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ɳˎ˔ʰˊʽˋˍʾʶˌ    

 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɑŰŮɟŬ Űɞɜ əŬɗɖɔɖŰɐ ə. ȽɤɎɜɜɖ ɀŬɟɘɜɎəɖ ɔɘŬ Űɖɜ Ɏɣɞɔɖ 

ůɡɜŮɟɔŬůɑŬ ɛŬɠ, ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɞɡ Űɧůɞ ůŰɖɜ ŬˊɞˊŮɟɎŰɤůɖ Űɖɠ 

ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɧůɞ əŬɘ ůŮ ɧɚɞɡɠ Űɞɡɠ ŰɞɛŮɑɠ Űɖɠ ŬəŬŭɖɛŬɥəɐɠ ɛɞɡ ŭɘŬŭɟɞɛɐɠ. 

ȷəɧɛŬ ɗŬ ɐɗŮɚŬ ɜŬ ŬűɘŮɟɩůɤ ŬɡŰɐ Űɖɜ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɤɠ ŮɚɎɢɘůŰɖ ɏɜŭŮɘɝɖ 

Ůɡɔɜɤɛɞůɨɜɖɠ ůŰɞɡɠ ɔɞɜŮɑɠ ɛɞɡ ȽɤɎɜɜɖ əŬɘ ȷɟɘůŰɞɨɚŬ əŬɗɩɠ əŬɘ ůŰŬ ŬŭɏɟűɘŬ ɛɞɡ ɂɏɜɘŬ əŬɘ 

ŪŬɜɎůɖ ˊɞɡ ɛŮ ůŰɐɟɘɝŬɜ ɖɗɘəɎ əŬɘ ɡɚɘəɎ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ  əŬɘ ůɡɜɏɓŬɚŬɜ 

ůŰɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ůŰɧɢɤɜ ɛɞɡ. 

ɇɏɚɞɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ űɑɚɞɡɠ əŬɘ ůɡɛűɞɘŰɖŰɏɠ ɛɞɡ ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ  əŬɘ 

ůŰɐɟɘɝɖ Űɞɡɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. ȽŭɘŬɑŰŮɟɖ ɛɜŮɑŬ ŬɝɑɕŮɘ ůŰɞɜ űɑɚɞ əŬɘ 

ɡˊɞɣɐűɘɞ ŭɘŭɎəŰɞɟŬ Űɤɜ ɀɖɢŬɜɘəɩɜ ɄŬɟŬɔɤɔɐɠ əŬɘ ȹɘɞɑəɖůɖɠ ɄɟɤŰɞˊŬˊŬŭɎəɖ ȺɡŰɨɢɘɞ ˊɞɡ ɛŮ 

əŬŰɏůŰɖůŮ Ůˊɘŭɏɝɘɞ ɢɟɐůŰɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Matlab. 
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ɞɢɫɚɜɱɜɠ 

 

ȼ ŭɘŬɜɞɛɐ ˊɟɞɥɧɜŰɤɜ Ŭˊɧ Űɘɠ ŬˊɞɗɐəŮɠ ůŰɞɡɠ ˊŮɚɎŰŮɠ ŮɑɜŬɘ ɏɜŬ ˊɟŬəŰɘəɧ əŬɘ 
ŬˊŬɘŰɖŰɘəɧ ˊɟɧɓɚɖɛŬ Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ ŮűɞŭɘŬůŰɘəɐɠ ŬɚɡůɑŭŬɠ. ɇɞ ˊɟɧɓɚɖɛŬ ŭɘŬɜɞɛɐɠ 
Űɤɜ ˊɟɞɥɧɜŰɤɜ ŭɘŬŰɡˊɩɜŮŰŬɘ ɤɠ çɄɟɧɓɚɖɛŬ ŭɟɞɛɞɚɧɔɖůɖɠ ɞɢɖɛɎŰɤɜè(Vehicle 
Routing Problem).Ɇɡɜɐɗɤɠ ɧɛɤɠ ɔɑɜŮŰŬɘ ɖ ɡˊɧɗŮůɖ  ɧŰɘ ɡˊɎɟɢŮɘ ɛɧɜɞ ɛɘŬ Ŭˊɞɗɐəɖ Ŭˊɧ 
Űɖɜ ɞˊɞɑŬ Űɞ ɧɢɖɛŬ ŬɜŮűɞŭɘɎɕŮŰŬɘ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɘŬ 
ŬˊɞɗɐəŮɠ Űɞ VRP (Vehicle Routing Problem) ŭŮɜ ŮɑɜŬɘ əŬŰɎɚɚɖɚɞ. 

 
ɆŮ ŬɡŰɐ Űɖɜ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɗŬ ŮɝŮŰɎůɞɡɛŮ Űɞ ˊɟɧɓɚɖɛŬ ŭɟɞɛɞɚɧɔɖůɖɠ 

ɞɢɖɛɎŰɤɜ ɛŮ ˊɞɚɚŬˊɚɏɠ ŬˊɞɗɐəŮɠ(Multi Depot Vehicle Routing Problem). ɆŰɧɢɞɠ ŮɑɜŬɘ 

ŰŬ ɞɢɐɛŬŰŬ ɛŬɠ ɜŬ ŮˊɘůəŮűŰɞɨɜ-ŮɝɡˊɖɟŮŰɐůɞɡɜ ɏɜŬɜ ůŰŬɗŮɟɧ Ŭɟɘɗɛɧ ˊŮɚŬŰɩɜ-əɧɛɓɤɜ 

Ŭəɟɘɓɩɠ ɛɑŬ űɞɟɎ, ɛɏůɤ ɞɟɘůɛɏɜɤɜ ɛɞɜɞˊŬŰɘɩɜ, ɛŮ Űɞ ɓɏɚŰɘůŰɞ əɧůŰɞɠ ɧŰŬɜ ɡˊɎɟɢɞɡɜ 

ˊɎɜɤ Ŭˊɧ ɛɑŬ ŬˊɞɗɐəŮɠ Ŭˊɧ ɧˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬɜŮűɞŭɘŬůŰɞɨɜ. ɇɞ əɎɗŮ ɧɢɖɛŬ ɏɢŮɘ 

ůɡɔəŮəɟɘɛɏɜɖ ɢɤɟɖŰɘəɧŰɖŰŬ əŬɘ ɞɘ ŬˊɞɗɐəŮɠ ɏɢɞɡɜ ɗŮɤɟɖŰɘəɎ ɎˊŮɘɟɖ ɢɤɟɖŰɘəɧŰɖŰŬ. 

ũɘŬ ɜŬ ŮˊɘɚɡɗŮɑ Űɞ ˊŬɟɩɜ ˊɟɧɓɚɖɛŬ ŬɜŬˊŰɨɢɗɖəŮ ɏɜŬɠ ɔŮɜŮŰɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ 

ˊɞɚɚŬˊɚɩɜ ˊɚɖɗɡůɛɩɜ-ɜɖůɘɩɜ. ɆŰɞɜ ɔŮɜŮŰɘəɧ Ŭɚɔɧɟɘɗɛɞ ɞɘ Ŭɟɢɘəɏɠ ɚɨůŮɘɠ ˊŬɟɎɔɞɜŰŬɘ 

ɛŮ ŰɡɢŬɘɧŰɖŰŬ. Ƀɘ ɓŬůɘəɞɑ ɛŬɠ ŰŮɚŮůŰɏɠ ŮɑɜŬɘ ɞ ŰŮɚŮůŰɐɠ ŭɘŬůŰŬɨɟɤůɖɠ ɔɘŬ ɜŬ ˊŬɟɎɔɞɜŰŬɘ 

ɜɏŮɠ ɚɨůŮɘɠ əŬɘ ɜŬ ŬɜŰɘəŬɗɘůŰɞɨɜ Űɘɠ ˊŬɚɘɏɠ Ŭɜ ŮɑɜŬɘ əŬɚɨŰŮɟŮɠ əŬɘ ɞ ŰŮɚŮůŰɐɠ ɛŮŰɎɚɚŬɝɖɠ. 

ɆŰɖɜ əɎɗŮ əŬɘɜɞɨɟɘŬ ɚɨůɖ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ŮűŬɟɛɧɕɞɡɛŮ ɏɜŬɜ Ŭɚɔɧɟɘɗɛɞ Űɞˊɘəɐɠ 

ŬɜŬɕɐŰɖůɖɠ ɔɘŬ ɜŬ ˊŮŰɨɢɞɡɛŮ ˊɘɗŬɜɎ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɆŰɞɜ ɔŮɜŮŰɘəɧ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɚɚŬˊɚɩɜ ɜɖůɘɩɜ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ŮűŬɟɛɧɕŮŰŬɘ ɖ 

ŭɘŬŭɘəŬůɑŬ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ əɎɗŮ ɜɖůɑ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɞɛɎŭŮɠ ˊɚɖɗɡůɛɩɜ, 

ɔɘŬ ŭɘɎűɞɟŮɠ Ůˊɞɢɏɠ əŬɘ ɏɢɞɡɛŮ əŬɘ ɛŮŰŬɜɎůŰŮɡůɖ ɛɑŬɠ ɞɛɎŭŬɠ ˊɚɖɗɡůɛɞɨ Ŭˊɧ Űɞ ɏɜŬ 

ɜɖůɑ ůŮ əɎˊɞɘɞ ŭɘˊɚŬɜɧ Űɞɡ, ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɩůŰŮ ɜŬ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ 

ˊŮɟɘůůɧŰŮɟɞ ɞ ˊɚɖɗɡůɛɧɠ əŬɘ ɜŬ ůɡɔəɚɑɜɞɡɜ ůŮ ɛɘŬ ɓɏɚŰɘůŰɖ ɚɨůɖ. 

ɞɢɫɚɜɱɜɠ ɫɬɠɦ ɞɮɨɝɢɚɫɬɢɣɠ ɚɤɭɫɢɝɚ ɣɚɢ 

LOGISTICS 

 

ςȢρ ɨɪɢɫɥɨɫ LOGISTICS 
 

Logistics ŮɑɜŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŮˊɘɢŮɑɟɖůɖɠ ˊɞɡ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɞ ůɨɜɞɚɞ Űɤɜ 

ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ, Űɖɜ ŮɝŬůűɎɚɘůɖ əŬɘ Űɖɜ ŭɘŬɗŮůɘɛɧŰɖŰŬ ɧɚɤɜ Űɤɜ 

Ŭɜɗɟɩˊɘɜɤɜ əŬɘ űɡůɘəɩɜ ˊɧɟɤɜ, ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ 
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ŭɘŬŭɘəŬůɘɩɜ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ. Ƀ ŮˊɘəɟŬŰɏůŰŮɟɞɠ ɞɟɘůɛɧɠ Űɤɜ logistics, ɧˊɤɠ 

ŭɘŬŰɡˊɩɗɖəŮ Űɞ 1991 Ŭˊɧ Űɞ Council of Logistics Management Űɤɜ ȼɄȷ, ŮɑɜŬɘ ɞ 

Ŭəɧɚɞɡɗɞɠ: Logistics ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ůɢŮŭɘŬůɛɞɨ, ŮűŬɟɛɞɔɐɠ əŬɘ Ůɚɏɔɢɞɡ ɛɘŬɠ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ əŬɘ ŬˊɞŭɞŰɘəɐɠ ɟɞɐɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ ŬɔŬɗɩɜ, ɡˊɖɟŮůɘɩɜ əŬɘ 

ůɢŮŰɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ, Ŭˊɧ Űɞ ůɖɛŮɑɞ ˊŬɟŬɔɤɔɐɠ ůŰɞ ůɖɛŮɑɞ əŬŰŬɜɎɚɤůɖɠ, ɛŮ ůəɞˊɧ 

Űɖɜ ɘəŬɜɞˊɞɑɖůɖ Űɤɜ ŬɜŬɔəɩɜ əŬɘ Űɤɜ ŬˊŬɘŰɐůŮɤɜ Űɞɡ ˊŮɚɎŰɖ. ɉŬɟŬəŰɖɟɘůŰɘəɧɠ ŮɑɜŬɘ ɞ 

ɞɟɘůɛɧɠ ˊɞɡ ɏɢŮɘ ɡɘɞɗŮŰɐůŮɘ Űɞ Institute of Logistics Űɖɠ ɀŮɔɎɚɖɠ ȸɟŮŰŬɜɑŬɠ ñLogistics is 

the management of the supply chainò, ŰŬ Logistics ŮɑɜŬɘ ɖ ɞɟɔɎɜɤůɖ əŬɘ ɖ ŭɘŬɢŮɑɟɘůɖ Űɖɠ 

ŮűɞŭɘŬůŰɘəɐɠ ŬɚɡůɑŭŬɠ. Ƀ ɞɟɘůɛɧɠ ŬɡŰɧɠ ɗŮɤɟŮɑŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ůɡɔɔɟŬűŮɑɠ ɗŮɛŮɚɘɩŭɖɠ 

ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɞɡ ɧɟɞɡ logistics . 

ȷˊɧ ŬɡŰɧɜ Űɞɜ ɞɟɘůɛɧ əŬŰŬɜɞɞɨɛŮ Ůˊɑůɖɠ ɧŰɘ ɞɘ ŭɘŬŭɘəŬůɑŮɠ Űɤɜ Logistics 

ŬˊɞŰŮɚɞɨɜ ɏɜŬ ŰɛɐɛŬ Űɞɡ ůɡɜɧɚɞɡ ˊɞɡ ɚɏɔŮŰŬɘ çȺűɞŭɘŬůŰɘəɐ ȷɚɡůɑŭŬè. ȹɘŬəɟɑɜɞɡɛŮ ŭɨɞ 

əŬŰɖɔɞɟɑŮɠ ůŰɞɘɢŮɑɤɜ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ ŬɜŰɑůŰɞɘɢŬ ŰŬ logistics əŬɘ Űɖɜ ŮəŰɏɚŮůɖ ŬɡŰɩɜ. ȼ 

ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ŬɜŬűɏɟŮŰŬɘ ůŰŬ ůŰɎŭɘŬ Űɤɜ logistics, ŭɖɚŬŭɐ ůŰɞɜ ůɢŮŭɘŬůɛɧ, Űɞɜ 

ɏɚŮɔɢɞ əŬɘ Űɖɜ ŮəŰɏɚŮůɖ. ȼ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɑŬ ŬɜŬűɏɟŮŰŬɘ ůŰŬ ɛɏɟɖ Űɖɠ ŮəŰɏɚŮůɖɠ, ɧˊɞɡ 

ůɡɜŬɜŰɎɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɤɜ Ŭɔɞɟɩɜ, Űɖɠ ŬˊɞɗɐəŮɡůɖɠ, Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ Űɤɜ ŬˊɞɗŮɛɎŰɤɜ, 

Űɖɠ ɛŮŰŬűɞɟɎɠ əŬɘ Űɤɜ ŭɘŬɜɞɛɩɜ. 

 

ςȢρȢρ ɫɬɨɯɨɢ ɬɱɦ LOGISTICS 
 

ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ Logistics ŮˊɘŭɘɩəŮɘ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ ɔŮɜɘəɩɜ əŬɘ Ůɘŭɘəɩɜ 

ŮˊɘɢŮɘɟɖůɘŬəɩɜ ůŰɧɢɤɜ ˊɞɡ ɗɏŰŮɘ ɖ ŭɘɞɑəɖůɖ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘŭɘɩəŮɘ Űɖɜ 

ŮˊɑŰŮɡɝɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůŰɧɢɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞ ɢɩɟɞ əŬɘ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ 

Logistics. 

Ƀɘ ɓŬůɘəɧŰŮɟɞɘ ůŰɧɢɞɘ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬŰɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ, ŮɑɜŬɘ ɞɘ Ůɝɐɠ:  

V ȺɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ əɧůŰɞɡɠ  

V ȺɚɎɢɘůŰɞ ŭɡɜŬŰɧ əɧůŰɞɠ ŮˊŮɜŭɨůŮɤɜ  

V ȸŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ ˊɟɞɥɧɜŰɤɜ əŬɘ ɡˊɖɟŮůɘɩɜ  

V Ɉɣɖɚɧ ŮˊɑˊŮŭɞ ŮɝɡˊɖɟɏŰɖůɖɠ ˊŮɚŬŰɩɜ  

 

ɇɞ əɧůŰɞɠ Űɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ Űɤɜ logistics, ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ Űɞɡ 

ůɡɜɞɚɘəɞɨ əɧůŰɞɡɠ Űɤɜ ˊɟɞɥɧɜŰɤɜ, ɧˊɤɠ ŬɡŰɧ ɏɢŮɘ ŭɘŬɛɞɟűɤɗŮɑ ɧŰŬɜ űŰɎɜŮɘ ůŰŬ ɢɏɟɘŬ 

Űɤɜ əŬŰŬɜŬɚɤŰɩɜ. ɇɞ əɧůŰɞɠ Űɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ logistics, ˊŮɟɘɚŬɛɓɎɜŮɘ:  
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¶ ȹŬˊɎɜŮɠ ɛŮŰŬűɞɟɩɜ  

¶ ȹŬˊɎɜŮɠ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ůɡůəŮɡŬůɑŬɠ  

¶ ȾɧůŰɞɠ ŭɘŬŰɐɟɖůɖɠ ŬˊɞɗɏɛŬŰɞɠ  

¶ ȾɧůŰɞɠ űɡůɘəɐɠ ŭɘŬəɑɜɖůɖɠ ɡɚɘəɩɜ əŬɘ ˊɚɖɟɞűɞɟɘɩɜ.  

¶ ȾɧůŰɞɠ Ůɚɏɔɢɞɡ əŬɘ ŬˊɞɔɟŬűɐɠ Űɤɜ ŬˊɞɗŮɛɎŰɤɜ  

¶ ȾɧůŰɞɠ əŰɘɟɑɤɜ əŬɘ ɛɖɢŬɜɖɛɎŰɤɜ əŬɘ Űɘɠ ŬˊɞůɓɏůŮɘɠ Űɞɡɠ 

 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ, ůəɞˊɧɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ logistics ŭŮɜ ŮɑɜŬɘ 

ɛɧɜɞ ɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ ůŮ ɧɚɖ Űɖ ŭɘŬŭɟɞɛɐ Űɞɡ Ŭˊɧ Űɞɜ 

ˊɟɞɛɖɗŮɡŰɐ ɤɠ Űɞɜ əŬŰŬɜŬɚɤŰɐ, ŬɚɚɎ əŬɘ ɖ ŮˊɑŰŮɡɝɖ ɛɘŬɠ ŬˊɞŭŮəŰɐɠ ɔŮɜɘəɐɠ ˊɞɘɧŰɖŰŬɠ 

Űɤɜ ɡˊɖɟŮůɘɩɜ logistics ŬɡŰɞɨ Űɞɡ ɑŭɘɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ logistics. ɉɟɧɜɞɘ ŮəŰɏɚŮůɖɠ 

ˊŬɟŬɔɔŮɚɑŬɠ, ůɡɜɏˊŮɘŬ ůŰɘɠ ɛŮŰŬűɞɟɏɠ, ɔɜɤůŰɞˊɞɑɖůɖ ůŰɞɡɠ ˊŮɚɎŰŮɠ ˊɞɡ ɓɟɑůəŮŰŬɘ Űɞ 

ˊɟɞɥɧɜ ˊɞɡ ɏɢɞɡɜ ˊŬɟŬɔɔŮɑɚŮɘ, ɛŮɑɤůɖ Űɤɜ űɗɞɟɩɜ, Űɤɜ ɕɖɛɘɩɜ, ŮɑɜŬɘ ɛŮɟɘəɎ Ŭˊɧ ŰŬ 

ůŰɞɘɢŮɑŬ ˊɞɡ ŭɘŬɛɞɟűɩɜɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ logistics. ɆŰɧɢɞɠ ɚɞɘˊɧɜ, 

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɖ ŮˊɑŰŮɡɝɖ, ůɡɜŮɢɩɠ, Űɖɠ əŬɚɨŰŮɟɖɠ ŭɡɜŬŰɐɠ ˊɞɘɧŰɖŰŬɠ. 

Ƀɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎɛŮŰɟɞɘ, ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ əŬɚɨŰŮɟɞɡ ŭɡɜŬŰɞɨ 

Ůˊɘˊɏŭɞɡ ŮɝɡˊɖɟɏŰɖůɖɠ Űɤɜ ˊŮɚŬŰɩɜ. ɇŬ ɚŮɔɧɛŮɜŬ 7Ɇ, ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɧɚɞɡɠ Űɞɡɠ 

ŰɞɛŮɑɠ ˊɞɡ ɛɘŬ ŮˊɘɢŮɑɟɖůɖ ˊɟɏˊŮɘ ɜŬ əŬɚɨˊŰŮɘ ɛŮ Űɞɜ əŬɚɨŰŮɟɞ ŭɡɜŬŰɧ Űɟɧˊɞ ɩůŰŮ ɜŬ 

ˊɟɞůűɏɟŮɘ Űɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ŮɝɡˊɖɟɏŰɖůɖ:  

Á ɆɤůŰɧ ˊɟɞɥɧɜ  

Á ɆɤůŰɧɠ Űɧˊɞɠ ŬˊɞůŰɞɚɐɠ  

Á ɆɤůŰɧɠ Űɧˊɞɠ ˊɟɞɞɟɘůɛɞɨ  

Á ɆɤůŰɧ ɢɟɞɜɞŭɘɎɔɟŬɛɛŬ  

Á ɆɤůŰɐ ˊɞůɧŰɖŰŬ  

Á ɆɤůŰɐ ˊɞɘɧŰɖŰŬ  

Á ɆɤůŰɐ Űɘɛɐ 

 

2.1.2 ɩɤɚɢɫɢɨ ɞɪɜɚɫɢɚɫ 
 

Ƀɘ ɓŬůɘəɞɑ ŰɞɛŮɑɠ ŮɜŬůɢɧɚɖůɖɠ Űɤɜ Logistics ŮɑɜŬɘ ŮˊɘɔɟŬɛɛŬŰɘəɎ : 
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1. ȺɝɡˊɖɟɏŰɖůɖ ˊŮɚŬŰɩɜ (Customer Service) 

2. ȷɜŰŬɚɚŬəŰɘəɎ əŬɘ ɡˊɖɟŮůɑŮɠ ɛŮŰɎ Űɖɜ ˊɩɚɖůɖ (Parts and Service Support) 

3. ɆɡůəŮɡŬůɑŬ (Packaging) 

4. ȹɖɛɞůɘŮɨůŮɘɠ-ɈˊɞůŰɐɟɘɝɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ (Publications) 

5. ɇɟɞűɞŭɞůɑŬ (Procurement) 

6. ȹɘŬɢŮɑɟɘůɖ Ɉɚɘəɩɜ (Material Handling) 

7. ȹɘŬɢŮɑɟɘůɖ ȷˊɞɗɖəɩɜ əŬɘ ȾɏɜŰɟɤɜ ȹɘŬɜɞɛɩɜ (Warehousing and Storage) 

8. ȹɘŬɢŮɑɟɘůɖ ȺˊɘůŰɟŮűɗɏɜŰɤɜ ɄɟɞɥɧɜŰɤɜ (Return Goods Handling) 

9. ȷɜŰɑůŰɟɞűɖ ȺűɞŭɘŬůŰɘəɐ (Reverse Logistics) 

10. ɄɟɧɓɚŮɣɖ ȻɐŰɖůɖɠ (Demand Forecasting) 

11. ɉɤɟɞɗɏŰɖůɖ ȺɔəŬŰŬůŰɎůŮɤɜ (Plant and Warehouse Location) 

12. ȹɘŬɢŮɑɟɘůɖ ȷˊɞɗŮɛɎŰɤɜ (Inventory Management) 

13. ɀŮŰŬűɞɟɏɠ əŬɘ ȹɘŬɜɞɛɐ (Transportation and Distribution) 

14. ȺˊɘəɞɘɜɤɜɑŬ əŬɘ ɇŮɢɜɞɚɞɔɑŬ ȺˊɘəɞɘɜɤɜɑŬɠ (Communication and Communication 

Technology) 

15. ȺˊŮɝŮɟɔŬůɑŬ ɄŬɟŬɔɔŮɚɘɩɜ əŬɘ ɇŮɢɜɞɚɞɔɑŬ Ʉɚɖɟɞűɞɟɘəɐɠ (Other Processing and 

Information Technology) 

16. ȺəˊŬɑŭŮɡůɖ Ʉɟɞůɤˊɘəɞɨ (Personnel Education) 

17. ɆɡɔəɏɜŰɟɤůɖ əŬɘ ȾŮɜŰɟɞˊɞɑɖůɖ (Concentration and Centralization) 

18. ɄŬɔəɞůɛɘɞˊɞɘɖɛɏɜɖ ȺűɞŭɘŬůŰɘəɐ (Global Logistics) 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɗŬ ŮɝŮŰŬůɗŮɑ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ɛŮŰŬűɞɟɎɠ əŬɘ 

ŭɘŬɜɞɛɐɠ ˊɟɞɥɧɜŰɤɜ ɛŮŰŬɝɨ Űɞɡ ɢɩɟɞɡ ŬˊɞɗɐəŮɡůɖɠ əŬɘ Űɤɜ ŰŮɚɘəɩɜ ˊɟɞɞɟɘůɛɩɜ-

ˊŮɚŬŰɩɜ. ɇɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ ɧˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ ŮɑɜŬɘ ɔɜɤůŰɧ ůŰɖɜ ˊŬɔəɧůɛɘŬ 

ɓɘɓɚɘɞɔɟŬűɑŬ ɤɠ ˊɟɧɓɚɖɛŬ ŭɟɞɛɞɚɧɔɖůɖɠ ɞɢɖɛɎŰɤɜ (Vehicle Routing Problem). Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɗŬ ŮɝŮŰŬůɗŮɑ Űɞ Multi Depot Vehicle Routing Problem (MDVRP) Űɞɡ ɞˊɞɑɞɡ 

ŬɜɎɚɡůɖ ɗŬ ŬəɞɚɞɡɗɐůŮɘ ůŮ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ. ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ɔɘŬ 

ɚɧɔɞɡɠ ůɡɜŰɞɛɑŬɠ ɗŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ɧɟɞɘ VRPəŬɘ MDVRP ɔɘŬ Űɞ əɎɗŮ ˊɟɧɓɚɖɛŬ 

ŬɜŰɑůŰɞɘɢŬ. 
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ςȢς  ɨɪɢɫɥɨɫ ɣɚɢ ɫɣɨɩɨɫ ɞɮɨɝɢɚɫɬɢɣɠɫ 

ɚɤɭɫɢɝɚɫ 
 

Ƀ ɧɟɞɠ SUPPLY CHAIN - ȺūɃȹȽȷɆɇȽȾȼ ȷȿɈɆȽȹȷ ŬɜŬűɏɟŮŰŬɘ ůŮ ɏɜŬ 

ɞɚɞəɚɖɟɤɛɏɜɞ ŭɑəŰɡɞ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ŬűɞɟɎ ɧɚɖ Űɖ ŭɘŬŭɟɞɛɐ Űɞɡ ˊɟɞɥɧɜŰɞɠ ,Ŭˊɧ Űɖɜ 

ˊɟɩŰɖ ɨɚɖ, Űɖɜ ɛŮŰŬˊɞɑɖůɐ Űɞɡ, Űɖɜ ŭɘŬɜɞɛɐ Űɞɡ əŬɘ Űɖɜ ˊɩɚɖůɖ Űɞɡ ůŰɞɜ əŬŰŬɜŬɚɤŰɐ. ȼ 

ȹȺȷ (ȹɘŬɢŮɑɟɘůɖ ȺűɞŭɘŬůŰɘəɐɠ ȷɚɡůɑŭŬɠ) ŬɜŬűɏɟŮŰŬɘ ůŰɞ ůɢŮŭɘŬůɛɧ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɖ 

ɧɚɤɜ Űɤɜ ŮɜŮɟɔŮɘɩɜ-ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ˊɟɞɛɐɗŮɘŬɠ, Űɖɜ 

ˊŬɟŬɔɤɔɐ-ɛŮŰŬˊɞɑɖůɖ əŬɘ ɧɚŮɠ Űɘɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ Űɖɠ ŭɘŬɜɞɛɐɠ. Ⱥˊɘˊɚɏɞɜ, 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ůɡɜŰɞɜɘůɛɧ əŬɘ Űɖ ůɡɜŮɟɔŬůɑŬ ɛŮ ɧɚɞɡɠ Űɞɡɠ ŮŰŬɑɟɞɡɠ Űɞɡ ŭɘəŰɨɞɡ 

ŮűɞŭɘŬůɛɞɨ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɟɞɛɖɗŮɡŰɏɠ, ŮɜŭɘɎɛŮůɞɘ əɟɑəɞɘ, ŮŰŬɘɟɑŮɠ ˊŬɟɞɢɐɠ 

ɡˊɖɟŮůɘɩɜ Third Party Logistics (3PL) əŬɘ ˊŮɚɎŰŮɠ. ȾŬŰô ɞɡůɑŬ, ɖ ȹɘŬɢŮɑɟɘůɖ 

ȺűɞŭɘŬůŰɘəɐɠ ȷɚɡůɑŭŬɠ ŮɜɞˊɞɘŮɑ əŬɘ ɞɚɞəɚɖɟɩɜŮɘ Űɞ ůɢŮŭɘŬůɛɧ, Űɘɠ ˊɟɞɛɐɗŮɘŮɠ, Űɖɜ 

ˊŬɟŬɔɤɔɐ, Űɖɜ ŬˊɞɗɐəŮɡůɖ, Űɖ ɛŮŰŬűɞɟɎ əŬɘ Űɘɠ ˊɤɚɐůŮɘɠ Űɧůɞ ɛɏůŬ Ŭˊɧ Űɘɠ 

ŮˊɘɢŮɘɟɐůŮɘɠ ɧůɞ əŬɘ ɛŮŰŬɝɨ ŬɡŰɩɜ. 

Ƀ ŬɜŰɘəŮɘɛŮɜɘəɧɠ ɚɞɘˊɧɜ ůəɞˊɧɠ Űɖɠ ȹȺȷ ŮɑɜŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ ůɡɜɞɚɘəɐɠ 

əŮɟŭɞűɞɟɑŬɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ ˊɞɡ ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ əŮɟŭɞűɞɟɑŬɠ 

ɧɚɤɜ Űɤɜ ŮŰŬɑɟɤɜ Űɖɠ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ əŬŰŬɜɧɖůɖ əŬɘ ɘəŬɜɞˊɞɑɖůɖ Űɤɜ 

ˊŮɚŬŰŮɘŬəɩɜ ŬɜŬɔəɩɜ ůŰɞɜ ŬˊŬɘŰɞɨɛŮɜɞ ɢɟɧɜɞ, əŬɘ ɛŮ Űɖɜ ˊɟɞůűɞɟɎ ˊɟɞɥɧɜŰɤɜ 

ɡɣɖɚɐɠ ˊɟɞůŰɘɗɏɛŮɜɖɠ ŬɝɑŬɠ əŬɘ ŬɜŰŬɔɤɜɘůŰɘəɞɨ əɧůŰɞɡɠ. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ 

ˊŬɟŬˊɎɜɤ ůŰɧɢɤɜ, ŬˊŬɟŬɑŰɖŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŮűɞŭɘŬůŰɘəɩɜ Ŭɚɡůɑŭɤɜ ˊɞɡ 

ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ ɛɏůŬ ůŰɞ ůɨɔɢɟɞɜɞ ˊŬɔəɞůɛɘɞˊɞɘɖɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ ŮɑɜŬɘ ɖ ŮɡŮɚɘɝɑŬ əŬɘ ɖ 

ŰŬɢŮɑŬ ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬ Űɞɡɠ ůŰɘɠ ŭɡɜŬɛɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ ůɡɜɗɐəŮɠ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ 

ɖ ŮűɞŭɘŬůŰɘəɐ ŬɚɡůɑŭŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɞɚɚɎ logistics. ȸɚɏˊɞɡɛŮ ɚɞɘˊɧɜ ɧŰɘ ŰŬ Logistics 

ůɡɜŭɏɞɜŰŬɘ ɎɛŮůŬ, əŬɗɩɠ ɖ ŮűɞŭɘŬůŰɘəɐ ŬɚɡůɑŭŬ ŬˊɞŰŮɚŮɑ Űɞ ɓŬůɘəɧŰŮɟɞ ˊŮŭɑɞ 

ŮűŬɟɛɞɔɐɠ Űɤɜ Logistics, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ ɛŮ Űɖɜ ůŮɘɟɎ Űɞɡɠ Űɞ ɓŬůɘəɧŰŮɟɞ ɛɏůɞ ɔɘŬ 

Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɞɟɔɎɜɤůɖ əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɖɠ ȺűɞŭɘŬůŰɘəɐɠ ȷɚɡůɑŭŬɠ. 

 

ςȢςȢρ ɥɞɡɨɝɨɤɨɜɢɚ ɞɮɨɝɢɚɫɬɢɣɠɫ ɚɤɭɫɢɝɚɫ 
 

ȼ ɞɚɞəɚɖɟɤɛɏɜɖ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ ŮűɞŭɘŬůŰɘəɐɠ ŬɚɡůɑŭŬɠ ɞ́ɡ ŬəɞɚɞɡɗŮɑŰŬɘ ůŮ əɎɗŮ 

ŮűŬɟɛɞɔɐ ůɡɛ́ŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ŬəɧɚɞɡɗŬ ɓɐɛŬŰŬ: 

1. ȺɜŰɞˊɘůɛɧɠ Űɞɡ ɟ́ɞɓɚɐɛŬŰɞɠ əŬɘ ŮűŬɟɛɞɔɐ ɛŮɗɧŭɤɜ ŬɜɎɚɡůɖɠ ɔɘŬ Űɖɜ ɞɟɘɞɗɏŰɖůɖ 

Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ɐ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ɞ́ɡ Ů́ɖɟŮɎɕɞɡɜ əŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ 

ůŰɟŬŰɖɔɘəɩɜ-Ů́ɘɢŮɘɟɖůɘŬəɩɜ ůŰɧɢɤɜ əŬɘ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ ɞ́ɡ Űɞ ŭɘɏ́ɞɡɜ. 
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2. ɀŬɗɖɛŬŰɘəɐ ( ɢ́ ɔɟŬɛɛɏɠ ŬɜŬÕɞɜɐɠ) ɐ ůɡůŰɖÕɘəɐ ( ɢ́ ɟ́ɞůɞÕɞɑɤůɖ ɐ 

ÕɞɜŰŮɚɞ́ɞɑɖůɖ Ů́ɘɢŮɘɟɖůɘŬəɩɜ ŭɘŬŭɘəŬůɘɩɜ) ɟ́ɞŰɡ́ ɞ́ɞɑɖůɖ ɔɘŬ Űɖɜ ɞɟɗɞɚɞɔɘůŰɘəɐ 

Ŭ Ů́ɘəɧɜɘůɖ Űɞɡ ɟ́ɞɓɚɐÕŬŰɞɠ. 

3. ȷɜɎ́ Űɡɝɖ  (ɐ  Ůɘ́ɚɞɔɐ  ɡ́ ŬɟɢɧɜŰɤɜ)  ŰŮɢɜɘəɩɜ  Ůɑ́ɚɡůɖɠ  Űɤɜ  ɟ́ɞɓɚɖÕɎŰɤɜ Õɏůɤ 

ÕŬɗɖÕŬŰɘəɞɨ ɟ́ɞɔɟŬÕÕŬŰɘůÕɞɨ, ŮɡɟŮŰɘəɩɜ ŬɚɔɞɟɑɗÕɤɜ ɐ Ɏɚɚɤɜ ɡ́ ɞɚɞɔɘůŰɘəɩɜ 

ÕŮɗɧŭɤɜ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ůɨɔəɚɘůɖ ůŮ ÕɘŬ ŮűɘəŰɐ ɐ ɓɏɚŰɘůŰɖ ɚɨůɖ. 

4. Ɉɚɞ́ɞɑɖůɖ Űɤɜ ŰŮɢɜɘəɩɜ Ů́ɑɚɡůɖɠ ůŮ əŬŰɎɚɚɖɚɖ ɚ́ŬŰűɧɟÕŬ ɞ́ɡ ŮɝŬɟŰɎŰŬɘ Ŭ́ ɧ Űɖɜ 

ˊɚɖɟɞűɞɟɘŬəɐ ŭɞÕɐ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ŮŰŬɘɟŮɑŬɠ, Űɖɜ ɨ́ Ŭɟɝɖ ˊŬəɏŰɤɜ ɚɞɔɘůÕɘəɞɨ əŬɘ 

Űɘɠ ŬɜɎɔəŮɠ ɔɘŬ Ŭ́ ɞŰŮɚŮůÕŬŰɘəɧŰɖŰŬ əŬɘ ŰŬɢɨŰɖŰŬ ůŰɖɜ ŮɝŮɨɟŮůɖ ɚɨůŮɤɜ. 

5. ɆɢŮŭɘŬůÕɧɠ əŬɘ ůɨɜɗŮůɖ Űɤɜ ɡ́ ɞůŰɖɟɘəŰɘəɩɜ ɚ́ɖɟɞűɞɟɘŬəɩɜ ůɡůŰɖÕɎŰɤɜ ɞ́ɡ 

ŮɜůɤÕŬŰɩɜɞɡɜ Űɘɠ ŰŮɢɜɘəɏɠ Ů́ɑɚɡůɖɠ əŬɘ Ů́ɘŰɟɏɞ́ɡɜ Űɖɜ ŭɘŮˊŬűɐ Űɤɜ ÕɎɜŬŰɕŮɟ ɞ́ɡ 

ɟ́ɏ́Ůɘ ɜŬ ɚŬÕɓɎɜɞɡɜ Űɘɠ Ŭ ɞ́űɎůŮɘɠ əŬɘ Űɤɜ ůɡůŰɖÕɎŰɤɜ ɞ́ɡ Ů́ɟɘɏɢɞɡɜ ŰŬ 

ŭŮŭɞÕɏɜŬ əŬɘ Űɘɠ ŬɚɔɞɟɘɗÕɘəɏɠ ɟ́ɞůŮɔɔɑůŮɘɠ. 
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ɬɨ ɩɪɨɛɤɠɥɚ ɝɪɨɥɨɤɨɜɠɫɠɫ ɨɯɠɥɚɬɱɦ 

ɣɚɢ ɩɪɨɞɣɬɚɫɞɢɫ ɬɨɭ 

σȢρ ɩɞɪɢɜɪɚɮɠ ɬɨɭ ɩɪɨɛɤɠɥɚɬɨɫ 

ɝɪɨɥɨɤɨɜɠɫɠɫ ɨɯɠɥɚɬɱɦ 
 

ɆŰŬ ́ɟɞɓɚɐɛŬŰŬ Űɨ́ɞɡ V.R.P (Vehicle Routing Problem) ŬɜŬɕɖŰɞɨɜŰŬɘ ɞɘ 

ŭɘŬŭɟɞɛɏɠ ɞ́ɡ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ŭɘŬɗɏůɘɛŬ ɞɢɐɛŬŰŬ ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗɐůŮɘ ɔɘŬ ɜŬ 

Ůɝɡ́ɖɟŮŰɖɗɞɨɜ ɧɚɞɘ ɞɘ Ů́ɚɎŰŮɠ (ɕɐŰɖůɖ). ȾɎɗŮ ɧɢɖɛŬ ɝŮəɘɜɎŮɘ Ŭ́ ɧ Űɖɜ Ŭˊɞɗɐəɖ əŬɘ 

əŬŰŬɚɐɔŮɘ ˊɎɚɘ ůŮ ŬɡŰɐɜ. ȼ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ŭɘŬŭɟɞɛɐɠ (əɧůŰɞɠ) ŮɑɜŬɘ Űɞ 

ŰŮɚɘəɧ ɕɖŰɞɨɛŮɜɞ űɡůɘəɎ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɘəŬɜɞˊɞɑɖůɖ Űɖɠ ɕɐŰɖůɖɠ ɧɚɤɜ Űɤɜ ˊŮɚŬŰɩɜ 

ˊɞɡ ůɡɜɘůŰɎ əŬɘ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŬɠ. 

 

 

ʅ˔ʺ˃ʰ оΦм ʃʰ́ʱʵʶʽʴ˃ʰ ˈ˂˖˄ ˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ˋʶ ʷ˄ʰ ˇʵʽˁˈ ʵʾˁˍˎˇ ˁʰʽ ˃ʽʰ ˂ˏˋʹ 
VRP 

 

ɆŰɞ ůɢɐɛŬ 3.1 ůŰɞ ŬɟɘůŰŮɟɧ ɛɏɟɞɠ ɏɢɞɡɛŮ ɏɜŬ ɔɟɎűɖɛŬ 26 əɧɛɓɤɜ (25 ˊŮɚɎŰŮɠ 

əŬɘ ɖ Ŭˊɞɗɐəɖ) əŬɘ űŬɑɜɞɜŰŬɘ ɧɚŮɠ ɞɘ ŭɡɜŬŰɏɠ ŭɘŬŭɟɞɛɏɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ. ɆŰɞ ŭŮɝɑ ɛɏɟɞɠ Űɞɡ ɑŭɘɞɡ ůɢɐɛŬŰɞɠ űŬɑɜɞɜŰŬɘ ɞɘ ŭɘŬŭɟɞɛɏɠ ˊɞɡ ɗŬ 

ŬəɞɚɞɡɗɐůŮɘ əɎɗŮ ɧɢɖɛŬ (ɛŮ ɝŮɢɤɟɘůŰɧ ɢɟɩɛŬ ɖ əɎɗŮ ŭɘŬŭɟɞɛɐ) ɛŮŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ VRP.ȳɚŬ ŰŬ ɞɢɐɛŬŰŬ ɝŮəɘɜɎɜŮ əŬɘ əŬŰŬɚɐɔɞɡɜ ůŰɖɜ Ŭˊɞɗɐəɖ 

      ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɗŮɤɟŮɑŰŬɘ ůəɧˊɘɛɞ ɜŬ ŬɜŬűŮɟɗɞɨɜ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 
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VRP: 

ü ɄŮɚɎŰŮɠ: Ƀɘ ˊŮɚɎŰŮɠ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɛŮ Űɘɠ əɞɟɡűɏɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ. Ȱɢɞɡɜ 

ůɡɔəŮəɟɘɛɏɜɖ ɗɏůɖ (ůɡɜŰŮŰŬɔɛɏɜŮɠ) əŬɘ ɕɐŰɖůɖ. ɆŮ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ VRP ɛˊɞɟɞɨɜ 

ɜŬ ɏɢɞɡɜ əŬɘ ɎɚɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ Űɞ ɢɟɞɜɘəɧ ˊŮɟɘɗɩɟɘɞ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ŮɝɡˊɖɟŮŰɖɗɞɨɜ, ɞ ɢɟɧɜɞɠ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɔɘŬ ɜŬ ŮɝɡˊɖɟŮŰɖɗŮɑ ɧŰŬɜ űŰɎůŮɘ Űɞ 

ɧɢɖɛŬ ŮəŮɑ ə.Ŭ 

ü ɃɢɐɛŬŰŬ: ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ əŬɘ ŭɘŬəɑɜɖůɖ Űɤɜ ˊɟɞɥɧɜŰɤɜ ůŰɞɡɠ 

ˊŮɚɎŰŮɠ. ɇŬ ɞɢɐɛŬŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɎɗŮ űɞɟɎ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ 

ŬˊŬɘŰɐůŮɘɠ Űɤɜ ˊŮɚŬŰɩɜ. ɇɞ əɧůŰɞɠ Ŭˊɧ Űɖɜ ɢɟɐůɖ Űɤɜ ɞɢɖɛɎŰɤɜ ŮəűɟɎɕŮŰŬɘ ɤɠ 

əɧůŰɞɠ ŬˊɧůŰŬůɖɠ. 

ü ȷˊɞɗɐəŮɠ: ɇɞ ůɖɛŮɑɞ ˊɞɡ ɝŮəɘɜɎɜŮ, ŬɜŮűɞŭɘɎɕɞɜŰŬɘ əŬɘ əŬŰŬɚɐɔɞɡɜ ŰŬ ɞɢɐɛŬŰŬ. 

ɆŰɖɜ ŮɟɔŬůɑŬ ɛŬɠ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ Ŭˊɧ Űɞ ɔɟɎűɖɛŬ ɤɠ ɉ. ȾɎɗŮ Ŭˊɞɗɐəɖ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɗɏůɖ Űɖɠ, Ŭˊɧ Űɞ ˊɚɐɗɞɠ əŬɘ Űɞ Ůɑŭɞɠ Űɤɜ ɞɢɖɛɎŰɤɜ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŬɡŰɐ əŬɘ Ŭˊɧ Űɖɜ ɢɤɟɖŰɘəɧŰɖŰŬ Űɖɠ. 

ü Ƀŭɘəɧ ŭɑəŰɡɞ: ȺɑɜŬɘ ɞɘ ŭɘŬŭɟɞɛɏɠ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝɡˊɖɟŮŰɖɗɞɨɜ 

ɞɘ ˊŮɚɎŰŮɠ. ȷɜŬˊŬɟɑůŰŬɜŰŬɘ ɛŮ ŰɧɝŬ, ɝŮəɘɜɎɜŮ əŬɘ əŬŰŬɚɐɔɞɡɜ ůŮ ɛɑŬ Ŭˊɞɗɐəɖ. 

ü Ƀŭɖɔɞɑ: Ƀɘ ɞŭɖɔɞɑ Űɤɜ ɞɢɖɛɎŰɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɘəŬɜɞˊɞɘɞɨɜ əɎˊɞɘɞɡɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ɧˊɤɠ ɞɘ ɡˊŮɟɤɟɑŮɠ Űɞ ɤɟɎɟɘɞ ˊɞɡ ɗŬ ɏɢɞɡɜ ə.Ŭ. 

Ƀɘ Ů́ɟɘɞɟɘůɛɞɑ Ů́ɟɘɔɟɎűɞɡɜ Űɖ ůɡɜɞɚɘəɐ ŭɘŬɜɡɧɛŮɜɖ Ŭ ɧ́ůŰŬůɖ ɔɘŬ əɎɗŮ ɏɜŬ ɧɢɖɛŬ, 

Űɘɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ˊŮɚŬŰɩɜ, Űɖ ɢɤɟɖŰɘəɧŰɖŰŬ Űɤɜ ɞɢɖɛɎŰɤɜ əŬɗɩɠ Ůˊɑůɖɠ 

ɞŰɘŭɐ́ɞŰŮ Ů́ɟɘɔɟɎűŮŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɞŭɘəɞɨ ŭɘəŰɨɞɡ ŭɘŬɜɞɛɐɠ. ȾɎɗŮ ɧɢɖɛŬ 

Ů́ɘůəɏ́ŰŮŰŬɘ ɛɞɜɎɢŬ ɛɑŬ űɞɟɎ əɎɗŮ Ů́ɚɎŰɖ əŬɘ əɎɗŮ ŭɘŬŭɟɞɛɐ ŮəŰŮɚŮɑŰŬɘ ɛɧɜɞ Ŭˊɧ ɏɜŬ 

ɧɢɖɛŬ. ȹŮɜ ɡˊɎɟɢŮɘ ˊŮɟɘɞɟɘůɛɧɠ ɧůɞɜ ŬűɞɟɎ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊŮɚŬŰɩɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

Ůɘ́ůəŮűŰŮɑ əɎɗŮ ɧɢɖɛŬ ˊɏɟŬɜ Űɞɡ ɧŰɘ ˊɟɏˊŮɘ ɜŬ ŮˊɘůəŮűŰŮɑ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɜ ˊŮɚɎŰɖ. 

ȾɎɗŮ ɧɢɖɛŬ ɏɢŮɘ ůɡɔəŮəɟɘɛɏɜɖ ɢɤɟɖŰɘəɧŰɖŰŬ. ɆŮ əɎɗŮ ŭɘŬŭɟɞɛɐ ŮɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ ɖ 

ɕɐŰɖůɖ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ űɞɟŰɖɔɞɨ. ũɘŬ əɎɗŮ 

ˊŮɚɎŰɖ ŰŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ɖ ɕɐŰɖůɖ əŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ ɗɏůɖɠ Űɞɡ. ɇɏɚɞɠ ɡˊɎɟɢɞɡɜ 

əŬɘ əɎˊɞɘɞɘ ˊŮɟɘɞɟɘůɛɞɑ ɧůɞɜ ŬűɞɟɎ Űɞɡɠ ɞŭɖɔɞɨɠ Űɤɜ ɞɢɖɛɎŰɤɜ Ŭɜ əŬɘ ˊŮɟɘəɚŮɑɞɜŰŬɘ 

ůŰɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɤɜ ɞɢɖɛɎŰɤɜ ůŬɜ ůɨɜɞɚɞ. ȾɎˊɞɘɞɘ ŮɜŭŮɘəŰɘəɞɑ ŮɑɜŬɘ ŰŬ ɤɟɎɟɘŬ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɞŭɖɔɩɜ, ŰŬ ŭɘŬɚŮɑɛɛŬŰŬ ə.Ŭ. 

σȢς ɨɪɢɫɥɨɫ ɣɚɢ ɥɚɡɠɥɚɬɢɣɠ ɥɨɦɬɞɤɨɩɨɢɠɫɠ 
 

ȳˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ əŬɘ ˊɘɞ ˊɟɘɜ Űɞ VRP ŮɑɜŬɘ ɏɜŬ ˊɟɧɓɚɖɛŬ ŬəɏɟŬɘɞɡ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊɞɡ ůŰɞɢŮɨŮɘ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ ŭɟɞɛɞɚɞɔɑɤɜ əŬɘ ůŰɖɜ ŮɨɟŮůɖ ŮəŮɑɜɞɡ 

ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɞ əɧůŰɞɠ. ȼ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ɞɟɑɕŮŰŬɘ ɤɠ: 
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¶ Ƀ Ů́ɟɘɞɟɘůÕɧɠ(1) ŮəűɟɎɕŮɘ ɧŰɘ Ŭ́ ɧ Űɖɜ Ŭ́ ɞɗɐəɖ űŮɨɔɞɡɜ m ɞɢɐɛŬŰŬ.  

 

¶ Ƀ Ů́ɟɘɞɟɘůÕɧɠ(2) ŭɖɚɩɜŮɘ ɧŰɘ ɧɚŬ ŰŬ ɞɢɐÕŬŰŬ ɏɢɞɡɜ ɑůɖ ɢɤɟɖŰɘəɧŰɖŰŬ Q. 

¶ Ƀɘ (3), (4) ŭɖɚɩɜɞɡɜ ɧŰɘ əɎɗŮ əɧÕɓɞɠ Ů́ɘůəɏ́ŰŮŰŬɘ Õɧɜɞ ÕɘŬ űɞɟɎ əŬɘ ɧŰɘ Űɞ 

ɧɢɖÕŬ ɞ́ɡ ŮɘůɏɟɢŮŰŬɘ ůŮ ɏɜŬɜ əɧÕɓɞ ŮɑɜŬɘ Űɞ ɑŭɘɞ ÕŮ ŬɡŰɧ ́ɞɡ ŮɝɏɟɢŮŰŬɘ Ŭ́ ɧ 
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ŬɡŰɧɜ.  

¶ Ƀ ˊŮɟɘɞɟɘůÕɧɠ(5) ŬűŬɘɟŮɑ əɎɗŮ űɞɟɎ ÕɑŬ ŭɘŬŭɟɞÕɐ ɞ́ɡ ɞɚɞəɚɖɟɩɜŮŰŬɘ - 

ŭŮŭɞÕɏɜɞɡ ɧŰɘ Űɞ ́ɚɐɗɞɠ Űɤɜ ɡ́ ɞ-ŭɘŬŭɟɞÕɩɜ ŮɑɜŬɘ 2V \{1} 

¶ əŬɘ ɞ ˊŮɟɘɞɟɘůÕɧɠ(6) ÕŬɠ ŭŮɑɢɜŮɘ ɧŰɘ ɧɚŮɠ ɞɘ ɛŮŰŬɓɚɖŰɏɠ Ŭ ɧ́űŬůɖɠ ŮɑɜŬɘ ŭɡŬŭɘəɏɠ 

(0 ɐ 1). ȷɜ Űɞ ɧɢɖÕŬ k ˊɎŮɘ ůŰɞɜ əɧÕɓɞ j ŬÕɏůɤɠ ÕŮŰɎ Űɞɜ əɧÕɓɞ i ŰɧŰŮ ˊŬɑɟɜŮɘ 

Űɖɜ ŰɘÕɐ1, Ŭɚɚɘɩɠ ɔɑɜŮŰŬɘ 0. 

To ˊɟɧɓɚɖɛŬ ŭɟɞɛɞɚɧɔɖůɖɠ ɞɢɖɛɎŰɤɜ ɏɢŮɘ ŬɟəŮŰɏɠ ˊŬɟŬɚɚŬɔɏɠ Űɞ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ 

ɞˊɞɑŬ ŬˊŬɘŰŮɑ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ. ȾɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ˊŬɟŬɚɚŬɔɏɠ ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ: 

 

i. æɟɞÕɞɚɧɔɖůɖ ɞɢɖÕɎŰɤɜ ɔɘŬ Űɖɜ Ůɝɡ́ɖɟɏŰɖůɖ ́ŮɚŬŰɩɜ ÕɏůŬ ůŮ ŭŮŭɞÕɏɜŬ ɢɟɞɜɘəɎ 

Ů́ɟɘɗɩɟɘŬ (Vehicle Routing Problem with Time Windows) 

ii. ɄɟɧɓɚɖÕŬ ŭɟɞÕɞɚɧɔɖůɖɠ ɞɢɖÕɎŰɤɜ ÕŮ ŭɘŬɜɞÕɐ əŬɘ Ŭ́ɟŬɚŬɓɐ ́ɟɞɥɧɜŰɤɜ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŬŭɟɞÕɐɠ (Vehicle Routing Problem with Pickup and Delivery) 

iii. ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ɃɢɖɛɎŰɤɜ (Vehicle Scheduling Problem-VSP) 

iv. ɆŰɞɢŬůŰɘəɧ ɟ́ɧɓɚɖÕŬ ŭɟɞÕɞɚɧɔɖůɖɠ ɞɢɖÕɎŰɤɜ (Stochastic Vehicle Routing 

Problem) 

v. ɄŮɟɘɞɟɘůɛɏɜɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ ɄɟɧɓɚɖɛŬ ȹɟɞɛɞɚɧɔɖůɖɠ ɃɢɖɛɎŰɤɜ (Capacitated 

Vehicle Routing Problem) 

vi. ɄɟɧɓɚɖɛŬ ȹɟɞɛɞɚɧɔɖůɖɠ ɃɢɖɛɎŰɤɜ ɛŮ ɄŬɟŬɚŬɓɏɠ (Vehicle Routing Problem with 

Backhauls) 

vii. ɄɟɧɓɚɖɛŬ ȹɟɞɛɞɚɧɔɖůɖɠ ɃɢɖɛɎŰɤɜ ɛŮ ɄɞɚɚŬˊɚɏɠ ȷˊɞɗɐəŮɠ (Multi Depot 

Vehicle Routing Problem) 

viii. ɄɟɧɓɚɖɛŬ ȹɟɞɛɞɚɧɔɖůɖɠ ɃɢɖɛɎŰɤɜ ɛŮ ɉɟɞɜɘəɎ ȹɘŬůŰɐɛŬŰŬ ɢɤɟɑɠ ȺˊɘůŰɟɞűɐ ůŰɖɜ 

ȷˊɞɗɐəɖ (Open Vehicle Routing Problem with Time Windows) 
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σȢσ ɩɪɨɛɤɠɥɚ ɝɪɨɥɨɤɨɜɠɫɠɫ ɨɯɠɥɚɬɱɦ ɥɞ 

ɩɨɤɤɚɩɤɞɫ ɚɩɨɡɠɣɞɫ 
 

Ⱥɜɩ Űɞ VRP ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ŭɘŮɝɞŭɘəɎ əŬɘ ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ Űɞ Multi Depot 

Vehicle Routing Problem (MDVRP) ŭŮɜ ɏɢŮɘ Űɖɜ ŬɜɎɚɞɔɖ ˊɟɞůɞɢɐ. ɆŮ ˊɟɞɓɚɐɛŬŰŬ 

Űɨˊɞɡ MDVRP ŭŮɜ ɡˊɎɟɢŮɘ ɛɧɜɞ ɛɑŬ Ŭˊɞɗɐəɖ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ŰŬ ɞɢɐɛŬŰŬ ɝŮəɘɜɎɜŮ, 

əŬŰŬɚɐɔɞɡɜ əŬɘ ŬɜŮűɞŭɘɎɕɞɜŰŬɘ ŬɚɚɎ ˊɞɚɚɏɠ. ɆŰɞ MDVRP ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ əŬɗɞɟɘůŰŮɑ 

ˊɞɘɞɘ ˊŮɚɎŰŮɠ ɗŬ ŮɝɡˊɖɟŮŰɖɗɞɨɜ Ŭˊɧ ˊɞɘŬ Ŭˊɞɗɐəɖ ɢɤɟɑɠ ɜŬ ˊŬɟŬɓɘɎɕɞɜŰŬɘ ɞɘ 

ˊŮɟɘɞɟɘůɛɞɑ ɢɤɟɖŰɘəɧŰɖŰŬɠ. 

ȾɎɗŮ ˊŮɚɎŰɖɠ ŮɝɡˊɖɟŮŰŮɑŰŬɘ ɛɧɜɞ ɛɘŬ űɞɟɎ əŬɘ ŮɝɡˊɖɟŮŰŮɑŰŬɘ Ŭˊɧ ŮəŮɑɜɖ Űɖɜ 

Ŭˊɞɗɐəɖ ˊɞɡ ůɡɛűɏɟŮɘ əɎɗŮ űɞɟɎ ɛŮ ɓɎůɖ ŰŬ ɛŮŰŬűɞɟɘəɎ əɧůŰɖ. ȰŰůɘ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ 

əŬɗɞɟɘůŰŮɑ ˊɞɘɞɘ ˊŮɚɎŰŮɠ ɗŬ ŮɝɡˊɖɟŮŰɖɗɞɨɜ Ŭˊɧ ˊɞɘŬ Ŭˊɞɗɐəɖ ɢɤɟɑɠ ɜŬ ˊŬɟŬɓɘɎɕɞɜŰŬɘ 

ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ɢɤɟɖŰɘəɧŰɖŰŬɠ. 

ɇɞ MDVRP ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɏɜŬ ˊɟɧɓɚɖɛŬ ɞɛŬŭɞˊɞɑɖůɖɠ ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ 

Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɛɘŬ ɞɛɎŭŬ ŭɘŬŭɟɞɛɩɜ ɞɢɖɛɎŰɤɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ɛɘŬ Ŭˊɞɗɐəɖ. ɇɞ 

MDVRPɛˊɞɟŮɑ ɜŬ ɚɡɗŮɑ ůŮ 2 ůŰɎŭɘŬ: 

1. Ƀɘ ˊŮɚɎŰŮɠ ŬɟɢɘəɎ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ ŬˊɞɗɐəŮɠ 

2. ȰˊŮɘŰŬ ŭɟɞɛɞɚɧɔɘŬ űŰɘɎɢɜɞɜŰŬɘ ˊɞɡ ɜŬ ůɡɜŭɏɞɡɜ Űɞɡɠ ˊŮɚɎŰŮɠ ˊɞɡ ɏɢɞɡɜ 

ŰŬɝɘɜɞɛɖɗŮɑ ůŰɖɜ ɑŭɘŬ Ŭˊɞɗɐəɖ 

ȽŭŬɜɘəɎ ɗŬ ɐŰŬɜ ˊɟɞŰɘɛɧŰŮɟɞ ŰŬ 2 ŬɡŰɎ ɓɐɛŬŰŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ. 

ȳŰŬɜ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɛŮɔŬɚɨŰŮɟɖɠ əɚɑɛŬəŬɠ ˊɟɞɓɚɐɛŬŰŬ ɧɛɤɠ ŬɡŰɐ ɖ ɛɏɗɞŭɞɠ ɛˊɞɟŮɑ 

ɜŬ ɛɖɜ ŭɘŮɡəɞɚɨɜŮɘ ɡˊɞɚɞɔɘůŰɘəɎ. ɀɘŬ ɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ ɗŬ ɐŰŬɜ ɜŬ ŭɘŬɘɟɏůɞɡɛŮ Űɞ 

ˊɟɧɓɚɖɛŬ ůŮ ɛɘəɟɧŰŮɟŬ ɡˊɞ-ˊɟɞɓɚɐɛŬŰŬ ɧůŬ ŮɑɜŬɘ əŬɘ ɞɘ ŬˊɞɗɐəŮɠ əŬɘ Űɞ əɎɗŮ 

ˊɟɧɓɚɖɛŬ ɜŬ ŮˊɘɚɡɗŮɑ ɝŮɢɤɟɘůŰɎ. 
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ʅ˔ʺ˃ʰ оΦм ʃʰˊʱʵʶʽʴ˃ʰ м ±wt ˃ʶ н ʰˉˇʻʺˁʶ ̩

 

 

ʅ˔ʺ˃ʰ оΦн ʃʰˊʱʵʶʽʴ˃ʰ н ±wt ˃ʶ о ʰˉˇʻʺˁʶˌ 
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ȰůŰɤ ɧŰɘ ɡ́ Ɏɟɢɞɡɜ ű Ŭɞ́ɗɐəŮɠ. ȷɜ ɢɟɖůɘɛɞ́ɞɘɖɗɞɨɜ ɔɘŬ Űɘɠ ɡ́ɧɚɞɘ́Ůɠ ɛŮŰŬɓɚɖŰɏɠ ɞɘ 

ɑŭɘɞɘ ůɡɛɓɞɚɘůɛɞɑ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɗɧŭɞɡɠ ɖ ɛɞɜŰŮɚɞ ɞ́ɑɖůɖ ɗŬ ɏɢŮɘ ɤɠ Ůɝɐɠ:
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ɛɞɤɬɢɫɬɨɩɨɢɠɫɠ ɫɞ ɩɪɨɛɤɠɥɚɬɚ 

ɝɪɨɥɨɤɨɜɠɫɠɫ ɨɯɠɥɚɬɱɦ 
 

τȢρ ɚɤɜɨɪɢɡɥɨɢ ɛɞɤɬɢɫɬɨɩɨɢɠɫɠɫ ɩɪɨɛɤɠɥɚɬɱɦ

ɞɮɨɝɢɚɫɬɢɣɠɫ ɚɤɭɫɢɝɚɫ 
 

ũɘŬ ɜŬ Ůˊɘɚɡɗɞɨɜ ŰŬ ˊɟɞɓɚɐɛŬŰŬ Űɖɠ ŮűɞŭɘŬůŰɘəɐɠ ɡˊɎɟɢɞɡɜ ɞɘ Ůɝɐɠ ɛŮɗɞŭɞɚɞɔɑŮɠ : 

 

1. ɀŬɗɖɛŬŰɘəɧɠ ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ 

Á ũɟŬɛɛɘəɧɠ ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ 

Á ɉŬɚɎɟɤůɖ Űɞɡ Lagrange 

Á ȹɡɜŬɛɘəɐ ȹɖɛɘɞɡɟɔɑŬ ɀŮŰŬɓɚɖŰɩɜ 

Á ȷəɏɟŬɘɞɠ əŬɘ ɀɘəŰɧɠ ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ 

Á ȷɚɔɧɟɘɗɛɞɠ Simplex 

Á ȷɜɎɚɡůɖ ȺɡŬɘůɗɖůɑŬɠ 

2. ɀŮɗŮɡɟŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ 

Á ɁŮɡɟɤɜɘəɎ ȹɑəŰɡŬ 

Á Ʉɟɞůɤɛɞɘɤɛɏɜɖ ȷɜɧˊŰɖůɖ 

Á ũŮɜŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ 

Á ɄŮɟɘɞɟɘůɛɏɜɖ ȷɜŬɕɐŰɖůɖ 

Á ȷɚɔɧɟɘɗɛɞɠ ȹɘŬűɞɟɘəɐɠ Ⱥɝɏɚɘɝɖɠ 

Á ȷɚɔɧɟɘɗɛɞɠ ȹɘŬůəɞɟˊɘůɛɏɜɖɠ ȷɜŬɕɐŰɖůɖɠ 

Á ȷɚɔɧɟɘɗɛɞɘ Ɂɞɖɛɞůɨɜɖɠ Ɇɛɐɜɞɡɠ 
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¶ Ɇɛɐɜɞɡɠ ɆɤɛŬŰɘŭɑɤɜ 

¶ ȻŮɡɔŬɟɩɛŬŰɞɠ ɀŮɚɘůůɩɜ 

¶ ȷˊɞɘəɑŬɠ ɀɡɟɛɖɔəɘɩɜ 

3. ȺɡɟŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ 

Á ȷɚɔɧɟɘɗɛɞɘ ɇɞˊɘəɐɠ ȷɜŬɕɐŰɖůɖɠ 

× 2-Opt 

× 3-Opt 

× K-Opt 

× Swap 

× WalkSAT əŬɘ GSAT 

× Path re-linking 

Á ɄɟɞůŮɔɔɘůŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ 

Á ȷɚɔɧɟɘɗɛɞɘ ȷˊɚɖůŰɑŬɠ 

× ȷɚɔɧɟɘɗɛɞɠ ɄɚɖůɘɏůŰŮɟɞɡ ũŮɑŰɞɜŬ 

 

ɀŮ ˊɘɞ ɏɜŰɞɜɞ ɢɟɩɛŬ ŬɜŬɔɟɎűɞɜŰŬɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ 

ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. ŪŬ ŬəɞɚɞɡɗɐůŮɘ ɛɘŬ ˊɘɞ ɚŮˊŰɞɛŮɟɐɠ ˊɟɞůɏɔɔɘůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 

4.2 ɥɞɡɞɭɪɞɬɢɣɨɢ ɚɤɜɨɪɢɡɥɨɢ 
 

Ƀɘ ɀŮɗŮɡɟŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ ŬɜŬˊŰɨɢɗɖəŬɜ ŰŬ ŰŮɚŮɡŰŬɑŬ ŭŮəŬˊɏɜŰŮ ɢɟɧɜɘŬ. ȺɑɜŬɘ ɛɏɗɞŭɞɘ 

Ůˊɑɚɡůɖɠ ˊɞɡ ůɡɜŭɡɎɕɞɡɜ ŭɘŬŭɘəŬůɑŮɠ Űɞˊɘəɐɠ ŬɜŬɕɐŰɖůɖɠ ɛŮ ɎɚɚŮɠ ůŰɟŬŰɖɔɘəɏɠ ɔɘŬ ɜŬ 

ŭɖɛɘɞɡɟɔɐůɞɡɜ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ɝŮűɨɔŮɘ Ŭˊɧ ɏɜŬ Űɞˊɘəɧ ŮɚɎɢɘůŰɞ. Ɇɡɜɐɗɤɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊɘɞ ˊŬɟŬŭɞůɘŬəɞɨɠ ŮɡɟŮŰɘəɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ůŬɜ ɡˊɞ-ŭɘŬŭɘəŬůɑŮɠ Űɞɡɠ. 

Ƀɘ ɛŮɗŮɡɟŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ əŬŰɖɔɞɟɑŮɠ ŬɜɎɚɞɔŬ Űɖɜ ůŰɟŬŰɖɔɘəɐ ˊɞɡ 

Ŭəɞɚɞɡɗɞɨɜ: 

¶ ȼ ɛɏɗɞŭɞɠ TabuSearch ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɘɞ ůɡɢɜɎ ůŰɞ ˊɟɧɓɚɖɛŬ Űɞɡ ˊɚŬɜɧŭɘɞɡ ˊɤɚɖŰɐ 

əŬɘ ˊɞɚɚɞɑ ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ ˊɟɞŰŮɑɜŮɘ Ŭɚɔɞɟɑɗɛɞɡɠ ɓŬůɘɕɧɛŮɜɞɘ ůŮ ŬɡŰɐɜ Űɖɜ ɛɏɗɞŭɞ. 

¶ Ʉɞɚɚɞɑ ŬˊɞŰŮɚŮůɛŬŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɘŭɏŬ Adaptive Memory ůɨɛűɤɜŬ ɛŮ 

Űɖɜ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ VRP ɚɨůŮɘɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ 

Ŭˊɧ ɚɨůŮɘɠ ˊɞɡ ˊɟɞɐɚɗŬɜ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ. 

¶ ɇŬ ŰŮɚŮɡŰŬɑŬ ŭɏəŬ ɢɟɧɜɘŬ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɛŮɗŮɡɟŮŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ, ɞɘ ɞˊɞɑɞɘ ŮɛˊɜɏɞɜŰŬɘ 

Ŭˊɧ Űɞɡɠ ɜɧɛɞɡɠ Űɖɠ űɨůɖɠ, ŬˊŮɡɗɨɜɞɜŰŬɘ ůŰɞ ˊɟɧɓɚɖɛŬ Űɞɡ ˊɚŬɜɧŭɘɞɡ ˊɤɚɖŰɐ. 

τȢςȢρ ɜɞɦɞɬɢɣɨɢ ɚɤɜɨɪɢɡɥɨɢ (Genetic Algorithms ) 
 

Ƀɘ ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ɛŮɗŮɡɟŮŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ. ȺɑɜŬɘ 

ɢɟɐůɘɛɞɘ ůŮ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ɏɢŮɘ ˊɞɚɚɏɠ ˊŬɟŬɛɏŰɟɞɡɠ əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ ɛɏɗɞŭɞɠ ɔɘŬ ɜŬ ɓɟŮɘ Űɞ 
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ɓɏɚŰɘůŰɞ ůɡɜŭɡŬůɛɧ Űɘɛɩɜ ɔɘŬ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ɩůŰŮ ɜŬ ˊŬɑɟɜɞɡɛŮ ŰŬ ŮˊɘɗɡɛɖŰɎ ŬˊɞŰŮɚɏůɛŬŰŬ. Ƀɘ 

ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ Ŭɜɐəɞɡɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ əŬŰɖɔɞɟɑŬ Űɤɜ ŮɝŮɚɘəŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ, ɞɘ ɞˊɞɑɞɘ 

ˊŬɟɎɔɞɡɜ ɚɨůŮɘɠ ůŮ ˊɟɞɓɚɐɛŬŰŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŮɢɜɘəɏɠ ˊɞɡ ŮɛˊɜɏɞɜŰŬɘ 

Ŭˊɧ Űɖɜ űɡůɘəɐ Ůɝɏɚɘɝɖ, ɧˊɤɠ ɖ əɚɖɟɞɜɞɛɘəɧŰɖŰŬ, ɖ ɛŮŰɎɚɚŬɝɖ, ɖ Ůˊɘɚɞɔɐ əŬɘ ɖ ŭɘŬůŰŬɨɟɤůɖ. 

ψȢφȢυȢυ ɚɪɯɢɣɨɫ ɩɤɠɡɭɫɥɨɫ 
 

Ƀ Ŭɟɢɘəɧɠ ˊɚɖɗɡůɛɧɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŬɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ ŰɡɢŬɑŬ ŮɝŬůűŬɚɑɕɞɜŰŬɠ ɧɛɤɠ 

ŰŬɡŰɧɢɟɞɜŬ ɧŰɘ ŮɑɜŬɘ ŮűɘəŰɐ ůŬɜ ɚɨůɖ. ɇɞ ɛɏɔŮɗɞɠ Űɞɡ Ŭɟɢɘəɞɨ ˊɚɖɗɡůɛɞɨ ŮˊɘɚɏɔŮŰŬɘ Ŭˊɧ Űɞɜ 

ɢɟɐůŰɖ. ũɘŬ əɎɗŮ ɚɨůɖ ŬɜɞɑɔɞɜŰŬɘ ŬˊɞɗɐəŮɠ ɛŮ ŰɡɢŬɑɞ Űɟɧˊɞ əŬɘ Űɞɡɠ ŬɜŬŰɑɗŮɜŰŬɘ ɞɘ ˊŮɚɎŰŮɠ ɛŮ 

ŰɡɢŬɑɞ Űɟɧˊɞ, ŮɝŬůűŬɚɑɕɞɜŰŬɠ ɧɛɤɠ ɜŬ ɛɖɜ ɝŮˊŮɟɜɞɨɜ Űɖɜ ɢɤɟɖŰɘəɧŰɖŰŬ əɎɗŮ Ŭˊɞɗɐəɖɠ ɛŮ Űɖɜ 

ůɡɜɞɚɘəɐ ɕɐŰɖůɖ Űɞɡɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɛŮ ɓɎůɖ Űɖɜ ŬɜŰɘůŰɞɑɢɖůɖ ˊɞɡ ɏɢŮɘ ɔɑɜŮɘ ɛŮŰŬɝɨ Űɤɜ ŬɜɞɘɢŰɩɜ 

Ŭˊɞɗɖəɩɜ əŬɘ Űɤɜ ˊŮɚŬŰɩɜ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɘŬ ŰɡɢŬɑŬ ŭɟɞɛɞɚɧɔɖůɖ ˊŮɚŬŰɩɜ. 

 

ψȢφȢυȢφ ɝɢɚɫɬɚɭɪɱɫɠ ɉCROSSOVER) 
 

ɆŰɖɜ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ŬɜŬˊŬɟŬɔɤɔɐɠ ɏɢɞɡɛŮ ɚɨůŮɘɠ ɞɜɞɛŬɕɧɛŮɜŮɠ ɤɠ ɔɞɜŮɑɠ ˊɞɡ ˊŬɟɎɔɞɡɜ 

ɎɚɚŮɠ ɚɨůŮɘɠ-Űɞɡɠ Ŭˊɞɔɧɜɞɡɠ. ȼ ȹɘŬůŰŬɨɟɤůɖ ŭɖɚŬŭɐ ŭɖɛɘɞɡɟɔŮɑ ŭɡɞ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ 

Ŭˊɞɔɧɜɞɡɠ Ŭˊɧ Űɞ ɔŮɜŮŰɘəɧ ɡɚɘəɧ ŭɡɞ ɐ ˊŮɟɘůůɞŰɏɟɤɜ ɔɞɜɏɤɜ. ȼ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ŭɘŬůŰŬɨɟɤůɖɠ 

ŭɡɞ ɚɨůŮɤɜ ɏɢŮɘ ɤɠ Ůɝɐɠ : 

¶ ɇɞ ŭɘɎɜɡůɛŬ Űɖɠ ɛɘŬɠ ɚɨůɖɠ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ŰɛɐɛŬŰŬ ɧɢɘ əŬŰô ŬɜɎɔəɖ ɑůŬ. 

¶ ɇɞ ŭɘɎɜɡůɛŬ Űɖɠ ŭŮɨŰŮɟɖɠ ɚɨůɖɠ ɢɤɟɑɕŮŰŬɘ əŬɘ ŬɡŰɧ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ůɖɛŮɑɞ ˊɞɡ ɢɤɟɑůŰɖəŮ 

ɖ ˊɟɩŰɖ ɚɨůɖ. 

¶ ȹɨɞ ɜɏŮɠ ɚɨůŮɘɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ. ȼ ˊɟɩŰɖ ˊŬɑɟɜŮɘ Űɞ ˊɟɩŰɞ ŰɛɐɛŬ Űɖɠ ˊɟɩŰɖɠ ɚɨůɖɠ-

ɔɞɜɏŬ əŬɘ ůɡɛˊɚɖɟɩɜŮɘ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ Űɖɠ ɚŮɑˊɞɡɜ ɛŮ Űɞ ŭŮɨŰŮɟɞ ŰɛɐɛŬ Űɞɡ ŭŮɨŰŮɟɞɡ 

ɔɞɜɏŬ. ȳɛɞɘŬ ɚŮɘŰɞɡɟɔŮɑ ɖ ŭŮɨŰŮɟɖ ɚɨůɖ-Ŭˊɧɔɞɜɞɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ. 
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ɆɢɐɛŬ 4.1 ɄŬɟɎŭŮɘɔɛŬ 1 ŭɞɛɐɠ Űɤɜ ɔɞɜɏɤɜ əŬɘ Ŭˊɞɔɧɜɤɜ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ 
ŭɘŬůŰŬɨɟɤůɖɠ 

 

 

ɆɢɐɛŬ 4.2 ɄŬɟɎŭŮɘɔɛŬ 2 Crossover 

 

ŪŬ ˊŬɟŬŰŮɗŮɑ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ɛŮɗɧŭɞɡ  ŭɘŬůŰŬɨɟɤůɖɠ: 

ȿɨůɖ 1:                                                   ȿɨůɖ 2: 

ȹɘɎɜɡůɛŬ ŭɟɞɛɞɚɧɔɖůɖɠ: [3251476]       ȹɘɎɜɡůɛŬ ŭɟɞɛɞɚɧɔɖůɖɠ: [4162357] 

ɇŬ ŭɘŬɜɨůɛŬŰŬ ŭɟɞɛɞɚɧɔɖůɖɠ ɗŬ ůɡɜŬɜŰɖɗɞɨɜ ůŰɞ ůɖɛŮɑɞ 4: 

[3251476]              [3251357] 

===Č 
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                                           [4162357]              [4162476] 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɘŬůŰŬɨɟɤůɖɠ ŭŮɜ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊɎɜŰŬ ŮűɘəŰɏɠ 

ɚɨůŮɘɠ əŬɗɩɠ ɓɚɏˊɞɡɛŮ ɧŰɘ Ɏɚɚɞɘ ˊŮɚɎŰŮɠ ŮɝɡˊɖɟŮŰɞɨɜŰŬɘ ŭɨɞ űɞɟɏɠ Ůɜɩ Ɏɚɚɞɘ əŬɗɧɚɞɡ. 

 

ψȢφȢυȢχ ɥɞɬɚɤɤɚɧɠ ɉMUTATION) 
 

ɇɞ ˊɟɞɖɔɞɨɛŮɜɞ ˊɟɧɓɚɖɛŬ, Űɖɜ ŮɛűɎɜɘůɖ ŭɖɚŬŭɐ ˊŮɚŬŰɩɜ ŭɨɞ űɞɟɏɠ ůŰɞ ŭɘɎɜɡůɛŬ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɘŬůŰŬɨɟɤůɖɠ ɐ Űɖɜ ɛɖ ŮɛűɎɜɘůɖ Ɏɚɚɤɜ, Űɞ ŬɜŰɘɛŮŰɤˊɑůŬɛŮ ɛŮ 

Űɖɜ Ůɝɐɠ ŭɘŬŭɘəŬůɑŬ: 

ȷɟɢɘəɎ, ɔɘŬ Űɞɡɠ əɧɛɓɞɡɠ ˊɞɡ ˊŮɟɘůůŮɨɞɡɜ (Ŭűɞɨ ŮɜŰɞˊɑɕɞɜŰŬɘ ŭɨɞ űɞɟɏɠ ůŰɞ ŭɘɎɜɡůɛŬ 

Űɖɠ ɛɖ ŮűɘəŰɐɠ ɚɨůɖɠ) ŮɘůɎɔɞɜŰŬɘ ůŮ ɏɜŬ ŭɘɎɜɡůɛŬ (ɏůŰɤ Űɞ e), ɞɘ ɗɏůŮɘɠ Űɞɡɠ ůŰɞ ŭɘɎɜɡůɛŬ Űɖɠ ɛɖ 

ŮűɘəŰɐɠ ɚɨůɖɠ. Ƀɘ əɧɛɓɞɘ ˊɞɡ ŭŮɜ ŮɜŰɞˊɑɕɞɜŰŬɘ əŬɛɑŬ űɞɟɎ ŮɘůɎɔɞɜŰŬɘ ůŮ ɏɜŬ Ɏɚɚɞ ŭɘɎɜɡůɛŬ 

(ɏůŰɤ Űɞ r). ɆŰɖ ůɡɜɏɢŮɘŬ ŮɘůɎɔɞɜŰŬɘ ɞɘ əɧɛɓɞɘ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ r ůŰɘɠ ɗɏůŮɘɠ (Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Űɖɠ 

ɛɖ ŮűɘəŰɐɠ ɚɨůɖɠ) ˊɞɡ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ůŰɞ ŭɘɎɜɡůɛŬ e. 

 

 

τȢσ ɚɩɤɨɢ ɞɭɪɞɬɢɣɨɢ ɚɤɜɨɪɢɡɥɨɢ 

 

ȳůɞ ˊɘɞ ɛŮɔɎɚɞ ŮɑɜŬɘ ɏɜŬ ˊɟɧɓɚɖɛŬ ůɡɜŭɡŬůŰɘəɐɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɧůɞ ˊɘɞ ŭɨůəɞɚɞ 

ŮɑɜŬɘ ɜŬ ɓɟɞɨɛŮ Űɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ. ũɘŬ ŬɡŰɧ ŭŮɢɧɛŬůŰŮ ůŬɜ ɚɨůŮɘɠ ŬɡŰɏɠ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ əɎˊɞɘŬ 

əɟɘŰɐɟɘŬ ɧˊɤɠ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɚɨůɖɠ ŭɖɚŬŭɐ Űɖɜ Ŭˊɧəɚɘůɖ Űɖɠ ɚɨůɖɠ ˊɞɡ ɓɟɐəŬɛŮ Ŭˊɧ Űɞ 

ɓɏɚŰɘůŰɞ, ɖ ŮɡəɞɚɑŬ ŬˊɧəŰɖůɖɠ ɛɘŬɠ ɚɨůɖɠ ə.Ŭ. ũŮɜɘəɎ ɞɘ ŮɡɟŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ˊŬɟɎɔɞɡɜ ɚɨůŮɘɠ 

əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ ůŮ ůɨɜŰɞɛɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɔɘŬŰɑ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ˊŮɟɘɞɟɘůɛɏɜɖ ŬɜŬɕɐŰɖůɖ 

ůŰɞ ŭɘɎůŰɖɛŬ Űɤɜ ˊɘɗŬɜɩɜ ɚɨůŮɤɜ. 

ɇɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ ŮɡɟŮŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ ŮɑɜŬɘ ɖ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɧůɞɜ ŬűɞɟɎ ŰŬ əɟɘŰɐɟɘŬ əŬɘ Űɖ ůŮɘɟɎ ɛŮ Űɖɜ ɞˊɞɑŬ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ɡˊɞɓɏɚŰɘůŰŮɠ 

ɚɨůŮɘɠ əŬɘ ŮˊŬɚɖɗŮɨɞɜŰŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ. ȷəɧɛŬ ɔɘŬ əɎˊɞɘŮɠ Űɘɛɏɠ ˊŬɟŬɛɏŰɟɤɜ ůŮ ɏɜŬ ˊɟɧɓɚɖɛŬ 

ɛˊɞɟŮɑ ɏɜŬɠ ŮɡɟŮŰɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ɜŬ ˊŬɟɏɢŮɘ əŬɚɨŰŮɟŮɠ ɚɨůŮɘɠ Ůɜɩ ɔɘŬ ɎɚɚŮɠ Űɘɛɏɠ əɎˊɞɘɞɠ 

Ɏɚɚɞɠ. 

ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ əŬŰɖɔɞɟɑŮɠ ŮɡɟŮŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ɖ əɎɗŮ ɛɘŬ ɛŮ ɝŮɢɤɟɘůŰɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. 

ȷɡŰɏɠ ɞɘ əŬŰɖɔɞɟɑŮɠ ŮɑɜŬɘ : 
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1) ɄɟɞůŮɔɔɘůŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ 

2) ȷɚɔɧɟɘɗɛɞɘ ɇɞˊɘəɐɠ ȷɜŬɕɐŰɖůɖɠ 

3) ȷɚɔɧɟɘɗɛɞɘ ȷˊɚɖůŰɑŬɠ 

ȰɜŬɠ Ŭˊɧ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ Űɞˊɘəɐɠ ŬɜŬɕɐŰɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ əŬɘ ůŰɖɜ ŮɟɔŬůɑŬ ɛŬɠ ŮɑɜŬɘ 

ɞ 2-Opt. 

 

τȢσȢρ ɠ ɥɞɡɨɝɨɫ ς-OPT ɫɬɨ VRP 
 

ɆŰɖɜ ŮɟɔŬůɑŬ ɛŬɠ ɖ ɛɏɗɞŭɞɠ Űɞˊɘəɐɠ ŬɜŬɕɐŰɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŮɑɜŬɘ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ 

ŭɘŬŭŮŭɞɛɏɜŮɠ, ɖ 2-Opt. ȼ ɛɏɗɞŭɞɠ ŮűŬɟɛɧɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

ɇɞ ŭɘɎɜɡůɛŬ Űɖɠ ɚɨůɖɠ ɢɤɟɑɕŮŰŬɘ ůŮ 2 ůɖɛŮɑŬ əŬɘ ɏˊŮɘŰŬ ŬɜŰɘůŰɟɏűŮŰŬɘ ɖ ůŮɘɟɎ Űɤɜ əɧɛɓɤɜ 

ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰŬ ůɡɔəŮəɟɘɛɏɜŬ ůɖɛŮɑŬ. ȼ ɚɨůɖ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ŮɑɜŬɘ ůɑɔɞɡɟŬ ɛɘŬ ŮűɘəŰɐ ɚɨůɖ. ȷɜ 

Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ Űɖɠ ɜɏŬɠ ŭɘŬŭɟɞɛɐɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ Ŭɟɢɘəɧ əɧůŰɞɠ ŰɧŰŮ ɖ ɜɏŬ ɚɨůɖ 

ŬˊɞɗɖəŮɨŮŰŬɘ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ ŮˊɧɛŮɜɞ ɓɐɛŬ, Űɞ ɞˊɞɑɞ ŭŮɜ ŮɑɜŬɘ ŰɑˊɞŰŬ Ɏɚɚɞ Ŭˊɧ Űɖɜ 

ŮˊŬɜɎɚɖɣɖ Űɖɠ ŬɜŬɕɐŰɖůɖɠ ɤɠ ɧŰɞɡ ɜŬ ɛɖɜ ɛˊɞɟŮɑ ɖ ɚɨůɖ ɜŬ ɓŮɚŰɘɤɗŮɑ Ɏɚɚɞ ɖ ůɡɛˊɚɖɟɤɗŮɑ ɞ 

Ŭɟɘɗɛɧɠ ɓɖɛɎŰɤɜ Űɖɠ ɛŮɗɧŭɞɡ 2-Opt. ȷəɞɚɞɡɗŮɑ ɛɑŬ ůɢɖɛŬŰɘəɐ ˊŬɟɎůŰŬůɖ Űɞɡ Űɟɧˊɞɡ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛŮɗɧŭɞɡ 2-Opt ůŮ ŭɨɞ ŭɘŬŭɟɞɛɏɠ: 
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ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ůŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɞɘ ŭɘŬŭɟɞɛɏɠ ɎɚɚŬɝŬɜ əŬɘ Ŭˊɧ A-B-F-G əŬɘ D-E-C 

ɛŮŰŬŰɟɎˊɖəŬɜ ůŮ A-B-C əŬɘ D-E-F-G. Ƀɘ ŭɘŬŭɟɞɛɏɠ ˊŬɟɏɛŮɘɜŬɜ ŮűɘəŰɏɠ əŬɘ ɏɢɞɡɜ ůɡɜɞɚɘəɎ 

ɛɘəɟɧŰŮɟɞ əɧůŰɞɠ. ȳɛɞɘŬ ůŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɞɘ ŭɨɞ ŭɘŬŭɟɞɛɏɠ 0-A-F-D-G-0 əŬɘ 0-D-E-B-C-0 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ 2-Opt ůŮ 0-A-B-C-0 əŬɘ 0-D-E-F-G-0 ɛŮ 0 ɜŬ ůɡɛɓɞɚɑɕɞɡɛŮ 

Űɖɜ Ŭˊɞɗɐəɖ. 

Ƀ ˊŬɟŬˊɎɜɤ Űɟɧˊɞɠ ŮɑɜŬɘ ɏɜŬɠ ɘŭɘŬɑŰŮɟŬ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ Űɟɧˊɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɔɘŬ 

ˊŮɟɘˊŰɩůŮɘɠ ŭɘŬŭɟɞɛɩɜ ˊɞɡ ŮˊɘůəɏˊŰɞɜŰŬɘ ɧɚɞɡɠ Űɞɡɠ ŭɘŬɗɏůɘɛɞɠ əɧɛɓɞɡɠ Ůɜɧɠ 

ůɢŮŭɘŬɔɟɎɛɛŬŰɞɠ əŬɘ ůəɞˊɧɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮɑɜŬɘ ɖ ɛŮɑɤůɖ Űɖɠ ŭɘŬɜɡɧɛŮɜɖɠ ŭɘŬŭɟɞɛɐɠ. 

τȢτ ɜɞɦɞɬɢɣɨɢ ɚɤɜɨɪɢɡɥɨɢ ɩɨɤɤɚɩɤɱɦ ɩɤɠɡɭɫɥɱɦ 

- ɦɠɫɢɱɦ ɉISLAND GENETIC ALGORITHMS) 

 

ɀɘŬ ˊŬɟŬɚɚŬɔɐ Űɤɜ əɚŬůůɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ŮɑɜŬɘ əŬɘ ŬɡŰɐ ˊɞɡ ŮűŬɟɛɧůŬɛŮ ůŰɖɜ ŮɟɔŬůɑŬ 

ɛŬɠ ɞɘ ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɚɚŬˊɚɩɜ ˊɚɖɗɡůɛɩɜ-ɜɖůɘɩɜ əŬɘ ůɡɜɐɗɤɠ ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ 

ˊŬɟɎɚɚɖɚɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ .ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ ɖ Ůɝɐɠ : 

¶ ȷɟɢɘəɎ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɞ Ŭɟɢɘəɧɠ ˊɚɖɗɡůɛɧɠ ɧˊɤɠ ůŰɞɡɠ əɚŬůɘəɞɨɠ ɔŮɜŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ 

ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ɞɟɑůŰɖəŮ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŮɜɧŰɖŰŮɠ. 

¶ ũɘŬ əɎɗŮ ɜɖůɑ ˊɞɡ ɏɢɞɡɛŮ ɞ Ŭɟɢɘəɧɠ ˊɚɖɗɡůɛɧɠ ˊŬɟŬɛɏɜŮɘ ɞ ɑŭɘɞɠ. ȷɜ ŭɖɚŬŭɐ ɞ Ŭɟɢɘəɧɠ 

ˊɚɖɗɡůɛɧɠ ŮɑɜŬɘ 16 ŰɧŰŮ ůŮ əɎɗŮ ɜɖůɑ ɗŬ ɏɢɞɡɛŮ 16 Ŭɟɢɘəɧ ˊɚɖɗɡůɛɧ. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ 

ɜɖůɘɩɜ ŮɑɜŬɘ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ ŮɛɎɠ. 

¶ ȾɎɗŮ ɜɖůɑ ɏɢŮɘ Űɞɜ ˊɚɖɗɡůɛɧ Űɞɡ əŬɘ ɞɘ ɓŬůɘəɞɑ ŰŮɚŮůŰɏɠ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ 

(Crossover, Mutation) ŮűŬɟɛɧɕɞɜŰŬɘ ɔɘŬ əɎɗŮ ɜɖůɑ ŬɜŮɝɎɟŰɖŰŬ. 

 

ȳˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ůɢŮŭɧɜ ɑŭɘŬ ɛŮ Űɞɡɠ ɔŮɜŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ. ȼ 

ɞɡůɘŬůŰɘəɐ ŬɚɚŬɔɐ ˊɞɡ ɡˊɎɟɢŮɘ ŮɑɜŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŬɠ ɏɢɞɡɛŮ Űɖɜ ɀŮŰŬɜɎůŰŮɡůɖ 

(Migration). ȼ ɛŮŰŬɜɎůŰŮɡůɖ ŮɑɜŬɘ ɖ ŬɜŰŬɚɚŬɔɐ əɎˊɞɘɞɡ ɛɏɟɞɡɠ ˊɚɖɗɡůɛɞɨ Ŭˊɧ Űɞ ɏɜŬ ɜɖůɑ ůŰɞ 

Ɏɚɚɞ. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧ ɡˊɎɟɢɞɡɜ ŬɟəŮŰɞɑ Űɟɧˊɞɘ, ɛŮ Űɖɜ ˊɘɞ ɔɜɤůŰɐ ɜŬ ŮɑɜŬɘ ɖ 

ŬɜŰɘəŬŰɎůŰŬůɖ Ůɜɧɠ ɛɏɟɞɡɠ ˊɚɖɗɡůɛɞɨ Ŭˊɧ Űɞ ɏɜŬ ɜɖůɑ ůŰɞ ŭɘˊɚŬɜɧ Űɞɡ. Ʉɧůɞɘ ɗŬ ŮɑɜŬɘ ɞɘ 

ɛŮŰŬɜɎůŰŮɠ əŬɘ ˊɧůŮɠ ɗŬ ŮɑɜŬɘ ɞɘ ŮˊŬɜŬɚɐɣŮɘɠ ɗŬ əŬɗɞɟɘůŰŮɑ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. Ʉɞɘɞ ɧɛɤɠ ɛɏɟɞɠ 

Űɞɡ ˊɚɖɗɡůɛɞɨ Űɞɡ ɜɖůɘɞɨ ɗŬ ŬɜŰɘəŬŰŬůŰɐůɞɡɜ ɞɘ ɛŮŰŬɜɎůŰŮɠ; ũɘŬ ɜŬ ŬˊŬɜŰɐůɞɡɛŮ ůŮ ŬɡŰɧ Űɞ 

ŮɟɩŰɖɛŬ ɡˊɎɟɢɞɡɜ ŰɏůůŮɟɘɠ Ůˊɘɚɞɔɏɠ: 

i. ȰɜŬɠ ŰɡɢŬɑŬ ŮˊɘɚŮɔɛɏɜɞɠ ɛŮŰŬɜɎůŰɖɠ ŬɜŰɘəŬɗɘůŰɎ ɏɜŬ ŰɡɢŬɑŬ ŮˊɘɚŮɔɛɏɜɞ ɛɏɚɞɠ Űɞɡ ɜɖůɘɞɨ. 

ii. ȰɜŬɠ ŰɡɢŬɑŬ ŮˊɘɚŮɔɛɏɜɞɠ ɛŮŰŬɜɎůŰɖɠ ŬɜŰɘəŬɗɘůŰɎ ɏɜŬ əŬəɧ ɛɏɚɞɠ Űɞɡ ˊɚɖɗɡůɛɞɨ. 

iii. ȰɜŬɠ əŬɚɧɠ ɛŮŰŬɜɎůŰɖɠ ŬɜŰɘəŬɗɘůŰɎ ɏɜŬ əŬəɧ ɛɏɚɞɠ Űɞɡ Ɏɚɚɞɡ ɜɖůɘɞɨ. 

iv. ȰɜŬɠ əŬɚɧɠ ɛŮŰŬɜɎůŰɖɠ ŬɜŰɘəŬɗɘůŰɎ ɏɜŬ ŰɡɢŬɑŬ ŮˊɘɚŮɔɛɏɜɞ ɛɏɚɞɠ Űɞɡ ˊɚɖɗɡůɛɞɨ. 
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ɆŰɖɜ ŮɟɔŬůɑŬ ɛŬɠ ɏɢɞɡɛŮ ŮˊɘɚɏɝŮɘ ɜŬ ɔɑɜŮŰŬɘ ɛŮŰŬɜɎůŰŮɡůɖ ɛŮ ŰɡɢŬɘɧŰɖŰŬ. ũɘŬ Űɖɜ ŬəɟɑɓŮɘŬ, ɏɢŮɘ 

ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ Ŭɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮŰŬɜɎůŰŮɡůɖ ůɡɜɏɢŮɘŬ ŰɧŰŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɔəɚɑɜɞɡɜ 

ɧɢɘ ŬˊŬɟŬɑŰɖŰŬ ůŰɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ. ɀŮŰŬɜɎůŰŮɡůɖ ůɡɛɓŬɑɜŮɘ ŬɜɎ 2-6 Ůˊɞɢɏɠ. 

ɆɢɖɛŬŰɘəɎ ɞ ũŮɜŮŰɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ ɄɞɚɚŬˊɚɩɜ Ʉɚɖɗɡůɛɩɜ - Ɂɖůɘɩɜ (Island Genetic 

Algorithm) ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ:  
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ɮˊ˔ʽˁˈˌ ̄ ˂ʹʻˎˋ˃ˈˌ 

ɱʽʰ n 

˄ʹˋʽ

ɱʽʰ k ʁ ˉʰ˄ʰ˂ʺ˕ʶʽˌ 

ɲʽʰˋˍʰˏˊ˖ˋʹ ϧ 

ɾʶˍʱ˂˂ʰ˅ʹ н ʴˇ˄ʷ˖˄ 

ɳˉʽ˂ˇʴʺ н ʰˍˈ˃˖˄ ʰˉˈ 

ˍˇ˄ ˉ˂ʹʻˎˋ˃ˈ 

ɳˉʽʲʾ˖ˋʹ ʽˋ˔ˎˊˈˍʶˊ˖˄ 

ʴˇ˄ʷ˖˄ ϧ ʰˉˇʴˈ˄˖˄ 

ɾʶˍʰ˄ʱˋˍʶˎˋʹ 

ˉ˂ʹʻˎˋ˃ˇˏ 

ʆʷ˂ˇˌ ˈˍʰ˄ 

ˎˉʱˊ˔ʶʽ 

ˋˏʴˁ˂ʽˋʹ 
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4.5 ɩɞɪɢɜɪɚɮɠ ɥɞɡɨɝɨɭ ɞɩɢɤɭɫɠɫ 
 

ɆŮ ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ ɗŬ ŬɜŬɚɡɗŮɑ ɞ Űɟɧˊɞɠ Ůˊɑɚɡůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɛŬɠ. 

Ⱥɑůɞŭɞɠ ȹŮŭɞɛɏɜɤɜ 

 ȷɟɢɘəɎ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ɐŰŬɜ ŬˊɞɗɖəŮɡɛɏɜŬ ůŮ ŬɟɢŮɑŬ Űɖɠ 

ɛɞɟűɐɠ ñ.txtò ɇŬ ŬɟɢŮɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟŮɠ ůŰɐɚŮɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɞɡɠ ˊŮɚɎŰŮɠ ɐ Űɘɠ 

ŬˊɞɗɐəŮɠ  ɧˊɤɠ ɞɘ ůɡɜŰŬɔɛɏɜŮɠ ɉ əŬɘ Ɉ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɖ ɕɐŰɖůɖ Űɤɜ ˊŮɚŬŰɩɜ əŬ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŬɠ ŭŮɜ ŮɑɢŬɛŮ ɢɟɧɜɞ ŮɝɡˊɖɟɏŰɖůɖɠ Űɤɜ ˊŮɚŬŰɩɜ, ˊŬɟŬɚŬɓɏɠ ɐ 

ɎɚɚŮɠ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ VRP ɞˊɧŰŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůŰɐɚŮɠ ŭŮŭɞɛɏɜɤɜ Űɘɠ ŬɔɜɞɞɨɛŮ. 

ȷɟɢɘəɐ ȾŬŰŬɜɞɛɐ ɄŮɚŬŰɩɜ 

 ȾɎɜŬɛŮ ɛɑŬ ˊɟɩŰɖ əŬŰŬɜɞɛɐ Űɤɜ əɧɛɓɤɜ ůŰɘɠ ŬˊɞɗɐəŮɠ ɛŮ ɓɎůɖ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡɠ Ŭˊɧ 

ŬɡŰɏɠ. ɀŮ ɢɟɐůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ k-means əŬŰŬɜɏɛɞɡɛŮ Űɞɡɠ ˊŮɚɎŰŮɠ ůŰŬ k ŭɘŬɗɏůɘɛŬ űɞɟŰɖɔɎ. ȼ 

ɞɛŬŭɞˊɞɑɖůɖ ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ. 

ȷɟɢɘəɞˊɞɑɖůɖ Ɂɖůɘɩɜ əŬɘ Ʉɚɖɗɡůɛɩɜ 

 ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɞɟɑɕɞɡɛŮ əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŬɠ ɧˊɤɠ Űɞɜ 

Ŭɟɘɗɛɧ Űɤɜ ɜɖůɘɩɜ əŬɘ ˊɚɖɗɡůɛɩɜ ˊɞɡ ɗŬ ɏɢɞɡɛŮ. ȷɜ əŬɘ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ˊɟɞɓɚɐɛŬŰŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 4 ɜɖůɘɎ əŬɘ 16 ˊɚɖɗɡůɛɧɠ ůŮ əɎɗŮ ɜɖůɑ, ɡˊɐɟɢŬɜ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɏɔɘɜŮ 

ɢɟɐůɖ ɤɠ əŬɘ 10 ɜɖůɘɩɜ əŬɘ 32 ŬŰɧɛɤɜ ɔɘŬ ˊɚɖɗɡůɛɧ ɔɘŬ ɜŬ ˊŬɟŬɢɗɞɨɜ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

Ⱥˊɑůɖɠ ŭɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬɜ ˊɑɜŬəŬ ůŰɞɜ ɞˊɞɑɞ ɗŬ ŬˊɞɗɖəŮɡŰɞɨɜ ɞɘ ɚɨůŮɘɠ. ȷɡŰɧɠ ɞ ˊɑɜŬəŬɠ ɗŬ 

ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ mxn ɧˊɞɡ Űɞ m ɗŬ ŬɜŬűɏɟŮŰŬɘ ůŰŬ ɞɢɐɛŬŰŬ əŬɘ Űɞ n ŮɑɜŬɘ ɏɜŬ ůŰŬɗŮɟɧ ɛɏɔŮɗɞɠ 

ɛŮɔɎɚɞ ůŮ Ŭɟɘɗɛɧ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŬɠ Űɞ ɏɢɞɡɛŮ ɞɟɑůŮɘ ɤɠ Űɞ ŭɘˊɚɎůɘɞ Űɤɜ ˊŮɚŬŰɩɜ ůŮ əɎɗŮ 

ˊɟɧɓɚɖɛŬ. 

ȹɖɛɘɞɡɟɔɑŬ ȷɟɢɘəɐɠ ȿɨůɖ 

ȷűɞɨ ɏɢɞɡɛŮ Űɞɡɠ ˊŮɚɎŰŮɠ ŬɜɎ űɞɟŰɖɔɧ Űɞɡɠ ŰɞˊɞɗŮŰɞɨɛŮ ɛŮ ŰɡɢŬɑɞ Űɟɧˊɞ ůŮ ůŮɘɟɎ. 

ȰˊŮɘŰŬ, ŬɜɎ ɧůɞɡɠ ˊŮɚɎŰŮɠ ɢɟŮɘɎɕŮŰŬɘ, Űɞ űɞɟŰɖɔɧ ˊɞɡ Űɞɡɠ ŮɝɡˊɖɟŮŰŮɑ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ 

əɞɜŰɘɜɧŰŮɟɖ ůŮ ŬɡŰɧ Ŭˊɞɗɐəɖ. ɇɏɚɞɠ ŰɞˊɞɗŮŰɞɨɛŮ Űɖɜ əɞɜŰɘɜɧŰŮɟɖ Ŭˊɞɗɐəɖ ůŰɖɜ Ŭɟɢɐ əŬɘ Űɞ 

Űɏɚɞɠ əɎɗŮ ŭɘŬŭɟɞɛɐɠ. 

ȹɘŬůŰŬɨɟɤůɖ (Crossover) 

 ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ŬɟɢɑɕŮɘ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ɞ ɔŮɜŮŰɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ. ȷɟɢɘəɎ ŮˊɘɚɏɔɞɜŰŬɘ 2 

ɚɨůŮɘɠ-ɔɞɜŮɑɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŬɠ ɖ Ůˊɘɚɞɔɐ ɔɑɜŮŰŬɘ ůŮ ɕŮɡɔɎɟɘŬ ɛŮ Űɖɜ ůŮɘɟɎ, ŭɖɚŬŭɐ ɞ 1ɞɠ ɛŮ 

Űɞɜ 2ɞ ɔɞɜɏŬ ɞ 3ɞɠ ɛŮ Űɞɜ 4ɞ əŰɚ. ɀɧɚɘɠ ɔɑɜŮɘ ɖ Ůˊɘɚɞɔɐ ŰɧŰŮ ɢɤɟɑɕɞɡɛŮ Űɞɜ ɏɜŬ ɔɞɜɏŬ ůŮ ɏɜŬ ůɖɛŮɑɞ 

ŰɡɢŬɑɞ, ˊŬɑɟɜɞɡɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ɛɏɢɟɘ ŮəŮɑ əŬɘ ůɡɛˊɚɖɟɩɜɞɡɛŮ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ɛŬɠ ɚŮɑˊɞɡɜ 

Ŭˊɧ Űɞɜ 2ɞ ɔɞɜɏŬ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɜɏŮɠ ɚɨůŮɘɠ ˊɞɡ ɗŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ŮűɘəŰɏɠ. 
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ɀŮŰŬŰɟɞˊɐ ȿɨůŮɤɜ ůŮ ȺűɘəŰɏɠ 

 Ƀɘ ɚɨůŮɘɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊŬɟŬɓɘɎɕɞɡɜ ˊŮɟɘɞɟɘůɛɞɨɠ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞɜ 

ˊŮɟɘɞɟɘůɛɧ ŮɝɡˊɖɟɏŰɖůɖɠ ˊŮɚŬŰɩɜ ɛɧɜɞ ɛɘŬ űɞɟɎ ɐ Űɖɜ ɛɏɔɘůŰɖ ɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ űɞɟŰɖɔɞɨ. 

ȾɎɜɞɡɛŮ ɚɞɘˊɧɜ Űɖɜ Ůɝɐɠ ŭɘŬŭɘəŬůɑŬ ɔɘŬ ɜŬ Űɘɠ ɛŮŰŬŰɟɏɣɞɡɛŮ ůŮ ŮűɘəŰɏɠ. ȷɟɢɘəɎ ŭɘŬɔɟɎűɞɡɛŮ Űɞɡɠ 

ˊŮɚɎŰŮɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ 2 űɞɟɏɠ. ȰˊŮɘŰŬ ŮɚɏɔɢɞɡɛŮ ˊɞɘɞɘ ˊŮɚɎŰŮɠ ɚŮɑˊɞɡɜ Ŭˊɧ Űɖɜ ɚɨůɖ. 

ȹɘŬɔɟɎűɞɡɛŮ Űɘɠ ŬˊɞɗɐəŮɠ əŬɘ Űɘɠ ŮˊŬɜŬŰɞˊɞɗŮŰɞɨɛŮ ůŮ əŬŰɎɚɚɖɚŬ ůɖɛŮɑŬ ůŰɖɜ ŭɘŬŭɟɞɛɐ. 

ȷəɞɚɞɨɗɤɠ ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞ əɧůŰɞɠ əɎɗŮ ŭɘŬŭɟɞɛɐɠ ɔɘŬ əɎɗŮ űɞɟŰɖɔɧ. 

ɀŮŰɎɚɚŬɝɖ (Mutation) 

 ɀɧɚɘɠ ɞɘ ɚɨůŮɘɠ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ŮűɘəŰɏɠ ŰɧŰŮ əɎɜɞɡɛŮ Űɖɜ ɛŮŰɎɚɚŬɝɖ ůŮ ŬɡŰɏɠ. ȾɎɜɞɡɛŮ 

ɢɟɐůɖ Űɞˊɘəɐɠ ŬɜŬɕɐŰɖůɖɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɖɠ ɛŮɗɧŭɞɡ 2-opt ɩůŰŮ ɜŬ ɓŮɚŰɘɩůɞɡɛŮ Űɘɠ ɚɨůŮɘɠ 

Ŭɜ ɓŮɚŰɘɩɜɞɜŰŬɘ. ũɘŬ ɚɧɔɞɡɠ ɚɘɔɧŰŮɟɤɜ ˊɟɎɝŮɤɜ əŬɘ ɛŮɑɤůɖ Űɞɡ ɢɟɧɜɞɡ ɡˊɞɚɞɔɘůɛɞɨ 

ŮűŬɟɛɧɕɞɡɛŮ Űɞˊɘəɐ ŬɜŬɕɐŰɖůɖ ůŰɞ ˊɟɩŰɞ ˊŬɘŭɑ-Ŭˊɧɔɞɜɞ Ŭɜ ɞ ŰɡɢŬɑɞɠ Ŭɟɘɗɛɧɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ 

Ŭˊɧ 0,7. ɋůŰɧůɞ ɡˊɐɟɢŬɜ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ ɖ ˊŬɟɎɛŮŰɟɞɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ Űɖɜ ɗɏŰŬɛŮ ɤɠ Űɞ 

0,99. ɇɞ ɑŭɘɞ ŮűŬɟɛɧůŬɛŮ əŬɘ ůŰɞ ŭŮɨŰŮɟɞ ˊŬɘŭɑ-Ŭˊɧɔɞɜɞ. ɀŮ ŬɡŰɏɠ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ ɚɞɘˊɧɜ 

ŮűŬɟɛɧůŬɛŮ Űɞɜ 2-Opt ɤɠ Ůɝɐɠ. ȷɟɢɘəɎ çəɧɓŬɛŮè Űɖɜ ɚɨůɖ ůŮ 2 ůɖɛŮɑŬ. ɇɖɜ ŭɘŬŭɟɞɛɐ ɛŮŰŬɝɨ 

ŬɡŰɩɜ Űɤɜ 2 ůɖɛŮɑɤɜ Űɖɜ ŬɜŰɘůŰɟɏűŬɛŮ. ȰŰůɘ ˊŬɟŬɔɧŰŬɜ ɛɘŬ əŬɘɜɞɨɟɔɘŬ ɚɨůɖ ŮűɘəŰɐ. ȷɜ ɖ ɜɏŬ 

ɚɨůɖ ɏɢŮɘ ɛɘəɟɧŰŮɟɞ əɧůŰɞɠ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ŰɧŰŮ ŬˊɞɗɖəŮɨŮŰŬɘ əŬɘ ˊɟɞɢɤɟɎɛŮ ůŮ ˊŮɟŬɘŰɏɟɤ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ. 

Ɇɨɔəɟɘůɖ ȿɨůŮɤɜ 

 ɀɧɚɘɠ ŰŮɚŮɘɩɜŮɘ ɖ ɛŮŰɎɚɚŬɝɖ ɔɑɜŮŰŬɘ ɖ ůɨɔəɟɘůɖ ɚɨůŮɤɜ. ɆɡɔəɟɑɜŮŰŬɘ Űɞ əɧůŰɞɠ Űɤɜ ɔɞɜɏɤɜ 

ɛŮ ŬɡŰɧ Űɤɜ Ŭˊɞɔɧɜɤɜ ˊɞɡ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ. Ƀɘ 2 ɚɨůŮɘɠ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ əɧůŰɞɠ 

ŬˊɞɗɖəŮɨɞɜŰŬɘ Ůɜɩ ɞɘ ɎɚɚŮɠ 2 ŭɘŬɔɟɎűɞɜŰŬɘ. ȰŰůɘ ɞ ˊɚɖɗɡůɛɧɠ ŭɘŬŰɖɟŮɑŰŬɘ ˊɎɜŰŬ ůŰŬɗŮɟɧɠ. ɁŬ 

ŰɞɜɘůŰŮɑ ɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮűŬɟɛɧɕŮŰŬɘ ŬɡŰɞɨůɘŬ ɔɘŬ əɎɗŮ ɜɖůɑ ˊɞɡ ɏɢɞɡɛŮ ɔɘŬ Űɞɜ ˊɚɖɗɡůɛɧ 

Űɞɡ əɎɗŮ ɜɖůɘɞɨ. 

ɀŮŰŬəɑɜɖůɖ ɛŮŰŬɝɨ ɜɖůɘɩɜ 

ȷɜɎ ŰɡɢŬɑɞ Ŭɟɘɗɛɧ Ůˊɞɢɩɜ ɔɑɜɞɜŰŬɘ ůɡɔəɟɑůŮɘɠ ɛŮŰŬɝɨ ŭɘŬűɧɟɤɜ ŬŰɧɛɤɜ ůŮ ɔŮɘŰɞɜɘəɎ ɜɖůɘɎ. ɇŬ 

ɎŰɞɛŬ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ əɧůŰɞɠ ɛŮŰŬəɘɜɞɨɜŰŬɘ ˊɟɞɠ Űɞ ɜɖůɑ 1 Ůɜɩ ŰŬ ɚɘɔɧŰŮɟɞ əŬŰɎɚɚɖɚŬ ɎŰɞɛŬ 

ˊɟɞɠ Űɞ ɜɖůɑ 10. 
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ɩɞɪɢɜɪɚɮɠ ɬɱɦ ɩɪɨɛɤɠɥɚɬɱɦ ɩɨɭ 

ɞɩɢɤɭɡɠɣɚɦ - ɩɚɪɨɭɫɢɚɫɠ ɚɩɨɬɞɤɞɫɥɚɬɱɦ 

 

υȢρ ɝɞɝɨɥɞɦɚ ɩɪɨɛɤɠɥɚɬɱɦ 
 

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ŮɟɔŬůɑŬɠ ɛŬɠ ŮˊɘɚɨŮŰŬɘ Űɞ ˊɟɧɓɚɖɛŬ ŭɟɞɛɞɚɧɔɖůɖɠ ɞɢɖɛɎŰɤɜ ɧŰŬɜ 

ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɘŬ ŬˊɞɗɐəŮɠ. Ⱥˊɘˊɚɏɞɜ ŰŬ ɞɢɐɛŬŰŬ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖɠ 

ɢɤɟɖŰɘəɧŰɖŰŬɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ əŬɘ ŮˊɘɚɨŮɘ Űɞ ˊɟɞŬɜŬűŮɟɗɏɜ ˊɟɧɓɚɖɛŬ 

ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɛɘŬ ůŮɘɟɎ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ. Ⱥˊɑůɖɠ 

ŬəɞɚɞɡɗŮɑ ɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ůɨɔəɟɘůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŬɠ ɛŮ ŰŬ ɓɏɚŰɘůŰŬ ɛɏɢɟɘ 

ůŰɘɔɛɐɠ əŬɘ ɖ Ŭˊɧəɚɘůɖ Űɞɡɠ Ŭˊɧ ŬɡŰɎ. 
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ɄŬɟɎŭŮɘɔɛŬ Ⱦɧɛɓɞɘ ɃɢɐɛŬŰŬ ɉɤɟɖŰɘəɧŰɖŰŬ 
ɃɢɖɛɎŰɤɜ 

ȷˊɞɗɐəŮɠ ȸɏɚŰɘůŰɞ 
ȷˊɞŰɏɚŮůɛŬ  

ȷˊɞŰɏɚŮůɛŬ 
ȷɚɔɞɟɑɗɛɞɡ ɛŬɠ 

ȷˊɧəɚɘůɖ % 
Ŭˊɧ Űɞ 
ȸɏɚŰɘůŰɞ 1 50 4 80 4 576.86 589.02 2.1% 

2 50 2 160 4 473.53 476.22 0.57% 

3 75 3 140 5 641.19 644.68 0.54% 

4 100 8 100 2 1001.59 1015.5 1.38% 

5 100 5 200 2 750.03 765.76 2.09% 

6 100 6 100 3 876.50 886.15 1.1% 

7 100 4 100 4 885.80 925.39 4.47% 

8 249 14 500 2 4437.68 4480.45 0.95% 

9 249 12 500 3 3900.22 3923.08 0.59% 

10 249 8 500 4 3663.02 3732.54 1.89% 

11 249 6 500 5 3554.18 3624.71 1.98% 

12 80 5 60 2 1318.95 1344.31 3.01% 

13 80 5 60 2 1318.95 1344.31 1.92% 

14 80 5 60 2 1369.12 1384.79 1.14% 

15 160 5 60 4 2505.42 2540.91 1.42% 

16 160 5 60 4 2572.42 2651.90 3.09% 

17 160 5 60 4 2709.9 2747.47 1.47% 

18 240 5 60 6 3702.85 3764.79 1.62% 
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19 240 5 60 6 3827.06 3964.79 3.59% 

20 240 5 60 6 4058.07 4166.00 2.66% 

21 360 5 60 9 5474.84 5617.65 2.61% 

22 360 5 60 9 5702.16 5953.72 4.41% 

23 360 5 60 9 6095.46 6193.06 1.6% 

01 48 1 500 4 861.32 883.98 2.6% 

02 96 2 480 4 1307.61 1345.57 2.9% 

03 144 3 460 4 1806.06 1833.31 1.51% 

04 192 4 440 4 2072.52 2131.69 2.85% 

05 240 5 420 4 2385.77 2569.23 7.69% 

06 288 6 400 4 2723.27 2867.39 5.29% 

07 72 1 500 6 1089.56 1107.93 1.68% 

08 144 2 475 6 1666.6 1671.86 0.31% 

09 216 3 450 6 2153.1 2200.66 2.2% 

10 288 4 425 6 2921.85 3052.66 4.47% 
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ȳˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞůŮɔɔɑɕɞɡɜ Űɞ ɛɏɢɟɘ ůŰɘɔɛɐɠ ɓɏɚŰɘůŰɞ. ɆɢŮŭɧɜ ɧɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŮɜŰɧɠ Űɖɠ 

Ŭˊɧəɚɘůɖɠ ˊɞɡ ŮɑɢŬɛŮ ɗɏůŮɘ ɤɠ ɧɟɘɞ ɔɘŬ ɜŬ ɗŮɤɟɐůɞɡɛŮ ɛɑŬ ɚɨůɖ ɘəŬɜɞˊɞɘɖŰɘəɐ. ȼ Ŭˊɧəɚɘůɖ ŬɡŰɐ ŮɑɜŬɘ 3%.ȼ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɞůŰɘŬɑŬ Ŭˊɧəɚɘůɖ 

ˊɞɡ ɏɢɞɡɛŮ ŮɑɜŬɘ 7,69% əŬɘ ɖ ɛɘəɟɧŰŮɟɖ 0,31% əŬɘ ɗŬ ŬɜŬɚɡɗɞɨɜ ˊŮɟŬɘŰɏɟɤ ˊŬɟŬəɎŰɤ
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5.2 ɚɦɚɤɭɬɢɣɚ ɚɩɨɬɞɤɞɫɥɚɬɚ ɜɢɚ ɬɚ 

ɩɚɪɚɝɞɢɜɥɚɬɚ 
 

ȷəɞɚɞɡɗŮɑ ůɢɖɛŬŰɘəɐ ˊŬɟɎůŰŬůɖ əŬɘ ŮˊŮɝɐɔɖůɖ ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŬɡŰɐɠ Űɖɠ 

ŮɟɔŬůɑŬɠ. 

 

υȢςȢρ ɩɚɪɚɝɞɢɜɥɚ ρ 
 

ɆŮ ŬɡŰɧ Űɞ ˊŬɟɎŭŮɘɔɛŬ ɡˊɎɟɢɞɡɜ 54 əɧɛɓɞɘ. ȰɢɞɡɛŮ 4 ɞɢɐɛŬŰŬ əŬɘ 4 ŬˊɞɗɐəŮɠ. Ƀɘ əɧɛɓɞɘ 

51, 52, 53, 54 ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ŬˊɞɗɐəŮɠ əŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ 50 ůŰɞɡɠ ˊŮɚɎŰŮɠ. ȾɎɗŮ ˊŮɚɎŰɖɠ ɏɢŮɘ 

ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɗɏůɖɠ əŬɘ ůɡɔəŮəɟɘɛɏɜɖ ɕɐŰɖůɖ. ŪŮɤɟŮɑŰŬɘ ɧŰɘ ɧɚŬ ŰŬ ŭɘŬɗɏůɘɛŬ 

űɞɟŰɖɔɎ ɏɢɞɡɜ ɑŭɘŬ ɛɏɔɘůŰɖ ɢɤɟɖŰɘəɧŰɖŰŬ ɑůɖ ɛŮ 80.ɆŰŬ ˊɟɞɓɚɐɛŬŰŬ ɛŬɠ ŭŮɜ ɏɢɞɡɛŮ ɢɟɞɜɘəɞɨɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ. 

ȼ ɓɏɚŰɘůŰɖ ɚɨůɖ ɛɏɢɟɘ ůŰɘɔɛɐɠ ŮɑɜŬɘ ɑůɖ ɛŮ 576.86. ȼ ŭɘəɘɎ ɛŬɠ əŬɚɨŰŮɟɖ ɚɨůɖ ˊɞɡ ɏŭɤůŮ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ɛŬɠ ŮɑɜŬɘ 589.02 əŬɘ ɔɟŬűɘəɎ ɏɢŮɘ ɤɠ Ůɝɐɠ : 



 

30 

 

 

 

ɀŮ ɉ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɞɘ ŬˊɞɗɐəŮɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɝŮəɘɜɞɨɜ, əŬŰŬɚɐɔɞɡɜ əŬɘ ŬɜŮűɞŭɘɎɕɞɜŰŬɘ 

ŰŬ ɞɢɐɛŬŰŬ. ȼ ŭɘŬŭɟɞɛɐ əɎɗŮ ɞɢɐɛŬŰɞɠ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɧ ɢɟɩɛŬ. Ƀɘ əɧɛɓɞɘ ŮɑɜŬɘ ɞɘ 

ˊŮɚɎŰŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮɝɡˊɖɟŮŰɖɗɞɨɜ. 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ɚɨůɖ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ůɢɐɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 4 ŭɘŬŭɟɞɛɏɠ, ɞɘ ɞˊɞɑŮɠ 

ɝŮəɘɜɞɨɜ əŬɘ əŬŰŬɚɐɔɞɡɜ ɖ əɎɗŮ ɛɑŬ ůŰɖɜ Ŭˊɞɗɐəɖ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɝŮəɘɜɎŮɘ. Ƀɘ ŭɘŬŭɟɞɛɏɠ ŬɡŰɏɠ 

ŮɑɜŬɘ : 

 

 

 

 

 

 



 

31 

 

 

Ƀɉȼɀȷ 1 

54    20     3    36    35    28    31    22     1    54    32     2    29    54 

 

Ƀɉȼɀȷ 2 

51    41    13    18     4    51    47    17    12    37    45    51    15    44    42    19    

40  51 

 

Ƀɉȼɀȷ 3 

52    46     6    14    25    24    52    43    23     7    26     8    52    48    27    52     

0 

 

Ƀɉȼɀȷ 4 

53     5    49     9    10    33    39    53    30    34    21    50    16    53    11    38    

53 

 

 

 

    ȼ Ŭˊɧəɚɘůɖ Űɖɠ ɚɨůɖɠ ɛŬɠ Ŭˊɧ Űɞ ɓɏɚŰɘůŰɞ ŮɑɜŬɘ : 

 

υψωȢπς υχφȢψφ

υχφȢψφ
ςȢρϷ 

ɩɚɪɚɝɞɢɜɥɚ ς 
 

ɆŰɞ ŭŮɨŰŮɟɞ ˊŬɟɎŭŮɘɔɛŬ ɏɢɞɡɛŮ 54 əɧɛɓɞɡɠ ɧˊɞɡ ɞɘ əɧɛɓɞɘ 51,52,53,54 ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ 

ŬˊɞɗɐəŮɠ əŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ 50 ůŰɞɡɠ ˊŮɚɎŰŮɠ. ȼ ɚɨůɖ ˊɞɡ ɓɟɐəŬɛŮ ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ɛŬɠ ŮɑɜŬɘ ɑůɖ 

ɛŮ 476.22 Ůɜɩ ɖ ɓɏɚŰɘůŰɖ ɑůɖ ɛŮ 473.53,ŭɖɚŬŭɐ ůɢŮŭɧɜ ˊŮŰɨɢŬɛŮ Űɞ ɓɏɚŰɘůŰɞ. ȼ Ŭˊɧəɚɘůɖ ŮɑɜŬɘ  

τχφȢςς τχσȢυσ

τχσȢυσ
πȢυχϷ 

 

əŬɘ ɔɟŬűɘəɎ: 
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ȷɝɑɕŮɘ ɜŬ ˊɟɞůɏɝɞɡɛŮ ɧŰɘ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɧɚŮɠ ɞɘ ŬˊɞɗɐəŮɠ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɧɜɞ ɞɘ 

ŬˊɞɗɐəŮɠ ŮəŮɑɜŮɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ. Ⱥˊɑůɖɠ, ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ɛŬɠ ŮˊɘɚɏɝŬɛŮ Űɞ ɧɢɖɛŬ ɜŬ ˊɖɔŬɑɜŮɘ 

ůŰɖɜ ˊɘɞ əɞɜŰɘɜɐ Ŭˊɞɗɐəɖ əŬɘ ɧɢɘ ŬˊŬɟŬɑŰɖŰŬ ɜŬ ŮˊɘůŰɟɏűŮɘ ůŮ ŬɡŰɐ ˊɞɡ ɝŮəɑɜɖůŮ ɔɘŬ ɜŬ 

ɛŮɘɩůɞɡɛŮ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ Űɞ əɧůŰɞɠ ˊŮɟŬɘŰɏɟɤ. ȼ ɚɨůɖ ɛŬɠ ůŰɞ ˊŬɟɎŭŮɘɔɛŬ ŬɡŰɧ 

ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 2 ŭɘŬŭɟɞɛɏɠ ˊɞɡ ɝŮəɘɜɎɜŮ əŬɘ əŬŰŬɚɐɔɞɡɜ ůŰɘɠ ŬˊɞɗɐəŮɠ 51 əŬɘ 

52 əŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ ŭɘŬŭɟɞɛɏɠ ŮɑɜŬɘ : 

 

Ƀɉȼɀȷ 1 

51    42    44    37    12    47    18     4    17    15    45    51    33     5    46    27     

648    23     7    43    24    51    14    25    13    41    40    19    51      

 

Ƀɉȼɀȷ 2 

52    32    11    38    16     2    29    21    34    50    30    52    39    10    49     9    

2035    36     3    28    31    26    52     8    22     1    52      
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ɩɚɪɚɝɞɢɜɥɚ σ 
 

Ⱥŭɩ ɡˊɎɟɢɞɡɜ 80 əɧɛɓɞɘ. ȰɢɞɡɛŮ 3 ɞɢɐɛŬŰŬ əŬɘ 5 ŬˊɞɗɐəŮɠ.Ƀɘ əɧɛɓɞɘ 76, 77, 78, 79, 80 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ŬˊɞɗɐəŮɠ əŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ 75 ůŰɞɡɠ ˊŮɚɎŰŮɠ. ȳɚŬ ŰŬ ŭɘŬɗɏůɘɛŬ űɞɟŰɖɔɎ ɏɢɞɡɜ 

ɛɏɔɘůŰɖ ɢɤɟɖŰɘəɧŰɖŰŬ 140. ɆŰɞ ˊɟɧɓɚɖɛŬ ɛŬɠ ŭŮɜ ɏɢɞɡɛŮ ɢɟɞɜɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ. 

ȼ ɓɏɚŰɘůŰɖ ɚɨůɖ ɛɏɢɟɘ ůŰɘɔɛɐɠ ŮɑɜŬɘ ɑůɖ ɛŮ 641.19. ȼ ŭɘəɘɎ ɛŬɠ əŬɚɨŰŮɟɖ ɚɨůɖ ˊɞɡ ɏŭɤůŮ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ɛŬɠ ŮɑɜŬɘ 644.68. ȼ Ŭˊɧəɚɘůɖ ɚɞɘˊɧɜ ŮɑɜŬɘ 

 
φττȢφψ φτρȢρω

φτρȢρω
πȢυτϷ 

əŬɘ ɔɟŬűɘəɎ ɏɢŮɘ ɤɠ Ůɝɐɠ : 
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ȼ ůɡɔəŮəɟɘɛɏɜɖ ɚɨůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 3 ŭɘŬŭɟɞɛɏɠ ɞɘ ɞˊɞɑŮɠ ˊŬɟŬɗɏŰɞɜŰŬɘ ˊŬɟŬəɎŰɤ : 

 

Ƀɉȼɀȷ 1 

76    34    67    26    12    58    72    39     9    76    31    10   38  65    66    76    59    

11    53    14    19    76    54     8    35     7    46    52    76 

 

Ƀɉȼɀȷ 2 

79    44    51    16     3    40    17    75    68    79     6     2    62    22    64    42    

4179    43     1    73    33    63    23    56    49    79    24    18    55    25    50    32    

79 

 

Ƀɉȼɀȷ 3 

77    48    21    47     5    37    15    13    57    20    77    70    60    71    36    69    

61        28    74    30    77     4    27    29    45    77      

ɩɚɪɚɝɞɢɜɥɚ 4 
 

ɆŮ ŬɡŰɧ Űɞ ˊŬɟɎŭŮɘɔɛŬ ɡˊɎɟɢɞɡɜ 102 əɧɛɓɞɘ. ȰɢɞɡɛŮ 8 ɞɢɐɛŬŰŬ əŬɘ 2 ŬˊɞɗɐəŮɠ. Ƀɘ 

əɧɛɓɞɘ 101 əŬɘ 102 ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ŬˊɞɗɐəŮɠ əŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ 100 ůŰɞɡɠ ˊŮɚɎŰŮɠ. ȼ 

ɢɤɟɖŰɘəɧŰɖŰŬ ŮɑɜŬɘ ɑůɖ ɛŮ 100. ȼ ɓɏɚŰɘůŰɖ ɚɨůɖ ɛɏɢɟɘ ůŰɘɔɛɐɠ ŮɑɜŬɘ ɑůɖ ɛŮ 1001.59. ȼ əŬɚɨŰŮɟɖ 

ɚɨůɖ ˊɞɡ ɏŭɤůŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɛŬɠ ŮɑɜŬɘ 1015.5. ȼ Ŭˊɧəɚɘůɖ ɚɞɘˊɧɜ ŮɑɜŬɘ 

 
ρπρυȢυ ρππρȢυω

ρππρȢυω
ρȢσψϷ 

 

əŬɘ ɔɟŬűɘəɎ ɏɢŮɘ ɤɠ Ůɝɐɠ: 



 

35 

 

 

 

ȼ ɚɨůɖ ɛŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 8 ŭɘŬŭɟɞɛɏɠ ˊɞɡ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ůŰɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ 

əŬɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ : 

 

 

 

 



 

36 

 

 

Ƀɉȼɀȷ 1 

101    75    41    22    74    72    73    21     4   101    39    67    23    56   101 

 

Ƀɉȼɀȷ 2 

101    43    15    42    44    16    93    61   101    86    91   100    14    37   101    

85    98    38   101 

 

Ƀɉȼɀȷ 3 

102    47    36     8    45    17     5    84    83   102    48     7    52    60    18    

82    46   102 

 

Ƀɉȼɀȷ 4 

101    57     2    40    58    53    87   101    94    95    59    99     6    92    96   

101    13    89    97   101 

 

Ƀɉȼɀȷ 5 

102    33    20    66    71    35    34    78    81   102     9    51    65   102 

 

Ƀɉȼɀȷ 6 

102    69    12    26    77     3    79    50   102     1    27    28    76   102 

 

Ƀɉȼɀȷ 7 

101    25    55    54    24    68    29    80   102 

 

Ƀɉȼɀȷ 8 

102    11    19    49    64    63    90    32   102    30    70    31    88    10    62   

102 

 

 

ɩɚɪɚɝɞɢɜɥɚ υ 
 

Ⱥŭɩ ŮɑɜŬɘ 102 əɧɛɓɞɘ. ȰɢɞɡɛŮ 5 ɞɢɐɛŬŰŬ əŬɘ 2 ŬˊɞɗɐəŮɠ. Ƀɘ əɧɛɓɞɘ 101 əŬɘ 102 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ŬˊɞɗɐəŮɠ əŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ 100 ůŰɞɡɠ ˊŮɚɎŰŮɠ. ŪŮɤɟŮɑŰŬɘ ɧŰɘ ɧɚŬ ŰŬ ŭɘŬɗɏůɘɛŬ 

űɞɟŰɖɔɎ ɏɢɞɡɜ ɑŭɘŬ ɛɏɔɘůŰɖ ɢɤɟɖŰɘəɧŰɖŰŬ ɑůɖ ɛŮ 200. ɆŰɞ ˊɟɧɓɚɖɛŬ ɛŬɠ ŭŮɜ ɏɢɞɡɛŮ ɢɟɞɜɘəɞɨɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ. 

ȼ ɓɏɚŰɘůŰɖ ɚɨůɖ ɛɏɢɟɘ ůŰɘɔɛɐɠ ŮɑɜŬɘ ɑůɖ ɛŮ 750.03. ȼ əŬɚɨŰŮɟɖ ɚɨůɖ ˊɞɡ ɏŭɤůŮ ɞ 

Ŭɚɔɧɟɘɗɛɧɠ ɛŬɠ ŮɑɜŬɘ 765.76. ȼ Ŭˊɧəɚɘůɖ ɚɞɘˊɧɜ ŮɑɜŬɘ 
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χφυȢχφ χυπȢπσ

χυπȢπσ
ςȢπωϷ 

 

əŬɘ ɔɟŬűɘəɎ ɏɢŮɘ ɤɠ Ůɝɐɠ: 

 

 

ȼ ɚɨůɖ ɛŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 5 ŭɘŬŭɟɞɛɏɠ ˊɞɡ ůɢɖɛŬŰɘəɎ űŬɑɜɞɜŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ əŬɘ 

ŬɜŬɚɡŰɘəɎ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ : 

 

 

 




































































































