 

ʤʠʥʠʤʠʟʠʨʘ. 
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ʂʨʠʪʝʨʠʿʫʤʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʘʥʛʠʨʘˁʝ ʪʦʢʦʚʘ ʟʘ ʠʟʚʦʹʝˁʝ ʨʘʜʦʚʘ ʩʫ: 

ʮʝʥʘ ʨʘʜʦʚʘ (ʪʝʭʥʠʯʢʠʭ, ʙʠʦʣʦʰʢʠʭ, ʙʠʦʪʝʭʥʠʯʢʠʭ),  ʙʨʦʿ ʧʨʝʛʨʘʜʘ ʢʘʦ ʦʙʿʝʢʘʪʘ 

ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʩʧʝʮʠʬʠʯʥʘ ʧʨʦʜʫʢʮʠʿʘ ʥʘʥʦʩʘ ʫ ʩʣʠʚʫ, ʢʦʣʠʯʠʥʘ 

ʟʘʜʨʞʘʥʦʛ ʥʘʥʦʩʘ, ʮʝʥʘ 1m
3
 ʟʘʜʨʞʘʥʦʛ ʥʘʥʦʩʘ, ʢʘʦ ʠ ʫʛʨʦʞʝʥʦʩʪ  ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ. 

 

3.5.4. ʇʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʪʨʫʢʪʫʨʝ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ 

ʆʧʪʠʤʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ 

ʜʝʬʠʥʠʩʘˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʮʠˀʝʚʘ, ʪʿ. ʮʠˀʝʚʘ ʨʘʟʣʠʯʠʪʠʭ ʠʥʪʝʨʝʩʥʠʭ ʛʨʫʧʘ, ʠ 

ʤʦʞʝ ʩʝ ʧʦʩʪʘʚʠʪʠ ʢʘʦ ʧʨʦʙʣʝʤ ʚʠʰʝʮʠˀʥʦʛ ʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ. 

ʀʥʪʝʛʨʘʮʠʿʘ ʩʘ GIS-ʦʤ ʿʝ ʥʝʦʭʦʜʥʘ ʜʘ ʙʠ ʩʝ ʧʦʨʝʜ ʩʪʨʫʢʪʫʨʝ ʫ ʢʚʘʥʪʠʪʘʪʠʚʥʦʤ 

ʩʤʠʩʣʫ (ʧʦʚʨʰʠʥʘ ʫ ha) ʨʘʩʧʦʣʘʛʘʣʦ ʠ ʩʘ ʧʨʦʩʪʦʨʥʠʤ ʠʥʬʦʨʤʘʮʠʿʘʤʘ. 

ʂʨʠʪʝʨʠʿʫʤʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʝ ʦ ʧʨʝʥʘʤʝʥʠ ʧʦʚʨʰʠʥʘ 

(ʧʨʠʤʝʥʠ ʢʦʥʟʝʨʚʘʮʠʦʥʠʭ ʤʝʨʘ) ʩʫ ʚʨʝʜʥʦʩʪ ʛʫʙʠʪʘʢʘ ʟʝʤˀʠʰʪʘ ʧʦʜ ʦʜʨʝʹʝʥʠʤ 

ʥʘʯʠʥʦʤ ʢʦʨʠʰ˂ʝˁʘ, ʥʘʛʠʙ ʠ ʙʣʠʟʠʥʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ. ʅʘ ʧʨʠʤʝʨ, ʦʨʘʥʠʯʥʝ 

ʧʦʚʨʰʠʥʝ ʩʝ ʤʦʛʫ ʢʦʥʚʝʨʪʦʚʘʪʠ ʫ ʪʨʘʚˁʘʢʝ ʫʢʦʣʠʢʦ ʩʫ ʥʘ ʥʘʛʠʙʠʤʘ ʠʟʥʘʜ 6Ü, ʠʣʠ 

ʫ ʧʦʚʨʰʠʥʝ ʧʦʜ ʰʫʤʩʢʠʤ ʧʦʢʨʠʚʘʯʝʤ ʫʢʦʣʠʢʦ ʩʝ ʥʘʣʘʟʝ ʫʟ ʩʘʦʙʨʘ˂ʥʠʮʝ, ʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʝʧʨʦʜʫʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ. 

 

3.5.5. ʆʧʪʠʤʠʟʘʮʠʿʘ ʧʨʠʤʝʥʝ ʢʦʥʟʝʨʚʘʮʠʦʥʠʭ ʤʝʨʘ (ʪʝʨʘʩʘ) 

ʋʢʦʣʠʢʦ ʩʫ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʦʚʨʰʠʥʝ ʫʛʨʦʞʝʥʝ ʝʨʦʟʠʿʦʤ ʟʝʤˀʠʰʪʘ, ʤʦʛʫ˂ʝ ʠʭ ʿʝ 

ʟʘʰʪʠʪʠ ʧʦʜʠʟʘˁʝʤ ʪʝʨʘʩʘ ʢʦʿʝ ˂ʝ ʨʝʜʫʢʦʚʘʪʠ ʧʘʜ, ʝʨʦʟʠʿʫ, ʦʪʠʮʘˁʝ ʚʦʜʝ ʠ 

ʧʦʚʝ˂ʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ (Aln§ez et al., 2015). ɺʘʞʥʠ ʢʨʠʪʝʨʠʿʫʤʠ ʧʨʠ 

ʦʧʪʠʤʠʟʘʮʠʿʠ ʧʨʠʤʝʥʝ ʢʦʥʟʝʨʚʘʮʠʦʥʠʭ ʤʝʨʘ ï ʪʝʨʘʩʘ ʩʫ ʛʫʙʠʮʠ ʟʝʤˀʠʰʪʘ, ʥʘʛʠʙ, 

ʪʨʦʰʢʦʚʠ, ʘʣʠ ʩʝ ʫ ʨʘʟʤʘʪʨʘˁʝ ʤʦʞʝ ʫʟʝʪʠ ʠ ʙʣʠʟʠʥʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ, ʥʘʜʤʦʨʩʢʘ 

ʚʠʩʠʥʘ ʠ ʜʨ. ʇʨʦʙʣʝʤ ʩʝ ʤʦʞʝ ʧʦʩʪʘʚʠʪʠ ʢʘʦ ʧʨʦʙʣʝʤ ʚʠʰʝʮʠˀʥʦʛ ʣʠʥʝʘʨʥʦʛ 

ʧʨʦʛʨʘʤʠʨʘˁʘ ʩʘ ʜʝʬʠʥʠʩʘʥʠʤ ʬʫʥʢʮʠʿʘʤʘ ʮʠˀʘ ʠ ʦʛʨʘʥʠʯʝˁʠʤʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ 

ʥʘ ʣʦʢʘʮʠʿʫ ʠ ʪʨʦʰʢʦʚʝ. 
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4. ʄɸʊɽʈʀɱɸʃ  ʀʉʊʈɸɾʀɺɸɳɸ 

4.1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʩʪʨʘʞʠʚʘʥʠʭ ʧʦʜʨʫʯʿʘ 

 

ɿʘ ʘʥʘʣʠʟʫ ʩʫ ʠʟʘʙʨʘʥʘ ʪʨʠ ʩʣʠʚʘ ʯʠʿʠ ʿʝ ʛʝʦʛʨʘʬʩʢʠ ʧʦʣʦʞʘʿ ʧʨʠʢʘʟʘʥ ʥʘ ʉʣʠʮʠ 

4.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʉʣʠʢʘ 4.1. ɻʝʦʛʨʘʬʩʢʠ ʧʦʣʦʞʘʿ ʠʩʪʨʘʞʠʚʘʥʠʭ ʩʣʠʚʦʚʘ: ʘ) ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ,  

ʙ) ʩʣʠʚʘ ʨʝʢʝ ʈʘʩʠʥʝ ʠ ʚ) ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ 

ʀʟʚʦʨ: ʘʫʪʦʨ 

ʛʨʘʥʠʮʘ ʦʧʰʪʠʥʝ 

ʛʨʘʥʠʮʘ ʩʣʠʚʘ 

ʘ) 

ʙ) 

ʚ) 
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4.1.1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ 

4.1.1.1. ʆʧʰʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ 

ʊʦʧʯʠʜʝʨʩʢʘ ʨʝʢʘ ʿʝ ʜʝʩʥʘ ʧʨʠʪʦʢʘ ʨʝʢʝ ʉʘʚʝ, ʠ ʟʘʫʟʠʤʘ ʩʣʠʚʥʫ ʧʦʚʨʰʠʥʫ ʦʜ 

148,14 km
2
 (ʉʣʠʢʘ 4.2). ʅʘʩʪʘʿʝ ʩʧʘʿʘˁʝʤ ʪʨʠ ʧʦʪʦʢʘ: ɼʫʙʦʢʠ, ʂʦʚʠʦʥʩʢʠ ʠ 

ʐʫʪʠʣʦʚʘʮ. ʇʨʝʜʩʪʘʚˀʘ ʥʘʿʚʝ˂ʠ ʩʣʠʚ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʧʦʜʨʫʯʿʫ ʛʨʘʜʘ 

ɹʝʦʛʨʘʜʘ, ʢʦʿʠ ʩʝ ʧʨʦʩʪʠʨʝ ʥʘ ʯʝʪʠʨʠ ʙʝʦʛʨʘʜʩʢʝ ʦʧʰʪʠʥʝ ʉʘʚʩʢʠ ʚʝʥʘʮ, 

ɺʦʞʜʦʚʘʮ, ʏʫʢʘʨʠʮʘ ʠ ʈʘʢʦʚʠʮʘ. 

 

ʉʣʠʢʘ 4.2. ʇʦʣʦʞʘʿ ʠ ʚʠʩʠʥʩʢʘ ʧʨʝʜʩʪʘʚʘ ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ 

ʀʟʚʦʨ: ʘʫʪʦʨ 

 

ɼʦˁʠ ʜʝʦ ʩʣʠʚʘ, ʢʦʿʠ ʩʝ ʟʘʚʨʰʘʚʘ ʥʘ ʦʙʘʣʠ ʉʘʚʝ, ʫ ʧʦʪʧʫʥʦʩʪʠ ʿʝ ʫʨʙʘʥʠʟʦʚʘʥ ʠ 

ʠʟʣʦʞʝʥ ʧʦʩʣʝʜʠʮʘʤʘ ʠʥʪʝʥʟʠʚʥʝ ʠʥʜʫʩʪʨʠʿʘʣʠʟʘʮʠʿʝ ʫ ʧʨʦʰʣʦʩʪʠ. ʅʘʩʫʧʨʦʪ 

ʪʦʤʝ, ʛʦʨˁʠ ʜʝʦ ʩʣʠʚʘ ʢʘʨʘʢʪʝʨʠʰʝ ʤʘʣʘ ʛʫʩʪʠʥʘ ʥʘʩʝˀʝʥʦʩʪʠ, ʧʦˀʦʧʨʠʚʨʝʜʥʘ  

ʧʨʦʠʟʚʦʜˁʘ ʠ ʠʟʨʘʞʝʥ ʙʫʿʠʯʥʠ ʢʘʨʘʢʪʝʨ ʚʦʜʦʪʦʢʘ. ʏʠʪʘʚ ʩʣʠʚ ʩʝ ʦʜʣʠʢʫʿʝ 

ʨʘʟʚʠʿʝʥʦʤ ʭʠʜʨʦʛʨʘʬʩʢʦʤ ʤʨʝʞʦʤ ʠ ʙʨʦʿʠ ʧʨʝʢʦ 35 ʚʦʜʦʪʦʢʘ. ʂʨʦʟ ʩʣʠʚʥʦ 

ʧʦʜʨʫʯʿʝ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ ʧʨʦʣʘʟʝ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʧʨʘʚʮʠ ʫ ʞʝʣʝʟʥʠʯʢʦʤ 

ʩʘʦʙʨʘ˂ʘʿʫ ʢʦʿʫ ʧʦʚʝʟʫʿʫ ʩʝʚʝʨʥʠ ʩʘ ʿʫʞʥʠʤ ʜʝʣʦʤ ʉʨʙʠʿʝ: ʞʝʣʝʟʥʠʯʢʘ ʧʨʫʛʘ 

ɹʝʦʛʨʘʜ-ʅʠʰ, ɹʝʦʛʨʘʜ-ʋʞʠʮʝ-ɹʘʨ ʠ ʞʝʣʝʟʥʠʯʢʘ ʧʨʫʛʘ ɹʘʪʘʿʥʠʮʘ-ʅ. ɹʝʦʛʨʘʜ-

ʇʦʞʘʨʝʚʘʮ. ʂʨʦʟ ʦʚʦ ʧʦʜʨʫʯʿʝ ʧʨʦʣʘʟʝ ʠ ʜʚʘ ʨʝʛʠʦʥʘʣʥʘ ʧʫʪʘ, ʿʝʜʘʥ ʤʘʛʠʩʪʨʘʣʥʠ 

ʧʫʪ ʠ ʘʫʪʦ ʧʫʪ. ʋ ʩʣʠʚʫ ʩʫ ʠʟʛʨʘʹʝʥʝ ʜʚʝ ʘʢʫʤʫʣʘʮʠʿʝ: Ăɹʝʣʘ ʈʝʢʘñ ʥʘ ʠʩʪʦʠʤʝʥʦʿ 

ʨʝʮʠ ʠ Ăʈʝʩʥʠʢñ ʥʘ ʧʦʪʦʢʫ ʇʘʨʠʛʫʟ. 
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4.1.1.2. ʂʣʠʤʘʪʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ 

ʇʦʜʨʫʯʿʝ ɹʝʦʛʨʘʜʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ ʧʨʠʧʘʜʘ ʟʦʥʠ 

ʢʦʥʪʠʥʝʥʪʘʣʥʝ ʢʣʠʤʝ. ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʫ ʨʝʹʝ ʦʰʪʨʝ ʟʠʤʝ, ʘʣʠ ʩʝ ʟʘʪʦ 

ʧʨʦʜʫʞʘʚʘ ʪʦʧʣʠ ʧʝʨʠʦʜ ʩʘ ʣʝʪˁʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʚʘʟʜʫʭʘ. ʋ ʊʘʙʝʣʠ 4.1 ʩʫ ʜʘʪʝ 

ʩʨʝʜˁʝ ʛʦʜʠʰˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ɹʝʦʛʨʘʜʘ ʠ ʦʢʦʣʠʥʝ, ʫʩʚʦʿʝʥʝ 

ʠʟ ʩʪʫʜʠʿʝ "ʀʥʪʝʛʨʘʣʥʦʛ ʫʨʝʹʝˁʘ ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ" ʠʟ 2008. ʛʦʜʠʥʝ (*2) 

ʯʠʿʘ ʿʝ ʧʨʦʩʪʦʨʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣʠʮʠ 4.3.  

ʊʘʙʝʣʘ 4.1. ʉʨʝʜˁʝ ʛʦʜʠʰˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʟʘ ʧʦʜʨʫʯʿʝ ɹʝʦʛʨʘʜʘ ʠ ʦʢʦʣʠʥʝ 

ʉʪʘʥʠʮʘ 
ʉʨ. ʛʦʜʠʰˁʝ ʧʘʜʘʚʠʥʝ 

[mm] 

ɹʝʦʛʨʘʜ-ʄʘʢʠʰ 644,5 

ɹʦʞʜʘʨʝʚʘʮ 693,6 

ɺʨʘʥʠ˂ 726,5 

ɸʚʘʣʘ-ʐʫʤʩʢʘ ʋʧʨʘʚʘ 708,9 

ʈʘʜʤʠʣʦʚʘʮ 650,1 

ɱʘʿʠʥʮʠ 693,5 

ɺʝʣʠʢʠ ʄʦʢʨʠ ʃʫʛ 725,9 

ʉʦʧʦʪ 689,8 

 

 

ʉʣʠʢʘ 4.3. ʇʨʦʩʪʦʨʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʩʨ. ʛʦʜʠʰˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʫ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ 

ʨʝʢʝ 

ʀʟʙʦʨ: ʘʫʪʦʨ 
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4.1.1.3. ɻʝʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢe 

ɻʝʦʣʦʰʢʘ ʛʨʘʹʘ ʪʝʨʝʥʘ ʫ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ ʿʝ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʥʘ ʠ ʯʠʥʝ ʿʝ 

ʩʝʜʠʤʝʥʪʠ ʨʘʟʣʠʯʠʪʠʭ ʣʠʪʦʛʝʥʝʪʩʢʠʭ ʠ ʛʝʦʪʝʭʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ. 

ʋ ʠʟʚʦʨʠʰʥʦʤ ʜʝʣʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ, ʧʦʯʝʚ ʦʜ ʣʝʚʠʭ ʧʨʠʪʦʢʘ ʐʫʪʠʣʦʚʮʘ ʠ 

ʇʘʣʘʥʢʝ ʜʦ ʉʠʢʠʿʝʚʮʘ, ʧʦʚʨʰʠʥʩʢʠ ʜʝʦ ʪʝʨʝʥʘ ʯʠʥʝ ʢʚʘʨʪʘʨʥʝ ʥʘʩʣʘʛʝ, ʩʨʝʜʠʰˁʠ  

ʜʝʦ ʧʣʫʚʠʿʘʣʥʠ ʠ ʘʣʫʚʠʿʘʣʥʠ ʩʝʜʠʤʝʥʪʠ ʰʠʨʠʥʝ ʠ ʜʦ 50 m ʠ ʜʝʙˀʠʥʝ 2-6 m, ʠʩʧʦʜ 

ʢʦʿʠʭ ʩʝ ʥʘʣʘʟʝ ʰˀʫʥʢʦʚʠʪʝ ʛʣʠʥʝ Ăʰʘʨʝʥʝ ʩʝʨʠʿʝñ. ʇʦʜʠʥʫ ʦʚʠʤ ʩʝʜʠʤʝʥʪʠʤʘ 

ʯʠʥʠ ʣʘʧʦʨʦʚʠʪʘ ʩʝʨʠʿʘ, ʢʦʿʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʜʫʙʠʥʝ ʧʨʝʣʘʟʠ ʫ ʯʚʨʩʪʝ ʣʘʧʦʨʮʝ. 

ɻʝʦʣʦʰʢʫ ʛʨʘʹʫ ʩʣʠʚʘ ɹʝʣʝ ʨʝʢʝ, ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʩʨʝʜʠʰˁʝʤ ʜʝʣʫ ʩʣʠʚʘ, ʯʠʥʝ 

ʧʨʝʪʝʞʥʦ ʿʫʨʩʢʠ ʬʣʠʰʦʣʠʢʠ ʩʝʜʠʤʝʥʪʠ ʠʟʛʨʘʹʝʥʠ ʦʜ ʣʘʧʦʨʘʮʘ, ʛʣʠʥʘʮʘ ʠ 

ʧʝʰʯʘʨʘ. 

ʋ ʥʠʟʚʦʜʥʦʤ ʜʝʣʫ ʩʣʠʚʘ, ʧʨʝʤʘ ʨʝʮʠ ʉʘʚʠ, ʧʨʠʩʫʪʥʠ ʩʫ ʨʝʮʝʥʪʥʠ ʩʝʜʠʤʝʥʪʠ ʠ 

ʘʥʪʨʦʧʦʛʝʥʠ ʩʝʜʠʤʝʥʪʠ (ʥʘʩʠʧʠ). ʂʚʘʨʪʘʨʥʠ ʩʝʜʠʤʝʥʪʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ 

ʧʦʚʨʰʠʥʠ ʪʝʨʝʥʘ ʠʣʠ ʠʩʧʦʜ ʥʘʩʠʧʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʜʝʣʫʚʠʿʘʦ-ʧʣʫʚʠʿʘʣʥʠʤ 

ʩʝʜʠʤʝʥʪʠʤʘ ʢʘʦ ʠ ʘʣʫʚʠʿʘʣʥʠʤ ʧʝʩʢʦʚʠʪʦ-ʤʫˀʝʚʠʪʠʤ ʰˀʫʥʢʦʚʠʤʘ. ʏʚʨʩʪʫ 

ʧʦʜʣʦʛʫ ʦʚʠʤ ʩʝʜʠʤʝʥʪʠʤʘ ʯʠʥʝ ʬʣʠʰʦʣʠʢʠ ʢʨʝʜʥʠ ʢʨʝʯˁʘʮʠ, ʢʦʿʠ ʠʟʙʠʿʘʿʫ ʥʘ 

ʧʘʜʠʥʘʤʘ ʊʦʧʯʠʜʝʨʘ ʠ ʂʦʰʫʪˁʘʢʘ. 

 

4.1.1.4. ʇʝʜʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ 

ʋ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ ʟʘʩʪʫʧˀʝʥʦ ʿʝ ʚʠʰʝ ʪʠʧʦʚʘ ʟʝʤˀʠʰʪʘ: ʝʫʪʨʠʯʥʦ ʩʤʝʹʝ 

ʟʝʤˀʠʰʪʝ (ʝʫʪʨʠʯʥʠ ʢʘʤʙʠʩʦʣ), ʢʦʣʫʚʠʿʫʤ, ʣʫʚʠʩʦʣ ʠ ʟʝʤˀʠʰʪʘ ʫ ʣʝʩʠʚʠʨʘˁʫ, 

ʯʝʨʥʦʟʝʤ, ʘʣʫʚʠʿʘʣʥʦ ʟʝʤˀʠʰʪʝ (ʬʣʫʚʠʩʦʣ) (ʉʣʠʢʘ 4.4). 

ɽʫʪʨʠʯʥʦ ʩʤʝʹʝ ʟʝʤˀʠʰʪʝ (ʛʘʿˁʘʯʘ) ʩʝ ʦʙʨʘʟʫʿʝ ʥʘ ʩʚʠʤ ʩʫʧʩʪʨʘʪʠʤʘ ʠ ʩʚʠʤ 

ʝʣʝʤʝʥʪʠʤʘ ʨʝˀʝʬʘ ʠʟʫʟʝʚ ʧʣʘʥʠʥʩʢʠʭ ʧʦʜʨʫʯʿʘ ʠ ʩʪʨʤʠʭ ʪʝʨʝʥʘ. 

ʅʘʿʜʦʤʠʥʘʥʪʥʠʿʠ ʿʝ ʪʠʧ ʟʝʤˀʠʰʪʘ ʫ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ, ʠ ʿʘʚˀʘ ʩʝ ʢʘʦ 

ʦʙʠʯʥʘ ʛʘʿˁʘʯʘ, ʛʘʿˁʘʯʘ ʫ ʣʝʩʠʚʠʨʘˁʫ ʠ ʣʝʩʠʚʠʨʘʥʘ ʛʘʿˁʘʯʘ. ɼʝʩʪʨʫʢʪʠʚʥʠ 

ʧʨʦʮʝʩʠ ʝʨʦʟʠʿʝ ʩʝ ʥʘ ʦʚʦʤ ʪʠʧʫ ʟʝʤˀʠʰʪʘ ʯʝʩʪʦ ʿʘʚˀʘʿʫ ʥʘʢʦʥ ʧʨʝʚʦʹʝˁʘ 

ʰʫʤʩʢʦʛ ʟʝʤˀʠʰʪʘ ʫ ʧʦˀʦʧʨʠʚʨʝʜʥʦ, ʘ ʧʦʩʝʙʥʦ ʢʦʜ ʛʘʿˁʘʯʝ ʫ ʣʝʩʠʚʠʨʘˁʫ ʠ 

ʣʝʩʠʚʠʨʘʥʝ ʛʘʿˁʘʯʝ. 
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ʉʣʠʢʘ 4.4. ɿʘʩʪʫʧˀʝʥʦʩʪ ʧʝʜʦʣʦʰʢʠʭ ʪʚʦʨʝʚʠʥʘ ʫ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ 

ʀʟʚʦʨ: ʘʫʪʦʨ 

 

ʏʝʨʥʦʟʝʤ ʩʝ ʫ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ ʿʘʚˀʘ ʫ ʥʠʟʚʦʜʥʦʤ ʜʝʣʫ ʩʣʠʚʘ, ʿʫʞʥʦ ʦʜ 

ʨʝʢʝ ʉʘʚʝ. ɸʣʫʚʠʿʘʣʥʠ ʥʘʥʦʩ (ʬʣʫʚʠʩʦʣ) ʩʝ ʿʘʚˀʘ ʫʟ ʛʣʘʚʥʠ ʪʦʢ. ʀʩʪʘʣʦʞʝʥʠ 

ʥʘʥʦʩ ʠʤʘʦ ʦʩʦʙʠʥʝ ʨʠʪʩʢʝ ʠ ʣʠʚʘʜʩʢʝ ʮʨʥʠʮʝ, ʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʤʝʩʪʠʤʘ ʫʩʣʝʜ 

ʫʥʠʰʪʘʚʘˁʘ ʰʫʤʘ ʠ ʧʦʿʘʯʘʥʝ ʝʨʦʟʠʿʝ ʫʩʣʝʜ ʟʘʪʨʧʘʚʘˁʘ ʭʠʜʨʦʛʝʥʠʭ ʟʝʤˀʠʰʪʘ 

ʥʘʥʦʩʦʤ, ʬʦʨʤʠʨʘʥʘ ʩʫ ʜʚʦʩʣʦʿʥʘ ʟʝʤˀʠʰʪʘ. ʂʦʣʫʚʠʿʫʤ (ʜʝʣʫʚʠʿʘʥʠ ʥʘʥʦʩ) ʩʝ 

ʩʚʨʩʪʘʚʘ ʫ ʢʣʘʩʫ ʥʝʨʘʟʚʠʿʝʥʠʭ ʘʫʪʦʤʦʨʬʥʠʭ ʟʝʤˀʠʰʪʘ. ʅʘ ʨʘʟʚʠʿʝʥʠʤ ʨʝˀʝʬʥʠʤ 

ʦʙʣʠʮʠʤʘ, ʜʝʚʘʩʪʘʮʠʿʦʤ, ʩʪʚʦʨʝʥʠ ʩʫ ʧʦʚʦˀʥʠ ʫʩʣʦʚʠ ʟʘ ʝʨʦʟʠʦʥʝ ʧʨʦʮʝʩʝ ʢʦʿʠ 

ʩʪʚʘʨʘʿʫ ʠ ʧʨʦʰʠʨʠʿʫ ʧʦʚʨʰʠʥʝ ʧʦʜ ʢʦʣʫʚʠʿʘʥʠʤ ʥʘʥʦʩʦʤ. ʅʘ ʧʦʚʨʰʠʥʘʤʘ ʢʦʿʝ 

ʥʠʩʫ ʟʘʭʚʘ˂ʝʥʝ ʚʝʛʝʪʘʮʠʿʦʤ ʿʘʚˀʘʿʫ ʩʝ ʠʥʪʝʥʟʠʚʥʠ ʧʨʦʮʝʩʠ ʚʦʜʥʝ ʝʨʦʟʠʿʝ. 

ʀʣʠʤʝʨʠʟʦʚʘʥʦ (ʣʝʩʠʚʠʨʘʥʦ) ʟʝʤˀʠʰʪʝ ʠʣʠ ʣʫʚʠʩʦʣ ʿʝ ʩʣʘʙʦ ʜʦ ʫʤʝʨʝʥʦ ʢʠʩʝʣʦ 

ʟʝʤˀʠʰʪʝ, ʟʘʩʪʫʧˀʝʥʦ  ʧʨʝʪʝʞʥʦ ʫ ʠʟʚʦʨʠʰʥʦʤ ʜʝʣʫ ʩʣʠʚʘ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ. 

 

4.1.1.5. ʉʪʨʫʢʪʫʨʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ ʫ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ 

ʋ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ ʨʝʛʠʩʪʨʦʚʘʥʦ ʿʝ 14 ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ: 

ʫʨʙʘʥʝ ʧʦʚʨʰʠʥʝ, ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʦʚʨʰʠʥʝ, ʭʝʪʝʨʦʛʝʥʘ ʧʦˀʦʧʨʠʚʨʝʜʥʘ 

ʧʦʜʨʫʯʿʘ, ʰʫʤʝ ʠ ʚʦʜʝʥʝ ʧʦʚʨʰʠʥʝ (ʊʘʙʝʣʘ 4.2), ʟʘ ʢʦʿʝ ʿʝ ʦʜʨʝʹʝʥʘ CLC ʢʣʘʩʘ ʠ 

ʧʨʠʧʘʜʘʿʫ˂ʠ ʢʦʜ (ʉʣʠʢʘ 4.5). 

ʏʝʨʥʦʟʝʤ (8,88%) 

ɽʫʪʨʠʯʥʠ ʢʘʤʙʠʩʦʣ (61,6%) 

ʌʣʫʚʠʩʦʣ (5,0%) 

ʂʦʣʫʚʠʿʫʤ (9,94%) 

ʃʫʚʠʩʦʣ ʠ ʟʝʤˀʠʰʪʘ ʫ ʣʝʩʠʚʠʨʘˁʫ 

(14,58%) 
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ʉʣʠʢʘ 4.5. ʇʨʦʩʪʦʨʥʘ ʟʘʩʪʫʧˀʝʥʦʩʪ CLC ʢʣʘʩʘ ʫ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ 

ʀʟʚʦʨ: ʘʫʪʦʨ 

 

ʊʘʙʝʣʘ 4.2. ʉʪʨʫʢʪʫʨʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ ʫ ʩʣʠʚʫ ʊʦʧʯʠʜʝʨʩʢʝ ʨʝʢʝ 

ɻʨʫʧʘ ʢʦʿʦʿ ʧʨʠʧʘʜʘ ʥʘʯʠʥ 

ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ 

CLC 

ʢʣʘʩʘ 
ʆʧʠʩ ʢʣʘʩʝ 

ɺʨʝʜʥʦʩʪ C 

ʬʘʢʪʦʨʘ 

ɺʝʰʪʘʯʢʝ ʧʦʚʨʰʠʥʝ 

112 
ʀʥʜʫʩʪʨʠʿʩʢʝ 

ʥʝʢʦʤʝʨʮʠʿʘʣʥʝ ʿʝʜʠʥʠʮʝ 
0 

121 
ʀʥʜʫʩʪʨʠʿʩʢʝ ʠʣʠ 

ʢʦʤʝʨʮʠʿʘʣʥʝ ʿʝʜʠʥʠʮʝ 
0 

122 ʇʫʪʥʘ ʠ ʞʝʣʝʟʥʠʯʢʘ ʤʨʝʞʘ 0 

ʋʨʙʘʥʝ ʧʦʚʨʰʠʥʝ 

131 
ʄʝʩʪʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ 

ʤʠʥʝʨʘʣʥʠʭ ʩʠʨʦʚʠʥʘ 
0 

141 ɿʝʣʝʥʝ ʛʨʘʜʩʢʝ ʧʦʚʨʰʠʥʝ 0,005 

142 
ʉʧʦʨʪʩʢʦ-ʨʝʢʨʝʘʪʠʚʥʝ 

ʧʦʚʨʰʠʥʝ 
 

ʇʦˀʦʧʨʠʚʨʝʜʥʝ ʧʦʚʨʰʠʥʝ 
211 ʅʝʥʘʚʦʜˁʘʚʘʥʝ ʦʨʘʥʠʮʝ 0,30 

231 
ʇʘʰˁʘʮʠ, ʧʨʝʪʝʞʥʦ 

ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʠʩʧʘʰʫ 
0,090 

ʍʝʪʝʨʦʛʝʥʘ 

ʧʦˀʦʧʨʠʚʨʝʜʥʘ ʧʦʜʨʫʯʿʘ 

242 
ʂʦʤʧʣʝʢʩ ʢʫʣʪʠʚʠʩʘʥʠʭ 

ʧʘʨʮʝʣʘ 
0,138 

243 

ʇʦˀʦʧʨʠʚʨʝʜʥʝ ʧʦʚʨʰʠʥʝ 

ʩʘ ʫʜʝʣʦʤ ʧʨʠʨʦʜʥʦʛ 

ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ 

0,123 

ʐʫʤʝ ʠ ʧʦʣʫ-ʰʫʤʩʢʘ 

ʧʦʜʨʫʯʿʘ 

311 ʃʠʩʪʦʧʘʜʥʝ ʰʫʤʝ 0,0013 

312 ʏʝʪʠʥʘʨʩʢʝ ʰʫʤʝ 0,0011 

313 ʄʝʰʦʚʠʪʝ ʰʫʤʝ 0,0011 

ɺʦʜʝʥʘ ʪʝʣʘ 511 ɺʦʜʥʠ ʪʦʢʦʚʠ 0 
ʀʟʚʦʨ: ʘʫʪʦʨ 
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4.1.2. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ 

4.1.2.1. ʆʧʰʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ 

ʈʝʢʘ ʊʦʧʣʠʮʘ ʿʝ ʣʝʚʘ ʧʨʠʪʦʢʘ ɱʫʞʥʝ ʄʦʨʘʚʝ ʫ ʢʦʿʫ ʩʝ ʫʣʠʚʘ ʫ ʙʣʠʟʠʥʠ ɹʦˀʝʚʮʘ. 

ʋʢʫʧʥʘ ʧʦʚʨʰʠʥʘ ʩʣʠʚʘ ʠʟʥʦʩʠ 2180 km
2
.  ʋ ʦʚʦʤ ʨʘʜʫ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʩʣʠʚ ʨʝʢʝ 

ʊʦʧʣʠʮʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫʟʚʦʜʥʦ ʦʜ ʧʨʦʬʠʣʘ ʥʘ ʢʦʿʝʤ ʿʝ ʠʟʛʨʘʹʝʥʘ ʘʢʫʤʫʣʘʮʠʿʘ 

"ʉʝʣʦʚʘ", ʠ ʫʢʫʧʥʘ ʧʦʚʨʰʠʥʘ ʦʚʦʛ ʩʣʠʚʘ ʠʟʥʦʩʠ 348,2 km
2
. 

ʉʣʠʚ ʿʝ ʙʨʜʩʢʦ-ʧʣʘʥʠʥʩʢʦʛ ʢʘʨʘʢʪʝʨʘ, ʫ ʦʙʣʠʢʫ ʨʦʤʙʘ. ʋ ʦʢʚʠʨʫ ʩʣʠʚʘ ʥʘʣʘʟʠ ʩʝ 

ʥʝʢʦʣʠʢʦ ʚʝ˂ʠʭ ʥʘʩʝˀʘ: ʄʝʨ˂ʝʟ, ʄʘʛʦʚʦ, ʃʫʢʦʚʩʢʘ ɹʘˁʘ, ɹʣʘʞʝʚʦ, ɫʝʨʝʢʘʨʝ, 

ɹʦʨʘʥʮʝ, ʂʦʚʠʟʣʝ ʠʪʜ. ʇʦʣʦʞʘʿ ʠ ʚʠʩʠʥʩʢʘ ʧʨʝʜʩʪʘʚʘ ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣʠʮʠ 4.6. 

 
ʉʣʠʢʘ 4.6.  ʇʦʣʦʞʘʿ ʠ ʚʠʩʠʥʩʢʘ ʧʨʝʜʩʪʘʚʘ ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ 

ʀʟʚʦʨ: ʘʫʪʦʨ 

 

4.1.2.2. ʂʣʠʤʘʪʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ  

ʂʣʠʤʘ ʿʝ ʥʘʿʚʘʞʥʠʿʠ ʬʠʟʠʯʢʦ-ʛʝʦʛʨʘʬʩʢʠ ʯʠʥʠʣʘʮ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʭʠʜʨʦʣʦʰʢʝ 

ʦʜʣʠʢʝ ʩʣʠʚʘ. ʉʣʠʚ ʨʝʢʝ ʊʦʧʣʠʮʝ ʩʝ ʥʘʣʘʟʠ ʫ ʧʦʜʨʫʯʿʫ ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʥʝ 

ʢʣʠʤʝ, ʯʠʿʝ ʩʫ ʦʜʣʠʢʝ ʞʘʨʢʘ ʣʝʪʘ, ʤʨʘʟʥʝ ʟʠʤʝ ʜʦʢ ʩʫ ʧʨʦʣʝ˂ʘ ʠ ʿʝʩʝʥʠ ʙʝʟ 

ʠʟʨʘʟʠʪʠʭ ʧʨʦʤʝʥʘ. ʋ ʜʝʣʦʚʠʤʘ ʩʣʠʚʘ, ʙʣʠʞʠʤ ʧʣʘʥʠʥʠ ʂʦʧʘʦʥʠʢ, 

ʢʦʥʪʠʥʝʥʪʘʣʥʦʩʪ ʩʣʠʚʘ ʿʝ ʠʟʨʘʞʝʥʠʿʘ. 

ʆʜ ʩʚʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʝʣʝʤʝʥʘʪʘ ʟʘ ʧʦʿʘʚʫ ʠ ʨʘʟʚʦʿ ʝʨʦʟʠʦʥʠʭ ʧʨʦʮʝʩʘ 

ʥʘʿʧʨʝʩʫʜʥʠʿʠ ʫʪʠʮʘʿ ʠʤʘʿʫ ʨʝʞʠʤ ʧʘʜʘʚʠʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʟʝʤˀʠʰʪʘ. 
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ɱʘʥʫʘʨ ʿʝ ʥʘʿʭʣʘʜʥʠʿʠ ʠ ʿʝʜʠʥʠ ʤʝʩʝʮ ʫ ʛʦʜʠʥʠ  ʩʘ ʥʝʛʘʪʠʚʥʦʤ ʩʨʝʜˁʝ ʤʝʩʝʯʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʜ -0,49ÁC, ʘ ʥʘʿʪʦʧʣʠʿʠ ʤʝʩʝʮ ʿʝ ʿʫʣ ʩʘ 19,78°C. ʉʝʤ ʧʘʜʘʚʠʥʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʝʞʠʤ ʚʦʜʘ ʠ ʥʘʥʦʩʘ ʫ ʩʣʠʚʫ ʫʪʠʯʝ ʠ ʚʝʪʘʨ. ʅʘʨʦʯʠʪʦ ʚʝʣʠʢʠ 

ʫʪʠʮʘʿ ʠʤʘ ʧʨʦʣʝ˂ʥʠ ʚʝʪʘʨ "ʿʫʛʦʚʠʥʘ", ʢʦʿʠ ʥʘʿʚʝ˂ʠʤ ʜʝʣʦʤ ʦʪʘʧʘ ʩʥʝʛ, ʿʝʨ ʩʝ ʠ ʫ 

ʘʧʨʠʣʫ ʩʥʝʛ ʟʘʜʨʞʘʚʘ ʫ ʚʠʰʠʤ ʜʝʣʦʚʠʤʘ ʩʣʠʚʘ (ʠʟʥʘʜ 1200 m ʥ.ʤ.). ʉʥʝʛ ʩʝ ʪʘʜʘ 

ʥʘʛʣʦ ʦʪʘʧʘ ʠ ʜʦʚʦʜʠ ʜʦ ʥʘʛʣʦʛ ʧʦʨʘʩʪʘ ʚʦʜʦʩʪʘʿʘ, ʘ ʫ ʪʦʢ ʫʥʦʩʠ ʚʝʣʠʢʫ ʢʦʣʠʯʠʥʫ 

ʥʘʥʦʩʘ. ʅʘ ʉʣʠʮʠ 4.7 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʩʪʦʨʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʩʨʝʜˁʝ ʛʦʜʠʰˁʝ 

ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʧʘʜʘʚʠʥʘ ʟʘ ʧʘʜʘʚʠʥʩʢʝ 

ʩʪʘʥʠʮʝ ʫ ʩʣʠʚʫ ʨʝʢʝ ʊʦʧʣʠʮʝ ʟʘ ʧʝʨʠʦʜ ʦʜ 1990. ʜʦ 2014. ʛʦʜʠʥʝ (ʊʘʙʝʣʠ 4.3). 

 

 

ʉʣʠʢʘ 4.7. ʇʨʦʩʪʦʨʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʩʨʝʜˁʝ ʛʦʜʠʰˁe ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʫ ʩʣʠʚʫ ʨʝʢʝ 

ʊʦʧʣʠʮʝ 

ʀʟʚʦʨ: ʘʫʪʦʨ 

 

ʊʘʙʝʣʘ 4.3. ʉʨʝʜˁʝ ʛʦʜʠʰˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʟʘ ʧʦʜʨʫʯʿʝ ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ 

ʉʪʘʥʠʮʘ ʉʨ. ʛʦʜʠʰˁʝ ʧʘʜʘʚʠʥʝ [mm] 

ʂʫʨʰʫʤʣʠʿʘ 651,6 

ɹʣʘʞʝʚʦ 803,1 

ɹʣʘʮʝ 642,8 

ɹʨʫʩ 626,4 

ʂʦʧʘʦʥʠʢ 995,3 

ʇʘʯʘʨʘʹʘ 420,2 

ʐʪʘʚʘ 950,7 

ʀʟʚʦʨ: ʘʫʪʦʨ 
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4.1.2.3. ɻʝʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ 

ʉʣʠʚ ʊʦʧʣʠʮʝ, ʠʟʫʟʝʚ ʠʟʚʦʨʠʰʥʦʛ ʜʝʣʘ, ʫʩʝʯʝʥ ʿʝ ʫ ʚʝʦʤʘ ʝʨʦʜʠʙʠʣʥʠʤ 

ʬʣʠʰʦʣʠʢʠʤ ʩʪʝʥʘʤʘ (ʩʘʩʪʘʚˀʝʥʝ ʦʜ ʧʝʰʯʘʨʘ, ʘʣʝʚʨʦʣʠʪʘ ʠ ʣʘʧʦʨʘʮʘ) ʢʦʿʝ ʩʝ 

ʥʘʣʘʟʝ ʥʘ ʦʢʦ 70% ʧʦʚʨʰʠʥʝ ʩʣʠʚʘ. ʆʚʝ ʩʪʝʥʝ ʩʫ ʭʝʪʝʨʦʛʝʥʦʛ ʩʘʩʪʘʚʘ, 

ʢʨʫʧʥʦʟʨʥʠʿʝʛ ʫ ʥʠʞʠʤ ʧʘʨʪʠʿʘʤʘ, ʘ ʩʠʪʥʦʟʨʥʠʿʝ ʫ ʚʠʰʠʤ. ʆʜʣʠʢʫʿʫ ʩʝ ʚʝʦʤʘ 

ʠʟʨʘʞʝʥʦʤ ʥʝʩʪʘʙʠʣʥʦʰ˂ʫ ʥʘ ʧʘʜʠʥʘʤʘ ʠ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢʦʤ ʧʨʦʜʫʢʮʠʿʦʤ ʥʘʥʦʩʘ 

ʧʨʝʪʝʞʥʦ ʩʨʝʜˁʝʛ ʠ ʩʠʪʥʦʛ ʟʨʥʘ.  

ʉʣʝʜʝ˂ʦʿ ʛʨʫʧʠ ʩʪʝʥʘ ʧʨʝʤʘ ʝʨʦʜʠʙʠʣʥʦʩʪʠ ʧʨʠʧʘʜʘʿʫ ʢʨʠʩʪʘʣʘʩʪʠ ʰʢʨʠˀʮʠ, 

ʜʦʣʦʤʠʪʠ, ʢʨʝʯˁʘʮʠ ʠ ʩʝʨʧʝʥʪʠʥʠ. ʆʚʝ ʩʪʝʥʝ ʩʫ ʥʝʰʪʦ ʦʪʧʦʨʥʠʿʝ ʦʜ ʧʨʝʪʭʦʜʥʠʭ, 

ʠ ʢʦʜ ˁʠʭ ʩʝ ʩʘ ʜʫʙʠʥʦʤ ʧʦʚʝ˂ʘʚʘ ʯʚʨʩʪʠʥʘ. ʇʦʚʨʰʠʥʩʢʠ ʜʝʣʦʚʠ ʦʚʠʭ ʩʪʝʥʘ 

ʫʛʣʘʚʥʦʤ ʜʘʿʫ ʜʨʦʙʠʥʫ ʢʨʫʧʥʦʛ ʠ ʩʨʝʜˁʝʛ ʟʨʥʘ. ʉʨʝʜˁʝ ʦʪʧʦʨʥʝ ʩʪʝʥʝ-

ʭʘʨʮʙʫʨʛʠʪʠ, ʦʜʣʠʢʫʿʫ ʩʝ ʥʝʰʪʦ ʚʝ˂ʦʤ ʯʚʨʩʪʦ˂ʦʤ ʠ ʤʘˁʦʤ ʧʨʦʜʫʢʮʠʿʦʤ 

ʢʨʫʧʥʦʟʨʥʝ ʜʨʦʙʠʥʝ ʧʦ ʧʦʚʨʰʠʥʠ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʪʝʥʘʤʘ ʧʨʝʪʭʦʜʥʝ ʛʨʫʧʝ. 

ʆʪʧʦʨʥʠʤ ʩʪʝʥʘʤʘ ʫ ʩʣʠʚʫ ʧʨʠʧʘʜʘʿʫ ʩʚʝ ʟʘʩʪʫʧˀʝʥʝ ʦʩʪʘʣʝ ʤʘʛʤʘʪʩʢʝ ʩʪʝʥʝ: 

ʢʚʘʨʮʣʘʪʠʪʠ, ʛʨʘʥʦʜʠʦʨʠʪʠ, ʙʘʟʘʣʪʠ, ʛʘʙʨʦ, ʜʠʿʘʙʘʟʠ. 

 

4.1.2.4. ʇʝʜʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ  

ʋ ʩʣʠʚʫ ʨʝʢʝ ʊʦʧʣʠʮʝ, ʜʦ ʧʨʦʬʠʣʘ ʙʨʘʥʝ "ʉʝʣʦʚʘ", ʟʘʩʪʫʧˀʝʥʦ ʿʝ ʚʠʰʝ ʪʠʧʦʚʘ, 

ʧʦʜʪʠʧʦʚʘ ʠ ʚʘʨʠʿʝʪʝʪʘ ʟʝʤˀʠʰʪʘ (ʉʣʠʢʘ 4.8). ʈʘʟʥʦʚʨʩʥʦʩʪ ʧʝʜʦʣʦʰʢʦʛ 

ʧʦʢʨʠʚʯʘ ʿʝ ʨʝʟʫʣʪʘʪ ʧʨʚʝʥʩʪʚʝʥʦ ʨʘʟʥʦʣʠʢʦʛ ʤʘʪʠʯʥʦʛ ʩʫʧʩʪʨʘʪʘ. ʅʘ ʧʝʜʦʛʝʥʝʟʫ 

ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʝ ʠ ʧʣʘʥʠʥʩʢʠ ʨʝˀʝʬ ʩʘ ʧʨʦʩʝʯʥʠʤ ʥʘʛʠʙʦʤ ʦʜ 30-45%.  

ɿʝʤˀʠʰʪʘ ʮʝʣʦʛ ʧʦʜʨʫʯʿʘ ʩʫ ʤʘʭʦʤ ʧʣʠʪʢʘ (ʦʢʦ 75% ʧʦʚʨʰʠʥʝ) ʠ ʧʣʠʪʢʘ (ʦʢʦ 

20%). ʉʨʝʜˁʝ ʜʫʙʦʢʘ ʩʫ ʟʝʤˀʠʰʪʘ ʪʠʧʘ: ʝʫʪʨʠʯʥʦ ʩʤʝʹʝ, ʘʣʫʚʠʿʘʣʥʦ ʠ 

ʢʦʣʫʚʠʿʘʣʥʦ ʟʝʤˀʠʰʪʝ. ʉʚʘ ʟʝʤˀʠʰʪʘ ʩʫ ʩʣʘʙʦ ʠ ʩʨʝʜˁʝ ʩʢʝʣʝʪʥʘ ʩʘ 10ï30% 

ʩʢʝʣʝʪʘ ʠ ʣʘʢʰʝʛ ʤʝʭʘʥʠʯʢʦʛ ʩʘʩʪʘʚʘ (ʧʝʩʢʦʚʠʪʦ-ʠʣʦʚʘʩʪʘ ʠ ʠʣʦʚʘʩʪʘ), 

ʩʧʦʨʘʜʠʯʥʦ ʛʣʠʥʦʚʠʪʘ ʠʣʦʚʘʯʘ. 

ʋ ʩʣʠʚʫ ʨʝʢʝ ʊʦʧʣʠʮʝ, ʨʝʛʠʩʪʨʦʚʘʥʠ ʩʫ ʥʝʨʘʟʚʠʿʝʥʘ ʟʝʤˀʠʰʪʘ: ʢʘʤʝˁʘʨ (ʣʠʪʦʩʦʣ) 

ʥʘ ʬʣʠʰʫ, ʧʝʰʯʘʨʫ, ʜʘʮʠʪʦ-ʘʥʜʝʟʠʪʫ, ʛʨʘʥʠʪʫ ʠ ʩʝʨʧʝʥʪʠʥʠʪʫ) ʠ ʢʦʣʫʚʠʿʫʤ 

(ʢʦʣʫʚʠʿʘʥʦ ʟʝʤˀʠʰʪʝ), ʥʘ ʤʘʣʦʿ ʧʦʚʨʰʠʥʠ ʩʣʠʚʘ. ʎʨʥʠʮʘ ʥʘ ʿʝʜʨʦʤ ʢʨʝʯˁʘʢʫ 

(ʢʘʣʢʦʤʝʣʘʥʦʩʦʣ) ʿʘʚˀʘ ʩʝ ʥʘ ʧʘʨʪʠʿʠ ʿʝʜʨʦʛ ʢʨʝʯˁʘʢʘ ʫ ʩʣʠʚʫ ʃʫʢʦʚʩʢʝ ʨʝʢʝ. 

ʍʫʤʫʩʥʦ-ʩʠʣʠʢʘʪʥʦ ʟʝʤˀʠʰʪʝ (ʨʘʥʢʝʨ) ʿʝ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʪʠʧ ʟʝʤˀʠʰʪʘ ʢʦʿʠ ʩʝ 

ʿʘʚˀʘ ʥʘ ʩʢʦʨʦ 80% ʧʦʚʨʰʠʥʝ ʩʣʠʚʘ. 
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ʉʣʠʢʘ 4.8.  ɿʘʩʪʫʧˀʝʥʦʩʪ ʧʝʜʦʣʦʰʢʠʭ ʪʚʦʨʝʚʠʥʘ ʫ ʩʣʠʚʫ ʨʝʢʝ ʊʦʧʣʠʮʝ 

ʀʟʚʦʨ: ʘʫʪʦʨ 

 

ɽʫʪʨʠʯʥʦ ʩʤʝʹʝ ʟʝʤˀʠʰʪʝ (ʝʫʪʨʠʯʥʠ ʢʘʤʙʠʩʦʣ) ʩʝ ʧʨʦʩʪʠʨʝ ʥʘ 18,11% ʧʦʚʨʰʠʥʝ 

ʩʣʠʚʘ (ʿʘʚˀʘ ʩʝ ʥʘ ʬʣʠʰʫ ʠ ʥʘ ʥʝʫʪʨʘʣʥʠʤ ʙʘʟʠʯʥʠʤ ʩʪʝʥʘʤʘ). ɼʠʩʪʨʠʯʥʦ ʩʤʝʹʝ 

ʟʝʤˀʠʰʪʝ (ʜʠʩʪʨʠʯʥʠ ʢʘʤʙʠʩʦʣ) ʟʘʭʚʘʪʘ ʚʝʦʤʘ ʤʘʣʫ ʧʦʚʨʰʠʥʫ, ʪʿ. ʿʘʚˀʘ ʩʝ ʩʘʤʦ ʫ 

ʩʣʠʚʫ ʇʘʚʘʰʪʠʯʢʦʛ ʧʦʪʦʢʘ, ʛʜʝ ʿʝ ʤʘʪʠʯʢʠ ʩʫʧʩʪʨʘʪ ʬʣʠʰ. ɸʣʫʚʠʿʘʣʥʠ ʥʘʥʦʩ 

(ʬʣʠʚʠʩʦʣ) ʿʝ ʥʝʨʘʟʚʠʿʝʥʦ ʟʝʤˀʠʰʪʝ, ʥʘʩʪʘʣʦ ʥʘ ʨʝʯʥʦʤ ʥʘʥʦʩʫ ʊʦʧʣʠʮʝ ʘ ʟʘʪʠʤ ʠ 

ɹʦʨʘʥʘʯʢʝ, ɫʝʨʝʢʘʨʩʢʝ ʠ ɹʣʘʞʝʚʩʢʝ ʨʝʢʝ ʠ ʟʘʭʚʘʪʘ ʤʘˁʝ ʦʜ 2% ʩʣʠʚʘ. 

 

4.1.2.5. ɺʝʛʝʪʘʮʠʿʘ ʩʣʠʚʘ ʨʝʢʝ ʊʦʧʣʠʮʝ 

ʋ ʊʘʙʝʣʠ 4.4 ʿʝ ʜʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ ʫ ʩʣʠʚʫ ʨʝʢʝ 

ʊʦʧʣʠʮʝ. ʅʘʿʚʝ˂ʠ ʜʝʦ ʧʦʚʨʰʠʥʝ ʩʣʠʚʘ ʯʠʥʝ ʰʫʤʝ (40,19%), ʛʜʝ ʩʫ ʟʘʩʪʫʧˀʝʥʝ 

ʩʣʝʜʝ˂ʝ ʰʫʤʩʢʝ ʘʩʦʮʠʿʘʮʠʿʝ: 1) ʰʫʤʘ ʭʨʘʩʪʘ ʩʣʘʜʫʥʘ ʠ ʮʝʨʘ (Quercetum farnetto 

cerris) ʢʦʿʘ ʩʝ ʿʘʚˀʘ ʥʘ ʥʘʿʿʫʞʥʠʿʠʤ ʜʝʣʦʚʠʤʘ ʩʣʠʚʘ ʠ ʿʫʞʥʠʤ ʝʢʩʧʦʟʠʮʠʿʘʤʘ, 2) 

ʰʫʤʝ ʭʨʘʩʪʘ ʢʠʪˁʘʢʘ (Querceetum petraeae) ʿʘʚˀʘ ʩʝ ʫ ʚʠʜʫ ʧʦʩʝʙʥʦʛ ʧʦʿʘʩʘ ʠʟʥʘʜ 




































































































































































































































































































































































































































