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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɄŮɟɘŮɢɧɛŮɜŬ 

üȺɘůŬɔɤɔɐ-ȽůŰɞɟɘəɐ Ⱥɝɏɚɘɝɖ 

üȸŬůɘəɏɠ ɏɜɜɞɘŮɠ ɅɞɛˊɞŰɘəɐɠ 

üȸɘɞɛɖɢŬɜɘəɎ ɅɞɛˊɧŰ 

üȰɚŮɔɢɞɠ Űɤɜ ɅɞɛˊɧŰ 

üȸɐɛŬŰŬ ɆɢŮŭɘŬůɛɞɨ Ůɜɧɠ ɟɞɛˊɧŰ 

üɄɖɔɏɠ-ȸɘɓɚɘɞɔɟŬűɑŬ 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȺɘůŬɔɤɔɐ-ȽůŰɞɟɘəɐ Ⱥɝɏɚɘɝɖ 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɀɖɢŬɜɏɠ-ȷɡŰɧɛŬŰŬ [1] (1/2) 

ɀɖɢŬɜɐ: Ƀ ɧɟɞɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ Ůɚɚɖɜɘəɐ ɔɚɩůůŬ əŬɘ Űɖɜ ɚɏɝɖ ñɛɐɢɞɠò ˊɞɡ 

ůɖɛŬɑɜŮɘ ñɛɏůɞɜ, Űɟɧˊɞɠ ɓɞɐɗŮɘŬɠò əŬɘ ˊŮɟɘɔɟɎűŮɘ ɞˊɞɘɞŭɐˊɞŰŮ ŮɟɔŬɚŮɑɞ ɐ ɛɏůɞɜ 

ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛŮ ůəɞˊɧ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ əɎˊɞɘŬɠ Ŭɜɗɟɩˊɘɜɖɠ ŮɟɔŬůɑŬɠ, 

ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŭɨɜŬɛɖ ɐ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ Ŭɜɗɟɩˊɞɡ ɐ ŬəɧɛŬ əŬɘ Űɖɜ 

Ůɝ ɞɚɞəɚɐɟɞɡ ɡɚɞˊɞɑɖůɖ əɎˊɞɘŬɠ ŮɟɔŬůɑŬɠ. 

Ƀ ɧɟɞɠ ŬɡŰɧɠ ɗŬ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Űɞɜ 20ɞ ŬɘɩɜŬ ɛŮ Űɞɜ ɧɟɞ ñɟɞɛˊɧŰò Ŭˊɧ Űɞ 

ɗŮŬŰɟɘəɧ ɏɟɔɞ Űɞɡ ɇůɏɢɞɡ ůɡɔɔɟŬűɏŬ Karel Ļapek ñR.U.R.ò (ñRossumovi 

Univerz§ln² Robotiò (Ŭɔɔɚɘəɐ ɛŮŰɎűɟŬůɖ: Rossumôs Universal Robots). 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɀɖɢŬɜɏɠ-ȷɡŰɧɛŬŰŬ [1]  (2/2) 

ÅɃɘ ñɛɖɢŬɜɏɠò ɏɢɞɡɜ əɎɜŮɘ Űɖɜ ŮɛűɎɜɘůɖ Űɞɡ Ŭˊɧ Űɞɡɠ ˊɟɩŰɞɡɠ ɘůŰɞɟɘəɞɨɠ ɢɟɧɜɞɡɠ Űɖɠ 

ŬɜɗɟɤˊɧŰɖŰŬɠ ɛŮ ŬɜŬűɞɟɏɠ ůŮ ŬɡŰɧɛŬŰŮɠ ɛɖɢŬɜɏɠ ˊɞɡ ŮɑɢŬɜ əŬŰŬůəŮɡŬůŰŮɑ ɔɘŬ ɜŬ ŮəŰŮɚɞɨɜ 

əɎˊɞɘŮɠ ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŮɟɔŬůɑŮɠ  ɜŬ ɡˊɎɟɢɞɡɜ ůŮ ɛɨɗɞɡɠ əŬɘ ɗɟɨɚɞɡɠ Űɖɠ ȷɟɢŬɑŬɠ 

ȺɚɚɎŭŬɠ. 

ÅɆŰŬ ɃɛɖɟɘəɎ ɏˊɖ ɔɑɜŮŰŬɘ ɖ ˊɟɩŰɖ ŬɜŬűɞɟɎ Űɞɡ ɧɟɞɡ ñȷɡŰɧɛŬŰŬò, ɞ ɞˊɞɑɞɠ ˊŮɟɘɔɟɎűŮɘ Űɘɠ 

ɛɖɢŬɜɏɠ ˊɞɡ əɘɜɞɨɜŰŬɘ Ŭˊɧ ɛɧɜŮɠ Űɞɡɠ, ɛŮ ɢɟɐůɖ əɎˊɞɘŬɠ ŮůɤŰŮɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ ŰŬ 

ɕɩŬ əŬɘ ɞ Ɏɜɗɟɤˊɞɠ. 

Åɇɞ Ŭɜ ɡˊɐɟɢŬɜ ŭŮɜ ŮɑɜŬɘ ɘůŰɞɟɘəɎ ŮˊɘɓŮɓŬɘɤɛɏɜɞ, ŬɚɚɎ ɞɘ ŬɜŬűɞɟɏɠ ŬɡŰɏɠ ŭŮɑɢɜɞɡɜ ɧŰɘ ɖ 

ɘŭɏŬ ɛɑŬɠ ŬɡŰɧɛŬŰɖɠ ɛɖɢŬɜɐɠ ɖ ɞˊɞɑŬ ɗŬ ŬɜŬɚɎɛɓŬɜŮ ɜŬ űɏɟŮɘ Ůɘɠ ˊɏɟŬɠ əɎˊɞɘŮɠ ŮɟɔŬůɑŮɠ 

ɡˊɐɟɢŮ ɐŭɖ Ŭˊɧ Űɖɜ ɄɟɞɥůŰɞɟɑŬ. 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȷɡŰɧɛŬŰŬ Űɖɠ ȷɟɢŬɘɧŰɖŰŬɠ [2,3] 1/3 

Å Ƀɘ ɢɟɡůɞɑ ɓɞɖɗɞɑ Űɞɡ ȱűŬɘůŰɞɡ: ɆŰɖɜ Ůɚɚɖɜɘəɐ ɛɡɗɞɚɞɔɑŬ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɞ ȱűŬɘůŰɞɠ ŮɑɢŮ 

űŰɘɎɝŮɘ ɛŮɟɘəɏɠ ɢɟɡůɏɠ ɔɡɜŬɑəŮɠ ɞɘ ɞˊɞɑŮɠ ŮəŰŮɚɞɨůŬɜ ɢɟɏɖ ɓɞɖɗɞɨ ůŰɞ ŮɟɔŬůŰɐɟɘɞ Űɞɡ, ŮɑŰŮ ɛŮ 

Űɘɠ ŭɘɎűɞɟŮɠ əŬŰŬůəŮɡɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨůŮ ŮɑŰŮ ɔɘŬ ɜŬ Űɞɜ ɓɞɖɗɞɨɜ ɜŬ ˊŮɟˊŬŰɎŮɘ 

əŬɚɨŰŮɟŬ. 

Å Ƀɘ ɛɖɢŬɜɘəɞɑ ůəɨɚɞɘ Űɞɡ ȱűŬɘůŰɞɡ: Ƀɘ ɗŮɞɑ ŮɑɢŬɜ ˊŬɟŬɔɔŮɑɚŮɘ ůŰɞɜ ȱűŬɘůŰɞ ɜŬ űŰɘɎɝŮɘ 

ɛɖɢŬɜɘəɞɨɠ ůəɨɚɞɡɠ, ɞɘ ɞˊɞɑɞɘ ɐŰŬɜ ɢɟɡůɞɑ əŬɘ Ŭůɖɛɏɜɘɞɘ, ŬɗɎɜŬŰɞɘ əŬɘ ˊŬɜɑůɢɡɟɞɘ, ɔɘŬ ɜŬ 

Űɞɡɠ ŭɩůɞɡɜ ůŰɞɜ ɓŬůɘɚɘɎ ȷɚəɑɜɞɞ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ ˊŬɚŬŰɘɞɨ Űɞɡ. 

Å Ƀɘ əɘɜɞɨɛŮɜŮɠ əɞɨəɚŮɠ Űɞɡ ȹŬɑŭŬɚɞɡ: ȷɜŬűɞɟɏɠ Űɞɡ Ƀɛɐɟɞɡ əŬɘ Űɞɡ ɄɚŬŰɑɜŬ ŬɜŬűɏɟɞɡɜ 

ɧŰɘ, ɞ ɛŮɔɎɚɞɠ ŬɡŰɧɠ ŮűŮɡɟɏŰɖɠ, ŮɑɢŮ űŰɘɎɝŮɘ əŬɘ əɎˊɞɘŮɠ əɞɨəɚŮɠ ɔɘŬ ŰŬ ˊŬɘŭɘɎ Űɞɡ ɀɑɜɤŬ, ɞɘ 

ɞˊɞɑŮɠ ŮɑɢŬɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ɛɘɚɎɜŮ əŬɘ ɜŬ əɘɜɞɨɜŰŬɘ. 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȷɡŰɧɛŬŰŬ Űɖɠ ȷɟɢŬɘɧŰɖŰŬɠ [6] 2/3 

 

ȼ ñŬɡŰɧɛŬŰɖ ɗŮɟŬˊŬɘɜɑɠò Űɞɡ 

ūɑɚɤɜɞɠ Űɞɡ ȸɡɕŬɜŰɑɞɡ: 

ȷɜɗɟɤˊɞŮɘŭɏɠ ɟɞɛˊɧŰ ɛŮ Űɖ 

ɛɞɟűɐ ɡˊɖɟɏŰɟɘŬɠ (ůŮ űɡůɘəɧ 

ɛɏɔŮɗɞɠ) ˊɞɡ ůŰɞ ŭŮɝɑ ɢɏɟɘ Űɖɠ 

əɟŬŰɞɨůŮ ɛɘŬ ɞɘɜɞɢɧɖ Ůɜɩ Űɞ 

ŬɟɘůŰŮɟɧ ŮɑɢŮ ɛɑŬ ɎŭŮɘŬ ́ ŬɚɎɛɖ. 

 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   7 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȼ ñŬɡŰɧɛŬŰɖ ɗŮɟŬˊŬɘɜɑɠò-ɇɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ [6] 1/3 

Å ɆŰɞ ůŰɐɗɞɠ Űɖɠ ɡˊɖɟɏŰɟɘŬɠ ɓɟɑůəɞɜŰŬɜ ŭɨɞ ůŰŮɔŬɜɎ ŭɞɢŮɑŬ ɔŮɛɎŰŬ ɛŮ ɞɑɜɞ əŬɘ ɜŮɟɧ 

ŬɜŰɑůŰɞɘɢŬ. 

Å ɆŰɞɜ ˊɡɗɛɏɜŬ Űɞɡɠ ɡˊɐɟɢŬɜ ŭɨɞ ůɤɚɖɜɑůəɞɘ ˊɞɡ ɞŭɖɔɞɨůŬɜ Űɞ ˊŮɟɘŮɢɧɛŮɜɧ Űɞɡɠ ɛɏůŬ Ŭˊɧ 

Űɞ ŭŮɝɑ ɢɏɟɘ Űɖɠ ůŰɞ ɢŮɑɚɞɠ Űɖɠ ɞɘɜɞɢɧɖɠ. ȹɨɞ ŬŮɟŬɔɤɔɞɑ ůɤɚɖɜɑůəɞɘ ɝŮəɘɜɞɨůŬɜ Ŭˊɧ Űɞ 

ˊɎɜɤ ɛɏɟɞɠ Űɤɜ ŭɞɢŮɑɤɜ, ŭɘŬˊŮɟɜɞɨůŬɜ Űɞɜ ˊɡɗɛɏɜŬ Űɞɡɠ əŬɘ əŬŰɏɚɖɔŬɜ ɚɡɔɘůɛɏɜɞɘ ůŰɞ 

ůŰɞɛɎɢɘ Űɖɠ. 

Å ɇɞ ŬɟɘůŰŮɟɧ Űɖɠ ɢɏɟɘ ůɡɜŭŮɧŰŬɜ ɛɏůɤ Ɏɟɗɟɤůɖɠ ɛŮ Űɞɡɠ ɩɛɞɡɠ Űɖɠ Ůɜɩ ɛɘŬ ŮɚɘəɞŮɘŭɐɠ 

ɟɎɓŭɞɠ (ŮɚŬŰɐɟɘɞ) ɏəəŮɜŰɟŬ ŰɞˊɞɗŮŰɖɛɏɜɖ ůŰɖɜ ˊɟɞɏəŰŬůɐ Űɞɡ Űɞ ůɡɔəɟŬŰɞɨůŮ 

Ŭɜɡɣɤɛɏɜɞ. ȹɨɞ ůɤɚɐɜŮɠ ɝŮəɘɜɞɨůŬɜ Ŭˊɧ Űɞ ɑŭɘɞ ůɖɛŮɑɞ (əɚŮɑŭŬ) əŬɘ əŬŰɏɟɢɞɜŰŬɜ 

ŭɘŬˊŮɟɜɩɜŰŬɠ əŬɘ ŬˊɞűɟɎɕɞɜŰŬɠ ŰŬ ɚɡɔɘůɛɏɜŬ ŭɘɎŰɟɖŰŬ ɎəɟŬ Űɤɜ ŬŮɟŬɔɤɔɩɜ ůɤɚɖɜɑůəɤɜ.  
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȼ ñŬɡŰɧɛŬŰɖ ɗŮɟŬˊŬɘɜɑɠò-ɇɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ [6] 2/3 

Å Ƀɘ ůɤɚɐɜŮɠ Űɖɠ əɚŮɑŭŬɠ ŭɘɏɗŮŰŬɜ ŭɨɞ ɞˊɏɠ ůŰɘɠ ŬˊɞɚɐɝŮɘɠ Űɞɡɠ, ɛŮ Űɖɜ ɞˊɐ ˊɞɡ 

ŮˊɘəɞɘɜɤɜɞɨůŮ ɛŮ Űɞ ŭɞɢŮɑɞ Űɞɡ ɞɑɜɞɡ ɜŬ ˊɟɞɖɔŮɑŰŬɘ ŬɡŰɐɠ ˊɞɡ ŮˊɘəɞɘɜɤɜɞɨůŮ ɛŮ Űɞ ɜŮɟɧ. 

Å ȳŰŬɜ ŰɞˊɞɗŮŰɞɨɜŰŬɜ ɞ əɟŬŰɐɟŬɠ ůŰɖɜ ˊŬɚɎɛɖ Űɖɠ ɡˊɖɟɏŰɟɘŬɠ, Űɞ ŬɟɘůŰŮɟɧ ɢɏɟɘ Űɖɠ 

əŬŰɏɓŬɘɜŮ əŬɘ ɞɘ ůɤɚɐɜŮɠ Űɖɠ əɚŮɑŭŬɠ ŬɜɡɣɩɜɞɜŰŬɜ. ȼ ɞˊɐ Űɞɡ Ůɜɧɠ ůɤɚɐɜŬ 

ŮɡɗɡɔɟŬɛɛɘɕɧŰŬɜ ɛŮ Űɞɜ ŬŮɟŬɔɤɔɧ ůɤɚɖɜɑůəɞ Űɞɡ ŭɞɢŮɑɞɡ Űɞɡ ɞɑɜɞɡ, ŬɏɟŬɠ ŮɘůŮɟɢɧŰŬɜ ůŰɞ 

ŭɞɢŮɑɞ əŬɘ ɞɑɜɞɠ ɏɟɟŮŮ Ŭˊɧ Űɞ ůɤɚɖɜɑůəɞ Űɖɠ ɞɘɜɞɢɧɖɠ ůŰɞɜ əɟŬŰɐɟŬ. ȳŰŬɜ ɛɘůɞɔɏɛɘɕŮ Űɞ 

əɨˊŮɚɚɞ ɛŮ əɟŬůɑ, Űɞ ɢɏɟɘ ɚɧɔɤ ɓɎɟɞɡɠ əŬŰɏɓŬɘɜŮ ˊŮɟɘůůɧŰŮɟɞ, ɖ ŭɑɞŭɞɠ Űɞɡ ŬŮɟŬɔɤɔɞɨ 

ůɤɚɖɜɑůəɞɡ Űɞɡ ɞɑɜɞɡ ɏűɟŬůůŮ əŬɘ ɖ ɟɞɐ ůŰŬɛŬŰɞɨůŮ. 

Å ɄŬɟɎɚɚɖɚŬ ŮɡɗɡɔɟŬɛɛɘɕɧŰŬɜ ɖ ɞˊɐ Űɞɡ ŭŮɨŰŮɟɞɡ ůɤɚɐɜŬ ɛŮ Űɞɜ ŬŮɟŬɔɤɔɧ ůɤɚɖɜɑůəɞ Űɞɡ 

ŭɞɢŮɑɞɡ ɛŮ Űɞ ɜŮɟɧ əŬɘ ɎɟɢɘɕŮ ɜŬ ɟɏŮɘ ɜŮɟɧ ɔɘŬ Űɖɜ ŬɟŬɑɤůɖ Űɞɡ ɞɑɜɞɡ. 

9 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȼ ñŬɡŰɧɛŬŰɖ ɗŮɟŬˊŬɘɜɑɠò-ɇɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ [6] 3/3 

Å ȳŰŬɜ ɔɏɛɘɕŮ Űɞ əɨˊŮɚɚɞ, Űɞ ɢɏɟɘ (ɚɧɔɤ ɓɎɟɞɡɠ) 

əŬŰɏɓŬɘɜŮ ˊŮɟɘůůɧŰŮɟɞ, ɖ ŭɑɞŭɞɠ Űɞɡ ŬŮɟŬɔɤɔɞɨ 

ůɤɚɖɜɑůəɞɡ Űɞɡ ɜŮɟɞɨ ɏűɟŬůůŮ əŬɘ ɖ ɟɞɐ ůŰŬɛŬŰɞɨůŮ. 

Å ȷɜ ŬűŬɘɟɞɨɜŰŬɜ ɞˊɞɘŬŭɐˊɞŰŮ ůŰɘɔɛɐ ɞ əɟŬŰɐɟŬɠ, Űɞ 

ŬɟɘůŰŮɟɧ ɢɏɟɘ ŬɜɡɣɤɜɧŰŬɜ, ɞɘ ůɤɚɐɜŮɠ Űɖɠ əɚŮɑŭŬɠ 

əŬŰɏɓŬɘɜŬɜ ŬˊɞűɟɎɕɞɜŰŬɠ Űɞɡɠ ŬŮɟŬɔɤɔɞɨɠ 

ůɤɚɖɜɑůəɞɡɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ əŮɜɧ ůŰŬ ŭɞɢŮɑŬ əŬɘ ɖ ɟɞɐ 

Űɤɜ ɡɔɟɩɜ ůŰŬɛŬŰɞɨůŮ. 

Å ȼ ɡˊɖɟɏŰɟɘŬ ɔɏɛɘɕŮ Űɞ əɨˊŮɚɚɞ Űɞɡ ŮˊɘůəɏˊŰɖ ɛŮ 

əŬɗŬɟɧ ɞɑɜɞ ɐ ŬɟŬɘɤɛɏɜɞ ɛŮ ɜŮɟɧ ůŰɖɜ ˊɞůɧŰɖŰŬ ˊɞɡ 

ŬɡŰɧɠ ŮˊɘɗɡɛɞɨůŮ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ ɗŬ 

Űɞ ŰɟŬɓɞɨůŮ Ŭˊɧ Űɖɜ ˊŬɚɎɛɖ Űɖɠ. 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȷɡŰɧɛŬŰŬ Űɖɠ ȷɟɢŬɘɧŰɖŰŬɠ [8] 3/3 

ɇɞ ɡŭɟŬɡɚɘəɧ ɟɞɚɧɘ Űɞɡ ȾŰɖůɑɓɘɞɡ: Ƀ 

ȾŰɖůɑɓɘɞɠ, ȰɚɚɖɜŬɠ űɡůɘəɧɠ əŬɘ 

ŮűŮɡɟɏŰɖɠ Ŭˊɧ Űɖɜ ȷɚŮɝɎɜŭɟŮɘŬ 

ůɢŮŭɑŬůŮ əŬɘ əŬŰŬůəŮɨŬůŮ Űɞ ɡŭɟŬɡɚɘəɧ 

ɟɞɚɧɘ Űɞ ɞˊɞɑɞ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɢɟɐůɖ ɛɑŬɠ 

ˊɖɔɐɠ ɜŮɟɞɨ əŬɘ əŬŰɎɚɚɖɚɖ ˊɟɞůŬɟɛɞɔɐ 

Űɖɠ ɟɞɐɠ Űɖɠ. ɇɞ ɟɞɚɧɘ ŬɡŰɧ ɏɢŮɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ŬŭɘɎəɞˊŬ 

ñɛŮŰɟɩɜŰŬɠò ŰŬ 365 ŭɘŬűɞɟŮŰɘəɎ ɤɟɎɟɘŬ 

Űɞɡ ɏŰɞɡɠ. 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɇɞ ɡŭɟŬɡɚɘəɧ ɟɞɚɧɘ Űɞɡ ȾŰɖůɑɓɘɞɡ-ɇɟɧˊɞɠ 

ȿŮɘŰɞɡɟɔɑŬɠ [8] 1/2 
Å ɇɞ ɜŮɟɧ Űɖɠ ˊɖɔɐɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ ůŰɞ ŬɜɩŰŮɟɞ ŭɞɢŮɑɞ (ȹɞɢŮɑɞ 1). 

Å ȷɡŰɧ ɛŮ Űɖ ůŮɘɟɎ Űɞɡ ŰɟɞűɞŭɞŰŮɑ ɛŮ ɜŮɟɧ Űɞ ɛɘəɟɧŰŮɟɞ ŮɜŭɘɎɛŮůɞ ŭɞɢŮɑɞ (ȹɞɢŮɑɞ 2), Űɞ 

ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ɏɜŬɜ ŮɚŮɔəŰɐ ůŰŬɗŮɟɐɠ ůŰɎɗɛɖɠ ɛŮ ɏɜŬ ůɨůŰɖɛŬ əɤɜɘəɐɠ ɓŬɚɓɑŭŬɠ ŭɘŬəɞˊɐɠ 

Űɖɠ ɟɞɐɠ Űɞɡ ɜŮɟɞɨ, ˊɎɜɤ ůŰɞɜ ˊɚɤŰɐɟŬ ˊɞɡ ˊŮɟɘɏɢŮɘ. 

Å ɀɏůɤ Ůɜɧɠ ñůŰŬɚɎəŰɖò ŰɟɞűɞŭɞŰŮɑŰŬɘ Űɞ əɎŰɤ ŭɞɢŮɑɞ (ȹɞɢŮɑɞ 3) ůŰŬɔɧɜŬ-ůŰŬɔɧɜŬ ɛŮ 

əŬŰɎɚɚɖɚɖ ɟɞɐ. ȼ Ɏɜɞŭɞɠ Űɖɠ ůŰɎɗɛɖɠ ůŰɞ ŭɞɢŮɑɞ 3 ˊɟɞəŬɚŮɑ Űɖɜ ɨɣɤůɖ Űɞɡ ˊɚɤŰɐɟŬ ˊɞɡ 

ˊŮɟɘɏɢŮɘ ɞ ɞˊɞɑɞɠ, ɛɏůɤ ɛɑŬɠ ɟɎɓŭɞɡ, ŬɜŮɓɎɕŮɘ ɏɜŬ ɛɘəɟɧ ŬɔŬɚɛŬŰɑŭɘɞ ɛŮ ɏɜŬɜ ŭŮɑəŰɖ, ɞ 

ɞˊɞɑɞɠ ɡˊŮŭŮɑəɜɡŮ Űɖɜ ɩɟŬ ůŮ ɏɜŬ ˊŮɟɘůŰɟŮűɧɛŮɜɞ ŰɨɛˊŬɜɞ. 

Å ɆŰɞ ŰɨɛˊŬɜɞ ŬɡŰɧ ŬɜŬɔɟɎűɞɜŰŬɘ ɞɘ ɩɟŮɠ Űɞɡ 24ɩɟɞɡ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɖɛŮɟɞɛɖɜɑŬ. ȳŰŬɜ 

űɗɎɜŮɘ ɞ ŭŮɑəŰɖɠ ůŰɞ Űɏɚɞɠ Űɞɡ 24ɩɟɞɡ, ɛɏůɤ Ůɜɧɠ ˊŬɟɎˊɚŮɡɟɞɡ ůɘűɞɜɘɞɨ Űɞɡ ŭɞɢŮɑɞɡ 3, 

ŬŭŮɘɎɕŮɘ Űɞ ŭɞɢŮɑɞ ŬɡŰɧ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬɟɢɑɕŮɘ Ŭˊɧ Űɖɜ Ŭɟɢɐ. 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɇɞ ɡŭɟŬɡɚɘəɧ ɟɞɚɧɘ Űɞɡ ȾŰɖůɑɓɘɞɡ-ɇɟɧˊɞɠ 

ȿŮɘŰɞɡɟɔɑŬɠ [8] 2/2 

ÅɀŮ Űɖɜ əɎɗɞŭɞ Űɞɡ ˊɚɤŰɐɟŬ, ɚɧɔɤ Űɞɡ 

ŬŭŮɘɎůɛŬŰɞɠ Űɞɡ ŭɞɢŮɑɞɡ 3, ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɏɜŬ 

ůɨůŰɖɛŬ ɛŮŰɎŭɞůɖɠ əɑɜɖůɖɠ ɛŮ ůɢɏůɖ 1 ˊɟɞɠ 

365 Űɞ ɞˊɞɑɞ ˊɟɞəŬɚŮɑ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɞɡ 

ŰɡɛˊɎɜɞɡ ɏŰůɘ ɩůŰŮ ɞ ŭŮɑəŰɖɠ ɜŬ ŭŮɑɢɜŮɘ ɛŮ 

ŬəɟɑɓŮɘŬ Űɞ ɤɟɎɟɘɞ Űɖɠ ŮˊɧɛŮɜɖɠ ɖɛɏɟŬɠ. 

Åɀɏůɤ Űɞɡ ˊŬɟŬˊɎɜɤ Űɟɧˊɞɡ ɚŮɘŰɞɡɟɔɑŬɠ, Űɞ 

ɟɞɚɧɘ ŬɡŰɧ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɚŮɘŰɞɡɟɔŮɑ 

ŬŭɘɎəɞˊŬ (ɧůɞ ɡˊɎɟɢŮɘ ˊŬɟɞɢɐ ɜŮɟɞɨ Ŭˊɧ Űɖɜ 

ˊɖɔɐ ůŰɞ ŭɞɢŮɑɞ 1), ñɛŮŰɟɩɜŰŬɠò ŰŬ 365 

ŭɘŬűɞɟŮŰɘəɎ ɤɟɎɟɘŬ Űɞɡ ɏŰɞɡɠ. 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȷɡŰɧɛŬŰŬ Űɞɡ ɀŮůŬɑɤɜŬ əŬɘ Űɖɠ ȷɜŬɔɏɜɜɖůɖɠ [9] 

1/2 
ȷɚ ũɘŬɕɎɟɘ (Badǭ Ὰ az-Zaman AbȊ l- Ὰ Izz ibn IsmǕ Ὰ ǭl ibn ar-RazǕz al-Jazarǭ) (1136-

1206 ɛ.ɉ.): űɘɚɧɚɞɔɞɠ, ɛŬɗɖɛŬŰɘəɧɠ, əŬɚɚɘŰɏɢɜɖɠ, ŮűŮɡɟɏŰɖɠ, ɛɖɢŬɜɘəɧɠ əŬɘ ŰŮɢɜɑŰɖɠ. 

Å ɀɖɢŬɜɘəɧɠ ŰɡɛˊŬɜɘůŰɐɠ: Űɞ ˊɟɩŰɞ ŬɜɗɟɤˊɞŮɘŭɏɠ ȷɡŰɧɛŬŰɞ Űɞɡ ɀŮůŬɑɤɜŬ. 

Å Ʌɞɚɧɘ ȾɎůŰɟɞ: ůɨɜɗŮŰɖ ŬɡŰɧɛŬŰɖ ɛɖɢŬɜɐ, ɛŮ ɨɣɞɠ ˊŮɟɑˊɞɡ 3.4 ɛɏŰɟŬ ˊɞɡ ŮɑɢŮ 

ˊɞɚɚŬˊɚɏɠ ɚŮɘŰɞɡɟɔɑŮɠ, ŮəŰɧɠ Űɖɠ Űɐɟɖůɖɠ Űɞɡ ɢɟɧɜɞɡ, ɧˊɤɠ ɖ ŮɛűɎɜɘůɖ Űɤɜ 

ɕɤŭɘŬəɩɜ Űɟɞɢɘɩɜ, Űɟɞɢɘɩɜ ȱɚɘɞɡ əŬɘ ɆŮɚɐɜɖɠ ə.Ŭ.. 

Å ñThe Book of Knowledge of Ingenious Mechanical Devicesñ (ɇɞ ɓɘɓɚɑɞ Űɖɠ 

ɔɜɩůɖɠ Űɤɜ Ⱥɡűɡɩɜ ɀɖɢŬɜɘəɩɜ ɆɡůəŮɡɩɜ): ŮəŭɧɗɖəŮ Űɞ 1206 əŬɘ ˊŮɟɘɔɟɎűŮɘ 

100 ɛɖɢŬɜɘəɏɠ ůɡůəŮɡɏɠ, ɛŬɕɑ ɛŮ Űɘɠ ɞŭɖɔɑŮɠ əŬŰŬůəŮɡɐɠ ŬɡŰɩɜ.  

 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   14 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȷɡŰɧɛŬŰŬ Űɞɡ ɀŮůŬɑɤɜŬ əŬɘ Űɖɠ ȷɜŬɔɏɜɜɖůɖɠ 

[10,11,12] 2/2 
Leonardo da Vinci (15 ȷˊɟɘɚɑɞɡ 1452 - 2 ɀŬȶɞɡ 1519): ȽŰŬɚɧɠ ŬɟɢɘŰɏəŰɞɜŬɠ, 

ɕɤɔɟɎűɞɠ, ɔɚɨˊŰɖɠ, ɛɞɡůɘəɧɠ, ŮűŮɡɟɏŰɖɠ, ɛɖɢŬɜɘəɧɠ, ŬɜŬŰɧɛɞɠ, ɔŮɤɛɏŰɟɖɠ, 

ˊŬɚŬɘɞɜŰɞɚɧɔɞɠ əŬɘ ɔɘŬŰɟɧɠ. 

Å Ʉɚɞɨůɘɞ ɗŮɤɟɖŰɘəɧ ɏɟɔɞ ɛŮ ˊŮɟɘɔɟŬűɐ ˊɞɚɚɩɜ ɛɖɢŬɜɩɜ, ŬəɧɛŬ əŬɘ ɘˊŰɎɛŮɜɤɜ. 

Å Ʉɞɚɨ ůɖɛŬɜŰɘəɧ Űɞɡ ɏɟɔɞ ŮɑɜŬɘ ɏɜŬ ȷɡŰɧɛŬŰɞ ˊɞɡ əŬŰŬůəŮɨŬůŮ, ɏɜŬɠ ɛɖɢŬɜɘəɧɠ 

ɘˊˊɧŰɖɠ, Űɞ ˊŬɚŬɘɧŰŮɟɞ ůɤɕɧɛŮɜɞ ůɢɏŭɘɞ ŬɜɗɟɤˊɞŮɘŭɞɨɠ ȷɡŰɧɛŬŰɞɡ, ˊɞɡ ŮɑɢŮ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬɜŬůɖəɩɜŮɘ əŬɘ ɜŬ ŬɜŬəɘɜŮɑ ŰŬ ɢɏɟɘŬ Űɞɡ əŬɘ Űɞ əŮűɎɚɘ Űɞɡ, əŬɗɩɠ 

əŬɘ ɜŬ ůɖəɩɜŮŰŬɘ ɧɟɗɘɞ əŬɘ ɜŬ əɎɗŮŰŬɘ, ɛŮ ˊŮɟɘɞɟɘůɛɏɜŮɠ ɧɛɤɠ əɘɜɐůŮɘɠ, ɞɘ 

ŬɜŬɚɞɔɑŮɠ Űɞɡ ɞˊɞɑɞɡ Ŭəɞɚɞɡɗɞɨɜ Űɘɠ ŬɜŬɚɞɔɑŮɠ Űɞɡ Ŭɜɗɟɩˊɞɡ Űɞɡ ȸɘŰɟɞɨɓɘɞɡ. 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

Ƀ ɛɖɢŬɜɘəɧɠ ɘˊˊɧŰɖɠ Űɞɡ Da Vinci [11] 1/2 

ɇɞ ȷɡŰɧɛŬŰɞ Űɞɡ ȿŮɞɜɎɟɜŰɞ ɁŰŬ 

ȸɑɜŰůɘ əŬɘ ɞ ŮůɤŰŮɟɘəɧɠ Űɞɡ 

ɛɖɢŬɜɘůɛɧɠ, ɧˊɤɠ ŮəŰɑɗŮɜŰŬɘ ůŮ 

ŭɘɎűɞɟŮɠ ŮəɗɏůŮɘɠ: 

üȹɖɛɘɞɡɟɔɐɗɖəŮ ɤɠ ˊɞɚŮɛɘəɐ 

ɛɖɢŬɜɐ ɔɘŬ ŬɛɡɜŰɘəɞɨɠ ůəɞˊɞɨɠ, 

ɏəŬɜŮ ˊŮɟɘɞɟɘůɛɏɜŮɠ əɘɜɐůŮɘɠ əŬɘ 

ɐŰŬɜ ɏŰůɘ ůɢŮŭɘŬůɛɏɜɞ ɩůŰŮ ɞɘ 

əɘɜɐůŮɘɠ ˊɞɡ ɏəŬɜŮ ɜŬ ŭɑɜɞɡɜ Űɖɜ 

ŮɜŰɨˊɤůɖ ɧŰɘ ɡˊɎɟɢŮɘ əɎˊɞɘɞɠ 

Ɏɜɗɟɤˊɞɠ ɛɏůŬ ůŰɖɜ ˊŬɜɞˊɚɑŬ. 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

Ƀ ɛɖɢŬɜɘəɧɠ ɘˊˊɧŰɖɠ Űɞɡ Da Vinci [11] 2/2 

ÅɀˊɞɟɞɨůŮ ɜŬ ůŰŬɗŮɑ, ɜŬ əŬɗɑůŮɘ, ɜŬ ůɖəɩůŮɘ Űɞ ɔŮɑůɞ Űɞɡ ɜŬ əɞɡɜɐůŮɘ Űɞ ɚŬɘɛɧ Űɞɡ əŬɘ  

ŬɜŮɝɎɟŰɖŰŬ ŰŬ ɢɏɟɘŬ Űɞɡ. 

ÅɃɚɧəɚɖɟɞ Űɞ ɟɞɛˊɞŰɘəɧ ůɨůŰɖɛŬ ɚŮɘŰɞɡɟɔɞɨůŮ ɛŮ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ŰɟɞɢŬɚɑŮɠ əŬɘ əŬɚɩŭɘŬ. 

ÅɆɢŮŭɘɎůŰɖəŮ Űɞ 1495 əŬɘ ŬɜŬəŬɚɨűɗɖəŮ Űɞ 1957 Ŭˊɧ Űɞɜ Carlo Pedretti, əɟɡɛɛɏɜɞɠ 

ŬɜɎɛŮůŬ ůŰŬ ŬɛɏŰɟɖŰŬ ůɢɏŭɘŬ Űɞɡ ɛŮɔɎɚɞɡ ŬɡŰɞɨ ŮűŮɡɟɏŰɖ. 

Åɇɞ 1996, ɞ Mark Rosheim ŭɖɛɞůɑŮɡůŮ ɛɘŬ ŬɜŮɝɎɟŰɖŰɖ ɛŮɚɏŰɖ Űɞɡ ɟɞɛˊɧŰ, Űɖɜ ɞˊɞɑŬ əŬɘ 

ŬəɞɚɞɨɗɖůŮ ɛɘŬ ůɡɜŮɟɔŬůɑŬ ŬɜŬəŬŰŬůəŮɡɐɠ ɛŮ Űɞ ɘɜůŰɘŰɞɨŰɞ Űɖɠ ūɚɤɟŮɜŰɑŬɠ əŬɘ Űɞ 

ɛɞɡůŮɑɞ ɘůŰɞɟɑŬɠ əŬɘ ŮˊɘůŰɖɛɩɜ. 

ÅȰɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ɛɞɜŰɏɚɞ ůŮ űɡůɘəɏɠ ŭɘŬůŰɎůŮɘɠ əŬŰŬůəŮɡɎůŰɖəŮ ɛɧɚɘɠ Űɞ 2002 Ŭˊɧ Űɞɜ 

Rosheim, ůŰŬ ˊɚŬɑůɘŬ Űɤɜ ɔɡɟɘůɛɎŰɤɜ Ůɜɧɠ ɜŰɞəɘɛŬɜŰɏɟ Űɞɡ BBC. 

17 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɇɞ ɛɖɢŬɜɘəɧ ɚɘɞɜŰɎɟɘ Űɞɡ DaVinci 

Å To 1515 ŭɖɛɘɞɨɟɔɖůŮ ɏɜŬ ɛɖɢŬɜɘəɧ ɚɘɞɜŰɎɟɘ ɛŮ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊŮɟˊŬŰɎŮɘ əŬɘ ɧŰŬɜ űŰɎůŮɘ 

ůŰɞɜ ˊɟɞɞɟɘůɛɧ Űɞɡ ɜŬ ŬɜɞɑɔŮɘ Űɞ ůŰɐɗɞɠ Űɞɡ 

ɚɘɞɜŰŬɟɘɞɨ, ŬˊɞəŬɚɨˊŰɞɜŰŬɠ ɏɜŬ fleur-de-lis 

(ůŰɡɚɘɕŬɟɘůɛɏɜɞ əɟɑɜɞ) ˊɟɞɠ Űɘɛɐɜ Űɖɠ ɔŬɚɚɘəɐɠ 

ɛɞɜŬɟɢɑŬɠ. 

Å ɇɞ ɚɘɞɜŰɎɟɘ ɢɎɗɖəŮ ɐ əŬŰŬůŰɟɎűɖəŮ ůŮ əɎˊɞɘɞ 

ůɖɛŮɑɞ Űɖɠ ɘůŰɞɟɑŬɠ əŬɘ ɝŬɜŬəŬŰŬůəŮɡɎůŰɖəŮ Űɞ 

2009 Ŭˊɧ Űɞɜ ɛɖɢŬɜɘəɧ Renato. 

Å ɆŰɖ űɤŰɞɔɟŬűɑŬ űŬɑɜŮŰŬɘ ɧˊɤɠ ŮəŰɑɗŮŰŬɘ ůŰɖɜ 

ɔəŬɚŮɟɑ Űɞɡ Leonardo DaVinci Workshop ůŰɖ 

ɁɏŬ Ɉɧɟəɖ Űɤɜ ȼ.Ʉ.ȷ. . 

18 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȷˊɧ ŰŬ ȷɡŰɧɛŬŰŬ ůŰŬ ɅɞɛˊɧŰ 

Å O əɚɎŭɞɠ Űɤɜ ŬɡŰɧɛŬŰɤɜ ɛɖɢŬɜɩɜ, Ŭˊɧ ŰŬ ɛɏůŬ Űɞɡ 20ɞɡ  ŬɘɩɜŬ ɗŬ ɛŮŰɞɜɞɛŬůŰŮɑ 

ůŮ əɚɎŭɞ Űɖɠ ɟɞɛˊɞŰɘəɐɠ. 

Å ȺɝŮɚɑɢɗɖəŮ ɟŬɔŭŬɑŬ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɛɏɢɟɘ ŰɧŰŮ Ůɝɏɚɘɝɖ Űɞɡ, ɚɧɔɤ: 

ü Űɖɠ ŬɜŬəɎɚɡɣɖɠ əŬɘ Űɖɠ ɛŮɚɏŰɖɠ Űɞɡ ɖɚŮəŰɟɘůɛɞɨ əŬɘ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘůɛɞɨ ůŰŬ 
Űɏɚɖ Űɞɡ 19ɞɡ ŬɘɩɜŬ əŬɘ 

ü Űɖɠ ŮűŮɨɟŮůɖɠ Űɤɜ ɞɚɞəɚɖɟɤɛɏɜɤɜ əɡəɚɤɛɎŰɤɜ əŬɘ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ Űɞɜ 20ɞ 
ŬɘɩɜŬ. 

Å ȷɚɚŬɔɐ əɘɜɖŰɐɟɘɞɡ ŭɨɜŬɛɖɠ Ŭˊɧ ɛɖɢŬɜɘəɐɠ űɨůɖɠ ůŮ ɖɚŮəŰɟɘəɐɠ. 

Å ɇŬ ůɨɔɢɟɞɜŬ ɟɞɛˊɧŰ ŮɑɜŬɘ ɖɚŮəŰɟɞɜɘəɎ. 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   19 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

Ƀ ŬɡŰɧɛŬŰɞɠ ŬɟɔŬɚŮɘɧɠ Űɞɡ Joseph-Marie Jacquard 

[13] 
Å ɄɟɩŰɖ ɛŮɔɎɚɖ ŮűŮɨɟŮůɖ Űɞɡ 19ɞɡ ŬɘɩɜŬ ɐŰŬɜ ɖ əŬŰŬůəŮɡɐ Ůɜɧɠ ŬɡŰɧɛŬŰɞɡ 

ŬɟɔŬɚŮɘɞɨ Ŭˊɧ Űɞɜ Joseph-Marie Jacquard Űɞ 1804. 

Å Ƀ ɏɚŮɔɢɞɠ Űɞɡ ɛɖɢŬɜɐɛŬŰɞɠ ɔɘɜɧŰŬɜ ɛŮ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ ŭɘɎŰɟɖŰɤɜ əŬɟŰɩɜ Űɘɠ 

ɞˊɞɑŮɠ ŮɘůɐɔŬɔŮ ɞ ɢɟɐůŰɖɠ. 

ü ȺɑɢŬɜ ˊɞɚɚŬˊɚɏɠ ůŮɘɟɏɠ Űɟɡˊɩɜ əŬɘ ˊɞɚɚɏɠ ŰɏŰɞɘŮɠ əɎɟŰŮɠ ŮɜɩɜɞɜŰŬɜ ɛŬɕɑ ɔɘŬ Űɖɜ 
ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ ůɡɜŮɢɧɛŮɜɖɠ ŬɚɚɖɚɞɡɢɑŬɠ əŬɟŰɩɜ. 

ü ȾɎɗŮ ŰɏŰɞɘŬ ŬɚɚɖɚɞɡɢɑŬ ŬɜŰɘůŰɞɘɢɞɨůŮ ůŰɞ ŮˊɘɗɡɛɖŰɧ ůɢɏŭɘɞ ˊɞɡ ɗŬ 
ɢɟɖůɘɛɞˊɞɘɞɨůŮ ɞ ŬɟɔŬɚŮɘɧɠ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. 

ü ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ůɡɜɏɢŮɘŬ əŬɘ Ŭˊɧ Ɏɚɚɞɡɠ ŮűŮɡɟɏŰŮɠ əŬɘ ɞŭɐɔɖůŬɜ ůŰɖɜ 
ŮűŮɨɟŮůɖ Űɞɡ ɖɚŮəŰɟɞɜɘəɞɨ ɡˊɞɚɞɔɘůŰɐ ˊɞɡ ŭŮɢɧŰŬɜ ŮɜŰɞɚɏɠ ɛɏůɤ ŭɘɎŰɟɖŰɤɜ 
əŬɟŰɩɜ. 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   20 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɀŮɚɏŰŮɠ əŬɘ ŮűŮɡɟɏůŮɘɠ ˊɞɡ ůɡɜŮŰɏɚŮůŬɜ ůŰɖɜ 

Ůɝɏɚɘɝɖ Űɖɠ ɟɞɛˊɞŰɘəɐɠ 1/2 
Å ȼ ŮűŮɨɟŮůɖ Űɞɡ ɖɚŮəŰɟɘəɞɨ ůŰɞɘɢŮɑɞɡ Ŭˊɧ Űɞɜ Alessandro Volta, Űɞ 1799. 

Å ȼ ɗŮɛŮɚɑɤůɖ Űɖɠ ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŪŮɤɟɑŬɠ əŬɘ Űɖɠ ŮˊŬɚɐɗŮɡůɖɠ Űɖɠ Ŭˊɧ Űɞɜ 

Hertz Űɞ 1887. 

Å ȼ ŮűŮɨɟŮůɖ Űɖɠ ŭɘɧŭɞɡ əŮɜɞɨ Ŭˊɧ Űɞɜ Fleming Űɞ 1904 əŬɘ Űɖɠ Űɟɘɧŭɞɡ ɚɡɢɜɑŬɠ 

(ɚɡɢɜɑŬ əŮɜɞɨ) Űɞ 1904 Ŭˊɧ Űɞɜ Lee De Frost. 

Å ȼ ŮűŮɨɟŮůɖ Űɞɡ transistor Ŭˊɧ Űɞɡɠ John Bardeen, Walter Brattain əŬɘ William 

Shockley, Űɞ 1947. 

Å ȼ ŮűŮɨɟŮůɖ Űɞɡ ɞɚɞəɚɖɟɤɛɏɜɞɡ əɡəɚɩɛŬŰɞɠ Ŭˊɧ Űɞɡɠ Jack Kirby əŬɘ Robert 

Noyce əŬɘ ɖ ŮűŮɨɟŮůɖ Űɞɡ laser Ŭˊɧ Űɞɡɠ Townes əŬɘ Schawlow Űɞ 1958.  

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   21 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɀŮɚɏŰŮɠ əŬɘ ŮűŮɡɟɏůŮɘɠ ˊɞɡ ůɡɜŮŰɏɚŮůŬɜ ůŰɖɜ 

Ůɝɏɚɘɝɖ Űɖɠ ɟɞɛˊɞŰɘəɐɠ 2/2 
Å ȼ ůɡɜŮɘůűɞɟɎ Űɤɜ ˊŬɟŬˊɎɜɤ: 

ü ɀɑəɟɡɜŬɜ Űɘɠ ŬˊŬɘŰɞɨɛŮɜŮɠ ŭɘŬůŰɎůŮɘɠ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ Űɤɜ ŬɡŰɧɛŬŰɤɜ ɛɖɢŬɜɩɜ. 

ü ȸŮɚŰɑɤůŬɜ ˊɞɚɨ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Ŭˊɧŭɞůɖɠ Űɤɜ ȷɡŰɧɛŬŰɤɜ. 

ü ȰəŬɜŬɜ ŮűɘəŰɐ Űɖɜ ŬɜɎˊŰɡɝɖ ˊɞɚɨ ˊɘɞ ˊɞɚɨˊɚɞəɤɜ ɛɖɢŬɜɘůɛɩɜ ˊɞɡ ˊɟɞůɏŭɘŭŬɜ 
ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ŭɡɜŬŰɞŰɐŰɤɜ. 

 

Åɉɟɐůɖ ȼɚŮəŰɟɞɛŬɔɜɖŰɘůɛɞɨ ɔɘŬ Űɞɜ ŬˊɞɛŬəɟɡůɛɏɜɞ ɏɚŮɔɢɞ: 

ü ɇɞ ˊɟɩŰɞ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞ ɧɢɖɛŬ ˊŬɟɞɡůɘɎůŰɖəŮ Ŭˊɧ Űɞɜ Nikola Tesla Űɞ 1898 
ůŰɞ Madison Square Garden ůŰɖɜ ɁɏŬ Ɉɧɟəɖ. ȰɜŬ ˊɚɤŰɧ ɖɚŮəŰɟɘəɧ ůəɎűɞɠ ˊɞɡ 
ŮɚŮɔɢɧŰŬɜ ɛɏůɤ Ůɜɧɠ ŰɖɚŮɢŮɘɟɘůŰɖɟɑɞɡ əŬɘ ɛˊɞɟɞɨůŮ ɜŬ əɘɜŮɑŰŬɘ, ɜŬ ŬɜŬɓɞůɓɐɜŮɘ 
űɩŰŬ əŬɘ ɜŬ ɓɡɗɑɕŮŰŬɘ. [14] 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   22 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɅɞɛˊɞŰɘəɐ: ɆɡɜŭɡŬůŰɘəɧɠ əɚɎŭɞɠ 

ÅçəŬŰŬəɧɟɡűɖè 

əŬŰɎŰɛɖůɖ ůŮ 

ɗŮɛŬŰɞɚɞɔɘəɎ 

ŮˊɘůŰɖɛɞɜɘəɎ 

ˊŮŭɑŬ. 

ÅçɞɟɘɕɧɜŰɘŬè 

əŬŰɎŰɛɖůɖ ůŮ 

ˊŮŭɑŬ ŮűŬɟɛɞɔɩɜ. 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   23 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȽůŰɞɟɑŬ Űɞɡ ɧɟɞɡ ñɅɞɛˊɧŰò [5,15,16] 

Å 1921: ɢɟɞɜɘɎ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɞ əɞɘɜɧ Űɞ ɗŮŬŰɟɘəɧ ɏɟɔɞ Űɞɡ ɇůɏɢɞɡ ůɡɔɔɟŬűɏŬ Karel 

Ļapek ñR.U.R.ò 

Å 1927: ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ŰŬɘɜɑŬɠ ñMetropolisò Űɞ 1927 Ŭˊɧ Űɞɜ Fritz Lang ɧˊɞɡ ɔɘŬ ˊɟɩŰɖ űɞɟɎ 

ŮɛűŬɜɑɕŮŰŬɘ ɏɜŬ ɗɖɚɡəɧ ɟɞɛˊɧŰ, ɞɜɧɛŬŰɘ ñMariaò, ɞ ñˊɟɧɔɞɜɞɠò Űɤɜ ɛŮŰɏˊŮɘŰŬ 

ŮɛűŬɜɘɕɧɛŮɜɤɜ ɢŬɟŬəŰɐɟɤɜ ɟɞɛˊɧŰ Űɖɠ ɏɓŭɞɛɖɠ Űɏɢɜɖɠ. 

Å 1939: ȷɟɢɐ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ɏɟɔɞɡ ñRobot Seriesò Ŭˊɧ Űɞɜ ȽůŬɎə ȷůɑɛɞű ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ 38 ɛɘəɟɏɠ ɘůŰɞɟɑŮɠ əŬɘ 5 ɛɡɗɘůŰɞɟɐɛŬŰŬ, ůŰŬ ɞˊɞɑŬ ˊɟɤŰŬɔɤɜɘůŰɏɠ ŮɑɜŬɘ ŮɝŮɚɘɔɛɏɜŬ 

ñɄɞɕɘŰɟɞɜɘəɎò (positronic) ɟɞɛˊɧŰ. ɆŰŬ ɏɟɔŬ ŬɡŰɎ ɗŮůɛɑɕɞɜŰŬɘ ɞɘ ñŰɟŮɘɠ ɜɧɛɞɘ Űɞɡ ȷůɑɛɞűò 

ɐ ɞɘ ñŰɟŮɘɠ ɜɧɛɞɘ Űɖɠ ɅɞɛˊɞŰɘəɐɠò ɧˊɤɠ ŬɜŬűɏɟɞɜŰŬɘ ůɐɛŮɟŬ. 

 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   24 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

Ƀɘ ŰɟŮɘɠ ɜɧɛɞɘ Űɖɠ ɅɞɛˊɞŰɘəɐɠ [16, 17, 18] 

1. ȰɜŬ ɟɞɛˊɧŰ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɓɚɎɓɖ ůŮ Ɏɜɗɟɤˊɞ ɐ ɜŬ ŮˊɘŰɟɏɣŮɘ, 

ɛŮ Űɖɜ ŬŭɟɎɜŮɘŬ Űɞɡ, ɜŬ ˊɟɞəɚɖɗŮɑ ɓɚɎɓɖ ůŮ Ɏɜɗɟɤˊɞ. 

2. ȰɜŬ ɟɞɛˊɧŰ ˊɟɏˊŮɘ ɜŬ ɡˊŬəɞɨŮɘ ůŰɘɠ ŮɜŰɞɚɏɠ əɎˊɞɘɞɡ Ŭɜɗɟɩˊɞɡ, ŮəŰɧɠ 

əŬɘ Ŭɜ ŬɡŰɏɠ ɏɟɢɞɜŰŬɘ ůŮ ůɨɔəɟɞɡůɖ ɛŮ Űɞɜ ˊɟɩŰɞ ɜɧɛɞ. 

3. ȰɜŬ ɟɞɛˊɧŰ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŰŬŰŮɨŮɘ Űɖɜ ɨˊŬɟɝɖ Űɞɡ, ɧůɞɜ ŬɡŰɧ ŭŮɜ 

ɏɟɢŮŰŬɘ ůŮ ůɨɔəɟɞɡůɖ ɛŮ Űɞɡɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ɜɧɛɞɡɠ. 

 

Ƀɘ ˊŬɟŬˊɎɜɤ ɜɧɛɞɘ ˊɞɡ əŬɗɘɏɟɤůŮ ɞ ȷůɑɛɞű, ŭŮɜ ŮɑɜŬɘ Ůˊɑůɖɛɞɘ ɜɧɛɞɘ ˊɞɡ ɜŬ ɔɘɜɞɜŰŬɘ ŬˊɞŭŮəŰɞɑ Ŭˊɞ Űɞ ůɨɜɞɚɞ 

Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ, ɏɢɞɡɜ ɧɛɤɠ ůɖɛŬɜŰɘəɐ Ůˊɘɟɟɞɐ ůŮ ŬɡŰɐ. 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   25 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

Ƀ ɛɖŭŮɜɘəɧɠ ɜɧɛɞɠ Űɖɠ ɅɞɛˊɞŰɘəɐɠ [16, 17, 18] 

ÅɆŮ ɛŮŰŬɔŮɜɏůŰŮɟɞ ŭɘɐɔɖɛŬ Űɞɡ, ɞ ȷůɑɛɞű ůɡɛˊɚɐɟɤůŮ Űɞɡɠ ˊŬɟŬˊɎɜɤ 

ɜɧɛɞɡɠ ɛŮ Űɞɜ ɛɖŭŮɜɘəɧ ɜɧɛɞ: 

ü ȰɜŬ ɟɞɛˊɧŰ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɓɚɎɓɖ ůŰɖɜ ŬɜɗɟɤˊɧŰɖŰŬ ɐ ɜŬ 
ŮˊɘŰɟɏɣŮɘ, ɛŮ Űɖɜ ŬŭɟɎɜŮɘŬ Űɞɡ, ɜŬ ˊɟɞəɚɖɗŮɑ ɓɚɎɓɖ ůŰɖɜ ŬɜɗɟɤˊɧŰɖŰŬ. 

ÅɆɨɛűɤɜŬ ɛŮ Űɞɜ ɜɧɛɞ ŬɡŰɧ, ɞ ˊɟɩŰɞɠ ɜɧɛɞɠ ɛŮŰŬŰɟɎˊɖəŮ ůŰɞɜ: 

ü ȰɜŬ ɟɞɛˊɧŰ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɓɚɎɓɖ ůŮ Ɏɜɗɟɤˊɞ ɐ ɜŬ ŮˊɘŰɟɏɣŮɘ, 
ɛŮ Űɖɜ ŬŭɟɎɜŮɘŬ Űɞɡ, ɜŬ ˊɟɞəɚɖɗŮɑ ɓɚɎɓɖ ůŮ Ɏɜɗɟɤˊɞ, ɧůɞ ŬɡŰɧ ŭŮɜ 
ɏɟɢŮŰŬɘ ůŮ ůɨɔəɟɞɡůɖ ɛŮ Űɞɜ ɛɖŭŮɜɘəɧ ɜɧɛɞ. 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   26 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȯɚŬɜ ɇɞɨɟɘɜɔə [19] 

ȯɚŬɜ ɇɞɨɟɘɜɔə (Alan Matheson Turing , 1912-1954): ȯɔɔɚɞɠ ɀŬɗɖɛŬŰɘəɧɠ, 

əŬɗɖɔɖŰɐɠ Űɖɠ ɚɞɔɘəɐɠ, əɟɡˊŰɞɔɟɎűɞɠ əŬɘ ɗŮɤɟɖŰɘəɧɠ ɓɘɞɚɧɔɞɠ. 

Å ŪŮɤɟŮɑŰŬɘ ɤɠ ɞ ñˊŬŰɏɟŬɠ Űɖɠ ŮˊɘůŰɐɛɖɠ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜò, ɢɎɟɖ ůŰɖɜ ˊɞɚɨ 

ɛŮɔɎɚɖ ůɡɜŮɘůűɞɟɎ Űɞɡ ůŰɞ ɔɜɤůŰɘəɧ ˊŮŭɑɞ Űɖɠ ɗŮɤɟɑŬɠ ɡˊɞɚɞɔɘůɛɞɨ əŬŰɎ Űɖ 

ŭŮəŬŮŰɑŬ Űɞɡ 1930, ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ɏɜɜɞɘŬɠ Űɞ ñɗŮɤɟɖŰɘəɞɨ ɡˊɞɚɞɔɘůŰɐò ˊɞɡ 

ɞɜɞɛɎůŰɖəŮ ñɛɖɢŬɜɐ ɇɞɨɟɘɜɔəò Űɞ 1936. 

Å ŪŮɤɟŮɑŰŬɘ ɤɠ ɞ ñˊŬŰɏɟŬɠ Űɖɠ ŰŮɢɜɖŰɐɠ ɜɞɖɛɞůɨɜɖɠò, ɢɎɟɖ ůŰɖ ɚŮɔɧɛŮɜɖ 

ñŭɞəɘɛŬůɑŬ Űɞɡ ɇɞɨɟɘɜɔəò (Turing test) Űɖɜ ɞˊɞɑŬ ˊɟɧŰŮɘɜŮ Űɞ 1950 əŬɘ ŬˊɞŰŮɚŮɑ 

ɏɜŬɜ Űɟɧˊɞ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ˊŮɘɟŬɛŬŰɘəɎ Ŭɜ ɛɑŬ ɛɖɢŬɜɐ ɏɢŮɘ ŬɡɗŮɜŰɘəɏɠ ɔɜɤůŰɘəɏɠ 

ɘəŬɜɧŰɖŰŮɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ůəŮűŰŮɑ. 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   27 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ȹɞəɘɛŬůɑŬ Űɞɡ ɇɞɨɟɘɜɔə [19] 

Å ȼ ŭɞəɘɛŬůɑŬ ŬɡŰɐ ˊɟɞɓɚɏˊŮɘ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ Ůɜɧɠ Ŭɜɗɟɩˊɞɡ ɛŮ ɏɜŬɜ ɡˊɞɚɞɔɘůŰɐ.  

Å Ƀ Ɏɜɗɟɤˊɞɠ ŭŮɜ ɔɜɤɟɑɕŮɘ Ŭɜ ŮɑɜŬɘ ɡˊɞɚɞɔɘůŰɐɠ ɐ Ɏɜɗɟɤˊɞɠ ŬɡŰɧ/ŬɡŰɧɠ ɛŮ Űɞ/Űɞɜ 

ɞˊɞɑɞ ŮˊɘəɞɘɜɤɜŮɑ. 

Å ɄɟɏˊŮɘ, əɎɜɞɜŰŬɠ ŮɟɤŰɐůŮɘɠ əŬɘ ˊŬɑɟɜɞɜŰŬɠ ŬˊŬɜŰɐůŮɘɠ, ɜŬ ŬˊɞűŬɜɗŮɑ Ŭɜ ŮɑɜŬɘ 

ɡˊɞɚɞɔɘůŰɐɠ ɐ Ɏɜɗɟɤˊɞɠ. 

Å ɇɖɜ ŭɞəɘɛɐ ɇɞɨɟɘɜɔə əŬŰɎűŮɟŮ əŬɘ ˊŮɟɎůŮɘ Űɞ 2014 Űɞ ɟɤůɘəɐɠ əŬŰŬůəŮɡɐɠ 

ɟɞɛˊɧŰ ɛŮ Űɞ ɧɜɞɛŬ Eugene Goostman ˊɞɡ əŬŰɎűŮɟŮ ɜŬ ˊŮɑůŮɘ Űɞ 33% Űɤɜ 

Ŭɜɗɟɩˊɤɜ ˊɞɡ ůɡɛɛŮŰŮɑɢŬɜ Űɞ ˊŮɑɟŬɛŬ ɧŰɘ ŮɑɜŬɘ ɏɜŬɠ 13ɢɟɞɜɞɠ ɛŬɗɖŰɐɠ Ŭˊɧ Űɖɜ 

ɃɡəɟŬɜɑŬ. 

   ɳʽˋʰʴ˖ʴʺ-ɹˋˍˇˊʽˁʺ ɳ˅ʷ˂ʽ˅ʹ   28 
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ȸŬůɘəɏɠ ɏɜɜɞɘŮɠ 

ɅɞɛˊɞŰɘəɐɠ 
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Ɇɨɔɢɟɞɜɞɠ Ƀɟɘůɛɧɠ Űɞɡ ȳɟɞɡ ñɅɞɛˊɧŰò [20, 21] 1/2 

Å ɇɞ ɚŮɝɘəɧ Merriam -Webster ɞɟɑɕŮɘ Űɞɜ ɧɟɞ ɤɠ: 

ü ɀɑŬ ɛɖɢŬɜɐ ˊɞɡ ɛɞɘɎɕŮɘ ɛŮ Ŭɜɗɟɩˊɘɜɞ ɞɜ əŬɘ ŮəŰŮɚŮɑ ˊɞɘəɑɚŮɠ ˊɟɎɝŮɘɠ ɧɛɞɘŮɠ ɛŮ 
Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ ɧɜŰɤɜ (ɧˊɤɠ Űɞ ɜŬ ˊŮɟˊŬŰɎŮɘ ɐ ɜŬ ɛɘɚɎŮɘ).ȰɜŬ ŬˊɞŭɞŰɘəɧ ŬɚɚɎ 
ñŬɜŬɑůɗɖŰɞò ɎŰɞɛɞ ˊɞɡ ˊɟɎŰŰŮɘ ŬɡŰɧɛŬŰŬ. 

ü ɀɑŬ ůɡůəŮɡɐ ɖ ɞˊɞɑŬ ŮəŰŮɚŮɑ ůɨɜɗŮŰŬ əŬɗɐəɞɜŰŬ, ůɡɜɐɗɤɠ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŬ, 
ŬɡŰɧɛŬŰŬ. 

ü ȰɜŬɠ ɛɖɢŬɜɘůɛɧɠ ˊɞɡ əŬɗɞŭɖɔŮɑŰŬɘ Ŭˊɧ ŬɡŰɧɛŬŰɞ ɏɚŮɔɢɞ. 
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Ɇɨɔɢɟɞɜɞɠ Ƀɟɘůɛɧɠ Űɞɡ ȳɟɞɡ ñɅɞɛˊɧŰò [20, 21, 22] 

2/2 

ü Cambridge Dictionary : ñɀɑŬ ɛɖɢŬɜɘəɐ ůɡůəŮɡɐ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ŬɡŰɧɛŬŰŬ ɐ ɛɏůɤ 
Ůɚɏɔɢɞɡ Ŭˊɧ ɏɜŬɜ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐò. 

 

ü Robot Institute  of America (RIA) : ñɀɑŬ ŮˊŬɜŬˊɟɞɔɟŬɛɛŬŰɑůɘɛɖ, ˊɞɚɡɚŮɘŰɞɡɟɔɘəɐ 
ɢŮɘɟɘůŰɘəɐ ŭɘɎŰŬɝɖ (manipulator) ůɢŮŭɘŬůɛɏɜɖ ɜŬ ɛŮŰŬəɘɜŮɑ ɡɚɘəɎ, ɛɏɟɖ, ŮɟɔŬɚŮɑŬ ɐ 
ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ůɡůəŮɡɏɠ ɛɏůɤ ˊɞɘəɑɚɤɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɤɜ əɘɜɐůŮɤɜ ɔɘŬ Űɖɜ 
ɞɚɞəɚɐɟɤůɖ ɛɑŬɠ ůŮɘɟɎɠ ŮɟɔŬůɘɩɜò. 
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Ƀɟɘůɛɧɠ Űɤɜ ɅɞɛˊɧŰ [20, 21, 22] 

ȸɎůŮɘ Űɤɜ ˊŬɟŬˊɎɜɤ ŬɚɚɎ əŬɘ Űɞɡ ɏɟɔɞɡ ɛŮŰɏˊŮɘŰŬ ŮɟŮɡɜɖŰɩɜ, ɏɢŮɘ ɞɟɘůŰŮɑ ɛŮ 

ŬɟəŮŰɎ əŬɚɐ ŬəɟɑɓŮɘŬ Űɞ ˊɞɘŮɠ ɛɖɢŬɜɏɠ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗɞɨɜ ůŬɜ ñɟɞɛˊɧŰò əŬɘ ˊɞɘɎ 

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ: 

Å ɋɠ ɅɞɛˊɧŰ ɞɟɑɕŮŰŬɘ ɛɑŬ ɛɖɢŬɜɐ ɖ ɞˊɞɑŬ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ñŬɘůɗɎɜŮŰŬɘò, ɜŬ 

ñůəɏűŰŮŰŬɘò əŬɘ ɜŬ ñŮˊŮɜŮɟɔŮɑò (ɞɘ ŬɜŰɑůŰɞɘɢɞɘ Ŭɔɔɚɘəɞɑ ɧɟɞɘ ŮɑɜŬɘ: sense, think 

əŬɘ act). 
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ȸŬůɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ ɅɞɛˊɧŰ [23, 24] 

Å ȹɘŬɗɏŰŮɘ ɏɜŬ ˊɚɐɗɞɠ ŬɘůɗɖŰɐɟɤɜ (sensors) ɔɘŬ Űɖɜ ŬˊɧəŰɖůɖ ˊɚɖɟɞűɞɟɑŬɠ Ŭˊɧ: 

ü ɇɞ ŮɝɤŰŮɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ. 

ü ɇɞ ñŮůɤŰŮɟɘəɧò Űɞɡ ˊŮɟɘɓɎɚɚɞɜ, ŭɖɚŬŭɐ Űɘɠ ŭɘəɏɠ Űɞɡ ɚŮɘŰɞɡɟɔɑŮɠ. 

 

Å ȰɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ, ɛɏůɤ ɛɑŬɠ CPU, Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ 

ŬˊɞəŰɎ ɛɏůɤ Űɤɜ ŬɘůɗɖŰɐɟɤɜ. 

Å ȰɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮˊŮɜŮɟɔŮɑ ɛŮ ɢɟɐůɖ əɎˊɞɘɤɜ əɘɜɖŰɩɜ ŮɝŬɟŰɖɛɎŰɤɜ ˊɞɡ 

əŬɚɞɨɜŰŬɘ ñȺˊŮɜŮɟɔɖŰɏɠò (actuators) ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ əɎˊɞɘŬɠ ŮɟɔŬůɑŬɠ. 
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ȸŬůɘəɎ ɛɏɟɖ Ůɜɧɠ ɟɞɛˊɧŰ [23, 24] 

ȰɜŬ ɟɞɛˊɧŰ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɓŬůɘəɎ ůɡůŰɐɛŬŰŬ: 

Å ɇɞ ˊɟɩŰɞ ŮɑɜŬɘ Űɞ ɛɖɢŬɜɘəɧ, ůŰɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ Űɞ ůɨůŰɖɛŬ əɑɜɖůɖɠ ŮɑŰŮ 

ɞɚɧəɚɖɟɞɡ Űɞɡ ɟɞɛˊɧŰ ŮɑŰŮ əɎˊɞɘɤɜ ɛŮɟɩɜ Űɞɡ. 

Å ɇɞ ŭŮɨŰŮɟɞ Űɞ ɖɚŮəŰɟɞɜɘəɧ, ůŰɞ ɞˊɞɑɞ ɡˊɎɔŮŰŬɘ ɖ CPU əŬɘ ɖ 

ŮˊŬɜŬˊɟɞɔɟŬɛɛŬŰɘɕɧɛŮɜɖ ɛɜɐɛɖ Űɞɡ ɧˊɤɠ əŬɘ ɞɘ ŭɘɎűɞɟɞɘ ŬɘůɗɖŰɐɟŮɠ. 
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ȸŬůɘəɏɠ ȹɡɜŬŰɧŰɖŰŮɠ Ůɜɧɠ ɅɞɛˊɧŰ [23, 24] 

Å ɁŬ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮˊŬɜŬˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ɞˊɧŰŮ ɏɜŬ ɟɞɛˊɧŰ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ˊŮɟɘɏɢŮɘ ŰŬ ɓŬůɘəɎ ɛɏɟɖ Ůɜɧɠ ɖɚŮəŰɟɞɜɘəɞɨ ɡˊɞɚɞɔɘůŰɐ ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞɔɟŬɛɛŬŰɑɕŮŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ŮɟɔŬůɑŬɠ ˊɞɡ 

əŬɚŮɑŰŬɘ ɜŬ ŮəŰŮɚɏůŮɘ əŬɘ ɜŬ ŮˊŮɝŮɟɔɎɕŮŰŬɘ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɡɚɚɏɔŮɘ. 

Å ɁŬ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ əɑɜɖůɖɠ, ŮɑŰŮ ɞɚɧəɚɖɟɞ ŮɑŰŮ ɛŮɟɩɜ Űɞɡ, Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ɀɖɢŬɜɘəɐɠ ȹɟɎůɖɠ, ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚŮɑ Űɘɠ űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ 

ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮəɎůŰɖɠ ŮɟɔŬůɑŬɠ. 

Å ɁŬ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ əŬɘ 

ůŰɧɢɞɡɠ ŮɟɔŬůɑŬɠ, ŭɖɚŬŭɐ ɜŬ ɏɢŮɘ ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬ, ŮɡůŰɟɞűɑŬ əŬɘ ŮɡəŬɛɣɑŬ 

(ɞɘ ŬɜŰɑůŰɞɘɢɞɘ Ŭɔɔɚɘəɞɑ ɧɟɞɘ ŮɑɜŬɘ: adaptability, versatility əŬɘ flexibility ). 
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ñũŮɜɘɏɠò ɅɞɛˊɧŰ [22, 23, 24] 

ɇŬ ůŰɎŭɘŬ Űɖɠ Ůɝɏɚɘɝɖɠ Űɖɠ ɅɞɛˊɞŰɘəɐɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ñɔŮɜɘɏɠò: 

Å ɅɞɛˊɧŰ ˊɟɩŰɖɠ ɔŮɜɘɎɠ: ŮɑɜŬɘ ŬɟəŮŰɎ ŬˊɚɎ əŬɘ ɛŮ ˊŮɟɘɞɟɘůɛɏɜŮɠ ɘəŬɜɧŰɖŰŮɠ, ɢɤɟɑɠ ɜŬ 

ɏɢɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ɡˊɞɚɞɔɘůɛɞɨ əŬɘ ñŬɑůɗɖůɖɠò (ůɡɚɚɞɔɐ ˊɚɖɟɞűɞɟɘɩɜ Ŭˊɧ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ) ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ɏɢɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ŬɡŰɧɛŬŰɖɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ɜŬ 

ŬˊŬɘŰŮɑŰŬɘ əɎˊɞɘɞɠ ɢŮɘɟɘůŰɐɠ. 

Å ɅɞɛˊɧŰ ŭŮɨŰŮɟɖɠ ɔŮɜɘɎɠ: ɏɢɞɡɜ ˊŮɟɘɞɟɘůɛɏɜɖ ɡˊɞɚɞɔɘůŰɘəɐ ɘəŬɜɧŰɖŰŬ, ŭɘŬɗɏŰɞɡɜ 

ŬɘůɗɖŰɐɟŮɠ ɔɘŬ Űɖɜ ůɡɚɚɞɔɐ ˊɚɖɟɞűɞɟɘɩɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ əŬɘ ɔɘŬ Űɞɜ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɡɣɖɚɞɨ Ůˊɘˊɏŭɞɡ. 

Å ɅɞɛˊɧŰ ŰɟɑŰɖɠ ɔŮɜɘɎɠ: ŭɘŬɗɏŰɞɡɜ ñɜɞɖɛɞůɨɜɖò əŬɘ ɛˊɞɟɞɨɜ ɜŬ ˊŬɑɟɜɞɡɜ ŬˊɞűɎůŮɘɠ əŬŰɎ 

Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮəŰɏɚŮůɖɠ Űɖɠ ŮɟɔŬůɑŬɠ Űɞɡɠ, ɛɏůɤ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɛŮ ɢɟɐůɖ ŰŮɢɜɘəɩɜ 

Űɖɠ ŰŮɢɜɖŰɐɠ ɜɞɖɛɞůɨɜɖɠ əŬɘ ŮɝŮɚɘɔɛɏɜɤɜ ŬɘůɗɖŰɐɟɤɜ. 
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ɇɞ ˊɟɩŰɞ ůɨɔɢɟɞɜɞ ɟɞɛˊɧŰ [25] 

Å Elektro : Űɞ ˊɟɩŰɞ ůɨɔɢɟɞɜɞ ɟɞɛˊɧŰ 

ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɞ əɞɘɜɧ Űɖɠ 

ȷɛŮɟɘəɐɠ (ɏəɗŮůɖ Worldôs Fair Űɞɡ 

1939 ůŰɖ ɁɏŬ Ɉɧɟəɖ). 

Å ȾɘɜɞɨɜŰŬɜ ŬɜɎɛŮůŬ ůŰɞɜ əɧůɛɞ Űɖɠ 

ɏəɗŮůɖɠ, ŬɚɚɖɚŮˊɘŭɟɞɨůŮ ɛŮ Űɞɜ əɧůɛɞ 

ůɡůŰɐɜɞɜŰŬɠ Űɞɜ ŮŬɡŰɧ Űɞɡ ɛŮ Űɖɜ 

űɟɎůɖ ñȺɑɛŬɘ ɏɜŬɠ ɏɝɡˊɜɞɠ ůɨɜŰɟɞűɞɠ 

əŬɘ ɏɢɤ ɏɜŬ ˊɞɚɨ əŬɚɧ ŮɔəɏűŬɚɞ ɛŮ 48 

ɖɚŮəŰɟɘəɞɨɠ ŭɘŬəɧˊŰŮɠò. 

Å ɈˊɎəɞɡɔŮ ůŮ ŮɜŰɞɚɏɠ ˊɞɡ ɚɎɛɓŬɜŮ 

ɛɏůɤ ŰɖɚŮűɩɜɞɡ (1ɖɠ ũŮɜɘɎɠ ɟɞɛˊɧŰ). 
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ɇŬ ɅɞɛˊɧŰ ůŰɖ ɁŮɧŰŮɟɖ Ⱥˊɞɢɐ [22, 26] 

Å ɇŬ ˊɟɩŰŬ ñɛɞɜŰɏɟɜŬò ɟɞɛˊɧŰ əŬŰŬůəŮɡɎůŰɖəŬɜ ɛŮŰɎ Űɖɜ ŮűŮɨɟŮůɖ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ Űɖ 

ŭŮəŬŮŰɑŬ Űɞɡ 1940. 

ȰɜŬ Ŭˊɧ ŰŬ ˊɟɩŰŬ ɐŰŬɜ ɞ Ɇɏɘəɘ (Shakey). 

 

Å ɇŬ ŮˊɧɛŮɜŬ ɢɟɧɜɘŬ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ɟɞɛˊɞŰɘəɐɠ ɐŰŬɜ ůŮ ŬɡŰɞɛŬŰɘůɛɞɨɠ əŬɘ 

ɟɞɛˊɧŰ ŮɟɔɞůŰŬůɑɤɜ. 

Å ȰɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɤɜ ŮɟŮɡɜɖŰɩɜ ŮůŰɑŬůŬɜ Űɘɠ ˊɟɞůˊɎɗŮɘɏɠ Űɞɡɠ ůŰɖɜ ŬɜŬˊŬɟŬɔɤɔɐ 

ŬɜɩŰŮɟɤɜ əŬɘ Ŭűɖɟɖɛɏɜɤɜ Ŭɜɗɟɩˊɘɜɤɜ ɘəŬɜɞŰɐŰɤɜ, ŭɖɚŬŭɐ ůŰɖɜ ŮˊɑŰŮɡɝɖ ŰŮɢɜɖŰɐɠ 

ɜɞɖɛɞůɨɜɖɠ. 
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Ƀ Ɇɏɘəɘ (Shakey) [28] 

Ƀ Ɇɏɘəɘ (Shakey): 

Å ɆɢŮŭɘɎůŰɖəŮ Ŭˊɧ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ 

Űɞɡ Stanford Research Institute 

(ȼɄȷ), ůŰŬ Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ 

Űɞɡ 1960. 

Å ȱŰŬɜ ůŮ ɗɏůɖ ɜŬ ŰɞˊɞɗŮŰŮɑ 

ŰɞɡɓɚɎəɘŬ ůŮ əŬŰŬəɧɟɡűŮɠ 

ůŰɐɚŮɠ, ɏɢɞɜŰŬɠ ɛɘŬ 

ɓɘɜŰŮɞəɎɛŮɟŬ ɤɠ ɞˊŰɘəɧ 

ŬɘůɗɖŰɐɟŬ əŬɘ ɏɜŬ ɛɘəɟɧ 

ɡˊɞɚɞɔɘůŰɐ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ɚɎɛɓŬɜŮ. 
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ȸŬůɘəɐ ȹɞɛɐ Ůɜɧɠ ɅɞɛˊɧŰ [27, 28] 1/2 

ȼ ɓŬůɘəɐ ŭɞɛɐ Ůɜɧɠ ɟɞɛˊɧŰ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ɛɏɟɖ: 

Å ȰɜŬ ŮɝɤŰŮɟɘəɧ ůɩɛŬ (ˊŮɟɑɓɚɖɛŬ). 

Å ȾɘɜɖŰɐɟŬɠ/Ůɠ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ/ɞɨɜ ůŬɜ ɛɨɠ/Ůɠ (ŮɜŮɟɔɞˊɞɘɖŰɏɠ). 

Å ȷɟɗɟɩůŮɘɠ. 

Å ȷɘůɗɖŰɐɟŬɠ/Ůɠ ɔɘŬ ˊɚɖɟɞűɧɟɖůɖ. 

Å Ʉɖɔɐ ŮɜɏɟɔŮɘŬɠ (ůɡɜɐɗɤɠ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ). 

Å ȼɚŮəŰɟɞɜɘəɧ ɈˊɞɚɞɔɘůŰɐ (Űɞ çɛɡŬɚɧè) ɔɘŬ ɏɚŮɔɢɞ əŬɘ ɚŮɘŰɞɡɟɔɑŬ. 
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ȸŬůɘəɐ ȹɞɛɐ Ůɜɧɠ ɅɞɛˊɧŰ 2/2 
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ȺɝɤŰŮɟɘəɧ ůɩɛŬ (ˊŮɟɑɓɚɖɛŬ) 

Å ɄɟɞůŰŬŰŮɨŮɘ Űɞɜ ŮůɤŰŮɟɘəɧ ɛɖɢŬɜɘůɛɧ Űɞɡ ɟɞɛˊɧŰ əŬɘ əŬɗɞɟɑɕŮɘ Űɖɜ ñŮɝɤŰŮɟɘəɐ 

ɛɞɟűɐò Űɞɡ ɟɞɛˊɧŰ. 

Å ɇɞ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ 

ü ũɘŬ ůɡɜɖɗɘůɛɏɜŮɠ, əŬɗɖɛŮɟɘɜɏɠ ŮűŬɟɛɞɔɏɠ: ŮɚŬűɟɨ ́ ŮɟɑɓɚɖɛŬ, ůɡɜɐɗɤɠ ˊɚŬůŰɘəɧ. 

ü ũɘŬ ȸɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ: ɛŮŰŬɚɚɘəɧ əɎɚɡɛɛŬ ŬɜɗŮəŰɘəɧ ůŰɘɠ ɡɣɖɚɏɠ 
ɗŮɟɛɞəɟŬůɑŮɠ. 

ü ũɘŬ ɡˊɞɓɟɨɢɘŬ ɟɞɛˊɧŰ: ɛŮŰŬɚɚɘəɧ əɎɚɡɛɛŬ ŬɜɗŮəŰɘəɧ ůŰɘɠ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ. 

ü ũɘŬ ŭɘŬůŰɖɛɘəɎ ɟɞɛˊɧŰ: ˊɚŬůŰɘəɧ ɐ ɛŮŰŬɚɚɘəɧ əɎɚɡɛɛŬ ŬɜɗŮəŰɘəɧ ůŰɞɡɠ 
əɟŬŭŬůɛɞɨɠ, Űɘɠ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ Űɘɠ ɢŬɛɖɚɏɠ ˊɘɏůŮɘɠ. 
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ȺɜŮɟɔɞˊɞɘɖŰɏɠ [24, 28] 1/2 

Å ȼɚŮəŰɟɘəɞɑ ŮɜŮɟɔɞˊɞɘɖŰɏɠ (electric actuators):  

ü ɆŮɟɓɞəɘɜɖŰɐɟŮɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůɡɜŮɢɞɨɠ ɐ ŮɜŬɚɚŬůůɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ. 

ü ȸɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ (stepper motors).ȺɑɜŬɘ ɞɘ ůɡɜɖɗɏůŰŮɟɞɘ əɘɜɖŰɐɟŮɠ ɟɞɛˊɧŰ 
ůɐɛŮɟŬ ɔɘŬŰɑ: 

o ɛˊɞɟɞɨɜ ɜŬ ɡˊɞůŰɖɟɑɝɞɡɜ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ, ŮɑɜŬɘ Ůɨəɞɚɞɘ ůŰɖɜ 
ɢɟɐůɖ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɞɡɠ əŬɘ ɏɢɞɡɜ ůɢŮŰɘəɎ ɛɘəɟɧ əɧůŰɞɠ əŬɘ ɛɏɔŮɗɞɠ. 

Å ɄɜŮɡɛŬŰɘəɞɑ ŮɜŮɟɔɞˊɞɘɖŰɏɠ (Pneumatic actuators): ɉɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ˊɑŮůɖ 

əɎˊɞɘɞɡ Ŭɏɟɘɞɡ ɔɘŬ Űɖɜ əɑɜɖůɖ əŬɘ  ůŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Ŭɜɐəɞɡɜ ɞɘ 

ŬŮɟɞůɡɛˊɘŮůŰɏɠ.  

ü ɀˊɞɟɞɨɜ ɜŬ ɡˊɞůŰɖɟɑɝɞɡɜ ɛŮɔɎɚŮɠ ŰŬɢɨŰɖŰŮɠ ŬɚɚɎ ɛɘəɟɐ ŬəɟɑɓŮɘŬ, ɏɢɞɡɜ ůɢŮŰɘəɎ ɛɘəɟɧ 
əɧůŰɞɠ əŬŰŬůəŮɡɐɠ ŬɚɚɎ ɛŮɔɎɚɞ ůɡɜŰɐɟɖůɖɠ. 
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ȺɜŮɟɔɞˊɞɘɖŰɏɠ [24, 28] 2/2 

Å ɈŭɟŬɡɚɘəɞɑ ŮɜŮɟɔɞˊɞɘɖŰɏɠ (Hydraulic  actuators): ȼ əɑɜɖůɖ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ 

ˊɑŮůɖ əɎˊɞɘɞɡ ɡɔɟɞɨ, ɧˊɤɠ ůɡɜɖɗɏůŰŮɟŬ əɑɜɖůɖ ɛŮ ɏɛɓɞɚŬ ɚŬŭɘɞɨ. 

ü ɀˊɞɟɞɨɜ ɜŬ ɡˊɞůŰɖɟɑɝɞɡɜ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ əŬɘ ŭɨɜŬɛɖ əɑɜɖůɖɠ, ŮɑɜŬɘ ůɢŮŰɘəɎ 
Ůɨəɞɚɞɘ ůŰɞɜ ɏɚŮɔɢɞ, ɏɢɞɡɜ ŬɟəŮŰɎ ɛŮɔɎɚɞ ɛɏɔŮɗɞɠ əŬɘ Űɞ əɧůŰɞɠ ɔɘŬ ŮɜŮɟɔɞˊɞɘɖŰɏɠ 
ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ɡɣɖɚɧ. 

Å ɄɘŮɕɞɖɚŮəŰɟɘəɞɑ ŮɜŮɟɔɞˊɞɘɖŰɏɠ (piezoelectric actuators): ɉɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ 

ˊɑŮůɖ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɓŬůɑɕɞɜŰŬɘ ůŰɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

ɖɚŮəŰɟɞůɡůŰɞɚɐɠ 

ü ɛŮ Űɖɜ Ɏůəɖůɖ ůɡɔəŮəɟɘɛɏɜɖɠ ŰɎůɖɠ ůŮ ɏɜŬ ɡɚɘəɧ ˊɟɞəŬɚŮɑŰŬɘ ˊŬɟŬɛɧɟűɤůɖ Űɞɡ 
(ˊŬɟŬɛɧɟűɤůɖ ɏɤɠ əŬɘ 0.1 % əŮɟŬɛɘəɩɜ ɡɚɘəɩɜ ůŮ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ)). 
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ȷɘůɗɖŰɐɟŮɠ [24, 28] 

Å ɃˊŰɘəɞɑ ŬɘůɗɖŰɐɟŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞ űɤɠ ɔɘŬ Űɖɜ ůɡɚɚɞɔɐ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ. 

ü ȷɜɘɢɜŮɡŰɏɠ űɤŰɧɠ (light sensors), ɛɞɜɞűɗŬɚɛɘəɐɠ ɐ ůŰŮɟŮɞůəɞˊɘəɐɠ ɧɟŬůɖɠ 
(monocular/binocular vision) əŬɘ Laser. 

Å ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɞɑ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ ɔɘŬ Űɖɜ ñŬɜŬɔɜɩɟɘůɖò 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ůɡɜɐɗɤɠ ɚŮɘŰɞɡɟɔɞɨɜ ɧˊɤɠ ɞɘ ůɡůəŮɡɏɠ RADAR ɐ ɞɘ ůɡůəŮɡɏɠ 

GPS. 

Å ɀɖɢŬɜɘəɞɑ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛɖɢŬɜɘəɎ ůɐɛŬŰŬ, ɧˊɤɠ ɖ ˊɑŮůɖ, ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɜ Űɖɜ 

ɗɏůɖ, Űɖɜ ɔɤɜɑŬ ɐ Űɖɜ ŰŬɢɨŰɖŰŬ əɎˊɞɘɤɜ ɛŮɟɩɜ Űɞɡɠ ɐ əɎˊɞɘɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɞɡɠ. 

Å ȷəɞɡůŰɘəɞɑ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɖɢɖŰɘəɎ ůɐɛŬŰŬ ɔɘŬ Űɖɜ ůɡɚɚɞɔɐ ˊɚɖɟɞűɞɟɘɩɜ Ŭˊɧ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ. 
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ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ŬɘůɗɖŰɐɟɤɜ [24, 28] 1/2 

Å ɀɑŬ ˊɟɩŰɖ ɔŮɜɘəɐ ŰŬɝɘɜɧɛɖůɖ Űɞɡɠ ŬűɞɟɎ Űɞ Ůɑŭɞɠ (ɐ Űɖ ɟɞɐ) Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ 

ˊɞɡ ůɡɚɚɏɔɞɡɜ: 

ü ȷɜ ɖ ˊɚɖɟɞűɞɟɑŬ ŬűɞɟɎ Űɖɜ ŮůɤŰŮɟɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ, ɧˊɤɠ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɘɜ 
Űɖɜ ɔɤɜɑŬ əɚɑůɖɠ əɎˊɞɘŬɠ Ɏɟɗɟɤůɖɠ ɐ Űɖɜ ɗɏůɖ əŬɘ Űɖɜ ŰŬɢɨŰɖŰŬ əɎˊɞɘɞɡ ɛɏɟɞɡɠ 
Űɞɡ ɟɞɛˊɧŰ, ŰɧŰŮ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ñȽŭɘɞŭŮəŰɘəɞɑò (proprioceptive) ɐ 
ñȺůɤŰŮɟɘəɐɠ ȾŬŰɎůŰŬůɖɠò. 

ü ȷɜ ŬűɞɟɎ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ, ɧˊɤɠ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɘɜ Űɖɜ ɗɏůɖ əɎˊɞɘɞɡ ɛɏɟɞɡɠ 
Űɞɡ ɐ ɡɚɘəɞɨ Űɞ ɞˊɞɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ɢŮɘɟɘůŰŮɑ ɐ ŭɘŬɢŮɘɟɘůŰŮɑ, ŰɧŰŮ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ 
ñȺŰŮɟɞŭŮəŰɘəɞɑò (Exteroceptive) ɐ ñȺɝɤŰŮɟɘəɐɠ ȾŬŰɎůŰŬůɖɠ. 
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ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ŬɘůɗɖŰɐɟɤɜ [24, 28] 2/2 

Å ɀɑŬ Ɏɚɚɖ ɔŮɜɘəɐ ŰŬɝɘɜɧɛɖůɖ Űɞɡɠ ŬűɞɟɎ Űɞ Ůɑŭɞɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ˊɞɡ 

ůɡɚɚɏɔɞɡɜ (ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ŬɡŰɐɠ): 

ü ȷɘůɗɖŰɐɟŮɠ ŬˊɧůŰŬůɖɠ (range sensors). 

 

ü ȷɘůɗɖŰɐɟŮɠ ɗɏůɖɠ (ŬˊɧɚɡŰɖɠ ɐ ůɢŮŰɘəɐɠ). 

 

ü ȷŭɟŬɜŮɘŬəɞɑ ŬɘůɗɖŰɐɟŮɠ (inertial sensors). 

 

ü ȷɘůɗɖŰɐɟŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ (environmental sensors). 
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ȸŬɗɛɞɑ ȺɚŮɡɗŮɟɑŬɠ [33] 

Å ɋɠ ɓŬɗɛɧɠ ŮɚŮɡɗŮɟɑŬɠ ůŰɖɜ ūɡůɘəɐ ɞɟɑɕŮŰŬɘ ɛɑŬ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ Ůɜɧɠ ůɖɛŮɑɞɡ (ɐ ŬɜŰɘəŮɘɛɏɜɞɡ) ůŮ ɏɜŬ ůɨůŰɖɛŬ, ɐ Ŭɚɚɘɩɠ, Űɞ 

ˊɚɐɗɞɠ Űɤɜ Űɟɧˊɤɜ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ɛˊɞɟŮɑ ɜŬ əɘɜɖɗŮɑ Űɞ ůɖɛŮɑɞ (ɐ ŬɜŰɘəŮɑɛŮɜɞ). 

üɀŮŰŬűɞɟɘəɞɑ ɓŬɗɛɞɑ ŮɚŮɡɗŮɟɑŬɠ (R): ɧŰŬɜ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚɏůŮɘ ɛŮŰŬűɞɟɘəɐ 
əɑɜɖůɖ. 

o ñɀŮŰŬűɞɟɘəɐò əɑɜɖůɖ: ɖ əɑɜɖůɖ ˊɞɡ əɎɜŮɘ ɏɜŬ ůɖɛŮɑɞ (ɐ ŬɜŰɘəŮɑɛŮɜɞ) ɧŰŬɜ 
ŬɚɚɎɕŮɘ ɖ ɗɏůɖ Űɞɡ, ŭɖɚŬŭɐ ɛŮŰŬɓŬɑɜŮɘ Ŭˊɧ Űɞ ůɖɛŮɑɞ ȷ ůŰɞ ůɖɛŮɑɞ ȸ. 

ü ɄŮɟɘůŰɟɞűɘəɞɑ ɓŬɗɛɞɑ ŮɚŮɡɗŮɟɑŬɠ (P): ɧŰŬɜ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚɏůŮɘ ˊŮɟɘůŰɟɞűɘəɐ 
əɑɜɖůɖ. 

o ñɆŰɟɞűɘəɐò (ɐ ˊŮɟɘůŰɟɞűɘəɐ) əɑɜɖůɖ: ɖ əɑɜɖůɖ ɖ ɞˊɞɑŬ ŭŮɜ ŬɚɚɎɕŮɘ Űɖ ɗɏůɖ Űɞɡ 
ůɖɛŮɑɞɡ (ɐ ŬɜŰɘəŮɘɛɏɜɞɡ) ŬɚɚɎ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɞɡ ůŰɞɜ ɢɩɟɞ. 
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ȷɟɗɟɩůŮɘɠ [31, 33] 1/2 

Å ũɟŬɛɛɘəɐ Ɏɟɗɟɤůɖ: ȹɡɜŬŰɧŰɖŰŬ 

ɔɟŬɛɛɘəɐɠ əɑɜɖůɖɠ ůŮ ɛɑŬ ŮɡɗŮɑŬ. ɇŬ ŭɨɞ 

ɛɏɟɖ ˊɞɡ ŮɜɩɜŮɘ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚŬ 

Űɞ ɏɜŬ ɛŮ Űɞ Ɏɚɚɞ, ɛŮ Űɞ ɏɜŬ ɜŬ ɞɚɘůɗŬɑɜŮɘ 

ůŰɞ Ɏɚɚɞ. 

Å ɃɟɗɞɔɩɜɘŬ Ɏɟɗɟɤůɖ: ȹɡɜŬŰɧŰɖŰŬ 

ɔɟŬɛɛɘəɐɠ əɑɜɖůɖ ɧˊɞɡ ŰŬ ŭɨɞ ɛɏɟɖ ˊɞɡ 

ŮɜɩɜŮɘ ŮɑɜŬɘ əɎɗŮŰŬ ɛŮŰŬɝɨ Űɞɡɠ. 

Å ɄŮɟɘůŰɟɞűɘəɐ Ɏɟɗɟɤůɖ: ȹɡɜŬŰɧŰɖŰŬ  

ˊŮɟɘůŰɟɞűɐɠ ůŰŬ ɛɏɟɖ ŰŬ ɞˊɞɑŬ ŮɜɩɜŮɘ 

ɔɨɟɤ Ŭˊɧ Űɞɜ ɎɝɞɜŬ ˊɞɡ ŮɑɜŬɘ əɎɗŮŰɞɠ ůŰɞ 

ŮˊɑˊŮŭɞ ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ ŰŬ ŭɨɞ ŬɡŰɎ ɛɏɟɖ.  
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ȷɟɗɟɩůŮɘɠ [31, 33] 2/2 

Å ɆɡůŰɟɞűɘəɐ Ɏɟɗɟɤůɖ: ȺɜɩɜŮɘ ŭɨɞ ɛɏɟɖ ˊɞɡ 

ŮɑɜŬɘ ˊŬɟɎɚɚɖɚŬ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ŭɑɜŮɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ Űɖɠ ůŰɟɞűɘəɐɠ əɑɜɖůɖɠ ůŮ ɎɝɞɜŬ 

ˊŬɟɎɚɚɖɚɞ ɛŮ Űɖɜ ŮɡɗŮɑŬ ˊɞɡ ŰŬ ɛɏɟɖ ˊɞɡ 

ŮɜɩɜŮɘ ɞɟɑɕɞɡɜ. 

Å ɄŮɟɘůŰɟŮűɧɛŮɜɖ Ɏɟɗɟɤůɖ: ȹɡɜŬŰɧŰɖŰŬ 

ůŰɟɞűɘəɐɠ əɑɜɖůɖɠ ɛŮ ŰŬ ŭɨɞ ɛɏɟɖ Űɞɡ 

ɓɟŬɢɑɞɜŬ ˊɞɡ ŮɜɩɜŮɘ ŮɑɜŬɘ əɎɗŮŰŬ ɛŮŰŬɝɨ Űɞɡɠ. 

ȰŰůɘ, Űɞ əɘɜɞɨɛŮɜɞ ɛɏɟɞɠ ŭŮɜ ůɡůŰɟɏűŮŰŬɘ 

ŬɚɚɎ ˊŮɟɘůŰɟɏűŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞɜ ɎɝɞɜŬ ˊɞɡ 

ɞɟɑɕŮɘ Űɞ Ɏɚɚɞ ɛɏɟɞɠ. 
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ɆɨɜɗŮŰŮɠ ȷɟɗɟɩůŮɘɠ [31, 33] 

Ŭ) ȹɡɜŬŰɧŰɖŰŬ əɡɚɘɜŭɟɘəɐɠ əɑɜɖůɖɠ ɛŮ ŭɨɞ ɓŬɗɛɞɨɠ 

ŮɚŮɡɗŮɟɑŬɠ, ɏɜŬɜ ɛŮŰŬűɞɟɘəɧ əŬɘ ɏɜŬɜ ˊŮɟɘůŰɟɞűɘəɧ. 

ɓ) ȹɡɜŬŰɧŰɖŰŬ əɨɚɘůɖɠ əŬɘ ˊŮɟɘůŰɟɞűɐɠ ɔɨɟɤ Ŭˊɧ 

ɏɜŬɜ ɎɝɞɜŬ ɛŮ ŭɨɞ ɛŮŰŬűɞɟɘəɞɨɠ ɓŬɗɛɞɨɠ ŮɚŮɡɗŮɟɑŬɠ. 

ɔ) ȹɡɜŬŰɧŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ ɔɨɟɤ Ŭˊɧ ŭɨɞ ɎɝɞɜŮɠ, ůŮ 

ɏɜŬ ŮˊɑˊŮŭɞ, ɏɢɞɜŰŬɠ ŭɨɞ ɛŮŰŬűɞɟɘəɞɨɠ ɓŬɗɛɞɨɠ 

ŮɚŮɡɗŮɟɑŬɠ. 

ŭ) ȹɡɜŬŰɧŰɖŰŬ əɑɜɖůɖɠ ůŮ ɏɜŬ ŮˊɑˊŮŭɞ ɛŮ ŭɨɞ 

ɛŮŰŬűɞɟɘəɞɨɠ ɓŬɗɛɞɨɠ ŮɚŮɡɗŮɟɑŬɠ, əŬɘ ŭɡɜŬŰɧŰɖŰŬ 

ˊŮɟɘůŰɟɞűɐɠ Űɞɡ əɘɜɞɨɛŮɜɞɡ ɛɏɟɞɡɠ ɛŮ ɏɜŬɜ 

ˊŮɟɘůŰɟɞűɘəɧ ɓŬɗɛɧ ŮɚŮɡɗŮɟɑŬɠ. 
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ȺűŬɟɛɞɔɏɠ Űɖɠ ɅɞɛˊɞŰɘəɐɠ 

ÅɅɞɛˊɧŰ ŮŭɎűɞɡɠ 

ÅɅɞɛˊɧŰ Ŭɏɟɞɠ 

ÅŪŬɚɎůůɘŬ ɟɞɛˊɧŰ 

ÅȹɘŬůŰɖɛɘəɎ ɟɞɛˊɧŰ 

 

 

ÅȽŬŰɟɘəɎ ɟɞɛˊɧŰ 

ÅȸɘɞɛɖɢŬɜɘəɎ ɟɞɛˊɧŰ 

ÅȺəˊŬɘŭŮɡŰɘəɎ ɟɞɛˊɧŰ 

ÅɄɞɚŮɛɘəɐ ɓɘɞɛɖɢŬɜɑŬ ə.Ŭ. 
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ȾɘɜɞɨɛŮɜŬ əŬɘ ůŰŬɗŮɟɎ ɟɞɛˊɧŰ [23, 24, 27, 29] 

Å ɅɞɛˊɧŰ ŮŭɎűɞɡɠ, ŬɏɟŬ, ɗŬɚɎůůɘŬ əŬɘ ŭɘŬůŰɖɛɘəɎ. 

Å ȸɘɞɛɖɢŬɜɘəɎ ɅɞɛˊɧŰ ï ɅɞɛˊɞŰɘəɞɑ ɉŮɘɟɘůŰɏɠ:  

ü ɆŰŬɗŮɟɐ ɓɎůɖ ï ˊŮɟɘɞɟɘůɛɏɜɞɠ ɢɩɟɞɠ ŮɟɔŬůɑŬɠ . 

Å ȾɘɜɞɨɛŮɜŬ ɟɞɛˊɧŰ: ůŮ ɢɩɟɞɡɠ ŮɟɔŬůɑŬɠ ɛŮ ŬɡŰɧɜɞɛɖ ɐ ŰɖɚŮɢŮɘɟɘɕɧɛŮɜɖ əɑɜɖůɖ.  

ü ȷɡŰɧɜɞɛɖ əɑɜɖůɖ: ŭɡɜŬŰɧŰɖŰŮɠ ɢŬɟŰɞɔɟɎűɖůɖɠ əŬɘ ŬɜŰɑɚɖɣɖɠ ɗɏůɖɠ ůŰɞ ɢɩɟɞ, 
əŬɗɩɠ əŬɘ ůɢŮŭɘŬůɛɧ ŭɟɧɛɞɡ. 

ü ȺɟɔŬůɑŬ ůŮ çɛɖ űɘɚɘəɧè ˊɟɞɠ Űɞɜ Ɏɜɗɟɤˊɞ ˊŮɟɘɓɎɚɚɞɜ, ɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɞɜ 
Ɏɜɗɟɤˊɞ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ. 

ü ɀɖɢŬɜɘůɛɞɑ ŭɖɛɘɞɡɟɔɑŬɠ əɑɜɖůɖɠ əŬɘ ŬɘůɗɖŰɐɟɘŮɠ ŭɘŬŰɎɝŮɘɠ. 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ ɰʰˋʽˁʷˌ ʷ˄˄ˇʽʶˌ ʄˇ˃ˉˇˍʽˁʺˌ  54 

ȸŬůɘəɏɠ ɏɜɜɞɘŮɠ əɘɜɞɨɛŮɜɤɜ ɟɞɛˊɧŰ [23, 24, 27, 29] 

ÅɀɖɢŬɜɘůɛɞɑ Ⱦɑɜɖůɖɠ ůŰɞ ɢɩɟɞ (locomotion) 

ÅȷɘůɗɖŰɐɟɘŮɠ ȹɘŬŰɎɝŮɘɠ (sensing): 

ü ȷɘůɗɖŰɐɟŮɠ ŮůɤŰŮɟɘəɐɠ əŬŰɎůŰŬůɖɠ (ŭɘɎŰŬɝɖ) Űɞɡ ɟɞɛˊɧŰ (internal-state sensors ɐ Ŭɚɚɘɩɠ 
proprioceptive sensors). 

ü ȷɘůɗɖŰɐɟŮɠ ŮɝɤŰŮɟɘəɐɠ əŬŰɎůŰŬůɖɠ Űɞɡ ɟɞɛˊɧŰ - ȾŬŰɎůŰŬůɖ/ȹɞɛɐ ŮɝɤŰŮɟɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 
(external-state sensors ɐ Ŭɚɚɘɩɠ exteroceptive sensors). 

ü ɆɨɜɗŮůɖ ŬɘůɗɖŰɖɟɘŬəɩɜ ˊɚɖɟɞűɞɟɘɩɜ (sensor fusion). 

ÅȷɟɢɘŰŮəŰɞɜɘəɏɠ Ůɚɏɔɢɞɡ (mobile robot control architectures). 

ÅȷɡŰɧ-ŮɜŰɞˊɘůɛɧɠ ɗɏůɖɠ / ɉŬɟŰɞɔɟɎűɖůɖ (self-localization / map-building). 

ÅɆɢŮŭɘŬůɛɧɠ ˊɞɟŮɑŬɠ ï Ʉɚɞɐɔɖůɖ (path planning / navigation). 
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ȸŬůɘəɏɠ ȾŬŰɖɔɞɟɑŮɠ ȾɘɜɞɨɛŮɜɤɜ ɅɞɛˊɧŰ 

 [23, 24, 27, 29]  

ÅȺˊɑɔŮɘŬ (terrestrial). 

ÅɇɟɞɢɞűɧɟŬ (wheeled). 

ÅɅɞɛˊɧŰ ɛŮ ˊɧŭɘŬ (ɓŬŭɑɕɞɜŰŬ, ŬɜŬɟɟɘɢɩɛŮɜŬ, əɚˊ.) (legged robots: walking, climbing etc.). 

ÅɈˊɞɓɟɨɢɘŬ (aquatic, underwater robotics). 

ÅȽˊŰɎɛŮɜŬ (ŬŮɟɞˊɚɎɜŬ, ŮɚɘəɧˊŰŮɟŬ əɚˊ.). 

ÅȹɘŬůŰɖɛɘəɎ. 

Åɀɑəɟɞ / ɁɎɜɞ ï ɅɞɛˊɞŰɘəɐ. 
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ȾɘɜɞɨɛŮɜŬ ɅɞɛˊɧŰ 
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ȾɘɜɞɨɛŮɜŬ ɅɞɛˊɧŰ ï ɀɖɢŬɜɘůɛɞɑ Ⱦɑɜɖůɖɠ  

[23, 24, 27, 29]  
Å ɇŬ ɟɞɛˊɧŰ ɛŮ Űɟɞɢɞɨɠ ŮɑɜŬɘ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɘɠ ɞɛŬɚɏɠ ŮˊɘűɎɜŮɘŮɠ.  

Å ɇŬ ɟɞɛˊɧŰ ɛŮ ŰŮɢɜɘəɎ ˊɧŭɘŬ ŮɑɜŬɘ əŬŰɎɚɚɖɚŬ ɔɘŬ űɡůɘəɧ ŮɝɤŰŮɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ 

əŬɘ ŭɨůɓŬŰɞ ɏŭŬűɞɠ.  

Å ȽˊŰɎɛŮɜŬ ɟɞɛˊɧŰ (.́ɢ. Unmanned Aerial Vehicles (UAVs), Remotely Piloted 

Vehicles (RPVs)). 

Å ɈˊɞɓɟɨɢɘŬ ɟɞɛˊɧŰ (.́ɢ. Autonomous Undewater Vehicles (AUVs), Remotely 

Operated Vehicles (ROVs)).  

Å ɄɞɚɚɎ ɟɞɛˊɧŰ ˊɞɡ ůɡɜŬɜŰɞɨɛŮ ůŮ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ ŮɑɜŬɘ ɡɓɟɘŭɘəɎ ůɡůŰɐɛŬŰŬ. 

ɉɟɖůɘɛɞˊɞɘɞɨɜ ŭɘɎűɞɟŬ ůɡůŰɐɛŬŰŬ əɑɜɖůɖɠ. 
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Ⱥˊɑŭɞůɖ ȾɘɜɞɨɛŮɜɤɜ ɅɞɛˊɧŰ  

[23, 24, 27, 29]  

Å ȼ Ůˊɑŭɞůɖ Ůɜɧɠ əɘɜɞɨɛŮɜɞɡ ɟɞɛˊɧŰ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ: 

ü ɇɖɜ ŮɡůŰɎɗŮɘŬ Űɞɡ 

o ɆŰŬŰɘəɐ/ŭɡɜŬɛɘəɐ. 

o ɉŬɟŬəŰɖɟɘůŰɘəɎ ŮŭɎűɞɡɠ. 

ü ɇɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Ůɚɏɔɢɞɡ (ɛɖɢŬɜɘůɛɞɑ ŭɖɛɘɞɡɟɔɑŬɠ əɑɜɖůɖɠ). 

ü ɇɖɜ ŰŬɢɨŰɖŰŬ ɛŮŰŬəɑɜɖůɖɠ. 

ü ɇɖɜ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ŬɡŰɞɜɞɛɑŬɠ ˊɞɡ ɏɢŮɘ. 
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ɉŬɟŬəŰɖɟɘůŰɘəɎ Ⱦɑɜɖůɖɠ [23, 24] 

ÅɆŰŬɗŮɟɧŰɖŰŬ 

ü ȷɟɘɗɛɧɠ ůɖɛŮɑɤɜ ŮˊŬűɐɠ 

ü ȾɏɜŰɟɞ ɓɎɟɞɡɠ 

ü ɆŰŬŰɘəɐ/ŭɡɜŬɛɘəɐ ŮɡůŰɎɗŮɘŬ 

ü Ⱦɚɑůɖ Ůˊɘˊɏŭɞɡ 

ÅɉŬɟŬəŰɖɟɘůŰɘəɎ ŮˊŬűɐɠ 

ü ɆɖɛŮɑɞ ɐ ˊŮɟɘɞɢɐ ŮˊŬűɐɠ 

ü ũɤɜɑŬ ŮˊŬűɐɠ 

ü ɇɟɘɓɐ 

ÅɄŮɟɘɓɎɚɚɞɜ 

ü ȹɞɛɐ 

ü ɀɏůɞ (ŬɏɟŬɠ, ɜŮɟɧ, ɛŬɚŬəɧ ɐ 
ůəɚɖɟɧ ŭɎˊŮŭɞ) 
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Ⱥɑŭɖ Ⱦɑɜɖůɖɠ ȾɘɜɞɨɛŮɜɤɜ ɅɞɛˊɧŰ [23, 24]  

ÅɇŬ Ůɑŭɖ əɑɜɖůɖɠ ˊɞɡ ůɡɜŬɜŰɎɛŮ ůŰɖ 

űɨůɖ ŮɑɜŬɘ ŰŮɢɜɘəɎ ŭɨůəɞɚɞ ɜŬ 

ɛɘɛɖɗɞɨɜ. 

ÅɇŬ ˊŮɟɘůůɧŰŮɟŬ ůɡůŰɐɛŬŰŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɟɞɢɞɨɠ ɐ ŮɟˊɨůŰɟɘŮɠ. 

Åȼ əɨɚɘůɖ ŮɑɜŬɘ ŬˊɞŭɞŰɘəɐ ŬɚɚɎ ŭŮɜ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ űɨůɖ. 

Åɇɞ ˊŮɟˊɎŰɖɛŬ Ůɜɧɠ ŭɑˊɞŭɞɡ ŮɑɜŬɘ 

ˊɞɚɨ əɞɜŰɎ ůŰɖɜ əɑɜɖůɖ ɛŮ əɨɚɘůɖ. 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ ɰʰˋʽˁʷˌ ʷ˄˄ˇʽʶˌ ʄˇ˃ˉˇˍʽˁʺˌ  61 

ɇɟɞɢɞűɧɟŬ ɅɞɛˊɧŰ [23, 24, 27, 29] 

ÅɇɟŮɘɠ Űɟɞɢɞɑ ŮɑɜŬɘ ŬɟəŮŰɞɑ əŬɘ ŮɔɔɡɞɨɜŰŬɘ ŮɡůŰɎɗŮɘŬ: 

ü ɇɞ əɏɜŰɟɞ ɓɎɟɞɡɠ ŮɑɜŬɘ ůŰɞ Űɟɑɔɤɜɞ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ ŰŬ ůɖɛŮɑŬ ŮˊŬűɐɠ Űɤɜ Űɟɞɢɩɜ ɛŮ Űɞ 
ɏŭŬűɞɠ. 

ÅɀŮ 4 ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ Űɟɞɢɞɨɠ ɓŮɚŰɘɩɜŮŰŬɘ ɖ ŮɡůŰɎɗŮɘŬ: 

ü ŬˊŬɘŰŮɑŰŬɘ əŬɘ ŮɚŬůŰɘəɐ ŬɜɎɟŰɖůɖ. 

ÅɃɘ ɛŮɔŬɚɨŰŮɟɞɘ Űɟɞɢɞɑ ɛˊɞɟɞɨɜ ɜŬ ɝŮˊŮɟɜɞɨɜ ɣɖɚɧŰŮɟŬ ŮɛˊɧŭɘŬ: 

ü ŬˊŬɘŰɞɨɜ ɛŮɔŬɚɨŰŮɟɖ ɟɞˊɐ ɐ ɛŮɑɤůɖ ůŰɞ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ. 

ÅɃɘ ˊŮɟɘůůɧŰŮɟŮɠ ŭɘŬŰɎɝŮɘɠ ŮɑɜŬɘ ɛɖ-ɞɚɞɜɞɛɘəɏɠ əŬɘ ŬˊŬɘŰɞɨɜ əŬɚɨŰŮɟɞ ɏɚŮɔɢɞ. 

ÅɃ ůɡɜŭɡŬůɛɧɠ əɑɜɖůɖɠ əŬɘ ůŰɟɞűɐɠ ůŮ ɏɜŬɜ Űɟɞɢɧ əɎɜŮɘ Űɞɜ ůɢŮŭɘŬůɛɧ ˊɞɚɨˊɚɞəɞ əŬɘ 

ŬɡɝɎɜŮɘ ŰŬ ɚɎɗɖ ɞŭɞɛŮŰɟɑŬɠ. 
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ɇɨˊɞɘ Űɟɞɢɩɜ [23, 24] 

a) ɇɡˊɘəɧɠ Űɟɞɢɧɠ (ůŰŬɗŮɟɧ ɐ 

ˊŮɟɘůŰɟŮűɧɛŮɜɞɡ 

əŬŰŬəɧɟɡűɞɡ ɎɝɞɜŬ) 

b) ɄɟɞůŬɜŬŰɞɚɘɕɧɛŮɜɞɠ Űɟɞɢɧɠ 

(Castor wheel) 

c) ɄŬɜəŬŰŮɡɗɡɜŰɘəɧɠ Űɟɞɢɧɠ 

(Omnidirectional (Swedish) 

wheel) 

d) ɆűŬɘɟɘəɧɠ Űɟɞɢɧɠ (Spherical 

wheel) 
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ȹɘŬŰɎɝŮɘɠ Űɟɞɢɩɜ [23, 24] 
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ȺɟˊɡůŰɟɘɞűɧɟɞ 
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ȸŬŭɑɕɞɜŰŬ ɆɡůŰɐɛŬŰŬ ɛŮ ɄɧŭɘŬ [24, 29, 31] 1/2 

Å ȳůɞ ɚɘɔɧŰŮɟŬ ˊɧŭɘŬ Űɧůɞ ́ ɘɞ ˊɞɚɨˊɚɞəɖ ɖ əɑɜɖůɖ. 

ü ɉɟŮɘɎɕɞɜŰŬɘ ŰɞɡɚɎɢɘůŰɞɜ 3 ˊɧŭɘŬ ɔɘŬ ůŰŬŰɘəɐ ŮɡůŰɎɗŮɘŬ (3 ůɖɛŮɑŬ ɞɟɑɕɞɡɜ ɏɜŬ 
ŮˊɑˊŮŭɞ). 

 

Å ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ əɑɜɖůɖɠ əɎˊɞɘŬ ˊɧŭɘŬ ůɖəɩɜɞɜŰŬɘ. 

ü ȼ ŮɡůŰɎɗŮɘŬ ɢɎɜŮŰŬɘ ́ ɟɞůɤɟɘɜɎ. 

 

Å ũɘŬ ůŰŬŰɘəɧ ˊŮɟˊɎŰɖɛŬ ɢɟŮɘɎɕɞɜŰŬɘ ŰɞɡɚɎɢɘůŰɞɜ 6 ˊɧŭɘŬ. 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ ɰʰˋʽˁʷˌ ʷ˄˄ˇʽʶˌ ʄˇ˃ˉˇˍʽˁʺˌ  66 

ȸŬŭɑɕɞɜŰŬ ɆɡůŰɐɛŬŰŬ ɛŮ ɄɧŭɘŬ [24, 29, 31] 2/2 

ɲʽʱˍʰ˅ʹ ˉˇʵʽ˗˄ ʴʽʰ ʲʱʵʽˋʹ ˋʶ ʵʽʱ˒ˇˊʰ ʲʽˇ˂ˇʴʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˋˍʹ ˒ˏˋʹ 
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ȷɟɘɗɛɧɠ ůɡɜŭɏůɛɤɜ ɔɘŬ əɎɗŮ ˊɧŭɘ (DOF - Degrees 

of freedom) [24, 29, 31]  

Å ɇɞɡɚɎɢɘůŰɞɜ 2 DOF ɔɘŬ ɜŬ əɘɜɖɗŮɑ ɏɜŬ ˊɧŭɘ ɛˊɟɞůŰɎ. 

ü ɄɟɏˊŮɘ ɜŬ ůɖəɤɗŮɑ əŬɘ ɜŬ ɛŮŰŬəɘɜɖɗŮɑ. 

 

Å Ɇɡɜɐɗɤɠ ɏɢɞɡɛŮ 3 DOF ɔɘŬ əɎɗŮ ˊɧŭɘ. 

Å ũɘŬ Űɞɜ ůɨɜŭŮůɛɞ Űɞɡ ŬůŰɟɎɔŬɚɞɡ 4ɞɠ DOF. 

üɄɘɗŬɜɩɠ ɗŬ ɓŮɚŰɘɤɗŮɑ ɖ əɑɜɖůɖ. 

üȷɚɚɎ, Ůˊɘˊɚɏɞɜ DOF ŬɡɝɎɜŮɘ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ ůɢŮŭɘŬůɛɞɨ əŬɘ Ůɚɏɔɢɞɡ Űɖɠ 
əɑɜɖůɖɠ. 
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Ʉɚɐɗɞɠ ŭɘŬůəŮɚɘůɛɩɜ [24, 29, 31] 1/2  

Å Ƀ ŭɘŬůəŮɚɘůɛɧɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɖ ŬəɞɚɞɡɗɑŬ ɔŮɔɞɜɧŰɤɜ Ŭɜɨɣɤůɖɠ əŬɘ 

ŬˊŮɚŮɡɗɏɟɤůɖɠ Űɤɜ ˊɞŭɘɩɜ. 

ü ȺɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊɞŭɘɩɜ. 

ü Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ˊɘɗŬɜɩɜ ɔŮɔɞɜɧŰɤɜ Ɂ ɔɘŬ ɛɘŬ ůɡůəŮɡɐ ɛŮ k ˊɧŭɘŬ ŮɑɜŬɘ: 

    Ɂ = (2k ï 1)! 

Å ũɘŬ ɏɜŬ ŭɑˊɞŭɞ (k=2) ɞ Ŭɟɘɗɛɧɠ ˊɘɗŬɜɩɜ ɔŮɔɞɜɧŰɤɜ Ɂ ŮɑɜŬɘ: 

   Ɂ = (2k ï 1)! = 3! = 6 
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Ʉɚɐɗɞɠ ŭɘŬůəŮɚɘůɛɩɜ [24, 29, 31] 2/2  

Å ɇŬ 6 ŭɘŬűɞɟŮŰɘəɎ ɔŮɔɞɜɧŰŬ ŮɑɜŬɘ: 

ü ȷɜɨɣɤůɖ ŭŮɝɘɞɨ ˊɞŭɘɞɨ. 

ü ȷɜɨɣɤůɖ ŬɟɘůŰŮɟɞɨ ˊɞŭɘɞɨ. 

ü ȷˊŮɚŮɡɗɏɟɤůɖ ŭŮɝɘɞɨ ˊɞŭɘɞɨ. 

ü ȷˊŮɚŮɡɗɏɟɤůɖ ŬɟɘůŰŮɟɞɨ ˊɞŭɘɞɨ. 

ü ȷɜɨɣɤůɖ əŬɘ Űɤɜ 2 ˊɞŭɘɩɜ. 

ü ȷˊŮɚŮɡɗɏɟɤůɖ əŬɘ Űɤɜ 2 ˊɞŭɘɩɜ. 

 

ÅũɘŬ ɏɜŬ ŮɝɎˊɞŭɞ k = 6: 

  Ɂ = (2k ï 1)! = 11! = 39,916,800 ˊɘɗŬɜɎ ɔŮɔɞɜɧŰŬ.  
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ɇɨˊɞɘ çȸɖɛŬŰɘůɛɞɨè ɇŮŰɟɎˊɞŭɞɡ [24, 29, 31]  
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çɈɓɟɘŭɘəɧè ɅɞɛˊɞŰɘəɧ ȳɢɖɛŬ - ɅɞɛˊɧŰ EPFL 

çShrimpè [34] 
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çɈɓɟɘŭɘəɧè ɅɞɛˊɞŰɘəɧ ȳɢɖɛŬ - "Curiosity" Mars 

Rover [35] 










































































































































































































