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ʀʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣ ʣʦʛʠʨʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ  

ʟʘʩʥʦʚʘʥ ʥʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʤ ʦʜʣʫʯʠʚʘˁʫ 

 

ʈʝʟʠʤʝ: 

ɽʬʠʢʘʩʥʘ ʣʦʛʠʩʪʠʯʢʘ ʤʨʝʞʘ ʚʦʜʠ ʠ ʢʘ ʢʦʥʢʫʨʝʥʪʩʢʦʿ ʧʨʝʜʥʦʩʪʠ ʧʨʝʜʫʟʝ˂ʘ ʠ ʧʦʤʘʞʝ 

ʧʨʝʜʫʟʝ˂ʠʤʘ ʜʘ ʩʝ ʩʫʦʯʝ ʩʘ ʩʚʝ ʚʝ˂ʠʤ ʠ ʩʪʨʦʞʠʤ ʨʝʛʫʣʘʪʠʚʘʤʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʥʝʠʟʚʝʩʥʦʩʪʠʤʘ ʫ ʧʦʩʣʦʚʘˁʫ. ʂʦʥʬʠʛʫʨʘʮʠʿʘ ʣʦʛʠʩʪʠʯʢʝ ʤʨʝʞʝ 

(ʥʧʨ. ʜʝʬʠʥʠʩʘˁʝ ʣʦʢʘʮʠʿʘ, ʢʘʧʘʮʠʪʝʪʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʦʙʿʝʢʘʪʘ) ʿʝ ʿʝʜʘʥ ʦʜ 

ʥʘʿʚʘʞʥʠʿʠʭ ʩʪʨʘʪʝʰʢʠʭ ʧʨʦʙʣʝʤʘ ʫ ʤʝʥʘ˅ʤʝʥʪʫ ʣʘʥʮʠʤʘ ʩʥʘʙʜʝʚʘˁʘ ʠ ˁʝʥ ʫʪʠʮʘʿ 

ʥʘ ʫʢʫʧʥʝ ʨʝʟʫʣʪʘʪʝ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʿʝ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢ.  

ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʠʥʪʝʛʨʠʩʘʥʠʤ ʤʦʜʝʣʠʤʘ ʣʦʛʠʩʪʠʢʝ 

ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. ʀʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣʠ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʧʦʟʥʘʪʠ ʩʫ ʠ ʢʘʦ ʟʘʪʚʦʨʝʥʝ ʧʝʪˀʝ ʣʘʥʘʮʘ ʥʘʙʘʚʢʝ, ʘ ʜʝʬʠʥʠʰʫ ʩʝ 

ʢʘʦ ʤʨʝʞʝ ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʢʘʥʘʣʝ, ʦʜʥʦʩʥʦ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʣʦʛʠʩʪʠʯʢʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʪʦʢʦʚʝ ʟʘʿʝʜʥʦ ʩʘ ʧʦʚʨʘʪʥʠʤ ʢʘʥʘʣʠʤʘ. ɱʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʨʘʟʣʦʛʘ 

ʨʘʟʚʦʿʘ ʠʥʪʝʛʨʠʩʘʥʝ ʤʨʝʞʝ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʿʝ ʩʤʘˁʝˁʝ 

ʪʨʦʰʢʦʚʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫ ʮʝʣʦʢʫʧʥʦʤ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ, ʧʦʚʝ˂ʘˁʝ ʧʨʦʬʠʪʘ, ʘʣʠ ʠ 

ʦʩʪʘʚʘʨʝˁʝ ʩʧʝʮʠʬʠʯʥʠʭ ʮʠˀʝʚʘ ʢʦʿʠ ʩʝ ʫ ʚʠʜʫ ʟʘʢʦʥʩʢʠʭ ʫʨʝʜʘʙʘ ʠ ʨʝʛʫʣʘʪʠʚʘ 

ʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜ ʧʨʝʜʫʟʝ˂ʘ, ʘ ʦʜʥʦʩʝ ʩʝ ʥʘ ʧʦʚʝ˂ʘʥʫ ʙʨʠʛʫ ʦ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ. ʆʩʥʦʚʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʜʘ ʩʝ ʤʝʪʦʜʝ ʠʟ ʦʙʣʘʩʪʠ ʦʧʝʨʘʮʠʦʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʤʘʪʝʤʘʪʠʯʢʠʤ ʤʦʜʝʣʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ ʧʦʿʘʚʘ ʠ 

ʧʨʦʮʝʩʘ, ʤʦʛʫ ʝʬʠʢʘʩʥʦ ʧʨʠʤʝʥʠʪʠ ʫ ʮʠˀʫ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʫ ʣʦʛʠʩʪʠʯʢʦʤ ʩʠʩʪʝʤʫ 

ʢʦʿʠ ʠʩʪʦʚʨʝʤʝʥʦ ʦʙʫʭʚʘʪʘ ʧʨʦʮʝʩ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʨʦʮʝʩʝ ʧʦʚʨʘ˂ʘʿʘ ʩʨʝʜʩʪʘʚʘ.  

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ, ʢʘʦ ʠ 

ʠʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣʠ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. ʇʦʚʨʘʪʥʘ 

ʣʦʛʠʩʪʠʢʘ ʦʙʫʭʚʘʪʘ ʣʦʛʠʩʪʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʢʨʦʟ ʮʝʣʦʢʫʧʥʠ ʪʦʢ ʧʨʦʠʟʚʦʜʘ ʦʜ 

ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʧʨʝʩʪʘʥʝ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ ʟʘ ʪʠʤ ʧʨʦʠʟʚʦʜʦʤ ʜʦ ˁʝʛʦʚʦʛ ʧʦʥʦʚʥʦʛ 

ʢʦʨʠʰ˂ʝˁʘ ʥʘ ʪʨʞʠʰʪʫ ʠʣʠ ʢʦʥʘʯʥʦʛ ʦʜʣʘʛʘˁʘ. ʇʨʝ ʩʚʝʛʘ, ʧʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ 
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ʫʢˀʫʯʫʿʝ ʬʠʟʠʯʢʠ ʪʨʘʥʩʧʦʨʪ ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʦʜ ʢʨʘʿˁʝʛ ʢʦʨʠʩʥʠʢʘ ʜʦ 

ʧʨʦʠʟʚʦʹʘʯʘ, ʦʜʥʦʩʥʦ ʧʣʘʥʠʨʘˁʝ ʩʚʠʭ ʘʩʧʝʢʘʪʘ ʜʠʩʪʨʠʙʫʮʠʿʝ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ˂ʝ 

ʩʝ ʨʘʟʚʠʪʠ ʠ ʨʝʰʠʪʠ ʪʘʢʚʠ ʤʦʜʝʣʠ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʜʘ ʩʝ 

ʧʨʦʠʟʚʦʜʠ ʠ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʦʧʨʝʤʠʪʠ ʜʦ ʩʥʘʙʜʝʚʘʯʘ/ʧʨʦʠʟʚʦʹʘʯʘ ʜʦ 

ʢʨʘʿˁʝʛ ʢʦʨʠʩʥʠʢʘ, ʢʘʦ ʠ ʧʨʦʠʟʚʦʜʠ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʚʨʘʪʠʪʠ ʦʜ ʢʦʨʠʩʥʠʢʘ ʢʘ 

ʧʨʦʠʟʚʦʹʘʯʫ, ʦʜʥʦʩʥʦ ʢʘ ˁʝʛʦʚʦʤ ʩʢʣʘʜʠʰʪʫ, ʚʨʘʪʝ ʥʘʿʢʨʘ˂ʠʤ ʧʫʪʝʤ ʠ ʩʘ ʥʘʿʤʘˁʠʤ 

ʪʨʦʰʢʦʚʠʤʘ. 

ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʜʦʧʨʠʥʦʩ ʨʘʟʚʦʿʫ ʠʥʪʝʛʨʠʩʘʥʦʛ ʤʦʜʝʣʘ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. ʇʨʦʙʣʝʤ ʢʦʿʠ ʪʨʝʙʘ ʨʝʰʠʪʠ ʿʝʩʪʝ ʦʜʨʝʹʠʚʘˁʝ ʤʨʝʞʝ 

ʠʥʪʝʛʨʠʩʘʥʝ ʣʦʛʠʩʪʠʢʝ ʢʘʢʦ ʙʠ ʩʝ ʩʿʝʜʠʥʠʣʝ ʤʨʝʞʝ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ, ʠ ʪʠʤʝ ʜʘʦ ʜʦʧʨʠʥʦʩ ʧʦʚʝ˂ʝˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʝʬʝʢʪʠʚʥʦʩʪʠ ʮʝʣʦʢʫʧʥʦʛ 

ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ.  

ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʧʝʪ ʤʦʜʝʣʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʧʨʦʙʣʝʤʝ ʠʟʙʦʨʘ 

ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ʫ ʠʥʪʝʛʨʠʩʘʥʠʤ ʤʦʜʝʣʠʤʘ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ. ʄʦʜʝʣʠ ʩʫ ʨʝʰʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʠ 

ʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ. ɱʝʜʘʥ ʦʜ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʤʦʜʝʣʘ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʝ ʨʝʰʝʥ ʿʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʬʘʟʠ AHP ʤʝʪʦʜʝ. ʏʝʪʠʨʠ NP ʪʚʨʜʠʭ ʧʨʦʙʣʝʤʘ ʨʝʰʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ. ɿʘ ʤʘʪʝʤʘʪʠʯʢʝ ʤʦʜʝʣʝ ʩʘ ʿʝʜʥʦʤ ʠ ʚʠʰʝ ʬʫʥʢʮʠʿʘ ʮʠˀʘ 

ʨʘʟʚʠʿʝʥʝ ʩʫ ʭʝʫʨʠʩʪʠʢʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʤʝʪʦʜʠ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ (ʝʥʛʣ. Variable 

neighbourhood search ï VNS). ɿʘ ʩʚʘʢʠ ʦʜ ʯʝʪʠʨʠ ʤʦʜʝʣʘ ʢʦʿʠ ʩʫ ʨʝʰʝʥʠ ʤʝʪʦʜʦʤ 

ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʨʘʟʚʠʿʝʥʘ ʩʫ ʧʦ ʜʚʘ ʘʣʛʦʨʠʪʤʘ.  

ʋ ʩʚʠʤ ʤʦʜʝʣʠʤʘ ʿʝ ʟʘ ʣʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʦʛ 

ʩʧʫʩʪʘ (ʝʥʛʣ. Variable neighbourhood descend ï VND) ʠ ʧʨʠʤʝˁʝʥ ʿʝ ʠʩʪʠ ʘʣʛʦʨʠʪʘʤ ʟʘ 

ʩʚʝ ʤʦʜʝʣʝ.  

ʇʨʦʙʣʝʤʠ ʤʘˁʠʭ ʜʠʤʝʥʟʠʿʘ ʩʫ ʨʝʰʝʥʠ ʜʦ ʦʧʪʠʤʘʣʥʦʩʪʠ ʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ 

ʢʦʨʠʰʝ˂ʝˁʝʤ ʭʝʫʨʠʩʪʠʢʘ ʫʧʦʨʝʹʝʥʠ ʩʫ ʩʘ ʦʧʪʠʤʘʣʥʠʤ ʨʝʰʝˁʠʤʘ. ʆʧʪʠʤʘʣʥʦ 

ʨʝʰʝˁʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʨʘʜʠ ʧʨʦʮʝʥʝ ʠ ʧʦʪʚʨʜʝ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ 

ʭʝʫʨʠʩʪʠʢʘ.  
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ʈʝʟʫʣʪʘʪʠ ʩʧʨʦʚʝʜʝʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʨʘʟʚʠʿʝʥʝ ʭʝʫʨʠʩʪʠʢʝ ʜʘʿʫ ʨʝʰʝˁʘ 

ʙʣʠʩʢʘ ʦʧʪʠʤʘʣʥʠʤ, ʠ ʜʘ ʿʝ ʚʨʝʤʝ ʠʟʚʨʰʘʚʘˁʘ ʢʦʨʠʰ˂ʝˁʝʤ ʭʝʫʨʠʩʪʠʢʘ ʟʥʘʪʥʦ ʢʨʘ˂ʝ. 

ʆʯʝʢʠʚʘʥʠ ʨʝʟʫʣʪʘʪʠ ʪʨʝʙʘ ʜʘ ʢʦʨʠʩʪʝ ʠʩʪʨʘʞʠʚʘʯʠʤʘ ʠʟ ʦʙʣʘʩʪʠ ʢʦʿʝ ʩʝ ʙʘʚʝ 

ʣʦʛʠʩʪʠʯʢʠʤ ʧʨʠʥʮʠʧʠʤʘ ʠ ʣʦʛʠʩʪʠʢʦʤ ʢʘʦ ʥʘʫʢʦʤ, ʘʣʠ ʠ ʧʨʘʢʪʠʯʘʨʠʤʘ ʢʦʿʠ ʜʦʥʦʩʝ 

ʣʦʛʠʩʪʠʯʢʝ ʦʜʣʫʢʝ ʫ ʧʨʦʠʟʚʦʜʥʠʤ ʧʨʝʜʫʟʝ˂ʠʤʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʣʦʛʠʩʪʠʢʘ, ʩʥʘʙʜʝʚʘˁʝ, ʧʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ, ʠʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣ, 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʦʜʣʫʯʠʚʘˁʝ, ʣʦʢʘʮʠʿʩʢʠ ʧʨʦʙʣʝʤ, ʧʨʦʙʣʝʤ ʨʫʪʠʨʘˁʘ, ʫʧʨʘʚˀʘˁʝ 

ʪʨʘʥʩʧʦʨʪʦʤ, ʫʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ. 
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Integrated forward and reverse logistic model based  

on multi-criteria decision making 

 

Abstract 

Adequate design of logistics network provides an appropriate platform for efficient and 

effective supply chain management. Efficient logistics network also leads to a competitive 

advantage of a company and help them to cope with the growing and stricter regulations in 

the field of environmental protection and the uncertainties of the business. Logistics 

network configurations (e.g. definition of location, facilities and technology facilities) is 

one of the most important strategic issues in supply chain management and its impact on 

the overall performance of the supply chain is extremely high. 

 

The research subject presented in this paper are integrated models of forward and reverse 

logistics supply. Integrated models of logistics and reverse logistics supply, are also known 

as closed-loop supply chains, and they are defined as networks that include traditional 

channels and traditional logistics activities and flows along with the return channel. One of 

the main reasons for the development of an integrated network of logistics and supply 

reverse logistics are cost reduction produced in the entire supply chain, increase profits, and 

achivement of specific goals regarding legal statutes and regulations that are businesses 

facing and which are related to the heightened concern about environment. The basic 

premise of this paper is that methods from the field of operations research based on 

mathematical models of the considered phenomena and processes, can be efficiently used 

to make decisions in a logistics system that also includes the processes of supply and 

reverse processes. 

The aim of the research is to contribute to the development of an integrated model of 

supply logistics and reverse logistics. The problem to be solved is the determination of 

integrated logistics network in order to unite the network of logistics and reverse logistics 



8 
 

supply, and thereby contribute by increasing the efficiency and effectiveness of the entire 

supply chain.  

In this dissertation, we presented five models that describe the problems selection of 

locations and routes in integrated logistics models of supply and reverse logistics. The 

problems are solved with  multi-criteria analysis and heuristic methods. One of the 

presented models of the selection of location is solved using fuzzy AHP method. Four NP 

hard problems were solved using heuristic methods. For mathematical models with one or 

more objective functions were developed heuristics based on Variable neighborhood search 

(VNS) method. For each of the four models that are solved using VNS two algorithms.  

For local search Variable neighborhood descend (VND) is used for all models and the same 

algorithm is used for all four models. 

Problems with a small number of nodes are solved to the optimallity and the results 

obtained with heuristics are compared with the optimal solutions. Optimal solutions are 

presented to assess and verify solutions obtained by heuristics. 

Results of the research show that the developed heuristics provide solutions close to 

optimal, and that the execution time using heuristics is significantly shorter. The expected 

results should be used by researchers in the field dealing with the principles of logistics and 

logistics as a science, but also by practitioners who make logistical decisions in production 

companies. 

Keywords: logistics, supply, reverse logistics, integrated model, multiple criteria decision 

making, problem location, routing problem, transportation management, supply chain 

management 
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1 ʋɺʆɼ 

 

ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ ʿʝ ʧʦʿʘʤ ʢʦʿʠ, ʟʘʿʝʜʥʦ ʩʘ ʧʦʿʤʦʚʠʤʘ ʨʝʮʠʢʣʘʞʝ ʠ ʫʧʨʘʚˀʘˁʘ 

ʪʦʢʦʚʠʤʘ ʦʪʧʘʜʘ ʯʠʥʠ ʿʝʜʥʫ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʝʢʦʣʦʰʢʠʭ ʪʝʤʘ. ʃʦʛʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ 

ʧʨʫʞʘ ʧʦʜʨʰʢʫ ʫ ʫʧʨʘʚˀʘˁʫ ʨʦʙʥʠʤ ʪʦʢʦʚʠʤʘ, ʢʨʝʪʘˁʫ ʤʘʪʝʨʠʿʘʣʘ ʠ ʬʠʥʘʣʥʠʭ 

ʧʨʦʠʟʚʦʜʘ ʦʜ ʥʘʙʘʚʢʝ ʩʠʨʦʚʠʥʘ, ʩʢʣʘʜʠʰʪʝˁʘ, ʧʨʝʨʘʜʝ ʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ʛʦʪʦʚʠʭ 

ʧʨʦʠʟʚʦʜʘ ʜʦ ʢʨʘʿˁʝʛ ʢʦʨʠʩʥʠʢʘ (Vlajiĺ ʠ ʦʩʪʘʣʠ, 2009), ʘ ʫ ʥʦʚʠʿʝ ʚʨʝʤʝ, ʦʚʘ 

ʜʝʬʠʥʠʮʠʿʘ ʤʦʞʝ ʩʝ ʧʨʦʰʠʨʠʪʠ ʠ ʧʨʫʞʘˁʝʤ ʧʦʜʨʰʢʝ ʫʧʨʘʚˀʘˁʫ ʢʨʝʪʘˁʝʤ ʛʦʪʦʚʠʭ 

ʧʨʦʠʟʚʦʜʘ ʥʘʟʘʜ ʢʘ ʧʨʦʠʟʚʦʹʘʯʫ, ʥʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ˁʠʭʦʚʦʛ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ.  

 

ʋ ʩʘʚʨʝʤʝʥʠʤ ʫʩʣʦʚʠʤʘ ʧʦʩʣʦʚʘˁʘ, ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʦʛʨʘʥʠʯʝʥʠ ʨʝʩʫʨʩʠ ʠ 

ʣʠʤʠʪʠʨʘʥʠ ʢʘʧʘʮʠʪʝʪʠ ʦʙʿʝʢʘʪʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ, ʧʦʧʨʘʚʢʘ ʠ ʧʦʥʦʚʥʦ ʢʦʨʠʰ˂ʝˁʝ 

ʚʝ˂ ʫʧʦʪʨʝʙˀʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʩʫ ʢˀʫʯʥʠ ʟʘ ʦʙʝʟʙʝʹʝˁʝ ʧʦʜʨʰʢʝ 

ʨʘʩʪʫ˂ʦʿ ʧʦʧʫʣʘʮʠʿʠ ʠ ʧʦʚʝ˂ʘˁʫ ʥʠʚʦʘ ʢʦʥʟʫʤʘʮʠʿʝ ʠ ʢʦʨʠʰ˂ʝˁʘ ʧʨʦʠʟʚʦʜʘ. 

ʄʦʛʫ˂ʥʦʩʪʠ ʧʦʥʦʚʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʫʧʨʦʪʝʙˀʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʦʙʝʟʙʝʹʫʿʫ 

ʥʦʚʠ ʪʦʢ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʢʦʨʠʩʥʠʢʘ ʢʘ ʧʨʦʠʟʚʦʹʘʯʫ, ʘ ʟʘʪʠʤ, ʥʘʢʦʥ ʧʦʧʨʘʚʢʝ, ʠ ʪʦʢ ʦʜ 

ʧʨʦʠʟʚʦʹʘʯʘ ʢʘ ʢʦʨʠʩʥʠʢʫ. ʋʧʨʘʚˀʘˁʝ ʧʨʦʠʟʚʦʜʠʤʘ ʠ ʤʘʪʝʨʠʿʘʣʠʤʘ ʫ ʩʤʝʨʫ 

ʩʫʧʨʦʪʥʦʤ ʦʜ ʩʤʝʨʘ ʢʨʝʪʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ʧʨʦʠʟʚʦʜʘ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʣʘʥʮʫ 

ʩʥʘʙʜʝʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʦʙʣʘʩʪ ʧʨʦʫʯʘʚʘˁʘ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʧʦʚʨʘʪʥʦʤ ʣʦʛʠʩʪʠʢʦʤ 

(Fleischmann, 2000). 

 

ʂʘʢʦ ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʧʨʦʙʣʝʤʠ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʜʦʙʠʿʘʿʫ 

ʩʚʝ ʚʠʰʝ ʥʘ ʟʥʘʯʘʿʫ, ʠ ʧʨʠʪʠʩʘʢ ʥʘ ʧʨʝʜʫʟʝ˂ʘ ʜʘ ʧʨʝʜʫʟʠʤʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʨʝʮʠʢʣʘʞʝ ʠ 

ʧʦʥʦʚʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʧʨʦʠʟʚʦʜʘ ʩʚʝ ʚʠʰʝ ʿʘʯʘ. ʇʦʚʝ˂ʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ 

ʥʘ ʨʝʮʠʢʣʘʞʫ ʠ ʧʦʚʨʘ˂ʘʿ ʧʨʦʠʟʚʦʜʘ ʫʩʣʦʚˀʝʥʠ ʩʫ ʟʘʢʦʥʩʢʠʤ ʨʝʛʫʣʘʪʠʚʘʤʘ, ʘʣʠ ʠ 

ʧʦʪʨʝʙʘʤʘ ʢʦʨʠʩʥʠʢʘ. ʂʘʦ ʨʝʟʫʣʪʘʪ, ʿʘʚˀʘ ʩʝ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʤʘʪʝʨʠʿʘʣʘ ʠ 

ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʚʨʘ˂ʝʥʠ ʩʘ ʪʨʞʠʰʪʘ ʠʟ ʦʜʨʝʹʝʥʦʛ ʨʘʟʣʦʛʘ. ʆʚʦ ʫʟʨʦʢʫʿʝ ʚʝ˂ʠ ʙʨʦʿ 

ʧʨʦʙʣʝʤʘ ʫ ʧʦʩʣʦʚʘˁʫ ʠ ʜʦʥʦʰʝˁʝ ʧʦʪʧʫʥʦ ʥʦʚʠʭ ʦʜʣʫʢʘ ʩʘ ʢʦʿʠʤʘ ʩʝ ʤʝʥʘ˅ʝʨʠ ʜʦ 

ʩʘʜʘ ʥʠʩʫ ʩʫʩʨʝʪʘʣʠ. ʆʚʘ ʚʨʩʪʘ ʧʨʦʙʣʝʤʘ ʿʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʦʧʝʨʘʮʠʦʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ 
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ʧʦʟʥʘʪʘ ʢʘʦ ʣʦʢʘʮʠʿʩʢʠ ʧʨʦʙʣʝʤ. ʊʦ ʟʥʘʯʠ ʜʘ ʪʨʝʙʘ ʦʜʨʝʜʠʪʠ ʣʦʢʘʮʠʿʝ ʦʙʿʝʢʘʪʘ 

ʣʦʛʠʩʪʠʢʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʧʦʩʪʦʿʝ˂ʫ ʤʨʝʞʫ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, 

ʨʘʟʚʠʿʘʿʫ ʩʝ ʠʥʪʝʛʨʠʩʘʥʠ ʣʘʥʮʠ ʩʥʘʙʜʝʚʘˁʘ ʫ ʢʦʿʠʤʘ  ʩʝ ʢʨʝʪʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʠ 

ʧʨʦʠʟʚʦʜʘ ʦʜʚʠʿʘ ʫ ʟʘʪʚʦʨʝʥʦʤ ʪʦʢʫ.  

 

ʄʨʝʞʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʫʧʨʘʚˀʘˁʝ ʦʚʘʢʚʦʤ ʤʨʝʞʦʤ ʠ ˁʝʥ ʜʠʟʘʿʥ ʩʫ ʩʣʦʞʝʥʠʿʠ 

ʦʜ ʤʨʝʞʝ ʢʣʘʩʠʯʥʝ ʣʦʛʠʩʪʠʢʝ. ʇʦʩʪʦʿʝ ʜʚʘ ʛʣʘʚʥʘ ʨʘʟʣʦʛʘ ʟʘ ʪʦ: 

 

- ʋʟʘʿʘʤʥʠ ʫʪʠʮʘʿ ʜʚʝ ʚʨʩʪʝ ʪʦʢʦʚʘ ʠ ʤʦʛʫ˂ʠʭ ʢʦʦʨʜʠʥʘʮʠʿʘ ʠ ʠʥʪʝʛʨʘʮʠʿʘ, ʢʘʦ ʠ 

ʦʛʨʘʥʠʯʝˁʘ ʠʟʤʝʹʫ ʪʦʢʦʚʘ ʦʜ ʧʨʦʠʟʚʦʹʘʯʘ ʢʘ ʢʫʧʮʫ ʠ ʪʦʢʦʚʘ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ ï ʦʜ ʢʫʧʮʘ ʢʘ ʧʨʦʠʟʚʦʹʘʯʫ 

- ʇʦʩʪʦʿʘˁʝ ʙʨʦʿʥʠʭ ʥʝʠʟʚʝʩʥʦʩʪʠ ʧʦʚʝʟʘʥʠʭ ʩʘ ʧʦʚʨʘʪʥʠʤ ʪʦʢʦʚʠʤʘ, ʢʘʦ ʰʪʦ 

ʩʫ ʢʚʘʣʠʪʝʪ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʢʚʘʥʪʠʪʝʪ ʠ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ˁʠʭʦʚʫ 

ʧʦʧʨʘʚʢʫ. 

 

ʉ oʙʟʠʨʦʤ ʥʘ ʟʥʘʯʘʿʥʦʩʪ ʪʝʤʝ ʠ ʥʘ ʚʝʣʠʢʠ ʙʨʦʿ ʦʙʿʘʚˀʝʥʠʭ ʨʘʜʦʚʘ ʠ ʠʟʚʨʰʝʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, ʨʘʟʚʠʦ ʩʝ ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʠʩʪʫʧʘ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʘ ʫ ʥʦʚʠʿʝ ʚʨʝʤʝ ʥʘʨʦʯʠʪ ʿʝ ʘʢʮʝʥʘʪ ʥʘ ʨʘʟʚʦʿ ʘʜʝʢʚʘʪʥʠʭ 

ʠʥʪʝʛʨʠʩʘʥʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʢʦʤʧʣʝʢʩʥʦʩʪ ʩʘʚʨʝʤʝʥʦʛ 

ʧʦʩʣʦʚʘˁʘ, ʢʘʦ ʠ ʜʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʠ ʧʦʩʣʦʚʥʝ ʦʜʣʫʢʝ ʟʘʚʠʩʝ ʦʜ ʚʝ˂ʝʛ ʙʨʦʿʘ 

ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʟʚʠʪʠ ʪʘʢʘʚ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʢʦʿʠ ˂ʝ ʫ ʦʙʟʠʨ 

ʫʟʝʪʠ ʠ ʜʦ ʩʘʜʘ ʨʘʟʚʠʿʝʥʝ ʧʨʠʥʮʠʧʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ.   

 

ɼʠʩʝʨʪʘʮʠʿʘ ʿʝ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ʜʝʬʠʥʠʩʘˁʝ ʦʩʥʦʚʥʠʭ ʧʦʿʤʦʚʘ ʢʦʿʠ ʩʫ 

ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʜʘʪ ʿʝ ʫ ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ. ʋ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ 

ʩʪʘˁʘ ʫ ʦʙʣʘʩʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʦʩʥʦʚʫ ʫʚʠʜʘ ʫ ʦʪʚʦʨʝʥʫ ʣʠʪʝʨʘʪʫʨʫ. ʏʝʪʚʨʪʦ 

ʧʦʛʣʘʚˀʝ ʜʘʿʝ ʦʩʚʨʪ ʥʘ ʟʘʢʦʥʩʢʫ ʨʝʛʫʣʘʪʠʚʫ, ʘ ʧʦʩʝʙʥʦ ʫ ʜʝʣʫ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʫʧʨʘʚˀʘˁʝ ʧʦʩʝʙʥʠʤ ʪʦʢʦʚʠʤʘ ʦʪʧʘʜʘ. ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪʘ ʿʝ ʬʦʨʤʫʣʘʮʠʿʘ ʠ 

ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ʚʠʰʝʘʪʨʫʙʫʪʠʚʥʦʛ ʤʦʜʝʣʘ ʠʟʙʦʨ ʣʦʢʘʮʠʿʘ ʫ ʣʘʥʮʫ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʘʥʘʣʠʪʠʯʢʦ ï ʭʠʿʝʨʘʨʭʠʿʩʢʠʭ ʧʨʦʮʝʩʘ (ʝʥʛʣ. Analytic 
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Hierarchy Process) ʢʦʿʫ ˂ʝʤʦ ʩʢʨʘ˂ʝʥʦ ʧʠʩʘʪʠ ĂAHPñ. ʋ ʰʝʩʪʦʤ ʧʦʛʣʘʚˀʫ 

ʬʦʨʤʫʣʠʩʘʥ ʿʝ ʠʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. ʋ 

ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʫ ʯʝʪʠʨʠ ʤʦʜʝʣʘ. ʋ ʧʦʩʣʝʜˁʝʤ, ʩʝʜʤʦʤ 

ʧʦʛʣʘʚˀʫ ʜʘʪʘ ʩʫ ʟʘʢˀʫʯʥʘ ʨʘʟʤʘʪʨʘˁʘ ʠ ʧʨʝʜʣʦʞʝʥʠ ʩʫ ʧʨʘʚʮʠ ʜʘˀʝʛ ʠʩʪʨʘʞʠʚʘˁʘ.  

 

ɼʝʪʘˀʥʠʿʠ ʩʘʜʨʞʘʿ ʥʘʚʝʜʝʥʠʭ ʧʦʛʣʘʚˀʘ ʿʝ ʩʣʝʜʝ˂ʠ. ʋ ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ ʜʝʬʠʥʠʩʘʥʠ 

ʩʫ ʦʩʥʦʚʥʠ ʧʦʿʤʦʚʠ. ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʝ ʿʝ ʧʦʿʘʤ ʢʦʿʠ ʩʝ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʜʝʪʘˀʥʦ ʨʘʟʤʘʪʘʨʘ, ʪʝ ʿʝ ʠ ʫʢʘʟʘʥʦ ʥʘ ʯʠʥʠʦʮʝ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʢʘʦ ʠ ʥʘ ʧʨʦʙʣʝʤʝ 

ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʜʠʟʘʿʥʫ ʤʨʝʞʝ ʠ ʜʝʬʠʥʠʩʘˁʫ ʣʘʥʮʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. 

ʀʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʿʝ ʧʦʿʘʤ ʯʠʿʝʤ ʿʝ 

ʜʝʬʠʥʠʩʘˁʫ ʧʦʩʚʝ˂ʝʥʘ ʜʦʜʘʪʥʘ ʧʘʞˁʘ, ʘ ʧʦʩʝʙʥʦ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ʨʘʟʚʦʿ ʦʚʝ 

ʦʙʣʘʩʪʠ ʫ ʧʦʚʦʿʫ, ʪʝ ʜʘ ʫ ʧʦʩʪʦʿʝ˂ʦʿ ʣʠʪʝʨʘʪʫʨʠ ʦʚʘʿ ʧʦʿʘʤ ʥʠʿʝ ʜʝʪʘˀʥʦ ʦʙʨʘʹʝʥ. ʋ 

ʦʢʚʠʨʫ ʣʦʛʠʩʪʠʢʝ, ʢʘʦ ʥʘʫʯʥʝ ʜʠʩʮʠʧʣʠʥʝ ʧʦʩʝʙʥʦ ʩʝ ʨʘʟʤʘʪʨʘ ʠ ʧʦʿʘʤ ʟʙʨʠˁʘʚʘˁʘ 

ʦʪʧʘʜʘ ʠ ʘʤʙʘʣʘʞʝ.  

 

ʋ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʧʨʝʛʣʝʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʨʘʩʧʦʣʦʞʠʚʠʭ ʪʝʤʘ ʠʟ 

ʦʙʣʘʩʪʠ ʧʨʦʙʣʝʤʘ ʣʦʢʘʮʠʿʝ ʠ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ (ʝʥʛʣ. Location routing problems ï 

LRP), ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ (ʝʥʛʣ. Vehicle routing problems ï VRP) ʠ ʧʨʦʙʣʝʤʘ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʟʘ ʢʦʿʝ ʿʝ ʧʨʦʮʝˁʝʥʦ ʜʘ ʩʫ ʫ ʚʝʟʠ ʩʘ ʧʨʝʜʤʝʪʦʤ ʜʠʩʝʨʪʘʮʠʿʝ. ʋ 

ʜʘˀʝʤ ʪʝʢʩʪʫ ʢʦʨʠʩʪʠ˂ʝ ʩʝ ʩʢʨʘ˂ʝʥʠʮʝ ʥʘʚʝʜʝʥʝ ʫ ʟʘʛʨʘʜʘʤʘ. ʇʨʦʙʣʝʤʠ ʠʟʙʦʨʘ 

ʣʦʢʘʮʠʿʝ ʠ ʧʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʩʫ, ʥʘʿʧʨʝ, ʨʘʟʤʘʪʨʘʥʠ ʦʜʚʦʿʝʥʦ. ʃʦʢʘʮʠʿʩʢʠ 

ʧʨʦʙʣʝʤʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʪʨʘʪʝʰʢʝ, ʘ ʧʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ ʪʘʢʪʠʯʢʝ ʧʨʦʙʣʝʤʝ. ʈʫʪʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʘʢʪʠʯʢʠ ʧʨʦʙʣʝʤ, ʿʝʨ ʩʫ ʧʦʪʨʝʙʝ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ˁʠʭʦʚʠʤ 

ʩʚʘʢʦʜʥʝʚʥʠʤ ʤʝˁʘˁʝʤ ʧʦʪʧʫʥʦ ʦʧʨʘʚʜʘʥʝ ʠ ʧʨʠʤʝʥˀʠʚʝ, ʜʦʢ ʩʝ, ʥʘʨʘʚʥʦ, 

ʧʨʦʙʣʝʤʠ ʦʜʨʝʹʠʚʘˁʘ ʣʦʢʘʮʠʿʘ, ʨʝʰʘʚʘʿʫ ʿʝʜʥʦʤ ʠ ˁʠʭʦʚʘ ʨʝʰʝˁʘ ʪʨʝʙʘ ʜʘ ʙʫʜʫ 

ʧʨʠʤʝʥˀʠʚʘ ʠ ʜʘ ʜʘʿʫ ʨʝʟʫʣʪʘʪʝ ʫ ʜʫʞʝʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ʈʘʟʚʦʿʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʜʘ ʩʝ ʦʚʝ ʜʚʝ ʚʨʩʪʝ ʧʨʦʙʣʝʤʘ ʠʥʪʝʛʨʠʰʫ ʠ 

ʟʘʿʝʜʥʠʯʢʠ ʧʦʩʤʘʪʨʘʿʫ.  

 

ʇʨʠʢʫʧˀʝʥʘ ʣʠʪʝʨʘʪʫʨʘ ʿʝ ʦʨʛʘʥʠʟʦʚʘʥʘ ʫ ʯʝʪʠʨʠ ʦʜʚʦʿʝʥʝ ʮʝʣʠʥʝ:  
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¶ ʧʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ ʧʨoʫʯʘʚʘˁʘ ʤʦʜʝʣʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

¶ ʧʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʙʣʝʤʘ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ ʫ ʟʘʪʚʦʨʝʥʦʤ 

ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ 

¶ ʧʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʫ ʟʘʪʚʦʨʝʥʦʤ ʣʘʥʮʫ 

ʩʥʘʙʜʝʚʘˁʘ 

¶ ʢʦʨʠʰ˂ʝˁʝ ʄʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʫ ʟʘʪʚʦʨʝʥʠʤ ʣʘʥʮʠʤʘ ʩʥʘʙʜʝʚʘˁʘ.  

 

ʊʘʢʦʹʝ, ʠʟʚʨʰʝʥʘ ʿʝ ʠ ʧʦʜʝʣʘ ʨʘʜʦʚʘ ʧʦ ʤʝʩʪʫ ʦʙʿʘʚˀʠʚʘˁʘ (ʯʘʩʦʧʠʩʠ, ʤʝʹʫʥʘʨʦʜʥʝ 

ʢʦʥʬʝʨʝʥʮʠʿʝ, ʧʦʛʣʘʚˀʘ ʫ ʢˁʠʛʘʤʘ, ʩʪʫʜʠʿʝ ʠ ʪʝʟʝ). ʊʘʙʝʣʘ ʨʘʩʧʦʜʝʣʝ ʨʘʜʦʚʘ ʧʦ 

ʯʘʩʦʧʠʩʠʤʘ ʦʙʫʭʘʚʘʪʘ ʨʘʜʦʚʝ ʢʦʿʠ ʩʫ ʦʙʿʘʚˀʝʥʠ ʜʦ 2014. ʛʦʜʠʥʝ.   

 

ʋ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪ ʿʝ ʩʘʞʝʪ ʧʨʠʢʘʟ ʟʘʢʦʥʩʢʠʭ ʦʩʥʦʚʘ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʠ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, ʢʘʦ ʠ ʧʨʠʢʘʟ ʟʘʢʦʥʦʜʘʚʥʠʭ ʨʝʰʝˁʘ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ ʫ ɽʚʨʦʧʩʢʦʿ 

ʫʥʠʿʠ. ʊʘʢʦʹʝ, ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʫʢʘʟʘʥʦ ʠ ʥʘ ʧʨʦʙʣʝʤʝ ʪʨʝʪʠʨʘˁʘ ʦʪʧʘʜʘ ʫ ʉʨʙʠʿʠ, 

ʘ ʧʦʩʝʙʥʦ ʝʣʝʢʪʨʦʥʩʢʦʛ ʠ ʝʣʝʢʪʨʠʯʥʦʛ ʦʪʧʘʜʘ ʯʠʿʠ ʫʪʠʮʘʿ ʠʤʘʿʫ ʠʟʨʘʟʠʪʥʦ ʥʝʛʘʪʠʚʘʥ 

ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ.  

 

ʇʝʪʦ ʧʦʛʣʘʚˀʝ ʧʦʩʚʝ˂ʝʥʦ ʿʝ ʨʘʟʚʦʿʫ ʤʦʜʝʣʘ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʝ ʧʨʠʤʝʥʦʤ AHP ʤʝʪʦʜʝ. 

ɿʘ ʧʨʦʙʣʝʤ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʘ ʫ ʧʦʚʨʘʪʥʦʤ ʣʦʛʠʩʪʠʯʢʦʤ ʪʦʢʫ, ʧʨʠʣʦʞʝʥʘ ʿʝ ʥʫʤʝʨʠʯʢʘ 

ʩʪʫʜʠʿʘ ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ. ʎʠˀ ʥʫʤʝʨʠʯʢʝ ʩʪʫʜʠʿʝ ʿʝ ʜʘ ʧʦʢʘʞʝ ʧʨʠʤʝʥˀʠʚʦʩʪ 

ʧʨʠʢʘʟʘʥʦʛ ʤʦʜʝʣʘ. ʋ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪʠ 

MatLab i GLPK. 

 

ʐʝʩʪʦ ʧʦʛʣʘʚˀʝ ʧʦʩʚʝ˂ʝʥʦ ʿʝ ʤʦʜʝʣʠʨʘˁʫ ʠʥʪʝʛʨʠʩʘʥʝ ʤʨʝʞʝ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ 

ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʘ ʩʫ ʯʝʪʠʨʠ ʤʦʜʝʣʘ. ʊʨʠ ʤʦʜʝʣʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ LRP ʧʨʦʙʣʝʤʝ, ʘ ʧʦʩʣʝʜˁʠ ʤʦʜʝʣ ʿʝ ʧʨʦʙʣʝʤ ʫ ʢʦʤʝ ʿʝ ʨʝʰʝʥ ʩʘʤʦ 

ʧʨʦʙʣʝʤ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ï VRP ʤʦʜʝʣ. ɼʚʘ, ʦʜ ʫʢʫʧʥʦ ʪʨʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʧʨʦʙʣʝʤʘ 

ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ ʩʫ ʚʠʰʝʮʠˀʥʠ ʤʦʜʝʣʠ, ʜʦʢ ʿʝ ʫ ʿʝʜʥʦʤ ʤʦʜʝʣʫ 

ʨʘʟʤʘʪʨʘʥʘ ʩʘʤʦ ʿʝʜʥʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ. ʌʫʥʢʮʠʿʝ ʮʠˀʘ ʢʦʿʝ ʩʫ ʨʘʟʤʘʪʨʘʥʝ ʫ ʤʦʜʝʣʫ ʩʘ 
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ʪʨʠ ʬʫʥʢʮʠʿʝ ʮʠˀʘ ʦʜʥʦʩʝ ʩʝ ʥʘ ʧʨʦʬʠʪ, ʥʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ ʠ 

ʝʢʦʣʦʰʢʠ ʫʪʠʮʘʿ ʢʦʨʠʰ˂ʝˁʘ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ. ʉʪʘʙʠʣʥʦʩʪ 

ʨʘʟʚʠʿʝʥʠʭ ʤʦʜʝʣʘ ʪʝʩʪʠʨʘʥʘ ʿʝ ʩʧʨʦʚʦʹʝˁʝʤ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: 

ʪʨʘʞˁʘ ʢʦʨʠʩʥʠʯʢʦʛ ʮʝʥʪʨʘ, ʦʯʝʢʠʚʘʥʠ ʧʨʦʮʝʥʘʪ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʚʨʘ˂ʝʥʠ ʦʜ 

ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ ʠ ʦʯʝʢʠʚʘʥʠ ʧʨʦʮʝʥʘʪ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʠʩʧʦʨʫʯʝʥʠ ʮʝʥʪʨʫ 

ʟʘ ʦʜʣʘʛʘˁʝ. 

1.1 ɼʝʬʠʥʠʩʘˁʝ ʧʨʦʙʣʝʤʘ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʚʝ ʣʦʛʠʩʪʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʚʝʟʘʥʝ ʟʘ ʩʘʢʫʧˀʘˁʝ, 

ʨʘʩʪʘʚˀʘˁʝ ʠ ʦʙʨʘʜʫ ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʜʝʣʦʚʘ ʧʨʦʠʟʚʦʜʘ ʠ/ʠʣʠ ʤʘʪʝʨʠʿʘʣʘ ʫ 

ʮʠˀʫ ʦʩʠʛʫʨʘʚʘˁʘ ʦʜʨʞʠʚʝ (ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʝ) ʦʙʥʦʚʝ. ɼʚʘ ʦʩʥʦʚʥʘ ʨʘʟʣʦʛʘ ʟʘ 

ʙʨʟʠ ʨʘʟʚʦʿ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʫ ʛʣʦʙʘʣʠʟʘʮʠʿʘ ʪʨʞʠʰʪʘ ʠ ʧʦʣʠʪʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʆʩʠʤ ʝʢʦʣʦʰʢʦʛ ʘʩʧʝʢʪʘ, ʘʢʪʠʚʥʦʩʪʠ ʧʦʚʨʘ˂ʘʿʘ ʧʨʦʠʟʚʦʜʘ 

ʩʫ ʠ ʝʢʦʥʦʤʩʢʠ ʤʦʪʠʚʠʩʘʥʝ. ʄʝʹʫʪʠʤ, ʝʢʦʣʦʰʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʧʨʦʙʣʝʤʠ ʫ ʦʢʚʠʨʫ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʝ ʯʝʩʪʦ ʧʨʝʧʣʠ˂ʫ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʧʨʝʜʫʟʝ˂ʘ ʪʝʞʝ ʜʘ 

ʢʦʤʙʠʥʫʿʫ ʝʢʦʣʦʰʢʝ ʠ ʝʢʦʥʦʤʩʢʝ ʧʨʝʜʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʣʦʚʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʣʘʥʮʫ 

ʩʥʘʙʜʝʚʘˁʘ ʦʜʚʠʿʘʣʝ ʥʝʩʤʝʪʘʥʦ ʠ ʩʘ ʥʘʿʤʘˁʠʤ ʪʨʦʰʢʦʚʠʤʘ. 

 

ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ ʩʝ ʙʘʚʠ ʩʣʝʜʝ˂ʠʤ ʧʠʪʘˁʠʤʘ: 

 

¶ ʂʦʿʝ ʩʫ ʘʣʪʝʨʥʘʪʠʚʝ ʟʘ ʦʧʦʨʘʚʘʢ ʧʨʦʠʟʚʦʜʘ, ʜʝʣʦʚʘ ʧʨʦʠʟʚʦʜʘ ʠ ʤʘʪʝʨʠʿʘʣʘ? 

¶ ʂʦ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʠʟʚʨʰʘʚʘ ʩʧʝʢʪʘʨ ʦʧʝʨʘʮʠʿʘ ʚʝʟʘʥʠʭ ʟʘ ʦʙʥʘʚˀʘˁʝ? 

¶ ʂʘʢʦ ʙʠ ʦʚʝ ʦʧʝʨʘʮʠʿʝ ʪʨʝʙʘʣʦ ʠʟʚʨʰʘʚʘʪʠ? 

¶ ɼʘ ʣʠ ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʩʝ ʘʢʪʠʚʥʦʩʪʠ ʪʠʧʠʯʥʝ ʟʘ ʧʦʚʨʘʪʥʫ ʣʦʛʠʩʪʠʢʫ ʠʥʪʝʛʨʠʰʫ 

ʫ ʧʨʦʜʫʢʮʠʦʥʝ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʩʠʩʪʝʤʝ? 

¶ ʂʦʿʠ ʩʫ ʪʨʦʰʢʦʚʠ, ʘ ʢʦʿʝ ʩʫ ʢʦʨʠʩʪʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʛʣʝʜʘʥʦ ʢʘʢʦ ʠʟ 

ʝʢʦʥʦʤʩʢʦʛ, ʪʘʢʦ ʠ ʠʟ ʝʢʦʣʦʰʢʦʛ ʫʛʣʘ? 

 

ʆʩʥʦʚʥʠ ʨʘʟʣʦʟʠ ʟʙʦʛ ʢʦʿʠʭ ʩʝ ʧʦʚʨʘʪʥʦʿ ʣʦʛʠʩʪʠʮʠ ʧʦʩʚʝ˂ʫʿʝ ʩʚʝ ʚʝ˂ʘ ʧʘʞˁʘ ʩʫ: 
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¶ ɿʘʢʦʥʠ ʚʝʟʘʥʠ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʢʦʿʠ ʧʨʠʤʦʨʘʚʘʿʫ ʧʨʝʜʫʟʝ˂ʘ ʜʘ ʧʨʠʤʘʿʫ 

ʥʘʟʘʜ ʩʚʦʿʝ ʧʨʦʠʟʚʦʜʝ ʠ ʜʘ ʩʝ ʩʪʘʨʘʿʫ ʦ ʜʘˀʝʤ ʧʦʩʪʫʧʘˁʫ ʩʘ ˁʠʤʘ 

¶ ɽʢʦʥʦʤʩʢʘ ʢʦʨʠʩʪ ʦʜ ʢʦʨʠʰ˂ʝˁʘ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʫ ʧʨʦʠʟʚʦʜʥʦʤ ʧʨʦʮʝʩʫ 

ʫʤʝʩʪʦ ʠʟʤʠʨʠʚʘˁʘ ʚʝʣʠʢʠʭ ʪʨʦʰʢʦʚʘ ʜʝʧʦʥʦʚʘˁʘ 

¶ ʈʘʩʪʫ˂ʘ ʩʚʝʩʪ ʢʦʨʠʩʥʠʢʘ ʦ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ 

 

ʇʨʝʜʤʝʪ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʨʘʟʚʦʿ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʠʥʪʝʛʨʠʩʘʥʝ ʣʦʛʠʩʪʠʢʝ 

ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʢʦʿʠ ʩʫ ʟʘʩʥʦʚʘʥʠ ʥʘ ʧʨʦʙʣʝʤʠʤʘ ʣʦʢʘʮʠʿʘ ʠ 

ʨʫʪʠʨʘˁʘ. ɼʘʢʣʝ, ʫ ʨʘʜʫ ˂ʝ ʩʝ ʨʘʟʚʠʪʠ ʠ ʨʝʰʠʪʠ ʪʘʢʚʠ ʤʦʜʝʣʠ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ 

ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʜʘ ʩʝ ʧʨʦʠʟʚʦʜʠ ʠ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʦʧʨʝʤʠʪʠ ʜʦ 

ʩʥʘʙʜʝʚʘʯʘ/ʧʨʦʠʟʚʦʹʘʯʘ ʜʦ ʢʨʘʿˁʝʛ ʢʦʨʠʩʥʠʢʘ, ʢʘʦ ʠ ʧʨʦʠʟʚʦʜʠ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ 

ʚʨʘʪʠʪʠ ʦʜ ʢʦʨʠʩʥʠʢʘ ʢʘ ʧʨʦʠʟʚʦʹʘʯʫ, ʦʜʥʦʩʥʦ ʢʘ ˁʝʛʦʚʦʤ ʩʢʣʘʜʠʰʪʫ, ʚʨʘʪʝ 

ʥʘʿʢʨʘ˂ʠʤ ʧʫʪʝʤ ʠ ʩʘ ʥʘʿʤʘˁʠʤ ʪʨʦʰʢʦʚʠʤʘ.  

 

ʄʦʜʝʣʠ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʘʩʪʦʿʝ ʩʝ ʦʜ ʪʨʠ ʥʠʚʦʘ ʫ ʪʦʢʫ ʦʜ ʧʨʦʠʟʚʘʹʘʯʘ ʢʘ 

ʢʦʨʠʩʥʠʢʫ: 

 

¶ ʇʨʦʠʟʚʦʹʘʯ 

¶ ɼʠʩʪʨʠʙʫʪʠʚʥʠ ʮʝʥʪʘʨ 

¶ ʂʦʨʠʩʥʠʯʢʠ ʮʝʥʪʘʨ 

 

ʋ ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ, ʧʨʦʠʟʚʦʜʠ ʩʝ ʚʨʘ˂ʘʿʫ ʠʟ ʢʦʨʠʩʥʠʯʢʦʛ ʮʝʥʪʨʘ ʫ ʜʝʧʦ ʫ ʢʦʤʝ ʩʝ 

ʧʨʦʠʟʚʦʜʠ ʨʘʟʚʨʩʪʘʚʘʿʫ ʥʘ ʦʥʝ ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʦʧʨʘʚʠʪʠ ʠ ʥʘ ʦʥʝ ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ 

ʧʦʧʨʘʚʠʪʠ, ʪʝ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʚʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʦʥʠ ʚʨʘ˂ʘʿʫ ʢʦʜ ʧʨʦʠʟʚʦʹʘʯʘ ʠ 

ʧʦʥʦʚʦ ʫʣʘʟʝ ʫ ʧʨʦʠʟʚʦʜʥʠ ʪʦʢ, ʠʣʠ ʩʝ ʦʪʧʨʝʤʘʿʫ ʫ ʜʝʧʦ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ. 

 



21 
 

ʋ ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ ʨʘʟʤʘʪʨʘ˂ʝ ʩʝ ʨʘʟʣʠʯʠʪʠ ʚʠʰʝʮʠˀʥʠ ʤʦʜʝʣʠ. ʅʘʿʧʨʝ, ˂ʝ ʩʝ 

ʨʘʟʚʠʪʠ ʠ ʨʝʰʠʪʠ ʧʨʦʙʣʝʤ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʝ ʫ ʧʦʚʨʘʪʥʦʤ ʣʘʥʮʫ ʣʦʛʠʩʪʠʢʝ ʧʨʠʤʝʥʦʤ 

ʬʘʟʠ AHP ʤʝʪʦʜʝ.  

 

ʎʠˀʝʚʠ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥʠ ʫ ʩʣʝʜʝ˂ʝʤ ʤʦʜʝʣʫ ʩʫ ʩʣʝʜʝ˂ʠ: 

 

¶ ʄʘʢʩʠʤʠʟʠʨʘʪʠ ʧʨʦʬʠʪ ʫ ʠʥʪʝʛʨʠʩʘʥʦʤ ʣʘʥʮʫ 

¶ ʆʧʪʠʤʠʟʦʚʘʪʠ ʥʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ (ʝʥʛʣ. service level). 

¶ ʄʠʥʠʤʠʟʠʨʘʪʠ ʢʦʨʠʰ˂ʝˁʝ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʠ ʩʫ ʰʪʝʪʥʠ ʟʘ 

ʦʢʦʣʠʥʫ 

 

ʅʘʢʦʥ ʪʦʛʘ, ʨʘʟʤʘʪʨʘ˂ʝ ʩʝ ʤʦʜʝʣ ʢʦʿʠ ʠʤʘ ʜʚʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ: 

 

¶ ʇʨʦʬʠʪ ʫ ʠʥʪʝʛʨʠʩʘʥʦʤ ʣʘʥʮʫ ʢʦʿʠ ʪʨʝʙʘ ʤʘʢʩʠʤʠʟʠʨʘʪʠ 

¶ ʂʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʝ ʥʝ ʚʨʘ˂ʘʿʫ ʫ ʧʦʥʦʚʥʠ ʪʦʢ ʧʨʦʠʟʚʦʜˁʝ ʢʦʿʫ ʪʨʝʙʘ 

ʤʠʥʠʤʠʟʠʨʘʪʠ 

 

ʆʩʠʤ ʥʘʚʝʜʝʥʠʭ ʤʦʜʝʣʘ, ʨʘʟʤʘʪʨʘ˂ʝ ʩʝ ʠ ʤʦʜʝʣ ʢʦʿʠ ʠʤʘ ʩʘʤʦ ʿʝʜʥʫ ʬʫʥʢʮʠʿʫ ʮʠˀʘ 

(ʤʘʢʩʠʤʠʟʘʟʠʿʘ ʧʨʦʬʠʪʘ), ʢʘʢʦ ʙʠ ʩʝ ʩʘʛʣʝʜʘʣʦ ʢʘʢʦ ʬʫʥʢʮʠʿʝ ʮʠˀʘ ʢʦʿʝ ʿʝ ʦʜʥʦʩʝ ʥʘ 

ʧʨʦʮʝʩʝ ʩʧʝʮʠʬʠʯʥʝ ʟʘ ʧʦʚʨʘʪʥʠ ʪʦʢ, ʫʪʠʯʫ ʥʘ ʩʤʘˁʝˁʝ ʧʨʦʬʠʪʘ. ʋ ʧʦʩʣʝʜˁʝʤ ʜʝʣʫ 

ʨʘʜʘ, ʧʨʝʟʝʥʪʦʚʘʥ ʿʝ ʤʦʜʝʣ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ, ʧʨʠ ʯʝʤʫ ʤʨʝʞʘ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ, ʟʘ 

ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʘ ʪʨʠ ʤʦʜʝʣʘ, ʫʢˀʫʯʫʿʝ ʠ ʜʦʙʘʚˀʘʯʝ. ʉʚʠ ʤʦʜʝʣʠ ʢʦʿʠ 

˂ʝ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥʠ ʫ ʨʘʜʫ ʠʤʘʿʫ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʝ ʢʘʧʘʮʠʪʝʪʝ (ʝʥʛʣ. Capacitated 

LRP).  

 

ʎʠˀ ʜʝʬʠʥʠʩʘˁʘ ʤʨʝʞʝ ʠʥʪʝʛʨʠʩʘʥʝ ʣʦʛʠʩʪʠʢʝ ʿʝ ʜʘ ʩʿʝʜʠʥʠ ʤʨʝʞʝ ʣʦʛʠʩʪʠʢʝ 

ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʢʘʢʦ ʙʠ ʩʝ ʧʦʚʝ˂ʝʣʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʝʬʝʢʪʠʚʥʦʩʪ 

ʮʝʣʦʢʫʧʥʦʛ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ.  
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ʇʨʝʜʥʦʩʪʠ ʧʨʠʤʝʥʝ ʠʥʪʝʛʨʠʩʘʥʦʛ ʤʦʜʝʣʘ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ ʦʛʣʝʜʘʿʫ ʩʝ ʥʝ ʩʘʤʦ ʫ ʜʠʨʝʢʪʥʠʤ ʝʢʦʥʦʤʩʢʠʤ ʮʠˀʝʚʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʩʥʠʞʝˁʝ ʪʨʦʰʢʦʚʘ ʠ ʧʦʚʝ˂ʘˁʝ ʧʨʦʬʠʪʘʙʠʣʥʦʩʪʠ, ʚʝ˂ ʠ ʫ ʧʦʩʪʠʟʘˁʫ ʩʧʝʮʠʬʠʯʥʠʭ 

ʮʠˀʝʚʘ ʧʨʝʜʫʟʝ˂ʘ ʦʨʠʿʘʥʪʠʩʘʥʠʭ ʢʘ ʧʦʚʝ˂ʘˁʫ ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ ʠ ʦʩʪʚʘʨʝˁʫ ʙʦˀʝ 

ʪʨʞʠʰʥʝ ʧʦʟʠʮʠʿʝ ʫʩʣʦʚˀʝʥʦʤ ʧʦʚʝ˂ʘʥʦʤ ʩʚʝʰ˂ʫ ʢʦʨʠʩʥʠʢʘ ʦ ʙʨʠʟʠ ʠ ʟʘʰʪʠʪʠ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʠ ʟʘʢʦʥʩʢʘ ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʦʛʣʝʜʫ ʦʪʧʨʝʤʝ ʦʪʧʘʜʘ, 

ʢʦʿʠʤʘ ʩʚʝ ʚʝ˂ʠ ʙʨʦʿ ʟʝʤʘˀʘ ʫ ʩʚʝʪʫ ʧʨʠʙʝʛʘʚʘ, ʧʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ, ʫ ʩʘʚʨʝʤʝʥʦʤ 

ʧʦʩʣʦʚʘˁʫ ʥʝ ʧʨʝʜʩʪʘʚˀʘ ʠʟʙʦʨ, ʚʝ˂ ʥʝʤʠʥʦʚʥʦʩʪ ʟʘ ʩʚʝ ʫʯʝʩʥʠʢʝ ʥʘ ʪʨʞʠʰʪʫ.  

1.2 ʎʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʆʩʥʦʚʥʠ ʮʠˀ ʠ ʟʘʜʘʪʘʢ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʨʘʟʚʦʿ ʤʦʜʝʣʘ ʢʦʿʠʤ ʩʝ ʨʝʰʘʚʘʿʫ ʧʨʦʙʣʝʤʠ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʨʦʮʝʩʘ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘ˂ʘʿʘ ʧʨʦʠʟʚʦʜʘ ʨʘʜʠ ʧʦʧʨʘʚʢʝ, 

ʧʦʥʦʚʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʠʣʠ ʠʩʢˀʫʯʠʚʘˁʘ ʠʟ ʜʘˀʝ ʧʨʦʠʟʚʦʜˁʝ. ɼʘʢʣʝ, ʮʠˀ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʜʘ ʩʝ ʨʘʟʚʠʿʫ ʤʦʜʝʣʠ ʤʨʝʞʝ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ ʢʦʿʠ ˂ʝ ʟʘʜʦʚʦˀʠʪʠ ʩʣʝʜʝ˂ʝ ʮʠˀʝʚʝ: ʧʦʚʝ˂ʘˁʝ ʫʢʫʧʥʦʛ ʧʨʦʬʠʪʘ, ʧʦʚʝ˂ʘˁʝ 

ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ, ʩʤʘˁʝˁʝ ʢʦʨʠʰ˂ʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʠ 

ʩʫ ʰʪʝʪʥʠ ʟʘ ʦʢʦʣʠʥʫ, ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʝ ʥʝ ʚʨʘ˂ʘʿʫ ʫ ʧʦʥʦʚʥʠ ʪʦʢ 

ʧʨʦʠʟʚʦʜˁʝ. ɿʙʦʛ ʪʝʞʠʥʝ ʧʨʦʙʣʝʤʘ ʜʠʟʘʿʥʘ ʤʨʝʞʝ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʘ 

ʚʠʰʝʮʠˀʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʫ ʦʢʚʠʨʫ ʨʘʜʘ ˂ʝ ʙʠʪʠ ʧʨʠʤʝˁʝʥʝ ʩʘʚʨʝʤʝʥʝ ʤʝʪʦʜʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʜʦʰʣʦ ʜʦ ʨʝʰʝˁʘ. ʇʨʦʙʣʝʤʠ ʤʘʣʠʭ ʜʠʤʘʥʟʠʿʘ ʙʠ˂ʝ ʨʝʰʝʥʠ 

ʜʦ ʦʧʪʠʤʘʣʥʦʩʪʠ, ʢʦʨʠʰ˂ʝˁʝʤ ʧʦʩʪʦʿʝ˂ʠʭ ʩʦʬʪʚʝʨʘ, ʜʦʢ ˂ʝ ʧʨʦʙʣʝʤʠ ʚʝ˂ʠʭ 

ʜʠʤʝʥʟʠʿʘ ʙʠʪʠ ʨʝʰʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʭʝʫʨʠʩʪʠʢʘ. ʍʝʫʨʠʩʪʠʯʢʘ ʤʝʪʦʜʘ ʢʦʿʘ ˂ʝ ʙʠʪʠ 

ʢʦʨʠʰ˂ʝʥʘ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʤʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ (ʝʥʛʣ. Variable 

Neighbourhood Search - VNS). ʆʚʘ ʤʝʪʦʜʘ ʨʘʟʚʠʿʝʥʘ ʿʝ ʢʨʘʿʝʤ XX ʚʝʢʘ ʧʨʝʜʣʦʞʠʣʠ 

(ʄʣʘʜʝʥʦʚʠ˂ ʠ Hansen 1997). 

 

ɸʜʝʢʚʘʪʥʘ ʣʦʛʠʩʪʠʯʢʘ ʤʨʝʞʘ ʧʨʝʜʩʪʘʚˀʘ ʫʩʣʦʚ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʘʜʝʢʚʘʪʥʝ ʧʣʘʪʬʦʨʤʝ 

ʟʘ ʝʬʠʢʘʩʘʥʦ ʠ ʝʬʝʢʪʠʚʘʥʦ ʫʧʨʘʚˀʘˁʝ ʮʝʣʦʢʫʧʥʠʤ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ. ʇʨʦʙʣʝʤʠ 
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ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʠ ˁʠʭʦʚʘ ʧʨʦʰʠʨʝˁʘ, ʢʘʦ ʠ ʢʦʤʙʠʥʦʚʘʥʠ ʧʨʦʙʣʝʤʠ ʣʦʢʘʮʠʿʘ ʠ 

ʨʫʪʠʨʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ NP-ʪʚʨʜʝ ʧʨʦʙʣʝʤʝ.  

 

ɻʣʘʚʥʠ ʮʠˀ ʜʠʩʝʨʪʘʮʠʿʝ, ʤʦʞʝ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʥʘ ʚʠʰʝ ʧʦʿʝʜʥʘʯʥʠʭ ʮʠˀʝʚʘ: 

 

1. ʇʨʦʥʘ˂ʠ ʦʧʪʠʤʘʣʥʝ ʣʦʢʘʮʠʿʝ ʧʨʦʠʟʚʦʹʘʯʘ, ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ, 

ʂʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ ʠ ʣʦʢʘʮʠʿʝ ʜʝʧʦʘ ʫ ʢʦʤʝ ʩʝ ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʫ ʚʨʘ˂ʝʥʠ 

ʦʜ ʢʦʨʠʩʥʠʢʘ ʨʘʟʚʨʩʪʘʚʘʿʫ, ʢʘʦ ʠ ʜʝʧʦʘ ʫ ʢʦʿʝ ʩʝ ʜʦʧʨʝʤʘʿʫ ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʝ 

ʠʩʢˀʫʯʫʿʫ ʠʟ ʜʘˀʝʛ ʪʦʢʘ ʧʨʦʠʟʚʦʜˁʝ  

2. ʇʨʦʥʘ˂ʠ ʦʧʪʠʤʘʣʥʝ ʣʦʢʘʮʠʿʝ ʦʙʿʝʢʘʪʘ ʪʘʢʦ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘʿʫ ʫʢʫʧʥʠ 

ʪʨʦʰʢʦʚʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʪʨʦʰʢʦʚʝ ʧʝʥʘʣʘ ʠ ʧʨʝʹʝʥʠ ʧʫʪ 

3. ɼʝʬʠʥʠʩʘʪʠ ʦʧʪʠʤʘʣʥʝ ʨʫʪʝ ʫ ʠʥʪʝʛʨʠʩʘʥʦʤ ʪʦʢʫ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. 

1.3 ʇʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʍʠʧʦʪʝʟʝ ʜʦʢʪʦʨʩʢʦʛ ʨʘʜʘ ʜʝʬʠʥʠʰʫ ʩʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʜʤʝʪʦʤ ʠ ʮʠˀʝʚʠʤʘ 

ʠʩʪʨʘʞʠʚʘˁʘ.  

 

ʆʧʰʪʘ  ʭʠʧʦʪʝʟʘ ʜʦʢʪʦʨʩʢʦʛ ʨʘʜʘ ʿʝ ʜʘ ʩʝ ʧʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ ʤʦʞʝ ʠʥʪʝʛʨʠʩʘʪʠ ʩʘ 

ʣʦʛʠʩʪʠʢʦʤ ʩʥʘʙʜʝʚʘˁʘ. 

 

ʇʦʣʘʟʥʘ ʭʠʧʦʪʝʟʘ ʿʝ ʩʣʝʜʝ˂ʘ: 

 

ʃʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ ʩʘ ʪʦʢʦʤ ʦʜ ʧʨʦʠʟʚʦʹʘʯʘ ʢʘ ʢʦʨʠʩʥʠʢʫ ʩʝ ʤʦʞʝ ʠʥʪʝʛʨʠʩʘʪʠ ʩʘ 

ʧʦʚʨʘʪʥʠʤ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ ʫ ʿʝʜʠʥʩʪʚʝʥʠ ʣʘʥʘʮ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʠʤ ʤʦʜʝʣʦʤ ʫ ʢʦʤʝ ʩʝ ʪʨʘʞʠ ʟʘʜʦʚʦˀʝˁʝ ʚʠʰʝ ʮʠˀʝʚʘ.  

 



24 
 

ɼʘ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʧʦʣʘʟʥʘ ʭʠʧʦʪʝʟʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʪʘʢʘʚ ʤʘʪʝʤʘʪʠʯʢʠ 

ʤʦʜʝʣ ʢʦʿʠ ˂ʝ ʠʥʪʝʛʨʠʩʘʪʠ ʣʦʛʠʩʪʠʢʫ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʫ ʣʦʛʠʩʪʠʢʫ ʫ 

ʿʝʜʥʠʩʪʚʝʥʠ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʤʦʜʝʣ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ. ʄʘʪʝʤʘʪʠʯʢʠ 

ʤʦʜʝʣ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʪʨʝʙʘ ʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʪʝʦʨʠʿʠ ʣʦʢʘʮʠʿʝ ʠ ʜʦ ʩʘʜʘ 

ʨʘʟʚʠʿʝʥʠʤ ʤʦʜʝʣʠʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ. 

 

ʇʦʩʝʙʥʝ ʭʠʧʦʪʝʟʝ: 

 

¶ ʄʦʞʝ ʩʝ ʨʘʟʚʠʪʠ ʠ ʨʝʰʠʪʠ ʧʨʦʙʣʝʤ ʦʜʨʝʹʠʚʘˁʘ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ʢʦʿʠ ˂ʝ ʫʟʝʪʠ 

ʫ ʦʙʟʠʨ ʠ ʪʦʢʦʚʝ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʪʦʢʦʚʝ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. 

¶ ʄʦʞʝ ʩʝ ʨʘʟʚʠʪʠ ʠ ʨʝʰʠʪʠ ʧʨʦʙʣʝʤ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʢʦʿʠ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʠ 

ʪʦʢʦʚʝ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʪʦʢʦʚʝ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. 

¶ ʄʦʞʝ ʩʝ ʨʘʟʚʠʪʠ ʠ ʨʝʰʠʪʠ ʧʨʦʙʣʝʤ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ 

ʚʠʰʝʮʠˀʥʦʤ ʦʜʣʫʯʠʚʘˁʫ ʠ ʢʦʿʠ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʠ ʪʦʢʦʚʝ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ 

ʠ ʪʦʢʦʚʝ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. 

1.4 ʅʘʫʯʥʝ ʤʝʪʦʜʝ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʆʜ ʦʧʰʪʠʭ ʤʝʪʦʜʘ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʪʦʢʫ ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʢʦʨʠʩʪʠʣʝ ʩʫ ʩʝ ʤʝʪʦʜʝ ʩʘʢʫʧˀʘˁʘ ʠ ʢʨʠʪʠʯʢʝ ʦʙʨʘʜʝ ʨʘʩʧʦʣʦʞʠʚʝ ʣʠʪʝʨʘʪʫʨʝ ʫ ʚʝʟʠ 

ʩʘ ʧʨʝʜʤʝʪʦʤ ʠʩʪʨʘʞʠʚʘˁʘ, ʘʥʘʣʠʟʘ ʩʘʜʨʞʘʿʘ ʩʘʢʫʧˀʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʿʘ ʠ ʘʥʘʣʠʟʘ ʧʦʩʪʦʿʝ˂ʠʭ ʧʨʠʩʪʫʧʘ ʠ ʟʥʘˁʘ ʫ ʦʙʣʘʩʪʠ ʠʩʪʨʘʞʠʚʘˁʘ.  

 

ʄʝʪʦʜʝ ʧʨʠʢʫʧˀʘˁʘ ʠ ʘʥʘʣʠʟʝ ʩʘʜʨʞʘʿʘ ʢʦʨʠʩʪʝ ʩʝ ʫ ʫʚʦʜʥʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʫ 

ʢʦʤʝ ʩʫ ʧʨʝʜʩʪʘʚˀ ʝʥʠ ʦʩʥʦʚʥʠ ʧʦʿʤʦʚʠ. ʄʝʪʦʜ ʘʥʘʣʠʟʝ ʩʘʜʨʞʘʿʘ ʿʝ ʦʧʟʝʨʚʘʮʠʦʥʘ 

ʠʩʪʨʘʞʠʚʘʯʢʘ ʤʝʪʦʜʘ ʢʦʿʘ ʩʝ ʚʝʦʤʘ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʫ ʢʘʪʝʛʦʨʠʟʘʮʠʿʠ ʥʘʫʯʥʝ 

ʣʠʪʝʨʘʪʫʨʝ (Pokharel i Mutha, 2009). ʊʦ ʿʝ ʧʦʩʪʫʧʘʢ ʢʦʿʠʤ ʩʝ ʥʝʢʠ ʚʝʨʙʘʣʥʠ, 

ʢʚʘʣʠʪʘʪʠʚʥʠ ʜʦʢʫʤʝʥʪ ʧʨʝʚʦʜʠ ʫ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʧʦʜʘʪʢʝ.  
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ʆʩʠʤ ʥʘʚʝʜʝʥʠʭ ʦʧʰʪʠʭ ʤʝʪʦʜʘ, ʢʘʦ ʧʦʩʝʙʥʘ ʤʝʪʦʜʘ ʢʦʨʠʩʪʠ ʩʝ ʤʝʪʦʜʘ ʥʘʫʢʝ ʦ 

ʤʝʥʘ˅ʤʝʥʪʫ ʦʜʥʦʩʥʦ ʦʧʝʨʘʮʠʦʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʛʜʝ ʿʝ ʢˀʫʯʘʥ ʝʣʝʤʝʥʪ ʤʦʜʝʣʠʨʘˁʝ. ʋ 

ʢʦʥʪʝʢʩʪʫ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʤʦʜʝʣʠʨʘˁʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʤʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ. 

ʊʘʢʦʹʝ, ʢʦʨʠʩʪʠ˂ʝ ʩʝ ʤʝʪʦʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʨʘʯʫʥʘʨʫ ʫʟ ʧʦʤʦ˂ ʩʘʚʨʝʤʝʥʠʭ 

ʩʦʬʪʚʝʨʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʤʝʪʦʜʘ. 

 

Tʝʰʢʠ ʧʨʦʙʣʝʤʠ ʟʘʭʪʝʚʘʿʫ ʘʥʘʣʠʟʫ ʠ ʧʨʠʤʝʥʫ ʘʥʘʣʠʪʠʯʢʦʛ ʧʨʠʩʪʫʧʘ, ʿʝʨ 

ʧʨʦʥʘʣʘʞʝˁʝ ʧʨʘʚʦʛ ʨʝʰʝˁʘ ʦʚʘʢʚʠʭ ʧʨʦʙʣʝʤʘ ʟʘʭʪʝʚʘ ʩʪʨʦʛʦ ʩʪʨʫʢʪʫʨʠʨʘʥ 

ʧʨʠʩʪʫʧ. ɸʜʝʢʚʘʪʥʘ ʠ ʢʦʨʝʢʪʥʘ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʘ ʟʘʭʪʝʚʘ ʠ ʘʜʝʢʚʘʪʥʦ ʨʘʟʫʤʝʚʘˁʝ ʠ 

ʧʦʟʥʘʚʘˁʝ ʦʜʨʝʹʝʥʦʛ ʧʨʦʙʣʝʤʘ. ʇʨʦʙʣʝʤ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʩʣʦʞʝʥ ʠ ʧʨʠʧʘʜʘ ʛʨʫʧʠ NP ʪʚʨʜʠʭ ʧʨʦʙʣʝʤʘ, ʪʝ ˂ʝ ʟʘ ˁʝʛʦʚʦ 

ʜʝʬʠʥʠʩʘˁʝ ʠ ʨʝʰʘʚʘˁʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥ ʘʥʘʣʠʪʠʯʢʠ ʧʨʫʩʪʫʧ.  

1.5 ʆʯʝʢʠʚʘʥʠ ʥʘʫʯʥʠ ʠ ʩʪʨʫʯʥʠ ʜʦʧʨʠʥʦʩ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʆʯʝʢʠʚʘʥʠ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʿʝ ʫ: 

 

¶ ʇʨʝʛʣʝʜʫ ʠ ʢʨʠʪʠʯʢʦʤ ʦʩʚʨʪʫ ʥʘ ʜʦ ʩʘʜʘ ʦʙʿʘʚˀʝʥʫ ʣʠʪʝʨʘʪʫʨʫ ʠʟ ʦʙʣʘʩʪʠ 

ʠʩʪʨʘʞʠʚʘˁʘ. 

¶ ɹʣʠʞʝʤ ʨʘʟʫʤʝʚʘˁʫ ʧʨʦʙʣʝʤʘ ʠ ʬʝʥʦʤʝʥʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʠ ʤʦʛʫ˂ʥʦʩʪʠ 

ˁʝʥʦʛ ʠʥʪʝʛʨʠʩʘˁʘ ʩʘ ʣʦʛʠʩʪʠʢʦʤ ʩʥʘʙʜʝʚʘˁʘ. 

¶ ɹʣʠʞʝʤ ʨʘʟʫʤʝʚʘˁʫ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʠ ʧʦʩʝʙʥʠʤ ʪʦʢʦʚʠʤʘ 

ʦʪʧʘʜʘ. 

¶ ʈʘʟʚʦʿʫ ʚʠʰʝʮʠˀʥʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠʥʪʝʛʨʠʩʘʥʝ 

ʩʘ ʧʦʚʨʘʪʥʦʤ ʣʦʛʠʩʪʠʢʦʤ. ʄʘʪʝʤʘʪʠʯʢʝ ʤʦʜʝʣʝ ʪʨʝʙʘ ʜʘ ʢʘʨʘʢʪʝʨʠʰʝ 

ʦʨʠʛʠʥʘʣʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʜʦ ʩʘʜʘ ʨʘʟʚʠʿʝʥʝ ʤʦʜʝʣʝ ʢʦʿʠ ʩʫ ʦʙʿʘʚˀʝʥʠ ʫ 

ʥʘʫʯʥʦʿ ʠ ʩʪʨʫʯʥʦʿ ʣʠʪʝʨʘʪʫʨʠ. 
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¶ ʈʘʟʚʦʿʫ ʦʨʠʛʠʥʘʣʥʠʭ ʭʝʫʨʠʩʪʠʢʘ ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʤʝʪʦʜʠ ʧʨʦʤʝʥˀʠʚʠʭ 

ʦʢʦʣʠʥʘ, ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʝʟʝʥʪʦʚʘʥʠʭ ʣʦʢʘʮʠʿʩʢʠʭ ʧʨʦʙʣʝʤʘ ʠ ʧʨʦʙʣʝʤʘ 

ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ. 

¶ ʈʝʰʘʚʘˁʫ ʨʝʘʣʥʦʛ ʧʨʦʙʣʝʤʘ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʝ ʜʝʧʦʘ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ 

ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʮʝʥʪʨʘ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʝ ʚʠʰʝ ʥʝ˂ʝ 

ʢʦʨʠʩʪʠʪʠ. 

ɺʝʨʠʬʠʢʘʮʠʿʘ ʥʘʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ˂ʝ ʩʝ ʠʟʚʨʰʠʪʠ ʦʙʿʘʚˀʠʚʘˁʝʤ ʠʩʪʠʭ ʫ ʨʝʣʝʚʘʥʪʥʠʤ 

ʥʘʫʯʥʠʤ ʯʘʩʦʧʠʩʠʤʘ. 
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2 ʃɸʅʎʀ ʉʅɸɹɼɽɺɸɳɸ 

 

ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥʠ ʫ ʦʚʦj ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ: 

 

¶ ʃʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ,  

¶ ʃʦʛʠʩʪʠʯʢʠ ʩʠʩʪʝʤ ʠ ˁʝʛʦʚʠ ʝʣʝʤʝʥʪʠ. ʇʦʩʝʙʥʦ ˂ʝ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʣʦʛʠʩʪʠʢʘ 

ʟʙʨʠˁʘʚʘˁʘ ʦʪʧʘʜʘ ʠ ʘʤʙʘʣʘʞʝ, ʢʘʦ ʜʝʦ ʧʨʝʜʤʝʪʘ ʠʩʪʨʘʞʠʚʘˁʘ ʣʦʛʠʩʪʠʢʝ, 

¶ ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ (ˁʝʥʠ ʩʠʩʪʝʤʠ, ʯʠʥʠʦʮʠ, ʧʨʦʙʣʝʤʠ...), 

¶ ʀʥʪʝʛʨʠʩʘʥʠ ʣʘʥʘʮ ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ.  

2.1 ɼʝʬʠʥʠʩʘˁʝ ʢʦʥʮʝʧʪʘ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ 

 

ʃʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ ʿʝ ʛʨʫʧʘ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠʭ ʧʨʝʜʫʟʝ˂ʘ ʢʦʿʠ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ ʫ 

ʪʦʢʫ ʪʨʘʥʩʬʦʨʤʠʩʘˁʘ ʫʣʘʟʘ ʦʜ ˁʝʛʦʚʦʛ ʦʨʠʛʠʥʘʣʥʦʛ ʠʟʚʦʨʘ ʜʦ ʠʩʧʦʨʫʢʝ ʧʨʦʠʟʚʦʜʘ 

ʟʘʭʪʝʚʘʥʦʛ ʦʜ ʩʪʨʘʥʝ ʢʨʘʿˁʝʛ ʢʦʨʠʩʥʠʢʘ. Christopher (1998) ʣʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ 

ʜʝʬʠʥʠʰʝ ʢʘʦ ʤʨʝʞʫ ʦʨʛʘʥʠʟʘʮʠʿʘ ʧʦʚʝʟʘʥʠʭ ʧʫʪʝʤ ʫʟʚʦʜʥʠʭ ʠ ʥʠʟʚʦʜʥʠʭ ʪʦʢʦʚʘ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʮʝʩʠʤʘ ʠ ʘʢʪʠʚʥʦʩʪʠʤʘ ʢʦʿʠ ʧʨʦʠʟʚʦʜʝ ʚʨʝʜʥʦʩʪ ʫ ʦʙʣʠʢʫ ʧʨʦʠʟʚʦʜʘ 

ʠ ʫʩʣʫʛʘ ʧʦ ʟʘʭʪʝʚʫ ʢʦʨʠʩʥʠʢʘ. ʀ ʫ ʦʚʦʿ ʜʝʬʠʥʠʮʠʿʠ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʿʝ ʥʘʛʣʘʰʝʥʦ 

ʜʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʣʘʥʮʘ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʜʠʟʿʘʥʠʨʘʥʝ ʠ ʫʩʤʝʨʝʥʝ ʢʘ ʟʘʜʦʚʦˀʝˁʫ 

ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ. ʊʘʢʦʹʝ, ʫ ʜʝʬʠʥʠʮʠʿʠ ʩʘʚʨʝʤʝʥʠʭ ʣʘʥʘʮʘ ʩʥʘʙʜʝʚʘˁʘ ʛʦʪʦʚʦ ʫʚʝʢ 

ʩʝ ʠʩʪʠʯʝ ʢʨʘʿˁʠ ʢʦʨʠʩʥʠʢ ʠ ʟʘʜʦʚʦˀ ʝˁʝ ˁʝʛʦʚʠʭ ʧʦʪʨʝʙʘ, ʪʝ, ʩʪʦʛʘ ʤʦʞʝʤʦ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʦʥ ʧʨʝʜʩʪʘʚˀʘ ʩʘʩʪʘʚʥʠ ʜʝʦ ʣʘʥʮʘ. ɻʣʘʚʥʠ ʬʦʢʫʩ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ, 

ʦʩʠʤ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ, ʿʝ ʠ ʥʘ ʫʧʨʘʚˀʘˁʫ ʤʘʪʝʨʠʿʘʣʠʤʘ, ʬʠʥʘʥʩʠʿʩʢʠʤ 

ʠ ʠʥʬʦʨʤʘʮʠʦʥʠʤ ʪʦʢʦʚʠʤʘ. ɺʘʩʠˀʝʚʠ˂ (2001) ʜʝʬʠʥʠʰʝ ʫʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ 

ʩʥʘʙʜʝʚʘˁʘ ʢʘʦ ʢʦʥʮʝʧʪ ʟʘʩʥʦʚʘʥ ʥʘ ʠʜʝʿʠ ʰʠʨʝˁʘ ʠʥʬʦʨʤʘʮʠʿʘ ʠʟʤʝʹʫ ʩʥʘʙʜʝʚʘʯʘ, 

ʧʨʦʠʟʚʦʹʘʯʘ, ʜʠʩʪʨʠʙʫʪʝʨʘ, ʧʨʝʚʦʟʥʠʢʘ ʠ ʧʨʦʜʘʚʘʮʘ ʫ ʯʝʤʫ ʿʝ ʫʣʦʛʘ ʀʥʪʝʨʥʝʪʘ 

ʢˀʫʯʥʘ, ʪʝ ʩʪʦʛʘ ʠʟʣʘʟʠ ʠʟʚʘʥ ʦʢʚʠʨʘ ʧʦʩʣʦʚʥʦʛ ʝʥʪʠʪʝʪʘ, ʦʜʥʦʩʥʦ ʢʦʤʧʘʥʠʿʝ. 
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ʆʜʙʦʨ ʤʝʥʘ˅ʤʝʥʪʘ ʣʦʛʠʩʪʠʢʝ (2003) ʜʝʬʠʥʠʩʘʦ ʿʝ ʫʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ ʢʘʦ 

ʫʧʨʘʚˀʘˁʝ ʢʦʿʝ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʢʦʨʠʰ˂ʝˁʝʤ ʠʥʪʝʛʨʠʩʘʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʬʫʥʢʮʠʿʘ ʠ ʧʦʩʣʦʚʥʠʭ ʧʨʦʩʝʮʘ ʫʥʫʪʘʨ ʠ ʠʟʤʝʹʫ ʧʨʝʜʫʟʝ˂ʘ. ʋʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ 

ʩʥʘʙʜʝʚʘˁʘ ʿʝ ʯʝʩʪʦ ʧʦʠʩʪʦʚʝ˂ʠʚʘʥʦ ʩʘ ʧʦʿʤʦʚʠʤʘ ʣʦʛʠʩʪʠʢʝ, ʦʧʝʨʘʮʠʦʥʦʛ 

ʤʝʥʘ˅ʤʝʥʪʘ, ʥʘʙʘʚʢʝ, ʠʣʠ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʢʘʦ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘʚʝʜʝʥʠʭ ʧʦʿʤʦʚʘ. 

ɼʝʬʠʥʠʩʘˁʝ ʫʧʨʘʚˀʘˁʘ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ ʿʝ ʫʪʦʣʠʢʦ ʪʝʞʝ, ʿʝʨ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 

ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʟʘʭʪʝʚʘ ʧʨʠʤʝʥʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʘʢʪʠʚʥʦʩʪʠ. ʋʦʧʰʪʝʥʦ, ʫʧʨʘʚˀʘˁʝ 

ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʧʣʘʥʠʨʘˁʝ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʠ ʢʦʥʪʨʦʣʘ 

ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʝʬʝʢʪʠʚʥʦʩʪʠ ʥʘʧʨʝʜʥʠʭ ʠ ʧʦʚʨʘʪʥʠʭ ʪʦʢʦʚʘ ʠ ʟʘʣʠʭʘ ʧʨʦʠʟʚʦʜʘ, 

ʫʩʣʫʛʘ ʠ ʨʝʣʝʚʘʥʪʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʠʟʤʝʹʫ ʧʦʯʝʪʥʠʭ ʪʘʯʘʢʘ ʥʘʙʘʚʢʝ ʩʠʨʦʚʠʥʘ ʜʦ 

ʢʨʘʿˁʝʛ ʢʦʨʠʰ˂ʝˁʘ ʢʘʢʦ ʙʠ ʩʝ ʟʘʜʦʚˀʠʣʠ ʟʘʭʪʝʚʠ ʢʦʨʠʩʥʠʢʘ. ʄʝʥʘ˅ʝʨʠ ʛʨʫʧʘ 

ʤʫʣʪʠʥʘʮʠʦʥʘʣʥʠʭ ʢʦʤʧʘʥʠʿʘ, ʢʦʿʠ ʩʫ ʩʝ ʢʘʩʥʠʿʝ ʘʬʠʨʤʠʩʘʣʠ ʫ ʌʦʨʫʤ ʛʣʦʙʘʣʥʦʛ 

ʣʘʥʮʘ ʥʘʙʘʚʢʝ (ʝʥʛʣ. Global Supply Chain Forum - GSCF), 1994. ʛʦʜʠʥʝ ʩʫ ʜʝʬʠʥʠʩʘʣʠ 

ʫʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ. ʋ ʬʝʙʨʫʘʨʫ 1996. ʦʢʚʠʨ ʫʧʨʘʚˀʘˁʘ ʣʘʥʮʝʤ 

ʩʥʘʙʜʝʚʘˁʘ ʨʘʟʚʠʿʝʥ ʦʜ ʩʪʨʘʥʝ GSCF, ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʥʘ ʪʨʦʜʥʝʚʥʦʤ ʩʝʤʠʥʘʨʫ 

ʩʧʦʥʟʦʨʠʩʘʥʦʤ ʦʜ ʩʪʨʘʥʝ ʆʜʙʦʨʘ ʤʝʥʘ˅ʤʝʥʪʘ ʣʦʛʠʩʪʠʢʝ, ʘ ʢʘʩʥʠʿʝ ʿʝ ʦʚʘʿ ʦʢʚʠʨ 

ʧʨʝʜʩʪʘʚˀʝʥ ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ (Cooper, Lambert, and Pagh 1997). GSCF ʜʝʬʠʥʠʰʝ 

ʫʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ ʢʘʦ ôʠʥʪʝʛʨʘʮʠʿʫ ʢˀʫʯʥʠʭ ʧʦʩʣʦʚʥʠʭ ʧʨʦʮʝʩʘ ʜʦ 

ʢʨʘʿˁʝʛ ʢʦʨʠʩʥʠʢʘ ʦʜ ʧʦʯʝʪʥʦʛ ʩʥʘʙʜʝʚʘʯʘ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʫ ʧʨʦʠʟʚʦʜʝ, ʫʩʣʫʛʝ ʠ 

ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʩʪʚʘʨʘʿʫ ʚʨʝʜʥʦʩʪ ʟʘ ʢʦʨʠʩʥʠʢʘ ʠ ʦʩʪʘʣʝ ʠʥʪʝʨʝʩʥʝ ʛʨʫʧʝ ʠʣʠ 

ʩʪʝʿʢʭʦʣʜʝʨʝô (Cooper, Lambert, and Pagh 1997). ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʣʘʥʮʘ ʥʘʙʘʚʢʝ 

ʩʘʜʨʞʠ ʪʨʠ ʦʩʥʦʚʥʘ ʝʣʝʤʝʥʪʘ: ʩʪʨʫʢʪʫʨʫ ʤʨʝʞʝ ʣʘʥʮʘ ʥʘʙʘʚʢʝ, ʧʦʩʣʦʚʥʝ ʧʨʦʮʝʩʝ 

ʣʘʥʮʘ ʥʘʙʘʚʢʝ ʠ ʢʦʤʧʦʥʝʥʪʝ ʤʝʥʘ˅ʤʝʥʪʘ. ʉʪʨʫʢʪʫʨʘ ʤʨʝʞʝ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʩʘʩʪʦʿʠ 

ʩʝ ʦʜ ʯʣʘʥʦʚʘ ʣʘʥʮʘ ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʢˀʫʯʥʠʤ ʧʨʦʮʝʩʠʤʘ.  

 

ʋʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ ʦʙʫʭʚʘʪʘ ʧʨʠʤʝʥʫ ʪʨʠ ʢʦʥʮʝʧʪʫʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ: 

ʢʦʬʠʛʫʨʘʮʠʿʫ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ, ʤʝʹʫʩʦʙʥʝ ʚʝʟʝ ʫ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ ʠ ʢʦʦʨʜʠʥʘʮʠʿʫ 

ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ.  ʋ ʨʘʟʚʦʿʫ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʢʘʦ ʪʠʧʠʯʥʠ ʧʨʦʙʣʝʤʠ ʩʝ ʿʘʚˀʘʿʫ: 

 

¶ ʇʨʦʙʣʝʤ ʦʩʪʚʘʨʝˁʘ ʢʦʥʢʫʨʝʥʪʩʢʝ ʧʦʟʠʮʠʿʝ ʮʝʣʦʢʫʧʥʦʛ ʣʘʥʮʘ,  
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¶ ʇʨʦʙʣʝʤ ʠʟʙʦʨʘ ʧʘʨʪʝʥʝʨʩʢʠʭ ʧʨʝʜʫʟʝ˂ʘ ʨʘʜʠ ʢʨʝʠʨʘˁʘ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ, 

¶ ʇʨʦʙʣʝʤ ʜʝʬʠʥʠʩʘˁʘ ʤʨʝʞʝ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʠ ʜʨ. 

 

ʉʘʤʦ ʧʨʠʩʫʩʪʚʦ ʥʘ ʪʨʞʠʰʪʫ ʥʘ ʢʦʤʝ ʚʣʘʜʘ ʚʝʣʠʢʘ ʢʦʥʢʫʨʝʥʮʠʿʘ, ʚʠʰʝ ʥʠʿʝ ʜʦʚʦˀʥʦ 

ʢʘʢʦ ʙʠ ʩʝ ʦʩʪʚʘʨʠʣʘ ʢʦʥʢʫʨʝʥʪʩʢʘ ʧʨʝʜʥʦʩʪʠ, ʠ ʩʪʦʛʘ ʩʝ ʧʨʝʜʫʟʝ˂ʘ ʬʦʢʫʩʠʨʘʿʫ ʥʘ 

ʨʝʜʝʬʠʥʠʩʘˁʝ ˁʠʭʦʚʦʛ ʪʨʞʠʰʥʦʛ ʧʨʦʩʪʦʨʘ ʠʣʠ ʧʨʦʬʠʪʥʠʭ ʟʦʥʘ (Pagell ʠ ʦʩʪʘʣʠ, 

2007). ʎʠˀʝʚʠ ʫʧʨʘʚˀʘˁʘ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ ʩʫ ʤʥʦʛʦʩʪʨʫʢʠ. ɱʝʜʘʥ ʦʜ ˁʝʛʦʚʠʭ 

ʦʩʥʦʚʥʠʭ ʮʠˀʝʚʘ ʿʝ ʩʤʘˁʝˁʝ ʟʘʣʠʭʘ, ʠ ʩʤʘˁʝˁʝ ʫʣʘʛʘˁʘ ʫ ʫʧʨʘʚˀʘˁʝ ʟʘʣʠʭʘʤʘ ʫ 

ʣʘʥʮʫ. ʋʧʨʘʚˀʘˁʝ ʟʘʣʠʭʘʤʘ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ ʜʨʞʘˁʘ ʟʘʣʠʭʘ, ʘ ʪʠʤʝ ʠ 

ʜʦ ʩʤʘˁʝˁʘ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʫ ʣʘʥʮʫ. ʂʘʦ ʮʠˀ ʫʧʨʘʚˀʘˁʘ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚˁʘ ʤʦʞʝ 

ʩʝ ʥʘʚʝʩʪʠ ʠ ʧʦʙʦˀʰʘˁʝ ʫʩʣʫʛʝ, ʚʝ˂ʝ ʟʘʜʦʚʦˀʩʪʚʦ ʢʦʨʠʩʥʠʢʘ ʠ ʦʩʪʚʘʨʝˁʝ 

ʢʦʥʢʫʨʝʥʪʩʢʝ ʧʨʝʜʥʦʩʪʠ.  

 

ʋʧʨʘʚˀʘˁʝ ʣʘʥʮʠʤʘ ʩʥʘʙʜʝʚʘˁʘ ʿʝ ʫʚʝʢ ʧʨʠʚʣʘʯʠʣʦ ʚʝʣʠʢʫ ʧʘʞˁʫ ʢʘʢʦ ʪʝʦʨʝʪʠʯʘʨʘ, 

ʪʘʢʦ ʠ ʧʨʘʢʪʠʯʘʨʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ ʤʝʥʘ˅ʤʝʥʪʘ. ʃʘʥʮʠ ʩʥʘʙʜʝʚʘˁʘ 

ʧʦʢʘʟʫʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ, ʪʝ ʦʧʝʨʘʮʠʦʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʠʤʝʥʘ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʫ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʠʟ ʦʙʣʘʩʪʠ ʫʧʨʘʚˀʘˁʘ ʣʘʥʮʠʤʘ 

ʩʥʘʙʜʝʚʘˁʘ ʠʤʘʿʫ ʚʝʣʠʢʫ ʫʣʦʛʫ. ʉʣʦʞʝʥʦʩʪ ʣʘʥʘʮʘ ʩʥʘʙʜʝʚʘˁʘ ʦʛʣʝʜʘ ʩʝ ʫ ʚʝʣʠʢʦʤ 

ʙʨʦʿʫ ʫʯʝʩʥʠʢʘ ʫ ʣʘʥʮʫ ʢʦʿʠ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ ʠʥʪʝʨʝʩʝ ʠ ʮʠˀʝʚʝ, ʢʘʦ ʠ ʝʥʪʠʪʝʪʘ ʚʘʥ 

ʣʘʥʮʘ ʩʥʘʙʜʝʚʥʘˁʘ ʯʠʿʠ ʩʝ ʟʘʭʪʝʚʠ ʤʦʨʘʿʫ ʟʘʜʦʚʦˀʠʪʠ (ʥʧʨ. ʜʨʞʘʚʘ, ʜʨʫʰʪʚʝʥʝ 

ʥʦʨʤʝ ʠ ʩʣ.) ʋ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʯʝʩʪʦ ʩʫʧʨʦʪʩʪʘʚˀʝʥʠʤ ʮʠˀʝʚʠʤʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʦʥʘ˂ʠ 

ʦʥʦ ʨʝʰʝˁʝ ʢʦʿʝ ʜʘʿʝ ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʠʟʘʙʨʘʥʝ ʤʝʨʝ ʧʝʨʬʦʨʤʘʥʩʝ.  

 

ʋ ʩʘʚʨʝʤʝʥʠʤ ʫʩʣʦʚʠʤʘ ʧʦʩʣʦʚʘˁʘ, ʫʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ ʧʦʩʪʘʿʝ 

ʩʣʦʞʝʥʠʿʝ, ʿʝʨ ʩʝ ʟʘʢʦʥʠʤʘ ʠ ʧʨʦʧʠʩʠʤʘ ʟʘʭʪʝʚʘ ʧʦʚʨʘ˂ʘʿ ʧʨʦʠʟʚʦʜʘ ʥʘ ʢʨʘʿʫ 

ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ. ʊʘʢʦʹʝ, ʧʨʝʜʫʟʝ˂ʘ, ʨʘʜʠ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ, ʚʨʘ˂ʘʿʫ ʧʨʦʠʟʚʦʜʝ 

ʢʦʿʝ ʢʦʨʠʩʥʠʮʠ ʚʠʰʝ ʥʝ˂ʝ ʢʦʨʠʩʪʠʪʠ, ʫ ʩʚʦʿʝ ʧʨʝʨʘʹʠʚʘʯʢʝ ʮʝʥʪʨʝ ʢʦʿʝ, ʥʘʢʦʥ 

ʧʨʝʨʘʜʝ, ʧʦʥʦʚʦ ʠʟʥʦʩʝ ʥʘ ʪʨʞʠʰʪʝ. ʆʚʘʢʚʝ ʦʢʦʣʥʦʩʪʠ ʫʟʨʦʢʫʿʫ ʧʨʦʰʠʨʝˁʝ ʣʘʥʮʘ 

ʩʥʘʙʜʝʚʘˁʘ ʠ ʫʢˀʫʯʠʚʘˁʝ ʜʦʜʘʪʥʠʭ ʧʨʝʜʫʟʝ˂ʘ ʢʦʿʘ ʩʫ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʘ ʟʘ ʦʜʨʝʹʝʥʝ 

ʧʦʚʨʘʪʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʮʝʩʝ, ʠ ʩʘʤʠʤ ʪʠʤ, ʫʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ ʧʦʩʪʦʿʝ 
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ʿʦʰ ʩʣʦʞʝʥʠʿʝ ʠ ʟʘʭʪʝʚʘ ʿʦʰ ʿʘʯʝ ʠ ʢʦʦʨʜʠʥʠʩʘʥʠʿʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʦʤʫʥʠʢʘʮʠʿʝ 

ʠʟʤʝʹʫ ʯʣʘʥʦʚʘ ʣʘʥʮʘ.  ʅʘʿʚʠʰʠ ʥʠʚʦ ʩʘʨʘʜˁʝ ʫ ʣʘʥʮʠʤʘ ʩʥʘʙʜʝʚʘˁʘ ʿʝ ʢʦʣʘʙʦʨʘʮʠʿʘ 

ʠ ʦʥʘ ʫʢˀʫʯʫʿʝ ʨʘʟʤʝʥʫ ʠʥʬʦʨʤʘʮʠʿʘ, ʫʩʢʣʘʹʠʚʘˁʝ ʘʢʪʠʚʥʦʩʪʠ, ʜʝˀʝˁʝ ʨʝʩʫʨʩʘ ʠ 

ʦʜʛʦʚʦʨʥʦʩʪʠ ʠʟʤʝʹʫ ʫʯʝʩʥʠʢʘ, ʨʘʜʠ ʦʩʪʚʘʨʠʚʘˁʘ ʟʘʿʝʜʥʠʯʢʠʭ ʮʠˀʝʚʘ.  

2.2 ʃʦʛʠʩʪʠʯʢʠ ʩʠʩʪʝʤ ʠ ˁʝʛʦʚʠ ʝʣʝʤʝʥʪʠ 

 

ʇʨʝʜʤʝʪ ʧʨʦʫʯʘʚʘˁʘ ʣʦʛʠʩʪʠʢʝ ʥʠʿʝ ʩʪʨʦʛʦ ʜʝʪʝʨʤʠʥʠʩʘʥ ʠ ʨʘʟʣʠʯʠʪʠ ʪʝʦʨʝʪʠʯʘʨʠ, 

ʧʨʘʢʪʠʯʘʨʠ ʠ ʠʩʪʨʘʞʠʚʘʯʠ ʢʦʿʠ ʩʝ ʙʘʚʝ ʦʚʦʤ ʦʙʣʘʰ˂ʫ ʜʝʬʠʥʠʰʫ ʨʘʟʣʠʯʠʪʝ 

ʣʦʛʠʩʪʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ. ʃʦʛʠʩʪʠʯʢʠ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʦʜʨʝʹʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʿʝ ʧʨʘʪʝ ʪʨʦʰʢʦʚʠ, ʘ ʮʠˀ ʩʚʘʢʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʤʠʥʠʤʠʟʘʮʠʿʘ ʫʢʫʧʥʠʭ 

ʪʨʦʰʢʦʚʘ ʣʦʛʠʩʪʠʯʢʠʭ ʘʢʪʠʚʥʦʩʪʠ (ɺʘʩʠˀʝʚʠ˂, 2001). ʅʘʿʯʝʰ˂ʝ ʩʝ ʧʦʜ ʣʦʛʠʩʪʠʯʢʠʤ 

ʘʢʪʠʚʥʦʩʪʠʤʘ ʧʦʜʨʘʟʫʤʝʚʘʿʫ: 

 

¶ ʪʨʘʥʩʧʦʨʪ,  

¶ ʩʢʣʘʜʠʰʪʝˁʝ,  

¶ ʧʘʢʦʚʘˁʝ, 

¶ ʠʟʙʦʨ ʣʦʢʘʮʠʿʝ ʬʘʙʨʠʢʘ, ʩʢʣʘʜʠʰʪʘ ʠ ʤʘʣʦʧʨʦʜʘʿ ʥʠʭ ʧʨʦʩʪʦʨʘ, 

¶ ʫʧʨʘʚˀʘˁʝ ʤʘʪʝʨʠʿʘʣʦʤ, 

¶ ʫʧʨʘʚˀʘˁʝ ʧʦʨʫ˅ʙʠʥʘʤʘ, 

¶ ʢʦʥʪʨʦʣʘ ʠ ʫʧʨʘʚˀʘˁʝ ʟʘʣʠʭʘʤʘ. 

 

ɽʣʝʤʝʥʪʠ ʣʦʛʠʩʪʠʯʢʦʛ ʩʠʩʪʝʤʘ ʩʫ ʫʩʢʦ ʧʦʚʝʟʘʥʠ, ʘ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ 

ʣʦʛʠʩʪʠʯʢʦʤ ʣʘʥʮʫ ʿʝ ʪʨʘʥʩʧʦʨʪʥʠ ʩʠʩʪʝʤ. ʊʨʦʰʢʦʚʠ ʪʨʘʥʩʧʦʨʪʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʥʫ 

ʪʨʝ˂ʠʥʫ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʣʦʛʠʩʪʠʢʝ, ʪʝ ʿʝ ʩʪʦʛʘ ʠ ʫʪʠʮʘʿ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʫʢʫʧʥʝ 

ʨʝʟʫʣʪʘʪʝ ʣʦʛʠʩʪʠʯʢʦʛ ʩʠʩʪʝʤʘ ʚʝʣʠʢʠ (Altiparmak ʠ ʦʩʪʘʣʠ, 2006). ɿʥʘʯʘʿ 

ʪʨʘʥʩʧʦʨʪʥʦʛ ʩʠʩʪʝʤʘ ʠ ˁʝʛʦʚ ʫʪʠʮʘʿ ʥʘ ʮʝʣʦʢʫʧʘʥ ʣʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ ʫʟʨʦʢʦʚʘʥʠ ʩʫ 

ʯʠˁʝʥʠʮʦʤ ʜʘ ʩʝ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʟʘʭʪʝʚʘʿʫ ʦʜ ʧʨʦʮʝʩʘ ʥʘʙʘʚʢʝ ʩʠʨʦʚʠʥʘ, 
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ʪʦʢʦʤ ʧʨʦʠʟʚʦʜˁʝ, ʢʘʦ ʠ ʥʘʢʦʥ ʟʘʚʨʰʝʥʦʛ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ, ʧʨʠʣʠʢʦʤ ʠʩʧʦʨʫʢʝ 

ʧʨʦʠʟʚʦʜʘ ʠ ˁʠʭʦʚʦʛ ʧʦʚʨʘ˂ʘʿʘ.  

 

ʊʨʘʥʩʧʦʨʪ ʟʘʫʟʠʤʘ ʚʝʦʤʘ ʟʥʘʯʘʿʥʦ ʤʝʩʪʦ ʫ ʣʦʛʠʩʪʠʯʢʦʤ ʩʠʩʪʝʤʫ ʠ ʪʦ ʥʝ ʩʘʤʦ ʟʙʦʛ 

ʫʣʘʛʘˁʘ ʫ ʪʨʘʥʩʧʦʨʪʥʝ ʢʘʧʘʮʠʪʝʪʝ ʠ ʘʥʛʘʞʦʚʘʥʦʩʪʠ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ˀʫʜʠ ʫ 

ʘʢʪʠʚʥʦʩʪʠʤʘ ʪʨʘʥʩʧʦʨʪʘ, ʚʝ˂ ʠ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ ʧʨʦʠʟʚʦʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʤʦʛʫ 

ʦʙʘʚˀʘʪʠ ʙʝʟ ʪʨʘʥʩʧʦʨʪʘ ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʧʨʦʠʟʚʦʹʘʯʝ ʠ ʧʦʪʨʦʰʘʯʝ ʤʘʪʝʨʠʿʘʣʥʠʭ 

ʜʦʙʘʨʘ. ʊʨʘʥʩʧʦʨʪ ʦʙʫʭʚʘʪʘ ʩʚʝ ʦʙʣʠʢʝ ʧʨʝʥʦʩʘ ˀʫʜʠ, ʩʪʚʘʨʠ ʠ ʠʥʬʦʨʤʘʮʠʿʘ, ʘ ˁʝʛʦʚ 

ʜʦʤʝʥ ʧʨʝʚʘʟʠʣʘʟʠ ʦʢʚʠʨʝ ʜʨʞʘʚʘ.  

 

ʆʩʠʤ ʪʨʘʥʩʧʦʨʪʘ, ʩʢʣʘʜʠʰʪʝˁʝ ʿʝ, ʪʘʢʦʹʝ, ʚʝʦʤʘ ʚʘʞʥʘ ʣʦʛʠʩʪʠʯʢʘ ʘʢʪʠʚʥʦʩʪ. 

ʉʢʣʘʜʠʰʪʝ ʿʝ ʧʨʦʩʪʦʨ ʟʘ ʫʩʢʣʘʜʠʰʪʝˁʝ ʧʨʦʠʟʚʦʜʘ ʩʘ ʥʘʤʝʨʦʤ ʜʘ ʠʩʪʠ ʢʘʩʥʠʿʝ ʙʫʜʫ 

ʫʢˀʫʯʝʥʠ ʫ ʜʘˀʠ ʪʨʘʥʩʧʦʨʪ, ʧʨʦʠʟʚʦʜˁʫ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠʣʠ ʧʦʪʨʦʰˁʫ. ʂʦʨʠʩʪʠ ʦʜ 

ʩʢʣʘʜʠʰʪʝˁʘ ʧʨʦʠʟʚʦʜʘ ʫ ʤʘʣʦʧʨʦʜʘʿʠ ʚʠʜˀʠʚʝ ʩʫ ʫ ʧʦʩʪʠʟʘˁʫ ʝʢʦʥʦʤʠʯʥʦʩʪʠ ʫ 

ʪʨʘʥʩʧʦʨʪʫ ʧʨʝʚʦʞʝˁʝʤ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ, ʜʦʙʠʿʘˁʝʤ ʢʦʣʠʯʠʥʩʢʠʭ ʧʦʧʫʩʪʘ 

ʧʨʠʣʠʢʦʤ ʢʫʧʦʚʠʥʝ ʧʨʦʠʟʚʦʜʘ, ʦʩʪʚʘʨʠʚʘʿʥʝʤ ʜʦʙʨʠʭ ʦʜʥʦʩʘ ʠ ʜʫʛʦʨʦʯʥʝ ʩʘʨʘʜˁʝ ʩʘ 

ʜʦʙʘʚˀʘʯʠʤʘ ʠ ʧʨʘ˂ʝˁʝʤ ʧʨʦʤʝʥˀʠʚʠʭ ʫʩʣʦʚʘ ʥʘ ʪʨʞʠʰʪʫ. ʃʦʛʠʩʪʠʯʢʠ ʪʨʝʥʜ ʢʦʿʠ 

ʩʝ ʧʦʯʝʪʢʦʤ XXI ʚʝʢʘ ʫʙʨʟʘʥʦ ʨʘʟʚʠʿʘ ʿʝ ʦʨʛʘʥʠʟʘʮʠʿʘ ʜʠʩʪʨʠʙʫʮʠʦʥʠʭ ʮʝʥʪʘʨʘ. 

ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʢʣʘʜʠʰʪʘ ʠ ʜʠʩʪʨʠʙʫʮʠʦʥʠʭ ʮʝʥʪʘʨʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʢʣʘʜʠʰʪʘ 

ʩʣʫʞʝ, ʧʨʝ ʩʚʝʛʘ, ʟʘ ʯʫʚʘˁʝ ʧʨʦʠʟʚʦʜʘ, ʜʦʢ ʿʝ ʥʘʤʝʥʘ ʜʠʩʪʨʠʙʫʮʠʦʥʠʭ ʮʝʥʪʘʨʘ - 

ʧʨʦʪʦʢ ʧʨʦʠʟʚʦʜʘ. ʋ ʜʠʩʪʨʠʙʫʮʠʦʥʠ ʮʝʥʪʘʨ ʜʦʣʘʟʝ ʚʝ˂ʝ ʧʦʰʠˀʢʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʝ ʩʝ, 

ʟʘʪʠʤ, ʨʘʟʜʝˀʫʿʫ ʥʘ ʤʘˁʝ ʢʦʣʠʯʠʥʝ, ʠ ʜʘˀʝ ʪʨʘʥʩʧʦʨʪʫʿʫ ʫ ʣʘʥʮʫ ʥʘʙʘʚʢʝ. 

ɼʠʩʪʨʠʙʫʮʠʦʥʠ ʮʝʥʪʨʠ ʤʦʛʫ ʦʧʩʣʫʞʠʚʘʪʠ ʧʨʦʠʟʚʦʜʠʤʘ ʚʝ˂ʠ ʙʨʦʿ ʪʝʨʠʪʦʨʠʿʘ, ʥʝʛʦ 

ʰʪʦ ʪʦ ʤʦʛʫ ʩʢʣʘʜʠʰʪʘ. ʋ ʦʚʦʿ ʜʠʩʝʪʨʘʮʠʿʠ ˂ʝ ʫ ʦʢʚʠʨʫ ʧʨʝʟʝʥʪʦʚʘʥʠʭ ʤʦʜʝʣʘ ʙʠʪʠ 

ʨʘʟʤʘʪʨʘʥʠ ʜʠʩʪʨʠʙʫʮʠʦʥʠ ʮʝʥʪʨʠ, ʜʦʢ ʩʢʣʘʜʠʰʪʝˁʝ ʠ ʫʧʨʘʚˀʘˁʝ ʟʘʣʠʭʘʤʘ ʥʝ˂ʝ 

ʙʠʪʠ ʨʘʟʤʘʪʨʘʨʥʠ. 

 

ʆʩʪʘʣʠ ʝʣʝʤʝʥʪʠ ʣʦʛʠʩʪʠʯʢʦʛ ʩʠʩʪʝʤʘ ʥʠʩʫ ʧʨʝʜʤʝʪ ʧʨʦʫʯʘʚʘˁʘ ʦʚʦʛ ʨʘʜʘ, ʪʝ ʩʝ ʦʥʠ 

ʥʝ˂ʝ ʜʝʪʘˀʥʠʿʝ ʦʙʨʘʟʣʘʛʘʪʠ. 
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2.2.1 ʃʦʛʠʩʪʠʢʘ ʟʙʨʠˁʘʚʘˁʘ ʦʪʧʘʜʘ ʠ ʘʤʙʘʣʘʞʝ ʫ ʦʢʚʠʨʫ ʧʨʝʜʤʝʪʘ ʣʦʛʠʩʪʠʢʝ 

 

ʋ ʥʦʚʠʿʝ ʚʨʝʤʝ, ʜʦʣʘʟʠ ʠ ʜʦ ʨʝʦʨʛʘʥʠʟʘʮʠʿʝ ʤʝʹʫʥʘʨʦʜʥʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʧʨʦʙʣʝʤʠʤʘ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ. ʊʘʢʦ ʿʝ ʿʘʥʫʘʨʘ 2005. ʉʘʚʝʪ 

ʟʘ ʫʧʨʘʚˀʘˁʝ ʣʦʛʠʩʪʠʢʦʤ (ʝʥʛʣ. Council of Logistics Management ï CLM) ʧʨʦʤʝʥʠʦ 

ʥʘʟʠʚ ʫ ʉʘʚʝʪ ʧʨʦʬʝʩʠʦʥʘʣʘʮʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʣʘʥʮʝʤ ʩʥʘʙʜʝʚʘˁʘ (ʝʥʛʣ. Council od 

Supply Chain Management Professionals ï CSCMP). ʃʦʛʠʩʪʠʢʘ ʩʝ, ʦʜ ʪʘʜʘ, ʪʨʝʪʠʨʘ ʢʘʦ 

ʜʝʦ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ. 

 

ʂʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʦʩʣʦʚʘˁʫ, ʩʘʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʹʘʯ ʤʦʨʘ ʜʘ 

ʫʧʨʘʚˀʘ ʧʨʦʮʝʩʦʤ ʧʨʦʠʟʚʦʜˁʝ ʠ ʟʘʣʠʭʘʤʘ ʢʦʿʝ ʦʙʝʟʙʝʹʫʿʫ ʥʝʩʤʝʪʘʥʦ ʦʜʚʠʿʘˁʝ 

ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ. ʋ ʜʠʩʪʨʠʙʫʮʠʿʠ ʩʝ ʧʨʝʜ ʧʨʦʠʟʚʦʹʘʯʘ ʧʦʩʪʘʚˀʘ ʟʘʭʪʝʚ ʟʘ 

ʢʚʘʣʠʪʝʪʥʦʤ ʫʩʣʫʛʦʤ ʠʩʧʦʨʫʢʝ (ʧʦʫʟʜʘʥʦʩʪ ʠʩʧʦʨʫʢʝ, ʩʧʨʝʤʥʦʩʪ ʥʘ ʠʩʧʦʨʫʢʫ, ʚʨʝʤʝ 

ʠʩʧʦʨʫʢʝ ʠ ʜʨ.). ʊʘʢʦ ʩʝ ʫ XX ʚʝʢʫ ʧʦʿʘʚˀʫʿʫ ʠ ʥʦʚʠ ʧʦʿʤʦʚʠ ʢʦʿʠ ʧʦʩʪʘʿʫ ʧʨʝʜʤʝʪ 

ʧʨʦʫʯʘʚʘˁʘ ʣʦʛʠʩʪʠʢʝ: 

 

¶ ʧʦʩʣʦʚʥʘ ʣʦʛʠʩʪʠʢʘ,   

¶ ʤʘʨʢʝʪʠʥʰʢʘ ʣʦʛʠʩʪʠʢʘ, 

¶ ʠʥʞʝˁʝʨʩʢʘ ʣʦʛʠʩʪʠʢʘ, 

¶ ʠʥʜʫʩʪʨʠʿʩʢʘ ʣʦʛʠʩʪʠʢʘ. 

 

ʂʘʦ ʧʦʩʣʦʚʥʫ ʬʫʥʢʮʠʿʫ ʠ ʧʦʩʣʦʚʥʫ ʧʨʘʢʩʫ, ʣʦʛʠʩʪʠʢʫ ʯʠʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʮʝʩʠ 

ʚʝʟʘʥʠ ʟʘ ʤʘʪʝʨʠʿʘʣʥʝ, ʠʥʬʦʨʤʘʮʠʦʥʝ, ʝʥʝʨʛʝʪʩʢʝ ʠ ʥʦʚʯʘʥʝ ʪʦʢʦʚʝ ʫʥʫʪʘʨ ʣʘʥʘʮʘ 

ʩʥʘʙʜʝʚʘˁʘ ʢʦʿʠ ʦʙʿʝʜʠˁʫʿʫ ʧʨʦʠʟʚʦʜʥʝ ʩʠʩʪʝʤʝ, ʩʢʣʘʜʠʰʪʘ, ʪʨʘʥʩʧʦʨʪʥʘ ʩʨʝʜʩʪʚʘ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ (ɺʘʩʠˀʝʚʠ˂, 2001). ʎʠˀ ʧʦʩʣʦʚʥʝ ʣʦʛʠʩʪʠʢʝ ʿʝ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝ 

ʧʦʚʝʟʠʚʘˁʝ ʤʝʩʪʘ ʠʟʚʦʨʘ ʨʦʙʝ ʩʘ ʪʘʯʢʦʤ ˁʝʥʝ ʠʩʧʦʨʫʢʝ ʧʦʪʨʦʰʘʯʠʤʘ. ʇʦʩʣʦʚʥʘ 

ʣʦʛʠʩʪʠʢʘ ʿʝ ʛʨʘʥʘ ʣʦʛʠʩʪʠʢʝ ʢʦʿʘ ʩʝ ʢʨʘʿʝʤ XX ʠ ʧʦʯʝʪʢʦʤ XXI ʚʝʢʘ ʫʙʨʟʘʥʦ 

ʨʘʟʚʠʿʘʣʘ ʠ ʦʥʘ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ: 
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¶ ʣʦʛʠʩʪʠʢʫ ʥʘʙʘʚʢʝ, 

¶ ʣʦʛʠʩʪʠʢʫ ʧʨʦʠʟʚʦʜˁʝ, 

¶ ʣʦʛʠʩʪʠʢʫ ʧʨʦʜʘʿʝ, 

¶ ʣʦʛʠʩʪʠʢʫ ʟʙʨʠˁʘʚʘˁʘ ʦʪʧʘʜʘ ʠ ʘʤʙʘʣʘʞʝ,  

¶ ʣʦʛʠʩʪʠʢʫ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʣ. 

 

ʃʦʛʠʩʪʠʢʘ ʟʙʨʠˁʘʚʘˁʘ ʦʪʧʘʜʘ ʠ ʘʤʙʘʣʘʞʝ ʢʘʦ ʛʣʘʚʥʠ ʮʠˀ ʠʤʘ ʙʨʠʛʫ ʦ ʦʪʧʘʜʫ ʫ 

ʩʢʣʘʜʫ ʩʘ ʥʘʯʝʣʠʤʘ ʠ ʧʨʦʧʠʩʠʤʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʆʪʧʘʜ ʠʟ ʧʨʦʠʟʚʦʜˁʝ ʿʝ 

ʧʦʪʨʝʙʥʦ ʩʘʢʫʧʠʪʠ ʦʜ ʧʦʪʨʦʰʘʯʘ ʠ ʦʜʣʘʛʘʪʠ ʥʘ ʜʝʧʦʥʠʿʝ ʠʣʠ ʧʨʠʧʨʝʤʠʪʠ ʟʘ 

ʨʝʮʠʢʣʠʨʘˁʝ. ʇʦʿʝʜʠʥʘʯʥʠ ʮʠˀʝʚʠ ʣʦʛʠʩʪʠʢʝ ʟʙʨʠˁʘʚʘˁʘ ʦʪʧʘʜʘ ʩʫ: 

 

¶ ʉʦʨʪʠʨʘˁʝ ʦʪʧʘʜʘ ʧʦ ʚʨʩʪʘʤʘ ʠ ʩʘʢʫʧˀʘˁʝ ʫ ʧʦʩʝʙʥʠʤ ʘʤʙʘʣʘʞʘʤʘ, 

¶ ʋʙʨʟʘʚʘˁʝ ʧʨʦʮʝʩʘ ʧʦʥʦʚʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʨʝʮʠʢʣʠʨʘʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ 

ʧʨʦʠʟʚʦʜˁʠ, 

¶ ʆʜʣʘʛʘˁʝ ʥʝʧʨʝʨʘʜʠʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʦʪʧʘʜʘ ʥʘ ʧʦʩʝʙʥʠʤ ʦʜʣʘʛʘʣʠʰʪʠʤʘ, 

¶ ʄʠʥʠʤʠʟʠʨʘˁʝ ʪʨʦʰʢʦʚʘ ʧʨʠʢʫʧˀʘˁʘ, ʤʝʹʫʩʢʣʘʜʠʰʪʝˁʘ, ʫʧoʪʨʝʙʝ ʠʣʠ 

ʦʜʣʘʛʘˁʘ. 

 

ʂʘʢʦ ʤʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ, ʥʝʢʝ ʦʜ ʦʩʥʦʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʣʦʛʠʩʪʠʢʝ ʫ ʧʦʩʣʦʚʘˁʫ 

ʩʘʚʨʝʤʝʥʠʭ ʧʨʝʜʫʟʝ˂ʘ ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʧʦʩʪʦʿʘˁʝ ʣʘʥʮʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʢʘʦ 

ʦʙʘʚʝʟʥʦʛ ʪʦʢʘ ʧʨʦʠʟʚʦʜʘ ʠ ʤʘʪʝʨʠʿʘʣʘ. 

 

ʈʘʟʚʦʿʫ ʠ ʧʨʠʤʝʥʠ ʣʦʛʠʩʪʠʢʝ ʫ ʧʦʩʣʦʚʘˁʫ ʜʦʧʨʠʥʝʣʘ ʿʝ ʠ ʢʦʤʧʿʫʪʝʨʠʟʘʮʠʿʘ 

ʧʦʩʣʦʚʘˁʘ, ʢʦʿʘ ʿʝ ʫʩʣʦʚʠʣʘ ʨʘʟʚʦʿ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʘ ʠ 

ʩʦʬʪʚʝʨʘ ʟʘ ʧʨʫʞʘˁʝ ʧʦʤʦ˂ʠ ʫ ʧʦʩʣʦʚʘˁʫ ʠ ʜʦʥʦʰʝˁʝ ʘʜʝʢʚʘʪʥʠʭ ʦʜʣʫʢʘ ʢʘʢʦ ʙʠ ʩʝ 

ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʧʦʩʣʦʚʘˁʘ, ʘ ʤʝʹʫ ˁʠʤʘ ʠ ʣʦʛʠʩʠʪʠʯʢʠ ʪʨʦʰʢʦʚʠ, ʩʤʘˁʠʣʠ. 
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2.3 ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ 

 

ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ (ʝʥʛʣ. Reverse logistics) ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʜʝʦ ʣʦʛʠʩʪʠʢʝ 

ʢʦʿʠ ʩʝ ʙʘʚʠ ʚʨʘ˂ʘˁʝʤ ʧʨʦʠʟʚʦʜʘ, ʩʤʘˁʝˁʝʤ ʠʟʚʦʨʘ, ʨʝʮʠʢʣʘʞʦʤ, ʟʘʤʝʥʦʤ 

ʤʘʪʝʨʠʿʘʣʘ, ʧʦʥʦʚʥʦʤ ʫʧʦʪʨʝʙʦʤ ʤʘʪʝʨʠʿʘʣʘ, ʦʜʣʘʛʘˁʝʤ ʦʪʧʘʜʘ ʠ ʨʝʥʦʚʠʨʘˁʝʤ, 

ʧʦʧʨʘʚʢʘʤʘ ʠ ʧʦʥʦʚʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ (Mentzer ʠ ʦʩʪʘʣʠ, 2001). ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ 

ʦʙʫʭʚʘʪʘ ʣʦʛʠʩʪʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʢʨʦʟ ʮʝʣʦʢʫʧʥʠ ʪʦʢ ʧʨʦʠʟʚʦʜʘ ʥʘʢʦʥ ʰʪʦ ʧʨʝʩʪʘʥʝ 

ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ ʟʘ ʪʠʤ ʧʨʦʠʟʚʦʜʠʤʘ, ʜʦ ˁʠʭʦʚʦʛ ʧʦʥʦʚʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʥʘ 

ʪʨʞʠʰʪʫ ʠʣʠ ʢʦʥʘʯʥʦʛ ʦʜʣʘʛʘˁʘ. ʇʨʝ ʩʚʝʛʘ, ʢʦʥʮʝʧʪ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʫʢˀʫʯʫʿʝ 

ʬʠʟʠʯʢʠ ʪʨʘʥʩʧʦʨʪ ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʦʜ ʢʨʘʿˁʝʛ ʢʦʨʠʩʥʠʢʘ ʜʦ ʧʨʦʠʟʚʦʹʘʯʘ, 

ʦʜʥʦʩʥʦ ʧʣʘʥʠʨʘˁʝ ʩʚʠʭ ʘʩʧʝʢʘʪʘ ʜʠʩʪʨʠʙʫʮʠʿʝ. ɿʘʿʝʜʥʦ ʩʘ ʬʠʥʘʥʩʠʿʩʢʠʤ, 

ʠʥʬʦʨʤʘʮʠʦʥʠʤ ʠ ʪʦʢʦʚʠʤʘ ʤʘʪʝʨʠʿʘʣʘ, ˀ ʫʜʠ, ʨʦʙʝ ʠ ʧʦʤʦ˂ʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʧʦʚʨʘʪʥʘ 

ʣʦʛʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʰʠʨʝʛ ʣʦʛʠʩʪʠʯʢʦʛ ʩʠʩʪʝʤʘ. ʃʘʥʘʮ ʥʘʙʘʚʢʝ ʠ ʤʨʝʞʘ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʠʤʘʿʫ ʦʜʨʝʹʝʥʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʿʝʨ ʪʦʢʦʚʠ ʠʜʫ ʫ 'ʦʙʨʥʫʪʦʤ' 

ʩʤʝʨʫ, ʦʜʥʦʩʥʦ ʦʜ ʧʦʪʨʦʰʘʯʘ ʢʘ ʧʨʦʠʟʚʦʹʘʯʫ. ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ ʫʢˀʫʯʫʿʝ ʢʦʥʮʝʧʪ 

ʤʨʝʞʘ ñʦʜ - ʤʥʦʛʦ ï ʢʘ - ʥʝʢʦʣʠʢʦò, ʫʤʝʩʪʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ñʦʜ - ʥʝʢʦʣʠʢʦ ï ʢʘ - 

ʤʥʦʛʠʤʘò.   

 

Pohlen i Farris (1992) ʜʝʬʠʥʠʰʫ ʧʦʚʨʘʪʥʫ ʣʦʛʠʩʪʠʢʫ ʢʘʦ ʢʨʝʪʘˁʝ ʜʦʙʘʨʘ ʦʜ 

ʢʦʨʠʩʥʠʢʘ ʢʘ ʧʨʦʠʟʚʦʹʘʯʫ ʫ ʢʘʥʘʣʫ ʜʠʩʪʨʠʙʫʮʠʿʝ. Rogers i Tibben-Lembke (1998) 

ʧʦʚʨʘʪʥʫ ʣʦʛʠʩʪʠʢʫ ʜʝʬʠʥʠʰʫ ʢʘʦ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʠ 

ʢʦʥʪʨʦʣʠʩʘˁʘ ʪʦʢʦʚʘ ʩʠʨʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʟʘʣʠʭʘ, ʛʦʪʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʨʝʣʝʚʘʥʪʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʦʜ ʪʘʯʢʝ ʢʦʨʠʰ˂ʝˁʘ ʜʦ ʧʦʯʝʪʥʝ ʪʘʯʢʝ ʩʘ ʮʠˀʝʤ ʧʦʥʦʚʥʦʛ ʜʘʚʘˁʘ 

ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜʫ ʠʣʠ ʘʜʝʢʚʘʪʥʦʛ ʦʜʣʘʛʘˁʘ.   

 

ʇʨʦʠʟʚʦʹʘʯʠ ʩʚʝ ʚʠʰʝ ʧʦʩʪʘʿʫ ʩʚʝʩʥʠ ʜʘ ʥʝ ʤʦʛʫ ʜʘ ʧʨʠʫʰʪʝ ʧʨʦʠʟʚʦʜˁʫ ʪʘʢʚʠʭ 

ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʙʘʯʝʥʠ ʢʨʦʟ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ. ʆʜ ʢʘʤʝʨʘ ʟʘ ʿʝʜʥʦʢʨʘʪʥʫ 

ʫʧʦʪʨʝʙʫ ʜʦ ʢʝʪʨʠ˅ʘ ʟʘ ʰʪʘʤʧʘʯ ʠ ʟʘʩʪʘʨʝʣʠʭ ʤʦʜʝʣʘ ʤʦʙʠʣʥʠʭ ʪʝʣʝʬʦʥʘ, ʧʨʦʠʟʚʦʜʠ 

ʩʝ ʨʝʮʠʢʣʠʨʘʿʫ, ʧʦʥʦʚʦ ʢʦʨʠʩʪʝ ʠ ʧʦʧʨʘʚˀʘʿʫ ʚʠʰʝ ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ ʙʠʣʦ ʠʟʨʘʞʝʥʦ ʠ ʫ 

ʿʝʜʥʦʤ ʜʨʫʛʦʤ ʨʘʟʜʦʙˀʫ ʩʘʚʨʝʤʝʥʦʛ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʜʦʙʘ. ʇʦʜʨʰʢʘ ʪʦʤʝ ʿʝ ʠ 
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ʤʘʩʦʚʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ, ʪʝ ʩʪʦʛʘ, ʧʦʩʪʦʿʠ ʠ ʦʛʨʦʤʘʥ ʙʨʦʿ ʧʨʦʠʟʚʦʜʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ 

ʚʨʘʪʠʪʠ ʥʘ ʧʦʧʨʘʚʢʫ ʠʣʠ ʦʪʧʨʝʤʠʪʠ ʥʘ ʦʪʧʘʜ. ʇʨʝʤʘ ʩʘʜʘʰˁʝʤ ʩʪʘˁʫ ʥʘ ʪʨʞʠʰʪʫ, 

ʢʦʨʠʩʥʠʮʠ ʢʦʿʠ óʧʨʦʠʟʚʦʜʝô ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʦʥʦʚʦ ʫʧʦʪʨʝʙʠʪʠ ʠʣʠ 

ʨʝʮʠʢʣʠʨʘʪʠ, ʯʝʩʪʦ, ʥʠʩʫ ʬʠʥʘʥʩʠʿʩʢʠ ʩʪʠʤʫʣʠʩʘʥʠ ʟʘ ʫʚʦʹʝˁʝ ʤʘʪʝʨʠʿʘʣʘ ʫ ʣʘʥʘʮ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. ʉʪʦʛʘ ʩʝ, ʫ ʥʝʢʠʤ ʟʝʤˀʘʤʘ, ʜʦʥʦʩʝ ʟʘʢʦʥʠ ʠ ʧʨʦʧʠʩʠ ʢʦʿʠʤʘ ʩʝ 

ʜʨʞʘʚʘ ʫʢˀʫʯʫʿʝ ʠ ʠʥʚʝʩʪʠʨʘ ʫ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʘʧʦʨʝ ʝʥʪʠʪʝʪʘ ʫ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ 

ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʚʨʘ˂ʘʿ ʧʨʦʠʟʚʦʜʘ ʠ ʤʘʪʝʨʠʿʘʣʘ. ɼʝʚʝʪʥʘʝʩʪ ʜʨʞʘʚʘ ʫ ʦʢʚʠʨʫ ʉɸɼ 

ʿʝ ʜʦʥʝʣʦ ʟʘʢʦʥʝ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʦʜ ʧʨʦʠʟʚʦʹʘʯʘ ʝʣʝʢʪʨʠʯʥʠʭ ʫʨʝʹʘʿʘ ʜʘ ʬʠʥʘʥʩʠʨʘʿʫ 

ʩʠʛʫʨʥʦ ʦʪʧʨʝʤʘˁʝ ˁʠʭʦʚʠʭ ʫʨʝʹʘʿʘ ʥʘ ʦʪʧʘʜ. ʋ ɽʚʨʦʧʠ, ʛʜʝ ʿʝ ʧʦʚʨʰʠʥʘ ʧʨʦʩʪʦʨʘ 

ʢʦʿʝ ʩʝ ʤʦʞʝ ʢʦʨʠʩʠʪʠ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʤʘʣʘ, ʟʘʢʦʥʠ ʩʫ ʿʦʰ ʩʪʨʦʞʠʿʠ. ʋ ʥʝʢʦʣʠʢʦ 

ʟʝʤʘˀʘ, ʢʘʦ ʰʪʦ ʩʫ ʅʝʤʘʯʢʘ ʠ ʍʦʣʘʥʜʠʿʘ, ʚʝ˂ ʩʫ ʫʩʚʦʿʝʥʠ ʟʘʢʦʥʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ʨʝʛʫʣʘʪʠʚʝ ʧʦʩʣʦʚʘˁʘ ʧʨʝʜʫʟʝ˂ʘ ʫ ʦʚʦʤ ʜʦʤʝʥʫ. ʆʚʘʢʚʘ ʧʨʘʢʩʘ ʩʝ ʙʨʟʦ ʧʨʦʰʠʨʠʣʘ ʠ 

ʥʘ ʜʨʫʛʝ ʟʝʤˀʝ ɽʚʨʦʧʝ, ʉɸɼ ʠ ɱʘʧʘʥ. ɼʘʢʣʝ, ʩʘʚʨʝʤʝʥʦ ʧʦʩʣʦʚʘˁʝ ʜʝʬʠʥʠʰʝ ʩʪʘʣʥʦ 

ʫʥʘʧʨʝʹʝˁʝ ʥʘʯʠʥʘ ʥʘ ʢʦʿʝ ʩʝ ʪʦʢʦʚʠ ʠ ʢʘʥʘʣʠ ʨʝʮʠʢʣʠʨʘˁʘ ʤʦʛʫ ʫʢˀʫʯʠʪʠ ʫ 

ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʣʦʛʠʩʪʠʢʝ.  

 

ʆʩʠʤ ʟʘʢʦʥʘ ʠ ʧʨʦʧʠʩʘ, ʧʦʩʪʦʿʝ ʿʦʰ ʜʚʘ ʦʩʥʦʚʥʘ ʨʘʟʣʦʛʘ ʟʙʦʛ ʢʦʿʠʭ ʩʝ ʧʦʚʨʘʪʥʦʿ 

ʣʦʛʠʩʪʠʮʠ ʠ ʨʘʟʚʦʿʫ ˁʝʥʦʛ ʢʦʥʮʝʧʪʘ ʧʨʠʜʘʿʝ ʚʝʣʠʢʘ ʧʘʞˁʘ. ʇʨʚʠ ʨʘʟʣʦʛ ʫʙʨʟʘʥʦʛ 

ʨʘʟʚʦʿʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʿʝ ʝʢʦʥʦʤʩʢʘ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʧʦʩʪʦʿʠ ʫ ʧʨʦʠʟʚʦʜʫ ʠ ʥʘʢʦʥ 

ˁʝʛʦʚʦʛ ʢʦʨʠʰ˂ʝˁʘ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ. ʅʘʿʙʦˀʠ ʧʨʠʤʝʨʠ ʦʚʘʢʚʠʭ ʧʨʦʠʟʚʦʜʘ ʩʫ 

ʤʝʪʘʣʥʠ ʦʪʧʘʮʠ, ʤʦʪʦʨʠ ʘʫʪʦʤʦʙʠʣʘ ʠ ʜʨ. ɼʨʫʛʦ, ʠ ʤʝʹʫ ʢʦʨʠʩʥʠʮʠʤʘ ʧʨʦʠʟʚʦʜʘ 

ʜʦʣʘʟʠ ʜʦ ʙʫʹʝˁʘ ʩʚʝʩʪʠ ʠ ʟʘʭʪʝʚʘˁʘ ʪʘʢʚʠʭ ʧʨʦʠʟʚʦʹʘʯʢʠʭ ʧʨʘʢʩʠ ʢʦʿʝ ʩʫ 

ʦʨʠʿʝʥʪʠʩʘʥʝ ʢʘ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʠ ʩʪʦʛʘ, ʧʦʪʨʦʰʘʯʠ ʙʠʨʘʿʫ ʜʘ ʢʫʧʫʿʫ ʦʥʝ 

ʧʨʦʠʟʚʦʜʝ ʯʠʿʠ ʧʨʦʠʟʚʦʹʘʯʠ ʧʦʢʘʟʫʿʫ ʠ ʥʝʛʫʿʫ ʪʟʚ. ʟʝʣʝʥʫ ʧʨʦʠʟʚʦʹʘʯʢʫ ʧʨʘʢʩʫ. 

ʋʧʨʘʚʦ ʥʘʚʝʜʝʥʠ ʨʘʟʣʦʟʠ ʨʘʟʚʦʿʘ ʠ ʧʨʠʤʝʥʝ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʛʦʚʦʨʝ ʫ ʧʨʠʣʦʛ 

ʪʦʤʝ ʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʿʝʜʘʥ ʦʚʘʢʦ ʩʣʦʞʝʥ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʘʪʠ ʪʘʢʦ ʜʘ ʩʝ ʢʘʦ ʮʠ ˀ

ˁʝʛʦʚʦʛ ʨʝʰʘʚʘˁʘ ʜʝʬʠʥʠʰʝ ʤʘʢʩʠʤʠʟʘʮʠʿʘ ʧʨʦʬʠʪʘ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʿʘ ʪʨʦʰʢʦʚʘ, 

ʿʝʨ ʧʦʩʪʦʿʠ ʚʠʰʝ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ ʠ ʚʠʰʝ ʠʥʪʝʨʝʩʥʠʭ ʩʬʝʨʘ ʢʦʿʠ ʫʟʨʦʢʫʿʫ ʠ 

ʜʝʬʠʥʠʰʫ ʨʘʟʚʦʿ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʫ ʢʦʿʠ ʩʫ ʫʢˀʫʯʝʥʠ ʠ ʧʦʚʨʘʪʥʠ ʪʦʢʦʚʠ. ʉʪʦʛʘ, ʫ 
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ʤʦʜʝʣʠʨʘˁʝ ʩʠʩʪʝʤʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʚʝʩʪʠ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ 

ʦʜʣʫʯʠʚʘˁʝ.  

 

ɱʦʰ ʿʝʜʘʥ ʫʟʨʦʢ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʿʝ ʚʠʩʦʢ ʥʠʚʦ ʥʝʠʟʚʝʩʥʦʩʪʠ, 

ʬʨʝʢʚʝʥʮʠʿʘ ʧʦʚʨʘ˂ʘʿʘ ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʢʚʘʣʠʪʝʪ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ. 

ʇʨʦʠʟʚʦʹʘʯʠ ʯʝʩʪʦ ʠʤʘʿʫ ʿʘʢʦ ʤʘʣʦ ʢʦʥʪʨʦʣʝ ʥʘʜ ʢʦʣʠʯʠʥʘʤʘ ʠ ʧʫʪʝʚʠʤʘ ʧʦʚʨʘ˂ʘʿʘ 

ʧʨʦʠʟʚʦʜʘ. ʊʘʢʦʹʝ, ʠ ʢʚʘʣʠʪʝʪ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʤʦʞʝ ʚʘʨʠʨʘʪʠ ʦʜ ʩʢʦʨʦ ʥʦʚʠʭ ʜʦ 

ʧʦʪʧʫʥʦ ʧʦʭʘʙʘʥʠʭ, h ʪʦ ʟʘʚʠʩʠ ʠ ʦʜ ʩʘʤʦʛ ʧʨʦʠʟʚʦʜʘ ʠ ʜʦ ʪʨʞʠʰʪʘ. 

 

ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ ʩʝ ʥʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʪʨʘʜʠʮʠʦʥʘʣʥʘ ʣʦʛʠʩʪʠʢʘ, ʢʦʿʘ ʩʘʤʦ 

'ʠʜʝ' ʫ ʦʙʨʥʫʪʦʤ ʩʤʝʨʫ, ʿʝʨ ˁʫ ʢʘʨʘʢʪʝʨʠʰʫ ʧʦʜʨʫʯʿʘ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʢʦʿʘ ʩʝ 

ʨʘʟʣʠʢʫʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʫ ʣʦʛʠʩʪʠʢʫ. ʊʘʢʦʹʝ, 

ʧʦʚʨʘʪʥʫ ʣʦʛʠʩʪʠʢʫ ʢʘʨʘʢʪʝʨʠʰʫ ʨʘʟʣʠʯʠʪʠ ʢʘʥʘʣʠ, ʮʝʥʪʨʠ ʟʘ ʧʨʠʢʫʧˀʘˁʝ 

ʧʨʦʠʟʚʦʜʘ (ʪʟʚ. ôcollectionô ʮʝʥʪʨʠ), ʩʝʢʪʦʨʠ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʠʪʜ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, 

ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʩʝ ʧʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʥʝʟʘʚʠʩʥʦ ʧʦʜʨʫʯʿʝ 

ʠʩʪʨʘʞʠʚʘˁʘ. ɸʜʝʢʚʘʪʘʥ ʤʦʜʝʣ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʤʦʞʝ ʧʦʤʦ˂ʠ ʫʯʝʩʥʠʮʠʤʘ ʫ 

ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ ʜʘ ʩʤʘˁʝ ʪʨʦhʢʦʚʝ ʠ ʧʦʙʦˀʘhʿʫ ʩʚʦʿʫ ʝʬʠʢʘʩʥʦʩʪ.  

 

ʋʧʨʘʚˀʘˁʝ ʣʦʛʠʩʪʠʯʢʠʤ ʧʨʦʮʝʩʠʤʘ ʠ ˁʠʭʦʚʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʿʝ, ʫʩʣʝʜ ˁʠʭʦʚʝ 

ʚʝʣʠʢʝ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ, ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʦʜʣʫʢʘ ʨʘʟʣʠʯʠʪʦʛ ʦʙʠʤʘ ʠ ʚʨʝʤʝʥʩʢʦʛ 

ʭʦʨʠʟʦʥʪʘ, ʚʝʦʤʘ ʩʣʦʞʝʥʦ. ʀʧʘʢ, ʚʨʩʪʝ ʦʜʣʫʢʘ ʟʘ ʩʠʩʪʝʤʝ ʢʘʦ ʰʪʦ ʿʝ ʣʦʛʠʩʪʠʯʢʠ ʤʦʛʫ 

ʙʠʪʠ ʩʚʨʩʪʘʥʝ ʫ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ: ʩʪʨʘʪʝʰʢʦ ʧʣʘʥʠʨʘˁʝ, ʪʘʢʪʠʯʢʦ ʧʣʘʥʠʨʘˁʝ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʧʣʘʥʩʢʝ ʦʜʣʫʢʝ.  

 

ʉʪʨʘʪʝʰʢʦ ʧʣʘʥʠʨʘˁʝ ʩʝ ʙʘʚʠ ʜʠʟʘʿʥʦʤ ʤʨʝʞʝ, ʫʩʧʦʩʪʘʚˀʘˁʝʤ ʤʝʥʘ˅ʝʨʩʢʝ ʧʦʣʠʪʠʢʝ 

ʠ ʨʘʟʚʦʿʝʤ ˀʫʜʩʢʠʭ ʨʝʩʫʨʩʘ ʢʘʢʦ ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʣʠ ʟʘʭʪʝʚʠ ʦʢʨʫʞʝˁʘ ʠ ʮʠˀʝʚʠ 

ʦʨʛʘʥʠʟʘʮʠʿʝ. Bostel ʠ ʦʩʪʘʣʠ (2005) ʧʨʝʜʣʘʞʫ ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʦʢʚʠʨ ʟʘ ʧʣʘʥʠʨʘˁʝ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʫ ʦʢʚʠʨʫ ʩʪʨʘʪʝʰʢʦʛ ʧʣʘʥʠʨʘˁʘ: 
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- ʆʜʨʝʹʠʚʘˁʝ ʙʨʦʿʘ ʠ ʚʨʩʪʘ ʩʚʠʭ ʣʦʛʠʩʪʠʯʢʠʭ ʦʙʿʝʢʘʪʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʠʟʚʦʜʥʠ 

ʧʦʛʦʥʠ, ʤʘʛʘʮʠʥʠ, ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʮʝʥʪʨʠ ʫ ʢʣʘʩʠʯʥʦʤ ʣʦʛʠʩʪʠʯʢʦʤ ʢʘʥʘʣʫ, ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʦʙʿʝʢʘʪʠ ʫ ʢʘʥʘʣʫ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʢʘʦ ʰʪʦ ʩʫ ʮʝʥʪʨʠ ʟʘ 

ʧʨʠʢʫʧˀʘˁʝ ʠ ʩʦʨʪʠʨʘˁʝ, ʮʝʥʪʨʠ ʟʘ ʧʦʧʨʘʚʢʝ ʠʜʨ. 

- ʆʜʨʝʹʠʚʘˁʝ ʢʘʧʘʮʠʪʝʪʘ ʠ ʨʝʩʫʨʩʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʩʚʝ ʥʘʚʝʜʝʥʝ ʦʙʿʝʢʪʝ. 

- ɸʣʦʢʘʮʠʿʝ ʫʩʣʫʞʥʠʭ ʧʦʜʨʫʯʿʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʦʙʿʝʢʪʝ ʟʘ ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ 

ʧʨʠʢʫʧˀʘˁʝ ʧʨʦʠʟʚʦʜʘ.  

 

ʋʪʠʮʘʿʠ ʠʟ ʦʢʨʫʞʝˁʘ ʥʘ ʧʦʚʨʘʪʥʫ ʣʦʛʠʩʪʠʢʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 2.1 

(ʉʪʘʥʠʚʫʢʦʚʠ˂, 2003). 

 

 

ʉʣʠʢʘ 2.1. ʋʪʠʮʘʿʠ ʦʢʨʫʞʝˁʘ ʥʘ ʧʦʚʨʘʪʥʫ  

ʣʦʛʠʩʪʠʢʫ (ʉʪʘʥʠʚʫʢʦʚʠ˂, 2003) 

 

2.3.1 ʇʦʜʨʫʯʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

 

ʇʦʜʨʫʯʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʧʨʝʜʩʪʘʚˀʘ: 

 

- ʄʘʪʝʨʠʿʘʣ ʢʦʿʠ ʥʘʩʪʘʿʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ (ʰʢʘʨʪ, ʦʪʧʘʜ, ʠ ʩʣ.), 

- ʅʝʠʩʧʨʘʚʘʥ ʧʨʦʠʟʚʦʜ ʢʦʿʠ ʿʝ ʛʨʝʰʢʦʤ ʧʦʩʣʘʪ ʚʝʣʝʪʨʛʦʚʮʫ ʠʣʠ ʜʠʨʝʢʪʥʦ 

ʢʦʨʠʩʥʠʢʫ, 
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- ʀʩʧʨʘʚʘʥ ʧʨʦʠʟʚʦʜ ʢʦʿʠ ʿʝ ʛʨʝʰʢʦʤ ʧʦʩʣʘʪ ʢʫʧʮʫ, 

- ʀʩʧʨʘʚʘʥ ʧʨʦʠʟʚʦʜ ʢʦʿʠ ʿʝ ʟʘʩʪʘʨʝʦ, 

- ʇʨʦʠʟʚʦʜ ʢʦʿʝʤ ʿʝ ʠʩʪʝʢʘʦ ʨʦʢ ʪʨʘʿʘˁʘ, 

- ʅʝʠʩʧʨʘʚʘʥ ʧʨʦʠʟʚʦʜ ʢʦʿʠ ʿʝ ʦʪʢʘʟʘʦ ʫ ʪʦʢʫ ʛʘʨʘʥʪʥʦʛ ʨʦʢʘ ʠ ʢʦʿʠ ʪʨʝʙʘ 

ʟʘʤʝʥʠʪʠ, 

- ʅʝʠʩʧʨʘʚʘʥ ʧʨʦʠʟʚʦʜ ʢʦʿʠ ʿʝ ʧʦʩʣʘʪ ʥʘ ʧʦʧʨʘʚʢʫ, 

- ʇʨʦʠʟʚʦʜ ʯʠʿʠ ʿʝ ʨʘʜʥʠ ʚʝʢ ʠʩʪʝʢʘʦ, 

- ɸʤʙʘʣʘʞʘ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʟʘʰʪʠʪʫ ʧʨʦʠʟʚʦʜʘ ʪʦʢʦʤ ʪʨʘʥʩʧʦʨʪʘ, 

- ʂʦʥʪʝʿʥʝʨʠ ʠ ʧʘʣʝʪʝ, 

- ʈʝʟʝʨʚʥʠ ʜʝʣʦʚʠ. 

 

2.3.2 ʉʠʩʪʝʤʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

 

ʇʦʚʨʘʪʥʠ ʢʘʥʘʣʠ ʫ ʩʠʩʪʝʤʫ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʫ ʥʘʿʯʝʰ˂ʝ: 

 

¶ ʆʪʢʫʧʥʠ ʮʝʥʪʨʠ, 

¶ ʈʘʟʥʝ ʜʨʫʰʪʚʝʥʝ ʛʨʫʧʝ ʢʦʿʝ ʩʝ ʙʘʚʝ ʟʘʰʪʠʪʦʤ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, 

¶ ʉʪʨʫʯˁʘʮʠ ʟʘ ʩʘʢʫʧˀʘˁʝ ʦʪʧʘʜʘ, 

¶ ʎʝʥʪʨʠ ʟʘ ʨʝʮʠʢʣʘʞʫ, 

¶ ʉʢʣʘʜʠʰʪʘ ʧʨʝʨʘʹʝʚʠʥʘ. 

 

ʅʘ ʦʩʥʦʚʫ ʪʠʧʘ ʩʨʝʜʩʪʘʚʘ ʢʦʿʘ ʩʫ ʧʨʝʜʤʝʪ ʚʨʘ˂ʘˁʘ, ʩʠʩʪʝʤʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʤʦʛʫ 

ʙʠʪʠ ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʫ ʯʝʪʠʨʠ ʛʣʘʚʥʝ ʛʨʫʧʝ ʢʦʿʝ ʠʤʘʿʫ ʩʚʦʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ: 

 

- ɼʠʨʝʢʪʥʘ ʤʨʝʞʘ ʧʦʥʦʚʥʦʛ ʢʦʨʠʰ˂ʝˁʘ (ʝʥʛʣ. Directly reusable network - DRN) - 

ʆʚʘ ʤʨʝʞʘ ʦʙʫʭʚʘʪʘ ʥʦʚʝ, ʥʝʦʪʚʦʨʝʥʝ ʧʨʦʠʟʚʦʜʝ ʠ ʢʦʥʪʝʿʥʝʨʝ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʧʦʥʦʚʦ ʢʦʨʠʩʪʠʪʠ, ʢʘʦ ʰʪʦ ʩʫ ʧʘʣʝʪʝ, ʢʫʪʠʿʝ ʠ ʩʪʘʥʜʘʨʜʥʠ ʢʦʥʪʝʿʥʝʨʠ. ʆʥʠ 

ʤʦʛʫ ʙʠʪʠ ʧʦʥʦʚʥʦ ʢʦʨʠʰ˂ʝʥʠ ʜʠʨʝʢʪʥʦ ʠ ʙʝʟ ʠʟʚʦʹʝˁʘ ʙʠʣʦ ʢʘʢʚʠʭ 

ʦʧʝʨʘʮʠʿʘ ʥʘ ˁʠʤʘ. ʅʘ ʦʚʠʤ ʦʙʿʝʢʪʠʤʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʘʚʘʪʠ ʩʘʤʦ 
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ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʨʝ, ʯʠʰ˂ʝˁʘ ʠ ʦʜʨʞʘʚʘˁʘ ʫ ʤʘˁʝʤ ʦʙʠʤʫ. ʊʦʢʦʚʠ ʦʜ 

ʧʨʦʠʟʚʦʹʘʯʘ ʢʘ ʢʫʧʮʫ ʠ ʦʙʨʥʫʪʦ ʩʫ ʚʝʦʤʘ ʧʦʚʝʟʘʥʠ. ʉʪʦʛʘ, ʦʚʘʿ ʩʠʩʪʝʤ 

ʧʨʝʜʩʪʘʚˀʘ ʟʘʪʚʦʨʝʥʫ ʤʨʝʞʫ. 

 

- ʄʨʝʞʘ ʧʦʥʦʚʥʝ ʧʨʦʠʟʚʦʜˁʝ (ʝʥʛʣ. Remanufacturing network - RMN) - 

ʇʨʦʠʟʚʦʜʠ ʠʣʠ ˁʠʭʦʚʠ ʜʝʣʦʚʠ ʥʘ ʢʨʘʿʫ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʩʝ ʚʨʘ˂ʘʿʫ ʠ ʥʝʢʝ 

ʢʦʤʧʦʥʝʥʪʝ ʤʦʛʫ ʙʠʪʠ ʧʦʥʦʚʥʦ ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʥʦʚʠʭ ʧʨʦʠʟʚʦʜʘ. 

ʆʚʘ ʤʨʝʞʘ ʿʝ ʟʘʪʚʦʨʝʥʘ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʩʝ ʧʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ ʫ ʢʦʤʝ ʩʝ 

ʢʦʨʠʩʪʝ ʧʦʩʪʦʿʝ˂ʠ ʜʝʣʦʚʠ ʥʘʿʯʝʰ˂ʝ ʦʙʘʚˀʘ ʦʜ ʩʪʨʘʥʝ ʠʩʪʦʛ ʧʨʦʠʟʚʦʹʘʯʘ.  

 

- ʄʨʝʞʘ ʩʝʨʚʠʩʘ ʟʘ ʧʦʧʨʘʚʢʝ (ʝʥʛʣ. Repair service network - RSN) ï ɼʝʬʝʢʪʥʠ 

ʧʨʦʠʟʚʦʜʠ ʩʝ ʚʨʘ˂ʘʿʫ ʥʘ ʧʦʧʨʘʚʢʫ ʫ ʩʝʨʚʠʩʥʠ ʮʝʥʪʘʨ. ʆʚʘ ʤʨʝʞʘ ʩʝ ʜʝʬʠʥʠʰʝ 

ʢʘʦ ʦʪʚʦʨʝʥʘ. 

 

- ʄʨʝʞʘ ʟʘ ʨʝʮʠʢʣʘʞʫ (ʝʥʛʣ. Recycling network - RN) ï ʉʠʨʦʚʠ ʤʘʪʝʨʠʿʘʣʠ, ʢʘʦ 

ʰʪʦ ʩʫ ʤʝʪʘʣʠ, ʩʪʘʢʣʦ ʠ ʧʘʧʠʨ, ʫʛʣʘʚʥʦʤ ʩʝ ʨʝʮʠʢʣʠʨʘʿʫ ʦʜ ʩʪʨʘʥʝ ʧʦʩʝʙʥʦʛ 

ʧʨʝʜʫʟʝ˂ʘ. ʆʚʘ ʤʨʝʞʘ ʤʦʞʝ ʙʠʪʠ ʧʦʩʤʘʪʨʘʥʘ ʢʘʦ ʦʪʚʦʨʝʥʘ.  

 

ʉʚʘʢʠ ʦʜ ʦʚʠʭ ʩʠʩʪʝʤʘ ʟʘʭʪʝʚʘ ʧʨʠʢʫʧˀʘˁʝ ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʢʦʤʧʦʥʝʥʪʠ, 

ʦʜʥʦʩʥʦ ʧʨʦʠʟʚʦʜʘ ʠ ʢʦʤʧʦʥʝʪʠ ʢʦʿʠ ʩʫ ʚʝ˂ ʜʦʧʨʝʤˀʝʥʠ ʜʦ ʢʦʨʠʩʥʠʢʘ, ʠʘʢʦ ʥʠʩʫ 

ʙʠʣʠ ʢʦʨʠʰ˂ʝʥʠ, ˁ ʠʭʦʚʦ ʧʦʥʦʚʥʦ ʧʨʦʮʝʩʫʠʨʘˁʝ ʠ ʧʦʥʦʚʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ. 

2.3.3 ʏʠʥʠʦʮʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

 

ʄʦʜʝʣ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʿʝ ʩʧʝʮʠʬʠʯʘʥ, ʿʝʨ ʧʦʩʪʦʿʠ ʚʠʰʝ ʨʘʟʣʦʛʘ ʟʙʦʛ ʢʦʿʠʭ 

ʧʨʦʠʟʚʦʜ ʤʦʞʝ ʙʠʪʠ ʚʨʘ˂ʝʥ, ʦʜʥʦʩʥʦ ʧʦʩʪʦʿʠ ʚʠʰʝ ʯʠʥʠʣʘʮʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ: 

 

1. ʇʦʚʣʘʯʝˁʝ ʧʦʨʫ˅ʙʠʥʝ ï ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʦʨʫ˅ʙʠʥʘ ʿʝ ʧʦʚʫʯʝʥʘ ʠ ʦʥʘ ʤʦʨʘ 

ʙʠʪʠ ʧʨʝʫʟʝʪʘ ʠ ʚʨʘ˂ʝʥʘ ʧʨʦʠʟʚʦʹʘʯʫ. 
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2. ʇʦʚʨʘ˂ʘʿ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʫ ʛʘʨʘʥʪʦʤ ʨʦʢʫ ï ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ 

ʧʨʦʜʘʚʥʠʮʘʤʘ, ʢʦʜ ʜʠʩʪʨʠʙʫʪʝʨʘ ʠʣʠ ʢʦʜ ʪʨʛʦʚʘʮʘ ʥʘ ʚʝʣʠʢʦ ʤʦʨʘʿʫ ʩʝ 

ʚʨʘʪʠʪʠ ʢʦʜ ʧʨʦʠʟʚʦʹʘʯʘ ʨʘʜʠ ʧʦʧʨʘʚʢʝ ʫ ʛʘʨʘʥʪʥʦʤ ʨʦʢʫ. 

3. ʇʦʚʨʘ˂ʘʿ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʦʥʦʚʦ ʢʦʨʠʩʪʠʪʠ. 

4. ʇʦʚʨʘ˂ʘʿ ʢʦʥʪʝʿʥʝʨʘ ʫ ʢʦʿʠʤʘ ʩʫ ʩʝ ʥʘʣʘʟʠʣʠ ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʫ ʠʩʧʦʨʫʯʝʥʠ 

ʢʫʧʮʫ. 

5. ʆʰʪʝ˂ʝʥʠ ʧʨʦʠʟʚʦʜʠ ï ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʫ ʦʰʪʝ˂ʝʥʠ ʪʦʢʦʤ ʪʨʘʥʩʧʦʨʪʘ ʠʣʠ ʫ 

ʪʦʢʫ ʢʦʨʠʰ˂ʝˁʘ. 

 

ʆʩʠʤ ʥʘʚʝʜʝʥʠʭ, ʧʦʩʪʦʿʝ ʿʦʰ ʥʝʢʠ ʯʠʥʠʦʮʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʢʘʦ ʰʪʦ ʩʫ ʧʦʚʨʘ˂ʘʿʠ 

ʩʝʟʦʥʩʢʠʭ ʩʨʝʜʩʪʘʚʘ (ʩʨʝʜʩʪʚʘ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʦʧʨʝʤʠʪʠ ʜʦ ʧʨʦʠʟʚʦʹʘʯʘ ʥʘ ʢʨʘʿʫ 

ʩʝʟʦʥʝ), ʦʧʘʩʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʠ ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʝ ʪʨʘʥʩʧʦʨʪʫʿʫ ʢʘʢʦ ʙʠ ʩʝ ʠʟʿʝʜʥʘʯʠʣʘ 

ʧʦʥʫʜʘ ʫ ʥʝʢʠʤ ʧʨʦʜʘʿʥʠʤ ʮʝʥʪʨʠʤʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʤʘˁʘʢ ʧʨʦʠʟʚʦʜʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʜʨʫʛʝ ʧʨʦʜʘʿʥʝ ʮʝʥʪʨʝ. 

  

ʇʨʦʠʟʚʦʜʠ ʤʦʛʫ ʙʠʪʠ ʧʨʝʫʟʝʪʠ ʜʠʨʝʢʪʥʦ ʦʜ ʢʫʧʮʘ (ʥʧʨ. ʫ ʩʣʫʯʘʿʫ, ʦʰʪʝ˂ʝʥʝ ʨʦʙʝ), ʠʟ 

ʧʨʦʜʘʿʥʦʛ ʮʝʥʪʨʘ ʠʣʠ ʠʟ ʮʝʥʪʨʘ ʟʘ ʩʘʢʫʧˀʘˁʝ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ (ʥʧʨ. ʫ ʩʣʫʯʘʿʫ 

ʧʦʚʨʘ˂ʘʿʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʦʥʦʚʦ ʢʦʨʠʩʪʠʪʠ). ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ ʦʜʥʦʩʠ ʩʝ 

ʠ ʥʘ ʧʨʦʮʝʩʝ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʦ ʪʦʤʝ ʛʜʝ ˂ʝ ʩʝ ʧʨʦʠʟʚʦʜ ʥʘ ʢʦʤʝ ʿʝ ʧʨʠʿʘʚˀʝʥ ʢʚʘʨ 

ʧʦʧʨʘʚʠʪʠ, ʟʘʤʝʥʠʪʠ ʠʣʠ ʦʜʣʦʞʠʪʠ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʧʦʧʨʘʚʢʘ ʧʨʦʠʟʚʦʜʘ ʚʨʰʠ ʥʘ 

ʪʝʨʝʥʫ, ʦʜʥʦʩʥʦ ʥʘ ʤʝʩʪʫ ʛʜʝ ʩʝ ʧʨʦʠʟʚʦʜ ʥʘʣʘʟʠ (ʝʥʛʣ. on-site), ʧʦʪʨʝʙʥʦ ʿʝ 

ʪʨʘʥʩʧʦʨʪʦʚʘʪʠ ˀʫʜʝ ʠ ʩʨʝʜʩʪʚʘ ʟʘ ʧʦʧʨʘʚʢʫ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʧʨʦʠʟʚʦʜ ʧʦʧʨʘʚˀʘ ʫ 

ʨʘʜʠʦʥʠʮʠ (ʝʥʛʣ. off-site), ʧʦʪʨʝʙʥʦ ʛʘ ʿʝ ʜʦʧʨʝʤʠʪʠ ʦʜ ʤʝʩʪʘ ʢʚʘʨʘ ʜʦ ʜʝʧʦʘ ʫ ʢʦʤʝ 

˂ʝ ʩʝ ʠʟʚʨʰʠʪʠ ʧʦʧʨʘʚʢʘ. ʋʦʧʰʪʝʥʦ, ʧʦʚʨʘʪʥʠ ʪʦʢʦʚʠ ʫ ʣʦʛʠʩʪʠʯʢʦʤ ʩʠʩʪʝʤʫ ʩʝ 

ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʧʦʚʨʘʪʥʝ ʪʦʢʦʚʝ ʧʨʦʠʟʚʦʜʘ ʠ ʧʦʚʨʘʪʥʝ ʪʦʢʦʚʝ ʘʤʙʘʣʘʞʝ. ɱʝʜʥʘ ʦʜ 

ʦʩʥʦʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʦʜʥʦʩʠ ʩʝ ʥʘ ʨʝʮʠʢʣʘʞʫ ʤʘʪʝʨʠʿʘʣʘ. ʋ 

ʦʢʚʠʨʫ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʨʝʮʠʢʘʣʘʞʘ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʤʦʞʝ ʦʙʨʘʟʣʦʞʠʪʠ ʩʣʝʜʝ˂ʠʤ 

ʧʨʦʮʝʩʠʤʘ: 

 

1. ʩʘʢʫʧˀʘˁʝ ʦʪʧʘʜʥʦʛ ʤʘʪʝʨʠʿʘʣʘ,  
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2. ˁʝʛʦʚʦ ʠʩʧʦʨʫʯʠʚʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʮʝʥʪʨʫ ʫ ʦʢʚʠʨʫ ʩʠʩʪʝʤʘ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ,  

3. ʧʦʚʨʘ˂ʘʿ ʧʨʝʨʘʹʝʥʦʛ ʧʨʦʠʟʚʦʜʘ ʥʘ ʪʨʞʠʰʪʝ. 

 

ʇʨʦʮʝʩ ʨʝʮʠʢʣʘʞʝ ʥʝ ʤʦʞʝ ʙʠʪʠ ʠʟʚʨʰʝʥ ʙʝʟ ʧʦʩʪʦʿʘˁʘ ʘʜʝʢʚʘʪʥʦʛ ʩʠʩʪʝʤʘ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ. ʂˀʫʯʥʝ ʦʙʣʘʩʪʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʦʜʥʦʩʝ ʩʝ, ʥʝ ʩʘʤʦ ʥʘ ʨʝʮʠʢʣʘʞʫ 

ʤʘʪʝʨʠʿʘʣʘ, ʚʝ˂ ʠ ʥʘ ʚʨʘ˂ʘˁʝ ʥʦʚʠʭ, ʢʦʨʠʰ˂ʝʥʠʭ ʠ ʫʧʦʪʨʝʙˀʚʠʭ ʧʨʦʠʟʚʦʜʘ. ʇʦʚʨʘ˂ʘʿ 

ʥʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʦʜʥʦʩʠ ʩʝ ʥʘ ʚʨʘ˂ʘˁʝ ʥʝʫʧʦʪʨʝʙˀʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʥʝ ʦʜʛʦʚʘʨʘʿʫ 

ʟʘʭʪʝʚʠʤʘ ʢʦʨʠʩʥʠʢʘ ʠ, ʥʘʿʯʝʰ˂ʝ, ʩʝ ʿʘʚˀʘʿʫ ʧʨʠʣʠʢʦʤ ʢʫʧʦʚʠʥʘ ʠʟ ʢʘʪʘʣʦʛʘ. ʆʩʠʤ 

ʥʘʚʝʜʝʥʦʛ, ʚʨʘ˂ʘˁʝ ʧʨʦʠʟʚʦʜʘ ʦʜʥʦʩʠ ʩʝ ʠ ʥʘ ʧʦʚʨʘ˂ʘʿ ʜʝʬʝʢʪʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʟʘ ʢʦʿʝ 

ʩʝ, ʚʝʦʤʘ ʯʝʩʪʦ ʜʝʰʘʚʘ ʜʘ ʩʫ ʦʰʪʝ˂ʝʥʠ ʫ ʪʦʢʫ ʪʨʘʥʩʧʦʨʪʘ. ʆʩʠʤ ʧʦʚʨʘ˂ʘʿʘ 

ʠʩʧʦʨʫʯʝʥʠʭ, ʜʝʬʝʢʪʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʤʦʞʝ ʩʝ ʜʦʛʦʜʠʪʠ ʜʘ ʿʝ ʢʦʨʠʩʥʠʢʫ ʠʩʧʦʨʫʯʝʥ 

ʧʦʛʨʝʰʘʥ ʧʨʦʠʟʚʦʜ ʠʣʠ ʜʘ ʤʫ ʿʝ ʠʩʧʦʨʫʯʝʥ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʨʦʠʟʚʦʜ, ʘʣʠ ʫ ʧʦʛʨʝʰʥʦʿ 

ʢʦʣʠʯʠʥʠ. ɺʨʘ˂ʘˁʝ ʤʘʣʦ ʫʧʦʪʨʝʙˀʘʚʘʥʠʭ ʧʨʦʠʟʚʦʜʘ ʨʘʜʠ ʨʝʢʣʘʤʘʮʠʿʝ ʩʝ ʦʙʘʚˀʘ 

ʢʘʜʘ ʧʨʦʙʣʝʤ ʫ ʫʧʦʪʨʝʙʠ ʧʨʦʠʟʚʦʜʘ ʥʘʩʪʘʥʝ ʫ ʛʘʨʘʥʪʥʦʤ ʨʦʢʫ. ʇʦʚʨʘ˂ʘʿ ʧʨʦʠʟʚʦʜʘ ʫ 

ʛʘʨʘʥʪʥʦʤ ʨʦʢʫ ʟʘʫʟʠʤʘ ʟʥʘʯʘʿʥʦ ʤʝʩʪʦ ʫ ʩʠʩʪʝʤʫ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʠ ˁʝʛʦʚʦʤ 

ʠʟʫʯʘʚʘˁʫ, ʿʝʨ ʢʦʨʠʩʥʠʮʠ ʢʦʿʠ ʚʨʘʪʝ ʧʨʦʠʟʚʦʜ ʥʘ ʦʚʘʿ ʥʘʯʠʥ, ʦʯʝʢʫʿʫ ʜʘ ʠʤ ʧʨʦʠʟʚʦʜ 

ʫ ʙʫʜʝ ʚʨʘ˂ʝʥ ʫ ʚʝʦʤʘ ʢʨʘʪʢʦʤ ʨʦʢʫ, ʢʘʦ ʠ ʜʘ ʧʨʦʠʟʚʦʹʘʯ ʠʣʠ ʧʨʦʜʘʚʘʮ ʥʘ ʟʘʣʠʭʘʤʘ 

ʠʤʘʿʫ ʧʨʦʠʟʚʦʜ ʢʦʿʠ ˂ʝ ʢʦʨʠʩʥʠʢ ʤʦ˂ʠ ʜʘ ʢʦʨʠʩʪʠ ʜʦʢ ˁʝʛʦʚ ʧʨʦʠʟʚʦʜ ʥʘ ʙʫʜʝ 

ʧʦʧʨʘʚˀʝʥ.  

 

ʂʦʨʠʩʥʠʮʠ ʩʝ ʯʝʩʪʦ, ʧʫʪʝʤ ʤʘʨʢʝʪʠʥʰʢʠʭ ʢʘʤʧʘˁʘ, ʧʦʟʠʚʘʿʫ ʜʘ ʦʰʪʝ˂ʝʥʝ ʧʨʦʠʟʚʦʜʝ 

ʚʨʘʪʝ ʫ ʤʘʣʦʧʨʦʜʘʿʥʝ ʦʙʿʝʢʪʝ, ʘ ʢʘʦ ʥʘʜʦʢʥʘʜʫ ʜʦʙʠʿʘʿʫ ʥʦʚʘʮ ʠʣʠ ʧʦʧʫʩʪ ʧʨʠʣʠʢʦʤ 

ʢʫʧʦʚʠʥʝ ʥʦʚʦʛ ʧʨʦʠʟʚʦʜʘ. ʆʚʘʢʘʚ ʚʠʜ ʧʦʚʨʘ˂ʘʿʘ ʧʨʦʠʟʚʦʜʘ, ʜʦ ʩʢʦʨʦ ʿʝ ʙʠʦ ʚʝʟʘʥ ʟʘ 

ʦʜʨʝʹʝʥʝ ʠʥʜʫʩʪʨʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. ʘʫʪʦʠʥʜʫʩʪʨʠʿʘ, ʘʣʠ ʩʝ ʫ ʥʦʚʠʿʝ ʚʨʝʤʝ, ʦʥ ʿʘʚˀʘ 

ʠ ʫ ʜʨʫʛʠʤ ʠʥʜʫʩʪʨʠʿʘʤʘ, ʧʘ ʿʝ ʯʝʩʪ ʧʨʠʤʝʨ ʦʚʘʢʚʠʭ ʧʦʚʨʘ˂ʘʿʘ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʘ ʠ 

ʨʘʯʫʥʘʨʩʢʘ ʦʧʨʝʤʘ.  

 

ʆʩʠʤ ʝʬʝʢʘʪʘ ʥʘ ʬʠʥʘʥʩʠʿʩʢʝ ʨʝʟʫʣʪʘʪʝ ʧʨʝʜʫʟʝ˂ʘ, ʦʚʘʢʚʠ ʚʠʜʦʚʠ ʢʘʤʧʘˁʘ ʠʤʘʿʫ 

ʧʦʟʠʪʠʚʥʝ ʫʪʠʮʘʿʝ ʠ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʙʨʠʛʫ ʦ ˁʝʥʦʿ ʟʘʰʪʠʪʠ. ʋ ʦʚʘʢʚʠʤ 
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ʩʣʫʯʘʿʝʚʠʤʘ, ʧʦʪʨʦʰʘʯ ʚʨʘ˂ʘ ʫʧʦʪʨʝʙˀʝʥ ʠ ʠʩʢʦʨʠʰ˂ʝʥ ʧʨʦʠʟʚʦʜ ʫ ʧʨʦʜʘʿʥʠ ʦʙʿʝʢʘʪ 

ʠʣʠ ʮʝʥʪʘʨ ʟʘ ʦʪʢʫʧ. ʇʨʦʠʟʚʦʹʘʯ, ʥʘ ʦʚʘʿ ʥʘʯʠʥ, ʜʦʣʘʟʠ ʜʦ ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ, ʢʦʿʝ 

ʤʦʞʝ ʫʛʨʘʜʠʪʠ ʫ ʥʦʚʝ ʧʨʦʠʟʚʦʜʝ, ʘʣʠ ʠ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʜʨʫʰʪʚʝʥʦ ʦʜʛʦʚʦʨʘʥ.  

2.3.4 ʅʘʿʯʝʰ˂ʠ ʧʨʦʙʣʝʤʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

 

ʆʥʦ ʰʪʦ ʢʘʨʘʢʪʝʨʠʰʝ ʧʦʿʘʤ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʥʝʨʝʰʝʥʠʭ ʧʠʪʘˁʘ ï 

ʧʦʜʿʝʜʥʘʢʦ ʧʨʘʢʪʠʯʥʠʭ ʠ ʪʝʦʨʠʿʩʢʠʭ. ʂʘʢʦ ʙʠ ʩʝ ʧʨʠʰʣʦ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ʪʝʦʨʠʿʫ ʠ ʤʝʪʦʜʝ ʧʣʘʥʠʨʘˁʘ ʜʠʩʪʨʠʙʫʮʠʿʝ, ʫʧʨʘʚˀʘˁʘ 

ʟʘʣʠʭʘʤʘ, ʧʣʘʥʠʨʘˁʘ ʧʨʦʠʟʚʦʜˁʝ, ʠ ʩʣ. ʊʘʢʦʹʝ, ʧʦʪʨʝʙʘʥ ʿʝ ʨʘʟʚʦʿ ʥʦʚʠʭ ʧʨʠʩʪʫʧʘ ʫ 

ʧʣʘʥʠʨʘˁʫ ʟʘʣʠʭʘ ʧʨʠ ʜʦʨʘʜʠ ʧʨʝʪʭʦʜʥʦ ʚʝ˂ ʢʦʨʠʰ˂ ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʘʣʠ, ʧʦʜʿʝʜʥʘʢʦ 

ʿʝ ʚʘʞʥʦ ʠ ʨʘʟʚʠʪʠ ʤʦʜʝʣʝ ʧʣʘʥʠʨʘˁʘ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʧʨʝʜʤʝʪ 

ʚʨʘ˂ʘˁʘ ʦʜ ʢʦʨʠʩʥʠʢʘ ʢʘ ʧʦʪʨʦʰʘʯʫ. ɱʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʧʨʦʙʣʝʤʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

ʠ ˁʝʥʝ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ, ʦʜʥʦʩʠ ʩʝ ʫʧʨʘʚʦ ʥʘ ʜʠʟʘʿʥ ʪʘʢʚʝ ʤʨʝʞʝ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ, ʢʦʿʘ ˂ʝ ʩʚʠʤ ʫʯʝʩʥʠʮʠʤʘ ʫ ʣʘʥʮʫ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʦʙʝʟʙʝʜʠʪʠ ʧʨʦʬʠʪ. 

ʆʩʠʤ ʥʘʚʝʜʝʥʦʛ, ʧʨʦʙʣʝʤʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʦʜʥʦʩʝ ʩʝ ʠ ʥʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʦ 

ʪʨʘʥʩʧʦʨʪʫ ʧʨʦʠʟʚʦʜʘ, ʿʝʨ ʪʠ ʪʨʦʰʢʦʚʠ ʤʦʛʫ ʜʘ ʧʨʝʚʘʟʠʹʫ ˁʠʭʦʚʫ ʚʨʝʜʥʦʩʪ ʠ ʪʠʤʝ 

ʧʦʥʠʰʪʝ ʩʚʝ ʬʠʥʘʥʩʠʿʩʢʝ ʧʨʝʜʥʦʩʪʠ ʧʨʦʛʨʘʤʘ ʧʦʚʣʘʯʝˁʘ. ɸʢʦ ʦʚʠ ʪʨʦʰʢʦʚʠ 

(ʨʝʮʠʢʣʘʞʝ ʠʣʠ ʧʨʝʫʧʦʪʨʝʙʝ) ʧʨʝʤʘʰʝ ʫʢʫʧʥʝ ʪʨʦʰʢʦʚʝ ʠʩʧʦʨʫʢʝ ʥʦʚʠʭ ʧʨʦʠʟʚʦʜʘ 

ʠʣʠ ʤʘʪʝʨʠʿʘʣʘ, ʧʨʝʜʫʟʝ˂ʝ ʥʝʤʘ ʧʨʦʬʠʪʥʠ ʤʦʪʠʚ ʟʘ ʧʨʠʤʝʥʫ ʩʠʩʪʝʤʘ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ. ʊʘʢʦʹʝ, ʪʨʦʰʢʦʚʠ ʧʘʢʦʚʘˁʘ ʧʨʦʠʟʚʦʜʘ ʥʠʩʫ ʠʩʪʠ ʟʘ ʩʚʝ ʧʨʦʠʟʚʦʜʝ, ʚʝ˂ ʩʝ 

ʦʥʠ ʨʘʟʣʠʢʫʿʫ ʦʜ ʧʨʦʠʟʚʦʜʘ ʜʦ ʧʨʦʠʟʚʦʜʘ. ɺʨʩʪʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʚʨʘ˂ʝʥʠ ʤʦʛʫ 

ʧʨʠʧʘʜʘʪʠ ʨʘʟʣʠʯʠʪʠʤ ʘʩʦʨʪʠʤʘʥʠʤʘ. ʉʪʦʛʘ ʩʫ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʫ ʣʘʥʮʫ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ ʟʥʘʪʥʦ ʚʠʰʠ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʦʰʢʦʚʝ ʧʨʦʠʟʚʝʜʝʥʝ ʫ ʣʘʥʮʫ ʢʣʘʩʠʯʥʝ 

ʣʦʛʠʩʪʠʢʝ ʠ ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʥʫ ʩʪʘʚʢʫ ʫ ʫʢʫʧʥʠʤ ʪʨʦʰʢʦʚʠʤʘ ʧʨʝʜʫʟʝ˂ʘ. 

ʇʦʨʝʜ ʦʚʦʛʘ, ʧʨʦʙʣʝʤ ʿʝ ʠ ʣʦʢʘʮʠʿʘ ʦʧʨʝʤʝ ʟʘ ʨʝʮʠʢʣʘʞʫ, ʧʨʝʨʘʜʫ ʠʣʠ ʦʙʥʘʚˀʘˁʝ 

ʧʨʦʠʟʚʦʜʘ ʠ ʤʘʪʝʨʠʿʘʣʘ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʣʦʢʘʮʠʿʘ ʙʠʨʘ ʪʘʢʦ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘʿʫ ʙʫʜʫ˂ʠ 

ʠʟʜʘʮʠ ʟʘ ʪʨʘʥʩʧʦʨʪ.  
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ʋ ʩʘʚʨʝʤʝʥʠʤ ʫʩʣʦʚʠʤʘ ʧʦʩʣʦʚʘˁʘ, ʿʝʜʠʥʦ ʜʦʙʨʘ ʢʦʦʨʜʠʥʘʮʠʿʘ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ 

ʩʘ ʢʦʤʧʦʥʝʥʪʘʤʘ ʣʦʛʠʩʪʠʯʢʦʛ ʩʠʩʪʝʤʘ, ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ ʠ 

ʧʦʚʝ˂ʘˁʘ ʧʨʦʬʠʪʘ. ʉʘʚʨʝʤʝʥʦ ʜʨʫʰʪʚʦ ʧʨʝʜ ʧʨʝʜʫʟʝ˂ʘ ʧʦʩʪʘʚˀʘ ʨʘʟʣʠʯʠʪʝ ʟʘʭʪʝʚʝ 

ʢʦʿʠ ʩʝ, ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ, ʦʜʥʦʩʝ ʠ ʥʘ ʨʝʮʠʢʣʘʞʫ ʤʘʪʝʨʠʿʘʣʘ, ʧʨʦʤʦʚʠʩʘˁʝ 

ʢʦʨʠʩʥʠʯʢʠʭ ʫʩʣʫʛʘ ʠ ʧʦʚʝ˂ʘʥʫ ʟʘʰʪʠʪʫ ʢʦʨʠʩʥʠʢʘ, ʪʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʙʫʜʫ ʩʘʩʪʘʚʥʠ ʜʝʦ ʣʦʛʠʩʪʠʯʢʦʛ ʩʠʩʪʝʤʘ.  

 

ʇʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʦʜʣʫʢʘ ʢʦʿʝ ʫʯʝʩʥʠʮʠ ʫ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ ʤʦʨʘʿʫ ʨʘʟʤʦʪʨʠʪʠ 

ʧʨʝ ʥʝʛʦ ʰʪʦ ʜʝʬʠʥʠʰʫ ʧʦʪʝʥʮʠʿʘʣʥʝ ʣʦʢʘʮʠʿʝ ʦʙʿʝʢʘʪʘ. ʅʝʢʝ ʦʜ ʦʚʠʭ ʦʜʣʫʢʘ ʦʜʥʦʩʝ 

ʩʝ ʥʘ ʥʘʯʠʥ ʧʨʠʢʫʧˀʘˁʘ ʧʨʦʠʟʚʦʜʘ, ʜʘ ʣʠ ˂ʝ ˁʠʭʦʚʦ ʪʝʩʪʠʨʘˁʝ ʙʠʪʠ ʠʟʚʨʰʝʥʦ ʥʘ 

ʤʝʩʪʫ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ ʠʣʠ ʫ ʬʘʙʨʠʮʠ ʫ ʢʦʿʦʿ ʩʝ ʧʨʦʠʟʚʦʜʠ ʠ ʧʨʦʠʟʚʦʜʝ, ʢʘʦ ʠ 

ʜʘ ʣʠ ʙʠ ʦʚʝ ʦʧʝʨʘʮʠʿʝ ʤʦʛʣʝ ʙʠʪʠ ʠʟʚʝʜʝʥʝ ʝʬʝʢʪʠʚʥʠʿʝ ʫʢˀʫʯʠʚʘˁʝʤ ʪʨʝ˂ʠʭ ʣʠʮʘ 

ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʭ ʟʘ ʦʙʘʚˀʘˁʝ ʣʦʛʠʩʪʠʯʢʠʭ ʘʢʪʠʚʥʦʩʪʠ (ʝʥʛʣ. third-party logistics 

provider - 3PL). ʇʨʠʢʫʧˀʘˁʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʧʨʝʜʤʝʪ ʚʨʘ˂ʘˁʘ ʿʝ ʚʝʦʤʘ 

ʢʦʤʧʣʠʢʦʚʘʥʦ, ʿʝʨ ʿʝ ʘʤʙʘʣʘʞʘ, ʯʝʩʪʦ, ʦʰʪʝ˂ʝʥʘ, ʥʝʢʦʤʧʣʝʪʥʘ ʠʣʠ ʦʪʚʦʨʝʥʘ. ʋ 

ʦʚʘʢʚʦʿ ʘʤʙʘʣʘʞʠ, ʧʦʚʝ˂ʘʥ ʿʝ ʨʠʟʠʢ ʜʘ ʠ ʧʨʦʠʟʚʦʜ ʙʫʜʝ ʦʰʪʝ˂ʝʥ. ʉʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʜʘ ʫ ʧʨʝʜʫʟʝ˂ʫ ʧʦʩʪʦʿʠ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥ ʩʪʘʥʜʘʨʜ ʠʣʠ ʦʜʣʫʢʘ ʢʘʢʦ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʣʦ 

ʢʦʿʠ ʧʨʦʠʟʚʦʜʠ ʩʝ ʤʦʛʫ ʩʘʤʦ ʧʨʝʧʘʢʦʚʘʪʠ ʠ ʚʨʘʪʠʪʠ ʥʘ ʪʨʞʠʰʪʝ, ʘ ʢʦʿʠ ʧʨʦʠʟʚʦʜʠ ʩʝ 

ʤʦʨʘʿʫ ʚʨʘʪʠʪʠ ʫ ʧʨʦʮʝʩ ʧʦʥʦʚʥʝ ʧʨʦʠʟʚʦʜˁʝ ʠʣʠ ʦʪʧʨʝʤʠʪʠ ʟʘ ʨʝʮʠʢʣʘʞʫ ʠʣʠ 

ʦʪʧʘʜ. ɿʙʦʛ ʚʝʣʠʢʦʛ ʦʧʩʝʛʘ ʤʦʛʫ˂ʠʭ ʜʝʩʪʠʥʘʮʠʿʘ ʟʘ ʩʚʘʢʫ ʚʨʘ˂ʝʥʫ ʩʪʘʚʢʫ, ʦʜʨʝʹʠʚʘˁʝ 

ʛʜʝ ˂ʝ ʩʝ ʧʦʿʝʜʠʯʘʥʠ ʧʨʦʠʟʚʦʜ ʦʪʧʨʝʤʠʪʠ ʤʦʞʝ ʟʘʭʪʝʚʘʪʠ ʟʥʘʯʘʿʥʦ ʚʨʝʤʝ. ʂʦʥʮʝʧʪ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʦʚʨʘ˂ʘʿʫ ʧʨʦʠʟʚʦʜʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʚʝʦʤʘ 

ʪʝʰʢʦ ʤʦʞʝ ʧʨʝʜʚʠʜʝʪʠ. ʄʦʞʝʤʦ ʨʝ˂ʠ ʜʘ ʿʝ ʧʦʚʨʘ˂ʘʿ ʧʨʦʠʟʚʦʜʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʫ ʣʘʥʮʫ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʣʫʯʘʿʘʥ ʠ ʥʝʠʟʚʝʩʪʘʥ, ʪʝ ʿʝ ʠ ʧʨʦʜʘʿʥʘ ʮʝʥʘ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʿʝ 

ʚʨʘ˂ʝʥ ʥʘ ʪʨʞʠʰʪʝ, ʥʝʧʦʟʥʘʪʘ. ɺʝʦʤʘ ʯʝʩʪʦ ʩʝ ʟʘʭʪʝʚʘ ʝʬʠʢʘʩʥʘ ʠ ʙʨʟʘ ʧʨʦʜʘʿʘ 

ʦʚʘʢʚʠʭ ʧʨʦʠʟʚʦʜʘ, ʟʙʦʛ ʫʪʠʮʘʿʘ ʥʘ ʬʠʥʘʥʩʠʿʩʢʠ ʨʝʟʫʣʪʘʪ ʧʨʝʜʫʟʝ˂ʘ ʠ ˁʠʭʦʚʦʛ 

ʧʨʠʢʘʟʘ ʫ ʧʦʩʣʦʚʥʠʤ ʢˁʠʛʘʤʘ. ʊʘʢʦʹʝ, ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʫ ʧʨʦʰʣʠ ʢʨʦʟ 

ʣʘʥʘʮ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʚʨʘʪʠʣʠ ʥʘ ʪʨʞʠʰʝ ʠ ʧʨʦʜʘʣʠ, ʥʝʦʧʭʦʜʥʝ ʩʫ ʠ ʜʦʜʘʪʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʤʘʨʢʝʪʠʥʰʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʘ ʦʜʥʦʩʝ ʩʝ ʥʘ 

ʘʪʨʘʢʪʠʚʥʦʩʪ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʿʝ ʚʨʘ˂ʝʥ ʥʘ ʪʨʞʠʰʪʝ. ʇʦʪʝʰʢʦ˂ʝ ʫ ʤʘʨʢʝʪʠʥʰʢʠʤ 
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ʘʢʪʠʚʥʦʩʪʠʤʘ ʦʜʥʦʩʝ ʩʝ ʠ ʥʘ ʥʝʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʢʦʨʠʩʥʠʮʠʤʘ ʦʙʝʟʙʝʜʠ ʫʿʝʜʥʘʯʝʥʦ 

ʩʥʘʙʜʝʚʘˁʝ ʧʨʦʠʟʚʦʜʠʤʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʥʝʠʟʚʝʩʥʦʩʪʠ ʫ ʧʦʚʨʘ˂ʘʿʫ ʧʨʦʠʟʚʦʜʘ. 

ʇʨʝʛʦʚʘʨʘˁʝ ʠʟʤʝʹʫ ʯʣʘʥʦʚʘ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʫ ʠʥʪʝʛʨʠʩʘʥʦʤ ʣʘʥʮʫ ʿʝ 

ʢʦʤʧʣʠʢʦʚʘʥʠʿʝ, ʿʝʨ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ ʥʠʿʝ ʫʿʝʜʥʘʯʝʥ. ʊʘʢʦʹʝ, ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ 

ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʧʨʠʣʠʢʦʤ ʧʣʘʩʠʨʘˁʘ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʚʨʘ˂ʝʥʠ ʩʘ ʪʨʞʠʰʪʘ, ʫ 

ʧʨʝʛʦʚʘʨʘˁʝ ʠ ʩʘʨʘʜˁʫ ʫ ʣʘʥʮʫ ʥʘʙʘʚʢʝ ʫʢˀʫʯʫʿʫ ʠ ʥʦʚʠ ʯʣʘʥʦʚʠ ʣʘʥʮʘ, ʢʦʿʠʭ ʥʝʤʘ ʫ 

ʢʣʘʩʠʯʥʦʤ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ, ʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʧʨʦʜʘʿʦʤ ʥʘ ʩʝʢʫʥʜʘʨʥʦʤ ʪʨʞʠʰʪʫ, 

ʨʝʮʠʢʣʘʞʦʤ ʠ ʩʣ. ʊʘʢʦʹʝ, ʧʨʠʢʫʧˀʘˁʝ ʧʨʦʠʟʚʦʜʘ ʜʠʨʝʢʪʥʦ ʦʜ ʢʦʨʠʩʥʠʢʘ ʿʝ, 

ʚʝʨʦʚʘʪʥʦ, ʩʢʫʧˀʝ ʦʜ ʠʟʛʨʘʜˁʝ ʮʝʥʪʨʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ. 

ʅʘʨʘʚʥʦ, ʧʨʦʠʟʚʦʹʘʯʠ ʤʦʨʘʿʫ ʩʭʚʘʪʠʪʠ ʜʘ ʧʦʚʨʘ˂ʘʿ ʧʨʦʠʟʚʦʜʘ ʠʤʘ ʿʝʜʥʫ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʿʘ ʿʝ ʿʘʢʦ ʚʘʞʥʘ ʧʨʠ ʜʦʥʦʰʝˁʫ ʨʘʟʣʠʯʠʪʠʭ ʦʜʣʫʢʘ ʫ ʣʘʥʮʫ 

ʩʥʘʙʜʝʚʘˁʘ, ʘ ʪʦ ʿʝ ʧʨʦʤʝʥˀʠʚʦʩʪ ʧʦʚʨʘ˂ʘʿʘ. ʉʪʦʛʘ, ʧʨʠ ʜʦʥʦʰʝˁʫ ʦʜʣʫʢʘ ʦ ʜʠʟʘʿʥʫ 

ʤʨʝʞʝ ʧʦʚʨʘʪʥʦʛ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ, ʪʨʝʙʘ ʧʦʩʪʘʚʠʪʠ ʧʠʪʘˁʝ ʜʘ ʣʠ ˂ʝ ʠʟʛʣʝʜ ʤʨʝʞʝ 

ʙʠʪʠ ʜʨʫʛʘʯʠʿʠ, ʘʢʦ ʿʝ ʢʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʝ ʚʨʘ˂ʘʿʫ ʟʥʘʯʘʿʥʦ ʚʠʰʘ ʠʣʠ 

ʟʥʘʯʘʿʥʠʿʝ ʥʠʞʘ ʥʝʛʦ ʰʪʦ ʿʝ ʧʨʝʜʚʠʹʝʥʦ.   

 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʥʝʠʟʚʝʩʥʦʩʪ ʢʦʿʘ ʿʝ ʫʩʢʦ ʧʦʚʝʟʘʥʘ ʩʘ ʢʦʥʮʝʧʪʦʤ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, 

ʤʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʝʬʠʢʘʩʘʥ ʠ ʝʬʝʢʪʠʚʘʥ ʣʘʥʘʮ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʠ 

ʠʥʪʝʛʨʠʩʘʥʠ ʣʘʥʘʮ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʠʪʠʢʝ ʟʘʭʪʝʚʘʿʫ ʟʥʘʪʥʦ 

ʚʝ˂ʠ ʙʨʦʿ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʝʬʠʢʘʩʥʠʿʝ ʧʣʘʥʠʨʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʠʯʘʥ ʣʘʥʘʮ 

ʩʥʘʙʜʝʚʘˁʘ ʫʩʤʝʨʝʥ ʦʜ ʧʨʦʠʟʚʦʹʘʯʘ ʢʘ ʪʨʞʠʰʪʫ. ɼʦ ʩʘʜʘ ʿʝ  ʨʘʟʚʠʿʝʥ ʚʝʣʠʢʠ ʙʨʦʿ 

LRP ʤʦʜʝʣʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʚʨʝʤʝʥʩʢʝ ʦʢʚʠʨʝ, ʫʢˀʫʯʠʚʘˁʝ 

ʦʜʣʫʢʘ ʦ ʟʘʣʠʭʘʤʘ ʠ ʨʘʩʧʦʨʝʹʠʚʘˁʫ ʫ LRP, ʢʘʦ ʦʜʣʫʢʘ ʦ ʩʠʤʫʣʪʘʥʦʤ ʧʨʠʢʫʧˀʘˁʫ ʠ 

ʠʩʧʦʨʫʯʠʚʘˁʫ ʧʨʦʠʟʚʦʜʘ ʠ ʩʣ.  

2.4 ʀʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

 

ʄʨʝʞʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʤʦʞʝ ʙʠʪʠ ʢʨʝʠʨʘʥʘ ʥʝʟʘʚʠʩʥʦ ʦʜ ʤʨʝʞʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ 

ʣʦʛʠʩʪʠʢʝ ʠʣʠ ʢʘʦ ʠʥʪʝʛʨʠʩʘʥʘ ʤʨʝʞʘ, ʦʜʥʦʩʥʦ ʠʥʪʝʛʨʠʩʘʥʘ ʤʨʝʞʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʠ 
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ʧʦʚʨʘʪʥʝ ʣʦʛʩʪʠʢʝ (ʝʥʛʣ. Integrated forward and reverse logstics ï IFRL). ɱʝʜʘʥ ʦʜ 

ʛʣʘʚʥʠʭ ʧʨʦʙʣʝʤʘ ʫ ʨʘʟʚʦʿʫ ʩʠʩʪʝʤʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʦʜʥʦʩʠ ʩʝ ʥʘ ˁʝʛʦʚʫ 

ʠʥʪʝʛʨʘʮʠʿʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʩʠʩʪʝʤʠʤʘ ʢʣʘʩʠʯʥʝ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ. ʇʨʦʙʣʝʤʠ 

ʢʦʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʫ ʟʘʪʚʦʨʝʥʦʤ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ (ʝʥʛʣ. Closed loop supply chain - 

CLSC) ʠʩʪʨʘʞʠʚʘʥʠ ʩʫ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ. ʄʝʹʫ ʤʦʜʝʣʠʤʘ ʢʦʿʠ ʩʫ ʧʨʚʠ 

ʧʦʯʝʣʠ ʜʘ ʩʝ ʨʘʟʚʠʿʘʿʫ ʢʘʢʦ ʙʠ ʩʝ ʨʝʰʠʦ ʠʥʪʝʛʨʠʩʘʥʠ ʧʨʦʙʣʝʤ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ 

ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʙʠʣʠ ʩʫ ʤʦʜʝʣʠ ʣʦʢʘʮʠʿʝ.  ʀʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣʠ ʪʨʘʜʠʮʠʦʥʘʣʥʝ 

ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʧʦʟʥʘʪʠ ʠ ʢʘʦ ʟʘʪʚʦʨʝʥʝ ʧʝʪˀʝ ʣʘʥʘʮʘ ʥʘʙʘʚʢʝ, ʜʝʬʠʥʠʩʘʥʠ ʩʫ 

ʦʜ ʩʪʨʘʥʝ Akcali ʠ ʦʩʪʘʣʠ (2009) ʢʘʦ ʤʨʝʞʝ ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʢʘʥʘʣʝ, 

ʦʜʥʦʩʥʦ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʪʦʢʦʚʝ ʟʘʿʝʜʥʦ ʩʘ ʧʦʚʨʘʪʥʠʤ ʢʘʥʘʣʠʤʘ. 

ʇʨʝʜʥʦʩʪʠ ʠʥʪʝʛʨʠʩʘʥʝ ʤʨʝʞʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʥʘʜ ʦʜʚʦʿʝʥʠʤ 

ʤʨʝʞʘʤʘ ʧʨʝʧʦʟʥʘʪʝ ʩʫ ʦʜ ʩʪʨʘʥʝ ʤʥʦʛʠʭ ʠʩʪʨʘʞʠʚʘʯʘ. ʊʦ ʿʝ ʨʝʟʫʣʪʦʚʘʣʦ ʫ ʨʘʩʪʫ˂ʝʤ 

ʙʨʦʿʫ ʠʩʪʨʘʞʠʚʘˁʘ ʜʠʟʘʿʥʘ ʠʥʪʝʛʨʠʩʘʥʝ ʤʨʝʞʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. 

ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ˂ʝ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥ ʜʠʟʘʿʥ ʤʨʝʞʝ ʠʥʪʝʛʨʠʩʘʥʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʠ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. ʋ ʪʘʙʝʣʠ 2.1. ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʣʦʛʠʩʪʠʢʝ 

ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. 

ʊʘʙʝʣʘ 2.1. ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ ʢʦʥʮʝʧʘʪʘ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

ʃʦʛʠʩʪʠʢʘ ʩʥʘʙʜʝʚʘˁʘ ʇʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ 

ʄʘˁʝ ʥʝʠʟʚʝʩʥʦʩʪʠ, ʿʝʨ ʩʫ ʚʨʩʪʝ ʠ 

ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʝ ʪʨʝʙʘ 

ʪʨʘʥʩʧʦʨʪʦʚʘʪʠ ʧʦʟʥʘʪʝ 

ʇʦʚʝ˂ʘʥʘ ʥʝʠʟʚʝʩʥʦʩʪ, ʿʝʨ ʩʫ ʚʨʩʪʝ ʠ 

ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʝ ʪʨʝʙʘ 

ʪʨʘʥʩʧʦʨʪʦʚʘʪʠ ʪʝʰʢʦ ʧʨʝʜʚʠʜʠʚʝ 

ʊʨʘʥʩʧʦʨʪ ʦʜ 'ʿʝʜʥʦʛ' ʢʘ 'ʤʥʦʛʦ' ʊʨʘʥʩʧʦʨʪ ʦʜ 'ʤʥʦʛʦ' ʢʘ 'ʿʝʜʥʦʤ' 

ʂʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ ʫʥʠʬʦʨʤʘʥ ʂʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ ʥʠʿʝ ʫʥʠʬʦʨʤʘʥ 

ʉʪʘʥʜʘʨʜʥʠ ʢʘʥʘʣʠ ʜʠʩʪʨʠʙʫʮʠʿʝ 

ʂʘʥʘʣʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ʢʦʿʠ ʥʠʩʫ 

ʩʪʘʥʜʘʨʜʥʠ 

ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ʩʫ 

ʨʝʣʘʪʠʚʥʦ ʤʘʣʠ 

ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʜʠʩʪʨʠʙʫʮʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʥʫ ʩʪʘʚʢʫ ʫ 

ʫʢʫʧʥʠʤ ʪʨʦʰʢʦʚʠʤʘ ʧʨʝʜʫʟʝ˂ʘ 

ʄʝʥʘ˅ʤʝʥʪ ʟʘʣʠʭʘʤʘ ʥʝ ʟʘʭʪʝʚʘ 

ʩʪʘʣʥʝ ʧʨʦʤʝʥʝ ʠ ʜʦʥʦʰʝˁʝ 

ʦʜʣʫʢʘ 

ʄʝʥʘ˅ʤʝʥʪ ʟʘʣʠʭʘʤʘ ʟʘʭʪʝʚʘ ʩʪʘʣʥʦ 

ʜʦʥʦʰʝˁʝ ʥʦʚʠʭ ʦʜʣʫʢʘ, ʿʝʨ ʩʝ ʚʨʩʪʝ ʠ 

ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʧʨʝʜʤʝʪ 

ʧʦʚʨʘ˂ʘʿʘ ʩʪʘʣʥʦ ʤʝˁʘʿʫ 

ʇʨʝʛʦʚʘʨʘˁʝ ʠʟʤʝʹʫ ʯʣʘʥʦʚʘ 

ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʿʝʜʥʦʩʪʘʚʥʦ 

ʇʨʝʛʦʚʘʨʘˁʝ ʠʟʤʝʹʫ ʯʣʘʥʦʚʘ ʣʘʥʮʘ 

ʩʥʘʙʜʝʚʘˁʘ ʢʦʤʧʣʝʢʩʥʦ 
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3 ʇʈɽɻʃɽɼ ʉʊɸɳɸ ʋ ʆɹʃɸʉʊʀ ʀʉʊʈɸɾʀɺɸɳɸ 

 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʝʛʣʝʜ ʩʪʘˁʘ ʫ ʦʙʣʘʩʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʦʩʥʦʚʫ 

ʜʦʩʪʫʧʥʝ ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ: 

¶ ʧʨoʫʯʘʚʘˁʘ ʤʦʜʝʣʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, 

¶ ʧʨʦʫʯʘʚʘˁʘ LRP ʫ ʟʘʪʚʦʨʝʥʦʤ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ, 

¶ ʧʨʦʫʯʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʫ ʟʘʪʚʦʨʝʥʦʤ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ, 

¶ ʢʦʨʠʰ˂ʝˁʘ ʤʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʫ ʟʘʪʚʦʨʝʥʠʤ ʣʘʥʮʠʤʘ ʩʥʘʙʜʝʚʘˁʘ.  

ʋ ʦʢʚʠʨʫ ʧʨʠʢʫʧˀʘˁʘ ʠ ʘʥʘʣʠʟʝ ʧʦʜʘʪʘʢʘ, ʧʨʝʪʨʘʞʠʚʘʥʝ ʩʫ ʩʣʝʜʝ˂ʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ: 

ScienceDirect, SAGE journals, WILEY, IEEE Xplore, Interscience, Scindeks, 

EmeraldInsight, Google Scolar, ASME Digital Library, JSTOR, J-STAGE, Elsevier  ʠ 

Springer. ʆʩʠʤ ʥʘʚʝʜʝʥʠʭ, ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʠ ʠʥʬʦʨʤʘʮʠʿʝ ʧʦʚʝʟʘʥʝ ʩʘ ʧʨʝʜʤʝʪʦʤ 

ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʢʫʧˀʝʥʝ ʧʫʪʝʤ ʀʥʪʝʨʥʝʪʘ, ʢʘʦ ʠ ʫ ʬʦʨʤʘʣʥʠʤ ʠ ʥʝʬʦʨʤʘʣʥʠʤ 

ʢʦʤʫʥʠʢʘʮʠʿʘʤʘ ʩʘ ʩʪʨʫʯʥʠʤ ʧʦʿʝʜʠʥʮʠʤʘ ʠʟ ʦʙʣʘʩʪʠ ʠʩʪʨʘʞʠʚʘˁʘ. 

3.1 ʇʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ ʧʨoʫʯʘʚʘˁʘ ʤʦʜʝʣʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

 

ʉʘ ʨʘʟʚʦʿʝʤ ʪʝʦʨʠʿʝ, ʦʙʿʘʚˀʝʥʝ ʩʫ ʠ ʤʥʦʛʝ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ ʢʦʿʝ ʫʢʘʟʫʿʫ ʥʘ ʨʘʟʣʠʯʠʪʝ 

ʧʨʠʩʪʫʧʝ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʥʮʝʧʪʘ ʧʦʚʨʘʪʥʝ ʣʦʛʩʠʪʠʢʝ. Ammons ʠ ʦʩʪʘʣʠ (1997) 

ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ʣʦʛʠʩʪʠʯʢʫ ʤʨʝʞʫ ʨʝʮʠʢʣʘʞʝ ʪʝʧʠʭʘ ʫ ʍʦʣʘʥʜʠʿʠ. Spengler ʠ ʦʩʪʘʣʠ 

(1997) ʧʨʦʫʯʘʚʘʣʠ ʩʫ ʤʦʛʫ˂ʥʦʩʪʠ ʨʝʮʠʢʣʘʞʝ ʠ ʧʨʠʤʝʥʝ ʢʦʥʮʝʧʪʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

ʫ ʅʝʤʘʯʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʯʝʣʠʢʘ. Thierry ʠ ʦʩʪʘʣʠ (1995) ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ʧʨʦʮʝʩʝ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʘ ʧʨʝʜʤʝʪ ˁʠʭʦʚʦʛ ʧʨʦʫʯʘʚʘˁʘ ʙʠʣʝ ʩʫ ʢʦʧʠʨ ʤʘʰʠʥʝ. 

Jayaraman ʠ ʦʩʪʘʣʠ (1999) ʘʥʘʣʠʟʠʨʘʣʠ ʩʫ ʣʦʛʠʩʪʠʯʢʫ ʤʨʝʞʫ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ ʫ 

ʧʨʝʜʫʟʝ˂ʫ ʢʦʿʝ ʩʝ ʙʘʚʠʣʦ ˁʠʭʦʚʦʤ ʧʦʧʨʘʚʢʦʤ ʠ ʧʦʥʦʚʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ. Berger ʠ 

Debaillie (1996) ʩʫ ʧʨʦʫʯʘʚʘʣʠ ʩʠʪʫʘʮʠʿʝ ʧʦʧʨʘʚʢʝ ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ. Krikke ʠ 

Harten (1999) ʧʨʦʫʯʘʚʘʣʠ ʩʫ ʤʨʝʞʫ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʟʘ ʪʟʚ. ʪʨʘʿʥʝ ʧʨʦʠʟʚʦʜʝ, 

ʦʜʥʦʩʥʦ ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. Kroon ʠ Vrijens 
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(1995) ʩʫ ʘʥʘʣʠʟʠʨʘʣʠ ʣʦʛʠʩʪʠʯʢʠ ʩʠʩʪʝʤ ʟʘ ʧʘʢʦʚʘˁʘ ʟʘ ʪʨʘʥʩʧʦʨʪ ʧʨʦʠʟʚʦʜʘ ʢʦʿʘ ʩʝ 

ʤʦʛʫ ʧʦʥʦʚʦ ʢʦʨʠʩʪʠʪʠ. ʋ ʪʘʙʝʣʠ 3.1 ʠʟʚʨʰʝʥʘ ʿʝ ʛʣʘʚʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʤʦʜʝʣʘ 

ʧʦʚʨʘʥʪʝ ʣʦʛʠʩʪʠʢʝ. ʈʘʟʤʘʪʨʘʥʠ ʩʫ ʨʘʜʦʚʠ ʢʦʿʠ ʩʫ ʦʙʿʘʚˀʝʥʠ ʜʦ 2014. ʛʦʜʠʥʝ. 

ʊʘʙʝʣʘ 3.1. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʨʘʜʦʚʘ ʠʟ ʦʙʣʘʩʪʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ  

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʠ 

ʧʦʜʢʣʘʩʠʬʠʢʘʮʠʿʘ ʃʠʪʝʨʘʪʫʨʘ ʋʢʫʧʥʦ 

ʄʦʜʝʣʠ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ  

Vidovic ʠ ʦʩʪʘʣʠ (2003);  Dekker ʠ 

ʦʩʪʘʣʠ (2004); Bernon ʠ Cullen 

(2007); Vlachos ʠ ʦʩʪʘʣʠ (2007); 

Srivastava (2008); Jamshidi (2008); 

Husakova (2008); Du ʠ Evans (2008); 

Mutha ʠ Pokharel (2009); Lee ʠ Dong 

(2009); Cruz-Rivera ʠ Ertel (2009);  

Sbihi ʠ ʦʩʪʘʣʠ (2010); Khor ʠ ʦʩʪʘʣʠ 

(2013); Ramos ʠ ʦʩʪʘʣʠ (2013); 

Rahim ʠ ʦʩʪʘʣʠ (2014); Niknejad ʠ 

Petrovic (2014); Soleimani ʠ Govindan 

(2014); Ramos ʠ ʦʩʪʘʣʠ (2014); 271. 

Xiang Li ʠ ʦʩʪʘʣʠ (2014); 

19 

ʀʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣʠ 

ʣʦʛʠʩʪʠʢʝ 

ʩʥʘʙʜʝʚʘˁʘ ʠ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ 

Kibum Kim ʠ ʦʩʪʘʣʠ (2006); Lu ʠ 

Bostel (2007); Ketzenberg (2009); El-

Sayed ʠ ʦʩʪʘʣʠ (2010); Wang ʠ 

ʦʩʪʘʣʠ (2010); Khajavi ʠ ʦʩʪʘʣʠ 

(2011); Das ʠ ʦʩʪʘʣʠ (2012); 

Babazadeh ʠ ʦʩʪʘʣʠ (2012); Lee ʠ 

ʦʩʪʘʣʠ (2012); Cardoso ʠ ʦʩʪʘʣʠ 

(2013);  Keyvanshokooh ʠ ʦʩʪʘʣʠ 

(2013); Diabat ʠ ʦʩʪʘʣʠ (2013); Jung 

ʠ ʦʩʪʘʣʠ (2014); Devika ʠ ʦʩʪʘʣʠ 

(2014); Kim ʠ ʦʩʪʘʣʠ (2014); 

15 

ɽɽ ʦʪʧʘʜ 

Achillas ʠ ʦʩʪʘʣʠ (2010); Gomes ʠ 

ʦʩʪʘʣʠ (2011); Li ʠ ʦʩʪʘʣʠ (2012);  

Dat ʠ ʦʩʪʘʣʠ (2012); Alumu ʠ ʦʩʪʘʣʠ 

(2012); Roman (2012); Yao ʠ ʦʩʪʘʣʠ 

(2013); Govindan ʠ  Popiuc (2014); 
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ʋ ʪʘʙʝʣʠ 3.2. ʠʟʚʨʰʝʥʘ ʿʝ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʧʨʦʫʯʘʚʘʥʠʭ ʨʘʜʦʚʘ ʧʦ ʤʝʹʫʥʘʨʦʜʥʠʤ 

ʥʘʫʯʥʠʤ ʯʘʩʦʧʠʩʠʤʘ. ʎʠˀ ʦʚʘʢʚʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʿʝ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʯʘʩʦʧʠʩʠ ʢʦʿʠ 
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ʩʫ ʧʨʠʤʘʨʥʠ ʟʘ ʜʘʪʫ ʦʙʣʘʩʪ ʠʩʪʨʘʞʠʚʘˁʘ (ʧʨʝʢʦ 10% ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʘʥʘʣʠʟʠʨʘʥʠʭ 

ʨʘʜʦʚʘ) 

ʊʘʙʝʣʘ 3.2. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʨʘʜʦʚʘ ʠʟ ʦʙʣʘʩʪʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʧʦ ʥʘʫʯʥʠʤ 

ʯʘʩʦʧʠʩʠʤʘ 

ʏʘʩʦʧʠʩ 

ɻʦʜʠʥʘ ʦʙʿʘʚˀʠʚʘˁʘ 
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European Journal of 

Operational 

Research - - - - 2 - - 1 1 4 8 

Computers and 

Operations Research - - 2 1 - 1 - - 1 1 6 

Omega - - - 1 - - - - - 2 3 

Annals of 

Operations Research - - - - - 1 - - - 2 3 

Waste Management - - - - - 1 1 - 1 - 3 

Computers & 

Industrial 

Engineering - 1 - - 1 1 - - - - 3 

The International 

Journal of Transport 

and Logistics 1 - - 1 - - - - - - 2 

ʆʩʪʘʣʠ ʯʘʩʦʧʠʩʠ 

(11 ʯʘʩʦʧʠʩʘ) 0 0 1 0 1 0 1 5 3 0 11 
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ʇʨʠʤʘʨʥʠ ʯʘʩʦʧʠʩʠ ʟʘ ʦʙʣʘʩʪ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʦʙʣʝʤ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʫ European 

Journal of Operational Research ʠ Computers and Operations Research. 

ʆʩʠʤ ʯʘʩʦʧʠʩʘ ʢʦʿʠ ʩʫ ʥʘʚʝʜʝʥʠ ʫ ʪʘʙʝʣʠ, ʯʘʩʦʧʠʩʠ ʢʦʿʠ ʩʫ ʨʘʟʤʘʪʨʘʥʠ ʫ ʧʨʝʛʣʝʜʫ 

ʣʠʪʝʨʘʪʫʨʝ ʩʫ: International Journal of Logistics: Research and Applications, 

Transportation Research Part E: Logistics and Transportation Review, Resources, 

Conservation and Recycling, iBusiness, International Journal of Production Economics, 

International Journal of Industrial Engineering & Production Research, International 

Journal of Innovative, Computing, Information and Control, Applied Mathematical 



49 
 

Modelling, Procedia - Social and Behavioral Sciences, Expert Systems with Applications, ʠ 

Waste Management and Research.  

ɸʥʘʣʠʟʦʤ ʧʨʠʢʧʫˀʝʥʝ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʧʦʨʘʩʪ ʙʨʦʿʘ ʨʘʜʦʚʘ ʠʟ ʦʙʣʘʩʪʠ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʯʘʢ ʠ ʫ ʤʝʹʫʥʘʨʦʜʥʠʤ ʯʘʩʦʧʠʩʠʤʘ ʯʠʿʘ ʩʝ ʧʨʠʤʘʨʥʘ ʦʙʣʘʩʪ 

ʨʘʟʣʠʢʫʿʝ ʦʜ ʦʚʝ ʪʝʤʘʪʠʢʝ, ʢʘʦ ʰʪʦ ʩʫ International Journal of Innovative, Computing, 

Information and Control; Applied Mathematical Modelling ʠ ʩʣ. ɿʙʦʛ ʘʢʪʫʝʣʥʦʩʪʠ 

ʧʨʦʙʣʝʤʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʟʥʘʯʘʿʥʦ ʩʝ ʧʦʚʝ˂ʝʚʘ ʠ ʙʨʦʿ ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ ʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ.  

3.2 ʇʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ LRP ʤʦʜʝʣʘ ʫ ʟʘʪʚʦʨʝʥʦʤ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ 

 

ʆʙʣʘʩʪ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʤʦʞʝ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ: 

ʢʚʘʣʠʪʘʪʠʚʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ ʙʘʚʝ ʩʪʫʜʠʿʘʤʘ ʩʣʫʯʘʿʘ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʘʥʘʣʠʟʝ 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʠʤ ʤʝʪʦʜʘʤʘ. ʉʘ ʨʘʟʚʦʿʝʤ ʪʝʦʨʠʿʝ, ʦʙʿʘʚˀʝʥʝ ʩʫ ʠ ʤʥʦʛʝ 

ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ ʢʦʿʝ ʫʢʘʟʫʿʫ ʥʘ ʨʘʟʣʠʯʠʪʝ ʧʨʠʩʪʫʧʝ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʥʮʝʧʪʘ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ. ɱʝʜʘʥ ʦʜ ʧʨʚʠʭ ʠʩʪʨʘʞʠʚʘʯʘ ʢʦʿʠ ʩʝ ʙʘʚʠʦ ʦʚʦʤ ʦʙʣʘʰ˂ʫ ʙʠʦ ʿʝ Stock 

(1992). ʇʨʚʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʠʟ ʦʙʣʘʩʪʠ ʣʘʥʘʮʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʙʠʣʠ ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʦʜ ʩʪʨʘʥʝ ʩʣʝʜʝ˂ʠʭ ʘʫʪʦʨʘ: Kroon ʠ Vrijens (1995), Barros ʠ ʦʩʪʘʣʠ 

(1998),  Jayaraman ʠ ʦʩʪʘʣʠ (1999).  

Sheu ʠ ʦʩʪʘʣʠ (2005) ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ ʚʠʰʝʮʠˀʥʠ ʤʦʜʝʣ ʣʠʥʝʨʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʩʘ 

ʮʠˀʝʚʠʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʦʧʝʨʘʮʠʿʘ ʫ ʣʘʥʮʫ ʥʘʙʘʚʢʝ, ʠʥʪʝʛʨʘʮʠʿʝ ʣʦʛʠʩʪʠʢʝ 

ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʦ ʟʘʣʠʭʘʤʘ. Zhao ʠ 

ʦʩʪʘʣʠ (2009) ʩʫ ʧʨʦʫʯʘʚʘʣʠ ʩʣʦʞʝʥʠ ʣʘʥʘʮ ʥʘʙʘʚʢʝ ʫ ʢʦʤʝ ʧʦʩʪʦʿʠ ʟʘʪʚʦʨʝʥʘ ʤʨʝʞʘ 

ʣʘʥʮʘ ʥʘʙʘʚʢʝ ʢʦʿʘ ʩʘʜʨʞʠ ʿʝʜʥʦʛ ʜʦʙʘʚˀʘʯʘ, ʚʠʰʝʩʪʨʫʢʝ ʟʘʭʪʝʚʝ ʪʨʞʠʰʪʘ, ʤʥʦʛʦ 

ʧʨʦʜʘʚʘʮʘ ʠ ʧʦ ʿʝʜʥʦ ʧʨʝʜʫʟʝ˂ʝ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦ ʟʘ ʣʦʛʠʩʪʠʯʢʝ ʧʦʩʣʦʚʝ (ʝʥʛʣ. Third 

party logistics ï 3PL). Kannan ʠ ʦʩʪʘʣʠ (2010) ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ ʤʦʜʝʣ ʤʝʰʦʚʠʪʦʛ 

ʮʝʣʦʙʨʦʿʥʦʛ ʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʢʘʢʦ ʙʠ ʦʜʨʝʜʠʣʠ ʥʠʚʦ ʩʠʨʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ, 

ʥʠʚʦ ʧʨʦʠʟʚʦʜˁʝ, ʥʠʚʦ ʜʠʩʪʨʠʙʫʮʠʿʝ ʠ ʟʘʣʠʭʘ, ʠ ʥʠʚʦ ʩʠʨʦʚʠʥʘ ʟʘ ʨʝʮʠʢʣʘʞʫ ʩʘ 
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ʮʠˀʝʤ ʜʘ ʤʠʥʠʤʠʟʠʨʘʿʫ ʫʢʫʧʥʝ ʪʨʦʰʢʦʚʝ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ. ʆʚʘʿ ʧʨʦʙʣʝʤ ʿʝ ʨʝʰʝʥ 

ʧʨʠʤʝʥʦʤ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ. Khajavi ʠ ʦʩʪʘʣʠ (2011) ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ʠʥʪʝʛʨʠʩʘʥʠ 

ʤʦʜʝʣ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʟʘʩʥʦʚʘʥ ʥʘ ʤʨʝʞʠ ʢʦʿʘ ʫʢˀʫʯʫʿʝ 

ʠ ʧʨʦʠʟʚʦʜˁʫ, ʜʠʩʪʨʠʙʫʮʠʿʫ, ʧʦʪʨʦʰʘʯʢʝ ʟʦʥʝ, ʮʝʥʪʨʝ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʨʦʠʟʚʦʜʘ ʠ 

ʮʝʥʪʨʝ ʟʘ ʧʦʧʨʘʚʢʫ ʠ ʦʜʣʘʛʘˁʝ ʧʨʦʠʟʚʦʜʘ. Bernon ʠ Cullen (2007) ʥʘʚʦʜʝ ʥʝʦʧʭʦʜʥʦʩʪ 

ʧʦʩʪʦʿʘˁʘ ʠʥʪʝʛʨʠʩʘʥʦʛ ʧʨʠʩʪʫʧʘ ʢʘʢʦ ʙʠ ʧʦʚʨʘʪʥʘ ʣʦʛʠʩʪʠʢʘ ʤʦʛʣʘ ʜʘ ʩʝ ʨʘʟʚʠʿʘ ʠ 

ʦʧʩʪʘʥʝ.  

ʀʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʩʚʝ ʚʠʰʝ ʜʦʙʠʿʘʿʫ ʥʘ ʟʥʘʯʘʿʫ ʠ ʙʨʦʿ ʦʙʿʘʚˀʝʥʠʭ ʨʘʜʦʚʘ 

ʧʦʩʪʘʿʝ ʩʚʝ ʚʝ˂ʠ, ʘ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʝ ʟʘ ˁʠʭʦʚʦ ʨʝʰʘʚʘˁʝ ʩʚʝ ʧʨʝʮʠʟʥʠʿʝ. ɺʝ˂ʠʥʘ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʢʦʿʠʤʘ ʩʫ ʨʝʰʘʚʘʥʠ ʧʨʦʙʣʝʤʠ ʣʦʢʘʮʠʿʝ ʙʠʣʠ ʩʫ ʤʦʜʝʣʠ 

ʮʝʣʦʙʨʦʿʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ. Krikke ʠ Harten (1999) ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ʥʝʢʘʧʘʮʠʪʝʪʥʠ 

ʣʦʢʘʮʠʿʩʢʠ ʤʦʜʝʣ ʟʘ ʜʠʟʘʿʥ ʤʨʝʞʝ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʘ ʚʠʰʝ ʥʠʚʦʘ. ʆʚʘʿ ʤʦʜʝʣ ʩʫ 

ʨʝʰʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʦʬʪʚʝʨʘ LINDO. Spengler ʠ ʦʩʪʘʣʠ (1997) ʨʘʟʚʠʣʠ ʩʫ 

ʚʠʰʝʥʠʚʦʩʢʠ ʤʦʜʝʣ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʣʦʢʘʮʠʿʝ ʩʢʣʘʜʠʰʪʘ. ʇʨʦʙʣʝʤ ʿʝ ʨʝʰʝʥ 

ʢʦʨʠʰ˂ʝˁʝʤ ʩʦʬʪʚʝʨʘ GSMS/OSL. Fleischman ʠ ʦʩʪʘʣʠ (2001) ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ʤʦʜʝʣ 

ʤʝʰʦʚʠʪʦʛ ʮʝʣʦʙʨʦʿʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʟʘ ʜʠʟʘʿʥ ʤʨʝʞʝ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ. ʆʚʘʿ 

ʤʦʜʝʣ ʿʝ ʙʠʦ ʟʘʩʥʦʚʘʥ ʥʘ ʢʣʘʩʠʯʥʦʤ ʚʠʰʝʥʠʚʦʩʢʦʤ ʤʦʜʝʣʫ ʦʜʨʝʹʠʚʘˁʘ ʣʦʢʘʮʠʿʝ 

ʩʢʣʘʜʠʰʪʘ ʠ ʢʘʩʥʠʿʝ ʩʫ ʛʘ ʧʨʦʰʠʨʠʣʠ Salema ʠ ʦʩʪʘʣʠ (2007). ʄʦʜʠʬʠʢʦʚʘʥʠ ʤʦʜʝʣ 

ʿʝ ʫʢˀʫʯʠʚʘʦ ʠ ʜʦʜʘʪʥʘ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʩʫ ʩʝ ʦʜʥʦʩʠʣʘ ʥʘ ʢʘʧʘʮʠʪʝʪʝ, ʢʘʦ ʠ ʥʘ 

ʫʚʦʹʝˁʝ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʠʟʚʦʜʘ ʢʦʿʝ ʪʨʝʙʘ ʪʨʘʥʩʧʦʨʪʦʚʘʪʠ. ʊʘʢʦʹʝ, ʦʚʘʿ ʤʦʜʝʣ ʿʝ 

ʫʢˀʫʯʠʚʘʦ ʠ ʥʝʠʟʚʝʩʥʦʩʪʠ ʫ ʪʨʘʞˁʠ ʠ ʧʦʚʨʘ˂ʘʿʠʤʘ ʧʨʦʠʟʚʦʜʘ. ʉʣʝʜʝ˂ʠ ʢʘʧʘʮʠʪʝʪʥʠ 

ʧʨʦʙʣʝʤ ʣʦʢʘʮʠʿʝ ʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ˁʝʛʦʚʦ ʨʝʰʘʚʘˁʝ ʟʘʩʥʦʚʘʥ ʥʘ ʃʘʛʨʘʥʞʦʚʦʿ 

ʨʝʣʘʢʩʘʮʠʿʠ ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ Lu ʠ Bostel (2005). Easwaran ʠ Uster (2010) ʨʝʰʠʣʠ ʩʫ 

ʢʘʧʘʮʠʪʝʪʥʠ ʧʨʦʙʣʝʤ ʣʦʢʘʮʠʿʝ ʩʘ ʚʠʰʝ ʧʨʦʠʟʚʦʜʘ ʢʦʨʠʩʪʝ˂ʠ ʝʛʟʘʢʪʥʠ ʘʣʛʦʨʠʪʘʤ. 

ʆʥʠ ʩʫ ʢʦʨʠʩʪʠʣʠ ɹʝʥʜʝʨʩʦʚ ʘʣʛʦʨʠʪʘʤ ʟʘ ʜʦʙʠʿʘˁʝ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ. Wang ʠ Hsu 

(2010) ʢʦʨʠʩʪʠʣʠ ʩʫ ʛʝʥʝʪʩʢʝ ʘʣʛʦʨʠʪʤʝ ʟʘ ʨʝʰʘʚʘˁʝ ʢʘʧʘʮʠʪʝʪʥʦʛ ʧʨʦʙʣʝʤʘ 

ʣʦʢʘʮʠʿʝ. Pishvaee ʠ ʦʩʪʘʣʠ (2011) ʨʘʟʚʠʣʠ ʩʫ ʘʣʛʦʨʠʪʘʤ ʟʘʩʥʦʚʘʥ ʥʘ ʢʦʤʙʠʥʘʮʠʿʠ 

ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ ʠ ʛʝʥʝʪʩʢʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʨʝʰʘʚʘˁʝ ʢʘʧʘʮʠʪʝʪʥʦʛ 
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ʚʠʰʝʥʠʚʦʩʢʦʛ IFRL ʧʨʦʙʣʝʤʘ ʣʦʢʘʮʠʿʝ. Ding (2010) ʿʝ ʨʘʟʚʠʦ ʤʦʜʝʣ ʢʦʿʠ ʫʟʠʤʘ ʫ 

ʦʙʟʠʨ ʠ ʣʦʢʘʮʠʿʝ ʥʦʚʠʭ ʦʙʿʝʢʘʪʘ ʠ ʧʨʦʰʠʨʝˁʝ ʧʦʩʪʦʿʝ˂ʠʭ.  

Safaei (2014) ʧʨʝʜʣʘʞʝ ʠʥʪʝʛʨʠʩʘʥʠ ʚʠʰʝʮʠˀʥʠ ʤʦʜʝʣ ʫ ʢʦʤʝ ʿʝ ʨʘʟʤʘʪʨʘʥʘ ʤʨʝʞʘ 

ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʜʦʙʘʚˀʘʯʝ, ʧʨʦʠʟʚʦʹʘʯʝ ʠ ʜʠʩʪʨʠʙʫʪʝʨʝ. Niknejad and Petrovic (2014) 

ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ʠʥʪʝʛʨʠʩʘʥʫ ʤʨʝʞʫ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʘ ʜʚʝʤʘ ʘʣʪʝʨʥʘʪʠʚʥʠʤ 

ʨʫʪʘʤʘ ʫ ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ: ʧʦʥʦʚʥʘ ʧʨʦʠʟʚʦʜˁʘ ʠ ʦʪʧʘʜ. Mohammadi ʠ ʦʩʪʘʣʠ  (2013) 

ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ʚʠʰʝʮʠˀʥʠ ʤʦʜʝʣ ʟʘ ʩʪʦʭʘʩʪʠʯʢʠ ʧʨʦʙʣʝʤ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ʟʘ 

ʪʟʚ. 'green hub' ʣʦʢʘʮʠʿʝ. ʎʠˀ ʤʦʜʝʣʘ ʿʝ ʤʠʥʠʤʠʟʘʮʠʿʘ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʫʢʫʧʥʦʛ 

ʥʝʛʘʪʠʚʥʦʛ ʝʢʦʣʦʰʢʦʛ ʫʪʠʮʘʿʘ. Ramos ʠ ʦʩʪʘʣʠ  (2014) ʩʫ ʨʘʟʚʠʣʠ ʚʠʰʝʮʠˀʥʠ ʤʦʜʝʣ 

ʩʘ ʪʨʠ ʬʫʥʢʮʠʿʝ ʮʠˀʘ: ʝʢʦʥʦʤʩʢʦʤ ʬʫʥʢʮʠʿʦʤ, ʬʫʥʢʮʠʿʦʤ ʮʠˀʘ ʢʦʿʘ ʨʘʟʤʘʪʘʨʘ 

ʝʢʦʣʦʰʢʝ ʫʪʠʮʘʿʝ ʠ ʬʫʥʢʮʠʿʦʤ ʮʠˀʘ ʢʦʿʘ ʨʘʟʤʘʪʨʘ ʩʦʮʠʿʘʣʥʝ ʫʩʣʦʚʝ ʫ ʦʜʨʞʠʚʦʤ 

ʩʠʩʪʝʤʫ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. Amin ʠ Zhang (2013) ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ ʚʠʰʝʮʠˀʥʠ ʤʦʜʝʣ 

ʫ ʟʘʪʚʦʨʝʥʦʿ ʤʨʝʞʠ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʠ ʦʥʠ ʩʫ ʨʘʟʤʘʪʨʘʣʠ ʝʢʦʣʦʰʢʝ ʫʪʠʮʘʿʝ ʢʘʦ 

ʿʝʜʥʫ ʦʜ ʬʫʥʢʮʠʿʘ ʮʠˀʘ. Hishamuddin i oʩʪʘʣʠ (2014) ʩʫ ʨʘʟʤʘʪʨʘʣʠ ʜʚʦʥʠʚʦʩʢʠ 

ʤʦʜʝʣ ʦʙʥʘʚˀʘˁʘ (ʝʥʛʣ. recovery model) ʠ ʨʝʰʠʣʠ ʛʘ ʢʦʨʠʰ˂ʝˁʝʤ ʭʝʫʨʠʩʪʠʢʘ.  

3.3 ʇʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʫ ʟʘʪʚʦʨʝʥʦʤ 

ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ 

 

ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʫ ʧʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʠʩʪʨʘʞʠʚʘʥʠ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿ 

ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ (Geyer ʠ ʦʩʪʘʣʠ (2004); Srivastava (2007); Lee ʠ ʦʩʪʘʣʠ (2008); 

Alfonso-Lizarazo ʠ ʦʩʪʘʣʠ (2013); Keyvanshokooh ʠ ʦʩʪʘʣʠ (2013); Cardoso ʠ ʦʩʪʘʣʠ 

(2013); Roghanian ʠ Pazhoheshfar (2014); Hatefi ʠ Jolai (2014)). ʇʨʦʙʣʝʤʠʤʘ ʨʫʪʠʨʘˁʘ 

ʚʦʟʠʣʘ ʪʨʝʙʘ ʧʦʩʚʝʪʠʪʠ ʚʝʣʠʢʫ ʧʘʞˁʫ ʧʨʠʣʠʢʦʤ ʨʘʟʤʘʪʨʘˁʘ ʢʦʥʮʝʧʪʘ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ. Kristianto ʠ ʦʩʪʘʣʠ (2014) ʧʨʝʜʣʘʞʫ ʣʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ ʫ ʢʦʤʝ ʩʫ 

ʦʧʪʠʤʠʟʦʚʘʥʝ ʠ ʟʘʣʠʭʝ ʠ ʨʫʪʝ ʚʦʟʠʣʘ. Lin ʠ ʦʩʪʘʣʠ (2014) ʧʨʝʜʣʘʞʫ ʟʝʣʝʥʠ ʧʨʦʙʣʝʤ 

ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ (ʝʥʛʣ. Green vehicle-routing Problems - GVRP), ʧʨʠ ʯʝʤʫ VRP 

ʧʨʦʙʣʝʤʝ ʢʣʘʩʠʬʠʢʫʿʫ ʫ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ: Green-VRP, ʧʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ ʠ ʟʘʛʘʹʝˁʘ 

(ʝʥʛʣ. Pollution Routing Problem) ʠ ʧʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʫ ʧʦʚʨʘʪʥʦʿ ʣʦʛʠʩʪʠʮʠ 
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(ʝʥʛʣ. VRP in Reverse Logistics). Kim ʠ ʦʩʪʘʣʠ (2009) ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʧʨʦʙʣʝʤ 

ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʟʘ ʨʝʮʠʢʣʘʞʫ ʝʣʝʢʪʨʠʯʥʠʭ ʫʨʝʹʘʿʘ ʫ ɱʫʞʥʦʿ ʂʦʨʝʿʠ. ʆʥʠ ʩʫ ʧʨʦʙʣʝʤ 

ʨʝʰʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʘʣʛʦʨʠʪʤʘ ʊʘʙʫ ʧʨʝʪʨʘʞʠʚʘˁʘ (ʝʥʛʣ. Tabu Search algorithm). 

Buhrkal ʠ ʦʩʪʘʣʠ (2012) ʩʫ ʠʟʫʯʘʚʘʣʠ ʧʨʦʙʣʝʤʝ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ 

ʦʪʧʘʜʘ. ʇʨʝʜʣʦʞʠʣʠ ʩʫ ʤʦʜʝʣ ʩʘ ʚʨʝʤʝʥʩʢʠʤ ʦʢʚʦʨʠʤʘ ʠ ʟʘ ʨʝʰʝʚʘˁʝ ʧʨʦʙʣʝʤ 

ʢʦʨʠʩʪʠʣʠ ʩʫ  ʘʣʛʦʨʠʪʘʤ ôLarge neighborhood searchô. Bing ʠ ʦʩʪʘʣʠ (2014) ʩʫ 

ʧʨʝʜʩʪʘʚʠʣʠ ʧʨʦʙʣʝʤ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʣʘʩʪʠʯʥʦʛ ʦʪʧʘʜʘ ʠ 

ʍʦʣʘʥʜʠʿʠ. ʆʥʠ ʩʫ ʢʦʨʠʩʪʠʣʠ ʘʣʛʦʨʠʪʘʤ ʊʘʙʫ ʧʨʝʪʨʘʞʠʚʘˁʘ ʢʘʢʦ ʙʠ ʧʦʙʦˀʰʘʣʠ 

ʨʫʪʝ. Tasan ʠ ʦʩʪʘʣʠ (2012) ʩʫ ʢʦʨʠʩʪʠʣʠ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ 

ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʩʘ ʩʠʤʫʣʪʘʥʠʤ ʠʩʧʦʨʫʯʠʚʘˁʝʤ ʠ ʧʨʠʢʫʧˀʘˁʝʤ ʧʨʦʠʟʚʦʜʘ. Cao ʠ 

ʦʩʪʘʣʠ (2010) ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʦʪʚʦʨʝʥʠ ʧʨʦʙʣʝʤ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʩʘ ʥʝʠʟʚʝʩʥʦʤ 

ʪʨʘʞˁʦʤ ʠ ʦʥʠ ʩʫ ʧʨʦʙʣʝʤ ʨʝʰʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʧʦʙʦˀʰʘʥʝ ʤʝʪʦʜʝ 'Differential 

evolution algorithm (IDE)ô. 

3.4 ʂʦʨʠʰ˂ʝˁʝ ʤʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʫ ʟʘʪʚʦʨʝʥʠʤ ʣʘʥʮʠʤʘ 

ʩʥʘʙʜʝʚʘˁʘ 

 

ʊʦʢʦʤ ʧʨʚʝ ʜʝʮʝʥʠʿʝ XXI ʚʝʢʘ, ʥʘʿʯʝʰ˂ʝ ʩʫ ʟʘ ʨʝʰʝʚʘˁʝ ʧʨʦʙʣʝʤʘ ʣʦʢʘʮʠʿʘ ʠ 

ʨʫʪʠʨʘˁʘ ʢʦʨʠʰ˂ʝʥʝ ʭʝʫʨʠʩʪʠʢʝ, ʢʘʢʦ ʰʪʦ ʩʫ ʛʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʤʠ, ʪʘʙʫ 

ʧʨʝʪʨʘʞʠʚʘˁʝ ʠʣʠ ʩʠʤʫʣʠʨʘʥʦ ʢʘˀʝˁʝ. ʋ ʥʦʚʠʿʝ ʚʨʝʤʝ, ʟʘ ʨʝʰʘʚʘˁʝ NP-ʪʚʨʜʠʭ 

ʧʨʦʙʣʝʤʘ, ʢʦʨʠʩʪʝ ʩʝ ʭʠʙʨʠʜʥʠ ʘʣʛʦʨʠʪʤʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʠʥʪʝʛʨʠʩʘˁʝʤ ʚʠʰʝ 

ʭʝʫʨʠʩʪʠʢʘ. ʊʘʢʦʹʝ, VNS ʘʣʛʦʨʠʪʤʠ ʩʫ ʚʝʦʤʘ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʨʝʰʘʚʘˁʝ LRP ʠ 

VRP ʧʨʦʙʣʝʤʘ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʧʦʜʘʪʘʢʘ. 

Govindan ʠ ʦʩʪʘʣʠ (2014) ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ ʥʦʚʠ ʜʚʦʥʠʚʦʩʢʠ ʧʨʦʙʣʝʤ ʣʦʢʘʮʠʿʘ ʠ 

ʨʫʪʠʨʘˁʘ ʩʘ ʚʨʝʤʝʥʩʢʠʤ ʦʢʚʠʨʠʤʘ ʫ ʟʘʪʚʦʨʝʥʦʤ ʣʦʛʠʩʪʠʯʢʦʤ ʣʘʥʮʫ. ʇʨʦʙʣʝʤ ʿʝ 

ʨʝʰʝʥ ʨʦʙʫʩʥʦʤ ʤʝʪaʭʝʫʨʠʩʪʠʢʦʤ ʟʘ ʨʝʰʘʚʘˁʝ ʚʠʰʝʮʠˀʥʠʭ ʧʨʦʙʣʝʤʘ. 

ʄʝʪʘʭʝʫʨʠʩʪʠʢʘ ʿʝ ʢʦʨʠʩʪʠʣʘ ʤʝʪʦʜʫ ʚʠʰʝʮʠˀʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʿʠ ʨʦʿʘ ʯʝʩʪʠʮʘ (ʝʥʛʣ. multi-objective particle swarm optimization - MOPSO) 

ʠ ʘʜʘʧʪʠʨʘʥʫ ʤʝʪʦʜʫ ʚʠʰʝʮʠˀʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʟʘʩʥʦʚʘʥʫ ʥʘ ʄʝʪʦʜʠ ʧʨʦʤʝʥˀʠʚʠʭ 
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ʦʢʦʣʠʥʘ (ʝʥʛʣ. adapted multi-objective variable neighborhood search - AMOVNS). ʎʠˀ 

ʤʦʜʝʣʘ ʿʝ ʙʠʣʘ ʤʠʥʠʤʠʟʘʮʠʿʘ ʪʨʦʰʢʦʚʘ.  ʄʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʿʝ ʭʝʫʨʠʩʪʠʢʘ 

ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʝʰʘʚʘˁʝ ʣʦʢʘʮʠʿʩʢʠʭ-ʨʫʪʠʥʛ ʧʨʦʙʣʝʤʘ. Rath and Gutjahr (2014) ʩʫ 

ʧʨʝʜʩʪʘʚʠʣʠ VNS ʤʝʪʦʜʘ ʟʘ ʨʝʰʘʚʘˁʝ ʚʠʰʝʮʠˀʥʦʛ ʧʨʦʙʣʝʤʘ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʘ ʠ 

ʨʫʪʠʨʘˁʘ. Eskandarpour ʠ ʦʩʪʘʣʠ (2013) ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʄʝʪʦʜʫ ʧʘʨʘʣʝʣʥʠʭ ʧʨʦʤʝʥʘ 

ʦʢʦʣʠʥʘ (ʝʥʛʣ. Parallel variable neighborhood search) ʟʘ ʚʠʰʝʮʠˀʥʫ ʦʧʪʠʤʠʟʘʮʠʿʫ ʫ 

ʟʘʪʚʦʨʝʥʦʤ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ. ʎʠˀʝʚʠ ʢʦʿʠ ʩʫ ʨʘʟʤʘʪʨʘʥʠ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʩʫ 

ʫʢʫʧʥʠ ʬʠʢʩʥʠ ʠ ʚʘʨʠʿʘʙʠʣʥʠ ʪʨʦʰʢʦʚʠ, ʫʢʫʧʥʦ ʢʘʰˁʝˁʝ ʠ ʟʘʛʘʹʝˁʝ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ. Zolfagharinia ʠ ʦʩʪʘʣʠ (2014) ʩʫ ʬʦʨʤʫʣʠʩʘʣʠ ʤʦʜʝʣ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʘ 

ʜʚʝ ʚʨʩʪʝ ʣʦʢʘʮʠʿʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʟʘʣʠʭʝ: ʫʩʣʫʞʥʝ ʠ ʦʥʝ ʫ ʢʦʿʠʤʘ ʩʝ 

ʧʨʝʨʘʹʫʿʫ ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʫ ʚʨʘ˂ʝʥʠ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ. ʆʥʠ ʩʫ ʜʝʬʠʥʠʩʘʣʠ 

ʭʠʙʨʠʜʥʫ ʤʝʪʦʜʫ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʦʠʥʘ (ʝʥʛʣ. hybrid variable neighborhood search) 

ʢʦʿʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʩʠʤʫʣʘʮʠʿʠ. ʄʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʠ ʨʘʜʠ 

ʨʝʰʝʚʘˁʘ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤʘ ʫ ʣʘʥʮʫ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. Eskandarpour ʠ ʦʩʪʘʣʠ (2014) 

ʩʫ ʢʦʨʠʩʪʠʣʠ ʄʝʪʦʜʫ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʟʘʿʝʜʥʦ ʩʘ 'Landscape' ʘʥʘʣʠʟʦʤ ʢʘʢʦ ʙʠ 

ʨʝʰʠʣʠ ʧʨʦʙʣʝʤ ʠʟʙʦʨʘ ʣʦʛʠʩʪʠʯʢʦʛ ʧʨʦʚʘʿʜʝʨʘ. ʇʨʦʙʣʝʤ ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ ʢʘʦ 

ʧʨʦʙʣʝʤ ʮʝʣʦʙʨʦʿʥʦʛ ʤʝʰʦʚʠʪʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʩʘ ʜʚʝ ʬʫʥʢʮʠʢʿʝ ʮʠˀʘ. ʊʘʢʦʹʝ, 

ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ʠ ʥʦʚʫ ʄʝʪʦʜʫ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʫ ʢʦʿʦʿ ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʜʝʚʝʪ 

ʩʪʨʫʢʪʫʨʘ ʩʫʩʝʜʩʪʘʚʘ. Devika et al (2014) ʩʫ ʨʘʟʤʘʪʨʘʣʠ ʟʘʪʚʦʨʝʥʠ ʣʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ 

ʩʘ ʰʝʩʪ ʥʠʚʦʘ ʠ ʦʥʠ ʩʫ ʨʘʟʚʠʣʠ ʪʨʠ ʥʦʚʝ ʭʠʙʨʠʜʥʝ ʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ɸʜʘʧʪʠʨʘʥʦʤ 'imperialist competitive' ʘʣʛʦʨʠʪʤʫ ʠ ʤʝʪʦʜʠ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ. 

Castillo-Villar (2014) ʿʝ ʧʨʝʜʣʦʞʠʦ VNS ʤʝʪʦʜʫ ʟʘ ʨʝʰʝʚʘˁʝ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʠ 

ʨʘʩʧʦʨʝʹʠʚʘˁʘ ʩʘ ʧʨʦʤʝʥˀʠʚʠʤ ʙʨʟʠʥʘʤʘ ʠ ʚʨʝʤʝʥʩʢʠʤ ʦʢʚʠʨʠʤʘ. Cruz ʠ ʦʩʪʘʣʠ 

(2012) ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ VNS ʭʝʫʨʠʩʪʠʢʫ ʟʘ ʧʨʦʙʣʝʤ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʩʘ ʩʠʤʫʣʪʘʥʠʤ 

ʧʨʠʢʫʧˀʘˁʝʤ ʠ ʠʩʧʦʨʫʯʠʚʘˁʝʤ. ʆʥʠ ʩʫ ʟʘ ʣʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ ʢʦʨʠʩʪʠʣʠ ʤʝʪʦʜʫ 

ʧʨʦʤʝʥˀʠʚʦʛ ʩʧʫʩʪʘ (ʝʥʛʣ. Variable Neighborhood Descent - VND) ʠ ʪʘʙʫ 

ʧʨʝʪʨʘʞʠʚʘˁʝ (ʝʥʛʣ. Taby Search - TS). ʋ ʪʘʙʝʣʠ 3.3. ʠʟʚʨʰʝʥʘ ʿʝ ʛʣʘʚʥʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ LRP ʤʦʜʝʣʘ ʫ ʢʦʿʠʤʘ ʩʫ ʠʟʫʯʘʚʘʥʠ ʧʨʦʙʣʝʤʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ.  
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ʊʘʙʝʣʘ 3.3. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʨʘʜʦʚʘ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʙʣʝʤʘ ʣʦʢʘʮʠʿʝ ʠ ʨʫʪʠʨʘˁʘ ʫ IFRL  

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʠ 

ʧʦʜʢʣʘʩʠʬʠʢʘʮʠʿʘ 
ʃʠʪʝʨʘʪʫʨʘ ʋʢʫʧʥʦ 

ʃ
ʦ
ʢ
ʘ
ʮ
ʠ
ʿ
ʩ
ʢ
ʠ
 

-ʨ
ʫ
ʪ
ʠ
ʥ
ʛ
 
ʧ
ʨ
ʦ
ʙ
ʣ
ʝ
ʤ
ʠ

 

ʇʨʝʛʣʝʜʥʠ ʨʘʜʦʚʠ 

Fleischmann ʠ ʦʩʪʘʣʠ (1997); Carter ʠ 

Ellram(1998);  Min ʠ ʦʩʪʘʣʠ (1998);  

Guide (1999);  Fleischmann ʠ ʦʩʪʘʣʠ 

(2000); Nagy ʠ ʦʩʪʘʣʠ (2007); Melo ʠ 

ʦʩʪʘʣʠ (2009); Akcali ʠ ʦʩʪʘʣʠ (2009); 

Pokharel ʠ  Mutha (2009);  Vidal ʠ ʦʩʪʘʣʠ 

(2013); Lin ʠ ʦʩʪʘʣʠ (2014); Prodhon ʠ 

ʦʩʪʘʣʠ (2014);   

12 

ɽʛʟʘʢʪʥʠ ʘʣʛʦʨʠʪʤʠ 

Laporte (1989); Easwaran ʠ Uster (2010); 

Wang ʠ Hsu (2010);  Belenguer ʠ ʦʩʪʘʣʠ 

(2011); Contardo ʠ ʦʩʪʘʣʠ (2014);  

5 

ʍʝʫʨʠʩʪʠʢʝ 

ɻʝʥʝʪʩʢʠ 

ʘʣʛʦʨʠʪʤʠ 

Min ʠ ʦʩʪʘʣʠ (2006); Kannan ʠ ʦʩʪʘʣʠ 

(2010); Pishvaee  ʠ ʦʩʪʘʣʠ (2011);  
3 

Tabu  

Tuzun ʠ ʠʩʪʘʣʠ (1999); Caballero ʠ 

ʦʩʪʘʣʠ (2007); Byung Ki Lee ʠ ʦʩʪʘʣʠ 

(2008); Melo ʠ ʦʩʪʘʣʠ (2012); 

4 

ʉʠʤʫʣʠʨʘʥʦ 

ʢʘˀʝˁʝ 

Wu ʠ ʦʩʪʘʣʠ (2002); Vincent F. Yua 

(2010);  Zarandi ʠ ʦʩʪʘʣʠ (2011); 

Karaoglan ʠ ʦʩʪʘʣʠ (2012);   

4 

LNS 
Hemmelmayr ʠ ʦʩʪʘʣʠ (2012); Contardo ʠ 

ʦʩʪʘʣʠ (2012); M®ndez ʠ ʦʩʪʘʣʠ (2013); 
3 

ʍʠʙʨʠʜʥʠ 

ʘʣʛʦʨʠʪʤʠ 

Javid ʠ ʦʩʪʘʣʠ (2010); Prodhon (2011); 

Derbel ʠ ʦʩʪʘʣʠ (2012);  Mousavi ʠ 

ʦʩʪʘʣʠ (2013);  John Willmer Escobar ʠ 

ʦʩʪʘʣʠ (2013); Guerrero ʠ ʦʩʪʘʣʠ (2013);  

Govindan ʠ ʦʩʪʘʣʠ  (2013);   Tlili ʠ 

ʦʩʪʘʣʠ (2014);  Nadizadeha ʠ ʦʩʪʘʣʠ 

(2014); Peng-Sheng Youa ʠ ʦʩʪʘʣʠ 

(2014);  

10 

VNS 

Mladenovic (1988); Hansen ʠ  Mladenovic 

(2003); Pirkwieser ʠ Raidl (2010); Hansen 

ʠ ʦʩʪʘʣʠ (2010);  Mladenovic ʠ ʦʩʪʘʣʠ 

(2012); Jarboui ʠ ʦʩʪʘʣʠ (2013); Macedo 

ʠ ʦʩʪʘʣʠ (2013); Rahim ʠ ʦʩʪʘʣʠ (2014);  

8 

  
  

49 
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ʋ ʪʘʙʝʣʠ 3.4. ʠʟʚʨʰʝʥʘ ʿʝ ʛʣʘʚʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʤʦʜʝʣʘ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʫ 

ʢʦʿʠʤʘ ʩʫ ʠʟʫʯʘʚʘʥʠ ʧʨʦʙʣʝʤʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. 

ʊʘʙʝʣʘ 3.4. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʨʘʜʦʚʘ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʫ IFRL  

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʠ ʧʦʜʢʣʘʩʠʬʠʢʘʮʠʿʘ ʃʠʪʝʨʘʪʫʨʘ ʋʢʫʧʥʦ 

ʇ
ʨ
ʦ
ʙ
ʣ
ʝ
ʤ
ʠ
 

ʨ
ʫ
ʪ
ʠ
ʨ
ʘ
ˁ
ʘ
 
ʚ
ʦ
ʟ
ʠ
ʣ
ʘ

 

ɽʛʟʘʢʪʥʠ ʘʣʛʦʨʠʪʤʠ 
Lee ʠ ʦʩʪʘʣʠ (2006); ʄinis ʠ 

Tatarakis (2011); 
2 

ʍʝʫʨʠʩʪʠʢʝ 

ɻʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʤʠ 
Surekha ʠ Sumathi (2011); Tasan 

ʠ Gen (2012); 
2 

Tabu  

Chen ʠ Wu (2006); Montane ʠ 

Galvao (2006); Bianchessi ʠ 

Righini (2007);  Gribkovskaia ʠ 

ʦʩʪʘʣʠ (2007); Kim ʠ ʦʩʪʘʣʠ 

(2009); Bing ʠ ʦʩʪʘʣʠ  (2014) 

6 

LNS 
Goel ʠ Gruhn (2005); Buhrkal et 

al. (2012); Azi ʠ ʦʩʪʘʣʠ (2014);  
3 

ʍʠʙʨʠʜʥʠ ʘʣʛʦʨʠʪʤʠ 

Zachariadis ʠ ʦʩʪʘʣʠ (2009); 

Repoussis ʠ ʦʩʪʘʣʠ (2010); Yu ʠ 

ʦʩʪʘʣʠ (2011); 

3 

VNS 

Kytojoki ʠ ʦʩʪʘʣʠ (2007); Fleszar 

ʠ ʦʩʪʘʣʠ (2009); Imran ʠ ʦʩʪʘʣʠ 

(2009); Chen ʠ ʦʩʪʘʣʠ (2010); 

Kuo ʠ Wang (2012); Xu ʠ ʦʩʪʘʣʠ 

(2012); Cruz et al. (2012); Salhi ʠ 

ʦʩʪʘʣʠ (2013); Zolfagharinia et al 

(2014)¸ Eskandarpour et al (2014); 

Castillo-Villar (2014) 

11 

  MCDM ʬʘʟʠ 

Alves ʠ ʦʩʪʘʣʠ (2009); Cao ʠ Lai 

(2010); Barker ʠ  Zabinsky (2011); 

Milosevic ʠ Naunovic (2013); 

4 

  
  

31 

 

ʅʘʿʚʝ˂ʠ ʜʝʦ ʧʨʠʢʫʧˀʝʥʝ ʣʠʪʝʨʘʪʫʨʝ ʯʠʥʝ ʨʘʜʦʚʠ ʢʦʿʠ ʩʫ ʦʙʿʘʚˀʝʥʠ ʫ ʥʘʫʯʥʠʤ 

ʯʘʩʦʧʠʩʠʤʘ. ʇʨʠʤʘʨʥʠ ʯʘʩʦʧʠʩʠ ʟʘ ʦʙʣʘʩʪ ʠʩʪʨʘʞʠʚʘˁʘ ʣʦʢʘʮʠʿʩʢʠʭ ï ʨʫʪʠʥʛ 
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ʧʨʦʙʣʝʤʘ ʠ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʩʫ European Journal of Operational Research, 

Computers and Operations Research ʠ Expert System with Applications. 

ʆʩʠʤ ʥʘʚʝʜʝʥʠʭ, ʯʘʩʦʧʠʩʠ ʢʦʿʠ ʩʫ ʨʘʟʤʘʪʨʘʥʠ ʫ ʧʨʝʛʣʝʜʫ ʣʠʪʝʨʘʪʫʨʝ ʩʫ: Networks, 

Resources, Conservation and Recycling, IIE Transactions, Discrete Optimization, 

Computers & Chemical Engineering, Transportation Research Part E:, Journal of 

Manufacturing Systems, Transportation Research Part B, World Applied Programming, 

World Applied Programming ʠ Operations Research Proceedings, Waste Management, 

Mathematical Problems in Engineering, Computers & Operations Research, Electronic 

Notes in Discrete Mathematics, Transportation Research Part D: Transport and 

Environment.  

ɸʥʘʣʠʟʦʤ ʧʨʠʢʧʫˀʝʥʝ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʧʦʨʘʩʪ ʙʨʦʿʘ ʨʘʜʦʚʘ ʠʟ ʦʙʣʘʩʪʠ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʯʘʢ ʠ ʫ ʤʝʹʫʥʘʨʦʜʥʠʤ ʯʘʩʦʧʠʩʠʤʘ ʯʠʿʘ ʩʝ ʧʨʠʤʘʨʥʘ ʦʙʣʘʩʪ 

ʨʘʟʣʠʢʫʿʝ ʦʜ ʦʚʝ ʪʝʤʘʪʠʢʝ, ʢʘʦ ʰʪʦ ʩʫ International Journal of Innovative, Computing, 

Information and Control, Applied Mathematical Modelling ʠ ʩʣ. ɿʙʦʛ ʘʢʪʫʝʣʥʦʩʪʠ 

ʧʨʦʙʣʝʤʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ, ʟʥʘʯʘʿʥʦ ʩʝ ʧʦʚʝ˂ʝʚʘ ʠ ʙʨʦʿ ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ ʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ.  
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4 ʋʇʆʈɽɼʅʀ ʇʈʀʂɸɿ ʋʇʈɸɺɲɸɳɸ ʆʊʇɸɼʆʄ ʋ ʈɽʇʋɹʃʀʎʀ 

ʉʈɹʀɱʀ ʀ ɽɺʈʆʇʉʂʆɱ ʋʅʀɱʀ 

 

ɽʣʝʢʪʨʠʯʥʫ ʠ ʝʣʝʢʪʨʦʥʩʢʫ ʦʧʨʝʤʫ ʯʠʥʝ ʫʨʝʹʘʿʠ ʟʘ ʯʠʿʝ ʿʝ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʧʦʪʨʝʙʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠʣʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦ ʧʦˀʝ. ʊʘʢʦʹʝ, ʦʚʠʤ ʧʨʦʠʟʚʦʜʠʤʘ ʧʨʠʧʘʜʘ 

ʠ ʦʧʨʝʤʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ, ʧʨʝʥʦʩ ʠ ʤʝʨʝˁʝ ʩʪʨʫʿʝ ʠʣʠ ʿʘʯʠʥʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʧʦˀʘ. 

ʆʪʧʘʜ ʦʜ ʝʣʝʢʪʨʠʯʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʦʧʨʝʤʝ ʧʨʝʜʩʪʘʚˀʘ ʦʥʫ ʦʧʨʝʤʫ ʠ ʫʨʝʹʘʿʝ ʢʦʿʝ 

ʚʣʘʩʥʠʢ ʚʠʰʝ ʥʝ ʞʝʣʠ ʜʘ ʢʦʨʠʩʪʠ ʠ ʞʝʣʠ ʜʘ ʠʭ ʦʜʙʘʮʠ. ʆʪʧʘʜ ʦʜ ʝʣʝʢʪʨʠʯʥʝ ʠ 

ʝʣʝʢʪʨʦʥʩʢʝ ʦʧʨʝʤʝ ʯʠʥʝ ʠ ʩʢʣʦʧʦʚʠ ʠ ʩʘʩʪʘʚʥʠ ʜʝʣʦʚʠ ʦʧʨʝʤʝ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫ 

ʠʥʜʫʩʪʨʠʿʠ. ʆʪʧʘʜ ʦʜ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʫʨʝʹʘʿʘ ʯʠʥʝ ʦʪʧʘʜʥʠ ʘʧʘʨʘʪʠ ʠʟ 

ʜʦʤʘ˂ʠʥʩʪʚʘ, ʢʘʦ ʰʪʦ ʩʫ ʪʝʣʝʚʠʟʦʨʠ, ʨʘʜʠʦ-ʘʧʘʨʘʪʠ, ʬʨʠʞʠʜʝʨʠ, ʟʘʤʨʟʠʚʘʯʠ, 

ʨʘʯʫʥʘʨʠ, ʪʝʣʝʬʦʥʠ ʠ ʩʣ. ɺʝ˂ʠʥʘ ʦʚʦʛ ʦʪʧʘʜʘ ʧʨʠʧʘʜʘ ʛʨʫʧʠ oʧʘʩʥʠʭ ʦʪʧʘʜʘ, ʿʝʨ ʦʚʠ 

ʫʨʝʹʘʿʠ ʩʘʜʨʞʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʫ ʦʢʘʨʘʢʪʝʨʠʩʘʥʝ ʢʘʦ ʦʧʘʩʥʝ ʟʘ ʦʢʦʣʠʥʫ.  

ʋ ʦʚʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʩʘʞʝʪʦ ʿʝ ʧʨʠʢʘʟʘʥ ʟʘʢʦʥʩʢʠ ʦʩʥʦʚ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. ʎʠˀ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʿʝ ʜʘ ʜʝʬʠʥʠʰʝ ʦʩʥʦʚʥʝ ʨʘʟʣʦʛʝ ʟʘ 

ʩʧʨʦʚʦʹʝˁʝ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʥʘʨʝʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʿʝ, ʥʘʿʧʨʝ, 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʧʨʘʢʩʘ ʢʦʿʘ ʩʝ ʩʘʜʘ ʧʨʠʤʝˁʫʿʝ ʫ ʉʨʙʠʿʠ, ʘ ʟʘʪʠʤ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ 

ʟʘʢʦʥʩʢʠ ʦʢʚʠʨʠ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʫ ɽʚʨʦʧʩʢʦʿ ʫʥʠʿʠ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʘʢʦʥʝ 

ʢʦʿʠʤʘ ʠ ʉʨʙʠʿʘ ʪʝʞʠ. ʂʘʢʦ ʿʝ ʙʨʦʿ ʧʨʦʙʣʝʤʘ ʫ ʧʦʛʣʝʜʫ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʟʘʠʩʪʘ ʚʝʣʠʢʠ, ʤʠ ˂ʝʤʦ ʩʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʙʘʚʠʪʠ ʩʘʤʦ ʥʝʢʠʤ 

ʜʝʣʦʚʠʤʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʟʘ ʧʦʙʦˀʰʘˁʘ, ʘ ʧʨʝ ʩʚʝʛʘ ʦʥʠʤʘ ʫ ʧʦʛʣʝʜʫ ʧʨʦʥʘʣʘʞʝˁʘ 

ʦʧʪʠʤʘʣʥʠʭ ʣʦʢʘʮʠʿʘ ʫ ʧʦʚʨʘʪʥʠʤ ʪʦʢʦʚʠʤʘ ʧʨʦʠʟʚʦʜˁʝ. 

4.1 ʋʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ 

 

ɿʘʢʦʥʩʢʠʤ ʨʝʛʫʣʘʪʠʚʘʤʘ, ʋ ʉʨʙʠʿʠ ʿʝ ɽɽ ʦʪʧʘʜ ʢʣʘʩʠʬʠʢʦʚʘʥ ʧʦ ʩʣʝʜʝ˂ʦʿ ʣʠʩʪʠ 

ʨʘʟʨʝʜʘ ʦʧʨʝʤʝ: 

1. ɺʝʣʠʢʠ ʢʫ˂ʥʠ ʘʧʘʨʘʪ 

2. ʄʘʣʠ ʢʫ˂ʥʠ ʘʧʘʨʘʪʠ 
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3. ʆʧʨʝʤʘ ʟʘ ʠʥʬʦʨʤʘʪʠʯʢʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ 

4. ʆʧʨʝʤʘ ʰʠʨʦʢʝ ʧʦʪʨʦʰˁʝ ʟʘ ʨʘʟʦʥʦʜʫ 

5. ʆʧʨʝʤʘ ʟʘ ʦʩʚʝʪˀʝˁʝ 

6. ɽʣʝʢʪʨʠʯʥʠ ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʘʣʘʪʠ 

7. ʀʛʨʘʯʢʝ, ʦʧʨʝʤʘ ʟʘ ʨʝʢʨʝʘʮʠʿʫ (ʨʘʟʦʥʦʜʫ) ʠ ʩʧʦʨʪ 

8. ʄʝʜʠʮʠʥʩʢʠ ʧʦʤʦ˂ʥʠ ʫʨʝʹʘʿʠ 

9. ʀʥʩʪʨʫʤʝʥʪʠ ʟʘ ʧʨʘ˂ʝˁʝ ʠ ʥʘʜʟʦʨ 

10. ɸʫʪʦʤʘʪʠ 

ʆʥʦ ʰʪʦ ʢʘʨʘʢʪʝʨʠʰʝ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ ʫ ʜʨʫʛʦʿ ʜʝʮʝʥʠʿʠ XIX ʚʝʢʘ ʿʝ ʫʩʘʛʣʘʰʘʚʘˁʝ 

ʟʘ ʟʘʢʦʥʠʤʘ ʠ ʜʠʨʝʢʪʠʚʘʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ. ʉʪʦʛʘ ʿʝ ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ ʜʦʥʝʣʘ ʚʝ˂ʠ 

ʙʨʦʿ ʩʪʨʘʪʝʛʠʿʘ ʠ ʥʘʮʠʦʥʘʣʥʠʭ ʧʣʘʥʦʚʘ ʢʦʿʠʤʘ ʙʠ ʩʝ ʨʝʛʫʣʠʩʘʣʦ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ. 

ʋʪʠʮʘʿ ʦʪʧʘʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʠʤʘ ʚʠʰʝʩʪʨʫʢʦ ʥʝʛʘʪʠʚʥʦ ʜʝʿʩʪʚʦ, ʠ ʦʚʦ ʩʪʘˁʝ 

ʥʝʤʘ ʪʝʥʜʝʥʮʠʿʫ ʧʦʙʦˀʰʘˁʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʟʘʢʦʥʝ ʠ ʫʨʝʜʙʝ ʜʦʥʝʪʝ ʫ ʧʦʩʣʝʜˁʠʭ 

ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ, ʢʘʦ ʰʪʦ ʩʫ: 

 

¶ ʅʘʮʠʦʥʘʣʥʠ ʧʨʦʛʨʘʤ ʠʥʪʝʛʨʘʮʠʿʝ ʠʟ 2008. ʛʦʜʠʥʝ, 

¶ ʉʪʨʘʪʝʛʠʿʘ ʫʚʦʹʝˁʘ ʯʠʩʪʠʿʝ ʧʨʦʠʟʚʦʜˁʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʠʟ 2009. ʛʦʜʠʥʝ, 

¶ ʅʘʮʠʦʥʘʣʥʘ ʩʪʨʘʪʝʛʠʿʘ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʩʘ ʧʨʦʛʨʘʤʦʤ ʧʨʠʙʣʠʞʘʚʘˁʘ 

ɽʚʨʦʧʩʢʦʿ ʫʥʠʿʠ (2013), 

¶ ɿʘʢʦʥ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ [145], 

¶ ʉʪʨʘʪʝʛʠʿʝ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʟʘ ʧʝʨʠʦʜ 2010-2019. ʛʦʜʠʥʝ [146], 

¶ ʇʨʦʩʪʦʨʥʠ ʧʣʘʥ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʿʝ ʫ ʧʨʠʧʨʝʤʠ. ʇʦʛʣʘʚˀʝ ʦ ʫʧʨʘʚˀʘˁʫ 

ʦʪʧʘʜʦʤ ʜʝʬʠʥʠʩʘ˂ʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ ʫ ʧʨʦʩʪʦʨʫ. 

 

ʆʩʥʦʚʥʠ ʟʘʢʦʥʠ ʠ ʧʦʜʟʘʢʦʥʩʢʘ ʘʢʪʘ ʢʦʿʠʤʘ ʩʝ ʨʝʛʫʣʠʰʝ ʦʙʣʘʩʪ ʨʝʮʠʢʣʘʞʝ 

ʝʣʝʢʪʨʠʯʥʦʛ ʠ ʝʣʝʢʪʨʦʥʩʢʦʛ ʦʪʧʘʜʘ ʩʫ ʿʦʰ ʠ: 

 

¶ ɿʘʢʦʥ ʦ ʪʨʘʥʩʧʦʨʪʫ ʦʧʘʩʥʦʛ ʪʝʨʝʪʘ, 
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¶ ʇʨʘʚʠʣʥʠʢ ʦ ʣʠʩʪʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʠ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʤʝʨʘʤʘ ʟʘʙʨʘʥʝ ʠ 

ʦʛʨʘʥʠʯʝˁʘ ʢʦʨʠʰ˂ʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʦʧʨʝʤʝ ʢʦʿʘ ʩʘʜʨʞʠ ʦʧʘʩʥʝ 

ʤʘʪʝʨʠʿʝ ʠ ʥʘʯʠʥʫ ʠ ʧʦʩʪʫʧʢʫ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʦʜ ʣʝʢʝʪʨʠʯʥʠʭ ʠ 

ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʦʠʟʚʦʜʘ, 

¶ ʇʨʘʚʠʣʥʠʢ ʦ ʥʘʯʠʥʫ ʩʢʣʘʜʠʰʪʝˁʘ ʠ ʦʙʝʣʝʞʘʚʘˁʘ ʦʧʘʩʥʦʛ ʦʪʧʘʜʘ, 

¶ ʇʨʘʚʠʣʥʠʢ ʦ ʫʩʣʦʚʠʤʘ ʠ ʥʘʯʠʥʫ ʩʘʢʫʧˀʘˁʘ, ʪʨʘʥʩʧʦʨʪʘ, ʩʢʣʘʜʠʰʪʝˁʘ ʠ 

ʪʨʝʪʤʘʥʘ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʩʝʢʫʥʜʘʨʥʘ ʩʠʨʦʚʠʥʘ ʠʣʠ ʟʘ ʜʦʙʠʿʘˁʝ 

ʝʥʝʨʛʠʿʝ. 

 

ʅʘʮʠʦʥʘʣʥʦʤ ʉʪʨʘʪʝʛʠʿʦʤ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ [146] ʫʚʝʜʝʥ ʿʝ ʢʦʥʮʝʧʪ ʠʥʪʝʛʨʘʣʥʦʛ 

ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. ʋ ʉʪʨʘʪʝʛʠʿʠ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʟʘ 

ʧʝʨʠʦʜ 2010-2019. ʛʦʜʠʥʝ [146] ʢʘʦ ʢˀʫʯʥʠ ʢʦʨʘʮʠ ʫ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ ʥʘʚʦʜʝ ʩʝ 

ʿʘʯʘˁʝ ʧʦʩʪʦʿʝ˂ʠʭ, ʘʣʠ ʠ ʫʩʚʘʿʘˁʝ ʥʦʚʠʭ ʤʝʨʘ ʨʘʜʠ ʫʩʧʦʩʪʘʚˀʘˁʘ ʠʥʪʝʛʨʘʣʥʦʛ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ. ʊʘʢʦʹʝ, ʫ ʉʪʨʘʪʝʛʠʿʫ [146] ʿʝ ʫʢˀʫʯʝʥʦ ʠ ʩʧʨʦʚʦʹʝˁʝ 

ʤʝʨʘ ʥʘ ʧʨʠʭʘʚʘʪʘˁʫ ʚʝ˂ʝ ʧʦʿʝʜʠʥʘʯʥʝ ʦʜʛʦʚʦʨʥʦʩʪʠ ʫ ʧʦʛʣʝʜʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ, ʠ ʘʢʪʠʚʥʠʿʝ ʫʯʝʰ˂ʝ ʿʘʚʥʦʩʪʠ ʫ ʧʨʦʮʝʩʠʤʘ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ.  

 

ʀ ʧʦʨʝʜ ʟʚʘʥʠʯʥʠʭ ʜʦʢʫʤʝʥʘʪʘ ʜʦʥʝʪʠʭ ʠ ʧʨʦʧʠʩʘʥʠʭ ʦʜ ʩʪʨʘʥʝ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, 

ʩʪʘˁʝ ʥʘ ʪʝʨʝʥʫ ʿʝ ʿʘʢʦ ʣʦʰʝ. ʂʘʦ ʥʘʿʚʝ˂ʠ ʧʨʦʙʣʝʤʠ ʤʦʛʫ ʩʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ 

ʩʣʝʜʝ˂ʠ: 

 

¶ ʅʝʜʦʚʦˀʥʘ ʠʥʬʨaʩʪʨʫʢʪʫʨʘ ʟʘ ʪʨʝʪʠʨʘˁʝ ʠ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ, 

¶ ʅʝʜʦʩʪʘʪʘʢ ʧʦʜʘʪʘʢʘ ʦ ʪʦʢʦʚʠʤʘ ʦʪʧʘʜʘ, 

¶ ʅʝʧʦʩʪʦʿʘˁʝ ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ, ʪʨʝʪʤʘʥ ʠ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ, 

¶ ɿʘʛʘʹʝˁʝ ʟʝʤˀʠʰʪʘ, ʧʦʚʨʰʠʥʩʢʠʭ ʠ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʦʪʧʘʜʦʤ. 

 

Oʙʘʚʝʟʝ ʠ ʦʜʛʦʚʦʨʥʦʩʪʠ ʧʨʦʠʟʚʦʹʘʯʘ ʧʨʦʠʟʚʦʜʘ ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʯʣʘʥʦʤ 25 ɿʘʢʦʥʘ ʦ 

ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ. ʇʨʝʤʘ ʦʚʦʤ ʯʣʘʥʫ ɿʘʢʦʥʘ, ʩʘʤʦ ʧʨʦʠʟʚʦʹʘʯ ʠʣʠ ʫʚʦʟʥʠʢ ʯʠʿʠ 

ʧʨʦʠʟʚʦʜ ʧʦʩʣʝ ʫʧʦʪʨʝʙʝ ʧʦʩʪʘʿʝ ʦʧʘʩʘʥ ʦʪʧʘʜ, ʜʫʞʘʥ ʿʝ ʜʘ ʪʘʿ ʦʪʧʘʜ ʧʨʝʫʟʤʝ ʧʦʩʣʝ 

ʫʧʦʪʨʝʙʝ, ʙʝʟ ʥʘʢʥʘʜʝ ʪʨʦʰʢʦʚʘ ʠ ʩʘ ˁʠʤʘ ʧʦʩʪʫʧʠ ʫ ʩʢʣʘʜʫ ʩʘ ʦʚʠʤ ʟʘʢʦʥʦʤ [145]  ʠ 
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ʜʨʫʛʠʤ ʧʨʦʧʠʩʠʤʘ ʜʦʢ ʩʫ ʦʙʘʚʝʟʝ ʧʨʦʠʟʚʦʹʘʯʘ ʦʪʧʘʜʘ ʜʝʬʠʥʠʩʘʥʝ ʯʣʘʥʦʤ 26. ʏʣʘʥʦʤ 

26 ɿʘʢʦʥʘ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ ʧʨʦʠʟʚʦʹʘʯ ʦʪʧʘʜʘ ʿʝ ʜʫʞʘʥ ʜʘ ʩʘʯʠʥʠ ʧʣʘʥ 

ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʩʘʤʦ ʫ ʩʣʫʯʘʿʫ ʜʘ ʧʨʦʠʟʚʦʜʠ ʚʠʰʝ ʦʜ 100 ʪʦʥʘ ʥʝʦʧʘʩʥʦʛ ʦʪʧʘʜʘ 

ʠʣʠ ʚʠʰʝ ʦʜ 200 ʢʛ ʦʧʘʩʥʦʛ ʦʪʧʘʜʘ ʛʦʜʠʰʝˁ. ʊʘʢʦʹʝ, ʧʦʜ ʥʝʦʧʘʩʥʠʤ ʦʪʧʘʜʦʤ ʩʝ ʥʝ 

ʧʦʜʨʘʟʫʤʝʚʘ ʩʘʚ ʦʪʧʘʜ ʠʟ ʧʨʦʠʟʚʦʜˁʝ, ʚʝ˂ ʩʘʤʦ ʦʥʘʿ ʢʦʿʠ ʿʝ ʢʣʘʩʠʬʠʢʦʚʘʥ  ʢʘʦ ʦʪʧʘʜ 

ʯʣʘʥʦʤ 15 ʠʩʪʦʛ ɿʘʢʦʥʘ. ʋ ʩʣʫʯʘʿʫ ʧʨʦʠʟʚʦʜˁʝ ʦʪʧʘʜʘ ʢʦʿʠ ʥʠʿʝ ʜʝʬʠʥʠʩʘʥ ʢʘʦ 

ʦʧʘʩʘʥ, ʨʝʛʫʣʘʪʠʚʝ ʩʫ ʿʦʰ ʫʚʝʢ ʚʝʦʤʘ ʩʣʘʙʝ. 

 

ʇʨʝʤʘ ʉʪʨʘʪʝʛʠʿʠ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ [146], ''ʩʚʠ ʧʨʦʠʟʚʦʹʘʯʠ ʠ ʫʟʦʟʥʠʮʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʦʠʟʚʦʜʘ,  ʜʫʞʥʠ ʩʫ ʜʘ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ ʦʜ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʦʠʟʚʦʜʘ ʫʩʢʣʘʜʝ ʩʘ ɿʘʢʦʥʦʤ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ'' 

[145]. ʉʭʦʜʥʦ ʯʣʘʥʫ 22 ɿʘʢʦʥʘ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ, ʩʚʝ ʧʦʩʣʦʚʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ʚʦʹʝˁʝ ʠ ʘʞʫʨʠʨʘˁʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ, ʚʦʹʝˁʝ ʧʦʜʘʪʘʢʘ ʦ 

ʨʘʩʧʦʣʦʞʠʚʠʤ ʠ ʧʦʪʨʝʙʥʠʤ ʢʦʣʠʯʠʥʘʤʘ ʦʪʧʘʜʘ ʠ ʠʟʚʝʰʪʘʚʘˁʝ ʦ ʫʧʨʘʚˀʘˁʫ 

ʦʪʧʘʜʦʤ, ʦʙʘʚˀʘ ɸʛʝʥʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ɿʘʢʦʥ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ 

ʩʝ ʙʘʚʠ ʠ ʜʝʬʠʥʠʰʝ ʧʦʩʪʫʧʘˁʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʦʪʧʘʜʘ. ʏʣʘʥʦʤ 50 ʧʨʦʧʠʩʘʥʦ 

ʿʝ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ ʦʜ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʦʚʠʤ ʯʣʘʥʦʤ 

ʟʘʙʨʘˁʝʥʦ ʿʝ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʦʜ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʦʠʟʚʦʜʘ ʙʝʟ 

ʧʨʝʪʭʦʜʥʦʛ ʪʨʝʪʤʘʥʘ.  

4.1.1 ʇʦʩʝʙʥʠ ʪʦʢʦʚʠ ʦʪʧʘʜʘ  

 

ɿʘʢʦʥʦʤ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʦʪʧʘʜ ʦʜ ʝʣʝʢʪʨʠʯʥʝ ʠ 

ʝʣʝʢʪʨʦʥʩʢʝ ʦʧʨʝʤʝ ʜʝʬʠʥʠʩʘʥ ʿʝ ʢʘʦ ʧʦʩʝʙʘʥ ʪʦʢ ʦʪʧʘʜʘ. ʂʘʦ ʧʦʩʝʙʥʠ ʪʦʢʦʚʠ ʦʪʧʘʜʘ 

ʉʪʨʘʪʝʛʠʿʦʤ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʟʘ ʧʝʨʠʦʜ 2010-2019. ʛʦʜʠʥʝ [146],  ʜʝʬʠʥʠʩʘʥʠ ʩʫ: 

 

¶ ɸʤʙʘʣʘʞʥʠ ʦʪʧʘʜ, 

¶ ʀʩʪʨʦʰʝʥʝ ʙʘʪʝʨʠʿʝ ʠ ʘʢʫʤʫʣʘʪʦʨʠ, 

¶ ʆʪʧʘʜʥʘ ʫˀʘ, 

¶ ʆʪʧʘʜʥʝ ʛʫʤʝ, 
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¶ ʆʪʧʘʜʥʘ ʚʦʟʠʣʘ, 

¶ ʆʪʧʘʜʥʝ ʬʣʫʦʨʝʩʮʝʥʪʥʝ ʮʝʚʠ ʢʦʿʝ ʩʘʜʨʞʝ ʞʠʚʫ, 

¶ ʆʪʧʘʜ ʢʦʥʪʘʤʠʥʠʨʘʥ ʜʫʛʦʪʨʘʿʥʠʤ ʦʨʛʘʥʩʢʠʤ ʟʘʛʘʹʫʿʫ˂ʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, 

¶ ʄʝʜʠʮʠʥʩʢʠ ʦʪʧʘʜ, 

¶ ʆʪʧʘʜ ʞʠʚʦʪʠˁʩʢʦʛ ʧʦʨʝʢʣʘ, 

¶ ʇʦˀʦʧʨʠʚʨʝʜʥʠ ʦʪʧʘʜ, 

¶ ʄʫˀ ʠʟ ʫʨʝʹʘʿʘ ʟʘ ʧʨʝʯʠʰ˂ʘʚʘˁʝ ʢʦʤʫʥʘʣʥʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ, 

¶ ɻʨʘʹʝʚʠʥʩʢʠ ʦʪʧʘʜ ʠ ʦʪʧʘʜ ʦʜ ʨʫʰʝˁʘ, 

¶ ʆʪʧʘʜ ʢʦʿʠ ʩʘʜʨʞʠ ʘʟʙʝʩʪ, 

¶ ʆʪʧʘʜ ʦʜ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʤʠʥʝʨʘʣʥʠʭ ʩʠʨʦʚʠʥʘ ʠ ʦʪʧʘʜ ʦʜ ʝʥʝʨʛʝʪʠʢʝ ʠ 

¶ ʆʪʧʘʜ ʠʟ ʠʥʜʫʩʪʨʠʿʝ ʪʠʪʘʥ ʜʠʦʢʩʠʜʘ. 

4.1.2 ʋʧʨʘʚˀʘˁʝ ʧʦʩʝʙʥʠʤ ʪʦʢʦʚʠʤʘ ʦʪʧʘʜʘ  

 

ʏʣʘʥʦʚʠʤʘ 47-58 ɿʘʢʦʥʘ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ [145] ʧʨʦʧʠʩʘʥ ʿʝ ʥʘʯʠʥ ʫʧʨʘʚˀʘˁʘ 

ʧʦʩʝʙʥʠʤ ʪʦʢʦʚʠʤʘ ʦʪʧʘʜʘ, ʢʘʦ ʠ ʦʙʘʚʝʟʘ ʠʟʚʝʰʪʘʚʘˁʘ ʚʣʘʩʥʠʢʘ ʦʚʠʭ ʚʨʩʪʘ ʦʪʧʘʜʘ ʠ 

ʜʦʩʪʘʚˀʘˁʘ ʧʦʜʘʪʘʢʘ ɸʛʝʥʮʠʿʠ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʅʘ ʦʩʥʦʚʫ ʧʨʠʢʫʧˀʝʥʠʭ 

ʧʦʜʘʪʘʢʘ ɸʛʝʥʮʠʿʘ ʦʙʿʘʚˀʫʿʝ ʛʦʜʠʰˁʝ ʠʟʚʝʰʪʘʿʝ. ʇʦʜʘʮʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʠʟʨʘʜʫ 

ʦʚʠʭ ʠʟʚʝʰʪʘʿʘ ʩʫ ʨʘʟʚʨʩʪʘʥʠ ʫ ʜʚʝ ʛʨʫʧʝ: 

 

¶ ʇʦʜʘʮʠ ʦ ʧʨʦʠʟʚʦʜʠʤʘ ʢʦʿʠ ʧʦʩʣʝ ʫʧʦʪʨʝʙʝ ʧʦʩʪʘʿʫ ʧʦʩʝʙʥʠ ʪʦʢʦʚʠ ʦʪʧʘʜʘ ʫ 

ʩʢʣʘʜʫ ʩʘ ʋʨʝʜʙʦʤ, 

¶ ʇʦʜʘʮʠ ʦ ʧʦʥʦʚʥʦʤ ʢʦʨʠʰ˂ʝˁʫ ʦʪʧʘʜʘ. 

 

ʂʘʢʦ ʤʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ, ʧʦʩʝʙʥʠ ʪʦʢʦʚʠ ʦʪʧʘʜʘ ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʢʘʦ ʠ ʫ ʤʦʜʝʣʫ ʢʦʿʠ 

˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʫ ʦʚʦʤ ʨʘʜʫ. 

  

ʋʧʨʘʚˀʘˁʝ ʧʦʩʝʙʥʠʤ ʪʦʢʦʚʠʤʘ ʦʪʧʘʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʝ ʨʝʘʣʠʟʫʿʝ ʢʨʦʟ 

ʠʥʬʦʨʤʘʮʠʦʥʠ ʩʠʩʪʝʤ ʅʘʮʠʦʥʘʣʥʦʛ ʨʝʛʠʩʪʨʘ. ʉʫʤʘʨʥʠ ʧʨʠʢʘʟ ʢʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ 
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ʩʪʘʚˀʝʥʠʭ ʥʘ ʪʨʞʠʰʪʝ ʪʦʢʦʤ 2010, 2011 ʠ 2012. ʛʦʜʠʥʝ ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʛʨʫʧʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʦʠʟʚʦʜʘ ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʥʘ ʩʣʠʮʠ 4.1. ʆʜ ʫʢʫʧʥʝ 

ʢʦʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʫʨʝʹʘʿʘ ʢʦʿʠ ʩʫ ʠʟʥeʪʠ ʥʘ ʪʨʞʠʰʪʝ ʫ 2012, 

ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ ʠʟ ʀʟʚʝʰʪʘʿʘ [120], 10.601,5 t ʿʝ ʧʨʝʨʘʹʝʥʦ, ʘ 62 t ʦʚʦʛ ʦʪʧʘʜʘ ʩʫ 

ʜʝʧʦʥʦʚʘʥʝ. ʂʘʢʦ ʿʝ ʫ ʀʟʚʝʰʪʘʿʫ [120] ʥʘʚʝʜʝʥʦ, ʋʨʝʜʙʘ ʫ ʜʝʣʫ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʝʣʝʢʪʨʠʯʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʧʨʦʠʟʚʦʜʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʤʝˁʘʣʘ, ʪʝ ʿʝ ʟʘ ʦʚʫ ʚʨʩʪʫ 

ʧʨʦʠʟʚʦʜʘ ʥʘʿʪʝʞʝ ʧʨʠʢʫʧʠʪʠ ʧʦʜʘʪʢʝ.   

 

ʉʣʠʢʘ 4.1. ʂʦʣʠʯʠʥʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʦʠʟʚʦʜʘ ʩʪʘʚˀʝʥʠʭ ʥʘ ʪʨʞʠʰʪʝ 

ʫ ʧʝʨʠʦʜʫ ʦʜ 2010-2012 [146]  

4.2 ɿʘʢʦʥʦʜʘʚʥʘ ʨʝʰʝˁʘ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʫ ɽʚʨʦʧʩʢʦʿ ʫʥʠʿʠ  

 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʥʘʰʝʛ ʟʘʢʦʥʦʜʘʚʩʪʚʘ,  ɽʚʨʦʧʩʢʘ ʫʥʠʿʘ ʿʝ ʜʦʥʝʣʘ ʯʠʪʘʚ ʥʠʟ ʧʨʦʧʠʩʘ ʠ 

ʨʝʛʫʣʘʪʠʚʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ: 

¶ ɼʠʨʝʢʪʠʚʘ ʦ ʦʪʧʘʜʫ (ɼʠʨʝʢʪʠʚʘ 75/ 442/ ɽɽʎ ʜʦʧʫˁʝʥʘ ɼʠʨʝʢʪʠʚʦʤ 91/156/ 

ɽɽʎ), 

¶ ɼʠʨʝʢʪʠʚʘ ʦ ʦʧʘʩʥʦʤ ʦʪʧʘʜʫ (ɼʠʨʝʢʪʠʚʘ 91/89/ɽɽʎ ʜʦʧʫˁʝʥʘ ɼʠʨʝʢʪʠʚʦʤ 

94/31/ɽʎ), 
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¶ ɼʠʨʝʢʪʠʚʘ ʉʘʚʝʪʘ 2008/98/ɽʎ ʦ ʦʪʧʘʜʫ ʢʦʿʘ ʟʘʤʝˁʫʿʝ ʠ ʜʦʧʫˁʫʿʝ ʆʢʚʠʨʥʫ 

ʜʠʨʝʢʪʠʚʫ 75/442/ɽɽʎ, 2006/12/ɽʎ ʢʦʿʦʤ ʩʝ ʫʩʧʦʩʪʘʚˀʘ ʩʠʩʪʝʤ ʟʘ 

ʢʦʦʨʜʠʥʠʩʘʥʦ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ ʫ ɽʋ ʩʘ ʮʠˀʝʤ ʦʛʨʘʥʠʯʝˁʘ ʧʨʦʠʟʚʦʜˁʝ 

ʦʪʧʘʜʘ, 

¶ ɼʠʨʝʢʪʠʚʘ ʉʘʚʝʪʘ 99/31/ɽʎ ʦ ʜʝʧʦʥʠʿʘʤʘ ʢʦʿʘ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʩʝ ʫʚʦʹʝˁʝʤ 

ʩʪʨʦʞʠʭ ʪʝʭʥʠʯʢʠʭ ʟʘʭʪʝʚʘ ʨʝʜʫʢʫʿʫ ʥʝʛʘʪʠʚʥʠ ʝʬʝʢʪʠ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ, ʘ 

ʥʘʨʦʯʠʪʦ ʩʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʥʝʛʘʪʠʚʥʠ ʝʬʝʢʪʠ ʥʘ ʟʝʤˀʠʰʪʘ, ʚʦʜʝ, 

ʧʦʚʨʰʠʥʩʢʝ ʠ ʧʦʜʟʝʤʥʝ ʚʦʜʝ, ʢʘʦ ʠ ʝʬʝʢʪʠ ʥʘ ʟʜʨʘʚˀʝ ʩʪʘʥʦʚʥʠʰʪʚʘ. 

ʊʘʢʦʹʝ, ʫ ʨʝʛʫʣʘʪʠʚʠ ɽʋ ʧʦʩʪʦʿʝ ʠ ʧʦʩʝʙʥʝ ɼʠʨʝʢʪʠʚʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʨʦʙʣʝʤʝ 

eʣʝʢʪʨʠʯʥʦʛ ʠ ʝʣʝʢʪʨʦʥʩʢʦʛ ʦʪʧʘʜʘ: 

¶ ɼʠʨʝʢʪʠʚʘ ʦ ʝʣʝʢʪʨʠʯʥʦʤ ʠ ʝʣʝʢʪʨʦʥʩʢʦʤ ʦʪʧʘʜʫ (ʝʥʛʣ. Waste of Electrical and 

Electronic Equipment ï WEEE) ʢʦʿʘ ʧʨʦʧʠʩʫʿʝ ʩʝʣʝʢʪʠʚʥʦ ʩʘʢʫʧˀʘˁʝ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʫʨʝʹʘʿʘ ʧʦʤʦ˂ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ, 

ʠʥʜʠʚʠʜʫʘʣʥʫ ʦʜʛʦʚʦʨʥoʩʪ ʧʨʦʠʟʚʦʹʘʯʘ, ʩʪʦʧʝ ʧʦʥʦʚʥʝ ʫʧʦʪʨʝʙʝ ʠ ʨʝʮʠʢʣʘʞʝ 

ʢʦʿʝ ʩʝ ʢʨʝ˂ʝ ʫ ʨʘʩʧʦʥʫ ʦʜ 50-80% ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʘʪʝʛʦʨʠʿʝ ʫʨʝʹʘʿʘ ʠ 

ʧʨʫʞʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʢʨʘʿˁʠʤ ʢʦʨʠʩʥʠʮʠʤʘ ʯʠʿʝ ʿʝ ʫʯʝʰ˂ʝ ʫ ʧʨʠʢʫʧˀʘˁʫ 

ʦʪʧʘʜʘ ʿʘʢʦ ʚʝʣʠʢʦ. 

 

¶ ɼʠʨʝʢʪʠʚʘ ʦ ʦʛʨʘʥʠʯʝˁʠʤʘ ʟʘ ʫʧʦʪʨʝʙʫ ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ (ʝʥʛʣ. Restriction of 

the use of hazardous substances ï RoHS) ʢʦʿʦʤ ʩʝ ʦʜʨʝʹʫʿʝ ʫʜʝʦ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʠ 

ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʦʜʥʦʩʫ ʥʘ ʤʘʩʫ ʦʜʨʝʹʝʥʝ ʢʦʤʧʦʥʝʥʪʝ. 

ʄʘʢʩʠʤʘʣʥʘ ʜʦʟʚʦˀʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʧʘʩʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠʟʥʦʩʠ 0.1% ʧʦ 

ʪʝʞʠʥʠ ʫ ʭʦʤʦʛʝʥʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʆʚʝ ɼʠʨʝʢʪʠʚʝ ʩʫ 2006. ʛʦʜʠʥʝ ʧʦʩʪʘʣʝ ʚʘʞʝ˂ʠ ʟʘʢʦʥʠ ɽʚʨʧʩʢʝ ʫʥʠʿʝ ʠ ʧʨʦʠʟʚʦʹʘʯʠ 

ʢʦʿʠ ʩʚʦʿʝ ʧʦʩʣʦʚʥʝ ʧʨʘʢʩʝ ʥʝ ʫʩʢʣʘʜʝ ʩʘ ʥʘʚʝʜʝʥʠʤ ɼʠʨʝʢʪʠʚʘʤʘ ʥʝ ʤʦʛʫ ʜʘ ʠʟʚʦʟʝ 

ʩʚʦʿʝ ʧʨʦʠʟʚʦʜʝ ʥʘ ʪʨʞʠʰʪʝ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ.  

ʋ ʟʘʢʦʥʦʜʘʚʩʪʚʫ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ, ʧʦʩʪʦʿʠ ʟʘʿʝʜʥʠʯʢʘ ʜʝʬʠʥʠʮʠʿʘ ʦʪʧʘʜʘ ʟʘ ʩʚʝ ʟʝʤˀʝ 

ʯʣʘʥʠʮʝ. ʆʢʚʠʨʥʦʤ ɼʠʨʝʢʪʠʚʦʤ ʦ ʦʪʧʘʜʫ (ʝʥʛʣ. Waste Framework Directive), ʦʪʧʘʜ ʩʝ 
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ʜʝʬʠʥʠʰʝ ʢʘʦ ʩʚʘʢʘ ʩʫʧʩʪʘʥʮʘ ʠʣʠ ʧʨʝʜʤʝʪ ʠʟ ʢʘʪʝʛʠʨʠʿʘ ʜʘʪʠʭ ɸʥʝʢʩʦʤ 1 (ʝʥʛʣ. 

Council Directive 91 / 156/EEC) ʢʦʿʫ ʚʣʘʩʥʠʢ ʦʜʙʘʮʫʿʝ, ʥʘʤʝʨʘʚʘ ʠʣʠ ʿʝ ʧʨʠʤʦʨʘʥ ʜʘ ʿʝ 

ʦʜʙʘʮʠ. ʆʚʘ ʜʝʬʠʥʠʮʠʿʘ ʿʝ ʦʙʘʚʝʟʫʿʫ˂ʘ ʟʘ ʩʚʝ ʯʣʘʥʠʮʝ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ. 

ɽʚʨʦʧʩʢʘ ʫʥʠʿʘ ʩʚʦʿʠʤ ʟʘʢʦʥʠʤʘ ʧʦʜʩʪʠʯʝ ʧʨʦʠʟʚʦʜˁʫ ʯʠʩʪʠʭ ʧʨʦʠʟʚʦʜʘ, ʢʦʿʠʤʘ ʙʠ 

ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʩʤʘˁʝˁʝ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʧʨʦʜʫʢʘʪʘ ʢʨʦʟ ˁʠʭʦʚ 

ʞʠʚʦʪʥʠ ʮʠʢʣʫʩ. ʏʠʩʪʠ ʧʨʦʠʟʚʦʜʠ ʜʦʙʠʿʘʿʫ ʩʝ ʙʦʠˀʤ ʠʩʢʦʨʠʰ˂ʝˁʝʤ ʨʝʩʫʨʩʘ, 

ʨʝʜʫʢʮʠʿʦʤ ʝʤʠʩʠʿʝ ʠʟ ʧʨʦʠʟʚʦʜˁʝ ʠ ʫʧʨʘʚˀʘˁʝʤ ʦʪʧʘʜʦʤ. ʋ ɼʠʨʝʢʪʠʚʘʤʘ ɽʚʨʦʧʩʢʝ 

ʫʥʠʿʝ ʩʝ ʥʘʚʦʜʠ ʚʠʰʝ ʤʦʛʫ˂ʠʭ ʥʘʯʠʥʘ ʢʦʿʠʤʘ ʙʠ ʩʝ ʧʦʜʩʪʘʢʣʘ ʧʨʦʠʟʚʦʜˁʘ 'ʯʠʩʪʠʭ' 

ʧʨʦʠʟʚʦʜʘ, ʘ ʿʝʜʘʥ ʦʜ ʪʠʭ ʥʘʯʠʥʘ ˂ʝ, ʫʧʨʘʚʦ, ʠ ʙʠʪʠ ʦʙʨʘʹʝʥ ʫ ʦʚʦʤ ʨʘʜʫ ï ʧʦʩʪʠʟʘˁʝ 

ʟʘʪʚʦʨʝʥʦʛ ʮʠʢʣʫʩʘ ʧʨʦʠʟʚʦʜˁʝ.  

4.3 ʈʘʟʣʠʢʝ ʫ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ ʦʜ  ʝʣʝʢʪʨʦʥʩʢʝ ʠ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʫ ɽʚʨʦʧʩʢʦʿ ʫʥʠʿʠ 

 

ʂʘʦ ʧʦʩʝʙʥʦ ʚʘʞʥʫ ʟʘ ʧʦˀʝ ʠʩʪʨʞʠʚʘˁʘ ʫ ʦʚʦʤ ʨʘʜʫ, ʤʦʞʝʤʦ ʥʘʚʝʩʪʠ ɼʠʨʝʢʪʠʚʫ 

2002/95/ɽʎ ʦ ʦʛʨʘʥʠʯʘʚʘˁʫ ʢʦʨʠʰ˂ʝˁʘ ʥʝʢʠʭ ʦʧʘʩʥʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʝʣʝʢʪʨʠʯʥʦʿ ʠ 

ʝʣʝʢʪʨʦʥʩʢʦʿ ʦʧʨʝʤʠ ʠ ɼʠʨʝʢʪʠʚʫ 2002/96/ɽʎ ʦ ʦʪʧʘʜʫ ʦʜ ʝʣʝʢʪʨʠʯʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ 

ʦʧʨʝʤʝ ʢʦʿʝ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʘ ʦʛʨʘʥʠʯʝ ʢʦʨʠʰ˂ʝˁʝ ʥʝʢʠʭ ʦʧʘʩʥʠʭ ʩʫʧʩʪʘʥʮʠ ʫ 

ʝʣʝʢʪʨʠʯʥʦʿ ʠ ʝʣʝʢʪʨʦʥʩʢʦʿ ʦʧʨʝʤʠ, ʦʜʥʦʩʥʦ ʜʘ ʧʨʦʤʦʚʠʰʫ ʘʢʪʠʚʥʦʩʪʠ ʧʦʥʦʚʥʝ 

ʫʧʦʪʨʝʙʝ, ʨʝʮʠʢʣʘʞʝ ʠ ʠʩʢʦʨʠʰ˂ʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʦʧʨʝʤʝ, ʘ ʩʘ ʢʨʘʿˁʠʤ 

ʮʠˀʝʤ ʨʝʜʫʢʮʠʿʝ ʦʪʧʘʜʘ. ɿʘʢʦʥʠʤʘ ʫ ɽʋ ʧʨʦʧʠʩʘʥʘ ʿʝ ʠ ʟʘʙʨʘʥʘ ʫʧʦʪʨʝʙʝ ʦʧʘʩʥʠʭ 

ʤʘʪʝʨʠʿʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʦʧʨʝʤʝ ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʦ 

ʿʝʜʥʦʩʪʘʚʠʿʠ ʠ ʣʘʢʰʠ ʧʨʦʩʝʮ ʨʝʮʠʢʣʘʞʝ. ɿʝʤˀʝ ʯʣʘʥʠʮʝ ɽʋ ʤʦʨʘʿʫ ʫʩʧʦʩʪʘʚʠʪʠ 

ʩʠʩʪʝʤ ʧʨʠʢʫʧˀʘˁʘ ʧʨʠ ʯʝʤʫ ʧʨʦʠʟʚʦʘ́ʯʠ ʠ ʜʠʩʪʨʠʙʫʪʝʨʠ ʝʣʝʢʪʨʠʯʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ 

ʦʧʨʝʤʝ ʤʦʛʫ ʙʝʩʧʣʘʪʥʦ ʧʨʠʤʠʪʠ ʥʘʟʘʜ ʦʚʘʢʚʫ ʦʧʨʝʤʫ ʠʟ ʜʦʤʘ˂ʠʥʩʪʚʘ. ɼʘʥʘ 

01.01.2008. ʛʦʜʠʥʝ  ʧʨʦʧʠʩʘʥʘ ʿʝ ʦʙʘʚʝʟʘ ʜʘ ʥʝʢʠ ʤʘʪʝʨʠʿʘʣʠ, ʢʘʦ ʰʪʦ ʩʫ ʦʣʦʚʦ, ʞʠʚʘ, 

ʢʘʜʤʠʿʫʤ, ʰʝʩʪʦʚʘʣʝʥʪʥʠ ʭʨʦʤ, ʧʦʣʠʙʨʦʤʦʚʘʥʠ ʙʠʬʝʥʦʣʠ ʦ ʧʦʣʠʙʨʦʤʦʚʘʥʠ 

ʜʠʬʝʥʠʣʠ ʫ ʝʣʝʢʪʨʠʯʥʦʿ ʠ ʝʣʝʢʪʨʦʥʩʢʦʿ ʦʧʨʝʤʠ ʤʦʨʘʿʫ ʙʠʪʠ ʟʘʤʝˁʝʥʠ ʜʨʫʛʠʤ 

ʤʘʪʝʨʠʿʘʣʠʤʘ. 
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ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʥʝ ʧʦʩʪʦʿʝ ʿʝʜʠʥʩʪʚʝʥʠ ʧʦʜʘʮʠ ʦ ʢʦʣʠʯʠʥʠ ɽɽ ʦʪʧʘʜʘ, ʘʣʠ ʿʝ ʫ 

ʉʪʨʘʪʝʛʠʿʠ [146] ʥʘʚʝʜʝʥʦ ʜʘ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʿʝʜʥʝ ʛʦʜʠʥʝ ʛʝʥʝʨʠʰʝ ʢʦʣʠʯʠʥʘ ʦʜ 

30.000 ʪʦʥʘ, ʜʦʢ ʩʝ ʦʢʦ 40.000 ʪʦʥʘ ʟʘʦʩʪʘʣʦʛ ʦʪʧʘʜʘ ʥʘʣʘʟʠ ʥʘ ʩʤʝʪʣʠʰʪʠʤʘ, ʫ 

ʨʘʟʥʠʤ ʩʢʣʘʜʠʰʪʠʤʘ, ʠʣʠ ʥʘ ʜʠʚˀʠʤ ʜʝʧʦʥʠʿʘʤʘ. ʊʘʢʦʹe, ʋ ʉʪʨʘʪʝʛʠʿʠ [146] ʿʝ 

ʧʨʦʮʝˁʝʥʦ ʜʘ ʿʝ ʢʦʣʠʯʠʥʘ ʥʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʫʨʝʹʘʿʘ ʢʦʿʠ ʩʝ 

ʛoʜʠʰˁʝ ʫʚʝʟʫ ʠ ʩʪʘʚʝ ʥʘ ʪʨʞʠʰʪʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʦʢʦ 85.600 ʪʦʥʘ. ʉʢʫʧˀʘˁʝ 

ʨʘʯʫʥaʨʩʢʝ ʦʧʨʝʤʝ ʿʝ ʫ ʉʪʨʘʪʝʛʠʿʠ ʜʝʬʠʥʠʩʘʥʦ ʢʘʦ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʝ, ʠʘʢʦ ʿʝ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʟʘʙʨʘˁʝʥ ʫʚʦʟ ʧʦʣʦʚʥʠʭ ʢʦʤʧʿʫʪʝʨʘ, ʦʩʠʤ ʟʘ ʩʦʧʩʪʚʝʥʝ ʧʦʪʨʝʙʝ. ʋ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʧʦʩʪʦʿʝ ʩʘʤʦ ʪʨʠ ʦʧʝʨʘʪʝʨʘ ʢʦʿʘ ʚʨʰʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʨʠʢʫʧˀʘˁʝ ʠ 

ʨʝʮʠʢʣʘʞʫ ʝʣʝʢʪʨʠʯʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʦʧʨʝʤʝ. ʈʝʮʠʢʣʘʞʘ ʩʝ ʚʨʰʠ ʤʘʥʫʝʣʥʠʤ 

ʨʘʩʪʘʚˀʘˁʝʤ ʠ ʦʜʚʘʿʘˁʝʤ ʟʘʩʝʙʥʠʭ ʚʨʩʪʘ ʦʪʧʘʜʘ ʠʣʠ ʤʘʰʠʥʩʢʠ, ʩʘ ʤʘʥʫʝʣʥʦʤ 

ʩʝʣʝʢʮʠʿʦʤ. ʆʧʝʨʘʪʝʨʠ ʢʦʿʠ ʚʨʰʝ ʧʨʝʪʭʦʜʥʦ ʠʟʜʚʘʿʘˁʝ ʨʘʩʭʣʘʜʥʠʭ ʬʣʫʠʜʘ ʠʟ ʦʪʧʘʜʘ 

ʦʜ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʫʨʝʹʘʿʘ ʠʟ ʜʦʤʘ˂ʠʥʩʪʚʘ ʥʝ ʧʦʩʪʦʿʝ. ʆʚʘʢʘʚ ʚʠʜ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʠ ʧʨʝʪʭʦʜʠ ʨʝʮʠʢʣʘʞʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʥʝʢʝ ʫʨʝʹʘʿʝ ʢʘʦ ʰʪʦ ʩʫ ʢʣʠʤʘ-

ʫʨʝʹʘʿʠ, ʬʨʠʞʠʜʝʨʠ, ʟʘʤʨʟʠʚʘʯʠ, ʦʜʥʦʩʥʦ ʦʥʠ ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʪʦʢʦʤ ʚʨʝʤʝʥ ʨʘʜʝ 

ʠʤʘʿʫ ʬʫʥʢʮʠʿʫ ʜʘ ʭʣʘʜʝ. ʊʘʢʦʹʝ, ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʥʝʜʦʩʪʘʿʝ ʩʠʩʪʝʤ ʫʧʨʘʚˀʘˁʘ 

ʦʪʧʘʜʦʤ ʦʜ ʝʣʝʢʪʨʠʯʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʦʧʨʝʤʝ. ʉʘʤʦ ʥʝʢʦʣʠʢʦ ʧʨʦʮʝʥʘʪʘ 

ʝʣʝʢʪʨʦʥʩʢʦʛ ʦʪʧʘʜʘ ʩʝ ʨʝʮʠʢʣʠʨʘ, ʜʝʦ ʦʧʨʝʤʝ ʩʝ ʧʦʧʨʘʚˀʘ ʠ, ʥʘ ʪʘʿ ʥʘʯʠʥ, ʚʨʘ˂ʘ ʥʘ 

ʪʨʞʠʰʪʝ. ʋ ʩʚʝʪʫ ʦʪʧʘʜ ʦʜ ʨʘʯʫʥʘʨʩʢʝ ʦʧʨʝʤʝ ʨʘʩʪʝ ʧʦ ʩʪʦʧʠ ʦʜ 5% ʛʦʜʠʰˁʝ ʠ ʪʦ ʛʘ 

ʯʠʥʠ ʥʘʿʙʨʞʝ ʨʘʩʪʫ˂ʠʤ ʦʪʧʘʜʦʤ ʥʘ ʧʣʘʥʝʪʠ.  
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5 ʈɽʐɸɺɸɳɽ ʇʈʆɹʃɽʄɸ ʀɿɹʆʈɸ ʃʆʂɸʎʀɱɽ ʇʈʀʄɽʅʆʄ ʌɸɿʀ AHP 

ʄɽʊʆɼɽ ï ʄʆɼ._ʌɸɿʀ_ɸHP_1 

 

ʋ ʦʚʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ, ʨʘʟʤʘʪʨʘ˂ʝ ʩʝ ʜʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʣʦʢʘʮʠʿʝ ʮʝʥʪʨʘ ʟʘ 

ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ ʢʣʘʩʠʬʠʢʘʮʠʿʫ (ɸ1 ʠ ɸ2) ʠ ʪʨʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʣʦʢʘʮʠʿʝ ʮʝʥʪʨʘ ʟʘ 

ʦʜʩʪʨʘˁʠʚʘˁʝ ʠʟ ʜʘˀʝ ʧʨʦʠʟʚʦʜˁʝ, ʦʜʥʦʩʥʦ ʜʝʧʦʥʠʿʝ (ɺ1, ɺ2 ʠ ɺ3), ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ 

ʫʢʫʧʥʦ ʰʝʩʪ ʘʣʪʝʨʥʘʪʠʚʘ (A1B1, A1B2, A1B3, A2B1, A2B2 and A2B3). ʄʦʜʝʣ 

ʧʨʝʜʩʪʘʚˀʝʥ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʥʘʟʚʘ˂ʝ ʩʝ: ʄʆɼ._ʌɸɿʀ_ɸHP1 ʠ ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ 

˂ʝ ʩʝ ʪʘʢʦ ʦʟʥʘʯʘʚʘʪʠ. ʋ ʦʚʦʿ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ, ʨʘʟʤʘʪʨʘʥʦ ʿʝ ʰʝʩʪ ʢʨʠʪʝʨʠʿʫʤʘ 

ʦʜʣʫʯʠʚʘˁʘ: ʪʨʦʰʢʦʚʠ ʠʟʛʨʘʜˁʝ ʦʙʿʝʢʘʪʘ ʫ ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ, ʪʨʘʥʩʧʦʨʪʥʠ ʪʨʦʰʢʦʚʠ, 

ʫʢʫʧʥʝ ʫʰʪʝʜʝ ʦʜ ʦʪʚʘʨʘˁʘ ʣʦʢʘʮʠʿʝ, ʟʘʛʘʹʝˁʝ, ʫʩʢʣʘʹʝʥʦʩʪ ʩʘ ʨʝʛʫʣʘʪʠʚʘʤʘ ʢʦʿʝ ʩʝ 

ʦʜʥʦʩʝ ʥʘ ʦʙʣʘʩʪ ʫʧʨʘʚˀʘˁʘ ɽɽ ʦʪʧʘʜʦʤ ʠ ʩʪʦʧʘ ʧʦʚʨʘ˂ʘʿʘ ʧʨʦʠʟʚʦʜʘ. ɼʝʪʘˀʥʠʿʝ 

ʦʙʿʘʰˁʝˁʝ ʜʝʬʠʥʠʩʘʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʜʘʪʦ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 5.3. 

ʂʘʢʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, ʫ ʉʨʙʠʿʠ ʧʦʩʪʦʿʠ ʩʚʝʛʘ ʥʝʢʦʣʠʢʦ ʣʦʢʘʮʠʿʘ ʥʘ ʢʦʿʠʤʘ ʩʝ 

ʜʝʧʦʥʫʿʝ ʦʪʧʘʜ. ʇʨʝʜʫʟʝ˂ʝ ʧʨʦʫʯʘʚʘʥʦ ʫ ʦʢʚʠʨʫ ʦʚʝ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ ʥʘʤʝʨʘʚʘ ʜʘ 

ʦʪʚʦʨʠ ʿʝʜʥʫ ʜʝʧʦʥʠʿʫ, ʢʦʿʫ ʙʠ ʢʦʨʠʩʪʠʣʦ ʟʘ ʩʦʧʩʪʚʝʥʝ ʧʦʪʨʝʙʝ ʠʣʠ ʿʝ ʠʟʜʘʚʘʣʦ 

ʜʨʫʛʠʤ ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʢʫ˂ʥʠʭ ʫʨʝʹʘʿʘ ʠʣʠ ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʢʦʿʠ ʫ ʩʚʦʿʠʤ ʧʨʦʠʟʚʦʜʥʠʤ 

ʧʨʦʮʝʩʠʤʘ ʢʦʨʠʩʪʝ ʠʩʪʝ ʠʣʠ ʩʣʠʯʥʝ ʤʘʪʝʨʠʿʘʣʝ.  ʋ ʦʚʦʿ ʬʘʟʠ, ʝʢʩʧʝʨʪʠ ʥʝ ʤʦʛʫ ʜʘ 

ʧʨʦʮʝʥʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʦʬʠʪ ʦʜ ʢʦʨʠʰ˂ʝˁʘ ʠʣʠ ʠʟʜʘʚʘˁʘ ʜʝʧʦʥʠʿʝ, ʪʝ ʙʠ ʦʚʦ ʤʦʛʘʦ 

ʙʠʪʠ ʧʨʝʜʤʝʪ ʧʦʩʝʙʥʝ ʩʪʫʜʠʿʝ. ʇʨʦʠʟʚʦʜʥʠ ʢʘʧʘʮʠʪʝʪ ʧʨʝʜʫʟʝ˂ʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʫ 

ʦʚʦʿ ʩʪʫʜʠʿʠ ʿʝ ʦʢʦ 60.000 ʧʨʦʠʟʚʦʜʘ ʤʘʣʠʭ ʢʫ˂ʥʠʭ ʘʧʘʨʘʪʘ ʛʦʜʠʰˁʝ ʠ ʦʢʦ 100.000 

ʧʨʦʠʟʚʦʜʘ ʚʝʣʠʢʠ ʢʫ˂ʥʠʭ ʘʧʘʨʘʪʘ, ʰʪʦ ʯʠʥʠ ʦʢʦ 9.8% ʦʜ ʫʢʫʧʥʝ ʧʨʦʠʟʚʦʜˁʝ ʢʫ˂ʥʠʭ 

ʘʧʘʨʘʪʘ ʫ ʉʨʙʠʿʠ. ɹʨʦʿ ʢʫ˂ʥʠʭ ʘʧʘʨʘʪʘ ʧʨʦʠʟʚʝʜʝʥ ʫ ʧʝʨʠʦʜʫ ʦʜ 2010-2012 

ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʥʘ ʩʣʠʮʠ 5.1. 
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ʉʣʠʢʘ 5.1. ɹʨʦʿ ʧʨʦʠʟʚʦʜʘ ʫ ʧʝʨʠʦʜʫ 2010 ï 2012 

5.1 AHP ʤʝʪʦʜʘ 
 

ʀʜʝʿʥʫ ʠ ʤʘʪʝʤʘʪʠʯʢʫ ʧʦʩʪʘʚʢʫ ɸHP ʤʝʪʦʜʘ ʜʘʦ ʿʝ Thomas Saaty ʦʩʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ 

ʧʨʦʰʣʦʛ ʚʝʢʘ. ʆʩʥʦʚʥʠ ʮʠˀ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʫ ʩʣʘʙʦ 

ʩʪʨʫʢʪʫʨʠʨʘʥʠ. ɱʝʜʥʫ ʦʜ ʧʨʚʠʭ ʬʘʟʠ AHP ʤʝʪʦʜʘ ʨʘʟʚʠʣʠ ʩʫ Van Laarhoven ʠ Pedrych 

(1983).  

ɸHP ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʨʘʟʣʘʛʘˁʫ ʩʣʦʞʝʥʦʛ ʧʨʦʙʣʝʤʘ ʫ ʚʠʰʝ ʤʝʹʫʩʦʙʥʦ ʟʘʚʠʩʥʠʭ ʭʠʿʝʨʘʨʭʠʿʩʢʠ 

ʦʨʛʘʥʠʟʦʚʘʥʠʭ ʜʝʣʦʚʘ. ʉʘ ʤʝʪʦʜʦʣʦʰʢʦʛ ʩʪʘʥʦʚʠʰʪʘ, ɸHP ʿʝ ʤʝʪʦʜʘ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʫ ʢʦʿʦʿ ʩʝ ʧʨʦʮʝʩ ʥʘʣʘʞʝˁʘ ʨʝʟʫʣʪʘʪʘ ʟʘʩʥʠʚʘ ʥʘ 

ʜʝʢʦʤʧʦʟʠʮʠʿʠ ʩʣʦʞʝʥʦʛ ʧʨʦʙʣʝʤʘ. ɼʝʢʦʤʧʦʟʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʣʘʛʘˁʝ ʫʩʤʝʨʝʥʦ ʦʜ 

ʦʧʰʪʝʛ ʧʨʦʙʣʝʤʘ ʢʘ ʧʦʜʧʨʦʙʣʝʤʠʤʘ. ɸHP ʤʝʪʦʜʫ ʢʘʨʘʢʪʝʨʠʰʝ ʚʠʩʦʢ ʥʠʚʦ 

ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ, ʢʦʿʠ ʦʤʦʛʫ˂ʫʿʝ ʜʦʥʦʩʠʦʮʠʤʘ ʦʜʣʫʢʝ ʜʘ ʜʝʬʠʥʠʰʫ ʚʝʟʝ ʠ 

ʜʦʤʠʥʘʮʠʿʫ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʠʣʠ ʘʪʨʠʙʫʪʘ ʥʘʜ ʦʩʪʘʣʠʤʘ, ʪʝ, ʩʪʦʛʘ, ʦʚʘʿ ʤʝʪʦʜ 

ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʢʨʠʪʝʨʠʿʫʤʘ ʠ 

ʘʪʨʠʙʫʪʘ. ɸHP ʤʝʪʦʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʢʦʥʮʝʧʪʫ ʙʘʣʘʥʩʘ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʨʝʣʘʪʠʚʥʦʛ ʟʥʘʯʘʿʘ ʘʪʨʠʙʫʪʘ, ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʨʠʪʝʨʫʿʤʘ. ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ 

ʭʠʿʝʨʘʨʭʠʿʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʤʘʪʨʠʮʝ ʧʦʨʝʹʝˁʘ ʟʘ ʩʚʘʢʠ ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʥʠʚʦ. 
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ʋ ʦʚʦʿ ʤʝʪʦʜʠ, ʤʘʪʨʠʮʘ ʦʜʣʫʯʠʚʘˁʘ ʧʨʝʜʩʪʘʚˁʘ ʤʘʪʨʠʮʫ ʧʦʨʝʹʝˁʘ ʢʦʿʘ ʦʧʠʩʫʿʝ 

ʨʝʣʘʪʠʚʥʠ ʟʥʘʯʘʿ ʿʝʜʥʦʛ ʘʪʨʠʙʫʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʠ ʦʚʘʿ ʧʨʦʮʝʩ ʩʘ ʧʦʥʘʚʘˀ ʟʘ ʩʚʝ 

ʭʠʿʝʨʘʨʭʠʿʩʢʝ ʥʠʚʦʝ. 

5.2 ʌʘʟʠ ʩʢʫʧ ʠ ʬʘʟʠ ʙʨʦʿ  

 

ʌʘʟʠ ʩʢʫʧ ʥʝ ʜʦʟʚʦˀʘʚʘ ʧʦʪʧʫʥʫ ʧʨʠʧʘʜʥʦʩʪ ʝʣʝʤʝʥʪʘ ʩʢʫʧʫ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ 

ʜʝʬʠʥʠʰʝ ʩʝ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ ʢʦʿʘ ʦʧʠʩʫʿʝ ʩʪʝʧʝʥ ʧʨʠʧʘʜʥʦʩʪʠ ʝʣʝʤʝʥʪʘ ʬʘʟʠ 

ʩʢʫʧʫ.  

ɼʝʬʠʥʠʮʠʿʘ 5.1. ʌʘʟʠ ʩʢʫʧ ʿʝ ʢʣʘʩʘ ʦʙʿʝʢʘʪʘ ʦʢʘʨʘʢʪʝʨʠʩʘʥʘ ʬʫʥʢʮʠʿʦʤ 

ʧʨʠʧʘʜʥʦʩʪʠ, ʫ ʢʦʤʝ ʩʝ ʩʚʘʢʦʤ ʦʙʿʝʢʪʫ ʜʦʜʝˀʫʿʝ ʩʪʝʧʝʥ ʧʨʠʧʘʜʥʦʩʪʠ ʥʘ ʠʥʪʝʨʚʘʣʫ 

[0,1]. ʌʘʟʠ ʩʢʫʧ ʩʝ, ʥʘʿʯʝʰ˂ʝ, ʧʨʝʜʩʪʘʚˀʘ ʦʟʥʘʢʦʤ ''ĕ'' ʠ ʜʝʬʠʥʠʰʝ ʩʝ ʧʦʜʩʢʫʧʦʤ M
~
ʩʘ 

ʬʫʥʢʮʠʿʦʤ ʧʨʠʧʘʜʥʦʩʪʠ ị(x|M
~

). 

 ɼʝʬʠʥʠʮʠʿʘ 5.2. ʊʨʦʫʛʣʘʩʪʠ ʬʘʟʠ ʙʨʦʿʝʚʠ ʩʝ ʦʟʥʘʯʘʚʘʿʫ ʢʘʦ: 

),,(
~

cbad k
ij =  

ʛʜʝ ʿʝ cba ¢¢ . 

ʇʘʨʘʤʝʪʨʠ (a,b,c) ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʤʘˁʫ ʤʦʛʫ˂ʫ ʚʨʝʜʥʦʩʪ, ʥʘʿʧʨʝʩʧʝʢʪʠʚʥʠʿʫ 

ʚʨʝʜʥʦʩʪ ʠ ʥʘʿʚʝ˂ʫ ʤʦʛʫ˂ʫ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʦʧʠʩʫʿʝ ʥʝʢʠ ʜʦʛʘʹʘʿ, ʨʝʩʧʝʢʪʠʚʥʦ.                

5.3 ʌʘʟʠ AHP ʤʝʪʦʜʘ 

 

ʀʩʪʨʘʞʠʚʘˁʝʤ ʣʠʪʝʨʘʪʫʨʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʜʦʚʘ ʫ 

ʢʦʿʠʤʘ ʿʝ ʬʘʟʠ ʣʦʛʠʢʘ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. 

ʄʝʹʫʪʠʤ, ʫ ʚʝ˂ʝʤ ʙʨʦʿʫ ʨʘʜʦʚʘ ʫ ʢʦʿʠʤʘ ʿʝ ʧʨʦʫʯʘʚʘʥ ʠʟʙʦʨ ʣʦʢʘʮʠʿʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ (ʝʥʛʣ. multi criteria decision making ï MCDM) ʠʣʠ 

ʬʘʟʠ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ (ʝʥʛʣ. fuzzy multi criteria decision making ï 

fuzzy MCDM), ʨʘʟʤʘʪʨʘʥ ʿʝ ʧʨʦʙʣʝʤ ʠʟʙʦʨʘ ʣʦʛʠʩʪʠʯʢʠʭ ʧʨʦʚʘʿʜʝʨʘ ʠʣʠ ʜʦʙʘʚˀʘʯʘ 

(ʝʥʛʣ. third party logistics supplier). Alves ʠ ʦʩʪʘʣʠ (2009) ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ ʧʨʦʙʣʝʤ 
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ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʝ ʟʘ ʜʝʧʦʥʠʿʫ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ. Barker ʠ ʦʩʪʘʣʠ (2011) ʨʘʟʚʠʣʠ ʩʫ 

ʤʦʜʝʣ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʟʘʩʥʦʚʘʥ ʥʘ AHP ʤʝʪʦʜʠ. ʆʥʠ ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ ʪʨʠ ʩʪʫʜʠʿʝ 

ʩʣʫʯʘʿʘ ʠ ʧʨʝʜʣʦʞʠʣʠ ʪʨʠ ʢʨʠʪʝʨʠʿʫʤʘ ʢʦʿʝ ʩʫ ʢʣʘʩʠʬʠʢʦʚʘʣʠ ʥʘ ʪʨʦʰʢʦʚʥʝ ʠ 

ʢʨʠʪʝʨʠʿʫʤʝ ʧʦʩʣʦʚʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. ɿʘʪʠʤ ʩʫ, ʫ ʜʘˀʦʿ ʭʠʿʝʨʘʨʭʠʿʩʢʦʿ ʧʦʜʝʣʠ, 

ʧʨʝʜʩʪʘʚʠʣʠ ʰʝʩʪ ʧʦʜʢʨʠʪʝʨʠʿʫʤʘ ʠ ʦʩʘʤ ʘʣʪʝʨʥʘʪʠʚʘ. ʌʘʟʠ AHP ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚˀʘ 

ʥʘʜʛʨʘʜˁʫ ʪʨʘʜʠʮʠʦʥʘʣʥʝ AHP ʤʝʪʦʜʝ. ʌʘʟʠ ʙʨʦʿʝʚʠ ʩe ʫʢˀʫʯʫʿʫ ʫ ʦʨʠʛʠʥʘʣʥʫ AHP 

ʤʝʪʦʜʫ ʠ ʦʥʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʬʘʟʠ ʪʝʞʠʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʠ ʢʨʠʪʝʨʠʿʫʤʘ. ʌʘʟʠ 

AHP ʤʝʪʦʜʘ ʠʤʘ ʠʩʪʫ ʧʨʦʮʝʜʫʨʫ ʢʘʦ ʠ ʪʨʘʜʠʮʠʦʥʘʣʥʘ, ʘʣʠ ʩʝ ʫ ʬʘʟʠ AHP ʤʝʪʦʜʠ 

ʢʦʨʠʩʪʝ ʬʘʟʠ ʙʨʦʿʝʚʠ, ʦʜ ʉʘʪʠʿʘʚʝ ʩʢʘʣʝ ʠ ʚʨʝʜʥʦʚʘˁʘ ʫ ʧʘʨʦʚʠʤʘ, ʜʦ ʩʚʠʭ 

ʤʘʪʨʠʯʥʠʭ ʦʧʝʨʘʮʠʿʘ. ʋ ʪʘʙʝʣʠ 5.1 ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʧʦʨʝʹʝˁʝ ʠʟʤʝʹʫ ʦʨʠʛʠʥʘʣʥʝ ʠ 

ʬʘʟʠ ʩʢʘʣʝ. ʈʘʟʣʠʯʠʪʝ ʚʝʨʟʠʿʝ AHP ʤʝʪʦʜʝ, ʤʝʹʫʩʦʙʥʦ ʩʝ ʨʘʟʣʠʢʫʿʫ ʫ ʥʘʯʠʥʫ 

ʬʘʟʠʬʠʢʘʮʠʿʝ ʩʢʘʣʝ ʠʣʠ ʧʨʠʤʝˁʫʿʫ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʜʝʬʘʟʠʬʠʢʘʮʠʿʝ ʨʝʟʫʣʪʘʪʘ. ɿʘ 

ʜʝʬʘʟʠʬʠʢʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ, ʥʘʿʯʝʰ˂ʝ, ʩʝ ʢʦʨʠʩʪʝ ʤʝʪʦʜʝ ʮʝʥʪʨʦʠʜʘ, ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ 

ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʧʦʨʝʹʝˁʘ ʪʨʦʛʫʘʦʥʠʭ ʬʘʟʠ ʙʨʦʿʝʚʘ ʠʣʠ ʤʝʪʦʜʝ ʠʥʪʝʛʨʘʮʠʿʝ 

ʢʦʤʙʠʥʦʚʘʥʝ ʩʘ ʪʟʚ. Ŭ-ʩʢʘʣʘʨʠʟʘʮʠʿʦʤ, ʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ɚ ï ʠʥʜʝʢʩʘ ʦʧʪʠʤʠʟʤʘ 

ʜʦʥʦʩʠʦʮʘ ʦʜʣʫʢʝ.  

ʊʘʙʝʣʘ 5.1. ʆʨʠʛʠʥʘʣʥʘ ʠ ʬʘʟʠ ʉʘʪʠʿʝʚʘ sʢʘʣʘ 

ʉʪʘʥʜʘʨʜʥʠ Saaty 

ʙʨʦʿʝʚʠ 
ɼʝʬʠʥʠʮʠʿʘ ʌʘʟʠ ʙʨʦʿʝʚʠ 

1 
ɱʝʜʥʘʢʦ ʟʥʘʯʘʿʥʠ / 

ʧʦʞʝˀʥʠ 
(1,1,1) 

3 
ʋʤʝʨʝʥʦ ʟʥʘʯʘʿʥʠʿʠ / 

ʧʦʞʝˀʥʠʿʠ 
(2,3,4) 

5 
ɺʝʦʤʘ ʟʥʘʯʘʿʥʠʿʠ / 

ʧʦʞʝˀʥʠʿʠ 
(4,5,6) 

7 
ʀʟʫʟʝʪʥʦ ʟʥʘʯʘʿʥʠʿʠ / 

ʧʦʞʝˀʥʠʿʠ 
(6,7,8) 

9 
ɽʢʩʪʨʝʤʥʦ ʤʥʦʛʦ 

ʟʥʘʯʘʿʥʠʿʠ / ʧʦʞʝˀʥʠʿʠ 
(9,9,9) 

2 

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ 

(1,2,3) 

4 (3,4,5) 

6 (5,6,7) 

8 (7,8,9) 
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ʆʚʘʢʘʚʘ ʤʘʪʨʠʮʘ ʧʨʝʜʩʪaʚˀʘ ʧʨʝʬʝʨʝʥʮʠʿʝ k-ʪʦʛ ʜʦʥʦʩʠʦʮʘ ʦʜʣʫʢʝ, ʢʦʿʠʤ ʦʥ 

ʠʩʢʘʟʫʿʝ ʧʨʝʬʝʨʝʥʮʠʿʫ ʢʨʠʪʝʨʠʿʫʤʘ i ʥʘʜ ʢʨʠʪʝʨʠʿʫʤʦʤ j. ʉʚʘʢʠ ʯʣʘʥ ʤʘʪʨʠʮʝ k

ijd
~

ʧʨʝʜʩʪʘʚˀʘ ʪʨʦʫʛʘʦʥʠ ʬʘʟʠ ʙʨʦʿ. 

ʌʘʟʠ AHP ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʨʝʜʩʪʘʚʠʦ 

Ayhan (2013). Aʣʛʦʨʠʪʘʤ ʩʘʜʨʞʠ ʩʣʝʜʝ˂ʝ ʢʦʨʘʢʝ: 

 

¶ ɼʦʥʦʩʠʣʘʮ ʦʜʣʫʢʝ ʧʦʨʝʜʠ ʢʨʠʪʝʨʠʿʫʤʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʬʘʟʠ ʙʨʦʿʝʚʝ 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʪʘʙʝʣʠ 5.1. 

 

ʊʨʫʦʛʘʦʥʠ ʬʘʟʠ ʙʨʦʿʝʚʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʪʘʙʝʣʠ 5.1 ʤʦʛʫ ʙʠʪʠ ʠʥʪʝʨʧʨʝʪʠʨʘʥʠ ʢʘʦ 

ʣʠʥʛʚʠʩʪʠʯʢʝ ʧʨʦʤʝʥˀʠʚʝ, ʛʜʝ ʚʘʞʠ: ʢʨʠʪʝʨʠʿʫʤ C1 ʿʝ 'ʟʥʘʯʘʿʥʦ ʚʠʰʝ ʚʘʞʘʥ' ʫ 

ʦʜʥʦʩʫ ʥʘ ʢʨʠʪʝʨʠʿʫʤ C2, ʰʪʦ ʦʧʠʩʫʿʝ ʨʝʣʘʮʠʿʫ ʚʘʞʥʦʩʪʠ ʠʟʤʝʹʫ ʜʚʘ ʢʨʠʪʝʨʫʿʤʘ ʠ 

ʪʘʜʘ ʣʠʥʛʚʠʩʪʠʯʢʘ ʧʨʦʤʝʥˀʠʚʘ 'ʟʥʘʯʘʿʥʦ ʚʠʰʝ ʚʘʞʘʥ' ʤʦʞʝ ʙʠʪʠ ʧʨʝʜʩʪʘˀʝʥʘ ʬʘʟʠ 

ʙʨʦʿʝʤ (4,5,6). ʊʘʢʦʹʝ, ʫ AHP ʤʝʪʦʜʦʣʦʛʠʿʠ, ʚʘʞʠ ʠ ʦʙʨʥʫʪʦ, ʪʝ ʧʦʨʝʹʝˁʝ 

ʢʨʠʪʝʨʠʿʫʤʘ C2 ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʠʪʝʨʠʿʫʤ ʉ1, ʤʦʞʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʦ ʢʘʦ (1/6,1/5,1/4). 

 

¶ ʋʢʦʣʠʢʦ ʧʦʩʪʦʿʠ ʚʠʰʝ ʜʦʥʦʩʠʣʘʮʘ ʦʜʣʫʢʝ, ˁʠʭʦʚʝ ʧʨʝʬʝʨʝʥʮʠʿʝ ʩʝ ʩʘʙʠʨʘʿʫ, ʘ 

ʟʘʪʠʤ ʜʝʣʝ ʙʨʦʿʝʤ ʜʦʥʦʩʠʣʘʮʘ ʦʜʣʫʢʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʜʦʙʠʿʘ ʩʝ ʥʦʚʘ ʤʘʪʨʠʮʘ 

ʧʦʨʝʹʝˁʘ. 

 

¶ ʋ ʩʣʝʜʝ˂ʝʤ ʢʦʨʘʢʫ, ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʚʨʝʜʥʦʩʪ ir
~. ɺʨʝʜʥʦʩʪ ir

~  ʧʨʝʜʩʪʘʚˀʘ 

ʛʝʦʤʝʪʨʠʿʩʢʫ ʩʨʝʜʠʥʫ ʬʘʟʠ ʚʨʝʜʥʦʩʪʠ ijd
~

.  
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¶ ʌʘʟʠ ʪʝʞʠʥʝ iw~ ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

o ʀʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʚʨʝʜʥʦʩʪʠ,~ä= ii rr  ʟʘ ʩʚʘʢʦ i , 

o ʅʘʢʦʥ ʪʦʛʘ, ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʠʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ir
~  ʟʘ ʩʚʘʢʦ i , 

o ʀʥʚʝʨʟʥʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʩʦʨʪʠʨʘʿʫ ʫ ʨʘʩʪʫ˂ʠ ʨʝʜʦʩʣʝʜ ʠ ʤʥʦʞʝ ʩʘ ir  

             
)*,*,*()~...~~(*~ 1

21 iiinii wuwmwlrrrrw =ÄÄÄ= -

                         
 

¶ ʊʝʞʠʥʝ ʩʫ ʿʦʰ ʫʚʝʢ ʬʘʟʠʬʠʢʦʚʘʥʝ ʠ ʜʝʬʘʟʠʬʠʢʘʮʠʿʘ ʩʝ ʚʨʰʠ ʠʟʨʘʯʫʥʘʚʘˁʝʤ 

ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʬʘʟʠ ʙʨʦʿʝʚʘ. ʆʚʘʿ ʤʝʪʦʜ ʩʫ ʧʨʝʜʩʪʘʚʠʣʠ Chou ʠ ʦʩʪʘʣʠ 

(2008). 

3
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¶ ʅʘʢʦʥ ʜʝʬʘʟʠʬʠʢʘʮʠʿʝ, ʪʝʞʠʥʝ ʩʝ ʥʦʨʤʘʣʠʟʫʿʫ. 
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ɸʣʛʦʨʠʪʘʤ ʩʝ ʧʦʥʘʚˀʘ ʟʘ ʩʚʘʢʠ ʢʨʠʪʝʨʠʿʫʤ ʠ ʩʚʘʢʫ ʘʣʪʝʨʥʘʪʠʚʫ. ʉʚʝ ʘʣʪʝʨʥʘʪʠʚʝ ʩʝ 

ʤʝʹʫʩʦʙʥʦ ʧʦʨʝʜʝ ʧʦ ʩʚʘʢʦʤ ʢʨʠʪʝʨʠʿʫʤʫ ʢʘʢʦ ʙʠ ʩʝ ʠʟʨʘʯʫʥʘʣʝ ʥʦʨʤʘʣʠʟʦʚʘʥʝ 

ʪʝʞʠʥʝ. ʂʨʘʿˁʘ ʚʨʝʜʥʦʩʪ ʩʘ ʩʚʘʢʫ ʘʣʪʝʨʥʘʪʠʚʫ ʩʝ ʜʦʙʠʿʘ ʤʥʦʞʝˁʝʤ ʪʝʞʠʥʝ ʩʚʘʢʝ 

ʘʣʪʝʨʥʘʪʠʚʝ ʩʘ ʪʝʞʠʥʦʤ ʦʜʨʝʹʝʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ. ʂʨʠʪʝʨʠʿʫʤʠ ʠ ʘʣʪʝʨʥʘʪʠʚʝ ʢʦʿʝ 

ʠʤʘʿʫ ʥʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʠ ʥʘʿʙʦˀʝ ʨʘʥʛʠʨʘʥʝ.

 

5.4 ʇʨʠʤʝʥʘ ʬʘʟʠ AHP ʤʝʪʦʜʝ ʥʘ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ - ʄʆɼ._ʌɸɿʀ_ɸHP1 

 

ʆʩʥʦʚʥʠ ʥʘʫʯʥʠ ʮʠˀ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʝ ʧʨʠʤʝʥʦʤ ʬʘʟʠ AHP ʤʝʪʦʜʝ ʿʝ: 

¶ ʀʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʣʦʢʘʮʠʿʝ ʜʝʧʦʘ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ, 

¶ ʀʟʙʦʨ ʣʦʢʘʮʠʿʝ ʮʝʥʪʨʘ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ. 

ʉʧʦʨʝʜʥʠ ʮʠˀʝʚʠ ʩʫ: 
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¶ ɸʥʘʣʠʟʘ ʫʪʠʮʘʿʘ ʨʘʩʧʦʣʦʞʠʚʠʭ ʬʠʥʘʥʩʠʿʩʢʠʭ ʯʠʥʠʣʘʮʘ ʧʨʠʣʠʢʦʤ ʜʦʥʦʰʝˁʘ 

ʦʜʣʫʢʝ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ ʝʛʟʘʢʪʥʠʭ ʧʦʜʘʪʘʢʘ.  

¶ ɸʥʘʣʠʟʘ ʨʘʟʣʠʯʠʪʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʢʦʿʠ ʩʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʜʦʥʦʰʝˁʘ 

ʦʜʣʫʢʝ ʦ ʠʟʙʦʨʫ ʣʦʢʘʮʠʿʘ ʫ ʧʦʚʨʘʪʥʠʤ ʪʦʢʦʚʠʤʘ, ʥʘ ʦʩʥʦʚʫ ʚʘʞʝ˂ʠʭ ʟʘʢʦʥʘ ʠ 

ʧʨʦʧʠʩʘ. 

ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʨʘʟʤʘʪʨʘʿʫ ʩʝ ʜʚʝ ʚʨʩʪʝ ʣʦʢʘʮʠʿʘ ʫ ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ. ʂʫ˂ʥʠ 

ʫʨʝʹʘʿʠ ʢʦʿʠ ʩʝ ʚʨʘ˂ʘʿʫ ʦʜ ʧʦʪʨʦʰʘʯʘ ʧʨʠʢʫʧˀʘʿʫ ʩʝ ʫ ʢʦʨʠʩʥʠʯʢʦʤ ʮʝʥʪʨʫ. 

ʂʦʨʠʩʥʠʮʠ ʢʦʿʠ ʧʦʩʝʜʫʿʫ ʢʫ˂ʥʝ ʫʨʝʹʘʿʝ ʢʦʿʝ ʚʠʰʝ ʥʝ ʞʝʣʝ ʜʘ ʢʦʨʠʩʪʝ, ʜʦʥʦʩʝ ʪʝ 

ʧʨʦʠʟʚʦʜʝ ʫ ʢʦʨʠʩʥʠʯʢʠ, ʦʜʥʦʩʥʦ ʧʨʦʜʘʿʥʠ ʮʝʥʪʘʨ. ʇʨʝʜʫʟʝ˂ʝ ʠʟ ʢʦʛʘ ʩʫ ʧʨʠʢʫʧˁʝʥʠ 

ʧʦʜʘʮʠ ʟʘ ʦʚʫ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ, ʠʤʘ ʧʝʪʥʘʝʩʪ ʧʨʦʜʘʿʥʠʭ ʮʝʥʪʘʨʘ ʠ ʚʝ˂ʠʥʘ ˁʠʭ ʠʤʘ 

ʚʝʣʠʢʘ ʩʢʣʘʜʠʰʪʘ. ʆʚʦ ʿʝ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʨʘʟʣʦʛʘ ʟʘʰʪʦ ʿʝ ʤʝʥʘ˅ʤʝʥʪ ʧʨʝʜʫʟʝ˂ʘ 

ʦʜʣʫʯʠʦ ʜʘ ʥʝʤʘ ʧʦʪʨʝʙʝ ʟʘ ʧʦʩʝʙʥʠʤ ʮʝʥʪʨʠʤʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ 

ʚʨʘ˂ʝʥʠ ʦʜ ʧʦʪʨʦʰʘʯʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʚʨʘ˂ʝʥʠʭ 

ʧʨʦʠʟʚʦʜʘ ʥʝ ʤʦʞʝ ʙʠʪʠ ʠʟʚʨʰʝʥʘ ʫ ʧʨʦʜʘʿʥʠʤ ʮʝʥʪʨʠʤʘ, ʪʝ, ʩʪʦʛʘ, ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ 

ʟʘ ʦʪʚʘʨʘˁʝʤ ʜʝʧʦʘ ʟʘ ʚʨʘ˂ʝʥʝ ʧʨʦʠʟʚʦʜʝ. ʆʚʠ ʜʝʧʦʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʫ ʘʜʝʢʚʘʪʥʦ 

ʦʧʨʝʤʝˀʝʥʠ, ʘ ʥʘʨʦʯʠʪʦ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʦʪʧʘʜ ʦʜ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ 

ʫʨʝʹʘʿʘ ʩʘʜʨʞʠ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʘʣʝ ʠ ʭʝʤʠʿʩʢʝ ʝʣʝʤʝʥʪʝ ʢʘʦ ʰʪʦ ʩʫ ʦʣʦʚʦ, ʢʘʜʤʠʿʫʤ, 

ʙʝʨʠʣʠʿʫʤ, ʞʠʚʘ ʠ ʦʩʪʘʣʠ ʧʣʝʤʝʥʠʪʠ ʠ ʪʝʰʢʠ ʤʝʪʘʣʠ. ʅʘʢʦʥ ʨʘʟʚʨʩʪʘʚʘˁʘ ʠ 

ʢʣʘʩʠʬʠʢʘʮʠʿʝ, ʿʝʜʘʥ ʜʝʦ ʦʚʠʭ ʫʨʝʹʘʿʘ ʤʦʞʝ ʙʠʪʠ ʚʨʘ˂ʝʥ ʫ ʧʨʦʠʟʚʦʜʥʝ ʮʝʥʪʨʝ, ʢʘʢʦ 

ʙʠ ʩʝ ʧʦʥʦʚʦ ʫʢˀʫʯʠʣʠ ʫ ʧʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ. ʄʘʪʝʨʠʿʘʣʝ ʠ ʜʝʣʦʚʝ ʫʨʝʹʘʿʘ ʢʦʿʠ ʥʝ 

ʤʦʛʫ ʚʠʰʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥʠ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʩʧʦʨʫʯʠʪʠ ʮʝʥʪʨʫ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ. ɼʨʫʛʘ 

ʚʨʩʪʘ ʣʦʢʘʮʠʿʝ ʢʦʿʘ ˂ʝ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥʘ ʫ ʦʚʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʣʦʢʘʮʠʿʘ ʮʝʥʪʨʘ ʟʘ 

ʦʜʩʪʨʘˁʠʚʘˁʝ.  

5.5 ʂʨʠʪʝʨʠʿʫʤʠ ʦʜʣʫʯʠʚʘˁʘ ʟʘ ʄʆɼ._ʌɸɿʀ_ɸHP1 

AHP ʿʝ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʘʚʘˁʘ ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʿʠ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʙʣʝʤʘ. ʇʨʦʙʣʝʤʘ ʩʝ ʜʝʢʦʤʧʦʥʫʿʝ ʭʠʿʝʨʘʨʭʠʿʩʢʠ, ʧʨʠ ʯʝʤʫ ʩʝ ʥʘ ʚʨʭʫ 

ʭʠʿʝʨʘʨʭʠʿʝ ʥʘʣʘʟʠ ʮʠˀ. ʎʠˀ ʩʣʝʜʝ ʢʨʠʪʝʨʠʿʫʤʠ ʠ ʧʦʜʢʨʠʪʝʨʠʿʠʤʠ, ʜʦʢ ʩʝ ʥʘ 
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ʥʘʿʥʠʞʝʤ ʥʠʚʦʫ ʭʠʿʝʨʘʨʭʠʿʝ ʥʘʣʘʟʝ ʘʣʪʝʨʥʘʪʠʚʝ. ʉʣʠʢʘ 5.2 ʧʨʝʜʩʪʘʚˀʘ ɸHP 

ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʤʦʜʝʣ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʮʠˀʘ, ʰʝʩʪ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʰʝʩʪ ʘʣʪʝʨʥʘʪʠʚʘ. 

 

ʉʣʠʢʘ 5.2. AHP ʭʠʿʝʨʘʨʭʠʿʘ ʟʘ ʄʆɼ._ʌɸɿʀ_ɸHP1 

ʋ ʦʚʦʿ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʨʘʟʤʘʪʨʘʥʦ ʿʝ ʰʝʩʪ ʢʨʠʪʝʨʠʿʫʤʘ ʦʜʣʫʯʠʚʘˁʘ: ʪʨʦʰʢʦʚʠ 

ʠʟʛʨʘʜˁʝ ʦʙʿʝʢʘʪʘ ʫ ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ, ʪʨʘʥʩʧʦʨʪʥʠ ʪʨʦʰʢʦʚʠ, ʫʢʫʧʥʝ ʫʰʪʝʜʝ ʦʜ 

ʦʪʚʘʨʘˁʘ ʣʦʢʘʮʠʿʝ, ʟʘʛʘʹʝˁʝ, ʫʩʢʣʘʹʝʥʦʩʪ ʩʘ ʨʝʛʫʣʘʪʠʚʘʤʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʙʣʘʩʪ 

ʫʧʨʘʚˀʘˁʘ ɽɽ ʦʪʧʘʜʦʤ ʠ ʩʪʦʧʘ ʧʦʚʨʘ˂ʘʿʘ ʧʨʦʠʟʚʦʜʘ.  

ʊʨʦʰʢʦʚʠ ʠʟʛʨʘʜˁʝ  ʉ-1 ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʨʦʰʢʦʚʝ ʫʣʘʛʘˁʘ ʫ ʦʪʚʘʨʘˁʝ ʜʝʧʦʘ ʠʣʠ 

ʮʝʥʪʨʘ ʟʘ ʦʜʣʘʛʘˁʝ ʥʘ ʦʜʨʝʹʝʥʦʿ ʣʦʢʘʮʠʿʠ. ʆʥʠ ʦʙʫʭʘʚʘʪʘʿʫ ʫʢʫʧʥʝ ʪʨʦʰʢʦʚʝ 

ʠʟʛʨʘʜˁʝ ʥʦʚʠʭ ʠʣʠ ʨʝʥʦʚʠʨʘˁʘ ʠ ʘʜʘʧʪʘʮʠʿʝ ʧʦʩʪʦʿʝ˂ʠʭ ʦʙʿʝʢʘʪʘ. ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ 

ʦʪʚʘʨʘˁʘ ʣʦʢʘʮʠʿʝ 'ɸ' ʫʢˀʫʯʫʿʫ ʪʨʦʰʢʦʚʝ ʠʟʛʨʘʜˁʝ ʥʦʚʠʭ ʠʣʠ ʨʝʥʦʚʠʨʘˁʘ 

ʧʦʩʪʦʿʝ˂ʠʭ ʦʙʿʝʢʘʪʘ ʠ ʪʨʦʰʢʦʚʝ ʠʥʩʪʘʣʠʨʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʦʧʨʝʤʝ. ʊʨʦʰʢʦʚʠ 

ʦʪʚʘʨʘˁʘ ʣʦʢʘʮʠʿʝ 'ɺ' ʦʙʫʭʘʚʘʪʘʿʫ ʪʨʦʰʢʦʚʝ ʢʦʥʩʫʣʪʘʥʪʩʢʠʭ ʫʩʣʫʛʘ ʫ ʚʝʟʠ ʧʨʠʧʨʝʤʝ 

ʧʨʦʿʝʢʪʥʠʭ ʟʘʜʘʪʘʢʘ, ʪʨʦʰʢʦʚʝ ʛʝʦʜʝʪʩʢʦʛ ʩʥʠʤʘˁʘ, ʠʟʛʨʘʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʤʨʝʞʝ, 

ʤʨʝʞʝ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʠʥʩʪʘʣʘʮʠʿʝ ʟʘʰʪʠʪʥʠʭ ʦʛʨʘʜʘ, ʢʘʦ ʠ ʪʨʦʰʢʦʚʝ ʥʘʜʛʣʝʜʘˁʘ 

ʠʟʚʦʹʝˁʘ ʨʘʜʦʚʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʧʨʝʮʠʟʥʘ ʢʘʣʢʫʣʘʮʠʿʘ ʦʚʠʭ ʪʨʦʰʢʦʚʘ, 

ʜʦʥʦʩʠʦʮʠ ʦʜʣʫʢʝ ʩʫ ʙʘʟʠʨʘʣʠ ʩʚʦʿʘ ʤʠʰˀʝˁʘ ʥʘ ʘʧʨʦʢʩʠʤʘʪʠʚʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠ 

ˁʠʭʦʚʦʤ ʫʪʠʮʘʿʫ ʥʘ ʛʣʘʚʥʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʊʨʘʥʩʧʦʨʪʥʠ ʪʨʦʰʢʦʚʠ ʉ-2 ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʢʫʧʥʝ ʪʨʦʰʢʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʠ ʧʨʝʥʦʩʘ 

ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʚʨʘ˂ʝʥʠ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ. ʆʚʠ ʪʨʦʰʢʦʚʠ ʦʙʫʭʚʘʪʘʿʫ ʠ ʦʩʪʘʣʝ 
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ʝʢʦʥʦʤʩʢʝ ʬʘʢʪʦʨʝ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʚʠʩʠʥʫ ʪʨʦʰʢʦʚʘ ʪʨʘʥʩʧʦʨʪʘ. ʋ ʦʚʦʿ ʩʪʫʜʠʿʠ 

ʩʣʫʯʘʿʘ, ʪʨʘʥʩʧʦʨʪʥʠ ʪʨʦʰʢʦʚʠ ʫʢˀʫʯʫʿʫ ʪʨʦʰʢʦʚʝ ʛʦʨʠʚʘ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʝ ʠ 

ʝʢʦʣʦʰʢʝ ʪʘʢʩʝ, ʪʨʦʰʢʦʚʝ ʮʘʨʠʥʘ, ʧʫʪʘʨʠʥʘ ʠ ʩʣ. ʊʘʢʦʹʝ, ʠ ʪʨʦʰʢʦʚʠ ʧʘʢʦʚʘˁʘ ʤʦʛʫ 

ʙʠʪʠ ʟʥʘʪʥʦ ʚʠʩʦʢʠ, ʿʝʨ ʦʥʠ ʥʠʩʫ ʠʩʪʠ ʟʘ ʩʚʝ ʧʨʦʠʟʚʦʜʝ. ɺʨʩʪʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʝ ʤʦʛʫ 

ʙʠʪʠ ʚʨʘ˂ʘʥʝ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ ʩʝ ʤʦʛʫ ʟʥʘʪʥʦ ʨʘʟʣʠʢʦʚʘʪʠ ʠ ʧʨʠʧʘʜʘʪʠ 

ʨʘʟʣʠʯʠʪʠʤ ʘʩʦʨʪʠʤʘʥʠʤʘ, ʪʝ ʠ ʪʨʦʰʢʦʚʠ ʧʘʢʦʚʘˁʘ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʫʣʘʟʝ ʫ ʧʦʚʨʘʪʥʠ 

ʪʦʢ ʤʦʛʫ ʙʠʪʠ ʿʘʢʦ ʚʠʩʦʢʠ. ʉʪʦʛʘ ʩʫ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʣʘʥʮʫ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʟʥʘʪʥʦ ʚʠʰʠ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʦʰʢʦʚʝ ʫ ʣʘʥʮʫ ʩʥʘʙʜʝʚʘˁʘ ʠ ʦʥʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʘʥ ʜʝʦ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʧʨʝʜʫʟʝ˂ʘ. 

ʋʢʫʧʥʝ ʫʰʪʝʜʝ ʉ-3 ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʢʫʧʥʘ ʩʨʝʜʩʪʚʘ ʢʦʿʘ ʧʨʝʜʫʟʝ˂ʝ ʤʦʞʝ ʜʘ ʫʰʪʝʜʠ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʧʦʚʨʘʪʥʦʛ ʪʦʢʘ ʫ ʣʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ. ʆʩʥʦʚʥʠ ʨʘʟʣʦʛ ʧʦʨʝʹʝˁʘ 

ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʠʟʛʨʘʜˁʝ ʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʨʦʰʢʦʚʘ ʩʘ ʫʢʫʧʥʠʤ ʫʰʪʝʜʘʤʘ ʿʝ ʫ 

ʜʝʬʠʥʠʩʘˁʫ ʤʠʰˀʝˁʘ ʜʦʥʦʩʠʮʘ ʦʜʣʫʢʝ ʫ ʩʤʠʩʣʫ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʪʨʦʰʢʦʚʘ ʠ 

ʝʬʝʢʪʠʚʥʦʩʪʠ ʫ ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ. ʋʢʫʧʥʝ ʫʰʪʝʜʝ ʩʫ ʫ ʦʚʦʤ ʠʩʪʨʞʠʚʘˁʫ ʜʝʬʠʠʥʩʘʥʝ 

ʢʘʦ ʢʚʘʣʠʪʘʪʠʚʥʠ ʢʨʠʪʝʨʠʿʫʤ, ʿʝʨ ʦʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʘʤʦ ʧʨʝʜʚʠʹʘˁʝ ʜʦʥʦʩʠʦʮʘ 

ʦʜʣʫʢʝ ʠ ʥʝ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʨʝʘʣʥʠʤ ʧʦʜʘʮʠʤʘ, ʿʝʨ ʧʨʝʜʫʟʝ˂ʝ ʟʘ ʦʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʥʝ 

ʨʘʩʧʦʣʘʞʝ ʠʩʪʦʨʠʿʩʢʠʤ ʧʦʜʘʮʠʤʘ. 

ʂʨʠʪʝʨʠʿʫʤ ʟʘʛʘʹʝˁʘ  ʉ-4 ʫʢˀʫʯʫʿʝ ʧʨʝʜʚʠʹʝʥʦ ʩʤʘˁʝˁʝ ʟʘʛʘʹʝˁʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ 

ʦʪʚʘʨʘˁʝʤ ʦʙʿʝʢʘʪʘ ʫ ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ. ʆʩʠʤ ʥʘʚʝʜʝʥʦʛ, ʦʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʦʙʫʭʚʘʪʘ ʠ 

ʩʤʘˁʝˁʝ ʟʘʛʘʹʝˁʘ ʫʟʨʦʢʦʚʘʥʦʛ ʝʤʠʩʠʿʦʤ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ ʪʦʢʦʤ ʪʨʘʥʩʧʦʨʪʘ 

ʧʨʦʠʟʚʦʜʘ. 

WEEE ʨʝʛʫʣʘʪʠʚʘ ï ʉ5 ʧʨʝʜʩʪʘʚˀʘ ʢʨʠʪʝʨʠʿʫʤ ʫʩʢʣʘʹʝʥʦʩʪʠ ʩʘ ʨʝʛʫʣʘʪʠʚʘʤʘ ʢʦʿʝ ʩʫ 

ʚʝ˂ ʫʩʧʦʩʪʘʚˀʝʥʝ ʠʣʠ ʪʦ ʪʨʝʙʘ ʜʘ ʧʦʩʪʘʥʫ ʫ ʩʢʦʨʠʿʦʿ ʙʫʜʫ˂ʥʦʩʪʠ. ɽʚʨʦʧʩʢʘ ʫʥʠʿʘ 

ʧʨʦʧʠʩʫʿʝ ʩʪʨʠʢʪʥʝ ʨʝʛʫʣʘʪʠʚʝ ʫ ʦʙʣʘʩʪʠ ʧʦʩʣʦʚʘˁʘ ʩʘ ɽɽ ʦʪʧʘʜʦʤ, ˁʠʭʦʚʠʤ 

ʧʨʠʢʫʧˀʘˁʝʤ ʠ ʨʝʮʠʢʣʘʞʦʤ. WEEE ʜʠʨʝʢʪʠʚʝ ʠʤʘʿʫ ʩʪʨʦʛʝ ʧʨʠʥʮʠʧʝ ʢʦʿʠ ʩʝ 

ʟʘʩʥʠʚʘʿʫ ʥʘ ʦʜʛʦʚʦʨʥʦʩʪʠ ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʘʯʥʦʛ ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʦʥʝ ʩʝ ʜʝʬʠʥʠʰʫ ʢʘʦ 

IPR ʧʨʠʥʮʠʧʠ (ʝʥʛʣ. Individual Producer Responsibility ï ʦʜʛʦʚʦʨʥʦʩʪ ʠʥʜʫʚʠʜʫʘʣʥʦʛ 

ʧʨʦʠʟʚʦʹʘʯʘ). 
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ʉʪʦʧʘ ʧʦʚʨʘ˂ʘʿʘ ʧʨʦʠʟʚʦʜʘ - ʉ6 ʧʨʝʜʩʪʘʚˀʘ ʩʪʦʭʘʩʪʠʯʢʫ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʪʨʝʙʘ ʙʠʪʠ 

ʨʘʟʤʘʪʨʘʥʘ ʚʝʦʤʘ ʧʘʞˀʠʚʦ ʠ ʢʦʿʘ ʿʝ ʧʨʦʮʝˁʝʥʘ ʦʜ ʩʪʨʘʥʝ ʜʦʥʦʩʠʦʮʘ ʦʜʣʫʢʝ. 

ɿʘ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʫ ʦʚʦʤ ʜʝʣʫ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʤʝʪʦʜʝ ʠʥʪʝʨʚʿʫʘ ʠ 

ʫʧʠʪʥʠʢʘ. ʆʚʝ ʪʝʭʥʠʢʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʨʦʮʝʥʘ ʠ ʤʠʰˀʝˁʘ ʝʢʩʧʝʨʘʪʘ, 

ʘ ʫ ʚʝʟʠ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʘʣʪʝʨʘʥʪʠʚʘ. ɽʢʩʧʝʨʪʠ ʢʦʿʠ ʩʫ ʫʯʝʩʪʚʦʚʘʣʠ ʫ ʦʚʦʤ ʜʝʣʫ 

ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʤʝʥʘ˅ʝʨʠ ʠʟ ʧʨʝʜʫʟʝ˂ʘ ʢʦʿʝ ʿʝ ʧʨʝʜʤʝʪ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ. 

5.6 ʈʝʟʫʣʪʘʪʠ AHP ʘʥʘʣʠʟʝ ʠ ʜʠʩʢʫʩʠʿʘ ʟʘ ʄʆɼ._ʌɸɿʀ_ɸHP1 

 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʧʨʝʜʫʟʝ˂ʝ ʢʦʿʝ ʿʝ ʨʘʟʤʘʪʨʘʥʦ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ ʥʝʤʘ ʧʦʚʨʘʪʥʠ 

ʣʦʛʠʩʪʠʯʢʠ ʪʦʢ, ʝʢʩʧʝʨʪʠ ʩʫ ʩʚʦʿʝ ʦʮʝˁʠʚʘˁʝ ʿʝʜʥʠʤ ʜʝʣʦʤ ʙʘʟʠʨʘʣʠ ʠ ʥʘ 

ʧʨʝʜʣʦʟʠʤʘ ʠ ʧʨʝʧʦʨʫʢʘʤʘ ʜʨʞʘʚʝ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʢʦʥʮʝʧʪʘ ʧʦʚʨʘʪʥʦʛ ʪʦʢʘ. 

ʂʨʠʪʝʨʠʿʫʤʠ ʢʦʿʠ ʩʫ ʚʝ˂ ʧʨʝʜʩʪʘʚˁʝʥʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ, ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ 

ʪʝʞʠʥʝ, ʪʝ ˂ʝ, ʩʪʦʛʘ, ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʪʝʞʠʥʝ ʙʠʪʠ ʠʟʨʘʯʫʥʘʪʝ ʟʘ ʩʚʘʢʠ 

ʢʨʠʪʝʨʠʿʫʤ. 

 

ʇʨʦʙʣʝʤ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʨʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ ʧʨʝʤʘ ʫʥʘʧʨʝʜ ʜʘʪʠʤ 

ʢʨʠʪʝʨʠʿʫʤʠʤʘ. ɸʣʪʝʨʥʘʪʠʚʝ ʩʫ ʨʘʥʛʠʨʘʥʝ ʤʥʦʞʝˁʝʤ ʥʦʨʤʘʣʠʟʦʚʘʥʠʭ ʪʝʞʠʥʘ 

ʢʨʠʪʝʨʠʿʫʤʘ ʥʦʨʤʘʣʠʟʦʚʘʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʪʝʞʠʥʘ ʘʣʪʝʨʥʘʪʠʚʘ, ʧʨʝʤʘ ʩʚʘʢʦʤ 

ʢʨʠʪʝʨʠʿʫʤʫ.  

 

ʈʘʥʛʠʨʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʥʘ ʦʩʥʦʚʫ ʤʠʰˀʝˁʘ ʠ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʝʢʩʧʝʨʪʠ 

ʧʨʝʜʩʪʘʚʠʣʠ ʨʘʜʠ ʬʦʨʤʠʨʘˁʘ ʤʘʪʨʠʮʘ ʧʦʨʝʹʝˁʘ. ʉʢʘʣʘ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʬʘʟʠ 

ʉʘʪʠʿʝʚʘ ʩʢʘʣʘ ʛʜʝ ʦʟʥʘʢʝ (1,1,1) ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʤʘˁʝ ʧʦʞʝˀʥʫ ʘʣʪʝʨʘʥʠʪʚʫ ʠʣʠ 

ʢʨʠʪʝʨʠʿʫʤ, ʜʦʢ ʦʟʥʘʢʝ (9,9,9) ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʫʟʝʪʥʫ ʟʥʘʯʘʿʥʦʩʪ ʿʝʜʥʦʛ ʢʨʠʪʝʨʫʿʫʤʘ 

ʠʣʠ ʘʣʪʝʨʘʪʠʚʝ ʥʘʜ ʜʨʫʛʦʤ. ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʫ ʩʢʘʣʠ ʩʝ ʜʦʜʝˀʫʿʫ ʢʘʜʘ ʥʝ ʧʦʩʪʦʿʠ 

ʟʥʘʪʥʘ ʚʘʞʥʦʩʪ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʠʣʠ ʘʣʪʝʨʥʘʪʠʚʝ ʥʘʜ ʜʨʫʛʦʤ. ʋ ʪʘʙʝʣʠ 5.2. ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʤʘʪʨʠʮʝ ʧʦʨʝʹʝˁʘ ʧʦ ʧʘʨʦʚʠʤʘ ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ ʠ ʘʣʪʝʨʥʘʪʠʚʝ. 

 



76 
 

ʊʘʙʝʣʘ 5.2. ʄʘʪʨʠʮʝ ʧʦʨʝʹʝˁʘ ʧʦ ʧʘʨʦʚʠʤʘ ʟʘ ʄʆɼ._ʌɸɿʀ_ɸHP1 

ʂʈʀʊɽʈʀɱʋʄʀ C1 C2 C3 C4 C5 C6 

  

C1 (1,1,1) (2,3,4) (1/2,1/3,1/4) (2,3,4) (1,1,1) (2,3,4) 

C2 (1/4,1/3,1/2) (1,1,1) (1/2,1/3,1/4) (5,6,7) (1/2,1/3,1/4) (1,1,1) 

C3 (4,3,2) (4,3,2) (1,1,1) (1/4,1/5,1/6) (2,3,4) (1,1,1) 

C4 (1/4,1/3,1/2) (1/7,1/6,1/5) (6,5,4) (1,1,1) (1/2,1/3,1/4) (3,4,5) 

C5 (1,1,1) (4,3,2) (1/4,1/3,1/2) (4,3,2) (1,1,1) (1/4,1/5,1/6) 

C6 (1/4,1/3,1/2) (1,1,1) (1,1,1) (1/5,1/4,1/3) (6,5,4) (1,1,1) 

ɸʃʊɽʈʅɸʊʀɺɽ A1B1 A1B2 A1B3 A2B1 A2B2 A2B3 

C1 

A1B1 (1,1,1) (6,7,8) (1/2,1/3,1/4) (1,2,3) (1/3,1/4,1/5) (5,6,7) 

A1B2 (1/8,1/7,1/6) (1,1,1) (2,3,4) (1,1,1) (7,8,9) (1/7,1/8,1/9) 

A1B3 (4,3,2) (1/4,1/3,1/2) (1,1,1) (3,4,5) (1/4,1/5,1/6) (1/6,1/7,1/8) 

A2B1 (1/3,1/2,1) (1,1,1) (1/5,1/4,1/3) (1,1,1) (5,6,7) (1/2,1/3,1/4) 

A2B2 (5,4,3) (1/9,1/8,1/7) (6,5,4) (1/7,1/6,1/5) (1,1,1) (7,8,9) 

A2B3 (1/7,1/6,1/5) (9,8,7) (8,7,6) (4,3,2) (1/9,1/8,1/7) (1,1,1) 

C2 

A1B1 (1,1,1) (3,4,5) (1/2,1/3,1/4) (1/6,1/7,1/8) (7,8,9) (1/5,1/6,1/7) 

A1B2 (1/5,1/4,1/3) (1,1,1) (5,6,7) (1/7,1/8,1/9) (6,7,8) (1,1,1) 

A1B3 (4,3,2) (1/7,1/6,1/5) (1,1,1) (1/9,1/9,1/9) (1,2,3) (3,4,5) 

A2B1 (8,7,6) (9,8,7) (9,9,9) (1,1,1) (1/9,1/8,1/7) (1/2,1/3,1/4) 

A2B2 (1/9,1/8,1/7) (1/8,1/7,1/6) (1/3,1/2,1/1) (9,8,7) (1,1,1) (5,6,7) 

A2B3 (7,6,5) (1,1,1) (1/5,1/4,1/3) (4,3,2) (1/7,1/6,1/5) (1,1,1) 

C3 

A1B1 (1,1,1) (4,5,6) (1/2,1/3,1/4) (1/9,1/9,1/9) (6,7,8) (5,6,7) 

A1B2 (1/6,1/5,1/4) (1,1,1) (7,8,9) (2,3,4) (1,1,1) (1/7,1/8,1/9) 

A1B3 (4,3,2) (1/9,1/8,1/7) (1,1,1) (9,9,9) (4,5,6) (1/9,1/9,1/9) 

A2B1 (9,9,9) (1/4,1/3,1/2) (1/9,1/9,1/9) (1,1,1) (1/2,1/3,1/4) (1,2,3) 

A2B2 (1/8,1/7,1/6) (1,1,1) (1/6,1/5,1/4) (4,3,2) (1,1,1) (9,9,9) 

A2B3 (1/7,1/6,1/5) (9,8,7) (9,9,9) (1/3,1/2,1/1) (1/9,1/9,1/9) (1,1,1) 

C4 

A1B1 (1,1,1) (1/7,1/8,1/9) (1/9,1/9,1/9) (7,8,9) (1/2,1/3,1/4) (5,6,7) 

A1B2 (9,8,7) (1,1,1) (7,8,9) (1/7,1/8,1/9) (5,6,7) (1/4,1/5,1/6) 

A1B3 (9,9,9) (1/9,1/8,1/7) (1,1,1) (1/5,1/6,1/7) (1/2,1/3,1/4) (1/2,1/3,1/4) 

A2B1 (1/9,1/8,1/7) (9,8,7) (7,6,5) (1,1,1) (2,3,4) (1/2,1/3,1/4) 

A2B2 (4,3,2) (1/7,1/6,1/5) (4,3,2) (1/4,1/3,1/2) (1,1,1) (3,4,5) 

A2B3 (1/7,1/6,1/5) (6,5,4) (4,3,2) (4,3,2) (1/5,1/4,1/3) (1,1,1) 

C5 

A1B1 (1,1,1) (9,9,9) (2,3,4) (1/3,1/4,1/5) (2,3,4) (1/7,1/8,1/9) 

A1B2 (1/9,1/9,1/9) (1,1,1) (5,6,7) (2,3,4) (1/2,1/3,1/4) (1,1,1) 

A1B3 (1/4,1/3,1/2) (1/7,1/6,1/5) (1,1,1) (7,8,9) (1/2,1/3,1/4) (4,5,6) 

A2B1 (5,4,3) (1/4,1/3,1/2) (1/9,1/8,1/7) (1,1,1) (2,3,4) (1,2,3) 

A2B2 (1/4,1/3,1/2) (4,3,2) (4,3,2) (1/4,1/3,1/2) (1,1,1) (1/1,1/2,1/3) 

A2B3 (9,8,7) (1,1,1) (1/6,1/5,1/4) (1/3,1/2,1/1) (3,2,1) (1,1,1) 

C6 

A1B1 (1,1,1) (1/9,1/9,1/9) (1/4,1/5,1/6) (2,3,4) (7,8,9) (4,5,6) 

A1B2 (9,9,9) (1,1,1) (1/4,1/5,1/6) (4,5,6) (1/4,1/5,1/6) (1/2,1/3,1/4) 

A1B3 (6,5,4) (6,5,4) (1,1,1) (1/9,1/8,1/7) (1/2,1/3,1/4) (1,1,1) 

A2B1 (1/4,1/3,1/2) (1/6,1/5,1/4) (9,8,7) (1,1,1) (2,3,4) (1/7,1/8,1/9) 

A2B2 (1/9,1/8,1/7) (6,5,4) (4,3,2) (1/4,1/3,1/2) (1,1,1) (2,3,4) 

A2B3 (1/6,1/5,1/4) (4,3,2) (1,1,1) (9,8,7) (1/4,1/3,1/2) (1,1,1) 

 

ʂʘʢʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ, ʥʝ ʧʦʩʪʦʿʝ ʟʥʘʯʘʿʥʠʿʘ ʦʜʩʪʫʧʘˁʘ ʠʟʤʝʹʫ ʬʘʟʠ ʚʨʝʜʥʦʩʪʠ 

ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʥʝ ʧʦʩʪʦʿʠ ʥʠʿʝʜʘʥ ʢʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ʿʝ ʨʘʥʛʠʨʘʥ ʩʘ (9,9,9) ʫ ʦʜʥʦʩʫ ʥʘ 
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ʦʩʪʘʣʝ ʢʨʠʪʝʨʠʿʫʤʝ. ɺʝ˂ʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʧʦʢʘʟʫʿʝ ʫʤʝʨʝʥʫ ʟʥʘʯʘʿʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʩʪʘʣʝ ʠ ʪʘʢʚʝ ʨʝʣʘʮʠʿʝ ʩʫ ʧʨʝʜʩʪʘʚˀ ʝʥʝ ʬʘʟʠ ʙʨʦʿʝʤ (2,3,4). ʄʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ 

ʩʫ ʝʢʩʧʝʨʪʠ ʜʦʜʝʣʠʣʠ ʟʥʘʯʘʿʥʠʿʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʘʣʪʝʨʥʘʪʠʚʘ. ʆʚʝ ʨʘʟʠʢʝ 

ʩʝ ʤʦʛʫ ʟʘʧʘʟʠʪʠ ʫ ʤʘʪʨʠʮʠ ʧʦʨʝʹʝˁʘ ʧʦ ʧʘʨʦʚʠʤʘ ʠ ʦʥʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʨʝʹʝˁʝ ʧʦ 

ʩʚʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ. ʉʭʦʜʥʦ ʢʦʨʘʮʠʤʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʘʣʛʦʨʠʪʤʘ, ʫ  ʪʘʙʝʣʠ 5.3 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʬʘʟʠ ʪʝʞʠʥʝ ʩʚʘʢʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʘʣʪʝʨʘʪʠʚʝ (Wi), ʜʝʬʘʟʠʬʠʢʦʚʘʥʝ 

ʚʨʝʜʥʦʩʪʠ (ʄi) ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ (Ni). 

 

ɿʥʘʯʘʿʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʧʨʚʦʤ ʜʝʣʫ ʪʘʙʝʣʝ. ʄʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ 

ʜʘ ʩʫ 'ʪʨʦʰʢʦʚʠ ʠʟʛʨʘʜˁʝ' ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʢʨʠʪʝʨʠʿʫʤ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʠʟʚʝʩʥʘ ʫʣʘʛʘˁʘ 

ʢʦʿʘ ʩʫ ʧʦʪʨʝʙʥʘ ʟʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʤʨʝʞʝ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. ʊʨʦʰʢʦʚʠ ʠʟʛʨʘʜˁʝ ʩʫ 

ʢʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ʿʝ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʠ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʧʨʝʜʫʟʝ˂ʝ ʢʦʿʝ ʩʝ ʨʘʟʤʘʪʨʘ ʫ 

ʦʚʦʿ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʥʠʿʝ ʣʠʜʝʨ ʥʠ ʥʘ ʣʦʢʘʣʥʦʤ ʪʨʞʠʰʪʫ ʢʫ˂ʥʠʭ ʫʨʝʹʘʿʘ. ʉʚʝ 

ʠʥʚʝʩʪʠʮʠʿʝ ʧʨʝʜʫʟʝ˂ʝ ʤʦʨʘ ʜʘ ʨʘʟʤʘʪʨʘ ʚʝʦʤʘ ʧʘʞˀʠʚʦ, ʘ ʧʦʩʝʙʥʦ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ 

ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʨʘʜʠ ʦ ʧʨʝʜʫʟʝ˂ʫ ʩʨʝʜˁʝ ʚʝʣʠʯʠʥʝ ʫ ʢʦʤʝ ʩʚʘʢʘ ʦʜʣʫʢʘ ʤʦʨʘ ʙʠʪʠ 

ʜʦʥʝʪʘ ʘʜʝʢʚʘʪʥʦ, ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ ʦʧʩʪʘʥʘʢ ʥʘ ʪʨʞʠʰʪʫ.  

 

'ʋʢʫʧʥʝ ʫʰʪʝʜʝ' ʩʫ, ʪʘʢʦʹʝ ʟʥʘʿʯʘʿʘʥ ʢʨʠʪʝʨʠʿʫʤ, ʜʦʢ ʩʫ ʦʩʪʘʣʘ ʯʝʪʠʨʠ ʢʨʠʪʝʨʠʿʫʤʘ 

ʨʘʥʛʠʨʘʥʘ ʢʘʦ ʢʨʠʪʝʨʠʿʫʤʠ ʩʘ ʥʠʩʢʠʤ ʧʨʠʦʨʠʪʝʪʠʤʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 'ʪʨʦʰʢʦʚʠʤʘ 

ʠʟʛʨʘʜˁʝ' ʠ 'ʫʢʫʧʥʠʤ ʫʰʪʝʜʘʤʘ'. ɼʨʫʛʠ ʢʨʠʪʝʨʠʿʫʤ ʥʠʿʝ ʨʘʥʛʠʨʘʥ ʢʘʦ ʚʝʦʤʘ ʚʘʞʘʥ, ʠʟ 

ʨʘʟʣʦʛʘ ʰʪʦ ʪʨʘʥʩʧʦʨʪʥʠ ʪʨʦʰʢʦʚʠ ʧʨʝʜʫʟʝ˂ʘ ʥʠʩʫ ʟʥʘʯʘʿʥʦ ʚʠʩʦʢʠ. ʂʨʠʪʝʨʠʿʫʤʠ 

'WEEE ʨʝʛʫʣʘʪʠʚʘ' ʠ 'ʟʘʛʘʹʝˁʝ' ʩʫ ʨʘʥʛʠʨʘʥʠ ʚʝʦʤʘ ʥʠʩʢʦ. ʄʦʞʝ ʩʝ ʦʯʝʢʠʚʘʪʠ ʜʘ ʨʘʥʛ 

ʦʚʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʙʫʜʝ ʚʠʰʠ ʫ ʚʝʦʤʘ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ, ʿʝʨ ˂ʝ ʧʨʝʜʫʟʝ˂ʘ ʥʘ 

ʣʦʢʘʣʥʦʤ ʪʨʞʠʰʪʫ ʧʦʯʝʪʠ ʜʘ ʦʙʨʘ˂ʘʿʫ ʤʥʦʛʦ ʚʝ˂ʫ ʧʘʞˁʫ ʥʘ ʦʚʘʢʚʝ ʚʨʩʪʝ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʟʙʦʛ ʜʠʨʝʢʪʠʚʘ ʠ ʨʝʛʫʣʘʪʠʚʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ. 

 

ɼʨʫʛʠ ʜʝʦ ʪʘʙʝʣʝ ʧʨʠʢʘʟʫʿʝ ʬʘʟʠ ʪʝʞʠʥʝ, ʜʝʬʘʟʠʬʠʢʦʚʘʥʝ ʪʝʞʠʥʝ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʫ ʘʣʪʝʨʥʘʪʠʚʫ ʧʦ ʩʚʘʢʦʤ ʢʨʠʪʝʨʠʿʫʤʫ.  
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ʊʘʙʝʣʘ 5.3. ʬʘʟʠ ʪʝʞʠʥʝ (Wi), ʜʝʬʘʟʠʬʠʢʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ (ʄi) ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʝ 

ʚʨʝʜʥʦʩʪʠ (Ni) ʟʘ ʄʆɼ._ʌɸɿʀ_ɸHP1 

ʂʈʀʊɽʈʀɱʋʄʀ   wi MI  Ni 

  

C1 (0.19, 0.5, 6.19) 2.31 0.73 

C2 (0.02, 0.01, 0.08) 0.04 0.01 

C3 (0.39 ,0.33, 1.03) 0.58 0.18 

C4 (0.02, 0.02, 0.19) 0.08 0.02 

C5 (0.05, 0.04, 0.13) 0.07 0.02 

C6 (0.01, 0.03, 0.26) 0.1 0.03 

ʊʈʆʐʂʆɺʀ 

ʀɿɻʈɸɼɳɽ 

A1B1 (0.33, 0.48, 0.63) 0.478 0.48 

A1B2 (0.02, 0.03, 0.05) 0.032 0.03 

A1B3 (0.01, 0.01, 0.01) 0.008 0.01 

A2B1 (0.01, 0.02, 0.04) 0.024 0.02 

A2B2 (0.22, 0.23, 0.23) 0.225 0.22 

A2B3 (0.30, 0.24, 0.18) 0.239 0.24 

ʊʈɸʅʉʇʆʈʊʅʀ 

ʊʈʆʐʂʆɺʀ 

A1B1 (0.01, 0.01, 0.01) 0.009 0.01 

A1B2 (0.02, 0.05, 0.11) 0.061 0.07 

A1B3 (0.01, 0.02, 0.04) 0.019 0.02 

A2B1 (0.93, 0.84, 0.58) 0.781 0.84 

A2B2 (0.01, 0.02, 0.06) 0.028 0.03 

A2B3 (0.02, 0.03, 0.04) 0.028 0.03 

ʋʂʋʇʅɽ    

ʋʐʊɽɼɽ 

A1B1 (0.46, 0.65, 0.93) 0.679 0.65 

A1B2 (0.02, 0.05, 0.10) 0.058 0.06 

A1B3 (0.12, 0.16, 0.17) 0.15 0.14 

A2B1 (0.01, 0.02, 0.04) 0.022 0.02 

A2B2 (0.05, 0.06, 0.08) 0.064 0.06 

A2B3 (0.03, 0.06, 0.14) 0.075 0.07 

ʂʈʀʊɽʈʀɱʋʄ 

ɿɸɻɸɫɽɳɸ 

A1B1 (0.01, 0.01, 0.01) 0.012 0.01 

A1B2 (0.49, 0.48, 0.49) 0.486 0.49 

A1B3 (0.01, 0.00, 0.01) 0.001 0 

A2B1 (0.30, 0.30, 0.30) 0.301 0.3 

A2B2 (0.07, 0.10, 0.12) 0.098 0.1 

A2B3 (0.12, 0.09, 0.06) 0.092 0.09 

WEEE 

ʈɽɻʋʃɸʊʀɺɸ 

A1B1 (0.17, 0.36, 0.58) 0.369 0.33 

A1B2 (0.06, 0.09, 0.14) 0.097 0.09 

A1B3 (0.05, 0.10, 0.24) 0.133 0.12 

A2B1 (0.03, 0.14, 0.46) 0.211 0.19 

A2B2 (0.10, 0.07, 0.06) 0.077 0.07 

A2B3 (0.15, 0.23, 0.32) 0.231 0.21 

ʉʊʆʇɸ 

ʇʆɺʈɸɴɸɱɸ 

ʇʈʆʀɿɺʆɼɸ 

A1B1 (0.16, 0.33, 0.52) 0.337 0.34 

A1B2 (0.11, 0.08, 0.05) 0.079 0.08 

A1B3 (0.25, 0.13, 0.06) 0.146 0.15 

A2B1 (0.01, 0.03, 0.05) 0.029 0.03 

A2B2 (0.13, 0.23, 0.29) 0.22 0.22 

A2B3 (0.15, 0.20, 0.22) 0.192 0.19 

ʈʘʥʛ ʘʣʪʝʨʥʘʪʠʚʘ, ʢʦʿʠ ʿʝ ʫ ʢʨʘʿˁʠ ʨʝʟʫʣʪʘʪ ʦʚʦʛ ʜʝʣʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʿʝ ʧʨʠʢʘʟʘʥ ʫ 

ʪʘʙʝʣʠ 5.4. 
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ʊʘʙʝʣʘ 5.4. ʈʘʥʛ ʘʣʪʨʝʥʘʪʠʚʘ ʟʘ ʄʆɼ._ʌɸɿʀ_ɸHP1 

  WEIGHT A1B1 A1B2 A1B3 A2B1 A2B2 A2B3 

C1 0.73 0.48 0.03 0.01 0.02 0.22 0.24 

C2 0.01 0.01 0.07 0.02 0.84 0.03 0.03 

C3 0.18 0.65 0.06 0.14 0.02 0.06 0.07 

C4 0.02 0.01 0.49 0.00 0.3 0.1 0.09 

C5 0.02 0.33 0.09 0.12 0.19 0.07 0.21 

C6 0.03 0.36 0.08 0.13 0.03 0.22 0.19 

ʈɸʅɻ ɸʃʊɽʈʅɸʊʀɺɸ 0.48 0.05 0.04 0.04 0.19 0.2 

       

 

ʂʘʢʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʠʟ ʪʘʙʝʣʝ 5.4, ʥʘʿʙʦʝˀ ʨʘʥʛʠʨʘʥʘ ʿʝ ʘʣʪʝʨʥʘʪʠʚʘ ɸ1ɺ1. ʆʚʫ 

ʘʣʪʝʨʥʘʪʠʚʫ ʩʣʝʜʝ ɸ2ɺ3 ʠ ɸ2ɺ2, ʜʦʢ ʘʣʪʝʨʥʘʪʠʚʝ ɸ1ɺ2, ɸ1ɺ3 ʠ ɸ2ɺ1 ʥʠʩʫ 

ʧʦʞʝˀʥʝ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʧʨʝʜʫʟʝ˂ʝ ʢʦʿʝ ʿʝ ʨʘʟʤʘʪʨʘʥʦ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʥʝʤʘ ʧʦʚʨʘʪʥʠ 

ʪʦʢ, ʦʩʠʤ ʧʦʚʨʝʤʝʥʠʭ ʧʦʚʨʘ˂ʘʿʘ ʧʨʦʠʟʚʦʜʘ ʫ ʪʦʢʫ ʛʘʨʘʥʪʥʦʛ ʨʦʢʘ, ʧʨʝʜʣʦʞʝʥ ʿʝ 

ʤʝʪʦʜ ʢʦʿʠ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʥʝʠʟʚʝʩʥʦʩʪ ʠ ʥʝʦʜʨʝʹʝʥʦʩʪ.  

ʈʘʟʚʦʿ ʢʦʥʮʝʧʪʘ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʠ ʫʩʚʘʿʘˁʝ ʠʜʝʿʝ ʦʜʨʞʠʚʘʦʛ ʨʘʟʚʦʿʘ ʩʫ, ʪʘʢʦʹʝ, 

ʚʝʦʤʘ ʚʘʞʥʠ ʠ ʪʦ ʥʝ ʩʘʤʦ ʥʘ ʥʠʚʦʫ ʧʨʝʜʫʟʝ˂ʘ, ʚʝ˂ ʠ ʥʘ ʥʘʮʠʦʥʘʣʥʦʤ ʥʠʚʦʫ. ʆʚʠʤ 

ʢʦʥʮʝʧʪʠʤʘ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʧʨʠʜʘʿʝ ʩʝ ʩʚʝ ʚʝ˂ʘ ʧʘʞˁʘ, ʘ ʧʦʩʝʙʥʦ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ 

ʪʝʞˁʫ ʉʨʙʠʿʘ ʜʘ ʧʦʩʪʘʥʝ ʯʣʘʥʠʮʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ. ʄʦʜʝʣʠ ʩʣʠʯʥʠ ʦʚʦʤ ʤʦʛʫ ʙʠʪʠ 

ʨʘʟʚʠʿʝʥʠ ʠ ʨʝʰʝʥʠ ʟʘ ʧʦʪʨʝʙʝ ʦʜʨʝʹʠʚʘˁʘ ʣʦʢʘʮʠʿʝ ʜʝʧʦʥʠʿʘ ʥʘ ʥʘʮʠʦʥʘʣʥʦʤ ʥʠʚʦʫ.   

ɹʫʜʫ˂ʝ ʠʩʪʨʘʞʠʚʘˁʝ ʠ ʨʘʜ ʤʦʛʫ ʨʘʟʤʘʪʨʘʪʠ ʢʦʨʠʰ˂ʝˁʝ ʜʨʫʛʠʭ ʤʝʪʦʜʘ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ, ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʘ ʚʠʰʝ MCDM ʤʝʪʦʜʘ ʟʘ ʝʚʘʣʫʘʮʠʿʫ 

ʚʘʣʠʜʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ. 
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6 ʍɽʋʈʀʉʊʀʏʂʀ ʇʈʀʉʊʋʇ ʈɽʐɸɺɸɳʋ ʇʈʆɹʃɽʄɸ ʃʆʂɸʎʀɱɽ ʀ 

ʈʋʊʀʈɸɳɸ ɺʆɿʀʃɸ  

 

ʈʘʟʚʦʿ ʭʝʫʨʠʩʪʠʢʘ ʫ ʨʝʰʘʚʘˁʫ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʙʣʝʤʘ ʥʘʨʦʯʠʪʦ ʿʝ ʠʟʨʘʞʝʥ ʫ 

ʧʦʩʣʝʜˁʠʭ 50-ʘʢ ʛʦʜʠʥʘ ʠ ʫʩʣʦʚˀʝʥ ʿʝ ʨʘʟʚʦʿʝʤ ʢʦʤʙʠʥʘʪʦʨʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʪʝʦʨʠʿʝ 

ʘʣʛʦʨʠʪʘʤʘ ʠ ʨʘʟʚʦʿʝʤ ʨʘʯʫʥʘʨʘ. ʇʨʠʤʝʥʘ ʭʝʫʨʠʩʪʠʢʝ ʿʝ ʟʥʘʯʘʿʥʘ ʫ ʨʝʰʘʚʘˁʫ 

ʩʪʘʥʜʘʨʜʥʠʭ ʪʝʦʨʠʿʩʢʠʭ ʧʨʦʙʣʝʤʘ, ʘʣʠ ʠ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʪʝʰʢʠʭ ʨʝʘʣʥʠʭ ʧʨʦʙʣʝʤʘ 

ʢʦʤʙʠʥʘʪʦʨʥʝ ʠ ʛʣʦʙʘʣʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. ʇʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʧʨʦʙʣʝʤʠ 

ʩʫ ʨʝʰʘʚʘʥʠ ʧʨʠʤʝʥʦʤ óʠʥʪʝʣʠʛʝʥʪʥʠʭô ʠ óʝʬʝʢʪʠʚʥʠʭô ʭʝʫʨʠʩʪʠʢʘ. ʐʝʟʜʝʩʝʪʠʭ 

ʛʦʜʠʥʘ ʬʦʨʤʫʣʠʩʘʥʠ ʩʫ ʧʨʠʙʣʠʞʥʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʨʝʘʣʥʠʭ ʧʨʦʙʣʝʤʘ ʠ 

ʧʦʢʫʰʘʥʦ ʿʝ ˁʠʭʦʚʦ ʨʝʰʘʚʘˁʝ ʝʛʟʘʢʪʥʠʤ ʤʝʪʦʜʘʤʘ. ʄʝʹʫʪʠʤ, ʦʚʘʢʘʚ ʧʨʠʩʪʫʧ ʥʠʿʝ 

ʜʘʚʘʦ ʞʝˀʝʥʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʦʙʣʝʤʘ. ʊʘʜʘ ʩʫ ʩʝ ʨʝʰʘʚʘʣʠ ʩʘʤʦ ʤʘʣʠ 

ʧʨʦʙʣʝʤʠ ʣʦʢʘʮʠʿʝ ʠ ʨʫʪʠʨʘˁʘ, ʢʦʿʠ ʩʫ ʫʢˀʫʯʠʚʘʣʠ 10 ʜʦ 20 ʢʦʨʠʩʥʠʢʘ. 

ʉʝʜʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʫʚʦʜʠ ʩʝ ʪʝʦʨʠʿʘ ʢʦʤʧʣʝʢʩʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʚʨʝʤʝʥʩʢʝ 

ʩʣʦʞʝʥʦʩʪʠ, ʧʘ ʩʝ ʢʦʤʙʠʥʘʪʦʨʥʠ ʟʘʜʘʮʠ ʜʝʣʝ ʥʘ ʢʣʘʩʫ ʨʝʣʘʪʠʚʥʦ ʣʘʢʦ ʨʝʰʠʚʠʭ ʠ ʥʘ 

ʢʣʘʩʫ ʪʝʰʢʦ ʨʝʰʠʚʠʭ ʧʨʦʙʣʝʤʘ. ʉʝʜʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʨʘʟʚʠʿʝʥʠ ʩʫ 

ʘʣʛʦʨʠʪʤʠ ʢʦʿʠ ʩʫ ʨʝʰʘʚʘʣʠ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʩʫ ʫʢˀʫʯʠʚʘʣʠ ʦʜ 30 ʜʦ 100 ʢʦʨʠʩʥʠʢʘ. 

ʊʘʢʦʹʝ, ʪʦʢʦʤ ʩʝʜʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, ʥʝʢʠ ʧʨʦʙʣʝʤʠ ʩʘ ʤʘˁʠʤ ʙʨʦʿʝʤ 

ʢʦʨʠʩʥʠʢʘ (25-30 ʢʦʨʠʩʥʠʢʘ) ʨʝʰʘʚʘʿʫ ʩʝ ʦʧʪʠʤʘʣʥʦ. ʆʩʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʜʦʣʘʟʠ ʜʦ 

ʫʙʨʟʘʥʦʛ ʨʘʟʚʦʿʘ ʝʛʟʘʢʪʥʠʭ ʤʝʪʦʜʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʣʠʥʝʨʘʥʦʤ ʧʨʦʛʨʘʤʠʨʘˁʫ ʠ 

ʧʨʦʙʣʝʤʠ ʢʦʿʠ ʠʤʘʿʫ ʜʦ 50 ʢʦʨʠʩʥʠʢʘ ʨʝʰʘʚʘʿʫ ʩʝ ʦʧʪʠʤʘʣʥʦ. ʇʦʯʝʪʢʦʤ XXI ʚʝʢʘ 

ʧʦʯʠˁʫ ʜʘ ʩʝ ʨʘʟʚʠʿʘʿʫ ʠ ʢʦʨʠʩʪʝ ʤʝʪʦʜʝ ʢʦʿʝ, ʫ ʩʘʚʨʝʤʝʥʠʤ ʫʩʣʦʚʠʤʘ ʧʦʩʣʦʚʘˁʘ, 

ʤʦʛʫ ʜʘʪʠ ʨʝʰʝˁʝ. ʇʨʝ ʩʚʝʛʘ, ʪʦ ʩʫ ʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ, ʜʦʢ ʿʝ ʧʨʠʤʝʥʘ ʝʛʟʘʢʪʥʠʭ 

ʤʝʪʦʜʘ, ʟʙʦʛ ʩʚʦʿʝ ʦʛʨʘʥʠʯʝʥʦʩʪʠ ʥʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ ʢʦʨʠʩʥʠʢʘ, 

ʩʚʝ ʤʘˁʘ.  

 

ʆʩʠʤ ʫ ʨʝʰʘʚʘˁʫ ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʠʨʘʥʠʭ ʧʨʦʙʣʝʤʘ, ʭʝʫʨʠʩʪʠʢʝ ʩʝ ʢʦʨʠʩʪʝ ʠ ʫ 

ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʟʘ ʢʦʿʝ ʧʦʩʪʦʿʝ ʝʛʟʘʢʪʥʠ ʘʣʛʦʨʠʪʤʠ, ʘʣʠ ʥʠʩʫ ʝʬʠʢʘʩʥʠ ʟʘ 

ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʚʝʣʠʢʠʭ ʜʠʤʝʥʟʠʿʘ. ʋ ʧʨʦʙʣʝʤʠʤʘ ʢʦʿʠ ʩʫ NP ʪʚʨʜʠ ʥʝ ʧʦʩʪʦʿʝ 

ʝʛʟʘʢʪʥʠ ʘʣʛʦʨʠʪʤʠ ʧʦʣʠʥʦʤʠʿʘʣʥʝ ʩʣʦʞʝʥʦʩʪʠ ʢʦʿʠ ʠʭ ʨʝʰʘʚʘʿʫ. ʆʩʠʤ ʥʘʚʝʜʝʥʠʭ 
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ʩʣʫʯʘʿʝʚʘ, ʭʝʫʨʠʩʪʠʢʝ ʩʝ ʢʦʨʠʩʪʝ ʠ ʟʘ ʪʨʘʞʝˁʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ ʫ 

ʩʣʫʯʘʿʫ ʦʛʨʘʥʠʯʝʥʦʛ ʚʨʝʤʝʥʘ, ʧʨʦʩʪʦʨʘ ʠ ʥʦʚʯʘʥʠʭ ʩʨʝʜʩʪʘʚʘ. 

 

ʇʦʿʘʤ ʭʝʫʨʠʩʪʠʢʝ ʩʝ, ʧʨʝʤʘ (ʂʨʯʝʚʠʥʘʮ ʠ ʜʨ, 2006), ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: 

 

ʍʝʫʨʠʩʪʠʢʘ ʿʝ ʪʝʭʥʠʢʘ ʢʦʿʘ ʧʦʢʫʰʘʚʘ ʜʘ ʥʘʹʝ ʥʝʢʘ óʜʦʙʨʘô ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ (ʪʿ. 

ʊʘʢʚʘ ʜʦʧʫʩʪʠʚʘ ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ ʢʦʿʘ ʩʫ ʜʦʚʦˀʥʦ ʙʣʠʩʢʘ ˁʝʛʦʚʦʤ ʦʧʪʠʤʫʤʫ) ʫ 

ʦʢʚʠʨʫ ʨʘʟʫʤʥʦʛ ʚʨʝʤʝʥʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʥʝ ʛʘʨʘʥʪʫʿʝ ʜʘ ˂ʝ ʥʘʹʝʥʘ ʨʝʰʝˁʘ ʙʠʪʠ 

ʦʧʪʠʤʘʣʥʘ, ʥʠʪʠ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ˁʠʭʦʚʘ ʙʣʠʩʢʦʩʪ ʦʧʪʠʤʘʣʥʦʤ ʨʝʰʝˁʫ. 

 

ɿʘ ʥʝʢʝ ʭʝʫʨʠʩʪʠʢʝ ʩʝ ʤʦʞʝ ʧʨʦʥʘ˂ʠ ʛʦʨˁʘ ʛʨʘʥʠʮʘ ʨʝʣʘʪʠʚʥʝ ʛʨʝʰʢʝ ˁʝʥʦʛ ʨʝʰʝˁʘ 

ʫ ʦʜʥʦʩʫ ʥʘ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ. ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʤʦʛʫ˂ʝ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ 

ʧʫʪʝʤ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʥʝʢʘ ʪʘʢʚʘ ʤʝʪʦʜʘ ʙʦˀʘ ʦʜ ʩʚʠʭ ʜʦ ʪʘʜʘ ʧʦʟʥʘʪʠʭ ʤʝʪʦʜʘ. ɿʘ 

ʨʘʟʣʠʢʫ ʦʜ ʝʛʟʘʢʪʥʠʭ ʤʝʪʦʜʘ, ʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʘʚʠʣʘ ʠʟʙʦʨʘ, 

ʬʠʣʪʨʠʨʘˁʘ ʠ ʦʜʙʘʮʠʚʘˁʘ ʨʝʰʝˁʘ, ʘ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʩʤʘˁʝˁʝ ʙʨʦʿʘ ʤʦʛʫ˂ʠʭ ʨʫʪʘ ʫ 

ʧʦʩʪʫʧʢʫ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ.  

 

ʂʣʘʩʠʯʥʝ ʭʝʫʨʠʩʪʠʢʝ ʨʘʟʚʠʿʘʥʝ ʩʫ ʫ ʮʠˀʫ ʨʝʰʘʚʘˁʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʧʨʦʙʣʝʤʘ ʠ ʚʝʦʤʘ 

ʩʫ ʚʝʟʘʥʝ ʟʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʘʤʦʛ ʧʨʦʙʣʝʤʘ. ʈʘʟʚʦʿ ʨʘʯʫʥʘʨʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʯʫʚʘˁʘ ʠ 

ʩʪʨʫʢʪʫʨʠʨʘˁʘ ʧʦʜʘʪʘʢʘ, ʫʩʣʦʚʠʦ ʿʝ ʠ ʥʘʜʛʨʘʜˁʫ ʢʣʘʩʠʯʥʠʭ ʭʝʫʨʠʩʪʠʢʘ. ɼʦʢ ʩʫ 

ʢʣʘʩʠʯʥʝ ʭʝʫʨʠʩʪʠʢʝ ʥʘʤʝˁʘʥʝ ʨʝʰʘʚʘˁʫ ʥʝʢʠʭ ʢʦʥʢʨʝʪʥʠʭ, ʧʦʿʝʜʠʥʘʯʥʠʭ ʧʨʦʙʣʝʤʘ 

ʠ ʢʦʨʠʩʪʠʣʝ ʩʫ ʧʦʟʥʘʪʝ ʦʩʦʙʠʥʝ ʜʘʪʦʛ ʧʨʦʙʣʝʤʘ ʧʨʠ ˁʝʛʦʚʦʤ ʨʝʰʘʚʘˁʫ, 

ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʫʦʧʰʪʝʥʠʭ ʩʢʫʧʦʚʘ ʧʨʘʚʠʣʘ ʢʦʿʘ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʟʘ 

ʨʝʰʘʚʘˁʝ ʨʘʟʥʦʚʨʩʥʠʭ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ. ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧʠ ʫ 

ʨʝʰʘʚʘˁʫ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʧʨʦʙʣʝʤʘ ʟʘʩʥʦʚʘʥʠ ʩʫ ʥʘ ʦʧʰʪʠʤ ʘʣʛʦʨʠʪʤʠʤʘ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʧʨʠʤʝʥʫ ʠʪʝʨʘʪʠʚʥʠʭ ʧʦʩʪʫʧʘʢʘ ʫ ʮʠˀʫ 

ʧʦʧʨʘʚˀʘˁʘ ʥʝʢʦʛ ʧʦʩʪʦʿʝ˂ʝʛ ʨʝʰʝˁʘ. ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʩʝ ʤʦʛʫ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʠʪʠ ʥʘ ʩʢʦʨʦ ʩʚʝ ʢʣʘʩʠʯʥʝ ʧʨʦʙʣʝʤʝ ʥʝʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ, 

ʢʦʤʙʠʥʘʪʦʨʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʥʘ ʚʝʣʠʢʠ ʙʨʦʿ ʨʝʘʣʥʠʭ ʧʨʦʙʣʝʤʘ. ʄʝʪʘʭʝʫʨʠʩʪʠʯʢʝ 
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ʤʝʪʦʜʝ, ʥʘʿʯʝʰ˂ʝ, ʢʦʨʠʩʪʝ ʦʧʰʪʠ ʧʨʠʩʪʫʧ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ, ʤʦʛʫ˂ʝ ʠʭ ʿʝ 

ʧʨʠʣʘʛʦʜʠʪʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠʤʘ ʨʝʘʣʥʦʛ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʨʝʰʘʚʘ ʠ ʨʝʣʘʪʠʚʥʦ ʣʘʢʦ ʠʭ 

ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ. ʇʦʨʝʜ ʜʦʙʨʠʭ ʩʪʨʘʥʘ, ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ ʠʤʘʿʫ ʠ ʥʝʢʝ ʥʝʜʦʩʪʘʪʢʝ, 

ʤʝʹʫ ʢʦʿʠʤʘ ʩʝ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʦʜʥʦʩʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ 

ʩʪʨʘʪʝʰʢʠʭ ʠʟʙʦʨʘ (ʥʧʨ. ʦʜ ʜʝʬʠʥʠʩʘˁʘ ʦʢʦʣʠʥʝ), ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʠ ʥʘ ʦʩʝʪˀʠʚʦʩʪ ʧʨʦʤʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʯʠʿʝ ʠ ʤʘʣʝ ʧʨʦʤʝʥʝ 

ʠʟʘʟʠʚʘʿʫ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʫ ʧʨʝʪʨʘʞʠʚʘˁʫ ʧʨʦʩʪʦʨʘ ʜʦʧʫʩʪʠʚʠʭ ʨʝʰʝˁʘ.  ʇʨʝʤʘ 

(ʂʨʯʝʚʠʥʘʮ ʠ ʜʨ, 2006), ʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʥʘ: 

 

¶ ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʭʝʫʨʠʩʪʠʢʝ ï ʛʝʥʝʨʠʰʫ ʩʘʤʦ ʿʝʜʥʦ ʜʦʧʫʩʪʠʚʦ ʨʝʰʝˁe 

ʧʨʦʙʣʝʤʘ ʢʦʿʝ, ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʧʨʘʚʠʣʘ, ʪʨʝʙʘ ʜʘ ʙʫʜʝ 

ʙʣʠʩʢʦ ʦʧʪʠʤʫʤʫ. ʇʨʠ ʪʦʤʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʜʚʘ ʧʨʠʥʮʠʧʘ: 

o ʇʨʠʥʮʠʧ 'ʧʨʦʞʜʨˀʠʚʦʩʪʠ' (ʝʥʛʣ. greedy) ʢʦʜ ʢʦʛʘ ʩʝ ʫ ʩʚʘʢʦʿ ʠʪʝʥʘʮʠʿʠ 

ʦʜ ʪʨʝʥʫʪʥʦ ʤʦʛʫ˂ʠʭ ʠʟʙʦʨʘ ʙʠʨʘ ʦʥʘʿ ʢʦʿʠ ʿʝ 'ʥʘʿʙʦˀʠ'ʧʦ ʥʝʢʦʤ 

ʣʦʢʘʣʥʦʤ ʢʨʠʪʝʨʠʿʫʤʫ, ʠ 

o ʇʨʠʥʮʠʧ 'ʛʣʝʜʘˁʘ ʫʥʘʧʨʝʜ' ʢʦʿʠ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ ʤʝʹʫ ʪʨʝʥʫʪʥʦ 

ʤʦʛʫ˂ʠʤ ʠʟʙʦʨʠʤʘ ʧʨʝʧʦʟʥʘʿʫ ʦʥʝ ʢʦʿʠ ʤʦʛʫ ʜʘ ʜʦʚʝʜʫ ʜʦ ʬʦʨʤʠʨʘˁʘ 

ʣʦʰʝʛ ʢʨʘʿˁʝʛ ʨʝʰʝˁʘ, ʧʘ ʩʝ ʟʘʪʦ ʦʚʘʢʚʠ ʠʟʙʦʨʠ ʠʟʙʝʛʘʚʘʿʫ. 

¶ ʄʝʪʦʜʝ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ (ʠʣʠ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʤʝʪʦʜʝ) ï ʠʪʝʨʘʪʠʚʥʦ 

ʛʝʥʝʨʠʰʫ ʛʝʥʝʨʠʰʫ ʯʠʪʘʚ ʥʠʟ ʜʦʧʫʩʪʠʚʠʭ ʨʝʰʝˁʘ, ʪʝʞʝʯʠ ʜʘ ʦʥʘ ʙʫʜʫ ʩʚʝ 

ʙʦˀʘ ʠ ʙʦˀʘ. ʇʨʠ ʪʦʤʝ ʩʝ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ ʧʨʝʪʨʘʞʫʿʝ 'ʦʢʦʣʠʥʘ' ʪʨʝʥʫʪʥʦʛ 

ʨʝʰʝˁʘ ʠ ʫ ˁʦʿ ʙʠʨʘ, ʧʨʝʤʘ ʥʝʢʦʤ ʣʦʢʘʣʥʦʤ ʢʨʠʪʝʨʠʿʫʤʫ, ʩʣʝʜʝ˂ʝ ʨʝʰʝˁʝ ʫ 

ʦʚʦʤ ʥʠʟʫ. ʇʦʯʝʪʥʦ ʜʦʧʫʩʪʠʚʦ ʨʝʰʝˁʝ ʥʠʟʘ ʤʦʞʝ ʩʝ ʫʟʝʪʠ ʠʟ ʧʨʘʢʩʝ, 

ʛʝʥʝʨʠʩʘʪʠ ʩʣʫʯʘʿʥʦ ʠʣʠ ʬʦʨʤʠʨʘʪʠ ʧʨʠʤʝʥʦʤ ʥʝʢʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʤʝʪʦʜʝ.  

¶ ɽʚʦʣʫʪʠʚʥʝ ʤʝʪʦʜʝ ï ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ ʛʝʥʝʨʠʰʫ, ʥʝ ʿʝʜʥʦ, ʥʝʛʦ ʚʠʰʝ 

ʜʦʧʫʩʪʠʚʠʭ ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ, ʢʦʿʘ ʯʠʥʝ ʪʟʚ. 'ʧʦʧʫʣʘʮʠʿʫ, ʧʨʠ ʯʝʤʫ ʩʝ ʪʝʞʠ ʜʘ 

ʩʚʘʢʘ ʩʣʝʜʝ˂ʘ ʬʦʨʤʠʨʘʥʘ ʧʦʧʫʣʘʮʠʿʘ ʙʫʜʝ ʫ ʧʨʦʩʝʢʫ ʙʦˀʘ ʦʜ ʧʨʝʪʭʦʜʥʝ. 

¶ ʄʝʪʦʜʝ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ï ʥʘ ʭʝʫʨʠʩʪʠʯʢʠ ʥʘʯʠʥ ʨʘʟʙʠʿʘʿʫ ʧʨʦʙʣʝʤʘ ʥʘ ʚʠʰʝ 

ʧʦʜʧʨʦʙʣʝʤʘ ʤʘˁʠʭ ʜʠʤʝʥʟʠʿʘ. ʆʚʠ ʧʦʜʧʨʦʙʣʝʤʠ ʩʝ ʟʘʪʠʤ ʦʜʚʦʿʝʥʦ, 
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ʭʝʫʨʠʩʪʠʯʢʠ ʠʣʠ ʝʛʟʘʢʪʥʦ, ʨʝʰʘʚʘʿʫ, ʧʨʠ ʯʝʤʫ ʩʝ ʚʦʜʠ ʨʘʯʫʥʘ ʦ ˁʠʭʦʚʦʿ 

ʤʝʹʫʩʦʙʥʦʿ ʢʦʨʝʣʘʮʠʿʠ. 

¶ ʀʥʜʫʢʪʠʚʥʝ ʤʝʪʦʜʝ ï ʨʝʰʘʚʘʿʫ ʚʝ˂ʝ ʠ ʩʣʦʞʝʥʠʿʝ ʧʨʦʙʣʝʤʝ ʢʦʨʠʩʪʝ˂ʠ 

ʧʨʠʥʮʠʧʝ ʤʝʪʦʜʘ ʨʘʟʚʠʿʝʥʠʭ ʟʘ ʤʘˁʝ ʠ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʧʨʦʙʣʝʤʝ ʠʩʪʦʛ ʪʠʧʘ. 

ʊʘʢʚʝ ʤʝʪʦʜʝ ʩʝ ʯʝʩʪʦ ʠʟʚʦʜʝ ʠʟ ʝʛʟʘʢʪʥʠʭ ʤʝʪʦʜʘ ʢʦʿʝ ʫʩʧʝʰʥʦ ʨʝʰʘʚʘʿʫ ʩʘʤʦ 

ʫʧʨʦʰ˂ʝʥʝ ʤʦʜʝʣʝ ʤʘʣʠʭ ʜʠʤʝʥʟʠʿʘ. 

 

ʅʝʢʝ ʦʜ ʥʘʿʚʠʰʝ ʧʨʠʤʝʥˀʠʚʘʥʠʭ ʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʩʫ (ʂʨʯʝʚʠʥʘʮ ʠ ʜʨ. 2006): 

 

¶ ʉʠʤʫʣʠʨʘʥʦ ʢʘˀʝˁʝ (ʝʥʛʣ. Simulating anniling) ï ʩʠʤʫʣʠʨʘ ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ 

ʧʨʦʮʝʩʝ ʢʘˀʝˁʘ 

¶ ʊʘʙʫ ʧʨʝʪʨʘʞʠʚʘˁʝ (ʝʥʛʣ. Tabu search) ï ʠʤʠʪʠʨʘ ʣʦʛʠʢʫ ʠʥʪʝʣʠʛʝʥʪʥʦʛ 

ˀʫʜʩʢʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ ʩʘ ʧʘʤ˂ʝˁʝʤ 

¶ ʄʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ (ʝʥʛʣ. Variable neighborhood search) ï ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʧʨʝʪʨʘʞʠʚʘˁʘ ʤʝˁʘ ʩʪʨʫʢʪʫʨʫ ʦʢʦʣʠʥʝ ʫ ʢʦʿʦʿ ʪʨʘʞʠ ʨʝʰʝˁʝ 

¶ ɻʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʤʠ (ʝʥʛʣ. Genetic algorithms) ï ʩʠʤʫʣʠʨʘ ʧʨʦʮʝʩʝ ʧʨʠʨʦʜʥʝ 

ʩʝʣʝʢʮʠʿʝ ʚʨʩʪʘ 

 

ʇʨʠ ʨʝʰʝʚʘˁʫ ʥʝʢʦʛ ʧʨʦʙʣʝʤʘ ʜʦʟʚʦˀʝʥʦ ʿʝ, ʘ ʯʝʩʪʦ ʠ ʥʝʦʧʭʦʜʥʦ, ʢʦʤʙʠʥʦʚʘˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʧʨʠʩʪʫʧʘ. ʅʘ ʧʨʠʤʝʨ, ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʠʿʦʤ, ʘ 

ʟʘʪʠʤ ʩʝ ʧʦʙʦˀʰʘʪʠ ʣʦʢʘʣʥʠʤ ʧʨʝʪʨʘʞʠʚʘˁʝʤ. ʇʦʩʪʦʿʠ ʿʦʰ ʿʝʜʘʥ ʧʨʠʩʪʫʧ 

ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʭʝʫʨʠʩʪʠʢʘ (ʂʨʯʝʚʠʥʘʮ ʠ ʜʨ. 2006):  

 

¶ ʉʧʝʮʠʿʘʣʥʝ ʭʝʫʨʠʩʪʠʢʝ ï ʜʠʟʘʿʥʠʨʘʿʫ ʩʝ ʟʘ ʧʦʩʝʙʥʝ ʚʨʩʪʝ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ 

ʧʨʦʙʣʝʤʘ ʧʦʰʪʫʿʫ˂ʠ, ʧʨʠ ʪʦʤʝ, ʩʚʦʿʩʪʚʘ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʦʚʠʭ ʧʨʦʙʣʝʤʘ. ɿʘʪʦ 

ʩʝ ˁʠʤʘ ʤʦʛʫ ʨʝʰʘʚʘʪʠ ʩʘʤʦ ʦʥʠ ʧʨʦʙʣʝʤʠ ʟʘ ʢʦʿʝ ʩʫ ʜʠʟʘʿʥʠʨʘʥʝ. ʋ ʧʨʚʦʿ 

ʬʘʟʠ ʨʘʟʚʦʿʘ ʭʝʫʨʠʩʪʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʠʥʪʝʥʟʠʚʥʦ ʩʫ ʨʘʟʚʠʿʘʥʝ ʩʘʤʦ ʤʝʪʦʜʝ ʦʚʦʛ 

ʪʠʧʘ, ʪʘʢʦ ʜʘ ʜʘʥʘʩ ʟʘ ʩʚʘʢʠ ʧʨʦʙʣʝʤ ʩʘ ʣʠʩʪʝ NP-ʪʚʨʜʠʭ ʧʨʦʙʣʝʤʘ ʧʦʩʪʦʿʠ ʙʘʨ 

ʿʝʜʥʘ ʩʧʝʮʠʿʘʣʥʘ ʭʝʫʨʠʩʪʠʢʘ ʢʦʿʘ ʛʘ ʨʝʰʘʚʘ. 
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¶ ʆʧʰʪʝ ʭʝʫʨʠʩʪʠʢʝ ï ʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʦʧʰʪʝʛ ʢʘʨʘʢʪʝʨʘ ʢʦʿʝ ʩʝ ʤʦʛʫ 

ʧʨʠʤʝʥʠʪʠ ʥʘ ʙʠʣʦ ʢʦʿʝ ʧʨʦʙʣʝʤ ʢʦʤʙʠʥʘʪʦʨʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪ ˁʝʛʦʚʝ ʩʪʨʫʢʪʫʨʝ. ʆʚʝ ʭʝʫʨʠʩʪʠʢʝ ʢʘʨʘʢʪʝʨʠʰʝ ʰʠʨʦʢʘ 

ʧʨʠʤʝʥʘ ʠ ʚʝʣʠʢʘ ʧʨʠʣʘʛʦʜˀʠʚʦʩʪ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʧʨʦʙʣʝʤʘ.  

 

ʍʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʘʣʛʦʨʠʪʘʤ 

ʢʦʿʠ ʦʥʝ ʧʨʠʤʝˁʫʿʫ ʧʘʤʪʠ ʧʨʝʪʭʦʜʥʘ ʨʝʰʝˁʘ ʠʣʠ ʥʝ. ʄʝʪʦʜʝ ʢʦʿʝ ʥʝ ʢʦʨʠʩʪʝ 

ʤʝʤʦʨʠʿʫ, ʫ ʪʦʢʫ ʧʨʝʪʨʘʞʠʚʘˁʘ ʥʝ ʢʦʨʠʩʪʝ ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʩʫ ʜʦʙʠʿʝʥʝ ʫ ˁʝʛʦʚʦʤ 

ʨʘʥʠʿʠʤ ʬʘʟʘʤʘ.  

ʊʘʙʝʣʘ 6.1. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ 1 

ʉ ʢʦʨʠʰ˂ʝˁʝʤ 

ʤʝʤʦʨʠʿʝ ɹʝʟ ʢʦʨʠʰ˂ʝˁʘ ʤʝʤʦʨʠʿʝ 

ʊʘʙʫ 

ʧʨʝʪʨʘʞʠʚʘˁʝ; 

VNS ʃʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ 

ʂʨʘʪʢʦʨʦʯʥʦ 

ʧʘʤ˂ʝˁʝ 

ʇʦʭʣʝʧʥʠ ʩʣʫʯʘʿʥʠ ʧʨʠʣʘʛʦʜˀʠʚʠ 

ʘʣʛʦʨʠʪʘʤ ʧʨʝʪʨʘʛʝ (ʝʥʛʣ. The Greedy 

Randomized Adaptive Search Procedure ï 

GRASP) 

ɼʫʛʦʨʦʯʥʦ 

ʧʘʤ˂ʝˁʝ ʉʠʤʫʣʠʨʘʥʦ ʢʘˀʝˁʝ 

ʊʘʢʦʹʝ, ʩʚʝ ʭʝʫʨʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʪʦ ʜʘ ʣʠ ʩʫ ʩʪʦʭʘʩʪʠʯʢʝ 

ʠʣʠ ʜʠʥʘʤʠʯʢʝ: 

ʊʘʙʝʣʘ 6.2. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ 2 

ʉʪʦʭʘʩʪʠʯʢʝ ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʝ 

ʉʠʤʫʣʠʨʘʥʦ 

ʢʘˀʝˁʝ 

ʃʦʢʘʣʥʦ 

ʧʨʝʪʨʘʞʠʚʘˁʝ 

ɽʚʦʣʫʮʠʿʩʢʠ 

ʘʣʛʦʨʠʪʤʠ 

ʊʘʙʫ 

ʧʨʝʪʨʘʞʠʚʘˁʝ 

GRASP   

 

ʉʪʦʭʘʩʪʠʯʢʝ ʤʝʪʦʜʝ ʧʨʠʣʠʢʦʤ ʧʨʝʪʨʘʞʠʚʘˁʘ ʧʨʠʤʝˁʫʿʫ ʨʝʰʝˁʘ ʢʦʿʘ ʩʫ ʩʣʫʯʘʿʥʦ 

ʠʟʘʙʨʘʥʘ ʠ ʟʘ ˁʠʭ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʜʘ ʩʝ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʘʯʥʠʭ 
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ʨʝʰʝˁʘ, ʠʘʢʦ ʩʝ ʢʨʝʥʝ ʦʜ ʠʩʪʦʛ ʧʦʯʝʪʥʦʛ ʨʝʰʝˁʘ. ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʝ ʤʝʪʦʜʝ, ʥʘʩʫʧʨʦʪ 

ʩʪʦʭʘʩʪʠʯʢʠʤ, ʦʧʪʠʤʘʟʠʮʠʿʩʢʠ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘʿʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʤ ʜʦʥʦʰʝˁʝʤ 

ʦʜʣʫʢʘ ʠ ʧʨʠʤʝʥʦʤ ʦʚʠʭ ʤʝʪʦʜʘ ʿʝʜʥʦ ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ ʫʚʝʢ ʜʦʚʦʜʠ ʜʦ ʠʩʪʦʛ 

ʢʦʥʘʯʥʦʛ ʨʝʰʝˁʘ.  

  

ʇʨʠʥʮʠʧ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ ʧʦʣʘʟʠ ʦʜ ʨʘʥʠʿʝ ʜʦʙʠʿʝʥʦʛ ʜʦʧʫʩʪʠʚʦʛ ʨʝʰʝˁʘ ʠ ʫ 

ʦʢʦʣʠʥʠ ʪʨʝʥʫʪʥʦʛ ʨʝʰʝˁʘ ʥʘʣʘʟʠ ʜʦʧʫʩʪʠʚʦ ʨʝʰʝˁʝ ʢʦʿʝ ʿʝ ʙʦˀʝ ʦʜ ʪʨʝʥʫʪʥʦʛ ʠ ʫ 

ˁʝʛʘ ʧʨʝʣʘʟʠ. ʋʢʦʣʠʢʦ ʩʝ ʫ ʦʢʦʣʠʥʠ ʥʝ ʥʘʣʘʟʠ ʨʝʰʝˁʝ ʢʦʿʝ ʿʝ ʙʦˀʝ ʦʜ ʧʨʝʪʭʦʜʥʦ 

ʫʪʚʨʹʝʥʦʛ ʨʝʰʝˁʘ, ʧʨʝʪʨʘʞʠʚʘˁʝ ʩʝ ʟʘʫʩʪʘʚˀʘ. ʇʨʠʥʮʠʧ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ 

ʢʘʨʘʢʪʝʨʠʰʝ ʤʦʛʫ˂ʥʦʩʪ óʟʘʛʣʘʚˀʠʚʘˁʘô ʫ ʣʦʢʘʣʥʠʤ ʤʠʥʠʤʫʤʠʤʘ. ʄʝʪʘʭʝʫʨʠʩʪʠʢʝ 

ʢʦʿʝ ʢʦʨʠʩʪʝ ʧʨʠʥʮʠʧ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ, ʩʪʦʛʘ, ʤʦʨʘʿʫ ʠʤʘʪʠ ʠ ʨʘʟʚʠʿʝʥʝ 

ʪʝʭʥʠʢʝ ʧʨʝʚʘʟʠʣʘʞʝˁʘ ʟʘʛʣʘʚˀʠʚʘˁʘ ʫ ʣʦʢʘʣʥʠʤ ʤʠʥʠʤʫʤʠʤʘ.  

 

ɿʘʿʝʜʥʠʯʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʠʭ ʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʿʝ ʜʘ ʫ ʧʨʝʪʨʘʞʠʚʘˁʫ ʧʨʦʩʪʦʨʘ 

ʧʦʣʘʟʝ ʦʜ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʨʝʰʝˁʘ, ʘ ʟʘʪʠʤ, ʥʘ ʦʩʥʦʚʫ ʪʦʛ ʧʦʯʝʪʥʦʛ ʨʝʰʝˁʘ, 

ʛʝʥʝʨʠʰʫ ʥʦʚʘ ʨʝʰʝˁʘ. ʇʨʦʩʪʦʨ ʨʝʰʝˁʘ ʫ ʢʦʤʝ ʩʝ ʚʨʰʠ ʧʨʝʪʨʘʞʠʚʘˁʝ ʤʦʛʫ˂ʠʭ 

ʨʝʰʝˁʘ ʿʝ ʜʦʚʦˀʥʦ ʚʝʣʠʢ, ʪʝ ʩʪʦʛʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʩʧʨʦʚʝʩʪʠ ʧʨʝʪʨʘʛʫ ʥʘʜ ʩʚʠʤ ʤʦʛʫ˂ʠʤ 

ʨʝʰʝˁʠʤʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʌʫʥʢʮʠʿʘ ʮʠˀʘ, ʥʘʿʯʝʰ˂ʝ, ʫʟ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤ ʠʤʘ ʠ 

ʤʥʦʛʦ ʨʘʟʣʠʯʠʪʠʭ ʣʦʢʘʣʥʠʭ ʦʧʪʠʤʫʤʘ. ʂʘʢʦ ʙʠ ʩʝ ʦʧʪʠʤʠʟʘʮʠʿʩʢʠ ʧʨʦʮʝʩ ʘʜʝʢʚʘʪʥʦ 

ʩʧʨʦʚʝʦ ʫ ʦʚʘʢʚʠʤ ʫʩʣʦʚʠʤʘ, ʧʦʩʪʫʧʘʢ ʧʨʝʪʨʘʞʠʚʘˁʘ ʠʟʚʦʜʠ ʩʝ ʫ ʜʚʝ ʬʘʟʝ:  

 

¶ ɻʨʫʙʘ ʧʨʝʪʨʘʛʘ. ʋ ʦʚʦʿ ʬʘʟʠ ʧʨʝʪʨʘʞʠʚʘˁʘ, ʘʣʛʦʨʠʪʘʤ ʥʘʩʫʤʠʯʥʦ ʙʠʨʘ 

ʨʝʰʝˁʘ ʠʟ ʯʠʪʘʚʦʛ ʧʨʦʩʪʦʨʘ ʧʨʝʪʨʘʞʠʚʘˁʘ. ʎʠˀ ʛʨʫʙʝ ʧʨʝʪʨʘʛʝ ʿʝ 

ʧʨʦʥʘʣʘʞʝˁʝ ʧʦʜʧʨʦʩʪʦʨʘ ʢʦʿʠ ʩʘʜʨʞʠ ʨʝʰʝˁʘ ʢʦʿʘ ʙʠ ʤʦʛʣʘ ʙʠʪʠ 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʛʣʦʙʘʣʥʠ ʦʧʪʠʤʫʤʠ. 

¶ ʌʠʥʘ ʧʨʝʪʨʘʛʘ. ʅʘʢʦʥ ʣʦʮʠʨʘˁʘ ʧʨʦʩʪʦʨʘ ʫ ʢʦʤʝ ʙʠ ʩʝ ʤʦʛʘʦ ʥʘ˂ʠ ʛʣʦʙʘʣʥʠ 

ʦʧʪʠʤʫʤ, ʚʨʰʠ ʩʝ ʬʠʥʘ ʧʨʝʪʨʘʛʘ. ʎʠˀ ʬʠʥʝ ʬʘʟʝ ʿʝ ʜʘ ʩʝ ʧʨʝʪʨʘʛʘ ʫʩʨʝʩʨʝʜʠ 

ʥʘ ʠʩʪʨʘʞʠʚʘˁʝ ʦʢʦʣʠʥʝ ʫ ʢʦʿʦʿ ʙʠ ʩʝ ʤʦʛʘʦ ʥʘ˂ʠ ʛʣʦʙʣʘʥʠ ʦʧʪʠʤʫʤ. 
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ʇʨʦʙʣʝʤ ʢʦʿʠ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʧʨʠʣʠʢʦʤ ʩʧʨʦʚʦʹʝˁʘ ʘʣʛʦʨʠʪʤʘ ʦʜʥʦʩʠ ʩʝ ʥʘ ʚʨʝʤʝ  

ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʟʘ ʛʨʫʙʫ ʠ ʬʠʥʫ ʧʨʝʪʨʘʛʫ. ɱʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʥʝ 

ʭʝʫʨʠʩʪʠʯʢʠʭ ʘʣʛʦʨʠʪʘʤʘ ʿʝ ʫ ʚʝʟʠ ʣʦʮʠʨʘˁʘ ʧʦʜʧʨʦʩʪʦʨʘ ʫ ʬʘʟʠ ʛʨʫʙʝ ʧʨʝʪʨʘʛʝ, ʿʝʨ 

ʫ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʫ ʦʚʦʿ ʬʘʟʠ ʣʦʮʠʨʘ ʧʦʛʨʝʰʘʥ ʧʦʜʧʨʦʩʪʦʨ, ʫ ʬʠʥʦʿ ʬʘʟʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ 

ʩʘʤʦ ʩʫʙʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ. ʃʦʢʘʣʥʠ ʤʠʥʠʤʫʤʠ ʩʝ ʥʘʟʠʚʘʿʫ ʠ ʩʫʙʦʧʪʠʤʘʣʥʠʤ 

ʨʝʰʝˁʠʤʘ.  

 

ʅʝʢʠ ʭʝʫʨʠʩʪʠʯʢʠ ʘʣʛʦʨʠʪʤʠ, ʢʘʦ ʰʪʦ ʩʫ, ʥʘ ʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʠ ʢʦʿʠ ʩʫ ʟʘʩʥʦʚʘʥʠ ʥʘ 

ʧʦʧʫʣʘʮʠʿʠ ʨʝʰʝˁʘ, ʥʝʤʘʿʫ ʧʦʩʪʫʧʘʢ ʧʨʝʪʨʘʞʠʚʘˁʘ ʢʦʿʠ ʩʝ ʠʟʚʦʜʠ ʫ ʜʚʝ ʥʘʚʝʜʝʥʝ 

ʬʘʟʝ, ʚʝ˂ ʜʦʤʝʥ ʧʨʝʪʨʘʞʠʚʘˁʘ ʟʘʚʠʩʠ ʦʜ ʪʨʝʥʫʪʥʦʛ ʩʪʘˁʘ ʘʣʛʦʨʠʪʤʘ.  

 

ʇʨʝʤʘ (Hansen ʠ Mladenovic, 2003) oʩʥʦʚʥʝ ʦʩʦʙʠʥʝ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʩʫ: 

 

¶ ɱʝʜʥʦʩʪʘʚʥʦʩʪ. ʊʨʝʙʘ ʜʘ ʙʫʜʫ ʿʝʜʥʦʩʪʘʥʝ ʠ ʣʘʢʦ ʧʨʠʤʝʥˀʠʚʝ 

¶ ʇʨʝʮʠʟʥʦʩʪ. ʂʦʨʘʮʠ ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʿʘʩʥʠ, 

ʤʘʪʝʤʘʪʠʯʢʠ ʠʟʨʘʞʝʥʠ ʠ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʘʚʠʣʠʤʘ ʥʘ ʢʦʿʠʤʘ ʿʝ ʦʜʨʝʹʝʥʘ 

ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ ʟʘʩʥʦʚʘʥʘ 

¶ ɼʦʩʣʝʜʥʦʩʪ. ʉʚʠ ʢʦʨʘʮʠ ʤʝʪʦʜʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʘʚʠʣʠʤʘ ʥʘ 

ʢʦʿʠʤʘ ʩʝ ʟʘʩʥʠʚʘ ʤʝʪʘʭʝʫʨʠʩʪʠʢʘ 

¶ ɽʬʠʢʘʩʥʦʩʪ. ʇʦʪʨʝʙʥʦ ʿʝ ʜʘ ʤʝʪʦʜʘ ʦʤʦʛʫ˂ʠ ʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʦʛ ʠʣʠ 

ʨʝʰʝˁʘ ʙʣʠʩʢʦʛ ʦʧʪʠʤʘʣʥʦʤ, ʘ ʧʦʩʝʙʥʦ ʟʘ ʟʚʘʥʠʯʥʝ ʪʝʩʪ ʧʨʠʤʝʨʝ (ʝʥʛʣ. 

benchmarks) ʨʘʩʧʦʣʦʞʠʚʝ ʫ ʦʜʨʝʹʝʥʦʿ ʦʙʣʘʩʪʠ 

¶ ɽʬʝʢʪʠʚʥʦʩʪ. ɿʘ ʩʚʘʢʠ ʢʦʥʢʨʝʪʘʥ ʧʨʦʙʣʝʤ, ʤʝʪʦʜʘ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ 

ʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʦʛ ʠʣʠ ʩʫʙʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. 

¶ ʈʦʙʫʩʥʦʩʪ. ʄʝʪʦʜʘ ʪʨʝʙʘ ʜʘ, ʦʩʠʤ ʘʜʝʢʚʘʪʥʠʭ ʨʝʟʫʣʪʘʪʘ ʟʘ ʪʝʩʪ ʧʨʠʤʝʨʝ ʠʟ 

ʦʜʨʝʹʝʥʝ ʦʙʣʘʩʪʠ, ʜʘʿʝ ʧʦʜʿʝʜʥʘʢʦ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ ʠ ʟʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ 

ʨʝʘʣʥʠʭ ʧʨʦʙʣʝʤʘ ʠʟ ʪʝ ʦʙʣʘʩʪʠ 

¶ ɱʘʩʥʦ˂ʘ. ʄʝʪʦʜʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʦʧʠʩʘʥʘ ʪʘʢʦ ʜʘ ʿʝ ʣʘʢʦ ʨʘʟʫʤˀʠʚʘ ʠ 

ʿʝʜʥʦʩʪʘʚʥʘ ʟʘ ʧʨʠʤʝʥʫ 
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¶ ʋʥʠʚʝʨʟʘʣʥʦʩʪ. ʇʨʠʥʮʠʧʠ ʥʘ ʢʦʿʠʤʘ ʩʝ ʟʘʩʥʠʚʘ ʤʝʪʦʜʘ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʦʧʰʪʝʛ 

ʢʘʨʘʢʪʝʨʘ ʢʘʢʦ ʙʠ ʦʤʦʛʫ˂ʠʣʠ ˁʝʥʫ ʧʨʠʤʝʥʫ ʥʘ ʥʦʚʝ ʧʨʦʙʣʝʤʝ. 

 

ʋʩʣʦʞˁʘʚʘˁʝʤ ʣʘʥʘʮʘ ʩʥʘʙʜʝʚʘˁʘ, ʘʣʠ ʠ ʠʟʛʨʘʜˁʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʙʨʦʿ ʤʦʛʫ˂ʠʭ 

ʨʫʪʘ ʟʘ VRP ʧʨʦʙʣʝʤʝ ʨʘʩʪʝ, ʪʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʯʝʢʠʚʘʪʠ ʜʘ ʧʨʠʤʝʥʘ ʝʛʟʘʢʪʥʠʭ ʤʝʪʦʜʘ 

ʛʝʥʝʨʠʰʝ ʨʝʰʝˁʘ ʫʧʦʪʨʝʙˀʠʚʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʀʧʘʢ, ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʢʘʜʘ 

ʿʝ ʩʢʫʧ ʤʦʛʫ˂ʠʭ ʨʝʰʝˁʘ ʤʘʣʠ, ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʝʛʟʘʢʪʥʠ ʘʣʛʦʨʠʪʤʠ. ʍʝʫʨʠʩʪʠʯʢʠ 

ʘʣʛʦʨʠʪʤʠ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʪʘʢʚʦʤ ʜʝʬʠʥʠʩʘˁʫ ʨʫʪʘ ʛʜʝ ʩʝ ʢʦʥʩʪʨʫʠʩʘˁʝ ʠ 

ʧʦʙʦˀʰʘʚʘˁʝ ʨʫʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʬʫʥʢʮʠʿʫ ʮʠˀʘ ʚʨʰʠ ʥʠʟʦʤ ʠʪʝʨʘʮʠʿʘ. ʇʨʠʤʝʨʠ 

ʭʝʫʨʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʩʫ ʂʣʘʨʢ-ʈʘʿʪʦʚʘ ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʘ ʧʨʝʙʨʠʩʘʚʘˁʘ. ʉʣʦʞʝʥʠ 

ʧʨʦʙʣʝʤʠ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʢʦʨʠʩʥʠʢʘ ʟʘʭʪʝʚʘʣʠ ʩʫ ʨʘʟʚʦʿ ʪʘʢʚʠʭ ʩʣʦʞʝʥʠʭ 

ʧʨʠʩʪʫʧʘ ʨʝʰʘʚʘˁʘ NP ʪʚʨʜʠʭ ʧʨʦʙʣʝʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʤʝʪʘʭʝʫʨʠʩʪʠʢʝ. 

ʊʘʙʝʣʘ 6.3. ʇʨʠʩʪʫʧʠ ʨʝʰʘʚʘˁʫ LRP 

ʝʛʟʘʢʪʥʠ ʭʝʫʨʠʩʪʠʯʢʠ ʤʝʪʘʭʝʫʨʠʩʪʠʯʢʠ 

ɻʈɸʅɸɳɽ ʀ 

ʆɻʈɸʅʀʏɸɺɸɳɽ;                                                                            

ɻɽʅɽʈʀʉɸɳɽ ʂʆʃʆʅɸ;        

ʃɸɻʈɸʅɾʆɺɸ 

ʈɽʃɸʂʉɸʎʀɱɸ. 

ʂʃɸʈʂ-ʈɸɱʊʆɺɸ 

ʄɽʊʆɼɸ;               

ʄɽʊʆɼɸ 

ʇʈɽɹʈʀʉɸɺɸɳɸ. 

ʉʀʄʋʃʀʈɸʅʆ 

ʂɸɲɽɳɽ                             

ɻɽʅɽʊʉʂʀ 

ɸʃɻʆʈʀʊʄʀ                          

ʂʆʃʆʅʀɱɸ ʄʈɸɺɸ 

 

ʆʩʠʤ ʪʨʠ ʥʘʚʝʜʝʥʘ ʧʨʠʩʪʫʧʘ ʨʝʰʘʚʘˁʫ ʣʦʢʘʮʠʿʩʢʠʭ ï ʨʫʪʠʥʛ ʧʨʦʙʣʝʤʘ, ʢʦʨʠʩʪʝ ʩʝ ʠ 

ʘʧʨʦʢʩʠʤʘʪʠʚʥʠ ʘʣʛʦʨʠʪʤʠ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʫ ʨʝʰʝˁʝ ʟʘ ʢʦʿʝ ʩʝ ʤʦʞʝ ʛʘʨʘʥʪʦʚʘʪʠ ʜʘ ʥʝ 

ʦʜʩʪʫʧʘ ʦʜ ʦʧʪʠʤʘʣʥʦʛ ʟʘ ʚʠʰʝ ʦʜ ʫʥʘʧʨʝʜ ʟʘʜʘʪʦʛ ʢʨʠʪʝʨʠʿʫʤʘ.  

6.1.1 ɼʝʬʠʥʠʩʘˁʝ ʦʢʦʣʠʥʝ ʨʝʰʝˁʘ ʠ ʧʦʿʘʤ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʜʚʝʿʫ ʪʘʯʘʢʘ 

ʂʘʢʦ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʣʘ ʦʢʦʣʠʥʘ ʥʝʢʦʛ ʨʝʰʝˁʘ ʤʦʨʘ ʩʝ ʫʚʝʩʪʠ ʧʦʿʘʤ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ 

ʜʚʝ ʪʘʯʢʝ.  
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ɼʝʬʠʥʠʮʠʿʘ 6.1. ʅʝʢʘ ʿʝ X ʧʨʦʠʟʚʦˀʘʥ ʩʢʫʧ ʪʘʯʘʢʘ. ɸʢʦ ʩʝ ʩʚʘʢʦʤ ʫʨʝʹʝʥʦʤ ʧʘʨʫ 

(x,y) ʪʘʯʘʢʘ ʠʟ X ʧʨʠʜʨʫʞʠ ʨʝʘʣʘʥ ʙʨʦʿ d(x,y) ʢʦʿʠ ʠʤʘ ʩʣʝʜʝ˂ʝ ʦʩʦʙʠʥʝ: 

 
+¤<¢ ),(0 yxd  

yxyxd =Ú=0),(  

),(),( xydyxd =  

),(),(),( yzdzxdyxd +¢  

 

ʪʘʜʘ ʩʝ ʟʘ ʩʢʫʧ X ʢʘʞʝ ʜʘ ʿʝ ʩʥʘʙʜʝʚʝʥ ʤʝʪʨʠʢʦʤ s. ʆʚʘʢʘʚ ʩʢʫʧ X, ʦʜʥʦʩʥʦ ʫʨʝʹʝʥʠ 

ʧʘʨ (X,d) ʥʘʟʠʚʘ ʩʝ ʤʝʪʨʠʯʢʠʤ ʧʨʦʩʪʦʨʦʤ. ɺʨʝʜʥʦʩʪ d(x,y) ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ ʪʘʯʘʢʘ x ʠ y. 

 

ɼʝʬʠʥʠʮʠʿʘ 6.2. ʉʢʫʧ ʪʘʯʘʢʘ XxNh Ì)( ʟʘ ʢʦʿʝ ʚʘʞʠ ( ) +ÍÍÍ¢ RxNyXxyxd k cc ~),(,,~, , 

ʥʘʟʠʚʘ ʩʝ ʦʢʦʣʠʥʦʤ ʪʘʯʢʝ x .  

ʆʢʦʣʠʥʫ ʪʘʯʢʝ xʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ XxNd Ì)( ʢʦʿʠ ʿʝ ʧʨʠʜʨʫʞʝʥ ʨʝʰʝˁʫ xʧʦ ʥʝʢʦʤ 

ʧʨʘʚʠʣʫ.  

 

ɼʝʬʠʥʠʮʠʿʘ 6.3. ʈʝʰʝˁʝ XxÍ ʥʘʟʠʚʘ ʩʝ ʣʦʢʘʣʥʠ ʤʠʥʠʤʫʤ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ 

ʧʨʦʙʣʝʤʘ (min) )(xf XxÍ  ʫʢʦʣʠʢʦ ʥʝ ʧʦʩʪʦʿʠ XxNx ÌÍ )(' ʪʘʢʚʦ ʜʘ ʚʘʞʠ )()( ' xfxf < . 

 

ɼʝʬʠʥʠʮʠʿʘ 6.4. ʈʝʰʝˁʝ XxÍ ʥʘʟʠʚʘ ʩʝ ʛʣʦʙʘʣʥʠ ʤʠʥʠʤʫʤ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ 

ʧʨʦʙʣʝʤʘ (min) )(xf  XxÍ  ʫʢʦʣʠʢʦ ʥʝ ʧʦʩʪʦʿʠ XxÍ' ʪʘʢʚʦ ʜʘ ʚʘʞʠ )()( ' xfxf < . 

6.2 ʄʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ  

 

ʄʝʪʦʜʫ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ (ʝʥʛʣ. Variable Neighbourhood Search - VNS) 

ʧʨʝʜʣʦʞʠʣʠ ʩʫ ʄʣʘʜʝʥʦʚʠ˂ ʠ Hansen (1997). ʄʝʪʦʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʠʩʪʝʤʘʪʩʢʦʿ 

ʧʨʦʤʝʥʠ ʦʢʦʣʠʥʘ ʫʥʫʪʘʨ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʧʨʦʩʪʦʨ ʜʦʧʫʩʪʠʚʠʭ 

ʨʝʰʝˁʘ ʧʨʝʪʨʘʞʫʿʝ ʥʘ ʩʣʫʯʘʿʘʥ ʥʘʯʠʥ ʧʨʠʤʝʥʦʤ ʧʨʠʥʮʠʧʘ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ. 

ʆʚʘ ʤʝʪʦʜʘ ʿʝ ʜʦ ʩʘʜʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝˁʝʥʘ ʥʘ ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʦʙʣʝʤʘ ʢʦʤʙʠʥʘʪʦʨʥʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ, ʘ ʜʦ ʩʘʜʘ ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʠ ʚʠʰʝ ˁʝʥʠʭ 
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ʤʦʜʠʬʠʢʘʮʠʿʘ. ʍʝʫʨʠʩʪʠʢʘ ʤʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʟʘʩʥʦʚʘʥʘ ʿʝ ʥʘ ʪʨʠ 

ʜʦʢʘʟʘʥʝ ʯʠˁʝʥʠʮʝ: 

 

¶ ʃʦʢʘʣʥʠ ʤʠʥʠʤʫʤ ʿʝʜʥʝ ʦʢʦʣʠʥʝ ʥʝ ʤʦʨʘ ʙʠʪʠ ʣʦʢʘʣʥʠ ʤʠʥʠʤʫʤ ʠ ʫ ʥʝʢʦʿ 

ʜʨʫʛʦʿ ʦʢʦʣʠʥʠ, 

¶ ɻʣʦʙʘʣʥʠ ʤʠʥʠʤʫʤ ʿʝ ʣʦʢʘʣʥʠ ʤʠʥʠʤʫʤ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʢʦʣʠʥʝ, 

¶ ʋ ʚʝ˂ʠʥʠ ʧʨʦʙʣʝʤʘ, ʣʦʢʘʣʥʠ ʤʠʥʠʤʫʤʠ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʟʥʝ ʦʢʦʣʠʥʝ ʩʫ 

ʤʝʹʫʩʦʙʥʦ ʙʣʠʩʢʠ. 

 

ʇʨʚʘ ʯʠˁʝʥʠʮʘ ʦʧʨʘʚʜʘʚʘ ʫʚʦʹʝˁʝ ʚʠʰʝ ʦʢʦʣʠʥʘ. ɼʨʫʛʘ ʯʠˁʝʥʠʮʘ ʥʝ ʛʘʨʘʥʪʫʿʝ ʜʘ 

ʨʝʰʝˁʝ ʢʦʿʝ ʿʝ ʣʦʢʘʣʥʠ ʤʠʥʠʤʫʤ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʘʢʫ ʦʜ ʠʟʘʙʨʘʥʠʭ ʦʢʦʣʠʥʘ, 

ʧʨʝʜʩʪʘʚˀʘ ʠ ʛʣʦʙʘʣʥʠ ʤʠʥʠʤʫʤ. ɸʢʦ ʨʝʰʝˁʝ ʥʠʿʝ ʣʦʢʘʣʥʠ ʤʠʥʠʤʫʤ ʫ ʦʜʥʦʩʫ ʥʘ 

ʥʝʢʫ ʦʢʦʣʠʥʫ, ʦʥʜʘ ʪʘʢʚʦ ʨʝʰʝˁʝ ʩʠʛʫʨʥʦ ʥʠʿʝ ʛʣʦʙʘʣʥʠ ʤʠʥʠʤʫʤ, ʪʝ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ, 

ʦʧʨʘʚʜʘʚʘ ʫʚʦʹʝˁʝ ʚʠʰʝ ʦʢʦʣʠʥʘ. ʊʨʝ˂ʘ ʯʠˁʝʥʠʮʘ, ʢʦʿʘ ʿʝ ʚʠʰʝ ʝʤʧʠʨʠʿʩʢʘ ʥʝʛʦ 

ʪʝʦʨʠʿʩʢʘ, ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʩʪʨʘʞʠʚʘʪʠ ʥʘʿʙʣʠʞʫ ʦʢʦʣʠʥʫ ʣʦʢʘʣʥʦʛ 

ʤʠʥʠʤʫʤʘ, ʿʝʨ ʩʝ ʪʫ ʦʯʝʢʫʿʝ ʧʦʧʨʘʚˀʘˁʝ ʪʝʢʫ˂ʝʛ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ. ɼʘʢʣʝ, ʤʝʪʦʜʘ 

ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʦʙʦˀʰʘʚʘˁʫ ʩʣʫʯʘʿʥʦ ʠʟʘʙʨʘʥʝ ʪʘʯʢʝ ʠʟ 

ʦʢʦʣʠʥʝ ʪʨʝʥʫʪʥʦʛ ʨʝʰʝˁʘ, ʘ ʧʦʙʦˀʰʘʚʘˁʝ ʩʝ ʚʨʰʠ ʥʝʢʦʤ ʪʝʭʥʠʢʦʤ ʣʦʢʘʣʥʦʛ 

ʧʨʝʪʨʘʞʠʚʘˁʘ. ʋʢʦʣʠʢʦ ʩʝ ʥʝ ʜʦʙʠʿʝ ʪʘʯʢʘ ʢʦʿʘ ʿʝ óʙʦˀʘô ʦʜ ʪʨʝʥʫʪʥʝ, ʩʪʨʫʢʪʫʨʘ 

ʦʢʦʣʠʥʝ ʪʨʝʥʫʪʥʝ ʪʘʯʢʝ ʩʝ ʤʝˁʘ, ʘ ʧʦʩʪʫʧʘʢ ʩʝ ʧʦʥʘʚˀʘ.  

 

ʋʧʦʪʨʝʙʘ ʚʠʰʝ ʦʢʦʣʠʥʘ ʧʦʩʪʘʚˀʘ ʜʦʜʘʪʥʘ ʧʠʪʘˁʘ ʥʘ ʢʦʿʘ ʪʨʝʙʘ ʦʜʛʦʚʦʨʠʪʠ ʫ ʦʢʚʠʨʫ 

ʢʦʥʢʨʝʪʥʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʤʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ: 

 

¶ ʀʟʙʦʨ ʦʢʦʣʠʥʘ ʢʦʿʝ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘʚʠʩʠ ʦʜ ʪʦʛʘ ʢʦʿʝ ʩʝ ʤʝʪʨʠʢʝ ʤʦʛʫ 

ʜʝʬʠʥʠʩʘʪʠ ʠ ʧʨʠʤʝʥʠʪʠ ʫ ʜʘʪʦʤ ʩʣʫʯʘʿʫ. 

¶ ʋʨʝʹʝˁʝ (ʨʝʜʦʩʣʝʜ) ʦʢʦʣʠʥʘ ʜʝʬʠʥʠʩʘʥʦ ʿʝ ʫʩʚʦʿʝʥʦʤ ʤʝʪʨʠʢʦʤ ʠ ʪʨʝʙʘ ʜʘ 

ʙʫʜʝ ʪʘʢʚʦ ʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʫ ʤʝʪʨʠʢʫ ʨʘʩʪʦʿʘˁʝ ʤʝʹʫ ʨʝʰʝˁʠʤʘ ʨʘʩʪʝ. 
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¶ ɺʝʣʠʯʠʥʝ ʦʢʦʣʠʥʘ. ʆʚʦ ʧʠʪʘˁʝ ʦʜʥʦʩʠ ʩʝ ʥʘ ʩʤʘˁʝˁʘ ʦʢʦʣʠʥʘ ʫʦʯʘʚʘˁʝʤ ʠ 

ʨʘʟʤʘʪʨʘˁʝʤ ʩʘʤʦ ʦʥʠʭ ʩʫʩʝʜʘ ʢʦʿʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʫ ʜʘ ʦʙʝʟʙʝʜʝ 

ʧʦʙʦˀʰʘˁʝ. 

¶ ʉʪʨʘʪʝʛʠʿʝ ʧʨʝʪʨʘʞʠʚʘˁʘ. ʇʨʠʣʠʢʦʤ ʧʨʝʪʨʘʞʠʚʘˁʘ ʧʦʪʨʝʙʥʦ ʿʝ ʫʩʚʦʿʠʪʠ 

ʦʜʛʦʚʘʨʘ˂ʫʿʫ ʩʪʨʘʪʝʛʠʿʫ. ʉʪʨʘʪʝʛʠʿʝ ʤʦʛʫ ʙʠʪʠ ʥʧʨ. ʥʘ˂ʠ ʧʨʚʦ ʧʦʙʦˀʰʘˁʝ ʠʣʠ 

ʥʘ˂ʠ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ ʫ ʦʢʦʣʠʥʠ. 

¶ ʉʤʝʨ ʧʨʝʪʨʘʞʠʚʘˁʘ. ʆʜʨʝʹʫʿʝ ʨʝʜʦʩʣʝʜ ʢʦʿʠʤ ˂ʝ ʩʝ ʦʢʦʣʠʥʝ ʧʨʝʪʨʘʞʠʚʘʪʠ . 

¶ ʀʥʪʝʥʟʠʬʠʢʘʮʠʿʘ ʠ ʜʠʚʝʨʟʠʬʠʢʘʮʠʿʘ ʧʨʝʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʯʠʥʝ ʢʘʢʦ 

˂ʝ ʩʝ ʧʨʝʪʨʘʞʠʚʘˁʝ ʢʦʥʮʝʥʪʨʠʩʘʪʠ ʫ ʦʢʦʣʠʥʘʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʦʯʝʢʫʿʝ 

ʧʦʙʦˀʰʘˁʝ, ʢʘʦ ʠ ʥʘʯʠʥʝ ʟʘ ʫʩʤʝʨʘʚʘˁʝ ʧʨʝʪʨʘʛʝ ʢʘ ʥʦʚʠʤ ʠ ʥʝʠʩʪʨʘʞʝʥʠʤ 

ʜʝʣʦʚʠʤʘ ʧʨʦʩʪʦʨʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʧʦʚʝ˂ʘʚʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʣʘʞʝˁʘ 

ʛʣʦʙʘʣʥʦʛ ʤʠʥʠʤʫʤʘ. 

 

ɸʣʛʦʨʠʪʘʤ ʤʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 

¶ ʇʦʯʝʪʥʠ ʢʦʨʘʢ: 

¶ ʀʟʘʙʨʘʪʠ ʩʢʫʧ ʩʪʨʫʢʪʫʨʘ ʩʫʩʝʜʩʪʘʚʘ N
h
(h=1,...,hmax), ʢʦʿʝ ˂ʝ ʙʠʪʠ 

ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʨʝʪʨʘʟʠ. 

¶ ʀʟʘʙʨʘʪʠ ʧʦʯʝʪʥʦ ʜʦʧʫʩʪʠʚʦ ʨʝʰʝˁʝ xkp.  

¶ ʀʟʘʙʨʘʪʠ ʢʨʠʪʝʨʠʿʫʤ ʟʘʫʩʪʘʚˀʘˁʘ. 

¶ ʇʦʩʪʘʚʠʪʠ h Ŷ1. 

¶ ʇʦʥʘʚˀʘʪʠ ʩʣʝʜʝ˂ʝ ʢʦʨʘʢʝ ʜʦ h = h max: 

¶ ʈʘʟʤʨʜʘʚʘˁʝ (ʝʥʛʣ. shaking). ɻʝʥʝʨʠʩʘʪʠ ʪʘʯʢʫ xkp' ʠʟ h -ʪʦʛ ʩʫʩʝʜʩʪʚʘ 

ʪʘʯʢʝ xkp, xkp (xkp 'Í N
h (xkp)) 

 

¶ ʃʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ. ʇʨʠʤʝʥʘ ʥʝʢʝ ʦʜ ʤʝʪʦʜʘ ʣʦʢʘʣʥʦʛ 

ʧʨʝʪʨʘʞʠʚʘˁʘ, ʛʜʝ ʿʝ xkp' ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ; ʦʟʥʘʯʠʪʠ ʩʘ xkp'' ʪʘʢʦ ʜʦʙʠʿʝʥʠ 

ʣʦʢʘʣʥʠ ʦʧʪʠʤʫʤ. 



91 
 

¶ ʇʦʤʝʨʘˁʝ ʠʣʠ ʥʝ. ɸʢʦ ʿʝ ʣʦʢʘʣʥʠ ʦʧʪʠʤʫʤ xkp''  ʙʦˀʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʪʭʦʜʥʦ ʨʝʰʝˁʝ, ʠʟʚʨʰʠʪʠ ʧʦʤʝʨʘˁʝ (xkpŶ xkp"), ʠ ʥʘʩʪʘʚʠʪʠ ʧʨʝʪʨʘʛʫ ʫ 

ʦʢʦʣʠʥʠ N1(xkp) (h Ŷ1) , ʫ ʩʫʧʨʦʪʥʦʤ h Ŷ h +1. 

 

ʇʦʯʝʪʥʦ ʨʝʰʝˁʝ ʫ ʦʢʦʣʠʥʠ h ʩʝ ʛʝʥʝʨʠʰʝ ʥʘ ʩʣʫʯʘʿʘʥ ʥʘʯʠʥ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʦ 

ʧʨʝʪʨʘʞʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʜʝʣʦʚʘ ʧʨʠʣʠʢʦʤ ʩʣʝʜʝ˂ʝʛ ʨʘʟʤʘʪʨʘˁʘ ʪʝ ʠʩʪʝ ʦʢʦʣʠʥʝ. 

ʆʢʦʣʠʥʝ ʩʝ ʤʦʛʫ ʨʘʟʣʠʢʦʚʘʪʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ: 

 

¶ ʇʦ ʦʩʥʦʚʫ ʨʘʩʪʦʿʘˁʘ,  

¶ ʇʦ ʦʩʥʦʚʫ ʤʝʪʨʠʢʝ. 

 

ʊʘʢʦʹʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʦʢʦʣʠʥʝ ʟʘ ʪʟʚ. óʨʘʟʤʨʜʘʚʘˁʝô, ʦʜʥʦʩʥʦ ʠʟʙʦʨ 

ʩʣʫʯʘʿʥʦʛ ʨʝʰʝˁʘ ʠ ʦʢʦʣʠʥʝ ʟʘ ʣʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ, ʥʝ ʤʦʨʘʿʫ ʙʠʪʠ ʠʩʪʦʛ ʪʠʧʘ. 

ʄʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʫ ʪʦʢʫ ʧʨʠʤʝʥʝ ʘʣʛʦʨʠʪʤʘ ʟʘ ˁʝʥʦ ʨʝʰʘʚʘˁʝ ʫʚʝʢ 

ʧʨʝʣʘʟʠ ʫ ʧʨʚʦ ʙʦˀʝ ʨʝʰʝˁʝ ʥʘ ʢʦʿʝ ʥʘʠʹʝ. ɺʘʞʥʦ ʿʝ ʠ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʧʨʠʣʠʢʦʤ 

ʧʨʠʤʝʥʝ ʦʚʝ ʤʝʪʦʜʝ ʥʝʦʧʭʦʜʥʦ ʫʪʚʨʜʠʪʠ hmax 
- ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʦʢʦʣʠʥʘ. ʂʨʠʪʝʨʠʿʫʤ 

ʟʘʫʩʪʘʚˀʘˁʘ ʤʦʞʝ ʙʠʪʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʦ ʚʨʝʤʝ ʠʟʚʨʰʘʚʘˁʘ, ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ 

ʠʪʝʨʘʮʠʿʘ, ʪʿ, ʢʦʣʠʢʦ ʧʫʪʘ ʩʝ ʜʦʩʪʠʛʥʝ hmax, ʠʣʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʠʟʤʝʹʫ ʜʚʘ 

ʧʦʙʦˀʰʘˁʘ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ. ʄʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʩʝ, ʦʩʠʤ 

ʢʦʤʙʠʥʦʚʘˁʘ ʩʘ ʈʝʜʫʢʦʚʘʥʦʤ ʤʝʪʦʜʦʤ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ, ʤʦʞʝ ʢʦʤʙʠʥʦʚʘʪʠ ʠ 

ʩʘ ʄʝʪʦʜʦʤ ʧʨʦʤʝʥˀʠʚʦʛ ʩʧʫʩʪʘ. ʂʦʤʙʠʥʦʚʘˁʝ ʦʚʝ ʜʚʝ ʤʝʪʦʜʝ ʙʠ ʧʦʜʨʘʟʫʤʝʚʘʣʦ ʜʘ 

ʩʝ ʧʨʦʮʝʜʫʨʘ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ ʟʘʤʝʥʠ ʩʘ ʤʝʪʦʜʦʤ ʧʨʦʤʝʥˀʠʚʦʛ ʩʧʫʩʪʘ. ʇʨʠ 

ʪʦʤʝ, ʦʢʦʣʠʥʝ ʫ ʢʦʿʠʤʘ ʩʝ ʙʠʨʘ ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ ʠ ʦʢʦʣʠʥʝ ʫ ʦʢʚʠʨʫ ʢʦʿʠʭ ʩʝ 

ʠʟʚʨʰʘʚʘ ʧʨʦʮʝʜʫʨʘ ʤʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʦʛ ʩʧʫʩʪʘ, ʤʦʛʫ ʙʠʪʠ ʜʝʬʠʥʠʩʘʥʝ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ.  

 

ʅʝʢʝ ʩʣʦʞʝʥʠʿʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʦʩʥʦʚʥʠʭ ʚʝʨʟʠʿʘ ʄʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʤʦʛʣʝ 

ʙʠ ʙʠʪʠ: 
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¶ ʄʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ ʩʘ ʜʝʢʦʤʧʦʟʠʮʠʿʦʤ (ʝʥʛʣ. Variable 

Neighbourhood Decomposition Search - VNDS),  

¶ ɸʜʘʧʪʠʚʥʘ ʤʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ (ʝʥʛʣ. Skewed VNS - SVNS) ʠ ʩʣ. 

6.2.1 ʄʝʪʦʜʘ ʧʨʦʤʝʥˀʠʚʦʛ ʩʧʫʩʪʘ 

 

ʋ ʢʦʨʠʰ˂ʝˁʫ ʤʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʦʛ ʩʧʫʩʪʘ, ʦʢʦʣʠʥʝ ʥʝ ʤʦʨʘʿʫ ʙʠʪʠ ʠʥʜʫʢʦʚʘʥʝ ʠʟ 

ʠʩʪʝ ʤʝʪʨʠʢʝ. ʆʚʘ ʤʝʪʦʜʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʨʝʪʨʘʞʠʚʘˁʫ ʦʢʦʣʠʥʝ N
1
(xk) ʠ ʦʚʘ ʦʢʦʣʠʥʘ 

ʩʝ ʧʨʝʪʨʘʞʫʿʝ ʜʦʢ ʛʦʜ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʫ ˁʦʿ ʧʦʩʪʦʿʠ ʨʝʰʝˁʝ ʢʦʿʝ ʿʝ ʙʦˀʝ ʦʜ 

ʪʨʝʥʫʪʥʦʛ. ʂʘʜʘ ʩʝ ʦʜʨʝʜʠ ʣʦʢʘʣʥʠ ʤʠʥʠʤʫʤ xk' ʫ ʦʜʥʦʩʫ ʥʘ ʦʢʦʣʠʥʫ N
1
(xk), ʘʞʫʨʠʨʘ 

ʩʝ ʪʝʢʫ˂ʝ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ, ʦʜʥʦʩʥʦ ʧʦʩʪʘʚʠ ʩʝ ʜʘ ʿʝ xopt=  x
k'
 
ʠ ʧʦʢʨʝʥʝ ʩʝ ʧʨʦʮʝʜʫʨʘ 

ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʢʦʣʠʥʫ N
2
(xopt). ɸʢʦ ʩʝ ʫ oʚʦʿ ʦʢʦʣʠʥʠ ʥʘʹʝ 

ʨʝʰʝˁʝ ʢʦʿʝ ʿʝ ʙʦˀʝ ʦʜ ʨʝʰʝˁʘ xopt, ʧʨʝʪʨʘʞʠʚʘˁʝ ʩʝ ʚʨʘ˂ʘ ʫ ʦʢʦʣʠʥʫ N
1
(xk) ʪʦʛ 

ʥʦʚʦʛ ʨʝʰʝˁʘ. ʋʢʦʣʠʢʦ ʩʝ ʨʝʰʝˁʝ ʥʝ ʧʦʧʨʘʚʠ, ʧʨʝʪʨʘʞʠʚʘˁʝ ʩʝ ʫʩʤʝʨʝʚʘ ʥʘ ʩʣʝʜʝ˂ʫ 

ʥʝʠʩʧʠʪʘʥʫ ʦʢʦʣʠʥʫ N
k
(xopt). ʂʘʜʘ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʧʦʧʨʘʚʠʪʠ 

ʥʠ ʫ ʿʝʜʥʦʿ ʦʢʦʣʠʥʠ, ʧʨʦʮʝʜʫʨʘ ʧʨʝʪʨʘʞʠʚʘˁʘ ʩʝ ʟʘʫʩʪʘʚˀʘ. ʊʘʜʘ ʿʝ xopt ʣʦʢʘʣʥʠ 

ʤʠʥʠʤʫʤ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʧʨʝʪʨʘʞʝʥʝ ʦʢʦʣʠʥʝ N
1
, N

2
,..., N

hmax
.  

ɸʣʛʦʨʠʪʘʤ ʤʝʪʦʜʝ ʧʨʦʤʝʥˀʠʚʦʛ ʩʧʫʩʪʘ ʤʦʞʝ ʩʝ ʧʨʠʢʘʟʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 

¶ ʇʦʯʝʪʥʠ ʢʦʨʘʢ. ʀʟʘʙʨʘʪʠ ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ xk ʠ ʧʦʩʪʘʚʠʪʠ ʜʘ ʿʝ xk=xopt,  fopt=f(x
k)  

¶ ʀʪʝʨʘʪʠʚʥʠ ʢʦʨʘʢ.  

¶ h=1 

¶ ʇʨʠʤʝʥʠʪʠ ʧʨʦʮʝʜʫʨʫ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ ʧʦʯʝʚ ʦʜ ʨʝʰʝˁʘ x
k

 ʫ 

ʦʢʦʣʠʥʠ Nh

 
 

ɸʢʦ ʿʝ f(xk')< f(xopt), ʦʥʜʘ ʿʝ xopt= x
k', f(xopt)= f(x')  

ɸʢʦ ʿʝ f(xk')Ó f(xopt), ʦʥʜʘ h= h+1 

¶ ʇʨʦʮʝʜʫʨʘ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ ʩʝ ʧʦʥʘʚˀʘ ʩʚʝ ʜʦʢ ʿʝ hÒ h max 
ʠ ʜʦʢ 

ʩʝ ʨʝʰʝˁʝ ʧʦʙʦˀʰʘʚʘ. 
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6.3 ʆʩʥʦʚʝ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘ ʠ ʚʦʟʠʣʘ 

 

ʂʘʢʦ ʿʝ ʚʝ˂ ʨʘʥʠʿʝ ʫ ʨʘʜʫ ʥʘʚʝʜʝʥʦ, ʪʨʘʥʩʧʦʨʪʥʠ ʪʨʦʰʢʦʚʠ ʯʠʥʝ ʟʥʘʯʘʿʘʥ ʜʝʦ ʫʢʫʧʥʝ 

ʮʝʥʝ ʧʨʦʠʟʚʦʜʘ. ʋ ʦʧʝʨʘʮʠʦʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʪʨʘʥʩʧʦʨʪʥʠ ʪʨʦʰʢʦʚʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʝʙʥʫ ʦʙʣʘʩʪ ʠʟʫʯʘʚʘˁʘ ʠ ʧʨʠʤʝʥʦʤ ʦʧʪʠʤʠʟʘʮʠʦʥʠʭ ʤʝʪʦʜʘ ʦʥʠ ʩʝ 

ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ, ʪʝ, ʩʪʦʛʘ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʫ ʜʠʩʪʨʠʙʫʮʠʿʠ ʧʨʦʠʟʚʦʜʘ ʠʤʘ 

ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ. ʇʨʦʙʣʝʤʠ ʩʤʘˁʝˁʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʨʦʰʢʦʚʘ ʢʦʿʠ ʩʝ, ʫʛʣʘʚʥʦʤ, ʚʝʟʫʿʫ 

ʟʘ ʧʨʦʮʝʩʝ ʠʩʧʦʨʫʢʝ ʠʣʠ ʧʨʠʢʫʧˀʘˁʘ ʧʨʦʠʟʚʦʜʘ ʥʘʟʠʚʘʿʫ ʩʝ ʧʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ 

ʚʦʟʠʣʘ (ʝʥʛʣ. Vehicle Routing Problem ï VRP). ʇʦʜ ʧʨʦʙʣʝʤʦʤ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʩʚʘʢʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʩʝ ʫʢˀʫʯʫʿʝ ʫ ʛʝʥʝʨʠʩʘˁʝ ʨʫʪʘ ʠʣʠ ʛʨʫʧʘ ʨʫʪʘ, ʫ 

ʤʨʝʞʠ ʠʣʠ ʜʝʣʫ ʤʨʝʞʝ, ʩʘ ʟʘʜʘʪʠʤ ʩʢʫʧʦʤ ʦʛʨʘʥʠʯʝˁʘ ʠ ʩʘ ʮʠˀʝʤ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʿʝʜʥʝ ʠʣʠ ʚʠʰʝ ʬʫʥʢʮʠʿʘ ʮʠˀʘ. ʄʨʝʞʘ ʧʫʪʝʚʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʪʨʘʥʩʧʦʨʪ 

ʧʨʦʠʟʚʦʜʘ, ʫʛʣʘʚʥʦʤ ʩʝ ʦʧʠʩʫʿʝ ʧʦʤʦʫ˂ ʛʨʘʬʘ ʛʜʝ ʚʝʟʝ (ʣʫʢʦʚʠ) ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʠʟʘʙʨʘʥʝ ʜʝʦʥʠʮʝ, ʘ ʯʚʦʨʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʧʦʿʝʚʝ ʧʫʪʝʚʘ, ʩʢʣʘʜʠʰʪʘ ʠʣʠ ʣʦʢʘʮʠʿʝ 

ʧʦʪʨʦʰʘʯʘ. ɺʝʟʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʛʨʘʬ, ʤʦʛʫ ʙʠʪʠ ʫʩʤʝʨʝʥʠ ʠʣʠ ʥʝʫʩʤʝʨʝʥʠ, ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʿʝ ʜʝʦʥʠʮʘ ʿʝʜʥʦʩʤʝʨʥʘ ʠʣʠ ʥʝ. ʅʝʫʩʤʝʨʝʥʠʤ ʛʨʘʬʦʤ ʩʝ, 

ʥʘʿʯʝʰ˂ʝ, ʧʨʠʢʘʟʫʿʫ ʤʨʝʞʝ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ. ʉʚʘʢʘ ʚʝʟʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ ʫʟʨʦʢʫʿʝ 

ʦʜʨʝʹʝʥʝ ʪʨʦʰʢʦʚʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʫʞʠʥʝ ʜʝʦʥʠʮʝ, ʪʠʧʘ ʚʦʟʠʣʘ, ʠʣʠ ʚʨʝʤʝʥʩʢʦʛ 

ʧʝʨʠʦʜʘ ʫ ʢʦʤʝ ʚʦʟʠʣʘ ʩʘʦʙʨʘ˂ʘʿʫ. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫ ʪʨʘʥʩʧʦʨʪʥʠʤ ʠ 

ʜʠʩʪʨʠʙʫʮʠʦʥʠʤ ʤʨʝʞʘʤʘ ʩʫ: 

 

¶ ʃʦʢʘʮʠʿʘ ʯʚʦʨʘ ʫ ʛʨʘʬʫ,  

¶ ʂʦʣʠʯʠʥʘ ʠ ʚʨʩʪʘ ʧʨʦʠʟʚʦʜʘ, ʥʘʿʯʝʰ˂ʝ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ, ʢʦʿʘ ʩʝ ʠʩʧʦʨʫʯʫʿʝ 

ʠʣʠ ʧʨʠʢʫʧˀʘ, 

¶ ɺʨʝʤʝʥʩʢʠ ʦʢʚʠʨ ʫ ʢʦʤʝ ʩʝ ʢʦʨʠʩʥʠʢ ʤʦʞʝ ʦʧʩʣʫʞʠʪʠ (ʥʧʨ. ʢʦʨʠʩʥʠʢ ʩʝ ʤʦʞʝ 

ʫʩʣʫʞʠʪʠ ʩʘʤʦ ʫ ʦʜʨʝʹʝʥʠʤ ʜʝʣʦʚʠʤʘ ʜʘʥʘ ʟʙʦʛ ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ), 

¶ ɺʨʝʤʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʟʘ ʠʩʧʦʨʫʢʫ ʠʣʠ ʧʨʠʢʫʧˀʘˁʝ ʧʨʦʠʟʚʦʜʘ ʥʘ ʦʜʨʝʹʝʥʦʿ 

ʣʦʢʘʮʠʿʠ, ʿʝʨ ʘʢʪʠʚʥʦʩʪʠ ʠʩʪʦʚʘʨʘ ʠ ʫʪʦʚʘʨʘ ʟʘʚʠʩʝ ʠ ʦʜ ʚʨʩʪʝ ʪʨʘʥʩʧʦʨʪʥʦʛ 

ʩʨʝʜʩʪʚʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʠ. 
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ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʦʟʠʣʘ ʩʫ: 

 

¶ ʇʦʟʠʮʠʿʘ ʜʝʧʦʘ ʫ ʢʦʤʝ ʩʝ ʚʦʟʠʣʘ ʥʘʣʘʟʝ, 

¶ ʂʘʧʘʮʠʪʝʪ ʚʦʟʠʣʘ ʢʦʿʠ ʩʝ ʠʟʨʘʞʘʚʘ ʢʘʦ ʤʘʢʩʠʤʘʣʥʘ ʪʝʞʠʥʘ, ʟʘʧʨʝʤʠʥʘ ʠʣʠ 

ʙʨʦʿ ʧʘʣʝʪʘ, ʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʧʨʦʠʟʚʦʜʘ, ʢʦʿʠ ʩʝ ʤʦʛʫ ʫʪʦʚʘʨʠʪʠ ʫ 

ʚʦʟʠʣʦ, 

¶ ʊʨʦʰʢʦʚʠ ʚʝʟʘʥʠ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʚʦʟʠʣʘ (ʧʦ ʿʝʜʠʥʠʮʠ ʧʨʝʹʝʥʦʛ ʧʫʪʘ, ʫ 

ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ, ʧʦ ʨʫʪʠ ʠ ʩʣ.). 

 

ʇʨʠʣʠʢʦʤ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʿʘʚˀʘ ʩʝ ʥʠʟ ʦʛʨʘʥʠʯʝˁʘ, ʘ ʨʝʰʝˁʝ 

ʩʝ ʜʦʙʠʿʘ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʿʝʜʥʝ ʠʣʠ ʚʠʰʝ ʬʫʥʢʮʠʿʘ ʮʠˀʘ. ʋ ʦʚʘʢʚʠʤ ʧʨʦʙʣʝʤʠʤʘ, 

ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʤʦʞʝ ʙʠʪʠ: 

 

¶ ʫʢʫʧʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʪʨʦʰʢʦʚʠ, ʢʦʿʠ ʩʫ ʫ ʬʫʥʢʮʠʿʠ ʜʫʞʠʥʝ ʨʫʪʝ ʠ ʬʠʢʩʥʠʭ 

ʪʨʦʰʢʦʚʘ ʢʦʨʠʰ˂ʝˁʘ ʚʦʟʠʣʘ, 

¶ ʙʨʦʿ ʚʦʟʠʣʘ ʩʘ ʮʠˀʝʤ ʦʧʩʣʫʞʠʚʘˁʘ ʩʚʠʭ ʢʦʨʠʩʥʠʢʘ, 

¶ ʪʨʦʰʢʦʚʠ ʧʝʥʘʣʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʧʨʠ ʜʝʣʠʤʠʯʥʦʤ ʫʩʣʫʞʠʚʘˁʫ ʢʦʨʠʩʥʠʢʘ. 

 

ʇʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʩʫ ʚʝʦʤʘ ʩʣʦʞʝʥʠ ʠ ʩʪʦʛʘ, ʥʝ ʧʦʩʪʦʿʠ ʿʝʜʠʥʩʪʚʝʥ 

ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʟʘ ʨʝʰʘʚʘˁʝ ʦʚʠʭ ʧʨʦʙʣʝʤʘ, ʚʝ˂ ʧʦʩʪʦʿʝ ʛʨʫʧʝ 

ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʝ ʩʫ ʨʘʟʚʠʿʘʥʝ ʟʘ ʨʝʰʘʚʘˁʝ ʧʦʿʝʜʠʥʠʭ ʚʨʩʪʘ ʧʨʦʙʣʝʤʘ. ɿʘ ʨʝʰʘʚʘˁʝ 

ʦʚʘʢʚʠʭ ʧʨʦʙʣʝʤʘ ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʠ ʩʧʝʮʠʿʘʣʥʝ ʭʝʫʨʠʩʪʠʢʝ ʢʦʿʝ ʧʦʰʪʫʿʫ ʩʚʦʿʩʪʚʘ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʦʙʣʝʤʘ. 

6.4 ʇʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ï VRP 

 

ʈʘʟʚʦʿ VRP ʤʦʜʝʣʘ ʫʩʣʦʚˀʝʥ ʿʝ, ʧʨʝ ʩʚʝʛʘ, ʧʦʪʨʝʙʦʤ ʧʨʝʜʫʟʝ˂ʘ ʟʘ ʧʦʚʝ˂ʘˁʝʤ 

ʝʬʠʢʘʩʥʦʩʪʠ, ʿʝʨ ʩʝ ʛʫʩʪʠʥʘ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʙʨʦʿ ʚʦʟʠʣʘ ʥʘ ʫʣʠʮʘʤʘ ʧʦʚʝ˂ʘʚʘ ʙʨʞʝ ʥʝʛʦ 
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ʩʘʦʙʨʘ˂ʘʿʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʋʩʣʝʜ ʨʘʧʠʜʥʦʛ ʨʘʟʚʦʿʘ ʨʘʯʫʥʘʨʩʢʝ ʩʥʘʛʝ, 

ʩʦʬʠʩʪʠʮʠʨʘʥʝ ʤʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʝ ʤʦʛʫ ʨʘʟʚʠʿʘʪʠ ʠ ʢʦʨʠʩʪʠʪʠ ʢʘʢʦ ʙʠ ʩʝ 

ʧʦʚʝ˂ʘʣʘ ʝʬʠʢʘʩʥʦʩʪ ʪʨʘʥʩʧʦʪʘ ʠ ʧʦʙʦˀʰʘʣʦ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʫʟʨʦʢʦʚʘʥʠʭ ˁʠʤʝ. 

ʊʘʢʦʹʝ, ʚʝ˂ʝ ʢʦʨʠʰ˂ʝˁʝ ʛʝʦʛʨʘʬʩʢʦʛ ʠʥʬʦʨʤʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʧʨʘʪʠ ʠ ʧʦʩʚʝ˂ʝʥʦʩʪ 

ʧʨʝʜʫʟʝ˂ʘ ʜʘ ʧʦʙʦˀʰʘʿʫ ʩʚʦʿʝ ʪʨʘʥʩʧʦʨʪʥʝ ʤʨʝʞʝ ʢʘʢʦ ʙʠ ʪʨʦʰʢʦʚʝ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ 

ʚʠʰʝ ʩʤʘˁʠʣʠ. 

 

ʇʨʦʙʣʝʤ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʩʝ ʤʦʞʝ ʤʦʜʝʣʠʨʘʪʠ ʢʘʦ ʧʨʦʙʣʝʤ ʣʠʥʝʘʨʥʦʛ ʮʝʣʦʙʨʦʿʥʦʛ 

ʧʨʦʛʨʘʤʠʨʘˁʘ. VRP ʿʝ ʦʧʰʪʠ ʥʘʟʠʚ ʜʘʪ ʢʣʘʩʠ ʧʨʦʙʣʝʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʧʦʪʨʦʰʘʯʠ 

ʧʦʩʝ˂ʫʿʫ ʚʦʟʠʣʠʤʘ. ʇʨʦʙʣʝʤ ʩʝ ʩʘʩʪʦʿʠ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʨʫʪʘ ʟʘ ʚʦʟʠʣʘ ʩʚʝ ʜʦʢ ʩʝ ʥʝ 

ʟʘʜʦʚʦˀʠ ʧʦʪʨʘʞˁʘ ʢʫʧʘʮʘ ʠ ʮʠˀʝʚʠ ʤʠʥʠʤʠʟʘʮʠʿʝ ʜʘʪʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ. ʇʨʦʙʣʝʤʠ 

ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʰʠʨʝˁʝ ʢʣʘʩʠʯʥʦʛ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ 

ï VRP. ʊʠʧʠʯʥʘ ʧʨʠʤʝʥʘ ʨʝʰʝˁʘ ʦʚʘʢʚʠʭ ʧʨʦʙʣʝʤʘ ʿʝ ʫ ʦʜʨʝʹʠʚʘˁʫ ʨʫʪʘ ʥʧʨ. ʚʦʟʠʣʘ 

ʛʨʘʜʩʢʝ ʯʠʩʪʦ˂ʝ, ʚʦʟʠʣʘ ʟʘ ʧʨʝʚʦʟ ʨʘʜʥʠʢʘ, ʪʘʢʩʠ ʚʦʟʠʣʘ, ʠʣʠ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ 

ʧʨʦʜʘʚʘʮʘ ʠ ʣʠʮʘ ʢʦʿʘ ʩʝ ʙʘʚʝ ʦʜʨʞʘʚʘˁʝʤ ʦʙʿʝʢʘʪʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʣʦʢʘʮʠʿʘʤʘ. ʋ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʥʘ ʢʦʥʮʝʧʪ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ, ʧʨʦʠʟʚʦʜʠ ʩʝ, ʨʘʜʠ ʧʦʧʨʘʚʢʝ, ʩʝʨʚʠʩʘ ʠʣʠ ʨʝʮʠʢʣʘʞʝ, ʦʪʧʨʝʤʘʿʫ ʦʜ 

ʢʦʨʠʩʥʠʢʘ ʜʦ ʦʜʛʦʚʦʨʘʿʫ˂ʠʭ ʩʢʣʘʜʠʰʪʘ ʠʣʠ ʜʝʧʦʘ ʟʘ ʧʦʧʨʘʚʢʫ, ʧʨʠ ʯʝʤʫ, ʩʚʦʿʠʤ 

ʢʨʝʪʘˁʝʤ, ʢʨʝʠʨʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʨʫʪʝ.  

6.5 ʇʨʦʙʣʝʤʠ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ - LRP 

 

ʇʨʦʙʣʝʤʠ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ (LRP) ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʜʘ ʩʫ, ʫ ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʝ 

ʣʦʢʘʮʠʿʝ, ʫʢˀʫʯʝʥʝ ʠ ʨʘʟʤʘʪʨʘʥʝ ʨʫʪʝ ʢʦʿʝ ʚʦʟʠʣʘ ʧʨʘʚʝ ʜʦʢ ʦʙʠʣʘʟʝ ʯʚʦʨʦʚʝ. LRP 

ʤʦʜʝʣʠʤʘ ʙʘʚʠʦ ʩʝ ʚʝʣʠʢʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘʯʘ ʠ ʘʫʪʦʨʘ. ʅʝʢʠ ʘʫʪʦʨʠ ʩʚʦʿʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʘ ʟʘ LRP ʟʘʩʥʠʚʘʿʫ ʥʘ ʫʦʧʰʪʘʚʘˁʫ ʢʣʘʩʠʯʥʦʛ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʢʘʮʠʿʩʢʦʛ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʝ ʣʦʢʘʮʠʿʝ ʦʙʿʝʢʪʘ ʫʟ 

ʤʠʥʠʤʠʟʘʮʠʿʫ ʪʨʦʰʢʦʚʘ ʪʨʘʥʩʧʦʨʪʘ ʠʟʤʝʹʫ ʧʦʪʝʥʮʠʿʘʣʥʝ ʣʦʢʘʮʠʿʝ ʠ ʯʚʦʨʦʚʘ ʢʦʿʠ 

ʦʙʠʣʘʟʝ ʚʦʟʠʣʘ ʠ ʢʦʿʘ ʧʨʠ ʪʦʤʝ ʦʧʩʣʫʞʫʿʫ ʠʩʪʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʣʦʢʘʮʠʿʝ ʢʦʨʠʩʥʠʢʘ, 

ˁʝʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʦʜʝʣʠʪʠ ʦʜʨʝʹʝʥʦʤ ʫʩʣʫʞʥʦʤ ʧʦʜʨʫʯʿʫ, ʪʝ ʿʝ ʩʪʦʛʘ, ʧʦʪʨʝʙʥʦ ʜʘ 
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ʤʝʥʘ˅ʝʨʠ ʜʦʥʦʩʝ ʠ ʦʜʣʫʢʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʘʣʦʢʘʮʠʿʫ ʢʦʨʠʩʥʠʢʘ. ʆʩʠʤ ʥʘʚʝʜʝʥʦʛ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʤʝʥʘ˅ʝʨʠ ʜʦʥʦʩʝ ʠ ʦʜʣʫʢʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʣʘʥ ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʫʪʘ 

ʢʦʿʝ ʧʦʚʝʟʫʿʫ ʢʦʨʠʩʥʠʢʝ, ʩʠʨʦʚʝ ʤʘʪʝʨʠʿʘʣʝ, ʬʘʙʨʠʢʝ, ʩʢʣʘʜʠʰʪʘ ʠ ʩʣ. ʆʚʝ ʦʜʣʫʢʝ 

ʩʤʘʪʨʘʿʫ ʩʝ ʚʝʦʤʘ ʚʘʞʥʠʤ ʟʘ ʧʦʩʣʦʚʘˁʝ ʧʨʝʜʫʟʝ˂ʘ ʠ ʮʝʣʦʢʫʧʥʦʛ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ ʫ 

ʢʦʤʝ ʦʥʦ ʧʦʩʣʫʿʝ, ʿʝʨ ʦʥʝ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʫʩʣʫʛʫ ʢʦʿʘ ʩʝ ʧʨʫʞʘ ʢʦʨʠʩʥʠʮʠʤʘ ʠ ʥʘ 

ʫʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʝ ʪʨʦʰʢʦʚʝ.  

 

ʏʠˁʝʥʠʮʘ ʜʘ ʚʠʰʝ ʢʦʨʠʩʥʠʢʘ ʤʦʞʝ ʙʠʪʠ ʫʩʣʫʞʝʥʦ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʨʫʪʝ ʠ ʜʘ ʫʢʫʧʥʘ 

ʢʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ ʢʦʿʫ ʪʨʝʙʘ ʪʨʘʥʩʧʦʨʪʦʚʘʪʠ ʫ ʦʢʚʠʨʫ ʪʝ ʨʫʪʝ ʥʠʿʝ ʚʝ˂ʘ ʦʜ 

ʢʘʧʘʮʠʪʝʪʘ ʚʦʟʠʣʘ, ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʧʨʦʙʣʝʤʠ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ ʙʫʜʫ 

ʫʿʝʜʠˁʝʥʠ. ʅʘ ʤʝʹʫʟʘʚʠʩʥʦʩʪ ʦʚʠʭ ʧʨʦʙʣʝʤʘ ʧʨʚʠ ʧʫʪ ʿʝ ʫʢʘʟʘʥʦ ʦʩʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ 

ʧʨʦʰʣʦʛ ʚʝʢʘ (Perl ʠ Daskin, 1985). ʇʨʦʙʣʝʤʠ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ ʤʦʛʫ ʙʠʪʠ 

ʜʝʬʠʥʠʩʘʥʠ ʢʘʦ ʧʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ (VRP) ʫ ʢʦʿʠʤʘ ʦʧʪʠʤʘʣʘʥ ʙʨʦʿ ʠ 

ʣʦʢʘʮʠʿʝ ʜʝʧʦʘ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʦʜʨʝʹʝʥʠ ʩʠʤʫʣʪʘʥʦ ʫ ʦʢʚʠʨʫ ʨʘʩʧʦʨʝʜʘ ʚʦʟʠʣʘ ʠ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʨʫʪʘ ʢʘʢʦ ʙʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʣʠ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʩʠʩʪʝʤʘ (Wu ʠ 

ʦʩʪʘʣʠ, 2002). VRP ʧʨʦʙʣʝʤʠ ʧʨʝʜʩʪʘʚˀʘʿʫ NP-ʪʚʨʜʝ ʧʨʦʙʣʝʤʝ, ʿʝʨ ʿʝ ʫ ˁʠʭ óʫʛʨʘʹʝʥô 

ʧʨʦʙʣʝʤ ʪʨʛʦʚʘʯʢʦʛ ʧʫʪʥʠʢʘ, ʢʦʿʠ ʩʘʤ, ʧʨʝʜʩʪʘʚˀʘ NP-ʪʚʨʜ ʧʨʦʙʣʝʤ. ɼʦ 

ʩʝʜʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ XX ʚʝʢʘ, ʙʠʣʦ ʿʝ ʪʝʰʢʦ ʜʘ ʩʝ ʧʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ʫʛʨʘʜʝ 

ʫ ʣʦʢʘʮʠʿʩʢʝ ʧʨʦʙʣʝʤʝ.  

 

ʊʘʢʦʹʝ, LRP ʧʨʦʙʣʝʤʠ ʩʫ ʫʪʦʣʠʢʦ ʩʣʦʞʝʥʠʿʠ, ʿʝʨ ʧʨʦʤʝʥʝ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ, 

ʥʧʨ. ʢʘʧʘʮʠʪʝʪ ʚʦʟʠʣʘ, ʢʘʧʘʮʠʪʝʪ ʜʝʧʦʘ, ʙʨʦʿ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʣʦʢʘʮʠʿʘ, ʟʘʭʪʝʚʘʿʫ 

ʧʦʥʘʚˀʘˁʝ ʨʝʰʘʚʘˁʘ ʮʝʣʦʢʫʧʥʦʛ ʧʨʦʙʣʝʤʘ. ʉʪʦʛʘ ʩʝ ʟʘ ʨʝʰʘʚʘˁʝ ʦʚʘʢʚʠʭ ʧʨʦʙʣʝʤʘ 

ʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʘʧʨʦʢʩʠʤʘʪʚʥʝ ʤʝʪʦʜʝ, ʜʦʢ ʿʝ ʫʧʦʪʨʝʙʘ ʝʛʟʘʢʪʥʠʭ ʤʝʪʦʜʘ ʚʝʦʤʘ ʨʝʪʢʘ.   

 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʟʘ ʨʝʰʝʚʘˁʝ ʦʜʚʦʿʝʥʠʭ 

ʧʨʦʙʣʝʤʘ  ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʘ ʠ ʧʨʦʙʣʝʤʘ ʨʫʪʠʨʘˁʘ, ʢʘʦ ʠ ʠʥʪʝʛʨʠʩʘʥʠʭ ʧʨʦʙʣʝʤʘ 

ʠʟʙʦʨʘ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ. ʀʘʢʦ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘˁʘ ʦ ʨʘʟʣʠʯʠʪʠʤ 

ʘʩʧʝʢʪʠʤʘ ʪʝʦʨʠʿʝ ʣʦʢʘʮʠʿʝ, ʦʚʠ ʧʨʦʙʣʝʤʠ ʩʫ ʫ ʿʘʢʦ ʤʘʣʦʤ ʙʨʦʿʫ ʨʘʜʦʚʘ ʧʨʦʫʯʘʚʘʥʠ 

ʟʘʿʝʜʥʦ ʩʘ ʿʦʰ ʥʝʢʠʤ ʧʨʦʙʣʝʤʦʤ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʙʣʝʤʠ ʨʫʪʠʨʘˁʘ, ʟʘʣʠʭʘ, 
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ʨʘʩʧʦʨʝʹʠʚʘˁʘ ʠ ʩʣ. Bruns (2000) ʜʝʬʠʥʠʰʝ ʣʦʢʘʮʠʿʩʢʝ ï ʨʫʪʠʥʛ ʧʨʦʙʣʝʤʝ ʢʘʦ 

ʧʨʦʙʣʝʤʝ ʧʣʘʥʠʨʘˁʘ ʣʦʢʘʮʠʿʘ ʢʦʿʠ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʠ ʧʣʘʥʠʨʘˁʝ ʨʫʪʘ. ʊʘʢʦʹʝ, ʠ 

Balakrishnan ʠ ʦʩʪʘʣʠ (1987) ʟʘʧʘʞʘʿʫ ʜʘ ʩʫ ʣʦʢʘʮʠʿʩʢʠ ï ʨʫʪʠʥʛ ʧʨʦʙʣʝʤʠ ʧʨʝ ʩʚʝʛʘ 

ʧʨʦʙʣʝʤʠ ʜʦʥʦʰʝˁʘ ʩʪʨʘʪʝʰʢʠʭ ʦʜʣʫʢʘ ʢʦʿʠ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʣʦʢʘʮʠʿʝ ʦʙʿʝʢʘʪʘ. Rand 

(1976) ʠʩʪʠʯʝ ʜʘ ʤʥʦʛʠ ʧʨʘʢʪʠʯʘʨʠ ʢʦʿʠ ʩʝ ʙʘʚʝ ʣʦʢʘʮʠʿʩʢʠʤ ï ʨʫʪʠʥʛ ʧʨʦʙʣʝʤʠʤʘ 

ʧʦʩʪʘʿʫ ʩʚʝʩʥʠ ʦʧʘʩʥʦʩʪʠ ʢʦʿʘ ʧʦʩʪʦʿʠ ʫʢʦʣʠʢʦ ʩʝ ʧʨʦʙʣʝʤ ʧʦʜʝʣʠ ʜʘ ʜʚʘ 

ʧʦʜʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ. ʀʧʘʢ, ʤʥʦʛʠ ʪʝʦʨʝʪʠʯʘʨʠ ʠ ʧʨʘʢʪʠʯʘʨʠ ʯʝʩʪʦ ʥʝ ʫʟʠʤʘʿʫ 

ʫ ʦʙʟʠʨ ʤʝʹʫʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʦʚʘ ʜʚʝ ʚʨʩʪʝ ʧʨʦʙʣʝʤʘ ʠ ʨʝʰʘʚʘʿʫ ʧʨʦʙʣʝʤʝ ʣʦʢʘʮʠʿʝ 

ʥʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʧʨʦʙʣʝʤ ʪʨʘʥʩʧʦʨʪʘ ʠ ʫʪʠʮʘʿ ʢʦʿʠ ʦʥ ʠʤʘ ʥʘ ʫʢʫʧʥʝ ʪʨʦʰʢʦʚʝ 

ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ.  

 

ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʬʠʢʩʠʨʘ ʣʦʢʘʮʠʿʘ ʜʝʧʦʘ, ʧʨʦʙʣʝʤ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ ʩʝ ʩʚʦʜʠ ʥʘ 

ʢʣʘʩʠʯʘʥ ʧʨʦʙʣʝʤ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ ï VRP. ʇʨʦʙʣʝʤʠ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʠʨʘˁʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ NP ʪʚʨʜʝ ʧʨʦʙʣʝʤʝ, ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʜʚʘ, ʪʘʢʦʹʝ, NP ʪʚʨʜʘ ʧʨʦʙʣʝʤʘ 

(ʧʨʦʙʣʝʤ ʦʜʨʝʹʠʚʘˁʘ ʣʦʢʘʮʠʿʘ ʠ ʧʨʦʙʣʝʤ ʨʫʪʠʨʘˁʘ ʚʦʟʠʣʘ).  

6.6 LRP ̔  ̉̎̓̆̄̑̉̒́̎̏̍ ̍̏̅̆̌̔ ̌̏̄̉̒̓̉̋̆ ̮̒̎́̂̅̆̃́́ ̉ ̐̏̃̑́̓̎̆ 

̌̏̄̉̒ ̓̉̋̆  

 

ʆʩʥʦʚʥʠ ʥʘʫʯʥʠ ʮʠˀʝʚʠ ʨʘʟʚʦʿʘ ʣʦʢʘʮʠʿʩʢʠʭ - ʨʫʪʠʥʛ ʤʦʜʝʣʘ ʟʘ ʨʝʰʘʚʘˁʝ 

ʠʥʪʝʛʨʠʩʘʥʦʛ ʤʦʜʝʣʘ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʫ: 

¶ ʆʜʨʝʹʠʚʘˁʝ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ʫ ʠʥʪʝʛʨʠʩʘʥʠʤ ʣʘʥʮʠʤʘ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ 

ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ (ʝʥʛʣ. Integrated forward and reverse logistics ï IFRL) 

ʤʦʜʝʣʠʤʘ,  

¶ ɸʥʘʣʠʟʘ ʠ ʧʦʨʝʹʝˁʝ ʦʧʪʠʤʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʧʨʠʤʝʥʦʤ 

ʭʝʫʨʠʩʪʠʢʝ, 

¶ ɸʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʧʨʦʤʝʥʫ ʦʜʨʝʹʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ, 
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¶ ɸʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʟʘ ʩʚʘ ʪʨʠ ʨʘʟʚʠʿʝʥʘ ʤʦʜʝʣʘ, ʢʘʢʦ ʙʠ ʩʝ ʩʘʛʣʝʜʘʦ 

ʫʪʠʮʘʿ ʠ ʧʦʪʨʝʙʘ ʟʘ ʜʦʜʘʪʥʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʢʦʠʿ ʩʝ ʦʜʥʦʩʝ ʥʘ ʝʢʦʣʦʰʢʝ 

ʬʘʢʪʦʨʝ, ʟʘʜʦʚʦˀʝˁʝ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ ʠ ʩʣ.    

ʋ ʦʚʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠ˂ʝ ʧʨʝʜʩʪʘʚˀʝʥ ʟʘʪʚʦʨʝʥʠ ʣʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ ʩʘ ʩʣʝʜʝ˂ʠʤ 

ʩʢʫʧʦʚʠʤʘ ʫ ôforwardô ʪʦʢʫ: ʧʨʦʠʟʚʦʜʥʠ ʮʝʥʪʨʠ, ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʮʝʥʪʨʠ ʠ ʢʦʨʠʩʥʠʯʢʠ 

ʮʝʥʪʨʠ. ʇʨʦʠʟʚʦʜʥʠ ʮʝʥʪʨʠ ʧʨʦʠʟʚʦʜʝ ʥʦʚʝ ʧʨʦʠʟʚʦʜʝ ʠ ʧʨʝʧʨʘʚˀʘʿʫ ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ 

ʩʫ ʚʝ˂ ʢʦʨʠʰ˂ʝʥʠ. ʅʘʿʧʨʝ ʩʝ ʧʨʦʠʟʚʦʜʠ ʠʩʧʦʨʫʯʫʿʫ ʠʟ ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʮʝʥʪʨʠʤʘ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʧʨʦʠʟʚʦʜʠ ʪʨʘʥʩʧʦʨʪʫʿʫ ʫ ʢʦʨʠʩʥʠʯʢʝ 

ʮʝʥʪʨʝ. ʂʦʨʠʩʥʠʯʢʠ ʮʝʥʪʨʠ ʩʫ ʦʨʛʘʥʠʟʦʚʘʥʠ ʢʘʦ ʤʘʣʦʧʨʦʜʘʿʥʠ ʮʝʥʪʨʠ ʫ ʢʦʿʠʤʘ 

ʢʦʨʠʩʥʠʮʠ ʤʦʛʫ ʢʫʧʠʪʠ ʥʦʚʝ ʠʣʠ ʚʨʘʪʠʪʠ ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ ʩʫ ʚʝ˂ ʢʦʨʠʰ˂ʝʥʠ. ʋ 

ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ ʩʫ ʨʘʟʤʘʪʨʘʥʘ ʜʚʘ ʩʢʫʧʘ: ʜʝʧʦʠ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ ʮʝʥʪʨʠ ʟʘ ʦʜʣʘʛʘˁʝ 

ʦʪʧʘʜʘ. ʋ ʜʝʧʦʝ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʧʨʦʠʟʚʦʜʘ ʪʨʘʥʩʧʦʨʪʫʿʫ ʩʝ ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʫ 

ʚʨʘ˂ʝʥʠ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ. ʋ ʜʝʧʦʠʤʘ ʩʝ ʚʨʘ˂ʝʥʠ ʧʨʦʠʟʚʦʜʠ ʜʝʤʦʥʪʠʨʘʿʫ ʠ 

ʢʣʘʩʠʬʠʢʫʿʫ ʫ ʜʚʝ ʛʨʫʧʝ: ʦʥʝ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʪʨʘʥʩʧʦʨʪʦʚʘʥʠ ʫ ʮʝʥʪʝʨʝ ʟʘ ʦʜʣʘʛʘˁʝ 

ʦʪʧʘʜʘ ʠ ʧʨʦʠʟʚʦʜʥʝ ʮʝʥʪʨʝ. ɼʨʫʛʠ ʩʢʫʧ ʫ ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ ʧʨʝʜʩʪʘʚˀʘʿʫ ʮʝʥʪʨʠ ʟʘ 

ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ. ʋ ʦʚʦʤ ʜʝʣʫ ʨʘʜʘ ʿʝ ʧʨʝʜʩʪʘʚˁʝʥ ʧʨʦʙʣʝʤ ʤʝʰʦʚʠʪʦʛ ʮʝʣʦʙʨʦʿʥʦʛ 

ʧʨʦʛʨʘʤʠʨʘˁʘ (ʝʥʛʣ. mixed integer linear programing model - MILP) ʩʘ ʚʠʰʝ ʥʠʚʦʘ 

(ʝʥʛʣ. multiïechelon). ʇʨʦʙʣʝʤ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚʝˀʥ ʿʝ ʣʦʢʘʮʠʿʩʢʠ ï ʨʫʪʠʥʛ 

ʧʨʦʙʣʝʤ ʫ ʠʥʪʝʛʨʠʩʘʥʦʤ ʣʘʥʮʫ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ. ʎʠˀ 

ʦʚʦʛ ʤʦʜʝʣʘ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʪʨʠ ʬʫʥʢʮʠʿʝ ʮʠˀʘ ʢʦʿʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʤʘʪʝʤʘʪʠʯʢʠʤ 

ʤʦʜʝʣʦʤ. ʇʨʚʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʿʝ ʝʢʦʥʦʤʩʢʠ ʦʨʠʿʝʥʪʠʩʘʥʘ. ʉʚʨʭʘ ʦʚʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ 

ʿʝ ʤʘʢʩʠʤʠʟʘʮʠʿʘ ʧʨʦʬʠʪʘ ʫ ʠʥʪʝʛʨʠʩʘʥʦʤ ʣʘʥʮʫ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ 

ʣʦʛʠʩʪʠʢʝ. ʋ ʦʢʚʠʨʫ ˁʝ ʩʫ ʨʘʟʤʘʪʨʘʥʘ ʫʣʘʛʘˁʘ ʫ ʩʣʝʜʝ˂ʝ ʦʙʿʝʢʪʝ (ʣʦʢʘʮʠʿʝ):  

¶ ɼʠʩʪʨʠʙʫʪʠʚʥʝ ʮʝʥʪʨʝ ï ôforwardô ʪʦʢ, 

¶ ɼʝʧʦʝ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʚʨʘ˂ʝʥʠ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ 

ï ʧʦʚʨʘʪʥʠ ʪʦʢ, 

¶ ʎʝʥʪʨʝ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ (ʜʝʧʦʠ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ) ʫ ʢʦʿʝ ʩʝ 

ʠʩʧʦʨʫʯʫʿʫ ʧʨʦʠʟʚʦʜʠ ʠ ʜʝʣʦʚʠ ʧʨʦʠʟʚʦʜʘ  ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ ʧʦʧʨʘʚʠʪʠ 

ʠʣʠ ʧʦʥʦʚʦ ʢʦʨʠʩʪʠʪʠ. 
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ʋʣʘʛʘˁʘ ʫ ʦʙʿʝʢʪʝ (ʣʦʢʘʮʠʿʝ) ʩʫ ʨʘʟʤʘʪʨʘʥʘ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʢʦʣʠʢʦ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ, ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ ʮʝʥʪʘʨʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʪʨʝʙʘ 

ʜʘ ʙʫʜʝ ʦʪʚʦʨʝʥʦ ʠ ʢʦʿʠ ʩʫ ʪʦ ʦʙʿʝʢʪʠ. ʊʘʢʦʹʝ, ʫ ʦʢʚʠʨʫ ʧʨʚʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ 

ʨʘʟʤʘʪʘʨʘ ʩʝ ʠ ʢʦʿʠ ʧʨʦʠʟʚʦʜʥʠ ʮʝʥʪʨʠ ʪʨʝʙʘ ʜʘ ʩʥʘʙʜʝʿʫ ʢʦʿʝ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʮʝʥʪʨʝ, 

ʠ ʥʘʢʦʥ ʪʦʛʘ, ʢʦʿʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʮʝʥʪʨʠ ʪʨʝʙʘ ʜʘ ʩʥʘʙʜʝʿʫ ʢʦʿʠ ʧʦʪʨʦʰʘʯʢʠ ʮʝʥʪʘʨ, 

ʠ ʫ ʢʦʿʠʤ ʢʦʣʠʯʠʥʘʤʘ. ɿʘʪʠʤ ʩʝ, ʠʟʨʘʯʫʥʘʚʘʿʫ ʠ ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʝ ˂ʝ ʙʠʪʠ 

ʪʨʘʥʩʧʦʨʪʦʚʘʥʝ ʠʟ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ ʢʘ ʦʙʿʝʢʪʠʤʘ ʫ ʧʦʚʨʘʪʥʦʤ ʪʦʢʫ. ʇʨʚʘ 

ʬʫʢʮʠʿʘ ʮʠˀʘ ʦʙʫʭʚʘʪʘ ʠ ʪʨʘʥʩʧʦʨʪʥʝ ʪʨʦʰʢʦʚʝ, ʢʘʦ ʠ ʦʧʝʨʘʪʠʚʥʝ ʪʨʦʰʢʦʚʝ ʧʦ 

ʿʝʜʠʥʠʮʠ ʧʨʦʠʟʚʦʜʘ. ɼʨʫʛʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʦʧʪʠʤʠʟʫʿʝ ʥʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ 

ʢʦʨʠʩʥʠʢʘ (service level). ʊʨʝ˂ʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʧʨʝʜʩʪʘʚˀʘ ʤʠʥʠʤʠʟʘʮʠʿʫ ʢʦʨʠʰ˂ʝˁʘ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʠ ʩʫ ʰʪʝʪʥʠ ʟʘ ʦʢʦʣʠʥʫ. ʋ ʦʚʦʿ ʬʫʥʢʮʠʿʠ ʮʠˀʘ 

ʨʘʟʤʘʪʨʘʿʫ ʩʝ ʤʘʪʝʨʠʿʘʣʠ ʠ ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʨʦʠʟʚʦʜʥʠʤ ʮʝʥʪʨʠʤʘ. 

ʇʨʦʙʣʝʤ ʩʝ ʨʝʰʘʚʘ ʤʝʪʦʜʦʤ ʝʧʩʠʣʦʥ ʦʛʨʘʥʠʯʝˁʘ (ʝʥʛʣ. Ů - constraint method). ʅʘ 

ʩʣʠʮʠ 6.1 ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʟʘʪʚʦʨʝʥʠ ʣʘʥʘʮ ʣʦʛʠʩʪʠʯʢʝ ʤʨʝʞʝ ʟʘ ʤʦʜʝʣʝ LRP_MOD_1, 

LRP_MOD_2 ʠ LRP_MOD_3. 

 

ʉʣʠʢʘ 6.1. ɿʘʪʚʦʨʝʥʠ ʣʘʥʘʮ ʣʦʛʠʩʪʠʯʢʝ ʤʨʝʞʝ ʟʘ ʤʦʜʝʣʝ LRP_MOD_1-3 

6.6.1 ʈʘʟʚʦʿ ʤʦʜʝʣʘ ï LRP_MOD_1 

 

ʇʨʝʪʧʦʩʪʘʚʢʝ ʤʦʜʝʣʘ ʩʫ ʩʣʝʜʝ˂ʝ: 
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¶ ʄʦʜʝʣ ʩʝ ʦʜʥʦʩʠ ʥʘ ʿʝʜʘʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. 

¶ ʂʘʧʘʮʠʪʝʪʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ, ʜʝʧʦʘ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ ʠ ʮʝʥʪʘʨʘ 

ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʩʫ ʫʥʘʧʨʝʜ ʧʦʟʥʘʪʠ. 

¶ ʂʘʧʘʮʠʪʝʪʠ ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ ʥʠʩʫ ʦʛʨʘʥʠʯʝʥʠ. 

¶ ʉʚʠ ʦʙʿʝʢʪʠ ʠʩʪʝ ʥʘʤʝʥʝ ʠʤʘʿʫ ʠʩʪʫ ʚʝʣʠʯʠʥʫ ʠ ʢʘʧʘʮʠʪʝʪ. 

¶ ʇʨʦʮʝʥʘʪ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʦʜ ʢʦʨʠʩʥʠʢʘ ʿʝ ʧʦʟʥʘʪ. 

¶ ʇʨʦʮʝʥʘʪ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʦʜʣʦʞʝʥʠ ʥʘ ʜʝʧʦʥʠʿʫ ʿʝ ʧʦʟʥʘʪ. 

¶ ʉʚʠ ʧʨʦʠʟʚʦʜʠ ʚʨʘ˂ʝʥʠ ʦʜ ʢʦʨʠʩʥʠʢʘ ʧʨʠʢʫʧˀʘʿʫ ʩʝ ʫ ʢʦʨʠʩʥʠʯʢʠʤ 

ʮʝʥʪʨʠʤʘ. 

¶ ʃʦʢʘʮʠʿʝ ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ ʠ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ ʩʫ ʫʥʘʧʨʝʜ 

ʧʦʟʥʘʪʝ. 

 

ʇʘʨʘʤʝʪʨʠ, ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ, ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʠ ʦʛʨʘʥʠʯʝˁʘ ʫ ʠʥʪʝʛʨʠʩʘʥʦʤ 

ʤʦʜʝʣʫ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ ʩʫ: 

 

ʉʢʫʧʦʚʠ 

 

P={1,é,np} ï ʩʢʫʧ ʧʨʦʠʟʚʦʜʘ, PpÍ  

I={1,é,ni} ï ʩʢʫʧ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʠʭ ʣʦʢʘʮʠʿʘ ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ ʢʦʿʠ ʧʨʦʠʟʚʦʜʝ 

ʧʨʦʠʟʚʦʜʝ ʠ ʧʦʧʨʘʚˀʘʿʫ ʠʭ, IiÍ   

J={1,é,nj} ï ʩʢʫʧ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʣʦʢʘʮʠʿʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ ʫ ʢʦʿʝ ʩʫ ʥʦʚʠ 

ʧʨʦʠʟʚʦʜʠ ʪʨʘʥʩʧʦʨʪʦʚʘʥʠ ʠʟ ʧʨʦʠʟʚʦʜʥʦʛ ʮʝʥʪʨʘ, JjÍ  

K={1,é,nk} ï ʩʢʫʧ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʠʭ ʣʦʢʘʮʠʿʘ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘKkÍ   

L={1,é,nl} - ʩʢʫʧ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʣʦʢʘʮʠʿʘ ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʫ ʢʦʿʠʤʘ ʩʝ 

ʧʨʦʠʟʚʦʜʠ ʚʨʘ˂ʝʥʠ ʠʟ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ k ʢʣʘʩʠʬʠʢʫʿʫ ʥʘ ʦʥʝ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʧʦʧʨʘʚʠʪʠ ʠ ʦʥʝ ʢʦʿʠ ʩʝ ʦʜʣʘʞʫ ʫ ʮʝʥʪʘʨ ʟʘ ʩʘʢʫʧˀʘˁʝ ʦʪʧʘʜʘ, LlÍ   

M={1,é,nm} - ʩʢʫʧ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʣʦʢʘʮʠʿʘ ʮʝʥʪʘʨʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ (ʜʝʧʦʠ ʟʘ 

ʦʜʩʪʨʘˁʠʚʘˁʝ) ʫ ʢʦʿʠ ʩʝ ʠʩʧʦʨʫʯʫʿʫ ʧʨʦʠʟʚʦʜʠ ʠ ʜʝʣʦʚʠ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ 

ʧʦʧʨʘʚʠʪʠ ʠʣʠ ʧʦʥʦʚʦ ʢʦʨʠʩʪʠʪʠ MmÍ   
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ʇʘʨʘʤʝʪʨʠ 

 

kd - ʪʨʘʞˁʘ ʢʦʨʠʩʥʠʯʢʦʛ ʮʝʥʪʨʘ k   

y  - ʦʯʝʢʠʚʘʥʠ ʧʨʦʮʝʥʘʪ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʚʨʘ˂ʝʥʠ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ  

r  - ʧʨʦʮʝʥʘʪ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʠʩʧʦʨʫʯʝʥʠ ʮʝʥʪʨʫ ʟʘ ʦʜʣʘʛʘˁʝ  

gj ï ʬʠʢʩʥʠ ʪʨʦʰʢʦʚʠ ʦʪʚʘʨʘˁʘ ʜʠʩʪʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ j  

al - ʬʠʢʩʥʠ ʪʨʦʰʢʦʚʠ ʦʪʚʘʨʘˁʘ ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ l  

bm - ʬʠʢʩʥʠ ʪʨʦʰʢʦʚʠ ʦʪʚʘʨʘˁʘ ʮʝʥʪʘʨʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ m  

D
1
ij - ʪʨʦʰʢʦʚʠ ʪʨʘʥʩʧʦʨʪʘ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ i ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ j  

D
2
jk - ʪʨʦʰʢʦʚʠ ʪʨʘʥʩʧʦʨʪʘ ʠʟʤʝʹʫ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ j ʠ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ 

k  

D
3
kl - ʪʨʦʰʢʦʚʠ ʪʨʘʥʩʧʦʨʪʘ ʠʟʤʝʹʫ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ k ʠ ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ l  

D
4
li - ʪʨʦʰʢʦʚʠ ʪʨʘʥʩʧʦʨʪʘ ʠʟʤʝʹʫ ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ l ʠ ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ i  

D
5
lm - ʪʨʦʰʢʦʚʠ ʪʨʘʥʩʧʦʨʪʘ ʠʟʤʝʹʫ ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ l ʠ ʮʝʥʪʘʨʘ ʟʘ ʦʜʣʘʛʘˁʝ 

ʦʪʧʘʜʘ m  

D
6
ki ï ʪʨʦʰʢʦʚʠ ʧʨʘʟʥʠʭ ʚʦʟʠʣʘ ʢʦʿʘ ʩʝ ʢʨʝ˂ʫ ʠʟʤʝʹʫ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ k ʠ 

ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ i  

D
7
mi - ʪʨʦʰʢʦʚʠ ʧʨʘʟʥʠʭ ʚʦʟʠʣʘ ʢʦʿʘ ʩʝ ʢʨʝ˂ʫ ʠʟʤʝʹʫ ʮʝʥʪʘʨʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ m ʠ 

ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ i  

Tm
2
 ï ʢʘʧʘʮʠʪʝʪ ʮʝʥʪʘʨʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ m  

Tj
1
 ï ʤʘʢʩʠʤʘʣʥʠ ʧʨʦʪʦʢ ʧʨʦʠʟʚʦʜʘ ʢʨʦʟ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʮʝʥʪʘʨ ʿ

  

Tl
2
 - ʤʘʢʩʠʤʘʣʥʠ ʧʨʦʪʦʢ ʧʨʦʠʟʚʦʜʘ ʢʨʦʟ depo l 

ɗp ï ʿʝʜʠʥʠʯʥʘ ʮʝʥʘ ʧʨʦʠʟʚʦʜʘ p 

ɚp  - ʟʘʨʘʜʘ ʧʦ ʿʝʜʠʥʠʮʠ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ p 

Űip ï ʮʝʥʘ ʢʦʰʪʘˁʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʨʦʠʟʚʦʜʘ p ʫ ʧʨʦʠʟʚʦʜʥʦʤ ʮʝʥʪʨʫ i 

űjp ï ʿʝʜʠʥʠʯʥʠ ʪʨʦʰʢʦʚʠ ʧʨʦʮʝʩʫʠʨʘˁʘ ʧʨʦʠʟʚʦʜʘ p ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʮʝʥʪʨʫ j 

ɔkp - ʿʝʜʠʥʠʯʥʠ ʪʨʦʰʢʦʚʠ ʧʨʦʮʝʩʫʠʨʘˁʘ ʧʨʦʠʟʚʦʜʘ p ʫ ʢʦʨʠʩʥʠʯʢʦʤ ʮʝʥʪʨʫ  k  

ɖlp ï ʿʝʜʠʥʠʯʥʠ ʪʨʦʰʢʦʚʠ ʜʝʤʦʥʪʘʞʝ ʠ ʨʘʟʚʨʩʪʘʚʘˁʘ ʧʨʦʠʟʚʦʜʘ p ʫ ʜʝʧʦʫ ʟʘ 

ʨʘʟʚʨʩʪʘʚʘˁʝ l 
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ɛmp ïʪʨʦʰʢʦʚʠ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʨʦʠʟʚʦʜʘ p ʫ ʮʝʥʪʨʫ ʟʘ ʦʜʣʘʛʘˁʝ 

ʦʪʧʘʜʘ m 

Ŭ ï ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʟʘ ʥʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ )10( ¢¢a  

vip - ʠʥʜʠʢʘʪʦʨ ʢʦʨʠʰ˂ʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʫ ʤʘˁʝ ʰʪʝʪʥʠ ʟʘ ʦʢʦʣʠʥʫ, ʫ 

ʧʨʦʠʟʚʦʜʥʦʤ ʮʝʥʪʨʫ i ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʠʟʚʝʦ ʧʨʦʠʟʚʦʜ p. ʇʨʠʤʝʨ ʦʚʘʢʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʫ 

ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʩʫ ʨʝʮʠʢʣʘʙʠʣʥʠ. vip = [0,1]  

wip - ʠʥʜʠʢʘʪʦʨ ʢʦʨʠʰ˂ʝˁʘ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʝ ʤʘˁʝ ʟʘʛʘʹʫʿʫ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʫ 

ʧʨʦʠʟʚʦʜʥʦʤ ʮʝʥʪʨʫ i ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʠʟʚʝʦ ʧʨʦʠʟʚʦʜ p. ʇʨʠʤʝʨʠ ʦʚʘʢʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ 

ʩʫ ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʢʘʦ ʰʪʦ ʿʝ ʩʫʯʥʝʚʘ ʝʥʝʨʛʠʿʘ. wip = [0,1] 

 

ʋʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ  

 

X
1
ijp - ʂʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ p ʪʨʘʥʩʧʦʨʪʦʚʘʥʘ ʦʜ ʧʨʦʠʟʚʦʜʥʦʛ ʮʝʥʪʨʘ i ʜʦ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʮʝʥʪʨʘ j 

X
2
jkp - ʂʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ p ʪʨʘʥʩʧʦʨʪʦʚʘʥʘ ʦʜ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʮʝʥʪʨʘ j ʜʦ 

ʢʦʨʠʩʥʠʯʢʦʛ ʮʝʥʪʨʘ k   

X
3
klp - ʂʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ p ʪʨʘʥʩʧʦʨʪʦʚʘʥʘ ʦʜ ʢʦʨʠʩʥʠʯʢʦʛ ʮʝʥʪʨʘ k ʜʦ ʜʝʧʦʘ ʟʘ 

ʨʘʟʚʨʩʪʘʚʘˁʝ l  

X
4
lip - ʂʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ p ʪʨʘʥʩʧʦʨʪʦʚʘʥʘ ʦʜ ʜʝʧʦʘ l ʜʦ ʧʨʦʠʟʚʦʜʥʦʛ ʮʝʥʪʨʘ i   

X
5
lmp - ʂʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ p ʪʨʘʥʩʧʦʨʪʦʚʘʥʘ ʦʜ ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ l ʜʦ ʮʝʥʪʨʘ ʟʘ 

ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ m  

X
6
kip ï ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʯʫʚʘʚʘˁʝ ʪʨʦʰʢʦʚʘ ʚʦʟʠʣʘ ʢʦʿʘ ʩʝ ʧʨʘʟʥʘ 

ʚʨʘ˂ʘʿʫ ʠʟ ʧʦʪʨʦʰʘʯʢʦʛ ʮʝʥʪʨʘ k ʫ ʧʨʦʠʟʚʦʜʥʠ ʮʝʥʪʘʨ i 

X
7
mip ï ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʯʫʚʘʚʘˁʝ ʪʨʦʰʢʦʚʘ ʚʦʟʠʣʘ ʢʦʿʘ ʩʝ ʧʨʘʟʥʘ 

ʚʨʘ˂ʘʿʫ ʠʟ ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ m ʫ ʧʨʦʠʟʚʦʜʥʠ ʮʝʥʪʘʨ i 

Sj ï ʠʥʢʠʜʘʪʦʨ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʜʘ ʣʠ ʿʝ ʜʠʩʪʠʙʫʪʠʚʥʠ ʮʝʥʪʘʨ ʦʪʚʦʨʝʥ ʥʘ ʣʦʢʘʮʠʿʠ j, Sj=1, 

ʘʢʦ ʿʝ ʜʠʩʪʠʙʫʪʠʚʥʠ ʮʝʥʪʘʨ ʦʪʚʦʨʝʥ ʥʘ ʣʦʢʘʮʠʿʠ j, Sj=0 ʫ ʩʫʧʨʦʪʥʦʤ 

Ll ï ʠʥʢʠʜʘʪʦʨ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʜʘ ʣʠ ʿʝ ʜʝʧʦ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ ʦʪʚʦʨʝʥ ʥʘ ʣʦʢʘʮʠʿʠ l, 

Ll=1,
 
ʘʢʦ ʿʝ ʜʝʧʦ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ ʦʪʚʦʨʝʥ ʥʘ ʣʦʢʘʮʠʿʠ l, Ll=0 ʫ ʩʫʧʨʦʪʥʦʤ  
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Vm - ʠʥʢʠʜʘʪʦʨ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʜʘ ʣʠ ʿʝ ʮʝʥʪʘʨ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʦʪʚʦʨʝʥ ʥʘ ʣʦʢʘʮʠʿʠ 

m, Vm=1, ʘʢʦ ʿʝ ʮʝʥʪʘʨ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʦʪʚʦʨʝʥ ʥʘ ʣʦʢʘʮʠʿʠ m, Vm=0 ʫ ʩʫʧʨʦʪʥʦʤ 

 

ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ: LRP_MOD_1 

 

äääääääää

ääääää äää

äääääääää

ääääääääääää

äääääääää

Ö+Ö+Ö+

+Ö+Ö+Ö+

+Ö+Ö+Ö+

+Ö+Ö+Ö+Ö+

+Ö+Ö+Ö-Ö+Ö=

m i p

mipmi

k i p

kipki

l m p

lmplm

l i p

lipli

j k p k l p

klpkljkpjk

i j p

ijpijlmp

l m p

mpklp

k l p

lp

klp

k l p

kpjkp

j k p

kpjkp

j k p

jpijp

i j p

ip

m

m

ml

l

lj

j

jlip

l i p

pjkp

j k p

p

XDXDXD

XDXDXD

XDXX

XXXX

VbLaSgXXf

)

(max

776655

443312

1153

3221

42

1

mh

ggjt

lq

              (1)

  

 

)()1()(min 32

2 äää äääää -ÖÖ-+-Ö=
l p

klp

k k p

kp

j p

jkp

p

kp XdyXdf aa                                             (2) 

äääääää Ö+-Ö=
i j p

ijpip

i j l p

lipijpip XwXXvf 141

3 )(min                       (3) 

 

ʇʨʠ ʦʛʨʘʥʠʯʝˁʠʤʘ 

                           

PpKkdX
j

kpjkp Í"Í"¢ä ,,2
                    (4) 

PpIiXXXX
j

ijp

k

kip

l

lip

m

mip Í"Í"=++ ääää ,,1647
               (5) 

PpJjXX
i k

jkpijp Í"Í"=-ä ä ,,021                      (6) 

PpKkXXX
j

jkp

l

klp

i

kip Í"Í"=+ äää ,,236                                (7) 

PpLlXXX
i k

klp

m

lmplip Í"Í"=+ä ää ,,354
               (8) 

PpMmXX
l

lmp

i

mip Í"Í"=ää ,,57                                        (9) 
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PpKkXyX
j

jkp

l

klp Í"Í"Ö= ää ,,23                                     (10) 

LlPpX
y

r
X

k

klp

m

lmp Í"Í"Ö= ää ,,35                                              (11) 

JjSTX jj

i p

ijp Í"Ö¢ää ,11
              (12) 

LlLTX ll

k p

klp Í"Ö¢ää ,23
              (13) 

MmVTX mm

l p

lmp Í"Ö¢ää ,25
              (14) 

}1,0{,, Ímlj VLS                     (15) 

 

ʇʨʚʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ (1) ʿʝ ʫʢʫʧʥʠ ʧʨʦʬʠʪ ʢʘʦ ʨʘʟʣʠʢʘ ʫʢʫʧʥʦʛ ʧʨʠʭʦʜʘ ʫʤʘˁʝʥ ʠ 

ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ. ʋʢʫʧʘʥ ʧʨʠʭʦʜ ʦʙʫʭʚʘʪʘ ʧʨʠʭʦʜ ʦʜ ʧʨʦʜʘʿʝ ʥʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʠ 

ʧʨʠʭʦʜ ʦʜ ʚʨʘ˂ʝʥʠʭ ʧʨʦʠʟʚʦʜʘ. ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʦʙʫʭʚʘʪʘʿʫ ʩʣʝʜʝ˂ʝ: ʪʨʦʰʢʦʚʝ 

ʦʪʚʘʨʘˁʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ, ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ ʮʝʥʪʘʨʘ ʟʘ ʦʜʣʘʛʘˁʝ 

ʦʪʧʘʜʘ, ʪʨʦʰʢʦʚʝ ʠʟʚʦʹʝˁʘ ʦʧʝʨʘʮʠʿʘ ʫ ʧʨʦʠʟʚʦʜʥʠʤ ʮʝʥʪʨʠʤʘ, ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ 

ʮʝʥʪʨʠʤʘ, ʜʝʧʦʠʤʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ ʮʝʥʪʨʠʤʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ, ʢʘʦ ʠ ʫʢʫʧʥʝ 

ʪʨʦʰʢʦʚʝ ʪʨʘʥʩʧʦʨʪʘ. ɼʨʫʛʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ (2) ʿʝ ʢʦʣʠʯʠʥa ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʥʠʩʫ 

ʠʩʧʦʨʫʯʝʥʠ ʢʦʨʠʩʥʠʯʢʠʤ ʮʝʥʪʨʠʤʘ ʠ ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʥʠʩʫ ʚʨʘ˂ʝʥʠ ʦʜ 

ʢʦʨʠʩʥʠʢʘ (ʥʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ ʫ ʠʥʪʝʛʨʠʩʘʥʦʤ ʣʘʥʮʫ ʣʦʛʠʩʪʠʢʝ 

ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʨʘʪʥʝ ʣʦʛʠʩʪʠʢʝ). ʊʨʝ˂ʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ (3) ʿʝ ʝʢʦʣʦʰʢʠ 

ʦʨʠʿʘʥʪʠʩʘʥʘ ʠ ˁʝʥʘ ʩʚʨʭʘ ʿʝ ʤʠʥʠʤʠʟʘʮʠʿʘ ʢʦʨʠʰ˂ʝˁʘ ʥʝ-ʝʢʦʣʦʰʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ 

ʪʝʭʥʦʣʦʛʠʿʘ ʫ ʧʨʦʠʟʚʦʜʥʠʤ ʮʝʥʪʨʠʤʘ. ʆʛʨʘʥʠʯʝˁʝ (4) ʧʦʢʘʟʫʿʝ ʜʘ ʥʠʩʫ ʟʘʜʦʚʦˀʝʥʝ 

ʩʚʝ ʧʦʪʨʝʙʝ ʢʦʨʠʩʥʠʢʘ. ʆʛʨʘʥʠʯʝˁʘ (5-9) ʦʙʝʟʙʝ́ʫʿʫ ʜʘ ʧʦʩʪʦʿʠ ʙʘʣʘʥʩ ʪʦʢʦʚʘ ʫ 

ʧʨʦʠʟʚʦʜʥʠʤ ʮʝʥʪʨʠʤʘ, ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʮʝʥʪʨʠʤʘ, ʢʦʨʠʩʥʠʯʢʠʤ ʮʝʥʪʨʠʤʘ, ʜʝʧʦʠʤʘ 

ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ ʮʝʥʪʨʠʤʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ, ʨʝʩʧʝʢʪʠʚʥʦ. ʆʛʨʘʥʠʯʝˁʝ (10) 

ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʫ ʩʚʠ ʧʨʦʠʟʚʦʜʠ ʚʨʘ˂ʝʥʠ ʦʜ ʢʦʨʠʩʥʠʢʘ ʠʩʧʦʨʫʯʝʥʠ ʜʝʧʦʠʤʘ ʟʘ 

ʨʘʟʚʨʩʪʘʚʘˁʝ. ʆʛʨʘʥʠʯʝˁʝ (11) ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʫ ʩʚʠ ʚʨʘ˂ʝʥʠ ʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʥʝ ʤʦʛʫ 

ʙʠʪʠ ʧʦʧʨʘʚˀʝʥʠ ï ʠʩʧʦʨʫʯʝʥʠ ʮʝʥʪʨʠʤʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ. ʆʛʨʘʥʠʯʝˁʘ (12) ʠ (13) 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʘʧʘʮʠʪʘʪʥʘ ʦʛʨʘʥʠʯʝˁʘ ʟʘ ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʮʝʥʪʨʝ ʠ ʜʝʧʦʝ ʟʘ 
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ʨʘʟʚʨʩʪʘʚʘˁʝ, ʜʦʢ ʦʛʨʘʥʠʯʝˁʝ (14) ʧʨʝʜʩʪʘʚˀʘ ʢʘʧʘʮʠʪʝʪʥʦ ʦʛʨʘʥʠʯʝˁʝ ʟʘ ʮʝʥʪʨʝ ʟʘ 

ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ. ʆʛʨʘʥʠʯʝˁʝ (15) ʧʨʝʜʩʪʘʚˀʘ ʙʠʥʘʨʥʦ ʦʛʨʘʥʠʯʝˁʝ ʟʘ ʩʚʝ 

ʫʧʨʘʚˀʘʯʢʝ ʧʨʦʤʝʥˀʠʚʝ.  

6.6.1.1 ʄʝʪʦʜʦʣʦʛʠʿʘ ʚʠʰʝʮʠˀʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʩʘ ʧʨʠʤʝʥʦʤ VNS ʠ ʤʝʪʦʜʝ 

ʧʨʦʤʝʥˀʠʚʠʭ ʦʢʦʣʠʥʘ 

 

ɿʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʚʠʰʝʮʠˀʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʤʝʪʦʜʘ ʝʧʩʠʣʦʥ 

ʦʛʨʘʥʠʯʘʚʘˁʘ. Hamies ʠ ʦʩʪʘʣʠ (1971) ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʦʚʫ ʤʘʪʝʤʘʪʠʯʢʫ ʤʝʪʦʜʫ ʟʘ 

ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʚʠʰʝʮʠˀʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʛʝʥʝʨʠʩʘˁʝʤ ʇʘʨʝʪʦ ʦʧʪʠʤʘʣʥʠʭ 

ʨʝʰʝˁʘ. ʆʚʘ ʪʝʭʥʠʢʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʠ ʚʠʰʝʮʠˀʥʦʛ ʧʨʦʙʣʝʤʘ ʫ 

ʧʨʦʙʣʝʤ ʩʘ ʿʝʜʥʦʤ ʬʫʥʢʮʠʿʦʤ ʮʠˀʘ ʪʘʢʦ ʰʪʦ ʩʝ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʠʤʘ ʥʘʿʚʠʰʠ 

ʧʨʠʦʨʠʪʝʪ ʧʦʩʪʘʚˀʘ ʢʘʦ ʿʝʜʠʥʘ ʬʫʥʢʮʠʿʘ, ʜʦʢ ʩʝ ʦʩʪʘʣʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ 

ʪʨʘʥʩʬʦʨʤʠʰʫ ʫ ʦʛʨʘʥʠʯʝˁʘ. ʄʘʪʝʤʘʪʠʯʢʘ ʬʦʨʤʫʣʘʮʠʿʘ ʚʠʰʝʮʠˀʥʦʛ ʧʨʦʙʣʝʤʘ 

ʜʝʬʠʥʠʩʘʥʦʛ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ ʫ ʧʨʠʤʝʥʠ ʤʝʪʦʜʝ Ů - ʦʛʨʘʥʠʯʘʚʘˁʘ ʤʦʞʝ ʩʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 

LRP_MOD_1: 

 

)(max 1 xf            

ʧʨʠ ʦʛʨʘʥʠʯʝˁʠʤʘ 

 

)154.( -Eqs  

22 )( e¢xf                                                                                                                            (13) 

33 )( e¢xf        

 

ɺʨʝʜʥʦʩʪ Ů2 ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʢʦʿʫ ʤʦʞʝ ʠʤʘʪʠ ʜʨʫʛʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ. 

ɺʨʝʜʥʦʩʪ Ů3 ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʢʦʿʫ ʤʦʞʝ ʠʤʘʪʠ ʪʨʝ˂ʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ. 
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ʄʝʪʦʜʘ ʝʧʩʠʣʦʥ ʦʛʨʘʥʠʯʘʚʘˁʘ ʦʤʦʛʫ˂ʫʿʝ ʛʝʥʝʨʠʩʘˁʝ ʧʦʜʩʢʫʧʘ ʇʘʨʝʪʦ ʦʧʪʠʤʘʣʥʠʭ 

ʨʝʰʝˁʘ ʤʝˁʘˁʝʤ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʫ ʦʜ ʬʫʥʢʮʠʿʘ ʮʠˀʘ.  

 

ɼʝʬʠʥʠʮʠʿʘ 6.5. ɼʦʧʫʩʪʠʚʦ ʨʝʰʝˁʝ XxÍĔ ʿʝ ʝʬʠʢʘʩʥʦ ʠʣʠ ʇʘʨʝʪʦ ʦʧʪʠʤʘʣʥʦ ʘʢʢʦ ʥʝ 

ʧʦʩʪʦʿʠ ʥʠʿʝʜʥʦ ʜʦʧʫʩʪʠʚʦ ʨʝʰʝˁʝ XxÍ ʪʘʢʚʦ ʜʘ ʿʝ )Ĕ()( xFxF ¢  

ʛʜʝ ʿʝ  

x=(x1,...,xn) ï ʚʝʢʪʦʨ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, 

X ï ʜʦʧʫʩʪʠʚʠ ʩʢʫʧ ʢʦʿʠ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ { ),....,1,0;,....,1,)(| njxixeRxX ji

n =²=¢Í= nv , 

)(xei  - ʬʫʥʢʮʠʿʝ ʦʛʨʘʥʠʯʝˁʘ, 

v- ʜʝʩʥʝ ʩʪʨʘʥʝ ʦʛʨʘʥʠʯʝˁʘ. 

 

ʅʘʚʝʜʝʥʘ ʜʝʬʠʥʠʮʠʿa ʚʘʞʠ ʟʘ ʤʠʥʠʤʠʟʘʮʠʿʫ ʩʚʠʭ ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʫ ɽʫʢʣʠʜʩʢʦʤ n-

ʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ. 

 

ɼʝʬʠʥʠʮʠʿʘ 6.6. ɸʢʦ ʿʝ ʨʝʰʝˁʝ xĔ ʝʬʠʢʘʩʥʦ, ʪʘʯʢʘ )Ĕ(Ĕ xFy=  ʟʦʚʝ ʩʝ ʥʝʜʦʤʠʥʠʨʘʥʘ 

ʪʘʯʢʘ ʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʩʢʫʧʘ Y. 

ʂʨʠʪʝʨʫʿʫʤʩʢʠ ʩʢʫʧYʿʝ ʩʢʫʧ ʩʚʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʢʦʿʝ ʩʝ ʜʦʧʫʩʪʠʚʠ ʩʢʫʧ nRXË  

ʧʨʝʩʣʠʢʘʚʘ ʠ RYË . 

 

ɼʝʬʠʥʠʮʠʿʘ 6.7. ʉʢʫʧ ʩʚʠʭ ʝʬʠʢʘʩʥʠʭ ʨʝʰʝˁʘ ʟʦʚʝ ʩʝ ʝʬʠʢʘʩʘʥ ʩʢʫʧ ʠ ʦʟʥʘʯʘʚʘ ʩʘ 

XE. ʉʢʫʧ ʩʚʠʭ ʥʝʜʦʤʠʥʠʨʘʥʠʭ ʪʘʯʘʢʘ ʩʝ ʟʦʚʝ ʥʝʜʦʤʠʥʠʨʘʥʠ ʩʢʫʧ ʠ ʦʟʥʘʯʘʚʘ ʩʘ YN. 

 

ɼʘʢʣʝ, ʜʦʧʫʩʪʠʚʦ ʨʝʰʝˁʝ ʿʝ ʝʬʠʢʘʩʥʦ ʘʢʦ ʥʝ ʧʦʩʪʦʿʠ ʥʠʿʝʜʥʦ ʜʨʫʛʦ ʜʦʧʫʩʪʠʚʦ 

ʨʝʰʝˁʝ ʢʦʿʝ ʛʘ ʜʦʤʠʥʠʨʘ, ʦʜʥʦʩʥʦ ʘʢʦ ʥʝ ʧʦʩʪʦʿʠ ʥʠʿʝʜʥʦ ʜʨʫʛʦ ʜʦʧʫʩʪʠʚʦ ʨʝʰʝˁʝ 

ʢʦʿʝ ʿʝ ʧʦ ʩʚʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʙʘʨ ʿʝʜʥʘʢʦ ʜʦʙʨʦ, ʘ ʙʘʨ ʧʦ ʿʝʜʥʦʤ ʢʨʠʪʝʨʠʿʫʤʫ ʙʦˁʝ 

ʦʜ ˁʝʛʘ. 
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6.7 ʇʨʠʤʝʥʘ ʭʝʫʨʠʩʪʠʢʝ ʥʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ LRP_MOD_1 

 

ʇʨʝʪʨʘʞʠʚʘˁʝ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ʩʧʨʦʚʦʜʠ ʩʝ ʟʘ ʩʚʘʢʠ ʢʦʨʠʩʥʠʯʢʠ ʮʝʥʪʘʨ ʧʦʿʝʜʠʥʘʯʥʦ. 

ʎʠˀ ʧʨʝʪʨʘʞʠʚʘˁʘ ʿʝ ʜʘ ʩʝ ʟʘ ʩʚʘʢʠ ʧʨʦʠʟʚʦʜ ʟʘʭʪʝʚʘʥ ʦʜ ʦʜʨʝʹʝʥʦʛ ʢʦʨʠʩʥʠʯʢʦʛ 

ʮʝʥʪʨʘ, ʦʜʨʝʜʠ ʜʦʙʘʚˀʘʯ, ʬʘʙʨʠʢʘ, ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʮʝʥʪʘʨ, ʜʝʧʦ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ 

ʜʝʧʦ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ ʪʘʢʦ ʜʘ ʜʦʙʠʿʝʥʦ ʨʝʰʝˁʝ ʙʫʜʝ ʰʪʦ ʙʣʠʞʝ ʥʘʿʦʧʪʠʤʘʣʥʠʿʝʤ. 

ɼʠʩʪʨʠʙʫʪʠʚʥʠ ʮʝʥʪʨʠ, ʜʝʧʦʠ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ ʜʝʧʦʠ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ ʠʤʘʿʫ 

ʦʛʨʘʥʠʯʝʥʝ ʢʘʧʘʮʠʪʝʪʝ, ʪʝ ʨʝʟʫʣʪʘʪ ʟʘʚʠʩʠ ʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʨʦʠʟʚʦʜʘ ʧʨʠ 

ʧʨʝʪʨʘʞʠʚʘˁʫ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʧʨʝʪʨʘʞʠʚʘˁʝ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʢʦʨʘʢʘ: 

 

¶ ʬʦʨʤʠʨʘˁʝ ʨʝʜʦʩʣʝʜʘ ʧʨʦʠʟʚʦʜʘ (VNS1 ʘʣʛʦʨʠʪʘʤ), 

¶ ʧʨʝʪʨʘʞʠʚʘˁʝ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ʟʘ ʩʚʘʢʠ ʧʨʦʠʟʚʦʜ ʟʘʭʪʝʚʘʥ ʦʜ ʩʪʨʘʥʝ ʦʜʨʝʹʝʥʦʛ 

ʢʦʨʠʩʥʠʯʢʦʛ ʮʝʥʪʨʘ (VNS2 ʘʣʛʦʨʠʪʘʤ). 

6.7.1 ʌʦʨʤʠʨʘˁʝ ʨʝʜoʩʣʝʜʘ ʧʨʦʠʟʚʦʜʘ  

 

ʌʦʨʤʠʨʘˁʝ ʨʝʜʦʩʣʝʜʘ ʧʨʦʠʟʚʦʜʘ ʠʟʚʨʰʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʪʦʜʝ VNS ʩʘ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʤ ʦʜʘʙʠʨʦʤ ʨʝʰʝˁʘ. ʎʠˀ ʧʨʝʪʨʘʛʝ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʪʘʢʚʦʛ ʨʝʜʦʩʣʝʜʘ 

ʧʨʦʠʟʚʦʜʘ ʟʘ ʢʦʿʠ ˂ʝ ʩʝ ʜʦʙʠʪʠ ʨʝʰʝˁʝ ʢʦʿʝ ʿʝ ʙʣʠʞʝ ʦʧʪʠʤʘʣʥʦʤ. ʈʝʰʝˁʘ z ʩʫ 

ʥʠʟʦʚʠ ʠʥʜʝʢʩʘ ʧʨʦʠʟʚʦʜʘ ʠ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ (ʥʧʨ. ʟʘ nk = 3, np = 2: z = [k2p1 

k1p2 k1p1 k3p1 k2p2 k3p2]. 

 

ʇʦʯʝʪʥʦ ʨʝʰʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʥʠʟ ʠʥʜʝʢʩʘ ʦʜʨʝʹʝʥ ʩʦʨʪʠʨʘˁʝʤ ʧʨʦʠʟʚʦʜʘ ʧʨʝʤʘ 

ʢʨʠʪʝʨʠʿ ʫʤʫ ʪʨʘʞˁʝ ʢʦʨʠʩʥʠʯʢʦʛ ʮʝʥʪʨʘ. ʉʦʨʪʠʨʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʦʜ ʚʝ˂ʠʭ ʢʘ ʤʘˁʠʤ 

ʪʨʘʞˁʘʤʘ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ. ʅʘ ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ ʿʝ ʧʨʠʤʝˁʝʥ ʘʣʛʦʨʠʪʘʤ VNS2 

ʢʦʿʠ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥ ʫ 6.7.2. ʈʝʟʫʣʪʘʪʠ ʩʫ ʚʨʝʜʥʦʩʪʠ f01ijklmp (i=1,...,ni, j=1,....,nj, k = 

1,...,nk,l=1,...,nl,m=1,...,nm, p=1,...,np) ʢʦʿʝ ʩʫ ʜʦʙʠʿʝʥʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 
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                               (14) 

 

ɱʝʜʥʘʯʠʥʘ (14) ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʬʠʪ ʜʦʙʠʿʝʥ ʦʜ ʢʦʨʠʩʥʠʯʢʦʛ ʮʝʥʪʨʘ k ʟʘ ʧʨʦʠʟʚʦʜ p 

ʢʦʤʝ ʿʝ ʜʦʜʝˀʝʥ ʧʨʦʠʟʚʦʜʥʠ ʮʝʥʪʘʨ i, ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʮʝʥʪʘʨ j, ʜʝʧʦ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ l 

ʠ ʮʝʥʪʘʨ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ m. 

 

ʋ ʥʘʩʪʘʚʢʫ ʿʝ ʜʘʪ ʘʣʛʦʨʠʪʘʤ VNS1 ʭʝʫʨʠʩʪʠʢʝ. ʉʫʩʝʜʩʪʚʦ N
h
 ʿʝ ʬʦʨʤʠʨʘʥʦ ʫ 

ʦʢʨʫʞʝˁʫ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ z. ʋ ʩʚʘʢʦʤ ʢʦʨʘʢʫ h ʠʟ ʩʫʩʝʜʩʪʚʘ N
h
 ʩʝ ʚʨʰʠ 

ʦʜʘʙʠʨ smax(h) ʨʝʰʝˁʘ z'. ʅʘʢʦʥ ʪʦʛʘ ʩʝ, ʥʘ ʩʚʘʢʠ ʧʨʦʠʟʚʦʜ ʫ ʩʚʘʢʦʤ ʢʦʨʠʩʥʠʯʢʦʤ 

ʮʝʥʪʨʫ, ʧʨʠʤʝˁʫʿʝ ʘʣʛʦʨʠʪʘʤ VNS2. ʂʘʦ ʨʝʟʫʣʪʘʪ, ʜʦʙʠʿʘʿʫ ʩʝ ʚʨʝʜʥʦʩʪʠ f01
'
ijklmp. 

ʉʫʤʘ ʩʚʠʭ ʚʨʝʜʥʦʩʪʠ f01
'
ijklmp ʧʨʝʜʩʪʘʚˀʘ ʠʟʥʦʩ f1(z'). ʅʠʟ ʠʥʜʝʢʩʘ ʧʨʦʠʟʚʦʜʘ zp' 

ʜʦʙʠʿʘ ʩʝ ʩʦʨʪʠʨʘˁʝʤ ʠʟʥʦʩʘ f01'ijklmp/dkp ʦʜ ʥʘʿʤʘˁʝʛ ʢʘ ʥʘʿʚʝ˂ʝʤ. ɺʨʝʜʥʦʩʪʠ 

f01'ijklmp/dkp ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʬʠʪ ʧʦ ʿʝʜʠʥʠʮʠ ʩʚʘʢʦʛ ʧʨʦʠʟʚʦʜʘ. ʇʨʦʠʟʚʦʜʠ ʩʘ 

ʥʝʛʘʪʠʚʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ f01'ijklmp/dkp ʩʝ ʠʩʢˀʫʯʫʿʫ ʠʟ ʨʘʟʤʘʪʨʘˁʘ ʜʦʢ ʜʨʫʛʘ ʬʫʥʢʮʠʿʘ 

ʮʠˀʘ ʥʝ ʜʦʩʪʠʛʥʝ ʚʨʝʜʥʦʩʪ Ů2. ʆʚʦ ʠʩʢˀʫʯʠʚʘˁʝ ʩʝ ʠʟʚʦʜʠ ʧʦʯʝʚʰʠ ʦʜ ʧʨʚʦʛ 

ʝʣʝʤʝʥʪʘ ʥʠʟʘ zp'. ʋ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ, ʚʨʝʜʥʦʩʪʠ f1(z') ʠ f2(z') ʩʝ ʘʞʫʨʠʨʘʿʫ. ɿʘʪʠʤ ʩʝ 

ʠʟʨʘʯʫʥʘʚʘ ʚʨʝʜʥʦʩʪ ʪʨʝ˂ʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ f03
'
ijklp. ʀʟʨʘʯʫʥʘʚʘˁʝ ʩʝ ʚʨʰʠ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: 

 

äääää Ö+Ö+--Ö=
i j

kpip

i j l

kpkpipijklp dwdrydvf ))1((03                                             (15) 

 

ɺʨʝʜʥʦʩʪʠ f03
'
ijklp ʩʝ ʠʟʨʘʯʫʚʘʚʘʿʫ ʟʘ ʩʚʝ ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ ʥʠʩʫ ʠʩʢˀʫʯʝʥʠ. ɺʨʝʜʥʦʩʪ 

ʪʨʝ˂ʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ f3(z') ʧʨʝʜʩʪʘʚˀʘ ʩʫʤʫ ʚʨʝʜʥʦʩʪʠ f03
'
 ijklp. ʇʨʝʪʨʘʞʠʚʘˁʝ VNS2* 

ʩʝ ʚʨʰʠ ʟʘ ʩʚʘʢʠ ʧʨʦʠʟʚʦʜ, ʜʦʢ ʬʫʥʢʮʠʿʘ f3(z') ʥʝ ʜʦʩʪʠʛʥʝ ʛʨʘʥʠʮʫ Ů3. 

ʇʨʝʪʨʘʞʠʚʘˁʝʤ VNS2* ʦʙʫʭʚʘ˂ʝʥʠ ʩʫ ʩʘʤʦ ʧʨʦʠʟʚʦʜʥʠ ʮʝʥʪʨʠ ʢʦʿʠ ʠʤʘʿʫ ʥʠʞʝ 
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ʝʢʦʣʦʰʢʝ ʧʘʨʘʤʝʪʨʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʠʟʚʦʜʥʝ ʮʝʥʪʨʝ ʢʦʿʠ ʩʫ ʜʦʜʝˀʝʥʠ ʧʨʦʠʟʚʦʜʫ ʫ 

ʧʨʝʪʭʦʜʥʦʿ ʠʪʝʨʘʮʠʿʠ. ɺʨʝʜʥʦʩʪʠ f1
*
(z') ʠ f3

*
(z') ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʤʝˁʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʧʨʚʝ ʠ ʪʨʝ˂ʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ. ɺʨʝʜʥʦʩʪʠ df1ijklmp1 ʠ df3ijklp1 ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʟʣʠʢʝ 

ʠʟʤʝʹʫ f1(z')-f1
*
(z') ʠ f3(z')-f3

*
(z'). ɺʨʝʜʥʦʩʪʠ df1ijklmp2 ʠ df3ijklp2 ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʤʝʥʝ ʫ 

ʚʨʝʜʥʦʩʪʠʤʘ ʬʫʥʢʮʠʿʘ f1(z') ʠ f3(z'), ʘʢʦ ʿʝ ʧʨʦʠʟʚʦʜ p ʠʩʢˀʫʯʝʥ ʨʘʟʤʘʪʨʘˁʘ. ʅʠʟ 

ʠʥʜʝʢʩʘ ʧʨʦʠʟʚʦʜʘ ze' ʜʦʙʠʿʘ ʩʝ ʩʦʨʪʠʨʘˁʝʤ ʚʨʝʜʥʦʩʪʠ df3ijklp1 / df1ijklmp1 ʠ df3ijklp2 / 

df1ijklmp2 ʦʜ ʥʘʿʚʝ˂ʝ ʢʘ ʥʘʿʤʘˁʦʿ. ʄʠʥʠʤʠʟʘʮʠʿʘ ʪʨʝ˂ʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ ʠʟʚʨʰʘʚʘ ʩʝ 

ʟʘʤʝʥʦʤ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʠʭ ʘʣʛʦʨʠʪʤʦʤ VNS2 ʨʝʰʝˁʠʤʘ ʜʦʙʠʿʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

VNS2* ʠʣʠ ʠʩʢˀʫʯʠʚʘˁʝʤ ʧʨʦʠʟʚʦʜʘ ʠʟ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ. ʇʨʦʠʟʚʦʜʠ ʤʦʛʫ ʙʠʪʠ 

ʠʩʢˀʫʯʝʥʠ ʠʟ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ, ʘʢʦ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʜʨʫʛʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ ʥʠʿʝ 

ʜʦʩʪʠʛʥʫʪʘ. ɿʘʤʝʥʘ ʠ ʠʩʢˀʫʯʠʚʘˁʝ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʧʦʯʝʚʰʠ ʦʜ ʧʨʚʦʛ ʝʣʝʤʝʥʪʘ ʥʠʟʘ 

ze'. ʋ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ, ʚʨʝʜʥʦʩʪʠ f1(z'), f2(z') ʠ f3(z') ʩʝ ʘʞʫʨʠʨʘʿʫ.  

 

ɸʢʦ ʿʝ f1(z')>f1(z), ʨʝʰʝˁʝ z ʩʝ ʘʞʫʨʠʨʘ ʠ ʘʣʛʦʨʠʪʘʤ ʩʝ ʚʨʘ˂ʘ ʫ ʩʫʩʝʜʩʪʚʦ N
1. ʊʘʢʦʹʝ, 

ʘʞʫʨʠʨʘʿʫ ʩʝ ʠ ʚʨʝʜʥʦʩʪʠ f1, f2, f3, xkp, ze ʠ zp. ʋ ʩʫʧʨʦʪʥʦʤ, ʘʣʛʦʨʠʪʘʤ ʧʨʝʣʘʟʠ ʥʘ 

ʩʣʝʜʝ˂ʝ ʨʝʰʝˁʝ ʠʟ ʩʫʩʝʜʩʪʚʘ N
h
, ʘʢʦ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʨʝʰʝˁʘ smaxh ʥʠʿʝ ʜʦʩʪʠʛʥʫʪ. 

ɸʢʦ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʨʝʰʝˁʘ smaxh ʜʦʩʪʠʛʥʫʪ, ʘʣʛʦʨʠʪʘʤ ʧʨʝʣʘʟʠ ʫ ʩʣʝʜʝ˂ʝ 

ʩʫʩʝʜʩʪʚʦ N
h+1

. ɸʣʛʦʨʠʪʘʤ ʩʝ ʟʘʚʨʰʘʚʘ ʢʘʜʘ ʿʝ ʜʦʩʪʠʥʫʪʦ ʩʫʩʝʜʩʪʚʦ N
hmax

 ʠ smaxhmax, ʠ 

ʥʠʿʝ ʧʨʦʥʘʹʝʥʦ ʙʦˀʝ ʨʝʰʝˁʝ.  

 

Algorithm 1: ʍʝʫʨʠʩʪʠʢʘ VNS1 ï ʌʦʨʤʠʨʘˁʝ ʨʝʜʦʩʣʝʜʘ ʧʨʦʠʟʚʦʜʘ  

Input: ʉʢʫʧ ʩʪʨʢʫʪʫʨʘ ʩʫʩʝʜʩʪʘʚʘ N
h
 ʟʘ h = 1:hmax 

z Ŷ ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ (ʧʨʦʠʟʚʦʜʠ ʩʫ ʩʦʨʪʠʨʘʥʠ ʧʨʝʤʘ ʟʘʭʪʝʚʠʤʘ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ) 

Initialization  

h Ŷ 1; 

while h Ò hmax 

     s Ŷ 1; found Ŷ 0; 

     while (s Ò smaxh) ^ (found = 0) /ʇʨʦʚʝʨʘ smaxh ʨʝʰʝˁʘ ʫ N
h
/ 

          z' Ŷ neighbor in N
h
(z)     /ʈʘʟʤʨʜʘʚʘˁʝ/ 

          for  i = 1:nk·np 

              k, p = z'; 

 x
'
kp, f01

'
ijklmp Ŷ VNS2 search (i,j,k,l,m,p); /ʇʨʝʪʨʘʞʠʚʘˁʝ ʣʦʢʘʮʠʿʘ ʠ 

ʨʫʪʘ ʟʘ ʩʚʘʢʠ ʧʨʦʠʟʚʦʜ/ 

          end 
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          f1(z') = sum(f01
'
ijklmp);  /ʇʨʦʬʠʪ ʟʘ ʠʩʧʦʨʫʯʝʥʝ ʩʚʝ        

ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ/ 

sort f01
'
ijklmp /dkp;  /ʉʦʨʪʠʨʘˁʝ ʧʨʦʬʠʪʘ ʧʦ                         

ʿʝʜʥʠʠʮʠ ʧʨʦʠʟʚʦʜʘ/ 

          zp' Ŷ k, p ʠʥʜʝʢʩʠ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ ʠ ʧʨʦʠʟʚʦʜʘ ʫ ʩʦʨʪʠʨʘʥʦʤ f01
'
ijklmp/dkp; 

          f2(z') = 0; e1 = 0; k, p = zp'1; 

         while f2(z') + Ŭ·dkp + (1-Ŭ)·y·dkp < Ů2 ^ f01
'
ijklmp <= 0       /ʀʩʢˀʫʯʠʚʘˁʝ ʧʨʦʠʟʚʦʜʘ ʩʘ                      

ʥʝʛʘʪʠʚʥʠʤ ʧʨʦʬʠʪʦʤ/ 

               e1 = e1 + 1; k, p = zp'e; 

               f1(z') =  f1(z') - f01
'
 ijklmp; 

               f2(z') = f2(z') + Ŭ·dkp + (1-Ŭ)·y·dkp; 

          end 

          for  i = e1+1:nk·np 

               k, p = zp'i; 

               calculate f03
'
ijklp(x

'
kp) 

          end 

         f3(z') = sum(f03
'
kp); /ʀʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʪʨʝ˂ʝ 

ʬʫʥʢʮʠʿʝ ʮʠˀʘ/ 

          if  f3(z') > Ů3 

               for  i = (e1+1):nk·np 

                    k, p = zp'i; 

                x
'
kp

*
, f1

'
 ijklmp

*
 Ŷ VNS2

*
 search (i,j,k,l,m,p);  /ʇʨʝʪʨʘʞʠʚʘˁʝ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ʢʦʿʝ 

ʫʢˀʫʯʫʿʝ ʧʨʦʠʟʚʦʜʥʝ ʮʝʥʪʨʝ ʩʘ ʥʠʞʠʤ  

ʝʢʦʣʦʰʢʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʪʭʦʜʥʫ ʠʪʝʨʘʮʠʿʫ/ 

                    df1 ijklmp1 = f1(z') - f1
*
(z');     /ʇʨʦʤʝʥʘ ʧʨʦʬʠʪʘ/ 

                    df3 ijklp1 = f3(z') - f3
*
(z');  /ʇʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ʪʨʝ˂ʝ ʬʫʥʢʮʠʿʝ 

ʮʠˀʘ/ 

df1 ijklmp2 = f1(z') - f01
'
ijklmp; /ʇʨʦʤʝʥʘ ʧʨʦʬʠʪʘ ʫʢʦʣʠʢʦ ʩʫ  

ʧʨʦʠʟʚʦʜʠ ʠʩʢˀʫʯʝʥʠ/ 

df3ijklp2 = f3(z') - f03
'
ijklp ; /ʇʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ʪʨʝ˂ʝ ʬʫʥʢʮʠʿʝ 

ʮʠˀʘ ʘʢʦ ʩʫ ʧʨʦʠʟʚʦʜʠ ʠʩʢˀʫʯʝʥʠ/ 

               end 

               sort (df3ijklp1 / df1ijklmp1, df3ijklp2 / df1ijklmp2) /ʉʦʨʪʠʨʘˁʝ ʧʨʦʠʟʚʦʜʘ ʩʘ ʧʨʦʤʝˁʝʥʠʤ 

f3 ʠ f1/ 

               ze' Ŷ kp ʠʥʜʝʢʩʠ ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ ʠ ʧʨʦʠʟʚʦʜʘ ʫ ʩʦʨʪʠʨʘʥʦʤ dfijklmp; 

               e2=0; 

               while f3(z') > Ů3 /ʉʤʘˁʝˁʝ ʚʨʝʜʥʦʩʪʠ ʪʨʝ˂ʝ ʬʫʥʢʠʮʝ 

ʮʠˀʘ/ 

                    e2 = e2 + 1; 

                    k, p = ze'e2; 

                    if  df3kp1 / df1kp1    /ɿʘʤʝʥʘ ʨʝʰʝˁʘ/ 

                         f1(z') = f1
*
(z'); 

                         f3(z') = f3
*
(z'); 

                         x
'
kp = x

'
kp

*
; 

                    end 

                    if  df3ijklp2 / dfijklmp2 ^ f2(z') + ŬĿdkp + (1-Ŭ)ĿyĿdkp < Ů2 /ʀʩʢˀʫʯʠʚʘˁʝ ʧʨʦʠʟʚʦʜʘ/ 
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                         f1(z') = f1(z') - f01
'
ijklmp; 

                         f2(z') = f2(z') + ŬĿdkp + (1-Ŭ)ĿyĿdkp; 

                         f3(z') = f3(z') - f03
'
ijklp ; 

                    end 

               end 

          end 

          if  f1(z') > f1(z)     /Move or Not/ 

               z Ŷ z'; 

               f1(z) Ŷ f1(z'); f2(z) Ŷ f2(z'); f3(z) Ŷ f3(z'); 

               for  k = 1:nk and p = 1:np 

                    xkp Ŷ x'kp 

               end 

  zp Ŷ zp'; ze Ŷ ze'; 

                h Ŷ 1; s Ŷ1; found Ŷ 1; 

          else 

               s Ŷ s + 1; /ʉʣʝʜʝ˂ʝ ʨʝʰʝˁʝ ʠʟ ʠʩʪʦʛ ʩʫʩʝʜʩʪʚʘ/ 

          end        

     end 

     if  found = 0 

          h Ŷ h + 1;     /ʇʨʦʤʝʥʘ ʩʫʩʝʜʩʪʚʘ/ 

     end 

end 

return  f1, f2, f3, xkp; 

 

ʇʨʚʦ ʩʫʩʝʜʩʪʚʦ N
1
 ʫʢˀʫʯʫʿʝ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʟʘʤʝʥʦʤ ʧʦʟʠʮʠʿʘ ʝʣʝʤʝʥʘʪʘ ʦʜʘʙʨʘʥʠʭ 

ʫ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝʤ ʨʝʰʝˁʫ z. ʆʜʘʙʠʨʘʿʫ ʩʝ ʦʥʘ ʨʝʰʝˁʘ ʩʘ ʟʘʤʝˁʝʥʠʤ ʧʦʟʠʮʠʿʘʤʘ 

ʧʨʦʠʟʚʦʜʘ ʜʦʜʝˀʝʥʠʭ ʦʜʨʝʹʝʥʦʤ ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʮʝʥʪʨʫ, ʜʝʧʦʫ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ 

ʮʝʥʪʨʫ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ. ʋʢʫʧʘʥ ʙʨʦʿ ʨʝʰʝˁʘ smax(1) ʠʟʘʙʘʨʘʥ ʠʟ ʩʫʩʝʜʩʪʚʘ N
1
 

ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʦʪʚʦʨʝʥʠʭ ʮʝʥʪʘʨʘ (j, l, m) ʫ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝʤ ʨʝʰʝˁʫ. ʇʨʠʤʝʨ 

ʨʝʰʝˁʘ z' ʟʘ ʪʨʠ ʢʦʨʠʩʥʠʯʢʘ ʮʝʥʪʨʘ (nk=3) ʠ ʜʚʘ ʧʨʦʠʟʚʦʜʘ (np=2) ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʥʘ 

ʩʣʠʮʠ 6.2. 

 

ʉʣʠʢʘ 6.2. ʇʨʠʤʝʨ ʧʨʚʝ ʩʪʨʫʢʪʫʨʝ ʩʫʩʝʜʩʪʚʘ ʟʘ ʤʦʜʝʣʝ LRP_MOD_1-3 

ʆʩʪʘʣʘ ʩʫʩʝʜʩʪʚʘ ʩʫ ʜʦʙʠʿʝʥʘ ʟʘʤʝʥʦʤ n, 2·n,...,max·n ʝʣʝʤʝʥʘʪʘ ʫ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝʤ 

ʨʝʰʝˁʫ z ʥʘ ʧʨʚʦ ʤʝʩʪʦ ʫ ʥʠʟʫ. ʋʢʫʧʘʥ ʙʨʦʿ ʦʚʠʭ ʩʫʩʝʜʩʪʘʚʘ max ʨʘʯʫʥʘ ʩʝ ʢʘʦ tn/n. 

ɺʨʝʜʥʦʩʪ tn ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʧʨʦʠʟʚʦʜʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʚʨʝʜʥʦʩʪ f01ijklmp/dkp ʥʠʞʘ ʦʜ 
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ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ (f01ijklmp/dkp)/2. ʀʟʙʦʨ ʧʦ ʿʝʜʥʦʛ ʨʝʰʝˁʘ z' ʠʟ ʩʫʩʝʜʩʪʚʘ N
h
 

ʚʨʰʠ ʩʝ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ h (smax(h)=1). ʉʫʩʝʜʩʪʘʚʦ N
2
 ʦʙʫʭʘʚʘʪʘ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ 

ʧʨʝʤʝʰʪʘˁʝʤ n ʝʣʝʤʝʥʘʪʘ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ z ʥʘ ʧʨʚʠʭ n ʤʝʩʪʘ ʫ ʥʠʟʫ. ɹʨʦʿ 

n ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʥʘʪ ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʧʨʦʠʟʚʦʜʘ (nk·np). ʈʝʰʝˁʘ ʜʦʙʠʿʝʥʘ 

ʧʨʝʤʝʰʪʘˁʝʤ ʧʨʚʠʭ n ʝʣʝʤʝʥʘʪʘ ʫ ʥʠʟʫ zp ʩʝ ʙʠʨʘʿʫ ʠʟ ʩʫʩʝʜʩʪʚʘ N
2
. ʉʫʩʝʜʩʪʘʚʦ N

3
 

ʦʙʫʭʘʚʘʪʘ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʧʨʝʤʝʰʪʘˁʝʤ 2·n ʝʣʝʤʝʥʘʪʘ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ z 

ʥʘ ʧʨʚʠʭ 2·n ʤʝʩʪʘ ʫ ʥʠʟʫ. ʈʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʧʨʝʤʝʰʪʘˁʝʤ ʧʨʚʠʭ 2·n ʝʣʝʤʝʥʘʪʘ ʫ 

ʥʠʟʫ zp ʩʝ ʙʠʨʘʿʫ ʠʟ ʩʫʩʝʜʩʪʚʘ N
3
. ʇʦʩʣʝʜˁʝ ʩʫʩʝʜʩʪʘʚʦ N

max+1 
ʦʙʫʭʘʚʘʪʘ ʨʝʰʝˁʘ 

ʜʦʙʠʿʝʥʘ ʧʨʝʤʝʰʪʘˁʝʤ max·n ʝʣʝʤʝʥʘʪʘ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ z. ʈʝʰʝˁʘ 

ʜʦʙʠʿʝʥʘ ʧʨʝʤʝʰʪʘˁʝʤ ʧʨʚʠʭ max·n ʝʣʝʤʝʥʘʪʘ ʫ ʥʠʟʫ zp ʩʝ ʙʠʨʘʿʫ ʠʟ ʩʫʩʝʜʩʪʚʘ 

N
max+1
. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʝ ʩʫʩʝʜʩʪʘʚʘ ʟʘ ʪʨʠ ʢʦʨʠʩʥʠʯʢʘ ʮʝʥʪʨʘ (nk=3) ʠ ʜʚʘ 

ʧʨʦʠʟʚʦʜʘ (np=2) ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʥʘ ʩʣʠʮʠ 6.3. 

 

 

ʉʣʠʢʘ 6.3. ʇʨʠʤʝʨ ʦʩʪʘʣʠʭ ʩʪʨʫʢʪʫʨʘ ʩʫʩʝʜʩʪʚʘ ʟʘ ʤʦʜʝʣʝ LRP_MOD_1-3 

ʋʢʫʧʘʥ ʙʨʦʿ ʩʫʩʝʜʩʪʘʚʘ ʿʝ hmax=1+max: ʧʨʚʦ ʩʫʩʝʜʩʪʚʦ (ʩʣʠʢʘ 6.2) ʠ max ʙʨʦʿ 

ʩʫʩʝʜʩʪʘʚʘ (ʩʣʠʢʘ 6.3). 

6.7.2 ʇʨʝʪʨʘʞʠʚʘˁʝ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ï ʘʣʛʦʨʠʪʘʤ VNS2 

 

ʋ ʥʘʩʪʘʚʢʫ ʿʝ ʧʨʠʢʘʟʘʥ VNS2 ʘʣʛʦʨʠʪʘʤ. ʋ ʘʣʛʦʨʠʪʤʫ VNS2, ʜʦʧʫʩʪʠʚʦ ʨʝʰʝˁʝ xkp ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥʦ ʢʘʦ ʩʝʢʚʝʥʮʘ Rkp ʢʦʿʘ ʩʘʜʨʞʠ ʠʥʜʝʢʩʝ ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ i, 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ j, ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ l ʠ ʮʝʥʪʘʨʘ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ m 

(Rkp = [i  j l m] ) ʜʦʜʝˀʝʥʠʭ ʧʨʦʠʟʚʦʜʫ p ʫ ʢʦʨʠʩʥʠʯʢʦʤ ʮʝʥʪʨʫ k. ʇʦʯʝʪʥʦ ʨʝʰʝˁʝ xkp 

ʙʠʨʘ ʩʝ ʩʣʫʯʘʿʥʠʤ ʠʟʙʦʨʦʤ. ɿʘ ʣʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ ʢʦʨʠʩʪʠ ʩʝ VND ʤʝʪʦʜʘ. ʋ 

ʬʘʟʠ ʨʘʟʤʨʜʘʚʘˁʘ, ʨʝʰʝˁʝ xkp' ʩʝ ʙʠʨʘ ʩʣʫʯʘʿʥʦ ʠʟ ʩʫʩʝʜʩʪʚʘ N
h
. ʉʫʩʝʜʩʪʚʦ N

h
 

ʬʦʨʤʠʨʘ ʩʝ ʫ ʦʢʦʣʠʥʠ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝʛ ʨʝʰʝˁʘ xkp'. ʋ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ h, ʠʟ 
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ʩʫʩʝʜʩʪʚʘ N
h
 ʩʣʫʯʘʿʥʠʤ ʠʟʙʦʨʦʤ ʩʝ ʚʨʰʠ ʦʜʘʙʠʨ (ni + nj + nl + nm)/ ((nc+1)-h) 

ʨʝʰʝˁʘ xkp'. ɹʨʦʿ ʚʨʩʪʘ ʣʦʢʘʮʠʿʘ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʨʝʰʝˁʫ ʦʟʥʘʯʝʥ ʿʝ ʩʘ nc (nc=4). ɸʢʦ 

ʿʝ f01ijklmp(xkp")>f01 ijklmp(xkp), ʨʝʰʝˁʝ xkp ʩʝ ʘʞʫʨʠʨʘ ʠ ʘʣʛʦʨʠʪʘʤ ʩʝ ʚʨʘ˂ʘ ʫ ʩʪʨʫʢʪʫʨʫ 

ʩʫʩʝʜʩʪʚʘ N
1
. ʋ ʩʫʧʨʦʪʥʦʤ, ʘʣʛʦʨʠʪʘʤ ʧʨʝʣʘʟʠ ʫ ʥʦʚʦ ʩʫʩʝʜʩʪʚʦ N

h
, ʘʢʦ ʤʘʢʩʠʤʘʣʥʠ 

ʙʨʦʿ ʨʝʰʝˁʘ smaxh ʥʠʿʝ ʜʦʩʪʠʛʥʫʪ. ɸʢʦ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʨʝʰʝˁʘ smaxh ʜʦʩʪʠʛʥʫʪ, 

ʘʣʛʦʨʠʪʘʤ ʧʨʝʣʘʟʠ ʫ ʩʫʩʝʜʩʪʚʦ N
h+1

. ɸʣʛʦʨʠʪʘʤ ʩʝ ʟʘʚʨʰʘʚʘ ʢʘʜʘ ʿʝ ʜʦʩʪʠʛʥʫʪʦ 

ʩʫʩʝʜʩʪʚʦ N
hmax

 ʠ smaxhmax, ʠ ʥʠʿʝ ʧʨʦʥʘʹʝʥʦ ʙʦˀʝ ʨʝʰʝˁʝ. 

  

ɸʣʛʦʨʠʪʘʤ 2: VNS2 ʭʝʫʨʠʩʪʠʢʘ ʟʘ ʧʨʝʪʨʘʛʫ ʣʦʢʘʮʠʿʘ ʠ ʨʫʪʘ ʧʦ ʩʚʘʢʦʤ ʧʨʦʠʟʚʦʜʫ  

Input: ʉʢʫʧ ʩʪʨʫʢʪʫʨʘ ʩʫʩʝʜʩʪʘʚʘ N
h
 ʟʘ h = 1,...,hmax 

xkp Ŷ ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ (ʠʟʘʙʨʘʥʦ ʩʣʫʯʘʿʥʠʤ ʠʟʙʦʨʦʤ) 

h Ŷ 1; 

while h Ò hmax 

     s Ŷ 1; found Ŷ 0; 

     while (s Ò (ni+nj+nl+nm)/((nc+1)-h)) ^ (found = 0)               /ʀʟʙʦʨ ʨʝʰʝˁʘ ʠʟ N
h
/ 

          xkp' Ŷ neighbor in N
h
(xkp) randomly selected  /ʈʘʟʤʨʜʘʚʘˁʝ/ 

          xkp" Ŷ VND local search (xkp')                /ʃʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ/ 

          if  f01kp(xkp") > f01ijklmp(xkp)                /Move or Not/ 

               xkp Ŷ xkp"; 

               h Ŷ 1; s Ŷ 1; found Ŷ 1; 

          else 

        s = s + 1; /ʉʣʝʜʝ˂ʝ ʨʝʰʝˁʝ ʠʟ ʠʩʪʦʛ 

ʩʫʩʝʜʩʪʚʘ/ 

          end 

     end 

     if  found = 0 

          h Ŷ h + 1;      /ʇʨʦʤʝʥʘ ʩʫʩʝʜʩʪʚʘ/ 

     end 

end 

return  xkp, f01ijklmp
 

 

 

6.7.2.1 ʈʘʟʤʨʜʘʚʘˁʝ 

 

ʂʦʨʠʰ˂ʝʥʘ VNS ʭʝʫʨʠʩʪʠʢʘ ʢʦʨʠʩʪʠ ʯʝʪʠʨʠ ʩʪʨʫʢʪʫʨʝ ʩʫʩʝʜʩʪʘʚʘ ʫ ʬʘʟʠ 

ʨʘʟʤʨʜʘʚʘˁʘ. ʉʫʩʝʜʩʪʚʘ ʩʝ ʬʦʨʤʠʨʘʿʫ ʥʘ ʦʩʥʦʚʫ ʩʝʢʚʝʥʮʝ Rkp. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʘ 

ʩʫʩʝʜʩʪʘʚʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʬʘʟʠ ʨʘʟʤʨʜʘʚʘˁʘ ʟʘ ʧʝʪʠ ʢʦʨʠʩʥʠʯʢʠ ʮʝʥʪʘʨ ʠ ʯʝʪʚʨʪʠ 

ʧʨʦʠʟʚʦʜ (k=5, p=4) ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʥʘ ʩʣʠʮʠ 6.4. 
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ʉʣʠʢʘ 6.4. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʝ ʩʫʩʝʜʩʪʘʚʘ ʟʘ ʬʘʟʫ ʨʘʟʤʨʜʘʚʘˁʝ ʟʘ ʤʦʜʝʣʝ 

LRP_MOD_1-3 

ʇʨʚʦ ʩʫʩʝʜʩʪʚʦ N
1 
ʦʙʫʭʚʘʪʘ ʩʚʘ ʨʝʰʝˁʘ ʢʦʿʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ, 

ʠʤʘʿʫ ʪʨʠ ʟʘʿʝʜʥʠʯʢʝ ʠ ʿʝʜʥʫ ʨʘʟʣʠʯʠʪʫ ʪʘʯʢʫ. ɼʨʫʛʦ ʩʫʩʝʜʩʪʚʦ N
2
 ʦʙʫʭʚʘʪʘ ʩʚʘ 

ʨʝʰʝˁʘ ʢʦʿʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ, ʠʤʘʿʫ ʜʚʝ ʟʘʿʝʜʥʠʯʢʝ ʠ ʜʚʝ 

ʨʘʟʣʠʯʠʪʝ ʪʘʯʢʝ. ʊʨʝ˂ʝ ʩʫʩʝʜʩʪʚʦ N
3
 ʦʙʫʭʘʚʘʪʘ ʩʚʘ ʨʝʰʝˁʘ ʢʦʿʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʦ 

ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ, ʠʤʘʿʫ ʿʝʜʥʫ ʟʘʿʝʜʥʠʯʢʫ ʠ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʪʘʯʢʝ. ʏʝʪʚʨʪʦ ʩʫʩʝʜʩʪʚʦ N
4
 

ʦʙʫʭʚʘʪʘ ʩʚʘ ʨʝʰʝˁʘ ʢʦʿʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ, ʠʤʘʿʫ ʩʚʝ 

ʨʘʟʣʠʯʠʪʝ ʪʘʯʢʝ. ʈʝʰʝˁʘ ʩʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʮʝʥʪʨʠʤʘ, ʜʝʧʦʠʤʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ 

ʮʝʥʪʨʠʤʘ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ ʢʦʿʠʤʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʜʦʜʝʣʠ  ʧʨʦʠʟʚʦʜ ʟʘ ʢʦʿʠ ʩʝ ʚʨʰʠ 

ʧʨʝʪʨʘʞʠʚʘˁʝ ʟʙʦʛ ʧʨʝʢʦʨʘʯʝˁʘ ʢʘʧʘʮʠʪʝʪʘ - ʥʝ ʫʣʘʟʝ ʥʠ ʫ ʿʝʜʥʦ ʩʫʩʝʜʩʪʚʦ.  

6.7.2.2 ʃʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ ï VND ʤʝʪʦʜʘ 

 

ʋ ʥʘʩʪʘʚʢʫ ʿʝ ʜʘʪ ʘʣʛʦʨʠʪʘʤ VND ʤʝʪʦʜʝ. ʇʨʠʤʝˁʝʥʘ VND ʭʝʫʨʠʩʪʠʢʘ ʢʦʨʠʩʪʠ 

ʯʝʪʠʨʠ ʩʪʨʫʢʪʫʨʝ ʩʫʩʝʜʩʪʘʚʘ. ɸʣʛʦʨʠʪʘʤ ʧʨʦʚʝʨʘʚʘ ʩʚʘ ʨʝʰʝˁʘ smaxh ʫ ʩʫʩʝʜʩʪʚʫ N
h
 

ʠ ʧʨʝʣʘʟʠ ʫ ʩʫʩʝʜʩʪʚʦ N
h+1
, ʫʢʦʣʠʢʦ ʫ ʩʫʩʝʜʩʪʚʫ N

h
 ʥʠʿʝ ʧʨʦʥʘʹʝʥ ʥʦʚʠ ʣʦʢʘʣʥʠ 

ʦʧʪʠʤʫʤ. ʋ ʩʫʧʨʦʪʥʦʤ, ʘʣʛʦʨʠʪʘʤ ʩʝ ʚʨʘ˂ʘ ʥʘ ʩʫʩʝʜʩʪʚʦ N
1
 ʠ ʘʞʫʨʠʨʘ ʨʝʰʝˁʝ xkp

"
. 

ɸʣʛʦʨʠʪʘʤ ʩʝ ʟʘʚʨʰʘʚʘ ʢʘʜʘ ʩʪʠʛʥʝ ʜʦ ʩʫʩʝʜʩʪʚʘ N
hmax

 ʠ ʫ ˁʝʤʫ ʥʝ ʤʦʞʝ ʜʘ ʧʨʦʥʘʹʝ 

ʥʦʚʠ ʣʦʢʘʣʥʠ ʦʧʪʠʤʫʤ. 

 

Algorithm 3: VND ʤʝʪʦʜ ï  ʣʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ ʟʘ VNS2 ʭʝʫʨʠʩʪʠʢʫ 

Input: ʉʢʫʧ ʩʪʨʫʢʪʫʨʘ ʩʫʩʝʜʩʪʘʚʘ N
h
 ʟʘ h = 1,...,hmax 

xkp" Ŷ ʧʦʯʝʪʥʦ ʨʝʰʝˁʝ (ʠʟʘʙʨʘʥʦ ʫ ʬʘʟʠ ʨʘʟʤʨʜʘʚʘˁʘ ʟʘ VNS2) 

h Ŷ 1; 
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while h Ò hmax 

          xkp Ŷ solution in N
h
(xkp") 

          s Ŷ1; found Ŷ 0; 

          while (s Ò smaxh) ^ (found = 0)                /ʇʨʦʚʝʨʘ ʨʝʰʝˁʘ ʠʟ N
h
/ 

               if  f01ijklmp(xkp) > f01ijklmp(xkp")    /Move or Not/ 

                    xkp" Ŷ xkp; 

                    h Ŷ1; s Ŷ 1; found Ŷ 0; 

               else 

                    s Ŷ s + 1; /ʉʣʝʜʝ˂ʝ ʨʝʰʝˁʝ ʠʟ ʠʩʪʦʛ    

ʩʫʩʝʜʩʪʚʘ/ 

               end        

          end 

          if  found = 0 

               h Ŷ h + 1;                 /ʇʨʦʤʝʥʘ ʩʫʩʝʜʩʪʚʘ/ 

          end 

     end 

return  xkp"; 

 

ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʘ ʩʫʩʝʜʩʪʘʚʘ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʧʨʠʣʠʢʦʤ ʣʦʢʘʣʥʦʛ ʧʨʝʪʨʘʞʠʚʘˁʘ 

ʟʘ ʧʝʪʠ ʢʦʨʠʩʥʠʯʢʠ ʮʝʥʪʘʨ ʠ ʯʝʪʚʨʪʠ ʧʨʦʠʟʚʦʜ (k=5, p=4), ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʥʘ ʩʣʠʮʠ 

6.5. 

 

ʉʣʠʢʘ 6.5. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʝ ʩʫʩʝʜʩʪʚʘ ʟʘ ʣʦʢʘʣʥʦ ʧʨʝʪʨʘʞʠʚʘˁʝ ʟʘ ʤʦʜʝʣʝ 

LRP_MOD_1-3 

ʇʨʚʦ ʩʫʩʝʜʩʪʚʦ N
1
 ʦʙʫʭʚʘʪʘ ʩʚʘ ʨʝʰʝˁʘ ʢʦʿʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʠ ʣʦʢʘʣʥʠ ʦʧʪʠʤʫʤ, 

ʠʤʘʿʫ ʩʚʝ ʦʩʪʘʣʝ ʟʘʿʝʜʥʠʯʢʝ ʪʘʯʢʝ ʦʩʠʤ ʧʨʦʠʟʚʦʜʥʠʭ ʮʝʥʪʘʨʘ. ɼʨʫʛʦ ʩʫʩʝʜʩʪʚʦ N
2
 

ʦʙʫʭʚʘʪʘ ʩʚʘ ʨʝʰʝˁʘ ʢʦʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʠ ʣʦʢʘʣʥʠ ʦʧʪʠʤʫʤ, ʠʤʘʿʫ ʩʚʝ ʦʩʪʘʣʝ 

ʟʘʿʝʜʥʠʯʢʝ ʪʘʯʢʝ ʦʩʠʤ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʮʝʥʪʘʨʘ. ʆʥʘ ʨʝʰʝˁʘ ʢʦʿʘ ʦʙʫʭʚʘʪʘʿʫ 

ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʮʝʥʪʨʝ ʢʦʜ ʢʦʿʠʭ ʿʝ ʢʘʧʘʮʠʪʝʪ ʧʨʝʢʦʨʘʯʝʥ, ʥʝ ʫʣʘʟʝ ʫ ʩʫʩʝʜʩʪʚʦ. ʊʨʝ˂ʝ 

ʩʫʩʝʜʩʪʚʦ N
3
 ʦʙʫʭʚʘʪʘ ʩʚʘ ʨʝʰʝˁʘ ʢʦʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʠ ʣʦʢʘʣʥʠ ʦʧʪʠʤʫʤ, ʠʤʘʿʫ 

ʩʚʝ ʦʩʪʘʣʝ ʟʘʿʝʜʥʠʯʢʝ ʪʘʯʢʝ ʦʩʠʤ ʜʝʧʦʘ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ. ʆʥʘ ʨʝʰʝˁʘ ʢʦʿʘ ʦʙʫʭʚʘʪʘʿʫ 

ʜʝʧʦʝ ʟʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʢʦʜ ʢʦʿʠʭ ʿʝ ʢʘʧʘʮʠʪʝʪ ʧʨʝʢʦʨʘʯʝʥ, ʥʝ ʫʣʘʟʝ ʫ ʩʫʩʝʜʩʪʚʦ. 
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ʏʝʪʚʨʪʦ ʩʫʩʝʜʩʪʚʦ N
4
 ʦʙʫʭʚʘʪʘ ʩʚʘ ʨʝʰʝˁʘ ʢʦʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʠ ʣʦʢʘʣʥʠ 

ʦʧʪʠʤʫʤ, ʠʤʘʿʫ ʩʚʝ ʦʩʪʘʣʝ ʟʘʿʝʜʥʠʯʢʝ ʪʘʯʢʝ ʦʩʠʤ ʜʝʧʦʘ ʟʘ ʦʜʩʪʨʘˁʠʚʘˁʝ. ʆʥʘ 

ʨʝʰʝˁʘ ʢʦʿʘ ʦʙʫʭʚʘʪʘʿʫ ʮʝʥʪʨʝ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʢʘʧʘʮʠʪʝʪ 

ʧʨʝʢʦʨʘʯʝʥ, ʥʝ ʫʣʘʟʝ ʫ ʩʫʩʝʜʩʪʚʦ.  

6.7.3 ʈʝʟʫʣʪʘʪʠ ʟʘ ʤʦʜʝʣ LRP_MOD_1 

 

ʄʦʜʝʣ ʢʦʿʠ ʿʝ ʧʨʝʜʣʦʞʝʥ ʫ ʦʚʦʤ ʜʝʣʫ ʨʘʜʘ ʿʝ ʠʣʫʩʪʨʦʚʘʥ ʧʨʠʤʝʨʠʤʘ. ʆʧʪʠʤʘʣʥʦ 

ʨʝʰʝˁʝ ʟʘ ʤʘʣʠ ʙʨʦʿ ʯʚʦʨʦʚʘ ʿʝ ʠʟʨʘʯʫʥʘʪʦ ʢʦʨʠʩʪʝ˂ʠ ʩʦʣʚʝʨ GLPK ʢʘʢʦ ʙʠ ʩʝ 

ʠʟʚʨʰʠʣʘ ʝʚʘʣʫʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ. GLPK ʿʝ ʩʦʣʚʝʨ ʢʦʿʠ ʢʦʨʠʩʪʠ ʤʝʪʦʜʫ 

ʛʨʘʥʘˁʘ ʠ ʦʛʨʘʥʠʯʘʚʘˁʘ. ʄʝʪʦʜʘ ʛʨʘʥʘˁʘ ʠ ʦʛʨʘʥʠʯʘʚʘˁʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʨʠʥʮʠʧʫ 

ʧʦʜʝʣʝ ʩʣʦʞʝʥʠʭ ʧʨʦʙʣʝʤʘ ʥʘ ʤʘˁʝ ʜʝʣʦʚʝ. ʇʨʦʩʪʦʨ ʨʝʰʝˁʘ ʩʝ ʜʝʣʠ ʪʘʢʦ ʰʪʦ ʩʝ 

ʚʨʝʜʥʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʦʛʨʘʥʠʯʘʚʘʿʫ, ʜʦʢ ʩʝ ʧʨʦʮʝʥʦʤ ʤʘʢʩʠʤʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ ʨʝʰʝˁʘ ʫ ʧʦʿʝʜʠʥʦʤ ʜʝʣʫ ʤʦʛʫ ʦʜʙʘʮʠʪʠ ʜʝʣʦʚʠ ʧʨʦʩʪʦʨʘ ʨʝʰʝˁʘ ʢʦʿʝ 

ʜʘʿʝ ʥʘʿʙʦˀʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʮʠˀʘ. ʄʝʪʦʜʘ ʛʨʘʥʘˁʘ ʠ ʦʛʨʘʥʠʯʘʚʘˁʘ ʩʘʜʨʞʠ ʪʨʠ 

ʦʩʥʦʚʥʘ ʢʦʨʘʢʘ: ʛʨʘʥʘˁʝ (ʝʥʛʣ. branch), ʦʛʨʘʥʠʯʘʚʘˁʝ (ʝʥʛʣ. bound) ʠ ʧʨʦʮʝˁʠʚʘˁʝ 

(ʝʥʛʣ. fathoming). 

ɸʣʛʦʨʠʪʘʤ ʟʘ VNS ʭʝʫʨʠʩʪʠʢʫ ʿʝ ʢʦʜʠʨʘʥ ʫ MATLAB  ʿʝʟʠʢʫ. ʉʚʘ ʪʝʩʪʠʨʘˁʘ ʩʫ 

ʠʟʚʨʰʝʥʘ ʥʘ ʧʨʦʮʝʩʦʨʫ AMD Triple Core Processor 2.10 GHz. ʇʘʨʘʤʘʪʨʠ ʠ ʟʘ ʤʘʣʝ ʠ 

ʟʘ ʚʝʣʠʢʝ ʧʨʦʙʣʝʤʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʪʘʙʝʣʠ 6.4. ɿʘ ʚʝʣʠʢʝ ʧʨʦʙʣʝʤʝ, ʪʨʦʰʢʦʚʠ 

ʪʨʘʥʩʧʦʨʪʘ ʩʫ ʛʝʥʝʨʠʩʘʥʠ. ɺʨʝʜʥʦʩʪʠ lp ʠ fip ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʢʘʦ ʧʨʦʮʝʥʪʠ ʿʝʜʠʥʠʯʥʝ 

ʮʝʥʝ ʧʨʦʠʟʚʦʜʘ qp. 

ʊʘʙʝʣʘ 6.4. ʇʘʨʘʤʝʪʨʠ ʟʘ ʤʘʣʝ ʠ ʚʝʣʠʢʝ ʪʝʩʪ ʧʨʦʙʣʝʤʝ ʟʘ ʤʦʜʝʣ LRP_MOD_1 

y=0.4 gj= uniform (110.000;140.000) qp=uniform(200;2.800) jjp=uniform(3;5) 

r=0.1 al= uniform (40.000;70.000) lp=30% gkp=uniform(2;4) 

dkp=18.000 bm= uniform (25.000;40.000) fip=uniform(50%;70%) hlp=uniform(3;5) 

 Nj
1
= uniform (350.000;3.000.000) a=70% mmp=uniform(2;4) 

 Nl
2
= uniform (270.000;2.000.000) vip=uniform (0,6;1)  

  Nm
3
= uniform (80.000;1.000.000) wip=uniform (0,5;1)   
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ʅʘʿʧʨʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʧʦʨʝʹʝˁʝ ʠʟʤʝʹʫ ʦʧʪʠʤʘʣʥʠʭ ʨʝʰʝˁʘ ʠ VNS ʭʝʫʨʠʩʪʠʢʝ. ʆʚʦ 

ʧʦʨʝʹʝˁʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʟʘ ʤʘʣʝ ʪʝʩʪ ʧʨʦʙʣʝʤʝ ʩʘ ʥʘʿʚʠʰʝ ʜʦ ʯʝʪʨʜʝʩʝʪ 

ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʪʘʙʝʣʘʤʘ 6.5-6.6. ɺʝʣʠʯʠʥʘ 'gap' 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʥʘʪ ʦʜʩʪʫʧʘˁʘ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʠʭ ʭʝʫʨʠʩʪʠʢʘʤʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʦʧʪʠʤʘʣʥʠʤ ʨʝʰʝˁʝʤ. 'Gap' ʿʝ ʠʟʨʘʯʫʥʘʪ ʩʘʤʦ ʟʘ ʤʘʣʝ ʧʨʦʙʣʝʤʝ.  

ʊʘʙʝʣʘ 6.5. ʆʧʪʠʤʘʣʥʘ ʨʝʰʝˁʘ ʿʝ ʪʝʩʪ ʧʨʠʤʝʨʝ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ ʯʚʦʨʦʚʘ ʟʘ ʤʦʜʝʣ 

LRP_MOD_1 

P M.C. D.C. C.C. D.D. DIS.D. Ů2  Ů3 f1  f2  f3  CPU (s) 

2 3 3 3 2 1 

17,712 130,000 65,923,387 17,712 106,108 1.000 

8,856 130,000 62,410,409 8,856 119,884 1.000 

0 130,000 56,326,571 0 130,000 0.000 

17,712 140,000 65,923,387 17,712 106,108 0.000 

8,856 140,000 62,410,409 8,856 119,884 0.000 

0 140,000 57,478,129 0 133,280 0.000 

3 3 4 10 4 2 

3,283,200 625,000 112,330,948 88,560 546,620 1.000 

1,641,600 625,000 100,233,999 44,280 617,290 1.000 

0 625,000 41,753,085 0 625,000 1.000 

3,283,200 670,000 112,330,948 88,560 546,620 1.000 

1,641,600 670,000 100,233,999 44,280 617,290 1.000 

0 670,000 71,985,096 0 655,000 1.000 

3 4 6 20 5 3 

6,566,400 1,250,000 323,388,725 177,120 1,046,320 3.000 

3,283,200 1,250,000 308,892,735 88,560 1,180,750 2.000 

0 1,250,000 251,208,128 0 1,250,000 3.000 

6,566,400 1,300,000 323,388,725 177,120 1,046,320 2.000 

3,283,200 1,300,000 308,892,735 88,560 1,180,750 2.000 

0 1,300,000 275,964,327 0 1,300,000 2.000 

4 6 11 40 8 4 

17,510,400 3,250,000 699,358,406 472,320 2,875,150 10.000 

8,755,200 3,250,000 687,066,652 236,160 3,245,190 10.000 

0 3,250,000 341,349,491 0 3,250,000 11.000 

17,510,400 3,500,000 699,358,406 472,320 2,875,150 10.000 

8,755,200 3,500,000 687,066,652 236,160 3,245,190 10.000 

0 3,500,000 613,084,812 0 3,500,000 10.000 

ɻʨʘʥʠʮʘ Ů2 ʠʤʘ ʪʨʠ ʚʨʝʜʥʦʩʪʠ ʫ ʟʘʚʠʩʥʦʩʠ ʜʘ ʣʠ ʿʝ ʢʦʨʠʩʥʠʯʢʠʤ ʮʝʥʪʨʠʤʘ 

ʠʩʧʦʨʫʯʝʥʦ 80%, 90% ʠ 100% ʧʨʦʟʚʦʜʘ. ɻʨʘʥʠʮʘ Ů3 ʠʤʘ ʜʚʝ ʚʨʝʜʥʦʩʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ 

ʦʜ ʥʠʚʦʘ ʧʨʠʤʝʥʝ ʝʢʦʣʦʰʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ. ɿʘ ʤʘʣʠ ʙʨʦʿ ʯʚʦʨʦʚʘ, 

ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʠ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʭʝʫʨʠʩʪʠʢʘ ʿʝ 

ʜʦ 18.30%, ʘʣʠ ʩʫ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʟʘ ʟʥʘʪʥʦ ʢʨʘ˂ʝ ʚʨʝʤʝ ʢʦʨʠʰ˂ʝˁʝʤ ʭʝʫʨʠʩʪʠʢʘ. 

ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʫʨʘʹʝʥ ʿʝ ʟʘ ʪʝʩʪ ʧʨʦʙʣʝʤ ʯʠʿʝ ʩʫ ʜʠʤʝʥʟʠʿʝ [2 3 3 3 2 1]. ʈʝʟʫʣʪʘʪʠ 

ʟʘ ʦʚʘʿ ʪʝʩʪ ʧʨʠʤʝʨ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʊʘʙʝʣʠ 6.5. ʃʦʢʘʮʠʿʝ, ʨʫʪʝ ʠ ʢʦʣʠʯʠʥʝ 

ʠʩʧʦʨʫʯʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʥʘ ʩʚʘʢʦʿ ʨʫʪʠ (ʙʨʦʿʝʚʠ ʠʟʥʘʜ ʩʪʨʝʣʠʮʘ) ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʥʘ 
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ʩʣʠʮʠ 6.8. ʂʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʨʘʟʤʝʨʠ 1/1000. ʈʝʟʫʣʪʘʪʠ ʟʘ ʧʨʦʙʣʝʤʝ 

ʚʝʣʠʢʠʭ ʜʠʤʝʥʟʠʿʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 6.7-6.8. 

ʊʘʙʝʣʘ 6.6. VNS ʭʝʫʨʠʩʪʠʢʘ ʟʘ ʪʝʩʪ ʧʨʠʤʝʨʝ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ ʯʚʦʨʦʚʘ - LRP_MOD_1 

P M.C. D.C. C.C. D.D. DIS.D. Ů2  Ů3 f1  f2  f3  CPU (s) Gap 

(%) 

2 3 3 3 2 1 

17,712 130,000 65,854,328 17,712 106,728 0.039 0.10 

8,856 130,000 62,059,716 8,856 120,564 0.010 0.56 

0 130,000 54,716,099 0 127,840 0.012 2.86 

17,712 140,000 65,854,328 17,712 106,728 0.010 0.10 

8,856 140,000 62,059,716 8,856 120,564 0.011 0.56 

0 140,000 56,784,390 0 134,100 0.010 1.21 

3 3 4 10 4 2 

3,283,200 625,000 110,093,399 3,283,200 544,560 0.034 1.99 

1,641,600 625,000 97,375,097 1,641,600 615,840 0.031 2.85 

0 625,000 34,113,195 0 625,000 0.099 18.30 

3,283,200 670,000 110,093,399 3,283,200 544,560 0.031 1.99 

1,641,600 670,000 97,375,097 1,641,600 615,840 0.033 2.85 

0 670,000 70,389,638 0 662,520 0.036 2.22 

3 4 6 20 5 3 

6,566,400 1,250,000 318,890,040 6,566,400 1,049,445 0.225 1.39 

3,283,200 1,250,000 300,715,100 3,283,200 1,179,540 0.203 2.65 

0 1,250,000 239,506,981 0 1,250,000 0.215 4.66 

6,566,400 1,300,000 318,890,040 6,566,400 1,049,445 0.202 1.39 

3,283,200 1,300,000 300,715,100 3,283,200 1,179,540 0.212 2.65 

0 1,300,000 264,118,637 0 1,300,000 0.300 4.29 

4 6 11 40 8 4 

17,510,400 3,250,000 645,718,363 17,510,400 2,883,310 3.059 7.67 

8,755,200 3,250,000 633,781,259 8,755,200 3,250,000 2.340 7.76 

0 3,250,000 317,573,523 0 3,250,000 1.738 6.97 

17,510,400 3,500,000 645,718,363 17,510,400 2,883,310 2.952 7.67 

8,755,200 3,500,000 634,627,958 8,755,200 3,253,380 2.280 7.63 

0 3,500,000 547,581,017 0 3,500,000 3.143 10.68 

 

 

ʉʣʠʢʘ 6.6. ʈʫʪʝ ʠ ʙʨʦʿ ʚʦʟʠʣʘ ʥʘ ʩʚʘʢʦʿ ʨʫʪʠ ʟʘ ʤʦʜʝʣ LRP_MOD_1 



119 
 

ʊʘʙʝʣʘ 6.7. VNS ʭʝʫʨʠʩʪʠʢʘ ʟʘ ʚʝ˂ʠ ʙʨʦʿ ʯʚʦʨʦʚʘ (80-400 ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ) ʟʘ 

ʤʦʜʝʣ LRP_MOD_1 

TEST 
dimensions f2 limits f3 limits f1 f2 f3 CPU 

P M.C. D.C. C.C. D.D. DIS.D. x106 x106 x109 x106 x106 (s) 

1 

5 7 20 80 15 7 

0,88 6,00 0,96 0,64 5,79 1.77 

2 0,44 6,00 0,94 0,44 6,00 2.91 

3 0 6,00 0,24 0 6,00 18.33 

4 0,88 6,40 0,96 0,64 5,79 1.72 

5 0,44 6,40 0,96 0,44 6,12 1.80 

6 0 6,40 0,74 0 6,40 7.01 

7 

7 8 23 100 17 8 

2,06 13,50 3,75 2,06 12,47 43.05 

8 1,03 13,50 3,53 1,03 13,50 43.44 

9 0 13,50 1,44 0 13,50 46.98 

10 2,06 14,50 3,75 2,06 12,47 42.93 

11 1,03 14,50 3,59 1,03 13,99 55.17 

12 0 14,50 3,08 0 14,50 43.46 

13 

8 10 26 200 20 9 

4,72 31,00 10,58 4,72 27,77 173.09 

14 2,36 31,00 10,34 2,36 30,95 189.16 

15 0 31,00 5,53 0 31,00 176.82 

16 4,72 33,00 10,58 4,72 27,77 171.68 

17 2,36 33,00 10,28 2,36 31,20 116.78 

18 0 33,00 9,00 0 33,00 280.11 

19 

8 10 26 300 21 9 

7,08 46,00 15,46 7,08 41,52 220.09 

20 3,54 46,00 14,69 3,54 46,00 202.96 

21 0 46,00 8,16 0 46,00 289.55 

22 7,08 49,50 15,46 7,08 41,52 220.12 

23 3,54 49,50 14,82 3,54 46,75 167.30 

24 0 49,50 12,30 0 49,50 419.65 

25 

8 11 30 400 22 10 

9,44 60,00 18,04 9,44 55,06 293.54 

26 4,72 60,00 16,54 4,72 60,00 368.52 

27 0 60,00 5,29 0 60,00 362.19 

28 9,44 64,00 18,04 9,44 55 293.25 

29 4,72 64,00 16,84 4,72 61,95 190.81 

30 0 64,00 11,59 0 64,00 608.76 
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ʊʘʙʝʣʘ 6.8. VNS ʭʝʫʨʠʩʪʠʢʘ ʟʘ ʚʝ˂ʠ ʙʨʦʿ ʯʚʦʨʦʚʘ (500 ʢʦʨʠʩʥʠʯʢʠʭ ʮʝʥʪʘʨʘ) ʟʘ ʤʦʜʝʣ 

LRP_MOD_1 

TEST 
dimensions f2 limits f3 limits f1 f2 f3 CPU 

P M.C. D.C. C.C. D.D. DIS.D. x106 x106 x109 x106 x106 (s) 

31 

8 11 31 500 24 10 

11,80 78,00 23,44 11,80 69,45 267.47 

32 5,90 78,00 20,10 5,90 77,99 290.29 

33 0 78,00 2,99 0 78,00 549.80 

34 11,80 83,00 23,44 11,80 69,45 265.47 

35 5,90 83,00 20,10 5,90 78,10 235.48 

36 0 83,00 10,37 0 83,00 1,195.53 

 

ʇʘʨʝʪʦ ʢʨʠʚʝ ʟʘ ʧʨʦʬʠʪ ʠ ʥʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ, ʠ ʧʨʦʬʠʪ ʠ 

ʢʦʨʠʰ˂ʝˁʝ ʥʝʝʢʦʣʦʰʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʢʘʤʘ 6.9 ʠ 

6.10. ʇʨʚʠ ʛʨʘʬʠʢ ʧʨʠʢʘʟʫʿʝ ʇʘʨʝʪʦ ʢʨʠʚʫ ʟʘ ʦʯʝʢʠʚʘʥʠ ʧʨʦʬʠʪ ʫ ʦʜʥʦʩʫ ʥʘ ʥʠʚʦ 

ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ ʛʜʝ ʿʝ ʚʝʣʠʯʠʥʘ 'ʂʦʨʠʰ˂ʝˁʝ ʥʝʝʢʦʣʦʰʢʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʠ ʪʝʭʥʦʣʦʛʠʿʘ' ʬʠʢʩʥʘ. ʇʨʦʬʠʪ ʩʝ ʧʦʚʝ˂ʘʚʘ ʢʘʜʘ ʥʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ 

ʦʧʘʜʘ, ʟʘʪʦ ʰʪʦ ʩʝ ʫ ʣʘʮʥʫ ʩʥʘʙʜʘʚʘˁʘ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʥʘʣʘʟʠ ʤʘˁʝ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʥʝ 

ʜʦʥʦʩʝ ʧʨʦʬʠʪ (ʧʨʦʠʟʚʦʜʠ ʩʘ ʥʝʛʘʪʠʚʥʠʤ ʧʨʦʬʠʪʦʤ). ʂʘʜʘ ʩʫ ʩʚʠ ʧʨʦʠʟʚʦʜʠ ʩʘ 

ʥʝʛʘʪʠʚʥʠʤ ʧʨʦʬʠʪʦʤ ʠʩʢˀʫʯʝʥʠ ʠʟ ʣʘʥʮʘ ʩʥʘʙʜʝʚʘˁʘ, ʧʨʦʬʠʪ ʜʦʩʪʠʞʝ ʤʘʢʩʠʤʘʣʥʫ 

ʚʨʝʜʥʦʩʪ. ʄʘʢʩʠʤʘʣʥʠ ʧʨʬʦʪ ʠʟʥʦʩʠ 4,4038x10
9
. ɸʢʦ ʥʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ 

ʢʦʨʠʩʥʠʢʘ ʥʘʩʪʘʚʠ ʜʘ ʧʘʜʘ, ʧʨʦʬʠʪ ˂ʝ ʩʝ, ʪʘʢʦʹʝ, ʩʤʘˁʠʚʘʪʠ. 

 

ɼʨʫʛʠ ʛʨʘʬʠʢ ʧʨʠʢʘʟʫʿʝ ʇʘʨʝʪʦ ʢʨʠʚʫ ʟʘ ʦʯʝʢʠʚʘʥʠ ʧʨʦʬʠʪ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʨʠʰ˂ʝˁʝ 

ʥʝʝʢʦʣʦʰʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʛʜʝ ʿʝ ʚʝʣʠʯʠʥʘ ʥʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ 

ʢʦʨʠʩʥʠʢʘ ʬʠʢʩʥʘ. ʇʨʦʬʠʪ ʩʝ ʩʤʘˁʫʿʝ ʢʘʜʘ ʧʦʚʝ˂ʘʚʘʿʫ ʫʣʘʛʘˁʘ ʫ ʢʦʨʠʰ˂ʝˁʝ 

ʥʝʝʢʦʣʦʰʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ, ʢʘʢʦ ʿʝ ʠ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʢʘʤʘ 6.9 ʠ 6.10. 

ɻʨʘʬʠʮʠ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʢʘʤʘ 6.7 ʠ 6.8 ʧʨʠʢʘʟʫʿʫ ʠ ʜʘ ʩʝ ʪʨʠ ʥʘʚʝʜʝʥʝ ʬʫʥʢʮʠʿʝ 

ʮʠˀʘ ʢʦʥʬʨʦʥʪʠʨʘʿʫ. 
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ʉʣʠʢʘ 6.7. ʅʠʚʦ ʟʘʜʦʚʦˀʝˁʘ ʧʦʪʨʝʙʘ ʢʦʨʠʩʥʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʬʠʪ ʟʘ ʤʦʜʝʣ 

LRP_MOD_1 

 

ʉʣʠʢʘ 6.8. ʂʦʨʠʰ˂ʝˁʝ ʥʝʝʢʦʣʦʰʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʬʠʪ ʟʘ 

ʤʦʜʝʣ LRP_MOD_1 

 


































































































































































