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ɄɅɃȿɃũɃɆ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰɞɜ ɇɞɛɏŬ ɇŮɢɜɞɚɞɔɑŬɠ Űɤɜ ȾŬŰŮɟɔŬůɘɩɜ Űɖɠ 

ůɢɞɚɐɠ Űɤɜ ɀɖɢŬɜɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ 

Űɞɡ əŬɗɖɔɖŰɐ ə. ȹɖɛɐŰɟɘɞɡ ɀŬɜɤɚɎəɞɡ, ůŰŬ ˊɚŬɑůɘŬ Űɤɜ ŬəŬŭɖɛŬɥəɩɜ ůˊɞɡŭɩɜ ɛɞɡ. Ɇəɞˊɧɠ 

Űɖɠ ŮɟɔŬůɑŬɠ ŬˊɞŰŮɚŮɑ ɖ ɛŮɚɏŰɖ əŬɘ ŮűŬɟɛɞɔɐ Űɞɡ ȷɜŰɑůŰɟɞűɞɡ ɀɖɢŬɜɞɚɞɔɘəɞɨ ɆɢŮŭɘŬůɛɞɨ  ɔɘŬ 

ɜŬ ŬɜŰɚɖɗɞɨɜ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŰŮɢɜɘəɎ ŭŮŭɞɛɏɜŬ ŬɜŰɘəŮɘɛɏɜɞɡ ůɨɜɗŮŰɖɠ ɔŮɤɛŮŰɟɑŬɠ, ɛŮ ŬˊɩŰŮɟɞ 

ůəɞˊɧ Űɖ ůɢŮŭɑŬůɖ ɛɐŰɟŬɠ ůűɡɟɖɚɎŰɖůɖɠ ŬəɟɘɓŮɑŬɠ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. 

 ŪŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɘɠ ŮɘɚɘəɟɘɜŮɑɠ ɛɞɡ ŮɡɢŬɟɘůŰɑŮɠ ůŰɞɜ əŬɗɖɔɖŰɐ ə. ȹɖɛɐŰɟɘɞ ɀŬɜɤɚɎəɞ ŬɚɚɎ 

əŬɘ ůŰɞɜ ɡˊɞɣɐűɘɞ ŭɘŭɎəŰɞɟŬ ə. ȺɛɛŬɜɞɡɐɚ ũəɘɗɩɜŬ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɞɡɠ əŬɘ Űɖɜ Ŭɟɤɔɐ 

Űɞɡɠ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ əŬɘ ůɡɔɔɟŬűɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ əŬɗɩɠ 

ɖ ůɡɛɓɞɚɐ Űɞɡɠ ɡˊɐɟɝŮ əŬɗɞɟɘůŰɘəɐ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ. 
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ɄȺɅȽȿȼɊȼ 

 

ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɞɡ ȷɜŰɑůŰɟɞűɞɡ 

ɀɖɢŬɜɞɚɞɔɘəɞɨ ɆɢŮŭɘŬůɛɞɨ ɛɐŰɟŬɠ ůűɡɟɖɚɎŰɖůɖɠ ŬəɟɘɓŮɑŬɠ ɔɘŬ Űɖ ŭɘŬɛɧɟűɤůɖ ŬɜŰɘəŮɘɛɏɜɞɡ 

ůɨɜɗŮŰɖɠ ɔŮɤɛŮŰɟɑŬɠ ɧˊɤɠ ɞɟɑɕŮɘ ɖ ůɨɔɢɟɞɜɖ ɛɖɢŬɜɘəɐ. 

Ƀ ȷɜŰɑůŰɟɞűɞɠ ɀɖɢŬɜɞɚɞɔɘəɧɠ ɆɢŮŭɘŬůɛɧɠ (ȷɀɆ) ŬˊɞŰŮɚŮɑ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ ŰŮɢɜɞɚɞɔɘəɐ 

ˊɟɞůɏɔɔɘůɖ, ɖ ɞˊɞɑŬ ŬˊɞůəɞˊŮɑ ůŰɖɜ ŬˊɞŰɨˊɤůɖ əŬɘ Űɖ ɣɖűɘŬəɐ ŰɟɘůŭɘɎůŰŬŰɖ ŬɜŬˊŬɟɎůŰŬůɖ 

űɡůɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ɡˊɞɚɞɔɘůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ŮűŬɟɛɧɕŮŰŬɘ ɞ ȷɀɆ ɔɘŬ ɜŬ 

ŬɜŰɚɖɗɞɨɜ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŰŮɢɜɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞ ŰŮɛɎɢɘɞ Cam plate Űɞ ɞˊɞɑɞ 

ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ ɛɖɢŬɜɐɠ diesel ŬɡŰɞəɘɜɐŰɤɜ, ɛŮ ŬˊɩŰŮɟɞ ůəɞˊɧ Űɖ ůɢŮŭɑŬůɖ ɛɐŰɟŬɠ 

ůűɡɟɖɚɎŰɖůɖɠ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ Űɞɡ ŰŮɛŬɢɑɞɡ.  

ȿɧɔɤ Űɖɠ ůɨɜɗŮŰɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ ŰŮɛŬɢɑɞɡ Cam plate, ɖ ůɢŮŭɑŬůɖ Ůɜɧɠ Ŭˊɚɞɨ əŬɚɞɡˊɘɞɨ 

ůűɡɟɖɚɎŰɖůɖɠ ŭŮ ɛˊɞɟɞɨůŮ ɜŬ ɘəŬɜɞˊɞɘɐůŮɘ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ ůűɡɟɖɚɎŰɖůɖ Űɞɡ 

ŰŮɛŬɢɑɞɡ. ȰŰůɘ ɛŮɚŮŰɐɗɖəŮ ɞ ůɢŮŭɘŬůɛɧɠ ŭɨɞ əŬɚɞɡˊɘɩɜ ůűɡɟɖɚɎŰɖůɖɠ ŬəɟɘɓŮɑŬɠ ŰŬ ɞˊɞɑŬ 

ŭɘŬɛɞɟűɩɜɞɡɜ Űɞ ŰŮɛɎɢɘɞ ɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ůűɡɟɖɚɎŰɖůɖɠ. ɇɞ ˊɟɩŰɞ əŬɚɞɨˊɘ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑ Űɖ əŬŰŮɟɔŬůɑŬ ůŮ ɏɜŬ ůŰɎŭɘɞ ůűɡɟɖɚɎŰɖůɖɠ əŬɘ Űɞ ŭŮɨŰŮɟɞ ůŮ ŰɟɑŬ ůŰɎŭɘŬ. Ƀɘ ŭɨɞ 

ŭɘŬŭɘəŬůɑŮɠ ŬɡŰɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŭɘŬűɞɟŮŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ-ɛŮɘɞɜŮəŰɐɛŬŰŬ. ȸɎůŮɘ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ɛŮɚɏŰɖɠ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ ˊɞɡ ɏɔɘɜŮ, ŰŬ ŭɨɞ ŬɡŰɎ əŬɚɞɨˊɘŬ ɛˊɞɟɞɨɜ ɜŬ 

ŭɘŬɛɞɟűɩůɞɡɜ Űɞ ŰŮɛɎɢɘɞ Cam plate əŬɚɨˊŰɞɜŰŬɠ Űɘɠ ˊɞɘɞŰɘəɏɠ əŬɘ ɚŮɘŰɞɡɟɔɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ. 

ɆŰɞ ˊɟɩŰɞ ɛɏɟɞɠ (ȾŮűɎɚŬɘŬ1-4) ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ 

ůűɡɟɖɚɎŰɖůɖ əŬŰɖɔɞɟɘɞˊɞɘŮɑŰŬɘ ɓɎůŮɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬŰŮɟɔŬůɑŬɠ əŬɘ ɓɎůŮɘ Űɖɠ ŭɘɎŰŬɝɖɠ Űɤɜ 

əŬɚɞɡˊɘɩɜ. Ⱥˊɑůɖɠ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɑŬůɖɠ Űɤɜ əŬɚɞɡˊɘɩɜ ůűɡɟɖɚɎŰɖůɖɠ 

əŬɗɩɠ əŬɘ ɞɘ ˊɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ ɜŬ Űɖɜ ŮˊɘŰɡɢɐ ŮűŬɟɛɞɔɐ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ ŬəɟɘɓŮɑŬɠ əɚŮɘůŰɐɠ 

ɛɐŰɟŬɠ. ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ ŬɜŬɚɨŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ ȷɀɆ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɘ ŰŬ ˊŮŭɑŬ 

ŮűŬɟɛɞɔɐɠ, ɞɘ űɎůŮɘɠ əŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɡŰɐɠ. ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ 

ˊŮɟɘɔɟŬűɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ŰɟɘůŭɘɎůŰŬŰɖɠ ůɎɟɤůɖɠ əŬɗɩɠ Ůˊɑůɖɠ ɔɑɜŮŰŬɘ əŬɘ ɛɘŬ ŬɜŬűɞɟɎ 

ůŰɘɠ əɨɟɘŮɠ ŰŮɢɜɘəɏɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ. ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɖ 

ɢɟɐůɖ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŰŮɛŬɢɑɞɡ Cam plate, ůŰɞ ɞˊɞɑɞ ŮűŬɟɛɧůŰɖəŮ ɞ ŬɜŰɑůŰɟɞűɞɠ 

ɛɖɢŬɜɞɚɞɔɘəɧɠ ůɢŮŭɘŬůɛɧɠ. Ⱥˊɑůɖɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ˊŬəɏŰŬ ɚɞɔɘůɛɘəɞɨ ñMeshLabò, 

ñSolidWorksò əŬɘ ñSimufact.formingò, ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

ɆŰɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ (ȾŮűɎɚŬɘŬ 5-8) Űɖɠ ŮɟɔŬůɑŬɠ ɔɑɜŮŰŬɘ ˊŬɟɞɡůɑŬůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ 

ŬɜŰɑůŰɟɞűɞɡ ɛɖɢŬɜɞɚɞɔɘəɞɨ ůɢŮŭɘŬůɛɞɨ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞ ŰŮɛɎɢɘɞ Cam plate. 

ȷɜŬɚɡŰɘəɧŰŮɟŬ, ůŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ˊŮɟɘɔɟŬűɐ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ 
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ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ŬˊɧəŰɖůɖ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ŰŮɛŬɢɑɞɡ ɛŮ Űɖ ŰŮɢɜɘəɐ Űɖɠ 

ŰɟɘůŭɘɎůŰŬŰɖɠ ůɎɟɤůɖɠ ŭɞɛɖɛɏɜɞɡ űɤŰɧɠ. ɆŰɖ ůɡɜɏɢŮɘŬ,  ɏɔɘɜŮ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ŬɡŰɩɜ ůŰɞ ɚɞɔɘůɛɘəɧ MeshLab. Ⱥˊɘˊɚɏɞɜ, ůŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓɐɛŬŰŬ ˊɞɡ 

ŬəɞɚɞɡɗɐɗɖəŬɜ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ əŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɛɐŰɟŬɠ ůŰɞ 

Solidworks (ɚɞɔɘůɛɘəɧ CAD). ɆŰɞ ɏəŰɞ əŮűɎɚŬɘɞ ɛŮɚŮŰɩɜŰŬɘ ŰŬ ŭɨɞ əŬɚɞɨˊɘŬ ůűɡɟɖɚɎŰɖůɖɠ 

əɚŮɘůŰɐɠ ɛɐŰɟŬɠ ŬəɟɘɓŮɑŬɠ, ŰŬ ɞˊɞɑŬ ůɢŮŭɘŬůŰɐəŬɜ ɔɘŬ Űɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ ŰŮɛŬɢɑɞɡ Cam plate. 

ɇɞ ˊɟɩŰɞ əŬɚɞɨˊɘ ůɢŮŭɘɎůŰɖəŮ ɏŰůɘ ɩůŰŮ ɖ əŬŰŮɟɔŬůɑŬ ɜŬ ŮəŰŮɚŮɑŰŬɘ ůŮ ɏɜŬ ůŰɎŭɘɞ ŭɘŬɛɧɟűɤůɖɠ, 

Ůɜɩ Űɞ ŭŮɨŰŮɟɞ əŬɚɞɨˊɘ ůɢŮŭɘɎůŰɖəŮ ɏŰůɘ ɩůŰŮ ɖ əŬŰŮɟɔŬůɑŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ŰɟɑŬ ůŰɎŭɘŬ. 

ɆŰɞ ɏɓŭɞɛɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ Űɞɡ ŰŮɛŬɢɑɞɡ ůŰɞ ɚɞɔɘůɛɘəɧ 

Simufact (CAE) ɔɘŬ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ əŬɚɞɡˊɘɩɜ ˊɞɡ ůɢŮŭɘɎůŰɖəŬɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ɟɡɗɛɑůŮɘɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɞ ɚɞɔɘůɛɘəɧ əŬɗɩɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ˊɟɞůɞɛɞɘɩůŮɤɜ. ɆŰɞ ɧɔŭɞɞ əŮűɎɚŬɘɞ ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖ ɛŮɚɏŰɖ ˊɞɡ ɏɔɘɜŮ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ.  
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əŬɚɞɡˊɘɩɜ əŬɘ Űɞɡ ŰŮɛŬɢɑɞɡ Cam plate,  əŬɗɩɠ əŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡɚɘəɩɜ Űɞɡ ŰŮɛŬɢɑɞɡ əŬɘ Űɤɜ 
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ABSTRACT 

 

Aim of the present thesis is to study the process of Reverse Engineering of precision forging die 

for the production of a workpiece with non-conventional geometry as defined by modern 

engineering practices. 

Reverse Engineering (RE) is an integrated technological methodology which aims to extract design 

information from a physical object in order to reproduce it in digital 3D form within a computing 

environment. In this thesis the RE is applied in order to extract the necessary technical data 

describing the Cam plate piece, which is a diesel engine part, with the ultimate aim of designing a 

precision forging die for its production. 

Due to the non-conventional geometry of the Cam plate piece, the design of a simple forging die 

could not satisfy the conditions for the successful forging of the piece. Hence, the design of two 

precision forging dies, which form the piece with two different forging processes, was studied. The 

first die can be used for a single-step forging process, while the second die can be used for three-

step forging. The two processes have different advantages and disadvantages. Based on the 

results of the simulations that were studied, both dies can form the Cam plate piece, satisfying its 

qualitative and functional requirements. 

In the first part (Chapters 1-4) the theoretical background of the present thesis is presented. In the 

first chapter the process of forging is described. In particular, the forging is categorized based on 

the process temperature and the configuration of the dies. Furthermore, the design parameters of 

the forging dies and the conditions for the successful implementation of precision closed-die 

forging are described. In the second chapter the process of reverse engineering is analyzed and 

in this context the application fields, the phases and the flow chart of this process are developed. 

In the third chapter the process of the three-dimensional scanning is described and the main 

techniques of this process are presented. In the fourth chapter the use and operation of the cam 

plate piece, on which the inverse mechanical design was applied, are described. Moreover, the 

software packages "MeshLab", "SolidWorks" and "Simufact.forming", which were used in the 

present thesis, are presented in detail. 

In the second part (Chapters 5-8) of the thesis the application of reverse engineering on the cam 

plate part is presented. Specifically, in the fifth chapter the experimental procedure applied for the 

acquisition of geometrical data of the workpiece with the technique of structured light 3D-scanning 

as well as the subsequent processing of the data in MeshLab software are described. Moreover, 

in the fifth chapter the steps for the modeling of the workpiece and for the design of the die in 

Solidworks (CAD program) are presented. In the sixth chapter two cases of a precision forging die 

are studied. Both dies were designed for the forming of cam plate piece. The first die was designed 
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in order to complete the forging process in one step, while the second die was designed so that 

the forging is carried out in three forming steps. In the seventh chapter the simulation of the forging 

of the workpiece was conducted using the software Simufact (CAE) for both of the dies that were 

designed. Specifically, the settings that were defined in the program and the results of the 

simulations are described. In the eighth chapter the main observations and conclusions of the 

present thesis are presented. 

Finally, the material properties the technical drawings for the cam plate piece, for the workpiece 

and for the parts that constitute the dies are presented in the annexes. The bibliographical 

references which were used in this thesis are also listed in the annexes.   
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ȾȺūȷȿȷȽɃ 1:     ɆūɈɅȼȿȷɇȼɆȼ 

 

1.1 ɃɅȽɆɀɃɆ ï ɄȺɅȽũɅȷūȼ ɇȼɆ ȹȽȷȹȽȾȷɆȽȷɆ 

ȼ ůűɡɟɖɚɎŰɖůɖ ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ əŬŰŮɟɔŬůɑŮɠ Űɞɡ ůɡɛˊŬɔɞɨɠ ɡɚɘəɞɨ [1], əŬɘ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ ɛɘŬɠ ɛŮŰŬɚɚɘəɐɠ ɛˊɘɔɏŰŬɠ ɐ Ůɜɧɠ ˊɟɞŭɘŬɛɞɟűɤɛɏɜɞɡ ŰŮɛŬɢɑɞɡ 

ɛŮŰŬɝɨ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ŰɛɖɛɎŰɤɜ əŬɚɞɡˊɘɩɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɖűɗŮɑ Űɞ ŰŮɚɘəɧ ŰŮɛɎɢɘɞ [2]. 

ȼ ˊɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ Űɞɡ ŰŮɛŬɢɑɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ Ɏůəɖůɖ ɗɚɘˊŰɘəɩɜ űɞɟŰɑɤɜ Ŭˊɧ Űɞ 

ŮɟɔŬɚŮɑɞ ůűɡɟɖɚɎŰɖůɖɠ (ɛɐŰɟŬ). ȺűŬɟɛɧɕŮŰŬɘ ůŮ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ɛŮɔɏɗɞɡɠ əŬɘ ůɢɐɛŬŰɞɠ 

ŰŮɛŬɢɑɤɜ əŬɘ Ŭˊɧ ˊɞɘəɘɚɑŬ ɡɚɘəɩɜ. ɇɡˊɘəɎ ůűɡɟɐɚŬŰŬ ˊɟɞɥɧɜŰŬ ŮɑɜŬɘ: ŮəəŮɜŰɟɞűɧɟɞɘ ɎɝɞɜŮɠ, 

ŭɘɤůŰɐɟŮɠ, ɢŮɘɟɞŰɟɞɢɞɑ, ɞŭɞɜŰɤŰɞɑ Űɟɞɢɞɑ, ɐɚɞɘ, ŮɟɔŬɚŮɑŬ ɢŮɘɟɧɠ, ˊŰŮɟɨɔɘŬ Ůɚɑəɤɜ əɚˊ.. ɆŰɞ 

ɆɢɐɛŬ.1.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ůűɡɟɖɚɎŰɖůɖɠ. [3] 

ȹɡɜŬŰɧŰɖŰŬ ůűɡɟɖɚɎŰɖůɖɠ (Forgability) Ůɜɧɠ ɛŮŰɎɚɚɞɡ ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰɎ Űɞɡ ɜŬ 

ˊŬɟŬɛɞɟűɩɜŮŰŬɘ ˊɚŬůŰɘəɎ ůŮ ɞɟɘůɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ, ɢɤɟɑɠ 

ŬůŰɞɢɑŬ [1]. ũɘŬ Űɞɜ ůɡɜɞɚɘəɧ ɢŬɟŬəŰɖɟɘůɛɧ Űɖɠ əŬŰŮɟɔŬůɘɛɧŰɖŰŬɠ ůɡɜŮəŰɘɛɩɜŰŬɘ ɞɘ Ůɝɐɠ ɘŭɘɧŰɖŰŮɠ 

Űɞɡ ˊɟɞɠ əŬŰŮɟɔŬůɑŬ ɡɚɘəɞɨ: ɞɚəɘɛɧŰɖŰŬ, ŬɜŰɞɢɐ, ŬˊŬɘŰɞɨɛŮɜɖ ɗŮɟɛɞəɟŬůɑŬ əŬŰŮɟɔŬůɑŬɠ, 

ůɡɛˊŮɟɘűɞɟɎ ɏɜŬɜŰɘ Űɟɘɓɐɠ əŬɘ ˊɞɘɧŰɖŰŬ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ. ɇɖɜ ɡɣɖɚɧŰŮɟɖ əŬŰŮɟɔŬůɘɛɧŰɖŰŬ 

ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ (Al), ɛŬɔɜɖůɑɞɡ (Mg), ɢŬɚəɞɨ (Cu) Ŭəɞɚɞɡɗɞɨɜ ɞɘ ŮɚŬűɟɎ 

əɟŬɛŬŰɤɛɏɜɞɘ ŬɜɗɟŬəɞɢɎɚɡɓŮɠ, ɞɘ ŬɜɞɝŮɑŭɤŰɞɘ ɢɎɚɡɓŮɠ əŬɘ ŰŬ əɟɎɛŬŰŬ ŰɘŰŬɜɑɞɡ (Ti) Ůɜɩ ɛɘəɟɐ 

əŬŰŮɟɔŬůɘɛɧŰɖŰŬ ɏɢɞɡɜ ŰŬ əɟɎɛŬŰŬ ɜɘəŮɚɑɞɡ (Ni), ɓɞɚűŬɛɑɞɡ (W) əŬɘ ɓɖɟɡɚɚɑɞɡ (Be). [3] 

1.2 ɇȷɂȽɁɃɀȼɆȼ ȾȷɇȺɅũȷɆȽɋɁ ɆūɈɅȼȿȷɇȼɆȼɆ ȸȷɆȺȽ ɇȼɆ ŪȺɅɀɃȾɅȷɆȽȷɆ 

ȾȷɇȺɅũȷɆȽȷɆ 

ȼ ůűɡɟɖɚɎŰɖůɖ ɚŬɛɓɎɜŮɘ ɢɩɟŬ Ůɜ ɣɡɢɟɩ əŬɘ ůŮ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. ɀɘŬ ɢɞɜŭɟɘəɐ 

ŰŬɝɘɜɧɛɖůɖ ɓɎůŮɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬŰŮɟɔŬůɑŬɠ (ɧˊɞɡ ɇm Űɞ ůɖɛŮɑɞ ŰɐɝŮɤɠ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ 

ɡɚɘəɞɨ) ŮɑɜŬɘ ɖ ˊŬɟŬəɎŰɤ [3]: 

¶ Ɋɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ: ɇ < 0,3ɇm  

¶ ȼɛɑɗŮɟɛɖ ůűɡɟɖɚɎŰɖůɖ: 0,3ɇm < ɇ < 0,5ɇm 

¶ ŪŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ: ɇ > 0,5ɇm  

ɆŰɘɠ ˊŬɟŬˊɎɜɤ əŬŰɖɔɞɟɑŮɠ ůűɡɟɖɚɎŰɖůɖɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŰŮɗŮɑ əŬɘ ɖ ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ, 

ɧˊɞɡ ɞɘ ɛɐŰɟŮɠ ɗŮɟɛŬɑɜɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ɗŮɟɛɞəɟŬůɑŬ ɛŮ Űɞ əŬŰŮɟɔŬɕɧɛŮɜɞ ŰŮɛɎɢɘɞ. [2] 

Ƀɘ ˊŬɟŬˊɎɜɤ Űɨˊɞɘ əŬŰŮɟɔŬůɘɩɜ əŬɘ ŰŬ əɡɟɘɧŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ 

ůŰɘɠ ˊŬɟŬəɎŰɤ ɈˊɞəŬűɎɚŬɘŬ (1.2.1, 1.2.2, 1.2.3, 1.2.4, 1.2.5 əŬɘ 1.2.6). 
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ɆɢɐɛŬ 1.1: ȾŬŰŮɟɔŬůɑŮɠ ůűɡɟɖɚɎŰɖůɖɠ: (Ŭ) ȾŬŰŮɟɔŬůɑŬ Űɨˊɤůɖɠ ɜɞɛɘůɛɎŰɤɜ, (ɓ) ȹɘŬɛɧɟűɤůɖ əŮűŬɚɐɠ 
ɐɚɤɜ əŬɘ əɞɢɚɘɩɜ, (ɔ) ȹɘɎŰɟɖůɖ, (ŭ) ȹɘŬɛɧɟűɤůɖ ɛɞɟűɞŭɞəɞɨ, (Ů) ȾŬŰŮɟɔŬůɑŬ ŭɘŬˊɚɎŰɡɜůɖɠ ɐ ŭɘɎɜɞɘɝɖɠ 

ˊɚɐɛɜɖɠ, (ůŰ) ȹɘŬɛɧɟűɤůɖ Ɏəɟɞɡ [3] 
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1.2.1 ɊɈɉɅȼ ɆūɈɅȼȿȷɇȼɆȼ 

ɋɠ ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ  ɞɟɑɕŮŰŬɘ ɖ ŭɘŬɛɧɟűɤůɖ Ůɜɧɠ ɢɡŰɞɨ ɡɚɘəɞɨ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ 

ɢɤɟɑɠ Ŭɟɢɘəɐ ɗɏɟɛŬɜůɖ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ əɞɛɛŬŰɘɞɨ ɐ ɢɤɟɑɠ ɢɟɐůɖ ɗɏɟɛŬɜůɖɠ ůŮ ŮɜŭɘɎɛŮůŬ 

ůŰɎŭɘŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. ȼ ɣɡɢɟɐ Ůɝɩɗɖůɖ ŮɑɜŬɘ ɏɜŬɠ Ůɘŭɘəɧɠ Űɨˊɞɠ ůűɡɟɖɚɎŰɖůɖɠ ɧˊɞɡ Űɞ əɟɨɞ 

ɛɏŰŬɚɚɞ ɟɏŮɘ ˊɚŬůŰɘəɎ əɎŰɤ Ŭˊɧ ɗɚɘˊŰɘəɏɠ ŭɡɜɎɛŮɘɠ ůŮ ɛɑŬ ˊɞɘəɘɚɑŬ ůɢɖɛɎŰɤɜ. ɇŬ ůɢɐɛŬŰŬ ŬɡŰɎ 

ŮɑɜŬɘ ůɡɜɐɗɤɠ ŬɝɞɜɞůɡɛɛŮŰɟɘəɎ ɛŮ ůɢŮŰɘəɎ ɛɘəɟɎ ɛɖ ŬɝɞɜɞůɡɛɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. Ⱥˊɑůɖɠ, 

ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ çůűɡɟɖɚɎŰɖůɖ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ ɛŮ ˊɟɞŮɝɞɢɐè, ɖ əŬŰŮɟɔŬůɑŬ ŬɡŰɐ ŭŮ 

ŭɖɛɘɞɡɟɔŮɑ ŰŮɛɎɢɘɞ ɛŮ ˊɟɞŮɝɞɢɏɠ. Ƀɘ ɧɟɞɘ çɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖè əŬɘ çɣɡɢɟɐ Ůɝɩɗɖůɖè ůɡɢɜɎ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɛɞɘɓŬɑŬ ɔɘŬ ɜŬ ŮəűɟɎůɞɡɜ Űɘɠ ɑŭɘŮɠ ŭɘŬŭɘəŬůɑŮɠ, ɞɘ ɞˊɞɑŮɠ Ŭűɞɟɞɨɜ ɔɜɤůŰɏɠ 

ŭɘŬŭɘəŬůɑŮɠ ůűɡɟɖɚɎŰɖůɖɠ ɧˊɤɠ Ůɝɩɗɖůɖ, ůɡɛˊɑŮůɖ əŬɘ ŭɘɏɚŬůɖ ɛŮ ɞɚəɐ. Ƀɘ ŭɘŮɟɔŬůɑŮɠ ŬɡŰɏɠ 

ůɡɢɜɎ ŮəŰŮɚɞɨɜŰŬɘ ůŮ ɛɖɢŬɜɘəɏɠ əŬɘ ɡŭɟŬɡɚɘəɏɠ ˊɟɏůŮɠ. ɄɞɚɚɎ ůŰɎŭɘŬ ůɢɖɛŬŰɘůɛɞɨ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟŬɢɗŮɑ Űɞ ŰŮɚɘəɧ əɞɛɛɎŰɘ ɐ ɛɑŬ ůɢŮŰɘəɎ ˊŮɟɑˊɚɞəɖ ɔŮɤɛŮŰɟɑŬ, 

ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ ɏɜŬ ŬəŬŰɏɟɔŬůŰɞ əɞɛɛɎŰɘ ɐ ɛɑŬ ɛˊɘɔɏŰŬ Ŭˊɚɞɨ ůɢɐɛŬŰɞɠ. ɃɟɘůɛɏɜŮɠ ɓŬůɘəɏɠ 

ŰŮɢɜɘəɏɠ ɣɡɢɟɐɠ ůűɡɟɖɚɎŰɖůɖɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 1.2. ɀɏůɤ Ůɜɧɠ ůɡɜŭɡŬůɛɞɨ ŬɡŰɩɜ 

Űɤɜ ŰŮɢɜɘəɩɜ, ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗŮɑ ɏɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ŮɝŬɟŰɖɛɎŰɤɜ. ɀɏɢɟɘ ůŰɘɔɛɐɠ Űɞ 

ɛŮɔŬɚɨŰŮɟɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ Űɖɠ ɣɡɢɟɐɠ ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ɖ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ. ɋůŰɧůɞ, 

ɣɡɢɟɎ ůűɡɟɐɚŬŰŬ ŬɜŰɘəŮɑɛŮɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ ůŰɖɜ əŬŰŬůəŮɡɐ ˊɞŭɖɚɎŰɤɜ, 

ɛɞŰɞůɘəɚŮŰɩɜ əŬɘ ɔŮɤɟɔɘəɩɜ ɛɖɢŬɜɖɛɎŰɤɜ. [2] 

ȰɜŬ ůɨůŰɖɛŬ ɣɡɢɟɐɠ ůűɡɟɖɚɎŰɖůɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.3, ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŮɠ Űɘɠ 

ɛŮŰŬɓɚɖŰɏɠ Ůɘůɧŭɞɡ, ɧˊɤɠ Űɖɜ ɛˊɘɔɏŰŬ ɐ Űɞ əɞɛɛɎŰɘ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ (ɔŮɤɛŮŰɟɑŬ ɐ ɡɚɘəɧ), Űɞ 

ŮɟɔŬɚŮɑɞ-ɛɐŰɟŬ (ɔŮɤɛŮŰɟɑŬ əŬɘ ɡɚɘəɧ), Űɞ ɡɚɘəɧ Űɖɠ ŭɘŮˊɘűɎɜŮɘŬɠ ɛŮŰŬɝɨ Űɞɡ ŮɟɔŬɚŮɑɞɡ-ɛɐŰɟŬɠ əŬɘ 

Űɞɡ əŬŰŮɟɔɎůɘɛɞɡ ŰŮɛŬɢɑɞɡ, Űɖɜ ɛɖɢŬɜɘəɐ ɛŮɚɏŰɖ Űɖɠ ˊɚŬůŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ, Űɞɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ Ůɝɞˊɚɘůɛɧ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ, əŬɘ Űɏɚɞɠ Űɞ 

ŮɟɔɞůŰŬůɘŬəɧ ˊŮɟɘɓɎɚɚɞɜ ɧˊɞɡ ŭɘŮɝɎɔŮŰŬɘ ɖ əŬŰŮɟɔŬůɑŬ.  ȼ "ůɡůŰɖɛɘəɐ ˊɟɞůɏɔɔɘůɖ" ůŰɖɜ 

ůűɡɟɖɚɎŰɖůɖ ŮˊɘŰɟɏˊŮɘ Űɖ ɛŮɚɏŰɖ Űɤɜ ůɢɏůŮɤɜ Ůɘůɧŭɞɡ / Ůɝɧŭɞɡ əŬɗɩɠ əŬɘ Űɖɜ ɛŮɚɏŰɖ Űɖɠ 

ŮˊɑŭɟŬůɖɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ əŬɘ ůŰɖɜ ɞɘəɞɜɞɛɘəɐ 

ˊɚŮɡɟɎ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ɇɞ əɚŮɘŭɑ ɔɘŬ ɛɘŬ ŮˊɘŰɡɢɐ ŭɘŮɟɔŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ ɛŮŰŬɚɚɘəɞɨ əɞɛɛŬŰɘɞɨ, 

ŭɖɚŬŭɐ ɔɘŬ Űɖɜ ŬˊɧəŰɖůɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ůɢɐɛŬŰɞɠ əŬɘ ɘŭɘɞŰɐŰɤɜ, ŮɑɜŬɘ ɖ əŬŰŬɜɧɖůɖ əŬɘ ɞ ɏɚŮɔɢɞɠ 

Űɖɠ ɟɞɐɠ Űɞɡ ɛŮŰɎɚɚɞɡ. ȼ əŬŰŮɨɗɡɜůɖ Űɖɠ ɟɞɐɠ Űɞɡ ɛŮŰɎɚɚɞɡ, Űɞ ɛɏɔŮɗɞɠ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ, 

əŬɘ ɞɘ ůɢŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ŮˊɖɟŮɎɕɞɡɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɢɖɛŬŰɘɕɧɛŮɜɤɜ 

əɞɛɛŬŰɘɩɜ. ȼ ɟɞɐ Űɞɡ ɛŮŰɎɚɚɞɡ əŬɗɞɟɑɕŮɘ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ Űɧůɞ ɛŮ Űɖɜ 

Űɞˊɘəɐ ˊŬɟŬɛɧɟűɤůɖ, ɧůɞ əŬɘ ɛŮ Űɞ ůɢɖɛŬŰɘůɛɧ ŮɚŬŰŰɤɛɎŰɤɜ ɧˊɤɠ ɟɤɔɛɏɠ ɐ ˊŰɡɢɩůŮɘɠ  ˊɎɜɤ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ əɞɛɛŬŰɘɞɨ ɐ əɎŰɤ Ŭˊɧ ŬɡŰɐɜ. ȼ Űɞˊɘəɐ ɟɞɐ ɛŮŰɎɚɚɞɡ ɛŮ Űɖ ůŮɘɟɎ Űɖɠ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. [2] 
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ɆɢɐɛŬ 1.2: ȹɘɎűɞɟɞɘ Űɨˊɞɘ ŰŮɢɜɘəɩɜ ɣɡɢɟɐɠ ůűɡɟɖɚɎŰɖůɖɠ (Ůɝɩɗɖůɖɠ) (P, ɏɛɓɞɚɞ; C, ˊɚŬɑůɘɞ-ŭɞɢŮɑɞ 
ůɡɔəɟɎŰɖůɖɠ; W, əŬŰŮɟɔŬɕɧɛŮɜɞ ŰŮɛɎɢɘɞ; E, ŬˊɞɓɞɚɏŬɠ) [2] 

 

 

ɆɢɐɛŬ 1.3: ȼ çůɡůŰɖɛɘəɐè ˊɟɞůɏɔɔɘůɖ Űɖɠ ɣɡɢɟɐɠ ůűɡɟɖɚɎŰɖůɖɠ (1 - ɛˊɘɔɘɏŰŬ, 2 - ɛɐŰɟŬ, 3 - ŭɘŮˊɘűɎɜŮɘŬ 
ɛŮŰŬɝɨ Űɖɠ ɛɐŰɟŬɠ əŬɘ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ, 4 - ɕɩɜɖ/ɏɟɔɞ ˊŬɟŬɛɧɟűɤůɖɠ, 5 - Ůɝɞˊɚɘůɛɧɠ, 6 - 

ŰŮɚɘəɧ ˊɟɞɥɧɜ, 7 - ŮɟɔɞůŰŬůɘŬəɧ ˊŮɟɘɓɎɚɚɞɜ) [2] 
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ɈɚɘəɎ ɣɡɢɟɐɠ ůűɡɟɖɚɎŰɖůɖ 

ȳɚŬ ŰŬ ɛɏŰŬɚɚŬ ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɚəɘɛɧŰɖŰŬ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ. ȷɡŰɐ ɖ ɞɛɎŭŬ ɛŮŰɎɚɚɤɜ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ 

ɢɎɚɡɓŮɠ əŬɘ Ŭˊɧ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ. ɋůŰɧůɞ, ŰŬ əɟɎɛŬŰŬ ɢŬɚəɞɨ, ɣŮɡŭŬɟɔɨɟɞɡ, əŬůůɑŰŮɟɞɡ, 

ŰɘŰŬɜɑɞɡ, ɓɖɟɡɚɚɑɞɡ, əŬɘ ɜɘəŮɚɑɞɡ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ 

ɔɘŬ Ůɘŭɘəɏɠ ŮűŬɟɛɞɔɏɠ. [2] 

ɃɟɘůɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ɢɎɚɡɓɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŰŮɛŬɢɑɤɜ 

ɣɡɢɟɐɠ Ůɝɩɗɖůɖɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ [2]:  

¶ ȺˊɘűŬɜŮɘŬəɎ ůəɚɖɟɡɛɏɜɞɘ ɢɎɚɡɓŮɠ: ɛɖ əɟŬɛŬŰɞˊɞɘɖɛɏɜɞɘ əŬɘ əɟŬɛŬŰɞˊɞɘɖɛɏɜɞɘ 

¶ ŪŮɟɛɘəɎ əŬŰŮɟɔɎůɘɛɞɘ ɢɎɚɡɓŮɠ: ɛɖ əɟŬɛŬŰɞˊɞɘɖɛɏɜɞɘ əŬɘ əɟŬɛŬŰɞˊɞɘɖɛɏɜɞɘ 

¶ ȷɜɞɝŮɑŭɤŰɞɘ ɢɎɚɡɓŮɠ: ˊŮɟɚɘŰɘəɞɑ əŬɘ ɤůŰŮɜɘŰɘəɞɑ 

Ƀɘ ŬɜɞɝŮɑŭɤŰɞɘ ɢɎɚɡɓŮɠ ůɡɜɐɗɤɠ ŭŮɜ ůűɡɟɖɚŬŰɞɨɜŰŬɘ ŮɨəɞɚŬ. ȺɘŭɘəɎ, ɖ ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ 

ɤůŰŮɜɘŰɘəɩɜ ɐ ɤůŰŮɜɘŰɘəɩɜ-űŮɟɟɘŰɘəɩɜ ɢɎɚɡɓɤɜ ŬˊŬɘŰŮɑ ɡɣɖɚɏɠ ŭɡɜɎɛŮɘɠ əŬɘ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ Ŭˊɧ 

Űɞ ŮɟɔŬɚŮɑɞ-ɛɐŰɟŬ. Ⱥˊɘˊɚɏɞɜ, ŰŬ ɡɚɘəɎ ŬɡŰɎ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ɚɘˊŬɜɗɞɨɜ. ɇɏɚɞɠ, ɖ ɣɡɢɟɐ 

ůűɡɟɖɚɎŰɖůɖ ŬɜɞɝŮɑŭɤŰɤɜ ɢɎɚɡɓɤɜ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ˊŮɟɘɞɟɑɕŮŰŬɘ ɚɧɔɤ ɏɚɚŮɘɣɖɠ 

ˊɚɖɟɞűɧɟɖůɖɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɡɚɘəɞɨ. [2] 

ɃɟɘůɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ əɟŬɛɎŰɤɜ Ŭɚɞɡɛɘɜɑɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɖɜ ɣɡɢɟɐ 

ůűɡɟɖɚɎŰɖůɖ ŮɑɜŬɘ ŰŬ Ůɝɐɠ [2]:  

¶ ȾŬɗŬɟɎ ɐ ůɢŮŭɧɜ əŬɗŬɟɎ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ 

¶ ɀɖ ůəɚɖɟɡɜɧɛŮɜŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ 

¶ ɆəɚɖɟɡɜɧɛŮɜŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ 

Ⱥˊɑůɖɠ, Űɞ Ŭɚɞɡɛɑɜɘɞ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ůŮ ůɢɏůɖ ɛŮ Űɞ ɢɎɚɡɓŬ ɔɘŬ 

Űɖɜ Ůɝɞɘəɞɜɧɛɖůɖ ɓɎɟɞɡɠ. 

ɇŬ ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ ˊŬɟɏɢɞɜŰŬɘ ɤɠ ɢɞɜŭɟɞůɨɟɛŬŰŬ əŬɗɩɠ 

əŬɘ ůŰɖ ɛɞɟűɐ əɞɛɛɏɜɤɜ ɛˊɘɔɏŰɤɜ. Ƀɘ ŭɘŬůŰɎůŮɘɠ, Űɞ ɓɎɟɞɠ əŬɘ Űɞ űɘɜɑɟɘůɛŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ  

ɛˊɘɔɏŰŬɠ ɐ ɔŮɜɘəɎ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ əɞɛɛŬŰɘɞɨ ˊɟɏˊŮɘ ɜŬ ŮɚɏɔɢɞɜŰŬɘ ůŰŮɜɎ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɘŬŰɖɟɖɗɞɨɜ ɞɘ Ŭɜɞɢɏɠ ŭɘŬůŰɎůŮɤɜ ůŰɞ ɣɡɢɟɎ ůűɡɟɖɚŬŰɧɛŮɜɞ əɞɛɛɎŰɘ əŬɗɩɠ əŬɘ ɜŬ ŬˊɞűŮɡɢɗŮɑ 

ɖ ɡˊŮɟɓɞɚɘəɐ űɧɟŰɤůɖ Űɖɠ ˊɟɏůŬɠ ůűɡɟɖɚɎŰɖůɖɠ əŬɘ Űɤɜ əŬɚɞɡˊɘɩɜ. [2] 
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1.2.2 ȼɀȽŪȺɅɀȼ ɆūɈɅȼȿȷɇȼɆȼ 

ɆŰɖ ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ ŰŮɛŬɢɑɤɜ ɛŮ ůɢŮŰɘəɎ ˊɞɚɨˊɚɞəŮɠ ɔŮɤɛŮŰɟɑŮɠ əŬɘ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɡɣɖɚɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɎɜɗɟŬəŬ əŬɘ ůŮ əɟɎɛŬŰŬ ɢɎɚɡɓŬ, ɞɘ ˊɘɏůŮɘɠ ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ 

ɡɣɖɚɏɠ Ůɜɩ  ɖ ɞɚəɘɛɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ ŮɑɜŬɘ ɢŬɛɖɚɐ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛɘəɟɐ ŭɘɎɟəŮɘŬ 

ɕɤɐɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ-ɛɐŰɟŬɠ. Ⱥˊɘˊɚɏɞɜ, ŰŬ ŮɚŬŰŰɩɛŬŰŬ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ůűɡɟɖɚɎŰɖůɖɠ ɛŮɘɩɜɞɡɜ Űɖ ɢɟɐůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ɣɡɢɟɐɠ ůűɡɟɖɚɎŰɖůɖɠ Ŭˊɧ ɞɘəɞɜɞɛɘəɐ 

ůəɞˊɘɎ. [2] 

ȾŬŰɎ ůɡɜɏˊŮɘŬ, ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ɖ ɖɛɑɗŮɟɛɖ ůűɡɟɖɚɎŰɖůɖ, ŭɖɚŬŭɐ, ɖ ůűɡɟɖɚɎŰɖůɖ 

ɛˊɘɔɏŰŬɠ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ əɎŰɤ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ 

ɛŮ ůəɞˊɧ ɜŬ ɛŮɘɤɗŮɑ ɖ ŰɎůɖ ɟɞɐɠ əŬɘ ɞɘ ˊɘɏůŮɘɠ əŬŰɎ Űɖ ůűɡɟɖɚɎŰɖůɖ [4].  ɆŰɖɜ ɖɛɑɗŮɟɛɖ 

ůűɡɟɖɚɎŰɖůɖ, ɞɘ ɢɎɚɡɓŮɠ ůɡɜɐɗɤɠ ɗŮɟɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŭɤɛŬŰɑɞɡ əŬɘ Űɖɠ 

ůɡɜɐɗɞɡɠ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ůűɡɟɖɚɎŰɖůɖɠ. ɇɞ ůɨɜɖɗŮɠ ɗŮɟɛɞəɟŬůɘŬəɧ ˊŮŭɑɞ ŭɘŬəɨɛŬɜůɖɠ 

ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ Ŭˊɧ 1110 ɏɤɠ 1650 ɞF (600 ɏɤɠ 900 ɞC). ȺɝŬɑɟŮůɖ ŬˊɞŰŮɚŮɑ ɖ ɖɛɑɗŮɟɛɖ 

ůűɡɟɖɚɎŰɖůɖ Űɤɜ ɤůŰŮɜɘŰɘəɩɜ ŬɜɞɝŮɑŭɤŰɤɜ ɢŬɚɨɓɤɜ, ɞɘ ɞˊɞɑɞɘ ůɡɜɐɗɤɠ ůűɡɟɖɚŬŰɞɨɜŰŬɘ ůŮ ɏɜŬ 

Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛŮŰŬɝɨ 390 əŬɘ 570 ɞF (200 əŬɘ 300 ɞC). ɀɏɢɟɘ ůŰɘɔɛɐɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊŮŭɑɞ 

ŮűŬɟɛɞɔɐɠ Űɖɠ ɖɛɑɗŮɟɛɖɠ ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ɖ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ. [2] 

ȼ ɖɛɑɗŮɟɛɖ ůűɡɟɖɚɎŰɖůɖ ɛˊɞɟŮɑ ɜŬ ŮɟɛɖɜŮɡɗŮɑ Ůɡɟɏɤɠ ɤɠ ɛɑŬ ɗŮɟɛɞɛɖɢŬɜɘəɐ ŭɘŮɟɔŬůɑŬ ůŮ 

ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɡɣɖɚɧŰŮɟɖ ŬɜŰɞɢɐ Űɞɡ ůűɡɟɖɚŬŰɞɨɛŮɜɞɡ ŰŮɛŬɢɑɞɡ, 

ɡɣɖɚɧŰŮɟɖ ŬəɟɑɓŮɘŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ əŬɘ ɓŮɚŰɘɤɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŰŮɚɘəɞɨ 

ŰŮɛŬɢɑɞɡ ɛɏůɤ Űɖɠ ŮəɚɏˊŰɡɜůɖɠ Űɤɜ əɧəəɤɜ. Ⱥˊɘˊɚɏɞɜ, ɘŭɘŬɑŰŮɟŬ ůŮ ɢɎɚɡɓŮɠ ɛŮ ɡɣɖɚɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ əɟɎɛŬŰŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɑɤůɖ Űɖɠ ŰɎůɖɠ ɟɞɐɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŰɎůŮɘɠ ůŰɖ 

ɛɐŰɟŬ əŬɘ ŰŬ űɞɟŰɑŬ ůűɡɟɖɚɎŰɖůɖɠ ɜŬ ɛŮɘɩɜɞɜŰŬɘ. ȷəɧɛɖ, ɖ ɛŮɔŬɚɨŰŮɟɖ ɞɚəɘɛɧŰɖŰŬ Űɞɡ 

ůűɡɟɖɚŬŰɖɛɏɜɞɡ ŰŮɛŬɢɑɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ůűɡɟɖɚɎŰɖůɖ ŰŮɛŬɢɑɤɜ ɛŮ ˊɘɞ ˊŮɟɑˊɚɞəŮɠ ɔŮɤɛŮŰɟɑŮɠ. 

ɇɏɚɞɠ, ɖ ɛŮɑɤůɖ ůŰɖ ůəɚɐɟɡɜůɖ ɚɧɔɤ ˊŬɟŬɛɧɟűɤůɖɠ ɛˊɞɟŮɑ ɜŬ ɛŮɘɩůŮɘ Űɞɜ Ŭɟɘɗɛɧ ŭɘŮɟɔŬůɘɩɜ 

ůɢɖɛŬŰɘůɛɞɨ əŬɘ ŬɜɧˊŰɖůɖɠ. [2] 

ȼ ɖɛɑɗŮɟɛɖ ůűɡɟɖɚɎŰɖůɖ ŬˊŬɘŰŮɑ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɓɏɚŰɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůűɡɟɖɚɎŰɖůɖɠ 

əŬɘ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ɚɘˊŬɜŰɘəɞɨ. ɋůŰɧůɞ, ɖ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ɚɘˊŬɜŰɘəɞɨ ɏɢŮɘ 

ŬˊɞŭŮɘɢŰŮɑ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɖ ŭɘŬŭɘəŬůɑŬ. Ƀ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ˊŮɟɘɞɟɑɕŮɘ Űɖ ɢɟɐůɖ Űɖɠ ɖɛɑɗŮɟɛɖɠ 

ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ɧŰɘ ɖ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŬɡŰɐɠ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ɓɟɑůəŮŰŬɘ ɡˊɧ 

ŬɜɎˊŰɡɝɖ, ɘŭɘŬɑŰŮɟŬ ɤɠ ˊɟɞɠ Űɞɡɠ ŰɞɛŮɑɠ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ, Űɖɠ ɚɑˊŬɜůɖɠ əŬɘ Űɤɜ 

ŮɟɔŬɚŮɑɤɜ-ɛɐŰɟŮɠ. ɇŬ ŮɟɔŬɚŮɑŬ-ɛɐŰɟŮɠ ɔɘŬ Űɖɜ ɖɛɑɗŮɟɛɖ ůűɡɟɖɚɎŰɖůɖ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ ŮəŮɑɜŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ əɟɨŬ ůűɡɟɖɚɎŰɖůɖ, ɛŮ əɎˊɞɘŮɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ 

ɛɐŰɟŬ ɏŰůɘ ɩůŰŮ ɜŬ ŮˊɘŰɟɏˊɞɜŰŬɘ ŬɡɝɖɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɖ ɣɨɝɖ Űɞɡ ŮůɤŰŮɟɘəɞɨ Űɖɠ ɛɐŰɟŬɠ əŬɘ 

ɞ ŬŮɟɘůɛɧɠ ɛɏůɤ ɣɡəŰɘəɩɜ ɛɏůɤɜ. [2] 
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1.2.3 ɄȿȺɃɁȺȾɇȼɀȷɇȷ ɊɈɉɅȼɆ ȾȷȽ ȼɀȽŪȺɅɀȼɆ ɆūɈɅȼȿȷɇȼɆȼɆ 

ȼ ɣɡɢɟɐ əŬɘ ɖ ɖɛɑɗŮɟɛɖ ůűɡɟɖɚɎŰɖůɖ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ůɖɛŬɜŰɘəɏɠ əŬɘ ɞɘəɞɜɞɛɘəɎ ůɡɛűɏɟɞɡůŮɠ 

ŭɘŮɟɔŬůɑŮɠ, ŮɘŭɘəɎ ɧůɞɜ ŬűɞɟɎ Űɖɜ ˊŬɟŬɔɤɔɐ ůŰɟɞɔɔɡɚɩɜ ɐ ůɢŮŭɧɜ ůŰɟɞɔɔɡɚɩɜ əɞɛɛŬŰɘɩɜ ůŮ 

ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ. ɃɟɘůɛɏɜŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ŭɘŮɟɔŬůɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ 

[2]:  

¶ ɡɣɖɚɧɠ ɟɡɗɛɧɠ ˊŬɟŬɔɤɔɐɠ 

¶ ŮɝŬɘɟŮŰɘəɐ ŬɜŰɞɢɐ ŭɘŬůŰɎůŮɤɜ əŬɘ űɘɜɑɟɘůɛŬ ŮˊɘűɎɜŮɘŬɠ ɔɘŬ ŰŬ ůűɡɟɖɚŬŰɎ əɞɛɛɎŰɘŬ 

¶ ůɖɛŬɜŰɘəɐ Ůɝɞɘəɞɜɧɛɖůɖ ůŰɞ ɡɚɘəɧ əŬɘ ůŰɖɜ əŬŰŮɟɔŬůɑŬ 

¶ ɡɣɖɚɧŰŮɟɖ ŮűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ ɧůɞɜ ŬűɞɟɎ Űɞ ůűɡɟɖɚŬŰɧ əɞɛɛɎŰɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɡɚɘəɧ 

Ŭɟɢɘəɧ ɡɚɘəɧ  

¶ Ůɡɜɞɥəɐ ɟɞɐ əɧəəɤɜ ɔɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ŬɜŰɞɢɐɠ 

 

1.2.4 ȽɆɃŪȺɅɀȽȾȼ ɆūɈɅȼȿȷɇȼɆȼ 

ȼ ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ, ɖ ɞˊɞɑŬ ɡɚɞˊɞɘŮɑŰŬɘ ůŮ ɡŭɟŬɡɚɘəɐ ˊɟɏůŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ 

ůŰɖɜ əŬŰŮɟɔŬůɑŬ ŰŮɛŬɢɑɤɜ ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŰɖɜ ŬŮɟɞŭɘŬůŰɖɛɘəɐ. ȷɜŬˊŰɨɢɗɖəŮ ɛŮ 

ůəɞˊɧ ɜŬ ˊŬɟɏɢŮɘ ɛɑŬ əŬɗŬɟɞɨ ůɢɐɛŬŰɞɠ ɔŮɤɛŮŰɟɑŬ ŰŮɛŬɢɑɤɜ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ 

əŬŰŮɟɔŬůɗɞɨɜ, əŬɘ əŬɚɎ ŮɚŮɔɢɧɛŮɜŮɠ ɛɘəɟɞŭɞɛɏɠ əŬɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɡůŰŬŰɘəɩɜ ɛŮ ŬəɟɘɓŮɑɠ 

Ůɚɏɔɢɞɡɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬŰŮɟɔŬůɑŬɠ əŬɘ Űɖɠ ŰŬɢɨŰɖŰŬɠ ˊŬɟŬɛɧɟűɤůɖɠ.  Ƀɘ ɛɐŰɟŮɠ 

ɗŮɟɛŬɑɜɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ɗŮɟɛɞəɟŬůɑŬ ɛŮ Űɞ ŰŮɛɎɢɘɞ ˊɟɞɠ əŬŰŮɟɔŬůɑŬ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ ŭɘŬɛɧɟűɤůɖ 

ŰŮɛŬɢɑɤɜ Ŭəɟɘɓɐɠ ɔŮɤɛŮŰɟɑŬɠ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ɢɟɐůɖ ɚɘɔɧŰŮɟɤɜ ˊɟɩŰɤɜ ɡɚɩɜ 

əŬɘ ŮɚɎɢɘůŰɤɜ ŭɘŮɟɔŬůɘɩɜ ɛŮŰɎ Űɖ ůűɡɟɖɚɎŰɖůɖ. ɋůŰɧůɞ, ɖ ŭɘŮɟɔŬůɑŬ ŬɡŰɐ ŬˊŬɘŰŮɑ ɛɘŬ ɛŮɔɎɚɖ 

Ŭɟɢɘəɐ Ůˊɏɜŭɡůɖ əŮűŬɚŬɑɞɡ ɔɘŬ Űɞɜ Ůɝɞˊɚɘůɛɧ. [2] 

ɀɘŬ ůŮ ɓɎɗɞɠ əŬŰŬɜɧɖůɖ Űɤɜ ˊɚŬůŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ůűɡɟɖɚŬŰɞɨɛŮɜɤɜ ɡɚɘəɩɜ ŮɑɜŬɘ ɘŭɘŬɘŰɏɟɤɠ 

əɟɑůɘɛɖ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ ɛɘŬɠ əŬŰŮɟɔŬůɑŬɠ ɘůɞɗŮɟɛɘəɐɠ ůűɡɟɖɚɎŰɖůɖɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɓɎůŮɘ 

ŬɡŰɐɠ ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ ɚɞɘˊɩɜ ůŰɞɘɢŮɑɤɜ, ɧˊɤɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ, Űɞɡ ɡɚɘəɞɨ Űɤɜ əŬɚɞɡˊɘɩɜ 

əŬɘ Űɤɜ ɚɘˊŬɜŰɘəɩɜ. [2] 

ɇŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ɔŮɜɘəɎ ůűɡɟɖɚŬŰɞɨɜŰŬɘ ɘůɞɗŮɟɛɘəɎ, əŬɗɩɠ ɞɘ ɛɐŰɟŮɠ ɗŮɟɛŬɑɜɞɜŰŬɘ ŮɨəɞɚŬ 

ůŰɞ ɑŭɘɞ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘɩɜ ɧˊɤɠ Űɞ əŬŰŮɟɔɎůɘɛɞ ɡɚɘəɧ (ˊŮɟɑˊɞɡ 800 ɞF ɐ 425 ɞC). ȾŬɗɩɠ ɖ 

ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ əɟŬɛɎŰɤɜ Ŭɚɞɡɛɘɜɑɞɡ ŮɑɜŬɘ ɛɘŬ ɐŭɖ ŬɜŮˊŰɡɔɛɏɜɖ ŭɘŮɟɔŬůɑŬ, ŮɑɜŬɘ 

ɞɟɗɧŰŮɟɞ ɜŬ ŮˊɘəŮɜŰɟɤɗɞɨɛŮ ůŮ əɟɎɛŬŰŬ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ɧˊɤɠ ŰɘŰŬɜɑɞɡ əŬɘ ɜɘəŮɚɑɞɡ. [2] 

ɆŰɖɜ ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ ŰɘŰŬɜɑɞɡ əŬɘ ɡˊŮɟəɟŬɛɎŰɤɜ ɓɎůŮɘ ɜɘəŮɚɑɞɡ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ 

ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɏɠ (1700 ɏɤɠ 2200 ɞF, ɐ 925 ɏɤɠ 1205 ɞC). ɇŬ ɡˊŮɟəɟɎɛŬŰŬ ɛŮ 



ȾȺūȷȿȷȽɃ 1: ɆūɈɅȼȿȷɇȼɆȼ 

   10 
 

ɓɎůŮɘ Űɞ ɜɘəɏɚɘɞ ŬɜŬˊŰɨɢɗɖəŬɜ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ɔɘŬ Ŭɡɝɖɛɏɜɖ 

ŬɜŰɞɢɐ ůŰɞɜ Ůɟˊɡůɛɧ. ɆɡɜŮˊɩɠ, ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ŮˊŮɝŮɟɔŬůŰɞɨɜ ůŮ ůűɡɟɐɚŬŰɖ ɛɞɟűɐ. ɇŬ ɢɡŰɎ 

ɛŮ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ əɟɎɛŬŰŬ əŬɘ ŰŬ ůűɡɟɐɚŬŰŬ ɡˊŮɟəɟɎɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɏɜŬ ˊɞɚɨ 

ůŰŮɜɧ ˊŮɟɘɗɩɟɘɞ ŮˊŮɝŮɟɔŬůɑŬɠ.  ɇŬ ɜɏŬ ɡɚɘəɎ əɞɜŮɞɛŮŰŬɚɚɞɡɟɔɑŬɠ (P/M) ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ Ŭəɧɛɖ 

ɡɣɖɚɧŰŮɟɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ əɟɎɛŬŰŬ, ˊŬɟɞɡůɘɎɕɞɡɜ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɖ ŮɡŬɘůɗɖůɑŬ ůŰɖ 

ɗŮɟɛɞəɟŬůɑŬ əŬɘ ůŰɖɜ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ əŬɘ ŬˊŬɘŰɞɨɜ ɡˊŮɟŮɚŬůŰɘəɏɠ ůɡɜɗɐəŮɠ 

ůűɡɟɖɚɎŰɖůɖɠ ɛŮ ɢŬɛɖɚɐ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ŬɜɎˊŰɡɝɖ 

ŬɜɩɛŬɚɖɠ ŭɞɛɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɗŮɟɛɘəɩɜ ŭɘŮɟɔŬůɘɩɜ ɛŮŰɎ Űɖɜ ůűɡɟɖɚɎŰɖůɖ. [2] 

ȼ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ ŮɑɜŬɘ ůɡɜɐɗɤɠ 

ɢŬɛɖɚɐ  ɏŰůɘ ɩůŰŮ ɜŬ ɛŮɘɤɗŮɑ ɖ ŬŭɘŬɓŬŰɘəɐ ɗɏɟɛŬɜůɖ,  ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɖ ɡˊŮɟŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

Űɞɡ ɡɚɘəɞɨ, əŬɘ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ˊɟɞɥɧɜŰɤɜ əɞɜŮɞɛŮŰŬɚɚɞɡɟɔɑŬɠ 

(P/M) ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ əɟɎɛŬŰŬ. ɆŰɖɜ ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ, ˊŬɟɧɚɞ 

ˊɞɡ ɖ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ ŮɑɜŬɘ ɢŬɛɖɚɐ əŬɘ ɞ ɢɟɧɜɞɠ ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ɛŮɔɎɚɞɠ, ŮɝŬɘŰɑŬɠ 

Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ ŰŬ əŬɚɞɨˊɘŬ ɗŮɟɛŬɑɜɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ əŬɘ ɑůɖ ɗŮɟɛɞəɟŬůɑŬ ɛŮ Űɞ ŰŮɛɎɢɘɞ 

ŮˊŮɝŮɟɔŬůɑŬɠ, ŭŮɜ ůɡɛɓŬɑɜŮɘ ɣɨɝɖ Űɤɜ əŬɚɞɡˊɘɩɜ ɧˊɤɠ ůŰɖ ůɡɛɓŬŰɘəɐ ůűɡɟɖɚɎŰɖůɖ. [2] 

ȳůɞɜ ŬűɞɟɎ ŰŬ ɡɚɘəɎ əŬɚɞɡˊɘɩɜ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɘůɞɗŮɟɛɘəɐɠ ůűɡɟɖɚɎŰɖůɖɠ ŰŬ 

ɡˊŮɟəɟɎɛɛŬŰŬ ɓɎůŮɘ ůɘŭɐɟɞɡ əŬɘ əɞɓŬɚŰɑɞɡ ɗŮɤɟɞɨɜŰŬɘ ŬəŬŰɎɚɚɖɚŬ ɤɠ ɡɚɘəɎ əŬɚɞɡˊɘɩɜ ɚɧɔɤ 

Űɖɠ ɢŬɛɖɚɐɠ ŬɜŰɞɢɐɠ ůŮ Ůɟˊɡůɛɧ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ Ɏɜɤ Űɤɜ  1500 ɞF (815 

ɞC). ȷɜŰɘɗɏŰɤɠ, ŰŬ ůűɡɟɐɚŬŰŬ ɡˊŮɟəɟɎɛŬŰŬ ɓɎůŮɘ ɜɘəŮɚɑɞɡ ŮɑɜŬɘ əŬŰɎɚɚɖɚŬ ɔɘŬ ɘůɞɗŮɟɛɘəɐ 

ůűɡɟɖɚɎŰɖůɖ əɟŬɛɎŰɤɜ ŰɘŰŬɜɑɞɡ ůŮ  ɗŮɟɛɞəɟŬůɑŬ ɑůɖ ɐ ɢŬɛɖɚɧŰŮɟɖ Űɤɜ 1700 ɞF (925 ɞC). ȷɡŰɧ 

ˊɞɡ əɎɜŮɘ ŬɡŰɎ ŰŬ ůűɡɟɐɚŬŰŬ ɡˊŮɟəɟɎɛŬŰŬ ɓɎůŮɘ ɜɘəŮɚɑɞɡ ŮɚəɡůŰɘəɎ ɤɠ ɡɚɘəɎ ɔɘŬ əŬɚɞɨˊɘŬ ŮɑɜŬɘ 

ɖ ŭɞɛɘəɐ Űɞɡɠ ŬəŮɟŬɘɧŰɖŰŬ əŬɗɩɠ əŬɘ ɧŰɘ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬŰɖɟɐůɞɡɜ Űɖ ŮɚŬůŰɘəɧŰɖŰŬ Űɞɡɠ ůŮ 

ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ Űɤɜ 1500-1700 ɞF (815 ɏɤɠ 925 ɞC). ɋůŰɧůɞ, ůŰɖɜ ˊɟɎɝɖ, ɖ ɗŮɟɛɞəɟŬůɑŬ 

Űɤɜ əŬɚɞɡˊɘɩɜ Ŭˊɧ ɡˊŮɟəɟɎɛŬŰŬ ɛŮ ɓɎůɖ Űɞ ɜɘəɏɚɘɞ ŭɘŬŰɖɟŮɑŰŬɘ ˊŮɟɑˊɞɡ ɑůɖ ɐ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ 

1650 ɞF (900 ɞC)  ɏŰůɘ ɩůŰŮ ɜŬ ˊŬɟŬŰŬɗŮɑ ɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɤɜ əŬɚɞɡˊɘɩɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɛŮɔɎɚɤɜ ůŮɘɟɩɜ ˊŬɟŬɔɤɔɐɠ. ɆɡɜŮˊɩɠ, ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɏɢɞɡɛŮ ɛɑŬ ůɢŮŭɧɜ ɘůɞɗŮɟɛɘəɐ 

ůűɡɟɖɚɎŰɖůɖ ŬɜŰɑ ɔɘŬ əŬɗŬɟɎ ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ. Ⱥˊɑůɖɠ, əŬɘ ŰŬ ɢɡŰɎ ɡˊŮɟəɟɎɛŬŰŬ ɛŮ 

ɓɎůɖ Űɞ ɜɘəɏɚɘɞ ŮɑɜŬɘ ŬˊɞŭŮɢŰɎ ɤɠ ɡɚɘəɎ ɔɘŬ ŰŬ əŬɚɞɨˊɘŬ. Ⱥˊɘˊɚɏɞɜ, ůŰɖɜ ɘůɞɗŮɟɛɘəɐ 

ůűɡɟɖɚɎŰɖůɖ ŰɘŰŬɜɑɞɡ əŬɘ ɡˊŮɟəɟŬɛɎŰɤɜ ɓɎůŮɘ ɜɘəŮɚɑɞɡ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ 

ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɏɠ (1700 ɏɤɠ 2200 ɞF, ɐ 925 ɏɤɠ 1205 ɞC), ɤɠ ɡɚɘəɎ ŮɟɔŬɚŮɑɤɜ-

ɛɐŰɟŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ ɡˊŮɟəɟɎɛŬŰŬ əŬɘ əɟɎɛŬŰŬ ɛɞɚɡɓŭŬɘɜɑɞɡ. ɇɞ əɨɟɘɞ ɛŮɘɞɜɏəŰɖɛŬ 

ŬɡŰɩɜ Űɤɜ əɟŬɛɎŰɤɜ ŮɑɜŬɘ ɧŰɘ ŮɑɜŬɘ ŮˊɘɟɟŮˊɐ ůŮ ŰŬɢŮɑŬ ɞɝŮɑŭɤůɖ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, 

ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ ŬɜŬɔəŬɑŬ Űɖɜ ɨˊŬɟɝɖ Ůɜɧɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŮɜɞɨ ɐ  Ůɜɧɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Ŭˊɧ 

ŬŭɟŬɜɐ ŬɏɟɘŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɡɝɎɜŮŰŬɘ ɖ Ŭɟɢɘəɐ Ůˊɏɜŭɡůɖ əŮűŬɚŬɑɞɡ Űɖɠ ɘůɞɗŮɟɛɘəɐɠ 

ůűɡɟɖɚɎŰɖůɖɠ. [2] 
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1.2.5 ŪȺɅɀȼ ɆūɈɅȼȿȷɇȼɆȼ 

ɆŰɖɜ ˊŬɟŬɔɤɔɐ ŮɝŬɟŰɖɛɎŰɤɜ ˊɞɡ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŰɖɜ ŬŮɟɞŭɘŬůŰɖɛɘəɐ, ŮəŰɧɠ Ŭˊɧ Űɖɜ 

ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ əŬɘ ɖ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ ůŮ ɡŭɟŬɡɚɘəɏɠ 

ˊɟɏůŮɠ. ȼ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ ɜŬ 

ɛŮɘɤɗŮɑ Űɞ Ŭɟɢɘəɧ əɧůŰɞɠ Ůˊɏɜŭɡůɖɠ. ɄŬɟɎɚɚɖɚŬ, ɧɛɤɠ, ɛŮɘɩɗɖəŬɜ ɞɘ ŬˊŬɘŰɐůŮɘɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ 

əŬɚɞɡˊɘɞɨ əŬɘ ůŮ ɘəŬɜɧŰɖŰŬ əŬɗŬɟɐɠ ɔŮɤɛŮŰɟɑŬɠ ůɢɐɛŬŰɞɠ. [2] 

Ƀɘ ɗŮɟɛɞəɟŬůɑŮɠ Űɤɜ əŬɚɞɡˊɘɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ ŮɑɜŬɘ ůɡɜɐɗɤɠ 

ɛŮɟɘəɏɠ ŮəŬŰɞɜŰɎŭŮɠ ɓŬɗɛɞɨɠ ɢŬɛɖɚɧŰŮɟŮɠ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ. 

ɋůŰɧůɞ, ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɤɜ əŬɚɞɡˊɘɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ 

ůɡɛɓŬŰɘəɐ ůűɡɟɖɚɎŰɖůɖ. ȼ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞ ɗŮɟɛɧ ɡɚɘəɧ ůŰŬ ɣɡɢɟɧŰŮɟŬ əŬɚɞɨˊɘŬ 

ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŰɖɜ ɣɨɝɖ Űɞɡ ŰŮɛŬɢɑɞɡ. ɆɡɜŮˊɩɠ, ŰŬ əŬɚɞɨˊɘŬ ůɡɜɐɗɤɠ ɗŮɟɛŬɑɜɞɜŰŬɘ ůŮ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ ˊŮɟɑˊɞɡ Ŭˊɧ 400 ɏɤɠ 800 ɞF (205 ɏɤɠ 425 ɞC) ɏŰůɘ ɩůŰŮ ɜŬ 

ɛŮɘɤɗŮɑ ɖ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ. ũɘŬ ɜŬ ŭɘŬŰɖɟɞɨɜŰŬɘ ŰŬ əŬɚɞɨˊɘŬ ůŮ ɛɘŬ ůŰŬɗŮɟɐ ɡɣɖɚɐ 

ɗŮɟɛɞəɟŬůɑŬ  ŬˊŬɘŰŮɑŰŬɘ ɖ ůɡɜŮɢɐɠ ɗɏɟɛŬɜůɖ ŬɡŰɩɜ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ůɡɜɐɗɤɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡůŰɐɛŬŰŬ ŮˊŬɔɤɔɐɠ, ŬɜŰɑůŰŬůɖɠ əŬɘ ŬəŰɘɜɞɓɞɚɑŬɠ. [2] 

ɇɧůɞ ůŰɖɜ ɘůɞɗŮɟɛɘəɐ ɧůɞ əŬɘ ůŰɖɜ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ, ɚɧɔɤ Űɤɜ ˊɞɚɨ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ 

Űɤɜ əŬɚɞɡˊɘɩɜ, ɖ Ůˊɘɚɞɔɐ Űɤɜ ɡɚɘəɩɜ ɛɐŰɟŬɠ ŮɑɜŬɘ ɏɜŬ ŮɝŬɘɟŮŰɘəɎ əɟɑůɘɛɞ əɞɛɛɎŰɘ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ůɢŮŭɘŬůɛɞɨ ůűɡɟɖɚɎŰɖůɖɠ. Ƀɘ ŭɘɎűɞɟɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ Ůˊɘɚɞɔɐɠ Űɤɜ ɡɚɘəɩɜ Űɤɜ əŬɚɞɡˊɘɩɜ ŮɑɜŬɘ ɖ ŬɜŰɞɢɐ ůŰɖ űɗɞɟɎ əŬɘ ůŰɞɜ Ůɟˊɡůɛɧ, ɖ 

ůəɚɖɟɧŰɖŰŬ ůŮ ɡˊŮɟɗɏɟɛŬɜůɖ əŬɘ ɖ ůɡɜɞɚɘəɐ ŭɞɛɘəɐ ŬəŮɟŬɘɧŰɖŰŬ. [2] 

ȳŰŬɜ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ɛɐŰɟŬɠ ŮɑɜŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ  ůŰɖ 

ůɡɛɓŬŰɘəɐ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛɘŬ ˊɞɘəɘɚɑŬ ŮɟɔŬɚŮɑɤɜ-ɛɐŰɟŮɠ 

Ŭˊɧ ɢɎɚɡɓŮɠ ɢŬɛɖɚɞɨ əɟɎɛŬŰɞɠ. ɋůŰɧůɞ, ŰŬ ůɡɛɓŬŰɘəɎ ɡɚɘəɎ əŬɚɞɡˊɘɩɜ ŭŮɜ ŮˊɘŰɟɏˊɞɡɜ Űɖ 

ɢɟɐůɖ ɗŮɟɛɞəɟŬůɘɩɜ ɡɣɖɚɧŰŮɟɤɜ Ŭˊɧ 800 ɞF (425 ɞC), əŬɗɩɠ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ ˊɎɜɤ Ŭˊɧ Űɞ 

ɧɟɘɞ ŬɡŰɧ ɢɎɜɞɡɜ Űɖ ŭɨɜŬɛɖ əŬɘ Űɖ ůəɚɖɟɧŰɖŰŬ Űɞɡɠ. ɆɡɜŮˊɩɠ, ɧŰŬɜ ůűɡɟɖɚŬŰɞɨɜŰŬɘ  ŰŮɛɎɢɘŬ 

Ŭˊɧ ŰɘŰɎɜɘɞ ɐ Ŭˊɧ əɟɎɛŬŰŬ ɓɎůŮɘ ɜɘəŮɚɑɞɡ, ɧˊɞɡ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ ŮɑɜŬɘ ůŰɖɜ əɚɑɛŬəŬ Ŭˊɧ 1500 

ɏɤɠ 2000 ɞF (815 ɏɤɠ 1095 ɞC), ŰɧŰŮ Űɞ Ůɨɟɞɠ ˊɞɘəɘɚɑŬɠ ɡɚɘəɩɜ ɔɘŬ ŰŬ əŬɚɞɨˊɘŬ ˊŮɟɘɞɟɑɕŮŰŬɘ əŬɘ 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ɡˊŮɟəɟɎɛŬŰŬ əŬɘ ˊɡɟɑɛŬɢŬ əɟɎɛŬŰŬ ɛŮŰɎɚɚɤɜ ɏɤɠ əŮɟŬɛɘəɎ. [5] 

ȼ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɛɑŬ ŰɎɝɖ ɛŮɔɏɗɞɡɠ ɡɣɖɚɧŰŮɟɖ 

Ŭˊɧ ŬɡŰɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ, ɛŮ ůəɞˊɧ ɜŬ ɛŮɘɤɗŮɑ ɖ ɣɨɝɖ Űɤɜ 

əŬɚɞɡˊɘɩɜ. ȿɧɔɤ Űɖɠ ɡɣɖɚɧŰŮɟɖɠ ŰŬɢɨŰɖŰŬɠ ˊŬɟŬɛɧɟűɤůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ ɗŮɟɛɐ 

ůűɡɟɖɚɎŰɖůɖ, ŰŬ ɡɚɘəɎ əɞɜŮɞɛŮŰŬɚɚɞɡɟɔɑŬɠ (P/M) ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ 

əɟɎɛŬŰŬ ŭŮ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŬɡŰɐ Űɖ ŭɘŮɟɔŬůɑŬ. ȷɜŰɘɗɏŰɤɠ, ůŰɖ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ ŰŬ əɟɎɛŬŰŬ ŰɘŰŬɜɑɞɡ əŬɘ ŰŬ ɢɡŰɎ əŬɘ ůűɡɟɐɚŬŰŬ ɡˊŮɟəɟɎɛŬŰŬ. ũŮɜɘəɎ, Űɞ 
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əŬŰŮɟɔŬɕɧɛŮɜɞ ŰŮɛɎɢɘɞ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɏɔŮŰŬɘ ɓɎůŮɘ Űɞɡ ɡɚɘəɞɨ, Űɖɠ ɛɘəɟɞŭɞɛɐɠ, Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ 

ɘŭɘɞŰɐŰɤɜ əŬɗɩɠ əŬɘ ɓɎůŮɘ ɞɘəɞɜɞɛɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ. [2] 

ɇɏɚɞɠ, əŬɗɩɠ ɖ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ əŮɜɧ / ŬŭɟŬɜɏɠ ˊŮɟɘɓɎɚɚɞɜ, Ŭɛɏůɤɠ 

ɛŮŰɎ Űɖɜ ůűɡɟɖɚɎŰɖůɖ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ɛɑŬ ɔɟɐɔɞɟɖ ŭɘŮɟɔŬůɑŬ ɣɨɝɖɠ ɧˊɤɠ ŬˊɧůɓŮůɖ ɛŮ 

ɜŮɟɧ ɐ ɛŮ ɏɚŬɘŬ, ɖ ɞˊɞɑŬ ůɡɜɐɗɤɠ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɐ ůŰɖɜ ɘůɞɗŮɟɛɘəɐ ůűɡɟɖɚɎŰɖůɖ. [2] 

1.2.6 ɄȿȺɃɁȺȾɇȼɀȷɇȷ ȽɆɃŪȺɅɀȽȾȼɆ ȾȷȽ ŪȺɅɀȼɆ ɆūɈɅȼȿȷɇȼɆȼɆ 

ȼ ɘůɞɗŮɟɛɘəɐ əŬɘ ɖ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ ɏɢɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ ˊɚŮɞɜŮəŰɐɛŬŰŬ [2]: 

¶ ȾŬɚɨŰŮɟŮɠ  Ŭɜɞɢɏɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ůɡɛɓŬŰɘəɐ ůűɡɟɖɚɎŰɖůɖ, Űɞ ɞˊɞɑɞ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛɖ 

Űɖɠ ɣɨɝɖɠ Űɖɠ ɛɐŰɟŬɠ.  

¶ ɀŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ əŬŰŮɟɔŬůɑŬɠ əŬɘ Űɤɜ ɡɚɘəɩɜ ɕɖɛɘɩɜ. Ƀɘ ŭɘŮɟɔŬůɑŮɠ ŬɡŰɏɠ ŮˊɘŰɟɏˊɞɡɜ  

Űɞ ůɢɖɛŬŰɘůɛɧ ɛɘəɟɧŰŮɟɤɜ ɔɤɜɑɤɜ əŬɘ ŬəŰɑɜɤɜ əŬɘ ɔŮɜɘəɎ Űɖɜ əŬŰŬůəŮɡɐ ɛɘəɟɧŰŮɟɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ, ɛŮ ŬˊɞŰŮɚɏůɛŬŰŬ ɜŬ ˊŮŰɡɢŬɑɜŮŰŬɘ Ůɝɞɘəɞɜɧɛɖůɖ ɡɚɘəɞɨ əŬɘ ɛŮɑɤůɖ Űɞɡ 

űɞɟŰɑɞɡ ůűɡɟɖɚɎŰɖůɖɠ. (ɆɢɐɛŬ 1.4) 

¶ ȼ ŬˊŬɚɞɘűɐ Űɖɠ ɣɨɝɖɠ Űɖɠ ɛɐŰɟŬɠ ɏɢŮɘ Ůˊɑůɖɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɑɤůɖ Űɤɜ ɓɖɛɎŰɤɜ 

ˊɟɞŭɘŬɛɧɟűɤůɖɠ, əŬɘ ůɡɜŮˊɩɠ ɛŮɘɩɜŮŰŬɘ ɏŰůɘ əŬɘ Űɞ əɧůŰɞɠ Űɖɠ ɛɐŰɟŬɠ. 

¶ ɀˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭɟɔɐ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ (ŭɖɚŬŭɐ ɡŭɟŬɡɚɘəɐ ˊɟɏůŬ). 

ȷɡŰɧ ɛŮɘɩɜŮɘ Űɖɜ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ əŬɘ Űɖɜ ŰɎůɖ ɟɞɐɠ Űɞɡ ůűɡɟɖɚŬŰɞɨɛŮɜɞɡ 

ɡɚɘəɞɨ. ȺɝŬɘŰɑŬɠ Űɖɠ ɛŮɑɤůɖɠ Űɤɜ ˊɘɏůŮɤɜ ůűɡɟɖɚɎŰɖůɖɠ, ɛˊɞɟɞɨɜ ɜŬ ůűɡɟɖɚŬŰɖɗɞɨɜ 

ɛŮɔŬɚɨŰŮɟŬ ŰŮɛɎɢɘŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ɑŭɘɞ Ůɝɞˊɚɘůɛɧ. 

 

ɆɢɐɛŬ 1.4: ɀŮɑɤůɖ ɓɎɟɞɡɠ ˊɞɡ ŮɝɞɘəɞɜɞɛɐɗɖəŮ ɛɏůɤ Űɖɠ ɘůɞɗŮɟɛɘəɐɠ ůűɡɟɖɚɎŰɖůɖɠ Ůɜɧɠ ŭɘůəɞŮɘŭɞɨɠ 
ŰŮɛŬɢɑɞɡ ůŮ ůɢɏůɖ ɛŮ ɛɑŬ ůɡɛɓŬŰɘəɐ ůűɡɟɖɚɎŰɖůɖ. [6] 
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1.3 ɇȷɂȽɁɃɀȼɆȼ  ɇɋɁ ȾȷɇȺɅũȷɆȽɋɁ ɆūɈɅȼȿȷɇȼɆȼɆ ȸȷɆȺȽ ɇȼɆ ȹȽȷɇȷɂȼɆ ɇɋɁ 

ȾȷȿɃɈɄȽɋɁ  

ɀɘŬ ŰŬɝɘɜɧɛɖůɖ Űɤɜ əŬŰŮɟɔŬůɘɩɜ ůűɡɟɖɚɎŰɖůɖɠ ɓɎůŮɘ Űɖɠ ŭɘɎŰŬɝɖɠ Űɤɜ əŬɚɞɡˊɘɩɜ ŮɑɜŬɘ ɖ Ůɝɐɠ 

[3]:  

¶ ɆűɡɟɖɚɎŰɖůɖ ŬɜɞɘɢŰɐɠ ɛɐŰɟŬɠ (open-die forging) 

¶ ɆűɡɟɖɚɎŰɖůɖ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ (closed-die forging) 

¶ ɆűɡɟɖɚɎŰɖůɖ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ ɛŮ ˊɟɞŮɝɞɢɐ (impression-die forging) 

 

1.3.1 ɆūɈɅȼȿȷɇȼɆȼ ȷɁɃȽɉɇȼɆ ɀȼɇɅȷɆ  

ɆŰɖ ůűɡɟɖɚɎŰɖůɖ ŬɜɞɘɢŰɐɠ ɛɐŰɟŬɠ ɞɘ ŭɡɜɎɛŮɘɠ ůɡɛˊɑŮůɖɠ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŮɟɔŬɚŮɑŬ ɢŮɘɟɧɠ ɐ 

ɛɖɢŬɜɘəɏɠ ůűɨɟŮɠ əŬɘ ŬůəɞɨɜŰŬɘ ŰɞˊɘəɎ ůŰɞ ŰŮɛɎɢɘɞ (ɆɢɐɛŬ 1.5). Ƀ ˊɚŮɡɟɘəɧɠ ˊŮɟɘɞɟɘůɛɧɠ ůŰɖ 

ɟɞɐ Űɞɡ ɛŮŰɎɚɚɞɡ ŮɚɚŮɑˊŮɘ ɐ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ ˊɞɚɨ ɛɘəɟɐ ɏəŰŬůɖ. ɇɞ ŮˊɘɗɡɛɖŰɧ ůɢɐɛŬ ŬˊɞŭɑŭŮŰŬɘ 

ůŰɞ ŰŮɛɎɢɘɞ ɛŮ Ŭˊɚɐ ɛŮŰŬəɑɜɖůɖ ɐ ůŰɟɞűɐ Űɞɡ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ əŰɡˊɖɛɎŰɤɜ. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

ŬɡŰɐɠ Űɖɠ əŬŰŮɟɔŬůɑŬɠ ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ɧŰɘ ɏɢŮɘ ŬˊɚɎ əŬɘ űɗɖɜɎ ŮɟɔŬɚŮɑŬ, ŮɑɜŬɘ ɢɟɐůɘɛɖ ɔɘŬ 

ɛɘəɟɐ ˊŬɟŬɔɤɔɐ ŰŮɛŬɢɑɤɜ, ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ɛŮɔŮɗɩɜ ŰŮɛŬɢɑɤɜ əŬɘ ŬˊɞŭɑŭŮɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɚɐɠ ŬɜŰɞɢɐɠ ůŰɞ ŰŮɛɎɢɘɞ. ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ŮɑɜŬɘ ɧŰɘ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ Ŭˊɚɏɠ 

ɔŮɤɛŮŰɟɑŮɠ, ˊŬɟɞɡůɘɎɕŮɘ ŭɡůəɞɚɑŬ ŮˊɑŰŮɡɝɖɠ ŭɘŬůŰŬůɘŬəɐɠ ŬəɟɑɓŮɘŬɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ 

ŭŮɡŰŮɟɞɔŮɜɐɠ əŬŰŮɟɔŬůɑŬ Űɤɜ ŰŮɛŬɢɑɤɜ ɔɘŬ Űɖɜ ŬˊɧəŰɖůɖ Űɖɠ ŰŮɚɘəɐɠ Űɞɡɠ ɛɞɟűɐɠ, ɔɑɜŮŰŬɘ ůɢŮŰɘəɎ 

ɛɘəɟɐ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ ɡɚɘəɞɨ, ɏɢŮɘ Ŭɟɔɧ ɟɡɗɛɧ ˊŬɟŬɔɤɔɐɠ əŬɘ ůɡɜŮˊɩɠ ɏɢŮɘ ɢŬɛɖɚɐ 

ˊŬɟŬɔɤɔɘəɧŰɖŰŬ əŬɘ ŬˊŬɘŰŮɑ ŮɛˊŮɘɟɑŬ əŬɘ ŰŮɢɜɘəɐ ŭŮɝɘɧŰɖŰŬ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ. [3] 

 

 

ɆɢɐɛŬ 1.5: ɆűɡɟɖɚɎŰɖůɖ ŬɜɞɘəŰɐɠ ɛɐŰɟŬɠ [3] 
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1.3.2 ɆūɈɅȼȿȷɇȼɆȼ ȾȿȺȽɆɇȼɆ ɀȼɇɅȷɆ  

ɆŰɖ ůűɡɟɖɚɎŰɖůɖ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ ŰŬ ɗɚɘˊŰɘəɎ űɞɟŰɑŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ůűɨɟŮɠ ɐ ˊɟɏůŮɠ 

ŬůəɞɨɜŰŬɘ ůŮ ɧɚɖ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɗŮɟɛŬɘɜɧɛŮɜɞɡ ɛŮŰɎɚɚɞɡ (ɆɢɐɛŬ 1.6(Ŭ)). ɇɞ əŬŰŮɟɔŬɕɧɛŮɜɞ 

ɡɚɘəɧ ˊŬɟŬɛɞɟűɩɜŮŰŬɘ ˊɚŬůŰɘəɎ ɛɏůŬ ůŮ ŮɘŭɘəɎ ŭɘŬɛɞɟűɤɛɏɜɞ əŬɚɞɨˊɘ əŬɘ əŬŰŬɚŬɛɓɎɜŮɘ ɧɚɖ Űɖ 

ŭɘŬɗɏůɘɛɖ əɞɘɚɧŰɖŰŬ ɖ ɞˊɞɑŬ ɏɢŮɘ ɔŮɤɛŮŰɟɑŬ əŬɘ ŭɘŬůŰɎůŮɘɠ ŬɜɎɚɞɔŮɠ ɛŮ ŬɡŰɏɠ Űɞɡ ŰŮɚɘəɞɨ 

ŰŮɛŬɢɑɞɡ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ŭɘŬůŰɎůŮɤɜ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŰɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ, 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ əŬŰŮɟɔŬůɑŬ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 1.6(ɓ). 

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŬɡŰɐɠ Űɖɠ əŬŰŮɟɔŬůɑŬɠ ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ɧŰɘ əɎɜŮɘ əŬɚɐ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ 

ɡɚɘəɞɨ, Űɞ ŰŮɛɎɢɘɞ ɏɢŮɘ əŬɚɨŰŮɟŮɠ ɘŭɘɧŰɖŰŮɠ Ŭˊɧ ŮəŮɑɜŮɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ ŬɜɞɘɢŰɐɠ ɛɐŰɟŬɠ, 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɚɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɞɡ ŰŮɛŬɢɑɞɡ, ɏɢŮɘ ŰŬɢɨ ɟɡɗɛɧ ˊŬɟŬɔɤɔɐɠ 

əŬɘ əŬɚɐ ˊŬɟŬɔɤɔɘəɧŰɖŰŬ. ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ŮɑɜŬɘ ɧŰɘ ˊŬɟɞɡůɘɎɕŮɘ ɡɣɖɚɧ əɧůŰɞɠ ŮɟɔŬɚŮɑɤɜ 

ɔɘŬ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ˊŬɟŬɔɤɔɐɠ, Ůɜɩ ŭŮɜ ŬˊɞəɚŮɑŮŰŬɘ ɖ ŭŮɡŰŮɟɞɔŮɜɐɠ əŬŰŮɟɔŬůɑŬ Űɞɡ ŰŮɛŬɢɑɞɡ. 

[3] 

 

ɆɢɐɛŬ 1.6: ɆűɡɟɖɚɎŰɖůɖ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ. (Ŭ) ȹɘŬŭɘəŬůɑŬ ˊɚɐɟɤůɖɠ Űɞɡ əŬɚɞɡˊɘɞɨ, (ɓ) ɆűɡɟɖɚɎŰɖůɖ 
ŬəɟɘɓŮɑŬɠ: (i) ȷˊɚɐɠ ɛɞɟűɐɠ, (ii) ɇɡˊɘəɐɠ ɛɞɟűɐɠ, (iii) Near-net-shape. [3] 



ȾȺūȷȿȷȽɃ 1: ɆūɈɅȼȿȷɇȼɆȼ 

   15 
 

1.3.3 ɆūɈɅȼȿȷɇȼɆȼ ȾȿȺȽɆɇȼɆ ɀȼɇɅȷɆ ɀȺ ɄɅɃȺɂɃɉȼ 

ȼ ůűɡɟɖɚɎŰɖůɖ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ ɛŮ ˊɟɞŮɝɞɢɐ ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊŬɟŬɚɚŬɔɐ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ 

əɚŮɘůŰɐɠ ɛɐŰɟŬɠ (ɆɢɐɛŬ 1.7). ɇɞ ɡɚɘəɧ Űɞɡ ŰŮɛŬɢɑɞɡ ŮɑɜŬɘ ůŮ ˊɞůɧŰɖŰŬ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞɜ 

ŭɘŬŰɘɗɏɛŮɜɞ ɧɔəɞ Űɖɠ əɞɘɚɧŰɖŰŬɠ Űɞɡ əŬɚɞɡˊɘɞɨ, ɞˊɧŰŮ ɛɏɟɞɠ Űɞɡ ɡɚɘəɞɨ ŮɝɏɟɢŮŰŬɘ ůŮ ůɢŮŰɘəɎ 

Ŭɟɢɘəɧ ůŰɎŭɘɞ ɤɠ ˊɟɞŮɝɞɢɐ ɐ ˊɟɞɏəŰŬɛŬ (flash) ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɛŮɟɩɜ Űɞɡ əŬɚɞɡˊɘɞɨ ɏɝɤ Ŭˊɧ 

Űɖɜ əɞɘɚɧŰɖŰŬ ŬɡŰɞɨ, ɧˊɞɡ əŬɘ ˊŬɟŬɛɞɟűɩɜŮŰŬɘ. [3] 

ɆŰɖ ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ, ɚɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɚɧɔɞɡ ɛɐəɞɠ/ˊɎɢɞɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ˊɟɞŮɝɞɢɐɠ, 

ŬɜŬˊŰɨůůɞɜŰŬɘ ŮəŮɑ ɡɣɖɚɏɠ əɎɗŮŰŮɠ ŰɎůŮɘɠ (ˊɘɏůŮɘɠ) əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɛŮɔɎɚɖ ŬɜŰɑůŰŬůɖ Űɟɘɓɐɠ 

ůŰɖɜ ɟɞɐ Űɞɡ ɡɚɘəɞɨ ˊɟɞɠ ŰŬ ɏɝɤ. ɇɞ ɡˊɧɚɞɘˊɞ ɡɚɘəɧ ɛɏůŬ ůŰɖɜ əɞɘɚɧŰɖŰŬ Űɞɡ əŬɚɞɡˊɘɞɨ, Ŭűɞɨ 

ˊŬɟŮɛˊɞŭɑɕŮŰŬɘ ɜŬ əɘɜɖɗŮɑ ˊɟɞɠ ŰŬ ɏɝɤ ŬɜŬɔəɎɕŮŰŬɘ ɜŬ əɘɜɖɗŮɑ ˊɟɞɠ ɎɚɚŮɠ əŬŰŮɡɗɨɜůŮɘɠ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬůűŬɚɐ ˊɚɐɟɤůɖ Űɖɠ əɞɘɚɧŰɖŰŬɠ. [3] 

ɆŰɖ ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ, ɚɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɚɧɔɞɡ ŮˊɘűɎɜŮɘŬ/ˊɎɢɞɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ˊɟɞŮɝɞɢɐɠ, 

ŬɡŰɐ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ˊŰŮɟɨɔɘɞ, Űɞ ɞˊɞɑɞ ůɨɛűɤɜŬ ɛŮ Űɘɠ Ŭɟɢɏɠ ɛŮŰɎŭɞůɖɠ ɗŮɟɛɧŰɖŰŬɠ ŬˊɞɣɨɢŮŰŬɘ 

ŰŬɢɨŰŮɟŬ Ŭˊɧ Űɞ ɡˊɧɚɞɘˊɞ ɡɚɘəɧ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ ŮɑɜŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ ŬɜŰɑůŰŬůɖɠ Űɞɡ ɡɚɘəɞɨ 

ˊɟɞɠ ˊŮɟŬɘŰɏɟɤ ˊŬɟŬɛɧɟűɤůɖ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ˊɟɞŮɝɞɢɐɠ əŬɘ ɞ ŮɝŬɜŬɔəŬůɛɧɠ Űɖɠ ɟɞɐɠ Űɞɡ 

ɡˊɧɚɞɘˊɞɡ ɡɚɘəɞɨ ɜŬ əɘɜɖɗŮɑ ɛɏůŬ ůŰɖɜ əɞɘɚɧŰɖŰŬ Űɞɡ əŬɚɞɡˊɘɞɨ. [3] 

 

ɆɢɐɛŬ 1.7: ɆűɡɟɖɚɎŰɖůɖ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ ɛŮ ˊɟɞŮɝɞɢɐ [3] 

 

1.4 ɄȷɅȷɀȺɇɅɃȽ ɆɉȺȹȽȷɆȼɆ ɇɋɁ ȾȷȿɃɈɄȽɋɁ ɆūɈɅȼȿȷɇȼɆȼɆ 

ɇŬ əŬɚɞɨˊɘŬ ůűɡɟɖɚɎŰɖůɖɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬŰŮɝɞɢɐɜ ŭɘɛŮɟɐ. ȹɘŬəɟɑɜɞɡɛŮ ɚɞɘˊɧɜ Űɞ Ɏɜɤ 

ŰɛɐɛŬ əŬɘ Űɞ əɎŰɤ ŰɛɐɛŬ Űɞɡ əŬɚɞɡˊɘɞɨ. Ƀɘ əŬɜɧɜŮɠ əŬŰŬůəŮɡɐɠ Űɞɡ əŬɚɞɡˊɘɞɨ Ŭˊɞɓɚɏˊɞɡɜ 

ŬűŮɜɧɠ ůŰɖ ŭɘŮɡəɧɚɡɜůɖ Űɖɠ ɟɞɐɠ Űɞɡ əŬŰŮɟɔɎůɘɛɞɡ ɡɚɘəɞɨ əŬɘ ŬűŮŰɏɟɞɡ ůŰɖɜ ŮɡɢŮɟɐ 

ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ŰŮɛŬɢɑɞɡ Ŭˊɧ Űɞ əŬɚɞɨˊɘ. Ⱥˊɞɛɏɜɤɠ, ɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŰŮɛŬɢɑɞɡ ůŮ əɎɗŮ űɎůɖ 

əŬŰŮɟɔŬůɑŬɠ (ˊɎůɞ) ˊŬɑɕŮɘ ˊɞɚɨ ɘŭɘŬɑŰŮɟɞ ɟɧɚɞ ůŰɞ ůɢŮŭɘŬůɛɧ Űɞɡ əŬɚɞɡˊɘɞɨ. ȸɎůɖ Űɤɜ 

əŬŰŬůəŮɡŬůŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ůűɡɟɐɚŬŰŬ ŰŮɛɎɢɘŬ ŮɘůɎɔŮŰŬɘ ɖ 

ɞɟɞɚɞɔɑŬ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.8. [3] 
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ɆɢɐɛŬ 1.8: ɉŬɟŬəŰɖɟɘůŰɘəɐ ɞɟɞɚɞɔɑŬ ůŰɖɜ əŬŰŬůəŮɡɐ əŬɚɞɡˊɘɞɨ ůűɡɟɖɚɎŰɖůɖɠ. (Ŭ) ȺɔəɎɟůɘŬ ŭɘŬŰɞɛɐ 
ŰŮɛŬɢɑɞɡ/əŬɚɞɡˊɘɞɨ (ɓ) ɇɟɘůŭɘɎůŰŬŰɖ ɛɞɟűɐ ůűɡɟɐɚŬŰɞɡ ŰŮɛŬɢɑɞɡ [3] 

ɆŰɖ ůɡɜɏɢŮɘŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɖɛŬůɑŬ ŭɘŬűɧɟɤɜ ˊŬɟŬɛɏŰɟɤɜ ůŰɞ ůɢŮŭɘŬůɛɧ Űɤɜ əŬɚɞɡˊɘɩɜ. 

ũɟŬɛɛɐ ŭɘŬɢɤɟɘůɛɞɨ 

ȼ ɛɞɟűɐ əŬɘ ɖ ɗɏůɖ Űɖɠ ɔɟŬɛɛɐɠ ŭɘŬɢɤɟɘůɛɞɨ ŮɑɜŬɘ Űɞ ˊɘɞ ůɖɛŬɜŰɘəɧ ɗɏɛŬ ůŰɞ ůɢŮŭɘŬůɛɧ 

ůűɡɟɐɚŬŰɤɜ ŰŮɛŬɢɑɤɜ. Ɇô ŬɡŰɐɜ ůɡɜŬɜŰɩɜŰŬɘ ŰŬ ŭɨɞ ɛɏɟɖ Űɞɡ əŬɚɞɡˊɘɞɨ. ȺəŰɧɠ Ŭˊɧ Űɖɜ 

ˊɟɞűŬɜɐ ŬɜɎɔəɖ Ůɨəɞɚɖɠ ŬˊɞɛɎəɟɡɜůɖɠ Űɞɡ ŰŮɛŬɢɑɞɡ Ŭˊɧ Űɞ əŬɚɞɨˊɘ, ɖ Ůˊɘɚɞɔɐ ɓɏɚŰɘůŰɖɠ 

ɗɏůɖɠ Űɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ŰŮɢɜɘəɞ-ɞɘəɞɜɞɛɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ůɡɢɜɎ 

ŬɚɚɖɚɞůɡɔəɟɞɨɞɜŰŬɘ, ɧˊɤɠ ŮɑɜŬɘ: 

¶ Ƀ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɠ Ůɝɞˊɚɘůɛɧɠ əŬŰŮɟɔŬůɑŬɠ. 

¶ ȼ ɛŮɚɏŰɖ, ɖ əŬŰŬůəŮɡɐ əŬɘ Űɞ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ Űɞɡ əŬɚɞɡˊɘɞɨ. 

¶ ȼ ɟɞɐ Űɞɡ əŬŰŮɟɔɎůɘɛɞɡ ɡɚɘəɞɨ. 

¶ ȼ ŭɘŬŭɘəŬůɑŬ Ŭˊɞəɞˊɐɠ Űɞɡ ˊɟɞŮəŰɎɛŬŰɞɠ. 

¶ Ƀ ɓŬɗɛɧɠ ɢɟɖůɘɛɞˊɞɑɖůɖɠ Űɞɡ əŬŰŮɟɔɎůɘɛɞɡ ɡɚɘəɞɨ. 
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ɀˊɞɟŮɑ, ɚɞɘˊɧɜ, ɖ ɔɟŬɛɛɐ ŭɘŬɢɤɟɘůɛɞɨ ɜŬ ŮɑɜŬɘ ŮɡɗŮɑŬ (ůɡɛɛŮŰɟɘəɏɠ ɛɞɟűɏɠ ůűɡɟɐɚŬŰɤɜ) ɐ 

ŰŮɗɚŬůɛɏɜɖ ůŰɞ ɢɩɟɞ (ˊɞɚɨˊɚɞəŮɠ ɔŮɤɛŮŰɟɘəɏɠ ɛɞɟűɏɠ) (ɆɢɐɛŬ 1.9), ŮˊɘŭɘɩəŮŰŬɘ ɧɛɤɠ ɜŬ əŮɑŰŬɘ 

ůŮ ɏɜŬ ŮˊɑˊŮŭɞ, ɜŬ ŭɘŮɡəɞɚɨɜŮɘ Űɖ ɟɞɐ Űɞɡ ɡɚɘəɞɨ, ɜŬ ɛɖɜ ɞŭɖɔŮɑ ůŮ Ŭɜɘůɞɕɨɔɘɞ ŭɡɜɎɛŮɤɜ ůŰŬ 

ŰɛɐɛŬŰŬ Űɞɡ əŬɚɞɡˊɘɞɨ əŬɘ ɜŬ ŮɝŬůűŬɚɑɕŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ˊɟɞɏəŰŬɛŬ. [3] 

 

ɆɢɐɛŬ 1.9: ɉŬɟŬəŰɖɟɘůŰɘəɏɠ ɔɟŬɛɛɏɠ ŭɘŬɢɤɟɘůɛɞɨ ůűɡɟɐɚŬŰɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ [3] 

ȾɤɜɘəɧŰɖŰŬ 

Ƀ ɟɧɚɞɠ Űɖɠ əɤɜɘəɧŰɖŰŬɠ ŮɑɜŬɘ ˊɟɤŰŬɟɢɘəɎ ɖ ŭɘŮɡəɧɚɡɜůɖ ŬˊɞɛɎəɟɡɜůɖɠ Űɞɡ ůűɡɟɐɚŬŰɞɡ Ŭˊɧ 

Űɖ ɛɐŰɟŬ əŬɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ɟɞɐɠ ɡɚɘəɞɨ. ȹɘɎűɞɟŬ Ůɑŭɖ 

əɤɜɘəɧŰɖŰŬɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 1.10. ȹɘŬəɟɑɜɞɜŰŬɘ ůŮ: 

¶ ȺɝɤŰŮɟɘəɐ əŬɘ ŮůɤŰŮɟɘəɐ əɤɜɘəɧŰɖŰŬ. 

¶ ɇɡˊɘəɐ əɤɜɘəɧŰɖŰŬ əŬɘ əɤɜɘəɧŰɖŰŬ ˊɟɞůŬɟɛɞɔɐɠ. 

ɆɡɜɐɗŮɘɠ Űɘɛɏɠ Űɖɠ ɔɤɜɑŬɠ əɤɜɘəɧŰɖŰŬɠ ŮɑɜŬɘ Ŭˊɧ 3ɞ ɏɤɠ 10ɞ. Ƀɘ ɔɤɜɑŮɠ ŮůɤŰŮɟɘəɐɠ əɤɜɘəɧŰɖŰŬɠ 

ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ əŬɘ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 7ɞ-10ɞ, Ůɜɩ ɞɘ ɔɤɜɑŮɠ ŮɝɤŰŮɟɘəɐɠ əɤɜɘəɧŰɖŰŬɠ 

əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 3ɞ ɏɤɠ 5ɞ. [3] 

 

ɆɢɐɛŬ 1.10: Ⱥɑŭɖ əɤɜɘəɧŰɖŰŬɠ [3] 
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ȼ əŬɛˊɡɚɧŰɖŰŬ ˊɟɞůŬɟɛɞɔɐɠ ɡˊŬɔɞɟŮɨŮŰŬɘ ɧŰŬɜ ŬůɨɛɛŮŰɟŬ ɜŮɨɟŬ ůɡɜŬɜŰɩɜŰŬɘ ůŰɖɜ ɔɟŬɛɛɐ 

ŭɘŬɢɤɟɘůɛɞɨ, ɞˊɧŰŮ ɡˊɎɟɢŮɘ ŬɜɎɔəɖ Ŭˊɧəɚɘůɖɠ Ŭˊɧ Űɘɠ Űɡˊɘəɏɠ Űɘɛɏɠ ˊɟɞɠ ɛŮɔŬɚɨŰŮɟŮɠ 

(ɆɢɐɛŬ.1.11). [3] 

 

ɆɢɐɛŬ 1.11: ȾɤɜɘəɧŰɖŰŬ ˊɟɞůŬɟɛɞɔɐɠ [3] 

ɁŮɨɟŬ 

ɇŬ ɜŮɨɟŬ ŮɑɜŬɘ ŰɛɐɛŬŰŬ Űɞɡ ůűɡɟɐɚŬŰɞɡ ŰŮɛŬɢɑɞɡ ˊɞɡ əŮɑɜŰŬɘ əɎɗŮŰŬ ˊɟɞɠ Űɞ ŮˊɑˊŮŭɞ Űɖɠ 

ɔɟŬɛɛɐɠ ŭɘŬɢɤɟɘůɛɞɨ. ɆŰɖɜ əɞɘɜɐ ˊɟŬəŰɘəɐ ůɡɜɘůŰɎŰŬɘ ɜŬ ŬˊɞűŮɨɔɞɜŰŬɘ ɞɔəɩŭɖ ɜŮɨɟŬ ŭɘɧŰɘ 

ɞŭɖɔɞɨɜ ůŮ ɡˊɏɟɓŬɟŬ ŰŮɛɎɢɘŬ. ɈˊɎɟɢɞɡɜ ɧɛɤɠ ˊŮɟɘɞɟɘůɛɞɑ ůô ŬɡŰɐ Űɖɜ Ůˊɘŭɑɤɝɖ ˊɞɡ 

ɡˊŬɔɞɟŮɨɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ əŬŰŮɟɔŬůɑŬɠ, Űɖɜ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŰŮɛŬɢɑɞɡ, Űɖ ɗɏůɖ əŬɘ ŭɘɎŰŬɝɖ 

Űɖɠ ɔɟŬɛɛɐɠ ŭɘŬɢɤɟɘůɛɞɨ əŬɘ Űɖɜ ɞɚəɘɛɧŰɖŰŬ Űɞɡ əŬŰŮɟɔɎůɘɛɞɡ ɡɚɘəɞɨ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ 

ŬɜɤŰɏɟɤ, ɏɢɞɡɜ ŰɡˊɞˊɞɘɖɗŮɑ ŰɏůůŮɟŬ Ůɑŭɖ ɜŮɨɟɤɜ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɡɢɜɧŰŮɟŬ ůŰŬ ůɡɜɐɗɖ 

ůűɡɟɐɚŬŰŬ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 1.12. [3] 

 

ɆɢɐɛŬ 1.12: Ⱥɑŭɖ ɜŮɨɟɤɜ ůŮ ŰɡˊɘəɎ ůűɡɟɐɚŬŰŬ ŰŮɛɎɢɘŬ [3] 
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ȺɛɓɡɗɑůŮɘɠ - əɞɟɛɞɑ - əŬɛˊɡɚɧŰɖŰŮɠ  

Ƀ ůɢɖɛŬŰɘůɛɧɠ ŮɛɓɡɗɑůŮɤɜ ůŰɞ əŬŰŮɟɔɎůɘɛɞ ɡɚɘəɧ ŮˊɘŭɘɩəŮŰŬɘ ůŰŬ ŬɟɢɘəɎ əŬɘ ŮɜŭɘɎɛŮůŬ ůŰɎŭɘŬ 

əŬŰŮɟɔŬůɑŬɠ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɟɧůɗŮŰŬ ɏɜɗŮŰŬ ůŰɞɘɢŮɑŬ ɛɏůŬ ůŰɞ əŬɚɞɨˊɘ 

ˊɞɡ ŭɟɞɡɜ ůŬɜ Ůɑŭɞɠ Ůɛɓɧɚɞɡ ŰɞˊɘəɎ (ɆɢɐɛŬ 1.13). Ƀɘ ŮɛɓɡɗɑůŮɘɠ ŬɡŰɏɠ ɞŭɖɔɞɨɜ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ 

ůŰɞ ůɢɖɛŬŰɘůɛɧ əɞɟɛɩɜ əŬɘ ɜŮɨɟɤɜ. ɇɡˊɘəɏɠ ɛɞɟűɏɠ əŬɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 1.14. 

Ƀɘ əŬɛˊɡɚɧŰɖŰŮɠ ůŰŬ ɎəɟŬ Űɤɜ ɜŮɨɟɤɜ əŬɘ Űɤɜ əɞɟɛɩɜ ˊɟɏˊŮɘ ŮɝŬůűŬɚɑɕɞɡɜ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ŭɘɎɟəŮɘŬɠ ɕɤɐɠ Űɞɡ əŬɚɞɡˊɘɞɨ, ŬűŮɜɧɠ ɛŮ ŭɘŮɡəɧɚɡɜůɖ Űɖɠ ɟɞɐɠ Űɞɡ ɡɚɘəɞɨ ɛɏůŬ ůŰɞ əŬɚɞɨˊɘ əŬɘ 

ŬűŮŰɏɟɞɡ ɛŮ ŮɝŬůűɎɚɘůɖ ŬˊɟɧůəɞˊŰɖɠ ŬˊɞɛɎəɟɡɜůɖɠ Űɞɡ ŰŮɛŬɢɑɞɡ Ŭˊɧ Űɞ əŬɚɞɨˊɘ. 

ȺɜŭŮŭŮɘɔɛɏɜŮɠ Űɘɛɏɠ əŬɛˊɡɚɞŰɐŰɤɜ ůŮ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɛɞɟűɏɠ ůűɡɟɐɚŬŰɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ 

ɆɢɐɛŬ 1.15. [3] 

 

ɆɢɐɛŬ 1.13: ȹɘŬɛɧɟűɤůɖ ŮɛɓɡɗɑůŮɤɜ, ɜŮɨɟɤɜ əŬɘ əɞɟɛɞɨ [3] 

 

ɆɢɐɛŬ 1.14: ȺɜŭŮŭŮɘɔɛɏɜŮɠ ŭɘŬůŰɎůŮɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŮɛɓɡɗɑůŮɤɜ [3] 
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ɆɢɐɛŬ 1.15: ɆɡɜɘůŰɩɛŮɜŮɠ əŬɛˊɡɚɧŰɖŰŮɠ ůŮ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ůűɡɟɐɚŬŰɤɜ. [3] 

ɄɟɞɏəŰŬɛŬ 

ȳůɞɜ ŬűɞɟɎ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɞɡ ˊɟɞŮəŰɎɛŬŰɞɠ, ůɡɜɘůŰɩɜŰŬɘ: 

¶ ɇŮɚɘəɧ ˊɎɢɞɠ ˊɟɞŮəŰɎɛŬŰɞɠ: Ḑ3% Űɞɡ ɛɏɔɘůŰɞɡ ˊɎɢɞɡɠ Űɞɡ ůűɡɟɐɚŬŰɞɡ ŰŮɛŬɢɑɞɡ. 

¶ ɀɐəɞɠ Ůɝɧŭɞɡ ˊɟɞŮəŰɎɛŬŰɞɠ: Ḑ5ˊɚɎůɘɞ Űɞɡ ŰŮɚɘəɞɨ ˊɎɢɞɡɠ ˊɟɞŮəŰɎɛŬŰɞɠ. [3] 

1.5 ɀȼɉȷɁȺɆ ɆūɈɅȼȿȷɇȼɆȼɆ 

ɀɏɢɟɘ ˊŮɟɑˊɞɡ Űɞ 1820 ɖ ůűɡɟɖɚɎŰɖůɖ ɐŰŬɜ əɡɟɑɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɞɡ ůɘŭɖɟɞɡɟɔɞɨ. ȼ ɢɟɐůɖ Űɤɜ 

ŮɟɔŬɚŮɑɤɜ ɢŮɘɟɧɠ (ůűɨɟŬ əŬɘ Ŭɛɧɜɘ) ŬɜŰɘəŬŰŬůŰɎɗɖəŮ ůɐɛŮɟŬ Ŭˊɧ ɛɖɢŬɜɘəɎ ɛɏůŬ ˊɞɡ ŮəŰŮɚɞɨɜ 

Űɖɜ əŬŰŮɟɔŬůɑŬ ůŮ ˊɞɚɨ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. ɆŰɘɠ Ŭɟɢɏɠ Űɞɡ 20ɞɡ ŬɘɩɜŬ ŮɑɢŮ ɐŭɖ ŬɜŬˊŰɡɢɗŮɑ 

ɧɢɘ ɛɧɜɞ ɖ əŬŰŬůəŮɡɐ Űɤɜ ůűɡɟɩɜ, ŬɚɚɎ əŬɘ ɖ əŬŰŬůəŮɡɐ ŭɘŬűɧɟɤɜ Ɏɚɚɤɜ ɛɖɢŬɜɩɜ ɘůɢɨɞɠ ɔɘŬ 

ůɘŭɖɟɞɡɟɔŮɑŬ. ɆɐɛŮɟŬ ɖ ůűɡɟɖɚɎŰɖůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ůűɨɟŮɠ əŬɘ ˊɟɏůŮɠ (ɛɖɢŬɜɘəɏɠ əŬɘ 

ɡŭɟŬɡɚɘəɏɠ) ɞɘ ɞˊɞɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɖ ŭɘɎŰŬɝɖ Űɤɜ ŮɟɔŬɚŮɑɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ůűɡɟɖɚɎŰɖůɖ 

ŬɜɞɘəŰɐɠ ɐ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ [1]. ɆŰɖ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ ŬɡŰɩɜ Űɤɜ ɛɖɢŬɜɩɜ. 

1.5.1 ɆūɈɅȺɆ 

Ƀɘ ůűɨɟŮɠ ŮɑɜŬɘ ɛɖɢŬɜɏɠ ɛŮ əɨɟɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ əɟɞɡůŰɘəɐ ŮɜɏɟɔŮɘŬ (energy 

bound) ˊɞɡ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ˊɟɞůŭɑŭŮŰŬɘ ůŰɞ ˊɟɞɠ ůűɡɟɖɚɎŰɖůɖ ŬɜŰɘəŮɑɛŮɜɞ ɛŮ Űɖ 

ɛɞɟűɐ ˊɚŬůŰɘəɞɨ ɏɟɔɞɡ. ɇŬ əɨɟɘŬ ɛɏɟɖ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ ɛɘŬ ůűɨɟŬ əŬɘ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ 

ůűɡɟɩɜ ɔɘŬ ůűɡɟɖɚɎŰɖůɖ ŬɜɞɘəŰɐɠ əŬɘ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ ŭɑɜɞɜŰŬɘ ůŰŬ ɆɢɐɛŬŰŬ 1.16, 1.17 əŬɘ 1.18. 

ȷɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ əɘɜŮɑŰŬɘ ɖ ɛɎɕŬ Űɞɡ Ůɛɓɧɚɞɡ ɔɘŬ ɜŬ ˊɟɞůəɟɞɨůŮɘ ůŰɞ ˊɟɞɠ 

ůűɡɟɖɚɎŰɖůɖ ŬɜŰɘəŮɑɛŮɜɞ ɞɘ ůűɨɟŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ [7]:  

¶ ɆűɨɟŮɠ ˊɑˊŰɞɡůŬɠ ɛɎɕŬɠ (ɆɢɐɛŬ 1.16 (Ŭ) əŬɘ (b)), ˊɞɡ ɖ Ŭɜɨɣɤůɖ Űɖɠ ɛɎɕŬɠ ůŰɞ 

ŮˊɘɗɡɛɖŰɧ ɨɣɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŮɑŰŮ ɛɖɢŬɜɘəɎ, ŮɑŰŮ ˊɜŮɡɛŬŰɘəɎ ɛŮ ˊŮˊɘŮůɛɏɜɞ ŬɏɟŬ.  

¶ ȷŮɟɧůűɡɟŮɠ ɐ ȷŰɛɧůűɡɟŮɠ ˊɞɡ ɖ ɛɎɕŬ ŮˊɘŰŬɢɨɜŮŰŬɘ ɛɏůɤ ˊŮˊɘŮůɛɏɜɞɡ ŬɏɟŬ, ŬŮɟɑɞɡ ɐ 

ŬŰɛɞɨ. (ɆɢɐɛŬ 1.17 (Ŭ) əŬɘ (b) əŬɘ ɆɢɐɛŬ 1.18 (Ŭ)).  
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ɆɢɐɛŬ 1.16: ɆűɨɟŮɠ ɔɘŬ ůűɡɟɖɚɎŰɖůɖ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ. (Ŭ) əŬɘ (b): ɆűɨɟŮɠ ˊɑˊŰɞɡůŬɠ ɛɎɕŬɠ. [7] 

 

ɆŰɘɠ ůɡɜɐɗŮɘɠ ŬɡŰɏɠ ůűɨɟŮɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɧ Űɖɠ əɟɞɡůŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɟɞůŭɑŭŮŰŬɘ ůŰɞ ˊɟɞɠ 

ůűɡɟɖɚɎŰɖůɖ ŬɜŰɘəŮɑɛŮɜɞ ůŬɜ ˊɚŬůŰɘəɧ ɏɟɔɞ Ůɜɩ Űɞ ɡˊɧɚɞɘˊɞ ˊɞůɧ, ˊɞɡ ŮɑɜŬɘ ŬˊɩɚŮɘŬ 

ŮɜɏɟɔŮɘŬɠ, ɛŮŰŬɓɘɓɎɕŮŰŬɘ ůŰɞ ŮɟɔŬɚŮɑɞ ůűɡɟɖɚɎŰɖůɖɠ, ůŰɖ ɗŮɛŮɚɑɤůɖ əŬɘ ůŰɞ ůɩɛŬ Űɖɠ ɛɖɢŬɜɐɠ. 

ũɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɖɠ ɛɖɢŬɜɐɠ, ŭɖɚŬŭɐ Űɖɜ ˊɟɧůŭɞůɖ ɛŮɔŬɚɨŰŮɟɞɡ ˊɞůɞɨ 

əɟɞɡůŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŰɞ əŬŰŮɟɔɎůɘɛɞ ŰŮɛɎɢɘɞ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůűɨɟŮɠ çŬɜŰɑɗŮŰɖɠ 

ˊɟɧůəɟɞɡůɖɠè (counterblow hammers) ɧˊɞɡ Űɞ ŰŮɛɎɢɘɞ ůűɡɟɖɚŬŰŮɑŰŬɘ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɛɞɟűɐ 

ɛɏůɤ ŭɡɞ ŬɜŰɑɗŮŰŬ əɘɜɞɡɛɏɜɤɜ Ůɛɓɧɚɤɜ (ɆɢɐɛŬ 1.18 (b)). [7] 
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ɆɢɐɛŬ 1.17: ɆűɨɟŮɠ ɔɘŬ ůűɡɟɖɚɎŰɖůɖ ŬɜɞɘəŰɐɠ ɛɐŰɟŬɠ [7] 
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ɆɢɐɛŬ 1.18: ɆűɨɟŬ ɔɘŬ ůűɡɟɖɚɎŰɖůɖ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ. (c)ȷŰɛɧůűɡɟŬ, (b)ɆűɨɟŬ óóȷɜŰɑɗŮŰɖɠ   
ˊɟɧůəɞɡůɖɠôô. [7] 

1.5.2 ɄɅȺɆȺɆ  

Ƀɘ ůűɨɟŮɠ ŭɘɞɢŮŰŮɨɞɡɜ çɢŰɡˊɐɛŬŰŬè (blows) ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɘŬ ŬɚɚŬɔɐ ůŰɖ 

ɔŮɤɛŮŰɟɘəɐ ɛɞɟűɐ Űɞɡ. Ƀɘ ˊɟɏůŮɠ ŮˊɘŰɡɔɢɎɜɞɡɜ Űɞ ɑŭɘɞ ŬˊɞŰɏɚŮůɛŬ ɛŮ çůɨɜɗɚɘɣɖè (squeezing) 

Űɞɡ ɡɚɘəɞɨ ɛɏůŬ ůŰɖɜ əɞɘɚɧŰɖŰŬ Űɞɡ ŮɟɔŬɚŮɑɞɡ. ȸŬůɘəɎ ˊɟɞŰŮɟɐɛŬŰŬ ůŰɖ ůűɡɟɖɚɎŰɖůɖ ɛŮ ˊɟɏůŬ 

ŮɑɜŬɘ ɖ ɞɛɞɘɞɔɏɜŮɘŬ ůŰɖɜ ˊŬɟŬɛɧɟűɤůɖ, ɖ Ŭˊɞűɡɔɐ ɞɟɘůɛɏɜɤɜ űɡůɘəɩɜ ŮɚŬŰŰɤɛɎŰɤɜ Űɞɡ 

ŰŮɛŬɢɑɞɡ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ əŬŰŮɟɔŬůɑŬ ɛŮ ůűɨɟŬ, ɖ ŭɡɜŬŰɧŰɖŰŬ ůűɡɟɖɚɎŰɖůɖɠ 

ˊɞɚɨˊɚɞəɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɛɞɟűɩɜ əɚˊ. [7] 

ȳˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ůűɡɟɩɜ, ɞɘ ˊɟɏůŮɠ ůűɡɟɖɚɎŰɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ 

ůɨɛűɤɜŬ ɛŮ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɐ Űɞɡɠ ůŮ əŬŰŮɟɔŬůɑŮɠ ŬɜɞɘəŰɐɠ ɐ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ 

əŬŰŬůəŮɡŬůŰɘəɐ Űɞɡɠ ɛɞɟűɐ əŬɘ Űɞɜ Űɟɧˊɞ ˊɟɧůŭɞůɖɠ Űɖɠ ŬˊŬɟŬɑŰɖŰɖɠ ŮɜɏɟɔŮɘŬɠ ɞɘ ˊɟɏůŮɠ 

ŭɘŬɘɟɞɨɜŰŬɘ ůŮ ɛɖɢŬɜɘəɏɠ əŬɘ ɡŭɟŬɡɚɘəɏɠ, ɧˊɤɠˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰŬ ɆɢɐɛŬ 1.19 əŬɘ ɆɢɐɛŬ 1.20 

ŬɜŰɑůŰɞɘɢŬ. [7] 
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ɆɢɐɛŬ 1.19: ȸŬůɘəɎ ɛɏɟɖ ɛɘŬɠ ɛɖɢŬɜɘəɐɠ ˊɟɏůŬɠ ůűɡɟɖɚɎŰɖůɖɠ [7] 

 

ɆɢɐɛŬ 1.20: ȸŬůɘəɎ ɛɏɟɖ ɛɘŬɠ ɡŭɟŬɡɚɘəɐɠ ˊɟɏůŬɠ ůűɡɟɖɚɎŰɖůɖɠ [7] 
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Ƀɘ ɡŭɟŬɡɚɘəɏɠ ˊɟɏůŮɠ ŬəɘɜɖŰɞˊɞɘɞɨɜŰŬɘ ɛŮ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ɞɟɘŬəɞɨ űɞɟŰɑɞɡ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ 

ŮɟɔŬɚŮɑŬ ˊɞɡ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ˊɟɞɠ ˊŬɟŬɛɧɟűɤůɖ ŬɜŰɘəŮɑɛŮɜɞ ůŰɞ Űɏɚɞɠ Űɖɠ ŮɜŮɟɔɞɨ 

ŭɘŬŭɟɞɛɐɠ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ əŬɚŮɑŰŬɘ çůɨůŰɖɛŬ ɞɟɘŬəɞɨ űɞɟŰɑɞɡè (load-bound system).  

Ƀɘ ɛɖɢŬɜɘəɏɠ ˊɟɏůŮɠ (ŮəŰɧɠ Ŭˊɧ Űɘɠ ˊɟɏůŮɠ ɛŮ əɞɢɚɑŬ Űɟɘɓɐɠ) ɏɢɞɡɜ ɛɘŬ ˊɟɞəŬɗɞɟɘůɛɏɜɖ ŭɘŬŭɟɞɛɐ 

əŬɘ ŬɜŬˊŰɨůůɞɡɜ ɛɘŬ ɎˊŮɘɟɖ ŭɨɜŬɛɖ ůŰɞ Űɏɚɞɠ Űɖɠ ŭɘŬŭɟɞɛɐɠ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ əŬɚŮɑŰŬɘ 

çůɨůŰɖɛŬ ɞɟɘŬəɐɠ ŭɘŬŭɟɞɛɐɠè (stroke-bound system). [7] 

1.5.3 ȷȿȿȺɆ ɀȼɉȷɁȺɆ ɆūɈɅȼȿȷɇȼɆȼɆ 

ȺəŰɧɠ Ŭˊɧ Űɘɠ ŭɨɞ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ ůűɡɟɖɚɎŰɖůɖɠ əɚŮɘůŰɐɠ əŬɘ ŬɜɞɘɢŰɐɠ ɛɐŰɟŬɠ, ůŰɖɜ ˊɟɎɝɖ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɖ ɞɟɘɕɧɜŰɘŬ ůűɡɟɖɚɎŰɖůɖ əŬɘ ɖ ůűɡɟɖɚɎŰɖůɖ ɛŮ ɟɎɞɡɚŬ. ȷɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ 

ɛɞɟűɏɠ ɛɖɢŬɜɩɜ ɛŮ ɟɎɞɡɚŬ ɔɘŬ Űɖ ůűɡɟɖɚɎŰɖůɖ ŰŮɛŬɢɑɞɡ űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 1.21. ɆŰɖɜ 

ɞɟɘɕɧɜŰɘŬ ůűɡɟɖɚɎŰɖůɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůűɨɟŮɠ ɧˊɞɡ Űɞ ɏɛɓɞɚɞ əɘɜŮɑŰŬɘ ɞɟɘɕɧɜŰɘŬ əŬɘ ˊɟɞůŭɑŭŮɘ 

Űɖɜ ŬˊŬɟŬɑŰɖŰɖ əɟɞɡůŰɘəɐ ŮɜɏɟɔŮɘŬ ůŰɞ ˊɟɞɠ ůűɡɟɖɚɎŰɖůɖ əɡɚɘɜŭɟɘəɧ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ůŮ ɛɑŬ 

ŭɘŬŭɞɢɐ űɎůŮɤɜ ŭɘŬɛɞɟűɩɜŮŰŬɘ ůŰɖɜ ŰŮɚɘəɐ ŮˊɘɗɡɛɖŰɐ ɛɞɟűɐ. [7] 

 

 

ɆɢɐɛŬ 1.21: ɀɖɢŬɜɏɠ ůűɡɟɖɚɎŰɖůɖɠ ɛŮ əɡɚɘɜŭɟɘəɎ ɟɎɞɡɚŬ. [7] 
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1.6 ɄɅɃɍɄɃŪȺɆȺȽɆ ũȽȷ ɇȼɁ ȺɄȽɇɈɉȼ ȺūȷɅɀɃũȼ ɇȼɆ ɆūɈɅȼȿȷɇȼɆȼɆ ȷȾɅȽȸȺȽȷɆ-

ȾȿȺȽɆɇȼɆ ɀȼɇɅȷɆ 

ȼ ɛŮɚɏŰɖ əŬɘ ɞ ɚŮˊŰɞɛŮɟɐɠ ůɢŮŭɘŬůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ ŬəɟɘɓŮɑŬɠ-əɚŮɘůŰɐɠ 

ɛɐŰɟŬɠ ŮɑɜŬɘ əŬɗɞɟɘůŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ ŮűŬɟɛɞɔɐ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŬɡŰɐɠ. Ƀɘ 

ůɖɛŬɜŰɘəɧŰŮɟŮɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŬɡŰɐɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡɚɘəɞɨ Űɞɡ 

əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ, Űɖɜ ŬəɟɑɓŮɘŬ Űɖɠ ɛˊɘɔɏŰŬɠ, Űɘɠ ŭɘŮɟɔŬůɑŮɠ ˊɟɞŭɘŬɛɧɟűɤůɖɠ, Űɖɜ Ŭəɟɘɓɐ 

ŰɞˊɞɗɏŰɖůɖ Űɖɠ ɛˊɘɔɏŰŬɠ, ŰŬ əŬŰŬůəŮɡŬůŰɘəɎ əŬɘ ɚŮɘŰɞɡɟɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɛɐŰɟŬɠ, Űɖ 

űɗɞɟɎ Űɖɠ ɛɐŰɟŬɠ, Űɖɜ ŬəɟɑɓŮɘŬ Űɖɠ ɛɖɢŬɜɐɠ, Űɖ ɗŮɟɛɞəɟŬůɑŬ ůűɡɟɖɚɎŰɖůɖɠ əŬɘ Űɖ ɚɑˊŬɜůɖ. Ƀɘ 

ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɞɑ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɖ ůɡɜɏɢŮɘŬ. 

ȽŭɘɧŰɖŰŮɠ Űɞɡ ɡɚɘəɞɨ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ 

ȼ ɔɜɩůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɡɚɘəɩɜ ŬˊɞŰŮɚŮɑ ɓŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ 

ůɢŮŭɑŬůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ůűɡɟɖɚɎŰɖůɖɠ əŬɘ ůɡɜŮˊɩɠ ůŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ ɖ ŰɎůɖ Űɖɠ ɟɞɐɠ Űɞɡ 

ɡɚɘəɞɨ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ əɟɘŰɐɟɘɞ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮɝŮŰɎɕŮŰŬɘ. Ƀɘ 

ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖ ɢɖɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, ůŰɖ ɛɘəɟɞŭɞɛɐ, ůŰɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ Űɞɡ ɡɚɘəɞɨ Űɞɡ 

əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ ˊɟɞəŬɚɞɨɜ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ ŰɎůɖ ɟɞɐɠ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

ŬɚɚŬɔɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ əŬŰŮɟɔŬůɑŬɠ, ůŰɘɠ ɞˊɞɑŮɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɖ ŮɚŬůŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ, ɖ ɟɞɐ Űɞɡ ɡɚɘəɞɨ əŬɘ ɖ ůəɚɐɟɡɜůɖ. [8] 

ȷəɟɑɓŮɘŬ ɛˊɘɔɏŰŬɠ 

ũɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ ŬəɟɘɓŮɑŬɠ,  ɖ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ůŰɞ ɛɏɔŮɗɞɠ 

əŬɘ Űɞ ůɢɐɛŬ Űɤɜ ɛˊɘɔŮŰɩɜ ŬˊɞŰŮɚŮɑ ˊŬɟɎɛŮŰɟɞ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ. Ƀɘ Ŭɟɢɘəɏɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ 

ɛˊɘɔɏŰŬɠ ˊɟɏˊŮɘ ɜŬ ŮˊɘɚɏɔɞɜŰŬɘ ɏŰůɘ ɩůŰŮ ɞ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ Űɖɠ ɛˊɘɔɏŰŬɠ ɜŬ ŮɑɜŬɘ ɑŭɘɞɠ ɛŮ ŮəŮɑɜɞɜ 

Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ůɢɖɛŬŰɘůŰŮɑ. ȼ ɛŮŰŬɓɞɚɐ Űɞɡ ɧɔəɞɡ (ɛɎɕŬɠ) Űɖɠ ɛˊɘɔɏŰŬɠ 

Ů́ ɖɟŮɎɕŮɘ ɎɛŮůŬ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡ ŰŮɚɘəɞɨ ůűɡɟɖɚŬŰɖɛɏɜɞɡ ŰŮɛŬɢɑɞɡ. ȰɜŬɠ ˊɎɟŬ ˊɞɚɨ ɛɘəɟɧɠ 

ɧɔəɞɠ Űɖɠ ɛˊɘɔɏŰŬɠ ˊɟɞəŬɚŮɑ Űɖɜ ɛɖ ˊɚɐɟɖ ůɡɛˊɚɐɟɤůɖ Űɖɠ əɞɘɚɧŰɖŰŬɠ Űɖɠ ɛɐŰɟŬɠ,  Ůɜɩ ɏɜŬɠ 

ɡˊŮɟɓɞɚɘəɎ ɛŮɔɎɚɞɠ ɧɔəɞɠ ɛˊɘɔɏŰŬɠ ɞŭɖɔŮɑ ůŰɖɜ ɡˊŮɟűɧɟŰɤůɖ Űɖɠ ɛɐŰɟŬɠ əŬɘ ůŰɖ ˊɟɧəɚɖůɖ 

ɕɖɛɘɩɜ ůŮ ŬɡŰɐɜ. Ɇɡɜɐɗɤɠ ɖ ŮˊɘŰɟŮˊɧɛŮɜɖ ɛŮŰŬɓɞɚɐ Űɞɡ ɧɔəɞɡ Űɖɠ ɛˊɘɔɏŰŬɠ ɓɟɑůəŮŰŬɘ ɛŮŰŬɝɨ Ñ 

0,5 əŬɘ Ñ 1% [9].  Ⱥˊɘˊɚɏɞɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɖűɗɞɨɜ ůűɡɟɖɚŬŰɎ ŰŮɛɎɢɘŬ ɛŮ əŬɚɧ űɘɜɑɟɘůɛŬ 

ŮˊɘűɎɜŮɘŬɠ, ŬˊŬɘŰɞɨɜŰŬɘ əŬɚɏɠ ŮˊɘűɎɜŮɘŮɠ ɛˊɘɔŮŰɩɜ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɖɜ əɞˊɐ 

ŬəɟɘɓŮɑŬɠ ɐ ɛŮ Űɞ ˊɟɘɧɜɘůɛŬ Űɤɜ ɛˊɘɔŮŰɩɜ. [8] 

ȹɘŮɟɔŬůɑŮɠ ˊɟɞŭɘŬɛɧɟűɤůɖɠ 

ȼ ůűɡɟɖɚɎŰɖůɖ ŬəɟɘɓŮɑŬɠ əɡɚɘɜŭɟɘəɩɜ əŬɘ ŬɝɞɜɞůɡɛɛŮŰɟɘəɩɜ ŰŮɛŬɢɑɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ůɡɜɐɗɤɠ ůŮ ɛɑŬ ŮɜɘŬɑŬ ŭɘŮɟɔŬůɑŬ. ɋůŰɧůɞ, ɔɘŬ ˊɘɞ ˊɞɚɨˊɚɞəŬ ůɢɐɛŬŰŬ ůűɡɟɖɚŬŰɞɨɛŮɜɤɜ 

ŰŮɛŬɢɑɤɜ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ŭɘŮɟɔŬůɑŮɠ ˊɟɞŭɘŬɛɧɟűɤůɖɠ. ȾŬŰɎ Űɞ 

ůɢŮŭɘŬůɛɧ Űɖɠ əŬŰŬůəŮɡŬůŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ůɡɢɜɎ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ əŬŰɎ Űɞɡɠ ɞˊɞɑɞɡɠ 
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ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɖ ůűɡɟɖɚɎŰɖůɖ. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ůŰŬŭɑɤɜ ˊɟɞŭɘŬɛɧɟűɤůɖɠ əŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ 

ˊɟɞŭɘŬɛɧɟűɤůɖɠ ŮˊɖɟŮɎɕŮɘ ŬˊŮɡɗŮɑŬɠ Űɖɜ ŬəɟɑɓŮɘŬ, Űɞ əɧůŰɞɠ Űɞɡ ŰŮɚɘəɞɨ ŰŮɛŬɢɑɞɡ əŬɘ Űɖ 

ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ-ɛɐŰɟŬɠ. ũɘŬ Űɖɜ ůűɡɟɖɚɎŰɖůɖ ŬəɟɘɓŮɑŬɠ ɖ əŬɚɨŰŮɟɖ ŬəɞɚɞɡɗɑŬ ɗŬ 

ŮɑɜŬɘ ɛɑŬ ůŰɖɜ ɞˊɞɑŬ ůɡɛɓŬɑɜɞɡɜ ɞɘ ŮɚɎɢɘůŰŮɠ űɗɞɟɏɠ əŬŰɎ Űɞ űɘɜɑɟɘůɛŬ Űɖɠ ɛɐŰɟŬɠ. Ⱥˊɑůɖɠ, ɖ 

əŬŰɎɚɚɖɚɖ ůɢŮŭɘŬůɛɏɜɖ ŭɘŮɟɔŬůɑŬ ˊɟɞŭɘŬɛɧɟűɤůɖɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŰɖ  ɛŮɑɤůɖ Űɤɜ 

űɞɟŰɘɩɜ ůűɡɟɖɚɎŰɖůɖɠ, ůŰɖɜ ŮɝɎɚŮɘɣɖ Űɤɜ ůűŬɚɛɎŰɤɜ ɟɞɐɠ, ůŰɖɜ ůɡɛˊɚɐɟɤůɖ Űɖɠ əɞɘɚɧŰɖŰŬɠ 

Űɖɠ ɛɐŰɟŬɠ əŬɘ ůŰɖɜ  Ůɝɞɘəɞɜɧɛɖůɖ Űɞɡ ɡɚɘəɞɨ Űɖɠ ɛˊɘɔɏŰŬɠ. Ɉˊɧ ŬɡŰɐ Űɖɜ ɏɜɜɞɘŬ ɛɘŬ 

ɞɚɞəɚɖɟɤɛɏɜɖ ˊɟɞůɏɔɔɘůɖ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ ůɢŮŭɘŬůɛɧ Űɖɠ ŬəɞɚɞɡɗɑŬɠ Űɤɜ ɓɖɛɎŰɤɜ Űɖɠ 

ŭɘŮɟɔŬůɑŬɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ əŬɘ Űɞ ůɢŮŭɘŬůɛɧ Űɤɜ əŬɚɞɡˊɘɩɜ ɛɏůɤ ɚɞɔɘůɛɘəɞɨ ˊɟɞůɞɛɞɑɤůɖɠ 

- CAE ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ. [8] 

ȷəɟɘɓɐɠ ŰɞˊɞɗɏŰɖůɖ ɛˊɘɔɏŰŬɠ 

ȼ ŬɜŬəɟɘɓɐɠ ŰɞˊɞɗɏŰɖůɖ Űɖɠ ɛˊɘɔɏŰŬɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ Űɖ ɛɖ ɞɛɞɘɧɛɞɟűɖ ˊɚɐɟɤůɖ Űɖɠ 

əɞɘɚɧŰɖŰŬɠ Űɖɠ ɛɐŰɟŬɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗɞɨɜ ɡɣɖɚɧŰŮɟɖ űɧɟŰɤůɖ əŬɘ 

ˊŬɟŬɛɞɟűɩůŮɘɠ ůŰɖ ɛɐŰɟŬ. Ⱥˊɑůɖɠ, ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗŮɑ əɚɑůɖ ůŰɞ ɏɛɓɞɚɞ əŬɘ ůŰɖɜ Ɏɜɤ ɛɐŰɟŬ, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɡɝɖɗŮɑ ɖ űɗɞɟɎ Űɖɠ ɛɐŰɟŬɠ əŬɘ ɖ ɛŮŰŬɓɞɚɐ ůŰɖ ŭɘɎůŰŬůɖ Űɞɡ ɨɣɞɡɠ Űɞɡ 

əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ. ȰɜŬ Ŭəɟɘɓɏɠ əŮɜŰɟɎɟɘůɛŬ Űɖɠ ɛˊɘɔɏŰŬɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬˊŬɘŰɖŰɘəɧ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɖɠ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖɠ ŰɞˊɞɗɏŰɖůɖɠ ɛˊɘɔɏŰŬɠ ůŰɖ ɛɐŰɟŬ. [8] 

ɀɐŰɟŬ 

ȼ ɛɐŰɟŬ ŬˊɞŰŮɚŮɑ ɧɚɞ əŬɘ ůɖɛŬɜŰɘəɧŰŮɟɞ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɞ əɧůŰɞɠ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ 

ůűɡɟɖɚŬŰɞɨɛŮɜɤɜ ŰŮɛŬɢɑɤɜ, ɚɧɔɤ Űɤɜ ŬɡɝŬɜɧɛŮɜɤɜ ŬˊŬɘŰɐůŮɤɜ ůɢŮŰɘəɎ ɛŮ Űɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ 

Űɞɡ ůɢɐɛŬŰɞɠ əŬɘ Űɤɜ ŬˊŬɘŰɐůŮɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ůűɡɟɖɚŬŰɞɨɛŮɜɤɜ ŰŮɛŬɢɑɤɜ. ɇŬ 

ŰɛɐɛŬŰŬ Űɖɠ ɛɐŰɟŬɠ ɔɘŬ Űɖ ůűɡɟɖɚɎŰɖůɖ ŬəɟɘɓŮɑŬɠ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜ ŭɨɞ ɓŬůɘəɏɠ 

ˊɟɞɦˊɞɗɏůŮɘɠ: ɜŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɛŮ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ əŬɘ ɜŬ ŮɝŬůűŬɚɑɕɞɡɜ Űɖɜ ŮɚɎɢɘůŰɖ 

ɛŮŰŬɓɞɚɐ ůŰɘɠ ŭɘŬůŰɎůŮɘɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ [8]. ɃˊɞɘŬŭɐˊɞŰŮ 

Ŭˊɧəɚɘůɖ Ŭˊɧ Űɘɠ ˊɟɞɓɚŮˊɧɛŮɜŮɠ Űɘɛɏɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ɛɐŰɟŬɠ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ůɡůŰɖɛŬŰɘəɎ ůűɎɚɛŬŰŬ ůŰɞ əŬŰŮɟɔŬɕɧɛŮɜɞ ŰŮɛɎɢɘɞ. ũɘŬ ɡɣɖɚɐ Ŭˊɧŭɞůɖ, ɖ ˊɞɘɧŰɖŰŬ 

Űɖɠ ɛɐŰɟŬɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 3 ɏɤɠ 5 ˊɞɘɧŰɖŰŮɠ ISO əŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ŮˊɘɗɡɛɖŰɐ ŬəɟɑɓŮɘŬ Űɤɜ 

ůűɡɟɖɚŬŰɞɨɛŮɜɤɜ ŰŮɛŬɢɑɤɜ. [10] 

ȼ ŭɘŮɟɔŬůɑŬ Űɖɠ ůűɡɟɖɚɎŰɖůɖ ŬəɟɘɓŮɑŬɠ ŬˊŬɘŰŮɑ Ŭəɟɘɓɐ əŬɗɞŭɐɔɖůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ɛɐŰɟŬɠ, 

əŬɗɩɠ əŬɘ ŬɝɘɧˊɘůŰɞ əɚŮɑůɘɛɞ Űɖɠ ɛɐŰɟŬɠ. ȷɡŰɞɑ ɞɘ ˊŬɟɎɔɞɜŰŮɠ ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ 

Ůɨɟɡɗɛɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ əŬɚɞɡˊɘɩɜ əŬɘ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ŬəɟɑɓŮɘŬɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ. 

ȽŭɘŬɑŰŮɟŬ əŬɚɐ əŬɗɞŭɐɔɖůɖ Űɤɜ əɘɜɖŰɩɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ɛɐŰɟŬɠ ŬˊŬɘŰŮɑŰŬɘ ɧŰŬɜ Űɞ ůɨůŰɖɛŬ 

ɞŭɐɔɖůɖɠ Űɖɠ ɛɖɢŬɜɐɠ ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ŬɜŮˊŬɟəɏɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ůɡɜɘůŰɎŰŬɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɐŰɟŮɠ ɛŮ əɡɚɘɜŭɟɘəɞɨɠ ɞŭɖɔɞɨɠ. ȺɎɜ ɞɘ ɛɐŰɟŮɠ əɚŮɑɜɞɡɜ ɛŮ ˊɟɧůɗŮŰŬ əɚŮɘůŰɎ 

ůŰɞɘɢŮɑŬ, Űɞ ŮˊɑˊŮŭɞ Űɖɠ ˊɑŮůɖɠ ůŰŬ əɚŮɘůŰɎ ůŰɞɘɢŮɑŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɖ ɛɏɔɘůŰɖ 
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Űɘɛɐ Űɖɠ əŬɜɞɜɘəɐɠ ˊɑŮůɖɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ɛɐŰɟŬɠ [9]. ũɘŬ ɜŬ ŮűŬɟɛɞůɗŮɑ  ɖ əŬŰɎɚɚɖɚɖ ˊɑŮůɖ 

ůŰŬ əɚŮɘůŰɎ ůɖɛŮɑŬ, ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɚŬŰɐɟɘŬ. Ⱥˊɘˊɚɏɞɜ, ŰŬ ŮɚŬŰɐɟɘŬ ŬɡŰɎ ˊŬɟɏɢɞɡɜ 

ˊɟɞůŰŬůɑŬ Ŭˊɧ ɛɑŬ ˊɘɗŬɜɐ ɡˊŮɟűɧɟŰɤůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ. [8] 

Ƀɘ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ əŬɘ ɞɘ ɗŮɟɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůűɡɟɖɚŬŰɐůŮɤɠ 

ˊɟɞəŬɚɞɨɜ Űɖɜ ŮɚŬůŰɘəɐ əŬɘ ˊɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ ŰɛɖɛɎŰɤɜ Űɖɠ ɛɐŰɟŬɠ. ɆɡɜŮˊɩɠ, ŬɡŰɧ 

ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŬˊɞəɚɑůŮɘɠ ůŰɖɜ ɛɞɟűɐ əŬɘ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ. ȼ 

ˊɞůɧŰɖŰŬ Űɖɠ ŮɚŬůŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɖɠ ɛɐŰɟŬɠ ůŮ ɛɑŬ əɟɨŬ ůűɡɟɖɚɎŰɖůɖ əɡɛŬɑɜŮŰŬɘ 

ůɡɜɐɗɤɠ Ŭˊɧ 50 ɏɤɠ 500 ɛm, Ůɜɩ Űɞ ɛɏɔŮɗɞɠ Űɖɠ Ŭɜɞɢɐɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ 

ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 10 ɛm [11]. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŬɜɎůŰɟɞűɖɠ əɟɨŬɠ ŭɘɏɚŬůɖɠ 

Űɞɡ ŰŮɛŬɢɑɞɡ ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.22(Ŭ) ɔɘŬ ɛɏɔɘůŰɞ ŮűŬɟɛɞɕɧɛŮɜɞ űɞɟŰɑɞ Fmax = 660 

kN, ɖ Ŭɝɞɜɘəɐ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ˊɡɗɛɏɜŬ Űɖɠ ɛɐŰɟŬɠ ɐŰŬɜ U2 = 0.13 mm əŬɘ ɖ ŬəŰɘɜɘəɐ ɛŮŰŬŰɧˊɘůɖ 

Űɖɠ ŮůɤŰŮɟɘəɐɠ ŭɘŬɛɏŰɟɞɡ Űɖɠ ɛɐŰɟŬɠ ɐŰŬɜ U1 = 0.026 mm (ɞɘ Ŭɟɢɘəɏɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ ɛɐŰɟŬɠ ɐŰŬɜ 

30 mm ŮůɤŰŮɟɘəɐ ŭɘɎɛŮŰɟɞɠ əŬɘ 90 mm ŮɝɤŰŮɟɘəɐ ŭɘɎɛŮŰɟɞɠ) (ɆɢɐɛŬ 1.22(b)). ȼ ɛŮɔŬɚɨŰŮɟɖ 

ŮɚŬůŰɘəɐ ůɡůŰɞɚɐ Űɞɡ Ůɛɓɧɚɞɡ Űɖɠ ɛɐŰɟŬɠ ɛŮ ɏɜŬ Ŭɟɢɘəɧ ɛɐəɞɠ 65 mm ɔɑɜŮŰŬɘ ůŰɞ Űɏɚɞɠ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ůɢɖɛŬŰɘůɛɞɨ əŬɘ ŮɑɜŬɘ ɑůɖ ɛŮ 0.6 mm (ɆɢɐɛŬ 1.22(c)). [12] 

 

ɆɢɐɛŬ 1.22: ȷɜɎůŰɟɞűɖ əɟɨŬ ŭɘɏɚŬůɖ. (Ŭ) əŮŰŮɟɔŬɕɧɛŮɜɞ ŰŮɛɎɢɘɞ, (b) ȺɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ ɛɐŰɟŬɠ 
(c) ȺɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ Ůɛɓɧɚɞɡ [12] 
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ȼ ŬɜŬəɟɑɓŮɘŬ ůŰɖɜ ŬəŰɘɜɘəɐ əŬŰŮɨɗɡɜůɖ Űɤɜ ůűɡɟɖɚŬŰɞɨɛŮɜɤɜ ŰŮɛŬɢɑɤɜ ɛˊɞɟŮɑ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ əɎɜɞɜŰŬɠ Űɖ ŭɘɎůŰŬůɖ Űɖɠ ɛɐŰɟŬɠ ɛŮɔɎɚɖ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ŰŮɛŬɢɑɞɡ, 

ɐ Ŭəɧɛɖ əŬɚɨŰŮɟŬ ɛŮ Űɖ ɢɟɐůɖ ɞˊɚɘůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ [13]. ɆŰɞ ɆɢɐɛŬ 1.23 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ 

əŬɘɜɞŰɧɛɞɠ ɘŭɏŬ ˊɎɜɤ ůŰɞ ɗɏɛŬ Űɖɠ ɛɐŰɟŬɠ ɔɘŬ Űɖ ůűɡɟɖɚɎŰɖůɖ ŬəɟɘɓŮɑŬɠ ɖ ɞˊɞɑŬ ůɡɛɓɎɚɚŮɘ 

ůŰɖɜ Ŭɨɝɖůɖ Űɘɠ ŭɘŬůŰŬůɘŬəɐɠ ˊɞɘɧŰɖŰŬɠ  Űɤɜ ŰŮɚɘəɩɜ ŰŮɛŬɢɑɤɜ ɛɏɢɟɘ əŬɘ Űɖɜ əŬŰɖɔɞɟɑŬ IT 6 [14] 

əŬɗɩɠ əŬɘ ůŰɖ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡɠ əŬɘ Űɖɠ ŬɝɘɞˊɘůŰɑŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. ɇɞ 

ůɖɛŮɑɞ əɚŮɘŭɑ ŬɡŰɐɠ Űɖɠ ɘŭɏŬɠ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ ŮɜŮɟɔɧɠ ŬɜŰɘůŰɎɗɛɘůɖ Ŭˊɧəɚɘůɖɠ ŮɑɜŬɘ ɜŬ 

ŬɜŰɘůŰŬɗɛɑůŮɘ ŰŬ űɞɟŰɑŬ ˊɑŮůɖɠ Ůˊɑ Űɤɜ ŮůɤŰŮɟɘəɩɜ ŰɞɘɢɤɛɎŰɤɜ Űɖɠ ɛɐŰɟŬɠ ï ŰŬ ɞˊɞɑŬ ˊɟɞəŬɚɞɨɜ 

Űɖɜ ŮɚŬůŰɘəɐ ŮəŰɟɞˊɐ Űɖɠ ɛɐŰɟŬɠ - ɛŮ Űɖ ɓɞɐɗŮɘŬ ŮɚŮɔɢɧɛŮɜɖɠ ˊɑŮůɖɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ɏɜŬ 

ŮɚŬůŰɞɛŮɟɏɠ ŭŬəŰɨɚɘɞ ŮɜůɤɛŬŰɤɛɏɜɞ ůŰɖɜ əɎŰɤ ɛɐŰɟŬ. [8] 

 

ɆɢɐɛŬ 1.23: ȺɜŮɟɔɧɠ ŬɜŰɘůŰɎɗɛɘůɖ Űɖɠ ŮɚŬůŰɘəɐɠ Ŭˊɧəɚɘůɖɠ Űɖɠ ɛɐŰɟŬɠ. (a) ŭɘɎŰŬɝɖ əŬɚɞɡˊɘɩɜ, (b) 
ŭɘŮɟɔŬůɑŬ ŭɘŬɛɧɟűɤůɖɠ əŬɘ (c) ŭɘŮɟɔŬůɑŬ Ŭˊɧɟɟɘɣɖɠ [14] 

ɋůŰɧůɞ, ůŰɘɠ ŭɘŮɟɔŬůɑŮɠ ůűɡɟɖɚɎŰɖůɖɠ ɛŮ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɞ űɞɟŰɑɞ ˊɑŮůɖɠ əŬŰɎ Űɖ ŭɘŬɛɧɟűɤůɖ 

Űɞɡ ŰŮɛŬɢɑɞɡ, ɖ ŮɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ ɛɐŰɟŬɠ ɛŮŰŬɓɎɚɚŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ 

əŬɘ ůɡɜŮˊɩɠ, ŰŬ ůűɎɚɛŬŰŬ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘůŰŬɗɛɘůŰɞɨɜ ˊɚɐɟɤɠ. ũɘŬ Űɖ ŭɘŮɟɔŬůɑŬ ŬɡŰɐ ɞɘ 

Osakada et al. [15] ˊɟɧŰŮɘɜŬɜ Űɖ ŭɞɛɐ Űɖɠ ɛɐŰɟŬɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.24. ɀŮ ŮɜŮɟɔɧ 

ɏɚŮɔɢɞ Űɖɠ Űɟɘɓɐɠ ɛŮŰŬɝɨ Űɖɠ ŮůɤŰŮɟɘəɐɠ ɛɐŰɟŬɠ əŬɘ Űɖɠ ŮɝɤŰŮɟɘəɐɠ ɛɐŰɟŬɠ əŬɘ əɟŬŰɩɜŰŬɠ Űɞ 

ůɡɜŰŮɚŮůŰɐ Űɟɘɓɐɠ ˊɞɚɨ ɢŬɛɖɚɧ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮɚŮɔɢɗŮɑ ɖ əŬŰŬəɧɟɡűɖ ɗɏůɖ Űɖɠ ŮůɤŰŮɟɘəɐɠ 

ɛɐŰɟŬɠ ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɘɧɟɗɤůɖ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ əŬɘ ˊŬɟɏɢŮɘ 

Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ŰŮɛŬɢɑɞɡ. [8] 

ɇɏɚɞɠ əŬŰɎ Űɖ ůűɡɟɖɚɎŰɖůɖ ŬəɟɘɓŮɑŬɠ ɞ ůɢŮŭɘŬůɛɧɠ ŬˊɞɓɞɚɏŬ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ 

əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ Ŭˊɧ Űɖ ɛɐŰɟŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ. ɇɞ űɞɟŰɑɞ ŮɝŬɔɤɔɐɠ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ 

Ŭˊɧ Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ əŬɘ Ŭˊɧ Űɖ ɚɑˊŬɜůɖ. Ⱥˊɑůɖɠ, ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ 

ɘŭɘŬɑŰŮɟŬ ɡɣɖɚɧ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɛŮɔɎɚŮɠ ŭɘŬŭɟɞɛɏɠ ŮəŰɑɜŬɝɖɠ ɧˊɤɠ ůŰɘɠ 

ŭɘŮɟɔŬůɑŮɠ Űɖɠ ŮˊɤɗɖŰɘəɐɠ ŭɘɏɚŬůɖɠ ɐ Űɖɠ ŬɜɎůŰɟɞűɖɠ ŭɘɏɚŬůɖɠ. [8] 
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ɆɢɐɛŬ 1.24: ȹɘɎŰŬɝɖ ɛɐŰɟŬɠ ɛŮ ŮɜŮɟɔɧ ɏɚŮɔɢɞ Űɟɘɓɐɠ [15] 

ūɗɞɟɎ Űɖɠ ɛɐŰɟŬɠ 

ɆŰɖɜ ůűɡɟɖɚɎŰɖůɖ ŬəɟɘɓŮɑŬɠ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɜŬ ɛŮɘɤɗŮɑ ɖ űɗɞɟɎ Űɖɠ ɛɐŰɟŬɠ, əŬɗɩɠ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬɜ ˊŬɟɎɔɞɜŰŬ ˊɞɡ ŮˊɖɟŮɎɕŮɘ ɧɢɘ ɛɧɜɞ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ůűɡɟɖɚŬŰɞɨɛŮɜɤɜ 

ŰŮɛŬɢɑɤɜ ŬɚɚɎ əŬɘ Űɞ əɧůŰɞɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ. ɄŮɟɑˊɞɡ Űɞ 70% Űɤɜ ŬɚɚŬɔɩɜ 

Űɖɠ ɛɐŰɟŬɠ ɔɑɜɞɜŰŬɘ ɚɧɔɤ Űɖɠ űɗɞɟɎɠ Űɖɠ əŬɗɩɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ əɟŬŰɐůŮɘ Űɘɠ ŮˊɘɗɡɛɖŰɏɠ Ŭɜɞɢɏɠ 

[16]. Ⱥˊɑůɖɠ, ŬɡůŰɖɟɎ ɧɟɘŬ Ŭɜɞɢɐɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ ŬəɟɘɓŮɑŬɠ ɛŮɘɩɜɞɡɜ Ůˊɘˊɚɏɞɜ Űɖ ŭɘɎɟəŮɘŬ 

ɕɤɐɠ Űɖɠ ɛɐŰɟŬɠ, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ ŭɟŬɛŬŰɘəɎ Űɘɠ ŭŬˊɎɜŮɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ Űɖɠ 

ůűɡɟɖɚɎŰɖůɖɠ. ɆɡɜŮˊɩɠ, ɖ ɓŮɚŰɑɤůɖ Űɖɠ ŭɘɎɟəŮɘŬɠ ɕɤɐɠ Űɖɠ ɛɐŰɟŬɠ ɏɢŮɘ əŬɗɞɟɘůŰɘəɐ ůɖɛŬůɑŬ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɗŮɟɛɐɠ əŬɘ Űɖɠ ɖɛɑɗŮɟɛɖɠ ůűɡɟɖɚɎŰɖůɖɠ ŬəɟɘɓŮɑŬɠ ɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ 

ɛɐŰɟŬɠ əŬɘ ɖ ŮɛűɎɜɘůɖ űɗɞɟɩɜ ŮɝŬɟŰɩɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ ůűɡɟɖɚɎŰɖůɖɠ. 

ũŮɜɘəɧŰŮɟŬ, ɞɘ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ůűɡɟɖɚɎŰɖůɖɠ Ůˊɘŭɟɞɨɜ ˊɞɚɨ ɗŮŰɘəɎ ůŰɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ 

ɛɐŰɟŬɠ. [8] 

ɀɖɢŬɜɐ 

Ƀɘ ɏɟŮɡɜŮɠ ˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ ˊɎɜɤ ůŰɖ ŭɘŬůŰŬůɘŬəɐ ŬəɟɑɓŮɘŬ Űɤɜ ůűɡɟɖɚŬŰɞɨɛŮɜɤɜ ŰŮɛŬɢɑɤɜ 

ŬəɟɘɓŮɑŬɠ ɏŭŮɘɝŬɜ ɧŰɘ ɡˊɎɟɢŮɘ ɎɛŮůɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ ɛɖɢŬɜɐɠ əŬɘ Űɤɜ ŬˊɞəɚɑůŮɤɜ ůŰɘɠ 

ŭɘŬůŰɎůŮɘɠ Űɤɜ ŰŮɛŬɢɑɤɜ. Ƀɘ ŬɜŬəɟɑɓŮɘŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ɛɖɢŬɜɐ ɛˊɞɟɞɨɜ ɜŬ ɞɟɘůŰɞɨɜ ɤɠ 

ŰŬ ɔŮɤɛŮŰɟɘəɎ ůűɎɚɛŬŰŬ ůŰɞ ůɨůŰɖɛŬ Űɖɠ ɛɖɢŬɜɐɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖ ɗŮɟɛɘəɐ 

ˊŬɟŬɛɧɟűɤůɖ Űɤɜ ɛŮɚɩɜ Űɖɠ əŬɘ Ŭˊɧ Űɖɜ ŮɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ ɛɖɢŬɜɐɠ. [11] 

ȼ Ŭɨɝɖůɖ Űɖɠ ŭɡůəŬɛɣɑŬɠ Űɖɠ ˊɟɏůŬɠ ɏɢŮɘ ɗŮŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖɜ ŬəɟɑɓŮɘŬ Űɧůɞ Űɖɠ ˊɟɏůŬɠ ɧůɞ 

əŬɘ Űɞɡ ůűɡɟɖɚŬŰɞɨɛŮɜɞɡ ŰŮɛŬɢɑɞɡ. Ɉɣɖɚɐ ŭɡůəŬɛɣɑŬ ˊɟɏůŬɠ ůɡɜɘůŰɎŰŬɘ ɘŭɘŬɑŰŮɟŬ ɔɘŬ ɛɖɢŬɜɏɠ 

ɛŮ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŭɨɜŬɛɖɠ ŭɘŬɛɧɟűɤůɖɠ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ůɡɢɜɎ ŬɜɘɢɜŮɨŮŰŬɘ ůŮ ɛɖɢŬɜɘəɏɠ 

ˊɟɏůŮɠ əŬɘ ˊɟɞəŬɚŮɑ ˊɞɘəɘɚɑŬ ůŰɞ ˊɎɢɞɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ. ȼ ŭɡůəŬɛɣɑŬ Űɖɠ ˊɟɏůŬɠ ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 1000 kN/mm ůŰɖɜ ˊŮɟɑˊŰɤůɖ ůűɡɟɐɚŬŰɤɜ ŰŮɛŬɢɑɤɜ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ. [17] 
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ŪŮɟɛɞəɟŬůɑŬ 

ȷˊɧ ɧɚŮɠ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůűɡɟɖɚɎŰɖůɖɠ,  ɖ ɗŮɟɛɞəɟŬůɑŬ  ůűɡɟɖɚɎŰɖůɖɠ əŬɘ ɞɘ 

ɗŮɟɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞɘ ˊɘɞ ůɨɜɗŮŰŮɠ əŬɘ ɞɘ ˊɘɞ ůɖɛŬɜŰɘəɏɠ. 

ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɓɏɚŰɘůŰɤɜ ůɡɜɗɖəɩɜ ˊŬɟŬɔɤɔɐɠ, ɖ ŬɝɘɧˊɘůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɛɐŰɟŬɠ, ɖ əŬɚɐ 

ŬəɟɑɓŮɘŬ ůŰɘɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ ɛɐŰɟŬɠ əŬɘ ɞɘ  ɗŮɟɛɞəɟŬůɑŮɠ ůűɡɟɖɚɎŰɖůɖɠ ŬˊɞŰŮɚɞɨɜ əŬŰŬɚɡŰɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ. ȺɘŭɘəɧŰŮɟŬ, ɔɘŬ ɛɐŰɟŮɠ ɛŮ ˊɞɚɨ ůŰŮɜɏɠ Ŭɜɞɢɏɠ əŬɘ ɛɘəɟɎ əŮɜɎ ɛŮŰŬɝɨ Űɤɜ əɘɜɞɨɛŮɜɤɜ 

ůŰɞɘɢŮɑɤɜ, ɞˊɞɘŬŭɐˊɞŰŮ Ŭˊɧəɚɘůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ɛɐŰɟŬɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɗŮɟɛɘəɐ 

ŭɘŬůŰɞɚɐ ɐ ůɡɟɟɑəɜɤůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ. Ⱥˊɘˊɚɏɞɜ, ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ůɖɛŬɜŰɘəɏɠ 

ɛŮŰŬɓɞɚɏɠ ůŰɘɠ ŭɘŬůŰɎůŮɘɠ Űɞɡ ůűɡɟɐɚŬŰɞɡ ŰŮɛŬɢɑɞɡ ŬɚɚɎ əŬɘ ůŰɖ ŭɡůɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɑŭɘŬɠ Űɖɠ 

ɛɐŰɟŬɠ. Ⱥˊɑůɖɠ, ɖ ɗŮɟɛɞəɟŬůɑŬ ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ɎɛŮůŬ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ɗŮɟɛɘəɐ 

ůɡɟɟɑəɜɤůɖ Űɤɜ ůűɡɟɖɚŬŰɞɨɛŮɜɤɜ ŰŮɛŬɢɑɤɜ, Űɖ ɛɘəɟɞŭɞɛɐ Űɤɜ ŰŮɚɘəɩɜ əŬŰŬůəŮɡŬůŰɘəɩɜ 

ůŰɞɘɢŮɑɤɜ, Űɖ ŰɎůɖɠ ɟɞɐɠ, Űɖ ŭɘŬɛɞɟűɤŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ ə.ɚˊ., əŬɘ, əŬŰɎ ůɡɜɏˊŮɘŬ, 

ŮˊɖɟŮɎɕŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ əŬɘ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ŰŮɚɘəɩɜ ˊɟɞɥɧɜŰɤɜ. ɆŰɖɜ ɖɛɑɗŮɟɛɖ əŬɘ ɗŮɟɛɐ 

ůűɡɟɖɚɎŰɖůɖ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ ˊɟɏˊŮɘ ɜŬ ŮɚɏɔɢŮŰŬɘ ˊɟɞůŮəŰɘəɎ ůŰɖɜ 

ɏɝɞŭɞ Űɖɠ ůɡůəŮɡɐɠ ɗɏɟɛŬɜůɖɠ. Ƀɘ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ůűɡɟɖɚɎŰɖůɖɠ ɛŮɘɩɜɞɡɜ Űɖɜ 

ůəɚɐɟɡɜůɖ əŬɘ Űɖɜ ŮɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ ɛɐŰɟŬɠ əŬɘ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ɛɖɢŬɜɐɠ, ŬɚɚɎ 

ˊɟɞəŬɚɞɨɜ Ŭɨɝɖůɖ Űɖɠ űɗɞɟɎɠ Űɖɠ ɛɐŰɟŬɠ. ȼ ɞɛɞɘɧɛɞɟűɖ əɚɑůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊɎɜɤ Ŭˊɧ Űɞ 

əŬŰŮɟɔŬɕɧɛŮɜɞ ŰŮɛɎɢɘɞ ˊɟɞŰɘɛɎŰŬɘ əŬɗɩɠ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ɞɛɞɘɧɛɞɟűɖ ůɡɟɟɑəɜɤůɖ Űɤɜ 

ůűɡɟɖɚŬŰɖɛɏɜɤɜ ŰŮɛŬɢɑɤɜ əŬŰɎ Űɖɜ ɣɨɝɖ. [8] 

ȷɜ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɣɡɢɟɐɠ ůűɡɟɖɚɎŰɖůɖɠ ůɡɜɐɗɤɠ ŮəŰŮɚŮɑŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ, ɖ 

ɗŮɟɛɧŰɖŰŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ əŬŰɎ Űɖ ŭɘŮɟɔŬůɑŬ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ Űɖ 

ɗŮɟɛɞəɟŬůɑŬ Űɞɡ əŬŰŮɟɔŬɕɧɛŮɜɞɡ ŰŮɛŬɢɑɞɡ əŬɘ Űɖɠ ɛɐŰɟŬɠ ɔɘŬ ɛŮɟɘəɏɠ ŮəŬŰɞɜŰɎŭŮɠ ɓŬɗɛɞɨɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɏɟŮɡɜŬ Űɞɡ Kuzman, Kar (2001) [17] ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɖ Ŭɨɝɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ əŬŰɎ 100 ÁC ɛˊɞɟŮɑ ɜŬ ŬɚɚɎɝŮɘ Űɖ ŭɘɎɛŮŰɟɞ Űɞɡ Ůɛɓɧɚɞɡ Űɖɠ ɛɐŰɟŬɠ əŬŰɎ 0,02 mm. 

ɆɡɜŮˊɩɠ, ŮɑɜŬɘ ůŬűɏɠ ɧŰɘ əŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ɣɡɢɟɐɠ ůűɡɟɖɚɎŰɖůɖɠ ŬəɟɘɓŮɑŬɠ 

ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɞɘ ɗŮɟɛɘəɏɠ ŮˊɘŭɟɎůŮɘɠ əŬɗɩɠ əŬɘ ɞɘ əŬŰɎɚɚɖɚŮɠ ŭɘɞɟɗɩůŮɘɠ ůŰɖ 

ɔŮɤɛŮŰɟɑŬ Űɖɠ ɛɐŰɟŬɠ. Ⱥˊɘˊɚɏɞɜ, ůŰɖɜ ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɤɜ ɗŮɟɛɘəɩɜ 

ŬɚɚŬɔɩɜ ˊɟɏˊŮɘ ɜŬ ŭɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ůŰɖɜ ɚɑˊŬɜůɖ. [17] 

ȿɑˊŬɜůɖ 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ ɖ ɚɑˊŬɜůɖ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞ, ŭɘɧŰɘ ɛŮɘɩɜŮɘ Űɖɜ 

Űɟɘɓɐ ɖ ɞˊɞɑŬ ɛŮɘɩɜŮɘ Űɞ űɞɟŰɑɞ əŬɘ Űɖ űɗɞɟɎ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ ŮɟɔŬɚŮɑɞɡ/ŰŮɛŬɢɑɞɡ,  ŭɘŮɡəɞɚɨɜŮɘ Űɖ 

ɟɞɐ Űɞɡ ɡɚɘəɞɨ ůŰɖɜ əɞɘɚɧŰɖŰŬ Űɞɡ əŬɚɞɡˊɘɞɨ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ əŬɚɨŰŮɟɖ ˊɚɐɟɤůɖ 

Űɖɠ əɞɘɚɧŰɖŰŬɠ Űɖɠ ɛɐŰɟŬɠ. Ⱥˊɘˊɚɏɞɜ, Űɞ ɚɘˊŬɜŰɘəɧ ŬˊɞŰŮɚŮɑ ɗŮɟɛɘəɧ ˊɟɞůŰŬŰŮɡŰɘəɧ ůŰɟɩɛŬ 

ɛŮŰŬɝɨ ɗŮɟɛɞɨ ŰŮɛŬɢɑɞɡ əŬɘ ůɢŮŰɘəɎ ɣɡɢɟɞɨ əŬɚɞɡˊɘɞɨ, ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɞ ɟɡɗɛɧ Ŭˊɧɣɡɝɖɠ Űɞɡ 

ŰŮɛŬɢɑɞɡ. ɊɨɢŮɘ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɖɠ ɛɐŰɟŬɠ əŬɘ ŭɘŬŰɖɟŮɑ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ůŰŬɗŮɟɐ əŬŰɎ Űɖ 
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ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŭɘŬɛɧɟűɤůɖɠ.  ɇɞ ɚɘˊŬɜŰɘəɧ, ˊŬɑɕŮɘ Ůˊɑůɖɠ Űɞ ɟɧɚɞ ŭɘŬɢɤɟɘůŰɘəɞɨ ɛɏůɞɡ 

ˊɞɡ ŮɛˊɞŭɑɕŮɘ Űɞ ŰŮɛɎɢɘɞ ɜŬ çəɞɚɚɐůŮɘè ůŰɞ əŬɚɞɨˊɘ. Ⱥˊɘˊɚɏɞɜ, ɖ ɚɑˊŬɜůɖ ŮˊɘŰɟɏˊŮɘ Űɖ 

ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůɢɖɛŬŰɘůɛɞɨ əŬɗɩɠ əŬɘ Űɖɜ ŮˊɑŰŮɡɝɖ əŬɚɨŰŮɟɖɠ ŬəɟɑɓŮɘŬɠ Űɞɡ 

ŰŮɛŬɢɑɞɡ. ɇɞ ůɨůŰɖɛŬ ɚɑˊŬɜůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘɚɏɔŮɜŰŬɘ ɛŮ Űɟɧˊɞ ɩůŰŮ ɜŬ ŮɑɜŬɘ ůɢŮŰɘəɎ 

ŬɜŮɝɎɟŰɖŰɞ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ Űɖ ˊɑŮůɖ. Ⱥˊɘˊɚɏɞɜ, Űɞ ɚɘˊŬɜŰɘəɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ 

ɞɛɞɘɧɛɞɟűŬ əŬɘ ůŰŬɗŮɟɎ əŬɗɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ,   ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɛɏɔɘůŰɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ.  ɉɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ɚɘˊŬɜŰɘəɎ ůŰɖ ɗŮɟɛɐ 

ůűɡɟɖɚɎŰɖůɖ ŮɑɜŬɘ ɞ ɔɟŬűɑŰɖɠ, Űɞ ŭɘɗŮɘɩŭŮɠ ɛɞɚɡɓŭŬɑɜɘɞ əŬɘ ɞ ɨŬɚɞɠ (ůŰŮɟŮɎ ɚɘˊŬɜŰɘəɎ). ɆŰɖ 

ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɎˊɤɜŮɠ əŬɘ ɞɟɡəŰɏɚŬɘŬ. [3] [8] 
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ȾȺūȷȿȷȽɃ 2:     ȷɁɇȽɆɇɅɃūɃɆ ɀȼɉȷɁɃȿɃũȽȾɃɆ ɆɉȺȹȽȷɆɀɃɆ 

 

ũŮɜɘəɎ ɤɠ ȷɜŰɑůŰɟɞűɞɠ ɀɖɢŬɜɞɚɞɔɘəɧɠ ɆɢŮŭɘŬůɛɧɠ (ȷɀɆ) ɞɟɑɕŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘ əŬŰŬɔɟŬűɐ 

Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ŰŮɢɜɞɚɞɔɘəɩɜ ˊɟɞŭɘŬɔɟŬűɩɜ əŬɘ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ˊɚɐɟɤɠ ɏɜŬ 

ŬɜŰɘəŮɑɛŮɜɞ, ˊɟɞɥɧɜ ɐ əŬŰŬůəŮɡɐ ɛɏůɤ Űɖɠ ŬɜɎɚɡůɖɠ Űɖɠ ŭɞɛɐɠ, Űɖɠ ɢɟɐůɖ əŬɘ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɞɡ ɧŰŬɜ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ŮɑɜŬɘ ŬɜɨˊŬɟəŰŬ, Ůɚɚɘˊɐ, ˊŬɟɤɢɖɛɏɜŬ ɐ ɛɖ ŭɘŬɗɏůɘɛŬ. [18] [19] 

ȼ ŮɛűɎɜɘůɖ Űɞɡ ȷɀɆ ɛˊɞɟŮɑ ɜŬ ŬɜŬɕɖŰɖɗŮɑ Ŭˊɧ Űɞɡɠ ŬɟɢŬɑɞɡɠ ɢɟɧɜɞɡɠ,  ɧˊɞɡ ɞ Ɏɜɗɟɤˊɞɠ 

ŮɟŮɨɜɖůŮ ɛŮɗɞŭɘəɎ ŭɘŬűɧɟɞɡɠ Űɨˊɞɡɠ ůŰɞɘɢŮɑɤɜ-ůɡůŰɖɛɎŰɤɜ ŬɜŬɕɖŰɩɜŰŬɠ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɞɡɠ, Űɘɠ ˊɎůɖɠ űɨůŮɤɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ əŬɘ Űɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. ȼ əŬɗɞɟɘůŰɘəɧŰŮɟɖ 

ˊŮɟɑɞŭɞɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ ȷɀɆ ɐŰŬɜ ́ ɟɘɜ əŬɘ ɛŮŰɎ Űɞɜ ȹŮɨŰŮɟɞ ɄŬɔəɧůɛɘɞ ɄɧɚŮɛɞ, ɧˊɞɡ ɏˊŬɘɝŮ 

ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ɓɘɞɛɖɢŬɜɘəɐ ŬɜɎˊŰɡɝɖ ɘŭɑɤɠ Űɖɠ ȽŬˊɤɜɑŬɠ. ȺəŮɑɜɖ Űɖɜ Ůˊɞɢɐ, ɖ ŭɘŬŭɘəŬůɑŬ 

ŬɜŬəŬŰŬůəŮɡɐɠ Ůɜɧɠ ˊɟɞɥɧɜŰɞɠ ɐŰŬɜ ɓŬůɘəɎ ɢŮɘɟɞˊɞɑɖŰɖ. ɀŮ Űɖɜ Ůɝɏɚɘɝɖ  Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ Űɤɜ 

ɡˊɞɚɞɔɘůŰɩɜ, ŮɛűŬɜɑůŰɖəŬɜ ɜɏŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ əŬɘ ŬɜɎˊŰɡɝɖ Űɤɜ ˊɟɞɥɧɜŰɤɜ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɣɖűɘŬəɩɜ ůŬɟɤŰɩɜ əŬɘ Űɤɜ CAD ůɡůŰɖɛɎŰɤɜ. ɇɞ 1989 

ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ Űɞ ɄɞɚŮɛɘəɧ ɁŬɡŰɘəɧ Űɤɜ ȼɄȷ ɖ ˊɟɩŰɖ ůɡůəŮɡɐ ˊɞɡ ŭɖɛɘɞɨɟɔɖůŮ ɏɜŬ 

ŰɟɘůŭɘɎůŰŬŰɞ ŬɟɢŮɑɞ ŭŮŭɞɛɏɜɤɜ, Ŭˊɧ Űɖ ůɎɟɤůɖ ŮɝŬɟŰɖɛɎŰɤɜ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ŰŬ 

ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ ɔɘŬ ůŰɟŬŰɘɤŰɘəɐ ɢɟɐůɖ ůɡɢɜɎ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ɐ ŮɑɜŬɘ 

ŬˊɧɟɟɖŰŬ Ŭˊɧ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ, Űɞ ɁŬɡŰɘəɧ Űɤɜ ȼɄȷ ɐŰŬɜ ɞɘ ˊɟɩŰɞɘ ˊɞɡ ŮɜŭɘŬűɏɟɗɖəŬɜ ɔɘŬ 

Űɖ ɛŮɑɤůɖ Űɞɡ ɢɟɧɜɞɡ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ ɐ ŮˊɘůəŮɡɐ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ Ŭˊɧ ŰŬ 

ɐŭɖ ɡˊɎɟɢɞɜŰŬ. ȼ Ŭɝɘɞˊɞɑɖůɖ Űɞɡ ȷɀɆ Ŭˊɧ Űɞ ŬɛŮɟɘəŬɜɘəɧ ɜŬɡŰɘəɧ ŮɑɢŮ Űɖɜ ˊɟɧɗŮůɖ ɜŬ ɛŮɘɩůŮɘ 

Űɖɜ ŮɝɎɟŰɖůɐ Űɞɡ Ŭˊɧ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ əŬɘ Űɞɡɠ 

ˊɟɞɛɖɗŮɡŰɏɠ. [20] 

ɆŰɖ ůɖɛŮɟɘɜɐ Ůˊɞɢɐ, ɖ ŰŬɢŮɑŬ ŬɜɎˊŰɡɝɖ ˊɟɞɥɧɜŰɤɜ ŮˊɘɓɎɚɚŮŰŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ŮɘŭɘəɎ ůŮ ɢɩɟŮɠ 

Űɖɠ ɛɏůɖɠ əŬɘ ŬɜŬŰɞɚɘəɐɠ Ⱥɡɟɩˊɖɠ. Ƀ ůŰɧɢɞɠ ɛɘŬɠ ɓɘɞɛɖɢŬɜɘəɐɠ ɛɞɜɎŭŬɠ ŮɑɜŬɘ ɜŬ ˊŮŰɡɢŬɑɜŮɘ Űɞ 

ɛɏɔɘůŰɞ ɧűŮɚɞɠ Ŭˊɧ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ, ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ  ŮˊŮɜŭɨůŮɘ ůŮ ɏɜŬ ˊɟɞɥɧɜ.  

Ʉɞɚɨ ůɖɛŬɜŰɘəɐ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ɖ ɓɘɞɛɖɢŬɜɑŬ əŬŰŬůəŮɡɐɠ ŬɡŰɞəɘɜɐŰɤɜ, ɧˊɞɡ Űɞ əɎɗŮ ŬɡŰɞəɑɜɖŰɞ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɢɘɚɘɎŭŮɠ əɞɛɛɎŰɘŬ, ŰŬ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬɢɗɞɨɜ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ŰŬɢɨŰŮɟŬ əŬɘ 

űɗɖɜɧŰŮɟŬ, ɛŮ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ˊɟɞɓɚŮˊɧɛŮɜɖɠ ˊɞɘɧŰɖŰŬɠ. Ⱥˊɑůɖɠ, ɛɘəɟɏɠ ɐ ɛŮɔŬɚɨŰŮɟŮɠ ŬɚɚŬɔɏɠ 

ůŰɞ ɛɞɜŰɏɚɞ Ůɜɧɠ ŬɡŰɞəɘɜɐŰɞɡ ůɡɜŮˊɎɔɞɜŰŬɘ ŬɚɚŬɔɏɠ ůŮ ˊɞɚɚɎ Ŭˊɧ ŰŬ əɞɛɛɎŰɘŬ ˊɞɡ Űɞ 

ŬˊɞŰŮɚɞɨɜ. ȼ ŰŬɢɨŰɖŰŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɔɑɜɞɜŰŬɘ ɞɘ ŬɚɚŬɔɏɠ ɞɚɞɏɜŬ əŬɘ ŬɡɝɎɜŮŰŬɘ əŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ 

ɤɗɞɨɜ ɧɚɖ Űɖɜ ŬɚɡůɑŭŬ ˊŬɟŬɔɤɔɐɠ ɜŬ ɛŮɘɩɜŮɘ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ ɢɟɧɜɞ ˊŬɟŬɔɤɔɐɠ. ɆŰɖ 

Ů́ɟɑˊŰɤůɖ ŬɡŰɐ ɞɘ ɛɏɗɞŭɞɘ Űɞɡ ȷɀɆ ŮɑɜŬɘ ˊɞɚɨ ɢɟɐůɘɛŮɠ əŬɘ ŮˊɘŰɡɢŮɑɠ. [21] 
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2.1 ɄȺȹȽȷ ȺūȷɅɀɃũȼɆ ȷɁɇȽɆɇɅɃūɃɈ ɀȼɉȷɁɃȿɃũȽȾɃɈ ɆɉȺȹȽȷɆɀɃɈ  

ȼ ŮűŬɟɛɞɔɐ Űɞɡ ȷɀɆ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ˊɟŬɔɛŬŰɘəɏɠ ŬɜɎɔəŮɠ, ɞɘ ɞˊɞɑŮɠ əŬɘ ŬˊɞŰŮɚɞɨɜ ŬűŮŰɖɟɑŬ 

ůŰɖɜ ɏɛˊɜŮɡůɖ əŬɘ ɡɚɞˊɞɑɖůɖ Űɞɡ. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɘɞ ˊɎɜɤ ɛŮɔɎɚɖ ŮűŬɟɛɞɔɐ Űɞɡ ȷɀɆ 

ɡˊɎɟɢŮɘ ůŰɞ ŰɞɛɏŬ Űɖɠ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬɠ. ȯɚɚŮɠ ˊŮɟɘɞɢɏɠ ŮűŬɟɛɞɔɐɠ ŮɑɜŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ 

ɢɨŰŮɡůɖɠ (ŰŬɢŮɑŬ ŮɟɔŬɚŮɑŬ, ŬɜɎəŰɖůɖ ůˊŬůɛɏɜɞɡ əŬɚɞɡˊɘɞɨ ɐ Űɖɜ ŮˊɘəɎɚɡɣɖ Ůɜɧɠ əŬɚɞɡˊɘɞɨ), 

ůŰɞ ŰɞɛɏŬ Űɖɠ ɘŬŰɟɘəɐɠ əŬɘ  ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ˊŬɘɢɜɘŭɘɩɜ [19]. Ⱥˊɑůɖɠ, ɏɜŬ Ɏɚɚɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ 

Űɞɡ ȷɀɆ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ˊɞɚɨ əŬɘ ůŰɖɜ ȺɚɚɎŭŬ ŬűɞɟɎ Űɞɜ ŰɞɛɏŬ Űɖɠ ŬɟɢŬɘɞɚɞɔɑŬɠ əŬɘ Űɖɜ 

ˊɟɞůˊɎɗŮɘŬ ŬɜɎəŰɖůɖɠ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ Ŭűɞɟɞɨɜ ŮɡɟɐɛŬŰŬ Ŭˊɧ  ɞɚɧəɚɖɟɞ Űɞ Ůɨɟɞɠ Űɖɠ 

ŬɟɢŬɘɞɚɞɔɑŬɠ ,Ŭˊɧ ɛɘəɟɎ ɜɞɛɑůɛŬŰŬ ɛɏɢɟɘ ɞɚɧəɚɖɟŮɠ ˊɧɚŮɘɠ. [22] [23] 

ȷɜɎɚɞɔŬ ɛŮ Űɘɠ ŬɜɎɔəŮɠ ɛˊɞɟŮɑ ɜŬ ɢɤɟɘůŰɞɨɜ ŰŬ ˊŮŭɑŬ ŮűŬɟɛɞɔɐɠ Űɞɡ ȷɀɆ ůŮ [18]: 

¶ ɀŮŰŬűɞɟɎ əŬɘ Ůɝɏɚɘɝɖ əŬŰŬůəŮɡŬůŰɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ Ŭˊɧ ˊŮɘɟŬɛŬŰɘəɎ ɛɞɜŰɏɚŬ ɐ 

ŬɜŰŬɔɤɜɘůŰɘəɎ ˊɟɞɥɧɜŰŬ.   

¶ ȷɜŬɗŮɩɟɖůɖ/Űɟɞˊɞˊɞɑɖůɖ/ɓŮɚŰɑɤůɖ ɡűɘůŰɎɛŮɜɤɜ əŬŰŬůəŮɡɩɜ ɚɧɔɤ ŬɚɚŬɔɩɜ Űɤɜ 

Ŭɟɢɘəɩɜ ŬˊŬɘŰɐůŮɤɜ/ŭŮŭɞɛɏɜɤɜ/ˊɟɞŭɘŬɔɟŬűɩɜ Űɞɡɠ.   

¶ ȷˊɞŰɨˊɤůɖ ŰɟɞˊɞˊɞɘɐůŮɤɜ/ŮˊŮɛɓɎůŮɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ɚŮɘŰɞɡɟɔɘəɏɠ, 

ˊŮɘɟŬɛŬŰɘəɏɠ, ə.Ŭ. ŭɞəɘɛɏɠ, Ŭˊɧ űɗɞɟɏɠ əŬɘ ɓɚɎɓŮɠ əŬɜɞɜɘəɐɠ ɐ ŬɜŰɘəŬɜɞɜɘəɐɠ ɢɟɐůɖɠ.   

¶ ȷˊɞŰɨˊɤůɖ ɢŮɘɟɞˊɞɑɖŰɤɜ ˊɟɤŰɞŰɨˊɤɜ ɛɞɜŰɏɚɤɜ.   

¶ ȷˊɞŰɨˊɤůɖ ŰɟɞˊɞˊɞɘɐůŮɤɜ/ŮˊŮɛɓɎůŮɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ əŬŰɎ Űɖɜ ˊŬɟŬɔɤɔɘəɐ 

ŭɘŬŭɘəŬůɑŬ ˊ.ɢ. ˊŬɟŬɛɞɟűɩůŮɘɠ ɚɧɔɤ ůɡɔəɧɚɚɖůɖɠ.  

¶ ȷˊɞŰɨˊɤůɖ ŰɟɞˊɞˊɞɘɐůŮɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɛŮŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɡɜŬɟɛɞɚɧɔɖůɖɠ.  

ȺűŬɟɛɞɔɐ ŰŮɢɜɞɚɞɔɘɩɜ CAD/CAM/CAE ůŮ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɚɘŰɘůŰɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ˊ.ɢ. 

ŬɜŰɑɔɟŬűŬ ŬɟɢŬɑɤɜ ɔɚɡˊŰɩɜ.  

¶ ȸɘɞɥŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ, ˊ.ɢ. ŬˊɞŰɨˊɤůɖ Ŭɜɗɟɩˊɘɜɖɠ ɔɜɎɗɞɡ, ŬˊɞŰɨˊɤůɖ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɟɞůɩˊɞɡ ɔɘŬ Ůˊɘŭɘɧɟɗɤůɖ ˊŬɟŬɛɞɟűɩůŮɤɜ. 

¶ ȾŬŰŬůəŮɡɐ ŬɜŰŬɚɚŬəŰɘəɩɜ ˊɞɡ ŭŮɜ ŭɘŬŰɑɗŮɜŰŬɘ ˊɚɏɞɜ Ŭˊɧ Űɞɜ Ŭɟɢɘəɧ əŬŰŬůəŮɡŬůŰɐ Űɞɡ 

ɛɖɢŬɜɐɛŬŰɞɠ.   

¶ ȯɛŮůɖ ŮˊŮɑɔɞɡůŬ ŬɜŰɘəŬŰɎůŰŬůɖ ŮɝŬɟŰɐɛŬŰɞɠ ˊɞɡ ɏɢŮɘ ŬůŰɞɢɐůŮɘ, ˊ.ɢ. ɓɘɞɛɖɢŬɜɘəɐ 

ˊŬɟŬɔɤɔɐ, ˊɚɞɑŬ ə.Ŭ.   ȯɟůɖ Űɖɠ ŬˊɞəɚŮɘůŰɘəɧŰɖŰŬɠ Ŭˊɧ Űɞɜ ɛɞɜŬŭɘəɧ ˊɟɞɛɖɗŮɡŰɐ.  

¶ Ⱥɜɑůɢɡůɖ Űɤɜ əŬɚɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ůɜɧɠ ˊɟɞɥɧɜŰɞɠ ɛŮ ɓɎůɖ Űɖ ɛŬəɟɞˊɟɧɗŮůɛɖ ɢɟɐůɖ 

Űɞɡ ˊɟɞɥɧɜŰɞɠ.  

¶ ȷɜɎɚɡůɖ Űɤɜ əŬɚɩɜ əŬɘ əŬəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ŭˊɧ ˊɟɞɥɧɜŰŬ ŬɜŰŬɔɤɜɘůŰɘəɩɜ ŮŰŬɘɟŮɘɩɜ. 
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2.2 ūȷɆȺȽɆ ȷɁɇȽɆɇɅɃūɃɈ ɀȼɀȷɁɃȿɃũȽȾɃɈ ɆɉȺȹȽȷɆɀɃɈ 

Ƀ ȷɜŰɑůŰɟɞűɞɠ ɀɖɢŬɜɞɚɞɔɘəɧɠ ɆɢŮŭɘŬůɛɧɠ ůŰɖ ɔŮɜɘəɐ Űɞɡ ŮűŬɟɛɞɔɐ  ŬəɞɚɞɡɗŮɑ ɞɟɘůɛɏɜŬ  ɓɐɛŬŰŬ 

ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ ůŰɧɢɤɜ Űɞɡ. ɀɘŬ ŭɘŬŭɘəŬůɑŬ ȷɀɆ ŬɜɎɚɞɔŬ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ɗŬ ŮɝŮŰŬůŰŮɑ, 

ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŰɘɠ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ əɎɗŮ ŬɜŰɘəŮɘɛɏɜɞɡ. ȷɜɎɚɞɔŬ ɛŮ Űɞ ˊŮŭɑɞ 

ůŰɞ ɞˊɞɑɞ ůɡɔəŬŰŬɚɏɔŮŰŬɘ (ɈˊɞəŮűɎɚŬɘɞ 2.1)  Űɞ ˊɟɞɠ ŮɝɏŰŬůɖ ŬɜŰɘəŮɑɛŮɜɞ, əŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ 

ɗɏɚɞɡɛŮ ɜŬ ŮɝɎɔɞɡɛŮ Ŭˊɧ ŬɡŰɧ, ŭɑɜŮŰŬɘ ˊŮɟɘůůɧŰŮɟɖ ɏɛűŬůɖ ůŮ ŭɘŬűɞɟŮŰɘəɎ ɓɐɛŬŰŬ ůŰɖɜ 

ŮəɎůŰɞŰŮ ŮűŬɟɛɞɔɐ Űɞɡ ȷɀɆ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, əɎɗŮ ŮűŬɟɛɞɔɐ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ 

Ŭɟɘɗɛɧ ŭɘŬűɞɟŮŰɘəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ əŬɘ ŭɘŬəŮəɟɘɛɏɜɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ɧˊɤɠ ɣɖűɘŬəɐ 

ŬˊɞŰɨˊɤůɖ, ɛŮŰɟɐůŮɘɠ ŭɘŬůŰɎůŮɤɜ, ŭɘŬɢŮɑɟɘůɖ əŬɘ ɛŬɗɖɛŬŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ɜɏűɞɡɠ ůɖɛŮɑɤɜ, 

ɛɞɜŰŮɚɞˊɞɑɖůɖ ůŮ ˊŮɟɘɓɎɚɚɞɜ CAD(Computer-Aided Design), ŭɘŬˊɑůŰɤůɖ ɘŭɘɞŰɐŰɤɜ ɡɚɘəɞɨ əŬɘ 

ŮˊɘűŬɜŮɘŬəɩɜ/ ɗŮɟɛɘəɩɜ  əŬŰŮɟɔŬůɘɩɜ, ɚŮɘŰɞɡɟɔɘəɐ ŬɜɎɚɡůɖ ůɡɜŬɟɛɞɚɞɔɖɛɏɜɤɜ ůɡɜɧɚɤɜ, 

ŭɘŬůŰŬůɘɞɚɞɔɘəɐ əŬɘ ɔŮɤɛŮŰɟɘəɐ ŬɜɎɚɡůɖ Űɤɜ Ůˊɑ ɛɏɟɞɡɠ ŮɝŬɟŰɖɛɎŰɤɜ. [18] 

 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ɓɐɛŬŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ůŰɖ ɔŮɜɘəɐ 

ŮűŬɟɛɞɔɐ Űɞɡ ȷɀɆ [18]: 

ūȷɆȼ 1: ȿŮɘŰɞɡɟɔɘəɐ / ɃɘəɞɜɞɛɞŰŮɢɜɘəɐ ŬɜɎɚɡůɖ: ɄŮɟɘɚŬɛɓɎɜŮɘ Űɖ ůɡɚɚɞɔɐ əŬɘ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŭɘŬɗɏůɘɛɖɠ ŰŮəɛɖɟɑɤůɖɠ əŬɘ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰŬůəŮɡɐ ˊɞɡ 

ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ Űɞɡ ȷɀɆ, Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ɕɖŰɞɨɛŮɜɤɜ ŰŮɢɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ 

ŬˊŬɘŰɞɨɛŮɜɤɜ ŭɞəɘɛɩɜ, Űɖɜ Ůəˊɧɜɖůɖ ɢɟɞɜɞŭɘŬɔɟɎɛɛŬŰɞɠ əŬɘ Űɖɜ Ŭɟɢɘəɐ ŮəŰɑɛɖůɖ əɧůŰɞɡɠ.  

ūȷɆȼ 2: ȹɘŬŭɘəŬůɑŬ ŬˊɞůɡɜŬɟɛɞɚɧɔɖůɖɠ: Űɤɜ Ůˊɘɛɏɟɞɡɠ ɡˊɞůɡɜɧɚɤɜ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɔɑɜŮŰŬɘ 

ɏɚŮɔɢɞɠ, ˊŬɟŬŰɐɟɖůɖ, ŭɞəɘɛɏɠ əŬɘ Ŭɟɢɘəɏɠ ɛŮŰɟɐůŮɘɠ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡɠ, ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ ˊɞɡ ŰŬ ŬˊɞŰŮɚɞɨɜ əŬɘ ůŰɞ əŬɗɞɟɘůɛɧɠ Űɤɜ 

ŬˊŬɘŰɞɨɛŮɜɤɜ ŰŮɢɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ.    

ūȷɆȼ 3: Ɇɢɏŭɘɞ ŭɘŬɢŮɑɟɘůɖɠ əŬɘ əŬŰŬɔɟŬűɐ: ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ ɛɘŬɠ ɞɟɗɞɚɞɔɘəɐɠ ˊɞɟŮɑŬɠ Űɤɜ 

ŬɜŬɔəŬɑɤɜ ŮɟɔŬůɘɩɜ, ůŰɖɜ Ŭˊɞűɡɔɐ ŮˊŬɜŬɚɐɣŮɤɜ, əŬɗɡůŰŮɟɐůŮɤɜ, ˊŬɟŬɚɐɣŮɤɜ, Űɖɜ 

ŮˊŬɜŮəŰɑɛɖůɖ Űɞɡ ŬˊŬɘŰɞɨɛŮɜɞɡ ɢɟɧɜɞɡ ə.ɚˊ.   

ūȷɆȼ 4: ȷɜɎɚɡůɖ ŮɝŬɟŰɖɛɎŰɤɜ: əŬŰɎ Űɖɜ ɞˊɞɑŬ ɛɏůŬ Ŭˊɧ Ůˊɘɛɏɟɞɡɠ ŭɘŬŭɘəŬůɑŮɠ ɧˊɤɠ ɖ 

ŭɘŬůŰŬůɘɞɚɞɔɘəɐ əŬɘ ɔŮɤɛŮŰɟɘəɐ ŬɜɎɚɡůɖ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ, ɖ ŬɜɎɚɡůɖ ɡɚɘəɩɜ, ɖ ŬɜŬɔɜɩɟɘůɖ əŬɘ 

ŬɜɎɚɡůɖ ɖɚŮəŰɟɘəɩɜ ɐ əŬɘ ɖɚŮəŰɟɞɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ə.Ŭ. əŬɗɞɟɑɕɞɜŰŬɘ ŰŬ ŰŮɢɜɘəɎ 

ŭŮŭɞɛɏɜŬ ůŰŬ ɞˊɞɑŬ ɓŬůɑɕɞɜŰŬɘ ɞɘ ŮˊɧɛŮɜŮɠ űɎůŮɘɠ.   

ūȷɆȼ 5: Ⱥəˊɧɜɖůɖ əŬŰŬůəŮɡŬůŰɘəɩɜ ůɢŮŭɑɤɜ: ůŰŬ ɞˊɞɑŬ ɛŮ ɓɎůɖ ŰŬ ŰŮɢɜɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ əŬɗɞɟɑɕŮŰŬɘ Űɞ ˊɚɐɟŮɠ ůɨɜɞɚɞ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ŬɜŬəŬŰŬůəŮɡɐ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ ɧˊɤɠ ˊ.ɢ. Ŭɜɞɢɏɠ əŬɘ ůɡɜŬɟɛɞɔɏɠ, ɡɚɘəɎ, ˊɞɘɧŰɖŰŬ ŮˊɘűŬɜŮɘɩɜ, 
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ŮˊɘəŬɚɨɣŮɘɠ əɘ ŮˊɘűŬɜŮɘŬəɏɠ əŬŰŮɟɔŬůɑŮɠ, ŬˊŬɘŰɞɨɛŮɜɞɘ ɏɚŮɔɢɞɘ əŬɘ ŭɞəɘɛɏɠ əɚˊ. ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ 

ŮɜŰɎůůŮŰŬɘ ɞ ŬɜŬůɢŮŭɘŬůɛɧɠ əŬɘ ɖ ŮɜŭŮɢɧɛŮɜɖ ŮɘůŬɔɤɔɐ ɓŮɚŰɘɩůŮɤɜ ɐ ŬɚɚŬɔɩɜ ůŰɞɜ Ŭɟɢɘəɧ 

ůɢŮŭɘŬůɛɧ. 

ūȷɆȼ 6: ɄɞɘɞŰɘəɧɠ ɏɚŮɔɢɞɠ: ɞ ɞˊɞɑɞɠ ŬűɞɟɎ ůŰɖɜ ˊɚɖɟɧŰɖŰŬ əŬɘ Űɖ ůɡɛɛɧɟűɤůɖ ɛŮ ŰŬ 

ˊɟɧŰɡˊŬ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ əŬŰŬůəŮɡŬůŰɘəɩɜ ůɢŮŭɑɤɜ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ ůŰŬŭɑɞɡ ŬɚɚɎ əŬɘ 

ůŰɖɜ əŬŰŬůəŮɡɐ ˊɟɤŰɞŰɨˊɤɜ əŬɘ Űɖ ŭɘŮɝŬɔɤɔɐ ůɢŮŰɘəɩɜ Ůɚɏɔɢɤɜ əŬɘ ŭɞəɘɛɩɜ.   

 ūȷɆȼ 7: Ⱥ́ ɘůəɧˊɖůɖ / ŮˊŬɜŮɝɏŰŬůɖ Űɖɠ ˊɟɞŰɘɗɏɛŮɜɖɠ ˊŬɟŬɔɤɔɐɠ: ɛŮ ůŰɧɢɞ Űɖɜ ŰŮɚɘəɐ 

ŮəŰɑɛɖůɖ Űɤɜ ɞɘəɞɜɞɛɘəɩɜ ɛŮɔŮɗɩɜ əŬɘ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ ŭɞəɘɛŬůŰɘəɐɠ ˊŬɟŬɔɤɔɐɠ, Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ ˊɟɞůűɞɟɩɜ Ŭˊɧ ɡˊɞɣɐűɘɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, Űɖ ɚɐɣɖ ŬˊɞűɎůŮɤɜ 

Űɞɡ Űɨˊɞɡ çəŬŰŬůəŮɡɐ əŬɘ ˊɟɞɩɗɖůɖ ůŰɖɜ ŬɔɞɟɎè ə.ɚˊ.   

 ūȷɆȼ 8: ȹɞəɘɛŬůŰɘəɐ ˊŬɟŬɔɤɔɐ: ůŰɖɜ ɞˊɞɑŬ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɖ əŬŰŬůəŮɡɐ, ɞ ˊɞɘɞŰɘəɧɠ 

ɏɚŮɔɢɞɠ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ, ɖ ůɡɜŬɟɛɞɚɧɔɖůɖ, ɞ ɏɚŮɔɢɞɠ əŬɘ ɞɘ ŭɞəɘɛɏɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ 

ůɡɜŬɟɛɞɚɞɔɖɛɏɜɤɜ ůɡɜɧɚɤɜ, ɞ ɏɚŮɔɢɞɠ Űɖɠ ůɡɛɛɧɟűɤůɖɠ Űɞɡɠ ɛŮ Űɘɠ Ŭɟɢɘəɏɠ ŬˊŬɘŰɐůŮɘɠ əŬɘ 

ˊɟɞŭɘŬɔɟŬűɏɠ ə.ɚˊ.   

ūȷɆȼ 9:  ɃɟɘůŰɘəɞˊɞɑɖůɖ Űɞɡ ůɡɜɧɚɞɡ ŰŮɢɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ: ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ ŰŮɚŮɡŰŬɑɞ 

ůŰɎŭɘɞ əŬɘ Űɖɜ əŬŰɎɚɖɝɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɞɡ ȷɀɆ ɛŮ Űɖɜ ɞɟɘůŰɘəɐ Ŭˊɞŭɞɢɐ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ əŬɘ 

Űɤɜ ůɡɜŬɟɛɞɚɞɔɖɛɏɜɤɜ ůɡɜɧɚɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖ ŭɞəɘɛŬůŰɘəɐ ˊŬɟŬɔɤɔɐ. 

 

2.3 ȹȽȷũɅȷɀɀȷ ɅɃȼɆ ȷɁɇȽɆɇɅɃūɃɈ ɀȼɉȷɁɃȿɃũȽȾɃɈ ɆɉȺȹȽȷɆɀɃɈ 

ȾɎɗŮ ɛɘŬ ŮűŬɟɛɞɔɐ Űɞɡ ȷɀɆ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɓɎůɖ Ůɜɧɠ ŭɘŬɔɟɎɛɛŬŰɞɠ ɟɞɐɠ, Űɞ ɞˊɞɑɞ ɛŮ Űɖ 

ůŮɘɟɎ Űɞɡ ŬəɞɚɞɡɗŮɑ ŰŬ ŭɘɎűɞɟŬ ɓɐɛŬŰŬ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ ˊɞɡ ɓɟɑůəŮŰŬɘ. ɇɞ 

ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ ŬˊɞŰɨˊɤůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɟɞɐɠ ȷɀɆ Űɞ ɞˊɞɑɞ ŬəɞɚɞɡɗŮɑŰŬɘ 

Ůɡɟɏɤɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ůŮ ŭɘɎűɞɟŬ ˊŮŭɑŬ, ɚɧɔɤ Űɘɠ ůɢŮŭɧɜ Ůɝɞɚɞəɚɐɟɞɡ ŮűŬɟɛɞɔɐɠ Űɞɡ ůŮ 

ɖɚŮəŰɟɞɜɘəɞɨɠ ɡˊɞɚɞɔɘůŰɏɠ [26].  ɆŰɖ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ,          

ɛŮ ɓɎůɖ ŬɡŰɧ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ, ɞɘ ˊɟɩŰŮɠ ŰɏůůŮɟɘɠ ŭɘŮɟɔŬůɑŮɠ Űɞɡ ȷɀɆ (ŭɘŮɟɔŬůɑŮɠ ɛŮ    

ŬůŰŮɟɑůəɞ *). 
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ɆɢɐɛŬ 2.1: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ȷɀɆ. CAD-Computer Aided Design, CAE- Computer Aided Engineering, 
RP/RT- Rapid Prototyping/Rapid Tooling, CAM- Computer-Aided Manufacturing, CNC-Computer 

Numerical Control. [24] 

Ƀɘ Ůˊɘɛɏɟɞɡɠ ŰɞɛŮɑɠ ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ ȷɀɆ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

¶ 3D ɆɎɟɤůɖ: ɊɖűɘŬəɐ ŬˊɞŰɨˊɤůɖ űɡůɘəɞɨ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ ůŰɧɢɞ Űɖ ůɡɚɚɞɔɐ 

ˊɚɖɟɞűɞɟɘɩɜ, ŬˊŬɟŬɑŰɖŰɤɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŰɟɘůŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ, ůɢŮŰɘəɩɜ ɛŮ Űɞ 

ůɢɐɛŬ əŬɘ Űɖ ɔŮɤɛŮŰɟɘəɐ ɛɞɟűɐ Űɞɡ. 

¶ CAD (Computer-Aided Design): ɀɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ Űɖ ɓɞɐɗŮɘŬ 

ɡˊɞɚɞɔɘůŰɐ. ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ůŮ ŰɡˊɞˊɞɘɖɛɏɜŬ ůɢŮŭɘŬůŰɘəɎ ˊŬəɏŰŬ (ˊ.ɢ. 

SolidWorks, AutoCAD, Catia) ŬɝɘɞˊɞɘɩɜŰŬɠ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ŬɜŰɚɐɗɖəŬɜ Ŭˊɧ Űɖ 3D 

ůɎɟɤůɖ. 

¶ CAE (Computer-Aided Engineering): ɀɖɢŬɜɞɚɞɔɘəɧɠ ůɢŮŭɘŬůɛɧɠ Ůɝ ɞɚɞəɚɐɟɞɡ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ ɡˊɞɚɞɔɘůŰɐ. ɄŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬɜɎɚɡůɖ ŰɎůŮɤɜ əŬɘ ˊŬɟŬɛɞɟűɩůŮɤɜ, Űɖɜ 

əɘɜɖɛŬŰɘəɐ ŬɜɎɚɡůɖ, Űɖ ɗŮɟɛɘəɐ ŬɜɎɚɡůɖ, Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ŭɡɜŬɛɘəɐ Űɤɜ ɟŮɡůŰɩɜ, Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ. (Simufact, CFD Computational) 

¶ RP/RT (Rapid Prototyping/Rapid Tooling): ɇŬɢŮɑŬ ˊɟɞŰɡˊɞˊɞɑɖůɖ (Űɞɡ ˊɟɞɠ 

ŭɖɛɘɞɡɟɔɑŬ ŬɜŰɘəŮɘɛɏɜɞɡ/əŬɚɞɡˊɘɞɨ). ȷˊɞŰŮɚŮɑ Űɖɜ ŬɡŰɧɛŬŰɖ əŬŰŬůəŮɡɐ űɡůɘəɩɜ 

ŰɟɘůŭɘɎůŰŬŰɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ɛŮ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ additive manufacturing (ŭɘŬůŰɟɤɛŬŰɘəɐ/ 

ˊɟɞůɗŮŰɘəɐ ˊŬɟŬůəŮɡɐ) əŬɘ ɡɚɞˊɞɘŮɑŰŬɘ ůɡɜɖɗɏůŰŮɟŬ ůŮ 3D Printers (ŰɟɘůŭɘɎůŰŬŰɞɡɠ 

ŮəŰɡˊɤŰɏɠ). 

¶ CAM (Computer-Aided Manufacturing): ȰɚŮɔɢɞɠ Űɤɜ ŮɟɔŬɚŮɘɞɛɖɢŬɜɩɜ əŬɘ Űɞɡ 

ůɡɜŬűɞɨɠ Ůɝɞˊɚɘůɛɞɨ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ-ŮˊŮɝŮɟɔŬůɑŬ ŰŮɛŬɢɑɤɜ ɛŮ Űɖ ɢɟɐůɖ ɚɞɔɘůɛɘəɞɨ 

ɖɚŮəŰɟɞɜɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ. 

¶ CNC (Computer Numerical Control): ȰɚŮɔɢɞɠ-ŬɡŰɞɛŬŰɞˊɞɑɖůɖ Űɤɜ əɏɜŰɟɤɜ 

əŬŰŮɟɔŬůɘɩɜ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɖɚŮəŰɟɞɜɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ. 
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ȾȺūȷȿȷȽɃ 3:     ɆɈȿɃũȼ ȹȺȹɃɀȺɁɋɁ ȺɄȽūȷɁȺȽȷɆ-ɇɅȽɆȹȽȷɆɇȷɇɃȽ ɆȷɅɋɇȺɆ 

 

ȼ ŰɟɘůŭɘɎůŰŬŰɖ ɆɎɟɤůɖ ɛˊɞɟŮɑ ɜŬ  ɞɟɘůŰŮɑ ɤɠ ɖ ŭɘŬŭɘəŬůɑŬ  ɣɖűɘŬəɐɠ ŬˊɞŰɨˊɤůɖɠ, ůŮ 

ŰɟɘůŭɘɎůŰŬŰŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ, Űɞɡ űɡůɘəɞɨ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ ůŰɧɢɞ Űɖ ůɡɚɚɞɔɐ ˊɚɖɟɞűɞɟɘɩɜ, 

ůɢŮŰɘəɎ ɛŮ Űɞ ůɢɐɛŬ əŬɘ Űɖ ɔŮɤɛŮŰɟɘəɐ ɛɞɟűɐ Űɞɡ.  

Ƀɘ ɧɟɞɘ óóɣɖűɘɞˊɞɑɖůɖôô əŬɘ óóůɎɟɤůɖôô ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ Űɖɜ ɑŭɘŬ 

ŭɘŬŭɘəŬůɑŬ. ɄŬɟŬŭɞůɘŬəɎ ɞ ɧɟɞɠ óóɣɖűɘɞˊɞɑɖůɖôô ŬɜŬűɏɟŮŰŬɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɚɐɣɖɠ ŭɘŬəɟɘŰɩɜ 

ůɖɛŮɑɤɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬɜ ŬɜɘɢɜŮɡŰɐ Ŭűɐɠ ůəŬɜŭɎɚɖɠ. ɋůŰɧůɞ, ɛŮ Űɖɜ 

ŮɘůŬɔɤɔɐ Űɤɜ ɜɏɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ůŰɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ, ɧˊɤɠ ŰŬ ůɡůŰɐɛŬŰŬ ɚɏɘɕŮɟ, 

űɤŰɞɔɟŬűɘəɏɠ ɛɖɢŬɜɏɠ, ɞˊŰɘəɎ ůɡůŰɐɛŬŰŬ əŬɘ ŬɜŬɚɞɔɘəɞɑ ŬɘůɗɖŰɐɟŮɠ, ɞ ɧɟɞɠ óóɣɖűɘɞˊɞɑɖůɖôô 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŰɩɟŬ ɤɠ ɔŮɜɘəɐ ˊŮɟɘɔɟŬűɐ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ ŬˊɧəŰɖůɖɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ 

ŬˊɟɞůŭɘɧɟɘůŰŮɠ ŮˊɘűɎɜŮɘŮɠ. [21] 

ȼ ŰɟɘůŭɘɎůŰŬŰɖ ůɎɟɤůɖ ŮɑɜŬɘ ɞ ˊɟɩŰɞɠ ůŰɧɢɞɠ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ Űɞɡ ȷɀɆ əŬɘ ŬűɞɟɎ Űɖ 

ŭɘŬŭɘəŬůɑŬ ůɡɚɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɛɘŬ ŬˊɟɞůŭɘɧɟɘůŰɖ Űɟɘɩɜ ŭɘŬůŰɎůŮɤɜ ŮˊɘűɎɜŮɘŬ. ȾŬŰɎ Űɖ 

ŭɘŬŭɘəŬůɑŬ ůɎɟɤůɖɠ, ŭɑɜŮŰŬɘ ŮɜŰɞɚɐ ůŮ ɏɜŬ ŬɜɘɢɜŮɡŰɐ ŬɜŬɚɞɔɘəɐɠ ůɎɟɤůɖɠ ɜŬ əɘɜɖɗŮɑ (ɛŮ ŮˊŬűɐ 

ɐ ɢɤɟɑɠ ŮˊŬűɐ) ůŮ ɧɚɖ Űɖɜ ɎɔɜɤůŰɖ ŮˊɘűɎɜŮɘŬ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ɞɘ 

ˊɚɖɟɞűɞɟɑŮɠ ůɡɚɚɏɔɞɜŰŬɘ ůŮ ɛɞɟűɐ ŬɟɘɗɛɖŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ  əŬɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɐŰɟŬ (ɜɏűɞɠ) Ŭˊɧ 

ɏɜŬ ůɨɜɞɚɞ ůɖɛŮɑɤɜ (3D-ůɡɜŰŮŰŬɔɛɏɜŮɠ). ȷɡŰɎ ŰŬ ŭŮŭɞɛɏɜŬ ɛˊɞɟɞɨɜ ůŰɖ ůɡɜɏɢŮɘŬ Ŭ) ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɎɛŮůɞ ɏɚŮɔɢɞ Ŭˊɧ Űɘɠ ŮɟɔŬɚŮɘɞɛɖɢŬɜɏɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ˊɟɧɔɟŬɛɛŬ 

CNC ɛŮ ůəɞˊɧ Űɖɜ əŬŰŬůəŮɡɐ ŮɑŰŮ Ůɜɧɠ ŬɜŰɑɔɟŬűɞɡ ŮɑŰŮ Ůɜɧɠ əɞɛɛŬŰɘɞɨ ɛŮ ɔŮɤɛŮŰɟɘəɏɠ 

ˊŬɟŬɚɚŬɔɏɠ Űɞɡ Ŭɟɢɘəɞɨ ůɢɐɛŬŰɞɠ, ɧˊɞɡ ɗŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŰŮɗɞɨɜ ɐ ɜŬ ɔɑɜɞɡɜ ŬɚɚŬɔɏɠ ůŮ 

əɎˊɞɘŬ ůɢɐɛŬŰŬ, ŭɘŬůŰɎůŮɘɠ ɐ ůŮ əɎˊɞɘŬ ɚŮɘŰɞɡɟɔɘəɎ ɗɏɛŬŰŬ, ɓ) ɜŬ ŮɝŬɢɗɞɨɜ ůŮ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ 

ůŮ ɏɜŬ ůɨůŰɖɛŬ CAD / CAM ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ. [21] [25] 

Ƀɘ ŰŮɢɜɘəɏɠ ůɎɟɤůɖɠ ɛˊɞɟɞɨɜ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ ɛŮ ˊɚɐɗɞɠ əɟɘŰɖɟɑɤɜ ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɛɏɗɞŭɞɘ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ɛŮŰɟɐůŮɩɜ Űɞɡɠ, ŰŬ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɞɡɠ, ŰŬ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ, Űɖ ŰŬɢɨŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ɐ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ əŬŰŬɔɟɎűɞɡɜ. Ƀɘ ŭɨɞ əɡɟɘɧŰŮɟŮɠ əŬŰɖɔɞɟɘɞˊɞɘɐůŮɘɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ 

ɛŮɗɧŭɞɡɠ ɚɐɣɖɠ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ˊɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬɜ ˊɘɞ 

ɔŮɜɘəɧ Űɟɧˊɞ ŰŬɝɘɜɧɛɖůɖɠ Űɤɜ ůŬɟɤŰɩɜ əŬɘ Űɘɠ ŰŮɢɜɘəɏɠ Űɞɡɠ ˊɟɞŭɘŬɔɟŬűɏɠ, əŬŰɖɔɞɟɘɞˊɞɑɖůɖ 

ˊɞɡ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ əŬɚɨŰŮɟŬ ůŰɖɜ ŬɜŬɕɐŰɖůɖ Űɞɡ ɓɏɚŰɘůŰɞɡ ůŬɟɤŰɐ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ 

ŮəɎůŰɞŰŮ ŮűŬɟɛɞɔɐɠ. [26] 

 

 



ȾȺūȷȿȷȽɃ 3: ɆɈȿɃũȼ ȹȺȹɃɀȺɀɋɁ ȺɄȽūȷɁȺȽȷɆ ɇɅȽɆȹȽȷɆɇȷɇɃȽ ɆȷɅɋɇȺɆ 

   40 
 

ȰŰůɘ ɞɘ 3D ɆŬɟɤŰɏɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ: 

¶ ɀɖɢŬɜɘəɏɠ ŰŮɢɜɘəɏɠ (ȺˊŬűɐɠ): ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬɘůɗɖŰɐɟŮɠ űɡůɘəɐɠ ŮˊŬűɐɠ. 

¶ ɃˊŰɘəɏɠ ŰŮɢɜɘəɏɠ (ɀɖ ȺˊŬűɐɠ): ˊɞɡ ŭŮɜ ɏɢɞɡɜ ŮˊŬűɐ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ. 

ũɘŬ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŮűŬɟɛɞɔɏɠ, ŰŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŬəɟɑɓŮɘŬ əŬɘ Űɖɜ 

ˊɞɘɧŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, ɚŬɛɓɎɜɞɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɘůɗɖŰɐɟŮɠ ŮˊŬűɐɠ. ɋůŰɧůɞ, ɧˊɞɡ 

ɡˊɎɟɢɞɡɜ ɛŬɚŬəɎ əŬɘ ŮɨɗɟŬɡůŰŬ ɡɚɘəɎ əŬɘ ɛɖ-ŬɜŬəɚŬůŰɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ 

ůŬɟɤɗɞɨɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ  ůɡůŰɐɛŬŰŬ ɚɏɘɕŮɟ ɐ ɞˊŰɘəɎ ůɡůŰɐɛŬŰŬ [22]. Ⱥˊɑůɖɠ, ɞɘ ůŬɟɤŰɏɠ ɛɖ 

ŮˊŬűɐɠ ŮɑɜŬɘ ŬɜŬɔəŬɑɞɘ əŬɘ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɞɘ ˊɟɞɠ ůɎɟɤůɖ ŮˊɘűɎɜŮɘŮɠ ŮɑɜŬɘ ˊɞɚɨˊɚɞəŮɠ ɐ 

ŬɟəŮŰɎ ɛŮɔɎɚŮɠ əŬɘ ɖ ɢɟɐůɖ ɛɖɢŬɜɘəɩɜ ŰŮɢɜɘəɩɜ (ŮˊŬűɐɠ) ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɖ əŬɘ 

ɢɟɞɜɞɓɧɟŬ. 

3.1 ɀȼɉȷɁȽȾȺɆ ɇȺɉɁȽȾȺɆ - ȺɄȷūȼɆ  (CMM) 

ɋɠ ɀɖɢŬɜɘəɏɠ ɇŮɢɜɘəɏɠ ɇɟɘůŭɘɎůŰŬŰɖɠ ɆɎɟɤůɖɠ ɞɟɑɕɞɜŰŬɘ ŰŬ ɖɚŮəŰɟɞɛɖɢŬɜɘəɎ ɧɟɔŬɜŬ  ɛɏŰɟɖůɖɠ 

ɧˊɞɡ Űɞ ɛŮŰɟɖŰɘəɧ ɧɟɔŬɜɞ ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɖ ɛŮŰɟɞɨɛŮɜɖ ŮˊɘűɎɜŮɘŬ. Ɇɡɜɐɗɤɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ ɛɖɢŬɜɐ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ (CMM- Coordinate Measuring Machine), ɐ 

ɛɘŬ ɓɎůɖ űɟɏɕŬɠ CNC Ůɝɞˊɚɘůɛɏɜɖ ɛŮ űɡůɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ (Retroscan ɐ Renscan - Renishaw) 

[25]. ȼ ɛŮŰɟɞɨɛŮɜɖ ŭɘɎůŰŬůɖ ŭɑɜŮŰŬɘ ůŮ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ (əŬɟŰŮůɘŬɜɩɜ, ˊɞɚɘəɩɜ ɐ 

ůűŬɘɟɘəɩɜ) əŬɘ ŬˊɞŰɡˊɩɜŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ ɤɠ ůɖɛŮɑŬ, ŮɡɗŮɑŮɠ ɐ ŮˊɑˊŮŭŬ.  

Ƀɘ  ɀɖɢŬɜɏɠ ɀɏŰɟɖůɖɠ ɆɡɜŰŮŰŬɔɛɏɜɤɜ  (CMM) ŮɑɜŬɘ ɡɣɖɚɐɠ ŬəɟɘɓŮɑŬɠ (Ůɩɠ 0.25ɛm). ȺɑɜŬɘ 

ŮɝɞˊɚɘůɛɏɜŮɠ ɛŮ ɣɖűɘŬəɐ ŬɜɎɔɜɤůɖ ɐ ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ ɛŮ Űɞɡɠ ɡˊɞɚɞɔɘůŰɏɠ ɔɘŬ OnLine 

ŮˊɘɗŮɩɟɖůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ȷɡŰɎ ŰŬ ɛɖɢŬɜɐɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ əɞɜŰɎ ůŮ 

ŮɟɔŬɚŮɘɞɛɖɢŬɜɏɠ ɩůŰŮ ɜŬ ɔɑɜŮŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮˊɘɗŮɩɟɖůɖ, əŬɘ Ŭɜ ɢɟŮɘŬůŰŮɑ ŭɘɧɟɗɤůɖ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŰŬɢŮɑŬ ŬɜŬŰɟɞűɞŭɧŰɖůɖ, ˊɟɘɜ Ŭˊɧ əɎɗŮ ɓɐɛŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

əŬŰŮɟɔŬůɑŬɠ. Ⱥˊɑůɖɠ ŮɑɜŬɘ ˊɞɚɨ ŬɜɗŮəŰɘəɎ ɔɘŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰŬˊŮɝɏɚɗɞɡɜ ůŮ ŮɟɔɞůŰŬůɘŬəɧ 

ˊŮɟɘɓɎɚɚɞɜ, ɧˊɞɡ ɡˊɎɟɢɞɡɜ ŮˊɘˊŰɩůŮɘɠ ɧˊɤɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, əɟŬŭŬůɛɞɑ əŬɘ 

ɟɨˊɞɘ. [27] 

ɇŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ ɛɘŬ ůɡɛɓŬŰɘəɐ CMM ɛɖɢŬɜɐ ŮɑɜŬɘ [28]: 

- Ⱦɡɟɑɤɠ ůɩɛŬ ɛɖɢŬɜɐɠ: ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖ ɓɎůɖ, Űɖ ŰɟɎˊŮɕŬ ɛɏŰɟɖůɖɠ, Űɖ  ŭɘɎŰŬɝɖ ůŰɐɟɘɝɖɠ 

ɓɟŬɢɑɞɜŬ əŬɘ Űɞɜ ɓɟŬɢɑɞɜŬ (ɆɢɐɛŬ 3.1).  

- ɆɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ: Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖ ůɡɜɞɚɘəɐ ŬəɟɑɓŮɘŬ Űɖɠ ɛɏŰɟɖůɖɠ. ɇŬ ˊɘɞ 

əɞɘɜɎ ůɡůŰɐɛŬŰŬ ŬɜɑɢɜŮɡůɖɠ ŰŮɛŬɢɑɤɜ ŮɑɜŬɘ ŰŬ ůɡůŰɐɛŬŰŬ Ŭűɐɠ (ɆɢɐɛŬ 3.2) əŬɘ ŰŬ ɞˊŰɘəɎ 

ůɡůŰɐɛŬŰŬ ŬɜɑɢɜŮɡůɖɠ. 
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 - ɆɨůŰɖɛŬ Ůɚɏɔɢɞɡ, ůɡɚɚɞɔɐɠ əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ: ɞ ɡˊɞɚɞɔɘůŰɐɠ əŬɘ Űɞ ɚɞɔɘůɛɘəɧ 

ŬˊɞŰŮɚɞɨɜ ŬɜŬˊɧůˊŬůŰɞ ɛɏɟɞɠ Űɞɡ ɧɚɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɗɩɠ ŮɑɜŬɘ ŰŬ ɛɏůŬ ɛŮ ŰŬ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ɞ 

ɏɚŮɔɢɞɠ, ɖ ůɡɚɚɞɔɐ əŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. 

 

ɆɢɐɛŬ 3.1: ɇɨˊɞɘ ȹɘŬŰɎɝŮɤɜ CMM ɛɖɢŬɜɩɜ [27] 

 

ɆɢɐɛŬ 3.2: ɄŬɟŬŭŮɑɔɛŬŰŬ  ɆɡůŰɖɛɎŰɤɜ ȷɜɑɢɜŮɡůɖɠ a) REVO əŬɘ c) MPP-300Q Űɖɠ  Mitutoyo [29], 
b)TT130 Űɖɠ Heindenhain [30] 
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3.2 ɃɄɇȽȾȺɆ ɇȺɉɁȽȾȺɆ- ɄȷŪȼɇȽȾȺɆ ɇȺɉɁȽȾȺɆ 

ȷɡŰɏɠ ɞɘ ŰŮɢɜɘəɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞ űɤɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɐ Űɞ ŰŮɢɜɖŰɧ űɤɠ (ˊɢ. ɚɎɛˊŮɠ əŬɘ 

ůˊɞŰ) ɔɘŬ ɜŬ űɤŰɑůɞɡɜ Űɞ ɢɩɟɞ ŮˊŬɟəɩɠ əŬɘ ɜŬ əɎɜɞɡɜ ɞɟŬŰɎ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ. ɃɡůɘŬůŰɘəɎ, ɞɘ 

ˊŬɗɖŰɘəɏɠ ŰŮɢɜɘəɏɠ ɓŬůɑɕɞɜŰŬɘ ůŮ ˊɞɚɚŬˊɚɏɠ ɚɐɣŮɘɠ, ɞɘ ɞˊɞɑŮɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ 

ɞˊŰɘəɏɠ ɔɤɜɑŮɠ ɐ ɡˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜɗɐəŮɠ űɤŰɘůɛɞɨ, ɛŮ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŮɠ  űɤŰɞɔɟŬűɘəɏɠ 

ɛɖɢŬɜɏɠ əŬɘ ɓɘɜŰŮɞəɎɛŮɟŮɠ, ɔɘŬ ɜŬ ˊŬɟɎɔɞɡɜ ˊɞɚɚŬˊɚɏɠ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ŮɘəɧɜŮɠ Űɞɡ ɢɩɟɞɡ. 

ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ůŮ ɛɘəɟɏɠ əŬɘ ɛŮůŬɑŮɠ ŬˊɞůŰɎůŮɘɠ. [31] 

ȼ ˊɘɞ Ůɡɟɏɤɠ ɔɜɤůŰɐ ˊŬɗɖŰɘəɐ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɖ ůŰŮɟŮɞůəɞˊɘəɐ (ůŰŮɟɏɞɣɖ ɐ ŭɘɧűɗŬɚɛɖ ɧɟŬůɖ) 

ɛɏɗɞŭɞɠ, ˊɞɡ ŮɑɜŬɘ əɞɘɜɩɠ ɔɜɤůŰɐ ɤɠ ɖ óóŭɘŬŭɘəŬůɑŬ Űɖɠ ɞˊŰɘəɐɠ ŬɜŰɑɚɖɣɖɠôô ɖ ɞˊɞɑŬ ŭɑɜŮɘ Űɖɜ 

Ŭɑůɗɖůɖ Űɞɡ ɓɎɗɞɡɠ Ŭˊɧ ŭɨɞ ŮɚŬűɟɩɠ ŭɘŬűɞɟŮŰɘəɏɠ ŬˊɧɣŮɘɠ Űɞɡ ɢɩɟɞɡ. ȼ ɛŮɚɏŰɖ Űɖɠ Ŭɟɢɐɠ 

ŬɡŰɐɠ ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ŰŮɢɜɘəɩɜ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ 

Űɟɘɔɤɜɞˊɞɑɖůɖ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ůɖɛŮɑɤɜ ůŰɘɠ ŭɨɞ ˊɟɞɓɞɚɏɠ. [32] 

ȼ ůŰŮɟŮɞůəɞˊɘəɐ ɛɏɗɞŭɞɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ. Ƀ ˊɟɩŰɞɠ ŮɑɜŬɘ 

ɛŮ ɏɜŬ ɞˊŰɘəɧ ŬɘůɗɖŰɐɟŬ Űɞ ɞˊɞɑɞɠ əɘɜŮɑŰŬɘ ůŮ ɔɜɤůŰɏɠ ůɢŮŰɘəɏɠ ɗɏůŮɘɠ ůŰɞ ɢɩɟɞ. Ƀ ŭŮɨŰŮɟɞɠ 

Űɟɧˊɞɠ ŮɑɜŬɘ ɛŮ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ ɞˊŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ ˊɞɡ ˊɟɞɖɔɞɡɛɏɜɤɠ ɏɢɞɡɜ əŬɗɞɟɘůŰŮɑ 

ůŮ ɔɜɤůŰɏɠ ɗɏůŮɘɠ. ȼ ŮˊɘűɎɜŮɘŬ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɛŮŰɟɖɗŮɑ ˊɟɞɓɎɚɚŮŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ ŮɘəɧɜŬɠ Űɞɡ 

əɎɗŮ ŬɘůɗɖŰɐɟŬ ůŮ əɎɗŮ ŮůŰɘŬəɧ ůɖɛŮɑɞ. Ƀɘ 3D ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ůɖɛŮɑɞɡ-ŬɜŰɘəŮɘɛɏɜɞɡ ɛˊɞɟɞɨɜ 

ɜŬ ɚɖűɗɞɨɜ ɛŮ ŰɟɘɔɤɜɞɛŮŰɟɑŬ Ŭˊɧ Űɘɠ ɔɜɤůŰɏɠ ˊɟɞɓɞɚɏɠ Ůɜɧɠ ůɖɛŮɑɞɡ-ŬɜŰɘəŮɘɛɏɜɞɡ əŬɘ Ŭˊɧ Űɖ 

ůɢɏůɖ ɛŮŰŬɝɨ Űɤɜ ɞˊŰɘəɩɜ ŬɘůɗɖŰɐɟɤɜ. ɋůŰɧůɞ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɔɜɤɟɑɕɞɡɛŮ, ɛŮ ŬəɟɑɓŮɘŬ ɔɘŬ 

əɎɗŮ ůɖɛŮɑɞ Űɞɡ ŬɜŰɘəŮɑɛŮɜɞɡ Űɘɠ ˊɟɞɓɞɚɏɠ ůŰɖɜ ŮɘəɧɜŬ Űɞɡ ɞˊŰɘəɞɨ ˊŮŭɑɞɡ Űɤɜ ŬɘůɗɖŰɐɟɤɜ. ɆŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɖűɗɞɨɜ ɞɘ 3D ůɡɜŰŮŰŬɔɛɏɜŮɠ ɛɘŬ ŭŮŭɞɛɏɜɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ Ŭˊɧ 

ɏɜŬɜ Ŭɟɘɗɛɧ ˊɟɞɓɞɚɩɜ (ɛɘŬ 

Ŭˊɧ əɎɗŮ ŬɘůɗɖŰɐɟŬ), ŬɡŰɏɠ ɞɘ 

ˊɟɞɓɞɚɏɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ Ŭˊɧ 

Űɞ ɑŭɘɞ ůɖɛŮɑɞ Űɞɡ 

ŬɜŰɘəŮɑɛŮɜɞɡ. Ƀ ˊŮɟɘɞɟɘůɛɧɠ 

ŬɡŰɧɠ ŮɑɜŬɘ ɔɜɤůŰɧɠ ɤɠ óóŰɞ 

ˊɟɧɓɚɖɛŬ ŬɜŰɘůŰɞɘɢɑŬɠôô Űɞ 

ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɛŮɘɤɗŮɑ 

ůɖɛŬɜŰɘəɎ ɛŮ ɛɘŬ ŮɜŮɟɔɐ 

ɛɏɗɞŭɞ. Ƀɘ ˊŬɗɖŰɘəɏɠ ɛɏɗɞŭɞɘ 

ɚɧɔɤ Űɘɠ ŬˊɚɧŰɖŰŬɠ Űɞɡɠ ŮɑɜŬɘ 

ˊɘɞ ɞɘəɞɜɞɛɘəɏɠ Ŭˊɧ Űɘɠ 

ŮɜŮɟɔɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ŬɚɚɎ əŬɘ 

ɛɘəɟɧŰŮɟɖɠ ŬəɟɑɓŮɘŬɠ. [31] 

ɆɢɐɛŬ 3.3: ɆɢɖɛŬŰɘəɐ ɧɣɖ ɆŰŮɟŮɞůəɞˊɘəɐɠ ɛŮɗɧŭɞɡ [33] 
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     [33] 

3.3 ɃɄɇȽȾȺɆ ɇȺɉɁȽȾȺɆ- ȺɁȺɅũȼɇȽȾȺɆ ɇȺɉɁȽȾȺɆ 

Ʉɞɚɚɏɠ Ŭˊɧ Űɑɠ ŰŮɢɜɘəɏɠ ɚɨůŮɘɠ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɔɘŬ Űɖɜ ŬˊɧəŰɖůɖ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ 

ɛŮŰɟɐůŮɤɜ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ 3D ůɡɜŰŮŰŬɔɛɏɜɤɜ Ŭˊɧ ɛɘŬ ŬɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ 

ŮɜŮɟɔɖŰɘəɏɠ ŰŮɢɜɘəɏɠ. Ƀɘ ůŬɟɤŰɏɠ ɚɏɘɕŮɟ ɛŮŰɟɞɨɜ ɞɟɘɕɧɜŰɘŮɠ əŬɘ əɎɗŮŰŮɠ ɔɤɜɑŮɠ əŬɘ ɡˊɞɚɞɔɑɕɞɡɜ 

Űɖɜ ŬˊɧůŰŬůɖ ŮɑŰŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ ɢɟɧɜɞɡ-ˊŰɐůɖɠ ɐ ɛŮ Űɖ ůɨɔəɟɘůɖ Űɤɜ űɎůŮɤɜ Űɞɡ 

ɛŮŰŬŭɘŭɧɛŮɜɞɡ əŬɘ ɚŬɛɓŬɜɧɛŮɜɞɡ əɨɛŬŰɞɠ Ůɜɧɠ ŭɘŬɛɞɟűɤɛɏɜɞɡ ůɐɛŬŰɞɠ [34]. ȳɟɔŬɜŬ Űɨˊɞɡ 

Űɟɘɔɤɜɘůɛɞɨ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬɚɨůɞɡɜ Űɖ ɗɏůɖ ɛɘŬɠ ŬəŰɑɜŬɠ ɚɏɘɕŮɟ (əɖɚɑŭŬɠ) ɐ Ɏɚɚɞɡ ůɢŮŭɑɞɡ 

(ŭɞɛɖɛɏɜɞ űɤɠ) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ɐ ŭɨɞ əɎɛŮɟŮɠ CCD (Charge Coupled Device). Ƀɘ ŭɘɎűɞɟŮɠ 

ŰŮɢɜɘəɏɠ ɞŭɖɔɞɨɜ ůŮ ŭɘŬűɞɟŮŰɘəɐ ŬəɟɑɓŮɘŬ ɛɏŰɟɖůɖɠ Űɖɠ ŬˊɧůŰŬůɖɠ. ȺəŰɧɠ Ŭˊɧ Űɞɜ ˊŬɟɎɔɞɜŰŬ 

ŬəɟɑɓŮɘŬ əŬɘ  ɎɚɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ˊɚɏɞɜ əŬŰɎɚɚɖɚɞɡ ɛɏůɞɡ 

ɔɘŬ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɏɟɔɞ. ɀŮŰŬɝɨ ŬɡŰɩɜ ŮɑɜŬɘ ɖ ŰŬɢɨŰɖŰŬ ůɎɟɤůɖɠ əŬɘ ŬɜɎɚɡůɖɠ, Űɞ Ůɨɟɞɠ 

ůɎɟɤůɖɠ, ɖ Ůˊɘɟɟɞɐ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬ, Űɞ ɞˊŰɘəɧ ˊŮŭɑɞ, ɖ ɏɜŰŬɝɖ Űɤɜ əŬɛŮɟɩɜ ŬˊŮɘəɧɜɘůɖɠ, ɖ 

ŮɡəɞɚɑŬ  ɛŮŰŬűɞɟɎɠ, ɞ Űɨˊɞ Űɖɠ ˊŬɟɞɢɐɠ ɟŮɨɛŬŰɞɠ, əŬɗɩɠ əŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ 

ůɎɟɤůɖɠ. [32] [34] 

Ƀɘ ůŬɟɤŰɏɠ ɚɏɘɕŮɟ ɢɟɧɜɞɡ-ˊŰɐůɖɠ ɏɢɞɡɜ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Ůɜɧɠ Ůɡɟɨ űɎůɛŬŰɞɠ ɛŮŰɟɐůŮɤɜ əŬɘ 

ůɢŮŰɘəɎ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ůŮ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ. ɋůŰɧůɞ, ŮɑɜŬɘ ŬəɟɘɓɎ əŬɘ ɛŮɔɎɚɖɠ əŬŰŬɜɎɚɤůɖɠ 

ɘůɢɨɞɠ. Ƀɘ ůŬɟɤŰɏɠ Űɟɘɔɤɜɘůɛɞɨ ɚɏɘɕŮɟ ɏɢɞɡɜ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ Ŭˊɚɞɨ ɡɚɘəɞɨ, ɢŬɛɖɚɞɨ 

əɧůŰɞɡɠ, ɢŬɛɖɚɐɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ ůŬɟɤŰɏɠ 

ɚɏɘɕŮɟ ɢɟɧɜɞɡ-ˊŰɐůɖɠ. Ⱥˊɘˊɚɏɞɜ, ɞɘ ɢɟɧɜɞɡ-ˊŰɐůɖɠ ůŬɟɤŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ŬɜɘɢɜŮɨůɞɡɜ ɛɧɜɞ ɏɜŬ 

ůɖɛŮɑɞ əɎɗŮ űɞɟɎ, ɏŰůɘ ɖ ŭɘŬŭɘəŬůɑŬ ůɎɟɤůɖɠ ŮɑɜŬɘ ɢɟɞɜɞɓɧɟŬ, Ůɜɩ ɞɘ ůŬɟɤŰɏɠ Űɟɘɔɤɜɘůɛɞɨ ɛŮ 

ɚɏɘɕŮɟ ɛˊɞɟɞɨɜ ɜŬ ůŬɟɩůɞɡɜ ˊɞɚɚŬˊɚɎ ůɖɛŮɑŬ ŰŬɡŰɧɢɟɞɜŬ ɛŮ Űɖ ɢɟɐůɖ ŭɞɛɖɛɏɜɞɡ űɤŰɧɠ, 

ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŰŬɢɨŰɖŰŬ ůɎɟɤůɖɠ. [35] 

3.3.1 ɉɅɃɁɃɈ ɄɇȼɆȼɆ 

ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŰŮɢɜɘəɐɠ ɢɟɧɜɞɡ-ˊŰɐůɖɠ ŬűɞɟɎ ɏɜŬ ˊɞɛˊɧ ɚɏɘɕŮɟ ɞ ɞˊɞɑɞɠ ŮəˊɏɛˊŮɘ ɏɜŬ 

ˊŬɚɛɧ ˊɟɞɠ Űɞɜ ŬɜŰɘəŮɑɛŮɜɞ-ůŰɧɢɞ əŬɘ ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ ˊɞɛˊɞɨ əŬɘ ŬɜŬəɚŬůŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ ɢɟɧɜɞ ŰŬɝɘŭɘɞɨ Űɞɡ ˊŬɚɛɞɨ Ŭˊɧ Űɖ ůŰɘɔɛɐ ɛŮŰɎŭɞůɖɠ Űɞɡ ɏɤɠ əŬɘ Űɖ ɚɐɣɖ 

Űɞɡ Ŭˊɧ Űɞ ˊɞɛˊɧ.  

ȰɜŬɠ ůŬɟɤŰɐɠ ŮəˊɏɛˊŮɘ Űɡˊɘəɞɨɠ ˊŬɚɛɞɨɠ ɚɏɘɕŮɟ ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ȷəŰɘɜɞɓɞɚɑŬɠ (ȼȷ). ȼ 

ŮəˊŮɛˊɧɛŮɜɖ ŬəŰɘɜɞɓɞɚɑŬ ŮůŰɘɎɕŮŰŬɘ ůŮ ɛɘŬ ůŰŮɜɐ ŮɡɗɡɔɟŬɛɛɘůɛɏɜɖ ŭɏůɛɖ əŬɘ əŬŰŮɡɗɨɜŮŰŬɘ ˊɟɞɠ 

Űɞ ŬɜŰɘəŮɑɛŮɜɞ-ůŰɧɢɞ. ȰɜŬ ŰɛɐɛŬ Űɞɡ ˊŬɚɛɞɨ Űɞɡ ɚɏɘɕŮɟ ȼȷ ˊɞɡ ŬɜŰŬɜŬəɚɎŰŬɘ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ-

ůŰɧɢɞ, ŮˊɘůŰɟɏűŮɘ ůŰɞ ůŬɟɤŰɐ ˊɎɜɤ ůŰɞɜ ɞˊɞɑɞ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞɠ űɤŰɞ-ŬɘůɗɖŰɐɟŬɠ (ɏɜŬɠ 

ŭɏəŰɖɠ űɤŰɞŭɘɧŭɞɡ). ȰɜŬ ŮůɤŰŮɟɘəɧ ɟɞɚɧɘ ɛŮŰɟɎ Űɞ ɢɟɧɜɞ ˊɞɡ ɛŮůɞɚɎɓɖůŮ ɛŮŰŬɝɨ Űɖɠ ɛŮŰɎŭɞůɖɠ 

əŬɘ ɚɐɣɖɠ Űɞɡ ˊŬɚɛɞɨ, əŬɘ ɏɜŬɠ ŮɜůɤɛŬŰɤɛɏɜɞɠ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐɠ  ɡˊɞɚɞɔɑɕŮɘ, ɛŮ ŭŮŭɞɛɏɜɞ Űɞ 
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ɛŮŰɟɞɨɛŮɜɞ ɢɟɧɜɞ, Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ-ůŰɧɢɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞ ůŬɟɤŰɐ ɚɏɘɕŮɟ. ɇɞ 

ɆɢɐɛŬ 3.4 ŬˊŮɘəɞɜɑɕŮɘ ˊɩɠ ɚŮɘŰɞɡɟɔŮɑ ɏɜŬɠ ůŬɟɤŰɐɠ ɚɏɘɕŮɟ ɢɟɧɜɞɡ-ˊŰɐůɖɠ. ȼ ɔɤɜɑŬ ɗ, ɧˊɤɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.4 ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ əŬɘ  ɖ ŮˊɑŭɟŬůɖ Űɖɠ ůŰɖɜ ŬəɟɑɓŮɘŬ Űɖɠ ɛɏŰɟɖůɖɠ 

Űɖɠ ŬˊɧůŰŬůɖɠ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ. [36] 

ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŰŮɢɜɘəɐɠ ɢɟɧɜɞɡ-ˊŰɐůɖɠ ŮɑɜŬɘ ɔɜɤůŰɐ əŬɘ Ŭˊɧ ŰŬ ɖɚŮəŰɟɞɜɘəɎ ŰŬɢɨɛŮŰɟŬ. 

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɏɜŬ ŰŬɢɨɛŮŰɟɞ ɛŬɕɑ ɛŮ əɘɜɖŰɐɟɘɞɡɠ ɎɝɞɜŮɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɔɟŬɛɛŬŰɘůŰɞɨɜ 

əŬɘ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ɤɠ ůɡůəŮɡɐ ůɎɟɤůɖɠ. ȼ ɡɣɖɚɐ ŰŬɢɨŰɖŰŬ Űɞɡ űɤŰɧɠ ŮˊɘŰɟɏˊŮɘ ůŰɞ ůŬɟɤŰɐ 

ɢɟɧɜɞɡ-ˊŰɐůɖɠ ɜŬ ɚɎɓŮɘ ŮəŬŰɞɜŰɎŭŮɠ ɐ ɢɘɚɘɎŭŮɠ ɛŮŰɟɐůŮɘɠ ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ (ɞɘ Űɘɛɏɠ Űɤɜ 50.000 

ŭŮɑɔɛŬŰŬ / sec ŭŮɜ ŮɑɜŬɘ ŬůɡɜɐɗɘůŰŮɠ) [36]. ɋůŰɧůɞ,  ɚɧɔɤ Űɖɠ ɛɎɕŬɠ Űɞɡ ɞɟɔɎɜɞɡ, ŰŬ ůŰɞɘɢŮɘɩŭɖ 

ɓɐɛŬŰŬ Űɖɠ ˊŮɟɘůŰɟɞűɐɠ ɔɨɟɤ Ŭˊɧ Űɞɡɠ əɘɜɖŰɐɟɘɞɡɠ ɎɝɞɜŮɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ ŬɟəŮŰɎ 

ɔɟɐɔɞɟŬ. Ⱥˊɘˊɚɏɞɜ, ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ůɐɛŬŰɞɠ ůɡɜɐɗɤɠ ŭɘŬɟəŮɑ ˊɎɟŬ ˊɞɚɨ, əŬɘ ɞɘ ɔɤɜɘŬəɏɠ 

Űɘɛɏɠ ˊɟɏˊŮɘ ɜŬ ŭɘŬɓɎɕɞɜŰŬɘ Ŭˊɧ əɤŭɘəɞˊɞɘɖɛɏɜɞɡɠ əɨəɚɞɡɠ. Ƀɘ ůŬɟɤŰɏɠ ɢɟɧɜɞɡ-ˊŰɐůɖɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛɘəɟɏɠ ˊŮɟɘůŰɟɞűɘəɏɠ ůɡůəŮɡɏɠ ɔɘŬ Űɖɜ ɔɤɜɘŬəɐ ŮəŰɟɞˊɐ Űɖɠ ŭɏůɛɖɠ ɚɏɘɕŮɟ 

(ŰɞɡɚɎɢɘůŰɞɜ ɔɘŬ ɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ ɔɤɜɑŮɠ) əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬˊɚɞɨůŰŮɟɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ  ɔɘŬ Űɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ Űɘɛɏɠ ɢŮɘɟɧŰŮɟɖɠ ŬəɟɑɓŮɘŬ. ɆɡɜɐɗŮɘɠ Űɡˊɘəɏɠ 

ŬˊɞəɚɑůŮɘɠ Űɖɠ ɛɏŰɟɖůɖɠ ŬˊɧůŰŬůɖɠ ɛŮ Űɞɡɠ ɢɟɧɜɞ-ˊŰɐůɖɠ ůŬɟɤŰɏɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ ɛŮɟɘəɩɜ 

ɢɘɚɘɞůŰɩɜ. [34] 

 

ɆɢɐɛŬ 3.4: ɆɢɖɛŬŰɘəɐ ɧɣɖ  ɆŬɟɤŰɐ ɉɟɧɜɞɡ-ɄŰɐůɖɠ [33] 

 

3.3.2. ȹȽȷūɃɅȷ ūȷɆȼɆ  

ȺəŰɧɠ Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɞɡ ɢɟɧɜɞɡ-ˊŰɐůɖɠ, ɖ Ŭɟɢɐ Űɖɠ ŭɘŬűɞɟɎɠ űɎůɖɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Ůˊɑůɖɠ ɛɘŬ 

ůɡɜɖɗɘůɛɏɜɖ ŰŮɢɜɘəɐ ɔɘŬ ɛɏŰɟɖůɖ ɛŮůŬɑɤɜ ŬˊɞůŰɎůŮɤɜ. ɇɞ Ůɨɟɞɠ ɛɏŰɟɖůɖɠ Űɖɠ ŰŮɢɜɘəɐɠ ŬɡŰɐɠ 

ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰŬ ŮəŬŰɧ-ɛɏŰɟŬ əŬɘ ɖ ŬəɟɑɓŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ ɛŮɟɘəɩɜ 

ɢɘɚɘɞůŰɧɛŮŰɟɤɜ [26]. ȼ ŭɘŬűɞɟɎ űɎůɖɠ (ɐ ɛŮŰŬŰɧˊɘůɖɠ űɎůɖɠ) ɞɡůɘŬůŰɘəɎ ŮɑɜŬɘ ɛɘŬ ˊŬɟŬɚɚŬɔɐ 

Űɖɠ ŰŮɢɜɘəɐɠ ɢɟɧɜɞɡ-ˊŰɐůɖɠ ɤɠ ˊɟɞɠ Űɞ Űɟɧˊɞ ɛɏŰɟɖůɖɠ Űɖɠ ŬˊɧůŰŬůɖɠ. ȼ ŬˊɧůŰŬůɖ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ůɡɔəɟɑɜɞɜŰŬɠ Űɖɜ ɛŮŰŬŰɧˊɘůɖ űɎůɖɠ ɛŮŰŬɝɨ Űɞɡ ŮəˊŮɛˊɧɛŮɜɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ əŬɘ 

Űɞɡ ɚŬɛɓŬɜɧɛŮɜɞɡ űɤŰɧɠ. [36] 
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ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ Ůˊɑůɖɠ ɔɜɤůŰɐ Ŭˊɧ ŰŬ ŰŬɢɨɛŮŰɟŬ ɛɏůŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ 

ɛŮŰŬŭɘŭɧɛŮɜɖ ŭɏůɛɖ ŭɘŬɛɞɟűɩɜŮŰŬɘ Ŭˊɧ ɏɜŬ Ŭɟɛɞɜɘəɧ əɨɛŬ əŬɘ ɖ ŬˊɧůŰŬůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ŭɘŬűɞɟɎ űɎůɖɠ ɛŮŰŬɝɨ Űɞɡ ɛŮŰŬŭɘŭɧɛŮɜɞɡ əŬɘ ɚŬɛɓŬɜɧɛŮɜɞɡ əɨɛŬŰɞɠ. ȷˊɧ 

Űɖ ůəɞˊɘɎ Űɞɡ ɢɟɐůŰɖ, ɖ ɛɏɗɞŭɞɠ ŭŮɜ ŮɑɜŬɘ ˊɞɚɨ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ Űɖ ɛɏɗɞŭɞ ɢɟɧɜɞɡ-ˊŰɐůɖɠ. 

ȿɧɔɤ Űɖɠ ˊɘɞ ˊŮɟɑˊɚɞəɖɠ ŬɜɎɚɡůɖɠ ůɐɛŬŰɞɠ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɘɞ Ŭəɟɘɓɐ Ůɘɠ 

ɓɎɟɞɠ Űɞɡ ɢɟɧɜɞ ɛɏŰɟɖůɖɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŬˊŬɘŰŮɑŰŬɘ əŬɚɎ əŬɗɞɟɘůɛɏɜɞ ůɐɛŬ ŮˊɘůŰɟɞűɐɠ, ɖ 

ɢɟɖůɘɛɞˊɞɑɖůɖ  Űɖɠ ɛŮɗɧŭɞɡ ŭɘŬűɞɟɎɠ űɎůɖɠ ɢɤɟɑɠ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ əŬŰɎɚɚɖɚɞɡ ůɐɛŬŰɞɠ ɛˊɞɟŮɑ 

ɜŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛŮɘɤɛɏɜɞ Ůɨɟɞɠ ɚɐɣŮɤɜ əŬɘ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɢɗɞɨɜ ˊŮɟɘůůɧŰŮɟŬ 

ɚŬɜɗŬůɛɏɜŬ ɐ ɛŮɘɤɛɏɜŬ ůɖɛŮɑŬ. [34] 

 

ɆɢɐɛŬ 3.5: ɆɢɖɛŬŰɘəɐ ɧɣɖ ůŬɟɤŰɐ ȹɘŬűɞɟɎɠ ūɎůɖɠ [33] 

 

3.3.3 ɇɅȽũɋɁɃɄɃȽȼɆȼ 

Ƀɘ ůŬɟɤŰɏɠ Űɟɘɔɤɜɘůɛɞɨ ɚɏɘɕŮɟ ɏɢɞɡɜ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ Ŭˊɚɞɨ ɡɚɘəɞɨ, Űɞɡ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ, 

Űɖɠ ɢŬɛɖɚɐɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɞɡ ɛɘəɟɞɨ ɧɔəɞɡ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ ůŬɟɤŰɏɠ ɚɏɘɕŮɟ 

ɢɟɧɜɞɡ-ˊŰɐůɖɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ůŬɟɩůɞɡɜ ˊɞɚɚŬˊɚɎ ůɖɛŮɑŬ ŰŬɡŰɧɢɟɞɜŬ ɛŮ Űɖ ɢɟɐůɖ ŭɞɛɖɛɏɜɞɡ 

űɤŰɧɠ, ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŰŬɢɨŰɖŰŬ ůɎɟɤůɖɠ [35]. ɈˊɎɟɢɞɡɜ ŬɟəŮŰɞɑ ůŬɟɤŰɏɠ ɚɏɘɕŮɟ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖ Ŭɟɢɐ Űɞɡ Űɟɘɔɤɜɘůɛɞɨ ɔɘŬ Ůɨɟɞɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ ɛŮɟɘəɎ ɢɘɚɘɞůŰɎ ɏɤɠ əŬɘ ɚɑɔŬ 

ɛɏŰɟŬ. ȷɡŰɞɑ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŮ ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ŬɜŰɑůŰɟɞűɖɠ 

ɛɖɢŬɜɘəɐɠ [26]. ȼ ŰŮɢɜɘəɐ Űɞɡ Űɟɘɔɤɜɘůɛɞɨ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ ŭɨɞ ˊŬɟŬɚɚŬɔɏɠ, Űɖ ɚɨůɖ ɛŮ ɛɘŬ əɎɛŮɟŬ 

əŬɘ Űɖ ɚɨůɖ ɛŮ ŭɡɞ əɎɛŮɟŮɠ  CCD. [34] 

ȿɨůɖ ɛɘŬɠ əɎɛŮɟŬɠ: ȷɡŰɧɠ ɞ Űɨˊɞɠ ůɎɟɤůɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɛɖɢŬɜɘəɐ ɓɎůɖ ůŰɖɜ ɞˊɞɑŬ ůŰɞ 

ɏɜŬ Ɏəɟɞ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɖ ɛɘŬ ůɡůəŮɡɐ ɛŮŰɎŭɞůɖɠ, ɖ ɞˊɞɑŬ ůŰɏɚɜŮɘ ɛɘŬ ŬəŰɑɜŬ ɚɏɘɕŮɟ ůŮ ɛɘŬ 

əŬɗɞɟɘůɛɏɜɖ ůŰŬŭɘŬəɎ ŬɡɝŬɜɧɛŮɜɖ ɔɤɜɑŬ ˊɎɜɤ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ, əŬɘ ůŰɞ Ɏɚɚɞ Ɏəɟɞ Űɖɠ ɓɎůɖɠ 

ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɖ ɛɑŬ əɎɛŮɟŬ CCD, ɖ ɞˊɞɑŬ ŬɜɘɢɜŮɨŮɘ Űɖɜ əɖɚɑŭŬ ɚɏɘɕŮɟ (ɐ ɔɟŬɛɛɐ) ˊɞɡ 

ˊɟɞůˊɑˊŰŮɘ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ. ȼ ŰɟɘůŭɘɎůŰŬŰɖ ɗɏůɖ Űɖɠ ŬɜŬəɚɩɛŮɜɖɠ ŮˊɘűŬɜŮɑŬɠ ɛˊɞɟŮɑ ɜŬ ŮɝŬɢɗŮɑ 

Ŭˊɧ Űɞ Űɟɑɔɤɜɞ ˊɞɡ ˊɟɞəɨˊŰŮɘ (ɆɢɐɛŬ 3.6). ȼ Ŭɟɢɐ ŬɡŰɐ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ɛɏɗɞŭɞ 
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ɢɤɟɞɛɏŰɟɖůɖɠ ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬˊɞůŰŬůɘɧɛŮŰɟŬ ůŮ ůŰŬɗŮɟɐ ɓɎůɖ. ȷˊɧ ŬɡŰɐ Űɖɜ Ŭɟɢɐ, 

ŮɑɜŬɘ Ůˊɑůɖɠ ɔɜɤůŰɧ ɧŰɘ ɖ ŬəɟɑɓŮɘŬ Űɖɠ ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ Űɞɡ ɛɏůɞɡ əŬɘ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮɘɩɜŮŰŬɘ 

ɛŮ Űɞ ŰŮŰɟɎɔɤɜɞ ŬɡŰɐɠ Űɖɠ ŬˊɧůŰŬůɖɠ. ɄɟɞűŬɜɩɠ, ɔɘŬ ˊɟŬəŰɘəɞɨɠ ɚɧɔɞɡɠ, Űɞ ɛɐəɞɠ ɓɎůɖɠ ŭŮɜ 

ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ əŬŰɎ ɓɞɨɚɖůɖ. ɄŬɟô ɧɚŬ ŬɡŰɎ, ɖ ŰŮɢɜɘəɐ ɛɑŬɠ əɎɛŮɟŬɠ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ 

ɟɧɚɞ ɔɘŬ ɛŮŰɟɐůŮɘɠ ůŮ ɛɘəɟɏɠ ŬˊɞůŰɎůŮɘɠ ɛɘəɟɩɜ ŬɜŰɘəŮɑɛŮɜɤɜ əŬɗɩɠ ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ Ŭəɟɘɓɐɠ ůŰɘɠ 

ɛŮŰɟɐůŮɘɠ Ŭˊɧ ɧŰɘ ŮɑɜŬɘ ɞɘ ůŬɟɤŰɏɠ ɚɏɘɕŮɟ (ɢɟɧɜɞɡ ˊŰɐůŮɘɠ, ŭɘŬűɞɟɎ űɎůɖɠ). [34] 

ȿɨůɖ ŭɨɞ əŬɛŮɟɩɜ: ɀɘŬ ˊŬɟŬɚɚŬɔɐ Űɖɠ Ŭɟɢɐɠ Űɟɘɔɤɜɘůɛɞɨ ŮɑɜŬɘ ɖ ɢɟɐůɖ ŭɨɞ əŬɛŮɟɩɜ CCD 

ŰɞˊɞɗŮŰɖɛɏɜŮɠ ůŰŬ ŭɨɞ ɎəɟŬ Űɖɠ ɓɎůɖɠ. ɃɡůɘŬůŰɘəɎ ŮɑɜŬɘ ůŰŮɟŮɞůəɞˊɘəɐ ŭɘɎŰŬɝɖ (ɧˊɤɠ ɖ 

ˊŬɗɖŰɘəɐ ɛɏɗɞŭɞɠ- ɈˊɞəŮűɎɚŬɘɞ 3.2) ɛŮ Ůˊɘˊɚɏɞɜ ˊɖɔɐ ŬəŰɘɜɞɓɞɚɑŬɠ. ȼ əɖɚɑŭŬ ɐ Űɞ ɛɞŰɑɓɞ ˊɞɡ 

ˊɟɧəŮɘŰŬɘ ɜŬ ŬɜɘɢɜŮɡɗŮɑ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ɏɜŬ ˊɟɞɓɞɚɏŬ ɢɤɟɘɕɧɛŮɜɞɡ űɤŰɧɠ, ɞ ɞˊɞɑɞɠ ŭŮɜ ɏɢŮɘ 

əŬɛɑŬ ɛŮŰɟɖŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ. ȼ ˊɟɞɓɞɚɐ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ əɘɜɞɨɛŮɜɞ űɤɠ (əɖɚɑŭŬ ɐ 

ɔɟŬɛɛɐ), Ŭˊɧ  ɚɤɟɑŭŬ əɘɜɞɨɛŮɜɤɜ ɛɞŰɑɓɤɜ ɐ Ŭˊɧ ɏɜŬ ůŰŬŰɘəɧ ŬɡɗŬɑɟŮŰɞ ɛɞŰɑɓɞ. ȼ ɔŮɤɛŮŰɟɘəɐ 

ɚɨůɖ ŮɑɜŬɘ ɖ ɑŭɘŬ ɧˊɤɠ əŬɘ ɛŮ Űɖɜ Ŭɟɢɐ ɛɑŬɠ əɎɛŮɟŬɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɏɢɞɡɛŮ ŰŬ ɑŭɘŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬəɟɑɓŮɘŬɠ. ȹŮɜ ˊɟɞůűɏɟɞɡɜ  ɧɚŮɠ ɞɘ ůɡůəŮɡɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɨɞ əɎɛŮɟŮɠ 

ɡɣɖɚɎ ˊɞůɞůŰɎ ůɖɛŮɑɤɜ əŬɘ ŭŮɜ ŮɑɜŬɘ ɧɚŮɠ Űɞɡɠ ůɡɜŰɞɜɘůɛɏɜŮɠ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ. Ɉ́ Ɏɟɢɞɡɜ 

ˊŮɟɘˊŰɩůŮɘɠ ůɡůəŮɡɩɜ ɞɘ ɞˊɞɑŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ Űɧůɞ ɡɣɖɚɎ ˊɞůɞůŰɎ ůɖɛŮɑɤɜ ɧůɞ əŬɘ 

ŮˊŮɝŮɟɔŬůɑŬ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, əŬɘ ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ɔɘŬ Űɘɠ ůɡůəŮɡɏɠ 

ůɎɟɤůɖɠ. ɋůŰɧůɞ, ɞɘ ůɡůəŮɡɏɠ ŬɡŰɏɠ ŭŮɜ ɛˊɞɟɞɨɜ ůŮ ˊɟŬəŰɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ɜŬ ɗŮɤɟɖɗɞɨɜ ɤɠ 

3D ůŬɟɤŰɏɠ. [34] 

 

ɆɢɐɛŬ 3.6: ȹɘɎŰŬɝɖ ɇɟɘɔɤɜɞˊɞɑɖůɖ ɛɘŬɠ əɎɛŮɟŬɠ ɛŮ ŬəŰɘɜɞɓɞɚɑŬ Ŭ)ɚɏɘɕŮɟ əŬɘ ɓ)ŭɞɛɖɛɏɜɞɡ űɤŰɧɠ [33] 
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3.3.4 ȹɃɀȼɀȺɁɃɈ ūɋɇɃɆ 

3.3.4.1 ũȺɁȽȾȷ 

ɀɘŬ Ŭˊɧ Űɘɠ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŮɜŮɟɔɏɠ ɛŮɗɧŭɞɡɠ ůŰɖɟɑɕŮŰŬɘ ůŰɖ ˊɟɞɓɞɚɐ ŭɞɛɖɛɏɜɞɡ 

űɤŰɧɠ. ȿɧɔɤ Űɤɜ ɛŮɔɎɚɤɜ ŰŮɢɜɞɚɞɔɘəɩɜ űɞɟŰɑɤɜ ůɎɟɤůɖɠ əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ 

Ŭˊɧ Űɞɡɠ ůŬɟɤŰɏɠ ɚɏɘɕŮɟ, ˊɞɚɚɏɠ ɛɏɗɞŭɞɘ ɏɢɞɡɜ ŮˊɘɜɞɖɗŮɑ ɔɘŬ Űɖɜ ˊɟɞɓɞɚɐ əŬɘ Űɖ ˊɞɟŮɑŬ 

ˊɟɧŰɡˊɤɜ (ɛɞŰɑɓɤɜ) ŭɞɛɖɛɏɜɞɡ űɤŰɧɠ  ɔɘŬ Űɖ ɛŮɑɤůɖ ŬɡŰɩɜ Űɤɜ ŰŮɢɜɞɚɞɔɘəɩɜ űɞɟŰɑɤɜ. ɇɏŰɞɘŬ 

ɛɏɗɞŭɞɠ ŮɑɜŬɘ ŬɡŰɐ Űɤɜ ˊɞɚɚŬˊɚɩɜ ɚɤɟɑŭɤɜ əŬɘ Űɤɜ ɖɛɘŰɞɜɞŮɘŭɩɜ ɛɞŰɑɓɤɜ (sinusoidal fringe 

patterns), ˊɞɡ űɤŰɑɕɞɡɜ ɞɚɧəɚɖɟɖ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ůŰɧɢɞɡ Űɖɜ ɑŭɘŬ ůŰɘɔɛɐ [37]. Ɇɡɜɐɗɤɠ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ  ɏɜŬɠ ˊɟɞɓɞɚɏŬɠ ˊɞɡ ŮəˊɏɛˊŮɘ  ɏɜŬ ɛɞŰɑɓɞ (ŭɞɛɖɛɏɜɞ űɤɠ) ˊɎɜɤ ůŰɖ 

ɛŮŰɟɞɨɛŮɜɖ ŮˊɘűɎɜŮɘŬ  əŬɘ ɛɘŬ əɎɛŮɟŬ ɔɘŬ Űɖ ůɨɚɚɖɣɖ Űɖɠ ˊɟɞɓɞɚɐɠ ŬɡŰɐɠ. Ƀɘ ŭɘŬŰɎɝŮɘɠ Űɖɠ 

ɛŮɗɧŭɞɡ ŬɡŰɐɠ Ŭəɞɚɞɡɗɞɨɜ Űɘɠ ŰŮɢɜɘəɏɠ Űɟɘɔɤɜɘůɛɞɨ ɧˊɤɠ ˊŬɟɞɡůɘɎůŰɖəŬɜ ˊɘɞ ˊɎɜɤ 

(ɈˊɞəŮűɎɚŬɘɞ 3.3.3), ŭɖɚŬŭɐ  ŭɘŬŰɎɝŮɘɠ ɛŮ ɛɑŬ ɐ ŭɨɞ əɎɛŮɟŮɠ. Ƀɘ 3D ˊɚɖɟɞűɞɟɑŮɠ ŮəŭɖɚɩɜɞɜŰŬɘ 

ůŰɘɠ ŮɛűŬɜŮɑɠ ˊŬɟŬɛɞɟűɩůŮɘɠ Űɞɡ ɛɞŰɑɓɞɡ ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɖ ˊɟɧŰɡˊɖ ɛɞɟűɐ Űɞɡ. 

ɀŮ Űɖɜ ŬɜɎɚɡůɖ ŬɡŰɩɜ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ɛˊɞɟɞɨɛŮ ɜŬ ˊɎɟɞɡɛŮ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ ɗɏůɖ, 

Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ əŬɘ Űɖɜ ɡűɐ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Ůˊɑ Űɖɠ ɞˊɞɑŬɠ ɏɢŮɘ ˊɟɞɓɚɖɗŮɑ Űɞ ɛɞŰɑɓɞ. [31] 

 ȼ 3D ŬɜɎɚɡůɖ  ɛˊɞɟŮɑ ɜŬ  ɔɑɜŮɘ ŬəɧɛŬ ˊɘɞ ɚŮˊŰɞɛŮɟɐɠ ɛŮ Űɖ ɢɟɐůɖ Ⱦɤŭɘəɞˊɞɘɖɛɏɜɞɡ ȹɞɛɖɛɏɜɞɡ 

ūɤŰɧɠ. ȷɡŰɐ ɖ ŰŮɢɜɘəɐ ŮˊɘŰɟɏˊŮɘ ɜŬ ɔɜɤɟɑɕɞɡɛŮ ɔɘŬ əɎɗŮ ŮɘəɞɜɘɕɧɛŮɜɞ ůɖɛŮɑɞ Űɖɜ Ŭɟɢɘəɐ Űɞɡ ɗɏůɖ 

ůŰɞ ŮəˊŮɛˊɧɛŮɜo ŮˊɑˊŮŭɞ ˊɟɞɓɞɚɐɠ. ȰŰůɘ, ɖ ŬɜŰɘůŰɞɘɢɑŬ ɛˊɞɟŮɑ ɜŬ ɚɖűɗŮɑ ŬˊŮɡɗŮɑŬɠ əŬɘ ŭŮɜ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ɢɟɐůɖ ɔŮɤɛŮŰɟɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ ɔɘŬ ɜŬ ˊŮŰɨɢɞɡɛŮ Űɖɜ ŬɜŰɘůŰɞɘɢɑŬ. ȼ ŬˊŮɡɗŮɑŬɠ 

ŬɜŰɘůŰɞɘɢɑŬ Űɤɜ ůɖɛŮɑɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ əɤŭɘəɞˊɞɑɖůɖ Űɞɡ ɛɞŰɑɓɞɡ ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ, ɏŰůɘ 

ɩůŰŮ əɎɗŮ ůɖɛŮɑɞ Űɞɡ űɤŰɧɠ ˊɞɡ ˊɟɞɓɎɚɚŮŰŬɘ ɜŬ ɛŮŰŬűɏɟŮɘ əɎˊɞɘŮɠ ˊɚɖɟɞűɞɟɑŮɠ. [31] 

ȰɜŬ əɤŭɘəɞˊɞɘɖɛɏɜɞ ŭɞɛɖɛɏɜɞ ůɨůŰɖɛŬ űɤŰɘůɛɞɨ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊɟɞɓɞɚɐ Ůɜɧɠ ŮɜɘŬɑɞɡ 

ˊɟɞŰɨˊɞɡ ɐ ɛɘŬɠ ůŮɘɟɎɠ ɛɞɜŰɏɚɤɜ (ɛɞŰɑɓɤɜ)  ˊɎɜɤ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛɏŰɟɖůɖɠ, Űɞ ɞˊɞɑɞ ůŰɖ 

ůɡɜɏɢŮɘŬ ɚŬɛɓɎɜŮŰŬɘ  Ŭˊɧ ɛɑŬ ɐ ɏɜŬ ůɨɜɞɚɞ əŬɛŮɟɩɜ. ɇŬ ɛɞŰɑɓŬ ŮɑɜŬɘ ŮɘŭɘəɎ ůɢŮŭɘŬůɛɏɜŬ ɏŰůɘ 

ɩůŰŮ əɤŭɘəɞˊɞɘɖɛɏɜŮɠ ɚɏɝŮɘɠ ɜŬ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɘŬ ɞɛɎŭŬ pixels. ȾɎɗŮ əɤŭɘəɞˊɞɘɖɛɏɜɞ 

pixel ɏɢŮɘ ŭɘəɐ Űɞɡ əɤŭɘəɞˊɞɘɖɛɏɜɖ ɚɏɝɖ, ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ɛɘŬ ɎɛŮůɖ ɢŬɟŰɞɔɟɎűɖůɖ Ŭˊɧ Űɘ 

əɤŭɘəɞˊɞɘɖɛɏɜŮɠ ɚɏɝŮɘɠ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ pixel ůŰɞ ɛɞŰɑɓɞ. Ƀɘ əɤŭɘəɞˊɞɘɖɛɏɜŮɠ 

ɚɏɝŮɘɠ ŮɑɜŬɘ Ŭˊɚɞɑ Ŭɟɘɗɛɞɑ, ɞɘ ɞˊɞɑɞɘ ŬɜŰɘůŰɞɘɢɑɕɞɜŰŬɘ ůŰɞ ɛɞŰɑɓɞ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮɑŰŮ ŬˊɞɢɟɩůŮɘɠ 

Űɞɡ ɔəɟɘ ɢɟɩɛŬŰɞɠ, ŮɑŰŮ ŭɘɎűɞɟŬ ɢɟɩɛŬŰŬ ɐ ɔŮɤɛŮŰɟɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ. ȳůɞ ɛŮɔŬɚɨŰŮɟɞɠ ŮɑɜŬɘ ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ əɤŭɘəɞˊɞɘɖɗŮɑ, Űɧůɞ ɛŮɔŬɚɨŰŮɟŮɠ ŮɑɜŬɘ ɞɘ əɤŭɘəɞˊɞɘɖɛɏɜŮɠ 

ɚɏɝŮɘɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ɢŬɟŰɞɔɟɎűɖůɖ Űɤɜ Ůɜ ɚɧɔɤ əɤŭɘəɞˊɞɘɖɛɏɜɤɜ ɚɏɝŮɤɜ ůŮ ɏɜŬ ɛɞŰɑɓɞ ŮɑɜŬɘ 

ŭɡůəɞɚɧŰŮɟɖ. [38] 
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3.3.4.2 ɀɃɇȽȸȷ ȹɃɀȼɀȺɁɃɈ ūɋɇɃɆ 

ɆŰɞ ɆɢɐɛŬ 3.8  ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŰŮɢɜɘəɏɠ ˊɟɞɓɞɚɐɠ ɛɞŰɑɓɤɜ ˊɞɡ ŰŬɝɘɜɞɛɐɗɖəŬɜ ɓɎůŮɘ Űɖɠ 

ŰŮɢɜɘəɐɠ əɤŭɘəɞˊɞɑɖůɖɠ Űɞɡɠ (ɢɟɧɜɞɡ-ˊɞɚɡˊɚŮɝɑŬɠ əɤŭɘəɞˊɞɑɖůɖ, ɢɤɟɘəɐ əɤŭɘəɞˊɞɑɖůɖ əŬɘ 

ɎɛŮůɖ əɤŭɘəɞˊɞɑɖůɖ). Ƀɘ ŮˊŰɎ ůŰɐɚŮɠ ůŰŬ ŭŮɝɘɎ Űɞɡ ˊɑɜŬəŬ ŬɜŬűɏɟɞɡɜ əŬŰɎ ˊɧůɞ ɐ ɧɢɘ ɏɜŬ 

ůɡɔəŮəɟɘɛɏɜɞ ɛɞŰɑɓɞ ŮɑɜŬɘ əŬŰɎɚɚɖɚɞ ɔɘŬ Űɖ ɛɏŰɟɖůɖ əɘɜɞɨɛŮɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ, Űɞ ɓɎɗɞɠ 

ɢɟɩɛŬŰɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɗɩɠ əŬɘ Ŭɜ ŮɛűŬɜɑɕɞɜŰŬɘ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ ɞɘ 

əɤŭɘəɞˊɞɘɖɛɏɜŮɠ ɚɏɝŮɘɠ (ˊŮɟɘɞŭɘəɐ əɤŭɘəɞˊɞɑɖůɖ) ɐ ɧɢɘ (ŬˊɧɚɡŰɖ əɤŭɘəɞˊɞɑɖůɖ). Ƀɘ ŰŮɢɜɘəɏɠ 

ɢɟɧɜɞɡ-ˊɞɚɡˊɚŮɝɑŬɠ ŭɖɛɘɞɡɟɔɞɨɜ Űɘɠ əɤŭɘəɞˊɞɘɖɛɏɜŮɠ ɚɏɝŮɘɠ, ˊɟɞɓɎɚɚɞɜŰŬɠ ɛɘŬ ůŮɘɟɎ Ŭˊɧ 

ůɢɏŭɘŬ əŬŰɎ ɛɐəɞɠ Űɞɡ ɢɟɧɜɞɡ, ɏŰůɘ ɩůŰŮ ɖ ŭɞɛɐ Űɞɡ əɎɗŮ ɛɞŰɑɓɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɞɚɨ Ŭˊɚɐ. 

Ⱥˊɘˊɚɏɞɜ, ˊŬɟɎ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ ɛɞŰɑɓɤɜ, ɖ ɢɤɟɘəɐ əɤŭɘəɞˊɞɑɖůɖ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ əɤŭɘəɞˊɞɘɖɛɏɜŮɠ ɚɏɝŮɘɠ ůŮ ɏɜŬ ɛɞɜŬŭɘəɧ ůɢɏŭɘɞ. ɇɏɚɞɠ, ɖ ŰŮɢɜɘəɐ ɎɛŮůɖɠ 

əɤŭɘəɞˊɞɑɖůɖɠ ɞɟɑɕŮɘ ɛɘŬ əɤŭɘəɞˊɞɘɖɛɏɜɖ ɚɏɝɖ ɔɘŬ əɎɗŮ pixel, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɑůɖ ɛŮ ɛɑŬ Ŭˊɧɢɟɤůɖ 

Űɞɡ ɔəɟɘ ɐ ɛŮ əɎˊɞɘɞ ɢɟɩɛŬ. [38] 

 

 

ɆɢɐɛŬ 3.7: ɆɢɖɛŬŰɘəɐ ȹɘɎŰŬɝɖ Űɟɘɔɞɜɞˊɞɑɖůɖɠ ŭɨɞ əŬɛŮɟɩɜ, ŭɞɛɖɛɏɜɞɡ űɤŰɧɠ [33] 
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ɆɢɐɛŬ 3.8: ɄɟɞŰŮɘɜɧɛŮɜŮɠ ŭɘŬŰɎɝŮɘɠ ɛɞŰɑɓɤɜ [38] 
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3.3.4.3 ȸȷŪɀɃɁɃɀȼɆȼ ɆȷɅɋɇȼ ȹɃɀȼɀȺɁɃɈ ūɋɇɃɆ 

ȼ űɎůɖ Ŭɟɢɘəɞˊɞɑɖůɖɠ ŬűɞɟɎ Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ ɛɞɜɎŭŬɠ ůɎɟɤůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ 

ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŬˊɞəŰɖɗŮɑ, ŭɖɚŬŭɐ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŬˊɧəŰɖůɖ Ůɜɧɠ ŭŮŭɞɛɏɜɞɡ ɧɔəɞɡ. ɄɟɏˊŮɘ ɜŬ 

ŮəŰŮɚŮɑŰŬɘ ɛɧɜɞ ɧŰŬɜ ɖ ŬɜŰɑůŰɞɘɢɖ ɗɏůɖ Űɖɠ ɛɞɜɎŭŬɠ ůɎɟɤůɖɠ əŬɘ Űɞɡ ŬɜŰɘəŮɑɛŮɜɞɡ ŭɘŬűɏɟɞɡɜ. ȼ 

ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůɡɜŮˊɎɔŮŰŬɘ [39]: 

¶ ȾɎɛŮɟŬ ŮɔɔŮɜɐɠ ɓŬɗɛɞɜɧɛɖůɖɠ. ũɑɜŮŰŬɘ ɛɑŬ űɞɟɎ, ɛŮŰɎ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ŮůŰɑŬůɖɠ, Űɞɡ 

ɕɞɡɛ əŬɘ Űɖɠ ɏəɗŮůɖɠ (ŭɘɎɔɟŬɛɛŬ) Űɖɠ əɎɛŮɟŬɠ. ȺɜŰɞˊɑɕŮɘ Űɘɠ ŮɔɔŮɜŮɑɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɖɠ 

əɎɛŮɟŬɠ ˊɞɡ ŮɑɜŬɘ ɖ ŬˊɧůŰŬůɖ ŮůŰɑŬůɖɠ, ɖ ́ ɟɞɞˊŰɘəɐ ŮůŰɑŬůɖɠ əŬɘ ɖ ŬəŰɘɜɘəɐ 

ˊŬɟŬɛɧɟűɤůɖ. 

¶ ɄɟɞɓɞɚɏŬɠ ŮɔɔŮɜɐɠ ɓŬɗɛɞɜɧɛɖůɖɠ. ũɑɜŮŰŬɘ ɛɑŬ űɞɟɎ, ɛŮŰɎ Ŭˊɧ Űɞɜ əŬɗɞɟɘůɛɧ ŮůŰɑŬůɖɠ 

əŬɘ ɕɞɡɛ Űɞɡ ˊɟɞɓɞɚɏŬ. ȺɜŰɞˊɑɕŮɘ Űɘɠ 3D ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ Ůˊɘˊɏŭɤɜ ˊɞɡ 

ˊŬɟɎɔŮŰŬɘ Ŭˊɧ əɎɗŮ əɎɗŮŰɖ ɔɟŬɛɛɐ Űɞɡ ˊɟɞɓɞɚɏŬ Űɤɜ pixels. 

¶ Ɇɡɜɞɚɘəɐ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȺɑɜŬɘ ɏɜŬ ˊŬɟɎɔɤɔɞ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ůŰŬŭɑɤɜ, 

əŬɘ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜŰɘůŰɞɑɢɘůɖ Űɤɜ 3D ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ˊɟɞɓɞɚɏŬ ɛŮ Űɖɜ əɎɛŮɟŬ. 

ȼ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ əɎɛŮɟŬɠ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŬˊɧəŰɖůɖ Ůɜɧɠ ˊɑɜŬəŬ ɓŬɗɛɞɜɧɛɖůɖɠ (ˊɚɎəŬ 

ůŰɧɢɤɜ) ɞ ɞˊɞɑɞɠ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ɔɜɤůŰɐ ɗɏůɖ ůŰɞ ɢɩɟɞ ůɎɟɤůɖɠ, ɏŰůɘ ɩůŰŮ ɧɚɞɠ ɞ ɧɔəɞɠ ˊɞɡ 

ŮˊɘɗɡɛŮɑŰŬɘ ɜŬ ŬˊɞəŰɖɗŮɑ, ɜŬ ůŬɟɩɜŮŰŬɘ Ŭˊɧ Űɞɜ ŮˊɑˊŮŭɞ ˊɑɜŬəŬ ɓŬɗɛɞɜɧɛɖůɖɠ. [39] 

Ƀ ˊɑɜŬəŬɠ ɓŬɗɛɞɜɧɛɖůɖɠ ˊŮɟɘɏɢŮɘ ɏɜŬ ůɨɜɞɚɞ ŭŮɘəŰɩɜ (ɆɢɐɛŬ 3.9) ɛŮ ɔɜɤůŰɏɠ ůɢŮŰɘəɏɠ ɗɏůŮɘɠ 

əŬɘ űɤŰɑɕŮŰŬɘ ɛŮ ɏɜŬ ɞɛɞɘɧɛɞɟűɞ ɚŮɡəɧ űɤɠ. Ƀɘ ŭŮɑəŰŮɠ ŬɜɘɢɜŮɨɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮˊɑəŰɖŰɖ ŮɘəɧɜŬ ɤɠ 

Ůɝɐɠ: ɖ ŮɘəɧɜŬ Ůɘůɧŭɞɡ űɘɚŰɟɎɟŮŰŬɘ əŬɘ əɓŬɜŰɞˊɞɘɐŰŬɘ ɛŮ ɏɜŬ ˊɟɞůŬɟɛɞůŰɘəɧ Űɟɧˊɞ. Ƀɘ ŭŮɑəŰŮɠ 

ŬɜɘɢɜŮɨɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮˊɑəŰɖŰɖ ŮɘəɧɜŬ ɤɠ Ůɝɐɠ: ɖ ŮɘəɧɜŬ Ůɘůɧŭɞɡ űɘɚŰɟɎɟŮŰŬɘ əŬɘ əɓŬɜŰɞˊɞɘŮɑŰŬɘ ɛŮ 

ɏɜŬ ˊɟɞůŬɟɛɞůŰɘəɧ Űɟɧˊɞ, ɞɘ ŭŮɑəŰŮɠ (əɨəɚɞɠ + barcode) ŬɜɘɢɜŮɨɞɜŰŬɘ, ɔɘŬ əɎɗŮ ŭŮɑəŰɖ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ əɏɜŰɟɞ əɨəɚɞɡ əŬɘ ɞɘ əɨɟɘɞɘ ɎɝɞɜŮɠ Űɞɡ ˊɟɞɓŬɚɚɧɛŮɜɞɡ ŮɚɚŮɘˊŰɘəɞɨ ůɢɐɛŬŰɞɠ (ɛŮ 

ŬəɟɑɓŮɘŬ ɡˊɞ-pixel), əŬɘ Űɏɚɞɠ, əɎɗŮ ŭŮɑəŰɖɠ ŬɜŬˊɟɞůŬɟɛɧɕŮŰŬɘ Ŭˊɧ Űɖɜ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖ Űɞɡ 

ůɡůɢŮŰɘɕɧɛŮɜɞɡ bar code. [39] 

ȼ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ˊɟɞɓɞɚɏŬ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŬˊɧəŰɖůɖ (ɛŮŰɎ Ŭˊɧ ůɎɟɤůɖ) Űɞɡ ɑŭɘɞɡ űɤŰɘůɛɏɜɞɡ 

ˊɑɜŬəŬ ɓŬɗɛɞɜɧɛɖůɖɠ ɛŮ ŰŬ ŭɞɛɖɛɏɜŬ ˊɟɧŰɡˊŬ űɤŰɧɠ, ˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ŭɨɞ ɎɔɜɤůŰŮɠ 

ɗɏůŮɘɠ ůŰɞɜ ɢɩɟɞ ůɎɟɤůɖɠ. ɄɟɩŰɞɜ, ɖ 3D ɗɏůɖ Űɞɡ ˊɑɜŬəŬ ɓŬɗɛɞɜɧɛɖůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ŬɡŰɧɛŬŰŬ ɛŮ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ɗɏůɖɠ əŬɘ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɤɜ ŭŮɘəŰɩɜ ůŰɘɠ ŬˊɞəŰɩɛŮɜŮɠ 

ŮɘəɧɜŮɠ. ȹŮɨŰŮɟɞɜ, ŬɜɘɢɜŮɨɞɜŰŬɘ ɧɚŮɠ ɞɘ ɚɤɟɑŭŮɠ Űɞɡ űɤŰɧɠ ˊɞɡ ˊɟɞɓɎɚɚɞɜŰŬɘ ůŰɞ ˊɑɜŬəŬ 

ɓŬɗɛɞɜɧɛɖůɖɠ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɔɟŬɛɛɘəɏɠ ŮɝɘůɩůŮɘɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůŰɞ ɢɩɟɞ Űɞɡ ŬɜŰɘəŮɑɛŮɜɞɡ. 

Ƀ ˊɑɜŬəŬɠ ɓŬɗɛɞɜɧɛɖůɖɠ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮŰŬəɘɜŮɑŰŬɘ ůŮ ɛɘŬ Ɏɚɚɖ ɗɏůɖ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ. ũɘŬ əɎɗŮ əɎɗŮŰɖ ɚɤɟɑŭŬ űɤŰɧɠ, ŬɜŬəŬŰŬůəŮɡɎɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ Űɤɜ ŭɨɞ 

ŬɜŰɑůŰɞɘɢɤɜ ɔɟŬɛɛɩɜ ɤɠ ˊɟɞɠ Űɘɠ ŭɨɞ ɗɏůŮɘɠ Űɞɡ ˊɑɜŬəŬ ɓŬɗɛɞɜɧɛɖůɖɠ. ȼ Ůɝɑůɤůɖ Űɞɡ Ůˊɘˊɏŭɞɡ 
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ůŮ 3D ɢɩɟɞ ˊɞɡ ɞɟɑɕŮɘ əɎɗŮ əɎɗŮŰɖ ɚɤɟɑŭŬ űɤŰɧɠ, ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ŬɜŬəŬŰŬůəŮɡŬůŰŮɑ Ŭˊɧ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ Űɞɡ Ůˊɘˊɏŭɞɡ Űɞ ɞˊɞɑɞ ˊŮɟɜɎ ɛɏůŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŭɨɞ ŬɜŰɑůŰɞɘɢŮɠ 

ɔɟŬɛɛɏɠ əŬɘ Űɞ ůɖɛŮɑɞ Ůəˊɞɛˊɐɠ. [39] 

 

 

ɆɢɐɛŬ 3.9: ɄɑɜŬəŬɠ ɓŬɗɛɞɜɧɛɖůɖɠ Ŭˊɧ Űɖɜ ɞˊŰɘəɐ ɔɤɜɑŬ Űɤɜ ŭɨɞ əŬɛŮɟɩɜ ůŮ ŭɘɎŰŬɝɖ Űɟɘɔɞɜɞˊɞɑɖůɖɠ 
[40] 
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ȾȺūȷȿȷȽɃ 4:     ɇȺɀȷɉȽɃ CAM PLATE - ɄȷȾȺɇȷ ȿɃũȽɆɀȽȾɃɈ  

 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŰŮɛɎɢɘɞ Űɞ ɞˊɞɑɞ ɛŮɚŮŰɎŰŬɘ ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ əŬɗɩɠ əŬɘ ŰŬ 

ˊŬəɏŰŬ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůɎɟɤůɖɠ,  ɔɘŬ 

Űɞɜ ůɢŮŭɘŬůɛɧ əŬɘ Űɘɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ. 

4.1 CAM PLATE - ɇȺɀȷɉȽɃ ɄɅɃɆ ȺūȷɅɀɃũȼ ɇɃɈ ȷɀɆ 

ɇɞ ŰŮɛɎɢɘɞ óóCam plateôô ůŰɞ ɞˊɞɑɞ ŮűŬɟɛɧůŰɖəŮ ɞ 

ŬɜŰɑůŰɟɞűɞɠ ɛɖɢŬɜɞɚɞɔɘəɐɠ ůɢŮŭɘŬůɛɧɠ ŬˊɞŰŮɚŮɑ 

ŰɛɐɛŬ ˊŮŰɟŮɚŬɘɞəɑɜɖŰɖɠ ɛɖɢŬɜɐɠ (diesel engine) 

ŬɡŰɞəɘɜɐŰɤɜ ˊɞɡ əŬŰŬůəŮɡɎɕŮɘ ɖ ŮŰŬɘɟɑŬ Bosch əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ ɛɘŬ ˊɚɖɗɩɟŬ 

ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɘɩɜ  ˊɞɡ əŬŰŬůəŮɡɎɕɞɡɜ 

ˊŮŰɟŮɚŬɘɞəɑɜɖŰŬ ŬɡŰɞəɑɜɖŰŬ (Toyota, Renault, fiat, 

ə.Ŭ.). Ʉɞɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞ ŰŮɛɎɢɘɞ óócam plateôô 

ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɖɠ ŬɜŰɚɑŬɠ Ŭɝɞɜɘəɞɨ 

ŭɘŬɜɞɛɏŬ ɣŮəŬůɛɞɨ, ŰŮŰɟŬəɨɚɘɜŭɟɖɠ diesel ɛɖɢŬɜɐɠ. 

ɆɢɐɛŬ 4.1: ɇŮɛɎɢɘɞ Cam plate 

 

ɆɢɐɛŬ 4.2: ȷɜŰɚɑŬ Ŭɝɞɜɘəɞɨ Ůɛɓɧɚɞɡ ŭɘŬɜɞɛɐɠ əŬɡůɑɛɞɡ, VE Rombert Bosch GmbH [41] 
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ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ˊŮɟɘɔɟŬűɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŭɘŬɜɞɛɏŬ ɣŮəŬůɛɞɨ Űɖɠ ŬɜŰɚɑŬɠ  ɧˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɢɟɐůɖ Űɞɡ ŰŮɛŬɢɑɞɡ cam plate. 

ȹɘŬɜɞɛɏŬɠ ɣŮəŬůɛɞɨ ŬɜŰɚɑŬɠ 

Ƀ ŭɘŬɜɞɛɏŬɠ ɣŮəŬůɛɞɨ ɏɢŮɘ ɛɧɜɞ ɛɘŬ ŬɜŰɚɑŬ ɖ ɞˊɞɑŬ ŮɝɡˊɖɟŮŰŮɑ ɧɚɞɡɠ Űɞɡɠ əɡɚɑɜŭɟɞɡɠ Űɖɠ 

ɛɖɢŬɜɐɠ. ɀɘŬ ˊŰŮɟɡɔɘɞűɧɟɞɠ ŬɜŰɚɑŬ ůˊɟɩɢɜŮɘ Űɞ əŬɨůɘɛɞ ɛɏůŬ ůŰɞ ɗɎɚŬɛɞ ɡɣɖɚɐɠ ˊɑŮůɖɠ 

(ɆɢɐɛŬ.4.3(6)) əŬɘ ɏɜŬ Ŭɝɞɜɘəɧ ɏɛɓɞɚɞ (ɆɢɐɛŬ 4.3(4)) ůɡɛˊɘɏɕŮɘ Űɞ əŬɨůɘɛɞ ŭɖɛɘɞɡɟɔɧɜŰŬɠ ɛŮ ŬɡŰɧ 

Űɞɜ Űɟɧˊɞ Űɖɜ ɡɣɖɚɐ ˊɑŮůɖ ůŰɞ ɗɎɚŬɛɞ. ȰɜŬɠ ˊŮɟɘůŰɟŮűɧɛŮɜɞɠ ɏɛɓɞɚɞ-ŭɘŬɜɞɛɏŬɠ ŬɜɞɘɔɞəɚŮɑɜŮɘ 

Űɘɠ ŭɘɧŭɞɡɠ Ůɘůɟɞɐɠ əŬɘ Ůəɟɞɐɠ Űɞɡ əŬɡůɑɛɞɡ, ɏŰůɘ ɩůŰŮ ɜŬ ŭɘŬɜɏɛŮŰŬɘ ɝŮɢɤɟɘůŰɎ ůŰɞɡɠ əɘɜɖŰɐɟɘɞɡɠ 

əɡɚɑɜŭɟɞɡɠ. [41] [42] 

ȷɝɞɜɘəɧɠ ɏɛɓɞɚɞ-ŭɘŬɜɞɛɏŬɠ  

ȰɜŬɠ ˊŮɟɘůŰɟŮűɧɛŮɜɞɠ ŭɑůəɞɠ (Cam plate) (ɆɢɐɛŬ 4.3(3)) ˊŮɟɘůŰɟɏűŮŰŬɘ Ŭˊɧ Űɞɜ əɘɜɖŰɐɟŬ. Ƀ 

Ŭɟɘɗɛɧɠ Űɤɜ əɤɜɘəɩɜ ɚɞɓɩɜ Űɞɡ Cam plate ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ əɡɚɑɜŭɟɤɜ Űɖɠ ɛɖɢŬɜɐɠ. 

Ƀɘ ɚɞɓɞɑ ŰŬɝɘŭŮɨɞɡɜ ůŮ əɡɚɑɜŭɟɞɡɠ (ɆɢɐɛŬ 4.3(2)) ˊɎɜɤ ůŰɞ ŭŬəŰɨɚɘɞ, ɏŰůɘ ɩůŰŮ ɞ ɏɛɓɞɚɞ-

ŭɘŬɜɞɛɏŬɠ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ Űɞ Cam plate, ˊŮɟɘůŰɟɏűŮŰŬɘ əŬɘ ŬɜŮɓɞəŬŰŮɓŬɑɜŮɘ 

ŰŬɡŰɧɢɟɞɜŬ. ɆŮ əɎɗŮ ůŰɟɞűɐ Űɞɡ ɎɝɞɜŬ, Űɞ ɏɛɓɞɚɞ ɞɚɞəɚɖɟɩɜŮɘ ɏɜŬ Ŭɟɘɗɛɧ ŭɘŬŭɟɞɛɩɜ ɑůɞ ɛŮ Űɞɜ 

Ŭɟɘɗɛɧ Űɤɜ əɡɚɑɜŭɟɤɜ ˊɞɡ ŰɟɞűɞŭɞŰŮɑ. [42] 

ɆŮ ɏɜŬɜ Ŭɝɞɜɘəɧ ɏɛɓɞɚɞ-ŭɘŬɜɞɛɏŬ ŬɜŰɚɑŬɠ ŮɚŮɔɢɧɛŮɜɖɠ ŭɘɧŭɞɡ, ɡˊɎɟɢŮɘ ɏɜŬɠ ůɤɚɐɜŬɠ-ŮɚŮɔəŰɐɠ 

(ɆɢɐɛŬ 4.3(5)) ɞ ɞˊɞɑɞɠ əŬɗɞɟɑɕŮɘ Űɖɜ ɤűɏɚɘɛɖ ŭɘŬŭɟɞɛɐ, Ůˊɞɛɏɜɤɠ əŬɗɞɟɑɕŮɘ əŬɘ Űɖ ŭɘɎɟəŮɘŬ 

ɣŮəŬůɛɞɨ əŬɗɩɠ əŬɘ  Űɖ ˊɞůɧŰɖŰŬ Űɞɡ əŬɡůɑɛɞɡ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞ ɗɎɚŬɛɞ. Ƀ ŮɚŮɔəŰɐɠ ŬɡŰɧɠ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɏɜŬɠ ɛɖɢŬɜɘəɧɠ ɟɡɗɛɘůŰɐɠ ɐ ɏɜŬɠ ɖɚŮəŰɟɘəɎ ŮɚŮɔɢɧɛŮɜɞɠ ɛɖɢŬɜɘůɛɧɠ. [42] 

 

ɆɢɐɛŬ 4.3: ɀɏɗɞŭɞɠ ŭɘŬɜɞɛɐɠ əŬɡůɑɛɞɡ ŬɜŰɚɑŬɠ ˊŮŰɟŮɚŬɑɞɡ Ŭɝɞɜɘəɞɨ Ůɛɓɧɚɞɡ [42]  
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ɆɢɐɛŬ 4.4: ɇɛɐɛŬŰŬ ŭɘŬɜɞɛɏŬ ɣŮəŬůɛɞɨ ŬɜŰɚɑŬɠ [43] 

ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ŰŮɛɎɢɘɞ Cam plate, ůŰɞ ɞˊɞɑɞ ŮűŬɟɛɧůŰɖəŮ ɞ ȷɀɆ, ŮɑɜŬɘ əɟɎɛŬ ɢɎɚɡɓŬ  əŬɘ 

əŬŰŬůəŮɡɎɕŮŰŬɘ ůŮ ˊɟɩŰɖ űɎůɖ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɢɨŰŮɡůɖɠ, ɧˊɞɡ ɔɑɜŮŰŬɘ ůɢɖɛŬŰɘůɛɧɠ Űɖɠ 

ɓŬůɘəɐɠ ɛɞɟűɐɠ Űɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ, ůŮ ŭŮɨŰŮɟɖ űɎůɖ, ɔɑɜŮŰŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ŰŮɛŬɢɑɞɡ ůŮ ɛɖɢŬɜɐ 

űɟɏɕŬɠ ɧˊɞɡ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ɞɘ ɚŮɑŮɠ ŮˊɘűɎɜŮɘŮɠ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɞɘ ɞˊɏɠ.  

ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ Űɞɡ ŰŮɛŬɢɑɞɡ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɗŮɟɛɐɠ 

ůűɡɟɖɚɎŰɖůɖɠ əɚŮɘůŰɐɠ ɛɐŰɟŬɠ ŬəɟɘɓŮɑŬɠ. 

4.2 ȿɃũȽɆɀȽȾɃ ȺɄȺɂȺɅũȷɆȽȷɆ 3D ȹȺȹɃɁɋɁ MESHLAB 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ɚɞɔɘůɛɘəɧ ŮˊŮɝŮɟɔŬůɑŬɠ ŰɟɘůŭɘɎůŰŬŰɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ əŬɘ ˊɚŮɔɛɎŰɤɜ Űɟɘɔɩɜɤɜ 

ŮɚŮɨɗŮɟŬ ŭɘŬɗɏůɘɛɞ ůŰɞ ŭɘŬŭɑəŰɡɞ. Ɇəɞˊɧɠ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ ɚɞɔɘůɛɘəɞɨ ŬɡŰɞɨ, ŮɑɜŬɘ ɖ 

ŮˊŮɝŮɟɔŬůɑŬ ɛɞɜŰɏɚɤɜ Ŭˊɧ ůɢŮŰɘəɎ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ŰɟɘůŭɘɎůŰŬŰɤɜ ůɖɛŮɑɤɜ ɛŮ ɛɑŬ ůŮɘɟɎ 

ŮɟɔŬɚŮɑɤɜ ˊɞɡ ˊŬɟɏɢɞɡɜ ŭɡɜŬŰɧŰɖŰŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ, ŬˊɞɛɎəɟɡɜůɖɠ ůŰɞɘɢŮɑɤɜ ɗɞɟɨɓɞɡ, 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ ŭɘɞɟɗɩůŮɤɜ əŬɘ Ŭˊɧŭɞůɖɠ ɡűɐɠ. ɇɞ ɚɞɔɘůɛɘəɧ ŬɡŰɧ ŮɑɜŬɘ ŮɚŮɨɗŮɟɞɡ əɩŭɘəŬ 

əŬɘ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞ ŮɟɔŬůŰɐɟɘɞ Visual Computing Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ ȺˊɘůŰɐɛɖɠ əŬɘ ɇŮɢɜɞɚɞɔɑŬɠ 

Űɖɠ Ʉɚɖɟɞűɞɟɘəɐɠ (ISTI), Űɞɡ Ⱥɗɜɘəɞɨ ɃɟɔŬɜɘůɛɞɨ ȰɟŮɡɜŬɠ Űɖɠ ȽŰŬɚɑŬɠ (CNR). [44] 
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ɇɞ ɚɞɔɘůɛɘəɧ ŭɘŬɗɏŰŮɘ ɛɘŬ ˊɚɖɗɩɟŬ ŮɟɔŬɚŮɑɤɜ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɞɚɡŮˊɑˊŮŭɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ɜŮűɩɜ ůɖɛŮɑɤɜ. ɇɏŰɞɘŬ ŮɟɔŬɚŮɑŬ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŮˊɘɚŮɔɛɏɜɤɜ ŰɛɖɛɎŰɤɜ Űɞɡ ɜɏűɞɡɠ 

ůɖɛŮɑɤɜ, ŭɘŬɔɟŬűɐ ůɖɛŮɑɤɜ ɐ ŮˊɘűŬɜŮɘɩɜ ɢŮɘɟɞəɑɜɖŰŬ ɐ ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɢɏůɖ Űɞɡɠ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ 

ůɖɛŮɑŬ ɐ ŮˊɘűɎɜŮɘŮɠ Űɞɡ ɜɏűɞɡɠ ɐ ɎɚɚŮɠ ůŰŬɗŮɟɏɠ. Ⱥˊɑůɖɠ ɡˊɎɟɢɞɡɜ ŮɟɔŬɚŮɑŬ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ  

Űɖɜ əŬŰŬůəŮɡɐ ůɢɖɛɎŰɤɜ ɐ ŮˊɘűŬɜŮɘɩɜ Ŭˊɧ Űɞ ɢɟɐůŰɖ, ɐ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɚŮɔɛɎŰɤɜ ˊɞɚɡɔɩɜɤɜ, 

ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ ɏɜŬ ɓŬůɘəɧ ˊɚɏɔɛŬ. ɈˊɎɟɢɞɡɜ əŬɘ ŮɟɔŬɚŮɑŬ ɢɞɜŭɟɘəɐɠ ůɨɜŭŮůɖɠ ŬɜŮɝɎɟŰɖŰɤɜ 

ɜŮűɩɜ ůŮ ɏɜŬ ŮɜɘŬɑɞ ɛɞɜŰɏɚɞ əŬɗɩɠ əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ ůɨɔəɟɘůɖɠ Űɖɠ 

ůɨɛˊŰɤůɖɠ ŭɨɞ ɜŮűɩɜ ůɖɛŮɑɤɜ. [44] 

ɄŬɟɏɢŮŰŬɘ ˊɚɖɗɩɟŬ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ Ŭɝɘɞˊɞɘɞɨɜ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ůɡɛˊɚɐɟɤůɖɠ 

əŮɜɩɜ, çŬˊɚɞˊɞɑɖůɖɠè Űɞɡ ɜɏűɞɡɠ ŭɘŬŰɖɟɩɜŰŬɠ ŰŬ ɓŬůɘəɎ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŮˊɘɛŮɟɘůɛɧ Űɞɡ 

ɜɏűɞɡɠ ůŮ ŰɛɐɛŬŰŬ, ŬɚɚɎ əŬɘ əŬŰŬůəŮɡɐ Ŭˊɧ ŬɡŰɧ ŮˊɘűŬɜŮɘɩɜ. ɈˊɎɟɢɞɡɜ űɑɚŰɟŬ ŮɝɞɛɎɚɡɜůɖɠ 

Űɞɡ ɛɞɜŰɏɚɞɡ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůɖɛŮɑɤɜ əŬɘ Űɤɜ Űɟɘɔɩɜɤɜ ŬɡŰɞɨ, əŬɗɩɠ əŬɘ 

Ůˊɘɓɞɚɐɠ ɔŮɤɛŮŰɟɘəɩɜ ɛŮŰŬůɢɖɛŬŰɘůɛɩɜ ɛŮ Űɖ ɛɞɟűɐ Ůɝɑůɤůɖɠ. [44] 

ɈˊɎɟɢɞɡɜ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ˊɞɘɞŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ɛɞɜŰɏɚɞɡ, ŮɝŬɔɤɔɐ 

ɘůŰɞɔɟŬɛɛɎŰɤɜ əŬɘ ůŰŬŰɘůŰɘəɩɜ ůŰɞɘɢŮɑɤɜ əŬɘ Űɖɜ Ůˊɘɓɞɚɐ ůɡɜŬɟŰɖůɘŬəɩɜ ůɢɏůŮɤɜ ɛŮŰŬɝɨ Űɤɜ 

ůɖɛŮɑɤɜ Űɞɡ ɜɏűɞɡɠ ɐ Űɤɜ Űɟɘɔɩɜɤɜ. ȯɚɚŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɡˊɎɟɢɞɡɜ  ŮɑɜŬɘ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ 

ůŰɞɘɢŮɑɤɜ əŬɛˊɡɚɧŰɖŰŬɠ, ˊɟɞůŭɘɞɟɘůɛɞɨ əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭɘŬɜɡůɛɎŰɤɜ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ 

Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ɜɏűɞɡɠ Űɞɡ ɛɞɜŰɏɚɞɡ. [44] 

 

ɆɢɐɛŬ 4.5: ɄŬɟɎŭŮɘɔɛŬ ɜɏűɞɡɠ ůɖɛŮɑɤɜ, ůŮ ˊŮɟɘɓɎɚɚɞɜ MeshLab, ˊɞɡ ɚɐűɗɖəŮ ɛŮŰɎ Ŭˊɧ ůɎɟɤůɖ ůŮ 
ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ [45] 
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4.3 ȿɃũȽɆɀȽȾɃ ɆɉȺȹȽȷɆȼɆ CAD -SOLIDWORKS 

4.3.1 CAD 

ɋɠ CAD (Computer-AidedDesign) ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɞˊɞɘŬŭɐˊɞŰŮ Ŭˊɧ Űɘɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ 

ůɢŮŭɘŬůɛɞɨ əɎɜŮɘ ɢɟɐůɖ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ, ŮɑŰŮ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ, ɐ Űɖɜ ŬɜɎɚɡůɖ ɐ 

Űɖ ŰɟɞˊɞˊɞɘɐůŮɘ Ůɜɧɠ ɛɖɢŬɜɞɚɞɔɘəɞɨ ůɢŮŭɘŬůɛɞɨ [46].ɇŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ CAD 

ŬˊŬɟŰɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ɡɚɘəɧ (hardware) əŬɘ Űɞ ɚɞɔɘůɛɘəɧ (software).ɇɞ ɡɚɘəɧ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ 

ɡˊɞɚɞɔɘůŰɐ, ɛɘŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ŰŮɟɛŬŰɘəɏɠ ɞɗɧɜŮɠ ɔɟŬűɘəɩɜ, ˊɚɖəŰɟɞɚɧɔɘŬ əŬɘ ɎɚɚŮɠ Ůɘŭɘəɏɠ 

ůɡůəŮɡɏɠ. ɇɞ ɚɞɔɘůɛɘəɧ ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ ɔɟŬűɘəɩɜ Űɞɡ ɡˊɞɚɞɔɘůŰɐ əŬɘ ŰŬ 

ˊɟɞɔɟɎɛɛŬŰŬ ŮűŬɟɛɞɔɩɜ, ˊɞɡ ŭɘŮɡəɞɚɨɜɞɡɜ Űɞɜ ɢɟɐůŰɖ ůŰɖɜ ŮűŬɟɛɞɔɐ ŮˊɘůŰɖɛɞɜɘəɩɜ 

ɛŮɗɧŭɤɜ, ɧˊɤɠ Űɖ ɛŮɚɏŰɖ Űɖɠ ŭɡɜŬɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ ůɡůŰɖɛɎŰɤɜ, Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ůŮ 

űŬɘɜɧɛŮɜŬ ɛŮŰŬűɞɟɎɠ, Űɞɜ ŬɟɘɗɛɖŰɘəɧ ɏɚŮɔɢɞ ə.Ŭ. ɇŬ ˊɟɞɔɟɎɛɛŬŰŬ ŮűŬɟɛɞɔɩɜ ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ 

ɢɟɐůŰɖ ůŮ ɢɟɐůŰɖ, ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŬɜɎɔəŮɠ Űɞɡɠ. ȷɡŰɧ ɏɢŮɘ ůŬɜ ůɡɜɏˊŮɘŬ ŰŬ ŭɘɎűɞɟŬ ůɡůŰɐɛŬŰŬ 

CAD ɜŬ ɛɖ ɛɞɘɎɕɞɡɜ ŮɜŰŮɚɩɠ ɛŮŰŬɝɨ Űɞɡɠ, ŭɘŬűɞɟɞˊɞɘɞɨɛŮɜŬ ˊɞɚɚɏɠ űɞɟɏɠ əŬɘ ɤɠ ˊɟɞɠ Űɖ 

ůɨɜɗŮůɖ Űɤɜ ˊŮɟɘűŮɟŮɘŬəɩɜ ůɡůəŮɡɩɜ. ũŮɜɘəɎ, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Ůɝɞˊɚɘůɛɧ ˊɞɡ ŭɘŬɗɏŰŮɘ ɞ əɎɗŮ 

ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ůɢŮŭɘɎůŮɘ, ɜŬ ŬɜŬɚɨůŮɘ əŬɘ ɜŬ ŮűŬɟɛɧůŮɘ ŰŮɢɜɘəɏɠ ŬɟɘůŰɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ 

əŬŰɖɔɞɟɑŬ ůɡůŰɖɛɎŰɤɜ Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɞɡ. 

Ƀɘ ɚɧɔɞɘ ɢɟɖůɘɛɞˊɞɑɖůɖɠ CAD ŮɑɜŬɘ ˊɞɚɚɞɑ əŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɞɘ Ůɝɐɠ [47]: 

¶ ȷɨɝɖůɖ Űɖɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ Űɞɡ ůɢŮŭɘŬůŰɐ, ɛŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊɞɡ Űɞɡ ŭɑɜŮŰŬɘ ɜŬ ɛŮɘɩůŮɘ 

Űɞ ɢɟɧɜɞ ɔɘŬ ŬɜɎɚɡůɖ, ůɨɜɗŮůɖ əŬɘ ŰŮəɛɖɟɑɤůɖ, əŬŰɎ Űɖ ůɢŮŭɑŬůɖ. 

¶ ȸŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ ůɢŮŭɑŬůɖɠ. 

¶ ȸŮɚŰɑɤůɖ Űɖɠ ŰŮəɛɖɟɑɤůɖɠ əŬŰɎ Űɖ ůɢŮŭɑŬůɖ, ɛŮ Ŭəɟɘɓɐ əŬɘ ŮɛˊŮɟɘůŰŬŰɤɛɏɜŬ ůɢɏŭɘŬ. 

¶ ȹɖɛɘɞɡɟɔɑŬ ɓɘɞɛɖɢŬɜɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŮ ˊɚɐɟɖ ůŰɞɘɢŮɑŬ ɔɘŬ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɤɜ 

ˊɟɞɥɧɜŰɤɜ.  

ȼ ůɢŮŭɑŬůɖ ŮɑɜŬɘ ɛɘŬ ɓɖɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ, ůŰɖɜ ɞˊɞɑŬ ŭɘŬəɟɑɜɞɡɛŮ ɏɝɘ ůŰɎŭɘŬ [47]: 

1. ȷɜŬɔɜɩɟɘůɖ Űɖɠ ŬɜɎɔəɖɠ (Recognition of need). 

2. ȹɘŬŰɨˊɤůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (Definition of the problem). 

3. ɆɨɜɗŮůɖ (Synthesis). 

4. ȷɜɎɚɡůɖ əŬɘ ŬɟɘůŰɞˊɞɑɖůɖ (Analysis and optimization). 

5. ȷˊɞŰɑɛɖůɖ-ȷɝɘɞɚɧɔɖůɖ (Evaluation). 

6. ɄŬɟɞɡůɑŬůɖ (Presentation). 

ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ CAD ˊɟɧɔɟŬɛɛŬ SolidWorks ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ 

ŰŮɛŬɢɑɞɡ ŬɝɘɞˊɞɘɩɜŰŬɠ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ŬɜŰɚɐɗɖəŬɜ Ŭˊɧ Űɖ 3D ɆɎɟɤůɖ. 
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4.3.2 SOLIDWORKS 

ɇɞ SolidWorks ŮɑɜŬɘ ɞɚɞəɚɖɟɤɛɏɜɞ ůɢŮŭɘŬůŰɘəɧ ˊŬəɏŰɞ Űɞ ɞˊɞɑɞ ɓɟɑůəŮɘ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ ůŰɖ 

ůɨɔɢɟɞɜɖ ɓɘɞɛɖɢŬɜɑŬ. ɇɞ ˊŬəɏŰɞ ɚɞɔɘůɛɘəɞɨ SolidWorks ˊŮɟɘɏɢŮɘ ˊɟɞɔɟɎɛɛŬŰŬ CAD əŬɘ CAE ɛŮ 

ŭɡɜŬŰɧŰɖŰŮɠ CAM. ɇɞ SolidWorks ɧɛɤɠ ŮɑɜŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞ əɡɟɑɤɠ ůŰɞ ŰɞɛɏŬ Űɞɡ 

ɞɚɞəɚɖɟɤɛɏɜɞɡ ůɢŮŭɘŬůɛɞɨ ɛɖɢŬɜɖɛɎŰɤɜ əŬɘ ŮɝŬɟŰɖɛɎŰɤɜ CAD Űɧůɞ ɔɘŬ ŭɘůŭɘɎůŰŬŰŬ (2D) ɧůɞ 

əŬɘ ɔɘŬ ŰɟɘůŭɘɎůŰŬŰŬ (3D) ůɢɏŭɘŬ ˊŬɟɏɢɞɜŰŬɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɛŮŰŬŰɟɞˊɐɠ Ŭˊɧ Űɞ ɏɜŬ ůŰɞ Ɏɚɚɞ. 

Ⱥˊɑůɖɠ ɏɢŮɘ ŮɜůɤɛŬŰɤɛɏɜŬ ŮɟɔŬɚŮɑŬ Űɡˊɞˊɞɘɖɛɏɜɤɜ ɛɖɢŬɜɞɚɞɔɘəɩɜ ŮɝŬɟŰɖɛɎŰɤɜ (ɟɞɡɚŮɛɎɜ, 

Űɟɞɢɞɑ, əɞɢɚɑŮɠ əŰɚ.), ůɡɔəɞɚɚɐůŮɤɜ əŬɘ ɛŮŰŬɚɚɘəɩɜ əŬŰŬůəŮɡɩɜ, ůɢŮŭɑŬůɖɠ ɛŮŰŬɚɚɘəɩɜ űɨɚɚɤɜ 

(Sheet Metal) əŬɘ ůɢŮŭɑŬůɖɠ əŬɚɞɡˊɘɩɜ.  

Ⱥˊɘˊɚɏɞɜ ˊɚŬŰűɧɟɛŮɠ ˊɞɡ ŮɜůɤɛŬŰɩɜŮɘ Űɞ SolidWorks: 

SW Simulation: ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ Ůˊɘəɨɟɤůɖ Űɞɡ ɛɖɢŬɜɞɚɞɔɘəɞɨ ůɢŮŭɘŬůɛɞɨ. ɇɞ 

ŮɟɔŬɚŮɑɞ ŬɡŰɧ ŬɜŬŭŮɘəɜɨŮɘ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ůɢŮŭɘŬůɛɏɜɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ůŰɞ űɡůɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ ɔɘŬ Űɞ ɞˊɞɑɞ ˊɟɞɞɟɑɕŮŰŬɘ. ɆɡɜŮˊɩɠ ɛŮ Űɖɜ ˊɚŬŰűɧɟɛŬ Űɞɡ SolidWorks Simulation 

ɛˊɞɟŮɑ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ůɢŮŭɘŬůɛɏɜɞɡ ŬɜŰɘəŮɑɛŮɜɞ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ŭɡɜŬɛɘəɩɜ 

əŬɘ ɗŮɟɛɘəɩɜ űɞɟŰɑɤɜ, ɜŬ ŮɡɟŮɗŮɑ ɗ ɘŭɘɞůɡɢɜɧŰɖŰŬ Űɞɡ ə.Ŭ. 

SW Motion: ŬˊɞŰŮɚŮɑ ɏɜŬ Ůɘəɞɜɘəɧ ŮɟɔŬɚŮɑɞ ˊɟɞŰɡˊɞˊɞɑɖůɖɠ, Űɞ ɞˊɞɑɞ ˊŬɟɏɢŮɘ ŭɡɜŬŰɧŰɖŰŮɠ 

ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ əɑɜɖůɖɠ Ůɜɧɠ ɛɖɢŬɜɘůɛɞɨ, ŮɚɏɔɢɞɜŰŬɘ ɛŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧɜ Űɖɜ ɞɛŬɚɐ əŬɘ 

ŮˊɘŭɘɤəɧɛŮɜɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. 

SW Flow Simulation: ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɚɐɟŮɠ Ůɘəɞɜɘəɧ ŮɟɔŬɚŮɑɞ ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ ɟɞɐɠ ɟŮɡůŰɞɨ əŬɘ 

Űɖɠ ɛŮŰŬűɞɟɎɠ ɗŮɟɛɧŰɖŰŬɠ, ˊɟɞůűɏɟɞɜŰŬɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŭɘŮɝŬɔɤɔɐɠ ŭɞəɘɛɩɜ ůŮ ŮɘəɞɜɘəɎ 

ˊɟɤŰɧŰɡˊŬ. 

 

ɆɢɐɛŬ 4.6: ɄŬɟɎŭŮɘɔɛŬ əɘɜɖŰɐɟŬ ŬŮɟɞůəɎűɞɡɠ ůɢŮŭɘŬůɛɏɜɞ ůŮ ˊŮɟɘɓɎɚɚɞɜ SolidWorks [48] 
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4.4 CAE ï SIMUFACT.FORMING  

4.4.1 CAE 

CAE (Computer-Aided Engineering) ŮɑɜŬɘ ɞ ɀɖɢŬɜɞɚɞɔɘəɧɠ ůɢŮŭɘŬůɛɧɠ Ůɝ ɞɚɞəɚɐɟɞɡ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ ɡˊɞɚɞɔɘůŰɐ. ɄŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬɜɎɚɡůɖ ŰɎůŮɤɜ əŬɘ ˊŬɟŬɛɞɟűɩůŮɤɜ, Űɖɜ əɘɜɖɛŬŰɘəɐ 

ŬɜɎɚɡůɖ, Űɖ ɗŮɟɛɘəɐ ŬɜɎɚɡůɖ, Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ŭɡɜŬɛɘəɐ Űɤɜ ɟŮɡůŰɩɜ (Simufact, CFD 

Computational) əŬɘ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ȺɑɜŬɘ ɏɜŬ ŮɟɔŬɚŮɑɞ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ůɢŮŭɘŬůŰɐ ɜŬ 

ˊɟɞůɞɛɞɘɩůŮɘ əŬɘ ɛŮɚŮŰɐůŮɘ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɗŬ ůɡɛˊŮɟɘűŮɟɗŮɑ Űɞ ˊɟɞɥɧɜ ɏŰůɘ ɩůŰŮ ɞ 

ůɢŮŭɘŬůɛɧɠ ɜŬ ŮˊɘŭɏɢŮŰŬɘ ŮɨəɞɚŬ ŬˊɞˊŮɟɎŰɤůɖ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ. [47] 

ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ˊɟɞůɞɛɞɑɤůɖ ɗŬ ˊɟɏˊŮɘ ɞ ɡˊɞɚɞɔɘůŰɐɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ 

Űɖɜ əŬŰɎůŰŬůɖ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɛɞɜŰɏɚɞɡ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ŭɘɎűɞɟŮɠ ɛŮɗɧŭɞɡɠ ɛɘŬ Ŭˊɧ 

Űɘɠ ɞˊɞɑŮɠ ŮɑɜŬɘ əŬɘ ɖ ŬɜɎɚɡůɖ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. 

4.4.2 ɄɅɃɆɃɀɃȽɋɆȼ ɀȺ ȷɁȷȿɈɆȼ ɄȺɄȺɅȷɆɀȺɁɋɁ ɆɇɃȽɉȺȽɋɁ 

ȼ ŬɜɎɚɡůɖ ɛŮ ˊŮˊŮɟŬůɛɏɜŬ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ ůŮ ˊɟɩŰɖ űɎůɖ 

ŮˊɘɢŮɘɟŮɑŰŬɘ ɜŬ ˊɟɞɓɚŮűɗŮɑ ɖ ˊŬɟŬɛɧɟűɤůɖ ɐ ɖ əɎɛɣɖ ˊɞɡ ɗŬ ɡˊɞůŰŮɑ Űɞ ɛɞɜŰɏɚɞ ɛŮŰɎ Űɖɜ 

Ůˊɘɓɞɚɐ ŭɡɜɎɛŮɤɜ ɐ ŰɎůŮɤɜ. ɀŮ ŬɡŰɐ Űɖɜ ɛɏɗɞŭɞ ɢɤɟɑɕɞɡɛŮ Űɖɜ əŬŰŬůəŮɡɐ ůŮ ɏɜŬ ˊɚɏɔɛŬ ˊɞɡ 

ůɡɔəɟɞŰŮɑŰŬɘ Ŭˊɧ ůŰɞɘɢŮɑŬ, (ɛɘəɟɎ əɞɛɛɎŰɘŬ) ˊɞɡ ŮɜɩɜɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ. ɇŬ ůɖɛŮɑŬ ůŰŬ ɞˊɞɑŬ ŰŬ 

ůŰɞɘɢŮɑŬ ŮɜɩɜɞɜŰŬɘ ɞɜɞɛɎɕɞɜŰŬɘ ñnodesò əɧɛɓɞɘ. ȼ ŰɞˊɞɚɞɔɑŬ əɎɗŮ ůŰɞɘɢŮɑɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɡɠ 

əɧɛɓɞɡɠ ŬɡŰɞɨɠ ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ əɎˊɞɘɞ Ŭɟɘɗɛɧ ɔɘŬ ɜŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ, (ˊ.ɢ. Node 56). ɈˊɎɟɢŮɘ 

ɚɞɘˊɧɜ ɛɘŬ ɞɟɑɕɞɡůŬ ɖ ɞˊɞɑŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ əɎɗŮ ůɖɛŮɑɞ əŬɘ ɛŮ Űɞ ůɡɜŭɡŬůɛɧ ŰŮɚɘəɎ ɧɚɤɜ 

ŬɡŰɩɜ Űɤɜ ůɖɛŮɑɤɜ ɓɔŬɑɜŮɘ ɖ ŰŮɚɘəɐ ɛɞɟűɐ Űɞɡ ɛɞɜŰɏɚɞɡ. [47] 

ȳŰŬɜ ůɡɜŰŮɚŮɑŰŬɘ əŬŰŬˊɧɜɖůɖ ŬɡŰɐ ˊɟɞəŬɚŮɑ Űɖɜ ŬɚɚŬɔɐ Űɖɠ ɗɏůɖɠ Űɞɡ əɎɗŮ əɧɛɓɞɡ, ɞˊɧŰŮ 

ŬɚɚɎɕŮɘ əŬɘ ɖ ɞɟɑɕɞɡůŬ ˊɞɡ Űɞɜ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ əŬɘ əŬŰô ŮˊɏəŰŬůɖ əŬɘ ɖ ɛɞɟűɐ Űɞɡ ɛɞɜŰɏɚɞɡ. 

ȺɑɜŬɘ əŬŰŬɜɞɖŰɧ ɧŰɘ ɞ əɎɗŮ əɧɛɓɞɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűŮɟɗŮɑ ˊɟɞɠ ɧɚŮɠ Űɘɠ ŭɘŬůŰɎůŮɘɠ (x,y,z), əŬɗɩɠ 

əŬɘ ɜŬ ˊŮɟɘůŰɟŬűŮɑ ɔɨɟɤ Ŭˊɧ ŬɡŰɏɠ. ũɘŬ əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ əɘɜɐůŮɘɠ ɡˊɎɟɢŮɘ əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ 

Ůɝɑůɤůɖ ɖ ɞˊɞɑŬ ɓɏɓŬɘŬ ŮɑɜŬɘ əŬɘ ŬɡŰɐ ɔɟŬɛɛɏɜɖ ůŮ ɛɞɟűɐ ɞɟɑɕɞɡůŬɠ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɔɘŬ ɜŬ ɛˊɞɟɞɨɜ 

ɜŬ ˊŮɟŬůŰɞɨɜ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. [47] 

ȼ ˊŬɟŬəɎŰɤ ůɢɏůɖ ůɡɜŭɏŮɘ Űɖ ŭɨɜŬɛɖ ɛŮ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ: 

{} []{}F K d= *  

ɧˊɞɡ F = FORCE (ȹɨɜŬɛɖ)  Ⱦ = Ůɝɑůɤůɖ ŰɞˊɞɚɞɔɑŬɠ əɧɛɓɞɡ d = displacement (ɛŮŰŬŰɧˊɘůɖ) 
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4.4.3 ɀɃɁɇȺȿɃ ɄȺɄȺɅȷɆɀȺɁɋɁ ɆɇɃȽɉȺȽɋɁ 

ũɘŬ ɜŬ ɔɑɜŮɘ ɧɚɖ ŬɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ, ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ɏɜŬ ɛɞɜŰɏɚɞ 

ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ, Finite Element Model (FEM). ɆŰɖɜ ɞɡůɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŮɘəɧɜŬ Űɞɡ 

ɛɞɜŰɏɚɞɡ əŬɘ ɧɢɘ Űɞ ɑŭɘɞ Űɞ ɛɞɜŰɏɚɞ. [47] 

ȰɜŬ FEM ˊɞɚɨ ůɡɢɜɎ əŬŰŬůəŮɡɎɕŮŰŬɘ ɛŮ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ɏɜŬ Ůɑŭɖ ůŰɞɘɢŮɑɤɜ. ȷɡŰɧ ɧˊɤɠ 

əŬŰŬɚŬɓŬɑɜɞɡɛŮ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ŮɘŭɘəɎ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊɞɚɨˊɚɞəŮɠ əŬŰŬůəŮɡɏɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ˊɞɚɨ ˊɟɞůŮəŰɘəɐ Ůˊɘɚɞɔɐ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ. ɆŰɖɜ ɞɡůɑŬ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ůŰɞɘɢŮɘɤŭɩɜ ŭɞəɘɛɩɜ 

ɛɞɜɎŭɤɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɞ ɛɞɜŰɏɚɞ, ŮˊɘɚɏɔɞɡɛŮ əɎˊɞɘŬ ˊɞɡ ɗŮɤɟɞɨɛŮ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ 

əŮɟŭɑɕɞɜŰŬɠ ɏŰůɘ, ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊɟɎɝŮɤɜ, Ŭűɞɨ ůŰɖɜ ɞɡůɑŬ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɛɞɟɑɤɜ Ůɜɧɠ 

ɛɞɜŰɏɚɞɡ ɗŬ ɏŰŮɘɜŮ ůŰɞ ɎˊŮɘɟɞ. [47] 

Ɇəɞˊɧɠ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ FEM ŮɑɜŬɘ ɖ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ. ȺɑɜŬɘ ŬŭɘɎűɞɟɞ 

Ŭɜ Űɞ FEM ŮɑɜŬɘ Űɞ Ŭəɟɘɓɏɠ ŬɜŰɑɔɟŬűɞ Űɞɡ ɛɞɜŰɏɚɞɡ ɞˊŰɘəɎ. ɀŬɠ ŮɜŭɘŬűɏɟŮɘ ŭɖɚŬŭɐ ɞ Űɟɧˊɞɠ Űɖɠ 

ŬɜɎɚɡůɖɠ ˊɞɡ ɗŬ ɔɑɜŮɘ ɜŬ ŭɩůŮɘ ɛŮ Űɖɜ ˊŮɟɘůůɧŰŮɟɖ ˊɘůŰɧŰɖŰŬ Űɖɜ Ŭɚɚɞɑɤůɖ ˊɞɡ ɗŬ ɡˊɞůŰŮɑ Űɞ 

ɛɞɜŰɏɚɞ ɛŮŰɎ Űɖɜ Ůˊɘɓɞɚɐ ůɡɜɘůŰɤůɩɜ əŬŰŬˊɧɜɖůɖɠ. ȰŰůɘ əŬŰɎ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ əŬŰŬůəŮɡɐɠ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑŬ əŮɚɨűɞɡɠ,  əŬɘ ŰŬ ůŰɞɘɢŮɑŬ ŭɞəɩɜ. [47] 

ȼ ŬəɟɑɓŮɘŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬŰɎ Űɖɜ ŰŮɚɘəɐ Ůˊɑɚɡůɖ Űɞɡ ŭɞəɘɛɑɞɡ ɓɏɓŬɘŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

ŬɟəŮŰɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ: 

¶ ɇɞ ˊɧůɞ əŬɚɎ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ Űɞ ɛɞɜŰɏɚɞ ůŰɖ ůɢŮŭɑŬůɖ 

¶ ɇɘɠ Űɘɛɏɠ Űɤɜ űɞɟŰɑɤɜ əŬɘ ɔŮɜɘəɎ Űɤɜ ŮɝɤŰŮɟɘəɩɜ əŬŰŬˊɞɜɐůŮɤɜ 

¶ ɇɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ 

ȺɑɜŬɘ ŮɡɜɧɖŰɞ ɧŰɘ ůŮ ɧůɞ ɛɘəɟɧŰŮɟŬ ůŰɞɘɢŮɑŬ, ɎɟŬ əŬɘ ˊŮɟɘůůɧŰŮɟŬ ɢɤɟɑůɞɡɛŮ Űɞ ɛɞɜŰɏɚɞ, Űɧůɞ 

ˊɘɞ Ŭəɟɘɓɐ ɗŬ ŮɑɜŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ. Ƀ ˊɘɞ ůɑɔɞɡɟɞɠ Űɟɧˊɞɠ ɜŬ ŮˊɘɓŮɓŬɘɩůɞɡɛŮ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ ŮɑɜŬɘ ɜŬ Űɖɜ ŮˊŬɜŬɚɎɓɞɡɛŮ ɛŮ ɛɘəɟɧŰŮɟŬ ůŰɞɘɢŮɑŬ ɩůŰŮ ɜŬ ɔɑɜŮɘ 

ˊɞɚɨ ˊɘɞ ˊɡəɜɧ Űɞ meshing əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŭɘŬůŰŬɡɟɩůɞɡɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɘɠ 

ŭɘŬŭɞɢɘəɏɠ ŬɜŬɚɨůŮɘɠ ɩůŰŮ ɜŬ ŭɘŬˊɘůŰɩůɞɡɛŮ Ŭɜ ŬɡŰɎ ůɡɔəɚɑɜɞɡɜ ɐ ůŰɖɜ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ 

ɏɢɞɡɛŮ ůɖɛŬɜŰɘəɏɠ ŬˊɞəɚɑůŮɘɠ. ūɡůɘəɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɗŬ ůɡɛɓŮɑ Űɞ ŭŮɨŰŮɟɞ ŮɑɜŬɘ űŬɜŮɟɧ 

ɧŰɘ ɖ ŬɜɎɚɡůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ɚŮˊŰɞɛɏɟŮɘŬ. [47] 

ɄɟɞɓɚɐɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɢɜɎ Ŭˊɧ Űɞɜ ɚɎɗɞɠ ɢŮɘɟɘůɛɧ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ əŬŰŬˊɧɜɖůɖɠ. 

ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ŬɡŰɏɠ ɜŬ ɞɟɑɕɞɜŰŬɘ ůɤůŰɎ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɛɞɟűɐ Űɞɡ ɛɞɜŰɏɚɞɡ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ 

ɛˊɞɟŮɑ ɜŬ ŬůəɞɨɛŮ ɛɘŬ ŭɨɜŬɛɖ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ ɛɏŰɟɞ-Űɘɛɐ ŬɚɚɎɕɞɜŰŬɠ ɧɛɤɠ Űɞ ůɖɛŮɑɞ 

ŮűŬɟɛɞɔɐɠ Űɖɠ əŬɘ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɖɠ (ŭɘŮɨɗɡɜůɖ əŬɘ űɞɟɎ) ɜŬ əŬŰŬɚɐɔɞɡɛŮ ůŮ ŰŮɚŮɑɤɠ 

ŭɘŬűɞɟŮŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ. ȺɑɜŬɘ əŬɚɧɜ ɚɞɘˊɧɜ ɜŬ ɏɢɞɡɛŮ ɛŮɚŮŰɐůŮɘ ˊɟɘɜ Űɖɜ ŮɡŬɘůɗɖůɑŬ Űɞɡ 

ɛɞɜŰɏɚɞɡ ɛŬɠ ɩůŰŮ ɜŬ ɝɏɟɞɡɛŮ Űɞɜ əŬɚɨŰŮɟɞ Űɟɧˊɞ ŮűŬɟɛɞɔɐɠ Űɤɜ əŬŰŬˊɞɜɐůŮɤɜ. [47] 
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4.4.3 ɇɈɄɃȽ ɆɇɃȽɉȺȽɋɁ 

ȼ Ůˊɘɚɞɔɐ Űɞɡ Űɨˊɞɡ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ɔɑɜŮɘ ɖ ŬɜɎɚɡůɖ ŮɑɜŬɘ ɛŮɔɎɚɖɠ 

ůɖɛŬůɑŬɠ ɔɘŬŰɑ ɞ Űɨˊɞɠ Űɤɜ ůŰɞɘɢŮɑɤɜ ɗŬ əŬɗɞɟɑůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɗŬ ˊɎɟɞɡɛŮ. ɇŬ 

ˊŮɟɘůůɧŰŮɟŬ ˊɟɞɔɟɎɛɛŬŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ŬɜɎɚɡůɖ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ŭɘŬɗɏŰɞɡɜ 

ɓɘɓɚɘɞɗɐəŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɞɡɠ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ ůŰɞɘɢŮɑɤɜ, ɢɤɟɘůɛɏɜɞɡɠ əŬŰɎ ɞɘəɞɔɏɜŮɘŮɠ, 

ůŮɘɟɎ əŬɘ ŰɞˊɞɚɞɔɑŬ. [47] 

ȼ ɞɘəɞɔɏɜŮɘŬ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɜŬűɏɟŮŰŬɘ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ˊɤɠ ŬɡŰɐ 

ˊŬɟɘůŰɎɜŮɘ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ. Ƀ ŬɜŬɚɡŰɐɠ ˊɟɏˊŮɘ ˊɎɜŰŬ ɜŬ ŮˊɘɚɏɔŮɘ Űɖɜ ŬˊɚɞɨůŰŮɟɖ ɛɞɟűɐ 

ůŰɞɘɢŮɑɞɡ ˊɞɡ ɗŬ Űɞɡ ŭɩůŮɘ ŬˊŬɜŰɐůŮɘɠ ůŰɞ ˊɟɧɓɚɖɛŬ. Ⱥɝɑůɞɡ ůɖɛŬɜŰɘəɧ ŮɑɜŬɘ ɜŬ ɝɏɟɞɡɛŮ ˊɞɘŬ 

Ŭəɟɘɓɩɠ ŭŮŭɞɛɏɜŬ ɗŬ ɢɟŮɘŬůŰɞɨɛŮ. [47] 

Ƀɘ ůɡɜɐɗŮɘɠ Űɨˊɞɘ ɞɘəɞɔŮɜŮɘŬəɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ əŬŰŬůəŮɡɏɠ ŮɑɜŬɘ: 

¶ Beam, ŭɞəɩɜ, 

¶ Planestress, Ůˊɘˊɏŭɤɜ ɏɜŰŬůɖɠ, 

¶ AxsymmetricSolid, ůɡɛɛŮŰɟɘəɎ ůŰŮɟŮɎ, 

¶ Thin Shell, əŮɚɨűɞɡɠ əŬɘ 

¶ Solid, ůŰŮɟŮɎ. 

ɀŮ Űɖ ɢɟɐůɖ ůŰɞɘɢŮɑɤɜ Űɨˊɞɡ ŭɞəɞɨ ï beam ˊŬɑɟɜɞɡɛŮ ˊɞɚɨ əŬɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɧůɞɜ ŬűɞɟɎ Űɖ 

ɔŮɜɘəɐ ˊŬɟŬɛɧɟűɤůɖ əŬɘ ŰŬ ůɖɛŮɑŬ əɎɛɣɖɠ, ŬɚɚɎ ŭŮ ɛˊɞɟŮɑ ɜŬ ɛŬɠ ŭɩůŮɘ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ 

Űɞˊɘəɧ ŮˊɑˊŮŭɞ, ŭɖɚŬŭɐ ůŰɞ ůɖɛŮɑɞ ŮűŬɟɛɞɔɐɠ Űɤɜ űɞɟŰɑɤɜ ɐ ůŰɞɡɠ əɧɛɓɞɡɠ. [47] 

ɀŮ Űɖɜ ŬɜɎɚɡůɖ ɛŮ ůŰɞɘɢŮɑŬ əŮɚɨűɞɡɠ ˊŬɑɟɜɞɡɛŮ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ŬɜŰɘəŮɑɛŮɜŬ ɛŮ 

ůɢŮŰɘəɎ ɚŮˊŰɎ ŰɞɘɢɩɛŬŰŬ ɧˊɤɠ ŰŬ ˊɚŬůŰɘəɎ Ŭˊɧ əŬɚɞɨˊɘŬ ï moldedplastic, ɐ ŰŬ ɛŮŰŬɚɚɘəɎ ˊɞɡ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɛŮ űɨɚɚŬ ɛŮŰɎɚɚɞɡ ï sheetmetalparts. [47] 

 

ɆɢɐɛŬ 4.7: ȹɘɎűɞɟɞɘ Űɨˊɞɘ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ [49] 

 



ȾȺūȷȿȷȽɃ 4: ɇȺɀȷɉȽɃ CAM PLATE - ɄȷȾȺɇȷ ȿɃũȽɆɀȽȾɃɈ 

   62 
 

ɇŬ ɛŮɔŬɚɨŰŮɟɖɠ ŬəɟɑɓŮɘŬɠ əŬɘ ˊɘɞ ˊɚɐɟɖ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ Űɞɡ ůŰŮɟŮɞɨ Űɨˊɞɡ. ȳŰŬɜ ɧɛɤɠ əɎɜɞɡɛŮ 

ŬɜɎɚɡůɖ ɛŮ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŰŬ ůŰɞɘɢŮɑŬ, ɢɟŮɘŬɕɧɛŬůŰŮ ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ Ŭˊɧ ŬɡŰɎ, ˊɟɎɔɛŬ 

ˊɞɡ ůɖɛŬɑɜŮɘ ˊɘɞ ɢɟɞɜɞɓɧɟŬ ŭɘŬŭɘəŬůɑŬ. ȷɜ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɗɏɚɞɡɛŮ ɜŬ ŭɞɨɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɛɘŬɠ əɎɛɣɖɠ ůŮ əɎˊɞɘɞ ůɖɛŮɑɞ, ɛˊɞɟɞɨɛŮ ɛŮ Űɖ ɢɟɐůɖ ůŰɞɘɢŮɑɤɜ əŮɚɨűɞɡɠ ɜŬ ɏɢɞɡɛŮ ůŮ ůɨɜŰɞɛɞ 

ɢɟɧɜɞ Űɞ ɑŭɘɞ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞ ˊŬɟŬəɎŰɤ ŬɜŰɘůŰŬɗɛɘəɧɠ 

ůɨɜŭŮůɛɞɠ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ ůɢɏŭɘɞ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɛɞɜŰŮɚɞˊɞɘɖɗŮɑ ɛŮ ůŰɏɟŮŬ ůŰɞɘɢŮɑŬ, ɛŮ 

ůŰɞɘɢŮɑŬ əŮɚɨűɞɡɠ (ŭɨɞ Űɟɧˊɞɘ), ɐ ɛŮ ůŰɞɘɢŮɑŬ ŭɞəɩɜ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ŮˊɘɗɡɛɖŰɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 

[47] 

ȼ ŰɎɝɖ Ůɜɧɠ ůŰɞɘɢŮɑɞɡ ŬɜŬűɏɟŮŰŬɘ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ŮɝɘůɩůŮɤɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ 

Ŭˊɞŭɩůɞɡɜ Űɖɜ əŬŰŬˊɧɜɖůɖ Űɤɜ əɧɛɓɤɜ ï nodes ï ůŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ ůŰɞɘɢŮɑɤɜ. 

ȰŰůɘ ɏɢɞɡɛŮ Űɘɠ ˊŬɟŬəɎŰɤ ŰɎɝŮɘɠ ůŰɞɘɢŮɑɤɜ: 

¶ ũɟŬɛɛɘəɎ, linear, 

¶ ɄŬɟŬɓɞɚɘəɎ, parabolic 

¶ ȾɡɓɘəɎ, cubic. 

ɇŬ ɔɟŬɛɛɘəɎ ůŰɞɘɢŮɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɨɞ əɧɛɓɞɡɠ ɔɘŬ əɎɗŮ Ŭəɛɐ, ŰŬ ˊŬɟŬɓɞɚɘəɎ ŰɟŮɘɠ əŬɘ ŰŬ 

əɡɓɘəɎ ŰɏůůŮɟɘɠ. 

ȼ ŰɞˊɞɚɞɔɑŬ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɔŮɜɘəɐ ŮɘəɧɜŬ Űɞɡ ůŰɞɘɢŮɑɞɡ Ŭɜ ŭɖɚŬŭɐ ŬɡŰɧ ɗŬ ŮɑɜŬɘ 

Űɟɘɔɤɜɘəɧ, ŰŮŰɟŬɔɤɜɘəɧ ə.ɚˊ. 

ũɘŬ əɎɗŮ ɞɘəɞɔɏɜŮɘŬ ůŰɞɘɢŮɑɤɜ ɧˊɤɠ əŬŰŬɚŬɓŬɑɜɞɡɛŮ ɗŬ ɡˊɎɟɢɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɚɞɔɑŮɠ 

(ůɢɖɛŬŰɘůɛɞɑ). ũŮɜɘəɎ ŮɑɜŬɘ ˊɟɞŰɘɛɧŰŮɟɞ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŰŮŰɟŬɔɤɜɘəɎ ˊŬɟɎ ŰɟɘɔɤɜɘəɎ ůŰɞɘɢŮɑŬ 

ɔɘŬŰɑ ŰŬ ŰŮŰɟŬɔɤɜɘəɎ ɏɢɞɡɜ ˊŮɟɘůůɧŰŮɟɞɡɠ ɓŬɗɛɞɨɠ ŮɚŮɡɗŮɟɑŬɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞŭɩůɞɡɜ ɛŮ 

ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ əŬŰŬˊɞɜɐůŮɘɠ ˊɞɡ ůɡɜŰŮɚɞɨɜŰŬɘ. [47] 

ɇŬ ůŰɞɘɢŮɑŬ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɧ ɓŬɗɛɧ ŮɚŮɡɗŮɟɑŬɠ ɔɘŬ əɎɗŮ əɧɛɓɞ.ũŮɜɘəɎ ɞ ɛɏɔɘůŰɞɠ 

ɓŬɗɛɧɠ ŮɚŮɡɗŮɟɑŬɠ ɔɘŬ əɎɗŮ node ï əɧɛɓɞ ŮɑɜŬɘ ɏɝɘ, ŰɟŮɘɠ ɛŮŰŬűɞɟɎɠ (x,y,z) əŬɘ ŰɟŮɘɠ ˊŮɟɘůŰɟɞűɐɠ 

ɔɨɟɤ Ŭˊɧ Űɞɡɠ ɎɝɞɜŮɠ (x,y,z).ȳɛɤɠ ŰŬ ůŰɞɘɢŮɑŬ ůɡɜɐɗɤɠ ŭŮ ɢɟɖůɘɛɞˊɞɘɞɨɜ əŬɘ Űɞɡɠ ɏɝɘ. [47] 

 

4.4.4 ȺūȷɅɀɃũȼ ɄɅɃɆɃɀɃȽɋɆȼɆ 

ɆŰɞ ůɨɜɞɚɞ Űɤɜ ɚɞɔɘůɛɘəɩɜ ˊɟɞůɞɛɞɑɤůɖɠ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ŭɘŮɟɔŬůɑŮɠ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ əŬɚɨˊŰɞɡɜ ŰŬ ŰɟɑŬ ɓɐɛŬŰŬ Űɖɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ, Űɖɠ Ůˊɑɚɡůɖɠ 

əŬɘ Űɖɠ ŮˊɑŭŮɘɝɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɀɘŬ ɓŬůɘəɐ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŬɡŰɎ ŰŬ ŰɟɑŬ ɓɐɛŬŰŬ ŮɑɜŬɘ: 
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Simulation Tasks 

(ȹɘŮɟɔŬůɑŮɠ ˊɟɞůɞɛɞɑɤůɖɠ) 

Pre-processing (Ʉɟɞ-ŮˊŮɝŮɟɔŬůɑŬ) 

     Master Modeler (ȷɟɢɘəɧɠ ɛɞɜŰŮɚɞˊɞɘɖŰɐɠ) 

     Meshing (ɄɚŮɔɛŬŰɞˊɞɑɖůɖ) 

     Boundary Conditions (ɄŮɟɘɞɟɘůŰɘəɏɠ ɆɡɜɗɐəŮɠ) 

Solution (Ⱥˊɑɚɡůɖ) 

     Model Solution (Ⱥˊɑɚɡůɖ ɛɞɜŰɏɚɞɡ) 

Post Processing (ȺˊɑŭŮɘɝɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ) 

     Post Processing (ȺˊɑŭŮɘɝɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ) 

ɆɢɐɛŬ 4.8: ɇɡˊɘəɐ ŭɘɎŰŬɝɖ ŭɘŮɟɔŬůɘɩɜ ˊɟɞůɞɛɞɑɤůɖɠ [47] 

ɄŬɟɧɚɞ ˊɞɡ ɞɘ əɧɛɓɞɘ əŬɘ ŰŬ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɢŮɘɟɞəɑɜɖŰŬ əŬŰɎ Űɖ 

ŭɘŮɟɔŬůɑŬ Űɖɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ (meshing), ůŰŬ ɛɞɜŰɏɚŬ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ (FEM), ŮɑɜŬɘ 

ŮɡəɞɚɧŰŮɟɞ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ŬɡŰɧɛŬŰŬ, ŮɑŰŮ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ˊɟɞůɞɛɞɑɤůɖɠ ŮɑŰŮ əŬŰɎ Űɖɜ 

ŮűŬɟɛɞɔɐ ůɢŮŭɑŬůɖɠ. [47] 

ȼ ŭɘŮɟɔŬůɑŬ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ (Meshing Task), ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ əɧɛɓɤɜ əŬɘ 

ůŰɞɘɢŮɑɤɜ, ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ ɔɘŬ Űɞɜ ɞɟɘůɛɧ űɡůɘəɩɜ əŬɘ ɡɚɘəɩɜ ɘŭɘɞŰɐŰɤɜ. ȼ 

ŭɘŮɟɔŬůɑŬ ˊŮɟɘɞɟɘůŰɘəɩɜ ůɡɜɗɖəɩɜ (Boundary Condition Task), ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ 

əŬɗɞɟɘůɛɧ Űɤɜ ˊŮɟɘɞɟɘůŰɘəɩɜ ůɡɜɗɖəɩɜ ůŰɖɜ ɔŮɤɛŮŰɟɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ, ůŰɞɡɠ əɧɛɓɞɡɠ Űɞɡ ɐ ůŰŬ 

ůŰɞɘɢŮɑŬ Űɞɡ. Ʉɘɞ Ŭˊɧ ŰŬ ŭɨɞ ɓɐɛŬŰŬ, Űɖɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ ɐ Űɞɡ əŬɗɞɟɘůɛɞɨ Űɤɜ ˊŮɟɘɞɟɘůŰɘəɩɜ 

ůɡɜɗɖəɩɜ, Űɞ Űɘ ɗŬ ɔɑɜŮɘ ˊɟɩŰɞ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ Űɤɜ ˊŮɟɘɞɟɘůŰɘəɩɜ ůɡɜɗɖəɩɜ. [47] 

ȳŰŬɜ Űɞ ɛɞɜŰɏɚɞ ɞɚɞəɚɖɟɤɗŮɑ ŰɧŰŮ ŮˊɘɚɨŮŰŬɘ ůŰɖɜ ŭɘŮɟɔŬůɑŬ Ůˊɑɚɡůɖɠ (Model Solution Task), əŬɘ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ůˊɑɚɡůɖɠ ˊɟɞɓɎɚɚɞɜŰŬɘ ůŰɖ ŭɘŮɟɔŬůɑŬ ŬˊŮɘəɧɜɘůɖɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ (Post 

Processing Task). [47] 

ɇɞ ɛŮɔŬɚɨŰŮɟɞ ˊɚɐɗɞɠ Űɤɜ ŮɜŰɞɚɩɜ əŬɘ Űɤɜ ɧɟɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ ŮɑɜŬɘ 

ɑŭɘɞɘ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ɚɞɔɘůɛɘəɎ ˊɟɞůɞɛɞɑɤůɖɠ əŬŰŬˊɞɜɐůŮɤɜ. Ƀɘ əɧɛɓɞɘ (nodes), ŮɑɜŬɘ ůɖɛŮɑŬ 

ůŰɞɜ ŰɟɘůŭɘɎůŰŬŰɞ ɢɩɟɞ ɧˊɞɡ ŰŬ ůŰɞɘɢŮɑŬ (elements) ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ, űɞɟŰɑŬ (loads) 

ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ, ˊŮɟɘɞɟɘůŰɘəɏɠ ůɡɜɗɐəŮɠ (boundary conditions) ɛˊɞɟɞɨɜ ɜŬ Ůˊɘɓɚɖɗɞɨɜ 

əŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɛŮŰŬŰɧˊɘůɖɠ (displacement information) ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ. ɆŮ ɎɚɚŬ 

ˊɟɞɔɟɎɛɛŬŰŬ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ɛŮɟɘəɏɠ űɞɟɏɠ ɞɘ əɧɛɓɞɘ ŬɜŬűɏɟɞɜŰŬɘ ɤɠ ůɖɛŮɑŬ 

ˊɚɏɔɛŬŰɞɠ (grid points). [47] 

ȾɎɗŮ əɧɛɓɞɠ ɏɢŮɘ ˊɎɜɤ Ŭˊɧ ɏɝɘ ɓŬɗɛɞɨɠ ŮɚŮɡɗŮɟɑŬɠ ŮɝŬɟŰɩɛŮɜɞɡɠ Ŭˊɧ Űɞɜ Űɨˊɞ Űɞɡ ɡɚɘəɞɨ ˊɞɡ 

ɏɢŮɘ əŬɗɞɟɘůŰŮɑ ůŮ ŬɡŰɧɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɔŮɤɛŮŰɟɘəɐ ɞɜŰɧŰɖŰŬ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞɓɚɖɗŮɑ ɐ ɧɢɘ, 

ŮɚŮɔɢɧɛŮɜɖ Ŭˊɧ Űɞ ˊɚŬɑůɘɞ űɑɚŰɟɞɡ ˊɟɞɓɞɚɩɜ (Display filter). ȺŰɘəɏŰŮɠ Ůˊɑůɖɠ ˊɞɡ ˊɟɞɓɎɚɚɞɡɜ 

Űɞɜ Ŭɟɘɗɛɧ Űɞɡ əɧɛɓɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɎɚɚɞɜŰŬɘ ɐ ɧɢɘ. [47] 
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ɀɑŬ ŬɜɎɚɡůɖ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɧɜɞ ɧŰŬɜ ŭɖɛɘɞɡɟɔɖɗŮɑ Űɞ ŬɟɢŮɑɞ ˊŬɟŬɛɏŰɟɤɜ Ůˊɑɚɡůɖɠ 

(solutionnet), Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ˊŮɟɘɞɟɘůŰɘəɏɠ ůɡɜɗɐəŮɠ (boundaryconditions) ˊɞɡ 

əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ (restrains) əŬɘ ŰŬ űɞɟŰɑŬ (loads).ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ŬɜɎɚɡůɖɠ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŰɞ ŬɟɢŮɑɞ ɛɞɜŰɏɚɞɡ ɤɠ ñanalysisdatasetsò. ȾɎɗŮ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ 

ŬɜɎɚɡůɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ ɛŮŰŬŰɞˊɑůŮɘɠ ɐ ˊɘɏůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ 

ˊɟɞɓɚɖɗɞɨɜ. Ƀɘ ˊɘɏůŮɘɠ ŮɑɜŬɘ ŬˊɞɗɖəŮɡɛɏɜŮɠ ɛɏůŬ ůŰɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɤɠ ɏɜŬ ɔŮɜɘəɧ ɎɜɡůɛŬ 

ˊɑŮůɖɠ ɏŰůɘ ɩůŰŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əɎɗŮ ˊɑŮůɖɠ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ əŬɘ ɜŬ 

ˊɟɞɓɚɖɗɞɨɜ ůŰɖɜ ŭɘŮɟɔŬůɑŬ ŬˊŮɘəɧɜɘůɖɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ (PostProcessingTask).[47] 

4.4.5 ȿɃũȽɆɀȽȾɃ SIMUFACT.FORMING 

ɇɞ Simufact.forming  ŮɑɜŬɘ ɏɜŬ ɚɞɔɘůɛɘəɧ ɔɘŬ Űɖ ˊɟŬɔɛŬŰɘəɐ ɢɟɐůɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŭɘŬɛɧɟűɤůɖɠ. 

Ƀ ɢɟɐůŰɖɠ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŬůɢɞɚɖɗŮɑ ɛŮ Űɖ ɛŬɗɖɛŬŰɘəɐ ɗŮɤɟɑŬ Űɖɠ ŭɘŬɛɧɟűɤůɖɠ ŬɚɚɎ ɜŬ 

ŭɘŬɢŮɘɟɘůŰŮɑ ůɡɔəŮəɟɘɛɏɜŮɠ ˊɚɖɟɞűɞɟɑŮɠ. ȺɑɜŬɘ ɏɜŬ ŮɨəɞɚŬ ŭɘŬɢŮɘɟɘůŰɘəɧ ɚɞɔɘůɛɘəɧ ɏŰůɘ ɩůŰŮ ɞɘ 

ɢɟɐůŰŮɠ ɜŬ ŮˊɘəŮɜŰɟɩɜɞɜŰŬɘ ůŰɘɠ ɚŮˊŰɞɛɏɟŮɘŮɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŭɘŬɛɧɟűɤůɖɠ əŬɘ ɧɢɘ ůŰɞ Űɟɧˊɞ 

ɢɟɐůɖɠ Űɞɡ ɚɞɔɘůɛɘəɞɨ. ɇɞ Simufact.forming ŮɑɜŬɘ ɏɜŬ ɚɞɔɘůɛɘəɧ ŭɘɎŰŬɝɖɠ ɧˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ 

ŮɟɔŬɚŮɑŬ əŬɘ ˊɟɞɔɟŬɛɛŬŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ŬˊɚɞˊɞɘɩɜŰŬɠ Űɖɜ ŮɟɔŬůɑŬ Űɞɡ ɢɟɐůŰɖ. ɀŮ ɚɑɔŬ ŬˊɚɎ 

ɓɐɛŬŰŬ ɧɚŮɠ ɞɘ ˊɟɧŰɡˊŮɠ ŭɘŬŭɘəŬůɑŮɠ ŭɘɎŰŬɝɖɠ ɛˊɞɟɞɨɜ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ əŬɘ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ. 

ȾŬɚɨˊŰŮɘ ɧɚɞ Űɞ Ůɨɟɞɠ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŭɘŬɛɧɟűɤůɖɠ əŬɘ ŮɔɔɡɎŰŬɘ ɟŮŬɚɘůŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ 

ŭɘŬŭɘəŬůɘɩɜ. ɀŮŰŬɝɨ Ɏɚɚɤɜ ˊɟɞůűɏɟŮɘ: (ɇɞ ɈˊɞəŮűɎɚŬɘɞ 4.4.5 ɏɢŮɘ ůɡɜŰŬɢɗŮɑ ɓɎůŮɘ Űɤɜ ɞŭɖɔɘɩɜ 

ɢɟɐůŮɘɠ əŬɘ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ ɚɞɔɘůɛɘəɧ) 

¶ ŰɟɘůŭɘɎůŰŬŰɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ əŬɘ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŮɟɔŬɚŮɑɤɜ əŬɘ ŬɜŰɘəŮɘɛɏɜɤɜ 

¶ ˊɟŬɔɛŬŰɘəɐ əɘɜɖɛŬŰɘəɐ Űɖɠ ɛɖɢŬɜɐɠ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɖɠ 

¶ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɛŮŰɎɚɚɞɡ ( ŮɚŬůŰɘəɐ əŬɘ ˊɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ, ůŰɖɜ Ůˊɘɟɟɞɐ Űɤɜ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ ŬɚɚŬɔɩɜ əŬɘ ŭɡɜɎɛŮɤɜ, əɚˊ.) 

¶ Űɖ Űɟɘɓɐ əŬɘ Űɖɜ ŮˊŬűɐ ɛŮŰŬɝɨ ŮɟɔŬɚŮɑɤɜ əŬɘ əɞɛɛŬŰɘɩɜ. 

¶ ɗŮɟɛɞŭɡɜŬɛɘəɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ: Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ ɗɏɟɛŬɜůɖɠ, ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ůŮ 

ŮɟɔŬɚŮɑŬ əŬɘ ˊŮɟɘɓɎɚɚɞɜ, Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɚɧɔɤ Űɖɠ ŮɜɏɟɔŮɘŬɠ ŭɘŬɛɧɟűɤůɖɠ əŬɘ 

Űɖɠ Űɟɘɓɐɠ. 

ȼ ŭɘɎŰŬɝɖ ůŮ ŮɜɧŰɖŰŮɠ Űɤɜ ˊɟɞɥɧɜŰɤɜ Simufact ɓɞɖɗɎ ůŰɖ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ŭɘŮɟɔŬůɑŬɠ 

ˊɞɡ ŰŬɘɟɘɎɕŮɘ əŬɚɨŰŮɟŬ ůŰɘɠ ŬɜɎɔəŮɠ Űɞɡ ɢɟɐůŰɖ. ȷɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ɞɘəɞɜɞɛɘəɎ ŬˊɞŭɞŰɘəɐ 

əŬɘ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŰɘɠ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ ŬˊŬɘŰɐůŮɘɠ. 

 ɇɞ Simufact.forming ˊɟɞůűɏɟŮɘ ɛɘŬ ŮɟɔŬɚŮɘɞɗɐəɖ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɞɜ Ůɘəɞɜɘəɧ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ˊŬɟŬɔɤɔɐɠ. Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ɛɞɜɎŭɤɜ Űɖɠ ŮűŬɟɛɞɔɐɠ ŮˊɘŰɟɏˊɞɡɜ 
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Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɓɖɛɎŰɤɜ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ əŬɘ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ůɡɜŭɡŬůŰɞɨɜ 

ɔɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɞɚɧəɚɖɟŮɠ ŬɚɡůɑŭŮɠ ŭɘŬŭɘəŬůɑŬɠ əŬŰŬůəŮɡɐɠ. 

 ȼ ŮɜɧŰɖŰŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɑɜŬɘ ɖ 

Simufact.forming Hot Forging (ɗŮɟɛɐ ůűɡɟɖɚɎŰɖůɖ). ȼ ŮɜɧŰɖŰŬ ŬɡŰɐ ɢɟɖůɘɛŮɨŮɘ ɔɘŬ Űɖɜ 

ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ůɢɖɛŬŰɘůɛɞɨ ɛŮŰɎɚɚɞɡ ˊɎɜɤ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ 

ŬɜŬəɟɡůŰɎɚɚɤůɖɠ Űɞɡ ɡɚɘəɞɨ. ȼ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůɏɔɔɘůɖɠ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ ˊɚɏɔɛŬŰɞɠ ɛŮ ŭɨɞ 

Űɟɧˊɞɡɠ (FEsolver  əŬɘ FVsolver)  ɓɞɖɗɎ ůŰɖ ˊɘɞ ɟŮŬɚɘůŰɘəɐ ˊɟɧɓɚŮɣɖ Űɤɜ Űɡˊɘəɩɜ ɓɚŬɓɩɜ ɟɞɐɠ 

Űɞɡ ɛŮŰɎɚɚɞɡ, ɧˊɤɠ ˊɢ ŬɜŬŭɑˊɚɤůɖ, ˊɟɞɓɚɐɛŬŰŬ ɡˊɧ-ˊɚɐɟɤůɖɠ əŬɘ ŮɚŬŰŰɩɛŬŰŬ ɟɞɐɠ. Ƀ ˊɘɞ 

ŮɡɏɚɘəŰɞɠ əɘɜɖɛŬŰɘəɧɠ ɞɟɘůɛɧɠ, ŰŬ ŰɞˊɘəɎ ůɡůŰɐɛŬŰŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ əŬɘ ŰŬ ŭɘɎűɞɟŬ Ůɑŭɖ 

ŮɚŬŰɖɟɑɤɜ ŮˊɘŰɟɏˊɞɡɜ ɟŮŬɚɘůŰɘəɐ ˊŮɟɘɔɟŬűɐ əŬɘ ŮɝɏŰŬůɖ ɧɚɤɜ Űɤɜ ŮˊɘˊŰɩůŮɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ 

ɛŮ Űɞɜ Ůɝɞˊɚɘůɛɧ, ɧˊɤɠ ˊ.ɢ. ŮɚŬůŰɘəɧŰɖŰŬ əŬɘ əɚɑůɖ ˊɑŮůɖɠ. 

ȯɚɚŮɠ ŮɜɧŰɖŰŮɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ: 

¶ Simufact.forming Cold Forming (ɣɡɢɟɐ ůűɡɟɖɚɎŰɖůɖ) 

¶ Simufact.forming Sheet Metal Forming (əɞɑɚŬɜůɖ) 

¶ Simufact.forming Rolling (ɏɚŬůɖ) 

¶ Simufact.forming Ring Rolling (ɏɚŬůɖ ŭŬəŰɡɚɘɞŮɘŭɩɜ) 

¶ Simufact.forming Open Die Forging (ɆűɡɟɖɚŬůɑŬ) 

¶ Simufact.forming Heat Treatment 

¶ SimuFact.forming Mechanical Joining 

 

ɆɢɐɛŬ 4.9: ɄŬɟɎŭŮɘɔɛŬ ˊɟɞůɞɛɞɑɤůɖɠ ůűɡɟɖɚɎŰɖůɖɠ ůŮ ˊŮɟɘɓɎɚɚɞɜ Simufact.forming 
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5.1 ȺɂɃɄȿȽɆɀɃɆ ɄɃɈ ɉɅȼɆȽɀɃɄɃȽȼŪȼȾȺ ũȽȷ ɇȼ ɆȷɅɋɆȼ 

ȼ ůɎɟɤůɖ Űɞɡ ŰŮɛŬɢɑɞɡ cam plate ́ ɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ˊŬɟŬəɎŰɤ Ůɝɞˊɚɘůɛɧ: 

¶ IScan M300 

¶ ȿɞɔɘůɛɘəɧ IScan3D  

¶ ɄɚɎəŬ ɆŰɧɢɤɜ 

¶ Ɇˊɟɏɘ ūɎɓɖɠ 

5.1.1 ɇɅȽɆȹȽȷɆɇȷɇɃɆ ɆȷɅɋɇȼɆ ISCAN M300 

ũɘŬ Űɖ ůɎɟɤůɖ Űɞɡ ŰŮɛŬɢɑɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ ůŬɟɤŰɐɠ  ŭɞɛɖɛɏɜɞɡ űɤŰɧɠ ɀ300, ɏəŭɞůɖɠ 

V400, ˊɞɡ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɏɛˊŰɖ ɔŮɜɘɎ (2006) ůŬɟɤŰɩɜ Űɖɠ ŮŰŬɘɟŮɑŬɠ Imetric əŬɘ ɛˊɞɟŮɑ ɜŬ 

ůŬɟɩůŮɘ əɞɛɛɎŰɘŬ ɛŮ ɛɏɔŮɗɞɠ Ŭˊɧ 50mm ɏɤɠ 10m [50]. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŮ ŮűŬɟɛɞɔɏɠ 

ˊɞɘɞŰɘəɞɨ Ůɚɏɔɢɞɡ, ŬɜŰɑůŰɟɞűɖɠ ɛɖɢŬɜɘəɐɠ, ɣɖűɘŬəɩɜ ŬɜŬˊŬɟŬůŰɎůŮɤɜ əŬɘ ŰŬɢŮɑŬɠ 

ˊɟɞŰɡˊɞˊɞɑɖůɖɠ. Ƀ ůŬɟɤŰɐɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ ˊɟɞɓɞɚɏŬ ŭɞɛɖɛɏɜɞɡ űɤŰɧɠ əŬɘ ŭɨɞ əɎɛŮɟŮɠ 

CCD (charge-coupled device) Ůɜɩ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞɠ ůŮ ɏɜŬ ŰɟɑˊɞŭŬ ůŮ ɨɣɞɠ Ůɜɧɠ ɛɏŰɟɞɡ Ŭˊɧ 

Űɞ ɏŭŬűɞɠ. Ƀ ŰɟɑˊɞŭŬɠ ŬɡŰɧɠ ŮˊɘŰɟɏˊŮɘ Űɖ ůŰɟɞűɐ ɞɟɘɕɧɜŰɘŬ (360ɞ ɛɞɑɟŮɠ) əŬɘ əɎɗŮŰŬ (ˊŮɟɑˊɞɡ 

180ɞ ɛɞɑɟŮɠ) ɔɘŬ ɟɨɗɛɘůɖ Űɖɠ ɔɤɜɑŬɠ ˊɟɞɓɞɚɐɠ Űɞɡ űɤŰɧɠ əŬɘ Űɖɠ ɚɐɣɖɠ Űɤɜ Ůɘəɧɜɤɜ. Ƀ ůŬɟɤŰɐɠ 

ɓɟɑůəŮŰŬɘ ůŰɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ Űɞɡ ɇɞɛɏŬɠ ɇŮɢɜɞɚɞɔɑŬɠ Űɤɜ ȾŬŰŮɟɔŬůɘɩɜ. ɆŰɞ ɄɑɜŬəŬ 1.1 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ůŬɟɤŰɐ ɧˊɤɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ əŬŰŬůəŮɡŬůŰɘəɐ ŮŰŬɘɟɑŬ. 

 

ɆɢɐɛŬ 5.1: ɆŬɟɤŰɐɠ Iscan M300 Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ 
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ɄɑɜŬəŬɠ 5.1: ɆŰɞɘɢŮɑŬ ɆŬɟɤŰɐ Iscan M300,V400 [50] 

ɆŰɞɘɢŮɑŬ ɆŬɟɤŰɐ Iscan M300,V400 

ɀɏɔŮɗɞɠ 340 x 200 x 130 mm 

ɇɟɞűɞŭɞŰɘəɧ 95 ï 260 V, 50/60 Hz 

ȷɜɎɚɡůɖɠ əɎɛŮɟŬɠ 1,3 M 

ȸɎɟɞɠ 2.4 Kg 

ɉɟɧɜɞɠ ůɎɟɤůɖɠ (1) 2 - 8 ɚŮˊŰɎ 

ȾŬŰŬɜɎɚɤůɖ ɟŮɨɛŬŰɞɠ 54 W 

ȹɘɎɟəŮɘŬ ɕɤɐɠ ˊɟɞɓɞɚɏŬ 30 ɢɘɚɘɎŭŮɠ ɩɟŮɠ 

ŪŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ (2) 10 - 35 əŮɚůɑɞɡ 

ȳɔəɞɠ ɆɎɟɤůɖɠ 400 x 340 mm 

ȷˊɧůŰŬůɖ ůɖɛŮɑɤɜ (3) 0.30 mm 

ȱɢɞɠ (3) 0.015 mm 

ȷəɟɑɓŮɘŬ (3) 0.043 mm 

ȷˊɧůŰŬůɖ ůɎɟɤůɖɠ (ɛɏɔɘůŰɖ) (3) 750 mm 
(1) ȺɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ɡˊɞɚɞɔɘůŰɐ əŬɘ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɘɧŰɖŰŬɠ 
(2) ɀɑŬ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 5 Á C ŬˊŬɘŰŮɑ ɛɘŬ ɜɏŬ ɓŬɗɛɞɜɧɛɖůɖ 
(3) ȺɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɞɡ ɗŬ ůŬɟɤɗŮɑ 

 

 

5.1.2 ȿɃũȽɆɀȽȾɃ ISCAN3D 

ɇɞ ɚɞɔɘůɛɘəɧ IScan3D ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊɚŬŰűɧɟɛŬ Űɤɜ Windows, əŬɘ ŮˊŮɝŮɟɔɎɕŮŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ 

ˊɞɡ ɚŬɛɓɎɜŮɘ Ŭˊɧ Űɞɜ ůŬɟɤŰɐ ɛŮ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ɏɜŬ ɜɏűɞɠ ůɖɛŮɑɤɜ ůŮ Űɡˊɞˊɞɘɖɛɏɜɖ ɛɞɟűɐ 

STL. ɀɏůɤ Űɞ ɚɞɔɘůɛɘəɞɨ ɔɑɜɞɜŰŬɘ ɞɘ ŬˊŬɟŬɑŰɖŰŮɠ ɟɡɗɛɑůŮɘɠ ˊɟɘɜ Űɖ ůɎɟɤůɖ, ˊɢ Űɖɠ ŭɞɛɐɠ Űɞɡ 

ŮəˊŮɛˊɧɛŮɜɞɡ űɤŰɧɠ, Űɖɠ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ əŬɛŮɟɩɜ əŬɘ Űɖɠ ŬˊɧůŰŬůɖɠ Űɞɡɠ, əŬɗɩɠ əŬɘ Űɖɠ 

ɓŬɗɛɞɜɧɛɖůɖɠ. Ⱥˊɑůɖɠ Űɞ ɚɞɔɘůɛɘəɧ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮŰɎ Űɖ ůɎɟɤůɖ ɜŬ Ůɜɤɗɞɨɜ ɞɘ ŮɘəɧɜŮɠ 

ɚɐɣɖɠ, Ŭˊɧ Űɞ ɢɟɐůŰɖ ɐ ŬɡŰɧɛŬŰŬ, əŬɘ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɜɏűɞɡɠ ɛŮ ŬűŬɑɟŮůɖ 

ŬɜŮˊɘɗɨɛɖŰɤɜ ŮˊɘűŬɜŮɘɩɜ, Űɞ ɔɏɛɘůɛŬ əŮɜɩɜ əɚˊ. 

5.1.3 ɄȿȷȾȷ ɆɇɃɉɋɁ ȺɅũȷɆɇȼɅȽɃɈ  

ũɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ ůɎɟɤůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ŬɡŰɞůɢɏŭɘŬ ˊɚɎəŬ ůŰɧɢɤɜ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ůŰɞ ɆɢɐɛŬ 5.2, ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ ŮɟɔŬůŰɐɟɘɞ Űɞɡ ɇɞɛɏŬ ɇŮɢɜɞɚɞɔɑŬɠ Űɤɜ ȾŬŰŮɟɔŬůɘɩɜ. ȳˊɤɠ 

ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ  ůŰɞ ɈˊɞəŮűɎɚŬɘɞ 3.3.4.3, ɖ ˊɚɎəŬ ůŰɧɢɤɜ ŮɑɜŬɘ ɓŬůɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŬˊɧůŰŬůɖɠ, əŬɘ ůɡɜŮˊɩɠ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ 

ŬɡŰɧɛŬŰɖ ɏɜɤůɖ Űɤɜ Ůɘəɧɜɤɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ. 

5.1.4 ɆɄɅȺȽ ȸȷūȼɆ  

ȿɧɔɤ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ ɢɟɩɛŬŰɞɠ ůŰɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ, Űɞ ŬɜŰɘəŮɑɛŮɜɞ ˊɟɞɠ ůɎɟɤůɖ 

ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ ɢɟɤɛŬŰɘůŰŮɑ ɛŮ ɚŮɡəɧ ɢɟɩɛŬ [51], ɔɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ůˊɟɏɘ 

ɓŬűɐɠ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ ŮɟɔŬůŰɐɟɘɞ Űɞɡ ŰɞɛɏŬ. 
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5.2 ȹȽȷȹȽȾȷɆȽȷ ɆȷɅɋɆȼɆ ɇȺɀȷɉȽɃɈ CAM PLATE 

ɆŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ůɎɟɤůɖɠ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ 

ŬˊɧəŰɖůɖ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ Űɞɡ ŰŮɛŬɢɑɞɡ Cam plate. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ŭɘɎŰŬɝɖ Űɖɠ ůɎɟɤůɖɠ 

(ůŬɟɤŰɐɠ əŬɘ ˊɚɎəŬ ůŰɧɢɤɜ) ɟɡɗɛɑůŰɖəŮ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɖ ɔɤɜɑŬ ůɎɟɤůɖɠ ɜŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 

45 ɞ (ɆɢɐɛŬ 5.3). ȹŮɜ ɡˊɎɟɢŮɘ əɎˊɞɘŬ ɘŭŬɜɘəɐ Űɘɛɐ Űɖɠ ɔɤɜɑŬɠ ůɎɟɤůɖɠ əŬɗɩɠ ɓɎůŮɘ Űɤɜ 

ŮˊɘűŬɜŮɘɩɜ, Űɤɜ əɞɘɚɞŰɐŰɤɜ, Űɤɜ ɞˊɩɜ əɚˊ. Űɞɡ ŰŮɛŬɢɑɞɡ ˊɞɡ ɗŬ ůŬɟɤɗŮɑ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ 

ɛɘŬ ɔɤɜɑŬ ˊɞɡ ɗŬ ˊŬɟɏɢŮɘ ŰŬ əŬɚɨŰŮɟŬ ŭɡɜŬŰɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŭŮɜ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ ɛŮɚɏŰɖ Űɖɠ ɔɤɜɑŬɠ ůɎɟɤůɖɠ. ȼ Ůˊɘɚɞɔɐ ɔɤɜɑŬɠ 45ɞ ɛɞɘɟɩɜ ɏɔɘɜŮ ɚɧɔɤ Űɞɡ ɧŰɘ ɖ 

ůɎɟɤůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɏɔɘɜŮ ůŮ ŭɨɞ űɎůŮɘɠ (Ɏɜɤ ɧɣɖ əŬɘ əɎŰɤ ɧɣɖ). ȼ ůɎɟɤůɖ ɗŬ ɛˊɞɟɞɨůŮ 

ɜŬ ŮˊɘŰŮɡɢɗŮɑ əŬɘ ɛŮ ɛɑŬ űɎůɖ Ŭɜ ɔɘɜɧŰŬɜ ŭɘŬűɞɟŮŰɘəɐ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ůŰɞ ɞˊŰɘəɧ 

ˊŮŭɑɞ Űɞɡ ůŬɟɤŰɐ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɓɟŮɗŮɑ ɖ əŬɚɨŰŮɟɖ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŭɞəɘɛɏɠ əŬɘ ŰŮɚɘəɎ ŮˊɘɚɏɢŰɖəŮ ɖ ůɎɟɤůɖ ŭɨɞ ɧɣŮɤɜ ɔɘŬ Űɖɜ ɚɐɣɖ əŬɚɨŰŮɟɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȺɘŭɘəɧŰŮɟŬ, ɖ ɨˊŬɟɝɖ Űɖɠ əɡɛŬŰɞŮɘŭɞɨɠ ŮˊɘűɎɜŮɘŬɠ ůŰɞ ŰŮɛɎɢɘɞ, ɖ ɞˊɞɑŬ ɛŬɠ 

ŮɜŭɘŬűɏɟŮɘ ˊŮɟɘůůɧŰŮɟɞ, ŬˊɞŰɏɚŮůŮ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ůŰɖɜ Ůˊɘɚɞɔɐ Űɖɠ ůɎɟɤůɖɠ Űɤɜ ŭɨɞ 

ɧɣŮɤɜ, əŬɗɩɠ ŮɑɜŬɘ ɖ ɛɞɜŬŭɘəɐ ˊɞɡ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɖɗŮɑ ɛŮ ůɡɛɓŬŰɘəɎ ɛɏůŬ. 

ɆɢɐɛŬ 5.2: ȷɡŰɞůɢɏŭɘŬ ˊɚɎəŬ ůŰɧɢɤɜ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɛŬɕɑ ɛŮ Űɞ ɣŮəŬůɛɏɜɞ  
ŬɜŰɘəŮɑɛŮɜɞ 
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ɆɢɐɛŬ 5.3: ȹɘɎŰŬɝɖ ůŬɟɤŰɐ-ˊɚɎəŬɠ ůŰɧɢɤɜ ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ůɎɟɤůɖ Űɞɡ ŰŮɛŬɢɑɞɡ 

 

ȷűɞɨ ˊɟɩŰŬ ŰɏɗɖəŮ ůŮ ɚŮɘŰɞɡɟɔŮɑŬ ɞ ůŬɟɤŰɐɠ IScan M300 əŬɘ Űɞ ɚɞɔɘůɛɘəɧ IScan3D 

ŬəɞɚɞɡɗɐɗɖəŬɜ ŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ. 

ȸȼɀȷ 1Ƀ :  ȷˊɧ Űɖ ɔɟŬɛɛɐ ŮɟɔŬůɑŬɠ Űɞɡ ɚɞɔɘůɛɘəɞɨ, ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɞɡ ůŬɟɤŰɐ ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ (ɆɢɐɛŬ 5.4). ɃɡůɘŬůŰɘəɎ ɔɑɜŮŰŬɘ ůɨɜŭŮůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ ɛŮ Űɞ ůŬɟɤŰɐ. 

 

 

ɆɢɐɛŬ 5.4: Ⱥˊɘɚɞɔɐ ɆŬɟɤŰɐ (IScan3D) 
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ȸȼɀȷ 2Ƀ: ũɑɜŮŰŬɘ ɖ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ůŬɟɤŰɐ. ũɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ˊɚɎəŬ 

ůŰɧɢɤɜ Űɖɠ ŮŰŬɘɟɑŬɠ IMETRIC (ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞɜ Ůɝɞˊɚɘůɛɧ Űɞɡ ůŬɟɤŰɐ) ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ 

ŮɟɔŬůŰɐɟɘɞ. ɆŰɞ ɆɢɐɛŬ 5.5 űŬɑɜɞɜŰŬɘ ŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ əŬɘ ɞɘ Ůˊɘɚɞɔɏɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɡɜ ůŰɞ 

əɎɗŮ ůŰɎŭɘɞ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ. ɇɞ ůŰɎŭɘɞ 3 (ɆɢɐɛŬ 5.5) ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ 

ŰɟŮɘɠ űɞɟɏɠ, ŭɖɚŬŭɐ ɔɑɜɞɜŰŬɘ ŰɟŮɘɠ ůɎɟɤůɖɠ Űɖɠ ˊɚɎəŬɠ ɛŮŰŬəɘɜɩɜŰŬɠ Űɖɜ əɎɗŮ űɞɟɎ ůŮ ɔɜɤůŰɏɠ 

ɗɏůŮɘɠ ůŰɞ ɢɩɟɞ ůɎɟɤůɖɠ. 

 

ɆɢɐɛŬ 5.5: ȸŬɗɛɞɜɧɛɖůɖ ůŬɟɤŰɐ (Iscan3D) 

ȸȼɀȷ 3Ƀ: ɇɞˊɞɗŮŰɐɗɖəŮ ɖ ŬɡŰɞůɢɏŭɘŬ ˊɚɎəŬ ůŰɧɢɤɜ ůŰɞ ɞˊŰɘəɧ ˊŮŭɑɞ Űɞɡ ůŬɟɤŰɐ (ɆɢɐɛŬ.5.3) 

əŬɘ ůŰɞ əɏɜŰɟɞ Űɖɠ ˊɚɎəŬɠ ŰɞˊɞɗŮŰɐɗɖəŮ Űɞ ŰŮɛɎɢɘɞ Cam plate. ȿɧɔɤ Űɞɡ ɛɘəɟɞɨ ɨɣɞɡɠ Űɞɡ 

ŰŮɛŬɢɑɞɡ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ,  ɤɠ ůŰɐɟɘɔɛŬ ɔɘŬ ɜŬ ɛŮɔŬɚɩůŮɘ Űɖɜ ŬˊɧůŰŬůɖ  Űɞɡ 

ŰŮɛŬɢɑɞɡ Ŭˊɧ Űɖ ˊɚɎəŬ ůŰɧɢɤɜ ɩůŰŮ ɜŬ ŮɑɜŬɘ ˊɘɞ ɝŮəɎɗŬɟŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɎɟɤůɖɠ. 

ȸȼɀȷ 4Ƀ: ɆɎɟɤůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. ɀŮ Űɖɜ ŮɜŰɞɚɐ óóStart Scanning Wizardôô ŬɜɞɑɔŮɘ Űɞ ˊŬɟɎɗɡɟɞ 

óóScan Wizôô ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŮɟɔŬůɑŬɠ ɧˊɞɡ ŮəŮɑ ɛˊɞɟɞɨɛŮ ɜŬ ɟɡɗɛɑůɞɡɛŮ ŰŬ MIN, MAX ˊɞɨ 

Ŭűɞɟɞɨɜ Űɞɜ ŮɚɎɢɘůŰɞ əŬɘ ɛɏɔɘůŰɞ ɢɟɧɜɞ ůɎɟɤůɖɠ ɩůŰŮ ɜŬ ɛɖɜ ɡˊɎɟɢɞɡɜ ůəɘɏɠ ůŰɞ ŰŮɛɎɢɘɞ. ȺɑɜŬɘ 

ŮˊɘɗɡɛɖŰɧ Űɞ ɚŮɡəɧ ɢɟɩɛŬ ɜŬ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɞ ůŰɞ ɛŮɚŮŰɩɛŮɜɞ ŬɜŰɘəŮɑɛŮɜɞ, Ůɜɩ 

ŬˊɞűŮɨɔɞɜŰŬɘ ŰŬ ɢɟɩɛŬŰŬ. Ⱥˊɑůɖɠ ůŰɞ ˊŬɟɎɗɡɟɞ ŬɡŰɧ ɔɑɜŮŰŬɘ əŬɘ ɏɚŮɔɢɞɠ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ 

ůŰɧɢɤɜ Űɖɠ ˊɚɎəŬɠ ˊɞɡ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ əɎɛŮɟŮɠ.  ȼ ŬɜŬɔɜɩɟɘůɖ 20 ůɖɛŮɑɤɜ-ůŰɧɢɤɜ 

ɗŮɤɟŮɑŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ. ɆŰɞ ɆɢɐɛŬ 5.6 űŬɑɜɞɜŰŬɘ ŰŬ ůŰɎŭɘŬ Űɖɠ ŮɜŰɞɚɐɠ. ɇŬ ůŰɎŭɘŬ 2 əŬɘ 3 

ŮˊŬɜŬɚŬɛɓɎɜɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůŬɟɩůŮɤɜ ˊɞɡ ɗŬ ɔɑɜɞɡɜ. ȾŬŰɎ Űɖ ůɎɟɤůɖ ůŰɖɜ 

ŮɟɔŬůɑŬ ŬɡŰɐ ɏɔɘɜŬɜ 18 ɚɐɣŮɘɠ ůŰɖ əɎɗŮ ˊɚŮɡɟɎ Űɞɡ ŰŮɛŬɢɑɞɡ, əŬɗɩɠ ɖ ˊɚɎəŬ ůŰɧɢɤɜ ůŰɟŮűɧŰŬɜ 

əŬŰɎ 20ɞ . ȿɐɣŮɘɠ ˊɞɡ ɚɐűɗɖəŬɜ űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.7.  
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ɆɢɐɛŬ 5.6: ȹɘŬŭɘəŬůɑŬ ůɎɟɤůɖɠ (IScan3D) 

 

ɆɢɐɛŬ 5.7: ȿɐɣŮɘɠ Ŭˊɧ Űɖ ůɎɟɤůɖ Űɖɠ Ɏɜɤ ˊɚŮɡɟɎ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɔɘŬ 0ɞ, 20ɞ, 100ɞ, 200ɞ, 240ɞ əŬɘ 340ɞ. 
ȾɎɗŮ ɢɟɩɛŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɘŬ ɚɐɣɖ, əŬɘ ɞɘ Ŭɟɘɗɛɞɑ-əɩŭɘəŮɠ, ɞɘ ɞˊɞɑɞɘ ŭɘŬəɟɑɜɞɜŰŬɘ ɛŮ əɑŰɟɘɜɞ ɢɟɩɛŬ, 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ ůɖɛŮɑŬ Űɖɠ ˊɚɎəŬɠ-ůŰɧɢɤɜ ˊɞɡ ŬɜŬɔɜɤɟɑůŰɖəŬɜ. (Iscan3D) 
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ȸȼɀȷ 5Ƀ: ȹɖɛɘɞɡɟɔɑŬ ůɡɜɞɚɘəɐɠ ŮɘəɧɜŬɠ-ˊɚɏɔɛŬŰɞɠ. ɀŮ Űɖɜ ŮɜŰɞɚɐ óóPost Processingôô (ɆɢɐɛŬ 

5.8) ɔɑɜŮŰŬɘ ɖ Ůɜɞˊɞɑɖůɖ Űɤɜ Ůɘəɧɜɤɜ ůŮ ɏɜŬ ˊɚɏɔɛŬ. Ⱥˊɑůɖɠ, ɛŮŰɎ Űɖɜ Ůɜɞˊɞɑɖůɖ Űɤɜ Ůɘəɧɜɤɜ, 

ůŰɞ ˊŬɟɎɗɡɟɞ Űɖɠ ŮˊɘűɎɜŮɘŬ óóTask Panelôô ɡˊɎɟɢɞɡɜ əŬɘ əɎˊɞɘŮɠ Ůˊɘˊɚɏɞɜ ŮɜŰɞɚɏɠ (ˊɢ ɔɏɛɘůɛŬ 

ɞ ɩ́ɜ, ŬˊŬɚɞɘűɐ ŮˊɘəŬɚɨɣŮɤɜ) ɛŮ Űɘɠ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

ɆŰɖɜ ŮɟɔŬůɑŬ ɤůŰɧůɞ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əɎˊɞɘŬ Ŭˊɧ Űɘɠ ŮɜŰɞɚɏɠ ŬɡŰɏɠ. ȼ Ůɜɤɛɏɜɖ ůɡɜɞɚɘəɐ 

ŮɘəɧɜŬ ˊɞɡ ŬˊɞəŰɐɗɖəŮ ůŰɖ ŭɘŬŭɘəŬůɑŬ ɛŬɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.9. 

 

ɆɢɐɛŬ 5.8: ȹɖɛɘɞɡɟɔɑŬ ŮɜɘŬɑɞɡ ˊɚɏɔɛŬŰɞɠ (IScan3D) 

 

 

ɆɢɐɛŬ 5.9: ɇŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ůɎɟɤůɖɠ Űɖ Ɏɜɤ ˊɚŮɡɟɎɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ (IScan3D) 

ȼ ˊɘɞ ˊɎɜɤ ŭɘŬŭɘəŬůɑŬ (ɓɐɛŬŰŬ 3-5) ŮˊŬɜŬɚɐűɗɖəŮ əŬɘ ɔɘŬ Űɖɜ əɎŰɤ ˊɚŮɡɟɎ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ 

ɩůŰŮ ɜŬ ŬˊɞəŰɐůɞɡɛŮ ɧɚŮɠ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɞɡ ŰŮɛŬɢɑɞɡ. Ⱥˊɑůɖɠ, ˊŮɟŮŰŬɑɟɤ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ˊɚŮɔɛɎŰɤɜ ɏɔɘɜŮ ůŰɞ ɚɞɔɘůɛɘəɧ Meshlab. ɄŬɟɧɚɞ ˊɞɡ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬɡŰɐ ˊŬɟɏɢŮŰŬɘ əŬɘ Ŭˊɧ Űɞ 

ɚɞɔɘůɛɘəɧ IScan3D, ŮˊɘɚɏɢɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ Meshlab əŬɗɩɠ ŬˊɞŭŮɑɢɗɖəŮ ˊɘɞ ŮɨɢɟɖůŰɞ əŬɘ 

ŰŬɢɨŰŮɟɞ ůŰɖ ŮˊŮɝŮɟɔŬůɑŬ.  
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5.3 ȺɄȺɂȺɅũȷɆȽȷ ɁȺūɃɈɆ ɆȼɀȺȽɋɁ 

ɆŰɞ ɚɞɔɘůɛɘəɞɨ MeshLab ɏɔɘɜŮ ɖ ˊŮɟŮŰŬɑɟɤ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ ˊɞɡ ŬˊɞəŰɐɗɖəŮ 

ůŰɞ ɚɞɔɘůɛɘəɧ IScan3D əŬɘ ŬˊɞɗɖəŮɨŰɖəŮ ůŮ ɛɞɟűɐ ůŰŮɟŮɞɚɘɗɞɔɟŬűɑŬɠ (STL), Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ 

Űɖɠ ůɎɟɤůɖɠ. ȰŰůɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ óóImport Meshôô əŬɘ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əŬŰɎɚɚɖɚɖɠ ɛɞɟűɐɠ Űɞɡ 

ŬɟɢŮɑɞɡ, ɏɔɘɜŮ ɖ ŮɘůŬɔɤɔɐ Űɞɡ ˊɚɏɔɛŬŰɞɠ ůŰɞ ɚɞɔɘůɛɘəɧ MeshLab (ɆɢɐɛŬ 5.10). 

 

ɆɢɐɛŬ 5.10: ȺɘůŬɔɤɔɐ ŬɟɢŮɑɤɜ STL (MeshLab) 

ɀŮ Űɘɠ ŮɜŰɞɚɏɠ óóSelect Faces in a Rectagular regionôô əŬɘ óóSelect Connected Components in a 

Regionôô (ɆɢɐɛŬ 5.11) ɏɔɘɜŮ ŬˊŬɚɞɘűɐ Űɤɜ ŮˊɘűŬɜŮɘɩɜ ˊɞɡ ŭŮɜ Ŭɜɐəɞɡɜ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ. Ƀɘ 

ŮˊɘűɎɜŮɘŬɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.9. 

 

ɆɢɐɛŬ 5.11: ȹɘŬɔɟŬűɐ ŬɜŮˊɘɗɨɛɖŰɤɜ ŮˊɘűŬɜŮɘɩɜ Ŭˊɧ ŰŬ ˊɚɏɔɛŬŰŬ Űɞɡ ŰŮɛŬɢɑɞɡ Cam plate (MeshLab) 
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ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 5.11, ůŰɞ ˊɚɏɔɛŬ, ɧˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, ŮɛűŬɜɑɕɞɜŰŬɘ əŮɜɎ 

ŰŬ ɞˊɞɑŬ ɞűŮɑɚɞɜŰŬɘ əɡɟɑɤɠ ůŰɘɠ ɞˊɏɠ Űɞɡ ŰŮɛŬɢɑɞɡ ŬɚɚɎ əŬɘ ůŮ əɎˊɞɘŬ ůűɎɚɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ 

ŮɑŰŮ əŬŰɎ Űɖ ůɎɟɤůɖ ŮɑŰŮ əŬŰɎ Űɖɜ Ůɜɞˊɞɑɖůɖ Űɤɜ Ůɘəɧɜɤɜ. ɀŮ Űɖɜ ŮɜŰɞɚɐ óóFill Holeôô ŮɜŰɞˊɑɕɞɜŰŬɘ 

ŬɡŰɎ ŰŬ əŮɜɎ əŬɘ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Ůˊɘɚɞɔɐɠ Űɤɜ əŮɜɩɜ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ɔŮɛɑůɞɡɛŮ (ɆɢɐɛŬ 

5.12). ũɘŬ ŰŬ ˊɚɏɔɛŬŰŬ Űɖɠ ŮɟɔŬůɑŬɠ ŮˊɘɚɏɢŰɖəŮ Űɞ ɔɏɛɘůɛŬ ɧɚɤɜ Űɤɜ əŮɜɩɜ ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ 

ŬəɧɛŬ əŬɘ ůŰŬ ůɖɛŮɑŬ ˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ ˊɟŬɔɛŬŰɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ůŰɞ ŰŮɛɎɢɘɞ, ɧˊɤɠ ůŰɘɠ ɞˊɏɠ əŬɘ 

ůŰɖ óóəɎŰɤôô ˊɚŮɡɟɎ Űɤɜ ˊɚŮɔɛɎŰɤɜ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.13. ȷɡŰɧ ɏɔɘɜŮ ɔɘŬ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗɞɨɜ ŭɨɞ əɚŮɘůŰɎ ˊɚɏɔɛŬŰŬ əŬɘ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɝŮɢɤɟɘůŰɎ. ȿɧɔɤ Űɖɠ ɛɞɟűɐɠ Űɞɡ 

ŰŮɛŬɢɑɞɡ, ɖ Ŭəɟɘɓɐɠ Ůɜɞˊɞɑɖůɖ Űɤɜ ŭɨɞ ˊɚŮɔɛɎŰɤɜ (Ɏɜɤ əŬɘ əɎŰɤ ˊɚŮɡɟɎɠ) ɩůŰŮ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ŮɜɘŬɑɞ ˊɚɏɔɛŬ ɐŰŬɜ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɖ əŬɗɩɠ ŭŮɜ ɐŰŬɜ Ůɨəɞɚɞ ɜŬ 

ŬɜŬɔɜɤɟɘůɗɞɨɜ əɞɘɜɎ ůɖɛŮɑŬ. 

 

ɆɢɐɛŬ 5.12: ũɏɛɘůɛŬ Űɤɜ əŮɜɩɜ Űɞɡ ˊɚɏɔɛŬŰɞɠ (MeshLab) 

 

ɆɢɐɛŬ 5.13: ɄɚɏɔɛŬ Űɖɠ Ɏɜɤ ˊɚŮɡɟɎ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮŰɎ Űɞ ɔɏɛɘůɛŬ Űɤɜ əŮɜɩɜ (MeshLab) 
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5.4 ɀɃɁɇȺȿɃɄɃȽȼɆȼ ȷɁɇȽȾȺȽɀȺɁɃɈ CAM PLATE 

ũɘŬ Űɞ ůɢŮŭɘŬůɛɧ əŬɘ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ŰŮɛŬɢɑɞɡ Cam plate ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ 

SolidWorks . ȼ ůɢŮŭɑŬůɖ Űɞɡ ɏɔɘɜŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ ˊɞɡ ŬˊɞəŰɐɗɖəŬɜ Ŭˊɧ Űɖ 

ŭɘŬŭɘəŬůɑŬ ůɎɟɤůɖɠ əŬɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ ůŰɞ MeshLab. ɇŬ ˊɚɏɔɛŬŰŬ ˊɞɡ ˊɟɧŮəɡɣŬɜ ɛŮŰɎ 

Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŬˊɞɗɖəŮɨŰɖəŬɜ ůŮ ŬɟɢŮɑŬ ɉɈȻ, əŬɗɩɠ ŰŬ ŬɟɢŮɑŬ ůŰŮɟŮɞɚɘɗɞɔɟŬűɑŬɠ (STL) ɚɧɔɤ 

Űɤɜ ˊɞɚɚɩɜ ŮˊɘűŬɜŮɘɩɜ ˊɞɡ ŰŬ ŬˊɞŰŮɚɞɨɜ ŭŮɜ ɛˊɞɟɞɨůŬɜ ɜŬ Ŭɜɞɑɝɞɡɜ ůŰɞ SolidWorks. 

5.4.1 ȹȼɀȽɃɈɅũȽȷ ȾɈɀȷɇɃȺȽȹɃɈɆ ȺɄȽūȷɁȺȽȷɆ ɇȺɀȷɉȽɃɈ 

ũɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ŮˊɘűɎɜŮɘŬɠ ɐ Ůɜɧɠ ůŰŮɟŮɞɨ ɛɞɜŰɏɚɞɡ Ŭˊɧ ɏɜŬ ɜɏűɞɠ ůɖɛŮɑɤɜ 

ˊɟɞůűɏɟɞɜŰŬɘ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ SolidWorks. ũɘŬ Űɞ ŰŮɛɎɢɘɞ, ůŰɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ŬəɞɚɞɡɗɐɗɖəŮ, ŭɧɗɖəŮ ˊŮɟɘůůɧŰŮɟɞ ɓɎɟɞɠ ůŰɖ  ŭɖɛɘɞɡɟɔɑŬ Űɖɠ əɡɛŬŰɞŮɘŭɞɨɠ ŮˊɘűɎɜŮɘŬɠ ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ɖ ˊɘɞ ůɨɜɗŮŰɖ. ɀŮŰɎ Ŭˊɧ ŭɞəɘɛɏɠ ŭɘɎűɞɟɤɜ ŰŮɢɜɘəɩɜ, ŰŬ əŬɚɨŰŮɟŬ ŬˊɞŰɏɚŮůɛŬ ˊɟɞəɨˊŰɞɡɜ 

ɛŮ ŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ: 

ȸȼɀȷ 1Ƀ: ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɜɏűɞɡɠ ůɖɛŮɑɤɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŮɜŮɟɔɞˊɞɘɖɛɏɜɞ Űɞ Add-ins, 

ScanTo3D Ŭˊɧ Űɖ ɔɟŬɛɛɐ ŮɟɔŬůɑŬɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. 

 ȸȼɀȷ 2ɞ : ȺɘůŬɔɤɔɐ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ Űɖɠ Ɏɜɤ ˊɚŮɡɟɎɠ Űɞɡ ŰŮɛŬɢɑɞɡ ɧˊɤɠ ŬˊɞɗɖəŮɨŰɖəŮ 

Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ MeshLab (ɆɢɐɛŬ 5.14). 

 

ɆɢɐɛŬ 5.14: Ɂɏűɞɠ ůɖɛŮɑɤɜ Űɞɡ ŰŮɛŬɢɑɞɡ Cam plate (Solidworks) 

ȸȼɀȷ 3Ƀ: ũɑɜŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ˊɚɏɔɛŬŰɞɠ Ŭˊɧ ŰŬ ůɖɛŮɑŬ ˊɞɡ ŮɘůɎɢɗɖəŬɜ ɛŮ Űɖɜ ŮɜŰɞɚɐ 

óóMesh Prep Wizardôô (ToolsĄ ScanTo3DĄMesh Prep Wizard). ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŬ ůŰɎŭɘŬ ˊɟɘɜ 

Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮɜŰɞɚɐɠ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ:  
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1. Ⱥ́ ɘɚɞɔɐ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ. 

2. ɄɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɞɡ ɜɏűɞɡɠ ůŰɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ. 

3. ȷˊŬɚɞɘűɐ ɗɞɟɡɓɤŭɩɜ ůɖɛŮɑɤɜ ɟɡɗɛɑɕɞɜŰŬɠ Űɖɜ ŬˊɞŭŮɢŰɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 

ůɖɛŮɑɤɜ. 

4. ȷˊŬɚɞɘűɐ ŬɜŮˊɘɗɨɛɖŰɤɜ ůɖɛŮɑɤɜ ɢŮɘɟɞəɑɜɖŰŬ. 

5. ȷˊŬɚɞɘűɐ ůɖɛŮɑɤɜ ˊɞůɞůŰɘŬɑŬ, ɛŮ ɓɎůɖ Űɖɜ Ŭˊɚɞˊɞɑɖůɖ Űɞɡ ɜɏűɞɡɠ. 

6. ȷűɞɨ ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ˊɚɏɔɛŬ, ɔɑɜŮŰŬɘ ŮɝɞɛɎɚɡɜůɖ Űɤɜ ŮˊɘűŬɜŮɘɩɜ Űɞɡ ˊɚɏɔɛŬŰɞɠ, ůŮ 

ɞɚɧəɚɖɟɞ ɐ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ Űɞɡ. 

7. Ⱥˊɘɚɞɔɐ Űɤɜ əŮɜɩɜ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ɔŮɛɑůɞɡɜ. ɇŬ əŮɜɎ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ ŬɡŰɧɛŬŰŬ. 

8. Ƀɚɞəɚɐɟɤůɖ Űɖɠ ŮɜŰɞɚɐɠ. 

ɆŰŬ ɆɢɐɛŬŰŬ 5.15 əŬɘ 5.16 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Ůˊɘɚɞɔɏɠ ˊɞɡ ɏɔɘɜŬɜ ůŮ əɎɗŮ ůŰɎŭɘɞ Űɞɡ 3ɞɡ ɓɐɛŬŰɞɠ. 

 

ɆɢɐɛŬ 5.15: ɆŰɎŭɘŬ (1-4) ŮɜŰɞɚɐɠ óóMesh Prep Wizardôô (Solidworks) 
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ɆɢɐɛŬ 5.16: ɆŰɎŭɘŬ (5-8)  ŮɜŰɞɚɐɠ óóMesh Prep Wizardôô (Solidworks) 
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ɆɢɐɛŬ 5.17: ȾɞɜŰɘɜɧ ˊɚɎɜɞ ůŰɞ ˊɚɏɔɛŬ ɧˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ ŮˊɘűɎɜŮɘŮɠ Űɞɡ (Solidworks) 

 

ȸȼɀȷ 4Ƀ: ȹɖɛɘɞɡɟɔɑŬ ŮɜɘŬɑŬɠ ŮˊɘűɎɜŮɘŬɠ. ȺˊŮɘŭɐ Űɞ ˊɚɏɔɛŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ŬˊɞŰŮɚŮɑŰŬɘ 

ɞɡůɘŬůŰɘəɎ Ŭˊɧ ˊɞɚɚɏɠ ɛɘəɟɏɠ ŮˊɘűɎɜŮɘŮɠ (ɆɢɐɛŬ 5.17), ŭŮɜ ɘəŬɜɞˊɞɘŮɑ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ 

ůɢŮŭɘŬůɛɞɨ ɛŬɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɢɟŮɘɎůŰɖəŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛɘŬ ŮɜɘŬɑŬ ŮˊɘűɎɜŮɘŬ ɛŮ ɓɎůɖ ŬɡŰɧ 

Űɞ ˊɚɏɔɛŬ. ȷɡŰɧ ɏɔɘɜŮ ɛŮ Űɖɜ ŮɜŰɞɚɐ óóSurface Wizardôô (ToolsĄ ScanTo3DĄ Surface Wizard) əŬɘ 

ŰŬ ůŰɎŭɘŬ Űɖɠ ŮɜŰɞɚɐɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

1. Ⱥ́ ɘɚɞɔɐ ˊɞɡ ˊɚɏɔɛŬŰɞɠ. 

2. Ⱥˊɘɚɞɔɐ ɔɘŬ əŬɗɞŭɖɔɞɨɛŮɜɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŮˊɘűŬɜŮɘɩɜ (ɡ́ɎɟɢŮɘ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɞɡ Ŭˊɧ Űɞ ˊɚɏɔɛŬ ŬɡŰɧɛŬŰŬ). 

3. ũɑɜŮŰŬɘ Ůˊɘɚɞɔɐ ɛŮ ɓɎůɖ Űɖɜ ɞɛŬɚɧŰɖŰŬ, ůŮ ˊɧůŮɠ əŬɘ ˊɘŮɠ ŮˊɘűɎɜŮɘŮɠ ɗŬ ɢɤɟɘůŰŮɑ Űɞ 

ˊɚɏɔɛŬ. ȾɎɗŮ ɢɟɩɛŬ ŬɜŰɘůŰɞɘɢŮɑ əŬɘ ůŮ ɛɘŬ ŮˊɘűɎɜŮɘŬ. 

4. ũɑɜŮŰŬɘ ɢŮɘɟɞəɑɜɖŰɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŮˊɘűŬɜŮɘɩɜ-ɢɟɤɛɎŰɤɜ ˊɞɡ ɏɔɘɜŬɜ ůŰɞ ůŰɎŭɘɞ 3, 

əŬɗɩɠ ɡˊɎɟɢŮɘ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ ɜɏɤɜ ɢɟɤɛɎŰɤɜ. 

5. ȹɖɛɘɞɡɟɔɑŬ Űɤɜ ŮˊɘűŬɜŮɘɩɜ ɛŮ ɓɎůɖ ŰŬ ɢɟɩɛŬŰŬ. 

6. ȺɝŬɔɤɔɐ Űɤɜ ŮˊɘűŬɜŮɘɩɜ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ. 

7. ȺˊŮɝŮɟɔŬůɑŬ Űɤɜ ŮˊɘűŬɜŮɘɩɜ, ˊɢ ŬɚɚŬɔɐ Ŭˊɧ əɤɜɘəɐ ˊɞɡ ŬɜŬɔɜɩɟɘůŮ Űɞ ˊɟɧɔɟŬɛɛŬ ůŮ 

əɡɚɘɜŭɟɘəɐ ˊɞɡ ɗɏɚɞɡɛŮ ŮɛŮɑɠ. 

8. Ƀɚɞəɚɐɟɤůɖ ŮɜŰɞɚɐɠ, ŮɝɎɔɞɜŰŬɠ Űɘɠ ŰŮɚɘəɏɠ ŮˊɘűɎɜŮɘŮɠ. 

ɆŰŬ ɆɢɐɛŬŰŬ 5.18 əŬɘ 5.19 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Ůˊɘɚɞɔɏɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɞ əɎɗŮ ůŰɎŭɘɞ Űɞɡ 4ɞɡ 

ɓɐɛŬŰɞɠ. 
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ɆɢɐɛŬ 5.18: ɆŰɎŭɘŬ (1-6)  Űɖɠ ŮɜŰɞɚɐɠ óóSurface Wizardôô (Solidworks) 
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ɆɢɐɛŬ 5.19: ɆŰɎŭɘŬ (7-8)  Űɖɠ ŮɜŰɞɚɐɠ óóSurface Wizardôô (Solidworks) 

ȸȼɀȷ 5Ƀ : ũɑɜŮŰŬɘ Ůˊɘɚɞɔɐ Űɖɠ əɡɛŬŰɞŮɘŭɞɨɠ əŬɘ əɡɚɘɜŭɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɞ 

ŰɏŰŬɟŰɞ ɓɐɛŬ, əŬɘ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘəɚŮɑɞɡɜ Űɖ əɡɛŬŰɞŮɘŭɐɠ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŬɠ (ɆɢɐɛŬ 

5.20.Ŭ). ɆŰɖ ůɡɜɏɢŮɘŬ ůɢŮŭɘɎɕŮŰŬɘ ɏɜŬɠ ůŰŮɟŮɧɠ əɨɚɘɜŭɟɞɠ ɞɛɧəŮɜŰɟɞɠ ɛŮ Űɖɜ əɡɚɘɜŭɟɘəɐ ŮˊɘűɎɜŮɘŬ 

ŬɚɚɎ ɛŮɔŬɚɨŰŮɟɖɠ ŬəŰɑɜŬɠ (ɆɢɐɛŬ 5.20.ɓ). 

 

ɆɢɐɛŬ 5.20: Ŭ) ŮˊɘűɎɜŮɘŮɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŮɜŰɞɚɐ óóSurface Wizardôô, əŬɘ ɓ) ůɢŮŭɑŬůɖ əɡɚɑɜŭɟɞɡ 
ˊɞɡ Űɘɠ ˊŮɟɘəɚŮɑŮɘ (Solidworks) 
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ȸȼɀȷ 6Ƀ: ũɑɜŮŰŬɘ Ŭˊɞəɞˊɐ Űɞɡ əɡɚɑɜŭɟɞɡ ɛŮ ɓɎůɖ Űɘɠ ŮˊɘűɎɜŮɘŮɠ ɛŮ Űɖɜ ŮɜŰɞɚɐ óóCut With Surfaceôô 

(InsertĄ CutĄ With Surface). ȼ Ŭˊɞəɞˊɐ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŮˊɘɚɏɔɞɜŰŬɠ Űɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ Űɖ 

əŬŰŮɨɗɡɜůɖ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ɔɑɜŮɘ (ɆɢɐɛŬ 5.21). 

 

ɆɢɐɛŬ 5.21: ɆŰɎŭɘŬ Űɖɠ ŮɜŰɞɚɐɠ óóCut With Surfaceôô (Solidworks) 

 

5.4.2 ɆɉȺȹȽȷɆɀɃɆ ȷɁɇȽȾȺȽɀȺɁɃɈ ɀȺ ȸȷɆȼ ɇȽɆ ɆɈɀɀȺɇɅȽȺɆ 

ɃɡůɘŬůŰɘəɎ Űɞ ŰŮɛɎɢɘɞ Cam plate ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧ əŬŰɎ 1/2. ȾŬŰɎ Űɖ ůɢŮŭɑŬůɖ Űɞɡ ɧɛɤɠ 

ɢɤɟɑůŰɖəŮ ˊŮɟŬɘŰɏɟɤ ůŰɘɠ ŮˊɘűɎɜŮɘŮɠ ɧˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ŭɘŬűɞɟŮŰɘəɐ ůɡɛɛŮŰɟɑŬ. ɆɡɔəŮəɟɘɛɏɜŬ 

ůŰɖɜ ˊɎɜɤ ˊɚŮɡɟɎ ɖ əɡɛŬŰɞŮɘŭɐɠ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɐ əŬŰɎ 1/8, əŬɘ ɞ əŮɜŰɟɘəɧɠ əɨɚɘɜŭɟɞɠ 

əŬŰɎ 1/4, Ůɜɩ ɖ əɎŰɤ ˊɚŮɡɟɎ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɐ əŬŰɎ 1/6. 

ɇŬ ˊɘɞ ˊɎɜɤ ɓɐɛŬŰŬ ɧˊɤɠ ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɞ  ɈˊɞəŮűɎɚŬɘɞ 5.4.1 ɞŭɖɔɞɨɜ ůŰɖ ůɢŮŭɑŬůɖ Űɞɡ 

əɡɛŬŰɞŮɘŭɞɨɠ ɛɏɟɞɡɠ Űɞɡ ŰŮɛŬɢɑɞɡ (ɆɢɐɛŬ 5.22.Ŭ).  ɀŮ Űɞ ˊɏɛˊŰɞ ɓɐɛŬŰŬ ɜŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ 

ŮˊɘɚɏɔɞɜŰŬɠ ŭɘŬűɞɟŮŰɘəɏɠ ŮˊɘűɎɜŮɘŮɠ, ůɢŮŭɘɎɕŮŰŬɘ əŬɘ Űɞ Ɏɜɤ əɡɚɘɜŭɟɘəɧ ɛɏɟɞɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ 

(ɆɢɐɛŬ.5.22.ɓ). ũɘŬ Űɖ ůɢŮŭɑŬůɖ Űɖɠ əɎŰɤ ˊɚŮɡɟɎɠ Űɞɡ ŰŮɛŬɢɑɞɡ (ɆɢɐɛŬ.5.22.ɔ) ŬəɞɚɞɡɗɐɗɖəŬɜ 

ŰŬ ɓɐɛŬŰŬ Ŭˊɧ Űɖɜ Ŭɟɢɐ, ŮɘůɎɔɞɜŰŬɠ Űɞ ŬɟɢŮɑɞ ɉɈȻ Űɖɠ əɎŰɤ ˊɚŮɡɟɎɠ. ɇɞ ŰŮɚɘəɧ ɛɞɜŰɏɚɞ űŬɑɜŮŰŬɘ 

ůŰŬ ɆɢɐɛŬŰŬ 5.23 əŬɘ 5.25. ȼ ˊɚɐɟɖɠ ɔŮɤɛŮŰɟɘəɐ ˊŮɟɘɔɟŬűɐ Űɞɡ ŰŮɛŬɢɑɞɡ ˊŬɟŬŰɑɗŮŰŬɘ ůŰɞ 

ɄŬɟɎɟŰɖɛŬ ȷ. 

ɄɏɟŬɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖ ůɎɟɤůɖ Űɞɡ ŰŮɛŬɢɑɞɡ, ɚɐűɗɖəŬɜ əŬɘ ɛŮŰɟɐůŮɘɠ 

ŮˊɘűŬɜŮɘɩɜ Ŭˊɧ ůɡɛɓŬŰɘəɧ ɧɟɔŬɜɞ ɛɏŰɟɖůɖɠ (ˊŬɢɨɛŮŰɟɞ), ɞɘ ɞˊɞɑŮɠ ɐŰŬɜ ŭɡɜŬŰɧ ɜŬ ɛŮŰɟɖɗɞɨɜ.  

ɃɡůɘŬůŰɘəɎ ɛŮ Űɞ ˊŬɢɨɛŮŰɟɞ ɏɔɘɜŮ ŮˊɘɓŮɓŬɑɤůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ůɎɟɤůɖɠ əŬɗɩɠ ɖ Ŭˊɧəɚɘůɖ 

ŭŮɜ ɝŮˊɏɟŬůŮ ŰŬ 0,4 mm.  
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ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ əŬŰɎ Űɖ ůűɡɟɖɚɎŰɖůɖ ɞɘ ɞˊɏɠ ŬɔɜɞɐɗɖəŬɜ, əŬɗɩɠ, ɚɧɔɤ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡɠ, ɖ 

əŬŰŬůəŮɡɐ Űɞɡɠ ɛŮ Űɖ  ŭɘŬŭɘəŬůɑŬ Űɖɠ ůűɡɟɖɚɎŰɖůɖɠ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɖ ɏɤɠ ŬŭɨɜŬŰɖ. 

 

 

ɆɢɐɛŬ 5.22: ɇŬ əɞɛɛɎŰɘŬ ůɢŮŭɑŬůɖɠ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɛŬɠ ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɡɛɛŮŰɟɑŬ Űɞɡɠ, Ŭ) 
əɡɛŬŰɞŮɘŭɐɠ Ɏɜɤ ˊɚŮɡɟɎ 1/8, ɓ )əɨɚɘɜŭɟɞɠ Ɏɜɤ ˊɚŮɡɟɎɠ 1/4, ɔ) əɎŰɤ ˊɚŮɡɟɎ 1/6 (Solidworks) 

 

 

ɆɢɐɛŬ 5.23: ɀɞɜŰɏɚɞ Cam plate ˊɞɡ ůɢŮŭɘɎůŬɛŮ, Ŭ) Ɏɜɤ əŬɘ ɓ) əɎŰɤ ˊɚŮɡɟɎ. ɀŮ əɧəəɘɜɞ ɢɟɩɛŬ Űɞ 
ŮˊɑˊŮŭɞ ůɡɛɛŮŰɟɑŬɠ (Solidworks) 
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ɆɢɐɛŬ 5.24: ɄɟŬɔɛŬŰɘəɧ ŰŮɛɎɢɘɞ Cam plate ůŰɞ ɞˊɞɑɞ ɏɔɘɜŮ ɖ ůɎɟɤůɖ. 

 

 

ɆɢɐɛŬ 5.25: ɀɞɜŰɏɚɞ ŰŮɛŬɢɑɞɡ Cam plate ɧˊɤɠ ůɢŮŭɘɎůŰɖəŮ ůŰɞ SolidWorks. 
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5.5 ɆɉȺȹȽȷɆȼ ȺɆɋɇȺɅȽȾȼɆ ɀȼɇɅȷɆ 

ɀŮŰɎ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ŰŮɛŬɢɑɞɡ, ɡˊɎɟɢɞɡɜ ŮɜŰɞɚɏɠ ůŰɞ ɚɞɔɘůɛɘəɧ SolidWorks ˊɞɡ ɓɞɖɗɞɨɜ 

ůŰɖɜ Ůɨəɞɚɖ əŬŰŬůəŮɡɐ Űɤɜ ŰɛɖɛɎŰɤɜ Űɖɠ ɛɐŰɟŬɠ. ȳˊɤɠ ɏɢŮɘ ́ ɟɞŬɜŬűŮɟɗŮɑ ɞɘ ɞˊɏɠ Űɞɡ ŰŮɛŬɢɑɞɡ, 

ˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.24,  ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɞ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɛŮ Űɖ əŬŰŮɟɔŬůɑŬ 

ůűɡɟɖɚɎŰɖůɖɠ, ɏŰůɘ ɖ ɛɐŰɟŬ ůɢŮŭɘɎůŰɖəŮ ɛɖ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ ɨˊŬɟɝɖ Űɤɜ ɞˊɩɜ ůŰɞ 

ŰŮɛɎɢɘɞ. ɆŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖ ůɢŮŭɑŬůɖ 

Űɤɜ ŰɛɖɛɎŰɤɜ Űɖɠ ɛɐŰɟŬɠ. 

ȸȼɀȷ 1Ƀ: ɇɞ ˊɟɩŰɞ ɓɐɛŬ ŮɑɜŬɘ ɖ Ůˊɘɚɞɔɐ Űɖɠ ɔɟŬɛɛɐɠ ŭɘŬɢɤɟɘůɛɞɨ Űɖɠ ɛɐŰɟŬɠ. ȷɡŰɧ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ  ɛŮ Űɖɜ ŮɜŰɞɚɐ óóParting Lineôô (insertĄ modlsĄ Parting line). ȼ Ůˊɘɚɞɔɐ Űɖɠ ɔɟŬɛɛɐɠ 

ŭɘŬɢɤɟɘůɛɞɨ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮɑŰŮ ɛŮ ɓɎůɖ əɎˊɞɘɞɡ ɡˊɎɟɢɞɜŰɞɠ ůɖɛŮɑɞɡ ɐ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

ɛɞɜŰɏɚɞɡ, ŮɑŰŮ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ əɎˊɞɘɞɡ ŮɝɤŰŮɟɘəɞɨ Ůˊɘˊɏŭɞɡ. ɆŰɞ ɆɢɐɛŬ 5.26 űŬɑɜŮŰŬɘ Űɞ ŮˊɑˊŮŭɞ 

(ɟɞɕ ɢɟɩɛŬ) əŬɘ ɖ ɔɟŬɛɛɐ ŭɘŬɢɤɟɘůɛɞɨ (ɛɞɓ əɨəɚɞɠ ˊɎɜɤ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ) ˊɞɡ ŮˊɘɚɏɔɖəŮ. ɇɞ 

ˊɟɎůɘɜɞ ɢɟɩɛŬ ŭŮɑɢɜŮɘ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɖɠ Ɏɜɤ ɛɐŰɟŬɠ, Űɞ əɧəəɘɜɞ Űɖɠ əɎŰɤ, Ůɜɩ Űɞ əɑŰɟɘɜɞ Űɘɠ 

əɎɗŮŰŮɠ ɞɡŭɏŰŮɟŮɠ ŮˊɘűɎɜŮɘŮɠ.  

 

ɆɢɐɛŬ 5.26: ũɟŬɛɛɐ ŭɘŬɢɤɟɘůɛɞɨ ɛɐŰɟŬɠ ɛŮ Űɖɜ ŮɜŰɞɚɐ óóParting Lineôô (Solidworks) 

 

ȸȼɀȷ 2Ƀ: ȹɖɛɘɞɡɟɔɑŬ ŮˊɘűɎɜŮɘŬɠ ɛŮ ɓɎůɖ Űɖ ɔɟŬɛɛɐ ŭɘŬɢɤɟɘůɛɞɨ ɩůŰŮ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ɢɤɟɘůŰŮɑ 

ɖ ɛɐŰɟŬ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ óóParting Surfaceôô. ɆŰɞ ɆɢɐɛŬ 5.27 űŬɑɜŮŰŬɘ ɛŮ əɑŰɟɘɜɞ ɢɟɩɛŬ 

ɖ ŮˊɘűɎɜŮɘŬ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮ ɓɎůɖ Űɖ ɔɟŬɛɛɐ ŭɘŬɢɤɟɘůɛɞɨ (ɛˊɚŮ əɨəɚɞɠ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ). ȼ 

ŬəŰɑɜŬ Űɖɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ŬəŰɑɜŬ Űɖɠ ɛɐŰɟŬɠ ɩůŰŮ ɜŬ ɛˊɞɟɏůɞɡɜ ɜŬ 

ɢɤɟɘůŰɞɨɜ. 

 






















































































































































































